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443.  782 
t9.  891 


the  Sea.  199 
511.613 


Shrciuc^,   JUi 


I 


SheT,':-;,  62.  411,   512.  547, 

646,  661,  923 
Shir-  ton-on-Stour,  959 
Sl.ithwaite     U.D.C.     Elec. 

Lii-     -  .'  Order.  !9I4,  443 
Sou-  959 

S.L'.  '..ng-UoSchems, 

579 
Southe-id-on-Sea ,  97. 41 1 .  682 

959 
S.  Shields,  891 
Stafford,  265 
Stalybridf.  749 
Stirljr.i?.  27,  749 
Stockport,  682 
Stoc<cton-on-Te»;,  M8 
Stoke-or -Trent,  165,  273,  299 
Street.  265 
Stretford,  891 
Sutton  Coldfield,  367 
Swansea,  232,  923 
Swinton,  412 
Teienmouth.  131 
Torquay,  27,  62,  199.  648 
Tottenham,  613 
Tynemou'h,  265 
Walsall,  62,  412,  891.959 
V/althamsto;-.  443 
Walton.  412 
Wilton-on-Thames.  .579 
Watford,  97,  131.960 
We^t  Bromwich,  367 

1,367 
'.2,23? 

Weybrid(;f .  367.  632,  960 

Whitehaven.  232 

Wiran,  62,  924,960 

Willesden.  579 

Wimbledon,  62,  199,  512 

Wrol-j^i:h,  131 

Worcester,  782.  960 

Workmen's  Dwellint^s.  Light- 
ing of,  62 

Worksop.  62.  749 

Worthing,  27 

Wolverhampton,  512.  613 

Yeovil.  512 

YorkshireLinking-UpScheme. 
479 

LIGHTING. 

^    ■' ,  .lie;..iKi),  412 

M 

■  I.  613 
1.    ■  ■  •.f;.682 
L  .'        on  the  Clyde. 
648 
Dromore  (Ireland).  547.  924 
"        ■   '  Lirhtinp.  27.367 

.-.    ::..  924 

Ley'on,  333 

London  Deck  Improvement. 

649 
L'Unn   924 
;  "     ■  -  715 

fields.    Electri- 

333 

■:i  LiRhtinr.  131 
':h.  131 
547 
•.K.  131 

■Is,     Passenger,     Emer- 
k-rncy  Lichtinp,  97 
WimbWon,  367 

POWER 

<  o.n-;  •■-..ti.-i-    ri  t.rr  in,  613, 

715.  924 
n  •,  .!'••   i.ti 

'  13 
'T-t-ltv  In.  682 

.'is 

.27,333, 

,  ■■■«/.   /!,■■ 

Works,  Electricity 

I-  iPf  trlclty  In.  97 
Kfidintur*.  Eke.,  413 


Rfcieate.  333 

RcUing   Mills,    Elec.  Driving 

of,  682 
Sheffield.  613 
Zinc,  Electrolytic  Treatment 

of.  97 

TRACTION. 

Aoeraeer, ,  333 

Accring'on,  333 

Aid'-r?ho',  683 

Athlon,  412 

A:.-|oy  (Lanes.),  299 

Bell.-ist.333 

Birmingham,    131     232,  299, 
891 

Blickturn,  512 

Blackpool,  232 

Briton.  2*^5,  334 

Bournemouth,  28 

Bradford,  199,  334,  367,  960 

Brentford,  443 

Bristol  Tramw/ay£,  782 

Burnley,  63,782 

Cardiff,  579 

Colv/yn  Bay,  38,  63 

Coventry.  ?« 

Croydon,  368,  443,  749,  715 

Darwen,  480 

Delivery  Dravs,  Elec.  165 

Doncirter,  891 

Dover,  63,  648 

Dublin  i  Blessington  Steam 

Tramv.-ay.  782 
East  Ham,  265,  443.  580.  960 
Ear*  London  RIv.,  232 
Edgware  tt  Hampstead  RIy., 

547 
Edinburgh,  580 
Erith,  299 
Gateshead-on-Tyne,  199,683, 

891 
Germany,  Eiec.  Traction   in. 

112 
Glasgow.  199.  334,  368.  412. 
512.  683.749.732.  924.960 
Gloucester.  334 
Goods  Traffic  by  Tramcar.  131 
Halifax.  165.  512 
Hevwood.  165 
Huddersfield,  443 
Hull. 299 
lltord,28.  613 
Ilkeston,  891 
Ir  swich,  63 
K-iyhley.  232 
Kirkcaldy,  512 
Lambeth.  131 

L.  Si  S.W.   Rly.   Electrifica- 
tion, 368,  412 
L.C.C.  Tramwav  Power  Sta- 
tion, 891 
L.C.C.  Tramways,   131,  299. 

33»,368,  480.  613 
Leeds.  28,  232.  368,  891 
Leicecter,  299 
Leyt.^n,   131 
Liverpool.  783 
London    Underground    Elec. 

Rly«.,960 
Loughborouph,  443 
Luton.  299.960 
Manchester.  131.  412.  5'.2.  648 
Manchester-Bury   Elec.   RIv  . 

97.  334 
Manchester  District  Elec.  Rly. 

Service,  165 
Middlesbrough,  648 
Mi<<.!ler.cx.  547 
Middlesex  Tramways,  63.  199 

443 
M-  •■  •  ^~-   t  -.ites  and  Upkeep 

103    131 
M   ■  .lute;  in  Croydon, 

2t)i 
Motet  Orrnlbuo  Routes,  New. 

299 
Motor  Road  Sweepers.  63 
Ne.itti.580 
Nel-.f^.  h3 
Ncwcas'lc-upon-Tyne  "^c  out 

Northampton.  28 


North  London   Rly.   Electri- 
fication. 334.  614,  891 
Norway,  648 

Nottinghamshire  &  Derby- 
shire Tramways  Act,  1903, 
131 

Perth.  63 

Plymouth.  97.  334 

Portsmouth.  891 

Rotherham.  63.  512,  646 

Salford,  199,  783,  891 

Sheffield,  892 

Southampton,  131,  232,  443, 
960 

Swansea,  232 

Southend-on-Sea,    232,    412. 
924,960 

Torquay,  199 

Tramcar  c.   Motor  Omnibus, 
480 

Tramway  Si  Transport  Works. 
299 

Tramway  Strike.  63.  97.  131 

Tramway  Track  Maintenance. 
614 

Tramway  Transfer,  63 

Tramways,    C.O.D.    System, 
924 

Walthamstov. .  166 

West  Ham.  131,  443 

Wigan,6M 

Woolwich,  480,614 

Women  Tramcar  Drivers,  97, 
166,  265 

York.  715,  960 

KMFIBE. 

Australasia,  28.  97,  132,  166, 

232,  265. 300.  334,  368.  413. 

444,512.547.580.614.649. 

715.  749.  783.  924.  960 
British  New  Guinea.  715 
Burma.  960 
Canada,  749,  783 
Canada,   Elec.   Smelting   and 

Refining  in,  233,  580,  649 
Canadian    Farming,    Elec-ri- 

city  in,  265 
Canada,  Patents  in,  300 
Canada.  Water   Power.   749. 

926 
Federated  Malav  State,  783 
India,  98.  132.  233.  266.  300. 

368,413.444,513.614.649, 

924 
Newloundland,  Elec.  Smelting 

in,  98,  513 
New  South  Wales  Mines.  925 
Niagara  Falls  Power.  715 
Ontario  Hydro-Electric  Com- 
mission. 166 
S.  Africa,  167.  749.960 
Straits  Settlements,  300 
Transvaal.  233 

rORKION. 

America.  Elec.   Furnace  De- 
velopment in.  683 

Argentina.  29.  98.   132.  335. 
444.  750,  925.  961 

Argentina.  Elec.  Traction  in. 
750 

Austria-Hungary  Patents.  750 

Bolivia,  683 

Brazil.  29.  132.  513.925 

Buenos      Ayres.      Automat 
Telephones  for.  335 

Chili,29.33£.  783.  925 

Chili.   Wireless   T.leptaph 
Charges.  444 

China.  96.  444,  716 

Chosen.  98 

Colombia.  513.  548.  580.  75'.'. 
7R3  961 

Copenhagen. 335 

Co^ta  Rica.  975 

Cuba.  784 

Danish  West  In<»ies.  683 

Finland,  513 

Holland.  54? 

1. -eland.  750 

Italv.  368,  549 


Italy,  British  Trade  with,  444 

Japan,  368,  580,  614 

Lyons    Municipal   Contracts, 

750 
yelilla  fN.  Africa).  750 
Morocco.  369,  548 
Norway,  29,  548,  683,  925 
Nor-A'av,  Elec.  Zinc  Refining 

in,  98 
Persia.  335 
Peru, 335 

Philippine  Islands,  29" 
Porto  Rico  (W.  Indies),  926 
Portugal.  98,  335.  548 
Portuguese  India,  716 
Portuguete  Pa'ents,  926 
Russia,  369,   614,    649.   750, 

784  926 
St.  Thomas(Danish  W.Indies), 

444 
Shanghai,  784 
Spain,  63.  548,  961 
Swedish  Exports,  63 
Swedish  Water-Pov/er  Plants, 

63 
Switzerland,  751 
Tunis,  29 
United  States.  649 
Uruguay,  132,  335,  369 
U.S.A.  Coal  Mines,  Electricity 

in,  683 
U.S.A.  Hydro-Electric  Works, 

926 
Venezuela,  63,  444,  764,  926 

MISCXLLANEOUS. 

Alien  Enemy  Firms,  446 

Australia.  Radiotelegraphists 
in,  234 

Bravery  Rewarded,  132 

British  Engineering  Industry, 
Council  for  Organisation, 
413 

British  Firm3  in  Germany, 
751 

British  Industries  Fair.  98 

British  Westinghou;e  War 
Relief  Fund,  683 

Cable  Discounts.  300 

City  of  London  Fires,  in  1915, 
98 

Clyde  Labour  Agreement,  369 

Coal  Supplies  for  Electricity 
Works,  444 

Contraband  of  War  Regula- 
tions, 29 

Contracts  withAlien  Enemies, 
63.233 

Controlled  Establishments, 
167,  266,  513 

Conversion  Table.  &c  .  167 

Cuba-U.S.A.  Telephone  Com- 
munication, 683 

Cuctoms  Decisions,  132.  413, 
892 

Customs  Duties.  369.  614 

Debts  Owing  bv  Enemy 
Firms,  369 

Defence  of  Realm  Regulations, 
98.  335.  518 

Derby  Chamber  of  Commerce 
Year  Bool:,  1916.  132 

Diiectory  ot  British  Manu- 
facturers for  Russian  Trade. 
926 

■•  Directory  of  Manufactur- 
ers." 548 

rirectory  of  Merchants  and 
Manu'acturers  in  India. 
1915.926 

ilec.   Light  Switching.  Sup- 
plementary    Examination 
63 
Electrical    (Contractors     and 

Labour  Shoi  tage.  266 
Electricity     Supply     Under- 
takings      and        Munition 
Works.  63 
Elec'rolyticDisinfectinpFluid 
at  Poplar.  649 
,   Enemy  Firms  to  be  Wound 
Ur.  200.  233 


Enemy  Firms  Wound  Ud.  29, 
63,  99,  133,  167,  300,'  335, 
369,  413,  445,  513,  548.  580, 
614,649,683,  716,751,892, 
961 

Engineering  School  for  Boys. 
751 

Engineers'  Wages,  649 

Excorts,  99,  234,  369,  514. 
650,  893 

Exports  to  Chinaand  Liberia, 
961 

Exports  to  China  and  Siam, 
133,  167,335,513,580,751 

Fatality,  369 

Fires,  716 

France  and  Algeria,  Imports 
into,  784 

G.E.C.  Cadet  Corps.  649 

Hebburn.  926 

Imports,  99,  234,  369.  514, 
650,893 

Inquests,  98,  234,  335.  413, 
716.  784.  892 

Italy,  Automatic  Telephony 
in,  444 

Kitchener  Scholarships ,  961 

Leep]  Notice,  29 

Liberia,  Exports  to,  200,  445, 
784 

Linkirg-Up  Farm  and  Market, 
892 

Liverpool,  Electricians'  De- 
mands at,  926 

Loans,  Local,  29 

London  Electricians'  Wages, 
580 

"  Manchester  Guardian  " 
Chir.ese  Supplement,  99 

Mafchinenfahrik  Oerlikon 
Shareholders,  133 

Memorandum  on  the  Ele;- 
tricity  Regulations.  513 

Military  Tribunal  Cases.  513, 
548,  716,751 

Mine  Electrician',  580 

Miners'  Safety  Lamps.  335 

Mongolia.  Telegraphic  Ccm- 
munication  with.  413 

Munitions  Tribunal  Cases.  29. 
64,  99.  133.  167.  234.  266. 
301.336.683.716.751.892. 
927 

New  Zealand  Trade.  445 

Pacific  Radio  Stations.  615 

Patent.  Applicjition  for  Ex- 
tension. 63 

Patents,  Alien  Enemy,  29,  63. 
751 

Pig  Iron.  Maximum  Price?, 
927 

Plant  for  Sale.  513 

Porcelain.  Hard  Paste.  785 

P.O.  ServanU  and  the  War. 
.■iOO. 

P.O.  Servants'  Wages.  300 

Royal  Assent.  751 

Royal  Flying  Corps.  200 

"  Russian  Press."  615 

S.  African  Patent  La-w.  445 

S.  African  Trade  in  1915.  445 

Secretaries'   Asjiociation .   751 

Ships,  i-ights  on.  926 

Siemens  War  Savings  Associ- 
ation. 961 

Sweden.  Prohibition  of  Ex- 
ports. 413 

Swedish  Chamber  of  Com- 
merce Year  Book.  892 

Telegrams  by  Telephones.  513 

Telechone  ii  Canadian  Farrr 
Work.  445 

Trade  Union  Congress,785,892 

Trading  with  the  Enemy.  64. 
99.  167.200.335.  413.580. 
650.  716.  892 

Tramcar  Drivers.  Employ- 
ment of  Disabled  Men.  683 

Walsall  Chamber  of  Com.- 
merce  Year  Book.  892 

Wills.  200.  716 

Women  as  Travellers.  892 

Wounded.  Appliances  for.  649 


C()m|)anics'  (Joint-Stock)  Meetings,   Reports,  Dividends,  Statutory  Returns,  &c, 


4y..  719 

Aut'Tiati.-  T' 

Bii    -,  i-  %  V, 

■•■:  V  uiMrtet  Lighting.  01 7. 

!:n  :  1  .      fV. 

,  .\M 

lot  »34  aoa.  518 

U, 

'-  Co..  68, ' 

Bl 

ai. 

1.  i 

Br 

a.i«w4|ii.  i;\ 

Br 

?..373 

-r  Co.. 964 

.11 


trkt  Power  h  Traction.  236 
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Bourfon-on-the-Water  Elar.  Light  Si  Power. 

450 
Bratiliar  Traction.  Light  k  Potnur.  101.  551. 

787 
Bril'  amp  k  En«ln««ring.  237.  450, 


71 


'stment.  236 
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?38.372.  44? 


>  Cables.  929 
I 


British  Thomson-Houston.  482 

British  Westincbcute  Elec.&Mie..66 

Brompton  Si  Kensington  Elec.  Supply.  31.  754 

Browett,  Lindley  Si  Co..  32,  396 

Browni  Parson.-,.  753 

Brunner  Mend  &  Co..  338.  372 

Brush  Electrical  Engineering. 66.  134 

Bull-rs,  Ltd..  416 

C.alcutta  Elcr.  Supply  Corpn., 67.  136.  169.  271, 

374,  754. 92V.  964 
Calcutta  Trsmways.  169,203 
Cslparv  Pcver.  272 

Cullender's  Cat  >  i  Construction,  236.  304 
CalvoBox.340 
Cambridge  Eler,  Supply.  66 
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Canadian  Elec.  Power  Combination,  374 

Canadian  General.  100 

Canadian  General  Elec,  340.  896 

Cace  Town  Consolidsted  Tramways  &  Land, 
305 

Castner-Kellner  Alkali, 338 

Cedars  Rapid  M(g.  &  Power.  101 

Central  Elec.  Supply,  238 

Central  London  iRlv..  583 

Chadburn's  (Ship)  telegraph.  450.  929,  963 

Charing  Cross,  West  End  &  City  Elec.  Supply, 
618 

Chatham  &  District  Light  Rly.,  584 

Chelsea  Electricity  Supply,  618 

Chesham  Elec.  Lights  Power, 305 

Chili  Telephone,  516,550 

Chiswick  Elec.  Supply  Corpn.,  236 

Chloride  Electrical  Storage,  204 

Cia  de  Electricidad  de  la  Provincia  de  Buenos 

Aires,  651 
Cie  Francaise  Pour  TExploitation  des  Precedes 
Thomson -Houston,  448 

City  of  Brisbane  Elec.  Light.  448 
City  of  Buenos  Ayres  Tramways.  169.  618 
City  of  London  Elec. Lighting,  340.  618,  720.  964 
City  of  Santos  Improvements.  67.  134 

City  &  S.  London  Rly..  584 
Cleveland  &  Durham  Elec.  Power.  32 
Cleveland,  Portishead  &  District  Elec.  Suoply. 

67 
Clvde  Valley  Electrical  Power  Co., .  754,  963 
Clyde  Valley  Electrical  Power  Storage,  929 
Colombo  Elec.  Tramways  &  Lighting,  134 
Companies  to  be  Struck  off  the  Register,  551, 

583,  788,  929 
Consolidated  Electrical,  450,  483 
Consolidated  Signal,  34 
Cordoba  Light,  Power  &  Traction,  618 
Cork  Elec.  Tramways  &  Lighting.  67 
County  of  Dorset  Elec.  Supply,  582 
County  of  London  Elec.  Supply,  584 
Craigpark  Elec.  Cable.  204 
Credenda  Conduits.  582 
Crompton  &  Co..  550,  582 
Crossley  Bros..  720 
Cuban  Telephone.  516.  720 
Cuba  Submarine  Telegraph,  134.  168 
Cunningham.  340 

Davis  &  Timmins,  754 

Dawlish  Elec.  Light  &  Power,  136 

Delhi  Elec.  Tramways  &  Lighting,  305 

Derby  Lamp  Works.  135  [272 

Deutsche-AtlantischeTelegraphengsselischaft, 

Dick,  Kerr  &  Co.,  930 

Direct  Spanish  Telegraph,  930 

Direct  United  States  Cable,  67,  168,  S18 

Direct  West  Indian  Cable,  963 

Doulton  &Co.  272,338 

Dublin  United  Tramways,  518 

Dumbarton  Burgh  &  County  Tramways,  395 

Dundee,  Broughty  Ferry  &  District  Tramwavs, 
895,  963 

Duram,  450 

Eastern  Telegraph,  67,  101,  204,  267,  416.  930 

Eastern  Extension  Australasia  &  China  Tele- 
graph. 67,  204,  236,  268,  484,  552,  895 

Edison  Accumulators,  583 

Edmundsons"  Electricity  Corpn.,  516,  583 

Elec.  Construction,  270,  305 


Elec.  &  General  Investm.ent,  550,  582  I 

Elec.  Light  &  Power  Supply  Corpn.,  651  ' 

Elec.  Supply  Corpn.,  617 

Elec.  Supply  Co.  of  Victoria,  929 

Electro-Bleach  &  By-products,  685  ' 

Electro-Flex  Steel,  518 

Electro-Galvani£ers,339,  [652 

Elm.ore's  German  &  Austro-Hungarian  Metal, 

Falkirk  &  District  Tramways,  34 

Faringdon  Elec.  Light  &  Pov/er.  788 

Fife  Tramway.  Light  &  Power,  135 

Folkestone  Electricity,  32,  930  j 

General  Elec.  516,  551 

General  Elec.  Co.  (U.S.A.).  338 

General  Electric  (of  Sweden).  272 

General  Seating.  33 

Giant's  Causeway.   Portrush   &   Bush   Valley 

Railway  &  Tramway,  67  ' 

Globe  Telegraph  &  Trust,  238,  448,  482 
Glover(W.  T.)&Co.,32,  67  i 

Great  Northern  Telegraph,  101,  270 
Gwynnes,Ltd.,238 
Hadtields,  551 

Halifax  &  Bermudas  Cable  (3o.,  963 
Hampden  Cloncurry  Copper  Mines,  929 
Hart  A.ccumiilator,  484 
Havana  Elec.  Rly.,  Light  &  Power,  372,  753 
Henley's  (W.  T.)  Telegraph  Works.  686 
Henson,  Joseph  R.,  617 
Highfield  Co..  617 

Hindhead  &  District  Elec.  Light.  169 
Holsworthy  Gas  &  Electricity,  100.  753 
Hong  Kong  Tramway,  618.  895 
Hewlett  (M.)&  Co..  583 
Huelva  Gas  &  Electricity,  272 

Ilford  Dry  Battery,  896 

Imperial  Tramways,  448 

Indian  Elec.  Supply  &  Traction,  203 

India    Rubber,    Gutta    Percha    &    TelegraDh 

Works.  484 
Indo-European  Telegraph,  101,  135,  168.  271, 

302 
Isle  of  Wight  Elec.  Light  &  Power,  32 
Johnson  &  Phillips,  135,  169 
Johnson  (Richard),  Clapham  &  Morris,  237 
Kalgoorlie  Elec.  Power  &  LightingCorpn.,  101, 

271,305,964 
Kalgoorlie  Elec.  Tramways.  754.  787 
Keith  (Jas.)  &  Blackman,  448 
Kensington  &   Knightsbridge  Elec.   Lighting, 

652 
Kent  Elec.  Power,  448 
Kidderminster   &   District    Elec.    Lighting   & 

Trac+ion.  237 
Lamplough  &  Son.  339,  583 
Lanarkshire  Tramways,  584 
Lancashire  Dynamo  &  Motor,  68,  305,  930 
Lancashire  Power  Construction,  373,  448 
La  Plata  Elec.  Tramways.  101 
Leamington  &  Warwick  Elec,  68  ' 
Lima  Light,  Power  &  Tramv/ays,  271 
Lisbon  Elec.  Tramways.  203,  271 
Liverpool  District  Lighting.  32,  930 
Liverpool  Overhead  Rly..  551 
Llandrindod  Wells  Elec  Light  &  Pov/er,  237 
London  Elec.  Rly..  584 
London  &  Lanes.  Fire  Insurance.  237 
Lymington  Elec.  Light  &  Power,  101 
Mackay  Companies.  306,  783 


Madras  Elec.  Supply  Corpn.  (Ltd.  &  Reduced), 

518 
Madras  EHc.  Tramv/ays,  32,  964 
Malacca  Elec.  Lighting,  753 
Manaos  Tramwavs  &  Light,  895 
Mander  &Cc.,652 

Manila  Elec.  Railroad  &  Lighting  Corpn.,  895 
Marconi  International  MarineCommunication, 

338,  415 
Marconi's  Wireless  Telegraph,  34,  449,  483 
Marconi's  Wireless  Telegraph  of  America,  34, 

100 
Marconi  Wireless  Telegraph  Co.  of  Canada,  929 
Mather  &  Piatt,  584 

Melbourne  Elec.  Supply.  238  •• 

Memoranda.  33,  67.  101.  136.  169.  204.  238. 

271,  306,  340,  373,  416,  450.  484.  518,  551. 

583.  617. 652.  685,  720, 754,  788, 896,  929,  964 
Metallic  Seamless  Tube.  338 
Metropolitan  Elec  Supply,  170,  618,  719,  895 
Metropolitan  District  Rly.,  584 
Metropolitan  Rly.,  618 
Mirrlees.  Bickerton  &  Day,  272 
Montevideo  Telephone,  68 
Montreal  Light,  Heat  &  Power,  136,  516 
Montreal  Tramways,  720 
Montreal  Water  &  Power.  551 
Nairobi  Elec.  Power  &  Lighting.  686 
National  Elec.  Construction,  719 
National  Elec.  Supply,  374 
Newcastle-on-Tyne  Elec.  Supply.  584,  754 
New  Era  Signs,  339 
New  General  Traction,  338 
New  Peto  &  Radford  Accumulator  753 
New  TransDort,  636 
Newton  &  Wright.  135 
North  Berwick  &  District  Elec.  Light  &Pcv/er, 

32 
N.  Melbourne  Elec.  Tramwavs  &  Lighting.  651 
North  of  Scotland  Elec.  Light  &  Power.  170 
Northern  Counties  Electricity  Supoly,  374 
Oldham,  Ashton  &  Kvde  Elec  Tramwav,  33, 

652 
Orford  Elec.  Light  &  Power.  33.  517 
OrientalTelephone  &  Elec,  68,  101,  203 
Oxford  Elec,  754 

Par.sons  &  Hedges.  617 

Peel-Connor  Telephone  Works.  305 

Fetter's  Ventila+ing  &  Engineering,  720 
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Pritchett  &  Gold  &  Electrical  Power  Storage, 

271 
Provincial  Tramways,  374 
Puebla  Tramway,  Light  &  Power,  237 
Rangoon  Elec.  Tramways  &  Supply,  338,  373, 
Reading  Elec.  Supplv.  101 
Record  Electrical.  237 
Resisto  Elec  Mfg..  753 
Reuter's  Telegram,  271 
Reyrolle(A.)&Co..  169 
Richardsons.  Westgarth  &  Co..  305.  373 
Rio  de  Janeiro  Tram.wav.  Light  &  Power,  552 
Rio  Tramwav,  Light  &  Power,  68 
River  Plate  Electricity,  135 
Roycc.  787 

Runbaken  Magneto,  33 
Rural  Electricity  Supply,  450 
Rushmore  L=imps.  617 
St.  James&PallMallElec.  Light,  484,552 


St.  John  Del  Rev  Mining,  551 
Sao  Paulo  Tramway,  Light  &  Power,  68,  552 
Shanghai  Elec.  Construc'ion.  237,  3C5 
Shawinigan  Water  &  Po\v«*r,  33,  374 
Shropshire,    Worcestershire    &    Staffs    Elec 

Power,  169 
Sine'ipore  Elec  Tramways,  373 
Slough  k  Datchet  Elec.  Supply ,  33 
Small  Elec.  Motors,  652 

S.  Metropolitan  Elec.  Light  &  Power.  136.  236 
S.  Wale?  Elec.  Power  Distribution,  101,  203 
South  Wales  Transport.  237 
Southern  Brazil  Elec.  516,  583 
Spanish  Telephcre.  720 
Stewarts  &  Lloyds.  720 
Stone  (J.)  &  Co.,  518 
Stratfcrd-on-Avon  Electricity  Co.,  964 
Submarine  Cables  Trust,  34,  101,  136,  170,237 

269 
Telegraph  Construction  &  Maintenance,  484 
Telephone  Co.  of  Egvpt,  102,  170 
Trafford  Power  &  Light  Supply,  449 
Tramways  &  General  Works.  170, 
Troup,  Curtis  &  Co..  617 
Trowbridge  Elec.  SuDcIy,  482 
Tubes,  Ltd..  618 
Turner(G.  H.)&Co..237 
Tyneside  Tramways  &  Tramrcads.  686,  719 
Underground  Elec.  RIys.  Co.  of  London,  584, 

686 
United  Alkali,  33 
United  Elec  Car,  895.  963 
'Jnited  Elec.  Tramways  of  Montevideo.  339. 415 
United  River  Plate  Telephone,  238,  271,  302 
Urban  Elec.  Supply,  33 
Vaughan  Engineering  Works.  617 
VennerTime  Switches.  720 
VentureTrust.  517.  551 
Veritys,  Ltd.,416,  552 
Vickers,  102.  552.  616 
Victoria  Falls&Transvaal  Power, 306, 340,895 

963 
Wakelin's.  237 

Walters  Electrical  Mfg.  Co..  963 
Waste  Heat  &  Gas  Elec.  Generating  Station, 

686 
Waygood-Otis,  373,  449 
Welsbach  Light,  517 
W.  African  Telegraph,  269 
V/.  Coast  of  America  Telegra;:h.  237.  269 
W.  India  &  Panama  Telegraph.  203. 235 
W.  London  &  Provincial  Elec  Sucplv,  237.  271 
Western  Canada  Power.  517.  652 
Western  Telegraph.  68.  236.  340 
Western  Union  Telegraph.  101.  339.  552 
Westminster  Elec.  Supply  Corpn..  618 
V/hite(J.G.)&Co..449.482 
Whitstable  Elec..3C5 
Willans  &  Robinson.  135.  169 
Winnipeg  Elec.  Railway,  102,  305 
Woking  Elec.  Supply.  33 
Wolselev  Motors.  101 
Woodbridge  &  District  Elec.  Light.  135 
Worcester  Eltc  Traction.  339 
Wycombe  (Borough)  Elec.  Light  &  Pcwer.  67 

Yorkshire  Elec.  Power.  583 
Yorkshire  (Woollen  District)  Elec.  Tramway.  67 
Yorkshire  (W.  Riding)  Elec.  Tramways,  374 
ZincCorDn.,  449 
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Alberta  Engineering.  517 

Allen  (Marcus)  &  Sons,  33 

Alexander  (G.  H.)  Engineering,  373 

Aluminium  Solder, 895 

Anchor  Elec.  237 

Ascog  Metal  Products  (Glasgow).  685 

Assoc,  for  the  Protection  of  British  Capital  and 
Property  in  Enemy  Countries.  685 

Assoc,  of  British  Motor  &  Aircraft  Mnfrs.,  67 

Atkey  (London).  Ltd..  135 

Automatic  Loading,  517 

Baxendale  Bros..  135 

B.  I.  Co.  (of  London  and  Birmingham),  4*9 

Birmingham  Elec  Accessories,  583 

Borough  Garage,  135 

British  Aero  Magneto  Mnfctrs.  Assoc,  719 

British  Elec.  Trading.  583 

British  Electro-Chemists.  517 

British  Electrolytic  Zinc  Co.  (Isherwood  Pro- 
cess) 339 

British  Graphite  &  Trading,  339 

British  Italian  Corpn..  583 

British  Revival  Mfg.,  719 

British  Tungsten  Mines,  517 

British  Utilities,  395 

Butler  Jones  (Nameplates),  685 

Carter  (James)  (Stalybrjdge),  617 


Chase  Bros..  517 

Claes  (Henri  &  Co..  617 

Coleman  &  Appleby.  373 

Conner  &  Magneto  Ignition,  33 

Cooper  (H.  G.)  Ltd..  67 

Cox  (W.)  (Mansfield),  Ltd.,  929 

Cymograph  (L*d.).  33 

Elec.  (Consulting  &  Supply.  517 

Electrical  Accessories  Assoc,  339 

Elliott  Bros..  449 

Ellis  (A.)  &  Co..  583 

Engineering  Equipment  Co.  (Swansea).  339 

Entente  Engineering,  135 

Faraday  &  Son.  787 

Fellows  Magneto.  753 

Filbar  Elec.  Heater.  517 

Fuller's  Carbon  &  Elec.  449 

Galloway  Engineering, 339 

General  Instrument  &  Engineering,  237 

Grinyer&Co.,651 

Haddon  &  Co.,  339 

Hadon,  Ltd.,  753 

Harlesden  Lamo,  237 

Headon  &  Marshall, 33 

Hemel  Hemstead  Engineering, 737 

Henson  (Joseph  R.),  Ltd.,  517 

Higgins  &  Griffiths,  583 


Hill  Bros.  Magneto,  753 

Hill  (Wm.i  &  Son  &  Norman  &  Beard,  339 

Hook(C.  S.)&Co.,929 

Horsman  (Victor).  135 

Insulated  Cap  &  Rivet,  895 

International  M.P.  Superheater.  753 

Julian  &  Grebert  Enginering.  583 

Jungo  Mfg..  237 

K.  E.  Syndicate.  Ltd..  237 

Kilmalloch  Elec.  Light  &  Power.  583 

Lamolougl'  Radiator  &  Engmeering.  651 

Latin  America  Chamber  of  Commerce  in  Great 

Britain.  929 
Launa  British  Electrical,  33 
Ling  (Oliver)  .%.  Co. ,373 
Lock(Thos.  J.)  Ltd..  339 
Lowcoyle  Engine.  135, 
Lyndin  Partners.  339 
Mander  &  Co.,  373 
McLeod  &  Sons,  963 
Mitcham  Rubber.  135 
Moore  &  Avery  (Blackburn).  373 
National  Wolfram  Corpn.,  237 
N.E.C.T.A..  135 

New  Peto  &  Radford  Accumulator,  617 
New  Union  Elec.  895 
Notable  Elec,  929 


Ogle  (G.  C.)  &  Sons,  617 

Ormandy&  Scott.  Ltd..  929 

Phillips'  Magneto,  617 

Phoncphore  Construction.  33 

Powell  (E.).  Ltd..  67 

Precision  .Screw.  135 

Ouead.  Ltd..  339 

Robb  (Walter).  Ltd. .33 

Robin  Hood  Engineering  Works.  517 

S.  Coast  Kearney  High-Speed  Rly.,  449 

Select'"e  Signal.  67 

Selson  Engineering  Co..  963 

Sheard  (S  G.)&Co..896 

Shenton  (F.  J.)  &  Co..  339 

Smith  (James)  Hoisting  Machinery,  67 

Steel's  Elec.  &  Engineering.  896 

Stevens  Petrol-Electric  Vehicles.  517 

Storey  Machine  Tool.  339 

Strand  Elec.  and  Engineering  373 

Taylor  ( lames)  &  Bates.  685 

Teleohoiie  Motor  Works.  373 

Thornton  (W.  R.)  &  Son.  Ltd..  929 

Troup.  Curtis  &  Co..  449 

Volta  Magneto.  517 

Ward  (Wm.)  &  Son  (Sheffield),  517 

Weekes(L.).Ltd.,517, 

Wey  Engineering,  517 
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Institute  of  Industry. 

Last  week  a  meeting  of  the  Institute  of  Industry  was  held 
to  act  upon  a  suggestion  thrown  out  recently  by  Sir  Edavard 
Carson,  that  the  various  bodies  having  at  heart  the  future  of 
British  industry  should  work  together  instead  of  separately 
so  as  to  benefit  by  the  increased  weight  of  combined  action. 
•Accordingly  the  Institute  held  a  conference  which  a  number 
of  associations  were  invited  to  attend.     As  will  be  seen  from 
another  column,  the  Institute  took  Ihe  broad-minded  line  of 
inviting  other  associations  to  join  in  forming  a  new  and  repre- 
sentative body  rather  than  join  the  Institute  itself.     In  other 
words,   the   Institute   is  not   aiming  at   continuing  its  own 
identity.     We  are  very  glad  that  this  enlightened  action  has 
been  taken.     There  is  ho  question  that  if  half-a-dozen  different 
associations   continue   to    handle   these   industrial   problems, 
each  from  a  particular  standpoint,  they  must  to  some  extent 
overlap  one  another's  activities,  whereas  if  they  combine  they 
can  speak  with  much  greater  weight  and  be  backed  by  far 
greater  funds.     This  last  point  is  really  of  the  utmost  impor- 
tance, as  no  strong  movement  can  be  carried  out  without  a 
large  financial  backing.     It  is  far  better  to  have  one  organisa- 
tion with  an  income  of,  say,  £100,000  per  annum  than  five 
different  organisations  each  with  an  income  of   £20,000  per- 
annum.     At  the  meeting  to  which  we  have  referred  we  were 
glad  to  find  that  the  proposals  were  well  received,  and  we 
nope  that  a  further  conference  will  take  place  without  delay, 
at  which  the  delegates  of  the  various  associations  will  take 
steps  to  form  a  single  organisation.     In  our  opinion,  far  too 
much  time  has  so  far  been  taken  up  by  mere  talking,  and  it  is 
HOW  time  that  we  settled  down  to  actions  instead  of  words. 
The  declaration  of  peace  will  only  give  us  a  rude  awakening 
if  we  are  not  prepared  for  the  changes  that  must  follow. 


Organised  Research  and  "  Sweating." 

In  these  columns  a  fortnight"  ago  we  set  out  in  some  detail 
the  initial  action  taken  by  the  Advisory  Council  which  was 
appointed  by  the  Privy  Council  for  the  organisation  and 
development  of  scientific  and  industrial  research.  We  return 
to  the  subject  in  order  to  suggest  that  the  granting  of  the 
necessary  time  to^  those  able  and  willing  to  undertake  research 
in  our  universities  and  schools  is  as  important  as  the  granting 
of  means.  Under  pre-war  conditions  it  was  customarv  for 
responsible  members  of  the  staffs  of  our  colleges  to  be  on  dutv/ 
either  in  the  lecture-room  or  laboratory,  upwards  of  30  hours 
per  week.  To  this  time  must  be  added  the  time  necessary  for 
the  preparation  of  lecture  notes  and  the  setting  and  marking 
of  homework.  Thus,  in  order  to  carry  on  the  normal  teaching 
work  of  our  colleges,  lecturers  are  expected  to  give  40  or  more 
hours  per  week  of  their  time.  At  some  of  the  colleges,  teachers 
are  expected  to  give  no  less  than  four  lectures  per  day  in 
addition  to  a  certain  amount  of  laboratory  work.  Under 
conditions  such  as  these  it  is  virtually  impossible  for  the  staft"s 
of  our  colleges  to  undertake  further  work.  If,  at  the  suggestion 
of  the  Advisory  Council,  the  Board  of  Education  threatened 
to  withhold  the  grants  from  those  colleges  and  schools  where 
"  sweating  "  is  practised  by  the  local  education  authorities, 
we  venture  to  think  that  the  evil  would  be  quickly  remedied. 
Had  the  Board  to  fix  for  each  lecturer  a  maximum  of  four  or 
six  lectures  per  week,  and  a  maximum  of  12  to  15  hours  teaching 
per  week,  it  would  be  relatively  easy  for  the  Board  to  insist  on 
men  undertaking  research  or  engaging  in  outside  work  As  it 
is,  the  Board  closes  its  official  eye,  and  takes  the  line  of  least 
resistance. 


Lighting  of  Factories- 

A  MEMORANDUM  has  be'm  issued  by  the  Health  of  Munition 
Workers  Committee  on  the  ventilation  and  lighting  of  munition 
factories  and  workshops,  and  forms  one  of  a  number  of  memo- 
randa to  which  we  refer  in  our  Leading  Article.  The  present 
memorandum  deals  more  particularly  with  questions  of  venti- 
lation and  heating.  In  regard  to  lighting,  very  little  is  added 
to  the  rules  which  have  been  laid  down  on  more  than  one 
occasion,  and  more  particularly  in  the  report  of  the  Depart- 
mental Committee  of  Lighting  in  Factories  and  AA'orkshops. 
A  preference  is  expressed  for  natural  lighting  as  against  arti- 
ficial lighting,  on  the  ground  of  health  as  well  as  economy,  and 
where  possible  roof  lighting  is  advocated.  Attention  is  also 
called  to  the  desirability  of  light-coloured  walls  and  white 
ceilings  and  to  the  necessity  of  the  regular  cleaning  of  windows. 
It  is  pointed  out  that  bad  illumination  afiects  the  output 
unfavourably,  not  only  by  making  good  and  rapid  work  more 
difficult,  but  by  causing  headaches  and  other  eft'ects  of  eye- 
strain. All  this  is  well  recognised  by  those  who  deal  with 
such  matters,  but  these  points  will,  no  doubt,  only  become 
fully  appreciated  by  the  public  at  large  through  continual 
reiteration. 


i 
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University  College  Chemical  Laboratories. 

Last  week  it  was  our  privilege  to  inspect  the  new  chemical 
laboratories  at  University  College.  To  give  the  reader  some 
idea  of  the  magnitude  of  these  laboratories  we  would  ask  him 
to  imagine  a  great  building  larger  than  many  of  the  technical 
colleges  in  our  big  industrial  towns  ;  a  building  upon  which  a 
sum  of  close  upon  £100,000  has  already  been  expended.  For 
the  purchase  of  the  necessary  equipment  a  further  £20,00(J  is 
required.  Industrial  chemistry  is  a  subject  about  which  a 
good  deal  has  been  said  during  the  past  18  months,  and,  of 
late,  our  need  of  trained  technical  chemists  has  forcibly  been 
brought  home  to  us.  That  our  scientists  recognised  the  need 
before  our  statesmen  is  shown  by  the  fact  that  in  London 
to-day  laboratories  second  to  none  in  I^urope  are  ready  for 
occupation.  For  this  reason  we  venture  to  think  that  those 
who  attach  importance  to  the  doing  of  things,  as  distinct  from 
the  talking  about  them,  will  subscribe  liberally  to  the  fund. 
Donations  may  be  sent  to  the  treasurer  of  the  Equipment  and 
Endowment  Fund,  Capt.  the  Hon.  Rupert  Guinness,  C.E., 
C.M.G.,  M.P.,  and  should  be  addressed  to  the  college.  We 
understand  that  gifts  of  electrical  machinery  and  apparatus 
for  the  laboratory  of  physical  chemistry  will  be  highly  appre- 
ciated, and  those  of  our  manufacturers  interested  in  higher 
education  will  do  well  to  get  into  touch  with  I'rof.  Donxax. 
Highly  creditable  features  of  the  work  are  that  the  Professor 
of  Architecture  has  been  responsible  for  the  design  of  the 
Ijuildings,  and  the  whole  of  the  electrical  work  has  been  carried 
out  under  the  direction  of  Prof.  Fleming. 


Organisation  of  the  British  Engineering  Industry.— At  the 

.MiiJicJicstci  ijiectiiig  ui  tlir  (oujicil  dealing  with  tliis  question, 
o7i  the  4th  inst.,  .Mr.  Fleming  (Westiughouse  Company)  said  it 
would  be  an  excellent  investment  if  manufacturers  would  de- 
vote a  pcrccjitage  of  the  gross  ])rofits  arising  from  their  indus- 
trial |)i(jc('.sscs  to  estabhsli  research  laboratories. 

Transporters.— To  "Engineering  Review"  Mr  H.  Hubert 
recently  contributed  an  article  entitled  "  Trolley  Hoist  Trans- 
porters." The  author  dealt  witli  hoists  and  electric  telpherage 
conveying  systems,  and  described  the  chief  features  of  the 
mono- rail  telpher.  These  features  are  track,  wheels,  tractive 
effort,  overhimg  axles,  balance,  curves,  track-switch,  direct 
lift,  working  load  and  speeds.     Illustrations  of  typical  instal- 

latioil.s   Were  j.'ivell. 

Corps    of    Royal    Engineers    (Wireless    Section).— This 

Section  of  the  Cori)«  of  Royal  Engiju'crs  is  open  to  recruit 
first-class  electrical  ijistrunu-nt  makers.  Conditions  as  to  pay, 
t«nns  of  service,  &c.,  can  be  obtained  by  a])plication  to  the 
Coiiinuinding  OlHcer.  Applicants  should  state  fully  their 
training  and  exj)erience  and  say  if  they  are  eligible  for  service. 
CiMulidiites  should  forward  their  application  to  .Major  A, 
Handley,  CO..  Wireless  Training  Centre,  St.  -Martins  Gat^", 
Worcester. 

Light  and  Intensive  Culture.  I'rof .  F.  Keble,  lecturing  at 
the  Royal  Institution  oji  April  Ith,  stated  that  (iennany, 
Italy  and  California  were  great  seed-growing  countries  on 
account  of  their  high  intensity  of  sunlight.  K.xperiments 
whicji  had  been  made  showed  that  the  yield  of  crops  might  be 
increased  by  artificial  light.  It  might,  be  jiossible  to  reinforce 
our  obscure  daylight  by  artilicial  means,  and  it  would  be 
•  urious  if  in  the  next  centur)-  the  finest  results  were  obtained 
in  the  Black  country  by  electric  light. 

Foreign  Trade  and  American  Specifications.-  "  Engi 
neeiing  Record  states  tluil  the  lv\c<iiti\.-  (  unimittee  of  the 
American  Society  for  testing  materials  ha.s  made  the  announce- 
ment to  Anu'rican  industrial  circles  that  it  undertakes  trans- 
lation into  foreign  languages  of  such  standard  specifications 
which  have  an  important  bearing  on  American  export  trade. 
All  numerical  quantities  are  expressed  in  metric  and  English 


systems.  It  is  intended  to  distribute  these  specifications 
among  the  United  States  Consular  offices  throughout  the  world. 
They  are  available  to  American  manufacturers  and  others 
interested  in  foreign  commerce  at  a  moderate  price. 

Entropy  and  Probabihty. — In  the  kinetic  definition  of 
entropy  it  is  necessary  to  define  a  function,  S,  which  satisfies 
the  equation  dS=dQ,T  on  tran.'^ition  from  a  state  of  equiU- 
brium  to  a  neighbouring  one,  and  also  increases  in  an  isolated 
system  which  is  not  in  equilibrium.  Mr.  0.  Postma,  in  a 
Paper  read  before  the  Koninklijke  Akademie  van  Weten- 
schappen  te  Amsterdam  on  this  question,  removes  the  diffi- 
culties, and  under  certain  circumstances  shows  that  Plancks 
and  Tetrode's  formulae  can  be  deduced  from  his  results. 

Mechanical  Equivalent  of  Light. — Dr.  Ir\^ing  Langmiur, 
in  the  "  Physical  Review,"  has  calculated  this  quantity, 
using  Nutting's  visibility  data,  and  taking  as  constants  of 
Planck's  equation  C'i=3-72x  10^^  watts  and  C.^=:^14392.  He 
obtains  0-00121  watt  per  lumen,  which  compares  well  with 
Nutting's  value  of  0-00120.  He  considers  the  value  0-00162  as 
incorrect,  since  it  would  make  the  emissivity  of  tungsten  0-67 
instead  of  0-50,  and  the  melting  point  would  require  to  be  at 
least  3,750°K.,  which  seems  inconsi.stent  with  his  observations. 

Absorption  of  Sound.— Mr.  F.  R.  Watson,  writing  in  the 
'■  Physical  Review  "  on  "  An  Investigation  on  the  Trans- 
mission, Reflection  and  Absorption  of  Sound  by  Different 
Materials,"  has  made  experiments  by  means  of  a  whistle 
emitting  a  given  note  placed  in  the  focus  of  a  parabolic  reflec- 
tor. The  receiver  of  sound  was  a  Rayleigh  resonator  placed 
in  another  room,  the  soimd  having  to  pass  through  a  doorway, 
which  could  be  closed  by  various  materials.  It  was  found  that 
pressed-fibre  ^  in.  thick  practically  stops  all  sound,  and  I  in. 
cork-board  stops  80  per  cent,  of  it,  three  layers  stopping  92-6 
per  cent.  It  appears  that  the  transmission  of  soimd  at  con- 
stant pitch  depends  on  the  porosit}^  density  and  elasticity 
of  the  material.  Porous  bodies  transmit  sound  much  in  the 
same  proportion  as  they  transmit  air.  The  pressed-fibre  stops 
more  sound  than  cork,  because  it  is  heavier. 

Zinc  Wire. — In  the  "  E.T.Z."  there  is  an  official  announce- 
ment of  the  German  .Association  of  Electrical  Engineers  on  the 
use  of  zinc  wire.  This  is  now  being  introduced  in  Germany  on 
account  of  the  scarcity  of  copper  and  because  iron  wires  are  not 
always  satisfactory.  The  comparative  figures  for  copper, 
aluminium,  zinc  and  iron  are  as  follows  : — 


^  Copper.       f'"- 

Zinc. 

Iron. 

Specific  resistance  at  20°C.  in  ohms 

per  metre  and  8(iuare  millimetre.    00 178 

Conductance  at  20  C.  in  Siemens 

per  metre  and  square  millimetre.        56-2 

Conductivity  in  ])cr  cent,  of  copper      1000 

Temperature  cocfticient  per  deg.  C.      0-004 

0-0306 

32-7 

58-4 

0-004 

0-0625 

IfiO 

28-5 

0  0039 

0-143 

7-0 

125 

0-0057 

Rules  are  given  on  the  use  of  zinc  wires  in  house  installations 
and  on  the  use  of  zinc  cables  and  zinc  'bus  bars. 

Crystal  Size  and  the  Electric  and  Magnetic  Properties 
of  Pure  Iron.  Mr.  F.  C.  Thompson,  B.Sc.,  gives  the  results 
oi  an  investigation  of  this  question  in  the  "  Philosophical 
Magazine."  Regarding  the  electrical  resistance  of  pure  iron 
the  formula  for  specific  resistance  pi=P2+ni?,  where  Pj  is 
the  obser\'ed  .specific  resistance,  pj  is  the  specific  resistance 
of  the  crystalline  portion,  n  the  number  of  crystals  per  centi- 
metre, and  R  the  b«»undary  resistance  for  each  grain.  Various 
specimens  were  treated  differently,  so  as  to  alter  the  cry- 
stalline stnu'ture.  and  in  each  case  an  increa!<e  in  crystal  size 
caused  a  decrea.se  in  the  resistance.  The  fonnula  p  =  6-83 
t  l-72»>  10"';  microhms  per  cubic  centimetre  was  derived 
from  the  results.  Regarding  the  magnetic  properties,  the 
results  obtained  indicate  that  the  maximum  induction,  and 
remanent  magnetisation  for  a  field  of  95  gauss  were,  to  all 
intents  and  puqjo.Hcs,  independent  of  the  sire  of  the  crystals. 
The  author  considers  that  by  suitable  annealing  processes 
iron  for  transfonners  might  be  obtained  with  far  l(»wer 
hy.^^teresis  than  anything  yet  ]>ro(lu<>ed. 
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Pure  Iron. — Entitled  "  Preparation  of  Pure  Iron  and  Iron- 
Carbon  Alloys,"  a  Paper  has  recently  been  published  in  the 
"  Bulletin  "  of  the  Bureau  of  Standards  by  Messrs.  J.  R.  Caine, 
E.  Schramma  and  H.  E.  Cleaves.     Methods  have  been  de- 
veloped   for   producing    laboratory   samples    of    iron-carbon 
alloys  of  a  very  high  degree  of  purity.    Sources  of  contamina- 
tion of  melts  and  means  of  eliminating  are  described  ;  a  method 
for  producing  magnesia  of  a  satisfactory  degree  of  purity  for 
making  crucibles  to  be  used  in  work  bi  this  kind  has  been 
developed  ;    a  procedure  for  making  small  ingots  which  are 
sound  and  free  from  blow-holes  without  the  use  of  deoxidisers 
has  been  worked  out.     A  series  of  iron-carbon  alloys  containing 
99-96  per  cent,  of  the  two  elements  have  been  prepared  to  s.rve 
as  a  basis  for  the  re-determination  of  the  iron-carbon  equili- 
brium diagram. 

Electrolytic  Corrosion. — Before  the  American  Institute  of 
Electrical  Engineers  on  March  10  Messrs.  Burton  McCoUum 
and  G.  H.  Ahlborn  read  a  Paper  entitled  "  The  Influence  of 
Frequency  of  Alternating  or  Infrequently  Reversed  Current  on 

Electrolytic  Corrosion." 

The  authors  describe  experimental  work  that  has  been  carried  out  to 
determine  the  coefficient  of  corrosion  of  iron  and  lead  in  soil  with  varying 
frequencies  of  alternating  or  reversed  current  with  60  cycles  per  second 
as  the  highest  frequency  and  a  two-week  period  as  lowest,  some  con- 
tinuous-current tests  being  made  as  a  check  on  the  methods.  The  residts 
show  :  (a)  that  a  decrease  of  corrosion  occurs  with  an  increase  in  fre- 
quency ;  (b)  that  the  corrosion  is  practically  negligible  below  a  5-minute 
period  ;  (c)  that  there  is  a  limiting  frequency  above  which  practically  no 
corrosion  occurs  ;  (d)  that  certain  chemicals  affect  the  natural  and  elec- 
trolytic corrosion  of  the  two  metals  quite  diiTerently  ;  (e)  that  the  loss  of 
lead  on  continuous-current  is  about  '25  per  cent,  of  the  thoretical  loss  ; 
and  (/)  that  alternating  or  reversed  ciu-rent  with  as  long  periods  as  a  day 
or  a  week  would  in  the  case  of  iron  materially  reduce  the  damage  to  under- 
ground structures.  The  importance  of  these  results  follows  from  the 
fact  that  there  are  large  areas  in  practically  every  city  in  which  the 
polarity  of  the  underground  pipes  reverses  with  periods  ranging  from  a 
few  seconds  to  an  hour  or  more,  due  to  the  shifting  of  railway  loads.  The 
investigation  shows  that  the  corrosion  under  such  conditions  is  much 
less  than  has  generally  been  supposed. 

Electric  Winding  in  Scotland.— The  '  Colliery  Guardian  " 
has  a  description  of  an  up-to-date  electric  winding  plant 
installed  at  the  Breich  Pit  of  the  Pumpherston  Company,  near 
Edinburgh.  A  feature  of  the  system  is  a  very  complete  remote 
control  apparatus,  which  will  bring  the  cages  to  rest  in  event  of 
anything  unforeseen  happening.  The  winder  combines  the 
Ward-Leonard  system  of  control,  with  a'  flywheel  equaliser 
between  the  winding  motor  and  supply  mains.  The  advantage 
of  the  flywheel  is  shown  when  the  peak  load  is  400  h.p.,  yet  the 
maximum  demand  on  the  generator  never  exceeds  200  h.p.  In 
event  of  power  failure  also  the  flywheel  stores  sufficient  energy  to 
give  one  or  two  winds.  The  winder  itself  is  of  the  ordinary 
parallel  drum  type,  and  winds  from  a  depth  of  65  fathoms.  The 
power  is  taken  from  a  three-phase  high-tension  line  at  3,000  volts, 
50  cycles.  This  supplies  a  motor-generator  set  consisting  of  a 
three-phase  motor,  a  variable-voltage  direct-current  generator 
and  constant-voltage  exciter.  The  normal  speed  of  the  motor- 
generator  flywheel  set  is  750  revs,  per  min.  The  winding 
motor  is  separately  excited,  and  has  its  armature  permanently 
connected  to  that  of  the  variable-voltage  generator.  The 
speed  and  direction  of  the  winding  motor  are  controlled  by  the 
position  of  the  driver's  control  lever.  Braking  is  effected  by 
post  brakes  operating  on  machined  brake  paths  cast  on  the 
drum  cheeks,  a  compressed  air  cyhnder  operating  the  brake 
blocks,  and  which  come  into  action  when  the  air  pressure  is 
released.  The  emergency  brake  can  also  be  operated  by  hand 
from  the  driver's  platform. 

Electric  Power  in  Mining.— Mr.  J.  N.  Bulkley,  in  a  Paper 
read  before  the  American  Institute  of  Mining  Engineers,  refers 
to  the  fact  that  there  are  143  electrically-driven  hoisting 
engines  on  the  Rand,  exclusive  of  winches.  The  combined 
continuous  rating  of  these  is  over  74,000  h.p. 

With  regard  to  winches,  these  are  usually  driven  by  a  slip-ring  motor, 
and  double  reduction  gearing  is  used.  The  controller  is  of  the  tramway 
type.  Owing  to  difficulties  in  control,  which  are  not  easily  met  by  steam 
engines,  electric  motors  controlling  sinking  plant  are  used,  the  first  shaft 
to  be  .sunk  electrically  being  the  central  shaft  of  the  Cinderella  Consoli- 
dated Gold  Mining  Co.  In  this  case  the  motor  is  of  the  synchronous 
type,  fitted  with  starting  motor,  an  exciter  wound  for  double  the  normal 
voltage  and  a  8 -ton  10  ft.  flywheel  running  at  750  revs,  per  min.     In  case 


of  power  failure  the  reverse  power  rotary  operates,  leaving  the  motor 
driven  by  tlie  flywheel  operating  as  a  genr-rator,  but  .so  connected  that  the 
hoist  bucket  could  be  pulled  up.  Actually,  however,  the  switch  i.«  tripped 
by  hand,  and  the  sinkers  before  each  blast  are  hoisted  by  the  flvwheeL 
With  regard  to  main  hoists,  the  central  stations  on  the  Rand  are  so  larg& 
that  it  is  unnecessary'  to  install  any  flywheel  caualising  sets.  Rheostatlc 
control  is  unsafe  for  speeds  beyond  those  controlled  by  mechanical  brakes, 
which  the  author  places  at  about  1,.")00  ft.  per  minute.  If  eddy -current 
brakes  are  used  the  extra  cost  for  motor-generator  set  makes"  the  cost 
almost  as  high  as  for  the. Ward-Leonard  system.  The  hoist  control  for 
rheostatic  hoists  was  with  liquid  rheostat,  and  movable  wire  for  torque 
control,  and  oil  switch  and  air  brake  contactors  for  direction  control, 
both  of  hese  being  operated  from  one  lever.  On  large  machines  com- 
pressed air  has  proved  unsatisfactory-.  W'hen  the  \\ard-I^onard  sy.stem 
is  used  the  hoist  motors  are  of  fairly  large  size,  so  that  commutator 
troubles  are  avoided,  and  a  good  motor  for  direct  coupling  to  the  drum 
shaft  can  be  obtained.  These  sets  are  usually  provided  with  interpoles 
and  compensating  v/indings  on  the  generator.  In  some  ca.ses  the  Deri 
distributed  winding  is  used  with  marked  success.  The  control  in  such 
cases  is  by  regulation  of  the  generator  field,  other  s\ stems  of  control  using 
rotary  converters,  and  others  again  u.sing  '•  bucking'motors,"  which  are  not 
used  on  the  Rand.  In  the  Ward-Leonard  system  e\  erj-  position  of  the  con- 
trol lever  is  equivalent  to  fixed  generator  excitation ;' this  makes  the  con- 
trol very  easy  for  the  driver. 


OBITUARY. 


Eric  Gerard. — We  regret  to  record  the  death  of  Prof.  Eric 
Gerard,  in  Paris,  on  the  28th  ult.  Bom  at  Liege  in  1856,  he  left 
the  University  of  Liege  in  1878  with  the  honorary  degrees  of  Ingenieur 
des  IVIines  and  Ingenieur  des  Arts  et  JManufactures,  and  completed 
his  electrical  studies  at  the  Ecole  Superieure  de  Telegraphie.  He  then 


The^  LATE  Pkof.  Eric  Gerard. 

became  engineer  in  the  Belgian  State  Telerraph  Service,  was  secretary 
with  M.  Mascartof  the  first  Congress  of  ElectricityiiaParis,  JSSl,and 
in  1883  was  called  to  be  principal  of  the  Montefiore  Electro-teclinical 
Institute,  founded  in  connection  with  the  Liege  L'^niversity.  Prof. 
Eric  Gerard  was  the  author  of  "  Elements  d'Electrotechnique," 
and  of  ■'  Lecons  sur  I'Electricite,"  many  editions  of  which  have  been 
issued.  He  also  published  "  Mesures  Electriques  "  and  ""  Traction 
Electrique,"  and  collaborated  with  JM.  de  Bast  in  writing  "  Exercices 
et  projets  d'Electrotechnique."  Prof.  Gerard  had  several  HatterLug 
offers  to  manage  industrial  concerns,  but  he  preferred  to  continue 
in  his  educational  career.  He  was  president  of  the  Belgian  Official 
Board  of  Electricity,  member  for  Belgium  of  the  International 
Committee  of  Electrical  Units,  president  of  the  Belgian  section  of  the 
International  Electrotechnical  Commission,  and  an  Officer  of  the 
Ordre  Leopold  and  other  valued  orders.  So  far  as  the  International 
Electrotechnical  Commission  was  concerned,  Prof.  Gerard  was 
always  of  the  greatest  assistance,  because  of  Ills  open-mindedness  and 
kindly  disposition  whenever  he  attended  any  of  the  large  meetings 
or  the  smaller  Conmiittee  meetings.  He  presided  at  one  of  the  early 
meetings  of  the  Commission  in  1910  in  Brussels,  when  he  made  a 
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most  interesting  speech  on  the  aims  and  objects  of  the  Commission. 
Under  his  personal  direction  the  delegates  went  through  the  Brussels 
Exhibition,  and  also  visited  Liege  and  Avere  received  at  the  Institut 
Montefiore,  so  well  known  to  a  very  large  number  of  Prof.  Gerard's 
students  now  scattered  all  over  the  world.  He  was  also  secretary 
of  the  first  section  of  the  Paris  Congress  dealing  with  units  in  1881. 
He  took  a  keen  interest  in  nomenclature,  and  was  present  both  in 
Paris  and  Cologne  when  the  International  Committee  had  a  nomen- 
clature meeting.  He  will  be  mourned  by  a  very  Avide  circle  of 
friends,  students  and  admirers. 


PERSONAL. 


Royal  Engineers  (T.F.) — The  following  promotions  have  been 
made : — 

London  Electrical  Engineers  :  Sapper  A.  M.  Jenkins,  Sapper  F.  S. 
Aldred  and  Private  R.  0.  Burton  (from  Artists"  Rifles,  O.T.C.),  to  be 
Second  Lieutenants  (on  probation). 

Tyne  Electrical  Engineers  :  Second  Lieutenant  Herbert  G.  \\Tiite  to 
be  temporary  Captain  and  to  be  seconded. 


APPOINTMENTS  VACANT. 


A  station  engineer  is  required  by  the  War  Department,  conversant 
with  internal  combustion  engines  and  maintenance  of  wiring  and 
motors.  Applications  to  Chief  Engineer,  Southern  Command, 
Radnor  House,  Salisbury. 

A  first-class  foreman  armature  winder,  used  to  a.c.  and  d.c.  wind- 
ing, is  advertised  for. 

An  electiician  is  required  for  the  Gold  Coast  Government  water- 
works. Salary  £300,  rising  to  £350,  with  free  quarters.  Candidates 
must  be  capable  of  taking  charge  of  500- volt  suction  gas  generating 
plant  and  electric  motors.  Applications  to  the  Crown  Agents  for 
the  Colonies,  4,  Millbank,  London,  S.W.     See  an  advertisement. 


INSTITUTIONS  AND  SOCIETIES. 


Institution  of   Electrical    Engineers :    Binningham  Section. — In 

accordance  with  the  rules  relating  to  local  sections,  the  Committee 
have  prepared  the  following  list  of  officers  to  act  during  the  session 
1916-17:  Past  Chairmen,  M.  Railing  (1910-11-12),  A.  M.  Taylor 
(1912-13-14),  A.  H.  Railing,  D.V.ng.  (1914-15).  Chairman,  Col. 
J.  F.  Lister,  K.p].  Vice-Chairmen,  S.  T.  Allen,  N.  B.  Rosher.  Present 
ordinary  Members  of  Committee  (remaining  in  office),  H.  t'oulds, 
C.  C.  Garrard,  Pli.D.,  S.  H.  Holden,  W.  A.  Jackson,  Prof.  G.  Kapp, 
D.Eng.,  W.  iMardcn,  A.  Pearson,  B.A.,  W.  E.  Sumpner,  D.Sc, 
F.  Thursfield,  J.  M.  Walshe.  Ordinary  Members  of  Committee  (new 
nomitmlions),  F.  H.  CIoikjIk  T.  Pbimmer,  E.  O.  Turner.  Hon. 
Secretary,  J.  I).  IMorgan.  The  (  oiumiltee's  nominations  arc  given 
in  italics.  They  herewith  invite  other  nominations,  and  it  is  sug- 
gested that  the  meiiiluTs  in  each  important  centre  should  send  in  a 
nomination  for  that  paiticular  centre,  in  conij)liaiue  witJi  i»ule  7 
of  these  General  Rules,  Messrs.  F.  W.  Carter,  C.  M.  Shaw  and  A. 
Willmott,  who  are  members  of  the  present  Committee,  are  not 
eligible  for  le-elcction  this  session,  having  sci\cd  for  three  ye>irs 
consecutively.  Nominations  must  readi  the  Hon.  Secretary  at 
13,  'l'cnij)le-street,  not  later  than  Wednesday  niormr.g.  the  12fh 
April,  and  in  the  event  of  any  being  received  a  ballot  list  will  be 
j)repared  and  circulated.  The  list  of  oflieers  for  l!)l()-17  will  be 
declared  at  the  annual  general  meeting  of  the  .section  on  May  3.  191(5. 
The  following  letter  has  been  forwarded  to  members: 
"  Vour  Committee  have  had  inider  very  careful  consideration  the 
qu(^stion  of  alien  eneni\'  nieiubersliip  m  hich  is  at  present  before  the 
Institution.  After  a  full  discussion  of  the  matter  at  two  meetings, 
your  Committee  mianinionsly  jiassed  tli(>  following  resolutions  for 
transmission  to  the  Council  of  tlu'  Institution,  and  I  was  instructed 
to  send  you  a  coj)y  of  the  same  :  (1)  Timt  the  Council  be  re<iueste«l 
to  obtain  ))o\\("rs  to  amend  the  articles  of  association  to  exclude 
from  mcmlxMsliii)  of  the  institution  any  undesirable  aliens  or 
undesirable  members  of  alien  origin.  (2)  That  in  view  of  the  fore- 
going resolution  it  is  not  considered  necessary  to  proceed  with  the 
resolutions  at   present  before  the  Institution." 

Incorporated  IVlunicipal  Electrical  Association.-  The  ])rogramnie 
has  been  issued  of  the  Convention  of  this  Association,  which  will  be 
held  on  .lune  22n(l  and  23rd.  'I'he  anangementi*  air  .similar  to  thow 
of  last  year,  the  proceedings  being  limited  to  two  days,  the  tirst  being 
technicnl  r.nd  the  second  res(rict<'(l  to  business  matters.  The  meet- 
ings ^^ill  1,0  i„.|,i  jvt  (l„.  Institution  of  Electrical  Kn^-ineers.  On 
Thmsday.  June  22nd,  Mr.  A.  C.  Cramb  will  deliver  his  presidential 
ail.lrcss.  and  PajxM-s  will  be  read  l)y  M..  W,  W.   Lackie  on    •  lioiler 


House  Design,"  by  Mr.  H.  S.  Ellis  on  the  "  Area  of  Suppl\-  from  an 
Economic  Standpoint,"  and  by  Mr.  W.  T.  Kerr  on  "The  Application 
of  Electric  Power  trj  Agriculture."" 

Junior  Institution  of  Engineers. — The  meeting  arranged  for  the 
10th  inst.  has  been  postponed  till  the  18th  inst.,  when  a  Paper  on 
"  Speeding-up  in  an  Engineering  Factory,"  by  Mr.  R.  Rankin, 
B.Sc,  will  be  read. 

Royal  Society. — Amongst  the  Papers  read  at  last  Thursday's 
meeting  we  notice  the  following :  '"On  the  Instability  of  the  Pear- 
shaped  Figure  of  Equilibriiun  of  a  Rotating  Mass  of  Liquid,"  by 
J.  H.  Jeans,  F.R.S.  ;  "  A  Hypothesis  of  Molecular  Configuration  in 
Three  Dimensions  of  Space,"  bj-  Sir  William  Ramsay,  K.C.B.,  F.R.'S. 

Machine  Tool  &  Engineering  Association  (Ltd.)— The  fifth  annual 
report  (for  191.'>)  states  that  ■^ix  firms  joined  the  Association  and  three 
resigned  during  the  j'ear,  making  the  membership  134.  Three 
applications  for  membership  were  refused. 

The  next  exhibition  had  been  arranged  to  be  held  from  Sept.  28  to 
Oct.  18  next,  but  owing  to  the  war  this  will  have  to  be  postponed. 

Four  exhibitions  were  considered  by  the  board  during  the  past  year, 
and  in  two  cases  no  support  or  approval  wa«  given,  in  one  individual 
members  were  allowed  to  exhibit,  and  in  the  fourth  general  permission 
to  exhibit  subject  to  certain  restrictions. 

The  ordinary  activities  of  the  Association  have  been  largely  suspended 
since  the  formation  of  the  machine  tool  department  of  the  Ministry  of 
Munitions,  and  more  especially  since  all  machine  tool  works  became  con- 
trolled establishments.  The  Association  has  rendered  some  assistance 
to  the  Ministry  of  Munitions,  and  the  Secretary  of  the  Association  is  the 
secretary  of  the  machine  tool  department. 

In  view  of  the  fact  that  the  existing  classification  of  machine  tools  for 
Customs  purposes  is  ver\'  imperfect  in  consequence  of  which  the  Board  of 
Trade  returns  are  very  misleading,  representations  have  been  made  to  the 
Board  of  Trade,  and  a  promise  has  been  given  that  the  matter  shall 
receive  attention  after  the  war,  during  which  no  alterations  are  being 
made  to  the  classifications. 

Negotiations  have  been  opened  with  the  Briti.sh  Electrical  &  Allied 
Manufacturers'  Association  with  a  view  to  the  re-adjustment  of  certain 
trading  practices  as  between  machine  tool  makers  and  electrical  manu- 
facturers. While  it  is  not  possible  to  continue  usefully  the  negotiations 
at  present  it  is  proposed  to  resume  them  after  the  war. 

A  recommendation  was  made  to  the  members  as  to  the  attitude  to  be 
adopted  to  firms  having  connections,  direct  or  indirect,  with  alien  enemies. 

Dynamicables'  Anniversary  Meeting  and  Dinner. — We  are  informed 
that  this  will  take  place  at  the  Trocadero  Restaurant  at  7.30  p.m., 
Wednesday,  the  12th  inst.     Mr.  C.  P.  Sparks  will  l>e  in  the  chair. 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY.  AprU  7th  (to-day). 

N.E.  CO.A.ST  In'.stitutios  of  Engineers  .\xd  SHirBriLnER-s. 
7:30  p.m.     At    the    Lecture    Theatre,    Literary    and   I'hilo.sophical 
Society,  Westgate-road,  Ne\vcastle-on-Tyne.     Address  l>y  Mr. 
T.  C.   Elder,  "The  Business  Side  of  Science:    Its  Part  in  the 
Coming  Economic  Crisis." 
SATURDAY,  April  8th. 

ThK    RoY.\L    1 NSTITCTION. 

3  p.m.  At  Alhemarle-street.  \V.  Lecture  by.l'rof.  Sir  J.  J.  Thorn- 
con,  F.H.S.,  on  "  liadiations  from  Atmns  nml  Klc<  troiis." 
(Lecture  V.). 

BlUMIN'OHAM    ANU    Dl.STUUT    ELECTr.U     (LIB. 

7  p.m.  .Meeting  at  the  Swan  Hotel,  New -street.  Pajx^r  by  Mr. 
\V.  II.  Whitehousc  on  "  Staudai-d  Time  and  Its  Distribution  by 

'rclcgra]il)." 

THURSDAY,  AprU  13th. 

InSTITITION    ok    Ei,K(  TKirAL    EXGINKKIIS 

S  p.m.  .\t  Victoria  Endiankmcnt.  W.C.  Disi  iismom  on  "The 
Present  I'osition  of  Electricity  Supply  in  the  Cnite<l  Kingdom, 
.111(1  the  Steps  to  be  t.iken  to  Improve  and  Strengthen  it." 


ENOINEERINQ  INSTITUTIONS    VOLUNTEER  TRAINING  CORPS. 

Oltii  er  Ciimmantling,    Lieut.  I  ol.  <'.    H.   <'li\,    \.  1> 

The  following   orders   have   been  issued  for   the   week  commencing 
April  1(1.  imc. 

Drills.  ry.'2o  to  7:2."» :    7:26  to  8:2.'>. 

Monday.  .\]iyi\  lOtli.     S<'ctions  I  and  2.  Technical  ;   Sections  3  .ind  4. 
Sipiad  and  Platoon.     Signalling  Class  and  Recniits. 

Tuesday.  Ajiril  11th.     S<honi  of  Arms,  6  to  7  p.m. 

Thursda  .-.  .April  1.3th.    -Shooting  for  Sections  3  and  4. 

Fritlny.  .\pril  14th.     ^Sections  3  and  4.  Technical  ;     Sections  1  and  2 
Sipiad  and  Platoon.     Sicnalling  Class  and  Recniit.H. 

S.»turday.  .\pril  l.")th.  -Adjutants  Instruction  Claw  at  2:3(1  p.m. 

Sections  for  Technical  Parade  at    Headquartore.  Lon<lon     Electrical 
V^nginMTs.  4(».  Hcgt'ncy-stn-ot.  S.W. 

Sections  for  Shooting  Parade  at  Miniature  Ranges. 

Unless  otherwi.s<<  .stated,  nil  parades  at  Chester  Houwv 

Mcmlx-rs  who  have  not  yet  bivn  mcasuri'd  for  uniforms  must  call  on 
Samuel  Bros.,  Ludgate-hill.  as  soon  as  possible. 
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MECHANICAL  STRESSES  IN  TRANSFORMERS.* 

BY  J.  F.  PETERS. 

Summary. — The;  distribution  of  the  leakage  field  and  the  stress  due  to 
the  groups  of  coils  in  certain  cases  is  considered.  Formulae  are  then 
derived  for  the  magnetic  forces  between  coils  and  the  radial  forces  opera- 
tive when  coils  arc  out  of  centre,  as  well  as  the  forces  acting  on  the  leads, 
is  dealt  with.  Finally,  the  attraction  of  rectangular  leads  placed  close 
together  is  discussed. 


The  mechanical  stresses  in  transformers  are  caused  by  the  stray- 
magnetic  fields  that  pass  through  the  windings.  These  fields  are 
caused  by  the  load  currents  and  are  proportional  to  the  product  of 
these  currents  into  the  number  of  turns  in  the  windings.  The  mag- 
nitude and  distribution  of  these  leakage  fields  depend,  in  addition 
to  the  number  of  turns  and  the  current,  upon  the  groupings  or  inter- 
spacing of  the  primary  and  secondary  windings  and  upon  the  dimen- 
sions of  the  core  and  coiJs. 

As  a  preliminary  step  toward  arriving  at  the  value  of  the  mecha- 
nical stresses,  it  is  well  to  consider  the  distribution  of  the  leakage 
field.  A  cross-section  of  one-half  of  a  shell-type  transformer  having 
four  primary  and  four  secondary  coils  is  shown  in  Fig.  1.     There  are 


Fig.  1.- 


-DiAGRAM  Representing  the  Magnetic  Conditions  in  a 
Shell-type  Transformer. 


to  the  M.M.F.s  would  be  in  the  direction  indicated  by  the  arrows. 
The  mechanical  force,  due  to  the  local  field  in  a  group  of  coils,  on  a 
conductor  located  at  6  in  coU  2  would  tend  to  draw  this  conductor 
toward  the  centre  of  the  group  of  coils  2  and  .3. 

The  stress  due  to  the  field  in  any  group  of  coils,  due  to  its  own 
M.M.F.  tends  to  draw  the  conductors  closer  together.  In  addition 
to  the  field  in  the  individual  groups  of  coils,  there  are  magnetic  fields 
directly  across  the  opening.  These  fields  are  caused  by  the  com- 
bined M.M.F.s  of  the  primary  and  secondary  groups.  Con.sider  the 
space  between  coils  1  and  2.  Coil  1  has  a  M.5l.F.  producing  a  field 
in  a  clockwise  direction,  while  the  M.M.F.  of  coil  2  produces  a  field 
in  a  counter-clockwise  direction.  With  a  symmetrical  grouping 
which  is  assumed  in  this  case,  so  far  as  the  space  between  coils  1  and  2 
is  concerned,  the  M.M.F.  of  coU  3  is  cancelled  by  coil  4,  that  of  coil  5 
is  cancelled  by  6,  and  that  of  coU  7  by  coil  8.  This  leaves  the  M.M.F. 
of  coil  1  or  coil  2  (they  being  of  equal  values,  but  in  opposite  direc- 
tion) to  produce  a  field  down  across  the  opening  between  coils  1  and 
2.  This  M.M.F.,  and  also  the  magnetic  field,  graduaUy  decrease  as 
the  outer  surface  of  coU  1  is  approached,  becoming  zero  in  the  space 
between  this  surface  and  the  iron.  The  magnitude  of  this  field  is 
plotted  in  the  lower  part  of  the  figure. 

With  the  current  in  coil  1  flowing  downi  through  the  paper  and 
with  the  magnetic  field  in  the  direction  indicated  by  the  arrows,  the 
conductors  in  coil  1  would  be  forced  toward  the  left  of  the  figure. 
Since  there  is  no  magnetic  force  in  the  oppo.site  direction  on  coQ  1, 
this  force  must  be  balanced  by  a  brace  against  the  side  of  coil  1. 
Considering  the  force  on  the  other  coUs,  that  between  1  and  2  tends 
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Fig.  3.- 


-Magnetic  Conditions  in  a  Shell-type  Transformer  with 
Unsymmetrical  Grouping  of  Coils. 


two  distinct  leakage  fields  superimposed.  One  is  due  to  the  indi- 
vidual groups  of  coils  and  the  other  is  due  to  the  combined  primary 
and  secondarj^  groups. 

i,«E  An  element  of  M.M.F.  has  a  magnetic  field  surrounding  it.  The 
lines  of  this  field,  if  magnetic  material  is  absent,  will  be  circles  mth 
the  element  M.M.F.  as  a  centre.  If  a  second  element  of  M.M.F.  is 
near,  it,  too,  will  be  surromided  by  circular  lines  of  force,  but  the  two 
fields  will  combine  and  the  resultant  will  be  an  elliptically- shaped 
field,  as  sho-mi  by  Fig.  2.     If  magnetic  material  such  as  iron  is  in  the 


Fig.  2. — Magnetic 
Field  Surrounding 
Two  Elements  of 
M.M.F. 


neighbourhood,  the  lines  of  force  will  tend  to  crowd  into  the  iron  and 
further  distort  the  field.  Referring  to  Fig.  1,  the  contour  lines  of 
force  indicated  at  a  have  approximately  a  circular  shape  in  the  centre 
of  each  group,  while  as  they  advance  outwardly  they  become  more 
distorted,  tending  toward  the  shape  of  the  coils. 

Considering  the  instantaneous  direction  of  current  in  the  primary 
coils  1,  4,  5,  8  as  being  down  through  the  paper,  and  that  of  the 
secondary  coils  2,  3,  6,  7  as  being  up  through  the  paper,  the  fields  due 

*  From  the  "  Electric  Journal,"  sUghtly  abbreviated. 


to  move  coU  2  to  the  right,  but  there  is  an  equal  force  between  3  and 
4,  tending  to  move  3  to  tho  left.  Therefore,  these  two  forces  balance 
each  other.  In  like  manner  the  force  between  5  and  6  balances  the 
force  tending  to  move  4  to  the  right,  and  the  force  between  7  and  8 
balances  the  force  tending  to  move  6  to  the  right.  Therefoic,  aU  of 
the  forces  are  balanced  except  those  tending  to  move  coU  1  to  the 
left  and  coil  8  to  the  right.  When  the  coU  arrangement  is  not  sym- 
metrical— that  is,  when  the  groups  do  not  all  have  the  same  number 
of  ampere-turns — the  repulsion  between  some  of  the  iimer  groups  will 
not  be  balanced  by  equal  and  opposite  lorces  between  other  groups. 
Referring  to  Fig.  3,  which  represents  an  imsymmetrical  grouping,  aU 
coUs  having  the  same  number  of  ampere-turns,  the  force  between  4 
and  5  is  greater  than  that  between  1  and  2,  since  the  group  5,  6,  7,  8 
has  more  ampere-turns  than  2,  3,  4.  The  extra  force  between  4  and 
5  is  transmitted  through  the  group  2,  3,  4,  and  is  added  to  the  force 
between  coUs  1  and  2,  which  produces  an  extra  force  tending  to  move 
coil  1  to  the  leit. 

The  M.M.F.  producing  the  field  down  across  the  space  between 
coUs  1  and  2  is  equal  to  the  ampere-tmns  in  coU  1.  If  /  is  the  effec- 
tive current,  iV  is  the  number  of  turns  in  coU  1,  and  «=the  effective 
length  of  the  leakage  path  in  centimetres,  the  maximum  density  of 

this  field  in  gausses  at  the  right-hand  edge  of  coU  1  is  B=    '  ^^^ — \ 

The  flux  density  of  the  field  varies  from  a  maximum  at  the  right-hand 
surface  to  zero  at  the  left-hand  surface  of  coil  1.  The  average 
density  then  is  : — 
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(2) 


The  force  in  dynes  acting  on  a  conductor  carrying  current  when  in 
a  magnetic  field,  is  : —  B\/2INl 

'^  ^^     10—' '  ' 

where  /  and  N  are  the  same  as  in  the  foregoing  and  I  is  the  length  of 
the  turns  in  centimetres.     C!ombining  (1)  and  (2) : — 

„     47rPNH 

^=    lOOa ^^^ 

Assuming  I  to  be  of  a  sine-wave  form,  then  F  is  a  sine*  function, 
and  the  average  force  over  one-half  cycle  is  : — 

F     -^^^^^^  (4) 

"^■~   100a  ^   ' 

for  (1)  and  (2),  a  and  I  are  in  centimetres,  but  in  (4)  one  is  in  the 
numerator  and  the  other  in  the  denominator,  and,  therefore,  they  can 
be  expressed  in  inches  without  altering  the  value  of  F.  Expressing 
the  force  in  pounds  (4)  becomes  : — 

^"'•^   ax  10- ^^^ 

In  the  above  expression  I  is  the  average  length  of  that  part  of  the 
coil  onr  which  the  foce  is  desired,  and  a,  the  effective  length  of  the 
leakage  path,  is  the  per  cent,  average  width  of  the  primary'  and 
secondary  coils  plus  a  small  amount  due  to  the  ends  of  the  leakage 


2hihz      C 


-^  approximately,  where  h^  and  A,  ^^e  the  widths  of 


the  primary  and  secondarj'  coils  and  C  is  the  distance  from  centre  to 
cdntrc  of  adjacent  coil  groups,  as  indicated  in  Fig.  1.  The  force 
against  the  outer  group  of  coiJs  is  that  due  to  the  largest  group.  For 
instance,  referring  to  Fig.  3,  each  coU  contains  16-7  per  cent,  of  the 
total  turns  of  either  the  primary  or  secondarv'.  Starting  from  the 
left-hand  side,  coil  1  — 16-7  per  fent.  nnd  coils  2,  3.  4  —  50  per  rent. 
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Diagram  of  mechanical  stres-sos  between  ])riniary  and  secondary  coils 
JTi  a  (fm'-typo  transfornuT.  when  the  i-icctrical  centies  coincide  (Fig.  4) 
iiiui  wiun  lli<y  do  not  coincide  (Fig.  a). 

•Subtracting  1  from  2,  3,  4===.W -lG-7=^33-3  ;  therefore,  the  stress 
between  groups  2,  3,  4  and  5,  6,  7  is  that  duo  to  33-3  per  cent,  of  the 
total  number  of  turns.  This  should  be  used  for  y  in  (5)  to  get  the 
force  against  the  .suiiporl  on  the  left  of  coil  l,or  that  against  the  right 
of  coil  12. 

Usuallv  the  force  on  that  ])art  of  th*?  coils  within  the  iron  of  shcll- 
tyj)e  transformers  is  nf)t  of  great  importance,  as  the  compression 
of  the  coils  and  spacing  strips  between  coils  is  well  within  a  safe 
limit,  and  the  iron  pnncliings  forming  the  ends  of  the  opening  will 
resi.st  the  tendency  of  that  ])art  of  the  coils  to  move  outwardly. 
That  part  of  the  coils  which  extends  i)eyond  the  iron,  however,  must 
bo  su|)ported  by  some  method  of  clamj)ing  or  bracing.  An  effective 
method  of  bracing  connists  of  heavy  wooden  blocks  backed  with 
boiler  plate  placed  against  the  outer  face  of  the  coils.  Slructiinil 
iron  channels  or  angles  extend  across  the  block,  and  tie  rods  e\t<'nd 
from  the  ends  of  one  structural  iron  brace  to  tlu'  ends  of  the  other. 
With  this  method  nf  bracing,  the  frames  snpi)orling  the  core  nveive 
no  stresses  from  the  winding.  Also,  there  is  no  tendency  to  di.stort 
the  coils,  since  there  is  always  an  equal  and  opposite  force  against 
the  outer  coils  on  each  side  of  the  transformer. 

In  the  core  type  of  transformer  with  cylindrical  concentric  coils, 
the  force  between  primary  and  secondary'  is  radial.  The  force  on 
the  inner  coils  is  toward  the  core  (one  of  con\pression).  and  on  the 
outer  coils  is  away  from  the  coir  (one  of  tension).  If  llu«  i-lectrical 
centres  of  the  primary  and  secondary  windings  coincide  there  is  no 
force  tending  to  move  th(>  coils  in  a  direction  parillel  to  their  axis, 
and.  therefore,  \w  necessity  f(U-  bracing  against  end  thrusts.  The 
compressive  and  tensile  strength  of  the  coils  are,  in  genen^l.  ample  to 
H'sist  the  radial  forces.  If  the  coils  nrv  rectangular,  the  fonH>  U'- 
tween  coils  tends  to  force  the  ont«T  coil  into  cylindrical  shajH*.  In 
large  units  this  force  may  be  large  enough  to  injure  the  coils.  Small 
units,  however,  can  be  built  of  rectangular  coils  and  safely  withstand 
the  short-cii-cuit  sli-esses. 


It  is  a  very  difficult  matter  to  have  the  electrical  centres  coincide 
under  all  conditions,  especially  when  the  windings  have  taps  provided 
for  changes  in  voltage.  When  the  centres  do  not  coincide,  the 
mechanical  force  tending  to  separate  the  primary  and  secondary 
windings  can  be  resolved  into  two  components,  one  radial  and  the 
other  parallel  with  the  axis  of  the  coils.  It  requires  only  a  slight 
shifting  of  these  centres  to  produce  an  enormous  force  tending  to 
move  the  coils  in  a  direction  parallel  with  their  axes. 

The  radial  force  in  pounds  between  coils.  Fig.  4,  is  approximately 

Pay.  =       V  107  '  ^^^1*  I  is  the  average  length  of  turns  in  both  coils 

and  a  is  the  effective  length  of  the  leakage  path,  both  dimensions 
being  in  the  same  units.  With  the  electrical  centres  shifted,  as  indi- 
cated in  Fig.  5,  the  total  force  will  be  approximately  the  same  as 
above,  but  the  radial  force  now  is  P„j.  cos  6,  and  there  will  be  an  end 
thrust  on  the  coils  of  Pav  sin  B.  It  is  sometimes  a  difficiJt  matter  to 
brace  the  coils  against  this  end  thrust  without  materially  interfering 
with  the  ventilating  ducts  for  the  windings. 

Another  phase  of  mechanical  stress  that  should  be  taken  into  con- 
sideration in  the  design  of  transformers  is  the  force  on  the  leads  ex- 
tending from  the  coils  to  the  outlet  connections.  This  is  of  impor- 
tance only  where  large  currents  are  involved.  Since  under  short- 
circuit  conditions  the  current  may  reach  20  times  normal  value  or 
mere  in  large  trai^sformers  of  low  voltage,  the  mechanical  force  on 
the  leads  may  be  of  sufficient  magnitude  to  WTeck  the  supports,  unless 
they  are  liberally  designed.  This  force  can  be  calculated  in  the  fol- 
lowing manner : — 

Let  I  be  the  length  of  the  leads  and  a  their  separation  centre  to 
centre,  7^  the  current  in  one  lead  and  I^  the  current  in  the  other  in 
amperes.     Then  with  no  iron  around  the  leads,  which  is  generally  the 

case,  the  flux  density  at  lead  2  due  to  lead  \=B=—y- ^— i.  where 

^  2-a  <  10 

a  is  in  centimetres.  The  force  in  dynes  on  lead  2.  either  attraction  or 
repulsion,  is 

j,_^V2I,Bl     iJJ.l 

10      ~axlOO' ^ 

in  which  I  and  a  are  both  to  be  expressed  in  the  same  units.  This 
gives  the  maximum  force.  The  average  for  a  cycle  is  one-half  of  this. 
The  average  force  in  pounds  is  : — 


21 J  ^l 
445  ox  10** 


(7) 


If  1 1  and  1 2  are  the  currents  in  the  leads  at  opposite  ends  of  the 
same  winding  the  force  ■will  be  one  of  repulsion.  In  this  case 
/i=/2  oi"  ^^^^  force  varies  with  /o.  If  /j  and  /j  are  in  the  leads  of 
the  same  polarity  the  force  will  be  one  of  attraction.  If  7,  and  7, 
are  in  different  phases  of  a  three-phase  transformer,  then  the  force 
is  one  of  attraction  if  the  currents  are  60  deg.  ajmrt.  and  one  of  rejjul- 
sion  if  120  deg.  apart.  When  the  leads  ujider  consideration  are  in 
different  phases  of  a  polyphase  transformer,  then  the  force,  whether 
attractive  or  repulsive,  is  projwrtional  to  the  product  of  the  currents 
multi])lied  by  the  cosine  of  the  time  angle  between  the  currents.  The 
force  can,  therefore,  be  expressed  as  one  of  attraction,  a,-?  it  is  attrac- 
tion for  all  angles  less  than  90  deg.  and  for  angles  greater  than  1X»  deg. 
the  cosine  is  of  a  minus  value,  and  a  minus  attraction  is  a  repiilsion. 
The  exj)ression  then  for  the  force  of  attraction  between  two  conductors 
carrying  currents  of  the  same  frcquciicy  is  : — 


_ 27,7s  i  cos  fl 
•*~  4450X10*" 


(8) 


E() nation  (8)  is  ai)plicable  when  the  leads  are  circular  or  if  of  rect- 
angular shajie  when  they  are  separated  several  timers  their  width 
(when  a  in  l'"ig.  G  is  several  times  b).     When  the  leads  are  rectangular 


Fio.  0.— Cross- 
sbctios  of  1u:<t. 
ANcrLAR  Trans- 
form KR  Leads. 


ajid  close  together,  a«  shown  in  Fig.  6,  the  force  of  attraction  can 
be  calculated  by  the  following  expression  : — 


P.^r= 


2/,/jOos  eal 
"  445fe«  •  10- 


[!'•"-«-»'"«■('-?)]        <»> 


(»here  the  angle  tan"'/»  n  is  in  radians.  When  a  is  considerably 
Urger  than  h.  log,(l  -  fc'  o')  is  approxiniattly  zero,  and  tan  "*6/o  is 
approximately  e<jual  to  6 'o.  I'nder  these  conditions  (9)  takes  the 
!»:unc  form  as  (8).     The  derivation  of  equation  (9)  is  not  given. 
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THE  METHODS  EMPLOYED  FOR  THE  WIRELESS 
COMMUNICATION  OF  SPEECH.* 

BY  PHILIP  K.  COURSEY,  B.SC. 

Summary. — Conduction  and  induction  m(  thods  ;  also  photophones 
and  thermophones  arc  considered,  and  their  limitations  discussed.  The 
essentials  for  success  follow,  and  in  conclusion  the  author  deals  with 
arcs,  gaps  and  high-frequency  generators  and  transformers. 


After  a  discussion  of  the  earlier  methods  of  attacking  the  problem 
of  wireless  telephony,  the  author  considers  the  different  ways  in 
which  suitable  waves  are  produced.  This  leads  to  the  more  recent 
arc  methods. 

Arc  Methods  of  Generating  Oscillations. 

If  we  take  an  ordinary  continuous-current  arc,  and,  while  main- 
taining the  arc  length  constant,  we  vary  the  current  passing  through 
it,  and  at  the  same  time  measure  the  P.D.  between  its  terminals,  we 
obtain  what  is  called  the  characteristic  of  the  arc.  In  the  case  of 
all  ordinary  arc  discharges  this  characteristic  is  what  is  called  a 
"  faUing  "  or  "  negative  "  one,  that  is  to  say,  when  the  current  is 
increased  the  voltage  .falls,  and  rice  versa.  Hence,  if  we  connect 
across  such  an  arc  an  oscillation  circuit  containing  a  condenser,  there 
will  be  a  sudden  rush  of  current  into  the  condenser  tending  to  charge 
it ;  this  current  rush  will  momentarily  cause  a  decrease  in  the  arc 
current,  with,  as  a  result,  a  corresponding  rise  of  the  P.D.  across  the 
arc  terminals.  This  voltage  rise  tends  to  further  charge  the  con- 
denser to  a  voltage  above  the  normal  running  voltage  of  the  arc.  It 
then  begins  to  discharge,  and  this  discharge  current  is  in  the  same 
direction  through  the  arc  as  the  supply  current,  and  hence  causes  a 
fall  in  the  arc  .P.D.  by  reason  of  the  increased  current.  This  further 
facilitates  the  condenser  discharge.  As  the  condenser  completes 
its  discharge,  the  arc  current  falls  and  the  P.D.  rises  again  to 
its  normal  value,  when  the  cycle  is  repeated  over  again  and  con- 
tinues indefinitely  as  long  as  the  supply  is  maintained,  and  the  arc 
retained  of  a  constant  length. 

Hence  the  condenser  will  be  continuously  charged  and  discharged, 
at  regular  intervals  depending  on  the  inductance  in  the  circuit,  the 
capacity  of  the  condenser,  and  the  length  and  other  conditions  of  the 
arc  ;  in  other  words,  continuous  oscillations  will  be  set  up  in  the 
circuit  by  virtue  of  this  action  of  the  arc. 

It  follows  from  considerations  of  the  arc  characteristics  that  we 
require  an  arc  which  has  a  very  steep  characteristic  in  order  to  pro- 
duce oscillations  of  wireless  frequencies  with  any  degree  of  readiness. 
By  inspection  of  the  characteristics,  we  see  that  they  become  much 
steeper  for  small  arc  currents,  while  at  the  same  time  for  a  given 
current  a  longer  arc  at  higher  voltage  has  a  steeper  characteristic, 
and  hence  in  general  low-current  arcs  oscillate  better  than  heavy 
current  arcs. 

As  a  rough  guide  for  experimental  purposes  it  will  generally  be 
found  necessary  to  limit  the  supply  current  value  to  not  more  than 
about  2  or  3  amperes  when  employing  arcs  in  air  between  ordinary 
solid  arc  lamp  carbons,  if  it  is  desired  to  generate  oscillations  ap- 
proaching wireless  frequencies.  With  lower  frequencies  the  supply 
currents  may  be  increased.  The  arc  length  must  also  be  kept  very 
short.  On  the  other  hand,  if  very  high  frequencies  are  desired  for 
experimental  purposes  it  will  be  generally  found  advantageous  to 
employ  special  carbons  for  the  arcs.  Some  grades  of  graphite  rods 
are  very  suitable  for  this  jjurpose  ;  while  the  employment  of  com- 
pressed air  or  other  gases  round  the  arc  often  leads  to  considerable 
advantages  from  the  point  of  view  of  the  steadiness  of  the  oscillations 
that  are  produced,  as  well  as  their  intensity.  The  ratio  of  the 
capacity  to  the  inductance  in  the  oscillation  circuit  is  also  very 
important ;  a  rough  guide  to  begin  with  may  be  taken  as  ratio  of 
inductance  to  capacity = about  100,  when  both  are  measured  in 
absolute  units  (centimetres).  This  figure  is,  however,  liable  to  very 
considerable  variations  to  obtain  the  best  effects,  depending  on  the 
arc  employed,  on  the  supply  voltage,  and  current,  and  more  especially 
on  the  gas  surrounding  the  arc.  The  use  of  a  suitable  choking 
inductance  in  the  supply  circuit  to  the  arc  is  also  important  to  secure 
more  vigorous  oscillations  by  confining  them  to  the  oscillation  circuit 
and  preventing  them  going  back  on  to  the  supply  mains. 

It  has  been  suggested  that  the  use  of  the  powerful  magnetic  fields 
customary  in  the  Poulsen  apparatus,  has  a  greater  utLli,ty  than  that 
of  causing  a  mere  steadying  of  the  arc  ;  and  that  the  strong  field 
really  causes  vibrations  or  oscillations  to  be  set  up  in  the  arc,  after 
the  manner  of  arc  interrupters,  the  arc  being  actually  blown  out  by 
the  magnetic  field  in  some  cases,  and  then  automatically  restruck 
again  by  reason  of  the  applied  voltage  being  sufficient  to  jump  the 

*  Abstract  of  Paper  read  before  the  Students'  Section  of  the  Institution 
of  Electrical  Engineers. 


small  ionised  space  between  the  electrodes.  Some  such  action  as 
this  may  possibly  take  place  in  the  Poulsen  apparatas.  F.  Merc»-r, 
in  a  Paper  recently  rearl  before  the  Phy.sical  Society  of  London* 
on  this  subject,  came  to  the  following  conclusionH  :— 

1.  There  is  a  definite  value  of  inductance  for  any  given  capacity 
which  gives  a  maximum  current  in  the  shunt  circuit.  2.  The  effect 
of  increasing  the  gas  pressure  becomes  more  marked  a.s  the  electric 
pre.ssure  is  increa.sed,  but  as  the  gas  presHure  rises  the  steadiness  of 
the  arc  diminishes.  The  effect  i.s  somewhat  similar  to  that  obtainerl 
by  increasing  the  arc  length.  .3.  Any  effort  made  to  increa.se  the 
output  by  the  use  of  a  magnetic  field,  or  by  altering  the  arc  length, 
or  the  resistance  in  .series  with  the  arc,  is  detrimental  to  the  steadiness 
of  operation.  These  conclusions  were  of  necessity  obtainefJ  from 
experiments  on  copper  carbon  arcs,  and  they  do  not  apply  to  any 
and  every  type  of  arc  oscillation  generator  without  modification. '  * 

Dr.  Fleming's  "  Oil- Arc.''— In  the  oil-arc  a  number  of  arcs  between 
carbon  and  copper  electrodes  (copper  positive)  are  .struck  just  over 
the  surface  of  a  heavy  oil.  The  heat  generated  by  the  arcs  causes 
vaporisation  of  the  oil,  and  consequently  an  atmosphere  of  hydro- 
carbon vapour  is  created  round  the  arcs.  Xo  magnetic  field  is 
employed,  and  the  oil  generally  provides  sufficient  cooling,  without 
having  to  resort  to  water  cooling,  but  a  water  circulation  through 
the  oil  may  be  provided  if  desired.  The  arrangement  has  been 
constructed  for  powers  up  to  a  maximum  of  about  2  kw.  ;  but  it  is 
probable  that  modifications  would  have  to  be  introduced  to  enable  it 
to  be  available  for  much  high  powers.  In  connection  with  the 
operation  of  arcs  of  this  type,  i.e..  copper  carbon  arcs,  it  is  interesting 
to  note  that  it  is  not  essential  that  the  copper  electrode  should  be 
positive  and  the  carbon  negative,  as  is  usually  supposed,  and  as  ia 
customarily  the  case,  for  example,  with  the  Poulsen  arcs,  as  advantage 
are  often  found  in  using  the  reverse  connection.  This  is  often  more 
especially  the  case  when  difficulty  has  been  experienced  in  starting 
up  the  arc  and  obtaining  stable  oscillations.  Under  these  condirions 
a  reversal  of  polarity  will  frequently  cause  strong  oscillations  to  be 
set  up,  which  persist  w  hen  the  polarity  is  again  reversed  back  to  the 
normal  direction. 

When  an  arc  is  running  in  air  there  is  always  a  burning  away  of 
the  carbons  ;  if,  however,  the  arc  is  placed  in  an  atmosphere  which 
is  rich  in  carbon  (hydro-carbon  gases),  the  gas  wiQ  be  decomposed 
by  the  heat  of  the  discharge,  and  carbon  deposited  on  the  arc  elec- 
trodes. It  is  thus  possible  to  have  an  arc  in  which  the  carbons 
"  grow  "  instead  of  wearing  away  when  in  use.        • 

The  Colin- Jeance  Arc  Generator.— This  is,inthemain,  verj-  similar 
to  the  Poulsen  apparatus,  consisting  of  three  copper-carbon  arcs  con- 
nected in  series,  and  burning  in  an  atmosphere  composed  of  a  mixture 
of  acetylene  and  hydrogen  in  such  proportion  that  the  normal  wear  of 
the  carbon  electrode  is  compensated  for  by  the  deposition  of  carbon 
from  the  gaseous  atmosphere.  The  mixture  of  gases  may  be  con- 
veniently generated  from  a  mixture  of  calcium  carbide  and  calcium 
hydride,  and  the  usual  voltage  necessary  varies  between  500  and 
750  volts. 

The  author  refers  to  the  use  in  this  case  of  an  intermediate  circuit 
tuned  to  the  oscillation  frequency.  He  points  out  that  the  frequency 
in  the  shunt  circuit  does  not  depend  merely  on  the  values  of  capacity 
or  inductance  in  that  circuit  but  also  on  arc  length.  This  is  on 
account  of  the  resistance  of  the  arcs  not  being  neghgiblc. 

To  meet  this  case  a  formula  has  been  de%ised  by  G.  Xasmj'thf  and 
is  as  follows  : — 


2n\/    \lC  4L'-  \ 


where  n  is  the  frequency,  L  is  the  inductance  in  henrys,  C  is  the 
capacity  in  farads,  E  is  the  resistance  in  the  oscillation  circuit  in 
ohms,  A  is  the  current  through  the  arc,  I  is  the  length  of  the  arc,  and 
c  and  d  are  constants  depending  on  the  -lature  of  the  arc  electrodes, 
and  on  the  nature  of  the  gas  surrounding  the  arc. 

Hence  it  is  e\ident  that  quite  small  changes  in  the  arc  length, 
supply  current,  &c.,  will  produce  changes  in  the  frequency  of  the 
oscillations.  This  variable  frequency  is  a  great  drawback  to  most 
arc  transniitters. 

The  author  then  deals  with  the  Dubilier  and  the  T.Y.K.  arc. 

Short  Spartc  Methods  of  Generating  Oscillalions. — He  poiiits  out 
that  the  action  of  the  so-called  "  quenched  "  spark-gaps  depend  on 
ionisation,  and  if  very  rapidly  worked  they  would  be  suitable  for 
telephony. 

Sj^ark-gaps  of  this  kind  form  the  basis  of  the  Lepcl,  Telefimken, 
Peukert  and  other  patents,  and  are  based  on  the  results  of  experi- 
ments of  M.  Wien  on  the  quenching  effect  of  short  spark-gaps. 

The  Lepel  Gap. — This  consists  essentially  of  two  metallic  discs^ 

*  •'  Proc."  Phys.  Soe.  I-ond..  26,  p.  372,  June,  1914. 
t  Physical  Review,  27,  p.  117,  1908. 
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separated  l>\-  a  paper  ring  which,  placed  with  their  faces  verj-  close 
together,  form  the  electrodes  of  the  spark,  antl  which  are  often  made 
to  form  the  ends  of  shallow  boxes  to  enable  water  cooling  to  Ix- 
employed  to  remove  the  heat  of  the  discharge. 

When  in  ofjerution  the  gap  should  be  connectwl  in  series  with 
suitable  choking  inductances  and  resistances  to  limit  the  flow  of 
current  from  the  sujjply  mains,  and  also  to  determine  and  regulate 
the  spark  frequency. 

A  spark  frequency  of  the  order  of  10,000  per  second  or  more  can 
usually  be  obtained,  and  the  discharge  that  takes  place  in  the  gap 
is  rjftcn  d<-' ciltcrl  as  an  arc. 

The  'icJ'  fiinken  and  Peukert  systems,  and  the  methods  of  exam- 
ining oscillations,  by  means  of  the  Braun  cathode  ray  tube  are  con- 
sidered ill  the  PajK'r. 

T/i^  M'irconi  iJi^c  JJi-icfiarger  for  Generating  i' iidainped  Wares. — 
The  arrangement  of  apparatus  is  very  much  that  of  the  usual  Marconi 
Ktufldcd  disc  discharger  fcfl  from  direct  curn-nt.      In  this  instance, 
however,  the  spark  frequency  is  arranged  to  be  much  higher  than  the 
usual,  and  at  the  same  time  a  numljer  of  such  discs  are  arranged  on 
the  same  sliaft.  with  their  studs  or  confaits  so  displaced  rc-Iatively  to 
one  another  that  the  sparks  will  occur  on  successive  discs  at  regular 
intervals  during  the  spaces  on  the  first  disc.     Each  disc  is  preferably 
arranged   fo  <lischarg<'   thrr>ugh   its  own   condenser  and   oscillation 
circuit,    independent    of   the   (jthers,    the   effects  of   them   all    being 
summed  uj*  in  a  secondary  circuit  connecter!  to  the  aerial  in  the  usual 
manner.  If.  now,  we  soarrang*-  theo.scillation  frequency  of  each  circuit 
that  one  comijlete  wave  (or  at  the  most  two)  of  ciirnnt  takes  j)liice 
i  n  the  inter\'al  Ijetwet^n  the  spjirk  on  one  disc  and  the  next  spark  on 
the  next  disc,  the  effect  of  the  second  spark  will  reinforce  that  due 
to  the  first,  and  the  oscillations  will  be  maintained.      If  the  sparks 
take  place  every  complete  wave, the  oscillations  will  Ix"  to  ail  intents 
and  puriKi.ses  undam|M-d.  but  if  ever)-  second  wave,  there  will  be  a 
slight  diiiiiniition  «)f  am|)litude  every  alternate  wave— much  as  may 
probably  Ix;  the  ejiso  with  some  of  the  short  spark  dischargers  de- 
scribed above.     Such  an  arrangement  should  be  capable  of  <le«ling 
with  considerable  |K>wer  if  jiroiK-rly  designed,  while  the  oscillations 
produced   would   be  eminently  suit<-«l  for  wireless  telejihony.     The 
system, in  fact. amounts  to  an  attempt  to  accomplish  in  a  regular 
mechanical   manner  what   hapiK-ns  in  effect  in  some  of  the  short 
quenched  sjiark  dischargers — i.e.,  to  ensure  that  each  fresh  imjuilse 
(lue  to  the  |iius.Hiig«'  of  a  s])ark    shall    exactly  synchroni.se  with  the 
exi.sting  os<illati(»ns  in  the  circuit.     To  a  considerable  extent  this 
occurs  automatically  in  the  short-spark  mctho<is  by  reason  of  the 
reactions  which  take  jilace  Ix-tween  the  currc-nts  in  the  various  cir- 
cuits :     but.  nevertheless,  some   irn'gularities   will   generally  occur. 
The   great    objection    to    the    mechanical    method    apart    fmro    the 
difhcultic.s  of  the  high  s|M>«-ds  re(|uirc<l  for  the  discs  is  the  difficulty 
!»f  maintaining  the  discs  nmning  at  a  jK-refctly  definite  atid  constant 
s|K'cd.     This  is  essential  if  the  method  is  to  wtirk  projMrly  in  order 
tiiat    the  successive   impulses  Hhall   synchronise   pi-oiH-rly   with   one 
another.      It  n-nders  im|MTative  srjme  very  sensitive  form  of  speed 
govcnmr  that  will  maintain  the  discs  nmning  at  a  constant  speed. 

Till-  author  ne.xt  deals  with  vacuum  oscillation  gen«'rators.  The 
work  of  Dr.  Fleming  is  n-ferriKl  to.  and  the  employment  of  many 
vacuum  bulbs  in  tlie  .Arlington  Monolulii  transmission  of  r).(KM> 
miles  is  mentione«l. 

!{eferring  to  the  fact  that  high  fn'<juencies  are  obtained  either  by 
adding  or  niiiltiplying  process«'s.  the  induction  motor  field  is  cit<'<l  as 
an  example  of  doulile  frecjuency  pnxluction.  and  the  Coldsehmidt 
niteniator  is  also  dealt  with. 

Frrtiiifiiri/  MiiUipUirx.  The  most  im|H»rtaiit  reprcentatives  of 
this  class  an-  the  transformer  fn-quency  raisers,  in  whi<  li  use  is  nwwie 
of  the  fact  that  the  magnc'tising  eum-nt  of  a  transformer  working  «»n 
a  sine  wa\e  K..M.F.  is  generallv  very  far  fiom  U-ing  a  sine  Hurv«-. 

The  e.\a«t  shajM-  of  this  curn-nt  curve  de|iends  on  the  stale  of 
magnet  ic!  sat  unit  ion  of  the  magnet  core,  and  may  Iw  vari<Ml.  within 
limits  to  suit  the  nM|uin'ments.  The  Fourier  analysis  of  the  ul.,»ve 
curn-nt  iiirve  shows  that  then-  is  a  jtntminent  thinl  liarmoiiie  pn>sont 
in  the  curn-nt  wave.     This  will  generally  Ik-  found  to  lie  the  ease. 

It  is  |H)sMible  by  suitably  designed  lune<l  oscillation  cin-uit*  to 
stn-ngthen  this  tlnnl  Imrmonie  by  n-sonanee.  and  tlu-n-fon-  to  olitain 
from  a  given  alternating  current  K.M.F.  «if  appn)Mmately  sinusoHlal 
wave  form  a  curn-nt  of  three  times  the  fn^quency  of  the  origmal 
supi)ly.  This  «Mirn-nt  may  Im-  utilis4>d  in  a  similar  maunrr  to  prxnlue*- 
another  of  thnn-  times  its  <»wn  fnMpiency — t.r.  nint  limes  the  initial 
fretp.eiK  y.  ami  so  on. 

(■oin|Miring  this  metlxKl  with  the  Innjuenoy  nd«len«  previously 
descri'M'd.  it  is  se«-n  al  once  that  a  vers-  much  mom  rapni  inultijilieA- 
tinn  of  the  fn><|Uency  is  obtained  ;  thus,  thn^^  stagj-s  would  rnis«'  the 
fn-quency  "27  times.  The  gn-at  limitation  to  this  method  is  that  it  is 
not  very  easilv  a<laptal>le  to  liandlinK  large  |niwers.  since  the  ina|t- 
notising  curmut  of  »  iran.sformer  is  quite  small. 


The  author  then  deals  with  methods  of  modulating  the  transmitted 
wave. 

Heceiving  Apjjaratus. — This  generally  differs  but  little  from  the 
apparatus  used  in  wireless  telegraphy.  The  detector,  however, 
should  I*e  such  that  its  indication.s  are  proportional  to  the  energy 
received,  as  otherwise  distortion  of  speech  results.  The  varioas 
detectors — Slarconi's  magnetic,  Perikon  zincite-bomite  and  car- 
borundum— are  then  descril>ed.  Amplifiers  are  then  referred  to  as 
of  the  microphonic  and  vacuum  types.  8.  G.  Brown's  relay  is 
typical  of  the  former  type,  and  to  the  second  class  belong  the 
**  Audion  "  and  "  Pliotron." 

Ill  (oiicjii-ion.  tlic  aiitliorsummari.ses  the  results  achieved. 


TESTS  ON  OIL  SWITCHES.* 

BY  DB.  WYSSLING. 

Danger  of  fire  arises  from  excessive  current  densities  in  parts  of  an 
installation  or  in  the  productiqn  of  arcs  or  .sparks  in  the  neighbour- 
hood of  inflammable  materials.  The  fonner  causes  can  easily  be 
eliminated  by  the  u.se  of  fu.ses  or  circuit-breakers  as  far  as  concerns 
the  external  circuits,  but  there  is  no  protection  against  overheating 
in  the  generators.  Such  overheating  may  cause  the  generators  to 
catch  fire,  but  the  fire  would  usually  be  locali.sed  by  the  methods 
adopted  for  installing  the  generators.  The  main  danger  lies  in  the 
possible  sj>read  of  fire  througli  the  insulating  covering  of  the 
cables  connected  to  the  machines.  Where  bare  wires  cannot  be 
u.sed  it  is  therefore  e.s.sential  to  lay  cables  in  such  a  manner  that  they 
cannot  act  as  carriers  of  fire  ;    this  may  be  effected  by  embedding 


Fic.  1. 


them  in  wind  or  running  them  in  fireproof  jmrtitions.  The  main 
originators  of  tin-  an>  the  instruments  in  which  sparks  and  arcs  are 
pnxluced  in  their  normal  ojK^ration,  and  it  is  found  that  most  fire^s 
originate  in  oil-switches  in  which  arcs  are  formed  in  immediate  con- 
tact with  inflammable  oil.  Th«-  programme  of  the  Commission 
divides  the  scojm-  of  its  investigations  mto  thnn'  hea<lings.  The  pro- 
vision of  means  of  extinguishing  fires,  the  improvement  of  the  general 
arrangenu-nf  of  installations  an<l  tli<-  study  of  the  action  of  oil- 
swit<hes  with  the  objet  t  of  impn)ving  their  construction.  The  hist 
hemlitig  has  I»een  fully  dealt  with  in  the  first  rejxjrt  and  the  second 
re|>ort  is  i-oneented  with  tin-  other  two  heao 

Heganling  the  means  of  extinguishing  >  -<|mrate  rejxirt  has 

liei-n  publinhe<l,t  and  further  tests  are  in  progress  which  will  form  the 
subject  «if  a  later  n-jiorf  by  the  ('ommis.sion.  The  information  at 
pres«-nt  availal>ie  shows  that  .solid  materials,  such  a,s  sand  or  bicar- 
itonate  of  s<Kia.  are  uutst  effective,  where  they  can  rest  on  horiBontal 
surfiices.  For  vertical  surfai^\s  and  five  conductors,  liquids  must  l>e 
um'<l.  and  in  many  ea^M-s  the  employment  of  water  in  large  quantities 
IS  the  U'st.  if  the  electrical  supply  can  be  shut  off.  Some  chemical 
extinguishing  fluids  have  the  drawback  of  producing  dense  smoke. 
It  is  |)ossible  that  gaws.  such  as  carl>onic  acid,  stored  in  readiness, 
may  pnive  to  l»e  the  most  effective  means  of  lighting  fire.  The  im- 
pn)vemcnt  of  the  met'-"''  ■■(  mounting  all  apparatus  .xnd  jvirticu- 

•  Boing  an  ahdlmct  i-:  .^  >onil  Hcjiort  of  the  (Vmimissinn  on  High- 
Tcimmn  Ap)>Mr«IUN  and  Fire  iVotec  ti<>n.  ap|M)inte<i  by  the  Schwei/.er. 
Ki'  '  'in.  Verrin  an«l  VorlMUid  Schwi  iwr.  Klcktriritiitswcrke.     The 

n  )  ,H  nr*  m    !•>•-    "  Hnlloiin  "    (X,,.   H  of   Ittl.i)  <if  tlic  Schwcizi t. 

Kl'■^^^•o>t«•«•l^n.^  >>.th<'  .'XsMK-iat  ion  SuiKsoden  Klectriciens. 

f'Hullrtin  t    Veroin  II..  p,  :U»:i.  MM.1. 
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larly  oil-switches  and  of  the  general  arrangement  of  buildings  used 
for  electrical  installations  forms  the  main  subject  of  the  second  report. 
It  has  been  found  necessary  to  leave  openings  in  the  oU-containers 
of  oil-switches  to  prevent  the  containers  from  bursting  when  int(!mal 
explosions  take  place.  It  is,  therefore,  necessary  to  take  y)recautions 
to  prevent  the  oil  issuing  from  such  openings  from  spreading.  Cellu- 
lar sub-division  by  solid  walls  and  the  provision  of  oil  wells  on  the 


Fig.  2. 


ground  form  the  best  protection.  Fig.  1  shows  an  oil-switch  in  a 
cellular  compartment  with  an  oil-well,  and  Fig.  16  shows  the  well 
partly  filled  with  sand  or  gravel  to  cool  the  heated  oil.  The  cooling 
of  the  oil  and  extinguishing  of  flame  may  also  be  effected  by  placing 
perforated  metal  covers  over  the  well.  A  further  method  is  shown 
in  Fig.  2,  in  which  pipes  are  provided  to  carry  off  burning  oil. 
The  same  figure  shows  a  flap-opening  for  giving  a  relief  to  the  pres- 
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Fig.  3. 


Fig.  4. 


sure  produced  by  explosions  in  the  chamber,  the  flap  being  arranged 
so  as  to  close  itself  to  stifle  a  conflagration  within  the  chamber.  A 
number  of  other  illustrations  are  given  in  the  report  showing  pos- 
sible methods  of  carrjdng  out  the  ideas  referred  to  above. 

The  admission  of  volumes  of  dense  smoke  into  the  switch  gallery 
may  hinder  the  attendants  in  their  efforts  to  extinguish  a  fire  and 
damage  the  gear  to  such  an  extent  that  the  supply  has  to  be  inter- 
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Fig.  5. 


Fig.  6. 


rupted  for  considerable  periods.  To  prevent  this  the  switch-cells 
may  .  be  provided  with  chimneys,  and  the  room  occupied  by  the 
switch-board  attendants  should  be  shut  off  from  the  rest  of  the  build- 
ing. In  new  installations  it  is  desirable  to  arrange  for  a  possible  air- 
tight sub-division  of  the  switch-rooms  into  sections,  and  the  cells  in 


which  the  switches  are  containe<I  should  be  «hut  off  from  the  Kwltch 
gallery  both  at  the  front  and  at  the  back.  \Vi-  '  '  '  ■  .v 
be  used  to  enable  the  switches  to  \n:  M.-cn  by  th'  ■» 

should  enter  and  leave  each  air-tight  compartment  through  porce- 
lain stuffing  boxes. 

The  greatest  switch  troubles  arise  on  the  switching  off  of  short- 
circuits,  and  it  is,  therefore,  desirable  to  reduce  the  short-circuit 
power  before  breaking  the  circuit.  This  may  I-  ' ^  •  •'-  intro- 
duction of  reactance  or  preferably  ohmic  rr-  \n  in 
Fig.  3,  the  reactance  or  resistance  Snwyj  rr,. 

Existing  switches  may  be  adaptwi  by  ''  •  ,.  ;  ._.    ,  .>y 

the  addition  of  auxihary  switches  k)i  red  by  relaj-8 

with  suitably  adjusted  time-lags.  Th*-  waUA-^  of  Fii/s.  .3  and  4  may 
be  modi.fied,  as  shown  in  Figs.  .5  and  «,  so  as  to  use  common  resist- 
ances for  a  jroup  of  switches.  It  is  also  poKsible  to  connect  a  single 
oil-switch  with  enclosed  resistance  so  a-i  to  control  a  L  "  -i. 

In  order  to  prevent  the  full  short-circuit  \n>wt-T  of  :   re 

in  a  station  from  feeding  into  a  short-circuit  the  'bus  bars  may  be 
sub-divided  between  the  different  generators  by  an-  "  .■*, 

resistances  or  reactances.     The.se  methods  will   \,  a 

subsequent  report. 


DIESEL  ENGINE  USERS'  ASSOCIATION. 


The  March  meeting  of  this  Association  was  held  at  the  Institution 
of  Electrical  Engineers,  and  a  further  list  of  engineers  havii  ol 

of  Diesel  engine  plants  in  this  country  and  in  other  pi  re 

elected  members. 

Attention  was  drawTi  to  the  forms  which  had  fjeen  circulated 
among  the  members  of  the  Association  in  connection  with  the  annual 
return  of  costs  of  maintenance  and  costs  due  to  mechanical  break- 
down. 

Tar  Oils  and  Paraffin  as  Fuel. — This  subject  was  further  disciLssed, 
and  the  president,  Mr.  Geoffrey  Porter,  gave  some  particulars  con- 
cerning the  unfavourable  results  which  had  been  obtained  in  mixing 
tar  or  tar  oils  with  orcUnary  crude  oil  for  use  in  Diesel  engines. 

Mr.  W.  Fennell  introduced  the  subject  of  the  use  of  parafiBn  oil 
as  fuel.  In  the  discussion  which  ensued  the  opinion  was  expressed 
that  paraffin  could  be  quite  suitably  used  as  fuel  at  times  when  its 
price  showed  any  advantage  as  compared  with  the  price  of  other 
fuels.  It  \\as  necessary  to  run  at  a  lower  blast  pressure  w hen  using 
paraffin. 

Accident  at  Smithfield  Markets  Electric  Supply  Co.  (Ltd.) — The 
following  particulars  are  extracted  from  Mr.  P.  H.  Smith's  report  to 

Lloyd's  underwriters  : — 

An  accident  occurred  on  the  plant  of  the  Smithfield  Markets  Electric 
Suppty  Co.'s  power  station  vori'  shortly  after  midni<.'ht  on  Fcbruar."  l». 
1916,  and,  unfortunately,  one  of  the  drivers  was  killed.  The  lOroiuT!* 
jury  returned  a  verdict  of  '"  Accidental  death,"  no  blame  being  attachotl 
to  anyone  concerned.  They  added  a  rider  recommending  the  adoption 
of  certain  precautionary  measures  which  are  enibotlied  in  Mr.  Smith's 
report. 

The  compressor  attached  to  the  engine  is  of  Messrs.  Rcavell  &  Co.'s 
standard  qiiadruplcx  type,  comprising  four  cylinders — viz.,  two  K>w. 
pressure  cyUnders,  one  intermediate  and  one  high -pressure.  The  air  is 
drawn  into  the  low-pressure  cylinders  through  slots  in  the  piston  pin.  and 
is  then  compressed,  glassing  into  the  low-pressure  receiver  or  purwe-pot 
through  copper  pipes  immersed  in  the  water  jacket  of  the  i-nniprt>s.*f>r. 
This  purge-pot  contains  a  drain  and  regulating  valve,  and  a  •  ve 

set  at  about  100  1b.  per  sqiiare  inch.  The  air  from  the  h  ,  -  ire 
purge-pot  is  drawn  into  the  intermediate-pressure  cylinder  past  a  valve 
through  another  cooling  coil.  Then  it  is  compressed  and  deliveriHl  |>ast 
another  valve  into  the  intermediate-pressure  purge-pot.  which  is  almost 
identical  with  the  low-pressure  pot,  except  that  its  relief  valve  is  set  to 
blow  fieely  at  ."500  lb.  to  400  lb.  pressure.  From  the  intermediate- 
pressure  pot  it  passes  into  the  high-))ressnr«^  stage,  from  which  it  is 
delivered  to  the  small  bottle,  being  cooled  immediately  after  passing  the 
high-pressure  delivery  valve. 

The  compressor  is  so  designed  that,  under  normal  conditions  and  when 
])umping  its  full  capacity,  the  absolute  terminal  pressures  of  the  various 
stages  are  approximately  :  Low  pressure,  HO  lb.  ;  intermediate  pressure. 
240  lb.  ;    high  ^iressure,  blast  ])ressure. 

A  feature  of  the  design  to  which  wo  call  particular  attention  is  the 
construction  and  'ocation  of  the  intermediate-pn>ssure  plunger.  This, 
being,  so  to  speak,  inverted,  i-eceives  an  excess  of  lubricating  oil.  which 
when  the  engine  is  standing  collects  in  the  inverted  piston,  and  can.  in 
actual  ]Mactice,get  past  the  rings  into  the  cylinder  itself.  The  rings  are 
forced  tight  against  the  cylinder  walls,  not  merely  by  their  own  springs, 
but  by  air  pressure  passing  behind  the  rings,  the  air  being  conducted 
thereto  by  four  small  holes  communicating  from  the  inside  of  the  cylinder 
to  the  ring  grooves. 

It  appears  that  this  construction  greatly  facilitates  the  ingress  of  the 
oil  to  the  intermediate-pressure  cylinder  when  the  engine  is  allowed  to 
stand,  and  as  seeminii  to  corroborate  that  the  oil  actually  takes  this 
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path  it  is  worthy  of  note  that  in  most  cases  these  holes  soon  choke  up. 
In  the  case  of  the  compressor  under  examination,  two  out  of  the  four 
holes  were  choked.  Further  evidence  of  the  ingress  of  the  oil  in  this 
manner  is  supplied  by  the  extraordinary'  condition  of  the  high-pressure 
valves,  which  were  both  verj'  heavily  carbonised  in  30  hours'  running. 

Under  normal  conditions,  the  machine  is  a  three-stage  compressor 
developing  terminal  pressures  approximately  as  follows  :  Low  pressure, 
60  lb.  abs.  ;  intermediate  pressure,  240  lb.  abs.  ;  high  pressure,  blast 
pressure. 

Assume  that  either  or  both  the  high-pressure  valves  are  not  properly 
tight,  then  there  is  a  leakage  tending  to  increase  the  intermediate- 
pressure  terminal  pressure.  If  either  or  both  valves  become  wholly 
inoperative,  then  the  machine  becomes  two  stage,  the  intermediate 
pressure  showing  the  blast  pressure  (if  the  relief  valve  is  inoperative)  and 
the  low-pressure  showing  normal  pressure. 

Assume  next  that  the  intermediate-pressure  valves  become  defective 
'i  and  leak,  then  the  low-pressure  terminal  yjressure  increases.  If  either 
or  both  intermediate-pressure  valves  become  quite  ino])erative,  the 
machine  becomes  two-stage,  showing  apprf)ximately  240  lb.  in  the  low- 
pressure  and  intermediate-pressure  ])ot8  (again  assuming  that  the  relief 
valves  do  not  operate).  Now  let  us  investigate  the  possibilities  of  the 
machine  becoming  a  single-stage  machine.  Assume  both  high-pressure 
valves  inoperative.  Under  these  conditions  we  have  shown  that  the  low- 
pressure  terminal  pressure  may  reach  a  maximum  of  (iO  lb.  absolutr,  and 
tin-  intermediate-pressure  terminal  ])ressure  is  that  nf  the  blast;  but  the 
low-pressure  terminal  pressure  is  approximately  the  intermediate- 
pressure  suction  pressure.  Now,  suppose  the  compressor  is  running 
slowly  with  the  low-pressure  drain  valve  fully  open.  Then  the  pressure 
in  the  low-pressure  ])urge-pot  will  not  greatly  exceed  atmospheric  pressure. 
Hence,  on  the  assumption  that  the  high-pressure  valves  are  both  in- 
operative, the  pressure  in  the  intermediate-pressure  cylinder  would  be 
raised  from  slightly  above  atmospheric  pressure  to  the  blast  pressure 
in  a  single  stage. 

These  conditions  apparently  prevailed  to  an  indefinite  degree  at  the 
time  of  the  accident,  for  at  the  inquest  driver  Baker  remarked  that  he 
had  8tart<'d  the  engine  in  the  usual  way,  the  drain  valves  on  the  com- 
pressor being  o])en.  Then,  when  the  engine  commenced  to  fire,  he  closed 
them  and  irnmefliately  turned  to  the  blast  bottle.  He  had  just  com- 
menced to  throttle  tin-  blast  to  re-charge  the  bottles  when  the  exjdosion 
occurred.  His  estimate  of  the  number  of  revolutions  of  the  engine  to 
the  time  of  the  exjjlosion  is  only  20.     To  this  I  advert  later. 

7'Iu'  C'lu-if  < if  the  Arritlf'iil. — -What  happened  was  that  the  intermediate- 
pressure  i)urge-i)ot  burst.  The  jxit  was  of  good  average  quality  iron,  and 
was  of  even  thickness.  Assuming  its  tensile  strength  at  7  tons  per 
square  inch,  its  bursting  pressure  would  lie  about  2,400  lb.  per  square 
inch.  Hence,  no  pressures  ordinarily  pii-vailing  in  the  compressor  would 
be  likely  to  cause  its  fracture. 

I  therefore  submit  that  the  ])ressure  originated  from  a  spontaneous 
ignition  of  oil  vapdiir  in  the  intermedintc-])ressure  purge-pot.  To  avoid 
confusion  of  thought,  1  define  this  ])articular  example  of  spontaneous 
igniti(m  as  "  the  inflammation  of  oil  vajiour  and  air  by  int^-rnal  or  self- 
contained  means,  the  t<'m])erature  nectjssarj'  to  ])roduce  the  ignition 
arising  from  the  heat  resulting  fn>m  tlie  comj)ression  of  the  air  in  the 
in t<'rii led iate -pressure  stage." 

Provided  that  tlie  oil  is  ver>'  liiicly  divided  it  may  combine  with 
oxygen  with  suflicient  rapidity  t(i  cause  it  to  ignite,  notwithstanding 
that  the  surrounding  t<'n)i)crature  is  well  below  the  ignition  jjoint  of  oil 
vapour.  For  cxaniple,  a  pile  of  oily  wa*tc  in  an  engino  room  is  liable  to 
ignite  sj)ontiuieously.  This  digression  is  introduced  merely  to  show  that 
one  need  not  iieeessaiily  have  to  account  for  an  explosion  by  pun-lv 
nintliematieal  eali  nhitions,  thotiuli  <in  eert;iiii  warranted  hypotlieses 
it  will  Iw  >'hf)wn  thiit  the  coiniires.sion  tem])<'rature  far  exceeded  the  Hash 
jioint  of  the  oil. 

Assuming  that  the  Hush  point  of  the  oil  were  as  high  as  450'^F.,  the  inlet 
tempernturi-  to  thi-  immediate  pn'ssun-  only  XO'^F..  and  that  the  eom- 
])ression  follows  the  law 

/T'-^'     A'. 

then  tlie  intermediate-pressun*  stage  has  to  eoni|)re»s  the  air  to  one- 
fourteenth  rtf  its  original  volume  to  attain  4.'><)  K.  as  the  terminal  tem- 
perature. If  the  compressor  had  been  working  at  its  full  ca]>acilv,  this 
is  the  (Mjuivalent  of  raising  the  jtressure  in  tlie  internu-diate  pressure  singe 
from  roughly  'HI  lb.  aliw  'hite  to  SIMI  lb.  This  of  itself  is  <(uitc  feasible  ]>ro- 
vide<l  that  the  inl<'riue<linte-pressnn>  relief  valve  was  inojierativo. 

The  evidence  is  that  the  internie«!iate-])n'ssun'  n'lief  vahc  did  not 
blow,  so  that  it  is  ver>'  probable  thai  the  terniinnl  intermediate-preHMire 
was  well  below  .*<(•<)  |li.,  as,  on  testiiii;  the  inlemiediale  pn-ssiire  valve  it 
conimenced  to  lift  at  'A'A)  lb.  probably  the  \nlve  would  not  have  lifte<l 
under  KMl  lb.  pressnn'  at  the  time  of  the  accident  :  but  nssiiming. 
now,  that  the  terminal  interineiliat«'-jin"ssure  was  'MM  lb.  wlii-n  thi- 
exidosion  oecurn>d,  or  well  l>i'low  the  pn-ssun*  at  which  the  valve  was 
noniinally  .set.  wi'  find  that  the  initial  pn-ssurc  wonid  have  been  10  ll>. 
gauge  pressur«>  to  have  resulted  in  the  attainment  of  4riO  F.  terminal 
teniperaliir'    under  tin-  assum])tions  spe.-ified  above. 

I'roni  a  study  of  dilTennf  drivers  1  am  strongly  of  opinion  that  in  the 
time  elapsing  l>etween  Maker's  closing  the  lo«  .jin-ssiire  drain  valve  and 
lu.ning  to  the  bottles  the  low-jiressun'  pn  ssuri'  had  not  attained  even 
tliis  figure.  Hence,  on  this  hypotlu-sis.  we  find  a  vcn  pofwibjn  e:(]d.ina 
tion  of  spontaneous  i;;nition  arising.  The  only  other  analytical  niethiHl 
I  We  of  ai  counting  for  the  ]dieniinienon  is  io  assume  that  tlie  reliel  valve 
was  entirely  inojK'rntivc.  ami  then'  are  inadequate  gn<unds  for  making  an 
hvpotlirsis  SCI  swec)iin^. 

'Vrtai:»ly    the   relief   valves  on   the   other  eompn>ssor»   had   lifted   at 
dilTen-nt  times,  and  there  is  no  nvonl  of  their  having  evr  lifted  on  this 


particular  compressor;  but,  on  the  other  hand,  one  cannot  prove  a  point 
by  employing  negative  evidence. 

As  to  the  positive  proof  of  an  ignition  explosion,  it  should  be  men- 
tioned that  the  fractured  purge-pot  showed  a  black  deposit  on  an  other- 
wise clean  fracture,  some  soot  or  similarly  finely  divided  black  deposit  on 
the  fingers  when  insc^rted  in  the  pipes  communicating  with  the  purge-pot^ 
and  also  a  similar  dir  from  the  inside  of  the  purge-pot.  It  should  be 
noted  in  this  latter  connection  that  the  inside  of  the  Chelsea  purge-pot 
recently  examined  did  not  dirty  the  fingers  at  aH 

Hence  I  conclude  that  an  ignition  explosion  occurred,  and  base  my 
recommendations  accordingly  :   (</)  Fit  pressure  gauges  on  both  low  and 
intermediate-pressure  purge-pots.     It  has  never  been  my  experience  that 
valves  fail  without  giving  ample  warning  by  causing  the  pressure  to  rise 
unduly.     The  warning  generally  extends  over  several  days,  and  in  the 
worst  cases  I  have  met  with  the  warning  has  well  exceeded  an  hour.     The 
gauges  should  read  fairly  high  to  minimise  the  chances  of  their  bursting- 
in  the  event  of  being  subjected  to  abnormal  pressure.     For  this  reason  the 
dials  must  be  large,  say  (5  in.  or  7  in.  ;  the  low-pressure  gauge  should 
record  (>00  lb.  or  more,  and  the  intermediate-pressure  1.2()0  lb.      As  a 
further  precaution.  I  would  recommend  that  they  be  fitted  with  long  pipes 
and  have  a  throttle  valve  fixed  immediateh'  below  them.     (6)  The  holes 
leading  behind  the  intermediate-pressure  rings  to  be  plugged.     This  will 
probably  j)revent  the  oil  gaining  easy  ingress  to  the  intermediate-pressure 
cylinder,  and  so  reduce  the  heavy  carbonisation  of  the  high-jjressure 
valves,     (r)  Fit  on  a  large  relief  valve  to  the  intermediate  and  low- 
pressure  pots.     The  jiresent  valves  are  onh'  10  mm.  diameter,  and  the 
greater  part  of  this  area  is  choked  with  the  wings  of  the  valve.     The  type 
of  valve,  which  Messrs.  Banks,  Warner  &  Co.  are  recommending  lifts,  at  a 
predetermined  pressure,  and  should  remain  well  off  its  seat  until  the 
])ressure  has  drojiped  to  a   lower  figure  predetermined  by   its  design. 
Wliatever  form  of  valve  is  fitted,  it  should  be  designed  so  that  it  can  be 
readily  tested  for  sticking,     (d)  Relief  valves  should  be  tested  perio- 
dically for  hfting  pressure,     (c)  There  may  be  some  advantage  in  fitting 
a  non-return  valve  between  the  high-pressure  deUverj'  and  the  bottle. 
This  valve  should  be  fitted  as  close  to  the  high-pressure  outlet  as  is  con- 
venient.    (/)  Drivers  in  charge  should  make  a  habit  of  feeling  the  tem- 
perature of  the  purge-pots.     The  low-pressure  is  always  the  hotter  when 
the  machine  is  in  good  order,  but  when  the  high -pressure  valves  become 
defective  the  intermediate-pressure  becomes  warmer,     (g)  To  safeguard 
the  water  jacket  it  is  advised  to  work  with  an  open  top  to  the  com- 
pressor, or  where  this  is  difficult  to  fit.  then  in  place  of  the  dia])hragmor 
relief  valve  usually  fitted  it  is  advi.sed  to  place  a  stand  ])ipe  4  in.  to  6  in- 
diameter,  of  sufficient  height  to  obviate  "  head  ""  difficulties. 


DISTRIBUTION  OF  MAGNETIC  FLUX  IN  COMMUTATINGr 
ZONE  OF  DIRECT-CURRENT  MACHINES. 

BY   CL.    SHENFER. 
(Electrical  Laboratory  of  the  Imperial  Technical  School,  Moscow.) 

Summary. — The  author,  on  the  basis  of  a  series  of  osoillograms. 
arrives  at  the  conclusion  that  the  magnetic  lines  of  force  of  a  commutating 
]K)|e  ])ass  through  the  iron  of  the  armature  core  and  not  across  the  teeth 
and  slots,  avoiding  the  iron  of  the  armature  core,  which  latter  tlieory 
is  the  on"  accepted  by  several  authors. 


Latterly  thore  have  been  different  hypotheses  as  t<i  the 
inajiner  in  wliicli  the  maj;netic  lines  of  force  arising  from  the 
commutjiting  poles  of  a  direct-cnrrent  machine  travel  ;  thus, 
in  rontradistinction  to  the  old  theon',  according  to  which  the 
lines  ;)f  magnetic  force  of  the  commutating  poles  pass  through 
the  armature  core.  Worrall.  L.  Hinder,  R.  Rit  liter  and  others* 
have  advanced  the  theory  that  the  magnetic  lines  of  force 
with  sparkle.ss  commutation  d<^  not  enter  the  armature  core  at 
all,  hut  pa,s.s  across  the  teeth  and  annature  slots.  In  Fig.  1 
is  given  the  magnetic  figtire.  according  to  Worrall.  of  a  com- 
mutating pole  ;  from  this  figure  it  is  seen  that  in  the  upper 
part  of  a  tooth  situat<Ml  under  the  commutating  ]»ole.  magnetic 
lines  of  force,  arising  from  the  winding  of  the  ctmxmutat.ing 
l»olc.  run  frrm  below  in  an  upward  direction,  while  in  the  upper 
]>art  «if  the  to«>fh  magnetic  lines  arising  from  the  armature 
winding  run  fmm  above  in  a  downwanl  direction.  In  this 
way  the  lines  of  force  arising  fmm  the  commutating  |>ole  and 
those  arising  from  the  core  meet  in  some  nevitral  plane,  and 
then  travel  a]»]>roxiniately  parallel  t-o  one  another,  passing 
a(  ro.ss  the  teeth  and  slots. 

The  eflfect  of  the  conxmtitating  }>oles  is  a.s  if  to  squeeze  out 
the  lines  of  force  of  the  armature  reaction  flux,  which  are. 
therefore,  compelled  to  pas.s  across  the  teeth  and  slots,  and  do 
not  reach  the  air-gap  at  all. 

•••  The  Physical  Theory  of  fV.mmutation,"  by  G.  W.  Worral.  M.Sc.. 
M.Kiig..  Thk  Elkctrician.  1913.  p.  Tl.'j.  Tnk  Ei-KcrHtciAN.  1913.  p.. 
1175.   ••  Eletroteknik  und  Maschinenbau.  "  1913.     No.  \K  H>.  17.  2<'.,  34i. 
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The  compensation  of  the  reactance  voltage  induced  in  a 
short-circuited  coil  at  the  moment  of  commutation  according 
to  thi.s  representation  is  described  as  follows  : — - 

As  the  core  revolves,  the  conductors  situated  in  the  lower 
part  of  a  slot  (nearer  to  the  armature  core)  intersect  the  lines 
of  force  of  the  armature  reaction  flux,  and  in  these  conductors 
reactance  voltage  is  set  up.  The  conductors  in  the  upper  part 
of  the  slots  intersect  the  lines  of  force  of  the  coramutatiiig  pole, 
and  in  these  conductors  is  set  up  an  E.M.F.  in  opposition  to 
the  reactance  voltage. 

Each  coil  of  a  two-layer  armature  winding  (which  we  have 
to  do  with  in  most  cases  in  actual  practice)  consists  of  an  equal 
number  of  conductors  situated  in  the  upper  and  lower  part.s 
of  the  slot  ;  in  all  the  lower  conductors  of  a  short-circuited  coil 
reactance  voltage  is  induced,  and  in  all  the  upper  conductors 
^n  E.M.F. ,  which  compensates  this  voltage. 

In  accordance  with  this  theory  there  should  be  some  cylin- 
drical "  neutral  "  surface  not  intersected  by  either  the  lines 
of  force  of  the  commutating  pole  or  the  lines  of  force  of  the 
armature  core,  which  would  form,  as  it  were,  the  boundary  of 
these  two  magnetic  fields. 

No  E.M.F.  at  all  will  be  induced  in  any  conductor  coinciding 
with  this  surface  on  entering  the  commutating  zone.  The 
position  of  this  "  neutral  "  surface  depends  on  the  excitation 
of  the  commutating  poles.  As  the  excitation  increases,  the 
"  neutral  "  surface  approaches  the  base  of  the  teeth,  and  vice 
versa ;  with  decrease  in  the  excitation  it  approaches  the  heads 
•of  the  teeth. 


In  one  of  the  armature  slots  of  the  machine  were  placed 
three  conductors  (Nos.  l,  2,  3,  Fig.  2),  in  the  upper,  middle 
and  lower  part  of  the  .slot  n;-,pf'ctivr'Iv.     . 

The  terminals  of  these  c.xploiing  ooaductore  were  connected 
to  slip  rings,  one  fixed  at  the  bar;k  end  and  one  at  the  com- 
mutator end  of  the  armature.  When  the  armature  revolved, 
E.M.F. 3  were  induced  in  these  conduct^>r.s, 
and  the  curves  were  photographed  by  means 
of  an  oscillograph. 

Fig.  3  gives  a  diagram  of  connection,s. 
Here  »S'=shunt  winding,  Z)=  com  mutating 
pole  winding,  ^=armature,  ft=8tartiag 
rheostat  for  the  motor,  5r= changing  switch 
for  switching  off  winding  of  commutating 
poles  ;  /?«,  R,i,  Ra  are  rheostats  for  regulating 
current  in  shunt  winding,  winding  of  com- 
mutating poles  and  of  armatun-  -'vely. 

Exploring  conductors  1-3  are  connected  by  m^; :  rings 

a,  b,  c,  and  brushes  d,  e,  f  with  the  loops  of  the  oscillograph. 

A  testing  battery,  B,  regulating  rheo.stat  r,  voltmeter  V,  and 
change-over  switch  F  are  employed  for  calibrating  the  o^rillo- 
graph.  After  each  photograph  of  a  curve  the  loop  of  the 
oscillograph  was  brought  into  contact  with  the  battery,  the 
tension  of  which  was  measured  by  the  voltmeter  F,  and  a 
deflection  in  millimetres  of  the  spot  of  light  was  ob.servable  on 
the  drum  of  the  oscillograph.  In  this  way  it  was  possible  to 
determine  the  scale  of  curves  on  the  oscillograph. 


Fig.  2. 
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Fig.  1. — Diagram  showing  Distribution  of  Flux  in  Commutating 
Zone  (according  to  Worrall). 

Such,  in  brief,  is  the  hypothesis  stated  by  Worrall  and 
Binder.  These  authors,  however,  bring  forward  no  experi- 
mental data  directly  supporting  their  theory,  and  it  is  very 
desirable  that  such  data  should  be  given,  for  if  it  turned  out 
that  the  magnetic  field  were  really  such  as  it  is  represented 
in  Fig.  1  it  would  be  necessary  to  change  completely  the 
usually  accepted  computations  for  commutating  poles.  There- 
fore the  author  of  the  present  article  has  made  an  attempt  to 
solve  this  question  experimentally. 

The  experiments  were  made  with  a  "  Lahmeyer  "  shunt- 
wound  motor  with  commutating  poles,  of  which  the  following 
is^the  specification  : — - 

Horse-power      5 

Terminal  voltage  110 

Normal  strength  of  cunent 5  Amji. 

Speed,  revs,  per  min.,  R  200/1,200 

Number  of  jioles   4 

Armature  : 

Diameter,  D  312  mm. 

Length   1 50  mm. 

Air-gap  2  mm. 

Commutator : 

Diameter  ; 245  mm. 

Number  of  segments    207 

Number  of  brush  spindles   4 

Number  of  brushes  per  spindles 2  (10x20  mm.) 

Armature  Winding  : 

Series  drum  winding  in    69  slots 

Number  of  conductors  per  slot  12 

Number  of  armature  conductors,  N  828 

Commutating  Poles  : 

Width  of  pole    22  mm. 

Length  of  pole,  Z   110  mm. 

Winding     68  turns  per  pole 


YiG.  3.— Diagram  of  Connectioxs. 

The  oscillograms  thus  obtained  are  shown  in  Figs.  4-8. 

In  the  oscillogram,  Fig.  4,  two  curves  appear,  photographed 
at  one  and  the  same  time,  namely,  the  curve  of  E.M.F.  induced 
in  the  conductor  (No.  1,  Fig.  2)  placed  in  the  upper  port,  of 
the  slot,  and  the  curve  of  E.M.F.  induced  m  the  lower  con- 
ductor (No.  3,  Fig.  2).  Before  taking  the  oscillogram  the 
loops  of  the  oscillograph  were  brought,  by  means  of  rheostats 
(ri,  7-2,  Fig.  3).  to  the  same  sensibility.  In  Fig.  4  we  see  that 
the  curve!  of  E.M.F.  induced  in  the  upper  (No.  1)  and  lower 
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(No.  o)  conductors  differ  very  dightly  (in  some  parts  these 
curves  even  coincide),  which  shows  that  tlie  magnetic  figure 
under  the  commutating  pole,  a.ssuraed  by  Worrall  and  Binder, 
is  not  in  accordance  with  the  facts.  If  tlie  assumptions  of 
the.se  authors  were  right  the  curve  of  E.M.F.  (No.  3)  in  the 
region  of  the  comrnutating  poles  would  not  coincide  with 
curve  No.  1,  but  would  follow  the  dotted  line  in  Fig.  4. 
This  and  the  other  o.scillograms.  Figs.  5-9,  prove  that  the  lines 
of  force  of  a  commutating  pole,  after  traversing  the  air-gap, 
enter  the  core  of  the  armature,  in  accordance  with  the  old 
theory  of  .\rnold  and  others. 


does  not  give  any  idea  of  the  magnitude  of  the  magnetic  field 
in  the  commutating  zone,  as  the  E.M.F.  e  is  the  difference 
between  two  E.M.F.s — the  E.M.F.  induced  by  the  magnetic 
field  of  the  commutating  poles  and  the  reaction  voltage 
induced  by  the  slot  field.  If  the  ohmic  resistance  of  the  short- 
circuited  coil  is  zero,  and  the  magnetic  flux  arising  from  the 
l)ack  end  of  the  armature  is  also  zero,  then  with  sparkless  com- 
mutation e  should  also  be  zero. 


Fio.  4. 
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ClRVK  OF  K.M.F.  (I)  IN  UpPKB  and  (3)  IN   lyOWEK  CONDICTOK. 

•  g  pole  Je—47  amperes. 


In  tli<-  (iscillograni,  Fig.  1,  the  attention  is  .struck  bva  .slight 
divergence  of  the  curves  1  and  3  in  the  region  of  the  com- 
mutating pole.  This  may  restilt  from  the  magnetic  lines  of 
force  of  the  slot  field  passing  for  the  most  part  through  the 
upper  part  of  the  slots  and  fnuu  t<»p  to  top  of  the  teeth,  .so  that 
the  number  oi  magnetic  linos  of  Torce  surr<»unding  conductors 
1  and  3  are  almost  eqiial.     In  order  to  protect  the  exploring 


Fir:.  7. — (A)  Ccrve  of  E.^LF.  is  Upper  Conductob  axd  (B)  Ci-rve  of 
Resultant  (Difference)  E.^LF.  is  Upper  and  Lower. 
/a  =  54  ampere?.  /c=  57  amperes,  Ie—0-5  ampere.  R=470. 

To  determine  how  much  greater  is  the  actual  influence  of 
the  magnetic  induction  under  the  commutatir  g  poles  than  that 
which  is  obtained  on  the  basis  of  the  o.scillogram,  the  magnetic 
characteristic  of  the  commutating  poles  of  the  machine  was 
taken  separately  {see  Fig.  6).  We  will  endeavour,  on  the  basis 
of  this  curve,  to  determine  the  actual  magnitude  of  the  mag- 
netic induction  B  in  the  neutral  zone  of  the  motor  to  arrive  a. 


Fi...   .1-  C'lTRVK  OK  K.M.F.  (1)  IN  Upper  and  (2)  in  Middle  Exploring 

roNDrrroR. 
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in  TOmmutating  pole-50  ftrnperes,  exciting 


conductor  fr<.m  the  action  of  (Ik-  slot  field  it  would  have  been 
necetwary  to  place  it  above  the  tops  <.f  the  t.eetli  which,  from 
the  smallnejw  (»f  the  air-gap,  was  «lillicult  to  etT«'ct. 

The  oHcillograni.  Fig.  1,  was  photographe<l  while  the  machine 
e.\penmenfe<l  on  was  worke<|  as  n  niofor.  tl„.  annattire  current 
/  being  :\H.i,  <ominiitjitiiig  poles  winding  current  Ir  -47A, 
exciting  current  /,^0-85.4.  and  the  speed  in  revolutions  per 
minute  I{  .  :y.M).    The  current  in  the  commutating  poles  winding 
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Fig.  8. — (.4)  Curve  or  E.M.F.  in  Upper  Conductor  and  (B)  Curve  of 

Resultant  (Differkncv)  E.M.F.  in  Upper  and  Lower. 

/a^60  amperes,  /fO,  /#=0-8  ampere, /? -310.  Strong  sparking  at  the  trailing  edge 
of  brusii. 

the  conditions  under  which  the  oscillogram,  Fig.  4.  was  ob- 
tained. The  number  of  ampere-turns  of  one  coinmut.ating  pole 
under  these  conditions  wmII  be  n«.  /f  =68x47=3,2(K) ;  the 
ntimber  of  ampere-turns  of  the  armature  winding  per  ])ole  will 
Ite  ir  .  .\,  where  r  is  the  iMtle-pitch  of  the  ma«hine  =  24-5  cm., 
and  A  is  the  number  of  ampere  conductors  per  centimetre  of 
circumference  ;   as 

A=.V./,.-rZ>. 

where  /.  the  <urrent  per  armature  path  —  J/o  ;   therefore 

24-5  828      I 


\xA^ 


=  61/<,=51x  38=1,940. 
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wius  lix<Hl  at  this  strength,  so  that  the  mean  volt«ge  l^otwcen 
the  tHlge,s  of  the  hnmhes.  measured  bv  means  of  two  exploring 
copper  bn,  •         „d  a  v.'  ..  «,u,  ,.on..      The  line  traced 

in  the  os<  I  at  a  a     0-4  I"  from  the  xem  line  givo.H 

the  scale.  In  the  o.^rillogr«m  No.  4  the  E.M.F  e  .sot  up  in  the 
exploring  rondurt4.r  as  it  parses  under  the  rommut.ating  polo 


2        ;rx31-2  2 
Bearing  in  mind  that  the  magnetic  flux  in  the  neutral  zone 
arises  from  the  difference  between  the  ampere-turns 

».  /c-Jj-.^/i=3.200- 1,940=  1260, 

on  the  basis  of  the  magnetic  charact^^ristic  of  the  coinmut.a- 
ting |>oles.  we  find  the  magnetic  induction  B.  corresponding 
to  the  number  found  for  the  ampere-turns,  is  5.2(H). 

If  we  wished  to  calculate  the  magnitude  of  the  magnetic 
induction  in  the  noitral  plane  on  the  basis  of  o.scillogram, 
Fig.  4.  we  .shouKl  arrive  at  a  figure  considerably  smaller  than 
that  just  obtained.     As  a  matter  of  fact,  the  E.M.F.  induced 


THE  ELECTRICIAN,  APRIL  7,  lOlG. 


13 


in  the  exploring  conductor  when  passing  through  the  neutral 
zone  may  be  expressed  as  follows  : 

e=B  A.s  .  10-8  (1) 

where   ?=length    of   commutating   pole    in   centimetres   and 
s=peripheral     speed   in    cm. /sec.     (in    the   present  instance 

7T.D.R     yr.  31-2x390  ,■       n^         x. 

s= = ::r, =635) ;  irom  equation  (1)  we  have 


n 


60 


I .  s 


108, 


11X635 

or,   taking  the  value  of  e  derived  from  the  oscillogram  as 
0*196  volt,  we  get 


B= 


0-196 


108=2,810, 


11-635 

i.e.,  nearly  one-half  less  than  the  value  obtained  above  on  the 
basis  of  the  magnetic  characteristic  of  the  commutating  poles. 


p#"M" 


.'»«/«->i»(N^-»*%^lf~^^  ntf'^' 


Fig.  9. — (A)  Curve  of  E.M.F.  in  Upper  Conductor  and  (B)  Curve  of 

Resultant  (Difference)  E.M.F.  in  Upper  and  Lower. 

/a=13  ampere.5,  /c  =  13  amperes,  /^=l-7  amperes,  /?— 370.     Brushes  dis  placed  5-5 
commutator  segments  in  direction  of  revolution.     Slight  sparking. 

In  Figs.  7-9,  at  the  same  time  as  curve  A  of  the  E.M.F.  in 
one  upper  conductor  was  photographed  (giving  in  a  cenain 
degree  a  magnetic  figure  of  the  induction  in  the  air-gap),  there 
was  photographed  also  the  curve  B  of  the  difference  of  E.M.F.s 
induced  in  the  upper  and  lower  conductors  (giving  some 
indication  of  the  change  of  magnitude  of  the  slot  field  in 
different  parts  of  the  armature).  For  that  purpose  the  back 
ends  of  conductors  1  and  3,  Fig.  2,  were  connected  together, 
and  the  free  ends  connected  up  with  the  loop  of  the  oscillograph. 

In  order  to  judge  of  the  form  of  those  parts  of  the  curves 
B  described  during  the  period  of  commutation,  in  Figs.  7-9 
is  marked  the  duration  C  of  the  short-circuit. 


YiQ,  10. — (^)  Curve  of  E.M.F.  in  Upper  Conductor  and  (.B)  Curve  of 
Resultant   (Difference)  E.M.F.  in  Upper   and   Lower.     Brushes 

Raised. 

In  each  of  the  oscillograms.  Figs.  7-9,  the  scale  of  curve  B 
is  approximately  five  times  greater  than  the  scale  of  curve  A. 

The  oscillograms  Nos.  7  and  8  were  taken  with  brushes  in 
normal  positions,  and  No.  9  with  brushes  displaced  5-5  com- 
mutator segments  in  the  direction  of  rotation  of  the  motor. 
The  fact  that  the  teeth  appear  in  this  oscillogram  may  be 
explained,  firstly,  by  the  reaction  of  the  current  in  the  short- 
circuited  coil,  and,  secondly,  by  fluctuation  in  the  resistance  of 
the  magnetic  circuit  arising  from  the  teeth  of  the  armature. 
This  latter  fact  is  shown  by  the  oscillogram  in  Fig.  10,  taken 
with  the  brushes  raised,  where  the  teeth  are  also  observable. 


SIR   J.  J.  THOMSON   ON    RADIATION    FROM    ATOMS 

AND  ELECTRONS. 

(ContinupA  from  jyuje  911,  Voi.lLXX  VI.) 

The  iodirif;  vapour  cxjwririKiit  of  \V«kxI  f 

looking  at  the  problem.  When  the  light  i...,.,.^.  .,j.„.  .,.  ...j,,..r 
was  of  ona  particular  wave-leni?th  the  line  Hijec-trum  of  iodine  wait 
seen,  Ijiit  when  the  inciflent  Hght   waw  of   any  other  w.i  h 

quite    dilfereiit    series    of    lines    were    ob«er\-ed.     The«e 
resonance  effects,  like  those  heard  when  a  piano  wa«  beit  <1 

in  a  room   containing  apparatus  tuned  to  di  e 

might  be  an  irreguhirity  in  the  vibration.s  of  ti.     -. .iC 

vapour.  As  long  as  the  incident  light  and  the  iodine  \ibrationi! 
kept  in  phase  without  interruption,  there  wa.s  n*'  -  and 

no  ab.sorption  of  energy  with  vai>rjur  ;    if  there  w  |«tion, 

light  energy  brought  up  would  be  converted  into  Homething  and  be 
absorbed  by  the  iodine. 

If  the  irregularities  repeated  at  regular  intervals,  serieo  of  equi- 
distant lines  (satellites)  would  appear  on  lx>th  sideo  of  the  original 
lines;    they  would  be  related  to  the  oritr      '  '  '  'tig  in 

intensity  with  greater  distance,  and  the  di.-;  k&ik 

with  the  frequencies  of  the  internal  irregularity.  These  irregularitie-i 
might  be  ascribed  to  the  coili.sions  of  the  iodine  moleeules  :  '  •  'i-  it 
explanation  had  proved  insufficient.     The  phenomenon  <■.  r»; 

probably  be  likened  to  those  presented  by  a  .spiral  spring,  weightefl 
below  by  a  cross-bar.  When  the  bar  was  pulled  down  the  spring 
vibrated,  but  the  vibration  was  of  two  kinds,  up  and  down  and 
torsional  ;  as  the  up-and-dowTi  motion  quieted  down  the  torsional 
rotation  became  more  pronounced,  to  give  way  again  to  the  former  up- 
and-down  motion,  and  so  on.  Thus  there  was  a  periodical  How  of 
energy,  backward  and  forward,  of  vertical  vibration  into  torsional 
vibration  and  vice  versa,  in  the  spring.  The  original  up-and-down 
motion  corresponded  to  the  ordinarv  iodine  lines  ;  the  superimposed 
absorbed  energy  gave  rise  to  the  satellites.     This  .•«  'i.  Sir 

Joseph  added,  was  not  necessarily  the  correct  explanat.  AixkI's 

complicated  spectra,  which,  it  should  not  be  forgotten,  were  only 
observed  in  the  neighbourhood  of  absorption  lines  ;  but  irregularities 
in  the  medium  might  give  ri.se  to  complicated  spectra. 

Text-books,  Sir  Joseph  remarked  finally,  said  little  about  absorp- 
tion, and  the  usual  reference  to  the  ab.sorption  of  acoustic  waves  by 
tuning  forks  did  not  explain  anything  as  to  light.  A  tuning  fork 
absorbed  sound  waves  of  the  same  frequency  as  it  emitted.  Bat  t  he 
case  of  light,  like  that  of  the  forced  spring  vibrations,  was  not  merely 
one  of  resonance  ;  in  their  ca.se  a  transformation  of  energj-  was 
required,  and  absorption  occurred  only  when  there  was  interruption 
or  irregularity  in  the  medium.  Opacity  of  a  substance  indicated 
that  interruptions  occurred  at  short  intervals  ;  in  transparent  botlies 
the  interruptions  were  separated  by  long  intervals. 

In  the  third  lecture  Prof.  Thomson  considered  the  comparatively 
simple  case  of  Hght  emission  by  substances  at  ordinary  temperature 
and  not  exposed  to  electric  or  other  disturbances — phosphores<.-enoe. 
The  phenomena  of  luminous  paints  had  not  escaped  the  notice  of  the 
alchemists,  whose  writings  were  interesting.  The  lecturer  exposeil  a 
series  of  test  tubes  tilled  with  whitish  jxjwders  to  the  arc  lamp  for  a 
minute  ;  the  tubes  then  shone  in  the  different  colours  of  the  spectrum, 
from  red  to  violet.  By  holding  the  tubes  in  front  of  a  projected 
spectrum  the  colour  of  rich  tube  could  be  determuie<l :  the  chief 
phosphorescence  would  become  apparent  in  the  ultra- \-iolet  region. 
The  powders  were  all  solid  solutions  of  sulphides,  and  seemed  to 
contain  at  least  three  substances;  the.  colours  were  verA- sensitive 
to  traces  of  other  metals,  and  the  tubes  probably  showed  uifferent 
colours  mainly  owing  to  their  impurities  ;  but  zinc  sulphide  seemed 
to  phosphoresce  by  itself.  To  prepare  the  sulphides,  mixtures  of 
salts  were  dissolved  and  precipitated  together  so  that  sensitive  com- 
plex compounds  were  formed  :  mixing  the  already  fonnod  sulphides 
would  not  answer.  Lenard  and  Klat^  (since  liXM)  had  thrown 
much  light  on  the  problem.  Their  active  complex  wmjxnmd  was 
of  the  type  ArC.B„,  which  formed  molecular  grou|v. ;  these  wert-  aUi 
the  centres  of  the  absorption  of  the  exciting  light  ra\-s,  the  latter 
being  active  only  at  certain  parts  of  the  sjiectrum.  so  that  only 
certain  w\:,ve-lengths  stimulated  absorption  and  phosphorest^em^e  ; 
copper  had  two  absorption  bands  in  the  ultra-Wolet,  the  npgion 
between  them  being  inactive ;  every  metal  had  its  own  bands. 
which  shifted  slightly  in  the  presence  of  other  metals.  The  Ix'st 
metals  were  the  heavy  metals  of  high  valency,  magnesium  being 
the  lightest  of  the  active  metals.  To  produce  phosphorescei.ee, 
absorption  of  light  energy  by  the  substance  had  to  Ih>  stvurvl  in  the 
first  instance  ;  that  energy  causcil  some  change  in  the  complex 
substance,  which  wjis  converted  into  an  unstable  compoimd,  the 
latter  reverting  ipiickly  or  slowly  to  the  original  complex:  the 
phosphorescence  took  place  during  t  his  ret uni.  Under  t  he  excitation 
by  light  the  complex  probably  shot  out  an  electron  which  settled  on 
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an  electro-negative  substance  like  sulphur,  giving  rise  to  a  new 
arrangcM.ient ;  the  electron  then  returned  like  a  thrown  up  stone, 
the  stored  energy  being  that  of  the  incident  existing  light. 

If  that  explanation  were  correct  it  might    be    possible  to  stop 
phosphorescence  by  cold,  e.g..  Phosphorescent  tubes,  dipped  into 
liquid  air,  lost  their  brightness,  but  slowly  became  bright  again  as 
the    substance    warmed    up    once    more;     thus    phosphorescence 
admitted  of  cold   storage,  so    to  say.     Substances  like  a  paraffin 
candle  and   a   piece  of  egg  shell   were  not   phosj>horescent   under 
ordinary  conditions,  but  Ijecame  so  if  cooled  in  liquid  air  after  ex- 
jxisure  to  light  ;   the  glow  vanished  soon,  whilst  in  the  sulphide  tube 
it  remained  visible  for  many  minutes.     Jn  these  ca.ses  (paraffin)  the 
return  was  too  quick  to  mark  phosphorescence,  unless  it  was  arrested 
by  cooling.     There  were  other  ways  of  producing  phosphorescence,  for 
instance,  by  kathode  bombardment,  i.e.,  by  driving  negative  particles 
into  the  substance.     Under  this  bombardment  Iceland  spar  gave  a 
reddish    phospliorescence.   fluorspar  a  bluish  light.     The  interestmg 
case  of  Huorspar   had    been  studied  by  .Morse;   by  stimulating  this 
mineral  with  the  light  from  sparks  between  electrodes  of  aluminium, 
zinc,  &e.,  he  obtainerl  spectra  of  sharj)  bright  lines  l>earing  no  relation 
to  any  known  sjR-ctra,  one  of  the  few  citses  where  solids  gave  Ijright 
lines.     Didymium  was  another  case,  the  didymium  gla.s8  of  Crookes 
giving  lines  where  the  solutions  of  the  pink  and  of  the  green  salts 
showed  absorjjtion  (in  tliose  regions).      If  these  observations  were  con- 
firmed, the  case  of  fluorspar  would  be  similar  to  that  of  Wood's 
va[K)urs  of  iorline  and  sodium. 

Thermo-luminescence,  Sir  Joseph  proceeded,  was  a  kind  of 
phosphorescence  in  which  the  complex  substance  formed  by  the  light 
was  so  sta!»le  that  the  n-turii  was  very  slow  unless  stimulated  by  heat.  • 
A  m>lid  solutirxi  of  manganese  sulphide  in  calcium  sulphide  (a 
yellowish  jxjwder)  was  first  lionibarded  by  kathode  rays  ;  it  phos- 
phoresced green  for  a  few  minut<'s.  When  it  had  turned  dark  again 
it  was  gently  heated  over  a  Buiisen  burner,  when  it  became  luminous 
once  more,  for  a  longer  period.  The  case  was  the  opposite  to  liquid 
air  cooling:  if  heat  were  not  ajiplied,  the  retun>  would  spread  over 
days. 

(iases  were  also  plu>hphf)rescent.  To  demonstrate  this  Sir  Joseph 
made  use  of  a  gla.ss  cylinder  wound  with  a  few  turns  of  a  primarv'  coil, 
and  |ila(  cd  the  glass  bulb  containing  the  gas  at 
low  pressure  inside  the  cylinder,  so  that  the 
gas  itself  formo«l  the  secondary.  ()xyg<'n 
glowed  the  di.scharge  of  an  induction  coil,  and 
the  glow  continued  after  the  discharge  had 
iM'cn  stop|N-d.  but  vanished  when  the  bulb  was 
heatwi  over  a  burner.  This  exjK-riment  will 
again  Ix-  referred  to.  To  show  the  |ihenome- 
non  in  nitrogen  a  bulb  wiut  u.sed  wlio.se  neck 
widened  out  alsjve  into  a  cylindrical  chamber 
for  two  spark-elect  nodes  (Fig.  .'<);  t  his  chamber 
was  encasi'd  t<(  stop  tlu;  glan-.  When  the 
discharge  (NiMsed.  a  cone  of  gnM>nish-yellow 
light      was      seen      t<(      issue     through      tlie 

neck.  The  explanation  of  the  phenomena  for  gases  was  prob- 
ably the  same  an  forMf)lids,  complex  comiK»unds  or  modiHcationa 
being  formed. 

Ill  the  CUM*  of  liquidn  the  phenomenon  was  generally  eall(>d  fluor- 
escence, but  there  was  no  real  diffen-nce  Ix'tween  i)hosphore8cenco 
and  (luores<ence.  except  that  (lie  Miion-sceiice  of  liquids  las(<'d  only 
iw  long  as  the  excitation.  Thus,  when  red  eosin  jxiwder  Mas  dropjHHl 
into  water,  long  streams  «)f  IxMiutiful  grin-n  light,  following  the  single 
falling  particles,  and  a  green  cloud  surnniiiding  the  ma'-s  of  ]N>\\i|(>r. 
were  oliscr\cd  ;  l>ut  that  stop|M-d  at  oner  when  the  lantern  almve 
the  wat^'r  was  shut  o(T.  Aeeonling  to  the  law  of  Stokes,  the  lluor- 
es<ciit  light  was  of  gn-ater  wave  length  trian  (he  exciting  light  ; 
that  law  held  gciieralls .  but  exceji(ions  (o  i(  wen-  knouii  ( W(mkI  ).  The 
eoniiectioii  lH'(ween  tlimn'scence  and  chemical  conNtitiition  was  im- 
|)ortan(  for  (hecn'a(ion  of  ar(ilicial  dyes.  Therewe  waii(<Ml  lirs(  of  all 
soiiietliing  to  absorli  ligh(  (with  alisorption  bands)  :  (he  subs(Hnee 
should  be  coiii|>lex  to  yiehl  an  uiistalile  inodilication  ;  and  we  wanted 
a  visible  liiniiiiescenee,  not  in  the  ultra  violet.  In  (his  eonnertion 
Sir  'loseph  n'fernnl  to  his  suggeN(ion  of  dividing  substan<-es  into  two 
elapses:  (I)  Uncharged  Inidies  con(aining  atoms  and  molecules  not 
showing  free  charges.  lK'»ause  (lie  |Nisi(ive  and  n»'gati\e  charge* 
balnne<«<i  one  another:  (2)  charged  lKKlir»».  whose  atoms  held 
fnH»  charges,  some  negative,  some  positive,      ^  .     i     i,.^ 

wiMV  charged,  others  uncharge<l.      ritrn  violet  „    .j    :.    in 

uncharge*!  rom]M)und  would  discharge  negative  partielns  and  eonvert 
it  in(n  a  chnrgi'd  Isxly.  whicli  would  return  t<»  its  m  .]  ,-,»u. 

<li(ion.      That    would    help    1<>   explain    the  nMatmns    1..  tlnor- 

enoTMiT  and  eonstitution. 

There  was  a  gn>at  deal  of  evuience  now.  ,'sir  .losepli  further  said. 
•  hat  the  grrator  (he  amount  of  energ\-  which  (he  neg«(ive  i>ttrticl(\!« 
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acquired,  the  shorter  would  be  the  wave-length,  and  the  more  blue, 
therefore,  the  light  emitted.  Id  the  above-mentioned  experiment 
with  oxygen,  the  oxygen  molecules  inside  the  bulb  close  to  the  wall 
were  in  a  strong  electric  field  (being  close  to  the  primary  outside), 
and  the  gas  nearer  the  centre  was  in  a  weaker  field.  Watching  the 
glow  in  the  bulb  carefully  one  could  see  that  the  colour  was  not 
uniform  ;  an  outer  blue  ring  and  an  inner  red  ring  could  be  dis- 
tinguished. There  was  thas  a  connection  between  the  energj'  put 
into  the  system  and  the  kind  of  light  it  emitted.  This  was  in 
accordance  with  Planck's  relation  that  the  frequency  was  propor- 
tional to  the  actual  energy,  red  radiations  requiring  less  energy  than 
blue  radiations. 

{To  be  continued.) 


EBRAxrsL — The  words  ''System  I."  and  "Sj-stem  II."  in  Fig.  2 
in  our  account  of  these  lectures  in  our  last  issue  should  be  inter- 
changed. 


METHODS  AND  APPLIANCES  FOR  THE  ATTAINMENT 
OF  HIGH  TEMPERATURES  IN  THE  LABORATORY. 


At  the  last  meeting  of  the  Faraday  Society,  held  on  Wednes- 
day, March  15,  at  the  Institution  of  Electrical  Engineers, 
an  interesting  informal  discussion  took  place  on  this  subject. 
The  chair  was  taken  by  the  President,  Sir  Robert  Hadfield. 
F.R.S..  and  Dr.  J.  A.  Marker,  F.R.S.,  of  the  National  Physicai 
Laboratory,  opened  tlie  di.scussion.   , 

The  President,  in  introducing  the  subject  under  discussion,  referred 
to  the  difficulties  ex])eriuienters  used  to  labour  under  in  trxing  to  melt 
small  quantities  of  metals  like  steel  or  copper  in  the  laboraton^  before 
modern  apphances,  such  as  would  be  described  by  Dr.  Marker,  were 
dcvi.sed.  He  then  went  on  to  emjihasise  the  importance  of  laboratory 
hijrh-temperature  furnaces  in  connection  with  the  standardisation  of 
pyrometric  determinations,  and  he  gave  a  short  historical  sketch  of 
devei()])n)ents  in  jivrometrx'.  beginning;  with  Wedgwood.s  work  in  1782, 
and  referrinfr  ])articiilariy  to  the  work  of  le  Chatelier  and  Osmond  in 
France,  and  W.  Siemens,  Roberts-Austen  and  Callendar  in  this  countn% 
coming  down  to  the  more  recent  work  carried  out  by  some  who  would 
take  |iart  in  the  jircsent  discussion. 

J)r.  .F.  A.  Harkeh.  in  opening  the  discussion,  said  his  object  was  to 
draw  atti-ntion  to  some  of  the  more  diflicult  point*  in  this  subject.  He 
dealt  almost  exclusively  with  the  carbon  resistance  furnace.  The  diffi- 
culty with  this  ty-pe  of  furnace  was  to  obtain  carbon  of  the  proper  quali- 
ties, and  it  was  satisfactory-  to  know  that  in  this  country-  the  CJeneral 
Klectric  Co.  had  a  stock  of  carbon  tubes  for  this  purpose.  Carbon  for 
electric  furnaces  had  a  very-  variable  s])e(ific  resistance  from  p\e 

to  another.     (Jrajihite  hail,  roughly,  one-fifth  the  specific  r<  of 

carbon.  It  yvas  much  mt)rc  uniform  and  contained  very-  much  less 
inorganic  impurities.  It  differed  chieHy  in  that  its  hardness  was  of  quite 
a  different  order,  and  it  could  be  cut  on  a  machine  like  hard  wood. 
Witii  carbon,  on  the  other  hand,  the  lathe  tool  lost  it,s  edge  directly, 
and  it  was  ini|)ossible  to  cut  rings  or  patterns,  imle.ss  the  si)ecimen  was 
particularly  tra(tai)le.  The  temperature  coefficient  of  carbon  was 
practically  nil  for  the  fir.st  ])art  of  its  running  up.  and  then  Ixrame 
strongly  nejtative.  Provision  had  to  be  made  for  the  fact  that  the 
voltage  had  a  tendency  to  fall  rather  than  ri.se.  and  the  current  conse- 
quently to  go  up.  For  certain  inii-jioses  when  using  graphite  it  was 
IxMter  not  to  make  a  i>laiii.  straight  <  ondnctor.  but  to  make  it  into  a 
sjiiral  or  zig-zag.  One  of  the  diflicultics  was  that  at  high  t<'ni])erature  a 
neck  was  likely  to  form  just  inside  the  clamps,  and  irregularities  of  heat- 
ing took  place,  which  n-sulted  in  a  poor  lite,  and  there  was  a  gn^at  ten- 
dency for  the  whole  thing  to  break  in  cooling  off.  Provision  had  also  to 
Ih-  made  for  the  carbon  monoxide  furmed  in  the  furnace  to  Ix-  <piickly 
burnt.  The  material  of  which  most  tulx-s  wvre  ma<ie  contained  inor- 
ganic iiiatt<T  up  to  about  2}  ju'rcent..  whilst  a  thoroughly  poml  specimen" 
contained  about  |  per  cent.  This  could  nearly  all  1k'  burnt  out  by 
heating  quickly  to  1 .800  dejj.  or  1.5HKI  deg.  The  nee«i  for  completely 
c-ndosini;  the  carb<in  furnace  was  very  great,  and  at  the  National 
Physical  I^aboralnry-  some  years  ago  Mr.  hiden  built  the  Malls  of  such  a 
furnace    of    reinfort-ed    concrete,    which    was   coi.  '  '\     Ix-ttor   than 

bri<  ks  for  |»n'ventin)j  the  carbon  monoxide  from  nto  Ihe  atmo- 

sphen*.  At  the  same  time  f<ir  laboratorv  purj>ows  it  was  ess<Mitial  to 
have  an  a]iparatuK  of  not  quit<'  so  |MTmanent  a  character.  «n<l  in  this 
e«>nnection  he  exhibit4<<i  a  new  form  of  funiac*  which  Mr.  Ivlen  had  made. 
The  diflen-nee  b<'tweon  n  pood  and  bad  tvpe  of  funiaoe  was  all  in  the 
nniall  details.  In  (he  rarbon  tulx-  funiace.  for  instaiKH^.  it  was  not  at 
all  e«»_\  t<>  kiM-p  till-  thill  ■  liv  unlcs'-  ilic  i-nds  wen-  water- 

cooled.      No  <  ondu<  tor  I  ,     .    ,  urrent  tlciiMty  with  a  bjjj  tem- 

|MTntun'  (fradient  could  (jo  on  working  very  long  and  maintain  steady 
i<indi(ions.  S<K)ner  or  later  it  caused  a  big  increai*e  in  the  voltage 
drop  where  the  cop|x^r  conductor  joined  on  to  the  en<l».  and  trouble 
foUowtMl.  Rurh  «.«  jrreat  !<>  al  heating  at  thi-  contact.  In  this  new  furnace, 
water  <  <K>ling  had  \icvn  appli«sf  not  only  to  the  elertr<Kles  but  also  to 
the  ends.  Ixs  auw'  the  furnace  was  enclose*!  in  in  aluiuinuini  bomb 
arranginient.  and  (he  ends  which  were  b(>lt<>d  on  to  (he  bniul>  wen-  fas- 
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rcncd  by  a  packing  ring  which  had  to  be  kept  cool.  The  maintenance 
of  the  insulation  of  the  carbon  tube-  was  also  important.  One  way 
was  to  have  another  tube  round  the  carbon  tube  with  an  air  space 
between,  but  for  high-tension  work  this  was  thoroughly  bad.  He  had 
found  the  simplest  and  best  thing  was  to  use  the  grade  of  lampblack 
used  by  paint  makers,  filling  up  all  the  space  around  the  carbon  tube 
for  a  radial  distance  of  3  in.  This  had  been  found  to  be  by  far  th(!  most 
satisfactory  material  for  ranges  of  temperature  above  1,500  or  1,600. 
Another  point  in  connection  with  the  new  furnace  was  the  important 
one  of  economy.  It  was  necessary  to  obtain  high  temperatures  with 
small  power,  and  in  order  to  get  over  this  satisfactorily  a  small  portable 
transformer  had  been  made  which  could  be  used  in  the  laboratory. 
There  were  80  turns  of  primary  made  up  in  the  simplest  way  and  three 
secondary  turns  capable  of  being  coupled  in  series  or  parallel.  The 
primary  was  split  so  as  to  be  used  at  300  volts  and  downwards,  and 
currents  could  be  obtained  up  to  about  1,000  amperes.  With  the  insu- 
lating soot  which  he  had  mentioned  the  1  kw.  which  was  necessary  to 
maintain  the  temperature  of  2,000°C.  in  the  furnace  only  heated  the 
outside  wall  to  something  over  100°C.,  so  that  there  was  no  need  for 
elaborate  precautions. 

The  President  pointed  out  that  one  of  the  furnaces  exhibited  was  to 
be  sent  to  his  works  at  Sheffield. 

Dr.  Harker  added  that  Messrs.  Hadfields  were  going  to  do  with  that 
furnace  just  what  had  been  done  with  it  at  the  National  Physical  Labora- 
tory, namely,  standardise  optical  pyrometers.  At  the  National  Phy- 
sical Laboratory  there  was  a  furnace  like  the  one  shown  mounted  beside 
a  bench  on  which  all  pyrometers  for  verification  were  put  and  slid  along, 
the  indications  being  compared  with  those  of  the  standard. 

Mr.  R.  S.  Whipple  dwelt  on  the  difficulties  he  had  experienced  with 
optical  pyrometers  owing  to  the  fact  that  many  optical  materials  came 
from  Germany  and  that  it  was  difficult  to  get  truly  monochromatic 
glass.  With  regard  to  Dr.  Marker's  furnace,  what  struck  him  was  the 
way  the  temperature  could  be  maintained  constant.  He  described 
some  electric  furnaces  he  had  seen  in  America  used  for  gear-hardeninjf. 
Thermocouples  passed  through  the  furnace  on  to  the  work,  which  was 
simply  brought  up  to  the  recalescent  point,  as  indicated  in  a  Northrup 
recording  pyrometer,  and  then  taken  out  and  quenched.  It  was  a 
beautiful  technical  application  of  scientific  phenomena. 

Dr.   W.   RosENHAiN,   F.R.S.,   said  the  problems  mentioned  by  Dr. 
Harker  became  more  difficult  when  one  dealt  with  a  larger  space  in  which 
it  was  desired  to  melt  things.     The  application  of  electrical  heating  for 
making  optical  glass  was  at  present  under  investigation,  but  he  would 
refer  to  some  general  difficulties  in  the  use  of  high-temperature  furnaces. 
One  was  the  presence  of  carbon  compounds  ;    he  wanted  a  furnace  as 
tractable  as  Dr.  Harker's  which  would  be  free  from  carbon.     On  a  small 
scale  a  tungsten  wire  vacuum  furnace  was  effective,  and  he  had  melted 
pure  iron  (1,525+5°C.)  in  such  a  furnace.     But  the  tungsten  became 
brittle   and  a  fresh   winding  was  necessary  for  each   run.     Granular 
tungsten  resisters  might  be  used,  and  so  might  a  carbon  resistance 
furnace  with  an  inner  tube,  an  indifferent  gas  between  the  two  and  a 
shghtly  oxidising  gas  in  the  inner  space.     The  drop  of  volts  between 
metal  clamps  and  electrodes  in  electric  furnaces   became  serious  with 
large   currents.     He  suggested  coating  the  carbon  with  copper,   alu- 
minium or  iron,  as  the  case  might  be,  by  the  Schoop  spray  process, 
burnishing  the  coating  to  give  a  good  metallic  contact.     The  possi- 
bilities of  gas  furnaces  were  often  overlooked.     He  described  two  types 
which  he  had  found  useful — the  Segar  furnace,  and  one  they  had  evolved 
at  the  National  Physical  Laboratory.     The  former,  which  required  a 
30  ft.  chimney,  worked  quietly  and  steadily  ;    but  for  high  temperatures 
he  used  a  special  type  of  injector  burner  for  use  with  compressed  air  at 
100  lb.  per  square  inch,  and  with  this  temperatures  up  to  1,800°C.  were 
obtained. 

Mr.  C.  R.  Darling  remarked  that  the  furnace  first  described  would  be 
very  useful  for  laboratory  purposes  for  melting  small  quantities  of  metals. 
He  pointed  out  some  of  the  drawbacks  of  platinum-wound  furnaces.  In 
the  furnaces  of  Dr.  Harker's  type  he  had  found  magnesia  bricks  satis- 
factory for  outside  lagging.  LTj)  to  1,000°C.,  furnaces  wound  with  nickel- 
chrome  wire  gave  good  results.  A  furnace  1  ft.  long,  using  a  1  in.  tube, 
consumed  only  ^  kw. 

Mr.  H.  G.  Lacell  agreed  as  to  the  value  of  nickel-chrome  winding.  A 
kieselguhr  tube  wound  with  ribbon  of  this  material  could  be  rigged  up 
in  a  few  minutes.  He  had  given  up  gas-heating  for  any  temperature 
below  1,000°C. 

Mr.  H.  A.  Kent  had  been  using  a  lime  furnace  for  melting  platinum 
and  iridium  working  beyond  3,000°C.  ;  but  he  had  recently  obtained 
excellent  results  with  a  crucible  of  pure  zirconia,  using  an  oxy-hydrogen 
cyclone  burner.  He  hoped  it  would  be  possible  to  make  here  pure 
zirconia  in  granular  form  ;  if  so,  almost  any  temperature  could  be  ob- 
tained with  suiiace  combustion. 

Mr.  A.  J.  Webb  said  he  had  obtained  good  results  with  the  Brayshaw 
burner,  with  which  he  had  accidentally  melted  a  large  piece  of  platinum 
with  an  air  pressure  of  only  20  lb.  and  the  ordinary  gas  supply.  Mr. 
Kent  had  introduced  a  good  burner  similar  to  Dr.  Rosenhain's,  in  which 
gas  was  blown  in  at  the  side. 

Mr.  S.  N.  Brayshaw  said  it  was  possible  with  his  burner  to  melt  small 
quantities  of  platinum  with  3  lb.  air  pressure.  Noise  was  of  the  essence 
of  a  good  burner  ;  the  gas  and  air  had  to  be  sent  into  the  furnace  not 
only  mixed,  but  in  a  state  of  violent  agitation.  The  turbulence  of  the 
explosive  mixture  in  gas-engine  cylinders  was  a  parallel  phenomenon. 
He  gave  a  descriptive  sketch  of  the  burner  which  bore  his  name. 

Dr.  H.  C.  Greenwood  thought  there  was  nothing  better  than  charcoal 
for  insulating  carbon  tube  furnaces,  and  he  held  a  brief — for  many  pur- 
poses— for  the  rougher  type  of  furnace  built  of  bricks  and  charcoal.     He 


described  a  simple  device  for  the  calibration  of  pyrometer?.  With 
regard  to  large  furnaces,  something  wa«  wanU-d  between  the  an  f uma/  e 
and  the  steel-melting  furna'c,  and  when;  a  c,' 

sphere  was  not  required  tin-  ^ras  furnace  h.id  gf  i 

melted  100  lb.  of  German  silscr  at  l,2i)t)  ('.  in  a  re«i»tanee  furnac<r  with 
a  number  of  resistors  in  series. 

Mr.  F.  Twvman  suggested  the  u«e  of  gelatine  screen*  an  a  Kab«titute 
for  red  glass  in  optical  pyrometers. 

Dr.  W.  RosENHAiN  remarked  hen^  that  at  the  National  FhyificaJ 
Laboratory  they  were  experimenting  with  /  and  he  hoped  Miiaf.-- 

thing  would  emerge  that  would  Ur  g<-n(rail .  ,le. 

The  President  beUevc^d  that  ven,-  high  prr:»«ure  hUuitM  would  have  a 
great  future.  Bessemer  had  worked  on  them  at  one  time,  and  he  va« 
glad  the  idea  was  being  taken  up  again. 

Dr.  J.  A.  Harker,  in  reply,  said  that  until  they  had  zirconiA  tabes 
alundum  could  be  u.sed  as  a  substitute  for  carbon  whf-n-  that  wa*  oiuait* 
able  ;    but  it  was  more  expensive  than  carbon,  and  •  was  not 

gastight.     He  hoped  that  lampmakers  would   maK  tungaten 

tubes,  as  they  would  be  extremely  useful.  In  hi.s  carbrjn-tube  furnace. 
to  prevent  the  soot  from  falling  into  the  s-jnral  gr<K)ve  it  wa«  only  neces- 
sary to  wrap  filter  paper  round  the  tube.  Its  ash  kept  the  soot  from 
falhng.  The  present  uncertain  quality  of  coal-gas  was  a  difhcnlty  in 
gas  furnaces. 


INSTITUTE  OF  mDUSTRY. 


On  Thursday,  March  30,  a  meeting  convened  by  the  Institute  of 
Industry  took  place  at  the  Savoy  Hotel,  London,  to  discuss  a  project 
for  forming  a  central  body  to  co-ordinate  all  national  movements 
for  protecting  and  furthering  the  interests  of  BritLsh  industry-  and 
commerce. 

Mr.  F.  J.  Nettlefold  (Messrs.  Courtaulds,  Ltd.),  who  occupied 
the  chair,  said  the  Right  Hon.  Sir  Edward  Carson,  at  a  luncheon 
given  by  the  Institute  on  Jan.  12,  appealed  to  the  business  men  to 
co-ordinate  and  consolidate  all  national    movements  such  as  theirs 
into  one  powerful  national  organisation,  and  so  avoid  waste  of  effort 
and  energy.     The  court  of  directors  had  that  object  in  \iew,  and 
believed  the  organisation  would  readily  lend  itself  to  that  purpose. 
There  was  sitting  daily  in  Berlin  an  organisation  representative  of 
all  trades,  and  composed  of  the  cleverest  brains  of  industrial  Germany, 
ready  to  complete  a  programme  for  the  conduct  of  the  economic 
struggle  wliich  would  commence  directly  the  war  came  to  an  end, 
and  we  should  be  ready  with  a  similar  organisation,  so  that  the 
leaders  of  industry  in  this  country  might  have  had  time  to  consider 
the  best  commercial  policy  suited  to  aU  trades.     There  were  already 
throughout  the  country  organisations  representative  of  each  trade. 
Individually,  although  extremely  valuable,  they  could  achieve  verj- 
little  towards  advancing  our  general  commercial   policy.     Collec- 
tively, they  would  form  such  a  body  of  expert  opinion  as  is  required 
and  would  be  invaluable  to  any  Government.     The  meeting  that  day 
was  convened  in  order  that  they  might  consolidate  their  forcts.  and 
provide  a  central  representative  organisation  promptly  to  start  the 
work  which  Berlin  was  already  doing.     The  committee  was  autho- 
rised to  state  that  the  sole  object  of  the  directors  was  to  bring  into 
existence   the   necessary  organisation   to   deal   with  our  economic 
future  after  the  war.     They  wished  to  see  the  board  composed  of  the 
most  able  business  men  of  the  country,  and  desired  it  to  bt-  distinctly 
understood  that  everj'one  of  tfiem  was  willing  at  any  time  to  stand 
aside  to  give  place  to  men  who  might  be  better  able  to  advance  the 
programme  which  had  been  outlined.     Mr.  Peddie,  the  foimdc"  of 
the  Institute,  and  who  was  maiul}'  responsible  for  the  excellent  pro- 
gress made  up  to  now,  had  placed  his  resignation  in  the  hands  of 
the  directors,  in  order  that,  in  inviting  the  co-ojx^ration  of  those 
present  and  of  other  similar  organisations,  they  might  l>e  otTcred  the 
advantages  of  a  central  association  whose  machinery  was  free  and 
unfettered  by  any  existing  agreement  as  to  management  and  i-on- 
duct.     The  institute   had  no  politics,   and  its   jKilicy,  which   had 
received  considerable  publicity,  had  been  generally  ap{)aned.     The 
first  question  was  naturally  one  of  finance.     It  wouUl  U-  nooessary 
at  the  outset  to  have  an  assured  minimum  income  of  to.lXX)  a  year. 
It  wa-i  proposed  that  it  should  be  raised  by  inviting  donations  of 
£1,000  each,  and  that  the  capital  should  remain  uitact  and  invested. 
the  interest  only  to  be  used  as  income  for  the  purposes  of  that 
association.     They  might  also  invite  annual  subscriptions  of  large 
amoimts  for  a  period  of  years,  and  there  would  also  In?  smaller 
amomits  subscribed  by  the  membei-s  themselves.     It  wi»s  suggested 
that  associations,  and  groups  of  associations,  should  send  their  depu- 
ties to  take  counsel  together,  and  through  the  various  ramifications 
they  might  at  last  come  to  a  committee  of  maiuigeable  size,  each 
member  of  which  might  voice  ihe  opinions  of  the  trade  he  repre- 
sented.    They  had  heard  much  during  the  li\st  few  yeai-s  of  a  busi- 
ness Pariiamcnt.     The  way  now  proposed  was  the  only  way  this 
could  materialise.     It  was  useless  to  expect  such  a  thing  in  the 
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House  of  Coninions.  (Hear,  hear.)  It  was  not  only  so-called  key 
industries  that  deserved  special  attention,  but  even,'  industry  that 
was  capable  of  giving  employment.  The  strength  of  a  rountn- 
largely  d<;pended  upjn  the  number  of  people  who  could  be  employed 
at  a  wage  which  enabled  them  to  maintain  a  decent  standard  of 
living.  That  created  a  large  home  market  from  which  all  indus- 
tries benefited.  He  recommended  that  no  permanent  appointments 
should  be  made  until  they  had  arrived  at  the  best  form  of  board  to 
adopt.  They  should  put  aside  all  personal  ambitions  and  petty 
jealousies  and  have  one  object  in  view — the  general  good  of  their 
native  land.     (Applause.) 

Mr.  OonFKEY  Isaacs  (Marconi's  Wireless  Tclej^raph  Co.)  said  in  Berlin, 
as  the  rcKult  of  the  conference  of  the  ablest  business  men  of  Germany, 
there  were  contracts  now  being  made  in  wveral  neutral  countries  with  the 
object  of  securing  as  nearly  as  possible  a  nif)no|»ojy  of  certain  ]>roduct8 
from  th<'  date  when  ])eacc  shall  be  declared.  an<l  also  endeavours  were 
being  made  by  numerous  jjroups  to  charter  all  neutral  tonnage  for  <.hrce 
years  from  the  declaration  of  peace,  and  other  matters  were  being  orga- 
nised in  Germany  to  meet  the  position  which  would  arise  from  the 
moment  peace  was  declared.  We  ought  to  be  doing  the  same  thmg 
without  delay.  If  we  merely  continued  to  talk  about  the  organisation 
of  our  economic  int<'rcHts  we  miclit  be  too  late,  as  we  had  l>een  before. 
He-  asked  those  ])r«^nent  not  to  wait  to  .s<-<'  whether  the  Institute  of  Indus- 
try was  going  to  be  a  success,  but  to  ])ut  their  shoulders  to  the  wheel 
to  make  it  a  success.  As  the  representatives  of  the  industry*  and  com- 
merce of  the  rountrv  they-could  wield  whatever  ]»owcr  they  pleased  in 
the  countrj'.  anrl  in  that  way  they  couWl  be  assured  that  they  wouUl  not 
havr- trj fare  acon<liti'in  fif  things  such  as  they  had  had  to  face  in  the  jiast. 
The  whole  of  (he  industry  and  coninicrcc  of  this  country  would  be  at 
stake  aft<r  the  war.  If  they  a(  t<'d  together  they  would  find  a  satisfactory 
solution.  If  they  li-ft  thi-s<-  n)att<-rs  t»)  the  tender  mercies  of  (government 
dej)artments  and  conflicting  ])olitical  parties  in  the  Hfiu.se  of  Commons 
he  need  not  t<'l!  them  what  would  Ik-  the  result.  The  Institute  of  Indus- 
try' invited  every  trade  organisation  in  the  countrA^  to  join  and  send  its 
representatives  to  one  central  organisation.  He  hoped  thay  would  be 
able  to  finri  ")00  who  would  each  jtut  up  t.KJO.  There  were  several  there 
ready  to  start  that  list. 

Mr.  Fkank  Waunkh  (President  of  Silk  Association  of  CJreat  Britain 
and  Irelanrl)  moved  :  "That  this  mer-ting  of  manufactunTs  and  .other 
representative  men  closely  connected  with  all  i)hases  of  industrial 
activity  in  the  I'nited  Kingdom  fully  endorses  anrl  ap])rovcs  of  the  state- 
ment of  ])olicy  out  lined  iiy  the  chairman  at  this  meeting  to-day.  and 
they  cordially  ajqirove  and  welcrmie  the  pro])osal  that  all  national 
movements  of  a  similar  nature  should  amalgamate  their  forces  with  a 
view  to  (  reatini;  a  strong  central  organisation"  ;  and,  "That  this  meeting 
recommends  all  |)ei-Kons  or  companies  int«'rested  in  the  industrial  life 
of  tlie  I'.ritisli  Kinpirr-  to  supjKirt  the  Institute  by  becoming  members,  in 
order  to  stiiiiuiate  action  in  the  (lirccti<in  desired." 

.Mr.  W-irner.  contiiniing,  said  he  repres<-nt<'d  one  of  the  trade  organisa- 
tions which,  as  the  chairman  said,  existed  throughout  the  country. 
During  the  few  years  he  had  held  the  jjn-sideniy  of  that  association 
he  ha«l  had  the  gn'atest  flilhculty  in  getting  any  (Jovernment  depart- 
ment to  rec(»j;niw  any  jiolicy  the  association  deemed  necessary.  He 
went,  on  the  previous  day.  to  a  department  wit  ha  ver>-  reasonable  n-cpiire- 
nienl,  but  lame  away  without  anything  sati.sfying.  That  must  go  on 
in  ronnection  with  their  national  policy  unless  they  combined.  .Just 
as  a  trade  association  was  a  rallyiuK  point  for  a  ])articular  trade  they 
wanted  that  Institute  to  iK-come  the  rallying  point  for  the  associations. 
If  the  business  men  of  the  conntr>-  did  not  cond)ine  and  decide  what  the 
business  policy  of  the  lonntrv  shouM  Im-  it  would  Ix-  decided  u))on  by 
thos<'  who  had  proved  in  Ihi-  past  to  he  (juit*-  inca|>al)le  of  guiding  or 
constructing  su(  h  a  policy.  (Hear,  hear.)  They  not  only  want<'d  such 
a  central  body  for  dealing  with  the  policy  that  must  follow  the  war. 
but  also  to  continue  such  policy.  He  thou^rht  (lie  broa<l  principles 
\ipon  which  the  Institute  of  jndtistiy  was  hasj-d  made  it  a  good  rallying 
,H)int  for  a  <  intra!  Ixwiy  to  construct  the  business  policy  which  wa**  vital 
to  the  country. 

The  (  uAiitMAN  said  he  wishe*!  it  to  he  distinctly  understcMid  that  tho 
Institute  of  Industry  <lid  not  wish  to  pose  as  tho  institution  into  which 
nil  the  others  would  come.  It  was  op-n  to  th<l^e  who  cnm.-  in  to  make 
their  own  arrangements  a'tcrwanls. 

Col.  Casski.i.  (President  of  Institute  <if  Chemical  TfH-hnologv)  said  ho 
felt  that  it  was  very  proper  tiiat  tiie  nsolut  iiui  pro|Mised  shoulinie  ]tasM>d. 
It  was  important  that  there  should  he  a  rnllymg  |Miint  wli.  re  every 
industry  couki  turn  for  advice  and  assistance.  The  chemical  industry 
wns  in  a  stato  of  <lisorgani.'iation.  He  did  not  blame  the  manufacturers 
for  this,  but  it  was  essential  that  iiianufa«  1  iirers  should  iippre<  iate  that 
without  organiseil  scientilii'  etTort  it  momM  be  im|Missili|e  to  «<iinpete 
against  so  highly  ori;anise<l  a  <ounlry  as  (iermany.  With  regnni  to  the 
(lovernment  Depnrt  inents  he  <lid  not  know  w  huh  wns  the  w<in«t.  It  WAa 
duo  to  the  e\  il  system  umler  which  they  had  grown.  Knun  the  time  « 
civil  servant  nveived  his  ajtpuntment  prnc  tit  ally  no  mentnl  eflorl  was 
neces.sary  nn<l  tli(>  result  was  that  they  were  iiicapablr  of  working  elTiK-- 
till  lly  for  the  national  interests.  .Vnythnifj  nioic  inept,  more  worthless 
than  the  system  of  ;he  (M.vernmenI  Departments  «ilh  whuh  he  h.iil  had 
tle.ilings  could  Hot  In.  conceived  even  in  (;illrrtian  o|>om.  He  would 
plank  down  his  small  subscription  with  pleasure  and  endoAvour  to  get 
his  colleagues  to  su)>port  the  olijeits  of  the  Institute. 

Mr.  W.  Howxiii)  bvnoKovK  (National  Fe<ipration  of  Kurnitnn-  Manu- 
fnetuHTs)  sjiid  he  noticed  there  wns  no  pn>i>os:d  made  so  fnr  that  the 
various    federations    should     sul>s(  rihe    as    institutions,      it     miKht     l>e 


possible  to  get  .50  or  CO  federations  to  put  up  100  guineas  a  year  each. 
Perhaps  a  sliding  stale  corresponding  with  the  financial  condition  of  the 
fetleration  could  be  devised. 

Mr.  DroLEv  Docker  (Midland  Carriage  &  Wagon  Co.)  said  he  was 
interested  in  an  association  whose  objects  were  almost  identical  with 
those  of  the  Institute  of  Irdustrj-.  He  understccd  the  idea  was  to  form 
one  large  association  which  woukl  have  suflScient  power  to  enable  business 
men  to  exercL'-e  the  influence  they  ought  to  have  in  the  afpairs  of  the 
country.  The  movem.ent  would  have  his  support  and  that  of  the  asso- 
ciation with  which  he  was  connected,  and,  he  felt  sure,  that  of  all  other 
trade  associations  in  this  country.  His  association  had  already  between 
;{0  and  40  members  who  had  all  undertaken  to  .subscribe  £1,0(X)  each. 
That  nucleus  ought  to  bear  fruit  and  carry  weight.  He  suggested  that 
a  conference  should  take  place  between  the  Institute  of  Industry  and  his 
association — which  belonge<l  to  the  ^lanchester  group — and  out  of  that 
might  come  one  big  as.«ociation  which  even  the  Government  would  have 
to  recognise.  The  politicians  mu.st  be  kept  out  of  it.  He  thought  it 
would  be  possible  for  capital  and  labour  to  work  together  after  the  war 
as  they  had  done  in  the  trenches. 

Mr.  ( '  \ssri  s  suggest e<l  that  a  few  gentlemen,  including  Mr.  Docker  and 
Mr.  A.  W.  Tait,  should  be  appointed  to  draw  up  a  scheme.  On  April  14 
Mr.  Hughes  was  to  address  a  large  meeting  at  Glasgow  and  he  was 
an.xious  that  the  joint  oreanisation  should  be  off  ci.diy  representetl  there. 
Mr.  A.  W.  Tait  (Ferranti  Ltd. ,  said  he  was  associated  with  Mr.  Dudley 
Docker  in  connection  with  the  association  which  Mr.  Docker  had  mi'n- 
tioned.  He  agreed  that  men  representing  the  industries  of  the  country 
and  the  capital  investc^d  in  those  industries  should  come  together  as  a 
central  body  to  look  after  the  vital  interests  of  capital  and  labour. 
\<iriou.-  associations  had  been  started  with  excellent  ideals  but  they  did 
not  go  very  far.  That  was  why  Mr.  Docker  had  started  his  association 
and  got  together  men  who  could  give  questions  vital  to  industry  their 
time  and  attention  and  back  it  up  with  money.  Nothing  would  be  done 
for  industry  unless  industry  <lid  it  for  itiself.  They  must  have  brains  and 
money  of  the  best  quality  an<l  in  the  largest  quantity.  To  talk  about 
living  on  the  interest  of  £!0(».0(K)  was  puerile.  A  thousand  men  putting 
down  £.50  a  year  each  would  give  a  revenue  of  £50.(K)0,  and  if  it  was  not 
worth  £.50  to  anyone  having  anything  to  do  with  industrA-  he  ought  not 
to  be  there.  He  supported  Mr.  Docker's  projxisal  that  there  should  be 
a  conference  of  the  parties  responsible  for  the  three  movements  to  see 
whether  a  strong  central  organisation  could  not  be  evolved. 

•Sir  Alexander  yTENNiNO,  on  behalf  of  the  Surveyors'  Institution, 
said  the  Institution  would  be  pleased  to  do  what  it  could  to  assist  the 
movement. 

The  Chairman  said  one  direction  in  which  the  Institution  would  be  of 
great  value  was  in  regard  to  education.  The  f.5.(K)fl  a  year  income  to 
which  he  had  referred  was  merely  the  minimum  with  which  they  could 
make  a  start.     They  would  require  very  much  more. 

Mr.  Sf.MMER.s  said  he  represented  organisations  connected  with  the 
steel  indu.strv.  He  would  like  to  know  whether  it  was  intended  to  invite 
the  co-operation  of  labour  or  to  be  a  body,  which,  although  not  antagon- 
istic to  labour,  would  resist  what  were  considered  unjust  claim?  by  labour. 
If  that  w?re  made  one  of  their  principles,  labour  would  be  antagonistic. 
A  paragraph  in  .Mr.  Docker's  pamphlet  might  he  interprete<l  to  mean 
that  the  organisation  would  be  antagonistic  to  labour. 

The  Chairman  and  .Mr.  Docker  both  said  there  was  no  such  intention, 
but  the  former  said  before  inviting  the  co  o|)eration  of  lalnmr  they  must 
have  a  body  jinqjerly  organised.  Labour  already  had  a  very  large  and 
powerful  body.  When  they  had  a  ])owerful  IxkIv  also  the  two  combinetl 
wouhl  be  an  irresistible  force. 

.Mr.  .\Ll.co<K(Manchester)said  the  ideals  of  the  Institute  were  a  pprove<I 
bv  all.  They  should  link  up  the  jire.sent  successful  sectional  organisa- 
tions. Wheii  a  man  was  asked  to  join  an  association  he  wanted  to  know 
the  subscriptifui  and  what  he  would  get  out  of  it.  If  it  were  shown  that 
as  the  result  of  the  .AssociatiruiV  work  he  would  get  a  more  ready  market 
for.  sav.  his  steam  engines,  he  would  be  ready  to  subscrilx*.  He  sug- 
gest «h1  that  the  central  association  should  derive  its  funds  by  tapping  the 
resources  which  the  sectional  organisations  had  no<lifticulty  in  obtaining. 
It  tiiigltle  suggested  to  the  existing  organisations  that  they  should  set 
aside  1(1  ]M*r  cent,  or  some  such  pro])ortion  of  their  income  for  the  central 
organisation. 

The  resolution  was  put  and  cnrrie*!  unanimously  ami  the  vote  of  thanks 
to  the  Chairman  concludcti  the  proceedings. 


NEW  CHEMICAL  LABORATORIES  AT  UNIVERSITY 

COLLEGE. 

The  fneilities  for  canying  out  research  work  and  for  training  men 
in  the  higher  branches  of  chemistfA'  at  University  College  have 
recently  Ikhmi  considerably  extended  by  the  raising,  on  a  site  imme- 
diately to  the  north  of  the  main  college  buildings,  of  laboratories 
which  atf  sjvid  to  Iv  without  eijual  in  Kunijie.  I..;irgely  owing  to  the 
energy  oi  the  pnivost.  Dr.  T.  (iregorA"  Foster,  a  sum  of  close  upon 
CKKMHX)  was  e<iIlerto<I  for  the  purpose  by  meml>ers  and  friends  of 
the  ( "olleire. 

.Much  still  remains  to  Ih^  done  before  the  buildings  can  Ik-  fully 
utilised.  The  large<»t  defect«  yet  to  be  siipplic-d  are  the  lalwratory 
equi]unent  and  ajiparalus.  the  pmvision  of  the  necessary  eh^trical 
mai  hinerv  aiui  cin  wits,  and  the  equipment  of  the  department  of 
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physical  chemistry.  In  order  to  remedy  these  defects  it  is  estimated 
that  a  sum  of  £14,000  is  required  at  once,  and  for  the  development 
of  research  work  during  the  next  three  years  a  sum  estimated  at 
£6,000  will  be  required,  making  the  total  still  required  £20,000.  It 
was  to  further  the  raising  of  this  amount  that  Captain  the  Hon. 
Rupert  Guinness,  M.P.,  tlic  treasurer  of  the  equipment  and  endow- 
ment fund,  invited  friends  of  the  college  to  inspect  the  buildings  on 
the  31st  ult.,  after  luncheon.  Before  the  inspection  was  over  the 
provost  was  able  to  announce  that  towards  the  £20,000,  Sir  Ralph 
C.  Forster,  Bt.,  who  had  already  been  a  munificent  donor,  had 
contributed  £5,000. 

The  new  laboratories  have  been  erected  from  designs  prepared  by 
Prof.  F.  M.  Simpson,  F.R.I.B.A.  The  site  fronts  upon  Gower-place 
and  has  a  frontage  of  315  ft.  The  area  covered  by  the  buildings  is 
about  17,500  sq.  ft. 

The  building  comprises  a  half-basement,  ground,  first  and  second 
floors.  The  western  portion  of  the  half  basement  is  occupied  by  the 
laboratories  and  research  rooms  for  physical  chemistry.  At  the 
eastern  end  is  a  room  about  50  ft.  square,  specially  designed  for  large- 
scale  operations,  such  as  the  examination  of  a  new  process  with  a 
view  to  its  utilisation  for  manufacturing  purposes.  Adjoining  this 
room  is  a  well -fitted  workshop  for  the  construction  of  apparatus  for 
the  departments  of  chemistry  and  physics  and  for  the  use  of  students. 
On  the  same  floor  are  rooms  for  the  production  of  liquid  air  and 
hydrogen  for  low-temperature  research,  and  for  the  main  chemical 
stores.  The  cellarage  of  the  houses  that  previously  stood  on  the  site 
has  been  adapted  for  the  storage  of  corrosive  and  inflammable 
chemicals. 

The  entrance  hall  and  main  staircase  are  in  the  middle  of  the  ground 
floor.  To  the  east  are  two  lecture  theatres  and  preparation  rooms, 
the  library,  the  private  room  and  laboratory  of  the  Professor  of 
Inorganic  and  Physical  Chemistry.  The  large  lecture  theatre 
occupies  the  whole  width  of  the  building  and  is  fitted  with  tip-up 
seats  accommodating  240  persons.  It  is  well  lighted,  having 
windows  on  both  sides,  and  possesses  excellent  acoustic  properties. 
The  small  theatre  accommodates  1 10  persons. 

Immediately  to  the  west  of  the  entrance  hall  is  the  museum  for 
the  exhibition  of  important  chemical  products,  and  next  to  that  is 
the  main  inorganic  laboratory  for  second-year  students,  with  rooms 
adjoining  for  operations  involving  noise  or  fumes,  for  balances,  and 
a  store  for  the  chemicals  needed  on  this  floor.  The  laboratory  and 
the  balconies  have  special  fan  ventilation.  The  tops  of  the  benches 
are  of  unglazed,  highly  compressed  tiles,  which  are  fire-proof  ;  they 
are  easily  kept  clean  and  do  not  increase  the  breakages,  as  was  feared. 
Beyond  this  laboratory  is  a  group  of  research  rooms  for  the  assistant 
members  of  the  staff  and  for  research  students. 

On  the  first  floor,  westwards,  are  the  private  room  and  laboratory 
of  the  Professor  of  Organic  Chemistry.  Adjoining  these  are  the 
organic  laboratory,  combustion  room  and  balance  room  at  one  end, 
and  a  group  of  research  rooms  at  the  other.  To  the  east  of  the  main 
staircase  are  the  organic  theatre,  the  organic  chemical  stores,  an 
apparatus  store,  a  dark  room,  a  spectroscope  room,  a  service  room 
and  lavatories. 

At  the  east  end  of  the  second  floor  is  the  laboratory  for  first-year 
students,  providing  bench  accommodation  for  1 00  to  work  at  a  time. 
Balance  and  store  rooms  immediately  adjoin  it.  West  of  the  main 
staircase  is  the  department  of  pathological  chemistry.  This  depart- 
ment is  devoted  entirely  to  post-graduate  and  research  work  ;  it 
comprises  a  general  laboratory,  a  research  room,  operation  and  post- 
mortem rooms.  To  the  west  are  six  research  rooms  for  general 
chemical  research. 

The  general  ventilation  of  the  building  is  controlled  by  four 
separate  fans,  the  flues  from  each  room  running  to  a  main  duct  in 
the  roof.  The  laboratories  and  research  rooms  have  glazed  brick 
walls  ;  they  are  amply  supplied  vrith  fume  cupboards,  which  are 
ventilated  by  separate  flues  in  which  the  draught  is  created  by  gas 
flames. 


THE  DEVELOPMENT  OF  THE  BUREAU  OF  STANDARDS. 


The  "  Electrical  World  "  recently  published  an  instructive  article 
by  Dr.  Stratton  on  the  growth  of  the  Bureau  of  Standards  since 
its  enlargement  about  1900.  In  a  prefator3^  statement  he  mentions 
that  the  Bureau  is  in  constant  touch  with  every  branch  of  American 
industry,  and  is  having  the  sincere  co-oi)eration  of  technical  societies, 
industrial  concerns  and  scientific  laboratories.  The  work  being  done 
is  grouped  under  a  scheme  of  organisation,  and  includes  absolute 
physical  measurements,  weights  and  measures,  pyroraetry  and  fire- 
resisting  properties,  chemistry,  engineering  instruments  and  inves- 
tigations, structural  engineering  and  metallurgical  work. 

One  of  the  main  activities  of  the  Bureau  is  the  testing  of  materials 


for   the   '^iovemniciit.     i-dr  •,    the    i 

Panama    Canal    work    were  here.      I 

incandescent  lami)8  at  various  (^rtvemment  factories  were  inK|j«rcte(L 

The  testing  for  the  public  is  con'       '  *       •       '      "  '      "■     .-aa 

does  not  compete  with  private  I-  .are 

also  certificated,  and,  HJnce  America  in  dejiendent  on   Kurope  for 

optical  glass  at  prestrnt,  glass  fumaccH  have  \>c<m  inxtajled. 

The  Bureau  i.s  also  in  close  touch  with  the  clay  and  |X)ttery 
industries,  and  there  i.s  a  decide<l  tendency  on  the  part  of  the  cement, 
paper,  textile,  rubber,  paint  and  other  imlu»trie«  to  co-ofjerate  with 
the  Bureau  in  fixing  standarrls  of  quality.  In  thi>«  resjject  the 
Bureau  appears  to  be  much  further  ahead  than  the  KimUar  imttita- 
tions  in  this  and  other  countries. 

The  younger  people  employed  in  the  Bureau  receive  a  mrnimnm 
salary  of  £95  a  year,  and  are  encouraged  to  attend  the  ' 
and  after  five  or  six  years  of  this  training  they  rank  ..    ^.. ..,,„.,..  ,.^ 
regards  promotion. 


DIMENSIONS  OF  ELECTRICAL  UNITS.* 

BY    JI.    ASCOLI. 

The  present  memoir  was  \\Titten  in  April,  1914,  but  publication 
was  postponed  on  account  of  the  European  war.  The  author  em- 
phasises the  necessity  of  retaining  what  Riicker  used  to  call  th.- 
"  suppressed  "  dimensions,  such  as  those  of  dielectric  constant  and 
magnetic  permeabflity,  more  especially  when  units  have  to  be 
defined  and  names  assigned  to  them.  This  is  especially  to  Ije  borne 
ill  mind  in  view  of  the  proposal  to  use  the  same  unit  for  such  hetero- 
geneous quantities  as  magnetic  fi°ld  and  magnetic  induction.  Prof. 
Ascoli  protests  against  the  long  prevalent  \iew,  originated  by  the 
Paris  Congress  of  1881,  that  there  is  any  specially  fundamental 
character  in  the  units  of  length,  mass  and  time.  Any  of  these  can  be 
replaced  by  others,  and  systems  can  be  devised  in  which  ma.>.<.  for 
instance,  is  replaced  by  density  or  elasticity.  The  verj-  fact  that 
the  dimensions  of  electromagnetic  quantities,  expressed  in  terms  of 
L,  M  and  T,  are  different  in  the  electrostatic  and  electron!  . 
systems  respectively  shows  that  a  fourth  quantity  has  beei! 
omitted.  But  this  fourth  quantity  may  be  any  one  of  those  that 
enter  into  the  electromagnetic  list  of  quantities.  The  author 
characterises  as  "  extravagant  "  the  assertion  that  an  esse^ti^illy 
electromagnetic  quantity  like  inductance  should  be  homogeneous 
with  a  length,  or  that  resistance  should  be  measurable  in  metres  per 
second.  It  is  like  "  measuring  the  height  of  a  mountain  in  henries 
or  the  speed  of  a  train  in  ohms  !  " 

The  author  gives  examples  of  a  number  of  other  systems  in  which 
the  units  may  be  arranged.  For  instance,  magnetic  pole  strength 
may  be  assumed  as  the  fourth  fundamental  quantity,  and  fractional 
indices  thus  made  to  disappear.  The  same  result  follows  the 
adoption  of  current  as  a  fimdamental  unit  as  proposed  by  Giorgi. 
It  is  sometimes  of  advantage  to  introduce  the  "  constant  "  of  Biot 
and  Savart's  magneto-electric  force  as  the  fourth  quantity. 

When  any  quantity  is  expressed  by  its  fidl  dimensions,  these  are 
identical  in  whichever  sj  ^tem  they  are  expressed. 


Refuse  Collecting  by  Electric  Vehicles.— Mr.  J.  A.  Priestley, 

in  a  report  presented  to  a  sub-oonuuittee  of  the  Sheflield  Cor- 
poration, refers  to  the  results  obtained  with  electric  vehicles 
fitted  with  Edison  batteries  in  Comparison  with  horse-drawn 
vehicles.  These  were  used  for  collecting  dustbin  refuse,  and 
he  finds  that  when  the  total  mileage  does  not  exceed  three  per 
journey  the  horse-drawn  vehicle  is  the  most  economical,  but 
above  that  distance  the  electrically-propelled  vehicles  show 
a  decided  superiority.     The  following  are  some  of  his  figures  : — 

District.  No.  T.  No.  II.  No.  III. 

Cost  per  ton,  electric   ...     os.  OSd.    ...   2s.  3  ^d.    ...    Is.  10-3d. 

„       horse  7s.  0-4d.    ...   3s.  3-2d.    ...   2s.    (v2d. 

He  states  that  in  Sheffield,  where  the  system  of  day  and 
night  work  is  in  vos,nie,  the  electric  vehicle  is  a  pronounced 
success,  and  he  recommends  the  extension  of  the  method 
where  opportunitv  oflters.  more  especially  as  it  ivndei-s  possible 
the  centralisation  of  the  work,  and  the  use  of  one  destructor 
capable  of  dealing  wirh  all  the  refuse  of  the  city.       

*Abstiactof  an  articl-  in  "  L'Elettrotccnxa"  f.r  Nor.  25th.  1915. 
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SPECIAL   NOTICE. 

Last  week's  niunber  of  "THE  ELECTRICIAN"  completed  Vol.  LXXVI. 
With  next  week's  number  will  be  issued  Gratis)  the  Index  to  the  Volume. 


Vol.  LXXVI.  of  "  The  Electkici.\>'."     Bound  in  Publisher's  covers, 
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SPECIAL    NOTICE. 

In  order  that  we  may  be  able  to  supply  the  newspaper  trade  effectively 
and  meet  the  requirements  of  the  Post  Offlce,  we  are  sending  THE 
ELECTRICIAN  to  press  a  few  hours  earlier  every  week.  All  editorial 
and  news  matter  for  the  next  current  issue  of  THE  ELECTRICIAN 
must  reach  us  as  much  earUer  as  possible,  but  not  later  than  WEDNES- 
DAY MORNING,  and  advertisement  text  and  blocks  must  reach  the 
offices  as  much  earlier  as  possible,  but  not  later  than  TUESDAY 
EVENING,  during  the  continuance  of  the  War.  Displayed  Advertise- 
ments not  for  proof  before  first  insertion  can  be  taken  until  NOON  ON 
WEDNESDAY,  and  Official  Announcements,  Auctions  and  "  Smalls  " 
of  all  kinds  of  which  no  proofs  are  required  before  insertion  can  be 
accepted  up  to  FIRST  POST  THURSDAY  MORNING. 


FACTORS  IN  SCIENTIFIC  MANAGEMENT. 

One  effect  of  the  war  is  that  public  attention  has  been 
directed  to  the  science  of  production — a  science  to  which, 
prior  to  the  war,  little  attention  had  been  given  in  this 
country.  Without  fear  of  contradiction  it  may  even  be 
stated  that  with  few  exceptioas  many  of  our  industries 
were  carried  on  without  reference  to  the  science  of  produc- 
tion. The  manufacture  of  munitions  during  the  past  vear 
by  firms  unaccustomed  either  to  the  use  of  gauges,  or  to 
repetition  work  and  rigid  inspection,  will  mat^riallv 
strengthen  our  engineering.  By  some  it  is  argued  that 
severe  restrictions  are  imposed  as  regards  accuracy  of 
dimensions  and.  to  a  certain  extent,  this  may  be  so  ;  but 
those  competent  to  form  an  opinion  assure  us  that  on  repe- 
tition work  accuracy  is  easily  attained  provided  that  the 
method  of  production  be  correct.  The  enormous  sums  of 
money  expended  by  private  firms  in  the  manufacture  of 
gauges  and  tools,  which  at  first  sight  appears  to  be  largely  a 
dead  loss,  ma\ ,  in  reality,  be  regarded  as  being  devoted  to  a 
big  educational  campaign.  A  direct  re.sult  of  this  campaign 
has  been  the  enforcing  of  a  discipline  which,  of  it«  kind',  is 
as  severe  as  that  demanded  of  a  soldier  or  sailor. 

Little  more  than  six  month.s  ago  a  strong  committee, 
known  as  the  Health  of  Munitions  Workers  Committee,  was 
appointed,  with  the  concurrence  of  the  Homk  Secretary, 
"  to  consider  and  advise  on  (luestions  of  industrial  fatigue, 
hours  of  labour,  and  other  matters  affecting  the  personal 
health  and  j)hysiral  efhciency  of  workers  in  munition.-* 
factories  and  workshni>s."  All  matters  affecting  the 
personal  health  and  physical  efficiency  of  workers  properly 
lielong  to  the  science  of  production.  Attention  to  these 
matters  not  only  les.sens  the  cost  of  production,  but  also 
increa.ses  the  wage-earning  capacity  of  the  worker.  Both 
are  highly  important  factors  in  promoting  the  welfare  of 
the  working  classes.  We  take  it  that  no  one  will  deny 
either  man  or  woman  the  right  to  live  comfortably  by 
exerci.sing  his  or  herability,  and.  with  thrift,  to  provide  for 
old  age  and  sicknes.s.  If  it  be  .so.  lessening  cost  of  produc- 
tion .should  give  rise  to  greater  employment,  and.  in  the  long 
run.  increasmg  the  wage-earning  capacity  of   the  worker 
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should  undoubtedly  pi-oinoto  thrift.  The  decrease  of 
pauperism  may  be  taken  as  evidence  of  the  importance  of 
these  matters. 

Of  the  10  memoranda  already  published  by  the  Health 
of  Munitions  Workers  Committee  for  the  Minister  of 
Munitions,  amongst  the  most  interesting  are  the  tour 
recently  prepared  dealing  respectively  with  "  Industrial 
Fatigue  and  its  Causes,"  "  Special  Industrial  Diseases," 
'•  Ventilation  and  Lighting  Munition  Factories  and  Work- 
shops "  and  "  Sickness  and  Injury."  In  connection  with 
the  first-named  the  Committee  express  the  hope  that  the 
studv  of  industrial  fatigue  and  the  science  of  management 
based  upon  it,  which  is  now  being  forced  into  notice  by 
inunediate  need,  may  leave  lasting  results  to  benefit  the 
industries  of  the  country  during  succeeding  years  of  peace. 
We  also  hope  and  believe  that  the  deliberations  of  the  Com- 
mittee will  yield  lasting  results  to  benefit  our  industries. 

At  the  moment,  one  of  the  most  important  problems 
awaiting  solution  is  that  of  industrial  fatigue.  In  an  able 
article  in  the  "  Daily  Mail,"  of  the  31st  ult.,  Mr.  B.  Tillett 
discussed  the  position  on  the  Clyde,  and  went  to  the  root 
of  the  matter  by  stating  :  "In  the  first  place,  these  men 
.  .  .  have  for  20  months  been  working  at  full  pitch 
day  in  and  day  out.  Long  hours  and  overtime  have  been 
the  rule  and  not  the  exception.  Body  and  brain  alike 
have  been  fatigued.  Weariness  due  to  physical  strain, 
temper  due  to  the  greyness  of  their  lives,  have  made  them 
fit  subjects  for  the  promptings  of  revolt."  In  dealing  with 
the  best  remedy  for  the  present  discontent,  Mr.  Tillett 
urged  :  "  First  let  the  hordes  of  moralising  busy  bodies 
who  so  sedulously  preach  to  labour  cease  their  activities, 
and  do  something  of  benefit  to  the  country.  Calm  down 
the  men  somewhat  by  ceasing  to  nag  them.  .  .  .  Then 
overtime  and  Sunday  labour  should  be  ruthlessly  cut  down. 
Both  mental  and  physical  recuperation  is  necessary  for  the 
men.  Flesh  and  blood  cannot  go  on  as  many  men  have  had 
to  go  on  for  the  past  20  months  without  breakdowns  and 
possibilities  of  disaster." 

That  such  is  the  case  is  evident  from  a  perusal  of  the 
memorandum  dealing  with  "  Industrial  Fatigue  and  its 
Causes,"  and  the  memorandum  appears  at  an  opportune 
time.  Excellent  illustrations  of  signs  and  symptoms  of 
fatigue  are  given.  Thus:  "  Two  officers  .  .  .  recently 
.  .  .  competed  in  making  equal  lengths  of  a  certain 
trench,  each  with  an  equal  squad  of  men.  One  let  his  men 
work  as  they  pleased,  but  as  hard  as  possible.  The  other 
divided  his  men  into  three  sets,  to  work  in  rotation,  each  set 
digging  their  hardest  for  five  minutes  and  then  resting  ten, 
till  their  spell  of  labour  came  again.  The  latter  team  won 
easily."  Equally  convincing  are  the  following  figures 
which  serve  as  illustrations  in  the  section  devoted  to  tests 
of  industrial  fatigue. 

"  In  a  specific  instance  before  the  Committee  a  group  of 
five  male  volunteer  Sunday  workers  .  .  .  were  able 
in  eight  hours  (or  seven  hours  free  of  meals)  to  exceed  the 
average  day's  output  of  eight  week-day  men  who  work  14 
hours  (or  12|  hours  free  of  meals).  These  five  men  worked, 
no  doubt,  at  a  '  sprint,'  which  could  not  perhaps  have  been 
maintained  daily.  But  there  can  be  little  doubt  that  ihey 
could  repeat  their  eight  hours'  effort  on,  say,  four  days  in  a 
week  ;  and  if  so,  the  startling  result  follows  that  they  could 
do  in  those  four  days  rather  more  than  the  whole  week's 
work  of  an  equal  set  of  men  adopting  the  other  system  of 
hours.  .  .  .  Would  these  five  volunteers  be  '  slackers  ' 
if  they  did  a  full  week's  work  judged  by  the  14-hour  standard 
or  more,  but  had  three  holidays  per  week  .  .  .  and 
slept  longer  at  night  ?  " 


At  another  large  factory  the  manager  .  ,  ,  in  pro- 
posing to  aim  at  "  .sprint,"  and  hopes  to  get  the  .same  out- 
put from  7},  liours'  work  a.s  from  the  present  lOi  hours' 
work.  He  instituted  a  competition  as  to  which  .shift  and 
which  group  of  men  could  do  mo«t  as  an  experiment.  He 
found  that  a  small  bonus  '  increased  the  output  oi  a  group 
of  boys  120  per  cent." 

A  further  illustration  is  given  of  a  shop  built  and  staffed 
so  as  to  produce  o,(XK>  of  a  particular  stwk  article  of  war- 
fare per  week  from  which,  notwithstanding  the  ine.xperience 
of  the  new  haiuls,  1;J,(X)0  ol  these  particular  articles  are  now 
pioduceu  weekly.  The  workers  need  have  no  fear  that  the 
solution  of  these  problems  will  have  anv  effect  other  than  a 
beneficial  one  on  them.selves.  It  may  he  that  thev,  them- 
selves, will,  consciously  and  unconscioiLsly,  solve  manv  of 
the  problems  connected  with  the  science  of  production. 
Improvements  resulting  from  a  proper  application  of  such 
science  will  add  to  the  dignity  of  labour,  and  will  ulti- 
mately make  toil  into  a  kind  of  Heaven,  as  as.surediv  it 
should  be,  to  be  worth  while.  Many  of  our  readers  w  ill  agree 
that  the  world  stands  in  urgent  need  of  such  toil. 


DRY  CELLS.* 

BY  \V.  R.  COOPER,  M.A.,  B.SC. 

(Concluded  from  p.  909,  Vol.  LXXVI.) 

Summary. — The  author  gives  an  account  of  recent  investigations  on 
dry  cells  and  the  materials  that  are  used.  He  then  refers  to  varioas 
methods  of  testing. 


The  Reliable  Cell— This  cell  is  made  by  the  Associated 
Battery  Co.,  and  has  some  unusual  features.  The  con- 
tainer is  of  galvanised  iron  instead  of  zinc,  and  is  covered 


Vi,;.  9. — Section  of  the  REU-vaLE  i.  eli- 


B  — Sack  element. 

C^Carbon. 

E—  Insulating  layer. 

F^Turkish  towellinR. 

G^ Excitant  crystali. 

H    '  Bituminous  seal. 

S=^  Sawdust. 


K-- Cork  stopper. 
V=Vent  tub«. 

Y  =  Oalvani3ed-iron  container. 
Z^Zinc. 
Ti  =  Positive  terminal- 
T  •     Ne«;ative  terminaL 


on  the  outside  with  a  paper  wrapper.  It  is  protected 
internallv  at  the  bottom  bv  a  thick  bitummous  layer 
and  the  walls  are  also  protecttnl  by  a  bituminous  itxUmg. 
This  container  is  rectangular  in  section.  The  carlwu 
element  is  in  the  form  of  a  sack,  and  surrowuling  this  is  a 
cylindrical  sheet  of  zinc.  Between  the  sack  and  the  zmc 
is  a  laver  of  Turkish  towelling,  and  the  space  between  the 
zinc  and  the  container  is  packed  with  excitant  crystals. 
The  cell  is  finished  off  with  a  layer  of  sawdust,  then  some 
*  liYom  a  forthcoming  edition  of  "  Piimary  Batteries."     (Copyright.) 
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thill  'itiivas  and  finally  a  iMtiiniinoiLs  seal,  through  which 
there  Is  a  corkrtl  aixrture  on  the  one  .side  and  a  vent  ou  the 
other,  as  seen  in  Fig.  '■'. 

T/ic  M'.O.  Cell.— I'hi:  W.O.  cell,  which  is  made  by  the 
.\tla.s  Carbon  <&  iiattery  Co.,  differs  from  the  cell  last 
d«5scribed  in  that  an  eartlienware  jar  is  ib;e<I  as  the  container. 
The  sack  clcriicat  is  sunounded  by  a  cylindrical  .sheet  of 
zinc,  and  between  the  two  Is  a  sheet  of  paper.  Thi.s  sjjace 
also  wjiitain-s  exciting  .salts.  The  cell  Ls  finished  ofT  with  a 
layer  of  sawdust  and  a  bituminous  seal,  there  being  a  layer 
of  carfllxjard  l>oth  above  and  below  the  sawdust.  No  vent 
i.s  pi-ovided.     A  .section  of  the  cell  is  given  in  Fig.  10, 


I'lC.    10.       St<TI(lN   (iK   rilK  W.O.  t'EI-I.. 


B  -Strk  e!<mient. 

C 

C  '.rystaU. 
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f'oHi/Kir/wH  of  [\'it  and  l)rii  (^elh. — A  comparison  of 
the  performance  of  wet  afid  drv  f.,i»{'lan(he  cells  reveals 
the  fact  that  dry  cells  are  superior  from  the  point  of  view 
of  cjipiicify  for  a  given  weight.  In  order  to  obtain  such 
a  compari.son  it  is.  perhup-i,  best  to  rely  uj)on  the  data  given 
in  any  one  maker's  list  (rather  than  on  a  variety  of  tests)  so 
as  to  compare  cells  whir'h  are  presumably  of  the  same 
standard  of  manufacture  for  all  tyjies  and  are,  therefore, 
fairly  cnm])arable.  The  following  table  has  been  ]>repared 
on  this  b.i.'^is,  crlls  of  the  (leneral  Klectric  ('(  .  being  select e<l 
for  the  pur|M>se.  The  weight  of  wet  cells  can  only  be  stated 
very  ap|)r<>.xinjately,  as  this  varie^s  with  the  amount  of,  and 
strength  of,  the  electrolyte.  By  **  useful  life  "  is  meant  the 
number  of  <luvs  taken  for  the  voltage  of  the  cell  to  fall  to 
O-T-')  volt  whei  run  continuoiu^ly  on  a  H» ohm  circuit.  The 
last  column  gives  the  figure  (d)fained  by  dividing  the  useful 
life  by  the  weight  of  the  cell,  or,  in  other  words,  the  life 
per  p(Muid. 
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From  these  figures  can  be  seen  the  great  advantage  of  the 
sack  form  of  cell  over  the  other  types  of  wet  cell.  Agglo- 
merate cells  do  not  show  up  so  well  as  the  ordmary  porous 
pot  cells  on  this  basb.  It  is  noticeable  that  the  dry  cells 
are  much  sui)erior  to  the  wet  cells,  and  that  this  superiority 
Ls  obtauied  with  a  smaller  weight.  Thu>,  the  No.  1  dry  cell 
weighs  only  5  lb.,  whereas  the  average  3-pint  wet  cell 
weighs  8  lb.  and  gives  a  considerably  less  efficient  result. 
The  No.  1  dry  cell  has  about  the  same  weight  as  the  average 
quart-size  wet  cell.  It  is  seen  that  the  efficiency  in  all 
types  generally  increases  w  ith  the  size  of  cell. 

In  the  matter  of  first  cost,  wet  cells  generally  have  an 
advantage.  For  example,  the  list  price  of  a  No.  1  G.E.C. 
cell  is  3s.,  whereas  the  prices  of  the  3-pint  wet  cells  are 
Is.  lOjd.,  2s.  3d.  and  .3s.  9d.  for  a  porous  pot  cell,  an  agglo- 
merate block,  and  a  carporous  respectively.  The  price  of 
a  fi-block  agglomerate  is  .is.  Gd,,  but  that  of  a  3-pint  Carsak 
cell  is  only  3s. 

A  dry  cell  has  the  disadvantage  that  when  it  is  ex- 
hausted it  is  of  no  further  use  and  must  be  thrown  away, 
miless  the  manufacturing  company  makes  an  allowance 
for  old  cells,  which  is  j^omeiimes  the  case.  Wet  cells  can, 
of  course,  be  re-charged  But  fresh  electrolyte  does 
very  little  to  put  new  life  into  an  exhausted  cell.  It  is 
necessary  to  renew  the  depolarising  material  as  well,  and 
not  infrequently  the  zinc  also.  Consequently  the  supposed 
advantage  of  being  able  to  re-charge  a  cell  is  not  a  very 
great  one,  and,  on  the  other  hand,  ihe  dry  cell  is  greatly 
superior  in  that  it  is  always  ready  for  use  and  is  exceedingly 
easy  to  handle. 

TE.STIXO  Dry  Cells. 

The  testing  of  dry  cells  has  assumed  some  importance  as 
a  distinct  branch  of  cell  testing  owing  to  the  fact  that  these 
cells  are  used  in  enormous  quantities  aid  for  very  different 
cia.sses  of  service.  For  this  reason  a  g)od  deal  of  attention 
has  been  given  to  the  subject. 

The  object  of  tests  is  generally  to  obtain  romparatiie 
results,  so  that  one  kind  of  cell  may  be  compared  with 
another, orro  that  different  batches  of  the  same  kmd  of  cell 
may  be  compared  so  as  to  ensure  a  certain  standard  of 
manufacture,  rnfortimately.  different  kinds  of  tests  do 
not  always  leail  to  the  same  c()ni])arative  results,  and  there- 
fore a  test  should  be  selected  having  some  relation  to  the 
character  of  the  work  for  which  the  cell  is  required.  Thus 
for  .sonu»  purposes  an  intermiitent  test  may  be  preferable 
to  a  continuous  test.  It  need  scarcely  be  remarked  that 
the  precise  service  conditions  under  which  a  cell  is  to  bo  used 
can  rarely  if  ever  be  rej)rt)diued  as  test  conditions,  and  even 
if  they  could  the  test  would  l)e  too  prolonged  to  lie  u>.;eful. 
But  it  is  <lesi ruble  tti  be  able  to  deduce  the  life  in  service 
from  the  lifetm  test  with  someshow.i^f  jirobability. 

.Vpart  from  comparative  lif>>  tests,  other  tests  are  usetl  tt) 
determine  whether  a  cell  is  in  good  condition  and  whether 
it  deteriorates  on  o]x'n  circuit. 

Trstii  l(,  Drterwinr  the  Cnn^fUion  of  a  Cell  before  Use. — 
These  tests  inchule  the  mea.surement  of  K.Al.F.  (which 
.should  vary  fnmi  15  to  1()  volts)  and  internal  resistance, 
8uch  information  is  not  of  anv  jireat  value 

A  third  test  is  what  is  known  as  the  Sliorf  Cirruif  Test. 
It  is  in  common  use  in  the  United  States,  but  it  has  been 
subjected  to  a  gn'at  deal  of  criticism  on  the  ground  that 
it  may  Ix'  h-irmful  to  the  cell  and  gives  information  of  only 
doubtful  value.  Taking  the  average  .Vmerican  cell,  which 
is  (i  in.  high  by  2|  in.  tliameter.  it  is  found  that  the  current 
on  short-circuit,  when  the  cell  is  new  and  good,  varies  from 
18  to  25  amperes.  Inferior  cells  give  currents  as  low  as  10 
amperes.     This  remark,  however,  does  not  apply  to  Enghsh 
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cells.  Aineiican  practice  and  English  practice  differ  so 
much  that  the  product  of  these  countries  cannot  well  be 
compared.  In  the  former  everything  seems  to  be  sacrificed 
to  high  initial  current,  whereas  in  this  country  the  best 
qualities  and  preparations  of  materials  are  selected  with  a 
view  to  producing  a  cell  with  the  longest  useful  life.  A 
current  ranging  from  5  amperes  in  the  middle  sizes  to  12 
amperes  in  the  large  sizes  is  undoubtedly  sufficiently  high 
for  ordinary  requirements,  and  dry  cells  can  be  made  which 
give  such  currents  on  the  short-circuit  test,  and  will  give 
also  a  maximum  output  and  possess  the  useful  character- 
istic of  maintaining  tlieir  condition  when  kept  in  store  for 
a  very  long  time. 

This  test  gives  an  easy  rneans  of  determming  if  a  cell  is  in 
good  condition,  provided  the  behaviour  of  the  particular 
brand  of  cell  is  known.  It  also  forms  the  basis  of  what  is 
called  the  Shelf  Test.  The  longer  a  cell  is  kept  in 
stock  the  smaller  is  the  short-circuit  current.  In  the 
United  States  it  is  considered  that  the  short-circuit  current 
should  not  fall  below  10  amperes  after  storing  ("  on  the 
shelf  ")  for  about  12  months.  The  curves  in  Fig.  11  have 
been  given  by  C.  Hambuechen*  as  showing  the  variation 
of  the  short-circuit  current  as  a  cell  is  stored. 

For  the  short-circuit  test  to  have  any  true  meaning  it  is 
necessary  that  the  ammeter  should  have  a  definite  resist- 
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Fig.  11. — Vabiation  of  Shoet-Circuit  Cubeent  with  Age  of  Cell. 

(Hambuechen.) 

ance  ;  otherwise  the  results  might  vary  with  the  ammeter 
selected.  A  committee  of  the  American  Electrochemical 
Society  have  recommended  that  the  resistance,  including 
the  leads,  should  be  001  ohm,  correct  to  within  0002  ohm. 
Comiection  must  be  made  by  the  cell  terminals,  and  it  is 
suggested  that  the  maximum  swmg  of  the  needle  should  be 
taken  as  the  short-circuit  current.  This  direction  should 
scarcely  be  necessary,  as  a  very  dead  beat  instrument  should 
be  used  and  the  circuit  should  be  closed  only  just  long 
enough  to  secure  a  readmg.  It  is  stated  to  be  an  advantage 
if  the  leads  terminate  in  a  strip  of  lead,  as  this  improves  the 
contact  with  the  terminals. 

The  value  of  the  short-circuit  current  depends  appre- 
ciably upon  the  temperature.  It  is  found  that  the  current 
rises  (for  the  size  of  cell  above  mentioned)  by  about  1  ampere 
for  each  10°C.  rise  in  temperature  between  10°C.  and  80°C. 
Cells  are  particularly  sensitive  in  this  way  at  low  tem- 
peratures. 

Shelf  life  is  affected  considerably  by  temperature.  This 
fact  is  illustrated  by  the  figures  in  Table  I.,  which  are  given 
by  D.  L.  Ordway.f  They  refer  to  cells  tested  after 
keeping  for  five  months  at  the  temperatures  indicated. 

*  "  Trans.,"  American  Electrochemical  Societj^,  Vol.  XXI..  p.  29"'. 
•j-  "  Trans.,"  American  Electrochemical  Society,  Vol.  XVII.,  p.  341. 


There  is,  therefore,  good  rea.son  for  storing  cells  in  a  coot 
place. 

The  short-circuit  to.^,  although  it  gives  an  indication  of 
age  or  def-^ctive  condition,  gives  no  measure  of  the  service 
capacity.  The  figures  in  Table  If.,  due  to  D.  L.  Ordway,* 
illustrate  this  point.  Here  the  "  old  "  cells  were  nine 
months  old,  and  the  capacitT  was  foimd  by  discharging 
continuously  on  a  2-ohra  circuit  down  to  0-25  volt. 

Table  II. — Short-circuit  Current  and  Service  Capacity  of" yew  and  Old 

Cells. 
New  Cells.  Old  Celts. 

Short-circuit  current    22-4  amperes  3-6  amperes. 

Service  capacity  24-9  ampere-hours 20-2ampere-hrs. 

On  the  other  hand,  the  short-circuit  current  ob\nously 
gives  an  mdication  of  the  internal  resistance,  and  for  thi 
reason  some  conclusions  may  be  drawn  as  to  the  ingredients 
in  the  case  of  a  new  cell.  For  example,  if  the  current  is 
imduly  high  we  may  conclude  that  an  excessive  amoimt  of 
low  resistance  carbon  or  graphite  has  been  included,  thus 
reducing  the  manganese  peroxide  below  the  proportion 
which  is  desirable  for  gocd  dcpolarisation.  But  if  the 
current  is  unduly  low  it  is  probable  that  cheap  materials 
have  been  used. 

The  short-circuit  test,  although  commonly  used  in  the 
United  States,  has  not  found  much  favour  among  English 
manufacturers  or  users.  Dry  cells  are  not  intended  to  give 
large  currents,  and  it  is  felt  that  indiscriminate  testing  by 
short-circuits  can  do  no  good  to  a  cell  and  may  do  harm. 
Moreover,  such  a  test  is  not  a  measure  of  the  life  obtain- 
able ;  in  fact,  if  the  current  is  above  a  certain  figure  the 
outj  ut  in  service  will  probably  be  low. 

Life  Tests.— There  is  much  to  be  said  for  simplicity 
in  t(sts,  and  for  this  reason  a  continuous  test,  by  running 
on,  ^  ay,  10  ohms,  has  been  popular.  Results  are  sometimes 
stated  in  ampere-hours  or  in  watt-hours,  but  generally  the 
user  is  more  concerned  simply  with  time.  In  other  words, 
cells  are  generally  used  on  constant  r^^sistance  circuits,  and 
so  long  as  the  current  is  maintamed  above  a  certain  value 
the  result  is  satisfactory  ;  but  current  above  this  value,  and 
the  voltage  necessary  for  this  excess,  are  merely  so  much 
waste  from  the  user's  point  of  view.  Hence  time,  rather 
thaj:  ampeie-hours  or  watt-hours,  is  important. 

For  some  purposes,  such  as  ignition,  cells  may  be  testo«i 
in  stuies,  but  generally  speaking  it  is  preferable  to  test  cells 
sing  y,  rather  than  in  series,  because  the  average  obtained  by 
the  5eries  arrangement  is  not  necessarily  the  same  as  the 
average  obtained  by  testing  the  cells  separately  and  avenig- 
ing  I  he  results. 

Kaliance  should  not  be  placed  on  a  small  number  of  tests. 
If  the  comparison  is  important  it  is  better  to  run  a  series  of 
test:;  over  six  months  or  a  year.  The  following  results  (due 
to  AV.  B.  Pritz^  •  of  10  monthly  tests  on  nvo  brands  of 
cell  illustrate  this  pouit  f  : — 

No.  of  Tests  1       2       3       4       .")      (>       7       8       9     10  Average 

Brand  A    42     35     38     33     60    45     48     35     06     48     45-0 

Brand  B     30     37     24     25     27     40     48     42     40     40     35-3 

On  a  continuous  test  the  character  of  the  curve  depends 
upon  the  value  of  the  resistance  that  is  tised  for  the  circuit. 

*  Loc.  cit. 

t  Report  of  Committee  of  American  Electrochemical  Society.  Alao 
W.  B.  Pritz,  'Trans.."  .^mcucau  Electxochemical  Society,  Vol.  XIX., 
p. '31,1911. 
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If  the  nai'iHimicH  in  low,  hay,  2  ohiiw  for  an  ordinary  size  cell, 
tlu;  volta^^c  falls  rapidly  because  the  deixjlarlsation  Is  iji- 
Kufficient  to  ni«;et  the  needs  of  the  case.  With  a  high 
re:->iHtance  the  fall  is  much  less  rapid.  A  low  resistance  test 
would  not  be  ase<i  for  testing  a  cell  intended  to  be  used  for 
only  small  currents. 

The  effert  (i  an  intermittent  test  i.s  lo  give  a  cell  time  to 
recover  and  consequently  the  result  obtained  Is  materially 
flifffffnt  from  that  ob.'ained  by  a  continuous  test.  This  Is 
empha>^i.-ed  by  the  curves  in  Fig.  12.  which  are  due  to 
i>.  L.  Oiflway.*  These  ti»sts  refer  to  a  circuit  of  10  ohnts, 
the  re.  uLh  beiiig  i»biaine<l  with  three  cells  in  series  on  each 
\('<\.  f'urve  A  show.;  a  coiitinnMiLs  test,  wh<'rea;-;  curve  B 
refers  to  a  test  in  which  the  cells  were  on  circuii:  for  five 
minute*  in  each  hour.  Only  the  times  the  cells  were  (»n 
circuit  are  taken  into  account  in  plotting  the  results,  and 
consequently  the  hours  shown  are  not  unduly  long.  In  the 
ease  of  <Mirve  ('  the  c(»nditir)ns  are  the  same  as  for  curve  H 
e.xeept  thai  the  test  was  only  r\m  for  eight  hours  ])er  day 
and  for  six  (or  even  fewer)  days  per  week,  or  in  other  words 
llie  time  for  recuperation  wa«  increased  ami  the  total  time 
for  the  test  (including  the  intervals  of  rest)  was  longer.  It 
is  noticeable  that  cells  on  intermittent  service  are  able  to 
stand  up  beticr  than  on  continuoiLs  lu^e  for  a  considerable 
time,  but  eventually  the  jwsition  of  affairs  is  reversed. 
Curiouslv  enor  .;'•.  when  the  intervals  arc  increased,  as  in 
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cur\e  (',  tin-  ichmII  is  not  so  ^^imd.  This  i.s  appan'iillv  due 
to  (he  f««t  that  the  time  of  the  ti-st  is  then  so  fur  e.xtended 
thii.  deterioration  of  tin- <ell  sets  in  Ihrougli  ageing. and  this 
view  is  .Hni.jMirlitl  bv  the  fac!  that  Inith  curves  H  and  ('  fall 
lO'ire  iplickly  below  curve  \  »a  t  lie  r«'sistan<e  of  the  circuit 
is  increase*!  (»•*/..  if  u  circuit  of  2(>  (dims  is  use<l  instead  of  10 
ojiins).  the  <luration  of  the  ti'st  b«  ing  therebv  exteiidcxl.  It 
must  be  lK)rm'  in  mind  that  water  is  fornietl  in  the  action  of 
a  jell  aiifl  thus  a  (lischarge  up  to  a  certain  value  mav  be 
be.neticirti  iii  l<<'eping  a  cell  in  condition.  Whereas  il  onlv 
sin  ill  dis(  liarye.s  are  taken  at  long  intervals  a  cell  tends  to 
suffer  from  ageing  to  a  greater  extent. 

Similirlv.  it  will  be  understood  that  the  service  ca]»acity 
of  ,1  rell  dej>euds  ui>«Mi  the  tennH'rature  at  which  it  Is  used. 
The  life  is  increasixl  by  raising  tiie  tein|X'ralure  if  the  ser\'ice 
is  hoavv.  But  if  the  service  is  light  a  Imw  tenn)erature  is 
preferable  So  <u>  lo  reduce  the  effert  of  ageing.  This  is 
^hown  by  the  n^sults  in  Table  IV..  due  to  1).  L.  Ordway.* 
In  thej.e  tests  the  cells  were  dischargixl  do^vn  to  05  volt,  and 
It  will  l>o  notion!  that  the  temiwrature  at  which  the  maxi 
mum  life  is  obtaiiuNl  varie.-;  witli  tli.<  .  urr.-ni  1;«1-.>m  from  the 
cell. 


Table  111 —Effect  of  Tcmperalurc  on  Life  of  Cells  (G  i«.x2J  in.  diam.) 

Ttiiiix;raturc  at  which  Life  on                               Life  on 

cells  were  tested.  2  ohm  circuit. 

0°C.             4<^}  hours 

25X' <J0       „ 

50°C 70       „ 

7.5-C 6.5       „ 


32  ohm  circuit. 
1,800  hours. 
1,-550 
1,2.50       „ 
1,390       „ 


Table  IV. — R'Antire  Copacit;/  of  Cells  at  Various  Fates  of  Discharge 
{S.  W.  .Melsom).  (The  values  are  in  watt-hours,  except  where  otherwise 
stated.  V.B.  means  T.D.  at  beginning  of  daily  discharge,  and  V.E. 
means  P.D.  at  end  of  dailj-  discharge.) 


Test 

Cells. 

No. 

1 

A. 

B. 

C. 

D. 

1         .5  mins.  j)er  hour  on  .5<»ohnisto  0-9  volt 

lot) 

93 

83 

28 

r    T)  mins.  per  Ixturon  1  oliin.    Cells  new. 

100 

59 

43 

1 

2«^     Ditto  after  (J  months"  .storage    

100 

58 

50 

... 

I     Ditto  after  12  months"  storage 

100 

53 

42 

... 

[           Si.v  hours  \>ct  daj-  on  5  ohms — 

3^     HvV.E 

100 

71 

68 

47 

I     Jiy  mean  of  \'.B.  and  V.E.  curves    ... 

100 

50 

50 

35 

r 

Continuous  at  20  milliamjieres — 

4< 

By  amix-re-hours.     Cells  new    

100 

43 

3»j 

30 

'  Bv  watt -hours.     Cells  new  

100 

45 

40 

29 

[ 

Bv  watt -hours  after  8  months"  .storage 

100 

50 

45 

5 

Continuous  on  lOohm.s — • 

To  0-7  volt    

100 

75 

53 

60 

5S 

To  0-.5  volt    

100 

7(5 

55 

60 

To  0-7  volt  after  (i  months'  storage ... 

100 

59 

44 

28 

To  07  volt  after  12  months"  storage 

100 

67 

.50 

2 

6 

Continuous  on  100  ohms  to  0-9  volt... 

100 

68 

51 

35 

7 

Continuous  on  500  ohms  to  1-3  volts 

100 

102 

87 

10 

Table  V.— Showing  the  Effect  of  the  Different  Tests  given  in  Tabk  IV, 
on  the  Capacity  Expressed  in  watt-hours. 


Cells. 

Test  No. 

A. 

B. 

C. 

D. 

1 

43 

40 

36 

12 

2 

44 

26 

19 

3 

3 

12t) 

63 

63 

46 

4 

10.5 

47 

42 

31 

5 

(>4 

49 

35 

38 

6 

107 

73 

55 

38 

7 

70 

66 

... 

... 

That  the  comparative  rcouUs  may  vary  considerably 
according  Xu  the  test  adoi>t(xl  is  shoN\ii  by  the  results  in 
Table  IV.  Tliese  were  ohtaintxl  by  S.  W.  Melsom*  at 
the  National  Physical  I^iiboratory.  Four  ty|>es  of  cell  were 
selected,  the  size  being  7  in.  l)y  2.^  in.  by  2.1  in.  Four  cells 
of  each  make  were  submitted  to  each  test.  In  the  Table, 
the  1  vj»e  .\  is  regarded  as  gi\ing  100  per  cent,  value  and  the 
other  types  are  expressed  in  terms  of  this.  It  will  be  n<»ticed 
thai  generally,  though  not  alw.avs.  the  onb-rof  merit  is  the 
same  ill  all  the  tests,  but  the  extent  to  which  one  type  is 
belter  or  wois«'  than  another  varie.;  a  great  deal,  F<tr 
example,  ty|)<'  I)  w;is  consistently  low  except  in  test  ."),  It 
is  evident  that  .some  cells  show  up  better  on  a  continuous 
than  on  an  intermittent  test,  and  vice  trrsa.  This  ])oint  is 
emplKisised  by  Table  V.,  in  wj-.ich  the  watt-hours  are  given 
for  the  different  tyiH's.  It  should  be  nottnl  that  the  voltage 
liini.s  are  rot  the  same  for  all  the  it\sts.  and  this  in  itself  will 
cause  some  «lifferences,  but  the  variations  are  in  many  cases 
much  greater  than  can  !»<  accounted  f<ir  in  this  wav.  Cells 
.A,  ('  and  I)  all  give  the  maxnuum  outpm  on  the  intermittent 
test  of  six  hours  j>er  day.  but  cell  B  gives  its  maximum  on  a 
continuous  test  on  100  ohms. 

.\s  to  what  test  should  be  employed  depends  on  the  nature 

c»f  the  work  for  which  the  cell  is  requiretl.     A  Committee  of 

the  American  Electrochemical  8ociety  has  considered  the 

whole  question  carefully  and  has  recommended  a  number 

of  tests  which  we  give  brieflv  below  : — 

/.  T€tfpko»ff    Smirf. — Disrhargo    three    ccUf.    connected    in    series, 
thtouffh  V>  .  liin'i  remtAncc  for  a  period  of  two  minutes,  each  hour, 

1  .*«».,"  FafMUy  Society,  Vol.  Vm.,  p.  1, 1912. 
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(luring  24  hours  per  day  and  seven  days  per  week,  until  the  closed  circuit 
voltage  of  the  battery  at  the  end  of  a  period  of  contact  falls  to  2-8  volts. 

The  following  readings  are  taken  : — 
[    1.  Initial  open  circuit  voltage  of  the  battery. 

2.  Initial  closed  circuit  voltage  of  the  battery. 

3.  Closed  circuit  voltage  at  the  end  of  the  first  discharged  period. 

4.  Closed  circuit  voltage  at  the  end  of  a  discharged  period  after  three 
days,  and  weekly  thereafter. 

Report  the  results  as  the  number  of  days  during  which  the  closed 
circuit  voltage  remains  above  the  limiting  value  of  2-S  volts. 

Fig.  l.'{  shows  a  representative  discharge  curve  obtained  from  a  battery 
of  three  2t  in.  x  6  in.  (6  cm.  X  15  cm.)  cells  of  a  well  known  brand.  The 
curve  passes  through  the  values  of  the  closed  circuit  voltage  at  the  ends 
of  the  contact  periods. 

The  test  should  be  conducted  in  a  dry  place,  and  normal  room  tem- 
perature should  be  maintained  as  closely  as  possible. 

II.  Ignition  Service. — Discharge  six  cells  connected  in  series  through 
16  ohms  resistance  for  two  periods  of  one  hour  each  per  day,  seven  days 
per  week.  The  periods  should  be  11  hours  apart,  but  in  cases  where  the 
circuits  are  not  automatically  controlled,  the  first  and  the  last  hour  in  the 
working  day  may  be  chosen  for  the  discharge  periods  and  the  discharge 
omitted  on  Siinday,  without  materially  affecting  the  results. 

The  following  readings  are  taken  : — 

1.  The  initial  open  circuit  voltage  and  short-circuit  current  of  the 
battery. 

2.  The  initial  closed  circuit  or  working  voltage,  and  the  initial  impulse 
of  current  which  the  battery  is  capable  of  forcing  through  a  0  5  ohm  coil 
connected  in  series  with  an  ammeter,  and  in  parallel  with  the  l(i  ohm  coil. 

3.  Closed  circuit  voltage  and  impulse  current  through  the  0-5  ohm  coil 
at  the  end  of  the  first  period  of  closure,  at  the  end  of  the  si.\th  period,  at 
the  end  of  the  12th  period,  and  after  every  12th  period  thereafter. 

The  test  is  considered  completed  when  the  impulse  current  at  the  end 
of  a  period  falls  below  four  amperes.  Re])ort  the  resiilts  as  the  number 
of  hours  of  actual  discharge  to  the  limiting  value  of  impulse  current. 

5-0 
■4-5 

40 
'3-5 

3-0 

2-5 


CORRESPONDENCE. 


^  20 
1-5 


3=!p~j.o-_.^J^— 


336        672        1,008      1,344      1,680     2,016     2,352      2,688       3,024 
Hours  on  Test. 
Fig.  13. — Repre-Sentative  Discharge  Curve  of  Cells  on  Telephone 

Test. 

III.  Flashlight  Batlerks. — Discharge  the  battery  to  be  tested  through 
a  resistance  of  four  ohms  for  every  cell  in  series,  viz.,  eight  ohms  for  a 
two-cell  battery  and  12  ohms  for  a  three-cell  battery,  for  a  period  of  five 
minutes  once  each  daj'  until  the  closed  circuit  voltage  at  the  end  of  a 
discharge  period  falls  to  0-75  volt  per  cell,  viz.,  1-5  volts  for  a  two-cell 
and  2-25  volts  for  a  three-cell  battery. 

The  following  readings  are  taken  : — • 

1.  Initial  open-circuit  voltage  and  short-circuit  current. 

2.  Initial  closed  circuit,  or  working  voltage. 

3.  Closed-circuit  voltage  at  the  end  of  the  first,  third  and  seventh 
periods  of  closure,  and  after  each  seventh  period  thereafter. 

Report  the  results  as  the  number  of  minutes  during  which  the  battery 
was  discharged  through  the  resistance  to  the  given  end  point. 

Miscellaneous  Services. — In  addition  to  the  telephone  and  ignition 
services,  which  are  by  far  the  most  important  services  in  which  dry  cells 
are  used,  there  are  numerous  other  services,  among  which  may  be  men- 
tioned the  operation  of  automobile  horns,  sewing  machine  motors,  small 
fans,  toys,  massage  vibrators,  cigar  lighters,  bells,  buzzers,  &c.  In  the 
aggregate  these  miscellaneous  services  consume  enormous  numbers  of 
cells,  but  they  are  so  numerous,  and  there  are  such  variable  conditions 
prevailing  in  each  kind  of  service,  that  it  would  be  useless  to  attempt  to 
develop  standard  tests  covering  them. 

It  is  not  difficult  for  anyone  particularly  interested  in  any  special 
service  to  arrange  a  suitable  test  for  himself.  Care  should  be  taken  to 
make  the  conditions  of  test,  viz.,  number  of  cells,  resistance  in  circuit, 
period  of  drain,  &c.,  approximate  those  of  the  service  in  question. 
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EDfJR  KFFEOT  OF  PL.\TE  COXDKXSERS. 

TO  THE  ErJlTOK.S  OF  THE  ELECTRICIAN'. 

Mr.  (!.  J.  Wat.soii  in  The  Ei.ectkiciav,  March  24th,  has 
raised  (lonl)ts  as  to  tlio  aj^iecancnt  between  the  mea.suretl 
capacity  o£  a  plato  condcnncr  and  that  calculate  fr(Mii  the 
formula  C^AjiTtd.  1  would  pftint  out  that  th"  correction  for 
the  spreading  out  of  the  lines  of  force  at  theedjiesfof  the  plate.n 
may  be  very  appreciable  indeed  in  ca.ses  where  the  radius  of 
the  platt  is  only  moderate}//  large  compared  with  the  distance 
between  them.  G.  KirchliofE  ("  Gesammelte  AbhandlunKen," 
p.  112)  gives  a  formula  by  which  this  correction  may  be  cal- 
culated for  circular  })lates  of  given  area,  thickness  and  distance 
apart.     In  the  case  of  very  thin  plates  his  formula  reduces  to 

^^=r-^(i+-^ioge-^), 

i7id\       m-    ^     ed  /' 

where  r  is  the  radius  of  the  plates,  d  is  the  distance  between 
them  and  {■:  is  the  base  of  the  \a])erian  logarithms.  I'sing  this 
expres.sion  and  Mr.  Watson's  figures  of  plates,  1  ft.  square  and 
J  in.  apart,  the  increase  in  capacity  amounts  to  4-8  per  cent. 
It  must  also  be  remembered  that  square  plates  will  give  a  still 
further  spreading  effect  at  the  corners,  and  also  no  accmmt  has 
been  taken  of  the  coriection  to  be  applied  for  the  capacity  of 
each  of  the  two  plates  to  surrounding  bodies.  This  may  he 
considerable  and  will  have  a  greater  proportional  efff.t  tbo 
greater  the  distance  between  the  plates. 

Taking  these  three  factors  into  consideration,  errors  amount- 
ing to  the  figure  mentioned  by  Mr.  Watson,  viz..  2')  per  cent., 
may  easily  arise. 

Liverp()ol,  March  28.  G.  E.  Bairsto. 


EFFICIENCY  OF  PROJECTORS  AND  REFLECTORS. 
to  the  editors  of  the  electriciax. 

My  attention  has  been  drawn  to  the  report  in  your  issue  of 
March  17th  of  a  Paper  on  the  above  subject,  read  before 
the  Liverpool  Engineering  Society,  by  Mr.  Hayden  Harrison. 
As  this  contains  some  extraordinary  statements,  perhaps  you 
will  be  good  enough  to  spare  me  space  in  your  columns  to 
criticise  some  of  them. 

Mr.  Harrison  states  that  the  cause  of  the  increased  intrinsic 
brilliancy  cf  the  half-watt  typs  Za»(;j  is  due  to  the  reduced  area 
of  the  light  source.  I  venture  to  think  that  it  is  more  probably 
due  to  the  increased  temperature  of  the  filament.  If  an 
ordinary  incandescent  lamp  is  taken  and  half  the  filament  is 
removed,  the  intrinsic  brilliancy  of  tlie  balance  (when  carrying 
the  same  current)  is  not  /:ft'ected.  It  would  appear  that  Mr. 
Harrison  is  confusing  the  efficiency  of  reflectors  with  their 
ability  to  concentrate  tlie  light  in  any  particular  direction. 
The  reduction  of  the  divergence  of  the  b'sam  of  a  search'ight 
does  not  necessarily  imply  any  increase  in  efticienoy  of  the 
reflector,  but  generally,  that  the  light  source  is  more  wholly 
contained  within  the  focus  of  the  reflector,  assuming,  of  course, 
that  the  latter  is  properly  designed.  The  efliciency  of  re- 
flection is  obviously  entirely  dependeKi  on  the  surf-.ice  that  is 
employed. 

Contrary  to  what  Mr.  Harrison  states,  it  is  generullv  agreeil 
that  strong  local  lighting  without  general  illuminarii»n  is  a 
great  mistake,  because  the  eye  does  iu»t  woik  well  under  sn.h 
conditions. 

I  am  naturally  more  concerned  with  Mr.  Harrison's  remarks 
regarding  indirect  lighting  since  his  reference  to  the  "  be-^t 
known  system  "  undoubtedly  refers  to  the  "  Eye-R  st ''  system, 
for  whiclr  mv  company  is  responsible.  It  will  probably  be  of 
interest  to  your  readers  to  learn  that  the  efficiency  of  the 
"  X-rav  "  reflectors  which  avc  employ  is  in  the  region_of  86 
per  cent,  instead  of  Mr.  Harrison's  assumed  figure  of  TO  per 
cent.,  and  further,  that  various  competent  authorities  return 
the  reflection  efficiency  of  a  good  whitewashed  ceiling  as  over 
80  per  cent,  instead  oi  70  per  cent.,  thereby  showing  a  total 
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overall  offirienr y  of  reflprtion  of  prar-.tically  70  per  rent,  instea'l 
of  5()  per  cent.,  as  stated  in  the  article. 

The  valuf-  of  a  iji/'ithfniatifal  proof  la  piactically  destroyed 
when  the  more  important  factors  are  assumed,  and  even  if  we 
ignore  the  qutstion  of  efficiency  of  reflectors  and  ceilings  for 
the  time  heirg  the  fact  that  the  author  has  ansanied  that  the 
light  from  the  ceiling  is  equally  di.strihuted  in  all  directions 
is  quite  suffirient  to  render  his  arguments  valueless. 

T'oming  down  for  a  moment  from  theory  to  practice,  I  will 
just  quote  jmiticulars  of  one  "Eye-Rest""  installation  made 
under  roiiditions  by  no  means  ideal,  of  whirl)  d.-fnil.-d  |i;ntif'- 
ulars  are  available,  as  follows  :— 

Floor  area,  2,484  sq.  ft.  Average  intensity  (mean  of  71 
independent  tests)  1-74  ft.  « andles  :  therefore,  lumeim  on 
working  plane  equals  4,322. 

10,  KXj-watt  lamps  at  827  lumens=-8.270 
8,  40-watt  lamps  at  294  lumens=2,352 

10,622 

4  322 
Total  overall  efficiency,  therefore,  equals      ''^=  40  per  cent., 

which  compares  fjuite  favourably  with  Mr. Harrison's  theoretical 
figure  of  I  l-G  per  cent. 

Judging  by  this,  and  other  jMiblic  utterances  of  the  author 
of  the  Paper,  it  is  evident  that  lie  is  prejudiced  against  indirect 
lighting,  and  it  is  therefore  unne(;e.s.sary  tit  discuss  his  general 
comments  thereon  in  detail.  Suffice  it  to  gay,  that  thousands 
of  uwrs  of  the  '"  Kye-rest  "  system  in  both  this  and  other 
countries  appreciate  that  it  has  advantages  which  cannot  l>e 
obtained  by  any  other  means. 

.Mr.  Harrison  appears  to  be  under  the  impression  that  the 
«  m|tloymciit  nf  a  r«fh'(t<»r  and  lamp  which  will  give  an  approxi- 
mately parallel  beam,  is  the  best  manner  of  dealing  wi  h'.  at 
any  rate,  the  great  maj(»rity  of  lighting  problems.  Without 
entering  into  any  discussion  as  to  the  suitjtbility  of  su.h  an 
arrangement  for  the  majority  of  cases,  it  will  probal''y  be 
Milliciept  to  draw  attention  to  the  fact  that  such  a  combination 
is,  as  u  rule,  far  from  efficient,  since  the  reflector  only  sul  tends 
a  verv  small  angle  «)f  th"  light  source,  and  therefore  cralv  a 
small  proportion  td  the  K.tal  light  is  reflected.  The  .nulti- 
plying  power  of  the  reflector  is.  in  itself,  n«»  ind»x  of  the 
efficiency  of  the  whole  as  a  lighting  unit.  From  experi.nents 
which  1  have  made  with  reflectors  of  this  nature  it  .vould 
appear  rather  that  the  means  necessarv  to  prevent  divergen'e 
ot  the  beam  of  light,  and  therefore  to  secure  a  high  beam  (  andh - 
power,  tend  to  reduce  the  efllciency  of  the  unit. 

Rugby.  April  3.  H.  | •.  Whk.\t. 
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7.633  BRisiiLEY.     Controi  oi  eiectnc  molors. 

8,42i  B.^iiTisH  Thomson-Houston  Co.    (General  Electric  Co.)    Electric  incandescent 

lamps. 
8.860  Railing.  Garrard  &  Greenkalgh.     Electrical  resistances. 
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apparatus. 
17.116  Heiberg.     Electric  table  lamp.    (1/9/15.) 
1 7.413  S.m:th.     Electrical  apparatus  for  heating  liquids. 


&    Archer.     Electric-heating 


APPLICATIONS  FOR  PATENTS 

'^'--  •■  •-' ■    '•  •  '-'ztions  {except  those  marked  t)  are  not  open  to 

'  Complete  Specifications.     Those  marked  *  ere 

.^ . ...  -^::  attached  to  them,  it  they  have  not  been  published 

previously  in  the  ordinary  course.     Names  within  parentheses  are  those  of  communicators 
of  inuentior^.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

February  14,  1916. 
2.164  Bl'rce.    Telephone  transmitter. 
2.176  Phillips.     Electric  switches  or  couplings. 
2,179  King.     Electric  torches  or  poctcet  lamps. 
2.201  WoRDiTJOHAM.    Systems  for  distributing  electric  energy. 

February  15,  1916. 
2.212  Pearse.    A-  .:  electrically-operated  mine  signab,  &c. 

2.242  V/ILLI^.•<s&;  er. 

2.253  Knioht.     A  _u.i.i   >  =:i.i.'-ie. 

2.256  Baxter.     E 

2.261  B.T.-H.  Co.  i;  _ __    -  :-.th.    Regulation  of  induction  motors. 

2.266  O'Donnell.     Eiectricaiiy-operated  indicating  apparatus  for  signalling  apparatus 

on  railways. 
2.283  M-L  Magneto  Syso.  &  Watson.    D>'namo-electric  machines. 

February  16.  1916. 
2.293  Julian.     Electrical  fire  and  burglar  alarm. 

2.328  Dushman.     Electrical  discharce  devices.    (20/2/15,  U.S.) 

2.329  B.T.-H.  Co.    (G.E.  Co.)    Producing  alternating  currents. 
2.339  Fuller.    Telegraphy  and  apparatus  therefor. 

2.312  Cell.     Heav     -  '   ■•  '-— 

2.345  Bbiry.     Ei- 

2.347  Berry.     Oi^- - _... 

2.350  Kuhn-Frei  it  Weinmahn.     Electric  pocket  lamps. 

F"- 17.  1916. 

2.375  Hops.    Combined  plu?,  sec  itch  devices  for  electric  circuits. 

2.361  Rt'.-SELL.    Accumulator-chii  _     -.ems  for  vehicles. 

2.383  Pollak.    (Sdc.  Anon,  des  Etablissements  L.  B14riot.) 

r.itus. 
2.400  G'i.!AOE&  HtiRAN.     Electric  buzzers.  &c.. 
2.402  Artj:/.    Si?n^llinB  by  electromagnetic  waves. 
2.405  Gr\y.     Electric  switches. 

February  18.  1916. 
2,44"*  t=.'    -      "■   ■■ 
2.4; 
2,4-:- 
2,46S  Br.wn. 


Electro-magnetic  appa- 


p■M"'.J,r^^.*,r  '  ^e.^ 


Telephony. 


2.478  FiLOEs.  El. 
2,49:  Cot.  Elect- 
2.524  DiKON.    Transi-in. 


r,!.,-.,^    -)„. 


■-breakers. 

t    ctrostatic  machines. 

February  19,  1916. 

:i  :.  ,1  to  electrical  -A-aves  cr  impulses. 
February  21.  1916. 


(19,7/15.  U.S) 


2.547  L^NCASHIKE  DYNAt.tr  ^ 
7^^?  A:.T,  Lr  i  Rmlino.     :.: 

\si  Arc  Co.  &  Strchwe: 
r.-H.Ca     (G.E.  Cnt    D 


of  manufacturing  same. 

Dynamo-etectric  machinery. 
-r  electric  welding. 

systems. 


!5.  U.S.)  » 

;;fri.  I  frr  -j.  irelf.?  telegraphy  and  tele* 
pnony,  eie 
2,6<X)  Lasdvs  &  1  :n -compensating 

device.    (22,2, 15.  Gcir.-.»;.i.) 

F<"b-jr,rr  ?5,  1916. 


'  i\-\-i  P. 


ij-/''   r   r.r, 


:.bOC  HuLiuAK.     Auluniid. 


temal-oombustion  engines. 
r,  l1  tutjUiiT  p|r,-t,ic»1  conductor  conduits  to 

•■••-■•  "lectrical  variations. 


(23 '2, 15.  Sweden.) 


TV.  kc. 
.Is. 


3.4^ 

3.52J  I.- 
1 


V  Ls  Ni.'iit.     1 
>ctTlc  push  buttons. 

'.'F    pt; /o,:  SCMR  Ti.-p«>..     T»ieiw,VK   M> 


<4J  K-itijs.     S:-;ci,ii6h; 


'  ^*.     \-jA  .  r»  .  lB  ,  I         CiT'L  JTC  f' 


(23/4 'IS.  U.S) 

M    J91f> 


-.  aratus. 

trains. 
i^'-.-wnTi  for  wtreless  Signals. 


1916. 


4.172  V. 


K' lie;  k'i<s.Ji,uiivAi  I 


4c,  for  telephones. 

'rumffits, 

C6.1    Cenerjrtfon  of  motive  HuM. 
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COMMERCIAL  TOPICS. 


British  Banks 
and  Trading 
Facilities. 


Sir  J.  S.  Harmood  Banner,  M.P.,  chairman  of 
the  General  Investors  &  Trustees  (Ltd.),  made 
an  interesting  speech  on  cur  banldng  system  at 
the  recent  meeting  of  the  company.  He  said 
he  was  thoroughly  in  accord  with  those  who  had  pointed  out  that 
the  work  of  financing  on  fixed  and  not  liquid  capital  was  not  one  that 
appertained  to  the  banks  of  this  country,  which  were  receiving 
deposits  of  necessity  bound  to  be  available  at  any  moment  for  return 
to  the  customers  who  had  placed  them  with  their  bankers.  When 
it  was  suggested  to  create  some  wonderful  new  financial  institution, 
controlled  by  bankers  and  assisted  by  the  Government,  as  the  proper 
method  of  dealing  with  finance  development  on  the  termination  of 
the  war,  he  ventured  to  point  out  that  both  the  Government  and 
bankers  were  ignoring  the  magnificent  work  which  the  trust  com- 
panies of  the  City  and  the  country  had  been  most  successfully  per- 
forming, so  far  as  safety  and  their  resources  permitted,  in  giving  their 
services  for  the  pro^asion  of  capital  which  it  was  not  within  the  pro- 
vinces of  banks  to  find,  and,  in  fact,  acting  as  buffers  to  the  banks. 
He  believed  that  the  combined  capital  resources  of  the  trust  com- 
panies of  this  country  exceeded  one  hmidred  millions,  and  they  had 
been  of  enormous  assistance  in  the  development  of  trade  and  com- 
merce, not  only  in  this  country,  but  in  all  parts  of  the  globe.  It  was 
quite  true  there  were  sojne  tilings  which  trust  companies  could  not 
do,  as  it  was  true,  also,  there  were  matters  of  the  same  description 
which  banks  could  not  entertain,  but  which  were  both  encouraged 
and  assisted  by  the  German  system  of  banking  and  finance  ;  but 
to  his  mind  it  was  a  question  whether  it  was  not  due  more  to  the 
want  of  Government  assistance,  protection  and  support,  such  as 
Germany  had  given  to  her  commerce,  than  to  any  other  cause  which 
had  prevented  the  trust  companies  and  banks  entertaining  the 
financial  proposals  which  the  German  bankers  were  ready  to  take  up. 
For  instance,  the  Allegemeine  Electricitats  Gesellschaft  before  the 
war  offered  to  supply  electrical  installations  for  to^\^ls  and  for 
manufacturing  firms  on  terms  of  10  years'  credit  and  payment  by 
instalments.  That  work  was  financed  by  <jerman  bankers,  but  he 
ventured  to  say  that  neither  the  bankers  of  this  country  nor  tlic  trust 
companies  would  have  entertained  financial  j)roposals  of  that 
description.  Again,  as  they  all  knew,  smelting,  the  manufacture  of 
aniline  dyes  and  other  industries  were  lost  to  this  country  entirely 
by  the  encouragement  which  was  given  by  the  (jlovernmcnt  au<i  the 
l)ankers  of  Germany,  as  against  our  own  laissez-faire  policy. 


After-War 
Trade. 


At  a  meeting  of  the  Council  of  Leeds  Chamber 
of  Commerce  last  week  Mr.  John  McLaren,  the 
representative  of  the  Chamber  on  the  Executive 
of  the  Associated  Chambers,  stated  that  two  of  the  most  important 
questions  discussed  at  the  recent  meetings  were  those  relating  to  the 
establishment  of  a  Minister  of  Commerce  and  to  the  Consular  service. 
He  approved  of  the  establishment  of  a  Minister  of  Commerce,  but 
we  must  be  rather  careful  how  we  multiply  Ministerial  oifices.  As 
to  the  Consular  question  tliey  wore  all  in  absolute  agreement.     One 


of  the  best  things  that  could  hapfien  to  t>»«»  pommerre  of  tliin  Pountr\- 

woukl  be  a  radical  change  in  tin-  '  -  «Tvife.      He  ;» 

frankly  and  gladly  that  all  our  Con^.i.-  ••■  .>  n<junfl,  but  thev  ■..-.  ..  ". 
have  the  ex])erience.  He  hojx^d  that  by  the  time  tho.  war  wa«  over 
we  should  have  our  Statesmen  agrecfl  ujxm  a  pfjlicy.  V 
Mcre  j)ropliesving  that  at  the  end  of  the  war  we  kHou.  .  ;.  - . 
industrial  upheaval.  He  agreed  that,  unlesH  the  matter  •»«  care- 
fully handled,  there  might  be.  After  we  have  got  ri-  '  '  .- 
foes  we  might  have  some  industrial  warfare  among  J' 
he  did  not  see  any  need  for  that,  and  capital  and  laV^iur  otifrht  iieri- 
ously  to  consider  the  question,  and  try  if  |»fjHsible,  to  '  -tart 
after  the  war  in  producing  commodities  for  -  .  ,  -ing 
Germany,  after  the  Mar,  were  wiped  off  the  .slate,  would  the  present 
factories  in  Englar.d,  Belgium,  France,  and  even  the  United  States, 
be  cp..pable  of  dealing  with  the  excess  of  buBines.s  that  should  come 
to  them  ?  He  did  not  think  so.  We  had  to  look  about  to  see  how 
we  could  extend  our  existing  workshops  and  prepare  for  the  starting 
of  new  ones.  .  There  were  a  large  number  of  industries  foreign  to  us 
upon  which  we  were  dependent  on  Germany  for  supplies.  Without 
those  supplies  we  were  not  prepared  to-day  to  say  that  we  cuuld 
supply  those  goods  which  we  had  been  purchasing  so  largely  fr.iu 
Germany,  because  our  factories  were  either  not  built  or  not  equipjjcd. 
He  mentioned  that  because  the  Americans  had  a  fund  of  £10,(HJ0,tXK.» 
raised  by  business  men  ready  for  the  end  of  the  war  to  promote  the 
establishment  of  new  industries  and  the  extension  of  existing  ones. 
We  should  want  twice  that  sum.  We  had  talked  enough,  and  it 
was  time  our  talk  was  cr\-stallised  into  somethin'g  like  action. 


It  is  reported  that  the  demand  for  electric 
cooking  and  heatiiig  apparatus  in  the  U.S.A. 
is  developing  very  rapidly.  In  the  first  six 
weeks  of  the  current  financial  year  it  is  stated 

that  the  appliance  department  of  the  General  Electric  Co.  has  sold 

more  than  1,700  electrical  ranges. 

*         *         *         * 


Development  of 
Electric  Cooking 
in  the  U.S.A. 


Wireless 

Telegraph 

Research. 


In  an  annomicement  made  by  Marconi's  Wire- 
less Telegraph  Co.  (Ltd.)  it  is  stitetl  that 
Senator  Marconi  has  been  enc,aged  in  important 
research  work  in  Italy  and  that  the  results 
obtained  are  far  reaching  and  will  have  an  important  beoring  on  the 
future  of  wireless  telegraphy  and  telephony.  Senator  Marconi  is 
applying  for  patents  which  will  probably  be  applied  at  once  in  Italy 

to  military  purposes. 

*         *         *         * 

General  jn-ogress  in  the  province  of  mechanii;»l 
Railway  Goods  (,.i^nsport  is  tending  to  bring  to  light  the  many 
Termini.  discrepi-ucies  which  exist  at  the  goods  termini 

of  the  principal  railway  companies.  Could  the  charges  made  by  the 
railways  in  the  handling  of  goods,  say,  from  a  given  factory  in  the 
north  "of  the  country  to  a  warehouse,  say,  in  London  be  sepa  >»tely 
analysed  they  would  show  that  the  terminal  charges  were  in  exw^ss 
of  the  on-rail  changes.  Some  difference  is  naturally  to  bo  Kx^keii 
for,  but  not  such  as  to  indicate  an  exceedingly  high  proportion  in 
favour  of  the  rail.  The  entii-e  problem  of  terminal  hamlling  of  p^-'U 
has  been  made  the  subject  of  considerable  study,  but.  stnui-  x 
enough,  bv  individuals  outside, rather  than  insule  the  employ  of  thr 
railwav  lu'idertakings.  Not  a  few  of  the  schemes  which  have  Unn 
})ut  fcirward  are  cither  too  I'ostly  or  too  drastic  to  adnut  of  their 
adoption.  Such  was  held  to  be  the  opinion  befoiv  the  war.  It 
would  be  rci.  onable  to  suiijkisc  that  under  war  conditions  the  state 
of  affairs  would  be  exaggerated,  yet  sudi  is  not  proving  to  be  the 
case  The  railw ay  undertakings  have  not.  probably,  caret!  to  admit 
that  (we  are  presuming  i)re-war  conditions  for  the  moment) while 
mechanisms  can  dLsplacc  labour  on  locomoti%-es.  in  signal  boxes  and 
in  the  manufacture  of  rolling  stock,  obstructions  of  every  kind  hav. 
been  placed  in  the  wav  of  their  use  to  supplement  practically  un- 
skilled labour  in  the  handling  of  goods.  Now  that  the  war  has  put 
labour  at  a  premium  the  railway  companies  are  compelled  to  turn 
to  mechanical  transport  devices,  and  their  use  of  battery  vehicles 
and  small  industrial  batteiy-driven  trucks  and  tractors  is  a  note- 
worthv  stei)  whi(  h  will  have  far-ivaching  consequenrt>s  m  the  future. 
In  the  United  States,  whciv  the  "  clectnc  ste\ etloiv."  as  theelectne 
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baggage  truck  is  designated,  is  coining  into  extensive  use,  the  rail- 
way companies  are  obtaining  operating  data  regarding  the  handhng 
of  goodhi  at  their  l<niuMi  iii  a  form  in  which  it  could  not  jireviou.sly 
be  presented,  'i'he  unit  by  which  computations  can  Ije  arrived  at 
as  to  cost  of  handling  is  a  simple  and  onl\'  slightly  variable  one. 
For  the  handling  of  an  electric,  unskilled  lalxjur,  not  excluding  female 
labour,  can  be  employed,  and  ever}'  machine  will  do  the  work  of  many 
hands.  Some  of  the  data  which  are  becoming  available  are  proving 
confliisivcly  that  no  science  anfl  little  or  no  organi.sation  have  been 
applied  to  the  terminal  handling  of  gcKxls.  The  entire  technical 
effort  has  been  exerted  upcjn  the  rolling  stock  and  track,  a  fact  which 
explains  the  high  handling  charges  for  all  rail-borne  goods.  It  is  still 
early  to  prophcoy  that  an  immediate  change  is  likely  to  come  over  the 
lack  of  method  of  the  railway  companies  in  the  handling  and  re- 
liandling  of  goods,  but  in  the  battery-rlriven  truck  and  tractor  they 
have  a  ready  means  of  increasing  the  efliciency  of  de|xjts,  and  thereby 
of  reducing  the  charges  on  goods.  Such  economies  as  are  effected 
must  go  to  the  reduction  of  the  charges,  and  not  to  the  swelling  of 
shareholders'  jjrofits.  The  introduction  of  e()iiitabie  goods  charges  by 
the  railways  is  just  asim|K»rtant  a  part  in  the  ca|jture  of  (German  trade 
as  the  general  organi.sation  of  manufacturers  for  a  similar  purjxjse. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 
From  March  27,  1910,  to  March  .M,  lit  10. 


Til  view  of  the  increased  interest  wliicli  is  Ixinn  taken  in  the  subject  of 
th(!  importation  into  and  the  exportation  of  Kh'ctrical  Manufactures 
from  th<^  I'nitcd  Kingdom,  we  resume  our  weekly  lists.  (See-also  note 
ttt  foot  of  K.vport.-i.) 

IMPORTS. 

L'  ■::  U.S.A.:  Elec.    macMrier/.  i.\.Q^2:  dec.  lamps,  £63  ;  elec.  motor?.  £846  : 

\wir'.-  .:,  :  .i.le.  £882  ;  carbon  candles,  f.668:  unenumeraled.  £9.182;  Holland:  Elec. 
lamps,  £4.209-401  pkps.  France:  UnenumeraTed,  £160— 49  pkgs.  Switzerland :  EXtc. 
machinery,  £68;  unenumerated.  £40.  Italy:  Wire  and  cable,  £865.  Japan:  Elec. 
lamps,  £423:  unenumerated.  £513. 

Manchestbr.— i/.5.i4.  .•  Elec.  light  carbons,  35  pkgs. 

EXPORTS. 

To  Australasia.— <4ttc*/fl/i(/.-  L'ner.-;. .-;_••  ;,  £118.  Melbourne:  Elec.  machinery, 
£56;  unenumerated.  £94.  Sydney:  Wire  and  cable,  £1,037 ;  elec.  machinery,  £54 ; 
unenumerated.  £207.  /'^r/A.-  Elec.  lamps,  £183:  unenumerated.  £23.  Christchurch:  \Jt\- 
enumerated,  £18.  Dunedin :  Wire  and  cable,  £1.358:  unenumerated,  £102.  Lyttelton : 
Unenumerated,  £180.  Brisbane:  Unenumerated. £122.  Nelson:  Unenumerated,  £54. 
Adelaide:   Unenumerated.  £24.     Napier:    Unenumerated,  £101. 

Africa.-  Durban:  Wire  and  cable,  £626;  unenumerated,  £56.  Zanzibar:  Unenu- 
merated, £59. 

South  and  Cbntral  America.— Bu^ws  Ayres:  Wire  and  cable,  £6,322;  un- 
enumerated, £499.  Va/;iar<j/io.- Unenumerated,  £55.  /?(o  rfe  ya«f;ro.-  Wire  and  cable. 
£428;  unenumerated,  £40a  /?os(Jr;o.- Unenumerated,  £1,103.  Santos:  Unenumerated, 
£47. 

'  -.ted,  £132. 

!38. 
ur.'Tiumerated,  £26. 
A  AND  Straits  Settlements.— flomfcay.-  Wire  and  cable, 

.  • .  .^jO:  unenumerated,  £131.    Calcutta:  Elec. machinery,  £201  : 

£24(5.     Ceylon:   Unenumerated,  £136.     Rangoon:  Unenumerated,  £122. 
inghai :      Unenumerated.     £44. 

Am'.ierdam:  Wire  and  cable.  £266;    unenumerated,  £145.     Rotterdam: 
'. .  £.107 

66;  unenumeraled, £73.  Dieppe:  Unenumerated, 


U.S.A.— New  York: 
Gibraltar.— Wire  a 
West  Inimt-  "  ' 
India,  Cev 

£l,.';.v)    .■'-     

un''- 


r 

n 

Uri. 

Fran   r 
£174.     A/Ofv 

D''NMARK 

Russia,     l 

Portugal  Wir 

SfAlN.  — Mai  Ufa  /  Unenur  ■ 
Sweden.     Gothenburg:  U: 
Canada.-  Montreal.  Onr-nu:: 


h. 

■'•■  fl75 
Uneni.  17. 

.  .  unenumerated.  £30. 


1.  £187.    StockhcJm:  Wire  and  Cable,  £572. 
C84.    St.  John's:  Telegraph  material,  £95. 


FOREIGN   GOODS  (duty  paid  and  free). 

flomfcay .•  Unenumerafv).  t71.  Buenos  Ayres:  Unenumerated.  £72.  CapeTown: 
Unenumeraled,  £31.  Marseilles:  Unenumorated,  £671.  Faris :  Unenumerated.  £36. 
Rotterdam:  Unenumerated.  £527. 

IN    TRANSIT. 

CapeTown:    Eler.  lamp>!.  £I.2<X)      ,'.,'...   .../,.    Elec.  lampj.   £680.    Sydney:   Elec 

lamps,  £420.    Shanghai :  Elec.  kIow  lamp.t.  £147. 

NoTK.  The  InrRp  nunilMT  of  itomi«  in  thew  nnirinlrrturnR  under  the 
miHicadint;  hi-ntiint;  "  iiiKiiiimrrntcij  "  r«'Ut«>  txi  what  \r^  (h.-icrilnd  iin 
*' elertrieal  goo«l.H  "  nml  "  elcctrirni  innttTiAU." 


LEGAL  INTELLIGENCE. 

Read  v.  Stella  Conduit  Corpn. 

I^ntt  week  tiuH  (iiMc  Clinic  JH-fiin-  tlic  (  .mrt  <>(  /\)i)ionl  (the  M.iwtor  nf 
the  HoIIn.  1/11(1  .luNlice  l'hillm)iin>  and  .Mr.  .Iiistuc  .Snrgant)  an  n]i{>enl 
I'.v  pliimtilT-*  from  n  ]U<l);imMit  of  Mr.  .lu.Htioo  .)oyc<Mlt<.miw<m)t  the  notion. 

i'laintilTH  lir<iU|2ht  the  action  ngnin.<«t  «lefrndant*i  f-r  an  injunction. 
dnmnKCM  and  nncillim-  n'lief  for  the  al|p^r<l  mfnnu'-mr-nt  i>f  1«»ttrp« 
pulciit  No.  l.S.:t7.".  of  1<1(|.-.  granted  to  .Ih.h.  Wni.  HnMik."  .in.l  AllM-rt 
Kdwnrd  Head  fur  tm  iinproxod  mcanx  for  coinKN  ting  Inlndnr  rlocthr.il 
<'..ivliii>  tnj,.f-i),cr  nnd  for  cnnct ini;  the  said  rWtrical  oonduit.n  to  the 
lutinijM.  M„ch  .IS  cIIh.«k.  til....  jtiiK-tjun  boxes,  switohou.  in<>]K>rtinn  Jwixrs 


and  the  like,  the  invention  enabling  the  said  parts  to  be  effectually 
.secured  together  without  .screwing."  The  claim  was  for  an  appliance 
for  connecting  the  ends  of  two  electrical  conduits  or  fittings  consisting  of 
two  longitudinall.v  divided  sr^cket-like  clips  formed  to;Tcther  with  a  cross 
slot  Ix'twecn  theiii.  the  clip.'^  bcin<.'  made;  with  lugs  and  tightening  screws 
or  bolt.s  and  of  the  i)roper  internal  diameter  to  suit  the  respective  tubular 
conduits  or  fittings  on  to  which  they  were  to  be  clamped. 

Plaintiffs  alleged  that  defendants,  by  making,  supplying  and  offering 
for  sale  of  fittings  for  electrical  conduits  described  by  the  defendants  as 
■  Stella  Grip  Fitting.s  "  were  an  infringement  of  their  letters  patent. 
Defendants  did  not  deny  the  allegation  of  infringement,  but  pleaded 
that  there  wa.s  no  suVjject  matter  in  plaintitTs"  invention,  the  alleged 
invention  being  simjilv  to  make  a  connection,  and  was  simply  using  the 
old  method  of  fastening  at  two  end.s.  It  was  a  tight  fastening,  and  the 
same  a.s  that  used  in  a  bicycle  head.  Mr.  Justice  .Joyce  held  that  the  grip- 
ping arrangement  was  a  well-known  and  common  one,  and  as  there  was 
no  invention  in  the  us<>  of  the  ])atented  appliance,  the  patent  was  invalid. 

.Mr.  A.  .1.  Walter.  K.C,  Mr.  Colefa.x  K.C.,  and  .Sir  Denham  Warming- 
ton  appeared  in  support  of  the  a])peal  ;  and  Mr.  T.  Terrill.  K.C,  and 
Mr.  Arthur  Gray  for  resjxmdent  company. 

Mr.  W.\LTKR  contended  that  there  was  subject  matter  in  the  plaintiffs' 
invention,  there  being  disadvantages  in  using  screws  which  plaintiffs' 
invention  obviated.  He  admitted  that  there  were  many  anticipations, 
but  the%'  were  for  all  kinds  of  different  things.  He  .submitted  that  the 
j)laintiffs  were  entitled  to  the  relief  they  claimed. 

Mr.  Terrell  (for  respondent)  contended  that,  having  regard  to  the 
bicycle  head  attachment  and  Whitehead's  .specification  there  was  no 
subject  matter  in  duplicating  that,  and  that  was  really  all  that  plaintiffs 
had  done.  The  method  of  damjting  used  in  the  bicycle  iiead  attach- 
ment was  common  knowledge  and  known  to  every  engineer. 

At  the  comlusion  of  the  ar'juments  their  lord«hips  n-served  judgment. 


Samuel  Theo.  Baldry  v.  Sun  Electrical  Co,  (Ltd.). 

At  Lambeth  (Ixindon)  County  Court  on  Monday  plaintiff  (aged  14 
years)  sought  (through  his  father.  Joseph  Wm.  Baklry)  to  recover  com- 
pen.sation  for  injuries. 

Applicant  was  employed  by  respondents  as  a  learner  in  November, 
191.'),  his  average  weekly  wages  being  9s.  lOd.  He  was  waxing  vulcanite 
blocks  at  their  works  on  .Jan.  21  when  he  was  calie<l  by  another  boy, 
namcii  Harris.  He  left  his  bench  to  speak  to  him.  when  there  was  a 
dispute  about  a  small  piece  of  metal  as  to  whether  it  was  a  steel  .^having 
or  solder.  He  was  returning  to  his  bench  when  he  was  struck  in  the  bail 
of  tlie  right  eye  with  a  piece  of  steel  shaving.  He  could  not  see  where  it 
came  from.  He  was  taken  to  the  Royal  Kye  Hospital.  St.  (Jeorge's- 
circus,  whiTC  his  eye  was  removed,  and  he  reinaine<l  as  a  patient  until 
Feb.  1.  In  cross-examinatifin.  plaintiff  admitted  it  was  lutt  ])art  of  his 
work  to  touch  the  steel  shavings. 

Another  boy  (Hector  Robb)  said  they  brought  the  article  to  him  for 
liLH  opinion.  He  replied  that  anyone  could  see  it  was  a  piece  of  st-eel 
shaving  and  threw  it  away  over  his  shoulder.  He  heart!  applicant  cry 
out.  and  tlien  found  the  sliaving  had  struck  him  in  the  eye. 

.Mr.  Sh.vkf.speake  (for  resjKiiidents)  said  the  boys  had  nothing  to  do 
with  the  metals  with  the  exception  of  bra.ss,  as  they  were  working  on  the 
waxing  of  vulcanite  blocks.  If  boys  wer.'  larking,  and  an  accident 
occurred,  the  (V)urt  of  Appeal  had  decided  that  such  accident  <lid  not 
arise;  out  of  or  in  the  course  of  their  employment.  an<l  tiicrefore  did  not 
come  within  tho  scope  of  the  Act. 

•Judge  l'.\HKV  said  if  that  was  so.  they  might  as  well  shut  out  boys  from 
the  operation  of  the  Act.  as  they  were  always  larking.  If  apjtlicant  had 
not  been  employe*!  there  he  would  not  hav<'  met  with  the  accident,  and 
that  to  his  min.l  meant  arising  out  of  and  in  the  course  of  their  employ- 
ment. In  view  of  the  importance  of  the  case  and  the  likelihood  of  an 
ajijH'd.  he  reserved  his  judgment. 


BUSINESS  NOTICES. 

A  firm  of  engineering  nienhantK  in  Wosteni  Australia  .-^.dvertiRe 
that  they  an>  desirous  of  adding  a  first-class  oloctrical  agency  to 
their  busine^M.  .Applications  to  .Mes-srs.  Hopcraft  &  Hrojulwnter.  4, 
I'enclnnch  .'.venue.  l>ondrn,  K.C.      Sec  an  (iiirfrli.initenl. 

Sale  by  AUClion.  Messis.  Mo\.  C.ipp  &  (o.  will  .soil  by  auction 
on  .\pril  12  ;it  I  p.m..  machinery.  cieetric;:lly-«lriven  lathes,  fumi- 
lun\  i^c.  on  the  promises  of  tlio  Light  F-h-etric  Motor  Co.  (Lf<l.). 
Farnh.".ni-rojul.  .Moa<|s  l;:no.  .Snt-n  Kings.  Ilford.  On  vit'w  moniing 
of  sr.lo.  Cat.-dogues  of  the  auctioneers.  21H.  l.,«»wer  Clapton-road. 
Ixindon.  N.K.     Srt  alio  an  advetiioement. 

Plant  for  Sale.     In   an   advertisement    particulars  .iro    given  of 
Be(  tiiid  hand  Parsons"  steam  turlx)  sets  which  .ire  ofTered  for  sjvle. 
.\n  .-Klvertiser  offers  a  5  kw.  Herrv  transfonner  for  sale. 

Plant  Wanted.  -.\n  advertiser  wants  motor-generators.  I'y'iO  kw., 
44u  to  ."»■»(•  volts  d.c.  motors,  iK)-IIO  volt,  compound -wound 
generators. 

Mo.'t.srs.  Arrol-.Tohnston  (Lt<l.).Dinnfries.  .".dvertise  for  two  second- 
hand steam  d\nainos  (one  of  T.'i  kw.  or  HHl  kw.  and  one  of  .'VKt  kw.). 
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BANKRUPTCIES,  LIQUIDATIONS,  &c. 

A  first  and  final  dividend  of  2().s.  is  payable  at  tlic  O.  R.'s,  ;}.'$,  (.'arey- 
street,  London,  W.C,  in  the  liquidation  of  Electro-Steel  Foundries 
(Ltd.),  Booth-street,  Uarlaston. 

Claims  against  the  New  York  Hamburg  India  Rubber  Co.  (Ltd.) 
are  to  be  sent  to  the  Controller,  Mr.  Harry  E.  Clark,  7,  Sf.  Mildred- 
court,  E.C.,  by  April  30. 

Deed  of  Arrangement. — A  deed  of  arrangement  executed  by  Israel 
E.  Poy.ser  (trading  as  the  Liverj)ool  Electrical  Co.),  5.'),  Renshaw- 
street,  Liverpool,  was  filed  on  March  21.  Unsecured  liabilities  £43. 
Assets  £158.     Mr.  P.  S.  Booth,  2,  Bixteth-street,  Liverpool,  is  trustee. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Bo'ness.— The  Council  recently  iipplied  to  the  Secretary  for  Scot- 
land for  sanction  to  borrow  £14,500  for  the  proposed  extension  of  the 
electricity  works. 

Since  making  the  application  the  Deputy  Town  Clerk  submitted  a 
proposal  for  a  loan  for  the  required  amount  to  various  banks  and  insur- 
ance companies,  but  as  the  replies  had  been  so  unfavDUiablc  the  Council 
resolved  to  ap])ly  to  the  Public  Works  Loan  Board  for  a  loan  for  ^i) 
years,  or  alternatively  for  20  years  for  carrying  out  the  work.  The  Board 
have  now  intimated  that  they  cannot  comply  with  the  application. 

East  Ham. — The  mains  are  to  be  extended  in  order  to  give  a  suj^ply 
of  current  for  ^lower  to  premises  in  Manor  Park-road. 

The  question  of  increasing  the  price  of  current  for  public  lighting  has 
been  dcferretl  for  the  ])resent. 

Ilford. — The  electrical  engineer  (Mr.  A.  H.  Shaw)  has  been  autho- 
rised to  proceed  with  the  extension  of  mains  to  su})ply  a  number  of 
houses  in  course  of  erection. 

Salford. — The  Electricity^  Committee  recommends  the  Council  to 
authorise  the  cost  of  the  proposed  sub-station  in  the  Greengate 
district  to  be  defrayed  out  of  moneys  to  be  obtained  from  the  sale  of 
l.t.  cables  which  will  fall  into  disuse,  the  balance  to  be  credited  to 
capital  account. 

The  C!onimittcc  proposes  to  enter  into  agreements  with  six  persons  for 
the  supply  of  current  at  tariff  rates,  and  it  is  also  proposed  to  enter  into 
an  agreement  with  the  Peel-Connor  Telephone  Co.  for  the  supply  of 
energy  for  a  period  of  10  years. 

GENERAL. 

Bridlington. — After  the  June  quarter  the  charges  tor  electrical 
energy  will  be  : — 

For  general  lighting  :  Up  to  500  units  per  quarter,  5id.  per  unit ; 
up  to  1,000  imits,  5d.  ;  up  to  1,500  units,  4|d.  ;  and  exceeding  1,500 
units  per  quarter,  4d.  per  unit.  For  heating  and  cooking  :  Up  to  100 
units  per  quarter,  2d.  ;   exceeding  100  units  per  quarter,  1  Jd.  jjcr  unit. 

City  of  London. — At  the  meeting  of  the  Court  of  Common  Council 
last  week  Mr.  C.  H.  Collett  moved  that  the  Streets  Committee  be 
instructed  to  take  the  necessary  steps  to  oppose  the  application  of 
the  Charing  Cross,  West  End  &  City  Electricity  Supjjly  Co.  to  the 
Board  of  Trade  for  sanction  to  increase  the  maximum  lighting  rate 
in  the  City  from  5d.  to  5^d.  per  unit  during  the  period  of  the  war  and 
for  12  months  afterwards. 

Mr.  Collett  argued  that  the  charges  of  the  company  to-day  varied 
so  much,  as  there  were  preferential  rates  which  ranged  from  l|d.  to  3d. 
per  unit.  The  icsult  of  this  was  that  the  small  consumer  had  to  pay 
considerably  more  for  his  light  than  the  large  consumer.  The  balance- 
sheet  of  the  company  for  1915  showed  that  it  suffered  a  reduction  of 
only  about  £2,000  in  its  earnings  compared  with  1914. 

Mr.  Samuel,  chairman  of  the  Streets  Committee,  said  that  the  com- 
pany's position  was  that  it  was  paying  60  per  cent,  more  for  its  coal,  and 
the  cost  of  labour  had  considerably  increased. 

After  discussion,  the  resolution  was  carried. 

Eastbourne. — The  Council  has  decided  to  jiay,  without  prejudice, 
f.nd  as  an  c^ct  of  grace,  £20  to  the  widow  of  one  of  the  men  killed  in 
the  recent  collision  of  a  motor  cab  with  a  street  box  in  Seaside,  and 
£10  to  the  parents  of  a  soldier  who  was  killed  on  the  same  occasion. 

Edinburgll. — At  last  week's  meeting  of  the  Electric  Lighting 
Committee  it  was  reported  that  the  applications  for  a  supply  of 
electricity  for  the  previous  three  weeks  were  equal  to  11,801  8  c.p. 
lamps,  ag<?,inst  0,202  for  the  corresponding  period  of  1915. 

The  total  applications  for  the  year  to  date  were  equal  to  90.508  8-c.p. 
lamps,  which  showed  the  increasing  demands  for  current  notwithstanding 
the  war.  There  were  intimations  of  a  larue  numlier  of  applications  for 
electric  power  in  connection  with  pul)lic  works,  present  and  prospective. 

Kingston-on-Thames.— The  Lightmg  Committee  reports  having 
further  considered  the  mode  of  charging  for  the  supply  of  electric 
current,  and  states  that  it  has  adopted  the  following  scale  : — 

IJghtitiff. — First  3,000  units  a  year,  6^.  per  unit ;  second  3,000,  fid.  ; 
thini  3,000,  5.ld.  ;  fourth  3,000,  5d.  ;  all' over  12,000,  4 id. 


BfMement  Liqhlintj.—Vmi  .'J.OOo  uniUi,  3<J.  ;  SM-ond  3,WJ0,  2J«l.  ;  all 
over  0,000,  2\i\. 

Powp.r,  Hi'Uliiifi  itnd  (Jofjkinij.^  Vint  lO.WjO,  IJd.  ;  Recond  \(iSfi**. 
1  kl.  ;   next  .=>r),or>0,  IJd.  ;  second  TAiSHHi.  IJd.  ;  all  over  \2f),iHii),  Id. 

Leeds.— The  rVuincil  has  rerlu'wl  the  rates  from  10s.  Id.  to  ^.  in 
the  £  by  t  tking  £(iO,<KK>  from  the  tramway  earning.'*  and  bv  -aving 
£l7,0fM)  on  street  lighting  and  £13,0f)0  on  ritreet  repair 

Malton.  The  Northern  Counties  Klectricity  Supply  <  o.  pro|jo»(e 
fo  increase  the  charge  for  electric  current  by  2<J|ier  cent,  from  April  lU. 

Manchester.  .Mr.  Rohs  Clyne  has  given  notice  of  motion  for  the 
next  meeting  (,f  the  Council  expressing  regret  that  "  a  requeiit  male 
to  the  Electricity  Committee  for  large  HU}iplieri  of  current  by  a  ftmi 
intending  to  contract  with  the  Covemrnent  for  a  product  of  great 
importance,  to  be  supplied  from  a  c jnteniplated  new  work*  in  Slan- 
chester,  was  not  brought  before  the  Committee  as  a  whole  for  con- 
sideration as  to  possible  ways  and  means  to  meet  the  demand  in 
([ucstion,"  aid  directing  that  in  future  all  pro|x>-.i!s.  offern,  or 
requests  of  like  importance  shall  be  projKTly  submitted  to  the  dU- 
cretion  of  the  (Jommittee  before  accejitance  or  rcfuua'. 

Marylebone  (London). — The  estimate.s  of  the  Electric  .Supply 
Committee  of  their  income  and  expenditure  for  the  year  ending 
March,  1917,  were  submitted  to  the  Council  yesterday  (Thursday). 

The  revenue  is  c:;timatc(l  at  £218,795  and  the  total  exi-crnbture 
£21 5,802,  leaving  a  credit  of  £2,933,  after  providing  for  a  re<lu(-ti<in  of 
£47,440  in  capital  indebtedness.  The  .sales  of  current  are  i-)«timati<l  at 
15-9  million  units.  The  net  result  of  the  working  of  the  sal«-s.  4c.. 
department  is  expected  to  be  a  net  balan(c  of  £31-0.  instead  of  a  debit  of 
between  £2.000  and  £3,000  as  hitherto. 

Poplar  (London). — The  Council  recently  authoris<-d  an  increaie  of 
10  per  cent,  in  the  charges  for  electrical  energy. 

Reigate. — The  (Council  has  rescinded  a  previous  resolution  in- 
creasing the  price  of  electric  current  for  heating  from  Id.  to  l]d.  |jer 
unit  as  from  April  1,  and  ha.;  adopted  a  rejwrt  of  the  Electricity 
Committee  recommending  increrj.ses  of  15  j)er  cent,  for  energy  for 
lighting  and  power,  and  the  raising  of  the  charge  for  heating  from  1<I. 
to  l^d.  per  luiit,  plus  a  15  per  cent,  increase. 

Stirling. — Last  week  the  Council  authorised  an  increase  of  \'2\ 

])Gv  cent,  in  the  scale  of  charges  for  electric  current. 

Torquay. — Last  week  the  Coimcil  decided  not  to  light  the  town 
during  the  months  of  May,  June,  July  and  August.  It  is  anticipate<l 
that  during  this  period  a  saving  of  £725  on  public  lighting  will  be 
eft'ectcd. 

Worthing. — On  Tuesday  the  Council  considered  a  report  of  the 
Electricity  Committee  on  the  Diesel  engines  at  the  electricity  work.*. 

The  committee  reported  that  the  Electrical  Engineer  had  had  under 
consideration  the  question  of  equipping  one  of  the  Diesel  engines  with  an 
additional  fuel  pump,  at  a  cost  of  £160,  to  enable  the  engine  to  be  worke<l 
with  tar  oil  as  well  as  residual  petroleum,  which  would  not  only  eff»it  a 
considerable  saving  by  the  consumption  of  a  cheaper  fuel  oil,  but  would 
allow  a  choice  in  future  between  two  oil  markets.  The  Countil  wen- 
recommended  to  authori.se  the  committee  to  have  the  pump  in.-'talled. 

The  report  and  recommendation  were  adopted. 


IllillllH 


I 

LIGHTING  &  POWER  NOTES. 


Electricity  in  Mining.- -At  the  recent  meetmg  of  the  San  Salvador 
Spanish  Iron  Ore  Co.  (Ltd.)  the  chairman,  Mr.  C.  S.  Quartenn.iiir 
said  that  the  conversion  from  steam  to  electric  |R)wer  had  prjve«l 
very  satisfactory  indeed,  ;i:id  it  was  very  fortunate  that  the  chatigr 
was  effected,  otherwise  the  present  prices  for  coa!,  plus  freight,  would 
have  rendered  the  working  of  the  mines  practically  prohibitive  : 
whereas  electric  current  was  costmg  them  no  more  thaii  in  normal 
times.  The  production  of  washed  ore  for  the  year  showed  a  fa'ling 
off,  but  when  one  considered  that  they  ha  1  been  working  only  one 
of  their  lines,  and  that  for  a  i)eriod  of  only  eight  months,  the  output 
was  really  very  .satisfactory.  That  was  due  pitrtly  to  an  impn>ve- 
ment  in  the  quality  of  the  earths  treated,  |KUtl.\  to  the  electric  install:'.- 
tion  and  partl\-  to" the  energy  displ;i\ed  by  their  manager  and  .staff. 

At  the  meeting  last  week  .Mr.  Edgar  Taylor  gave  jxirticulars  of  the 
progress  and  discoveries  made  during  the  year. 

They  had  heard  in  Februarv  that  the  new  high  lift  pump  w  as  delirering 
water  "sati-sfactorilv  from  the  2.000  ft.  level  to  suHjum'.  and  that  all  the 
pumpinir  niachincrv  was  then  being  operated  by  electric  power.  .\t 
Oriental  shaft  the  new  electrical  wiuciing  engine  at  surface  was  enx-ted. 
and  the  shaft  it.self  had  been  adapted  for  quick  hoisting.  A  mueh  larger 
ciuantitv  of  tailings  was  dealt  with  in  the  new  plant,  and  there  was  an 
iiicrea.«c  in  the  cost  of  the  Cauvery  power  during  the  last  half-year. 

Hospital  Lighting.— The  ('hildivn's  Committee  of  the  Metropolitan 
Ayslums  Board  has  reported  upon  the  defective  condition  of  the 
electric  lighting  installation  at  the  ChUdren's  Infirmary,  and  certain 
alterations,  I'ie.,  are  to  be  carried  out  at  a  total  cost  of  £215. 
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Leigh  (Lanes./  The  Rural  Counril  has  « ntered  into  an  arrange- 
incnt  with  the  l'ilkingt<jii  ('olliery  Co.  for  the  Kujjjily  of  eleftrieal 
energy  for  jjumping  at  the  LoAvcr  Green  neverage  workR. 


TRACTION   NOTES. 


iiiiiiiiiiii 

Bournemouth. — It  is  reported  tliat  the  municipal  tramways  de- 
jjartmciit  ( ;inic<l  nearly  18,WX»,(XiO  jwssengers  during  the  year  ended 
Manhrn-. 

Coventry.  -The  Council  have  increased  the  salary  of  the  engi- 
n(!('r  a:i(i  iipinawr  of  the  tramways  (Mr.  T.  R.  Whitehead)  fnjin  t.">()0 
Uf  tOOO  |)('r  annum. 

Ilford. — In  view  of  increased  running  expenses  and  the  jjresent 
])n)K|j(rity  of  the  distri(;t,  the  Iranivyays  manager  has  advised  his 
c  >uiuiittee  to  c.msider  the  question  of  alojiting  the  jienny  universal 
fare,  and  suggests  that  the  scheme  should  he  put  into  operation  for 
the  period  of  the  war. 

Leeds.The  total  receij)ts  of  tiic  tramways  dei)artnient  during 
the  year  ended  March  'M  were  £41,ir>0  in  excess  of  those  for  1!»14-1.^), 
equal  to  r.n  increase  of  9J  per  cent. 

The  dwrcasc  in  the  car -mik-s  run  was  llT.liltJ  niiicB.  fir  ]'2',i  per  cent., 
but,  in  spite  of  thf  decline  in  mileage,  the  number  of  passengers  carried 
exceeds  all  rcfonls,  the  total  being  lU3,4i')3,801.  The  receipts  per  car- 
mik-  \viit  lip  by  lIHTd.,  or  10X4  percent. 

Newcastle-upon-Tyne.  -At  the  meeting  of  the  Corjioration  en 
W  ((liicsd.iy  ll:e  'i'ramways  Committee  rejiorted  that  il.'>,142  had 
J:ecn  cx|;cn<led  in  excess  of  the  sum  of  i.Hl.TOO  authorised  by  the 
C<,rj)oration  Act  of  Mil  1,  and  recommended  that  application  be  made 
to  the  Hoard  (if  Trade  for  sanction  to  borrow  that  amount. 

The  cxpcnditiin-  on  construftion  of  tramways  had  been  £4.004.  and 
stn-ft  works  tll.OtS.  Thf-  I'ojnniittcc  also  n']iort»-d  that  cxpcpditurc 
under  thi-  Traiim.ivs  Order  of  \'M'A.  amounting  to  £1(1, TRi),  liad  liccn 
incurred  in  the  conKtruetion  and  c(pii])mcnt  of  tramways,  and  recom- 
nicn<U'd  that  a]>i>hention  be  made  to  the  Board  of  Trade  for  sanction  to 
borrow  this  sum  also. 

The  ri  |iiiit  was  M(|opt4>d. 

Northampton.  The  Council  has  been  recommended  to  have  the 
curved  tram-trackfl  in  Mercers'  Row  &nd  Abington  street  relaid. 


g    TELEGRAPH  &  TELEPHONE  NOTES.    J 
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Australian  Telegraph  Service. — The  Eastem  &  Associated  Tele- 
gni.ili  ( 'ipiii|i;!-iie>  ;  •inniiiici'  tliat  they  will  sliortly  o|;en  their  fiwn 
pulilie  uliiee  III  .MelixiunK",  .Australia,  which  will  le  connected  by 
spccift!  wire  with  their  direct  cable  hystem.  thus  "  speeding  up  "  the 
tra  IS  nisriion  of  r:'Mcirni!Uscxe|i::;i!/eiI  with  .Melbourne  "  via  Kasteni." 
Further  in  form  ;,t  ion  of  the  scrviee  <  ..ii  be  obtained  by  ajiplying  to  any 
of  the  eomiwiny'H  Ktaiions. 

Telephone  Chnrges.  At  la>(  week's  nie^-ting  of  tlu'  ('orj)oration 
the  S|M(i,il  (oiiiiiiiitee  on  Telephones  n-|iorted  that  they  had  ijcfore 
them  the  wvsolutions  pasHt>d  at  the  i>ul)lie  meeting  held  on  Feb.  9 
jmitesling  agaiiiHl  the  iiKrcasc  jn  chatges  for  the  unlimited  telephone 
Hei\  iec,  and  the  letter  of  the  Post  master  ( leiieial  dei  lining  to  receive 
a  dc])Utation  nn  the  subject. 

'I'he  Coniniitt  e  recotiitiiendeii  il  .  n  c  ord  Ihrir  jtrotcst 

ngnillHt  the  iiuuiii'T  in  wiiieli  the  in  .id  Ikmii  ilinioxed,  and 

without    sub'  liaviiii;   Imtii  l    mm   tippdrt unity   of   making 

representiitii>r.      _        illieni.inie  with  pn-vioiifi  ussuranecs  from 

tin-  I'oHtninsicr  (Jencrai.  ami  to  intimate  to  him  that  the  Corporation 
n-served  their  right  to  fjike.  after  the  termination  of  the  war.  such  st«)is 
nM  they  nii'.dit  deem  a«lviHnbl".  with  tlir  view  of  hnvin);  the  i|itu;;es 
iiii'ilitiiij  .iiiii  il (Ii'i  I  i>niiii  i,.)iv  iif  111  •  ..)  rviei*  aiit-n-d  and  amended. 

Telegraph  and  Telephone  Breakdown.  1'h<'  rcient  hn«.w storm 
seems  !«>  have  played  havjie  with  the  telegraph  .uul  tele|)h(.ne  lines 
throughout  the  eountrv. 

Commiinic  aiion  with  all  diHtriet^.  morn  ]tnrtienlarly  llie  induslrial 
to\vn>4  in  tln'  north.  eM|Mi  lally  Mani  lieMer.  UiverpiNil.  jlmdfonl.  I/m-iIh. 
N'e\vea«tle,  (Ilas^ow  niul  Kdiniiiir):h,  wan  •'•  iTit«'rfen'd  with.  Tin- 
work  of  n-«lorinn  eonuininicntion  is  jir<M  <  ■  wiv.  nnd  mnn\  Iouum 
in  I  lie  north  an-  still  without  adei  >  m  ,, 
Chester  eonmiereinl  cin'tcx  nn>  <l<  i  ii 
Lendoli  and  Mai                                    i  a|>li  anil  leli  |i|  •  nc  )iiii|ii»-i''.. 

The  ease  of  1/  i  .,(  the  ilnnint"   •'•  <<        Tt,     i..«n  is  still 

entirely  cut  o|T  from  !iie  nnd  tolephoir  Royal 

KnuiniMTH  and  (he  b  I.  ,-M  ,    linnerrs  nn*  at  w  '   it 

1>roi>n>H»  in  slow  «m  Heeonnt  of  the  eom]tlete  wi. 

It  is  ho]x<d  that  a  sint;!..  i.-k-i-raph  w  in"  from  !.■  .   Mill 

l>o  eompli'ted  Infoiv  lln-  .  mi  ,.f  the  wrek.      Tli.  _    -  Will 

lake  ai  Irasi  n  inontli  Ixfon-  they  enn  l»i>  rentored  to  normal  c<indilion. 

Tientsin  Trlrphonp  System.     A  deseription  of  the  new  telephone 


system  at  Tientsin  (China)  api^earod  inja  recent  issue  of  the  "  Fa^ 
Ea.stem  Review." 

TIk'  new  central  batt'-iy  telep!i(.iie  syst'-m  for  Tientsin,  ordered  from 
the  Western  Electric  Co.  by  the  Clunese  Government  in  lfll.3.  was  ]mt 
into  oj>L-ration  in  .June.  1014.  The  old  magneto  system  consisted  of  three 
central  offices  located  in  Tientsin  City,  the  British  Concession  and 
Hopci,  but  for  the  new  system  only  one  central  office  is  used — viz.,  on  the 
Tientsin  City  bund  near  the  boundary  line  of  the  Foreign  Concessions. 
The  main  switchlioard  consists  of  1.3  three-position  eight-jwnel  sections 
and  one  thrce-pancd  section,  and  is  of  the  company's  Ko.  2,001  central- 
batterj-  multiple  type  with  lamp  signals.  The  switchboard  lias  a  capa- 
city of  10,000  lines,  and  is  at  pre^c-nt  equipped  for  4,000.  The  first  posi- 
tion of  the  subscrilxT  switchboard  is  equipped  with  1.5  toll--;witch'.ng 
tnmks  for  connecting  city  subscriber  lines  to  toll  lines.  The  second 
]>osition  has  a  i>artial  equipment  of  regular  subscriber  cord  ci'cuite  ami 
also  some  special  cf>rd  circuits  for  handling  the  rural  lints.  The  rcnlain- 
ing  positions,  except  the  last,  are  equipped  each  with  17  pairs  of  regular 
cord  circuits  for  completing  connections  between  city  subscriber  lines. 
The  last  position  is  equipjx'd  with  cf)rds  for  testing.  Each  section  has  a 
ca]>acity  of  10,000  midtiple  jacks,  KiO  trunk  jacks  and  4R0  answering 
jacks  with  lamps.  At  present  there  are  equipjxd  in  each  section  4.000 
m.ultiple  jacks,  40  trunk  jacks  and  300  answe'ing  jacks  with  lamps. 
Eacli  operator  takes  care  of  100  incoming  lines,  and  can  reach  any  one  of 
the  10.000  multiple  jacks  for  calling  purposes.  There  is  also  a  two-posi- 
tion toll  or  long-distance  switchboard  equipped  for  20  toll  lines. 

The  distributing  frames  and  apparatus  racks  are  in  the  terminal  room 
on  the  first  floor  directly  bi-ncath  the  switehboanl.  All  the  wires  from 
the  fiibsc-ibcrs'  telephones  are  terminat:d  on  pititectors,  consisting  of 
carlwm  blfick  arresters  and  heat  coils.  All  switchboard  circuits  arc 
fused.  Current  for  operating  the  switchboa.rd  and  stihscriliers*  tele- 
phones is  ohtaimd  from  storage  batteries  located  in  the  ba-stment.  There 
are  two  main  24-volt  batteries,  each  consisting  of  11  Chloride  type  cells. 
Also,  there  ate  two  smaller  auxiliary  batteries  of  11  cells  tach  to  obtain 
4S-volt  current  for  long-distance  transmission.  There  are  two  separate 
generating  sets  for  charging  tlu-  l)atteries,  one  a  motor  generator  taking 
current  from  the  city  mains  an<l  the  other  a  generator  Ixdted  to  a  pro- 
ducer gas  engine.  All  wiring  for  the  power  apparatus  and  batteries  is 
carried  in  steel  conduit  laid  in  the  floors  of  the  building.  All  lex-al  wiring 
in  the  switchboard  sections  is  fornied  into  cables,  and  all  wiring  between 
the  switchboards  and  the  distributing  frames  and  racks  is  carried  in 
cables  protected  by  a  fire  resisting  covering.  The  wires  to  subscribers' 
telejihoncs  are  can-icd  in  300-])air  steel  armoured  underground  lead- 
covered  cable,  to  junction  bo.xes  mounted  on  steel  poles  in  the  various 
districts.  The  Tientsin  system  is  under  the  management  of  Mr.  Tsai 
Ch' e,  managing  director,  and  Mr.  K.  Rothe.  superintendent  and 
engineer,  the  assistant  engineer  being  Mr.  K.  T.  Long. 


EMPIRE   NOTES. 


lllllllllllllllllllllllllllllllllllllllllilllllllllllllllllllllMlllllli 
Australasia. — Mell>ourne  Coimcil  recently  decided  to  install  elec- 
trical recording  meters  in  coniuH-tion  with  the  chilling  chambers  at 
the  city  abattoirs  at  a  cost  of  £:?()0. 

The  Post  mast  er-tW-neral  of  the  Commonwealth  (.Mr.  \V.  Webster),  in  a 
recent  communication  to  the  Hobart  "  Daily  Post."  said,  in  justitieation 
of  the  proposed  telephone  charges  in  the  Commonwealth,  the  average 
wage  paid  to  the  telephoni.sts  was  13-87d.  per  hour,  whereas  in  America 
the  average  was  9-0!)d.  and  in  England  (r2od.  The  cost  of  the  meeha- 
nie  d  section  was  21-.">ll>d.  in  .Australia.  10071d.  in  Englar.<l.  and  l(v20d. 
in  the  I'.S.A.  It  had  been  slated  that  if  the  rates  were  reductnl  the 
number  of  subseribers  would  jmibably  increase,  but  the  larper  the  number 
of  people  connected  to  the  exehanpes  the  less  was  the  profit  on  the  under- 
taking. In  Sweden,  Switzerland  ami  Denmnrk  the  rates  were  low.  but 
liil.iiiir  ( (1st  (uily  about  one-third  of  what  it  cost  in  .\ustralia.  so  that  the 
rales  were  relatively  higher.  In  ,\nu>rica  (where  the  cojiditions  more 
nearly  approxiinate<l  to  .Xustralian  conditions)  the  rates  were  from  200 
to  'iW  per  cent,  higher.  .\  deputation  had  askinl  him  to  consider  the 
(piestion  of  turning  over  the  system  to  private  enterprise,  hut  in  America 
the  telephone  systems  were  run  by  private  enterprise,  with  the  result  he 
had  mentiiuied. 

It  is  stated  that,  owing  to  the  (.irbons  re<'ently  punhasiil  by  Sydney 
Coiineil  in  Kngland  not  proving  satisfaetory.  the  engnu-er  projxises  to 
substitute  Nitn»  lam|is  for  thi-  are  lamps,  in  whieh  it  was  pro|»osed  to  use 
tlioMe  earlions  in  certain  localities  when'  the  failun>  of  a  circuit  of  lamps 
w  ill  not  have  a  serioiiN  ••ITivt. 

The   .\'  1    F.le«trie  Stii-l  Co.   (Ltd.).  wIikIi   has   Ikhu   forme<l   in 

Stiuth    ,\i  for  the   pur|Kise  of  installing   elnlrn    furnaces  in   the 

]irinei|>al  .state!«  of  the  t  ommonwealth  for  the  inanufactiin*  of  steel  from 
east  hcrap,  has  nt  its  bend  Mr.  Teesdale  Smith.  It  is  ho]MMl  to  envt  the 
tirst  plant  in  Sy<lney  in  May,  the  next  in  Mellxiurne  in  .lune  or  .luly.  and 
the  tliinl  in  Western  Australia  in  0<  tol>er. 

Several  yn.ini  ago  Mr.  .1.  H.  (;ill  <  s  undertook  to  produce  marketable 
K|>elter  <ii  M\  the  complex  on     of  Wesicni    1  n^iii.'^nia.  .-ind  Complex 

(•reH  (I,ti.  .'rme<l.      A  long  iiitervHl  snpiiM  r,<<l  owing  to  the  neces- 

sity of  obtHimng  eWtric  pciwer  nt  a  cheap  rate,  and  as  the  Tasmanian 
tJovernment  of  that  time  divlined  to  undertake  this  task  the  Hy<ln»- 
Electric  Power  &  Metallurgical  Co.  tackled  the  question.  However,  the 
tompany  was  unfortunat-  in  its  finances,  and  its  hydro-clivtric  schiMue 
has  now  IxM'U  a<  quire<l  by  the  (;<ivernnient.  Conli«lenee  in  the  Cillies 
jin^cfw  never  wan*-*!,  ami  it  was  deridi^  to  erect  a  diMnonst rating  unit  of 
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tlH>  ])Iant,  fif  such  capacity  that  tlio  commercial  practicability  of  the  |)ro- 
ccss  woulil  l)(!  adeqiiatt^ly  tcstcid  at  East  Carnberwcll,  near  .M;>il)ourii(?. 
it  is  stated  tiiat  a  few  weeks  ago  the  directors  of  th(!  conijiaiiy  were  al)l« 
to  make  a  fine  exhibit  of  their  product  in  a  Melbourne  shoj).  i>rok(?n  Hill 
ore  had  been  previously  dealt  with  satisfactorily,  but  on  th(i  present 
occasion  the  very  refractory  ore  of  the  Rosebery  district  of  Tasmania 
was  handled.  The  ore  contained  zinc  39  per  cent.,  lead  12-0  per  tent., 
iron  80()  per  cent.,  copper  0-4()  per  cent.,  sulphur  28  per  eont.,  arsenic 
0-14  per  cent.,  silica  9  per  cent.,  gold  4  dwt.  ])(!r  ton,  silver  13  oz.  per  ton. 
After  a  month's  run  the  directors  stated  that  sufticient  data  had  been 
obtained  to  indicate  that  the  process  is  capable  of  economically  treating 
these  refractory  ores,  the  product  being  a  spelter  99-91  per  cent,  pure, 
wiiich  is  superior  to  the  standard  fixed  by  the  Britisli  (Jovernment  for 
munition  purposes. 

The  WoUongong  (N.S.W.)  correspondent  of  the  "  Australian  Mining 
Standard,"  writing  in  February,  says  the  electric  safety  lamps  which 
weie  to  arrive  for  South  Bulli  colliery  before  the  war,  have  now  l)ccn 
received.  At  the  Excelsior  colliery,  in  the  Bulli  seam,  the  ventilation 
is  accomplished  by  a  fan,  which  is  to  be  operated  electrically,  and  which 
has  a  cajjacity  of  50,000  cubic  ft.  of  air  per  minute.  A  Bellis  &  Morcom 
engine,  coupled  to  a  100  kw.  generator,  does  all  the  pumping  and  ven- 
tilating work.  A  new  electrically-driven  fan  to  put  in  80,000  to  100,000 
cubic  ft.  of  air  per  minute  is  also  to  be  installed. 

Barcaldine  (Queensland)  Council  has  decided  to  borrow  £5,000  to 
complete  its  electric  lighting  and  water  schemes. 

The  question  of  adopting  electric  lighting  in  Mrboo  North  (Victoria)  is 
being  considered  by  the  Council  and  also  the  Mirboo  North  Dairy  Co. 

The  Government  of  New  South  AVales  has  decided  to  proceed  at  an 
early  date  with  the  development  of  a  State  coal  mine  at  Lithgov/,  where 
there  is  an  extensive  local  demand  on  account  of  the  proximity  of  the 
steel  and  iron  works. 


FOREIGN   NOTES. 

Illlllilillllllllllilliillllllllllllllllllllllllll 

Argentina. — The  National  Census  Commissicn  has  asked  eJl  elec- 
tric supply  underta,kers  in  the  Republic  for  particulars  of  the  systems 
of  generation,  motive  power,  uses  for  which  current  is  supi)lied, 
capital  invested  in  the  undertakings,  and  output  in  first  year  of  work- 
ing and  in  1914  respectively. 

The  Ministry  of  Marine  have  approved  regulations  formulated  by  the 
electrical  section  of  the  Ministry's  Direccion  General  de  Material.  The 
object  of  the  regulations  is  to  unify  types  of  electrical  materials  employed 
in  the  na^'y  and  to  ensure  a  careful  technical  selection  of  same.  The 
regulations  arc  sub-divided  into  sections  relating  to  incandescent  lamps, 
lamp  fittings,  conductors,  fuses,  circuit  breakers  and  commutators, 
switches,  cells  and  accumulators,  ventilators  and  arc  lamps.  Each 
section  occupies  a  leaflet  containing  the  exact  specifications  as  to  the 
conditions  with  which  the  material  must  comply.  Three  of  tlie  pam- 
])hlets  have  appeared,  dealing  with  incandescent  lamps,  lamp  fittings 
and  conductors  and  fuses,  and  six  niore  are  readj^  for  the  ])ress. 

Of  these  ranges,  600  were  for  Salt  Lake  City  and  other  points  served 
by  the  Utah  Power  &  Light  Co.,  and  400  went  to  Texas  towns  served  by 
the  Texas  Power  &  Light  Co.  Many  of  the  others  also  went  to  various 
western  and  southern  points.  The  electric  light  and  power  companies 
in  the  West  are  offering  special  rates  for  electric  current  for  cooking,  with 
the  result  that  there  has  been  a  large  increase  in  electric  cooking  in 
many  of  the  western  towns. 

Brazil. — A  consular  report  for  1914  st?<tes  that  the  electrification 
of  the  tramwav'S  at  Parahyba  was  completed  in  February,  1914. 

The  Alagvas  electric  tramwajs  were  inaugurated  in  June,  1914,  but 
were  not  completed  by  the  end  of  the  y(iar.  Imports  into  Pernambuoo 
included  442  metric  tons  (against  233  in  1913)  of  accessories  for  elec- 
tricity and  lighting,  vahied  at  £62,133  (against  £33,671). 

Chili. — A  Decree  has  been  issued  granting  permission  to  the  Chile 
Exploration  Co.  (a  United  States  s3Tidicate)  to  instal  an  overhead 
5,000-volt  electric  i)ower  transmission  line  from  Chuquicamata  to 
El  Banco  and  to  the  San  Salvador  station  of  the  An tofagasta- Bolivia 
railway  (about  5|  miles). 

A  decree  has  been  issued  conceding  to  Don  H.  U.  Gundiiui  pciinission 
.to  establish  a  telephone  system  connecting  Combarbala  with  lihi])cl, 
Ix)s  Vilos,  Salamanca  and  Petorca. 

Norway. — "  The  Financier "  says  many  new  companies  ;!.nd 
authorities  are  being  started  for  the  utilisation  of  the  waterf;'J,Is  in 
Norway  in  order  to  generate  electric  energy  for  industrial  requirements. 

Hangersund  municipality  has  recently  bought  a  waterfall  for  half-a- 
million  kroner  capable  of  supplying  30,000  h. v.  The  current  will  have  to 
be  transmitted  42  miles. 

The  A/S  Hoyangfaldeno  Norsk  Aluminium  Co.  has  been  formed  at 
Christiania  with  an  authorised  capital  of  10  million  kroner.  Work  on 
the  construction  of  the  power  stations  has  already  commenced  and  the 
first  20,000  H.p.  will  be  developed  as  quickly  as  possible,  to  provide  for 
the  production  of  4,000  tons  of  aluminium  per  year. 

At  the  recent  annual  meeting  of  the  Fredriksstad  Elektrokemiske 
Fabriker  it  was  resolved  to  increase  the  capital  from  350^000  to  700,000 
kroner,  and  to  pay  a  dividend  of  15  per  cent,  for  1915. 

Philippine  Islands. — It  is  stated  that  a  large  sugar  refined  is  to  be 
built   at    Isabela,   Occidental    Negros,   by   the   Uovemment    Sugar 


Central    iioard.     TendfTK  have  \}een  invited  for  the  envtion  of  a 
l,0<X)-ton  mill  which  will  Ix-  driven  electrically. 

Tunis. — -An  exhibition  h'  I  :4t  the  Tuni.^i-:i  ' 'ovcm- 

nient  Officf;  in  Paris  (jf  c-  unan  and  Au«tri»n  g(x>d» 

imported  into  Tunis  prior  to  the  war. 

A  handbofjk  issued  in  connection  with  the  exhibition  oontaias  a  preface 
by  the  I'rcsident  of  the  French  Thainljor  of  formuT'-'-  at  Tiini".  in  which 
the  reasons  for  the  succ(;.ssful  development  of  '  In 

in  Tunis  are  discussed.      It  is  stated  that  owir  .  ir 

commercial  representation  German  and  Austrian  tirmH  eutablished  a 
predominancy  in  all  branches  of  commerce  and  indu»trj-  in  Tum.«.  Dur- 
ing the  last  few  years  German  and  Austrian  travolh-rs  bwam^  mon-  and 
more  numerous ;     they   quickly   learned     '  '     '  ; 

then,  amply  su])plicd  with  samj)lcs  and  cii  y 

uj)on  consumers.     The  (Jerman  traveller  t-ndeavoun-d  to  •  t 

re(iuiremcnts  of  customers,  and  did  his  best  to  indue*  hi-  ,  ,         'o 

take  up  the  manufacture  of  new  lines  according  to  pattemx  he  nubmitted. 
and  to  turn  f)ut  at  prices  cheaper  than  those  of  competing  firmj*.  Cata- 
logue prices,  in  francs,  were  subject  to  discounts  of  from  45  to  W)  per 
cent.     Prices  were  always  free  of  all  charges  such  a.s  frei-  e 

and  packing,  and  same  included  deli%'cry  at  customers'  nd 

cu.stoms  duty.  Periods  agreed  for  payment  varied  from  I  to  U)  month-s 
and  sometimes  longer.  Among.st  the  good.s  c-atalogucd  were  electnc 
lamps  and  accessories,  ironmongery,  colours,  varnishes,  machinery  and 
steel  goods. 


'llll! 


MISCELLANEOUS  NOTES. 


Alien  Enemy  Patents. — Messrs.  Reavell  &  Co.  have  applied  for 
the  suspension  of  patent  No.  3,525  of  1912  for  tiu-bine  compressors 
or  pumps  granted  to  Lawaezeck  &  Aerzener  ^laschinenfabrik  Ges. 

The  Rapid  Magnetting  Machine  Co.  has  applied  for  the  suspension  of 
three  patents  (Nos.  14,082,  of  1908,  19,230  of  1911,  and  4,595  of  1913) 
relating  to  the  magnetic  separation  of  ores  and  apparatus  therefor. 

Contraband  of  War  Regulations. — On  March  30  His  Majesty  in 

Council  ordered  : — 

(I)  That  the  provisions  of  the  Declaration  of  London  Order  in  T'ouncil 
No.  3,  1914,  shall  not  be  deemed  to  limit  the  right  of  His  Majc-tity  to 
capture  goods  upon  the  ground  that  they  are  conditional  contraband, 
nor  to  affect  the  liability  of  the  additional  contraband  to  capture, 
whether  the  carriage  of  the  goods  to  their  destination  be  direct  or  entailing 
trans-shipment  or  subsequent  transport  by  land  ;  (2)  that  the  provisions 
of  Art.  I.  (ii.)  and  (iii.)  of  the  said  Order  in  Council  shall  apply  to  absolute 
as  well  as  conditional  contraband  ;  (3)  that  the  destination  referred  to 
in  Arts.  30  and  33  of  the  said  Declaration,  in  addition  to  any  presumption 
laid  down  in  the  Order  shall  be  deemed  to  exist  if  the  goods  aj-e  sent  to  or 
for  a  person  who,  during  the  present  hostilities,  has  forwarded  imported 
contraband  goods  to  territory  belongincr  to  or  occupied  by  the  enemy  ; 
(4)  that  in  the  cases  covered  by  -Vrts.  (2)  and  (3)  of  this  Order  it  shall  lie 
upon  the  owner  to  prove  that  their  destination  was  innocent  ;  (5)  that 
art.  19  of  the  Declaration  of  London  shall  cease  to  be  put  into  force. 
Neither  a  vessel  nor  her  cargo  shall  be  immune  from  capture  for  bn^ach 
of  blockade  upon  the  sole  ground  that  she  is  on  her  way  to  a  non-blockaded 
port. 

Legal  Notice.— Claims  agamst  the  estate  of  Montague  H.  B}-thway 
(deceased),  formerly  electrical  engmeer,  of  Claremont,  Hale-road, 
Hale,  but  servuig  in  H.M.  Naval  Air  Service  at  the  time  of  his  death. 
are  to  be  sent  by  May  20  to  Messrs.  Tat  ham,  Worthmgton  &  Co., 
1,  St.  James-square,  Manchtster. 

Local  Loans. — On  March  31  the  Treasury  decided  upon  revised 
rates  of  interest  on  loans  granted  out  of  the  Local  Loans  Fimd 

Rates  varying  from  5  per  cent,  to  5}  per  cent,  have  beeii  fixed  for 
housing,  small  holdings  and  harbour  works,  and  the  rates  for  oth.^r  loans 
on  local  rates  arc  :  Not  exceeding  30  years.  5  ]>er  cent  ;  not  excecilini: 
50  years,  51  per  cent. 

More  Enemy  Firms  Wound  Up.— Up  to  date  the  Riard  of  Trade 
have  oidcred  the  winding  uj)  of  87  comiia'ves  or  firms  controlled  by 
alien  enemies  : — ■ 

The  latest  list  includes  :  \eithardt  &  Hall  (Ltd.).  iron  and  steel  im- 
porters, 41,  Eastcheap.  London.  E.C.  :  Hadenfeldt  &  Co..  general 
merchants.  4.  Cullum-strcet.  Londim.  E.C.  ;  (Justav  Hoscnmann.  hanl- 
ware  merchant.  194-200,  Bishopsgate.  London,  H.C.  ;  Eug.-n  Kiidcnburg. 
shipi'iig  and  lorwanlincr  aijcnt.'  14-20.  St.  Mary  A\c.  l>>iulon.  lH".  : 
C.  K.  H.  ]\l-dler.  X-ray  tube  maker.  47.  Red  Lion-stnvt,  l>>ndoii.  U.C  : 
London  Electron  \\  o-k:?  Co.  ( Lti'. ).  Regents  Dock.  Limehouse,  iiondon.  K. 

Tribunal  Cases.— At  Blackiwol  Api)eal  Tribunal,  on  Man^h  W.  the 
general  nianager  of  the  Tower  supported  the  application  for  exemp- 
tion of  the  chief  assistant  to  the  electrical  engii\eer  and  the  electrical 
engineer. 

It  was  stated  that  70  of  the  company's  men  were  serving  and  they  had 
not  appealed  for  a  single  man.  Temporary  exemption  was  granted  untU 
the  end  of  October. 

At  Erpin<^ham  last  week  Lord  SutHcld  through  his  agent  applied  for 
exemption  for  his  electrician,  asicd  28.  single,  who  had  charge  of  a  valuable 
electricitv  and  yas  plant  at  Gunton  Hall.  The  claim  was  made  on  the 
ground  that  ih(~man  could  not  be  ivplact>d.     The  appeal  was  refused. 
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TENDERS    INVITED. 


Switchgear, 

.Samori)  Corporation  require  tenders  by  noon  April  17  for 
the  supply,  delivery  and  erection  of  Three-phase  Extra-high- 
pressure  and  low-pressure  Switchgear  for  three  5,0(MJ  kw.  sub- 
station equipment.  Specifications,  &c.,  from  the  hurgh 
electrical  engineer,  Mr.  .J.  A.  Robertson,  Krederick-road,  Salford. 
See  an  advertisement. 

Electricity  Meters  and  M.D.  Indicators. 

The  ('oun<il  of  tin-  City  ot  .MELBOURNE  (Australia)  invite 
tenders  for  the  supply  of  Electricity  Recording  Meters  and 
Maximum  Demand  Indicators.  Specifications,  conditions  of 
contract  and  form  of  tender  from  the  Agents  for  the  City  Council, 
Messrs.  McHwraith,  McEacham  &  Co.  Pp\-.  (Ltd.),  Rilliter- 
s(|uarc-buildings,  London.  K.C..  fo  whom  tenders  are  to  be  sent 
by  noon  of  .Monday.  -May  I.  See  also  an  (idrerli.seiiie.nt. 
Motors  and  Transformers. 

\\'ai;kin(;T()N  Klcctricily  and  Tramwivys  Conimiltee  re(|uirp 
It  ndcis  by  iiotn  April  1 1  for  supply  of  Mtjtors  and  Transformers. 
S[)ecifications  from  Horough  Electrical  jmkI  Tramways  Engineer. 

The  CiiiEi-  CoMMissioNKK  HH{  X.S.W.  Railways  and  Tra.m- 
WAVs,  Sydney,  ictjuiies  tenders  by  noon  May  24  for  sup])ly, 
erection  and  niivinlenanee  of  Hi  (fi(l()  v.)  d.c.  Motors,  Avith  Field 
Rheostats,  kv.,  (,r  (.(Ifcrn.ilively)  .Motors  with  iiitci  pole  wind- 
ings. Speci(ic;rtions,  &c..  from  the  Klectrical  Kngincer.  (»1. 
Huiiter-Htreet,  Sydney,  .X.S.W. 

Arc  Lamp  Carbons. 

'i'cndcrs  are  invited  for  the  supply  of  o.'i.'J.OOO  Arc  Lamp 
Carbons  to  the  (,'ity  of  MELBfU'UNE  (Australia).  Tender  form 
copy  of  specification,  conditions  of  contract,  &c.,  from  the 
Agents  for  the  City  Council,  Messrs.  Mclhvraith,  McEacham  k 
Co.  Ppy.  (Ltd.),  Hilliter-s(|uare-buildings,  London,  E.C.,  to  whom 
lenders  arc  to  be  sent  by  noon  .April  1  1. 

Turbo-Alternator,  Gas  Producer  Plant,  &c. 

'J'Iks  .\kw  Sotth  Waijvs  (;overnment  Railways  and  Tram- 
ways Department  invite  tenders  for  the  supply  and  erection  of 
n  2.r)tK)  kw.  Turbo-Alternator  for  the  Zarra-street  (Newcastle, 
X.S.W.)  ]M)wer  house.  Specification  (Xo.  470)  from  the  Elec- 
trical luigineer,  X.S.W.  (Jovemment  Railways  and  Tramways, 
(11,  Hunter  street,  Sydney.  Tenders  to  Chief  Commi.ssioner  for 
Railways  and  Tramways,  Philli|)-street,  Sydney,  by  noon  May  .3. 

Wanoanti  (.\'.Z.)  Morough  Council  re(|uire  tenders  by  noon 
May  !>  for  the  suj)i)ly  a:id  erection  of  Additional  Plant  .-it  their 
tramway  jx)wer  house,  including  Pressure-type  (Jas  Prodiicer 
I'l.Mit.  (las  Knginr-,  Klcctric;  (lenerator  and  Switchgear.  Speci- 
(Kati'in.  iVc.  from  the  Town  Clerk. 
Street  Lighting. 

San  Kklix  de  Ci'IXola  (Province  of  Cerona)  Municipality 
re(|uire  tenderii  by  April  !(» for  a  concession  for  lighting  the  town 
b\-  electricity  or  ga-i. 

Tramway  Construction,  &c. 

The  Duck  1(111  ( icncral  de  Obras  Piiblic.is.  .Ministerio  de 
K()ment((.  .Mm  hid,  rc(|iiii,-  tcn<icrs  by  .Mav  lit  for  the  construc- 
tion and  working,  for  (M»  years,  of  a:i  electric  Tramway  in 
HiLHAo.  fonnccling  the  existing  syst«'m  with  the  Irala-Harri 
district.  .Minimum  rolling  stock  recpiired  to  commence  is  one 
motor  and  one  trailer  coach  for  jMiRHPngprs.  and  one  motor  goods 
i-oach  and  two  tnviler  goods  wa-^ons.  An  option  on  the  «'on- 
cession  is  held  b\  the  Soiiedal  Traiivia  I'rbaiio  de  Itilba  i. 

.loHANNKsHiRi!  (Tfaiisvaal)  Council  retpiire  tenders  l)y  noon 
June  (1  for  supjily  of  two  .Manganese  Steel  Cro.sHings.  Speei- 
tication.  \-c..  from  the  .Muniiipai  Olbces.  .Inliaimesliuig. 

Tramcars  and  Electrical  Equipment. 

DiNLDiN  (.N.Z.)  City  Council  retpiire  tenilers  by  .'>  p.UL  .Mav 
17  for  six  Klectric  Tramcars  and  sections  of  Cars  (Botlies.  Elec- 
trical  K(iui|)menf8  and  Trucks).  Si)eciHeation8,  &c.,  from  the 
Town  1 1  ill.  Diiuedin. 

Sub-St.^tion  Equipment. 

The  ViCToiuAN  Railway  Commission kr.s  require  fenders  by 
lla.UL  .April  L'fi.  for  the  su]>j)lv  of  Electrical  Equijiment  and 
Accessories  for  .sub  station  for  the  Sandnngham  HIack  R(  ck 
tramway  (contract  Xo.  29.7(12).  SpeoificationH  and  forms  of 
(ei\d(>rfrojn  the  Vietori m  Raihvav  Commissioners.  M'-lboume. 


Telegraph  and  Telephone  Material,  &c. 

Tenders  are  invited  up  to  April  15,  1916,  for  the  supply, 
deliver\'  and  erection  at  Rockhampton  Telephone  Exchange 
(State  of  Queensland)  of  a  Common  Battery  Multiple  Switch- 
board (Schedule  362),  or  an  Automatic  or  Semi-automatic  Switch- 
board and  Associated  Apparatus  (Schedule  361),  for  the  Austra- 
lian Commonwealth  Postmaster-General's  Department. 

The  Dejjutv  Postmaster-(ieneral,  Melbourne,  requires  tenders 
by  3  p.m.  AJjril  18  for  supply  of  8,.5(K)  Fuses  (schedule  1,299) 
for  the  .Australian  Commonwealth  Postmaster-General's  Dept. 
S])ccification  from  Deputy  Postmaster-General,  Melbourne. 

Tenders  will  be  received  until  3  p.ra.  April  26  b}'  the  Deputy 
Postmaster-General,  Brisbane,  for  supply  at  Toowoomba 
Exchange  (Queensland)  of  five  Sections  of  Trunk  Line  Switch- 
board (Schedule  342)  for  the  Au.stralian  (Commonwealth 
Postmaster-General's  Department.  Sjiecifications,  &e.,  from 
the  Deputy  Postmaster-General. 

Car  Lighting  Material,  &c. 

Tiic  \i(  ToKi  A.N  Railway  Commls.^ioners  require  tenders  by 
1 1  a.m.  .April  26  for  Car  Lighting  material,  including  i.r.  Cable, 
Switches.  Lamp  Cartridge  Puses,  Plugs.  Sockets.  &c.  (contract 
.Xo.  29,784)  ;  and  by  1 1  a.uL  May  10  for  Motor  (Generator  and 
Accessories  for  Battery  Charging  of  Baggage  Trucks,  also 
Switchboard  and  Connections  (contract  Xo.  29,79()).  SjX'cifica- 
tions  from  the  (  oniini.ssioners"  Offices,  S|)enccr--itn'(t,  Melbmime, 
Victoria. 

Varnish  Impregnating  Apparatus  and  Storage  Battery.     . 

I'he  Victorian  Railway  Commissioners,  Spencer-street, 
Melbourne,  require  tenders  by  11  a.m.  -April  19  for  the  supply 
and  erection  of  a  Complete  Plant  for  Impregnating  Electrical 
Ai)])aratus  with  Insulating  Vaniislies  and  Solid  Comjxjunds 
(Contract  No.  29,678.);  also  a  1,000  Ampere-hour  Storage 
Battery  (Contract  Xo.  29,743).  Sjx'cilicat ions,  forms  of  tender, 
&c.,  from  the  offices  of  the  Commissioners. 


=  TENDERS  RECEIVED  AND  ACCEPTED. 


Salkord. — The  following  tenders  have  been  accepted  by  the 
Tramways  Committee  for  annual  supplies  : — 

Car  Arrr.i.wric^  {KUrtriad).  Jn.odaliiK/  Materinh,  d-c. — W.  M<(l(HX'h 
&  Co.  (approx.  value  of  contract,  £49).  W.  T.  Henley's  Tolcgraj)li  Works 
Co.  (£H).  (icncral  Electric  Co.  (£3<)7).  L.  .Andrew  &  Co.  (£4(h.  British 
Wosti:»ghouse  Co.  (£1,2(K)).  .Micanitc  &  Insulators  (Ltd.)  (£*iU).  North 
British  Kublier  Co.  (£73),  (Griffiths  Bros,  (insulating  vami.shcs)  (£29). 
C.  .Macintosh  &  Co.  (£($).  Brit i.sh  Insulated  &  Helsby  Cables  (1  in.  P.  &  B. 
ta|H-.  £.■><>).  Siemens  Bros.  Dynamo  \N(>rks  (£i<!t).  l.e  Carbone  (Lt<l.) 
(£4(i).  n.  Nor))nrv&  Co.  (£114).  (Jabriel  &  Co.  (£4UU  W.  Bovddl  &  Sons 
(£4()). 

Cor  Arcrs.sorir<i  (Mrrhmiind). — W.  .1.  Ritchie  &  Co.  (£294).  National 
Riil  &  Tramway  .Appliances  Co.  (£<i(i7).  .Anti-.Attrition  Metal  Co.  (Babbit 
metal.  £3-l(l.  lOs.).  Brown- Bavlevs  Steel  Works  (steel  tvrcs.  six  months. 
£<M2.  Ids.). 

Hfirs.  ynxj--.  PuUnfl.*,  rfr.  British  Insulato<l  &  H<lsby  Cables  (£212). 
Watlinnlon  V  Co.  (£i(M»).  .1.  H.dl  (£8).  British  Westinnliousc  Co.  (lipht- 
iiiiiK  arresters,  (£.'».  .'is.). 

Iron  ttnd  SInt.     .1.  Kidil  &  Sins  (fa-W)  and  Vickers  Limite<l  {£(i7). 

Sfiirud  Cor  Arrfsxtirif-i.  British  Wes(ingh«>u>e  ('o.  (list  price."'). 
WcHtin^jlionsi'  s|K'<'ial  accessories  (£7(MJ). 

il  Iff.  Stildrr.  I.riid  iind  Tin.  British  lns\ilatcd  ,V  Helsby  Cables  ((»4). 
L.  .\ndr<  w  &  Co.  (£137).  B.  .lohnson.  Clapham  &  .Morris  (£72). 

Sprciat  Vnint*  and  rnr»M.«Af.«.— Nobles  &  Hewn*  (£292). 

7'ro//r»/  Cord.  —  \..  Andrew  &  Co.  (£46.  10s.). 

The  Tramways  Committee  has  also  accepted  the  tender  of  Scholey  k 
Co.  (at  £1.0.Vi)  for  a  s\ipply  of  steel  tram  tyres. 

The  follow ing  tenders  have  been  accept e«l  by  the  Electricity  Ccm- 
niittee  :  British  WcHtinghoupo  Co.,  two  l.(K)(t  kw.  rotarj-  convciters, 
£.">..">{HI  :  (Jeneral  Electric  Co..  one  500  kw.  rotary  converter.  £1,.579.  158.  ; 
Bnbcock  &  Wilcox,  two  water-tube  boilers.  £11.544. 

LoNPON  CoUNTV  CorNcii-— The  Asylums  Committee  have 
accepfe<l  the  tender  («t  €83.   17.s.  8d.)  of  A.  K.  Coodwin  &  Co.  for 
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elvetrical  .sundricn ;    aiul  of  Pope's  Electric  Lamp  Co.   (£70)  for 
electric  lamps. 

Leyton. — Tlie  quotation  of  Siemens  Bros.  &  Co.  (at  £172)  has  been 
accepted  by  the  Council  for  the  sujjply  of  2^  miles  of  service  line 
cable  (several  sizes). 

Battery  Maintenance. — The  Metropolitan  Asylums  Board  jjro- 
poses  to  renew  the  contract  witli  the  Pritchett  &  (iold  &  Elcctrica.1 
Power  Storage  Co.  for  the  maintenance  of  the  battery  at  theGrove 
Hospital  for  five  years  at  £75  per  annum. 

DuNDALK.— The  Council  have  accepted  the  following  tenders  for 
12  months'  supply  of  electrical  supplies  : — 

Ucnerai  Electric  Co.,  incandescent  lamps,  switulios,  pole  bracket.s  and 
insulatons,  and  lighting  accessories  ;  Siemens  Bros.  &  C'o.,  service  joint 
boxes  and  accessories;  W.  T.  Henley's  Telegraph  Works  Co.,  house 
service  fuses  ;  Ferranti  Ltd.,  house  service  meters.  For  cables  and  wires 
no  contract  has  been  let. 

Clouce.ster. — The  Council  has  accepted  the  tender  of  Edgar 
Allen  &  Co.  for  the  supply  and  supervising  the  fixing  of  points  and 
crossmgs  for  the  light  railways  department. 

Bolton. — The  following  tenders  have  been  accepted  b^  the 
Electricity  Committee  : — 

Warcing  Bros.,  oils,  &c.  ;  .Jas.  Orrell,  paints,  &e.  ;  T.  Mosero])  &  ('o., 
asphalte  oil ;  G.  Reason,  waste  ;  E.  Higson,  sundries  ;  Bolton  Briek  Co., 
trough  covers  ;   J.  &  F.  Webster,  casings,  &c. 

Melbourne  (Victoria). — The  Council  has  accepted  the  offer  of 
Machin  &  Co.  for  testmg  set  at  £25.  10s.,  and  has  ordered  two  sets 
of  spare  parts  for  4,400  turbines  from  Willans  &  Robinson  at  £207. 

Sydney  (N.S.W.) — As  the  supply  of  consumers'  meters  (240  volts 
s.  phase)  under  existing  contract  is  still  delayed,  the  Council  have 
authorised  the  purchase  of  the  following  meters  from  stock  in 
Sydney  : — 

From  Standard  Waygood  Hercules  (Ltd.),  76  2|-ampere,  31  5-ampere, 


10  lO-ainpcn!,  two  2U  ampcro  ;   and  from   Amitraliau   Oeiicral  Electric 
Co.,  299  o-amfterc  meters. 

Foreign  Contracts  Secured  by  British  Company.— Messrs.  Ferranti 
Limited,  Kingsway,  VV'.C,  and  Hollinwood,  L^ncs.,  write  as  follows  : 

You  have  frequently  em[)hasisf(l  in  tho  columns  of  your  paper  the 
necessity  for  the  expansion  of  foreign  trade,  and  therefore  we  think  you 
will  he  interested  in  th"  fallowing  list  of  orders  received  by  this  firm  from 
abioad  during  the  last  few  week^  :  — 

France,  switchgear  and  transform^-r?.  value  of  order  £1.5,0(»0  ;  Den- 
mark, transformers  and  meters,  £7,000  ;  Holland,  transformers  and 
switehgcar  (inchiding  two  4,000  k.v.a.),  £:i,.500  ;  China,  meters,  £S,OOC  ; 
Russia,  in;trum'»nts  and  rnet'-rs,  £2,.5C0 ;  Spain,  meters,  £I,.tOO; 
Austral^,  meters,  £4,000:  S.  Amerira.  meters.  £1.0W:  India,  meters, 
£l,r)00  ;    other  countries,  meters,  £2,000  ;   a  total  «»f  £^(),<K>0. 

Lamp  Contract. — In  our  Lssue  for  Feb.  2.*J  we  announeed  that  the 
Midland  Railway  Co.  had  accepted  the  tender  of  the  General  Electric 
Co.  (Ltd.)  for  the  supply  of  Osram  drawn-wire  lamps  for  the  ensuing 
six  months.  We  are  asked  to  .state  thAt  this  was  for  a  portion  only  of 
their  requirements,  and  not  for  the  exclusive  supply  of  metal  tilament 
lamps  to  the  Midland  Company. 

Commonwealth  Contracts. — The  following  tenders  have  been 
accepted  by  the  Australian  Government  Deajjrtraents  : — 

Victorian  Railwiii/v. — Stothert  &  Pitt,  electric  cranes  for  Ballarat  and 
Bcndigo  workshops,  at  rates  ;  British  Westinghousc  Elec.  &,  Mfg.  Co., 
frequency  changers  and  rotary  convcrtcis  for  Spencer-street  and  Elwood 
sub-stations,  at  rates  ;  R.  W.  Cameron  &  Co.,  battery  signal  machines, 
£36.  18s.  and  £35.  18s.  each,  and  Ackley  brakes,  at  rates  ;  McKenzie  & 
Holland,  electric  point  and  lock  detectors  for  five  years,  £18.  2s.  fkl.  each  ; 
Austral  Otis  Eng.  Co.,  yellow  flame  arc  carbons,  £12  per  1,000  ;  Noyes 
Bros.,  toggle  insulators  for  St.  Kilda- Brighton  electric  railway,  .5s.  3d. 
each  ;  Gibson,  Battle  &  Co.,  15-ton  electric  crane,  &c.,  at  £1,59«  ; 
Forman  &  Co.,  railway  and  electric  tramway  crossing,  £229,  and  steel 
anchor  bolts  for  overhead  equipment,  at  rates. 

Department  of  Defence. — W.  G.  Watson  &  Co.,  two  electric  motors.  £214; 
and  Crompton  &  Co.,  two  electric  motors,  £164,  for  the  small  arms 
factory,  Lithgow,  N.S.W. 


FINANCIAL    MATTERS. 


COMPANIES'  MEETINGS  AND   REPORTS. 


BARTON- ON -HUMBER  ELECTRIC  SUPPLY  CO.  (LTD.)— At  the  recent 
meeting  the  Chairman  (Mr.  F.  Hopj)er,  J. P.),  in  moving  the  ado])tion  of 
the  report,  said  that  in  common  with  all  lighting  companies  they  had 
suffered  from  the  lighting  order.  The  number  of  consumers  was  steadily 
increasing,  and  when  the  war  was  over  the  success  of  the  company  was 
assured. 

BRITISH  ALUMINIUM  CO.  (LTD.)— Mr.  A.  W.  Tait,  wiio  prcsideil  at  tiie 
meeting  on  Friday  last,  said  that  their  works  were  controlled  estal)lisii- 
ments.  The  year's  trading  profit,  after  making  provision  for  excess 
profit  duty  and  adding  interest  and  dividends,  revenue  from  estalc^s  ajid 
transfer  fees,  was  £312, .546,  compared  with  £272,255,  an  increase  of 
£40,291  over  1914.  Those  results  were  the  best  which  tiio  company 
had  shown  since  it  was  originally  incorporated  in  1894.  The  conditions 
were,  however,  absolutely  abnormal,  and  were  entirely  due  to  the  excep- 
tional demand  for  war  purposes.  Owing  to  this  abnormal  demand  the 
whole  of  the  company's  output  liad,  since  August  last,  been  under  the 
absolute  control  of  the  Ministry  of  Munitions,  and  the  supply  had  been 
reserved  for  the  use  of  the  Government  and  its  contractors  for  munition 
purposes.  The  ordinary  domestic  demand  for  general  commercial 
purposes  and  the  requirements  of  the  export  trade,  on  the  development 
of  which  considerable  time  and  money  had  been  spent  by  the  company, 
had  nece.->sarily  been  closed  down  meantime,  and  at  llie  conclusion  of  tiie 
war  they  would  have  energetically  to  endeavour  to  get  back  to  their 
ordinary  business,  which  had  meantime  been  stopped.  His  opinion  was 
that  the  recent  uses  and  developments  would  go  a  long  way  to  make  up 
for  any  falling  off  there  might  be  in  the  ordinaiy  <lcinand,  due  to  the 
unavoidable  and  necessary  period  of  recuperation  required  ))y  all  the 
countries  which  had  been  involved  in  the  war.  Fmtlur,  there  was  no 
doubt  that  the  experience  gained  during  this  war  would  open  up  a  demand 
in  certain  directions  in  the  future  which  would  considerably  broaden  the 
uses  and  applications  of  the  metal.  The  sales  had  been  approximately 
the  same  as  those  of  the  previous  year,  and  that  was  accounted  for  not 
by  any  slackening  in  the  demand  but  owing  to  a  shortage  in  the  antici- 
pated production,  due  to  abnormal  weather  conditions  in  the  West  of 
Scotland  and  in  Norway  during  the  summer  of  last  year.  Prices  for  the 
metal  showed  substantial  advances  during  the  year,  but  those  advances 
occurred  particularly  during  the  last  six  months,  and,  as  it  had  always 


been  tho  practice  to  cover  the  requirements  of  our  regular  customers  at 
fixed  prices  for  the  whole  year,  the  average  which  was  obtained  was 
considerably  below  current  pi  ices  at  the  end  of  the  year.     Costs  of  pro- 
duction had  been  very  materially  afl'ected  owing  to  heavy  inereasos  in 
labour  charges,  the  cost  of  raw  materials,  freights,  insiu-ances  and  other 
expenses.     The  importance  to  the  company  of  the  freight  question  was 
shown  in  the  fact  that  he  mentioned  last  year  that  they  dealt  with  over 
200,000  tons  of  seaborne  freight  per  aiuniin,  apart  from  railway  freights. 
With  regard  to  labour,  tiiey  were  suffering,  in  common  with  all  other 
Imsinesscs,  from  the  shortage  of  the  available  supply  and  the  increasing 
needs  of  the  country.     'I'licr  variotis  works  had  been  fully  employed 
during  the  year,  and  the  additional  plant  for  the  manufacture  of  carbon 
electrodes  at  Kinlochlcveu  works  was  completed  aiul  put  into  o^ieralion 
bcforvi  the  closo  of  the  year.     The  erection  of  the  new  alumina  works  at 
Burntisland,  which  should  have  been  completed  by  this  time,  had  made 
slow  ])rogress,  entirely  due  to  the  shortage  of  labour  and  materials,  and 
it  would  bo  some  months  vet  before  those  works  could  1h>  put  in  operation. 
By  the  application  of  thesinking  f  \md,  the  i)rior  lien  debentun-s  had  Ikh-u 
rc'duced  by  £9.400  during  the  year,  reducing  the  amount  outstanding  to 
£772,600.  and  the  debenture  stock  had  been  ix-duccd  to_t:660,6iH>.     The 
depreciation  reserve  account  had  been  incioased  to  £250.tHX\  and  the 
reserve  account  had  also  been  brought  up  to  £2.50.000  by  the  appropria- 
tion of  £70,000  from  the  profits  of  the  year.     The  necessity  for  makmg 
ample  i)rovisit)n  for  rc.-<erves   had   been  acceutuatetl  by   the  abnormal 
conditions  now  ruling.     The  directors  had  reconunended  an  increase  \i\ 
the  dividend  on  tho  ordinarv  shares  to  7  i>er  cent.,  a-ainst  5  (ler  cent,  m 
1914.  and  the  board  would  take  into  favourable  consideration  the  question 
of  the  institution  of  tlie  declaration  of  interim  dividends  on  the  ordmar>- 
share  capital.     Th(^  results  were  uiulouhtcdly  satisfactory,  ami  amply 
justified  tiie  poli(y  of  tlie  gradual  building  up  of  reserves  whi.'h  had  Ihhmi 
one  of  the  main  principles  adojjted  by  the  lucsent  l)oard. 

BROMPTON    &  KENSINGTON   ELECTRICITY  SUPPLY  CO.  (LTD.)— Mr. 

H.  R.  Beeton,  who  presided  at  tho  meeting  on  M.nulay.  said  that  although 
their  output  had  more  than  doubled  ui  tho  past  13  years,  their  profits 
for  last  \ear  weie  the  lowest  for  any  year  in  that  peruxi,  and  it  had  only 
been  after  considerable  discussionjand  some  difference  of  opinion  that 
the  board  had  recommended  the  pa>  meut  of  their  usual  dividend  of  Ul 
per  cent.  The  justification  for  such  a  course  was  that  they  had  husbanded 
their  resources  in  more  prosperous  years,  so  that  they  foimd  themselves 
to-day  with  more  than  half  of  their  capital  represented  by  mams,  with 
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reserves  of  ])rofits  ;inioi]nti:i({  to  upwards  of  00  per  cent,  of  tlieir  capital 
invested  in  their  business,  witli  no  debenture  debt,  and  with  \'>  years  of 
their  tenure  still  to  run.  But  although  they  had  restricted  themselves 
to  10  })er  cent,  dividend  when  it  v/ould  sometimes  have  been  possible  to 
pay  Miore,  they  could  not,  of  fourse,  maintain  the  rate  if  their  .scale  of 
profits  were  to  remain  permanently  at  its  present  level.  The  present 
condition  of  things  was  due  to  a  concurrence  of  adverse  influences,  and 
mainly  to  public  restriction  and  private  economv  in  lighting  and  to 
inerea.sed  cost  of  y)roduction  con.sequent  upon  the  war.  Thev  continued 
to  be  able  to  provide  for  their  capital  expenditure  without  increasing 
their  capital.  Although  a  ))rofitable  return  on  the  capital  invested  in  the 
Accessories  Company  with  a  view  to  encouraging  the  use  of  electricity 
for  heating  and  cooking  had  been  further  postponed  owing  to  the  war.  it 
was  largely  due  to  such  expenditure  that,  in  a  purely  residential  area  like 
theirs  they  had  succeeded  in  virtually  maintaining  their  output  in  sjjite 
of  restriction  in  lighting.  When  their  new  turbo-generator,  the  deliver}' 
of  which  had  been  delayed  by  the  priority  demanded  by  Government 
from  the  engineering  shops,  was  installed  they  looked  for  considerable 
economy  in  working  to  comy)ensate  them  in  some  jneasure  for  the  in- 
creased cost  of  coal.  They  w(?re  carrying  on  both  in  their  offices  and  at 
their  works  with  smaller  and  less  experienced  staffs  than  ever  before, 
while  their  allowances  to  those  who  had  gone  to  the  war  and  their  bonuses 
to  those  who  remained  continued  in  operation.  Although  the  ])rogre».s 
of  the  Accessories  f'om])any  had  been  retarded  by  the  war,  its  capital 
account  had  nr)t  bceji  extended  and  its  re.-iilts  showed  an  imy)rovenient 
which  was  likely  to  grow.  The  restaurant,  whic  h  continued  to  serve  as 
an  excellent  advertisement  as  well  a"  an  experimental  laboratory,  now 
enjoyed  a  custom  which,  in  spite  of  the  increased  price  of  food,  made  it 
self -supporting.  The  showroom  sales  had  been  prejudiced  by  the  pre- 
vailing shallf)wness  of  the  public  jmrse  ;  and  the  stove  department, 
whilst  fnrni.^hing  some  important  cof)king  installations,  had  been  largely 
diverted  to  the  |)roduction  of  munitions.  The  experience  of  the  first 
three  months  led  him  to  conclude  that  the  results  of  the  present  year 
would  not  be  substantially  worse  than  those  of  the  past  year,  and  if  the 
coal  positron,  which  was  iindoubtetlly  precariotis.  was  not  aggravated, 
they  might  be  rather  better. 

BROWETT,  LINDLEY  &  CO.  (LTD.)— After  ck^ducting  1,£{K»7  for 
nttirest,  writing  off  i(i,:}l()  for  dej)reciation  and  making  provision  for  tax 
and  duty,  the  net  jtrofit  for  191")  is  £14.010,  leaving  the  outstanding 
debit  £7,(»!K).     The  directors  submit  a  scheme  for  readjustment  of  capital. 

CLEVELAND  &  DURHAM  ELECTRIC  POWER  (LTD.)— Mr.  .las.  Falconer, 
M.l'..  who  i)resided  at  the  meeting  last  week,  said  that  the  gross  ])r<jfit 
for  the  year  amounted  to  £31.157,  com])ared  with  £.'J(i.S,'J8  in  1914.  The 
diminution  of  £5.(581  was  due  to  the  exceptional  way  in  which  the  company 
had  been  aflected  by  the  war.  The  revenue  of  the  three  combined  eom- 
])anics  in  wl'.i<!i  the  companv  was  inlercslcd.  had  been  £  I ;}  1 .9;!."5  in  191.'}, 
£14I.1S2  in  1914,  and  £I51,.1I2  in  191."),  indicating  int  peases  of  £10.000  in 
each  of  the  f  wri  years.  In  their  f-ase,  however,  there  had  been  a  diminu- 
tion in  the  volume  of  business  done  without  any  corresponding  diminu- 
tion in  th(>  amount  of  planf  rrcpiired  to  meet  the  demand.  The  com])any 
had  been  seriouslv  hit  in  the  cost  of  jintduction.  In  19K1  the  figures  were 
£91.<):i9.in  19l4£'9."..9l4.and  in  191  .l£l  I(l.:5'i8.  Those  increases  were  due 
to  two  causes.  In  the  first  place,  the  amount  of  current  which  they  had 
develojicd  at  the  wastf-heat  stations  had  lic'ii  seriously  reduced  by  the 
fa<'t  that  hematite  iron  had  been  largely  substituted  for  Cleveland  iron, 
and  thus  gases  v/hich  had  been  available  for  the  waste-heat  stations  had 
be<'n  \i\rm:  y  reduced.  In  thi*  al)scnce  of  the  rcijuired  amount  of  Avaste 
heat,  energy  had  to  Ijc  supplied  throu;.'h  conl  fires  at  Crant'ctown.  Thus 
the  coal  l)ill  li.ul  gone  up  from  £K4.")  in  19IU  to  ilti.fOl  in  1915.  an  increase 
of  over  £15,0(1(1.  Those  figures  sliow<'d  the  cNt laoi'dinary  \ahi'>  of  waste 
heat  to  the  company.  Notwithstanding  the  ai)parent  adverse  result  on 
the  year,  it  was  testimony  to  the  stability  of  the  company  that  it  had 
nHvintained  its  NU]iplies  to  c«insumers.  '  Aft<T  jiayini;  delienturc  interest 
£10,972  wasavailablf  fur  nllocation.and  it  was  proposed  to  ]>a\a  dividrnd 
of  2  per  cent,  mi  the  picfereticc  sh.'ircs.  ;ind  to  larry  forward  £S,.")7I. 

FOLKESTONE  ELECTRICITY  CO.v LTD.)  The  i  hairman(Ald.  C.  Spurg  -n) 
stated  at  (he  meeting  last  wi  ek  that,  consiilering  the  abnornuil  <  iretun- 
stances  innler  which  the  company  luid  l.ren  working  iluring  tltc  past 
year,  the  linaiuial  results  were  in  every  way  sat i.sfactcry.  The  ligliting 
restrictions,  &c..  had  lestrirled  the  ie\enue  and  their  ••xpenses  liad  in- 
creased. The  most  iniportanl  factor  of  the  latter  was  coal,  and  apart, 
from  the  extra  outlay  incurred  during  1915  under  that  heading,  they  were 
faced  with  a  still  heavier  increaseil  cost  on  siijiplics  for  the  immediate 
futtne. 

W.    T.    GLOVER   &    CO.    (LTD.)  -  The  n«Hult  of  the  trading  for  1915  is 

a  credit   balanic  of  £54,4.'{H.    Is.    Id.,  and  with   '       s.   lOd.   bnnight 

forward  the  total  is  £fi2.38S.   Is.   lid.      I)e«luci  tors'  n-nnmera- 

tion  and  exiienses.  interest  on  4|  |)er  cent,  hrst  mortgage  «ielM>n- 
tuiv  and  on  5  jier  cent,  second  mortgage  fJel-H-ntniv  sto<ks.  writing 
£fi,ft4().  lOs.  lOd.  off  investments,  and  appropriatinj;  t4.(MM»  for  iinyment 
to  trusti-es  of  sei'ond  niortgaire  dclK-nture  slis-k.  th<"  balan>~e  is 
£43,511.  7s.  .'Id.  After  payimj  the  year's  dividend  on  the  5  per  cent, 
cumulative  )irefen-nr(>  shans.  transferrinu  t2.5<»(l  to  first  mortgage 
debenture  redemption  fund,  paying  a  dividenil  on  the  •'idinaiy  shai-es 
at  rate  of  5  per  cent,  (less  tax)  and  tran.sferiinti  £2(».(MH»  to  nMt  ve  fund, 
the  bnia'icr  to  be  carried  forwnnl  is  £1I.7(H.  3«  lid.  During  (he  past 
year  the  works  have  been,  and  are  still,  iargrly  engaged  on  the  ninnii- 
facture  of  cables,  wires.  &r.,  directly  or  indirectly  for  th>  .  of 

the  war.     A  plot  of  land  of  rather  mon^  than  9  acres  op.  m- 


pany's  premises  has  Ix-en  purchased  for  the  general  development  of  the 
business,  which  of  late  years  has  suffered  by  the  works  being  greatly 
congested.  A  portion  of  this  land  is  thought  to  be  in  excess  of  the  com- 
pany's probable  requirements,  and  it  is  proposed  to  sell  such  portion  to 
the  Traffcrd  Power  &  Light  Supply  (1902),  Ltd.,  in  whose  welfare  the 
company  is  largely  interested. 

ISLE  OF  WIGHT  ELECTRIC  LIGHT  &  POWER  CO.  (LTD,)— At  the  end  of 
1915  the  equivalent  of  l.>t..")47  .'{.'{-watt  lamps  was  connected,  an  increase 
of  8,729  ,'}3-watt  lamps  over  1914.  The  result  of  the  year's  trading, 
including  £2,374  brought  forward,  is  a  profit  of  £12.867.  After  providing 
for  interest  and  sinking  fund  on  debentures  (£5.500)  and  5  per  cent, 
dividend  on  preference  shares  (£2,.500)  the  balance  is  £4,867.  Of 
this  sum  £3,500  was  placed  to  renewal  fund  and  £1,367  carried  forward. 

At  th(!  meeting  the  chairman  stated  that  visitors  seemed  to  have  for- 
saken the  island  for  the  time  being,  though  why  they  should  have  done 
so  was  very  difficult  to  explain.  Most  of  the  South  Coast  watering  places 
had  had  almost  record  .seasons  last  year,  but  the  fact  of  having  to  cross 
the  Solent  seemed  to  keep  people  away  from  the  Isle  of  Wight,  although 
it  was  in  the  opinion  of  many  one  of  the  safest  places  in  the  Kingdom. 
In  addition  to  the  absence  of  visitors,  the  severe  lighting  restrictions  had 
affected  them  very  ad%ersely.  Although  they  had  added  a  large  number 
of  additional  lani])s  the  consumption  of  electricity  had  fallen  from 
1,279.000  units  sold  in  1914  to  1.1(J0,000  units  in  1915.  The  decrease 
(154,000  units)  being  entirely  in  the  lighting  units,  as  they  sold  more 
units  for  power  than  in  19l4,  owing  to  the  demand  for  power  from  tho 
Newport  and  ("owes  station  by  consumers.  Their  receipts  were  £21,012. 
against  £23,00().  and  the  costs  were  £12,024,  against  £11.102,  the  profit 
being  £8.988.  compare<l  with  £1 1.904.  Coal  and  oil  had  cost  £.)3I  more, 
wages  £236  more  and  repairs  to  plant  and  machinery  £24()  more.  On 
the  wiring  account  they  had  made  a  profit  of  £820.  or  £424  more  than  last 
year.  They  have  donea good  deal  of  wiring  work. and  that  was  the  only 
bright  item  in  the  year's  accounts  There  was  small  chance  of  seeing 
much  improvement  during  the  war,  and  their  expcn.ses  would  certainly 
be  much  heavier  during  the  current  year,  as  now  they  had  to  pay  more 
than  80  per  cent,  increase  on  pre-war  prices  for  coal.  They  increased 
the  price  to  power  users  by  10  per  cent,  a  year  ago,  but  deferred  makine 
any  increase  in  the  charges  for  lighting  as  long  as  possible.  They  had 
had  to  give  notice  that  the  price  to  lighting  consumers  would  be  increased 
by  15  per  cent,  and  that  a  further  10  per  cent,  increase  would  be  made  to 
jjower  u.sers  as  from  April  1. 

LIVERPOOL  DISTRICT  LIGHTING  CO.jLTD.)— The  annual  meeting  was 
held  last  vi-ek.and  in  nio'.ing  the  adoption  of  the  rei)ort  and  accounts, 
the  cliairnian  (Mr.  (has.  Mcl^iren)  said  that  the  company  had  done  better 
than  they  expected.  Owing  to  the  lighting  restricticms  they  e.«timated 
that  they  ftokl  40,000  units  less  than  they  would  have  done,  or  a  loss  in 
revenue  of  £850.  As  a  .set  off  the\  had  been  sucees.sful  in  obtaining  power 
contracts  resulting  in  the  sale  of  1(>S.000  units,  so  that  then'  was  a  net 
increase  of  68.000  in  the  numlx  r  of  units  sold  during  (lie  year.  Tliat  was 
the  largest  inci-ease  the  (•<)m|)any  had  ever  made.  It  was  obvious  that 
they  coidd  not  obtain  the  same  ])rice  from  the  power  consumers  for  large 
contracts  as  from  other  consumers — the  price  agreed  was  the  cost  at 
which  the  consumers  micht  rea.sonably  have  expected  to  manufacture 
for  themselves  had  they  installed  their  own  plant,  makiiii;  »lue  allowance 
for  ca])ital  expcnditjire.  The  result  was  a  net  in<  n-ase  in  income  of  £16S. 
Owing  to  the  increased  cost  of  fuel,  waires,  &c.,  there  was  a  total  increase 
of  costs  of  £.560.  and  the  net  result  was  a  reduction  of  jirofit  «f  £3o2. 
I'nfortunately  fuel  had  again  risen,  so  that  they  must  bo  prepared  for  a 
further  increa.se  in  costs  in  1916.  To  counteract  that  they  had  followed 
the  lead  of  Liveryiool  Corporation,  and  had  increasfMl  their  charges  by 
12.',  ))er  cent,  all  rotnid.  Their  working  cost."*  had  In-en  kept  down  to 
£852,  which  im  ludeii  layini;  cables  and  .service  lines,  meters.  Jti-..  wliile  no 
serious  capital  expenditure  was  antieipatecl  for  191(i.  The  direitors  were 
now  considering  the  question  of  coal  storage,  with  a  view  to  providing 
further  rr.-MTves  of  fticl.  They  wen-  paying  a  dividt  nd  of  4  |mt  ernt,  for 
(lie  viar. 

MADRAS  ELECTRICTRAHWAYS 1 1904)  LTD.)  At  (he  annual  meeting 
last  week  the  ch.iirinan  (.Mr.  A.  M  (^uill)  said  the  a4'rounts  showed  * 
moderate  im]ini\  einent  u|n'U  tlmse  of  the  pre<<-<'  i.      For  the  first 

seven  months  of  the  y<  ar  (he  (rathe  receipts  wt-ri   '  .  nt.  less  than  for 

the  corrcs|xiiiiliiig  pericd  of  I'll  I.  Ili.wever.  dui  in-  the  last  ti\e  months 
of  (he  year  there  was  su'h  a  marked  improvement  that  for  the  whole  year 
they  had  an  in»rease.  Iwith  in  traffic  and  net  nToipts.  The  passengers 
carried  were  18.509.877.  against  I7.(>22.219.  The  total  amount  at  erriiit 
of  profit  and  ^iss  was  £22.498,  compared  with  £21.522  for  1914.  an  in 
crease  of  £976.     The  net    jirotit   was  £11.030.   1'  :i<l  witi 

brought  froni  last  yei»r.  the  amount  available  Wii-  Then 

re<ommend  dividends  of  (»  jx  r  (cnt.  per  nnimm  <m  the  preference  and 
ordinary  shares.  The  Ix^anl  were  glad  to  be  able  to  recommend  an  in- 
crease in  the  rate  of  dividrnd  on  the  ordinary  shares.  The  majority  of 
the  Madras  C«>rporati>  '  .  >!  '    '  ■•»   praying  (Govern- 

ment to  increase  the  i  >  ny.      If  the  petition 

were  iininled  it  would  be  a  luench  ui  (.nth.  •■  is  now  cMyible  were 

ngriHHl  w  ith  the  (  orjK)nition  when  the  lines  \  .  and  were  confirmed 

in  tlii>  various  (Jovernment  orders.  The  fares  in  M.idras  were  as  low  as, 
if  not  lower,  than  cm  any  tramway  in  the  world,  and  much  lower  than 
they  were  entitled  to  charge  under  (lorernnient  orders.  If  further 
bur^lens  were  innmse*!  ujion  their  desire  to  maintiin  an  efl'v  •  \  ier 

the  existing  low    fares  might    be  defeated.      Hcsides.it    w<'  "me 

difficult  to  obtain  capital  for  the  cnnteniplit<^  extensions. 

NORTH  BERWICK  ft  T'  '  UOHT  ft  POWER    CO.  (LTD.) 

At  the  ivcent  annual  n  VtoI.  ^i:  K.  ."^i  hafer,   moved 
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the  a(I()]>ti()H  i)f  tho  rojiort  and  act'ouiitM.  For  the  past  year  it  was  state" 
that  th(!re  Jiaci  been  a  fonsidcrablc  im^roase  in  tho  number  of  consumers' 
and  further  additions  were  anticipated  during  the  current  year. 

OLDHAM,  ASHTON  &  HYDE  ELECTRIC  TRAMWAY  (LTD. )—Th'!  revimuc 
for  l!)ir)  amounted  to  £34,82;}  (compared  with  £:{3,:3!38  in  1914)  and  th(! 
exjxmditure  (including  £1,000  for  debenture  interest  and  £1,500  placed 
to  provision  for  renewals),  £2;5,0()2.  4s.  2d.  (again.st  £20,024  in  1014) 
leaving  a  net  profit  of  £9,761  (againsst  £7,374  for  1914),  which,  added  to 
£1,021  brought  forward,  makes  an  available  balance  of  £10,782.  The 
directors  propose  to  place  £3,000  to  reserve  fund,  to  pay  a  <lividend  at 
rate  of  5  per  cent,  per  annum  on  the  cumulative  preference  shares  (£2,r)00) 
and  a  dividend  at  rate  of  fi  per  cent,  per  annum  on  the  ordinary  shares 
(£3,000),  leaving  to  be  carried  forward  £2,282.  Os.  9d. 

SHAWINIGAN  WATER  &  POWER  CO.— The  gross  earnings  for  1915 
were  SI, 920, 143,  and  after  meeting  all  fixed  charges  the  net  revenue 
(including  .S39,472  brought  forward)  was  $1,208,505.  Three  quarterly 
dividends  of  IJ-  per  cent,  each  and  one  of  If  per  cent,  have  been  paid, 
§279,683  placed  to  reserve,  §100,000  set  aside  for  depreciation  and 
815,000  appropriated  for  insuarances,  &c.,  leaving  $26,690  to  be  carried 
forward. 

SLOUGH  &  DACHET  ELECTRIC  SUPPLY  CO.  (LTD.)— In  moving  the 
adoption  of  the  annual  report  at  the  recent  meeting  the  chairman  (Mr. 
H.  L.  Prior)  said  that  they  had  actually  sold  239,000  more  units  than  in 
1914,  although  the  revenue  increased  by  £669,  there  was  a  reduction  in 
the  profit,  as  coal  and  oil  fnel  cost  £1,100  more,  vyages  £93  (including  war 
bonus  to  staff),  repairs  £137,  and  rates  and  taxes  £267  more.  Those 
four  items  made  an  addition  to  the  costs  of  £1,597,  and  as  the  revenue 
increased  only  by  £669,  the  profit  had  suffered  to  the  extent  of  £900. 
Tho  additional  units,  unfortunately,  were  not  sold  for  lighting  but  for 
power,  chiefly  supplied  to  Messrs.  Peters  under  a  contract  made  before 
the  war.  The  cost  of  production  when  they  made  that  contract  was  far 
below  what  it  was  to-day.  At  that  time  oil  was  42s.  per  ton.  During 
last  year  the  average  cost  was  90s.,  and  at  present  it  v/as  up  to  170s.  per 
ton.  If  the  average  price  for  the  whole  supply  for  power  and  lighting 
had  been  maintained  at  2d.  per  unit  on  their  output  of  over  1,000,000 
units  they  would  have  received  an  additional  £2,000,  and  in  that  case 
they  would  have  been  in  the  happy  position  of  recommending  an  in- 
creased dividend.  The  balance  available  for  distribution  was  £3,949. 
On  the  reserve  fund  there  was  a  credit  balance  of  £8,588,  and  out  of  the 
profits  for  1915  they  v/ere  adding  £1,250,  which  v/ould  bring  the  reserve 
fund  up  to  nearly  £10,000.  They  were  again  increasing  the  price  .of 
current  for  light  by  another  ^'d.  per  unit.  At  the  same  time  the  people 
using  the  current  were  actually  getting  their  light  far  cheaper  now  than 
when  electricity  first  came  in,  because  metal  filament  lamps  had  reduced 
the  pric3  of  the  current  at  least  70  per  cent,  or  more.  They  had  added 
a  good  many  new  customers,  but  they  would  only  reap  the  full  benefit  of 
these  when  thsy  resumed  their  former  conditions  of  lighting,  and  the  cost 
of  production  came  down  to  its  normal  level.  They  recommended  a 
dividend  of  4  per  cent.,  which  was  a  drop  of  1  per  cent. 

UNITED  ALKALI  CO.  (LTD.)— The  report  for  1915  shows  that,  after 
transferring  £15,000  to  debenture  redemption  fund,  the  profit  is 
£326,986,  an  increase  of  £124,904  over  1914.  and  £32,462  was  brought 
forward.  The  directors  transfer  £75,000  to  reserve,  and,  after  bringing 
preference  dividend  to  date,  recommend  a  dividend  of  5  per  cent,  on  the 
ordinary  shares,  carrying  forward  £50,379. 

URBAN  ELECTRIC  SUPPLY  CO.  (LTD.)— The  gross  profits  for  1915 
amount  to  £68,513.  5s.  7d.,  compared  with  £68,961.  17s.  in  1914,  and 
after  deducting  expenses  the  balance  is  £65,311.  18s.  Id.  The  amounts 
required  for  interest  and  debenture  stock  redemption  absorb  £43,423.5s.2d. , 
leaving  an  available  balance  of  £21,888.  12s.  lid.,  v.hich  the  directors 
recommend  should  be  applied  in  paying  a  dividercl  of  5  per  cent,  for  the 
year  on  the  preference  .-hares,  and  in  placing  the  balance  (£9,389)  to 
reserve  for  depreciation.  The  13  electric  supply  undertakings  controlled 
by  the  comjjany  had  at  the  end  of  the  year  tiie  equivalent  of  920,505 
33-watt  lamps  connected,  against  830,519  in  1914  and  760,319  in  1913. 

WOKING  ELECTRIC  SUPPLY  CO.  (LTD.)— The  total  revenue  f<ir  1915 
was  £20,331  and  the  balance  on  the  year's  working  was  £9,681.  The 
expenditure  on  capital  account  is  £139,635  and  depreciation  and  renewals 
fund  is  £14,469.  Mr.  John  Ashby,  in  proposing  the  adoption  of  the 
report  and  balance-sheet,  said  that  the  year's  revenue  was  the  highest  on 
record.  With  balance  brought  forward  (£653)  and  income  tax  accumu- 
lations (£124),  the  available  total  was  £10,4.58.  After  paying  interest  on 
debenture  stock,  &c.,  and  the  dividend  on  the  6  per  cent,  cumulative 
preference  shares,  the  balance  was  £4,656.  8s.  7d.,  and  it  was  decided  to 
place  £1,750  (against  £1,500)  to  depreciation  and  renewals  fund  and  £900- 
to  reserve,  and  after  allowing  for  certain  smaller  items  payment  of  a  5 
per  cent,  dividend  on  the  ordinary  shares  was  recommended,  leaving  to 
be  carried  forward  £693.  The  number  of  consumers  was  2,101,  and  8  c.p. 
lamps  connected  106,360,  an  increase  of  about  10,000  lamps  for  the  year, 
the  largest  increase  they  had  ever  had.  Their  expenses  had  been  more, 
partly  owing  to  the  war.  The  cost  of  coal  had  increased  £205  for  the 
year,  but  they  had  sold  31,841  more  units  of  electricity  than  in  1914. 
That  had  only  been  brought  about  by  careful  management,  and  they  had 
to  thank  Mr.  Bowdcn  for  the  time  and  attention  he  had  given  to  the 
works  department.  The  increase  in  sales  was  due  to  a  large  extent  to 
the  extra  number  of  cookers,  &c.,  sold  during  the  year,  there  having  been 
a  great  demand  for  cookers  andheating  apparatus  exclusive  cf  the  hghtins. 
As  to  the  question  of  the  electric  lighting  supply  for  Chobham,  he  said 


that  although  fill  .1  inw   i  iii' "oiniiiiiN  had  had  the  right  of  nup::''-   - 'his 
current  to  .Vlimbridj;c  and  rather  parts  of  Chobham,  the  area  b'  o 

the  Asc^ot  Ek^ctric-  Lighting  (>).,  wh'.  •  coa-tentcd  to  the  Wukiuj^ 

C(jmpany  continuing  the  supply  on  t  lif. 


NEW     COMPANIES,     MORTGAGES     AND 
CHARGES,   &c. 

NEW  COMPANIES. 

CONNER  &  MAGNETO  IGNITION  (LTD.i  ( 143,4.56)— Rce.  ^larch  .30. 
capital  £52,000  in  50,000  preference  shares  of  £1  ea   '         ••  '       "">• 

shares  of  Is.  each,  to  adopt  agreements  with  the  !  .le 

Works  and  with  M.  S.  Conner  to  carrv  on  the  V>usine.>is  of  proprietors  and 
manufacturers  of  and  dealers  in  aeroplanes,  motors,  vaas  an<l  other 
vehicles,  magnetos  and  other  ignition  apparatu.s,  and  eleotric  lightint;  and 
starting  appliances,  &c.  Private  eom-)any.  First  directors  an.-  H. 
Hirst,  .r.  Fraser  and  M.  S.  Conner  (managing  director).  Reg.  oftico  : 
Midland  Bank  Chambers,  71.\,  C^ecn  Victoria-street,  E.C. 

CYMOGRAPH  (LTD.)     (143,323)— Reg.  March  18,  capital  £1.(XK)  in  £1 

shares,  to  carry  on  th(>  business  of  mechanical  and  electrical  engineers, 
manufacturers  of  implements  and  other  machinery  metallurgi.st.H,  Ic. 
Private  company.       [leg:  office  :    Busii-lano  House,  Cannon -street,  E.C. 

HEADON   &    MARSHALL  (LTD.)     (143,410).— Reg.  March  27,  capital 

£2,000  in  £1  shares,  to  adopt  certain  agreement.^,  to  carrj'  on  the  business 
of  mechanical  engineers,  manufacturers  of  and  dealers  in  apparatus  used 
in  connection  v/ith  steam,  electrical  or  petrol  motive  power,  manufac- 
turers of  and  dealers  in  motors,  motor  cars.  &c.  Private  company. 
Fu-st  directors  are  W.  F.  Headon,  A.  J.  .Marshall  and  A.  Headon. 

LAUNA  B^IRISH  ELECTRICAL  CO.  (LTD.)  (143.140.)— Reg.  Feb.  28. 
capital  £1,000  in  £1  shares,  to  carry  on  the  business  of  electrical  ami 
general  man  ifacturers  and  contractors,  designers,  makers  and  pro- 
ducers of  electrical  glow  lamps,  ai)pliancS3,  fittings,  cables,  flexible  wires, 
&c.  Private  company.  FirstdirectorsareF.  Dove  (permanent  governing) 
and  D.  Schofield.     Sec.,  M.  J.  Dove,  and  reg.  office,  61,  Call-lane,  I-e<:ds. 

MARCUS  ALLEN  &  SONS  (LTD.)  (143,444 ;—Reg.  March  29.  capital 
£10,000  in  £1  .shares,  to  carry  on  the  business  of  mechanical,  chemical 
and  electrical  manufacturing  engineers,  brass  and  iron  founders,  &c..  as 
formerly  carried  on  by  M.  Allen  at  Old  Trafford.  near  Manchester. 
Private  company.  First  directors  are  M.  Allen  (gov.  director,  v.ith  £500 
per  annum  as  remuneration),  \.  M.  B.  .Vllen  and  T.  W.  Allen  (all  per- 
manent subject  to  each  hokling  100  ortlinary  shares). 

PHONOPORE  CONSTRUCTION  CO.  (LTD.)  (143.445)— Reg.  March  29, 
capital  £4,175  in  4,000  ordinary  shaies  of  £1  each  and  3.500  founders' 
shares  of  Is.  each,  to  carry  on  the  business  of  manufacturers  of  military 
telephonic  and  phonoporic  instruments,  munitions  and  all  articles  used 
in  the  manufacture  thereof  or  used  in  connection  v.  ith  warfare  on  land  or 
sea,  engineers,  &c.,  and  to  adopt  an  agreement  with  Justus  Eck.  Private 
company.  .Justus  Eck  shall  be  one  of  the  first  directors,  and  shall  hold 
office  permanently  subject  to  holding  1,500  founders'  shares.  The  New 
Phonopore  Telephone  Co.  (Ltd.)  shall  be  entitled  during  the  continuance 
of  a  lease  referred  to  in  an  agreement  dattnl  Jan.  7,  1916,  to  be  repre- 
sented on  the  board  by  tv/o  directors.  Justus  Eck  is  chairman.  Reg 
office  :  53-57,  Park-street,  Southwark,  S.E. 

"WALTER  ROBB  (LTD.)  (?  13,493)— Reg.  March  31.  capital  £10.000 
in  £1  shares  (9,000  A  and  1,000  B).  to  take  over  the  business  of  an  elec- 
trical engineer  carried  on  bv  Walter  Robb  at  \Vak(>fieId.  Private  com- 
pany.    Fir.st  directors  are  W.  Robb  ((lermanent )  and  H.  F.  Buttcnshaw^ 

MORTGAGES   AND   CHARGES. 

GENERAL  SEATING  CO.  (LTD. ) —Two  charges  on  comjianys  property. 
(present  ar.d  future),  botii  dated  March  2,  191(>.  to  secure  not  nmr,-  than 
£1,650  and  £1,550  respectively.     Holders  :   H.  Britlain  and  A.  J.  Nnith. 

ORFORD  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— Issue  on  Dec.  10. 
1912,  of  £20,  and  on  March  17,  1916.  of  £130.  debentures,  parts  of  a  serire 
of  which  particulars  have  already  been  filed. 

RUNSAKEN  niAGNETO  CO  (LTD.I— Particulars  of  £1.000  debentur-.»s 
creited  Feb.  11,  1916.  have  been  filed,  whole  amoun;  being  now  issuinl. 
Property  charged  :  Company's  undertaking  and  property,  present  and 
future.     No  trustees. 


CITY  NOTES. 


MEMCRAK DA  (April  5).— Bank  rate  5  per  cent,  (smce  An?.  8.  1914). 
Consols  57 -iV.  Stocks  and  Shares  Ticket  Days  April  iL  and  :..  lay 
Diys,  April  13  and  28.     Pric?  of  ailv.^r.  29|d, 

BRITISH  DYES  (LTD.;  -Dr.  M.  0.  Forster.  F.R.S..  chairman  of  the 
Technical  comiuittee,  and  Mr.  Joseph  Turner,  manager  of  the  company  s 
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works,  havo  acccptc*!  s»ath  on  tlic  hoard,  and  Dr.  J.  ( '.  Cain  lias  been 
a{)fKjiiitf;d  <hiff  ( hcmist  of  the  now  works  at  present  under  construction. 

CONSOLIDATED  SIGNAL  CO.  (LTD.) — An  interim  dividend  for  the  half- 
vear  to  i*(l>.  I'i  on  the  preference  nhares  at  rate  of  6  per  cent,  per  annum 
ha.s  Ix-ffi  dcclaicd. 

FALKIRK  &  DISTRICT  TRAMWAYS  CO.  (LTD.)— The  net  revenue  for 

year  endcfl  0<t.  10  last  (inrludini;  iHT!  Inowjhl  forward)  was  £'>.f<\'i.     A 
dividend  of  (i  ]>rr  rent,  has  been  declared  and  £7iiH  carried  forward. 

MARCONI  8  WIRELESS  TELEGRAPH  CO.  (LTD.)— The  company  announce 
that  Scnatore  .Marconi  has  been  cnga;j:e<l  in  research  work  in  Italy,  where 
he  has  been  able  to  carry  out  some  imjiortant  experiments  and  tests. 
He  advisr-s  tliat  the  rcKuHs  f)btaijied  are  far  reaching'  and  directly  cf)ncern 
the  future  practice  of  the  entire  science  of  wireless  tele;.'ra|d>y  and  f<'le- 
phony.  over  bf)th  lon^  or  short  distancf  s,  no  matter  whether  conducted 
by  means  of  ordinary'  spark,  (juendied  sparks  or  continuous  waves.  He 
is  now  enj.'ajrcd  in  makin<;  applications  for  the  pat'-nt.'^.  which  will  jiro- 
bably  be  applied  at  once  in  Italy  to  military  purposes.  Hy  these  means 
results  li(-rctofoio  iinpossddf  will  be  obtained. 

MARCONI  WIRELESS  TELEGRAPH  CO.  OF  AMERICA  iLTD.)— The  gross 
carninj.'s  for  l!)ir>wci(  till  .001).  a^'ain^t  £l."iO.<;iMl  in  1!»I4:  other  income 
i;21,00(r,  a;.'ainst  £:;(».()(K>.  Tlic  sum  of  £22.10(1  is  j.latcd  to  reserve, 
comiwred  with  £24,4(Hj,  carryinf:  £;i.'>.400  forward,  against  £29,800. 

SUBMARINE  CABLES  TRUST. — Notice  is  given  that  the  cou|)on  due  on 
.\piil  ir>  will  III-  pail!  li\  Messrs.  (;iyn.  Mills  &  ('<i.,  (i7.  Lorn  bard  street, 
E.C.,  between  10  a.m.  and  noon,  and  after  that  date  between  10  a.ni 
and  2  p.m. 

METAL  PRICES. 

Mswrs.  I.  B.  Cirnham  Si  Sinn.  132,  Upper  Tham«-street,  London,  E.G.,  quots  under 
date,  April  4,  the  following  as  the  present  basis  prices  of 


ELECTRICAL  COiWPANIES'  SHARE  USl.—Oonliriued. 


Nev/  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17d. 

Solid  Drawn  Copper  Tubes 18Jd. 

Brazed  Copper  Tubes laid. 

Brazed  Brass  Tubes I9d. 

Brass  Wire 16id. 

Copper  Wire 18d. 

Rolled  Brass 161d. 

Brass  Sheets Ifcjd. 

per  ton. 

Copper  Sheets    £148    0    0 

Spelter C93    0    0 


per  ton. 

EnglUhLead £35  10    0 

Antimony Nominal. 

Old  Metals.  per  ton. 

Clean  Cjpper  S:rap £102   0  0 

Clean  Brass  Scrao £6310  0 

Braziery  Copper  Scrap £92    0  0 

Old  Lead £28    0  0 

Old  Zinc   £W    n  0 

Hollow  Pewter £120    0  0 

Black  Pewter £85    0  0 

Gun  Metal £84    0  0 


Mr.  A.  Joseph,  Earl-street.  London-road,  Southwark,  London,  S.E.,  quotes  under  date 
April  4,  the  following  approximate  prices  of  Scrap  Mbtais  :— 


per  ton. 

Aluminium  Cuttings £112    0    0 

Clean  Mixed  Brass £67    0    0 

Ctnan  Conper £100    0    0 

Braziery  Copper £90    0    0 

Gun  Metal £78    0    0 


per  tan. 

Old  Lead £29  10    0 

Tea  Lead £27  10    0 

Old  Zinc £64    0    0 

Hollow  Pewter £120    0    0 

Shaped  Black  Pewter £85    0    0 

Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Sslder  (in  bar 
or  strip).  £80 ;  Commercial  Tinman's  Solder,  £115;  Blowpipe  Solder,  £120. 


ELECTRICAL  COIVIPANIES'  SHARE  LIST. 

What  were  known  m  "  offioiai  quotatioai  "  are  not  now  iuuel,  bit, 
we  nivo  below  the  latent  prions  at  whioh  aotual  transaotioat  took  plaon 
on  Of  before  Tuenday,  Ajml  1  Tht  graatoit  aire  is  taken  in  oompilia  ' 
these  figuroj.  but  tho  dittioultj  of  Toritioatioa  is  now  muoh  iaoroased. 


5|Di»f 

J)   CBND 


Electricity  Supply. 

Bournemoiitli  fj.  ft  'ile  Ei.L.  Ord 

tDo.     4J";  Cum.  P?et 

tDo.     ^  ■    '  .-Mi  Pief 

Bromf !  inijtonOrd 

Do.     /   .,  :  

Central  Elec.  bupp.  C.  Deb.  St 
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A  Million-Volt  Experimental  Transformer. 

The    thousand    kilovolt-anipere,    million-volt    transformer 

linstalled  at  the  Panama  Pacific  Exposition,  described  else,- 

where  in  this  issue  by  Mr.  G.  L.  Bayley,  is  of  interest  to  engi- 

Jieers  on  account  of  the  originality  shown  in  its  design  and  its 

performance  under  abuse.     The  author  describes  in  detail  the 

-construction  and  arrangement  of  the  windings  and  the  oil 

insulation    arrangements,    and   describes   a   number   of   tests 

which  show  that  very  severe  conditions  were  imposed  on  the 

vUnit.     It  is  to  be  regretted  that  there  was  not  sufficient  time 

to  carry  out  the  experimental  work  that  had  been  planned,  but 

.no  doubt  this  will  be  possible  when  the  transfoimer  is  re-erected 

in  Chicago.     In  the  meantime,  from  the  experments  which 

were  conducted   it   is  evident  that   the   simple   construction 

adopted  is  a  suitable  one  for  extra-high-tension  transformers. 

Engineers  will  find  it  difficult  to  imprc've  upon  the  open-type 

concrete  pit  in  which  the  transformer  was  installed,  and  the  ease 

with  which  the  transformer  was  repaired,  after  many  of  the 

insulating  spacer's  had  broken  down,  is  noteworthy.   Although 

the  generally  accepted  view  is  that  oil  in  the  open  air  absorbs 

water,  with  this  transfoimer  it  was  found  that  the  dielectric 

strength,  which  originally  was  18,000  to  20.000  volts  with  an 

air-gap  of  0-2  in.   between  0-5  in.   diameter  spheres,   rapidly 

increased  under  the  electrostatic  stress  accompanying  operation 

to  40,000  volts,  at  which  value  it  remained  constant'. 


■Organised  Industrial  Research. 

IxTERE.ST  in  industrial  research  continues  to  be  shown  by 
an  ever-increasing  circle  of  people,  but,  as  yet,  those  most 


NOTICE.— GOOD  FRIDA/  WEEK. 
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"Small"  Advertisements  must  be  sent  in  not  later  than  noon 
on  WEDNESDAY. 


concerned  are,  with  few  exceptions,  silent.  Up  to  the  present 
the  majority  of  our  manufacturers  have  taken  no  active  part 
in  the  discussion.  We  give  elsewhere  an  account  of  Mr. 
A.  P.  M.  Fleming's  recent  lecture  on  the  subject  at  Manchester, 
under  the  auspices  of  the  Cotmcil  for  the  Organisation  of 
British  Engineering  Industry.  Although  on  many  points  we 
are  in  entire  agreement  with  Mr.  Flemixc;,  there  are,  never- 
theless, certain  matters  to  which  we  take  exception.  It  must 
be  tacitly  assumed  that  American  firms  invest  money  in  re- 
search in  order  to  profit  thereby.  Everything  in  the  American 
character  serves  to  indicate  that  the  assumption  is  a  correct 
one,  and  the  investing  of  money  in  order  to  profit  thereby  is  to 
the  credit  of  the  American  people.  Now,  if  certain  American 
firms  find  it  profitable  to  spend  £100,000  per  year  on  research 
connected  with  their  share  of  a  particular  industry,  we  a.-^k 
what  expenditure  will  be  needed  on  centralised  laboratories  f(.r 
the  requisite  research  in  all  the  industries  of  this  country  i 
At  the  risk  of  some  overlapping  we  should  prefer  to  see  cen- 
tralised research  laboratories  for  each  industry,  each  laboratory 
being  situated  in  the  centre  of  the  distri(  t  in  which  the  par- 
ticular industry  is  pursued.  Ni^arly  12  months  ago  we  urgtd 
the  formation  of  technological  museums  and  libraries  in  every 
industrial  town  in  the  country,  and  we  are  firmly  convincetl 
that  these  would  be  of  inestimable  value  to  our  industries. 
Undn-  existing  conditions  we  fill  our  museums  with  dead 
things  and  fossils.  Instead  of  our  museums  being  packed. 
almost  to  bursting,  with  the  dead,  we  ought  suvclv  to  endeavour 
to  pack  thenr  with  the  living. 

We  have  libraries  in  our  cities  and  towns,  and  in  prartically 
all  our  villages  ;  but  if  any  studenc  desires  information  oa  a 
particular  industry  it  is  necessary  for  him  to  search  in  London 
at  one  or  other  of  the  great  libraries.  To  us  it  seems  incredible 
that  special  information  of  this  kind  can  oidy  be  obtained  in 
London— in  a  city  in  which  industrial  activity  should  bo 
limited  by  Act  of  Parliament.  But  we  make  it  easy  for  our 
people  to  read  light  literature.  If  the  question  of  economy 
arises,  library  committees  economise  by  refusing  to  buy  books 
costing  more  than  a  few  shillings  each,  and  this  rules  out  all 
serious  works  on  technology.  These  matters  are  mit  dealt 
with  by  Mr.  Fleming,  but  the  thoughts  crowd  in  on  us  on 
reading  his  Paper.  The  most  questionable  pait  of  the  latter. 
in  our  opinion,  is  the  suggestion  that  patents  should  be  takoii 
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out  on  behalf  of  the  Govemment.  Surely  Mr.  Fleming 
cannot  be  serious  in  suggesting  that  patents  should  be  taken 
out  on  behalf  of  those  who,  inespective  of  party,  both  by 
])rerept  and  fxauiple,  have  gulled  our  people  into  the  belief  that 
an  Empire  ran  be  founded  and  conducted  by  the  adoption  of 
a  "  wait-and-see  "  policy.  Working  under  every  conceivable 
disadvantage  our  traders  have  built  up  industries  of  unparall- 
eled magnitude,  and  our  scientists  working  under  similar 
conditions  have  made  most  of  the  fundamental  discoveries 
that  have  been  made.  All  we  ask  of  the  State  is  a  sum  annually 
r<|ual  to  the  cost  of  three  Dreadnoughts.  As  a  return  for  this 
our  scientists  and  engineers  will  pr'ijiiise  tf)  make  war  impos- 
sible, and  will  undertake  to  put  our  industries  on  a  sure 
foundation.  By  trusting  the  Stat^e.  the  peo])le  of  Britain  are 
to-day  paying  close  upon  five  millions  sterling  per  day.  By  the 
time  our  people  extricate  themselves  from  the  d«nger  zone  into 
which  they  have  been  led  by  their  politicians,  we  hope  and 
believe  they  will  be  able  to  rely  on  themselves,  so  far  as  irdus- 
trv  is  concerned  at  lea.st.  And  we  urge  ihcm,  both  (  apital  and 
labour,  to  organise  and  to  co-operate  in  older  to  d«mand  from 
the  State  a  sum  equal  to  the  cost  of  three  Dreadnoughts 
annually,  so  as  to  enable  them  to  live  decently  and  1o  reap  the 
fruits  of  their  labour. 


Colwyn  Bay  and  the  Board  of  Trade. 

Tho.sk  who  are  of  the  opinion  that  people  ride  on  the  tops  of 
tramcars  for  the  purpose  of  looking  into  the  bedrooms  of  houses 
en  mute  will  be  slmrkfd  to  learn  that  this  will  >hoitly  be 
prtssible  at  f'olwyn  Bay  of  all  places  on  earth,  .ludging  by 
the  r-videuee  that  was  given  at  the  Board  of  Trade  incjuiry.  it 
appears  that  certain  of  those  whose  privilege  it  is  to  live  on  the 
car  route  .strongly  resent  the  proposal  made  by  the  tramway 
(•omj)anv  to  run  double-deck  cars.  We  are  exceedingly  glad 
to  note  that  silly  and  frivolous  evidence  lias  had  no  effect  on 
the  Hoard,  and  we  understand  that  after  making  minor  altera- 
tions it  will  lie  |»o.ssible  for  double-tleck  cars  to  be  used  at 
Colwyn  Bay.  We  com])lim(nt  the  ("om])any  on  its  success, 
and  we  believe  the  decision  of  the  B(ard  of  Trade  to  be  a  s<iund 
one.  To  tho.se  who  desire  nmre  privacy  in  their  bedrooms 
than  that  afforded  by  opacpie  blinds  we  would  ric<mmend 
another  asvluni. 


Mutual  and  Self  Inductance.  .Mr.  S.  Butteiworth.  writing 
III  till'  (  uiiiiit  i,-.sii(.  ul  tilt'  '•  riiiiosopliical  .Magazine,"  discusses 
a  ■■  .MeflKwl  for  Deriving  .Mutual  and  Self  Inductance  Series." 
Ill  iIm-  articif  will  lie  f<iund  various  expre.s,si()ns  in  the  form  of 
.series  for  the  .self-induction  (((efficients  of  both  loii^  and  short. 

<  oll^ 

Crystal  Palace  School  of  Practical  Engineering.  Last  week 
flip  l.'5<>t!i  award  of  certificates  was  held  at  this  .school,  the 
presentation  lieiny  made  by  .Mr.  .1.  1*.  Barber.  The  occasion  is 
of  mole  than  usual  interest  owing  to  the  fact  that  it  is  the  last 
of  the  series  in  the  old  South  Tower  over  a  ]>eriod  o*^  4.'i  years. 
The  school  is  aliout  to  move  to  more  convenient  ])reinises  close 
at  liaiiil 

"Journal"  of  the  Institution  of  Electrical  Engineers. 

In  view  of  ;lie  ( ;n\ cininrn!  IC--1 1  i(  lions  in  K'^aid  to  the  sujiply 
of  ]ia])er.  and  alH>  owing  to  the  great  increase  in  its  cost,  the 
('onneil  have  decided  to  reduce  the  amount  of  matter  in  the 
■■  .louinal."  and  to  jjublish  it  monthly.  in.Hlead  of  fortnightly, 
until  conditions  are  again  norniaJ.  The  Ih.sI  forlniKhtly  Part 
(No.  2.57)  WHS  dated  March  1 .  I'.Mf.. 

Modern  Developments  of  Water  Power  We  have  rei cived 
.1  .  i.|»\  III  .Ml,  A  Siei^ii  ^  ra|Mi  oh  tliir  im|)ortaut  subject. 
As  many  of  our  readers  will  remember,  the  .\uth«)r  was  awarded 
the  Be.H.semer  ]»rize  by  the  Society  o(  Kngineers.  The  Paper, 
whirh  as  an  analvsis  and  compilation  of  yeneral  hxdraulic 
tniliiiii-  i>n<'in.'ii  Ml.'  id  uni<|ue  for  the  conditio"-  nf  li\  .Ii.iuIk  - 


to  be  met  with  in  this  country  and  in  the  colonies,  may  be 
obtained  from  the  Author  at  32.  Victoria-street.  London,  S.W. 

The  cost  is  2.s.  post  free. 

Maximum  Frequencies  of  X-Rays,  —  Mr.  A.  W.  Hull, 
writing  in  the  "  Physical  Review,"  .states  that  measurements 
from  curves  of  energy  distribution  -in  X-ray  spectra  at 
constant  potentials  show  that  the  maximum  frequencies  up  to 
](X),(X)0  are  given  accurately  by  the  quantum  relation — i.e., 
they  are  proportional  to  the  voltage.  There  is  no  tendency 
for  the  fre(piency  to  fall  jfi  at  the  higher  voltages,  such  as 
Rutherford  reported  from  work  with  absorption  methods. 
The  highest  freqtiencv  observed  was  22-8  x  10*,  with  a  V(5hage  of 

Shot  Firing.  -\ii  informative  technical  Paper,  entitled 
■  >'\u>\  Firing  in  Coal  Mines  bv  Electricitv  Controlled  form 
Outside."  by  Messrs.  H.  H.  Clark,  N.  V."  Breth  and  C.  M. 
Means,  has  recertly  been  issued  by  the  Bureau  of  Mines 
(U.S.A.).  Details  are  given  for  operating  and  constructing 
nine  different  kinds  of  sy.stems.  A  general  discussion  then 
follows,  bringing  out  the  more  preferable  and  reasons  foi 
selecting  the  same.  Suggestions  for  outside  .shot-tiriim 
systems  are  then  ^iiven.  with  a  correct  description  of  the  ways 
in  which  they  should  be  operated.  Costs  of  installation  and 
essential  features  are  then  given  as  a  final  section. 

Leakage  of  Current  From  Electric  Railways. — In  a  Paper 
recently  publisiied  liy  the  Bureau  ot  Standards  tlie  theory  of 
the  leakage  of  current  from  electric  raUway  tracks  i^  developed 
mathematically.  A.ssuming,  first,  a  single  track  of  uuiform 
construction,  and.  later,  a  track  whose  sections  vary  in  con- 
ductivity, leakage  resistance  and  loadintr.  the  effects  of  rail  and 
leakage  resistance  and  of  the  length  of  the  line  on  tlie  distribu- 
tion and  amount  of  leakage  current  are  calculated  for  system* 
with  both  grounded  and  ungrounded  negative  'buses.  Curves 
are  plotted  showing  the  effects  of  the  principal  variables  in  the 
formula'  developed.  The  conclusions  with  respect  to  elec- 
trolysis to  be  drawn  from  the  formulas  aiid  curves  are  dis- 
cu.ssed  and  tabulated.     The  Paper  contains  14  figures. 

Flicker  Photometer.     Messi-s.  H.  E.  Ives  and  E.  F.  Kings- 
bury  liave  ail   article   in  the   "  Philosoj)hital  Magazine  "'   on 
"  The    Theory   of    the   Flicker    Photometer."      Among    the 
experimental  results  referred  to  there  are  the  following  :  ('/) 
Different   ratios  of  light  to  dark  expo.sures  require  varying 
critical  speeds.     At  high  illuminations  a  maximum  occurs  for 
approximately  equal  light  and  dark  intervals,  but  the  curves 
connecting  relative  period  of  light  and  dark  intervals,  but  the 
curves  coimecting  relative  period  of  light  exposure  and  critical 
speed    are    not    symmetrical.     (6)  The    relationship    between 
illumination  and  critical  speed  is  represented  by  critical  speed 
-0  loir  illumination-  /^  where  ((  and  /*  are  constants,  a  being 
"losely  the  same  whatever  the  relative  light  and  dark  expo- 
sures, and  1)  varying  with  the  relative  exp(»sure.     (c)  When  a. 
flickering  illumination  is  superimpo.sed  on  a  steadv  one  the 
critical  trecjuency   is  connected  with   the   mean  illuminatioiv 
by  the  same  logarithmic  relation,  but  the  constant  (J  varie* 
with  tlie  ratio  ol  flickering  to  steady  illumination. 

Fortieth  Anniversary  of  the  Telephone.     On   March   7, 
ISTO.  tlie  hrst  telephone  patent  was  siiiiied  l»y  the  rnited  States 
])atent   authorities.     Forty  years  after,  on  the  7th  idt..  the 
|(»tli  aiiuivei-sary  of  this  "official"  ]>irtliday  was  celebrated 
by  a   banquet   at    Washington  of  the   National  (ieographical 
Soeiety.  at  which  Dr.  .V.  (Jraham  Bell,  the  inventor  and  one  of 
the  board  of  managei-s  of  the  society,  was  ])resent.  along  with 
several  secretaries  of  the  U.S.  GkivernmsMit.     .\ll  the  speakers 
devoted  themselves  to  the  subject  of  the  telephone,  and  many 
long-distance  communications  were  received  in  the  banqueting 
room,     .\mong  others,  the  General  in  command  at   El  Paso, 
on  the  Mexican  bonier,  sjwkc  to  General  Scott.  Interim  Sec- 
ret-ary  of  War.  sitting  at  the  dinner  table,  stating  that  all  was 
quiet   on  the  bonier.     Sir  R.  Bonien.  the  Canadian   Premier, 
.speaking  from  Ottawa  sent  a  mes.sjif:e  t »  the  meeting.     In  his 
own  .'speech.  Dr.  Bell  said  he  was  overwhelmed  by  some  of  the 
exain]»les    of    lonv^-distam  e    telephony    demonstrated    at   the 
meefint;    mo(le>.tl\   di'<  hiring  that  he  ilid  not  s.-c  wh.Tt  lie  li;ul 
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to  do  witli  the  results  achieved,  inasmuch  as  many  minds  had 
(•(intributed  to  the  development  of  the  telephone  of  to-day. 
He  foretold,  however,  the  possibility  tliat,  some  day,  the  tim<i 
ini»ht  arrive  when  the  people  of  the  United  States  would  be 
j,l)l(.  to  sinj^  the  "  Star  Spangled  Banner  "  in  unison. 

Regeneration  of  Sulphated  Storage  Cells.— A  Paper  on 
this  subject  was  contributed  recently  to  the  "  Journal  of  Phy- 
sical Chemistrv,"  hv  Messrs.  G.  A.  Perlev  and  C.  W.  Davis 


tube  and  jtroduced  th'i  ciicii.^..-  ,,.  j»M-.,uie  ne'.e.^.-arv  to  re.sK-i- 
the  lower  surfaee  o£  the  nif  rcury  to  its  normal  "level.  The 
value  of  gravity  was  measured  bv  the  length  of  the  needle 
immersed.  A  practir-al  difficulty  in  regulating  the  po.sition 
of  the  needle  led  to  the  adoption  of  a  different  method  of 
adjustment.  In  this  case  the  level  of  the  mercurv  in  the  lower 
line  was  regulated  by  introducing  or  extracting  mercun-  through 

„„„,.,..--.....-,     ....    -- „.-......_„„„..    ... „.      two  side  tubes,  one  of  which  was  of  eoarse  bore  fori  '  ■         rh«- 

The  authors  have  pieviouslv  shown   tliat  sulphated   storage      initial  adjustment  and  the  other  of  fin.-  bore  for  p...^..>  -.,  of 
cells  ■  -        •-  -  -1-..— 


lis  can  be  regenerated  satisfactorily  if  the  battery  acid  is 
re])laced  by  a  solution  of  sodium  sulphate.  Upon  the  passage 
of  a  normal  charging  current,  the  lead  sulphate  is  reduced 
wltJiin  60  hours,  even  in  badly-sulpliated  grids.  This  method 
has  .since  been  tried  by  others  with  uniformly  good  results. 
It  was  conceivable  that  some  other  salt  might  give  deposits 
that  were  good  enough  to  justify  its  use,  and,  accordingly, 
some  experiments  liave  been  made  with  other  sodium  salts. 
The  experiments  point  to  the  following  general  conclusions  : 
(1)  Sodium  sulpliate  is  the  best  salt  to  use  m  regenerating 
po.sitive  and  negative  storage-battery  grids.  (2)  Dummy 
])(!-! live  grids  on  the  outside  of  the  negative  plates  diminish 
the  time  of  reduction.  (3)  Hydrolysis  of  the  lead  salts  formed 
in  sodium  hydroxide  solution  yields  large  and  troublesome 
quantities  of  lead  monoxide.  The  active  material  of  the  grids 
-  removed  to  a  considerable  extent.  (-1)  With  sodium  sulphite 
solutions,  a  hard  crystalline  material  is  deposited  at  the  cathode 
which  causes  buckling  of  the  grids.  (5)  Reduction  in  whole  or 
p  ])art  of  a  sulphated  grid  results  by  the  use  of  a  solution  of 
sodium  sulphate,  carbonate,  phosphate  or  sulphite.  (6)  Good 
mode  deposits  from  sulphated  grids  can  be  obtained  only 
nth  sulphate,  carbonate  and  hydroxide  solutions.  Rela- 
ftively  high  anode  corrosion  with  sodium  hydroxide  solutions 
makes  these  useless. 

Reversible  Change  of  Remanent  Magnetism  with  Tem- 
perature.— Dr.  G.  Elias  has  a  Paper  on  the  above  in  the  "  Pro- 
[ceedings"  of  the  Koninklijke  Academic  van  Wetenschappen  te 
Amsterdam.     When  a  magnet  is  heated  it  loses  magnetism, 
[.and  when  cooled  again  to  its  initial  temperature  the  mag- 
xetism  increases,  but  not  quite  to  its  original  value.     With 
repeated   operations  of   this   type   these   differences   become 
Ismaller  until  a  cyclic  state  is  reached,  and  the  changes  become 
•reversible.     This  reversible  change  is  the  one  investigated.     If 
[j/j  and  1/2  ^1'^  tlie  magnetisations  at  temperatures  / ^  and  <2)  tlien 
3I,=M^{l-a{U-f,)], 
md  the  coefficient  a  was  positive,  as  found  in  the  experiments 
)f  Ashworth  and  Durward.     For  steel  the  highest  value  found 
tov  a  was  0-0014,  and  cast  iron  0-0029.     Negative  values  for 
)iano  wire  had  been  found  by  Ashworth.     The  spontaneous 
piiagnetisation   of   the    "  elementary   crystals,"   which   Weiss 
|:egards  as  the  building  stones  of  the  iron,  decreases  with  the  rise 
)f  the  temperature  according  to  the  formula 

il//i¥o=cotha-l/a, 

k'here  a=30il//TJ/o,  Mq  is  magnetisation  at  absolute  zero, 
that  at  temperature  T,  and  6  the  Curie  point.  If  by  means 
^of  this  formula  we  calculate  the  change  between  10  deg.  and 
KiOdeg.,  taking  the  Curie  point  as  757  deg.,  we  obtain  4-2  per 
'  cnt.,  which  agrees  very  well  with  the  experimentally  found 
value  of  3-9  per  cent.  The  results  Ashworth  found  for  steel 
were  confirmed  experimentally,  the  highest  value  for  a  being 
0-0015.  The  author  determined  a  for  different  parts  of  the 
same  magnet,  and  found  that  a  near  the  ends  is  less  than  in  the 
middle,  since  the  demagnetising  force  at  the  ends  is  greater. 

Determination  of  Gravity  at  Sea. — Prof.  W.  G.  Duffield,  in  a 
recent  Paper  read  -before  the  Royal  Society  on  this  matter, 
discusses  a  method  which  depends  upon  balancing  a  column  of 
mercury  against  the  pressure  of  a  constant  volume  of  air  con- 
tained in  a  bulb.  Tlie  w^hole  apparatus  is  maintained  at  as 
constant  a  temperature  as  possible.  The  height  of  the  column 
varies  inversely  as  the  value  of  gravity.  In  an  early  form  of 
the  apparatus  the  adjustment  of  the  air  volume  was  made  by 
raising  or  lowering,  by  means  of  a  magnet,  an  iron  needle  im- 
mersed in  the  mercury  in  the  upper  part  of  the  apparatus, 
^his  lowered  or  raised  the  level  of  the  mercury  in  the  vertical 


delicate  measurement.  A  high  .sensitivitv  could  be  attained 
by  making  the  diameter  of  this  tubf  small  and   that  of   the 

vertical  tube  large.     A  small  pump  was  u.sed  for  extr     '' ' 

mercury.  The  con.stancy  of  volume  was  indicated  b 
contact  between  the  mercury  and  a  pointer,  a  trembling  coil 
and  telephone  completing  the  circuit.  Tlu-  apparatu.s  wa.s 
tested  on  a  voyage  to  Australia  and  modified  in  Adelaide  in 
accordance  with  experience  gained.  It  was  further  tested 
during  part  of  a  return  voyage  under  very  unfavourable  con- 
ditions, nevertheless  the  results  indicate  the  suitabilitv  of  this 
type  of  instrument  for  future  observations  of  L'ravirv  at  sea. 

Production  of  Ferro-Silicon  in  the  Electric  Furnace.  - 

According  to  "  Metallurgical  and  Chemical  Engineering,"  a 
furnace  for  the  production  of  ferro-silicon.  wliich  is  designer! 
for  the  utilisation  of  lower-grade  raw  materials  than  generallv 
used,  has  recently  been  patented  by  Mr.  H.  ('.  HarrLson.  It  is 
a  combined  combustion  and  electrical  furnace,  a  cross-section 
of  which  is  shown  in  tlte  accompanying  figure.     The  furnace 


P 


M 


TT" 


has  12  electrodes  extending  down  into  the  hearth  (1).  as 
shown,  the  connections  and  adjustments  needing  no  explana- 
tion. The  roof  (3)  has  manholes  (10)  Avith  gas-tight  closures 
(11)  ;  supported  directly  above  the  roof  op.ning  (i)  is  a  stack 
combustion  chamber  (12).  Radial  tuyeres  connected  to  a 
bustle  pipe  (15)  open  through  the  lower  end  of  the  stack.  The 
stack  may  be  cooled  by  a  water  spray  from  pipe  (16).  The 
charge  is  made  up  of  mill  scale,  intermingled  with  dense  im- 
permeable briquettes  of  ground  sand  and  coke.  The  carbon  is 
slightly  in  excess  of  <"hat  required  for  the  reduction  of  the  silica. 
A  charge  consists  of  approximately  Ui9  parts  of  mill  scale, 
269  parts  sand  and  139  parts  coke  (80  per  cent,  carbon).  The 
pre-heating  of  the  charge  is  effected  in  the  portion  of  the  coliunn 
above  the  tuyeres  by  the  combustion  of  the  carbon  monoxide 
rising  from  below.  The  charge  is  introduced  in  the  form  of 
briquettes  and  a  temperature  of  about  2.000°C.  is  needed  in  the 
final  zone  where  the  silicon  is  reduced.  Air  is  introduced 
through  the  tuyeres  to  effect  combustion  of  the  excess  carbon 
monoxide  not  used  in  reducing  iron.  The  process  is  operated 
continuouslv. 
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Black   Body   Radiation,     A  Painr  has  recently  been  pub- 
lihhcd  bv  Mi.  \V.  W    (  . (blent/.,  of  the  Bureau  of  Standaixl-^.  «1n 
■  I'reKent  StatUK  of  the  Determination  of  the  Constant  of  Total 
Hadiation  fioiii  a  Blark  Body." 

The  fiffll  jjiirt  ol  tlii>«  l'tt|.(r  givcx  a  Kiiinmary  of  the  incthctlK  metl  ami 
Ihe    value*   of   the  wnKtant    of   total    radiati.iii    oblair.«-<l    \>y    variou^ 
oK^fTvcn*.    CorTPftionjtforloKKCHbyrfflwtioii.foratinr Kjiherjc  absorption, 
.uiil  for  lack  of  blatkrewt  'rf  tlie'radiator  *<ti-  applied,     .\fter  makinji 
to  Th«- iiioHt  reli. '  ■  ■  i..- lar^;*- variation^ 

.   .oiihtaiit   have  ■:  value  of  the  lo- 

eltK-K-nt  which  m  of  the  onler  of 

<T       5'7  '    10"''    Willi    I  111.        •.•ji. 

Thia  Paper  tiivi-n  ahu>  the  eoneetion  (al>«»ut  I  fer  cent.)  for  lack  of 
Maekceaa  *'  of  the  n  diatioi  ^  from  an  iinpaii.tcd  j».r<elain  tufe  n  di«tor 
and  for  the  atiiK/npherie  ahMirption  in  12  n.etie  of  air  containing  a  c'eter- 
inir.ed  amount  id  water  va|>our.  the  rcciator  l.cing  at  about  l^i^OC. 
Th-  data  obtained  in  a  (fieviouH  I»ajer  have  fren  toriected  for  loffet*  by 
diffuse  rif^-'tion  from  the  re<ei\er  m  <l  (onibii  »d  to  fiiw  a  value  of  the 
!(()'  'he  Mi-eal!i-<l  Stefan   Holt/iniiiin  «^.iii.tai.l  |  of  tc.tal  rjdiation 

froii  .    Indy,  «••  determii.Ml  b\   iM-ai.i>  of  an  al  holute  theiii.opi'e  of 

the  ty|.e  previoLiily  diiw  ril  wl.  'II. ••  (<»rrettion  appliid  to  all  the  data 
for  difluM>  reHet-tion  in  taken  »»  I  eiiijj  l-.*»  |er  lent.  Thix  lorrettion  may 
le  01  to  0-3  per  tent,  too  hi;.di  for  lampblack,  but  it  will  eliminate,  in 
jMirt.  atmoHpheric  abKorplion  aid  tie  {-i  f>ib!e  lack  of  blackr<hh  of  the 
r>  diator. 

t»f  the  l.'i  ic<ei\erH  »i>e«l.  tliii  c  wiie  know  ii  to  I  c  dcfc*  ti\c.  ai.d  leteixer 
N'o.  I  (which  wan  or.e  of  ihe>e  f  hice)  wait  iiMfl  mainly  f<  r  relative  n:ea»iure- 
menta  on  the  efTiH-t  of  uiiinx  »aterenoIp<l  diapbra^imi*  having  difTerent 
o|enin(;«.  The  n  ean  value  of  the  radiation  loiihtant  (tfinectctl  by  lo 
per  lent,  for  reHe<tion)  aa  determine*!  by  12  rwciveni  and  reprc^enting 
.t4H  |Miirit  of  metfHiirementa  ia 

ff     5-77 -•  10  "  watt  en).  »  Jeg."'- 
If  «e  exclude  rtHpivcnt  No*.  8  and  9,  whirh  ia  pprmieaible  in  view  of  the 


fact  that  they  v. 
totiij  rndinti'iii 


*  11  to  1 1-  defective,  the  value  of  the  e<  efficient  of 
!ing  the  mean  of  :.04  fiaim  of  determinations,  is 
ff^5-74>;IO  '»  watt  cm.-»di»g.-', 
wh  '"■  r  than  the  value  obtaii  (<1  for  all  the  leceivers. 

Th.  .  the  ircaii  of  all  the  data  tabulated  in  Table  .*>  of 

the  Hulletin  ol  the  Bureau  of  Stat  <lai<U.  \'ol.  XII..  paj;e  ."j3I.  e.\- 
(e|i(inf(  the  nieaMuren.entH  in  which  there  wiia  nu  slit  in  front  of  the 
re«eiTPr,  in  which  tnoiicture  waH  pretrnt.  at  d  in  which  an  tinblacker.cd 
rail     ■  •«!.      All  the  detiimii    '  ne  jji\en  the  hsn  e  weight 

III  '  ■■an  \«lr«-,      K«' h  tii  .ill  c- repre^ents  two  ^et8  of 

'1  in  a  I  i.inplcte  determination  c<ir>iMir:;' 

!■■  in  the  retener  wih  heated  electritnliy 

at  ii   when  it   waa  heated   r.  ally.      From  the  data  at   hard  it 

n|i|  earn  thai  the  value  of  lh<  • ii  c  oi.Klant  ia  of  the  order  of 

a     5- 75/  10  "watt  em.  '  deg.-* 
or  tf     I-37'»  •  10  "  gr.-eal.  ein."' deg.-*. 

fmng  I'lanek'-  • ■•■<<n  m  d  MillikanV  value  of  the  unit  ele<  t  lie  charge . 

thi*  value  of  th'  lit  of  total  m  diation  irdicatea  that  the  conHtai.t 

of  •!  ectnil  radiation  »»  >      I4..'!00  cm.  deg. 


PERSONAL. 


Sir  Willinm  CriNilcpa.  O.M..  K.H.S..  unci  Ijuly  ('nuiken  cpleliriitetl 
thrir  diunioiul  winliling  t>it  tho  loth  inat. 

S-nhor    I'  TV  ,    h«>««n   ap|NiintiHi     Dm-etor- 

fJriieral  of     _  ■  ■     ^     .If. 

\  N«M-<iiiil  lial  of  niPinlirra  aimI  aaMtrialr  iiieniliorx  of  the  liiHtitiition 
of  Klecincftl  KiigiiuTric  who  hiixe  clii>tingiii'<h(>«i  themselves  in  the 
lielil  i«  given  in  the  ■liiuriiul  °  of  the  Inatitutiiiii  for  .ApnI.  TluKe 
*rr  Aa  f  nl  low  a  :--.!/ i7i//trv  <'ro*i:  liput.  A.  C  S|mrkM.  K.K.  Men- 
liintrti  in   !■  '!     .ir  A    S.   Aiigwin.   H  K.  ("apt.   H.  Can-v- 

TlioiiKwi,  |{    1.1,  >fi«.  It   K  ,  l.icnl    I!    K    Mull  ••III.  I>i\  i-i<»iiiil 

Kiigiiiprni,  K.X.I). 

Aoti  up  of  lux  ■   (•riMip,     Mr.  i'-.  W.   P.   I'age. 

who  fill  :.     , ..  Ifia  betMi  etigAge<lchirMy  on  piiblic-Htion  ami 

othrr  to'hnictil  work  in  the  pnltlicaiion  dp|tartnipnt  of  the  tteneral 
KlfH^tric  (*o.  (Ltd.).  haa  rnliatofl  III  the  l/mdon  Klrelncal  Kngintvrx. 


APPOINTMENTS  VACANT  AND  FILLED. 


-N  jiuiior  »hift  rnffii»r««r  i«  ri 
Nr«  helU.    Mirr 


|iFr  aniiiin> 
rvlArv.   K' 


tho  now  tpm]«>rary  Malion. 

J   lo   £JO0 

*  '  e    Soc- 

r  and 

liirioiiigbMin,    bv 


1    ..I. 


.\u 


l»opf.)    to    If.' 

k).    14.    Male 

>n  ia  nM|uifTC|  fnr  tho  (««ld  tVin*!  i;nrrmmpp'  Wfitor- 
'  with  fr«  n>.      A;  iii 

K-".   '.   '^i -^    I^ildoii.  .-  << . 


A  draughtjsman  !.■«  wanted    for   electrical    iii-strunient  work  in  t^ 
Government  department  at  Port.sinouth.     See  an  advertisement. 

A  first-clas.s  foreman  armature  winder,  used  to  a.c.  and  d.c.  wind- 
ing, is  advertised  for. 

Heywocd  Corporation  lequire  an  assistant  for  their  motor  and' 
meter  departn.ent.  foiumencing  wages  £2.  10s.  per  week.  Appli- 
cations to  Borough  Electrical  Engineer. 


Prof,  (djliert  T.  .Morgan  lias  been  ap|X3inted  to  the  chair  of  chemistry 
in  the  Citv  and  (iuilds  Technical  College,  Finsbury.  in  succession  to 
the  late  Prof.  R.  Meldola. 

Mr.  J.  B.  I'eace.  fellow  and  bursar  of  Emmanuel  College,  has  lieeii< 
apjKjinted  manager  of  the  Printing  Uei>artment  of  the  C^'i'bridge 
Cniversit\-  Press,  in  succession  to  the  late  Mr.  John  Clay.  !*•  Jll»^  ^ 

Mr.  W.  H.  S.  Clarke,  now  distribution  assistant  at  Xew|x)rt  (Mon)^ 
has  I  een  aiijxjinted  installations  a.S8istant  at  a  commencing  salary  of 
£l4<t  j»er  aimum.  .Mr.  C.  E.  Illingworth,  at  present  senior  engineer- 
in-charge  at  Lanarth-street  works,  has  been  promoted  to  be  directljr 
reK|K)nsible  to  the  electrical  engineer  (.Mr.  A.  Xicholls  Moore)  for  th© 
siijK'rvision  of  those  works,  the  Mill  Pa-ade  substation  and  certain* 
of  the  transformuig  stations,  at  £130  jjer  annum. 


INSTITUTIONS  AND  SOCIETIES. 


Institution   of   Ehctrical   Engineers   (Manchester   Section).— The^ 
annual  general  meeting  of  this  Section  of  the  liistitutinn  of  Electricajj 
Engineers  was  held  on  Tuesday,  April  4th.     The  chairman  (MT.tB.J 
Welbouni)  presided,  and  there  was  a  good  attendance  of  member 
\'otes  of  thanks  were  accorded  the  chairman,  hon.  secretary  and! 
assistant  secretary  for  their  work  during  the  session.     The  Com- 
mittee of  the  Engineers'  Club  were  also  thanked  for  the  use  of  the 
club  jiremises  for  the  holding  of  the  meetings.     The  voting  took 
place  for  the  chairman,  hon.  secretary  and  committee  for  the  nextJ 
sessicjii.  and  resulted  as  follows.  viz-X'hairman. -Mr.  .A.  E.  McKeuziej 
vice-chairmen.  Messrs.  C.  J.  Beaver.  A.  P.  M.  Fleming  :   committee,"| 
H.  Allcock,  Dr.  \\m.  ("ramp.  Prof.  A.  B.  Field.  A.  C.  Livesay,  S.  L. 
Pearce.  .1.  S.  IVck.  H.  A.  Ratcliff.  .1.  A.  Robertson.  H.  D.  SMHons, 
Aid.  Win.  Walker.   l>rof.  .Miles  Wnlker  and  S.  .1.  Watson.      At  the 
close  of  the  meeting  a  lecture  on  ""  Recent  Researches  in  X-rays  " 
was  given  bv  I*rof.  Sir  E.  Rutherford,  of  the  .Mi'.nchester  Universitv- 


ARRANGEMENTS  FOR  THE  WEEK. 


S.W. 
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FRID.W.  AprU  14th  (to  day). 

I'uvsir.M.  SortETv. 
■J /Kill.      At    liii|'iiiiil  College  of  Science.   Smith    Kensington, 
rapi-r   on     "The   Variation   of   Roistaiire   with    Voltn.-i- 
Kci  tifying  ('<  ntact  of  Two  Solid  Condm  tors,  with  .A]'|ihcations 
to  theElcctric  Wave  Detector."  by  1>.  Owe  n.  B.A..  H.Sc.  ;   al**.] 
I'a|-er  on   "  The  Electrical  Capaoitv  of  a  Cold  leaf  KlectroscojH',"' 
by  T.  HaiTiitt.  A.K.C.S.,  D.Sc. 

ThK    I'.OYM.    IssTITt  TIO\. 

.I-.W  p.m.     .\t  .Ml'ciinarle.stnrt.  W.      Disccmrse  by   Prof.  Sir  .1.  .1. 
Thomson,  F.R.S.,  on  "  (ienosis  and  .\bsorption  of  X-Rays." 

InsTITI  TloN    oK  MKfH.WUM.    KncINKERS. 

fi  }i.)ii.     .\x  the  Institution  of  Civil  Engineers.  (Jrvat  George  street,. 
S  W  .      .\muiai  Ceneral  Meeting. 
SATUBDAT,  April  IStll. 

I'lM.   BoVAl    Tnstitition. 
■  i  ji.ni.      At     .Mbi  I inarh   street.    W.      Ijcctuif    by     Pn>f.    Sir    J.    J. 
Thomson.  !•'.  U.S.,  on    "  Hadiations  from  .\toms  and  Electrons  ""' 
I  l<i(  tun-  \  I.) 
TUESDAY.  April  ISth. 

Institition  of  Civil.  KNcMVKKKS. 
■j.-iO  i>.ni.     M  (;nnl  (.'eorge-sttxMt.  S.W.     Annual  Ceneral  Meetuu 
of  Corporate  MiinlMT.s  only, 

ENGINBBRINQ  INSTITUTIONS    VOLDKTEBR  TRAINING  CORPS. 
Officpr  Commanding  :  Lieut.Cc.l.  C.  B.  Ci..\y.  V.D. 
The  following  onler*  have  l>ern  issued  for  the  wcH'k  commencing  April 
17.  I1»l(i  :  r      .        I 

Drills  :  •i.2.*>  lo  7.2.'>.     7.2.%  to  S.2.">  ]).m. 
Monlay.  April  17th.     S.  .tions  1  and  2.  Technical;    Sections  .i  and  4^\ 

Spiad  Signallinc  clnvs  and  Platoon. 
Tuewlay.  April  Isth.     «i  to  7  p.m..  School  of  Anns.     7.1.'j  to  8.15  ji.m.J 
Re.  nut  Drill. 

nmlay.  Sunday.  Monday.  April  2l8t  to  April  24th.— Easter 


Sr 


I 

M.i 


r   Technical.    Parade    at    Headi|uarters.    I/indon    Electric 
tr.    n.    ,  .1.  V  -tn^t.  S.W. 

Mil  )taradrsat  Chester  Houw. 
-   '•'"•  o.'*'    I't  yet   liecn  mca.«.iin''cl  for  uniforms  must   call 
Samuel    Bros..    Lud^ate    Hill,    aa    soon    as    possible.      l\i_Mncnts 
unifonno  to  be  made  to  the  Adjutant. 
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MR.  A.  P.  M.  FLEMING  ON  INDUSTRIAL  RESEARCH. 

rnder  the  auspioes  of  the  Coujicil  for  the  organisation  of 
Biiti.sh  Engineering  Ijulustrv,  a  lecture  on  ""  Industrial 
Kesearch  "  was  given  in  the  Mancliester  School  of  Tedinology 
on  Tuesday,  April  4.  The  chair  was  taken  by  Mr.  ('has.  Dav 
(Messrs.  Minlees,  Bickerto]\  &  Day),  who  mentioned  that  at 
the  works  in  whicli  he  was  interested  a  small  laboratory  was 
provided  in  which  new  ideas  were  tried  and  develo])ed  i)efore 
being  finally  adopted  on  oigines  su]iplied.  Tlie  laboratorv 
certainly  ccst  somethijig  to  run  and  maintain,  but  it  paid  for 
itself  in  many  ways.  It  was  a  mistake  to  embody  new  ideas 
without  first  having  tested  and  given  them  a  thorough  trial. 
He  said  the  last  person  to  try  expeiiments  on  was  a  customer. 

In  what  follows  we  give  Mr.  Fleming's  lecture  in  extenso. 

While  research  is  receiving  increasing  recognition  as  an  essential 

P  factor  in  industrial  work,  little  attention  has  been  given  to  the  manner 
in  which  scientific  resources  in  this  country  can  best  be  directed  to 
meet  national  industrial  needs.  A  description  of  the  manner  in 
which  the  United  States  is  dealing  with  this  matter  may  be  useful  in 
throwing  .some  light  on  our  problem,  and  incidentally  the  evidence  of 
the  progress  in  that  country  of  industrial  research  may  be  inspiring 
to  English  manufacturers  who  may  be  somewhat  sceptical  as  to  the 
value  of  science  in  industry. 

The  term  "  industrial  research  "  is  often  very  loosely  applied,  and 
it  is  necessary  first  of  all  to  define  what  it  really  comprises.  One 
may  consider  it  to  be  focussed  in  a  simple  fundamental  principle 
that  an  industry  depends  for  progress  on  a  continual  influx  of  new 
knowledge,  and  it  may  be  conceived  that  industrial  research  embraces 
all  means  whereby  this  new  knowledge  having  application  in  industry 
can  be  obtained,  whether  it  is  from  the  accumulated  experience  of 
individual  workers ;  or  from  the  efforts  of  trained  investigators 
directing  their  efforts  to  the  solutioix  of  manufacturing  problems 
impeding  the  progress  of  industry,  requisitioning  where  necessary 
the  aid  of  contemporary  science  ;  or  whether  from  new  discoveries 
resulting  from  investigations  in  pure  science  which  ultimately  find 
their  applicaticn  in  industry. 

Industrial  research  in  the  United  States  is  mainly  accomplished 
by  mdividual  firms,  although  a  good  deal  is  done  in  the  universities 
and  national  institutions.  With  certain  exceptions,  noted  later, 
t':e  greater  part  of  the  university  work,  however,  is  directed  to  pure 
science  investigations  having  no  immediate  commercial  object. 

As  regards  the  work  of  individual  firms,  during  the  jiast  10  years 
there  have  been  very  con.siderable  sums  spent  by  the  leading  manu- 
facturing corporations  to  provide  facilities  for  scientific  investigation. 
Annual  expenditures  for  this  purpose  of  £25,000,  £50,000  and  even 
£100,000  are  not  uncommon.  The  lePvChng  firms  possessing  private 
research  laboratories  include  the  General  Electric  Co.  ;  at 
Schenectady  ;  the  Westinghouse  Electric  &  IMfg.  Co.,  East  Pitts- 
burg ;  the  Eastman  Kodak  Co.,  Rochester,  Xew  York,  this  firm 
representing  the  manufacture  of  photographic  chemicals  and 
apparatus  ;  the  Du  Pont  Powder  Co.  ;  the  American  Rolling  Mill 
Co.,  producing  sheet  iron  and  steel  ;  the  National  Electric  Lamji 
Association,  representing  a  large  number  of  electric  lamp  manu- 
facturers ;  the  General  Chemical  Co.  ;  the  General  Bakelite  Co.  ; 
the  United  States  Steel  Corporation  ;  the  Edison  Laboratories  ;  the 
Pennsylvania  Railway  Co.,  which  deals  with  all  lands  of  materials 
and  investigations  pertaining  to  railway  requirements  ;  and  many 
others. 

[Among  the  important  features  of  the  work  of  many  of  these 
laboratories   is   the   equipment  of  full- scale    manufacturing    plant 
«        which  enables  discoveries  in  the  laboratory  to  be  fully  tried  out  and 
I        manufacturing    methods    perfected,    relieving    the    manufacturing 
i       depaitments    from   the    hampering   effects   of   new   developments. 
I       Many  of  the  laboratories  also  are  equipped  for  the  manufacture  on  a 
i       commercial  scale  of  some  of  the  commodities  developed  from  their 
I       discoveries  which  are  not  of  a  character  adapted  to  production  in  the 
\     manufacturing  departments.     The  laboratory  production  in  such 
^    cases  is  continued  until  it  reaches  such  dimensions  as  to  justify  the 
starting  of  a  separate  works.     There  is  a  growuig  tendency  in  many 
of  the  research  laboratories  to  devote  more  and  more  attention 
to  the  investigations  in  pure  science  having  no  immediate  com- 
mercial object  m  view,  with  an  appreciation  of  the  fact  that  almost 
,-      invariably  such  investigations  le.sult  in  some  industrial  application, 
Jl     sometimes  resulting  in  the  development  of  entirely  new  industries. 
»     Prominent  examples  of  this  kind  are  represented  by  the  work  of  the 
^    General  Electric  Co.'s  laboratory,  at  Schenectady,  and  the  National 
Electric  Lamp  Association.     In  connection  with  such  work,  a  very 
broad-minded  policy  is  shown  by  the  publication  of  the  scientific 
investigations  carried  out.     It  is  also  noteworthy  that  these  research 
laboratories  serve  as  very  effective  advertising  means  by  inspiring 


confidence  in  the  niindH  of  purchaiieni  a*  .i  n-^ulf   nf  -m d   vi-jl.!^ 
evidence  of  scientific  working. 

There  apfjears  to  he  no  doubt  that  the»«.-  );tUjratonc.^  Iia\f  jifo.  ■  'i 
iinancially  successful,  not  only  in  that  they  afford  the  gr»-at.-t 
possible  assistance  to  the  work.s  with  which  they  are  connected  in 
solving  Muinufacturing  troubles,  developing  new  III.  '        '  '      !-. 

tools  and  making  fliKcovr-iies  which  rehiijt  in  iii-w  ii. 
ments,  but  also  in  the  direct  rnanufaeture  and  mile  in  many  r.-a«e>»  of 
valuable  products  straight  from  the  lahoratorv. 

A  great  deal  of  the  re.search  work  for  tl:e  UniventitieH  in  de%-ote<i  t« 
purely  scienti-hc  investigations  arising  in  connettion  with  the  pre- 
]iaration  of  degree  theses  by  stcdents,  and  from  work  done  by  the 
staff  in  the-r  spare  time.  Apart  from  this,  however,  many  inve!»tiga- 
tions  directed  to  the  .soiuticn  of  particular  manufacturing  |)roblenL>» 
are  carried  out  for  private  firms,  ;uid  in  a  number  of  com^^  e.\|)eriment 
stations  have  been  arranged,  the  staff  of  whuh  devote  all  their  time. 
or  at  least  most  of  it,  to  re.search  investigations.  Prominent 
examples  of  such  cx[;eriment  stations  are  those  uf  the  lllinoiji  .State 
University;  Mas.sachu.setts  Institute  of  Technologj-  now  in- 
corporated with  the  School  of  Fingineering.  Hirvar(i  Univerwty  : 
Ohio  State  University,  the  experiment  .station  of  which  ban  recently 
been  inaugurated  ;   and  the  I  niversities  of  Iowa.  Kamir..«.  &c. 

In  connection  with  Columbia  University,  it  i.s  projxjscd  to  erett  a 
laboratory  specifically  devoted  to  research,  the  cost  of  which,  it  'n* 
estimated,  will  be  of  the  order  of  £1."}0,CC0  for  buildings  j.nd  equip- 
ment, and  it  is  expected  that  an  endowment  fund  for  exten.sion  and 
maintenance  of  from  £400,000  to  £1,000,000  will  be  re<piiretl.  Thi.s- 
proposal  appears  to  be  inspired  to  some  extent  by  the  sufces.s  of  the 
research  laboratories  as.sociated  with  the  large  industrial  coriwration* 
already  referred  to,  and  it  is  realised  that  there  are  many  .smaller 
manufacturers  who  are  unable  to  support  individually  the  burden. 
of  such  laboratories  who  would  be  glad  to  avail  them.selves  of  the 
opportunities  which  this  university  research  laboraton.-  would  afford. 
An  important  feature  of  the  proposal  is  the  intention  of  devoting 
means  to  the  collection  of  all  possible  information  bearing  on  the- 
industrial  problems  that  are  likely  to  be  considered. 

The  most  striking  features  of  the  research  work  of  the  universities 
is  this  provision  of  research  facilities  and  th?  use  of  a  staff  of  highly 
trained  scientific  men  who  can  devote  th"ir  whole  efforts  to  .scientific- 
investigation  without  the  handicap  of  a  great  deal  of  teaching  work 
and  as  well  as  of  financial  anxiety.  It  is  also  noticeable  that  in- 
creasing numbers  of  young  men  who  have  taken  their  bachelor's 
degree  proceed  to  a  doctor's  degree,  possibly  on  account  of  the 
increasing  number  of  opportunities  for  employment  now  pre.sentetl 
by  the  increasing  number  of  research  laboratories  for  men  of  the 
highest  scientific  training. 

While  the  students  them.selves  do  not  generally  participjite  m  thc- 
investigational  work  of  the  experiment  stations,  this  work  cannot 
fail  to  be  of  considerable  inspirational  value.  The  researches  of  the 
experiment  stations  are  freely  published  and  in  connection  with  the 
Illinois  State  University  already  over  HO  important  bulletins  have 
been  issued,  some  of  them  comprising  the  most  authoritative  work 
on  the  subjects  with  which  they  deal. 

The  work  of  the  Mellon  Institute  of  Iiulustrial  Research,  a.sso- 
ciated  with  the  University  of  Pittsburg,  has  often  lieen  described  in 
the  English  Press.  Manufact'uers  are  invited  to  bring  their  pro- 
blems to  the  Director  of  the  Institute  and  to  provide  fellowships  to 
support  the  men  who  will  carry  out  their  investigations.  Usually 
these  fellowships  may  be  tenable  for  a  period  of  one  or  more  years 
and  be  of  value  of  from  £100  to  £400  or  £5tM».  accoixling  to  the  nature 
of  the  mvestigation.  The  Director  then  selects  suitable  men  from 
the  universities  or  other  institutions,  who  proceed  to  the  maimfao- 
tuier's  works,  study  the  problem  under  practical  coiuiitions.  and  then 
carry  out  the  investigational  work  in  the  laboratories  providotl  by 
the  Institute  under  the  supervision  of  a  jx>iManent  scientitic  staff. 
Some  75  researches  have  already  been  carried  out  during  the  i>ast 
four  years,  including  such  subjects  as  coppu-  leechintr.  cement  manu- 
facture, timber  preservation,  smoke  prevention,  glass  pnHluotion. 
bread  making,  paper  manufacturing.  &c. 

Important  fvrtures  of  the  work  of  the  Institute  compri.sc  tiio 
educative  infiuence  it  has  on  the  mauufa-tuivi-s  in  focussing  their 
attention  on  the  possibilities  of  industrial  rest>arch.  and  the  fact  that 
many  of  the  yomig  men  who  have  successfully  carritnl  out  rest«an-hes 
have  been  absorbed  uito  the  industry  with  which  they  btvame  tom- 
porarilv  associated,  and  ui  this  way  l>ecome  powerful  advocates  for 
industrial  research.  To  a  limited  extent  this  ]UMcess  tends  to  the 
permeation  of  industry  with  young  men  having  keen  appreciation 
of  the  application  of  science  in  industry. 

Of  the  national  institutions,  the  mo.st  imyxirtant  is  the  Bun\»u  of 
Standards,  which  at  present  does  a  gi-eat  deal  of  investigivtional  work 
for  the  Government  departments  and  is  pivjxired  to  carry  out 
researches  where  it  can  be  shownr  that  these  are  likely  to  benefit  an. 
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appreciable  section  of  the  publie,  in  which  case  it  is  done  at  the  public 
expenw.  Already  in  this  connection  much  valuable  work  has  been 
done  in  such  subjects  as  the  manufacture  of  refrigerating  machinerj-. 
IjajK-r  making,  investigation  of  alloj's,  &c.  A  series  of  publications 
is  issued  by  the  Bureau  of  Standards,  conij)rising  poj)ular  and  tech- 
jiologiral  bulletins,  and  bulletins  recording  the  results  of  scientific 
jii\<'>figations. 

J'he  Department  of  Agriculture  is  of  some  interest  in  that  it  carries 
on  a  scheme  of  investigational  work  on  national  lines.  Connected 
with  it  are  some  hundreds  of  experiment  stations  in  different  parts 
of  the  States  which  deal  with  experimental  work  relating  to  the 
growth  of  crops,  including  fertilisers,  pests,  &c..  cattle  breeding, 
including  the  treatment  of  various  diseases.  Bulletins  are  issued 
to  the  agricultural  communities,  both  in  [KipuLir  anfl  scientific  form, 
and  the  organisation  provides  for  lectures  dealing  with  special 
features  of  interest  to  different  sections  of  the  agricultural  com- 
jMunity. 

While  there  is  as  yet  no  national  j>lan  of  indu.strial  research  there 
are  tendencies  in  that  direction,  some  of  which  are  directed  to  linking 
up  the  efforts  of  the  universities,  the  extension  of  the  exi-criment 
station  schetne  t<»  a  number  of  universities  and  colleges,  and  the 
co-ordination  of  t-lie  work  of  some  of  the  existing  laboratories  con- 
nei  ted  with  industrial  (oiiccrns.  In  this  <(;nne(tion  there  is  always 
the  (•vi<lcnc<'  of  the  successful  working  «)f  the  l>e|)artment  of  Agricul- 
tur  to  serve  as  an  inspiraticm  to  those  who  desire  to  see  national 
scientific  facilities  made  api)licable  to  num\>fa'turin2  interests. 

The  work  done  in  the  I'nitcd  States  is  of  considerable  value  to  us 
in  this  country  in  enabling  us  to  shape  our  own  schemes  with  refcr- 
^•nie  to  research,  and  although  this  country  is  considerably  behind 
in  the  development  of  such  schemes,  some  advantage  accrues  in 
beiuL'  ai»l«-  t<»  make  use  of  the  experien'-e  the  States  have  already 
gained.     (Jf  that  experieiK-e  fiJI  use  should  be  made. 

The  'listinguishing  feature  of  work  done  in  America  is  that  it  is 
mainly  in  the  hands  of  private  companies,  and  is  carried  out  in  order 
that  oiu"  company  may  more  effectively  compete  with  another.  The 
dc-velopment  of  the  internal  resources  of  the  country  has  occupied 
most  attention,  and  little  work  has  been  done  with  a  view  to  en 
iouraging  exjKirt  tra«le.  Jn  this  country  our  exjxjrt  trade  is  of  the 
first  importance  and  it  is  here  that  the  country  most  feels  the  pincli 
of  ('crman  eomjK-tition.  The  op|K)rtunity.  therefore,  ari.ses  to  make 
the  greatest  possible  advantage  of  laxity  in  the  i)ast  and  at  the  same 
time  to  take  steps  to  conserve  our  overseas  trade. 

This  can  only  effectively  be  done  by  co-oiKTating  and  |s>(jling  our 
scientific  resources,  which  have  hitherto  lacked  organisation. 
Doubtless  each  inanufactunT  will  in  future  provide  himself  with  a 
small  labciratorv  where  manufacturing  diflioilties  jx-culiar  to  his 
own  works  can  Iw  .solved,  but  the  big  advances  in  the  future  can  only 
c(»me  by  eonct-nt rating  advance<l  res<-arch  in  a  large  central  insti- 
tution. The  materials.  t<iols  and  jirocesses  which  are  common  to 
^my  industry  would  Im-  ronsidered  in  such  an  institution  and  efforts 
•devot<'<l  to  improving  them  for  the  common  IwMiefit  of  the  industry. 
I'mcesses  which  are  the  moiio|K»ly  <tf  any  individual  firm  would  ha\«- 
to  be  left  out  of  su<h  a  schenn-.  Differences  of  factory  organisation 
-liud  management  and  methoils  of  distribution  would  still  enable 
manufai)  urers  to  coniix'te  among  each  other,  but  the  whole  industr\- 
would  lie  lifted  to  a  higher  plan'-  through  discoveries  arising  from 
work  done  at  a  nwearch  iuHtitution,  which  would  enable  foreign 
'('om)><-tition  to  be  me;  most  successfully. 

Such  an  institution  would  comprise  a  lalsiratory  for  eacli  of  the 
great  industries — engintH'ring,  shipbuilding,  soap  making,  dyeing, 
rubber.  pajM-r.  metal  and  textile  maiuifactun'.  mini:ig.  Ac.  housed 
ill  a  hirge  (cntral  biiildini:.  Minli  of  the  work  done  would  be  along 
lines  of  pun*  scieiu-e  investigation  ho  jis  to  ensure  priority  of  new 
applications  in  industry.  Patents  would  l>e  taken  out  on  In'half  of 
the  (JoNcinmenl.  and  manufactun'rs  in  this  country  or  the  colonies 
licenseil  to  manufacture  at  a  nominal  charge. 

The  lulvantages  «)f  such  a  wlu'ine  ov<'r  n  HVntom  of  isolat<*<l  labora- 
tories in  different  <enln>s  are  ns  follows  :  - 

(1)  Work  wouhl  be  done  without  the  overlapping  which  inevitably 
occurs  among  a  iiuiuImt  of  diffeifut  institutions  and  which  n>su!t« 
in  great  lack  of  economy. 

(2)  Administrnlive  expenses  would  l»o  kept  to  a  minimum. 

(H)  Sir,«e  OIU' research  freijuently  leads  to    ■'    -     piite  mi-i  "    I 

originally,  if  all  the  work  wen'  done  in  one  :  fn'sh  ii 

tioiis  could  Ih'  carried  out  with  the  lea«it  Ioks  ni  nine  and  the  greatest 
possible  efficiency. 

(•4)  The  problem  of  eolle;'fing  information  on  jimblomn  eonsidered 
would  1h>  reduce<l  to  a  minimum  by  housing  copies  of  nil  matter 
Tei)uin'd  in  oiu*  library. 

(.*»)  Tlu'  problem  of  distribution  of  information  woiiM  in  the  same 
■way  give  as  little  tniuble  as  |>o!isible  if  handled  by  a  burrau  atta?he;l 

to  tlu'  iiwt  it  111  lull 


(6)  It  Ls  of  the  greatest  pcssible  value  to  have  a  number  of  men 
engaged  in  research  problems  housed  in  one  building  where  op{K)r- 
tunities  arise  for  frequent  meetings.  The  stimulation  arising  from 
intercourse  in  this  way  can  scarcely  l>e  over-estimated.  This  would 
be  very  largely  lost  in  a  sy.stem  of  isolated  laboratories. 

The  advantage*  the  above  scheme  presents  over  anv'  pro]X)sal  to 
distribute  the  research  work  among  the  universities  are  equallv 
obvious.  The  universities  are  now  mainly  teaching  centres  and  the 
research  work  done  by  students  is  of  little  real  value  except  to  the 
students.  Lecturers  and  jirofessors  are  gen':'raUy  too  much  occupied 
with  teaching  to  devote  time  continuously  to  research,  and  the  com- 
j)lexity  of  modem  research  demands  above  all  things  continuity  of 
application.  If  the  universities  adopt  the  plan  of  having  two 
separate  staffs,  one  for  teacliing  and  the  other  for  research,  then  there 
would  be  an  obvious  gain  in  transferring  the  research  workers  to 
the  central  institution  where  the  best  pos.sible  equipjnent  and  facilitie> 
would  be  obtainable.  At  present  good  research  workers  at  the 
universities  are  often  sjxjilefl  by  having  to  undertake  teacliing.  while 
really  capable  lecturers  seldom  nuike  Hrst-class  research  men. 

F)nglish  i>eoiiIe  seem  to  possess  a  certain  industrial  genius  which 
assured  them  priority  in  t!ie  industrial  world  in  the  past,  and  the 
records  of  her  inventors  and  discoverers  lead  to  the  belief  that  what 
has  hapix'ued  in  the  past  may  with  suitable  organisation  l>e  rejieat'd 
in  the  future. 

In  view  of  the  fact  that  industrial  research  can  be  made  to  pay  for 
itself,  it  would  l>e  an  excellent  investment  if  manufacturers  in  thi.-- 
country  would  devote  the  necessary  j)ercentage  of  the  gro.ss  prolits 
J! rising  from  industrial  processes  required  to  collect  and  maintain  u 
research  laboratory  jilannr^d  on  a  comprehensive  scale. 

A  critical  survey  of  the  work  already  accomplished  in  the  States 
affords  evidence  in  favour  of  the  success  of  such  a  national  attempt 
at  iiulustrial  research,  and  ultimately  such  a  scheme  might  be  ex- 
tended to  embrace  not  only  the  interests  of  this  country,  but  also  to 
link  up  the  efforts  mule  in  our  overseas  dominions;  such  as  those 
of  the  recently  established  Bureau  of  Science  and  Industry  for  the 
("ommonwcaltli  of  .Australia. 


LIGHT  AND  ILLUMINATION. 

BY    DR.    C.    P.    .STEIKMETZ. 

Suiiimnrif. — After  a  proliiniaar\'  survey  of  the  problem,  the  emission 
of  li._rlit  by  various  filaments  in  vacuo  and  in  prases  is  considered.  The 
limitations  in  the  various  cases  are  dealt  with,  and  the  trend  of  recent 
progress  referred  to. 


After  referring  to  illumination  as  a  most  encouniging  brandi  of 
engineering,  it  is  jwinted  out  that  the  artificial  production  of  light  is 
quite  a  recent  invention.  Light  appears  to  be  a  by-product  when 
heat  is  generated.  Noises  and  nnisical  notes  are  then  compared 
to  illu.strate  definite  frecjuency.  and  the  author  proceeds  to  consider 
atoms  in  motion,  and  tlie  effect  of  high  temjx^rature  ;us  a  mmle  of 
generating  rapid  o.scillations.  and  consequent  emis.sion  of  light. 
The  use  of  electricity  for  jirodutmg  light,  first  by  heating  a  platinum 
wire,  is  then  referred  to.  and  the  advantages  of  the  carl»on  filament 
jKiinted  out.  The  (jucstion  then  arises  :  Why  could  not  the  carbon 
be  operated  at  a  higher  tenijierature  and  thus  at  higher  efficiency  ? 
If  instcJKl  of  nmning  at  a  temperature  of  l.StHtdeg..  re<^uiring 
t.">  watts  jH'r  candle-jxiwcr  of  light  p.o<luce<l.  the  carlnin  was  raised 
to  2..')(H1  deg.,  the  candle-ixiwer  would  be  doubled  for  the  same  watts. 
Hut  the  limitation  there  was,  not  that  the  filament  melts  or  lx)ils.  btit 
eva|Kirat»'s.  We  know  materials  can  evajHirat*'  Ih'Iow  their  l>oiling 
]Kiint.  for  example,  that  waterat  ordinary- temix>rature^  will  evajxjrate 
within  a  few  days,  and  that  even  ice  and  snow  below  the  melting 
jKiint  gradually  di.sapix'ar.  The  carlxui  liiament  at  l.SlXtdeg. 
Ik'Iow  the  Mielting  and  lH)iling  jxiint,  also  slowly  eva|X)rated.  the 
carlnin  ya]>our  being  deju^sited  (»n  the  lamji  bulb.  With  continuous 
evajKiration  the  liiament  got  thinner,  then-by  the  tenijierature  went 
dowii  and  the  light  I)ecame  less.  The  dejiositoil  earlxm  vajwur  also 
obsfruct4'<l  the  light.  If  the  filament  were  r.iiscd  to  2.o(X)'('.  the 
t«'m]ieraMire  would  rapidly  go  down  thnuigb  i  \i  c  <>i\c  thinning  of  the 
filament  by  evajwration.  ami  the  dejxwito*!  carU^u  on  the  glolw  would 
blacken  it  to  such  a  degree  that  even  the  filament  it.self  would  only 
faintly  Im'  seen  thtnugh  the  gla.ss. 

So  we  were  limited  .i,s  to  the  o|ierating  temi)en»tnre  of  the  earlion 
filament  because  it  had  to  be  ke]it  Wow  the  melting  or  Ixiiling  jxiint. 
where  the  rate  of  eva|xiration  docs  not  tuiduly  re«Iuce  the  light 
pnxluction.  and  efficiency  of  that  production,  within  n  reasonable 

•  Abotract  of  l*Bi>er  read  l>efore  the  Klectiica!  Section  W  S.E.  and 
Chicago  Section  A.I.E.E. 
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time,  say,  500  hours  or  so.  That  was  the  limitation  to  the  efficiency 
of  the  old  carbon  filament  light. 

■l  The  problem  later  was  to  make  it  possible  to  run  carbon  at  higher 
temperature  without  undue  evaporation,  and  thereby  get  higher 
efficiency.  Carbon  is  a  rather  indefinite  body.  There  is  carbon  and 
carbon;  for  instance,  the  carbon  obtained  from  bamboo  fibre,  the 
carbon  from  silk  strands  and  that  from  cellulose,  and  so  on.  The 
material  obtained  by  carbonising  fibre  evaporates  rather  rapidly,  but 
carbon  deposited  from  gasoline  at  high  temperature  is  of  another 
kind,  which  does  not  evaporate  so  easily,  and  thus  can  be  run  at 
higher  temperatures.  Therefore,  if  a  shell  of  carbon  from  hydro- 
carbon vapour  is  deposited  upon  the  carbon  filament  produced  from 
fibre,  it  can  be  run  at  higher  temperature  with  equal  falling  off  in 
light  and  blackening  of  globe,  but  we  will  get  a  higher  efficiency. 

About  10  or  12  years  ago  another  useful  modification  of  carbon  was 
found,  represented  by  the  so-called  metallised  carbon  filament,  which 
to  some  e>  tent  possesses  the  strength  and  resiliency  of  a  hard-drawn 
metallic  wire,  and  evaporates  still  less  rapidly  than  the  earlier 
carbon. 

But  the  temperature  of  the  metallised  carbon  lamp  is  still  a  long 
way  below  the  temperature  of  boiling.  We  can  produce  light  by 
running  the  temperature  of  carbon  up  to  the  limit,  that  is,  to  the 
boiling  point,  nearly  4,000°C.  We  cannot  do  it  with  a  filament, 
however,  but  must  use  the  arc  lamp,  in  which  the  current  passes 
through  hot  vapour  in  the  space  between  two  slightly  separated 
carbon  rods  and  raises  the  tip  of  the  positive  carbon  to  the  boiling 
point.  The  light  emitted  has  the  efficiency  that  would  be  obtained 
at  about  4,000  deg.  ;  all  the  evaporation  takes  place  at  the  positive 
carbon,  and  probably  8  or  10  per  cent,  of  all  the  vibrations  radiated 
are  visible.  Thus  the  arc  lamp  would  give  a  very  high  efficiency 
were  it  not  that  an  excessive  amount  of  heat  energy  is  conducted 
off  by  the  carbon  rods  and  carried  away  by  the  air. 

The  problem  thus  became  one  of  finding  something  that  can  stand 
higher  temperatures  than  carbon  under  all  practical  requirements. 
Tantalum,  osmium  and  tungsten  are  all  metals  of  extremely  high 
melting  points,  but  they  have  a  characteristic  advantage  over  carbon 
in  that  their  rate  of  evaporation  is  much  less  at  high  temperatures. 
Tungsten,  unlile  carbon,  can  be  run  up  high  in  the  temperature 
scale  nearly  to  the  melting  point  with  very  little  evaporation.  So  you 
see  that  the  melting  point,  or  boiling  point,  and  the  evaporating 
point  have  no  necessarily  fixed  relation  for  different  substances. 
Benzine  and  water,  for  example,  boil  at  about  the  same  temperature, 
but  a  plateful  of  benzine  will  evaporate  long  before  a  plateful  of 
water.  If  carbon  and  tungsten  are  kept  at  the  same  high  temperature, 
the  carbon  will  evaporate  rapidly,while  evaporation  from  the  tungsten 
will  be  very  much  slower.  Therefore  we  can  run  tungsten  at  much 
higher  temperature  than  carbon  with  the  same  evaporation,  although 
really  the  tungsten  would  melt  before  the  carbon. 

In  respect  of  the  three  metals  mentioned,  osmium  proved  very 
good  as  the  illuminant  in  a  lamp,  but  is  too  rare  to  be  generally 
used.  Tantalum  gave  good  results,  having  a  higher  resistance  than 
carbon,  but  has  been  superseded  by  tungsten  because  the  melting 
point  of  the  latter  is  much  higher,  and  it  can  thus  be  run  at  a  higher 
temperature,  and  it  is  now  used  in  all  lamps  having  metallic  fila- 
ments. The  so-called  "  Mazda  "  is  a  tungsten  lamp.  Since  the 
tungsten  lamp  can  be  operated  at  a  much  higher  temperature  than 
any  carbon  lamp,  a  greater  percentage  of  all  the  vibrations  produced 
come  within  the  visible  three-quarter  octave. 

Two  per  cent,  is,  however,  very  little.  Most  of  the  vibrations  are 
still  outside  the  visible  range,  either  too  slow  or  too  fast.  So  the 
further  problems  has  been  somehow  to  get  a  still  liigher  operating 
temperature.  In  the  carbon  and  tungsten  lamps  a  vacuum  has  been 
used.  Naturally,  the  lamp  having  a  carbon  filament  must  at  least 
be  exhausted  of  air  to  prevent  its  combustion,  but  that  is  not  the 
fundamental  reason  for  the  vacuum,  because  the  lamp -bulb  might  be 
filled  with  a  gas  in  which  carbon  will  not  burn,  such  as  nitrogen, 
hydrogen,  or  argon.  But  to  maintain  the  carbon  filament  in  such 
a  gas  at  the  temperature  it  would  have  in  a  vacuum  would  require 
much  more  energy.  By  conduction  and  convection  the  gas  will 
carry  away  a  very  large  part  of  the  energy  supplied  to  the  filament, 
which  will  be  given  up  to  the  glass  globe  and  dissipated  iselessly,  and 
therefore  a  much  greater  energy  consumption  is  required  if  the 
filament  is  to  be  maintained  at  the  proper  temperature.  Without 
the  extra  supply  of  energy  the  filament  would  not  attain  a  light- 
giving  temperature.  So  the  reason  for  the  vacuum  in  incandescent 
lamps  has  been  to  avoid  the  enormous  loss  of  energy  through  heat 
conduction  and  convection  were  the  globe  filled  with  a  gas. 

The  use  of  a  vacuum,  however,  is  disadvantageous,  because  it 
facilitates  evaporation,  and  thus  sets  a  lower  and  less  efficient  limit  to 
the  temperature  to  which  in  practice  the  filament  should  be  raised. 

Now,  suppose  that  instead  of  having  a  vacuum  in  a  100-watt 
tungsten  lamp  it  is  filled  with  inert  gas,  say,  nitrogen  at  atmos- 


pheric pressure.  To  maintain  the  filament  at  the  same  teriij<-n 
ture  as  before  will  require  more  energy,  Ixrcauw-  much  of  the  h*'i  t 
is  carried  away  by  the  gas,  the  presDure  of  which,  however,  will 
cause  the  evaporation  to  ],i-  much  less,  therefore  the  filamei.t  lati 
be  rai.sed  to  a  still  higher  temperature  with  an  evajxjration  uo 
greater  than  with  a  vacuum.  The  premure  haw  raised  the  Ijoiliiig 
point  and  reduced  the  evaporatif>n  rate  for  efjual  temperature*. 

Assume  the  evaporation  in  a  vacuum  to  Ije  »4uch  an  to  limit  the 
life  of  the  lamp  to  1,0(K)  hours  at  the  temperature  producwl  by 
100  watts,  then  .with  nitrogen  at  atmospheric  pressure  we  could 
u.se,  say,  200  watts  with  the  .same  rate  of  evafxjrationand  blackening. 
But  this  would  raise  the  temperature,  so  that  while  IW  waits  will 
give  200  candles,  200  watts  would  give  600  candles,  were  it  not  »'  • 
the  nitrogen  carries  a  lot  of  heat  away  from  the  filament.  Cun-j 
quently  an  additional  100  watts  must  be  supplied  to  make  up  for  this 
loss  and  raise  the  temperature  sufficiently  to  givo  the  ' 
In  this  way  the  candle-power  of  the  lamp  ha.s  been  in- :  _  .  ;  ..i 
200  candles  with  an  expenditure  of  100  watts  to  600  candles  for  SWi 
watts  with  the  same  evaporation,  blackening  and  life,  which  meaas 
an  increase  in  efficiency  over  the  vacuum  lamp  from  1  f  .indie  per 
watt  to  2  candles  per  watt.  »,  i.  ,      ,       ^w-'w    *  <       ^tli 

Now,  suppose  we  take  another  lamp,  .say  one  requiring  2" J  wattH 
with  a  vacuum.  If  filled  with  nitrogen,  the  temperature  could  be 
raised,  probably  not  so  high  as  to  get  .six  times  as  much  light,  becauise 
a  20-watt  filament  is  so  thin  that  the  evaporation,  even  at  the 
lesser  rate  due  to  the  pressure,  would  wear  it  away  too  fast.  Further- 
more, the  percentage  of  energy  lost  through  the  gas  is  very  much 
greater,  because  the  surface  of  a  thin  filament  in  contact  with  the  ga.<i 
is  much  larger  compared  with  its  volume  than  in  the  large  filamentn 
of  lamps  of  high  candle-power.  Whether  the  loss  of  energy  due  to  the 
gas  will  be  more  or  less  than  the  gain  made  by  the  higher  temperature 
and  higher  efficiency  depends  upon  the  relation  of  surface  to  bulk  of 
the  filament.  With  a  filament  in  the  form  of  a  closely -wound  helix, 
where  there  is  a  relatively  small  surface  to  carry  away  heat,  the  gain 
may  be  considerable.  But  with  a  straight  filament  of  exceedingly 
small  wire  there  may  be  only  an  insignificant  gain,  and  even  a  los.s. 
In  the  big  units  of  300  or  500  watts,  verj'  much  more  is  gained  than  lost 
by  using  the  gas.  The  gas-filled  lamp  represents  a  compromise  basetl  on 
allowing  a  big  loss  by  heat  conduction  and  convection  by  the  gas,  which 
is  more  than  compensated  by  the  higher  temperature  permissible. 

While  large  lamps  may  be  fUled  with  nitrogen,  in  the  smaller  type 
of  gas-filled  lamps,  say,  100-watt  lamps,  in  which  nitrogen  would 
result  in  no  appreciable  gain,  it  pays  to  use  argon. 

In  the  gas-filled  tungsten  lamp,  the  eflSciency  is  raised  from  the 
5  watts  per  candle  of  the  early  carbon  filament  lamp  of  Edison  to 
2  candles  per  watt,  an  increase  in  the  ratio  of  10  to  1,  due  to  the 
gas  pressure  keeping  down  the  rate  of  evaporation  and  permitting 
a  higher  operating  temperature. 

True  selective  radiation  was  found  out  some  years  ago  by  Auer 
von  Welsbach  and  utilised  by  him  in  greatly  improving  gas  lighting. 
In  investigating  various  elements  he  discovered  that  the  rare  oxides 
of  some  metals,  as  thorium  and  cerium,  when  heated  to  incandescence. 
give  out  much  more  light  than  materials  in  general,  say,  for  example. 
carbon  or  platinum,  at  the  same  temperature.  Thus  these  materials 
have  the  curious  property  at  flame  temperatures  of  producmg  an 
abnormal  number  of  vibratr^ns  of  high  frequencies  falling  within  the 
visible  three-quarter  octave.  Such  oxides  are  in  practice  formed 
into  a  mantle,  which  is  heated  by  a  Bunsen  flame,  resulting  in  an 
increase  of  lighting  efficiency  much  greater  than  is  obtiU>iable 
directly  from  gas.  The  high  efficiency  cannot  be  due  to  the  temjera- 
ture,  because  the  temperature  of  a  gas  mantle  is  relatively  low. 

The  question  arises,  is  it  possible  to  gain  the  same  advantage  for 
the  incandescent  lamp  that  has  been  obtained  in  gas  light  I      ' 
Welsbach  mantle  by  using  such  a  selective  niaterial  for  i 

Now,  in  the  Nernst  lamp  the  temperature  is  much  higher  than 
the  gas  flame,  so  that  we  obtain,  say.  20  times  as  nnich  light  ;is  iroiw 
the  gas  flame.  And  since  the  mantle  gives  10  times  as  much  light  jis 
the  gas  flame  and  the  Nernst  filament  gives  20  times  as  much 
light  as  the  gas,  the  increase  in  etficiency  of  the  Nem.<t  lamp. 
partly  due  to  selective  radiation  and  partly  to  the  liigher  temjioraturc. 
is  only  50  per  cert.  So  the  Nernst  filament  is  more  efficient  than 
the  carbon  filament  at  the  same  temperature,  but  the  increase  is  verk* 
small  compared  to  the  ir.crease  in  tlie  Welsbach  mantle.  The  per- 
centage of  light  added  by  hnuincscence  in  the  Nernst  filament  is 
probably  the  same  as  that  in  the  mantle,  but  the  filament  itself 
gives  so  much  more  light,  duo  to  the  higher  temperature  alone,  that 
eventually  very  little  is  gained. 

Let  us  see  which  of  the  gases  and  vapoui-s  give  a  large  percentage  of 
visible  rays.  Atoms  of  the  same  material,  for  instance  mercurj- 
vapour,  will  give  the  same  vibrations  regardless  of  whether  the 
temperature  is  high  or  low.  With  higher  temperature  the  intensity 
will  increase,  but  the  frequency  remains  the  same,  just  as  with  the. 
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violin  string  the  note  in  the  same  whether  the  string  is  bowed 
heavily  or  lightly,  only  in  the  former  case  the  intensity  or  volume  of 
sound  will  Ih:  greater  than  in  the  latter,  it  will  l>e  louder.  So  with 
atoms  of  vaj>our;  whether  they  l>e  highly  heated  or  not.  whether  a 
large  or  a  small  current  is  sent  through  them,  they  still  keep  the  same 
frfj'^uenoy  of  vibrations,  onl)'  more  or  less  intense,  and  thus  giving 
more  or  less  light,  although  there  will  also  l>e  other  vibrations  too 
fast  or  Uhj  slow  to  come  within  the  visible  range. 

In  order  Ut  secure  efficient  lighting  in  this  way,  that  is,  by  lumin- 
escence, wf  should  select  those  chemical  elemei>t.s  that  happen  to 
have  a  considerable  j)ercentage  of  their  natural  vibrations  in  the 
visible  range.  There  are  practically  three  of  them  :  mercury, 
calf  iuii)  and  titanium.  In  mercury  va[X)ur  the  green  colours  pre- 
dominate, in  calcium  the  orange  and  re<l,  and  in  titanium  vajxjur  the 
atomic  vibrations  have  frequencies  fairly  well  distributed  over  the 
whole  visible  range.  With  any  one  of  theni.  under  favourable  con- 
ditions, as  much  as  20  j«;r  cent,  of  the  total  radiation  comes  within 
the  visible  range,  the  three-quarter  octave,  which  is  several  tinx 
more  than  can  jxjssibly  Ix;  obtain<-d  from  an  incandescent  lx)dy  at 
any  temjKTature,  even  at  the  temjxrature  of  the  sun.  There  is. 
therefore,  a  jxissibiJIty  in  this  direction  of  an  efficiency  in  ligiitin. 
materially  higher  than  is  fxjssible  with  incandescence. 

This  brings  us  to  the  final  consideration  of  the  question  :  What 
improvements  are  possible  ?  Take  the  gas-fillt<l  "  Mazda  "  lamp 
with  which  2  candles  jkt  watt  are  obtained.  Possibly  the  economy 
may  Ik-  increas<-d  by  gfjing  to  a  still  higher  temiK-rature,  close  to  the 
melting  iK>int  of  tungsten,  and  there  is  still  quite  a  latitude  jK-miis- 
Hible  in  this  (hn-ction.  It  would  mean  higher  gas  pressure  to  keep 
the  evajK)ration  flown,  and  a  trans|)arent  glolie  of  different  com- 
IK)sition  than  at  prcM-nt  used,  because  the  gas  would  l^e  verj-  much 
hotter.  1'hc-n  the  loss  from  heat  conduction  and  convection  under 
the  greater  gas  jjre.ssure  would  be  much  increased.  A  better  gas 
for  the  jiurjiose  than  nitrr)gen  might  he.  ust'd,  ])erhaps  argon.  Pos- 
sibly an  improvement  up  to  '.i  candles  ]x>r  watt  could  be  obtained, 
but  the  jiroHjMTct  of  any  substantial  gain  is  limited. 

.Another  question  is:  Can  we  find  a  material,  a  metal,  having  a 
higher  melting  i)oint  than  tungsten  ?  Doubtless,  it  must  be  an  ele- 
ment, because  for  chemical  reasons  the  melting  point  of  any  com- 
jKiund  of  two  materials  must  lie  somewhere  between  that  of  cither 
of  the  materials  entering  into  it.  For  exani]>Ic,  all  tungst<'n  com- 
poundu  have  lower  melting  point«  than  tungsten  it.self.  all  carl)on 
(•oin|K>uiuls  have  lower  meltintr  ]M>ints  tlian  carbon.  an<l  so  on. 

In  conclusion,  we  may  hope  to  increase  the  «'(fi<iency  from  2 
candles,  to  3  or  4  candles  jkt  watt  by  incandescence.  In  the  case 
of  the  linninoiis  s|M'<tni?n  produced  liy  an  electric  current  fiowing 
through  a  gas  or  vajM)iir  there  is  no  theoretical  limitation  In-cause 
definite  rates  of  vibration  rcwult.  With  the  most  efficient  vapours, 
fiutse  of  mercury,  calcium  or  lilaiiiiim.  we  (an  ]irol)ably  get  some- 
thing like  H  to  10  candles  jM-r  «att  under  favoural)le  conditions, 
an  efficiency  much  higher  than  can  ever  projteriy  be  e.\|H(  ted  from 
incaiKlewenl  radiaticm.  but  this  Ih  under  the  most  fav<iurable  lalsira- 
tory  (ondilioiiH.  not  im  yet  at  all  attaiiiiibie  in  any  are  lamj)  in  c«mi- 
mercial  practice.  It  shows,  however  an«l  n«»w  we  are  eonsiiiering 
theon-tiod  iH.ssibiliticH  that  within  the  range  of  luminescent  light- 
ing, exemplified  III  tlu'  vacuum  tuiw.  and  in  the  luminous  are  and 
(laming  arc.  then^  is  no  theoretical  limitation  of  efficiency,  whili-  in 
iin;indiM(i-nt  lighting  then-  is  a  limitation  s<'t  by  the  unavoidable 
jirodiKtion  of  all  kinds  of  viliralion.  «if  which  the  us«'ful  embrace 
only  thn-*'  quarters  of  an  m-tave.  Hy  luminese<-n<-e  we  may.  as 
nlmidy  state<l.  proimbly  attain  an  efficiency  of  H  candles  jx-r  watt, 
l)ut  should  some  new  way  <if  imMluiing  lumineHconw  !«•  discovcrecl 
by  which  all  the  vibrations  would  have  a  fn-quency.  say.  ls-lw««<'n 
four  and  six  hundn.l  millions  of  millions  «if  cycU-s  iht  hc.  (MkI.  alM.ut 
m  candles  |Hr  wiilt  would  U«  obtaine<l.  This  can  lie  done.  iKTauso 
thi-  fin«flv  i\<H'»  It.  but  we  <lo  not  vet  know  how  he  d«M\H  it. 


DESIGN  OF  MILLION-VOLT  EXPERIMENTAL 
TRANSFORMER.* 

BY   O.   U    BAYbKY. 

Tlie  I.IHM)  k.v.a.  hijih  t««nsion  tnuisfoM  "         '  tlie  Panama- 

Pacific  Intenialional    Kxjio.Hition  for  u  '>  wi«h   high- 

tension  exixrinuMif  al  work  is  of  intorppt  to  cnginwm  on  account  of  t  he 
»>riginality  .shown  ir.  its  design  and  c(»n»tru.  '  '    '      -        -1 

iHTformance  under  abuse.      As  sliown  in  tl" 

tions.  the  transformer  is  of  the  core  typo  with  all  of  t  ho  c.iis  mounted 
on  one  leg  of  the  net  ^\m\\^^\  t^ire.     The  (^>m  is  Ifi  in.  by 

1«  in.  in  section,  and  t  .      ing  ha,s  a  clear  length  of  7  ft.  with  a 

olonr  height   of  40  in.     Tho  weight   of  the   transformer,   which  is 

32.0»Olb..isearri.Nl  '       '     '    "        '    '  ' 

•  From  th.       I.. V. .       ^     : 


Construction  and  Arrangement  of  Windings. — The  most  rawiical 
departure  from  standard  practice  is  found  in  the  construction  and 
arrangement  of  the  windings.  All  coils  are  circular  in  shape  and 
machine-wound  with  flat  conductors  which  are  separated  by  paper 
insulation.  Each  low-tension  coil  consists  of  44  turns  of  0-281 -in.  bv 
0020-in.  copper  ribbon  Aslth  two  layers  of  0006-in.  paper  between 
conductors.  The  high-tension  coils,  with  the  exception  of  the 
graded  end  coils,  are  each  made  up  of  212  turns  of  013o-in.  by 
0008-in.  aluminium  foil  \*'ith  three  laj-ers  of  0006-in.  paper  between 
turns.  The  paper  u.sed  is  slightly  wider  than  the  conductor,  and 
great  skill  has  been  shown  in  the  construction  of  the  coUs. 


Tk;.    1. ViKW  Dl'KINU    EkECTIOX  SHOWING   LoW-TENSION  CoiLS  IN 

Place. 

The  low-tension  coils,  of  which  there  are  122.  are  spaced  \  in. 
apart  and  form,  when  a.ssembled.  a  unit  67  in.  long,  23  in.  inside 
diameter,  and  28  in.  outside  diameter.  Each  coil  is  wound  for 
1.1  oO  volts,  and  two  coils  in  series  form  a  group,  of  which  there  are 
()1  connected  uj)  in  jiarallcl  to  copper  'bus  bars.  The  claim  is  made 
that  the  use  of  the  series-])arallel  .system  of  connections  results  in  a 
uniform  <listril)uti()n  of  voltages  among  the  high-tension  coils.  One 
of  the  bus  i)ars  is  grounded  to  the  frame  and  earth,  thus  interjxjsing 
a  ground  shield  between  the  primary  and  secondary  windings  which 
effectually  prevents  any  static  disturbance  from  reaching  the  low- 
len-sion  windings. 


..fit. 


Km.  2. — ViKW  siiowiNu  Hioh-tb,xsios  CJoils  and  Paper  Insulating 

TlBR. 

The  I!H)  high-tonsion  coils  are  connected  in  series  by  a  top-bottom 

nectiim  methcHl  in  order  to  distribute  uniformly  the  stress  between 

IS.     The  sjKU  ing  l>etw»'«Mi  <^>ils  is  7  .'{2  in.,  and  when  the  coils  are 

assembled  they  form  a  tulx*  71  in.  long,  43  in.  inside  diameter  and 

.'il  in.  outside  diameter,     due  terminal  of  the  hiph-ten.sion  winding 

is  gn.ninde<l  to  the  frame  and  earth,  while  the  other  is  protected 

against  dioloctric  rupture  of  «»il  and  adja«.x*nt  insulating  materials  by 

'ling    placed    alxtut    it    a    generously    proijortioned    electrostatic 

.1x1  ring  or  shield. 
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TIic  general  assembly  of  the  transformer  is  shown  in  Fig.  3.  The 
low-tension  windings  were  slipped  over  the  top  yoke  of  the  magnetic 
circuit  and  separated  from  the  high-tension  coils  by  means  of  a  paper 
tube  of  unusual  proportions.  This  tube  is  92  in.  in  length,  G  in. 
thick,  42  in.  outside  diameter,  and  weighs  approximately  2,(J()0  lb. 
Special  interest  attaches  to  this  tube  as  the  impregnating  and  winding 
were  done  in  a  large  steel-plate  cylinder  under  a  high  vacuum.  All  of 
the  mechanism  for  winding  was  installed  in  this  cylinder,  and  glass 
openings  were  provided  for  observing  the  process. 

Oil  Insulation  Arrangements. — The  transformer  was  installed  in  an 
open-type  concrete  tank  or  pit  lined  with  galvanised  iron.  The 
depth  of  oil  over  the  electrostatic  shield  was  6  in.,  and  225  barrels 
of  oil  were  required.  The  surface  of  oil  in  the  tank  had  an  exposure 
of  288  sq.  ft.,  and  some  fear  was  felt  that  there  would  be  considerable 
absorption  of  moisture  from  the  air.  Contrary  to  expectations,  the 
dielectric  strength  of  the  oil  improved  after  the  transformer  had 
been  operated  for  a  short  period.  Before  use,  the  oil  tested  from 
18,000  volts  to  20,000  volts  with  a  gap  of  0-2  in.  between  0-5-in. 
diameter  spheres,  but  under  the  electrostatic  stress  accompanying 
operation  the  dielectric  strength  rapidly  rose  until  on  test  the  oil 
stood  a  voltage  of  40,000,  at  which  value  it  remained  throughout  the 
period  of  operation. 


Fig.  3. — View  of  Complete  Tbaksfoemek  showikg  Shield- 
ring  AND  Paper  Insulating  Tube. 

The  high-tension  lead  was  brought  out  vertically  through  the  oil 
to  a  clear  height  of  1 1  ft.  and  there  connected  by  means  of  a  horizontal 
lead  100  ft.  in  length  to  an  aerial-screen  or  network  of  wires  supported 
25  ft.  above  the  ground  and  exposing  an  area  50  ft.  by  50  ft.  to  the 
earth.  An  adjustable  horn-gap  discharge  to  earth  was  installed  in 
the  main  lead  to  the  screen,  connection  to  the  ground  being  made 
through  a  water  jet.  The  network  and  conductors  were  supported 
and  insulated  by  tarred  ropes,  electrostatic  shields  being  placed  at 
the  points  where  connections  were  made  between  the  ropes  and  the 
conductors. 

Severe  Conditions  Imposed  on  the  Unit. 
The  conditions  were  ideal  for  high-frequency  oscillations,  the 
system  being  nothing  more  or  less  than  a  wireless  oscillation  circuit 
on  a  large  scale.  With  about  450,000  volts,  and  the  horn-gap 
discharging,  standing  electrical  waves  were  established  throughout 
the  system,  which  were  made  evident  to  the  eye  by  a  corona  glow 
ha\-ing  well-defined  nodes  and  loops  spaced  about  8  ft.  apart.  Each 
loop  of  visual  corona  was  about  10  in.  in  diameter,  which  phenomenon, 
with  due  regard  to  the  distances  from  surrounding  objects,  indicates 
that  standing  waves  having  potentials  of  2,000,000  volts  must  have 
existed.  This  extreme  punishment  severely  strained  the  insulation, 
and  as  a  consequence,  at  a  later  time,  when  the  same  circuit  conditions 


t!Cr'\^'?'  ''''-'"'."''''^'■''■••'  '^'^  i"^"'-ting  Hpacer.  wer*  broken 
down.      Lndor  normal  conditiorw  thefl*>    -        -  Irl  be  n- 

stand  only  y,(XKJ  voltH,  but  on  hu>>w^,  ,..y  uto-.  ■-> 

volt.s  each,  thus  indicating  that  the  Htn^  between  coil,  at  break- 
down  was  eight  times  the  normal.  In  Mpite  of  the  Io««  of  the«e 
spacers,  others  were  quickly  subHtitut^J,  arul  in  little  more  than  a 
day  s  time  the  traasformcT  wa-s  opei  un.     The  ea«  and  njwd 

with  which  the  repairs  were  made  i. :;..;<•  the  ereat  advanUae  of 

an  open  type  of  con«truction,  as  without  doubt  any  traodbrmer 
having  taped  coils  couM  not  havr,  undergone  HimiUr  panichmefU 
and  been  repaired  in  such  a  short  time. 

Another  advantage  in  thi«  type  of  construction  wa>»  that  the  con- 
ductors were  all  expo.sed  to  the  oil  and  the  heat  generated  in  the 
windings  was  rapidly  transferred  to  the  oil.  The  arrangement  <rf 
the  coils  was  such  that  a  rapid  circulation  of  the  oU  u  powdble  and 
under  test  it  was  found  that  the  difference  in  '■  Vem 

the  windings  and  the  oil  at  full  load  was  about  :,  -ence 

did  not  appear  to  increase  materially  at  overioads,  owing  doabtJem 
to  the  mcreased  circularion  of  the  oU  at  the  higher  temperature. 
Ihe  transfer  of  heat  to  the  oil  and  the  circulation  of  oil  arr.und  the 
coils  was  so  perfect  that  the  danger  of  over-heating  wa.s  eliminated 
with  satisfactory  means  for  cooling  the  oil. 

With  a  supply  voltage  of  500,000  to  the  wire  screen  the  electro- 
static field  beneath  and  adjacent  thereto  wa.s  so  strong  that  a  vacuum- 
tube  held  within  the  field  would  glow  and  sparks  could  be  drawn  from 
metal  bodies,  which  were  insulated  from  the  ground.  When  an 
arcing  ground  was  established  at  the  horn-gap,  the  electrostatic 
held  was  so  intense,  owing  to  surges,  as  to  cause  an  involuntary 
bending  of  knees  on  the  part  of  those  standing  in  the  vicinity  of  the 
screen.  At  night,  the  corona  effects  were  most  impressive,  jpartica- 
lariy  in  the  transformer  house,  where  the  conductors  and  ba^jket 
screen  were  aglow.  The  ozone  from  the  discharge  was  quite  notice- 
able. 

In  attempting  to  bring  this  transformer  up  to  its  rated  voltage  of 
1,000,000  it  was  found  that  at  600,000  volts  the  oscillations  or  surges. 
probably  resulting  from  the  corona  discharge  and  heavy  leading 
current,  caused  short-circuiting  between  coils  and  from  co'ils  to  the 
grounded  lining  of  the  tank.     At  such  times  the  arcing  around  the 
high-tension  coils  gave  the  transformer  the  appearance  of  a' 
furnace  working  under  oil,  and  the  ability  of  the  coils  to  \v.  ..  .   ..d 

such  treatment  without  breakdown  was  one  of  the  most  impressive 
features  of  the  trials.  For  charging  the  aerial  lines  and  .-Jcrcens, 
which  were  composed  of  several  hundred  feet  of  wire,  about  4tM)  k.v.a. 
was  needed  when  the  voltage  was  around  500,000.  The  transformer 
was  made  at  the  personal  expense  of  Mr.  C.  H.  Thordai-  1 

valuable  assistance  was  rendered  by  Prof.  H.  F.  Fischer  u 
tests  and  overcoming  many  of  the  difficulties  encountered.  I'n- 
fortunately,  the  installation  was  completed  at  so  late  a  date  that  it 
was  impossible  to  carry  out  the  experimental  work  planned.  The 
transformer,  however,  is  to  be  erected  in  -Mr.  Thordarson's  laborator\- 
in  Chicago,  and  no  doubt  technical  data  of  value  will  result  from  his 
experiments. 


TRANSFORMER  DESIGN. 

BY  F.  M.  DEXTOX,  A.C.G.I. 

Summary. — A  general  discussion  is  given  of  the  natiu-e  of  the  problem 
of  transformer  design,  and  the  author  sets  out  Arnold's  method  of  dosign 
for  constant  potential  transformers.  He  then  deals  with  the  ct>nditions 
ensuring  maximum  electrical  and  commercial  ofticiencies.  and  di#ou!is*\<  the 
advisabiUty  of  designing  power  transformers  for  minimum  cost.  A  rule 
is  developed  by  the  aid  of  which  designs  of  |xnver  transfornu-rs  may  U* 
based  wjKin  conimereial  efficiency  ratiier  than  xnxm  minimum  cost.  Tho 
author  then  gives  an  outline  of  the  mothcii  of  design  proposed  by 
Arnold  in  1910  and  a  comparison  of  Arnold's  later  and  oarlit-r  ■  •'  ^. 
Comparative  designs  are  worked  out  and  a  schedule  is  given.  I"  i\ 

Arnold's  method  of  1904. 


To  a  studeat  the  subject  of  engineering  design  is  usuallv 
disappointing.  Wlieu  he  looks  forward,  say,  to  the  design  of 
transformers,  having  already  obtained  a  knowletlge  of  the 
theory  of  the  apparatus,  its  chaiaoteristios  and  its  materials  of 
construction,  and  having  become  accustomed  to  definite 
mathematical  reasoning  in  which  the  road  from  data  to  result 
is  fLxed  and  unchangeable,  he  feels  that  to  design  a  transforaier 
will  be  possibly  a  dilhcult  but  surely  a  definite  procesj>  in  which, 
unless  he  fall  into  culpable  error,  he  will  work  direct  from  the 
data  to  the  definite  result — the  one  and  onlv  correct  desijm. 
It 

Vi 


aata  to  the  ctennite  result — tne  one  ana  oniv  correct  desijm. 
It  pains  him  to  discover  that  his  first  design  comes  out  all  at 
variance  with  the  specification,  and  that  he  has  to  hammer  it 
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into  shape  by  mucli  tiial  and  error,  and  it  surprises  him  to 
discover  that  other  designs  wJiich  look  very  different  from  his 
own  are  equally  in  accord  with  the  specification. 

The  nature  of  the  problem  of  transformer  design  may  be 
considered  step  by  step. 

The  specification  usually  gives  KVA  capacity,  frequency, 
voltage,  efficiency  and  regulation,  whilst  sometimes  the  no-load 
current  is  specified,  and  always,  of  course,  the  cost  must  fall 
within  fairly  narrow  limits. 

If  the  specification  involved  nothing  except,  say,  the  voltage, 
an  unlimited  number  of  designs  would  be  possible,  for  the  only 
condition  would  be  that  the  ratio  of  the  turns  should  be  con-ect. 
The  weight  of  coppei'  and  the  weight  and  dimensions  of  the  iron 
might  have  almost  any  values. 

The  specification  of  current  as  well  as  voltage  would  only 
make  the  design  more  definite  in  .setting  a  limiting  minimum  to 
the  section  of  the  copper,  since  obviously  the  copper  would 
have  to  be  so  thick  as  not  to  be  damaged  by  the  heat  produced 
in  it.  Such  a  transfoniier  would,  within  ordinarj'  limits,  be 
suitable  for  any  frequency. 

The  efficiency  condition,  although  it  would  sweep  away  the 
majority  of  the  po.ssible  designs  just  spoken  of,  yet  would  leave 
a  wide  choice.  Unless  the  relation  of  copper  lo.ss  to  iron  loss 
were  fi.xed  there  would  still  be  numerous  alternative  designs 
available  ;  some  would  have  much  copper  and  little  iron, 
others  much  iron  and  little  copper. 

The  fixing  of  the  regulation  would  not  greatly  limit  the 
mimljcr  <(f  ])ossible  designs,  since  the  regulation  might  be 
varied  between  wide  limits  by  simply  changing  the  shape  or  the 
relative  disposition  of  the  ]»rimary  and  secondary  coils,  with- 
out altering  the  other  factors. 

If  the  magnetising  current  were  also  fixed,  a  few  of  the 
othenvi.se  possible  designs  would  be  eliminated,  but  since  a 
slight  change  in  the  section  <»f  the  inm  (])rodu(ing  a  correspond- 
ing change  in  the  ilux  density)  might  greatly  affect  the  reluct- 
ance of  the  magnetic  circuit,  ana  therefore  the  magnitude  of  the 
magnetisijig  current,  with  but  little  effect  upon  the  efficiency  or 
the  regulation,  it  follows  that  many  alternative  designs  would 
still  be  availalile. 

The  remaining  condition^cost — might  be  satisfied  by  a 
multitude  of  different  designs.  From  among  those  electrically 
available  it  might  be  po.ssible,  for  instance,  to  choose  two  of 
equal  co.st,  one  of  which,  th(iugh  much  heavier  than  the  other, 
wmild  be  much  easier  to  a.s.semble  and  therefore  more  economical 
of  labour. 

The  line  of  thought  just  outlined  is  intended  to  show  that,  no 
matter  how  logical  may  be  the  method  of  design,  there  is 
always  much  left,  to  the  choice  or  even  to  the  mere  fancy  of  the 
designer.  Tliere  are  many  variables  whose  exact  value  has 
out  little  effect  ujmju  the  s])e(i(ied  iharact eristics  of  the 
ajtparatus,  and  there  are  many  different  designs  which  will 
satisfy  tlie  same  specification. 

It.  is  on  account,  of  this  unavoidable  latitude  Ln  design  that, 
sueji  a  variety  of  methods  are  in  use.  Since  for  many  of  the 
quantities  involved  a  number  of  alternative  values  are  avail- 
al)le.  all  leading  to  good  results'*,  it  is  usual  to  assume  for  such 
quantities  trial  values  >wuh  as  have  provtxl  satisfactory  in 
ajipaiatus  already  designed.  To  some  extent  tlien  every 
pract liable  method  of  design  l)ec(mies  a  method  of  trial  and 
error. 

Sctnie  designers  go  to  the  e.xtreme  of  basing  a  design  solely 
upon  trial.  Such  crude  nu'thods,  if  coui)hHl  with  patience 
aiul  perseveraju'c,  lead  to  sucM-e.Hsful  re.sults.  and  they  are 
]»o])ular  This  is  unforttinato.  for  such  methods  ten<l  t^)  ret^ird 
jirogress.  Improvement,  seldom  follows,  except,  from  intelligent 
understanding,  and  this  comes  only  from  thought.  The  metliod 
of  trial  and  error  is  e.^senf  iaily  lavi.sh  of  labour  and  s]iaring  of 
thought..  It  i,s  the  method  of  the  nntrauied  savage,  and  in 
mat  tei"8  of  daily  life  the  favourite  method  of  us  all.  We  rC8])ert 
its  usefulness,  but  at  the  same  time  feel  ])ride  and  pleasure  in 
pvodu(^ing  its  convei-se  the  tnethod  which  derives  the  perfect 
(le.Higi\  l)y  a  logical  ])rocess  l>ased  upoJi  first  prijiciples. 

In  transformer  design  trial  methods  are  especially  succe-ssful, 
becnijfo    whilst    there    is    difficulty    in     predetermining     the 


dimensions  which  .shall  produce  a  desired  result  there  is  none  in 
predetermining  with  fair  accuracy  the  results  which  will 
follow  from  given  trial  dimensions.  In  fact,  if  a  man  had 
sufficient  patience  and  a  little  common  sense  he  might  design  a 
transformer  .solely  by  trial  and  error,  using  no  more  elaborate 
ba.sis  for  his  first  trial  design  than,  say,  a  random  sketch. 

Methods  ofTransJonner  Design. — If  the  core  of  a  transformer 
is  traversed  by  an  alternating  flux  of  maximum  value  O,  the 
change  of  flux  during  one-half  wave  is  from  zero  to  O,  and 
again  from  O  to  zero,  a  total  change  of  2C>,  the  average  rate  of 
change  being  20  divided  by  1/2/where/ stands  for  the  cycles 
per  second.  It  follows  then  that  the  average  voltage  induced 
in  each  turn  of  both  primary  and  secondary  windings  is 
(4/OxlO~*)  volts,  and  that  the  root-mean-square  EMF 
induced  in  t  turns  is 

E=4/(D<XlO-»X)5:, 

where  h  stands  for  the  ratio  of  the  roct-mean-square  ordinate 
to  the  average  ordinate  of  the  flux  wave. 

If  1 2  be  the  secondary  current  output  of  the  transformer,  the 
volt-ampere  capacity  will  be 

VA=EJ[^=ikf{t.,<^)I^\Q-\ 

This  statement  is  the  basis  of  all  transformer  design.  The 
differeice  between  the  various  methods  of  design  lies  ofter  in 
the  way  in  which  the  individual  factors  Cl)  and  /  of  the  product 

(!)/=(  IM/4A// 10-8) 

are  determined,  and  it  is  obvious  that  ^ransformere  all  for  the 
same  KVA  rating  will  be  widely  different  in  general  proportions 
according  to  the  relative  values  that  have  been  chosen  for  O  and 
/.  A  design  in  which  Ois  relatively  great  and  t  .small,  will 
usually  have  a  relatively  high  proportion  of  iron  to  copper  and 
vice  versa. 

One  method  which  fuids  much  favour  is  that  which  .starts 
with  an  expression  for  the  weight  of  the  iron  in  tenns  of  the 
KVA  capacity,  the  frequency  and  the  method  of  cooling.  The 
weight  of  the  iron  having  thus  been  chosen,  trial  dimensions  are 
taken  for  the  core  and  a  value  is  assumed  for  the  flux  density. 
This  method  is  brief  and  straightforward,  and  when  used  in 
conjunction  with  good  tables  of  heat  emissivity  ensures 
satisfactory  conditions  both  of  temperature  rise  and  of  iron 
loss.  It  is  here  being  classed  among  the  "  trial  and  error  " 
methods,  but  in  the  important  matter  of  temperature  rise  it  is 
superior  to  the  method  of  Arnold,  which  will  shortly  be  dis- 
cussed, as  t>'pical  of  the  theoretically  more  logical  methods. 

Perhaps  the  most  usual  method  of  all  is  that  which  assumes, 
at  the  outset,  a  value  for  the  "  volts  per  turn  "  of  the  trans- 
fonner.  From  this  assumed  value  the  number  of  turns  and 
the  amjtero-turns  follow  at  once.  Then  the  value  of  the  flux 
is  got  fritm  the  IvM.F.  equation.  Values  for  Ikix  density  and 
of  current  density  having  been  assumed  a  trial  value  is  deduced 
for  the  cross  section  of  the  core.  A.ssumptioii  of  the  depth  of 
winding  and  the  .space  factor  leads  to  the  dimensions  of  the 
window,  and  thus  the  preliminar"  design  is  roadv  to  be  checked 
for  losses,  regulation  and  temperature  ri.se 

In    this    method    the    KVA     capacity    is   generally     con- 
sidered as  a  jilausiblo  criterion  for  the  choice  of  "  volts  per 
turn."     l'erha])s  the  best  of   the   volts  per  turn  equations  is 
that  which  states 
Volts  per  turn— a  constant X  v/ (the  volt-am])ere  capacity 

ol  the  transformer). 

From  the  E.M.F.  equation 

E=4-41(D(/"1(»^ 


we  have 
and 


or 


whence 


Volts  per  turn-- MMl>/l()-«. 

/•; 
4-4i/ao-«' 
i:(i>     _Ki     «i> 

4-44/flO-«"'  /    4-44// 10  »' 

//     ,  *J>  \ 

-  //  Volt  amperes  V 

"^-JK . ^v 

^    \       4-44/10-"         / 
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and  the  expression  for  the  volts  per  tnrn  becomes, 

i.e.,  volts  per  turn=i/(volt-amperes)xvU-4:4-^10'8J. 

Thus  it  is  seen  that  the  statement  volts  per  turn  °^\/VA 
implies  that  (^f/It)  is  constant,  or  that  ^//^,  the  flux  per 
ampere-turn,  is  inversely  proportional  to  the  frequency.  Now 
the  flux  per  ampere-turn  will  be  great  when  the  cross  section 
of  the  core  is  great,  and  so  the  transformer  in  which  O/Zf  is 
great  will  be  heavy  for  its  output.  But  from  the  E.M.F. 
equation  it  is  seen  that  for  a  given  voltage  and  number  of 
turns  O  is  inversely  proportional  to  the  frequency,  and  that 
therefore  the  weight  of  iron  in  a  transformer  of  given  capacity 
and  voltage  is  likely  to  be  inversely  as  the  frequency.  The 
statement  ((^/It)  °^{l/f)  is  thus  seen  to  be  not  unreasonable. 

Not  all  those  designers,  however,  who  use  the  volts  per  turn 
basis  follow  even  approximately  the  condition  just  named  that 
volts  per  turn  shall  be  proportional  to  the  square  root  of  the 
volt-amperes  capacity  of  the  transformer.  Reference,  for 
instance,  to  Hobart's  "  Design  of  Static  Transformers  "  shows 
the  following  values  of  volts  per  turn  and  KVA  :— 

2-2      2-4 
60      70       100 

JT7<  1-5  1-85   2        2-25    2-4 

[KVA  10  30      45      70      95 

(V/t  13  18      24      30      35      40      52      65 

XKVA  500  1000  1500  2000  2-500  3000  4000  5000 

■  giving  for  the  constant  named  in  the  above  equation  the 
following  values : — 


on^fV/t       1-4     1-8     2 
^^^UF^   10      30 
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ArnoU's  Method  of  Transformer  Design. — {See  E.  Arnold's 
"  Die  Wechselstromtechnik,"  Vol.  II.,  1904  eflifcion.)     T' 
taken  as  typical  of  the  logical  methods  the  method  of  A...     . 
involves,  as  no  doubt  all  really  practicable  methods  mast,  a 
certain  amount  of  trial  and  error. 

In  this  method  distinction  is  made  between  lighting  traiw- 
formers  and  power  transformers.     The  former  are  for  more  or 
less  intermittent  loads,  in  which  a  long  period  of  full  load  is 
followed  by  a  considerable  period  in  wliich,  whilst  the  load  in 
negligible  and  consequently  the  copper  los.s  snxall,  the  iron  losss 
has  still  the  same  value  as  for  full  load.     For  such  transformers 
the  best  average  electrical  efficiency  is  obtained  by  .so  desi<?n- 
ing  the  transformer  that  the  iron  loss  is  .smaller  tl       *'  '• 
copper  loss.     By  power  transformer  is  understoo^l  one 
when  not  on  full  load,  will  be  entirely  disconnected  from  both 
the  load  and  the  source  of  supply.     For  the  best  ;• 
electrical  efficiency  it  must  be  clesigned  so  that  the  <:■ 
losses  are  equal  to  the  variable  lo.sses.     The  condition  of 
electrical  efficiency  for  a  power  transformer  would  be  satisfied 
by  making  the  iron  loss  equal  to  the  copper  loss,  since  the 
former  is  about  constant  and  the  latter  variable. 

First  will  be  given  that  part  of  Arnold's  method  which 
applies  equally  to  both  lighting  and  power  transformei-s.     It  is 
intended  that  most  of  the  symbols  used  shall  be  self-explanatori". 
The  E.M.F.  equation,  common  to  all  transfonners,  reatls 

E^i-UftmO'^, 
and  if  "  m  "  be  the  number  of  phases  for  which  the  transformer 
is  to  be  built  we  have  also 

mEI=4:-4:4:mftimO-^. 

Let  the  ratio  0//<,  the  flux  per  ampere-turn  be  called  "  C."    It 
readily  follows  that 

K  VA =444/»z(  O^/C)  lO'ii, 


KVA 

ViVA) 

V/t 
KVA 

V/t 
KVA 

VJVA) 

V/t 


10      30      60      70       100 
71-5   95       122     120     132 


whence 


O: 


V 


(KVACm^\  /(KVAC^ 

V     444/m     J~      V  \44-4/m/' 


10       30 


66-7 
500 
54-5 


92 


45 
106 


70      95 
118     128 


1000  1500  2000  2500 
55-6   51-4   47-3   45-2 


3000  4000  5000 
43-5   38-5   34-5 


the  constant  varying  from  34-5  to  132.  The  logic  underlying 
this  wide  variation  is  not  apparent ;  yet  all  the  designs  here 
given  by  Hobart  are  such  as  have  proved  successful  in  actual 
practice. 

Amongst  trial  and  error  methods  is  also  that  of  Prof. 
Fleming,  given  in  his  classic  book  on  transformers.  Here  the 
copper  loss  and  the  current  density  are  assumed,  and  from  them 
the  total  length  of  copper  wire  is  calculated.  A  trial  value  is 
taken  for  the  flux  density,  and  the  cross  section  of  the  core  and 
the  size  of  window  readily  follow.  By  this  method  several 
trials  will  usually  be  needed  in  order  to  find  designs  giving 
suitable  iron  loss,  weight  of  iron  and  total  cost. 

The  methods  above  outlined  are  typical  of  the  trial  and  error 
methods.  A  more  detailed  outline  will  now  be  given  of 
Arnold's  method,  which  may  be  taken  as  representative  of  the 
few  really  practicable  methods  which  are  to  be  found  amongst 
those  claiming  to  be  theoretically  logical.  Attempts  have  been 
made  to  treat  transformer  design  as  a  mathematical  problem 
for  which  an  absolutely  general  solution  may  be  found.  Of 
these  attempts  perhaps  the  best  known  and  most  successful  is 
that  of  Bohle  and  Robei-tsoo,  given  iu  their  book  on  "  Trans- 
formers." Methods  of  this  sort  do  nob,  however,  find  favour 
with  the  practical  designer.  The  man  of  the  mathematical 
method  finds  that  the  cross  section  of  a  really  well-designeo 
transformer  should  be  like  that  of  an  apple,  and  he  thinks  it  an 
annoying  and  entirely  accidental  circumstance  that  engineering 
methods  demana  a  rectangular  section  ;  they  oo,  however, 
demand  it,  and  the  mathematical  method,  soul-satisfying 
though  it  is,  has  to  accommodate  itself  to  practical  demaids 
[and  becomes  just  as  mundane  as,  and  a  good  deal  longer  than, 
the  ordinarv  methods. 


The  quantity  C  must  now  be  expressed  in  teims  of  the 
densities  of  flux  and  of  current,  and  the  weight  of  iron  and  of 
copper.  Let  E,={G,/KVA)  be  the  kilogrammes  of  iron  per 
KVA,  and  let  "  Q  "  be  the  iron  cross  section  in  square  centi- 
metres, corresponding  expressions  for  the  copper  being  Ku 
={Gk/KVA),  and  "  q  "  the  copper  cross  section  in  square 
millimetres. 

Let  LiXm  be  the  total  length  of  a  mean  line  of  force  in  the 
core,  in  centimetres,  and  Lk  the  mean  length  of  a  turn  of  the 
copper  (the  average  of  piimarv  and  secondarv).     Then  we  have 

7-8  Lftn 
and  Ku  X  KVA=2mtqLk  X  8-9  X  10-^(1 /sq), 

"  s  "  being  the  current  den?ity  in  amperes  per  square  milli- 
metre.    Then, 

KJCVAs 

^^~2xS-9Lk>n      ' 
Lk  Ei   B 
Li  Ku  100/ 

The  correctness  of  form  of  thi.s  equation  is  almost  obvious  for 
C^CD/It  and  O  is  equal  to  QB,  which  is  proportional  to  E,B  L-. 
whilst  ITocqst  and  qt  is  proportional  to  Ku'L^.  whence  (l>It  is 
proportional  to  EiB/Li  divided  bv  K-usiLk.  that  is.  to 
LkEiBjLiKuS. 

It    follows    also    from    the    equations    just    given    that 
CBsK.,EiKV AjLkLi  is  a  numerical  constant. 

Poiver  Transfor'ners.—THic  reasonmg  now  to  bo  introdueetl 
is  applicable  only  to  power  transformers.  The  specification 
for  a  power  transformer  always  includes  :  The  KVA  capacity. 
the  primary  and  secondary  voltages,  and  the  frequency. 
For  such  transformers  the  coixfidon  for  minimum  cost,  as 
given  by  Arnold  in  his  1904  edition,  is  that  Ef/Ku  shall  be 
equal  to  £*/£,-,  where  £k  and  .£:  signify  respectively  the  cost* 
per  kilogramme  of  copper  and  iron  (includirag  insulation  and 
all  labour  for  the  finished  transfonuer).  Thus  for  a  given 
line  of  power  transformers  the  ratio  of  the  weights  and  there- 
fore of  the  volumes  of  iron  and  copper  should  be  constant.  Aixd 


and  finallv, 


(7=2-28. 
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from  this  it  follows,  if  the  transformers  are  of  similar  type  and 
pattern,  that  the  ratio  of  the  mean  length  of  the  magnetic 
fdrcuit  should  bear  an  approximately  constant  relation  to  the 
mean  length  of  a  turn.  Thus  in  applying  the  equation 
C=2-2^Lf:EiB I L,KulO()s  to  power  transformers  Lk'L,  may  be 
combined  with  the  constants  2-28  and  100,  and  the  equation 
written  C  =^{1 /■/){£ iBjKuS),  in  which  7  is  a  constant  depending 
upon  the  type  of  the  transformer.     Comparison  of  the  two 

expressions  for  C  shows  that  7=44-'.     Tlie  element  of  trial 

and  error  introduced  by  the  choosing  of  a  value  for  7  is  un- 
avoidable, and  makes  the  process  of  design  much  longer  than  it 
otherwise  would  )>e.  The  value  first  chosen  for  7  proves 
seldom  to   be  the  value   which  accords  with  the   first  trial 

L, 
dimensions,  but  it  should  be  remembered  that  the  value  44  j 

can  readily  ))e  changed  by  changing  AS.  the  ampere-turns  per 
centimetre  of  height  of  the  core.  The  volume  of  the  iron  of  the 
transfomier  in  cubic  centimetres  divided  by  m  times  the  iron 
cross  section  in  square  centimetres,  gives  L,-  in  centimetres, 
whilst  Lk  is  the  average  of  the  lengths  of  a  mean  tuni  in  the 
primary  a)»d  in  the  secondaiy.  Arnold  gives  for  the  con.stant  7, 
when  ordinary  iron  is  used,  values  ranging  from  100  to  125  for 
8ingle-])hase  core-tx^je  transfonners.  and  from  60  to  100  for 
three-pha.se  core-type,  whilst  50  is  the  value  assigned  to  shell- 
type  transformers.  For  transfonners  in  which  alloyed  iron  is 
used  the  values  of  7  should  be  much  lower.  Appended  to  the 
srheduleof  alternative  designs,  given  later,  is  a  table  in  which 
the  values  of  7  have  been  worked  out  for  six  of  the  transformers, 
built  with  alloyed  iron,  of  which  particulars  are  given  in  Arnold's 
1910  edition.  He  gives  no  proof  of  the  condition  for  minimum 
cost  .stated  ab(n-e,  but  the  matter  may  be  considered  thus  : 
The  most  economical  di.stribution  of  iron  and  copper  will  be 
that  from  which  slight  deviation  may  be  made  without  effect 
u])on  the  total  co.st.  Tliat  is  to  say,  if  the  weights  of  iron  and 
co])per  have  been  properly  chosen  it  will  be  found  that  to  change 
tlie  weight  of  the  iron  by,  say,  1  per  cent,  (making,  at  the  same 
time,  the  necessary  corresponding  change  in  the  copper)  will 
produce  jio  cliange  in  the  total  cost.  Xow  if  the  section  of 
iroji  and  so  also  its  weight  were  reduced  by  1  per  cent,  the  liux 
would  be  similarly  reduced  (in  order  that  B  might  remain 
unchanged),  and  the  turns  would,  therefore,  have  to  be  in- 
creasf'd  l>y  1  ])er  cent,  (since  the  K..M.F.  mu.st  remain  imchanged) 
with  a  similar  incrca.se  in  the  weight  of  copper.  The  condition 
that  this  decrease  of  1  per  cent,  in  the  weight  of  the  iron  and 
increase  of  1  ])cr  cent,  in  that  of  the  copper  .shall  produce  no 
change  in  the  tot^iil  co.st  is  obviously  that  1  per  cent,  of  the 
t<(tal  weight  of  intn  shall  be  worth  as  much  as  1  per  cent,  of  the 
tot^il  weight  of  the  copper,  or  that 

(Co.st  of  iron /co.st  of  co]>por)  (weight  of  coj)per/ weight  of  iron), 
and  therefore  that  I'^iKu       Ek  iEi- 

Trial  values  for  B  and  *  must  now  be  cho.sen  ;  .suitable 
values  lie  usually  ])etween  the  limits, 

£or7?,„„,  8,(KKI  to  l.^.fHMi  lines  y)er.s(juare  centimetre  for  ordinars* 
iron,  or  1().IK)(»  to  14,2(K>  for  alloye<l  iron, 

for  s  1-2  to  1-8  amperes  per  square  millimetre,  or  in  <  asos  of 
.s])ecially  well-cooled  design.s  .«  maybe  taken  as  high 
as  2-5  amjjeres  ])er  H<j»mre  millimetre. 

The  fact(»r  detennining  the  limits  allowable  for  B  and  s  is 
temjteniture  rise.  For  each  value  of  B  there  is.  for  everv 
lamination  thickness  and  fre(|uency,  a  definite  figure  for  the 
watt.s  iron  loss  per  kilogramme  of  iron,  dejjending  upon  the 
(|n)ility  of  the  ir(»n.  Similarly  for  each  value  of  .v  there  is  a 
delinite  figure  for  the  wattJ*  cojjper  ]o.s.h  per  kilogramme  ctf 
coj)])er.  Hoth  los,ses  appear,  of  course,  in  the  form  of  heat,  and 
this  heat  must  be  carried  away  at  such  a  rate  that  the  tempera- 
ture of  iron  and  <M)]i]»er  shall  be  below  that  at  whi(-h  either 
the  quality  of  the  inm  will  be  alTecteil.  the  in.sulation  of  the 
copper  be  burned  or  the  resistance  of  the  windings  be  greatly 
increased.  Experience  Ims  shown  that  even  when  iising  water- 
cooled  transformers  the  flux  and  current  densities  ought  not 
greatly  to  exceed  the  limits  nametl  above. 

liHicioncy  of  cooling  depends  largely  upon  the  ratio  of  .surface 


to  volume  of  the  hot  body,  and  with  bodies  of  similar  shape, 
such  as  transformers  of  similar  tj-pe,  this  ratio  is  greater  for  the   . 
small  bodies  than  for  the  large.  This  consideration  would  lead  to   > 
the  choice  of  higher  values  of  B  and  5  for  the  small  transformers.   > 
In  practice,  however,  the  higher  values  are  usually  found  in  the 
larger  designs.     The  reason  for  this  is  that  the  larger  trans- 
formers are  at  such  a  great  disadvantage  in  point  of  cooling 
surface  that  the  method  of  cooling  used  for  the  smaller  designs 
— natural  air  cooling — is  found  inadequate  for  the  larger  sizes. 
In  other  words  if  the  larger  sizes  had  to  be  designed  for  natural 
air  cooling  it  would  indeed  be  necessary  to  use,  for  them,  lower 
values  of  B  and  s.     It  is  found,  however,  more  economical  to    : 
provide  artificial  cooling,  by  water  or  by  air-blast  for  the  larger    i 
designs,  and  so  efficient  does  the  cooling  then  become  that    | 
values  of  B  and  s  may  be  used  exceeding  those  allowable  in  the    ! 
natural  draught  designs  of  smaller  capacity.     Comparative    i 
figures  for  B  and  s  should  alwavs  take  into  account  the  method 
of  cooling  employed  as  well  as  the  capacity  of  the  apparatus. 

(To  he  continued) 


THE  USE  OF  CONTINUOUS  CURRENT  FOR  TERMINAL 
AND  TRUNK  LINE  ELECTRIFICATION. 


The  following  is  an  abstract  of  the  discussion  of  Mr.  N.  W. 
Storer's  Paper  at  the  Manchester  meeting  of  the  Institution  of 
Electrical  Engineers  on  the  21st  ult.  An  abstract  of  this  Paper 
appeared  in  our  issues  of  the  17th  and  24th  ult. 

The  Chairm.\n  (Mr.  B.  Welbourn)  endorsed  the  plea  which  the  author 
made  for  some  attempt  to  be  made  before  too  late  to  .secure  the  stand- 
ardisation of  voltage  and  collector  systems  in  this  country.  It  was 
to  be  hoped  that,  in  connection  with  railway  electrification  work,  we 
should  not  have  a  repetition  of  what  had  happened  in  the  electric  supply 
industry. 

.Mr.  W.  A.  Bakxe^,  in  reference  to  standardisation,  thought  the  Paper 
bristled  with  debatable  points,  and  was,  jjerhaps,  a  little  in  advance  of 
time.  Its  value  was  not  lessened  thereby,  as  it  sounded  a  note  of 
warning  against  the  confusion  which  would  arise  from  a  multiplicity 
of  sy.stems.  It  was  unfortunate  for  standardisation  that  direct-current 
electric  traction  had  progressed  from  low  to  high-voltage,  and  had  not 
yet  reached  finality,  \\hilst  high- voltage  equipment  would  deal  with 
low  voltages,  the  reverse  was  not  the  case,  and  before  standardisation 
could  take  place  in  the  principal  items  connected  with  electric  traction 
it  was  necessary  to  standardise  voltage.  An  imj>ortant  jwint  to  be 
considered  was  tiiat  direct-current  traction  was  competing  very  strongly 
with  alternating-current  traction  in  the  only  advantage  the  latter 
{Missessed,  namely,  high-voltage  transmission — and  on  this  account 
it  would  not  be  policy  at  the  present  time  to  .standardise,  ."^ay,  1.2U(>  or 
even  2.40U  volts.  tIu'  author  stated  that  1,500  voUs  was  about  the 
maximum  voltage  which  could  be  used  on  a  four-jwle  railway  motor, 
whereas  on  the  Holcombe-Brook  section  of  the  L.  &  Y.  Railway  motors 
were  operating  successfully  with  1,800  volts  across  their  terminals. 
Another  jxjint  against  standarfli.sation  at  the  present  time  was  that 
such  a  course  would  tend  to  stop  progress,  a  jwrallel  case  being  the 
standardisation  of  the  t  ft.  SUn.  gauge  for  railway  tracks,  which  had 
seriously  ham|>ered  thi;  progress  of  the  steam  locomotive.  This  jwirit, 
however,  had  not  i)een  lost  sight  of  in  this  country,  and  the  question  of 
location  of  the  thinl-rail  had  been  brought  before  a  meeting  of  railway 
engineers  held  in  the  I^iiUvay  Clearing  H(uise.  London,  as  long  ago  as 
.March,  l!Hi:<,  when  it  was  <lecided  that  the  most  advantageous  position 
fur  the  third  rail  was  .-inch  that  the  contact  surface  be  3  in.  above  the 
track  rail,  and  that  the  liorizontal  <listance  between  the  centre  of  the 
track  and  the  centre  of  the  thinl-rail  be  3  ft.  IIJ  in.  This  was  adopted 
for  an  overrunning  shoe,  and  it  was  thought  that  000  volts  would  not 
ho  exceedi-d  for  direct -enrrent  electric  traction.  The  alwve  recommen- 
dation had  Ikk-u  adopte<l  by  railway  comjwnies  who  electrilied  since 
100:1  :  ill  fa<t,  the  Liver|X)ol  Overhead  Rjiilway  change*!  over  their 
svHtem  from  a  central  thinl-rail  to  the  standanl.  which  permitted  the  inter- 
running  of  trains  with  tiie  LiveriK>ol-.South|xirt  section  of  the  L.  A:  Y. 
Railway.  During  the  |wj;t  two  years,  however,  the  direct -current 
traction  motor  had  Ixvn  treatly  improved,  so  much  so  that  the  1.200volt 
moto"-  was  prob.'ibiy  more  reliable  than  (KKt-volt  motors  of  lU  years  ago. 
The  iMKlvolt  thinl-rail  was  not  sufticientiy  safe  ami  well  protected  to  be 
uso<l  at  1.2<X)  volts,  and  the  prolilem  had  Ihnmi  to  decide  whether  to  keep 
to  the  0(H»volt  system,  with  its  attendant  transmis.sion  losses,  or  to 
(le|>art  from  the  standanl  in  order  that  the  rail  should  l>e  thoroughly 
pn)tecto<l  against  accidental  contact  with  the  statf.  The  question  of 
'  "1  construction  was  not  considereil  owing  to  the  many  disad- 
.  On  the  .M.in(lie>tcr  Bury  section  of  the  L.  »V.  Y.  Railwaj-, 
wliere  1.200  volts  was  in  operation,  this  had  UmI  to  the  adf>ption  of  the 
side  t^uitact  rail  adequately  protect«i  along  its  entire  length,  and  this 
progress  had  nullitieti  the  earlier  8t«ndanl  set  up.     This  side  rail  was 

mounted  in  the  •: -  Mtivc  ]x>«>ition  as  the  standard,  and.  apart  from 

the  question  of  n.  could  be  u»e«l  with  an  overruiuiing  shoe. 
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In  the  s(!ction  dealing  with  control  the  authoi'  had  shown  diagrams  of 
arrangements  of  gear  to  operate  at  various  voltages.  With  the  arrange- 
ments shown,  56  and  30  switches  respectively  were  required,  the 
greater  number  of  which  would  have  to  be  designed  for  the  maximum 
voltage  of  2,40i).  It  was  undesirable  to  carry  these  under  the  car,  and 
therefore  roo.'U  would  have  to  bo  found  on  the  car  floor.  This  space, 
together  with  that  occupied  by  the  equipment  for  regenerative  control 
and  the  apparatus  mentioned  for  changing  the  position  of  the  shoe, 
would  seriously  limit  the  passenger -carrying  capacity  of  the  car,  and 
would  cost  more  for  maintenance  and  running  charges.  It  was  pro- 
bable that  in  trunk  line  electrification  any  one  railway  company  would 
adhere  to  one  system,  and  only  inter-running  trains  would  be  affected. 
The  speaker  suggested  that  such  trains  be  ordinary  stock  worked  by 
electric  locomotives  which  would  be  changed  at  the  junction  of  two 
systems,  and  where  through  coaches  only  were  involved,  trailer  coaches 
should  be  used  in  conjunction  with  motor  coaches  in  the  usual  way. 
The  author  had  pointed  out  that  the  unsaturated  motor  would  operate 
more  efficiently  than  a  saturated  motor  on  a  frequent  stopping  service. 
Whilst  this  was  true,  an  examination  of  Fig.  1  showed  that  the  tractive 
effort  for  a  given  current  was  less,  and  therefore  the  acceleration  less, 
a  state  of  affairs  which  was  not  desirable  for  the  service  in  question.  If 
the  same  acceleration  was  require<l  with  the  unsaturated  motor  it  would 
have  to  be  larger — a  difficult  matter  to  arrange  in  high-pressure  cars 
owing  to  the  limited  space  available.  The  choice  of  motors  depended  on 
the  relative  importance  of  efficiency  of  working  and  efficiency  of  service. 
Mr.  Fergtsox  thoroughly  endorsed  the  author's  view  in  regard  to 
standardisation,  and  considered  that  the  first  step  should  be  to  stan- 
dardise line  voltage.  The  inter-running  of  trains  over  systems  em- 
ploying different  voltages  had  been  amply  dealt  with  in  the  Paper,  and 
the  numerous  diagrams  indicated  the  complications  to  be  expected, 
also  the  relatively  large  number  of  switches  required.  In  maintaining 
equipments  of  this  kind,  however,  it  was  well  to  remember  that,  so  far 
as  the  main  control  was  concerned,  it  was  only  necessary  to  deal  with 
a  number  of  similar  contactors  or  reverse-type  switcheo,  all  of  which 
were  fairly  well  known  pieces  of  apparatus  ;  hence  the  maintenance 
was  only  increased  by  multiplying  the  number  of  similar  pieces  of 
apparatus.  The  case  of  auxiliaries  for  high  voltages  and  various  voltages 
was  very  different,  and  by  far  the  most  difficult  part  of  the  problem, 
necessitating  as  a  rule  new  types  of  apparatus,  more  or  less  exploited 
and  undeveloped.  The  author  had  described  an  easy  way  out  of  the 
difficulty  by  using  storage  batteries  connected  to  the  negative  side  of 
the  circuit,  thereby  permitting  the  employment  of  standard  compressor 
motors  and  blower  motors,  as  well  as  standard  control  voltages.  This 
obviated  the  difficulties  which  ensued  from  the  employment  of  dyna- 
motors,  double  commutator  motors  and  other  such  devices.  Regarding 
field  control,  the  author  defined  very  clearly  the  starting  point  for  such 
considerations  in  stating  .in  connection  with  the  shunt  motor  :  "  More- 
over, no  greater  speed  variation  is  possible  with  it  than  with  the  series 
motor,  because  this  depends  on  the  armature  and  the  allowable  ratio 
between  the  field  and  armature  ampere-turns  necessary  to  secure 
stability."  The  field-controlled  motor  and  also  the  non-satiu-ated  field 
motor  was  used  primarily  as  a  means  for  reducing  the  energy  con»ump- 
tion  in  the  rheostats.  The  author  went  into  considerable  detail  to 
illustrate  how  the  rheostatic  losses  increased,  and  the  curve  given 
seemed  to  follow  a  square  law.  The  reduction  of  energy  loss  in  the 
rheostats  could  be  accomplished  either  by  accelerating  on  the  rheostat 
with  a  strong  field  motor  and  weakening  the  field  immediately  the 
strong  field  motor  curve  was  reached,  or  bj'  designing  a  motor  without 
field  control  but  with  a  non-saturated  field.  In  the  former  case,  if  the 
limit  defined  by  the  author  did  not  exist,  then  the  obvious  thing  would 
be  to  make  a  slow-speed  motor  with  a  ratio  of  full  field  to  armature 
ampere-turns  of  about  I-I  or  i-2  and  then  weaken  the  field  considerably 
so  as  to  obtain  the  deshed  schedule  speed  ;  by  so  doing,  however,  the 
aforesaid  ratio  immediately  became  too  small,  making  the  motor  very 
sensitive  and  liable  to  ffash  over.  It  was  necessary,  therefore,  to  decide 
upon  the  lowest  ratio  for  safe  operation  in  the  weak  field  condition  and 
then  work  backwards  by  strengthening  the  field  as  much  as  possible 
for  the  full  field  curve.  Unfortunately,  in  strengthening  the  field, 
saturation  was  so  soon  reached  that  the  drop  in  speed  and  saving  in 
energy  loss  was  not  so  great  as  desired.  In  the  case  of  a  non-saturated 
field  motor  there  was  seldom  trouble  with  regard  to  minimum  ratio  of 
field  to  armature  ampere-turns,  as  the  air-gap  was  usually  fairly  long 
and  absorbed  considerable  ampere-turns.  In  a  motor  of  this  type  the 
best  economy  was  obtained  when  the  accelerating  current  was  made  as 
high  as  possible,  as  the  speed  at  which  the  motor  curve  was  reached 
came  down  comparatively  quickly  as  the  accelerating  current  increased. 
There  were,  therefore,  two  effects  :  (1)  Increasing  the  acceleration  and 
consequently  decreasing  the  time  on  the  rheostat  ;  (2)  reaching  the 
motor  curve  at  a  lower  speed.  In  the  case  of  equipments  having  to  run 
at  comparatively  high  speed  on  the  suburban  parts  of  a  railway,  say 
2  to  4  miles  between  stops,  and  also  on  city  lines,  with  only  -J  mile  stops, 
the  field  control  was  the  proper  thing  ;  but  in  deciding  such  a  question 
for  a  particular  case  it  was  to.be  remembered  that  field  control  required 
extra  switches  and  extra  cables,  involving  additional  capital  cost  and 
maintenance,  and  there  were  cases  where  it  would  be  advisable  to  put 
the  money  and  material  into  building  a  large  motor  having  a  non- 
saturated  field.  The  author  had  pointed  out  that  a  field  control  motor 
or  non-saturated  field  motor  could  not  be  obtained  at  the  same  cost 
as  a  standard  motor,  and  the  speaker  entirely  agreed  with  him  in  stating 
"  that  if  these  points  were  thoroughly  borne  in  mind  the  manufacturers 
of  the  nonsatmrated  field  motor  would  not  be  penalised  on  account  of 
small  ratings,  or  on  account  of  greater  Aveight  with  equal  ratings,  and 
the  railway  company  would  operate  with  greater  efficiency." 


Dr.  VV.M.  C'li.vMP  said  the  Pap<>r  naturally  divided  itnelf  into  two  r^-- 
the  first  part  referring  to  th-  »v  of  the  Msries  motor  for  ru' 

electrification,  cHpecially  aH  r._  -.-rque  characteri-rf'' -^      Ti.,.r.. 

several  points  requiring  explanation.     For  itiKtance,  •  i 

upon    what    were   calle<l   Haturate<l    and  •       • 

indication  was  given  &a  to  the  fXiint  at  ,-, 

saturated  and  non  saturated  was  drawn.  lViiiu|«  Mr.  I'e.  k.  *.,oUi 
give  some  idea  of  the  ratio  of  field  tondition«  in  the  two  rah«*.  I^t»T 
the  author  referred  to  the  "  nhm'/inhnfrnti  "  of  »hunt  fields.  Did  thin  m*^n 
that  the  field  did  not  respfmd  so  quickly  to  curr»;nt  c-h-  •■  ^  >icAme  of 
the  greater  self  induction  due  to  the  large  numl^^r  of  •  .*,  or  wm 

some  other  meaning  attached  to  the  expresfiion  ?     TK 
point  in  this  section  of  the  Paper  was  the  plea  mad»-  \ 
revised  specification  for  railway  motors.     It  wac 
one-hour  rating  did  not  produce  that  motor  whi'  ■ 

railway  electrification,  and   whether  the  plea   for  the  ui  i   an 

against  the  saturated  was  justified  or  not,  one  thing  was 
that  a  case  had  been  made  out  against  the  ratine  of  rail* 
the  one-hour  basis.     It  was  to  be  hoped  that  t! 
Engineers  or  the  Engineering  Standards  (  orn, 
question  with  the  object  of  sanctioning  a  more  rational 

tions.     Such  a  basis  had  already  been  suggested  by   i;..    .   „., 

Papers,  "  Journal  "  InstE.E.,  \'ol.  XLV.,  iOlU,  and  Vol.  XLVIIL.  1911. 
and  the  test  basis  laid  down  there  was  much  fairer  than  *'  '..mr 

rating  usually  adopted.     The  author  also  raiswl  the  qu.  r.- 

generative  control,  and  gave  some  diagrams,  f)ne  of  v.  -.;•,• 

V-I2r/  plotted  against  V,  V  being  the  initial  velrK-ity  of  >  ■  .ii»^ 

per  hour.  The  speaker  then  discussed  some  of  the  curves  in  the  Paper. 
He  thought  the  second  part  of  the  Paper  was  a  most  eloquent  '■' ■  •  <■  - 
.standardisation,  and  showed  into  what  confusion  railway  e.. 
would  be  thrown  if  some  control  was  not  quickly  exerci..ied.  It  .-.houia 
be  remarked  incidentally  that  the  adoption  of  the  single-pha.se  sysitem 
would  obviate  many  of  the  difficulties  mentioned  :  in  fact,  the  Paper 
might  be  tiuned  into  a  demand  for  the  single-phase  system  so  lont'  m 
there  was  no  co-ordination  between  the  railway  companies  as  regards 
voltage.  In  the  single-phase  system  only  frequency  nee<ietl  to  be 
standardised,  and  that  only  within  certain  limits,  which  should  not  be 
difficult  to  decide  upon.  Series-parallel  operation  of  tr  "  -•  or 
motor  windings  would  meet  all  other  variations.     It  was  •.  .-  t-j 

construct  trains  on  such  short  lengths  of  line  as  existed  in  this  countrv, 
with  so  much  complicated  apparatus  to  change  from  one  railway  com- 
pany's system  to  another.  If  it  were  necessary  to  have  voltages  varjing 
over  the  range  suggested  by  the  Paper,  the  continuous-current  system 
should  not  be  adopted  at  all.  The  only  solution  seemed  to  be  som**  f^rm 
of  control  which  would  prevent  a  company-  adopting  a  system 
from  that  adopted  by  another  company  without  showing  good  • 
the  difference.  '^%-W 

Prof.  E.  W.  Marchani  said,  with  regard  to  the  ditTerence  between 
saturated  and  unsaturated  motors,  it  would  be  of  interest  to  have  some 
idea  of  the  limits  of  flu.x-density  in  the  two  motors,  as  it  was  only  a  matter 
of  degree  of  saturation.  The  saturated  motor  was  obviously  a  cheaper 
machine  than  the  unsaturated  motor.  The  author  had  put  forwanl  th<' 
series-parallel  controller  as  having  been  developed  mainly  on  the  ground 
that  it  enabled  speed  regulation  to  be  easily  effected.  One  of  the  main 
advantages  of  series-parallel  control  lay  in  the  greater  efficiency  on 
starting.  The  maximum  possible  efficiency  in  starting  with  series- 
parallel  control  and  two  motors  was  67  per  cent. — that  was  to  say,  3.'>  per 
cent,  energy  was  wasted  in  the  rheostat,  whereas  starting  with  ordinary- 
rheostatic  control  the  loss  was  50  per  cent.  What  was  the  maximum 
current  obtainable  from  a  trcUey  ?  Taking  the  ordinan.-  limit  accepttxl 
in  this  country  of  from  150  to  200  amperes,  it  was  clear  that  ver^k*  high 
voltage  would  be  required  on  the  trolley -wire  in  order  to  obtain  the 
power  required  to  drive  a  railway  train.  Regarding  the  question  of  the 
continuous-current  voltage  p'^ssible  on  a  dynamo  or  motor.  Mr.  ('atter<i'n- 
Smith  had  experimented  so.ae  four  or  five  years  ago,  using  a  nu't"«r 
designed  to  work  under  compressed  air  at  200  lb.  per  square  inch.  The 
armature  was  designed  for  3.000  volts,  and  he  succeeded  in  getting  an 
out^Jut  of  about  3  kw.  from  the  machine,  which  was  two  pole  anJ  had  a 
commutator  only  4  in.  in  diameter.  The  design  of  the  b<\»rings  w-a~  » 
most  difficult  matter  on  account  of  the  pivssun^  of  2(,)t>  lb.  per  s«j«;»re  ">  m 
on  one  side  and  nothing  on  the  other.  The  experiments  were  n 
a  view  to  use  the  machine  for  high-voltage  continuous-current  ■. 
but  the  mechanical  difficulties  involved  were  too  serious  to  warrant  nnich 
hope  of  final  success.  Regarding  stands  t  lisat  ion.  Aid.  Walker  had. 
at  one  of  the  annual  dinners,  rcforiTd  to  the  desirability  of  standar\luun« 
electric  railway  equipment,  but  a  ivpn>sentative  of  the  n 
said  this  would  be  a  mistake  as  it  would  stop  all  proi;n>ss. 
had  been  reversed  by  the  author  in  recommending  the  standardisation  of 
motors,  and  undoubtedly  it  was  a  great  stop  forwi-rd. 

Mr.  A.  P.  M.  Fleming  asked  for  an  explanation  of  the  expression 
"less  trouble  than  might  be  expected"  as  applied  to  hiiih-voltage 
working.  He  expected  a  great  deal  of  trouble  with  these  high  voltages, 
particularly  in  view  of  the  extremely  ai-duous  conditions  under  w' •  ' 
railway  services  operated  in  regard  to  moistuK'.  dust  and  oil.  ^\  .-■'■ 
were  the  maintenance  costs  likely  to  be.  using  voltagivs  of  3,00*>  ir 
5,000  ?  It  was  also  of  interest  to  know  whether  the  men-ur>-  vapoui 
control  was  really  successful,  also  what  were  the  limits  of  its  use  and  at 
what  voltage  it  became  necessary  economically  to  use  such  an  apiwratus. 
At  what  vdtagc  was  it  the  practice^in  the  States  to  use  insulateil  instead 
of  grounded  returns  ? 

Mr.  C.  H.  WoRUiNGHAM  was  invited  by  the  chairman  to  address  the 
meeting,  and  whilst  he  did  not  feel  in  a  position  to  discuss  the  Paper, 
he  most  strongly  deprecated  the  nationalisation  of  railways.     Every 
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countn  wliich  had  natiofuiliscd  its  railways  had  done  so  to  its  own 
detriment.  Once  the  feeUng  of  competition  was  removed,  bad  as 
railways  might  Jx;  in  certain  respects  at  present,  they  would  Ik-  infinitely 
worsf;  if  nationalised,  and  it  might  be  said  without  doubt  that  a  (jovem- 
ment  J>r:|)ailment  was  not  in  a  gofxl  position  to  conduct  trading  opera- 
tions huc<-essfully  or  with  advantage  to  the  public.  Regarding  stand- 
ardisation, it  was  to  l>e  recognised  that  din-ftly  standardisation  took 
place  progress  was  to  a  certain  extent  limited.  A  great  deal  dejM-ndefl 
upon  the  method  of  standardisation.  Taking  general  standard.-,  such 
a;-  dealt  with  by  the  Engineering  Standards  Committee,  it  was  es.sential 
to  ( onfiii'-  standardisation  chiefly  to  (juesticns  of  interchangeability.  and 
not  to  attciii])t  to  standardiM-  design.  In  connection  with  railway  work 
a  great  deal  could  be  done  in  the  way  of  standardisation,  and  it  jiaid  to 
standardise  details  which  could  Ix'  common  to  various  it<-ms  of  jilant 
without  tying  design  too  much  ;  but  by  ado]iting  a  rigid  standardisation, 
mechanical  or  electrical,  then-  was  a  grave  danL'er  of  stifling  progress. 

Mr.  J.  S.  Pk<k  said  that,  whilst  he  had  n-ad  the  I»apcr  on  Ix'half  of 
the  author,  the  folhiwing  n-marks  should  be  taken  as  an  expression  of 
liis  (.Mr.    peek's)  own  o|)inion.     J>oubtlrss  the  author  wouhl  desire  to 
reply  to  the  discussion  himstilf.      Hegarding  tlie  remark  of  Mr.  Bamos 
that  it  was  not  advi.sable  to  standardiw  voltage  at  the  j)resent  time,  the 
Hix-aker  agreed  that,  at  any  rate,  it  was  not  possible  to  standardi.se  com- 
pletely, as  by  so  floing  progress  might  Ix-  seriously  hampered  ;    but  if 
certain  provisional  t-taiidards  were  ado|)ted,  say.  tiU<»,   \,'2W  and  2,W0 
volts,  it  woiijil  pn-vent  one  railway  <  ompany  from  adopting,  say.  1,200 
volts,  and  an  a<ljacent  company  l.:«XJ  volts,  l..">(Mt  or  other  (xld  voltage, 
which  s<'emed  at  the  moment  to  ]iossess  sonu'  special  advantage.      I'niess 
some  effort  was  made  to  standardise,  ver\  soon  there  would  be  the  same 
multiplicity  of  voltages  that  exist<>d  in  the  States,  where  they  had  'AH), 
MKI,  T.'iO.  1.2(10,  1,'jOO.  2,400,  :},000  and  .'"),<MK»  volts.      In  this  country-  we 
had  (iOO  volts,  which  was  mon-  or  less  standard  for  low  jin-.'isures,  also 
l.20(»  and    l.."»00   volts.      .Mr.    Hames"  sugL'cstion  of  using  electric  loco- 
motives  operating  only  <m  their  own  system  seemed  a  verj'  important 
solution  of  the  problem.      If  the  railways  were  ever  amalgamated,  one 
i>{  the  first  things  would  Ix-  to  adopt  a  standard  voltage,  which  would 
necessitate  s(  rapping  a   large  amr)unt   of  cxix-nsive  e(|ui])ment.      Why 
should  n<»t  standard  voltages  l>e  a<lopt<-d,  as  would  Ix'  the  case  if  all  the 
railways  in  this  c  ountry  were  under  one;  management  ?      Regarding  the 
niultijllicity  of  switches  n-ferred  to  by  .Mr.    Barnes,  the  author  ])robably 
UM'd  this  as  a  horrible  example  of  what   might   be  requind  if  voltages 
continued  to  be  multiplied.      Itegarding  the  .saturation  of  field  and  ratio 
of  (jild  to  arnuiture  ampen-  turns,  n-fern-d  to  by  Dr.  Cramp,  the  speaker 
could  only  refer  to  Mr.  rannell's  re( cut  i'apcr,  where  the  theoretical  limit 
for  uiisaturat<d  and  saturated  motors  wen'  shown.      The  <)uestion  of  the 
shunt    motor  being  mon-  Miisitive  to  fluctuations  in  line   voltage  was 
cx|ilained  by  the  si|f -induction  of  the  shunt  motor  field,  due  to  many 
turns  of  fine  win-.  Ix-ing  nnich  higher  than  that  of  the  series  motor  with 
a  few  turns  of  large  wire.      If  the  line  voltage  went  off  and  was  suddenly 
thrown   on    again,   or   whenever   then-   were   large    fluctuations   in    line 
voltii'.'c,  there  was  a  tendency  for  very  large  rushes  of  curn-nt  to  (x-cur. 
The  Held  of  the  sliniit  motor  was  sluggish  in  building  u|i,  and  the  ven." 
hea\y   armatun'   <  urnrit   distorted   the   field   and   was   a)it    to   produce 
tiashing.     Contrary  to  Dr.  ('ramjj's  idea  of  a  figun*  in  the  Pajwr.  this 
seenied  a  very  usc-ful  figun',  as  it  indicated  jxTfectly  clearly  tlie  height 
to  wliii  h  the  track  at   tlie  station  should  be  c-levated  in  onler  to  pull  up 
the  train  without   braking  when  running  at  diflcn'nt  speeds.     The-  first 
<ur\c  showed  the  total  storage  enc-rgy,  and  there  was  a  certain  amount 
of  rotational  energy  taken  into  account.     The  m-cond  curve  in  the  Taper 
was    the    total    available   ston-d    energy   after    deducting    the    amount 
roniaining  at  a  s|M-ed  of  10  miles  jht  hour.     The  thinl  showed  the  ston-d 
energy  less  the  loss  due  ti,  n-hiHtance  as  the  train  slowed  down.     The 
lowest  curve  was  simply  tin-  anunuit  of  energy  which  c-ould  Is-  returned 
to  the  line,  assuminjj  S<l  per  (int.  efficie.iey  in  motors.      Dr.   Marchant 
askeil  for  the  maximum  current  wliich  could  Ix"  iiillc-cled  from  a  trcdley- 
win*.     The  figun*  varied  a  gocxl  deal,  and  was  de|M'ndi-nt  u)ion  tin-  lyix- 
of  trolley  and  si/e  of  wire  ;    but  2r»0  to  2(K»  am|H'rc-s  c-ould  be-  collected 
without   muc  h  dinicully  even  at  high  sjMH'ds.      .An  advertisement  scmio 
time-  ago  Hhowed  a  double  pantograph  trolley  which  would  collect  4,(MMI 
ampercfc  at    10   miles   pc-r   hour.     The  e\|ii'rimeiit   of   niimin-j   a    "<mall 
."l.tMHi  \((lt  commutator  under  c-om;  ir  was  very  inti  In 

n^ply  to  Mr.    Kleming,  the  author  |.  mi  ant   that   he  ■   .,      ;;il  a 

certain  amount  of  troublc>  with  the  .^.tHM'  itrul  e(|uipinent,  but  had 

had   none.     The  author  had   written    Mi     \>k   to  hjiv  that    t'  ' 

difliculties  they  had  exjK'rienced  mo  far  wen*  due  toearlhM  on  the  n 
due  Ici  running:  lliroiigh  mIunIi  and  snow.       ^  ^ll. 

IV'ck  did  not  Ihuik  there  were  any  ligures  .  I  on 

the  2,4(M)  or  ;t,0(M)  volt  ei|uipments.  It  was  cbiliciilt  to  get  much  infor- 
mation when  a  new  road  was  first  )iut  into  m-rvice.  Heganiiiig  inenury 
va]»oiir  ecuuTrters  the  s|M''«ker  could  nay  wry  little,  nithouuh  they 
ajipeared  to  Iw  nearly  ill  i  luimn'rrial  s1ih|m>.      A  c-<>rf  '  '     ' 

converters  were"  nininng  in  parallel  with  (KMImiIi   i 
siipplyiiid  railway  lines,  but  ilellnite  informatinii 

the  voltage  at  which  insulated  tx'tum  was  iisecl.  .1  ,  -   '^ 

Rwan\  insulated  ri'liirn  wn*  only  used  when  there  yrn.n  fear  of  rlwtrolvsi*. 
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THE  ELECTRICITY  SUPPLY  OF  GREAT  BRITAIN.* 

BY  EKXEST  T.  WILLIA3IS. 

Sumni'irij. — I.  Introduction.  II.  A  propo.sed  Electricity  Board  for 
the  control  of  the  electricity  supply  of  the  country  and  for  the  co-ordina- 
tion of  the  various  electrical  interests.  III.  The  generating  stations 
problem.  IV.  The  distribution  of  electrical  energy  in  bulk.  V.  The 
distribution  of  electricity  in  detail.  VL  Procedure  \o  bring  the  scheme 
into  operation.     VII.  Summary.     VIII.  Condasion. 

I.    IXTRODUCTION. 

As  originally  submitted  this  Paper  dealt  with  three  aspects  of  the 
subject  of  ■■  the  electricity  supply  of  Great  Britain,"  \'iz.  : — 

(a)  A  review  of  the  present  state  of  the  electricity  supply  industry  ; 
{b)  A  review  of  the  new  conditions  brought  about  by  the  war  and  of 
the  urgent  need  for  electrical  engineers  to  work  together  for  meeting 
the  coiintrj-'s  need  for  a  cheaper  and  more  extensive  electricity' supply, 
and  (c)  a  projxj.sed  scheme  to  meet  tliis  need. 

The  Councils  decision  to  hold  a  general  discussion  on  this  im- 
jxirtant  subject  made  it  desirable  to  reduce  considerably  the  ground 
covered  by  the  introductory  Paper,  and  for  this  reason  sections  (a) 
and  (b)  have  been  almost  entirely  deleted. 

The  progress  of  the  electricity  supply  industrj-  has  been  one  of 
fairly  well  defined  stages,  viz.  : —  .  -  -^i^ 

(I)  Small  private  plants  ;  (2)  larger  plants  supplying  a  group  of 
consumers  ;  (3)  supply  undertakings  dealing  with  very  limited  areas  ; 
(4)  town  supi)lie8  absorbing  many  of  the  smaller  systems  in  outside 
areas  ;   (;>)  power  sciiemes. 

If  the  policy  of  centralising  the  generatuig  plants  in  larger  power 
stations  has  been  economically  sound,  even  though  this  involves 
transformation  losses  and  additional  mains,  then  why  should  we 
hesitate  in  taking  the  ne.xt  logical  step  of  considering  the  eventual 
re])Iacemerit  of  the  large  number  of  small,  costly,  comparatively 
inefliicient  electric  supply  stations  by  a  few  modem  interconnected 
power  stations  for  dealing  w  ith  the  electricity  supply  of  the  country 
as  a  whole  ? 

.Such  a  method  of  dealing  with  the  problem  would  result  in  the 
following  advantages: — 

■  (a)  Cheap  sites, 
,    ,  .     ,  \{b)  Reduced  cxiJenditure  on  buildings. 

( 1 )  I>c3wer  capital  costs  per.  ^^j  La        generating  units. 

unit  of  output  due  to  ...  L^^  Decn^ased    percentage    of    reserve 

^        plant. 

'  (a)  Higher  load  factor. 
(b)  Higher  plant  factor. 

(2)  Lower     \vorking     costs_   (r)  Lower  fuel  costs. 

j)er  unit  due  to    |  (rf)  Lower    establishment    and    labour 

I         charges. 

V  (c)  Lower  maintenance  costs. 

.\gainst  this  must  be  set  the  increased  cost  of  bidk  distrib;;tion 
mains  ami  transforming  plant  and  the  loss  in  cftieiency  due  to  the 
transformation. 

H  we  arc  to  attain  something  of  the  po.sition  clearly  |>o.ssible  for 
the  electricity  supply  industry,  it  will  be  by  taking  (Jreat  Britain  a,s 
a  whole  and  so  ordering  our  development  from  year  to  year  that  by 
gradual  steps  the  transition  from  the  pn\sent  conditions  to  those 
suggested  will  Ik*  economically  brought  about. 

The  an'a  of  (Jreat  liritain  is  eoniiiaratively  sm.ill.  but  no  couiitry 
offers  Ko  great  promise  for  a  sound  and  economical  electricity  supply 
if  taken  as  a  xvhole. 

In  considering  this  ])n>lilein  we  may  dixide  it  into  three  main 
.sections,  namely,  (n)  Technical  considerations  :  (b)  linancial  issues; 
(r)  Inuus  of  organisation. 

After  ean'fiil  considi'ration  and  nnieh  thought  the  author  has  come 
to  the  eonc<lusion  that  the  lirst  of  these  sections  offers  the  least 
difliciilty.  and  that  the  second  is  one  in  which  we  can  largely  be 
guided  by  prt  «>n(  exjierienc-c  .ind  knowletlge.  It  is  the  thinl  .section, 
"the  basis  of  organis;itic)ii."  which  most  urgently  demands  our 
atteiiticin.  The  more  deeply  we  consider  the  subject  the  more 
np|varent  and  convincing  drxvs  it  become  that  it  is  the  fundamental 
principles  of  organisation  ami  e4<t:il)lishinent  which  must  be  settled 
on  a  sun-  foundation,  if  we  are  to  make  the  Ix^st  progress  and  sec  the 
consummation  of  the  ideal  for  which  we*4iiin. 

It  is  not  assiiincvl  that  the  pro|s>sals  herein  made  give  the  ideal 
arrangement.  We c  annot  start  dr  uoi^y  and  ignore. even  if  we  w ished 
to  do  so.  what  has  alpt'a<ly  lieon  done,  the  capital  investetl.  t  he  natural 
V        '  '  end  the  human  ^  '\  hound  up 

^*        ,  Itisonlyrigi  /d  recognise 

timt   the   prominent    |K)sition  occupied   by  the  industry  and   the 
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•splendid  progress  of  a  few  short  years  have  been  due  to  the  courage, 
energy  and  foresight  of  those  engineers,  and  others,  who  have  been 
the  pioneers.  The  honour  due  to  them  we  fully  concede,  and  the 
right  of  vested  interests  we  clearly  recognise  ;  yet  while  doing  this 
we  need  not,  nay  we  must  not,  lose  sight  of  the  fact  that  the  electric 
supply  industry  is  not  on  the  most  efficient  or  satisfactory  basis  and 
is  not  playing  that  fuller  beneficial  jiart  in  the  lives  of  our  people  that 
it  deserves  and  that  they  have  the  right  to  expect. 

II.  The  Public  Control  of  Electricity  Supply. 

The  public  control  of  electricity  supply  is  at  present  vested  directly 
in  Parliament,  in  the  Board  of  Trade,  in  the  Local  Government 
Board  and  in  the  Home  Office.  It  is  desirable  for  the  highest  success 
of  our  scheme  as  a  whole  that  this  control  shall  be  co-ordinated  by  a 
central  body  directly  responsible  to  Parliament.  It  is  most  desirable 
that  such  a  body  shall  not  be  an  existing  Government  Dejiartment 
having  various  other  interests  ;  also  that  it  shall  not  be  a  Govern- 
ment Department  at  all  in  the  accepted  sense  of  the  word  and  acting 
under  the  multifarious  restrictions  with  which  Government  Depart- 
ments are  essentially  bound.  At  the  same  time  tliis  central  body 
must  have  all  the  weigat  of  Government  authority  and  be  able  to 
authorise  or  raise  big  loans  on  Government  security  at  low  rates  of 
interest. 

It  would  be  desirable  that  the  President  of  the  Board  at  the  outset 
at  any  rate,  should  be  a  man  of  wide  luiowledge  and  experience  in 
public  affairs,  and  a  man  whose  name  carried  weight  and  confidence 
with  the  public  and  men  of  affairs.  Like  the  other  members  he 
should  preferably  be  a  paid  official  and  expected  to  devote  most  of 
his  time  and  interests  to  the  work  of  the  Board.  Finally,  the  Board 
would  have  its  permanent  Secretary  in  whom — under  the  President 
-the  organisation  would  be  centralised.  This  is  shown  diagramma- 
tically  in  the  following  diagram  : — 


Looking  into  the  future,  we  can  mn  a  number  of  verj-  large  power 
stations,  mostly  owned  by  and  worked  under  the  Bf>a'rd,  supplying 
into  a  bulk  network  spread  over  the  country. 

It  does  not  require  to  U-  dftnoa-^tnitwl  tliat  the  lower  the  price  at 
which  we  can  supply  electric  energy  the  greater  will  U-  •'      '  |. 

and  conversely,  the  greater  the  demand  the  lowxr  the  .  a 

we  can  supply.  The  result  is  thus  cumulative,  and  it  w  safe  to  «ay 
that  if  the  cost  can  Ije  brought  low  enough  the  demand  »-iH  be  kg 
great  a.s  absolutely  to  dwarf  the  present  load.  The  two  ih\-i  item.i 
of  generating  cost  at  present  are  the  cat 

is  very  evident  that  under  favourable  coi. ...  ..  ..  , „• 

demand  these  can  be  reduced  to  a  small  fraction  of  the  present 
average  generation  costs  throughout  the  rountr>-. 

Important  as  are  the  capital  and  working  costs  per  unit,  there  is 
a  third  item  which  has  a  direct  bearing  on  these  and  one  which  our 
scheme  would  take  full  advantage  of ;  this  is  the  plant  factor  and 
the  load  factor. 

Under  the  scheme  outlined  we  do  not  interfere  with  the  present 
stations  and  the  capital  invested  in  them. 

IV.  Bulk  Distributiok. 
The  third  item  of  electricity  supply  Ls  the  "di-stribii 
tricity  in  bulk."     For  convenience  of  reference' we  wi. 
bulk-supply  network  into  main  and  subsidiary.     The  main  network 
should  be  the  property  of  the  Board,  which  with  its  powers  would 
have  the  right  to  carry  its  overhead  or  underground  main.s  through 
any  district.     The  subsidiary  network  might  belong  either  to  the 
Board  or  to  existing  undertakers  according  to  circumstances.    For 
example,  there  appears  no  reason  whatever  why  the  power  companies 
and  the  large  mmiicipal  undertakings  should  not  themselves  supply 
current  ia  bulk  on  their  own  m-^ins,  taking  the  supply  from  their  own 
power  stations,  from  the  Board's  bulk  n-^twork,  or  from  both. 


Proposed  Electricity  Board. 
President. 

Secretary. 


6  Elec.  Enp;.  Managers. 


Responsible  for  the  entire 
electricity  supply  in  their 
respective  districts  whether 
directly  or  indirectly  under 
the  Board. 


Responsible  for  all  legal 
advice,  agreements,  ar- 
rangements, &c. 


Responsible  for  all  ac- 
counts under  the  Board  and 
for  auditing  the  accounts 
of  all  offices  in  the  various 
districts  under  the  elec- 
trical engineer  managers. 


Responsible  for  adNnsing 
on  the  raising  and  repay- 
ment of  loans  and  the  work 
in  connection  therewith  and 
generally  for  financial  ques- 
tions coming  under  the 
Board. 


Responsible  for  rrjin'- 
scnting  the  Board  in  I'.'- 
liament  and  for  atteii 
Parliamcntan.-  f'ommit;..- 
and  other  departments  of 
the  Government. 


To  the  Electricity  Board  proj^osed  in  the  foregoing  clauses  all  the 
questions  relating  to  the  electricity  supply  of  Great  Britain  would 
be  referred.  It  would  become  the  authority — imder  Act  of  Par- 
liament— on  all  the  various  questions  and  issues  involved  in  the 
supply  and  application  of  electricity.  Matters  now  dealt  with  by 
the  Home  Office,  the  Board  of  Trade,  the  Local  Government  Board 
and  by  Parliament  itself,  would  be  gathered  together  under  its  con- 
trol. The  only  reservation  would  be  the  right  of  appeal  from  the 
Board's  decisions  to  the  higher  authority  of  Parliament. 

III.  Generating  Stations. 
Never  before  in  the  history  of  our  country  has  it  been  so  evident 
that  we  must  conserve  our  capital  and  resources.  Our  suggested 
scheme  would,  therefore,  at  the  outset  interfere  with  present 
generating  stations  to  the  minimum  extent.  When,  however, 
stations  under  municipal  control  reached  the  limit  of  their  capacitj-. 
or  desired  to  replace  their  obsolete  plant,  they  would  require  to 
obtain  the  Board's  authority  for  the  expenditure. 

It  would  be  for  consideration  whether  limited  coirtpanies  should 
be  brought  compulsorily  under  this  ruling  or  not,  for  they  are  placed 
imder  different  conditions  from  municipalities,  and  generally  would 
prefer  to  purchase  their  current  in  bulk,  if  by  so  doing  they  could 
obtain  it  at  a  lower  cost,  than  to  sink  further  capital  in  their  existing 
generating  stations. 

We  have  referred  to  a  bulk  network.  What  stations  would  feed 
^into  this  network  and  under  whose  control  would  they  be  ?  It  is 
lown  that  there  are  several  large  stations  in  the  country  which  are 
'highly  efficient,  modern,  and  capable  of  extension  in  large;  units. 
These  stations  would  be  the  initial  ones  in  our  greater  scheme  which 
would  be  planned  in  order  to  embrace  them.  They  would  be  inter- 
connected by  a  bulk  supply  network  into  which  they  would  supplj' 
their  surplus  power. 


The  bulk  network  would  have  to  be  designed  •with  a  view  to 
ensuring  reliabihty  of  supply,  so  that  if  any  one  power  station  failed 
it  would  not  affect  the  main  supply,  or  if  any  one  section  of  the  bulk 
network  was  destroyed  the  supply  of  current  woxdd  go  on  automati- 
cally to  the  subsidiary  network.  This  rehability  of  supply  is  of  the 
utmost  importance,  taking  the  premier  place  even  before  low  cost. 
In  the  past  we  have  seen  disastrous  results  due  to  large  jxnver  - 
or  bulk  networks  failuig,  and  one  of  the  strongest  argument- 
new  scheme  would  be  its  greater  reliability,  owing  to  the  number  cf 
stations  and  the  alternative  routes  of  cables.  If  the  railway  and 
large  industrial  power  demands,  mmes,  pumping  stations.  do«.-ks.  &c.. 
are  to  be  entirely  dependent  on  the  electricity  supply  of  the  coimtr>-, 
that  supply  must  be  absolutely  reliable  and  caiwble  of  meeting  the 
exigencies  of  all  possible  cases  save /orrf  niajiwe. 

There  is  a  further  reason  why  the  bulk-supply  network  generally 
should  come  directly  under  the  Board,  and  that  is  because  the 
question  of  giving  a  supply  in  any  part  of  the  country  will  nHjuire 
to  be  regarded  not  alone  from  the  stamlpoint  of  whether  it  wii!  jxiy 
to  run  the  electric  mains  for  the  immediate  demand,  but  also  from 
the  larger  standpoint  of  whether  giving  such  sup|>ly  is  for  the  good 
of  the  country  as  a  whole.  In  tliis  way  many  districts  would  be 
given  a  cheap  supjily  of  electricity  which  imder  the  ordinary-  oomnier- 
cial  conditions  of  a  company  operating  in  a  smaller  area  would  not 

obtain. 

V.  The  Distribution  of  Electricity  in  Detail. 

Fmally,  we  come  to  the  transformation  and  distribution  of  elec- 
tricity in  detail  ;  that  is  to  say,  the  last  step  in  supplying  current  to 
the  small  and  medium  size  consumer.  On  the  whole,  tliis  place  is 
being  well  and  efficiently  filled  by  the  present  undertakings  tuid.  with 
the  e'xception  of  removiiig  a  few  anomalies  and  arranging  for  develop- 
ments to  be  on  lines  which  will  tend  to  greater  miiformity  throughout 
the  countrv,  our  scheme  would  not  interfere  with  the  present  arrange- 
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ments.  It  is  in  this  direction  that  we  shall  obtain  the  support  of  the 
present  supply  authorities,  viz.,  by  letting  them  retain  those  parts 
of  their  own  undertakings  which  are  essentialh'  local.  It  matters 
little  to  them  whether  they  generate  their  own  current  or  receive  it 
as  a  bulk  supply  at  a  much  lower  cost,  but  it  does  matter  to  them 
very  much  whether  their  undertaking  is  taken  over  or  not. 

Again,  we  meet  the  human  factor  in  this  matter,  which  it  would 
be  fatal  to  ignore,  for  if  those  at  present  interested  directlj'  or  in- 
directly in  the  existing  undertakings  can  clearly  see  that  our  scheme 
will  not  be  detrimental  to  them,  but  otherwise,  we  shall  readily 
receive  their  support.  Take,  for  example,  the  electricity  supply  of 
a  town  with  a  generating  station  which  would  not  be  ab.sorbed  into 
the  scheme,  but  which  would  gradually  change  into  a  transforming 
station  and  depot  under  the  same  control  whether  municipal  or 
company.  By  that  date,  and  with  the  help  of  the  cheap  bulk  supplj- 
obtained  from  the  Board,  the  electricity  undertaking  would  ha\  e  far 
outgrown  its  present  importance,  so  that  all  the  energies  of  the 
present  and  additional  staffs  would  be  absorbed  in  dealing  with  the 
transformation  of  the  bulk  supply  and  its  distribution  throughout 
their  area.  When  we  consider  that  practically  all  indoor  and  out- 
door lighting  will  be  effected  by  electricity,  also  that  most  mechanical 
power,  conveyances,  cooking  and  heating  v»iil  be  electrical,  and  that 
the  present  areas  of  supply'  will  generally  be  considerably  extended, 
the  importance  of  that  town's  electrical  undertaking  will  be  com- 
paratively much  greater  than  at  present. 

In  the  author's  opinion  one  of  the  indirect  results  of  our  scheme 
would  be  the  resu.scitation  of  our  canal  system.  Canal  routes  would 
in  many  cases  be  suitable  for  carrying  distributing  networks  into 
various  districts,  and  cheaj)  power  alongside  the  canal  would  increase 
the  value  of  the  land  adjoining  both  for  agricultural  and  industrial 
purposes.  The  u.se  of  cheaj)  power  would  soon  make  it.'^elf  felt  in  the 
developuKuit  of  mechanical  propulsion  on  canals,  and  there  can  be 
no  doubt  that  a  revived  and  efficient  system  of  transit  along  canals 
would  be  an  economic  factor  of  great  importance  to  the  country. 
Hitherto,  the  question  of  electrica'  propulsion  has  been  partly  held 
back  by  the  cost  of  the  electric  jHjwer  system,  but  when  power  mains 
are  running  along  canal  routes  for  other  purposes  t  e  problem  will 
be  simj)Ii(icd. 

JSimilarly  tl)e  great  agricultural  interests  of  this  country,  which  it 
is  BO  important  to  revive,  would  receive  a  great  stinnilus  from  a  cheap 
electricity  .supply.  In  other  lands  electricity  is  being  largely  adopted 
in  agriculture  ;  and  much  is  to  be  gained  by  its  aid  for  lighting, 
power,  heating  and  transport.  Not  only  directly  but  indirectly 
must  we  as.sist  agriculture  l)y  reducing  the  cost  of  artificial  ferti'iser.s, 
whether  as  by-jHixiucts  of  generating  stations  worked  with  gas-fired 
bo  lers  or  thr.iugh  the  cheap  supply  of  current  to  electrochemical 
industries. 

VI.   Piu»rKi)i?RK  TO  Hiu.NC  THE  Schemk  into  Operation. 

It  is  felt  that  the  time  is  now  riiK-  to  launch  this  or  a  similar  scheme 
on  to  the  public  notice.  There  is  evidence  on  every  side  that  men's 
min<ls  arc  ain  ady  actively  employed  in  considering  what  can  be  done 
to  enable  the  nation  t<i  support  the  l)ur(!cn  brought  about  by  the  war. 
In  what  ways  can  the  nation  prevent  waste  and  economise,  an  in 
what  manner  can  production  be  increased  ?  Fortunately,  the 
electricity  sn|i|)ly  jjrobieni  can  play  a  leading  part  in  botli  these 
departments,  and  because  of  this  there  ha.s  never  been  a  more 
favourable  time  in  which  a  iniited  electrical  profession  could  rapidiv 
obtain  public  interest  in  and  public  .sujiimuI  for  its  schemes.  In  the 
words  of  the  Right  Hon.  .A.  H  )nar  I.41W,  M.P.  :  — 

"  I  hoiK>  (tliey)  will  realise  that  the  war  has  made  a  gn'  it  difference, 
that  it  has  made  everylh-ng  plastic,  that  things  which  were  im- 
po.ssible  before  are  easy  now.  and  that  al)ove  all  it  may  be  fo  nd  that 
a  big  st«'p  is  not  more  diflicult  than  a  small  one." 
Or  to  quote  the  Right  Hon.  Kdwin  S.  Montagu.  .\l.l'..  Financial 
Secrel.irv  to  the  Treasury  : 

"Though  no  man  could  say  liiat  the  onlyend  of  the  war  »vhich  wjus 
tolerable  to  us  wjw  in  sight,  yet  we  ought  to  8««e  that  we  were  ])n<- 
pared  to  think  of  all  the  enormotis  problems  which  awaited  us  when 

the  war  was  over He  pn|>.inHl  to  lind  coming  out  of 

the  war  a  different  world  from  the  worid  which  went  into  the  war. 
and  be  prepared,  therefore,  to  search  your  hearths  and  your  minds  a,K 
to  the  steps  which  you  denin-  your  country  to  take  wlien  we  rebuild 
what  has  been  devastated  by  a  war  into  whirh  we  were  fon^o<l." 

Whilst  the  whole  ,subj(>ct  nnpiires  to  Ih<  hamlliMl  iu  s\  coTiipli-te  an<l 
eoni|)ri'hensive  manner,  yet  it  is  most  desiralilc  to  k(vp  in  nund  the 
main  i.ssues  and  not  to  intrtKluee  various  quest itms  and  complications 
with  which  it  will  be  the  business  of  the  Klectri.  ity  R.anI  to  deal. 

A  po.ssible  se(|Uence  of  procedure  is  suggested  as  follows  :  — 

(1)  I)iscus.si(m  lM<fore  the  Institution.  TerhnicAl  Societies*  and  in 
the  1  Vss  :  (2)  the  formation  of  the  Pn-liminary  ronimittoo  of  the 
Institution  will)  i-cpivsent alive  outside  memlH^rs  to  draw  up  a  report 
and  projKwals  for  jire.sentntion  to  the  Prime  Minister  ;  (.3)  (he  pnunpt 


consideration  of  the  report  and  proposals  by  a  Parliamentary  Com- 
mittee with  the  as.sistance  of  the  Preliminary  Committee  ;  (4)  the 
pre.sentation  of  the  Praliamentarj'  Committee's  findings  to  the 
Cabinet  ;  (5)  coasideration  by  he  Cabinet,  and  if  approved  a  Bill 
to  be  drawn  up  without  delay  ;  (6)  passing  of  an  Act  of  Parliament ; 
(7)  formation  of  the  Board. 

VII.    St^OIAKY. 

f^'It  should  be  clearly  understood  that  our  proposed  scheme  is  not 
for  the  nationalisation  of  our  electricity  supply,  nor  is  it  for  the 
municipaU.sation  of  that  supply.  Its  true  function  is  the  co-ordina- 
tion into  one  body  of  the  control  of  the  electricity  supply,  assisting 
existing  undertakings  whether  municipal  or  company  owned,  and 
taking  upon  itself  only  tho.se  functions  of  generation  and -distri- 
bution which  are  es.sential  to  the  furtherance  of  wise  development 
and  a  supply  at  the  lowest  cost. 

It  should  also  be  clearly  imderstood  at  the  outset  that  our  scheme 
proposes  no  confiscation  of  the  rights,  privileges  and  property  of 
either  electricity  companies  or  mmiicipalities,  and  in  the  event  of  its 
being  recognised  as  essential  in  certain  special  cases  to  take  any  of 
these  over,  that  full  compensation  shall  be  paid  not  only  of  the  value 
of  the  actual  plant  but  of  reasonable  allowances  for  potential  values. 
This  course  is  considered  to  be  the  only  sound,  logical  and  equitable 
one  ;  for  while  on  the  one  hand  it  will  prevent  a  number  of  under- 
takings with  obsolete  plant  being  put  as  a  burden  on  to  the  shoulders 
of  the  Board,  on  the  other  it  will  remove  all  fear  of  unfavourable  or 
detrimental  treatment  from  those  authorities  or  companies  who  have 
been  successfully  working  for  present  and  future  results. 

In  order  that  these  principles  shall  be  ensured,  they  would  be 
embodied  into  the  projxssed  Act  of  Parliament  under  which  the 
Board  would  be  formed  and  would  act. 

In  the  past  there  have  been  three  schools  of  thought,  each  advo- 
cating its  owii  ix)licy  as  the  best.  These  are,  first,  those  who  would 
nationalise  all  public  institutions  of  any  kind.  They  do  not  reaUse 
the  enormous  succe.ss  and  courage  of  private  enterprise  and  the 
extent  of  indebtedness  of  the  countn,-  to  it.  They  see  some  obWous 
failings  and  propose  nationalisation  as  the  cure  for  all  ills.  They 
fail  to  see  or  understand  the  essential  restrictions  and  limitations  of 
national  institutions. 

Again,  those  who  have  ad^'ocated  municipalisation  to  the  exclusion 
of  other  control,  have  been  able  to  make  a  good  ease  in  many  in- 
stances from  one  standpoint  only. 

Then  there  has  been  the  third  school  which  has  determinedly  set 
its  face  against  public  institutions  interfering  with  private  enterprise, 
clearly  jwinting  <  ut  that  the  duty  of  the  State  should  be  limited  to 
governing. 

The  author  of  this  Paper  ha\ing  occupied  resjwnsible  jwsitions  in 
Government,  municipal  and  private  concerns,  and  having  seen  the 
inner  workings  of  each,  ventures  to  submit  the  opinion  that  each  has 
its  pro])er  sphere  of  action  which  it  alone  can  best  jx^rform,  and  that 
the  highest  eflieieney  and  greatest  progress  are  only  attained  when 
the.se  interests  work  together  in  the  common  cause,  none  trying  to 
usurp  the  plac  •  of  the  other  but  all  recognising  that  the  success  of 
the  whole  means  success  of  each  in  its  owii  department. 

VIII.  Conclusion. 

And  while  we  build  may  we  not  hope  to  work  to  a  lietter  plan  ? 
Can  we  not  see  the  dawn  of  a  new  era  when  an  efficient  electricity 
supply  at  low  co.st  and  with  the  new  means  of  transjxirt  will  enable 
men  to  work  imder  better  economic  and  more  humane  conditions 
in  the  country  instead  of  exteudmg  the  already  densely  packed 
towns?  .\  futurt>  in  which  we  shall  lx»  eon.serving  our  resources  to 
the  utmost  and  by  greater  efficiency  1k'  preparing  for  the  next  war. 
which  will  Ik*  industrial  and  waged  l>etween  the  economic  forces 
rismg  both  in  the  East  and  in  the  West.  T^et  it  not  b  said  of  us 
that  we  failed. 


THE  BUSINESS  SIDE  OF  SCIENCE :  ITS  PART  IN  THE 
COMING  ECONOMIC  CRISIS. 

Mr.  T.  C.  Elder  (of  the  British  Electrical  and  Alliecl  Manufacturers' 
.\s,'*ociation)  delivered  l.i.st  week,  at  Newca.«tle.  an  addre.ss  liefore  the 
N.E.  ("o.ust  Institution  of  Enginet>rs  and  Shijibuilders.  for  the  purjxise 
of  ojxMiing  a  discu.'*sion. 

Mr.  Elder  first  referred  to  movements  towards  co-ojieration.  The 
fact  that  2'.i  technical  societies  and  instituti<ms  had  attended  a  con- 
ference summoned  by  the  Royal  Society j had  decided  to  form  a  joint 
l)oanI  of  scientitic  societies  for  several  jmrposes.  and  that  many 
suggestions  had  flowed  into  Whitehall.  Mh(>r«'.  like  .•*ome  rivers  in 
travellers'  tale.s.  they  had  disapjx'aretl.  showed  that  war  had  en- 
couraged a  more  healthy  sentiment. 

Science  and  inclustrv  had.  in  the  pa-^t.  exjireKsed  unkind  opinions 
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of  each  other,  and  the  relationship  seemed,  like  some  inexplicable 
friendships,  to  be  based  on  mutual  contempt.  We  should  not  allow 
ourselves  to  think  that  business  was  carried  on  by  a  more  or  less 
wasteful  and  slovenly  opportunist  adjustment  between  people  who 
did  not  know  what  they  want  or  what  was  good  for  them.  Before 
August,  1914,  such  controversies  were  carried  on  with  little  practical 
result.  Ordinary  times  were,  however,  gone,  and  industrial  policy 
would  have  to  be  revised  with  a  bold  and  sweeping  attack  in  the 
future,  instead  of  the  cautious,  defensive  policy  of  the  past. 

Regarding  engineering,  the  present  position  compelled  us  to  con- 
trive drastic  reform  in  many  respects.  Huge  new  works  had  sprung 
up,  forests  of  machine  tools  had  been  planted,  and  an  American 
estimated  there  would  be  a  great  improvement  in  efficiency  later  on 
throughout  the  whole  range  of  engineering  from  pig  iron  to  safety- 
razor  blades  or  watch-springs.  At  the  end  of  the  war  we  should 
have  the  machinery,  but  whether  we  should  have  the  markets  for 
our  output  was  another  matter. 

Anyone  could  make  a  speech  about  the  importance  of  technical 
education,  but  little  was  said  about  the  cultivation  of  the  scientific 
habit  and  method  in  departments  of  industry  and  commerce.  If 
one  examined  the  chief  departn  ents  of  a  factory,  the  bookkeeping 
of  the  accountant  was  methodical  and  accurate,  but  the  neighbouring 
departments  concerned  with  ascertaining  what  things  have  cost,  and 
what  they  can  be  sold  for,  were  frequently  managed  with  a  good  deal 
of  guesswork.  In  actual  manufacturing  the  popular  delusion  that 
the  less  we  turned  out  the  richer  we  became  partly  defeated  the 
opportunity  for  scientific  increase  of  output.  Experts  who  could 
go  into  an  average  works  and  go  through  the  technical  designs,  show 
better  and  cheaper  methods,  and  sift  the  machinery  and  tools,  were 
decidedly  scarce.  Their  services  were  not  to  be  obtained  for  a  few 
annual  guineas.  Recently  the  various  Institutions  had  joined  them- 
selves into  a  board  and  manufacturers  had  firmly  seized  the  idea  of 
association,  although  they  might  be  slow  in  following  it  out  to  its 
logical  conclusion.  An  Institution,  whether  civil,  mechanical  or 
electrical,  which  did  nothing  but  as  a  technical  debating  society  was 
deceiving  the  public  and  the  nation.  The  kind  of  manufacturers' 
association  that  was  wanted  was  one  that  would  act  not  as  a  sedative, 
but  as  a  tonic.  Above  all,  if  the  Government  yielded  to  the  universal 
demand  for  a  Ministry  of  Commerce,  let  it  free  itself  from  the  dismal 
Board  of  Trade  programme  of  regulating  restricting  and  facilitating. 
The  scientific  purpose  of  manufacturers'  associations  was  to 
generalise  from  a  wider  range  of  particulars  than  that  which  came 
before  a  single  firm,  and  such  associations  would  give  help  to  members 
in  regard  to  purchase  of  materials,  conditions  of  labour,  technical 
improvements  and  sale  agencies  in  foreign  markets. 

Look  at  the  coming  crisis  in  the  engineering  industry.  For  a  few 
months  we  had  had  probably  the  most  amazing  trade  boom  on 
record.  Yet,  with  all  tliis  disturbance,  what  practical  consideration 
had  been  given  to  the  future  destiny  of  this  gigantic  instrument  ?  Not 
until  within  the  last  few  days  had  a  Board  of  Trade  committee  been 
appointed  as  though  the  problem  had  just  been  officially  discovered. 
It  was  the  duty  of  science  to  remove  indifference  and  distrust,  even 
if  it  required  the  outposts  of  scientific  instruction  to  become  as 
common  as  churches.  What  we  required  to  do  was  to  mix  business 
with  patriotism,  politics  and  science,  so  that  industries  which  were 
indispensable  to  peace  and  prosperity  should  be  given  full  freedom 
of  development  for  the  unchallenged  security  and  material  progress 
of  all  the  territories  of  Britannia 


AN  ENCLOSED  CADMIUM-VAPOUR  ARC  LAMP.* 

BY  HENRY  J.  S.  SAND,  PH.D.,  D.SC. 

The  ^uthor  first  refers  to  the  importance  of  ha\'ing  well-defined 
wave-lengths  at  our  disposal  and  the  work  of  Lowry  and  Abram. 
Having  been  engaged  for  some  years  in  attempts  to  construct  a 
cadmium-vapour  lamp  suitable  for  more  general  purposes,  I  decided 
to  apply  the  experience  gained  to  the  design  of  a  lamp  that  would 
meet  the  requirements  of  a  laboratory  appliance  as  completely  as 
possible.  The  lamp  which  I  have  constructed  for  this  purpose  is 
run  at  a  fairly  high  temperature,  the  metal  being  melted  by  means  of 
a  Bunsen  burner  before  starting,  so  that  the  arc  may  be  struck  by 
tilting  ;  and  the  temperature  of  the  lamp  is  maintained  high  enough 
to  keep  the  metal  in  a  molten  condition  and  to  prevent  condensation 
of  metal-vapour  on  the  glass. 

The  principal  difficulties  to  be  overcome  consisted  in  the  removal 
of  dissolved  gases  and  oxide  from  the  metal  and  in  preventing  it 
from  adhering  to  the  glass,  which  would  lead  to  fracture  of  the  lamp 
on  heating  and  cooling.     As  the  lamp  is  constructed  of  quartz  glass 

*  Abstract  of  Paper  read  before  the  Physical  Society  of  London. 


there  was  also  the  difficulty  of  obtaining  an  efficient  vacuum-tight 
seal  for  the  leading-in  wires,  but  this  difficulty  was  overcome  in  a 
perfectly  satisfactory  manner  by  the  lead-seals  described  about  a 
year  ago.*  The  general  appearance  of  the  lamp  is  shown  in  the 
figure.  It  will  be  seen  that  it  con.slsts  of  a  quartz  tube  bent  into  an 
inverted  U  in  such  a  manner  as  to  give  rise  to  a  short  cathode  chamber 
A  and  a  long  anode  chamber  B.  Each  of  these  chambers  is  con- 
tinued in  a  leg  consisting  of  a  thick-walled  capillary  through  which  a 
tungsten  wire  pas-ses,  the  lead  seals  «,  «  being  fitted  at  the  ends  of  the 
legs. 

The  method  of  filling  the  lamp  is  as  follows :  A  small  amount  of 
ignited  zirconia  having  been  introduced,  the  lamp  is  attached  to  the 
pump,  tuC  piece  of  cadmium  having  previoasly  been  placed  in  a 
side  tube  connected  with  the  pump  by  a  tube  con.stricted  to  capil- 
laries for  the  purpose  of  filtering  the  metal.  An  alternative  {dan  is 
one  in  which  the  capillaries  are  dispen.sed  with  and  the  metal  is  placed 
in  a  cage  made  of  iron-wire  gauze,  by  means  of  which  the  oxide  is 
filtered  off.  The  quartz  glass  exit  tube  to  the  pump  is  usually  con- 
nected to  the  latter  by  a  ground  glass  joint  disposed  at  right  angles 
to  the  plane  of  the  Paper,  thus  allowing  the  whole  lamp  to  be  tilted 
while  evacuated  at  the  pump.  After  the  lamp  has  been  carefxilly 
exhausted  the  metal  is  melted  and  allowed  to  run  in.  During  this 
process  it  is  freed  not  only  from  oxide,  but  also  verj-  largely  from 
dissolved  gases.  If  desired,  the  metal  may  be  further  boUed  while 
the  lamjj  is  still  at  the  pump.     The  lamp  when  drawn  off  is  now  read}' 


Cadmium  VAPorR  Lamp. 

for  use.  A  convenient  plan  for  setting  it  up  consists  in  holding  one 
leg  in  a  clamp  and  taping  the  insulated  leading-in  wires  and  ter- 
minals on  the  shank  of  the  clamp,  so  that  they  may  not  be  twisted 
off  on  tilting.  This  tilting  is  effected  by  rotating  the  shank  of  the 
clamp  in  its  boss  head.  As  already  mentioned,  the  lamp  is  started 
by  heating  with  a  Bunsen  burner  from  the  top  imtil  the  metal  is 
well  molten.  When  started  from  the  cold  it  usually  fights  up  even 
before  tilting.  It  was  usually  run  on  a  lighting  circuit  of  100  or  200 
volts  with  a  resistance  adjusted  to  take  a  current  of  5  to  7  .imperes 
on  short-circmt.  The  voltage  on  the  terminals  of  the  lamp  is  low, 
usually  about  30. 


Memoirs  of  the  Kyoto  Imperial  University.— From  the 

College  of  Engineering  we  iiave  received  copies  of  the  Memoirs 
recently  published  by  tbe  University.  Of  the  five  Papei-s  of 
interest  to  engineers  those  dealing  \nih.  "  The  Induction  Motor 
Under  Cyclical  Operation  "  and  '"  Leonard  Control  Applied  to 
Mine  Hoists"  have  already  been  noted  in  these  columns.  The 
other  three  Papers  referred  to  deal  respectively  with  "  Dis- 
turbing Actions  of  a  Shaft  Governor."  "  Tests  on  Combined 
Bending  and  Torsional  Strength  of  Cj^st-iron  "  aiid  '"  Trans- 
mission Losses  in  Telephone  Lines."  The  last-named  Paper, 
by  Mr.  Morisaburo  Tonegawa,  will  be  read  with  interest  by 
students  of  telephony.  After  a  short  general  discussion  the 
author  considers  the  case  of  a  uniform  line  in  n  magneto  system. 
He  then  deals  with  the  case  when  the  telephone  line  consists 
of  more  than  one  uniform  line  and  with  transmission  losses  in 
the  toll  and  trunk  lines  connected  to  common  battery  sub- 
scribers' loops.  Finally  the  application  of  the  above-mentioned 
theories  is  given  to  the  "lines  chiefly  used  in  Japan  at  the  present 
time.  No  less  than  32  tables  accompany  the  Paper,  and  those 
dealing  with  the  constants  of  the  Japanese  telephone  lines  are 
likely  to  be  useful  to  those  seeking  to  trade  with  Japan  in 
telephone  material  and  apparatus.  The  diagrams  throughout 
the  whole  of  the  memoirs  are  excellent  and  the  press  work  is 

highly  creditable  to  the  publishers. 

*  "  Proc,"  Phys.  See,  1914,  26, 127. 
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THE  PRODUCTION  OF  LIGHT. 

The  production  of  li<;ht  artificially  is  one  of  those  processes 
which  has  for  years  been  renowned  for  its  inefhciencv,  and 
i.s,  therefore,  a  problem  to  which  scientific  attention  is  fre- 
quently directed.  A  considerable  advance  has.  however, 
been  made  during  the  last  10  years  or  so,  both  in  the  arc 
lamp  and  in  the  incandescent  lamp,  to  render  the  methods 
of  light  production  more  worthy  of  scientific  progress. 
J'jveu  so,  the  eiliciency  seems  absurdly  low.  Taking  the 
incandescent  method  of  producing  light,  this  inefficiency 
is  inevitable  owing  to  the  fact  that  the  greater  part  of  the 
radiation  so  produced  is  in  the  invisible  part  of  the  spec- 
trum, and  mu.st  remain  so  however  high  the  temperature 
that  we  may  hope  to  reach  in  practice.  Doubtless  some 
further  advance  may  be  made  by  running  tungsten  at  a 
still  higher  temperature,  or  by  using  it  in  larger  masses,  as 
in  the  new  Ediswan  lamp.  Or  perhaps  some  other  metal, 
such  as  chromium,  mav  hr  xvM'd.  In  anv  ca.se,  however,  it 
does  not  seem  I  hat  we  sliall  go  lieyoiid  •^>  ■"  1  candles  per 
watt  by  tliLs  means. 

But  we  are  not  limited  t-o  incandesteiu c  The  other 
means  of  attacking  the  problem  is  by  stimulating  the  vibra- 
tions of  the  atotn  itself.  Here  we  come  to  electromagnetic 
radiation.  By  suitable  methods  the  wave  length  of  electro- 
magnetic waves,  such  as  are  used  in  radiotelegraphv.  can 
\m-  reduced  to  a  very  small  figure,  and  if  it  were  only  po.ssible 
to  continue  the  process  we  should  eventually  reach  tlie 
wave-length  of  light,  rnfortunately.  there  is  still  a  con- 
siderable gap  between  the  shortest  electromagnetic  wave 
.so  far  prnductnl  and  the  longest  wave-leiiL'tli  in  the  sixx'trum 
of  light.  It  is.  therefore,  necessary  to  adopt  other  methods, 
and  that  which  promises  the  greatest  pn>spect  of  success 
so  far  is  the  stimulation  of  these  vibrati(in«  electricallv  in 
•_'ases.  Fortunat4'ly.  the  sjxTtrum  of  the  light  produced  by 
the  electric  discliarge  in  vacuum  tubes  does  not  extend 
down  into  the  region  of  heat  waves,  and.  therefore,  the  pos 
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sibility  of  producing  a  suitable  light  from  this  point  of  view- 
is  much  greater — at  least  a  high  efficiency  appears  to  be  not 
impossible  in  this  direction,  whereas  it  is  physically  im- 
possible by  means  of  incandescence.  There  are,  howevci', 
other  difficulties.  The  spectrum  so  produced  may  l)e  dis- 
continuous, and  it  may  be  lacking  in  certain  wave-lengths 
which  arc  highly  desirable,  and  thus  the  light  £o  produced 
may  differ  very  much  from  daylight.  The  mercury  spec- 
trum is  a  case  in  point. 

These  and  other  aspects  of  the  ])roblcm  are  brought  out 
in  an  interesting  way  by  Di-.  C.  P.  Steinmetz  in  a  Paper 
which  we  i-eproducc  to  some  extent  on  another  page.  There 
is,  however,  one  point  of  view  on  which  Dr.  Steinmetz  docs 
not  touch — namely,  the  commercial  gain  attained  by  very 
high  efficiencies.  It  must  be  remembered  that  the  charge 
made  for  a  supply  of  electric  light  does  not  consist  simply 
o:  a  charge  for  the  electrical  energy  4hat  is  used.  There 
arc  other  costs,  such  as  the  capital  charges  on  mains  and 
services,  the  taking  of  meter  readings  and  the  rendering  of 
accounts.  There  are  also  establishment  charges  which 
have  to  be  borne.  These  items  are  largely  independent  of 
the  (quantity  consmned.  Consequently,  if  the  amount  of 
energy  that  is  required  became  very  small  for  a  given  amount 
of  light,  it  would  still  be  necessary  for  the  charges  made  for 
this  light  to  be  maintained  above  a  certahi  figure.  It  is  for 
this  reason  that  some  engineers  are  in  favour  of  basing  their 
tariffs  on  the  amount  of  illumination  that  is  supplied  rather 
than  on  the  amount  of  electrical  energy  that  is  necessary 
for  operating  the  lamps.  Obviously,  if  such  a  taiiff  were 
adopted  an  improvement  in  the  efficiency  of  light  produc- 
tion would  give  no  benefit  to»the  consumer.  Of  course 
this  state  of  things  is  remedied  to  some  extent  by  the 
tMidency  to  higher  illuminations.  We  can  iinagine  that  in 
the  days  of  the  rushlight  the  juesent-day  illuminations 
would  have  been  looked  upon  ;vs  (|uite  unnecessary  and 
extravagant.  It  may  still  be  that  highei-  illnniinations  will 
bo  used  or  that  indirect  methods  of  illumination  will  become 
general,  in  which  case  a  still  larger  amount  of  energy  will 
hi  required  for  a  given  floor  area.  On  the  other  hand,  the 
illumination  cannot  be  increased  indefinitely  without  being 
harmful  to  the  eyes,  unless  it  can  be  n"'ade  more  nearly  to 
approach  daylight  illumination,  notwithstanding  the  great 
discrepancy  in  the  number  of  foot-candles  in  the  two  cases. 

Apart  from  internal  illumination,  Avhere  the  commercial 
incentive  for  greatly  increased  efficiency  seems  likely  tofall 
off,  there  is  still  a  possibility  of  using  very  large  units  for 
external  illumination,  provided  these  can  be  made  to  give 
their  light  very  efficiently.  There  are  also  other  possibilities. 
Thus,  it  was  suggested  only  the  other  day,  in  a  discourse  at 
the  Royal  Institution,  that  artificial  light  should  be  used 
to  increase  our  agricultural  output.  Here  it  is  clear  that 
the  use  of  artificial  illumination  on  such  a  scale  as  would  be 
necessary  in  order  to  produce  any  results  of  value  would 
involve  pi'ohibitive  amounts  of  electrical  energy  unless  the 
efficiency  of  light  production  were  very  much  higher  than 
it  is  at  present.  Whether  such  an  idea  has  any  practical 
agricultural  value  we  are  not  prepared  to  say.  So  far  as  we 
are  aware,  the  successful  application  of  electricity  to  agri- 
culture has  hitherto  taken  the  form  of  unidirectional  electric 
discharges,  and  it  may,  perhaps,  be  doubted  whether  mere 
illumination  will  produce  the  desired  effect,  though  possibly 
ultra-violet  sources  of  light  might  prove  beneficial.  In  this 
and  other  directions,  however,  there  will  still  be  an  incentive 
t)  find  m.ore  efficient  means  of  light  production,  m.eans  not 
merely  efficient  in  themselves,  but  in  which  the  lamps  to  be 
used  are  comparatively  inexpensive  in  first  cost  or  have  a 
very  long  life. 
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Principles  of  Direct  Current  Machines.     I'.v  .\.  S.   La-nu^dubf. 

(Loiid'.ii  :    llill  I'uhli-.tiiii;^  (o.j     I'l-'.  .will.  .  40*.     I2.h.  ttd.  net. 

The  (jpinion  has  been  expressed  that  (he  preparation  of  text- 
books on  electrical  engineering  should  be  supcrviKcd  or  ron- 
t  rolled  by  a  conimittec  of  cngincfis  and  teachers,  and  w« 
endorse  1  lie  opinion.  This  book  is  om-  of  a  .scrifS  of  text-bouk» 
outlined  by  a  committee!  rompo.sed  of  engineers  whu.se  names 
and  works  arc  as  well  known  in  this  ronntry  as  in  America. 
The  chairnian  and  corisultin;;  editor  is  Pn>f.  }[.  K.  Clifford,  of 
Harvard,  and  the  other  members  of  the  coininitte*-  an;  Profn. 
Elihu  Thomson,  H.  J.  Rvan,  H.  N.  Norris,  M.  C.  Beebe,  E.  J. 
Berg,  P.  M.  Lincoln  and  G.  W.  Patterson,  and  Mr.  W.  I). 
Weaver,  a  former  editor  of  the  "  Electrira!  World."'  The 
author  is  Professor  of  electrical  engineering  at  the  I'niversitv  of 
Washington,  and  a  Fellow  of  the  Anicriean  Institute  of 
Electrical  Engineers. 

This  book  of  eleven  chapters  has  been  jircpared  with  the 
object  of  placing  before  junior  and  senior  students  of  electrical 
en<,nneering  a  reasonably  complete  treatment  of  fuinlamental 
priiui])les.  instead  of  attempting  to  touch  tjie  "  high  spots," 
attention  has  been  concentratexl  upon  certain  important* 
features  which  ai'e  vital  to  a  thorough  grasp  of  the  subject. 
J^'or  example,  the  book  ( ontains  in  Chapter  HI.  a  full  derivation 
of  the  rules  covering  armature  windings  (following  Prof. 
Arnold),  in  addition  to  the  usual  description  of  typical  wind- 
ings ;  C'liajiters  VI.  and  VII.  include  a  considerable  amount  of 
new  material  concerning  the  operating:  characteristics  of 
generators  and  motors  :  and  in  Chapters  VIII.  and  IX.  there 
lias  been  developed  a  much  more  extensive  treatment  t»f  the 
im})ortant  subject  of  comnuitation  than  has  been  heretofore 
easily  accessible  to  students  of  the  type  for  whom  the  book  is 
intended.  To  many  students  the  information  contained  in 
each  of  the  chapters  mentioned  will  be  worth  more  than  the 
cost  of  the  book.  In  the  selection  and  arrangement  of  the 
material  dealing  with  commutation  care  has  been  exercised  in 
the  elimination  of  those  miiuite  detailsjand  excessive  retiue- 
ments  that  are  more  likely  to  confuse  than  to  clarify. 

,\  noteworthy  feature  of  the  book  is  that  although  the 
methods  of  the  calculus  have  been  freely  \ised  throughout,  the 
mathematical  analysis  is  preceded,  wherever  possible,  by  a 
full  discussion  of  the  physical  facts  of  the  problem  and  their 
relations  to  one  another.  The  problems  at  the  end  of  each 
of  the  first  lU  chapters  have,  for  the  most  part,  been  ilcsigned 
to  make  the  student  think  for  himself.  These  problems  are 
preferable  to  those  in  which  a  student  feeds  figures  into  one  end 
of  a  fornuda  and  extracts  the  result  painlessly  from  the  other 
ciul  by  means  of  a  slide  ride.  The  eilucational  value  of  direct 
substitution  ])roblems  is  neghgibly  small,  and  the  solutiMii  «»f 
niaj>v  sucli  ])r()l)lems  is  apt  to  be  hamiful  to  students.  \\  e  can 
recommend  the  book  to  those  students  of  electrical  engineering 
Yvlio  desire  to  obtain  a  sound  knowledge  of  the  fundamental 
principles  of  direct-current  machinery  and  appjii-atus. 
An  Introduction  to  the  Principles  of  Physical  Chemistry.    By 

R.  W.  Uashbukx.  (London  :  Hill  t'lil-iisiim-;  Co.)  Vy.  \\\.  :  il5. 
lo.x.  not. 

The  purpose  of  this  book  is  to  present  the  principles  of 
modern  physical  chemistry  in  the  form  of  a  systematic  course  of 
instruction  and  training."  While  designed  primarilv  for  those 
who  intend  to  become  professional  chemists  or  physicists,  it 
will  nevertheless  be  useful  to  those  who  wish  to  obtain  a  u.sahlc 
knowledge  of  the  subject.  The  author  rightly  presents  the 
subject  in  such  a  manner  as  to  requiit  the  student  to  do  a 
large  part  of  the  reasoning  for  himself. 

A  knowledge  of  elementaiy  chemistry  and  goncial  j^hysics 
is  assumed  asNvell  as  a  training  in  mathematics  which  mcludes 
the  elements  of  the  calculus.  The  author  is  entirely  out  of 
.■vmpath  V  with  those  authors  who  assume  a  somewhat  apologetic 
attitude,  and  who  explain  that  students  must  take  on  faith 
•■  these  few  derivations."  With  thislack  of  sympathy  we  cordially 
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agree,  and  we  welcome  tlic  autlior's  statement  that  if  a  student 
h<)])cs  to  employ  the  laws  and  principles  of  the  suljject  in  an 
intelligent  and  confident  manner,  he  is  strongly  advised  to 
acquire  the  elements  of  the  calculus  before 
attempting  to  secure  any  special  training  in 
jilivsical  chemistry.  It  is  well  that  those 
who  intend  to  take  up  chemistry  as  a  pro- 
fession "  after  the  war  "  should  know  that 
the  ahility  to  earn  a  living  wage  necessitates 
a  good  deal  of  preliminary  work. 

Apart  from  the   author's  use   of  malho- 

niatics,  however,  we  like  the  book,  because  the 

treatment  is  sound,  and  because  an  endeavour 

has  been  mad'i  to  get  duwii  to  the  bed-rock 

o;  the  suVjject.     As  implied  by  the  title,  no 

attempt  has  been  made  to  deal  with  labora- 
tory work,  and  it  is  assumed  that  the  book 

will  be  used  in   conjunftion  with   a  closely 

(correlated  laboratory  course.     We  venture  to 

lliitik  tliat  many  of  those  wlio  use  this  modern 

book  would  welf'oni''  praciical  guidance  by 

the  author  and  for  this  reason  we  Iiope  that 

a  companion  volume  is  contemplated. 

The    most     radical    departure    from    the 

faiscom   which    has  prevailed   heretofore   in 

most  text  books  on  the  subject,   is  in  con- 
nection with  the  manner  in  which  atomistics 

and  iMoleciilar  kinctit^s  are  treated.     These 

systems  are  treated  by   the  author  as  facts 

already  established  beyond   the   possibility 

of   rea.sonable   doubt,    and.     together    with 

thermodyi'.amics.     are     made     (o     serve  as 

the  framework  for    the    development    of    the  whole  subject. 

In   many  cases  the    development    of    the    princij)les,    and  in 

a'.l    ca-ses   their   applicaticms,  are    ])re.sented    in   the   f(»rm   of 

jiroblems,  of  whicli  the  book  contains  a  considerable  number. 

The  name  index,  in  addition  to  the  subject  index,  will  be  found 

useful   by  many  readers.     We  can  unreservedly   recommend 

the   bodk  to  all  those  who  are  well  grounded  in  cliemistry, 

j)hysics  ajid  mathematics,  and  who  desire  to  pave  the  way  to 

bigger  books  on  this  most  important  subject. 


The  ampere-hour  efficiency  at  all  rates  is  guaranteed  to  be  90  per 
cent.  The  watt -hour  efficiency  is  guaranteed  to  be  not  less  than 
75  per  cent,  at  the  live-hour  rate,  72  per  cent,  at  the  two-hour  rate 


LARGE  ACCUMULATOR  SUB-STATION  OF  THE 
METROPOLITAN  ELECTRIC  SUPPLY  CO. 

It  JH  KoMic  years  Binie  the  largeut  battery  of  ucrunjuhitors  in  this 
country  v,ii»  put  down  at  .ManchoHter  for  the  purpose  of  meeting  the 
peak  load,  and  in  the  intcrv.il  then-  has  l)t<cn  ampir  time  for  engineers 
to  satisfy  thcm.Melves  tlial  .inch  an  investment  can  la-  justiiicd.  We 
now  have  to  record  that  the  Mctn)|x)litan  Klectric  Supply  Co.  have 
recently  c(iniplef«'ii  a  new  lialt  ry  Kul)-Htati<in.  which  tvintains  what 
iH  prolialily  the  bccond  hirgi  st  hallery  in  Hie  <  imntry.  from  the  point 
of  view  of  anifHTo-hourH,  applierl  to  this  cIh*<s  of  work. 

The  siihstation  is  in  Kanie  street.  Holltorn.  and  ha«<  lieen  ere(  ted 
in  order  to  imrea.sc  the  plant  in  that  district.  Provision  is  m.tde  in 
the  linildinv  for  four  complete  imtlerip«,  one  of  which  has  Ik-om 
inst.dled  in  llie  liaNcnH-nl.  It  hius  Iwen  .supplied  hy  the  Chloride 
Kleclricai  Storage  Co.  (Ltd.).  The  battery  coiisist.s  of  III)  (ells  of 
their  C.V.W.  2»  tyiK«  accnnuilator  in  lead-lined  pit<hpine  Ikixob.  the 
eajiacity  varyinkj  with  the  rat«-  of  disrhanie  iw  folhiws  : 

1.20(t  i\\\\]».  till  1(1  111. IK-  to  IS  Milt-  )t(  r  cell      l2.(HMt  nmp.  hours. 
L'.(Hin  ..  1-78     ..  l".C(Mt 

:<.snii         ..  -J  17  7.t!<Mi 

(i.OOO  I  1   •••■-       .,  <>.<HHI 

H.(M10  ..         :(.■)  miniit.  -. 
ri.tKIO  I  ninnilc 

l.">.tMi<i  niomontnrily. 

The  norma!  maxinnim  charging  rate  of  the  o.  Mei\  i^  I.UKi  ani- 
jM'ivs;  the  n\aNnnnm  ionlmno<i.H  chargnig  rate  is  2,r.7<»  amiH-rps; 
the  nuixinnim  charging  voltage  is  2-0  volt,s  |n>r  Cell. 

The  |>.isilive  plates  an-  of  the  well  known  Vlant^  <.vpr.  !.tippliofl  l»y 
llit>  Chloride  Company,  ami  the  negative  plates  are  of  tin-  Uix  ty|ie. 
The  plates  are  sejmrated  l»y  wood  «lowrls  e.irrying  Ix^ard  m  |«.trators. 
«n«l  an«  sns)>ended  on  stout  gla«s  sl-dis  rating  on.  and  held  m  fwisilion 
by.  lead  whoes. 


Fig.  1. — View  of  Battery  Room. 


and  70  per  cent,  at  the  one-hour  rate.     The  general  data  of  the  cells 
;ire  as  follows  : — 

Nnmher  of  positive  ])latos  per  cell      26 

negative        ..  „        27 

Dimensions  of  p«)8itive  plates  HiJ  in.  x  4(iJ  in.  X  ^  in. 

negative     „  Ui^  in.  y  4(1;' in.  x  ,^  in. 

Overall    dimensions    of    cell       21 J  in.  x49|i  in.  xO.iJ  in. 

Hei<;ht  of  cell  overall     68J  in. 

Weight  of  jjositive  plate  90  lb. 

„         full  ncfrativo  ]ilate  41  lb. 

„         end  nejiativo  i>late      .'{4  1b. 

„         plates  in  one  cell 3.4."»2  lb. 

„         acid  in  one  cell    1.700  1b. 

cell  complete  with  aeid  «.08U  lb. 

Appro.x.  weight  of  complete  batterj' exclusive  of  stands.  298  tons  1 1  cwt. 

It  will  lie  noticed  that  the  plates  are  unusually  deep  in  projxirtion 
to  the  width.     Each  cell  is  supi>ort(>d  on  12  glass  insulators  of  the 
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Fio.  2 — 8KCTI0N.V1.  Klkv.\tion  ofChu>bide  C.V.W.  Celt 

"  nuishrooin  "  type.  The  .stands  are  of  pitrh-p  nc.  and  ;m-  supjKMted 
on  strong  >jla7.«il  e;«rthenware  insulators.  The  ditTenMit  n>ws  of  colls 
are  eonneotitl  together  by  means  of  flat  copper  bars  bol'«"<l  to  copper 
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take-offs  cast  into  tho  channel  bans  at  end  of  cells,  each  connection 
being  composed  of  four  bars,  each  4  in.  by  ]  in.,  an  air  s])ace  being 
left  between  each  bar.     These  bars  are  suspended  from  the  ceiling 


Fig.  3. — View  of  Battery  Room  showing  Suspension  of  Conductors  and  Suction 

Trunk  Ventilator. 

b_y  means  of  iron  rods  insulated  from  copper  by  globe  strain  insulators 
and  insulated  turn -buckles.  The  battery  is  als  >  connected  to  the 
boosters  and  switchboard  by  means  of  similar  bars,  the  bars  being 
well  painted.  Figs.  1  and  3  give  a  good  idea  of  the  battery  and  Fig.  2 
shows  the  details  of  a  cell.  Owing  to  the  unusual  depth  of  the  cells 
the  necessary  floor  area  is  corre  pondingly  reduced. 

The  battery-room  floor  is  of  special  construction,  as  seen  in  Fig.  4. 
Metalline  bricks  are  laid  on  edge  in  rows  of  sufficient  width  to  carry 
the  glazed  earthenware  insulators  for  supporting  the  battery  stands. 


floor  and  making  a  solid  foundation  for  the  batteries.  TIic  arrange- 
ment  is  well  shown  in  Fig.  '.i,  in  the  lower  p-irt  of  which  the  coa->truc- 
tion  is  seen  in  detail  on  an  enlarged  scale,  .Metalline  bricks  are  non- 
porous,  and  therefore  are  not  [*netrate*J  by  acid  ; 
on  the  other  hand,  they  are  strong.  Thii*  niethfxl 
of  coastruction,  therefore,  provides  the  neceswary 
stren^^th  to  carry  tho  weight  of  the  cell.s,  and  at  the 
same  time  affords  protection  from  acid  action  on 
the  cement  below. 

A  sump  is  provided  in  the  floor,  into  which  any 
acid  can  be  brush(;d  and  neutrali.-icfl  Ixfore  pump- 
ing into  the  drain. 

On  the  roof  of  the  building  are  tw(j  .■i«MJ.gallon 
tanks  containing  distilled  water,  which  is  di.s- 
tributed  by  pipework  about  the  battery  room, 
and  is  taken  to  the  cells  for  toppin/  '  .f 

rubber  hose  with  a  wooden  cock  a  v 

end. 

Two  motor-driven  boosters  to  deal  with  the 
present  battery  have  been  installed,  suppiie<i  by 
the  Electric  Construction  Co.,  of  Wolverhampton. 
Each  consists  of  one  intcrpole  motor  of  llii  b.h.p., 
210/240  volts  at  .500  revs,  per  min.,  and  two  i  nter- 
pole  boosters,  the  lields  of  which  can  be  reversed 
so  as  to  boost  up  or  dowii,  each  capable  of  giving 
1,890  amperes  at  lG-7  volts  continuously,  2,.3<JO 
amperes  at  12  volts  for  two  hours  and  3,(XK) 
amperes  at  10  volts  for  one  hour,  the  boosters  being 
separately  excited  off  210/240  volts,  and  each 
having  one  commutator  which  is  ventilated 
through  slots  in  the  centre  o'  the  commutator 
between  two  s  eel  rings.  This  plant  is  seen  in  Fig.6. 
The  machines  are  connected  by  Zodel-Voith 
flexible  couplings,  have  four  bearings  on  one 
combination  bedplate  and  are  fitted  with  carlxjn 
brushes. 

The  efficiency  of  each  booster  for  the  loads  above  mentioned  is 
69  per  cent,  at  1,800  amperes,  62  per  cent,  at  2,.'500  amperes,'and 
56  per  cent,  at  3,000  amperes.     The  efficiency  of  the  motor  is  91  per 
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5  of  Metalline    Brick 

.  -1 — Details  of  Flooring 


Setting. 


These  bricks  are  laid  in  grout  in  rows  9  in.  wide  directly  on  the  cement 
screed  of  a  concrete  floor.  A  space  of  about  }t  in.  is  left  between  each 
brick,  which  is  iilled  in  with  cement  to  a  depth  of  about  1  in.  from 
the  bottom  of  the  bricks.  Acid-proof  asphalt  compound  of  a  thickness 
of  1  in.  is  laid  over  the  whole  of  the  cement  linish  to  floor.  A  iillet 
is  formed  round  the  bricks  to  1^  in.  above  the  level  of  the  surrounding 
asphalte  and  ironed  against  the  rough  surface  of  the  bricks.  The 
.i  in',  spaces  between  bricks  are  also  filled  with  this  compound  to  tht; 
iQvel  of  the  toj^face  and  sides  of  bricks, thus  forming  an  acid-proof 


Ylf.^    i).-rNKOATlVE    B00S1^.-B,UTEKy..  SwlTCHBOAEp.  .     . 
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♦  „•«».  «.wl.  U^,^u.r  wlu-ii  yiviiiL'  -WJ  kw  The  hwitclitrear  for  bottom  'bas  bar,  the  battery  through  two  4,000-aiiii)ere  switches 
Tu  ,rtr  t  ,  Zt  :r:  ,'nSiS.I  :.;  ,lr<:.H^J  o<  .he  i,.  v^r^m  o„  d..,,,-  ,x,le,  a„d  .ho  .ucon,  H„d  .=«lens  ...rough  .„i.ch 
,^'hin.r'nL  .ur.i,.g  »»i.ch  co„«i»..  .,(  um-  i,..,.rl„.k..<l  ..la.-      Ium,,  each  feeder  having  two  fuses  m  imrallel. 


J.'],;.  (). — Views  ok  Hoosters  anp  SwiTCHBo\ni). 


Iinak    kiiiff   fwil<lic-,   and    Ihr    boDstrr   Held    regulators  are  of   the 
|NMlcHtal  |Htl«-iiti<mieler  tvjM-.     These  iiiuehiiu-s  are  mxn  ill  Fig.  6. 

One  batterv  nnlkuiK  I  (M)Nt<T.  su])|ilied  by  the  Klectric  <  oust  ruction 
Co..  ha.s  jil«!)  Iwen  installed,  consisfinn  of  an  iiiterjKjIe  motor  for 
220  voltM,  eonnei'tofi  through  a  tiexible  coupling  to  an  iutcrpDle  booster 
givint;  I. •")'•<•  ani|M'res  at  !<•  \nlts  wlini  nnining  at  ."»".')  revs,  jmt  inin. 
The  nia<  hiiie.s  are  pro\  ide<l  wit  h  four  l>eanngs,  and  are  mounted  ujkhi 
a  eoml>ination  be<lplate.  together  with  the  noccHsary  Kwit<-hgear. 
The  iHHi.sicr  in  coniH't  le<l  up  to  <op|wr  bars  su|i|M)rled  l>y  globe  strain 
uiMulilors  under  the  l)a;«'ment  eciiing.  as  shown  ui  Kig.  2.  Portable. 
Hexibh'  h-atln  an-  uwhI  im  euniieetioiiH  fnun  thr-s*-  bars  to  the  n-lls. 


Twelve  tif  the  conijiiiMys  feeders,  forming  part  of  the  network 
in  Eagle-street,  were  cut,  both  ends  of  each  feeder  being  brought 
into  the  station  and  connected  to  the  'bus  bars  through  iieigh1»ouring 


Plan 
Kio.  7.— Dktaiu*  or  Amxktkh  Swit«  mk.v 


■  t  "-»! 


r^ 


!^*i 


The  HWitchgear.  supplied  by  the  Hntiith  Thom.Min  Houston  Co.. 
con.sistj*  of  one  main  l»oAnl  (or  fer<len«.  nv  ■•  mhI  Ivittrry.  ohm 
negative  and  batterv  iwnel.  oiiP  positive  ai.  v  |>Bnrl  and  one 

inslDiiuent  jviml.  The  niaui  swit<  hlx>anl.  slmwn  mi  Fig.  fi.  .nc»>ni- 
nuidaloj*  the  battery  eonne<  tioni«.  lield  and  n>ot»»r  <-<inuretions  and 
24  triple  tMinerntrie  foedrn*.  It  enn<u8ti«  of  nix  ff^rdrr  imneU.  one 
ntn'or  and  battery  ]vinel  an<l  one  jvinel  earrying  four  l.'WNi  amjirn' 
divulmg  swit(-hes  for  dividmg  the  feetlrrn  mto  two  sTrtion.-".  the 
MiMitral  Imr  having  a  «Y»vrring  plate  fur  thin  purpnwp.  Thorp  are 
double  ]>OHitivo  and  neg.itivi>  in  pjier  "biin  hnrn.  («»  nrraneed  th.it 
lo  dprs  or  tuttery  and  motors  lAn  U^  •onu'-clecl  on  to  cither  lop  or 
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C 


^•<4il 


Fio.  8. — DKT.\n.  or  S.OOO-amvkrk  Swrrrn.  ' 
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fuse,-.     Thv  feeders  r.in.  therefore.  Ik*  l>oosted  up  i».s  requin-d.  and  the 
battery  current  lo  available  in  the  feeders  in  either  or  lK)th  directionb. 
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The  triple  concentric  feeders  are  of  either  0-8  sq.  in.  or  1  sq.  in. 
in  section.  Ammeters,  voltmeters  and  switches  for  these  arc  pro- 
vided on  the  board.  ni^    '     k^h^u  ■ 

The  negative  booster  and  battery  switchboard  and  the  positive 
ditto  are  at  opposite  sides  of  the  machine  room,  as  shown  in  Fig.  6. 
The  negative  switchboard  is  shown  in  Fig.  5  Mounted  on  it  are  two 
5,000  ampere  switche.s  for  No.  1  Ijoo.ster,  two  o.OOO  ampere  'rwitohe-i 
foe  \o.  2  booster  and  one  8,00()ampero  switch  lor  the  battery  con- 
iM'clioii,  f<Mir  voldncters.  one  recording  voKinclcr  and  omv.  iccoirbiig 
iunmeter.  The  switches  on  llu^  ]H)sitive  switchboard  arv  similar  to 
those  on  the  negative  panel,  the  instruments  being  two  voltmeters, 
one  ammeter  and  one  charge  and  discharge  Aron  watt-houi-  irieter. 

These  switchboards  are  arranged  so  that  either  the  first  or  second 
machine,  or  the  two  in  parallel,  can  be  connected  to  the  existing 
l)attery  or  to  a  second  battery.  An  instrument  panel  carrying  live 
ammeters  is  fixed  by  the  side  of  the  positive  panel. 

1'wo  interesting  details  of  the  svvitchgear  are  shown  in  P^igs.  7  and 
8.  The  former  shows  the  linked  switches  for  putting  an  ammeter 
on  to  any  one  of  four  feeders.  The  instrument  is  coimected  to  tlu^ 
common  terminals  A^,  A^,  and  each,  shunt  to  a  prJr  of  terminals, 
H,,  B2.  Since  the  drop  is  most  important  in  such  cases  the  con- 
tacts are  made  of  ample  area.  Fig.  8  shows  details  of  one  of  the  main 
switches.  In  addition  to  the  hinge-bolt  A,  the  blades  arc  slotted  so 
as  to  embrace  a  bolt  B.  If  over-heating  occurs  both  these  bolts  can 
be  tightened  up  when  the  switch  is  closed. 

The  basement  is  ventilated  by  means  of  two  fans  belt-driven  from 
a  motor,  one  a  low-press  j re  fan  drawing  air  from  outside  and  dis- 
charging into  the  basement  through  wooden  trunks  situated  on  the 
floor  and  carried  nearly  the  full  length  of  the  building  at  either  side  ; 
a  portion  of  one  of  these  trunks  is  shown  in  Fig.  1.  The  other  fan 
is  a  high-pressure  one,  drawing  air  through  a  wooden  trunk  fixed  to 
the  ceiling  of  the  basement  and  discharging  at  the  top  of  building  ; 
a  portion  of  this  trunk  is  shown  in  Figs.  1  and  3.  In  this  case,  owing 
to  the  acid  nature  of  the  air,  the  drxught  is  of  the  induced  type, 
the  shaft  being  restricted  where  the  fan  discharges. 

The  building  consists  of  a  basement,  ground,  first  and  second 
floors.  The  basement  and  ground  floor  were  each  designed  to  carry 
two  batteries  similar  to  the  one  now  installed.  The  iirst  floor  was 
designed  to  carry  all  the  boosters  required  for  the  four  batteries,  and 
also  the  necessary  switchgear.  For  the  present,  however,  the 
boosters  and  switchgear  are  erected  on  the  ground  floor,  thus  saving 
a  considerable  amount  of  copper. 

>*  The  contractors  for  the  building  were  Messrs.  Geo.  Andrews  &  Co. 
The  steelwork  was  supplied  by  Messrs.  Drew,  Bear,  Perks  &  Co., 
the  architect  being  Mr.  J.  W.  Stanley  Burmester.  The  building  and 
plant  were  erected  under  the  supervision  of  the  Metro jjolitan  Electric 
Supply  Co.'s  engineers,  to  whom  we  would  express  our  thanks  for 
their  courtesy  in  giving  us  full  details  of  the  installation. 


under  the  direction  of  a  man  of  commercial  experience.  A3  a 
matter  of  policy  this  is,  of  course,  following  the  mo.st  approved 
practice.  But  it  still  leave.'?  open  the  main  que-^tion  —viz.,  for 
the  Board  to  refomi  themselves. 

Worce.ster  .\pril  7.  R.  FiTZMOP.Ri?. 


CORRESPONDENCE. 


METROPOLITAN  ELECTRIC!  SUPPLY  CO. 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

I  am  sure  that  everyone  with  any  real  business  grasp  of  the 
problems  of  electric  supply  will  share  your  attitude  of 
"  astonishment  "  at  the  statements  forthcoming  at  the  annual 
meeting  of  the  Metropolitan  Company. 

It  is  not  a  case  where  any  good  can  come  from  suggesting 
personal  blame.  The  indispensable  fact  stands,  however, 
that  things  are  not  going  as  they  ought  to  go.  The  obvious 
course  is  to  begin  reformation  at  the  top,  and  it  is  at  the  top — 
namely,  the  Board — where  one  can  justly  suggest  an  obvious 
emendation.  For  instance,  it  is  a  fact  that  there  is  not  on  the 
Board  one  man  who  is  bij  profesfiion  a  specialist  on  electricity 
supply.  The  problems  which  are  involved  in  running  such  a 
company  as  the  Metropolitan  demand  such  men,  and  a  modi- 
cum of  such  should  be  represented  on  the  Board.  Until  such 
man  or  men  are  put  on  the  Board  there  is  no  hope  of  the  com- 
pany steering  into  less  troubled  waters. 

It  is  clear  that  there  are  a  good  many  points  in  the  com- 
pany's policy,  and  even  system,  that  come  under  just  criticism. 
However,  the  thing  at  present  is  to  get  the  company  out  of  its 
mess,  and  this  can  only  be  done  by  a  supplementing  of  the 
Board  in  such  particular. 

Incidentally,  we  can  at  least  give  credit  to  the  Board  for 
their  exercise  of  business  acumen  in  the  attempt  to  separate 
the  engineering  from  the  business  side,  and  to  put  the  latter 


MKThODS    I'oK    DKTKRMfNIXfl    ThK   OHADINU    OF 
STAHTIN(5     AN!)      I'.KAKK     PwKSI.«<TAN«'ES     KOlt 

SKHIKS-MOTOltS. 

TO  TUK  EDITORS  OF  TIIK  EI.EfTRl"  l  A  n  . 

In  the  issue  of  The  Electricia.v  of  March  3r(l  there  i»  an 
article  by  Dr.  C.  C.  Garrard  giving  metlifxln  for  calculating  and 
graphically   detennining  tln^   starting  re.si.stancef«   for  direct- 
current  nu)t()rs.     The  authf)r  treats  fir.^fc  the   Hhunt-motor  an 
the  most  simple  case,  and  then  gives  a  graphical  methcxl  for 
the  series-motor  due  to  Brag.stad.     Thi.s  method  start.*?  from  a 
supposition  which  is  iu)t  cr)rrect ;    it  suppo.;'-.^  that  the  }»ack 
E  M.F.  remains  constant  at  the  nu)nu'.it  of  changing  over  from 
contact  to  contact.     This  would  be  ai)proximately  exact  if  in 
the  starting  ])eri()d  the  field-magnets  were  near   saturation. 
Railwaymen  know  that  in  most  cases,  es])pcially  i>u  railway.-* 
or  tramways   with  some  steep  gradients  wh^re    motor.-?    of 
relatively  great  power  are  used,  this  does  not  conform  to  the 
facts.     Further,  it  is  not  practical  to  take  /<-  (being  the  curn-nt 
at  which  the  torque  is  equal  to  the  opposing  tongue)  as  th" 
minimum  current  during  the  sfarting  period,  because  it  takes 
too  much  time  at  each  step  of  the  controller  for  the  current  to 
fall  to  Ic.     Therefore,  the  method  as  given  in  The  Electriclw 
on  p.  773  gives  a  rough  appro.ximation  which  only  in  a  few  cases 
may  be  considered. as  sufficient. 

It  may  be,  therefore,  of  some  u.se  to  call  att^jution  to  an 
article,  which  I  published  in  1899  in  the  '■  Elektrotechnisciie 
Zeitschrifi:,"'  p.  277,  wiierein  I  gave  an  exact  method  for  the 
calculation  and  graphical  determination  of  the  starting  resis- 
tances for  series-motors.  To  use  this  method  it  is  only  ne-es- 
sary  to  know  the  magnetising  curve  of  the  motor  -that  is  to 
say,  the  curve  of  the  back  E.M.F.  as  a  function  of  the  current 
at  a  constant  speed  (the  most  practical  course  is  to  take  the 
speed  of  one  rev.  per  min.). 

This  article  gives  first  a  discussion  of  the  limit^s  betwo?:i 
which  the  current  must  fluctuate  during  the  starting  period. 
Then  it  deals  with  the  calculation  and  graphical  construction 
of  resistances  in  the  most  usual  case  of  a  series-parallel  c<;»n- 
troller.  It  treats  of  the  case  when,  after  all  the  starting- 
resistances  are  cut  out,  the  speed  of  the  motor  is  accelerated  by 
diminishing  the  magnetic  field.  The  shunt-resistances  that 
must  be  switched  into  the  field-winding  are  determintnl.  It 
shows  further  that  the  grading  of  resistances  for  a  shunt - 
motor  is  onlv  a  special  case  of  the  method  for  series-motors. 

Finally,  tiiis  Pai)er  gives  an  exact  nu-thod  for  «letermining 
the  brake  resistaiu-.es  for  series-motors.  Tliis  part  of  the 
article  is  important,  because  it  permits  us  to  detennme  the 
E.M.F.  which  may  occur  when,  at  a  given  sp.n^tl.  the  electric 
brake  is  thrown  on.  Railway  and  tramway  men  know  that 
when  the  speed  is  high  the  tension  can  b-come  very  high  aud 
dangerous  for  the  motor  and  car  equipment.  The  methixl 
above  mentioned  permits  us  to  calculate  this  tension  exactly, 
and  so  it  is  possible  to  take  the  necessary  prec.vutiou-^^^ 
Arnhem  (Holland),  March  29. 


F.  Krkxs. 


POYNTfNCrS  TFTEOREM  AXO  ItV>iTKRE>iIS. 

TO  THE  EDITORS  OK  THE  El.ElTRUl.\N. 

Poynting's  theorem,  which  expresses  the  fa-t  tluit  in  aiiy 
region  thc'ftux  of  energv  is  in  a  direction  at  right  angles  t^>  t^ 
directions  of  the  f  )rces  E  and  H,  has  heretofore  been  develoj^ed 
without  taking  into  account  the  work  done  by  cvcUc  electro- 
static and  electronuignetic  hvsteresis. 

In  the  following  the  above  hysteresis  is  taken  into  accomit 
by  means  of  a  hvsteresis  operator,  which  is  a  fimction  of  tht 
Q„.  operators  discussed  in  a  Paper  on  iron  losses  m  IHE  r.LLc- 
TRiciAX  of  July  23,  1915. 

Thus,  if   H=^H,„ax.  sin  pt,  and  .     ^      ,  . 

(      aiSin^jZ+aa^'^^^/^'fJ 
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then  it  is  possibl^^  ^'>  Aiitn  B=/iH, 

where  /r  //,   ,  l  «i-r/^i^-j+(a3+^-3jj^3+i  •      " 

Then,  (using  Heaviside's  notation,  see  his  ''  E.M.T.,''  Vol.  I. 
Chap,  ir.)  :— 

with  the  understanding  that  fx  and  c  are  now  scalar  differential 
time  operator  functions. 

The  magnetic,  activity  therefore  becomes  : — 
_^/B         _        .  _       fIB.     ,     d 


fit 


-Hcu,lE^;.-^-=5/',„m- 


On  the  (itlier  liand,  the  electric  activity  is  given  by 

EcurlH_c''fE=.kf-(E2). 
dt        -  dt 

Thus,  the  total  electric  and  magnetic  activity,  wliich  includes 

the   hysteresis  losses,   are  given  by  an  energy  convergence 

functiori 

—div  W  =  -H  curl  E+E  curl  H. 

By  means  of  the  operator  V  it  can  be  shown  that 

divW-^div  lEH     \yT,T3.. 
Such  operator  y  being  in  |)ait  scalar  : 

v.EH  «i>  n.e;;« 

which  can  easily  bo  transformed  into 

V  '  EH     H<urlE-EcurlH^div  I'EH,    • 
or  W-IEH. 

ITowever,  the  extension  of  the  theorem  of  divergence  given 
ih  Hcavisidc's  '•  K.M.T.,"'  Vol.  I.,  ]>.  1<)1,  formula  (148)  can  be 
written  in  the  foUowing  form  :    - 

f^VO'/C-j  N(),/B, 

where  the  ( )  indicates  the  operand,     in  this  case  it  is  W-     Thus, 

1     ''('.Er-;  :  .',„HVC     1  W<IS. 
)  Z'll  -  ■'       '  s 

1 1  E  and  H  be  in  lh<'  surface  d8  then  the  Hii.K  of  energy  to 
make  up  for  the  activity  within  the  ench)sed  surface  is  at  right 
anph's  to  such  surface. 

New  Vork.  A.  Pkess. 
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5,017  Baronig&Wood.    Automatic  telegraph  transmitters. 

5,628  RuDD.     Electric  lamp  locic. 

SJbb  V/ooD-KA.nD.    Train-signalling  and  trair. -control  systems, 

6.723  RosEHBERc.     Equalising  field  windings  for  multipolar  dynamo-electric  machines. 

7.492  Railing  &  ioE.' Electric  soldering  irons.    • 

8.353  North.    Tield  telephone  and  telegraph  apparatus. 

9,428  B.T.-H.  Co.     (G.E.Co.)     X-ray  apparatus.-  .        ,        .. 

An  X-ray  tube  of  increased  capacity  is  provided  by  rotating  the  tube  as  a  whole 
and  deflecting  the  cathode  beam  out  of  line  with  the  axis  of  rotation,  thus  renewing 
the  surface  subjected  to  the  discharge  while  keeping  the  focal  spot  fixed  in  space. 
10  803  Emil  Habfeley  et  Cie.    Vacuum  drying  and  impregnating  device,  more  espe- 
cially suitable  for  treatment  of  the  coils  of  electrical  machinery  and  apparatus. 
(24  7/14  ) 
13,754  Standard  Company.     Stationary  electrode  for  igniters.    (26/9/14.) 
l.";  989  Markt     Terminal  for  electric  switches,  couplings  and  the  like. 
1 7  690  British  Westinghouse  Electric  &  Mfg.  Co.     Electrically-controlled   electric 
circuit-breakers.    (29/12,14.) 

1916  Specifications. 
100,086  Baumaijn,  F.  P.    Dry  battery.     (16/2/15.) 


ic-current  commu- 


APPLICATIONS  FOR  PATENTS 

Note.— The  undermentioned  Applications  {except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  it  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  ot  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

February  28.  1916. 

2.920  Steven?.     Means  of  control  for  petrol-electric  cars. 

2.924  Green.    Controlling  the  ignition  period  in  magneto-electricmachines. 

2.945  Peti/.eky  &SHERIF.'--.     Electrical  contacts. 

2.950  McKenzie  &  Holland  &  .Wood.     Block  instruments  for  railway  sienalling,  &c 

2,961  CiDDEN.     Electrolysis  ofsolutions  of  alkali  chlorides. 

2.968  Fuller  &  Fuller  &  Fuller.     Galvanic  batteries. 

2.976  Constantinesco  &  Haddon.    Variable  capacity  for  wave-transmission  systems. 

2.977  Marks.     iLander'-.Frary  &  Clark.)     Electric  heaters. 

2,986  CAllender  &  Callender's  Cable  &  Construction  Co.    Electric  cables. 

February  29,  1916. 
3,002  Kerr.     Railway,  &c.,  signalling 
3,006  Lambert.     Ships' telegraphic  apparatus,  &c. 
3.029  Hamilton.     Electric  battery  lamp.  i^ 

3.036  B.T.-H.  Ck3.  &'  Shuttleworth.    Polyphase  alternating  eMpic 
tator  machines. 

March  1,1916. 
3,052  O'GoRMAN  St  Whiddington.    Electric  condensers. 
3,057  Green.     Magr;eto-electric  machines. 
3,059  Grccctt.    Cleat  for  carrying  two  separate  wires  or  cables. 
3.062  Austin.    Sparking-plugs  for  internal-combustion  engines. 
3.067  Etchells  &  Greaves.     Electric  furnaces. 
3,074  Mardbn-Ranger.     Searchlight  gun. 
3,076  Strohmenger.     Electric  welding  or  fusion-deposition  of  metafe 

3.087  Brock  &  Hirst.     Electricswitches,  especially  for  con  trolling  electric  motors. 

3.088  Stobie.     Reducing  electrode  consumption  in  electric  steel-melting  furnaces. 
3,114  Schneider.     Regulating  voltage  of  direct-current  dynamo. 

3.122  HoLLisTER.     Magneto-electricmachines. 

March  2.  1916. 
3.134  Clarke.    Condenser  for  laboratory  purposes. 
3.161  Walker.     Battery  cells.     (17/3/15,  U.S.) 

3.164  Ewen  &  Marconi's  Wireless  Telegraph  Co.    Suspending  and  insulating  elec- 

trical conductors. 

3.165  DOWSETT&  Marconi's  Wireless  Telegraph  Co.    Studs  or  electrodes  of  electric 

dischargers. 
3,192  Chitty      Dynamo-electric  machines. 

March  3,  1916. 
Ford.     Power  transmitters. 
Boothroyd  &  Callender's  Cable  &  Construction  Go. 

electric  wiring  systems. 
B.T.-H.  Co.    (C.E.  Cka.)    Driving  mechanism  for  machines. . 
Ewe;:  &  Marconi's  Wifeless  Telegraph  Ck).     Measuring  instruments, relays,  &C. 
Walker.     P 

aring  apparatus.    (4/3/15.  U.S.) 
,    ....   .j.iLiCope   Co.)    Voltage-regulating   systems  for    electrical 


3.224 
3.227 

3.230 
3.233 
3.234 
3.254 
3,255 


Earthed  concentric 


Wunsch. 

CiLLMOR. 

circuits 


3,266 
3.286 
3.294 
3.298 
3.299 

3.331 
3.334 
3.33o 
3.346 

3.363 
3.364 

3.376 
3.37^ 

3..' 
3.J 


Mar;h  4 
Neil.     Signalling  appliances  fc  ■ 
Edwards  &  Woor>.     Electric-c  . 
B.T.-H.  Co.     (G.E.Co.)     Electric  i: 
Midclev  &  Vandekvell  t  Cc.     El' 
MiDOLBv  8i  Vandervbll  ii  Co.     Hie 

March  6.  1916. 
Stevens.    (k)ntrol  fr  -ctric  cars. 

EcK  &  KnaiT.tn.  •  A 

Cornbillb.     Incanat-n  III  'iv^iric  lamps. 
JoBL  &  Mawdslby.     Dynamo-electric  machinery. 

7.  1916. 
Neil.    SiRnallingappliani  ■  ri«!s.  &c 

(^atbs.     £''■■•"-•■••'  — 
Davis.     M  . 

F:  l;Mi';,j.       '  -liv^ior  of  sr«  , '... 


1916. 
&c. 
rc»ls.  Sic. 

•  arc  devioe&, 
;ies. 
-:cnsicn  magnetos. 


ating-current 


3.391  I-  F.  Co.l    Vacuum  apparatus. 

3.394  S;  :     ;-.  a:.  "  •''Tn*. 

3,410  Oi  r^HAM.     '■ 

3,413  Dawson  4tH  .......    v  ..; ..,,...  ;..s  for  electric  motors. 

March  8.  1916. 
*' '  '-j'rlclamps. 


3.- 

3.i., 

3.460  Brown. 


.Sic 


3.490  Nkiu 


Sipr 


V,„      ,  V.  1916. 
■^s  for  collieries,  ftc 

5)t^-': 

5  Genna»»y.) 
-y.) 

•.on. 

•■^ 

•  equipments. 

•ranpements  for  telephone 

3, Mo  (.^l.AFKE.      All  ;.::,: -.i:-  ;._ 

3.^   .   ^     V  -      ■ 

3 

3.i-   r 
3.599  F' 

3.' 

9^.b2i  Dghin.    (Site  J.  S.liiViit'i  e\  Cie.)    Eiiamellinb  and  colourlhie  electric  lamp  bulbs 
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COMMERCIAL    TOPICS. 


Progress  of 

Automatic 

Telephony. 


At  the  recent  meetmg  of  the  Automatic  Tele- 
phone Manufacturing  Co.  (Ltd.),  the  chairman 
(Mr.  James  Taylor,  J. P.)  gave  an  interesting 
account  of  the  progress  made  by  the  company 
in  equipping  automatic  telephone  exchanges.  He  sa'd  that 
during  the  past  year  they  had  succeeded  in  bringing  into  service 
automatic  telephone  exchanges  at  Rosario  (Argentina),  Newport 
(Hon.),  Accrington  and  Chepstow,  as  well  as  several  smaller  but 
important  exchanges.  With  regard  to  the  smaller  exclianges  it 
might  be  interesting  to  note  that  in  cases  where  a  24  hours'  day  was 
being  worked  it  frequently  became  desirable  to  install  an  automatic 
exchange  as  compared  with  eight  hours  a  day  conditions,  because 
three  operators  instead  of  one  were  displaced.  The  company  had 
in  hand  important  automatic  exchanges  at  Portsmouth,  Paisley, 
Leeds  and  Blackburn.  These  exchanges  were  in  an  advanced  state, 
but  owing  to  the  war  progress  was  slow.  The  Leeds  exchange  might 
be  further  delayed  on  account  of  a  large  extension,  but  it  was  hoped 
that  the  other  three  would  be  completed  and  brought  uito  use  during 
the  current  year.  He  also  stated  that  all  the  automatic  exchanges  in 
use  in  this  country,  as  well  as  in  Argentina  and  in  India,  were  working 
quite  satisfactorily.  Further  progress  will  probably  be  checked  by 
the  war,  as  the  Post  Office,  though  convinced  that  automatic  appa- 
ratus can  give  a  satisfactory  service,  may  like  further  experience 
under  normal  working  conditions. 

*  *         *         * 

-J.      _    ,     ,  .  ,     The  Government  have  appointed  a  Commission 
Indian  Industrial    ^  i  ^^^       .,  •■  i..- 

i^      ,        ""^""*'     ^Q  examme  and  report  upon  the  possibilities 

Development.  ^^  further   industrial   development   m   India, 

with  special  reference  to  possible  openings  for  the  profitable  em- 
ployment of  Indian  capital  and  the  development  of  the  resources  of 
the  In  dian  Empire. 

Though  the  Commission  will  not  meet  until  October,  the  chairman  (Sir 
Thomas  Holland)  is  going  to  Bombay  to  make  a  prcliminarj'  tour  and 
arrange  for  a  promjit  investigation.  It  is  to  be  hoped  that  the  changes 
in  Imperial  and  international  relations  rendered  inevitable  by  the  war 
will  provide  opportunities  for  Indian  development.  In  addition  to  the 
chairman  two  other  members  will  go  out  to  India  and  assist  in  making 
local  investigations.  These  members  are  Sir  Horace  Plunkett  and 
Dr.  Edward  Hopkinson,  M.A.  .  Dr.  Hopkinson  is  well  known  to  our 
readers  as  managing  director  of  Messrs.  Mather  &  Piatt  and  deputy- 
chairman  of  the  Chloride  Electrical  Storage  Co.  He  is  a  viee-president 
of  the  Institution  of  Mechanical  Engineers,  a  member  of  the  Institutions 
of  Civil  and  Electrical  Engineers,  &c.,  and  is  well  qunlifi( d  to  act  as  a 
member  of  the  Commission. 

*  *  *  * 

Registration       '^^^^  Government  have  decided  that  the  Regis- 
of  Firms  tration  of  Firms  Bill  cannot  be  treated  as  a  non- 

contentious  measure,  and  under  the  circum- 
stances there  is  not  much  chance  of  the  Bill  becoming  law  in  the 
current  session.  We  regret  this,  because  we  think  the  measure  could 
be  so  modified  in  Committee  as  to  become  quite  a  useful  piece  of 
jegislation. 


Trade  of  the  '^:'   intcreHtiug   k,k-.<  1.   wa^  .i  \>yU,rd 

Fmnirp  affpr  Crewe  at  the  recent  luncheon  _ in  honour 

the  War  ^^  ^^^  ^^"'  ^^  'Thonia«  MacKimzie  (High  Com- 

missioner for  Xesv  Zf-aland),  thf  Hon.  W.  P. 
Schreiner  (High  Commissioner  f(jr  S<juth  .-Vfrica)  and  the  Ifon.  Sir 
G.  H.  Perley  (Acting  High  (Commissioner  for  Canada). 

Lord  CuEwK  said  that  he  believed  that  the  result  of  the  war  wouW  be  a 
closer  connection  between  the  Old  Toiintiy  and  tin-  I)(jininionH.  The 
most  ardent  evangelist  of  a  new  (iscai  system  woiild  admit  that  the  pro- 
ject of  an  econon'iic  union  between  tlie  differei.'  '  '  tf 
coukl  only  be  carried  out  by  surmounting  great  <  >t 
only  the  domestic  relations  of  different  parts  of  the  Kinpir-,  i  -.r 
extensive  relations  (jf  the  Empire  and  other  countries.  J  h'  no 
upholder  of  our  existing  system  who  would  not  be  prepared  to  admit 
that  those  difFiculties  demanded  further  study  and  examination  in  comse- 
quimce  of  this  vast  convulsion,  which  had  atlected  not  merely  the  com- 
mercial relations  but  all  the  relations  of  the  whole  world.  !;■  '  '  ;re 
we  should  be  bound  to  consider  a  closer  union,  with  pra.  ne 
annihilation  of  distance  as  regards  ordinary  communication.  If  we  ever 
got  a  cable  service  or  wireless  system  both  cheap  and  universal — and  va»t 
improvements  had  taken  place  and  would  be  suie  to  take  place  in  the 
possibilities  of  individual  communication,  and  the  time  mii^ht  come 
when  the  shortest  and  cheapest  route  to  the  Dominions  would  be  through 
the  air —the  time  might  not  be  very  distant  when  a  closer  form  of  union 
between  the  Dominions  and  oursch-es  might  be  projwunded. 

Sir  Geo.  Per;,f.y  agreed  that  steps  should  be  taken  to  make  the 
Empire  self-contained  and  economically  independent  ;  and  Sir  TnoM.\.s 
MacKen/.ih  also  agreed  that  a  scheme  for  closer  union  shoidd  be  evohTd. 


Patent  Law 
Reform. 


American 

Profit-sharing 

Scheme. 


At  the  recent  annual  meeting  of  the  Society  of 
Dyers  and  Colourists  the  new  president  (Dr. 
R6eas),  in  returning  thanks  for  his  election, 
referred  to  the  present  position  of  our  patent  law.  He  said  he  had 
been  particularly  interested  in  the  question  of  patent  law  as  affecting 
the  chemical  and  aniline  colour  mdustry.  The  patent  law  as  it  was 
to-day  was  in  favour  of  the  foreign  manufacturer  and  against  the 
best  interests  of  the  home  manufacturer,  and  they  would  all  agree 
with  him  that  one  of  the  first  things  that  wouid  have  to  be  done  to 
help  the  industry  in  which  they  were  much  interested  would  be  to 
alter  that  law  m  such  a  way  that  that  crying  injustice  might  be  done 
away  with.  He  was  quite  satisfied  that,  with  reasonable  assistance 
in  various  directions,  there  was  no  reason  why  the  colour  industry 
should  not  be  established  on  really  successful  lines  in  this  country. 

*  *        •        * 

The  directors  of  the  General  Electric  Co.,  of 
New  York,  have  recently  decided  to  give  aH 
emplo3ee8  who  have  been  with  them  for  tive 
years  or  more  a  bonus  of  5  y^r  cent,  of  their 
annual  salaries.  The  com]Mny  employs  over  l>0,tK>0  ixrsons,  and 
fair  proportion  of  this  number  will  share  hi  the  ilistribution. 

It  is  stated  that  the  bonus  has  nothing  to  do  with  any  incidental  profits 
made  from  war  orders  or  with  present  good  carninas.  s;\ve  so  f.ir  a--  tho 
profits  have  given  the  proper  financial  basis-  ui>on  which  to  mitiate  the 
profit-sharing  pohcv.  It  would  appear  to  be-  the  oiiinion  of  the  hoaT<l 
that  after  labour  anci  stockholders  have  each  had  their  share  of  mconie 
the  balance  remaining  beloncrs  not  to  the  stockholdei-s  alone,  but  partly 
to  stockhoklors  and  partly  to  labour.  The  right  of  sto.khoKle.-  i>  nvo-- 
niscd  in  the  form  of  a  stock  dividend,  and  the  ight  of  labour  will  nowrbo 
appraised  in  tho  extra  remuneration  or  profit -shanng  s<-heme.  IW' 
proposal  was  a  i)urelv  voluntary  step,  but  it  seem-  to  us  to  -h'^w  |ho 
breadth  of  vision  and  businc^ss  capacity  ot  the  men  wiio  arv  ei>nlrvUiing 
the  company.  While  no  promise  is  made  as  to  the  eont. nuance  ot 
thcschcnUit  is  reported  that  it  will  be  ivgularly  continued  so  far  as  the 
earning  capacity  of  the  company  permits. 

*  *         *         * 

From   thne  to  time  we  have  refon^  to  the 
Australian  importance  of  cultivating  the  Australian  market 

Electrical  Trade.  ^^^^  electrical  plant  and  supplies.  Tho  uses  ^f 
electricitv  are  extending  ui  tho  various  States,  and  we  l^^l^^^^^  ^^at 
there  will  be  a  fuie  field  for  electr.cal  manufacturers  and  oxporter^ 
in  the  Commonwealth  and  hi  New  Zealand.  In  nwny  du^tricts  tlie 
old  stocks  of  electrical  goods  are  running  out  a,id  fresh  '^"1HJ'«"«  «^ 
now  urgently  required.  (Government  doi>aitmonts  and  local  antlio- 
ritics  are  entering  tlio  electric  supply  field,  thus  creating  a  demam 
for  electrical  maclunorv  and  plant.     The  advertis^Muont  of  tho  hrtu 
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of  engineering  merchants  in  Western  Australia  which  appears  in 
another  column  is  a  good  illustration  of  this  point.  The  firm  desire 
to  add  a  first-class  electrical  agenc\-  to  their  business,  as,  owing  to 
the  large  power  station  erected  by  the  West  Australian  Government 
in  Perth,  the  use  of  electricity  is  bound  to  increase  rapidly  for  both 
jKjwer  and  light.  In  this  cormection  it  is  interesting  to  note  that 
Bince  the  war  Japanese  manufacturers  have  quadrupled  their  exports 
to  Australia.  Xotwithstanding  the  high  tariff,  this  has  been  possible 
f)ecause  of  the  cheap  labour  and  organisation  in  Japan.  Among 
the  articles  exported  by  Japan  to  the  Commonwealth  ar»  electric - 
light  apparatus,  insulators,  glass,  scientific  instruments,  pfjrcelain, 
&c.  There  is  a  strong  des-ire  in  Australia  to  heljj  the  Mother  Countr3- 
and  to  give  a  preference  to  British  goods,  liritish  manufacturers, 
m'Tcharits  and  exjKjrters  should  take  advantage  of  llu'  prosetit  trend 
of  things,  and  they  should  do  everything  jK)ssibI<-  ;  «  cxtciid  their 
business  in  the  f 'commonwealth* 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 
From  April  1,  1910,  to  April  8,  1918. 


In  view  of  the  incrca.scd  interest  which  is  being  taken  in  the  subject  of 
the  importation  into  and  the  exportation  of  Klcctrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.  (See  also  note 
at  foot  of  p^xportH.) 

IMPORTS. 

Grimsby.— Z)««mj>-Ar .■  Electrodes,  95  j. ■:.;_. 

Liverpool.— i/.5./4..-  Carbon  electrodes,  176  pkgs.    Spam:  Elec.  carbons,    49  pkgs. 

iXiUDOti.— U.S.A.:  Elec.  machinery,  £1,414  ;  elec.  lamps,  £171  ;  elec.  motors,  £334  ; 
wire  and  cable,  £282:  unenumerated,  £2,375.  Holland:  Elec.  lamps.  £9,429-1.010 
pkgs. ;  incandescent  elec.  larros.  178  pkgs. ;  elec.  elow  lamps,  32  pkgs.  ;  wirecable,  £440  : 
unenumerated,  £3,998.  Fran^t :  Insulating  material,  pk^s.  42  ;  unenumerated.  £188 
60pkKS.  Swit2rrland:  Elec,  machinery,  £1,706  ;  unenumerated,  £91.  Italy:  Wire  and 
cable,  £223  ;  elec.  machinery,  £160  ;  elec.  wire,  23  pkfs.  Japan  :  Elec.  lamps,  £300  : 
unenumerated.  £347.     Denmark:   Unenumerated,  £145.     Sweden:   Elec.  lamps,  £1.559. 

Manchester.     U.S.A.:  Elec.  lamp  bases,  28  pkgs  ;  unenumer.-i'e-f.  134  pkf"^. 

Southampton.— /=Aa««.-  Elec.  batteries,  10  pkgs. 

EXPORTS. 

To  Australasia.  Au:k!and:  Elec.  *  ..,„  ,  .n.j.s.  2.464  (No.):  wire  and  cable.  £398  : 
elec.  machinery.  £123;  telet^raph  material,  £28;  unenumerated.  £129.  .Melbourne- 
Elec.  machinery,  £1,321  ;  wire  and  cable,  £2,429  ;  unenumerated,  £614.  Sydney:  Wire 
andcable,  £2.319;  elec.  machinery,  £445;  elec.  rIow  lamps,  10,950 ( No.) :  unenumerated, 
£1,249.  ferlh:  Unenum'-raled,  £73.  Chrislchurch:  Wire  and  cable,  £292:  un- 
enumerated, £484.  /)u«^(//«.-  Unenumerated,  £361.  LyUe'.ton  :  Elec.  machinery.  £421  ; 
wire  and  cable.  £1,288.  Briihane:  Wire  and  cable,  £172  ;  telegraph  material,  £46  ;  un- 
enumerated, £443.  Adelaide:  Wire  and  cable,  £215  ;  unenumerated.  £1.025.  Napier: 
Unenumerated,  £16.  /yoAor/.-  Wire  and  cable,  £106  ;  unenumerated.  £165.  Newcastle: 
Elec.  motors,  £798.  Gnborne:  Unenumerated,  £88.  Wellington:  Wire  and  cable,  £213  ; 
elec.  machinery,  £619  ;   unenumerated,  £1.237. 

Afk\c\.  Durban :  Elec.  machinery,  £129.  Cape  Town:  Elec.  machinery,  £171; 
unenumerated,  £133  ;  wire  and  cable,  £390  ;  unenumerated.  £626.  Chinde:  Unenumer- 
ated, £10.  East  London:  Unenumerated.  £«}4.  Port  Elizabeth :  Unenumerated,  £475. 
Beira:  Elec.  machinery.  CI36  ;  i,:  •■■d,  £45.     Delagoa  Bay  :  Unenumerated.  £66. 

South  AND  Cp.htral  America  'yre-.:  Wire  and  cable.  £891  ;  unenumerated, 

£1.064.     Hiode  Janeiro:  Unenuii,  ..i^i.    Colon:  Unenumerated.  £35.  Guayaquil: 

Unenumerated,  £80.     Monte  Video:  Unenumerated,  £89. 
U.S.A.     New  York:  Unenumerated,  £171. 
Monocco.-  CaraNanca :  Unenumerated.  £45. 
Fici.-  Unenumerated  £73. 

Wrst  Indies  Trinidad:  Unenumerated,  £46.  Demrrara:  Unenumerated,  £70. 
Jamaiia:    Uneniimerat»d,  £138. 

•■-     '■•■-- -         '■      ■  V.'         nd  cable, 

£1,271; 

■. .    L.    ,.  t21  :   un- 

18.    Singapore:  Wire  and  cable,  £207  : 
C29. 
mateiiat,   £49;     unenumerated,    £456.    Hongkong  ■ 


India,  Cpv         '■      -China  a-- 
£207  elec.  n.  107;  unev 

wire  and  c,,i  .  : .  .  ;  ,  unenur 
enumerated.  £283.  Karathi:  U- 
unenumerated,  £384.     Bankak :   i 

China.     Shanghai :     TeloKraph 
Unenumerated,  £151. 

HfiLLAND.     Amsterdam:   Wire  and  cable,  CI25; 
Wire  .and  cable,  £300  ;  unenumerated,  £161. 


unenumerated,  £397.    Rotterdam: 


France.  Parr.:  Unenumer.i 
meratcd,  £147.  Dunkirk:  Ui  ■ 
Calais  :  Elec.  cable,  £998 ;  unei. 

Denmark. — Copenhagen  :  Un-- 

Crbbck.  -/"frtrKj  .•  Unenum" 

Norway. — Christiana:  W 

Spain.    Barcelona:  Unr- 

Italy.    Gfnoa :  Unenun 

Egyit.     Alexandria :  W 
and  cable,  (.?°''     nr t  i:n,. 

SwFnBN. 

Canaha. 
Pniimerated,  i.2.\^i'^. 

l^\^u.  -Yokohama :  Unen timers teH.  £423 


'"i-rpe:    Elec.  machinery,  £25:    unenu- 
.'89.    Boulogne:     Unenumerated,    £51. 


113;  unenumerated,  £332. 


£213:  unenumerated,  £295.    Fori  Said  :  Wire 

'  188. 

■  *.    Sl./okn's:  Elec.  machinery  £177:  un- 


FOREIGN  GOODS  (duty  |>aid  and  free). 


I'iiri' ■    tin....,,m<r-atH     fl  ?!''      R'tfertfrrn-  •     L'r- 


Bombay:  .Unenumeratel,   fM 
enumerated,  £24.     Amsterdam:  r 
Calcutta:  Unenumfiated.  £1 16. 

Colombo:    ('■ ■-  '     ■  " ' 

enumerate.^   • 

fiangosn:  U..  ;...;-_.;.;,     . 


IN   TRANSIT. 

Mtlbournt:  Elec  lamr?.  £559.    AUIaidc     e:-     l.mr-.f54*J 


LEGAL  INTELLIGENCE. 


Warranty  with  Secondhand  Motor.] 

In  West  London  County  Court  rccentlj-,  the  Electric  Generator  Co- 
sued  the  Forge  Motor  Works  Co.  for  £9  paid  on  a  false  warranty.' 

The  solicitor  for  plaintiff*  explained  that,  in  answer  to  an  .idvertise- 
iiiciit  of  a  s«'(iiii<lliainl  iin>t<ir  wliicli  defiiidaiits  had  for  .'^ak'.  Iii.s  client.'* 
opened  ii]i  (■orix'.'<])on(lenee,  and  defendants  jiuaiant<ed  tl\e  motor  (a 
JiH.P.  one)  to  be  in  good  working  order,  and  quoted  the  price  at  £9. 
Plaintiffs  made  the  stipulation  that  if  the  motor  was  found  on  testing  to 
Ik'  defective  they  were  to  be  at  liberty  to  return  it  and  have  their  money 
back.  A  cheque  for  ill  was  sent,  but  the  motor  was  not  despatched  to 
them  for  a  fortnight.  When  it  did  arrive  they  hajijM  ncd  to  be  excep- 
tionally busv  and  could  not  test  it.  When  thi.s  was  done,  however  (in 
H»  days),  it  was  dis<-oven'd  that  it  was  practically  useles.s.  Defendants 
d<'eline<l  to  return  the  £9.  alleging  that  the  machine  should  haVe  been 
letiirned  iiiunediately. 

Kor  jjefendants.  it  w.is  said  tiip  motor  had  Iwen  u.sed  to  drive  a  band 
saw.  Jt  was  about  I. ")  years  old.  Defendants"  manager  said  his  firm  had 
never  used  it  or  tried  it.  ami  they  iiad  paid  £7  for  it  :  it  had  l)eeu  disposeti 
of  to  them  to  give  place  to  two  ni'W  mc»tois  for  more  e.\tensive  worL  His 
firm  would  have  repaid  the  £<t  if  the  jilaintitTs  had  returned  the  motor  in 
reasonable  time. 

His  HoNoiR  :  But  it  took  you  three  weeks  to  deliver  it.  and  yf>u  can't 
complain  if  they  retained  it  the  same  time. 

Dkfenu.WT  :    liut  they  have  not  returned  it  yet. 

.ludgmcnt  was  given  for  jilaintifTs  for  €0  (to  Ik-  jiaid  when  the  motor 
was  retume<l).  with  eoets. 


NoTr. — The  JarRr  num1»er  of  item«  in  thrsr  official rrinms  under  the 
mislending  beniling  "  iiiuiuimerated  "  jTUto  to  what  io  ilescrilirtl  nn 
*' oleptricRl  good.^  "  iind  "  elertriral  mntrriAU." 


Magnetic  Separation  of  Wolfram. 

On  Friday  la^t  I  lie  I'ateiit  Court  lieaid  tlie  apjiiieation  of  the  Rapid 
Magnetting  Machine  Co.  (I>td.)  for  a  licence  to  use  three  of  Krupps 
jiatents  for  a  magnetic  sejiarator  for  treating  onvs.  The  jtatents  are 
14.082  of  1908.  2(t.2:{(»  of  MM  I.  and  4,r)<).j  of  1<I13. 

.Mr.  }|unter  firay  ajipeared  for  a])]>licants  ;  Sir  (leo.  Croydfui  Marks. 
M.I'.,  re|)n'.s<'nted  .Me.^srs.  Kdgar  Allen  &  Cfi.  (who  o]i])osed)  :  and  .Mr. 
{{uslien  (.Messrs.  Has<dtine.  \jvVv  &  Co.).  the  ])at<'nteos.  who  also  o)ii»osed. 

.Mr.  (Ikav  said  the  jiatents  were  held  by  a  firm  who.se  name  they  heard 
from  time  to  time  in  that  Court,  and  he  M-ldom  had  a  more  jileasjint  task 
in  seeking  to  get  Cerman  jiatents  sus|ieiided  than   in  the  jin-sent  ea.>Je. 

Sir  (Jko.  C.  M.\kks  said  he  int<'n(le<l  a]ii)lying  for  a  dozen  jiatents  in 
connection  with  that  machine  at  a  future  date,  and  he  di<l  not  know  how 
the  a]iplicants  thought  they  could  get  on  with  only  thn>e. 

.Mr.  (Ikav  .-^airl  that  they  had  made  a  judicious  sideetion.  TheRaj)idCo. 
was  ineor])orated  in  MMIIJ  and  it  sii])])lie(l  many  jiublie  dejiartments  and 
eomj)anies.  Its  catalogues  showed  14  different  tyjies  of  magnetic  .s<^jia- 
rators,  made  in  KMI  or  more  different  sizes,  and  ranging  in  ]>rice  from 
£2(1(1  to  £l.tHIU.  The  princi])le  of  the  machine  ajiplied  for  was  that  of  a 
numlMT  of  magnet  ]>oles  ])laced  in  a  ring  over  which  rotated  a  disc- 
shaped  magnet i.sable  liody.  The  electro-magnets  Ixdow.  with  the 
attached  pole -pieces,  were  e.xcitcd  by  c-oils.  and  a  rotating  shaft,  to  wliicli 
the  upper  ring  or  di.sc-.'ihajied  armature  was  attaclie<l.  ran  through  the 
eeiitn-  of  the  circular  iron  body  which  carried  the  magnet--.  B«-tween 
the  magnets  and  the  armatun*  rotating  above  them  the  material,  from 
which  the  metal  was  to  be  drawn,  was  fed  in  from  a  hojUM-r.  Rotmd  the 
underside  of  the  i-evolvins.'  piei-e  went  concentric  magnetisiible  axially- 
adjustable  rings,  wedge ^hajied  lielow.  at  graduated  distances  from  the 
magnets.  Tile  oiiterm<i'-t  ring-edge  was  the  furthest  away  from  the 
liori/.oiital  pole  surfaces,  and  therefore  ]irodiiced  the  weakest  zone  in 
the  magnetic  lii-ld.  This  attracted  jiarticles  of  the  hi;;lu'st  permeability, 
whereas  tlio  inner  ring-edge  was  nean-st  the  pole -surf  a<-es.  iiroduced  the 
strongest  zone,  and  <  <in.sc(piently  attracted  substances  of  lower  jwr- 
meability.  Thus,  the  materia!  was  irraded  midway  iM-tween  the  magnets, 
the  attracted  ]iarti(  les  fell  nlT  the  rings,  the  jilace  of  minimum  magneti<' 
int<'nsity  having  Im-cii  reached,  and  wen'  carried  away  in  different  direc- 
tions in  their  He]iarat<'d  and  graded  form.  In  the  1911  patent  the 
armatun'-rings  wen-  fixed,  and  the  "  field  "  below  was  fixed,  ami  there 
was  a  curious  zig-zag  sliajied  trough  running  from  the  centre  through 
whiili  the  on-  travelled.  It  was  this  trougji  now  that  revolved.  The 
p'sull  was  that  the  on-  ilid  not  "  stick."  but  it  was  carried  away  equally 
ill  graded  >i/<'s.  It  w;is  an  adjustment  <if  the  sjime  )irinci]de  and  an 
imjirovenx-nt.  and  it  was  eulle<l  the  dry  treatment.  There  was  a  furthir 
mcMlitiention  known  a«  the  wet  treatment,  when-  water  was  played  upon 
the  points  of  1l  e  wedj;e  shaped  rings  to  drive  off  the  ore  .as  it  got  out  of 
the  lielil. 

Sir  Ck.ii.  C.  M  \i;ks  <  om)il,iiiieil  that  ajiplicants"  man.iging  direi  tor  had 
written  a  k'tter  to  the  technical  j<nimals.  easting  doubt  on  the  s)>ecial 
value  of  that  machine,  niid  he  rould  not  understand  why  he  now  came  to 
nsk  for  a  lieeneo  to  maiuifac  turn  it. 

Mr.  (Jrav  :  BcrauM"  the  jiublir  wanted  it — mifiguide<lly  and  foolishly 
they  wanted  it  flnci  !ii«  finn  h.-id  nutn*  experience  than  any  other  for 
mnkiu',:  ami  H-llinu  it.  Tlie\  sugirested  the  usual  royalty  of  ^^  per  cent,  on 
the  nellini;  ]»ni-e.  nnil  would  give  n\\  undertaking  that  the  price  at  which 
they  w'll  shall  l>e  at  least  not  mon'  than  the  ]>rii^^  charged  by  the  patentees 
lH>fore  the  war.  Krupps  Hold  them  here,  through  their  ngrnts.  before 
war  bmke  nut.  A  gentleman  from  the  Malay  States,  who  said  it  was 
time  to  rultivato  the  ^^■^H(  as  a  ticld  for  mattietic  wparators.  had  ex]>res.sod 
bis  preference  for  n  Wotheril  or  an  rilrirh.  l>e(  ause.  as  it  hapjxMied. 
strangely  enough,  it  was  all  you  could  s«v  in  the  Shool  of  Mines  ;  there 
was  not  .nn  Knglish  machine  there  at  present,  and  anybody  who  eanto 
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from  the  colonies  to  see  the  latest  development  in  appliances  for  mining 
work  was  humiliated  to  find  not  a  sinrrlo  British  machinr^  rccommcnflfd. 

Mr.  H.  H.  TnoMi'SON,  mana<,'inj,'  director  of  the  Rapid  (,'o.,  stated  that 
he  was  not  aware  that  the  Ullrich  macliincs  were  required  in  tliis  country 
and  had  actually  been  ordered  on  behalf  of  tlic  British  Government,  and 
that  facilities  have  been  given  tiiat  that  machine  mij^ht  be  copied. 

Sir  George  :  And  in  consequence  of  facilities  having  been  given  to 
rn|)\  tlic  machine  Messr.-;.  Edgar  Alltn  Sz  Co.  nr<'  making  it.  If  Messrs. 
I'Mgjir  Allen  &  Co.  may  have  m  licciirc  lor  m.  r>  ])(i  cent,  royally  loo,  thai 
will  sim])lify  malteis  consiiUiMlily.  \Vc  arc  prepared  lodcvclo])  the  sale. 
'J'lie  (iovernmcnt  allege  they  Ikuc  found  that  no  mac^hinc  will  do  what 
that  one  does. 

Mr.  Thompson  :  I  tell  the  Government  we  will  do  everything  the 
German  will  do,  absolutely.  Perha])s  this  is  a  good  o])portunitv  for  the 
])ublic  to  know  that  the  Government  are  not  investigating  a  liritish 
machine  whicli  will  do  anything  and  everything  that  can  be  don(^  by  a 
(ierman  machine.  He  insisted  that  it  was  an  extraordinary  tiling  that  tlu^ 
Govr^rnmcnt  had  not  a  British  magnetic^  si^parator  at  the  Imperial 
College  of  Sc-icnce  at  Sonth  Kensington.  if  is  fitin  had  only  i)ushed  their 
liigh-iiili'nsity  magnetic  sepaiator  since  tlic  war  broke  out,  and  had  not 
had  the  opportunity  to  make  the  authoiitics  a  present  f)f  one. 

Mr.  (iRAV  :  'This  ]jlacc.  being  liie  home  of  the  electric  magnet, 
it  is  hidierous  to  say  that  the  Gcnniins  (an  uuike  them  anything  like  so 
well. 

An  adjournment  was  asked  for  by  Mr'.  Knslicn  to  bring  into  Court  Mr. 
Walter  Sully,  whose  wife's  daughter  was  tlic  inventor  Ullrich's  wife,  in 
order  to  .say  he  had  practically  concluded  arrangements,  when  the  war 
binke  out,  for  erecting  a  factory  foi  sup])lying  the  machines  in-this  country . 

The  Controller  :  Why  doe.sn't  In;  come  to  this  Conrt  and  get  a  licence 
at  15  per  cent,  instead  of  paying  20'!  I  am  afraid  his  evidence  would  not 
be  much  use  without  his  documents.  If  he  cannot  carry  on  the  business 
I  (lon't  see  wh}'  he  should  wish  to  oppose.     What  did  he  ])ropose  to  sell  at  ? 

Mr.  Rushes  :  A  two-field  machine  at  £420.  Of  this  Cl.^O  would  be 
premiums  ;  15  per  cent,  would  go  to  Krupps  and  15  per  cent,  to  Mr. 
Ullrich.     At  any  rate  5  per  cent,  is  sheer  forfeiture. 

Mr.  Gray  :  I  don't  know.  We  shan't  have  the  advantage  of  the 
drawings  and  his  exclusive  licence — and  we  shan't  get  the  parts  from 
Germany.     W^e  shall  have  no  ])rofessional  assistance. 

Mr.  RusHKN,  in  reply  to  a  iiuestion,  said  a  four-field  machine  under 
Mr.  Sidly's  scheme  would  have  cost  £700  and  a  six-field  £1,050. 

Mr.  Thompson  :  And  we  shall  su])piy  at  from  £200  to  £1,000. 

The  Controller  said  he  thought  the  a})plication  satisfactory.  The 
only  question  was  the  royalty,  and  lie  shouhl  hear  more  about  that  next 
week.  In  the  ]>ublic  interest  he  thought  it  advisable  that  the  machine 
i  should  be  made  in  this  country,  and  clients'  letters  he  had  seen  showed 
the  estimate  in  which  it  was  held.  The  applicants  desired  to  say  : 
"  We  can  supply  an  efficient  British-designed  machine,  but  if  any  cus- 
tomer is  unpatriotic  enough  to  require  another  ty|)e  we  can  give  him  it." 
Thiur  ])Osition  was  quite  intelligible.  The  machine  must  be  made  in 
this  country  to  meet  thedemands,  and.  that  being  the  position,  he  thought 
the  Rapid  Magnetting  Machine  Co.  should  liave  tlieir  licence. 


future  profits  if  the  profits  wcm  (sufficient.     The  sinking  fund  u  (or  lb» 
future  to  b(!  diviflcfl  into  two  part",  half  to  \x:  paid  in  any  event  an^l  the 

other  half  only  if  the  profitn  were  sufiicient. 


Munitions  Tribunal  Appeal. 

On  l'rida\'  last  Mr.  .Tiisticc  Atkin  heard  an  appeal  by  the  iMicanite  & 
Insulators  Co.  (Ltd.) from  the  decision  of  a  Munitions  Tribunal  that  they 
were  not  an  engineering  firm  within  th(^  meaning  of  the  ]\lunitions  of 
War  Act,  and  therefore  it  was  unnecessary  for  an  emplo\  e  to  have  a 
certificate  on  leaving  I  heir  employ. 

Mr.  Alex.  Nielsun  (for  appellants)  said  that  they  were  the  makers 
of  insulatois  and  insulating  materials  for  dynamos,  &c.,  that  95  per  cent. 
of  their  work  was  for  Government  contracts,  that  during  the  last  day  or 
two  workers  in  that  trade  had  been  put  in  the  exempted  list,  and  skilled 
men  in  the  Army  had  1)een  fetcheil  back.  Appellants'  works  were  the 
only  works  of  any  substance  to  make  inicanite  in  this  country,  and  he 
argued  that  that  brought  them  under  the  definition  of  munition  works. 

Mr.  Comyns  (!arr  ajjpearcd  for  the  Ministiy  of  Munitions,  and  evidence 
was  called. 

In  giving  judgment,  his  Lordship  said  the  finding  of  the  tribunal  was 

that  ai)pellants'  business  did  not  consist  wholly  or  mainly  of  engineering, 

and  therefore  a  leaving  certificate  was  not  necessary.     But  appellants 

,  had  tendered  evidence  to  indicate  that  their  business  was  of  a  wide  and 

I  different  kind,  and  he  was  .<;atisfied  from  that  that  they  were  engaged 

'exclusively  in  making  by  means  of  machinery  articles  which  were  the 

necessary  parts  of  dynamos  and  other  machines  which  were  used  for  war 

[purposes  and  for  the  production  of  power.     Under  those  circumstances 

[the  question  aro.se  whether  it  was  right  or  wrong  to  find  that  they  were 

not  engaged  in  engineering.     The  meaning  of  the  word  '"  engineering  " 

had  to  be  read  in  connection  with  the  definition  of  munitions  works  in  the 

Act.     That  definition  applied  to  a  factory  or  workshop  engaged  in 

manufacturing  arms,  explosives,  the  repair  of  arms,  naval  and  military 

buildings,  and  the  supply  of  light,  heat,  water  and  power  to  such  build- 

iings.     Having  regard  to  that,  became  to  the  conclusion  that  the  finding 

i  of  the  tribunal  was  incorrect,  and  that  their  decision  must  be  set  aside. 


Re  Ciade  Electricidaddela  Provincia  deBuenos  Ayres.— Last 
Iweek  Mr.  Justice  Ne\'ille  sanctioned  a  ])etition  by  the  company  to  a 
scheme  of  arrangement.  It  was  stated  that  the  com])any  had  got  into 
difficulties  with  its  sinking  fund.  There  was  one  scries  of  600,000  5  per 
Icent.  gold  bonds.  The  scheme  provided  that  in  1910  and  1917  the 
[interest  was  to  be  at  the  rate  of  4i  per  cent.  In  1919  it  was  to  be  G  per 
Icent.,  but  except  for  that  the  interest  was  to  go  on  at  5  per  cent.  The 
jsinking  fund  was  to  be  suspended  until  1910  except  in  so  far  as  the  net 
[profits  were  sufficient,  and  the  sinking  fund  was  to  be  recouped  out  of 


EDUCATIONAL  NOTES. 
University  ol  Liverpool,     in   the  faf:iUv  of  pnj(in<-«-,-inK  of  ihi« 

univorsil  \'  there  are  full  c.-iiirses  in  civil,  •■'■  '         '   ■  d 

engineering,    naval    architecture,    marine        _  „ 

physics,  &c.     The  sjjecia!  matriculation  examination  or  the  entrance 

examination   must   be   pas.sed   in  order  to  secure       "  ■'.- 

ecnirses  in  the  faculty,  and  [)ros|(eefns<'^  m;i\'  !«•  o 

registrar,  Mr.  f^ivvarfl  Carey. 

Crystal  Palace  School  of  Engineering.    '\'\n-  home  of  thi*  m  tiool 

will  in  fiilnre  be  n*  Anerleyhiil.  >.\\. 

Education  after  the  War.  The  President  of  the  Bfmul  of  fvducation 
lias  appointed  a,  l)e|)artinenta!  Committee  to  consider  what  KtepH 
should  be  taken  to  make  jjrovision  for  the  education  and  in»tnicti<jn  of 
children  and  young  persons  after  the  war,  regard  being  had  jjartico- 
larly  to  the  interests  of  those    - 

( 1 )  Who  have  been  abn(<rnially  em|)Ioyed  during  the  war  ; 

(2)  who  cannot  immediately  find  advantageou.s  employment  ; 
(.'})  who  require  special  training  for  employment. 

The  chairman  of  the  Committee  is  .Mr.  H.  I^ewis.  M.  P..  and  there  are 
14  other  members  of  the  Committee  of  which  Mr. .,'.  Owen,  H..M.  Ia«pe<  tor, 
is  secretarA'. 


BUSINESS  NOTICES. 

A  firm  of  engineering  merchants  in  Western  Australia  ad\ertHe 
that  they  are  desirous  of  adding  a  first-class  electrical  agency  to 
their  busiiiess.  Applications  to  Messr-s.  Hopcraft  &  Broa^lwater,  4. 
Fenchurch-avenue,  London,  E.C.     See  an  advert'iMempnt. 

Plant  for  Sale.-  Gas  driven  electric  station  plant,  eon.sisting  of 
two  gas  engines  (80  h.p.  and  100  H.P.),  two  gas  producers,  d>-namos. 
storage  battery,  switchboard,  &c.,  is  adverti.sed  for  sale.  Particulars 
from  the  manager.  Corporation  Electricity  Department,  .Mr.  C. 
Nelson  Hefford,  1,  Whitehall-road,  Leeds. 

In  an  advertisement  particulars  are  given  of  second-hand  Parsons' 
steam  turbo  sets  which  are  offered  for  sale. 

An  advertiser  offers  a  5  kw.  Berry  transformer  for  sale. 

Plant  Wanted  — An  advertiser  requires  a  turbine  engine  in  first 
class    condition.     Applications    to    "  Phillipps,"    31,    Bishop-sgate, 
London,  E.C 

An  advertiser  requires  large  quantities  of  steel  tubes  and  lamp- 
holders,  various  sizes  and  ]iattents. 

LIQUIDATIONS,  &c. 

Collings-Bishop  (Ltd.)  is  being  wound  up  vohmtarily.  and  Mr. 
E.  W.  J?  W^est,  67,  Queen  Victoria-.street,  London,  E.C,  has  been 
appointed  liquidator. 

A  meeting  to  receive  an  accoiuit  of  the  winding-up  of  Inventionsand 
Appliances  (Ltd. )  will  be  held  at  ;U),  Chureh-st.  ,W.  Hartlepool.  May  15. 

Mr.  J.  H.  Stephens,  (i,  Clement's-lane.  Ixmdon.  E.G..  has  l>een 
appointed  liquidator  (without  a  coniniittee  of  ins|)ecti(itO  of  the 
Adnil  Electric  Co.  (Ltd.).  Artillery-lane.  London,  E.C. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Accrington.-  The  Council  have  authorised  certain  extensions  of 
the  electricity  supply  works  at  a:i  estimated  cost  of  £15.000  or 
£16,000. 

Bexley.-  The  Urban  Council  have  decide  ":  to  extend  the  electric 
supply  eible  to  Halcot. 

Bradford.— The  Electricity  Committee  is  putting  down  jwlditional 
plant  at  the  Valh  v-road  electricity  supply  works,  and  the  L-CJ.  Boanl 
have  been  asked  to  sanction  the  bonowmg  of  the  necessiiry  money. 

Carnarvon.— Owuig  to  the  increasing  demand  for  electrical  energy 
the  National  Electric  Construction  Co.  is  j^utting  downi  an  additional. 
Diesel  oil  engine  set  at  a  cost  of  £2.780.  10s..  and  the  Councd  have 
applied  for  sanction  to  borrow  this  sum. 

Rotherham.— The  Town  Clerk  has  received  a  certificate  under  the 
Munitions  of  War  Amendment  Act  in  resi)ect  of  the  electricity 

undertaking.  ....       , 

The  Electric  Lit'htinsr  Committee  proposes  to  pun^hase  an  athlitional 
rotarv  converter  (at  £«90)  to  meet  the  demand  fnmi  Tmsley.  The  cost 
will  lie  defraved  out  of  the  renewals  fund. 
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Sheffield. — Electric  suppl}'  mains  are  to  be  extend: d  in  various 
pa  ts  of  the  city  at  a  cost  of  £479. 

The  Tovn  rirrk  has  hfon  authoriwd  to  complete  the  purchaw  of  a 
plot  of  ground  at  the  junction  of  Fulwood  and  lindcliffe  \alc-road.s  as  a 
Bite  for  a  sub-station. 

Watford. — The  Urban  Council  have  ap|)lied  to  the  L.G.  Board  for 
Kunftioii  1o  a  loan  c;f  £3,.'iWi  for  the  electric  supply  department. 

Wolverhampton.-  -The  Electricity  Committee  reports  that  owing 
to  the  continual  ciemand  for  electrical  energy-  it  is  necessary  to  make 
extensions  to  the  generating  plant  in  order  to  cojmj  with  the  load 
whicli  will  he  required  during  the  winter  of  1917. 

Havin;4  cc)nsid(rccl  reports  of  the  electrical  enginecT  (Mr.  S.  T.  Allen) 
the  (^'ommittee  rccommenclK  extensions  of  the  boiler  house  ])lant  (at 
£17,HiO),  including  two  water-tube  boilers,  each  having  an  evaporative 
capacity  of  40,000  lb.  of  steam  per  hour,  mechanical  stokers,  &c.  (£8,0(KJ). 
feed,  steam  and  blow-cjfr  pij)ing,  forced  drauglit,  fc-ed  ])um])  and  c-oal  and 
ash-c-onveying  plants,  &c.  The  Committee  also  recommc-nds  that  appli- 
<;ation  be  madcr  for  sanction  to  borrcnv  the  above-mentioned  sum,  and 
that  a  tender  be  accc  ]»ted  for  the  supply  c)f  two  boilers,  two  superheaters 
and  two  sc;ts  of  mechanical  stokers,  at  £8,221.  l.')s.  be  accepted. 
•  It  is  also  pro|)osccl  to  a])ply  for  permission  to  borrow  £fi,fiOO  for  de- 
fraying expenditure  cm  extensicms  to  mains,  &c. 

GENERAL. 

Aberdeen. --In  reply  to  an  apjjlication  hy  the  Aberdeen  District 
I  Commit  tee  for  an  abatement  in  view  of  the  disccmtinuance  of  tlie 
public  lighting  cf  Culter,  the  Town  Council  have  decided  to  allow  an 
abatement  of  one-half  the  annual  charge  per  lanij)  for  electricity 
supply  during  such  period  as  the  lanijjs  are  not  being  utilised,  l)ut 
the  charge  for  maintenance  (lOs.  jjer  o()  <\\).  lamp  j)er  annum)  will  be 
ccmtinued. 

Battersea  (London). — The  Electricit}-  Committee  has  been  in  com- 
munication with  I'ulham  as  to  the  supply  of  energy  in  bulk. 

The  engincc-r  (.Mr.  F.  A.  Bcmtl)  has  rc-pc»rted  as  to  tests  made  by 
arrangini;  fc)r  Knlham  to  give  a  supply  of  energy  during  .lantiary,  Feb- 
ruary and  .March.  The  tests  have  proved  satisfac  tory  and  the  Committee 
is,  therefore,  arranging  for  a  continuance  of  this  suj)ply  during  the  year 
ending  March,  1917. 

Belfa.st.  At  the  last  meeting  of  the  Corporation,  Councillor 
MeCaughcy,  in  presenting  the  minutes  of  the  Tramways  and  Elec- 
tric-ity  Committee,  explained  that  they  were  not  at  present  keen  on 
giving  stand-by  sujjplicrs  of  electrical  energy,  esjiecialiy  as  they  had 
no  great  margin  to  deal  with. 

The  Committee  felt  their  first  duty  was  to  the  shopkeepers  and  other 
coiisiim<-rs  who  todk  curn-iit  all  the  year  round.  They  were  being  badly 
hampered  in  the  way  of  cx])cnditurc  in  order  to  meet  the  ordinary 
demancis  of  the  pid)lic.  In  n'gard  to  the  wages  and  bonus  (jtu'stion.  he 
was  anxious  to  secure  uniformity,  and  in  ngard  to  contracts  being  given 
to  cross-Channel  firms  the  Committee  had,  as  they  were  bound  to  do, 
ac((|)lcd  tlic  lowest  tenders. 

Coal  Supplies.  A  circular  letter  has  been  issued  to  the  engineers 
of  electricity  works  by  the  Tneorjjorated  Municipal  Kleetrical  Asso- 
ciation, stating  tint  the  r.oard  of  Trade  had  now  instituted  commit- 
tees on  coal  and  coke  supplies  in  districts  throughout  the  country, 
and  suggesting  that  local  authorities  should  ap]ir()ach  their  local 
coiiiinittec. 

Dartmouth.- -The  local  electric  supply  comjiany  has  increa.sed  tlio 
charge  for  electric  current  for  power  by  10  j)er  cent. 

Fuel  Economy.  A  meeting  of  fuel  |)roducers  and  fuel  users  was 
held  in  Shcllicld  la.st  week  to  consider  the  (piestion  of  fuel  economy 
after  the  war.  The  meeting,  which  was  held  under  the  auspices  of 
the  ShedieM  Sdiiety  of  Kng  neers  and  Metallurgists,  was  presided 
over  by  I'rof.  Arnold,  and  Inf.  \V.  A.  iione  was  among  those  present, 

l*rof.  Arnom)  said  at  present  it  wiw  no  nse.  from  n  prncticnl  point  of 
view,  in  Sheflield  to  consider  the  waste  gas  froni  beehive  ovens,  as  the 
beehive  coke  was,  si>  far.  the  only  reliable  coke  for  melting  crucible  steel. 
The  waste  iiiergy  of  the  South  \  nrkshire  coalfield  woid<l  have  to  1m> 
harnessed,  cither  as  gas  or  as  eh'ctrical  enemy,  for  iron  or  stei  1  nu'Hing. 
machine  driving  and  lighting.  He  thouuht  the  elertrieal  proposition 
W'nild  lie  the  best  course. 

I'rof.  Honk  said  our  whole  ecomunie  fntun*  was  de|K'nd<  nt  on  our 
ability  to  mainlnin  abundant  supplii-s  nf  nlntividy  cheap  loal.  Onlv 
2-i\  ]>er  cent.  <if  the  total  coal  n'^crves  of  the  world  wen-  liM-nted  in  (iieat 
Urilain.  and  tli(>  (piestion  of  the  better  ulilisjition  of  our  coni  supplies 
was  one  of  very  serious  economic  importance.  \N"c'  now  trans-icted  70 
l>er  cent,  of  the  s(>nbome  coal  trade  of  the  world.  An  export  dtity  of  Is. 
per  ton  could  be  imposed  without  in  the  le«s!  injuriiv^  the  trade.  It 
would  profhice  a  fund  of  l'.'),(MM>.<M)n  )>cr  annum,  and  lie  sug;;!  sted  that 
this  shoidd  be  cariuarUi-d  i>y  thi"  Tn-asuiy  feu  linani  Iul'  largo  scale 
<>\|)(>rimeuls  in  the  dii-ection  of  fiu-l  economy  and  Un  tlie  jirm  ision  of  loans 
for  inslallini:  eft>cient  fuel -consuming  appliances. 

I'rof.  I,.  T.  ()  Snv.A  .-qioke  of  the  orcmomies  which  niieht  l>e  cfTec  ted  by 
extending  the  use  of  by-product  coke  ovens.  He  ur^etl  the  iiTipi>rtnn(>c> 
of  invest i^rat ions  with  a  view  to  producing  n  fcatisfa"  ton-  sloojmeltiin. 
eoke  fnuu  by  jtroHuct  ovens.  If  the  steel  uuMluf.K  tur^  would  meet 
the  eoke  maker  with  an  open  mind,  the  time  ought  r^uieklv  to  rome  when 


the  beehive  oven  would  disappear  from  England.  A  large  amount  of 
coke  oven  gas  was  being  wasted  in  the  neighbourhood.  It  could  be  used 
for  the  production  of  jiower  in  the  same  waj*  that  gas  obtained  from  the 
retort  was  used,  and  al.so  for  the  generation  c)f  eleetricity.  At  Wham- 
diffe  Silksttme  Mr.  G.  Blake  Walker  had  used  the  surplus  gas  from  the 
ovens  in  order  to  electrify  the  colliery. 

Mr.  G.  Blake  Walker  spoke  of  the  tremendous  amount  of  coal  that 
was  lost  to  the  countiy  through  the  ciLstom  of  working  only  the  best  coal. 
It  was  essential  that  thej-  should  deal  with  inferior  coals,  and  that  cAuld 
Ik*  done  by  the  u.se  of  wasters  and  gas  producers.  In  his  opinion,  what 
had  been  done  in  Durham  would  have  to  be  done  in  that  district — elec- 
tricity would  have  t<i  l>e  .sold  vcrj'  cheaply  and  substituted  for  the 
])rc.sent  wasteful  use  of  steam.  He  thought  it  not  impossible  that  by  the 
u.se  of  a  central  power  station  electricity  might  be  produced  at  a  cost  of 
0-2.Td.  per  unit,  which  would  facilitate  economies  at  the  collieries  them- 
selves, and  the  expansion  of  the  use  of  electricity  for  heating  and  other 
purposes  in  Sheffield.  He  believed  it  to  be  a  thoroughly  uneconomical 
thing  for  everj'  manufacturer  to  produce  his  c)wn  power. 

Prof.  Riri'ER  also  aclvocated  the  distribution  of  electricity  from  a 
central  power  station.  There  was  almost  unlimited  power  available  in 
the  great  coalfield  surniunding  Sheffield.  If  they  could  bring  current 
in  at  the  figure  menticmed  by  Mr.  Walker  it  would  make  an  enormous 
difference  to  the  city.  The  present  industries  would  be  vivified,  and  a 
number  of  new  ones  would  be  induced  to  arise. 

Mr.  S.  E.  FEDnEN,  manager  of  the  Corporation  electricity  department, 
urged  that  the  su])])ly  of  electricity  and  power  throughout  the  countrj' 
should  l)e  vested  in  the  hands  of  the  Government.  Big  i)ower  houses 
should  be  put  down  in  suitable  places,  and  we  should  have  an  Electrical 
Mmister.  He  also  urged  that  the  way  to  secure  efficiency  and  economy 
in  the  use  cjf  power  was  to  stoj)  dumping,  which  would  enable  the  works 
to  carry  on  at  a  good  lc)ad  factor  and  at  reduced  standing  charges. 

Several  other  speakers  took  part  in  the  discussion. 

Fulham  (London). — The  Electricity  Committee  recommends  that 
Mr.  G.  Hicks,  assistant  mains  supermtendent,  be  also  apjxjinted 
suiMJrvisor  of  meters  at  a  salary  of  £1G0,  rising  to  £200  a  year. 

Hammersmith  (London).^The  Board  of  Trade  has  consented  to 
power  not  exceeding  2UU  kw.  being  supplied  to  the  Council's  under- 
ground sub-stations.  The  premises  of  57  additional  consumers  have 
been  recently  connected  to  the  mains. 

Lighting  of  Warktn3n's  Dwellings. — Dublin  Corporation  have 
decided  to  ado|)t  electric  lighting  for  the  workmen's  dwelling.s  to  be 
erected  imder  the  New  Spital fields,  North  Lotts  and  Xewfomidland 
Street  housing  schemes. 

Rathmines. — In  order  to  economise  in  street  lighting  it  has  been 
decided  that  every  alternate  electric  lamp  is  to  be  left  imlighted 
during  the  cunvnt  ye:ir. 

Sheffield. — The  L.(J.  Board  have  extended  for  one  year  from 
.Marcli  :}l,  HH6,  the  time  limited  by  the  Sheffield  Corjwration  .\et, 
l!)12,  for  the  continuance  in  force  of  the  provisions  of  sec.  l.'iO  (2)  of 
that  act  enabling  the  Corjxiration  to  borrow  by  way  of  temi>orarv 
loan  or  ovenlraft  for  pro\i(Hng  temiwrarily  during  any  financial 
year  for  certain  current  expenses. 

Torquay. — The  Electric  Lighting  Committee  rejKirts  that  the  con- 
snuiptiou  of  electrical  energy  for  the  first  two  months  uf  the  current 
year  created  a  record,  whilst  tiic  figures  for  191. 5  showed  a  net  profit 
of  £1.200.  which  had  been  used  in  extending  the  services  and  the 
buiune.ss  of  the  electric  sup])ly  undertaking  gi^nerally.  There  was  no 
possibility  of  the  i)riee  of  electric  current  for  lighting  being  redueecl 
at  present. 

Walsall. — A  certificate  under  the  Munitions  of  War  (.\mendment) 
Act  has  been  received  in  n'S|)eet  of  the  eleetricity  tmdertaking. 

The  Electricity  Committee  ha«  decided  to  place  certain  sums  reeei\-ed 
on  thi-  Side  of  su)>«-rs«'dcd  ]ilant  to  n  sivcial  account  Ui  Ik-  utilised  in 
n-paymcnt  of  thi-  outsfanciing  debt  on  )>lant. 

Westminster.— The  St.  .lames"  &  Pall  Mall  Electric  Light  Co.  h.as 
Jidvised  the  City  Council  of  their  inability  to  renew  the  existing  eon- 
traef  for  the  supjtiy  of  cnirrenf  to  the  Couneil's  pn^mis«^s.  and  that 
they  will  Ix-  eom|H'lIe(l  frotn  .lune  24  next  to  «  barge  the  su]>j»Iy  for 
lighting  at  4<L  jier  unit  net.  It  is  not  proiKisod  to  increase  the  charge 
for  jMiwer  supply. 

Wigan.  Ilie  ('  uneil  ha\-e  decided  to  ai)|s.uit  .Mr.  H.  Di.  kins<in" 
city  electrical  engincn-r  of  LiverjKH»l.  subject  to  the  sanction  of  Liver- 
pool Cit3*  Council,  as  consulting  engineer  to  prepare  a  rejwrt  on -the 
present  |K>sition  of  the  electric  supply  undertaking. 

Wimbledon.  -It  is  ]»rop<ised  to  make  a  10  j  cr  cent.  incHMse  iji  the 
ehatges  f,,i  (he  supply  of  energj^-  to  ordin.>r\  (dMsnincis  fur  the 
ensuing  six  months. 

It  is  not  eiinsidenvl  desinible  to  enter  int.i  contacts  this  year  for 
l>eriodicaI  supjilies  to  the  electricity  department.  OflFers  have  been 
obtftined  f  mm  a  number  of  firms  for  the  supply  of  varioiin  goods,  and  it 
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is  proposed  to  accept  these  and  to  purchase  the  remainder  of  the  supplies 
as  required  at  the  lowest  prices  obtainable. 

Worksop. — Tt  is  repoi'ted  that  the  electrical  engineer  (Mr.  J.  P. 
Crow'tlior)  lias  been  given  leave  of  absence  to  join  the  Army,  and  he 
will  be  paid  half  his  salary  during  his  absence,  while  the  electricity 
works  will  be  placed  in  charge  of  the  station  superintendent  (Mr.  J. 
Fletcher),  who  will  get  an  additional  salary  of  £25  per  armum. 


proposed  to  eiect  a  Hmaller  station  for  eliipping.    It  is  expected  that  the 

new  station,  which  will  he  equipped  on  the  name  i     •        '  at 

Xoucn,  v.'ill  be  ready  ill  the  auUiiiin,  and  the  c'^t  rt'ill 


TRACTION   NOTES. 


Burnley. — The  Tramways  Committee  has  increased  the  charges 
for  all  privileged  tickets  by  7J  per  cent. 

Colwyn  Bay. — It  is  stated  that  the  report  of  the  Board  of  Trade 
mspector  (Col.  Druitt)  has  been  presented. 

Ool.  Druitt  favours  the  use  of  double-deck  tramcars  being  allowed  to  run 
on  the  electric  tramway  between  Old  Colwyn  and  Penrhyn  Bay,  subject 
to  certain  parts  of  the  track  which  are  showing  signs  of  sHght  settlement 
being  re-packed.  Col.  Druitt  states  that  ho  found  the  line  for  the  most 
part  very  well  laid  and  equipped,  and  recognised  the  difficulties  of  the 
company  in  obtaining  the  necessary  labour  for  maintenance  during 
the  war. 

Dover. — Owbig  to  the  great  difficulty  m  getting  coal  from  the 
railway  station  the  borough  electrical  engineer  (Mr.  L.  W.  Woodman) 
suggests  the  use  of  tractors  to  transport  the  coal  to  the  works. 

Mr.  Woodman  also  suggested  that  the  matter  of  increased  storage 
capacity  should  be  again  considered.  It  Avas,  however,  decided  to  refer 
the  matter  to  the  chairman,  the  vice-chairman,  councillor  Barnes  and 
Aid.  Lewis  as  a  sub-committee. 

Ipswich. — In  future  the  tramcars  will  stop  rmming  one  hour  after 
sunset. 

Motor  Road  Sweepers. — Recently  the  Shoreditch  (London) 
Borough  Council  were  charged  with  duty  on  an  imported  motor  road- 
sweeper,  but  owing  to  the  protest  made  by  the  Council  it  is  now 
announced  that  motor  road-sweepers  will  in  future  be  regarded  as 
exempt  from  the  ad  valorem  diity. 

Middlesex  Tramways. — Metropolitan  Electric  Tramways  (Ltd. ) 
has  asked  the  Board  of  Trade  for  sanction  to  run  trailer  cars. 

Nelson. — The  Electricity  and  Tramways  Committee  has  decided 
to  place  on  record  its  ajJisreciation  of  the  gallantry  of  Corporal  J.  W. 
Smit.T,  a  tram  conductor  in  the  employ  of  the  department,  who  has 
been  awarded  the  D.C.M. 

Perth. — The  Corporation  have  granted  an  increase  of  2s.  per  week 
to  their  tramcar  drivers. 

Rotherham. — ^The  Tramways  Committee  recommends  the  Cor- 
poration to  exercise  the  option  to  purchase  the  additional  11  bogie 
tramcars  from  Oldham  Corporation. 

Tramway  Strike. — The  strike  which  broke  out  on  the  South  Metro- 
politan Tramway  Co.'s  system  last  week,  owing  to  a  dispute  as  to 
the  emplo_\Tnent  of  women  tramcar  drivers,  continues. 

On  Tuesday  it  was  announced  that  the  Board  of  Trade  had  intervened 
in  the  dispute.  It  was  suggested  that  the  points  at  issue  should  be 
referred  to  arbitration,  but  though  the  South  Metropolitan  and  the  Lon- 
don United  Tramway  Companies  were  willing  the  Croydon  Corporation 
to  whose  system  the  strike  had  spread)  refused.  At  Croydon  about  200 
drivers  and  conductors  of  the  Corporation  tramways  came  out  in 
sympathy  with  the  South  Metropolitan  workers,  who  originally  struck 
because  two  women  had  been  taught  driving.  Only  18  cars  were  running 
in  Croydon  on  Tuesday,  against  the  usual  60  or  so,  and  on  Wednesday 
the  service  started  at  8  o'clock  with  only  ten  cars  and  finished  at  8  p.m. 
The  increased  wages  and  other  concessions  asked  by  the  workers  would 
(it  is  stated)  cost  £10,000  a  year,  or  a  2,U1.  rate. 

Tramway  Transfer. — It  is  proposed  to  lease  the  tramways  in 
Swinton  and  Pendlebury  Urban  District  to  Salford  Corporation. 

The  lease  provides  that  the  Corporation  shall  reconstruct  and  equip 
the  tramways  for  electric  traction  ;  the  period  of  the  lease  is  21  years  ; 
the  Corporation  to  pay  the  Lrban  Council  a  rental  sufficient  to  pay  off 
in  equal  annual  instalments  in  21  years  the  capital  outlay  incurred  in 
the  purchase  of  the  tramway  and  the  costs  in  connection  therewith. 


m    TELEGRAPH  &  TELEPHONE  NOTES. 


Radiotelegraphy. — "  Engmeermg  "   announces  tiiat  a  large  new 
wireless  station  is  about  to  be  erected  at  Ooresater  (Norway),  and 
that  the  contract  has  been  let  to  the  Gesellschaft  fiir  Drahtlose 
-  Telegraphic  of  Berlin. 

The  station,  which  will  have  masts  of  TOO  metres  in  height,  is  intended 
W  coire^spondence  with  the  large  European  wireless  stations.     It  is  also 
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FOREIGN  NOTES. 


Spain. — The  Ministerio  de    Koniento   has   granted   per-  to 

Don  Tomas  Garmendia  to  utili-sc,  at  the  rate  of  2,.'>T(J  iitre.'i  ^/  :  ad, 
the  waters  of  the  Reburdiejos  and  iSejts  HtrearaH,  in  the  district  of 
Los  Tojos  (Province  of  Santander)  for  the  production  of  electric 

power  for  ndustrial  purijoses. 

Swedish  Exports. — Manganese  ore  and  gas  meters  have  been  added 
to  the  list  of  goods  which  are  prohibited  for  exportation  from  Sweden- 
Swedish  Water-power  Plants. — The  Swedish  Water-j)ower  AB»x-ia- 
tion  has  ])ublished  a  pamphlet,  by  Mr.  Axel  Rap[)e,  (m  new  water- 
power  plants  in  Sweden  in  1915. 

The  total  is  2"',000  h.p.,  exclusive  of  the  State  works  at  I'-irju.-^  ;ind 
Alfkarleby,  and  the  jjurjjoscs  for  which  the  new  plants  are  u.se<l  include 
the  iron  and  mining  industry,  9,000  h.p.  ;  timber,  woo<l  pulp  and  f>ap*T 
industries,  12,000  h^p.  ;  chemical  industry,  1,.500  h.p.  ;  textile  industry, 
500  H.p.  ;  and  sundry  purposes,  5,000  h.p. 

Venezuela. — The  Ministerio  de  Fomento  has  granted  penui.s.sion 
to  La  Cumaca  Electrical  Co. ,  of  Valencia,  State  of  Carabobo,  to  erect 
electric  power  transmission  cables  and  to  construct  telephone  Ines. 
The  Ministerio  de  Fomento  has  granted  permission  to  General  Leon 
Jurado,  of  Coi-o,  to  construct  a  telephone  line  (about  31  miles)  in  Silvaand 
Acosto,  Falcon  State.  Telephone  concessions  have  also  been  granted  to 
Senores  Umerez  and  Herrera,  of  El  Consejo.for  a  hne  (of  about  0  miles) 
in  the  Ricaurte  district  of  the  State  of  Aragua,  and  to  Visitacion  Lugo 
and  Manuel  Gomez,  of  Lagunetas,  for  a  line  of  about  9  miles  in  the 
municipality  of  San  Pedro,  State  of  Mirrnda. 

The  Ministerio  de  Fomento  has  granted  permission  to  Senor  Alfredo 
Jahn,  of  Caracas,  to  construct  a  telephone  line,  about  25  miles  in  length, 
connecting  his  lands  in  the  Department  of  Vargas  with  the  capital. 

illlllllllilillllllllllllllllllllllllllllllllllllii 

m  MISCELLANEOUS  NOTES.  g 

ffllllllllllllllllllillllllllllllllllllllllllllllliy^^ 

Alien  Enemy  Patents.— Messrs.  Edgar  Allen  &  Co.  have  applied  for 
licenses  imder  eight  patents  granted  (in  1909,  1911  and  1913)  to 
Fried.  Krupp  Akt.  Ges.  Grusonwerk  for  magnetic  separators. 

It  is  amiomiced  hat  the  British  Thermit  Co.  (Ltd.)  has  obtained 
a  licence  to  use  eight  of  the  Thermit  patents. 

Application  for  Extension  of  Patent.— Messrs.  F.  G.  Creed,  W.  A. 
Coulson  and  Creed,  BUle  &  Co.  have  petitioned  the  High  Court  to 
extend  the  term  of  letters  patent  No.  22,653/1902,  and  notice  of 
opposition  must  be  lodged  before  May  23  at  the  chambers  of  Mr. 
Justice  Sargant. 

Contracts  with  Alien  Enemies.— Gateshead  Coriwration  have 
adopted  the  resolution  recently  passed  by  Manchester  Corporation 
not  to  enter  into  contracts  with  persons  of  German  or  Austrian 
nationality  or  companies  controlled  by  similar  persons. 

Last  week  Salford  Cori)oratic.i^  also  decided  to  adopt  the  resolution 
recently  passed  by  Manchester  Uity  Council— viz..  "No  contract  shall 
be  entered  into  with  any  person  of  German  or  Austrian  nationality." 

Electricity  Supply  Undertakings  and  Munition  Works.— By  Sec.  9 
(1 )  (D)  of  the  Mmiitions  of  War  ^Amendment)  Act.  l!>Ui.  the  Mmister 
of  Mimitions  has  authority  to  certify  undertakuigs  supplymg  light, 
heat,  water-power  or  tramway  facilities  to  be  of  unixirtance  for 
carrvmg  on  mmiition  work. 

The  effect  of  granting  such  certificate  is  that  the  undertaking  will  bo 
subject  to  the  provisions  of  Part  1.  of  the  ]Mu-\:tions  of  War  Act.  liUo. 
which  prohibits  strikes  and  lock-outs.  Under  see.  -t  of  the  Munitions 
of  War  Act  1915,  certified  undertakings  may  be  declared  oontrollert 
establishments,  but  the  :\linistry  of  :Munitions  docs  not  pnn>oso_to  take 
this  course  at  present.  The  provisions  of  the  Munitions  of  Wat  Acts 
relatin"-  to  Icavins;  (>ertificates  will  apply  to  undertaku  ;rs  so  ct-rtiheil. 

More  Enemy  Firms  Wound  Up.-The  Board  of  Tr^vde  has  now 
issued  orders  for  tbewmding  up  of  100  com,vanies  or  firms  controlled 

bv  alien  enemies :—  ,,.,,•■         ion 

The  latest  list  includes  Ferrum  (Ltd.),  agents  for  hydranho  pii>o.s,  L^O. 
Winchester  House,  Old  l^road-street,  London.  E.C.:  Alio  it  to..  a^nMits 
for  aluminium  foil,  4.  (^Iiarlos-stivet.  Hattou  tiarden.  U^mion.  L.t.; 
Berkcfeld  Filter  Co.  (Ltd.),  121,  Oxford-stnH>t.  London.  \V:  M=»;^„'»'"^^"- 
fabrik  Augsburs-Nurnberg  A.C..  Caxton  House.  \\  est  minster  5>.W;  and 
P.  M.  Krebs  &  Co.  (Ltd.).  dealers  in  heating  apparatus,  &c..  i.  Old 
Gloucester-street,  London,  W.C 

Supplementary  Examination  in  Electric  Light  Switching.— At  the 
end  of  this  month  the  results  of  tlie  competition  just  closed  wi U  te 
published  in  this  journal.     Meanwhile  we  are  asked  by  Messrs.  A.  F. 
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Lundberg  &  Sons  to  announce  the  fact  that,  owing  to  the  success 
of  this  competition,  a  surjjjiementary  examination  will  be  conducted 
shortly  on  the  same  sets  of  problems. 

Particulars  will  be  issued  to  old  and  intending  new  com])etitors  early 
next  month,  and  meanwhile  tliosc  who  have  a  copy  of  the  February- 
examination  pamphlet  should  keep  it  by  tliem.  Those  who  have  not 
can  obtain  one  on  appHeation  to  the  firm  at  477-487  Livprpool-road,  N. , 
within  th"  ncNt  thrff  ivi-rk 

Trading  with  the  Enemy.  The  I'.it.iMn  'ji.,  |,.  |j,|,;iiiimiii  has 
issued  recently  several  instalments  of  a  statutory  list  of  linns  of 
enemy  nationality  or  association  with  whom  all  dealings  In-  j;ersons 
carrying  on  business  in  this  countr3-  are  jjrohibited. 

Transactions  with  such  firms  are  prohibited,  subject  to  the  same 
penaltii's  as  transactions  with  firms  in  enemy  countries,  exc-ejjt  in  cases 
where  .a  gen<Tal  or  special  licence  has  been  <.'rantcd,  ])(Tmittin<:  the  trans- 
action. A|)pIiciition  for  licences  should  be  a<i(ires.s«-d  t(;  the  Controller. 
Foreign  Trade  l><i)artment.  i^incaster  House.  St.  .lames'; jyondoii.  S.W'.. 
giving  name  and  address  of  a|)|ilicant.  name  and  adflre.ss  (jf  the  buyer, 
date  of  order  of  goods,  nature  of  the  goods,  jjrosjjective  date  and  port  of 
Hhipment,  &c.,  if  ready  for  shipment,  marks  and  numbeis,  and 
name  of  the  actual  consignee,  whether  the  goods  are  .sea.son  goods, 
and  if  so  when  season  commeiucs.  all  other  ( iirrcnt  onlers  frt-m  same 
buyer. 

l'"urthfr  lists  of  fums  and  peisons  in  I'.cutral  countries  witii  wiiuni 
trading  by  persons  in  the  I  nited  Kingdom  is  jjrohibitcfl  weic  (jublislicil 
in  the  "  i/mdon  (lazette  "  of  A\)t\[  ~.  These  include  the  followini;  : 
Nfthcrliiiid''  :  Allgemeine  Electricitiits  Cesellschaft.  .AuT^terdam  ;  Conti- 
nental Caoutchouc  k  (;utta  Peicha  Co.,  I'rinsengraeht  1U77.  .\msteidain  ; 
O/onwerken  "  Nederland,'  S<  hiedam. 

Thr-  following  is  removed  from  a  previous  list  :  Crt-fc  :  Karl  W'-her, 
Athens. 

Tlie  following  is  a  variation  of  an  entry  in  the  list  ])ublished  I'eb.  20  : 
NHli'rliiiKf.y  :  Deventer  (Mas  .Maatxcliappij  (N.V.)  Deventer.  shouM 
read  :  Deventer  (Mas  .Maatschappy  N'orliccn  .1.  J'ouvels  Coelingh  (.N.\  .) 
Deventer. 


Trading  with  the  Enemy. — The  Controller  of  the  Foreign  Trade 
Dej^artment  wi.shes  to  impress  uix)n  houses  engaged  in  foreign  trade 
with  neutral  countries  the  necessity  of  complying  with  the  Royal 
Proclamation  of  Feb.  29,  1916,  containing  a  statutory  list  of  firms  of 
enemy  nationality  or  association  with  whom  dealings  by  persons  and 
firms  resident  or  carr\-ing  on  business  in  this  country  are  prohibited, 
and  to  the  subsequent  additions  which  have  been  made  to  the  list 
bv  Onlt^rs  of  Council  and  )>nbli.';heii  in  the  I><iiid<.n  ( Jrizettt-  "  of 
.NJarch  id  .iiid  '2i  and  April  7. 

it  is  desiivd  to  ])oint  out  that  all  transactions  w  th  i>cr.sons  or  firms  on 
the  statuton,'  1st  are  str  etly  ])roh:bited  under  similar  penalties  to  those 
attaching  to  transactions  with  persons  or  firms  in  enemy  countries,  except 
under  a  general  or  sjiecial  license  granted  by  the  Foreign  Trade  Depart- 
ment. It  is  al.<o  desin'd  to  ])oint  out  that  transactions  with  pennons  or 
firms  on  the  statut<»ry  list  include,  as  well  as  actnal  sales  to  or  purchase 
from  such  ]iersons  or  firms,  all  correspondence  therewith  in  regard  to 
])ast  or  ])ending  business,  and  the  receijit  or  payment  of  money. 

'J"he  Controller  wishes  to  warn  all  concerned  of  the  necessity  of  making 
themselves  accpiainted  with,  and  strictly  observing,  these  regulations, 
as  notwithstanding  a  jirevious  notice  and  the  jiublication  of  the  lists  in 
various  trade  journals,  a  larije  number  rif  individuals  and  firms  appear  to 
be  unaware  of  their  obligations  in  the  matter,  and  of  the  penalties  to 
which  they  are  rendering  themselves  liable  by  neglecting  them.  Hou.ses 
engaged  in  foreign  trade  with  neutral  coiintries  are  strongly  advised  to 
ensure  that  they  ol)tain  the  lists  as  they  ai)|)ear  by  ordering  them  to  be 
supplied  regularly.  .\ll  ajiplications  for  litciiMs  should  be  marked 
■  A|)plication  for  License  '  on  the  enveIoi)e  anrl  addresst'd  to  the  Con- 
Irolle..  ForciL'n  Trade  Dei)artment,  I^ancaster  House, St.  .lames'. S.W. 

Tribunal  Cases. — -At  Burnley  last  week  an  electrician  made  appli- 
cation for  bis  motor  repairer  and  armature  winder. 

The  .M.vvoii :  It  will  be  easy  to  have  tliis  work  sent  away  '! — Not  at 
present.     \Vc  are  doing  woik  for  firms  on  (iovernment  work. 

.■\j)ji!ieation  was  refused. 

At  Cui)ar  and  St.  Andrews  an  electrician  emidoyed  at  Guardbridgc 
Paper  Works  wa-s  granted  until  .June  30. 


TENDERS    INVITED. 


Water  Tube  Boilers. 

renders  are  invit«d  l)y  tb(>  electricity  department  of  tlic 
County  Horougli  of  Wkst  Hakti-KTooi.  for  the  su])))ly  and 
erection  <jf  two  Water-tube  Boilers,  with  Sujierheaters  and 
ISIeelianieal  Stokers.  Conditions  of  contract,  specificatioiLs  and 
form  of  lender  from  the  borough  electrical  emrineer.  .Mr.  .1.  W. 
Spark,  and  tenders,  addres.scd  to  the  Town  Clerk,  nnist  be  de- 
livered by  .\])ril  2S.     Spp  an  adrrrlisewent. 

Switchgear. 

Sai.riiii)  CorjMirafion  rerpiire  ten<]ers  by  noon  April  17  for 
the  HUjiply.  delivery  and  erection  of  Three  jihase  FiXtra-high- 
])ressnre  and  low-pressure  Switchgear  for  three  .'i.tKMI  kw.  sub- 
station e(|nipnu'nl.  Siweilicalions.  \'i-.,  fnmi  the  burgh 
electrical  engineer,  .Mr.  .1.  A.  lioberlsmi.  i-'rederiek  road,  Salford. 

Electricity  Meters  and  M.D.  Indicators. 

'I'lie  Couniil  of  the  (  il\  of  .M  Ki.Mi  HKNi:  (.\usfralia)  invite 
tenders  for  the  supply  of  Mlectricily  H<'((>rduig  .Meters  and 
Maximum  Demand  !ndi<;.,torH.  S(K'<itieiiti()ns.  tVe..  from  the 
Agents  for  thr-  City  C(inn<il.  .Me.ssrs.  .Mellw.iith,  .McKaeliarn   k 

'        Co.  Ppy.  (Ltd.),  Milliter  s(|narebnildings.  LmdonjK.C..  io  whom 
tenders  are  to  be  sent  by  noon,  .May  1. 

Turbo-Alternator.  Gas  Producer  Plant,  &c. 

Tho  .Ni.u  Soirii  W  Mis  ( .<i\  i;kn.mi;nt  Uailw.iys  and  Tram- 
ways De|)artnu'nt  invite  tenders  for  the  8up])ly  and  erection  of 
u  2,500  kw.  Turbo  .Alternator  for  the  Zarra  street  (Newcastle, 
iS'.S.W.)  power  bouse.  S|K'eificatioM  (No.  470)  from  the  Klec- 
trical  lOngineer,  N.S.W.  (Jovt'mment  Railways  and  Tramways, 
(il.  Hunter  street,  Sydney.  T(>n<lers  to  Chief  Commissioner  for 
Railways  and  Trainways.  Phillip  street,  Sydney,  by  noon  .May  .'$. 

WANdANt'i  (N.Z. )  Horough  Council  recpiire  ten<ler»  by  noon 
May  9  for  the  snj)ply  an<l  .^reetion  of  .Additional  Plant  at  their 
trantway  |)ower  hou.se,  including  Pn>ssurety|K'  (Jas  I'roducer 
Plant,  (!as  Kngiiu'.  HIeetrie  (ieni-rator  anil  Switchgear.  Speci- 
lication,  iVe.,  from  the  Town  Clerk. 

Sub-St.^tion  Equipment. 

Jhe  \i(  TduiAN  Railway  Commis,sionkr.s  require  tenders  by 
11  a.m.  .April  2(1,  for  the  suppl\  of  Klectrical  K<piipn'.ent  an<l 
Acces-sories  for  substation  for  the  Sandringham  Ulaek  Rock 
tramway  (contract  No.  29.702).  Sj>ccilication»  and  ftmns  of 
lender  from  the  V'ietoriin  Railwav  Commi.'wioners.  Melhoume. 


?ramway  Construction,  Tramcars,  &c. 

Tiie  l)irecci()n  (General  de  Obras  Piiblicas.  Ministorio  do 
]'\)mento,  Madrid,  retpiire  tenders  by  May  19  for  the  construc- 
tion and  workijig,  for  (>0  years,  of  an  electric  Tramway  in 
Bilbao,  connecting  the  existing  system  with  the  Irala-Barri 
district.  ^Minimum  rolling  stock  recpiired  to  commence  is  one 
motor  and  one  trailer  coach  for  jwssengers.  and  one  motor  goods 
coach  and  two  trailer  goods  wagons.  An  option  on  the  con- 
cession is  held  by  the  Soeiedad  Tr.invia  I'rbano  de  Bilbao. 

l)i-\Ei)ix  (N.Z.)  City  Council  recpiire  tenders  by  .')  p.m.  May 
17  for  six  Electric  Tramcars  and  sections  of  Cars  (Bodies.  Elec- 
trical Kquipmcnts  and  Trucks).  Sjiecific.ations,  fee,  from  the 
Town  Hall,  Dunedin. 

.IdHANNKsnrKd  (Transvaal)  CoiuM'il  require  tend(>rs  by  mxin 
dune  ('•  for  snjiply  of  two  Mangancs**  Steel  Crossings.  Six^ci- 
(i(  atioii.  iVc.  fniin  the  Ahnticip.il  Ofiiccs.  .lobannesburg. 

Telegraph  and  Telephone  Material,  &c. 

Tb<'  l)e|nily  Post  master-!  ieneral.  .MellMuinie.  recpiires  tonilers 
by  :{  p.m.  A])ril  18  for  su])ply  of  S..VKI  Kuses  (schedule  1.299) 
for  the  Ar.sTKAi.i AN"  Common wKAi.Tii  Postmaster-tJener.irsDcpt. 
Si)eeilication  from  Deputy  Postm.aster-CJeneral.  Melbonme. 

Tenders  will  be  receive<l  until  3  p.m.  A]iril  2(»  by  the  Deputy 
Pot-t master-General,  Brisb.-ine,  for  sui^jily  at  Toowoomba 
Exchange  (Qtieensland)  of  live  Sections  of  Tnmk  Line  Switch- 
bo.ard  'Sehctlule  ;J42)  for  the  Atstraman  Commonwealth 
Po  .tmaster-tJenerars  Department.  S|>erifications,  ie.,  from 
the  De|nity  Postinaster-fiener.al. 
Car  Lighting  Material.  &c. 

The  \i(T(iKi\N  Hmiww  Commissioners  nMpiire  fenders  by 
11  a.m.  .April  2(»  for  Car  Lighting  materi.-vl.  including  i.r.  Cable. 
Switches.  Lamp  Cartri<lge  Fuses.  Plugs.  Sockets.  Ac.  (contract 
No.  29.7S4)  ;  an«l  by  11  a.m.  .May  10  for  .Motor  (Generator  and 
Accessories  for  Hattery  Charging  of  Paggage  Tnicks.  also 
Switchlxwinl  and  Connections  (contract  No.  29.790).  Sijeeifica- 
tions  from  Spencer  street.  Mell>onme.  Victoria. 

Electric  Elevator. 

The  \  KToRiAN  RAILWAY  (ViMMissioNERS  rcquiri^  tenders  by 
1 1  a. in.  .May  17  for  the  supply  aufl  erection  of  a  2-ton  Electrically 
o|iera(ed  (ioods  Elevator  at  the  .^olimont  ear  she<l.  Sjx'cifica- 
tionsfroni  the  CommiwiinnerH'  Ofliee.  Sp«»neer-Rtrpet,  Mellxiume 
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Water  Softening  Plant. 

VValthamstow  Urban  Cuuiicil  rccjuirc  tcndcns  by  .")  p.m. 
April  26  for  the  ,suj)j)Iy  and  erection  of  a  Water-softening  Plant, 
to  deal  with  5,000  gallons  of  water  per  hour,  for  the  clectiicity 
d  partment.  Specitieation,  &c.,  from  the  Engineer,  electricity 
department.  Priory-avenue,  Walthamstow. 

Wiring  and  Fittings. 

Manchester  Gua'dians  require  tenders  by  April  17  for 
Elcitrical  Materials  required  in  connection  with  the  additional 
electric  lighting  of  the  main  side  of  the  Withington  Institution. 
Particulars  from  the  Acting  Master  of  the  Institution,  Xell- 
lane,  West  Didsbury,  Manchester. 

PoRTSMOi'TH  f'orporaticn  want  tenders  by  10;i,m.  April  18 
for  the  installation  cf  Elee'tricity  Supply  in  the  extension  of  the 
Infectious  Diseases  Hospital,  Milton.  Forms  of  tender,  &c., 
from  the  Borough  Eiigiiecr. 

Boiler  Plant  and  Economiser. 

Warrington  Electricity  and  Tramways  Committee  require 
tenders  by  noon  April  2(5  for  sup])ly  of  Boiler  Plant  and 
Economise:'.     Specification  from  Borjugli  Electrical  Engineer. 


TENDERS  RECEIVED  AND  ACCEPTED. 


Portsmouth.  The  corjioration  h;is  ;;(ccpted  the  foUovvhig 
liMiders  for  stores  for  the  trr,mways  department :    - 

Jiromall  Patents  (-o.,  insulating  materials;  Scholcy  &:  Co.,  steel 
tianiway  lyres  (£.'5.  19s.  per  tyro)  ;  Spiccr  Bros..  P.  li.  Jackson  &  Co., 
Micauitc  &  insulators  ('o.,  Mica  Mfg.  ('o.,  (ieiToral  Electric  Co.  and  Carr 
\irot>.,  insulatin<f  tajx-s  ;  British  Thomson-Houston  Co.,  incandescent 
lamps  ;  Fleming,  Birkby  &  Coodall  and  F.  Smith  &  Co..  overhead  lino 
material ;  Engelbcrt  &  Co.,  Vacuum  Oil  Co.  and  Worsingham  &  Co., 
lubricating  oils,  &c. 


KwrHESTKK.  ilif!  (jij.irrlians  have  atccptf.1  IImj  tender  of  R. 
Springer,  at  t."*?.  |(K,  for  coinpktini?  the  wiring  of  the  Withington 

Instit  tion. 

Liverpool.-  T/ic  tender  of  J.  ('..  XieholJM  (Ltd.)  ha«  ^jcen  accepted 

for  six  months'  Kui)p!y  of  gla.sH  to  the  lighting  defiartment. 

Sheffield. —Tne  following  tcnderK  have  U-vn  recommenderj  to 
the  City  Council  for  acceptance  : 

W.  Marlow  &  Sons,  erection  oi  .Sidnev-.itr».-«-t  »ub  Ktation.  £I.OIO.  and 
erection  of  Stanley-street  sub-.station.  £1.21>i;  M' '•    -    '   ''      in- 
creasing efficiency  of  the  si.x-ccll  unit  at  Luml«  75 
per  cent.,  £1,029;    Edis  n  Aecumulators  (Ltd.;.  J  :ou  via^ou.  UJUO 
2-ton  wagon,  £1,00(J.                                                                     *  ' 

Westminster.  The  guarrlians  have  accepted  the  tendeni  of 
Po])es  Lamj)  Co.  for  six  months'  ;  ujjj.ly  of  rifftri'-  larn]*.  and  that 
of  the  General  Electric  Co.  for  eleetricjd  fitting:;.  &.>. 

Wolverhampton.— Tnc  p:icctricity  Committee  rccjmmendB  the 

Council  to  accej)t  the  following  tenders  : — 

Brush  Electrical  P:ngineering  Co.,  two  transformers  (?Jit)  kw.  ••a<h). 
£399.I0s.  ;  A.  lleyrolle  &  Co.,  switchgear.  £79«i ;  Stirliii;;  BoiUrro..  two 
water-tube  boilers,  two  superheaters  and  two  .sets  of  mechanical  »tokent 

£8,221.  l.js. 

Cardiff.  — The  tender  of  the  Cental  Electrie  Co.  ha«  l*en 
accepted  for  the  supply  of  electric  lighting  sundri'^s  to  the  Welsh 
Metropolitan  War  Hospital,  Whitchurch. 

BiNGLEY. — The  Council  has  accepted  the  tender  of  the  Eleetrii  al 
Apparatus  Co.  for  12  months'  supply-  of  liou.sc  .service  meters'. 

KEKiHLEY.  The  Council  hm  accepted  the  tender  of  Mather  & 
Piatt  (£122.  L5s.)  for  a  32  H.r.  motor  for  driving  a  pump  on  the  Hecce 

Mill  Co.'s  estate. 

Aruentina. — The  Post  and  Telegraph  Dcpjirtmcnt  ha,s  been 
authorised  to  ])urchase  .500  insulators  from  Colson,  Brtxikhouse  k, 
Pync  (Buenos  Ayres),  for  S42.)  m  n.  and  ."Jo.tJiJO  kilos  of  No.  7  wire 
from  H.  Fuhrmann  &  Co.  (Buenos  Ayres)  for  $5,96.3.75  m  n. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Dover.— The  accounts  of  the  electricity  (lejjai'tuuuil  lor  Hk^  yea.r 
ended  March  31,  1915,  show  total  c;!.])ital  exjieuditure  £191.907,  of 
which  £(3,227  has  been  repii.id. 

Year's  revenue  was  £29,bt)9,  and  working  and  general  expenses  «ere 
£11,070,  gross  protifc  being  14,598.  The  net  surplus,  after  jnoviding  for 
capital  charges,  was  £3,080.  Units  generated  Avere  1,778,787  and  sold 
1,518,657. 

Huddersfield. — At  a  recent  meeting  of  the  Corporation  the  electricity 
department  accounts  for  the  year  ended  Dec.  31  were  approved. 

The  gross  piolit  was  £3,442  (against  £4,()2(>  for  1914).  of  which  £1,292 
(£1,925.  12s.  3(1.)  was  tiansfcrrcd  to  ilejncciation  and  continjj;encies 
account  and  £2,150  (£2,1(»0)  to  relief  of  rates.  :i)c])reciation  and  con- 
liniiencies  account  shows  a  balance  in  hand  of  £8,17t>  (£8,090). 

Aid.  Marsland,  who  moved  the  adoption  of  the  accounts,  said  the 
quantity  of  fuel  used  had  increased  from  20,781  tons  iji  1914  to  28,242 
tons  in  1915,  an  increase  of  36  per  cent., and  the  cost  had  risen  from  £11,215 
to  £19,634,  increase  of  75  per  cent.  The  n  verage  cost  per  ton  was  13s.  11  d. 
(against  10s.  lOd.  for  1914),  and  so  far  this  year  it  was  just  over  15.s. 
Wages  at  station  increased  £884,  caused  by  extra  cost  of  liandling  coal, 
line  to  delay  in  con)i)l(^ting  the  coal-elevating  and  storage  ])lant,  which  was 
now  working;  to  the  payiuent  to  men  on  military  duties,  and  to  the 
increased  wages  granted  to  employees.  Units  sold  were  10,536,374, 
increase  30-5  per  cent.,  due  to  the  large  demand  for  power.  A  large  part 
of  the  energy  used  had  been  taken  by  consumers  who  had  been  working 
at  night  and  had  considerably  improved  the  load  factor. 

Aid.  Wheatley  contended  that  almost  the  whole  of  the  increase  in  the 
cost  of  fuel  was  due  to  the  requirements  of  the  power  consumer;-,  and  that 
it  would  bo  no  hardship  if  an  adjustment  of  pricco  to  themjwcrc  m.ade.t 
The  diSerentiation  wac;  carried  too  far  and  became  almoct  a  subsidy. 
The  committee  alao  proposed  to  allot  £2,150  in  preparation  for  a  subsidy 
of  the  rates.  As  the  committee  had  only  £8,000  or  £10,000  with  which  to 
meet  any  catastrophe  they  should  have  put  the  sum  to  the  contingencies 
fund,  which  should  be  built  up. 

Coun.  Buckley  thought  large  and  small  consumers  should  be  placed  on 
the  .same  terms,  with  the  variation  of  a  small  discount. 

In  reply,  Aid.  Maksi.and  said  fuel  costs  were  higher  when  supplying 
light  only,  due  to  the  losses  on  the  works  during  the  daytime,  when  light 
wao  not  required;    but  the  serious  difference  was  due   to  the  standing 


( barges  which  had  to  be  met  by  the  average  use  of  the  Ughts  for  one  hour 
per  day,  whereas  the  power  (■onsuiner  could  meet  the  chaises  by  sprradmg 
(hem  over  an  average  of  eight  hours  per  day.  Without  the  opportunity 
which  the  power  supply  gave  them  of  increasinj;  their  output  the  cost  of 
lighting  would  be  very  much  more.  The  metallic  filainent  lamps  reducctl 
the  cost  of  current  io  the  iimsunier  l)y  twnthirds.  and  the  half-watt 
lamps  now  reduced  the  cost  to  one-half. 
The  minutes  were  then  adoiited. 

Ilford.-The  accounts  of  the  tramways  depiirtment  for  the  ye*r 
ended  March  31,  1915,  last.  s';ow  tot-l  capit  •'  expenditure  £149,573 
(no  increase),  of  which  £50,043  has  been  repaid. 

Revenue  was  £31,980  (against  £25.792  in  1914)  and  workuig  expends 
were  £23,520  (£20.878),  gross  profit  being  £S.46t»  (£4.914).  instalments  of 
loans  required  £5.251  (£5,069),  and  inteivst  £3.7S6  (£3.969).  Total 
revenue  per  car-mile  was  S12d.  (7-4Sd.)  and  working  e.\|H'nses  iKTcar- 
mile.  including  i)ower,  were5-97d.  (5-877(1.).  I'assengerM-.irrioil  ou  Ilfoni 
system  were  9,203,077  (against  8.036.5.-»2).  and  ear-miles  run  in  llfoni 
773,490  (827,8()3)  and  in  Barkmg  104,323  (nil). 

Marylebone  (London). — The  revenue  account  of  the  electric  supply 
department  for  the  quarter  ended  Dec.  31  last  shows  totjd  income 
£69,991  (increase  £5,832  over  corresponding  (piarter  of  1914). 

Revenue  from  consumers,  includiui;  meter  rentals,  was  £60.469  (in- 
ecraso  £5,920).  Working  and  general  expenses  wen>  £21.636  v>iuTe«.Ms 
£2,197).  Avoraue  piice  per  unit  was  3075(1.  (against  2-97*1.).  and  ex- 
penses were  l-042d.  (l-012d.).  Average  cost  ot  coal  \rr  tun  was  22s.  1.1.. 
compared  with  14s.  3.\d.  in  1914,  representing  an  extra  oxpenso  of  £3.H>S 
on  the  8.131  tons  us^d".  Special  war  expeiuses  were  £1.0S1  (against  £923). 
Tho  Electric  Supplv  Committee  report  that  in  roforence  to  advertise- 
ment for  tenders  for  ^ix  months'  suuplies.  a  num»>'^r  of  tenders  were 
received  piacticaUv  all  of  wliich  ar-^  subj.vt  to  special  reservations  thie 
to  prevailing  conditions.  So  far  as  small  house  c.il)lo5.  flexible  cords. 
rubber  goods  and  iusulatmc  materials  are  concerned  tho  prices  quoted  aro 
indefinite,  and  the  committee  have  decided  not  to  accept  any  tender,  but 
to  buy  in  the  open  market  as  occa3    on  arises. 

Tho  committee  has  intormed  tho  secretary  of  the  National  AmaJga- 
mated  Union  of  Enginemen.  Fiiemeu.  Motormen.  Mechanics  and  Electrical 
Workers  that  the  application  of  members  of  the  said  union  m  the 
( 'euncil's  employ  Un-  an  advaiu  <>  of  4s.  per  week  cannot  l>o  .uranled. 
Oldham.  The  net  prolil  on  the  tramways  for  1915-lG  was  £3.985. 
Out  of  the  moss  revenue  £.-..225  was  paid  in  allowances  to  dependents 
of  men  with  the  colours;  £1.000  was  .^pentouan  extension  to  HoUinwood 
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dey>ot  and  i548  for  an  injpiovement  in  Hipix^nden-road.  Thf  groKS 
profit  wnn  over  £I0,<XJ0,  which  is  considered  one  of  the  mo^l  satisfaetory 
results  in  the  history  of  the  undertaking.  On  the  three  motor  "ba-^eB 
1  here  had  been  a  ir,hs  of  £720  on  the  year. 

Rochdale. — The  total  receipts  of  the  Corporation  tramwa-vs  were 
£82,84(»  for  the  J  2  months  ended  March,  an  increase  of  £4,477. 

'J'he  ear-rniles  run  were  1  ,nOO,<J87,  a  decrease  of  HH.oS'j  mi'e:' ;  I.'l,70.5.87 1 
jjaKWiipers  were  carried,  an  increase  of  298,5/53.  'I'iie  receipts  were 
nearly  I2\il.  per  car-mile  run,  more  than  Id.  per  mile  in  excess  of  1914-1.5. 

Wigan. — The  revenue  ci  the  niunici]ja!  trainway.s  for  the  past  year 
■wa.s  £79,419,  against  £7/>,270  in  1914-lo,  an  increase  of  £4,218. 

'J'he  pasHcngerH  carried  were  14,f)50,03o,  comf>ared  with  13,811,709 
(increuHe  838,:i20),  but  the  car-mileage  was  only  1,4-10,017,  against 
1,495,78')  (deereaHe  of  .55,109).  The  expenses  per  car-mile  were  l?-13d., 
against  12-07d.  per  mile,  an  increase  of  1-OOd. 


COMPANIES'  MEETINGS  AND   REPORTS. 


ALTRINCHAM  ELECTRIC  SUPPLY  (LTD.;  Mr.  ('.  .1.  lord  presi.lcd  at 
the  meeting  last  week,  and  t^taterl  that  <luring  the  past  jcar  further 
deix-ntures  to  the  amount  of  £5,000  Iwul  been  issued  in  order  to  provide 
the  iieeessarA'  ea|)ilal  for  extensions  of  ])lant.  &e.  The  results  were  nf>t 
equally  favourable  as  in  1914,  mainly  due  to  increased  cost  of  coal  and 
economies  •■xereised  by  ])rivate  consumers.  In  additifm.  many  firms 
who  it  was  antiei])ated  would  have  been  consumers  of  current  for  jiower 
had  <xj)erienced  difli<tdties  in  obtaining  delivc  ry  «>f  their  ])lant,  and  that 
had  the  elTeet  of  s<imewhat  restrieting  tin-  amount  of  current  which  the 
dire.ctors  had  hoped  would  have  been  sold  for  that  ])ui)>(ise  during  1915. 
The-  ihnirman  reminded  the  shareholders  that  in  1915  he  intimated  that 
steps  were  br-ing  taken  to  obtain  a  fresh  provisional  f»rder.  having  for  its 
sole  obj«'ct  the  remodelling  of  their  (  apital.  That  step  a])pearcd  to  have 
been  wholly  niisinteq)rpted  by  some  local  authorities,  in  consequence  of 
whi<  h  op|)ositi(in  was  tiled  with  the  Hoard  of  Trade,  who.  in  consequence, 
refus<'d  to  sanction  the  provisional  order.  No  additional  jiowi-rs  what- 
ever had  b(<'n  sought  under  the  order  in  (|Ucslion  which  would  possibly 
afTeit  the  rijjht  of  the  IikhI  authorities  or  the  ]iosition  of  the  com])any's 
eustomei-s,  and  he  felt  that  that  gratuitous  intrusion  of  the  local  autho- 
rities into  a  matter  which  was  ])\irely  a  domestic  one,  and  affected  solely 
the  inlensts  of  the  company's  shareholders,  was  much  to  be  regretted, 
and  (lid  not  t<'nd  to  assist  the  friendly  n'lationshiii  which  it  was  very 
desirable  should  exist  between  the  comjmny  and  the  local  bodies. 

BRITISH  WE3TINGH0USE ELECTRIC  &  MFO  CO.  (LTD.)  -Thechairman 
(.Mr.  .1.  Aiuiaii  I'.ryi  c.  .M.  j'.),  in  moving  the  ado))tion  of  the  annu;d  n-port 
at  the  meeting  lastw  eek,  stated  the  balance  cnrri<'d  forward  (£44. 0;i2) 
n'prownted  an  incn-ase  of  £!Hi.51 1  over  last  year.  A  large  carr>-  forwanl 
wa«  neeessarj-  in  view  of  the  legislation  of  last  wssicm.  I'nder  the 
Finance  (No.  2)  Act  of  1915  then-  was  imposed  a  tax  of  .'lO  per  e<'nt.  of  all 
excess  profits  uf  businesses  whose  accoinits  were  made  u|>  from  Sep- 
tember. 1914,  to  .Inly,  1915,  and  as  their  accounts  were  made  up  on 
Dec.  m.  1914,  the  la  \  fell  ope  in  the  jirofils  made  by  them  in  th<'Vear  1914, 
and  was,  iherefnrc.  rclros|ie(ti\e.  The  tax  was  imposed  largely  in 
deferenc-e  to  the  demand  of  workmen  that  their  labour  should  not  be 
exploited  by  mnnufncturers  making  excejjtion.il  j»rotits  thn-ugh  war 
conditions.  If  the  tax  had  lK-<'n  im]Kised  soh-ly  on  jirotifs  due  to  the  war 
no  excc]>lii)n   could   have   been   taken,   but    it   s)i  '    it 

would  ha\e  bei  n  ditlicnlt,  if  not  im|>oKsible,  to  <l  iig 

from  the  war  from  profits  made  during  lhr>  war.  .Nalurally.  the  Treasurv 
c-hose  tin-  c<(urw  whi<'h  not  only  was  nimpler,  but  Indught  a  great  deal 
more  Krist  to  its  mill,  and  acconiingly  the  tax  was  im|ioscd  on  ell  busi- 
nesses which  had  made  more  j.rolit  d\iring  the  war  than  bcfoie  it.  Ihit 
it  wns  evident  that  in  the  ca»«'  of  a  very  large  numlsr  of  busincHws  the 
result  was  most  unfair.  It  was  unfair  ni  nil  i-ases  where  n  business  was 
in  a  state  of  ilcvlnpnicnf  and  when-  (Ite  Lirger  jirofits  in  1914  had  no 
neci'ssary  connection  with  the  war.  and  whrn*.  indeed,  in  many  eoxes 
they  would  have  be<-nslilllnrgerl»ut  for  the  w«r.  That  WBs|>re-<'minently 
their  own  case.  The"  war  lM>Knn  on  Aug.  4,  1914,  and  their  nccoiinln  were 
closed  on  pec.  .'M.  1914.      They  had.  tlii  i    '  ulv  five 

months  I  if  the  war.  during  I  he  first  i  if  win  udvscd 

and  dnrini:  the  last  four  of  \%hi<  b  ii  uns  r\'  diltii  ult  to  <  undue  t 

owMig  to  the  loss  (if  nuich  of  their  skilled  lal"       .  v  l'\   niiting  and 

jiarlly  from  the  sudden  demnndn  of  thi»  (lovernn  .  which,  by 

etiormcus  wages,  templed  a«ny  ninny  of  llien  c'l  im  n  Moi-ctivcr. 
during  the  last  four  moiitlis  nf  1911.  not  milv  Ubmir  but  inntiTinls 
advanced  in  jiriic,  s(i  thai  their  c  ht- 

more,  in  a  bii-incss  like  theirs,  i'  'ter 

the  order  wns  taken,  and  it  might  l>e  said  that  iii'ii<'  it  their  piofits  in  the 
year  1914  wen-  due  to  orders  taken  during  the  war  mouth*  of  that  year, 
or  even  to  orders  taken  in  tho  prewar  mimlho  of  that  year.  Not  only 
were  their  larger  |)roflts  of  1914,  u  i         '       •'  i,,,( 

due  III  any  m-nse  to  the  war.  but  «■  uld 

have  bei  n  had  there  been  no  war.  \    w;  n-  I  tfi 

the  Government  half  of  the  excess  |  t   1914  e  .ut 

of  the  lhn<>  pre-war  years  1911,  MM-!  and  I9i:i  mendy  U><  nuM>.  as  the 
WHult  of  hard  lh«>t|ght  and  hnrtl  work,  their  profit*  hamxm^il  to  I>e  on  an 
•M^ltUing  ncnlc,  while  other  concn-rns  whic  h  had  rea«  he«|  their  ch.velop- 


ment  sooner  were,  though  making  far. larger  profits  than  themselves, 
entirfdy  exempt  from  the  tax.  Surely  nothing  more  unfair  can  be 
imagined,  yet  the  Chancellor  turned  a  deaf  car  to  evcrj-  argument,  and  in  the 
Budget  which  he  ha-  j.::  t  introduced  he  proposes  to  increase  the  injustice 
still  further  by  raising  the  tax  from  50  to  60  per  cent.  Thej-  would, 
therefore,  see  that  a  large  provision  was  necessars'  against  the  uncer- 
tainties of  the  situation,  and  he  was  by  no  means  sure  that  if  the  report 
had  been. delayed  till  after  the  Budget  their  directors  would  not  have 
decided  upcn  a  still  greater  provision.  The  net  profit  was  £176,7.52, 
against  £151,027  for  1914.  an  increase  of  £2.5,125.  That  was  not  so  large 
an  increa.se  as  that  shown  in  the  1914  accounts  over  those  of  1913,  but 
under  the  circumstances  it  might  be  considered  satisfactory.  With 
regard  to  their  business  generally  during  1915.  their  total  orders  received 
(comjjared  with  1914)  showed  an  increase  of  about  73  per  cent.,  but  that 
included  cme  large  single  order  for  the  electrification  of  an  important 
railway,  amounting  to  about  £.5iKJ.O0O,  to  which  there  was  no  correspond- 
ing order  in  1914.  After  eliminating  those  two  items,  the  general  orders 
still  showed  an  increase  over  1914  of  some  30  per  cent.  A  considerable 
])art  of  that  increase  was  prrjbably  due  to  the  absence  of  German  com- 
jietition.  from  whi'  h  th«-y  had  sufFcR'd  so  muc  h  in  the  past.  They  must 
hc)]»o  that  when  ]teace  was  concluded  that  comiietition  would  be  scotched 
for  some  time  to  come.  Both  their  domestic  and  Ccntin^ntal  orders 
shcjwed  a  good  increase,  but  as  was  only  natural,  having  regard  to  pre- 
vailing conditions,  their  export  sales  showed  some  fallins  off.  The 
incn-ase  in  orders  was  not  an  altogether  cimixed  blessin<x  There  was 
considerable  contjestion  in  their  wcjrks.  as  shown  by  the  fact  that  their 
orders  in  hand  at  Dec  31  were  far  in  excess  of  what  they  v.irc  in  191-'. 
They  had  had  the  minimum  of  friction  with  their  worki)eoi)le,  and 
generally  speaking  the  most  whole-hearted  assistance  ;  and  nuuh  credit 
was  due  to  the  tactful  manner  in  which  those  in  charge  had  dealt  with  the 
many  difficult  ])roblems  presented  by  present  conditions.  The  labour 
as  a  whole  was  naturally  less  efficient  than  Ix'forc  the  war.  owing  to  the 
number  of  skilled  men  who  joined  the  colours  or  took  other  em])loymcnt, 
but  in  that  respec-t  they  believed  that  they  were  in  no  worse  a  position 
than  their  neighbours.  The  principle  of  the  dilution  of  labour  had  had 
to  be  pursued.  The  em})loyment  of  women  had  been  largely  extended 
with  sati.sfactorx-  nsults.  and  might  be  carried  further.  Orders  were  still 
coming  in  well,  and  at  the  moment  were  sli^rhtly  in  excess  of  those  at  the 
corresponding  period  of  last  yc-ar,  but  it  must  be  remembered  that  tie 
large  railway  order  in  1915  to  which  he  had  alluded  towns  anexceptirna! 
one.  Customers  were  aware  that  considerable  delay  must  inevitably 
take  place  in  the  completion  of  their  orders,  and  it  might  conceivably 
hajipen  that  much  of  the  profit  which  should  ae-crue  to  them  on  the  orders 
in  hand  might  not  be  available  in  the  (  urrent  years  balance-sheet.  Last 
year  he  discii.ssed  at  some  length  the  destructicm  of  cajiital  likely  to  be 
caused  by  the  war.  and  hazarded  an  estimate  of  5.(MXt  million  jiounds. 
That  estimate  was  by  some  considered  excessive,  but  to-day  it  ajipeared 
absurdly  moderate.  The  figures  of  war  expenditure  were  everx'  clay 
becoming  more  colossal,  and.  alas,  every  day  liecomes  more  appalling 
the  waste  of  young  life  at  its  most  productive  stage-,  life  without  which 
fresh  wealth  eoulel  not  bc^  created.  Certainly.  therefon\  they  must  look 
to  a  climinished  i>urchasing  power  in  the  world,  and  a  cons''i|uent  depres- 
sion in  industrx'.  but  that  depression  would  itrobably  not  show  itself 
immediately  after  the  war  ended,  and  he  still  held  to  the  view  he  ex- 
])n-ssecl  last  year  that  even  when  it  did  come  it  might  not  afTect,  at  least 
at  first,  industries  such  as  theirs,  which  were-  neeosnrx-  fcr  the  jiurpo.ses 
of  rcconstriietiiin  and  the  ei-euiomical  workiiii;  of  other  industries. 
es)»eeially  as  in  their  ]>artieular  business  the  presstire  of  (Jerman  com- 
petition was  not  likely  to  Ix-  so  seven*.  It  w.as  partly  due  to  their  antici- 
]>ation  of  post-war  conditions  that,  with  a  view  to  broadening  the  basis 
of  their  business,  tliey  acffuired  the  controlling;  interest  in  the  French 
eomjiany.  In  France,  as  in  Kngland.  tiermnn  c('m]>etition  was  before 
the  war  exce>cdin'.;lv  keen,  while  nflcr  the  war  it  v\as  even  '  Iv  to  be 

felt  than  here.     The  Italian  company,  in  which  the>y  h(  :  i:gh  the 

French  company)  a  eontn>lling  intercut,  was  also  fully  eniplovcd.  but 
then<  also  the  post  war  pros]>ee  ts  were  good.  The  use  of  electrical 
apparatus  both  for  railway  and  other  j>uriM>s<-s  ni>]>c>ared  like^ly  to  inciraso 
lar^rdy.  while  in  Italy  also  a  diminution  of  (;e-rman  i  eimpetition  ai>]>eared 
probable,  tbouuh  jicrliaiis  not  to  sci  great  exlenl  as  in  France.  They 
would  see  that,  in  view  of  the  iidverse  conditions  under  which  thcv  were 
at  present  working,  their  Indies  of  any  e-onsiderable  development  of  their 
business  must  depend  on  the  ending  of  the  war.  Of  that  ending  there 
was  at  present  no  sign. 

BRUSH  ELECTRICAL  ENQINEERINO  CO.  (LTD  i    '  ■. 

static    t|l:lt     llii-    \iilllllK'    lif   <illt]illt     h.i>    I'ce-n    IM.lll.  '     _'       V.      ;^ 

shortage tif  skilleei  Inbourand  heavy  increa.M-.-m  <<  si  e>l  tnelaixl  materialn 
have  all  tenehsl  tn  oilM-t  the  iniptovement  thai   wemld  ei1heTwi>  ■  '■■■■ 
In'i'.n  np|>ikn-nt  in  tin-  net  earninas.     .\fter  pni\idiiii!  for  in  Kcriil  ( 
mainlciinii         '     "  '  i  vi 

loans,  thci.  It 

is  r( .  oinmen(ie»l  tiiai  i^.tKiu  bi  ion.  £_.1'4  1  in  pay- 

ment of  the  further  I  ]■  •  ■  .  m  holders  of  the  0  i:or 

eeiit.  prior  hen  ]Mir1ici)  ,  are  entitled  out  of 

the  first  net  pmtil-  .     ><i  >ii\u..  imi  m  .i  \    \car.  that  £5.0(K)  be 

placed   to   general  .uid    £9.521    cariii"!    fdiw.inl.     The  sum   of 

£3l.'.Hi3  has  Ix-en  ex)M.'UUi^  on  capital  account  during  the  year. 

CAMBRIDGE  ELECTRIC  SDFPLY  CO.  (LTD.)— The  profit  for  1915  (in- 
olu.lni;:  t-'.t>47  br<iUi;ht  foiu.iid)  was  il2.(Kt6.  After  placing  £3.000  to 
depreciation  account,  the  directors  have  de  <  lared  a  further  dividend  of 
3  p«'r  (~ent..  m.tkint:  5  ]  '    for  the  y<  .u.  e<  i  '        'i  (I  jK-r  cent, 

for  each  of  the  two  pre-  ars,  (^arrying  (ci  \ 
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CITY  OF  SANTOSIMPROVEMENTSCO.  (LTD.)— The  net  revenue;  in  H)15 
wa.s  £11,1^9.  and  witli  t(),()28  brought  forward,  the  total  was  £78,1587, 
compared  with  £88, 7(5!)  in  1!H4.  Th(!  reduction  in  revenue  is  entirely 
due  to  the  fall  in  the  value  of  tlio  milreis.  After  transferring  IJo.OOO  to 
reserve  and  setting  aside  £4,000  to  tramways  renewal  account,  a  dividend 
of  3  ])er  cent,  on  the  ordinary  shares  is  rceom mended,  leaving  £7,017  to 
be  carried  forward.  The  number  of  ])assengers  carried  on  the  tramways 
was  14,870,770,  a  decrease  of  47.5,58(5.  The  number  of  ])ublie  electric 
lamps  was  1,373,  an  increase  of  35,  and  the  number  of  j)rivate  consumers 
2, (>!)!),  an  increase  of  339.  The  number  of  motors  wars  248,  an  increase 
of  3!). 

CLEVEDON,  PORTISHEAD  &  DISTRICT  ELECTRIC  SUPPLY  CO.  (LTD.l— 

In  their  n  ]iort  for  1915  the  directors  state  that  the  growth  of  the  uiick^r- 
taking  has  been  satisfactorj'  in  spite  of  the  very  unsettled  conditions 
prevailing,  the  gross  revenue  of  the  company  being  almost  exactiv  dou])lo 
that  of  1914.  The  number  of  consumers  connected  to  the  mains  in  I'ortis- 
head  inen-ased  from  130  to  179,  and  the  new  sub-stati(^n  at  ]:5ower  Ashton 
is  now  complete  and  is  supplying  tlie  South  Liberty  Colliery.  Owing 
to  difficulty  in  getting  delivery  of  their  apparatus,  the  colliery  company 
were  not  ready  to  receive  the  supply  until  Michaelmas.  This  su])])ly  has 
proved  very  .satisfactoiy,  and  the  colliery  comi)any  are  already  ])titting 
down  further  motors  which  will  considerably  increase  their  rate  of  con- 
Kum])tion.  The  total  receipts  were  £!,737,  compared  with  £887,  and, 
notwithstanding  the  increased  c,osts  for  fuel  and  other  expenses,  the  gross 
l)rofit  was  £096,  eom])ared  with  £444.  After  deducting  interest  i:nd  othiM' 
sundry  charges  the  net  profit  was  £487,  com]iarcd  with  £344,  and  this 
with  the  balance  brought  foivvard  (£72)  makes  a  total  of  £558.  The 
direct(irs  reconnnend  payment  of  the  dividend  on  th(>  6  ])er  tent,  pre- 
ference shares  and  a  dividend  of  2i  per  cent,  on  the  ordinary  shares,  to 
applv  £150  to  depreciation  fund,  to  write  down  ^preliminary  expenses  bv 
£100  and  to  carry  forward  the  balance  of  £36.  12s.  lid.  The  number  of 
units  sold  during  the  year  amount  to  209,524,  compared  with  5G  090  in 
1914.  The  directors  express  their  indebtedness  to  Messrs.  Christy  Bros. 
&  Co.  for  advancing  the  sums  necessary  to  complete  several  very  lucrative 
extensions.  An  application  to  the  Board  of  Ti'ade  for  leave  to  extend 
the  mains  through  the  village  of  Long  Ashton  has  been  made. 

CORK  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)— The  re  venue  for 
1915  was  £63,905.  4s.  9d.  and  expenses  were  £42,415.  Is.  7d.,  leaving 
£21,490.  3s.  2d.  Adding  balance  brought  forv/ard  (£2,480.  10s.  7d.),  and 
deducting  interest  on  debentures  (£4,600)  the  balance  is  £19,370.  13s.  9d. 
The  two  half-yearly  dividends  on  the  5  per  cent,  cumulative  ])reference 
shares  absorbed  £6,163.  10s.  ;  a  sum  of  £6,500  was  added  to  reserve  for 
depreciation  and  renewals,  £1,776.  10s.  lid.  written  off  wiring  consumers' 
premises,  &c.,  and  £889.  19s.  5d.  written  off  investments.  The  directors 
recommend  that  the  balance  of  £4,040.  13s.  5d.  be  carried  forward.  The 
lighting  and  power  business  continues  to  show  satisfactory  progress, 
agreements  for  147  connections  being  concluded  during  the  past  year, 
the  additional  connections  representing  a  total  gain  of  405  kw.,  com- 
pared witli  467  kw.  in  1914.  The  year's  revenue  showed  an  increase  of 
£2,301.  The  lighting  and  power  revenue  was  £1,920  in  excess  of  that  of 
1914,  but  the  traction  revenue  showed  a  small  increase  of  £52.  The 
other  items  show  an  increase  of  £329.  The  expenses  were  £42,415,  com- 
pared with  £37,958.  The  large  increase  was  entirely  due  to  operating 
under  war  conditions,  the  high  price  of  coal  and  war  bonuses  and  allow- 
ances involving  increased  charges  amounting  to  £5,800.  The  directors 
have  written  off  out  of  revenue  £1,777  against  wiring  consumers'  pre- 
mises, repair  shop  equij)ment,  plant  on  loan,  &c.,  and  £890  to  bring  down 
investments  to  market  value.  They  have  also  set  aside  £6,-500  to  reserve 
for  de])reciation  and  renewals,  and  the  net  revenue  shows  a  material 
reduction,  and  the  directors  regret  that  they  are  unable  to  recommend  a 
dividend  on  the  ordinary  share  capital,  as  it  is  necessary  to  carrv-  forward 
a  larger  sum  than  usual  to  provide  against  the  still  further  increase  in  the 
price  of  coal  and  other  materials  during  the  current  year.  As  expenses 
increased  to  such  an  abnormal  extent  the  company's  lighting  and  power 
tariff  was  raised  from  July  1  last,  but  the  additional  charges  to  the  con- 
sumers represents  a  very  small  percentage  of  the  increased  cost  of 
operating.  The  year's  capital  expenditure  (£l,6(i3)  has  been  mainly  for 
house  services  and  cables.  Delivery  of  the  1,250  kw.  Curtis  turbine 
referred  to  in  the  previous  report  wiU  be  made  shortly. 

W.T.  GLOVER  &  CO.  (LTD.)— The  chairman  (Mr.  A.  L.  Ormrod)  presided 
at  the  meeting  on  Monday  and  said  that  the  com])any  had  arrived  at  so 
sound  a  position  that  in  a  time  of  unexampled  national  strain  the  directors 
were  able  to  produce  a  stronger  balance-sheet  than  ever  before,  with  a  larger 
profit,  resulting  from  an  increased  turnover,  and  they  had  been  able  to 

^render  great  service  to  the  State.  Much  as  they  wor»Icl  have  liked  to  have 
ione  so,  they  felt  they  could  not  recommend  a  higher  dividend.  Mon-^y 
ras  wanted  in  the  business  ;  raw  materials  were  never  higher  in  price, 
lor  the  ditHcidties  of  obtaining  them  so  great,  and  they  nnist  have  such 
lateriak;  in  the  works.  Last  year  they  made  £54,438  on  tiieii'  trading. 
If  he  deducted  the  interest  on  the  first  and  second  debenture  stock  and 

fthe  amount  to  be  paid  on  the  preference  capital  the  figures  showed  that 
"ley  earned  nearly  37  per  cent,  on  their  ordinary  capital.  The  share- 
koldsrs  were  going  to  receive  5  per  cent.,  or  less  than  one-seventh  of  the 
imoimt  actually  earned.     The  balance  of  32  per  cent,  was  not  wasted  : 

lin  course  of  time  full  advantage  would  be  reaped  from  the  great  bvdk  of 
fit.     Their  debentures  were  being  redeemed,  and  the  ordinary  shares 

lyear  by  3'ear  were  getting  into  a  better  position,  either  by  an  accession 
of  assets  or  by  a  diminution  of  charges  in  front  of  them  or  by  a  combina- 
tion of  both.  They  were  glad  to  be  able  to  give  the  Government  some 
excess  jirofit  for  the  national  needs.  It  did  not  do  to  point  a  finger  at 
other  traders  who  were  more  leniently  dealt  with  as  regards  excess  profits. 
They  received  interest  on  their  holding  of  debentures  and  dividend  on 
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prefercnc(;  shares  of  tli<-  TratTorrl  Power  f 

ordinary  shares,  bceau.s*-  the  deni;ind.(  for 

were  continuous.     They  w'  '     ■ 

period  had  suffered  from  <•> 

had  to  fitrhl  with  their  hands  tied  tchind 

British  public  and  British  (>>rpr>ration».  ,.  v 

over,  not  to  support  fJerman  induHtri's  or  th  .»t  tho 

expense  of  British,  but  to  guppo"!  firmw  sucu  a.-.  iji'iVL-rj,  %tnish  wa* 

British  to  the  core. 

WYCOMBE  (BOhOUGH;  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.) — 
During  1915  the  conn'(  lion-,  lo  th'-  ''imiihhv  -  inaui-«  f  -<  inwn  2^ii-'t  kw. 
to  2,392  kw.,  an  increase  of  137  kw.     Including  £IW.  i..  8<i.  brought 

forward,  th    year's  j>ro(it  is  £7,065.  2s.  3d.,  and  after  pav ,,n 

debentures  and  outstanding  accounts*  (£:i,2()3.  'h.  Id.)  •  m 

£3,801.   14s.  8d.     The  directors  re<<  '  '  ,t 

rate  of  2},  per  cent,  for  the  year  (ab  .  :>« 

p!ac'.dto  rcs'-ivcfor  renewal.-,  Icavin'j  £^0l.  1  t-<.  &d.  lo  l>c'arrj«-d  forward. 

YORKSHIRE  (WOOLEN  DISTRICT)  ELECTRIC  TRAMWAY  (LTD.,— Tho 
past  year's  revenue  was  £71. .593.  ir;ompared  with  £f'>5.38.'i  for  191-4.  A 
sum  of  ,£4,000  has  been  placed  to  reserve  (against  *"  "  '       '       '   ■■<l 

of  4i  per  cent,  p-^r  annum  on  the  ordinary-  shan  .) 

is  recommended,  carrying  fonvard  £2,948,  against  £2,OJ>7. 


NEW    COMPANIES. 

ASSOC  I ATION  OF  BRITISH  MOTOR  &  AIRCRAFT  MAKDFAC  rURERS  (LTO. ) 
(143,.';07). — Reg.  April  4  as  a  company  limited  by  guarantee  with  !00 
members,  each  liable  for  £1  in  the  event  of  winding  up,  to  prctfct  the 
British  motor  and  aircraft  industrj'.  Management  is  vested  in  an  execu- 
tive committee,  the  first  members  of  which  are  E.  Manville  and  A. 
Spurrier.  Only  persons  engaged  in  the  British  motor  and  aircraft 
industry  are  eligible  for  membership  of  the  committee.  Secretar\' : 
H.  Wyatt.     Reg.  office  :    173,  Fleet-streei,  E.G. 

H.  G.  COOPER  (LTD.)  (143,-526).— Reg.  April  6,  capital  £2,000  in  £1 
shares,  to  take  over  the  business  of  an  electrical  engineer  and  office 
furnisher,  carried  on  by  H.  G.  Cooper.  Private  company.  First  direc- 
tors are  H.  G.  Cooper,  G.  S.  Edwards  and  Alice  H.  Cooper.  Reg.  office  : 
0,  Fen-coui-t,  E.C. 

JAMES  SMITH  HOISTING  MACHINERY  CO.  (LTD.)— Capital  £10.000  in 
£1  shares  (1,000  founders'  and  9,000  f)rdinar>-),  to  carry  on  business  of 
manufacturers  of  and  dealers  in  hoisting  machinery  and  cranes  of  all 
kinds,  engineers,  founders,  &c.  Private  com]iany.  First  directors  are 
G.  H.  Buckley  and  C.  E.  Partridge  (appointed  by  holders  of  onlinarj- 
shares),  and  J.  Smith  (appointed  by  holders  of  founden,"  shares). 

E.  POWELL  (LTD.)  (143,534).— Reg.  April  7.  capital  £4,000  in  £1  .shares, 
to  take  over  the  business  of  an  electrical  engineer,  motor  and  cycle  agent, 
&c.,  carried  on  by  E.  Powell  at  Tunbridge  Wells.  Private  company. 
First  directors  are  E.  Powell,  scnr.  (permanent),  E.  Powell,  jnnr.,  and  P. 
Powell. 

SELECTIVE  SIGNAL  CO.  (LTD.)  (4,3.30).— Reg.  in  Dublin  on  April  4. 
capital  £5,000  in  £1  shares,  to  acquire  any  inteivsts  in  patent  rights, 
licences,  &c.  Private  company.  First  directors  are  W.  -I.  Lyon—  W. 
Conan,  F.  P.  Griffith  and  G.  M.  Meares.  Reg.  office  :  17.  Westlaud-row, 
Dublin. 


CITY   NOTES. 


MEMORANDA  (April  12;. — Bank  rate  5  per  cent,  (since  Aag.  8,  1914). 
Consols  57i  Consols  Pay  Day,  May  4.  Stocks  and  Shares  Ticket  Davs, 
April  27  and  May  1 1 .  Pay  Days",  Aprii2S  and  :May  12.    Price  of  silver.  29."  d. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— Tho  number  of  units 
sold  to  consumers  during  the  four  weeks  ended  Feb.  2.5.  1916.  aniounteil 
to  1,362,833.  compared  with  990,763  in  the  corn\-^poniling  four  wivks  of 
1915. 

DIRECT  UNITED  STATES  CABLE  CO.  (LTD.'— The  bojml  have  n-solved 
to  pay  a  iinal  dividend  of  2s.  per  share  (lo.^s  tax  at  3s.  2d.),  payable  on  and 
after  "the  29th  inst.,  and  making  with  the  three  interim  »lividrnd-ialr\'ady 
paid  a  total  distribution  of  4  per  cent,  for  the  year  ended  March  31.  The 
transfer  books  will  be  closed  from  the  12th  t.>  26th  April.  inelusf.-e. 

EASTERN  TELEGRAPH  CO.  (LTD.)— It  is  announced  that,  subjeet  to 
final  auilit,  the  directors  at  the  forthcoming  general  meeting  to  be  held 
next  month,  propose  to  recommend  the  payment  of  a  final  dividend  o{ 
£2.  5s.  per  cent,  and  a  bonus  of  2  ])vi  cent.,  both  tax  fn-e.  making,  with 
previous  payments  on  account,  a  total  distribution  of  8  i^r  cent,  on  the 
ordinarv  stock  for  the  vear  ended  Dec.  31.  191.5. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  LTD.) 
Subject  to  iinal  audit,  the  directors  at  the  iorthconung  general  mi-et:ng 
to  be  held  next  month,  pi-opose  to  recommend  the  payment  of  a  hnal 
dividend  of  4s.  6d.  per  share,  together  with  a  bonus  of  4.<.  ]mt  share. 
both  tax  free,  makiirg  with  pnnious  payments  on  account  »  t^^al  «|'-*- 
triburion  of  8  per  cent,  on  the  share  capital  for  the  year  ended  Dec.  Jl, 
1915. 

GIANT'S  GAUS5,WAY.  PORTRUSH  &  BUSH  VALLEY  RAILWAYS  TRAM- 
WAY CO  —The  net  revenue  U.v  1915  was  £60S.  and.  aUor  mooting  mort- 
gage charges,  cS:e.,  the  adverse  balance  of  VI.5S  brought  ftuward,  was 
re<luced  to  £88. 


(}8 


THE  ELECTKICIAN,  APRIL  14,  11)10. 


LANCASHIRE  DYNAMO  &  MOTOR  CO.  (LTD.)— It  is  announced  that, 
owirijr  to  various  cauws,  tlie  oornjiany's  balance-sheet  cannot  be  is.sued 
until  (some  weeks  later  than  usual,  but  the  directors  have  decided  to  jiay  a 
further  interim  dividend  of  4J  per  cent.,  tax  free. 

LEAMINGTON  &  WARWICK  ELECTRIC  CO.  (LTD.)— The  accounts  of 
liil.j  sh<i\v  ail  jivailabk-  sum  (after  traii.--f(iiintr  £1.0(^0  to  renewals  account 
and  in'ludinf^  £1,827  broujiht  forward)  of  £5,38.'{.  A  dividend  of  5  ]kt 
cent,  has  been  declared,  compared  with  3  per  cent,  for  1914,  and  £1,883 
has  been  carried  forward. 

MONTEVIDEO  TELEPHONE  CO.  (LTD.l—An  interim  dividend  at  the  rate 
of  0  ))iT  cent.  jjcraiDiiiin.  less  tax,  lias  1  rcn  declared  (  n  the  ordinary  shares 
for  the  past  half-year. 

ORIENTAL  TELEPHONE  &  ELECTRIC  CO.  (LTD.)— The  direc  t<,r<i  recom- 
mend (sulijcct  to  final  audit)  jiayiiiciit  of  the  foilowin;;  dividends  :  At 
rat<!  of  6  ])er  cent,  per  annum  on  the  preference  shares  for  llie  half-year 
ended  ])cc.  31  last  (less  ta.\),  and  a  final  dividend  of  (J  i)er  cent,  on  the 
ordinary  shares  (ta.\  free),  making  a  total  of  10  per  cent,  for  the  year. 

RIO  TRAMWAY,  LIGHT  &  POWER  CO.  (LTD.)— The  direitors  hav<- 
dcriaird  a  ijiiarteily  <li\i'li  lid  of  1  j   |i'  r  .  rnl.  r.n  the  issued  capital  sttxk. 

SAO  PAULO  TRAMWAY,  LIGHT  &  POWER  CO.  (LTD.) -The  directors 
lia\c  (1(1  liiicd  ii  (li\iil(  11(1  of  2',  )i(  I  (  (III.  on  tlic  ( oiiiiiinii  stfM'k. 

SIR  W.  G.  ARMSTRONG,  WHITWORTH  ft  CO.  (LTD.  Tiie  directors 
annouiKc  that,  as  it  will  not  be  jio.ssiblc  under  e.\istinji  circumstances  to 
comjjlete  the  iyi5  accounts  for  sonic  time,  they  jiave  decided  to  pay  liie 
final  dividend  cm  the;  ])reference  shares  (less  ta.\),  and  a  further  dividend 

of  Is.  S(l.  per  sliaic  (tax  free)  on  the  ordinaiy  shares. 

WESTERN  TELEGRAPH  CO.  (LTD.)  -The  dirci  toi-s  will  i*c  aide  to  rcc.un 
mend  to  the  shareholders  at  the  ne..\t  jjencral  nu-etin;;,  should  the  present 
lU't  revenue  be  maintained,  the  j)ayment  of  a  bonus  of  -  per  cent.,  whidi. 
toj,'ether  with  the  cmlinary  ilividcnd  of  f)  i)er  cent.,  will  make  a  l<»tal 
distribiition  of  K  jier  (cnt.  (tax  fn-e)  for  the  current  financial  year. 


ELECTRICAL  COMPANIES'  SHARE  LIST.— Continued. 


METAL  PRICES. 

Messrs.  J.  B.  Girnhim  &  Sons.  l.<2,  Upp;r  Tnames-street,  London,  E.G.,  quote  under 
date,  April  !l,  the  following  as  the  present  basis  prices  of 


New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17d. 

Solid  Drawn  Copper  Tubes 18Jd. 

Brazed  Copper  Tubes Idjd. 

Brazed  Brass  Tubes 19d. 

Brass  Wire Itjd. 

Copper  Wire 18d. 

Rolled  Brass 161d. 

Brass  SheeU 16id. 

[■er  ton. 

Copper  Sheets    CM8    0    0 

Spelter £97    0    0 


lier  ton- 

Entjlish  Lead £35    0    0 

Antimony Nominal. 


Old  Metals. 


Clean  Cspper  Scrap £100 

Clean  Brass  Scrao C66 

Braziery  Copper  Scrap £92 

Old  Lead £27 

Old  Zinc £fcO 

Hollow  Pewter £120 

Black  Pewter £85 

Gun  Metal £82 


per  ton. 


0 

0 

0 

0 

0 

0 

10 

0 

(1 

0 

0 

0 

0 

0 

0 

0 

Mr.  A.  Joseph,  Earl-street,  London-road,  Southwark.  London,  S.E.,  quotes  under  dale 
April  1 1 ,  the  following  approximate  prices  of  Scrap  Metai  3 : — 


per  ton. 

Aluminium  Cuttings £120    0    0 

Clean  Mixed  Brass £70    0    0 

r>.inC')nper £102    0    0 

Br.iziTy  Copper £92    0    0 

Gun  Mct.il £80    0    0 


per  ton. 

Old  Uad £29  10    0 

Tea  Lead £27  10    0 

Old  Zinc £70    0    0 

Hollow  Pewter £130    0    0 

.Shaped  Black  Pewter £X)    0    0 

Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip).  £60;  Commercial  Tinman's  Solder.  £115;   Blowpipe  SoMer,  £120. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  wore  known  an  "  oflioial  quotations"  are  not  now  iaauod,  bu  I 
W6  give  bolow  the  latent  prioen  at  whioh  actual  transaotions  took  plaoo 
on  or  before  TiicHday,  Apiil  I  1 .  The  Rroatost  care  is  taken  in  oompiling 
these  figure*,  but  the  difticulty  of  verification  is  now   much  increased. 


NAME. 


Pfle«,  Ratb 

fun.  PKR   CKHT 

April  11.      YlBLDBD. 


St. 


Electricity  Supply. 

Boumemoutli  &  V<  "le  fi.L.  Otd 

tDo.     4i%  Cum.  Pref 

tDo.     6%  Cum.  2nd  Pref 

Bromptnn  &  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Crow  West  End  &  City  Deba... 

Do.     4J"pProf 

Do.    Ord 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.    5%  Deb.  St 

Do.     4t%  Debs 

County  of  London  Ord 

Do.    6%  Pref 

Do.     1st  Dob 

Do.    2iid  Deb 

Edmundson's  Elec.  Supp.  4)%  Dabs...' 
KonsliiRton  and  K.nightsbrldceOrd.  .. 

Do.     Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4'";,  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     IstMort.  Deb 

Ml.tUnd  EI(>c.C<nrn,,lst  Mort.  Dob.  StI 
Newrj^tlo*  Di-t.  !■"  1     '  V   ■>- ■  r^l-- 
N»■A-4-•tl(♦•■on■T^•n'• 
Nor^h  Metniixilitan  l    l    ^_,    .  _  „  ;  ..: 
South  London  E.S  Ord     ..'........'..I 


10* 

?« 

80i 

iv 

87 

iirt 

10       T 

9!; 

ao 

io*t 

10 

801 

97 

7:> 

5 

791 

2.'.t 
80 
99 
99|i 
91* 

1 

3* 


C    t.  d. 

b  10     2 

4  15   a 

5  lb  4 
7  6  9 
5  0  0 
4   13'  6 

.son 

7  1     2 

8  0 
8    9 

4  6 

5  3 

6  15 


DiVIDBNO 

Dub. 


5  14 

II   ' 

5     2 

0 

5  12 

6 

6  17 

5 

6    0 

0 

6    4 

2 

4  12 

9 

b    0 

0 

7    0 

0 

5    1 

0 

7    5 

5 

5    0 

0 

6  19 

n 

5  11 

t 

S     1 

0 

6    0 

6 

5  -» 

.1 

0    0 

0 

6  10 

7  1 

Mar,  Sopt 
Feb.  Au( 
Feb  Aug 
Mar.  S«ot 
Mar.  Aug 

Jan.  Juir 

Aug,  Feb 
Jun,  D<«c 
Mar.  Sept 
Jan,  July 
F»b.  A.ig 
Mar,  July 

iun.  Dae 
un,  Dec 
lar.  Sept 
Feb.  Au< 
Jan.  July 
My.  Nov 

July 
Feb,  A  tic 
Jan,  July 

Jtn,  July 
Mar,Au« 

/an.  lulr 
jn.  July 
Mar.  Sspl 
Mar.Sapt 
Apl.  Oct 
Mar.  S«pt 


•sIlast 
siDiv:-' 

wIdend 


NAME. 


PriM, 

Tuei., 
April  11. 


FB8CBNT,      °'I?,?f™ 


5    8% 

5    7% 
St    31% 
St   4i% 


8% 
7% 
4i% 


9-     5% 
St  ,     6% 
St  :  4»i 
St  !  4% 


'9 


St. 
St. 
St. 
St 
10  1J% 
StI  4% 


4J% 
4% 
4% 
5% 


St 
St 
St 
St. 
St 
St 
St 

bt. 

St. 
St. 
St. 
St. 
St. 


10 


4»r 

1% 
31% 
3*%' 
3i% 

4%  I 
4»% 

6% 
4»/( 


3^,^  Convertible  Pref. 


1 

St. 

2 
100 
St. 

5 

5 
St 

I 

5 
St. 

I 

1 
St. 

101 
c 

StI 

10 

10 

12 

103 

I 

1 

St. 

St. 
St. 

St 

St 

SL 

'C 

K 

C 

IC 

St 

St 

St. 

St 

IC 

IC 

2 

I 

1 

IC 

IC 

IC 

St 


St 
St 


St 

IC 

IC 

la 

IK 


St 

IC 

St 


4% 
4% 


14% 
6% 

5°/- 

6% 

15% 

3/0 

6% 

4i% 

7t% 

6% 

4% 

15% 

2/6 

41% 

6% 

4% 
6% 

II 

10% 
6%  I 
20% 
2/3  I 
4i% 
10% 
5% 
20% 

7*% 
6d. 

•A 

4% 
4% 

30/0 

Ii% 

4% 

5% 

10% 

5/0 

t% 

7% 

17/6 

♦% 
4% 

13% 

10% 
7 


Do. 
Do. 
Do. 
Do. 

Do. 


6' 

4»% 

7|d. 
10% 

4!% 

4iS. 

6% 

0% 

ii 


4»% 


Electricity  Supply— coni. 

St.  James'  &  Pall  MallOrd 

Do,  do.  Pref 

Do,  do.  Debs 

Urban  Elec.  Supp  4J%Db.St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations. 
Westminster  E.S.  Corp.  Ord 

Do.    4J%Cum.  P.-ef 

Electric  Railways  &  Tramways. 

Britisn  Elec  Traction  5%  Debs , 

Do.     6%  Cum.  Pref 

Ontral  London  Guar.  Assented  Ord.  .. 
Do.        do.        Assented  Def.  Ord.  . . 

Do.    41%  Pref 

Do     4%  Deb.  St 

City  &  S.  London  Deb 

Do.    Pref.  1896    

London  Electric  Ry.  Ord 

Do.     4%  Pref 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     3t%  Pref. 

Do      -■ 

Do.     3i%  A  Debs. 

Cto.     3i%  Debs 

Metropolitar.  Dist  Ry.  Ord 

Do.     4%  Prior  Lien    

4i%  First  Prof , 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5). 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.    6%  Pref 

Brit  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6%Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.f^.Ericssion  Mfg.Cm.6%  Prof. 

British  Thom'^n-Houston  Db 

Brit  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs. 

Do.     4%  Mort  Deb.  St 

Callender's Cable.  &c.,  Co.  Ord 

Do.     5%  Pref 

Do.      4J%  Debs 

Dick,  Kerr  &  Co.  6°o  Pref 

Edison  &  Swan  U.EIec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  (construction  Ord 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do.    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. . 

Do.      4J%  Cum.  Pref 

Do.     41%  Db 

India  Rubber,  G.  P.  &c„  Ord 

Do.  Pref 

Telegh.  Con.  &  Main.  C>) 

Do.     4%  Debs 

Vickors  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    4t%  2nd  Debs 

Willans  &  Robir.son  B.  Cum.  Pref..... 

Do.     1st  Mt.  Deb.  St 

Telegraphs. 

Anglo  American  t%  Prel.  Ord 

Do.    Def.  Ord 

Commercial  Cable  4°o  Debs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Dlroct  United  States 

Eastern  Tel.  Co.  Ord 

Do.     3J%  Pref 

[>o.     4%  Debs 

Bftf  tern  Extension  Tel.  (>>.,  4%  Debt.. . 

Do.    Ord 

Ct  Northern  Tel.  Co 

Indo-Eurol^sn    

Marconi's  Wireless  Tel.  (k> 

1     Do.     7%Pref 

Wast  India  &  Panama  Ord 

'     Do.     1st  Pref 

Wastam  Telc(?h.  (k) -.... 

Do.     4%  Deb.  St 

Wastern  Union  iO  yr.  Bds 

Telephones. 

,Monte\  n.Ord  

Oriental  .  ?  Ord 

Do.     Db.  St „ 

Tolophn.  Co.  of  Egypt  Db.  St 

Unltwl  River  Plate  C)Td , 

Do.     5%  Cim.  Pref 

Do.     Dp!    .''.tK 

Financial  and  Inve'ttment 

Globe  Te',e»:'(.   U  Trust 

Do.     6%  P( , 

Mackay  &->'nr'Anies'Commoo 

Do      $1(X)  Pn-f     

Sabmarir.e  Cable  Ti  ust  Carts 

Colonial  and  Foreign  Electric 

AdaUide  tiec  barply  6%  Praf 

Do.     5%  DaU 

Bombay  E  S*T6%Pr»f. 

Oo.      4f  -..•...•••••#»••. 

t^lcutt;!  C>rd    

Do.    V«ii6> 


5» 
5« 

74 

83t 
1* 
5i 
4,'i 

781 
70t 
67t 
651 
99* 
93l 
72 
621 
2 
641 
85 
24  i 
771 
74i 
82  i 
83i 
191 
92 
701 

108; 

71i 

72 

68 

2-.J 

Hi 

89 

lOf 

5* 

I 

91 

21 
99it 
64 
Ui 

4i 
98 


59 

n 
4 
1 

72 
11 

9* 
151 

41 
871 

91 

7i 
35 
95J 

IH 
it 
8D 
991 
4U 
50J 

97* 
21^ 

69t 

130 

Mi 

7"! 

77. 

13 

34i 

49i 
2* 
1'.: 
lit 
7V 

12iVt 

"t 
991 

'k 

83 
5i 
41i 

e4t 

ntt 
1  ^^ 

•:  i 
«  -i 
1:; 


e  «.  d. 

6  17    8 

6  0    3 

4  14    8 

5  8    5 

7  10     7 

6  I    9 
5  117 


6    4    8 
8  10  10 

5  19     1 

6  2    2 
4  10    3 

4  5    9 

5  13  11 
8    0    0 

6  5 
6  4 
4  14 
4  1 
4  10 
4  13 
4  4 
4    4 


4  7  0 
6    7  8 

5  10  4 
5  12  I 
5  11  1 
5  17  7 


5    3 
4    9 

4  6 

5  12 

6  12 

7  I 

5  15    8 

6  17  2 
4  18  11 

7  1  2 
6  0  7 
6  5  0 
6  10  5 
6  10  9 
4  11  10 
1   17    2 


3 

0 
0 

1 

10 
4 
2 
9 
9 

10 
7 
0 
0 
9 
3 
0 
5 
9 
5 


6  3     I 

7  2    5 
5  15  11 


6  1     8 

7  5  1 
6  13  4 
6  18  8 
5  7  8 
5  10  8 
SOU 
5    2  10 

5  7    8 

6  6    2 

6  10    4 

4  II     5 

3  13     S 

8  18  10 

7  12  II 

5  6    2 

5  3    7 

4  10    3 

6  13    5 

5  8  6 
5    0  11 

5  8    5 

6  16  2 
5  10  4 
5    6    2 


Feb.  Aug 

Feb.  Aug 
•  Jan,  Doc 
Apl,  Oct 

Mar,  Aug 
Mar,  Sept 

Jan,  July 

Apt.  Oct 
Fab.  Aug 


Jan,  July 
Jan,  July 
May.  Nov 
Fob,  Aug 
Jan,  July 
Mar.  Sept 
Jan.  July 
Feb.  Aug 
Fob,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Fob.  Aug 
May,  Not 
Fab,  Au« 
Jan,  July 
Jan,  July 
Jan,  July 
Mar.Sapt 

Apl,  Oct 
Apl.  Oct 

Mar 
Jan.  July 
Jan.  July 
Aug.  Fob 
Jan,  July 
Mar,  Sep 
Feb.  Aug 

April 
ApbOct 
Jan,  July 
Jan.  July 
Feb,  Aug 
Jun,  Dec 

Sept 
Feb,  Aug 
Jun.  Dec 

May 
Jan,  July 
Jan,  July 

July 
Jun,  Doc 
Fob.  Aug 

Jun.  Dec 
Feb.  Aug 
Apl.  Oct 
Mar.  July 
Jan,  July 
May,  Aug 
May,  Aug 
Jun,  Dae 
Jan,  Dac 


Fb.My.Aug.N 
Fb.My.Aug.N 

ia.Ap.Jiy.O 
lay,  Nov 


a,Ap.Jly,0 

a.My.lly.O 

a.My.Jly.O 

May,  Nov 

Feb.  Aug 

Ja.Ao.Jly.O 

Ja.  My.  Jly 

May»  Nov 

April 

July 

May.  Nor 

May,  Nov 

Mr.Jly.O.Dae 

Jun.  Dac 

May,  Nov. 

Nov. 
Apl,  Oct 
Ian,  July 
Jan,  July 
Apl,  Oct 

Jan.  July 
an.Julr 


9 
9 

Supply,  &c. 

6  10    8 
I  5    4    9 


S  1:;  11     Sp.Dc.Mr.Jn 

5  19    4    Sp.Dc.Mr.Jn 

6  1  ■  -      - 

:>  14 
4  16 


lOJ 
871 

4« 


5  18  6 

!  5    2  10 

7    5  .S 

S     i  3 


Ja.Apl.lly.O 

Ja.Ap,Jiy,0 

Apl.  Oct 

Mar,  Sapt 
Jun,  Dac 

Jan.  July 
May,  Nov 
Mar.Sapt 


t  Et  dWIdand  or  lnt«ratti 


*  And  131%  bcniu.       t  Et  dividend  or  intorsst 
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Loan  Periods  for  Accumulators. 

For  some  years  it  lias  been  the  custom  of  tlie  Local  Govern- 
ment Board  to  permit  loan  periods  which  are  distinctly  short 
for  certain  classes  of  plant.  For  example,  the  period  for 
meters  is  five  years  ;  for  arc  lamps  it  is  also  five  years,  and  for 
accumulators  seven  years.  With  regard  to  the  first  two  items, 
perhaps  no  great  exception  can  be  taken.  In  the  case  of 
accumulators,  however,  a  period  of  seven  years  is  extremely 
short,  especially  when  it  is  remembered  that  maintenance 
contracts  considerably  in  excess  of  seven  years  are  almost  the 
invariable  rule.  Consequently,  the  effect  of  such  a  period  is 
to  leave  an  asset  which  .should  be  of  very  considerable  value 
for  some  years  after  the  loan  has  been  paid  off,  and  after  the 
time  when  nominally,  according  to  the  conventional  idea  in 
such  matters,  the  item  of  plant  is  of  no  value.  Generally 
speaking,  it  is  scarcely  worth  while  to  raise  loans  for  short 
periods  ;  and  this  may  partly  be  the  object  of  the  policy, 
namely,  to  encourage  the  purchase  of  such  plant  as  meters  and 
arc  lamps  out  of  revenue.  In  the  case  of  accumulators,  how- 
ever, the  effect  of  an  unduly  short  loan  is  to  make  this  plant 
appear,  from  the  financial  point  of  view,  in  a  much  worse  light 
than  it  would  with  more  ordinary  business  methods.  We  are, 
therefore,  glad  to  note  that  the  British  Electrical  &  Allied 
Manufacturers'  Association  has  now  induced  the  Local  Govern- 
ment Board  to  extend  the  period  from  seven  yeais  to  ten 
years,  which  will  certainly  afford  some  relief  from  the  conditions 
we  have  indicated. 


Electric  Welding. 

In  the  present  issue  will  be  found  an  account  of  some  of  the 
modern  processes  and  machinery  employed  in  the  art  of 
electric  welding.     It  is  quite  possible  that  this  method  will 


always  be  to  some  extent  limited  in  its  application  by  circum- 
stances connected  with  the  nature  of  the  work  and  the  !«»<  al 
facilities  available.  But  some  kinds  of  manufart--  •  ■ 
ce-sses  can  be  quite  easily  dealt  with,  even  under 
where  no  special  arrangements  have  to  be  made  beyond  th»- 
supply  of  electric  energy  and  the  provision  of  simp!*.*  and 
suitable  plant.     The   earlier  processes  were  devised  on   the 

assumption   that   special   plant   was   hardly   n ■■■        -•♦ 

with  a  more  extended  use  of  the  electric  weld,  r 
that  an  unskilled  worker  with  an  automatic  or  semi-automatic 
machine  can  do  in  a  day  much  more  work  than  was  formetiv 
done  by  highly-skilled    labour.     Welding  machinery  of  t'   - 
kind  is  now  a  matter  of  general  intere.st.  .seeing  that  the  \v.    i- 
ing  of  sheet-metal,  chains  and  other  small  objects  is  now  can  >"i 
out  in   factories  by   routine  methods  and   unskilled  labour. 
When  it  comes  to  a  matter  of  repairs,  this  always  needs  careful 
work,  not  of  an  unskilled  kind,  and  for  this  class  of  work  t! 
are  also  various  rival  methods,  sivin^  results  on  which  it  \\< 
be  difficult  to  imiprove,  ard  among  which  a  choice  mu>; 
made  according  to  conditions.     With  a  proper  lay-out,  there 
is  no  question  that  the  electrical  method  is  very  suitable  f«>r 
many  classes  of  work,  and  will  become  increasingly  important. 


Electricity  or  Energy :  Which  ? 

Entitled  ■"Some  Mechanical  Analogies  in  Electruit>   ■•    - 
Magnetism."  Prof.  W.  S.  Franklin  contributes  to  the 
issue   of   the   "General  Electric    Review"   an   article   w : 
students  of  electrical  engineering  would  do  well  to  read.   Apart 
from  several  excellent  analogies  between  mechanics  and  elet-- 
tricity  and  magnetism,  there  is  one  showing  that  it  is  n»it  <•'• 
tricity  that  one  uses  but  work  or  energy.     The  almost  univf.  -.^ 
misunderstanding  of  the  matter  is  illustrated  by  Prof.  Franklin 
by  considering  a  mechanism  in  which  a  pulley  drives  another 
pulley  by  means  of  a  belt.     "'  A  person  knowing  nothing  it  all 
about  machinery,  and  especially  a  peiKun  liaciiuj  no  -■ 
words  to  use  in  describing  such  an  arromiement.  might  .> 
the  continuous  stream  of  leather  cimiing  off  the  driving  \n 
and  decide  to  call  this  pulley  a  leather  generator,  and  the 
driven  pulley  a  leather  motor.     Everyone  knows,  however. 
that  a  driving  pulley  does  not  generate  leather:    it  gives  up 
work  or  energv.  and  the  work  is  transmitted  to  the  driven 
pulley  by  the  belt.     It  seems  very  ridiculous  to  speak  of  a  b*lt 
pulley  as  a  generator  of  leather,  and  it  is  equally  absurd  t.» 
speak  of  a  battery  or  dynamo  as  a  generator  of  electricity." 
This  will  be  disconcerting  to  those  who  are  of  the  opinion  that 
for  a  few  coppers  they  can  buy  a  unit  of  electricity,  and  it  will 
be   equally  disconcerting  to  those   who  believe  they  can  sell 
electricitv. 


'■Seek  and  Ye  Shall  Find." 

Till  the  other  dav  we  shared  the  pessimism  oi  a  ctiuiu. 
section  of  the  dailv  Press.     The  fact  that  a  commi-^^i-n  in  the 
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Roval  pjHgineer.s  lias  lefciitly  Ijeeii  ^^lanted  to  a  higlilv  qualified 
engineer  of  our  acquaintance  alters  the  outlook.  In  view  of 
this,  who  shall  say  that  "  square  pegs  in  round  holes  ''  is  the 
rule  and  not  the  exception  ?  To  our  knowledge,  equally  able 
engineers  are  available  by  the  score.  Men  who  at  the  present 
time  are  helping  to  win  the  war  either  by  .•scrubbing  barrack- 
room  floors  or  by  engaging  uy)on  work  that  cc)uld  be  more 
cfticieiitly  performed  bv  charw(jmen.  labourers  or  navvies. 
Tlie  lesult  of  employing  laymen  on  engineering  work  is  that 
some  of  our  "  patriots  "  employed  by  the  War  Department  are 
paying  their  men  ,; .  an<l  are  attem{)ting  t(t  charge  their  country 
<J/;  for  the  work.  All  in  good  tinif  we  liopc  to  ^mlili-li  tin- 
figures. 


when  prices  are  cut  fine,  as  they  usually  are.  would  lead  one 
to  the  conclusion  that  there  are  less  expensive  methods  than 
the  construction  of  full-size  models  of  the  locomotive  for 
settling  the  positions  of  details. 


Amateur  and  Professional. 

r.NhKR  the  heading  "Tragic  Results  of  .\mateur  Work"  is 
given  an  arcount.  in  a  recent  issue  ot  the  "  .lournal  of  Gas 
Lighting."  of  the  death  of  a  youth  through  an  electric  shock 
owing  to  a  2l)0-volt  electric  lam]>  falling  into  the  water  in  which 
he  was  having  a  bath,  and  causing  it  to  "  bec<.me  alive."  The 
liiin|i.  it  was  statecl.  vns  fi.xcd  b\-  the  deceased's  brother,  who 
was  an  amateur  at  electrical  woik.  Aciording  to  our  con- 
temporary: "At  the  iiupiest  the  coroner  (Mr.  .].  Kexyox 
PaRKKS)  commented  on  the  fact  that  there  did  not  appear  to 
be  any  regulations  to  picvent  people  making  unauthorised 
connections  to  electric  ligiit  fittings.  He  thought  this  tragic 
incident  should  be  a  lesson  to  peo])le  not  to  interfere  with  elec- 
trical work."  We  exjiress  thanks  to  our  <-ontem])orarv  for 
giving  jniblicity  to  the  coroner's  sensible  remarks.  At  the  same 
tinre  we  s«'em  to  remember  that  en  several  occasions  j)eopIe 
have  roiiic  to  an  untimely  end  in  tlieii-  bath  rooms  owing  to  the 
defective  installati(»n.  by  professed  gas  fitters,  of  gas-heated 
water  boilers  and  other  abominations.  It  is  only  fair  to  the 
ainat<'iir  to  record  the  fact  that  the  work  of  llw  piofessional 
occasionallv  t'ives  rise  to  tiJiL'ic  results. 


Full  Size  Models. 

\\  [lis  Presidential  .Vddiess  to  iIk'  Institution  of  Locomotive 
Kngineers,  Mi.  It    Iv  I,    M.mnski.i.  suggestetl  the  advis.ibility 
of  constructing:  a  luil-si/.e  model  of  the  cab  and  boiler  front 
when  a  design  tor  a  tiew  class  of  engine  is  l»eing  prepared  in 
order  t«»  setth*  tlie  best  an<l  most  convenient  position  for  the 
details.      .Mtliuugh  such  a  inodd  may  serve  some  useful  ]Mir- 
])Ose.  it  is  doubtful  whether  the  suggestion  will  In-  favourablv 
received  by  tlio.se  who  make  loromotives  i.i  ((.mpeiition  with 
titlier  tinns.      l''or  (  ertain  jiurpoHes  models  are  invaluable,  but 
«uie  would  imagiiu'  that,  in  the  ca.sc  of  a  locomotive,  the  monev 
expended  un  ;i  full-size  wood  iiiid  canvas  model  of  the  footplate 
ami  cab  could  be  used  lo  nuK  h  Itetter  purjio.se  mi  studving  one 
of  the  luanv  |)ro!»lenis  <  nmiected  witli  the  design,  constructictn 
or  ])erfoiniance  of  the  locomotive.      If    the  construction    of   a 
model  lie  necessarv  for  settling  the  position  of  details  on  the 
Lootpliilc  111  ii  l<i(  niiiotive.  then  such  inodeU  art-  equallv  neces- 
sary ill  niiiny  other  cases,  botji  niechanicHl  aiul  electrical       In 
these  the  draugli'smjin  i-an  see.  in  its  three  dimensions  on  the 
drawiiig-iioaid,  the  mai  liine  which  he  has  designed  ns  surelv 
as  if  he  were  standing  in  front  of  the  machine.      In  a«ldition  to 
niiikin.',  .\  mnilrl  nf  tlic  (  all.  HI  the  axHr  of  a  tank  engine  Mi. 
^L\i'N.>i-:i,i,  advocates  the  making  of  a  model  of  the  boiler,  side 
tanks  and  coal  bunker  to  ensure  that  the  tank."*  do  not  undidv 
interfere  with  the  outlook   from  the  footplate.      Here,  again, 
we  believe  that  the  properly  qiialifii'd  draught.sman  is  well  able 
to  attend  to  these  matters.     It  is  to  be  regn>tted  that  as  t.|iOi*e 
(>xtriioidiniirv  views  were  brought  forward  in  the  couf.'H'  of  a 
Presidential   .\ddresvs  other  engineius  were  debarred  from  <lis- 
enssing  them.     We  venture  to  think  that  the  opinions  of  those 
whos,.  Itusiuess  it  is  to  secure  n  satisfactory  margin  of  profit 


"Archives  d'Electricite  Medicale."  We  have  received 
No.  fill  for  Mardi.  li'lG.  which  contains  a  series  of  articles, 
dealing  with  the  siesmophone  in  deafness,  extraction  of  bullets 
from  the  skull,  and  other  Papers  of  interest  to  medical  readers. 

Hydro-Extractors.  The  "  Textile  .Mercury "  refers  to  a 
hydro-extractor  fni  use  in  chemical  dyeing,  or  bleach  works, 
made  by  Me.ssi-s.  T.  Broadbent  &  Sons.  Ltd..  Huddersfield.  A 
wire  cage  (U*  basket  is  revolved  raj)idly.  and  the  moisture 
thrown  off  by  the  articles  in  it  is  caught  in  a  cylindrical  casing 
and  drained  off.  The  rotor  of  the  electric  motor  is  mounted 
on  a  sleeve  revolving  about  the  spindle  of  the  machine.  To  the 
upper  parts  of  the  sleeve  are  attached  friction  shoes  which  are 
controlled  In'  centrifugal  force  and  from  a  friction  clutch  with 
the  spindle.  The  starting  of  the  machine  is  quite  automatic, 
and  the  attendant  cannot  damage  the  machine  by  switching 
on  to<i  (piicklv. 

Centrifugal  v.  Ram  Pumps.  The  "  Iron  and  Coal  Trades 
Review  "  reported  recently  a  discussion  at  the  meeting  of  the 
.Mining  Klectrical  Engineer.s  at  Manchester,  when  Me.ssi-s.  Izod 
(.y  Rouillards  Paper  <ni  '  Centrifugal  Pumping  Plant  of  the 
l)url)an  Roode))ort  Deep.  Ltd.,  was  read.  It  was  pointed  out 
(referring  to  high  lifts)  that  for  equal  outputs  a  ram  pump  had 
to  run  for  a  certain  time  before  its  higher  efficiency  turned  the 
balance  of  costs  in  its  favour.  Quartzite  grit  in  the  water 
might  ruin  a  centrifugal  impeller  in  2f  hours.  A  case  was 
referred  to  where  an  impeller  driven  l)y  an  >'^0  h.h.p.  motor 
worked  against  a  very  low  head.  It  .sometimes  went  in  one 
direction,  sometimes  in  the  other.  This  was  presumed  eijther 
to  be  due  to  leakage  or  to  the  fact  that  the  impeller  of  cast-iron 
may  have  become  magnetised  by  the  stray  field  of  the  motor. 

Skin    Effect    in    Strap    Conductors.     Mr.  F.  B.  Dwight 

writing  on  tiie  above  in  the  '"  Electrical  World."  gave  a  curve 
calculated  from  the  experimental  results  obtained  by  Messi-s. 
A.  K.  Kennelly,  F.  A.  Laws  and  P.  H.  Pierce  as  shown  below. 
The  thickness  of  the  straj)  should  not  be  more  than  one-tenth 
the  width,  and  there  must  be  an  air  space  between  it  and  the 
leturn  conductor  greater  than  the  width  of  the  strap.  The 
curve  applies  to  a  single  straj),  and  not  to  such  cases  as  ven- 
tilated "bus  bars.  The  resistance  referred  to  in  (//?)'  is  the 
resistance  at  the  temperature  in  cpiestion,  and  /  is  the  fre- 
quency in  cycles  per  second.  Owing  to  the  fact  that  the  skin 
etfect  for  straps  shown  in  the  figure  approaches  its  asymptote 
and  liecomes  a  straight  line,  considerable  labour  is  saved  in 
calculating  the  same  efTect  for  this  portion  of  the  curve  for 
round  wire.     The  ctirve  applies  to  all  sizes  of  strap,  and  the  law 
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is  t  he  same  a.s  that  (or  wiiv.  The  curve  for  .strap  is  an  emi»irical 
one.  whereas  that  for  wire  or  cable  is  c\  .  t.  The  results  for 
strap  condiictors  aix*  ajtpinximatelv  cori(  . 
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On  Avoiding  Collision  at  Sea.  In  a  recent  Paper  befcjie 
the  Royal  Society,  Prof.  H.  C.  Pluinmer  gives  a  metliod  whicli 
is  of  greater  simplicity,  both  in  idea  and  practical  dftaii,  tlian 
Joly's,  by  introduciiig  tlie  lolative  speed  of  the  two  sliips. 
The  speed  and  course  of  an  approaching  ship  being  com- 
municated by  wireless,  the  relative  speed  is  easily  obtained 
without  calculation  by  a  combination  of  scales,  whirh  is,  in 
fact,  identical  witli  Prof.  Joly's  collision  predictor.  The  one 
ship  may  then  be  considered  stationary  and  the  locus  of  the 
approaching  ship  at  successive  signals  becomes  a  series  of 
concentric  circles.  In  the  case  of  impending  collision  the  rate 
of  approach  is  a  maximum  along  a  radius  and  equal  to  the 
relative  speed.  Two  methods  are  suggested  for  comparing 
the  indications  of  the  signals  as  received  with  this  critical  speed, 
the  one  involving  the  use  of  two  direct-reading  scales,  the  other 
an  equivalent  arithmetical  operation  of  the  simplest  kind. 


OBITUARY. 


Killed  in  Actiox. — Second  Lieut.  James  C.  .Smith  was  killed 
on  March  27.  The  deceased  ofHcei'  was  educated  at  All  Saints' 
School,  Bloxham.  He  became  an  electrical  engineei',  and  shortly 
after  war  broke  out  joined  a  Public  School  Battalion.  In  Februar\ , 
1915,  he  received  his  commission,  and  in  February,  191(j,  he  went  to 
the  front. 

The  death  is  also  announced  of  Lieut.  Douglas  Tweedx-Sniith, 
Royal  Fljdng  Corps  (second  son  of  Mr.  R.  Tweedy-Smith),  who  died 
on  April  10  at  the  Red  Ci'oss  Hospital,  Xetley,  aged  19  years.  He 
was  a  member  of  the  London  University  O.T.C.,  and  on  the  outbreak 
of  war  he  received  a  commission  in  the  15th  Middlesex  Regiment, 
and  was  appointed  cpiartermaster  of  a  newly-formed  battalion.  He 
was  transferred  early  last  year  to  the  Royal  Flying  Corps.  He  was 
educated  at  Palmer's  College,  Grays,  and  his  twin  brother  is  Second 
Lieut.  Leslie  Tweedy-Smith,  of  the  East  Surrey  Regiment.  Mr. 
Tweedy-Smith's  eldest  son,  Alan,  was  killed  at  Loos  on  Oct.  13  last. 


APPOINTMENTS  VACANT  AND  FILLED. 


Belfast  Corporation  invite  applications  for  the  appointment  of 
general  manager  of  their  traniAvays  Salary  £800,  rising  to  £1,000. 
Applications  to  the  Town  Clerk  (on  forms  supplied)  by  May  13. 

A  junior  shift  engineer  is  required  at  the  new  temporary  station, 
Xechells,  Birmingham.  Commencuig  salary  £104,  rising  to  £200 
.per  annum.  Applications  (on  forms  to  be  obtained  from  the  Sec- 
retary, Electric  Supply  Dept. )  to  cit}'  electrical  engineer  and  manager 
(Mr  R.  A.  Chattock),  14,  Dale  End,  Birmingham,  by  24th  inst. 


n 

..I 


III 


Mr.  W.  H.  Collier,  B.Sc,  has  been  appointed  lecturer  in  engineering 
at  the  Ballarat  (Victoria)  School  of  Mines,  in  succession  to  Mr. 
Hoadley,  resigned. 

Oldham  Tramways  Committee  have  selected  Mr.  P.  Priestley, 
general  manager  and  engineer  of  the  Mexborough  &  Swinton  Tram- 
ways Cb.,  for  the  position  of  manager  of  the  Corporation  tramways. 


armour.  The  effect  of  use  on  the  iiiHkie  of  a  gun  wajj  illuMtrHted  bv 
photograj.hs  showing  the  •  iToKion  "  and  the  cracking  whicli  o. .  ur 
as  the  result  of  the  high  te;n|icrature  of  the  explotfion  gax-,.  The 
lecturer  then  j>roceeded  to  describe  the  nio<l»ni  pro<.eH»  of  gun- 
making  by  thf;  aid  of  a  ncrien  of  <infniHt<,^'raj>h  |»icturf«  of  thf  moJ*t 
interesting  aM<l  striking  Htage«  of  the  prix-cw*.  The*e  t-'-  'I  L«?n 
prepared  and  lent  to  him  by  the  courtesy  of  M.^n».  \  Ltd.), 

at  whose  Sheffield  works  fliey  had  been  taken.     Th»- ner  .with 

the  blast-furnates  in  whiih  the  iron  ore  in  reduied  hv  tl. ,i  vokt- 

and  limestone  ;    next  eane  the  o|;en-hearth  wterl  fumac<>  and  thf 
processes  of  filling  were  shown,  and  |  articular  attention  v 
to  a  picture  whicli  clearly  showerl  the      Ujiling  "  of  the  rn...:   . 
within  the  furnace.     Throughout  the  variouK  Htagnt  of  the  p.r 
including  tiie  refining  of  the  iron  to  transfonn  it  in' 
stages  of  forging,   hardening  and   teni|.ering,  tht 
popular  terms  the  scientific  reason  for  each  «tep,  illuirtratinK  hn  re- 
marks by  a  series  of  photf/niicrographs  showing  the  nii'  ■  -rf 
^  of  the  steel  at  each  stage,  and  showing  how  each  «te|(  -  -.jf 
'  the  steel  nearer  to  the  idea!  condition  of  jerfeet  homogeneity.     The 
lecturer  naturally  avoided  reference  to  those  eonfif!'    *     '  "        •■  n. 
which  relate  to  the  most  recent  products  of  the  .steel  i. 
directed  to  the  i)roduction  of  guns,  but  as  an  imiication  oi  th« 
tion  in  which  modem   jjractice  tended,  he  showed  the  extr.-.:  •  i. 
minute  micro-structure  which  can  be  produced  by  pro{ier  tre.itn:.-iit 
in  modern  special  or    "alloy  steel.s."     The  extreme  iin|iortanoe  of 
accun-.te  scientiHc  control,  both  of  conqKisitions,  tem|)era!un-s  and 
rates  of  cooling,  throughout  the  process,  was  strongly  enipha.*i.sed 
and  illustrated.      By  means  of  the  .series  of  cinematograph  tilnih  the 
gun  was  followed  through  its  \arious  stages,  from  the  freshly  eaist 
ingot  weighing  80  tons,  through  the  processes  of  "  cropping  "  and 
■  trepanning,"  as  the  first  piercing  of  the  ingot  to  fonn  a  njugh  tul* 
is  called,  on  through  the  forging  press  until  it  attains  its  requisite 
length — in  some  cases  over  70  ft.     Then  follow  the  machining  o|jera- 
tions,  and  then  what  is.  ])erhaj)S.  the  most  delicate  |>art  of  the  pro- 
cess— hardening  and  tempering,  in  which  the  roughly  machined  tul* 
is  heated  to  a  uniform  and  carefully  regulated  tenqjerature  in  a  tall 
chimney-like  vertical  furnace,  from  which  it  is  lifte<l  at  the  proiier 
moment  to  be  plunged  into  an  oil-l^ath  contained  in  a  ck*ep  ivlin- 
,  drical  well.     The  process  of  rifling  and  the  finishing  of  the  outside. 
after  the  ajiplication  of  the  wire-winding,  were  also  shown.      Finally^ 
as  a  relief  to  the  more  .severely  technical  jKjrtions  of  the  lecture,  .-ionie 
films  were  shown  illustrating  the  testing  and  tiring  of  big  guns. 

Sir  Robert  HADFtELn.  in  pro]iosin^j:  a  vote  of  thanks  to  the  Uvtun-r. 
sup))lementcd  wliat  lie  had  sa'd  by  .*(  me  further  interestiua  infurination 
v/ith  regard  to  the  achievements  of  modern  artillery'.  Hi-  s|>okf.  f"i 
example,  of  IH  in.  American  guns  tirimr  a  slieli  of  2,4tKi  lb.  wcitiht  a  ili- 
tance  of  2 1  miles,  and  of  12  in.  arm()ur-])late  fired  at  from  a  di.<Jtanie  of 
1. I  miles  being  cracked  but  not  perforated.  The  wire-wound  nun  de- 
scribed b\  the  lecturer  was  found  to  be  the  finest  in  the  world,  and  it  had 
the  advantage  of  hoing  chcai)(>r  than  enemy  iiattcrns.      It  wa.-  i     '  !iy 

realised  that  the  life  of  a  lar<:e  iriin.  ha.std  on  the  time  of  acti.  ts 

not  more  than  three  seconds.  A  cniious  fact  was  that  the  .-..'tl  a".-H-d 
cap  used  on  modern  shell  expanded  so  ia])idly  on  striking  an  ohje  t  as 
to  allow  the  complete  shell  to  pass  through  it.  In  referring  to  the  un-at 
importance  of  metallur.<;y  in  gun-making  engineering.  Sir  Robert  Hadtit-ld 
told  of  a  loin,  shell  which  can  pass  thnnmh  1.")  in.  armour  plate  in  no- 
more  than  j~^  of  a  second,  and  of  a  (>  in.  sh  d!  fitte<l  with  a  modem  cap 
which  he  had  seen  fiii-d  ihn-e  times  before  the  sliell  was  broken. 

Royal  Institution.— ^The  I),  y  Lectures  after  Ejister  will  include 
two  by  Dr.  T.  M.  Lowry  on  "  Optical  Research  and  Chemical  Pro- 
gress," and  two  by  Prof.  W.  H.  Bragg  on  '•  X-Rays  and  Crystals." 
The  Friday  Evening  Discourses  wdl  be  resumed  on  May  5.  and  ;riU 
include  a  discourse  by  Sir  J.  .M.  Davidson  on  •"  Eleetrieal  Methtnls  iu. 
Surgical  Advance,"  and  one  by  Prof.  C.  tJ.  Barkla  on  '"  X-Hay>." 


INSTITUTIONS  AND  SOCIETIES. 


Faraday  Society.— Dr.  W.  Rosenhain,  F.R.S.,  of  the  National 
Physiccxl  Laboratory,  recently  delivered  a  lecture,  illustrated  by 
cinematograph  pictures,  on  "  The  Making  of  a  Big  Gun."  The  chair 
was  taken  by  the  president.  Sir  Robert  Hadtield,  F.R.S.  The 
lecturer  began  by  contrasting  the  "  big  guns  "  of  olden  times  with 
the  gigantic  weapons  of  to-day.  The  older  guns  were  made  of  cast- 
iron,  and  guns  of  that  material  reached  their  highest  development  in 
the  American  Civil  War.  The  conditions  existing  in  modern  guns 
were  illustrated  by  sectional  diagrams  relating  to  guns  of  fairly  recent 
date,  in  which  pressures  of  18  tons  per  sciuare  inch  and  muzzle  velo- 
cities of  2,500  ft.  per  second  occurred.  To  resist  these  conditions, 
the  best  possible  steel  was  required,  and  even  that  only  served  for  a 
comparatively  short  time.  The  work  of  modern  guns  was  illus- 
trated by  some  photographs  of  gigantic  projectiles  which  had  been 
recovered  intact   after  penetrating  greit    thicknesses  of    modern 


ARRANGEMENTS  FOR  THE  WEEK. 

ENGINEERING  INSTITUTIONS    VOLUNTEER  TRAINING  CORPS. 
Commanding  Ottieer  :  Lieut. -Col.  C.  B.  Cuw. 
Orders  for  we-  k  commencing  April  24.  1!>U>  .— 

Drills  :  l).25  to  7.25.     7.2,-)  to  S.2.->. 
Mondav,  April  24th.  — Easter  Training  at  Otfonl. 
Tuasday,   April  2.->th.-^  School   of  Arms,   (i  to  7   p.m.      Ke.ri.its    tmU. 

7.15  to  S.lTi  p.m.  ,   ,       r.        •.      -  .- 

Thur-sday,  April  27th.^-Shooting  for  Sections  3  and  4.     Rci-nut8.  .x4.> 

Friday,  April' 28th,— Sections  :{  and  4.  Teehnical.     Sections  1  and  2. 

Squad  and  Tlatoon.     Siuna!lin<;('la.ss  and  Recruits. 
SaturdaN .  April  29th.-Adiutar.ts-  Instru-tion  Class  at  -.:vO  p.m 
Sections  for  Technical  :     Parade   at    Headquarters.    l>.ndon    hUxtncal 

Emdneers,  4l>.  Re<:encv-stivet.  S.\\.  . 

Sections  for  Shooting.  Parade  at  .Miniatuie  Ranw-es.     Inless  otherwue 

stated,  all  parades Va  Chester  House. 
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ELECTRICAL  DIAGRAMS. 

BY  P.   RAYXER-SMITH. 

In  considering  any  standard  scheme  for  uni- 
jonnity  in  drawing  electrical  diagrams  such  as 
that  propounded  by  Prof.  Kapp  in  The  Elec- 
TRi'iAX  of  March  10,  UilO,  it  would  he  well  to 
<<jnsider  the  new  series  of  electrical  symbols  pre- 
paied  this  year  by  the  United  States  Patent  Office 
as  a  chart  for  draughtsmen. 

These  number  89.  but  their  scope  is  not  the  same 
as  that  of  Prof.  Kapp's  series.  They  do  not  deal  with 
arrows  or  the  like  as  applied  to  f^.M.K.  current, 
and  so  on  ;  but,  on  the  other  hand,  they  include 
nianv  jnatters  not  in  the  other  series.  On  the 
wholes  they  are  very  expressive  and,  generally 
speaking,  simple  ;  but  in  some  instances  their 
drawing  would  take  a  comparatively  great  time. 

Referring  to  the  diagrams  Nos.  1  to  fj  for  wires 
aiul  certain  switches  are  conventional  and  good. 
1  and  J  are  simpler  than  the  Kapp  symbols.  The 
knife-switch  synibol.  G.  might  be  simplified  by 
substituting  a  plain  thick  line  for  the  handle,  which 
a.-i  it  is  shown  involves  the  drawing  of  an  aic.  The 
switches  7  and  8  are  good,  and  so  is  the  resistance  9. 
The  non-inductive  resistance  10  is  simple,  but  1 1  is 
not  ver\  suital)le  for  an  impedance.  The  t\i)e 
shown  in  13  is  mudi  better,  although  more  difficult 
t<»  draw.  12  calls  for  no  comment,  nor  14,  except 
that  the  core  might  be  represented  by  a  straiglit 
line 

The  symbol  chosen  for  the  condenser  iji  l(j  is  the 
same  as  that  used  by  Prof.  Kapp,  but  it  would  be 
better  to  substitute  for  this  the  other  form,  which 
call  be  cpiite  well  drawn  without  confusing  it  with 
a  battery.  IH,  the  pile  regulator,  is  practically 
never  required.  The  set  of  circuit-breakers,  19. 
23  and  24,  are  complicated,  but  almost  necessary 
if  it  is  intended  to  go  to  the  refinement  indicated. 

20  to  22  show  convenient  conventional  symbols. 
There  is  no  especial  jjoint  in  Nos.  25,  20,  27  and  28, 
dealing  with  relays  ;  but  29  and  .'iO  are  not  very 
clear.  It  would  be  better  to  black  in  the  projecting 
end  of  the  core.  .31  to  35  are  all  good  and  much 
more  convenient  for  drawing  than  the  instrument 
symbols  of  Pr(»f.  Kapp.  36.  for  the  hot-wire 
.i]»|)aratus.  sh«»uld  not  be  required.  Conventional 
lettering  could  be  eni]tloved  instead.  The  same 
a])plies  to  .37  to  39. 

The  lamp  series,  l<i  to  13.  are  by  no  means  good. 
Plain  circles  can  be  used  for  incandescent  lamps, 
whether  lighted  or  not  and  crosses  for  arc  lights. 
Xos.  44  to  ')(\  call  f<ir  no  s]M'cial  comment,  as 
they  are  self-explanato'v.  57  is  liable  to  be  con- 
fused with  3(t.  .58  to  (32  arc  quit«  good,  but 
general.  (53,  the  thcrino-ehvtnc  generator,  is  not 
often  required,  and  (i5  would  be  confused  with  62. 
The  motor  and  generator  series,  66  to  81.  arc  all 
explicit,  but  it  doe.s  not  follow  that  it  is  uece.H.sary 
to  employ  them  in  every  diagram.  ()ft.en  a  <'on- 
vcntional  sign  as  tJ*')  would  I'e  sullicienf.  i»ut  when 
more  detail  is  retjuircd  it  is  well  jirovided  by  the 
symbols  given. 

The  transformer  figure,  82,  i.s  open  to  the  same 
(lilicism  as  the  iin]»edance  II.  The  auto-trans- 
former in  83  is  satisfactory,  but  the  series  trans- 
former 84  is  not  clear.  The  rectifier  86  and  the 
.asymmetric  cell  86  ran  readily  be  understoiKl.  but 
85  is  somewhat  difficult  to  draw  well  and  quirklv. 
The  trans{oin\ers  87  and  88  are  open  to  the  same 
criticism  as  82.     There  is  no  special  point  in  89. 
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INSULATING  OILS  * 


'  The  Sub-conniiittee  have  considered  the  suggestions  receised  with 
regard  to  the  proposed  tests,  which  in  the  first  place  are  being  Hmited 
to  transformer  oils.  An  abbreviated  account  of  the  tests,  most  of 
which  have  been  in  jiractical  use  for  some  time,  will  be  found  beloM . 
The  points  that  now  require  investigation  are  :— 

(1)  How  far  are  the  results  consistent  when  made  by  different 
observers  on  the  same  sample  of  oil  ?  (2)  Could  the  results  of  the 
tests  be  relied  upon  to  indicate  with  certainty  the  behaviour  of  the 
oil  under  practical  working  conditions  '! 

The  Institution  has  received  a  grant  from  the  Advisory  Council 
for  Industrial  Research  for  this  work,  and  the  Sub-committee 
propose,  therefore,  to  put  the  experiments  in  hand  at  once,  especially 
in  view  of  the  delays  caused  by  the  war. 

In  order  to  judge  the  suitability  of  an  oil  for  use  as  a  cooling 
insulating  medium  it  is  necessary  to  know  its  characteristics  in  the 

I  following  respects  : — 
(1)  Tendency  to  sludge,  (2)  loss  by  evaporation,  (3)  flash  point,  (4) 
viscosity  at  different  temperatures,  (5)  chemical  reactions,  (6)  den- 
sity and  coefficient  of  expansion,  (7)  cold  test  (sohdification).  (8) 
moisture  absorption.  (9)  dielectric  strength.  (10)  specific  resistance, 
(11)  thermal  transference.  (12)  specific  heat. 
The  detailed  methods  of  investigation  for  each  characteristic 
recommended  in  the  following  pages  may  be  first  briefly  reviewed. 

General  Review. 

Sludging. — The  object  of  this  test  is  to  obtain  an  idea  of  the 
tendency  of  the  different  oils  to  form  solid  deposits  when  they  are 
subjected  to  the  action  of  heat  and  air.  This  action  is  considerably 
influenced  by  the  presence  of  cerjtain  metals.  The  method  recom- 
mended is  a  modification  of  that  used  by  Dr.  IMichie.  The  oil  con- 
tained in  a  flask  is  subjected  to  the  action  of  heat  and  oxygen  for  a 
given  time,  a  piece  of  the  metal  in  question  of  given  surface  area 
being  present  in  the  oil  during  the  test.  It  would  be  of  interest  to 
obtain  comparative  figures  for  copper,  iron,  lead,  tin,  zinc  and 
aluminium,  and,  in  view  of  the  importance  of  copper  in  electrical 
work,  data  should  also  be  obtained  for  tinned  copper,  silver-plated 
copper  and  copper  covered  by  insulating  material,  such  as  cotton. 

Besides  the  formation  of  solid  deposits  in  the  oils  after  these  have 
been  subjected  to  the  conditions  of  the  test,  note  should  be  made  of 
any  corrosive  effects  on  the  metals,  the  formation  of  water  and  acids 
and  the  extent  to  which  the  oils  have  darkened  in  colour.  The 
depth  of  colour  of  the  oil  can  be  accurately  measured  in  degrees  on  a 
permanent  colour  scale  by  means  of  Lovibond's  tintometer  No.  7  set 
for  standardising  merchantable  petroleums. 

Loss  by  Evaporation. — Two  different  methods  of  carrying  out  this 
test  are  described.  A  definite  volume  of  oil  is  heated  in  a  beaker 
at  100°C.  for  eight  hours.  In  one  method  the  body  of  the  beaker  is 
immersed  in  the  heating  bath,  its  open  mouth  being  exposed  to  the 
air  of  the  laboratory  but  shielded  from  draughts.  In  the  second 
method  the  beaker  is  carried  in  a  revohang  tray  in  a  hot-air  oven. 
The  result  is  expressed  in  terms  of  loss  of  volume  and  ratio  of  surface 
to  volume  of  oil,  the  height  of  beaker  wall  above  oil  surface  at  the 
commencement  of  the  test  being  stated. 

"Closed"  Flash  Point. — The  temperature  at  which  vapours 
accumulating  above  the  oil  in  a  closed  vessel  become  inflammable 
is  determined  by  means  of  either  the  Pensky-lNIartens  or  Gray's 
instrument.  The  oil  is  rapidly  heated  to  about  25°C.  below  its  sus- 
pected flash  point,  the  heating  being  continued  beyond  this  at  the 
rate  of  2J  deg.  to  3  deg.  per  minute.  At  each  additional  degree  of 
temperature  the  cover  is  opened  and  a  flame  inserted.  The  lowest 
temperature  at  which  flash  occurs  is  thus  determined. 

Viscosity. — The  standard  method  in  Great  Britain  for  this  deter- 
mination is  that  of  Redwood,  which  notes  the  time  in  seconds 
required  for  a  definite  volume  of  oil  to  run  through  an  aperture  of 
fixed  dimensions.  Measurements  are  made  at  15-5°C.,  50°C.,  and 
80=C. 

Chemical  Reactions. — The  oil  is  tested  for  acidity  and  alkalinity. 
An  iodine  test  is  also  recommended,  as  it  is  believed  that  tliis  test 
gives  a  good  general  indication  of  the  tendency  to  sludge. 

Density  and  Coefficient  of  Expansion. — The  density  is  determined 
at  the  three  temperatures  15-5°C.,  oO°C.  and  80°C.  by  means  of 
specific  gravity-  bottles  or  pynkometers,  preferably  of  the  Sprengel 
tube  type.     From  this  data  the  coefficient  of  expansion  is  obtained. 

Cold  Test. — This  test  determines  the  temperature  at  which  the 
oil  commences  to  congeal.  A  knowledge  of  this  characteristic  is 
"f  importance  in  connection  with  oil  switches  used  in  exposed 
situations  and  cold  climates. 

*  Abstract  of  a  report  of  a  Committee  of  the  Institution  of  Electrical 
Ensineers. 


Moisture  AhsorpI ion.— 'Ihia  testt  in  made  to  detenaine  the  t^-nd.-.  v 
of  an  oil  to  absorb  moisture  from  the  atmosphere,  and  in  n 
taking  dielectric  (breakdown)  test»  ujjon  the  originally  dn*  oil  afifcr 

successive  interval.s  of  c.\p(jsure. 

Dielectric  Strength  and  Sped  fir    HMiMlavrf—TUfte  ar«>  familiar 

laboratory  tests. 

Thennul  Transferenrf.     .\.,ii,,  n. 
able  reganUng  the  relative  twjiing  i  - 

of  different  viscosities,  but  it  i.s  felt  that  more  exact  mfornuitir>n 

would  be  of  value,  and  a  method  of  inv    •■_■ -     nded  by 

the  National  Physical  Laboratory'  is  her 

Specific  Heat.  -The  method  of  |>erformjng  thin  test  i>«  left  to  the 
judgment  of  individual  experimenters.     I)  •       '      '  '  '  •  I 

at   \-rrfC.,  oO^C.  and  SO'C     Reference  is  - 

upon  this  subject.      It  is  suggested  that  speciticheat  le^XM  at  15-5  «'. 
might  with  advantage  be  made  ujxm  the  oils  both  in  t^     -     -  /      ' 
condition  and  after  drying,  but  for  the  test  at  higher  t. 
dried  oil  {see  .section  10)  should  be  employed. 

Te.sts. 

Sludging  Test. — This  investigation  should  Ik-  conductetl  a^foliown: 

One  hundred  cubic  centimetres  (100  cubic  cm.)  of  the  sample  an- 
introduced  into  a  clean,  dry,  round- bottomed  flask,  haWng  a  n<-.  k 
11  in.  to  12  in.  (28-0  cm.  to  %{)■'•>  cm.)  long  and  \  in.  (19  mm.  inten.  .i 
diameter,  and  a  bulb  of  2-75  in.  to  3  in.  (70  mm.  to  76  mm.)  diameter. 
which  has  a  capacity  of  200  cubic  cm. 

Next  is  introduced  a  piece  of  pure  sheet  copper  havine  a 
"planished"  surface  (bright  rolled  and  ix)Ushe<l).  and  a  r' 

of  0004  in.  (0-1  mm.),  and  measuring  1  ,^  in.  ,'2^  in.  (3  cm.      >    

A  fresh  piece  of  copper  should  be  used  for  each  test.  The  total  area 
of  the  copper,  which  equals  282  sq.  in.  (18-19  .sq.  cm.),  is  immersetl 
in  the  oil. 

To  introduce  the  strip  it  is  wrapped  round  sufficiently  to  overlap 
itself  slightly  and  to  slide  easily  down  the  neck.  The  copper  strip 
must  be  so  bent  that  when  in  the  flask  the  edges  spring  aptirt. 
leaving  an  opening  about  J  in.  (6  mm.)  wide  to  facilitate  circulation. 
The  coiled  strip  stands  vertically  on  the  bottom  of  the  flask.  Before 
introduction  the  surface  of  the  copjjer  is  carefully  polished  clean  by 
means  of  washleather  and  a  little  soft  polishing  paste. 

The  whole  of  the  bulb  of  the  flask  is  immersed  in  an  oil  bath,  and 
the  neck  jiasses  through  a  hole  jirovided  in  the  lid  of  the  bath.  The 
bath  can  be  heated  by  gas  or  electric  current,  and  must  be  fitted 
with  a  thermostat  heat-regulating  dexice  and  a  motor-driven  stirrer, 
so  that  the  temperature  is  even  throughout  and  can  be  maintained 
constant  to  within  +1°C.  of  the  selected  temperature. 

The  neck  of  the  flask,  which  projects  above  the  Ud  of  the  oil  bath. 
is  water  cooled  by  means  of  a  water  jacket  10  in.  or  11  in.  (25-4  cm. 
to  27-9  cm.)  long,  connected  to  the  water  supply  in  the  usual  manner. 
The  mouth  of  the  flask  is  fitted  with  a  rubber  bung  ha\ing  two  hole>. 
and  carrying  two  glass  tubes  of  0157  in.  (4  mm.)  internal  diameter, 
which  are  respectively  the  exit  and  inlet  tubes  for  passing  a  stream 
of  oxj^gen  through  the  oil. 

The  exit  tube  ends  nearly  flush  with  the  inside  of  the  bung,  whilst 
the  inlet  tube  reaches  to  within  J  in.  (3  mm.)  of  the  bottom  of  the 
flask,  and  passes  axially  through  the  cylinder  of  copper,  which  thus 
aids  in  the  distribution  of  the  oxygen  throughout  the  body  of  the  oil. 
The  portions  of  the  exit  and  irl^t  tubes  outside  the  fiask  are  bent  to 
a  convenient  angle  for  connection  to  the  follownig  apparatus  : — 

Before  entering  the  flask  the  oxygen  is  made  to  bubble  through  a 
layer  of  oil  of  2  in.  (51  mm.)  depth,  contained  in  a  "  tell-tale  "  bottle 
of  8  oz.  capacity,  which  is  fitted  with  a  two-hole  rubber  bung  carrjii.g 
two  glass  tubes  for  inlet  and  exit  of  the  gas. 

The  inlet  tube  is  of  0-313  in.  (7  mm.)  internal  diameter,  and 
reaches  to  within  \  in.  (1-3  cm.)  of  the  bottom  of  the  l>ottle. 

The  exit  tube  is  of  0157  in.  (4  mm.)  internal  diameter,  and  projects 
not  more  than  }  in.  (6  mm.)  inside  the  bott!' .  It  is  coupled  up  to 
the  inlet  tube  of  the  flask. 

The  inlet  tube  of  the  tell-tale  bottle  is  joined  up  to  the  following 
jDurifying  train  : — 

The  oxvgen  supply  as  purchased  should  bo  of  not  less  than  99  per 
cent,  puri'tv,  and  it  "is  fi-rther  purified  befoiv  entering  the  tell-tale 
bottle  by  passnig  it  through  three  wash  bottles  comaining  rvspee- 
tively  Cciustic  soda  solution  of  specific  gravity  1-355.  10  jxr  cent. 
silver  nitrate  and  pure  strong  suljihuric  acid. 

The  sample  in  the  flask  having  boon  placed  in  the  oil  bath,  and 
joined  up  to  the  tell-tale  bottle  and  oxygen  supply,  is  then  raised  to 
the  temperature  selected  for  the  experiment.  It  is  maintameii  at 
this  temperature  for  a  continuous  jx^-iod  of  45  hours,  and  during  the 
whole  of  this  time  a  steady  stream  of  oxygen  is  p^.j^sed  through  it. 
The  rate  of  flow  of  the  oxvgen,  as  showni  by  the  bubbles  at  the  7  mm. 
inlet  tube  of  the  tell-tale  bottle,  is  adjusted  to  three  bubbles  iier 
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second  ;    this  is  equivalent  to  6-7  litres  (0-23  cubic  ft.)  jjer  hour 
measured  at  20''C. 

For  the  purposes  of  this  research  each  sample  should  be  tested  at 
(H),  70,  80,  fX),  100,  110  and  120''C.,  duplicate  tests  being  taken  at  each 
temj)erature.  The  amount  of  sludge,  or,  if  no  sludge  forms,  the 
change  of  colour  (darkening)  produced  is  determinetl  for  each  test. 

At  the  end  of  the  4')  hours'  reaction  the  oil  is  cooled  and  diluted 
M'ith  petroleum  spirit  in  the  ratio  of  3  volumes  of  petroleum  spirit 
to  1  volume  of  oil,  taking  care  that  all  the  deposit  is  removed  from 
the  flask.  The  whole  quantity  is  mixed  and  transferfcd  to  a  Jjeaker, 
which  is  then  covered  and  allowed  to  stand  12  hours  for  the  sludge 
to  settle  out  completely.  The  liquid  is  then  dccantetl  through  a  fine 
grained  filter  pajx-r  and  the  }>re<ii)itatc  of  .Klii<lge  thoroughly  washed 
on  to  the  pajjer  with  petroleum  spirit,  and  further  washed  until  free 
from  oil.  1'he  petroleum  spirit  used  f<jr  the  experiment  should  have 
a  sjK'ciHc  gravity  at  ]'>■'>('.  of  0-70  to  0-72.  and  not  less  than  7.'5  jkt 
(ciil.  by  volume  should  distil  over  below  110  ('.  {2."{0  F.). 

By  means  of  hot  benzol  (j>ure  benzene,  <',,H,,,  Hj)ecific  gravity  at 
1. ■»•;■)"'( '.,  0-88"))  the  sludge  is  then  washed  from  the  filter  pajx-r  into  a 
weighed  vessel  and  its  weight  ascertained  after  evajK)rafing  off  the 
benzol  and  drying  at  KK/'C.  until  of  constant  weight.  (As  the  residue 
when  dry  is  usually  very  hygrosco])ic.  the  eva|)oration  should  l»e com- 
menced on  a  wutei'  bath  anri  tlic  drying  <(inij)lct«'d  in  a  water  oven.) 

Knowing  the  sjK-cific  gravity  of  the  oil  and  the  volume  taken  for 
the  tcht,  the  result  can  be  calculated  out  and  should  be  stated  as 
the  percentage  by  weight  of  sludge  yielded  by  the  oil.  All  the  resiilts 
obtaincfl  for  each  j)articuliir  sample  are  then  jilotted  on  .squared 
)/«ijK'r  with  tem]K'ratures  as  abscissa-  and  percentages  of  sludge  (by 
weight)  as  ordinate.s. 

Change  of  Colour. — In  those  cases  in  which  no  weighable  precipitate 
is  obtained  the  change  of  colour  should  be  recordwl.  An  instrument 
sjK'cially  devised  f(jr  this  purpose  is  l^vibond's  "  tintometer,"  known 
as  "  Xo.  7  set  for  standardising  merchantable  petroleums."  By 
means  of  this  instrument  the  dei)tli  of  colour  in  the  sample  under 
investigation  is  matched  to  a  corresjxjnding  shade  in  a  series  of 
coloured  glasses  numbered  accorfling  to  the  depth  of  colour. 

Evditfiidlioii  {Loxa  on  Healing).  The  evajK)ration  is  determined 
by  ascertaining  the  loss  in  weight  produced  by  heating  a  standard 
weight  of  oil  for  eight  hours  at  lOO'C. 

Two  (lifTercMt  mcth(Kls  now  in  use  for  this  purpose  are  descrilw^d — 
namely.  Dr.  .Micliie  s  (oluene  vajK)ur-batli  nietli(Kl.  and  the  B.T.-H. 
(Vmipany's  (mtating  oven  method). 

('lo.'itd  Fhi.sh  J'oinl.  This  is  to  be  determiMe<l  by  means  of  either 
the  I'ensky. Martens  or  (Jrays  instrument,  under  the  standard  con- 
ditions as  sjiecilied  in  Sir  lioverton  Bedwcwxls  Ijook,  "  A  Treatise 
"111  I'etnileiim."  1(113  edition  (for  (;ray".s  tests  .yee  Vol.  II..  p.  260; 
.Mid  for  the  I'ensky  .Martens  tests  \'ol.  II.,  pp.  238  and  2bT).  Stan- 
dardised thermometers  should  lie  used  for  this  test. 

The  fr)llowiMg  pro<e<lure  in  the  meth<T<l  «>f  employmg  the  (Jray 
apparatus  has  been  founil  to  \ield  satisfa<t<ir\  results  in  practice  at 
the  .National  I'hysicid  Laboratory. 

,\  rough  determination  of  the  flash  |MiiMt  i>  tirst  made;  a  fresh 
sample  of  the  oil  is  then  put  into  the  oil  cup  and  is  heated  rapidly  to 
within  about  20  deg.  of  the  flash  |Ktint  first  «»bserved.  The  rate  of 
heating  is  tiieii  reduced  to  about  2\  deg.  or  3  dep.  |>er  minute,  and 
I  lie  test  llatiic  i>  .ipplie<l  to  the  oil  vapour  at  each  degree  rise  in  tem- 
perature, in  the  usual  way.  until  the  tlasii  occurs  :  this  tem|ieratiire 
is  then  n-corded  and  the  neie.'<sarv  thermometer  correction  is  ai)plied. 
The  me;in  of  t  liree  concordant  results  <»n  fresh  sninples  of  oil  is  t.ikeii 
as  the  desired  flash  |K)int. 

y i.Hrnnili/.  ■  The  viscosity  is  to  be  <lcteriiiii.e(l  l>y  means  of  a 
standardised  Hedwood  '  iscometiT  at  e.ich  of  the  following  tem- 
|)eratures  : — 

1.->.VC.    (0(t  F.)  :.0°C.    (122  F.)  H0'(\   (176'=F.) 

The  method  is  given  in  detail  in  Sir  Boverlon  Hedw<M)d"H  treatise. 
"  Petroleum  and  its  I'roiiucts.""  Vol.  II..  pp.  IMMI  (Mrj  (.xecond  e<lition). 
Care  must  l)e  taken  in  the  use  of  the  instrument  at  tem|H'ratures 
aliove  that  of  the  air. 

The  viscosity  should  be  exjin'sseil  at  the  time  in  s^voikIh  r<*(|\iin-(| 
for  the  outHovv  of  .VI  cubic  cut.  of  tlu*  sample.  Standanliscd  ther 
mometers  shoiihl  Iw  used  for  determining  the  temjuTatun's. 

<"llKMI«-AI.   TksTS. 

(n)  .\riililif. — 2.">  grammes  of  the  original  oil  are  shaken  tip  with 
ItMJ  cubic  cm.  of  neutral  ethyl  ali>ohol  (eontnining  nr»  jkt  cent,  by 
volume  of  aMhy<lrous  alcohol).  I  <'ubir  em.  of  a  1  jirr  (M-nf.  alcoholic 
solution  of  pheu')!  ]ihtlialein  indicator  itt  a«lde<i.  and  the  li(|uid 
titrated  with  apie  »us  N  HiKDH  (doinnnufil  austio  putashl.  and 
llie  result  rc|),>rted  at  the  number  of  m'lligramini-t  of  K<)H  p.ris 
sium  hydrate)  repiired  ]x*r  gramme  of  oil. 

('')  .Ilk I'inltif.  —2-')  gramm  -s  of  the  origiuii'  oil  an>  s'l.iki'ii  up  with 
10)  cubic  cm.   of  WM'-ni  dis!  ,lle<l    w.it"r.   the   li'piid    is   roiled,   .rul 


1  cubic  cm.  of  a  01  {>er  cent,  solution  of  methyl  orange  indicator  is. 
added,  and  if  the  solution  reacts  alkaline  it  is  titrated  with  X  lOHCl 
(deci-normal  hydrochloric  acid),  and  the  result  reported  as  the 
number  of  milligrammes  of  KOH  (potas.sium  hj'drate)  equivalent  to 
the  acid  used  jx-r  gramme  of  oil. 

(•:)  Iodine  Ahforplion  Value.  HiibVs  Process. — This  '"constant" 
is  determined  by  follow  ing  the  general  directions  for  the  Hiibl  method 
as  described  in  "  rhemical  Technology  and  Analysis  of  Oi\s.  Fats  and 
Waxes.'"  by  Dr.  .).  Ix-wkowitsch  (Vol.  I.,  j).  311.  1909  edition  ;  Mac- 
millan  &  Co.),  but  u.sing  from  10  to  I -2.5  grammes  of  the  oil,  with 
10  cubic  cm.  of  chloroform  and  50  cubic  cm.  of  the  standard  iodine 
solution,  anfl  allowing  the  reaction  to  proceed  for  not  le.ss  than  IS  oi 
more  than  24  hours. 

Density  and  Other  Te.st.s. 

liensitj).  Coefficient  of  Volumetric  ExjMinfion. — These  two  deter- 
minations are  combined  in  a  way  which  only  requires  accurate 
sjK'cific  gravitj'  determinations  of  the  oils. 

The  density  is  to  be  determined  by  means  of  specific  gravit\  bottles 
or  pynkometers  at  each  of  the  following  temperatures,  and  compared 
with  pure  water  at  the  same  temi)erature. 

l.>-.rC'.  (60  F.)  ."iO'C.  (122=F.)  SO'C.  (I76F.) 

A  pynkometer  of  the  Sprengel  tube  tyjje  will  probably  be  found 
very  convenient.  \\'ith  due  care  the  probable  errors  on  the  specific 
gravity  .should  not  exceed  -0001. 

Cold  Test. — For  this  determination  a  volume  of  2o  cubic  cm.  of' 
the  oil  is  placed  in  a  thin-walled  glass  test  tube  of  6  in.  length  and 
1 }  in.  internal  diameter  (capacity=150  cubic  cm.).  The  oil  must  be 
free  from  moisture. 

A  cork  carrs'ing  a  standardi.sed  thermometer  reading  from  —40*^0. 
(  40°F.)  to  ^40-.'-,T'.  (  -  10.>"F.)  is  lightly  fitted  into  the  mouth  of 
the  test  tube  .so  that  the  bulb  of  the  thermometer  is  situated  in  the 
centre  of  the  oil.  The  graduations  of  the  thermometer  sliould  be 
engraved  upon  its  stem,  and  should  read  to  J  ('. 

The  test  tube  is  then  immersed  in  a  suitable  freezing  mixture  so 
that  the  whole  of  the  oil  is  surrounded  by  the  latter.  The  oil  is 
stirred  until  nearly  solid  and  then  left  until  no  sign  of  fluidity 
remains.  The  test  tube  is  then  removed  from  the  freezing  mixture 
and  allowed  to  warm  slowly  with  constant  stirring  by  a  thermometer 
until  the  tem]XMatiire  is  rea'.hed  at  which  the  oil  will  flow  from  end 
to  end  of  the  tube,  which  tem]jerature  is  recoixled  as  the  cold  test 
tem])erature. 

.Moisture  {Absorption). — The  term  moisture  as  here  used  excludes 
"free  water "" — i.e.,  visible  water  or  finely  subdivided  water  or 
emulsions  which  w  ill  separate  as  distinct  layers  if  the  oil  is  {jenuitted 
to  stand  undisturiied  for.  say.  48  hours  in  a  room  at  I.l-.l'C.  (60'F.) 
to  2.")  (".  (77  F.).  I'^u-  siH-h  instances  the  term  "  fn>e  water""  sliould 
be  used. 

It  is  considered  that  there  docs  not  exist  .my  really  accurate  and 
.satisfactory  (juaiititative  method  for  estimating  the  minute  j^er- 
centages  of  moisture  held  in  solution  by  mineral  oils,  which  cai^es 
them  to  be  termed  "  iiiidrv  ""  in  the  electrical  sen.se.  Dr^'ing  by 
heating  tlHMiil  to  l(Kt  Cor  1 1 0'^C.  drives  off  sunc  of  the  more  volatile 
constituents  of  the  oil  as  well  as  such  moisture.  Chemical  methods  / 
are  of  no  value. 

The  ])re.sence  of  moisture  can  Ije  qualitatively  demonstrated  by 
means  of  the  dielectric  strength  test,  using  the  standard  method  given 
below.  Therefore  the  object  of  the  following  test  is  to  ascertain  the 
iclati\fJiM)wei"s  of  oils  to  aiisorb  moisture  from  the  atmosphere  after 
they  have  l)een  dried  and  proved  to  be  sn  in  the  electrical  sense  by 
means  of  the  standard  dielectric  test.  Although  this  test  is  primarily 
(pialitative.  yet.  since  the  (jualitafive  etTect  of  traces  of  absorl>ed 
inoisttire  ujxm  the  dielectric  strength  is  already  knowni  approxi- 
mately, it  can  also  be  interpreted  up  to  a  certain  jxiint  in  rough 
r|iiantitative  t«>rms. 

The  method  of  jxMforming  the  test  is  as  follows  : — 

Some  of  the  oil  .is  originally  received  is  first  tested  for  its  dielectric 
stHMigtli  by  the  standard  method  Ih'Iow  . 

Four  and  a  half  litres  of  it  in  the  siiuic  condition  are  then  put 
into  a  clean. dry  enam«-lled  ircm  [Kin  which  has  a  flat  bottom  roughly 
12  in.  in  diameter  and  vertical  sides  fi  in.  d«vp.     This  is  then  heated 
for  four  houi-s  to  a  tem]XTature  of  100  ('.      It  is  then  cooled  and  s 
of  it  tested  by  the  «lielectric  te.st.     The  oil  used  for  this  test  isreje '-i.  i 

The  four  hours"  drying  at  K)O^C.  is  rejx-ated  and  followed  by  a 
■  lielectric  test.  This  process  is  rejvated  until  no  further  significant 
increase  in  the  dielectric  test  is  produced.  .\t  this  stage  the  oil  is 
considere*!  ixrfertly  dry  in  the  electrical  sense.  All  portions  of  the 
oil  which  have  Ikm-u  subject^nf  f  >  the  dielctric  test  should  be  re- 
je 'teil  ;    they  are  not  fit  for  further  u.se. 

The  oil  remaining  from  the  above  tests  is  then  exposed  to  the  air 
of  the  labo-  c  hour,  the  we'         "    nv  bulb  •       ' 

n  )te<l  a'ld  1  -t!vncth  aia-n  iied.     V  i 


THE  ELECTRICIAN,  APRIL  21,  lOKi. 


iO" 


air  to  the  surface  of  the  oil  should  be  arranged  for,  but  the  oil  must 
be  protected  from  particles  of  dust,  &c.,  during  the  whole-  testing 
process — i.e.,  both  during   '  drying  "  and  "  absorbing." 

The  remaining  oil  is  now  exposed  to  the  air  for  24  hours  ;  wet  and 
drv-bulb  readings  are  taken  at  least  twice  during  this  period,  and 
then  the  dielectric  test  is  repeated. 

This  ])rocodurc  of  24-hour  exposures  and  testing  is  continued  uniil 
the  dielectric  test  has  fallen  to  a  vahie  so  low  that  the  oil  would  be 
considered  to  be  below  a  safe  one  for  any  insulating  purposes  (or 
the  rthole  4i  litres  have  been  used  up).  The  results  are  to  be  plotted 
as  a  curve  having  dieleeti'ic  values  as  ordinates  and  time  as  abs'jissa?. 

Note. — If  the  value  of  oil  required  for  each  dielectric  test  is 
250  cubic  cm.  (about  8|oz.),  16  or  17  tests  can  be  made  from  the 
quantity  originally  dried. 

IJieledrlr  Strength. — This  test  should  be  made  with  ^  in.  d'ainetcr 
(12-7  mm.)  spheres  with  a  .'eparation  of  0-15  in.  (3-81  mm.).  I)u))li- 
cate  tests  should  be  made.  The  spheres  can  be  made  of  brass,  but 
a  pure  metal  of  high  melting  point,  such  as  platinum  oi-  tungsten, 
would  probably  wear  better.  The  electrodes  should  be  immersed 
in  the  oil  to  a  distance  of  not  less  than  l^  in.  from  the  surfa"e.  'J'he 
volume  of  the  oil  used  per  test  should  not  be  less  than  250  cubic  cm. 
(roughly  8i  fluid  oz.).  The  temperature  of  the  oil  shoidd  be  between 
15-5T.  Wl  20°C. 

The  containing  vessel  and  the  electrodes  must  be  made  absolutely 
clean  and  dry  before  performing  each  test,  and  great  care  taken  to 
avoid  any  contamination  of  the  next  oil  examined.  For  this  reason 
horizontal  electrodes  are  probably  preferable,  but  whichever  method 
is  used  it  must  be  so  arranged  that  the  electrodes  can  be  readily 
removed  bodily  from  the  containing  vessel  for  the  purposes  of 
cleaning  and  drying  them  and  adjusting  the  gap  distance,  if  the 
electrodes  become  pitted  by  the  action  of  the  spark  they  should  be 
renewed. 

The  voltage  at  which  sparking  first  commences,  and  also  that  at 
which  complete  breakdown  wdth  continuous  sparking  occurs,  should 
be  recorded. 

The  oil  used  for  this  test  shoidd  not  be  used  for  any  other  research 
tests. 

Specif c  Besislatice. — This  test  should  be  made  upon  the  oil  as 
received,  and  also  after  perfectly  drying  it  in  the  manner  detailed 
under  "  Moisture." 

It  is  not  thought  necessary  to  specify  the  full  detads  for  this  test, 
but  it  is  very  strongly  recommended  that  the  tests  be  always  con- 
ducted upon  very  thin  films  of  oil  between  electrodes  in  order  to 
avoid  excessively  high  values  ;  the  latter  have  no  practical 
significance. 

The  temperature  at  which  the  standard  speciiic  resistance  test 
is  to  be  performed  should  be  between  15-5°C.  and  20°C.,  and  as  near 
15-5°C.  as  possible  with  the  apparatus. 

Thential  Transference. — A  ligure  illustrating  simple  convection 
flow  is  given  in  the  article,  after  which  there  is  an  application  of 
Poiseuilles'  equation  for  flow  in  capillary  tubes. 

If  the  relation  were  .sho\vn  to  be  roughly  true,  the  determination 
by  direct  experiment  of  either  (1)  the  thermal  transference  coefficient 
or  (2)  the  values  of  the  speciiic  heat,  the  density  and  the  coefficients 
of  viscosity  and  expansion,  Avould  serve  to  decide  the  value  of  an  oil 
for  use  in  a  transformer  from  the  point  of  view  of  its  cooling  effect. 

The  above  notes  on  thermal  transference  must  be  regarded  as  a 
suggestion  for  an  experimental  investigation,  and  the  conclusions 
arrived  at  require  verification  at  a  convenient  opportunity.  In  the 
meantime  the  coefficient  of  thermal  transference  as  here  deiined 
might  be  employed  in  estimating  the  suitability  of  any  oil  of  which 
the  physical  constants  had  been  determined. 

Specific  Heat. — The  method  of  performing  this  test  is  left  to  the 
judgment  of  individual  experimenters,  but  it  should  be  taken  at 
15-5°C.  (60°F.).  It  would  be  advantageous  to  determine  the  efl'ect 
of  increase  in  temperature  upon  this  value  over  arrange  of  tem- 
perature from  15-5'r.  (60°F.)  to  80°C.  (176°F.). 


ELECTRIC  WELDING.* 

BY    JITLTUS    .SAUEE. 

The  arc  method  of  welding  employs  only'direct^cuiTenf  at  a 
voltage  between  40  and  65,  the  current  varying  from  100  to  800 
amperes.  The  common  methods  are  those  known  by  the  names  of 
Bernados,  81avianoff  and  Zerener.  The  Bernados  method  is  very 
simple  :  One  electrode  is  connected  to  the  weld,  and  the  other 
^  consi.sts  of  a  movable  carbon.  Between  these  an  arc  is  started,  A\hich 
^^auses^usion  at  the  Avelding  point.     It  is'mainly  used  for  \\elding 

^^p  *  Abstract  of  an  atriclein  the  "  Elcktrotechnische  Zeitsch-ift."  >''■;.  43 
■^and  44,  1915. 


cylmders  of  fairly  thick  i.laUsfortranTwavntir  joints, and  for  n-jjair- 
uxg  defectH  in  «t€el  ca.stin^.  But  *nuill  pieces  of  carbrjn  fmin  tii«r 
electrode  are  torn  off  and  endK-ddwl  in  the  weld.  This  mak**  thi- 
weld  harder  than  the  surrounding  m.jtal.  The  iirtK.-e*,  can,  therefore, 
oidy  be  employed  in  ea.se.s  where  thi»  variation  in  harrJn'*«  u  pet- 
missible,  otherwise  we  niu.-st  have  re' '.  •      .■  t  . 

This  .differs   from   the    ii*;niados   pi  , 

electrode  i.s  not  made  of  carbon,  but  of  the  Hanie  metal  an  that  u««fl 
for  the  weld.      Almost  any  metal  '-an  U-  u-«ed,  I. 
j)loved  on  grey  cast  iron  and  steel  castin^'^.      lii 
rcpaircfl  in  this  way,  and  suiKT.'icia!  blowiioki*  and  cira'.-lu  can  be 
made  good.     There  is  a  temijerature  fall  of '.MXrC.  fr  '  • 

to  the  negative  electrode.  I>iffifultl\  fu.sible  metal-. 
are  therefore  connected  to  the  jKjsitive  polo,  and  th«»  nr-garn'e  pole 
is  joined  to  the  more  e;'sily  fusil)le  me^al.  With  easily  fus-ihh-  wfM-. 
like  copi^r  and  cast  iron,  the  opjxisite  plan  w  used.  On  the  Zen-n-  r 
[)lan  the  two  carbon  electrodes  are  pla-ed  at  an  ac-ute  angle,  and  a 
magnet  is  used  to  blow  the  arc  downwards  on  the  wjd  ;  plate  mttal 
can  be  welded  in  this  way,  as  on  the  autofeenou«  procesw.  For  ;dl 
these  methods  direct  current  is  used.      Formerly  a  .shunt   '. 

giving  1 10  volts  was  employed  in  combination  with  .series  n^.-  , 

batteries,  &c..  which  cau.sed  a  .steady  loss.  Lately  machiner*  tdvinvt 
65  volts  have  been  used,  and  these  are  "so  constructerl  that  o- 
circuit  the  voltage  disapj)ears.  So-called  "  cros.n-Held  ""  ui 
have  been  constructed  by  the  Allgemeine  Elektricitats  Gesellschaft 
in  sizes  giving  200,  460  and  800  amperes.  The  operation  b.  com- 
pletely sparkle.ss  on  short-circuit.  .Machines  have  al.so  been  ma'jr 
on  the  Kramer  patent,  being  partially  self-excited  and  partially 
separately  excited.  The  separate  excitation  .senes  the  {jur{)o.-^  of 
limiting  the  current  on  short-circuit.  As  for  the  amount  of  energA- 
and  time  required  to  repair  castings,  it  is  not  easy  to  give  any  general 
figures.  As  a  rough  estimate,  it  may  be  stated  that  two  kilowatt - 
hours  are  required  to  fuse  1  kg.  of  iron.  In  a  certain  case  a  c-a.*t-iron 
ring,  weighing  165  kg.,  was  cracked  in  the  middle.  The  gap  requiretl 
2-4  kg.  of  material,  which  consisted  of  cast-iron  rods  with  a  high 
silicon  content,  10  mm.  in  diameter.  The  current  amounted  to 
500  amperes,  the  voltage  was  50,  and  the  energy-  consumption  was 
4-2  kw. -hours,  the  job  lasting  half  an  hour.  In  order  to  avoid  internal 
stresses  the  work  was  heated  by  burning  charcoal.  Plates  can  also 
be  cut  by  the  arc  process,  which  gradually  melt.*  the  metal.  In  all 
these  cases  the  metal  is  fu.sed  and  the  weld  is  effected  in  this  way. 

The  electrical -resistance  method  is.  however,  quite  different  in 
principle.  The  heat  is  internally  generated  at  the  welding  point. 
We  may  take  the  case  of  the  welding  of  a  tyre  as  typical.  At  the 
]3oint  of  junction  there  is  a  high  resistance  when  the  two  butt  ends 
are  brought  together  ;  this  causes  the  local  generation  of  heat  and 
the  consequent  weld.  The  voltage  required  for  the  operation  is  ver\- 
low,  and  varies  according  to  the  section  from  2  to  8.  The  current. 
however,  may  amount  to  several  thousand  am])ei"es.  and  alt' 
current  is  almost  exclusively  employed,  seeing  that  the  tra:  - 
is  a  very  convenient  method  of  generating  a  large  current  at  a  low- 
voltage.  The  transformer  is  usually  placed  inside  the  weM  •  - 
machine,  and  the  secondary  cables  iti-e  made  as  short  as  jws.^i  ■ 
On  the  primar}'  side  there  are  usually  se\'eral  tappings  in  order  to 
produce  suitable  variations  in  the  voltage  and  tempen^ture  at 
the  weld.  If  a  special  alternator  is  used  it  is  a  good  plan  to  provide 
this  also  with  tappings,  so  as  to  fiave  a  double  method  of  regulation. 
The  fact  that  the  heating  takes  place  locally  only  at  the  point  w  here 
the  weld  is  to  be  made  tends  to  economy  in  energy  consumption,  the 
two  butt  ends  being  pressed  together  and  heated  by  the  pa.ssage  of 
the  secondary  current  through  the  imix?rfect  contact  at  the  joint. 
Metallurgically  considered,  there  are  great  advaiitages  from  the  fact 
that  no  impurities  enter  the  joint,  as  no  auxiliary  electrodes  are  ustnl. 
The  temperature  can  also  be  adjusted  with  givat  exactness,  and  the  v 
is,  therefore,  no  question  of  burning  the  metal.  The  inside  of  the 
metal  at  the  joint  is  also  thoroughly  heated,  because  the  heat  |w.-<ses 
from  the  inside  of  the  metal  to  the  outside.  The  author  gi\-es 
photographs  of  several  typical  machines  of  this  kind.  Ouc  of  the 
photographs  shows  a  machine  for  welding  the  rims  of  the  wh- 
motor  car,  having  an  output  of  40  k.v.a..  ami  l)ei.\g  suit., 
welding  sections  up  to  1.000  sq.  mni.  The  secondary,-  voltage  is 
4  volts,  and  at  full  load  the  current  rises,  theivfore.  to  lO.f^-' 
Another  photograph  shows  a  larger  ma'hine  of  the 
suitable  for  sections  up  to  6,000  sq.  mm.,  and  with  an  output  of 
200  k.v.a.  The  electrodes,  to  w hich  the  w dd  is  d  imped,  arc  cooler! 
with  water.  The  links  of  chains  can  be  welded  in  the  s^ime  way  on  a 
semi-automatic  machine,  of  which  a  photograph  is  also  given.  By 
pressing  on  a  lever  the  attendant  iiasses  fiwn  one  link  to  the  next, 
and  15  liidvs  can  be  welded  in  a  min  ite  out  of  metal  5  mm.  in  dia- 
meter. All  sorts  of  small  welds  can  be  made  in  the  same  wiiv, 
levers,  coniiecting  rods  and  the  like,  it  being  necessary  so  to  design 
the  parts  that  the  heat  is  e  lually  distrib.Jted  on  both  sides  of  the 
weld.     Generally  speaking  it  may  be  said  that  a  weld  is  best  made 
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SLH  quickly  a«  poKsible.  f'xinx'S  are  given  showmg  the  factors  on 
which  the  variations  of  energy  consumption  depend.  The  distance 
J^etween  the  clan)ps  should  be  kept  as  short  as  fX)ssible.  The  follow  - 
ijig  table  gives  particulars  as  to  the  energy  consumption  and  time 
icquired  for  weldirig  t>Tes  of  a  given  section — viz.,  9  mm.  by  9  mm.. 
or  81  sq.  mm. —  and  shows  how  this  depends  on  the  diameter  of  tlie 
tyTc  or  ring.  The  smallest  diameter  is  20  mm.,  and  it  is  increased 
Jill  the  diameter  becomes  infinite  or  the  ring  becomes  flat. 

Table  I.  — Sh.wing  the  Time  and  Entygy  Consumption  required/or  Welding 
HiiigH  of  Different  Diameters  hnnng  a  Section  of  9  mm.  by  9  mm. 


Diameter  of 
ring  in  iiini. 


Power  applied. 


Second  required. 


20 

.       20 

60 

4r> 

18 

6-0 

90 

17 

5-75 

1.50 

16 

o  o 

220 

15 

5-25 

320 

13 

50 

ijOO 

12 

4-75 

850 

10 

4-5 

•00 

9-5 

40 

Another  kind  of  weld  is  "  spot  welding,"  in  which  the  welds  are 
'made  in  sheet  metal  at  a  series  of  points.  The  secondary  winding 
of  thi.s  transfonner  is  brought  to  two  electrodes  ;  the  lower  is  fixed. 
1r<l  may  be  regarded  as  a  kind  of  anvil,  while  the  upper  arm  is 
movable,  and  performs  the  functions  of  a  hammer.  The  hammer  is 
moved  by  the  agency  of  a  pedal.  When  the  pedal  is  dej)ressed  the 
Iwo  j)lates  of  sheet  iiietid  arc  pressed  together,  and  a  further  motion 
of  the  pedal  closes  the  primary  switch.  T.ie  sheet  metal  is  thus 
heated  at  the  jK)int  of  })re8sure,  and  a  Mcld  is  formed  at  this 
jKjint.  As  soon  as  the  jx-dal  is  released  the  primary  switch  is  ojiened. 
the  pressure  is  removed,  and  the  sheets  can  be  moved  into  a  new 
jKjsition  for  a  fresh  weld.  Machines  of  this  kind  have  been  verj- 
quickly  introduced  into  jiractice  owing  to  the  manj-  conveniences 
they  afford.  The  two  plates  merely  need  to  be  superimposed,  and 
there  is  no  neetl  for  any  adjustments  of  correspondbag  holes  in  the 
<lesign  ;  the  weld,  too.  is  very  quickly  made.  A  photograph  is  given 
^>f  a  spot  weMing  machine  witli  an  outj)ut  of  7")  k.v.a.,  on  which  an 
Jinskilled  oj)erator  can  make  12,0<X(  sjKjt  welds  in  a  day.  Different 
kinds  and  sizes  of  tiiese  machines  are  made,  with  outputs  from 
I  kw.  to  40  kw.  With  the  larger  sizes  of  sheet  metal,  the  pressure 
must  not  be  removed  t(K)  quickly  from  the  weld,  which  must  be 
allowed  to  cool  Kufficiently  to  secure  adhesion.  A  device  for  this 
piir|M)se  is  usually  pro\ided.  .so  that  the  mechanical  j)ressure  remains 
when  the  voltage  is  switched  off.  A  photograph  shows  an  apparatus 
for  stt^aming  ]H)tatoeH  constructed  entirely  in  this  fashion.  With 
]iiat<'s  10  HUM.  thick  the  voltage  falls  from  2  to  \'2~)  during  the 
making  of  the  weld  ;  with  the  butt-en<l  method  the  voltage  rises 
instead  of  falling.  Curves  are  given  showing  the  variation  of  energy- 
coiisuiMption  witli  jdates  of  difTen'ut  thickness,  and  also  the  variation 
in  the  time  rerpiired  for  tlic  ojn-ration.  The  tiuergy  consun)ption 
is  apt  in  practiic  to  be  foiuwl  to  Ik)  a  very  variable  quantity,  depend- 
ing on  the  circumstaiM cs  of  the  case.  A  good  deal  tunis  on  the 
HhH|K>,  conligunition  and  si/e  of  the  metal  on  which  the  weld  is  to  be 
made.  I'nder  certain  conditions  it  may  act  electrically  as  a  choking 
coil,  «'sjH'<ia!ly  if  it  forms  a  elosetl  circuit  on  itself,  and  the  self- 
induction  al.so  de|>ends  to  some  e.\t<'iit  on  the  art-a  of  the  surfaces. 
If  there  are  large  mas,se.s  f)f  inm  Iwtween  the  electrode  arms,  this 
affects  the  courw  of  the  i)rocoedingH.  and  the  author  gives  curves 
showing  what  may  be  exj»ect<Ml  under  these  conditions.  The  sjxjt 
weld  gives  a  very  stn)ng  joint,  which  may  be  50  or  80  jxsr  cent, 
stronger  than  one  nuwle  on  a  kind  oi  rivele<l  joint.  If  two  jilates 
0-7  mm.  in  thickness  are  wel<le<l  liy  two  sjwt  welds  luul  then  toni 
apart  the  fone  re(juir(>d  to  break  the  joint  is  WO  kg.  ;  if  the  same 
])latcs  are  riveted  with  riveUs  '2rt  mm.  in  diameter  the  bri>aking  fone 
amounts  to  alnuit  .'{2."»  kg.  Watertight  seams  can  In*  jtrcxluced  with 
.spot  welds  if  t  lie  points  are  sufliciciilly  clo.se  to  one  another.  If  roiillv 
good  watertigh.l  joints  an*  nef-dinl,  the  jKjint  wi-ld  may  bo  impn^veii 
on  by  u.sing  a  kind  f>f  nillor  as  the  elect nxle,  and  here  we  get  a  weld 
.'dmost  continiiously  along  a  line  ;  the  roller  (-an  lie  worke<i  by  hand 
or  by  a  motor  ilriven  device.  S|H'cial  machmes  have  i>een  con- 
.•itrueted  for  welding  iron  cylinders,  and  these  range  in  sixes  up  to 
those  suitable  for  sheet  inm  !•.'>  nun.  thi(  K  "  '  ■<  cylinder^  fi.Kt  mm. 
long.  With  a  machine  of  this  kin<l  it  i  ,  i'le,  ni  f.icto^i«.^s  for 
enamel  ware,  to  nuike  as  many  as  2.4(M»  I>asin9  m  a  day,  ooch  standing 
'AW  mm.  Iiigh.  'F'he  attendant  ha-s  <»nly  to  pi  ux'  flie  cylinders  in 
jMi.silion  and  to  kivp  the  machine  in  o|RTatii'i».  ro-ti<ms  of  the 
moimtings  for  arc  lamps  can  l>e  miulc  in  this  way  :  The  jvirt*  arc 
cut  out  of  sheet  metal,  then  the  weld  is  made,  and  tinaliy  tie  ' 
is  shajMMl.  if  nece.>^sary.  1)V  pn\'i.sin>i  it  in  wtxxlen  moulds.  Tl. 
•of  these  various  o})eration9  is  that  the  metal  is  more  weakened  by 


the  pressing  and  shaping  process  than  by  those  connected  with  the 
making  of  the  weld.  When  torn  apart  the  weld  often  remains 
intact,  while  the  breakage  takes  place  at  some  other  part.  Brass 
bands  can  be  welded  with  great  neatness,  so  that  when  they  are 
polished  no  trace  of  the  joint  remains.  With  brass  the  energy  con 
sumption  is  about  half  as  much  again  as  with  iron.  The  machines 
must  Ije  arranged  to  work  w  ith  very  light  pressures,  and  the  delicac-\ 
of  the  operation  is  therefore  much  greater  in  this  case.  The  article 
contains  a  number  of  illustrations  of  machinery  manufactured  for 
the.se  purpo.ses  by  the  Allgemeine  Electricitats  Glesellschaft,  and  of 
some  of  the  finished  products  turned  out  by  these  methods. 


MAGNETISATION  BY  ROTATION.*. 

BV  S.  J.  BAKXETT. 

Summary. — The  author  discusses  the  theorj-  of  magnetisation  by 
rotation,  and  the  converse  effect.  Exjx'riments  on  the  magnetisation  of 
steel  rods  by  rotation  are  described,  and  the  effect  predicted  is  believed 
to  have  been  found.  Some  subsidiary  exjieriments  are  also  described  in 
the  PaiKT. 


In  1909  it  occurred  to  the  author,  tvhile  thinking  about  the  origin 
of  terrestrial  magnetism,  that  a  substance  which  is  magnetic  (and. 
therefore,  according  to  the  ideas  of  Langevin  and  others,  constituted 
of  atomic  or  molecular  orbital  systems  with  indi\-idual  magnetic 
moments  fixed  in  magnitude  and  differing  in  this  from  zero)  mu.st 
become  magnetised  by  a  sort  of  molecular  g\Toscopic  action  on 
receiving  an  angular  velocity. 

Thus,  consider  a  cylinder  of  iron,  with  zero  magnetic  moment  in 
its  initial  state.  If  it  is  given  an  angular  acceleration  about  its  axis, 
each  indi\-idual  .system,  which  we  may  suppo.se  for  simplicity  to 
consist  of  a  number  of  electrons  revohing  in  ti.xed  orbits  with  con- 
stant average  velocities  about  an  oijpositely  charged  nucleus,  will 
change  its  orientation  in  such  a  way  as  to  contribute  a  minute 
angular  momentum,  and  therefore,  a  minute  magnetic  moment, 
])arallel  to  the  axis  of  the  cyhnder.  If  the  revolving  electrons  are 
all  negative,  in  conformity  with  most  of  the  experimental  evidence, 
the  cylinder  will  become  magnetised  in  the  direction  in  which  it 
woiUd  Ije  magnetised  by  an  elecfric  current  flowing  aroimd  it  in  a 
direction  opposite  to  that  of  the  angular  velocity  im]wrted  to  it. 
This  corresponds  to  the  direction  of  magnetisation  of  the  earth  and 
the  sun. 

Preliminary  ex])eriments  made  at  the  Tidane  I'niversity  of 
Louisiana  at  the  time  this  idea  occurred  to  me  apjieared  to  show, 
though  doubtfully,  a  very  minute  effect  of  the  sort  in  question, 
hater  observations  made  in  much  the  same  way.  but  with  an  attempt 
at  improvement  in  apparatus,  failed  to  conlirm  this  result  with  any 
certainty;  and  further  investigation  of  the  subject  was  postponed 
until  better  facilities  were  available. 

In  1912  a  similar  idea  was  advanced  by  f>chuster  t  in  his  presi- 
dential address  before  the  Physical  Society  of  London.  He  also 
apjK^ars  to  have  been  led  to  his  views  l\v  considering  the  origin  of  the 
<'arth"s  magnetism.  The  author  then  refei-s  to  Schusters  hyiw- 
thesis  that  the  rotation  determines  the  magnetic  intensity  which  may 
or  may  not  cause  magnetl-sation  aceonling  t<i  ( ircum.stances. 

It  occurred  to  the  author  that  the  ctTet  t  under  investigation  was 
the  converse  of  the  effect  predicted  and  look(><l  for  by  O.  W.  Richanl- 
son.  in  1907-8 — viz.,  the  production  of  rtM  ition  by  m.agnetisation  ; 
and  it  became  aj)jiarent  that  both  effect>  were  immediate  conse- 
quences of  an  idea  advanced  long  ago  by  Max  well, +  who  constructed 
ap]iaratus  for  exjierimcnts  upon  the  subject  as  early  as  1861. 

-Maxwell  pivoted  an  elect mmagiu>t  in  a  frame,  .^  as  to  Ix;  free  to 
rotate  al)out  a  horizontal  line  through  it>  centre  of  mass  and  per- 
]K'ndicular  to  its  magnetic  axis.  With  the  magnetic  axis  making  an 
angle  6  \.\\\\  the  vertical,  the  frame  was  rotated  at  a  high  .sjieed,  and 
changes  in  (t  were  hxjked  for.     No  change  was  found. 

A  (juantitative  th«irv  is  th^n  developed,  and  it  is  shown  that 
if  u>  is  the  angular  velocity  of  the  molecular  sj'stem  S7  the  angidar 
\elocity  of  rotation  of  the  Ixxly,  tlieu  the  intrinsic  intensity  of  rota- 
tion io  given  by  :-  — 

Z/.-2— [l-fj^cos^?^^' (1) 

The  values  of  12  exjxrimentally  attainable  ar<'  so  small  in  comimrison 
^^  ith  o>  that  the  ."^econd  term  is  negligible. 

If  wt«  assume  that  (  in  has  the  value  onlinarily  accepted  for  the 
negative  electron  in  slow  motion — vi«.,  -  1  -77  <  10',  and  put  I2=2»rn, 

•  From  the  "  Phvsioal  Review."  Vol.  VI  .  N".-.  4,  OctoUr,  1915, 

t  "  IVoce* dings.'-  ]'!  •      <  -    London,  Vol.  XXIV.,  p.  121,  191 112. 

j"EI<ctri«Hy  .intl   >  "i^-     \  573. 
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where  n  is  the  angular  velocity  in  revolutions  per  second,  we  obtain 
for  the  intensity  per  unit  angular  velocity  : — 

///«^ —7-1  X  10"  gauss  per  rev.  per  second   ...     (2) 

'  This  is  on  the  assumption  that  the  negative  electron  alone  is 
effective.  If  the  influence  of  the  negative  electrons  is  preponderant 
the  number  in  (2)  gives  the  maxirmnn  magnitude  of  II jn,  attained 
when  the  negative  electrons  alone  are  effective. 

!»5  The  relation  of  proportionality  must  hold  also  between  the  angular 
velocity  and  the  magnetic  flux  density  and  intensity  of  magnetisa- 
tion, which  are  very  minute  and,  therefore,  proportional  to  the 
intrinsic  intensity  ;  but  these  quantities  will  depend  not  only  upon 
the  intensity  but  also  upon  the  material  and  shape  of  the  rotating 
body.  Thus,  in  the  case  of  a  diamagnetic  substance  it  is  shown  in 
the  Paper  that  the  effect  in  zero. 

In  one  set  of  experiments  the  magnetic  circuit  was  almost  wholly 
of  iron,  but  the  reactions  masked  the  minute  effects  looked  for.  In 
another  series  of  experiments,  which  lias  given  definite  and  conclusive 
results,  two  nearly  similar  rods  of  steel  shafting  (A  and  B,  Fig.  1 ) 
were  mounted  with  their  axes  horizontal  and  approximately  at  right 
angles  to  the  magnetic  meridian,  and  two  similar  coils  of  insulated 
\\-ire  were  mounted  about  their  centres.  These  coils  were  con- 
nected in  series  with  one  another  and  with  a  fluxmeter,  and  were 
oppositely  wound  like  the  coils  of  an  ordinary  U-shajjed  electro- 
magnet, so  that  any  variations  in  the  intensity  of  the  earth's  field, 
acting  in  the  same  way  on  both  rods,  might  produce  no  effect  on  the 
fluxmeter.  One  of  the  rods,  which  will  be  called  the  compensator, 
as  A,  remained  at  rest,  while  the  other,  called  the  rotor,  as  B,  was 
alternately  rotated  and  brought  to  rest,  the  change  of  flux  being 
determined  by  the  fluxmeter. 
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produced  by  the  solenoid  alone  ua,  j  f;  jx?r  cent,  of  that  piwlu.t^J 
by  the  solenoid  and  con 

A  .second  experiment  was  ii(cf-,.,arv  to  determine  thi^  dffleMion  at 
8  metres,  produced  by  Ii,„  and  /„  the  flux  •len.^ity  and  inten.sitv  of 
magnetisation  produced  by  the  rotation,  and  the  result  obtained  was : 

Bo^l-1  /\(yi  maxwells   jx-r  square  <■  're  per  millimetre. 

The  mteasity  of  magnetisation  at  th-  1  .section  of  th<-  r<,t.,r 

per  millimetre  deflection,  denoted  by  /„  is  approximately 

Io=Bf,Hiz. 

With  the  apparatus,  over  25  sets  of  observatioas  were  obtair.e'J 
The  rotations  of  one  group  were  made  with  rotor  A,  most  of  them  at 
about  50  revolutions  per  second,  two  at  about  18  revolutions  per 
second.     Ea.h  of  the  groups  gave  a  mean  result  (<V  ' 
tion)  in  the  direction  predicted  by  theorj-  on  the  a-s.-"      ,  :.  ..     _.  ... 
revolving  electrons  are  negative,  the  mean  deflection  (reduced  to 
8  m.  scale  distance)  per  unit  speed  being  about  004  mm.  ;   but  the 
discrepancies  were  large,  partly  on  account  of  imperfect  comj^en-nation 
of  the  earth's  inten.sity  owing  to  the  large  distance  between  rotor  and 
compensator,  partly  on  account  of  non-uniformitv  and  i      -    '    t 
compensation  of  fluxmeter  drift,  and  partly  on  account  of  m-  .1 

vibration  and  other  cau.ses. 

An  elaborate  series  of  precautions  were  made,  and  arrangement-^ 
altered,  in  order  to  eliminate  error,  and  the  experiment  repeatt-tl. 
From  these  results  Fig.  2  was  obtained.  The  large  circles  designate 
the  observations  which  needed  no  reduction  for  speed  differences  : 
the  smaller  circles  and  cro.sses,  those  for  which  reductions  were  made. 
The  circles  designate  observations  made  with  end  2  of  the  rotor 
east  ;  the  white  circles  corresponding  to  tho.se  made  with  the  com- 
pensator end  A  east,  the  black  circles  to  those  made  with  c-oui- 
pensator  end  B  east  ;  the  crosses  designate  obser\-ations  made  with 
the  rotor  end  3  east  and  compensator  end  A  east. 

The  continuous  straight  line  in  the  figure  is  drawn  with  a  slope 
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Fig.  1. — Arrangement  of  Steel  Rods. 
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Fig.  2.- — Differential  Deflection'  and   Speed. 
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The  approximate  dimensions  of  the  rods  A  and  B,  as  they  were 
used  in  nearly  all  of  the  work,  are  shown.  The  dimensions  of  the 
two  coils  used  in  most  of  the  work  are  also  indicated  in  the  figure. 
Each  of  these  coils  was  wound  on  a  brass  bobbin  with  about  5,000 
turns  of  No.  14  D.C.C.  copper  wire,  the  winding  being  made  very 
regular  on  account  of  other  investigations  for  which  they  were  pri- 
marily designed.  A  third  coil,  of  somewhat  different  construction, 
■was  substituted  for  one  of  the  coils  in  some  of  the  experiments. 

In  the  first  part  of  the  work  the  rotor  was  mounted  in  brass  bearing- 
pieces  inserted  in  bronze  castings  bolted  to  the  cement  floor  of  the 
laboratory,  all  parts  being  accurately  fitted  so  that  there  was  as  little 
play  as  practicable.  The  rotor  was  driven  by  a  brass  rod  1-4  metres 
long  and  1-1  cm.  in  diameter,  itself  direct-connected  to  a  counter- 
shaft and  pulley  system  driven  by  belt  from  an  alternating- current 
motor  of  the  repulsion  type.  The  countershaft  and  puUey  system 
Avas  entirely  of  brass,  bronze  and  wood,  and  moved  in  brass  castings 
bolted  to  the  floor,  with  thin  iron  sleeves  for  bearing  pieces.  The 
motor  pulley  was  similar  to  that  of  the  countershaft,  except  that  it 
was  mounted  on  an  iron  sleeve. 

The  fluxmeter  was  a  Grassot  instrument  provided  with  a  concave 
mirror  with  approximately  2  metres  radius  of  curvature.  It  was 
mounted  on  a  slate  shelf  cemented  into  the  laboratory  waU,  and  the 
scale  distance  was  usually  8  metres. 

In  order  to  eliminate  residual  drift  and  other  extraneous  dis- 
turbances, readings  were  ordinarily  taken  in  sets  of  eight,  as  follows  : 
Two  with  comiter- clockwise  or  negative  rotation  (as  seen  from  the 
west  end  of  the  rotor)  four  -with  clockwise  or  positive  rotation,  and  two 
more  with  counter-clockwise  or  negative  rotation,  the  order  of  the 
positive  and  negative  rotations  being  sometimes  reversed. 

To  determine  H^,  the  intrinsic  magnetic  intensity  of  rotation  per 
millimetre  of  fluxmeter  deflection  at  the  scale  distance  8  metres,  a 
series  of  experiments  were  made,  and  these  showed  that  the  deflection 


obtained  by  dividing  the  sum  of  all  the  differential  deflections  for  the 
observations  which  needed  no  reductions  by  the  sum  of  all  the  corre- 
sponding speeds,  and  thus  gives  the  weighted  mean  deflection  i^er 
unit  speed,  on  the  assumption  of  proportionality  between  them. 
This  quantity  is  0046  mm.  per  revolution  per  second. 

The  broken  straight  line  is  drawn  in  the  same  manner  for  all  the 
observations  made  with  the  earth's  intensity  compensated,  reductions 
having  been  made  when  necessary,  as  indicated  above.  From  this 
line  the  mean  deflection  per  unit  speed  is  0-050  mm.  per  revolution 
per  second. 

From  the  figure  it  appears  that  the  deflection  is  proportioniil  to  the 
speed  within  the  limits  of  the  experimental  error.  Within  these 
limits  this  deflection  is  independent  of  the  orientation  of  the  rotor  or 
compensator  or  the  distance  between  them.  The  average  departure 
of  the  differential  deflection  for  a  single  set  Lvm  the  ordinate  of  the 
(broken)  straight  line  corresponding  to  the  speed  is  12  per  cent. 

The  intrinsic  magnetic  intensity  of  rotation,  and  the  chiuige  of 
magnetic  flux  density,  per  miit  speed  were  foimd  to  be  about 

—3-1x10' gauss  per  revolution  per  second, 
and      —  1  -9  X 10-*  maxwells  per  square  centimetre  per  revolution 
per  second  respectively. 


BOOKS  RECEIVED. 

rcopies  of  the  undermentioned  worKs  can  be  h.i  from  The  Ei.ECTRiaj«  Ofice.  pwt 
free  (Jnless  otherwise  stated),  on  receiptor  publisned  price,  f^<^^s3d.iorboo^pxih^YM 
under  2s.  and  5  per  cent,  for  books  pubUshed  net.  Add  10  per  cent  for  abroad  or  lor 
foreign  books.] 

"An  lutioductoiT  Course  of  Continuo)»s-current  Engineering,  by 
A.Hay.D.Sc.  2nd  edition.  (Loudon:  Constable  &  Co.)  Pp.  xu.-r3bO. 
Gs.  Gd.  net. 

"  Elementary  Strength  of  JIaterials."'  By  E.  S.  Andrews,  B.hc. 
(London  :  Chapman  &  HaU.)     Pp.  viii.-2lG.     4s.Gd.net. 

c2 


78 


THE  ELECTRICIAN,  APRIL  2L  1916. 


TRANSFORMER  DESIGN. 

{CoiUiHued  jroin  p.  10.; 

BV  F.  M.  DEXTOX,  A.C.G.I. 

Summary. — A  gr-neral  rliBCusKion  in  given  of  the  nature  of  the  jifMem 
of  traDKformei  flesigii.  and  the  author  wts  out  Amolfr.s  method  of  design 
for  coiiHtant  jKjfential  tranHformers.  He  then  deal*  with  the  conditions 
eiihurinjr  max  iiinniielretr  leal  and  (oniniereialeffieiencies.  and  diseusM-s  the 
advi«ah)litv  of  designing  (»ower  trannfornierK  for  niininiuni  cowt.  A  rule 
is  deve|o|j<«i  h\  the  aid  of  whieh  designs  of  jKJwer  transformers  may  >>e 
haM'd  ujion  commercial  efficiency  rather  than  ujxm  minimum  cost.  The 
author  th'-n  gives  an  outline  of  the  metho<l  of  design  pro|>osed  by 
Arnold  in  HMO  and  a  comparison  of  Arnolds  later  ami  earlier  methods, 
f 'omj)arative  designs  are  worke<l  out  and  a  wlu-dule  is  given.  l);is<<l  upon 
Amrjlds  metlxxl  of  HHi4. 


Lif/hting  TmiisJonnerK-  The  .specification  for  a  lijiliting 
Iransfonuer  u.sually  include.s  :  The  KVA  capacity,  the  primary 
and  secondary  voltajies.  the  fre(|uency.  the  ])ercenta>ie  iron 
lo.s-s  (/y,),  and  the  electrical  crticieney  //.  The  conditiim  <•£ 
ininiinuni  eost  determined,  for  the  power  transfftnner,  the 
wav  in  which   the  formula 

('     2-2^Lf,I':ji  LKu  KHt.v 

slujuld  \)i'  ap|)licd.  The  minimum  eo.st  condition  was  held,  to  l)e 
niiue  imi><)rtaiit  than  that  of  ma.ximum  pos.sil)le  efficiency,  and 
tiie  e.xact  divisifin  of  the  lo.s.se.s  between  the  iron  and  the  copper 
wa.s  not  made  a  determininfi  factor  in  the  de.sij/u.  The  wi.sdom 
of  this  will  later  he  discussed.  In  the  case  of  a  li},ditin<;  trans- 
former, however,  the  j)reci.se  value  of  the  iroji  loss  must  be 
regarded  as  part  of  tlie  .specification  since  this  is  a  continual 
source  of  loss,  and  its  value  j^reatly  affects  the  economy  of 
workinj:.  Tims  it  comes  that  in  a  line  of  lighting;  transfonnei-s, 
all  of  api)ro.\imalely  tlie  .same  tyjie.  the  ratio  of  volume  <»f  iron 
to  volume  of  copj)er,  and  that  of  Lk  to  Li.  may  V)e  not  even 
a])|)ro,\imately  constant.  The  followinjj;  additional  con- 
biderations  are  thelefuie  needed  : 

where  Lk  i«  the  mean  length  of  a  turn  in  centimetres,  Q  is  the 
cross  secticm  <»f  the  core  in  square  centimetres,  and  k^  is  a 
constant  depending  upon  the  type  of  the  transformer.  The 
truth  of  the  .statement  is  obvious  :  the  mean  length  (»f  a  turn 
embracing  a  cor«'  of  given  shape  of  cnt.ss-section  is  ])ro])ortional 
to  the  s<pnire  root  of  the  area  of  the  <-ore.     Further 

L/=A-2v/;^V(/jy,+/j7,);/A;      k^s  (2SfJ,sf/,) 

where  Li  is  one  */»th  of  the  total  mean  length  of  a  line  of  force 
in  centimetres.  .V  is  the  number  of  pha.ses  per  window  (A'  is  2 
for  the  ordinary  three-pha.se  core-type  transformer  having  two 
windows),  t  stands  for  turns,  (j  for  .s(|uare  millimetres  copjx'r 
f>e«'ti<m.  n  for  amperes  ])er  square  millimetre,  and/*  for  copper 
.space  factor  (the  rati<»  of  the  tot^il  copper  <io.ss  section  ])er 
window  to  the  total  area  of  the  window).  This  .statement  is 
like  the  preceding  one,  the  flux  in  this  case  (onning  a  belt 
around  I  he  copper,  just  as  in  the  former  ca.se  the  copper  fonued 
a  belt  around  the  tlu.x.  Combination  of  the.sc  ecjuations  and 
the  jireceding  onen.  /[•,  -md  k^  being  included  amon^'st  the 
constant  cnumtities,  gives 

ji  being  a  constant  (b'jiending  on  the  type  «if  the  trHn.sforni' 
The  choosing  of  a  value  for  //  introduces  an  element  of  trial  ami 
eiror  into  the  method.  //depeu«ls  tipon  the  relative  dimensions 
of  iron  and  co|i]>er  in  the  lini.shed  t ransfuriner,  and  cannot  be 
knowji  exactly  utitil  the  complete  design  is  known.  I'sunlly, 
however,  the  designer  knows  from  pre\  ',  '       value 

//  is  likely  (o  have  in  a  given  <  ase       I  <if  /.-, 

and  A'j.  (i  may  be  written 

/?-7.7n<i(f»)" 

The  (k'Mvatioa  oi  tin-?  e.\pre»»ion  (or   ?  '•    ■    '  "  -• 

Li(  A  I'    B 

In  the  (>(-]nitti,>ii      ('     2-2S  -      , 

Iji  Ak  IvHJ.v 

/.*  IS  lUe  length  ol  a  mean  turn  in  centimetres,  \\\\\W.  <  '  \& 


the  total  lengtli  of  mean  path  of   the  flux  in  the  iron  cores,  and 
we  may  write 

7-8  X  ^  X  Li  X  »j =1 .000  X  K  VA  x  Ei 
l.(X)0    KVAxEi 

'''  ^-'7-8         LiXm'    ' 

and  8-D-','^L;:=-X  A^rj  xA'«Xl,00O. 

•  II  "  stands  for  the  number  of  limbs  in  the  transformer  and 
■•  A'  "ms  the  number  of  phases  per  window.  For  a  .single-phase 
core-tvpe  transfonner  "  n  "  is  two  and  "'  A'  '"  ojie,  whilst  for  a 
three-phase  transformer  with  two  windows.  "  ii  "  is  three  and 
'•  N  "  two. 

From  the  equations  Z,Jt=A-,\  Q  and  Z/=A-2\  (2//iA'  */>c) 
we  have  Lir  L,  =  ky  k^\  (,Q><fk  2A7,/j).  and  if  we  inseit  in  this 
la.st  equation  the  values  of  Q  and  of  s  21  ^t iX  derived  in  the 
])revious  paragiaph.  we  find 

L,     ^ Ay  200x7-8  m  ku  ' 
Inserting  this  value  of  L^iL]  in  the  equation  for  C  the  latter 
may  be  written    ^^     y^  ^(^i\'(  ^'Y-h^ 

and    comjiarison    of    this   with    the   [i   ecjuation    shows   that 

By  aid  of  this  equation  /i  may  be  found  for  any  transformer 
whose  linear  dimensions  are  known.  The  equation  Lk=ki\^  Q 
says  that  Aj  is  the  mean  length  of  a  turn  in  centimetres  divided 
by  the  root  of  tlie  iron  cro.ss  section  in  squaie  centimetres,  whilst 
the  equation  for  Li  says  that  A'j  is  equal  to  one  «jth  of  the  total 
length  of  flux  ])ath  in  centimetres  divided  by  the  root  of  one 
hundred  times  the  cross  section  of  a  window  (in  square  centi- 
metres).    Arnold  gives  values  for  ji  as  follows  : 

Single-i)liase  core-tyjie  fansformcrs 40  to  To 

Th'"ee-pliase  core  type 2.">  to  oO 

.SlieJl-type  transformers  IS  ho  'M> 

Here  again  the  choice  of  trial  values  for  B  must  be  left  to  the 
di.scretion  of  the  designer.  As  the  iron  loss  has  usually  to  be 
made  small  the  limits  allowable  are  as  a  rule  lower  than  the 
limits  for  power  transformers,  .suitable  values  <»ften  lying,  for 
40  to  60  cycle  transformers  of,  say,  10  KVA  to  6<»  KVA 
ca])acity  between  -i.oOO  and  7,000  lines  per  square  centimetre, 
or  with  larger  syiocially-cocded  transfonnors.  between  7.000 
and  ".t.(i<K)  when  ordinary  iron  is  used,  or  between  I«.«A>0  and 
1 1 .000  when  alloyed  iron  is  used.  The  current  density  must  be 
deduced  as  follows  : 

The  ])ercentage  co]>])er  loss  p/^  is  Ma  I*iA  \  A.  where  Ha.  is  the 
total  copper  loss  in  the  transformer,  and  may  be  written 

]Vk=m  ;{i-f  o-()ot  r)/57oa}  A>  ;/,^(.'.-,9,)-  '/,+^.'..(^•.,'/o)^72! 

-2().s-A'„A'l'.f. 
or  6=l-%\  (pkl'Ku), 

where  T  the  tem])eraturo  rise  above  room  temperature  is 
assumed  to  be  lO'C  and  A>  is  a  constant,  here  assumeti  to 
be  I •!.").  l)y  which  allowance  is  made  for  power  loss  in  the 
windings  resulting  from  the  inecpiality  ttf  (  urrent  density  in  the 
•  loss  .section  of  the  co])j)er  <aused  by  echly  EMFs. 

.N'e.xt.  a  relation  is  found  between  the  weights  of  iron  and  of 
copjier  in  t'*ims  of  £^.  and  £*/.  By  combining  the  equations 
deduce«l  for  the  general  transformer  it  can  be  .shown  that 

(fl>/lo«)'-(x  (KVAf,))E:K„=a, 
;»  iiunieric;il  constant.     This  may  be  written 

E:  A\(fl,^)l*=f|10»  /»-\    (KVAfi:) 

a  c<instaHt  (or  a  given  transformer  of  given  KVA  and /a. 

Curves  of  tot.il  (eddy  plus  hysteresis)  iron  loss  for  ordinary 
\i'  -us  0-."}o  mm.   thick   show   that,   approxima.ely.   the 

])i       ..;..^e  iwr  loss  for  a  transformer  may  l)e  written 
/,      TV    liiAT  f^(fr,  KMA'      rp)--'  i-vO\/?ifi5£;. 

ndjii  ing  these  with  the  equation:  A,.A«(fi.^)'*=constant, 
and  «=1'1»6(7U  A*u)*,   we   find  BiKu{Bs)^'^  is  proportional   to 
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Ei^'^^Ku^'-^,  it  beinji  assumed  that  p,  and  />t  are  given  ;  that 
is  to  say,  Ei^'^^Ku"'-''  is  constant,  or  Kui^i^'-^'^  is  constant,  foi- 
plates  ()-35  nun.  thick.  The  condition  for  luiiiinauni  cost  of 
material  and  labour  luav  then  be  found  thus  : 

Total  co»t=EJ<VA£f+KuKVA£k.  The  total  cost  will  be 
a  minimum  when  (l{EiiLi-\-Ku£.k)=0,  in  which  eciuation.  since 
KuEj^'^^  is  a  constant,  we  may  write  for  Ku  the  cxjircssion 
q!E,"'^'^,  and  the  ecjuation  becon^es 

,J\Ei£,  +  (g/E/>-^^)£k',  ldEi={), 
the  solution  of  wliich  is 

E,-jKu~^0-36£klU 

This  is  the  condition  which  must  be  satisfied  when  usin<i 
plates  0-35  mm.  thick.  For  plates  0-5  mm.  thick  the  cori'e- 
^ponding  condition  would  be 

E,iKu=0-i6£k/£i. 

With  modern  alloyed  steel  {see  a  Paper  read  by  Woolridge 
before  the  Am.I.E.E.,  in  February,  1911)  the  exponent  of  B 
for  total  iron  loss  approaches,  for  densities  of  the  order  of 
] 0,000  to  12,000,  the  value  2,  and  the  condition  for  minimum 

cost  of  a  transfornver  becomes   more  nearlv  — "  =-  ,  the  same 

A',,     £,.■ 

<  ondition  which  holds  for  power  transformers. 

In  the  design  of  lighting  transformers  the  procedure,  there- 
fore, is  as  follows  : 

Fii-st  the  cpiality  and  thickness  of  the  laminations  are 
chosen,  then  a  value  is  assigned  to  B,  and  from  the  iron  loss 
curve  u'i  is  found  the  iron  loss  per  kilogramme  of  iron.  The 
total  iron  loss  for  the  transformer  having  been  giveii  in 
the  specification,  the  weight  of  iron  per  KVA,  E„  and  the 
total  weight  of  iron  in  the  transformer  follow  at  once.  The 
designer  must  next  estinrate  the  ratio  £a:/£/.  This  ratio  depends 
rrpon  many  factors,  the  relative  importance  of  which  can  be 
learned  only  by  experience.  In  addition  to  cost  of  raw 
material  there  n^ust  be  taken  into  account  cost  of  labour, 
■degree  of  skill  of  the  workers,  processes  of  manufacture  and 
availability  of  up-to-date  machinery.  Arnold  gives  the 
following  values  for  the  ratio  £a:/£;  : 

For  10  A'r.4  to  50  KVA  transformer.^ £/,;£,  4-7.")  to  4-2r> 

For  larger  transt'ormers 4-5    to  3-5 

Then  by  applying  the  formula  of  the  preceding  paragraph  Ku, 
the  weight  of  copper  -per  KVA,  and  the  total  weight  of  copper 
'  are  at  once  obtained.  Next  s  and  C  are  found  by  the  appro- 
priate formulae  given  above.  In  the  formula  for  C  a  value  has 
to  be  assigned  to  fk,  the  winding  space  factor.  In  Arnold's 
tables^;:  ranges  in  value  between  0-45  for  2,000  volt  to  0-22  for 
30,000-volt  air-cooled  transformers,  and  0-26  for  2,000  volt  to 
0-14  for  20,000-volt  oil-cooled  transformers. 

The  schedule  appended  to  this  article  is  a  concise  statement 
of  Arnold's  method,  as  applied  both  to  lighting  and  to  power 
transformers. 

The  equation  given  for  the  leakage  reactance  drop  is 
expressed  in  the  symbols  used  in  Kapp's  book  on  Trans- 
formers, to  which,  on  this  point,  Arnold  refers.  The 
determination  of  the  inductance  of  a  coil  fron  its  dimensions 
.is  very  difficult  if  great  accuracy  is  required,  but  the 
•use  of  Kapp's  formula  to  find  the  leakage  inductance  of  the 
windings  of  a  transformer  is  found  cj^uite  satisfactory.  The 
inductive  drop  in  a  transformer  is  usually  of  the  order  of  I  to  4 
per  cent.,  and  in  the  determination  of  such  a  small  cpiantity 
-an  error  of  even  10  per  cent,  is  of  no  great  consequence.  A 
-method  which  will  predetermine  as  1-1  per  cent.,  a  drop  which 
proves  to  be  actually  1  per  cent.,  is  sufficiently  accurate  for 
practical  purposes. 

An  instance  will  serve  to  illustrate  the  accuracv  of  Kapp's 
.method.  The  following  are  the  details  of  a  "2,350  KVA 
42-cycle  three-phase  9,000-40,000-volt  transformer,  which, 
when  tested,  was  found  to  have  an  impedance  voltage  of 
2,030  volts  (that  is  to  say,  when  the  9,000  volt  side  ^^as  short- 
circuited  an  applied  voltage  of  2,030  volts  was  required  to  send 
the  normal  full  load  current  of  33-8  amperes  through  the  40,000- 
volt  winding)  : 

(D  =  I6-7xl0«,    <i=745,  7i=33-8  amperes. 

6=3-7  cms.,      ai=2-8cms.,    a2=3-8  cms. 
^=242  cms.         ^=85  cms. 


whence  the  percentage  inductive  drop. 

The  resistances  Wfri- 

rj— 2-34  ohms  )     , 

n  f\Qi-    1  whence  /,' 

r.,  =0-086  olim  ) 


.>.:>|.,M,S6ri|^j*}       »-<'*"»'n^ 


per  phase. 


and  the  percentage  resi.stanct-  aro(>  (or  33-H  ampereH 
,^    .33-8  y\-i)\ 

r=l()(|_ 


■0-6  per  pent. 


V3 


X  10.000 


The  percentage  short  ciicuit  voltage  should  therefore  he 
v'  ;(4-8)2+(0-6)2,  =4-83  per  cent. 

The  voltage  found  by  experiment  was  2.030  volts,  or  ol  i»er 

cent. 

In  illustration  of  the  application  of  the  .schedule  the  «ompiete 
design  is  worked  out  for  a  500  KVA  5(J-cycle  6  6<JO-144J-volt 
three-phase  transformer.  For  the  pui-pose  of  compari.son  the 
design  is  tieated  first  as  that  of  a  power  transformer  and  then 
as  that  of  a  lighting  transformer.  Headers  who  may  refer  to 
Arnold's  book,  1904  edition,  will  find  a  somewhat  similar 
design  worked  out  for  a  600  KVA  transformer.  In  this 
design  Arnold  has  made  a  serious  error,  he  has  assumed  a  verv 
high  flux  density  (5=14,500),  such  as  would  lead  to  a  no-loail 
current,  equal  to  about  15  per  cent,  of  the  full-load  current,  but 
through  a  slip  in  the  calculation  the  value  has  come  out  less 
than  2  per  cent. 

It  will  also  be  noted  that  the  value  £t  £/=3-25,  which  Arnold 
assumes  at  the  outset,  does  not  agree  with  the  final  value  found 
iox  E'ijK,,  (  =  2-56/l-09),  so  that  the  design  as  worked  out  is 
not  the  cheapest  possible. 

For  comparison  with  the  method  just  outlined  a  brief  state- 
ment of  the  procedure  recommended  in  Arnold's  191(»  edition 
may  be  given  as  follows  : 

Having  decided  upon  the  type  (whether  core  or  shell),  and  the 
method  of  cooling  to  be  employed,  take  a  trial  value  for  the 
ratio  GijGk,  and  for  the  values  of  B  and  s.  Then  find  Q  from 
the  ecpiation, 

Gi 


^        fBs      I 


fBs 

a  trial  value  being  chosen  for  ('.     losing  various  values  of  .-IS 
find  the  corresponding  values  of  h,  and  then.  a.s.suniing/T.  find 
the  width  of  the  window  ami  check  Gi  Gfr  which  need  only  be 
accurate  to,  say,  10  per  cent,  of  the  value  finst  chosen. 
The  derivation  of  the  Q  equation  is  as  follows  : 

E^4:-UftBQlO-^ 

I=sq, 
KVA=^-UftBQsql(y^^ 

=^C itqQlO^^^,  if  B  and  .<  are  constant. 

The  weights  of  iron  and  of  copper  may  be  e.xpressed  thus  : 
Gr,=g/,7-8x  10-3  ],gs^  /.  being  the  tot^^l  iron  length. 
Gk=2tqh^-^  X  10-5  kgs^  /^  being  the  mean  length  of  a  turn, 

GilGk='    ,  .,  which,  as  /,  7^-  is  usuallv  const.ant. 

may  be  written 

^'=C..^10^. 
Gk        -irq 

Tliis,  when  combined  with  the  KVA  equation.  •:'ves 


Q=C 


^(-|r) 


an  equation  which  holds  for  all  types  of  transformer. 

Approximate  values  for  ('  are  usually  as  follows  : 

rO-">  for  .■<iuale-i)lia,-;o  (nmsfonners  ha  vine  round  coils. 
J  0-()l  forsinu'lephasotransfonnershavinnroctaiisnilar  wiU. 

Core  type  -^  ^^  .j-  ^-^^j.  ,i,',.o(-. phase  traii.-;formers  havini:  rouiitl  itiils. 

h»-47  for  thne-pha.se  trausformors  having  rectangular  coils. 
/0!>  for  single-phase  transformers. 

Shell  tyi)e  -^^j.,;  f,,p  three  jihase  transformers. 
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-Appropriate    values  suggested    by   Arnold    for     the   ratio 

Gi;Gk  are  : 

Lighting  Transformers. 

Oi!Gk. 

KVA. ^ 


'^)    

l^argcr 


(Jrdinarv  iron. 
2  to  :j 
to  4 


U])  to  l/KK). 
Largf-r  


Power  Truntijormtri. 

3-."»  to  4-.% 

4-.')  to  .■)•.■> 


A 1  loved  iron. 
1-8  to  20 
20  to  2-2 


IS  to  2-2 
2-2  to  2-8 


Suitable  limits  for  B  and  .s-  are  i^iveji  in  the  scliedule  at  the 
end  of  this  aitirh'. 

The  theoretieal  condition  ensuring  minimum  cost  is'deduced 
as  follows  : 

Gi=(\QI,  aii.l  Gk     < 'J<lh.  whence  Gfik^^C^V^Qlqhh, 

(' ,  T,]k  and  sitioe  7  is  assumed  constant, 


G,Gh 
G,<h 


fBs 
KVA 

G,rh=c\-f.fQ. 

fBs 


h 


Here  writing  /;t  =  ^'fl\  Q  we  have 


|{<']*la(ing  Q  by  its  value  found  for  the  Q  equaticm,  we  liave 

that  is  tf>  sav,  6V6';t'=^ constant. 

(' 
The    total    cost    is   Gjii-{-Gk^k"  -    iL,-y(Jk^,   which,   when 

ditTerentiated  with  respect  to  6';t  and  set  ecjual  to  nought.  give«, 
as  thf  ((iiidition  for  miniinuni  cost, 

Gr^i,- 

Till'  (  hicf  practical  distinction  between  .Vrnold's  IDlO  method 
iuid  that  of  I'.tol  is  that  in  the  earli«'r  method  the  designer  was 
asked-  to  stat^'  from  exj)erience  the  ratio  £*/£,,  and  was  given 
values  for  •'  or  f(»r  [i,  both  of  which  de))end  upon  the  ratio  I,  Ik, 
whilst  in  the  later  method  the  designer  is  given  values  for 
Gi/Gk  and  also  for  <\  which  again  depends  on  ////;t.  Prac  tically, 
therefore,  the  methods  are  much  alike ;  there  is,  at  any  rate,  no 
dilTerence  in  princi])le  between  them. 

In  the  theoretical  discns.sion  of  the  condition  for  minimum 
cost  there  is,  however,  a  radi<'.al  ditTerence.  for  whereas  in  19()4 
the  designer  was  t«»ld  that,  both  theoretically  and  practically, 
the  ratio  of  weight  of  iron  to  weight  of  copj)er  in  a  power  trans- 
former should  be  made  ecpial  to  that  of  the  })rice  of  copper  t-o 
the  price  (tf  iron,  he  is  told  in  IJtlO  that  the  ratio  of  the  weights 
should,  theoretically,  be  only  nni'-thinl  of  that  <»f  the  prices, 
and  thai  practically  he  had  better  not  worry  about  price  ratio 
at  all,  but  simply  a.H.siinie  a  certain  valtie.  taken  fntni  previous 
designs,  for  the  ratio  Gj  to  6^. 

In  view  of  this  ,som<  what  un.sati.sfactorv  position  it  is  of 
interest  t«»  carefully  compare  tht  two  methods  of  searching  for 
the  minimum  cost  condition,  which  give  such  widely  different 
results,  and  if  is  hope<l  by  this  comparison  to  show  that  the 
I'.KM  method  is  the  correct,  oiu-  whilst  tin-  HMO  metl.<Kl  is  ba.scMl 
u|Miii  wrong  asHum]ttions. 

.\rnolds  l'.t|i>  met  hod.  just  given,  nuiy  be  cxprcwed  in  words. 
as  follows  ; 

In  seiin  hing  for  the  cheapest  design  for  a  transfonner  of 
given  ty]»e  and  rating  a  trial  design  might  be  t«kon.  and  bv 
modifying  its  dimensions  altenn>ts  might  be  made  to  cheajien  it. 

in  making  such  modifications  ;\rn<dd  assumes  that  tho 
ratios  I,  h  and  /,^  \  Q  ought  t«t  be  con><t!«nt.  whilst.  o(  course, 
B  an«l  .V  are  to  remain  con.stant. 

lid  the  trial  desiyii  be.  sav.  a  core-tyji"  transformer,  and 
let  an  atfem|)t  be  made  to  cheapen  it  by  miKiifying  the  cro.'ts- 
section  of  the  core  (Q).  Let  Q  l>e  increa.s«Nl  by.  say.  2  per  rent. 
Then,  if  we  assume  h°^\  Q.  we  see  that  Ik  will  be  increased  bv 
1  per  cent.     Mu(  /,-  tk  is  to  be  kept  constant,  honre  /,.  must  be 


increased  by  1  per  cent.  Thus,  G,-  will  have  been  increa.5ed  by 
(2—1  per  cent.)=3  per  cent.  Now,  h,  having  become  1  per 
cent,  greater,  Gk  would  become  1  per  cent,  greater  if  the  num- 
ber of  turns  remained  unchanged.  As,  however,  Q  and,  there- 
fore (1), have  gone  up  2  percent.,  the  turns  must  be  reduced 

2  per  cent,  to  keep  the  voltage  right.  The  effect  on  Gk  of  the 
increase  of  1  per  cent,  followed  by  this  decrease  of  2  per  cent., 
is  a  decrea.se  of  1  per  cent.  We  then  see  that  whenever  the 
■weight  of  iron  is  changed  by  3  per  cent.,  that  of  copper  will 
suffer  a  1  per  cent,  change  of  opposite  sign.  This  imples  that 
G,  X  Gk^  must  be  constant,  for  when  this  product  is  constant  a 

3  per  cent,  increase  in  G,  must  entail  a  3  per  cent,  decrea.se  in 
Gk^ — that  is  to  say,  a  1  per  cent,  decrease  in  Gk.  The'condition 
for  minimum  cost  is  then,  obviously,  that  G,  Gk^£k  3£;. 

This  condition  is  quite  different  from  that  given  in  19<»4  for 
power  transformers  namely,  that  the  ratio  of  the  weights 
should  be  the  reciprocal  of  that  of  the  costs — and  it  must  now 
be  shown  how  the  difference  arises.  But  first  it  is  interesting  to 
reniark  that  whereas  Arnold  in  1904  proposed  that  the  ratio 
G,lGk  .should  equal  £.k  £;,  and  stated  that  this  ratio  could  readily 
be  estimated  by  each  firm,  his  propo.sal  in  1910  is  that  G,,Gk 
should,  theoretically,  be  equal  to  £.k  3£/.  but  that  thi>;  ratio  is 
almost  im])os.>,il,le  of  predetermination,  and  that  it  does  not 
form  a  .suitable  criterion  for  the  choice  of  G',iGk.  He  advises 
the  designer  to  assume  a  value  for  this  ratio,  based  upon  pre- 
vious designs,  the  values  advised  (for  power  transformers) 
being  of  the  order  of  4  to  6  for  ordinary  iron  and  2  to  3  for 
alloyed  iron.  The  values  are  quite  at  variance  with  the  1910 
ratio  £a^;3£,,  yet  agree  fairly  well  with  the  limits  3-.5  to  5-5  (for 
ordinary  iron)  given  in  the  liX)4  edition  as  the  value  of  £*  £/, 
to  which  Gi  Gf.  was  to  be  made  equal. 

(To  he  continued.) 
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The  following  discus.sion  took  place  upon  .Mr.  Erne.st  T. 
Williams"  Paper  *  on  the  above  subject  at  the  meeting  of  the 
Institution  of  Electrical  Engineers  on  the  13th  inst. 

Mr.  ('.  H.  Mkhz  said  he  wished  Dr.  Ferranti.  who  had  ])ut  Ix'fore  them 
.some  years  ago  what  .some  of  them  considered  the  idea!,  had  l>een  there  to 
o))on  the  disf\issi(>n.  It  was  first  put  forward  by  Dr.  Ferranti  in  sub- 
stance 20  years  ajro.  and  had  been  n' viewed  by  ('<tmniittees  of  Parliament 
and  otliers.  and  tlicn^  had  l>een  endless  schemes  for  attainint:  sfimethin-j 
of  the  ideal  for  lariie  districts,  and  yet  there  liad  not  been  muih  progress 
made.  It  was  well,  in  considering  the  reason  for  this,  to  face  the  fact*. 
Mr.  Williams  snirgested  that  the  technical  and  financial  sides  were  simple, 
and  that  the  diHicnIty  was  one  of  organisation.  He  lie<;gpd  to  differ 
from  him.  He  thought  the  reason  greater  ]irogre«s  had  not  Ix^en  made 
was  that  the  ])r<>f('ssion  as  a  whole  was  not  (onvinced  that  the  ideal  was 
the  right  one.  If  that  was  .'■o,  they  had  l)etter  begin  by  seeing  whether 
some  of  them  wcn^  wrong  and  whether  the  majority  were  right.  It 
could  not  Ik*  aryueil  that  a  thing  was  right  or  wrong  for  thi.*  country 
Ix'caiisc  it  was  right  or  wrong  for  other  countries.  The  more  he  had 
travelled  the  mon-  he  had  been  dis.satisticd  with  what  was  almost  the 
avernKc  Kn;:lish  "iigineering  attittide.  Any  idea  that  the  mattor  could 
Im-  prove<l  as  to  what  couUl  be  dt.ne  from  cx|H'rienec  in  other  countries 
might  to  be  got  rid  of.  The  I'nited  Kingdom  was  in  «  difTen-nt  position 
froni  anv  other  countr\'  in  regard  to  electrical  distribution.  It  was  ver\' 
liitfcn-nt  from  (Icrnmny  iis  reyai-ds  gcograpiiy.  and  totally  differi'nt  from 
the  rnil<il  States.  ( »ur  an-a  was  much  mon-  congested,  and  tlie  (ongested 
.nnN(><  wen"  nnich  closer  together.  This  seemed  to  point  eniphatically 
In  the  electrical  <i|)eration  of  tho  railways  within  a  reasonable  time.  an<l 
also  to  a  general  distribution  system.  With  n-ganl  to  security  of  supply, 
HO  long  a.s  it  was  a  question  of  su)»plying  a  certain  area  fr(>m  a  power 
station  tip  to  .">.(MMi  kw.  or  so.  the  ipieslion  did  not  come  very  jmimi- 
nently  forward,  but  we  had  advanced  so  far  thai  consitlerable  communi- 
ties de)tcnded  u)i(.n  power  stations  for  their  -upplirs  of  i>ower.  heating 
and  lighting  which  wen"  \ital  ttt  the  area.  If  large  arenas  wore  allowed 
to  continue  to  <lnpond  u|Kin  one  central  station  there  would  l>e  sonio 
s«Tious  rnllapso  :  the  more given  area.«  depcndcil  u]>on  electric  supply,  tho 
mon>  important  it  woulii  lx>  that  they  should  not  i>ut  all  their  egcs  into 
one  basket.  .Xnsume  a  situation,  which  wa^  iniite  connnon.  whrri>  there 
wen>  four  station-^  in  adiac<"nt  district.".  In  each  station  ."».(H>0  kw.  sots 
wen-  in»talleil  an<l  the  numlxr  of  these  in  ca<  h  station  was  gradually 
e\tend<-<l  to  eiuht  -Mt.tHMl  kw.  Kach  of  the  f<nir  anas  tlopended  on  one 
citation.  If  a  Wimh  were  dn>p|M'd  on  that  station,  or  there  wete  some 
interferenif  with  coal  di-liver\-  or  failure  of  tlic  •  inulating  water  system 
the  condition  of  allairs  in  that  an-a  would  be  serious.  Sav  tliep'  were 
two  s)Mtrr  nets  in  each  station  and  spare  capacity  of  :W  ^kt  cent.     Work- 
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ing  these  stations  separately,  capital  cost,  operating  costs  and  wa;ic.s  were 
higher  than  if  they  were  worked  in  combination.     He  thought  th(^  four 
stations  should  each  contain  throe  units  of  15,000  kw.  each,  and  that  they 
should  be  connected  by  a  trunk  system  of  mains.     Assuming  the  Inad  on 
ai  li  station  to  be  30,000  kw.,  there  would  be  one  complete  spare  station 
toi  the  four  areas  and  four  si)are  sots,  as  against  two  for  each  area  in  the 
first  case,  and  spare  capacity  in  the  four  stations  of  50  per  cent.,  a  lower 
lapital  cost  and  a  very  much   lower  o|)?rating  cost.     He  was  satisfied 
tliat  that  was  the  safest  and  the  most  oconomioal  system.      Instead  of 
assuming   5,000  kw.    and    15,000  kw.    units   for  the  two  cases,    perhaps 
to-tlay  10,000  and  30,000  would  be  bettiu-.      With  the  larger  \mits  which 
could  be  now  used,  a  coal  economy  ])cr  unit  sold  of  from  30  to  00  ))(!r  cent, 
could  be  made,  compared  with  what  could  be  done  with  independent 
stations.     Actual  plants  were  being  laid  down  which  would  attain  such 
results.      Tt  was  commonly  said  that  doubling  the  size  of  generating  units 
effected  10  per  cent.  eoonom\,  but  that  was  not  so.      It  was  becoming 
more  and  more  ap])arent  that  in  a  small  station  one  could  not  go  in  for 
the  special  refinements  (or  complications  if  one  liked  to  call  them  so) 
luccssary  to  get  the  highest  economy.     The  improvement  in  load-factor 
resulting  from  connecting  up  big  areas  was  also  of  paramount  importance. 
He  showed  on  the  screen  the  North  East  Coast  I'owcr  Co.'s  a^erage  daily 
I'lad  curve,  which  showed  that  it  was  easy  to  get  up  to  GO  per  cent,  and 
.i\cr.     The    first  thing  necessary  was  for  tlie  technical  side  of  the  busi- 
ness to  more  or  less  agree  as  to  what  were  the  right  lines  to  go  iipoii. 
I'ailiaraent  could  not  be  expected  to  come  to  a  proper  soluticm  if  they 
wire  divided  amongst  themselves  as  to  how  the  matter  should  be  tackled. 
In  that  respect  they  might  borrow  somethino-  from  other  countiies.     The 
thing  was  to  get  it  to  be  a  fashion  to  deal  with  such  a  question  by  certain 
methods.     They  did  that  well  in  Air.erica.      It  was  the  fashion  in  many 
,  areas  to  take  supplies  fiom  jjublic  stations,  and  if  the  engineers  adopted  a 
fashion  of  dealing  with  their  systems  in  the  same  way,  a  great  deal  would 
be  accomplished. 

Mr.  R.  A.  Chattock  said  the  lines  upon  which  Mr.  Williams  had  gone 
were  similar  to  what  he  (Mr.  Chattock)  recommended  about  two  years 
ago  in  his  address  to  the  l.M.  E.A..  and  had  developed  the  idea  on  sound 
lines.     The  only  way  in  which  consumers  could  bo  attracted  was  by 
.  reducing   the    price    of    current.     The    ordinary    British    manufacturer 
I  would  not  think  anything  about  "  fashion  "  if  it  was  going  to  affect  his 
*  pocket.     He  wanted  a  cheap,  plentiful  and  reliable  supply.     The  idea 
that  he  could  get  it  and  that  prices  were  going  down  was  what  they  should 
stimulate  and  follow  up.      In  the  industrial  areas  in  this  country  the 
power  sold  per  head  of  po])ulation  was  only  about  one-tenth  of  what 
could  be  sold  it  the  supply  were  developed  on  ))roper  lines,  but  they  were 
gradually  approaching  that  end  in  the  way  they  were  developing  the 
supplies.     Small  stations  supplj'ing  at  high  prices  were  hampering  that 
development,  and  a  scheme  such  as  Mr.  Williams  proposed  should  be 
brought  forwarrl  and  run  not  to  make  large  profits,  but  to  attract  con- 
sumers, and  if  necessary  face  a  loss  for  some  years.     The  money  should 
be  found  by  the  community,  because  it  was  necessary  for  the  develop- 
ment of  the  industries  of  the  country.     As  the  output  increased,  the  cost 
of  production  decreased,  and  it  was  only  carrying  that  to  a  logical  con- 
clusion fully  to  justify  the  scheme  Mr.  Williams  put  before  them.     He 
did  not  think,  however,  that  old,  uneconomical  stations  should  go  on 
running  ;    it  was  better  to  face  the  conditions  that  these  must  be  cut  out 
as  generating  units,  though  they  could  be  used  as  distributing  units. 
An  arrangement  such  as  the  four  connected  stations  suggested  by  Mr. 
Merz  was  what  they  would  come  to.  but  he  thought  those  stations  would 
approximate  to  300,000  kw.  capacity  each  or  more,  because  if  the  price 
were  really  a  popular  one  the  demand  would  increase  enormously.     The 
large  stations  would  have  to  be  put  fairly  close   to   the  large  centres  of 
industry',  so  that  the  minimum  amount  of  current  would  have  to  be 
transmitted  to  a  distance.     Probably  drastic  powers  would  have  to  be 
obtained  to  prevent  the  cost  of  obtaining  wayleaves  for  the  trunk  lines 
from  crippling  the  scheme.     He  was  afraid  Parliament  would  hardly  be 
able  to  deal  with  such  a  scheme  at  present,  but  it  should  be  got  ready  to 
put  before  them  when  they  could  deal  with  it. 

Mr.   J.    S.    HiGHFiELD  said  he  agreed  that  engineers  and   financial 
people  should  come  to  an  agreement  before  putting  forward  a  scheme, 
but  when  Mr.  Chattock  said  they  were  not  to  earn  any  profits,  and  that 
they  were  to  raise  money  on  somebody's  credit  and  lay  mains  all  over  the 
country  he  was  horrified.     They  had  been  labouring  hard  to  get  a  profit, 
and  if  it  was  suggested  that  they  should  go  back  to  the  dreadful  old  days 
when  there  was  no  profit  he  thought  that  was  wrong.      If  money  were 
raised  on  municipal  or  Government  credit  the  interest  would  have  to  bo 
found.     It  would  have  to  be  shown  that  they  could  put  down  plant  and 
mains  and  earn  an  early  profit.     He  did  not  agree  that  the  present  posi- 
tion of  electric  supply  was   so   defective   as   had   been   suggested.     The 
supply  over  large  areas  of  the  country,  was  good,  and  manufacturers 
availed  themselves  of  it,  and  when  new  factories  were  started  the  electric 
l)eople  were  on  the  doorstep  to  offer  a  supply.      It  was  wrong  to  belittle 
what  had  been  achieved.     The  curve  shown  by  Mr.  Merz  of  what  had  been 
done  on  the  North  East  coast  was  an  example  of  magnificent  engineering 
and  financial  courage.     He  did  not  suppose  any  part  of  the  world  could 
show  anything  better.     That  system  should  be  extended  gradually.     He 
did  not  agree,  however,  that  a  lot  of  money  should  be  spent  simply 
because  they  could  put  four  stations  like  those  described  by  Mr.  Merz  in 
different  corners  of  the  country  and  wait  for  profits  until  houses  were 
planted  about  them  to  make  a  load.     Mr.  Williams  suggested  additional 
legislation,     but    the    industry     had    suffered    from     legislation.      Mr. 
Williams  rather  discarded  histoi-y,  but  many  of  the  great  industries  had 
been    develo])ed    by    private    enterprise.      Whenever    the    (iovernment 
stepped  in  to  help  them  it  generally  caused  trouble.     It  would  be  well  to 
remove  the  damage  done  by  past  legislation.     The  railway  companies 


and  ga-s  supplies  start<;d   with  '■  r.  ire.      Th«,-   lU  r- 

allowed  free  competition,  and,  a :  .,••  d  in  a  <-<;rtai.  \i- 

of  wasteof  capital,  it  brought  into  the  h<-ld  tw<i  promot/-nf,  two-:...;      --,. 
and  so  on,  and  the  devel(»pment  was  much  quicker  than  it  wjuM  i.  .\e 
been  under  a  monoiKjly.     The  same  applied  to  the  ^an  r<>m]»a.n'u^.      If  the 
same  liberty  had  been  given  to  electrical  und«-rtak»-r«  thev  would  \>e  in  • 
better  position  to-day.     He  did  not  undemtand  to  whom'  th<-  Ix^ard  prO" 
po.sed  by  Mr.   Williams  would  \n;   f  ;     .  :    ,  ^^. 

mutually  destructivr;  j)owers,  a  ver\  »«/• 

the  power  to  erect  stations.      If  it  wen-  re»trut»-«i  to  the  juo  i  tc<-h- 

nical  side,  .so  that  it  cauhl  act  as  a  skilful  guirl.-,  it  mij^ht  ■.  .  :  ..L.  An 
improv(!d  Board  of  Trade,  inde|>endent  of  pohticiaim.  riiiaht  bf  r*f  uji«-  to 
every  trade.  A  Board  of  Trade  eonsi.stinz  of  men  like  Mr.  Tr«»tH-r 
would  remove  half  their  difficulties  and  they  would  L«-t  on.  If  that  %»m. 
Mr.  Williams'  suggestion  he  heartily  approve!  of  it. 

Mr.   H.   FAR.vnAY   Proctor  said   the  s*  heme  proprMtr^l  wa-  a  h-ipP^' 
medium   between  nationalisation,  municipalisation  and  private 
ship.     The  |)ublished  tables  of  costs  showed  that  there  hbould  \m      .... 
overhauling  of   the  present  system — or  lack  of  8>-steni.     In   London 
charges  varied  from  8d.  to  3d.  for  similar  purpo,v;.«,  and  tl.  '  -  -    b«» 

united  efforts  to  bring  things  to  a  more  ])arallel  batiis.  '» 

get  a  move  on,  and  get  a  board  formed  as  the  author  sii. 
them  get  a  scheme  out  for  the  whole  kingdom.  If  it  w 
Institution  there  were  .so  many  interests  that  they  would  each  want  to 
run  their  own  .scheme.  Mr.  Williams's  .scheme  had  the  merit  that  it  did 
no  injustice  to  existing  undertakings.  They  could  maintain  their  own- 
identities  so  long  as  they  were  justified  by  their  <  <,st.-i.  Tl  ild 
generate  their  energy  or  buy  from  the  board.  r)r  if  tht-ir  co-;  -w 
enough  they  might  find  a  good  consumer  in  the  boanl.  The-  _  '»f 
existing  ca])ital  assets  at  once  would  mean  the  introduction  <>t  .ity 
that  would  ]iostpone  the  scheme  almost  indefinitely.  He  agn.*ed  with 
the  author  that  local  authorities  should  be  subject  to  the  control  of  the 
board  as  regards  the  expansion  of  their  existing  station,  but  the  author 
was  not  e((uall\'  definite  in  dealing  with  the  works  of  limite<l  companifv 
If  the  terms  were  equitable  they  should  be  equally  applicable  ti.  ><>m- 
])anies.  They  had  better  err  on  the  side  of  over-comi>ensiition  to  each 
of  those  authorities  or  companies  rather  than  let  the  indu.-'trk"  ■•uffer. 
Such  a  .scheme  as  the  author  put  forward  might  enable  some  of  the  small 
though  desirable  undertakings  to  be  developed  with  the  object  of  creating 
new  industrial  areas.  The  railways  and  canals,  coal  sup])lies  and  power 
supplies  all  ought  to  be  co-ordinated  and  organised  under  one  governing 
body. 

Mr.    W.    B.    WooDHOiSE   said   the   previous   speakers'  opinions  were 
extremely  diverse.      He  thought  Mr.  Merz's  remarks  really  mo>t  to  the 
point.     The  electrical  engineers  should  first  of  all  agree  as  to  what  wa» 
to  be  done.      Electricity  su])ply  was  (mly  one  link  in  the  bitrtrei:  prf>bleni 
of  the  fuel  economy  of  the  country,  but  it  was  an  indispensablelink.      It 
would  be  necessary  for  the  engineers  and  also  the  chemists,  merallur'.:i>ts 
and  geologists  to  get  together  in  consultation.     That  had  bet-a  >t  irted, 
and  he  hoped  the  active  steps  the  B.A.  were  taking  wouhE  have  .^ime 
beneficial  result.     He  hoped  it  might  be  said  that  electrical  engineers 
were  agreed  as  to  the  broad  principle  of  interconnection  and  centralisa- 
tion.    The  problem  was  very  much  a  financial  cme.     Cheap  capital  could 
only  be  got  if  satisfactory  security  and  the  prospect   of  a  reasonable 
return  were  given  to  the  investor.      Large  experiments  would  have  to  bf 
carried  out  in  conjunction  with  the  chemists  and  metallurgists  and  all 
other  people  who  tried  to  extract  valuable  properties  from  coal,  anrf, 
therefore,   it   was   not   a   suitable   thing  for  Government    management. 
National  funds  should  not    be   used   in  speculative  ventures.     (»n  the 
other  hand,  a  great  deal  of  the  work  was  non-speculative,  and  if  the 
State  could  finance  that  without  taking  a  hand  in  the  management  — 
in  the  way  of  loan  capital— it  would  be  beneficia!  to  the  i)ii.posed  dewlop- 
ment.      He  could  not  go  so  far  as  to  say  that  the  basis  of  organisation 
should  be  settled  first?     The  imi)ortant" thing  was  to  bring  home  to  the 
public  what  the  present  evils  were  and  what   the  futuif  prospects  were. 
The  public  must  be  etlucated  to  !,ppre.iate  whatever  the  electrical  engi- 
neering industrv  put  forwartl  as  the  great  formula  or  dogma  that  was  to 
be  followed.     That  was  the  first  step— to  agree  upon  what  they  want«^l 
to  tell  the  public  about  and  to  keep  on  telling  them. 

Mr.  C.  H.  WoRDiNcHAM  said  the  value  of  the  Paper  was  augment*** 
b(Hause  Mr.  Williams  views  the  situation  from  a  detached  position,  aod 
had  no  axe  to  mind.  He  (Mr.  Wordingham)  had  seen  power  supply 
from  both  sides  of  the  hedge.  It  was  he  who  projcL-ted  the  tir>t  pow.r 
scheme  in  this  country— which  had  develojR-d  enoriuou>lv  atul^  he 
gave  evidence  in  opposition  to  the  first  power  scheme  brought  •  .  n- 
Parliament.     A  number  of  the  power  compaities  seemed  to  be  m 

from  purclv  philanthropic  motives.     Mr.  Merz's  exposition  w.-»> 

from    what    was   originallv    put    forward   by   the   power  .-omfuiny   pro- 
moters, concentraticm  on  "one  station.     The  ival  s^nnt  was  to  sjel  a  Dig 
tliveisitv.  which  might  not  be  got  even  in  a  lai-e  station.      Ihe  m.v>t 
suecesf^ul  powei    station  owned  by  a  comi>auy  m  tlii>  eountr>     uui  * 
number  of  power  stations  linked  up  to  s<-rve  a  comparalivelv  small  an-a. 
which  he  believed   was  the  secivt  of  its  success.      He  would  d^l'"'-;'^' 
stronolv  {i.)vernmcnt  interference  with  that  sort  of  enterprts,-.      He  did 
not  b'ciicvc  it  ])ossiblc  for  a  (Jovernmcnt  department  to  run  anv  com- 
mercial concern  (he  did  not  mean  national  concern)  .mi  cominer. 
An  element  of  success  in  a  scheme  .>f  that  kind  was  the  power  o. 
in-r.      If  the  cheap  supplv  they  believe.l  neces-saiy  was  to  be  pr..Mdetl  lU 
could  onlv  be  done  bv  the  ablest  men  working  un  ettennl. 

Mr  W"  L  M  M)oKN  said,  although  hewassun>  the  author  in  hi- de>«  rip- 
ti(m  of  the  Hv.lro- Electric  Commis.sion  of  Toronto  had  given  «"  honest 
reflection  of  what  ha.l  been  irp.vsented  to  him  he  (Mr.  M«*»."^'n>  Jf  * 
bound  to  warn  the  members  against  a^-eeptiug  that  de.-^ription  a.*  aiMU- 
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raU'.  H«'  was  familiar  witli  the  o|>«-rati<  n«  of  the  r'oniiiii!->i<'ri,  aud  hf 
never  met  a  iiiok-  r<|  rolur.hible  body.  It  had  jjower  to  adjuduate  on 
queHtionx  aricin;:  Ix-lw'tn  ron.sumen*  and  i<u|f])ly  undertakeis,  it  had 
<hari;f  of  N-fit-lation  affecting  the  induKtiy,  and  at  the  same  time  it  was 
■B  hijj)])lv  authority  able  to  enter  into  competition  with  <.therundertakeiK. 
It  wan  cru.«h  nj.'  o»t  eiitcijiriw;  everj- branch  of  industry  was  suffering, 
and  the  consulting  engineeiw  were  gra<lually  disa|i|>earing — a  result  he 
«ould  not  contemplate  in  thin  eountr>'.  If  the  author  took  the  Hydn  ■ 
Electric  rV)nimisMi<  n  of  Ontario  an  an  augurj'  of  su«e(  ss  of  ■^ui  h  a  contein 
here  he  ihoight  he  was  bitterly  mistaken.  If  the  b<Kly  |iro]»owd  to  Le 
forincrj  were  divested  of  the  fun*  tion  of  opeiation  if  might  ])rove  us<-ful 
once  ti.e  eii^/  iierrs  had  decided  ii))r>ii  what  th<-y  wanted. 

.Mr.  T.  Kol.KS  said  he  thought  the  electrical  i»rofes>ion  were  ajiiiecl 
Upon  the  nec(  ssi'ty  of  a  general  seheme,  and  that  if  e\eiy  electrii  al  sujii)ly 
engineer  were  Kure  of  being  in  charge  of  one  at  the  supplic>  under  the  ]no- 
posed  *lieme  he  would  support  th<*  m  hen.e.  As  Mr.  Williams  said,  it 
wan  tlie  hull  an  factor.  It  wa..  ask'ng  tin-  engineers  of  the  smaller 
/.latic.ns  to  CI  mn  it  profewsii  iial  liaiikari  on  the  altar  of  patrioti  in  to 
ask  them  to  suppoit  sii<  h  a  s<  heme.  The  municipalities  would  not  be 
williiiL.'  to  hand  over  their  undertakings  iiiih  s-  just  i  au«-  was  shown. 
The  electrical  eommitteinu  n  and  <  hairiiK  n  ha<l  n<>t  ha<l  it  put  to  them. 
The  engineer  had  not  i)ut  it  to  them  bi-cause  he  was  afraid  it  would 
affect  his  own  job.  If  the  Institution  could  get  the  sympathy  of  the 
'■ngim*eis  for  the  fcheiiie  the  engine<*is  would  get  the  symjiathy  of  their 
«  ommitt<es.  It  was  time  the  matter  «as  lifted  fioiii  the  (.lane  of  talk  to 
the-  plane  of  action.  If  the  Institution  would  take  up  th  s  matter  and 
look  into  it  it  would  add  to  the  dignity  of  the  Institution  and  Ix-ncfit  the 
electric  supply  industry  and  the  <onsumeis. 

The  I'hksidknt  saicl  .Mr.  .Mer/.  taught  him  and  a  great  many  otheis 
11  yeais  ago  the  real  factois  and  the  esw-nc  e  of  the  business,  but  we 
Mfn'  still  -tumblini:  over  the  same  ground.  The-  real  reason  was  not 
thai  the  eiiiiineers  did  not  recognise  what  was  the-  right  piincipe.  .As 
Mr.  Hole  s  Miid.  it  wa»  the  human  fac  tor.  If  a  supply  was  ot'i-n-el  in 
bulk  at  Ud..  Id.  or  ^d..  the  eng  neer  of  the  e\isting  station  si-f  to  work 
to  show  he  I  ould  maintain  a  supply  for  less.  Some  I  ody  had  to  be  set 
up  to  deal  with  ihise  people-.  If  the  industry  was  going  to  giow  tin-re 
was  plenty  of  use  for  all  the-  p<-op|c-  who  wen-  of  i  iiy  us<'  at  all.  The 
wheme  had  to  come  aloiit.  The-  real  )ir!nciple  was  the-  e  eiiu  entiation 
of  fiic-l  and  the-  iihiny  of  that  fui'l  in  mii-Ii  a  way  that  the-  by-products 
wen-  eibtaiiied  for  the  ci.emical  industiy.  Cheap  jeower  was  important. 
I»ut  the  e-onser\ati(in  of  fu«'l  was  of  far  gn'at4'r  importance.  IVojiJc 
from  the  provinces  thorght  that  in  l>ondon  thinu's  wi-n-  all  anyhow.  It 
was  not  Ko.  rHces  from  Sd.  to  ',ii\.  had  Im-c-ii  mentionc-d.  but  it  was 
]M».sibl>-  to  buy  pow(-r  in  l>indoii  at  fiae-tioiis  of  a  pc-iiny.  Things  wc-rc- 
not  so  bad  in  l/cinelon  as  many  pc-op|i-  thought.  lb-  hoped  peopjc- 
throiiuliout  the-  i'ountr\  would  c-onsidc-r  what  stc-ps  they  could  take  to 
help  to  solve  the  prolilem  de-alt  with  in  .Mr.  Williams's  Paper.  Th<- 
author's  i\-p|y  to  the  discuHsion  would  appear  in  the  °°  Journal." 

A  vot«'  of  thanks  to  the-  author.  |iieiposecI  liv  the-   I'nsidenl.  lonc  ludc-cl 
tfhe  meetiiiii. 


ON  RADIUM  ANTENNiE. 


UN      K.     I.KI.MKK. 


Oil  the  ii'siills  of  S/ilaiil  With  lacliiiiii  I  ci.'tteil  light  iiiiig  cciiieliictciis 
iM-ceiiiiing  known  to  the  alltbor  be  was  li-el  to  coiisiclel  the  ]K)ssibility 
that  radium  might  exert  miine  etfeet  u|m)ii  the  reception  «)f  radio- 
t«-legraphii'  signals.  'I'he  fitMt  teiitati\e  ex|n-riiiieiits  seemed  to  gi\c 
evidence  of  |)ositive  e fleet s  ;  but  as  the  allthor  was  cdiligcci  to  clis- 
i'diitiinie  them  in  coii.Hi'qiieneo  nf  the  wi'.r  he  now  publishes  his  roHult.s 
with  a  \  lew  to  stiiiiiilatiiig  further  n-seareh  and  also  obfaining 
JiMlepeiideiit  c-onliitiiaticin  of  bis  own  coiicliisions. 

The  tintt  experiments  wete  made  with  an  indiMtr  antenna  eon- 
i<istiiig  of  a  woimI  hmI  2<*  mm.  in  diameter  and  '.I  metn-s  long,  closely 
Mciiincl  thioiighoiit  Its  length  with  wire  O'J  mm.  diameter,  enamel 
4(>ate<l.  the  rod  iH-iiig  din-cted  towaids  a  Honding  station,  Kl<.  alKiiit 
•  IIH)  km.  distant  from  it.  This  antenna  whm  siis|N-iidei|  in  a  nMim. 
The  ren-iving  set  used  compriMd  a  fraloiia  detector.  4,<NHl  ohm 
lele|iliciii<-s.  and  /i  tuning  coil  .*i(l  mm.  iti  diameter  and  haxing  K(NI 
till  lis  of  I)' 4  mm.  enamelled  win-.  No  siKnals  were  audible  from  KL 
nt  any  position  (Ui  the  tuning  eoil:  SignaU  wen*,  however,  at  niiee 
clistiiictlv  audible  as  sihiii  as  a  sealc-d  gl.-ss  tiilx-  containing  radium 
broniidc  of  .Vt.tMMt  units  (and  thus  very  wefk)  was  bmught  near.  The 
.MignaU  vanished  when  the  Nhtiiil  ii>Hiatnnee  \iiu«  22ll  ohms,  UNJnf;  the 
sliuiiteel  telephone  method.  The  tuning  was  nut  at  all  slmrp.  and' 
.■showed  no  ma  Milium  f»>r  any  length  of  iinlmir*!  wire  iK'twt-en  W 
■liiid  120  nielroK.  A  ehrnKr  in  the  iMisitirtn  of  the  mdiiini  did  not 
|irodlice  iiiy  noticeable  difTenMiees  ;  but  the  oHelllalion  had  .i 
marked  effect.  At  anules  uieater  than  •  .'W*  cleg,  the  recepticiii 
rea.N«Ml  eiitin-ly. 

Knconr;iged  b\   tbesi-  lesiiil.-.  the  i-iithor  ec>iitiimed  his  n 
tiniis  ill  Older  to  eleterminr  the  elTeet  of  railium  on  t>nliiiar\ 
The   anteniin  eonsinted   of   two   parallel    I  a  mm.    plumphor-bmnw 
wires  held   I  metn»  njwrt   an»l  8  metrv««  nU>vo  the  gmnnd.  dinM'tfMl 

•  .\l>sii  >.  I    ..f    Ml  article  in   the  "  Kleklr\itechni»chc  Zeit*»hr<f'  "  \-  ' 
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towards  the  station  FL.  as  was  also  the  connection  to  the  receiving 
set.  For  this  latter  the  same  tuning  coil  was  employed  ;  but  an 
electrolytic  replaced  the  galena  detector,  and  in  place  of  the  tele- 
jihones  a  special  moviag-coil  mirror  galvanometer,  of  500  ohms 
resistance  and  period  two  seconds,  was  used.  The  signals  utili-sed 
were  the  10-se<ond  time  signals  from  FL,  the  wave-length  of  which 
was  2.3.50  metres.  With  the  best  tuning  and  .56  metres  the  telephones 
gave  80  ohms  for  silence  :  the  galvanometer  showed  20-21  micro- 
amperes. With  the  antenna  disconnected  the  current  through  the 
fletector  was  0-7  microampere.  On  the  radium  tube  being  brought 
near  to  the  free  end  of  the  antenna  the  galvanometer  reading  was 
.50-.'>:{  microamperes  :  to  reach  this  ma.ximum  the  tuner  had  to  be 
shifted  from  .56  to  48  metres.  In  this  jjosition  the  reception  without 
radium  was  cjiiite  as  mistimed  as  it  was  in  the  ;56  metres  position  with 
radium.  When  the  radium  was  fa.stened  at  the  mid  point 'of  the 
anteima  no  recejition  w;!s  jxi.ssible,  even  with  the  telephones.  With 
the  radium  arranged  at  the  connected  end  of  the  antenna  the  current 
through  the  detector  increa.sed  to  3.5-:W  microamperes  at  the  40- 
metie  tniu  r  position.  All  the  results  have  been  definitely  confirmed 
as  a  result  of  numerous  control  experiments,  made  under  conditions 
as  nearly  .similar  as  possible. 

These  experiments  show  that  by  suitably  bringing  up  radium  in 
j)roximity  to  the  antenna  the  vibration  image  of  the  latter  is  changed 
in  the  flirection  of  an  aj)parent  shortening  of  the  wave  ;  furtlier, 
that  a  eon.siderablc  increa.se  in  signal  strengtii,  as  measured  in  the 
detector  circuit,  is  occasioned  by  the  proximity  of  radium,  which 
must  in  any  ca.se  be  caused  by  a  higher  i-eceived  primary  current. 

The  proximity  of  radium  to  the  tuning  eoil  it.seif  has.  however, 
the  effect  of  rendering  distinctly  worse  the  previously  distinct  tele- 
))honic  reception,  without  it  being  jwssible  to  discern  any  definite 
niistuniug,  and  tliis  ai)i)lies  whether  the  radium  tube  Ih»  insulated  or 
earthed.  On  the  other  hand,  the  r:\dium  tube  has  no  noticeable 
effect  on  any  of  the  other  parts  of  the  reieiving  equipment. 


NEW  METHOD  OF  DETERMINING  IONIC  VELOCITIES.=^ 

BV  CONST.XNC  K   H.\HHIS().N    CKIKIITHS.    H.SC. 

S'liiiiiuir!/.-  In  the  method  deseril;e<l  th  •  total  chauiie  in  weight  of  the 
cathode,  and  the  elt-ctrolyte  in  its  i.eighbouihood,  is  fciur.d  by  tiirect 
weighing.  Hittorfs  migration  ratio  is  plotted,  and  the  results  comi«red 
M  ith  those  cjf  other  ■.■.\|;eriiiU"nters. 


TUKORV   OK  THE  METHOD. 

I>et  the  diagram  represent  the  cathode  and  the  containing  vessel. 

I>et  ///,  be  the  mass  of  tlie  cations  jxr  cubic  centimetre  ;  ii  em.  sec. 
the  eom|X)nent  of  their  velocity  upwards  relatively  to  the  liquid  ; 
III.,  the  mass  of  tiie  anions  j>er  cubic  centimetre  ;  i'  cm.  .sec.  the  com- 
|Kineiit  of  their  velocity  downwards  relatively  to  the  liquid  :  r  the 
(  iirn>nt  in  am|x>res  ;  and  A  the  area  of  cross-section  of  the  lower  end 
of  the  electrode  ves.sel  in  scpiare  centimetres. 

Consider  tlu-  pa.ssage  of  ions  across  the  section  /'.  Then  h>«ii  of 
ii'fiij/il  in  electrode  ves.sel  j>er  .second  would  equal 

{in^r-  iiifh)A  grammes 
if  the  lic|iiid  w«'re  at  rest.  .Allowances  must  be  made  for  the  move- 
ment of  the  lic|uid.  Ix-t  7  the  c|uantity  in  coulombs  of  ele<trieit_\ 
required  to  de|>o.sit  1  gramme  of  cations  ;  then  mass  of  deposit  per 
second  r  If  grammes.  If  the  den.sity  of  the  dejHJsit  is  d.  inrrensf 
nf  njiniie  nf  tierlnile  jK-r  second  r  qd  cubic  cenliinetre.  Total  iiui.<s 
of  Mill  in  cathode  ve.ssel  diminishes  at  the  rateof  (m,-(-»Mj).4egm./8ee.. 
sine*-  //ij.le  graniines  of  anion  leaxc  the  vessel  per  seeoiul.  and  there 
.irealwaysecpial  niimlM-rs  of  |«>sitive  and  negative  ions  in  the  licjuid 
<n  the  eathcnle  vessel.  When  a  .salt  is  dis.solved  in  water  there  is  in 
general  an  iiirmisr  in  volume.  \jc\  fi  the  increa.se  in  volume  pni- 
diic fd  by  dissoh  ing  I  gramme  of  silt.  Then  decrea.se  in  volume  of 
s<»l»tion  in  '-pswl-  (i«,  •  m^)Avti  cubic  centimetres. 

.-.  T«ital  ileeirn.se  in  xoliimi*  in  ve.>».sel  (wi,  mj).4i*3-r  '/'/  cubic 
••entiiiu't  n-s. 

Inchaiiged  licjuid  to  this  amotint  will,  tberefoiv.  enter  the  vessel, 
.iiid  if  its  density  isp  the  gain  in  weight  will  Ik» 

i»i,  •  »iij).Ir,^     r  qd  p  gramme.s. 
.  .   Total  Uvm  in  weight  of  the  sus|iende<l  .system 

-  (ii»,r -M»,Mb4       ;(»w,  ^  »M,).-lt"/l  —  r, 7*/; ,,  grammes.  (I) 

'FTiis    ix    one    relation.      Xe>w    there    is    a    secoiui    tx'lation.      l>»t 

.V     iiumlM'r  of  gramme  e<juivalents  of  <*op|)er  |(er  culiic  centimetiv 

and  I      cjiiantity  of  oh^Mrieity  «*.«M>einto<l  with  I  gramme  equivalent  : 

then  aV«(m     '\\     total  eurrent  in  ami-  •     •     •   .•     (2) 

•  .\b«tr«et  of  I'.ipi  i.-i.,l  before  the  I'bx-Mu  XK-ietv  of  Ix>n«lnn, 
M.»rch24th. 
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Therefoi'e,"we  have  the  two  equations 

{)n.,r  —  ini>()A—  {nii  rm.,)Av8  -c/qd}  p 
= total  loss  of  weight  of  suspended  system  per  second. 
Ne{u+v}A=^c. 
An  alternative  method  of  considering  the  theory  is  then  given,  and 
the  same  final  result  obtained. 

Apparatis. 

In  the  diagram.  B  is  the  plan  of  a  l)ahuu('  frorn  whicfi  hangs  the 
cathode  K  and  the  cathode  vessel  ('. 

A  is  the  anode  and  anode  vessel,  and  7'  tiic  tank  which  contains 
the  solution  used  for  the  experiment. 

Cathode. — The  cathode  consists  of  a  disc  of  coppei-  2-7  cm.  dia- 
meter, perforated  by  two  holes  fitting  loosely  into  the  cathode 
vessel  ('.  The  rathnde  vessel  consists  of  a  glass  tube  8-9  cm.  long  and 
2-7  cm.  diamtei'.  open  at  the  lower  end.  The  upper  end  of  the 
<athode  vessel  is  narrowed  and  terminates  in  a  piece  of  2  mm.  bore 
tubing  about  3  cm.  long. 

Suspension  of  ('(dhode. — The  cathode  and  cathode  vessel  are  sus- 
pended by  means  of  gutta-percha-coated  copper  wire.     This  wire  is 

Beam  of  Balance 
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attached  to  the  cathode  at  its  lower  end.  The  insulated  wire  passes 
vertically  up  from  the  cathode  and  through  the  2  mm.  bore  tubing 
EF,  into  which  it  Hts  tightly,  and  is  sealed.  Thus,  the  cathode 
vessel  is  completely  closed  at  the  top.  About  34  cm.  above  the 
<athode  vessel  the  suspension  wire  terminates  in  a  hook  which 
jiasses  over  a  glass  rod  suspended  from  a  balance  pan.  Electrical 
connection  with  the  cathode  is  effected  by  means  of  two  platinum 
points  attached  to  the  suspension  wire  near  the  top. 

Anod-e. — The  anode  consists  of  a  spiral  of  thick  copper  wire  with  a 

I  lacing  of  thin  wire  across  two  diameters  to  hold  the  turns  of  the 

spiral  in  place.     Froni  the  centre  of  the  spiral  and  continuous  with 

it,  being  part  of  the  same  wire  from  which  the  spiral  was  made,  a 

^  -wire  passes  down  vertically  till  clear  of  the  anode  vessel,  then  bends 

:   round,  and  passes  up  through  the  liquid  and  out  at  the  top  of  the 

tank.     All  this  wire,  after  it  leaves  the  anode  sjiiral,  is  coated  with 

gutta-percha  insulation.     The  anode  vessel  consists  of  a  piece  of 

;glass  tubing  8  cm.  long  and  2-7  cm.  diameter.     The  anode  just  fits 

inside  it  at  the  lower  end. 


Siippftrl  Hod.  The  wire  to  the  anrxl*-  ve*«s^l  an/1  the  anode  ve«ael 
itself  are  bound  tightly  to  a  Unit  ghiH.s  rrxl;  li.  which  Hupports  th-^m 
and  holds  them  in  the  requinMj  j»OHition.  Thi«  rrxl  w  cUinpe<l  aUr.<. 
the  level  of  the  tof)  of  the  tank  by  two  firm  clip*  which  are  carriif.1 
by  a  vertical  bar  li.xe«i  in  ;i  strong  stand. 

The  anode  ve.ssel  in  set  vertically  under  the  cathode  ve««el  ho  that 
the  di.stance  aj)art  of  thf  two  v«-ss«.|h  is  aitout  .'Jem.  Thi«  u  doiw 
before  the  tank  is  jilaced  in  (K)sifion. 

CurrenI  Leads  to  Calhr^Je.     The  su«i)enxion  wire  of  the  cathode 
is  cleared  of  insulation  at  a  fK.int  near  th»-  top.  anfl  round  it  at  thi.'* 
point  are  tightly  wrapped  twfj  pieces  of  copfx-r  wire.     Thpt*^  are  Ijent 
as  in  the  diagram  and  terminate  in  two  platinum  jiriintri.  dippintr 
into  two  cu[)s  of  mercury  connected   toj/cther  by  ;»   thiik  «.:  ■ 
wire.      Into    )ne  of  these  cuj)s  dijw  a  wire  connecte<J  to  tli.   negai... 
terminal  of  the  cell.     The  mercury  cups  are  supported  by  a  shelf  of 
wood  fixed  to  a  stand  of  adjustable  height.      By  rai.njng  or 
tie  stand  the  platinum  points  are  immersed  in  the  cup*  the 
is  allowed  to  pass,  or  they  hang  free  in  air,  ami  weighings  are  ma/Je  by 
the  balance. 

Bidanre. — The  balance  used  w;i<  ;>  S^.r-torius,  and  would  weigh 
with  accuracy  to  0-0001  gramme. 

The  tank  is  a  cylindrical  gla.ss  jar.  having  a  capacitv  of  H  I- 
and  contains  the  solution  of  copper  sulphate  us*'d  for  the  exj.    . 
ment.     Over  the  surface  of  the  solution  is  placed  a  layer  of  caj^tor 
oil  (about  100  cubic  cm.),  for  it  was  found  that  the  weiehiM'    ' 
b}^  means  of  the  balance  were  very  inaccurate  when  the  su»- ■  :. 
wire  pa.s.sed  straight  into  the  copper  sulphate  .solution  from  the  air. 
but  that  when  the  layer  of  castor  oil  was  placed  over  the  surfac-e  the 
weighings  were  very  consistent.     The  temperature  of  the  .solution 
in  the  tank  is  taken  by  means  of  a  thermometer  suspended  in  the 
solution,  so  that  its  bulb  is  clo.se  to  the  cathode  ves.sel. 

The  foregoing  apparatus — tank,  balance,  cathode,  anode,  &c. — 
are  arranged  in  a  room  kept  at  constant  temperature  by  mean.s  of  a 
thermostat-regulated  gas  stove.     The  wires  from  the  cathode  anfl 
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anode  are  connected  to  two  terminals,  and  from  these  wires  proc^etl 
to  a  table  outside  the  thermostat  room,  and  on  this  table  is  arrangetl 
the  rest  of  the  circuit,  consi.sting  of  a  4- volt  secondary  cell,  a  key. 
an  adjustable  resistance,  and  a  Paul  millivoltmeter  in  p<\rallel  with 
I  ohm. 

A  detailed  description  is  given  of  the  method  of  procedure  and 
preliminary  weighing. 

After  an  interval  of  about  one  nour  after  the  preliminary  weighing 
another  weighing  was  taken  at  a  noted  time.  The  tempemture  was 
also  read.  The  mercury  cups  were  then  raised  so  as  to  make  I'ontact 
with  the  platinum  points,  and  the  current  was  put  on  at  a  definite 
time  and  rapidly  adjusted  to  the  desired  value. 

Readings  of  the  current,  time  and  temperature  were  then  taken  at 
intervals. 

After  a  time,  which  varied  from  about  two  to  four  hours,  the 
current  was  stopped.  The  mercury  cups  woie  lowered  and  the 
weight  was  rapidly  taken.  After  about  an  hour  another  weighing 
was  taken  to  get  the  rate  of  change  of  the  weight  after  the  experi- 
ment. The  mean  of  this  rate  of  change  and  the  rate  of  chiUige  before 
the  experiment  was  taken  to  be  the  average  rate  of  change  of  weight 
during  the  course  of  the  experiment. 

The  average  current  diiring  the  time  of  the  expierin\ent  wa.>* 
found  by  taking  the  average  current  over  the  intervals  between 
each  two  consecutive  readings,  multiplying  each  of  these  averages 
by  the  number  of  minutes  in  that  interval,  and  finally  obtainijig  the 
average  current  per  minute  from  all  the  results  so  obtainetl. 

A  specimen  experiment  is  given  in  the  Paper,  with  full  detiiils  of 
calculations. 

The  results  obtained  by  the  author  are  compiired  with  those 
obtained  by  Hittorf,  Melelka  and  Kirmis  by  means  of  curves.  The 
comparison  would  appear  to  justify  the  method,  but  there  is  con- 
siderable divergence  between  the  residtsof  preWoii*  experimenters. 
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FLYWHEEL  EFFECT. 


Entitled  "  A  Comparison  of  Motor  Armatures  of  Different 
Diameters,"  Mr.  E.  A.  Rew  recently  contributed  an  article  to  the 
"  Electric  Journal."'  After  referring  to  the  inertia  of  bodies  and  the 
"centre  of  gyration,"  the  author  proceeds  to  discuss  "  fl\-vvheel 
effect."  If  the  weight  of  a  cylinder  per  unit  volume  C  ifi  multiplied 
by  the  total  volume,  then  W  Crrr^L.  The  moment  of  inertia 
WK^^..\CnlJ*L.  Consequently,  it  is  evident  that  while  y.*  varies 
•while  Z,  "remains  constant,  the  so-called  fl\'wheel  effect  will  var^' 
with  IJ*. 

Within  certain  limits,  and  excluding  forced  ventilation,  the  output 
of  an  armature  varies  as  lJ*L. 

Tf  we  consider  two  armatures  rated  equally,  say.  Z.'^/,  -3,070.  and 
wciglit  of  fach  armature  is  l,.WJ  ll>..thenif  t  lie  flywheel  effect  istal'U- 
lated  for  an  armature  of  J)  - 16  in.  and  L-=  12  in.,  and  D  22-5  and 
/>-  6in.,  we  finrl  in  the  one  case  WK-  2iH)  and  for  the  other  .")72. 
While  the  diameter  of  one  armature  is  only  40  jx»r  cent,  greater  than 
the  other,  its  Hywheel  effect  is  |)ra<ti(ally  double.  In  the  one  ca.se. 
therefore,  the  stored  energy  is  double  that  of  the  other.  This  is  of 
importance  when  a  motor  is  accelerating  or  decelerating,  since 
when  two  armatures  are  to  lie  used  in  this  way  it  is  .seen  that  the 
stored  energy  is  jjrojKjrtional  to  D-  and  the  heating  effect  to  If*. 

The  time  re<juire<I  to  accelerate  an  armature  from  rest  to  full- 
sjM'cd  or  to  decelerate  the  same  from  full-speed  to  rest  unrler  any 
given  ton|Uc  is 
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in  which  /  =  time  in  Reconds,  A'  revolutions  per  minute  full-sj)eed. 
(J  -gravitational  acceleration,  T  torque  in  foot-])ounds.  H7\-  Hy- 
wheel effect,  II'  weight  of  armature  in  jxiunds,  J)  diameter  of 
armature  in  feet. 

Conse<|uently,  for  armattin-s  <if  tlii'  same  speed  and  torque  rating, 
and  tin-  same  weight,  the  time  re(|uired  to  accelerate  or  decclcrat<' 
fi/^'.  In  the  case  of  two  armatures  with  an  hour's  rating,  each 
armature  having  a  torque  of  S".")  lb.  ft.,  /  0-.'3I7  second  for  one  of 
them,  and  for  the  other  /      1-02. 

For  he;ivy  duty  reversing  service,  entirely  enclosed,  the  motors  with 
a  (•ontinur)us  loading,  say,  five  hours,  the  normal  tonjue  is  about 
.'{<M)  lb. ft.  and  the  time  for  complete  reversals  are  in  the  two  cases  con- 
sideretl  2-'>  s«'eoM<ls.  and  .")  seconds  resjM'ctivclv.  Reversals  evcrv 
10  seconds  are  common  in  steel-mill  ojKTations.  so  that  while  one 
motor  would  have  its  output  availalile  during  75  jier  cent,  of  the  time 
the  other  would  Ik*  available  for  useful  work  for  only  .50  per  cent,  of 
the  time. 

Tn  the  design  of  armatun-s  the  scr\'ice  to  which  it  is  going  to  Im- 
sul>je(t<'<l  is  the  primary  consideration.  Motors  which  are  to  be 
used  for  nipiil  reversing  service  or  scdden  starts  and  sto|)s.  such  as 
motors  used  for  roll  tables,  cranes,  screw-downs  in  rolling  mills, 
ore  unloiiders.  jinil  planers,  when-  the  m«)tor  reverses  for  cixh  cutting 
stroke,  the  tlyulieel  elle<  t.  and  consequently  the  armature  diameter, 
should  be  ke|>t  as  low  as  |M>ssible.  In  other  cases,  such  as  that  of 
punches,  shears  ami  rail  straighteners,  a  high  flywhe«'l  effect  is 
desirabl(>  in  «irder  that  the  energy  store<l  in  the  nitating  jmrts  may 
force  the  tool  through  the  material  at  the  ex|H>nHe  of  a  slight  drop  in 
sjH'cd.  In  practice  it  is  customiiry  to  make  up  the  necessary  Hywlieel 
effect  by  inntnlling  .i  suitable  (lywiieel. 

Again,  in  the  case  of  motors  for  continuous  working.  II vwhoel  effect 
is  of  little  im|x>r1ance,  anrl  other  considerations  govern  the  design  of 
the  annalure. 


PERFORMANCE  OF  DIESEI^ENGINE  PLANTS.* 

IIV   R-   11.    nrKDK'K. 

Till'  author  de.Hcribes  at  s<uue  length  the  wor'Aing  of  ^ev^  al 
Dicsel-en  jiue  ])'ants. 

Kight  Diesel  engine  installations  in  Ninall  electrical  generating 
stations  in  the  Stale  of  Texas  an*  oiwr«te<l  by  (he  Texas  Power  & 
Light  Co.  Tests  have  Ix*  n  conducted  at  these  plants  and  o|)erating 
records  ke|)l  which  show  irsults  of  jMTformance  and  op«<rating  prac 
lice  in  modern  |)lants  of  this  ty|M«. 

The  I'aris  mstallation  consists  of  an  initial  equipment  of  thn>e 
Mcintosh  iV  S-ymour  Diesel  engines  mt<><l  at  .VMiii  r.each.  Thew  units 
an'  of  the  fotn  cylimler  four  stn»kc  <vcle  drsiini  ojierating  at  lf>4 
ivvs.  jxr  mill.,  and  din'cll\  ninnecteil  to  three  4;i7  k.v.«.  2.:U«»  volt 
thnn'-phase  (50-eyelc  altenmtors.  Two  'X'l  kw.  induction  mo|<ir-driveu 
sets  and  one  .{.*>  kw.  U'lt -driven  exciter  set  are  pnovidett.  the  latter 
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being  driven  from  the  generating  unit.  Compressors  and  water- 
circulating  pumps  are  integral  with  engine.:-.  The  apparatus  is 
hou.sed  in  a  steel-framed  plastered  building  82  ft.  6  in.  long  by 
.52  ft.  6  in.  wide  and  .3.3  ft.  high  to  the  eaves,  with  a  flat  concrete  roof 
and  concrete  floor.  Outside  the  station  on  a  wooden  pole  switch 
and  "bus  structure  are  in.stalled  three  2.50  k.v.a.  2,400  to  24.000- volt 
single-phase  transformers  and  three  75  k.v.a.  2,200  to  0.600-voit 
single-phase  transformers  with  air-break  switches. 

The  station  feeders  at  this  plant  are  arranged  to  pro\nde  energy  at 
24.tKX)-volt  three-j)hase  alternating  current  for  a  transmission  line  ; 
6,600-volt  three-phase  alternating  current  ;  2,300-volt  three-phase 
alternating  current  regulated  :  2, .300- volt  three-phase  alternating 
current  unregulated  ;  2,.30(J-vo]t  single-phase  alternating  current 
arc  service,  and  .50t)-volt  direct -current  railway  .service. 

An  oil-storage  tank  of  .360  barrels  capacity  and  a  cooling  tbrwer 
of  the  atmospheric  tyi>e.  exposing  5.100  .sq.  ft.  of  cooling  surface,  are 
provided  for  the  ecjuipment. 

The  Diesel-engine  installations  operated  in  central  stations  con- 
trolled by  the  Texas  Pcjwer  &  Light  Co.  ha%e  a  total  rating  of 
5..">45  H.p.  The  chief  reasons  influencing  the  utilisation  of  Diesel 
engines  in  preference  to  steam  or  other  tyjX's  of  prime  movers  in. 
the.se  small  i.solated  generating  stations  are  summari.sed  as  follows:: 
( I )  Abundance  of  low-i)riced  fuel  oil  ;  (2)  efticicncy  of  Die>el  engines 
at  low  station  factors  ;  (.3)  comparatively  low  labour  costs  :  {iy 
flevibility  of  plant  -that  is,  the  ability  to  meet  unusual  peak-load, 
conditions  without  lo.ss  of  time  or  operating  economy  :  (5)  al>sence 
of  stand-by  los.ses  other  than  interest  on  investment  when  units  are 
not  in  service  :  (6)  ea.se  of  transfer  of  equipment  frcjm  any  isolated 
station  which  may  be  picked  up  by  a  transmission  line  extension  to 
another  i.solated  station  who.se  increase  in  load  warrants  the  instiilla- 
tion  of  additional  equipment. 

\\'hile  it  is  practically  imjK)ssible  to  lay  down  definite  general  rules 
for  the  .selection  of  Diesel  engines  in  preference  to  steam  or  other 
types  of  prime  movers  for  small  central  stations,  or  to  prescribe  the 
limitations  as  to  the  size  of  jilanf  where  Diesel  engines  arc  applicable 
over  and  above  other  tyjx^s  of  equipment,  because  of  the  many 
\arving  considerations  entering  into  each  problem,  among  which  are 
character  of  load,  availability  of  proper  fuels  and  laViour.  investment 
allowances  and  tlic  like. 

A  table  is  given  showing  that  the  cost  of  a  Diesel  plant  of  1.000  kw. 
is  £J..59().  as  against  £2.652  for  steam  ;  the  annual  saving  for  the 
former  is.  however.  £1,776  over  the  steam  jilant. 

The  approximate  cost  of  another  representative  Diesel  station, 
erected  by  the  Texas  Power  A  Taght  Co.  in  the  latter  part  of  1914  at 
Tyler,  Texas,  is  given.  This  jilant  includes  an  initial  installation 
of  two  second-hand  Busch-Sulzer  Delsel-engine  sets  built  ia  1907- 
I9O0.  each  ccmsistina  of  two  three-cylinder  four-stroke  cycle  225  h.p. 
engines,  directly  connected  to  one  .300  kw.  164  revs,  per  miii.  three- 
jihase  60-cycle  2,300-volt  generator.  One  17  kw.  induction  motor 
driven  exciter  .set  and  one  20  kw.  exciter  belt-driven  set  operated 
fmm  one  of  the  engines  were  also  jirovided.  The  necessary  auxiliaries, 
such  as  air  compressors,  water  and  oil  pum)),  cooling  tower  and  the 
like  were  included. 

TE.STS  (IN    I)|KSKI,-EN(;IXK   KQflPMENT  AT  THE   P.\RIS  SjATtoN. 

The  results  ot  rigid  tests  conducted  at  the  Paris  plant  are  given. 
This  Stat  ion  is  considered  the  most  modern  type,  and  is  representative 
of  present-day  construction  and  arrangement  for  the  efficient 
o|)»'iati(»n  of  Diesel  engine  installations.  The  apparatus  tested 
consisted  of  three  4.37  k.v.a.  Diesel  engine  driven  alternators  already 
descril)ed.  Four  test.s  were  conducted  on  each  unit,  varying  in 
length  fnim  one  hour  to  four  hours,  each  macliine  in  turn  Inking  sub- 
jei-ted  to  full-load.  thn'c-()uarters-load.  half-load  and  qu.trter-load 
tests,  and  the.se  loads  held  as  nearly  constant  as  jiracticable.  As  the 
three  generatiu'i  s<'ts  were  reipiin-d  for  service  almost  continuously 
it  was  nit  feasible  at  times  to  secure  the  test  loads  exactly  IW  per 
<'ent..  75  per  cent..  .'VI  jx«r  cent,  and  25  jier  cent,  of  unit  rating  :  but 
these  loads  were  appn>ximate<l  and  carricl  throughout  ea<  1i  test  with 
n-asoiiable  const ,iiicy.  A  taiile  of  results  for  one  set  of  tt  -*-  is  eiven 
Ix'low 

The  fuel  oil  is  kii  »wii  as  '"  desulpluiriscd.  and  is  cinplovi  a  ;u  prac- 
ticall;  all  of  the  Diesel  engine  stations  o|Hrated  by  the  Texas  Power 
.V:  Light  Co.  The  oil  was  pum])ed  from  an  outdoor  storage  tank, 
weighe<l  in  a  barrel  on  a  ])latforin  s;ale  and  re-pumiXHl  therefrom 
to  small  indiMdii.d  enginesupply  tanks. 

The  curve  of  average  fuel  consuni|»tion  for  the  tests  as  shown  in 
the  figure  is  given  in  "  gross  B.T.T.  jier  kilowatt  lumrs  .  *•  d." 

In  us  ng  the  term  "  gntss  B.T.l'."  refen-nce  is  made  to  ;  I'le 

allowain^e  f<)r  any  unavailable  latent  heat  carrie<l  off  as  uncondensed 
water  va|xmr  in  exhaust  gases  (representing  the  iiroduots  of  com- 
bustion of  hydmgen  and  oxygen)  for  v.hich  no  allowance  has  l>een 
made.     It  in<4udes  any  uuch  latent  heat  which  mav  have  existed  for 
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Table  I. — Summary  of  Tests  on  Paris  [Tex.)  Diesel  Engim. 


Approximate  load    

K w.  (average)  

Load  factor  (kw. ),  %    

K.v.a.  (average)    

I  ,oad  factor  ( k.  v.  a. ) ,  %    ■  •  • 

B.-H.P.  (average)    

Kw.  -hr.  generated  (total) . . 

Time  start 

Time  stop 

Duration  of  test,  hours  . . . 
Power  factor  (average)  ... 
Kw.  for  excitation  (av. )  . . . 
Fuel  oil  consumed  (gal. )  . . . 
I^'nel  oil  consumed  (lb. )  . . . 
Fuel  oil  consumed  (B.T.U.) 
I'uel  oil  per  kw.  -hr.  (lb. )  . . . 

B.T.U.  per  kw.-hr 

B.T.U.  per  b.-hp.-hr 

Generator  efficiency,  %  ... 

Thermal  efficiency,  "o 
Water  for  cooling(tot'l  gal. ) 
Water  per  minute  (gal. )   . . . 

No.  units  in  operation 

Station  load  (average  kw.). 
Station  factor  (average)  ... 


Unit  No.  1. 


Table  II.  —Actual  Unit  Production  Costs,  Prtria  awl  Tykr  Dietel  Stniio,,;,^ 
SepUmber  1  to  December  31,  1915, 


1. 


3. 


Full. 
340  •« 
97-5 
400-7 
91-7 
481-3 
1,299-3 
2:29 
6:18 
3-81G 
0-85 
8-1 
1110 
7830 
15,321.744 
0-603 
11,792'0 
8,a420 
92-6 
28-9 
14,6530 
64-0 
3-0 
635-0 
60-5 


3-fourths. 
253-3 
72-5 
301-5 
69-0 
359-8 
891-1 
7:13 
10:49 
3-517 
0-84 
6-91 
77-0 
543-0 
10.621  ,080 
0-609 
11,930-0 
8,396-0 
91-8 
28-6 
11,606  0 
55-0 
3-0 
697  0 
64-2. 


2. 


Half. 
168-9 
48-2 
211-1 
48-2 
240-2 
577  0 
2:53 
6:18 
3-417 
0-80 
7-64 
56-0 
396-0 
7,789,616 
0-686 
13,5000 
9,491-0 
89-5 
25-3 


3  0 

660  0 

62-8 


Quarter. 
86-1 
24-6 
117-9 
27-0 
1271 
101-9 
11:37 
12:48 
1-183 
0-73 
7-42 
14-0 
98-5 
1,923,803 
0-966 
18,8790 
12,7950 
83-0 
18-0 
4,436-0 
62-5 
2-0 
370-0 
35-2 


the  reason  that  in  analysing  fuel  oils  the  usual  type  of  calorimeter 
was  used,  in  which  such  latent  heat  is  surrendered  and  included  in 
the  results  of  analysis.  The  lower  curve  in  the  figure  shows  the  curve 
referred  to  and  shown  above  converted  into  thermal  efficiency,  in  the 
determination  of  which  allowance  has  been  made  for  electric  generator 
efficiencies.  It  actually  represents  the  power  delivered  to  the 
generator  coupling  in  proportion  to  power  supplied  to  the  engine  as 
fuel  oil. 

One  of  the  chief  faults  with  the  guarantees  made  by  Diesel- engine 
manufacturers   and   operators   seems   to   be   the   tendency   toward 
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Average    Fuel    Consumption    per    Kilowatt-hour    and   Theimwal 
Efficiency  of  Paris  (Tex.)  Diesel  Engines. 

narrow  specifications  for  fuel  oils.  Practically  any  crude  or  semi- 
refined  oil  having  less  than  IJ  per  cent,  sulphur  content,  2  per  cent, 
water  and  30  per  cent,  asphalt  may  be  safely  used  in  Diesel  engines 
if  filtered.  This  statement  is  qualified  to  the  extent  of  setting  the 
fluidity  at  a  free-flowing  and  free-pumping  point.  Usually  oils 
ha\Tng  a  specific  gra^-ity  below  16  deg.  to  17  deg.  Baume,  as  below, 
require  heating  to  aid  their  feeding  to  the  engine  pumps  properly. 

With  the  exception  of  the  Diesel  engines  at  Paris  and  Palestine, 
the  splash  or  crank-case  system  of  lubrication  is  employed  with 
indiflferent  success.  In  some  instances  oil  alone  is  used  in  the  crank 
case,  and  in  other  cases  the  lubricating  oil  is  floated  on  water.  Neither 
system  can  be  considered  particularly  efficient  or  satisfactory  com- 
pared -with  the  forced-feed  lubrication  used  on  the  more  modern 
engines  at  Paris  and  Palestine. 

Labour  Item  in  DiE.SEL-EN(iiNE  Plants. 

The  question  of  labour  has  frequently  been  considered  the  "  bug- 
bear "  of  Diesel-engine  operation.  It  has  been  the  writer's  ex- 
l)erience,  however,  that  any  careful  mechanic  well  versed  in  the 
theory   of   internal-combustion   engine   operation   can   handle   any 


Article. 


Data — 

Station  output  (m.  kw.-lir.;  

Ratintf  of  plant  (kw.) 

Station  factor,  per  cent 

Total  fuel  oil  (gal.)      

Pounds  oil  per  kw.  -hr.  outjiut  

B.T.U.  per  kw.-hr.  output     

Production  co.sts  per  kw.-hr.  — 

All  labour    

Fuel  oil  

Water 

Lubricants  and  waste    

Miscellaneous  supplies  and  ex])en«e 

Maintenance  of  engines 

Maintenance  of  buildings  

All  other  maintenance 


Pariii. 


Tyler. 


l,.V{.->-f> 

I,0."»4JO 

-,Ui 

1 49,072  •() 

0-«72 

13,I0<J0 


•^ 


!^ 


0-29Hd. 


•KMl  (I 

2h-.-. 

78,455^1 


0-NlHd. 


Table  III. — Estimated    Obtainahlc    Operalln;/    Ui-'<nUs    and    pru^l., 
Costs  in  Diesel-enrjine  Electric  Stations  of  from  1  ,<X)0  kw.  to  2,(X>0  kir. 

Data- 
Station  factor,  per  cent -"iO-lJ 

Fuel  oil — • 

B.T.U.  per  kw.-hr.  output    13.300-0 


(Jallons  i)cr  kw.  -hr.  output 

Cost  per  gallon,  cents    

Labour — 

Man-days  per  mean  kw. -hr.  output     

Cost  pel-  man-day 

Lubricating  oil — • 

Gallons  per  kw.  -hr.  outpu  t  

Co.st  per  gallon,  cents   

Unit  costs  :  Production  costs  per  kw.  hour — 

All  labour  

Fuel  oi  1  

Water     

Lubricants  and  waste  V 

Miscellaneous  supphes  and  expenses  , 

^laintenance  of  engines    | 

All  other  maintenance      J 


0-<»9.T 
30 

0-46 
2  80 

0-(MM»7 
.30-0 


0-279d. 


Diesel  engine  satisfactorily  with  a  mininunu  of  difficulty.     In  tlie- 
Paris  and  Tyler  stations  the  average  cost  i>er  man-day  is  lUs.  to  15s. 

Engine  Maintenance. 

The  wide  diversity  of  maintenance  costs  between  the  stations,  a 
ratio  of  0-04  to  4-48,  is  accounted  for  by  the  facts  that  the  Paris 
engines  are  of  more  modem  design  than  the  Tyler  engines,  the  former 
having  beeii  operated  but  eight  months,  while  the  latter  have  done 
miscellaneous  severe  intermittent  shop  duty  over  a  period  of  six  to 
seven  years. 

It  is  of  interest  to  note  that  upon  close  investigation  of  numerous, 
accidents  to  Diesel  engines  practically  all  of  them  have  been  traceable 
to  one  of  two  causes— the  neglect  of  mechanical  features  and  faulty 
mechanical  design.  The  cliief  cause  of  troubles  seems  to  have  been 
the  former,  which  is  the  direct  outcome  of  carelessness  on  the  pi»rt 
of  operators,  and  which,  if  practised  in  the  ojieration  of  steam  or 
other  type  of  equipment,  would  have  been  fully  as  senous. 

The  length  of  life  of  the  Diesel-engine  parts  has  been  estimated  ly 
those  famiUar  with  their  operation  as  follows  :    Bed  and  frame,  20- 
years  ;    crank  shaft  and  governor,   10  yeai-s  ;    cylinder  Unmgs.  si.v 
years;    wrist-pin  brasses,  five  years;    cylinder  heads,  four  years; 
pistons,  piston  pins,  valves  and  gears,  three  yeare  :    piston  rings.. 

one  vear.  •     i     ^  *     ->a 

Summarised,  this  information  shows  a  life  eqmvaleiit  to  .0  years 
with  one-third  of  the  original  cost  exi>ended  on  mainteuanoe  dunng 
that  period,  which  estimate  may  be  consideml  conservative. 

Actual  Operating  Costs. 

In  the  determination  of  costs  under  this  heading,  the  actual 
monthly  records  of  t)ie  Texas  Power  &  Light  Co.  for  the  1^"*;^^=^  "^'^^J 
have  been  consulted,  and  a.-e  practically  standai-d  m  P»»>»'-"*' 
practice.  The  Paris  and  Tyler  i.ustallations  have  been  se lecte.!.  .md 
Table  II.  sets  forth  the  production  costs.  Ihis  table  sho«*  co.^t 
pel  kilowatt-hour'  delivered  at  the  switchboard  for  those  plants. 
covering  periods  of  four  months  each.  rr  ku  nr   «.,w 

To  sunimarise  the  foregoing  d.ta  and  statistics.  Table  "    /^P'T: 
sents  a  fair  estimate  of  operating  results  and  costs  -hich  shouU  ^.» U 
in  a  modern  Diesel-engine  electric  generating  station  of  l.WRt  k.x.a.. 
to  2,000  k.v.a. 
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SPECIAL  NOTICE. 

With  last  week's  number  of  "  THE  ELECTRICIAN  "  was  Issued  (Gratis  i 
the  Index  to  Vol.  LXXVI.  This  includes  the  Index  to  the  "  Commercial 
and  Industrial  Supplement." 

Complaints  of  non-receipt  should  be  promptly  made  to  the  Publisher. 


NO^yiT     READY. 

Vol.  LXXVI.  of  "  The  Electrician."     Bound  in  Publisher's  covers, 
Price  iTfi.  6d.     Postajre  U.K.  Ls.  extra,  abroad  2.«.  6d. 
Cases  for  binding  Vol.  LXXVI.,  price  28.  ;  post  free,  28.  4d. 


SPECIAL    NOTICE. 

In  order  that  we  may  be  able  to  supply  the  newspaper  trade  effectively 
and  meet  the  requirements  of  the  Post  Office,  we  are  sending  THE 
ELECTRICIAN  to  press  a  few  hours  earlier  every  week.  All  editorial 
and  news  matter  for  the  next  current  issue  of  THE  ELECTRICIAN 
must  reach  us  as  much  earlier  as  possible,  but  not  later  than  WEDNES- 
DAY MORNING,  and  advertisement  text  and  blocks  must  reach  the 
offices  as  much  earlier  as  possible,  but  not  later  than  TUESDAY 
EVENING,  during  the  continuance  of  the  War.  Displayed  Advertise- 
ments not  for  proof  before  first  insertion  can  be  taken  until  NOON  ON 
WEDNESDAY,  and  Official  Announcements,  Auctions  and  "  Smalls  " 
of  all  kinds  of  which  no  proofs  are  required  before  insertion  can  be 
accepted  up  to  FIRST  POST  THURSDAY  MORNING. 


ELECTRICITY  SUPPLY  IN  GREAT  BRITAIN. 

W  t'  .soiiictiiHcs  coiiijjliiiiciit  our.selve.s  upon  tho  cheapness 
of  electric  power  in  this  countrv.     On  the  other  hand  we 
often  reach  tlie  conclusion  that  the  present  state  of  affairs 
is  very  far  from  ^ood.     .Vctiially  the  truth  lies  between  these 
two  e.xtreines.     There  is  no  doubt  that  a  great  deal  of  very 
yood  wf)rls'  has  l)een  done,  and  that  conse(|iientlv  the  cost  of 
electric  power  in  this  countrv  is  less  than  it   is  in  many 
others.     Nevertheless,  it  must  be  admitted  that  there  is  a 
L'leat  tleal  that  is  on  the  wrong  lines.     If  we  look  at  the 
problem    as   a  whole  we  know,  on  the  one  hand,  that  the 
greatest  economy  is  obtained   l)v  the  use  of  large  power 
stations  interconnected  so  that  the  capital  costs  are  reduced 
to  a  minimum,  and  when  full  advantage  is  taken  of  divei-sity 
factor  aiul  of  refinements  to  give  efheient  production.     By 
means  of  large  stations  instead  of  the  many  small  ones,  a 
very  nmrked  saving  of  coal — put  at  '.\0  to  (iO  per  cent,  by 
Mr.  C.  H.  .Mkuz     can  be  effecied.  and  this  alone  is  an  im- 
portant matter  from  the  national  point  of  view.     On  the 
other  hand,  we  find  that   progress  has  been  hampered  in 
many    ways.     For   e.xample.    the    cost    of    Parliamentary 
procechire  has  entaile«l  great  waste  of  monev  in  an  industry 
where  money  is  liv  no  means  too  plentifid.     The  Hoard  of 
rra<le.  although  nominally  having  the  interests  of  trade  at 
heart,  adopts  an  attitude  which  is  not  in  sympathv  with 
present-day  re<piirenientfl.  a.s  was  verv  evident  from  the 
fate  suffered  by  the  recent   Bill  of  the  Yorkshire   Kle<trir 
lN»wer('o.      Lastly,  there  is  the  opposition  of  small  munici- 
|)alities  to  any  large  scheme  which  mav  render  it  unnecessary 
for  them  to  havr  small  stations  of  their  own.  such  stations 
having  the  supposi'd  virtue  of  relieving  the  rates.     These 
smaller  municij»alities.  as  a  nde.  have  been  unable  to  grasp 
the  fact  that  it  is  far  better  to  allow  other  peo])le  to  pn»dju'e 
the  electric  power  if  by  so  doing  thev  can  have  it  cheaper 
thenjseives.     It  is  not  merely  the  present  advantage,  which 
may  for  the  moment  I  e  small,  but  the  advantage  some  years 
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hence  which  should  be  coTisid(>red.  The  net  result  of  these 
influences  has  been  much  delay  in  the  normal  progress  in 
electricity  supply. 

Last  week  an  interesting  discussion  on  this  subject  was 
held  at  the  Institution  of  Electrical  Engineers,  and  was 
opened  by  Mr.  E.  T.  Williams,  who  put  forward  a  scheme  to 
remedy  these  defects.  The  scheme  suggested  by  Mr. 
Williams  is  notable  for  the  broadminded  way  in  which  he 
proposes  to  leave  those  people  who  are  already  engaged 
in  the  business  more  or  less  alone,  but  at  the  same  time  to 
create  an  Electricity  Board  with  the  object  of  co-ordinating 
the  supply  throughout  the  country.  An  abstract  of  this 
Paper  was  given  in  our  last  issue,  and  from  this  our  readers 
will  see  that  the  proposed  Board  would  have  the  power  of 
dictating  to  all  electricity  undertakers,  of  connecting 
together  large  generating  stations  by  means  of  transmission 
networks,  and  of  operating  and  electing  power  stations  where 
desirable.  Such  a  Board  would  prevent  the  extension  of 
uneconomical  generating  stations,  which  would  in  due  course 
tend  to  become  sub-stations  taking  a  supply  from  the  high- 
tensiou  network  belonging  to  the  Board. 

In  any  such  scheme  there  are  two  most  important  points 
to  be  considered.  One  of  these  is  the  human  factor.  It  is 
an  undoubted  fact  that  if  the  engineers  of  smaller  stations 
see  their  livelihood  threatened  thereby  they  will  naturally 
do  all  they  can  to  oppose  any  such  scheme.  This  is  only 
human  nature,  and  we  think  that  Mr.  Williams  has  been 
wise  in  trying  to  safeguard  the  interests  of  these  men.  The 
second  point  is  that  any  Board  that  is  formed  should  not 
have  the  power  of  operating  power  stations.  Mr.  Williams 
suggests  that  this  power  should  be  given.  In  our  opinion 
any  such  power  would  be  a  grave  danger  to  existing  concerns, 
against  whom  the  Board  would  be  free  to  compete,  at  an 
enormous  advantage.  It  is  obviously  wrong  that  the 
Board  should  at  the  same  time  have  judicial  rights  and  the 
rights  of  competition.  In  this  connection  a  warning  was 
given  by  Mr.  W.  L.  Madgen,  who  stated  that  the  results  of 
the  Hydro-Electric  Commission  of  Ontario,  which  has  such 
powers,  has  been  very  harmful. 

As  to  what  should  now  be  done,  we  agree  with  Mr.  C.  H. 
Merz  that  the  first  thing  is  for  the  engineers  themselves  to 
come  together,  and  to  decide  what  is  wanted  from  the 
technical  point  of  view.     It  will  be   hopeless  for  us,   as 
engineers,  to  approach  the  Government  unless  we  have  a  cut- 
and-dried  scheme.     It  is  impossible  to  look  ahead  for  more 
than  a  certain  number  of  years,  but  there  should  not  be  any 
great  difficulty  in  preparing  a  scheme  which  would  hold 
good  for,  say,  the  next  10  years.     This  would  include  linking 
up  certain  of  the  largest  stations  and  a  decision  as  to  the 
desirable  voltage  to  adopt.     Having  gone  so  far  it  appears 
to  us  that  the  natural  course  to  follow  would  be  to  proceed 
with  the  scheme  to  a  limited  extent,  dealing  only  with  those 
portions   which   show   a   likelihood   of   giving   a   financial 
return  in  the  near  future.     Any  scheme  of  this  kind  should 
be  run  on  sound  financial  lines,  and  not  with  the  idea  that 
we  are  free  to  dip  into  the  public  purse  and  to  obtain  money, 
the  return  on  which  is  of  no  consequence.    Having  decided 
upon  a  scheme  for  some  years  ahead,  and  the  initial  links 
which  should  be  laid  down  at  once,  the  supply  industry 
would  be  in  a  position  to  approach  the  Government  for  the 
creation    of    an    Electricity    Board   of    a   purely   judicial 
character,  to  supersede  the  Board  of  Trade  and  Parlia- 
mentary procedure. 

Although  the  discussion  at  the  Institution  was  com- 
prehensive  and  to  the  point,  the  number  of  members 
attending  was  much  smaller  than  the  importance  of  the 
subject  warranted.     We  should  have  liked  to  have  seen  the 


lecture  theatre  filled  to  overtlowiiig.  We  onlv  hope  that 
now  the  subject  has  ber-n  rai.sed  the  Council  will  not  alh/w 
it  to  drop,  it  is  a  great  opportunity  for  the  In.stitution  to 
take  up  a  matter  of  national  importance,  and  to  see  it 
through  to  a  definite  conclusion. 
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The  Electric  Railway.     By  A.  .\I.  Buck.    (Londrai :  Hill  Publishing 

Lo.)     Pp.  xi.-l-.'ifJU.      12.S.  0(1.  net. 

Although  there  are  several  excellent  treatises  dealing  with 
electric  traction,  these  are  more  for  tiie  .specialist  than  for  the 
student.  It  was  to  meet  the  need  of  an  adetjuate  te.xt-book  for 
the  instruction  of  advanced  students  taking  electric  railway 
courses  that  the  book  under  review  was  prepared.  The 
author  assumes  an  elementary  knowledge  of  mechanics,  and 
purposely  limits  the  scope  of  the  book  Vjy  not  dealing  at  any 
length  with  power  plant  and  transmission  line  work.  Car- 
house  design  and  ecpiipment  are  entirely  omitted,  for,  while  of 
prime  importance  in  electric  railway  operation,  they  are  topics 
of  limited  scope  which  have  no  direct  bearing  on  the  other 
factors  which  make  up  a  railway  system.  Such  points  are 
already  very  fully  covered  by  recent  works  on  the  subject. 

Of  the  18  chapters  the  first  is  introductory,  and  the  second 
deals  with  the  mechanics  of  traction.  In  this  chapter  the 
author  presents  his  facts  in  such  a  way  as  to  make  them  easily 
understood.  The  next  three  chapters  are  devoted  to  railway 
motors  and  control.  In  some  respects  it  would  have  been 
better  to  give  a  broader  treatment  of  these  subjects.  Chapter 
IV.  on  motor  construction  would  be  greatly  improved  by  the 
inclusion  of  dimensioned  sectional  drawings  of  a  number  of 
typical  railway  motors,  and  by  referring  at  greater  length  to 
ventilation  and  kindred  subjects.  In  the  chapter  on  control,  a 
detailed  description  of  the  multiple-unit  system  and  apparatus 
connected  therewith  would  be  appreciated  by  many  of  the 
students  who  are  likely  to  use  the  book. 

Power  requirements  and  braking  are  discussed  in  Chapters 
VI.  atid  VII.,  and  it  is  evident  that  pains  have  been  taken  not 
to  get  stiidents  out  of  their  depth.  These  sections  are  well 
written,  and  many  useful  curves  are  given.  The  next  three 
chapters  dealing  with  cars  and  equipment,  electric  locomotives, 
and  self-propelled  cars,  call  for  no  special  comment.  One 
would,  however,  like  to  see  more  references  to  British  practice 
and  many  more  detailed  drawings.  To  track  construction 
only  nine  pages  are  given,  and  these,  in  our  opinion,  could  have 
been  used  to  better  advantage.  Chapter  XII.  on  the  distribut- 
ing circuit  is  good,  but  here  again  the  work  would  be  improved 
by  the  inclusion  of  selected  e-xamples,  showing  the  practice  in 
this  country.  Our  engineers  have  set  a  high  standard  in  these 
matters. 

Sub-stations,  transmission  circuits,  and  power  generation  are 
briefly  dealt  with  in  the  next  three  chapters,  and  as  stated  above 
the  scope  of  these  chapters  has  purposely  been  limiteil. 
Chapters  XVI.  to  XVIII.  cover  respectively  signals,  systems  of 
traction  and  matters  connected  with  the  engineering  pre- 
liminaries. The  student  will  find  plenty  to  interest  him,  and 
the  underlying  principles  of  electric  railway  design  and 
operation  are  clearly  expressed.  It  is  possible  that  by  e.xpaud- 
ing  certain  of  the  sections  the  book  would  appeal  to  a  wider 
circle  of  readers,  but  in  a  book  intended  primarily  for  students 
it  is  desirable  not  to  give  too  full  a  treatment.  To  those 
desirous  of  obtaining  a'clear  insight  into  the  elements  of  the 
subject  the  book  can  be  confidently  recommemied. 
Principles  of  Dynamo  Electric  Machinery.  By  B.  V.  Bmlky.  Ph.D. 

(London:   Hill  I'lihlishini;  ('<>.)      Pi.,  xv. -r3l4.      12s.lHi.net. 

The  purpose  of  this  book  is  the  present-ation  of  a  clear 
physical  conception  of  the  phenomena  which  t^ike  place  in 
electrical  machinery.  An  attempt  is  made  to  teach  the  student 
two  things  about  "each  machine  studied.     These  are  :    ^^  hat 
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the  machine  will  do,  and  why  it  does  what  it  does.  The  author 
has  made  but  sparing  use  of  mathematical  demonstrations 
because  he  is  finnly  ronvinced  that  a  clear  physical  idea  of  the 
actions  which  take  place  should  be  obtained  before  an  attempt 
is  made  to  apply  mathematical  analysis. 

We  agree  that  physical  conceptions  are  of  fundamental 
importance,  but,  at  the  same  time,  we  are  of  the  opinion  that 
it  is  desirable,  in  an  engineering  book,  to  give  many  numerical 
exercises  so  as  to  enable  a  student  to  gain  an  insight  into  the 
magnitudes  of  the  quantities  involved.  This  is  recongised  by 
the  autlior  and  examples  are  given  at  the  end  of  each,  of  the 
imj>ortunt  cha]»ters.  Many  of  these  examples  appear  to  have 
been  framed  with  the  object  of  determining  whether  a  .student 
lias  understood  the  text. 

Of  the  Ui  chapters,  the  first  10  are  devoted  to  the  considera- 
tion of  continuous-current  machinery  and  apparatus.  This 
repn-sents  roughly  one-third  of  the  book.  The  author's  treat- 
ment of  the  dynamo,  motor  and  allied  subjects  leaves  little  to 
be  desired.  We  think,  however,  that  it  would  have  been 
advantageous  to  include  a  number  of  .scale  drawings  so  as  U) 
give  the  reader  some  idea  as  to  the  arrangement  and  .shape  of 
parts.  Such  drawings  are  preferable  to  half-tone  illustrations 
in  a  book  intended  for  engineering  students. 

■"haj)ters  XI.  to  XiX.  deal  with  alternating-current  prin- 
ciples, apparatus  and  machinery.  In  addition  to  the  matter 
usually  given  in  elementary  books  on  alternating  currents  the 
author  departs  fmm  the  beaten  track.  His  treatment  of  the 
oj)eration  of  alteniuting-eurrent  machines  will  be  welcomed  by 
many  who  have  experienced  difficulties  on  attempting  to  read 
more  ambitious  works.  This  applies  ecpially  to  several  of  the 
chaj»ters  dealing  with  continuous-current  machinery.  The 
book  can  be  reccHumeiuIed  to  those  desirous  of  obtaining  a 
thorough  knowledge  of  the  elementary  principles  of  dynamo- 
electric  machinery. 


SIR  J.  J    THOMSON  ON  RADIATION  FROM  ATOMS 
AND  ELECTRONS. 

T^isf  Krid.iy  Sir  J.  J.  Thomson  dclivired  the  hist  of  liis  six  Hoyal 
liiHtitiitioii  h'ctiires  on  "  I'.admtion  from  .\l.ims  and  Kh-ctrouH,"  th<' 
lirHt  f  hn«e  of  which  we  have  already  noticed.  We  piibhsh  to-day  an 
iicconnt  of  the  twn  sMc<cediny  lectiin's. 

In  tlie  fourth  h'l  time  Sir  .1.  .1.  ThoniHon  dealt  with  the  im|X)rtant 
fpieHtioiiH  whether  an  atom  or  a  molecule  of  a  pitt  would  Ik*  rendered 
luminous  by  any  disturliunce  of  ajipropriate  kincl.  however  Hmall. 
or  wh<'tlier  the  di.sturhan(<'  had  to  exieed  a  (i-rlain  niininnini  value 
iK'fon*  any  lumiiioNity  wouhl  Ik*  giveti  out.  The  atom  mi>:ht  vit»rat<i 
like  a  viohn  slrinj;,  which  ^ikvc  out  sound  uiuh-r the  least  disturl>an('e: 
or  it  mi^ht  liehave  like  a  In-II  with  a  heavy  penduhim  ( lapper.  uhich 
would  not  ennt  miund  uiiIchs  the  enerjfv  of  the  diKturliaiicp  worn 
xulhcieni  to  make  the  rhipper  Htrik*-  the  Ih'II.  '{'he  <|uestion  \va*<  very 
ini|M)rtant  with  n-Npeit  t  »  the  <p'iantuin- theory,  aci  ordui;;  to  whi«  h 
the  ener^v  of  li^lit  wan  made  up  of  detinite  units,  ho  that  it  wcuiid  Ik> 
UH  im|M:s.siii|c  to  e.M'ite  li^ht  hy  ienH  than  one  of  them-  unitt*  as  it 
would  he  to  ohtain  a  niaNN  of  matter  of  le«H  than  oiu*  atom.  The 
j'ariy  ar>;u!nents   h.ul    I  een   !•  ii   the  comparative  study  i>f 

the  luminositicH  of  tianic.  arc  itn  .    , .^|M>ctra.      In  the  an-  s|m-(  trum 

eortain  lines  wore  mm'U  whi<*h  were  not  obBcrvitl  in  the  tlame  s|M'etnim, 
and    in    the   spark    s|ie(tnim.   anain.    new    hiP  ■  cl    up.     That 

ncemeil  t<i  iniluate  that  certain  Inies  only  apjn  .  in  the  enerj^y 
of  the  disturhance  exe«'e<lecl  »  <t'rtain  delinilo  value.  Hut  them» 
|>hi-n<uuena  could  not  vtive  a  ill  '     to  the  (piestion.    F!ami>s 

were  gases;   in  >{ases  some  ni'  it\  with  small,  and  somi' 

with  large  velocilioH;  and  the  eonditinnn  wpnr  not  Huitaiilefor  mnkiiig 
delinite  kinetic  measiiiemenlM.  In  anew  and  N|HirkN  the  eonclitionit 
wcTc  not  any  more  fa\our.ilih-. 

Within  the  last  few  yean*,  however,  exprrimonld  hnd  Ihhmi  dcvinod 
in  wliich  precise,  definite  amounts  of  rncrr  !  •     '  ,y 

lo  prodiiic  dclinil«<  olTecls.     S|M>ctra  of  tl.  ,<•. 

each  consi.MtinK  of  a  sinKJe  line  <tn!y.  ha«l  bwn  dinrovennl  by  .1. 
Fra'uk  and  (J.  Hertz,  ami  this  light  emiwioii  w.i<i  r\ritc<I.  not  hv 
teni|x'ralnre  nor  hv  the  ejectrir  dischanie.  hut  t>v  kath<  de  rays  pn»- 
diiced  in  a  d(>(inile  tiehl  of  fonn*.  all  mo',  in^'  at  the  oame  delinitr  sjie^nl. 
The  rays  wen<  derived  from  a  Wi-hnelt  kathoile.  iHMiftistinp  of  a  s|ir<-k 
of  lime  or  l>arium  oxide  on  n  strip  of  platinum  which  was  hentiMi  l>y 
the  curn'iit  of  a  l<  tiery.  this  hatti>ry  circuit  Ihmiu:  s(.|K«rato  from  the 
l>ull»  cinuil.     I'nif    Tliom.son  rvp'arkoil  that  ho  could  not  demon- 


strate the  full  experiment,  but  he  could  .show  that  the  colour  of  the 
light  emitted  varied  with  the  speed  of  the  rays.  The  negative 
particles  would  shoot  out  in  straight  lines  from  the  speck  S  (Fig.  i) 
on  the  platinum  .strip,  and  their  speed  coul  1  be  calculated;  the 
particles  knocked  against  the  residual  gas  molecules  in  the  bulb,  and 
made  the  gas  luminjus  along  their  path.  Oppcsite  S  was  fixed, 
obliquely  to  the  rays,  the  plate  P;  when  P  was  negativeh'  electrified, 
the  particles  were  deflected  in  a  luminous  parabola.  Owing  to  this 
deflection,  the  particles  would  be  >lower  at  point  2  (nearest  the  plate) 
than  at  1,  and  as  a  result  the  glow  was  blue  at  1  and  reddish  at  2. 
In  the  experiments  of  Franck  and  Hertz  the  bulb  contained  mercury 
vajKiur,  and  the  plate  P  was  omitted,  since  thej"  wanted  rays  all  at 
the  same  speed,  which  thej-  increased  verj-  slowly  by  raising  the 
battery  {Kitential.  They  watched  the  spectrum.  As  long  us  the 
potential  remained  below  o  volts  (4-9  exactly),  nothing  but  an  ill- 
defined  continuous  sj)ectrum  ^  was  seen.  At  4-9  volts  the  ultra- 
violet mercury  line  of  2,536  Angstrom  luiits  (known  to  be  the  first 
number  of  a  series)  flashed  up.  Xow  the  energy  of  the  negative 
particles  at  that  mjnient — i.e.,  the  energy  which  a  negative 
particle  (or  elementary  quantum  of  electricity)  would  acquire  when 
failing  through  a  jxjtential  of  4-9  volts — was  exactly  the  energy 
necessary,  according  to  the  quantum-theory,  to  produce  light  of  that 
frequency  (corresponding  to  the  X =2,536),  the  light  energy  being 
equal  to  6-6  X  10  "-"^  ■'  frequency  (understanding  by  frequency,  in  the 
C.jntin^ntal  .sense,  the  number  of  vibrations  per  .second),  and  the 
spectrum  produced  under  these  conditions  was  the  simplest  possible, 
since  it  consisted  of  one  single  line. 

When,  afterwards,  the  potential  of  the  platinum  strip  S  was  raised 
above  5  volts,  the  spectrum  still  consisted  of  one  Une  only,  until 
12-5  volts  were  reached.  Then,  according  to  J.  C.  McLennan,  of 
Toronto,  the  spectrum  suddenly  became  complex,  showing,  in  fact, 
all  the  ordinary  mercury  lines,  and  some  of  these,  it  was  peculiar  to 
note,  were  on  the  red  side  of  the  X  2,536,  and  hence  of  smaller  fre- 
quency and  smaller  energy.  One  might  have  expected  that  the  red 
lines,  requiring  less  energy,  would  turn  up  first  ;  but  it  resulted  that 
more  than  twice  the  5  volts  which  had  brought  out  the  single  ultra- 
violet line  were  needed  to  cause  the  emission  of  lines  in  the  red  part 
of  the  spectrum.  Something  more  than  the  mere  energy  equivalent 
seemed  hence  to  be  wanted  to  bring  out  the  red  lines  of  the  spectrum  ; 
perhaps  the  atom  had  first  to  be  altered  in  some  way.  Continuing 
those  exjKTiments  with  vapours  of  other  metals,  McLennan  observed 
the  following  further  single-line  spectra  : —  ^ 

Zinc  3.075,  A. 

("adniium  3,260   ,, 

.Mairnesiuiii    2.852   ,. 

.\nd  each  of  these  lines,  like  the  mercury  line  2.536,  formed  the  first 
numlx>r  of  a  series  of  that  particular  spectrum.  Thus  the  series  of 
lines  which  spectrostopists  distinguished  in  s|>ectra  had  a  physical 
meaning.  So  far  as  Prof.  Tliomson  knew,  these  four  vajxiurs  were 
the  only  ones  which  had  yielded  single-line  spectra.  The  further 
search  would  be  very  intcrestinir.  and  it  would  l)e  still  more  interest- 
ini;  to  determine  the  stages  at  which  the  lines  made  their  apiKvirance. 
If  that  were  achieved,  the  sorting  out  of  the  series  and  the  classifica- 
tion of  the  different  spectra  of  cme  and  tlie  same  element  might 
l»erome  niuch  clearer. 

(Qualitatively,  the  lecturer  continued,  the  contiection  l>etween  the 
amount  of  energv  sujiplied  and  the  luminosity  couhl  further  l»e 
illusi  rat<'d  with  the  aid  of  the  ex|>eriments  desi  ril)ed  at  the  end  of  the 
third  lecture,  in  which  a  spherical  bulb,  charpcd  with  some  residual 
iiiis,  was  bnniKht  near  a  primary  c^oil  of  a  fe\\  tunis  wound  round  a 
plas8  cylinder.  When  the  l>ulb  was  filled  with  iivdroficn  at  low 
pn'.ssnre  and  slowly  .ipproiiched.  a  ditTusc  luminosity  was  first 
observed.  At  a  certain  distan -e  a  bright  rinu'  suddenly  fliushed  tip 
in  the  bulb.  an<l  that  ring  disu]t]H>are<l  airain  w  lien  the  distance  was 
ajtain  incn-ased.  When  spectniscopic  (»bser\  at  ions  w  ere  made  during 
thew  exp«'rimrnt,s.  it  w;m>  found  that  the  lirst  ditTu.se  glow  was 
aeeoinpjinir«l  l»v  the  very  complex  secondary  (handed)  sju'clruni  of 
liy«lroKen.  whilst  the  bright  rinji  j^low  emitted  the  well-known 
primary  (Hue)  .sjiecfriim  of  hydrogen.  Otlier  gases  gave  similar 
phennnipna.  In  each  ease  the  hright  rinj:  was  observed  at  a  certain 
disl.ini-e  l>etwecn  l<ull>  and  coil,  the  distainc  l.cinp  characteristic  for 
the  iins.  The  kIow  .  of  course,  marked  the  discharge  through  the  gas, 
which  actod  iw  a  Kpcondary  circuit.  When  the  bright  ring  was  seen 
the  iras  was  a  fairly  poixl  (xindnctor.  and  much  nion-  energy  was 
absorlxMi  l>y  the  liiiili  (wliich  then  l>eca!ne  hot!  than  during  the  first 
diffunc  diHohargp  :  thus  the  connection  between  energv*  and  lumin- 
osity \\  '  this  way  also.  TIkw  di-i  harpes  (the  diffuse  and 
the  rin.  -i.  the  changes  in  the  condu.  tivity  of  the  gas  with 
the  field  stn'iiftth.  and  the  changes  in  the  sixcira  had  l)een studied  by 
R.  Wachsmuth.  The  P<  turer  showed  some  of  Wachsmuth's  spectra 
of  hydrogen  and  mercury. 

.Xnother  way  of  exemplifyinp  the  discontinuous  character  of  the 
lumiiiosity  was  to  arrange  <lischarge  tubes  in  su-h  a  way  that  the 


THE  ELECTRICIAN,  APRIL  21,  1916. 


89 


effects  of  either  kathode  ray  bombardment  or  of  positive  ray  bom- 
bardment, or  of  both  together,  could  be  observed  in  the  same  tube 
The  kathode  particles  were  of  very  small  mass,  but  of  high  specil  ;  the 
positive  particles  (atoms  of  the  gas)  had  larger  masses,  but  smaller 
speeds.    The  effects  need  not  be  the  same,  even  if  the  energies  were 
the  same  in  the  two  cases.     Thus,  a  vertical  helium  tube  was  pro- 
vided with  a  stricture  in  which  the  kathode  was  mounted  ;   this  elec- 
trode consisted  of  a  short  tube  with  a  horizontal  perforated  disc.     In 
this  tube  the  negative  particles  moved  up  towards  the  anode,  and 
produced  a  bluish-green  beam  in  the  upper  tube,  whilst  the  positive 
particles  moved  down  and  gave  a  reddish  beam  in  the  lower  part  of 
the  tube.     Similarly,  two  different  colours  could  be  distinguished  in 
a  neon  tube.    Then  a  spherical  bulb  was  shown  in  the  centre  of  which 
a  peculiar  kathode  was  mounted  (Fig.  5) ;  it  consisted  of  two  small 
equilateral  triangles  of  aluminium  pinned  together  at  their  corners 
so  as  to  leave  a  triangular  space  about  2  mm.  in  thickness  between 
them.     From  such  a  kathode,  negative  as  well  as  positive  particles 
were  shot  out,  the  pinkish  positive  rays  issuing  in  streams  from  the 
oorners  of  the  triangles  (or  the  space  between  them),  and  the  blue 
kathode  rays  from  the  middle  of  each  side  (Goldstein  ;    Kunz,  1908). 
Another  tube  was  of  inverted  T  shaj^e  ;    the  anode  was  in  the 
vertical  limb  above,  the  perforated  kathode  lower  down,  and  in  the 
horizontal  limb  (which  was  connected  to  a  charcoal  tube)  was  lying 
underneath  the  kathode  a  piece  of  platinum  foil,  on  which  some 
lithium  chloride  was  fused  (the  salt  is  hygroscopic);  struck  by  the 
negative  particles  the  salt  emitted  a  blue  glow,  struck  by  the  positive 
particles  (by  reversing  the  poles)  it  gave  a  red  glow.     It  was  peculiar 
that  in  such  experiments  the  spectra  of  the  metals  came  out  much 
better  when  a  salt ,  than  when  the  metal  itself  was  being  bombarded. 
Thus  the  liquid  alloy  of  potassium-sodium  showed  specks  of  the 
{never  missing)  oxide  in   yellow  glow,  whilst  the  bright  metallic 
surface  appeared  black  vinder  the  bombardment. 

Red 


Blue         A        Blue 


been  suggested  that  the  rosfjective  particle4  ginig  rwe  to  the  two 
peaks  were  atoms  and  moieculcH  of  hydroj^en,  which  i*hould  have 
this  velocity  ratio.  The  interpretation  of  thow  curves  rerjuired  verj' 
great  caution,  and  Sir  .foseph  rlid  not  accept  thi>»  view.  Referring 
to  his  positive  ray  analysis*  he  pf>:ntefi  out  that  a  tream  of  mixed 
positive  particles  striking  a  photo^aphic  plate  would,  in  »trr*ng 
magnetic  nd  electric  fields,  be  sifted  out  aocorfling  to  nia«i  and 
velocity  of  the  particles  into  a  .series  of  {>a^a^x>lif;  tra^-es,  which  at 
some  distance  from  the  origin  would  look  Ilk' 

The  lightest  particles  (hydrogen  atorrw)  woula    _      _      :ir 

away  from  the  abscissa,  the  heavier  particles  {t.tf.,  residual  mercury 
vapour)  close  to  the  abs-i.ssa.      If  the  parti'I^s  rif  un*-.  tm. 
the   same  velocity,  the   line  would  contract  to  a  s{)rri,-k. 
hydrogen-at  m  trace  (as   well  as   other   traces)  sometimes  showed 
thick  portions  like  beads;  anfl  those  beads  seemed 'lu' 
cules  breaking  up  into  atoms  after  passing  through  the',_  -         ;ie 

kathode,  but  had  continued  to  move  with  the  smaller  velocity  of  the 
molecule  ;  the  velocity  was  at  any  point  of  the  curve  given  by  the 
ordinate,  and  the  positions  of  two  beads  gave  that  ratio  \/2  :  I ;  but 
it  was  not  necessary  for  this  reason  to  assume  that  molecules  gave 
out  the  same  spectrum  as  atoms. 

Now  all  the  Balmer  series  lines  of  the  primary  spectrum  of  hydrogen 
were  found  to  be  displaced  in  these  experiments,  and  all  by  about  the 
same  amount,  whilst  the  also  visible  lines  of  the  secondary'  (banded) 
spectrum  of  hydrogen  were  not  displaced.  Since  positive  ray 
analysis  proved  that  various  hydrogen  particles,  H  (atoms),  H, 
(molecules),  and  H,  (the  paculiar,  otherwi.se  unknown  compound) 
al  passed  through  the  canals,  and  were  all  displaced,  the  .secondarj- 
spectrum  could  not  be  due  to  any  such  particles.  How  did  the 
secondary  spectrum  originate  ?  lonisation  by  coUision  possibly 
came  in,  an  atom  or  molecule  losing  an  electron  by  the  bombardment 
and  acquiring  a  positive  charge.  That  those  atoms  or  molecules 
did  not  belong  to  the  bombarding  particles  themselves,  however. 


Red 


Red 


Blue 
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In  all  these  bombardments  the  particles  had  to  travel  at  a  speed 
exceeding  a  minimum  before  luminosity  was  excited,  which  set  in 
suddenly,  and  this  speed  or  the  corresponding  voltage  was  rather 
high  for  salts  of  lithium  and  sodium,  being  of  the  order  of  600  or  700 
volts,  whilst  it  was  4-9  volts  only  for  mercury  vapour,  as  stated. 
That  fact  confirmed  the  conclusion  that  the  luminosity  of  the  atom 
could  only  be  excited  by  the  communication  of  definite  amounts  of 
energy,  and  that  the  luminosity  was  discontinuous  and  not  simply 
prof;ortional  to  the  disturbance.  That  was  one  point  gained.  Before 
we  could  go  further  we  wanted  more  information  on  the  nature  of 
the  luminous  particles.  Were  they  atoms  or  molecules  or  something 
more  complex  ?  Doppler's  princijale  enabled  us  to  investigate  -that 
question.  So  far  as  the  observer  was  concerned,  the  light  given  out 
by  a  body  at  rest  was  not  the  same  as  the  light  emitted  by  the  body 
when  itself  moving.  When  the  body  approached  the  observer,  the 
lines  of  the  spectrum  appeared  displaced  towards  the  violet ;  when 
the  body  receded  from  liim,  the  lines  were  displaced  towards  the  red. 
From  the  displacement  the  velocity  of  the  moving  body  could 
be  deduced.  Xow  in  the  discharge  tubes  the  particles  of  the  gas 
(neon,  hydrogen,  &c.),  which  emitted  light  and  showed  spectra,  were 
moving  at  speeds  of  10  or  100  cm. /sec. ;  Stark  had  found  thtit  the 
lines  in  their  spectra  were  displaced,  and  since  atoms  and  molecules 
moved  at  different  speeds,  it  w^as  possible  to  gain  some  information 
as  to  the  nature  of  the  particles. 

In  these  experiments.  Sir  Joseph  continued  in  the  fifth  lecture,  the 
positive  particles  passed  through  the  openings  (canals)  in  the  kathode 
into  the  further  part  of  the  tube  and  then  directly  into  the  spectro- 
scope. Some  lines  of  a  spectrum  were  then  foimd  displaced,  others 
not.  Thus,  in  the  case  of  a  hydrogen  tube  the  spectrum  of  hydrogen 
changed  as  very  roughly  indicated  in  the  diagram.  Fig.  6.  Instead  of 
the  original  hne  of  the  "  rest "  spectrum  R,  a  wider  spectrum,  Rj,  was 
observed,  almost  completely  separated  from  R  by  a  dark  gap,  and 
having  two  peaks  instead  of  one.  The  displacement  and  the  broad- 
ening proved  that  the  luminous  particles  were  moving,  and  that  they 
were  the  hydrogen  particles  shot  through  the  canals.  These  particles 
were  a  mixed  lot,  moving  at  very  different  speeds  ;  hence  the  con- 
siderable broadening  and  the  two  intensity  peaks ;  these  latter  marked 
velocities  which  were  approximately  in  the  ratio  \/2  :  1,  and  it  had 


Fig.  6. 

was  showai  by  an  experiment  in  which  the  tube  contained  two 
difEerent  gases  on  the  two  sides  of  the  kathode,  so  that  gas  I.  was  shot 
through  the  canal  into  gas  II.  ;  the  spectroscopic  observations  con- 
ducted as  before  then  showed  that  the  lines  of  gas  1.  were  displacetl, 
but  not  those  of  gas  II.  But  the  interpretation  of  these  phenomena 
was  difficult,  and  there  was  no  unanimity  so  far.  There  w;\s  acute 
controversy,  in  fact,  as  to  the  question,  whether  the  particle  which 
gave  rise  to  the  lines  was  the  positively  charged  hydrogen  pirtide 
or  the  particle  which  had  become  neutral  again  by  the  falUng-in  of 
an  electron.  Yet  it  would  require  very  strong  evidence  to  i-onvinoe 
the  lecturer  that  the  positively-charged  atom  gave  out  the  lines.  For 
the  Zaeman  effect  i  presently  to  be  discussed)  showed  tiiat  it  wa^  the 
vibrating  electrons,  and  since  they  had  various  rc;isons  to  iissume 
that  the  hvdrogen  atom  contained  one  electron  only,  the  jKisitively 
charged  atom  of  hvdrogen  could  only  be  one  which  had  lost  its 
electron.  His  (Sir  Joseph's)  own  \-iew  was  that  hoWv  opinions  were 
in  a  certain  sense  right.  The  vibrating  atom  had  first  to  lose  its 
electron  and  thus  to  become  positively  charged,  to  emit  a  spectrum 
line  ;  but  the  light  was  really  only  given  out  while  the  •  lectron  was 
coming  back,  during  the  period  of  its  collision  with  an  atom  or  mole- 
cule. Tiie  mere  expulsion  of  the  electrons  -ail  not  product  the 
luminosity.  Strutt  had  driven  the  free  electrons  out  of  gj»s  which 
was  being  bombarded,  by  placing  the  gas  in  a  stnv' 
and  he  had  hardlv  observed  any  diminution  of  the  b!:_ 
was  other  evidence.  In  Fig.  6  a  gap  was  noticed  bt^twtH>n  the  nret 
spectrum  and  th'.  displaced  spectrum.  As  the  velocity  of  the 
particles  was  increased  that  gap  bc-amc  «-ider,  but  the  mcrements 
became  smaller  and  smaller,  and  finally  a  furtlier  increase  "»  velocity 
had  no  more  effect.  Similarly  there  was  a  lower  limit  for  the  «ndth 
of  the  gap.  Those  relation  had  an  analogy  in  ionisatiou  ;  lomsjUion 
by  rays  required  a  certain  minimum  speed  of  the  ra>-s,  and  it  also 
failed  when  a  maximum  sjx^ed  was  exceeded  ;  so  the  lununosity 
might  be  limited  to  the  moment  in  wliuh  the  ekH-trtm  returned. 

A  heroic  application  of  Doppler's  principle  had  recently  been 
suggested  bv  Fabrv  and  Perot;  the  idea  w,vs  one  f  t»»^^  ^^"  "^71 
looked  too^simple  until  actually  tried.  They  applied  Doppler . 
principle  to  a  gas  luminous  imder  ordmary^conditions.     The  gas 


*  See  The  Electrici.\n,  Vol.  LXXUL,  page  26. 
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particles  were  in  kinetic  motion.     When  the  spectrum  of  that  ga^ 

was  observed,  some  gas  particles  would  move  towards  the  observer, 

some  away  from  him,  and  the  breadth  of  a  line  would  depend  ujxin 

the  relative  velocities.     In  general  the  breadth'  corresponded  to  the 

average  velocity  (Rayleigh)  ;   if  the  vibrating  particles  were  of  light 

mass,  they  would  move  faster,  and   the  line  should  be  broader  ;  if 

the  particles  were  heavy,  they  would  move  less  rapidly,  and  the 

broadening  should  be  smaller ;   and  from  the  breadth  of  the  line  the 

mass  of  the  particles  could  be  deduced.     But  too  many  conditions 

aflfected  the  velocity  in  a  gas  carrying  electric  discharges  ;    if  the 

method  really  proved  reliable  it  would  be  more  generally  applicable 

than  Stark's  method  ;   it  would  be  advisable  to  comjjare  the  results 

of  the  two  methods. 

(7'o  ht  roiichtded.) 


"SPEEDING  UP"  IN  AN  ENGINEERING  FACTORY  * 

BV    R.   RANKIN,   B.SC. 

Su)iiinari/. — The  author  discusses  the  logical  basis  of  bonu8  systt-ni?^ 
of  payini'nt.  The  results  obtained  with  the  system  adopted  and  thr- 
(lifiii'iiltic-s  encountered  are  dcKcribed. 


At  the  outbreak  of  war  in  1914  the  writer,  like  many  other  engi- 
neers, found  himself  in  the  jMJsition  of  having  to  deal  with  large 
contracts,  completion  of  which  was  necessary  at  the  earliest  po.^.'^ible 
moment.  To  deal  with  such  contracts,  in  the  face  of  the  ."-ajiidly 
fleereasing  supply  of  labour,  was  a  task  requiring  careful  considera- 
tion and  sfjeedy  action. 

At  first  sight  it  might  appear  that  work  of  this  nature  belongs 
more  to  thr-  commercial  side  of  a  bu.siness  than  to  the  technical 
side  ;  actually,  however,  the  work  is,  for  the  most  part,  technical, 
as  these  iif)tes  will  show.  In  the  case  dealt  with  what  was  done, 
on  the  whole,  was  that  laboratory  methods  were  aj)plied.  not  to 
the  carrying  out  of  scientific  c.xix'rinients  of  the  usual  kind,  but  to 
e.xjK'rimenfs  with  that  somewhat  refractory  material  the  workman 
and  his  ways.  Such  methods  have  Ix-en  adopted  in  America  to  a 
considerable  extent  with  good  results,  and  it  Ls  being  realised  here 
alwj  that  the  development  of  scientific  workshop  production  is  one 
of  tlm  most  important  problems  in  the  province  of  the  engineer. 

Tlic  first  step  which  had  to  be  taken  was  to  devLse  a  sfx-cial  method 
of  j)ayment  by  results,  or  to  adapt  some  of  the  existing  methods  ; 
the  next  and  mure  rlifTicuIt  stejjs  were  to  find  out  the  amount  of  work 
which  could  be  ilone  in  a  given  time  Jind  to  ifd  (lie  u.nkinen  to 
accept  the  system  decid«'d  u])on. 

The  nnresl   prevailing  in  tlie  labour  niarkit  at  the  jhtiikI  ni  ques- 
tion made  it  parlieularly  difhcull  to  carry  out  reforms.     The  result 
was  that  most  firms  were  taking  on  as  many  men  as  they  could 
possilily  get,  and.  in  such  instances,  jiaying  them  all  tln-v  asked  for. 
As  more  men   iieeanie  lu-eessary  for  the  .\imy.  and  as  more  men 
•nlisted,  it  Ijeeamo  increasingly  evident  that  some  other  steps  would 
have  to  be  taken  to  inen'a.se  out[)Ut  and  at  the  same  time  allow  the 
maximum  number  of  men  to  enlist.      H<>fon'  the  ste|»s  described  here- 
after were  taken  in  the  works  with  which  the  writer  was  connected,  a 
large  numlH-r  of  extra  men  were  employed  ;   in  fact,  to  such  an  extent 
was  this  so  th/it  the  accommodation  in  the  works  was  utilised  jtrac- 
tically  to  the  full  both  night  and  day,  and  yet  it  wiim  fcnuid  imiMtssilile 
to  (leliv«-r  orders  by  thr-  dat«'s  s|N'cilied  and  antiei|Nit4>d  when  pro- 
mised.    The  works  being  full,  in  rlue  courw>  a  demand  wjw  made  all 
round  f«tr  mon-  money.  The  tiemand  in  this  instance  was  for  inerease<l 
rales  of  pay.  the  main  n-ason  for  this  JM-ing  that,  in  fornjer  years, 
higher  rat«'s  of  |»ay  luul   Ikmmi  in  hirce.     .\lt hough  tliis  wa.s  not   in 
accordance   with   the   pn-vailin>;  custom  of   |uiying  a   fixed    "War 
bonus,"  it  wjis  decided  to  increas*'  the  rates  to  some  exti^nt  after 
preliminary  investigation  showed  that  e<»nsiderably  inereastMl  out- 
puts were  ]M)ssilile  all  romid  aiirl  after  Huch  incn>ase<l  outputs  had 
actually  l»een  obtnmed  in  some  de|iartments. 

In  the  former  years  refernnl  to  alsive.  wlien  liigher  rates  of  pay 
were  in  force,  a  n<M>d  deal  of  work  was  done  on  the  piecework 
system.  Inder  this  system  the  maximum  wages  eanie<i  were  '.V.i{ 
JKT  cent.  mon>  than  W(»uld  have  l»oen  <»ame<l  by  men  working  at 
the  flat,  base  rales.      .As  is  almost   invari    "  "       "  '  inj{  nn 

this  system  le<l  to  limitation  of  out  put.  ..  nay  Ik- 

l>ermis.sil)le  hen'  n-garding  the  straight  piece- w«»rk  iiyRtcm.  It  wouhl 
indeed  be  n>markable  if  limitation  of  i  '   '       '  '      1  to  limita- 

tion  of  output.      Linntation   of    earrn  hixn  little 

to  eommeiui  it.  in  the  writer's  opinion.  l>n  straight  pieop-work  a 
ujan's  eiirnings  are  din-dly  pn>is<rtional  to  the  nmotmt  of  wurk  he 
turns  out.  He  g«>ts  jviid  a  certain  sum  |>er  pii^^e  of  wurk  done.  and. 
if  tile  piece  cost  fixed  by  the  employer  is  <  otisi<lere<i  satisfaotorA' 
for  a  given  initput.  it  seems  ne<TSR«rily  to  follow   that  it   -   -    •   ho 
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even  more  satisfactorj'  for  a  larger  output,  for  the  more  quickly  the 
A\ork  is  turned  out  the  smaller  are  the  overhead  charges  against  it. 
Limitation  inevitably  also  leads  to  faking  of  time  records  where 
monej'  is  easily  made'  on  some  kinds  of  work  but  with  difficulty  on 
others. 

Straight  piece-work  is  not  a  great  success.  It  possesses  sim- 
plicity, but  this  is  not  altogether  an  advantage.  In  fi.xing  the  price 
for  a  piece  of  work  the  employer,  so  to  speak,  tells  the  men  what 
he  thinks  he  can  afford  to  pay  for  it,  and  this  puts  a  weajwn  in  the 
men's  hands  at  once.  It  fosters  the  habit  among  them  of  calcu- 
lating to  their  owti  satisfaction  what  a  piece  of  work  shovdd  cost 
their  employer,  and  working  accordingly.  In  fact,  instead  of  .selUng 
their  ability  to  work  to  their  emploj'er,  they  very  soon  practically 
sell  pieces  of  work  to  him.  which,  to  the  author's  way  of  thinking, 
is  absolutely  wrong  in  ])rinciple.  The  employer  who  bases  piece- 
work prices  on  what  tie  can  afford  to  pay  for  labour  is  only  looking 
for  trouble.  It  docs  not  follow  that  what  he  can  aflfordto  pay  to-day 
is  what  he  ^nll  be  able  to  afford  to  pay  tomorrow. 

SatisfactorA'  fixing  of  piece  rates  is  not  an  easy  matter.     If  the 
price  is  set  high,  the  employer  usually  cuts  it  .sooner  or  later;    if 
it  is  set  low  by  guesswork,  or  estimatior  not  fully  backed  up  by 
data,  the  men  will  not  accept  it.     It  is  extremely  difficult  to  get 
them  to  work  in  earnest  on  work  for  which  a  price  has  not  been 
fixed.     They  will  not  work  hard,  and  so  find  out  what  can  be  done, 
Ijcfore  the  price  is  fixed  ;    and  after  it  is  fixed  the\"  will  not  work 
hard  in  order  that  cutting  may  be  avoided,  or  at  least  jxjstponed. 
It  is  ver^'  easy  for  them  to  linger  over  their  work,  particularly  over 
the  intervals  between  the  component  parts  of  a  complete  operation, 
and  observation  by  ordinary'  means,  or   by  an3one   other   than   a 
thoroughly  practical  observer,  is  in  most  cases  of  no  use  in  detecting 
the  extent  of  this.     The  analytical  method  of  rate  fixing  Ls  the  only 
one  to  be  relied  upon. 

To  ensure  a  minimum  wage  and  to  level  up  discrepancies  due  to 
faulty  rate- fixing  or  other  causes,  the  men  are  sometimes  paid  at 
the  standard  base  rates  when  the  amoimt  earned  per  hour  on  piece- 
work falls  short  of  this  rate.  In  such  cases  a  workman  is  usually 
compelled  to  make  up  for  lost  time  or  shortage  of  output  by  turning 
out  a  larger  output  j)er  hour  on  his  succeeding  work.  He  can  earn 
nothing  higher  than  the  base  rate  imtil  his  lost  time  or  shortage  is 
made  up.  If  necessary,  the  time  to  be  made  up  can  Ise  spread  over 
several  succeeding  jobs,  but  only  when  it  has  been  wiped  out  or 
comijensated  for  can  a  higher  rate  than  the  standard  base  rate  be 
earned.  This  method  of  working  does  not  appear  to  be  conducive 
to  honesty  in  the  making  out  of  time  records,  and  faking  of  the-se 
records  may  give  the  cost  clerk,  or  rate- fixer  who  estimates,  verj' 
wrong  impressions  of  wh<at  labour  costs  should  be. 

After  consideration,  it  was  decided  that  the  system  of  jjayment 
devised  by  Harrington  Emerson  could  be  adapted  so  as  to  meet 
the  conditions  obtaining.  Only  the  skeleton  of  the  system  was 
available,  i>ut  this  was  worked  out  in  some  detail,  and  it  will  be  showii 
that  it  is  a  much  simpler  affair  than  it  appears  to  be  when  presented 
in  the  usual  form  in  which  the  writer  first  encountered  it. 

In  order  that  an  accurate  knowledge  might  lie  obtained  as  to  the 
amount  of  work  jxissible  per  hour,  recourse  was  had  to  the  serxices 
of  a   stop-watch.     This   was   emjiloyed   as   in   Taylor's   System   of 
Scientific  Management,  but  without  excessive  attention  being  paid 
to  small  details  on  account  of  the  urgency  of  the  matter.     In  the 
jiroduction  of  any  piece  of  work,  each  subsidiary  oiieration  going  to 
make  up  the  complete  oiH'ration  was  timed.     An  analysis  was  then 
made  so  a«  to  show  which  of  those  subsidiary'  operations  {a)  were 
taking:  too  long,  (h)  were  unnecessary,  (r)  could  be  done  by  boys  or 
unskilled  labour. 

I'iKin  the  results  of  the  analysis  of  the  work  a  rearrangement  of 
the  ineth<ni  of  working  was  m.ide  when'  ]>ossible  and  neces-^ary.  and 
it  Wiis  then  that  the  gn^atest  difficulties  were  exjierienced.  for 
although  it  (oiild  be  provefl  to  the  workmen  that  they  would  be 
much  l><-lt<'roff  financially,  they  went  on  strike  on  several  occasions. 
A  firm  attitude,  however,  and  the  voice  of  reiuson  prevailed  in  the 
en<l,  and  the  system  was  got  under  way.  and  in  ojieration  proved 
most  lienelicial  to  all  concerned. 

Tlie  folhiwing  |)oints  were  laid  downi  as  essential  for  the  success 
of  the  scheme  : — 

1.  .\  projier  idea  had  to  l>e  obtained  of  the  amount  of  work  that 
eouhl  Ik>  done  in  an  hour  ; 

2.  A  reasonable  advance  on  jirevailing  mtes  of  pay  should  l»e  made 
if  the  amount  <if  work  was  done  which  was  shown  to  lie  reasonably 
|M>Ksible  : 

.'V   .X  rea,sonable  minimum  rate  of  pay  should  be  guarante<'d  : 

4.  Tliere  should  l>e  no  cutting  of  wages  or  increase  in  the  amount 

of  work  set  as  a  ta*k  unless  working  ■nctliods  or  ajipliances  were 

altere<i  : 

3.  The  hkiIkxI  of  jiayment  should  encourage  the  men  to  do  their 
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best,  and  at  the  same  time,  by  resulting  in  a  decrease  in  labour  cost 
with  increase  in  work  done,  render  it  undesirable  that  alterations 
should  be  made  in  the  rates  of  pay  ; 

6.  Untrained  men  just  starting  should  not  be  considered  equal  to 
the  more  skilled  workers,  and  yet  should  be  paid  at  a  reasonable  rate, 
rewarded  according  to  industry  and  encouraged  to  improve  their 
efficiency  ; 

7.  Owing  to  the  nature  of  the  work;  a  time  allowance  should  be 
made  for  washing,  &c.,  before  meals  ;  an  allowance  should  also  be 
made  for  the  worker's  personal  requirements. 

Brief!}',  the  system  adopted  to  the  requirements  of  the  works  is  as 
follows  :  The  amoimt  of  work  which  can  be  done  per  hour  by  a 
good  worker,  working  at  a  good  pace,  is  ascertained  and  taken  as 
a  base  to  work  on.  The  amount  he  does  in  one  hour  is  set  as  the 
task  which  it  is  expected  will  be  done,  and  a  definite  rate  of  pay  is 
decided  upon  for  this  rate  of  working,  this  rate  of  pay  being  a 
certain  percentage  higher  than  the  prevailing  base  rate.  This  per- 
centage was  fixed  at  20  per  cent.  If  the  task  is  done  in  less  than 
an  hour  the  workman  gets  one  hour's  wage  at  the  base  rate  plus 
an  amount,  at  the  base  rate,  corresponding  to  20  per  cent,  of  the 
actual  time  taken  to  do  the  task.  If  the  task  takes  longer  than  an 
hour  the  man  is  paid  at  the  base  rate  for  the  time  actually  taken 
plus  a  bonus  equal  to  an  amount,  at  the  base  rate,  corresponding 
to  a  fraction  of  the  time  actually  taken,  this  fraction  being  20  per 
cent.,  when  exactly  one  hour  is  taken  for  the  task,  and  vanishing 
when  the  time  taken  reaches  some  predetermined  period  in  excess 
of  an  hour.  The  point  at  which  the  bonus  becomes  zero  was  fixed  at 
an  hour  and  20  minutes.  If  more  than  one  hour  and  20  minutes  is  taken, 
the  base  tate  alone  becomes  operative,  no  bonus  being  payable. 

Basing  the  bonus  on  the  time  taken,  not  on  the  time  saved,  may 
not  seem  to  be  rational,  but  what  follows  shows  that  it  is  quite 
somid.  It  should  be  observed  that,  when  the  task  is  done  in  less 
than  an  hour  the  full  hour's  wage  plus  the  bonus  is  paid  for  the  task. 
In  systems  in  which  the  bonus  is  based  on  the  time  saved  the  wages 
paid  consist  of  the  amomit  corresponding  to  the  period  taken  only 


Case  II.  :  t  ~yone  hour — 

r         X{T-t)   , 

''-«('"  ler'}-. ,  ■  '•'» 

,=i./,=„{,+^}. ,e, 

c=p!N=ptn=P  n=aln[\-^^'^-^Y     .     '7' 

X  being  taken  as  0-2  and  T  as  .^  hours  the  equations  become 
Case  I. : 

P=a(l+0-2<) (2-) 

p=r/o-2^-\ f3') 

c=a  n  (l+0-2t) (4») 

From  (4*)  it  is  seen  that  c  clearly  diminishes  as  t  diniinLshes. 
Case  II. : 

P=a<(l-8-0-60, '■'''( 

p=a{h8-0-6t),        0', 

c="(I-8<-0-6r^) 7  ) 

n 

„  dc    a 

From  (71)  -=    {I-8-1-2/). 

at     n 

Since  the  range  of  values  of  f  for  which  equation  (7')  holds  Is 
from  t=l  to  t=^,  the  value  of  dc/dt  is  positive,  and  hence,  for  in- 
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Fig.  2. — Bonus  System  of  P.^yment.     Cctrves   SHo^^^^■G  Parttci-l.vr3 

OF  Wages  and  Costs. 


plus  the  bonus.  This  is  what  constitutes  the  difference  between 
the  two  principles.  If  in  the  latter  case  payment  were  made  for  a 
full  hour  plus  a  fraction  of  the  time  saved  the  labour  cost  per  piece 
of  work  would  increase  instead  of  diminish,  with  increase  in  the  rate 
of  production. 

Let  a=. Pre  vailing  rate  of  pay  per  hour  before  introduction  of 

system. 
„    «=Number  of  pieces  set  as  one  hour's  task. 
„  iV^=Number  of  pieces  actually  done  per  hour. 
„    a;=Fraction  of  time  taken  paid  as  bonus  if  time  taken  ;:^one 

hour. 
„    x'= Fraction  of  time  taken  paid  as  bonus  if  time  taken  >  one 

hour. 
„      /  =  Time  actually  taken  to  do  one  hour's  task=?i/iV  hours. 
„    T=Time  taken  to  do  one  hour's  task  at  which  bonus  vanishes. 
„    P= Actual  pay  per  task  under  bonus  system. 
„    ^=Actual  pay  per  hour  under  bonus  system. 
„     c= Actual  cost  per  piece  under  bonus  system. 
It  is  postulated  that  x'  shall  vary  from  x  when  the  time  taken  to 
do  one  hour's  task  is  exactly  one  hour,  to  zero  when  the  time  taken  is 
\\  hours,  the  variation  following  a  straight-line  law  when  plotted 
on  a  time  base  ;  x  is  constant.     Exactly  what  is  postulated  is  shown 
diagrammatically  in  Fig.  I. 

If  t  ^^  one  hour  bonus  fraction=a;= constant. 

If  <  =^  one  hour  bonus  fraction =a;'=m»  in  diagram 

^^    mC      T-t  ... 

=ABx =x 1) 

_  AC      T-1 

Case  I.  :  t^  one  hour — 

P=a{l+xt) (2) 

p=P/t=a{x+l/t), (3) 

c=pt/n=P/n=a/n{l+xl). (4) 


creasing  values  of  t,  the  piece  cost  increases,  or,  what  is  the  same 
thing,  for  decreasing  values  of  t  the  piece  cost  decreases. 

Fig.  2  shows  the  effect  of  this  scale.  Actually,  the  prevailing  rate  a 
varied  with  the  experience  of  the  men  and  the  nature  of  the  work. 
In  each  case  the  prevailing  rate  was  taken  as  a  basis,  and  a  cur%-e 
plotted  showing  actual  rate  of  naj^  as  a  function  of  time  per  task  or 
number  of  pieces  done  per  houv.  By  means  of  those  curves  and  a 
slide  rule  the  wages  of  the  men  were  calculated. 

The  system  of  payment  amoimts  to  paying  a  certain  figure  for 
a  fixed  number  per  hour  and  so  much  jier  piece  when  the  fixt-d 
number  is  exceeded.  This  aspect  of  the  s\-stem  was  not  enlarged 
upon  to  the  workmen,  but  stress  was  laid  on  the  fact  that  the  more 
they  did  per  hour  the  greater  was  the  rate  of  pay  per  hour.  and. 
not  only  so,  but  the  more  quickly  they  worked  the  more  rapid  was 
their  rate  of  increase  of  pay.  This  apjx^aled  to  them  forcibly  after 
they  grasped  it  to  some  extent,  and  the  writer  believes  that  the 
system  was  far  more  successful  in  operation  than  any  system  would 
have  been  which  they  could  have  undei-stood  thoroughly.  With  the 
latter  the  temptation  to  "  play  up  "  the  system  might  iiave  been  too 
strong. 

It  may  also  be  observed  from  the  foregomg  considerations  that 
the  more  work  the  men  do  per  hour  the  more  nearly  the  piece  cost 
approaches  a/n,  which  is  the  limit.  Tliis  fact  may  be  useful  in 
starting  such  a  system  of  payment  hi  cases  where  the  stop-watch 
leads  to  mutiny,"  provided  a  fair  approximation  can  be  made  to 
the  permissible  cost  or  the  possible  rate  of  workuig  ;  but  in  such 
cases  it  is  well  to  leave  an  opportunity  for  alteration  in  the  task  by 
arranging  that  methods  of  working  may  be  altered.  Xo  altera- 
tions in  methods  of  working  should  be  effected  in  those  cases  mitil 
the  system  of  payment  has  been  established. 

(To  be  concluded.) 
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CORRESPONDENCE. 


"  METHODS  FOR  DETERMINING  THE  GRADING  OF 
•STARTING  AND  BRAKE  RESISTANCES  FOR 
SERIES-MOTORS." 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

Mr.  F.  Erens  is  in  error  when  stating  that  the  graphical 
method  for  determining  the  grading  of  the  starting  resistance 
for  a  series  motor  contained  in  my  article  in  your  issue  for 
March  3rd  "  starts  from  the  supposition  that  the  back  E.M.F. 
remains  constant  at  the  moment  of  changing  over  from  contact 
to  contact."  The  method  involves  no  such  supposition,  and 
I  said  so  in  my  article.  When  dealing  with  the  shunt  motor 
this  assumption  is  made,  which  is,  of  course,  perfectly  allow- 
able. When  dealing  with  the  series  motor,  however,  I  said 
(page  773,  middle  of  left-hand  column)  ""  With  the  series  motor 
the  back  Pj.M.F.  may  increase  when  changing  over  from  one 
contact  to  the  next."  I  then  went  on  to  say  that  if  the  field 
magnets  are  near  saturation  the  same  assumption  as  for  a 
shunt  motor  may  be  made  with  a  series  oue.  As,  however,  it 
is  not  always  correct  to  do  so,  I  gave  the  method  originated  by 
Bragstad  wliich  is  quite  independent  of  any  such  assumption 
and  may  be  used  for  determining  the  grading  for  any  ma.ximum 
and  minimum  values  of  the  starting  current  that  may  be  fixed 
u})on. 

The  method  likewise  does  not  depend,  as  Mr.  Erens  would 
seem  to  suggest,  upon  the  operator  waiting  until  the  starting 
current  drops  to  /<■  (the  current  at  which  the  torque  is  equal  to 
the  opposing  torque.)  If  it  be  not  desired  to  wait  so  long  on 
cacli  contact  then,  if  the  maximum  current  is  not  to  be  ex- 
(^eeded,  it  will  be  necessary  to  have  a  larger  number  of  steps. 
This  follows  directly  from  the  diagram  (Fig.  2  in  the  article). 
It  will  be  seen  in  tliis  case  that  the  two  sloping  lines  in  the  left 
half  of  the  diagram  come  closer  together,  and  in  order  to  get 
from  the  bottom  to  the  top  theie  will  be  a  larger  number  of 
stc])H  in  the  zig-zag  line.  It  will  thus  be  seen  that  the  method 
is  quite  general  in  character.  One  first  of  all  .settles  what  are 
the  limits  of  current  one  wishes  to  work  between  and  from  the 
diagram  the  necessary  number  of  steps  is  determined.  Bv 
taking  I ,_  ('(|ual  to  the  current  at  which  the  tonpie  is  equal  to 
the  (»j»p<»siiig  t(»r(|ue  one  obtains  the  mininuim  possible  number 
of  steps  one  must  have  if  a  larger  starting  current  than  It  is 
not  to  be  used.  The  statement,  therefore,  of  Mr.  Erens  that 
■■  The  nu'tliod  gives  a  rough  approximation  "  is  wrong  and  if 
Mr.  Erens  will  be  so  good  as  to  look  into  the  matter  again  I 
think  he  will  agree  with  me. 

Suttdii  Coldlicld.  .\pril  17.  Charles  C.  Garrard. 
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At  a  meeting  hold  on  March  24.  IHIO,  iit  the  Tniperial  College  of 
Science.  .Mr.  K.  K.  S.mith.  A.H.C.S..  Vice-l'n'sideiit.  in  tlie  Chair, 
a  I'aper entitled 

"A  New  Method  of  Determining  Ionic  Velocities" 
Wiis  read  by  Mr.s.  C.  II.  (Iitri  iiTHs.  B.Sc. 

In  the  e.\|M'rinients  d(.^c^il)e(l  the  cathode,  wiijch  consi.st.s  of  a 
horizontal  copper  disc  |K'rforat4'd  with  two  HoIch,  ih  mounted  in  a 
cylindrical  ^lass  lni)e  oju-n  at  tlie  lower  end.  The  whole  is  sns|>ende(l 
from  the  beam  of  a  halance.  and  is  immei>>ed  ni  a  ves-sel  of  cop|R'r 
sulpliate.  The  anode  iH  u  cop|»er  Hpiral  lixe<l  in  the  electrolyte  some 
distance  below  th<'  mouth  of  the  cathode  vchs*-!.  From  the  rate  of 
change  of  weigiit  of  tiie  .sn«|K'n<icd  hVHti-m  during  the  |Ni,Hmige  of  a 
current  the  ionic  voloeiticH  can  he  del«>rniine<l.* 

Dr.  S.  W.  .1.  Smith  (hscnssed  the  Pn]»er  at  nome  length.  HIn  romarkM 
will  a|)|)car  in  tlic  "  I'rocccdimzN." 

Mr.  F.  K.  SMrrn  adniind  the  niann<'r  in  Mhi.li  sinnil  diflii  nlticj.  !ia<l 
bei'Ti  t)vorcoinc.  Si>ine  \ear.'<  ano  he  lia<l  ri.-tcrn<iiicil  the  elect r<K'honucal 
ecuiivnlent  of  silver  with  the  anode  «>  upend*-*!  from  the  beam  of  a 
halaiice.  Tf  Mrs.  (Irit^iths  int<'nded  rontinum^'  thew  exprrimentj*.  ho 
wnnid  suupcst  tlic  use  of  such  salt*  ns  silver  nilrnto  rather  thnn  cn]»]u'r 
H\dpliatc. 

Mr.  .F.  11.  SiiWHV  communicated  the  foliowint:  remnrks  :  It  may  bo 
notcii  that  llie  use  of  a  relation.  imi>licit  in  the  nax-ninK  hut  tiot  actually 
cmi>loyc(l.  leads  to  a  simple  fonnida  for  <alculitin"  f  «ifli..iit  n.. 
nocrssity  of  separnto  dotorminations  of  w,  and  wiy     1  " 

*  .\\\  extended  abstract  of  this  Paper  B]»iK"arson  an  ea'her  itagoot  mu- 

]ircs<-iit  iss\ic.-  -F.ds.  F.. 


lengthy  calculation,  and  incidentally  avoids  the  necessity  for  relying  on 
data  in  Landolt  obtained  by  other  workers.  The  relation  is  that  the 
current  JVe(  U-\-  V)  is  also  equal  to  Tn^q(  V-r  T).     (In  fact,  from  the  values 

c 
given,  A^e=34-36  and  Wi9=3412.)     If.  then,  we  substitute V  for  V 

in  the  equation 

cp 

in-^L'  —  nSpV-\ =Tr(loss  in  weight  observed), 

qd 


ni^V 


we  have 


,F- 


m^q 


Fj-nSpF-f— =Tr, 
qd 


or 


I.e. 


c     cp 
F(m,  +  w?2— w5p)  =  ir-f   —  — ; 
q     qd 


Vn{l-Sp)  =  W+ 


■(•-'.) 


The  quantity  5  is  derived  from  the  statement  that  "  total  mass  of  salt 
in  cathode  vessel  diminishes  at  the  rate  of  (tn^  —  »t2)Av  gms./sec."  Now 
this  diminution  is  not  by  the  elimination  of  salt  qua  salt,  but  in  the  form 
of  already  dissociated  ions.  The  calculation  of  5,  from  the  variation  of 
density  of  a  solution  with  concentration,  lumps  together  undissociated 
and  dissociated  salt.  If  we  may  suppose  the  ions  to  be  of  great  density, 
the  value  of  5  would  be  ver\'  smalL  If  we  neglect  5  and  re-calculate  F, 
we  find  for  experiments  (12),  (9),  (3)  and  (fi)  respectively  the  values 

6-339,  3138,  4011  and  1-.561  (  X  lO'^),  leading  to  the  values  for— ^ 

11 +  v 
0-6.?S4,  0-6561,  0-6627  and  0-6634.  For  the  lowest  concentrations  these 
agree  with  other  workers'  figures.     Metelka"s  results  for  densities  1-019 

V 

and  1038  suggest  similarly  constant  values  of  for  various  concentra- 

M  +  r 

tions.  and  are  also  in  good  agreement  with  Mrs.  Griffiths"  figures  (a.sthus 
re-calculated). 

Dr.  Griffiths,  replying  on  behalf  of  Mrs.  Griffiths,  expressed  thanks 
for  the  interest  taken  in  the  Paper  by  Dr.  Smith  and  for  his  rational 
criticism.  He  agreed  that  further  research  was  advisable  on  the  density 
of  eleetrol\  tically  de]>ositod  copper,  and  thought  that  Mrs.  Griffiths 
might  be  able  to  measure  e.vperimentaliy  the  integral  volume  changes 
calculated  in  the  Paper.  She  had  already  given  some  thought  to  these 
subjects.  He  was  of  the  opinion  that  the  space  above  the  cathode  was 
ample,  and  that  the  value  of  5,  in  so  far  as  its  value  depended  on  changes 
in  the  concentration  of  the  solution  of  copper  sulphate  was  correct.  If 
tlie  variations  in  concentration  had  been  so  groat  as  to  vitiate  the  Aalue 
of  5.  then,  owing  to  the  equalising  effect  of  diffusion,  an  appreciable 
change  would  have  taken  place  in  the  weight  of  the  cathode  vessel  and 
contents  after  the  conclusion  of  an  ex]ieriment. 

Mrs.  Griffiths  has  coinnnmicatcd  the  following  comments  on  ^Ir. 
Shaxbv"s  remarks  :  The  mathematics  in  the  scccmd  and  third  ]>aragrai)hs 
a])])cars  to  be  correct  and  is  interesting,  Ijiit  the  first  paragra])h  would 
seem  to  be  somewhat  misleading  in  that  the  m'cessity  is  not  avoided  for 
relyin<r  on  data  (dealing  with  concentrations)  obtained  by  other  w-orkers. 
Mr.  ShaxVjy  avoids  the  necessity  by  making  an  hypothesis  in  the  last 
paragraph  which  is  not  justifiable,  for  when  the  current  has  ceased  the 
value  of  5  ( annot  de])end  on  the  process  whereby  the  salt  has  lieen 
rliniinatcd.  Kven  iluring  the  ])a.ssage  of  the  current  the  prcx-ess  can  have 
only  an  inappreciable  ofTect  on  the  value  of  5. 

A  Pajjer  entitled 
"Note  on  an  Explanation  of  the  Migration  of  the  Ions  " 

was  read  by  Dr.  S.  W.  .1.  Smith,  M.A.,  F.R.S. 

The  object  of  this  Note  is  to  show  liow  a  familiar  diagram.  a)i}x»ar- 
ing  in  many  text -books,  can  be  iinj)roved  in  a  way  which  makes  it 
easier  to  appr«Miate  what  hap|>ens  at  the  electrodes  in  the  simpler 
exain|»les  of  Hitt<irrs  method  of  determining  the  migration  constant. 
.\u  attempt  is  made  to  give  precision  to  an  idea  which  is  .sometimes 
vaguely  exprei«8c<l  and  frequently  ignored. 

Mr.  1).  OwKN  considenHl  that  the  usual  <:raj)hical  metluMl  expressed 
the  integral  etle<t  sim]>ly  and  .satisfactorily  unless  pressed  in  detail.  The 
analysis  of  paragraph  three  of  the  Paper,  whilst  adding  precision  to  the 
conclusions,  did  not  modify  them  or  "  explain  "  them.  The  fact  of  the 
existence  of  a  volume  distribution  of  electricity  near  to  the  electrodes 
implio<l  an  increased  ]Kitontial  gradient  which  play'?<l  a  part  in  the  actions 
iH<\irrin^' ii'  those  regions. 

Dr.  WiM.MWs  sugi;csted  that,  if  Mr.  OwcnV  view  were  correct,  it  should 
■  be  |K>ssible  In  <lete(  t  the  ]>otential  gradients  to  which  he  referred. 

Mr.  F.  K.  Smith  romarki«<l  that  Dr.  Smith's  Paper  dealt  with  a  real 
(lifticulty.  and  one  which  teachers  of  electricity  had  to  face.  He  remem- 
bere<l  giving  leottm«s  on  the  subject  to  very  elementary  students,  and. 
fr'clinu'  <liK''atislie«l  with  the  explanatory  dia;:rams  in  text  books,  had 
adopted  another  form  of  explanation.  In  de.iling  with  the  ]ihenomenon 
the  negative  ions  wen- never  sai<l  to  bedischargisl.  Thogeneral  argument 
followed  was  to  regard  matter  as  iK'ing  in  four  states — solid,  liquid, 
gaseous  and  ionic.  It  was  already  ooncc<le(l  from  analogies  that  oop])or 
ions  and  metallic  copper  difien'cl  Ijecausi-  <.f  a  ditTeronce  of  eli-ctrical 
energies.  Cnnvcrfion  fmm  one  into  anotln  r  <  nuld  Ih'  bnmght  about  by 
ulding  or  s(d»ti  -ctrical   ■  Thus,  in   the  eloftrolysi*  of 

.<>p|)er  sulphate  wjthcoi,  iriKles.  the  electrode  at    high 

jx>tonlial  lost  energ^•  liy  conversion  of  a  put  of  itself  into  positive  ions, 
and   the  negative  electrode  gained  energy   from  the  solution   duo  to 
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positive  ions  giving  up  their  charge  and  being  converted  into  the  metallic 
form. 

Dr.  Smith,  in  reply,  said  :  In  the  original  draft  of  the  Note,  as  sub- 
mitted to  the  Society,  he  had  hazarded  the  opinion  that  ])erhaj)s  the 
Authors,  who  used  the  diagram,  wished  it  to  be  understood  tliat  the 
excess  ions  shown  at  the  ends  of  the  chains  wore  removed  by  excess 
potential  gradients.  Ho  had  deleted  this  conjecture,  and  had  substituted 
a  footnote  (which  was,  in  fact,  a  quotation),  because  he  had  been  unable 
to  find  any  proof  that  this  was  tho  view  taken.  In  any  case  it  was  un- 
satisfactory. Mr.  Owen  seemed  to  imagine  that  there  was  some  virtue 
of  simplicity  about  this  view  which  made  the  analysis  unnecessary. 
This  was  not  the  case.  Tho  problem  was  not  merely  to  state  how  a 
Hittorf  migration  experiment  might  be  suppo.sed  to  begin.  It  was  as 
necessary  to  show  clearly  what  occurred  while  it  continued.  This  was 
the  object  of  the  Note.  The  analysis  was  the  simplest  general 
method  of  expressing  the  fact  that  some  of  the  ions  which  take  part  in  the 
electrolytic  process  are  fed  into  the  circuit  near  the  electrodes,  and  are  not 
brought  there  by  the  potential  gradients.  Views  which  "  explain  "  the 
facts,  while  ignoring  this,  have  been  the  cause  of  needless  confusion  in  tho 
minds  of  students.  The  analysis  showed,  for  example,  that  con- 
duction could  not  proceed  as  it  began  unless  for  every  (u-'rv)  cations 
deposited  v  cations  and  v  anions  were  fed  into  the  circuit  at  the  cathode. 
If  the  cathode  region  had  to  draw  upon  itself  for  this  supply  of  ions,  the 
concentration  near  it  would  rapidly  fall  and  the  "  polarisation  "  at  the 
cathode  would  rise  in  accordance  with  the  well-known  relation  connecting 
the  contact  potential  difference  with  the  concentration.  Diffusion,  how- 
ever, always  played  an  essential  part.  When  it  was  promoted  by  con- 
vection, a  slight  reduction  in  the  concentration  of  the  solution  round  the 
cathode  would  be  enough  to  set  up  an  appreciable  diffusion  current  which 
would  be  maintained  in  the  way  described  in  the  Note.  This  was 
the  current  which  supplied  the  necessary  molecules  to  the  cathode  space. 
The  relation  between  this  diffusion  current  and  the  electric  current  could 
be  represented  by  the  equation  kn^vi/(u-\-v)e,  where  k  is  a  diffusion 
constant,  Ji  is  the  concentration  gradient  at  the  cathode,  ;  is  the  electric 
current  density,  and  e  is  the  ionic  charge. 

If  notwithstanding  this  re-expression  of  his  views,  which  he  had  thought 
were  adequately  conveyed  in  the  Note,  Mr.  Owen  still  insisted  that  the 
usual  graphical  method  was  satisfactory,  he  could  think  of  no  better 
method  of  convincing  him  that  it  was  not  than  to  ask  him  to  examine 
more  closely  the  consequences  of  his  own  view  as  expressed  at  the 
meeting.  He  would  then  be  led  to  the  conclusions  stated  in  the  Note. 
Since  the  point  had  been  raised,  it  should,  perhaps,  be  noted  that  there 
was  an  obvious  clerical  error  in  the  proofs  of  the  Paper  whereby  N,  N'  and 
N"  had  been  printed  throughout  instead  of  SN,  S'N'  and  S"N"  respec- 
tively. With  regard  to  the  question  raised  by  Dr.  Willows,  he  was  of  the 
opinion  that  measurable  potential  differences  of  the  kind  described  did 
not  exist.  He  was  glad  that  the  Chairman  was  of  the  same  opinion  as 
himself  with  respect  to  the  diagrams  and  descriptions  usually  given. 

A  Paper,  by  Dr.  S.  W.  J.  Smith,  entitled 

"A  Method  of  Exhibiting  the  Velocity  of  Iodine  Ions  in  Solution," 

was  taken  as  read.     The  method  was  shown. 

Dilute  solutions  of  potassium  iodide  and  potassium  chloride  of 
equi-molecular  concentration  have  almost  the  same  electric  con- 
ductivity. They  are,  therefore,  of  interest  in  connection  with  the 
direct  measurement  of  ionic  velocities.  The  Paper  describes  a 
smiple  method  of  observing  their  common  boundary.  It  is  only 
necessary  to  add  a  little  mercuric  chloride  to  the  potassium  chloride 
solution.  An  extremely  thin  layer  of  mercuric  iodide  then  forms 
where  the  two  solutions  meet.  The  method  is  particularly  con- 
venient for  lecture  purposes,  and  an  approximate  value  of  the  ionic 
velocity  can  be  obtained  in  a  few  minutes. 

The  Paper  gives  examples  of  the  use  of  the  method.  The  current 
is  first  passed  in  the  direction  which  causes  the  iodine  ions  to  travel 
towards  the  chloride.  The  chlorine  liberated  at  the  anode  in  this 
case  supplies  a  means  of  re-determinmg  the  velocity  of  the  ions  when, 
the  current  being  reversed,  they  move  in  the  opposite  dii'ection. 


>nd  let  them  igbt 


LEGAL  INTELLIGENCE. 

Krupp  Magnetic  Separator  Patents. 

On  Thursday  last  Messrs.  Edgar  Allen  &  Co.  (Ltd.)  applied  to  the 
Patents  Court  for  a  licence  to  use  nine  patents— viz.,  14.082  of  1908  and 
29,230  of  1911  granted  to  Herr  Ullrich,  and  the  following  in  the  name  of 
Krupp— 17,459  of  1909,  29,201  of  1911,  29,224  of  1911  and  4,595, 14,426, 
14,427  and  24,355  all  of  1913. 

For  the  apphcants.  Sir  Geo.  Croydon  Marks,  M.P.,  said  his  cUents  had 
in  hand  an  order  for  three  Ullrich  magnetic  separators  which  wore 
urgently  required  for  the  manufacture  of  tungsten  for  use  in  th('  produc- 
tion of  high-speed  steel,  the  machines  to  be  similar  to  the  Ullrich  sepa- 
rator in  the  Bessemer  Laboratory  at  the  Imperial  (k)llege  of  Science. 
Messrs.  Allen  were  desirous  of  executing  the  order  and  also  of  developing 
the  manufacture  of  those  machines  for  general  commercial  purposes 
He  offered  a  royalty  of  5  per  cent,  on  the  net  selling  price. 

Mr.  Temple  Franks,  the  Controller  of  Patents,  askoil  whether 
Ullrich's  patents  were  owned  by  Krupps. 

On  Krupps'  behalf,  Mr.  Rushes  (Messrs.  Hasletinc,  Lake  &  Co.)  said 


he  understood  that  rilri/'h  -  :-•  —  •-  *  ♦•-     -  - 

He  wa.H  not  able  to  wiy  ti 
firm  had  received 
oppose.      He  beli' 
and  Ullrifh,  but  LIhu  ii  v, 

The  CoNTRoi.i.KK  :    Ft!.!,  i^Itv 

it  out  betwef;n  them  ax  to  whir 

Mr.  Kl-shen  rcfommendfd  i  ,  j,.  i  . 
all  Krupps  had  done  in  thi-  matt'-r  in  '  nMrfcaC  tkmt 

had  bcf-n  made.      It  wa-*  httl<  i.. 

Sir  Ok<j.  Croydon  Mark>i  :  \Mt^  no  *»U-  vet.     yf\mhtr 

all  the  large  steel  makers  in  tl,  .Hoping  the 

high  speed  steel  and  tungsten  i.  ...^    ..., •'  fK-v.»o  f-. 

command  the  pnxjess  set  out  by  Knippii.     ()j 

had  Krupj)s  tried  to  licence  thoM9  ma^hincA  U-f<.r.        i 

not  been  sold. 

The  CoNTKOM.KR  :  Therr- i.H  an  ii: 
machine  in  the  lmp(!rial  College  r>f 
Krupps'  agent  tried  to  (;et  the  machme  out,  but  • 
what  they  were  about,  and  did  not  let  him       Knr  <■- 

the  only  person  concerned  in  the  utili«ation  of  m- 

ties  had  on  exhibition  there.     The  Rapid  <'<> 
manufacture  a  British  magnetic  machine  that  .•. 
for  the  German — "  as  good  as,  or  lx'tt«T  than  " 
of  that  fact,  it  would  not  Ik-  right  to  treat  Krui.; 

of  royalty  as  something  unique.      It  is  hardly  ep*Kh-ni  *• 

another  machine  quite  as  gofxi.  The  Rapid  Co.  had  ,»--.-••  .  ,  v.-.r** 
patents.  I  think  they  had  better  follow  the  example  of  the  E(l|;»r  AUra 
Co.,  and  take  the  lot. 

The  Rapid  (.'o.'s  managing  director,  Mr.  H.  Hubard  Thompson,  wbo 
was  present  in  Court,  said  he  would  do  so. 

The  ('oxTROi.LER  :  There  would  be  only  one  .j  per  c-ent.  royalty  p«id 
for  each  machine,  and  that  would  not  go  to  Krupps.  It  would  lie  paid  tn 
the  Public  Trustee,  and  the  Government  or  the  ikiard  of  Trade  w<jaWl 
decide  what  was  to  be  donf  with  it  after  the  war.  He  thou;:ht  a  ef»od  c»»j 
had  been  made  out,  and  should  recommend  the  Bf»ar<l  of  Trad*-  to  /rant 
each  applicant  a  licence  to  manufacture  the  LTIrch  mat  hint-  at  a  total 
royalty,  as  offered,  of  5  per  cent.  That  was  the  royalty  most  ommIIt 
adopted  by  the  Court. 

Lion  Spring  Co.  v.  Carleon  Electrical  Co. 

In  the  City  of  London  Court  last  week,  Ix-fore  hi>  Honour  'lo^jg^ 
Atherley -Jones,  K.C.,  plaintiffs  sought  to  recover  CJ9.  Is*.  4<L  for  2o.0W 
percussion  springs  and  25,000  detent  springs,  supplied  to  their  !<pe<-ifica- 
tion,  at  Is.  (id.  per  gross,  for  the  (iovemment.  Defendants  had  a  «oa- 
tract  to  supply  the  springs  to  the  Government  in  May  last  year.  The 
work  was  carried  out,  and  defendants  refu.sed  to  pay.  as  the  spnnjjs  were 
not  made  in  accordance  with  the  specification,  as  they  were  t<x>  weak,  and 
some  of  them  were  returned.  Plaintiffs  said  the  Government  in.spector 
agreed  to  pay  for  the  springs  because  they  were  made  before  the  speciBca- 
tion  drawing  was  altered. 

The  defence  was  that  the  springs  had  not  been  accepted  by  the  Govern- 
ment, and  therefore  plaintiffs  could  not  expect  to  be  paid. 

Plaintiffs'  Works  .M.\nai;er  said  the  springs  were  inspected  by » 
Government  official  at  their  works,  sealed  up  by  him,  and  forwarded  to 
the  Government  premises  in  London. 

The  official,  however,  when  called,  admitted  that  his  inspet-tion  w*a 
not  final. 

Judge  Atherley-Jones  said  that  beinjr  so,  plaintiffs  could  not  recorer, 
and  must  be  non-suited,  with  cost-;. 


Workmen's  Compensation. 
Last  week  Judge  MeUor,  of  the  ManeWcstor  County  Court.  . 

reserved  decision  in  an  arbitration  in  which  Mrs.  H.  Robin.<oii     

£300   as   compensation  for  i'e   death  of   her  husbiind.   n-sultim:  frvm 
injuries  sustained  in  July  while  working  for  Messrs.  Wm.  SutclitTe  A  S..n. 
The  Judge  said  the  (|uestion  he  had  to  decide  was  whether  th-  i\r^i  !mhI 
into  court  by  respondents  was  or  was  not  adequate,      l-t" 
had  been  argued  that  the  grade  and  wages  of  the  workman  -■ 
basis  of  compensation  whether  the  workman  regularly  followe.! 
employment  or  no'.,  and  whether  he  earned  H  a  wet«k  or  ♦"!   ■  - 

whatever  sum  was  the  average  wage  of  an  euiiineor.     Th.  '.  to 

such  a  contention  was  that  a  hard-workinu'  man  mi-'  "  ^ 

tion  in  case  of  injury  than  the  lazy  man  who  ■>nly  w 
the  year,  because  in  the  first  case  holidays  ami  slope 
considered,  while  in  the  second  ■  nly  tho  numlxT  of  w .    .. 
considered.     The  worknuin  in  that  ca.-^«  v  as  63  years  of  a-e.  .wid  ■ 

comfortable  home  and  numey  comin-:  in  fn>m  a  <* 

wife  and  daughter  he  only  worked  at  his  trad.-  wh. 

to  do  so.  anc'  for  three  or  four  years  lu^d  i  • 

week.     Citing  opinions  of  judgt>s  to  the  eii  ,    ,,    ^         .     .i-...         i 

to  the  particula.  circumstances  of  each  caso.  he  held  that  tho  ll.*>  p*.d 

into  court  was  adequate  and  made  an  awanl  aoconlingh. 

Read  v.  Stella  Conduit  Corpn. 

On  Friday  the  Court  of  Apiio>l  t«he  .Master  of  t!i 
Phillimore  and  Mr.  Justice  SargintWleliverxHl  a  iH> 

this  case  upon  the  appeal  of  plaintiffs  from  a  judgment  ol  -Mr-  Ju^^.* 
Jovce.     The  facts  were  stated  in  our  issue  of  the  <;»)«"•*'<•  ^P" -'»\,„      ., 

Mr.  Justice  Saroast  delivered  the  judgnuMtt  of    he  Court.     He  sa.d 
that  apart  from  one  small  variation  plaintiffs  appliance  was  the  same 
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whether  it  was  used  for  connecting  a  tube  and  a  fitting  or  for  connecting 
two  tubes,  and  in  the  latter  case  whether  the  two  tubes  were  of  equal  or 
unequal  diameter.  What  was  the  invention  as  claimed  by  plaintiffs  ? 
8o  far  as  each  junction  taken  by  itself  was  concerned  the  method  de- 
scribed in  plaintiffs'  sixicification  was  undoubtedly  old.  It  was  in  sub- 
stance the  arrangement  used  for  clamping  or  locking  the  adjustable 
steering  handle  jwst  of  the  ordinary  safety  bic\'cle  shown  in  White- 
house's  patent.  No  doubt  in  view  of  this  refreshingly  short  and  intelli- 
gible claim,  in  plaintiffs'  specification  it  was  not  for  a  method  or  appliance 
for  effecting  a  single  junction  or  connection  of  this  nature  with  one  tube, 
but  for  an  appliance  for  connecting  together  the  ends  of  two  tubular 
electrical  conduits  or  fittings  in  the  manner  described.  Did  that  double 
connection  as  distinguished  from  a  single  connection  disclose  sufficient 
subject  matter  or  sufficient  invention  to  support  the  letters  patent.  In 
the  Court's  judgment  they  did  not,  and  the  appeal  would  be  dismissed, 
with  costs. 

American  Radio-Telegraph  Patent  Case. 

We  are  informed  that  in  the  Marconi-Simon  radio-telegra])h  patent 
case  the  American  Court  of  Appeal  decided,  on  March  l.'^^last,  that^wners  of 
jjatents  alleging  infringement  of  rights  by  contractors  to  the  United  8tat<s 
cannot  interfere  with  the  execution  and  delivery  of  a])i)aratus  by  suing 
the  contractors,  but  they  may  obtain  relief  onlj-  from  the  Government. 
In  the  case  in  question  the  Marconi  Company  sought  an  injunction  to 
prevent  Emil  J.  Simon  from  producing  2')  wireless  sets  for  submarines 
of  the  United  States  Navy  on  a  contract  awarded  him  for  deliven,'  by 
Jan.  1,  1910.  Plaintiff  company  alleged  infringement  of  the  basic 
Marconi  patent,  while  defendant  maintained  that  any  action  should  be 
brought  against  the  Government  itself  for  demanding  the  precise  arrange- 
ment in  its  specifications. 

Mr.  Walter  H.  Humphrky  (acting  for  defendant  and  also  for  the 
Secretary  of  the  Navy)  urged  that  the  court  action  was  a  menace  to 
national  safety,  as  it  threatened  to  prevent  dohven,'  of  a])paratus  neces- 
sary to  the  Navy  and  would  force  disclosure  of  valuable  secrets  of 
adjustment  and  operation  discovered  by  Government  experts.  In  a 
letter  from  the  Secretary  of  the  Na\y,  which  was  submitted  to  the  court, 
it  was  stated  that  the  Government  desired  that  its  work  should  not  be 
interfered  with. 

Judge  Hough,  of  the  United  States  District  Court,  based  his  decision 
on  a  previous  ruling  of  the  United  States  Supreme  Court  in  the  case  of 
Crozier  v.  Krupp.  and  was  affirmed  by  the  United  States  Court  of  Appeals, 
to  the  effect  that  no  cause  for  action  of  any  kind  arises  against  a  con- 
tractor to  the  I'nitcd  States  (Government  through  the  use  of  a  patented 
invention  in  cai'rying  out  such  contracts.  The  use  of  a  patented  inven- 
tion by  or  for  the  (iovernment  was  a  u.se  by  the  Government  as  a  licensee 
(under  an  Act  of  Congress  of  June  25, 1910),  and  the  only  recourse  ))laintiff 
had  owing  to  such  use  was  by  action  in  the  Court  of  Claims  against  the 
Governm(^nt  for  royalties,  as  was  y)rovided  by  th(!  Act  of  1910,  which 
made  the;  Government  a  licensee  by  law  whenever  it  made  use  of  a 
patented  invention,  and  provides  for  full  <  ompensatlon  in  all  cases. 

Re  Cedes   Electric   Traction   (Ltd.)— Upon  the  petition  of  the 

Tudor  Accumulator  Co.  (Ltd.)  Mr.  Justice  Neville  made  an  order  on 
1'uesdav  for  the  compulsory  winding-up  of  the  Cedes  Electric  Traction 
(Ltd.).' 


PATENT   RECORD. 


PARLIAMENTARY  INTELLIGENCE. 


THE  RECENT  TELEGRAPH  .BREAKDOWN. 

In  tlu^  House  of  Commons  last  week  the  PostmasterCJcni-rnl  (Mr.  .1.  A. 
Pease)  stcled,  in  reply  to  a  ((uestion,  that  the  imjjortanie  of  .securing 
unint(rrui)t((l  telegraphic  ecmimunieatidn  by  means  of  underground 
lines  had  l)ccn  kept  in  view  by  suce<'ssive  Post inaslets  General,  and  an 
underground  te|e!.'rii](li  system,  which  cost  aboul  t:2,(MMl.(HHI.  w;»s  now  in 
use.  Taking  llx'  telegra])h  and  telcplioni'  syst<'ms  together,  the  total 
length  of  aerial  wire  in  use  was  not  less  than  one  niiilioti  miles,  ('om]ian-(l 
with  over  two  million  miles  of  underground  win-.  The  cost  of  ])utting 
the  remaining  trunk  telegraph  lines  un<lerground  would  jirobnbly  exceed 
t.i.dOd.OOO.aud  the  annual  charge  for  int<'n'st  and  (hprecialion  (taken  nt 
(>  per  cent,  oidv)  would  be  tISO.OdO  a  year,  eompareil  witli  an  average 
annual  cost  for  storm  repairs  for  the  past  lO  yi-ars  of  l'2."i.  P.MI.  of  whirli 
£(),700  luis  been  in  n-speet  of  the  main  trunk  lelegraph  lines.  It  would, 
moreover,  be  im])ossible  to  carrv  out  tluit  work  at  pn-sent  owing  to  (he 
shortage  of  labour  and  other  eireumstanees  ennnoctod  with  the  war.  It 
had  l)een  necessary  to  suspend  the  schemes  in  progress  for  (he  eons(nietioti 
of  luldilional  telegraph  ami  telej)hoMe  undergroinid  lines.  Communien- 
tiou  with  li(i;iu<l  \va^'  not  wholy  iiit<MTupteil  by  the  recent  storm,  althouuh 
some  of  the  l:niil  lines  connecting  the  Irish  rabies  were  broken  down. 


PROPOSED  LIMITATION  OF  ELECTRICITY  AND  GAS  SUPPLY. 

Ill  reply  to  a  question,  it  was  stated  mi  the  House  of  •'oinmoiis  on  the 
i:tth  iiist.  tiiat  it  was  not  jiroposi  d  to  limit  the  use  of  ele.  tricity  and  ^-as 
for  ligliting  ]>urp()S(>s  after  a  stated  hour. 

Dr.  AnnisoN  (for  the  Ministry-  of  Munitifuis)  also  added  that  rare  had 
alirady  been  taken  that  the  recpiinMuents  of  munition  factories  sliould 
rank  bi-fore  all  other  eonsideratioiv* 


APPLICATIONS  FOB  PATENTS 

Note. — The  undermeniioKed  Applications  (except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  *  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventiorj.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

March  11,  1916. 
3,629  Taylor.    Changing  frequency  of  alternating  currents. 
3.631  Sanderson      Wave  motors. 

3.657  McBerty  &  Weste.=jn  Electric  Co.     Impulse-control  systems  for  automatic 

telephone  exc'r.anees. 

3.658  British  Westi;; chouse  Electric  &  Mfg.  Co.    Starting  mechanism  for  auto- 

mobiles   (6  4  15.  U.S.) 

3.659  British  Westinghcuse  Electric  &  Mfg.  Co     Starting  mechanism  for  auto- 

mobiles.    (24/3/15,  U.S.) 

March  13,  1916. 

3.680  Wsstwood.     Electric  lamps. 

3,707  Beaver  &  Clarej/.ont.     Leakage  protection  device  for  electric  cables. 

3,726  Green.     Manufacture  of  electrically-welded  link  chains  and  cables. 

3,736  &  3.737  Herink  &  Rel.iY  Automatic  Telephone  Co.    Automatic  and  semi- 
automatic telephone  systems. 

3,739  B.T.-H.  Co      'G.E.  Co.)    Coil  supports  for  electrical  apparatiis.     • 

3,743  Compare  &  Ccmparri  Wireless  Control  Synd.    Oscillators  or  vibrators  for 
wireless  telegraphy.  &c. 

3,745  Soc.    Francaise    Radio- Electrique.    Alternators    for    production    of    high- 
frequency  electric  oscillations.    (13  3, 15,  France.) 
March  14,  1916. 

1 .795  Salmson.    Contact  apparatus  for  electrical  connection  of  magnetos. 
3.758  LuNDELL.    Telephone  exchange  systems.    (19,'3, 15.  U.S.) 

3.767  Davies.     Projectile  ignition  devices. 

3,769  HoBLEY  &  Hooper      Electrical  indicators,  &c. 

3.777  K'NGSLAND.    Apparatus  for  obtaining  synchronous  motions  at  a  distance. 

3.7u0  DouLTON  &  PoDMCRE.    Tools  for  internally  shaping  telegraph  insulators,  &c. 

3.789  Marconi's  Wireless  Telegraph  Co.    Measuring  instruments,  relays,  &c. 

3.796  Salmson.     Interruption  device  and  method  of  mounting  cams  for  magnetos. 

3.797  Salmson.     Mount  for  magneto  distributors. 

3.798  Salmson.    One-piece  framing  for  magnetos. 

3,817  Soc.  Anon,  des  Etablissements  L.  Bleriot.     Explosion  engines  coupled  to 
dynamo-electric  machines.     (10/4  15.  France.) 

March  15,  1916. 
3.835  Clay.     Electric  lamps. 

3.859  Joel  &  Mawdsley.    Dynamo-electric  machinery. 
3.869  Holt.    Stationary  contacts  for  electric  switches  or  circuit-breakers. 

March  16.  1916. 
3,896  Conner  &  Kahl.     Magneto-electric  machines  for  ignition  in  internal-combustion 

ehgines. 
3,919  Soc.  l'Eclairage  Electrique.     Machine  for  cutting  bars  or  tubes.    8/9/15, 

France.) 
3,922  Hackley  &  Western  ElectricCo.    Automatically-operatingswitchformachine 

switching  telephone  systems,  &c. 

March  17,  1916. 
3,938  Hall.     Electric  flash-lamps. 

3.948  Titterton.    Apparatus  for  transmitting  signals  or  messages. 
3,954  Hailwood.     Miners' safety  lamps. 

3.969  Hensman.     Grapnels  for  raising  submarine  telegraph  cables.  &c. 
3,976  Bayles  &  British  Insulated  &  Helsby  Caplbs.     Electric  cables. 
4.006  Proksch.     Apparatus  for  testing  electric  cir'-'   •         ?2  3  15.  Austria.) 
4.019  Millersh-Jackson      Starting  and  general  ■  for  automobiles. 

4,026  Randall.     Deflector  for  deflecting  light  in  t  .ngs. 

March  18,  1916. 
4.035  Honeyman  &  Lane.    Treating  articles  electrolylically. 
4.049  British  Ever  Ready  Co.  &  Sheppard.    Casings  for  electric  batteries. 
4.067  Le  Noir  &  Simpson.     Magnetos. 

March  20,  1916. 

Rottenburg.     Electric  contact  keys,  electric  buzzers,  kc. 

Berry.     Route  indicating  and  signalling  devices  for  railways,  8tc- 

Claremont  it  Tanner.     Joint  for  electric  cable. 

B.T.-H.  Co.     (G.E.  Co.)     Manufacture  of  incindescent  lamps. 

Signal  Ges.     Submarine  sound-producers. 

Jones.     Electric-arc  soldering. 

Brown.     Sicuring  electric  lamps,  &C.,  in  sockets. 

Lyon.    Searchlights.  &c. 

March  21.  1916. 

Soc.  l'Eclairage  Elbctriqub.     Machine  for  cutting  bars  or  tubes. 

B.T.-H.  Co.    (G.E.  Co.)    Shaping  wire. 

Clark,  Longford,  Longford.  Morris  &  Sphinx  Manfg.  Co.     Electrical  con- 
densers and  condenser  systems. 

Glbnn  &  O'Donnbll.     Railway  signalling. 

riASSBLT.     Process  for  electrolysis  of  alkali  chlorides. 

Gilbart.  Griffiths,  Gilbart  &  Co.,  &  Griffiths.    Sparking-plugs  for  internal 
combustion  engines. 

Stonb  &  Co.     Indicating  state  of  adjustment  or  output  of  dynamo-electric 
machines. 

March  22.  1916. 

Bloom.     Electrical  treatment  of  liquids   and   fluids,   and    products  resulting 
therefrom. 

B.T.-H.  Co.     (G.E.  Co.)     Electric  transformer*. 

Baily.     F    ...,;,,,..   .  .    .,.,,, 

Brass  F  ' -lamps. 

Allbn  t  ;.  .achines. 


4.096 
4.104 
4,109 
4,110 
4,111 
4,115 
4,136 
4,143 

4.180 
4.182 
4.184 

4.186 
4.190 
4,192 

4.196 


4.240 

4.247 
4.254 
4.279 
4,283 


March  23.  1916. 


and  manufacture  thereof. 


rs  and  transformers. 
4.JJ7  National  Safbty  AfPi-iANc*  Co.     Automatic  block-signal  systems.    (30/6/15 
U.S») 
Krupp  AKT-r.  "  separators.    (22/10/15.  Germany.) 

Pitman  St  R* 

~  1 1  1  ill   ior- vehicles. 


4.338 
4,342 
4  34.! 
4.34. 
4.34t 
4,351 


4.363 
4.373 
4.376 

4  3» 
4  402 
4.407 
4.413 


Qv  G«».     Radio-quarU  lamp  provided  with  a  reflector.      (12/2/15, 

& 


Thvnnk,     Applicitian  of  tui 

Hf-  "     " 

Cha 

tt  ■•.  .  . 
BT.-H 

P.-^TT'- 

Mv 
Bf, 


walls,  itc 

.-demand  indi::ators  for  elec- 
•n  for  electric  circuits. 

c  fla^h-larap  attachments. 


4.453  BT.-H  Co.  (G.E. Co.»     Ua : 
4,467  CuBDATARtAH.    Mafnrtos. 
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COMMERCIAL    TOPICS. 


Contraband 
of  War. 


Restrictions 
Upon  Exports. 


A  Royal  Proclamation  was  issued  on  the  12th 
inst.  making  certain  additions  to  and  amend- 
ments in  the  list  of  articles  to  be  treated  as 
contraband  of  war. 

The  following  are  now  to  be  treated  as  absolute  contraband  : — 
Gold,  silver,  paper  money  and  all  negotiable  instruments  and  reaHsable 

securities  ;    metallic  chlorides  (except  chloride  of  sodium),  metalloidic 

chlorides,  halogen  compounds  of  carbon  ;   starch,  borax,  boric  acid  and 

other  boron  compounds. 

It  is  further  ordered  that  no  gold,  silver  and  paper  money  henceforth 

captured  shall  be  treated  as  conditional  contraband. 

*  *  *  * 

By  an  Order  in  Council  further  restrictions  are 
imposed  upon  exports  and  the  exportation  of 
the  following  is  prohibited  to  all  destinations: — 

Pig-iron  of  all  descriptions.  The  following  railway  material :  Steel 
rails,  steel  sleepers,  steel  springs,  steel  wheels  and  axles.  The  following 
shipbuilding  material  :  Boiler  tubes,  condenser  tubes,  steel  plates  and 
sectional  materials  for  shipbuilding.  Soap  containing  more  than  1  per 
cent,  of  glycerine.  Steel  in  bars,  angles,  rods  and  shapes  or  sections  ; 
steel  blooms,  billets  and  slabs  ;  steel  bridge,  boiler  and  other  plates  not 
under  ^  in.  thick  ;  steel  girders,  beams,  joists  and  pillars  ;  steel  ingots, 
steel  tubes  of  all  descriptions  ;  steel  wire,  except  barbed  and  galvanised 
wire  (the  exportation  of  which  remains  prohibited  to  all  destinations 
abroad  other  than  British  possessions  and  protectorates). 

The  exporation  of  the  following  is  prohibited  to  all  destinations  abroad 
other  than  British  possessions  and  protectorates  : — 

Aluminium  sulphate  and  alumino -ferric  ;  files  ;  lacs,  not  including  lac 
dye  ;   soap  (soft)  containing  1  per  cent,  and  less  of  glycerine. 

The  exportation  is  prohibited  to  all  foreign  countries  in  Europe  and 
on  the  Mediterranean  and  Black  Seas,  other  than  France,  Russia  (except 
through  Baltic  ports),  Italy,  Spain  and  Portugal)  :  Asphalt  and  solid  or 
liquid  bitumen  ;  petroleum  and  its  products  not  already  specifically 
prohibited  ;   soap  (hard)  containing  1  per  cent,  and  less  of  glycerine. 

^  ^  T*  *l* 

Rni  h  r  n  '  ^^  ^^®  pleased  to  notice  that  the  Brush  Elec- 

musn  Lompany  s  ^^.^^^j  ^^^^  ^j^^^^  ^^^^^^  ^  j^^^gj^^.  ^^^^^^  ^.^^  ^^^^ 

°^       '  a  somewhat  chequered  one,  has  made  progress 

during  the  past  year.  Though  the  trading  profit  only  increased  from 
£60,600  to  £61,400,  and  the  net  profit  from  £7,100  to  £7,300,  these 
figures  (we  are  told)  do  not  give  an  adequate  idea  of  the  volume  of 
orders  or  of  the  year's  turnover.  High  wages,  the  shortage  of  skilled 
labour  and  the  heavy  increases  in  the  cost  of  fuel  and  materials  have 
aftected  the  company  like  all  engineering  and  manufacturing  firms, 
and  their  natural  effect  has  been  to  keep  down  profits.  The  com- 
pany should,  however,  benefit  from  the  trading  expansion,  and  in 
view  of  the  recent  reorganisation  of  capital  the  shareholders,  who 
have  not  had  a  dividend  for  10  years,  will  now  reap  whatever  advan- 
tages may  arise  from  the  improved  business  position. 

^  *!*  "t*  *l* 

Electrieitv  There  are  no  signs  at  the  present  time  of  an\- 

<;nnnlu  Piihlinitv    a,ctivity   whatever   on    the    part   of   electricity 

ouppiy  ruDiicuy.   g^p^j^^    interests    in    the    country    in    giving 

publicity  to   the  electric  service.     So   far  as  we   can  gather,  the 

operations  of  the  newly  formed  Development  Committee  of  the 


mi   ft. I-   rt/tt 


The 


Iff 


...d. 


I..\I. K..A.  have  temp«jrarily  ceaaerj.  lU 
lamp  make  8  and  a  certain  number  t,'. 
of  vacuum  cleaner  makerH  arifi  •• 

service  ai3  not  being  pret<.s4.*fl  U-f 

strong  contrast  is  the  cam^iaign  of  the   Brj 

As-sociation.     This  body  has  j. 

in  taking  space  in  every  form  ' 

which  it  considers  to  be  of  value  in  furthering  iu  it 

wording  of  many  of  these  adver' 

impression  that  certain  domcHtif 

possible  with  gas,  and  certain  definite  pffectn  and  r 

produced   by  this  agency.     The   phri       _  ' 

create  a  mental  atmosphere  anumgHt  i, 

be  highly  detrimental  to  electricity  supply  ii 

of  thing  goes  on  long  enough  it  will  prrxluce  th'-  •■.■■  ■  •> 

are  responsible  for  it  are  desirous  of  obtaining.     It  i»  * 

the  publicity  work  in  connection  with  electricity  - 

in  hand,  and  jtromulgated  on  at  least  a.s  exten;*!.'    •. 

undertaken  by  the  British  Commercial  Gas  Association. 

interests,  both  Company  and  .Municipal,  are  able  to 

war  time  to  trumpet  the  merits  of  their  wares  througi. 

the  electricity  supply  undertakings  should  be  able  to  foUow  snit. 

There  are  some  minds  in  electricity  supply  which  !  view 

that  because  the  gas  advocates  make  use  of  the  daily  p  ,  ■  -vould 

be  unprofessional,  or  even  infra  dig,  to  do  the  same.     On  no  occasion 

has  any  agreed  programme  for  lay  press  adverti-     :  '       i  put  forward, 

much  less  undertaken,  in  the  interests  of  electri.  .  i'l >'•     '^  '-''  "**' 

sufficient  to  presume  that  the  electric  service  is  in  no  need  of  advert  '»- 

ing  at  a  time  when  the  charges  for  electrical  energy-  .i^     '  'i- 

sistently  increased  throughout  the  country,  and  siile  b\  -  it 

increase  there  is  a  very  energetic  pro(>aganda  for  increasmg  the  u»e« 

of  gas.     At  the  outbreak  of  war  there  were  indications  of  rapid 

progress  in  the  department  of  the  domestic  electric  8er\-ice,  and  none 

recognised  this  more  clearly  than  the  gas  undertakings.     Central 

station  engineers  must  see  to  it  that  the  gas  men.  who  are  better 

organised  and  more  commercially-minded  than  themselves,  .should 

not  deprive  them  of  the  fruits  of  the  labours  in  which  they  d 

considerable  vigour  before  the  war  broke  out.     The  pre.-H;.:  ...;u- 

paign  in  the  interests  of  gas  is  the  largest  hitherto  attempted,  and  thi« 

fact  should  tring  the  electricity  supply  industry  sharply  to  its 

senses. 

*  *         *         ♦ 

In  accordance  with  the  practice  for  H.M.  IVade 
Commissioners  in  the  British  Self-(Jovemmg 
Dominions  to  visit  the  Unitetl  Kingdom  offi- 
cially from  time  to  tinie.  st>  that  manufacturtr* 
and  merchants  may  have  the  o;^port unity  of  consulting  them  on  any 
matters  connected  with  their  business,  or  of  obtaining  informatKm 
as  to  the  possibilities  of  extending  their  trade.  H.M.  Trade  ConuuLs- 
sioner  for  Australia  (Mr.  G.  T.  Milne)  is  now  in  this  coiuitry.  and  on 
the  17th,  ISth  and  19th  uist.  he  mterviewed  by  appointment  rp|»re- 
sentatives  of  firms  who  expressed  a  desire  to  see  him  in  LAjmlon. 

Immediately  after  Eistcr  Mr.  .Milne  will  lommeme  to  vi-i' 
and  industrial  centres  in  the  provinces  which  have  bet>n  il. 
most  advantageous  to  visit  in  view  of  the  applicatic;  - 
received  from  firms  in  or  near  tluise  centres,  and  f -<>!n 
merce.     The  itinerary  includes   Bristol,  Ncw|H>r' 
mingham,  Wolverhampton.  Walsall.  Coventry.   I. 
Dcrbv,     Stoke-on-Trent,     Dublin.     Liverjiool.     Manchf.-tor. 
Huddersficld.   Brailford.   Leeds.   Newcastle,   Edinburgh.  Duiv 
fermline  and  Cdasgov.  in  the  orilcr  named. 

*  *  *  * 

TIC  A        Aih         The   "Electrical   World"  '-• 

u.i>.A.  ana  tne      p  ^^  ^.^^^^^1^  j^^j^  j,^.^,,^  .i^j,  ,i 

South  American    ^^  Foreign  ami  IXnnestic  Commerce  as  .sjmvial 
Market.  ^  ^^  investigate  the  markets  for  eUHtrical 

goods  in  South  America. 

Mr.  Snuth  will  report  both  on  the  pn>sont  conditions  as  woU  «.«  the 
future  prospects  in  the  South  American  market  for  e!.-.  •"  '  :  ^^is  oi  au 
character.     His  reiXMts  will  (it  is  hoivd)  enable  the  .\  -nanuiac- 

turer  to  cultivate  intelligentlv  the  South  Amenc.ui  markci.  At  pr,><,..nt 
Mr.  Smith  is  visiting  a  number  of  American  c it u«s  in  onler  to  interview 
manufacturers  and  to  ascertain  what  ground  American  hrms  interested 
in  foreign  trade  vould  like  to  have  him  to  cover  in  his  investigation. 
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IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  April  10,  1916,  to  April  15,  1916. 


In  view  of  the  increased  interest  which  is  being  taken  in  the  subject  of 
the  importation  into  and  the  exportation  of  Electrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.  (See  also  note 
at  foot  of  Exports.) 

IMPORTS. 

CooLB.— Holland  :  Elec.  lamps,  25  pk^s. 

Hull. — Holland :  Electrodes,  32  pkgs. 

Liverpool. —  U.S.A.:  Unenumerated,  5  pkgs.  Spain.-  Elec.  carbons,  67  pkgs.; 
unenumerated,  5  pkgs. 

LONDON. — U.S.A.  .■  Elec.  machinery,  £2,380  ;  elec.  lamps,  £90  ;  carbon  candles,  £970  ; 
telephone  material,  £8,745  ;  unenumerated,  £3,193 — 639  pkgs.  Holland:  Elec.  lamps, 
£9,659 — 522  pkgs.  ;  incandescent  elec.  lamps,  103  pkgs. ;  threaded  electrodes  and  pins, 
255  pkgs. ;  unenumerated,  £30.  France:  Unenumerated.  £1,572.  Switzerland:  Elec. 
machinery,  £178  ;  elec.  lamps,  £1,000  ;  unenumerated,  £1,017.  Italy:  Wire  and  cable 
£1,244;  elec.  wire,  73  pkgs.  Japan:  Unenumerated,  £211.  Denmark:  Unenun.erated, 
£195. 

EXPORTS. 

To  Australasia. — Melbourne:  Elec.  machinery,  £1,315;  wire  and  cable,  £45  ,  un- 
enumerated, £1,547.  Sydney  :  Wire  and  cable,  £1,065  ;  elec.  machinery,  £1,641  ;  elec- 
power  transformers,  £1 ,030  ;  unenumerated,  £3, 147.  Christchurch  :  Unenumerated,  £36. 
Dunedin  :  Elec.  machinery,  £165  ;  unenumerated,  £125.  Lyttelton :  Elec.  machinery, 
£107;  wire  and  cable,  £98 ;  unenumerated,  £117.  Brisbane:  Elec.  machinery.  £123  ; 
unenumerated,  £100.  Adelaide:  Unenumerated,  £109.  Napier:  Unenumerated,  £79. 
Newcastle:  Elec.  machinery.  £931.  Wellington:  Wire  and  cable,  £219  ;  elec.  machinery 
£241;  unenumerated,  £2,249 

Africa.— Durban  :  Elec.  machinery,  £763  ;  wire  and  cable,  £156  ;  unenumerated.  £356. 
Cape  Town:  Wire  and  cable,  £241  ;  unenumerated.  £367.     East  London  :  Unenumerated 
£153.     Port  Elizabeth:    Elec.  machinery,  £790  ;    unenumerated,  £142.     Beira :    Elec 
machinery,  £100. 

South  and  Central  America. — Buenos  Ayres  :  Wire  and  cable,  £26  ;  unenumerated, 
£1.609.  Rio  de  Janeiro:  Wire  and  cable,  £27  ;  telegraphmaterial.fi  18  ;  unenumerated 
£406.     Santos:   Unenumerated,  £514.     Bahia:   Unenumerated.  £31. 

\J.S.A.~Neu>  York:  Elec.  machinery,  £91  ;  telegraph  material,  £202  ;  unenumerated, 
£318. 

Malta.— Wire  and  cable,  £101  :  unenumerated,  £188. 

Gibraltar. — Unenumerated,  £59. 

West  Indies. — Barbadoes :   Unenumerated.  £31. 

India,  Ceylon.  Indo-China  and  Straits  Settlements. — Bombay  :  Wire  and  cable, 
£324;  elec.  machinery,  £93  ;  unenumerated,  £1.629.  Calcutta:  Unenumerated.  £673. 
Ceylon:  Unenumerated,  £184.  Karachi:  Unenumerated,  £122.  Singapore:  Wire  and 
cable,  £349  ;  elec.  machinery.  £78  ;  unenumerated,  £746.  Port  Swetenham  :  Telegraph 
£28;   unenumerated,  £1 10.     Penang  :  Unenumerated,  £14. 

Chw K~Shanghai :  Wire  and  cable,  £63  ;  unenumerated,  £28.  Hongkong:  Wire  and 
cable,  £2,056  ;   unenumerated,  £492. 

HohL^riD.^ Amsterdam  :  Unenumerated.  £2,037.     Rotterdam:  Unenumerated.  £146. 

France. — Treport :  Unenumerated,  £139.  Dieppe:  Elec.  machinery.  £86  ;  unenu- 
merated, £165.  Dunkirk:  Elec.  Machinery.  £1.040.  Calais:  Unenumerated.  £21. 
Bordeaux:  Wire  and  cable,  £1,420  ;  unenumerated,  £4,333.  Havre:  Elec.  machinery, 
£82  ;    unenumerated,  £33 

DENMf^KK. -Copenhagen  :  Wire  and  cable,  £2,995  ;  unenumerated,  £320. 

Rvssi A.~Petrograd:   Elec.  machinery,  £603.     Vladiuostock :  Wire  and  cable.  £808. 

Spain. — Cadiz:  Unenumerated,  £97. 

Portugal. — Lisbon:  Wire  and  cable,  £109  ;  unenumerated,  £453. 

Egvpt.-  Port  Said:  Elec.  machinery,  £58  ;  unenumerated,  £343.  Port  Sudan  :  Elec. 
machinery,  £55. 

SwBDBU.— Stockholm  :  Wire  and  cable,  £150.     Gothenburg:  Wire  and  cable.  £130. 

Canada. — St.  John's  :  Unenumerated,  £99.     Nova  Scotia :  Telegraph  paper.  82  cwt. 

JAPAU.— Yokohama:  Telegraph  material,  £274  ;  unenumerated,  £850.  Tokio :  Wire 
and  cable,  £215. 

FOREIGN   GOODS  fduty  paid  and  free). 

Bombay:  Unenumerated,  £14.  Adelaide:  Unenumerated.  £302.  Rotterdam:  Vn' 
enumerated,  £16.  Amsterdam:  Unenumerated,  £227.  Cope  7"o«/>;.- Unenumerated.  £85. 
Z);>ppe.- Unenumerated, £35.  Christiana:  Unenumerated,  £240.  Dtt;'ia«  .•  Unenumerated, 
£589.  CopewAagcrt.-  Unenumerated.  £93.  £.  Lo«rfo»i.-  Unenumerated,  £80.  Port  Eliza- 
beth: Unenumerated,  £42.  Melbourne:  Unenumerated,  £65.  Sydney:  Unenumerated. 
£77.  Singapore:  Unenumerated.  £201.  New  York :  Elec.  machinery,  £268  :  unenu- 
merated, £284.    Gothenburg:  Unenumerated,  £1,070. 

NoTK. — The  large  number  of  items  in  these  official  returns  under  the 
misleading  hea<ling  "  unenumerated  "  relate  to  what  is  d('scrilx?d  as 
"  electrical  goods  "  and  "  electrical  materials." 


Lord  Ordinary  on  AprU  14  ordered  that  answers  to  the  petition  must 
be  lodged  within  eight  days  from  that  date. 

Composition. — A  composition  of  5s.  in  the  £  jmable  to  the  credi- 
tors of  John  Taylor  Peddie,  mechanical  engineer.  Exhibition-build- 
ings, Aldwych  .Site,  London,  W.C.,  at  the  offices  of  Messrs.  EUes, 
Salaman,  Coates  &  Co.,  1  and  2,  Bucklersbury,  London,  E.G.,  has 
been  approved. 


BUSINESS  NOTICES. 

A  firm  of  engineering  merchants  in  Westeni  .Australia  iwivortise 
tliat  llicy  arc  desirous  of  adding  a  first  ■cla.'^s  electrical  ageiicv  to 
their  huKine.s.s.  Appli(afi(Ms  to  .Messrs.  Hopcraft  &  Broadwater,  4, 
Fenehureh-avenue,  London,  E.C.     See  an  advertisetneni. 

Mr.  ('IjiikIc  W.  Hill  has  removed  to  !•!.  Old  (^ueen-street,  West- 
minster, Ijondoii,  S.  W. 

Messrs.  .Toh6  Kerroira  A-  Kilhd.  !.").  lina  Nova.  R.-iifc.  Brazil, 
advertise  that  they  desire  to  represent  British  manufacturers  of 
electrical  app.iratus.  machinery,  tools  and  materials. 

Plant  Wanted.— M«'ssrs.  Meail,  \Vright.son  &  Co.  (Ltd.).  Teesdale 
Iron  Works,  Thornaby-on-Tees,  advertise  for  generating  plant  of 
250  H.r.  to  51)0  ir.r.  foriOO  5(M)  volts,  d.e. 

An  advertiser  rcMpiires  two  or  three  d.e.  motors.  I  n.r.  to  '.]  ii.r.. 
for  100  volt  cinuits. 

LIQUIDATIONS,  &c. 

A  meeting  of  <Toditors  of  Xorman  \-  IJoanl  (Lt<l.)  (in  vol.  Ii(j.)  will 
be  held  at  Cannoii-Nlreet  Hotel.  Iy<indon.  K.C.  on  April  2«. 

A  petition  has  been  pr(>sented  to  the  Court  o\  Sessicm  (First 
Division).  Kdinburgh.  for  tlie  appointnu'nt  of  .Mr.  Wm.  U.  (Jalbraith. 
C..\..  (ila.sgow.  as  voluntary  li(piidator  of  the  Light  Electric  .Motor 
Co.  (Ltd.)  along  with  Mr.  David  B.  I^urie.  4;iO.  St.  (.'eorge's. street, 
(ilasgow.  the  present  voluntary  li(piidator.     .\n  interlocutor  by  the 
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ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Accrington. — The  L.G.  Board  have  sanctioned  the  scheme  for  the 
extension  of  the  electric  generating  plant  and  the  erection  of  a  new 
chimney  and  Hues  at  the  destructor  works.  The  new  generating 
plant  will  cost  £14,000,  and  the  boiler,  chimnej-  and  flues  £7,000. 

Altrincham. — The  Altrincham  Electric  Supply  (Ltd.)  has  success- 
fully j)ut  into  commission  its  first  turbo-alternator  set,  which  is  one 
of  1,8.50  k.v.a.,  by  the  British  Thomson-Houston  Co.,  with  Cole, 
Marchent  &  Morley  surface  condenser  and  Rees-Roturbo  pumps. 

Barnes. — Electric  supply  mains  are  to  be  extended  to  the  Beverley 
.vorks  of  Dehon,  Godar  &  Co. 

The  firm  will  pay  the  cost  of  the  work,  provided  the  Coimcil  refimds 
.50  per  cent,  of  the  then  market  price  of  the  cable  if  the  firm  vacates  the 
factory-  in  the  next  18  months,  the  cable  then  becoming  the  property  of 
the  f'oiiiicil. 

Birkenhead. — The  L.G.  Board  have  refused  to  sanction  a  loan  of 
£6,400  for  additional  electrical  plant,  mains,  extensions,  &c. 

Bolton. — The  Corporation  have  received  sanction  to  a  loan  of 
£2.281  for  the  electric  supplj'  department. 

Cardiff. — The  Electric  Lighting  Comlnittee  have  decided  to  extend 
the  Hayes  sub-station,  at  a  cost  of  £1,200. 

Swansea. — Mains  are  to  be  extended  to  Morgan-street,  Hafod,  at 
an  estimated  cost  of  £150. 

Wolverhampton. — Last  week  the  Corporation  sanctioned  the 
expenditure  of  £17,1(50  on  extensions  of  the  generating  plant  to  eoiie 
with  the  load  required  during  the  winter  of  1917. 

Councillor  Gibson  said  the  demand  for  electricity  had  been  so  rapid 
of  late  that  it  was  ab.solutely  necessarj'  to  take  steps  to  secure  an  ample 
su])ply  as  soon  as  possible. 

It  was  al.<o.  decided  to  make  a  general  increase  of  10  ]>er  cent,  on  all 
electricity  accounts  where  it  may  be  legally  made,  such  increase  to  date 
from  the  quarterly  reading  of  the  meters  taken  in  June  next. 

GENERAL. 

Bridlington. — .A  revised  scale  of  charges  for  the  supply  of  electrical 
energy  will  come  into  force  after  June  24. 

For  ligiiting.  the  charge  will  be  5Jd.  per  unit  up  to  500  unit*  per  quarter, 
5d.  per  unit  uj)  to  1.000  units.  4Jd.  up  to  l.-JCK)  units,  and  4d.  ]>er  unit 
exceeding  1  .^(Kl  units  jtor  (piarter.  For  iuating  and  <  ooking.  2d.  i>erunit 
will  be  charged  u))  to  100  unit*  per  quart<T.  and  1  Jd.  ]>cr  unit  exceeding 
loo  units  i>cr  (juarter. 

Brighton. — It  was  rejHjrted  to  the  Council  last  week  that  the 
engineer  and  manager  (Mr.  .lohn  Christie)  had  advised  the  acceptance 
of  an  ofler  by  a  linn  actijig  on  Ix'half  of  the  (iovemment  autliorities 
to  jjurchase  four  l)oilers  (with  the  option  of  a  fifth)  and  two  Willans 
engines  and  generators,  with  a  section  of  piping  and  the  old  feed 
pumps  at  Xorth-road  work.s. 

The  offer  wa>i  t.").")0  ]x'r  boiler  and  £l,2.Vl  per  engine,  making  a  total  of 
£4,70(>.  This  mailiinerv  was  originally  p\irchased  between  18517  and  189!) 
at  a  cost  of  ll  l.(KMi.  :»n<l  as  the  loans  wen-  obtained  over  a  period  of  21 
years  they  were  now  nearl\  extini:uishe<l.  The  plant  would  never 
again  Ik*  n-qnired  at  Xorth-roaii.  and  in  Mr.  Christie's  opinion  the  otTer 
was  an  exee]»tionally  t'ood  one  for  s<»e«ind-hand  i)lant  of  that  cla.ss. 

The  Council  then-ftin*  decided  to  a<'«-e)>t  same.  The  ])UR-haser  is  to 
dismartle  and  remove  the  machinery  at  his  own  exi>ense  ;  payment  is  to 
!)(•  made  at  rate  of  10  ])ereent.  of  the  punli.ise  prit-e  on  acceptance,  and  the 
bal.inre  within  14  days  after  the  jilant  lias  Ik-cu  handed  over  to  tho 
Hailway  Conqmny. 

The  Lifihtim:  Cummittee  have  elerted  their  Chairman  (Councillor 
Lintott)  and  the  Knginoer  (Mr.  John  Christie)  to  nqircsont  the  Con>ora- 
tion  at  the  busine.'is  meetin!r»  of  the  Im  un>oratod  Municipal  Electrical 
Ass<M<ia(ion.  to  Im*  hold  in  I^mdnn  on  June  ~'2  and  23  next. 

Islington  (London). —The  Lighting  t'ommittoo  has  adopted  the 
Elect ri(al  Knguii«<'rs  suggesticm  that  for  certain  arc  I.xnips  high 
eandlejMiwer  metJillie  til.iment  iamjis  shouhl  1k^  substituted  in  the 
glolM's.  The  annual  saving  (exclusive  of  energy)  Is  estimated  at  a 
mininnnn  of  1"S.">. 

Municipal  Loans. — We  are  iiifonuod  tliat  the  Local  tlovemment 
li«»ard  has.  on  an  application  made  by  the  B.E.A.M.A.,  extended 
the  jM^riod  for  the  repayment  of  loans  in  n^speet  of  storage  Iwtteriea 
from  sevfu  years  to  10  years.  8Jitisfa(  lory  guarantees  l>eing  given. 
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Poplar  (London).— The  Electricity  Committee  is  of  opinion  that 
a  temporary  increase  of  10  per  cent,  for  current  for  power  and  public 
lighting  is  necessary. 

It  would  be  pcssiblo  to  carry  on  the;  undertaking  at  the  jdcscnt  rates 
of  charge  without  incurring  any  Iosk  on  the  year's  working,  but  it  would 
then  become  necessary  for  the  Committee  to  decline  to  supply  intending 
consumers,  as  funds  would  not  b(!  available  for  laying  services  (for  which 
loans  cannot  now  be  raised)  and  installing  meters  and  wiring;.  It  is 
estimated  that  the  proposed  increase,  after  making  allowance  for  pro- 
bable decreased  demand,  would  enable  a  surplus  of  not  less  than  £'>,()()() 
to  be  earned,  while  if  coal  is  obtained  at  2s.  (id.  per  ton  less  than  estimated, 
the  estimated  surplus  would  be  £10,000  for  the  ensuing  year.  An  annual 
surplus  of  not  less  than  the  latter  sum  is  required  to  meet  all  demands 
upon  the  undertaking  and  maintain  the  policy  of  providing  for  new  ser- 
vices, meters,  &c.,  and  the  writing  down  of  plant  out  of  revenue.  It  is 
not  considered  desirable  to  increase  the  charges  for  private  lighting. 

The  Committee  proposes  to  instal,  experimentally,  a  Cumberland 
electrolytic  process  on  a  Babcock  boiler  and  economiser  at  the  works  at 
a  cost  of  £200.  Should  the  process  achieve  the  results  claimed  for  it,*the 
Committee  anticipates  that  the  cost  of  installation  can  be  met  in  a  year. 

The  Council  are  recommended  to  grant  a  war  bonus  to  their  staff  of  10 
per  cent,  on  present  normal  salaries  and  wages  (including  emoluments) 
under  £200  per  annum  ;  7i  per  cent,  on  £200  and  under  £300  ;  and  ~>  per 
gent,  on  £300  and  upwards.  In  the  case  of  the  electricity  department  it 
is  proposed  that  those  who  have  received  war  bonus  or  increase  due  to 
the  war  should  have  the  amount  made  up  to  10  per  cent.,  and  should  a 
profit  bonus  be  available  at  the  end  of  the  ensuing  year  the  aggregate 
amount  paid  as  war  bonus  during  the  year,  as  proposed,  to  be  deducted 
from  each  individual  share  in  profits. 

Rhyl. — The  Council  have  empowered  the  electricity  committee 
to  carry  out,  at  a  cost  of  about  £200,  certain  alterations  of  the  Diesel 
engines  to  enable  them  to  use  tar  oil  fuel  instead  of  crude  paraffin. 

Southend-on-Sea. — Owing  to  the  increase  in  the  price  of  materials, 
the  Electric  Light  Committee  has  agreed  to  pay  the  contractors  for 
the  supply  of  joint  boxes,  an  extra  sum  of  2icl.  per  box  in  respect  of 
250  boxes  recently  ordered  by  the  Electrical  Engineer. 

Subsequent  to  the  decision  of  the  Council  in  January  last  to  pay 
£1,680.  los.  3d.  to  Callender's  Cable  &  Construction  Co.  for  cable  ordered 
in  December,' 1914,  in  connection  with  the  proposed  supply  of  cm-rent 
in  Leigh  (payment  for  which  had  been  delayed  in  consequence  of  the 
L.G.  Board  withholding  sanction  to  a  loan)  a  portion  of  the  cable  had  been 
commandeered  by  the  Government.  The  company  has  offered  either 
to  replace  such  cable  now,  undertake  to  replace  it  at  the  termination  of 
the  war  at  tha  original  contract  price,  or  credit  the  Corporation  with  the 
value  (£480),  plus  £210,  being  the  increased  value  of  the  copper  at  the 
existing  market  price,  thus  reducing  the  amount  payable  to  the  firm  to 
£990.  los.  3d.     The  Committee  has  decided  to  accept  the  last-named  offer. 

Watford. — The  Urban  Council  is  applying  to  the  L.G.  Board  for 
sanction  to  the  borrowing  of  £3,300  for  the  electric  supply  depart- 
ment. 

West  Ham. — The  electrical  engineer  (Mr.  J.  W.  Beauchamp) 
reports  having  obtained  quotations  for  further  automatic  protective 
devices  to  be  used  in  connection  with  the  three  main  generators,  and 
that  he  proposes  to  put  these  on  order  immediately. 

The  Council's  contract  with  the  Fuller  Electrical  &  Mfg.  Co.  for  the 
supply  of  motors  for  the  sales  department  terminated  at  the  end  of  March. 
Mr.  Beauchamp  invited  nine  leading  firms  to  send  in  quotations,  but  only 
four  replied.  Out  of  these  the  Fuller  Co.  was  the  only  complete  one, 
their  prices  (although  much  higher  than  last  year)  being  slightly  lower 
than  any  one  of  the  other  three  on  most  of  the  items,  and  slightly  higher 
on  two  or  three  o:.her  items.  The  firm  intimated,  however,  that  they 
would  not  enter  into  a  contract,  and  reserved  the  right  to  increase  prices 
by  a  month's  notice.  Under  the  circumstances  the  engineer  proposes 
to  continue  to  buy  from  the  company  until  such  time  as  it  seems  de- 
sirable to  make  another  contract. 


LIGHTING  &  POWER  NOTES. 


Electricity  in  Quarries. — The  report  of  the  Inspector  mader  the 
Metalliferous  Mines  Act  (Mr.  Hugh  Jolmstone)  for  the  Midland  & 
Southern  Division  of  England  for  1914,  was  recently  issued. 

It  states  that  the  total  output  of  minerals  during  the  year  showed  a 
decrease  of  30,312  tons.  Electrical  plant  of  a  total  of  5,835|  h.p.  was 
employed,  4,422Jh.t>.  above  ground  (for  winding,  ventilation,  haulage 
and  miscellaneous  purposes),  and  1,413  h.p.  below  ground  (for  haulage, 
pumping  and  miscellaneous  work). 

Electrolytic  Treatment  of  Zinc. — In  a  statement  issued  by 
'Amalgamated  Zinc  (de  Bavaj^'s)  (Ltd.),  the  dii'ectors  report  that 
investigations  are  proceeding  in  America  regarding  electrolytic 
treatment  of  zinc  concentrates.  Commercial  possibilities  of  the 
process  contemplated  depend  to  a  large  extent  on  cheap  power,  and 
the  chairman  has  obtained  from  the  Tasmanian  Government  a  satis- 
factory offer  under  which  all  power  recpiired  will  be  su])plied  by  the 
hydro-electric  department. 


Emergency  Lighting  ol  Passenger  V^Mb.— Tt  i*  r. 

Lnited   Slates  Stc;i.iiibo;if,    lri-i»>-<  tioii   .^v-rvice  haii 
regulations  as  to  emergency  li|?ht«  on  }MUMenger  8hi[/- 

The  emergency  radio-trdi-graph -*    -        ^    -■ 
source  of  {Kjwer  to  operate  th<-ir 
storage  battery  shail  be  prop'  ■ 
has  been  designciJ,  and  it  is 

the  charging  circuit  wh.-n  th<-  battery  ha»  >>«?n  ctvargtrd. 
equipjrtd  with  overload  and  underkiiad  automatic  «*;•■  '  - 
excessive  charging.     Should  an  accidi-nt  require  the 
lights,  an  officer  or  wheelman  on  the  bi    ' 
push  button  on  the  steering  head  of  tb 
placed  in  the  main  passage wayM,  in  th-   |. 
rooms,  ever  the  doors  leadinjr  to  the  di<k-, 
lifeboat  deck.,,  on  the  boat  deck  in  imm«(liat«'  vioinity  of 
rafts,  and  the  auxiliary  current  eircuito  are  ah'       -  -      '    ' 
lights.     These  lights  are  arrange<i  on  three-  < . 
leading  to  the  charging  panel.     On  th"  f' 
used ,  on  the  jjassengcrdeck  .'i-amfjere  fus»-s, 
fuscB.     In  the  event  of  an  accident,  should  the  water 
deck  circuit,  the  lower  fuses  will  blow,  allowing  the  h^.. 
decks  to  remain  lighted.     The  auxiliary  litjhtn  can  h>e  »o 
illuminate  the  Ufeboats,  .so  that  in  case  of  accident. 

Ilford. — The  public  lighting  estimate  for  the  ensuinj 
shows  an  allowance  of  £1,000  for  reduced  lighting. 
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TRACTION   NOTES. 


I 

Plymouth. — The  Board  of  Trade  have  sanctioned  the  boirowinff 
of  £111,706  in  respect  of  the  y)urcha.se  of  the  Devonjjort  4  Di-" 
Tramways  Co.'s undertaking, the  tenn  for  repajTnent  being  'V>  vr.^r-. 

The  cost  incurred  by  the  Corporatioi.  in  connection  with  the  traniwav- 

arbitration  was  £7,73.5. 

Croydon  Tramway  Strike. — This  strike  still  continueti.  the  Cor- 
poration having  declined  to  submit  the  dispute  to  arbitration.  Over 
20  cars  are  ruiming  at  present.  7 

Manchester-Bury  Electric  Railway. — On  Monday  the  electric 
service  between  Victoria  Station,  Manchester,  and  Bury,  on  the 
Lancashire  &  Yorkshire  Railway  was  inaugurated.  '^ 

Women  Tramcar  Drivers. — Southend  Light  Railwax-  <  . mmuiee 
has  decided  to  endeavour  to  Hnd  suitable  women  antl  girls  with  a 
view  to  employing  them  as  terajx)rary  tramcar  drivers.  -     --^   y, 

J 

EMPIRE  NOTES.  g 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIillllllllllllllllllllllllH^ 

Australasia.— The  18th  half-yearly  accoimts  of  the  Adelaide 
Municipal  Tramways  Trust  (for  the  six  months  endeti  -Ian.  31 
last)  have  been  handed  to  the  Commissioner  of  Public  Works, 
Adelaide,  for  submission  to  Uie  tiovenior. 

The  total  amount  of  the  advances  from  H.M.  Government  i>: 
of  construction  of  electric  tramways  is  £l,r>.32.2(i7.  of  which  il.-i  _.v. ;  . 
outstanding,   and  the  amount   of  capital  expenditure  over  balanc*  of 
advances  bv  H.:M.  Govemnu  nt  is  £21H>.S09.     The  total  ivvenue  for  -^- 
half-year   was   £lti0,463   (compared   with    ll.")7.U9   in   the   six   m. 
ended  Jan.  31,  1915),  operating  expenses  wciv  £97.20»i 
and  total  appropriation   £ti4.o79  (against   £ti2.431),   ir 
sinking  fund  and  £9.121  (against  £S.t58t>)  reserve  for  renewals,  m..-     , 
the  tolal  cxpendituiY  £1(U,7S«  (£l.")9.012).      Revenue  |H>r  ear-mik-   a.i^ 
16()08d.  (15020d.)  and  operating  exi)enses  were  9t»Sld.  (i>-22o,L).^ 

The  chief  ensineer  and  general  manager  (Mr.   \V.   (.1.  T.   <• 
states  that  reserves  amount  to  £2S7.iU9  ( including  sinkin-  fund  *- 
Reserve  for  renewals  amounts  to  £97.42t>.  and  the  oi 
have  been  made  against  this  rt>serve  amount  t  •  £I.S13.  \» 
for  insurance  amount  to  £7,92(i.     The  net  deficit  for  the  h 
meeting  all  statutorv  charges  was  £1.322.  but  wages  paid  i.-  .- 
of  employes  who  have  <>niisted  for  active  servu-o  aniounteil  t 
Surplus  revenue  over  operating  exjienses  was  S-  •  .v>  )> 
cost.     After  meeting  all  obligations  to  date  the  wi 
purciiase  monev  (£87,030)  has  been  paid.      I'nder  uorn 
revenue  wouUrhave  been  at  least  £U».540  more,  but  ti  . 

retrencluucnt,  and  no  num  have  been  put  on  short  time.  l>urinj:  th«» 
Trusts  nine  vears'  ownership  of  the  .system  «he  revenue  ha-sl^n 
£2,120,02(1,  aiid  e.xpemlitu.e.  including  statutory  eharves.  t- . i  io.mh, 
leaving  balance  of  appropriation  account  available  £3.h>4. 

The  last  half-vearlv  report  of  the  Broken  Hdl  l>y.  to.  states  that  .t 
was  recently  decidcl'to  add  four  mon-  oix<u  hearth  furnace  to  • 
already  in  operation  to  increase  the  output  of  steel,  and  also  toe- 
more  rolling  miUs,  a.ul  to  add  a  further  l.tXW-kw.  generating  plant  at  the 

power  sU|jm.^^^^  (N.S.W.)  coiTos|Huulent  of  the    •  -Wstralian  Miiung 
Standard  "  states  Ouit  the  electric  safety  lamp  made  by  th-  W «>     - 
Lamp  Co.  and  adopted  by  the  South  Bulli  colliery  is  found  to^     - 
factory  .^iviu"  a  bettor  light  than  the  oil  lamp,  while  the  work  of  keopmg 
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it  in  going  order  is  less.  The  majority  of  the  employees  express  apprecia- 
tion of  these  lamps,  of  which  there  are  between  500  and  600  in  th^  mine. 
At  a  recent  meeting  Sydney  (N.S.W.)  Council  decided  not  to  accept  any 
tender  for  annual  supplies  of  electrical  accessoriej,  wires  or  cables.  It 
was  announced  that  the  electrical  engineer  would  shortly  recommend 
that  no  further  extensions  of  overhead  mains  be  made  until  bare  copper 
conductor  is  purchased  at  a  price  more  near  the  normal  than  is  poRsible 
at  present. 

Electric  Smelting  in  Newfoundland.— It  is  stated  that  an  electric 
smelter  was  recently  installed  at  St.  .Johns,  Newfoundland,  and  in 
the  initial  test  on  copper  ore  from  the  Little  Bay  Copper  Mines  the 
plant  Morked  admirably  and  a  high  grade  of  copj)er  was  ])roduced. 
The  plant  will  smelt  about  1 ,0(X»  lb.  of  ore  ])er  hour,  and  is  owned  by 
the  Hydro  Electric  Smelting  Co.  (Ltd.). 

India. —  ■  Indian  Engineering "  says  Ootacaniund  Municipal 
Council  has  resolved  that  the  question  of  electric  lighting  of  that 
town  with  suction  gas-driven  plant  must  stand  over  in  consequence 
of  the  high  i)nce  of  suction  gas  engines  and  the  probability  that  they 
might  not  be  obtainable  at  all  at  present.  Nevertheless,  Mr.  Jackson, 
of  Messrs.  Siemens  Brothers,  will  visit  the  station  and  investigations 
will  be  carried  on. 


FOREIGN   NOTES. 


Argentina.— The  "Review  of  the  River  Plate"  says  a  public 
electric  light  service  has  been  inaugurated  at  Diamante  fEntre  Rios). 

The  Ministry  of  Finance  has  authorised  the  Direccion  General  of  the 
Port  of  Buenos  Ayres  to  arrange  with  the  Ccjmpania  Italo-Argentina  de 
Electricidad  for  the  sus])ension  of  the  works  of  renewal  of  ligliting  material 
for  three  years,  the  executive  power  reserving  the  right  to  remove  the 
su.spensi(m  at  any  time  in  which  case  the  comjjany  would  be  required  to 
resume  tlie  works  within  seven  months  from  date  of  notification.  This 
decision  represents  a  saving  of  ?2:},000  gold  per  annum,  so  long  as  the 
arrangement  subsists. 

China. — It  is  desired  to  obtain  samples  and  models  of  engineering 
products  of  United  Kingdom  manufacture  for  the  engineering  school 
of  Peking  I'niversity.  The  consulting  engineers  (whose  name  can  be 
obtained  from  the  Board  of  Trade,  73,  Basinghall-street,  Ix)ndon, 
E.C.)  desire  to  get  into  communication  with  United  Kingdom  manu- 
facturers who  would  be  willing  to  present  the  necessary  a])paratus 
eitlier  free  of  charge  or  on  specially  favourable  terms. 

Chosen.—Seoul  Mining  Co. — The  following  extracts  from  the 
report  of  the  Directors  of  the  Seoul  Mining  Co.  for  11)14  arc  taken 
from  the  "  Far  PLastern  Review  "  :— • 

The  erection  of  the  electric  power  plant  has  been  completed  under  the 
direction  of  the  managing  engineer  of  the  electrical  dei)artment.  Mr.  H. 
Maki,  and  is  jxTforming  its  full  expected  .-service  with  comi)!ete  regu- 
larity. Ill  the  report  on  the  Conipaiiys  .Swan  Concession  at  Holkol  it  is 
stated  that  the  change  from  steam  to  ele(  trie  motive  power  has  been  made 
at  the  Suan  mine  and  mill.  an<l  the  plant  is  working  satisfactorily.  In 
his  report  on  the  power  jilant  Mr.  Maki  says  the  oarly  jiart  of  the  year 
was  not  suitable  fr)r  outdoor  work  on  account  of  the"  weather,  but"  the 
erection  of  the  steelwork  for  the  jiower-house  liiiilding  was  completed 
during  .May.  The  transmission  line  from  the  generating  .station  to  the 
half-way  lioiise  was  completed  in  May.  but  a  ll(»o(i  in  .July  washod  away 
4  miles  of  the  transmission  line,  which  lias  since  been  re-ereetcl  uinm 
higher  ground.  At  the  time  of  the  floixl  some  of  the  equipnuMit  was  being 
transported  uj)  tin;  river  to  Tain  Howie  aii<l  tlie  heaviest  transformers 
were  under  water  when  j.hucd  |.-)ft.  .il)ovo  the  usual  water  level  of  the 
river.  These  were  dried  out  and  no  injury  was  done.  The  transmission 
line  was  com[)leted  and  ready  for  use  in  October.  The  generating  station 
equipment  consists  of  i\\u-v  baileries  of  waler-tulx-  boilers  with  sujkt- 
heaters  and  chain-grato  stokers,  two  feed-water  jiumps,  two  .steam-feed 
water  heaters  and  two  stoker  engines  ;  two  l.dUO  kw.  turlx.  ;:eneralin" 
sots  with  direct -con  iiected  exciters,  live  switchboard  jmiiels,  four  400  k.  v-.C 
power  traiisforiners.  four  ;t(»  k.v.a.  auxiliary  motor  transformers,  two 
electric  mot()r-<lriven  surfact-  conden.sers  aiid  two  intake  pUin)H<.  one 
6-ton  electric  wharf  crane  and  one  12-tnn  travelling  crane. 

One  wooden  pole  line  was  erected  for  the  tninsmission  of  44.000  volts. 
thi-ce-]ihaso  current  from  generating  station  to  I'aini  Chmijj.  a  distance 
of  :{4  miles,  from  which  point  the  lines  diverge  to  the  Sxtarie  and  the 
Tul  .Mi  Cliiing  substations,  where  the  voltai,'i'  is  sfep|MMl  down  to  440 
volts.  At  the  Soctarie  substation  there  are  four  I.^O  k.v.a.  transformers, 
four  150  k.v.a.  .stei»-down  tran.sformers.  three  switchboanl  j»nneis  with 
instruments  to  control  incoming  and  outgoing  innver  and  measuring 
instruments,  and  Hi  dilTerent  si/cd  mill  motors  witli  panels. 

The  llolkol  sub  station  is  e(|ui|i]>e(l  with  four  ".'i  k.v.a.  air  rompres.'«or 
motor  transformers,  two  |>ancls  w  itli  instruments  fm  'i>nt rolling  incoming 
power  from  the  Soctarie  sub  station  and  synchronous  motor  of  21(1  n.r. 
for  air  compre.ssor.  The  Tul  Mi  Chung  sub-statioiiH  are  in  eoiu>e  of 
construction.  At  the  generating  station  one  l.OtHt  kw.  generating  set 
was  ready  to  operate  in  October  last. 

('hot,  II  lliiilwni/^.-  In  the  report  on  the  Chosen  ISailwnvs  Un  the  year 
ended  M,u\\\.  1014.  the  Dire.tor  of  tho  Railway  Mureiui  states  that 
amongst  the  improvements  during  the  year  was  the  pquip]iing  of  three 


carriages  with  electric  lights  and  fan.s.  The  telegraphic  apparatus  in- 
stalled numbered  137,  telephonic  934,  and  blocks  267.  Kailwaj-  tele- 
graphic stations  numbered  144  ;  railway  messages  dealt  with  were 
3,702,410,  and  public  messages  247,777-  There  are  two  generating 
stations  with  engines  of  830  h.p.  and  generators  of  466  kw.  There  are 
34  arc  and  6,297  incandescent  lamps.  Besides,  those  installed  in 
carriages  numbered  1,97.5  in  all. 

Light  railways  and  tramways  in  Chosen  in  operation  at  the, end  of  the 
year  wjre  five,  namely,  the  system  operated  b}'  the  Nikkan  Gas  &  Electric 
Co.  and  four  others  ojjerated  as  private  concerns.  The  aggregate  capital 
of  these  light  railways  and  tramways  totalled  10,426,600  yen,  of  which 
.■). 748,095  )'en  was  j>aid  up.  The  mileage  open  to  traffic  was  237  miles, 
of  which  16  miles  were  worketl  electrically  (in  Keijyo).  The  mileage  to 
be  opened  hereafter  amounts  to  181-2  miles,  including  7  miles  of  electric 
tramway  in  Fusan.  At  Kyuzan  workshops,  on  completion  of  air  com- 
pressor station  newlj-  built,  three  sets  of  boilers  and  two  sets  of  com- 
pressors were  erected  and  set  to  work,  and  in  the  erecting  .shop  a  set  of 
goliath  cranes  was  fixed  up.  The  motive  jiower  was  supplied  by  two 
sets  oi  dynamos  of  224  kw.  (one  as  standby  |,  and  there  were  15  sets  of 
motors  (649  h.p.  in  all)  and  two  sets  of  air  compressors  of  106  h.p. 

In  all  1.30  carriages  were  equipped  with  1.975  electric  lights  and  130 
with  motor  fans,  their  motors  being  59  and  batteries  1,416  in  number 
respectively,  increases  of  40  in  carriages,  710  in  lights,  69  in  motor  fans, 
18  in  generators  and  432  in  batteries.  The  total  amount  of  current 
generated  was  1.184,068  units,  while  tho  total  expenditure  was  29.31785 
yen,  of  which  59-2  per  cent,  was  for  fuel 

Electric  Zinc  Refining  in  Norway. — H.M.  Mmister  at  Christiania 
stales  t'lat  the  electric  refining  of  zinc,  which  has  been  developing 
on  a  gradually  increased  scale  at  Trollhattan  for  some  years,  has  now 
reached  an  outjjut  of  over  6,000  tons  of  refined  zinc  j)er  annum. 

Refining  is  also  Ijcing  carried  on  at  Sundlokken.  Increa.'sed  facilities 
are  required  for  smelting  the  ore,  and  it  has  now  been  decided  to  secure 
the  neces.sarj-  water-power  from  the  Glomfjord  waterfalls,  in  Nordre 
Helgeland,  Nordland.  These  falls  have  been  purchased  by  a  company 
formed  for  the  purjio.se,  and  are  expected  to  yield  12.5,000  h.p.  The 
works  are  expected  to  be  completed  by  1918. 

Portugal. — A  Bill  was  recently  presented  to  the  Portuguese 
Chamber  of  Dejnities  to  authorise  the  municipality  of  Amarante  to 
borrow  120,000  escudos  (about  £17,500)  for  a  hydro-electric  mstalla- 
tion  for  the  production  of  power  for  lighting  and  other"purjx)ses,  the 
construction  of  a  market,  water  supply,  &c. 


MISCELLANEOUS   NOTES. 


British  Industries  Fair. — The  Board  of  Trade  have  decided  to  hold 
this  fair  in  London  next  year  from  Feb.  26  to  March  9  inclusive. 
Having  regard  to  the  .satisfactory  result*!  of  the  two  British  industries 
fairs  already  held,  it  is  proposed  to  organise  the  1917  fair  on  similar 
lines  ;  ]>articii)ation  will,  therefore,  be  confined  to  manufacturers  and 
admission  restricted  to  wholesale  buyers. 

\City  of  London  Fires  in  1915.— The  Coroner  for  the  City  of  London 
and  Soutbwark  (Dr.  F.  ,T.  Waldo)  has  submitted  his  annual  return 
to  the  City  (\)r|K)ration  for  191.'). 

Dr.  Waldo  states  that  with  respect  to  his  duties  under  the  City  of 
lyondon  Fire  Inquests  Act,  165  fires  (compared  w  ith  139  in  1914)  had  been 
officially  notified  to  him.  In  148  cases  the  caiise  of  the  fires  was  deter- 
mined and  in  only  17  fires  did  the  cause  remain  unknown.  In  the  case 
of  26  fin's  (against  11  in  1914).  Dr.  Waldo  states  that,  with  the  exjiert 
assistance  of  the  City  Klectrical  Knguieer.  he  had  bcxn  able  to  decide 
that  those  fires  wen-  due  to  defective  electrical  arrangements.  In  more 
than  one  instance  during  the  ])resent  war  sus))ici<m  had  fallen  on  alien 
<nemies,  but  iiupiirv-  had  fortunately  cleared  up  tlie  matter  sat  i.sfactorily. 
The  coroner  is  »)f  ojiinion  that  the  CitA'  of  Ixm<ion  Fire  Act  (1SS8)  should 
be  ext<'nd<'<l  to  the  whole  of  the  eountr>-.  as  suggested  by  the  Home 
Oflice  Departmental  Committee  in  1909.  ^^ 

Defence  of  Realm  Regulations.  -.\  new  regulation,  which  has  been 

made  iiiid.i  the  Dcftiuc  of  the  liealin  Acts,  states  that  : —  i 

Any  person  charged  with  having  in  his  jMis-sossion  or  control  any 
tungsten  ore  or  pnxlucts  then-from.  high-sjioed  steel,  or  scrap  therefrom, 
molybdemnn.  vnnadiiim.  cobalt,  nickel,  or  any  .dloy  \ised  in  the  manufac- 
tun-  of  high-sjK-e*!  steel  or  any  other  metal  rcipiiriMl  for  the  ])ro<lurtion  of 
war  mnV-rial.  which  may  rea.sonably  Iw  siisjx'i  tisl  of  iK-ing  stolen  or  un- 
lawfully obtained,  wlxxloes  not  give  an  aeeoiint  satisfactory  to  the  CVjurt, 
sliiill  lie  guilty  of  a  summary  tiffenee  against  tlu'  regulations. 

Inquest. — .An  inquej^t  wan  heUl  on  Friflay  at  Pool  (Cornwall)  on 
Thus.  Symons,  who  wa,s  reeendy  killed  at  K;«st  Pool  Mine. 

A  witness  said  that  on  the  morning  of  the  12th  inst.  a  stay  wire  had 
iMvome  loow.  and  Symont«.  who  took  hold  of  the  wire,  immediately  fell 
to  the  ground.  The  stay  wire  was  swayinu  with  the  wind  and  when  it 
touehefl  the  electric  win's  it  transmitted  spurKs.  Deciviscni  was  fetched 
to  it   because  he  knew  something  was  wron.j. 

Mr.  R.  H.  Beukiman,  mill  suiierintendent.  said  the  man  had  been 
evidently  "  electrocuted."     It  wa«i  a  wound  wire  stay,  and  it  had  not 
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been  treated  to  be  non-conductive.  Of  course,  it  was  never  intended 
that  it  siiould  come  into  contact  with  live  wires.  It  would  not  be 
deceased's  duty  to  touch  the  wire,  but  witness  believed  he  went  to  put 
the  wire  so  that  nobody  should  b(!  hurt.  Symons  should  have  reported 
it  to  the  electrical  engineer.  There  was  a  pair  of  rubber  gloves  on  the 
premises  which  deceased  could  have  obtained  to  handle  the  wire  with 
•safety.  One  of  the  employes  used  the  gloves  to  remove  deceased  from 
the  wire.     He  also  tried  to  revive  him  by  resuscitation. 

Mr.  D.  D.  Belcham,  electrical  engineer,  said  other  than  by  outside 
covering,  there  wasno  method  of  making  stays  non-conductive.  Covering 
was  impracticable  for  wire  stays.  Symons  had  no  right  to  touch  the  wire. 
It  should  have  been  reported  to  the  electrical  staff. 

A  verdict  of  "  Accidental  death  "  was  returned,  and  no  blame  imputed 
to  anyone. 

More  Alien  Enemy  Firms  Wound-up, — Up  to  date  the  Board  of 
Trade  have  ordered  the  winding -up  of  103  businesses  controlled  by 
alien  enemies.  The  two  latest  are  the  Rhineland  Mfg.  Co.  (Ltd.), 
importers  of  ball  bearings,  69,  Wells-street,  London,  W.  (controller, 
Mr.  L.  F.  CJoodricke,  10,  Coleman-street,  E.C.)  ;  and  Xitsehe  & 
Gunther  Optical  Co.  (Ltd.),  manufacturers  of  optical  instruments, 
&c.,  66,  Hatton-garden,  London,  E.C.  (controller,  Mr.  B.  E.  Mayhew, 
Alderman's  House,  Bishopsgate,  E.C). 

Mr.  XV.  G.  Jefferys,  56,  Coleman-street,  London,  E.C,  has  been  ap- 
pointed to  supervise  the  winding-up  of  Ferrum  (Ltd.),  198  and  i99, 
Winchester  House,  London,  E.C 

Trading  with  Enemy  Firms  in  Neutral  Countries. — The  "London 
Gazette  "  of  April  14  contains  further  lists  of  firms  and  persons  in 
neutral  eoiuitries  with  M'hom  persons  in  the  United  Kingdom  are 
prohibited  from  trading. 

Amongst  the  firms  mentioned  are  :  Argentina  and  Uruguaij. — Siemens 
Schuckert  (Ltd.)  (Compania  do  Maquinaria  e  Instalaciones  Electricas), 
and  Sociedad  Anonima  Argentina  Hidraulico  Agricola. 

Tribunal  Cases. — At  the  Lancashire  County  Tribunal  last  week,  an 
electrical  engineer,  aged  26,  appealed  on  the  grounds  that  his 
technical  skill  woidd  be  of  more  service  to  his  country  than  his 
service  in  the  army  would  be.  The  ajjpeal  was  dismissed,  and  the 
military  representative  was  instructed  to  recommend^  the  man  for 
the  Royal  Engineers. 

At  Worksop  last  week  the  electrical  engineer  of  the  Urban  Council, 
Mr.  J.  P.  Crowther,  withdrew  his  application  for  exemption,  and  said  he 
had  enlisted  in  the  Electrical  Corps  of  the  Royal  Engineers.  The 
application  was  granted,  and  the  Tribunal  granted  temporary  exemption 
to  the  station  superintendent  and  also  to  two  stokers,  the  cable  jointer, 
and  the  fitter.  The  only  single  employee  (the  meter  tester)  was  put 
back  to  Sept.  1. 

"  Manchester  Guardian  "  Chinese  Supplement. — With  the  issue  of 
our  contemporary  for  the  18th  inst.  was  published  a  well- illustrated 
and  interesting  supplement  dealing  with  China  and  its  commercial 
possibilities. 

It  contains  special  articles  dealing  with  (inter  aha)  The  New  Outlook  in 
China,  The  Possibilities  for  British  Commerce,  British  Engineering  Oppor- 
tunities in  China,  The  Enemy  Trading  Question,  English  Dyes  in  China, 
The  General  Economic  Position  in  China,  Government  Railways,  The 
Civil  Service,  &e.  The  articles,  which  have  been  written  by  experts, 
contain  much  interesting  information  concerning  the  commercial  and 
industrial  position  of  China.     The  article  on  British  Engineering  Oppor- 


I   to  M;ir<  h  -H,  vkitti  in> 


tunities  in  China  ■  ■ 
field  and  lay  a  Htn 
pcrtnai.cnt  footing  m  thi   .  oiiiitc, 
Imports. — The  following  arr;  < 
material  and  apparatuH  ui>fK)rtf?<: 
1916, and  (6) the 
crease  or  decrfM-'       ,. 

Electrical  machinery',  (f/)  tKO.ftTO  (d. 
crease    £I76,9.'j2)  ;     inViudini/ 
aeroplanes,   motor  earn  and  ■ 
£4r,,04<»   (d((nas<!   £19,.-|29)  ;    an-i 
(«)  £()(),  .-)98  (decrease  i2(i,<Xi2)    1 1,,     . 
graph  and  telephone  cables  other  than  «ir 
£462),  (Ij,  £22,t)89  (increase;  £i7,4«2)  ;    t. 
ratus,   («)   £24,137   (increa.s^"   £20.ftS«),   ih 
other  electrical  wires  anfl  cableK,  nibSx-r  ir 
£2,068),  (6)  £29,94.->  (inereas.-  £1:5,61.-,)  ;    w, 
(decrea.se   £2.001),    (h)    £1,404    ((le,r<;i-i-    t4.>>:i2): 
(increase  £l,.j20),  (6)  £26,.-)t>l  (inc  rea^-  £.-,.s:{2)  ;    Jl 
(increa.se  £9,o4.5),  {b)  £49,2«l  (irrcrea.«<-  £l4.t;<»4);    a 
.searchlights,  (a)  nil  (decrease  £.'U>4),  (h)  ni!     ' 
lamps  and  searchlights  (other  than  earbon- 
(6)  £19,.599  (increa.se  £77.3)  ;   ])rimar\-  and  - 
(decrease  £2,895),  {h)  £.5.3,144  (inerea-.-  £17.  ■  ,  , 
instruments,   (a)  £2,493   (increa.se  £488),   (h)   t- 
switchboards,  («)  nil  (decrea.se  £.545),  (6)  £24h 
trical  goods  and  apparatus  unenumerated,  (a)  t- 
(6)  £72,025  (increa.se  £36,437).     Total  of  eleetn.  ii 
other    than   machinerv    and    uninsulaterl    wire,    (■; 
£48,783),  (h)  i330,805'(in.rcase  £137.2.36).       • 

Exports. — The  exports  of  electrical  machinerv,  material. 
during  March,  1916,  and  (b)  from  Jan.  1  to  March  31.  with  in. 
decrea.se  compared  with  corresponding  [jeriods  of  1 9 1 .5.wer 

Electrical  machineiy,   {a)  £104,277   (decrease   £li,t)87). 
(increase  £9,337)  ;    including  railwav  and  tramway  motor- 
(decrease  £4,624),  (6)  £11,917  (decrease  £6.659);    other 
motors  except  for  aeroplanes,  motor  cars  and  cycles,  (a)  •. 
£46),  (6)  £168,227  (increa.se  £37,891)  ;    and  electrical  n 
meratcd,  («)  £40,811  (decrease  £7,109).  (fc)  £128,113  (d.  .     - 

telegraph  and  telephone  cables,  submarine,  {a)  £42.87«i  (decrva.-i«>  £12.733), 
(6)  £68,670  (decrease  £61,805);  other  than  submarine,  (n)  »;"■<- 'u;  .{j^. 
crease  £18,560),  (6)  £159,156  (increase  £71,208) ;   telegraph  a  iie 

apparatus,  (a)  £22,509  (increase  £9,026).  (fc)  £69,922  (imrea-,    i:;:.:20); 
other  electrical  wires  and  cables,  nibber  insulated,  ('/)  £4<.i,'t74  'in<r»^!* 
£19,718,    (6)    £in,521    (increase    £4t).S31):     with    other   in- 
£62,404  (increase  £34,852),  (6)  £175,687  (increase   £f«,078)  -  .      , 

£1,198   (increase  £674),   (6)   £2.262   (increase  £743) :    glow  lamps,  (a) 
£15,390  (increase  £4,772).  (6)  £39.375  (increase  £9.4,%?) ;    arc  Ian  •      -  ' 
searchlights,  (a)  £1,832  (increase  £1,623),  (6)  £4.141  (increase  i 
parts  of  arc  lamps  and  searchlights  (other  than  ca;" 
crease  £67),  (6)  £2,955  (increase  £635) ;   primarv  and 
(a)  £19,609  (decrease  £2,431).  (6)  £57.982  (increase  £2,4MS) :   ra.  - 
measuring  implements,  (a)  £14.591  (decrease  £432).  (6)  £44,t>4:?  .  , 

£4,035)  ;   transformers,  («)  £1.206  (decrease  £3.901),  (6)  £13.^-  n» 

£3,968):    switchboards,  («)  £2,114  (decrea.^e  £4,493),  (6)  £15.:2.;..    ni.n-ase 
£1,183)  ;    electrical  goods  and  apparatus  uncnumerated.  (a)  £44,282  /in- 
crease £13,963),  (b)  £141.379  (decrease  £7.8(U).     Total  of  ele 
and  apparatus,  other  than  machiners*  and  uninsulated  win-, 
(increase  £51,203),  {b)  £906,744  (increase  £186,011). 
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TENDERS    INVITED. 


Boilers  and  Economisers. 

Tenders  are  in^^ted  by  the  electricity  department  of  the 
County  Borough  of  West  Hartlepool  for  the  supply  and 
erection  of  two  Water-tube  Boilers,  Superheaters  and  Mechanical 
Stokers.  Specifications  from  borough  electrical  engineer  (Mr. 
J.  W.  Spark)  and  tenders  to  Town  Clerk  by  April  28. 

Warrington  Electricity  and  Tramways  Committee  require 
tenders  by  noon  April  26  for  su2)ply  of  Boiler  Plant  and 
Economiser.     Specification  from  Borough  Electrical  Engineer. 

Turbo-Alternator,  Gas  Producer  Plant,  &c. 

The  New  South  Wales  Government  Railways  and  Tram- 
ways Department  invite  tenders  for  the  supply  and  erection  of 
a  2,500  kw.  Turbo-Alternator  for  the  Zarra-street  (Newcastle, 
N.S.W.)  power  house.  Specification  (No.  470)  from  the  Elec- 
trical Engineer,  and  tenders  to  Chief  Commissioner  for  Railways 
and  Tramways,  Phillip- street,  Sydney,  by  noon  May  3. 

Wanganui  (N.Z.)  Borough  CouncU  require  tenders  by  noon 
May  9  for  the  supply  and  erection  of  Additional  Plant  at  their 
tramway  power  house,  including  Pressure-type  Gas  Producer 
Plant,  Gas  Engine,  Electric  Generator  and  Switchgear.  Speci- 
fication, &c. ,  from  the  Town  Clerk. 


Tramway  Construction,  Tramcars,  &c. 

The  Direccion  General  de  Obnis  Piiblicas,  Ministorio  de 
Fomento,  Madrid,  require  tenders  by  Xay  19  for  the  coustruo- 
tion  and  workuig,  for  60  _\ears,  of  an  electric  Tnim»-Ay  in 
Bilbao,  connecting  the  existmg  system  with  the  t  .ti 

district.     ^Minimum  rolling  stock  nM|uired  to  eommi:.  ne 

motor  and  one  trailer  coadi  for  iMJssongi^rs.  and  one  motor  goods 
coach  and  two  trailer  goods  wagons.     .\n  *  •  •'  con- 

cession is  held  by  the  Sociedad  Tranvia  Url>a!i 

DuNEDiN  (a\Z.)  City  Conned  require  tenders  by  5  p.m.  May 
17  for  six  Electric  Tramcars  and  sections  of  Gary  "  '  .  Eleo- 
trical  Equipments  and  Trucks).     SjH-oitications,  .  :;i  the 

Town  Hall,  Dimedin. 

JOHANNESBVRG  (Transvaal)  Council  require  tenders  by  uih.u 
Jmie  6  for  supply  of  two  Manganese  Sttvl  Crossings.  Speci- 
fication, &c.,  front  the  3Iiuiicipal  Oftices.  Johannesburg. 

The  Public  \\orks  Dept..  Madrid,  will  rece  vo  tenders  until 
noon  May  30  for  the  Construction  antl  Working,  for  IW  years, 
of  an  Electric  Tramway  in  Meulla  (North  Africa).  The 
minuninn  rolling  stock  required  is  16  coaches,  with  motors  and 
accessories.     An  option  is  held  by  l\in  Felipe  Ezquerro. 
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Sub-Station  Equipment. 

'J'lio  VicTOKiAX  Railway  Coidhssionees  require  tenders  by 
11  a.m.  ^pril  26,  for  the  supply-  of  Electrical  Equipment  and 
Accessories  for  sub-station  for  the  Sandringham-Black  Rock 
tramway  (con ti  act  Xo.   29,762). 

Motor  Generator,  &c. 

The  V^icTORiAN  Railway  Commissioxers  require  tenders  by 
1 1  a.m.  May  10  for  Motor  Generator  and  Accessories  for  Battery 
Charging  of  Baggage  Trucks,  also  Switchboard  and  Cormections 

(contnict  Xo.  29,796). 

Water  Softening  Plant, 

Walthamstow  Urban  Council  require  tenders  by  5  p.m. 
April  26  for  the  sujjply  and  erectic.n  of  a  Water-softening  Plant, 
to  deal  with  5,000  gallons  of  water  per  hour,  for  the  electricit3- 
d  partment.  Specification,  &c.,  from  the  Engineer,  electricity 
department,  Priory-avenue,  Walthnmstow. 

Generating  Plant,  Mains,  Transformers,  &c. 

\\'i(;an  Electricit\-  Committee  recjuire  tenders  by  A]jril  26  for 
h.t.  Three-core  Cable,  Transformers  and  Switchgear.  Speci- 
fications, &c.,  from  the  Borough  f^lectrical  f^ngineer. 

Oamaru  (X.Z.)  Borough  Council  requires  tenders  by  4  p.m. 
June  2'i  for  the  sujj])ly  of  Overhead  Mains  and  Street  Lighting 
Equipment  (contract  Xo.  2)  ;  Power  Station  Kquijmient  (Peiton 
Wheels,  Alternators,  &c.)  (contract  Xo.  3);  Service  Meters 
(contract  Xo.  4)  ;  and  Line  Transformers  and  Accessories  (con- 
tract Xo.  5).  Specifications,  &c.,  may  be  obtained  at  the 
Council's  offices  on  deposit  of  £1.  Is.  for  each  contract,    i^^     . 

Joint  Boxes,  &c.      H' 

The  Town  Clerk,  municipal  offices,  .Johannesburg,  will 
receive  tenders  until  noon  June  (>  for  the  suj)ply  of  500  c.i.  Joint 
Jioxes  and  200  Hanks  of  Trolley  Roj)e  (contract  Xo.  112). 
Specifications,  &c.,  from  the  municipal  offices,  Johannesburg. 

Steam  Pipes,  &c.^ : 

Salfori)  Corporation  want  tenders  by  noon  May  8  for  high 
))ressurc  Steel  Steam  Pipes  and  Separator  ;  and  c.i.  Pipes  and 
Valves.     Spccilications  from  the  Borough  Electrical  Engineer. 

Electric  Cable,  Cranes,  &c. 

The  South  African  Railways  Administration  require  ten- 
ders by  noon  May  1  for  the  Sujtply  of  I  -Mile  of  0-9  sq.  in.  Single- 
stranded  Coj)])er  Conductor  of  Armoured  and  Lead-sheathed 
Pa|ier-insiila(('(I  Cable,  suital)le  for  660  volts  d.c.  (contract  Xo. 
TOO) ;  ami  luitil  nooti  Ma3-  i5f()r  the  supply  of  two  50-ton  Electric 
Overhead  Travelling  Cranes  for  new  erecting  shop  at  Salt  River 
workshops  (((mtract  Xo.  701).  S])ecilications  and  forms  of 
tender  from  the  Secretary,  Tender  Board,  South  African  Rail- 
way's Headquarters  Offices,  Johannesburg.  Tenders  for  the 
cranes  will  also  be  received  up  t(j  .May  15  by  the  lliph  Com- 
missicmer  for  South  .Africa,  :J2,  Victoria-street,  London,  S.W., 
at  whose  office  also  sjjocifications  may  be  obtained. 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy^ 

m  TENDERS  RECEIVED  AND  ACCEPTED.  = 


Barkow-in-Furnkss. — The     Corporation     have     accepted     the 
following  teiuU-rs  : — 

f"i(icncral  I'^lcctric  Co..  switches,  &c.  ;  Hri(i>li  liisujuti'd  iV  Hcjsby 
('ablcH,  joint  boxes  an<l  cut-f)uls  ;  ('liainlx'rlaiii  \-  Mookhnin.  niftcrP  ; 
i'Vrraiiti  (i>t(l.),  ]irc)iayiiK'nt  meters;  Drake  iV  (Jorhaei.  luetul  lilnment 
lamps;     J'opcs    KIcctric    banqi   Co.,   carbon    tilinneiit    lanijiH  ;     Writy's 


(Ltd.),  motors  ;   A.  F.  Goodwin  &  Co.,  wire,  &c.  ;   Dussek  Bitumen  Co., 
insulating  compound  and  bitumen  ;   New  Conveyor  Co.,  ash  conveyor. 

Burnley. — The  Guardians  have  accepted  the  tender  of  F.  Thorn 
ton  &  Co.  for  the  supj^ly  of  electrical  goods. 

Manchester. — The  Tramways  Committee  have  accepted  the 
following  tenders  for  .stores,  &c.,  for  the  year  ending  March  next : — 

General  Electric  Co.,  metal  and  carbon  filament  lamps,  switches,  bells, 
cells,  telephones,  &c.  ;  Drake  &  Gorham,  metal  filament  lamps  ;  L. 
Andrew  &  Co.,  mica  segments,  tapes,  soldering  fluid,  &c.  ;  British 
Westinghouse  Electric  Co.,  motor  and  controller  parts,  coils,  bushes, 
lightning  arresters,  gear  and  pinion  wheels,  &c.  ;  Electro  Mechanical 
Brake  Co.,  resistances  and  parts  ;  H.  Wallwork  &:  Co.,  grids  :  Dyer  & 
Young,  commutator  segments  and  controller  fingers  ;  P.  R.  Jackson  & 
Co.,  coils  ;  Kay  &  Co.,  brush  holders,  worm  bushes,  bolts,  &c.  ;  Engineer- 
ing .Supplies  Co.,  controller  fingers  ;  S.  Gratrix  &  Brother,  bell  pushes, 
globes,  &c.  ;  Mason  &  Brown,  bells  and  parts  ;  Micanite  &  Insulators 
Co.,  mica  cones,  commutator  sleeves,  &c.  ;  G.  Schultz  &  Co.,  mica  tubes, 
washers,  &c.  ;  Pinchin,  .Johnson  &  Co.,  varnish,  &c.  ;  Morgan  Crucible 
Co.,  carbon  brushes,  crucibles,  &c.  ;  E.  A.  Longrish  &  Co.,  carbons  ;  A. 
Wiseman  (Ltd.),  overhead  equipment  insulatint;  material,  &c.  ;  Fleming, 
Jiirkby  &  Goodall,  trolley  wheel  bushes,  &c.  ;  Connolly  Bros.,  cable  ;  F. 
Smith  &  Co.,  copi)er  cable  and  strip  and  steel  wire  and  cable  ;  British 
Insidatcd  &  HeLsby  Cables,  copper  wire. 

The  tender  of  the  British  Thomson-Houston  Co.  has  also  been  accepted 
for  three  months'  sujiply  of  motor  and  controller  parts,  motor  cases,  field 
coils,  brush  holders,  &c. 

RATH3iiNE.s. — The  Urban  Council  have  accepted  for  12  months" 
sujiply  of  house  service  cable,  house  service  and  fuse  boxes  and  meters : 

British  Insulated  &  Helsby  ('ables,  cables  at  schedule  prices  ;  and 
Reason  Mfg.  Co.,  electrohtic  meters,  at  schedule  prices.  The  tenders  for 
house  s  Tvice  and  fuse  boxes  have  not  been  settled  yet. 

St.  Helen.s. — The  Council  have  entered  into  a  contract  with  the 
Tudor  Accumulator  Co.  for  renewing  and  maintainmg  the  storage 
battery  at  the  electricity  works. 

Swansea. — The  Electric  Lighting  Committee  has  accepted  the 
tender  of  Ferranti  (Ltd.)  (at  £66)  for  the  supply  of  a  three-phase 
transformer,  and  that  of  Thomas  &  Evans  (at  £530)  for  wiring  the 
Br\nmill  and  Cwmbwrla  schools. 

TvNEMOUTH. — The  Electricity  Committee  recommends  the  accep- 
tance of  the  tender  of  the  Macintosh  Cable  Co.  for  the  supply  of 
1 10  yds.  three-core  armoured  cable  7/18  conductors,  and  for  110  j'ds. 
7  18  twin  cable. 

Barnes. — The  tender  of  the  Pirelli  (General  Cable  Works  (at 
£187.  5s.)  has  been  accepted  by  the  Council  for  the  supply  of  440  yds. 
of  three-core  distributing  cable. 

Westminster. — The  Ciuardians  have  acce|)ted  the  tenders  of 
Pope's  Electric  I^mp  Co.  for  lamps  ;  and  the  (Jeneral  Electric  Co. 
for  electric  fittings,  &c. 

Southend-on-Sea. — The  Corjjoration  are  recommended  to  accept 
the  tender  of  the  British  Insulated  &  Helsby  Cables  for  the  supj)ly  of 
()  miles  of  overhead  trolley  cable  at  Is.  4  d.  i>er  pound. 

Sydney  (X.S.W.  ) — The  Council  recently  decided  to  purchase  from 
Standard  Waygood.  Ltd..  six  current  transformers  for  Westinghouse 
10.000-volt  sAvitchboard  ;  from  the  Australian  (ieneral  Klectric  Co.. 
six  ditto,  ft>r  B.T.-H.  10,(MM)-volt  .switchboard:  from  Xoyes  Bro.-*.. 
six  ditto,  for  Ferranti  5,000-volt  switchlmard  ;  and  six  ditto,  for 
F(>rranti  lO.OOO-voIt  switchboard  :  also  a  eom|)lete  sjiare  exhauster 
for  the  suctiim  ash-nunoving  plant  at  the  juiwer  house  from  l^ibeock 
iV  Wilcox,  the  contractors  wlio  supplied  the  |ilant,  at  £S45,  f.o.b. 
(Jasgow.  and  to  jmy  the  firm  the  cost  of  shipping  to  Sydney  and 
delivery  to  site,  including  dutv  and  insurance,  amounting  to  al>out 

£:{(;s. 


FINANCIAL    MATTERS. 


COMPANIES'  MEETINGS  AND    REPORTS. 


CANADIAN  GENERAL  00.  (LTD.)  Tlie  j!r..HM  profit  for  l!tl.">  is 
Sl,2l!),r)i;{.  aiKl  afti>r  ileiluctinij  interest  and  S4I(i.2'22  for  depreciation, 
the  net  profit  is  8764, H7.S.  Diviilends  of  7  Jht  cent.  \\\\v  lieeii  paid  on 
both  the  preferemc  and  oi<linnry  siian»8.  le!»vin«;  S<>t>.:i.'»fi.  and  increnxing 
the  nnilividcd  prnlit  to  SI  .n(t7.1  "lO.  out  of  wlii<li  S"'<t(>.oO()  l,„(.«  to  reserve'. 
raising  that  fnnil  to  s:i. (Mill, Odd.  aiiil  fs7<l7.ll!l  re:ni  mm  to  te  carried 
forward. 

HOLSWORTHY  GAS  &  ELECTRICITY  CO.  At  tlie  ic.m  men  mi:  n 
was  rrpoitrd  lliat  tlw  total  reicipts  from  I  lie  jjns  luidertakinvr  wen- 
£I,(M1.")  and  from  clc<t  licit  y  supply  V^'.Kt.  .\  dividend  of  2  prr  rent,  was 
declared,  and  the  chairman  (Mr.  .1.   M'T.   Dickson)  said  the  incren.^e  in 


llllll 

the  |)ri«e  of  coal,  the  reduction  of  public  li^htinu  and  economy  by  ]»riv.it<' 
e<msumers  ha<l  preatly  affected  them. 

MARCONI  WIRELESS  TELEGRAPH  CO.  OF  AMERICA  -The  report  states 

that  for  the  M'ar  l'.M."i  (Ix-fon'  allowing;  for  n"-<i\cs)  the  not  income  is 
.S2SS.<.MM.  cotupare<l  with  $271. SSS  for  1»14.  While  propnss  lia.s  l>een 
hampen'ii  by  the  reslrirtion  of  ocenn  tr.ivel.  and  the  postponement  of  the 
>b«r>oni  Transatlanlii  wmd<«!»s  wrvice  owim,'  to  the  Kurf)|)ean  war. 
nevertheless  snlistanlinl  iniprovenient.s  havi-  Imm'u  made.  The  new 
policies  of  standardising  windes-s  e<piipment  and  cimtractinp  for  it.s  use 
on  a  ba.'»is  which  pnivide.**  a  fair  rettini  for  the  s<'.r\-icp  rendered  are  now 
well  established  with  shipowners.  Important  erononiies  in  ojieration 
have  Ihmmi  etTected  and  havo  ri-sidtod  in  a  sul>~tantial  saving.  Then-  are 
nearly  .VMl  ships  ecpnpjn"*!  with  Marconi  a]>|iaratus.  the  majority  of  such 
eipiipmenis  Iwini;  leas<>d  at  the  oomjiany's  new  n-ntal  rat«>>  for  a  term  of 
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years.     A  considerable  increase  in  tlu^  number  of  contracts  had  been 
'made,  and  among  the  largest  may  he  mcnti(m(Ml  the  equi])mcnt  of  30 
ships  oi  the  Standard  Oil  ('o.,  and  a  contract  for  standard  installations  on 
36  larf'O  power  barges  about  to  bo  oyjcrated  on  the  Mississi])))i  Itivcr. 
That  largo  equipment  of  Marconi  api)aratus  on  inland  river  barges  (the 
largest  of  which  approximates  ;j,00()  tons)  is  the  most  interesting  and 
promising  development  of  the  com])any's  marine  service  during  the  year. 
Since  the  beginning  of   191()  3.5  shi])s  have  been  equiy)ped  with  Marctmi 
apj)aratus.     Notwithstanding   that   ])ractically    all   ])assenger   traffic   to 
and  from  European  countries  has  been  suspended,  and  that  American 
shipping  has  been  withdrawn  from  tiie  Pacific;,  the  receipts  from  message 
trnftic  during  1915  were  only  about  8  per  cent,  less  than  for  1914.     There 
has  been  no  change  in  the  commercial  status  of  the  trans-Atlantic  stations, 
tiic  higli  power  equipments  remaining  closed  to  busin(!ss  on  account  of  tlic 
war.     The  British  Admiralty  still  holds  for  Imperial  Government  use  the 
English  plants  constructed  to  ojieratc  with  the  company's  Bclmar  and 
New  Brunswick  duplex  stations,  and  thus  far,  because  of  the  war,  it  has 
been  impossible  to  open  similar  direct  service  with  Norway  and  Northern 
Europe  through  tlie  newly  completed  high  power  stations  at  Marion 
(Mass.)  and  Chatham  (Mass.)     Reliable  and  rapid  service  has  been  main- 
tained between  stations  in  California  and  Hawaii,  and  the  volume  of 
traffic  shows  steady  improvement.     The  Hawaiian  stations  are  two-way 
stations,  being  constructed  so  as   to  work  with  California   and   .Japan 
simultaneously.     The  Japanese  Government  recently  notified  that  its 
new  wireless  stations  at  Funabashi  and  Otchisi,  near  Tokyo,  are  complete, 
and  tests  are  now  being  made  daily  with  a  view  to  early  inauguration  of  a 
l)ublic  service,   spanning   5,(500   miles  of  tho   Pacific.     Negotiations  on 
traffic  regulations  are  now  in  progress  with  the  .Japanese  Government 
Department  of  Communications,  and  it  is  expected  that  by  means  of  the 
.Japanese  (government  cables  the  service  will  be  extended  to  China, 
Manchuria  and  other  Far  Eastern  countries.     The  new  circuit  connecting 
the  United  States  with  Alaska  was  opened  in  August,  1915.     All  of  the 
year's  production  of  the  factory  at  Aldenc  (N..J.)  has  been  rented,  sold  to 
patrons,  or  installed  on  steamships,  in  addition  to  which  a  number  of 
sets  have  been  manufactured  on  special  order  for  the  U.S.  Government. 
The  management  of  the  company  has  effected  a  substantial  reduction  in 
exyjcnses  of  *1 11,054.     The  income  derived  from  investment  of  surplus 
funds  amounted  to  §87,010,  and  adding  $17,922  interest  on  stock  sub- 
scription, the  total  income  from  these  sources  was   $104,932,  against 
$150,274.     The  reduction  is  explained  by  the  liquidation  of  investments 
necessitated  by  capital  expenditures.     The  reserves  set  aside  out  of  the 
1915  profits  for  depreciation  have  been  determined  on  practically  the 
same  basis  as  in  1914.     After  setting  aside  all  reserves,  the  net  profits 
amounted  to  $177,316,  an  increase  of  18-.30  per  cent.     This  amount  has 
been  added  to  the  surplus,  increasing  that  account  to  §541,887. 

ORIENTAL^TELEPHONE  &  ELECTRIC  CO.  (LTD.)— The  gross  earnings 
during  1915  (including  dividends  and  interest  from  subsidiary  companies) 
amounted  to  £90,630.  17s.  6d.,  to  which .  should  be  added  certain  pay- 
ments made  under  the  deed  of  compromise  dated  June  9, 1915.  amounting 
to  £15,481.  3s.  Id.,  and  with  balance  from  1914  (£56,136.  8s.  2d.)  the 
total  is  £162,248.  8s.  9d.  Deducting  working  expenses,  maintenance,  &c. 
(£38,654.  12s.  9d.),  depreciation  of  securities  (£5,500),  interim  dividends, 
debenture  interest  and  redemption  charges  (£18,367.  15s.  6d.),  leaves 
£99,726.  Os.  6d.  The  directors  recommend  payment  of  a  final  dividend 
of  3  per  cent,  (less  tax)  for  the  year  on  the  preference  shares  (£1,500),  and 
of  6  per  cent,  (tax  free)  on  the  ordinaiy  shares,  making  10  per  cent,  for 
the  year  (£10,758.  15s.  7d.),  the  transfer  to  reserve  account  of  £70,000, 
andto  staff  pension  fund  of  £2,000,  leaving  to  carry  forward£15,467.  4s.  1  Id. 
The  company's  exchanges  continue  to  expand  and  show  improved 
revenues.  Underground  cabling  extensions  are  in  progress  at  Singapore 
and  Madras,  from  the  operation  of  v/hich  additional  revenue  will  accrue 
to  the  company.  The  Indian  local  companies  show  considerably  in- 
creased revenues.  The  Bengal  Telephone  Co.  hufi  paid  the  same  dividend 
as  for  1914  (7  per  cent.)  and  its  directors  have  decided  to  purchase  a 
central  site  in  Calcutta  for  erecting  a  suitable  building  thereon,  in  which 
will  be  installed  a  new  switchboard  equipment.  The  Bombay  Co.  has 
paid  a  dividend  of  20  per  cent.,  against  16  per  cent,  for  1914.  Both  the 
Telephone  (jo.  of  Egyi^t  and  the  China  and  Japan  Telephone  &  Electric 
Co.  have  had  a  satisfactory  year  ;  the  former  continr.es  to  pay  the  pre- 
A-ious  rate  of  dividend  of  10  per  cent.,  and  the  latter  10  per  cent.,  against 
5  per  cent,  for  1914. 

POTTERIESELECTRICTRACTIONCO.  (LTD.)— The  reventie  for  1915  was 
fl3(),167.  Is.  2d.,  the  traffic  receipts  (£119,872)  showing  an  increase  of 
£4,789,  compared  with  1914.  After  deducting  all  expenses,  including 
£11,2(59  for  debenture  and  other  interest,  the  balance  is  £40,872,  com- 
joarcd  v/ith  £35,825.  Adding  £1,698.  15s.  lOd.  brought  forward  the 
available  balance  is  £42,570.  The  directors  recommend  that  £8,036  bo 
placed  to  reserve  and  £10,000  to  renewals  account,  that  a  dividend  at 
rate  of  5  per  cent,  per  annum  be  paid  on  the  preference  shares  (£12,250). 
and  a  dividend  on  the  ordinary  shares  at  rate  of  3  per  cent,  per  ainium 
(£7,350),  leaving  to  be  carried  forward  £4,935.  The  receipts  fi-om  the 
operation  of  the  tramways  and  omnibus  services  showed  satisfactory 
increases  during  the  second  half  of  the  year.  Owing  to  the  shortage  of 
labour  working  conditions  were  exceedingly  difficult.  The  negotiations 
with  Stoke-on-Trent  (Corporation  for  the  postponement  by  the  Corpora- 
tion for  a  definite  period  of  their  rights  to  purchase  certain  portions  of 
the  company's  undertaking,  have  not  so  far  resulted  in  agreement. 

SOUTH  WALES   ELECTRICAL   POWER  DISTRIBUTION  CO.— Under   the 

working  arrangement  with  the  Treforest  Electrical  Consumers  Co.  (Ltd.) 
the  working  expenses   in   connection  with   this   undertaking  are  now 


home  by  that  company;  then-  in  no  revenue  account  U,  U-  ^ulirnitt'd  '.^r 

lUir>.     The  dirrf;torH,  however,  r«-|><.rt  that  th«?  bu 

shows  a  material  incrcuM-  durini;  th«-  y«ar,  thi-  un  . 

28,967,6.56  compan*d  with  26,.j|0,|0H  in  I'.tU.  ad  h 

units.     After  payment  of  all   .  f, 

debenture  stock  and  making 

Huq)lus  amounts  to  i<)~r>t',.  :',-,  ^.i 

in(h'btcdn(;sH  of  tl3,.'>00  to  i  ert;tiii  tii" 

extra  charges  having  Ix-en  providMl  for,  th  ' 

to  be  made  f)f  the  interest  on  the-  old  del,  (,.  . 

ending  December  31  last  (t.'i.OOi)),  leavint;  £1.7'. 

account,  and  making,  with  baiai.  ; 

£3,999.      Sani^tion  wa«  obtained  <l. 

i.s.sue  of  an  additif.nai  m>.()iH)  r,f  5  |»cr  cent,  pnor  lien  debenturv  <tt'*lt  and 

this  stf)fk  ha  '  been  didv  pla'cfl, 

WESTERN    UNION    TELEGRAPH    CO.— The  rcfjort  ffrt-  th»  •— •  —l"! 

Dec.   31   last   shows  operating  revenues,    851,171,7f>5  ; 
expenses,  inchiding  reserve,  rents,  &c.,  !M0,972.'''. '      '  ;. 

to  which  is  addeil  §1,303,925  income  from  loai. 
811,50.3,179.     Interest  on  bonds  absorUd    >>l.;j;; 
§10,167,591,  which,  with  surplus  at  D.-eeniber,  i  ■ 
adjustment  of  surj)lus,  §169,819,  makes  .S23,h69.3.31. 
§4,986,364,  leaving  surplus  at  December,  J91.5,  .Sl8.H^:.:..". -- 
revenues   increased    by    §4,907,019.     Income  from  loan*  ar 
ments  increased  27^  per  cent.,  and   net  income  increaaed  $4,7y»i.rjT, 
or  89 '3  per  cent. 

WOLSELEY    MOTORS    (LTD,)— The  report  for  1915  states  ths*.  •tf'fr 

providing  for  all  expenses,  contingencies  and  depreciation  of 

&c.,  and  after  charging  repair.s  and  maintenance  to  revenue,  li.t       ^ 

for  the  year   has   resulted  in  a  net  profit  of  £172.893.     The  director* 
recommend  payment  of  dividend  of  7  per  cent,  on  the  r     '  '        -. 

and  a  dividend  of  20  per  cent,  on  300, (K>0  ordinan.' 
placing  £30,000  to  reserve,  and  carrying  forward  £6,513. 


CITY   NOTES. 


MEMORANDA  (April  18). — Bank  rate  5  per  cent,  (since  Aug.  8,  19141. 
Consols  57^.  Consols  Pay  Day,  May  4.  Stocks  and  Shares  Ticket  Days. 
April  27  and  May  1 1 .  Pay  Days.April  28  and  .May  12.  Price  of  silver.  -iM  i(d. 

ANGLO-AMERICAN  TELEGRAPH  CO.  (LTD.)— The  directors  have 
declared  an  interim  dividend  for  the  ((uarter  ended  March  31  of  l.w. 
per  cent,  on  the  ordinaiy  stock  and  £1.   10s.  per  cent,  on  the  preferred 

stock  (less  tax  at  3s.  2d.),  payable  on  May  1. 

BRAZILIAN    TRACTION,  LIGHT    &    POWER    CO.  (LTD.)— A    quarterly 

dividend  of  1  per  cent,  has  been  declared  on  the  ordinan.-  stock. 

CEDARS    RAPIDS    MFG.  &   POWER  CO. —The  gross  earnings  for  1"'" 
were  §685.593.      OpcratiiiL'  expenses,  including  rentals. general  exi 
and  taxes,  absorbed  §48,295,  and  fixed  charges  §392,246,  leaving  a  Mir- 

plus  of  §245.0.52. 

EASTERN  TELEGRAPH  CO.  (LTD.)— The  company  announce  the  pay- 
ment by  warrants  on  .May  I  of  interest  for  the  half-year  eii'"  "  '  -'> 
on  their  4  per  cent,  mortgage  debenture  stock.  The  trai,^  : 
the  debenture  stock  will  be  closed  from  the  2(;th  to  29th  insi.  inclu»i\i-. 

GREAT  NORTHERN  TELEGRAPH  CO.   (LTD.)— At   the  gen 
which  will  be  held  at  Copenhagen  <iii  .May  6.  tho  board  w. 
pay  a  total  dividend  and  bonus  of  -2  per  cent,  for  the  year  19l.">. 
the  5  per  cent,  already  paid,  ami  to  transfer  to  n-sorvo  and  n-n.  a 
(reduced  by  £233,202.  10s.  9d.  on  account  of  depreciation  of  soi-urit    - 
and  to  the' pension  fund  £138.888.  17s.  9d..  ami  £22.222.  4s.  tW!    -•  - 
tively.      It  is  also  proposed  to  transfer  t27.777.  15s.  7d.  to  ren' 
for  cable  steamers  and  to  set  aside  £83,333.  lis.  OiL  for  cxtraoiainiiy 
income  taxes. 

INDO-EUROPEAN  TELEGKAPH  CO.  (LTD.)— The  directors  have  cUvlin  t 
an  interim  dividend  in  resitect  of  the  yivir  ending  Dec.  31.  1015,  at  the 
rate  of  £2.  I2s.  (id.  i)cr  share,  tax  five. 

KALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CORPN.  iLTO.)  — 
The  directors  have  declared  a  dividend  on  tlir  an*  at  rate 

of  4  per  cent,  iter  annum  for  the  six  months  ci\i. 

LA  PLATA  ELECTRIC  TRAMWAYS  CO.  ^LTD.)— The  accounts  for  I'll:.. 

after  ineluding   £'',614   Inuught    forward   aiui  '   "      

stock  and  other  interest,  shov.  ;'.  balamc  of  £1.:. 
recommend  to  be  can'ed  forward. 

LYMINGTON  ELECTRIC  LIGHT  &   POWER  CO.  (LTD. 
from   1914.  the  profit  for  1915  i>  12.447,  and  after  1   ^       ^ 
interest,  &c..  placing  £800  to  reserve  and  paying  t lie  divi.lcn.i  ..»  the 
5  per  cent,  preference  shan>s.  the  balance  ( l^.U)  has  Invn  carruti  (orvrarti 

READING  ELECTRIC  SUPPLY  CO.  (LTD.)  The  accounts  for  1913  show 
that,  after  paving  debcniuiv  interest.  &c..  and  st^ttmg  aside  t.l...<>»»  for 
dcprcciati.m,  a  credit  balance  of  £1.2(52  brought  in  was  rtHlm-ed  to  14,>3. 

SUBMARINE  CABLES'  TRUST.— Notice  is  given  that  in  accordance  with 
the  terms  of  the  trust  deed,  tenders  art>  invited  fn^n  the  cortihcate- 
holders  of  certificates  to  be  redeemed  out  of  suqdus  income,  accrued  to 


102 


THE  ELECTRICIAN,  APRIL  21,  1916. 


15th  inst.,  at  a  price  not  to  exceed  £120  per  certificate.  Certificate- 
holders  desirous  of  surrendering  their  certificates  on  these  terms,  should 
communicate  at  once  with  the  secretary  (Sidney  Collett),  Electra  House, 
Finsbury-pavement,  London,  E.G. 

TELEPHONE  CO.  OF  EGYPT  (LTD.) — A  dividend  of  6  per  cent,  (tax 
free)  has  been  declared  on  the  prefeired  and  deferred  shares,  making  10 
per  cent,  for  the  year  ;  £7,905  has  been  voted  for  directors'  additional 
remuneration,  and  £193,469  forward. 

VICKERS  (LTD.) — A  circular  has  been  issued  to  the  shareholders 
statinK  that  it  has  been  impossible  to  complete  the  accounts  for  sub- 
niission  at  the  usual  time  to  the  ordinarj-  general  meetinff.  which  the 
articles  of  association  provide  should  be  held  not  later  than  in  the  month 
of  April.  The  directors  are,  therefore,  compelled  to  ])ostpone  the  meeting 
to  a  later  date,  when  the  accounts  will  be  submitted.  Recognising, 
however,  the  inconvenience  which  would  be  caused  if  payment  of  the  final 
dividend  for  the  year  were  also  postponed,  the  directors  ftel  justified  in 
declaring  a  further  dividend  of  Is.  (id.  per  share  (ecjual  to  7J  per  cent., 
tax  free)  on  the  ordinarj'  share  capital  in  anticipation  of  the  dividend 
payable  for  1915.  This,  with  the  interim  dividend  already  paid,  will 
make  a  total  distribution  of  2s.  6d.  per  share,  equal  to  12J  per  cent,  for 
the  year. 

WINNIPEG  ELECTRIC  RAILWAY  CO.— llie  net  earnings  for  1915  were 
Sl,:{.'}  1,7:57,  compared  witli  !Si.(iS5,09.3  for  1914.  After  providing  for 
fixed  charges  and  dividends  amounting  to  9\  fxir  cent.,  the  net  result  was 
a  deficiency  of  $:388,898,  reducing  balance  brought  fm  ward  to  S782,598 


ELECTRICAL  COMPANIES'  SHARE  Llil.— Continued. 


METAL   PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.C.,  quote  under 
date,  April  13,  the  following  as  the  present  basis  prices  of 


Nev/  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17d. 

Solid  Drawn  Copper  Tubes 18}d. 

Brazed  Copper  Tubes Idjd. . 

Brazed  Brass  Tubes 19d. 

Brass  Wire Ibfd. 

Copper  Wire 18d. 

Rolled  Brass 16ld. 

Brass  Sheets Ifcjd. 

per  ton. 

Copper  Sheets    £150    0    0 

Spelter £97    0    0 


per  ton. 

English  Lead £35    0 

Antimony Nominal. 


Old  Metals. 


Clean  Copper  Scrap £100 

Clean  Brass  Scrap £66 

Braziery  Copper  Scrap  .... ..  £92 

Old  Lead £27 

Old  Zinc  £60 

Hollow  Pewter £120 

Black  Pewter £85 

Gun  Metal £82 


per  ton. 


Mr.  A.  Joseph,  Earl  -street,  London -road,  Southwark,  London,  S.E.,  quotes  under  date 
April  17,  the  following  approximate  prices  of  Scrap  Metai  s  : — 


per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £72    0    0 

Clean  Cooper £108    0    0 

Braziery  Copper £98    0    0 

Gun  Metal £86    0    0 


per  ton. 


Old  Lead £30  0 

Tea  Lead £28  0 

Old  Zinc £76  0 

Hollow  Pewter £135  0 

Shaped  Black  Pewter £95  0 


Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip), £80;  Commercial  Tinman's  Solder,  £115;  Blowpipe  Solder,  £120. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  as  "official  quotations"  are  not  now  issued,  but 
we  give  below  the  latest  prioos  at  whioh  actual  transactions  took  place 
on  or  before  .Monday,  Ajiril  17.  The  greatest  care  is  taken  in  compiling 
these  figures,  but  the  difficulty  of  verification  is  now  much  increased. 
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I       Pric*. 
I        Mon. 
April  17. 


Rate 
PER  cent 
Yielded. 


Electricity  Supply. 

Bournemouth  &  Pcole  E.L.  Ord 

fDo.    44%  Cum.  Pref 

TDo.     6%  Cum.  2nd  Prof 

Brompton  &  Kensington  Ord ■ 

Do.     7%  Prof 

Central  Eloc.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Debs 

Do.     44%  Pref , 

Do.     OrJ 

Do.    City  Prel 

Chelsea  Eloc.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Eloc.  Lt.  Ord 

Do.    b%  Pref 

Do.     5%  Deb.  St , 

Do.     44%  Debs ] 

County  of  London  Ord 

Do.     6%  Prof 

Do.     1st  Dob 

Do.    2nd  Deb 

Edmundson's  Eloc.  Supp.  44%  Dobs... 
Kensington  and  Knightsbrldgo  Ord.  .. 

Do.    Deb.  St   

London  Eloc.  Supp.  6%  Prof 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn..lst  Mort.  Dob.  St 
Newci-stlo  &  Dist.  E.L.  6%  2nd  Dbs  . . 
Novi.castlo-"on-TyneE.S.5%2dMt.Db.St 
North  Metropolitan  E.  P.  Supp.  6%  Pr«< 
South  London  E.a  Ord     


i5' 
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3t  4% 

10  7% 

10  22% 

25  13% 

j  10% 
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10  1°^ 

10  6 

10  1% 

St  4 

••  44% 


Electricity  Supply— coni. 

St.  James'  &  Pall  Mall  Ord 

Do.  do.  Pref 

Do.  do.  Debs 

Urban  Elec.  Supp  44%  Db.  St     

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord 

Do.    44%  Cum.  Pref 

Electric  Railways  &  Tramways. 

Britisrj  Elec.  Tractio.n  5%  Debs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord. .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.    44%  Pref 

Do      4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Ry.  Ord .'. . 

Do.     4%  Pref 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     34%  Pref 

Do.    34%  Convertible  Pref 

Do.     34%  A  Debs 

Do.     34%  Debs 

Metropolitan  Dist  Ry.  Ord 

Do.     4%  Prior  Lien     

Do.     44%  First  Pref 

Do.     6%  Perp.  Debs 

Do.     4%  Debs 

Do.     4%  Debs.  (1903-5) 

Do.     4%  Guar.  Stock 

Electric  Manufacturing,  &e. 

Babcock  &  Wilcox  Ord 

Do.    6%  Pref 

Brit.  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.     6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.  Cm.6%  Prof. 

British  Thomson-Houston  Db 

Brit.  Westinghouse  Pref 

Do.    6%  Prior  Li*  Debs 

Do.     4%  Mort.  Deb.  St 

Callonder's Cable,  &c.,  Co.  Ord 

Do.     5%  Pref    

Do.       4J%  Debs..; 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  &  Swan  U.Elec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do,     6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord.  , 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  &c.,  Ord 

Do.  Pref 

Telo^h.  Con.  &  Main.  Co 

Do.    4%  Debs 

Vickors  Ord 

Do.    5%  Prof 

Do.     1st  Debs 

Do.     44%  2nd  Debs 

Willans  &  Robinson  B.  Cum.  Pref.. . . 

Do.     1st  Mt.  Deb.  St 

Telegraphs, 


Anglo  American  6%  Pref.  Ord 

Do.    Def.  Ord 

Commercial  Cable  4%  Dabs 

Cuba  Submarine  Ord 

Do.     10%  Prof 

Direct  Spanish  10%  Prof 

Direct  United  States 

Eastern  Tel.  Co.  Ord 

Do.    34%  Pref 

Do.     4%  Dobs 

Etastorn  Extension  Tel.  Co.,  4%  Dobs.. 

Do.    Ord 

Gt.  Northern  Tel.  Co 

Indo-European    

Marconi's  Wireless  Tol.  Co 

Do.     7%  Prof 

West  India  &  Panama  Ord 

Do.     1st  Pref 

Wostorn  Telogh.  Co ^ . . . 

Do.     4%  Deb.  St. 
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St 


5 

S 
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1  1\&. 
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44 


8% 
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100  b% 


5 

St 
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Western  Union  50  yr.  Bis 

Telephones. 

r:onto  Video  Tolephn.  Ord   

•Oriental  Telephone  Ord 

Do.     Db.  St _ 

Telophn.  Co.  of  Egypt  Db.  St 

United  River  Plato  Ord 

Do.     5"o  Cum.  Prof 

I     Do.     De!v  Stk ,.... 

I       Financial  and  investment. 

Globe  Telegh.  ii  Trust 

Do.    b%  P( 

Mackay  Companies' Common 

Do.     $100  Pref     

Submarine  Csbl.-  Trust  Gorts 

j       Colonial  and  Foreign  Electric 

I  Adelaide  Elec  Supply  b\  Pref 

Do.     5%  DeLv. , 

Bombay  E  S  «tT6%  Prof , 

Do.     44%  Dei    

,  Calcutta  E.  S  Corp.  Ord   , 

Da     5%Pref  , 
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The  Wage  and  the  Output. 

Not  merely  at  the  present  time,  but  also  in  the  future  wlien 
Peace  once  more  returns  to  us,  is  the  efficient  working  of  our 
factories  of  supreme  importance.     The  employer  is  often  faced 
with  the  trouble  of  rising  wages,  so  that  the  margin  of  profit 
becomes  less  and  less.     Generally,  however,  it  may  be  taken 
as  a  principle  that  high  wages  are  comparatively  unimportant 
provided  the  output  can  be  sufficiently  large  for  given  fixed 
charges.     It  is  the  cost  of  the  unit  product  that  is  all  impor- 
tant, and  if  the  fixed  charges  or  the  labour  form  a  large  pro- 
portion of  this,  the  only  remedy  for  high  cost  is  an  increase  in 
output.     For  any  given  worker  the  wage  should  vary  both 
with  the  quality  and  with  the  quantity   of  the  product  pro- 
duced by  the  individual.     It  is  far  from  easy,  however,  to 
introduce  a  system  giving  effect  to  this  principle,  even  if  Trade 
Unions  were  not  unfavourable.     A  flat-rate  of  payment  is 
liable  not  to  give  the  desired  incentive.     Piece-work,  however, 
lends  itself  to  better  treatment  in  this  respect,  though  it  is  by 
no  means  free  from  difficulties.     Straight  piece-work  brings 
to  the  worker  a  larger  wage  automatically  if  he  works  more 
quickly,  but,  on  the  other  hand,  he  is  always  troubled  by  the 
idea  that  if  he  works  fast,  and  consequently  obtains  a  wage 
above  a  certain  amount,  the  rate  will  be  cut  down  by  the 
employer.     Moreover,  the  employer  will  not  necessarily  be 
able  to  pay  the  same  rate  to-morrow  that  he  pays  to-day, 
owing  to  competition,  and  in  the  long  run  he  may  have  to 
resort  to  automatic  machinery  to  produce  the  desired  result. 


For  a  satisfactory  business  system  it  is  necessary  to  secure,  not 
merely  increased  pay  by  increa.sed  output,  but  also  an  increased 

rate  of  pay. 


Many  of  these  points  are  considered  in  a  Paper  by  Mr.  R. 
Rankin,  of  which  we  conclude  an  abstract  in  our  present  issue. 
The  method  that  has  been  evolved  by  Mr.  Raxkix  a.ssumes  a 
certain  normal  rate  of  working  at  a  rate  of  pav  above  the 
average,  and  the  worker  obtains  some  advance  on  this  rate  if 
the  time  taken  by  him  does  not  exceed  the  normal  by  more 
than  one-third.     If  le.ss  time  is  taken,  then  the  rate  of  pay 
increases.     One  important  feature  is  that  the  worker  who  does 
his  work  in  less  time  than  the  one  hour  that  is  assumed. 
nevertheless  gets  payment  for  one  hour  and,  further,  a  certain 
percentage  ;   thus,  the  rate  of  pay  increases  considerably  with 
more  rapid  working.     One  of  the  most  interesting  parts  of  the 
Paper  is  that  giving  some  account  of  the  troubles  which  arose 
in  introducing  the  system.     Strikes  were  the  natural  outcome. 
The  results  obtained,  however,  have  thoroughly  justified  the 
change  that  has  been  made.     For  example,  the  number  of 
pieces  done  per  hour  increased  in  some  cases  more  than  three 
times  and  in  one  case  nine  times,  and  the  reduction  in  labour- 
cost  per  piece  varied  from  15  per  cent,  up  to  66  per  cent. 
These  results  were  not  due  merely  to  higher  speed  of  working 
on  the  part  of  the  skilled  worker,  but  were  partly  due  to  re- 
arrangements, so  that  skilled  workmen  were  assisted  system- 
atically by  unskilled  labour  and,  therefore,  did  not  *md  it 
necessary  to  spend  their  time  on  unskilled  work.     It  is  inter- 
esting to  note  that  once  the  men  appreciated  the  benefits 
trouble  came  to  an  end,   and,  finally,  thoroughly  amicable 
working  was  secured.     It  would  be  well  if  employers  would 
read  Mr.  Rankin's  Paper  carefully  with  a  view  to  the  future. 
There  is  only  one  criticism  we  would  make  on  the  Paper,  and 
that  is  with  regard  to  the  title.     It  is  called  "  Speeding-up." 
But  it  is  generally  recognised  that  "  a  rose  by  any  other  name 
would  smell  as  sweet,"  and  we  would  suggest  that  some  other 
term  would  be  received  better  by  the  workei-s  themselves,  and 
would  not  give  the  idea  that  thet  are  to  do  work  much  more 
rapidly  for  the  benefit  of  the  employer,  irrespective  of  any 
benefit  to  themselves.     There  is  no  doubt  that  this  subject 
will  become  increasingly  important  in  the  future  if  we  are  to 
maintain  our  industrial  position. 

Motor  Omnibuses  and  the  Upkeep  of  Roads 

For  long  enough  it  has  been  a  sore  point  with  tUi>.<o  who  are 
responsible  for  the  running  of  electric  tramways  that  motor 
omnibuses  should  have  the  right  of  running  on  streets  without 
bearing  some  proportion  of  the  cost  of  upkeep,  which  is 
necessarily  rendered  more  heavy  by  this  form  of  traffic.  It 
does  indeed  seem  like  adding  insult  to  injury  that  these  vehicles 
should  have  the  privilege  of  running  on  paving  for  the  upkeep 
of  which  the  tramway  imdertakings  are  responsible.  It  now 
appears  that  a  new  clause  has  been  inserted  by  the  House  of 
Lords  in  the  Local  Government  Emergency  Provisions  Bill, 
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prohibiting  the  use  of  any  new  route  by  omnibuses,  except  with 
the  consent  of  the  local  authority  or  the  Local  Government 
Board.  This,  of  course,  will  enable  the  local  authority  to 
obtain  contributions  to  the  upkeep  as  the  price  of  their  consent. 
As  a  general  principle,  we  do  not  think  that  it  is  wise  that  any 
branch  of  industry  should  be  placed  at  the  mercy  of  a  com- 
petitor and,  therefore,  we  feel  that  it  would  be  much  more 
satisfactory  if  some  regulations  could  be  adopted  by  means  of 
which  this  class  of  traffic  contributed  a  suitable  amount  to  the 
upkeep  of  the  roads,  or  alternatively  that  the  tramways  were 
relieved  from  such  contributions. 


Unusual  Foundations. 

America^-  power-station  engineers  are  now  tackling  problems 
with  which,  sooner  or  later,  many  engineers  in  this  country  will 
be  faced.  In  substituting  turbines  for  steam  engines  and  in 
building  new  stations,  up  to  a  few  years  ago  at  any  rate,  it 
was  customary  to  provide  foundations  for  turbo-generators 
of  the  same  size  as  those  which  were  being  installed  at  that 
time.  The  rapid  development  of  the  steam  turbine,  resulting 
in  greater  economy  and  decreased  cost  per  kilowatt,  has  led 
to  the  introduction  of  units  of  much  greater  outputs  than 
those  originally  contemplated,  and  the  problem  has  been  so  to 
modify  existing  and  unused  foundations  as  to  make  them 
suitable  for  carrying  the  larger  units.  Elsewhere  in  this  issue 
will  be  found  a  detailed  account  of  altering  an  unused  founda- 
tion, originally  planned  for  a  12,000  kw.  vertical  unit,  so  as  to 
carry  a  22,000  kw.  unit,  which  it  was  found  could  be  installed 
in  the  space  required  for  the  smaller  unit.  Limitations  neces- 
sitated the  use  of  a  structural  steel  foundation,  consisting  of 
cantilever  girders  bearing  upon  cross  girders,  which  are  sup- 
ported by  concrete-filled  steel  piles.  The  engineers  responsible 
for  the  work  are  to  be  complimented  upon  the  design  and  its 
workmanlike  execution. 


Applied  Science  (?). — In  a  recent  issue  of  "  Elettrotecnica," 
Carlo  Velardi  advocates  the  use  of  hydrogen  gas,  obtained  by 
electrolysis,  for  lighting  and  heating  in  substitution  for,  or 
mixed  with,  coal  gas.  Tlie  ditliculties  attending  its  use,  the 
chief  <)£  which  is  its  distriljution.  are  easily  surmounted,  while 
the  advantages  from  its  employment,  especially  in  a  country 
like  Italy,  are  great.  Its  utilisation  for  heating  and  cooking 
purposes,  he  contends,  is  easier  of  realisation  tluui  the  replace- 
ment of  coal  gas  by  electricity. 

Government  Committee  on  Trade  after  the  War.    The 

President  of  tiic  Jioard  vi  Trade  lias  a|t]»oint('(l  two  lurtlier 
Committees  to  consider  the  ])osition  of  Briti.sli  Trade  alter  the 
War,  with  Special  Reference  to  International  Comjietition.  The 
following  are  the  names  of  those  selected  to  rej)re.sent  the 
Ele(^trical  Trades  :  Hon.  Sir  Charles  A.  Parsons,  K.C.li..  K.H.S. 
(chairman),  Mr.  J.  Annan  Bryce,  M.P..  Mr.  T.  ().  Cullender,  Mr. 
James  Devonshire,  Mr.  B.  M.  Drake,  Sir  John  Snell.  All 
conxmunications  should  be  addressed  to  the  Secretary,  Electrical 
Trades  C(muniUf(>,  at  7.  Whitehall-gardens,  S.W. 

"Beama"  Journal.  The  current  is.sue  just  to  hand  con- 
tains a  number  of  articles  likely  to  be  of  interest  to  those  who 
arc  taking  thought  for  the  morrow.  Prof.  A.  W.  Kirkaldy 
contiibutes  an  article  ciitilli'd  "  A  Policy  for  tin-  Kiitiiri*  of 
British  Industry,"  ajul  Mr.  F.  B'oadbeiu  writes  on  "  The  lioard 
of  Trade  and  British  Trade  After  the  War.'"  01  the  other 
articles  may  be  mentioned  :  "  Swiss  Industrial  and  Conunercial 
Organisations."'  "  Confused  Issues  and  Po]>ular  Fallaci<-s."'  and 
"The  Neglect  of  Busin(>ss  by  Science,"  by  Mr,  T.  C.  Elder. 
Technical  articles  on  "  Electricity  in  Italy."  and  "  Kotary 
Converters,"  are  contributed  bv  Lieut.  F.  F.  M.  Thnijip  and 
Mr.  K.  n.  Wliitaker. 

Magnetic  Testing.  During  the  week  we  have  received  from 
the  Bureau  of  Standards  a  copy  of  Circular  No.  17  on  "  Magnetic 
Te.sting,"  tlie  third  edition  of  wnich  is  just  lieing  issued  by  the 


Bureau.  Since  the  operation  of  motors,  magnetos,  trans- 
formers and  generators  depends  upon  the  magnetic  properties 
of  iron  and  steel,  the  magnetic  testing  of  these  materials  is  of 
the  greatest  importance  to  the  electrical  industry.  The  design 
and  efficiency  of  such  apparatus  depends  upon  a  thorough 
knowledge  of  the  magnitude  of  those  magnetic  properties 
which  can  only  be  ascertained  by  careful  tests.  The  scope  of 
the  work  of  the  Bureau  in  magnetic  testing  is  set  out  at  some 
length  and  the  methods  of  measurement  employed  are  de- 
scribed in  con.siderable  detail.  Typical  data  and  curves  are 
given  for  representative  materials  in  common  use  and,  in 
addition,  the  more  important  empirical  fonnulae  which  express 
the  relations  between  the  various  magnetic  quantities  are 
analysed.  A  list  of  references  to  11  Papers  on  magnetic 
subjects  published  by  the  Bureau  is  given  in  conclusion.  This 
publication  should  be  invaluable  in  the  test-room  and  labora- 
tory, and  the  matter  compressed  into  50  pages  is  well  found. 
Our  readers  would  do  well  to  make  themselves  familiar  with 
the  great  work  that  is  being  done  by  the  Bureau,  and  to  students 
of  engineering  the  publications  issued  from  time  to  time  by  the 
Bureau,  and  sold  by  them  at  a  price  which  covers  merely  the 
cose  of  paper  and  printing,  are  invaluable. 

Magnetic  Amplifier  for  Radiotelephony.— Messrs.  E.  F.  \V, 

Alexanderson  and  S.  P.  Nixdorff  recently  read  an  informative 
Paper  on  this  subject  before  the  Institute  of  Radio  Engineer's 
of  New  York.  The  authors  describe  a  magnetic  amplifying 
device  for  permitting  the  control  of  radio-frequency  currents 
by  varying  the  saturation  of  the  iron-core  of  an  inductance 
included  in  the  radio-frequency  circuit.  The  arrangement 
of  windings  of  the  amplifier  is  such  that  the  controlling  winding 
has  no  radio-frequency  E.M.F.  induced  in  it,  nor  does  it  induce 
currents  in  the  radio-frequency  coils.  Various  arrangements 
of  this  ampUfier  in  connection  with  a  solid  steel  rotor,  radio- 
frequency  alternator  are  shown,  notably  those  in  series  with 
the  alternator  and  those  in  parallel.  "  Short-circuiting  " 
condensers  are  connected  to  each  of  the  radio-frequency  coils. 
A  shunt  condenser  across  both  coils  and  their  "  short-circuit- 
ing "  condensers  increases  the  sensitiveness  for  reasons  which 
are  given.  Ajiother  condenser  inserted  in  series  with  the 
entire  amplifier  is  employed  to  obtain  linear  proportionality  of 
amplification  and  increased  sensitiveness.  The  ratio  of 
amplification  is  found  to  be  proportional  to  the  ratio  of  the 
frequency  of  the  radio  current  to  that  of  the  controlling  current. 
The  control  of  the  output  of  a  75  kw.  alternator  of  radio- 
fre(juency  for  telephonic  purposes  is  then  shown  by  oscillo- 
grams to  be  accurate,  and  the  numerical  characteristics  of  alt^er- 
nator  and  amplifier  separately,  and  in  combination,  are  given. 

Lubrication  in  Practice. — An  instructive  Paper  on  this 
subject  was  read  by  Mr.  H.  W.  Petty  before  the  Association  of 

Engineers  in  Charge  at  their  last  meeting. 

It  is  pointed  out  that  in  a  modem  factory-  tlic  friction  losses  do  not 
exceed  20  per  cent.,  and  may  be  as  low  as  IH  .">  per  cent.  A  saving  in 
friction  losses  by  the  use  of  suitable  lubricants  may  reduce  a  coal  bill  by 
r>  ]icr  cent.,  and  in  addition  flie  wear  and  t<'ar  on  the  bearings  is  gn-uly 
reduced.  He  classifies  tlie  lubricants  as  solid  stii  li  as  graphite,  or  sulphur, 
semi-solid,  as  grea.«e  or  tallow,  and  liquid  oils.  Solid  lubricants  do  not 
offer  great  advantages,  .ns  they  merely  transfer  tin-  friction  surface  to  the 
material  which  coats  the  Ix^aring  surface.  Kcgarding  semi-solids, 
tallow  is  ]ireferable  to  suet  or  gn'jjse.  (irc.'UjT  cflicicncy  can  sometimes 
be  obtained,  however,  by  using  gn-ase  instead  o{  oil.  So  far  as  oils  are 
concerned,  they  may  Ix-  cither  animal.  veg<'tal>ic  or  mineral.  The  «ise  of 
ball  and  roller  Ix-arings  n-duces  friction,  and  sf»  act*  like  a  lubricant. 
Many  lubricators  are  faulty,  nmniug  too  fast  when  full  and  rice  rrrea, 
but  ring  lubricators  liave  the  grcKt  advati'  '  constant  supply  of  oil, 

automatic  feed,  and  little  or  no  wa-<te,      <  il  in  an  oblong  slot  in  a 

pbimmiT  block  may  only  rtvpiin"  attention  cii'i  in  six  months.  In  the 
case  of  .ylinder  lubriiiition  for  gas  or  oil  «'ngiiirs  the  oil  used  should  have 
a  flash  ])oint  not  Inflow  420'^F,,  and  not  too  gr»>at  viBcosity  ;  also  in  the 
larger  sizes  of  engines  it  is  preferable  to  use  n  high  grade  oil  for  the 
cylinders  and  a  lu-avy  viscous  oil  for  the  Ix-arini^s.  Filten'd  oil  from  the 
cylinders  sliould  Ix*  used  for  general  lubrication  p\irjioscs  only,  and  never 
for  the  «  ylinders,  Thi>  lubrication  of  Ibi  si  1  engines  and  turbines  is 
next  dealt  with,  an<l  st  am  cylinder  lubri<atinn  is  stjUodto  be  controlle<l 
to  some  <"xtcnt  by  the  method  of  introducting  the  lubricant,  Mci  lia- 
nical  lubrication  in  this  case  is  preferable  to  sight  feed,  and  some  form  of 
atomiser  should  1)0  used  to  prevent  the  oil  gome  in  rn  inasfif.  For  low- 
]>n>ssurr>  cylinders  the  flash-]ioint  should  l>c  ."<.'>0  V..  high-pressure  super- 
heat .V.t.")^K..  and  have  Hodwood  viscosity  at  2."><»  F.  of  fi.")  in.  and  SO  in. 
^  n'spc<-tively.  The  oils  should  Iw  hydro-carbon,  and  fluid  at  t'itt  F.,  and 
entirely  free  from  acid  or  alkali.     Tests  of  mixtures  of  graphite  with  oil 
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did  not  appear  to  reduce  the  oil  consumption.  Using  supcrhoated  steam 
there  was  more  carbonising  with  the  0(1  plus  graphite  than  with  oil  only. 
Various  curves  are  given  in  the  Paper,  and  it  is  shown  that  tlie  friction 
with  different  oils  docs  not  vary  with  their  viscosity.  Tests  were  also 
made  to  see  to  what  extent  the  various  oils  mixed  with  steam.  Altogether 
the  Paper  contains  a  considerable  amount  of  valuable  practical  informa- 
tion. 

OBITUARY. 


Arthur  C.  Saw. — Flight  Sub-Lieutenant  Arthur  Connorton  Saw, 
R.N.,  who  was  killed  on  Good  Friday  in  a  seaplane  accident,  was  a 
son  of  Mr.  and  IMrs.  Saw,  of  Blackheath.  Before  the  war  he  was  a 
navigating  officer  (first  officer)  in  the  Eastern  Telegraph  (."ompany's 
service  and  held  a  master's  certificate.  After  the  outbreak  of  war 
he  obtained  a  commission  in  the  R.N.R.  and  was  present  at  the 
bombardment  and  taking  of  Duala.  At  the  beginning  of  1915  he 
joined  the  Royal  Naval  Air  Service  and  became  an  experienced  pilot. 


PERSONAL. 


An  agreement  has  been  concluded  with  IVIr.  Clifford  C  Paterson, 
M.I.E.E.,  A.M.I.C.E.,  principal  assistant  in  charge  of  electrotechnical 
and  photometric  buildings  at  the  National  Physical  Laboratory,  to 
join  the  Osram-Robertson  Lamp  Works  (Ltd.),  as  director  of  labora- 
tories for  research  and  technical  manufacturing  purposes.  The 
arrangement  will  date  from  the  conclusion  of  the  war  or  before  then, 
if  possible. 

Mr.  C.  A.  Unbehaun,  electrical  engineer,  G.P.O.,  Adelaide,  retired 
recently  after  39  years'  service. 

Royal  Engineers  (T.F.) — Major  (temporary  Lieut.-Col.)  Chas.  R. 
Toomer  has  been  gazetted  Lieut. -Colonel. 


APPOINTMENTS  VACANT  AND  FILLED. 


A  firm  of  electrical  engineers  advertises  for  two  engineers,  with 
good  commercial  trainmg,  to  manage  branch  offices  in  South  Africa 
and  Australia. 

Belfast  Corporation  invite  applications  for  the  appointment  of 
general  manager  of  their  tramways  Salary  £800,  rising  to  £1,000. 
Ajjplications  to  the  Town  Clerk  (on  forms  supplied)  by  May  13. 

A  working  foreman  engineer  to  take  charge  of  pumping  plant, 
electrical  appliances,  &c.,  is  required  (for  the  period  of  the  war)  at 
the  L.C.C.  Cane  Hill  Asylum.  Salary  £150,  with  house.  Applica- 
tions to  the  Clerk  of  the  Asylums  Committee,  2,  Savoy-hill,  W.C. 


Mr.  R.  Lawson  has  been  appointed  electrical  engineer  of  the 
telephone  branch  of  the  Commonwealth  Postmaster- General's 
Department,  at  Adelaide. 

In  consequence  of  a  protest  by  the  Professional  Officers  Association  of 
the  Commonwealth  Postmaster-General's  Department  against  the 
appointment  of  imported  officers  over  the  heads  of  Australians,  a  com- 
petitive examination  was  held  with  the  result  that  Mr.  R.  Lawson, 
formerly  assistant  engineer  on  the  staff  of  the  chief  electrical  engineer, 
and  who  was  one  of  the  imported  officers,  was  appointed.  The  salary 
is  £528  per  annum. 


INSTITUTIONS  AND  SOCIETIES. 


Institution  of  Civil  Engineers. — The  Council  of  the  Institution  have 
made  the  following  awards  for  Papers  read  and  discussed  during  the 
Session  1915-1916:  A  Telford  Gold  Medal  to  Sir  John  Benton, 
K.C.I.E.  (Eastbourne) ;  A  Watt  Gold  Medal  to  Sir  George  Buchanan, 
CLE.  (Rangoon)  ;  a  George  Stephenson  Gold  Medal  to  Mr.  F.  W. 
Carter,  M.A.  (Rugby) ;  and  Telford  Premiums  to  Mr.  C.  Carkeet 
James  (London),  Mr.  D.  E.  Lloyd-Davies  (Cape  Town),  and  Mr.  W.  T. 
Lucy  (Oxford).  The  awards  for  Papers  published  in  the  "  Pro- 
ceedings "  without  discussion  will  be  announced  later. 

Diesel  Engine  Users'  Association. — At  the  Ai:)rC  meeting  of  this 
association,  the  accident  to  an  air  compressor  attached  to  a  Diesel 
engine  at  the  Smithfield  Markets'  Electric  Supply  Co.  (Ltd.)  was 
further  discussed.  (An  abstract  of  the  previous,  proceedings  was 
given  in  our  issue  of  the  7th  inst.,  p.  9.) 

Mr.  P.  H.  Smith,  of  Messrs.  Banks,  Warner  &  Co.  (Ltd.).  who  had 
reported  on  the  breakdown  to  Lloyd's  underwriters  with  whom  the 
engine  was  insured,  was  present  at  the  meeting,  and  he  gave  some  further 
information  on  certain  points  which  arose  in  connection  with  his  report. 
Mr.  W.  Fennell  suggested  that  it  might  be  advantageous  to  fit  some 
suitable  form  of  coil  instead  of  the  usual  purge-pot.  Mr.  R.  Lylc  referred 
to  an  accident  of  a  similar  nature  which  had  occurred  on  an  air  compressor 
attached  to  a  300  b.h.p.  Diesel  engine  at  the  works  of  Messrs.  Hoffman 


It 


Mfg.  Co.  (Ltd.),  in  Ifll.r  (>n  thin  f^»m'm,  fortanat<^h'.  no  perMr^oAl 
injuries   rfsiiltfd   from   thf   acidfrnt.     Th«  ea^pnt!   had 'b<ren  at    y.    ■, 

continuously  for  24  hours  befon;  »!•     «.     .1.  -»  .-. i 

Sniithfif-id  case,  the  accident  fx;<-ur 

found  that  the  hiKh-prf-Muurr 

pressor  were  somewhat  worn 

(exhaustive  in()iiiry  was  lidd, 

at.      Two  thcf>ric.s  w'-f  ad%ai. 

was  suggested  that  th<r  burstint;  of  it 

the  high  pressure  getting  ba<k  from  th.      .  .^ 

secondly,  by  high  pressurf!  due  to  combuxtion  ■ 

Mr.  Lyle  did  not  think  that  the  fintt  th<<.r . 

bursting  pressure  of  the  purge-prit  wax  ov. 

the  pressure  in  the  blast  ves.s<l  d;' 

accidfrnt  •    the  necessary  f)rcssure 

by  the  makers,  which  consisted  in  blanking 

running  the  compressor  up  to  full  speed,  proved  • 

efficiently  with  the  air.     He  c«>nsidtn*d  the 

caused  by  explosion,  and  that  this  *■     ' 

pressure  and  temjK-rature  in  the    int- 

might  have  been  caused  by  the  hi.l:.-. 

suggested  in  the  case  of  the  .Smitliti' iW   i-    i-;  i.-.      i; 

another  probable  cause  of  the  accident  which  hi*  r-xj" 

He  had  been  able  to  satisfy  himself  that  one  can  ■  ■ '     - 

in  the  indicated  pressure  purge-pot  is  from  a 

pressure  cooling  coil,  due  to  a  carbon  depfwit  '    , 

gunmetal  bend  which  couples  the  indicated  pr<  - 

cylinder.     This  might  lead  to  the  generation  < 

temperature  at  this  particular  spot,  and  this  pr' 

bij  a  gauge  on  the  ignition  presture  p>irge-pot.     Some  m« 

temperatures  and  pressures  before  and  after  cleanin  _  * ' 

coil  on  the  air  compressor  of  one  of  the  Diesfl  ei.. 

man's  works,  were  then  given.     The  precautionar-. 

result  of  the  accident  were  as  follows  :    A  check  \.i. 

high-pressure  deliver\-  pipe  as  close  as  jjossible  to  the  air  rnpiprtwof 

ing  ;    pressures  gauges  were  fitted  to  the  ignition  pressure  and  low  r"" 

sure  stages,  so  as  to  give  timely  warning  when  the  valves  needed  a- 

tion  ;   instructions  were  given  for  the  valves  to  !>■    '  !  at  mop 

quent  intervals,  and  it  was  recommended  that  thi-  «'  done  < 

six  weeks. 

Referring  to  Mr.  P.  H.  Smith's  recommendations  in  connection  with 
the  Smithfield  accident,  Mr.  R.  Lyle  stated  that  his  experience  led  him 
to  suggest  that  the  provision  of  anti-vibrators  in  connection  with  '• 
gauges  was  better  thanthrottle  valves,  as  being  more  rebable  in  dan 
the  oscillations  and  in  providing  freedom  from  choking.  He  conaidercd 
that  large  relief  vahcs  provided  no  proper  safejniard  again.-it  exT»!«*i"tt«. 
though  he  quite  agreed  that  valve  winus  choked  the  area.      H> 

that  a  non-return  valve  should  certainly  be  fitted  between  t.      - 

pressure  delivery  and  the  blast  bottle.  With  regard  to  Mr.  P.  H. 
Smith's  statement  that  the  low-pressure  purse-pot  is  alwa\s  the  h<.r*.  r 
when  the  machine  is  in  good  order,  Mr.  Lyle  contended  that  this  »•  .  i 
depend  on  the  type  of  the  compressor,  and  that  when  fitted  with  the  low- 
pressure  condenser  type  of  cooler  the  reverse  would  Ix-  the  case. 


-v  pipe  to  the 
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ARRANGEMENTS  FOR  THE  WEEK 


MONDAY,  May  1st. 

SociKTY  OF  Arts. 
4.30  p.m.     At  St.  John-street,  Adelphi,  W.C.       Fothergill  Lpctnre 
on    "Vibrations,    Waves  and    Resonance"'   (Lecture   I,),   bj 
Dr.  J.  Erskine  Murray. 

SOCIE'V  OF  Eniunef.rs. 
5  p.m.     AtCaxton  Hall,  ^^estnlinster.     A  Conference  on  "  En^neer- 
ing  and  Scientific  Research  "  will  be  opened  bv  Prof.  J.  A. 
Fleming.  M.A.,  D.Sc,  F.R.S. 

THURSDAY,  May  4th. 

Iron  and  Stf.ei.  Tnstiti'te. 
10.30  rt. m.     At  Great  Oeorge -street,  Westminster.     Annual  Meeting. 
A  number  f)f  Papers  will  be  read. 

FRIDAY,  May  5th. 

Iron  .\nd  Steel  IxsTrr'TK. 
10  a.m.     At    Great    George-street.    West  minster.     Continuation  of 
Annual  T^Ieetinir.     .\  numlx-r  iif  Pxpers  will  Iv  r\\<iL 


ENGINEERING  INSTITUTIONS    VOLUNTEER  TRAINIMO  CORPS 

Officer  Conunanding.  Lieut. -Col.  C.  \\.  CI  y.  V.D. 

The  following  orders   have   been  issued  for  the  week  comn)enrin|( 

May  1,  1910:- 

Drills,  G.25  to  7.2r> ;    7.2o  to  S.2.T  p.m. 

Monday,  May  Ist.-Soctions  1  and  2.  Technical :    SecUons  3  and  4. 
squad  and  platoon.  SignalUng  Class. 

Tuesday,  May  2nd.— 6  to  7  p.m..  School  of  Anns  ;   7.15  to  8.15  p.m.. 

Recruit  Drill. 
Thursday.  :May  +th.— Shootingfor  Sections  I  and 2  and  ^ignaliini: Ha^sa. 

Recruits.  5.4")  to  7.45  p.m.  •         ,         .o 

Friday.  May  5th.— vSect ions  :>  and  4.  Technical :    {sections  I  and  2, 

squad  and  platoon.  . 

Sections  for  Technical  parade  at    Headquarters,   London    Lie'  tr-.n! 

Engineers,  46,  Rcgi^ncy-stnHH.  S.W. 

Unless  otherwise  ordered,  all  parades  at  Chester  House. 
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A  MODE  OF   STUDYING  DAMPED   OSCILLATIONS  BY 
THE  AID  OF  SHRINKING  VECTORS.* 

BY  PROF.    DAVID   EOBERTSOK,   D.SC. 

Summary. — It  is  shown  that  the  method  gives  a  means  of  integrating 
or  differentiating  slirinking  sine  functions,  which  can  be  applied  to 
damped  oscillations. 


Shrinking  Sine  Functions. 

^  When  a  vibration  is  damped,  its  amplitude  gradually  dies  away  and 
finally  vanishes.  The  most  important  case  of  this  kind,  and  also  the 
one  most  easily  dealt  with,  is  that  in  which  the  rate  of  shrinkage  is 
proportional  to  the  amplitude.  We  shall  term  this  type  a  "  shrink- 
ing sine  function  "  of  the  time. 

In  Fig.  1  let  OP  represent  the  amplitude  at  a  particular  instant, 
so  that  OQ,  its  projection  on  a  vertical  line,  gives  the  instantaneous 
value  of  the  function  at  the  same  instant.     OP  rotates  -with  the 


Fig.  1. — Shrinking  Rotating  Vector. 

angular  velocity  w=2nf,  but  at  the  same  time  it  shrinks  at  the  rate 
a  X  OP,  where  a  is  a  constant,  also  of  the  nature  of  an  angular  velocity, 
termed  the  damping  velocity  or  exponential  decrement.  P  thus 
moves  round  a  spiral  instead  of  a  circle  as  with  a  sine  function  ;  this 
particular  type  of  spiral  is  known  variously  as  the  exponential, 
logarithmic,  or  equi-angular  spiral. 

Let  Pj,  P2,  P3,  &c.,  be  a  number  of  successive  positions  of  P,  so 
that  the  total  time  from  Pq  to  P  is  divided  into  a  large  number  of 
equal  parts.  Let  the  parts  be  so  very  small  that  the  length  of  OP 
only  changes  by  an  insignificant  fraction  during  each  ;  no  ajipreciable 
error  is  then  made  by  assuming  that  the  rate  of  shrinkage  remains 
constant  during  each  interval  and  then  drops  suddenly  to  the  value 
applicable  to  the  next  interval  whicli  corresponds  to  the  reduced 
amplitude.  If  the  total  time  be  T  and  the  number  of  parts  n,  each 
interval  is  T/n  and  the  change  during  each  interval  is  a  x  T/n  times 


Dampme:—  90%  per  cycle 
^  04  343  To 


To  = 


proportional  to  itself  is  an  exponential  function  of  the  time.  Con- 
versely, the  rate  of  change  of  the  exponential  function  f"^is  a  times, 
and  its  time-integral  1/a  times  itself.  The  amplitude  at  any  time  T 
after  it  has  the  value  OPo  is  thus 

OP:^OPoXe-'^T (1) 

Hence  the  equation  to  the  shrinking  sine  function  is 

OQ=OPoy^f-'''^sm{wT-^c) (2) 

where  9  is  a  phase  angle  to  take  account  of  the  initial  conditions. 

OP  makes  a  complete  revolution  in  the  time  2rr'w,  during  which 
the  amplitude  is  reduced  to  the  fraction  e"-'^"''"  of  its  original  value. 
If  we  divide  the  revolution  into  n  equal  parts  (12  is  a  good  number, 
but  8  will  suffice),  the  ratio  of  successive  values  of  OP  is  e--^<^Hnu,)^ 
The  natural  logarithm  (to  the  base  e)  of  this  fraction  is  — 27ra/(na)), 
and  its  common  logarithm  (to  the  base  10)  is  —  0-4.343  x27ra/(7ia»), 
from  which  we  can  easily  calculate  it. 

^Multipljdng  OPq  hy  this  fraction  we  get  OPi,  the  ampUtude  at  the 
end  of  the  first  interval ;  multiplying  OPi  by  the  same  fraction  we 
get  OP2 ;  and  OP2  by  it  we  get  OP3 ;  and  so  on.  This  process  is 
verj'  easily  carried  out  by  the  slide-rule,  tlie  accuracy  of  which  is 
amply  sufficient  for  any  graphical  process.  In  this  way  a  number  of 
points  can  be  obtained  and  the  spiral  dra^^^l  through  them. 

The  wave  curve  may  be  plotted  in  a  manner  exactly  similar  to  that 
employed  for  the  sine  wave.  Equidistant  radial  lines  are  drawn 
(12  is  an  excellent  number,  and  it  is  convenient  to  use  the  same 
number  for  this  purpose  as  for  drawing  the  spiral)  and  their  inter- 
sections with  the  spiral  are  projected  on  the  corresponding  ordinates 
of  the  wave  curve.  Fig.  2  shows  such  a  curve  with  90  per  cent, 
degrees  of  damping. 

From  Fig.  3  it  wiU  be  seen  that  the  maximum  instantaneous  value 
of  the  function  during  any  half-cycle  occurs  a  little  before  the  vector 
reaches  the  vertical  position,  at  the  point  where  the  spiral  is  hori- 
zontal. OP  then  makes  a  constant  angle,  yf/,  with  the  vertical, 
which  is  characteristic  of  the  spiral,  and  from  which  it  gets  one  of  its 
names.  We  thus  have  the  important  result  that  although  successive 
zero  points,  or  successive  maximum  points,  are  separated  by  half  a 
cj'cle,  as  in  a  sine  function,  the  crests  and  hollows  of  the  wave  do  not 
occur  midway  between  the  zero  points.  Instead,  the  phase  difierene© 
between  a  zero  point  and  the  next  maximum  is  (7r/2— \^),  while  that 
between  a  maximum  and  the  following  zero  is  (17/2 -^yj/)  The 
diagram  also  shows  that  the  amplitude  at  anj'  crest  exceeds  the  crest 
value  in  the  ratio  of  1  :  cos  >//.  The  point  at  which  the  amplitude 
curves  touches  the  wave  curve  corresponds  to  the  vertical  positicm 
of  the  vector. 

If  we  coimt  time  from  the  instant  when  the  function  is  at  a  crest, 
and  denote  that  crest  value  by  OQo,  we  see  from  the  diagram  that 

OP,=OQo/cos  >/. (3> 

and  9=90°->/. (4) 

Hence  the  equation  to  the  shrinking  sine  function  may  be  written  : 

O(2=-^-f-«r8in(6)7'+90°->/.) (5> 

cos  1^ 

As  the  damping  is  increased,  the  spiral   becomes  steeper  and 
steeper,  until  finally,  when  a  is  very  great  compared  with  w  the  spiral 


Fio.  2. — Oscillation  Damped  90  per  Cent. 


Fio.  3. — Ck)NDmoNS  at  ("best  of  Wave. 


the  mean  amplitude  during  the  interval,  which  is  practically  the 
same  as  that  at  its  commencement.     We  thus  have 

OPi=OPo(l-aTJn), 
OP^=OPi(l-aT/n)  =  OPo(l-aT/ny, 
OP,=OP2(l-aT/n}^OPo(l-aT/n)\ 
OP.  OP^(\~aTln)\ 

Wlicn  tlu-  numhcr  of  intervals  is  made  very  great,  each  becomes 
excccilingiy  small  and  (1  -nT/w)"  takes  the  limiting  value  denoted  by 
j-o/'.  \y(.  thus  sec  that  a  (inaiitity  (in  this  case  the  anii)litudco{  the 
shrinking  sine  function)  which  decreases,  or  iinrc.vse.x.  at  a  rate 
"^Abstract  of  a  conimunicatiou  to  the  "  Journal  "  of  the  Inetitution  of 
Electrical  Engineers. 


degenerates  into  a  radial  straight  line,  so  that  OP  shrinks  to  zero 
before  it  has  rotated  to  any  appreciable  extent.  The  function  has 
tims  ceased  to  be  ix-riodic.  This  particular  amount  of  damping  is 
known  as  "  critical  damping."  For  it,  the  equation  and  construction 
fail  ;   it  is  Ireatwl  by  itself  in  the  original  Pajvr. 

Kate  of  Change  and  Time-integral  v\   a  Shrinking  Sine 

Function. 

Just  as  with  a  sine  function,  the  rate  of  change  of  OQ  is  equal  to 
the  connKincMt  of  Ps  velocity  jwralicl  to  OQ.  and  is  tlicreforc  given 
by  the  vertical  projection  of  that  velocity.  But  P  now  moves  along 
the  tangent  to  the  spiral  instead  of  at  right  angles  to  the  vector  {see 
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Fig.  4).  Its  velocity  is  made  up  of  two  components,  one  w  x  OP  at 
right  angles  to  OP  due  to  the  rotation,  and  another  a  X  OP  along  PO 
due  to  the  shrinkage.     Hence  the  total  velocity  of  P  is 

V[(<^xOP)='+(axOP)-]=v'('^'+«')xOP=o/oXOP  .  .  (6) 
and  it  lies  ahead  of  the  perpendicular  to  the  vector  by  the  angle  i//, 
where 

tan  ylr=a/c»         (7) 

sin  T|/=n/V(<^-  +  a2)  =  a/wo (8) 

cos  \lA=u/-\/{w^+a^)  =  u)/a)o (9) 

We  can  thus  draw  OP'  at  an  angle  (90°+\j/)  ahead  of  OP  to 
represent  the  velocity  of  P.  It  therefore  represents  the  amplitude 
of  the  rate  of  change  of  OQ,  and  its  projection  on  the  vertical  gives 
the  instantaneous  value  of  that  rate  of  change.  Since  OP'  is  pro- 
portional to  OP,  it  shrmks  at  the  same  proportional  rate,  and  thus  P' 
traces  out  a  similar  spiral  to  P.  By  a  suitable  choice  of  scales,  the 
same  spiral  can  be  made  to  serve  for  both.     We  thus  see  that : — 

The  rate  of  change  of  a  shrinking  sine  function  is  another  shrinking 
sine  function  of  the  same  frequency,  shrinking  at  the  same  pro- 
portional rate,  of  -\/(a)^-f  a^)  {  =  <^o)  or  w/cos  \j/-  times  the  amplitude, 
and  (90°+-v//-)  ahead  in  phase,  where  tan  \//-=a/a). 

Since  the  function  represented  by  OP'  is  the  rate  of  change  of  that 
given  by  OP,  the  latter  is  the  time-integral  of  the  former.  Conse- 
quently, we  have  the  converse  statement : — 

The  time-integral  of  a  shrinking  sine  function  is  another  shrinking 
f  sine  fimction  of  the  same  frequency,  shrinking  at  the  same  pro- 
§  portional  rate,  of  l/VC'^^+a'^)  (  =  l/^o)  or  (cos  \//')/w  times  the 
•  amplitude,  and  (90°+ cp)  behind  it  in  phase. 

f      Thus,  if  the  initial  conditions  correspond  to  Fig.  3  and  equations 
'f  3-5  the  rate  of  change  of  the  shrinking  sine  function  may  be  written  : 


cos  \j^ 


sin(wT+180°) 


(10) 


= -0(^0  X(w2  +  a2)/u.X€-«T  sin  a;^ (11) 

Differential  Equations  for  a  Shrinking  Sine  Function. 
OP  (Fig.  5)  represents  a  shrinking  sine  function,  and  OP'  is  its 
rate  of  change  of  V('^"+«^)  times   the    amplitude   and  (90°+\//') 


ot(op; 


Conversely,  if  the  equations  derived  from  finrt  principles  far  ^ 
particular  problem  are  of  this  type,  a  Hhrinking  nine  functioii  armi 

solution  of  the  problem. 

When  the  diflcrential  equation  in  1  into  the  form  (16),  in 

which  the  coefficient  of  tho  Umt  term    -•  ■  .,,!•.      •       '    i 

we  see  that  that  of  the  middle  t^rm  (nxt^ 

damping  velocity,     fjonseqiientlv   the   -  .   •  i    by 

those  constants  of  the  vibration  which  ;;...-  i,.^   i.,  ^.u,  i.  rm      For 

fixed  values  of  the  constantB  which  determine  the  coefficient  of  the 

first  term  (the  function),  (w'-f  a*)  must  be  conrtant,  and  no  we  may 

write 

(a,^+a»)  =  <.»,*      .  17) 

or  «=VK*-a') !^, 

where  wo  is  t.,e  rotation  which  the  vector  would  have  if  itie  Uamptng 
were  zero.     We  note  also  that 

We  thus  see  that  as  the  damping  is  increased — but  the  other  (actors 
characterising  the  vibmtion  are  fixed^the  m'   *  '  • '  .^u^j 

hence  also  the  frequency  of  the  vibration,  g(  •  ^^y 

become  zero  with  critical  damping,  when  a= w,.  When  the  damping 
is  still  further  increased,  the  quantity  under  the  .viuare-root  sign 
becomes  negative  and  its  square  root  is  then  imaginar\-.  Thus,  the 
rotation  of  the  vector  for  an  overdamped  vibration  Is  an  imaginary 
one.     The  function  is  no  longer  periodic. 

Oscillatory  Discharge  of  a  CosDE>fSER. 

When  oscillations  are  started  in  an  oscillatory  circuit  bv  suddenly 
closing  it  while  the  condenser  is  charged,  the  total  E.M.F.  is  zero 
and  consequently  its  three  components — resistance,  inductance  and 
dielectric  E.M.F.s — must  balance  one  another.     That  is,  at  every 

instant 

0=Eji^EL~ED 
1 

(21) 


(20) 


C    ^ 


Remembering  that  the  charging  current  is  the  rate  of  growth  of 
the  charge,  and  that  the  rate  of  change  of  the  current  is  consequently 


Fig.  4. — Rate  of  Change  of  a  Shrinking  Sine  Function. 


Fig.  5. — Vector  Representation  of  the  Differential  Eqcatios  foe 
A  Shrinking  Sine  Function. 


ahead  in  phase.  OP"  is  the  rate  of  change  of  OP',  and  is  a  further 
(90°+i/')  ahead  in  phase  and  has  an  amplitude -\/(co^+a^)  times  that 
of  OP'  or  (w2+a2)  times  that  of  OP. 

OR  and  OS  are  two  vectors  along  OP  and  OP"  respectively,  which 
together  balance  OP'.  Since  they  make  equal  angles  with  OP',  they 
must  be  equal  to  one  another  and  the  line  SR  is  perpendicular  to  OP'. 
The  relation  between  the  lengths  of  these  lines  follows  at  once  from 

[the  diagram.     Using  also  the  relations  between  the  amplitudes,  we 

I  get  what  is  required  ;  for 


0R=  -^^  _OPXvV±^)_(«^+a^)  ^  ^p 
2  sin  ^/^        2a/V{<^-+a^)  2a 


OS^T 


OP'         OP"IVU  +  a-)       1 
2  sin  ,/.        2a/V(a,2+a2)       2a 


5ut  0=OR+OP'+OS'  vectorially  for  the  amplitudes 


(12) 

(13). 
(14) 


OrO= 


(o^H^ 

2a 


XOP+OP'+~^XOP" 
2a 


vectorially  for  the  amplitudes      (15) 
That  is,  0={^'-+a^)xOQ+2aXOQ'+OQ'^ 

algebraically  for  the  instantaneous  values.     (16) 

An  equation  such  as  this,  which  includes  a  function,  its  rate  of 
change,  the  rate  of  change  of  its  rate  of  change,  and  so  on,  or  any  two 
of  them,  is  known  as  a  differential  equation.  This,  then,  is  the 
characteristic  differential  equation  for  a  shrinking  sine  function. 


the  second  rate  of  change  of  the   harge,  we  can  put  the  equation  into 
the  form:—  0=Q-{-CR  .  Q'+LC  .  Q" (22) 

We  at  once  recognise  this  as  the  tj-pical  dififerential  equation  for 
a  shrinking  sine  fimction.  Certain  relations  between  the  constants 
may  be  noted  before  proceeding  further.  Both  the  ratio  L  K  juid 
the  product  CR  are  periods  of  time  which  have  a  well-known  signi- 
fication with  reference  to  the  circuit.  If  tlie  condenst^r  l)e  rvpluc-etl 
by  a  battery  of  neghgible  resistance  and  the  circuit  be  suddenly 
closed,  the  current  begins  to  grow  at  such  a  rate  that  it  woultl  reach 
its  final  value  (E/R)  in  the  time  LR.  This  is  the  inductive  iime- 
constant 

Ti=L;R l24) 

If,  on  the  other  hand,  the  induct;xnce  be  rcmovoii  and  a  constant 
E.M.F.  be  suddenly  impressed  in  the  circuit,  the  condenser  begins 
to  charge  at  such  a  rate  that  if  it  continued  to  do  so  at  tlic  same  rate 
it  would  be  fully  charged  (Q=CE)  in  the  time  CR.  This  is  the  con- 
densive  time-constant  of  the  circuit, 

TS=CR (25) 

The  quantity  \^{LC)  is  the  geometrical  mean  of  the  other  two  time- 
oconstants  j  for 

\lwo=V{LC)  =  V[{L!R)i<-^J^)'\=\/iTiTc)  ....     (26) 

It  is  the  time  that  would  be  taken  for  the  vector  to  rotate  through 
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one  radian  if  the  resistance  had  been  negligible.  By  inserting  T^ 
and  Tc  in  the  equations  instead  of  their  equivalents  in  terms  of  R,  L 
and  C,  the  equations  take  a  somewhat  simpler  form. 

We  shall  draw  the  vector  diagram  (Fig.  6)  for  the  instant  at  which 
the  circuit  is  closed  and  the  oscillations  started.  At  that  instant  the 
condenser  contains  its  original  charge  ;  the  current  is  zero,  but  is 
about  to  flow  in  the  discharging,  or  negative  way.  01  must,  there- 
fore, be  drawn  horizontally  to  the  left,  and  OQ,  its  time  integral,  is 
(90°+V')  behind  it  and  has  \ly/{^^-Ua^)  times  its  amplitude.  OF, 
its  rate  of  change,  is  the  same  amount  ahead,  and  has  ^y/iJ^—o}) 
times  its  amplitude. 

From  the  geometry  of  the  diagram  we  can  see  that  the  initial 
amplitude  of  the  charge  is 

-Qo (27) 


cos  y^ 

and  that  of  the  current  is 

vV+o^) 

cos  ■v//' 


o.='-"'-+-''.e. 


(28) 


The  diagram  also  gives  the  initial  phases  and  so  we  can  write 

Q^    ^'-aT- sin  (^7+90=-,/,) (29) 

cos  y 


And 


€-«7'sin(wr+90°-f). 


(30) 


ii^'  +  a-") 


f-«7sin(wT+180°) (31) 


=  -<2oX 


(coH-a^) 


€— "'^sin  w  T 


(32) 


We  can  easily  determine  a>,  a,  and  >//•  in  terms  of  R,  L  and  C,  by 
equating  the  corresponding  coefficients  of  the  tj-pical  differential 
equation  and  the  one  obtained  for  our  problem  ;  but  we  can  almost 
as  readily  obtain  them  directly  from  the  vector  diagram. 

Draw  RI  along  01,  and  balance  it  by  two  vectors  LI'  and  \jC  .  Q 
along  01'  and  OQ  respectively.  These  form  two  sides  of  a  parallelo- 
gram of  which  —RI  is  the  diagonal.  The  last  two  vectors  must  bo 
equal  to  one  another  since  they  make  equal  angles  with  01,  and  the 
line  adjoining  their  extremities  is  consequently  at  right  angles  to  01 
Using  the  geometry  of  the  diagram,  and  the  known  relationships 


I-^ 


^-RI 


Fig.  6. — Vector  Diagram  for  Oscillatory  Discharge  of  Condenser. 

between  the  amplitudes, /^,  <?^  and  /',(.wo  can  get  what  we  require. 
The  steps  in  detail  arc  given  in  the  original  l'aj)er. 

Oscillatory  (,'haroe  of  a  CoNnENSEii. 
When   a   constant   K.M.F.,    r.,   is   suddenly   introduced    into   an 
oscillatory  circuit  we  have 

0=Er+El+Ed+E (33) 

=  -RI-L.r-^Q+j^Q, (34) 

^0  being  the  final  charge, 
or,  0^{Q-Q,)+CR.Q'+LC.Q'    ....     (35) 

Since  the  addition  of  a.  constant  (piautity  to  a  vari.iblc  docs  not 
alter  tlic  rate  of  change  of  the  latter,  nor  it,s  second  rate  of  change, 
this  equation  is  of  the  same  typo  as  before,  but  it  is  now  (^— ^o). 
which  is  a  sliriukiug  sine  function  of  the  time,  instead  <if  Q. 

At  the  instanl  the  lvM.I'\  is  intn><hieed  Imth  tl\e  charge  and  the 
current  are  zero,  but  the  latter  is  about  to  amouine  a  positive  or 
cliarging  value.  We  tlieiefore  draw  (Fig.  7)  Of  horizuntaliy  to  the 
rigiit,  and  tlie  (Q  —  Qq)  vector,  of  l/\/(w-  i  n')  tunes  llie  .unplitude 
(QO^-f-V')  beiiind  it  in  phase. 

The  projection  on  the  vertical  of  this  la,st  vector,  the  length  of 
which  is  ^,^o,cos  \|/-,  gives  tl\e  instantaneous  value  of  (Q  —  Qo)-     Tliat 


of  Q  can  be  obtained  by  adding  ^o^  or  measuring  up  from  the  initial 
point  of  (Q—Qo)  instead  of  from  O. 

We  can  now  %^Tite  down  the  foUo^ving  equations  : — 

Q=Q.,-(Q-Qo)^Qo  +  ~~f—'^sm{o,T~90^-yl,)     .     .  (36) 

cos  yj/-                                             r  I  \       / 

=gJl-'^6in(a,r+90=->/,)\ (37) 

I       cos  y                                J  ^     ' 

I=Qo^      ,      X6-°?^sina,y (38) 


cos  \/r 


(39) 


It  can  be  shown  by  comparing  coefficients,  or  in  the  same  way  as 
before,  that  the  values  of  a,  ui,  and  ^  for  the  oscillatorj-chargeare  the 
same  as  those  for  the  oscillatory  discharge.     By  comparing  Figs.  6 


^(Q-Qo) 
(Q-Qo) 


Q  15  Co  be  measu-ed 

up  from  here 


Fio.  7.— Vector  Diagram  for  Oscillatorv  Charge  of  a  Condenser. 

and  7,  or  equations  (29)  and  (32)  with  equations  ^36)  and  (39),  it  will 
be  seen  that  the  sum  of  the  charges  in  the  two  cases  is  always  Qo,  and 
that  the  currents  are  alike  but  opposite.  Thus  the  values  of  Q  during 
the  charge  can  be  found  by  subtracting  the  corresponding  values 
during  the  discharge  from  Qo,  and  those  of  the  current  by  simply 
changing  the  sign.* 

In  addition  to  a  geometrical  treatment  of  the  case  of  critical 
damjiing,  the  original  Paper  develops  a  new  method  of  representing 
an  exponential  function  %  a  vector  spinning  about  the  axis  of  pro- 
jection with  its  extremity  tracing  a  spiral  on  the  cone  swept  out. 

From  the  properties  of  such  vectors  the  relationship  between  the 
hy{)erbolic  and  circular  sines  and  cosines  is  jilaced  in  a  new  hght,  and 
the  ordinary  equations  for  "  overdani}X"d  oscillations,"  such  as  the 
non-oscillator\-  charge  and  discharge  of  a  condenser,  are  deduced 
without  making  use  of  the  results  of  the  calculus. 


TESTS  ON  A  POLYPHASE  CONTINUOUS-CURRENT 
CONVERTER  OF  3,000  KW.  CAPACITY.! 

BY  C.  F.  HOLMBOE. 

The  electrolytic  preparation  of  njdrogen  is  carried  on  in  Frodrik- 
stad  in  Norway  imder  the  authors  sujxrx  ision  ;  this  is  probably 
the  largest  installation  of  the  kind  in  the  world.  Hydrogen  is  pre- 
pared in  six  large  batteries,  each  consisting  of  200  elements  of  the 
bell  tyjM'.  and  is  obtained  by  the  electrolytic  dissociation  of  a  solution 
containing  15  jK'r  cent,  of  caustic  soda.  Current  is  obtained  from 
t  hree  con  vert  <^rs.  Power  is  take  n  from  t  he  end  of  a  long  transmi.ssion 
line,  to  »vhi(  h  many  industrial  consumers  are  connected,  and  wliich 
is,  therefore,  exposed  to  considerai)le  fluctuations  of  voltAge.  The 
power  factor  ought  not  to  fall  below  0-8.  according  to  the  contract 
with  the  transniis.sion  autlioritie.s  ;  the  direct -current  volt.age  has 
to  be  varied  over  wide  limits,  and  while  paying  due  regard  to 
economy  it  is  very  lu^cessarv-  to  guanl  against  the  jx)ssibility  of 
brcakdowiL  The  ordinary  n)tary  and  tlic  cascade  rotary  did  not 
comply  with  the.s<>  conditions,  so  it  was  necessary  to  use  some  kind 

•  IJefcrence   may   1>"  made  to  a    Paivr  hy   Vroi.  A.   E.   Kennolly  on 
"Vector  Diagrams  for   O.scillating-Curront   Circuits"   ( "  I'roooedings  " 
of  the  American  Academy  of  Arts  and  Scicnros.  Vol.  XLVI..  p.  373.  1911). 
which  jiives  many  interest  ine  applications  of  vectors  to  oscillatory  circuit.s 
and  contains  a  full  liil)]ioi:ra|ihy  on  the  subject. 

t.Mistract  of  an  aniclo  in  the  "  Elektrotcchnischc  Zcitschrift,"  Heft 
41,  I'.U.y 
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of  motor  and  to  couple  it  to  a  generator.  The  synchronous  motor 
with  its  high -power  factor  is  unnecessary  in  view  of  the  possibility 
of  having  power  factors  down  to  0-8  ;  it  is  very  sensitive  in  operation 
and  not  capable  of  taking  much  overload.  We  are,  tlierefore, 
reduced  to  the  asychronous  motor.  Jn  the  sizes  under  consideration 
it  is  quite  as  efficient  as  the  synchronous  motor,  and  is  18  per  cent, 
cheaper;  it  has, too, the  advantage  of  being  simpler  to  manage.  The 
first  units  which  were  supplied  had  an  output  of  1,500  kw.,  but  lately 
the  new  machines  that  have  been  installed  give  3,000  kw. ;  those  are 
described  in  the  present  article.  These  latter  machines  have  three 
bearings,  provided  with  ring  lubricators,  the  middle  one  being 
arranged  with  water  cooling. 

The  polyphase  half  has  an  input  of  3,500  kw.  at  a  mean  voltage 
of  5,000,  the  speed  is  372  revs,  per  min.,  and  the  frequency  50.     The 
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Fia.   1. — Test  on  No-load. 


active  stator  iron  consists  of  iron  sheets,  0-5  mm.  thick,  separated 
by  paper;  these  are  arranged  in  13  groups,  with  a  space  of  10  mm. 
between  each.  The  conductors  are  of  copper  strip,  insulated  with 
cotton,  the  whole  being  enclosed  in  a  covering  of  compressed  mica. 
The  air  was  entirely  removed  from  the  portion  of  the  coils,  embedded 
in  the  stator,  and  an  asphalt  compound  was  pumped  in  in  order  to 
prevent  any  glow  discharges.  The  windings  are  arranged  in  two 
layers,  the  ends  being  secured  by  bolts  and  nuts  suitably  insulated 
from  the  frame.  The  rotor  has  a  simple  rod  ■winding,  and  the  active 
rotor  iron  consists  of  the  rim  of  a  flywheel  with  10  arms.  The 
ventilating  gaps  in  the  rotor  are  not  exactly  opposite  those  in  the 
stator,  in  order  to  avoid  the  whistling  noise  which  is  sometimes 
caused  at  high  speeds.  The  slip-rings  are  of  bronze,  carried  on  insu- 
lated spindles  in  the  usual  way.  The  motor  is  started  through  a 
liquid  resistance,  which  by  its  gradual  variation  prevents  any  kind 
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Fig.  2. — Test  on  Shokt-ciecuit. 
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of  electric  shock.     Arrangements  are  made  for  artificial  cooling  by 

two  fans,  which  re\olve  with  the  rotor.     The  results  of  the  tests 

which  were  carried  out  with  the  rotor  open  and  short-circuited  are 

given  in  Figs.  1  and  2.     Fig.  3  gives  the  Heyland-Ossanna  diagram  ; 

this  shows  that  at  full  load  the  efficiency  is  94  per  cent.,  the  slip  1-6 

per  cent.,  and  the  power  factor  0-915.      On  the  basis  of  these  results 

the  following  calculations  are  founded.     The  total  output  is  3,500  kw., 

with  an  efficiency  of  95-68  per  cent ;   losses  in  friction,  windage  and 

fans  are  30  kw.,  i.e.,  0-82  per  cent.  ;    losses  in  the  iron  29-5  kw.,  or 

1 0-81  per  cent.  ;  copper  losses  98-3  kw.,  or  2-69  per  cent.     The  copper 

ilosses  are  estimated  on  the  assumption  that  there  is  a  mean  tempera- 

I'ture  of  70°C.  in  the  conductors,  and  the  eddy  current  losses  in  the 

[conductors  are  put  down  at  20  per  cent,  of  the  ohmic  losses. 


The  continuou.-i-current  ^enr-nitor  has  an  output  of  S,'^"'"  "         X 
500  volts;  thus  the  normal  current  j«6,<XX)amperfc«,thec-u;r  i^ 

divided  between  14  poles.     The  windiiuc  i«  carried  out  on  the  loop 
system   with   equi-jxjtential   connections.     fVtmpenitatioD   winding!* 


<pmn  "  (p  norma/ 
COSf-09f 

=1 


Fig.  3. — Heyland-Ossanna  Diagram. 

in  the  pole  shoes  and  commutating  poles  are  provided  to  ensure 
sparkless  running.  The  high  circumferential  speed  of  41  -4  metres  per 
second  gives  a  reaction  voltage  of  6-7,  whUe  the  mean  voltage  between 
adjacent  .segments  of  the  commutator  is  only  20.     The  commutator 
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m    so 
AfPoeres 

Fig.  4. — No-load  Curves  for  Direct-current  Genkrator. 

is  arranged  in  three  sections,  each  of  a  widtii  of  230  mm.  "■  Mor- 
ganite  "  carbon  brushes  are  used  and  are  loaded  with  a  current 
density  of  7-46  amperes  per  square  centimetre,  the  manufacturers 
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stating  that  a  density  of  9  amperes  per  square  centimetre  is  per- 
missible. The  results  of  the  tests  are  showTi  graphically  in  Fig.  4, 
from  which  the  following  figures  are  deduced.  The  total  output 
was  3,000  kw.  and  the  efficiency  was  94-97.  Windage  and  friction 
losses  absorbed  3.3-1  kw.,  i.e.,  1047  per  cent  ;  brush  friction  amounted 
to  0-294  per  cent.,  i.e.,  9-3  kw.  ;  iron  losses  were  0-794  per  cent.,  or 
25-1  kw.  ;  copper  losses  in  the  armature,  commutating  poles  and 
compensation  wndings  were  75-6  kw.,  or  2-393  per  cent.  ;  mag- 
netising losses  5-7  kw.,  or  0-18  per  cent.  ;  losses  in  the  field  regulator 
were  1-57  kw.,  or  0-049  per  cent.  Losses  due  to  the  resistance 
between  the  brushes  and  the  commutator  were  8-4  kw.,  or  0-27  per 
cent.  A  mean  temperature  of  70°C.  in  the  conductors  has  been 
assumed  for  the  purposes  of  these  calculations.  A  drawing  showing 
the  general  arrangement  of  the  machine  is  given  in  the  original  Paper. 


"SPEEDING  UP"  IN  AN  ENGINEERING  FACTORY  * 

BY    R.    RANKIN,    B.SC. 

{Concluded  from  page  91.) 

Smnmnry. — The  author  discusses  the  logical  basis  of  bonus  systems 
of  payment.  The  results  obtained  with  the  system  adopted  and  the 
difficulties  encountered  are  described. 


In',what  follows  two  examples  are  given"  without  excess  of  detail 
to  illustrate  the  methods  followed  in  actually  fixing  the  amount  of 
work  to  be  set  as  task  ;  in  each  case  a  fairly  good  workman  was 
selected  for  timing  purposes.  In  the  timing  and  analysi.s,  con- 
siderable judgment  had  to  be  exercised  in  the  use  of  the  figures 
obtained.  Refinements  in  timing  and  alteration  of  methods  were 
impossible  on  account  of  the  urgency  of  the  matter  ;  but,  in  view  of 
the  good  results  obtained,  this  only  indicates  that,  were  such  refine- 
ments introduced,  the  methods  are  capable  of  gixing  even  better 
results. 

E.mviple  I. — In  this  the  workman  used  a  template  into  which  he 
fitted  certain  parts  of  the  complete  piece  of  work  he  had  to  produce, 
then  proceeding  to  unite  them,  and  so  produce  the  completed  article. 
The  parts  had  ))reviously  been  ])rcpared  to  some  extent  by  boys. 
After  each  complete  operation  the  template  had  to  be  brushed  clean. 

All  sul)Kidiary  operations  were  timed  for  several  complete  opera- 
tions and  average  times  obtained.  By  addition  of  the  average  times 
it  was  found  that  the  average  time  spent  on  each  complete  piece  of 
work  was  11  minutes  15  seconds,  and,  by  summation  of  the  "  unit  " 
times,  as  the  times  for  the  subsidiary  oj)erations  may  be  termed,  the 
figures  given  in  Table  II.  were  compiled. 

Table  II. 


Nature  of  operation. 


Sum  of 
'  unit  "  tiibes. 


Min. 


Sec. 


Percent - 
ape  of   • 
total  time 
-  taken. 


Cleaning;  template  

Assembiinji  parts  and  removing  comj  leted 

a  rt  icle 

Fittinii  parts  jind  iiniioin;:  <  <)ni])li'l<'d  article. 
Making;   comiiii-tcd   article  :    actual   >killed 

work     


(1 

17 

0 

58 

5 

45 

4 

15 

2-5 

8-6 
51  -0 

38-0 


From  these  figures  it  apix,ared  that  about  00  jx-r  cent,  of  the  man's 
time  was  occupied  in  doing  work  which  could  be  done  by  unskilled 
nuMi  or  boys.  A  little  judicious  examination  showed  that  five 
minutes  was  suflicient  for  th<-  skilled  work.  Hxclusive  of  carrying 
parts  and  the  completed  article,  work  occu|)ing  2  minutes  45  .sc-conds 
had  to  be  done  on  the  parts  before  the  skilled  ojK^ration  could  be 
IKM-formed.  This,  together  with  the  time  already  sjient  on  the  jwrts 
by  boys,  practically  amounted  to  live  minutes,  and  the  work  was 
accordingly  re-arra'ngcd  so  that  there  were  four  skilled  men  in  a 
gang,  each  man  i)eing  provided  with  a  boy  ;  and  their  work  benches 
were  so  disposed  thai  a  youth  was  kept  going  doing  the  W(.rk  of 
removing  the  comi)leled  articles  um\  cleaning  the  temi.lates  for  the 
whole  gang,  the  carrying  being  cut  down  to  almoHt  nil.  Some  minor 
meehanicalalterali.ms  were  made  on  the  teniplates  and  t<.ols  to 
give  greater  ea.se  in  handling  and  to  i»revent  haste  cavisnig  damage. 

Th(>  result  was  that  whereas,  on  the  average,  prior  to  the  altera- 
tion. 2-37  completed  pie<es  were  produced  jx-r  skille<rman  p-r  hour, 
an  average  of  between  1 1  and  12  became  the  rule.  Of  caurs(>.  work- 
ing on  the  bonus  system  the  men  and  boys  earned  mvicli  higher 
wages  than  formerly,  the  minimum  iiicn^a.^o  being  20  p^r  cent.; 
but,  notwith-standrng  this,  the  labour  cost  i)er  comiUt-d  piece  waa 

*  Abstract  of  .n  P.npcr  rend  before  the  Junior  Instif  ution  of  F.ngineers. 


reduced  bj'  63  per  cent,  when  11  pieces  were  done  per  skilled  man 
per  hour. 

Example  II. — In  this  the  parts  going  to  make  up  a  complete  piece  of 
work  were  built  up  in  a  .structure  analogous  to  a  template,  and  which 
may  be  called  by  that  name.  The  parts  were  what  have  been  termed 
complete  pieces  in  Example  I.,  a  number  of  them  being  assembled  in 
the  template  and  united  as  mentioned,  the  process  of  uniting  them 
being  carried  out  in  steps  as  the  parts  were  added  in  pairs.  Prac- 
tically no  unskilled  labour  was  employed  on  this  work,  the  work  being 
done  by  highly  paid  men.  The  men  worked  in  pairs,  one  pair  to  each 
template. 

In  order  that  unit  times  might  be  obtained,  it  was  decided  that 
one  man  only  should  be  timed.  A  man  was  accordingly  .selected, 
and  his  mate  put  on  another  job.  The  former  thereupon  refused 
to  work,  but,  on  being  reasoned  with,  made  a  start.  Several  times 
he  stopped  and  resumed  again  on  being  pressed,  due  note  being, 
of  course,  made  of  the  duration  of  the  stoppages.  In  this  way  the 
operations  on  two  pairs  of  parts  were  timed  fully,  although  under 
difficulties.  It  may  be  said  that  all  through  a  good  deal  of  obstruc- 
tion was  exjjerienced  while  this  example  was  being  dealt  with,  and 
that,  after  the  first  set  of  reading  had  been  obtained  on  the  main 
part  of  the  complete  operation,  some  estimation  of  less  important 
parts  had  to  be  resorted  to  in  the  first  instance. 

Table  III. 


Operation. 

Time. 

Minute.         Second. 

Placing  parts  

2          i           0 

Setting  u])  tools  and  doing  work  

2          i         15 

Dismantling  and  trimming  off 

2                   10 

Table  111.,  excluding  the  carrying  times,  shows  the  average  times 
taken.  These  figures  showed  that,  provided  all  materials,  &e., 
were  ready  to  hand,  and  that  one  labourer  did  the  first  item  in  the 
table  and  another  the  third,  one  skilled  man  could  keep  two  labourers 
going.  Working  in  this  way  would  necessitate  three  templates  per 
skilled  man. 

It  was  decided  to  try  this  method  on  the  day  following  the  timing. 
The  foreman  was  notified  accordingly,  with  the  result  that  next  day 
he  undertook  to  do  the  parts  of  the  work  on  which  it  had  been 
jjroposed  to  put  two  labourers.  He  was  a  skilled  man  himself,  and 
it  was  clearly  an  arranged  matten  between  him  and  his  men,  he 
himself  being  a  trade  unionist.  To  avoid  friction  this  was  agreed  to  ; 
it  was  anticipated  that  some  interesting  figures  would  be  obtained. 

The  foreman  kej)t  the  other  man  going  quite  comfortably,  and 
progress  was  limited  by  the  latter,  although,  if  looked  at  casually, 
he  seemed  to  be  quite  busy.  The  stop-watch  showed,  however,  that 
he  was  taking  4-9  minutes  to  do  what  on  his  earlier  timing  took 
2-25  minutes  ;  in  other  words,  he  was  malingering.  The  foreman 
took  .somewhat  less  time  to  do  the  other  two  parts  of  the  operation, 
and  it  was,  therefore,  proved  that  the  relative  durations  of  the 
.several  luiit  o|HMations  as  previously  ascertained  were  al>out  corrrct. 
A  great  many  hitches  and  mistakes  occurred  during  the  timing  of 
this  method,  no  doubt  arranged  for  beforehand,  but  the  tinv  wasted 
on  each  occasion  was  carefully  noted,  so  that  the  men  deceived  no 
one  but  themselves. 

Little  comment  was  made  on  the  n\sults.  i)ut  it  ^uis  decided  that 
only  the  jilaeing  of  the  parts  should  be  done  by  a  labourer,  and 
that  he  should  keej)  two  skilled  men  going,  as  it  will  be  seen  he  could 
by  reference  to  the  last  table.  This  avoided  (questions  of  trade  union 
etiquette  ;  and.  in  any  ease,  it  was  intended  later  on  to  put  semi- 
skilled men  on  the  work,  in  which  case  the  cost  of  lalKiur  would  not 
be  alTected  miuh  by  the  difference  Ix'twcen  unskilled  and  semi- 
.skilled  rates  of  jwiy.  This  method  was  put  into  force  and  insisted  on 
at  once,  and  jimved  very  successful.  Two  templates  were  required, 
the  skilled  men  l)e.ing  placed  between  them. 

This  method  was  rendered  easy  by  the  fact  that  the  parts  were 
added  in  pairs,  which  allowed  S^  a.n(i  S^  each  to  deal  with  one  jvirt 
at  the  .same  time  and  in  the  same  template.  The  figures  obtained 
showed  that  each  complete  piece  could  Im*  dealt  with,  as  far  as  this 
stage  of  the  compicte  ojvration  w.is  concerned,  in  37  minutes.  -\n 
iillowance  of  40  minutes  gave  a  margin,  .-io  that  the  two  j>ieces  would 
take  80  minutes. 

.\fter  this  was  done  the  pieces  had  to  be  turned  over  by  means 
of  l)lock  and  tackle  and  certain  work  done  on  them  in  that  position, 
after  which  they  were  put  aside  .^s  fmishejl.  Some  further  observa- 
tions having  l>een  made,  a  time-table  was  drawii  up  for  the  com- 
pletion of  tiie  whole  job.  What  was  exj>erted  was  conveyed  to  the 
foreman,  with  the  re.sult  that  it  w.is  not  obtained.  The  calculated 
time  was  2  hours  40 minutes  and  the  actual  time  2 hours  57  minutes. 
The  17  minutes  taken  to  do  the  work  in  excess  of  the  calculated  time 
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was  lost  in  supposititious  hitches,  &c.,  which  were  observed  without 
remark. 

Some  alterations  were  made  in  the  templates  which  made  the 
work  considerably  easier,  and  then  the  semi-skilled  men  were  started 
on  the  work  in  another  department.  A  little  professional  jealou.sy 
was  exhibited,  and  on  the  first  timing  the  semi-skilled  men  did  the 
work  in  2  hours  42  minutes,  which  absolutely  vindicated  the  times 
built  up  by  observation  of  unit  times.  During  this  period  the  men 
never  left  their  work,  and,  of  course,  this  could  not  be  kept  up.  There 
was,  however,  no  difficulty  in  getting  two  complete  pieces  done  in 
three  hours. 

The  skilled  men,  prior  to  the  alterations,  were  turning  out  three 
pieces  in  13  hours,  of  which  3^  hours  was  overtime  ;  this  was  the  rule 
at  the  time.  The  alterations,  by  making  it  possible  to  abolish  over- 
r  time,  employ  semi-skilled  men  and  speed  up  the  output,  resulted  in 
a  decrease  in  labour  cost  of  66  per  cent.  In  addition,  it  should  not  be 
overlooked  that  the  overhead  charges  were  also  largely  reduced. 
I  In  the  case  of  work  on  which  the  men  are  engaged  individually, 
I  each  turning  out  his  own  quota  of  completed  articles,  and  not  in 
gangs,  or,  if  in  gangs,  where  the  absence  of  one  man  does  not  in- 
terfere with  the  work  of  the  others,  as  is  practically  the  case  in 
Example  I.,  which  has  been  described,  no  difficulty  is  met  in  calcu- 
lating wages  on  the  bonus  system  adopted,  even  if  a  man  is  absent. 
Replacement  of  the  skilled  man  is  not  so  easy.  In  the  event  of  one 
skilled  man  losing  time,  say,  in  the  morning,  the  following  method  of 
wages  calculation,  adopted  in  the  work  described  in  Example  II., 
prevents  injustice  or  error :  Let  the  task  set  be  n  pieces  in  /  hours. 
Then  skilled  man  hours  per  piece =2</w.  In  one  hour  work  to  be 
done  by  two  skilled  men=n/t,  involving  two  man-hours — i.e.,  the 
task  is  equivalent  to  n/2t  pieces  per  man-hour. 

Hence,  in  the  calculation  of  wages,  the  number  of  tasks  com- 
pleted is  found  by  division  of  the  number  of  pieces  actually  com- 
pleted by  n/f.  The  time  per  task  is  found  by  dividing  the  number 
of  tasks  into  the  hours  worked  by  the  skilled  men,  if  both  have  been 
at  work  all  the  time.  If  one  man  has  lost  some  time,  and  has  not 
been  temporarily  replaced,  the  number  of  man-tasks  is  obtained  by 
division  of  the  number  of  completed  pieces  by  n/2t.  The  time  j^er 
task  is  then  found  by  division  of  the  man-hours  by  the  man-tasks. 
Using  this  quotient,  the  pay  clerk  obtains  from  the  rate  curve  the 
rate  of  pay  corresponding  to  the  ratg  of  work,  and  each  skilled  man  is 
paid  at  this  rate  for  the  actual  number  of  hours  he  has  worked.  The 
labourer  is  paid  at  the  corresponding  rate  shown  on  the  curve  corres- 
ponding to  his  base  rate,  although,  of  course,  there  being  only  one 
man  to  keep  going,  he  has  an  easier  time,  unless  this  man  makes  him 
assist  more  than  usual  to  get  the  work  forward. 

The  two  examples  given  serve  to  show  the  methods  of  dealing 
with  the  timing  and  analysis.  It  may  be  mentioned  that,  in  deal- 
ing with  many  kinds  of  work,  the  stop-watch  clearly  indicated  that 
not  only  were  methods  faulty,  but  that  the  men  were  doing  far  less 
work  than  they  could  have  done  without  any  alteration  in  methods. 
In  such  cases,  as  a  matter  of  policy,  until  the  men  found  by  experience 
that  nothing  was  made  of  such  revelations,  a  rearrangement  of  work 
was  always  made,  if  only  to  a  small  extent,  so  as  to  provide  an 
explanation  for  the  increased  output. 

The  figures  given  in  the  following  table  are  further  fair  samples 
of  the  amount  of  work  done  in  the  ordinary  way  prior  to  the  intro- 
duction of  the  bonus  system  and  that  done  afterwards.  The  ap- 
proximate reduction  in  labour  cost  per  piece  is  also  given.  Siniilar 
results  were  obtained  in  practically  every  case  in  which  timing  was 
carried  out  and  the  bonus  system  of  payment  adopted. 

Table  IV. 


Pieces  done  per  hour, 


Orifrinallv. 


Reduct 

ion  in  labour 

cost 

per  piece. 

19 

per  cent. 

15 

27 

40 

28 

59 

23 

32 

66 

60 
53 
64 

IN  *^ 

62 
10 
P  The  results  shown  in  Table  IV.  may  seem  eminently  satisfactory, 
and  it  may  appear  from  what  has  been  said  that  the  obtaining  of 
them  was,  after  all,  a  fairly  simple  matter.  However,  the  difficult 
part  of  the  work  has  scarcely  been  touched  upon,  as  a  matter  of 
fact,  although  just  referred  to  at  the  begiiming  of  the  Paper.  It 
consisted  in  putting  the  system  into  general  operation  in  the  face 
of  considerable  opposition.     No  doubt  this  was  misguided  opposition, 


and  may  be  recogni.s<;d  as  such  now  by  tho«e  concerned,  but  it  ira* 

none  the  less  troublcHorne  on  that  a^xount. 

As  there  are,  doubtless,  many  membeni  of  our  Inutitution  who 
have  been  impressed  with  the  ;  .   or  df-      '   '        of  takiji" 

some  such  steps  as  have  l>een  <l  1  in  thi-^   ■    .-       the  authrjr 

ventures,  although  with  some  flittidence,  to  give  %  short  account  of 
his  experiences  in  the  more  admini.'-t-  •  ,irt  of  the  work,  in  the 
hope  that  this  may  prove  useful  and  .  e.     A  rude  awakening 

probably  awaits  the  engineer  who  thmk.s  that  Huch  work  a«  this 
can  be  lightly  undertaken.     It  must  be  recognijied,  befor.  -   -  - 

are  taken,  that  trouble  is  almost  inevitable,  and  it  in  e*.- 
once  started,  there  should  be  no  faltering.  It  might  almost  be  said 
that  nothing  short  of  success  can  justify  the  attempt,  for  the  lom  of 
prestige  consequent  on  failure  in  a  matter  of  thiji  sort  would  be 
almost  fatal  to  discipline  and  efficiency  in  the  works.  It,  therefore, 
behoves  the  engineer  or  works  manager  who  intenfls  to  Jttart  on  a 
"  speeding-up  "  campaign  to  count  the  cost  carefully,  and  not  to 
leave  unconsidered  any  pos.sible  cau.se  of  failure. 

In  the  author's  case  the  first  work  to  l>e  timed  was  that  which 
was  most  urgently  required,  and  the  departments  engaged  in  doing 
this  work  in  its  various  stages  were  dealt  with  in  turn.  Example  I.. 
which  has  been  described,  deals  with  the  work  done  in  the  first 
department  tackled.  Example  II.  illustrates  the  work  done  in  the 
second  department.  In  the  first  department  no  open 
experienced,  but  in  the  second  there  was  what  has  i- 
in  the  example.  In  the  next  department — let  it  be  called,  for 
reference  purposes.  Department  III. — the  first  .serious  trouble  was 
met.  Here  there  were  a  very  large  number  of  semi-skilled  men 
engaged  on  the  work  in  question,  each  man  turning  out  6-o  pieces  per 
hour.  Timing,  which  was  strongly  objected  to,  showed  that  only  a 
fairly  simple  rearrangement  was  necessary  to  make  the  output  15 
per  hour.  Further,  a  subdi\-ision  of  the  work  and  the  employment  of 
unskilled  labour  made  possible  an  output  of  30  pieces  per  semi- 
skilled man  per  hour.  One  squad  was  set  working  on  this  latter 
system  for  a  day,  and,  without  being  specially  watched  or  pressed 
in  any  way,  each  semi-skilled  man  turned  out  29  pieces  per  hour 
over  the  whole  day,  much  to  their  own  dismay,  evidently. 

On  the  day  following  this,  however,  the  whole  of  the  men  refused 
to  work  on  the  system,  and  a  strike  was  threatened.  A  demand  was 
made  for  an  all-round  increase  in  wages  of  over  20  per  cent.,  without 
any  increase  in  the  amount  of  work  done.  This,  of  course,  could  not 
be  considered.  Finally,  as,  on  account  of  the  large  number  of  men 
in  this  department,  the  work  was  not  being  held  up  in  other  depart- 
ments on  account  of  this  one,  and  as  there  was  more  pressing  neetl 
of  speeding  up  elsewhere,  a  compromise  was  effected.  It  was  agreetl 
that  the  output  should  be  speeded  up  by  50  per  cent.,  the  men 
working  by  the  same  methods  as  before,  and  a  20  per  cent,  increiise 
in  wages  was  given  to  all  in  the  department.  This  increase  waii. 
of  course,  in  line  with  what  was  being  done  under  the  bonus  scheme. 
The  matterwas  then  dropped  in  this  department  for  the  time  being. 
the  men  being  told  that  it  would  be  taken  up  later  on,  and  they  were 
asked  to  weigh  up  the  advantages  of  the  bonus  system  in  the  mean- 
time. 

It  may  be  mentioned,  as  showing  the  difficulties  experienced  in 
timing,  that  three  men  were  timed  one  after  the  other.  The  fir^t 
two  worked  fairly  well  ;  the  last — one  of  the  most  experience  men 
in  the  department — by  going  through  unnecessarj-  operations,  ^vas 
able  to  take  twice  as  long  over  the  work  ;vs  the  others  :  and  yet,  to 
an  unpractised  eye,  he  would  have  appeared  busy  all  the  time. 

The  next  department — Xo.  IV. — was  then  visited,  but  K'fore  any- 
thing could  be  done  in  the  matter  of  timing  a  request  wjis  made 
by  the  men  for  an  immediate  increase  of  20  jkt  cent,  all  romul. 
They  were  told  that  it  was  proposed  to  grant  such  an  increase,  but 
that  it  would  be  paid  on  the  bonus  system,  under  which  timing  of 
the  work  was  necessary  for  the  purpose  of  fixivg  the  task.  One  of 
the  men's  representatives  making  the  request  was  chosen  to  be 
timed,  and  timing  was  at  once  proceeded  with,  but  only  for  a  short 
time,  as  it  was  rather  late  in  the  afternoon.  Sufficient  ol»servations 
were  made  to  make  it  possible  to  consider  rearrangements  before  the 
next  morning,  wh*  n  the  men  were  told  timing  wouKl  i>o  n'sumed  ; 
and  the  figures  obtained  showed  that,  even  without  n>arnu>gement. 
a  much  greater  output  was  possible  than  that  obtaining. 

The  speedy  action  taken  in  at  once  timing  one  of  their  d'^legates 
had,  no  doubt,  its  eftect  on  the  men  :  but  on  the  following  morning 
this  man  refused  to  allow  himself  to  be  timetl.  and  it  was  stated 
that  the  men  were  unanimous  in  their  decision  to  resist  the  timing. 
As  the  work  in  this  department  was  seriously  IhOuiuI,  and  as  the 
observations  made  on  the  previous  day  showed  that,  without 
rearrangement,  an  output  of  34  pie;-es  {X>r  hour  could  ejisily  be 
obtained,  as  against  the  custon\aiy  output  of  between  eight  and  12, 
there  was  nothing  for  it  but  to  insist  on  the  timing,  with  the  result 
that  the  men  went  on  strike. 

It  was  at  this  stage  that  a  general  increivse  wjis  given  all  round 
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the  works  in  lieu  of  the  prevailing  "  war  bonus."  This  increase  was 
not  given  in  cases  where  the  men  were  already  working  on  the  bonus 
system,  nor  in  Department  III. 

There  were  various  interviews  wth  the  strikers'  delegates,  at  which 
the  matter  was  discussed  in  all  its  bearings,  and  efforts  made  to 
show  tlie  men  that  it  was  to  their  owii  great  benefit  to  adopt  the 
system  ;  by  doing  so  they  would  increase  their  earnings  and  the 
urgent  work  would  be  got  out  to  time.  In  spite  "of  everything,  an 
ultimatum  was  .sent  in  to  the  effect  that  they  would  not  work  on 
the  proposed  system,  but  were  going  to  hold  out  for  their  increa.se, 
irrespective  of  the  amount  of  work  done. 

At  one  of  those  interviews  the  delegates  laid  great  stress  on  the 
difficulty  they  alleged  they  had  in  turning  out,  on  some  types  of 
work,  what  they  called  the  "  recognised  quantity."  As  regards  the 
work  irnmediately  in  dispute,  they  stated  that  the  labour  cost  was 
Is.  3d.  per  dozen  pieces,  and  that  they  were  prepared,  considering 
the  urgency  of  the  work,  to  increase  the  output  so  as  to  reduce  the 
labour  cost  to  Is.  2id.  per  dozen  pieces.  This  shows  the  force  of 
the  remark,  made  at  the  beginning  of  the  Paper,  that  straight  piece- 
work— which  had  been  in  force  in  the  factory  in  previous  j-ears — 
leads  to  the  men's  selling  pieces  of  work  to  their  employers  rather 
than  their  ability  to  turn  out  pieces  of  work. 

In  the  meantime  the  author,  trpng  his  own  hand  at  the  work 
and  taking  extreme  precautions  to  avoid  defective  pieces,  succeeded 
in  working  at  the  rate  of  30  pieces  per  hour,  and,  in  addition,  some 
of  the  work  was  sub-let  pro  tem.  to  another  firm. 

In  due  course  a  con.signment  of  pieces  made  by  the  latter  firm 
and  some  made  by  the  author  were  pa.s.sed  into  Department  III., 
which  was  next  in  order  in  the  process  of  manufacture,  with  the 
result  that  the  men  there  would  not  touch  them,  but  went  out  on 
strike  in  .sympathy  with  the  others  from  Department  TV.  It  was 
pointed  out  to  them  before  they  went  out  that  they  were  going  to 
lose  money,  and  that  they  had  only  themselves  to  blame,  or,  if  not 
themselves,  the  men  already'  out,  who,  incontestably,  had  no  just 
cau.se  to  strike  and  cau.se  loss  to  men  in  other  departments  in  the 
factory.  The  force  of  this  was  evidently  clear  to  those  men,  and, 
no  doubt,  also  to  tho.se  already  on  strike,  who  knew  jierfectly  well  that 
they  were  not  being  asked  to  submit  to  anything  unreasonable. 

The  consequence  was  that  shortly  afterwards  the  delegates  from 
Dej)artnient  TV.  made  overtures  for  a  .settlement,  and  after  con- 
siderable discus.sion  they  agreed  to  give  the  system  a  trial.  This 
decision  was  reached  about  mid-day  on  a  Friday,  and  the  men  from 
Department  TIT.  desired  to  resume  work  at  once.  As,  however, 
they  had  gone  out  simj)Iy  in  .sympathy  with  the  others,  they  were 
told  that  they  would  have  to  remain  out  until  the  following  Monday, 
when  work  would  bo  resumed  generally  in  both  departments.  This 
served  the  double  purpo.se  of  pleasing  the  first  batcii  who  went  out 
on  strike  and  who  had  taken  umbrage  at  the  last  lot,  and  of  show- 
ing the  latter  tliat  their  services  could  also  be  dispen.sed  with  for  a 
time  if  necessary. 

On  the  resumption  of  work  it  was  necessary  to  effect  some  re- 
arrangement in  the  method  of  working,  not  for  the  sake  of  increasing 
the  speed  of  working,  l)ut  to  provide  the  men  witli  a  partial  excuse 
for  the  increased  out})ut  which  was  inevitable.  This  being  done, 
timing  was  carried  on  for  a  week,  practically  every  man  on  day  shift 
being  limed,  so  that  an  average  ])erforma:i(e  could  be  ivckoned  on  ; 
and,  allowance  being  made  for  certain  difiicuities  inherent  in  the 
work  which  occasionally  interfen^d  coiisidenibly  with  the  output, 
it  was  linally  decided  to  .set  34  pieces  jmt  hour  as  the  task. 

On  the  following  week  the  men  were  on  night  sliift  who  had  leen 
timed,  so,  in  order  that  no  -.nistakc  should  be  |K)ssible.  the  author 
remained  in  the  depart nicnt  all  nigh»  with  them.  Unfortunately, 
one  of  them  "  struck  a  bad  patdi,"'  and  fliis  affected  not  only  his 
own  output  but  tiiat  of  the  others.  It  was  clear  from  their  demeanour 
that  the  man  who  was  exjieriencing  the  troul)le  wius  .setting  the  pace, 
and  that  the  others  were  not  doing  what  they  could  do.  The 
average  jjcr  num-iiour  during  the  night  was  20^.  and  the  task  was 
set  at  2()  after  considerable  argument  ;  but  the  men  were  told  plainly 
that  it  was  realised  that  the  task  wa-^  being  set  lower  than  it  should, 
and  would  not  have  been  .set  at  tliis  figure  had  it  not  been  for  certain 
circumstances,  one  of  which  wa.s  the  extreme  urgency  of  the  work. 

The  result  was  a  saving  in  laoour  cost  on  this  particular  work 
of  41  per  cent,  on  day  shift  and  33\  jK-r  cent,  on  night  shift  when 
only  the  set  task  was  done.  The  saving  wa,M  lefw  on  night  shift  on 
account  of  certain  allowances  made  to  night  workers.  The  actual 
saving  i)er  '1\  hours  per  skilled  man  was  21s.  (mI.  when  only  2(5  pieces 
were  done  jicr  hour.  As  a  nuitter  of  fact,  the  .saving  was.  in  time, 
considerably  more  than  this,  for  as  the  men  gaiiud  coniidenee  to  use 
their  best  efforts  witliout  fear  that  their  rates  would  be  cut  they  did 
an  astonishing  amount  of  work,  atul  the  labour  cost  i»er  piece  cIo.seIy 
a])proximate(l  to  the  possible  minimtim. 

'i'o  iihistrate  the  groundle.s.sness  of  the  statcment.<«  the  men  made 
to  a  ncw8j)aj>er  rejiorter.  it  is  only  necessary  to  say  that,  on  the  par- 


ticular class  of  work  they  referred  to,  instead  of  (doing  from  8 
to  12  pieces  per  hour,  they  asually  did  between  50  and  70  pieces  ; 
in  one  instance  a  man  for  some  rea.son  went  off  at  express  speed  and 
actually  did  90  pieces  per  hour,  keeping  up  this  pace  for  a  whole  day. 

While  timing  was  being  carried  out  in  this  department,  it  was 
finally  decided  to  base  the  task  on  54  minutes'  actual  working  in  the 
hour.  In  this  way  10  per  cent,  of  the  men's  time  was  their  own, 
in  which  they  could  take  a  rest  or  attend  to  their  jiersonal  require- 
ments, and  in  addition  a  further  time  allowance  had  to  be  made 
to  comply  with  certain  Factory  Act  requirements.  It  may  be  said 
that  the  result  was  entireh-  satisfactory,  and  that  when  the  men 
realised  that  they  were  not  going  to  be  penahsed  they  worked  so  hard  v 
that  the  time  allowances  were  reallj'  necessary,  and  not  in  the'uature  ^ 
of  a  luxury. 

The  work  was  now  being  turned  out  so  fast  that  it  was  evident  that 
something  further  would  have  to  be  done  in  Department  III.  It  was  '' 
expected  that  the  increa.sed  wages  earned  in  other  departments 
would  not  be  without  their  effect.  The  men  in  this  department  were 
Avorking  night  and  day  shifts,  and  many  were  working  overtime  on 
both  shifts.  This  was  the  cause  of  bad  time  keeping,  and  an  attempt 
was  made  to  introduce  a  system  of  three  eight-hour  shifts  jjer  day, 
but  this  the  men  would  not  consider.  As  the  eight-hour  shift  sy.stem 
would  be  more  exjiensive  to  the  firm  as  far  as  that  department  was 
concerned,  the  suggestion  was  not  pressed.  The  men  were  accord- 
ingly given  another  chance  of  working  better  on  the  ordinary  .shifts, 
and  a  notice  was  posted  to  the  effect  that  it  was  necessary  to  keep  the 
plant  going  continuously,  and  the  men  were  requested  to  put  in  the 
full  number  of  working  hours,  any  who  showed  themselves  unable 
to  stand  the  strain  to  have  their  hours  reduced.  The  last  clause  in 
the  notice  was  to  make  it  possible  to  put  pressure  on  any  man  con- 
tinuing to  upset  things  by  losing  time. 

Xo  improvement  was  showTi — in  fact,  rather  the  reverse — and  it 
became  necessary  to  arrive  at  a  definite  settlement  of  the  matter 
as  well  as  to  insist  on  the  introduction  of  the  bonus  system.  Xo 
amount  of  reasoning  was  of  any  avail,  and  a  strike  was  inevitable. 
The  time  chosen  for  forcing  matters  to  a  conclusion  was  just  shortly 
before  the  Whitsuntide  holidays,  and  the  weather  was  not  verA* 
good — two  factors  which  were  reckoned  on  as  of  assistance  in  shorten- 
ing the  period  of  the  trouble. 

As  anticipated,  the  men  went  on  strike,  and  from  time  to  time  sent 
in'deputations  on  the  subject  of  their  demands.  They  stated  clearly 
that  they  were  out  to  have  their  own  way.  and  meant  to  have  it. 
It  was  impossible  for  new  men  to  be  started  on  account  of  picketing 
being  resorted  to.  A  number  of  the  men  were  willing  to  resume 
work  and  do  as  they  were  told,  but  the  agitator  element  was  strong^ 
among  some  of  them,  and  the  latter  would  not  hear  of  any  com- 
promise. Their  final  ultimatum  was  as  follows,  and  is  given  as  an 
example  of  the  attitude  which,  without  doubt,  was  taken  up  by  many 
workers  throughout  the  countrA'  at  that  time  : — 

"  We.  the  workers  in  the  — —  shop,  agree  to  resume  work  on  the 
old  system,  and  are  willing  to  tuni  out  the  amount  of  work  which  we 
originally  did  at  the  increased  rate  of  jiay.  on  condition  that  we  have 
a  written  agreement  that  you  will  nt)t  interfere  with  the  me-'i  any 
more,  nor  try  to  introduce  the  bonus  system,  which  we  «"ill  not 
entertain  at  all." 

Such  a  demand,  of  oourSe.  could  not  be  considered.  The  men  were 
told  that  there  was  no  work  for  them  on  those  terms,  and  advised 
to  go  away  ])eaceably.  It  wius  .some  days,  however,  before  they  did 
so.  They  did  not  seem  to  realise  that  it  wius  po.ssible  for  them  all  to 
be  turned  away.  They  did.  however,  rcali.se  it  in  time,  and  the 
majority  went,  but  some  applied  for  re-t-ngagement.  The  latter 
were  engaged,  and  were  required  to  sign  an  luidertaking  that  they 
would  do  what  they  were  told  and  refrain  from  causing  troubles. 
With  this  nucleus  and  .some  new  men.  whom  it  was  ]>os.sible  to  take 
on  from  time  to  time,  the  work  war  resumed  and  the  bonus  system 
put  at  once  into  oin-ration.  -Ml  timiiui  was  done  over  again,  and 
although  the  rearrangement  oripiuMlly  pn)]K)se<l  was  not  j>ut  into 
foree  for  several  reasons,  the  task  set  on  the  work  in  question  wa« 
21  pieces  j>er  hour,  as  against  the  oritrinil  fi-5.  .\fter  everything 
had  l>een  got  going  it  was  found  ]»ossililc  io  tuni  out  with  Ijetween 
20  and  30  men  a  jwrt  of  tlie  work  which  originally  took  SO  to  do. 

.•\s  hius  already  In^en  indicated,  it  was  only  after  a  good  deal  of 
consideration  that  the  author  ventured  to  set  down  briefly  the 
difficulties  descrilxHl  in  the  latter  portion  of  the  Paix»r.  and  it  is 
IiojkhI  that  his  doing  so  will  not  l)e  misunderstood.  The  object  has 
been  to  wani  the  unwary  against  falling  into  the  error  of  .seeing  only 
the  desirable  rej»ult«.  overlooking  the  pitfalls  by  the  way,  and  Ix'cause 
of  this  failing  to  obtain  the  object  aimed  at. 

There  would  .seem  to  l»e.  in  the  ultimate,  no  good  reason  why 
workmen  should  not  do  their  best  when  at  work,  and  why  there 
should  he  any  great  difficulty  in  introducing  a  system  of  i)ayment  by 
results  whieli  guarantees  a  reasonaJjle  minimum.  Unfortunately 
in  this  eountr\-.  at  least — the  onlv  one  in  which  the  author  has  had 
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experience — there  seems  to  be  a  feeling  of  antagonism  between 
employers  and  employes.  No  doubt  there  are  faults  on  both  sides, 
but  in  many  cases  and  in  normal  times  it  should  not  be  impossible 
to  arrive  at  a  mutual  imderstanding.  Unless  there  is  a  measure  of 
confidence  between  masters  and  men,  instead  of  suspicion  and  dis- 
trust, very  little  can  be  done.  In  the  process  of  getting  rid  of  this 
distrust  there  may  be  a  fight ;  but  a  fight  sometimes  clears  the  air. 
If  the  employer  fights  fairly,  irrespective  of  what  the  men  may  do, 
and  stands  by  any  mistakes  he  may  make  which  favour  the  men,  his 
only  object  being  to  get  a  square  deal  for  both  sides,  the  result  can 
hardly  fail  to  be  good. 

The  British  working  man,  like  the  rest  of  us,  has  his  faults  ;  he 
would  probably  be  the  last  to  deny  it.  Fighting  seems  to  be  in  his 
blood  ;  the  present  war  has  shown  that  he  would  almost  rather 
fight  than  work.     He  is  difficult  to  force  ;   let  us — although  it  may 

'  not  be  easy — try  to  lead  him.  This  does  not  imply  that  he  should 
have  all  his  own  way  or  all  he  asks  for,  but  rather  that  his  side  of 

■(  the  question  should  be  fairly  considered  and  the  employer's  side 
fairly  represented  to  him.  Reason  seems,  generally,  to  ])revail  in 
the  end.  In  the  works  dealt  with  in  the  Paper  the  feeling  of  the 
men,  after  the  strikes  and  after  the  "  roots  of  bitterness  "  had  taken 

.  their  departure,  was  much  better  and  more  friendly  than  it  had  ever 
been. 


TRANSFORMER  DESIGN. 

{Continued  from  p.  80.) 

BY  F.  M.  DENTON,  A. C.G.I. 

L  Simimary. — A  general  discussion  is  given  of  the  nature  of  the  problem 
of  transformer  design,  and  the  author  sets  out  Arnold's  method  of  design 
for  constant  potential  transformers.  He  then  deals  with  the  conditions 
ensuring  maximum  electrical  and  commercial  efficiencies,  and  discusses  the 
advisability  of  designing  power  transformers  for  minimum  cost.  A  rule 
is  developed  by  the  aid  of  which  designs  of  power  transformers  may  be 
based  upon  commercial  efficiency  rather  than  upon  minimum  cost.  The 
author  then  gives  an  outline  of  the  method  of  design  proposed  by 
Arnold  in  1910  and  a  comparison  of  Arnold's  later  and  earlier  methods. 
Comparative  designs  are  worked  out  and  a  scheduleis  given,  based  upon 
Arnold's  method  of  1904. 


These  comparisons  urge  the  question  whether  the  condition 
G!lGk=S.kj£i  is  not,  theoretically  as  well  as  practically,  more 
sound  as  a  basis  for  the  cheapest  design  than  the  condition 
GijGk=ik''^^i  proposed  in  Arnold's  later  edition. 

Arnold  gave  neither  proof  nor  explanation  for  his  choice  in 
the  1904  edition  of  the  condition  (t//6^a: =£*/£/,  but  the  argu- 
ment seems  a  fairly  obvious  one. 

We  may  suppose  a  power  transformer  of  given  rating  has 
been  de.signed — for  the  sake  of  argument  a  single-phase  core 
type  transformer — and  the  designer  wishes  to  discover  whether 
his  design  is  the  cheapest  possible  of  its  type  and  approximate 
pattern  (relative  proportions).  He  may  argue  thus  :  If  I  were 
to  make  a  number  of  alternative  designs  of  similar  rating  and 
constants,  some  having  more  copper  and  some  less  than  the  one 
I  have  just  made,  and  plot  a  curve  between  cost  along  the 
vertical  axis  and  weight  of  copper  along  the  horizontal  axis,  I 
should,  of  course,  find  that  my  first  design,  if  it  were  indeed  the 
cheapest  possible,  would  be  at  the  bottom  of  a  valley  in  the 
curve,  where  for  an  appreciable  distance  the  curve  is  sensibly 
horizontal.  My  design  would  lie  at  a  point  on  the  curve  for 
which  a  small  change  in  the  weight  of  copper  or  of  iron  would 
produce  no  change  in  the  cost.  There  is,  therefore,  no  need 
for  me  to  plot  such  a  curve  ;  all  I  need  do  is  to  assure  myself 
that  if  I  change  the  weight  of  copper  or  of  iron  by  1  per  cent., 
making  the  consequent  adjustment  in  the  iron  or  copper  neces- 
sary to  keep  the  rating  of  the  transformer  unchanged,  the  total 
cost  shall  be  found  unchanged.  I  will  therefore  try  increasing 
the  cross-section  of  the  iron  (keeping  B  constant)  by  1  per 
cent.  This  will  cause  (?,•  to  increase  by  1  per  cent.,  whilst  the 
number  of  turns  and  so  also  the  weight  of  copper  will  have  to  be 
reduced  1  per  cent,  on  account  of  the  increased  flux.  It  might 
be  said  that  I  have  neglected  the  increase  in  the  mean  length  of 
a  turn  necessitated  by  the  increase  in  Q,  and  also  the  increase 
in  iron  length.  But  the  former  is  very  small.  If  there  were 
no  insulation  at  all  and  the  copper  were  wound  lightly  around 
the  iron  the  increase  of  1  per  cent,  in  Q  would  mean  an  increase 
of  half  of  1  per  cent,  in  the  length  of  the  shortest  turn  and 


about  \  per  cent,  in  the  mean  turn.  But  in  practice  the  length 
of  the  mean  turn  is  proportional  not  t^  \^Q  but  rather  to 
V(^+f'ro.ss-.section  of  insulation  and  air  spaces)  and  the  cross- 
section  of  the  insulation,  kc,  will  changf^  much  le«»  than  Q 
changes.  Moreover,  when  I  reduce  the  turns  bv  1  per  cent.  I 
take  the  outer  turns  which  are  the  longest  of  all.  and  so  keep 
down  the  value  of  the  length  of  the  mean  turn.  The  length  of 
the  iron  will  usually  change  inappreciably  for  a  small  change  in 
Q,  first  because  the  total  iron  length  is  many  times  greater  than 
the  width  of  the  core,  and,  secondly,  because,  the  copper  section 
having  been  reduced,  the  length  of  the  yokes  may  be  slightly 
reduced  whilst  still  keeping  the  same  value  for/t  (the  winding 
space  factor).  There  can  then  be  but  little  error  in  .saving  that 
when  Gi  is  increased  by  1  per  cent.  Gk  will  be  decreased  bv  1 
per  cent.  It  then  follows,  as  already  shown,  that  the  minimum 
cost  will  be  obtained  when  GijGk=ikl^i- 

This  argument  and  conclusion,  with  which  the  be-st  actual 
designs  seem  fairly  well  to  accord,  is,  in  my  opinion,  .sound. 
It  must  now  be  compared  with  that  of  Arnold's  1910  edition. 

Assuming  that  the  mathematical  reasoning  which  leads  to 
Arnold's  conslusion  that  GijGk  should  be  made  equal  to  Zk  3£: 
has  been  correctly  put  into  words,  it  may  first  be  noticed  that 
in  addition,  of  course,  to  the  con.stancy  of  KVA.f,  B  and  •?. 
Arnold  assumes  that  in  discussing  whether  or  not  a  given 
design  is  the  cheapest  possible  the  designer  should  compare  it 
with  alternative  designs  in  which  both  the  ratio  h  h  and  h  \  Q 
are  the  same  as  in  the  trial  design.     With  these  assumptions  the 
conclusion  is,  no  doubt,  logical,  that  the  cheapest  design  \n\\  be 
that  for  which  Gi/Gk=S.kl3£,:     But  it  seems  to  me  that  the 
assumption  spoken  of  ought  not  to  be  made.     The  designer 
should  compare  his  trial  design  with  others  of  similar  tvpe  and 
approximately  similar  pattern,  and  in  such  transfonners,of  given 
rating,  neither  lijlk  nor  h!\Q  will  be  constant.     Referring  to 
The  Electrici.\n,  p.  80,  what  object  was  there  in  allowing  /•  to 
be  increased  1  per  cent,  when  h  was  so  increased  ?     The  cross- 
section  of  the  copper  had#)ecome  less  and  the  periphery  of  the 
window  would  probably,  in  practice,  bear  reduction  when  Q 
was  increased.     To  do  as  Arnold's  argument  proposes  would  be 
to  provide  an  unnecessarily  large  window  area,  and  would 
reduce /t  without  reason.     In  practice  the  increase  of  Q  might 
even  bring  a  slight  reduction  in  the  ratio  //  7^-,  whilst  the 
general  shape  (pattern)  of  the  transformer  would  be  but  in- 
appreciably changed.     Nor  would  hj\'Q  remain  constant,  for 
Ik  is  proportional  not  to  \/Q,  but  to  \/(^-rcross-section  of  insu- 
lation, &c.),  and  a  2  per  cent,  change  in  Q  would  usually  bring 
but  an  inappreciable  increase  in  the  section  of  the  insulation. 

The  point  I  am  trying  to  make  may.  perhaps,  further  be 
illustrated  by  supposing  that  Arnold's  designer  wished  to  com- 
pare his  design  with  one  having,  say,  2  per  cent,  smaller  iron 
section.  The  mean  length  of  a  turn  would,  by  Arnold's  assump- 
tion, be  reduced  1  per  cent,  and  so  the  length  of  iron  path  would 
have  to  be  decreased  by  1  per  cent,  (to  keep  hM  constant). 
The  number  of  turns  must,  however,  be  increased  by  2  pei 
cent.,  and  the  reduction  of  iron  length  and  of  window  area 
makes  this  impossible  except  by  an  increase  oijk- 

Thus,  it  appears  that  Arnold's  assumptions  are  incorrect. 
They  seem  to  overlook  the  fact  that  when  AT.-l.  1'./.  B.sahA 
fk  are  given,  there  is  only  one  design  of  given  t>-pe  ami  of 
exactly  given  pattern  (that  is  to  say.  given  relative  proportion 
and  given  lijlk)  possible,  and  that  "when  a  designer  wishes  t^ 
compare  his  design  with  others  to  see  if  it  is  the  cheapest  pos- 
sible, he  must  compare  it  with  others  of  soinewliat  different 
relative  proportion  in  which  KVA,  V,  f.  B.  s  and  A  are  the 
same. 

The  argument  in  The  Electrici.\x,  p.  ib,  shows  that  the  ratio 
of  h'jh  is  constant  for  a  line  of  transformers  of  similar  pattern  juuI 
various  KVA  outputs  and  for  which/,  B.  s  and/*  ai"e  constant, 
but  it  is  wrong  to  suppose  that  this  ratio  should  be  exactly 
constant  for  alternative  designs  of  the  same  A' I  .-1  output. 

As  will  be  pointed  out  when  referring  to  the  alternative 
designs  in  a  later  section  of  the  article,  the  designer  must  use 
his  own  judgment  as  to  the  merit;  of  the  pattern  he  has  obt^imed 
in  his  design.  He  can  find  out  whether  it  is  the  cheapest  pos- 
sible design  amongst  transformers  of  similar  rating  and  con- 


114 


THE  ELECTRICIAN,  APRIL  28,  1916. 


stants,  and  of  approximately  the  same  pattern  by  comparing  it 
with  designs  liaving  slightly  less  and  then  slightly  greater 
values  of  Q.  In  place  of  making  the  actual  comparison  he 
may  rest  satisfied  that  the  result  would  be  favourable  to  his 
own  design,  provided  the  ratio  GtjGk  is  about  equal  to  £>t/£,. 

There  is  no  speedy  and  certain  method  of  determining  what 
are  the  best  relative  proportions  for  the  designer  to  take. 

Following  Arnold's  earlier  method,  the  designer  is  given  a 
lead  as  to  the  first  trial  choice  of  the  ratio  hjlk,  but  when  this 
choice  has  been  made  the  merit  of  the  design  is  greatly  depen- 
dent upon  his  choice  of  h  (determined  by  AS).  Arnold's 
later  method  is  to  assume  a  value  for  GilGk  and  then  take 
various  alternative  values  of  h.  The  two  methods  thus 
amount  to  about  the  same  thing,  and  both  are  fairly  in  accord 
with  the  theory  proposed  in  the  1904  edition. 

It  may  be  asked,  Would  not  a  transformer  designed  so  that 
GijGk  w^as  equal  to  S-k/^S-i  possess  some  practical  distinction  ? 
The  answer,  in  my  opinion,  is  that  such  a  transformer  would 
be  the  cheapest  of  the  series  of  alternative  designs  of  equal 
rating,  all  having  the  same  values  of  /,  B  and  s  and  of  the 
ratio  l',/h  and  h/VQ,  but  all  having  different  values  of 
fk.  The  transformer  having  G,/Gk=^S.k/S.i  would  be  a 
freak  because  of  its  excessive  proportion  of  copper,  and  those 
amongst  which  it  stands  out  in  point  of  cheapness  would  be 
freaks  on  account  of  their  unreasonable  space  factors.  Such  a 
transformer  would  be  quite  out  of  the  running,  in  point  of  cost, 
with  other  transformers  of  similar  rating  and  constants  in 
which  the  ratio  G/IGk  was  greater. 

in  view  of  the  criticism  on  the  preceding  page  of  Arnold's 
derivation  of  the  condition  GijGk=ikl^^i,  it  may  be  asked 
why  similar  objection  is  not  made  to  the  method  by  which, 
in  the  1904  edition,  the  condition  6^,/6^yt=0-36  £>t/£,  is  derived 
for  lighting  transformers,  since  this  method  also  involves  the 
assumption  that  lk=ki\/Q  and  /,=A;2\/(window  area). 

The  answer  is  that,  in  this  case,  the  error  introduced  by  the 
assumptions  is  comparatively  small.  *E]xamination  of  the  steps 
in  the  derivation  of  the  0-36  condition  show  that  the  k^  and  k^ 
expressions  for  h  and  h  are  inserted  not  in  the  ratio  hjlk,  but  in 
the  product  hxh,  so  that  the  assumption  made  is  that  the 
product  /ci  X  k^  is  constant,  not  that  k^  and  k^  are  each  constant. 
And  consideration  of  the  practical  conditions  of  transformer 
construction  shows  that  such  an  assumption  is  not  unreason- 
able. For,  considering  k^,  it  may  be  observed  that  if  Q  is  great 
h  api)r()aohes  equality  with  xQ  and  ky  approaches  unity, 
whilst  if  Q  is  small  h  is  much  greater  than  \/Q  and  k^  is  greater 
than  unity  ;  k^,  on  the  other  hand,  may  approach  unity  when 
Q  is  small,  and  is  much  greater  when  Q  is  great. 

Thus,  the  variations  of  k^  and  k^  witli  Q,  in  addition  to  being 
small,  are  of  opposite  sign,  and  it  is  not  unreasonable  to  expect 
the  product  k^,  k^  to  be  about  constant  for  transformers  of 
given  rating  and  constants  and  of  appro.xiniately  the  same 
pattern. 

It  is  probable,  however,  that  in  the  majority  of  designs 
Arnold's  constant  0-36  or  0-46  is  too  low,  and  better  results 
might  be  obtained  by  using  0-6  to  0-8.  The  common-sense 
derivation,  by  aid  of  the  percentage  rule  given  above,  of  the 
0-36  condition  for  the  minimum  co.st  of  a  lighting  transformer 
may  <]uite  readily  be  written  down,  and  tlu>  method  mav  prove 
useful  when  it  is  desired  to  work  out  the  luiuinium  ro;;t  condi- 
tion in  a  case  f((r  w  lii(  h  the  changes  of  //  and  of  1^  for  a  given 
change  in  Q  can  be  a|)pr(ixiiuately  estimated  at  the  out.set. 

In  a  lighting  transformer  the  ellicienev,  the  iron  loss  and  so 
also  the  copjjcr  loss  are  fixed.  \iu\  siiu^e  the  copper  loss  is 
obviously  proport.ional  to  GkXs^  it  follows  that  Gks^  in  constant, 
that  is  to  say,  s  is  proixutiunal  to  1  '\/Gk,  and  for  a  1  ])er  cent. 
( hange  in  Gk,  s  will  cliange  lialf  of  1  per  cent.  In  examining  a 
design  to  see  whether  modificatiou  of  the  diniension.s  will 
reduce  the  cost,  let  Q  be  increased  by  1  per  cent.  Then,  since 
we  are  to  assume  that  h  is  projiortional  to  \  Q  it  follows  that 
h  will  be  increased  by  h  ])er  cent . 

The  volume,  and  so  Gi,  will  be  increased  by  (1—%/,)  per 
cent.,  where  "y,  .stands  for  the  |)erceiit.age  decrease  in  /,.  And 
as  the  total  iron  loss  is  to  renuiin  constant  IP^  must  be  decreased 
^y  (1~%^')  per  cent.  ;    that  is  to   say,  B  must  suffer  a  re- 


duction of  r—  (1—%^/)  per  cent.  Hence,  O  the  flux  becomes 
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j  1 r  per  cent,  greater,  and  the  number  of  turns  must 

be  reduced  bv  the  same  percentage.     The  total  cross-section  of 
copper  in  the  transformer  will  be  decreased  by  j  1 —^ 

increase   of    s}%.      That   is  to   .say,   byjl- r^r-'-hi  the 


/o- 
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percentage  decrease  of  Gk]  and  the  total  change  in  G^  will  be  a 
percentage  decrea.se  of 
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the  symbol  %Gk  standing  for  percentage  change  in  Gk.  and  the 
1^  being  the  percentage  change  in  Ik.     It  follows  that  the  change 


inG^ 


;tis 


o/  7,  1 


per  cent. 


['        1-6     I 

Now,  the  percentage  change  in  //  is  one-half  the  percentage 
change  in  the  window  area  (since  it  is  to  be  assumed  that 
l,=k2\/^v;ir\dov>'  area),  and,  therefore,  one-half  the  percentage 
change  in  the  total  cross-section  of  the  copper  ;.  that  is  to  say, 


(,     i-%h 


Ml 
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i{%Gk) 


per  cent. 


-2^+^("^«^^'*0  P''  ''''*• 


Inserting  this  value  of  %//  in  the  exj)ression  for  the  change 
in  G/;  we  have  : — 

o/r-    Qo,  1-2  X  0-6     0-8 

o/^Gk=0-226  per  cent., 

whence  %?,=0-341  per  cent,  and  %G,={l—%l,)%=0-659^ 
per  cent.  Thus,  the  weight  of  iron  has  increa.sed  by  0-659  per 
cent,  and  that  of  copper  has  decreased  by  0-226  per  cent.  If 
the  transformer  has  been  properly  designed  for  minimum  cost 
these  changes  will  have  left  the  total  cost  unaffected  ;  that  is  to 
say,  the  increase  in  the  cost  of  the  iron  will  be  equal  to  the  de- 
crease ir  that  of  the  copper,  or 

0-659^.      0-226,,- 
■  100"^'^'=l00  ^"^'' 
G,jGk=0-3Uik'i,. 

Had  the  quality  or  thickness  of  the  iron  been  such  that  the 
iron  loss  per  kik)granxme  varied  as  J5^'  the  result  obtained 
would  have  been  G,/Gk—0-4:Q£.klS.i. 

With  alloyed  iron  of  ordinary  thickness  the  total  loss  varies 
as  about  B-  and  the  ratio  Gi/Gt  works  out  equal  to  £i/£,-. 

The  results  thus  obtained  under  .\rnolds  assumptioirs  with 
regard  to  /,  and  h.  namely,  that  /©c  \  window  area  and  /^  oc  y/Q 
may  now  be  compared  with  those  obtained  under  the  assump- 
tion that  for  a  1  per  cent,  change  in  Q  neither  /;  nor  /*  will 
appreciably  change. 

For  iron  for  which  the  total  loss  varies  as  B^'^  we  have  : — 

Let  Q  be  increased  by  1  per  cent. ;  the  volume  of  iron  and 
rtlso  G,  increase  by  1  per  cent.,  hence  B  must  be  reduced  by 
(1/1-6)  per  cent,  and  so  O  goes  up  by  (1—1/1-6)  per  cent,  and 
the  turns  nuiy  be  reduced  by  (11  1-6)  per  cent.  But  G)^ 
will  be  reduced  by  the  percentage  reduction  in  turns  plus  the 
percentage  increase  in  .<?  (which  eijuals  half  the  percentage 
change  in  Gk)  ;  that  is  to  say  — 

%0k=  {(l-i-J+^^^o^*))  P"  ^•<^"^- 
%Gk=  [  2(1-— ))o/o=0-75  per  cent. 

Thus,  the  1  per  cent,  increase  in  G,  brings  0-75  ]ier  cent,  de- 
crease in  Gk  and  the  minimum  cost  condition  becomes  : — 

G,IGk=0-7r,  £*'£,, 

which  differs  greatly  from  Arnolds  result,  0-36  £*/£;. 

It  is  particularly  int-eresting,  however,  to  note  that  for  iron 
for  whi<-h  the  tot^il  '<•!<,'*  is  about  ]>r<)]iort.ional  to  B^  the  two 
methods  give  one  and  the  same  result,  —namely, 

6,IOk=i,l£,. 


or 
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So  that  for  such  iron  the  minimum  cost  condition  is  the  same 
for  hghting  as  for  power  transformers. 

Note  on  the  Condition  of  Maximum  Efficiency  in  a  Power 
Transformer. — Arnold's  method  of  design  of  power  transfoi- 
mers  attaches  much  greater  importance  to  the  condition  of 
minimum  cost  than  to  that  of  electrical  efficiency,  and  makes 
no  mention  of  commercial  efficiency.  The  wisdom  of  this  will 
now  be  considered,  and  to  this  end  the  theoretical  conditions 
ensuring  maximum  electrical  efficiency  must  first  be  carefully 
gone  into. 

Assuming  constant  applied  voltage  at  constant  frequency, 
the  total  electrical  loss  in  a  transformer  is  made  up  of  copper 
loss  which  varies  when  the  load  varies  and  of  iron  loss  which  is 
about  constant  for  all  loads.  The  efficiency  may,  therefore,  be 
expressed  thus  : — 
Efficiency = (output /input) = (output /output  plus  losses) 

=[73/2  cos  0/ {F,/^  cos  0+(L+i?V) !  J, 
in  which  V^,  l^  and  cos  0  are  the  load  voltage,  current  and 
power-factor  per  phase  respectively,  L  is  the  iron  loss  per  phase 
in  watts  and  R  is  the  total  resistance  per  phase  referred  to  the 
secondary  circuit    (that   is  to  say,  Ii=^R^-^R^t^\t-^'^).     It   is 
readily  seen  that  this  expression  for  the  efficiency  will  have  its 
maximum  value  for  that  value  of  /g,  which  makes  L  equal  to 
Rill".     This  is  usually  proved  by  differentiating  the  expression 
with  respect  to  I^,  and  setting  the  result  equal  to  nought.     To 
the  mathematical  mind  the  result  is  obvious  by  mere  inspec- 
tion.    To  the  mind  of  the  ordinary  student  it  is  apt  to  be  one  of 
those  wonderful  disclosures  made  possible  only  by  the  calculus. 
It  may,  therefore,  be  not  inappropriate  to  call  attention  here 
to  a  simple  though  neglected  rule,  the  truth  of  which  is  readily 
grasped  by  any  thoughtful  student,  by  aid  of  which  this  and  a 
host  of  other  such  problems  may  be  solved  at  a  glance  without 
any  reference  to  the  calculus.     The  rule  is  this  :  Ij a  quantity  he 
changed  by  1  per  cent,  the  square  of  that  quantity  changes  by  2  per 
cent.,  the  cube  by  3  per  cent.,  and  so  on.     For  strict  accuracy  the 
change  mentioned  should  be,  not  1  per  cent.,  but  1  per  infinity, 
though  for  practical  purposes   1   per  cent,  is  usually  small 
enough.     The  truth  of  the  rule  becomes  evident  to  the  student 
when  he  works  out  a  few  special  cases,  and  when  he  considers 
such  matters  as  the  relation  between  the  linear,  superficial  and 
cubical  expansions  of  a  body  when  heated.     In  grasping  this 
simple  rule  the  student  has  really  grasped  the  meaning  of  the 
statement  dx"ldx=nx"~^,  for  if  dx  be  chosen  as  1  per  cent,  of  x 
we  have  dx=l  per  cent,  of  x  ;   hence,  d{x")—n  per  cent,  of  x", 
therefore 
{d{x")ldx}  ={n  per  cent,  of  x")/{l  per  cent,  of  x) 

={nllOO)x"J{lllOO)x=nx"-'^ 

With  the  percentage  change  rule  in  mind  the  consideration  of 
the  condition  that  the  expression 

{VI  cos  6)1  {VI  cos  6MRI^+L)}) 
shall  be  maximum  is  simple.     For  when  I  has  been  so  chosen 
that  this  expression  is  a  maximum  any  change  in  /  will  reduce 
the  value  of  the  expression.     First,  suppose  /  to  have  been  so 
chosen  that  RP  is  less  than  L,  and  let  /  be  increased  by  1  per 
cent.  The  numerator  is  thus  increased  by  1  per  cent,  as  is  also  the 
first  term  in  the  denominator ;  RI'^  is  increased  by  2  per  cent, 
and  L  not  at  all.     And  since  RI'^  is  supposed  less  than  L  the 
whole  expression  {RP-\-L)  has  been  increased  less  than  1  per 
cent.     Thus,  each  term  in  the  expression  for  the  efficiency  has 
gone  up  by  1  per  cent.,  except  the  second  term  in  the  denomi- 
nator, and  this  has  been  increased  by  less  than  1  per  cent. 
Hence,  the  efficiency  has  been  increased.     Had  /  been  so 
chosen  that  RP  was  greater  than  L  then  a  decrease  of  1  per 
cent,  in  /  would  have  caused  an  increase  in  the  value  of  the 
efficiency.     Obviously,  then,  the  efficiency  will  be  maximum 
when  RP  is  equal  to  L. 

This  simple  and  oft-stated  condition  of  maximum  electrical 
efficiency  appears,  at  first  sight,  to  be  in  contradiction  to 
another  useful  statement,  namely,  ihat  for  a  given  power  output 
from  a  given  transformer  the  maximum  efficiency  is  obtained  ivhen 
the  copper  loss  is  less  than  the  iron  loss  by  some  10  to  20  per  cent. 

There  is  no  discord  between  this  and  the  preceding  state- 
ment.    The  first  statement — copper  loss  equals  iron   loss — 


it 


refers  to  a  transfoiTnr-r  designed  for  and  u.s<-d  witl,  a  definite 
applied  voltage.  I'nd-i  thi.  condition  th«j  be.,t  ethriencv  will 
occur  for  that  value  of  current  for  which  RP=L  The  t^cjmd 
sta,tement  says  that  for  a  given  power  output  (no  restriction 
being  put  upon  voltage  applied)  the  low«'.vt.  r/,tal  Unm  will  occur 
when  the  iron  los.s  is  somewhat  great«?r  Uiuii  the  cjipiter  loss. 
This  simply  means  for  instance,  that  if  a  traasfomier  ie«igne<l 
for  an  applied  voltage  of  1 10  volts,  and  '.''  it  '2f)  KVA  hax 

an  efficiency  of  97  per  cent.,  it  will  be  p.,    .;...   :>,  Uik(i2f)  KVA 
from  the  same  transformer  at  pos.sibly  97-5  per  cent,  effifjency 
by  applying,  .say,  112  volts  instead  of  110.     The  truth  of  tJu'- 
rather  unu..ual  statement  is  obvious  when  it  is  con-:  ' 
whilst  the  output  is  proportional  to  the  product  VJ 
fore,  for  a  given  transformer,  to  Bxl  the  losses  are  propor- 
tional, copper  loss  to  P  and  iron  loss  to  about  B*'.     T 
then,  a  transformer  in  which  the  voltage  and  current  a 
that  the  copper  loss  is  equal  to  the  iron  loss,  we  may  if  we  1  -.  : 
increase  V  and,  therefore,  B  by  1  per  cent.,  and  decrease  /  by 
1  per  cent,  without  changing  the  power  output.     But  a  1  ■  • 
cent,  increase  in  B  means  a  1-7  per  cent,  increase  in  the  i:   .'x 
loss,  whilst  the  1  per  cent,  decrease  in  /  means  a  2  per  cent. 
decrease  in  copper  loss.     On  the  whole,  therefore,  the  total  !o.-«" 
has  been  reduced.     And  obviously  the  reduction  may  in  this 
way  be  continued  until  the  ratio  of  copper  loss  to  iron  loss  is 
about  2/1-7.     Here  again  the  percentage  rule  has  come  in 
useful. 

The  condition  for  maximum  efficiency  just  dealt  with  is 
sometimes  put  in  the  form  :  With  a  given  transformer  to  be 
worked  with  given  total  losses  the  tnaximum  efficiency  is  obtained 
when  :  The  total  copper  loss=eddy  current  loss  in  the  iron,  plus 
80  per  cent,  of  the  hysteresis  loss.  The  same  condition  ob\nously 
ensures  that  with  a  given  output  the  losses  shall  be  at  a  mini- 
mum. The  full  mathematical  proof  is  as  follows  :  For  a 
transformer  of  given  output  the  product  (flux  X  current)  must 
be  constant,  that  is  to  say  (B xQi){s xQe)=consteLnt,  where  Q, 
and  Qe  stand  for  the  total  cross  sections  of  iron  and  of  copper 
respectively.  Hence,  A5F;sF^.= constant,  where  V,  and  F, 
are  the  volumes  of  iron  and  copper  respectively,  and  /.  is  a 
constant  connecting  the  cross  section  with  the  volume  of  the 
transformer.     Now  the  total  losses  are  : 

{C,B^W,+C^BW,-\-C^sW,), 

0^,0^  and  Cg  being  constants.  The  condition  that  the  tot-al 
shall  be  minimum  is  the  same  as  that  F  shall  be  a  minimum 
where 

F^C^B^Wi-[-C^W,+C.isW,+}iBY,~sV.. 

To  find  this  condition  we  may  write 

dFjds=2CssV,-hXViV^^0 
dFldB=h6CiB^^Vi-{-2C.iBV,^U\V^=0. 

Multiplying  these  equations  by  *•  and  B  respectively  and  sub- 
tracting, we  eliminate  /,  and  find  that 

2C3S2F,- 1  •eCiBi-"  F. -2C.,B- F. =0, 
that  is. 

C3sW,=C.,BWi-{-0-SCiB^-^V.. 

This  result  may  readily  be  obtained  by  the  percentage  rule  thus: 
Since  the  output  is  constant  a  1  per  cent,  change  in  volt^ige 
would  demand  a  1  per  cent,  change  in  current,  that  is  to  s;iv. 
1  per  cent,  decrease  in  B  would  demand  1  per  cent,  increase  in 

s.     Now  the  total  loss  is 

and  when  this  is  at  a  minimum  a  1  per  cent,  change  ui  >•  or  in  B 
(accompanied,  of  course,  by  the  consequent  change  in  B  or  in  s 
required  by  the  condition  of  constant  output  5 x inconstant) 
will  have  no  efi'ect  on  the  tot.;il.  Let  then  .<  be  increasetl  by 
1  per  cent.  B  will  have  to  be  decreased  by  1  per  cent-  and 
hence  B^'^  will  be  decreased  bv  1-6  per  cent.,  and  B^  by  2  per 
cent.  s2  will  be  increased  by  2  per  cent.  The  t^^t^U  will  remam 
unchanged  and  we  mav  write  :  2  per  cent,  of  the  copper  loss  = 
1-6  per  cent,  of  the  hysteresis  loss ^-2  per  cent,  of  the  eddy  loss. 
Mr.  A.  F.  Burgess"  has  given  me  the  following  ahuost  literal 
mathematical  translation  of  the  commonsense  method  just 
employed. 
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Expressed  as  a  fraction  of  the  load  the  total  loss  is : 

where  W  stands  for  the  load  in  volt  amperes. 

Now  in  a  given  transformer  B  is  proportional  (for  given 
frequency)  to  V,  the  voltage  applied,  so  that  instead  of  k^B^'^ 
we  may  write  hV^'^,  and  instead  of  /cg-B"^  write  aV^.  The  total 
copper  loss  k^s^  may  be  written  rP  or  rW^jV^.  The  expression 
X  may  now  be  put  into  the  form 

Z=(aF2+6Fi-«+rTr2/F2)/Pf 

The  load  being  constant  whilst  F  is  supposed  variable,  the 
minimum  percentage  loss  and  the  maximum  efficiency  will  be 
obtained  when  dX/dV  is  nought,  that  is  when 

(l/Pf)(2aF+l-66F»«-2rW'2/F3)=0, 
or  aF2+0-86Fi-«-r/2=0, 

that  is  when 

Eddy  loss4-80  per  cent,  hysteresis  loss=copper  loss. 

The  first  rule  for  maximum  efficiency  says  that  a  transformer 
for  a  given  voltage  mil  have  maximum  efficiency  when  used  at 
that  current  output,  which  makes  the  total  RP  loss  equal  to 
the  total  iron  loss. 

The  second  rule  says  that  if  such  a  transformer  be  now  used 
on  a  slightly  higher  voltage  but  at  the  same  KVA  output,  the 
efficiency  will  be  better  than  it  was  before. 

We  might  go  still  further,  and  say,  referring  again  to  the  first 
rule,  that  if  this  transformer  with  its  excessive  applied  voltage 
were  now  allowed  to  give  out  excessive  current,  so  that,  once 
more  the  copper  and  iron  losses  became  equal,  the  efficiency 
would  be  still  higher.  And  so  on  until  the  transformer  were 
burned  out.  The  point  is  that  if  the  transformer  was  economic- 
ally designed  for  its  original  rating  in  volts  and  amperes  the 
application  of  excessive  voltage  would  cause  excessive  local 
temperature  rise  (in  the  iron),  and  the  design  would  have  to  be 
regarded  as  an  imperfect  one  for  this  new  condition  of  applied 
voltage. 

Arnold  carefully  discusses  both  the  conditions  just  dealt 
with  and  clearly  distinguishes  between  them.  Kapp  on  page 
122  of  his  I'iOM  edition  of  "  Transformers  "  appears  to  suggest 
that  Arnold  is  i)i  error  upon  the  matter. 

It  is  interesting  to  apply  the  percentage  i-ule  to  the  determina- 
tion of  the  maximum  efficiency  condition  for  a  lighting  trans- 
former. It  was  shown,  mathematically,  that  the  condition  to 
be  satisfied  is 

The  total  cost  is      {EiKVAii+KuKVAUk), 
and  the  design  j-as  to  satisfy  the  condition  that  KuEf^'^^  shall 
be  a  constant,  say  g.     Thus  the  value  of  £",  has  to  be  fouid, 
which  will  make  {EiZi-\-g£./(liP'^^)  a  minimum. 

The  required  value  of  E,-  may  be  recognised  by  applying  the 
common-sense  rule  that  for  the  miiiimnm  condition  a  1  per 
cent,  change  iji  Ei  (accompanied,  of  course,  by  the  changes 
thereby  made  neces.sary  in  the  other  quantities)  will  produce  no 
change  in  the  total.  Now  by  the  percentage  rule  a  I  per  cent, 
change  in  E,  means  a  0-36  of  1  ])er  cent,  change  in  E^'^^. 
Hence  if  the  total  is  to  r'Muain  the  same  in  spite  of  the  I  per 
<'ent.  change  in  Ei  the  condition  will  have  to  be  fulfilled  that 

1  per  cent,  of  J&,£,=0-36  of  1  per  cent.  olgikjEfi'^, 
or  ^/£,/100- ;(>36/10()[  |(A'„£\«-3«)£;t/£,"-3«} , 

that  is,  E'/Ku~0-3Cy£.K/£.,,  the  same  result,  of  coui-se.  as  was 
obtained  by  the  orthodox  form  of  the  dilTerentiation. 

{To  be  coniinucd.) 


Electrically-Driven  Sinking  Pump.  The  Kngineer  ' 
illusl  rates  a  veitical  i)Uin|>ing  set  wliich  Ibilden  A:  Brooke.  Ltd., 
of  Manchester,  have  constructed  for  the  South  Moor  (.'olliery 
Co.  The  ])iiinp  delivers  ()()()  gallons  of  water  ])er  minute  against 
a  head  of  33  ft.  and  runs  at  I.IGO  revs.  j)er  niin.  It  is  driven 
through  a  fiexihle  coupling  by  a  13  B.u.P.  totally  enclosed  motor, 
made  by  Greenwood  &  Batley,  \Ad.,  which  is  sup|)lied  from 
three-])hase  mains  at  10  cycles.  The  whole  of  the  ))lant  is  self- 
<'ontained  in  a  structural  steel  framework,  and  can  hv 
readily  slung  in  a  pit  shaft. 


SERVICE  BRANCHES  FROM  EXTRA  HIGH-TENSION 

CIRCUITS.* 

BY  D.  M.  MACLEOD. 

Summary. — The  question  of  an  efficient  and  economical  mains  lay-out 
has  become  of  paramount  importance.  This  is  discussed  in  the  Paper, 
and  comparisons  between  ecsts  of  looping-in,  laying  branch  cables,  and 
other  methods  are  given. 

In  the  case  of,  say,  a  modem  power  company  operating  by  virtue 
of  its  Parliamentarj-  powers  over  an  extensive  area  of  comparatively 
widely-scattered  industrial  communities,  it  is  quite  conceivable 
that  as  development  progresses  the  outlaj-  in  mains  and  serWces 
per  kilowatt  of  demand  on  the  generating  .station  will  exceed-the  cost 
per  kilowatt  of  generating  plant  and  power-house  buildings  to  give 
such  demand.  This  being  the  case,  every  method  and  device  must 
be  inaugurated  and  tried  to  reduce  to  a  minimum  the  outla\"  involved 
in  feeder  and  network  extensions,  compatible  with  reliability  of 
supply. 

It  is  not  surprising,  therefore,  to  find  the  ring-main  system  exten- 
sively used  for  public  electrical  distribution  networks,  the  route  of 
such  ring  circuits  being  generally  laid  out  to  follow  a  certain  Une  of 
actual  or  prospective  development. 

To  achieve  the  best  results  from  this  method  of  distribution  it  is 
essential  that  some  system  of  balanced  protective  gear  should  be 
installed,  as  it  is  exceedingly  difficult,  if  not  impracticable,  so  to 
arrange  a  series  of  overload  and  reverse-power  "  trips  "  as  to  give  the 
necessary  discriminative  action  when  isolating  a  section  on  which  a 
fault  has  developed.  Attempts  have  frequently  been  made  to  grade 
a  system  of  overload  protective  devices  so  that  any  cable  failure 
can  be  localised  as  much  as  pos.sible,  but  generally  these  attempts 
have  either  failed  completely  or  the  results  obtained  therefrom  have 
been  of  so  uncertain  a  nature  as  to  lead  to  their  abandonment.  Such 
a  result  is  what  one  might  exi>ect  in  all  cases,  except,  say,  that  of  a 
feeder  energised  and  fed  from  only  one  end. 

When  a  supply  is  required  for  a  large  liower  consumer  there  is 
seldom  any  question  as  to  its  being  obtained  from  or  incorporated 
with  the  nearest  available  ring  maui.  even  should  the  consumers 
works  be  situated  some  distance  therefrom,  as  the  importance  of  the 
supply  on  the  commercial  as  well  as  on  the  engineering  side  is  such  as 
to  justifv  the  capital  expenditure  involved  in  looping  in  the  ring- 
main  circuit  and  providing  the  necessary  sub-station  and  balanced 
l^rotective  equipment. 

In  some  cases,  however,  and  these  are  by  no  means  uncommon,  a 
comparatively  small  supply  for  an  isolated  works  may  be  all  that  is 
required,  or  a  new  work.s  may  be  starting  up,  the  ultimate  develop- 
ment of  which  Ls  a  matter  of  uncertainty  ;  or.  again,  the  supply 
may  be  required  simply  to  augment  the  output  from  a  private  plant 
or  as  a  week-end  and  stand-by  supply  to  such  plant.  In  the  cases 
enumerated,  both  the  financial  and  the  engineering  asjiects  of  the 
problem  require  very  careful  consideration,  more  especially  where 
the  works  to  be  supplied  are  .situated  at  some  little  distance  from  the 
route  of  the  supply  cables.  Viewed  from  tlie  financial  standpoint,  it 
is  often  found  that  the  return  to  be  ex]x>(te(I  is  totally  inadequate 
to  justify  the  heavy  outlay  that  would  be  entailed  in  looping-in  the 
ring-main  cables.  The  jvortion  looj)ed-in  must  l>e.  of  course,  of  the 
same  (arrying  capacity  and  sectional  area  as  the  ring-main  cable, 
and  that  being  so,  the  .sectional  area  would  be  out  of  all  proportion 
to  tlie  i)ros])ective  load.  I'nder  these  circmnstances  the  siqiply 
atUhority  requires  to  exhaust  evef^y  jxtssiiile  economical  method  of 
distribution  in  order  to  fulfil  its  obligations  and  ensure  at  the  same 
time  an  adequate  return  on  the  eapital  employed. 

The  prol)lem  is  somewhat  sinq)Iitied  by  running  a  single  extra- 
high-tension  branch  service  from  a  switch-house  situated  on  the 
route  of  the  ring-main  cable.  By  so  doing,  the  cost  of  a  loop-in  can 
l)e  saved:  but  vuiicss  the  route  length  of  the  .service  is  fairly  con- 
siderable, this  advantage  is  largely  discomitod,  if  not  entirely  elimi- 
nated, by  having  to  equip  a  .switeh-hou.se  at  the  point  of  junction. 

The  following  t.iblp  gives  some  indication  as  to  the  jxreentage 
cost  of  variotis  methods  of  delivering  a  sujojiiy  of,  say.  1(X>  kw.  to  a 
]ioint  distant,  let  us  assume,  one  mile  from  the  line  of  route  of  a 
ring-main  cable,  it  being  understoiwl  that  the  point  of  suj)ply  is  so 
far  removed  from  any  transforming  station  that  a  low-tension 
service  line  is  not  considered  to  l>e  eeondmically  practicable  : — 

{a)  Cost  of  lo()|nn^-in  ring-main  cnblo.  anxiUarj'  cables,  and 

cnnsiuner's  stibst.ttion  ctniipmcnt 100 

(fc)  Cost  of  layinjf  branch  cable  and  anxiliark*  cable.*,  build- 
ing and  equip|>ini!  switch-house,  and  equipping  con- 
sumer's sill) -Stat  ion 64 

(r)  Cost  of  laying  branch  cable  and  auxiliark*  cable*,  link 

box.  and  equipping  consumer's  sub-station 53 

*  .\bstrn<'t  of  Paper  read  before  the  Scottisli  Section  of  the  Institution 

of  Klectrical  Knjiincers. 
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The  percentages  are  calculated  for  underground,  cables  in  each 
case.  In  the  case  of  (a),  overhead  transmission  is  not  admissible, 
as  the  expense  of  a  double  line  built  in  accordance  with  Board  of 
Trade  requirements  and  accepted  modern  practice  would  show  to 
very  little  advantage  compared  with  underground  cables  laid  in  a 
common  trench.  Overhead  transmission  is,  however,  often  (juite 
admissible  in  the  case  of  (b)  and  (c),  and  if  adopted  would  make  the 
percentage  cost  of  these  two  methods  still  more  favourable. 

These  figures  show  at  once  the  economy  in  first  cost  in  using 
branch  services  controlled  from  an  extra-high-tension  link  box  at 
the  point  of  junction.  The  results  achieved  with  these  boxes  have 
been  so  uniformly  successful  that  in  the  author's  opinion  the  time 
has  now  arrived  when  a  description,  together  with  an  account  of  the 
method  of  application  and  operation,  should  be  published  for  the 
benefit  of  those  members  who  may  be  specially  interested. 

Specifications  and  preliminary  sketches  clearly  defining  the 
functions  and  conditions  to  be  met  were  submitted  in  1907  to  the 
principal  manufacturing  firms  throughout  this  country.  At  that 
time  the  application  of  link  boxes  to  11, 000- volt  circuits  was  con- 
sidered to  be  so  daring  that  one  or  two  firms  declined  to  tender,  and 
were  good  enough  to  give  a  friendly  warning  against  the  dangers 
underlying  such  an  experiment.  Fortunately,  however,  Messrs. 
Siemens  Bros,  submitted  a  design  which  clearly  fulfilled  all  the  re- 
quirements of  the  case,  and  which  pro\aded,  in  the  author's  opinion,  a 
reasonable  margin  of  safety  both  as  to  the  insulation  of  the  current- 
carrying  parts  and  as  to  that  most  important  consideration,  the  safety 
of  the  operator.  The  design  submitted  was,  subject  to  a  few  modi- 
fications, the  one  finally  adopted  by  the  power  company  with  which 
the  author  is  connected. 

The  general  arrangement  of  the  link  box  is  shown  in  the  Paper. 
Each  main  and  service  cable  is  brought  into  the  box  in  such  a  manner 
as  to  leave  no  doubt  in  the  mind  of  the  operator  as  to  its  identity. 
This  condition  is  obviously  a  very  important  feature,  and  is  a  point 
frequently  overlooked  in  link-box  design. 

The  link  box  consists  essentially  of  a  rectangular  cast-iron  box  in 
three  portions,  so  arranged  as  to  facilitate  assembling  and  jointing. 
The  internal  fittings  consist  of  a  number  of  porcelain  cells,  one  for 
each  cable  core.  Details  of  one  of  these  cells  are  given  in  the  Paper. 
Through  the  bottom  of  the  cell  pass  two  studs,  one  of  which  is  in 
metallic  contact  with  a  'bus  bar,  and  the  other  is  directly  con- 
nected with  one  of  the  cores  of  the  cable.  To  these  studs  are 
attached  two  main  contacts,  and  these  again  are  connected 
together  by  means  of  a  removable  link.  The  porcelain  cell  is  of  a 
suitable  depth  to  provide  for  the  link  being  immersed  in  oil.  Each 
cell  is  provided  with  a  glass  cover,  and  in  the  centre  of  each  link  is  a 
screwed  hole  into  which  the  operating  rod  is  screwed  when  the 
removal  or  insertion  of  a  link  is  either  necessary  or  desirable.  These 
cells  are  assembled  in  groups  corresponding  to  the  number  of  phases, 
and  they  are  embedded  in  the  box  compound  with  which  the  greater 
portion  of  the  cast-iron  box  is  filled. 

The  complete  jointing  of  one  of  these  boxes  occupies  too  much 
time  to  permit  of  all  the  work  being  done  at  the  site.  Obviously 
the  ring  circuit  would  require  to  remain  open  all  the  time  this  work 
■R-as  being  carried  through,  and  that  being  so,  the  risk  has  to  be  taken 
of  another  section  of  the  main  opening  under  fault  conditions,  thus 
endangering  supply  to  a  more  or  less  extensive  area.  This  difficulty 
is  got  over  most  conveniently  by  jointing  into  the  link  box  short 
lengths  of  cable  of  the  required  sectional  area.  Tliis  work  can 
obviously  be  done  either  at  the  power  house  or  at  the  nearest  avail- 
able depot. 

These  boxes  are  not  intended  to  break  load,  but  simply  to  dis- 
comiect  a  line  under  pressure.  As  a  matter  of  fact,  in  one  or  two 
cases  of  emergency  a  connection  has  been  both  broken  and  made 
under  load,  but  the  carrying  out  of  this  operation  demands  a  cool 
head  and  a  steady  hand,  the  flash  and  noise  when  the  circuit  is  eit  her 
made  or  broken  under  these  conditions  being  considerable. 

Special  care  has  in  all  cases  to  be  taken  to  eliminate  any  traces  of 
moisture  inside  the  box,  and  this  is  done  by  means  of  an  exterior 
vessel  containing  calcium  chloride.  This  exterior  vessel  is  directly 
connected  with  the  box  by  means  of  a  short  piece  of  screwed  tubing, 
so  that  the  chemical  can  be  renewed  when  required  without  the 
necessity  of  opening  the  box  cover. 

It  has  been  found  in  practice  to  be  quite  feasible  to  take  branch 
services  off  sections  of  cable  controlled  with  balanced  protective 
gear.  At  first  sight  it  might  appear  that  the  taking  off  of  such  inter- 
mediate services  would  disturb  the  static  balance  in  the  current- 
transformer  secondary  circuits.  Theoretically  this  is  undoubtedly 
the  case,  but  when  it  is  borne  in  mind  that  in  actual  practice  the 
'  relays  employed  in  coimection  with  a  balanced  protective  system  are 
usually  set  for  operating  on  a  fault  current  of  from  60  to  200  amperes, 
it  vfiU  at  once  be  apparent  that  there  is  an  ample  margin  within 
which  it  is  possible  to  give  a  branch  supply  without  materiallj'  im- 
pairing the  efficiency  of  the  protective  system.     Nevertheless,  it 


has  been  found  nc  e.-i.-!ar>-  to  ifiHtaJl  a  norolt  re^^-*  »'  'he  »uppiy  ',r 
consumer's  end  of  such  wrvice  hranchM.  m*  >r  ■■    the   ^t  >■ 

balance  is  liable  to  U'di-itDrlx-*!  i<irn  Hu/tuatKJii 

of  voltage,  tau.sed,  for  f.x;impU-,  .urmal  circuit. 

Supplies  given  off  these  »er\-ic«i  bnui'  h.-<»  are  «ub)«ct  to  the  di»- 
advantage  that  they  ar^    "     '  '  f  »  \mAx. 

should  occur  on  that  |x,i  _  .  riich  the 

branch  is  ta[)fKd.  This  is,  however,  not  a  aerioiM  objectHm,  ••  it  k • 
simple  matter  to  test  out,  d  .    ■     ,     ,      .^g^j^joQ,  anff  rtatogi 

supply  over  the  srjund  prjrti.  -tection.     ObrioMij 

it  is  in  this  connection  that  the  diiicoanecting  links  are  of  apccMl 
value. 

In  the  P."  per  two  diagrams  are  given.     One  of  the-^«how«  afoor- 
way  extra-high-tension  link  Ixjx  having  two  seni'ic'  •-•  ;  000 

service  conveys  a  8upj)ly  to  a  brick-works  and  the  oi..-  ■  i..  •  lin<|g|ri 
building   works.     Owing   to   the   gra/lual    irrowth   of   th»  wtpfiliMi 
refeiTed  to,  and  also  to  the  genera!  f|c  ryidiate 

vicinity,  it  became  neces-sarj- to  sujiersedi  :. ^  ■^,.  ^.  .,  .  switch- 
house  equipment. 

This  example,  one  of  many,  shows  th»-  ■   ira<"h  a 

device  for  development  purfx).se.s.     In  this  j -       ;iere  can 

be  little  doubt  that  had  it  not  been  possible  to  give  tbe«e  two  supptim 
by  means  of  service  branches  Ujth  supplies  w<.  '  "  '  .-  been  nxxt 
difficult  to  arrange,  as  the  initial  revenue  from  f  nid  not  have 

yielded  the  company  a  rea.sonable  return  on  the  capital  our.!»y 
involved  in  either  looping  them  on  to  the  r'    _  '       .' 

them  from  a  fully  equipped  switch-hou.se  bii.  ..•- 

of  the  ring-main  cables. 

It  will  be  readily  understood  that  in  a  widely  scn^*-—  '  'ndostrial 
area    the    field    for   such   applications   i.s   fairly   e\  Theae 

branches  are  often  extended  from  time  to  time  for  miier*.  fontmuiri^ 
from  one  point  of  supply  to  another,  until  in  the  ultimate  '      -        * 
development  it  is  found  practicable  to  i^connect  the  far  ei. 
with   another  similar  branch  or  with  another  point  on  the   r.;._- 
circuit,  the  branch  ultimately  becoming  jwrt  of  a  subsidi'"-'    '     .' 
The  original  box  is  then  withdrawn  and  a  switch-house  sul 
in  its  place.     It  is  quite  clear  that,  with  development  carrieti  uui  ui 
such  a  manner,  it  is  po.ssible  to  make  each  exten.sion  on  a  minimum 
of  capital  outlay,  the  supply  network  by  a  process  of  .steady  growth 
being  extended  over  a  wider  area  to  the  mutual  advantage  of  the 
industrial  community  and  the  supply  authority. 

A  duplicate  service  implies  comphcated  switchgear  arrangements 
and  the  introduction  of  parts  liable  to  go  wrong  or  cau.se  • 
The  introduction  of  balanced  protective  systems,  and  im. 
forms  of  discriminating  cutouts,  may  be  regarded  as  an  eloquent 
commentary  on  the  fallibihty  of  electrical  equipments  an  ' 
expression  of  the  desire  of  engineers  to  obtain  greatt-r  r\  > 
One  of  the  chief  sources  of  reliability  is  simpUcity,  and  the  author  a 
a  confessed  advocate  of  the  single-branch  serWce  as  the  motit  direct 
method  of  securing  retisonable  freedom  from  failure  for  all  classes 
of  supplies,  except  those  the  magnitude  or  importance  of  which  makes 
inclusion  on  a  ring-circuit  imperative.      All  such  sen'ice  }<-■••  *-- * 
should,  in  every  case,  be  laid  complete  with  the  necessarj-  .1 
cables  for  a  telephone  ser\-ice  and  pilot  wires,  so  as  to  pernut  ot  tlw 
steady  development  of  the  branch  in  the  direction  already  indi- 
cated. 

In  connection  with  the  pn^ent  Eui-ofiean  crisis,  sundrA-  war 
service  supplies  have  been  given  from  these  link  boxes,  this  o»Jur» 
being  dictated  by  the  extreme  urgency  of  the  demand  and  the 
difficulty  in  obtaining  deliveries  of  switchgear  owing  to  manufac- 
turers' work  coming  under  Government  control  for  the  manufaoiure 
of  munitions.  These  services  have  been  maintained  under  the  most 
onerous  conditions  without  the  slightest  interruption,  an' 
proved  themselves  to  be  entirely  satisfactory-  from  ovcrv 
view.  , 

A  demand  sometimes  arises  for  small  lighting  and  !>.-^      -         "f^ 
for  farms  or  residential  proixn-ty  along  the  nmtc  of  .>\ . 
mission  lines.     There  is  a  growing  tendency  to  make  th 
wayleave   facilities,   csixnially   through    residential 
tional  upon  the  giving  of  a  ligliting  supply  to  the 
Where  such  a  comiition  has  been  imposed  it  can  be  veri-  >«'« 

in  the  case  of  a  low-tension  transmission  line,  hut  in  tho  -j^  "  *" 
extra-high-tension  the  solution  is  not  so  simple.  The  author  has 
met  the  difficulty  by  using  small  pole-type  tnmsfonuers,      j.vF. 


of 

h- 


DISCI'SSIOX. 
Mr.  R.  B.  Mitchell  (Glasgow)  said  that  whoi.-  the  re.-enue  accruing 
did  not  warrant  considerable  capital  oxpt^nditutx^  the  v« 

described  in  the  Paper  won^  very  us<>ful      Proin^r  P^^^;^-. .  ,  ,« 

taken  to  render  ea..y  the  idontitioat.on  of  md.v.dual  cable,  ami  ^  ^  ^r 
contacts  He  had  not  found  assoiubhng  ni  the  workshop  a  great  m.-  ;  >  . 
rd  fn  cong"\ed;itya..a.  ^  wa.dimcuU  toa..emblo  near  theac^ual  ,ob^ 
FaciHties  should  be  provided  for  earthmg  the  cable  at  the  bo:c     He 
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showed  a  simple  device  which  enabled  the  earth  connection  to  be  made 
in  the  box.  I3y  .substituting  for  the  lid  of  each  cell  a  porcelain  lid  with  a 
fitting  attached  contact  was  made  with  the  cable  terminal  contact,  the 
fitting  being  connected  on  the  outside  of  the  lid  by  length  of  insulating 
conductor  to  an  earthing  stud  on  the  side  of  the  box.  He  did  not  think 
that  calcium  chloride  was  necessary  in  ordinary  conditions.  He  had  ex- 
perienced trouble  through  the  glass  lid  of  the  box  breaking,  due  to  tem- 
perature changes,  and  he  suggested  the  substitution  of  a  porcelain  lid. 
The  surges  which  took  place  in  the  system  rendered  necessary  the  fitting 
of  a  no-volt  release. 

Mr.  W.  Naikn  (Glasgow)  said  he  had  anticipated  five  years  ago  that 
these  boxes  would  give  a  good  deal  of  trouble,  but  not  a  single  failure  had 
occurred,  which  said  much  for  the  design  of  the  box.  The  '.i  kw.  pole- 
transformer  was  an  innovation  in  this  countr\-  of  more  than  ])assing 
interest,  as  they  facilitated  the  taking  of  extra  high-tension  transmission 
lines  through  agricultural  districts. 

Mr.  D.  A.  Starr  (Glasgow)  said  that  Mr.  Macleod  did  not  seem  to  have 
that  complete  confidence  in  the  transformers  which  one  found  in  Canada. 
He  (the  speaker)  liad  seen  many  of  these  tran.sformers  erected  on  poles  in 
Canada  without  any  cover  or  ])rotective  housing. 

Mr.  W.  B.  HiRD  (Glasgow)  said  it  struck  him  as  wonderful  that  any  one 
should  attempt  to  link  up  .services  inside  a  box  containing  cables  carr\'ing 
11,000  to  20,000  volts,  and  the  covering  u.sed  to  protect  the  transformers 
in  this  country  might  be  due  to  our  climatic  conditions. 

Mr.  J.  K.  Stothert  recalled  some  of  his  early  cx])criences  with  single- 
phase  tran.sformers  working  at  2,500  volts.  They  overcame  their  diffi- 
culties due  to  damp  by  using  calcium  chloride.  They  had,  however, 
many  other  difficulties  which  the  Paper  showed  had  since  been  success- 
fully tackled. 

Mr.  A.  P.  Robertson  (Glasgow)  asked  if  drj'ing  out  with  a  vacuum, 
as  was  done  with  telephone  cables,  would  not  get  over  the  need  for  using 
calcium  chloride. 

Mr.  GRAN(iER  (Glasgow)  asked  what  precautions  were  taken  to  keep  the 
pits  containing  the  tran.sformers  free  from  flooding. 

Mr.  R.  Allan  Brown  (Falkirk)  said  he  would  like  to  know  the  size  of 
the  pit.  Where  cables  ran  down  narrow  streets  with  ])avements  o  ft.  or 
6  ft.  wide  he  did  not  think  it  ])ossible  to  put  a  box  under  the  pavement. 
He  had  found  it  necessary  to  run  a  high-ten.sion  branch  off  into  a  switch 
house. 

Mr.  H.  T.  Burton  ((JIasgow)  said  the  develf)pnient  of  the  high-tension 
service  lies  in  the  overhead  link  when  the  inconsistencies  of  wayleave  laws 
shall  have  been  removed  by  fresh  legislation.  He  had  supervised  the 
erection  of  a  tt.OOO-voit  oO  k.v.a.  transformer  in  the  south,  mounted  on  a 
pole  without  any  jjrotection.  Mr.  Macleod's  views  from  his  long 
experience  would  have  been  interesting  as  to  high-tension  services  on  the 
Merz-Huntcr  system. 

Mr.  Macleod,  in  reply,  said  it  would  be  easy  to  alter  the  design  of  the 
box  to  suit  20,000  volts.  He  thought  the  aVtsence  of  a  protective  cover 
might  tempt  the  passing  small  boy.  The  size  of  tlic  jjrotecting  frame 
was  4  ft.  s(|uarc,  the  box  chaniber  being  flush  with  tlie  outside  frame,  and 
the  dejjth  10  in.  to  18  in.  He  thought  Merz- Hunter  )trotection  as  regards 
insulators  was  likely  to  cau.se  more  trouble  1h;ui  it  prevented,  so  far  as 
overhead  construction  is  concerned. 

Mr.  Hampton  pro])osed  a  vote  of  thanks  to  Mr.  Macleod,  and  said  that 
as  re])resenting  a  company  whieli  liad  services  from  the  Clyde  N'alley  Co. 
all  over  their  area  he  could  not  icnieniher  any  occasion  when  they  had  a 
total  breakdown  or  when  they  were  entirely  minus  sup])ly.  which 
spoke  well  for  the  way  in  which  the  company's  distribution  system  was 
carried  out. 


SIR  J.  J.  THOMSON  ON  RADIATION  FROM  ATOMS 
AND  ELECTRONS. 

{Concluded  from  page  90.) 

Leaving  lliis  subject,  Sii  Josepli  (unied  to  the  Zeenian  effect  for 

the  purpo.se  of  ascertaining  whether  the  vil)rating  jiartide  was  an 

electron  or  a  j)arti(le  of  greater  mass,      liy  electron.  Prof.  Thomson 

reiuiirked,  he  luiderstoocl   not  a  free  electron    but    an  electron  a.sso- 

ciated  with  an  atom  ;   spectro.scopie  effects  due  to  free  electrons  had 

never  been  observed,  and  with  the  enormous  velocities  of  electrons 

enormous  displacements  should  indeed   result.      Faraday  liad   been 

able  to  (ieinonstiate  the  rotation  of  the  i»laiie  of  polarisation  by  the 

magnetics  field,  but   not   any  direct  effect  on  the  light  of  a  .sodium 

ffaine,   e.y.   Zeenian   jiniduced  s|)arks  between  the   |K>les  of    strong 

magnets  and  tlieii  ftiuud  thai  the  lines  of  the  resjM'ctive  metal  were 

brokeii  up  ;   it  was  at  lirst  thought  that  each  line  gave  ri.se  to  a  triplet 

(one  in  the  position  of  the  old  line,  two  others  Hynimetrically  right 

and  left  of  it),  but  tli(>  resolutions  wen-  found  to  be  complex  and  of 

various  tyj)es.     The  i)articles  upon  which  the  ctTect  de)x-nded  were 

very  small  ;    but  particles  smaller  than  atoms  had  been  tuiknown  at 

the  lime,  and  the  effect   had.  therefore,  i)een  gn-ater  than  liad  Ihmmi 

expected.     To  demonstrate  the  effect   of  the  magnetic  lield.   Prof. 

Thomson  approached  a   magnet   to  tlie  straight   beam  of  kathode 

particles  issuing  from  a  Wehuclt    kathode;    the  l)eam  was  deflected 

and  turned  into  a.  lircle  and  a  spiral  when  twisted  back  to  the  origin. 

In  this  spiral  the  particles  were  spinning  nnnid  the  magnetic  axis. 


and  as  the  period  of  one  rotation  depended  onlj'^  upon  He/m  (^= field 
intensity,  e= charge,  and  j«  =  mass  of  particle),  the  particles  travelled 
rapidly  in  a  wide  spiral  and  slowly  in  a  narrow  spiral  (of  small  radius), 
the  jieriod  being  ah\ays  the  .same  in  a  uniform  field.  Xow,  imagine 
an  atom  to  be  an  intrinsic  magnetic  system  with  a  radial  magnetic 
axis.  An  electron  falling  into  an  atom  would  spin  about  that  axis 
at  the  speed  He  m  ;  when  an  additional  field.  Ha,  was  applied,  the 
rate  would  be  {H-HQ)e'm,  according  as  the  direction  of  the  second 
field  superimpo.sed  was  the  same  or  the  opposite  of  the  first,  and  the 
sfjeed  of  the  electron  would  be  greater  or  smaller  in  the  ratio  (H~H^)IH 
When  the  second  field  was  at  right  angles  to  the  first,  the  Hq  would 
have  no  effect  at  all  ;  when  at  an  angle  6,  the  cos  S  would  come  in. 
This  view  made  it  po.s.sible  to  accoimt  for  the  great  variety  of  types 
and  effects  of  different  magnitudes  observed  in  the  Zeenian  resolytion, 
if  we  imagined  the  atom  to  have  several  magnetic  axes  somewhat  as 
it  had  several  crystallographic  axes'.  Thus,  hydrogen  and  helium 
lines  gave  triplets;  in  sodium,  groups  of  five  and  of  four  com- 
ponents were  observed  ;  mercury  lines  resolved  into  groups  of  three, 
six,  nine  components  ;  neon  showed  a  very  complex  resolution  ;  one 
iron  line  was  not  broken  up  at  all,  others  gave  quintets,  &c.  The 
general  rule  was  that  all  lines  belonging  to  the  same  spectrum  series 
were  resolved  in  the  same  way,  but  lines  of  different  series  yielded 
different  resolutions;  banded  spectra  were  not  resolved;  most  of  the 
lines  of  secondary  spectra,  at  any  rate,  had  not  been  broken  up.  The 
resolution  effects  could  only  be  ascribed  to  electrons,  not  to  atoms, 
which  were  too  heavy. 

The  Zeenian  effect,  Prof.  Thomson  proceeded,  could  not  be  de- 
monstrated to  an  audience,  but  the  rotation  of  the  plane  of  polar- 
isation was  shown.  X  sodium  flame  was  burning  between  the  poles 
of  a  strong  electromagnet  ;  outside  tiiese  poles  were  the  two  nicols, 
beyond  them,  on  the  one  side,  the  lanterns,  on  the  other  the  screen. 
The  white  light  from  the  lantern,  .shining  through  the  sodium  flame, 
produced  a  bright  spot  which  became  dark  when  the  nicol  was  turned  ; 
when  the  field  was  excited,  the  spot  was  visible  again.  The  effect 
would  have  een  more  marked  if  the  lantern  had  itself  given  sodium 
light.  The  analogy  of  the  deflection  of  the  electron,  at  right  angles 
both  to  the  field  and  to  the  direction  of  its  motion,  was  exemplified 
A\ith  the  aid  of  a  model,  a  gyrostat  (resembling  a  wheel  with  it« 
vertica  axle)  suspended  by  a  string.  This  model  was  made  to  spin 
like  a  conical  pendulum.  First,  the  g>Tostat  was  at  rest.  Then  the 
wheel  was  spun  ;  the  pend  lum  motion  of  the  sy.steni  was  accelerated 
(when  the  pendulum  and  the  gyrostat  movements  were  in  the  same 
direction)  or  retarded. 

Up  till  a  few  years  ago.  Prof.  Thom.son  concluded,  the  resolution  of 
spectrum   lines  had  only   been  accomplished   by   magnetic  forces  ; 
fjuite  recently  Stark  had     Iso  succeeded  with  strong  electric  fields. 
For  this  purpo.se  Stark  had  placed  behind  the  perforated  kathode  a 
perforated  plate,  which  he  charged  electrostatically  so  as  to  produce 
a  potential  gradient  of  1,700  volts  yx^r  millimetre  between  the  two 
plates.     Then  the  lines  of  hydrogen  and  helium  were  split  uji,  some- 
what as  in  the  Zeenian  effect.     The  {x^culiarity,  however,  was  that 
the  effects  were  not  symmetrical  and  very  irregular.     Of  the  three 
components  of  a  triplet,  for  instance,  the  central  one  was  not  in  the 
original  position;  all  the  comjx)nents  might  be  on  the  one  or  on  the 
other  side  of  the  original  line,  or  there  might  be  no  comjxments  at  all. 
Continuing  this  subject  in  his  last  lecture.  Sir  Joseph  showed  slides 
by  Stark,  on  which  sjiectrum  lines  were  resolved  into  comjKinents 
(sometimes  into  double   sets  of  comjK)neiits)   by  electric   fields  of 
28,500  volts  jxT  centimetre.  The  hydrogen  line  //„  gave  three.  H^ 
four  comptinents.  H^  became  ver^'  comjilicated:    the  helium  line  />, 
was  unaffected,  other  helium  lines  wen-  n-solved  into  two.  three  or 
four  (double  sets)  com|H)nents.     In  lithium,  again,  one  line  remained 
unchanged,  othei-s  gave  two.  three  or  fotir  eomjKinents.     It  was  note- 
worthy that   tliis  resolution  was  not   uniform  for  the  various  lines 
of  an  element    belonging  to  the  .same    Halmer  series.     This  effect 
.seemed  to  be  resjionsible  for  the  greAt  broadening  of  certain  lines 
under  certain  conditions.     Tli'is,  when  the  electric  discharge  ]w.s.sed 
through   hydrogen,  many  charged  ions  would    be   formed   in  whose 
neighbourhood  stnmg  electric  fields  would  l>e  set  up  :  but  these  fields 
would  not   be  uniform  nor  constant,  and  different  broadenings  eor- 
n\s|)ondiiig   to   ditl\'rent    degrees  of   resolution   would   n-sult.      The 
banded  .sjieetra  might  be  aceotmtod  for  in  this  way.     Yet  this  view 
was  not   (piite  clear,  and  a   further  consideration  <if  the  intrinsic 
magnetic  field  in  an  atom  (previously  ri'fern>d  to)  might  jirove  u.M'ful. 
The  lecturer  had  .said  that  the  electrons  would  spin  round  the  mag- 
netic .axis,  and  anything  altering  the  field  would  alter  the  rate  at 
which  they  wen-  sjiiiining  atid  the  j>osition  of  the  sjx»ctrum  line. 
The  movement  of  the  electron  wa.s  itself  res|xin8ibie  for  the  field. 
When  the  path  of  the  electron  wa,s  a  circle,  the  magnetic  field  would 
be  that  iiroduced  by  a  curn^nt  flowing  in  this  circle,  and  would  have 
a  moment  of  momentum^tvi.  where  r  wiws  the  velocity  of  the  electron 
and  (/  the  radius  of  the  circle.     If  this   moment  were  alteretl.  the 
magnetic  field  and  the  ]^K)sition  of  the  line  would  Ijc  altered.     Now 
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imagine  an  electric  system,  a  dipole,  analogous  to  the  magnetic  system, 
i  n  the  atom.  Lines  of  force  would  issue  from  that  dipole  axis,  and 
an  electron  coming  in  would  assume  a  certain  equilibrium  position 
in  that  field,  and  wovdd  revolve  round  the  axis  (to  which  it  would  be 
attracted),  creating  a  magnetic  field  by  its  revolution.  If,  now,  an 
external  electric  field  were  applied,  the  balance  position  and  the 
moment  of  that  electron  would  be  altered,  the  magnetic  field  thus 
be  changed  and  the  spectrum  line  be  shifted.  It  had  also  been  sug- 
gested to  ascribe  the  radiations  to  the  movements  of  the  electrons 
in  their  regular  orbits  ;  but  there  was  a  great  difficulty  about  that. 
When  an  electron  radiated  it  lost  energy  ;  its  field  intensity  would 
then  diminish,  and  the  orbit,  depending  upon  the  field,  sliould  become 
smaller.  On  that  view  it  would  be  very  difficult  to  understand  the 
constancy  of  the  lines  ;  on  the  other  hand,  there  could  be  no  light 
without  radiation.  For  that  reason  the  steady  movements  of  the 
electron  did  not  explain  the  phenomena. 

Leaving  these  arguments.  Sir  Joseph  passed  to  the  question  of  the 
constitution  of  the  energy  in  the  light,  which  was  attracting  more  and 
more  attention.     Newton  had  regarded  light  as  consisting  of  small 
corpuscles  moving  at  great  speeds  ;   his  light  was  molecular  in  struc- 
ture, and  there  was  a  definite  unit  of  light,  and  no  fraction  of  the  unit. 
The  undulatory  theory  regarded  the  light  energy  as  being  a  per- 
fectly continuous  quantity,  without  subdivision.     The  latter  theory 
had  been  so  enormously  successful  that  it  had  been  thought  the  only 
one  ;     yet  if   the   electromagnetic   theory   had   been   developed   in 
Newton's  days,  Newton  might  have  conquered.     What  was  known 
now  of  effects  of  electricity  on  light  called  for  a  way  of  uniting  the 
two  theories,  and  the  lecturer  would  try  to  indicate  how  that  might 
be  done.     He  would  first  demonstrate  the  molecular  structure  of 
light,   though   that  really   required   quantitative,   and   not   merely 
qualitative,  proof.     When  ultra-violet  light  fell  on  a  metal,  the  metal 
emitted  electrons  at  a  considerable  measurable  speed.     That  velocity 
did  not  depend  upon  the  intensity  of  the  light.     The  rule  was  not : 
the  more  energy,  the  greater  the  speed,  as  it  should  apparently  be  on 
the  undu  latory  theory.     As  long  as  the  quality  of  the  exciting  light 
remained  unchanged,  the  intensity  (which  would  be  great  near  the 
plate,  and  small  yards  away)  did  not  matter  ;  the  energy  and  speed 
of  a  particle  depended  only  on  hn,  where  h  was  Planck's  universal 
constant  and  n  the  frequency.     A   metal  plate  was  exposed  to  the 
lantern  beam  and  connected   with   a   Zeleny  electroscope.     When 
the  plate  and  electroscope  were  charged  negatively,  a  loss  of  charge 
was  indicated  by  the  electroscope  ;    when  the  charge  was  positive 
there  was  no  loss,  because  the  positive  charge  bound  the  electrons 
which  would  have  been  liberated,  and  it  could  be  shown  that  the 
amount  of  positive  charge  required  entirely  to  stop  the  leakage  did 
not  depend  upon  the  intensity  of  the  beam,  nor  (subject  to  certain 
corrections)  upon  the  material  (metal)  struck  ;    but  it  did  depend 
upon  the  frequency.     Now,  on  the  Newton  theory,  that  was  to  be 
expected  :    more  light  of  the  same  quality  would  hit  off  more  cor- 
puscles, but  all  at  the  same  speed.     In  another  demonstration  ultra- 
violet light  fell  on  a  quartz  flask  containing  some  mercury  yapour. 
The  flask  was  held  horizontally,  and  the  beam  passed  through  the 
bottom  of  the  flask  up  into  the  neck,  in  which  two  strip  electrodes 
(bent  to  form  a  kind  of  open  horseshoe)  were  inserted.     Here  the 
effect  depended  upon  rendering  the  vapour  conductive  by  light  of  a 
definite  wave-length  (not  above  a  certain  X),  and  the  effect  set  in 
suddenly  with  light  of  that  X.     Interposition  of  a  sheet  of  glass 
stopped  the  effect.     In  Newton's  theory,  again,  the  corpuscles  would 
knock  the  electrons  out,  but  many  corpuscles  of  red  light  would  be 
unable  to  produce  the  effect  of  a  few  electrons  of  ultra-violet  light. 

This  latter  effect,  ionisation  of  a  gas,  was  more  strikingly  produced 
by  Rontgen  rays,  and  the  laws  of  this  X-ray  effect  were  very  simple  : 
Let  the  rays  be  absorbed,  then  determine  the  number  of  conducting 
particles.  According  to  the  early  experiments,  that  number  had 
been  considered  as  being  independent  of  the  nature  of  the  gas,  and 
explanations  had  been  given  (also  by  the  lecturer)  on  that  basis  ;  but 
that  was  true  in  a  certain  sense  only  (Barkla).  The  ionisation  was 
due,  not  directly  to  the  X-rays,  but  to  the  electrons  which  they 
liberated  from  the  gas  molecules,  and — provided  the  bundle  of 
X-rays  were  completely  absorbed — the  number  of  electrons  was 
indeed  independent  of  the  nature  of  the  gas  (whether  that  be  hydro- 
gen or  heavy  mercury  vapour),  and  depended  only  upon  the  energy 
of  the  beam.  For  every  ray  unit  which  disappeared  an  electron 
made  its  appearance.  That  fact  proved  the  molecular  structure  of 
Rontgen  rays  just  as  convincingly  as  the  law  of  electroly.sis,  that  a 
certain  quantity  of  electricity  liberated  electrochemical  equivalents 
of  the  elements,  proved  the  existence  of  atoms  of  electricity.  A 
mechanical  model  might  help  us  to  form  a  picture  of  these  relations. 
Imagine  a  Rontgen  ray  as  a  tube  (ring)  of  electric  force,  considered 
positive  in  the  direction  of  the  arrow  ;  and,  further,  a  straight  tube 
of  force  joining  the  positive  and  negative  charges  of  a  neutral  atom. 
When  the  two  systems  approached  one  another,  the  two  tubes  would 
swell  towards  one  another  (as  indicated  in  Fig.  7) ;  they  would  then 


break  up  and  unite  (in  the  mannr-r  indnAU-il  by  tl       ' 
If  the  force  in  the  ring  were  8tronf^<T  thiin  thiit  u.  iJk; 

negative  particle  of  the  latter  would  Ijc  pulled  out  by  the  teniuoa  in 
the  ring  and  shw^t  up.     The  Ftontgr-n  ray  wouJtl  ceaiie  to  '  ;    • 
such,  but  the  negative  [^article  would  apfl^-nr  tM  a  kathode  i 
which,  coming  Ijack,  couM  jtrfnlufe  .  n  rav- 

Such  a  ray  unit  could  take  the  i, ,;   Xew-ton'n  c-orj^UMrlc  of 

light,  and  these  consideratjons  could  explain  the  electneal  phe- 
nomena ;  but  they  failed  wln;n  we  came  to  deal  with  optical  phe- 
nomena and  interference.  Interference  required  a  r-irular^te^juem-e of 
units  extending  over  thousands  of  perirxlw.  All  the  unit<(  t^vrmed  to 
be  independent  of  one  another.  an»l  yet  they  ha/1  to  a/t  in  fjerfe<-t 
unison.  How  was  this  regularity  to  be  undcrKtfxxl  ?  The  regu- 
larity. Sir  Joseph  thought,  was  forced  upon  the  uniti!  by  the  milium 
through  which  they  passed  ;    only  those  units  got   • 

showed   that   regularity.     In    this   connection   a   at: .. 

ignored,  made  by  Stokes  in  the  eariy  days  of  Rontgen  ray».  nhoold 
be  borne  in  mind :  There  would  be  no  refraction  unlem  the  vibration 


Fig.  7. 

continued  for  a  certain  period  ;  the  atoms  had  first  in  some  way  to 
be  made  to  swing  in  time  before  refraction  could  occur.  Supposing 
we  had  a  molecule  of  a  refracting  substance  whose  electrons  and  field 
were  disturbed  by  the  arrival  of  a  light  unit.  When  a  second  light 
unit  arrived  the  direction  of  the  first  and  second  fields  might 
instantaneously  be  the  same  or  the  opposite.  The  energy  flow- 
was  always  at  right  angles  both  to  the  electric  and  the  magnetic 
forces  (according  to  the  corkscrew  rtile).  If  that  flow  were  in  the 
original  direction,  it  would  pass  through  ;  if  not,  and  if  the  first  field 
were  stronger,  the  new  imit  would  be  repelled,  and  either  be  reflected 
or  travel  to  and  fro,  as  the  opposing  fo~ce  diminished,  until  it  fell 
in  step.  Only  those  particles  could  pass  through  which  were  in 
step,  and  they  would  show  the  optical  regularity  we  obse^^■ed.  the 
regularity  being  forced  upon  them  by  the  medium,  not  by  the  source. 
Those  who  had  read  Newton's  "  Optics  "  would  remember  his 
speaking  of  "  fits  of  easy  reflection  "  and  "  of  easy  refract  ion."  phrases 
which  had  called  forth  much  cheap  satire  as  to  artificial  and  arbit rank- 
arguments.  But,  Prof.  Thomson  thought,  from  the  electronic' gnetic 
theory  those  fits  were  corollary  to  the  conception  of  energy-  trans- 


FiG.  S. 

mission  in  the  electromagnetic  field.  Energy  meeting  energA"  in  the 
same  direction  would  be  in  the  fit  to  flow,  energy-  of  the  opjx»site 
direction  would  be  in  the  fit  of  easy  reflection,  and  these  fits  were  not 
a   bad   way  of  e.xpressuig   the   jihenomena  of   tran^  The 

medium  imposed  the  regularity  on  the  unit>*  which  ei.  cm  to 

pass,  and  in  some  such  way  the  corpuscular  theory-  might  be  com- 
bined with  the  undulatory  theory. 

Sir  Joseph  finally  repeated  an  cxpt^riment  which  he  had  i»erfonned 
the  previous  afternoon  when  discoursing  (in  the  same  place)  on 
"  Genesis  and  Absorption  of  X-Rays."  In  onler  to  illustrate  that 
soft  rays  could  not  give  rise  to  kathode  rays  of  sufticiont  onorgj-  to 
ionise  a  gas,  but  Lard  rays  could,  he  speeded  up  a  C'oolidge  mbe. 
The  rays  fell  on  a  copix^r  plate  hinged  to  a  vessel  containing  st>me  gas. 
The  direct  rays  could  not  enter,  but  the  induivd  katluKle  n>ys  wuld 
find  their  way  in  (Fig.  8).  The  ionisation  was  showii  with  the  aid  of 
a  Zeleny  electroscope. 

Mr.  Everett,  Sir  J.  J.  Thomson's  Cambridge  assistant,  wasjin 
charge  of  the  demonstrations. 

Erratum.— In  our  issue  of  April  21.  first  column  of  page)89, 
18  lines  from  the  bottom,  read:  "Now  in  the  discharge  tubes  the 
particles  of  the  gas  .  .  .  were  moving  at  speeds  of  10  *or  f  100 
million  cm./sec."  instead  of:  "10  or  100  cm.,  sec."  ^  ij. 
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and  meet  the  requirements  of  the  Post  Office,  we  are  sending  THE 
ELECTRICIAN  to  press  a  few  hours  earlier  every  week.  All  editorial 
and  news  matter  for  the  next  current  issue  of  THE  ELECTRICIAN 
must  reach  us  as  much  earlier  as  possible,  but  not  later  than  WEDNES- 
DAY MORNING,  and  advertisement  text  and  blocks  must  reach  the 
offices  as  much  earlier  as  possible,  but  not  later  than  TUESDAY 
EVENING,  during  the  continuance  of  the  War.  Displayed  Advertise- 
ments not  for  proof  before  first  insertion  can  be  taken  until  NOON  ON 
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AN   EXTRAORDINARY   BILL. 

Tn  the  Ainericau  Congress  recently  a  Bill  was  introduced, 
which  the  "  Engineering  Magazine.'"  in  calling  for  prompt 
action,  descriljes  as  "  a  bill  prohibiting  the  most  enlightened 
wage  systems  ever  yet  devised  by  man." 

The  purpose  of  the  Bill  is  to  make  it  unlawful  for  any 
officer,  manager,  superintendent,  foreman  or  other  per.'^ou 
having  charge  of  the  work  of  any  emplove  of  the  United 
States.Government  to  make  or  cause  to  be  made  with  a  stop- 
watch or  other  time-measuring  device  a  time  study  of  any 
job  of  any  such  employe  between  the  starting  and  comple- 
tion thereof,  or  of  the  movements  of  any  such  employe 
while  engaged  upon  such  work.  Furthermore,  without 
regard  to  the  true  interestseither  of  emplover  or  employe,  in 
the  text  of  the  Bill  it  is  stated  that  no  premimiis  or  bonus  or 
cash  reward  shall  be  paid  to  any  employe  in  addition  in 
hi.s  regular  wages,  except  for  suggestions  resulting  to 
improvement  or  economy  in  the  o]ierati()n  of  any  (u)vern- 
iiKMit  plant. 

Violations  of  the  provisions  of  this  Act  shall  be  deemed 
a  misdemeanour,  and  shall  l>e  punished  by  fine  or  by 
im))risonment.  The  preceding  section  is  dear  to  the  heart 
of  the  lawyer,  who  usually  gives  one  the  idea  that  the 
section  setting  out  the  pains  and  penalties  for  breaking  the 
law  is  an  afterthought.  Were  it  our  Ijusiness  to  make  laws 
we  should  endeavour  to  arrest  the  attention  of  the  reader 
and  to  arouse  his  interest  by  using  clarendon  type  for  this 
section,  and  by  putting  it  before  the  preamble.  Our 
legislators  are  too  lenient  with  us.  Every  day  it  is  becoming 
more  apparent  that  neither  fines  nor  imprisonment  deter 
those  who  are  so  minded  from  breaking  the  law,  and  it  is 
patent  to  most  thinking  people  that  sooner  or  later  we 
shall  have  to  punish  the  law-breaker  liy  banishing  him. 

This  extraordinary  Bill  must  dismav  manv  Americans 
whose  names  and  good  works  are  as  well  known  in  this 
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country  as  in  the  United  States.  It  is  common  knowledge 
that  for  over  a  quarter  of  a  century  the  "  P]ngineerin<^ 
Magazine  "  has  laboured  incessantly  in  furthering  the  pro- 
gress of  the  science  of  management.  We  would  go  so  fai- 
as  to  state  that  it  is  due  mainly  to  the  unceasing  effoits  of 
our  contemporary  that  there  is  such  a  science,  and  the  com- 
plete record  of  the  science,  drawn  from  the  world's  factories 
and  workshops,  is  to  be  found  in  its  columns. 

We  are  at  a  loss  to  discover  the  true  motive  behind  the 
Bill  for  which  Mr.  Tavenner  stands  sponsor.  The  feeling 
is  that  it  is  a  sinister  one,  and  by  some  it  is  thought  that  the 
move  contemplates  the  inclusion  of  all  Government  con- 
tractors. In  commenting  editorially  on  this  proposed 
dangerous  labour  legislation,  which,  in  some  respects,  is  not 
unlike  some  of  our  worst  legislation,  our  contemporary 
states  that  "  the  necessity  for  exposing  and  blocking  this 
legislation  is  so  manifest  that  a  committee,  representing 
leading  engineering  societies,  the  National  Association  of 
Manufacturers,  the  National  Metal  Trades  Association,  and 
many  local  chambers  of  commerce,  has  been  appointed  to 
take  active  steps  in  opposition,"  and  continues,  "  If  public 
hearings  be  granted,  any  needful  number  of  workers  under 
the  bonus  and  premium  plans  will  appear  before  the  Local 
Committee  of  the  House  to  give  personal  testimony  to  their 
satisfaction  with  the  new  system  of  wage  payments." 

In  these  pages  we  have  constantly  urged  that  employes 
should  be  fully  represented  on  such  committees,  for,  no 
matter  how  good  the  intentions  may  be,  neither  capital  nor 
labour  can  fully  consider  both  sides  of  the  question.  The 
proposed  legislation,  if  put  into  execution,  is  likely  to  have 
such  a  profound  effect  in  retarding  industrial  development 
that  both  employer  and  employe  can,  for  the  time  being, 
afford  to  sink  their  little  differences  in  order  to  be  in  a  posi- 
tion to  speak  with  no  uncertain  voice  to  those  whose 
desire  it  appears  to  be  to  put  back  the  clock  for  30  years 
and  who  would  have  us  revert  to  the  barbaric  conditions 
which  characterised  employment  a  quarter  of  a  century  ago. 
For  this  reason  we  think  it  would  strengthen  the  committee 
to  seek  the  close  co-operation  of  labour. 

Had  we  the  least  doubt  as  to  there  not  being  sufficient 
work  to  go  round  to  find  employment  for  all,  we  should 
think  little  of  this  attempt  to  eliminate  scientific  manage- 
ment from  American  workshops.  Rather  should  we  be 
inclined  to  congratulate  our  manufacturers  on  the  short- 
sightedness of  their  competitors  in  giving  to  them  all  the 
advantages  to  be  derived  from  the  application  of  the 
science. 

Striking  testimony  as  to  its  worth  was  given  to  us  recently 
by  an  engineer  of  the  old  school  who  owns  a  works  giving 
employment  to  about  500  hands,  and  engaged  upon  two 
lines,  one  of  which  is  highly  standardised  and  the  other 
partly  so.     For  the  last  10  years  it  appears  that  every 
effort  has  been  made  by  the  young  and  progressive  works 
manager  to  introduce  what  our  friend  called  "  system  "  into 
the  works  and  offices,  and  we  were  told  that  the  results  were 
"  simply  amazing."     An  inspection  of  several  of  the  balance- 
sheets  proved  the  truth  of  this,  and  an  hour's  examination 
of  the  system  in  use  showed  us  that  what  they  were  doing 
in  reality  was  equivalent  to  forming  simple  words  from  the 
initial  letters  of  the  alphabet.     Nevertheless,  the  results 
^were  amazing.     One  can  well  imagine  the  nature  of  the 
results  that  will  be  obtained  when  our  engineers  and  factory 
owners  can  think  in  the  language  of  which  the  alphabet, 
which  they  are  now  learning,  is  the  beginning. 

The  subject  is  such  an  important  one  to  our  manufac- 
Iturers,  and  such  a  vitally  important  one  to  our  artisans, 
l.that  we  urge  them,  both  employer  and  employe,  to  sink  their 


trifling  differences  and  to  co-o{>crat«  with  a  view  to  deriving, 
to  the  lull,  the  benefit.s  which  scientific  management  offers. 
W(!  venture  to  think  that  bys/)  doin!/,th*'  differences,  which 
in  the  past  have  strained  the  relatioiw  Ix'twcen  the  two  to  the 

point  of  rupture,  will  bf  forgotten. 
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Experimental  Wireless  Stations :   Their  Theory   L  ^    t 

struction  and  Operation.    Hv  l'.  K.  Efn-.M^-! 

Publish'-d  by  the  Author.)      Pp. '272.      .Sl..j. 

As  to  the  usefulness  of  this  bor)k,  which  is  now  m  it,  third 
edition,  there  can  be  no  question.  Many  rea«i»'M,  who  are 
not  interested  in  the  sections  dealing  with  details  of  appa- 
ratus, will  find  invaluable  the  very  complete  list  of  U.S.  patents 
on  wireless  telegraphy,  telephony  and  rf)ntrol  whirh  is  given 
at  the  end  of  the  book.  In  this  list,  patents  from  bSKl  xaj  the 
beginning  of  1916  are  included,  and  the  classification  of  the 
patents  into  60  or  more  groups  is  decidediv  gtiod. 

A  review  of  the  first  edition  appeared  in  The  h^LEcTRHiAX 
a  little  more  than  two  years  ago.  To  the  present  etlition  a 
supplement  lias  been  added  with  *he  object  of  bringing  the 
book  well  up-to-date.  The  notes  eover  a  wide  field  and  are 
illustrated  by  means  of  line  diagiams.  Tiio.se  dcsiroiLS  of 
making  their  own  .stations  will  find  plenty  of  de.signs  from 
which  to  make  a  choice,  and  for  the  most  part  the  manufacture 
of  the  apparatus  is  well  within  the  rapahilities  of  anvone 
familiar  with  the  use  of  ordinary  tools  and  workshop  processes. 
The  author,  very  properly,  leaves  much  of  the  detail  to  be 
filled  in  by  the  reader. 

There  are  three  statements  in  the  preface  to  which  we  take 
exception.     These    are  :     (a)    The    earnest    e.vperimenter    i:i 

separated  from  the  wireless  engineer by  a  verv  small 

space  of  time  and  application  to  study  ;  (6)  wireless  to-day 
offers  opportunities  which  are  perhaps  not  exceeded  by  any 
other  art  or  trade  ;  and  (c)  the  remuneration  is  limited  only 
by  the  capabilities  and  temperament  of  the  individual  and  the 
circumstances  concerned.  These  have  nothing  to  do  witl.  the 
book,  but  parents  reading  them,  along  with  accounts  of  the 
"  wonders  of  wireless  "  in  the  non-technical  press,  might  draw 
wrong  conclusions  from  them.  The  farts  are  :  (a)  Between 
the  earnest  experimenter  and  wireless  engineer  there  is  a  great 
gulf  fixed  as  there  is  between  the  earnest  private  and  general  ; 
(6)  the  opportunities  in  wirt'ess  are  no  greater  than  those  in 
a  luuidred  trades  and  professions  ;  and  (c)  the  remuneration 
of  the  leaders  in  wireless  work  is  to-day  comparatively  small, 
and  those  who  are  not  leaders  but  merely  operators  get  paid 
what  they  are  worth,  which  means  that  they  can  only  command 
a  wage  well  below  that  of  the  engineering  artisan.  Theirs  also 
is  a  blind-alley  occupation  from  which  but  few  escape. 

Elements  of  Heat-Power  Engineering.  HvC.  F.  Hirsufeud  and 
W.  N.  Baknard.  ( London  :  riiapmim  &  Hall.)  Pp.  xvi-f8l5. 
21s.  net. 

Of  things  mechanical  probably  the  steam  engine  is  the  one 
that  has  had  the  most  profound  effect  on  nuuikind.  and  the 
study  of  the  steam  engine  is  an  education  in  itself.  Till  com- 
paratively recently  it  was  custom;iry  for  authors  to  give  titles 
such  as  "The  Steam  Engine."  or  "The  Steam* Engine  and 
Other  Heat  Engines  "'  to  their  books.  Nowadays,  on  accoiint 
of  the  steam  turbine,  it  is  neiessaiy  to  use  •"  Steam  Power."  or 
"  Heat-Power  Engineering  '  for  the  title  page.  We  would 
not  have  it  otherwise,  but  before  the  steam  engine  »1!~  '-s 

and  before  those  responsible  for  the  design,  constnii :.  ..  -iLd 
operation  of  our  big  engines  go  to  their  rest  we  should  like  to 
see  published  a  work  entitled  "  The  Philosophy  of  the  Steam 
Engine."  The  authors  and  publishers  of  such  a  work  would 
earn  the  gratitude  of  many  engineers. 

To  the  engineer  an  intimate  knowledge  of  the  steam  engine 
is  indispensable,  for  there  is  probably  more  of  the  theory  and 
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piiicticc  oi  eiigineeriiig  in  a  steam  engine  than  in  anytliing 
else.  In  ail  likcliliood  2,(HK)  yeai-s  hence  engineering  students 
will  studv  tlic  steam  engine  in  order  to  a(;(<)unt  for  facts  in 
engineering  that  have  been  handed  down  since  the  nineteenth 
century,  just  as  in  our  time  the  lawyer  studies  Latin  in  order  to 
understand  Roman  law. 

The  })ook  under  review  is  the  second  edition  of  a  w<jrk  that 
was  published  about  four  years  ago.  Written  by  professors  of 
engineering  at  Sibley  College,  Cornell  University,  it  is  intended 
primarily  for  students  in  mechanical  engineering  in  their 
junior  and  senior  years,  after  they  have  completed  courses  in 
physics,  chemistry,  mechanics,  mathematics  and  machine 
design.  The  authors  have  attempted  to  include  in  a  single 
volume  not  only  tlie  elementary  thermodynamic  theory  of 
gases  and  vapours  and  their  cycles,  but  also  the  consideration  of 
the  sources  of  lieat,  the  methods  of  making  it  available  for  useful 
pui-poses,  its  utilisation  in  the  various  types  of  heat  engines 
and  tlieir  auxiliary  a])paratus,  together  with  a  discussion  of  the 
fundamental  theory,  the  ideal  and  actual  performance  and  the 
practical  considerations  connected  with  such  apparatus. 

Since  the  appearance  of  the  first  edition  Prof.  Ellcnwood 
has  published  valuable  and  extensive  st<'am  charts,  which  are 
said  to  have  a  niucli  wider  field  of  ap])li<ation  and  greater  accu- 
racy than  have  the  Mollier  charts.  A  discussion  of  these 
important  new  charts  appears  in  the  present  edition,  and  as  an 
appendix  is  given  a  two-page  Ellenwood  chart  which  has  been 
redrawn  from  the  original.  This  great  work  of  more  than  HOO 
pages,  containing  480  well-drawn  illustrations  and  42  chapters, 
as  well  as  ]H'oblems.  ap])cndixes  and  tables,  will  deservedly 
rank  higli  in  the  literature  on  the  subject.  The  book  can  be 
uiircservedly  reconunended  to  all  those;  who  are  interested 
in  any  of  the  several  braiiclies  of  licat-power  engineering, 
cit  lier  as  students  or  ])ra(titioners. 

Machine  Design.    Bv  A.  W.  S-mith  and  (;.  n.  Makx.    (l/>iuloii: 

<"li;nmiaii  >V    I  lull.)   '  Pp.  .\ii. -j  oOO.       12.s.  (irl.  lU'l. 

It  is  not  uidikely  that  in  course  of  time  this  book  will  be 
htoked  upon  by  engineers  in  the  Tnitcd  State's  as  our  engi- 
-ncers  look  upon  "  I'nwin  '  a  book  which,  in  ail  probability, 
has,  at  some  time  or  other,  been  used  by  practically  every 
draughtsman  in  this  country. 

The  book  under  review  first  appeared  in  lOO.j,  and  is  now  in 
its  fourth  edition.  This,  of  itself,  is  sufficient  recommendation. 
The  authors  assume  a  knowledge  of  pure  and  applied  mathe- 
matics and  endeavour  simply  to  give  principles  that  underlie 
all  machine  design,  as  well  as  to  suggest  methods  of  reasoning 
which  may  be  helpful  in  the  designing  of  any  machine.  Those 
who  require  something  more  than  a  book  from  which  to  copy 
other  j)f'opIe"s  drawings,  and  mistakes,  will  in  all  likelihood  find 
iii  this  book,  whicii  is  innocent  of  working  drawings,  much  that 
is  useful  and  (triginal. 


It  thus  Ijecanie  possible  to  purchase  a  22,0()0  kw.  turbo-geuerator, 
at  1,500  rcv.'^.  per  niin.,  the  steam  coiiisuniptiou  of  which  Wiis  12^  lb. 
jK!r  kilowatt-h(jur,  hi  place  of  the  12,0IXJ  kw.  vertical  unit  previously 
planned,  wliicli  would  have  had  a  steam  consumption  of  15^  lb.  per 
kilowatt-hour  at  7.50  revs,  per  min.  In  short,  the  capacity  of  the  unit 
was  nearly  douljied,  the  efficiency  mcreased  20  per  cent,  and  the  cost 
per  kilowatt  decreased  by  about  30  per  cent.  At  the  same  time  the 
machine  would  tit  into  ju.st  the  space  required  for  the  smaller  unit. 
The  principal  dimen.sions  of  the  new  turbogenerator  are  :  Length 
overall,  45  ft.  ;  width  overall,  19  ft.  2  in.  ;  weight  of  turbine. 
241,0001b.;  weight  of  generator,  342,0001b.;  total  weight, 
583,00  J  II). 

The  turbine  required  a  condenser  having  35,000  sq.  ft.  of, surface  ; 
the  condenser-shell  and  tulx!s  weighed,  empty,  300,000  lb.,  and  when 
completely  tilled  witli  water,  618,0(X)li).  The  conditions  in  the 
station,  with  regard  to  conden.sing  tunnels  and  adjacent  apparatus, 
with  the  necessary  requirements  of  atcessibility  and  handling, 
made  it  necessarj-  to  install  the  condenser  immediately  under  the 
steam  turbine,  with  its  long  dimension  parallel  to  the  centre-Une  of 
the  turbine  sliaft. 

As  in  the  reaction  type  of  turbine  the  clearances  of  the  blading  are 
very  close,  it  is  extremely  neces.sarv  in  planning  a  foiuulation  for  .such 
a  unit  to  make  the  deflection  negligible  and  to  reduce  the  vibration  to 
a  minimum.     For  this  purpo.se,  mass  concrete  for  the  foundation 
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AN  UNTJSUAL  FOUNDATION  FOR  A  TURBO- 
ALTERNATOR.^ 

BY   fJ.    U    KNIGHT. 

In  providing  for  the  installp.tion  of  a  22,0(M)  kw.  turlnj-gencrator 
at  the  (Jold-strect  generating  utation  of  ihc  K'li.son  Kicctric  Illumi- 
nating Co.,  of  Hrooklyti,  X.V..  .some  veiy  unusual  conditions  and 
dilhc  ulties  were  encountered  which  called  for  exceptional  methods 
in  overcoming  them.  Tiic  tin  bine  is  the  lust  of  six  unit.s  in  the 
station. 

In  l!)l  1.  when  tlic  adjacent  12.000  kw.  vertical  unit  wjus  installed, 
it  was  intended  to  make  the  next  niaihiiu'  a  dnplicatr.  and  to  in>(al! 
it  during  the  following  year.  »»r  not  later  than  lOI.'l.  In  \  sew  of  this 
plan,  the  foundations.  l>elow  the  ba.soment -floor  level,  (ogrther  with 
the  roimections  ti»  the  condenAinji  ttimielK.  were  mmXe  in  101 1. 
Conditions  of  load,  however,  made  it  unneressarj-  to  purchii-v 
additional  capacity  until  1914.  In  the  meantime  «team-turbinc 
dtisign  had  undergone  rapid  ihanucs,  due  print jjwdly  to  the  incn-a-se 
in  rotative  speeds,  w  hich  resulted  m  gixMter  cctinoniy  in  steam  eon- 
sumption  per  kilowatt -hour,  and  decreased  cost  jxr  kilowatt  of  the 
entire  unit. 

*  From  "  Eiiginppfing  Txewfi."  slightly  •hhreviat^d. 


would  have  l)ecn  best,  but  on  av'count  of  tiie  iw.sition  of  the  con- 
denser, the  height  available  from  the  basement  floor  to  the  main  tloor 
of  the  turbine  room  and  the  clearances  nece-ssary,  it  was  found 
impossible  to  jm)vi<le  sjiaee  for  a  conei-ete  foundation.  Structural 
steel  wa.s  naturally  the  next  available  mat<'rial.  and  it  was  decided  to 
erect  a  at<»el  ])latform  with  very  libenil  allowances  for  factor-of- safety. 

There  are  two  eonerete  conden.sing- water  tunnels  in  the  station, 
both  of  which  pjuss  through  the  aa-a  ix'cupied  by  new  foundation,  as 
shown  in  Fig.  I.  The  easterly  one  consists  of  a  condensing  inlet  and 
a  di.seharge  tunnel  ;  the  other  tunnel  is  for  inlet  water  only,  and 
rxt<'nds  some  24  ft.  l>elow  the  surface  of  the  basement  tloor.  henfaftor 
refern*<i  to  a,s  datum.  In  the  first  <  M-^e  the  discharge  tunnel  is  over 
the  inlet  tunnel,  each  of  them  of  horse.>li(M>  shape  K  ft.  wide  by  8  ft. 
dec)).  Thij*  struct  uiv  wat!  not  strong  enough  to  carry  the  loa«l  of  the 
turbine  foundation  and  maeliine  :  it  tlu  n>foiv  w».^  nei'essrtrv  to  bnild 
the  foundation  independent  of  the  tunnel  structure. 

The  westerly  tunnel,  built  in  1012.  is  of  reinforced-eoncrete 
construction  linfHl  with  castiroi      '  If  is  on  '  '    'torn,  so 

that  there  was  iio  danger  in  y>\  •  n    iddition  t  on  the 

concrete  wall. 

Referring  to  t' 
the  stnictural  <!• 

nvsting  on  a  fulcnim  of  three  girders  .supported  by  sectional  tubular- 
f.t<»el  pilw  till»»d  with  concrete.     The  cantilever  girders  carry  in  turn 


«ii  in  I- ig.  1,  It  will  l>c  seen  that 
-!.>.  of  .1  pair  of  cantilever  girders 
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the  middle  coliiiiiii.s  of  llic  turbine  i'omidalioii  at  one  end  just  l»(!yond 
the  fulcrum,  and  at  tlic;  other  end  the  two  eolumns  under  the  steam 
end  of  the  turbine.  The  aame  girders  sujjport  the  coiuhMiser,  as 
shown  in  Fig.  I.  The  eolunms  supporting  the  outboard  en<l  of  tlie 
generator  are  entirely  independent  of  the  rest  of  the  foundation, 
because  of  its  being  impossible  to  earry  the  foundation  over  the  dis- 
charge-tunnel structure.  Jn  this  case  it  was  unnecessary  to  put  in 
additional  substructure,  as  there  were  good  wooden  piles  in  place  ; 
furthermore,  the  soil  was  sufficient  to  earry  the  load  oi  l^  tons  per 
square  foot,  even  had  the  piles  not  existed. 

In  constructing  the  foundation,  the  first  work  to  be  done  was  to 
clear  away  and  cut  out  all  the  mass  concrete  previously  installed  for 
the  foundation.     The  mixtm-e  was  1  :  .'} :  5  (gravel). 

The  method  consisted  of  drilling  rows  of  holes  6  in.  apart  to  the 
depth  desired,  using  air  and  steam  drills,  and  then  l)reaking  off  in 
shelves  with  plug  and  feathers.  The  concrete,  while  hard  and 
homogeneous,  was  very  difficult  to  excavate.  Instead  of  coming 
away  in  blocks,  it  shaled  off  in  3  in.  or  4  in.  layers,  and  in  no  case 
were  the  pieces  large.  This  rendered  the  progress  of  the  work  very 
slow,  and  the  cost  of  excavation  ran  uj)  to  an  almost  prohibitive 
figure. 

When  excavation  had  been  carried  on  sufficiently  to  permit  pile 
driving,  a  machine  was  brought  into  the  building  and  set  up  over  the 
work,  and  driving  began. 

Ik  How  the  Piles  Were  Tested. 

'  When  about  half  of  the  piles  had  been  driven  to  the  refusal  stated, 
or  work  had  been  stopped  on  them  on  account  of  obstruction,  it  was 
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of  the  Hoil  at  the  iKitlom  of  Ih'  r.-te  hail  •  <*«.«!*] 

with  a  tremie,  preiauJion  lir«i   .  j»Uee  %\r  -X  <.f 

broken  stone  in  tlu;  Ixittom  of  th«  jtili;,  aiul  t  »  Ump  it  wdL      " 
lining,  each  pil<!  was  given  alKiuf  (i\.   ''  •  r 

jjlaee.     Conereto  was  then  plated  i 
about  a  foot  above  them,  and  a  «iouhlc 
placed  to  distribute  the  load  over  the  pile*,      i  - 
was  then  brought  up  to  within  2  in.  of  \\\f.  \^,f 
grillage  girders,  in  readiness  for  the  Hteelwork. 

It  took  just  one  month  to  pla<.e  the  t'.S  pilMt.  working  %\  wfur^ 
day  and  seven  days  a  week. 

For  the  foundation  for  the  end  columns,  on 
west  ends,  the  :;oncret<!  wjw  plucwj  on  a  \n-A  oi  ... 
had  been  tamped  solirlly  to  a  depth  of  I  ft.     In  • 
concrete  was  brought  uj)  to  a  level  of  I  iti.  U'low  ■ 
grillage    beams.     The   structural  stcciwurk  prcuci 
difficulties. 


Side     Elevation  End    Eleva-Hon 

[Fig.  2.— General  Aekangement  of  Rig  for  Testing  the  Piles. 

I  decided  to  concrete  two  piles  typical  of  existing  conditions  and  test 
them  with  actual  load,  so  as  to  be  able  to  judge  the  necessity  of  going 

ideeper  with  the  remaining  piles 

The  piles  were  designed  to  carry  a  load  of  20  tons  each,  and  it 
therefore  was  desired  to  load  them  with  at  least  30  ton.5,  and  if  no 
settlement  occurred,  to  continue  the  loading  up  to  40  tons.  The  test 
rig  used  is  shown  in  Fig.  2.  It  will  be  seen  from  the  draw  ing  that  the 
lilatform  of  I-beams  on  which  the  load  rests  is  supported  on  jacks 
(luring  the  loading  process.  Provision  is  made  to  back  ofi"  the  jacks 
slightly  at  ilrst  for  balancing,  and  afterwards  l)ack  away  with  1  in.  or 
more  clearance  of  the  blocking  to  allow  for  possible  settlement.  Tint- 
precaution  prevented  accident  from  any  shifting  of  the  load- 

Readings  were  taken  with  a  level  on  an  iron  rod  resting  directly 
on  the  pile-cap  and  protected  from  the  load  pigs  by  an  iron  pipe 
through  which  it  passed  freely.  To  the  level  rod  was  secured  a 
piece  of  white  paper  on  which  a  fine  pencil  line  was  drawn  at  the  start 
of  each  loading,  so  that  very  accurate  readings  were  possible. 

1  Tables  given  by  the  author  show  the  results  obtained  on  two  of  the 
piles.  The  loading  material  consisted  of  pigs  of  cast-iron,  each 
weighing  about  42  lb.  From  this  pomt  the  placing  of  the  piles  was 
completed  expeditiously.  As  soon  as  placed,  they  were  dredged  out 
with  orange-peel  buckets  and  filled  w'ith  concrete.  As  the  piles 
when  driven  contained  water  to  depths  varying  with  the  condition 
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ON  A  GENERAL  BRIDGE  METHOD  FOR  COMPARING 
THE  MUTUAL-INDUCTANCE  BETWEEN  TWO  COILS 
WITH  THE  SELF-INDUCTANCE  OF  ONE  OF  THEM.' 

BY  CHARLE.S  H.  LEE.S,  D.SC,  F.B.S. 

To  get  rid  of  the  waste  of  time  in  balancing,  the  author  ha^  intro- 
duced into  his  laboratoiy  the  bridge  arrangement  shown  in  Fig.  3. 
which  allows  an  induction  balance  to  Ix-  obiaincfl  with  the  ratio  arm 
used  in  the  steady  balance  whatever  may  be  the  relation  between 
the  inductances  of  the  coils.  If,  further,  the  rrjutinc  given  bdow 
be  followed  no  waste  observations  are  made. 

In  Maxwell's  form  of  bridge.  Fig.  I,  aftfir  the  balance  for  Rteady 
current  has  been  obtained,  the  .shunting  resistance  T  w  ad 
till  there  is  no  thiow  of  th<>  galvanometer  on  making  or  br> 
the  cell  circuit.     With  the  resistances  iuid  inductances  shown  in  the 
figure  we  then  have 

L/M^-{1+P/Q+{Q+S)IT!. 

This  is  a  continuous  induction  balance  ;    that  is,  it  hold^  however 
the  E.M.F.  ajjplied  to  the  bridge  is  varied. 
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From  tlie  form  of  the  expression  for  L  M  it  is  evident  that  tiie 
meohod  is  only  api)li(able  to  eases  in  which  the  mutual  iudiietam'e 
between  the  coils  is  less  than  about  half  the  self-iuduetanoe  of  the 
coil  in  the  bridge  arm. 

To  get  over  this  difficulty  Brilknin  arranged  the  coils  as  in  Fig.  2. 
When  the  bridge  is  balanced  for  steady  eurrentj*  the  exjnditi.>n  for 
the  inductive  balance  is 

L!M=-{.Q-V8)!(T^U). 

This  balance  is  not  a  eontmuous  but  an  aggregate  or  integral  one : 
that  is,  the  total  flow  of  electricity  tlmnigh  the  gah  -  -  '-^m 

one  steady  state  of  chstribution  of  eurivuts  in  the  arm  ..•e 

to  another  steady  state  is  zero. 

When  M  is  large  compared  to  L  it  is  alwav:.  pos-sjblo  to  iret  an 
inductive  balance  by  increasing  V  wliaUner  values  of  /*  and  Q  have 
been  used  in  getting  the  steady  balance.     But  if  M  is  ^  n- 

pared  to  L  no  value  of  V  will  give  un  inductive  Iwlan..    -  Q 

has  been  taken  large  enough.     In  practice  this  often  l-ads  to  wa«tc 

of  time.  i>  /»    I? 

With  the  connections  as  shown  in  Fig.  o.  the  rt\Mt;tani-es  '  •  V-  «• 
&c.,  carrying  the  cunvuts  p.  </.  &c..  we  have  for  no  current  through  Ihe 
galvanometer  r—p,  s~q, 

Pp=Qq.  (P-\-R)p^(Q~S-LDV]  ■  MDu, 
(P+B)p-i-V(p^q)  =  (T~r-yn>^'Mf^^ 

where  D^d/dt.  , 

On  elimiuatuig  q  and  «  from  these  equation^  we  get  for  a  steady 

current  balance  ^  ,     _   . 

{P+R);(Q+S)=PQ.  that  is  Rb=PQ. 

For  an  aggregate  or  integral  balance  for  ehanges  froinone  steady 
*  AbeTract  oi  Paper  read  before  the  Ph.vfioal  Society  of  London. 
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state  to  aiKjtlicr  we  have  on  introducing  the  condition  for  steady 

balance,  LIM=-{Q-\-8+(l+QIP)V\l{T+V). 

The  bahmcc,  like  BriJlouin's,  is,  therefore,  an  aggregate  or  integral 
one,  since  the  condition  for  continuous  balance  for  all  E.M.F.  changes 
is  not  satisfied. 

In  practice  P  and  Q  are  the  f)roportional  arms  of  a  Post  Office 
box,  and  should  be  of  the  same  order  of  resistance  as  that  of  the  coil 
whose  self-inductance  is  to  be  compared,  but  need  not  be  equal. 
The  coil  of  resistance  S  is  placed  in  the  open  arm  of  the  bridge.  In 
boxes  in  which  the  galvanometer  leads  are  connected  to  the  ends  of 
P  and  Q  the  final  adjustments  of  the  third  arm  R  to  give  a  balance 
for  steady  currents  may  be  made  by  inserting  between  P  and  R  a 
short  length  of  resistance  wire  and  altering  the  length  till  R  is 
increased  by  the  necessary  fraction  of  an  ohm.  The  actual  resis- 
tance of  the  wire  may  be  ascertained  by  taking  j)roj)ortional  parts. 
If  the  connections  of  the  keys  of  the  box  do  not  allow  a  wire  to  be 
inserted  in  this  place  a  corresponding  short  length  may  be  put  in 
scries  with  the  coil  <S'  and  its  value  calculated  by  taking  deflrclions 
in  the  same  way.  The  second  coil  should  be  connected  through  a 
second  resistance  box  VU  to  those  terminals  of  the  bridge  to  which 
the  cell  is  usually  attached,  and  the  cell  in  the  first  insfajicc  con- 
neclcd  Uy  tlu;  same  (wo  tciniinals.  The  steady  balance  is  then 
obtained  by  taking  out  the  infinity  plug  at  U,  making  the  cell 
circuit  before  llic  galvanometer  circuit,  and  adjusting  R  by  means 
of  the  ])lugs  and  the  wire  till  the  deflection  of  (he  galvanometer  is 
reduced  to  zero.  '^ 

The  (rouble  due  to  drift  in  R  is  least  when  the  inductive  l)alance 
is  obtained  on  Ijreaknig  the  cell  circuit  rather  than  on  making. 
The  direction  and  magnitude  of  the  throw  of  the  galvanometer  on 
breaking  the  cell  circuit  should  be  noticed.  This  direction  is  that 
of  the  s(!]f-induc(an(e  throw.  Now  insert  the  inlinity  plug  in  U, 
so  that  the  mutual-inductance  comes  into  ])lay,  and  again  notice 
the  direction  and  magnitude  of  the  throw.  If  the  second  or  com- 
])()sit(!  (hrow  is  greater  algebraically  than  (he  first  of  self-inductance 
throw  the  second  or  mutual  inductance  coil  must  have  its  connec- 
tions to  the  bridge  reversed.  If  the  composite  is  less  algebraically 
than  the  self-throw  the  connections  arc  right.  If  the  composite 
throw  is  zero  we  have  a  direct  balance.  If  the  composite  throw  is 
of  opposite  sign  (o  the  self  throw  the  resistance  U  should  be  increased 
till  the  coiiiposite  (hrow  becomes  zero,  V  being  kept  zero.  'I'his  is 
the  Brillouin  arrangement.  If  the  comjOTsite  throw  is  in  the  same 
direction  as  but  less  than  the  self,  transfer  the  cell  lead  to  the  U  end 
of  th(!  resistance  box,  thus  making  J'  zero,  and  adjust  V  till  (he  (hrow 
is  z(!ro.  This  is  the  \w\v  arrangement.  None  of  these  alternatives 
require  the  original  steady  balance  to  be  disturbed,  and  by  following 
the  routine  suggested  there  is  no  time  wasted  in  u.seless  observa- 
tions, wlia(('V(>r  tli(>  quotient  of  L  by  M  may  be. 
'{'he  following  example  illustrates  the  nu^thod  : — 
lnsid('  coil  />  in  bridge  arm.  P=Q=\{)()  ohms.  Steady  balance 
with  r  0,  /■  00.  With  R  11  deflection  17-7  left,  7^^-7(5,  101 
right.  Hence.  R  for  balance  7()-4H  ohms.  Wire  resi.stance  ad- 
justed to  give  balance.  Iiuluction  l»alance.  Throws  on  breaking 
cell  circuit. 

F  0,  r  00,  self  'I'i  left;  /  (»,  com]»osi(c  oil  scale  left. 
Connections  of  mutual  coil  reversed  ;  composite  4-.'J  left.  Hence 
r  made  ()  and  I'  adjusfcd  (ill  with  V  22  ohms  throw  zero.  T 
found     12i)-7     ohms.     Hence     LM         22(»-4.S  l2<»-7  1-70.     On 

increasing  P  and  Q  to  1,000  ohms  it  was  found  that  I'  should  be  0 
and  r  .■)().")  oliiM'^  for  balaiict^  (i.e.  Brillouins  arrangement).  Hence 
LjM   -      1 ,070/ (iij.j         1-70  as  before. 


DEPOLARISATION  IN  LECLANCHE  CELLS.* 

BY  M.  DE  KAY  THOMI'SON  AND  ERNK.ST  C.  rROCKKU. 

Sii iinndi-j/.  An  inv<-sliga(ion  is  dnscriboi!  from  >\lii(li  it  a|i)icars  that 
(I)  The  caibiiii  and  |)yi<>lnsite  narliclcs  slionlil  lia\('  tin-  same  si/c,  ami 
this  siunild  he  williin  cTtaiu  limits;  (2)  llic  puiity  of  (he  ^)vr^^||l^i((• 
alTccts  the  d.'|)o!arisatit>n  MiatcrlHliy  ;  {'.\)  i\w  mixture  of  carbon  and 
I)yr()lusito  should  contain  .'».')  to  (50  per  cent,  iiyrohisilo  ;  (4)  pnlarisation 
by  hydrogen  is  comidololy  pii'vcjilf*'!  by  ttn'  dinsidc.  tlm  n'mainini: 
|)t)larisali(>n  is  lliat  dm'  to  amm<>n>a.  This  inuy  he  largely  overcomi-  i>v 
till"  addition  of  zinc  cliloridc  to  the  soliition. 


I^eclatiche  recomm<Midcd  that  the  niaiigaiH'sc  ilioxide  should  bo 
mixed  with  cariion  and  that  both  should  be  coarse  in  size.f  This 
point  was  investigated,  in  I873,  by  Beetz,  who  found  that  (he  Ix-st 
dei)olarisation  is  obtained  with  the  carbon  "  coarse  "  and  the  man- 


ganese dioxide  "  fine."*  The  exact  sizes  were  not  given.  On 
accomit  of  the  incompleteness  of  the  previously  published  work,  and 
on  account  of  the  fact  that  the  depolarismg  mixture  Is  made  in  such 
different  sizes  in  different  makes  of  Leclanche  cells  now  in  use,  it  wa« 
decided  to  make  a  stud\-  of  the  comparative  efficiency  of  depolarising 
Uiixtures  of  carbon  and  manganese  dioxide,  when  the  sizes  of  the 
particles  and  the  relative  amounts  of  the  substances  present  in  the 
mixture  were  %aried.  This  was  the  primary  object  of  the  following 
investigation,  although  in  the  course  of  the  work  the  mechanism  of 
polarisation  was  also  studied,  as  will  be  seen  below. 

Determination  of  the  Best  Sizes  of  Carbon  and  Pybolusite 

Particles. 

The  experiments  for  determining  the  best  sizes  of  carbon  and 
pyrolusite  in  the  depolariser  were  carried  out  in  cylindrical  battery 
jars  1.3  cm.  high  and  11  cm.  in  diameter.  The  anodes  were  sheet- 
zinc  cylinders  10  cm.  high  and  9  cm.  inside  diameter,  mado  for 
"  Samson  "  batteries.  The  electrolyte  was  in  all  cases  a  15  per  c?:it. 
solution  of  ammonium  chloride,  to  which  was  added  varjung  aniDunts 
of  zinc  chloride.  The  cathodes  were  carbons  taken  from  "  Colum- 
bia "  dry  cells.  These  carbons  were  thoroughly  cleaned  and  pla:'cd 
in  jKjrous  Pukal  day  cups  14  cm.  high  and  .5-8  cm  outside  diameter. 
The  d(!polarising  mixture  was  then  packed,  dry,  aromid  the  carbon 
by  tamping  with  as  much  pressurc  as  was  considered  safe  for  the 
Ijorous  cups.  The  method  of  testing  was  to  connect  four  cells  in 
series,  in  each  of  which  only  a  single  factor  was  varied,  and  to  pas.5 
through  them  a  constant  current  from  an  external  source,  measuring 
at  definite  intervals  the  voltage  of  the  cathode  against  a  normal 
calomel  electrode.  The  circuit  was  opened  momentarily  during  the 
measurement  to  prevent  the  drop  in  voltage  in  the  cell  from  affecting 
the  results.  The  factors  thus  studied  were  (1)  size  of  carbon  and 
])yrolusite  ])articles,  (2)  relative  amounts  of  carbon  and  pyrolusite, 
and  (.3)  purity  of  ])vrolusite. 

The  carbon  used  to  mix  with  the  pyrolusite  consisted  of  equal  parts 
of  gas  carbon  and  Acheson  graj)hite.  The  pyrolusite  used  in  all 
experiments,  imless  otherwi.se  stated,  was  the  95  per  cent,  natural 
product,  obtained  from  Eimer  and  Amend.  The  following  table 
gives  the  analysis  of  the  pyrolusites  used  after  crushing  and  sizing  : 

Grade. 
9.5  per  cent. 
95  i)er  cent. 
85  per  cent. 
Artificial,  fih(!. 

In  giving  sizes  of  particles,  the  notation  16/.30  means  that  the 
])articles  passed  through  a  sieve  with  meshes  I  16  in.  square,  and  were 
held  by  a  sieve  with  meshes  1  .'}(>  in.  square.  The  mixture  for  the 
tests  on  the  sizes  of  jjarticles  in  the  depolariser  was  90  grammes  of 
carbon  thoroughly  mixtnl  with  iU)  grammes  of  pyrohisite.  Not  nnre 
than  one-third  of  the  theoretical  depolarising  power  of  the  pyrolusite 
was  used  up  in  any  run. 

'•  The  results  of  the  ])reliminarv  tests  an-  given  in  Table  I.  The 
current  was  kept  constant  at  0-25  amjK'n',  and  the  solution  contained 
15  iHjr  cent,  of  ammonium  chloride. 

Tabid  I. — Kffx^l  f»i  I'olari/tatiun  of  the  Sizes  of  Pi/rulusite  and  Carbcm 
Parlicles.     PreUtninnr;/  TrMs. 


Size. 
16.30 

Percent.  MnO, 
97-4 

fi()  120 

940 

(H>'120 

90-7 

08-5 

Size  of  particles. 

Ope 

n  circuit  voltages. 

Carbon. 

MnOj. 

Initial. 

1  hour. 

6  hours. 

4/10 

SIO 

148 

117 

1  (»0 

4/10 

;$(t  00 

i  54 

1  12 

(t!i2 

4/1(1 

Ihronuh  I2(i 

1  :\s 

1-05 

0-7S 

Id  2(1 

S  |(> 

ItO 

1  24 

1  II) 

lu  2(1 

i(i  :{o 

1  40 

1  22 

1-os 

10  2(t 

:k)  00 

1-45 

1-20 

1  •(»(> 

10  2(t 

through  120 

1-20 

1-00 

(01 

20  40 

8  10 

1-47 

123 

1-09 

20  40 

10  .30 

1-49 

1-24 

109 

20  ,0 

30  (Hi 

1  40 

1-23 

1  -(.S 

2(1   10 

(lir()ui:h  I2(t 

1  -.30 

1-07 

(1  03 

4(1  so 

s  k; 

1  4(i 

1  21 

I -OS 

40  SO 

10  :u) 

1  47 

1-22 

1  (10 

44t  SO 

3(»  00 

1  44 

121 

1  (18 

40  SO 

•  hniugh  120 

1.37 

1  12 

0  98 

*  Abstract   of 
Society. 

I  Wiedemann.  "  Die  I/>hro  von  der  Elektrizifat 


a    rajior    read    before    the    AinoricRn    Elect rocheniical 

1..  8.50  ( 1 .89:^) 


'i'hese  resnItR  show  that  the  finest  pyrolusite  gave  the  poorest 
de|H)larisa(iou.  Where  (he  pymlusi(e  and  carlxin  jwrdcles  were  of 
appn>\ima(cly  (he  same  size  the  clejxtlarisation  wa-s  1h"s(.  and  U'canie 
ixiorcr  as  (he  sizes  ditTered  moix*  and  more  fpun  each  other. 

Table  II.  cnn(ains  (he  n'sul(,s«if  further  s(udy of  ( he mon^  favourable 
inix(ures.  The  n'suHs  are  (he  average  values  obtained  from  (wo 
similar  »  ells.  I'hc  ( ells  were  made  up  in  (he  same  way  as  (ho.se  n.-^ed 
in  the  preliminary  runs,  and  were  allowed  to  stand  12  hours  Ix^fore 

•  I  hid..  ]\  8.5.?. 
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beginning  the  run.  One  quarter  of  an  anij)ere  was  pass(!(l  for  an 
hour,  taking  open  circuit  voltages  with  the  normal  electrode  at  the 
times  0,  15,  30  and  60  minutes.  The  current  was  then  increased  fo 
0-50  ampere,  and  the  open  circuit  voltage  taken  at  the  end  of  15 
minutes.  The  cells  then  stood  on  open  circuits  for  15  minutes.  After 
this  rest,  1-5  amperes  were  passed  for  15  minutes,  and  the  open  circuit 
voltage  read  at  the  end  of  this  time.  The  electrolyte  was  a  15  per 
cent,  solution  of  ammonium  chiorido  to  which  0-7  per  cent,  zinc 
chloride  was  .added  to  give  steadiness  to  the  single  potential  of  tlu; 
zinc  electrode. 

Table  II. — faffed  of  Size  of  Carbon  and  Pyrolusite  on  Depolarifialion. 

Final  Tests. 


Open  circuit  voltage. 

Size  of 

6 

0-25  ampere. 

0-5  amp. 

1-5  amp. 

Carbon.    MnOo. 

0  min. 

1 5  min. 

30  min. 

60  min. 

15  min. 

15  min. 

1 

10/20         8/10 

I  -.W 

1-41 

1  -35 

1-28 

1-21 

1-01 

') 

10  20       l(i/;!0 

1  •.'")7 

1-41 

1  -3;-) 

1-27 

MS 

0-92 

:{ 

4aIo       s/k; 

\■:^^ 

1.37 

1-31 

1-2.5 

116 

0-87 

4 

4/10       l(>/30 

1-55 

1-31 

1-23 

116 

101 

012 

5 

40/80 

.30/60 

1-53 

1-42 

1-37 

1-29 

1-24 

Ml 

(i 

20/40 

16/30 

1-55 

1-42 

1-36 

1-28 

1-20 

107 

7 

20/40 

8/16 

1-54 

1-39 

1-34 

1-27 

119 

105 

S 

20/40      '.30/60 

1-.53 

1-3!) 

1-34 

1-27 

119 

1-04 

!» 

40/80       (JO/120 

1-48 

1-37 

1-.32 

1-25 

117 

104 

ID 

throughSO  60/120 

14G 

1-38 

1-34 

1-29 

1-23 

110 

If  The  results  in  Table  II  confirm  the  results  of  the  preliminary  tests. 
'  On  grinding  the  pyrolusite  and  sizing,  the  largest  and  smallest  sizes 
differed  in  purity  by  2-4  per  cent.,  but  the  difference  in  purity  in  the 
sizes  8/16  and  16/30  was  only  a  small  part  of  this,  and,  therefore,  not 
iiiough  to  account  for  the  differences  in  polarisation  observed.  The 
difference  must,  therefore,  be  due  to  the  difference  in  the  size  of  the 
pyrolusite. 

As  to  the  absolute  sizes  of  the  jjarticles  of  the  depolarising  mixture, 
there  seems  to  be  very  little  choice  between  the  sizes  tested  in  these 
experiments.  The  results  indicate  that  the  particles  should  be 
smaller  in  diameter  than  1/10  in.  (0-25  cm.).  Also,  the  poor  de- 
polarisation  with  pyrolusite  smaller  than  1/120  in.  (or  0-02  cm.) 
diameter  indicates  the  lower  limit.  The  particles  of  the  depolariser 
should  accordingly  be  less  than  1/10  in.  and  larger  than  1/120  in.  in 
iameter. 

Other  tests  showed  that  a  change  in  the  purity  of  the  pjTolusite 

(f  4  per  cent,  has  a  decided  effect  on  the  depolarisation. 

Table  III.  shows  the  effect  on  depolarisation  of  varying  the  relative 

ounts  of  carbon  and  pyrolusite  in  the  depolarising  mixture.     The 

Sectrolyte  contained  15  per  cent,  ammonium  chloride  and  5  per  cent. 

zinc  chloride.     The  pyrolusite  was  the  95  j^er  cent,  grade.     The 

method  of  carrying  out  the  experiment  remained  the  same. 

1h\i\Q\W—Effed.  of  Relative  Amounts  of  Carbon  and  Pyrolusite  on 

De])olarisalion. 


,     Per         Sizes. 
y   cent. 

Open  circuit  voltage. 

0-25  ampere. 

0-5  amp. 

1-5  amp. 

'   MrtCi 

MnO, 

C. 

0  min. 

15  min. 

30  min. 

60  min. 

1 5  min. 

15  min. 

1     58     16/30 

16/30 

1-56 

1-45 

1-40 

1-33 

1-27 

1-07 

2     42     16/30 

16/30 

1-52 

1-40 

1-35 

1-30 

1-23 

0-96 

3     31     16/30 

16/30 

1'50 

1-37 

1-33 

1-28 

1-22 

101 

4     69     16/.30 

16/30 

1-.54 

1-36 

1-32 

1-27 

114 

0  04 

5     55     30/60 

30 /eo 

1-55 

1-45 

1-40 

1-34 

1-27 

114 

6     eO    116/30 

12 /£0 

1-.58 

1-45 

1-40 

1-34 

1-26 

103 

7     50 

16/.30 

12/20 

1-.54 

1-42 

1-37 

1-31 

1-24 

1-00 

8!    55 

16/30 

12/10 

1-.56 

1-42 

1-37 

1-32 

1-23 

0-95 

^     Experiments  1  to  4  are  comparable  because  the  size  of  the  depo- 
lariser is  the  same.     Of  the.se  the  58  per  cent,  mixture  gave  the  ))ost 
depolarisation.     In  experiments  6  to  8  the  00  per  cent,  mixture  gave 
the  Ijest  de]X)laristaion.     These  results  indicate  that  the  depolariser 
liould  contain  approximately  60  per  cent,  of  manganese  dioxide. 

The  Cause  of  Polarlsation  in  LECLANcnft  Cells. 
Manganese  dioxide  is  considered  a  weak  depolariser,  because  when 
a  continuous  current  of  appreciable  magnitude  is  taken  from  a 
\  Leclanche  cell  there  is  a  steady  fall  of  voltage.  It  is  natural  to 
assume  that  at  least  a  part  of  the  polarisation  is  due  to  the  incomplete 
oxidation  of  the  hydrogen,  which  may  be  supposed  to  form  on  the 
decomposition  of  the  ammonium  radical  and  its  subsequent  splitting 
up,  represented  in  the  equation 

2NH4=2NH3+H2. 
It  has  been  found,  however,  that  even  with  the  highest  current 
densities  there  is  no  liberation  of  hydrogen.     This  was  shown  by 


using  a  large  lum[>  of  i>yrolu.,ite  a^  the  f»f>«jtive  electrode  in  a  tirnall 
cell.  (Contact  was  nuwie  by  wrappinj^  thft  end  not  immeraed  in  the 
ammonium  chloride  solution  with  a  rropfjer  wire.)  With  a  zim-  anode 
this  cell  gave  on  opfm  circuit  1-53  volt«.  m 

was  passed  for  J2  minutes  without  any  evo... .  lat 

surface  of  the  pyrolusite  wa.H  5  wj.  cm.  in  an-a.  iki  rrcnt 

density  had  the  very  high  value  of  005  .•. 

Furthermore,  none  of  the  cellH  show.   ,  ; .-» 

diiritig  the  tests.  It  in  therefore  evident  that  pymluiiite  oxUam 
one  atom  of  hydrogen  in  each  ammoniui  "         'i» 

surface,  or  on  the  surface  of  carlKMi  in  iiiti;  'h 

1(X)  per  cent,  efficiency,  and  that  no  molecular  hydn>gen  i*  fortnMl. 
Whether  this  o  idation  takes  place  while  r'     '      '  "       'V 

ammonium  radical  or  while  in  th<!  nas'-eni  ■;!. 

The  cause  of  polarisation  in  the  I.<eclanche  cell  miut,  Ibeniorv,  be 
the  other  cathrde  product,  the  ammonia,  or,  as  \n  shown  '  •  '  Uy 
the  hydroxyl  ions  resulting  from  the  ammonui.     If  thw  ix  '•. 

the  removal  of  the  ammoniii  as  rapidly  as  it  is  \nx»liufi^  Ah^tuUI 
jirevenf  ])olarisalion,  «'Xcept  in  so  f.ir  as  it  is  the  n-Hiilt  of  tin-  ii««n<; 
up  of  tiie  pyrolusite.  That  ammoMJa  reduces  the  iNilciitial  of  iIm* 
positive  electrodes  (or  causes  |)olarisation)  i:;  shown  in  TaWo  IV.,  in 
which  are  given  the  voltages  of  cells  of  the  tvpe 

Hg    I    HgCI,  KCI    ]    XH/I.  NH.OH        MnO,,  r. 
(The  current  tends  to  How  in  the  cell  from  left  to  right.) 

Table  IV. —  I'^ffeet  of  Different  Conrenlnilinns  of  Ammnnin  and  Amm-t- 
11  ill  in  Clilnride  un  the  I'oleiitial  i,J  the  I'oxiliir  Klftn.dr. 


Concentration 
of  NH.Cl. 
Per  cent. 

Concentration  of  ammonia. 

Per  cent. 

0 

0-5 

5 

01  

0-48  volt 
0-48     ,, 
0-48     „ 
0-48     ,. 

0-37  volt 

<;-4"     .. 

044     ., 
0  44     .. 

0  22  volt 

10 

0.3.-.     ,. 

100                     

n  3S     .. 

Saturated  

OM     .. 

The  following  methods  of  reducing  the  hydroxyl-ion  concent r.-.tioa 
may  be  considered  : — 

1.  Increase  of  the  NH4  ion  concentration,  thereby  driving  bc?k 
the  dissociation  of  the  ammonia. 

2.  Addition  of  H  ions. 

3.  Addition  of  a  salt  of  a  weaker  base  than  ammonia  ;  the  f.mmonia 
would  tend  to  unite  with  the  acid  and  liberate  the  weaker  ba.so.  ^ 

4.  Addition  of  a  neutral  substance  to  combine  with  ammonia  (. XH,). 

5.  Addition  of  a  neutral  substance  to  destroy  the  ammonia. 
Table  IV.  shows  that  for  a  given  concentration  of  ammoninm 

chloride  an  increase  in  the  ammonia  concentration  lowers  the  voltage. 
also  that  for  a  constant  ammonia  concentration  an  increa.se  in  the 
ammonium  chloride  raises  the  voltage  as  indicated  luuler  1. 

2.  The  addition  of  hydrogen  ions  is  impracticable  be^auso  of  the 
solvent  action  on  the  zinc  electrode.  The  salts  which  amnjonir. 
forms  with  such  weak  acids  as  boric  acid,  acid  phosphates,  and  acid.-* 
of  the  acetic  series,  are  hydrolisiUl  to  such  a  large  extent  thiU  the 
alkalinity  is  only  partly  removed.  This  accounts  for  the  un.satis- 
factory  results  which  were  obtained  with  these  acids. 

3.  The  salts  of  any  base  weaker  than  anunoiiia  hydrol\-se  to  such 
an  extent  that  the  "hydrogen -ion  concentration  becomes  too  high 
and  the  zinc  becomes  attacked. 

4.  Zinc  chloride  cond)incs  with  a  considerable  amount  of  ammonia, 
and  it  was  found  well  suited  for  reducing  the  hydroxyl-ioii  concen- 
tration, f    I  •        .K 

5.  Formaldehvde  was  tried  for  the  purix).se  »>f  destroyuig  tho 
ammonia,  but  it'attacked  the  ammonium  chloride.  setti!igfn-e  hydro- 
chloric acid,  which  in  turn  attacked  the  zinc. 

The  Paper  conclud(>s  with  a  study  of  manganese  dioxulo  as  an 
oxygen  electrode. 


THE  VARIATION  OF  THE  RESISTANCE  OF  IRON  WIR5S 
WITH  THE  TEMPERATURE  ON  ALTERN/^TE  CUR- 
RENT CIRCUITS.- 

nv  I'KOF.  W.  PIUKKRT. 

The  effc<  li\c  resista.ice  of  iron  wires  on  alteritate-current  cireuits 
depends  on  the  current  and  fivqueticy  as  well  a.,  o.i  the  '>^^f^ 
wire  and  its  precise  composition.  Results  have  often  Uvn  pub- 
Hsrecull  considerable  Lcvst  attaches  to  the  -bj-t  m  ea|« 
where  iron  has  beeti  used  to  replace  coi>iH>r.     Ihe  reM>ta.u«e  a I^o 

JetKl.  on  the  ten.peraturc.  but  there  has  l-'\''»^'^;,^;i-3^  j' 
work  done  on  this  subject.  ticnerally  speakuig.  the  altemate- 
curret^t  resistance^nereases  with  the  tempen.t«re_^_.tj.my  l^  sa.d 
■"TXb^ract'^f' an  artickV  i„  the  "  Kloktrotchni^^he  Zoitschr.ft. ' 
No.  44,  1915. 
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Table  I. — Iron  Wires,  4  mm.  in 

Diameter,     (a)  Experiments  vrith  . 

■Uternate-i 

'vmni,  Freq 

w^^nry  50. 

Temp. 
Centi- 

Cairent, 

i 
Watts. 

Alternate- 
current 

Current, 

Alternate- 
Watts,       current 

f'urrent. 

Watts. 

Alt?mate- 
rurrent 

Current, 

Watt.?. 

Altemate- 
1     current 

gratle. 

amperes. 

resi'^tance. 

amperes. 

resistance. 

amperes. 

resistanr'e. 

amperes. 

resUtnnce. 

fX)0 

6-02 

8t-0 

2-318 

9-25 

2rj(HJ         2-3.38 

12-00 

3200 

2-222 

16-W 

536-0 

•       2  094 

85-0 

606 

880 

2-300 

910 

192-0          2-319 

12-06 

325-0 

2-239 

lOOO 

.521-6 

2039 

8f;0 

604 

84-4 

2-313 

908 

18S-4          2-285 

12  00 

313-6 

2-178 

16-00 

528-0 

,       2-063 

70-5 

605 

88-0 

2-3.5<J 

9-12 

170-4          2-289 

,       12  02 

3200 

2-215 

16-00 

520-8 

2-034 

60-0 

6-10 

84  0 

2-2.-)7 

900 

182-8          2-227 

'       11-98 

3040 

2-118 

16-0!l 

.500-0 

1-953 

52-0 

1       6-01 

80-4 

2-226 

'       9  03 

IKOO          2-2(.7 

l2-0ii 

314-4 

2162 

160H 

504-0 

1-949 

360 

1       600 

76-0 

2111 

904 

170-4          2-088 

12-04 

202-8 

2<i20 

15-98 

475-2 

1-861 

10-5 

1       6-01 

71-6 

1-982 

1      9-00 

1.59-2     •    1965 

11-9H 

272  0 

IS!)5 

1.-.-98 

488-8 

1-757 

(6)  Experimenta  with  Direet-currenl  on  4  mm.  Iron  Wires. 


Temp. 

Vcilt- 

Current, 

C. 

a«e. 

ani]is.    1 

88 

9-31 

600      1 

80 

9-09 

600 

70 

8-85 

602 

00 

8-54 

604 

Resis-    i  Temp, 
tanee.         C. 


1  -.552 
I -51 5 
1-470 
1-414 


.'iO.O 
40.0 
.30.0 
17-5 


Volt- 
age. 


Current, 
amp.-^. 


Resis- 
tance. 


8-38 

6-05 

8-()3 

6-o:> 

7 -SO 

6-10 

7-45 

6-14 

1-385 
1-318 
1-279 
1-213 


wire  on  alternating  current  Is  alway.s  greater  than  on  direct  current 
if  the  current  has  the  same  value  in  the  two  cases.  The  energy- 
consumption  is  greater  mainly  because  of  the  eddy  currents  that 
arise,  causing  an  extra  heating  effect.  If  the  tciniK'rature  of  the  iron 
wire  rises,  its  sjK'ciiic  resistance  increases  ;  its  sfx-cilic  conductivity, 
therefore,  decrea.ses  ;  the  eddy  currents,  tliercfore,  decrease,  and 
consequently  the  heating  effect  they  jjroduce. 

It   may,  therefore,  be  supposcfl  that  the  ratio  of  the  alternate- 


Table  IL — Iron  Wires,  6  mm.  in  Diameter.     («)  Exjterimf.nts  with  AUernule-curreni,  FrcqufucyaO. 


Temn. 

Cur- 

Alt- 

Cur- 

Alt- 

Cur- 

Alt- 

Cur- 

Alt- 

Cur- 

1 

Alt- 

Centi- 

rent, 

Watts. 

current 

rent, 

Watts. 

curn-nt 

rent, 

Watts. 

current. 

rent, 

Watts. 

current 

rent, 

i  Watts. 

current 

grade. 

amps. 

resist. 
0-7796    ! 

amps. 

resist. 

amps. 

resist. 

amps. 

resist. 
0-67.53 

amps. 

' 

resist. 

90 

6-00 

28-0 

9-07 

64-0 

0-7780 

1 1  -98 

105-0 

0-7358    ' 

15-96 

172-0 

19-20 

238(» 

0-6^|.>6 

80 

600 

20-6 

0-7,389    ! 

'     907 

02-2 

0-7561 

1 1  -90 

1028 

0-7187 

10-00 

168-4 

0-6.-,78 

19-20 

,  232(> 

f -6293 

70 

600 

26-4 

0-73.34 

1     9-07 

61-0 

0-74.15 

1 1  92 

10!)-4 

0-7066 

1610 

168-8 

0-0512 

19-10 

.  228-0 

0  «i2.'.o 

61 

noo 

26;i 

0-7222 

9-OS 

(ifl-(» 

0-7277 

11.9(i 

99-() 

0-6963 

10-00 

164-8 

(  .(>4JS 

18-8<) 

220-0 

0-6225 

51       1 

(■)-05 

24(» 

0-7049 

903 

58-0 

0-7113 

12  04 

99-2 

9  riH43 

16-00 

lWj-8 

0-62S1 

18-96 

218-8 

O.W»S5 

42       i 

003 

24-6 

0-()766 

9-(K) 

r)6-2 

0-6939 

1 200 

96-0 

06667 

1000 

157-6 

0-61.56 

19-04 

215-6 

0.5947 

33       ! 

006 

24-4 

fi-0C44 

9-01 

55-6 

0-6849 

1220 

96-8 

0-6,Vj4 

16-C4 

15G-0 

um<n 

1910 

2148 

0-.588« 

18       i 

6-0(» 

23  0 

0-0389 

9-07 

.55-6 

0-6(i37    . 

1218 

94-8 

O-63f!0 

10-22 

1.56-0 

0-.5932 

19-26 

2124 

0-5720 

(6)  Experiments  with  Direct-current  ( 

>n  6  mm. 

Iron  Wires. 

Temp. 
C. 

Volt-      Current,     Resis-      Temp. 
age.         amps.        tance.          C. 

Volt- 
age. 

Current, :   Resis- 
amps.        tance. 

no 

80 
70 
61 

3-232 
3-117 
2097 
2-082 

10-23        0-316         61 
10-13         0-30S          42 
10-12         0-2'.r:{          33 
10-12         0-278          18 

2-ft43 
2-4.54 
2004 
2-226 

1001         0-262 
1013        0-242 
10  34        0-2:^2 
10-75        0-207 

lo  1)0  the  ratio  of  the  energy- consumption  or  Joulean  heat  to  the 
Hfjuare  of  tln^  current;  it  is  always  greater  than  the  direct-current 
resistance,   therefore,  the  energy-consumption  ami   heat  in  an   iron 


current  resistance  to  the  direct-current  resistance  decreases  witli  a 
ri.se  in  tenijx^rature,  though  it  always  remains  greater  than  unity. 
It  was  first  jK>inted  out  bvRichter  that  the  alternate-current  resi.st- 
ance  of  a  copper  winding,  embedded  in  a  slot,  decreases  with  an 
increase  of  temperature.  The  author,  therefore,  thought  the  matter 
to  be  of  sufficient  interest  to  warrant  a  further  investigation,  and 
carried  out  a  series  of  exiJeriments  on  iron  wires  of  4  mm..  5  mm.  and 
6  mm.  diameter.  In  order  to  determine  the  influenc-e  of  temjierature 
alone,  the  current  was  kept  constant,  as  well  as  the  periodicity  : 
the  temperature  was,  therefore,  the  only  variable.  For  this  pur- 
pose the  iron  wre  wjis  place*!  in  a  drying  oven,  which  wiLs  elei 
trically  heated  in  such  a  wiiy  that  the  teniix^raturc  w;is  maintaineil 
absolutely  constant  \»hile  the  tliffeniit  i-eadings  were  taken.  Ther- 
mometers were  embeddetl  in  the  appanitus,  so  that  it  was  possible 
to  be  al)soIutely  certain  that  the  constant  temi)erature  had  l)een 
reached.  The  energj'-consumption  in  the  irtjn  wire  was  determined 
by  a  wattmeter;  the  currenl  and  the  jx^ricKlicity  were  kept  as  oon- 
Ktant  as  jKD.ssihIe.  The  small  unavoidalile  variations  of  current  h;ul 
no  effect  on  the  results.  At  the  same  tenijK'ratures  the  direct -current 
resistance  was  indirectly  determined  from  the  current  and  voltage. 
The  results  are  given  in  the  aj)|H'nded  tables,  and  the  author  gives 
curves  constructed  from  these  lipurrs.  He  al.so  gives  curves  sliow- 
ing  the  variation  of  the  ratio  of  the  alternate-current  resistance 
t<i  the  direct -current  resistance,  according  as  the  temix«rature 
varies.  Thi."  ratio  decrea^'s  with  incnvising  temi)erature.  and  this 
decreiise  is  more  marked  in  the  case  of  the  thicker  wires.  The.se 
t«'sts  cfmlirm  the  statement  that  with  iron  wires  the  extra  heat, 
tiuc  to  fill-  curn-nt.  deireascs  with  iinriisinp  teMijK«raf  ure. 


CrUVES  SHOWINO  R.*TIO  oK  ALTKUNATK-CtKRK^T  ReSJSTWCF.  TO 
DtUKCT-ClTRRKNT  KksI.STANCK  WrrU  6  .MM.  Ino>  WiRRS  AMI  \aRIKU 
TrMPKH^TinK. 

I..  0  amperes  :  11..  9  .iiupercs  :  III..  12nn»pi.ris;  I\"..  lii 
v.,  19  amperes.  (Onlinatex  reprojifnt  llii-  ratio  of  thn  two  ti 
RaxlRdx.) 


MODERN  PRACTICE  IN  THE  CONSTRUCTION  AND 
MAINTENANCE  OF  RAIL  JOINTS  AND  BONDS  IN 
ELECTRIC  RAILWAYS. 

liV    K.    IJ.    SHKI'ARD. 

In    lonnection    with    the    study    of   <•)(•('  '    ,'  ' 

mitigation,  the  attention  of  the  Bureau  of  S  •  i 

to  the  past  and  pre.-vnt  high  nito  of  rail  joint  and  rail  b<ind  failures 
an<I  the  conseijuenee  of  such  failun>s  upon  the  elc  '  ' 
ditions  thriMipl-.out  the  countrA-.  With  the  i«lea  of  col 
mat  ion  on  the  Ijost  pn».<vnt-day  practieos  of  l)on<ling  tracks,  a 
eirctdar  letter  wjm  ptv|vire<l  and  copies  were  sent  to  1.3t>  ojierating 
c<»m|>iinies.  The  lelt«'r  asked  for  information  i\n  to  the  nundH>r  and 
types  <»f  ImuuIs  and  joints  in  use  and  for  the  avenige  life  and  causes 

•  Techno|i>xii-  rap«r  No.  02.      Bnnan  of  StMidards  (r.S.A.). 
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of  failure  of  each  type;  also  for  !!)(>  jiianner  and  tiinejof^tfsting 
bonds  and  tho  ciiloiion  foi'  lopiacomcnt.  Otiicr  quostions  of  minor 
importance  \vero  also  included.  Tlici  present  Pajier  is  largely  a 
compilation  of  the  data  submitted  by  42  companies  answering  the 
inquiries,  and  also  in<ludes  information  collected  by  a  representative 
of  the  Bureau  Avho  sjjcnt  live  weeks  in  the  held  and  visited  upward 
of  50  companies  in  the  interest  of  the  investigation.  An  historical 
and  descriptive  discussion  of  the  various  types  of  modern  bonds  and 
joints  is  followed  by  a  compilation  and  analysis  of  all  a\ailable 
information  on  each  type.  Among  the  principal  features  brought 
out  in  the  analysis  of  the  data  are  the  following  : — 

Soldered  bonds  of  all  types  are  falling  into  disuse.  A  few  com- 
panies, however,  emplojang  thoroughly  experienced  and  careful 
workmen  still  continue  to  use  them. 

A  large  percentage  of  the  many  rail- bond  failures  in  j)ast  years 
has  been  the  result  of  imperfect  methods  of  manufactme  and  of 
ignorance  and  carelessness  in  installation. 

Practically  all  types  of  modern  bonds,  when  selected  to  meet 
local  conditions  and  installed  according  to  the  best  modern  prac- 
tices, will  give  satisfactory  results  with  an  almost  negligible  per- 
centage of  failures  on  joints  w'liich  are  properly  maintained. 

No  one  type  of  bond  can  be  said  to  be  better  than  all  other  types. 
Each  has  its  advantages  and  disadvantages,  and  the  selection  of  a 
bond  for  any  particular  service  should  be  governed  by  the  type  of 
construction  on  which  it  is  to  be  used,  the  grade  of  labour  available 
for  installation  and  upon  numerous  other  local  conditions. 

The  problem  of  rail- bond  maintenance  is  largely  that  of  joint 
maintenance.  No  bond  can  be  expected  to  last  continuously  on  a 
loose  and  poorly-supported  rail  joint. 

The  surfacing  of  all  newlj'-installed  joints  and  the  tightening  of  all 
bolts  soon  after  installation  and  at  regular  intervals  thereafter  will 
do  much  to  prevent  loosening  of  joints  and  eupj)ing  of  rails. 

Improved  bolts  having  a  liigh  elastic  limit  and  a  great  ultimate 
strength  appear  to  be  giving  excellent  results,  and  their  universal 
adoption  is  recommended  on  all  new  work. 

Difficulty  has  been  experienced  in  obtaining  sufficient  room  for 
concealed  bonds,  particularly  on  the  smaller  rails.  This  difficulty 
has  been  largely  overcome  in  Several  of  the  improved  patent  joints 
now  on  the  market.  It  is  recommended  that  bonds  and  joint  plates 
be  selected  only  after  laying  out  a  section  of  the  joint  on  the  drawmg- 
board  and  pro\iding  a  proper  clearance  for  the  bonds. 

The  life  of  concealed  bonds  on  exposed  rails  is  much  shorter  than 
on  rails  in  city  streets,  owing  to  the  expansion  and  contraction  in 
the  joint  on  the  former  tj^e  of  construction.  Such  expansion  and 
contraction  can  be  overcome  by  the  use  of  improved  mechanical 
joints,  supplemented  by  expansion  joints  at  regular  intervals.  It 
is  believed  that  such  construction  would  ])rove  itself  to  be  of  ultimate 
economy,  and  is  recommended,  at  least  on  an  experimental  basis. 

Both  the  compressed  terminal  and  the  pin  terminal  types  of  bonds 
are  giving  excellent  results  where  projier  attention  is  given  to  their 
installation.  The  former  type  requires  more  care  in  the  expansion 
of  the  terminal,  while  the  latter  type  requires  greater  accuracy  in 
the  drilling  of  the  holes.  Each  has  its  peculiarities,  and  should  be 
selected  only  after  due  consideration  to  local  conditions. 

A  strict  adherence  to  the  code  of  bonding  rules  given  in  "  Richey's 
Electric  Railway  Handbook  "  is  recommended. 

Stranded  bonds  appear  to  be  giving  better  satisfaction  than 
ribbon  bonds,  as  the  conductors  of  the  latter  type  are  more  easily 
separated  and  broken.  Exposed  ribbon  bonds  should  have  a  clip 
or  band  at  the  centre  of  the  bond  to  prevent  this  separation  of  the 
conductors. 

The  use  of  solder  in  connection  with  the  application  of  mecha- 
nically-applied bonds  will  undoubtedly  adil  to  their  life  if  the  work 
is  carefully  performed.  Its  use,  however,  does  not  always  appear  to 
be  justiiied,  as  good  results  under  modcni  conditions  can  be  obtained 
without  it.     Its  use  should  depend  entirely  upon  local  conditions. 

The  use  of  tinned  terminals  and  jilastic  alloys  in  connection  with 
mechanically-applied  bonds  appears  to  be  a  good  practice.  Their  use 
is  recommended  where  trouble  from  corrosion  of  terminals  has  been 
experienced. 

Mechanically-aiiplied  head  bonds  are  comparatively  modern,  and 
are,  therefore,  more  or  less  in  the  experimental  stage.  However, 
their  use  is  mcreasing,  and  in  most  installations  they  api)ear  to  be 
giving  fairly  satisfactory  results.  They  are  short,  cheap  and  easily 
installed.  Their  contact  resistance  appears  to  increase  with  time, 
but  not  ordinarily  to  the  point  of  failuie.  When  install(>(l  in  city 
streets  they  are  subjected  to  vehicle  trahic,  and  some  failures  must 
be  expected. 

Electrically-welded  bonds  have  a  low  and  permanent  contact 
resistance.  Theft  of  this  type  is  difficult,  and,  owing  to  the  shortness 
of  the  bond  and  its  tenacious  contact,  has  been  reduced  to  a  minimum. 
Failures  of  the  head  bond  from  the  brealdng  of  ribbons  have  been 


f,uite  prevalent,  but  are  \)e'm%  rcdure.!  by  a  mi)tlit'untinn  in  the  ilf^lfm 
of  the  bonrl. 

K  Welded  joints  are  being  used  iiior.-  1 1  *  •     ' 

also  a  growing  tendency  to  adopt  impi  1 

various  forms  of  sjjecial  joints,  several  of  which  are  a  combination 
of  welded  and  bolted  or  weldcfl  and  rivete*!  jointM.     T'  I 

joints  seem  to  be  meeting  the  demandu  of  8f;rvi(.-  writh  f 
and  better  results  generally  than  any  of  the  standanJ  types. 
•,t  Power  economy  alone  will  not  justify  the  iK-t  nvxU-m  pni-'-'- 
in  bonding.     Such  practice,  however,  is  justified  and  «trf,fmly  p 
mended   from   the  stanflpoint   of  good    voltage   .  ■  ,   in   the 

return  circuit,  which  not  cjnly  make  for  g<Kxi  elet  tr.>., -.,  ■  .,ndition.H. 
but  also  for  satisfactory  operation.  The  present  practiee  of  bu»ine 
the  criterion  for  bond  replacements  u|)on  a  joint  r<  ^ 

delined  in  terms  of  the  resistance  of  a  given  length  .:  .  .,  .  ..  -J 
is  shown  to  be  somewhat  irrational,  but  owing  to  its  Kimplieity  ami 
ease  of  application  the  continuation  of  the  prafti<-c  L-*  r<  I. 

From  6  ft.  to  10  ft.  of  rail  as  the  limiting  resistance  for  :  .  .  ,  .  .-> 
shown  to  represent  good  practice,  and  it  is  reconimondetl  that  thefte 
figures  be  not  exceeded  under  ordinary  eonrlitions. 

The  Paper  calls  attention  to  the  fact  that  the  problem  of  track 
bonding  is  in  a  state  of  evolution.  New  inventions  and  improvement* 
in  methods  and  practices  have  been  so  frequent  during  rec-ent  yeani 
that  many  types  of  bonds  and  joints  can  still  Ik'  s;iid  to  be  in  the 
experimental  stage.  Carefully-kept  records  and  a  free  interchange  of 
experiences  on  the  part  of  the  o])erating  eomj)anies  will  do  much 
toward  the  establishment  of  definite  and  standard  practice  in  tliis 
particular  field. 

The  Pajier  contains  34  figures. 


LEGAL  INTELLIGENCE. 


S.  T.  Baldry  v.  Sun  Electrical  Co.  (Ltd.) 

At  the  Lambeth  (London)  County  Court  on  the  20th  inst.  Judge  Parr>- 
gave  his  decision  in  this  application  for  compensation  under  the  Work- 
men's Compensation  Act,  made  by  Samuel  Theodore  Baldrj-  (aged  14 
years)  through  his  father  (.loscph  W.  Baldry).  The  facts  were  reported 
"in  our  issue  of  April  7  (p.  261  The  lad  was  engaged  on  waxing  ^^lloanite 
blocks,  and  took  a  piece  of  metal  to  another  youth  requesting  to  be  told 
what  it  was.  The  information  was  given,  and  as  the  applicant  was  walk- 
ing away  the  other  boy  threw  the  small  piece  of  metal  over  his  shoulder. 
lt%aught  a])pli(ant  iii  the  right  eye,  the  sight  of  which  he  h>st.  His 
Honour,  in  giving  judgment,  said  a  sugtrestion  was  made  that  the  boys  were 
larking,  but  their  evidence  convinced  him  that  this  was  not  so.  They 
were  taking  an  intelligent  interest  in  their  surroundings  and  w'ekmg 
information  from  each  other,  as  human  cliildren  of  their  age  would  do, 
and.  according  to  modern  educationalists,  should  \>c  encouraged  to  do. 
He  had  no  doubt  that  that  wa.s  an  accident  arising  out  of  and  .n  the 
course  of  ap]>licanfs  einplovment.  and  made  an  award  in  his  favour  of 
half  wa«es  of  !)s.  lOd.  a  week  sin-e  the  date  of  the  a.iident,  with  costs. 


Re  Leitner  Electrical  Co.  (Ltd.) 

The  Registrar  of  Companies  (..n  the  application  of  the  liquidator)  had 
made  an  order  in  chambers  under  sc.   174  of  the  Companies  (tonsoli- 
dation)  Act,  1908,  requiring  a  Mr.  W.  R.  Preston  to  attend  at  chamlx-rs 
on  April  11  to  be  examined  on  the  part  of  the  liquidator  as  a  per^rn 
capable  of  giving  information  concerning  the  trade,  dealings,  a«a"^-.^^'" 
propertv  of  the  companv.  and  the  order  n^quinxl  him  to  bring  with  him 
and  produce  the  documents  mentioned  in  the  schedule  to  the  onter.      I  ne 
schedule  referred,  amon-  other  documents,  to  any  numite  books  '♦«■*•*»"" 
books,  day  books,  or  any  other  books  of  .1.  ^t*'.'"\*/ "•  |  'V  L.J  h.^ 
Preston  had  been  a  director  of  the  UMtiier  El-  -tneal  (  o   (•'<;•■)•;'"'!'; 
was  a  dii-ector  and  tlu-  chairman  of  J.  Stone  &  Co.  (L"«-  .  and    hen   ha 
been  trade  dealin-s  between  the  tw..  c.mq.nmes.     Mr.   I  n-st..n  .lul  it 
attend  before  the   Ht^gisfar  on  A,>ril   l.S.  .n.t  eouus.-!  'M'lH-an-*  ••'»';•; 
behalf  and  objected  that  the  order  was  wrong  an.  oppivs-^ive.  U-  «"■■*"' 
documents  were  not  in  the  possession  or  custody  of  the  witiu.-.      im 
Registrar  adjourned  the  matter  to  the  ,)udge.  ,.,..,  „... .  ,i,..  .intv 

Mr.  B  A.  Jd.vLL  (for  the  liquidator)  now  subimtted  •'«'«;; 'j/'^ 
of  the  witness  to  attend  for  examination.     Any  'f'J^^^"  '""  *  .  l.kJ 
to  produce  a  document  could  be  taken  if  and  when  he  x.a.  a-.k.Hl  to 

^^S^O™  TKOM.SOX  (Mr.  t.-.-Browne.  K.C..  -jH^^^;.^:^ 
Preston,  submitted  that  the  order  was  wrong  ni  form  and  m  sub>tam-e. 
because  it  was  impossible  to  comply  with  the  schedule 

Mr.  Justice  Nkvu.i.k  said  the  es.sence  of  the  >'"»'7,^^«;  '  ;,\  ^'^  J^  "f,^! 
should  attend  for  exaunnation.  He  could  have  said ;'>■'';  ;«*;.;^\;^^^ 
documents.  That  diOiculty  could  be  got  over  »>>  -^^.^  ^J^  j^XiJ^^ 
of  the  companv  with  a  subpaMia  du.es  te.Miui.  W  ''•  * ,^.  '  \7; ,';*  '^^i^nt 
was  to  disobevthe  order  of  the  Court  an.  he  was  no  f  "'J^*";;;.;;^'^"; 
about  it.      It  should  be  understood  that  the  onlei-s  of  the  Court  «.r.  mt 
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to  be  laughed  at  or  disregarded.  Let  the  Registrar  appoint  another  day 
for  the  witness  to  attend  for  examination.  If  he  did  not  attend  he 
would  know  how  to  deal  with  him,  and  he  must  pay  the  costs  of  this 
application. 

Unlicensed  Tramcar  Drivers. 

At  Croydon,  on  Saturday  last,  the  local  ilagistrates  heard  iJosumnionhcs 
against  the  manager  of  the  South  Metropolitan  Tramways  Co.  (Mr.  A.  V. 
Mason)  for  allowing  four  drivers  and  "Aj  conductors  to  act  without 
licences,  and  those  so  employed  were  also  summoned. 

For  the  defence,  Mr.  E.  M.  Giuso.v  admitted  the  offences,  and  suggested 
that  the  reason  why  the  men  deserted  the  company  was  not  that  they 
feared  the  employment  of  women  drivers,  but  that  the  strike  was  arranged 
some  time  ago  to  take  i)lace  at  Easter,  when  the  company  would  be 
severely  pushed  owing  to  the  greater  demand  upon  its  staff,  lie  added 
tliat  the  manager  immediately  acquainted  the  police  with  tlie  means  he 
had  taken  to  cope  with  the  emergency,  and  that  the  licences  were  all 
taken  out  at  the  earliest  possible  opportunity.  None  were  allowed  to 
drive  except  tlmse  who  were  competent  and  .safe.  Tlie  company  and  the 
union  had  acrtcc-d  on  iu  iiitr/itioii.  and  the  men  had  r<-niainf<l  riul  in 
ricliance  of  thi'ir  union. 

The  jJench  said  that  the  police  had  acted  (juile  rightly,  but  they  were 
unanimous  in  dismissing  the  summonses. 


PARLIAMENTARY  INTELLIGENCE. 


Royal  Assent. — Tin:  Royal  Assent  to  the  following  Acts  of  I'arlia- 
ment  was  read  <m  April  H)  :  Finance  (New  Duties),  War  Risks  (Insurance 
by  Trustees),  Imperial  Institute  (Management). 


PATENT   RECORD. 


SPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1913  Specifications. 

27,646  Siemens  &  Halske  Akt.-Ges.    Circuit  arrangements  for  telephone  systems. 
(30/11/12.) 

1914  Specificatiohs. 

17,175  Moller     Process  forelectrically  separating  suspended  bodies  from  electrically- 
insulating  fluids,  especially  gaseous  fluids.     (22  7, 13.) 
Consists  of  a  process  for  separating  suspended  bodies  trcm  electrically  insulating, 
especially  gaseous  fluids,  by  means  of  an  emitter  and  a  field  surface  using  negative 
electricity  for  feeding  the  emitter,  and  adjusting  the  difference  of  potential  between 
the  emitter  and  the  field  surface  to  a  value  v^hich  is^igher  than  the  maximum  voltage 
limit  obtainable  when  the  emitter  is  fed  with  positive  electricity. 
24,537  Grob.     Electromagnets. 

Consists  of  two  single  electromagnets  acting  in  opposition,  in  which  the  movement 
of  the  armature  or  mechanically-connected  armatures  is  produced  by  a  strengthening 
of  the  magnetic  flux  of  the  one  magnet  and  a  weakening  of  the  magnetic  flux  of  the 
other,  wher.'^in  through  the  movement  of  the  armature  or  armatures  a  controlling 
device  is  brought  into  operation  v/hereby,  for  instance,  additional  windings  on  the 
magnets  have  the  effect  of  still  more  strengtheningthe  flux  of  the  stronger  magnet, 
and  of  weakening  still  more  the  flux  of  the  weaker  magnet. 
24,841  Allies  Electric  Lamp  Co.  (Le  Naour.)  Machines  for  cutting  the  globes  of 
electric  incandescence  lamps  and  the  like. 

1915  Specifications. 
882  Soc.  Anon,  des  ETAnLissEMENTs  L.  BLaRioT.    Dynamo-electric  machines  and 
installations.     (7/2/14.) 
1.221   McKiRR.     Electric  arc-lamp  carbcn  ferrules. 
2.841  B.T.-H.Co.    (G.E.  Co.)    Systems  of  electric  ship  propulsion. 
4,138  Herbert  Terry  &  Sons  (Ltd.)  &  Terry.     Electric  CDnductors,  cables  and  the 

like. 
4,230  Wade.    (Leeson.)    Winding  machines  for  winding  electrical  coils. 
4.285  HuLTMAN.     Automatic  telephone  exchantre  systems.     (18/3/14.) 
4,483  Dehn.     (S:hwei'.zer  &C3nrad.'     Fusible  electric  cut-outs. 
4,582  Smith.    Telephone  systems.    (25/3/14.) 
4.593  Von  Post.    Means  for  establiihing  ixwitlve  electrical  connection  between  an 

aeroplane  or  the  like,  and  it."sba5e. 
4,595  B.T.-H.  Co.  &  Wedmore.     Prot-ctlon  of  alternating-current  electric  systems. 

A  method  of  protecting  ;i  thrct-phase  altern  ititu--,  i.ti.r.i  ■  v.  i.r.,  i „  „, ,,( 

reverse  relays  consisting  in  so  modifying  the  cl. 
the  windings  to  the  system  tint  on  lli^ocr.urrer, 
tern  the  characteristic  or  some  porliDn  of  the  i 
the  (juarterof  the  vectordiigram  representing  I .. 
4,664  B.T.-H.  Co.  &  Yoi;ni-..     Mit;neto-electricm.iciii'.i\ 
4,675  Sterling  Telephone  &  Electric  Co.,  Bell  &  Barclay.    Mine  and  other 

electric  signalling  systems. 
4,733  B.T.-H.  Co.  &  Wkdmorb.     Protection  of  alternatinp-current  electric  systems. 
Provides  apparatus  for  discDnnecting  a  porticn  of  the  system  in  thf  rvcnt  of  a 


ico(  the  i^Uy  will  occupy 
ire  currents. 


fault  to  earth  or  between  phases  in  the  sy.'.tem  or  portion  of  tl: 

the  apparatus,  said  apparatus  csmprising  reverse  r'lrrTit  i 

parallel  CDnductors,  sai  J  relays  having  their  current 

in  the opp.isite direction  to  that  required  t3op?rate  • 

the  currents  carried  by  the  two  conductors  does  not  <  x  "i- 1 

CJntageof  the  current  carried  by  one  of  them. 
4,849  Cottschalk.    Apparatus  forelectrically  deteclinr  ■  ii.io- . 
4,862  Rivers-Moore.     Electric  oscillating  systems.    (A 
Consists  of  an  apparatus  for  producing  high  po' 

condenser  connected  in  scries  with  the  primary  of  a  \. 

an  inductance  bridged  in  parallel  across  thecondensr; 

bridged  .across  the  inductance,  and  an  interrupter  in  tl 

adapted  to  make  and  break  the  circuit  for  definite  intervals. 
4,896  Sharp.     Electric  switches  as  applied  to  stop  motions  on  t?xtile  machinery. 
4,953  Smith,    Sound-macnilving  appli.arce  for  telephonic  and  telepraphonic  purposes 
(18/4/14.)  .  ^^ 


d  by 

;  with 

wing 

■ice  in 

,a  ]  ir.i''if-i:iiir,i'd  per- 

) 

■M  li-'nr   a 


iii-Ui'o!  tliciouicccliUf.ply 


4,999  MoRDEV.     Electric  welding. 

5,240  Joel.  Joints  of  pipes  and  couplings  applicable  to  electrical  conduit  fittings  and  like 

purposes. 
5,373  B.T.-H.  Co.    (G.E.  Co.)    Methods  of  and  means  for  amplifying  electric  potential 
variations. 
A  wireless  receiving  system  in  which  the  received  waves  are  impressed  upon  the 
grid  circuitof  an  electron  discharge  relay  the  plate  circuit  of  which  contains  a  source 
of  energy  and  a  current  limiting  device  in  series,  the  resultant  potential  variations 
bstwesn  the  terminals  of  the  current  limiting  device  being  impressed  upon  the  grid 
circuit  of  a  second  electron  discharge  relay. 
6,407  B.T.-H.  Co.    (G.E.  Co.)    Regulation  of  dynamo-electric  machines. 

A  regulator  comprising  an  electromagnetic  braking  device  mechanically  coupled 
to  the  generator  shaft  and  controlled  by  the  generator,  so  that  when  the  generator 
tends  to  deliver  E.M.F.  or  current  in  excsss  of  the  demand  a  corresponding  braking 
effort  is  exerted  on  the  generator  shaft. 
6,895  Curtis,  Mackley  &  Igranic  Electric  Co.    Starting  switches  for  electric  motors. 
7,080  British  Thomson-Houston   Cc.    (General   Electric  Co.)    Windings  or   con- 
ductors of  electrical  apparatus. 
British -Thomson-Houston  Co.    ((general  Electric  Co.)    Electrical  apparatus 

provided  with  windings. 
B.T.-H.    Co.    (G.E.    Co.)     Electric   circuit-controlling   devices.    (Addition    to 
16.327/14.) 
7,316  Thomas  Transmission  (Ltd.)  &  Thomas.    Timing  of  elecfi-ic  ignition  in  fnternal 

combustion  engines.    (Addition  to  2.245/15.    Cognate  application,  7.934,'15.) 
7,647  Bdothroyd  &  Callender's  Cable  &  Construction  Co.     Junction  boxes  and 

the  like  for  electric  wiring  installations. 
8,019  Steel,  Peech  &Tr.zER,  Ltd..  &  Bowen.    Lifting  electromagnet.-. 
8.513  B.T.-H.  C..     (G.E. Co.)     Elerti icweldiriP. and  bia/iiie. apparatus. 
9.957  Marino.    Preparalicn  of  electrolytes  for  uic  in    the  electrolytic  depositlcn  rf 

metals.     (Patent  of  Addition  not  granted.) 
10.433  James.     (Annand.)    Electric  magnetic  recording  apparatus  for  telegraph  circuits. 
1 1,075  W.  R.  Sykes  Interlocking  SignalCo.  &Tarr.^nt.    Railwaysijnalling  appara- 
tus. 
16.900  Bowden  &  Thompson.    Cables  for  the  distribution  of  electrical  poviwr.    (Divided 

application  on  4,585,15.     March  24.) 
17,411  Smith.     Electrical  apparatus  for  heating  liquid. 


7,081 
7,211 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  (except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  ol  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

March  27.  1916. 
4,479  Romanes.    Electric  furnaces  forsmelting  and  refining  metals. 
4,509  Dupont  &  M.P.P.  Synd.    Contact-breakers  for  magneto-electric  generators. 

March  28.  1916. 
4,558  B.T.-H.  Cc).    (G.E.  Co.,  U.S.)     Electric  discharge  apparatus. 
4.540  Gibson.     Evaporator  coils. 
4,561  Cooper.     Electric  dynamos. 
4,575  Salt.     Holders  for  incandescent  electric  lamps. 

March  29,  1916. 
4,590  Smethurst.    Submarine  searchlight. 
4.596  Joel.     Portable  electric  battery  lamps. 
4.620  Baird.     Spark-plugs. 
4,625  King.     Electric  torches. 
4,629  Miller.     Electric  ignition  of  explosives. 

March  30.  1916. 
4,661  Sturtevant.     Bomb  or  explosive  shell,  and  apparatus  for  lowori.Tg.  stL'tainlng 

and  exploding  same  by  electricity  from  aeroplane.  &c. 
4,674  Fleming.     Light  telegraphy. 
4,681  Young.    Signalling  apparatus. 

4,683  Henley's  Telegraph  Works  Co.  &  Judge.     Electric  cwitches. 
4.688  Chryst  &  Keltering.     Electrical  systems  for  engines.    (16  7  14.  U.S.) 
4.691  Jenkins.    Apparatus  for  guiding  trolley  pulley  of  electric  cars  and  locomotivcc  to 

overhead  wire. 
4.697  B.T.-H.  Co.    (G.E.  Co..  U.S.)    Electric  oscillators. 
4,699  Aldendorff.    Switching  apparatus  for  inter-connecting  tclephcr.c  lir.es  by  e'.ec- 

tro-mechanically-controlled  switches. 
4,703  Harvey.    Circuit-breaking  apparatus  for  electrical  hc.-.tcrs. 
4,713  Alquen.     Electric  cutouts. 

March  31.  1916. 
4,773  McCoLL.    Alternating-current  systems. 
4,752  Donovan.    Combined  electric  lampholders  and  switches. 
4,775  Grant  &  Morgan  Crucible  Co.    Carbon  brushe?  for  electrical  machines. 
4.780  Marino.     Electrolvticdetx^sitionof  zinc  on  metallic  surface;. 
4.788  Chitty.    Dynamo-electric  machines. 

April  1.  1916. 
4,806  Dixon.    Signalling  systems  and  apparatus.    (22  4  15,  U.S.) 
4.816  B.T.-H.  Co.     (G.E.  Co.,  U.S.)     Wireless  cignalling  systems. 
4,827  Turnb'.'LL.    Automatic  cut-in  and  cut-out  for  electric  circuits. 


4.837 
4.852 
4.859 
4.865 
4.901 

4.938 
4.942 

4,959 
4,962 

4,981 
6,009 

5.038 
5.053 
.■^.061 
5,069 
5.070 
5,085 
6,090 
5,091 
5,092 
5.104 
5,111 


April  3,  1916. 
Bayles.  Brislee  &  British  Insulated  &  Hblsby  Cables. 
Prentice.     Electric  fuses. 

Taylor.     Sparking  plugs  lor  in  tern  al-combusticn  cni-iner. 
Crbasby.     Sparking  plugs  for  infernal-combustion  engines. 
Hbllbr.     Electric  heating  devices.    ( 16/ 7.'M,  Germany.) 

ApriM,  1916. 
Electric  time  switches. 
&  Rri  ay  Automatic  Telbphonk  Co. 


Electrical  batteries. 


Automatic  or  rcmi-autcmctic 


C;>ATES. 

Byorave 

telephone  <■ 

Deforest.  ns  for  producing  mucical  notes.    (24/4/15.  U.S.) 

C:?ocHAT.     £!<■.  u-.i  11  (11  .vmiT,  particularly  tor  meter  vehicle:. 

Aprils.  1916. 
Cm»tbr.     Electric  diaphragm  horns. 
BsEEi'Uii  iCHfMDERS.    Magneto-elfctric  machi-es. 


Lewis.    Arc  lamps. 
Jacobs  &  Pvil.LARD.     P 
Petithory.    Telephoi  ■ 
Filpes.     Electncal  ham,  i.,ni 
Feroi'son  &  Mechans(Ltd.). 


April  6,   1916. 
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COMMERCIAL    TOPICS. 


The  Consular 
Service. 


It  is  announced  that  the  Foreign  Office  har, 
intimated  to  the  Association  of  Cliambers  of 
Commerce  of  the  United  Kingdom  that  it  is 
prejjared  to  enter  into  consultation  with  a  committee  of  busmesfj  men 
in  regard  to  the  changes  which  niaj^  be  necessary  in  the  Consular 
Service.  In  the  re-organisation  of  this  important  service  it  is  well  to 
remember  that  there  should  be  close  co-ojieration  between  the 
Foreign  Office  and  the  Board  of  Trade,  tlie  department  of  the 
CJovemment  which  is  primarily  responsible  for  the  trade  and  com- 
merce of  the  country.  In  the  past  there  has  not  been  that  mutual 
support  and  sympathy  which  should  have  existed  between  the  two 
departments,  and  this  has  been  due — at  least,  in  part  to  the  view 
that  commerce  and  trade  scarcely  came  within  the  scope  of  the  work 
of  the  Foreign  Office.  There  can  be  no  doubt  that,  a.part  from  the 
ordinary  Consular  officials,  commercial  attaches  and  other  members 
of  the  Diplomatic  Service  can,  if  proi^erly  trained  and  direotcd, 
perform  good  work  for  the  commerce  of  the  Empire,  and  we  are  glad  to 
see  that  the  Foreign  Office  seems  to  be  alive  to  the  importance  of  the 
question.  We  should  like  to  see  the  number  of  connnercial  attaches 
increased  and  their  work  better  organised,  and  we  also  hope  that  in 
future  we  shall  have  a  large  percentage  of  technical  men,  especially 

engineers  and  chemists,  among  the  higher  Consular  officials. 

*         *         *         * 

At  the  recent  meeting  of  the  Advisory  Com- 
mittee of  the  Board  of  Trade  Commercial 
Intelligence  Branch,  it  was  reported  that  the 
number  of  written  and  personal  inquiries 
received  at  the  Commercial  Intelligence  Branch  of  the  Board  of 
Trade  (exclusive  of  the  foreign  samjjle  section)  durmg  the  ])ast  year 
^vas  57,400,  compared  with  40,600  in  1914.  ' 

In  view  of  the  success  of  the  British  Industi'ies  Fair,  the  Board  of  Trai^c 
liave  decided  to  hold  a  similar  fair  next  yenr,  to  he  ()]i(>n(>(l  on  Feb.  1. 
Amongst  matters  considered  by  the  Committee  were  the  financiii.si  of 
British  and  German  trade  respectively  in  China,  a  pro])()sed  commercial 
mission  to  Russia,  the  a]nondment  of  the  law  relating  to  patents,  trade 
marks  and  designs,  &c. 

*  *  *  * 

TrqrtP  Aftpr      -^^  "^^'^^  8°  *»  press  the  interesting  announcement 
the  War  ^"^  ^^^^^  *^^*  ^^^  President  of  the  Board  of  Trade 

has  appointed  two  Committees  which  will  deal 
with  the  electrical  and  British  textile  trades  respectively,  particularly 
in  their  relation  to  international  competition  and  their  consolidation 
and  protection.  The  Electrical  Trades  Committee,  which  has  its 
address  at  7,  Whitehall-gardens,  London,  8.W.,  is  comprised  of  the 
following  :  Hon.  Sir  Charies  A.  Parsons,  K.C.B.,  F.R.S.  (chairman), 
Mr.  J.  Ajinan  Bryce,  M.P.,  Mr.  T.  O.  Callender,  Mr.  James  Devon- 
shire, Mr.  B.  M.  Drake  and  Sir  John  Snell.  We  are  rather  surprised 
to  note  that  the  chairman  of  the  British  Electrical  and  Allied  Manu- 
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facturers'   A.ssociation  is  not  on  this  ( 'onuiutt#>«>. 

names  are  well   known  and   liighiy  r  '    ' 

it    can    scarcely    be    saWl    that    thf\ 

various     branches     of     the     induntry.      Tno  i  (f 

names    we    hav^e    given    may    ei';h    bs    '    -      ' 

certain  distinctive   branches  of  e!e'.-trical 

Sir    (yharles    Parsons    is    the    authorised    n 

B.  E.A.M.A.,  we  suggest  that  that  inipirtant  .'^^ 

the  oppufunity  of  voieing  its  ((pinions  on  the  <'<k. 

i).s(  !h;Mrni;m,  Mr.  I'\  IJ.  I)avenpi»r(,  be  clt-i-hMl  f  )rthi- |iiir|>in« 

again,  t!i(!  inlcresis  of  cleetricity  supply  <;iiui'it  U-  i-ntiKuU'ntl  to  im 

in  the  hands  of  any  one  particular  nienilKT  of  the  Coinmitt*^  nn  at 

present  constituted.     The  company  and  municii^al  int«-r  .« 

succeeded    in    getting    together   up<jn^scverulj  n»atters|<ji, ...... ..^ 

interest,  and  there  should  be  no  difficuty  in  .selecting  a  central  .statioa 
engineer  who  would  have  sufficient  brejulth  of  vie.v  to  rfprr-s«»nt  Ixjth 
branches  of  this  important  public  .service.  W(!  think  that  mimo 
representative  is  required  in  this  case,  because  the  electricity  Kupply 
interests  are  among  the;  most  itnpDrtant  purchiisers  of  >■'■  '  [jant 

in  the  country.  If  steps  are  to  be  taken  to  encourage  ^  rchaae 
of  dynamo-electric  machinery  manufactured  in  this  countrj'  it  u 
desirable  that  a  more  definite  lead  be  given  by  the  electrieity  supply 
interests  in  the  future  than  has  been  the  Civse  in  the  pes^  Before 
the  war  the  electrical  instrument  section  suffered  severely  from  German 
competition,  and  on  the  Committee  there  should  al.so  bs  a  representa- 
tive of  telephone  and  telegraph  engineering. 

*  4:  «  4>  « 

_   , ,        V  h"  1      ^"      Electric  Vehicle  Progress,"  publi.she:l  with 
,  n  f  this  issue,  we  reproduce  from  a  re|xjrt  submittetl 

c"ll    f-  to  Sheffield  cleansing  department  by  .Mr.  J.  A. 

Priestley,     superintendent,     some     interesting 
figures  collected  from  actual  experience  with  batterj-driven  vehicle:« 
for  the  carting  of  towns'  refu.se.     These  figures  have  been  coniparp<| 
with  those  obtained  1)V  hor.se  haulage  in  the  city  of  Sheffie'd.  and 
extend  over  a  period  which  may  be  considered  sufficiently  long  to 
render  the  results  of  considerable  value.     An  item  of  important  in 
the  report  reads  as  follows  :    "A  charge  of  Id.  per  unit  is  nuwlo 
against  the  vehicle  for  current  used,  but  this  does  not  represent  an 
actual  expenditure,  as  the  electricity  is  obtained  from  the  destructor 
installation,  and  the  refuse  consequently  produces  power  for  its  own 
collection."     We  think  that  the  last  phrase  might  very  well  be  itit>d 
as  a  powerful  selling  argument  for  this  tj-pe  of  vehicle.     It  is  a 
condition  of  tilings  which  cannot  obtain  in  any  other  form  of  pro- 
pulsion for  dust-collecting  vehicles.     I'he  ligun»  of  hi.  yier  unit  in 
these  circumstances  is  on  the  high  side,  as  it  is  not  an  accurate  tigur«» 
of  the  cost  of  electricity  generation  from  towns'  refuse.     Energy-  at 
Id.  per  unit  is,  however,  offered  by  a  large  numl>er  of  public  electricity 
stations  throughout  the  country,  .vnd  therefore  it  may  be  aci-eptetl 
as  a  useful  figure  for  comparing  battery-driven  with  other  chv^ses  of 
vehicles  for  this  kind  of  work.     Another  fcatuiv  of  interest  attaching 
to  the  report  is  the  employment  of  battery  vehicles  in  so  hilly  a 
district  as  Sheffield.     The  success  of  the  vehicles  in  such  a  Kvality 
should  do  much  to  remove  the  prejudice  which  still  untl  nibtetlly 
exists  against  accumulator  road  traction.     This   pivjudice  is  not 
entirely  confined  to  vehicle  usei-s.     It  exists  to  a  lanuMitable  extent 
among  electriciil  men.  and  luit  a  few  of  them  centn:'  station  engine<»n«. 
We  have  consistently  urged  that  the  battery-pii>jH>llcd  vehicle.  •«  •/•« 
owujieliL  is  vmrivallcd  by  any  other  innver- propelled  velucle,  and  that 
abundant  proof  of  thisclaiin  would  be  forthcoming  so  soon  .is  th© 
vehicles  were  tested  under  operating  conditions  side  by  side  w.th 
other  methods  of  traefion.     So  far  as  refuse  haulage  is  ixM.'.vnu>«l.  t he 
central  staiion  engineeis  nia.\  look  askance  at  the  use  of  accumulator 
vehicles  where  the  charging  is  done  from  the  destru  " 

would,  however,  be  an  extremely  narixnv  view  to  t;; k  •• 

The  more  batterv  vehicles  there  are  on  the  roi^d  the  greater  will  br 
the  tendency  to  "make  use  of  them  in  tiieir  pn>ivr  sphere  of  hU»nir. 
There  still  remain  an  abundance  of  trades  and  industries  m  which 
thev  can  be  satisfactorilv  emploved  and  derive  their  energy  frx>m  the 
town's  mains.  We  feel  sure  that  Mr.  Priestley's  exiH«neiuv  at 
Sheffield  wUI  be  utilised  to  the  utmost  by  those  who  an^  at  pr\>sont 
pushing  the  sale  of  these  vehicles  in  tliis  country.  Cleansuig 
superintendents  and  officials  of  a  similar  class  will  Ih>  made  re;uly 
converts  where  fisrun  s,  bascil  on  oiKMating  exix^nence,  are  available. 


130 


THE  ELECTRICIAN,  APRIL  28,  1916. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTLTIES. 

From  April  17,  1910,  to  April  20,  1916. 


ELECTRICITY  SUPPLY. 


In  view  of  the  increased  interest  which  is  being  taken  in  the  subject  of 
the  importation  into  and  the  exportation  of  Electrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.  {See  also  note 
at  foot  of  Exports.) 

IWPORTS, 
London.— (/.5..4..-  Elec.  machinery,  £1,827  ;  elec.  lamps,  £500  ;  telephone  material. 
£340;  unenumerated,  £2,149.  Holland:  Elec.  lamps,  £6,809— !0  pkes. ;  wire  and  cable, 
£21;  unenumerated,  £361.  France:  Elec.  lamps,  £112.  Swilzerl'and  :  Elec.  lamps, 
£188;  unenumerated,  £282.  Italy:  Elec.  machines,  £81.  Japan:  Unenumerated, 
£348.  Sweden  :  Elec.  lamps,  £165  ;  elec.  machinery.  £3, SCO.  Egypt :  Elec.  lamps,  £13  ; 
unenumerated,  £20.    Denmark:  Unenumerated,  £189. 

EXPORTS. 

To  Australasia.- /I ucWawrf.-  Unenumerated,  £175.  Melbourne:  Elec.  machinery. 
£208  ;  unenumerated,  £183.  Sydney  :  Elec.  m.clinery.  £250  ;  wire  and  cable,  £3,885  : 
unenumerated,  £474.  Wellington:  Elec.  machinery, £199  :  unenumerated. £107.  Perth: 
Unenumerated,  £17.  Chrhkhurch :  Unenumerattd,  £150.  Dunedin :  Unenumerated. 
£108.  Lyitelton:  Unenumerated,  £101.  Brisbane:  Unenumerated,  £5,389.  Nelson: 
Unenumerated,  £19.     Hobart:  Unenumerated,  £43. 

Africa.  -Durban:  Elec.  machinery,  £1,272 ;  wire  and  cable,  £356 ;  unenumerated. 
£2,194.  Cape  Town:  Wire  and  cable,  £1 15.  Port  Elizabeth :  Wire  and  cable,  £207  : 
unenumerated,  £140.  Beira:  Wire  and  cable,  £37  ;  unenumerated,  £111.  East  London  : 
Unenumerated,  £157. 

Canada.-  Toronto:  Unenumerated,  £34. 

Aden: — Unenumerated,   £24. 

^c-vfT.-  Alexandria:  Wire  and  cable,  £225;  unenumerated,  £33.  Port  Sudan: 
Unenumerated,  £20.     Port  Said :   Unenumerated,  £14. 

Gibraltar.  -Unenumerated,  £51. 

WestIndies.  — So^fca.'/oi.-  Unenumerated.  £11. 

India,  Ceylon,  Indo-China  and  Straits  Settlements.  -  Bowiay.-  Unenumerated. 
£96.  Calcutta:  Unenumerated,  £109.  Ceylon:  Unenumerated.  £1,578.  Madras: 
Wire  and  cable,  £90;  unenumerated,  £24.  Bangkok:  Unenumerated,  £372.  Medan: 
Wire  and  cable,  £348. 

]kfAU.— Yokohama :  Unenumerated.  £24. 

Italy. — Genoa:  Unenumerated,  £280. 

HoLLfittD.—Amsterdam :  Unenumerated.  £1,284. 

France.- Pam.-  Elec.  machinery,  £995;  unenumerated,  £563  ;  wire  and  cable,  £150. 
Dieppe:  Unenumerated,  £420. 

Sweden.     Gothenburg:   Elec.  machinery,  £50.     Stockholm:   Unenumerated,  £95. 

Spmu.  -Huelva:  Unenun%era1ed,  £128.     Malaga:  Unenumerated,  £95. 

Portugal.— /./siow ,-  Wire  and  cable,  £2,127  ;  unenumerated,  £170. 

FOREIGN   GOODS  (dnty  paid  and  free). 

Melbourne:  Unenumerated,  £17.  Port  Elizabeth:  Unenumerated,  £47.  Calcutta: 
Unenumerated,  £75.  Paris:  Unenumerated,  £40.  Madras:  Unenumerated,  £217. 
CapeTown:  Unenumerated,  £78.     Sydney:  Unenumerated,  £62. 

IN    TRANSIT. 

Adelaide:  Elec.  lamps,  £91.  Brisbane:  Elec.  lamps,  £231.  Melbourne:  Elec.  lamps, 
£255.    A'd/a/.-  Elec.  lamps,  £1,420. 

Note. — The  large  number  of  items  in  these  official  returns  under  the 
misleading  heading  "  unenumerated  "  relate  to  what  is  described  as 
"  electrical  goods  "  and  "  electrical  materials." 


BUSINESS  NOTICES. 

Tn  order  to  oxijcditc  (Iclivciy  of  tclcgiani,'^  (he  Edi.son  &  Swan 
United  Kloctric  I.ighl  Co.  (Ltd.),  Ponders  End,  .Middlesex,  notify 
that  it  would  1)©  glad  if  tlieir  customers  would  in  future  addros,s  all 
(elegraniH  "  Ediswaii  Enlield  "'  wIkm  eommiuiicating  with  tlie 
Edi.swaii  Works. 

The  l)U8inesR  of  the  'rdcphoiie.  Liglit  &  Power  Co.,  of  20,  West 
f'ani|il)ell-strce(,  (da.^gow.  is  being  wonnd  up,  (ho  .scjic  jiartner,  Mr. 
W.   I).  Wliytc,  having  joined  II. .M.  Force.'*. 

Plant  for  Sale.  (Ireonock  CoriKjnvtion  electricity  (le|Mir(nient  have 
for  sale  a  r)()()  u.h.v.  Helliss  triitle-expansion  engine  and  :5(K)  kw. 
Silvertown  dynamo,  r)/(;(K>  v(»lts.  OITc.sr  to  (he  Chief  F-'ngineer  and 
Maiia-^er.  .Mr.  !•".  II.  \\liy,'.;ill.  M.I.E.E.,  by  Friday.  .M,iy  .").  See  ah., 
an  adveriiiemenl, 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

An   apj)lication   for   (he  diHcharge  of   Arthur   I'.naday   Uawdon 
electrical    engineer.    ^'cIImiIiu.    Eiiidield  garden.s,   (iosforth.   will    lie 
henrd  on  .Mii\    II  at  (lirConiils  (  (Hirl .  \\  CsI'mIc  r.,;i.|    \<  w .  :i><(!e-((ii- 
'I'.Mie. 

A  iiieeling  of  (Tcdildrs  of  (he  l'.ri(is|i  .\e(MMnida(<ir  Co.  ({.(d.)  will 
be  Ik  id  a(  'raiilicid  liiiilding.-*,  I'r.idfonI,  on  .Mav  J. 

ClainiH  againsl  (lie  Ilkeston  .Motor  &  Eh-etrical  Engineering  Co. 
(E(<l.)  (in  vol.  li(|.)  are  to  lie  sent  by  May  10  (o  Mr.  .Man  pMialer. 
King-street,  Xotf ingliam. 

Mr.  L.  Simon,  Newmarket -Urrace.  Newmarket -road.  Norwich, 
has  been  appointed  li({uidat<ir  in  (he  voituitarv  litpiidation  of  Nonna-i 
&  Heard  (E(<1.). 

The  AnhNick  lOiectric  iJegnlator  Co.  (Ltd.)  is  Iseing  wound-np 
voluntarily,  and  .Mr.  .1.  W.  Shephenl.  7.S.  King  street.  M;Miiliest(  r. 
has  been  .iijpointel  liipiid.Uor.  A  nirvting  of  t  re(li(ors  will  be  h-ld 
at  ()7.  Princess  strei^t.  .Manchester,  on  May  .1. 

.A  ineedng  (o  receive  an  aeeount  of  the  winding  up  of  the  Teieralio 
EliMtrie  Co,  (L(d.)  will  be  held  on  M\\  22  a!  jlalfour  Mouse.  Fins- 
biny  paveiienl.  L  iii<|on.  I]  ( '. 


EXTENSIONS. 

Leeds. — The  Corporation  were  recently  recommended  to  apply  to 
the  L.(il.  lioard  for  sanction  to  borrow  the  following  s'ams  for  the 
electricity  undertaking  :  £30,000  for  additional  cost  of  buildings  for 
the  new  generating  .station,  £20.000  for  mains  and  £15,000  for  sub- 
stations. 

London  County  Council. — At  the  meeting  sitting  last  week  the 
following  loans  X<>  hjcal  authorities  for  electricity  supply  pur|Kjses 
were  .saiicti<jned  :  l^rmondsey  Council  £2,773,  Stepney  'Council 
£3,(M)0,  and  Woolwich  Council  £27,.-)00. 

Luton.  -The  elertrical  engineer  (.Mr.  W.  H.  Cooke)  re|><jrts  that 
two  new  boilers,  an  econonii.ser  and  steam  yiping  and  ash  handling 
|)lant  will  be  required  for  ne.xt  winter's  load. 

T!ie  Conncil  is  recommended  to  incn  ase  the  salar^-  of  the  assistant 
electrical  cnirinecr  (Mr.  H.  A.  Kcll)  from  €20(1  to  £21.3  per  annum,  and 
that  of  the  chief  technical  assistant  (.Mr.  A.  H.  tJaU's)  from  £182  to  £2(K) 
])er  annum. 

Nelson. — The  Electrical  Engineer  has  been  authorised  to  obtain 
estimates  for  a  turl)o-generator  set. 

St.  Pancras  (London). — The  (.'ovemnient  have  authorised  the 
contracts  for  the  (wo  new  boilers  and  the  Iniilding  extension  required 
in  connection  witli  Kings-road  station  to  be  exjiedited,  but  the 
installation  of  the  coal  storage  bunkers  and  coal  and  ash  handling 
plant  are  to  be  left  over,  if  jKLSsible,  in  order  to  economise  in  the  use  of 
steel. 

The  I'llcctricity  Commit(et>.  however,  think  it  imjiortant  that  the  whole 
of  tile  portion  of  tiie  station  extension  s<heme  now  arranged  for  should  be 
allowed  to  jiroceed  without  modification,  and  they  have  appointed  a 
de])iitation  to  wait  iqion  the  Covernmcnt  department  in  order  to  explain 
the  Tiijicnt  needs  of  the  ea.s<'. 

StafTord. — On  the  advice  of  the  consulting  enguieer  (Mr.  S.  L. 
IVarce),  apjjlication  has  Ijeen  made  to  the  L.G.  Board  for  sanction 
to  the  raising  of  £l(i,000  for  extensions  of  jjlant  at  the  electricity 
works.  The  extensions  are  urgently  required  in  order  to  cope  with 
the  greatly  increased  and  increasing  demands  for  current  for  power. 

In  con.sequence  of  the  great  urgency  of  the  matter, the  Gas  and  Elec- 
tricity (^ommittee  liaxc  Ix'cn  authorised  to  deal  with  the  t<Miders  when 
they  arc  received. 

GENERAL. 

Bradford,  'i'he  Elo<tri(ity  Coinmittec  have  agreed  to  give  a  supply 
of  elect  licit  \   in  bulk  to  .Messrs.  .Jeremiah  .Ambler  &  Sous. 

Bristol.  The  Corporation  recently  adopted  a  recommendation  of 
the  Electrical  Committee  to  recognise  the  exceptional  services  of 
Mr.  Robert  Parker,  wlio  had  retired  from  the  jx)sition  of  foreman 
of  the  electrical  generating  station  after  22  years'  service,  by  giving 
him  a  testimonial  in  money  or  kind  of  the  value  of  £."10. 

Grimsby.  -The  Electric  Lighting  Committee  have  decided  not  to 
accept  any  n«*w  consumers  of  curnMit  for  lighting  juirjxi.ses,  its  the 
generating  |)l.int  is  alrciuly  overloaded,  and  exten-sions  cannot  be 
carried  out  at  present. 

In  his  ivjiort.  the  acting-engineer  (Mr.  A.  S.  Channon)  said  the  Com- 
mittee could  only  maintain  sujijily  next  winter  by  continuing  the  ])n"sent 
li'^htiuix  n-slrictions.  whether  or  not  (he  need  for  (hem  under  (he  Defence 
of  (he  Realm  Act  had  (("aued.  A  scheme  of  extensions  should  be  pre- 
pared, so  that  orders  <'ould  he  plnceJ  immediately  on  the  close  of  the  war. 
Tlie  Committee  adopted  the  F.npineers  report,  and  agreed,  in  the  event 
of  the  war  Ix-ing  over  by  next  wint<'r.  to  condnue  the  exititing  restriction> 
as  to  privati'  and  |iublic  I'gliting. 

Manchester.  -Tlie  Electricity  an<l  (tJis  Committees  have  decidetl 
to  <(Uitnliutr  £S(I.(MM)  (o  relit'f  of  rates. 

The  EIr'ct licit y  Commi((ec  met  on  (In-  l!l(h  iiist.  for  the  purpose  of 
n'viewiu';  the  linnneial  results  of  the  wiirkingof  the  depardiient  during 
the  year  ciuU-U  March  'M  liust.  and  approving  (lie  csdmatos  for  (lie  current 
yeiir. 

1,ast  year  i(  was  foun<l  (hat.  in  view  of  tlie  increu.sc  in  coal  costjj  and  in 
other  expenses  it  was  neci-ssirv  in  order  to  maint.iin  (he  £^<o.(MMt  aniiiial 
contriiiution  in  aid  of  rates,  to  raise  electric  supply  charL'^es.  by  Id  and  l."" 
jter  <  .'Ut.  on  liglitin^  an<l  jiower  resjx-itively.  In  tiie  n^sult  the  margin 
available  f<»r  rat<>  aid  at  the  eIo!«c  «if  the  year  proved  to  ho  only  £28.17.'>. 
the  ditTenenee  of  Cl.s2.">  having  to  W  taken  fn)m  the  n-.M-rve  fnnrl.  The 
corn-sponding  .siiritlus  in  (he  previous  year  was  £.14,!l2ti.  Comparing  the 
results  in  tlie  yejjr  just  ended  with  (hos«'  for  (he  pn'vious  year,  it  wa4» 
found  that  the  kelviiis  solil  had  risen  from  r27J  to  l4l.^  millions,  an 
increase  of  ne.uly  1 1  ]nt  cent.,  and  tlie  int  i>mo  (iu'n'fnmi  lind  risen  from 
£.">;Ml,74(»  to  tlKi."i.r.."i2     %  ditfenMiiv  of  14  per  cent. 

For  the  year  ltM(5-l7  theeoinmitlc<'estin>at4'  that  the  sales  will  inrreaac 
by  .'ilMUit  12  niillion  k<  Ivins.  Owing,  however,  to  the  extnionlimm^  cost 
of  coal  now  prevailiui.',  the  ineideni'*'  of  wliich  was  only  feh  diirinc!  a  jvirt 
of  (he  previous  year,  and  in  a  k»«>««»r  detrn-e  to  other  new  «■(«<»•».  \\\r  enti- 
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mated  surplus  on  the  year's  workiuf^  is  onlj"  £9,000.  'I'o  ])ro\i<i<;  th»; 
£.''0,000  for  rate  aid  it  will,  therefore,  be  neees.sarj'  to  withdraw  the  haiatiro 
in  the  reserve  fund  (£10,057)  and  to  carry  forward  against  the  yi-ai-  11)17- 
18  a  sum  of  £10,1)43. 

Teignmouth. — The  Urban  Council  will  allow  the  proposed  Shaldon 
Eloctrie  Lighting  Co-operative  Society  to  use  overhead  mains,  pro- 
vided steel  ])oIes  are  employed  in  certain  streets. 

Watford. — The  Urban  Council  has  been  authorised  to  borrow 
£1,()25  for  the  electricity  supply  department. 

Woolwich. — A  supply  of  current  is  to  be  given  to  a  large  lirm, 
necessitating  the  purchase  of  ajiparatus  at  a  cost  of  £140. 

Having  regard  to  the  fact  that  the  ainount  of  coal  to  be  Iiandled  at 
Clobe-lane  station  has  nearly  quadrujjlcd,  and  there  is  every  possibility 
that  it  will  further  increase,  the  Electricity  Committee's  original  j)ro- 
posal  to  purchase  a  grab  to  be  fitted  to  the  existing  tel])her  is  insufiici(>nt 
to  meet  present  needs,  and  it  is  reported  that  other  arrangements  have; 
now  been  made  in  connection  witli  the  existing  extensions  now  being 
coni))leteil. 

Tlie  (!ouncil  has  received  sanction  to  the  borrowing  of  £.'5,2!)0  for  mains, 
transformers,  &c. 
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Doncaster. — The  Water  Committee  are  considering  the  question 
of  installing  electric  pumpmg  plant  at  a  cost  of  £300  for  2)um[)ing 
river  water. 

Sanatorium  Lighting. — The  County  Tyrone  Tuberculosis  Com- 
mittee ])ropose  to  install  electric  ligliting])lant  in  the  new  sanatorium. 

Scarborough. — The  Council  have  instructed  the  Lighting  Com- 
mittee to  consider  the  question  of  adopting  electric  lighting  in  certain 
of  the  main  streets  after  the  war. 

Stirling. — The  War  Office  has  declined  to  reconsider  the  question 
of  the  lighting  of  the  local  hut  encampment. 

The  War  Office  had  already  decided  to  adopt  electric  lighting,  but  the 
Town  Council  desired  that  gas  should  be  used,  and  apjx-aled  to  tiie  mili- 
tary authorities.  The  War  Office,  however,  considers  electric  lighting 
to  be  more  suitable  and  it  adheres  to  its  former  decision. 


TRACTION   NOTESc 


Birmingham. — At  last  week's  meeting  of  the  Tramways  Committee 
the  chairman  (Councillor  Barrow)  said  that  no  definite  decision  had 
yet  been  arrived  at  with  reference  to  the  i-utuiing  of  trailer  cars.  A 
trailer  car  was  being  prepared,  and  it  would  shortly  be  placed  on  the 
Handsworth  route  as  an  experiment. 

The  scheme  for  constructing  a  branch  tramway  off  the  Erdington 
route,  near  Salford  Bridge,  so  as  to  open  uj)  eonununication  with  Tyljurn 
has  been  postponed  until  the  end  of  the  war. 

Goods  Traffic  by  Tramcar. — Owhig  to  the  shortage  of  labour  and 
carting  facilities  the  manager  of  the  Bradford  Corporation  tramways 
department  (Mr.  C.  J.  Spencer)  is  making  an  interestuag  experiment 
in  the  transit  of  goods  by  tramcar. 

A  vehicle  has  been  built  by  the  tramways  department  which  will  carry 
wool,  coal,  or  other  merchandise  from  the  railway  goods  (le])ot,  and  follow 
the  tramway  system  to  almost  any  part  of  the  city.  It  is  calculated  that 
one  of  these  vehicles  would  do  the  work  of  10  men  and  10  horses  and  carts, 
and  at  considerably  less  cost.  The  matter  has  been  placed  before  the 
Board  of  Trade,  who  have  granted  every  facility. 

Lambeth  (London). — By  using  two  motor-driven  street  sweepers 
the  Council  has  been  enabled  to  scrap  30  horse-drawn  swcei)ers,  and 
in  six  months  to  effect  a  saving  of  £827. 

Leyton. — Having  regard  to  the  extra  duties  imposed  upon  the 
tramways  manager  consequent  upon  the  CouikmI's  i-esohition  not  to 
insure  against  third-party  risks,  it  is  jn'oposed  to  incr'casi!  his  salary 
from  £400  to  £425  per  annum,  rismg  by  annual  increments  of  £25  to 
£500. 

L.C.C.  Tramways. — In  submitting  the  annual  budget  of  the  L.C.C. 
last  week.  Sir  Geo.  Goldie,  Chairman  of  the  Finance  Committee,  said 
he  deprecated  the  drawing  of  any  conclusions  as  to  the  financial 
prospects  of  the  tramways  from  their  position  under  war  condition.s. 

He  said  that  not  only  the  Tramways  Undertaking  but  the  whole  traflie 
Rvstem  of  London  was  being  operated  under  exceptional  conditions. 
They  had  once  more  to  face  a  deficiency,  j.e.,  the  balance  on  net  revenue 
account,  after  providing  for  interest  on  and  repayment  of  (vipital  was 
expected  to  be  on  the  wrong  side.  Although  Ihcy  desciibcd  llie  bnlauce 
in  their  accounts  as  a  deficiency,  it  was  not  a  loss  in  the  eonmicrciai 
sense  to  the  extent  to  which  it  might  be  caused  by  the  amoimt  set  aside 
for  repayment  of  capital  being  in  excess  of  the  annual  depreciation  of 


the  assets.     The  results  of  tlw»   v-.i-  :<,->   .  l-.-^.I  --..r..  KL-.I.- 

improvement  on  the  ori/inal  ».-• 

was  expeeterl  fo  hf  rerlinid   t 

May,  191. 'i,  which  rxeasioni-d  a  : 

evpenses  in><tc;id  of  Uini;  about  Ojd..  »»  iit  1^U-1.a  »«rrf  «f)i|«r<  U^  l"*  U> 

n  llic  n'-i'_'hl)ouilioo(l  of  Sd. 

Manchester. —The  annual  (^imaUm  of  reci-fptJi  and  e»|jf7iditure 

were  consider(;d  by  the  Tf.  I;, 

The  (v'onunittce  agreed  to  ■ 
(ireviouH  occasions,   but  to  do  thm  the  l'*> 
have  to  take  £10,805  from  rc«Tve.     Thin  ra' 
the  Council  three  years  ago,  and  Ufon;  .i 
arrangement  will  have  to  Ix;  made.     T' 
war  service  allowances  are  a  serious  draii^ 
flepartment.      For    the    year    ended    Mann    'M . 
amounted  to  £.{1.704.      Last  year  the  amount  'a 
current  year  it  is  thought  they  will  g<»  up  to  £m.<MK> 
in  three  years.     To   meet  thew   paymentn  the  <V,: 
obliged  to  transfer  smaller  sums  each  year  to  re«TV' 
than  they  would  have  done  in  normal  cif 
sum  transferred  was  £4S,(»I4  less,  anri  in  101 
it  would  have  been  in  ordinary*  times.      For  thf  <iii 
mittee  will  m.ake  no  addition  at  all  to  the  fund,  in.-.i 
£09,450  as  they  would  wish  to  do. 

The  estimated  exi)enfliture  for  last  year  wa.s  £8>?2.."."< 
mate  expenditure  uj)  to  .March  31,  1910,  was  put  fhc. 
estimated  expenditun?  for   1910-17  was  fixed  at  V'  •■ 

practically  c^very  department  being  provided  for.     '1:  »  i- 

£939,4 1 ()  (against  £901,870),  the  car-miles  run  wen-  ln,4s»».44»»  la-.'airul 
19,155,051),  the  revenue  i)er  car-mile  was  121'.MJd.  (ll-dd.)  and  th«- 
passengers  carried  were  209,853.344  (202.708,420).  Ijwt  year's  r«'venop 
was  higher  than  that  of  1915  by  £27,.540,  and  £14.10»)  hijh.r  •'  '  •  of 
1913-14,  which  was  a  record  year.     Durinu  the  past  v-ar.    >  -h** 

number  of  ])assengers  carried  was  greatc-r.  the  ordinar 
were  considerably  less  than  in  either  of  the  two  )ir  _  An 

increase  under  the  head  of  general  expenses  was  due  to  an  incr«-a.se  in 
amount  paid  in  local  rates.  For  the  past  year  £49,507  was  pai«i  in  ratM 
(against  £45,794).  An  increase  in  ])ower  expenses  was  acounted  for  by 
the  greater  ]n-ice  i)aid  for  electrical  enersy,  due  to  the  hifrher  '     «aL 

The  estimates  for  the  current  year  are  basi-d  upon  an  <•-•  \r- 

mileagc  of  18,500,000.  After  making  i)rovision  for  payi: 
to  the  city  fund  and  meeting  extraordinan,-  expenditure  a.  .... 
war  (£94,000  for  war  service  allowances,  &e.,  and  £40,000  income  tax)  the 
dey)artment  will  not  only  be  unable  to  make  any  pro\-is!on  for  rrntwab, 
but  it  is  estimated  that  there  will  be  an  actual  deficiency  of  £10.865, 
which  it  is  proposed  to  meet  by  a  transfer  from  the  reserve  and  renewals 
fund. 

Motor  Omnibuses  and  Upkeep  of  Roads.— A  new  clause  has  been 
inserted  by  the  House  of  Ixjrds  in  the  Ixjcal  Covemment  '  V 
Provisions)  I3ill  jirohibituig  the  use  of  any  new  routes  by 
or  other  vehicles  except  with  the  consent  of  tlie  local  authority  or  the 

L.G.  Board. 

The  new  clause  will  not  inlei-feie  witli  vehicles  ustnl  for  commrreial 
or  trade  purposes,  but  is  intended  to  apply  solely  to  such  vehicles  a« 
omnibuses,  ehars-a-bancs.  wagonettes,  stacji'  coaches  and  other  earriasies 
])lying  for  "hire  ot  used  to  carry  ;)assengers  at  separate  fare.-«.^  At  present 
these'vehicles  are  onlv  taxed  to  the  extent  of  their  <■■•  "         <■««.  and 

it  is  probable  that  local  author  ties  will.  In-fore  conv.  7*"^* 

being  opened  u]\  insist  on  i)roprietors  paying  a  eontribuiu.n  ti.»ard«  the 
u]ikcep  of  the  roads. 

Nottinghamshire  and  Derbyshire  Tramways  Act,  1903.  -The  Boaril 
of  Trade  have  extended  for  one  year  (from  Aug.  15,  lOlii' 
limited  by  the  Act  for  the  purchase  of  lands  required  in 
with  tramways  Nos.  19,  20  and  21,  authorised  by  the  Aet. 

South  London  Tramway  Strike.— The  strike  of  employes  of  the 
South  Metropolitan  Electric  Tramways  &  Lighting  Co.  <-.»nie  to  an 
end  on  Tuesdav,  when  the  nu-n  decided  to  return  to  work.  The 
strike,  however,  continues  on  the  Croydon  Corporation  trvniway 
system. 

Southampton.  -The  Tramways  Conimittiv  has  deoidetl  to  imnhasr 
an  Edison  batterv  automatic  tip  wagon,  at  a  cost  of  ttWiO.  a«<l  to 
pay  for  sanu>  out  of  the  depreciation  and  renewals  fund. 

West  Ham.  The  Hoard  of  Tiade  has  consented  to  the  doiihlm^  o( 
the  fra  nway  track  of  the  interlacing  lino  in  WiKHlgniuge-roatl. 
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TELEGRAPH  &  TELEPHONE  NOTES.    ^ 


Radioteleeraphy.— •■  Tndian  Engineering"  san-s  >......  ■•  u  work 

at  thencrwircless  station  at  May.nyo  (Hunna)  .s  iK^ine  rapKlb" 
pushed  on,  the  main  building  being  about  hal   hntshod.  •  -«  the 

steel  niasts  has  risen  to  nearly  2.H)  ft.,  t..  winch  am.t;  haxe 

'^Telephony  in  Argentina.    The  proprieton.  -^  •V»''''M;'':''!;'';,X 
between  the  districts  of  t^eneral  Pueyrredon  ami  « .eneral  Ah  n.d... 
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has  applied  to  the  Government  of  the  Province  of  JJuenos  Ayres  for 
permission  for  20  years  to  utilise  the  Government's  telegraph  posts 
to  connect  Mar  del  Plata  and  La  Plata  by  telephone.  He  undertakes 
to  charge  a  tariff  25  pev  cent,  lower  than  that  of  any  other  company. 


EMPIRE   NOTES. 


Australasia. — The  Premier  of  Tasmania  (Mr.  Earle)  recently 
stated  that  ])o\vcr  from  the  Great  Lake  hydro-electric  station  would 
be  available  in  May. 

The  "  Commonwealth  Engineer  "  says  representatives  of  the  Govcrn- 
mont  Hydro-electric  department,  the  Hol^art  ('lianibcr  of  Commerce 
and  Hobart  University  recently  waited  u))on  the  I'rcinicr,  and  asked 
for  Government  assistance  in  cstahJisliinf.^  a  science  research  laboratory. 
It  was  ])ointed  out  that  if  electrocheniieal  or  electro  inetallurnical 
undertakings  were  to  )ie  inaii^iurated  in  Australia  they  would  come  to 
Tasmania,  where  unlimited  ehea|i  power  was  available.  The  Premier 
said  if  the  J''edeial  authorities  assure(I  him  that  they  reco;4nised  1'as- 
mania's  ])ossibilities,  he  would  recommeiui  the  cabinet  to  ai)))ro])riate 
£2,000  for  the  purpose;  referred  to. 

Blue  Mountains  Shin;  Council  has  arranj^cd  a  contract  with  Katoomba 
(N.S.W.)  Electric  Supply  Co.  for  15  years,  for  sup))ly  of  current  to  a 
minimum  of  150  00-c.i).  street  lamps  at  Ulackheath.  Medlow.  Wcntworth 
Falls  and  Lawson.  The  council  resi-rves  the  ri'^ht  tr)  take  oyer  i)oles, 
wires,  &c.,  at  the  end  of  ti\c  years  at  cost  price,  or  (lurin<i  the  following 
10  years  at  cost  price,  less  ."{  per  cent.  ]>er  annum  foi'  de))reciation.  The 
cost  of  private  lifjhting  will  be  (id.  a  unit  for  fewer  than  six  lights,  and  Od. 
weekly  for  25  c.p.  lamps. 

Fitzroy,  Northcote  and  Preston  (V'ictoria)  Tramway  Trust  hjis  borrowed 
£25,000  at  5J  ))cr  cent.,  and  decided  to  a])point  an  en</ineer.  The  trust 
has  decided  not  to  amalj^amate  with  the  Mrunswick  and  Coburg  trust. 

J'"'ootscray  (N'ictoria)  .Municipality  which  obtains  its  current  from  the 
Melbourne  (xjuncil  made  a  ])rofit  last  year  on  its  electric  supi)ly  under- 
taking of  £2,8:J4.  Recei])ts  w(!re  £1:},!)U.  Kxi)enditure  includeil  £4,!)01, 
paid  to  Melbourne  Council  for  current. 

At  a  recent  meetin;;  of  Sydney  (Jity  Council,  the  Electric  Lifihting 
Committee  n-commended  that  the  Council  adhere  to  its  resolution 
providing;  that  durin;^  the  war  10  ]icr  cent.  ])referenc(^  be  i;iven  to  gofxls 
manufactured  by  British  companies,  and  5  ])er  cent.  i)reference  to  goods 
manufactured  by  Allied  companies  ;  that  British  companies  be  taken  to 
mean  eomi)anies  where  a  majority  f>f  the  shares  are  held  by  natural  born 
subjects  of  the  British  Empire.  This  reconuncndation  has  been  made  in 
conseijucnce  of  a  reference  from  the  Council  that  the  Committee  consider 
tlie  desira*l)ility  of  substituting  liO  ])er  cent,  ju'cfercncc  in  the  case  of 
British,  anil  10  ])er  cent,  in  the  case  of  Allied  coui])anies. 

The  city  ch^ctrical  engineer  (Mr.  H.  H.  Forbes  McKay)  recommends 
that  arrangements  be  made  for  the  mutual  su])ply  of  electricity  between 
the  Government  tramways  department  and  the  Coimcils  ele(  trie  supply 
system. 

The  Australian  C()mmonwcalth  trade  statistics  for  February  show  that 
the  im))orts  durinj,'  tlm  month  were  valued  at  t5.'.)0.'5,000,  an  increase  of 
£1,177,00(»,  compared  with  Februarj',  101.5.  These  included  iron  and 
steel,  £151,000  ;  and  metal  manufactures,  t252,(»00.  Ex]»orts  durintr  the 
same  |)eriod  were  i;(),55l,(K)((.  increase  £1 ,21  :i,(Mi((. 

India. — '"Indian  Engineering"  says:  In  \\v\v  of  the  growing 
demand  for  electric  power  in  Mysore  Mr.  S.  ('<.  l-'orbes.  Chief  Electrical 
Enginecrr,  has  fonnulated  two  jjrojeets  to  Hupplement  the  preaent 
works  at  Can  very  Falls. 

These  are  known  as  the  Shitnsha  and  Kciledatu  s<'hcmes,  estimated  to 
cost  (i7  lakhs  and  l{(l  lakhs  respectively  power  froui  these  would  be  fi-d 
into  the  existiui;  transmission  cables.  Inci-eased  ]irodu<'tion  up  to 
40,00(t  ii.c.  is  ]irovided  for,  with  a  furtlu-r  }iossible  iiu'reasc  uj)  to 
.50,(tO(»  u.  I'.  In  diseussiun  a  I'aper  on  this  Kuhjeeb  before  the  Mysore* 
I"',ni_'inecr.s'  Conference.  Mr.  l''orbes  forecasts  a  possible  sti|>]ily  of  .'{.(10(1  ]i.p. 
to  1.(10(1  H.r.  for  .Madras  City,  and  expresses  thi"  opiniim  that  the  railway 
from  Hanu'aliire  to  Mysoi'c  can  be  cleil  rilled  with  beneficial  results,  .'lud 
that  the  schedule  of  t  lains  could  i)e  so  arianned  t  hat  power  consum|>t  ion 
would  be  fairly  uniform  throughout  the  day  at  nn  average  of  I.OOO  m.I". 


Ill 


FOREIGN   NOTES. 


Argentina.  The  '•  Review  of  the  Hiv.-r  Plate"  says  Buenos 
Ayres  municipal  lighting  department  has  been  n'organised  un<ler  the 
directicm  of  Senor  .1.  R.  Castaneiras. 

A  n<'w  electric  i)ower  house  was  iiuiuirurated  at  (>liva  (Province  of 
Cordoba)  in  .March. 

The  rc';ucst  of  the  ('(uu()ania  Alemana  Transntlantiea  de  Electrieidad 
f(U'  })ermission  to  sui)i)ly  electric  current  by  means  of  overhenci  win-s  in 
certain  of  the  less  denstdv  ))oi)\dated  distri(  Is  of  Buenos  Ayres  has  In-en 
ijranted,  sinnlar  ])ermission  U'ing  aceonled  to  all  (»ther  electrienl  c<un- 
)>anies  o))eratiUi;  in  the  city. 

The  Covernment  have  authoriseil  the  Buenos  A.vres  Western  Bailway 
to  construct   in  their  own  workshops,  with  the  .ossistan f  the  CJn<at 


Southern  Railway,  the  coaches  required  for  the  company's  electric  service 
between  Once  and  Moreno.  The  Western  Railway  had  originally  con- 
tracted for  these  coaches  in  Germany,  but  the  war  involved  the  rescission 
of  this  contract,  and  British  firms  had  to  decline  it  owing  to  pressure  of 
war  orders. 

A  meeting  of  the  new  co-operative  association  for  the  supply  of 
electrical  energy  in  Mar  del  Plata  was  held  recently.  The  installation 
is  expected  to  be  working  in  the  approaching  summer.  It  is  proposed  to 
charge  40  cents,  per  unit  in  summer  and  25  cents  in  winter.  The  present 
uniform  tariff  is  7((  cents.  The  ])rovisional  .secretarj-  is  Senor  E.  .J. 
(Jiuesada. 

The  Socicdad  Entrerriana  de  Telefonos  has  )mrchased  the  telephone 
concession  worked  l)y  Senor  Toncon  in  the  city  of  Concordia. 

Brazil. — The  ""  Financier  "  says  Norwegian  subscriptions  have 
been  invited  to  an  electric  tramway  undertaking  for  the  service-of  a 
productive  area  near  Kio  de  Janeiro. 

The  minimum  caitital  (which  has  been  partly  sub.scribed  and  partly 
assured)  is  2,700.00(»  krone!,  and  the  maximum'2.925.000.  The  issue  is 
made  under  the  auspices  of  the  Xorwetrian  South  American  Development 
A<;<'ncy  and  the  Aii.do  Nnivvej;iaii  l>;ind  Co.  The  lin-.  which  has 
hit  belt  f»  been  woi  kcd  by  hoise  lra<tion,  starts  at  Canipo  (iraiide.  whiih  is 
a  station  on  the  railway  from  liio  to  Santa  Cruz,  will  serve  for  floods  and 
l)as.senger  traflic  in  a  fruit-j:rf)wing  district.  The  concession  <lates  from 
1015,  and  is  for  45  years. 

Uruguay. — The  "  Review  of  the  River  Plate  "  says,  with  regard  to 
the  Uruguayan  (Governments  exploitation  of  the  electric  light  and 
power  industry,  some  idea  of  the  magnitude  of  the  undertaking  is 
ccmveyerl  in  the  last  annua!  re|)()rt  of  the  .Miiuster  of  Finance. 

This  shows  that  in  the  year  1014-15,  the  cner<.'y  ])roduced  by  the  State 
])ower-hou.ses  amounted  to  27,5(5.3,553  units,  comjjared  with  27,3^,901  in 
1913-14,  and  there  are  2G,.")02  con.sumer.s.  Petroleum  fuel  has  been 
substituted  for  coal  in  the  central  power  house,  Montevideo,  the  result 
being  a  substantial  economy  in  workinjr  exjjenses.  The  State  also  has 
power-hou.ses  at  Colonia,  l.,ii  Paz,  lyas  Piedras  and  I'unta  del  Este,  and  is 
erecting  others  at  (Juadalupe.  Tacuarembfi  and  Pando.  Power-hou.ses 
are  also  projected  at  Maldonado.  San  Carlos,  Artifjas,  Treinta  y  Tres. 
.lose  Batlle  y  Ordonez,  Nueva  Palmira,  Dolores,  Rosario,  Sarandi  del  Yi, 
and  Santa  Lucia. 

To  show  the  train  by  substituting  oil  fuel  for  coal  it  is  stated  that  the 
West  India  Oil  Co.  undertook  to  su]ti)ly  3(1.000  tons  ]ht  annum  for  two 
years  as  from  Dec.  1  last  at  SI  1  Uruguayan  (;;old)  ))er  ton  (about  £2.  7s.). 
whereas  coal  f reijihts  from  the  U.S.A.  to  Buenos  Ayres  are  at  £5,  and  from 
Cardiff  £3,  and  coal  is  selling  in  Uruguay  at  £0.  ])er  ton. 


MISCELLANEOUS   NOTES. 


Bravery  Rewarded. — At  Salford  on  the  18th  inst.,  i^ergeant  \N .  R. 
Snu'thurst,  of  the  Royal  Sussex  Regiment,  was  presented  with  the 
Distinguished  Conduct  Medal  for  e(ms|)icu()us  gallantry  in  the  Held. 

Ser<;cant  Smethurst.  who  was  a  reservist,  had  l)een  for  several  years  a 
mf)torman  in  the  service*  of  the  Salford  Tramways  Committt-e.  On 
Se])t.  25,  1915.  near  I>>  Rutoire  (Ix)os)  his  officers  were  put  out  of  action, 
and  at  a  trsinu  and  difficult  nuiment  he  took  lommand  of  his  company, 
and  by  his  bravery  and  couraL;eous  example  (thnu<rh  seriously  wounded) 
materially  a.ssist<'d  in  the  attack  ujion  the  enemy.  The  pnsentaticm 
took  ])lace  at  a  meetinii  of  the  Tramways  Committee,  at  which  tlie  chair- 
man (Aid.  Linsley)  presided,  and  slate<l  (hat  .">2S  employes  of  the  com- 
mittee had  joined  the  army,  and  25  had  ^iven  their  lives  for  their  countrA'. 
The  medal  was  affixed  to  SerL'<'ant  Smethursts  tunic  (upon  which  wen' 
the  ribands  of  <leeorations  he  had  aln-ady  won)  bv  the  Dejiuty  Mayor. 
The  gallant  serge.int  was  also  ])rescut<>d  by  the  Tramways  (Jommittoe 
with  an  illuminated  copy  of  a  n'solution  passed  by  the  Committ«M\  con- 
.^ratulatius  him.  as  one  of  their  emjilovecs,  vijx'U  the  great  distinction 
he  had  \.'on. 

Customs  Decisions.  .Accord ing  to  a  recent  decision  regarding 
ini|ii)rl  (if  nuit<ir  \chi«"les,  eiia.ssis  and  accessories  into  New  Z»'aland, 
evclometers.  sijcedonietcrs  and  reeonlers.  taximeters,  electric  hat- 
teri<'s  and  switelibn.irrls.  lamj^s  and  l.i;np  covers,  gas  generators  and 
lubricators  will  only  be  cla.ssc'd  Jks  parts  of  the  vehicles  to  which  they 
belong  when  .leeomiwmying  such  vehicle. 

.\  new  im|i<irt  tarilT,  taking  efTect  from  .Ian.  19.  1910.  fixes  varmus  new 
duties  upon  im)i<uls  into  Ihi'Solomau  Islands  (Western  Paeitic).  Anuinirst 
the  items  whirh  are  duty  fn-e  an-  ma<hin<  ly  and  component  parts  then-of 
which  the  Hi^h  Commissioner  may  irotw  time  to  time  si)ecify.  iiu  ludinu 
I  lectrieal.  refrigerating,  mining,  sawing,  steam  encines  and  boilers  and  oil 
en_'iues.  lias  enpines  nn<l  hot  air  i-ncines  :  rails  (iron  an<l  st<vlK  slec]>ers. 
lish  plates,  switches,  crossiuirs.  t\iritables  .Mncl  (lajts  thereof  anil  bolts  and 
nuts  imi>orte(l  with  ami  bclonijin^  to  •■amc. 

Derby  Chamber  of  Commerce  Year  .Book,  1916.  We  have  received 
a  c.)p\  of  the  tirsf  issue  of  this  book. 

.Messrs.  Bi-mrose  iV  Sons.  Midland-place.  Derby,  through  who»n  the 
book  is  issued,  state  that  its  distribution  in  allied  and  ne\itral  <  onntries 
is  an  attempt  t«»  open  up  business  abroad.  Thi>  lM>ok.  which  consis(j<  of 
over  2("0  pauTs.  contains  a  history-  of  the  Chamber,  statistics  mlatinp  to 
Derbvshin-,  ]>artieidars  of  ]ud>lic  utility  s<>r\  iees,  a  history-  of  Derby, 
partilulars  relating  to  Chesterfield  and  Burttm-on  TnMit.  information 
ri-'ardin-T    manufacturin-:    and    other    industries.    British    < omniercial 
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attaches,  trade  commissioners  and  consuls  abroad,  foreign  nioncys, 
weights  and  measures,  procedun>  in  re<;ard  to  exports  to  Australia, 
Canada  and  other  British  ])osscssions,  JJritish  ('hambcrs  of  Commerce 
abroad,  a  classified  trade  index  of  firms  in  Derbyshire  and  district,  in 
Knj^'li.sh,  French,  Russian  and  Spanish,  &c. 

Exports  to  China  and  Siam.  -Further  lists  of  persons  and  firms  in 
China  and  Siam  to  whom  goods  may  be  consigned  by  persons  in  the 
United  Kingdom  have  been  published.  Amongst  the  firms  mcntioncfl 
is  the  Eastern  Engineering  Works  (dames  Turner),  Tientsin. 

Maschinenfabrik  Oerlikon  Shareholders. — The  London  manager 
and  chief  engineer  of  the  Maschinenfabrik  Oerlikon  (Mr.  (J.  Wiith- 
rich)  writes  to  say  that  from  time  to  time  detrimental  remarks  as  to 
the  status  of  the  company  have  eome  to  his  notice.  In  most  (if  not 
all  cases)  it  is  difficult  to  trace  the  source  of  their  origin,  and  they  are 
almost  impossible  to  counteract  effectively. 

Mr.  Wiithrich  states  that  in  consequence  of  these  remarks  he  caused, 
on  the  occasion  of  the  last  general  meeting  of  the  company,  legal  measures 
to  be  taken  for  recording  the  nationality  of  the  shareliolders,  and  as  a 
result  a  statement  has  now  been  issued  by  the  works,  the  original  of  wliich 
is  held  in  the  London  office.  There  are  16,000  shares,  and  of  these 
14,711  are  held  by  Swiss  citizens.  Mr.  Wiithrich  traced  a  holding  of 
some  1,000  shares  in  this  country,  and  the  shares  to  be  ai)p<>itione(l  to 
other  countiics  nuist,  thcrefoie,  be  ((uite  negligible.  Tlic  (htcuincnt  is 
duly  attested  by  a  Swiss  notary,  and  tlic  signature  of  the  latter  is  attested 
by  the  ]?ritisi)  Pro-Consul. 


More  Enemy  Firms  Wound  Up.    'Ih«-  IV,     '    '  -     '    ■  ...-.i 

I2:j  Orders  up  to  date  for  the  winflin-.'  up  ,,•  j  i, .- 

alien  encimies. 

Aniong.-it  thr:  U(-.st  are  \j,\yul\ia[  . 

merchants,  17,  Carthu«ian-.street.  \j» 
50,  Grosham-stroct,  E.C.)  ;    V 

88,  Oxford-street,  I»ndon,  W  .  .' 

Cheapside,  E.C.)  ;    Cnited  Chen,  ■' 

London,  E.G.  (Controller  :  C.   Hi  • 

Schliemanns  Gil  &  fjore.sinc  Co.  (J^td.),  oil  and  wax  11.  ;i 

House,  New  lyjudon-st.,  Ijfindon,  E.C. 

Tribunal  Cases.— At  Lambeth  (I.  -^ 

was  made  Sr  exemption  by  an  ch-  ., 

Metropolitan  Electric  Supply  Corpn. 

As  an  outside  worker  it  was  stated  that    • 
whether  he  was  in  the  revi.sod  list  of  re.st-rved  ■ 
for  exemjition  werc^  that  hr-  was  in  a  rpwrvf  d  o< 
was    employed    on    ))ublic    utility    w-rviee.     Appi. 
manager  (who  was  sent  for)  informed  the  t.ibunal  that 
exeni])t.     That  m<irning  he  liad  received  a  letter  from  th«     ■■-, 
Munitions  declaring  that  the  men  previou.<ly  exempt  a«  far 
electric;  lighting  companies  wen;  concerned  were  .still  e.xempt. 

The  .Mayor  said  they  would  adjourn  the  matter  for  inquiry.  Exrmpt 
men  ouj;lit  to  have  ba<lgcs  and  certilicate.s,  and  the  tribunal  itlnniM  not 
be  burdened  with  their  ajipcii's. 
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I  TENDERS    INVITED.  I 


Cables  and  Meters. 

Glasgow  Corporation  invite  tenders  for  the  supi)ly  of  Cables 
(including  small  i.r.  Cables  and  Flexibles)  and  Meters  for  12 
months  from  May  31  next.  Specifications  and  forms  of  tender 
from  the  chief  engineer  of  the  electricity  department,  Mr.  W.  W. 
Lackie,  75,  Waterloo-street,  Glasgow.  Tenders  to  the  town 
clerk.  Sir  John  Lindsay,  by  10  a.m.  May  4.  See  also  an  udver- 
tisenieiif. 

Transformers,  Terminal  Boxes,  &c. 

The  ViCTOJiiAN  Railway  Commis.sioners  require  tenders  by 
II  a.m.  May  31  for  supply  of  Transformers,  with  Tcrnunal  and 
Fuse  Boxes  during  five  years.  The  first  order  will  be  for  220 
transformers  to  be  delivered  in  six  months.  Specifications,  &c., 
from  the  Commissioners'  Offices,  Spencer-street,  Melbourne. 

The  ToA^ii  Clerk,  municipal  offices,  Johannesburg,  will 
receive  tenders  until  noon  June  6  for  the  sujjply  of  500  c.  i.  Joijit 
Boxes  and  200  Hanks  of  Trolley  Rope  (contract  No.  112). 
Specifications,  &c.,  from  the  municijjal  offices,  Johannesburg. 

Meters. 

Melbourne  (Victoria)  Council  recpiiro  tenders  for  Electricity 
Meters.  P"'orms  of  tender  from  Messrs.  Mcllwraith,  McF^acharn 
&  Co.,  Billiter  Sq  -bidgs, London, E.G., to  whom  tenders  bvnoon 
May  1.  ' 

Telegraph  Material. 

The  Deputy  Postmaster-General,  Adelaide,  requires  tenders 
by  2  ]}.m.  July  12  for  600  Accumulator  ('ells  and  Telegni])!! 
Power  ]5oard  Apparatus  (schedule  -415)  for  the  Australian 
Commonwealth  Postmaster-(  General's  Departinent.  Speci- 
fication, etc.,  from  the  Deputy  Postmaster-General,  Adt^laitlo. 

Turbo-Alternator,  Electric  Generator,  Gas  Producer  Plant,  &c. 

The  New  South  Wales  Government  Railways  and  Tram- 
ways Department  invite  tenders  for  the  supply  and  erection  of 
a  2,500  kw.  Turbo-Alternator  for  the  Zarra-street  (Newcastle, 
N.S.W.)  power  house.  Specification  (No.  470)  from  the  Elec- 
trical Engineer,  and  tenders  to  Chief  Commissioner  for  Railways 
and  Tramways,  Phillip-street,  Sydney,  by  noon  May  3. 

Wanganui  (N.Z.)  Borough  Council  require  tenders  by  noon 
May  9  for  the  supply  and  erection  of  Additional  Plant  at  their 
tramway  power  house,  including  Pressure-type  Gas  Producer 
Plant,  Gas  Engine,  Electric  Generator  and  Switchgear,  Speci- 
fication, &c.,  from  the  Town  Clerk. 
Generating  Plant,  Mains,  Transformers,  &c. 

Oamaru  (N.Z.)  Borough  Council  requires  tenders  by  4  p.m. 
June  23  for  the  supply  of  Overhead  Mains  and  Street  Lighting 
Equipment  (contract  No.  2)  ;  Power  Station  Equipment  (Pelfon 
Wheels,  Alternators,  &c.)  (contract  No.  3)  ;  Service  Meters 
(contract  No.  4) ;  and  Line  Transformers  and  Accessories  (con- 
tract No.  5).  Specifications,  &c.,  may  be  obtained  at  the 
Council's  offices  on  deposit  of  €1.  Is.  for  each  contract, 


Tramway  Construction,  Tramcars,  &c. 

The  Direccion  General  de  Obras  Piiblicas,  Ministerio  de 
Fomento,  Madrid,  require  tenders  by  May  19  for  the  construc- 
tion and  working,  for  60  years,  of  an  electric  Tramway  in 
Bilbao,  comiecting  the  existing  system  with  the  Irala-liarn 
district.  Muiimum  rolling  stock  required  to  commence  is  one 
motor  and  one  trailer  coach  for  passengers,  and  one  motor  goods 
coach  and  two  trailer  goods  wagons.  An  option  on  the  con- 
cession is  held  b\'  the  Sociedad  Tranvia  L'rbano  de  Bilbao. 

Dunedin  (N.Z.)  City  Council  require  tenders  by  5  p.m.  May 
17  for  six  Electric  Tramcars  and  sections  of  Cars  (Bodies,  Ele<-- 
trical  Equipments  and  Trucks).  Specifications,  &c.,  from  the 
Town  Hall,  Dmiedin. 

Johannesburg  (Transvaal)  Council  require  tenders  by  t>. 
June  6  for  supply  of  two  Manganese  Steel  Cro-^sings.  >i- 
fication,  &c.,  from  the  Mimieipal  Offices,  Johannesburg. 

The  Public  Works  Dept.,  Madrid,  will  reee'.ve  tenders  i.ntd 
noon  May  30  for  the  Construction  and  Working,  for  6<>  ye.irii, 
of  an  Electric  Tramway  in  Meliixa  (Xortli  Africa).  -The 
jninimum  rolling  stock  reipiired  is  lt>  cuaehes.  with  motors  and 
accessories.     An  oi)tion  is  held  by  Don  Felii)e  Ezquerro. 

Motor  Generator,  &c. 

The  V'icTORLVN  Railwa\  Commissioners  nniuire  tenders  by 
11  a.m.  May  10  for  Motor  Cienerator  and  Accessories  for  Battery 
Charging  of  Baggage  Trucks, also  Switchboard  and  Conneetii'us 

(contract  No.  29,79ti). 

Steam  Pipes,  &c. 

SalforI)  Cori)oralion  want  leudei-s  by  noun  .May  S  fur  high 
pressure  Steel  Steam  Pipes  and  Sc{i<irator  ;  and  o.i.  I*i{)es  and 
Valves.     Specifications  from  the  Borough  Electrical  Enginwr. 

Electric  Cable,  Cranes,  &c. 

The  South  Aikican  Railways  Administration  rwiuire  ten- 
ders by  noon  J\Iay  1  fiu-  the  Supply  of  1  Mile  of  0-9  .s.j.  in    ^ 
strandeil  Cc^nper  Conductor  of  Armounvi  and  ]j»\uI->  ; 

Paper-insulated  Cabk.  suitable  fo--  600  volts d.c.Ji-ontract  No. 
700);  and  until  Moon  May  15  for  the  supply  of  two. ">0' 
Overhead  Travelling  Cranes  for  now  erecting  .<lu)p  . I 
workshops  (contract  No.  701).  SpeciHoations  an-J  toru'.s  of 
tender  from  the  Secretary.  Tender  Board.  Smtli  African  R-iU- 
ways  Headquarters  Offices.  Johannesbiug.  Tenders  for  the 
cranes  will  also  be  received  up  to  May  15  by  the  High  Coiu- 
missioiun-  for  South  Africa.  32.  Victoria-street.  lAMtdon.  S.W .. 
at  whose  office  also  specitii-ations  may  Ih'  obtainetl. 

The  Victorian  Railway  Cojimissioners  require  tenders  by 
1 1  a.m.  May  1 7  for  the  supply  and  enaction  of  a  2-ton  Eleotrioally 
operated  Goods  Elevator  at  the  .lolimont  car  sbe^l.  S|ieoirtca- 
tionsfrom  th<'  (\>nnnissioners*  Office.  SjH'noer-stnH't ,  Mellx^ume 
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TENDERS  RECEIVED  AND  ACCEPTED. 


Braijford. — The  Corporation  has  accepted  the  following  tenders 
for  plant  for  Valley-road  generating  station  : — 

Mu.sgravf  &  Co.,  induced  draught  plant  and  two  steel  chimneys  ;  Elec- 
trometers Limited,  three  50  h.p.  fan  motors  ;  Ferranti  Limited,  two 
250  k.v.a.  transformers. 

London. — London  County  Council  has  accepted  the  tender  of 
W.  Downs  (Ltd.)  (lowest  tender)  for  foundations  for  turbo -generator 
at  (Greenwich  generating  station,  £4,7ol.  (Seven  tenders  received  ; 
highest,  £f5,8rj:j.     Architect's  estimate,  £t,.'>W.) 

Sunderland. — The  Corporation  has  accepted  the  f(jlloviiig 
tenders  : — 

Babcock  &  Wilcox.  supcrhcat/T  tuixs  :  (i.  ^  ./.  \V<ir.  iiniujlcrs  for 
pum])s  ;  India  HublxT,  (iutta  Pcrclia  &  'j'-lc^/rapli  Works  Co.,  insula!  in'.,' 
tape  ;    Dussck  I'itumen  Co.,  box  compound. 

East  Ham. — 'J'iie  following  tenders  have  b('(;n  accej)ted  for  engi- 
neers' sundries  : — 

F.  liird  &  f!o.,  I'ryke  &  i'almer.  Docker  Bros.,  Middlcton  Ikos.,  M.  (!. 
Davis  &  Co.,  W.  Ktone  &  Son. 

iSouTiiABirTON. — The  Corporation  }ia.s  decided  to  divide  the  con- 
tract for  electricity  meters  between  Ferranti  (Ltd.)  and  Chamberlain 
&  Hookham,  and  tjie  oiiginocr  has  l;een  authorised  to  purchase  any 
additional  meters  from  the  British  Thomson-Houston  Co.  at  prices 
not  exceeding  those  quoted  by  the  two  first-mentioned  firms. 

Tlic  Tramways  Coniiniltcc  has  accc])te(l  the  tender  of  (i.  V.  Wilson  for 
the  suj)]ily  of  brake  blocks  an<l  casting.s,  at  £'>.  12s.  (k1.  p(  r  ton. 

Leyton. — The  quotation  of  Edgar  Alien  &  Co.  has  been  accoi)tcd, 
at  £480,  for  the  supply  of  a  new  lay-out, 

MANfiiKSTKH.  The  (iuardiaiis  liave  accepted  the  1<'nd<r  of  Drake 
&  Corham  (Manchesler  Branch)  for  the  supply  of  electrical  materials 


rcfniired  in  cf)nnecfion  with  the  additional  electric  lighting  of  the 
main  side  of  the  Withington  Institution. 

Government  Contracts. — The  following  tenders  were  accepted  by 
the  British  Coveniment  Departments  during  March  : — 

War  Oj^c€.— Baird  &  Tatlock  (London),  Ltd.,  chemical  apparatu.s, 
&c.  ;  Premier  Accumulator  Co.  and  Pritchett  &  Gold  &  Electric 
Power  Storage  Co.,  secondary  batteries  ;  British  Insulated  &  Helsby 
Cables,  Callender  s  Cable  &  Construction  Co..  Connolly  Bros.,  Hooiier's 
Telegra])h  ^-  India  Kubl)er  Works,  .lohnson  &  Phillips,  Liverpool  Electric 
(Jable  Co.,  Ht.  Helens  Cabk'  &  Rubber  Co.,  Saxonia  Electrical  Wire  Co., 
Siemens  Bros.  &  Co.,  and  York.shire  Cable  Co..  electric  cables  and  wires  ; 
J.  C.  Fuller  &  Son  anfl  Siemens  Bros.  &  Co.,  electric  cells  :  Butters  Bros., 
Grafton  &  Co.,  and  SUjthert  &  Pitt,  cranes  and  parts  ;  Day  Motor  Co., 
electric  hghting  sets  ;  Aster  Engineering  Co.,  Austin  Motor  Co.,  W.  H. 
Dorman  &  Co.,  Electric  &  Ordnanc;;  Accessories  Co.,  F\-fe,  Wilson  &  Co., 
Kcifjhlev  Gas  &  Oil  En^rine  Co.,  Arthur  Lyon  &  Wi^ench,  New  Pelephono 
Engine  Co.,  X<»rris,  Hciity  i'  (iarden'-rs  and  Parsons  Motor  Co.,  generating 
.s<ts ;  lirimsdown  Lanij)  Works,  Bulpitt  &  Sons,  Dick,  Kerr  &  Co., 
Edis(m  &  Swan  Cnit<d  Electric  Light  Co..  E.  (Jriffiths  &  Sons,  A.  Lyon  & 
Wrench  and  Siemens  Bros.  Dynamo  Works,  electric  lam])s  ;  Park  Royal 
Enjrinecrin?  Co.  and  Siemens  Bros.  &  Co.,  switchboards  ;  British  Electric 
Transformer  Co.,  tran'^forniTs  ;  Pinchinfr  &  Walton,  electric  Ughliug, 
&c.,  Crayford  ;  \'.  (i.  Middlcton,  ditto.  CU]).stonc  (.'amp,  Mansfield,  and 
J'ark  Hall,  ().swestr>- ;  Girdleston  &  Co.,  erection  of  power  house  and 
ecpiipmcnt,  Wigton. 

India  Offirc. — I^incashirc  Dynamo  &  Motor  Co.,  generator  sets. 

II. M.  (JJfirr  of  Workvi. — Aldou.s  &  Caaqjlx'll,  electric  pa*;senger  hft. 
Edinburgh  Inland  Revenue  Office  ;  Mcdways  Safety  Lift  Co.,  electric 
paper  and  coal  lifts  :    Waygood-Otl.s  (Ltd.).  elcctrii-  pa.ssenger  lifts. 

Po't  Offirr. — Creed.  Bille  &  Co.,  telcprajih  apparatus  :  British  Insulated 
&  Helsby  Cables  and  Siemens  Bros.  &  Co..  telei)hone  a])])aratus:  General 
Ek'ctric  Co..  testing  apparatus;  Bullers  (Ltd.),  iron  telegraph  arras; 
Telegrajjh  Construction  &  Maintename  Co.,  tekphone  cable;  Tho.s. 
Bf)ltfm  &  Sons.  (Shropshire  Iron  Co.  and  F.  Smith  &  Co.,  Ltd.  (inc.  in 
London  Electric  Wire  Co.  and  Smiths),  bronze  wire;  Thos.  Bolton  k 
Sons.  British  Insulated  iV  Helsby  Cabks.  Elliotts  Metal  Co.,  Ltd.,  .lohnson 
&  Nephew.  Shropshire  Iron  Co.,  Ltd..  F.  Smith  &  Co.,  Ltd.  (inc.  in  London 
Electric-  \\'ire  Co.  and  Smiliis),  and  \\ilkes.  Son  &  Majijiielx'ck,  co]>i>er 
wiiv  ;   Jtvlands  jjros.  and  Wliit<'crf>s8  Co..  g.i.  wire. 


!lll! 


FINANCIAL    MATTERS. 


COMPANSES'  MEETINGS  AND   REPORTS. 


ANGLO-AMERICAN  TELEGRAPH  CO.  (LTD)— The  report  for  the  year 
ended  .March  .'il  slates  tlial  tiircc  '|.iart(  :ly  interim  dividends  of  l.'Ss.  ])er 
cent,  on  the  ordinary  sto^k  and  £1.  10s.  })er  cent,  on  the  preferred  stock 
were  paid  in  May,  .fuly  and  N'ovember,  101.'),  nbsorbins.'  £I.'">T,."iO<>.  and 
in  Februai-y  the  rljrcctors  paifl  tin-  liiial  di.  id<nd  f<»r  the  ycir  Htl."), 
amounting  to  tl.  10s.  ix  r  cnt.  on  the  ordinaiy  sttx  k.  *"1.  lOs.  pvr  (cnt. 
on  the  nrcfci-rcd  stor  k  and  £1.  lOs.  pcri-cn).  on  the  dcfcrrc«l  stock.  Tlu-se 
payments  absorbed  t'2(>2<r)(((),  Im-jiil'  the  rent  paid  by  the  Weslcrn  I'nion 
Telegraph  Co.  for  the  3'car.  c(pial  to  .'JJ  |>er  cent,  on  the  ordina'-\"  stock, 
(i  ])cr  cent,  on  the  preferred  stock  and  1 .',  ))er  cent,  on  the  defc  ?rcd  stock. 
A  borms  of  Is.  0(1.  per  cent,  upon  the  f.rdinaiy  stock  and  .Is.  (id.  per  cent. 
upf>n  the  dcfcncd  stork  was  ))uid  on  i'cb.  I.  101(1.  The  bnlaiK-e  at  credit 
of  revenue  ;i(count  (£()7.l.'>3.  ."Js.  4d.)  includes  fl,.'i2K.  ;}s  .|il.  intei-est 
received,  nn<l  the  bal.ince  of  t:(i5.()?;j  is  available  for  pnyaieut  of  dividend'^ 
for  the  (piarter  to  March  .'51.  IfllB. 

BATH  ELECTRIC  TRAMWAYS  (LTD.)— Tlie  nc. onnts  f.,r  191  .\  after  pro- 
vidi!ig  lor  (he  |)n  frf  nee  (h\iiliiid  and  sinking  fun<l  instalment,  show  an 
availaltle  balance  of  t8.4K(>.  which  the  directors  n<c'ommcnd  should  lie 
carrir-d  fcuward  to  augment  the  ir-.m-rvos  avnilabk'  for  de])n"cialion  and 
renewals. 

BRUSH  ELECTRICAL  ENGINEERING  CO.  (LTD.)— Mr.  E.  Garcke,  who 
])residc(l  .it  llic  nicctiric  la.st  \\<ck.  said  that  dcspitj-  the  ninny  difficulties 
of  the  ])ast  year  tliey  hB<l  nuuntained  (he  improvement  nf  recc^nt  years. 
The  grns'^  profits  wer-  a  littl(>  larger.  l>ut  their  gcnrral  charges  lind  bicn 
£1.200  higher,  and  thcv  ha<l  spent  i'l.-OO  nioii>  nn  maintenance  of  jilant 
and  Imildiiigs,  tin  t  hat  (he  net  di>(  i  ibiHal  lc  )>  i  (il  s  (aflcr  |ui ,  niv  ili  Im-uI  n'"e 
inten  st)  were  llT.ljOO,  <  nmpared  wi(h  i;iO,!(H»  in  1014.  Dnrinc  (he  year 
they  had  s|)ent  £.'5I,Oti2  on  capital  account  in  <onnectifin  with  contracts  on 
which  thoy  were  engaged.  In  view  nf  the  fact  that  they  were  pnying  10 
per  cent,  per  annum  on  the  prior  lien  debentuie  ntmk.  and  that  the 
pi\>.scnt  ^^.•).«  not   ;\  itood  time  to  niaki'  :i'  '       ,,  ■        uvaMe 

t(>rn)s.  they  wcie  postponing  doing  so  as  !■  ,  mwhile 

were  utilising  (heir  jirolitu  and  li'n)|>orarv  loans  I"  iMoMd;-  ide  (a.«h  for 
eai)ital  ex))cndi1ure.  'I'he  pcrformain  t"  of  (he  Ljungstroni  turl)mi  con- 
tinued to  be  highly  satisfactory.  Naturally,  some  of  the  directions  in 
whi(h  they  looked  for  sales  in  that  cla.ss  of  nlant  were  cloned  for  the  finu> 
being,  and  development  had  to  some  extent  liecn  delayed,  but  durint^  the 
year  (iiev  had  supplied  Ljuncstroni  sets  to  the  (i<>vernnif>nt  <4nd  for 
munition  works,  as  well  as  ele«'trieitv  supply  »«(Rtionf>  and  to  mdnstrial 


undertakings,  in  e\erv  ca.se  with  gratifyinar  results.  Ljungstrom  sets  of 
larger  si7.e  were  now  in  course  of  installation.  The  unusual  advantages 
olTered  by  that  novel  turbine  in  the  way  of  steam  economy,  together  with 
the  thorough  reliability  of  the  design,  were  attracting  world-wide  attention, 
and  orders  w(>re  in  course  of  execution  for  .Tapan  and  New  Zealand.  The 
Swedish  Ljungstrom  Company  had  made  iih<'n(Mr.cnal  progress,  and  found 
it.self  for  the  time  Ix-ing  unable  to  cope  with  the  gieat  demand  that  had 
arisen  for  their  turbini-s.  The  lit'ures  n-pn-^eniing  the  total  output  by 
the  parent  company,  as  w<'ll  as  the  J{rush  Com])any. wc>re  really  remark- 
able. The  total  amounted  to  l;J3.00(tkw.,  thus  showing  that  (he  Ljimg- 
strcun  turbine  had  j)a.>^sed  completely  out  of  the  experimental  stage. 
Their  own  arrauL'ements  for  tin*  maindacture  of  the  turbine,  with  its 
atixiliaries.  on  a  mon-  extended  scale  were  veil  forwariL 

CITY  OF  SANTOS  IMPROVEMENTS  CO.  (LTD.)-  -At  the  meeting  last 
week  (he  ( liairnian  (Mr.  I).  .M.  I'ox)  said  there  was  a  falling  off  in  the 
tramway  passen'.'cr  and  fn-iglit  traffics.  The  nunder  of  jia-sst-ngcis 
carried  during  101. "i  was  14.S7(».770.  a  decn-ase  of  3  |)er  cent.  The  con- 
sumption of  energy  for  •■lectric  ligh(  and  |>ower  showed  a  s(t'ady  incn-ase. 
Cndoub(edly  (he  results  from  (ha(  dc))artmcnt  must  be  considered  as 
being  satisfaitory.  nu)re  especially  ha\nig  regard  to  existing  conditions. 
Tlu're  was.  however,  some  im)>rovenn'nt  in  Iim  al  business  cin'les. 

COLOMBO  ELECTRIC  TRAMWAYS  U  LIGHTING  CO.  (LTD.)— A  dividend 
of  Jo  |icr  cent,  (tax  fn-c)  hii.s  Iwcn  declared  lOr  the  jtast  y<-ar.  A  sum  of 
£1.'1.(MMI  Ins  been  jlueetl  to  gcmial  nsir\e  and  n-ncwal  fund,  which  has 
been  <lealt  with  by  writing  off  f.<.(MK)  from  the  si»oeiaI  n-newal  fund.    The 

ainonnt  carried  forward  is  C^.l'i-'"'. 

CUBA  SUBMARINE  TELEGRAPH  CO.  fLTD.)— The  total  n'e«ipt*i  of  the 
12  months  endcil  Dec.  ;<!  last  were  t4.'i.:{10.  ll>.  2d.,  while  tin  excuses 
amoui.tcd  to  £20.12,'.  ISs.  Sd..  leavmg  a  balance  of  £l(i.lSO.  125.  fid.,  to 
which  ha«  (n  be  added  £7,89L  5«.  2d.  brought  torward.  giving  a  total  of 
£24.080.  17s.  M.  The  dinctor*  rrgrrt  to  n  ]...vt  tha(  several  of  the  cables 
were  seriously  .itTorted  h\-  e.■^r1h9H«ke^.  c\ .  lone>  and  o(her  causes  during 
the  yc.ir.  ii  th  of  rnblc  and  for  *>(camor 

bin*  in  re|>i  *.  15s.  lOd.,  which  ha^  been 

eharg«Hl  againM  n-venue.  intcTim  dividends  were  paid  on  Oct.  21.  viz... 
at  rate  <>f  10  j>er  cert.  p<T  annum  (less  tax)  on  (he  prefercm'o  shares,  and 
at  rate  of  5  percent,  per  annum  (tax  fie^>  on  the  ordinary  share*.  £2,.'i<K> 
has  lx»«^n  plar<-d  (o  |>enMon  fund  and  tl^  is  now  )•  kI  pay- 

ment of  final  dividends  at   (he  same  i  ;)re  abo\.  .j  total 

dividends  for  the  year  of  lo  pi-r  «ent.  f'li  tin-  pn*l»Tcnce  shao  -  itnd  •'>  per 
cent,  on  the  orHin.ir\- sharps.  ("..^SU*.  I  7s>H.  l-wina  carried  forward. 
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FIFE  TRAMWAY,  LIGHT  &  POWER  CO.  (LTD.)  -The  inofit  for  I'jir,, 
topctlicr  willi  baliDuc^  bronglit  forward  (af(rr  ])<iyinL;  (lol)ciitiirc  inicrcst 
and  providint;  instalmoiits  for  dcbcnturo  stock  rodoinption)  amotint  (o 
-£H*,9S0.  From  tbat  sum  6  iicr  cent,  on  ])r<"fcr("m(!  siiares  for  tfio  half- 
year  has  boon  paid,  absorbing  £5,382  and  leaving  1 1 4,598.  Tiic  directors 
inro))oso  ])aymont  of  H  i)er  cent,  interest  on  ])roferoncc  slian-s  for  half-year 
to  the  end  of  December  (absorbing  £5,029),  a  dividend  of  3i  per  cent,  on 
the  ordinary  shaves  (£2,830),  the  transfer  to  reserve  of  £3,000,  carrying 
forward  £3,737.  The  increased  earnings  on  power  and  lighting  wore 
sufficient  to  make  up  the  dcliciencies  in  t!ie  lo venue  from  tlic  tramways. 
Mr.  W.  Low,  who  presided  at  the  recent  meeting,  said  the  earnings  (;f  the 
Dunfermline  &  District  Tramways  Co.  decroasod  by  £l,(iOO,  being  £13,().50, 
but  so  far  the  current  year  showed  a  substantia!  improvement.  The 
company  had  obtained  powers  for  an  extension  of  time  in  which  to  build 
tramways  to  the  south  of  Dunforndino  and  for  additional  linos  from 
rmnfcrmlino  to  Rosyth  and  Inverkeithing,  and  frf)m  Loc'igclly  tf) 
Kinglassie. 

INDO-EUROPEAN  TELEGRAPH  CO.  (LTD.)— The  ordinary  general  n.eet- 
ingwas  held  yesterday  (Thursday),  and  was  adjourned  owing  to  the  year's 
accounts  not  being  yet  available.  A  full  rc]iort  will  appear  in  our  next 
issue. 

JOHNSON  &  PHILLIPS  (LTD.)— The  profit  for  the  year  on  trading 
accounts,  &c.,  after  making  provision  for  bad  and  doubtful  debts,  and 
after  charging  to  revenue  u])vvards  of  £9,000  for  maintenance  of  buildings, 
])lant,  &c.,  amounts  to  £()9,083.  19s.  7d.  Adding  balances  brought  for- 
ward (£24,295.  I2,s.  5d.)  and  deducting  dividend  ])aid  April  .'50,  1915 
(£8,750),  the  balance  is  £84,629.  I2s.  Out  of  this  sum  remuneration  of 
directors,  auditors'  and  trustees'  fees  require  £1,958.  5s.  (id.,  interest  on 
debenture  stock  to  Dee.  31,  1915,  £5,727.  6s.  3d.,  reserve  re  debenture 
sinking  fund,  £7,181.  19s.  4d.,  interest  on  second  debentures  to  Dec.  31, 
1915,  £2, ,500,  depreciation  on  machinery  and  iilant,  &c.,  £12.148.  lis., 
interest  on  loan,  £1,063.  3s.  4d.,  and  reserve  account,  £20,000,  leaving 
available  a  balance  of  £34,050.  6s.  7d.  The  directors  recommend  i)ay- 
,  ment  of  a  dividend  at  rate  of  5  ]wr  cent,  per  annutn  on  the  oidinary 
'  shares  (tax  free),  which  will  require  £8,750,  leaving  to  be  carried  forward 
£25,300.  6s.  7d.  Tlie  directors  have  transferred  £20,000  to  reserve 
I  account,  in  order  to  meet  contingencies  in  connection  with  the  war. 

RIVER  PLATE  ELECTRICITY  CO.  (LTD.)— The  m^t  revenue  for  1915, 
after  juoviding  for  administration  expenses,  bad  debts  and  all  necessary 
depreciations, amoimts  to  £38,713, and  with  £20  513  brouglit  forward  tiie: 
total  is  £59,226.  The  board  ]>ro])oses  a  dividcn<l  of  7  per  cent,  for  the 
I  vear  on  the  ordinary  stock,  to  set  aside  as  s])ecial  ])rovisio)i  for  bad  deVjts 
■  £5,000,  income  tax  £5,000  and  to  carry  forward  £!8,:}87.  Tlie  ^ler- 
\  sistenoe  of  unfavourable  trading  conditions  in  the  Argentine,  aggravated 
by  the  prolongation  of  the  European  war  and  the  great  rise  in  freights 
and  cost  of  materials,  has  adversely  affected  the  results.  The  con 
tinuance  of  hostilities  has  also  prevented  the  payment  of  interest  upon 
the  5  per  cent,  obligations  of  the  German  Trans-Oceanic  Electric  Co.  of 
Berlin.  It  has  likewise  prevented  the  eighth  annual  payment  of  £2,300, 
due  upon  April  1,  1916,  on  account  of  the  amortisation  of  the  5  per  cent, 
obligations  being  made.  No  dividend  is  included  in  the  year's  receipts 
upon  the  21,000  £1  shares  of  the  Argentine  Electricity  Co.  received  in 
connection  with  the  sale  of  Tucuman,  but  upon  the  issue  of  that  com- 
pany's report,  due  shortly,  it  is  expected  that  a  small  dividend  will  be 
declared.  The  important  capital  improvements  and  extensions  at 
Ensenada  and  La  Plata  in  progress  during  the  last  two  or  three  years 
have  been  completed.  No  further  capital  expenditure  is  in  contem- 
plation. 

I      WILLANS&ROBINSON(LTD.)— Forl915the  net  profit  was£16,720.0.s.8d.', 

after  payment  of  debenture  interest,  provision  for  depreciation  of  plant 
and  machinery  and  revaluation  of  stocks,  allowances  to  employees  on 
active  service,  as  well  as  special  provision  on  account  of  outlays  and 
commitments  arising  from  war  conditions.  The  directors  are  ])lcascd  to 
'  report  that  during  the  year  the  Qu.een's  Ferry  works  were  disposed  of. 
In  1913  the  majority  of  the  ordinary  shares  were  acquired  on  terms  by 
interests  whom  ^^Ir.  H.  Barber  represented.  An  opportunity  has  arisen 
by  transfer  of  the  greater  part  of  such  interests  of  introducing  additional 
parties.  The  directors  consider  this  will  be  advantageous  to  the  com- 
pany's interests,  and  a  resolution  confirming  the  conditional  release  of 
Mr.  Barber  from  his  covenant  not  to  transfer  the  shares,  will  be  submitted 
to  the  shareholders  for  approval.  Warrants  will  be  issued  covering  the 
dividends  on  "  A  "  and  "  B  "  preference  stocks,  and  interest  on  the 
funding  certificates.  A  dividend  for  the  year  of  10  i)er  cent,  on  the 
ordinary  shares  is  recommended,  leaving  £8,776.  Os.  8d.  Of  this  it  is 
proposed  to  carry  £7,098.  19s.  to  reserve,  and  to  distribute  the  balance  of 
£1,677.  Is.  8d.  among  the  holders  of  "  B  "  stock  and  ordinary  shares  in 
manner  provided  by  the  articles. 
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NEW  COMPANIES,   MORTGAGES  AND 

CHARGES. 

NEW  COMPANIES. 


chandiw;  of  all  kindn,  general  miTfliafiU  aiul  i-ommi«»w>fi  a'jrntM,  mrrhs- 

nical,  electriial  and  gcnenil  ei,  ^^. 

J'rivat<^  com[»any.  FirHt  din<  t  ,,^» 
R.  K.  K^jberts,  U.  K.  A.  Kmith.T.  LH-nham.h.  Hn>>itinin  and  M.  L  ttf^t'. 

BAXENDALE  BEOS.  'LTD.)  n  t:{,.-,U, 
£1   shar<^s,  to  take  river  thr-   bu-iini  ^i  ■■ 

carried  on  by  VV.  1.  Haxendale  at  LivirjxHjI.  rr\ 

on  the  same  and  the  busincHH  of  ckctn*  laii^.     „.  <.i..r«l 

engineers,    manuffwturcrs   of,  fiealen   in,   ae^nu   aiwl                 ■  n   tnr 

electrical,    mechanical,    telej^raphic,    U-\'    '  ■    ^ 

motor  cars,  &c.     The  company  may  no-  .-^ 

within   12   niik-s  of   Manchester  Town    I  r^ 

directors  an;  v.  I.  Haxendale  f [K-rman*  i  _  _  .  i^W 
per  annum)  and  W.  Walker,  ^i^'^.  otticft :  .£9,  HaiTiiiKt</n- •(!«««. 
Liveq)ool. 


■   19.  caiiiUl 
'  of.  a«FaU 

pi 


ATKEY  (LONDON)  (LTD.)  (143,550.)— Reg.  April  10,  capital  £25,000 
in  £1  shares  (20,000  preference),  to  take  over  the  export  bramii  of  the 
business  of  A.  R.  Atkey  &  Co,  (Ltd.).  of  Nottingham  and  London,  and  to 
carry  on  the  business  of  importers  and  exporters  of  goods  and  mer 


BOROUGH    GARAGE    CO.     (LTD.)     M  »3.»i.".)      f    • 
£l,0(»0  in  £1  shares,  to  carry  on  the  bi;-.ine-<  of  ■ 
for  and  dealers  in  motors  and  motor  cars  and  ve>, 

ordinary    cycles),   ckctrieal    and    mechanical   ci,.  .... 

and  to  adopt  an  agreement  with  .(.  BaxU-r.     I'nv.r  fir»t 

directors  are  R.   Hurgr-.ss  (chairman),  F.  VouM-nian,  (.....    .. hn  and 

W.  Dierdin.     Reg.  office  :    141,  .Milton-road,  CravoM-nd,  K«*nt. 

ENTENTE     ENGINEERING     CO.     (LTD.)       ( U3..-j<W.) -Rt-jf.   April   II. 

capital  i."),000  in  4,(M)t)  A  '  sliaren  of  £l  each  and  K.iKKJ  ordinary  aham 
of  2s.  6d.  e;uh,  to  carry  on  the  business  of  nianuf.-i.tun-n»  of  and  dfalfta 
in  war  mat<rial  and  munitions,  machinery-  and  XixAa,  civil,  m<>'-hanical  or 
electrical  engineers,  &c.  Private  companv.  Reg.  offif^.  «5,  L^indoo- 
wall,  E.a 

LOWCOYLE  ENGINE  CO.  (LTD.)  (143,5.J7.)— Reg.  April  10,  capital 
£15,000  in  £1  shares,  to  adf)pt  an  agreement  with  W.  D.  WrsMhoyW-.  to 
acquire  interests  in  and  turn  to  account  patents  for  improvpin«-nt«  in 
internal  combustion  engines  of  the  two-stroke  (•>•  '  on  ih«- 

business  of  manufacturei's  of  and  dealers  in  teri'  -.  iiv»l<>r 

ears,  &c.,  mechanic  al  and  electrical  entrineers.  I'nval*-  <i»miia-iy.  First 
directors  are  A.  lx'gett<>  and  W.  D.  V'erschoyle.  F.C.S.  Re?,  "'ffi.i  , 
26-27,  Queen  Anne's-c!iaml)crs,  y.W. 

MITCHAM  RUBBER  CO.  (LTD.)  (143,592.)— R<-  April  13.  .apiui 
£50,000  in  'Jl  .shares,  to  carry  on  the  business  of  imiiaruhber.  axbeiitcM. 
gidta  jiercha  and  cotton  Ikdting,  ship  and  cngimHTs'  »ton"s  nianufacturrrB 
and  dealers,  electricians,  telegraph  and  electrical  engini-^Ts  anil  con- 
tractors, submarine  and  other  cable  and  t«ligrapli  in.-itrunient  manu- 
facturers, wire  ilrawers,  &c. 

N.E.C.T.A.  (LTD.)  (143,<i(;9)— Reg.  April  19,  as  a  comi»any  liniitnl  by 
guarantee,  but  having  a  share  capital  of  £4,0t>0  in  £1  shan-*.  2.(H'<»  being 
0  per  cent,   cumulative   preferred.     Each   memlx-r  und-  ^o  con- 

tribute not  more  than  £1  in  event  of  winding  up.     The  .  .re  :   To 

enter  into  contracts  (a)  to  obtain  special  trade  discounts  on  th«^  pur- 
chases or  dealings  of  members  or  others,  and  (b)  to  Lndemiufy  clients  of 
members  or  others  against  the  supply  of  faulty  workmanship  or  materiab 
to  carry  on,  as  principals  or  agents,  the  business  of  nianufacturen'. 
repairers,  commission  agents,  contractors  or  dealers  in  electrical  ma- 
chinery, instruments,  appliances,  wires,  cables,  ac  and  appa- 
ratus, electricians,  electrical,  mechanical  or  general  -.  ic  Tho 
management  is  vested  in  a  council,  whicli  shall  consist  of  such  per»ons 
who  are  existing  members  of  the  Central  Board  of  the  Electrical  Con- 
tractors' Association  ( Incor]>orated)  as  shall  consent  to  be  member*  of  the 
com])any  and  act  thereon.  Tlie  first  are  AV.  Ci-oss.  l\  Collin«f>n.  H. 
Manyatt,  J.  Oirinue.  W.  R.  Rawlings.,  W.  .A.  Shaw  anil  S.  H.  Wcbk 
Secretary  :    L.  (i.  Tate.      Reg.  of*ic-    :   20.  Bucklersbur>-.  K.C. 

PRECISION  SCREW  CO.  (LTD.)  (143.612.)— Reg.  April  14.  capital 
£3,000  in  £1  sliares  (2,0(H)  ])refercnce),  to  carry  on  in  the  U.K.  or  else- 
where the  business  of  manufaettucrs  of  scivws.  i>ar!  nd 
parts  for  ek^ctrical  and  scientific  instruments  anil  sii:  :>'l 
scientific  apparatus,  &c.,  and  to  adopt  an  agreement  In'twi-xu  K.  Horn- 
berger  and  F.  E.  Collinson.  I*rivate  company.  First  dinpctor*  are 
E.  Homberger  and  F.  E.  Collinson  (both  permanent,  subject  to  huldinj; 
£500  shares).  Reg.  office,  l»rovost  Works.  .Mactlonakl-nwd.  Waltham- 
stow. 

VICTOR    HORSMAN  (LTD.)     (143.639)— Reg.  April  17.  cai 
in  £1   shares,   to   take   ov.r  the   busijioss  of  an  electrical,   n 
automobile  and  kinematograph  engimvr.  and  r.ianufaotun>r  • 

apparatus  and  aicessories,  carried  on  by  \'.  E.  Hot>r '    ...j--.  *■ 

Victor  Horsman   &   Co.     IVivate  lomjiany.     Fin»t   •  »tv  V.  8. 

Horsman  'life  governing  director,  with  £250  i^r  annum  a^  r\  iuuner«lion) 
and  ^Irs.  D.  M.  Horsiu.ui. 

MORTGAGES   AND  CHARGES. 

DERBY  LAMP  WORKS  (LTD.) -Second  mort.:a.:e  debenture,  dated 
March  30  lOKi,  to  secure  ':2.tHlO,  charged  on  company's  undi-rtaking  and 
property,  prcs.Mit  and  futuiv.     Holder,  W.  L.  T.  Arkwnght. 

NEWTON  &  WRIGHT  (LTD.)— I^ud  n'gLstr>-  charts'  on  ct^rtain  land  in 
Islinoton.  dated  March  27,  191(5.  to  *^Hur«  all  moiie>^  d«H^  "-''J'^.w  T 
due  from  company  to  Union  of  Umdon  &  Smiths  Bank.  455.  Oxford- 
street.  W. 

WOODBRIDGE  &  DISTRICT  ELECTRIC  LIGHT  CO.  (LTD.Wls*ue*  on 
various  dates  from  Oct.  27.  1913,  to  March  31,  1916,  of  iUm  debenture, 
parts  of  series  of  whioh  particulars  have  already  been  tiled. 
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CITY   NOTES. 


ELECTRICAL  COMPANIES'  SHARE  USl.— Continued. 


UEMORANDA  (April  26). — Bank  rate  6  per  cent,  (since  Aug.  8,  1914). 
Consols  57,'fi.  Consols  Pay]Jay,M;iy  4.  Stocks  and  Shares  Ticket  Days, 
May  1 1  and  .'50 .     Pay  Day  s,  May  1 2  and  ."i  1 .     Price  of  silver,  32  ^\  d. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— Tlx-  diro(  tons  have 
decidrd  to  jcconimriid  ijaynitiit  of  a  Jiiial  dividond  on  liio  ordinary 
shares  at  rate  of  11  per  cent,  per  annum  for  tlic  half-year  ended  Dec.  .31, 
1915,  making,  with  the  interim  dividend  paid  in  \ovember  last,  9  per 
cent,  for  the  year.  £.32,000  i.s  placed  to  depreciation  and  renewals  fund, 
and  £10,000  to  i-cservc,  the  same  as  in  the  previous  year. 

DAWLISH  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— The  report  for  lOlo 
states  that,  though  the  results  were  affected  by  the  war,  the  gros.s  profit 
was  littlo  less  than  in  ]  914.  A  dividend  of  1  }  per  cent,  has  been  declared 
on  the  ordinary  shares  and  £121  carried  forward. 

MONTREAL  LIGHT.  HEAT. &  POWER  CO. -The  directors  have  declared 
a  quarterly  dividend  of  2},  per  cent.,  Ijcing  at  rate  of  10  per  cent,  per 
annum. 

SOUTH  METROPOLITAN  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— At 
a  mcctinjj;  of  the  holdcis  ol  t  hr  1 .1  p' t  c  <  nl.  d.l,.  iil  iii"  :^lo(  k  last  week 
an  e.xtraordinaiy  resolution  was  |)as.si-d  making'  iiiodilications  in  the 
trust  deeds  so  as  to  define  more  clearly  the  obli^'ations  of  the  company 
thereunder  with  rcf^ard  to  .setting  aside  sums  to  depreciation,  &c. 

SUBMARINE  CABLES"  TRUST.— Xoti(<-  is  given  that  inaccordanc c  with 
the  Icrms  of  liic  trusi  tlvvd  ;i,S  .(■rtificates  will  he  redeemed  from  the 
Kuiidus  funds  of  tiic  Trust  by  a  drawing  which  will  take  ])la(e  on  May  1 
pro.v.,  at  2::i0  ]».m.,  at  the  offices  of  the  Tru.st,  ;34,  Elcctra  House,  Inns- 
bury-pavement,  London.  E.C.,  for  payment  at  £120  per  certificate,  on 
and  after  that  day  at  Messrs.  Glyn,  Mills  &  Co.,  ()7,  Lombard-street, 
London,  E.C. 

METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  Apiii  26,  the  follov/inf  as  the  present  basis  prices  of 
New  Metals.  fier  lb.   ; 

Solid  Drawn  Brass  Tubes 17Jd.    !     English  Lead 

Solid  Drawn  Copper  Tubes 19d.        Antimony 

Brazed  Copper  Tubes 19d. 

Brazed  Brass  Tubes 19id. 

Brass  Wire lejd. 

Copper  Wire 19d. 

Rolled  Bra-ss Ifcjd. 

Brass  Sheets 17jd. 


per  ton. 

Copper  Sheets    £152    0    0 

Spelter £103    0    0 


per  ton. 
£35  10    0 
Nominal. 


Old  Metals. 

Clean  Copper  Scrap 

Glean  Brass  Scrap 

Braziery  Copper  Scrap  .... 

Old  Lead 

Old  Zinc  

Hollow  Pewter 

Black  Pewter , 

Gun  Metal , 


per  ton. 

£108   0  0 

£71     0  0 

£95    0  0 

£31     0  0 

£80     (I  0 

£125    0  0 

£85    0  0 

£85    0  0 


Old  Lead £31 

Ten  Lead £29 

Old  Zinc ^  £72 

Hollow  Pewter '£135 

Shaped  Black  Pewter £?5 


per  ton. 


Mr.  A.  Joseph,  Eirl-street,  London-road,  Sauthwark,  London,  S.E.,  quotes  under  date 
April  24,  the  following  approximate  prices  of  Scrap  Metals  :— 

per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £72    0    0 

Clean  Cooper £107    0    0 

Braziery  Copper £95    0    0 

Gun  Metal £86    0    0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  Joseph  can  supply  solder  at  the  followinp  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip),  £80;  Commercial  Tinman's  Solder,  £1 15  ;   Blowpipe  Solder,  £120. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  as  "  ofTioial  quotations  "  are  not  now  i8.'iue<l,  but 
we  give  below  the  latest  prices  at  which  actual  transaoiions  took  place 
on  or  before  TursdaN,  ,\|)rii  2").  The  firoatost  oaro  is  taken  in  compiling 
these  figures,  but  the  dilBoulty  of  voriUoation  is  now  much  increased. 


Last 
Divi- 
dend 


10 

10 

10 

5 

5 

St. 

5 

5 

5 

5 

St 

10 

10 

St. 

St. 

10 

10 

St. 

St. 

St. 

5 

St. 

5 

St 

5 

St. 

St. 

St 


NAME. 


6% 

4i% 

10% 
7% 

4% 
2,'3 

^\ 
4i% 

4% 

4i% 

8' 

5% 
44% 

17" 
6% 

4»% 

4*% 

4  4% 

7% 

4% 

fa/- 

4% 

3% 

4  4% 

5% 

t% 

5% 

6% 

5% 


Priaa. 

Tuet., 
April  25. 


Electricity  Supply. 

Bournemouth  &  Pc  olo  E.  L  Ord , 

Do.    44%  Cum.  Pre( , 

Do.     6%  Cum.  2nd  Prof 

Brompton  &  Kensington  Ord , 

Do.    7%  Pref , 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Debs 

Do.    44%  Pref I 

Do.     Ord I 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt.  Ord 

Do.    6"'o  Pref 

Do.     5%  Deb.  St 

Do.     44";,  Debs 

County  of  London  Ord 

Do.    6%  Prof 

Do.     1st  Deb 

Do.    2nd  Dob 

Edmundson's  Elec.  Supp.  44%  Debs... 
Kensington  and  Knightsbiidge  Ord.  .. 

Do.     Deb.  St 

London  Elec.  Supp.  6%  Prof 

Do.     4%  Mort.  DPbs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Dob 

Midl.ind  Elec.  Col  pn.,l5t  Mort.  Deb.  St. 
Newcastle  Si  Disf.  EL.  b"'„  2nd  Dbs  . . 
NoAC4stlo-'on-TyiieE.S.5%2dMt.Db.Sl. 
North  Metropolitan  E.  P.  Supp.  6%  Pnt 
South  London  E.&  Ord     


9,-, 

lOA 

91 

6f| 

34 
3i'. 

e^* 

12 
10 
98 
80 
104 

801 

97 

76  S 

5 

794 

44 

80 

2'.{ 
80 
99 

yvj 

VI* 
34 


Rate 

PBR  CBMT 

Yibldbd. 


e  a. 

6  10 

4  19 

6  3 

7  6 

5  0 

4  18 

5  0 

6  18 
6  19 

8  9 
b  5 
5  3 
b  13 
b  .1 
S  2 

5  12 

6  13 
5  14 
5  4 

4  12 

5  17    8 

7  0    0 


S 
7  I 
5  0 
b  4 
5  II 

5  I 

6  0 

5  9 
b    0 

6  10 


I     0 


DiVIDBNU 

Dub. 


Mar.  Sopt 
Feb,  Aug 
Fob  Aug 
Mar,  Sent 

Mar,  Aug 

Jan.  J(ily 

Aug,  Feb 
Jun, Dec 
M  ar.  Sept 
Jan,  July 
Fob,  Aug 
Mar,  July 
Jun,  Doc 
Jun,  Dec 
Mar.  Sept 
Fob.  Au« 
Jan,  July 
My.  Nov 

Julv 
Fob,  Aue 
Jan,  July 

Jan,  July 

Mar,  AuR 

Jan.  luly 

Jan,  July 

Mar.  Sopt 

M41,  oopt 

Apl,  Oct 

Mar,  Sept 


5*  Last 
I  Div:- 

W    DEND 


NAME. 


Pr»e«,  Ratb 

TUeS.,  PERCENT,! 

April  25.      YtBLDED. 


DtTIDBNO 

Due. 


5  8% 

e  ^   7% 

ft-    34% 

St  44% 

1    8% 

S   7% 

5   44% 

ir  5% 

St  6% 

St.  4% 

St  4% 

St.  44% 

St 
St 


40/ 
40/ 

5% 
10  14°? 

■       4% 
4% 
1% 
34% 
34% 
34% 
34% 


St 
St 
St 
St. 
St. 
St. 
St. 
St. 
St. 
St. 

Sc. 

St. 
St. 
St. 


4% 

44% 

6% 
4% 


1 

10) 
1 
5 
5 
1 

St. 
2 

100 

St. 
5 
5 

St. 
1 
5 

St. 
1 
1 

St, 

•C> 

10 

5 

5 

St 
10 
10 
12 

too 

1 
1 

St. 

"»■) 

St. 
St. 


14% 

1    6% 
5% 
5% 
6% 
15% 
3/0 
6% 
44% 
74% 
6% 

,^> 

15% 

2/6 

44% 

6% 


St. 

bt. 

St 
10 
10 


4% 
6% 

a 

10% 

6% 
20% 
2/3 
44% 
10% 
5% 
20% 
4% 
74% 
6d. 

iA 

4% 
4% 


30/0 
14% 
4% 
5% 
^    10% 
5    5/0 
10   4% 

7% 
17/6 

4% 

4% 

JO    7% 

10;  2^% 

25  13% 

I    10% 

1    7% 

10    1", 


St 
St 
St. 
St 


10 

10 

St 


Do. 
Do. 
Do. 
Do. 
Do. 


1  7W. 

1  10% 

St.  A% 

SL  44% 

5  8%   I 

St  <i%: 

10  6%  I 

10  6% 

"".  Vi ' 

100  6% 

I 

S  3/0 

St  5% 

10  6/- 

St.  4|% 

5  9% 

5;  5% 


Electricity  Supply — cord. 

St.  James' &  Pall  Mall  Ord 

Do.  do.  Pref 

Doi  do.  Debs 

Urban  Elec.  Supp  44%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord 

Do.    4J%  Cum.  Pref 

Electric  Railways  &  Tramways. 

Britisfi  Ele:.  Traction  5%  Debs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 
Do.        do.        Assented  D of.  Ord.  .. 

Do.     4i%  Pref 

Do      4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    1 

London  Electric  Ry.  Ord 1 

Do.     4%  Pref i 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     34%  Pref I 

Do.    34%  Convertible  Pref 

Do.    3J%  A  Debs 

Do.     34%  Debs 

Metropolitan  Dist  Ry.  Ord 

Do.     4%  Prior  Lien    

44%  First  Prof 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.    6%  Pref 

Brit.  Aluminium  Ord 

Do.    Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Do.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.Cm.6%  Pref. 

British  Thomson-Houston  Db 

Brit.  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.    4%  Mort  Deb.  St 

Callender's Cable,  &c.,  Co.  Ord 

Do.     5%  Pref 

Do.      4J%  Debs 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  &  Swan  U.EIec.Lt.  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do,    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. , 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  kc..  Ord 

Do.  Prof 

Telo§h.  Con.  &  Main.  Co , 

Do.     4%  Debs 

Vickors  Ord 

Do.     5%  Pref 

Do.     1st  Dobs 

Do.     44%  2nd  Debs , 

Willans  &  Robinson  B.  Cum.  Pref.... 

Do.     1st  Mt.  Deb.  St 

Telegraphs. 

Anglo  American  6%  Pref.  Ord 

Do.     Def.  Ord 

Commercial  Cable  4%  Dobs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Prof 

Direct  United  States 

Eastern  Tel.  Co.  Ord , 

Do.    34%  Prer 

Do.    4%  Debs 

Ehstorn  Extension  Tel.  Co.,  4%  Debs.. 

Do.    Ord 

Gt  Northern  Tel.  Co 

Indo-European    

Marconi's  Wireless  Tel.  Co 

Do.     7%  Pref 

West  India  &  Panama  Ord 

Do.     1st  Prof , 

Western  Telegh.  Co 

Do.     4%  Deb.  St , 

'Vestem  Union  50  yr.  Bds 

Telephones. 

Monlc  Video  Telephn.  Ord   

•Oriental  Telephone  Ord 

Do.     Db.  St • 

Tolephn.  Co.  of  Egypt  Db.  St | 

United  River  Plato  Ord 

Do.     5%  Cum.  Pref \ 

Do.     Deb.  Stk 

Financial  and  Investment       I 

Globe  Teleeh.  Si  Trust 

Do.     6%  Pf j 

M-      .     "  ies' Common 


5« 
5« 

74 

83 

4,'i 

79 

714 

674 

644 

99i 

934 

72 

624 
2  ' 

64 

65  ■ 

26 

774 

74i 

82  i 

834 

92 

71 ; 

108i 
714 
704 
68 

2.a 
144 
l-,\t 

89  i 
it 

10  ,V 

i 
91 

2At 
100  i 
652 
114 

4A 
98 

I' 
59"" 

« 

1 
72 
II 

94 
l4it 
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NOTES. 


[Engineering  and  Research. 

Last  Monday  a   conference   on   engineerinii   and   scientitic 
I  research  was  held   by  the  Society  of  P]ngineers.     This  was 
[opened  by  Prof.  J.  A.  Fle.mixu,  wliose  Paper  on  tlie  subject 
[will  be  found  in  abstract  in  another  column.     The  Paper  loses, 
[perhaps,  a  little  of  its  force  owing  to  the  large  ground  which  it 
^covers.     Although  it  is  well  to  realise  the  extent  of  the  held  of 
incjuiry  we  must  remember  that  if  anything  is  to  be  done  of 
serious  value  it  is  necessary  to  focus  attention  upon  the  most 
important  points.     Taking  first  the  question  of  educatioi\,  we 
igree  with  Prof.  Fle"mi.\g  that  it  would  be  a  great  advantage 
If  boys,  after  completing  their  Board  School  education,  were 
jrced  to  attend  technical  continuation  schools  (not  merely 
bvening  classes,  which  are  comparatively  useless).     This  is  a 
lethod  which  is  followed  in  Germany  and  it  results  in  a  proper 
mderstanding  of  the  principles  underlying  the  trade  which  the 
boy  is  to  adopt.     The  problem  of  higher  grades  of  education, 
however,  is  not  so  easily  settled.     A  student  can  obtain  a  good 
technical  knowledge  of  the  various  branches  of  engineering  in 
lany  technical  institutions  at  the  present  time  in  this  country, 
but  this  will  not  avail  him  very  much  if  he  straightway  gets  the 
idea  that  it  is  quite  unnecessary  for  him  to  maintain  and  to 
expand  this  knowledge.     With  regard  to  research,  we  quite 
agree  with  Prof.  Flrmixcj  that  the  last  thing  desirable  is  that 
research  should  be  controlled  by  the  Government.     Govern- 
ment control  has  been  painful  enough  in  the  history  of  the 
electrical  industry,  and  we  do  not  wish  for  any  steps  equivalent 
to  the  Act  to  Facilitate  Electric  Lighting  which  was  passed  in 
1882  and  which  was  supposed  to  "'  facilitate  "  the  industry  and 
<iid  so  much  to  retard  it.     What  is  required  of  the  Government 
'"  mon-v  more  than  anvthins  else  and  a  ^;ostering  of  losearch 


in  lilt'  hands  of  bodies  of  m^n  capable  ol  f  .1 

l)e  done.      We  think  that  the  varioii.s  tef-hn..  „.  -  ■ 

alreadv    have    this    knowledge    without    tli«'    a; 
numerous  committees  ;   the  latter  may  satisfy  the  public,  but 
they  generally  result  in  very  little  being  don*'. 


.\lth()L(;u  discussions  like  that  held  la.^t  Mnndav  ;; 

in  clearing  the  air,  we  feel  that  they  are  being  general ><l 

out  from  tlie  wrong  standpoint.  It  is  all  very  well  {or  entinent 
scientific  people  to  come  together  and  to  decide  what  the  manu- 
facturers in  this  country  should  do.  but  the  as.suiuption  i.-^  made 
that  manufacturers  do  not  know  their  own  husine.s.H.  It  inav 
be  that  this  is  a  right  ami  j)roper  assumption  to  make  in  rertain 
cases,  and  that  a  proportion  of  our  manufacturers  are  not 
sufficiently  alive  to  the  advartages  of  applied  and  pure  scieine 
at  the  present  day.  This  may  be  partially  true,  hut  it  i."« 
certainly  not  the  case  generally  with  mir  larger  and  nmre  im- 
])ortant  manufacturers.  In  regard  to  technical  education,  in 
particular,  it  must  be  iememl)ered  that  the  product  is  used  by 
the  manufacturer,  and  it  is  to  him  we  .should  turn  in  nnler  to 
in(|uire  whether  the  prodrict  is  what  it  should  be.  From  every 
point  of  view,  therefore,  it  would  be  much  better  and  wt»uld 
have  more  lasting  results  if  the  manufacturers  would  them- 
selves come  together  and  invite  certain  pure  scienti.sts  to  confer 
with  tiiein  rather  than  for  the  converse  method  to  be  followed. 
We  are  glad  to  gather  that  this  course  is  likely  to  be  tak 
what  is  known  as  the  ^lanchester  Group,  and  we  hope  tha.  ; ...  ■ 
will  not  linger  in  discussing  all  the;^  questions  adequately  ^o 
as  to  reach  some  decision.  It  is  eminently  a  matter  for  the 
entfineering  firms  themselves  to  decide. 


"Speeding-Up." 

That  Mr.  Raxkins  recent  Pajier  on  this  subject  ha?  created 
a  good  deal  of  interest  is  evident  from  the  heavy  «orre>|K>n- 
dence  given  elsewhere.  With  much  of  Mr.  H.  Ambkosk 
Carxev's  letter  we  are  in  entire  agreement.  Like  Mr.  Carnkv. 
we  are  opposed  to  the  setting  of  "  tasks."  ami  to  employers 
getting  the  idea  that  becau.se  a  man  takes  4-;t  minute-  ."  i  lol. 
previouslv  done  in  2-25  minutes  he  is  necessarily  \\\-.  ^S- 

The  reasons  for  such  discrepancies  oftentimes  are  of  a  most 
complex  character,  as  shown  by  the  recent  report  on  Industrial 
Fatigue.  The  suggestion  that  Lalxnir  an»l  Capital  ,<hould  In* 
ecpuilly  represented  on  any  committees  which  may  bo  appointed 
to  investigate  and  report  upon  the  matter  is  a  ginnl  one.  for 
in  no  other  way  can  lasting  and  beneficial  re.sults  be  obtained. 
To  the  proposal  that  the  new  armies  showld  l>e  d'sbanded 
through  civil  reserves,  '■  where  every  man  would  be  trainetl  in 
high-etficiency  methods  in  that  branch  of  industry-  for  which 
he  possessed  the  greatest  capacity."  we  are  entirely  opposed. 
Mr.  Carxey"s  suggestion  that  the  State  should  continue  to 
pay  at  least  as  much  to  each  man  iluring  training  as  for  Army 
service,  is.  in  our  o])inion.  in  every  way  ill-con>idered.  Surely 
when  ]ieace  i-;  i)roclaiuied  the  n\en  who  have  been  fighting  for 
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us  will  be  allowed  to  return  at  once  to  their  former  occupations 
in  order  to  begin  to  earn  the  wherewithal  to  provide  homes  for 
th  eir  families.  Otherwise  it  looks  as  though  the  all  and  sundry 
employed  on  munitions  at  the  present  time  will  continue  to 
hold  positions  to  which  our  fighting  men  have  the  first  claim. 
By  some  it  is  thought  that  it  is  less  expensive  to  keep  men  in 
the  Army  than  to  keep  them  at  home.  This  is  not  the  case. 
But  even  if  it  were  less  expensive  we  should  nevertheless  still 
advocate  the  returning  of  the  soldiers,  and  if  the  *"  out  of  work  " 
question  became  acute  on  account  of  a  few-million  men  being 
turned  into  the  labour  market  we  should,  by  compulsion  if 
need  be,  form  civil  reserves  of  those  who  took  no  part  in  the 
war,  in  an  endeavour  to  equalise  the  sacrifice.  It  is  well  to 
remember  that  those  in  the  Army  are  the  fittest  specimens  of 
the  race,  and  that  it  is  a  national  duty  to  see  that  the  fit 
survive. 


Statutory  Charges  for  Electrical  Energy. 

After  considerable  delay,  and  in  spile  of  opposition  on  the 
part  of  the  local  authority,  the  Newijuay  Electric  Light  & 
Power  Co.,  has  received  an  order  from  the  Board  of  Trade 
empowering  them  to  charge  for  electrical  energy  at  the  rate 
of  7d.  per  unit  instead  of  6d.,  and  a  minimum  quarterly  charge 
of  ys.  lid.  up  to  17  units.  We  need  scarcely  remark  that  the 
imdertaking  at  Newquay  is  a  small  one  and  that  the  whole 
matter  in  itself  is  not  of  any  great  importajice,  but  it  serves  to 
sEow  the  difficulty  expeiienced  at  the  present  time  by  small 
undertakings  which  are  handicapped  by  heavy  increases  in  the 
cost  of  coal  or  oil  in  out-of-the-way  localities.  Not  merely  the 
small  undertakin<»s,  but  the  larger  undertakings  also,  are 
feeling  it  necessary  to  raise  their  charges  to  some  extent. 
Under  present  conditions  this  is  becoming  inevitable,  and  it 
appears  to  us  that  such  increased  prices  should  be  received 
without  any  great  objection  on  the  part  of  consumers  and 
without  o])p()sition  on  the  part  of  local  authorities,  and  that 
such  relief  siiould  be  granted  more  readily  by  the  Board  of 
Trade  for  the  period  of  the  war.  It  is  only  a  temporary  measure 
which  we  ought  to  be  prepared  to  face. 


cranes  were  not  balanced.  For  reasons  with  which  our  readers 
are  familiar,  the  electric  crane,  in  little  more  than  10  years, 
made  obsolete  cranes  of  all  other  types  except  in  those  cases  • 
where  no  electricity  supply  was  available.  This  remarkable 
achievement,  due  in  part  to  the  moderni.sing  of  works,  has 
resulted  in  the  introduction  of  entirely  new  types  and  in  the 
improvement  of  exi.sting  types  of  crane.  One  such  improve- 
ment is  the  so-called  level-luff  gear,  by  means  of  which,  when 
the  working  ladius  of  the  crane  is  altered,  the  elevation  of  the 
load  is  not  altered.  Another  improvement  is  the  balancing 
of  the  jib.  The  two  together  result  in  a  considerable  saving 
in  energy  consumption,  besides  giving  imjjortant  mechanical 
advantages.  Although  these  are  not  peculiar  to  the  electric 
crane,  they  nevertheless  show  to  striking  advantage  on  such 
cranes,  partly  on  account  of  the  ea.se  with  which  tests  may  be 
made,  and  partly  on  account  of  the  mechanical  simplicity. 
Elsewhere  will  be  found  a  description  of  one  of  the  most  recent 
horizontal  luffing  cranes,  for  which  the  important  advantage 
of  extreme  simplicity  is  claimed.  Furthermore,  the  new  crane, 
which  is  the  invention  of  Mr.  C.  M.  Toplis,  is  quite  normal  in 
a])pearance  and  construction.  The  typical  power  consumption 
diagrams  for  cranes  of  the  non-compensated  and  compensated 
types  are  very  .striking,  and  as  a  further  illustration  of  the 
economy  of  the  iiew  cranes  it  may  be  stated  that  the  derricking 
motor  is  rated  at  5  h.p.,  whereas  for  the  same  load  and  speed  an 
ordinary  crane  requires  a  45  h.p.  motor  for  operating  the 
derricking  mechanism.  In  view  of  this  it  is  not  surprising  to 
find  that  large  numbers  of  the  new  cranes  are  being  supplied. 


m-*- 


The  Finance  of  the  Telegraph  Service. 

It  has  Ix'cii  a  .sore  ])oiiit  for  many  years  that  the  telegrapii 
service  has  been  worked  at  a  heavy  loss  in  this  country.     We 
have  cheap  telegrams,  but  the  individual  who  .sends  a  teleg*-am 
does  not  realise  that  in  due  (course  he  is  re(|uired  by  taxati«)n 
to  meet  the  loss  on  the  telegram  he  has  sent.     At  a  recent 
meeting  of  the  Lidulou  Telegiaph  and  Telephone  Society,  Mr. 
.loii.N  Lkk,  the  chief  tralHc  manager  to  the  Post  Office,  sug- 
gested 1  wo  classes  of  telegram  when  nonnal  conditions  are 
once  more  resumed.     His  suggesticu;  is  that  there  might  be  the 
oi'dinary  telegram  at  8d.  for  12  words  plus  a   halfpenny  per 
word  ami  a  deferred  rate  :>f  ■Id.  for  12  words  ]>liis  a  halfpenny 
])er    word.     Such    a   scheme   would    merely    be    following   the 
exam])li'  of  tin-  (.ilih-  conii)aiiies  who  have  sought  to  maintain 
a  load  uutre  nearly  apj)roaching  |(K(  jxt  cent,  load-factor  by 
means  of  (leferre<l  rates.      In  the  case  of  submarine  telegraphy 
the  capital  expenditure  is  so  enormous  that  tlu*  end  services 
count  tor  Nciy  little,  and  it  becomes  all  important  to  koejt  a 
cable  continually  at  work.      In  the  case  of  short  laiul  lines  the 
cost  of  the  end  services  n\ay  be  more  iin])ortant  than  the  cai)ital 
involved.     It  is  difficult,  therefore,  to  say  how  a  deferred,  rate 
system  luiglil  woik  out.  but  we  thiid<  it  may  be  said  that  any 
scheme  for  improving  the  load-faotor  is  likely  to  prove  bene- 
licial  to  the  .service  as  well  as  lieijig  a  c(Uivenienco  to  the  ])ublic. 


Level-Luff  Cranes 

TiLi.  the  introduction  of  electri<'ity  as  a  moiive  power,  dock 
ajul  similar  cranes  were  usually  jirovided  with  derricking 
mechanism  o"  ;Iic  I'on-i  (unp(>i'.saiing  type,  and  the  jibs  o[  such 


Lowestoft  Electricity  Supply.—We  are  ulad  to  state  that  no 
damage  was  done  to  the  electric  power  .station  or  to  the  net- 
work at  Lowestoft  during  the  recent  bombardment. 

Lady  Kelvin's  Gifts  to  Glasgow  University.  It  is 
announced  that  Lady  Kelvin  has  made  two  notable  bequests 
to  Glasgow  University,  of  which  her  husband  was  Chancellor 
at  the  time  of  his  death.  One  of  these  is  a  sum  of  £5.imj0  for 
inomoting  research  and  the  teaching  of  physical  science  in 
connection  with  the  Chair  of  Natural  I'hilosophy  :  the  other 
consists  of  the  numerous  medals  and  decorations  conferred 
on  Lord  Kelvin. 

Coal  Supplies.  The  Board  of  Trade  have  sent  the  following 
letter  to  gas  and  electric  lighting  undertakings,  requesting  them 
to  inform  their  consunters  that  the  consumption  of  coal  for 
lighting  ])urposes  must  be  reduced  by  10  p,n-  cent. 

1  am  (iirocted  by  the  Board  of  Trade  to  state  that,  as  you  will  bo 
aware.  <liflicu!ti<'s  have  bi-cn  oxpericiK-ed  for  some  time  in  .^ociirinijr 
adetniato  sii))i)lics  of  coal  for  manufi^tiircrs  of  niiiiiitions  and  other 
consumers  of  national  importance  owint;  ti.  the  decline  in  the  ontnut  of 
coal  from  tin-  mines  and  the  iiurrasc  in  the  demand  for  war  purposes. 

The  position  has  been  met  in  the  pa.st  to  a  lar^o  extent  by  a  restriction 
of  export,  but  the  eoal  which  is  n<)>\  being  exported  ijoos  largely  to  meet 
the  tuiient  requirements  of  oui  Allies  or  is  valuable  as  a  weapon  in 
uei^iitiatinc  with  neutral  eoiuitnes. 

Tiie  Hoard  have  olis:>rve<l  with  some  <  oneern  the  recent  decline  iji 
coal  ex]»<irts.  and.  in  their  o|)ini<in.  it  has  beconie  nece8.sarv  that  sjiocial 
st(>i>s  should  be  takt-n  to  maintain  and  if  ]>ossil^h'  to  inereaf-o  the  export- 
able sur])lus  of  eoal.  and  that  for  this  purp(»se  everythinji  j>ossible  shoidd 
be  done  to  encourage  economy  in  the  use  of  fuel  at  the  |>r<'>ent  tiine. 

'I  he  (jUtstion  has  In-en  further  eon-iidend  by  the  (V-ntral  (oal  an(! 
Coke  Supplies  ('ommitt«-e.  atul  they  have  reronmunded  tliat  n  i:en(>ral 
policy  of  economy  in  liuhtinjj  sh<»uld  Im-  adopted,  aryl  th.<t  pas  and 
electric  Hifhtinc  un'fertakingx  should  Ix-  a-'ked  to  <lo  what  they  can  to 
n-dtu-e  coiis\iniptiiin  by  a  «!efinite  amotmt.  The  Board  think  there  <  .in 
be  little  doid)t  that  then'  arc  many  eases  in  which  lijjht  is  at  present 
beinir   us4'd   necdles'>ly.   or  wasted   alt oi;i'tlicr.     Thev   iia\e   a^  n' 

decided  to  n-qiiest   the  owners  of  gas  and  elrvtric  liijhtini:  »mu 
that  thi'y  should  notify  trt  their  consumer^  that  the  (Jovernment  doins 
to  .see  the  eonsnniption  of  coai  for  lighting  i>urpos<<s  redticed  by  Itl  }ht 
cent.,  ami  that  they  should  do  all  in  their  ]>nwer  by  notices  and  in-peetion 
to  see  that  this  n-i  ommrndation  israrrio!  out. 

The    Board    would   -uiigest    that    inspect  or-*   -should   he   sent   r^und   afl 
often  as  jKi-sible  to  examine  nieter«.  and  hand  to  the  con^ 
neces.sarv.  a  notice  n minding  them  oT  the  n-ei.nimendati<  ij 

attention  to  the  fact  ihat  they  haxe  not  vet  earruMl  it  otit. 

The  Board  wouhi  be  gla«l  to  Ix*  inforn»ed  in  due  eour^'  ■  ■  i..  -•  .iw 
which  an*  lieing  taken  in  the  matter. 
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OBITUARY. 


J.  iStott. — The  cleatli  is  announced  of  Mr.  .James  Stott,  who  was 
for  many  years  engineer  and  manager  of  tlie  Heywood  Corporation 
electricity  works.  Owing  to  faihng  health  he  resigned  his  aj)poirit- 
ment  about  three  years  ago. 


PERSONAL. 


Mr.  H.  P.  (Jibbs,  consulting  electrical  engineer  to  Mysore  (iovern- 
ment,  and  also  general  manager  of  the  Tata  hydro-electric  scheme, 
in  Bombay,  is  shortly  going  to  the  United  States  on  leave. 

Second  Lieut.  Reginald  F.  H.  Xalder  (East  Surrey  Regt.).  son  o^ 
Mr.  Francis  H.  Xalder,  was  married  at  Streatham,  London,  on  .April 
22,  to  Miss  Kathleen  Heaton  Jacob. 


APPOINTMENTS  VACANT. 


An  advertisement  antiounces  that  there  arc  vacancies  tor  two 
practical  physicists  at  manufacturing  works  in  London,  for  service 
at  the  conclusion  of  the  war.     Commencing  salaries  £500  per  annum. 

A  firm  of  electrical  engineers  advertises  for  two  engineers,  with 
good  commercial  training,  to  manage  branch  oflfices  in  South  Africa 
and  Australia. 

A  switchboard  attendant  is  wanted  at  once  for  electricity  supply 
works.     Wages  3Us.,  j^lus  4s.  war  bonus.     See  adve.rliseme.nf. 

Belfast  Corporation  invite  apjilications  for  the  appointment  of 
general  manager  of  their  tramways  Salary  £800,  rising  to  £1,000. 
Applications  to  the  Town  Clerk  (on  forms  supplied)  by  May  13. 


INSTITUTIONS  AND  SOCIETIES. 


Institution  of  Electrical  Engineers'  Benevolent  Fund.— The  annual 
meeting  of  the  contributors  to  the  Benevolent  Fund  will  be  held  at 
the  Institution  of  Electrical  Engineers,  Victoria  Embankment,  W.C., 
on  Thursday,  May  11th,  at  9  p.m.,  to  receive  the  report  of  the  Com- 
mittee of  Management  atid  statement  of  accounts  and  balance-sheet 
to  December  31, 1915.  An  extraordinary  resolution  will  also  be  sub- 
mitted altering  the  constitution  of  the  Committee  of  Management. 

Royal  Institution. — At  the  annual  general  meeting,  when  the  Duke 
of  Northumberland  presided,  the  report  of  the  Board  of  Visitors  was 
read  and  the  following  oflficers  and  council  were  elected  :  President, 
the  Duke  of  Northumberland  ;  treasurer,  Sir  James  Crichton- 
BrowTie  ;  secretary.  Col.  Edmond  H.  Hills  ;  managers.  Sir  Thomas 
Barlow,  Sir  W.  Phipson  Beale,  Dr.  Horace  T.  Brown,  Sir  James 
Mackenzie  Davidson,  Field-Marshal  Lord  Grenfell,  Mr.  Charles 
Hawksley,  Sir  Frederic  Nathan,  the  Hon.  R.  C.  Parsons,  Sir  James 
Reid,  Sir  Napier  Shaw,  Mr.  Alexander  Sieniens,  Prof.  Silvanus  P. 
Thompson,  Lord  Wrenbury,  Sir  A.  F.  Yarrow  and  Mr.  Justice 
Yomiger  ;  visitors,  Mr.  Horatio  Ballantvne,  Mr.  S.  G.  Brown,  Mr. 
J.  F.  W.  Deacon,  Mr.  W.  Duddell,  Lieut. -Col.  H.  E.  Gaulter,  Dr. 
J.  Dundas-Grant.  Mr.  J.  W.  Jarvis,  Mr.  H.  R.  Kempe,  Mr.  Francis 
Legge,  Mr.  Ernest  R.  Moon,  Prof.  Henry  G.  Plimmer,  Sir  W.  W. 
Portal,  Dr.  A.  W.  Porter,  Mr.  H.  M.  Ross  and  Mr.  Joseph  Shaw. 

Electric  Vehicle  Committee.-^A  meeting  of  this  committee  was  held 
in  London  on  the  14th  ult.  It  was  announced  that  all  the  associa- 
tions, with  the  exception  of  the  Tramway  and  Light  Railways 
Association,  whose  reply  had  not  been  received,  had  renominated 
their  representatives  on  the  committee.  The  committee  re-elected 
the  representatives  of  the  following  :  Provincial  Electric  Supply 
Ckimpanies,  Makers  of  Electric  Vehicles,  Edison  Accumulators  (Ltd.), 
Chelsea  Electricity-  Supply  Co.  (Ltd.).  It  was  decided  to  invite  the 
Motor  Manufacturers'  and  Traders'  Society  to  nominate  a  repre- 
sentative to  sit  upon  the  committee.  The  present  officers  of  the 
committee  were  re-elected  for  the  jiresent  year,  except  in  the  case 
of  Mr.  A.  H.  Seabrook,  who  is  engaged  upon  work  in  connection 
with  munitions.  Dimensions  for  standards  will  in  future  be  given 
in  both  metric  and  British  measures,  and,  in  regard  to  the  British 
measures,  exact  dimensions  will  be  quoted  in  mils.  The  secretary 
was  instructed  to  bring  this  rule  to  bear  in  quoting  dmiensions  of 
standards  in  the  annual  report  of  the  committee.  Mr.  E.  W.  Curtis, 
of  the  General  Vehicle  Co.,  was  nominated  as  the  committee's  repre- 
sentative upon  the  Tyre  and  Road  Wear  Research  Committee  of  the 
Society  of  Motor  Manufacturers  and  Traders. 

Institute  of  Chemistry.— We  have  received  Part  II.  of  the  "  Pro- 
ceedings "  for  1916,  giving  an  account  of  the  38th  annual  general 


meeting  of  the  Institute.     Tl,  '     !    tj  ■> 

D.Sc.,  F.R.S.,  gave  \m  addrc 
<lolas  flcath  as  a  great  Iohm  to  th«- 
of  the  In.stitute  was  staterl  to  li- 
the lalxtur  dispute  which  int' 
stated   that   all  ordinary  iaUjratorv  '^ 
procurable  from   British  inanufa<turfr^ 
the  (ilass  Research  Committee  had  be«-»  i< 
Council  (<ii  Scicntifif  and  Indu-triil  I' 

tional  matters,  the  President  .-tat«d  w.    

ciatif)n  that  we  overlooked  the  great  progrem  • 

made  towards  |>Iacing  H'-ifrif-  edu'-ati'fi 

The  great  defect  of  our  public  s(hrj<jl).  wa 

classics,  and  other  subjects  never  got  a  fair  chance.     He  r 
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ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY,  May  5th  (today). 

Ikon  and  Steki.  I 
10  a.rn.     At    Great    Gvorac-street.    V  ustcr.     Continuation   of 

Annual  Meeting.     A  number  of  Papers  will  be  read. 

RovAL  iNSTmrroN 
5:-V>  p.m.     At  .MlK-niarlc-strcct.  W.     Distonrse  by  Sir  J.  Mackrnzk- 
Davidson.    M.H..  C.M..    or    -Electrical    Mftliirfl*   in   Sai)pc«l 

Advanco." 

SATUKDAY,  May  6tl3. 

IIOVAI.    In^TIT!  TloN. 

3  p  lii.     At  .Albcmarle-street.  W.      Lt  ture  bv  Pnjf.  \\.   H.    Brn^r 
M  A  ,  D.Sc,  F.R.S.,  on    •  X-ray.<  and  Cnstab* :    X.-»  .>! 

of  Rosearch."     (Lecture  I.) 

MONDAY,  May  Sth. 

Society  of  Akts. 
4.30  p.m.     At  John-street,  Adclphi.  W.C     Lecture  on  "  Vibration*. 
Waves  and    Resonance '"    (LectUR>    II.).    bv   Dr.    J.     Er*kin* 
Murray.  F.R.S.E. 

TUESDAY,  May  9tli. 

Far  ADA  V  Society. 
5 p. }».  At  the  Institution  cA  Elcrtriial  F.ngineers,  Victoria  Embank- 
ment, W.C.  The  following  Papers  will  be  read  :  "  Xn  AnalvM* 
of  the  Theory  of  Gels  as  Systems  of  Two  JJ(|uid  Phases."  by 
Mr.  Eniil  Hatschek  ;  "  The  Properties  of  Solid  .^iations  of 
Metals  and  of  Intermetallic  ronipounds."  by  Mr.  K.  C.  Thomp- 
son. M.:Met..  B.Sc.  ;  -The  Annealini;  of  Metals.'  by  M""  F.  «'. 
Thompson.  M.Mct.,  B.Sc.  :     •  The  ChanLn-s  in  thv  Pb-  •>- 

perties  of  Aluminium  with  Meihanical  Work."  i  -  .:ic 
Heats  of  Hard  and  Soft  Aluminium,  by  Dr.  F.  .T.  BnsU>> :  "  A 
Note  on  the  Aimcaling  of  Aluminium."  by  Messp».  RieharU 
Scligman  and  Percy  Williams  ;  •  Grain  Size  Mea.survmcnts  and 
Importance  of  such  Information."  by  Mr.  Zay  .Jeffries.  RS.. 
Mct.E.  :  ••  A  Contribution  to  the  Theory  of  Solution."  by  >lr. 
E.  .1.  Hartung,  B.Sc 

Il.Lr.MINATING    ExcINEERtNli    SOCIETY. 

r>  p.m.     .At  John-strcot.  Adclphi.  W.C     Annual  .Meeting.     Rep«>rt  by 

Kc-carci>   Committee 

THURSDAY,  May  llth. 

iNsriTiTioN  OK  Electkicai.  Enuineeks. 
,\  p.m.     At  Xictoria  Embankment    W.C.     Annual  Cencral  MtH-.in:;. 

iNSTniTION    OF    El.KCTRK'Al.    EN(;INEEKs"     HkNEVoLENT    FlvO. 

f)  p.m.     At  Victoria  Embankment.  W.C.     Annual  .Mwting  i>! 

trib'itois. 

FRIDAY,  May  12th. 

Physical  Society. 
5p.i,:.     At  Imperial  College  of  Si ii-nce   Sorth  Kerstn-.-?on      ' 
on  "  The  Latent  Heats  of  Fu.sion  of  .Metal- 
Thcorv.'"  bv  Dr.  H.  S.  Allen.  M.A.  :    "  l>i. 
tninition.""by  Mr.  T.  Smith.  B.A.  :    "The  Ch-.i-v  >-i  tiU^"  tor 
Cemented  Objectives."  by  Mi.  T.  Smith,  B.A. 

ENGINEERING  INSTITUTIONS    VOLUNTEER  TRAINING  COR?S. 

tV.ininantlini;  Otlicrr  :    LioiU.-t  ">l.  C.   I'.,  i  .  v\.  \    1> 

Orders  for  week  commeneimr  Mav  S.  191 1» :  — 

Drills  :  r).2.->  to  7.2.">.     7.2.">  t.>  S.2.">. 
Monday.   Mav  Sth.— Sectioius   1   and  2.  Teehnieal :    Section.*  3  an-I  4. 

Squad  and' Platoon.     Signalling  Class  and  Keermt.s.  .,,.„_,,. 

Tuesday.  May  0th.— School  of  Arms  ti  to  7  p.m.     RtH-nuts  Dnll.  ..IS  to 

8.15  p.m.  -  ,-  , 

Thursday.  May  llth.— Shooting  for  Seetions  3  and  4.     Recruits  ,k4o  to 

7. 4;')  o.m.  ...        .     .•  •        j  o 

Friday.'  Mav   12th.— Sections  3  and  4.  Teohmeal :    {section.s  1  and  .. 

Squad  and  Platoon.     Signalling  Class  and  RtH-ruits. 
Saturday.  Mav  13th.— Adjutants'  Instruction  Class  at  -.30  p.m. 

Sections  for  technical,  parade  at  Headquarters.  U^ndon  Electrical 
Engineers.  4(5.  Rcnencv-sti^H>t.  S.W.:  section-s  for  »hix)ting.  parade  at 
miniature  ranges.  Unless  otherwise  stated.  aU  parades  at  Chester  House 
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THE  EXCITATION  OF  SYNCHRONOUS  MACHINES.* 

BY    T.    SCHOU. 

SnmiiKiri/.- — Tlif  undesirability  of  o])C'rating  synchronous  macliincs 
vith  different  inherent  characteristics  is  touched  on.  The  relation 
between  excitation  and  voltage  of  alternators  and  motors  is  next  dealt 
with,  and  an  equation  for  exciter  rating  is  deduced  experimentally. 


The  undesirable  features  of  operating  machines  in  ])arallel  having 
different  inherent  characteristics  are  well  known,  and  the  tendency 
now  is  to  accept  certain  recognised  standards. 

In  what  follows  the  writer  will  discuss  machines  having  design 
features  and  performance  characteristics  that  comply  with  the 
latest  rules  ancl  suggestions  of  the  A.I.E.K.  and  the  Electric  Power 
Club.  The  data  and  curves  pre.sented  refer  to  60-cy(le  machines,  of 
standard  voltages  up  to  and  including  2,400  volts,  two-pha.se  and 
three-pha.se,  and  alternators  that  will  fulfil  specifications  given  by 
the  author. 

In  order  to  discu.ss  intelligently  the  jiroper  excitation  for  various 
machines  of  different  kilovolt-ampere  ratings  at  different  .synchronous 
speeds,  it  w  11  be  iiecessa-y  to  analyse  in  a  practical  way  the  vector 
diagram  of  an  alternator.  In  Fig.  1  the  vector  A'„  represents  the  full 
terminal  voltage,  and,  according  to  the  saturation  of  the  machine, 
calls  for  a  (icid  ('urrent  /„  at  no  Icjad.  ruder  ordinary  load,  however, 
this  field  current  must  be  increased  in  order  to  maintain  normal 
oltage  at  the  terminals.  This  increase  of  field  current  is  to  com- 
pensate for  the  ohmic  drop  in  the  armature  winding,  the  reactance 
drop,  and  the  dejuagnetising  effect  of  the  armature  ampere-tunis  or 
the  armature  current  on  the  field.     Both  the  ohmic  drop  and  the 


'j'he  resulting  field  current  I^f  is  the  field  current  necessary  to  main- 
tain normal  voltage  at  the  terminals  at  80  per  cent,  lagging  power- 
factor  and  full  kilovolt-ampere  load.  Point  a  is  one  point  (at  normal 
voltage)  on  the  80  per  cent,  power-factor  load  curve,  as  shown  in 
Fig.  2. 

At  unity  jx)wer-factor  the  demagnetising  effect  of  the  armature 
current  on  the  field  is  very  small,  and  is  due  to  phase  displacement 
cau.sed  by  the  reactance  between  the  influced  E.M.F..  £",.  and  the 
armature  current.  At  a  certain  leading  power-factor,  cos  63—,  the 
armature  current  would  neither  magnetise  nor  demagnetise  the  field, 
but  merely  distort  it.  If  the  leading  power-factor  ije  further  in- 
creased, the  armature  current  would  tend  to  magiaetise  the  field  of  the 
alternator.  At  zero  lagging  power-factor  the  demagnetising  effect 
of  the  arnuiture  current  on  the  field  of  an  alternator  readies  its 
maximum.  It  is  obvious  that  both  the  self-induction  (armature 
reactance)  and  the  anr.ature  reaction  (demagnetising  or  magnetising 
effect  of  the  armature  current  on  the  Held),  or  the  ""  .s^^lchronous 
reactance,"  as  the  combined  effect  of  both  has  been  termed,  depend 
upon  the  cur  cut  and  pha.se  displacement  in  its  effect  on  the  excitation 
of  a  synchronous  machine.  At  lagging  power-factors  it  will  tend  to 
demagnetise  the  field  of  an  alternator,  rea -hing  its  maximum  de- 
magnetising \alue  at  zero  iKJwer-factor.  At  leading  ]X)wer-factors, 
however,  it  will  tend  to  magnetise  the  field,  reaching  its  maximum 
magnetising  effect  at  zero  leading  jx)wer-fa'jtQr. 

Sin -e  in  an  alternator  the  rotation  is  against,  and  in  a  synchronous 
motor  with,  the  magnetic  attractions  and  repulsions  between  field 
and  armature,  it  is  obvious  that,  whereas  lagging  current  will  de- 
magnetise the  Held  of  an  alternator,  it  will  magneti.se  the  field  of 'a 


s\iichronous  motor. 
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Fig.    1. — Rei-ation    between    Volt.mje    and    Fiki.d-cikrent   Oom- 

I'ONENTS    IX    SVSfHKONOlS    (iENERATOUS. 

The  unit  is  a  steam-engine-driven  thn>e.])hose.  OO-cyele,  .'}0()-revs.  j)er 
min.  Y-connected  nuu-hiiie  rat<'d  at  40  k.v.a.  and  240  volts,  and  operating 
at  full  load  with  a  laggiuL'  ])')wer-fact()r  of  SO  ])er  cent. 

reactance,  as  well  as  the  demagnetising  effect  of  the  armature  current, 
increase  jjrojwrtionally  to  the  load  of  the  machiiu'  or  with  the 
amj^eres  j)er  terminal,  but  whereas  the  ohmic  drop  will  voctoriall}- 
add  (for  a  synchronous  motor  subtract)  in  line  with  the  watt  com- 
ponent of  the  armature  current,  the  reactance  drop  will  vectorially 
add  in  line  with  the  wattless  comiMHient,  or  at  itO  deg.  to  th  ■  vector 
of  the  ohmic  droj).  The  demagnetising  effect  of  armature  curi^ent 
on  Held  increases  the  lower  the  ])()wer-fa<tor. 

In  Fig.  1  the  vector  diagram  is  shown  foracondition  of  full  kilovolt- 
amjjcre  load  at  a  lagging  power-factor  of  80  per  cent.  This  vector 
diagram  refers  to  a  three-phase  machine,  the  commercial  t>>st  curve 
of  which  is  shown  in  Fig.  2.  To  the  terminal  voltage  veetoriallj" 
rej)resented  as  A'o  in  Fig.  I  we  add  in  j)liase  with  the  watt  e(nu])onent 
the  vector  re{)re.senting  the  ohmic  drop.  K,.  I  li^,^  v  y  3,  where  1  — 
amperes  per  terjninal  and  7/,,^- resistance  in  ohms  ]x*r  pha,se.  In 
])hase  with  the  wattless  coiuiMJuent,  or  at  00  deg.  with  K,.,  we  add 
vectorially  the  reactance  droj)  K,  I  \X::\/  ."},  where  A  — reactance 
per  phase  computed  in  ohms. 

The  induced  E.M.F..  A',,  with  an  internal  jihase  disjilaeement.  fl,. 
necessitates,  according  to  the  saturation  of  the  machine,  a  field 
current,  I/^y.  This  field  current  is  required  to  maintain  nornuvl 
voltage  at  the  terminals  compensating  for  the  olimic  and  reartaueo 
drop  at  fidl-load  amperes.  The  demagnetising  effect  nl  the  armature 
current  at  cos  6  iK)wer-factor  may  be  componsatod  for  by  a  certain 
numb(>r  of  Held  ampere-turns  or  Held  amperes.  This  Held  current, 
/w,„.  will  vectorially  add  to  /,  ,  in  i)hase  with  theinduced  E.M.F.  A',. 

♦  Abstract  of  an  article  in  the    "  Electrical  World." 
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Having  detailed  information  a.s  to  the  design,  it  is  ix)ssible  to 
calculate  the  effect  of  the  "  synchronous  reactan-e  "  of  any  alternator 
at  given  kilovoIt-amiH-re  rating  and  jxiwer-factor,  the  result  of  such 
calculation,  however,  being  only  approximately  correct.  A  very 
simjile  test  run.  however,  will  give  the  exact  value  of  the  "  synchron- 
ous reactance  "  at  any  desired  load.  If  an  alternator  be  run  at  short- 
circuit,  it  is  evident  that  the  field  current  neeessarv  for  ge  lerating 
a  certain  current  in  the  armature  coils  i.s  just  the  field  current  required 
for  overconung  the  n>utance  and  maximum  demagneti.sing  effect  of 
this  current.  It  is  obvious,  therefore,  that  the  field  current,  J 
(P'ig.  2).  which  is  the  field  current  at  full-load  current  in  the  sh'orf- 
cinuited  armafun-.  is  the  tield  excitation  necessary  to  overcome  the 
"synchronous  reietAiice"  at  normal  current  no  voltage,  and  will 
give  the  base  jxiint  of  the  zero  j)er  cent.,  full -load-current  power- 
factor  curve. 

H  ihe  full-load  current  saturation  curve  at  zero  per  cent,  power- 
factor  be  taken  as  in  Fig.  2.  we  have  a  simjile  method  of  obtaining  the 
vectorial  values  of  the  reactance  and  deniagnetising  effect.  From 
iwint  r  on  the  zero  ix«r  cent,  power-factor  curve  at  full -load  current 
at  normal  voltage  lay  off  /,=^r</ along  the  mrma!  voltage  line.  Draw 
dfi  i»arallel  to  the  air-gap  .saturation  line.  Then  the  projection  of  da 
on  the  voltage  axis,  or  ah.  represent.^  the  rea?tance  drop  in  volt,<!.  and 
vector  l>r  to  scale  of  field  amfxres  shows  the  field  am]x^res  necessarv 
to  overcome  the  maximum  demagnetising  effect  of  the  fullloaj 
armature  current.  The  Ritio  between  the  no-load  field  current  at 
normal  voltage  and  field  oirrent  at  fiill-Ioad  current  at  short -cinniit. 
or  lo-i-i,  (t'ig-  2),  is  ternuMl  the  normal  short-circuit   ratio  of  the 
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alternator.  Referring  to  the  alternator  test  curve  (Fig.  2),  tlii.s 
ratio  is  IM-t-7-2=1-54,  Jf  an  alternator  .should  .su.stain  a  short- 
circuit  while  excitation  was  .set  at  no  load,  full  voltage,  then  the 
armature  coils  would  b«;  subjected  to  a  current  equal  to  the  .short- 
circuit  ratio  times  full-load  amperes.  It  is  obvious,  therefore,  that 
machines  with  high  short-circuit  ratio  or  clo.se-regulation  machines 
will  be  very  .sen.sitive  to  variations  in  field  excitation,  and  al.so  that 
the  danger  of  ruining  such  a  machine  in  case  of  short-circuit  is  great. 
The  following  excitation  curves  and  data  are  ba.sed  on  lines  of 
60-cycle  machines  of  standard  voltages  up  to  and  inclufling  2,400 
volts,  two-phase  or  three-phase,  having  a  short-circuit  ratio  of  about 
1-6  and  operating  as  already  outlined.  With  a  given  fixed  excitation 
voltage  of  12.'5  volts  at  the  exciter  'bus  bars,  and  keeping  in  mind  that 
the   .synchronous    reactance   and    field    leakage    will   increase    with 
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decreasing  synchronous  speed,  it  is  evident  that  in  order  to  hold  up 
voltage  at  50°C.  and  rated  kilovo It- ampere  load  the  no-load  field 
volts,  or  no-load  field  current  at  normal  voltage  limes  "  cold  "  (at 
25°C.)  field  resistance,  will  not  be  constant  for  all  synchronous  speeds, 
but  will  be  of  lower  value  the  lower  the  speed.     In  Fig.  3  the  no-load 
field   voltage,   /oXi^os'   is   given    at   different  .synchronous  speeds. 
This  curve  is,  of  course,  empirical  and  based  on  experience  with 
lines  of  60-cycle  machines.     Fig.  4  gives  kilowatt  exciter  capacities 
in  percentage  of  the  kilovolt-ampere  rating  of  alternators  at  various 
synchronous  speeds.     These  curves  will  be  of  interest  and  practical 
use  in  estimating,  designing  and  operating.     The  curves  are  also  of 
empirical   nature,    being   based   on   test   results  of   many  60-cycle 
machines  at  different  ratings  and  synchronous  speeds.     They  were 
originated   by  the  writer  in  the  following  way  in  compiling  the 
performance  data  for  a  complete  line  of  60-cycle  machines.     The 
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kilowatt  exciter  rating  in  per  cent,   of  the    alternator    kilovolt- 
ampere  rating  was  plotted  against  the  kilovolt-ampere  rating  of  the 
alternators,  and  the  curves  thus  obtained  at  various  synchronous 
speeds  showed  a  distinct  tendency  to  follow  a  certain  mathematical 
curve.     The  values  were  re-plotted  on  logarithmic  paper  and  showed 
up  as  straight  parallel  lines.     From  these  the  equation  for  kilowatt 
exciter  rating  of  alternators  at  various  synchronous  speeds  was  found 
to  follow  the  law  r=cZ-«  .  Z-'«,wherer  is  the  exciter  capacity  in  per 
cent,  of  kilovolt-ampere  rating  of  alternator,  C  is  found  to  be  1,880, 
/'  is  found  to  be  0-6,  m  is  found  to  be  0-5,  X  is  the  kilovolt-ampere 
capacity  of  altomator,  and  Z  is  the  synchronous  speed  in  revolutions 
per  minute. 


When  the  exciter  cajM-ity  a,ul  the  uo.V^\  tidd  volUge  »  eirm 
^e  can  denve  the  compl.-t.  rhe.,Htat  infomu»tion  -that  t,  " Sl^ 

ai^i^r^ii'SiCir? '-''  ^"^"^  -" '""  '^'^  — -'  ->• 

(l^j  volts),  /i-^j  18  the  field  rcMMance  at  2.'.  '         -   '   f  ('.       •■ 

stant  comi,en.sating  for  mH'.  teniw-rature  r 

teed.     Or  - 

^^2s     12.'-  I-lfK>-I3,l.'i<)^. 
The  •■  cold   •  field  resistance  in  ohm«  of  alt.-mator  field,  ..f  ,!:f7..r...,. 
kilovolt-am,>ere  capacities  and  8ynchronou«  8pe*d*  of  tl 
are  given  II  the  form  of  curves,  and  the.        •        >       ■ 
resistance  R^ ,  was  found  in  the  n^ime  u 

/?2  5 = 0-695  /  r.  p.  m.  »••  X  k.T.»,-«-*. 
where  r.,,.m.  is  (he  synchronous  s,««.d  and  k.v.a.  the  ca^iecitvof  th^ 
alternator.     Further,  /„  x  R.,.^  ^m  lx>  found  ' 
Tnerefore,  /„,  the  no-load  field  current  of  alt. 
ara  given   for  the  no-load   field  current  of  altematom  of  ra 
kilovolt-ampere  capacities  and  synchronous  spc-iU. 

/o  =  37-.)/  r.p.m."*     k.v.a."'. 
Knowing  the  ^  hot  "  Held  resistance  \Uifi,,  and  the  exciter  voltas- 
at  the  collector  rings  (120  volts,  allowing  o  volts  drop  in  the  bru- 
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the  full  field  or  maximum  field  current  (/„j„,)  evidently  may  be  com- 
puted for  the  same  line  of  alternators. 

/,„„,=- 1 20/i?., ,  X  1-19=  100-75  i?js. 

Curves  for  I,n^^,  plotted  from  the  equation 

^mav  =  1^5  X  r.p.m.-"®  X  kv.a."-* 
are  given  by  the  author. 

Thus  far  the  discussion  has  been  confined  largely  to  altematora. 
The  excitating  curves  apply,  of  course,  equally  well  to  synchronotM 
motors  operating  at  leading  or  imity  power  factor.     The  fact  that 
the  synchronous  motor  may  be  operated  at  leading,  unity  or  laggint: 
power  factor  by  varying  its  excitation   niivkes   it   a   verj-  intoresl- 
jng  machine.     The  electrical  projjerties  of  the  synchamous  motor 
are  .so  splendidly  demonstrated  and  simplified   in   the  V  curvt^s, 
showing  its  phase  characteristics,   that    the  writer   deems  it    ad- 
visable to  discuss  them.     Fig.  5  gives  the  tested  V  curxTs  of  • 
20  k.v.a.  360  revs  per  min.  svnchronous  motor,  the  > 
results    being  reproduced  in   Fig.   6.      The    phase 
are  curves  showing  ihe  niiniinum  vsUue  of  the  armature  current 
when  the  motor  is  carrying  a  certain  kilowatt  Kwd  at  a  certain  field 
excitation.     They  are  V-shajxd  curves,  lieing  nKm>  juid  inorv  pointed 
the  less  kilowatt  or  mechanical  load  the  motor  is  carrj-iiig.     When 
the  sjnichronous  motor  is  carrying  a  certain  tnechaniojU  load,  and  its 
field  current  is  regulated  to  draw  minimum  ampon^s  from  the  line 
at  this  load,  then  the  motor  is  oiierating  at  unity  }xiwer  factor.     The 
V  curves  show  that  thei-e  is  a  very  small  variation  of  field  current  at 
different  loads  at  100  per  cent,  jxiwer  factor.     Furthermort\  as  the  V 
curves  become  flatter  and  flatter  at  inoreasetl  load  they  show  that 
the   higher   the   synchronous   ivactan?e   (and    thus   the   armature 
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reactanre'of  the  S3Tichronous  motor)  the  less  sensitive  is  the  syn- 
chronous motor  to  a  change  of  field  current  or  of  impressed  E.M.F. 

Another  interesting  feature  shown  by  the  no-load  V  curve  is  the 
value  of  line  current  a  synchronous  motor  will  draw  with  no  field 
excitation.  Referring  to  Fig.  5,  the  motor  would  draw  approxi- 
mately 24  amperes,  or  125  per  cent,  of  normal  amperes,  when 
running  at  .synchronous  speed  full  voltage  but  no  field  excitation. 
This  line  current  it  is  of  interest  to  know,  because  it  is  the  current  the 
motor  will  draw  from  the  line  after  being  started  up  and  reaching 
sjTichronous  speed  but  before  the  field  switch  is  closed.  Knowing 
the^saturation  curve  at  no  load  and  also  at  full-load  current  at 
approximately  zero  per  cent,  leading  power  factor,  the  line  current 
drawn  by  the  motor  at  synchronous  speed  but  no  field  excitation 
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may  be  found  by  construction  in  the  following  way :  The  full-load 
current  saturation  curve  at  approximatel}-  zero  per  cent,  lagging 
power  factor  (Fig.  6)  may  be  found 'bj'  moving  the  triangle  aibiC^, 
equivalent  to  triangle  abc,  that  represents  the  same  quantities  already 
discus.sed  in  Fig.  2,  in  such  manner  that  point  c  follows  the  no-load 
.saturation  curve,  and  the  base  line  be  always  remains  horizontal. 
The  intersection  of  the  full-load  current  saturation  curve  at  approxi- 
mately zero  per  cent,  lagging  power  factor  with  the  ordinate  repre- 
.senting  the  voltage  axis  evidently  gives  the  impressed  E.M.F.  at 
Avhicli  the  motor  would  draw  normal  current  from  line  with  no  Held 
excitation.  If  line  a/ci'  is  drawn  parallel  to  line  a^r^  through  the 
normal  voltage  point  on  the  voltage  axis,  then  the  line  current  the 
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motor  would  draw  at  normal  voltaic  l>ut  with  no  Held  ex  itatidii 
would  be  tti'ci-i-aiCi  times  normal  amiwres. 

M'Neglecting  the  saturation  of  the  magnetic  circuit,  a  syinliroiious 
motor  running  on  any  voltage  at  synchronoiis  sjx'cd  without  excita- 
tion^will  draw  a  current  from  the  line  equal  t^)  the  short-circuit 
current  when  run  as  a  generator  with  field  exoitalion  rorros]XMuling 
to  the  above-mentioned  o{HMi-circui(  voltage.  Should  the  s^'uchro- 
noua  motor  take  its  excitation  from  the  generator  system  exciter 
'bus  bars,  which  arc  n>gulat(>d  by  a  Tirrill  regulator,  then  it  can  easily 
ho  computed  what  will  happen  to  the  oin-ration  of  the  .synchronous 


motor  if  the  excitation  voltage  should  drop  or  rise  in  value,  which  will 
occur  during  load  changes  on  the  generating  system. 

For  example,  referring  to  Fig.  .5.  the  motor,  when  operating  at  100 
per  cent,  power  factor  with  a  power  output  of  100  per  cent,  of  normal, 
has  a  field  current  of  9-5  amperes.  Should,  now,  the  excitation 
voltage  drop  28  per  cent.,  or  the  voltage  of  the  exciter 'bus  bars  drop 
from  12.3  volts  to  90  volts,  and  the  .setting  of  the  field  rheostat  and 
the  power  output  of  the  sjTichronous  motor  remain  unchanged,  the 
field  current  of  the  motor  wUl  drop  to  6-8  amperes.  The  motor 
would  draw  21-1  amperes  from  line  or  ojjerate  at  full  power  output 
at  approximately  90  per  cent,  lagging  power  factor.  Similarlj',  with 
a  rise  of  the  exciter  voltage,  the  motor,  carridng  the  same  mechanical 
load  as  before,  would  settle  down  to  operation  at  a  certain  leading 
power  factor.  ' . 

If  the  sjTichronous  motor  be  excited  from  its  own  exciter,  either 
directly  driven  or  belt  driven,  then  the  excitation  voltage  of  the 
motor  would  not  be  disturbed  unless  the  frequency  of  the  line  cur- 
rent should  change.  If  frequency  and  excitation  voltage  remain 
constant  and  the  field  excitation  of  the  synchronous  motor  be  set  for 
full-  oad  100  per  cent,  power  factor,  then  if  the  load  on  the  motor 
shou  Id  A-ary  its  power  factor  would  var}'  as  sliown  in  Fig.  7. 

If  the  .synchronous  motor  be  installed  at  the  end  of  a  long  trans- 
mission line,  with  or  without  step-down  transfonners  at  the  plant, 
it  is  then  obvious,  barring  resonance  effects,-  that  the  recei\ing 
voltage  at  the  motor  end  is  considerably  lower  than  the  generating 
station  voltage,  owing  to  the  imjiedance  drop  in  the  line  and  the 
regulation  of  the  transformers.  The  .s^-nchronous  motor  might  or 
should  in  this  case  be  over-excited  to  compertsate  for  this  voltage 
drop  ;  and,  in  fact,  synchronous  motors  are  used  as  voltage  regu- 
lators at  the  receiving  end  of  the  line.  If  the  impedance  drop  of  the 
line  be  heavy  and  the  motor  subjected  to  fluctuating  power  load, 
then  its  excitation  might  be  regulated  by  a  Tirrill  regulator.  keei)ing 
constant  voltage  at  the  terminals.  In  regulating  the  excitation  of  a 
.synchronous  motor  with  a  Tirrill  regulator  it  is  to  be  recommended 
that  exciters  of  the  laminated-pole  #onstruction  and  with  interpoles 
be  used,  as  exciters  of  this  construction  %\ill  more  readily  respond 
to  the  instantaneous  exciter  voltage  change,  a  feature  needed  for 
synchronous  motors. 


THE  PROBLEM  OF  VOLTAGE  TRANSFORMATION.* 

BY  DR.  F.  SCHROTER. 

The  following  has  reference  to  the  question  of  working  "  weak 
current  "  networks  from  a  central  station,  supplying  light  and  jxiwer. 
Under  "  weak  current  "  installations  are  included  all  kinds  of  electric 
bells  and  telephones,  signalling  devices,  such  as  are  used  in  factories, 
hotels  and  large  steamers,  also  telegraj)hic  appsvratus.  and  many 
similar  circuits,  ordinarily  fed  from  ])rimary  batteries.  Usually 
Leclanche  or  dry  cells  are  used :  for  telegraphic  work  Meidinger 
elements  are  largely  employed.  But  there  are  many  known  draw- 
backs to  primary  batteries.  Inventors  ha>-e  often  tried  to  displace 
the  jmrnarv  battery  by  using  the  central  station  supply  instead,  and 
attempts  of  this  kind  fall  mainly  under  four  heads,  viz..  (1)  inductive 
devices  with  transformer  coils  :  (2)  the  use  of  condensers  :  (3)  the 
u.se  of  voltage-distributors  ;  (4)  the  use  of  vacuum  discharge  tubes. 
It  is  with  (4)  that  the  present  Pajx^r  is  mainly  concerned.  The  in- 
ductive method  of  (1)  has  long  l)een  employed  with  alternating 
current  in  the  well-known  "  reduotor  "  transformers.  They  give 
four  to  eight  volts  on  the  .secondarv  side,  and  can  be  jxTmanently 
joined  to  the  network  without  a  loss  exceeding  1  watt.  In  the  so- 
called  "  bell  ""  transformer,  with  direct  current  and  an  automatic 
breaker,  it  has  often  ingeniously  IxH'n  projKvsed  by  means  of  rela\*s 
and  such-like  devices  to  generate  a  pulsating  current,  which  might 
be  suitable  for  n  low-voltage  circuit.  Hut  these  plans  are  not  simple 
enough  to  be  effective.  Condensers  stop  the  direct  current,  but  allow 
alternate  curri'nt  to  ])ass.  Then'fon-.  if  condensers  are  to  lie  n.se<l. 
there  must  be  a  dilTerence  in  the  arrangement  of  the  connections  in 
1  he  two  cases.  With  direct  current,  the  condenser  is  charged  on  the 
high  voltage,  and  then  discharged  through  the  low-voltage  circuit. 
Kelavh  can  be  dcvi.sed  which  do  this  automatically  ;  but  though  the 
general  principle  reniauis  the  same  in  all  ca.se8,  each  j>articnlar  ca«e 
rcijuiivs  a  n'-arrangement  of  the  details  or  of  the  adjust  ments.  There 
arc.  however,  certain  cases  mIumt*  (onden.sers  can  Im^  usc<1  effectively 
on  alternating  current.  A  condenser  will  let  through  a  certain 
d(>linite  current,  which  may  l>e  adjusted  in  any  particular  case  to 
suit  lamps  of  low  \oltages  :  but  safety-devices  are  needed  to  guard 
against  shocks  and  defects  in  the  insulation  :  conaeque  itly  this  plan 
can  only  be  used  in  exceptional  cases.     From  whatjhas  been^said, 
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it  can  be  seen  that  there  are  still  gaps  to  be  filled,  and  that  there  is 
room  for  iin])roveinent.s.  It  may,  therefore,  be  well  to  descmbc  fhc; 
apparatus  manufactured  by  the  Hydra  Company,  of  Charlottcnburg, 
which  empioys'vacuum  tubes.  Vacuum  lightning  conductors  have 
been  used  which  allow  voltages  above  .'500  to  pass  through  to  earth. 
T^iitely  more  sensitive  tubes  have  beea  described,  which  allow 
\()ltages  even  less  than  150  to  pass  through.  These  tubes  have  a 
negative  electrode  consisting  of  sodium  or  potassium,  and  aie  filled 
A\ith  argon,  helium  or  neon  at  a  pressure  between  1  mm.  and  'i  mm. 
These  gases  are  nowadays  to  be  obtained  cheaply  as  by-products  in 
the  manufacture  of  liquid  air.  These  tubes  are  very  suitable  for 
allowing  currents  of  definite  strength  to  pass  through  to  the  low- 
voltage  circuit.  In  this  case  it  is  certainly  necessary  to  join  one 
terminal  of  the  low-voltage  circuit  to  the  bare  neutral  conductor  of 
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Fig.  1. — Thk  Vacuitm 
Tube,  xised  as  a  Valve. 


Fig.    2. — Diagrammatic    Outline   of  the 

Connections  to  a  Bell  Circuit  through 

A  Vacuum  Tube,  used  as  a  Valve. 


the  high-pressure  supply.  If  there  is  no  bare  neutral  conductor, 
then  difficulties  certainly  arise,  which  cannot  be  at  the  moment 
discussed.  If,  now,  we  consider  two  conductors  maintained  with  a 
pressure  of  220  volts  between  them,  let  us  imagine  them  to  be  con- 
nected through  one  of  these  vacuum  tubes  in  series  with  a  resistance 
of  about  1,000  ohms.  A  gloAv  discharge  will  take  place,  through 
Avhich  a  small  current  passes,  the  voltage  at  the  terminals  of  the  tube 
bemg  high.  This  depends  on  the  fact  that  there  is  a  fall  at  the 
cathode  which  varies  according  to  the  load  from  85  to  150  volts. 
The  following  table  gives  an  outline  of  the  characteristic  phenomena 
of  such  a  tube. 

Table  I. — Giving  thf.  Voltage  of  the  Glou^  Discharge  in  a  Tube  Filled  icilh 
Neon  and  HcJiuni  to  a  Pressure  of  3  mm.,  with  a  Cathode  of  Polassiinn. 
Volts.  Milliampcre.s. 

100  1-8 

108  5-6 

115  10-5 

123  37-7 

128  470 

133  .56-7 

1.39  76-1 


31  (arc)  1750 

If  the  current  rises  above  a  certain  amount,  the  cathode  volatilises, 
and  an  arc  results.  The  voltage  over  the  tube  falls  considerably, 
and  the  current  rises.  The  current  is  carried  partly  by  the  gas  and 
partly  by  the  cathode  vapour.  Currents  of  2  amperes  and  more  can 
be  passed  continuously  through  tubes  such  as  those  shown  in  Fig.  1 . 
Here  2  is  an  iron  anode  ;  3  is  the  cathode  consisting  of  a  fused  alkali- 
amalgam  ;  6  and  7  are  the  fused  tips  through  which  the  evacuation 
and  filling  of  the  tube  take  place.  We  see  that  so  long  as  there  is  a 
glow  discharge  in  the  tube,  this  takes  the  greater  part  of  the  voltage  ; 
the  resistance  of  the  tube,  liowever,  varies  considerably  with  the 
external  resistance. 

These  facts  explain  the  principles  on  which  apparatus  can  be  con- 
structed and  connected  to  the  supply  network.     Fig.  2  gives  the 
outline,  and  supposes  a  bell  to  be  connected  to  a  network  supplying 
220  volts.     The  vacuum  tube  1  takes  190  volts,  and  is  in  series  mth 
a  resistance  2,  the  bell  being  connected  as  shown  and  taking  the 
[remaining  30  volts.     A  fuse,  4,  is  added  by  way  of  precaution,  and 
Iwould  come  into  operation  if  any  part,  such  as  the  bell  or  resistance, 
rere  accidentally  short-circuited.     The  amount  of  power  that  is 
^roken  at  the  switch  contacts  is  so  small,  as  the  author  shows  by  the 
>nsideration  of  a  special  case,  that  there  is  no  danger  to  be  appre- 
kended  from  sparking  at  the  contacts,  provided  the  fuse  is  so  pro- 
jrtioned  that  it  blows  as  soon  as  an  arc  starts  in  the  tube. 
We  can  now  consider  cases  in  which  this  idea  is  praoticall}'  applied. 
Let  us  suppose  it  is  a  question  of  lighting  up  a  signal  lamp  from  different 
points,  the  wiring  and  switch  contacts  at  the  various  points  being 
on  the  same  scale  as  that  at  present  usual  for  signals  operated  by 


primary  batteries.     'Ihe  lamp  may  be  mppMnJ  to  Ac  .or.r.r.'t«J  t.> 
the  mains  through  a  conta-t  which  m  operatwl  by  a  1  -tanc» 

relay.     This  relay  i.s  in  wrif;H  with  t'  ■    '.  ;  ,^ 

resistance  of  reasonable  amount,  •  _  .^ 

mains,  and  this  circuit  Infing  cr)inplfrte  in  itwif  and  totally  inde- 
pendent of  the  lamp  circuit,  exw-pt  in  '  -  -'  -  •  '«-rat««l 
by  the  relay  is  concerned.  Then  a  h«.ti  tngi-d 
so  that  at  any  of  these  jxiint.s  the  auxi)i;ir\-  p  rt- 
circuited.  This  short-circuiting  of  the  ;i'ixili;if .  .•  .© 
the  effect  of  increasing  the  current  through  the  t  .  ,  ; 
and  whereas  the  relay  und<T  norjnal  conditions.  f« 
conta''t,  this  increase  of  current  lifts  it.s  armature, 
and  so  lights  the  lamp.  The  various  parts  of  th«- 
portioned  that  the  voltage  a -ross  the  a'ixiliar\-  n  -  -  ,i 

exceed  30.     The  current  flowing  in  the  tuU-,  iuid  .o:;     , ^  to 

the  glow  discharge,  has  the  remarkable  property  that  none  of  the  ^m 
is  occluded,  and  the  tube  does  not  l<e'-ome    "  hani  "  an  be 

used  continuously  for  a  very  great  length  of  time,      j  .       •ihort- 

circuiting  contacts  can  be  arranged  anywhere,  and  then-  can  be  aa 
many  of  them  as  is  desired.     This  and  vn-l  ' 

application  of  the  principle  arc  d«>scriljed  in  . 

means  of  diagrams,  which  show  the  connections.  'ITius  there  is  the 
case  in  which  a  battery  is  charged  through  one  of  thes»  '  'he 
charging  current  being  small  in  amount  a-id  being  pa.s.*  ;U- 

ously  through  the  battery,  .so  as  to  avoid  the  necessity  of  any  super- 
vision during  the  charging.  The  batterv-  itself  is  used  for  furr  "^  r 
current  to  same  low-voltage  circuits.  Installation.s  of  thU  k. 
often  used  on  railway  signalling  circuits.  The  whole  of  an  installa- 
tion of  this  kind  consists  of  a  fuse  in  series  with  the  vacuum  tube  and 
a  considerable  resistance  and  the  batterj-,  the  whole  being  joined  to 
the  mains  ;  the  low-voltage  circuits  are.  of  course,  connected  across 
the  battery.  An  arrangement  of  this  kind,  as  shown  in  Pig.  3,  can 
be  used  to  charge  batteries  from  alternate  current  mains.  The  tube 
1  acts  as  a  rectifier.  It  is  desirable  to  surround  the  anode  with  an 
insulating  tube,  which  prevents  the  formation  of  cathodic  discharges 
on  this  electrode.  If,  however,  the  tube  is  narrowetl  somewhat  in 
the  neighbourhood  of  the  anode,  this  of  it.self  is  sufficient  to  suppress 
the  one-half  period  of  the  alternate  current.  The  efficiency  even  in 
the  crudest  arrangement  is  about  40  per  cent.,  and  this  is  quite 
sufficient  when  one  remembers  that  simplicity  and  convenience  are 
much  more  important  in  such  cases  than  efficiency.  A  conden.ser 
is  shown,  connected  up  as  a  protective  deWce.  The  following 
particulars  may  be  of  interest,  and  relate  to  an  installation  which 
has  been  found  to  work  quite  steadily,  and  which  is  entirely  un- 
affected by  the  current  which  is  taken,  from  time  to  time,  from  the- 
batterv.     There  are  five  small  lead  accumulators,  which  are  con- 
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FiG.  3. — Showing  the  Tube  used  as  a  Rectifier,  the  CoxxEcrross 
being  made  so  that  a  Battery  can  be  Charged  CoxTtxrorsLT. 

nected  to  a  vacuum  valve-tube,  which  is  in  series  with  a  resistance 
of  200  ohms,  the  whole  being  connected  to  an  alteniate-cunvnt 
network,  giving  120  volts.  Under  these  conditions  the  effective 
current  in  the  circuit  was  about  30  milliamperes.  while  the  current, 
charging  the  cells,  and  measured  on  an  instrument  with  a  nwving^ 
coil,  was  12  milliamperes. 

Low-voltage  installations  can  be  worked  verj-  efficiently  on  these 
principles,  in  spite  of  the  fact  that  only  a  small  piirt  of  the  applied 
voltage  is  really  used  ;  it  is  in  fact  more  economical  liian  primary- 
batteries,  or  accumulators,  which  need  constant  su[x>rvision.  esjie- 
cially  in  cases  where  large  installations  are  concerned.  The  more 
the  apparatus  is  used  the  more  efficient  it  is,  sooing  that  the  Ki(«»» 
then  form  a  smaller  j)ercentageof  the  whole  of  the  energy  con.*umetL 
This  method  has  the  advantage  of  transmitting  quite  autonmtically 
the  energy  received  from  the  high-pressure  network  to  that  working 
at  low  pressure,  and  the  amount  of  current  taken  on  the  low-volta^^ 
side  does  not  affect  the  working  of  the  system.  The  general  amuige- 
ments  are  similar  in  all  cases,  and  there  is  a  steady  output  of  con- 
tinuous current.  For  these  and  other  reasons,  it  seems  likely  that 
this  type  of  device  will  find  an  extended  field  in  the  future  :  it  is 
already  doing  useful  work,  and  has  been  for  the  last  two  years  on  the 
market. 
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ELECTRICAL  OSCILLATIONS  FROM  MERCURY  VAPOUR 

TUBES.* 


BY    BENJAMIN    LIEBOWITZ. 


Summary. — An  outline  of  the  thcoiy  of  a?c  oscillation  is  given,  the 
subject  is  niatheniatically  examined,  and  further  experiments  with 
mercury  vapour  tuhts  in  a  Di ddell  circuit  are  described. 


Preliminary  Theoretical  Considerations  and  Experiments. — As  is 
well  known,  there  are  three  types  of  arc  oscillations  usually  referred 
to  as  first,   second,   and   third   kinds  respectively.     Xasmyth   has 
proposed  the  names  "  Duddell,"  "  Poulsen,"  and  "  Wien  "  oscilla- 
tions,  which  will   be   adopted   here.     In   Duddell  oscillations,   the 
•condenser  current  is  smaller  in  amplitude  than  the  direct  current 
supplied  ;    hence  the  total  arc  current  is  always  greater  than  zero. 
Poulsen  and  Wien  oscillations  consist  of  condenser  discharges  of 
relatively  large  amplitude,  alternating  with  periods  of  extinction  of 
the  arc.     In  Poulsen  oscillations  the  condenser  discharges  are  single 
unidirectional  pulses,  whereas  in  Wien  oscillations  the  discharges  ore 
•of  the  usual  damped  oscillatory  form.     Only  the  last  two  types  of 
■oscillations  will  be  considered  in  this  Paper. 

The  voltage  fluctuations  across  an  oscillating  arc  gives  rise  to 
.periodic  variations  in  the  supply  current,  and  these,  though  small, 
^re  of  fundamental  importance. 

A  typical  diagram  of  connections  is  shown  in  Fig.  1.  E  is  the 
source  of  direct  current,  RiRo  ^^'^  series  resistances,  LjLg  series 
inductances,  and  A  is  any  suitable  arc,  such  as  a  Poulsen  or  Lepel 
arc.  Condenser  C",  inductance  I  and  resistance  r  comprise  the 
•oscillatory  circuit,  which  is  controlled  by  the  switch  Q. 

Suppose  that  switch  Q  is  open  and  that  the  direct  current  is 
•flowing  steadily  through  the  arc.  Upon  closing  Q  the  arc  is  ex- 
tinguished, and  the  inductances  L^Lj  begin  to  discharge  their  stored 
energy  into  the  condenser ;  i.e.,  the  supply  current  decreases  and  the 


R,  L, 


current  decreasing  ;  (2)  arc  conductive,  condenser  discharging,  supply 
current  increasing  due  to  action  of  impressed  E.M.F. 

It  is  readily  seen  that  in  both  tyi)es  of  oscillations  the  decreases 
in  the  supply  current  must  be  greater  than  the  increases  during  the 
first  cycles,  and  therefore  that  the  supply  current  must  suffer  a 
jjermanent  reduction.  But  if  a  steady  state  of  oscillation  is  to  be 
reached  the  increases  in  the  supply  current  must  eventually  com- 
pensate for  the  decreases. 

Preliminary  Experiments. — The  foregoing  considerations  indicate 
that  the  successful  utilisation  of  the  mercurv'  vapour  arc  in  a  Thomson 
(or  Duddell)  circuit  might  possibly  resolve  itself  into  a  question  of 
merely  putting  a  sufficiently  large,  properly  constructed  inductance 
in  series  with  the  tube. 

The  diagram  of  connections  is  that  showii  in  Fig.  1.  The  con-, 
denser  C  in  the  oscillatory  circuit  was  varied  from  2  X  10~®  to  2  x  10-' " 
farads,  approximately,  the  inductance  I  from  the  lowest  values 
(inductance  of  the  leads)  up  to  about  0-006  henri-.  The  switch  P 
was  used  in  starting  the  tube  by  tilting  so  as  to  make  contact  between 
the  starting  anode  and  the  cathode  in  the  usual  manner.  At  times 
the  starting  anode  was  used  as  an  operating  anode,  either  alone  or  in 
conjunction  with  the  regular  anode.  The  sujjply  voltage  E  was 
240  in  the  first  tests,  but  later  this  w^as  rai.sed  to  500  and  then  to  750 
volts.     The  supply  current  ranged  from  about  0-5  to  about  2-5 


r  I 


Fig.  1. 


Fig.  2. 


condenser  voltage  increases.  This  continues  till  C  attains  the  spark- 
ing voltage,  whereupon  the  arc  becomes  conductive,  and  allows  the 
imi^ressed  E.M.F.  to  increase  the  supply  current  toward  its  original 
value.  If  the  oscillations  are  of  the  Poulsen  tyjie  the  arc  remains 
conductive  only  long  enough  for  the  condeUvser  circuit  to  execute  one 
half  swing,  at  the  end  of  which  the  arc  is  again  extinguished  and  the 
condenser  is  charged  to  a  negative  voltage  smaller  than  the  sparking 
jjotcntial.  The  energy  left  in  the  condenser  is  now  returned  to  the 
supply  circuit,  andtlie  supjily  current  therefore  continues  to  increase 
till  the  condenser  voltage  is  reduced  to  zero.  This  completes  the 
Poulsen  cycle,  for  energy  now  Hows  from  the  series  inductances  into 
the  condenser  until  the  sparking  potential  is  reached  again,  &c. 
Hence,  this  cycle  may  be  divided  into  three  periods:  (1)  arc 
extinguished,  condenser  voltage  increasing  from  zero  to  positive  maxi- 
mum, supply  current  decreasing  ;  (2)  arc  conductive,  condenser  dis- 
charging, supply  current  increasing  due  to  action  of  impressed  PIM.F.; 
(3)  arc  extinguished,  condenser  voltage  increasing  from  negative' 
maximum  to  zero,  supply  current  increasing  due  to  action  of  im- 
pressed E.IM.F.  and  reversed  condenser  E.M.F. 

In  oscillations  of  the  Wien  type,  as  in  the  preceding  case,  the  ex- 
tinction of  the  arc  is  followed  by  a  decrease  in  the  supply  current  and 
ii  rise  of  the  condenser  voltage  to  (lie  sparking  potential  ;  I)ut  the 
ensuing  discharge  is  now  of  the  usual  damped  oscillatory  form. 
During  the  discharge  the  arc  is  conductive  and  therefore  allows  the 
impressed  E.IM.F.  to  increase  the  siipply  current  toward  its  original 
value.  When  the  energy  initially  given  to  the  condenser  is  j)ractically 
all  dissipated  or  radiated  the  discharge  ceases  and  the  arc  becomes 
non-conductive  again.  The  conelenscr  then  receives  energy  from  tl  e 
series  inductances  till  the  sparkuig  potential  is  reached,  as  before,  uid 
the  cycle  repeats  itself.  Hence  this  cycle  may  be  divided  into  two 
stages:     (1)    arc   extinguished,    condenser    voltage    rising,    supply 

*  Abstract  of  a  I'aper  contributed  to  tlie  '"  I'liysicnl  Review." 


amjieres,  but  in  most  of  the  tests  it  was  in  the  neighbourhooel  of 
1  ampere.  The  total  value  of  the  series  inductance  was  approxi- 
mately 5  henries.  This  was  composed  of  10  coils  arranged  coaxially 
so  as  to  get  the  greatest  mutual  and  hence  maxinmm  total  inductance. 
These  coils  had  an  inside  diameter  of  23-5  cm.,  an  average  outside 
diameter  of  32  cm.,  and  an  average  width  of  5  cm.  The  tubes 
experimented  with  varied  from  a  small  mertury  quartz  lamp  to  a 
rectifier  bulb  25  cm.  in  diameter.  In  some  of  the  tests  the  bulbs 
were  cooled  by  immersing  them  in  oil  ;  in  others  they  were  warmed 
by  lirst  passing  large  currents  through  them  ;  in  others  still,  no 
attempts  were  made  to  control  the  tem|X'ri.ture. 

All  efforts  to  generate  steady  oscillations  in  these  experiments 
failed.     A  mathematical  investigation  was  therefore  undertaken. 

The  equation  Ld^qdt--\-Mq,dl^qiC=E  is  then  applied  to  the 
problem  on  the  assumptions  that  the  transition  from  the  non- 
conducting to  the  conelucting  state  of  the  arc  is  practically  instan- 
taneous, when  conducting  that  Ohms  law  is  obeyed,  and  that  the 
series  inductance  m  large.  The  results  obtained  were  that  the  average 
counter  E.IM.F.  P  is  given  I)V  P=J(i'o~'i)  (I  AT),  that  the  moan 
value  of  the  supply  current  must  be  >\E  li.  The  efficiency  cannot 
exceed  50  j)er  cent.  For  steady  oscillation  the  supply  volts  must  be 
>(ro-f-r,)  (1-f  A'),  where  Vq  is  the  breakdown  voltage  r,  is  the 
resiciual  voltage,  A"  is  the  ratio  of  time  of  discharge  to  time  of  charge 
of  condenser. 

The  author  then  maele  some  exi>eriments  with  mercury  vapour 
tubers  in  a  Duddell  circuit.  I'p  to  the  pre.-<cn(  these  effort*!  have  not 
been  very  successful,  but  the  writer  is  still  of  the  opinion  that  steady 
oscillations  can  be  obtained  in  thi.s  manner. 

.1  Dniible  cathode  Oscillator. — The  arrangement  of  the  ajiparatus 
is  shown  diagram  mat  ically  in  Fig.  2.  A  mercury  va{>our  tul)e,  T, 
is  provided  with  two  mercury  cathodes.  K,  and  Kj.  and  an  irem  or 
graphite  anode,   A.     The  cathodes  are  comiected   to  the  negative 
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terminal  of  the  liigli-voltage  generator  E  through  their  respective 
inductances  L^  and  L^  and  resistances  Rj  and  R.,-  The  anode  is 
connected  to  the  positive  terminal  of  E  through  the  inductance  L:,. 
Between  the  cathodes  is  connected  the  oscillatory  circuit,  consisting 
of  inductance  I,  condenser  C.  resistance  r  and  switch  Q. 

To  facilitate  the  starting  of  the  discharges  the  switch  P  is  pro- 
vided, which,  if  throwii  to  the  right,  connects  cathode  Kg  to  induc- 
tance L.,,  and  if  throwni  to  the  left  connects  K,  to  anode  A.  When 
the  switch  is  in  the  latter  position,  K,  is  an  anode  ;  the  discharge 
from  cathode  K^  can  therefore  be  started  by  tilting  the  tube  in  the 
usual  manner.  After  this  has  been  done  the  switch  P  is  thrown  to 
the  right  and  the  tube  is  again  tilted,  which  starts  the  discharge 
through  Kj  without  extinguishing  that  through  K^.  During  these 
initial  operations  the  switch  Q  controlUng  the  oscillatory  circuit 
should  be  kept  open.  If  the  inductances  Lj  and  L,  are  sufficiently 
large,  and  if  they  have  not  too  much  distributed  capacity,  the 
parallel  discharges  betM  een  the  two  cathodes  and  the  common  anode 
are  veiy  stable. 

When  the  switch  Q  is  closed  the  stability  of  the  parallel  discharges 
is  destroyed,  and,  if  the  necessary  conditions  are  fulfilled,  steady 
oscillations  are  obtained.  As  in  the  previous  case,  the  oscillations 
may  be  divided  into  two  classes,  one  analogous  to  Poulsen's,  the 
other  to  Wien's. 

The  oscillations  described  are  of  nearly  pure  sine  shape  ;  they  are, 
therefore,  analogous  to  Poulsen's  only  in  that  the  sparking  potential 
is  the  same  for  each  h;df  swing.  The  sparking  potential,  however. 
need  not  be  the  same  for  each  half  oscillation,  for  the  first  rush  of 
current  may  ionise  the  vapour  so  highly  as  to  permit  several  suc- 
cessive discharges  to  pass  before  the  tube  regains  its  sparking 
potential.  We  have,  therefore,  a  new  kind  of  oscillations,  which  are 
analogous  to  Wien's.  In  other  respects  these  oscillations  are  the 
same  as  the  preceding. 

Experimentally,  the  oscillations  generated  were  always  of  variable 
amplitude,  and  the  frequency  of  the  amplitude  variations  was  above 
audibility.  This  was  determined  by  coupling  the  oscillatory  circuit 
very  loosely  to  an  Armstrong  receiver  and  observing  the  character  of 
the  sound  produced.  If  the  oscillations  had  been  of  constant 
amplitude,  a  clear  note  would  have  been  generated  in  this  receiver ; 
actually,  however,  such  a  note  was  obtained  but  rarely,  and  then 
for  short  intervals  of  time  onh'.  Upon  changing  the  receiver  over 
into  the  ordinary  audion  type  the  sound  produced  was  a  steady  hiss, 
indicating  that  the  frequency  of  the  variations  in  amplitude  was 
Above  audibility. 

Experimental  Details. — The  range  of  capacities  employed  was 
from  0002  nifd.  to  00002  mfd.  approximately,  hence  the  ratio  IjC 
varied  between  10'^  and  lO** ;  these  are  extremely  high  values.  But 
large  ratios  of  IjC  cause  corresponding  reductions  in  the  oscillatory 
currents,  which,  in  consequence,  did  not  exceed  1-25  ampers  (root 
mean  square  value)  in  the  present  experiments.  This  does  not 
necessarily  mean  a  small  available  high-frequency  current,  however, 
for  by  closely  coupling  the  oscillatory  circuit  with  another  having  a 
much  smaller  ratio  of  IjC,  the  available  current  can  be  multiplied 
many  times. 

The  author  discusses  some  experimental  details  and  states  : — 

It  is  not  the  purpose  of  this  Paper  to  enter  into  the  much  discussed 
topic  of  the  frequency  of  arc  oscillations  further  than  to  give  the 
results  of  measurements  on  the  frequency  of  the  present  oscillator. 
These  measurements  did  not  go  above  80,000  cycles  per  second, 
because  regular  oscillations  could  not  be  obtained  with  an  uiductance 
much  smaller  than  0-020  henry.  The  lower  limit  of  the  measure- 
ments was  50,000  cycles,  as  this  was  the  lowest  value  for  which  the 
wave  meter  was  calibrated  ;  hence  the  frequency  observations  are 
confined  to  a  rather  narrow  range.  Although  its  power  and  efficiency 
have  been  very  low  up  to  the  present  time,  the  general  behaviour  of 
the  oscillator  indicates  that  it  is  excellently  adapted  for  very  large 
powers. 

At  first  sight  it  would  seem  that  the  double-cathode  method 
described  here  is  but  a  slight  modification  of  the  parallel  arc  oscillator 
of  Duddell  and  of  Nasmyth.  It  is  shown  in  the  Paper  that  the 
difference  depends  on  the  fact  that  in  this  method  the  oscillator}' 
current  passes  directly  between  the  cathodes,  whereas  in  the  parallel 
arc  method  it  passes  through  the  arcs  in  series.  The  latter  is,  there- 
fore, suitable  for  Duddell  oscillations  only. 


HORIZONTAL  LUFFING  CRANE  WITH  BALANCED  JIB. 


I 


Vacuum  Fused  Iron. — A  Paper  on  "  Vacuum  Fused  Iron, 
with  Special  Reference  to  the  Effect  of  Silicon,'"  by  Prof.  T.  D. 
Yensen,  University  of  Illinois,  has  been  read  before  the  Ameri- 
can Institute  of  Mining  Engineers.  Prof.  Yensen's  work  on 
the  physical  properties  of  the  vacuum-iron  group  has  been 
-•dealt  with  in  our  columns  from  time  to  time. 


Sumrmnj—\  detaik-d  dcKcription  in  given  of  a  cf»mTK-n-at*»r|  H^mr-kintf 
crane  with  balanced  jib.  which  difT«rs  Httlr-  in  .-xt.  from 

-  ._ .u'  in 


a  crane  of  the  ordinary  type,  but  whii  h  -how- 
power  consumption. 


it 


One  of  the  most  important  recent  advances  in  crane  design  gener- 
ally, particularly  with  reference  to  cargo -handling  cranes,  in  the  im- 
provement which  has  been  made  in  the  meaas  bv  which  t!  '  ■'  z 
or  derrickim-  of  the  jib  is  carried  out.     In  the  older  type  of  -  :  "• 

load  and  the  jib  are  lifted  several  feet  in   luffing"  in  the  jib,  thiu 
ab.sorbing  a  considerable   amount   of  power.     The  m<.  ' 
arranged  so  that  the  load  follow.s  a  horizontal  line  whi. 
jib,  and  the  latter  member  is  balanced.     It  is  obvious  that  the  old 
system  is  an   inefficient  method  of  working  as  compared  -  -'    '■  r- 
new  one,  inasmuch  as  in  addition  to  the  wjwte  of  prjwer. 
tively  slow  speeds  of  working   are   inevitable.     With  a   honw>ntaI 
luffing  crane  and  balanced  jib,  since  the  load  follows  a  horizontal 
path  when  luffing  in  the  jib,  and  .since  the  jib  i.s  balanced   in  anv 
position,  the  net  theo  etca'  amount  of  work   performed  in  luffing 
the  jib  is  nil.    The  principal  advantages  of  such  a  sy.-itemof  working 
are  clearly  the  exceedingly  low  power  ab.sorption  and  the  rapidity 
and  ease  with  which  working  is  carried  out. 


-^■iiiAU"*    "    '*' 


— ^;f 


Fig.  1. — "  ToPLis  "  Horizontal  LrFFixo  Cr.vxe. 


We  illustrate  in  Fig.  1  a  type  of  horizontal  luffing  crane,  which  is 
the  invention  of  ]Mr.  C.  ^I.  Toplis,  and  mado  solely  by  !Mesjirs. 
Stothert  &  Pitt  (Ltd.),  Bath.  Its  primary  claim  over  other  types  of 
horizontal  luffing  cranes  are  its  extreme  simj^licity.  theiv  In^ng  no 
mechanical  complications  of  any  kind  in  the  design.  The  jib  i?  free 
from  joints,  and  the  Avhole  design  is  founded  on  reliable  mecha- 
nical principles  ;  consequently  it  requires  little  attention,  and  the 
cost  of  maintenance  is  very  low.  The  crane  illustrated  is  one  '>f  12 
of  various  sizes,  whicli  are  being  constructed  for  the  King  tieorge 
Dock,  Hull,  by  Messrs.  Stothert  &  Pitt  (Ltd.).  and  is  cafwhle  of  lifting 
loads  up  to  U-  tons,  and  is  also  fitted  with  the  motions  of  slewing. 
travelling  and"  luffing.  A  plan  of  the  machinery  house  is  given  in 
Fig.  2,  showing  the  general  arrangement  of  the  machinery 
and  control  gear.  The  maximum  radius  is  50  ft.,  and  the  minimum 
radius  20  ft.  The  speed  of  hoisting  U  tons  is  250  ft.  jx-r  minute  : 
the  speed  of  slewing  \h  tons  at  the  maximum  radius  is  -ioO  ft.  per 
minute,  the  travelling  "speed  is  50  ft.  per  minute,  and  the  luffing 
speed  is  150  ft.  per  minute.  It  will  be  noticed  from  the  illustration 
that  the  crane  is  quite  normal  in  appearance  and  construction,  and 
that  there  are  no  intricate  mechanical  details  to  increase  main- 
tenance expenses,  and  give  trouble  to  the  engineer  in  charge.     This 
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crane  is  fitted  with  a  o  b.h.p.  motor  for  luffing  at  the  speed  given — 
viz.,  150  ft.  per  minute — the  economy  of  the  arrangements  being 
obvious  from  the  faet  that  a  non-horizontal  luffing  crane  ^^■ith  an 
imbalanced  jib  would  require  to  be  fitted  with  a  motor  of  about 
•1.5  B.H.P.  to  luff  in  the  jib  at  the  same  .speed. 


three  times  as  fast  as  with  the  ordinarj^  crane.  The  diagram  also 
shows  that  the  rate  of  power  consumption  for  luffing  is  practically 
constant  in  the  Toplis  crane,  whereas  in  the  non-compensating  crane 
it  has  ver\'  considerable  variation. 

In  this  type  of  luffing  gear  the  e.ssential  feature  of  the  horizontal 


-^3: 


^a 


rc 


'The  Electrician' 


O 

Balance 
Weliht 
for  Jib- 


Fk;.  2. — Pl.\.n  of  JUchinery  for  Toplis  Ckane. 


Fig.  3  shows  a  typical  power  consumption  diagram  taken  from  the 
luffing  motor  of  an  ordinary  non-compensating  crane,  and  the  inner 
solid  black  area  shows  the  power  consumed  in  luffing  the  same  load 


Fig.  3. 


-TyI'H  Al.    I'OWEK   ('0NSU.MPTION    DiACKAMS    Kl)K    OrDINAKV    AND 

Level  Luff  Cranes. 


through  the  sjuiic  horizontal  distance  with  llic  Toplis  lulling  gear. 
"J'lic  difference  in  (he  areas  of  the  diagram  shown  by  cross  hatching 
represents  the  saving  i  i  power  by  u.se  of  the  latter.     The  actual  power 


J.',,,.   4.-- .^llKANtiKMK.N  r  OV  llol.STlNU   KuPli 

consumed  as  indicated  by  a  wattmeter  diagram  was  only  3i  h.p.  in 
this  instance  with  the  Tojilis  gcar.and  even  with  th.is  small  cxiMMidi- 
ture  of  powcrit  will  bosccntliat  the  ratcof  lulling  was  a]ipro.\imatcly 


movement  of  the  load  when  luffing  is  obtained  by  a  definite  relation 
between  the  centres  of  the  pulleys  at  the  jib  head  A  (Fig.  4),  the 
pulleys  above  the  front  of  the  house  B,  and  the  jib  foot  pin  D,  com- 
bined with  the  method  of  reeving  the  hoisting  rope.  Fig.  4  is  a 
diagram  showing  the  simple  arrangement  of  the  hoisting  roj^e.  It 
will  be  noticed  that  there  are  no  reverse  bends  in  the  reeving  of  the 
ropes,  and  the  pulleys  over  which  they  work  are  relati\ely  large  in 
diameter. 

An  exceedingly  im])ortant  advantage  claimed  for  this  crane  is 
that,  owing  to  the  great  distance  between  the  jib-head  pulleys  and 
the  pulleys  on  the  front  of  the  house,  no  jwrtion  of  the  hoisting  rope 


Q^k:; 


n'nffht,  oTJib 
Fio.  r). — Dia<;ram  of  Jib. 


passes  over  more  than  two  i)ullcys  oven  with  an  c.vtremc  range  of  lift. 
Since  in  any  oidinark-  crane  the  lifting  n>\K  i)a,sses  over  at  least 
two  |)>dleys.  it  will  be  .m^cu  that  the  c<»n(lifi()ns  affeeting  the  wear  of 
the  lifting  roix>  are  identical  in  the  Toplis  crane  with  the  ordinary 
crane.  It  is  a  characteristic  feature  of  this  crane  that  the  jiull  on  the 
luffing  rojK'  is  constant  for  all  ]M)siti(»ns  of  the  jib.  and.  tiien-fore,  a 
constant  weight  rising  or  falling  in  a  vertical  plane  aceortling  to 
whether  the  jib  is  lulling  out  or  in,  will  i>erfectly  balance  the  jib  in  any 
ix>sition.  This  will  be  more  readily  inulerslood  on  reference  to 
Fig.  o,  in  whieli.  if  \\e  assume  the  jib  to  be  in  the  i^osition  a  h.  and 
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"take  moments  about  the  point  (6),  the  pull  P  on  the  luffing  r<>[>e- 
required  to  balance  the  weight  of  the  jib  is  such  that  : — 

If  the  jib  is  now  assumed  to  be  in  any  other  position,  say,  c  6  :  — 

P=WxLJR2. 

Since  in  this  particular  crane  the  ratio  L/R  is  constant  for  any  radius, 
the  constant  pull  produced  in  the  luffing  rope  will  balance  the  jilj  in 
any  position. 


NO 


Barret^     K^ 
Lu/Tintj 


Balance  ^eLqlU/ 
forjib  ^ 


Barrel/ 
Fk!.  0. — ^Arraxcement  of  the  Liffinc!  and  HoisTiNci  Hopes. 

With  cranes  of  this  type  there  is  no  tendency  for  the  jib  to  "  take 
charge  "  at  the  minimum  radius  or  at  the  maximum  radius,  as  the 
conditions  applying  to  the  equilibrium  of  the  jib  are  the  same  in  any 
position  as  the  jib  is  always  in  perfect  balance.  Fig.  6  shows  dia- 
grammatically  the  arrangement  of  the  luffing  ropes  and  hoisting 
ropes,  and  also  shows  the  ajiplicatioii  of  the  balance  weight  to  the  jib. 
as  arranged  in  the  actual  cnine  illustrated. 


"'"/  y,v//y/////,'//////////  c-coL.  i.iai 

Fig.  7. — General  Arrangement  of  Wall  Cram:. 


f  This  gear  is  particularly  applicable  to  wall  cranes,  as  will  be  see 
from  the  general  arrangement  shown  in  Fig.  7.  It  is  also  equally 
suitable  for  cranes  diiven  by  electric,  steam,  hydraulic  or  hand  power. 
The  makers  have  in  hand  and  have  executed  large  orders  for 
these  crane-!,  and  we  understand  that  cranes  of  this;  type  give 
complete  satisfaction  m  herever  they  have  been  installed. 
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TRANSFORMER  DESIGM. 
{Continued  from  p.  1 16.) 

BY  F.  M.  DEXTOX,  A.C.O.I, 

Sammanj. — A  f^fneral  (Iweum'utn  i«  <.''•<■'■•  ■  f  >^-  --•. 
of  trari.HforrncT  (lc.-,is^n,  and  th«-  author  -, 

for  constant  jK>ttiitial  trn-    '   - 
ensuring  maximum  flffti 
advisability  of  dfsi(mini<  i-..'. 
is  developed  hy  the  aid  (<f  wi 
based  uijon  commercial  eftirienev  rat 
author     hen  (jives  an  outline   of    th.     ., 
Arnold  in  1910  and  a  comparison  of  Arre 

Coraj)arative  desijois  are  worked  out  and  a  v-Ut-UaJtu  givio,  IamoX  u^^/q, 
Arnolds  method  of  I'.KM. 


>r  for 


We  will  now  consider  curefullv  fhe  ■ 
))ower  transfornrn-  for  niinini'iin  «..,*  ., 
than  for  maximum  eleotrieal  eH' 
mercial  efficiem-v. 

The  commercial  efficifeacy  of  a  translonu'T  mi;;iu  ue  wruim 

Money  value  received  from  t'  '  "i 

Money  value  expended  upon  i...  ,  ,..,,-^..1,11-  ■  ,,.1  ..,i,.iia 

^yjcmO 

£l7cos04-(£«.,..,-f£/?/Y 

where  £  i.s  tlie  whole.sale  value  of  one  watt-vear  ai"J  ?         »'•• 
wholesale  value  of  the  iron  loss  for  one  year  plu.- 
and   depreciation   upon   the   transformer,    with    | 
further  addition  of  cost  of  floor  space  and  at*  ■ 
maximum  commercial    efficiency  as  thus  der, 
obtained  for  a  given   transformer  by  so  loading  it  th.» 
copper  loss  should  be  e({ual  to  the  iron  loss  plus  interest  anii 
depreciation  upon  the  transformer. 

The  strictly  logical  design  would  be  ba-sed  upon  comniT-ial 
efficiency  as  thus  defined.     But  in  designing  a  line  of  t 
formers  for  competition  in  the  open  mark*-  -'      - 
and  depreciation,  aiul  cost  of  fioor  space  .. 
variable  ;  they  depend  upon  the  part  of  the  world  in  v 
transforn^er  will  be  used  as  well  as  upon  the  local  c 
in  the  factory  or  station  in  which  it  is  U)  be  installed,  u;..     m-... 
many  other  things.     The  logical  design  is  possible  only  when 
all  such  details  are  defiiiitely  stated  in  the  specification. 

To  get  out  a  special  design  for  each  individ      '  '  r 

would,  however,  add  greatly  to  the  cost  of  pp-, 

most  cases  the  interest  upotj  this  extra  cost  would  be  mori'  • 
the  nioney  saved  by  the  improvement  in  commercial  v'- 

This  is  eminently  true  of  .small  transformers,  for  w 
cost  of  modification  or  develo])ment  wouhl  form  a  la  . 
of  the  total  cost.     An  idea  of  the  nuirket  value  of  modem 
transformers  is  given  In   the  following  figures:    T 
from,  say,  50  KVA  to  2(H)  KVA    for   voltages   :..  :       .     ..i- 
ing    10,000  volts,   and   frecpiencies  of  an>und  50  cvc-les  per 
second,  m.ay   cost  from  203.  to   15s.  per  AT.-I,  wh 
of  1,000  KVA  aiul  over  nuiy  cost  as  little  as  8s.,  t:.-    i-.n 
weight  per  AT.-l  being  in  the  first  ciise  20  kir.  to  1<»  ku'  .  and  \i\ 
the  second  case  5  kg.  to  3  kg. 

Since,  then,    it   becomes   impracticable,  owuig   u> 
possibility  of  foreseeing  the  conditio.is  under  w!"' ' 
transformer  may  have  to  work,  to  design  every  tm 
maximum  commercial  etticiency.  it  is  necessary  u>  make  a 
compromise,  and  an  endeavour  will  now  be  nu  '    • 
a  safe  compromise  is  to  design  for  minimum  - 
hign  densities  both  of  current  and  of  Hux. 

in  their  eflteit  upon  commercial  efficiency  It  - 
electrical  losses  arc  juore  important  in  the  ca.s«  ■  . 
formers  than  in  that   of  .small  ones,  for  the  large  : 
cost   less   per  KVA.  and  electrical  losses  form  a  ianie  |»art 
of  the   total   losses.     The    large   tran-'  ^   are,    however. 

at  a  disadvantage  in  that  the  cost  of  „  nice  and  ciH.bng 

water  or  air  blast  must  be  addtnl  to  interest  and  depreriation. 
Also  it  is  a  question  whether,  strictly,  inten'st  and  dep-  1 

on  the  switchgear  and  instruments  neoiletl  for  the  trau>;  ....;  r 
ought  not  to  be  set  down  in  the  oxpres^sion  for  conunenial 
effiaencv.     In  this  case  the  electrical  h>sses  would  l»efome  of 
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even  less  importance  for  the  large  transformers  than  for  the 
small. 

Table  I.  shows  the  various  losses,  and  the  electrical  and 
commercial  efficiencies  for  various  current  ratings  for  a  trans- 
former whose  normal  rating  was:  2()()  KVA  25  cycle  single 
phase  air-blast,  4,000/330  volts  50/606  amperes.  The  weights 
of  iron  and  of  copper  used  in  this  transfonner  were  G  ,=1,110  kg. 
Gc^SlS  kg. 

Table  I. — Showing  the  Effect  of  Vfiryinfj  the  Current  Output  of  a 
Transfonner,  the  normal  ratinj  of  which  was : 
200  KVA  4,000/330  volt  50/606  amperes,  25  cycle.  Weight  of  copper 
318  kg.  Weight  of  iron  1,110  kg.  Cost  of  transformer  £100.  Iron  loss 
(constant)  2,775  watts,  costing  4,160cl.  per  annum.  Interest  and  de- 
p'cciation  assumed  to  be  15  per  cent,  of  £100=3,600d.  per  annum. 
Total  fixed  losses  (4,Hi0d.+3,f)00d.)  =  7,76(»(l.  per  annum.  Cost  of 
electrical  energy  assumed  to  be  ^d.  per  kilowatt-hour  or  l^d.  per  watt 
])er  year  of  3,000  hours. 


Current 

copper  loss 
per  year 
in  pence. 

Iron  loss 

Per  cent. 

Per  cent. 

Total  fixed  losses. 

density 

s 

elec. 
efficiency 

mercial 
efficiency 

Copper  loss 

Total  variable 
losses. 

1-5 

2.360 

1-76 

97-53 

96-21 

3-24 

1-6 

2,6<)0 

1-54 

97-54 

96-33 

2-88 

1-7 

3.030 

1  -37 

97-58 

96-43 

2-.)6 

1-75 

3.210 

1-3 

97-59 

96-47 

2-5 

1-8 

3,400 

1-22 

97-60 

96-51 

2-28 

1(» 

3.7<)0 

11 

97-65 

96-58 

205 

20 

4.H)0 

0-09 

97-69 

96-63 

1-85 

2-5 

6,580 

0-64 

97-57 

96-77 

118 

3  0 

0.440 

0-44 

97-43 

96-77 

0-82 

4  0 

16,800 

0-25 

97-09 

96-.-)4 

0-4() 

50 

26,200 

01 6 

96-57    , 

96- 1 9 

0-3 

From  Table  I.  we  see  first  that  in  the  case  of  this  transformer 
(and  it  may  be  regarded  as  fairly  typical  of  modern  designs)  the 
ratio  of  iron  loss  to  copper  loss  may  varv  between  wide  limits 
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Current  Density  in  Amps.lsq.  mm. 
Curve  to  Tab:.k  1,  showinc  tuf:  i:ffk<  r  of  vakvino  the  ruRRKXT 

nlTIMT  OK  A   200  A'  VA     TKAN.'iF.JR.MKK. 

with  but  slight  effect  upon  the  electrical  e-fficiency,  a  change  in 
+.he  ratio  of  iron  loss  to  copper  loss  from  about  1 -8  to  0-44, 
,.oducing  only  0-1  ])('r  cent,  change  in  the  electrical  efficiency  ; 
and,  secondly,  that  the  commercial  efficiency  undergoes  com- 
paratively great  change,  the  change  between  the  limits  just 
named  being  about  0-6  per  cent.,  the  ma.ximum  commercial 
eificieiicy  occurring  when  the  ratio  of  iron  loss  to  copiK'r  loss 
is  as  low  as  0-44. 

In  examining  Tabic  f.  it  must  be  borne  in  mind  that  all  the 
rows  of  figures  refer  to  one  and  the  same  transformer,  the 


variable  factor  being  the  current  output.  We  find  that  the 
maximum  electrical  efficiency  would  be  about  97-7  per  cent., 
and  would  occur  when  the  current  density  was  2  amperes  per 
square  millimetre,  whilst  the  maximum  commercial  efficiency 
would  be  about  96-8  per  cent,  occurring  when  «  was  about  3. 

Such  a  current  density  as  3  or  even  2  amperes  per  square 
millimetre  would,  however,  cause  excessive  temperature  rise, 
the  density  allowable  for  normal  load  being  in  the  case  of  this 
transfonner  1-75  amperes  per  square  millimetre.  At  the 
current  density  1-75,  the  electrical  efficiency  (97-59  per  cent.) 
is  but  little  different  from  the  maximum  possible,  and  the 
commercial  efficiency  (96-47  per  cent.)  is  good. 

So  long  as  the  prices  of  finished  copper  and  iron,  of  labour 
and  of  electrical  energy  remain  about  what  they  usually  3.v'er,  and 
the  electrical  qualities  of  the  materials  undergo  no  great 
change,  it  will  be  found  that  the  condition  of  equality  of  copper 
loss  to  fixed  lo.sses  can  be  attained  only  by  the  use  of  excessive 
current  density,  -or  else  by  designing  the  transformer  with  an 
excessive  proportion  of  copper. 

The  use  of  an  excess  of  copjjer  would  depart  from  the  con- 
dition of  minimum  cost,  and  so  do  more  harm  than  good.  The 
point  here  involved  is  important,  and  is  apt  to  be  found  con- 
fusing. The  rule  is  that/o/-  a  given  iiatisfoniter  the  maximum 
commercial  efficiency  is  obtained  at  that  load  for  which  the 
variable  losses  are  equal  to  the  fixed  losses  :  but  owing  to  the 
high  cost  of  copper,  and  other  commercial  and  electrical  con- 
ditions, a  transformer  so  built  that  the  \ariable  losses  are  equal 
to  the  fixed  losses  is  a  very  expensive  transformer,  and  it 
generally  proves  more  economical  to  have  a  cheap  transformer 
which  must  be  run  at  some  point  below  its  theoretical  maximum 
commercial  efficiency  than  an  expensive  transfoixuer  which 
can  be  run  at  its  ma.ximum  commercial  efficiency.  The 
commercial  efficiency  of  the  cheap  traiisfonner,  though  it  is 
below  the  maximum  of  which  (were  it  not  for  temperature  rise) 
it  would  be  capable,  generally  proves  to  be  higher  than  the 
maximum  possible  commercial  efficiency  of  the  more  expensive 
transformer.  That  this  must  be  .so  in  the  case  of  commercial 
transformers  is  not  sui-prising  when  the  following  facts  are 
considered  :  — 

Losses  at  normal  densities  and  costs  are  of  the  following 
order  : — 

Iron  loss.  2  watts  per  kilogramnie  ;  cost  of  iron.  Sd.  per  kilocr.iinme. 
Copper  loss,  6  watts  per  kilogramme  ;    cost  of  copper,  42d.  {kt  kilo- 
gramme. 

In  one  year  of  3,000  working  hours — 
I  kg.  of  iron  costs. 

Iron  loss  at  Ul.  per  kilowatt-hour 3-Od. 

Interest  and  depreciation  at  15  percent r2d. 

1  kg.  of  copper  costs, 

nn  loss    90d. 

Interest  and  depreciation l-2d. 

Thus,  if  the  variable  (the  RP)  loss  is  to  be  mide  about  equal 
to  the  sum  of  the  fixed  losses  (iron  loss  plus  interest  and  depre- 
ciation), the  weight  of  copper  used  in  a  transformer  will  have 
to  be  more  than  double  that  of  the  iron  in  order  that  the  con- 
dition for  maximum  commercial  efficiency  should  be  fulfilled. 

But  a  transformer  designed  with  such  an  excess  of  copper 
would  be  a  most  expensive  one.  since  the  minimum  cost  con- 
dition demands  that  the  relation  of  co})per  to  iron  shall  be  of 
the  order  of  one  to  five.  In  practice  it  is  found  that  the  allow- 
able proportion  of  copper  to  iron  is  so  low  (seldom,  in  fact, 


Table  II — Showing  the  Effect  of  Varying  the  Projtortion  of  CopjKt  to  «  ran  in  a  100  A'  1.1.  Transformer. 

Constants  «jt.s(imprf.^Weight  of  copper  x  weight  of  iron  ^  139.000  kg'.  Cost  of  assembled  copper. 42d.  jxr  kilogram.  CVst  of  assembled  iron.  8d.  p<"r 
kilogiam.  Cost  of  eiectricnl  energy.  Jd.  ]ier  kilowatt  hour.  Working  hours  jkt  year.  3.000.  Inm  loss.  2  watts  per  kilogram  of  iron.  Cojiper  loss.  6  watt-- 
|>('r  kilogram  of  copper.      Kate  of  interest.  i)his  liepreeiation.   15  ]ier  cent. 


Weight 

Cost 

RP 

Int.  St 

W.iglit 

Cost 

Iron 

of 

of 

coj)per 

i.\vY.  on 

of 

of 

loss 

eoi»|)er. 

cojjper 

loss. 

cop])er. 

iron. 

iron. 

m 

Kg. 

])enee. 

pence. 

))ence. 

Kg. 

pence. 

pence. 

1()7 

7.000 

1.500 

1 .050 

833 

fi.660 

2.499 

200 

8.400 

1  .Hot) 

1.260 

6<t5 

5.."i60 

2.085 

210 

S,810 

l.SllO 

1.321 

(;63 

5.304 

1 .989 

300 

1 2.600 

2.70t) 

I.SiU) 

4t)3 

3.704 

1 .389 

373 

15.700  1   3.360 

2.355 

373 

2.9S-I 

I.M9 

400 

Ki.SOO 

1  3.000 

1 

2..")20 

1 

34S 

2.781 

1.0(1 

Int.  & 

dep.  on 

iron, 

pence. 


1.000 
834 
796 
55(5 
448 
418 


Total  Total 
fixed  elec. 
io.sseH.   losses. 


Total 
losses. 


4.549 
4.179 
4,106 
3.835 
3.922 
3.9S2 


3.999 

3.885 . 
3.879  I 
4.089 
4.479 
4.ti44 


6.049 
5.979 
5.996 
(i..")35 
7.282 
7.582 


I'er 
cent, 
elec. 


Per  cent. 

com- 
mercial 


cflicy.  eftieiencj' 


97-42  I 
97-47 
97-48 
97  34 
97- 10 
97  0 


9612 
9<M7 

9»>ir> 

95-82 
95-37 
95  19 


Iron  loss  ,     Fixed  loss 


CopixT  loss  N'ariable  lose 


1-67 
117 
105 
0  52 
0.33 
0  29 


303 

2  32 
2  16 
1  34 
I  17 


Cost  of 

Total 

trans- 

weiuht  of 

fornwT. 

trnsforraer. 

£ 

Kg. 

fi7-0 

1.000 

.58-2 

895 

.59-0 

S73 

68(1 

7(i:i 

77-6 

74(i 

Sl-6 

74S 
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exceeding  0*75)  as  to  make  it  impracticable  to  load  the  trans- 
former so  that  the  RP  loss  shall  equal  the  sum  of  thfi  fixed 
losses.  In  order  to  approach  the  desired  condition  as  nearly 
as  may  be,  the  value  given  to  the  current-density  should  be 
as  high  as  the  method  of  cooling  will  allow,  whilst  the  fixed 
losses,  interest,  depreciation  and  iron  losses  should  be  made 
as  low  as  possible. 

If  a  low  flux-density  were  chosen  the  volume  of  the  iron 
would  have  to  be  great,  and  so  also  the  volume  of  copper  (since 
the  copper  forms  a  belt  around  the  iron).  It  is  wise,  therefore, 
to  make  the  volume  of  the  iron  low  and  the  flux-density  high, 
and  it  is  not  unreasonable  to  say  that  a  safe  i-ule  in  the  design 
of  transformers  for  commerce  is  to  choose  as  high  a  value  as 
is  found  permissible  for  the  densities  of  current  and  of  fiux 
and  then  design  for  minimum  cost. 

The  design  thus  produced  will  not  always  be  the  best  pos- 
sible ;  some  other  design  might  have  been  found  to  give  a 
higher  commercial  efficiency  ;  but  the  designer  may  generally 
rest  assured  that  both  the  electrical  and  the  commercial 
efficiencies  will  be  high,  and  he  will  have  the  comforting  know- 
ledge that  the  price  is  the  lowest  possible. 

In  Table  II.  is  given  a  curve  showing  the  manner  in  which 
the  commercial  efficiency  and  the  cost  might  vary  according 
to  the  proportio}!  of  copper  to  iron  in  a  100  KVA  transformer. 
It  is  assumed  that,  since  the  output  ]'emains  constant,  the 
product  5X5  is  constant,  and  thus  that  the  products  of  the 
weights  of  iron  times  the  weightsof  copper  will  remain  about 
constant. 

From  these  figures  and  curves  the  interesting  fact  is  observed 
that  the  design  giving  the  highest  commercial  efficiency  (96-17 
per  cent.)  is  not  the  design  costing  least,  the  transcoi'mer  costing 
£58  being  a  better  commercial  design  than  that  costing  £57. 


copper,  and  833  the  kilogrammes  of  iron  in  the  trdu-iformer,  a»- 

calculated  for  minimum  cost). 

Then  the  total  weight  of  ci.jx.'--  ♦!.'-♦  .   ...i..  ^q  }j^  wted  to 

ensure  maximum  commercial  • 

^'T=\/(4-2  /  139,(j(X)/|.V;j,=  lim  kg.,  or  mv  2fJ0  kg. 
Row  2  in  Tal»le  II.  shows  the  variou*  Iomms »ml  the  efficiencies 

of  the  transfomrer  .so  de.sigiK-d. 

All  that  my  .suggestion  really  amounts  to  in  this  :   In  applr- 

ing  Arnold's  minimum  cost  m'fthfxl  use  for  > 

value  (G,';Gk)  -^C\B)     that  i-s  to  sav,  ir- ■' 

weight  of  iron  to  the  weight  of  copjKT  e<j  . 

copper  loss  per  year  in  pence  plu.s  intereHt  and  depre«uition  for 

one  year  per  kilogramme;  of  copper  af     '  -n  current- 

density,  to  the  corresponding  figun-  for  * 

The  suggestion  I  have  m'-ide  sounds  <^ii       . 
the  improvement  brought  into  a  design  by  it»  u.«te  wiii  be 

hardly   appreciable.     For  this  there  are  two     '  : '    - 
First,  that  the  cost  of  material,  lab<mr  and  el- 
and the  electrical  qualitie.s  of  materiaLs  happen  to  \ 
that  a  transformfM-  designed  for  m-nimu' 

have   a  commercial  efficiency  fjuite  el.  ,„..,,..      . 

possible  ;     and,    secondly,    that   practical  .n*   in    •    ■ 

construction  of  transfoiTOTS  u.suallv  mike  it  mi 

adhere  at  all  clo.sely  to  the  dim"nsion>  ■'      

Moreover,  if  a  number  oi  successful  • 

taken  and  modified  by  the  meth^nl  I  have  .suette^ted    it  will 

often  be  found  that  tlip  improvement  p  '  ! 

efficiency  is  hardly  visii)le,  whiLst  the  .w-.   ,.  .-  ^.■:. 

appreciable    amount.     The    moaified   designs   at 

prices  are,  indeed,  commercially  better  than  the  le^  c»- 

designs.  but  the  slight  improvement  in  coi  '     *'' 

would  prol)ab!y  fail  to  <mbl)alance,  in  the  ••■ 


A  suggestion  which  seems  reasonable  is  that  the  design  of  a      the  apparent  disadvantage  of  the  greater  price. 


power  transformer  should  be  worked  out  first  on  a  basis  of 
minimum  cost,  and  that  the  distribution  of  copper  and  iron 
sliould  then  be  modified  (the  product  weight  of  copper  times 
weight  of  iron  being  kept  constant),  so  as  to  give  the  maximum 
possible  commercial  efficiency.  The  calculation  necessary  to 
modify  a  design  which  has  been  based  upon  nvninvim  cost  so 
that  it  becomes  a  clesign  giving  the  maximum  possible  com- 
mercial efficiency  is  very  simple. 

Let  the  product  weight  of  iron  times  weight  of  copper  as 
determined  by  Arnold's  method  for  minimum  cost  be  "  /i." 

Let ''  A  "  be  the  yearly  output  of  the  transformer  in  pence. 

Let  "  B  "  be  the  copper  loss  per  year  in  pence  plus  interest 
and  depreciation  for  one  year  per  kilogramme  of  copper  at  the 
chosen  current-density. 

Let  "  C  "  be  the  corresponding  figure  for  the  iron.     Then 

Per  cent,  commercial  efficiency=100|^/(^+£G'A:+C'6i^/)l. 
And  since  Gf^X  G}  is  to  be  held  equal  to  K,  we  may  write  G, 
=^KjGk,  and  the  equation  becomes 

Percent,  commercial  efficiency=100!^/(^+5(?yt+C'^/^*)!- 
This  will  be  a  maximum  when  the  denominator  is  a  minimum — 
that  is,  when  (BGk+CK/Gk)  is  a  minimum.  This  obviously 
will  be  a  minimum  when  BGk^^^CKjGk,  for  only  then  is  it  true 
that  a  1  per  cent,  change  in  Gk  produces  no  change  in  the  ex- 
pression {BGk-^CKjGk).  Maximum  commercial  efficiency 
will  occur,  therefore,  when 

Gj^^^CKIB    or    Gk^y'iCKIB). 

This  simple  expression  gives  at  oiice  the  weight  of  copper 
which  should  be  used  in  order  that,  whilst  the  product  G^  times 
G,  shall  be  the  same  as  for  the  cheapest  possible  design  the 
transformer  shall  have  the  maximum  possible  commercial 
efficiency. 

Applying  the  equation  to  the  100  KVA  transformer  of 
Table  II.  we  have 

A.  150,000d.  (yearly  output  at  |d.  per  kilowatt-hour). 

B.  15-3d.  (yearly  cost  of  jR/"^  "loss  at  id.  per  unit,  plus 
interest  and  depreciation  on  the  copper  at  15  per  cent,  for 
1  kg.  of  copper). 

C.  4-2d.  (yearly  cost  of  iron  loss,  plus  interest  and  depre- 
ciation). 

K    1.39,000   kg.2  (the  product  of    167,  the 


(To  h".  concluded.) 


THE  AMPLITUDE  AND  PHASE  OF  THE  HIGHER 
HARMONICS  IN  OSCttLOGRAMS.^ 

^~"^'  BY  PRtF.  0.  W.  O.  HOWK,  D.sc. 

5M»«/H«r^.— Tlie  ait'ior  disc  Lsses  the  <)uestioir  of't'ampinj  of  ik 
DuJ  .'ell   oscillogiaph   system^   and   the    effect   of    using    d  tferent 

ireiuencie;. 


-tnson 
■  j»ncl 


kilogrammes  of 


The  author  iwints  out  that  for  general  purjws.-  "   .raph 

.should  be  adjusted  until  there  is  a  shgh'  but  ol)\  i  ..t  on 

applying  a  steady  P. D.,  and  refers  to  the  work  of  .M.  Andrv  Blondel 
in  "  L'Eclairage  Electrique,"  especially  to  the  article  appearing  on 
October  28,  1902. 

Similar  curves  to  those  obtained  were  publishetl  in  The  EIlec- 
TRiri.\N,  Vol.  LXIX..  p.  3r)7.  1912.  in  an  article  by  Pmf  < 
on  ■■  Some  Points  in  the  Use  and  the  Theory  of  the  Os^-i!.   . 
he  proceeds  as  follows  : — 

It  is  well  known  that  the  formula'  ivpR'.-;t»nting  the  .       "   "  i 

mechanical  and  electrical  systems  are  similar,  and  tl. 
tained  for  electrical  cases  are  directly  applicable  to  the 
mechanical  cases. 

The  mechanical  system  which  we  an>  h:-re  ix)nsiderine  mn-UsM  of 
the  strips  and  mirror  of  a  Duddell  o.scillognjph  ;   by  in  -«" 

in  oil,  we  not  only  increase  the  dampins:.  but  also  the  t ...  ■•-  ■--s 
of  the  moving  parts,  since  tlic  stri^xs  oannot  move  without  carrjing 
with  them  some  of  the  oil.  This  increas*^  of  the  ef^eftive  in.-«<*  oausw 
the  resonant  frequency  of  the  system  when  piaitni  in  oil  t. 
than  it  would  be  in  air.  The  question  which  le<l  to  this  in \ 
was  the  doubt  as  to  the  accuracy  i>f  the  magn  ■ 
ripples  in  the  P.O.  wave  of  alternatoi^    .<  n 

^'The   author  shows  since   \L^VR\  then,  uith  cntic;d   u.uujunjj. 
t'lc  magnificat  ion  at  iv.sonance  is 

u>o/-_l   ("of"). 

R~      «     "*' 

so  that  the  horizontal  vector  IR  is  twii-e  a.s  long  as  either  of  the 

vertical  vectors  li^i^L  and  /  (a-oD- 

*  Abstract  of  a  Paper  edutributed  to  th.-   •  -1.  imwl  "  of  the  Institution 

of  Electiical  Knuineers. 


>wrr 
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Considering  now  the  more  usual  case  when  the  applied  frequency 

'applied  frequency 
is  less  than  the  resonant  frequencj-,  let  /.  = ^ "-,  so 


that  u=ku:n.  and 


resonant  frequency 


Q. 


E„ 


wqR      /c"--rl 

We  have  assumed  critical  damping,  for  which  we  have  found  that 
o;f,L=l/{<^oC')=R/2,  where  wq  is  2??  times  the  resonant  frequency. 

Since,  for  critical  damping,  i>>„f'Ii=^2,  the  magnification  in  the  abovc- 
«case  will  be 


^nnx 


■E„ 


C^ 


1 


w„H       Pfl        ""■  •  "      F  •  I 

When  L  —  l,  i.e.,  for  resonance,  this  becomes  Uo.  and  as  /.■  is  de- 
creased the  jnagnitication  a[)proxi mates  more  and  more  closely  to 
unity.  When  looking  at  an  oscillogram  one  usually  assumes  that  the 
magnification  is  unity  for  every  harmonic.  The  angle  6  wh;ch  is 
the  angle  by  which  the  conden.ser  P. U.  and,  therefore,  al.so  the  quan- 
tity or  displacement  lags  behind  the  impres.sed  E.M.K.  : — 

//^_  R  2k_ 

~  E~R\/{l  +  (ll{2k)--fci2rl'~k-+l' 

The  values  of  the  magnification,  and  of  the  angle  ^,  are  given  intlic 
table  for  various  values  of  k;  botli  smaller  and  larger  than  unity. 

Table  I. — OscHlogmph  uilh  Criticul  Dniiiplmj. 


^_         Frequency 

Resonant  freqiiencv 

Maf^uifioatioii. 

Ph 

ase  displacement 
in  degrees. 

2 

0-2 

127 

1  -r, 

0-240 

120-.- 

\r, 

(i:508 

112-7 

1  -2.-) 

0-39 

103 

1 

()■'■> 

f.H) 

0-8 

0-()l 

77 

O-.". 

0-8 

5:5 

0-2.-. 

(ton 

28 

01 

(lit!) 

114 

0  02;-) 

Oil't'tl 

2-80 

001 

()•'.  99:) 

l-h") 

Krom  llicse  ligiires  three  curves  are  plotted  -  viz.,  witli  R     /iVni  > 

n 

Ji=  -  R,.,.i^    and  R-  ()-~)R^.,.if ,  in  wliicli   tiu-  magiiiiic  ation    is    plotted 

-vertically  and  /.•  hori/oiitally. 

Underdninped  (),sritlo(/nijj/i.     li,  in   the  electric  circuit,   R  be  de- 
•creased,  the  magnification  at  re.sonance  will  still  i)e 

/   /.  I         -„/^ 


^  CR'    wJ  i:      /.'' 


)>iit  this  will  111)  longer  be  O-f).      If  now   the  fre(|uciuy  be  reduced  to 
..some  \ahic  /of  its  rcsoiuint  value,  uc  have 


Vir.iiK 


■"mnx.       ' 


"lil«X. 

V  \R'{-(Rlk~RkY\- 


A  continuDUs  K..M.I'\  ((jual  to  /s,,,,,^  would  jiroduce  a  displjiccinciil  of 
Eainsf    'i    hi'Uce  the  iiiagnilicat ion  is  (-(jUal  to 


/.■ 


1 


1 


u'cn'  \  (/.-'^  k--\-\)    v(^'-/-»-(-i)' 

.since  kjioiCR)-  \. 

The  angle  fi  by  wliicli  flic  displacenieul   lags  bcbiiid  the  apjjlicd 
force  is  given  l)v  the  formula 

1  k 

tan  e  . 

I,/.      /.       I      k- 

Table  II-       I'lKldliilinl  (hrill-n/ril/ih. 
(  I  ):niiiiinL;  i  csi-^t  .■>n('c     (•■.">  of  ciit  i<a!  miIuc.) 

I'liiiM-  <lis|)|a('(>iiirnt 

III   licgnH'h. 

1  :t!t-.-):i 

120  s2 

114  2.-. 

<KI 

1).")-S 

:!:t-7 

14-02 

r)-7(i 
i-4:i 
on- 


k= 

Freqiicncv 
Res»)naiil  f.c(|iiriH  \  ■ 

\1. 

lL.'lll!i(ntl(l|l. 

2  0 

0-277 

1-7.-, 

0  :!7I 

1-.-. 

(I -.-.12 

I  •2.-) 
1 

0-720 
t-ddi) 

0-8 

lit 

0-r) 

11  II 

o-2r) 

MKl 

(M 

1-(»M 

o  (I2.'. 

1 -()()():{ 

4)-(l| 

l-(t(MHt.% 

these  results  three  curves  are  plotted,  with  R=Rcf^x,R=~Rcrit. 


The  values  given  by  the.se  formulae  are  shown  in  Table  11      From 

R=OoRcfH,  k  being  plotted  horizontally  and  degrees  of  harmonic 
considered  vertically. 

A  third  table  gives  figures  when  the  damping  resistance  is  0-7854  of 
the  critical  value. 

The  author  concludes  that  for  frequencies  up  to  0-2  of  the  resonant 
frequency,  a  knowledge  of  the  damping  is  net  important. 


PHYSICAL   SOCIETY. 


At  a  meeting  held  on  the  24th  ult.  at  the  Imperial  College  of 
Science,  Prof.  C.  Vernox  Boys,  F.R.S..  President,  in  the  Chair,  a 
Paper  entitled 

"The  Laws  of  Variation  of  Resistance  with  Voltage  at  a  Rectify- 
ing Contact  of  Two  Solid  Conductors,  with  Application  to  the 
Electric  Wave  Detector," 

was  reafi  by  .Mr.  D.  Owen,  B.A.,  B.Sc. 

The  Paper  contains  an  account  of  an  investigation,  the  primary 
object  of  which  was  to  determine  the  nature  of  the  phjsical  actions 
occurring  at  a  rectifying  contact.  Resistance  characteristics  are 
given  for  various  contacts,  .some  including  a  mineral,  .some  in  which 
both  elements  are  metals.  It  is  shown  that  a  specific  clmrncterislic 
may  be  drawn  for  any  given  pair  of  materials.  The  experimental 
results  are  in  accordance  with  the  view  that  the  actions  are  thermo- 
electric, the  main  determining  factors  being  the  thermo-electric 
IX)wer  and  the  temperature-coefficient  of  electric  resistance. 
Based  on  the  law  of  coiistan(y  of  the  x'oltage-coefficient  calcula- 
tions are  given  showing  the  best  value  of  the  resistance  of  the  tele- 
phone in  a  wireless  receiving  cirquit  in  which  the  contact  detector  is 
emj)loyed.  The  influence  of  a  pohirising  \oltage  is  also  traced. 
Tlie  use  of  the  combination  of  rectiliei-  with  a  direct -current 
galvanometer  as  indicator  of  the  balance  jx)int  in  an  alteniatiug- 
ciirreiit  bridge  is  examined,  and  it  is  shown  that  the  minimum 
detectable  alternating  voltage  caimot  be  reduced  much  below  a 
millivolt. 

Ml.  DrnDKM.  thought  the  Pajjcr  was  a  ver\-  im])ortant  contribution. 
He  had  no  definitf  opinion  as  to  tin-  true  e.\]>lanation  of  rectifying  con- 
facts.  In  ]ii-a(ti(e  \ery  rinich  depends  on  tin-  i-xact  part  of  the  irvstal 
at  which  contact  is  made.  With  lei^ard  to  th<-rino-electric  tones,  lie  had 
exaniiiied  a  larye  miinber  of  erxstals  in  th<'  hnjn-  of  oV)taining  contacts 
wliicli  were  more  stable  than  those  onlinaril.N  enqil.iyed,  and  !)e  had  con- 
cluded that  no  mineral  which  did  not  show  thermo-electric  cfTccts  wa^s  of 
any  n.sc  as  a  detector.  There  n)ight  he  excejitions  in  the  case  of  metals, 
hilt  the  rule  a])|)lieil  to  all  sidphides.  His  ex]>eriencc  with  retrard  to  the 
n'ceivinii  telcpli<>ne  dith^ri-d  soni<-\\!iat  from  the  antlior's.  In  a  tele- 
phone tlic  resistann-  ajid  inqiedame  depi  nil  on  the  frequency.  In  ])rac- 
tice  it  .HH'incd  d.sirable  to  keeji  the  impedance  ol  the  tcle])iion?  of  the 
same  order  as  the  resistance  of  t'.e  detector,  and  adjust  the  latter  until 
the  desin>d  sensitivity  is  attained.  In  rec<'iving  stroni;  siirnaU  one  nia\ 
eiii|)loy  vj'ry  tiirht  contacts  in  which  it  ajiitears  to  be  iin|)<>ssible  that 
there  should  I c  any  air  lilm.  A  s;itisfactor\  nu-tifying  a<-tion  is  still. 
Iiiiwever.  obtained. 

Prof.  i'l.  W.  <).  How  K  thoutiht  that  it  was  well  to  avoid  Hyin<;  off  to  new 
li\  |)otlieses  in  ordi'r  t<i  explain  new  |):U'nomena  if  they  could  possibly 
he  a(-(-onnted  for  on  well-known  jirounds.  He  was  pleased  to  see  that  the 
author  had  been  able  to  explain  rt'ctifyini:  cnntacts  without  invokina  anv 
iiiysteriuiis  new  pruperties.  He  was  rather  sur])rise(l  to  v'ather  from 
the  author's  ivmarks  that  the  tlieruioclectric  theory  was  ucnerallj  dis- 
cixuliled.  His  inipre.s.sion  had  hi-en  that  the  work  t)f  Dr.  Kccles  ha<l 
established  it  a.s  the  accepted  ex])lanation.  Had  any  of  the  exponents 
of  the  electron  fhror>-  attenij»te<l  to  t'ive  a  ditailed  ex])lannti(^n  of  the 
ob.served  plicnoniena  «u»  that  basis  ?  What  was  the  ori>;in  of  the 
'■  settlini;  down  "  of  contacts  mentioned  by  the  author?  Was  it  a 
nu'i-lianical  or  thernuil  eth'i-t  ?  He  would  like  to  hear  just  in  what  re- 
.'pecl  the  results  of  Mr.  Owen's  work  dilTi-n-d  fnun  those  of  Dr.  Ki-eles. 

Dr.  W.  F!<<  i.Ks  n-marki'd  that  he  was  ula<i  to  find  such  acreement  on 
tlic  absunlity  of  rushing  to  s|k><  iai  ex)ilanations  of  th«se  i)henomena. 
Certain  workers  hati  thoiuiht  that  eliHlrostaf ic  attra<tion  alten-d  the 
area  of  contact.  Oth<  rs  assumed  tin-  o|M'nini:  of  trapdoors  to  let  elec- 
trons thnniuh.  the  mechanism  of  tin-  process  being  eonsideral-ly  nioit> 
ditbiult  to  explam  than  the  ori;iinal  n  suits  them.selve.s.  Prof.  Heniing 
had  founil  that  niany  of  the  siihstances  UM-d  as  detiH-tors  wore  photo- 
electric -i.r  .  they  jiive  off  eleetn»ns  tuider  the  action  of  lipht^ — and  he 
assunu'd  that  n^sistivitv"  ]tlienomena  w«'ie  rausod  by  a  similar  action  <  f 
llie  lonirer  elo<'tromairnetic  waves.  Hi'  (Dr.  Kcdes)  had  tried  to  put 
these  points  straight  by  explaining  the  ]dienonu'na  in  terms  of  well- 
known  physical  iiro]H*rti«'s.  such  as  the  ^^^i^tanec  eoefticient.  Peltier 
effect,  kv..  and  had  foimd  it  possible  to  account  for  all  the  effi-ets.  The 
theory  ])rovcd  unjiopular  lx>causc  it  had  nothing  occult  abtmt  it.     Mr. 


THE  ELECTRICIAN,  MAY  5,  1910. 


151 


<Owen  had  dro|)i)ctl  tlio  Thomson  cfTcct  from  h-fs  treatment.  lie  tliouirht 
this  was  not  juHtifialjIc,  as  the  Thomson  cflect  was  a  physical  fact  wliich 
must  enter  into  the  result  in  practiee.  Ix-avinj^  it  out  of  eonsideiation 
simphfies  tho  treatment,  but  loses  the  explanation  of  several  of  the 
•erratic  i)roi)crtics  of  detectors.  For  instance,  the  theoretical  lesistanee 
characteristic  curves  obtained  by  Mr.  (Jwen  arc  ])arabohc.  It  is  olnioi  s 
however,  that  the  experimental  curves  are  of  tlie  fourth  tlegice.  The 
Thomson  effect  must  be  intioduccd  to  explain  the  way  the  curve  bends 
off  at  tiie  extremities.  One  important  result  of  the  author's  was  tiiat 
for  the  same  materials  the  value  of  E,„/K„  was  constant  for  any  contact, 
light  or  heavy.  This  appeared  to  him  to  be  due  to  the  fact  that  increas- 
ing the  area  of  contact  by  increasing  the  ])ressure  was  (xjuivalent  to 
putting  two  or  more  similai-  contacts  in  parallel. 

Mr.  A.  F.  1-l.vLLiMONU  (communicated)  :  1  should  like  to  congratulate 
the  author  on  his  reduction  of  the  curves  for  each  contact-ijair  to  a 
specific  resistance  characteristic.  If  it  is  found  that  the  same  process 
can  be  employed  in  all  cases  a  very  useful  and  simple  means  of  com])ari- 
son  will  be  establislicd.  The  result  seems  the  more  i<-markable  in  bcinu 
based  ui)on  the  resistancscurves,  and  I  should  like  to  ask  whether  the 
•relation  throws  any  light  on  the  conditions  obtaining  at  the  contact  when 
the  pi-essuro  is  varied.  With  reference  to  the  h(>ating  of  the  contact,  1 
believe  that  Prof.  Fierce  observed  that  at  80  cycles  no  lag  occurred,  such 
as  might  be  due  to  heating.  The  author's  arrangement  by  which  tiie 
current  may  ]>ass  from  0-003  second  would  seem  to  bo  even  more  sensi- 
tive. Was  any  variation  observed  in  the  resistance  with  tho  time  f)f 
passage  of  the  current  ?  With  regard  to  the  thermal  effects,  might  1 
suggest  the  investigation  of  ])\Tite,  a  mineral  in  v/liich  adjoining  areas 
may  exhibit  widely  different  thermal  E.M.  L-'.s  ? 

The  Author  (m  leply)  said  he  was  gkd  to  learii  that  it   was  Mr. 
Duddell's  uniform  expor.ence  that  high  thermo-electric  power  ard  ;ensi- 
tiveness  of  a  contact  detector  go  together.      In  legaid  to  the  lelation  of 
impedance  of  te'epiiore  to  the  resistance  of  the  contact  he  was  quite 
prepared  to  tind  that  the  conclusions  deduced  from  the  simp!e  treatment 
employed  in  the  Paper  lequircd  modification  lo  ccniform  to  the  actual 
conditions  of  practice.     In  reply  to  Prof.  Hov. e's  inquiry  bs  to  the  cause 
of  the  "  settling  down,"  this  was  not  duo  to  thermal  action  ;   the  snvill 
testing  voltage  was  applied  only  at  intervals,  ar.cl   was  not   it:  elf  the 
cause  of  the  change  <!escril:ed.     The  cfTict  apjeaied  to  he  of  the  nature 
of  an  adjustment   of  the   molecules  bounding  the   contact   when  their 
getting  was  changed  ;  it  was  probably  alh'ed   to   the   slow-  ch'AUf^es  n.et 
with  in  the  study  of  elastic  strains.     He  d;<l  not  go  so  far  as  to  .say  that 
the  thermo-electric  tlieory  had  beconu'  gei.eraliy  discredited,  lut  rath.er 
that  it  stood  in  need  of  confirmation.      He  would  encleavoui'  briefiy  to 
jjoint  out  in  what  relation  his  own  work  apjeaied  to  stand  to  that  of 
Dr.  Eccles  ;   this  reply  would  cover  some  point;;  of  difTerence  v.liich  i)r. 
Eccles  had  commented  upon.     Dr.  Eccles  employed  ccefficients  icpie- 
yenting  the  Peltier  ef.'ect,  the  Thomson  efJect,  and  the  temjeratuie 
coefficient  of  resistance.     The  author  finds  that  tl.e  .existence  of  softening 
and  consequent  increa>e  of  area  of  contact  dne  to  rise  of  tenn_eratur;> 
becomes  very  important  at  the  higher  voltages.     This  etTect  is  comj)li- 
cated  and  thus  not  amenable  to  mathematical  treatment  ;   thi>  couue 
adopted  in  the  present  Pafcr  is,  therefore,  to  nestrict  th:>  application  of 
the  formuhe  within  small  limits  of  voltage — say,  a  few  tenths  of  a  volt. 
Apart  from  this,  the  chief  point  of  diffeieiue  is  in  the  emphasis  hid  on  the 
relative  value  of  the  ccefficients.     The  author  firds  that  the  exj  cri- 
mental  results  in  the  cr^.re  of  all  the  mineral  and  metallic  contacts  tested 
may  be  e.xplain.cd  without  invoking  the  'J'homson  effect  ;  the  coiu  lusion 
is,  therefore,  drawn  that  this  term  is  of  small  importance  in  compari.>*on 
with  tlie  Peltier  effect,  at  all  events  at  low  voltages.     It  thus  fort'.i- 
nately  becomes  po:'sib!e  to  simplify  the  theory  appreciably,     .\gain,  in 
the  author's  view  not  only  dees  resistance  r  dniit  (f  more  preci:.e  n  e  -.sure- 
ment,  but  the  statement  of  lesults  in  the  foi-m  of  lesi.stance  characteris- 
tics brings  out  the  essential  features  of  the  behaviour  of  these  contacts 
more  clearly  than  if  current  characteristics  are  employed.     In  leply  to 
Mr.  HaUimor.d,  tJ:e  determijiation  of  lesistanc  e  of  cont?,ct  as  a  function  of 
pressure  is  not  specially  considered  in  tl;e  Pa]  er.     The  tests  here,  recorded 
tend,  however,  to  show  that  prer-sure  only  enters  in  so  far  as  it  -liters  the 
area  of  contact.      In  regard  to  the  question  of  tin.e-lag,  this  is  the  subject 
of  experiments  now  in  progress.     In  reierence  to  pyrite,  the  author  fidly 
grants  that  heterogeneity  may  and  dees  exist  in  this«ard  other  ea'cs  ; 
for  fmlher  instance,  in  the  high  ard  low-resistance  s]e(in;ers  of  ear- 
.borun.dum  reforred  to  in  the  Paper,  both  jjossessing  high  thermo-electric 
power,  i)ut  of  opposite  signs  in  the  two  easels. 

A  Paper,  entitled 

"The  Electrical  Capacity  of  Gold-Leaf  Electroscopes," 

was  read  by  Dr.  T.  Barr.4TT,  A.R.C.S. 

A  gold-leaf  electroscope  is  frequently  used  to  compare  exceedingly 
iSmall  ionisation  currents.  For  this  purpose  it  is  much  more  sensi- 
tive than  a  quadrant  electrometer.  If  the  capacity  of  the  eleetro- 
•scope  is  known,  the  absolute  value  in  amperes  of  tho  ionisation  current 
can  be  deduced.  A  method  is  described  for  measuring  the  capacity 
•of  a  gold-leaf  electroscope,  the  methcd  depending  on  sharing  the 
■charge  of  a  parallel  plate  air  condenser  of  measurable  capacity  as 
many  times  as  necessary,  and  deducing  the  capacity  of  the  electro- 
;scope  from  the  observed  diop  of  potential.  The  method  gives 
•consistent  results  when  the  experimental  conditions  are  \\  idely 
varied.  The  amount  of  deflection  of  the  leaf  appears  to  have  little 
influence  on  the  result. 

On  account  of  the  lateness  of  the  hour,  the  Paper  was  not  opened 


for    fli.sou.sHion.     Several    Fcllowi.  r-r>fnniunK-at«'<l    r^maHu   to   the 
author,  and  those,  together  with  hu  reply,  will  spprar  in  lb*  **  Pro- 

ceeding.s." 
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^  The  ijroH[)eetu.s  of  the  afjovc  nehool  has  been  wnt  to  M  by  an 

Engiishmati  interned  at  the '  '  '        '      ' 

same  time  he  senrls  in  a  lett. 

done.     We  give  below  a  note  on  tin-  .  ol  the  MrlKnl. 
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The  school  office  is  open  daily  from  :J  to  4.3(»  p.m. — Siimliv*  <*r'-»^«^ 
In  a  note  addrcs.sed  to  the  c-amp,  it  is  stated  that  '"   ' 

existence  of  the  ("amp  School  hardly  .seems  called  for. 

the  large  numbers  who,    "  book  in  hand,  haunt  all  quiet  c 

cami>."     it  appears  that  only  with  the  advent  of  warm  • 

it  pos.sihle  to  develop  the  work;  the  failure  to  obtain  a. 

commodation   "all   but  extinguished  its  life"  during  ■  :er. 

With  regard  to  the  syllabus  above  it  is  .statetl  that  a.s  r 

guages   the    Berlitz   system   is   followed   and   s_>eeial   iiiij    ..-.       . 

attached  to  colloquial  idionn     In  addition,  lectures  are  given  on  the 

history  of  th'^  literature  of  England,  of  FraneeandofOeniiany.  special 

attention  being  paid  to  particular  a uthor.s. 

In  the  arts  department  are  grouped  ela.s,ses  in  history-,  philottophy. 

music  and  drawing.     The  engineering  d 

and  steam  engines,  applied  mechanics. 

drawing  and  electrical  engineering,  both  elementarj-  and  advanced. 

Special  classes  aie  held  in  chemistry  for  engineers  and  the  Dies*-!  oil 

engine. 

[Exlrnc'i  from    LtHer.] 
"  I  take  this  op]>ortunity  of  givin"  you  some  idea  of  ' 
education  is  organi.sed  in  this  lam]).  and  enclose  thr  !• 
by  th  •  Camp  School.      Vou  will  see  that  th<^ 
de])aitments.  each  with  a  representative-  on  t 

An  Education  Committee,  composed  of eoir 

the  arts  and  science  union,  the  libraries  an<l  the  eauip 

school   undeitakes  the  kind  of  instruction  that   is  u 

technical  colleges  and  universities,  whilst  under  the 

arts  and  science  imion.  popular  lectures  are  <;iven.  an 

scicntiHc.   technical  and   laUiruage  circles  .»n'  oniani.-i^-tL      \'.  * 

large  library  of  English  and  foreign  fiction,  and  a  tini-  n"{er>  iri" 

of  works  collected  in  England  md  -sent  out  by  the  HoAni  of  Kdu>ati«4i. 

The  science    departments    have    recently    iuquire«i  s|M».-e  in 

one  of  the  lofts  for  laboratories.  The  bio!i>gical,  physics  and  enifinwr- 
iuii  departments  will  each  have  a  laboratory,  and  then'  i.s  also  ace*  ii- 
modation    for    private    advanced    work.     \Ve    ar\'    makiivj    n*    nuH-h 

apparatus  as  ))ossible  ourselves The  nu>rt>  '  - 

and  materials  we  are  able  to  (»btain  in  small  ijuHntit: 

(^uite  insjenious  work  has  ali-eady  Ikh-u  done  privately.  «im1  1  am  ex- 

])ecting  to  see  good  results  when  the  skill  is  oryanisi^l  and  .^•',  ■  -  i-»'-  •■ 

opportunities  for  development.     To  inclicate  v  hat  n>av  bi>  ■; 

I  may  mention  the  following  ap)>aratus,  all  >>f  .  '  ni 

the  I'amj)  :    Two  electric  lanterns,  complete  \i  '■'- 

trate  liH-tures,  an  electric-  clock a  deb  "» 

glass  ease,  electrical  apparatus  and  measurui_       -  *«' 

other  day  I  saw  a  most  excellent  transformer  ....      I  '  ' '^'' 

things  of  interest   to  engineers  only.     To  desi-rihe  all  th<  ' 

jtrcHhu-ticms  of  our  artists  and  craftsmen  would  take  up  nm 

I'p  to  the  present,  tuition  has  been  fr»v  and  all  -   " 
have  been  voluntary,  but  in  the  futuiv  we  have  t.  .: 

At  a  public  meeting  hehl  last  week  we  ap|H-aled  tiH" 
equip  the  school,  aiul  we  got  l,ti.')0  marks:     .\t  the  -..  -  >' 

was  decided  to  ask  all  students  to  contribute  one  mark  n«>r  month  tu 
defiay  current  exi>en.ses  ....  Consideriuit  the  diftieulties.  the  work 
is  as  efficient  as  may  be  exjn-eted.  We  have  about  l.2lX>  students  and 
200  t(<achers  ....      Wc-  aiv  pivparini;  n»any  s»>afiirii  '       ■'■ 

Board  of  Trade  examinations.  We  have  s.von»l  ami 
r<>adv  to  take  their  extra  .hiefs  v-ertiHeates.  and  nu-n  wh...  U-(.>n- 
joining  the  school,  had  no  knowledge  of  algehrsj,  now  makinij  excellent 
promx\ss  in  the  calculus.  We  hojH>  to  hold  matrie..  Chamber  o{ 
Ccuumerc-e  and  S(X-i<-tv  of  .\rts  examinations  here  ver>-  s<ton.  and  may, 
if  the  war  lasts,  hold  Inter.  B.Se.  and  H..\.  examinations  .  .  .  ." 
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SOLUTION  OF  SMOKE,  FUME  AND  DUST  PROBLEMS 
BY  ELECTRICAL   PRECIPITATION.* 

BY  JASS  BRADLEY. 

A  statement  that  the  earth's  atmosphere  contains  a  practically 
unlimited  supply  of  materials  highly  valued  by  civilised  man  prob- 
ably would  bring  to  mind  the  fact  that  nitrogen  compounds  are  being 
extracted  from  the  air  and  used  as  fertilisers,  or  perhaps  in  connection 
with  the  manufacture  of  explosives. 

But  there  are  also  being  discharged  into  the  atmosphere  regularly 
many  other  materials,  the  aggregate  value  of  which  amounts  to 
thousands  of  pounds. 

The  terms  "  smoke  problem,"  "  dust  iiroblem,"  "  fume  problem  " 
have  different  meanings  to  residents  of  various  localities.  For 
instance,  "  dust  problem  "  has  one  meaning  to  the  superintendent 
of  a  calcium  carbide  plant,  another  meaning  to  the  foreman  of  an  iron 
blast  furnace,  and  still  another  to  a  re.sident  of  a  California  desert 
town.  "  Fume  problems  "  cover  a  great  range,  from  garbage 
reduction  works  to  sulphuric  acid  factories,  including  silver  and  gold 
refineries  en  route.  Even  "  smoke  problem  "  is  not  a  specific  term 
always  meaning  the  same  thing,  because  some  people  are  inclined  to 
designate  as  smoke  every  gas  which  they  can  see. 

"  Dust  problems  "  refer  to  fairly  large  solid  paiticles  susjiendcd  in 
gaseous  bodies.  The  dividing  line  between  '"  fume  "  and  '"  dust  "  is 
not  sharp,  and  oftentimes  collected  dust  may  be  a  mixture  of  '"  fume  " 
particles  and  "  dust  "  particles.  When  the  suspended  ])artick's  are 
liquid,  the  term  "  mist  "  is  generally  u.sed.  Kxample,  sulphuric 
acid  mist,  which  contains  minute  drops  of  sulphuric  acid  of  any 
strength.  A  "  mist"  is  readily  produted  when  saturated  steam  is 
suddenly  mixed  with  cool,  humid  air.  'J'liis  "  mist  "  is  the  .so-called 
"  visible  steam."  It  ma,y  contain  other  water  in  the  ga.seous  condi- 
tion. Clouds  anfl  fogs  are  excellent  examples  of  how  readily  these 
finely  divided  jjarticles  may  be  kept  suspencled  in  a  ga.seous  body,  and 
at  the  same  time  they  indicate  how  futile  it  is  to  expect  settling 
chambers  to  cause  the  deposition  of  all  of  the  small  particles  carried 
through  them  by  moving  gases. 

In  New  York  City  inquiries  have  ranged  from  the  collection  of 
diamond  chips  suspended  in  a  small  volume  of  air  up  to  the  collection 
<jf  cinders  and  siiiail  pieces  of  coke  from  gases  arising  from  boilers. 
It  is  obvious  that  saving  was  the  object  to  be  attained  by  collecting 
the  diamond  chips,  while  in  the  latter  case  the  cinders  and  coke 
particles  constituted  a  nuisance  in  the  neighbourhood. 

Plants  in  which  dry,  iinely  divided  materials  are  handled  or 
grinding  operations  conducterl  generally  have  the  problem  of  con- 
lining  the  dust  either  for  saving  for  sanitary  reasons,  or  for  i)re\  cnting 
nuisances.  Sometimes  dust  floating  around  a  plant  are  very 
(letriiiicntal  to  rapidly  moving  machinery.  Portland  cement 
plants  generally  have  severe  dust  problems  as  they  feed  Iinely 
ground  materials  into  long  cylindrical  kilns  near  the  ix)int  where 
large  volumes  of  gas  are  rapidly  emerging,  and  in  such  a  manner 
that  the  gases  pick  uj)  a  large;  (juantity  of  dust.  Instances  are  known 
where  the  quantity  of  dust  from  a  cement  j)lant  approaches  from 
200  to  400  tons  ])er  day.  This  dust  is  .scattered  broadcast  over  the 
district  surrounding  the  plant. 

At  iron  blast  furnaces  the  finely  divided  ore  is  charged  in  such  a 
way  that  dusting  is  fii'ilifated.  I^c])()rts  have  been  obtained  wliich 
show  that  llic  total  atiiownt  of  iron  ore  and  coke  lost  in  this  manner 
amounts  to  a  very  large  toinuige  yearly,  and  when  it  is  considered  that 
this  dust  may  be  worth  from  Ms.  to  17s.  fid.  per  ton  the  economic  loss 
is  better  ap])rcciatc(l.  Tin  presence;  of  this  dust  in  tlie  blast  furnace 
gas  is  highly  objectionable  from  other  stand|X)ints  when  the  gas  is  to 
be  used  in  gas  engines  fordiird  conversion  into  mechanical  power.or 
burned  in  hot  blast  sto\es  or  under  i)oileis  forconserxation  of  the  heat 
energy.  Further,  careful  calculation  ha,s  shown  that  by  removing 
the  particles  from  the  giises  from  one  iron  bhisf  furna-e  without  cool- 
ing tlu;  gases,  the  value  of  the  con.servcd  heat  energy  might  amount 
to  about  t.l.OOO  j)(>r  annum.  One  corjmration  is  said  to  control  at 
least '100  fiunares.  Therefore,  the  saving  in  this  way  alone  would 
approach  t.")(t(l,(H»(>  aiuniallv.  Now  add  t<>  this  the  value  of  (he  ore 
recovered  in  a  usable  form,  the  value  of  the  water  used  in  wet-clean- 
ing methods  and  the  |)ower  for  pumping  it.  the  value  due  to  better 
hot -blast  stove  operations.  sa\ing  in  stove  a'nd  boili-r  iirickwork. 
labour,  &e..  and  the  economic  value  of  electrical  pn'ci|>itRtion  can 
easily  hv  appreciated. 

In  the  large  smelteries  of  the  liocky  .Mountain  States  the  fume  and 
dust  ])rol)lems  are  of  great  importance,  not  alone  l)ecau.se  of  the  strife 
between  the  farmers  and  the'smelting  companies  on  a-'count  of  crop 
damag<\  but  becau.se  of  the  huge  economic  wa.ste  occurring  in  the 
operations. 

*  Ab>itrai't  of  ail  jiilicle  in    '  Mi'tiilhiririrni  .'ind  ('lieniiejil  Ktiitinoprinir." 


The  amount  of  sulphur  being  wasted  in  the  smelting  of  valuable 
ores  is  extremely  great  It  is  not  unusual  for  a  fair-sized  smelter  to 
wa.ste  1,000  tons  of  sulphur  daily  by  discharging  it  into  the  atmo- 
sphere in  the  form  of  a  gas  sulphur  dioxide.  And  this  is  being  done 
notwithstanding  the  fact  that  sulphur  is  a  very  necessary  commodity 
for  members  of  a  civiUsed  nation.  It  is  the  most  difficult  to  obtain 
of  any  of  the  constituents  of  sulphuric  acid,  the  basis  of  chemical 
industry'. 

Waste  gases  at  smelteries  and  refineries  also  contain  metals  such, 
as  copper,  lead,  zinc,  tin,  gold,  silver,  nickel,  and  even  less  commonly- 
known  elements  such  as  arsenic,  bismuth,  selenium,  tellurium  palla- 
dium, antimony  and  various  chemical  compounds  containing  these. 
The  recovery  of  these  materials  often  would  be  warranted  for  the 
additional  revenue  which  they  would  produce  even  under  present 
circumstances  ;  in  others,  it  is  de.sirable  to  develop  processes  for 
separating  the  constituents  of  the  collected  fmne  and  dust.  Investi- 
gations at  one  smeltery  showed  that  metals  having  a  gro.ss  value  of 
approximately  £800  per  day  were  being  discharged  into  the  atmo- 
sphere. 

The  arsenic  which  can  be  produced  from  the  waste  gases  of  one 
Western  smeltery  would  nmch  more  than  equal  the  entire  United 
.States  consumption.  In  order  to  allow  for  ])lacing  all  of  this  arsenic 
on  the  market  further  uses  must  be  found  for  it,  otherwise  it  must 
continue  to  .settle  upon  the  ground  in  the  surrounding  district  or  be 
collected  and  stored  luitil  a  use  is  develoj)ed  for  it. 

While  discussing  markets  it  may  be  well  to  sate  that  price  alone 
floes  not  control  the  consumption  of  all  i)roduct.  At  varioas  copper 
refineries  on  the  Atlantic  .seaboard  some  selenium  is  produced,  for 
example.  In  the  elementary  form  this  may  .sell  for  around  5s.  per 
pound,  and  yet,  strange  as  it  may  se?'.n,  la-ge  quantities  of  it  are 
being  throwni  into  .sewers.  Contrary'  to  the  generally  accepted  theory, 
dropping  the  price  to  5d.  per  pound  would  not  find  a  market  which 
would  consume  all  that  is  now  being  wasted. 

The  daily  press  has  contained  much  in  recent  months  concerning 
brass  and  the  necessity  for  high-gratle  zinc.  Extensive  investiga- 
tions in  large  brass  foundries  have  shown  that  perhaps  3  jier  cent, 
of  all  the  zinc  charged  into  the  crucibles  is  burned  off  or  volatilised 
and  then  passes  up  stacks  and  is  discharged  iuto  the  atmosphere, 
thus  constituting  an  economic  loss  aggregating  many  ix)und.s  per 
atnium.  Analyses  of  material  collected  from  the  stack  ga.ses 
showed  a  zinc  content  of  about  .0.5  to  60  i)er  cent.,  mostly  as  zinc 
oxide.  Small  amounts  of  cadmium  and  other  eomjX)unds  are 
present,  but  it  seems  po.ssible  to  convert  all  of  this  zinc  heretofore 
wasted  into  high-grade  zinc,  and  this  would  be  a  distinct  and  im- 
portant gain  from  an  economic  standpoint  as  well  as  being  a  source  of 
profit  to  the  owners  of  the  foundries. 

In  the  production  of  metallic  zinc  from  ore  a  considerable  per- 
centage of  zinc  is  lost  as  fume.  In  the  industry  this  is  known  as 
"  ventilator  loss,"  as  all  of  this  white  fume  j)a.sses  through  large 
stack-like  ojx-nings  in  the  building  roof  just  over  the  bank  of  retort-s. 
This  lo.ss  amounts  to  many  |X)unds  jx'r  annum. 

In  refining  coj>ix>r  eleclrolytically.  gold,  silver  and  other  materials 
are  collected  as  slimes.  When  these  latter  are  treated  in  a  furnace 
for  the  recovery  of  the  gold  and  silver  considerable  of  the.se  materials 
are  lo.st  as  fume.  In  one  plant  near  New  York  City  these  valuable 
fumes  are  being  collected  by  electrical  jin-cipitation.  and  whereas 
])reviously  the  actual  los.ses  went  several  tho\isand  dollars  j)er  aimum. 
this  has  been  so  reduced  that  probably  it  <l'ics  not  now  exceed  ir^M 
]x;r  annum. 

•At  a  sulphuric  acid  i)lant  when  a  large  quantity  of  acid  is  con- 
centrated in  stills  considerable  mi.st  is  made  which  is  considere<I  a 
nuisance.  Inystigation  showed  that  '2  to  '.i  tons  of  sulphuric  acid 
were  being  wasted  daily  as  mist. 

At  another  plant  hydn)chloric  ae'd  fumes  had  l)een  killing  vegeta- 
tion in  an  Jtdjacent  park,  liut  at  present  tl.e  t-tM's  and  shrubs  are  thriv- 
ing, astheacid  fumes  are  U'ing  collected  electrically.  Fume  and  dust 
problems  may  exist  within  certain  manufa<turing  operations,  such  as, 
for  exam]ile.  in  the  ])rodu<tion  of  sulphuric  .UMd  by  the  contact 
pn)eess.  Sulphur  either  fix*e  or  comitined  with  other  element*  is 
i)urned  in  roasters,  the  object  l)eing  to  produce  sulphur  dioxide. 
'i'hese  gases  (primarily  air  plus  0  to  7  jvr  cent,  sulphur  dioxiile} 
generally  contain  du.st  and  fume  aiul  sjuu-  siilphur  trioxide.  cither 
free  or  combined  with  water,  to  form  sulphuric  acid.  In  order  to 
further  oxidise  the  sulphur  dioxide  to  trioxi<Ie  the  gases  are  |>assed 
over  a  catalytic  sui>sta')ce  (onimanly  some  form  of  platinum),  and 
in  order  that  the  eatalj'sor  be  effective  the  dust  shoiild  l>e  removed 
from  the  gases  and  the  cleanefl  gasp*  brought  to  the  cat.ilyscr  at  a 
temjx'rature  of  al>out  4(K»  ('.  Furthermoi-e.  all  arsenic,  se'enium. 
antimony,  lead.  &e.,  and  their  rom]X)unds  must  lx>  reniov»y}  as  must 
nearly  all  sulphuric  j;.id  and  water  vapour.  After  the  conversion 
to  trioxide  ha.  b  en  aeeompl;she  1  t'le  aij.sor|)t'on  of  the  product  by 
(Mjucentnitod  a-^id  is  quite  rea*lily  aocomplishetl. 
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In  one  recent  installation  it  has  been  found  that  by  circulating 
50,000  cubic  ft.  of  air  per  minute  in  a  closed  system,  removing  dust, 
&c.,  by  electrical  precipitation,  the  saving  in  steam  which  would  be 
required  for  pre-heating  this  quantity  of  air  in  cold  weather  much 
more  than  pays  a  good  return  on  the  investment.  Here  it  is  noted 
that  the  primary  object  was  conservation  of  steam  for  pre-heating 
ventilating  air. 

Reference  is  hereby  made  to  the  article  in  the  annual  report  of  the 
secretary  of  the  Smithsonian  Institution  for  1913  by  Dr.  Frederick 
G.  Cottrell,  entitled  "  Problems  in  Smoke,  Fume  and  Dust  Abate- 
ment," and  to  a  Paper  entitled  "  Practical  Application  of  Electrical 
PreciiJitation,""  Proceedings  "  of  the  A.I.E.E.,  April,  1915,  See  also 
The  Electbician,  July  Kith,  1915. 

The  statement  has  already  been  made  that  the  progress  with  this 
particular  industry  has  far  exceeded  that  in  any  other  country. 
While  a  member  of  the  faculty  of  the  I'^niversity  of  California,  Dr. 
Cottrell  conducted  experiments  in  electrical  precipitation,  and  as 
these  were  so  successful  the  work  was  transferred  to  near-by  smel- 
teries and  acid  plants.  To  him  must  be  given  full  credit  for  the 
ingenious  and  practical  method  which  is  used  for  getting  the  proper 
kind  of  electric  field,  and  for  developing  rational  hypotheses  and 
working  bases  for  solving  all  kinds  of  fume,  dust  and  smoke  problems 
by  electricity. 

The  desire  of  Mr.  R.  B.  Mellon,  of  Pittsburg,  to  have  the  coal 
smoke  nuisance  in  that  vicinity  eliminated  was  one  of  the  moti\'es 
leading  to  the  establishment  of  the  R.  B.  Mellon  Smoke  Fellowship 
of  the  University  of  Pittsburg.  Partly  as  a  result  of  the  efforts  of 
those  engaged  in  this  investigation,  the  Messrs.  R.  B.  and  Andrew 
Mellon  have  established  the  Mellon  Institute  of  Industrial  Research 
and  School  of  Specific  Industries. 

It  was  pointed  out  that  settling  chambers  do  not  and  cannot 
adequately  answer  the  purpose,  since  it  is  necessary  to  cause  some 
force  to  act  upon  the  particles  in  a  readily  controlled  manner  and  in 
such  a  way  that  they  will  move  away  from  the  moving  gas  which 
serves  to  keep  them  suspended  and  separated.  With  a  proper 
arrangement  of  pipes  or  plates  and  wires  acting  respectively  as 
'■  collecting  electrodes  "  and  '"  discharge  electrodes,"  it  is  possible 
to  produce  a  discharge  of  electricity  from  the  wires  to  the  pipes  or 
plates  through  gases  present  between  them. 

When  this  discharge  is  taking  place  with  sufficient  rapidity  a 
beautiful  violet  light  can  be  seen  around  the  wires.  It  is  true  that 
ordinarily  air  and  other  gases  are  considered  as  unable  to  conduct 
electricity,  but  in  electrical  precipitation  it  is  customary  to  employ 
verj'  high  voltages,  such  as,  say,  75,000  to  100,000.  With  such 
voltages  as  these  it  is  possible  to  subject  a  gas  to  such  strains  that  it 
is  changed  from  a  non-conducting  to  a  conducting  medium.  Of 
course,  the  conductivity  is  not  of  the  first  order  of  magnitude  such 
as  possessed  by  copper,  nickel,  &c.  The  discharge  and  collecting 
electrodes  are  not  mechanically  connected  in  any  way,  but  on  the 
contrary  are  necessarily  kept  spaced  apart  and  insulated  one  from 
the  other  by  high-voltage  insulators.  A  large  number  of  discharge 
electrodes  may  be  connected  by  metallic  wires  or  plates,  and  this  is 
likewise  true  of  the  collecting  electrodes,  it  being  necessary  only  to 
keep  these  two  kinds  of  electrodes  in  proper  relation  with  each  other 
so  that  the  units  of  electricity  are  compelled  to  flow  through  the 
air  or  other  gases  present  between  them. 

To  further  explain  the  phenomenon  of  electrical  precipitation, 
the  suspended  particles  may  be  compared  to  a  pith  ball  in  an  experi- 
ment on  static  electricity.  The  more  units  of  electricity  upon  a 
particle  the  greater  is  the  force  acting  upon  it,  therefore  in  practice 
a  strong  discharge  is  maintained.  Furthermore,  the  greater  the 
voltage  between  the  electrodes  the  stronger  is  the  precipitation  force. 
This  makes  it  desirable  to  operate  at  a  voltage  just  below  that  where 
a  spark  or  arc  would  form.  Moving  gases  exert  a  force  upon  sus- 
pended particles,  and  the  greater  the  velocity  the  greater  is  this  force. 
Hence,  with  a  given  precipitating  apparatus  there  is  an  upper  limit 
to  the  gas  velocity  at  which  the  suspended  particles  may  be  com- 
pletely removed. 

If  the  polarity  of  the  electrodes  is  too  rapidly  reversed,  the  par- 
ticles will  remain  in  suspension  in  the  gases.  For  this  reason  direct 
current  at  high  voltages  is  required,  as  alternating  current  at  com- 
mercial frequencies  is  not  suitable  for  this  work.  Large  volumes  of 
gases  require,  as  a  rule,  more  power  than  smaller  volumes,  but  the 
power  consumption  is  affected  by  other  factors.  Static  machines 
do  not  furnish  enough  power  for  commercial  installations  and  are 
not  dependable.  However,  they  give  a  desirable  kind  of  current 
and  potential  for  the  work.  In  commercial  installations  the  gases 
may  pass  between  the  electrodes  in  either  a  vertical  or  a  horizontal 
direction.  Ordinary  black  iron  pipes  about  12  in.  or  18  in.  in  dia- 
meter by  15  ft.  to  20  ft.  long  are  in  general  use.  These  pipes  may 
be  connected  to  a  gas  chamber  at  each  end  in  a  manner  similar  to 
that  in  a  tubular  boiler.     With  this  arrangement  gases  and  sus- 


I)ended  particieH  may  rea/lily  »«  diirtrihutwl  in  th«  various  fuj*--  af..| 


>*n  clean**!  dunnif 
iMi-jiicted  to  other  pLu.-es 


e.      In 


through  them  to  another  ga,^  rhamljer  ) 
such  passages.  'J'he  cleaned  gaik.-*  niav  I 
as  de.sired. 

The  preripitating  apj^iratux  Hi 
gases,  and  for  corroHJve  or  non-to;..,^... 
may  be  collected  either  wet  or  dry  m  c« 
treating   ga.ses    containing    [ 

materials  suuh  as  lead  or  ntx'        ^.      ,. 

corrosion.     Heat -insulating  materiaU  may  fje  eoi; 

ratus  to  lessen  the  lo.ss  of  he;i'  '--^imi.     'li* 

be  either  forced  or  pullerl  thrn  ther  me<»i.w,;  ..I  ri.*ar.. 

or  if  the  gases  are  sufficiently  warm  natural  draught  m 

When  tieating  gases  which  are  f'    ' 

are  kept  under  a  [jressure  at  lea 

until  they  have  been  cleaned. 

The  high-voltage  direr;t  eurreui  i- 
voltage  alternating  current  into  hjgh 
theri  converting  or  rectifying  the  latter  into  an  int« 
voltage  direct  current.     The  amount  >.' 
installations  is  relatively  low,  genet 
that  necessary  for  any  other  gas-cleaning  syr<t.  : 

A  unique  advantage  of  electrical   pre 
collect  even  the  most  minute  particles. 
is  that  components  of  gases  of  differ^-nt  volatihties  may  I 
by    what    has    been    termed    'fractional    jir      -  •    • 
method  the  gases  are  treated  while  at  a  high 
those  materials  which  are  then  either  solid  or  hquid. 
further  cooling  the  gases  subjecting  them  to  anor'    • 
separate  precipitator.     Arsenic  trioxide  of  high  p 
separated  from  copjier,  iron,  zinc  and  other  materiaj.s.     It  » 

po.s.sible  to  obtain  water-free  tar  in  gas  plants  by  tb'-  ■ - 

it  might  be  possible  to  collect  tars  of  different  <  • 
offers  a  fertile  field  for  investigation  at  ga.s  plants. 

At  foundries  where  old  tin  cans  and  other  waste  me*   '  'vtl 

and  made  into  sash  weight.^;,  quite  large  tonnages  of  -n 

tin,  lead  and  zinc  are  throwii  into  the  atmosphere.     Wfule  t*. 
Vcilue  of  this  material  may  be,  say.  £40  daily,  the  f  •  •  *■    • 
elements  are  present  in  such  proixjrtions  as  to  render  t: 
difficult  and  very  expensive  by  present  methods  penmts  <iwiier>  nf 
these  plants  to  continue  such  wastage.     Re.search  shou!-'    ■  -  'ise 
some  practical  and  economical  way  of  separating  these  Cf  t*. 

In  smelting  ores  of  certain  districts  for  the  production  ot  .Kpijer. 
the  contained  lead  is  generally  eliminated  from  the  topper  matte  in 
the  converters.  This  fume  has  heretofore  been  wa.sted.  hence  the 
lead  in  such  ores  was  of  no  value  in  so  far  as  it  never  reachefl  a  rii  irket. 
Now  that  this  valuable  fume  can  be  recovered  and  the  lead  markfted. 
it  should  be  good  practice  to  charge  more  such  ores  into  the  furnaces 
instead  of  studiously  avoiding  them. 

There  is  a  large  tonnage  of  galvanised  sheet -iron  scrap  pnxluced 
yearly,  the  zinc  on  which  is  generally  wasted.  In  some  plants  this 
material  is  charged  into  open-hearth  steel  furnaces  and  the  zinc 
driven  off  into  the  atmosphere  as  fume.  By  concentrating  this 
material  at  certain  locations,  the  recoverable  zinc  fumes  should 
warrant  its  collection.    A  somewhat  similar  )>roblemexi.sts  a'  >n 

blast  furnaces,  the  ore  containing  zinc  in  such  quantities  as  i  ,;>t 

its  recovery  from  the  blast  fur.iace  gases.     An  interesting  situation 
has  been  foimd  at  other  blast  furnaces  which  indicates  -earrh 

problem.     It  was  noticed  that  there  wciv  white  funi.  -  gas«>ti 

from  the  boilers,  these  being  heated  by  bhvst  fuma-.-e  gas,  f»uroed 
after  being  wet  scrubbed.     A  study  of  these  fume-ladei  'lowed 

a  quite  large  tonnage  of  potash  com[X)unds  whirh.  it  .1  and 

properly  treated,  would  make  an  excellent  fertiliser. 

It  is  hoped  that  chemists,  engineers  and  others  \>  'e 

earnest  consideration  to  smoke,  fume  and  uust  prol  i- 

deavour  to  solve  them,  not  only  for  the  sake  of  better  atmospheric 
conditions  and  for  aesthetic  i-easons.  but  also  for  the  values  which 
are  to  be  obtained  when  tiieir  .soluti(.n  is  a .complishe.!. 
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A  REAL  "NATIONAL  DISASTER." 

From  an  English  engineer  interned  in  Germany  we  have 
received  a  copv  of  the  Prcspectus  of  Work  for  the  Winter 
Session,  1015,  issued  by  the  Education  Department  of  the 
Ruheleben  f'anij)  School,  together  with  a  letter  setting  out 
at  some  length  tiie  objects  and  achievements  of  this  school. 
Extracts  from  the  prospectus  and  from  our  correspondents 
most  interesting  letter  are  given  elsewhere.  Our  readers 
will  remember  that  Kuheleben  Camp  is  used  only  for  the 
internment  of  civilians,  and  it  is  surprising  that  work  of 
this  character  can  be  carried  out  under  such  disadvantageous 
circumstances.  The  idea  of  1.200  .students  of  advanced 
courses  will  be  a  revelation  to  many  of  our  readers. 

With  such  a  striking  example  before  us,  we  now  ask, 
'■  What  are  we  doing  in  the  way  of  technical  education?  "' 
To  the  manv  who  wish  us  well  in  our  endeavour  to  arouse 
the  interest  of  people  at  home  in  liigher  technical  education 
sufficiently  to  induce  them  to  bring  about  reforms  by 
speaking  together,  we  offer  no  apology  for  iiarping  on  the 
one  .string  on  so  many  occasions.  To  those  who  question 
the  desirability  of  so  doing  at  such  a  time  we  would  say  that 
the  string  on  which  we  are  harping  i.-^  the  fundamental  ;  is. 
in  fact,  what  we  know  to  be  th<>  bedrock  of  our  future 
prosperity.  Such  is  technical  education.  To  all  engineers 
the  subject  is  one  of  importance  ;  to  electrical  engineers  it  is 
one  of  vital  importance,  not  so  much  in  the  mere  making  of 
dynamos  and  machinery,  at  which  our  people  excel,  but  in 
order  to  ensure  continuous  devel<)|)nients  in  the  future. 

Ten  years  ago  we  attended  a  meeting  at  which  the 
principal  speaker,  a  man  of  ripe  ex])eiience  and  rare  organ- 
ising ability,  told  his  audieiice  that  in  one  of  our  large  manu- 
facturing towns  no  less  than  (i(M)  Swiss  held  positions  of 
trust  in  the  worksli()])s.  ■actories  and  offices,  and  lie  told 
how  Swi.ss  children  were  brought  up  in  the  belief  that  though 
(Jod  had  matle  them  jioor  thev  would  not  be  ignorant.- 
VVHiat  defence  can  we  advance  ?  We  who.  notwithstanding 
our  rich  inheritance,  know  .><()  little  of  higher  industrial 
education,  and  whose  piimaiy  education  ill  tits  us  to  take 
our  ])laces  in  a  progressive  world.  Never  were  reforms  in 
oui  educational  system  more  neiMled  than  thev  are  to-day. 
and  never  in  its  che(jueied  history  has  the  Board  of  Educa- 
tion shown  itself  to  be  .so  inapt,  inept  and  inert  in  tlealing 
with  the  (|uestion  of  technical  education.  In  trulv  British 
fashion,  when  the  ckimour  in  an  irresponsible  and  unstable 
.s(x-tionof  the  daily  Press  in  favour  of  capturing  the  trade 
of  the  enemv  grew  too  loud  to  be  ignored,  and  when  the 
same  siiliject  was  taken  as  the  text  for  seinions.  and  was 
the  conuuon  topic  in  the  market  place,  committees  were 
appointed  to  investigate  aiul  rejiort  upon  the  matter. 

One  .such  c(tmmittee.  app<»inted.  we  believe,  with  the 
best  of  good  intentions,  is  the  Advisorv  Committee  on 
Research.  For  all  we  know  to  tjie  contrarv,  this  com- 
mittecv  as  well  as  the  numerous  subcommittees  attached  to 
it.  is  doing  work  which  wouul  be  invaluable  if  it  were  pro- 
perly co-ordinated  with  work  that  ought  to  be  done  by  the 
Board  of  E<hication.  but  is  ii<tt.  Through  no  \\\\\X  of  the 
committee,  the  maturing  of  its  proposals  will,  again  in  true 
liritish  fashion,  result  in  the  giving  of  high-salaried  appoint- 
ments to  many  ill-«|ualified  to  hold  them,  while  tho.se  who 
refuse  to  worship  at  the  official  shrine  will  be  left  to  follow 
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their  own  devices,  us  they  have  been  left  since  the  worhl 
began. 

If  it  be  admitted  that  research  is  a  bianch  of  education, 
and  that  technical  education  is,  of  necessity,  the  introduc- 
tion to  industrial  research,  then,  surely,  jio  one  will  deny 
the  desirability  of  vesting  the  contiol  of  both  sections  in 
one  department.  This  is  not  the  official  way,  however,  and 
when  we  discover  that  no  work  of  real  value  has  been  done 
by  either,  as  wc  shall  discover,  it  will  be  impossible  to  lay 
the  blame  on  the  one  department  or  the  other. 

We  should  be  the  more  ready  to  temper  oui'  ciilicisin  if 
the  one  departmeirt  were  endeavouring  to  feed  the  othei-. 
The  fact  is  that  work  in  the  one  department  is  of  so  slight  a 
character,  under  present  conditions,  that  officers  of  the 
department  ate  being  drafted  into  other  departments  where 
there  is  work,  of  which  they  have  little  knowledge,  to  be 
done.  Men,  less  dangerous  than  the  rest,  on  the  technical 
side  have  been  handed  over  by  the  Board  because  there  is 
no  technical  education  to  speak  of  being  carried  on  at  the 
present  time.  Let  the  doubting  reader  visit  any  of  our 
universities  or  colleges  for  verification  of  this  asseition. 
Although  no  work  is  being  done,  grants,  practically  as  usual, 
are  being  paid,  and,  in  common  with  the  other  spending 
departnrents  of  the  State,  money  is  being  wasted. 

To  make  as  brave  a  show  as  possible,  local  education  com 
mittees,  to  their  credit,  have  formed  classes  for  the  teaching 
of  Russiair,  for  the  teaching  of  business  methods  in  a  month 
and  for  the  training  of  munition  workers  in  three  weeks. 
The  students  at  these  classes  are  for  the  most  pait  girls 
and  women,  and  wc  venture  to  think  that  the  latter  would 
find  the  rearing  of  children  (not  necessarily  their  own)  at 
least  as  interesting  as  the  psendo  war  work  on  which  they 
are  engaged,  and  certainly  more  profitable  to  the  State. 
For  the  present  position  the  Association  of  Technical 
Institutions  and  similar  bodies  are  as  much  to  blan^e  as  the 
Board  of  Education.  They  have  failed  to  make  use  of  an 
opportunity,  that  wordd  have  been  willingly,  granted  to 
them  by  the  Press,  of  pointing  out  the  folly  of  allowing  the 
colleges  to  be  empti(Ml.  Like  the  others,  they  also  have  held 
meetings  and  appointed  committees  to  considei-  what  they 
could  do  '■  to  help."'  Like  the  others,  they  also  have  done 
evervthing  but  the  right  thin^'. 

When  the  above  sources  are  exhausted  we  expect  to  see 
paper-bag  cookery  introduced  in  order  to  justify  the  con- 
tinuance of  our  technical  colleges.  And  in  the  meanwhile 
committees  innumerable  are  striving  to  reach  a  common 
goal — namely,  that  of  capturing  the  trade  of  the  enemy, 
trade  which  has  been  built  up  by  infinite  organised  labour, 
and  as  the  result  of  a  systenr  of  education  of  which  we,  for 
the  most  part,  have  no  conception.  The  British  lion, 
which  at  one  time  roared  to  sonre  purpose,  has  in  these  days 
lost  its  voice,  and  now  merely  bleats  when  it  firrds  the  eagle 
prepared  for  the  Day. 

Our  "  leaders  "  have  a  few  weeks  in  which  to  recognise 
the  vital  impoitance  of  techi.ical  education  in  connection 
with  the  vvar,  and  in  this  period  they  have  to  prevent  the 
further  emptying  of  the  colleges,  as  well  as  to  take  such 
steps  as  will  bring  men  back  from  the  Forces  to  the  colleges. 
The  nrinimum  number  of  such  men  required  for  higher 
engineering  work  is '5,0C0,  together  with  750  teachers.  We 
appeal  to  the  oiganisations  representing  the  universities 
and  colleges,  and  to  the  councils  of  the  several  engineering 
and  scientific  societies  to  state  their  case,  as  stroirgly  as 
possible,  to  Ministers  of  the  Crown.  Failing  to  obtain 
satisfaction  from  Ministers,  we  urge  them  to  w^ait  upon  the 
Ki.NTC.  If  the  scientific  institutions  will  do  nothing  in  the 
matter,  we  p-uggest  that  organised  labour— the  only  thing 
that  is  organised  in  the  countrv — should  move,  as  only 
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orgariisefj  labour  ran  inov«-.     To  la*wmr,  trrhiural  ••'! 
means  bread  and  butt<T  in  the  future,  an<l  unless  :.. 
to  it  the  dilettante  politicianu  will  deprive  th«-ni  even  of  that. 
Knowing,  as  we  do  know,  that  thin  in,  firj»t  and  forcni<*t, 
a  trade  war,  of  what  leal  use  i.s  it  that  our  men  ithouhl  fiji  • 
if  on  their  return  th»!y  find  ihem.selve.s  d<^priv.  '    '  -  •  <irL-» 

of    livelihood?     A    victory    in    the    field   w. lorv 

absolute  in  our  workshops  and  factories*  were  little  (letier 
than  defeat.  The  unthinking  man  wishes  to  capture  the 
trade  of  the  enemy.  Rather  do  we  wi«h  to  Ik-  certain,  in 
the  first  y)lac<;  at  any  rate,  that  friendlv  neutra's  d<<  -  * 
captuH!  the  bulk  of  our  pre-war  tradr.  The  ii»'w  w.i- 
word  of  the  American  i.s  "  Preparedness."  We  .. 
"  Preparedness  for  what  ?  "  In  thi.s  preparedri«'.-v-<.  ju«l}.Mn{f 
from  a  mass  of  evid'-nce  before  us,  teelmical  'duration 
seems  to  be  playing  an  important  part.  Furthermore,  we 
must  endeavour  to  remember  that  as  surelv  as  we  l»un<l 
Germany  prepared  a  year  ago  last  August,  as  surely  .shall  we 
find  the  tiermans  prepared  when  jx-ace  is  pr(Nlaime«l. 
Hritain  owes  it  to  her  .Allies,  as  well  a.s  to  herwlf,  that  she 
shall  not  be  unprepared  a  second  time. 


REVIEWS. 


[Copies  of  the  undermentioned  works  ran  be  had  from  The  EtecTRiciAit  Oflkn.  poat 
free,  on  receipt  of  publbhed  price,  adding  3d.  for  book;  publbhed  under  ^      Add 

10  per  cent  for  abroad  or  for  foreign  books.] 


Treatise  on  Electricity.      I'.y  F.  1>.  l'ii>l>r<  k.     (('ambridp' :    I'nivrr- 

!sity  Prc.s.s.)     l']).  -\iv. -ft)4(>.      14.-<.  iirt. 

In  tliis  book  an  attempt  is  mack'  to  meet  the  neeiU  of  th«».M* 
who  require  an  advanced  te.xt  coveriii;;  both  the  theoretiral 
and  practical  sides  o[  tlie  subject,  as  far  as  this  can  conveniently 
be  done  in  a  single  volume.  Though  complete  in  itself,  the 
book  is  not  intended  for  bej^inners,  and  the  space  saved  by 
excluding  elementary  topics  has  been  used  to  j^ive  an  account 
of  some  of  the  more  recent  developmoiits.  The  book  may  Ik* 
divided  into  two  sections  ;  the  Hi'st  ei^^lit  chapters  coutaiiiiu!; 
all  the  principles  lu'cessary  for  a  right  appreciation  o(  the 
subject,  while  the  renuiining  si.x  cha]>tei-s  fonn  intDNluctor^* 
accounts  of  special  subjects,  which  may  Ik*  coiisulteti  l>y 
students  before  starting  on  treatises  devoted  to  them  ah»ne. 

After  a  short  mathenuiticHi  introiluction.  a  chapter,  calhii^ 
for  no  comment,  is  given  ou  Fermauenl  Majjiietism.  This  is 
followed  by  a  uell-writteu  chapter  on  Elect lustaties.  .\u 
explanation  of  the  importance  to  engineers  of  several  of  the 
theorems  in  this  chapter  "oulil  be  welcomed  by  many. 
Chapters  IV.  to  VL  on  Electric  Currents,  Magnetic  Effects  of 
Currents,  and  Theimo-electi-icity  contain  httle  that  is  original 
either  in  matter  or  uiethoil.  They,  along  with  Chapters  VII. 
and  VIII.  on  Induced  Magnetism  and  Induction  of  Currcntv*. 
would,  in  our  opinion,  be  improved  by  inchnling  a  number  of 
(arefully  selected  examples  as  well  as  hy  referring  t*)  recent 
research  on  these  mattei-s. 

Cliapter  IX.  on  .Applied  Electricity  i.s  ..ut  of  place  in  a  work 
of  this  kind.  Those  who  revel  in  St«)kes'  theorem  and  in  IVvm-I 
functions  of  zero  order  will  find  that  applied  ehn-tricity  has 
already  been  dealt  with  times  without  lunnher  by  ex.  '  'v 
able  and  practic:d  men,  and  few  students  of  electrical y  ., 
ing  will  find  anvthing  new  in  this  chapter.  Certain  of  the 
infonnation  given  is  faulty,  as  the  author  will  distn)yer  should 
he  learn  from  his  own  book.  In  this  section  cnnlit  is  ^iven  to 
Kelvin  for  a  watt-hour  meter  that  was  invented  and  develojHil 
by  Prof.  Elihu  Thomson. 

Four  chapters  in  the  second  ^ition  of  the  book  are  of 
particular  interest  and  merit.  Thev  deal  respectively^ with 
Electric  Oscillatmus,  Conductan.  of  Electricity  through  Gases, 
Radioactivity  and  the  Theory  of  Electrons.  The  tirst  three 
are  admirable  in  everv  way  and  are  more  complete  than  one 
would  expect  to  find  in  a  treatise  on  electricity.  They  form  a 
fitting  conclusion  to  a  book  which  is  highly  creditable  to  the 
author  and  publisher,  and  which  can  be  recommended  to  those 
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who,  being  properly  grounded,  desire  to  obtain  a  knowledge  uf 

modern  electrical  theories  and  research. 

British  Destiny:  The  Principles  of  Progress.     P.y  D.  X.  Dim.op. 

(L<Jii<loii  :    The  Path  I'uhlisliiiig  Co.)      J'ji.  xi. +  li:}.      .'3.s.  (id.  lu-t. 

This  small  volume  consists  of  a  number  of  essays,  many  of 
which  have  already  appeared.  The  first  subject  considered 
is  "  British  Civilisation,"  from  the  point  of  view  of  national 
j)rinciples  and  national  unity.  It  is  pointed  out-  how  greatly 
our  civilisation  depends  upon  initiative  and  tolerance.  In 
dealing  with  the  "  E(|uilibrium  of  Society  "  the  author  refers 
to  various  systems  of  government,  and  reaches  the  conclusion 
that  every  people  has  the  goveriuuent  which  is  suited  to  its 
understanding,  and  the  world  as  a  whole  is  regulated  pretty 
much  accor(!.i)ig  to  the  avci'agc  iutclligciice  of  man.  The  third 
essay  is  on  "  Co-operation."'  Ilere  the  author  poijits  out  the 
impoitance  of  co-operation  being  voluntary.  Organisations 
formed  through  external  forces  soon  lose  their  vitality.  Co- 
operation is  urged  from  tlie  standpoint  of  the  good  of  society, 
and  the  co-operation,  of  employcis  Cor  the  welfare  of  em])loy(''s 
is  welcomed  from  this  point  of  view,  even  though  there  may  be 
self-interest  in  the  movenu'ut.  It  is  ad'uitted  that  the  liigh 
quality  of  British  goods  is  largely  due  to  iiulividualism,  but 
there  is  no  reason  why  individuali.sm  should  be  lost  ihrough 
co-operation. 

Owing  to  the  author's  ])osition  as  secretary  of  the  British 
Electrical  and  Allied  Manufacturers'  Association,  chief  intei'e.st 
centres  round  the  essay  on  "  Free  Trade  or  Protection."  The 
view  is  taken  that  a  war  for  commercial  supremacy  must  be 
of  little  avail  and  that  Free  Trade  is  the  ideal.  The  sliort- 
coiiiings  of  tariffs  are  .set  forth.  The  uncb'riying  seniiment 
is  that  we  must  not  ])e  "anti-German"  but  ''pro-British.' 
It  is  ]K)inte{l  out  that  high  tariffs  may  eventually  brii\g  about 
their  own  d.est  ruction  ;  but,  nevertheless,  the  author  admits 
that  it  is  perniissil)le  to  ])rotect  Jiational  industries,  ami  that 
the  pur])ose  of  protective  tariffs  in  this  country  should  be  to 
make  (heat  Britain  strong.  A  tariff  should  init  be  used  by 
(jreat  Britain  to  light  others  commercially  with  motives  of 
supremacy.  "  But,"  the  author  coiu-bules,  "  tlte  time  has 
evidently  arrived  wlien  she  will  b(^  c.om])elled,  in  the  natioiuil 
intcicst.  to  construct  an  instrument  for  defence  and  negotiation 
in  order  to  protect  herself  until  such  time  as  the  great  Bowers 
come  to  the  realisation  of  the  benefits  of  reciprocity."  In  the 
concluding  essay,  on  "  A  National  Industrial  Federation,""  the 
author  ))oints  out  the  importance  of  co-o])eratiou  of  all  organi- 
sations, iiu-luding  trad"  unions,  if  the  industry  of  the  country 
is  to  contmue  on  satisfactory  lines. 

The  A.B.C  of  Electricity.  l5y\V.  II.  .Mkadowciuh-t.  (London  :  HarpiT 
,i;  lin.tlur.^.)  l'|)-  v.  ,  127."  2.s.  net. 
This  little  book  contains  nine  cha])ters  and  127  ])ages,  and 
deals  with  nuignetism,  wireless  telegniphy,  the  tele])hone  and 
electric  light  and  ])ower  and  batteries.  It  also  lias  an  intro- 
du(;tory  }iot«'  by  Mr.  Thos.  A.  Kdisou,  who  is  "  favourably 
impressed."  The  type  of  matter  in  the  book  may  be  judged 
from  the  following  regarding  the  incandescent  lamp  :  — 

Voii  will  notice  tlmt  in  the  iiufindcsccnt  iaiii])  the  electricity  doc^s  not 
need  to  juinpa.s  it  docs  in  the  arc  liirlit,  hecau.sc  \\c  give  it  one  continuous 
line  to  travel  in.  .  .  .  the  electricity  tmisl  go  tlnougli.  and  as  it  is  strong 
enough  to  force  its  way  it  overcomes  this  resistance  an<l  iwsscs  cm 
through  tho  carbon  to  the  wire  at  the  other  end. 

And  so  on.     It  is  essentially  "  popular." 


ENGINEERING  AND  SCIENTIFIC  RESEARCH.* 

H^    ru(U'.  .r.    \.  ki-kmino,  m.a..  n.sc,  f.b.s. 

Sviiiinary. — The  author  deals  with  the  want  of  co-ordination  between 
the  learned  and  technical  societies,  the  Board  of  Education  srhrnic. 
improvements  in  tiainiuL'.  com|>ulsory  attcnclance  at  technical  schools, 
relation  between  .sci<ntitic  rcscavih,  engineering,  and  the  position  of 
engincprins  institutions  in  relation  to  schemes  for  as.si.sting  industrial 
rest>iirch.  Finally  the  autlior  refers  to  the  scientific  organisfltion  of  the 
business  side  of  engineering.         ^ 

There  seems  to  be  a  very  complete  agreement  that  one  result 
of  the  great  war  in  which  we  are  engaged  will  lie  to  render  ab.so- 

*  Abstract  of  a  Paper  read  at  «  f'onferenee  of  the  Society  of  Engineers 
at  ("axton  Hall  last  Mondav. 


liitely  neces.sary  certain  reforms  in  our  national  s^'-stems  of  education, 
and  esjjeeially  in  the  attention  given  tj  ])ure  and  technical  scientific 
knowledge.  Hardly  anyone  disputes  the  ijro|Jositions  that  scieutific 
discovery  and  research  must  be  brought  to  bear  more  fully  on  our 
national  inclu.strie.s,  and  must  be  encouraged  to  a  far  greater  extent 
than  heretofore  in  this  eountr3'  ;  but  the  moment  we  go  beyond 
these  generalities  we  find  great  differences  of  opinion  as  to  the  best 
mode  of  giving  effect  to  these  desires. 

^lany  scientific  men  have  long  and  vehemently  urged  national 
attention  to  this  matter,  but  the  want  of  co-ordination  between 
our  various  learned  and  technical  societies  and  the  strongly  con- 
servative clement  in  our  older  Universities  and  pubhc  schools 
which  resists  a  break  with  the  past  have  prevented  many  useful 
changes  being  made. 

The  JJo'inl  of  Ednrntion  Scheme. — An  iniiKtrtant  step  was,  however, 
taken  by  the  Government  through  the  Board  of  Education  last  July 
in  the  establislimcnt  of  a  Committee  of  the  Privy  Council,  and  the 
appointment  of  an  Advisory  Council  to  deal  with  the  question  of 
sticntiiic  and  industrial  research  as  described  in  a  scheme  outhned  in 
a  White  Pajjcr.  As  this  Committee  and  Council  have  already  come 
into  existence  we  caimot  regard  the  sclienie  as  mereh  a  proposal  to  be 
discussed.  We  must  accept  it  in  a  sense  as  an  accomplished  fact,  but 
one  in  which  the  details  mil}',  we  hojc,  be  considered  as  open  to 
jnodi'ication;. 

Since  any  such  Government  control  over  scientific  research  is 
bound  to  have  a  great  influence  in  time  on  the  direction  of  scientific 
work  and  its  applications,  it  ap^xjars  most  desirable  to  gather  views 
upon  this  scheme  even  after  it«  incejjtion,  from  those  who  are  con- 
cerned with  one  of  the  most  scientific  of  these  industries,  viz., 
engineering  in  all  its  branches. 

It  is  estimated  that  the  capital  invested  in  Great  Britain  at  pre  ent 
in  plant  and  materials  in  the  two  branches  of  mechanical  aiul  electrical 
engineering  is  probably  not  less  than  tl,(MM),(KK>,(KX>.  When  we  Ijcar 
in  mind  the  manner  in  which  a  single  perfected  improvement  or 
invention  can  revolntionioC  a  whole  industry  it  needs  no  further 
argument  to  prove  the  n(u-cs.sity  Un-  careful  attention  to  the  progress 
of  scientific  research  in  coiuiecfion  with  it. 

It  is  a  very  widely  held  o|)inion  that  all  that  is  recptiri^d  to  effect 
reforms  are  Acts  of  Parliament,  the  formation  of  Conunittees,  or  the 
issue  of  regulations  ;  but  electrical  cngineei's  will  no  doubt  remember 
an  Act  of  1882  somewhat  ironically  tenned  "  An  Act  to  facilitate 
Klectrie  Lighting,"'  which  was  pa.ssed  almost  coim-idently  with  the 
ccjuipletcd  invention  of  the*  incandescent  electric-  lam]),  the  im- 
jnediatc  consetpiencc  of  which  was  to  throttle  effectively  this  najsccnt 
industry-  in  Great  Britain  for  six  years. 

Necessary  Improvements  nnd  Reforms. — In  the  particular  matter 
under  discussion  we  have  been  eomi)ellcd  to  recognise  the  manner  in 
which  important  industries  have  died  out  or  never  thriven  in  thi.s 
country  in  con.sequence  of  our  neglect  of  scientific  education  and 
researcli. 

We  have  to  consider  then  :  (a)  The  improvements  in  the  training 
of  nuMi  who  will  become  engineers;  (/;)  the  best  means  by  which 
.scientific  knowledge  can  Ih'  brought  to  l)ear  on  the  im)blems  of 
enginc>ering  ;  (r)  the  .seientiiic  method  in  Relation  to  the  business 
side  (jf  engineering. 

Our  educational  systems  from  bottom  to  top  are  too  bookish,  too 
much  devoted  to  the  cultivation  of  meniorv  and  words,  and  not 
sunicicntly  leavened  by  a  real  knowledge  of  the  facts  of  nature  and 
power  to  draw  true  inferences  frun  observations.  The  success  of 
the  Montes.sori  system  of  training  young  children  and  of  the  Baden 
Powell  Boy  Scout  movement  in  inip.iitliig  self-din>cting  |K>wer  and 
vivid  interest  in  learning  about  things,  shows  what  can  be  done  on 
rigid  lines. 

One  barrier  in  the  way  of  our  industrial  progress  has  l>een  the  im- 
perfect scientific  training  of  foremen,  managers  and  young  heads  of 
departnents  in  many  engineering  works.  The  young  men  who  are 
brought  in  to  (ill  din-eting  jxisitions  have  generally  received  the  usual 
|)ublic  or  michlle  ehuss  school  educaticm  with  its  entirely  insufficient 
attention  to  .scientifie  subject-s.  Even  when  (his  luvs  been  supple- 
luenled  by  a  course  at  a  techni<'.d  <-oIlege  the  time  at  tlie  latter  ha,s 
been  so  much  taken  up  with  learning  things  which  ought  to  have 
lieen  leanit  at  school  (hat  (he  op|»or(uni(y  of  acquiring  advanced 
scientific  knowledge  or  real  piwcr  of  inch'pendent  investigation  has 
been  very  much  curtailed.  We  have  to  produce  more  men  who  can 
do  new  things,  and  not  merely  know  abou(  old  ones. 

Cntil  this  state  of  affairs  is  renu^died  it  is  perfectly  futile  for 
tJivat  Britain  to  hope  to  gain  preeminence  over  (Germany  in  scientific 
industrie,s. 

One  of  the  edu(  ati onal  ivforms  which  seems  most  iiece>s^r>  is  the 
compul.sorv  att.Midance  of  lads  after  leaving  the  Board  School  at  a 
technical  cx>ntinuation  school.  As.«uming  he  leave*  at  \\  or  I.'j  and 
is  takc^n   on  at    an    engineering   works  it   should  not   be    optional 
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whether  he  attends  a  continuation  technical  school.     He  should  l>o 
compelled  to  do  it  uidil  he  is  17  or  18  years  old,  as  in  (icnnany. 

In  the  case  of  younj^'  men  of  higher  social  rank  who  have  been  to 
public  schools  1  am  very  strongly  of  opinion  that  the  practical 
experience  in  the  shops  and  drawing  olTico  should  not  be  deferred 
entirely  until  after  the  college  ('Dursc.  The  si^hool  education  should 
have  provided  him  with  a  thorough  grounding  in  the  elements  of 
chemistry,  jjhysics  and  mathematics,  innc  and  a{)plied,  and  with  a 
speaking  acquaintance  with  at  least  one  modern  language.  One 
year  at  a  University  or  technical  college  should  then  prepare  him  to 
take  advantage  of  some  shop  experience,  and  after  that  he  should 
return  to  the  college  for  a  year  or  perhaps  two  for  the  advanced 
laboratory  aiul  design  woik. 

The  degree  or  diploma  exam-nations  should  be  made  to  (le|)(Mid 
more  than  they  are  at  [)rcscnt  on  the  lesuKs  of  practiced  laboiutory 
and  drawing  office  work. 

In  order  to  compress  into  this  time  the  necessary  training  our 
methods  and  means  of  instruction  must  be  much  improved.  It  is 
essential  now  for  every  engineer  to  have  a  good  working  acquaintance 
with  certain  branches  of  mathematics.  If  he  has  no  knowledge 
whatever  of  the  calculus  or  trigonometry  he  finds  it  impossible  to 
read  niany  original  Papers  in  the  technical  journals. 

The  great  thing  to  guard  against  on  the  part  of  the  student  is 
premature  specialisation.  He  should  broaden  as  much  as  possible 
his  knowledge  of  the  principles  of  chemistry,  mechanics,  physics, 
mathematics,  and  metallurgy,  and  he  will  then  be  able,  later  on,  to 
build  up  on  this  foundation.  Unless  he  does  lay  this  foundation 
he  will  not  be  able  to  follow  or  assist  in  improvements. 

In  the  third  and  fourth  year  the  student  will,  of  course,  have  given 
time  to  learning  as  much  as  possible  of  the  methods  of  testing  both 
niechanical  and  electrical — as  are  required  in  engineering  work,  the 
especial  object  of  which  ia  to  enable  him  to  deal  with  the  kind  of 
problems  which  will  present  themselves  in  practice.  It  is.  of  extreme 
importance  that  he  should  acquire  sympathy  with,  and  coniidcnce  in, 
scientific  research,  to  gi^■e  the  data  for  engineering  work. 

The  Relation  of  Scioilific  Research  to  Engineeriny. — We  turn  then 
to  the  subject  which  it  is  our  purpose  more  jjarticularly  to  discuss, 
viz.,  the  relation  of  scientiiic  research  to  engineering  practice.  We 
may  roughly  divide  this  research  work  into  three  departments. 
There  are  first  the  laboratory  researches  which  aim  at  determining 
various  physical  constants  of  the  materials  used  in  engineering  which 
are  requisite  to  give  data  for  design. 

Then  in  the  second  place  there  are  those  researches  which  aid 
engineering  by  providing  new  methods  of  examination  and  test  of 
materials  or  structures.  As  an  instance  of  this,  consider  the  in- 
valuable aid  rendered  by  what  is  now  called  metallography  or  the 
study  of  the  internal  structure  of  metals  and  alloys  by  the  aid  of 
the  microscope.  The  founder  of  this  branch  of  investigation  was 
Dr.  Sorby,  of  Sheffield,  in  1864,  who  first  began  the  microscopic 
examination  of  iron  and  steel. 

The  great  development  of  pyrometry  and  high  temperature 
thermometry  by  the  invention  aiul  improvement  of  the  thermo- 
junction  and  radiation  pyrometer  and  the  electrical  resistance 
thermometer,  due  to  the  scientiiic  labours  of  Callendar,  Le  Chatelier, 
Hoi  born,  Fery,  and  many  others  have  provided  the  engineer  with 
implements  of  great  accurac\'  for  the  measurement  of  high  tempera- 
tures and  made  it,  in  fact,  an  exact  science. 
B  The  improvement  in  the  means  of  testing  the  mechanical  or  elastic 
^  properties  of  engineering  materials  by  testing  machines  is  another 
instance  of  the  same  class  of  research.  Of  late  years  the  appliances 
for  testing  the  mechanical  properties  of  materials  under  repeated 
stresses,  vibrations  or  blows  have  become  important  in  giving  the 
dynamic  as  contrasted  with  the  static  stress  properties.  One  of  the 
latest  additions  to  the  resources  of  engineering  testing  is  the  very 
ingenious  application  of  polarised  light  by  Prof.  E.  G.  Coker  to  study 
the  distribution  and  magnitude  of  stresses  in  celluloid  models  of 
beams,  struts  or  riveted  plates  used  in  engineering  structures.  To 
this  class  of  research  we  may  add  such  methods  as  those  introduced  by 
Froude  for  ship  designing.  Froude  invented  the  method  of  pre- 
determining the  resistance  to  propulsion  of  a  ship  by  dragging  small 
scale  models  of  ships'  hulls  made  of  parafiin  wax  through  water-  in  an 
experimental  tank. 

Then  in  the  third  place  we  have  a  type  of  research  which  calls  for 
special  aptitude  and  insight,  viz.,  those  which  lead  to  the  discovery 
of  some  new  process,  material  or  machine. 

^  An  excellent  example  of  this  is  the  discovery  made  simultaneously 
by  C.  M.  Hall  in  America,  and  P.  Heroult  in  France  when  hardly 
more  than  students,  which  finally  rendered  the  production  of  metallic 
aluminium  in  bulk  a  commercial  success. 

Further  examples  of  the  same  important  class  of  researches  are 
given  in  the  production  of  the  various  alloy  steels,  for  example, 
tungsten,  vanadium  steels,  with  their  extremely  valuable  properties. 


A  nickel-chroMiiurn  alloy  oalleil  nichrome  iiaM  been  found  \*>  ^Je  of 
great  Kcrvice  in  eleeuic  heating  by  prrjvidJng  an  inex{KnMive  aJIoy 

which  does  not  rapidly  oxidis<-  n\  a  bri^'hf  red  br-at. 

Then  we  have  arjditional  illu«tration«  in  th«-  gaU.\y  of  inventiuiu 
which  have  madi;  tin-  inlcnial  condiu.-stioii  «-ngiiir,  iU'V>\Aikna,  fU-ani 
trrrbine,  wiieless  telegrajiliy,  the  iK)lyph.i.-i<-;ilf' ■■  •  -  '  -  '  "*n- 
ous  motor  such  ei>och-niakirig  api)liiiiirc'<.     \\  in 

th(!se  things  were  all  fin-  outcome  of  gc-nin«  tln-ir  d<  tit  ha« 

reqirired  the  steady  a|)i)lication  of  the  Hci«mtilic  uvXhiA  .....  ii..-  c**m- 
mercial  ability  to  find  the  mcan8  of  doing  it. 

The  really  important  r|urstion  is,  what  are  tho  nr  \>-r 

which  we  car   stiirrulate  this  originative  jK<wer  T     It  i.->  ,^  to 

natural  gifts  ;  partly  to  effective  training  and  (Ktrtlv  to  tb.  'in 

of  sufficient  apj)lianees  arrd  moans.      F.,;ib'  Im 

birilt  without  number  and  Chaii-s  and  >    ...  .....  ■. ..  . i^ut 

unless  the  right  men  occupy  them  very  little  resuito.     The  tnie 
answer  to  the  above  question  is,  I  iH-lieve,  thit  or- 
originality.     A  really  great  investigator  not  on\\ 
but  imparts  .something  of  his  powers  to  hi.s  a8»oc'iate«.     No  one  can 
have  worked  under  Lorfl  Kelvin  or  studied  under  r'N-r"    " 
without  having  caught  fnjm  them  some  inspiration  antl  - 
fragment  of  their  pa.ssion  for  the  discovery  of  new  trutbt  and  njethfj«i« 
of  doing  it. 

The  engineer  requires  scientifie  assistance  and  accurate  gauges 
and  measuring  tools.  This  can  oidy  be  done  by  a  body  like  the 
National  Physical  Laboratory. 

The  Engineering  .Standards  Committee  of  the  various  Injititutioiui 
has  rendered  invaluable  .service  by  settling  siieciticatioos  and  8ize« 
to  be  used  in  engineering  work. 

In  providing  a  large  mas:j  of  accurate  scientiiic  data  for  use  in 
engineering  ;  electrical,  mechanical,  hydraulic  and  illuminating,  the 
National  Physical  Laboratory  has  given  most  valuable  scrvic-e  to  engi- 
neering for  the  last  20  years.  Nevertheless  there  are  matters  refjuir- 
ing  assistance  for  which  even  its  present  resources  arc  insufficient. 

There  arc  problems  in  connection  with  elect njinetalliirgy  and 
engineering  which  avvait  Holuti(jn  for  wlu'ch  our  present  applianceit 
in  i)rivatc  or  univiusity  labor-atories  are  insulficient. 

We  need  in  adtlition  to  the  present  resources  of  the  engineering 
department  of  the  National  Physical  Laboratory  an  increaije  in  the 
facilities  for-  metallur-gical  r'esearch  wor-k  on  a  large  scale,  such  as 
that  conducted  with  valuable  result.--  at  the  Iriivcisity  of  Sheffield. 
Such  a  laboratory  should  be  provided  with  fidl  size  smelting  and 
reiining  fur-naccs  by  coke,  gas  arul  electric  heating  arul  with  ' 
nuxchiues  capable  of  dealing  with  test  objects  of  commercial  m 
full-sized  bridge  members. 

The  engineering  laboratories  of  some  London  colleges,  such  a-s 
University  College,  should  have  their  acconmiodation  and  apphances 
largely  increased. 

Much  of  the  work  carried  out  would  then  be  of  a  highly  coniidential 
character,  and  might  have  to  remain  unpublished  but  be  com- 
municated privately  to  firms  and  corporations  concerned  with  the 
subjects  of  the  investigation. 

Industrial  Co-operative  Research.  \\\  (iermany  much  of  the 
techrncal  research  work  is  carried  out  privately  by  private  iissociatiuus 
of  the  trades  concerned.  In  Ure;  i  Britain  maiuifavtun'rs  in  the  s-ime 
trade  are  far  too  prone  to  regard  one  another  as  rivals,  wheryjis  in  the 
future  they  will  have  to  starul  much  more  shoulder  to  shouUler  ag-ainst 
theircommon  arul  CJernuvn  antagonists  who  will  be  united  against  them. 

Hence  in  many  matters  it  would  pay  British  firms  in  the  s;uno 
business  to  promote  scientiiic  research  in  common  on  certain 
problems  of  manufacture,  subscribing  together  the  funds  t^^ 
take  it  either  at  a  national  technical  laboratory  or  at  some  t. 
college  or  university  which  may  be  provided  wi^h  the  proper  equip- 
ment. Such  information  when  obtained  would  then  onlyjjc  com- 
municated to  the  members  of  the  association  or  union. 

There  are,  as  every  one  knows,  already  in  ojx-ration  many  |K>werful 
and  imi)ortant  trade  associations,  such  as  the  British  Electrical  an.l 
Allied  Manufactuicrs'  As.sociation  (B.E.A.M.A.).  ami  n>any  other 
kirulrcd  organisations  whidi  are  doing  ;iiul  could  extend  this  work 
with  great  effect.  .    . 

The  first  direction  in  which  oui-  advances  should  be  ma*le  is  tu 
improving  the  means  for  obtaining  this  early  inf<irmation  on  i»»si-ible 
improvements  arul  advances.  In  gathering  in  and  bnnguig  to 
early  notice  technical  improvements  givater  assistance  might. 
perhaps,  be  rendered  by  our  technical  pa^HM-s  and  the  •  Pi  -s 

of  our  technical  institutions.     The  held  of  knowledge  is  i vast 

and  technical  hterature  so  voluminous  that  it  is  becoming  inoneasuiglj 
difficult  for  the  busy  engineer,  whose  day  is  occupied  with  settling 
contracts,  specifications  or  routine  work  in  an  office  or  factory,  to  keep 
himself  apprised  of  new  departures  in  liis  own  special  work,  even 
with  the  aid  of  all  our  ably  conducted  technical  jounials. 

If  we  look  carefully  at  tire  history  of  successful  invention  we  see 
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tlKit  it  always  involves  three  things  :  lirst,  a  new  idea  or  fortunate 
ol)servation  ;  secondly,  the  persistent  following  out  of  this  idea  to  its 
logical  issue  by  persevering  work.  But  there  is  a  third  stage,  viz.,  the 
translation  of  the  process  or  discovery  into  a  commercial  manufacture. 
This  stage  requires  capital  outlay  and  often  large  preliminary  expendi- 
ture before  any  return  can  be  obtained,  but  also  it  involves  and 
necessitates  high  ability  in  applyiHg  the  scientiiic  mcthf)d  to  the 
commercial  problem.  The  public  do  not  understand  this.  They 
mostly  think  that  an  invention  leaps  full  grown  from  the  head  of  an 
inventor  like  "  Minerva  from  the  head  of  Jove." 

The  PoaUion  of  the  Engineering  Inslifulion.i  in  Rehilion  to  Srhemea 
for  Afinnting  Industrial  Jie-searrh. — The  iwint  which  requires  con- 
sideration is  whether  the  scheme  promoted  by  the  Board  of  Education 
Avill  meet  those  requirements  of  technology  and  manufacture  and 
(;sj)e  ially  of  engineering.  For  one  thing  it  is  mucli  to  be  desired  that 
flic  Advisory  (buncil  should  have  on  it  members  who  represent  the 
constructive  and  nianufacturing  side  of  engineering  in  various 
branches.  As  at  present  constituted  it  is  chiefly  representative  of 
eminence  in  pure  scientiiic  knowledge. 

A  further  reason  for  it  is  becau.se  many  imjK)rtant  prol>lems 
which  need  attention  are  very  large  ones,  and  will  rccpiire  the  assLst- 
aiicc  of  many  exj)eri(!nced  men.  Such  ])roblcms  are  the  conservation 
and  mon;  economical  use  of  our  national  coal  suj)ply  ;  the  universtil 
adoj)tion  of  gas  or  of  electric  heating  in  ])lace  of  the  wasteful  com- 
bustion of  raw  coal  in  domestic  fire  ])laces,  the  electrical  transmission 
of  power  from  coal  liclds  to  great  cities,  arc  examf)les.  The  coal 
(jucstion  in  its  various  aspects  is  especially  imjwrtant.  Of  all 
Iviropcan  coalfields,  Cormany  has  the  largest  known  reserves, 
though  of  inferior  (juality.  There  are  three  great  coal-bearing 
districts  in  tlermany,  viz.,  the  lower  Rhine  and  Westi)halian  basin, 
Silesia,  and  the  Rhenish  district  near  Saarl)riicken  and  Aix-la- 
(^hajK'.lle.  'J'he  life  of  these  fields  has  been  estimated  at  2,0t(),  1.2(K>, 
and  4,(MM)  years  respectively,  whereas  the  figures  given  by  the  Royal 
Comniission  on  Coal  Su])pli«>s  in  Creat  Hrifain  fixed  (he  life,  of  ours 
at  al)ou(  2(M»  years.  W'v  have,  however,  the  advantage  of  siijM'rior 
qualif  y  of  material.  Nevertheless  we  must  l>ring,  at  once,  the  highest 
K'ienfilic  knowledges  to  bear  U|M)n  the  subject  of  our  more  scientific 
coal  consumption  and  use.  These  are  jnatt<!i-s  (|uite  beyond  any 
individual  or  small  committees  to  deal  with,  they  demand  the 
lonjoinl  considjwation  of  many  mi?ids.  Hence  it  is  to  be  lioiK-d  that 
tlu;  prin(ij)al  engincicring  institutions  will  unite  in  a  strong  recjucst  to 
the  (Jovernment,  if  they  have  not  already  done  so,  to  place  represen- 
tative engineers  u|K)n  the  Advisory  Council,  and  also  that  in  the; 
disburscincnt  of  funds  allocated  to  the  assistance  of  industrial 
research,  these  institutions,  as  l)odics,  shall  be  to  a  considerable 
ext«-nt  the  avenues  through  which  it  is  clis|KMised. 

The  present  |Mjlicy  of  tin-  (iovcrnnieni  and  Moan]  of  Education,  is 
slated  apjiarently  to  be  the  setting  upof  plethora  of  fresh  Committees 
and  ignoring  the  existing  technical  and  learned  societies. 

Mr.  l^unciman  h;i.s,  recently.  a|)|K)iiited  icrlain  Committees  to 
report  on  measures  to  safeguard  the  commercial  interests  of  iron, 
steel  and  engineering  trades  and  on  ship|)ing  and  shipbuilding.  'I'he 
Advisory  Council  for  Scientific  and  Indusfriid  Pvcseanh  is  aKso 
aj)punitmg  Standmg  Committees  U>  deal  with  Muung  and  Metallurgy, 
both  non metallic  and  metallic  n.ining  and  nonferrous  and  ferrous 
metallurgy.     Also  an  Engineering  C(»nniiittec  is  promised  as  well. 

The  result  of  all  this  must  be  to  diniinish  rather  than  increase  the 
very  organisation  and  fo ordination  lopiirrd. 

W'r  are  t(»ld  that  "  in  thr-  multitude  of  roBnsellors  (lu're  is  .safetv."' 
l>n(  il  Mi^iy  srrinnsly  be  doulitnl  wild  lnr  t  lu' same  ran  be  said  of  a 
iiniltitiide  of  Coiiiiuitlecs  unless  very  carefullv  orgaiii.sed  and  corre- 
lated. 

The  hc;i(l  of  the  group  concenicd  with  ])iir>!  s(  icnlilie  research 
slioiild  lie  the  Moyal  Society  acting  not  through  a  few.  but  all  of 
its  Fellows.  At  the  head  of  the  technical  reseureh  an  orgaiiis<'d 
l)ody  selected  from  the  |)rofessional  and  technical  .societies.  At 
present,  the  (Jovernment  j)refer  to  ignore  the  existing  societies  and 
create  fresh  bodies  of  their  own  selection.  The  result  will  l)e  to 
weaken  these  existing  institutions  and  sn<'ieties. 

It  is  essential  to  guard  against  the  bureaucrat isation  of  science, 
and  the  safest  and  most  simple  method  ofj  avoiding  this  would  \n\  to 
niaUe  the  great  technical  and  |)rofessional  institutions  the  means  of 
a(l\isiiig  upon  the  inost  iinpoitanl  step.-  lo  be  taken  in  aiding 
technology.  The  author  does  not  consider  that  a  Ministry  of  Science 
will  assist  matters  at  present. 

\\c  have  first  to  create  a  great  change  in  the  attitude  of  the  public 
mind  towards  scientific  knowledge  and  research  and  develop  the 
conviction  that  until  it  is  regarded  as  a  most  .serious  pursuit  we  shall 
fa'l  to  make  any  firm  .idvances  towards  victory  in  industrial  war 

Thf  Sriinli_fir  Organisnlion  nf  Ihi   liii,<<inf.<>/<  Sidr  of  Kngineerinq. 

Th«>n  \\v.  must   glance  in  the  last   place  at  the  applications  of  the 
scientific  method  to  the  comniecial  side  of  engineering. 


Xo  one  who  ha;  studied,  even  casually,  the  German  methods 
can  fail  to  admit  they  have  realised  fully  in  commercial  matters 
the  truth  that  union  is  strength.  Whilst  British  firms  are  regarding 
one  another  as  competitors  and  greatly  afraid  to  exchange  informa- 
tion, their  German  rivals  have  adopted  every  possible  means  to  weld 
together  all  jKirtions  of  their  commercial  enterprise  into  one  great 
machine.  Our  ideal  has  been  largely  individualism  and  competition, 
theirs  has  Ijeen  organisation  and  co-operation.  The  German  com- 
mercial system  is  essentially  militant  in  nature  and  organisation. 
It  is  all  part  and  parcel  of  the  plan  to  achieve  world  conquest  at  any 
cost  and  by  every  means. 

The  first  condition  of  success  must  be  assDciation  and  combination, 
aiul  the  .second  the  scientific  method  in  all  things.  The  first  principle 
of  .scientific  investigation  is  to  collect  the  facts  and  to  draw  deductions 
only  by  the  light  of  full  knowledge.  The  inference  is  that  our 
information  about  fore-gn  markets  must  be  greatly  increased.  This 
means  that  our  Consular  reixjrts  mu-st  l)e  improved,  that  foreign 
agencies  must  be  staffed  with  men  who  have  the  necessary  linguistic 
and  .scientific  accomplishments. 

In  Germany,  besides  the  assistance  of  their  complete  Consular 
rejwrts  and  the  helj)  of  carefully  devised  legislation  and  low  export 
rates  on  railways,  there  are  special  institutes  founded  in  connection 
with  the  universities  for  the  scientific  study  of  the  problem  of  inter- 
national commerce.  Private  firms  also  a.s.sociate  themselves  into 
exjwrt  societies.  Thus  manufacturers.  shipjKjrs  and  tinancialists 
interested,  say,  in  the  Rus.sian  or  South  American  trade,  will  club 
together  to  obtain  information,  sup]K)rt  agents,  and  obtain  facilities. 
Steps  will  probably  be  taken  for  a  long  time  to  come  to  ])revent  the 
re-establishment  in  Great  Britain  of  that  iminen.se  .system  of  organised 
commercial  espionage  by  Ciermans  who  took  situations  and  apjKjint- 
mcnts  of  all  kinds  hero  at  reduced  salaries,  because  they  were  jKirtly 
supjxjrtcd  by  siib.sidics,  to  collect  information  and  tran;;mit  it  in 
weekly  rejMUts  to  their  real  employers  in  (Jermany. 

In  the  main,  however,  we  have  to  rely  on  bringing  to  bear  .scientific 
knowledge  of  all  kinds  u|)on  the  Tiianufacfure  and  distribution  of 
goods  and  obtaining  foreign  markets  for  tlic  same. 

The  author  n-fers  to  the  address  of  .Mr.  T.  C.  Elder,*  and  to  a  l)ook 
entitled  "  British  Destiny,"  by  Mr.  I).  N.  Dunlop.  We  have  to  cut 
ourselves  adrift  from  the  past  and  its  contciiii)t  for  knowledge. 

The  first  steps  in  this  seem  to  be  large  reforms  in  education,  and 
the  second  reforms  in  our  system  of  jKirty  govcniment  in  which  the 
true  requirements  of  our  national  life  are  subordinated  to  the  efforts 
to  retain  |>olitical  jKiwer  in  the  hands  of  individuals,  clans  or  parties. 
The  only  desirable  form  of  (Jovcrnment  is  an  aristocratic  Government 
in  the  true  and  juoiR-r  meaning  of  the  term,  viz.,  (Government  by  the 
most  eflicient  and  the  best.  The  nation  will  have  that  Govcniment 
when  it  demands  it  in  suflicient  earnest. 

DISCUSSION. 

Tlu'  I'REsiDKNr.  Mr.  Pen  y  (iritlitli.  in  iimving  a  vote  of  thanks  tc  Dr. 
Kk'iiiing  (which  was  carried),  .said  a  distiu;:uishiug  characteristic  of  the 
Britisli  engineer  was  a  somewhat  exaggerated  i'esj>ect  for  the  liberty  of 
thf  individual.  Pitlitically.  thi.*;  was  excellent,  but  in  business  wc  had 
suffered  from  it.  for  by  comi)cting  with  one  another  we  had  helped  rival 
nations.  Dr.  Flemings  Paper  should  hv  of  a-ssistance  in  avoiding  a 
(ontiuuaiKe  of  this  state  of  affairs  Wc  must,  however,  be  careful  to 
avoid  •.'oin<:  to  the  ixtreme  of  acceptiiiL:  Ctrman  methods  as  universally 
prefrral'le  to  our  own,  although  engineers  should  consider  the  Ix'st  way  of 
modifying  what  had  been  jtrovcd  to  bo  defective  in  our  old  sy.«tcm. 

Col.  K.  K.  Crompion  siiid  lie  had  fwrii  i onncrted  with  the  Xational 
Physicid  l.,;ih(>ra(ory  from  its  foniidat inn  u]»  to  date  and  In-  l)a<l  a  si>me- 
wliat  higher  (ipiiiion  than  Dr.  KIcmiiu'  aiijM-.ircd  to  have  of  the  existing 
dcvrlopnii'Mt  of  cii;:inrcriui:  i'«  .M-arcii  facihtiis.  Many  of  the  suj:j:estion8 
ina<le  liy  !)r.  Kicmiii','  had  Invn  acted  upon,  and  were  now  even  in  wnr- 
tiiiu-.  iM-iiig  acted  11)1011  to  a  verx-  <  «.nsi(l(ral)lc  extent.  He  felt  that  we 
\vaiit<'d  to  iiicn'n.><e  the  bulk  of  those  wiio  rc(|uin'd  cnuineerinir  educati<ui 
in  this  country.  ('hildn>n  should  Im-  educated  in  tlie  love  i)f  s<-ientitir 
research.  They  loved  science,  but  if  they  asked  a  simple  jihysical 
<|Uestion  tlie  uiir.se  or  mother  ciuild  not  answer  it.  Then^foro  the  nun*e 
.■ind  mother  slioiild  be  e<liieat<'d.  Knijineers  should  1h*  in  the  m.ijority, 
but  they  wen"  a  minority,  and  wen-  rul"d  hy  a  majority  inferior  to  them  in 
kii<)wle<l^e  of  the  facts  of  Natun-.  In  (Jerniiiny  the  en;;in«HTS  and 
^cientitic  nien  wen-  the  to|)  do;;.  If  they  s.iid  a  thiiii:  was  to  l>e  develitj>eti 
the  money  would  Iw  biiiiui.  Inventions  in  Kni;land  were  crii>i»led  by  the 
(liliiig  on  of  iiiiderMritin;:  ti;;un's,  and  that  was  why  much  gocnl  work  in 
Kii'^laiid  h.id  ^one  lo  (Jermany.  win  n>  the  ^niuiMMl  Itanks  enabled  tlie 
(Jerman.s  to  uel  the  l>eni'Ht  of  «Mir  chemical  dye  n^searcli  and  ehvtrieal  8ii<l 
i>therw(>rk.  lb'  was  one  of  the  first  tostud\  i|Uestions  w  hich  the  (Jerniaii> 
liad  taken  up.  He  had  a  thousand  men  jioins  when  the  .\.E.(i.  had 
hardly  started,  hut  a  few  years  later  the  .\.K.(;.  had  l.'i.CHHl  men.  and  his 
had  dwindled  to  7(H).  This  wa-*  nwin;:  to  the  A.K.(J.  having;  l>een  assisted 
by  the  erouped  hank  system.  In  a  family  of  four  boys  at  lea*-t  throe 
should  Ih»  educated  as  enginwrs.  instea*!  of  one  a-s  at  i>rrsent.  We  nui.st 
not.  however,  ^fitle  iTxIividiialism  as  the  (n'riuans  liad  done  tin'  l»est 
iiii-n  should  Ih-  in  the  Im>sI  positions. 

Mr.  Ai.FRKU  S.\xoN  paid  he  was  a  momlHr  of  the  Manch<>stpr  Asso<ia- 

*Aq  abstract  of  this  was  given  in  our  issue  of  the  I4th  ult  ,p.  50. — Eus.  K. 
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tion  of  Engineers.  Ho  was  in  fairly  close  agreement  witli  Dr.  Fleming'. 
Manchester  had  been  active  with  regard  to  the  questions  dealt  with  in  the 
Paper,  in  connection  with  the  Engineers'  Club,  and  during  the  jjast  week 
the  Engineering  Section  of  the  Manchester  Chamber  of  (Commerce  met  to 
discuss  draft  resolutions  in  regard  to  the  provision  of  increased  facilities 
for  scientific  and  industrial  research  after  the  war.  The  United  States 
were  securing  somewhat  of  a  monopoly  in  the  markets  of  the  world,  and 
were  strengthening  their  industrial  and  financial  position  to  the  fullest 
extent,  and  our  eye  should  be  kept  on  them.  The  grant  made  by  the 
Board  of  Education  would  assist  the  work  of  the  Manchester  Association 
of  Engineers  in  experiments  at  the  Manchester  School  of  Technology. 
Associations  such  as  the  Society  of  Engineers,  the  Institution  of  Mechanical 
Engineers  and  the  other  leading  engineering  associations  of  the  countiy 
were  the  very  channels  by  which  the  necessary  research  work  could  he 
carried  through  in  connection  with  the  technical  colleges  and  sihoojs, 
because  there  were  men  connected  with  all  those  associations  who  were 
engaged  in  the  management  of  large  engineering  works,  and  who  w(  re 
prepared  to  spend  time  in  assisting  the  workers  at  the  .schools  or  colleges. 
The  engineering  associations  had  been  asked  to  appoint  representatives 
on  the  Advisory  Committee  of  the  Engineering  Branch,  and  he  was  one  of 
those  nominated.  The  late  Sir  William  Bailey  had  said  that  the 
imagination  should  be  cultivated  in  connection  with  engineering,  and  that 
somewhat  boie  out  what  Col.  Croniplon  had  said.  The  imaginative 
faculty  was  stronger  in  children  than  in  adults.  He  agreed  that  <  on- 
tinuation  school  training  should  be  compulsory. 

Prof.  Miles  W.vlker  said  research  in  regard  to  heavy  machinery  was 
not  a  thing  that  could  be  canned  out  easily  by  a  national  laboratory,  as 
one  must  have  heavy  machinery  at  his  dispt  .'.al.  There  had  not  been 
enough  experimenting  when  heavy  machinery  was  made.  A  few  years 
ago  nearly  all  the  big  winding  engines  in  this  countiy  were  of  foreign 
manufacture,  because  our  manufacturers  did  not  conduct  experiments 
on  a  suthciently  extensive  scale.  Wlien  it  was  suggested  that  the  delivery 
of  a  machine  should  be  delayed,  and  a  portion  of  the  profit  spent  in 
conducting  experiments  it  did  not  meet  with  great  sympathy  :  the 
engineers  had  not  tlie  lime  to  conduct  the  ex])eriments  on  a  ])roi)cr 
scale,  and  in  big  engineering  works  the  necessary  instruments  of  ^iretision 
were  not  available.  It  was  not  sufficient  to  convince  the  managei's  of 
engineering  works  of  the  importance  of  research.  Many  of  them  were 
fully  alive  to  it,  and  were  C[Uite  sympathetic.  The  important  thing  was 
to  establish  more  firmly  the  determination  to  carry  out  experiments  on  a 
large  .scale.  There  should  be  a  larger  number  of  men  in  the  factories 
whose  energy  was  directed  to  experimental  work.  Small  manufacturers 
could  not  keep  an  experimenter,  and  the  research  institutions  should  be 
in  a  position  to  lend  out  to  them  men  with  the  proper  training.  Man- 
chestir  University  had  been  able  to  lend  such  men  to  manufacturers,  and 
some  important  developments  in  apparatus  had  resulted.  More  of  that 
sort  of  thing  could  be  done. 

Principal  ,1.  C.  M.  Carnett  (Manchester  School  of  Technology)  said 
he  agreed  with  Dr.  Fleming  that  the  only  way  to  secure  the  permanent 
pre-eminence  of  British  industry  was  by  changing  the  British  attitude 
towards  research.  Natural  science  should  be  more  extensively  taught 
in  all  schooks.  Different  subjects  were  taught  by  too  many  different 
teachers.  Pupils  should  be  taught  at  least  half  their  time  by  one  teacher. 
Everybody  ought  to  know  some  science,  but  we  must  not  confuse  that 
with  ttie  (jucstion  of  men  occupying  leading  positions  in  the  scientific 
world,  who  h<ad  to  carry  their  knowledge  of  natural  science  to  a  high 
standard.  He  joined  Dr.  Fleming  in  ho|)ing  that  all  apprentices  would 
have  to  continue  at  continuation  schools  until  17  or  18  years  of  age.  The 
instruction  should  be  both  vocational  and  social.  The  Covernment  could 
do  a  great  deal  of  advising  and  assistinj;  in  organising  industrial  and 
engineering  research,  and  could  come  for  advice  to  the  technical  societies, 
but  the  initiative  must  come  from  tlie  British  firms  themselves,  and  tiie 
money  must  come  from  the  industries  directly.  The  Engineers' Club  of 
Manchester  recently  jiroduced  a  report  on  this  subject,  and  a  Council  of 
Engineers  had  been  established  to  foster  it.  Nearly  all  tlie  largest  firms 
in  the  Manchester  district  had  joined  the  Association.  Engineering 
firms  in  London,  the  Midlands  and  other  districts  were  to  be  asked  to 
(o-operate.  About  200  firms  had  joined.  The  Report  advocated  the 
ir  elusion  in  the  Association  of  representatives  of  concerns  in  all  branches 
ol  engineering,  as  such  an  Association  would  speak  with  a  powerful  and 
collective  voice,  and  assist  the  Covernment  in  industrial  and  comnicrcia  1 
questions.  He  hoped  the  present  research  laboratories  would  not  be 
forgotten.  When  those  were  used  there  might  be  need  for  additional 
ones.  The  men  who  were  doing  original  work  had  a  profound  inrtiiciice 
on  students,  and  any  attempt  to  dissociate  research  from  engineering  work 
would  be  bad. 

Mr.  A.  P.  M.  Flemix(!  (Manchester)  said  he  did  not  think  Dr.  Fleming  had 
put  it  forcibly  enough  that  the  real  crux  of  the  whole  ])ioblem  lay  with  the 
manufacturers.  The  manufacturer  could  use  the  new  knowledge  in 
making  apparatus  better,  and  if  he  was  not  learned  enough  to  use  such 
new  knowledge  its  value  from  an  engineering  point  of  view  was  gone. 
The  manufacturer  was  slightly  sceptical  as  to  the  real  value  of  reseaich. 
and  rather  conservative  about  investing  money  without  an  obvious  and 
immediate  return,  and  it  would  be  years  before  the  industry  would  be  so 
permeated  by  scientific  men  as  to  automatically  remove  that  obstaiie. 
Apart  from  the  Association  described  by  Mr.  Carnett,  and  the  woik  they 
were  doing,  any  channel  by  which  the  employer  and  manufacturer  could 
be  educated  should  not  be  neglected.  He  suggested  that  the  technical 
press,  trade  associations,  scientific  institutions  and  others  should  impress 
the  economic  importance  of  this  subject  upon  the  manufacturer — the 
weapon  which  is  put  in  his  hands  to  compete  with  the  foreign  com- 
petitor— and  they  could  also  point  out  the  wonderful  work  that  was 
being  done  by  national  efforts.     The  most  efficient  way  of  applying  the 
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rr-s<!arch  was  where  the  workit  and   t(  '  , 

W'hen  the  mannfa<.tiir«,T  wnn  e«lu(  au-<l 

would  institut<;  their  own  lal><.' 

go  much  further  and  r|<-vot<-  .. 

materials  and  methods.     Th<'  tiiu*-  wa*  mrver  - 

tioii.     The  manufjictunT  should  n;ali«M:  th?.*  •<  •! 

disaster  for  the  whole  industry,  and  anv  a*! . 

firm  should  assist  the  su'-ccri.s  t,f  the  wli   ' 

step.      With  regard  to   pun-  vicne**  w 

ind(^pcnd<'nt  of  the  individual  inwni^.      i 

have  to  b(!  dr>ne  in  connection  with  uni-. ■ 

means  of  preparing  young  men  for  induxtnal  hff-.      It 

universities  that  the  facihtie.-;  already  ex»-»t«?d  tor  ih*  ••  ik.       i' 

we  had  to  conceive  a  magnitu<le  c/f  rewarch  irlii<  h   w>niUI  n 

])rcsent  faciluies  like  small  sid)-st.itions(<. no 

In  the   U.S.A.  there  vffif  over  .'A)  n-si-jin  I. 

individual  corjiorations  wlif)  were  »-ach  s|»»-ie ; 

year  on  them.      From  the  manufacterfrt'  p' 

necessary  that  a  great  part  of  the  pra-tical  traiii  the 

completed  college  course.     Agreat  flea!  of  s;fx»d  i  ..m.i  i» 

ing  the  young  men  in  the  economics  of  mnnufai  tun  .  a: 

of  works  organisatifin.     Mueh  was  iK-ing  done  \,\    ■ 

technical   schfiols,   but   not   r-iiou'ih.     There   wa-i  .u 

engineering  works  for-  yoiiiiL'  men  who  lould  follnM  u|i  tli<-  W' 

tion  side.      Those  who  shriwed  fhemseives  ( apable  ..f  doing     .    :.  -  .^. 

helped  to  rise  to  the  higher  [lositions.  but  it  would  \yf  a  mu-tak**  to  try  to 

educate  the  whole  of  them  for  higher  positions. 

Mr.   Durance  said  it  would  \k-  a  wa-^te  to  edui'at<>  •vtryhridv  to  th" 
highest  standard.     The  chaff  should  \»-  rontinuallv  wii 
the  corn.      Youths  should  not  only  !«•  taught  how  !•>  m  .. 
how  to  make  it  to  time.      Boys  from  tef  hnieal  r  ollej/i-  w.  iv  lauyht  !••  a-k 
thn>e  times  the  wage  of  a  boy  straiijht  from  sehool,  but  th«*y  kn»-w  iH.thinv; 
of  the  economical  side  of  the  business.      FVojile  were  t<Mi  mueh  inilin«-<l 
to  say  our  scientific  people  wero  vastly  inferior  to  the  (irrniaiiv     Tli-- 
(Jermans  had  forged  ahead  because  the  (loveriinieiit.  thrnuvh  ihf  li-ttiL* 
and  enormous  concerns  like  the  \.  E.(<.  workini;  to.»eth<T  on  a  iu-m. 
of  Socialism,  was  really  the  only  employer.     If  that  wa>  to  Im-  the  f  , 
commerce  it  would  be  the  solution  of  soeialisni.  lK-<aus4'  ea«-h  (Jovcmni'-nl 
would  be  the  only  employer,  and  individualism  would  suffer  a  girat  m-t- 
back. 

Lord  Heaui.ev  said  he  was  doubtful  whether  (lassical  educ  ■.''        '       '! 
be  abolished,  although   at  the  public  schools  t<K)  mueh  -.w 
devoted  to  Latin  and  Greek,  which  would  not  hi-lp  to  build  a^ 
and  so  forth,  and  enough  attention  was  not  given  to  M-ien'-c.      H'    ; 
think  the  Germans  were  more  intelligent  than  the  British.  l<ut  they  ha«l 
more  methodical  thoroughness  and  determination.      He  was  ronvin'TtI 
that  State-controlled  intelligence  was  bound  to  leatl  to  niental  atn-piiy. 
It    did    away    with    originality    and    prevented    dis<(>vcrifs.     S«kntitie 
effort  shouUi  be  encouraged,  but  not  dictated  by  the  Govemnu-nt.      He 
thought  it  would  be  difficult  to  adopt  Ccl.  ('romp ton's  su'_"_'cstion  of  ni  ikin-» 
three  sons  out  of  four  engineers,  if  they  showed  no  aptitude  for  it. 

Dr.  Het.e-Shaw  said  he  would  contribute  to  the  (liacu.ssiun  in  writinsr. 
but  he  would  quote  one  instance  of  the  advanta-'  of  s.-icntific  over 
empirical  methods  of  discovery.  Prof.  Coker  at  t!i  •  Royal  Institution 
recently  gave  a  beautiful  lecture  on  his  methiMl  of  y  il;>.r  -ed  linht  in  in- 
vestiaating  stresses.  By  his  method  it  was  shown  th.it  •!  .  -.tn-.-.----^  in  an 
eye  aind  bolt  were  veiy  great.  Finally  Prof.  Coker  s!io-,\  d  .somethini:  m 
the  shape  of  a  long  oval — something  like  a  fish  equal  at  I-.  :th  ends-  whn  h 
was  almost  perfect,  putting  the  stre.ss  on  the  stniight.  Tho  editor  of 
'•  Engineering  '  told  him  (the  .speaker)  that  that  was  the  exaet  »ha|)«>  of 
eye  adopted  by  an  American  com])any  after  spending  f;U».lHH»  or  t4ii.tHh» 
ill  experiments.  Prof.  Coker  said  he  liad  diseo\eivd  it  in  his  laUiratory. 
and  that  he  knew  nothing  of  the  American  experiments. 

Col.  C.  E.  Cassai.  said  he  repr(>sc".ted  the  <hemists.  who  werv  a  Ih-ih-. 
lessly  disorgani.sed  body  in  this  country,  and  not  to  be  eon>|«n>*i  to  thf 
en<iinecis  for  managing  their  own  affairs.     They  wouKl  et.ntinuo  to  be  iu 
the  backu'round  until  they  invited  the  memlH»|->  of  other  pn>ffs.sions  to 
their   di.seiissions.    and    absorbed    iheir   ideas.     Chemists   and   cn..'i"'"'rs 
could  be  of  great  value  to  each  other.      Few  ehcmists  kiu-w  e- 
engineering  to  carry  out  chemical  schemes  involving  such  kii    ■ 
He^  asrced   with    Lord    Headley   that   tho  gn^at  superiority   i.n-iu'mlly 
attributed  to  the  (Germans  in  science  was  a  mistake.      In  the  hust  ."HI  or  I'll 
years    Germany    had    produced    nothing    brilliant    w*    s<ieiiit\    but    our 
(•(lucational  and  ])olitieal  systems  had  militated  a-iainst  workiii 
position  which  woulil  liave  enabled  us  to  stand  ai;ainst   the  . 
villainy   of    the   Teuton.     Our   system   of   eilueation   did    not    d.  <..l.p 
seicntific  thought.      Our  political  system  jdaeed  at  the  top  a  lar^t-  numU-r 
of  persons  whose  ignorance  of  science  v.as  monumental.    Tho  •i^^  •.''•ntle- 
men  luoposcd  to  dip  et  industrial  concerns  which  this  rountrv  nHjuiir.! 
in  order  to  defend  itself  were  m>t   well    selecte*!.       Ko  ngnHtl  that  the 
bookish  si)iiit  was  too  ,>revalen'   in  schoolmasters.     T!         '       '       -'er« 
was  not  cimcerned  in  works,  and  the  works  eheml^•t  w  ■  "•- 

side  the  field  of  the  schoolmaster.      He  blametl  our 
lack  of  complete  success  in  our  dvo  manufaituix\      i 

patents  heiv  but  h-ft  out  crucial  points  in  their  s,Hvituations.  Mr 
believed  the  war  had  come  in  time  to  save  us  fn>m  the  d.^trm-tion  to 
which  we  were  hurryiiio  under  the  ridiculous  system  wo  h.nd  followo*!  ot 

managinsi  the  countrv.  .,    .  .v    . 

Dr  W   K  Eccles  said  the  main  point  in  tho  l^peruas  that  this  was  an 

epoch  of  time  when  the  relations  of  puiv  scit  n.v  to  industrial  n>soar^h  l.ad 
a  better  chance  of  beinsx  put  on  a  s^xtisfactory  basis  than  they  had  hitherto 
had  in  this  country,  those  ivlat ions  ha<l  1h  en  acci.leutal.  and  go-as-you- 
]>lease,  and  they  sliould  be  on  a  methml  quite  the  nner«.'  of  that.      In 
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putting  before  them  suggestions  for  producing  the  necessary  co-ordinatio'^ 
Dr.  Fleming  was  rendering  a  very  useful  national  service.  It  wa® 
necessary-  to  form  and  develop  puVilic  opinicjn  alioiit  these  matters' 
especially  among  manufat  turers,  and  public  opinion  ouiilit  to  be  devi'lo]Kd 
so  as  to  bring  some  influence  to  bear  on  Government  circles.  The 
Government  method  would  be  to  establish  a  bureau,  but  he  thought  their 
method  should  be  to  develop  public  opinion  by  the  continuance  of  such 
meetings  as  that,  and  in  that  way  call  att'-ntion  to  the  opportunity  that 
awaited  them.  Everyone  reali.sed  by  this  time  that  any  nation  that 
neglected  to  apply  science  to  guns,  shi|)s,  armour,  &c.;  would  go  to  the 
wall,  or  take  a  subordinate  place  amongst  the  Powers.  If  theap])lication 
of  science  was  so  necessary  in  the  present  war  it  ought  to  be  easy  to  con- 
vince people  that  it  would  be  equally  necessary  in  the  industrial  war  that 
was  to  follow. 

The  I'kesidknt  invited  other  intending  speakers  to  .send  in  their 
c(mtiibuiions  in  writing,  and  announced  that  Dr.  Firming  would  reply  to 
the  discussion  in  a\  riling. 

This  concluded  the  meeting. 


CORRESPONDENCE. 


BPKKDING    UP   IN  AN   ENGINKKKING   FACTORY." 

TO  THE    EDITORS    OF    THE    ELECTRICIAN. 

The  Pa})er  recently  read  by  Mr.  Rankin  i.s  a  timely  con- 
trihiition  to  a  subject  wliich  must  be  lienccforili  of  tlie  most 
vital  iin])i»iiar\c(',  not  only  in  the  ])reservation  of  British 
suj)ieinacy  in  world  industry  and  commerce.  l)ut  in  the  econo- 
mic e.\})ansi(;n  o[  the  Kmpiie.  The  author  has  attacked  liis 
pr()})lem  on  sound  scientific  lines,  aiul  a))j)ears  to  liave  ajjplied 
the  principles  of  the  American  investi^'ators  with  a  nice  dis- 
crimination and  a  sense  of  tlie  probabh'  limits  of  accuracy. 
Nevertheless,  his  Paper  biistles  with  contentious  ])oints,  with 
a  few  of  which  I  propose  to  deal.  It  is  to  be  Jioped  that  others 
will  take  up  tlie  discussion,  for  there  is  no  more  ])ressing  pro- 
blem awaiting  us  on  the  restoiation  of  peace  than  the  remunera- 
tion of  laboui'  and  the  em])loyment  of  each  wuiker  at  his  (or  her) 
maximum  capacity  in  that  particular  sphere  for  which  Nature 
has  endowed  him.  Altliough  the  necessity  of  largely  increasing 
the  nation  s  ()ut})ut  is  generally  recognised,  the  end  is  being 
sought  simply  by  ostensibly  non-party  political  means.  Yet 
the  question  is  essentially  a  social  one,  demanding  practical 
systematic  lesearch  on  scientific  lines  in  fields  hitherto  almost 
entirely  unexplored.  It  is  from  such  a  jjosition  as  that  reached 
in  Mr.  Rankin's  Pa])er  that  an  excursion  into  these  fields  can 
best  Ix!  made. 

What  most  impresses  one  on  leading  through  the  Pa](er  is 
tlie  aulhoi"s  mental  altituile  towards  the  worker,  as  shown  by 
his  elioiee  of  words  when  referring  to  the  men  and  in  describing 
the  passive  oj)])osition  which  he  encountered.  Thus,  if  the 
man  who  took  i-il  minutes  to  do  work  which  he  had  ))reviously 
done  in  2-2r)  luinutes,  it  is  stated  "  he  was  malingering. ""  Rut 
the  circumstances  rather  show  that  the  man,  so  far  from  being 
(lislionest,  was  really  acting  in  ac^cord  with  what  he  conceived 
to  be  the  best  interests  of  his  class,  even  at  his  own  ])ersf)nal 
loss,  and  from  that  aspect  his  action  was  highly  moral  and 
commendable. 

Mr.  Runkiii.  like  the  majority  of  men  who  take  up  time  study, 
ap|)eiirs  tit  lack  that  (  los(>  ;;ympathy  with  the  laliourei's  view- 
point whicli  is  essential  I o  success.  My  first  experiments  in  the 
analysis  of  complex  inoce.sses  with  a  \  iew  to  in(  leasing  the 
oiit])Ut  per  man  were  carried  out  towards  the  close  of  P.IO."). 
whilst  engaged  in  jiositioning  and  calilMatiiig  m(»ven.eiils  for 
electrical  instruments.  I  early  learned  from  the  attitude  of 
my  fellow-workers  (technically  educated  men)  the  importance 
of  sympathy  when  approaching  the  man  on  the  bcmli  with  a 
demand  for  more  work.  I''i.\])erienee  has  shown  me  that 
driving  methods  sncliasMr.  Mankin  employed  <lii  nut  |My. 
aiwl,  indeed,  should  not  be  necessary  with  pinpci  management. 
Lalxuir  to-day  is  what  a  <entuiy's  training  by  misguided 
pmjjloyers  has  made  it,  and  in  geitcral,  in  its  (jealings  with 
Capital,  it  acts  upon  those  same  economic  fallacies  which 
ins])ire  the  policy  of  most  industrial  eoneerns.  Lack  of  appre- 
ciation of  tli(>  lnoader  aspects  of  cost ai'counis  has  led  to  |»iiee- 
cutting  and  the  exploitation  of  the  labourer,  who.  in  con.sc- 
qtieiice,  has  sought  to  ])reyent  the  em]doyer  "dishonestly"' 
obtaining   extra    units    of    his    physical    and    nervous    energy 


without  metering  them  on  the  pay  roll  and  supplying  on  pay 
day  the  wherewithal  to  replace  them.  If  the  employer's 
attitude  has  been  a  mistaken  one,  who  shall  blame  the  labourer, 
with  his  imperfect  education  and  narrow  outlook  on  life,  for  the 
wrong  methods  he  has  used  in  retaliation  ?  Each  side  has 
fallen  into  grievous  error  because  it  has  had  no  training  in 
economics,  and  has  chosen  to  regulate  its  product  by  a  train  of 
fallacious  reasoning.  So  the  employer  has  his  theory  of 
"  Scarcity  "  and  the  employe  his  theory  of  the  "  Lump  "  of  labour, 
each  restrictive  of  output  and  prejudicial  to  the  true  interests 
of  both  sides.  At  various  times  during  the  past  10  years  I  haye 
had  to  split  up  processes  into  their  component  parts,  cheapening 
production  with  an  increased  output  per  worker  and  jiigher 
wages.  I  have  always  begun  by  exj)laining  my  case  to  the 
workers  and  enlisting  their  co-operation.  I  have  employed 
straight  piecework  with  a  guarantee  against  price  cutting  so 
long  as  the  ])rocess  remained  unchanged.  This  method  has 
inspired  confidence  and  pioduced  contented  and  therefore 
efficient  workers,  contrasting  with  the  disturbance  due  to  stop 
watches  and  driving  methods.  Mr.  Rankins  troubles  should 
not  have  arisen  ;  they  were  clearly  due  to  wholesale  changes, 
made  rapidly,  without  a  frank  and  .satisfactory  explanation 
of  the  position  to  labour  beforehand. 

To  the  worker  it  is  his  ""  price  "  or  "  rate  "'  which  is  every- 
thing, but  to  the  employer  this  is  only  one  factor  in  manufac- 
turing expense.  Overhead  charges  are  largely  a  function  of  the 
number  of  hands  em])loyed,  and  are  almost  independent  of 
output.  Consequently  increasing  the  output  per  worker  effects 
a  reduction  in  the  ]iro)iortion  of  overhead  charges  which  each 
unit  produced  should  bear.  This  gain  is  so  great  that  there 
seems  little  need  for  the  various  systems  invented  to  cut  piece 
rates  automatically,  without  the  kn.owledge  of  the  man  (as  Mr. 
Rankin's  jilan  does  in  sjiite  of  his  clause  1).  The  straight  piece- 
work .system  is  understood  by  the  men.  aiul  they  can  calculate 
their  earnings  themselves  ;  this  gives  them  confidence.  There 
should  b(!  no  "  in  debt  "  workers  it  does  not  pay  to  keep 
them  ;  neither  should  newcomers  be  expected  immediately 
to  make  full  money  at  standard  rates. 

Mr.  Rankin  thinks  it  is  absolutely  wrong  in  j)rinciple  that 
the  men  should  sell  pieces  to  their  em])loyers  rather  than  their 
ability  to  work.  In  setting  a  '"  task  ""  (unha]ipy  word),  liow- 
ever,  the  employer  waives  his  right  t(t  ability,  excejit  as  ex- 
pressed in  the  ])iece  in  hand,  and  he  is.  in  fact,  demanding  pieces. 
In  this  democratic  age  the  freer  th(>  labourer  is  left  the  better, 
and  the  ])rin(iple  of  selling  ])ieces  suits  him  best.  '"  Ability,*' 
in  the  sense  of  high  outj)ut,  it  is  not  always  in  the  man's  power 
to  give.  I  have  lo(»ke(l  in  vain  for  anv  reference  by  Mr. 
Rankin  to  the  im))ortant  matter  of  fatigue  and  its  effects  on 
the  ability  to  produce.  This,  again,  is  an  instance  where 
driving  methods  are  le.-^s  likely  to  produce  high  output  than 
regulated  working  periods  alternating  with  regulated  periods 
of  rest.  There  is  the  classic  instance  of  F.  W.  Taylor  and  his 
wagon  loader.  Prof.  Mosso's  researches  are  also  well  known, 
and  his  ergograjih.  although  ditlii  ult  of  api)lication  to  industrial 
operations,  has  demonstrated  the  general  laws  of  fatigue. 
Within  the  last  few  weeks  the  famous  No.  2  report  of  the 
IMinistry  <»f  Munitions  Health  Committee  has  been  publi.shed. 
and  it  will  become  a  milestone  on  tlie  road  to  industrial  efll- 
cieiicy  ill  this  (oiintiy.  It  is  not  siitlicient  to  set  a  task; 
ellicieiit  management  should  say  how  it  can  best  be  done  with 
the  e(|ui|Unent  available.  It  does  not  follow  becau.se  a  man  is 
away  from  his  bench  or  [a  apparently  i<lling  that  he  is  wasting 
time  :  he  may  be  taking  that  ]teiiod  of  rest  which  is  essential 
to  his  continued  high-sjteed  output,  and  only  his  days  total 
will  show  this.  Since  every  per.son  has  his  own  characteristic 
fatigue  graph,  and  as.  moreover,  it  varies  with  changes  in  his 
health  and  general  condition,  guidance  only  can  Ite  given  to 
each  man  to  enable  him  1<»  selei  t  his  own  best  working  and 
resting  ])eriods.  When  1  read  'during  this  period  the  men 
never  left  their  work."  I  know  assuming  the  men  really 
worked  all  the  time  that  llioy  were  not  working  at  the 
maximum  eniclencV  p()S.sihlo.  The  logical  method  of  remunera- 
tion  would  .seem  to  be  one  in  which  fatigue  is  considered.  We 
hear  a  lot  about  doing  "  a  fair  days  work  for  a  fair  days  pay," 
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but  what  is  a  "  fair  day's  work  "  and  what  is  a  fair  price  for  it  ? 
Here  is  a  field  for  scientific  invo8tio;a(ioii  by  exj)ert  economists 
directed  by  a  Government  Committ(;e  composed  ecpially  of 
representatives  of  Labour  and  Capital.  Some  such  investi<^a- 
tion,  producing  conclusive  results  satisfactory  to  botli  sides, 
is  essential  to  a  lasting  iiidustrial  peace. 

Labour  is  now  scarce,  but  What  is  to  become  of  all  the  surplus 
when  the  war  is  over  ?  Restri(;ted  output  per  man  caimot  be 
contemplated  if  the  Empire  is  to  replace  the  capital  which  has 
been  destroyed.  The  only  course  seems  to  be  to  train  to  the 
highest  efficiency  every  man  (or  woman)  now  employed  in  that 
line  of  work  best  adapted  to  his  natural  characteristics.  The 
new  armies  should  be  disbanded  through  civil  reserves,  where 
every  man  would  be  trained  in  high-efficiency  methods  in  that 
branch  of  industry  for  which  he  possessed  the  greatest  capacity. 
The  State  should  continue  to  pay  at  least  as  much  to  each  man 
during  training  as  for  Army  service.  In  this  way  additions  to 
the  present  labour  force  would  be  regulated  and  the  greater 
productive  power  of  each  fully  utilised.  This  would  be 
equivalent  in  effect  to  a  doubling  or  trebling  of  our  industrial 
population.  Work  to  fully  absorb  all  this  supply  should  be 
coming  into  sight  now,  if  ever  ;  when  peace  is  declared  will 
be  too  late.  Neutral  markets  will  be  the  onlv  ones  I'ich  enough 
to  buy  largely,  and  there  German  competition  will  be  severe 
on  the  old  basis  of  cheapness  and  long  credit.  This  brings  us 
to  low  prices  as  the  principal  requirement  in  the  future,  and  it 
demands  the  permanent  abolition  of  all  restrictions  on  out])ut. 

Mr.  Rankin  deserves  the  thanks  of  the  engineering  com- 
munity for  bringing  forward  a  Paper  raising  such  important 
questions. 

Manchester,  April  28.  H.  Ambrose  Carney. 


living,  accommodate  haeU  to  »uch  mlur^  tondition/j  ?     If 

upon  the  restoration  of  pi-acc  t'  rj 

Lahoiir  and  Caj)ital  are  to  he  i.    ..,  .,  .^ .„.  i.„.,    ..  ;>' 

urgent  and-  forcible  demandH  will  \h'  uimU-  (or  lietter  rateii. 
Refusal  to  meet  such  d<r.ian.ls  will  result  in  the  mtmt  m\»- 
chievous  aiul  dfplorable  contlict     •    •  -<  ^\ 

forces  of  pn>ductir,n.     It  thus  ai^ 

witliin  the  nation  m  to  be  niaintaineU  almost  certainly 
higher  wages  be  given  to  Labour  aft.-r  th«-  war.     No  .. 

the  old  rates,  whether  now  agreed  to  or  not,  will  \te  a«  -  -^.i^^Ae 
to  the  men  in  the  altered  circum.stance.s. 

While  higher  wages  do  ultimately  accrue  to  the  workera  upon 
the  appli.iition  of  Mr.  Rankin's  r'lp    '     '  '  '  ixMwi- 

bility  of  engendering  strikes  during  t  . _      .ttem 

that  is  to  make  for  industrial  hannon)'  i.s  an  ironv  that  cannot 
be  entertained.     The  weakness  of  the  svstern  ha* 
indicated,  for  any  system -that  relies  f<.r  it«  ku> 
"  recognised  rate,"  or  upon  the  withholding  of  ti 
and  methods  from  the  men,  is  inherently  defective. 

Furthermore,  while  under  certain  conditions  »■  .1 

charges  by  this  system  are  lower  than  under  a  st; ,.      .- 

work  system,  yet  I  have  worked  out  a  number  of  case-s  and  find 
that  their  reduction  is  so  inconsiderable  a.s  to  inake  it  appear 
doubtful  as  to  whether  this  saving  is  not  outweighed  bv  the 
loss  entailed  in  the  creation  of  an  undesiral)h' l^ilx.uratf itude. 

Liverpool,  May  1.  Harold  J.  Brckklehl'r.st. 
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TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

Mr.  Rankin's  Paper  has  come  at  an  opportune  moment.  We 
have  heard  much  during  the  past  months  concerning  the  need 
for  stimulating  the  activity  of  British  manufacturers  with  a 
view  to  maintaining  the  industrial  and  commercial  supremacy 
of  this  country.  The  system  he  outlines,  while  attaining  the 
results  most  urgently  rec^uired  by  the  nation,  viz.,  decreased 
cost  price  of  the  manufactured  article,  increased  return  to 
capital  and  higher  remuneration  to  labour,  yet  encounters  such 
difficulties  as  to  make  the  wisdom  of  the  system's  widespread 
application  doubtful. 

The  foundation  of  his  system  is  the  determination  of  the 
"  recognised  rate,"  which  entails  taking  actual  time  records 
in  order  to  determine  the  time  an  operation  should  normally 
occupy.  If  this  value  is  a  true  one,  and  so  a  measure  of  the 
man's  average  maximum  ability,  all  would  be  well.  But,  as 
Mr.  Rankin  explains,  it  was  just  here  that  most  difficulty  was 
experienced,  for  "  soldiering  "  during  the  taking  of  time 
records  was  common.  This  result  is  to  be  little  wondered  at, 
for  the  true  nature  of  the  system  appears  to  have  been  veiled 
from  the  men,  they  so  kept  in  ignorance  of  the  method  by  which 
their  wages  were  calculated  as  to  cause  them  to  sus])ect  the 
whole  system.  At  the  outset  the  men  do  not  appear  to  have 
been  taken  into  the  confidence  of  the  employers,  and  so  that 
mutual  understanding  which  recognises  that  the  interests  of 
both  masters  and  men  are  undoubtedly  the  same,  was  not 
initially  obtained. 

Now  it  is  generally  agreed  that  a  change  in  our  industrial 
system  is  rendered  necessary  on  two  accounts  : — 

1.  In  order  to  produce  a  low  cost  article  so  that  British 
manufacturers  shall  be  able  to  offset  the  effects  of  Germany's 
accumulated  stocks  flooding  the  markets,  when  peace  is  re- 
stored, at  exceptionally  low  prices,  and  also  that  they  might 
continuously  and  successfully  compete  with  German  m;iiiu- 
facturers  in  foreign  markets. 

2.  In  order  to  preserve  the  unity  and  harmony  of  the  Biitish 
labour  world. 

Mr.  Rankin's  system  undoubtedly  attains  tlie  first  result, 
but  it  is  very  doubtful  whether  it  will  accomplish  the  second. 
Financial  authorities  have  stated  that  after  the  war  almost 
certainly  will  there  be  a  great  monetary  stringeiu-y.  How  will 
Labour,  now  habituated  to  a  very  much  higher  standard  of 


TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

I  have  read  with  considerable  intere.st  the  article  by  Mr.  R. 
Rankin,  B.Bc,  in  the  issues  of  The  Elkctrklw  for  April  21.st 
and  28th,  and  should  be  glad  if  you  couM  find  space  in  yi»ur 
columns  for  the  following  remarks.  Mr.  Rankin  c»»ndemii8 
straight  piecework  as  being  altogether  unsatistac^tory. 

1  am  is  disagreement  with  him,  aiul  think  that  the  success 
or  failure  attending  the  system  lies  not  in  the  system  its«»lf.  but 
in  the  manner  in  which  it  is  applied. 

In  a  factory  with  which  I  am  connected  straight  pii-rework 
has  been  employed  for  a  considerable  time,  and  on  the  outbreak 
of  war  it  became  necessary  that  the  output  should  be  increased, 
in  face  of  decreasing  labour. 

The  adoption  of  several  methods  \va>  ronsidered,  and  finally 
it  was  decided  that  the  piecework  system  be  rt-tained  and  that 
slight  modifications  on  existing  conditions  be  made.  Bi'fore 
the  change  the  task  to  which  my  remarks  refer,  was  done 
throughout  by  one  worker  and  Is.  3*1.  was  ])aid  for  each  com- 
plete task  so  turned  out,  the  normal  speed  of  each  worker  being 
five  jobs  per  day.  The  alteration  consisted  in  sub-dividing 
the  task  into  five  operations,  each  to  be  done  by  a  separate 
worker  who  became  skilled  iji  that  operation,  a  piecework 
price  being  allotted  to  each  operation,  such  that  the  total  c^wst 
of  the  task  remained  unch  tnged.  This  was  propose<l  to  the 
workers  who,  with  very  little  reasoning,  gave  their  >in>tHim>vus 
consent,  after  an  agreenuMit  had  been  drawn  out  whereby  it 
was  promised  that  no  price  retluction  shiudd  take  place  on 
increased  outputs. 

The  effect  of  this  was  well  nuuked  as  the  w»»rkers  gainetl  con- 
fidence (without  which  no  system  is  a  success),  and  the  tuitput 
of  each  w^orker  rose  to  13  com])lete  jobs  per  di-y.  Tlie  follt»wiug 
fio-ures  show  that,  although  the  labour  cost  iliil  not  alter,  a 
saving  was  effected  : — - 


Output — 5  pieces  per  djly. 


Labour—- Is.  3d.  <5 


=  7.m!. 


Output— 13  pieces  per  dar. 


Overho.^icl  charges  taken  as 


100  j)or  cent. 

Total  cost    

Piece  cost    


=  7.-..1. 
=  1.-)0(1. 
=  30il. 


i^hour-ls.  3d.  xl3... 

Overlu-atl  charjtes 

Total  cost 

l*ic*'e  cost    •••• 

Savii»!.'=-44J  per  . 


=  7.V1. 


The  assumption  made  that  the  overhead  charges  are  the  same 
is  justified,  as  no  increase  in  the  supervision  was  necessarj-. 

In  the  nu^thod  adopted  bv  Mr.  Haukiu  the  pvue  per  piece  i.-* 
reduced  as  the  output  increases,  showing  that  the  empU»yer 
stains  both  bv  the  reduction  in  price  and  by  the  reduced  over- 
head charges,'  while  the  worker  gains  only  by  Jus  hanler  working, 
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which  is,  in  my  opinion,  not  quite  fair,  and  by  the  cutting  of 
prices  automatically  rather  suggests  hoodwinking  the  worker. 

It  is  my  opinion  that  rather  than  reduce  the  prices  on  in- 
crease of  work  it  pays  to  increase  them  with  increasing  out- 
puts, and  I  think  Mr.  Rankin  will  agree  that  such  a  systern 
would  be  more  readily  accepted  by  the  workers  and  lead  to  less 
trouble  than  that  which  he  has  adopted. 

Manchester,  April  30.  G.  C.  Stevens. 


PATENT   RECORD. 


LEGAL  INTELLIGENCF. 


storage  Battery  Contract. 

Mr.  .Iiisticc  Sai-^ant  iccfiit'y  licani  asi  ;'.'ti<in  l)y  i'litclictt  &  Cold  and 
El'-ctrica'  J'owcr  Storage  ('o.  (Ltd.)  to  roL-ovcr  tlic  price  of  a  battery 
supplied  U>  Mns.  C'urrie,  of  Upham  Hoas?,  Aldboiimr^,  the  defendants 
heiiij^  Hamble,  Kivcr,  Luke  &  Co.,  Ltd.,  the  ( ontiactorfs  for  an  eleetrical 
installation  u(  r))liani  House,  to  whom  plaintills  were  Kul)-eontraetors 
for  the  battery.  J'laintiflfs  said  the  materia!-!  for  the  battery  had  l)een 
supplied,  ))ut  the  ercetion  was  not  oonipletcd  before  defendant  eompany 
went  bankrupt,  and  they  contended  that  in  lhe.se  circumstances  the 
contract  had  not  been  ])orformed,  and  they  were  therefoie  entitled  to  the 
value  of  the  mateiials  supplied,  and  not  merely  to  a  dividend  fif  the 
price.  Mr-i.  f'urrie  was  originally  a  defendant,  but  she  paid  £2.">.")  into 
Cc/iiit  and  withdrew  from  the  action  under  an  order  of  the  Master. 

Ml-.  MfiMKi!.  K.C,  who  appealed  (with  Mr:  H.  T:.  WrJL'h) )  fordcfcndanls. 
.'irgueil  that  |ilaintiH's  had  leixlered  for  a  batteiy,  and  had  n(»t  ineurri'd  the 
H'sponsibility  f>f  ere<  ting  it.  It  was  nota  ea.se  analagous  to  that  of  a  man 
contracting  to  biiikl  a  nu)t(<r  ear  (.n  a  buyer's  ])reinises  ;  it  was  a  contract 
to  supply  the  component  ))arts  of  a  battery,  and  the  moment  the  artichs 
were  delivei'cd  the  propeity  ])assed  f?-oni  i)laintitfs  to  defendants. 

.Mr.  (JkANT.  K.C.  appc.iiing  (witii  .Mr.  .Merlin)  for  ])laintiffs,  said,  in 
reply,  that  there  was  no  comi)lete;l  contract  until  the  battery  was  erected. 

His  LoRKSHii',  in  giving  judgment,  said  the  real  question  was  :  When 
did  the  ])rop(,Tty  in  tho  goods  pass  ?  If  th"  jjroperty  in  the  materials  for 
the  battery  jiassed  to  defen'lants,  as  was  alleged,  at  or  abfiut  the  time  of  the 
dcliviiy  of  the  materials,  free  on  rail  for  the  railway  d'-stination,  then  of 
coui'se  the  plaintiff  company  were  only  entitled  to  ])ro\c  in  the  li(juidation 
for  the  amount  due  to  them.  If,  on  the  othci'  hand,  the  ])rnperty  in  the 
materials  did  not  ])a.ss  then  the  ])laintiffs  were  entitled  to  th(>  materials, 
and  under  (he  arrangement  made  by  the  order  of  the  Master,  to  have  paifl 
out  to  them  the  sum  ])ai!l  into  ('()urt  by  Mrs.  Currie.  In  his  judgncnt 
ail  IIk'  dilTeicnrc  was  n)a(h>  by  the  sjx'cial  terms  of  th"  actual  contract 
belween  the  ])aiiies  which  .''.cemed  to  him  on  their  line  interiirelation  to 
■'iinoimt  to  a  contract  for  the  sale  and  ])ureha.se  of  a  battery  a.".  on'>  <-om- 
plete  and  entire  whole  in  stu,  and  in  \vo'kingord(  r,  with  its  first  eliarge 
included.  The  legal  consequen(;es  were  that  the  pro-perty  still  remained 
in  Hieir  orit;ina!  owners,  i.r.,  |)!aintiiT  company  and  tiiey  were  entitled  to 
have  paid  out  to  IIhiu  the  sum  jiaid  into  Court,  end  to  have  the  co:is 
of  the  action  against  the  defendant  eom]iany. 

A  slay  was  gr'anl'd  witli  a  view  In  an  .ippcal. 
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nel  (i:is.  :j(l.) 

(>()().  "The  Value  of  Scieni c  in  the  Smithy  and  Foru'c. "  Hy  \\  .  H. 
Calhcart.     -Is.  n(>t  (4s.  :{d.) 

(•TO.  "  Electrical  Miasurenn-nts  and  Testinc."  By  C.  L.  Dawes.  .'Is. 
net(:is.  :id.) 

(>71.    "  Mechanical  Drafting."      \\\  C.  I?,  llnwc.      7s.  Cxi.  net  (Ss.) 

(>72.  "  Elementary  Strength  of  Materials."  By  E.  S.  Aniln-ws.  4s.  Cd. 
net  (r>s.) 


SPECIFICATIONS  PDBU8HKD. 

Tht  following  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1915  Specifications. 

3,364  Richards.    Manufacture  of  electric  insulating  materials  and  the  like. 

5,007  Landis  &  Gyr  Akt.-Ges.    Spring  arrangement,  especially  for  use  in  electric 

making  and  breaking  devices.     (2,4. 14.) 
5.083  Shibkc.     Relays,  especially  for  metering  in  telephone  systems. 
5,200  Murray  &  Shottef.     Electrcmagneiically  operated  devices. 
5,260  B.T.-H.  Oj..  Shuttlev/orth  &  Bri  wn.     Dyiiamo-electric  machines. 

Consists  in  automalically  abruptly  incicasiiir^  the  excitation  of  a  leiiesccmmutatrr 
machine  connected  in  cascade  to  the  induction  motor  v/hcn  a  predetermined  load  is 
exceeded. 
5,741  B.T.-H.  Co.    (G.E.  Co.,  U.S.)    Devices  for  the  discharge  of  electricity  thrcvjgh  a 
vacuum,  gases  or  vapours. 
An  electric  discharge  device  having  a  cathode  adapted  to  operate  at  incandescence, 
said  cathode  having  acondtictingshiold.such  as  aslceveorspiral.interpoied  between 
the  region  of  t.he  c  ithode  subject  to  erosion  and  the  anode,  said  shield  being  spaced 
away  from  the  cathode  and  electrically  connected  to  its  supporting  ccnductcr. 
5,028  West.     Electrical  measuring  instruments. 
8.204  HoppiE.     Electrical  batteries. 
9,CX)3  Patterson.     Miners' electric  safety  limp:. 
9.706  Electric  &  Ordnance  AccESioRies  Co..  L\:.'j.tis-i  &  Hor<33D:i.    Spring  return 

me^hinism  for  electric  motor  controllers  and  lor  other  purpoie;. 
9.903  Kennedy-McGres3R.     Electrical  CDnnertions.    pirticularly   applicable   to    the 
sparking  plups  of  internal<ombustion  engine:. 
10,325  Hamilton.     Electricslly-driven  luggage  truck. 
10,422  Wood,  Furlon3  &  Ferranti  Limited.    CjnncrtiDn  and  insulation  of  taps  en 

electric  transformers  and  similar  apparatus. 
10,518  Clandinoto  &  S.jdesi  Scuoeri.    Anoaratus  for  c^nverti.ag  electrical  currents 

(2i  7  14.) 
10,593  Ror.THAAri  &  Fe.^ranti  Limited.    Rheost..!  .switches  and  the  like. 
11.050  Glovne.     Perpetual  magnetic  power  v/hPf'l. 
15.761   Sr^iTri.     Replenishing  electrolytic  cells.     (3  6  15.) 

17.455  Bellini.  Installations  and  apparatusfor  uiein  wirelcrs  telegraphy  and  telephony. 
The  circuit  of  the  ordinary  or  directive  aerial  of  the  station  is  combined  with  two 
other  oscillatory  circuits,  each  having  the  same  frequency  of  oscillation  as  the  circuit 
of  thi  aerial,  one  of  these  two  circuits  comprisinp.  whe.n  uted  for  transmission,  the 
spirk-f  ap  or  arc  or  alternator,  and  when  used  for  reciiving.  the  detector,  whilst  the 
other  circuit  compri:es  a  capacity  which  is  preferably  greater  than  that  of  the  circuit 
of  the  aerial,  these  two  circuits  being  connected  together  in  scries  in  such  a  manner 
as  to  form  a  closed  loop  which  is  connected  with  the  circuit  of  the  aerial,  so  that  the 
threo  circuits  will  have  two  points  in  common  :  the  three  circuits  being,  in  addition . 
constructed  and  arranged  in  such  a  manner  as  not  to  have  any  electric  or  magnetic 
effect  upon  one  another,  except  that  which  rciult:  from  the  fact  that  they  have  two 
Doints  in  common. 
17,512  Robert  Bosch  (firm  of).    Projector  limp  for  u-.e  with  i.icandeccsat  filamentr. 

(18/2  15.) 
1 7.713  Th ynne.     Electrically-heated  stoko  or  op'in  fire. 

1916  Specifications. 

2,266  O'Donnell,  J. P.     Electrically-operated  or  controlled  indlciling  apparatus  for 
use  v/ith  si=;nalling  apparatus  on  railways.     (15  2,16.)     1(X),215. 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  (except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  *  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  it  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed, 

April  10.  1916. 

5.237  FoRBSs.    Automatically-controlled  electric  heater  for  water.  &c. 

5.238  Grondin.    Train-stopning  apparatus. 
5.240  Lamkin.     Sparking  plups. 

April  II.  1916. 
5.257  Back.     S.oarking  plups  for  internal-combustion  enpines. 
5,259  CoRooN,     Motor-driven  vehicles  whereof  the  mo'or  may  be  utili  e.l  for  driving 

the  vehicle  or  dynamo  carried  thereon. 
5,262  Brown.     Electrical  alternating-current  machine:. 
5,279  SuTTCN.     Apparatus  'or  cutting  wires  or  cables  under  water. 
6.289  Blackstone,  Carter  &  Carter  &  Watts.     Electr  ic  c  ible-laying  machine. 
5.293  SucHosTAWER.     Dynamo-electric  machine;. 
5.300  Carbone.     Arc  lamps. 
5.319  Pons.     Sparking  plugs.     (14/5, 15.  France.) 
5.325  Deakin.  Polinkow.'-.kv  &  Western  Electric  Cd.    S;mi-automa1ic  tclcplionc 

exchange  systems. 

April  12.  1916. 
5.337  Charlton.     Electrical  aim  corrector  and  teacher. 
5,341  Astley  &  British  Insulatep"  &  Helsby  Cables.     Insulators  for  lupportin;: 

electricity  conductors  or  appliances. 
5.343  R'jTHERFORn.     Electric  lamp  holders. 
5.377  B.T.-H.  Co.     (G.E.  Co.)    Dynamo-clcctric  machines. 
5,385  SsARLE.     Illumination. 

5.391  Allmanna  Svenska  Elektkiska  Aktiebolaget.    Continuous-current  G«^.era 

tors.     (5,5  IS.  Sweden.) 
5.398  Andbrsbn  ti  Sobkrg.     Insulating  compositions  for  electrical  purposes,  &c 

April  13.  1916. 
5.422  DuNi.ey  ji  Kbrstin,;.     Portable  military  tclephcnes. 
5.442  Foley.     Electro-thermic  induction  fumares. 
5,445  Marks.     (Goldberg.)     Electrical  oontrcllnn- apparatus. 

5,458.   5,466.   5.471  S-k.    Francaise   Radk -Ei  fa  tkivue.    Wirelc:a  tc!c:n'iphy   ar.d 
telephony.    (28, 12/14.  France.     1  3  15.  France.    9,3/15,  France.) 

April  14,  1916. 

5.497  McRostie  tt  Willows  &  Willows.     Electric  wire-cutting  device. 

5.498  Stevens,     Shunting  device  for  windings  of  electrcmagr.ets. 
5,501   BuRGB.     Field  or  portable  telephones. 

5.524  Planiawerkb  Akt-Gbs.  fur  Kchi  enfabrikation.    Arc  lijht  electrode  with 

capillary  passage?.    ( 13  9  15.  Germany.) 
5.526  Nel'Lan:\     Dynamo-electric  machines. 

April  15.  1916. 
5.532  Dixon.    Procestcs  for  separating  sulphates  cf  barium,  strcniium  and  caV:l:rr 

and  producing  c  ,'    -    ■  ■  -:  strontium. 
5.546  Fairweather.    i;  Co.)    Adu.'talV  ii.mfers  for  power  tranrrritterr. 

5,559  Martin.     Ms^  >  •  ■  '-Hf-.  and  wees  underpround. 

■■.567  France,    C  •  light  of  electric  filament  lamps. 

5.56"  France.     £> 

5.570  Crowdus.     .'  ;ciies.    <22  4  15,  U.S) 

5,5/3  France.     Rf  i  rhadcsef  electric  lamps,  gaflffhts.  Jtc 

5.577  Markt.     Elec',!  ;l  ix^;!  h. 

5  579  McBerty.  P^.mnkowgky  &  Western  Electric  Co.    Special  £er\'i:»  system  tx 
mactnne  telephone  switchine  exchanges. 
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COMMERCIAL    TOPICS. 


The 

■  Servantless 
Flat." 


If  tlie  oleetricity  undertakings  in  the  eonnti'V 
i  ic  to  benelit  by  the  present  difficulties  in 
ubtaining  domestic  labour,  some  org;^niscd 
effort  must  be  nir.de  to  brino-  the  advant:'.gos  oi 
domestic  electrical  .appliances  prominently  to  th.o  notice  of  tlie 
general  public.  It  is  not  sufficient  to  arisumc  that  because  the 
supply  authority  runs  a  showroom  in  the  town  or  thai  electrical 
contractors  have  attractive  shopfronts,  the  public  truly  realii--,es  what 
the  full  commercial  value  of  numerous  inexpensive  electrical  ap- 
pliances means  to  them.  Probably  !\t  no  other  time  has  the  average 
householder  and  his  wife  been  more  willing  to  bestir  themselves 
in  the  conduct  of  the  affairs  of  the  household  than  at  jncsent  under 
war  conditions.  From  the  dometitic  electric  service  point  of  view, 
this  attitude  is  surely  most  favourable  for  the  introduction  of  such 
apparatus  as  irons,  table  utensils,  vacuum  cleaners  and  small  fires. 
It  is  fallacious  to  be  influenced  by  the  opinion  that  the  increased  cost 
of  electrical  energy  will  tend  to  check  the  purchase  of  these  a])pli- 
ftnces  by  the  public.  If  the  case  for  domestic  electric  utensils  is 
put  forward  in  the  right  way — that  is,  if  it  is  demonstrated  that 
such  apjjliances  are  in  the  nature  of  ;;  useful  investment — tlien  the 
jujlilic  will  come  into  line.  This  argument  is  ])roved  up  to  the  hilt 
l)y  the  "  servantless  flat"  which  the  Brighton  ("oqjoration  e'.ec- 
tricity  department  has  been  conducting  at  a  Patriotic  House keej)ing 
Exhibition  recently  held  in  the  town.  Within  a  comparativel\- 
small  exhibition  space  a  model  flat,  comprising  dining-sitting  room, 
bedroom,  bathroom  ;',nd  kitchen,  was  litted  up,  and  (uery  don'.estic 
operation  performed  by  electrical  means.  The  exhibition  was 
visited  by  thousands  of  townspeople,  and  also,  we  unclerst;iad,  by 
ma,ny  from  neighbouring  districts,  and  the  attendaucc  was  in  no  way 
impaired  by  the  small  charge  for  admission.  At  a  time  when  the 
British  Commercial  Cas  Association  is  trumj;eting  its  wa'-es  throug'n- 
out  the  length  and  breadth  of  the  land,  .some  voice  r.houid  be  raised 
on  behalf  of  domestic  electrical  appliiinces,  if  only  in  the  inteiests  of 
national  economy.  We  doubt  whether  the  electricity  undert;iking.s 
will  again  have  so  favourable  an  op[)ortunity  of  bringing  the  nuM'its 
of  the  domestic  electric  .service  to  the  notice  of  the  public 

^  4:  ^  ^ 


Municipal 
Employees' 
Annual 
Holidays. 


An  interesting  point  a.s  to  annual  holidays  was 
raised  in  a  case  which  recently  came  before  ;'.. 
Divisional  Court  on  appeal  from  a  decision  of  the 
Sheffield  County  Court.  A  tram.car  driver 
named  Hurt,  who  had  been  in  the  service  of  the 
Corporation  tramways  department,  had  recovered  judgment  for 
£1.  16s.  lOd.,  which  he  had  claimed  as  one  week's  wages  in  lieu  of 
holidays,  or,  alternatively,  as  damages  for  breach  of  contract.  TliC 
man  had  been  a  driver  in  the  service  of  the  Corporation  for  many 
years,  and  was  dismiss'ed  in  August,  1915.  It  appeared  that  in  190() 
the  Corporation  passed  a  resolution  that  all  workmen  wlio  luid  been 
in  their  service  "for  more  than  12  months  should  have  one  week's 
holiday  in  each  year  "  ;  and  in  each. year  after  that  Hurt  bad  had  a 
holiday  in  accordance  with  the  resolution.  His  last  holiday  was  at 
the'end  of  June,  1914.     It  had  been  the  practice  of  the  Corporation, 


in  which  the  f  n|»loyce8  acf|uic.HCfcr],  to  j^..  •  •    i.*^ 

in  each  yoa^  fr,>m  .A]>ril  to  OctoJ^er,  a  rl  an  ■  ,     ■.  .  iiu 

holiday  early  in  onf  year  could  n'jt  object  to  bcin^  TO'\mrf'i  to  wait 
until  a  late  jtorind  in  thf  following  y<*ar,  n'thongh  moif  than  12 
months  i-iiglil  h.ive  eiapscl  .iin-e  hi:'.  I.i  t  holirl.-.v.  For  tb«"  f'oqwra- 
tion  it  was  cont<widcd  that  the  nrsjlution  of  the  < 'or|MtratM<n  WiMonly 
a  private  resjlution,  and  was  n  jt  a  t-Tni  of  itn  cintra't  *ith  iU  work- 
men. The  fact  that  it  had  been  the  practice  t'»  give  a  holiday  wu 
u)  proof  that  the  pr.u-ticc  had  become  a  term  of  the  c  >iitra<t  ;  an»l 
even  if  there  was  a  binding  contni/t  to  t^ivc  a  holiday  thf  Corjiora- 
tion  still  retained  the  right  to  dismLs-s  a  man  at  a  week'*  noti«-e,  and 
they  had  exercise!  that  right  in  the  ca.-/i  of  the  m.-;;.  The 

man  could  not  (on  his  own  contcntioiL)  have  claime  I  a  i. Ijefon- 

October,  1915.  For  Hurt  it  was  sub-mittel  thr-t  the  granting  of  thr* 
holiday  was  a  term  of  the  contract  ;  it  \\^^^  an  e|uiva'fnt  to  an  ad- 
vance of  wag03,  and  was  accepted  as  such  by  'he  men  and  their  anion. 
A  man  who  did  12  months'  work  was  entitle!  to  a  Wtvk's  holiday. 
The  Court  (Lush  and  Rowlatt,  JJ. )  allowed  the  apj^a'.  Mr.  .luftioe 
Lush  said  respondent  contenderl  that,  owing  to  his  having  *.jrked 
for  more  tha-n  12  months  since  his  last  holiday  in  June,  1914.  he  hai 
canned  the  right  to  be  paid  for  a  week's  holiday  at  the  time  w'nen  In- 
WiV-;(lis:nisse  I.  Tne  County  Court  Judge  had  accepted  that  contentii>n. 
which  h<!  thouglit  was  wrong.  Even  assuming  that,  a.s  the  terms  of 
the  re  jolution  had  been  commnnicaterl  to  the  employee's  union,  thos^' 
terins  had  created  a  contractual  obligation,  it  onlv  meant  that  in 
e;"vOh  calendar  year — not  in  each  year  of  a  man's  .service — an  employ  e 
who  had  been  with  the  Corporation  for  more  than  a  year  should  bo 
entitled  to  a  holiday.  But  that  only  applierl  while  the  employment 
lasted,  and  if  it  was  brought  to  an  end  in  a  legal  manner  there  wa?  no 
breach  of  contract  in  n')t  |)aving  fpr  a  holiday.  Mr.  Justice  Rowlatt 
tlioug/it  there  was  no  evidence  of  the  assumption  of  the  County 
Court  judge  that  a  man  wlio  had  served  for  51  weeks  was  entitle  1  tj 
52  weeks'  pay. 

t«.  We  are  sorry  to  see  a  great  Corporation  like  Sheffield  wasting  the 
rates  in  litigation  over  such  a  trivial  sum  as  that  involvetl  in  thi:; 
case.  The  point  ra-sed  by  counsel  that  the  resolution  passed  by  the 
Corporation  was  only  a  private  resolution,  and  not  a  term  of  the 
contract  of  service,  seeing  that  it  had  been  acted  u|)on  for  eight 
years,  is,  in  our  opinion,  quite  unworthy  of  a!iy  public  bDtly  in  this 
country.  Whether  there  was  or  was  not  a  right  to  a  holiday  under 
the  circumiitance:;  must  depend  u])on  the  tonus  (expresse<l  and 
implied)  of  the  contract,  although  Mr.  Justice  Lush's  opinion  may 
i)e  right  that  a  rn^eHr/rtryear  was  meant.  That  this  Wiias^  understood 
by  one  of  tlie  parties  we  do  not  doubt,  but  it  is  more  than  likely  th;»t 
the  driver  did  not  understand  it  in  the  same  s»nse.  (Joveninient  tle- 
])artments,  local  authorities  and  other  public  licdies  should  be  mc»lel 
employers,  and  set  a  good  example  to  othoi-s  in  their  dealings  with 
their  servants.  Ambiguous  t<Miiis  in  contracts  of  service  an>  fre- 
quent sources  of  industrial  disputes  ;  and  as  it  is  advi.sable  to  avoid 
all  ])osslble  causes  of  friction  just  now,  we  are  sjrry  that  Shetfiehl 
Corporation  did  not  pay  the  small  anioimt  claimed  in  the  pri'sent 
case,  and  at  the  same  time  define  more  clearly  their  ixwition  as  to 
future  holidays  for  their  employees. 

*  *  *  * 
AtthccUiseof  the  inter- Parliamentary  Conimer- 
cia!  Conference  at  Paris  on  Saturday  them«-ting 
unaniinouslv  adopted  res*)luttuns  regar»lin«  tlw 
establishment  of  prefertmtial  i>o.strt!.  tele- 
graphic and  telephonic  rates  between  the  .Allied  nations,  ih- 
tion  of  a  permanent  bodv  charged  with  dotcrniining  the  con 
the  transport  ofnierchandi.se  and  tlie  introduction  of  a  tanrt  on 
enemy  ooods,  so  ai  to  avoid  delavs  in  the  transjKirt  of  g.HxIs  fnjiii 
Allied  States;  the  reduction  of  freight  r-tes.  with  nxx^up-c  <!r 
necessary)  to  general  i-equisition  of  merchant  vessels,  with  indemni- 
fication in  order  to  assure  victory  by  the  economic  soluUnty  of  the 
Allies.  *         *         *         * 

It  is  reported  that  tie  American  electrical 
n^anufacturei-s  are  deluged  with  onlers  at 
Dre-ent  Tic  Oneral  Electric  Co.  t>ontinues  to 
book  contracts  at  the  n^te  of  Sir.t).tHX).OlX>  a 
year,  or  §3,000.000  a  week. 

■    If  orders  continue  to  be  booked  at  thi.  rate  the  com ivuiy  will  ^'«^n«->"J^ 
191U  with  the  .neatest  volume  of  untiPcl  oiders  in  its  historj-.     lo  tne 
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amount  of  npw  business  must  be  added  the  approximately  S2n,0f»0.000  of 
contracts  unliilcd  at  the  end  of  1915.  In  1913  the  company  executed 
about  SlO(),r)(X),000  of  orders,  Ijut  its  bookings  v.ere  t^-arly  "s.")..";00,00() 
liigher.  A  feature  of  the  many  new  contracts  lieing  received  ))y  Die  com- 
pany is  the  fact  that  by  far  the  greater  part  is  small  orders — less  tlian 
$25,000  each.  'J'lie  smallncss  of  the  orders  is  stated  to  be  indicative 
of  the  general  prosperity  of  the  country,  especially  as  it  is  corroborated 
by  the  testimony  of  the  other  electrical  companies  throvaghout  tiie  United 
States.  Not  witlistandiiig  the  high  ])ric(!  of  law  materials,  the  margin  of 
jjrolit  is  expected  to  b-e  larger  than  in  recent  years.  There  has  not  I  <  en 
for  months  past  the  competition  among  the  electrical  manufacturing 
concerns  for  bu.'^^^ir.ess  that  marked  1914  while  there  have  been  advances 
in  quotations  for  goods  duj  to  the  higher  cost  of  materials  and  manu- 
facturing costs  which  arc  covered  fully  in  the  higher  prices.  A  few  more 
weeks  of  heavy  orders  will  leave  the  books  of  the  (ieneral  Hlectric  and 
Westinghouse  Klectrie  Cos.  glutted  with  oiders  for  electrical  goods,  but 
it  is  reijorted  tliat  the  Cererai  Electric  Co.  will  not  show  as  large  earnings 
on  its  stock  as  th(?  Wer4  inghouse  ( 'o.,  on  account  of  the  huge  war  contracts 
of  t  he  latter. 

*  *  *  * 

Maximum  In  the  '^  London  (iazetto  "  of  May  2  miixinium 

Prices  for  Steel,      prices  fixed   by  tlie  Ministry  of  Munitions  arc 
Iron  and  Coke,      set  out : — 

The  prices  for  high-speed  tool  steel  aic,  14 
per  cent,  tungsten  2s.  lOd.  per  lb.  basis,  and  18  ]>er  cent,  tungsten  3s.  lOd. 
per  lb.  V)asis.  Other  kinds  of  steel  vary  fnnn  flO.  7s.  (id.  to  iI2.  Kts.  jx-r 
ton.  Scrap  :  Millings  and  turnings,  od.  per  lb.  net  ;  bar  ends,  (id.  per  lb. 
net.  Har  iron  from  113.  15s.  net  to  £15,  less  2\  per  cent.  ;  ))ig  iron  from 
£4.  2.S.  (id.  to  i;8.  17s.  (id.  Fmnace  and  foun'drv  coke,  from  €1.  4s.  to 
f  1.  10s.  6d. 


EDUCATIONAL  NOTES. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  April  22,  191G,  to  April  29,  1916. 


In  view  of  the  increased  interest  which  is  being  taken  in  the  stibject  of 
the  importation  into  and  the  exportation  of  IClectrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.  {See  also  note 
at  foot  of  Exports.) 

IMPORTS. 

Folkestone. —/^/-czMce  .■  Elec.  carbons, 10  pkgs. 

CRmsBY.— Denmark :  Electrodes,  70  pkgs.    France:  Unenumerated,  22  pkgs. 

HxjhL.—Norway  :   Elec.  machinery,  5  pkgs. 

LoHoon.-  U.S.A.:  Elec.  machinery,  £3,853  ;  elec.  lamps,  £765;  telephone  material, 
£84;  elec.  carbons,  £744  ;  unenumerated,  £7,068.  Holland:  Elec.  lamps.  £551  ;  in- 
candescent elec.  lamps,  40  pkgs.;  unenumerated.  £1,521.  France:  Unenumerated, 
£114  50  pkgs.  Switzerland:  Elec.  lamps,  £148 ;  unenumerated.  £106.  Italy:  Elec. 
lamps,  £3,661  ;  wire  and  cable,  £1,198;  unenumerated.  £36.  Norway:  Elec.  machinery, 
£500.     Canada:  Unenumerated,  £50.     New  Zealand :  Elec.  machinery.  £38. 

EXPORTS. 

To  AvsTRA\fL'^iA.--Aucf:land:  UnenunicrateJ,  £285.  Melbourne:  Elec.  machinery, 
£954;  elec.  glow  lamps.  £404  ;  wire  and  cable,  £1.400  :  unenumerated,  £1,389.  Sydney 
Elec.  machinery,  £657:  v;ire  and  cable,  £1.400;  unenumerated,  £2,690.  Wellington  ■ 
Unenumerated.  £24.  Perth:  Unenumerated,  £40.  Christchurch :  Unenumerated.  £281. 
Dunedn:  Wire  and  cible.  £891  ;  unenumerated  ,£32.  Z-y/Zc'to/i  .•  Elec.machinery.£195; 
unenumerated,  £109.  Brisbane:  Unenumerated,  £2.395.  Fremanllc :  Unenumerated, 
£29.  Hobarl:  Unenumerated,  £32.  Invercargill:  Unenumerated,  £20.  Weliinpton : 
Unenumerated,  £24. 

Aprica.  Durban:  Elec.  machinery,  £171  ;  unenumerated,  £731.  Cape  Town:  Wire 
and  cable.  £1,435;  unenumerated,  £641.  Port  Elizabeth :  Unenumerated,  £167.  East 
London:  Unenumerated,  £240. 

EcwpT.— Alexandria:  Unenumerated,  £1,062.  Port  Said:  Elec.  machinery,  £90. 
Suez:    Elec.  cable,  £315. 

Gibraltar. -Elec.  machinery,  £29  ;  wire  and  cable,  £294  ;  unenumerated,  £17. 

Malta.  -Telegraph  material.  £455. 

India,  Cbylon,  Indo-China  and  Straits  Settlement.';.  Bombay:  Wire  and  cable, 
£3.706:  unenumerated,  £1,042.  Calcutta:  Elec.  machinery.  £137;  unenumerated. 
£2,850.  Ceylon:  Wire  and  cable.  £23  ;  unenumerated.  £175.  Madras:  Unenumerated. 
£561.  Bangkok:  Unenumerated,  £55.  Karachi:  Elec.  machinery.  £190.  Singapore: 
Unenumerated,  £263.  Port  Swettcnham :  Elec.  machinery,  £44;  unenumerated,  £169. 
Malacca:  Unenumerated,  £92. 

Japan.     Yokohama:  Unenumerated.  £86.    Dalny :  Unenumerated,  £270. 

Cmtih.  Canton :  Unenumerated,  £27.  Hong  Kong:  Wire  and  cable,  £339:  un- 
enumerated. £353.  Shanghai:  Elec.  machinery,  £133;  wire  and  cable,  £120;  un- 
enumerated. £1,141. 

Italy.     Genoa:  Unenumerated.  £8r;8. 

U.S.A.     New  York:  Unenumerated.  £581. 

South  AND  Central  America.  Buenos  Ayres :  Wire  and  cable,  £338  ;  un.-iiiiniri.uni , 
£2,762.     Monte  Video  :  Unenumerated,  £46. 

Holland.- /I  ws/f;<^am.'  Wire  and  cable,  £803  :  unenumerated.  £1,301.  Rotterdam: 
Wire  and  cable,  £240  ;  unenumerated,  £122.     Haarlem:  Wire  and  cable,  £102. 

Francf. — Paris:  Elec.  machinery,  £1,230;  unenumerated,  C128.  Dieppe:  Elec. 
machinery,  £86  ;  unenumerated,  £97.  Boulogne:  Elec.  machinery,  £21  ;  unenumerated, 
£1.074.     Bordeaux:  Unenumerated.  £217. 

Spajn.— Barcelona :  Unenumerated,  £174.  Bilbao:  Telegraph  material,  £45;  un- 
enumerated, £334. 

Poftugal.— 0/)o/7i3.-  Unenumerated,  £74. 

K\}S^\A.-Vlj.ii"ostock:  Unenumerafel,  £1.350.  Petr.igrai  :  Elec,  machinery,  C240  ; 
unenumerated.  Cl-11. 

FOREIGN   GOODS  (duly  paid  and  free). 

Melbourne:  Uiicnuniei.ited,  £27.  Amstcrdow  :  Untnurr.ri^ilcd.  £74.  Calcutta:  Un- 
enumerated, £65.  Pam.-  Unenumerated.  £86.  Ai.Vvm  ,■  Ui,pniimer.itpd,  f.?.S  Sydney: 
Unenumerated,  £54.  Bordeaux:  Elec.  machinery.  £20.  .'  '■  :. crated. 
£508.  Cadi;':  Unenumerated.  £36.  Barcelona:  Unenun  ■  .•  On- 
enumerated.    £75.    Hankow:     Unenumerated.    £71.    Pcn^ii.^        ^,.v,,, ..„d.    £18. 

Shanghai:    Elec.  lamps,  £867.    Singapore:    Elec  glow  lamps,  £334.     Vladii'oslock : 
Unenumerated,  £57. 

Note. — The  large  number  of  items  in  these  oflieial returns  under  the 
misleading  heading  "  uneiiumeralcd  '  rcjute  to  what  is  (leseribed  ns 
"  electrical  goods  "  and  "  electrical  matcriala." 


He  iot-Watt  Technical  College. — At  the  last  meeting  of  George 
Heriots  Trust  Councillor  Harrison  moved  that  in  view  of  the  great 
developments  which  must  take  place  in  technical  colleges  after  the 
war,  a  sj)ecial  committee  be  appointed  to  consider  the  whole  position 
of  the  Heriot-Watt  College. 

He  said  there  was  a  vast  field  f(jr  the  todinical  colleges,  either  in  con- 
junction with  tiie  Universities,  or  separate  from  them.  Scientific 
research  would  a!.«o  have  to  be  ])art  of  the  work  of  the  college.  Prof. 
Darroch,  in  seconding,  said  that  technical  colleges  had  at  pi-esent  no 
standing  in  the  countrv'.  A  man  should  \>e  able  to  go  to  a  technical 
college  and  say  :  '"  Here  is  a  problem  arising  in  mj'  business  which  I 
cannot  solve.  \\  hat  can  you  do  to  help  me  to  solve  it  for  the  sake  of  the 
industrv'  of  the  country  ?  " 

The  motion  was  adopted  and  a  special  committ*^  was  appointtd  to 
consider  the  matter. 

Welsh  College  Grants. — At  la.st  weeks  meeting  of  tiie  Court  of 
Governors  of  15ang,)r  University  College  the  registrar  (Prof.  J.  E. 
Lloyd)  read  a  communication  from  the  Treasury  to  the  effect  that 
an  additional  grant  of  £1.125  would  be  made  to  Bangor  and  Afcervst- 
wyth  Colleges,  and  £2,2.")0  to  Cardiff  College  and  £1,000  to  "the 
University,  for  the  years  1910-17. 

He  said  that  no  condition  wfudd  Ik*  attached  to  the  increased  grant 
during  the  war,  but  afterwards  it  would  l>e  expected  that  aid  from  the 
rates  to  an  e(|uivalent  amount  should  be  t  ontributed  by  the  Wels'i  county 
and  local  authorities,  under  wliich  conditions  the  total  grant  might  ri.se 
to  eil.OdO. 

On  the  motion  of  Mr.  W  ii.i.i am  Oeorck.  the  Court  passed  a  hearty  vote 
of  thanks  to  the  (iovernment  for  the  increased  grant,  and  pledged  itself 
to  do  all  in  its  j)ower  to  further  the  Governinenfs  objects. 

The  Keoistkau  also  reported  that  the  Drapers"  Company  had  decided 
to  continue  its  L'rant  f)f  £200  per  annum  for  the  maintenance  of  the 
electrical  engineering  dcjiartment  of  tlie  college  for  another  two  years, 
as  an  expression  of  the  company's  ap])reciation  of  the  work  done  in  the 
past. 


BUSINESS  NOTICES. 

Plant  for  Sale. — The  McUopolitan  P^ailway  Co.  advertise  for  sale 
the  electric  generating  jdant  until  recently  emi)loyed  by  the  Great 
Northern  &  City  Railway,  including  four  SOd  kw.  d.e.  generators, 
with  Corliss  engines,  10  boilers,  fotir  condensing  plant,  auxiliary 
engine  and  generator,  eoal  handling  plant,  feed  jiumps,  dfeo. 

The  MetrojK)litan  Eleetrie  Sup|»Iy  Co.  (Ltd.),  10,  .Stratford-place. 
Lotuhm.W., advertise  for  sale  an  enclo.sed  vertical  eonijKiund  marine 
type  (MigineMireet  couplerl  to  tw()-|(hase  a.c.  We.stinghou.se  geiurator 
of  l,.')00kw.  at  5t)0  volts,  with  e.xciler,  condenser,  steam  driven 
air  and  eirculaling  lunnps.  oil  and  steam  separators,  &e. 

Messr.s.  Walkf-r  &  llomfrays  (Ltd.).  7(i.  Deansgafe.  Manchester, 
advertise  for  sale  a  Naticmal  gas  engine,  a  Lancashire  dniamo 
(100-110  volt,  40  anjierps).  aulo-switchboard.  Hart  battery  and 
m()li)r-<.'en("';vti)r. 

Patent  Developiiient.  Tiie  projirielors  of  jiatent  Xo.  Ui.oni  1910. 
relating  to  a  '"  Method  of  and  means  for  contn)Iling  from  a  dist.uue 
electric  a])])aratiis  and  espocially  telegraph  apparatus  and  the  like."" 
desire  to  dispose  of  satne,  or  to  grant  licences  thereunder.  Appli- 
cations to  Messrs.  Cruikshaiik  &  Kairweather  (Ltd.).  Patent  .Agents. 
()."»  a!i(l  0(1.  Chancery-I  lie.  K  mdon,  W.C. 

Restoration  of  Lapsed  Patent.— The  Controller-General  of  Patents 
on  .April  2i)  made  an  order  restoring  to  Nathaniel  Haldwin  letters 
|»atent  No.  10.774  1010  for  '"  Imjiroveinents  in  sound-reproducing 
devices  of  the  telephon<'  receiver  type."" 

BANKRUPTCIES,   LIQUIDATIONS,  &c. 

.\  second  aid  lini!  dividend  tll<i.)  is  payable  at  !?aiil<riiptc\ - 
buildings,  lyoiidon.  K.( '..  to  ereditnis  of  .las.  Win.  an<l  Tom  Whitaker 
Tatlcr.sa!l.  electrieal  engineers,  Kiiiiberley-roal.  Wiilesden  lane, 
London.  N.W. 

•A  llrst  and  final  dividend  of  7il.  is  jiayablo  at  .'W.  Carey-street. 
Lond.iii.  W.C..  in  the  winding-up  of  the  .Sh.I/.  Eloetniphone  Co..  H»i:{ 
(Ltd.). 

Tiio  Kxeolsicir  .Alumininin  Snider  Co.  (Ltd.)  is  being  wound  up 
voliint.irily.  Claims  by  .liiiie  10  to  the  litjuid.'itor.  Mr.  .1.  H.  Atkins, 
at  whose  oflice  (14.  St.  .\nn"s-square.  Manchester),  a  meeting  of 
creditors  will  Iw  held  on  .Ma.v  12. 

Another  half-,\Tarly  statement  by  the  liipiidator  of  the  Consoli- 
dated Diesel  Engine  MaiiufactunTs  (Lt<l.)  has  Iioen  i.ssuod.  bringing 
the  accounts  up  to  .ban.  0  last. 

Ill  the  interval  the  whole  of  the  nnsecimd  en*<li(ors  have  Ikh-h  paid  off. 
leaving  £.'»2.S(MI  in  hand,  so  that  tlii>  <rintribnlories  arc  likely  to  n^eeive 
a  small  poilion  of  their  ea|tital  back,  but   there  are  still  >nme  uncom- 
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pletod  contracts  in  liand,  and  the  cost  of  thesf;  may  have  to  he  sr-t  against 
the  vahie  of  the  remaining  assets.  For  the  past  six  months  the  costs 
anioimted  to  i'!},2(>0,  while  the  total  reeei])ts  wen^  only  tl,7(t(».  The 
eollectioii  of  l)()ok  debts  has  been  (iisa|)pointiiijr,  only  tlO,K)(»  liaviii'^  been 
yet  got  in  out  of  €28,100  niarl<e<l  "  <;ood  "'  in  the  orij/inal  statement,  and 
£60,300  scheduled  as  "  doubtful." 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Accrington. — The  Corporation  l\avo  received  tlio  siinetion  of  the 
L.(  J.  iJoard  to  the  jn'opoocd  extension  of  the  electric  goueratiii<;  plant 
and  the  erection  of  a  chimney  und  fluea  in  connection  with  the 
destructor.  Tlie  total  cost  is  £21,000,  of  which  the  plant  will  cost 
£14  000. 

Greenock. — The  Corporation  have  decided  to  apply  to  the  Scottish 
Office  for  power  to  borrow  £45,000  additional  capital  for  the  elec- 
tricity supply  department. 

At  the  meeting  last  week,  Provost  W.  B.  M'Millan  regretted  that  they 
had  been  unsuccessful  in  their  endeavour  to  get  the  Admiralty  to  agree 
to  ])ay  any  share  of  the  money  required.  The  Admiralty  had.  however, 
agreed  to  a  coal  clause  being  inserted  in  their  agreement.  He  was 
satisfied  that  even  after  the  war  there  would  be  jylenty  of  work  in  the 
town  of  Greenock  for  many  years,  and  they  were  only  acting  in  a  ])ru(leiit 
and  businesslike  way  in  making  apjilication  for  that  capital  to  kei'p  the 
electricity  works  u]>  to  date. 

Heston  and  Isleworth. — The  Council  is  to  apply  for  sanction  to 
borrow  £787  for  laying  feeder  cables  in  addition  to  the  £3,569  sanc- 
tioned before  the  war. 

Sanction  has  been  received  to  the  borrowing  fjf  £175  for  extending  the 
main  in  Wellington-Toad. 

GENERAL. 

Aberdeen. — The  Electricity  Committee  has  increased  the  charge 
for  the  supply  of  electricity  to  the  Caledonian  and  Great  North  of 
Scotland  Railway  Companies  bj^  20  per  cent. 

Edinburgh. — The  estimates  were  considered  at  the  meeting  of  the 
Electric  Lightuig  Committee  last  week. 

It  was  shown  that  there  was  a  considerable  deficit  in  the  revenue  this 
year,  caused  by  the  lighting  restrictions,  and  the  (,'ommittee  recommended 
the  Council  to  increase  the  rate  for  electric  current  for  lighting  by  ^d. 
per  unit,  raising  the  charge  to  3Jd.  They  have  also  agreed  to  charge 
5  per  cent,  in  addition  to  the  present  power  rate  where  there  is  no  contract. 

Gravesend. — The  charges  for  electric  current  were  increased  bj^ 
10  ])er  cent,  in  March,  1915,  and  now  they  have  been  increased  by  a 
further  15  per  cent,  as  from  the  end  of  the  March  quarter. 

Ingleton. — The  wardens  of  St.  Mary's  have  been  instructed  to 
obtain  an  estimate  of  the  cost  of  wiring  the  church. 

Leicester. — Tiie  following  members  of  the  staff  of  the  electricity 
department  have  been  granted  increases  in  wages  as  under  : — 

W.  E.  Barton,  superintendent  of  Aylestone  station,  from  £300  to 
£325  per  annum  ;  G.  Morris,  car-shed  superiiitendent,  from  £2(50  to 
£285  :  E.  J.  Riley,  chief  clerk,  from  £200  to  £215  ;  H.  E.  Rogers,  mains 
superintendent,  from  £190  to  £225 ;  G.  E.  Purdy,  draughtsman,  iiom 
40s.  fid.  to  50s.  per  week  ;  B.  Calvert,  chief  motor  inspector,  fiom 
52s.  fid.  to  55s.  ;  J.  B.  Blackwell,  foreman  meter  fitter,  from  66s.  fid.  to 
69s.  ;    A.  Pritcliard,  rental  clerk,  from  41s.  to  43s.  6d. 

Mansfleld. — Friday  last  was  budget  day  with  the  Town  Council. 

Mr.  J.  H.  f'oLMNS  pointed  out  that  the  Electricity  Committee  jiad  not 
only  promised  £1,000  to  the  relief  of  the  rates,  but  had  defrayed  the 
expenditure  of  certain  machinery  and  cable  laying  out  of  revenue,  and 
had  reduced  the  lighting  account  by  £100. 

Mr.  J.  P.  HouFToN  thought  the  Electricity  Committee  might  hav(> 
contributed  £1,600  to  relief  of  rates,  as  it  did  last  year,  instead  of  tl.OOO. 
Had  it  contributed  the  larger  sum  the  rate  might  have  been  n-duceil  by 
Id.  The  Government  had  promised  to  pay  the  cost  of  laying  the  electric 
cables  and  the  Committee  was  bound  to  make  more  p7-ofit  than  ever  in 
the  coming  year. 

In  reply  Mr.  Collins  said  if  the  Commilte(>  could  afford  it,  and  the 
town  needed  it,  his  Committee  would  be  glad  to  contribute  £l,(iO0  ai^ain. 

Marylebone  (London). — The  dispute  between  the  Council  and  the 

members  of  the  ""  running  staff  "  of  the  electric  supply  department, 
arising  out  of  the  demand  for  an  increiise  of  wages,  was  referred  to 
arbitration,  and  representatives  of  the  parties  were  heard  on  April  11. 
The  award  has  now  been  issued,  and  finds  that  the  men's  claim  has  not 
been  established.  It  appeared  that  prior  to  the  war  the  Electric  Supply 
Committee  had  established  a  scheme  of  bonus  payment  de])cndont  ui)on 
the  cost  of  production  per  unit,  and  under  the  scheme  the  rates  of  wages 
of  the  men  at  the  generating  station  were  enhanced.  The  cost  of  produc- 
tion per  imit  had  now  increased  to  such  an  extent  that  no  bonus  ))ayment 
accrued  under  the  scheme,  and  the  earnings  of  the  men  had  consequently 
been  reduced.     The  Electric  Supply  Committee,   however,   undertook 


certain  munition  work  on  whi«h  »h«»  m-n  m  *i«*«ti"n  iwrr-  *'tnpi<*r'-\. 

|)artly  in  tlu'ir  span- time,  and  an  ' 

thereby  afTordiil.      In  ;uldition,  (■ 

sinee   llie  war  l»<-j/an    i<lv.inr<H  tif  way  itine  in  • 

Id.  per  hour  (2h.  3d.  jii-r  w«  <k). 

r    Newquay.  -The  Xewrjuay  Kleetrie  Ught  k  Vowtr  Cb.  luw  nr,«- 
re((;ived  an  oifjer  fnjrii  the  Bi^rd  of  Tra/Je  cni|K,»-«rring  It  to  i) 

the  following  rates  for  electrie.i!  on'"-  '     '  '      •    ■  • 

any  amount 'ip  to  17  units  9s.  M(|.,a' 

R05S.  -T/ie  Council  have  decided,  on  Ukj  rvvonim<-a<Ution  of  the 

StrecUs  Committee,  to  inform  tfie  R        ;•  ■     •  r 

May  1 5  the  (J  verhca  1  wires  are  not  reii 

.Jul\    I  last  is  not  retumefl  sealed  by  the  cont|iany,  th«-  will 

engage  ,„  competent  electrician  to  n  ' 

see.  14  of  the  HIeetric  Lighting  .\<t. 
Lighting  (Clauses)  Act,  IS99. 

r.    Salford. — Tlu;  Kh;etrieity  Comrnitte*?  is  t-)  enter 
with  two  firms  for  the  sujijily  of  current  at  taritl  rat- 
General  Electric  Co.  for  the  supply  of  energy  to  their  sb 
the  usual  contract  terms,  except  that  the  priee  to  Im* 
comp-an}'  is  to  be  at  a  Hat  rate  of  l}d.  |xr  unit.  [iIuh   :      , 
increase. 

The  Committee  recofnmends  the  Coun-  il  to  \  ■     ■    ■ 

tion  agreed  to  in  Februaiy  last,  n-lativf  to  tL 
the  supjily  to  the  Corj)oration  of  eleetri'ity  m  bulk,  i- 
rcipiire  the  Lancashire  Eleetric  Power  Co.  to  -supplv  a 
2.000  kw.  unless  the  ( onqjany  have  the  neee3.sar>-  plant  arailakW*,  ami 
subject  to  reasonable  noti<-e  bein^  given. 

fX  Stoke-on-Trent.— Last  week  the  EUates.  Public  VVork.s  and  Tram- 
ways Committee  reported  that  they  were  disi)ntiniiin?  the  use  of 

nine  telephone  instnunents,  but  the  Eleetrieity  Supplr-  '    ••♦'^■ 

rejjorted  that,  with  the  increaserl  load  and  nuinlier  of  ■ 
wasundesirable  to  diminish  the  telephone  faeilitie.^  in  the  -nt. 

Aid.  H.  Leese  pointed  out  that  the  n-venue  was  altout  i  -^  .        .    "•' 
the  expenditure  on  telephones  for  the  department  some  £160.     1 
were  five  stations,  and  one  central  oflice.      Each  of  t!i 
to  be  connected  with  the  power  house,  from  which  it  nb- 
and  also  with  the  central  ofiice.      If  the  instrament-  ii«-  iiw.»\ 

th(^  cost  would  be  three  or  four  times  mon'  in  rii  .   .  ■*,  for  it 

absolutely  necessary  that  the  central  office  should  know  what  was  gnin? 
on. 

The  M.vYOR  said  there  were  times  when  they  had  no  tiuch  thini!>t  a« 
telephones,  and  businesses  were  carried  on  just  a.s  welL      He  was  .j.    -. 
certain  that  if  the  committee  only  ""  looki-d  the  matter  in  the  fat  «•  '    • 
would  see  that  some  of  the  telephones  could  U-  <lone  away  witK      b 
were  a  betting  n»an  he  would  be  prepared  to  lay  heavily  that  tin-  iw-L.;: 
ments  in  officials'  houses  were  much  moiv  usetl  for  private  bu.>»in«^"«  than 
anything  else. 

The  question  was  referred  back. 


TRACTION   NOTESc 


Electric  Delivery  Drays. — The  Midland  Railway  Co.  is  making  an 

experiment  in  the  use  of  electrically-operated  dntys  for  delivering 
goods  in  the  outlying  district  -  of  ShelKeld.  At  present  three  storast- 
battery  vehicles  are  being  used,  and  are  {it  is  stated^  sivins;  e\.Tv 
satisfaction. 

One  vehicle  carries  goods  to  the  Firtli   Park  and   Pit.-;inoor 
another,  to  Crookes  an\l  Walkley  ;    and  the  thiinl  to  Ecch'sjdl.   . 
and  Ranmoor.     The  givat  advantage  of  the  vehicles  is  that  tiny  ...\t-r 
the  preliminary  part  of  the  jo\irney  very  quickly,  and  get  into  the  deli 
veiy  area  in  liiudi  less  time  than  a  horse  ami  dn\\  would  take.     The 
chassis  of  the  vehicles  are  .American,  but  the  railway  company  built  «h«« 
bodies  of  the  drays  themselves. 

Halifax.— It  is  proposed  to  extend  the  Skintrnt  tramway  deiiot.  at 
a  cost  of  £2,700. 

Hey  wood.  There  was  a  delicicncy  of  £5  IS  on  tho  just  y-ear's 
working  of  the  Corporation  tramways.  comiKUvd  wi.h  a  loss  ..f  £l.«k42 

in  1914-15. 

The  Electricitv  uul  Tramwavs  Cominitteo  have  decide*!  to  fc^k  lor  a 
rate  of  4d.  in  the  i.ound  to  meet  the  deficiency  on  the  elet-tnr  supply 
dei)artment,  and  Id.  for  the  tramways  tlepartimnt. 

Manchester  District  Electric  Railway  Service.-  The  elect  ri*-  .servit* 
is  now  ruuuing  with  smoothness  an.l  regularity  on  the  .Manohpter- 
Prestwich  bnuich  lijie  of  ths  Ljvncashin^  &  Yorkshirt-  Co..  ami  it  :s 
expected  that  there  will  be  a  complete  electric  st>rviee  by  .luly. 

There  is  a  sa  vin.^  of  time  bv  the  electric  trains,  the  journey  to  l»re5.twieh 
occupvino  l.}  minutes  .ompaivd  Mill.  IS  nunutes  by  the  steam  trains, 
and  the  journev  to  Burv  occupying  24  miiuites  against  .V-  nunutes.  The 
standard  five-car  electric  train  is  :!26  ft.  in  length,  prtn.dmg  seats  for 
72  first-class  and  :?17  thirdcla--*  passengers. 
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Walthamstow.— The  Beard  of  Trade  has  approved  tlic  pro]Kj.sal 
to  construct  a  double  end  at  Ferry-lane  tramwa}'  terminus. 

Women  Tramcar  Drivers.— At  the  meeting  of  York  Council 
on  Tuesday  the  chairman  of  the  Tramways  Committee  (Aid.  S. 
W.  Meyer)  explained  the  position  as  to  the  training  of  women  as 
tramcar  drivers. 

What  had  really  happened  in  regard  to  the  matter  was  that  they  put 
off  employing  women  on  the  tranicars  at  all  as  long  as  they  could,  know- 
ing the  difficulty  in  regard  to  the  temporary-  employment  of  women  when 
the  men  came  back  claiming  reinstatement.  They  would  soon  be  open- 
ing the  cxten.sion  to  Hull-road,  and  in  view  of  the  possible  callinjr  up  of 
more  drivers,  they  thought  it  wise  to  experiment  with  womr  n  drivers. 
He,  therefore,  agreed  with  the  manager  to  train  one  woman,  and  that 
seemed  to  have  occasioned  some  misiuidcrstandinff  anionji  liif  m(  n,  wlio 
tliouglit  the  Conimittee  were  tiying  to  drive  men  into  the  Ainiy.  That 
was  quite  incorrc(t,  and  the  committee  had  had  an  interview  with  the 
men's  union  representative,  who  urged  the  committee  to  retain  the  men 
as  long  as  ])ossib]e,  and  that  it  was  decided  to  do  by  the  committee  on  his 
casting  vote. 

ThcK!  are  now  about  1,200  w<;men  actin;^  as  conductors  of  the  Cllasgow 
Corporation  tramcars,  and  70  as  drivers  of  cars. 


TELEGRAPH  &  TELEPHONE  NOTES. 


Australian  Radio  Service.  The  Australim  Minister  for  the  Xavy 
states  tiiat  the  Cabinet  has  decided  that  the  whole  of  the  wireless 
telegraph  stations  should  be  under  the  control  of  the  Navy  Depart- 
ment, and  the  new  .service  will  lie  cMlled  the  Royal  .Au.strali.in 
Navy  Radio  Service. 

Those  em])loyed  cm  shore  will  wear  uniforms  .similar  to  the  naval 
imifoiins  with  a  slifrht  difference  in  badges.  It  is  pio|ioscd  later  on  to 
a](])oint  an  cn<;inccr  for  radio  tele<;ra|)liy,  and  in  the  nicaritinic  arranj,'e- 
mcnts  liave  been  made  to  retain  .Mr.  J.  (J.  Balsillie,  who  recently  rcsij^ned 
his  |)osition  as  head  of  the  wireless  service,  as  consultinf^  engineer. 

Cheaper  Telegraph  Service.— At  a  recent  meeting  of  the  London 
'J\;legrHj)h  and  Teh^phone  Society,  Mr.  John  Lee,  chief  traffic  manager 
to  the  Post  Office,  lectured  on  "  Telegraph  Tariffs  and  Economic 
Need.s,"  and  advocated  a  cheaper  and  improved  telegra[)h  .service. 

Mr.  I.ce  said  tb.ey  hiid  to  discover  in  vlial   way  tl'.e  tliousai.ds  who 
never  fcnt  a  t(!eo;ram  mij/ht  be  raind  si.ddenly  to  the  cla.s  who  mifrht 
lir.d  it  just  wortli  wiiile  to  do  so.     He  was  of  opinion  that  a  loeal  te'ej^rani 
at  4d.  would  l.c  i)o|)ular.     It  was  I  cyond  question  that  in  urban  distric  (s 
generally  such  a  tariff  would  meet  the  people's  reeds.     A  4d.  tariff  would 
not  meet  the  eost  of  production  if  it  included  the  v.liole  of  (ireal   Britain 
and  Jielard.     What,  tlicieroie,  should  l.e  the  extra  url)an  tariff?     He 
doubt((l  if  it  woidd  he  jxissible  to  ditfeient iate  at  100  miles.     They  h;.d 
leari-.cd  much  from  the  !)d.  tariff  ;   it  was  too  dear,  r.rd  had  hit  the  small 
trader  very  badly.     To  fir.d  the;  marginal  (ifruic  they  should  need  to  eon.e 
below  ftd.,  but  not  much   I  clow  it,  since  they  were  providing  a  loeal 
B(irvi((5  for  4<l.     Heiue  all  ii.dieations  |)oinlcd  to  Ml.  is  ti.e  mar<.'ir.id 
value.      It  was  cpiite  jjossible  tiiat  in  noinal  tin-.c:  they  would  l.e  able  to 
give  somi  tiling  more  for  K<i.  than  tliey  now  liave  for  {)d.     They  slioidd 
heable  to  j/ivea  quicker  service.  A  differentiated  tariff  on  tho>e  lines  would 
give  an  advanta{.e  to  the  local  trader.     With  a  -Id.   London  tariff  oiu" 
would  rather  give  an  order  in  liOrdon  than  in  Al  eideen.      Lo<al  trading 
was  to  be  eiieoiuajicd,  and  a  uniform  tele<;ra)ili  tariff  suffei<'(l  from  an 
additional  disadvantaiie  in  faiiinj.'  to  leali.-e  the  fact.      ,\i  d  while  it  failid 
to  realise  the  fac't  the  lele|)hones  staked  their  \cry  existenc  c  upon  it .      Me 
eontei.ck'd  that  a  j,'reat  many  of  tj-.c-  r.dniiuistrat  i\e  clidienH  ies  would  le 
overcome  if,  in  a  Idition  to  the  telegrajjh  traffie  at  yd.  for  a  minimum  of 
12  words,  which  would  be  the  primary  care,  there  was  a  i ceondary  tariff 
at  4d.  for  a  minininm  of   12  woids.  th.e  further  c  hr.rfie  of  .'.d.  a  wend 
applying;  to  both  elapses.     Tc-le^ianis  of  ll..-  n-eoi  daiy  clais  could   he 
handed  in  at  any  time-,  l)ut  he  tneufiht  it  lil.ely  tiiat  th.ey  would  not  le 
tcilc^gra plied  until  after  the  nu)rning  piessiure,  while  they  would  be  deli- 
vMC'd,  c-ither  i)y  messenger  or  by  postman,  as  eircumstanc  es  permitted. 
It  mi).'ht  he  desirable  to  fix  a  time  limit .  say.  ;;0  miiiufc  s,  at  which  in  the 
afternoon  the  -Id.  teleuram  would   le  hard'ed  in  '('(iiciicc-  with  tl'.e  .Mi. 
telegram.      An  ui|.'eiil   tcieuram  a(   2  p.m.  would  (aki-  turn  with  'i  non- 
urgent   at    !;.■{((   p.m.      Deilini;   with  eeonc>mie  waste  iu   tl:e  te!ej;raj)h:i, 
.Mr.  l.<  e  :.iid  that  he  ::aw  no  chance  of  a  leuhdy  for  the  vast  amount  of 
idle  and  insufficiently-used  plant  which  th.ey  hid  other  than  the  remedy 
which  every  railway  ccxnpany  hr.d  had  to  adopt,  ai.d  that  w:.s  to  eulti- 
vate  :-ecor,dary  iraffie  at  a  lower  cost.     They  r.c-i ded  to  till  uji  thc>ir  wires 
and  to  extend  the   i)rcclu(l  ivity  of  their  i>!ant    by  eaterim.'  for  traflie 
which  would  only  stand  a  low  charj;e.     Tliey  hrd  re.iehc d  therefore  a 
fundamental  basis  for  our  telegraph  tariff.     There  were  to  be  two  kirds 
of  telcgraniii  —  the  major  class  at  8(1.  for  12  words  plus  .Jd.  a  word,  the 
minor  elnss  at  4cl.  for  12  words  ])lus  ,\cl.  a  v.oid.     Tliese  two  elnwes  wc^idd 
also  r.>j)r('sent  a  differcMUc^  in  quality.     Tl'.e  formc>r  wcvuld  1  e  dc-alt  with 
urgently  throujjhout  ;   it  would  be  the  "  limit;'d  ex]>reKS  "  of  tc>lecra])hy. 
The  latter  would  fill  up  the  lines,  and  would  1  c  the  ordinary  "  thiid-ehis« 
parliamentary  "  teleuram.      It  was  obvious  that  the  longer  the  teh^^ram 
the  snuvller  pro])oi-tionately  would  be  the  differ.'irce  in  chnrjjo.  so  that  for 
■very  huiy  telej^'rams  the  render  woidd  he  lem|iled   to  ])ai'.s  th«>  marginal 
limitH  and  to  pay  the  additional  Id.  for  s]  eed  in  tran;>i'.     The  Id.  ines- 
Bftgo,  the  vc-eonclary  cla:s,  in   its  .■■sj:eet    ef  a   local  teh^grnm,  would   I  c> 


hor.dlcd  as  a  primary  class  telegram  in  London  ard  in  other  large  urban 
districts.  He  also  proposed  that  the  secondary'  class  should  take  the 
place  of  the  night  telegraph  letter,  and  that  the  concession  be  extended 
to  all  telegraph  offices  instead  of  limiting  the  privilege  to  a  small  number 
of  towns.  After  8  p.m.  the  secondarj'-class  telegram  could  fcc  held  over 
for  delivery  by  post  the  mext  morning.  On  Sundays  and  official  holidays 
he  would  give  the  primary  service  only.  In  that  direction  they  would 
need  to  proceed,  if  the  telegraphic  service  after  the  war  were  to  take 
their  proper  place  in  the  machinery  of  transport,  and  if  the  charges  were 
to  be  based  on  something  more  nearly  like  sound  economic  doctrine. 
There  were  alreadj'  certain  ocean  cable  rates  governed  by  verj'  compli- 
cated tariffs.  Between  England  and  New  York  there  were  eight  different 
tariffs.  Comparrd  with  those  charges  the  differentiation  which  he  had 
in  mind  for  the  British  rcrvice  was  simplicity  it.'clf.  He  was  perfectly 
sure  that  if,  after  the  war,  our  indust ri:d  organism  were  to  lie  put  swiftly 
to  thi^  arts  of  jieacc,  it  could  only  be  done  by  the  as:;istanc^  of  a  swift, 
energetic  and  efficient  telegraph  system.  No  one  who  had  seen  the  work- 
ing of  the  "  urgent  "  tariff  in  Germany  couhl  deny  its  usefulness.  Our 
telegraph  service  would  need  to  face  the  possibility  of  doing  scmrething 
iirorc  than  transmitting  messages  at  the  demaiid  of  isolated  ii'idividuals. 
It  would  have  to  become  a  public  service,  including  in  its  mission  the 
dissemination  of  officially-gathered  information  as  regards  market  prices, 
demands  for  goods,  supplies  of  food.stuffs  and  raw  materials  and  other 
information,  too.  which  would  go  to  the  enlightenment  oi  the  community 
in  respect  of  civic  and  national  duty.  It  would  set  out  to  break  down  the 
isolation  of  outlyinj;  districts  and  the  separateness  of  individuals.  It 
would  emphasise  the  poiiibility  of  closer  communion  between  man  ar.d 
man,  no  longer  held  apart  by  spae.^  or  sundered  by  time.  In  this  bind- 
ing and  welding  and  henling  a  telegraph  service  which  should  meet  the 
different  needs  intelligently  and  enterprisingly  would  possibly  assume 
somcthintr  of  leadership  in  the  making  of  a  tirnicrand  worthier  social  state. 

Inland  Telegraph  Service.  -It  is  announced  that  on  accoiuit  of  the 
depletion  of  the  Post  Oflice  staff  by  the  w  itlidrawal  of  men  for  .service 
with  the  Colours,  the  hours  of  jiublic  telegraph  busine.s.s  at  man}'  ytoat 
offices  have  been  curtailed. 

Some  of  the  larger  telegraj)!!  offices  and  a  number  of  the  smaller  offices, 
both  in  town  ancl  eountry,  nc/w  opeir  at  9  a.m.  and  close  at  7  jt.m.  for  the 
collection  and  delivery  of  tc-legrams,  and  s -nders  are  warned  that  tele- 
grams handed  in  after  G  p.m.  may  not  reach  their  destination  until  the 
following  morning. 

Portsmouth. — ^An  automatic  tclei>honc  exchange  was  ojiencd  on 
Saturday  last.  Thi.s  is  the  largest  ardomatic  exchange  in  thi.s 
country.  It  has  been  equipped  by  the  Automatic  Telephone  Mfg. 
Co.,  and  has  a  ea))acity  of  T.IMH)  lines. 

Western  Union  Cable  System. — The  centralising  of  the  London  wires 
of  the  Western  I'nion  relegra|»h  Cable  System  was  effected  on  Mon- 
day, and  in  future  the  eight  Atlantic  cables  of  the  system  will  run 
direct  into  one  office  at  Western  Union  House,  Great  Winchester- 
street,  E.C..  where  all  the  latest  telegraphic  instruments  and  a|)pli- 
anecs  have  been  installed. 

W'hen  the  Western  I'nion  Co.  lea.sed  the  cables  of  the  .Anglo-American 
Tele!.'ra])h  Co..  and  of  the  Direct  United  States  Cable  Co..  ei<;ht  .\tlantic 
cables  were  brouiiht  imder  one  system  of  control.  The  full  facilities  of 
those  eiyht  cables,  however,  cc»rdd  nctt  be  n-alised  while  each  of  the  three 
ccmqianies  had  a  sepaiate  "  station  "  iu  Londnn. 


EMPIRE  NOTES. 


Australasia.  The  leixul  on  the  working  of  the  Melbourne  elec- 
trieity  undertaking  during  lit!.')  was  reeeirfly  sid)niitt(Hl  to  the  Council. 

I'eNC'UUc  was  .tlS2,r)!(4.  an  increase  of  £17. .*■('<)  cc.in]>aicd  with  the  pre- 
vious year,  while  expenditrne  was  £S2.7-f">.  inciea.>-'e  i2,7-">4.  ai.d  a  grcss 
]>rctlit  £!M).S40.  ccuuiKirecl  with  £S4.7!»7.  the  inciease  being  17}  f-cr  cent. 
Net  profit  was  £;{.">. (loft. 

The  chairman  of  the  Klectrie  Su])])ly  Committee  (.Aid.  Cabenn) informed 
the  Council  that  it  was  desirable  to  forur  a  reserve  fund  for  eorit incenoii'S 
siu'h  as  the  necessity  for  cli;;posiu;;  of  luaehir.ery.  \'c..  I  efoie  the  end  of  it.-c 
normal  life,  nr.d  meetini;  non-iemui:erat  i\e  evj  er.ditiue.  such  as  storape 
of  coal.  It  ;  eeuieil  ahsuid  to  j)lace  £7.'{. .':(«»  to  credit  of  depreciation 
ar.d  reiu'wal.s  'ur.d  duriui.'  t  he  Inst  I  wo  years,  w  Idle  writ  inj:  off  only  £1  .'».;>(•<>. 
Unless  it  coidd  le  show  II  (hat  those  funds  weie  required  there  would  lea 
demai.d  for  a  leduetioii.  ar.d  for  di-cieaM'd  chart's  for  current.  The 
( 'ouneil's  rates  for  livrldini;  wer;*  the  lowest  in  .\uslralia,  ar.d  lower  than 
(ho.-e  of  many  larm'  ur,cler(akingr<  in  Kuj-lai  d.  A  propt.std  to  set  ajjart 
£.'i.(MK)  a!>  a  nucleus  for  a  reserve  fund  was  lost .  but  it  was  decided  to  cany 
(iiat  sum  Kirw.-ird  a^  a  cteilit  lialaure. 

Ontario  Hydro-Electric  Commission.  The  "  Kleetrieal  News."  of 
Canada,  slates  that  the  first  audit  of  the  operaticms  of  the  Commission 
took  place  recently. 

In  his  n-port  the  ]irovincinl  auditor  (Mr.  .Tames  rianey)  eriticises  the 
attitiule  of  the  CommisHion  in  .■i88uniinp  authority  not  conferred  upon 
thenr  by  the  Hydro-Electric  Art.  While  the  province  had  authoriscKl 
to  the  end  of  1 !»!.')  an  expenditure  of  SKl.ldH.fKKt.  the  Commis,sion  had 
expended  SI 7.:{.">n.()0<).  It  is  not  suggested  that  this  money  has  l>een 
misused  iu  any  way.  and  a  Bill  has  liei-u  iutrcnlueed  to  enlar^'e  the  powers 
of  the  Coniniis.sinu.     The  extra  expenditun-  had  Ixvn  U!*od  chiefly  fo 
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financo  sinaller  iimnicipjilitk's,  wliich  were  under  obligation  to  repay  the 
money  over  a  fixed  term  of  years. 

Sauth  Africa. — A  report  has  been  issued  by  the  Development  of 
Resources  Committee  of  the  South  African  Institute  of  Electrical 
Engineers  on  the  jwssibilitics  of  establishing  in  South  Africa  on  a 
commercial  basis  certain  electro-chemical  industries. 

The  report  is  confined  to  agriculture  and  mining.  'JMicse  industries 
require  annually  more  than  £2,000,000  worth  of  chemieal.s,  all  of  which 
are  imported  in  the  form  of  fertilisers,  cyanides  and  nitrates.  The 
essential  elements  for  their  manufacture — chea])  electricity,  coal  and 
limestone — are  available  in  South  Africa,  and  the  market  is  to  a  consider- 
able extent  protected  from  competition  by  high  cost  of  trans])()rt  for 
imi)orted  articles  ami  by  Customs  duties.  The  committee  is  of  opinirin 
that  cakium  carbide  and  t^yaiianiide  and  derivatives  of  cyanamidi'  can 
be  profitably  mamifactured  in  Houth  Africa,  provided  the  neccssarv  raw 
materials  are  available  at  reasonable  cost,  and  urges  that  an  early  investi- 
gation shoidd  be  undertaken  with  regard  to  the  location,  (juality  and  cost 
of  production  of  these  raw  materials. 

A  factory  has  been  established  at  Vryheid  (Natal)  for  the  jjroduction 
of  ammonium  sulphate.  Plant  cajjablc  of  i)roducing  5,000  tons  a  year 
has  been  laid  down  at  a  cost  of  £350,000. 


MISCELLANEOUS  NOTES. 


Controlled  Establishments.  The  Minister  of  Munitions  announces 
that  he  has  made  a  further  order  under  the  Munitions  of  War  Act, 
1915,  under  whicii  156  additional  establishments  have  been  declared 
controlled  establishments,  makuig  a  total  of  3,493  controlled  establish- 
ments. 

Conversion  Table,  &C. — Wc  have  received  from  the  ('axton 
Translations  Institute  ((Jaxton  House,  Westminster),  a  hanging  card 
which  gives  metric  and  English  equivalent  weights  and  measures. 


and  a  table  for  the  conver»iori  of  Hnni*-  ;   ahut  iiarticukm  of  ptjpuLa- 
tion,  coinage,  wcight«  and  n  .  ,,i  th#:  varioiu  coontriM  of 

the  world.      The  pri  •.-  „f  lb-   .  ....  .    ,.,    ,  ,^„t  f,^  ^j_ 

Etie.-ny  Firms  Wound  Up.  -The  Board  of  Trade  have  now  ordered 
the  windui'4  up  of  12 »  buHinf-HWJi  controlled  ov  alwti  enemifei. 

Durmg  the  past  wrek  tlic  wiiidin  .,„..,, 

<;.mstruction  ('d.  (F..td.),  Mil,  Vict'  ...  j' 

((^ontrolhr  :   .Mr.  1).  H.  Allen,  20.  ( 
ta'i  (ji).  (Ltd  ),  sanitary  sy.itcm  of  I'f 

London,  W.t'.     (Controller.    .Mr.  A.  Hartloy'.  »,  Irrinn 

don.  E.r.)  ■       ' 

ExpoF's  to  China  and  Siam.  Tne  ■  ly.ndou  iiazette"  of  M*v  ' 
eontauis  furlher  lists  of  finns  in  China  and  Siam  to  wrMiin  gj»j.l*  m*v 
l)(;  c  msigne  I.  A'uongst  the  (irnis  nioritioiieJ  in  the  Mti'U  SSivigiiai 
Ex|))rt  &  In) port  Co.,  Shajighai. 

Trading  With  the  Enemy.     Further  addition*  to  the  »Utrj(ory  |»»t 

of  linns  with  wliom  trading  by  firms  in  the  L'nit<-  I  Kingiom  tx  pr^ 
hibited  a|)|X.Mr  in  the  "  London  (Jazctte  "  of  Mav  2. 

Amcmgst  th(!  firms  mentioned  arc  ■.~\,.nc'i>j.—\\l»vmvinf  f 

tats   (lesellschaft  (Christiania).      ^y/ui.-Cia   Sf-villani  «lr    ' 
(S.ui  I'abh)  30,  Avenida  San  Sebastian,  S"vill«-).  Arttir-.  K'-v 
San  .Jeronimo,  Maclrifl). 

Tribunal  Case.     At   Bla<k|x)ol  Tribunal,  .,n  Apnl  r,.  •     • 
young  mcii,eng<iged  in  munition  work  at  Hla<k|*ioleI(tr 
canio  under  review. 

The  iionuigh  electrical  en^'incer  (Mr.   Furnr--)  -.n.f  ifu-  ,u 
certificated  or  badged  under  the  (;<jvinimcnt.      |fctd<;«-t  had  '• 
particularly  in  Hlackiiool,  by  non-ipialified  trad'-^min  who  bad 
of  badges  somehow.     These  men  had  not  giin<-  «>n  niuiiitioni«  w 
iilea  of  a  voiiling  military  service.    If  it  was  more  important  tb»'  nu-n  shf^uhl 
be  in  military  service  than  on  munitions  then  it  was  fr>r  them  to  -      •'     ■ 
must  go  into  military  service.      He  .saii".  he  would  api)ly  for  ctr 
and  badges,  and  let  the  Tribunal  know  the  irsult. 
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TENDERS    INVITED. 


Electric  Generator,  Gas  Producer  Plant,  Transformers,  Mains,  &c. 

Wanganui  (N.Z.)  Borough  Council  rectuirc  tenders  by  noon 
May  9  for  the  supply  and  erection  of  Additional  Plant  at  their 
tramway  power  house,  including  Pressure-type  Gas  Producer 
Plant,  Gas  Engine,  Electric  Generator  and  Switchgear.  Speci- 
fication, &c.,  from  the  Town  Clerk. 

The  Victorian  Railway  Commissiuners  require  tenders  by 
11  a.m.  May  31  for  supply  of  Transformers,  with  Terminal  and 
Fuse  Boxes  durnig  five  years.  The  first  order  will  be  for  220 
transformers  to  be  delivered  in  six  months.  Specifications,  &c., 
from  the  Commissioners'  Offices,  Spencer-street,  Melbourne. 

Oamartj  (N.Z.)  Borough  Comicil  requires  tenders  by  4  p.m. 
Jime  23  for  the  supply  of  Overhead  Mains  and  Street  Lighting 
Equipment  (contract  No,  2)  ;  Power  Station  Equipment  (Pelton 
Wheels,  Alternators,  &c.)  (contract  No.  3);  Service  Meters 
(contract  No.  4) ;  and  Line  Transformers  and  Accessories  (con- 
tract No.  5).  Specifications,  &c.,  ma}'  be  obtained  at  the 
Cotmcil's  offices  on  deposit  of  £1.  Is.  for  each  contract. 

Tramway  Construction,  Tramcars,  &c. 

The  Direccion  General  de  Obras  Piiblicas,  Ministerio  de 
Fomento,  Madrid,  require  tenders  by  May  19  for  the  (lonstruc- 
tion  and  working,  for  60  years,  of  an  electric  Tramway  hi 
Bilbao,  connecting  the  existing  system  with  the  Irala-Barri 
district.  Minimum  rolling  stock  required  to  commence  is  one 
motor  and  one  trailer  coach  for  pa  ssengers,  and  one  motor  goods 
coach  and  two  trailer  goods  wagons.  An  option  on  the  con- 
cession is  held  by  the  Sociedad  Tranvia  Urbano  de  Bilbao. 

DuNEDiN  (N.Z.)  City  Council  require  tenders  by  5  p.m.  May 
17  for  six  Electric  Tramcars  and  sections  of  Cars  (Bodies,  Elec- 
trical Equipments  and  Trucks).  Specifications,  &c.,  from  tho 
Town  Hall,  Dmiedin. 

Joiiannesburu  (Transvaal)  Comicil  require  tenders  by  noon 
June  6  for  supply  of  two  Manganese  Steel  Crossmgs,  and  for 
the  supply  of  500  c.i.  Joint  Boxes  and  200  Hanks  of  Trolley 
Rope  (contract  No.  112).  Specifications,  &c.,  from  the  mmii- 
cipal  offices,  Johannesburg. 

The  Public  Works  Dept.,  Madrid,  will  receive  tenders  until 
noon  May  .30  for  the  Construction  and  Working,  for  bO  yeai's, 
of  an  Electric  Tramway  in  Melilla  (North  Africa).  Tho 
minimum  rolling  stock  required  is  IG  coaches,  with  motors  and 
accessories.     An  option  is  held  by  Don  Felipe  Ezquerro. 


Telegraph  Material. 

The  Deputy  Postmaster-General,  .\delai<le,  roquirrs  tenders 
by  2  ]).m.   duly  12  for  tKM)  Accumulator  Cells  and  Tclegni|)h 
Power   lioard  Apparatus  (schedule   415)  for   the  ArsTR.\UAS 
Commonwealth     Postmaster-General's      l)r(>artmcnt.     S|ieii 
fication,  &c.,  from  the  Deputy  Postm;ister-(ipneraI,  Adelai<le, 

Motor  Generator,  &c. 

The  V'iCToKiAN  Railway  Com.mis.si().nkk.s  nvpiirt'  tend -rs  by 
1 1  a.m.  May  10  for  Motor  Generator  and  Accessories  for  Kiittery 
Chargmg  of  Baggage  Trucks,  also  Switchboard  and  ConuectkHjs 

(contract  No.  29,796). 

Steam  Pipes,  &c. 

Salford  Corporation  want  tenders  by  noon  May  8  for  high 
pressure  Steel  Steam  Pii»-s  and  Sc{)arator  ;  and  c.i.  Pipes  and 
Valves.     Specifications  from  the  Borough  Electrical  Kngineor. 

Elestric  Cable,  Cranes,  &c. 

The  Victorian  Railway  Com.missioners  require  tender.-  by 
11  a.m.  May  17  for  the  supply  and  erection  of  a  2  ton  Electrically 
operatetl  Gooils  Elevatiu'  at  the  Jolimont  ear  slie<l.  Spei-itir«- 
tionsfrom  the  Commissioners'  Office,  Sijeucer-street,  MelU>unie 

1 

TENDERS  RECEIVED  AND  ACCEPTED.  M 


JoHANNESBlTRG.— Tho    Traniwav    and    Lighting    Cimimitteo  haa 

acceptrid  the  tculer  of  Sykes  &  Co.  (at  i;2t;..m-.)  for  •         ■   ""J  kw. 

turbo-alternator  sets,  with  Pai-sons  comlensuig  plant,  s  ^r.  *c. 

Salford.— The  following   tenders   have   been  accepted   by  »h« 

Electricity  Committee  : — 

British  "West in-house  Co..  trausfonuei^.  ILDSS;  rnderfoj^l  Mokrr 
Co..  two  untlcrfced  mechanical  stokei-s.  IK;^..:  -1.  Cermrd*  N»n-, 
alterations  and  additions  to  buildings  and  foundations  for  a  -^'^W  ^*- 
turbo-alternator.  £l.t;5t)  :  extensions  to  h.t.  .switch  ho"**"-  *<"-  ^'•"*' = 
Albion  .Motor  Car  Co..  4-ton  petrol  motor  wagon  £M>t> :  >>.  v^  1-  Aver>. 
examination  of  weighing  machuies  for  one  year.  1-0. 

Waltu.amstow.— Tiio  Council  has  placed  an  onler  with  P.  R. 
Jackson  &  Co.  for  24  commulaloi-s  for  the  tramways  dejurtment.  at 

'  The'tenller  of  W.  T.  Henley's  Tele-raph  Works  Co.  has  been  aocopt^d 

for  the  su|)i>ly  of  cables  for  the  coming  year. 
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FINANCIAL    MATTERS. 


I 
COMPANIES'  MEETINGS  AND   REPORTS. 


Direct  United  States  Cable  Co.  (Ltd.) 

The  ordinary  general  meeting  was  held  at  the  Company's  offices,  238, 
Winchester  House,  Old  Broad-street,  on  Tujsday,  nnder  the  picsidency 
of  Sir  Jamks  Pkxdeh,  Bart.,  tlie  Chairman. 

The  SECRKTAiiV  (Mr.  William  Miles,  I'.C.l.S.)  having  read  the 
notice  convening  the  meriting  and  the  report  of  the  auditors, 

The   CHAIHMAX  said  :  Centlemen,  j'ou  will  have  had  a  cojjyof  the 
Directors'  report  and  accounts  for  the  year  ended  March  31  last,  and  I 
presume,  as  usual,  you  \yili  take  them  as  read.     The  accounts  are,  I 
think  yo\i  will  agiee,  set  out  in  such  clear  form  tliat  very  few  v.ortls  are 
needed  from  me  in  submitting  a  resolution  that  they  he  now  received  and 
adopted.     We  have  received  the  rental  from  the  Western   Union  Co. 
provided  for  in  our  agreement  with  that  Company,  and  this  sum,  with 
interest  and  dividends  on  our  in\estment.s,  has  pn.iluccd  a  total  revenue 
of  £74,12o.     After  provi<ling  for  income  tax,  Diieetois'  fies  ar.cl  the 
consulting  electrician's  feis,  ar.d  paying  a  dividend  at  the  rate  of  4  j  er 
cent,  per  annum,  a  balance  remains  on  the  revenue  account  of  £2(>,797, 
which  is  credited  to  the  reserve  fund.     Out  of  that  fund  we  have  had  to 
pay  for  the  cost  of  ri^jairing  aid  maintaining  our  cables,  aid  theic  is  also 
debited  to  it  a  loss  of  a  little  ur.der  £2,000  incurred  in  the  realisation  of 
certain  K^curities  during  the  past  year  that  your  Directors  dcenud  it 
wise  to  dispo-'C  of.     After  giving  effect  to  tlu  se  charges  a  balanc  c  lemairs 
to  credit;  of  reserve  fund  of  £487,704,  compared  with  £47<),98l)  a  year  ago. 
When  I  laist  had  the  pleasure  of  meeting  you  I  expressed  a  hope  that  in 
12  months'  time  the  war  would  be  over,  and  v.  e  might  then  be  in  a  poi-.ition 
to  declare  a  bonus.      Unfortunately,  the  progress  of  events  has  been  much 
slower  than  anv  of  us  ant  i(i]):ite(l,  and  v.t    must,   1  think,  all  f^'c!  that 
while  we  can  see  the  beginning  of  the  end,  the  ultimate  (f:sivtion  of 
warfare  16  not  yet  in  sight.     As  things  arc  at  present,  the  depreciation  in 
tiie  value  of  the  securities  that  lepresent  the  greater  i>art  of  your  reserve 
fund  has  ncjt  been  lessened,  but  has  inttea!  ed  during  ih?  year,  so  that  the 
provision  of  t'lO.OOO  made  on  account  of  tiiat  depieciation  is.  I  fear,  at 
this  time  wholly  insuflicient.      It  must,  however,  be  lememl  ercd  in  tiiis 
connection  tiiat  we  are  in  the  hai)py  jiosition  of  lio!<ling  a  lar;;(i  stot  k  of 
cable,  which  wo  purchased  on  very  favourable  terms,  which  a]i|:ears  in 
the  balance-sheet  at  its  cost  of  £77,<i<)l,  hut  is  worth  now  quite  £140,000. 
We  are,  therefore,  prei)ared  for  any  emergency  that  can  be  fore;  een  in 
regard  to  the  repair  of  our  cables  without  the  necessity  of  realising  our 
investments  at  the  very  low  prices  n(»vv  ruling.      At  the  same  time,  it 
must  be  borne  in  mind  that  the  cost  of  ship  hire  and  labour  in  coniu'ction 
with  the  repair  of  cables  has  very  materially  increased,  and,  viewing 
all  th<i  circumstances  under  which  we  meet  to-day.  I  feel  sure  you  wiU 
agree  that  your  Dirc-ctora  havo  been  acting  in  the  he.st  interests  of  the 
Company  in  maintainiug  the  4  per  cent,  dividend  that  you  have  reccivi  d 
during  tlic-  past  two  or  three  yeais.     We  can  oidy  hope  that  the  war  w  ill 
end  more  sjeedily  than  we  anticipate,  that  in  the  mcantin c  the  gotd 
fortune  that  has  attended  us  for  the  past  two  years  in  legaid  to  the  cost 
of  nuiintaining  oin-  cables  nuiy  be  continued,  ur.d  that  with  a  rise  in  the 
value  of  oui-  ^e(•ln•ities,  we  may  next  yeas  bc^  in  a  position  to  pay  a  l)onus 
that  will  lewaid  the  shaieholdeis  for  thc^ir  patienci-  during  these  trying 
times.     The  Chairman  concluded  by  moving  that   tlie  a\idit((l  accounts 
for  the  ycvir  to  March  ."{I,  lOlO,  and  the  report  of  the  Directors  tb.i  leon  be 
rcceivecl  ard  adopted. 

Mr.  JOHN  \'.\I!LK"S'  seconded  the  resolution  which  was  carried 
unanimouslv . 

Colonel  liie  Hon.  '!'.  11.  A-  V-  Cochrane  ard  .Mr.  C.  K.  (Juntl.er  v.c-re 
imanimously  re-elected  as  Directors  of  the  Coin])any.  ard  Messis  Deloitte. 
Plender,  (iriffiths  &  Co.,  were  also  rc-eleetid  auditors  of  the  Company. 
A  vote  of  thanks  to  the  Chairman  terminated  the  proccidings. 


Cuba  Submarine  Telegraph  Co.  (Ltd.) 

The  ordinary  general  meeting  was  held  on  Wednesday.  Mr.  Oeouce 
Kr.i  111  (the  Chairman  of  the  Company)  ]iresidinL'. 

The  ,SKCi{KT.\^.^  (Mr.  .\.  <'•  Austin)  read  the  notice  c-onvc-ning  the 
meetiivi  and  the  re)iorl  of  the  auditors  upon  tlie  aeeounts. 

The  ("il.\li;My\N  said:  (lentlemen.  I  itave  now  (o  piopose  Ibe 
adopt  iciii  ot  Ibe  report  and  accounts,  whicli  1  pivsume  you  will  lake  as 
react.  You  will  bi-  phased  to  see  the  year's  i  ainings  compare  veiy 
favourably  with  what  thev  were  in  lOU.  The  huge  increase  shown  may 
bo  attiibuted  partly  to  the  ceneially  pn.^)!^•rous  ( onditicms  of  Cuba 
and  the  other  West  Indian  Islands,  and  partly  to  iiiteriuptions  of  com- 
peting lines  bringing  additional  traffic  to  our  cables.  You  will  see  by 
the  comparative  statement  attached  to  the  accounts  the  traffic  inereu«e 
iluriui  the  (list  nine  months  of  the  year  more  than  covers  the  loss  due 
to  the  reduction  of  rates  which  took  place  on  Oct.  1.  1014.  The  Au;J^l^t 
and  8eptemb(>r  chvreases  are  fully  eompensatc  d  by  'he  very  abnormal 
increases  during  April.  May  and  .lune.  due-  to  the  interrui.tion  of  com- 
peting lines,  and  the  satisfactory  iue"ra*e  during  the  last  three  months 
shows  the  expansion  of  the  hvisiness  tmder  the  lower  rates.  The  traffic 
reeeiyits  of  tlio  vvholi>  vear  have  inereasod  €fi, 508.      IntoiTst  on  invest- 


ments shows  an  increase  of  £.560,  and  with  the  transfer  fees  the  total 
revenue  amounts  to  €4.5.310,  or  £7,00(i  more  than  it  was  in  1014.  On  the 
other  hand,  the  year's  ex])c  nditure  does  not  compare  favourably  in  conse- 
quence of  the  heavy  cc  st  of  cable  repairs.  The  London  expenses  are  £07morc 
while  station  expenses  are  £1,(370  less,  as  they  do  not  include,  as  they  did 
last  yc-ar,the  cost  of  the  shallow  water  repairs, which  is  this  year  enibrated 
in  the  separate  charge-  a<;ainst  revenue  for  cable  repairs.  The  large  amount 
of  cable  used  in  the  year's  repairs  has  lessened  the  cable  in  stock,  and  the 
de])rcciatiem  on  stores  and  cable  comes  out  £180  less.  The  heavier  rate 
now  charged  has  increased  the  income  tax  balance  by  £713,  and  there  is 
the  sutseription  of  £100  voted  to  the  Red  Cross  Fimds  at  our  meeting 
last  year.  Altogether  the  total  expenses,  excluding  the  cable  repairs 
figures,  amounts  tc)  £l."),4(j(> 

The  cluiilicate  Santia'jo  cable,  which  I  mentioned  at  our  meeting  last 
year,  had  been  repaired  in  March,  was  again  intenupted  durinsr  the 
ej'clone  last  August,  and  was  repaired  in  the  fcdlowing  November.  Both 
repairs  necessitated  hiring  a  cable  steamer  for  the  work,  and  were  very 
difficult  and  costly  to  carry  out  in  eonsec|uenee  of  the  great  depth  of 
water,  and  the  large  amount  of  cable  used.  Both  these  interruptions 
were  caused  In  earthcjuakes  m  the  sea-bottom,  and  the  cycleme  in  August 
badly  damaged  the  cable  hut  in  the  Mono  Inlet  at  Santiago,  and  the 
harbour  cables  there.  The  duplicate  Batabano  cable  which  was  repaired 
near  Batabano  in  Ma\  last  year  was  again  interrujited  and  repaired  last 
September.  These  rc])airs  being  in  shallow  water  were  carried  out 
locally  by  our  electrician  at  coniparatively  small  cost.  Altogether  the 
cost  of  the  year's  cable  re  i)airs  amount  tej  £13.()o4,  which  brings  up  the 
total  cxpenc'liture  to  £20,120  or  £12,418  more  than  it  was  in  1014. 

The  result  of  the  year's  working  shows  a  profit  Ijalanee  of  £10,1  SO,  out 
of  which  interim  dividends  amounting  to  t7,0tt0  were  ])aid  in  October 
last,  and  after  carrying  £2..')(K)  to  the  Pension  rund,  the    Directors  now 
rece)mmend  the  ])aymcnt  of  a  final  divielend  of  the  same  amount,  making  a 
total  distribution  fe  r  the  year  of  10  p'T  e  cut  .  subject  to  income  tax.  on 
the-  preference  sbarcs.  anel  .")  |)er  cent.,  free-  of  inecme-  tax.  on  the-  ordinary 
shares,  and   reducing  the   balance   biou^dit  foiward   by  £311    to  £7.0^-0 
carried    foiward    to    next    year's   account.     The    general    reserve    fund 
remains  the  same  as  last  jear.  at  £10(>.000,  while  the  pension  fund  now 
stands,   with   interest    acc'iucd.   at    £13t(iS.      Th-  £10.01)0  2.\   ]  rr  cent. 
Consols,  and  the  t.'i.OttO  3  \  jier  e  c  nt.  A\ai  l.e^in  Stock  have  been  converted 
into  4.^  ]icr  cent.   War   Loan  Stock.  v\hiel!.  vvith  an  additional  amount 
]iuiehased.    makes    £21,100    Mivested    in    that    Loan.     The    conversion 
entailed  a  loss  of  ca])ital-value  of  £3.447.  which  has  been  taken  fiom  the 
reserve  against  loss  by  de})reciation  on  investments,  but  has  residted  in 
largely  increasing  tlu'  inte-rest  on  the  year's  investments,  which  T  think 
may  be  considered  satisfactory.     The  investmc-nts  at  cost,  less  reserve 
fordei)rceiation.staiidat  £1  lo.841,  or  tO.lioOmore  than  they  were  last  yeai. 
As  regards  the-  current  year,  busincs's  gencially  continues  good  and 
active.     The  sugar  crop  now  being  harvested  is  a  record  one  and  prices 
are  very  high.     All  this  is  in  creasing  the  prosperous  condition  of  trade 
generally  in  Cuba.      Our  cables  are  all  working  well,  and  giving  an  effi- 
cient service\  and  up  to  the  pie.sent   the  liaflic  ]»assing  over  our  cables 
comiuires  very  favouu.l-ly  v\ith  what   it  was  last  year.      1  beg  to  move 
that  the  re-i)ort  and  a'  <  omits  for  the  year  e  ndc-d  Dec.  31  last  be  re-eeived 
and  adopted. 

Mr.  ALKXANDKR  (i.  LOW  seconded,  and  after  the  Chairman  had 
ansvveri-d  a  few  e|ue'slions.  the  resolution  was  carried  unanimously,  anel 
the  final  dividends  for  the-  year  wen-  then  eleclare-d. 

Mr.  Charle-s  Woodbyne  Parish  vvas  re-elected  a  Director,  and  Messr.s. 
(iane,  .laekson,  .lelTerys  &  Fn-e-man  were  re-elected  auditors  to  the 
Company. 

A  vote  of  thanks  to  the  Chairman  terminated  the  proceedings. 

Indo-European  Telegraph  Co.  iLtd.) 

The  ordinary  (general  meeting  was  held  on  the-  27th  ult. 

The  SKCKKTAin  (Mr.  John  I.  |?eMhe|l)  having  read  the  notice  eon- 
ve-ning  the  iiiccting. 

The  CII.VIHMAN  .said:  (Jentlemen.  the  notice  which  you  have  just 
heanl  read  summoning  this  nieeting  was  forwarded  to  each  shareholder 
with  ft  cin  ular  lettc  r  signed  by  our  See  ntary  with  n-fert-nee-  to  the  deni- 
sioii  of  the  Direitors  to  eU-clan-  an  inte'iim  dividend.  From  this  circular 
le-tler  you  will  have  ed)serve'd  that  ovvinj;  to  the  continuance  of  the  War 
all  the  dot  umeiits  eif  the  Company  have  not  yet  been  received  from 
abroad.  In  ihe.si^  eircunistanees  it  has  not  be-en  pe)ssible  to  prepare  the 
balance -sheet  for  (he  ycwr  ended  Dec.  31.  101'>.  Having  regard,  how- 
ever, to  the  fact  (hat  it  has  been  rustomary  to  hold  a  general  meeting 
of  the  Company  at  this  time  of  the  year,  the  directors,  relurtant  to 
depart  from  prce-dent.  decided  to  convene  the  miH-ting.  in  order  that 
sharehohlers  mit:ht  have  an  opportunity  of  hearing  that  the  directors, 
in  view  of  the  inconvenience  likely  to  l>e  caused  by  the  postponement 
of  the  full  dividend  for  the  year,  have  declared  a  dividend,  by  way  of 
further  interim  dividend,  ee|uivalent  in  amount  to  the  usual  final  clivi- 
dcnd  and  distribution  that  is  to  say.  £2.  12s.  (kl.  per  share,  free  of 
income-  tax.  This  they  have  everv-  reason  to  lnheve  the  ae<  ount.s.  when 
pn^sentcd.  will  1h^  found  to  justify.  It  is  hoped  that  it  will  Ik-  pt»ssible 
to  issue  the  directors'  report  and  aeeounts  towards  the  end  of  next 
month,  and  I  propose  now  to  move  the  adjournment  of  this  meeting  until 
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it  is  possib  e  to  present  such  report  anci  accounts.  Duo  notice  will  he 
given  of  the  adjourned  nieetinj^.  T  clesii-e,  witii  the  eonf^ent  of  my 
colleagues,  to  ask  the  shareliolders  if  tliey  will  )je  good  enough  to  autho- 
rise the.  Board  to  make  a  further  contril^ution  to  Russian  Red  ('ross 
Funds,  or  funds  in  any  way  connedcd  witii  the  disahled  soldiers  of 
Russia,  our  Ally  during  this  war.  It  would  \n-  a  graceful  act  f)n  our 
part  as  a  company,  and  would,  I  have  reason  to  know — and  you  nia\ 
well  know — be  much  a])|)r(-iiated.  We  have  already  contributc'd 
certain  sulistantial  sums,  but  I  think  that,  having  received  now  such  n 
very  handsome  dividcntl  under  circumstances  which  would  not  have 
led  any  of  you  to  expect  it,  we  shall  be  more  than  justiticd  to  our  own 
consciences  if  we  make  a  furtlicr  contribution  to  our  Ally's  wearied  and 
wounded  soldiers.  I  would,  therefore,  ask  you  to  make  <a  contributi(tn 
of  £1,000,  to  be  used  by  the  directors  at  their  discretion  for  these  pur- 
poses. 

Mr.  CiHARLES  HOLLAND  seconded  the  motion,  which  was  carried 
unanimously,  and  the  proceedings  then  terminated. 


-fn<.fi>   *rv^  ^*nff  h^'i  '*»af.i.I*.^ 

r« 


BABCOCK  &  WILCOX  (LTD.)-The  net  profit  during  IDl")  amounts  to 
£3!)b,551,  and  with  'CmA'.)2  Inought  forward,  the  total  is  i;4()(),04:$.  The 
interim  dividends  (paid  in  October,  1915)  of  3  per  cent,  on  the  ])referencc 
shares,  2},  per  cent,  on  the  second  preference  shares,  and  of  (>  ])er  cent, 
on  the  ordinaiy  shares  absorbed  £1()7,059,  leaving  i-'J^SjOS-l-,  from  which 
the  directors  recommend  that  the  following  dividends  be  jiaid  for  the 
lialf-yoar  ending  Dcceniber  31,  1915,  viz.,  3  per  cent,  on  the  jirefcrcnce 
shares  and  2i  per  cent,  on  the  second  preference  shares  (less  tax),  and 
dividend  of  9  per  cent,  on  the  ordinaiy  shares  (tax  free)  which  absorb 
fl5(;;859.  A  sum  of  £150,000  has  beeii  iilaced  to  reserve,  and  £10,000 
has  been  granted  to  the  staff  pension  fund,  leaving  to  be  carried  forwarti 
£42,125.  The  com])any"s  works  arc  largely  engaged  in  the  manufacture 
of  boilers  and  munitions  for  the  Government.  During  the  year  the 
directors  acquired  additional  premises  adjoining  the  Renfrew  works  and 
carried  out  other  extensions.  The  company  is  short  of  men,  and  female 
labour  is  being  introduced  in  some  of  the  departments.  iSuch  a  large 
proportion  of  the  staff  ha\e  joined  H.IM.  Forces  that  additional  work  has 
been  thrown  on  the  remainder.  The  extra  demand  on  the  staff  has  been 
met  with  a  spirit  of  entliusiasm. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— During  the  ))ast  y(-ai' 
21,081,928  units  of  cicitriral  (-ncrgy  wcie  sold,  comiiaivd  with  15,387,471 
units  in  1  914.  The  nund)cr  of  houses  connected  at  Dim,  31  last  was  8,708, 
comi)arcd  with  8,180.  The  gross  revenue  was  £224,200  (against  £202.455) 
and  net  revenue  was  £lt)2,922  (against  £140, COO).  With  balance  brought 
forward  and  interest  received  on  money  deposit  the  aAailable  total  is 
£170,602.  lOs.  7d.  After  deducting  the  interim  dividind  of  3.]  ]>er  cent, 
paid  on  the  ordinaiy  shares  in  November  last,  the  dividends  paid  and 
accrued  on  the  jjicfcrcnce  shares,  &c.,  there  remains  £122,177.  8s.  4d. 
The  directors  recommend  that  £52,000  be  ])laced  to  credit  of  depreciation 
and  renewals  account,  that  £10,000  be  added  to  reserve,  and  that  a  final 
dividend  be  paid  on  the  ordinary  sliares  for  the  second  half-year  at  the 
rate  of  5\  per  cent.,  actual  (making  9  per  cent,  for  the  year),  which  will 
leave  about  £30,000  to  be  carried  forward,  after  ])roviding  for  the 
directors'  extra  remuneration  of  £2,500,  and  a  bonus  of  £1,629  payable 
to  the  staff  in  India.  The  ca])ital  expenditure  last  year  amounteil  to 
£122,343. 12s.  4d.,  the  total  outlay  to  Dec.  31  last  being  £1,380,827.  7s.  lOd. 
The  demand  for  electrical  energy  continues  to  increase  steadily,  and  the 
result  of  the  working  for  the  year  must  be  considered  satisfactory. 

JOHNSON  &  PHILLIPS  (LTD.)— Mr.  Robt.  W.  Blackwell,  who  pre- 
sided  at  the  annual  meeting  last  week,  said  that  the  trading  ])rofit 
for  1915  was  £69,076.  18s.  '9d.,  after  setting  aside  £9,420.  15s.  2d.  for 
maintenance  of  buildings,  plant,  &c.  After  paying  debentures  interest, 
&c.,  and  providing  for  depreciation  on  machinery  and  plant,  &c.,  the 
available  balance  was  £34,050.  6s.  7d.  It  was  proposed  to  pay  a  dividend 
of  5  per  cent,  (tax  free)  on  the  ordinary  shares,  leaving  to  be  carried 
forward  £25,300.  6s.  7d.  In  the  opinion  of  the  board  the  conditions 
under  which  the  business  must  be  carried  on  for  a  considerable  period  to 
come  did  not  admit  of  a  larger  distribution.  They  must  carry  very  heavy 
stocks  of  material,  and  at  present  work  practically  filled  their  shops. 
The  balance-sheet  showed  that  the  position  of  the  company  was 
thoroughly  sound  and  steadily  improving.  The  original  £175,000  first 
debentures  had  been  reduced  to  £110,887.  During  1915  they  had  spent 
on  additions  to  buildings  and  plant  £8,413. 17s.  2d.,  and  spent  out  of  re- 
venue £9,000  for  the  maintenance  of  their  property.  Generally,  he  con- 
sidered that,  under  existing  conditions,  they  had  good  reason  to  be 
satisfiied  with  both  the  present  position  and  the  future  prospects  of  the 
concern.  It  was  more  than  probable  that  a  large  part  of  their  plant 
would  run  at  full  pressure,  but  a  considerable  proportion  of  their  machi- 
nery and  plant  which  was  not  susceptible  of  adaptation  to  ])r(>sciit 
requirements  niight  have  to  li(^  idle  until  noinial  conditions  wcr(^  agaui 
reached.  He  did  not  believe  that  the  coniiiany  had  been  cither  advan- 
taged or  injured  financially  by  the  war  to  any  special  extent.  Their 
turnover  might  be  somewhat  higher  than  they  might  reasonably  have 
expected,  but  the  difficulties  of  doing  business,  prices  and  costs  of  all 
kinds,  had  greatly  increased  and  their  margin  of  net  profit  decreased.  It 
was  only  during  the  year  under  consideration  that  they  had  seriously 
felt  the  pressure  upon  them.  They  had  strained  their  resources  to  the 
utmost,  and  should  continue  so  to  do.  With  that  end  in  view  they  had 
developed  and  built  a  considerable  amount  of  new  machineiy.  It  was 
his  opinion  that  at  least  a  part  of  that  nev,'  plant  would  be  of  real  iitility 
to  them.  The  whole  of  their  property  had  been  well  maintained,  and  the 
board  proposed  to  continue  in  its  endeavour  to  bring  every  part  of  the 
works  and  plant  up  to  the  best  modern  standard.  It  was  but  fair  that  he 
should  express  on  behalf  of  the  board  its  high  appreciation  of  the  energy 


and  ability  with  which  the  a<iive  m  ••■ 
with  the  situation  and  met  tli<'  (l*;in.i 

due  to  thi-rn,  one  aud  all   ami  ia  no  sum 

A.  REYROLLE&CO.  (LTD.)— Thnaccoiii.  -  ...    )•''•--"■  '•  "-r 

providing  for  dcpr<!ciation,  &»•.,  of  CM,8a3.     I>i-.  t. 

on  the  pr(f(  Kiicc  aud   I8J   per  cciit.  on     '  -a 

declared,  £5.000  being  placed  to  n-*/  rv<-  ,  i^, 
l)arcd  v.ilh  £2..SI3  in  previous  year). 

SHROPSHIRE,  WORCESTERSHIRE  &8TAPF0BD8H  I  RE  ELECTRIC  POWER 

CO.      Tlw   chairinMn  I.Mr.   W.   L.  .M.id^'.n  i  -!..»..!    •■   • :  .    ,.  .     •  .  .•    ....k 

that  the  units  .sold  in  1915  .-howcd  au  in  •■»! 

with  the  I  revious  year,  and  then- had  Ml  m 

the  nuuilxr  of  consuniers  for  inilu.striai  puqios<-i.     '{  ,,4 

the  dilTlcultics  of  obtaining  ngular  deiivj-rir-  r     ■:  -  .^ 

and  adjustments  had  ha<l  to  Ik;  made  in  the  p!  . ; 

but  they  wen-  iu  ho])es  that  those  cinurii-'  -iv 

s(Mious  retarding  elTect   upon  the  natural  it  -«. 

Compared  with  eiectrir  su]>|)ly  umlrrtakin;.'-  whr 

supply  of  current  for  lighting,  they,  in  ct>nimon  .■..-.  n 

panics,  had  an  advantage  which  wa.s  not  no  gowr  ■  » 

perha])S  it  might  be.      It  was,  he  considerj-il,  an  un  .-p 

that  the  greater  part  of  their  own  output  wa-n  Hnt<l  fo.  rv 

and  for  other  industrial  i)urpose.s.     As  the  years  h- 
of  the  incandescent  laiui)  had  continued  to  inin 
conceit iiiir  manner  until  the  lamp  now  in  common  u*- 

one-third  of  the  current  taken  hy  a  lamii  of  similar  ■. ..:.         

seven  years  ago.  In  other  words,  thn-c  times  the  lighting  wa.*  now  giveti 
for  the  same  money,  and  lamps  of  still  higher  efficiency  worr  now  -  '  S|c 
in  the  larger  sizes.      It  was  true  that  chei.pncs.s  enfourajfofl  ••<  •  'O, 

but  there  soon  came  a  limit  to  that,  and  in  v'>ry  ric 

lighting  consumer  was  now  getting  too  much  th'  ae 

ui)on  the  usual  mctliod  of  making  up  his  bill.  In  th<  '  a.s<-  of  power  supply, 
however,  the  relation  between  the  current  supplied  to  the  consumer 
and  the  work  done  by  it  for  him  was  practically  constant,  so  they  need  not 
a))prehrnd   that  his  consumjition   aud   their  revenue   fn»m   '  ild 

diminish.     Then  again,  in  dealing  w  ith  large  buyers  then'  wen  .en 

in  rcs])ect  of  service  ex[)cnses.  collections.  &<•..  whiih  \i.  in 

many  trades,  and  to  all  business  men.      It  ajuicand  to  fo;  rw 

and  other  considerations  that  the  smaller  undertakings  and  those  whiih 
chiefly  relied  upon  the  leaner  demands  such  as  electric  lisjhtini:  niu.><l 
inevitably  be  led  to  buying  their  re(|uirenicnts  in  bulk  from  the  main 
power  stations   which   were   e((ui])|)cd   on    the   gnat   stale   ;i'  to 

furnisbing  the  current  ncccssaiy  for  the  industrial  and  tninsp.  rp- 

ments  of  large  areas.  In  coni-lusion.  he  expn-s.s<'d.  on  Ih-IihII  of  the 
Board,  their  acknowledgment  of  the  .services  rentlered  to  the  <  ompany 
by  their  general  manager  (Mr.  Bond),  their  chief  engineer  (Mr.  l>'gi;c),  th« 
secretary  and  other  members  of  the  staff  who  have  "  carrieil  on  "  succcm- 
fully  in  most  difiicult  times. 

WILLANS  &  ROBINSON  (LTD.)— Mr.  J.  ('.  Peachc.  who  presided  at  tho 
meeting  on  Friday  last,  said  that  the  net  profit  for  the  past  year  wa-s 
£16,726,  of  which"  £7.800  was  absorbed  by  the  payment  of  dividend  on 
"A"  and  "  B  '  preference  stock  and  interest  on  funding  certificates. 
It  was  ])roi)Osed  to  pay  a  dividend  of  10  per  cent,  on  the  small  onlinarf 
cai)ital.  and  after  carrying  £7.008.  19s.  to  reserve  to  pay  a  honus  of  2s.  fid. 
per  £100  '  B  "  stock,  and  Is.  per  shai-e  on  the  ordinary  share-*.  It  wa.* 
gratifying  to  be  able  to  state  that  the  prospects  for  the  eurn-nt  year  were 
good,  while  for  the  year  under  review,  after  providing  for  distribution 
mentioned  above,  £7,099  had  heen  added  to  the  res«Tve  fund,  bringing 
that  fund  u])  to  the  satisfactory  sum  of  £24.349.  In  the  ei-urse  of  the  vear 
the  (^fuecnsfcrry  premises  had  been  sold  to  the  (utvernnicut  An  im- 
])ortant  transaction  arising  since  the  close  of  the  year  under  n>view  was 
the  proposed  transfer  of  large  inten\sts  in  ordinarj-  shares,  which  the 
directors  were  satisfied  would  materially  consoliilate  the  standins  of  the 
company.  The  i)ayments  made  to  dei)endcnts  of  men  who  enlisted  in  the 
early  period  of  the"  war  amounted  to  between  £7,tHK)  anti  £S.tH.>».)  for  the 
year  under  review.  Over  2t:0  of  the  company's  original  staff  wer\>  still 
serving  with  the  forces,  of  whom  16  hehl  commissioned  mnk.  and  13  o£ 
various  ranks  had  given  their  lives  in  the  service. 


CITY   NOTES. 


MEMORANDA  (^lav  3).— Bank  rate  5  per  cent,  (smce  Aug  S.  1914). 
Consols  50'.  Consols  Pav  Day,  .lu.ic  I.  Stocks  and  Shares  Ticket  Davs, 
May  1 1  and  30.     Pa^  Days,  May  12  and  3 1 .     Price  of  silver.  3 .  id. 

CALCUTTA  TRAMWAYS  CO.  (LTD.)— The  ivccipts  for  l'.U."< 
interest  on  invistuunts.  ,^c..  and  balance  hrouuht  forw.<--d 
were  £1 16.736.     A  final  dividend  of  6s.  6d.  per  share  i*  pi  .i 

9i  per  cent,  for  the  vear)  ;    a  sum  of  £15.000  is  to  be  tr.u.  ''i' 

se'rve,  £1.309  to  stafli  provident  fund,  leaving  to  be  carried  fonrarrt  IB.8H. 

CITY  OF  BUENOS  AYRES  TRAMWAYS  CO.  LTD.)— A  dividend  of  Is^d. 
per  shaie  (being  at  rate  of  5  per  ..mU^.  per  .umtim).  Ics-s  t.ix.  has  been 
declared  for  the  quarter  ended  ^larch  31  last. 

HINDHEAD  &  DISTRICT  ELECTRIC  LIGHT  CO.  (LTD  net  protit 

for  1915.  after  making  p,uvi,-ion  f.u'  dcpivci.Uiou.  "    ^  ■  '■      -^  """j' 

dividend  of  3  per  cent  T  making  6  per  cent,  for  the  year,  has  been  declared, 
and  £803  carried  forward. 
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METROPOLITAN  ELECTRIC  SUPPLY  CO.  (LTD.)— The  ordinary-  ^'encral 
meeting,  which  was  adjourned  until  May  2  or  such  later  dato  as"the  Com- 
mittee might  agree,  will  not  be  held  on  May  2.  Notice  will  be  given  when 
a  date  is  fixed. 

NORTH  OF  SCOTLAND.  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.— The 
gro.ss  profit  for  1915  (including  £2,420  Ijrought  forward)  was  £!J,458,  and 
after  meeting  interest  on  debentures  and  loans  and  wi-iting  off  tm  from 
suspense  account,  the  net  profit  is  £6.54(>.  A  dividend  afrate  of  :{  i)or 
cent,  for  the  year  was  declared,  £2,0(X)  placed  to  renewal  reserve.  £1,000 
to  general  reserve  and  £2,046  carried  forward. 

SUBMARINE  CABLES'  TRUST.— Notice  is  given  in  an  advertisement  in 
another  column  that,  in  accordance  with  the  terms  (jf  thr-  trust  deed, 
37  certifi.ates  (for  £120  each)  of  thi.s  Trust  were  drawn  on  the  l.st  inst. 
for  payment  out  of  surjjhis  income  on  and  after  that  da1<-  bv  Messrs. 
Clyn,  Mills  &  Co.,  67,  l.ombard-strcrt.  J/mdoii,  KC. 

TELEPHONE  CO.  OF  EGYPT  (LTD.)  liirhiding  £l()-t,276  brought 
forward,  the  i)rofits  for  ]'.)ir,  were  £2:{2,14:j.  iMirther  dividends  of  (i  per 
cent,  are  lecomnicndcd  on  the  ])refcrre(l  and  deferred  shares,  making 
10  per  cent,  for  the  year,  and  carrying  forward  £193,469. 

TRAMWAYS  &  GENERAL  WORKS  CO.  (LTD.)— The  report  for  1915  stales 
that  (iiicluding  balance  brought  btrward)  the  ])rofit  is  £;'>40,  out  of  which 
the  directors  recommend  a  dividend  at  rate  of  4d.  per  siiare  (less  ta.\), 
whi(  h  will  ab.sorb  £333,  and  leave  £206  to  carry  fonvard. 


ELECTRICAL  COMPANIES'  SHARE  LIST.— (7o;t/tnueJ. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  May  3,  ttie  following  as  the  present  basis  prices  of 


New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17.1d. 

SoHd  Drawn  Copper  Tubes I9d. 

Brazed  Copper  Tubes 19d. 

Brazed  Brass  Tubes 19id. 

Brass  Wire Ifcjd. 

Copper  Wire 19d. 

Rolled  Brass 16 jd. 

Brass  Sheets 17id. 

per  ton. 

Copper  Sheets    £152    0    0 

Spelter £103    0    0 


per  ton. 

English  Lead £35  10    0 

Antimony Nominal. 


Old  Metals.' 


per  ton. 


Clean  Copper  Scrap £108  0 

Clean  Brass  Scrap £71  .0 

Braziery  Copper  Scrap £95  0 

Old  Lead £31  0 

Old  Zinc £33  0 

Hollow  Pewter £125  0 

Black  Pewter £85  0 

Gun  Metal £85  0 


Mr.  A.  Joseph,  Earl-street.  London-road,  Southwark,  London,  S.E.,  quotes  under  date 
May  2,  the  following  approximate  prices  of  Scrap  Metai  s  :— 


per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £72    0    0 

Clean  Cooper £110     0    0 

Braziery  Copper £95    0    0 

Gun  Metal £85    0    0 


I  per  ton. 

I    Old  Lead £30  0    0 

Tea  Lead £28  0     0 

Old  Zinc £72  0    0 

Hollow  Pewter £135  0    0 

Sliaped  Black  Pewter £J5  0     0 


Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  ;  Plumber's  Solder  (in  bar 
r  Ltrip),  £90  ;  Commercial  Tinman's  Solder,  £115;  Blowpipe  Sslder,  £125 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  as  "  offioial  quotatioa^  "  are  not  now  iaauej,  Ijit 
we  give  below  the  latest  prices  at  whioh  actual  transaotions  took  plaoa 
on  OF  before  'I'immI.i\,  Mi\  2.  The  groateat  care  is  taken  in  ooinpiliQT 
thcoe  figures,  but  the  difficulty  of  verificatioa  is  now  much  increased. 
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Do.     7%  Prof 
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Do.    4i%Pr8f 

Do.     Ord 

Do.    City  Pief 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 
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Do.    6%  Prof 

Do.     5%  Deb.  St 
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County  of  London  Ord 
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Do.     Ist  Deb 
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Edmundoon'f  Elec.  Supp.  4|%  Debs... 
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Eleclricity  Suoply — cont. 

St.  James' &  Pall  Mall  Ord 

Do.  do.  Pref 

Do,  do.  D^bs 

Urban  Elec.  Supp  4i%Db.St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations. 
Westminster  E.S.  Corp.  Ord 

Do.     44%  Cum.  Pref 

Electric  Railways  &  Tramways. 

Britisn  Elec.  Traction  5%  Debs 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.     4J%  Pref 

Do     4%  Deb.  St 

City  &S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Ry.  Ord 

Do.     4%  Pref 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.    34%  Pref 

Do.    34%  Convertible  Pref 

Do.    34%  A  Dsbs 

Do.    34%  Dabs 

Metropolitan  Dist  Ry.  Ord 

Do.     4%  Prior  Lien    

44%  First  Pref 

6%  Perp.  Debs 


Do. 
Do. 
Do. 
Do. 
Do. 


4%  Debs.  (1933-5) 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  V/ilcox  Ord 

Do.    e%  Pref 

Brit.  Aluminium  Ord 

Do.    Prior  Lien  Debs 

Do.     6%  Pref 

Brit.  Insulated  &HeIsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg. Cm.6%  Pref. 

British  Thom5on-Hou:ton  Db 

Brit.  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.    4%  Mort.  Deb.  St 

Callender's Cable,  &c.,  Co.  Ord 

Do.    5%  Pref 

Do.      4i%  Debs 

Dick,  Kerr  «t  Co.  6%  Prof 

Edison  &  Swan  U.Elec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.    7%  Cum.  Pref , 

Do.  4%  Debs 

General  Electric  Ord 

Dc^,     6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord.  . 

Do.      44%  Cum.  Pref , 

Do.     44%  Db 

India  Rubber,  G.  P.  jic,  Ord 

Do.  Pref , 

Telegh.  Con.  it  Main.  Co , 

Do.    4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    44%  2nd  Debs 

Willans  &  Robinson  B.  Cum.  Pref. . . . , 

Do.     ht  Mt.  Deb.  St 

Telegraphs. 

Anglo  American  6%  Pref.  Or  J , 

Do.     Def.  O.-d 

Commercial  Cable  4%  Debs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Prel 

Direct  United  States 

Eastern  Tel.  Co.  Ord 

Do.     34%  Prof 

Do.    4%  Dabs 

Eastern  Extension  Tel.  Co..  4%  Debs.. , 

Do.    O.-d 

Ct.  N.^rthern  Tol.  Co 

Indo-European    

Marconi's  Wireless  Tel.  Co 

DCj.     7%  Pref 

West  India  &  Panama  Ord 

Do.     1st  Prof 

Western  Tele?h.  Co ...._.... 

Do.    4%  Deb.  St 

V.  estern  Un  ion  53  yr.  BJs 

Telephones. 

M-inte  Video  Teleplm.  Ord   

Oriental  Telephone  Ord 

Do.     Db.  St , 

Tolephn.  Co.  of  E?y  pt  Db.  St 

United  River  Plato  Ord 

Do.     5%  Cim.  Pref 

Do      Deh.  StK. 

Financial  and  Investment 

Globe  Tele^h.  &  Trust 

Dj.    6%  P( 

Mackay  Compinioj'Cooimon 

Do.     $103  Pref     

SjbTiirine  Cible  Trist  C«rts . 

Colonial  anj  Foreign  Electric 

AJelaide  Elec.  Supply  6%  Prel 

Do.     5%  Dabs 

B.>mbay  E.  &  «t  T  6%  Prel 

Do.     44%  Deb; 

Calcutta  E.  S.  Corp.  Ord  

Do.     5%Prof 
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that  they  will  suffer  to  some  extent.  At  the  same  lime,  it  must 
be  remembered  that  the  lighting  part  of  the  load  of  an  elec- 
tricity works  is  far  less  important  than  it  was  v  -  .,.  Power 
is  what  is  important  in  these  days,  and  in  i...  _:..'gor\-  we 
should,  of  course,  include  electric  heating,  cooking  and  other 
domestic  applications.  If  these  applications  have  been  pro- 
perly pushed,  most  electricity  undertakings  will  not  feel  the 
effect  of  the  new  Bill  to  anv  serious  e.xtent. 


NOT£:S. 


Daylight  Saving. 

For  years  we  have  heard   of  the   Daylight   Saving  Bill, 
originated  by  the  late  Mr.  William  Willett.     The  subject 
has  been  frequently  discussed,  and  has  been  opposed  more  by 
scientific  men  than  by  any  other  class.     As  far  as  we  are  aware, 
the  opposition  of  the  scientist  is  chiefly  based  upon  the  idea 
that  by  means  of  any  such  measure  we  should  be  living  in 
artificial  fashion  according  to  a  time  which  was  obviously 
incorrect.     No  doubt  this  would  in  a  sense  be  tlie  case  ;   but, 
on  the  other  hand,  this  is  already  equally  true  of  every  person 
m  Great   Britain  who   does  not  happen  to   live  on  the  longi- 
tude of  Greemvicli.     There  does  not,  therefore,  seem  to  be  any 
particular  force  in  such  an  argument.     It  is  really  a  matter  of 
practical  utility.     In  the  evidence  which  was  given  before  a 
Select  Committee,  the  General  Manager  of  the  London  &  North- 
western Railway  is  reported  to  have  stated  that  his  company 
would  save  £92,000  per  annum  by  such  a  measure,  and  the 
Chief  Officer  of  the  London  County  Council  tramways  stated 
that  the  saving  to  the  Council  would  be  at  least  £10,000  a  year. 
Having  regard  to  the  letter  which  we  published  last  week  from 
the  Board  of  Trade,  requesting  gas  and  electric  lighting  con- 
sumers to  reduce  their  lighting  by  10  per  cent.,  it  seems  to  us 
that  it  is  only  reasonable  that  the  Daylight  Saving  Bill  should 
be  adopted.     It  is  quite  true  that  the  same  thing  luight  be 
effected  by  other  means,  such  as  joint  individual  effort  on  the 
part  of  banks,  railways  and  other  bodies,  but  the  fact  remains 
that  a  Bill  is  far  the  easiest  way  of  securing  the  change.     The 
idea  of  daylight  saving  seems  to  have  originated  in  this  country, 
but  we  have  waited  to  adopt  the  expedient  until  other  countries 
have  moved  in  this  direction,  thus  displaying  a  national  policy 
that  is  only  too  characteristic.     As  to  the  effect  which  will  be 
produced  upon  electric  lighting  undertakings,  there  is  no  doubt 


Accelerating  Production. 

In  our  opinion  little  good  is  likely  to  result  from  giving  wide 
publicity  to  the  so-called  deficiencies  of  thoroughlv  trained 
mechanics  as  munition  workers.  We  deplore  the  comparison 
that  was  made  between  male  and  female  labour  by  Sir  William 
Beardmore  last  week  in  his  Inaugural  Address  to  the  Iron  and 
Steel  Institute.  Not  only  do  we  deplore  the  comparisoc,  but 
we  feel  that  the  suggestion  that '"  the  men  who  thus  limited  the 
output  could  only  be  regarded  as  unworthy  of  the  privileges 
of  citizenship  "  should  not  have  been  made.  Without  be- 
littling in  any  way  the  splendid  work  that  is  being  done  by  our 
women,  we  believe  that  all  in  good  time  the  men  will  be  able 
to  answer  the  charge.  Moreover,  the  conditions  on  the  Clyde 
do  not  necessarily  represent  the  conditions  in  other  parts  of  the 
country.  It  is  fairly  well  known  that  many  of  the  enirineers 
on  the  Clyde  feel  that  they  have  a  grievance,  and  if  this  be  the 
case  it  is  likely  that  the  output  will  be  small.  But  for  one  side 
to  accuse  the  other  as  being  unworthy  of  the  privileges  of 
citizenship  is  not  the  best  way  of  settling  the  grievance.  As 
we  have  said,  it  may  be  th  Jt  the  men  have  a  completo  answer 
to  the  charge,  and  till  such  time  as  the  men  state  their  ca.-H."  we 
advise  readers  to  keep  an  open  mind  on  the  question.  Were 
we  large  employers  of  labour,  and  were  we  given  to  speaking 
in  public,  references  to  employees  in  our  speeches  would  he 
conciliatory  rather  than  aggressive  at  the  present  tim-^  ..  i  .... 
output  means  so  much  to  us.  Better  than  either  side  v 
the  other  would  be  for  the  two  again  to  n.eet  ard  to  thresh  out 
the  whole  business  from  beginning  to  end.  ai«d  in  Committee 
neither  side  would  object  to  bald  truths  and  plaii'.  ~ 

Till  we  have  full  knowledge  of  the  whole  of  the  facts  \ ^ 

prepared  to  admit  that  our  workimr  engineers  are  less  patriotic 

than  their  employers. 

» — 

The  Handling  of  Materials 

Ix  his  recentlv  published  book  on  -  The  Hconomioal  Hand- 
ling and  Storing  of  Material."'  Mr.  G.  F.  Zimmkr  states  that 
"  The  national  economy  of  the  civilised  world  cannot  do 
without  the  mechanical  handling  and  storing  of  material, 
and  .  .  .  the  toll  claimed  from  the  ranks  of  labour  by  the 
European  War,  and  the  consequent  shortage  of  hands,  will 
force  even  those  who  are  slowest  to  adopt  modern  means  to 
replace  the  man  by  the  machine  wherever  possible."'  This  is 
a  view  which  we  have  long  held.     Even  in  countries  where 
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unskilled  labour  is  cheap,  to  use  man  as  a  mere  weight-lifting 
machine  is  to  degrade  him.  Had  man  been  intended  for  any 
such  purpose  we  may  take  it  tor  granted  that  his  general 
arrangement  would  have  been  different.  But,  altogether  apart 
from  the  misusing  of  manual  labour,  there  is  no  place,  nor 
should  there  be  any  place,  in  society  for  unskilled  men.  We 
believe  that  the  present  century  will  see  their  liberation. 
Almost  without  exception,  those  who  have  installed  modern 
plant  for  the  mechanical  handling  and  storing  of  material  find 
that  such  plant  yields  a  very  high  return  on  the  capital  ex- 
pended, and  this  applies  to  small  installations  as  well  as  to 
large.  Not  only  is  the  yield  high,  but  from  the  works,  or  the 
warehouse,  is  removed  the  curse  both  of  employer  and  em- 
ploye, and,  in  fact,  of  the  whole  community — namely,  the 
presence  of  a  relatively  high  percentage  of  unproductive  labour 
which  impoverishes  the  country.  If  for  no  other  reason,  our 
successors  will  be  grateful  to  us  for  the  introduction  of  electrical 
energy  as  a  motive  power  on  machines  intended  for  the  handling 
of  material.  In  our  time  it  is  not  unlikely  that  thousands  of 
millions  of  tons  of  material  will  be  handled  annually  in  this 
country  by  electrically-driven  machinery. 


remedied.  We  suggest  that  a  paper,  of  about  the  same 
standard,  on  alternating-current  work  would  be  welcomed  by 
those  who,  to  begin  with,  find  the  present  examination  in 
alternating  currents  too  advanced  for  them.  The  relativelv 
small  number  of  successes  in  past  years  in  this  branch  of  the 
subject  leads  one  to  the  conclusion  that  there  are  manv  such 
men,  and  it  is  for  these  that  we  would  hold  an  elementary 
examination.  Equally  satisfactory  are  the  questions  in  the 
Grade  II.  examinations,  although  those  who  learn  onlv.from 
books,  without  thinking  for  themselves,  will  find  some  of  the 
questions  intractable.  Of  the  two  papers,  that  on  alternating 
currents  gives  one  the  idea  of  being  the  more  practical,  and  a 
man  who  can  answer,  in  a  workmanlike  manner,  the  questions 
in  this  paper  should  be  useful  in  the  engineering  oflfice  or  on  the 
test  bed.  We  may  have  occasion  later  to  refer  to  the  final 
examination.  All  students  of  electrical  engineering  should 
endeavour  to  sit  for  these  examinations,  which  are  the  only 
ones  open  to  the  rank  and  file  of  the  electrical  engineering 
industry.  The  medals  and  prizes  offered  each  year  by  the 
City  Companies,  apart  from  their  value,  are  the  best  of  testi- 
monials for  young  electrical  engineers. 


Local  Government  Guidance. 

Notes  of  some  cases  decided  by  the  Central  Tribunal  have 
recently  been  circulated  for  the  information  of  Local  Tribunals. 
Of  the  five  cases  given,  two  have  a  direct  bearing  on  the  ques- 
tion of  higher  education.     On  the  first  case  the  Central  Tribunal 
^ave  a  decision  with  respect  to  a  specific  question  raised  b}'  the 
Appeal  Tribunal — viz.,  "  That  it  does  not  appear  to  them  that 
the  teaching  of  mathematics  in  a  secondary  school  is  of  itself 
a  work  of  national  importance  at  this  time  which  would  justify 
exemption."     In  our  opinion,  sound  common  sense  has  been 
shown  in  this  case,  for,  although  the  teaching  of  mathematics 
in  secondary  schools  is  work  of  national  importance,  it  is  un- 
t[uesti()nably  work  that  can  be  perfomied  for  the  time  being 
by  women.     We  do  not  doubt  that  equally  sound  decisions 
would  be  given  in  other  cases  of  the  kind  coming  before  the 
Central  Tiibunal,  but  few  of  the  cases  we  have  iji  mind  are 
likely  to  come  before  them,  and  having  got  the  idea  that  there 
are  to  be  no  exemptions  for  teachers.  Local  Tri])iinals  will  be 
liable  not  to  discriminate.     It  is  an  easy  matter  for  the  Local 
Government  Board  to  issue  a  further  list  of "'  starred  branches  " 
of  the  teaching  profession.     We  refer  more  particularly  to  those 
engaged  in  technical  education.     The  second  case  is  that  of  an 
attested  man,   19  years  of  age,  applying  for  teniporary  ex- 
om])ti()n   until   August   to   enable  him   to   complete   a  year's 
training  for  his  teacher's  certificate,  and  to  take  the  inter.B.Sc. 
examination.     It    was    stated    that    the    parents    had    made 
sacrifices  for  their  son's  education.     The   Local  Government 
Board  ])uts  tlic  whole  inattiM-  into  a  nutshell  in  the  following 
words:     *' The     Local    Triliuiial    dismissed    the    application. 
The   Appeal    Tribunal    granted  the  postponement  re(ine8tod. 
The  Mi litary  representative  appealed  against  this  decision.    The 
Central  Tribunal  decided  that  the  man  was  not  to  l>e  exempt.'" 
On  this  decision  we  shall  not   trust  ourselves  to  make  any 
comment. 


City  and  Guilds  Examinations. 

.  J^iTTiJC  fault  can  be  found,  by  those  suitably  prepared,  with 
the  questions  set  at  the  examinations  held  last  week  by  the 
City  k  Guilds  of  London  Listitute  in  Grades  I.  and  TI. 
of  electrical  engineering.  The  candidate  being  expected 
to  attempt  seven  (|ueslions  out  of  12  in  the  Grade  L 
exninination  is  at  lil»erty  to  pass  by  the  (|uestions  on  the 
branches  o[  the  subject  of  whirli  lie  has  no  knowledge,  and  the 
only  criticism  we  hav(>  f  o  olTer  on  the  l'a])er  is  that  the  range  of 
the  (luestions  appears  (o  be  too  narrow.     This  can  lie  easilv 


Coal-Cutting  by  Electrical  Plant.— Under  the  auspices  of 
the  West  of  Scotland  Branch  of  the  Association  of  Mining 
Electrical  Engineers,  a  successful  coal-cutting  demonstration 
was  held  at  Bredisholm  Colliery,  near  Uddingston.  Mr.  A.  B. 
Muirhead,  president,  explained  that  the  branch  was  anxious 
to  continue  the  pioneer  work  which  it  had  already  inaugurated 
amongst  machine  men  and  other  underground  workers  who 
were  called  upon  to  handle  and  operate  electrical  plant. 

Magnetic  Survey  — It  is  announced  by  the  United  States 
Department  of  Terrestrial  Magnetism  that  the  "  Carnegie,"' 
under  the  command  of  Mr.  J.  P.  Ault,  arrived  at  Port  Lyttelton, 
New  Zealand,  on  April  1st,  having  successfully  completed  the 
circumnavigation  of  the  globe  between  the  parallels  55  deg. 
south  and  6U  deg.  south,  terrors  in  the  existing  magnetic 
charts  to  the  extent  of  12  deg.  to  16  deg.  were  found. 

Silicon-Bronze  "Wires  of  1,000  ft.  Span.— In  connection 
with  the  electnc-power  distribution  in  I'ommerania,  a  strait 
of  the  Baltic  has  been  spanned  by  stranded  conductors  of  a 
length  of  1,000  ft. 

On  each  bank  an  iron  niast,  .10  metres  liigli,  has  boon  eroctod.  The 
ground  on  both  banks  i.s  marshy,  and  ferroconcrete  foundations  had  to  be 
sunk  to  a  depth  of  6  metres  into  tho  moor,  in  which  they  rest  on  piles. 
Four  eoncrete  piers  have  lx*en  fixed  at  the  comers  of  a  square  of  G  metres 
side  ;  on,  and  in,  those  piers  n'sts  tho  concrete  ba^e  proper  of  the  mast. 
It  was  originally  intended  to  Imild  each  mast  in  three  sections,  and  to 
join  u)»  tiio  sections  wiule  tho  mast  wivs  lying  on  the  ground  Ix-foro 
erection.  There  was.  however,  an  accident,  states  J.  0.  Holmenbergcr, 
in  the  "  K.T.Z.'"  The  bottom  section,  therefore,  was  fixed  first,  and  the 
two  other  sections  were  then  rai.sed  on  it  and  fitted  in  position.  Each 
mast  weighs  (ST-a  tons.  The  mast-s  support  three  stranded  con<luctor8  of 
2.)  millimetres  si^uan> ;  tlie  width  of  the  channel  is  .■K)4;'»  metres,  and  the 
wires  sag  by  l()-5  metres,  leaving  a  clear  height  of  .3.5  metres  (117  ft.) 
aliovo  moan  water-level. 

Life  Testing  of  Incandescent  Lamps.  -A  Paper  on 
this  subject,  by  Messrs,  G.  W.  Middlekauff,  B.  Mulligan 
and  J.  F.  Skogland,  has  recently  been  published.  The 
authors  outline  the  metliod  employed  by  the  Bureau  of 
Standards  in  the  inspection  and  life  tcsthxg  t»f  incandescent 
lamps  for  the  U.S.  Government,  and  describe  the  power  plant, 
the  life  racks  and  the  photometer.  Particular  attention  is 
directed  to  the  special  equipment  of  the  photometer.  This 
includes  watts-per-candle  computor  and  a  recording  device  by 
which  observed  values  of  candle-power,  watts,  watts-per-candle, 
and  actual  life  are  recorded  on  a  separate  card  for  each  lamp. 
These  records  are  uiade  in  such  a  way  that  life  at  forced 
efficiency  is  corrected  to  life  at  normal  without  computation 
or  reference  to  tables  of  factors.  The  procedure  in  actual 
measurement  and  testing  is  described  in  considerable  detail. 
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Electric  Steels  at  Sheffield.— Since  1915,  according  to 
"  Machinery,"  the  erection  at  Sheffield  of  at  least  15  additional 
electric  furnaces  lias  resulted  in  an  increased  output  of  steel 
alloy  for  automobiles,  aeroplanes  and  small  castings.  Melting 
high-speed  tool  steel  by  the  electric  furnace  is  stated  not  to  be 
so  successful  as  by  the  crucible  process,  one  of  the  reasons 
alleged  being  that  the  size  of  melt  is  too  great.  Better  results 
are  said  to  be  obtained  with  the  smaller  quantities  dealt  with 
in  the  crucible  process. 

Restoration  of  the  Fanning  Island  Cable.— The  "  Tele- 
grapli  and  Telephone  Age  ""  reports  an  interesting  incident  in 
connection  with  the  cutting  of  the  British  cable  at  that  island 
last  year  by  the  German  cruiser  "  Niirnberg."  Hugh  Gregg, 
an  operator  in  the  station  there,  dived  at  the  risk  of  his  life  into 
the  shark-infested  waters  and  recovered  the  lost  end  of  the 
cable  soon  after  the  "  Niirnberg  "  completed  its  work  of 
destroying  the  station.  After  the  cutting  of  the  cable  the 
"  Niirnberg  "  towed  the  sea  end  off  shore  and  dropped  it  in 
deep  water.  Gregg  devised  a  glass-bottom  boat,  and  after 
cmising  around  for  several  days  located  the  lost  end  in  40  ft. 
of  water.  Gregg  dived  repeatedly  until  he  succeeded  in 
attaching  a  line  to  the  cable. 

Post    Office    Electrical    Engineers'   "  Journal."— Of  the 

articles  in  the  current  issue  may  be  mentioned  the  following  : — - 
"  Long-distance  and  Cable  Telephony,"  by  B.  S.  Cohen  and  J.  G. 
Hill ;  "  Notes  on  the  Design  of  the  Crystal  Receiver,"  by  L.  B.  Turner  ; 
"  Home-grown  Telegraph  Poles,"  by  G.  Morgan  ;  "  Selecting  of  Tele- 
graph Poles  in  the  Forest  of  Enzie,"  by  T.  Sharpe.  There  is  also  an 
interesting  article  on  the  "  Bridge  Megger." 

From  the  editorial  pages  we  notice  that  last  November, 
when  the  carrying  on  or  temporary  suspension  of  the  "  Journal  " 
was  considered  by  the  Council  of  the  Institution  of  Post  Office 
Electrical  Engineers,  it  was  decided  that  the  magazine  should 
be  continued.  The  Council  is  to  be  congratulated  on  what  we 
consider  to  be  a  wise  decision.  We  regard  the  cessation  of  the 
publication  of  any  magazine,  which  is  written  with  the  object 
of  disseminating  useful  professional  knowledge,  as  an  irre- 
parable loss. 

Corrosion  Resistance  of  Copper  Steel. — To  the  "  Journal 
of  Industrial  and  Engineering  Chemistry,"  Messrs.  D.  M. 
Buck  and  J.  0.  Handy  contribute  a  Paper  on  this  subject.  It 
appears  that  steel  and  iron  containing  copper  show  greatly- 
increased  corrosion  resistance  when  exposed  to  atmospheric 
conditions.  The  most  effective  amount  of  copper  to  be  used 
for  this  purpose  is  approximately  0-25  per  cent.  Smaller 
amounts  of  copper  down  to  as  little  as  0-04  per  cent,  have  a 
considerable  influence  in  lessening  corrosion,  but  the  results  are 
not  so  good  as  with  the  higher  amount.  Previous  investiga- 
tion has  indicated  that  0-15  per  cent,  copper  is  in  nearly  all 
cases  as  efficient  as  0-25  per  cent.  Higher  amounts  of  copper 
up  to  2  per  cent,  give  little  or  no  added  benefit.  Copper  is  as 
necessary  in  the  so-called  "  pure  irons  "  to  insure  corrosion 
resistance  as  it  is  in  normal  open-hearth  and  Bessemer  steels. 

Grain  Elevators. — "  The  Times  "  Engineering  Supplement 
referred  recently  to  the  use  of  these  in  Australia  and  America. 
The  elevators  are  of  two  main  types,  "  country  "  and  terminal. 
In  the  former  the  grain  is  first  tipped  into  the  dump  hopper 
of  the  elevator,  then  it  runs  by  gravity  to  the  boot  of  the 
elevator  leg,  and  thence  raised  to  the  head  by  an  endless 
band  carrpng  buckets  or  scoops.  From  the  head  it  passes  to 
bins  either  by  means  of  screws,  belt  conveyors  or  direct  spout- 
ing. The  terminal  elevators  are  on  a  much  larger  scale,  their 
mechanical  equipment  and  storage  capacity  being  much 
greater.  The  grain  is  generally  removed  by  power  shovels 
from  the  railway  wagons,  and  after  being  raised  to  the  head 
Idistributed  to  the  storage  bins  with  intermediate,  cleaning, 
Irying,  and  grading  operations.  The  bins  are  huge  receptacles 
)f  circular,  or  other  sections,  with  bottoms  in  the  form  of  an 

iverted  cone,  or  pyramid,  from  which  the  grain  can  be  deUvered. 
le  elevator  built  for  the  Armour  Co.,  of  Chicago,  has  a  bin 
capacity  of  1,000,000  bushels,  and  can  take  360,000  bushels 
10  hours,  and  despatch  them  at  the  same  rate.     Arrange- 

lents  for  bleaching  9,000  bushels  of  grain  and  24,000  bushels 
[>f  oats  in  an  hour  are  made.     The  main  tower  enables  grain 


to  be  received  at  the  rate  of  20,000  bu-^  -'-   ■•■  ^ -   ■■•-'  *^:i» 

river  house  will  be  equippfKl  to  -hip  )_  ,r 

to  boats.     All  the  niochanij-al  ;,  ;^  m  dnven  by  electric 

motors,  the  power  house  haviii;;  i.imj  H,p.,  and  in  equipped 

with  turbo-generators. 

Science  in  Examinations.    t'^<  ti,<.  *».,!  ;..-•  ., 

held  by  the  Committee  on  the  > 
K.  Ray  Lankester  is  rhaiiman. 

Lord  Kayl'ifh  presided,  and  among  th'-'   ■  -  - — ♦  -  ■ 

mouth,  Lord  Montagu,  Kir  Hugh  B^'IJ,  ' 
Turner  ana  Sir  Ray  Lankfstor. 

Lord  RAVLEron  said  that  thf  iornor«Ti'-«»  of  ntt^nti  ^t-if^f*-  va«  'f 
able,  and  the  time  for  thf  t(;> 
classics  from  the  y)rivii«gr(l  p 

Sir  Ray  Lankester  remarked  that  themov 
that  mistakes  in  various  administrativp  qua- 
scientific  knowledge.     He  called  attention  t<,  %- 
published  by  36  prominent  scientific  men   a                                                ,. 
cational  institutions,  pointing  out  that  o»ir  •                                               -;. 
satisfactory',  and  that  more  general  and                                                          ,| 

science  should  be  taught  in  colleges  and  u; .  .  ,    ..  ,„e 

present  meeting  was  to  formulate  resolution.^  for  ]>  >n  to  the 

Government. 

Sir  E.  ScHAFER  moved  the  following  resolution  : 

"  That  in  the  opinion  of  this  meeting  it  is  a  r 

to  promote  national  efficiency  in  the  near  fut  11  a 

shoidd  be  made  an  integral  part  of  the  educational  course  in  a.  it 

schools  of  this  countr\',  and  should  form  part  of  the  entrance  ex.* >„.....  .  ,a 

of  the  universities  oJE  Oxford  and  Cambridge,  &»  well  as  of  the  newer 
universities." 

After  support  by  a  number  of  speakers,  the  resolution  wa«  carried 
unanimously. 

Sir  H.  JoHNSTO.v  then  moved  : 

"  That  it  is  in  the  highest  degree  desirable  that  the  GoTemment 
should  exercise  the  large  power  which  it  possesses  of  enconr  •  •  •  'he 
study  of  the  natural  sciences  and  thereby  increa.«intt  the  e:  f 

our  public  servants  (1)  by  assigning  capital  importance  '  il 

sciences  in  the  competitive  examinations  for  the  hom*>.  T-  .:i, 

and  Colonial  Civil  Service  ;    (2)  by  requiring  some  irn  of  the 

natural  sciences  from  all  candidates  for  admission  to  b^..  _ •.." 

This  resolution  was  adopted,  and  it  was  decided  to  bring  the  matter 
before  the  Government. 


OBITUARY. 


Admiral  Lord  John  Hay. — We  regret  to  have  to  record  the  death 
of  Admiral  of  the  Fleet  Lord  John  Hay,  G.C.B.,  fourth  son  of  the 
eighth  Marquis  of  Tweeddale  and  imde  of  tlie  present  peer,  which 
took  place  at  Fulmar,  Bucks,  on  the  4th  inst.  The  deceaj^ed  had  a 
distinguished  and  eventful  career  in  the  Naval  Service,  and  he  was 
also  a  Member  of  Parliament  for  nearly  20  years,  repn-  ■■'    k 

and  Ripon.     After  holding  various  important  Naval  ..^  ^  s 

he  became  First  Sea  Lord  in  1886  ;  and  then  from  May,  1887,  to 
Dec.  15,  1888,  filled  the  post  of  Commander-in-Chief  at  Devonjwrt, 
and  attamed  the  rank  of  Admiral  of  the  Fleet,  retiring  in  ISl>T.  In 
1881  he  was  made  a  K.C.B.,  ai'd  Ci.C.B.  five  years  later.  Admiral 
Lord  John  Hay  was  a  director  of  the  ^letropolitan  EUectric  Supply 
Co.  for  many  years. 

R.  S.  Blackburn. — The  death  is  annomiced  of  Mr.  Richard  .S 
Blackburn,  well  known  as  an  electrical  engineer  and  contractor,  of 
Hebden  Bridge. 


PERSONAL. 


.1 


It  is  stated  that  Sir  William  :Maxwell.  Pireotor-General  of  Indian 
Posts  and  Telegraphs,  is  expected  back  in  India  at  the  end  of  the 
present  month. 

Mr.   P.   J.    Pringle  has  been  apixiinted  consulting  engineer  and 

assessor  to  the  Melbourne  Tramway  Hoanl  formoti  to  take -  '"■! 

develop  the  undertaking  of  tlie  .Melbourne  Tramway  *  Oiui 

Mr.  Pringle  will  continue  as  general  manager  and  chief  enguieer  of 

the  Electric  Supply  Co.  of  Victoria. 

Mr.  Mostyn  Rosenbaum.  of  .Man.  besft>r.  has.  hv  dce<l  \x>\\,  taken 
the  name  of  Mostyn  Rosehourne. 

Royal  Engineers  (T.F.)— The  following  ap|>oin t men ts  have  been 

made  : —  .  ^ 

London  Electrical  Engineei-s  :  Tenijiorarj-  Second-Ueat.  T.  S.  Walhs 
(from  R  E  )  to  be  second  lieutenant.  Seci»nd-I.ieuts.  G.  F.  Wood.  .\. 
Blackie,  L  S.  Dalgleish.  .T.  W.  Mason.  T.  C.  Mann.  K.  I-  Wooti  and  G.  B. 
Adenev,  and  Second-Licut.  (temp,  captain)  A.  R.  Z.  Porter  (from 
London  Regiment)  to  be  tenvperarA*  lieutenants. 


174 


THE  ELECTRICIAN,  MAY  12,  1916. 


APPOINTMENTS  VACANT. 

An  advertisement  announces  that  there  are  vacancies  for  two 
practical  physicists  at  manufacturing  works  in  London,  for  service 
at  the  conclusion  of  the  war.     Commencing  salaries  £500  per  annum. 

Bedford  Corporation  require  an  engineer-in-charge.  Wages  £2  to 
£2.  5s.,  with  Is.  Gd.  war  bonus.     Applications  by  May  25. 

Belfast  Corporation  invite  applications  for  the  appointment  of 
general  manager  of  their  tramways  Salary  £800,  rising  to  £1,000. 
Applications  to  the  Town  Clerk  (on  forms  supplied)  by  May  13. 


INSTITUTIONS  AND  SOCIETIES. 


Institution  cf  Electrical  Engineers.— ^mcw^/  Members.— At  the 
informal  meeting  of  corporate  mcmljcrs,  held  on  IMarch  8,  1916,  it 
was  decided  to  invite  the  corjjorate  members  to  express,  by  means  of 
reply-cards,  their  approval  or  disapproval  of  each  of  the  four  pro- 
posals adopted  by  the  meeting,  wliich  are  set  out  below.  The  r*>plies 
received  have  been  examined  b^  two  scrutineers  (Messrs.  C.  A.  Baker 
and  F.  B.  O.  Hawes),  who  have  reported  that  the  result  is  as  follows  : 
Number  of  cards  issued,  3,244;    number  of  cards  returned,  1,470. 

In  favour        Against 
Proposal.  of  proposal,     proposal. 

(ft)  To  expel  members  who  are  subjects  of 

enemy  countries  or  States    1,320       ...       88 

(6)  To  expel  members  who,  being  naturalised 
British  subjects  have  retained  enemy 
nationality    1,307       ...       79 

(c)  Notio  expel  members  who  are  naturalised 

Brit  ish  subjects  and  wore  formerly  sub- 
jects of  a  country  or  State  now  at  war 
with  Great  Britain  and  Ireland,  but 
who  have  under  the  laws  of  such 
country  or  State  definitely  lost  their 
alien  nationality,  provided  they  are 
able  to  prove  this  to  the  complete  satis- 
faction of  the  (Jouncil  1,081       ...     264 

(d)  That  no  person  .shall  after  the day 

of 19 ,  be  eligible  for  elec- 
tion as  a  member  of  the  Institution 

who  is  a  subject  of  any  country  or  State 

■with   which  the    United   Kingdom  of 

(;ie!it  Britain  and   lrelan<l  is  or  shall 

have  been  at  war  on  or  after  the  date 

mentioned      1,120       ...     200 

A  resolution  has  been  drafted  to  carry  out  the  objects  proposed,  and 
has  l^becn  submitted  to  two  counsel.  The  necessary  meetings  of 
corporate  members  has  been  called  for  May  25,  at  5  p.m. 

Yorkshire  Mining  Electrical  Engineers.— A  meeting  of  the  York- 
shire branch  of  this  Association  was  licld  at  Wakelield  on  Saturday, 
under  the  presidency  of  Mr.  A.  R.  Chaytor.  The  following  officers 
were  elected  for  I!)i6-17  :  Branch  President,  Mr.  Roslyn  Hobday, 
Ackton  Hall  Colliery;  Vice-Presidents,  Messrs.  A.  L.  Flint  (H.M. 
Assistant  Inspector  of  Mines)  and  F.  Marsland  (Barrow  Colliery)  ; 
Joint  Hon.  Secretaries,  Messrs.  J.  A.  McLay  and  H.  Elliott.  A  Paper 
was  read  by  Mr.  -J.  W.  Harbottlo  (Wheldale  colliery)  on  "  The  ^Vinhey 
Detector,"  a  protective  device  for  ensuring  safety  on  electric  power 
circuits. 

Association  of  Supervising  Electricians. — We  are  informed  that  the 
meeting  U>v  .May  Hitli  ^\ill  i"it  take  |pla((',  Mr.  F.  C.  Bajtbael  liaving 
aece])ted  a  commission  in  the  Hoyal  Kiigineer.s.  Other  arrangements 
•Mv.  being  made,  of  whicb  notice  will  lie  given  in  due  course. 

Royal  Institution.-  The  Bresident  has  nominated  the  foliowhig 
Vice  rresidenls  for  tiie  ensuing  year:  Sir  Thomas  Barlow,  Bart., 
Sir  Williani  I'.  I'.calc.  Hart..  :\Ir.  Cliarlcs  Ifawksley.  the  Hon.  R.  C. 
Parsons,  Sir  .lames  Reid,  Hart.,  the  Right  Hon.  Loixl  Wfcnlniry,  Sir 
James  Crichton- Browne  (Treasurer),  aiul  Colonel  E.  H.  Hills 
(Secretary). 

Electric  Vehicle  Committee. ^Tlu-  Society  of  ^lotor  Manufacttirers 
and  Traders  iia\c  aj)|iointcd  .Mr.  T.  C.  Pullinger.  of  .Arml  .loluistou 
(Ltd.),  to  represent  this  Society  on  the  Electric  Vehii-lc  Committee. 

Electrical  Wholesalers'  Federation.— The  annual  general  meeting 

took  iilace  on  llie  2litli  uit. 

Till-  cbairnuin  (Mr.  R.  W.  Smith),  in  pres<>ntini!  the  n-port  of  the  Com- 
mittee and  r?vi»'wing  tlic  work  of  the  ycnr.  snid  that  m.^ny  <|U<!-tinns 
affcctin<;  the  wliolcsaic  electrical  tr;ulc  had  nriMii  wiu'h  the  KAV.I'.  h.id 
been  alile  to  negotiate  successfully.  Me  .'iiipeMled  for  nioM'  sn)>|iort  from 
bona-fide  wholesale  firms,  so  that  the  Federation  siioidd  be  tliorouphly 
representative.  Wholesale  electrical  lirms  desirous  of  becoming  members 
can  obtain  all  inforn^ntion  from  th(-  Secivtary.  Amberley  MtMise.  Norfolk- 
street,  London,  W.C. 


Royal  Meteorological  Society.— ^Ir.  L.  C.  W.  Bonacina  will  read  a 
Paper  on  the  ITth  inst.,  at  4.30p.m.,  '"On  the  Readjustment  of 
Pressure  Differences  :  Two  Species  of  Atmospheric  Circulation  and 
their  Connection."  The  author  will  present  a  resume  of  our  know- 
ledge relating  to  cyclonic  and  thtrndenstorm  circulation.  He  con- 
siders that  storm  action  must  be  in  either  case  initiated  by  slight 
variations  of  density,  tlie  disturbances  being  of  a  cyclonic  or  of  a 
thunderstorm  type,"  according  to  whether  they  are  mainly  in  a 
horizontal  or  in  a  vertical  direction.  An  attempt  will  be  made  to 
explain  the  conditions  which  determine  the  tj-joe  of  disturbance,  and 
to  advance  a  theory  of  wave  transmission  which  it  is  hoped  to  test  by 
application  to  observed  facts.  -.^'C-i.ij'-J  '^<i:  -i^  '"^    '  -  >; 

The  Aeronautical  Institute  of  Great  Britain. — Sir  Hiram  Maxim 
has  accepted  the  invitation  of  the  Aeronautical  Institute  of  Great 
Britain  to  become  its  first  president.  The  Institute  is  the  yomigest 
of  our  aeronautical  bodies,  having  been  formed  on  Sejjtember  30th 
last,  at  a  meeting  presided  over  by  Sir  William  M.  Ramsaj-. 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY,  May  12tli  (to-day). 

Physical  Society. 
5  p.m.  At  Imperial  College  of  Science,  South  Kensington.  Papers 
on  "The  Latent  Heats  of  Fusion  of  Metals  and  the  Quantum- 
Theorv',"  bv  Dr.  H.  S.  Allen.  M.A.  :  "  Lenses  for  Light  Dis- 
tribution," by  Mr.  T.  Smith,  B.A.  ;  "  The  Choice  of  Glass  for 
Cemented  OlJjectives,"  by  Mr.  T.  Smith,  B.A. 

SATURDAY,  May  13tli. 

Royal  Instititiox. 
3p.m.     At  Albcmarle-street,  W.     Lecture  by  Prof.  W.  H.  Bragg, 
M.A.,  D.Sc,  F.R.S.,  on  "  X-rays  and  Crystals."   (Lecture  IL) 

MONDAY,  May  15tli. 

Society  of  Arts. 
4.30  p.m.     At    John-street,    Adelphi,    W.C.     Lecture    by    Dr.    J. 
Erskine  Murray,   F.R.S.E.,  on  "  Vibrations,  Waves  and  Re- 
sonance."    (Lecture   II L) 

UxrvERSiTY  College. 
5.30  p.m.     At  Gower-strcet.     Lecture  by  Mr.  E.  Kilbum  Scott  on 
"  The  Manufacture  of  Nitrates  from  Air  by  Electric  Power." 

TUESDAY,  May  IGth. 

Royal  Technical  College,  Glasgow. 
2.15  p.m.  Under  the  auspices  of  the  Institution  of  Engineers  and 
Shi])builders  in  Scotland,  the  West  of  Scotland  Iron  and  Steel 
Institute  and  Glasgow  ("liambcr  of  Commerce.  An  Addres.=i 
on  "  Encineering  Industry  in  the  Economic  War."  by  Mr. 
T.  C.  Elder,  of  the  British  Electrical  and  Allied  Manufacturers" 
Association,  to  be  followed  by  a  Di.scussion. 

Cniversity  of  London. 

5  p.m.     At    University    College,    Gower-street.     Lecture    bv    Prof. 

F.G.  Donnan.  AI.A..  Ph.D.,  F.R.S.,  on  "  The  Role  of  Chemical 

Science  in  Civilisation." 

WEDNESDAY,  May  ITth. 

Hoyal  MiCttoscoPiCAL  Society. 
8  p.m.     At  20.  Hanover-square.  W.     Paper  by  Mr.  J.  W.  Purkiss 
on  '■  Some  Su^);estions  rei:ardin<r  \isual  Efficiency  in  the  Use  of 
the  Microscope  and  other  Gjjtical  Instrument*." 

FRIDAY,  May  19th. 

1  N --TITl'TION    OF   MeCFANICAL   EnqINKER.S. 

6  p.m.     At  tlie  Institution  of  Civil  EuL'ineers.  (Jreat  Gonrpo-Rtreot. 

S.W.      Pai>(T  by  Mr.  1).  .\damson  on    "  Spur  (bearing."' 


Ist  LONDON  ENOINEER  VOLUNTEERS. 
Orders  for  the  week  by  Lieut. -Col.  C.  H.  Ci.av.  \'.])..  Commanding. 

Officer  for  the  Week. — Platoon  Commander  X.  E.  Brown. 

Next  for  Duty. — Platoon  (V>nimander  C.  H.  C.  Bond. 

Ajijiointnunts. — Tlie  provisional  a])jiointment  of  Sergt.  H.  A  N.  Mcdd  aa 
Ser^t.  Inst ru(  tor  of  Musketry  is  hereby  cancelled.  Mr.  Rs  H.  Brj-an 
to  Vh'  Seriit. -Instructor  of  MusketrA'. 

Friday.  May  12.-  Technical  at  4f>..  Hepncy-stn>ot.  S.W.,  for  Sections  3 
ami  4  No.  3  Company;  Squad  and  Platoon  Drill  Sections  1  and  2, 

No.  3  Company,  at  Ciiester  House  ;  Signalling  Cla«8  and  Recruits  No.  3 
Conniany  at  Ches1<  r  Houpo. 

Saturdav,  Mav  13.  -Conipanv  Commander  E.  G.  Fleming's  Instruction 
Class  at  2:.3t>. 

Musketry. -»r  notice  and  Tablec  .\  and  B  at  Head(juarterp. 

Sunday."  May  14.— Major-Gmeral  Sir  Francis  Lloyd.  K.C.R  (G.O.C. 
London  District)  will  make  an  ins]ioction  of  the  Coqisat  work  on  the 
sections  of  the  Sotith  I^tndon  l)efencos  allotted  to  tluni.  K'(ry 
mfinhfr  fhonld  wolf  sjircial  tffurl.'i  to  att<nd. — Par.ide  \'i<i''ii 
(S.E.  &  C.  Railwav  Booking  Office)  at  fl  a.m.  shanv  Unif.u... 
haversa<^ks  and  \\aler  bottles.  .Midday  ration  to  bo  carried.  Rail- 
way vouehers  will  Iv  jirovidcd. 

Notice. — The  para»Ie  for  Richmond  Park  on  Sundav,  May  21 ,  is  cancelled. 


THE  ELECTRICLVN,  MAY  12,  1916. 


ti 


THE  PRESENT  POSITION  OF  ELECTRICITY  SUPPLY  IN 
THE  UNITED  KINGDOM  AND  THE  STEPS  TO  BE 
TAKEN  TO  IMPROVE  AND  STRENGTHEN  IT. 


The  following  is  a  report  of  the  discussion  on  Mr.  E.  T. 
Williams's  Paper  which  took  place  at  the  Manchester  meeting 
of  the  Institution  of  Electrical  Engineers  on  the  18th  ult.  An 
abstract  of  the  Paper  appeared  in  our  issue  of  the  14th  ult, 
page  48. 

Mr.  J.  A.  Robertson,  in  opening  the  discussion,  said  :  The  present 
position  of  electricity  supply  business  in  this  country  calls  for  .serious  and 
rareful  consideration  in  view  of  the  steps  which  will  require  to  be  taken 
at  the  end  of  the  war  to  re-organise  and  re-establish  our  national  indus- 
tries. The  restrictions  ])laced  by  the  Local  Government  Eoard  last  year 
on  new  capital  expenditure,  coupled  with  the  largely  increased  output 
of  energy  for  war  munition  purposes,  have  reduced  the  reserve  plant 
capacity  in  most  central  stations  to  a  margin  which  would  have  been 
considered  totally  inadequate  in  normal  times.  The  problem  of  how  to 
utilise  to  the  very  best  advantage  the  existing  capacity  of  plant  in  central 
stations  is,  therefore,  one  that  should  receive  the  immediate  and  careful 
attention  of  all  interested  in  electricity  supply.  The  most  serious 
difficulty  with  which  central  stations  have  had  to  cope  during  the  last 
year  has  been  the  high  price  and  the  shortage  of  fuel  supplies.  The 
])Osition  was  so  serious  last  year  as  to  call  for  Government  legislation, 
and  the  Prices  of  Coal  (Limitation)  Act  was  passed  in  July,  1915.  While 
the  Act  conferred  an  immediate  benefit  in  restricting  the  inflated  prices 
which  were  then  demanded,  I  am  afraid  that  the  intention  of  the  Act  is 
not  being  fulfilled  at  present  and  that  large  quantities  of  coal  are  being 
sold  at  prices  considerably  above  the  maximum  increase  of  4s.  per  ton. 
The  existing  conditions  call  for  thorough  investigation,  and  if  found 
necessary  the  Act  should  be  amended  to  carry  out  what  was  undoubtedly 
the  intention  of  Parliament  in  passing  it.  Indirectly  the  difficulties 
under  which  central  stations  have  been  operating  will  do  much  good. 
Manufacturers  who  are  still  generating  from  private  plants  or  using  steam 
or  gas  power  have  found  their  power  costs  increasing  by  30  to  40  per  cent., 
while  the  central  station  consumer  has  not  been  called  upon  to  pay  more 
than  10  or  15  per  cent,  increase  in  the  rates  for  electricity.  We  have, 
therefore,  the  unique  position  of  manufacturers  applying  for  power 
supphes  who  were  previously  convinced  they  could  produce  more  cheaply 
with  their  own  plants,  while  central  station  engineers  are  refusing  appli- 
cations for  supply  which  no  amount  of  canvassing  could  formerly  obtain. 
The  ultimate  effect  is  bound  to  be  beneficial  to  the  electrical  industry, 
and  the  time  is,  therefore,  opportune  to  consider  stejos  for  improving  and 
strengthening  our  position  after  the  war. 

In  a  Paper  read  by  Mr.  Williams  at  the  Institution  in  London  last  week, 
we  have  Dr.  Ferranti's  splendid  idea  for  centralising  electricity  supjjly 
put  in  the  form  of  a  concrete  proposal.  Mr.  Williams  believes  that  the 
time  has  arrived  when  a  national  scheme  of  bulk  supply  from  large  central 
stations  might  be  introduced  which  would  gradually  supersede  the 
inefficient  and,  in  some  cases,  obsolete  stations  now  in  operation.  The 
bulk  supply  undertaking  would  be  owned  and  operated  by  the  State 
through  a  Central  Board.  The  board  is  to  consist  of  11  members,  six 
being  engineers,  each  responsible  for  electricity  supply  in  one  of  the  six 
districts  into  which  the  country  is  to  be  divided  for  supply  ])urposes. 
The  board  would  be  empowered  to  erect  and  build  large  generating 
stations  and  to  supply  in  bulk  to  existing  authorities.  Incidentally  the 
board  would  also  take  over  the  functions  now  exercised  by  the  Local 
Government  Board,  the  Board  of  Trade  and  the  Home  Office.  All 
central  station  engineers  will  agree  that  centralisation  is  desirable,  but 
there  are  certain  stages  of  development  to  be  passed  and  difficulties  to 
be  overcome  which  are  overlooked  in  the  Paper.  The  technical  difficul- 
ties cannot  be  set  aside,  particularly  the  differences  in  periodicities  in 
various  districts.  For  instance,  while  the  large  system  at  Newcastle  has 
a  40  periods  supply,  most  Yorkshire  and  Lancashire  towns  have  adopted 
50  periods.  In  Birmingham  50  periods  is  a  standard,  but  the  South 
Wales  Power  Co.'s  supply  is  at  25  periods,  although  the  sujjply  in  Cardiff 
is  50  periods.  In  the  Gla.sgow  district,  both  the  power  com])any  and  the 
Corporation  have  adopted  25  periods.  Every  one  will  also  agree  that  the 
pjesent  Government  control  of  electricity  undertakings  by  three  depart- 
ments is  unsatisfactory,  but  to  set  up  a  boaid  which  will  operate  electrical 
undertakings  on  such  a  large  scale  and  to  give  the  board  powers  now 
exercised  by  three  Government  departments  is  a  proposal  which  is  open 
to  severe  criticism.  I  think  also  that  to  place  the  control  of  a  district 
comprising,  say,  the  Midlands  or  the  North-west  of  England,  in  the  hands 
of  one  engineer  manager  will  not  eom'mend  itself  either  to  engineers  or 
local  authorities.  It  will  be  noted  that  the  scheme  does  not  propose  to 
interfere  with  existing  undertakings,  but  simply  to  act  as  a  trading 
concern  selling  electricity  in  bulk.  The  power  companies  have  been 
trj'ing  to  do  this  for  years  and  have  made  little  headway  becau.se  they 
foimd  in  most  cases  that  bulk  supply  cannot  be  given  to  central  stations 
at  a  price  which  will  pay  the  standing  charges  on  the  necessary  cables 
converting  and  transforming  plant  and  also  the  standing  charges  on  the 
■  superseded  generating  plant.  Again,  the  Central  Board  would  have  no 
powers  to  compel  a  local  authority  to  shut  down  its  generating  station 
or  to  fix  the  price  which  the  existing  authorities  are  to  charge  for  current. 
\A  local  authority  might,  therefore,  continue  to  operate  its  own  i)lant  and 
«ven  to  pay  its  extensions  out  of  revenue,  or  it  could  purchase  current 
from  the  State  system  in  bulk,  and  resell  it  at  prices  which  were  deliber- 
ately fixed  high  to  ensure  large  profits  for  the  benefit  of  the  district  rates. 
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up  existing  undertakings,  which  ha.s  Ix-en  adopted  in  oi.     ..  :„  .  .,  ..  .    . 

boroughs,  ought,   I  think,  to    be   seriously   considered.     Yoa  will    tind 

that  the  country  for  electrical  purposes  divides  itself  into  s--         '■     r  1 1 

areas.     These  areas  all  represent  the  important  industrial  »nd 

to  a  very  large  extent  the  coal  mining  districts  of  the  fountrv. 

with  London  as  the  first  and  largest  area,  there  is  an  area,  whii 

call  No.  2,  around  Birmingham.     South  Wales  is  Xo.  .3.     The  ' 

might  be  divided  into  two  areas,  one  (Xo.  4)  including  the  .-..   ...  .  i 

district,    and   the   other  (Xo.    5),   taking   in   Derby,    Xottingham   and 
Leicester,  with  the  smaller  towns  surrounding  them.     Lancashi'  '  1 

provide  two  areas,  the  first  and  largest  being  the  Manch»'st»- 
(No.  6)  and  the  other  (Xo.  7)  the  Liverpool  district.     Th»- 
of  Yorkshire  would  be  No.  8,  and  the  North-east  district,  i: 
Newcastle  Comjjany's  supply  area,  would  be  Xo.  9  area.     Scotland  wmld 
be  divided  into  two  areas,  one  taking  in  the  industrial  area  (Xo.  10) for 
about  15  miles  round  GJa.sgow,  and  the  other,  which  would  couple  op 
Edinburgh  and  several  small  stations  in  the  neighbourhood,  u      '  '   '• 
No.  11.      Each  of  these  districts  would  provide  an  area  of  sup 
the  existing  central  stations  which  could  be  linked  up  at  a  woderau-  <-.x»i 
for  supply  purposes.      Later  on  when  times  are  normal  it  would  be  a 
simple  matter  to  supply  the  network  thus  formed  from  one  or  two  Urge 
modern  stations.     About  220  generating  stations  out  of  a  total  of  3R4 
in  the  whole  country  would  be  includeil  in  those  area^.     Most  of  the 
remainder  are  in  residential  districts  and  it  wouhl  not  be  ■  ,»lly 

profitable  to  connect  them  to  any  system  of  high-tension  n<  ■ 

As  an  instance  of  what  linking  uj)  might  do.  the  Manchester  district 
is  a  striking  example.  There  are  situated  within  the  Manchester  arx-a  lo 
generating  stations  with  an  aggregate  generating  capacity  of  170.000  kw. 
Nine  of  these  stations  are  generating  three-phase  energy  at  .tO  '■. 

and  there  are  no  technical  difficul*ies  to  prevent  them  being  1; 
immediately.     The  result  would  be  an  enormous  benetit  all  nnuul.      In 
place  of  each  station  requiring  to  maintain  a  complete  equipment  >>f 
reserve  plant,  the  stations  would  act  as  reservt-s  to  each  other,  and  the 
aggregate  demand  on  the  whole  of  the  stations  could  be  increas-  •'  '"^    "■" 
to  40  i)er  cent,  with  perfect  safety.  The  risk  of  interruption  would  I 
diminished  and  by  running  the  most  efficient  j>lant  on  the  ~ .  - 
tinuously  at  full  load,  leaving  the  less  efficient  plant  for  p» 
cost  of  operation  would  be  greatly  reduced.     .-V  number  of  ^' 
be  shut  down  entirely  at  week-ends.     The  smaller  gt-nenr     _ 
with  direct-current  plant  would  gradually  instal  transfonning  and  con- 
verting plant  and  so  receive  the  benefit  of  the  combination.     Thi-  '•■'-   "  : 
up  would  offer  at  least  a  ]>artial  solution  and  serve  as  a  steppin_ 
a  bigger  centralisation  scheme.     Theiv  appears  to  bo  iv 
difficulty  in  putting  this  sihcme  in  operation.      Hit!  -rti' 
to  any  co-operation  between  existing  authorities  has  Ix  • 
but  if  machinery  was  put  in  motion  to  combine  thes«' 
common  object  this  jealousy,  which  is  largly  due  to  n 
would   ])robably   disappear.      I   would   prnpo-so   the  foiiu.i in 
boards  for  each  district  consisting  of  ivpn>sentatives  eleettn'  by  X\ 
authorities  along  vith  a  certain  numln^r  of  ii'  ' 
pointed  from  the  local  manufactuivi-s,  who  anv 
intcrested  in  the  question  of  chea]>  j>o\wr  suj>ply.      \\ 
cost  of  linking  up,  this  might  be  borne  by  the  Kxal  au. 
]iortions  which  could  be  determined  either  by  the  use  made  of  : 
supply,  /.('.,  the  standing  charges  on  the  capital  cost  could  '- ■  --i 

in  terms  of  the  electrical  energy  puivhast^l  in  bulk.  i>r  coi'  th«- 

general  all-round  advantage  of  such  a  sclieme  then*  wo'i 
injustice  if  the  cost  was  borne  in  equal  proptutioiis  liv  e.i 
takings.     As  the  joint  board  would  n\piiro  to  rai.s.>  capital.  V 
powers  w(.uld  be  nece.s.sary,|and,  these  ])owers  might  lx»  limit.  . 
the  raising  of  capital  for  the  consolidation  of  existing  undertakinsts.     If. 
as  1  believe,  however,  the  svstem  works  s;*ti.sfaotorily.  the  p<iwrrs  might 
be  enlarged  later  to  include  the  extension  of  existing  undertaking*  and 
the  building  of  ne\,-  statiotis.      Hy  this  means  w»»  should  obtain  uniformity 
in  administration,  and  other  l.ciiVtits.  such  as  standartlisationof  rates  for 
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supply,  would  naturally  follow.  It  is  not  suggested  that  this  proposal 
would  provide  a  complete  solution  to  the  problem,  but  it  would  at  least 
prove  more  workable  than  any  nationalising  scheme  could  possiblj-  be 
at  this  stage :  it  could  be  put  into  operation  with  the  minimum  of  cost 
and,  what  is  more  important  at  present,  with  the  minimum  delay.  I 
thoroughly  agree  with  the  suggestion  that  the  powers  now  vested  in  the 
Local  (Jovemment  Board,  the  Board  of  Trade,  and  the  Home  Office 
should  be  combined  in  a  central  electricity  board.  This  board,  which 
would  be  mainly  composed  of  electrical  engineering  experts,  would  be  the 
sanctioning  authority  for  loans,  and  would,  therefore,  be  able  to  exercise 
technical  supervision  over  the  proposals  of  the  district  boards.  There 
is  another  question  so  closely  bound  up  with  the  centralisation  of  elec- 
tricity supply  which,  unless  dealt  with  on  national  lines,  will  prove  a 
serious  hindrance  to  the  object  we  are  aiming  at.  Although  poorer  in 
natural  resources  than  other  countries,  we  have  an  abundant  supply  of 
high  quality  coal.  The  only  possible  competitor  is  oil  fuel  which  may 
be  left  out  of  account  while  we  are  dependent  cm  foreign  markets  for  our 
supplies,  and  in  any  case  all  the  available  supj)ly  will  be  required  for 
many  years  for  naval  and  mercantile  marine  purposes  where  it  offers 
special  advantages.  We  are,  therefore,  absolutely  dependent  for  our 
production  of  power  which  is  essential  to  our  industrial  needs,  on  the 
suppty  of  coal.  Coal  getting  and  coal  distribution  are  an  outstanding 
example  of  our  haphazard  methods  in  dealing  with  matters  of  vital 
importance.  The  colhery  owner  is  loft  free  to  extract  the  coal,  to  sell  it 
to  the  highest  bidder,  even  though  he  be  the  agent  of  a  foreign  Govern- 
ment not  too  friendly  to  this  countrj'.  There  is  no  attempt  to  grade  or 
classify  coal  from  particular  districts  for  industrial  purposes.  Prices 
vary  within  wide  limits,  and  at  one  time  we  are  threatened  with  inter- 
ruption of  su])])lies  through  workmen's  strikes,  while  at  another  stocks 
are  held  up  in  order  to  artificially  inflate  prices.  In  past  years  compe- 
tition was  the  consumers'  only  ])rotection,  but  with  the  demand  over- 
taking the  supply  we  can  hardly  blame  the  proprietors  for  eliminating 
competition  in  order  to  increase  their  profits.  I  would  suggest  that  the 
time  has  arrived  when  a  Commission  should  be  a])])ointed  by  the  Govern- 
ment to  report  on  our  national  supply  of  fuel  with  the  object  of  utilising 
it  to  the  best  advantage  for  the  various  chemical,  metallurgical  and  other 
])ur])oses  for  which  it  is  required. 

The  question  of  transport  should  also  be  dealt  with  so  that  we  should 
not  witness  the  anomaly  of  coals  being  ship])ed  from  Newcastle  to 
Manchester  district,  whilst  collieries  within  a  20-mile  radius  of  ^lanchester 
are  actually  sending  consignments  of  coal  to  Newcastle  for  export.  The 
Limitation  of  Prices  Act  will  require  to  be  strengthened  and  compulsory 
arhitiation  introduced  to  ])revent  an  interruption  of  coal  sui)j)lies  through 
strikes  of  workmen.  To  avoid  sue))  strikes  some  form  of  profit-sharing 
might  be  established  which  would  give  the  worker  a  direct  interest  in  the 
concern  for  which  he  works.  These  proposals  may  seem  somewhat 
daring,  but  if  we  arc  to  make  good  the  wastage  caused  by  the  war  and 
to  retain  our  commercial  supremacy  the  problem  must  be  dealt  with  on 
hn/ud  lines.  The  ideal  to  aim  at  is  to  convert  our  natural  resources,  fuel 
and  lal)Our  into  power,  light  and  heat  so  as  to  achieve  the  highest  in- 
dividual and  national  efficiency.  If  the  war  causes  us  to  scrap  our  old 
methods  and  to  reorganise  existing  systems  with  the  view  of  attaining 
higher  standards,  the  enormous  sacrific-es  which  it  has  entailed  will  not 
have  been  in  vain.  In  the  meantime,  while  we  are  c.\])endina  all  our 
skill  and  energy  in  assisting  to  bring  the  war  to  a  successful  conclusion, 
let  us  also  at  the  same  time  commence  to  set  our  house  in  order  and 
utilise  our  existing  powers  so  that  eU-ctricity  may  take  its  proper  share 
in  the  re-organisation  of  industry,  which  will  inevitably  take  place  when 
])eace  returns. 

Mr.  .1.  S.  llrciUFiELD  said  the  author,  in  dealing  with  the  fuel  difficulty, 
(•ontcin|ilatc(l  that  aft<'r  the  war  ended  the  ])rice  would  still  continue 
high.  J'crsonally,  he  hoj)ed  it  would,  becau.se  as  su])j)liers  of  ])c)wer  it  was 
their  business  to  save  coal.  One  of  the  reasons  for  the  success  of  electric 
su])i)ly  imdertakings  was  the  i)ossibility  of  working  with  less  coal  than 
the  in(li\idnal  manufacturer.  Spi'akiuL'  <>n  the  suljject  of  iho  granting 
of  powiTs  to  pui)lic  com|)anics,  Mr.  llii.dirK-ld  thought  it  was  a  mistake 
originally  to  grant  ])owcrs  with  terminable  concessions,  as  during  tlu'  last 
few  years  ])receding  the  termination  it  would  be  difficult  to  raise  capital 
for  so  short  a  |)(riod,  and  they  would  not  like  to  invest  their  reserve  funds 
so  freely  in  tin-  Inisiness  liecause  of  the  doubt  as  to  what  they  would  get 
for  the  undcrlakini.'  when  it  was  sold.  When  the  ])ower  Acts  were 
grante<l  in  I'MMI  that  fault  in  the  original  legislation  was  realised  and 
power  companies  were  formed  witliout  (•omi>ulsory  i>urehase  clauses. 
He  therefore  looked  forward  to  considerable  successfor  these  .'•omjjanies. 
having  regard  to  the  fact  that  the  large  towns  were,  in  the  main,  kept  out 
of  the  aiea.  with  the  exception  of  tlie  Cornwall  and  South  Wales  com- 
l)aiiies.  There  was  no  (|uestion  the  eieetrilication  of  Vjigland  luider  th(> 
])oweis  ei-eated  had  been  most  siireessfully  carrieil  out,  and  he  agree<l 
with  Ml'.  Hohertson  that  the  work  which  nnmici])al  liudies  hail  done  was 
successful.  In  order  to  make  more  progress  it  might  l>e  necessary  and 
advisable  to  estal)lish  such  a  board  as  .Mr.  Robertson  had  suggested. 
Kven  without  such  a  Ijoard  a  great  deal  miglit  be  done.  In  this  part  of 
Laneasln re,  besides  the  large  and  niedinni-si/.ed  muni<-ipnl  stations,  then- 
was  the  Lancashire  Klectrie  I'ower  Coin)>any.  whieli  i>raetically  coven'd 
the  balance  of  the  area.  Between  them  soniethinL'  mon'  i  onld  be  done 
in  regard  to  linking  up  so  that  the  small  stations  should  not  1m"  unneces- 
sarily extended.  The  electrical  industry  in  this  matter  hntl  suffered 
from  professional  jealousy.  Then>  had  not  been  that  assistance  given 
betwiM'n  managers  of  supply  authorities  which  would  have  made  connec- 
tions possible.  Dilliculties  were  often  ilue  to  th<'  action  of  the  authorities 
who  controlled  the  works;  much  coidd  lie  doni-  if  human  natuiv  i-ouhi  be 
somewhat  altered.  It  was  a  large  job  and  he  had  not  iuuch  Ix-lief  in 
Government  control  because  it  was  not  jiossible  to  alter  human  nature 


by  legislation.  The  war  was  going  to  do  a  lot  for  us  and  it  was  makin" 
people  see  that  the  success  of  ones  neighbour  was  in  a  very  large  measure 
one's  own  success. 

Alderman  W.  Walker,  dealing  with  the  subject  of  cheap  sites,  said 
he  placed  little  or  no  value  on  the  question  of  the  price  of  a  site  when 
putting  down  a  large  station.  What  did  it  matter  if  the  site  cost  £.500  or 
£1,000  per  acre.  The  sinking  fund  and  interest  on  that  amount  was  so 
small  that  it  could  be  all  thrown  away  by  a  slight  advantage  in  the  water 
supply,  or  an  additional  fraction  of  a  penny  on  the  carriage  of  coaL  An 
adequate  supply  of  fuel  drawn  from  more  than  one  area  was  one  of  the 
main  considerations  combined  with  a  good  supply  of  condensing  water. 
The  question  of  linking  up  was  one  which  eversone  would  agree  to.  In 
principle  the  linking  up  of  stations  within  the  area  described  by  ilr. 
Robertson  would  be  a  good  thing  for  the  community.  AMien,  however, 
details  came  to  be  discussed,  a  new  factor  entered  into  the  matter  and 
that  was  the  human  element  when  deahng  with  representatives  of  public 
bodies  and  directors  of  private  companies  with  their  professional  and 
technical  staffs.  One  immediately  found  conflicting  views  as  to  which 
was  the  main  concern.  At  present  we  were  handicapped  by  the  existing 
system  of  having  to  go  to  Parliament  for  permission  Ijefore  a  step  could 
bo  taken  to  improve  the  conditions  in  a  given  area.  There  might  be  just 
outside  an  area  places  which  had  not  been  developed  electrically,  and 
those  who  had  the  controlling  influence  did  not  seem  to  desire  to  do  any- 
thing. Yet  whenever  there  was  an  attempt  to  introduce  a  scheme  by 
which  the  owner  would  be  put  in  a  position  of  having  a  supply  of  elec- 
tricity the  public  bodies  were  able  to  bring  pressure  to  bear — out  of  local 
sentiment  only — they  could  get  the  scheme  turned  down  by  a  Parlia- 
mentarv'  Committee  which  did  not  wish  to  bring  itself  mto  conflict  with 
the  7iolitical  bodies.  In  that  connection  there  ought  to  be  somebody  to 
whom  an  appeal  could  be  made,  and  who  would  consider  these  questions 
solely  on  their  merits  and  not  with  sentimental  or  political  motives. 
Personally  he  would  welcome  such  a  body  constituted  on  the  lines  by 
Mr.  Williams  and  Mr.  Robertson  which  should  have  power  to  control  the 
area  concerned,  though  he  favoured  Mr.  Robertson's  geographical  areas. 

Mr.  A.  E.  McKenzie  agreed  with  Mr.  Highfield  that  the  high  prices 
for  coal  were  not  unfavourable  to  the  electric  undertakings  of  the  country. 
In  Manchester,  for  instance,  the  price  of  gas  had  been  approximately 
increased  24  per  cent,  in  the  last  12  months,  as  against  10  per  cent,  to 
15  per  cent,  for  electricity.  With  regard  to  Mr.  Robertson's  suggestion 
that  the  proposed  board  should  fix  the  seUing  price,  he  was  afraid  that 
would  involve  considerable  difficulty,  as  each  municipality  had  its  own 
ideas  as  to  the  amount  that  the  electricity  department  should  contribute 
in  favour  of  the  rates.  The  Manchester  electricity  department  had  for 
some  years  contributed  a  sum  of  £30.000  per  annum  in  relief  of  the  ratos. 
If  it  were  ])roposed  that  the  department  should  be  State-controlled  he 
was  sure  the  inhabitants  of  the  city  would  present  great  opposition  to 
the  scheme  unless  this  rate-aid  was  continued.  He  considered  that  great 
economics  would  be  effected  if  the  linking  up  of  stations  was  brought 
about.  It  was  absurd  to  think  that  municipal  boundaries  should  be 
insurmountable  barriers  against  such  a  scheme.  Professional  jealous}- 
also  tended  against  its  adoption.  He  did  not  think  it  necessary  that 
further  powers  should  be  obtained  to  link  up  stations  as  it  had  been  done 
in  several  London  boroughs  with  verj-  great  saving.  In  Lancashire  it 
could  easily  be  arranged  by  the  engineers  of  the  various  undertakings, 
and  a  great  step  forward  would  have  been  made  and  undoubtedly  good 
would  rc>sult. 

Mr.  S.  J.  W.VT.sox  was  particularly  interested  in  the  question  of  joint 
boards.     It  was  not  in  itself  a  novelty,  as  it  had  been  adopted  in  other 
public  works,  viz.,  water  su])])iy.  sewage,  hospitals.  &c..  also  the  case  of 
the   Stalybridge  Joint   Tramways  and   Electricity   Board.      One  of  the 
great  difficulties  of  such  a  boa'd  woidd  be  that  of  finance.      He  suggested 
that  the  capital  might  Ik>  found  partly  by  municipal  bodies  and  partly 
by  private  enterprise.  A  further  step  might  l)e  taken  to  appoint  repre- 
sentatives from  the  local  boards  to  a  Ontral  Board  in  London,  which 
should  possess  ver>-  wiile  powers.     Not  the  least  matter  which  such  a 
board  would  have  to  deal  with  would  Ix^  the  conservation  of  coal  supply. 
It   wo\ild   have  ])ower  to  stop  the  establishment   of  any  further  small 
generating   stations   and   also  consider  the   advisabdity  of    continuing 
existing  stations  or  forcing  them  to  take  a  supply  from  some  other  larger 
undertaking  in  the  district.     Wien  Chairman  of  the  Manchester  Section 
some  five  or  six  years  ago  he  went  canfully  into  the  (piestion  of  linkin- 
u))  the  ditTen'ut  stations  and  foimd  that  if  all  the  supply  undertakings 
within  an  S  or  10 -mile  radius  of  the  city  wen^  <  oupled  up  it  would  set  at 
lilK-rty  for  use  span-  i)lant  to  the  value  of  approximately  half  a  million 
of  money.     With  the  regard  to  the  establishment  of  large  sujv^r  stations, 
tliere  nnist  l>e  a  limit  Wyond  which  a  power  station  could  not  Ijecome 
a  ]iraetieal  pn)blem.  ]>rinei])ally  Ix'cause  of  the  enormous  responsibility 
which  woidd  n-st  up<m  the  supply  authority  oi>erating  these 
The  sl.'indardisation  of  ]»rices  was  also  a  problem  which  re((i. 
Would-l>e  consumers  did  not  always  underst^tnd  why  in  one  town  the^ 
weir  charged  on  one  basis  and  at  one  price  and  in  another  town  tiie 
charges  wen»  at  a  (litTerent  price  and  on  a  different  basis.     He  also  d<  pn'- 
cated   the    adoption  of  fn-ak  charges  as  it   was  not   good  for  the  ^iipply 
business.      What    with   rateable   values,   maximum   demand.s.   t<  It  phone 
system,  standing'  and  rimninu  eliar^ies.  &c..  people  wi're  simply  Ix'f'' 
He  agnH>d  with  Mr.   Highlield  on  the  ((uestion  of  perjietuity  of  t. 
If   an    onler   was    limited   it    was   obvious  that    higher  prices  must  1 
charged  than  would  lie  the  ease  if  the  time  was  imlimited  owing  to  tli' 
unei-rtainty  as  to  what  wo»dd  hapiM'n  at  the  end  of  the  term. 

^^r.  C.  ('.  .\TrMi*«)>  said  he  aiin-ed  that  then^  should  l>e  a  Contrmi 
Electricity  Board  in  l>on<lon.  but  its  functions  should  l>e  mainly  in  tho 
din-ction  of  finance  and  general  guidance.  There  should  be  soin« 
stanilanli.sation   of   svstems    throughout    iVi<.    wlvle    country-.     At    t"® 
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present  time  systems  were  very  varied  and  it  would  be  difficult  to  link 
up  the  stations  in  certain  areas  owing  to  the  difference  in  frequencies  and 
«o  on.  He  doubted  whether  it  would  be  possible  even  for  a  local  board 
to  standardise  prices.  Mr.  Robertson  had  mentioned  oil  fuel  as  compairrl 
with  coal.  If  we  could  rely  on  satisfactory  deliveries  of  oil  that  fuel 
would  be  much  more  easily  handled  and  save  a  great  deal  of  apparatus 
now  employed  for  dealing  with  coal  and  ashes.  The  point  to  consider  was 
that  whereas  we  had  coal  in  our  own  country  we  should  have  to  buy  oil 
from  other  countries  who  might  not  always  be  friendly  towards  us.  With 
regard  to  the  profits  from  municipal  stations  he  thought  that  the  rate- 
payers were  entitled  to  a  reasonable  return  from  their  trading  under- 
takings, but  not  to  the  extent  some  of  them  had  contributed  in  the  past. 
The  friction  which  might  exist  between  undertakings  in  connection  with 
the  linking  up  of  systems  did  not  in  his  opinion  arise  from  engineers,  but 
was  purely  a  c^uestion  of  local  Councils.  No  doubt  in  the  future  it  would 
be  necessary  to  link  up  certain  stations,  and  the  engineers  were  quite 
willing  to  consider  such  a  scheme  with  interchange  of  supplies  regulated 
in  a  manner  like  the  railway  clearing  house. 

Mr.  J.  H.  Wood  thought  the  time  was  ripe  to  consider  the  question  of 
linking  up.  This  could  be  done  without  a  board,  by  a  meeting  of  the 
different  authorities.  Many  of  the  smaller  undertakings  had  found  it 
necessary  to  limit  their  undertakings  because  they  could  not  enter  upon 
any  additional  capital  expenditure  until  there  was  some  revenue  from 
the  capital  already  expended.  Many  consumers  were  lost  in  this  matter. 
With  regard  to  coal  supplies  a  board  on  the  lines  suggested  by  Mr. 
Robertson  could  both  control  prices  and  quality.  Large  undertakings, 
owing  to  their  large  orders  for  coal  would  possibly  obtain  better  prices 
than  the  smaller,  but  if  they  were  represented  by  a  board  this  would  be 
able  to  control  prices  to  some  extent.  A  point  which  had  not  been 
touched  upon  was  that  of  labour.  There  had  been  a  good  deal  of  trouble 
caused  by  men  leaving  smaller  stations  to  go  to  larger  stations  because 
of  the  better  wages  in  the  latter  case.  He  suggested  that  a  board  might 
regulate  the  amount  to  be  paid  for  labour. 

Mr.  R.  Blackmore  thought  there  was  no  good  reason  why  the  sug- 
gested board  should  be  formed.  It  would  be  unworkable  as  far  as  prices 
were  concerned.  It  had  not  yet  been  shown  that  super-stations  could 
generate  cheaper  than  a  medium-sized  station.  He  considered  the 
question  of  linking  up  was  a  good  one,  but  it  was  not  necessary  to  bring 
in  Parliament  to  do  it.  Tramways  had  already  been  linked  up.  Running 
powers  existed  between  towns  and  an  interchange  of  traffic  existed  under 
workable  conditions  and  why  should  not  electricity  stations  be  linked 
up  similarly  ?  A  great  deal  had  been  seen  during  the  war  of  Government 
administration.  An  example  of  what  could  be  done  to  riiin  a  public 
I  utiUty  service  had  been  seen  in  connection  with  the  Government  manage- 
ment of  telephones.  If  electricity  undertakings  in  this  country  were  to 
be  affected  in  the  same  way  as  the  telephone  undertakings  then  let  us 
have  nothing  to  do  with  it. 

Mr.  J.  Drummond  Paton  said  there  had  been  numerous  complaints 
made  in  the  meeting  of  trouble  with  coal  and  colliery  owners,  and  if  the 
trouble  was  coming  from  that  source  a  movement  should  be  made  to 
meet  it.  It  was  necessary  that  engineers  should  not  confine  themselves 
to  pure  technical  electrical  engineering,  but  study  mining  engineering  in 
order  to  deal  with  the  waste  coals  and  future  supplies  of  coal  for  electric 
power.  Colliery  interests  would  welcome  the  movement  of  the  Insti- 
tution to  solve  the  future  problem  of  power  production.  Reference  had 
also  been  made  to  the  use  of  oil  and  the  impossibihty  of  its  becoming  an 
important  factor  in  the  future  of  electrical  engineering.  He  might  say 
that  the  supply  of  oil  in  this  country  would  not  come  from  abroad.  We 
had  millions  of  tons  of  waste  coal  which  yielded  40  or  50  gallons  of  oil  to 
the  ton,  but  the  colHery  owners  could  not  produce  this  material  till  it 
was  demanded.  Place  the  vital  centre  of  power  production  in  the  middle 
of  the  fields  controlled  by  these  men,  and  use  the  gas,  waste  power  or  coke, 
which  necessarily  must  be  originated  in  the  production  of  coal  oil.  If 
necessary  to  maintain  the  existing  stations  feed  this  oil,  or  the  residual 
coke  or  preferably  the  gas  from  the  processes  on  to  them.  This  was  the 
pathway  he  would  suggest  for  engineers  to  travel  along.  In  one  field 
not  far  from  where  he  was  stationed  there  were  90  million  tons  of  coal 
about  5  ft.  thick,  which  would  show  40  or  50  gallons  of  crude  oil  per  ton. 
Take  the  Wigan  cannel  from  which  we  had  been  able  to  get  90  gallons 
per  ton,  and  at  the  moment  realise  that  this  was  worth  5d.  to  6d.  in  a 
crude  form  per  gallon.  The  coal  which  was  now  estimated  as  valuable 
coal  would  in  the  near  future,  be  relegated  to  a  position  of  secondary 
importance.  Coal  fired  for  a  thermal  value  only  would  become  a  thmg 
of  the  past  and  take  secondary  place  to  coal  which  would  yield  a  high  oil 
and  by-product  return. 

Mr.  Robertson  said  there  had  been  a  great  many  points  raised  but 
some,  fortunately,  cancelled  each  other  out  and  he  need  not  refer  to  them. 
Mr.  Highfield  took  the  view  that  the  electricity  supply  ought  to  be  dealt 
with  in  much  the  same  way  as  the  railways,  and  that  concessions  should 
\>e  granted  in  perpetuity.  Mr.  Robertson  took  leave  to  join  issue  with 
Mr.  Highfield  on  that  point.  He  had  held  for  some  time,  and  thought 
he  was  right,  that  if  there  was  an  example  of  inefficiency  in  this  country 
it  was  our  railway  system.  A  system  which  overlapped,  wasted  hundreds 
of  thousands  of  pounds  each  year  in  unnecessary  competition,  gave 
worse  trading  facihties  and  travelling  conditions  than  prevailed  on  the 
pontinent,  was  not  something  to  hold  up  as  an  example  for  the  organ- 
isation of  the  electricity  supply.  Even  in  such  small  matters  as  automatic 
signalling  this  country  was  very  much  behind  other  countries,  although 
we  had  railway  companies  which  were  practically  unfettered  by  legisla- 
tion of  any  kind.  The  high  price  of  coal,  as  Mr.  Highfield  said,  sup- 
ported by  Mr.  McKenzie,  was,  of  course,  a  good  thing  for  electricity 
undertakings  for  the  time  being  and  even  if  it  continued.  But  a  broader 
view  should  be  taken.     He  looked  at  the  subject  from  the  point  of  view 
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of  supplying  a  cheap  powf-r  for  the  hn    "      ' 
re-cHtablish  our  poHition.  aftf-r  thf  w- 
do  that  we  must  hav 
power  we  must  have- 
console  ours<,-lve8  even  for  tii« 
thing  for  electricity,  Yxi'-Aum  »; 
more  than  we  hsfl  and  hei-nu 
proportion.     Several  speaker-i  r,  i-i   im  ; 
element  and  ono  gentleman  had  axk'-'l 
You  can  me<;t  togeth<T  and  get 
without  going  to  Parliament."      I 
forward  as  the  element  which  would  prevent  ar 
linking  up.      It  was  ju.st  bccauae  of  the  human  eli/ 
necessary,  in  his  opinion,  to  go  to  Parliament  to  '■■ 
ride  tho.se  local  Councils  which  miL'ht  wr 

tarily  into  a  local  linking-up  h<  h»-mf.     It  j 

proposed  that  uniform  prices  should  \>f  <  harjfd  u: 
undertaking.      He  had  not  made  any  .Huch   propn  ....      -.    ... 
said  the  local  board  should  Ut  the  authority  tnat  would  fix  the  : 
each  area  or  portion  of  an  area.     He  thou" '  -  •'    ♦  wa«  a  ver>-  n*x«rfti«rj- 
thing,  because  if  you  were  introducing  a  h'.  .-  to  a  yroup,  oat  local 

authority  might  fix  prices  without  any  r-  1  etmt,  or 

the  actual  value  to  the  consumer.     Mr.  '•:  >ned  that 

if  any  system  of  prices  were  fi.xed  by  a  board  .Manch»^ter  people  voold 
object,  because  the  electricity  undertaking  paid  £30,(K)0  a  year  tovards 
the  rates.  Mr.  Aitchison  had  said  that  wa.t  a  verv  right  and  proper 
thing  to  do.     He  did  not  agree.     He  did  not  think  an  ele.'  nder- 

taking  existed  for  the  purpo.se  of  making  money  to  be  hand  ■>  tlw 

ratepayers  who  were  not  possible  consumers  of'eU-ctrif  itv  and  who  woold 
never  be  called  upon  to  make  good  any  deficienr-v  that  might  ariae.  Any 
surplus  or  profits  should  be  transferred  to  the  rt-serve  fund  and  to  pro- 
vent  the  possibility  of  the  ratepayers  being  a.sked  to  make  good  any 
deficiency.  With  regard  to  the  fixing  of  prices,  Mr.  BUf-kmore  had  aaid 
''  Fix  prices  just  a  little  bit  above  what  the  private  con-  lald  make 

it  for  himself."     In  some  cases  that  mighi  be  a  verj-  .  i^.  but  in 

others  he  was  afraid  it  might  mean  something  like  financial  disaster. 
We  could  not  fix  prices,  as  an  engineer  put  it  some  years  ago.  to  »xut 
competition  and  let  the  cost  of  production  take  care  of  itaelf.  Th© 
linking-up  arrangement  he  suggested  was  only  a  temporary  one  to  m«*t 
the  difficulty.  His  own  view  was  that  the  powers  possessed  by  these 
boards  should  go  much  further  later  on  and  would  uh  't,  he 

believed,  in  the  nationahsation  both  of  generation  and  We 

had  heard  examples  of  Government  mismanagement,  and  the  r.  * 

had  been  spoken  about.  With  all  due  deference  he  thought  mu  ..  .  :..c 
criticism  which  had  been  levelled  against  the  telephone  department  was 
unfair  and  unjustified.  The  Government  took  over  the  telephones  and 
the  staff  to  operate  them,  under  circumstances  of  ven."  great  diffi<ulty. 
In  any  case  he  was  not  going  to  believe  that  the  same  staff  -.^  n. 

March  31st,  or  whatever  date  it  was.  were  so  efficient  when  w 
telephones  for  the  telegraph  company  suddenly  became  inefficient  and 
useless  on  April  1st.     On  the  other  hand,  we  had  a  Government  created 
and  organised  within  12  months  turning  out  munitions  on  a  scale  that 
would  have  been  considered  a  miracle  if  it  had  been  pr>    •'  '       '•- 

thought  the  Ministry  of  Munitions  offered  a  splendid  exa 
organisation  could  do.  If  a  Ministry'  could  be  got  compri.siug  thf  i»-st 
brains  in  the  country  to  organise  a  department  in  time  of  war  in  the 
businesslike  way  in  which  that  department  had  been  conducted,  he  saw 
no  reason  why  the  same  brains  could  not  be  got  together  and  the  same 
public  spirit  shown  in  time  of  peace,  in  order  to  organise  and  develop  our 
electricitj-  supply. 


EXPERIMENTS    WITH    FILAMENTS    HEATED     ELEC- 
TRICALLY IN  VOLATILE  UQIUDS.^ 

BY  S.  W.  J.  SMITH,  F.R.S. 

Summary. — The  author,  repeating  some  experiments  by  Mr.  Adden- 
brooke   and  Mr.    Crawley,   discovered   a  striking   ]>honomenon.    viz..  a 
bubble  is  formed  on  a  wire  immersed  in  liquid  whii' 
to  and  fro,  and  if  there  are  loops  in  the  wire  it  '         . 
curious  way.     He  discusses  this  phenomenon. 


I  was  led  to  perform  these  experiments  by  a  statement  made  to 
me  by  Mr.  C.  W.  S.  Crawley  to  the  effect  that,  whoa  a  UW-voIt  1.. 
filled  with  paraffin  oil  is  used  as  a  nvsistanoe  in  a  2lH>-voIt    ■- 
the  bubbles  of  gas  which  form  on  the  filament,  instead  of  : 
once,  run  dowix  the  legs  of  the  tilament  before  they  escape  to  the 
surface  of  the  liquid. 

Attempting  to  reproduce  this  phenomenon,  I  found  that  if  the 
voltage  applied  to  the  lamp  were  reducoil  Ivlow  KX),  so  that  no 
bubbles  formed,  it  was  possible  (by  momentarily  increasing  the 
voltage)  to  obtain  a  single  bubble  upon  the  wire. 

The  behaWour  of  thfs  bvibble  was  most  fascinating  to  watch:  it 
ran  backwards  and  forwards  from  One  tenmnal  to  the  other.  "  loop- 
ing the  loops  "  of  the  filanu'ut  many  times  before  escaping  from  the 
wire  !     Many  other  liquids,   besides  pjirafBn  oil,  j-ield  the  same 

*  Abstract  of  Paper  read  before  the  Physical  Society  of  London. 
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result.     Benzene,    turpentine   andjaniline   may   be   mentioned   as 
examples. 

The  currents  necessary  for  the  production  of  the  bubble  and 
for  its  maintenance  are  higher  the  higher  the  boiling  point  of  the 
liquid.  This  suggests  that  the  bubble  consists  of  vapour  of  the 
liquid,  and  the  inference  is,  in  fact,  usually  correct  except  during 
the  first  heatings  soon  after  the  liquid  is  poured  into  the  lamp.  Then 
there  will  be  a  certain  amount  of  entrapped  air  which  may  provide 
the  nuclei  of  the  earlier  bubbles.  Indeed,  if  a  very  viscous  liquid 
of  high  boiling  point  (such  as  machine  oil)  is  used  it  is  possible  by 
means  of  a  fine  pipette  to  project  a  minute  bubble  of  air  upon  the 
heated  wire.  This  bubble  then  moves  in  the  same  manner  as  those 
formed  spontaneously. 

With  turpentine,  for  example,  it  is  easy  to  adjust  the  current  so 
that  a  fairly  large  bubble  circulates  to  and  fro  for  a  long  time  (a 
quarter  of  an  hour,  for  instance)  without  appreciable  change  in  size. 
Reducing  the  current,  a  similar  steady  state  can  be  reached  with  a 
bubble  of  reduced  size.  If  the  current  be  reduced  below  a  certain 
limit,  however,  the  bubble  disappears. 

These  facts  suggest  that  the  contents  of  the  bubble  are  con- 
tinually changing,  the  constant  size  under  any  particular  gradient 
being  the  result  of  a  balance  between  the  increase  due  to  evapora- 
tion into  the  bubble  and  decrease  due  to  condensation  from  it. 

It  appears  from  a  variety  of  considerations  that  the  bubble  exists 
in  a  region  of  which  the  temperature  changes  rapidly  in  the  direction 
perpendicular  to  the  wire.  At  first  sight  it  seems  possible  that  the 
movements  of  the  bubble  are  due  to  electrical  forces  ;  but,  except 
that  these  may  play  some  part  in  causing  the  bubble  to  cling  to  the 
wire,  it  is  unlikely ^that  they  are  appreciable. 


fe"  The  motion  of  the  bubble  is  not  affected  by  altering  the  direction 
of  the  current.  It  is  produced  equally  well  by  alternating 
current.  It  is  thus  apparently  of  thermal  origin,  and  seems 
to  be  determined  only  by  the  temperatures  to  which  the  current 
is  capable  of  raising  the  wire  and  its  environment.  Keeping  the 
current  as  low  as  ])ossil)l(',  so  that  the  motion  of  the  l)ul)l)l('  is  com- 
paratively slow,  and  the  convection  currents  from  the  heated  wire 
are  not  very  jironounced,  it  is  possible  to  ob.servo  fairly  easily  the 
track  Avhich  the  bui)i)lc  follows.  This  track  is  reiMrsentcd  by  the 
dotted  curves  in  the  ligtiro,  the  continuous  curves  denoting  the  fila- 
ment of  the  lamp.  The  bubble  may  be  said  to  pass  along  the  "upper" 
side  of  each  ekmont  of  the  filament.  In  oilier  words,  it  runs  along 
the  region  in  which  the  connection  of  heated  liquid  from  the  fila- 
ment is  a  mininuim. 

The  author  next  cxamitios  the  forces  acting  on  the  bubble,  and 
considers  that  jjossibly  the  sudden  heating  and  expansion  of  the 
liquid  would  provide  the  necessary  impetus.  At  the  same  time  he 
does  not  exclude  an  explanation  based  on  differences  of  surface 
tension  due  to  dillereuces  of  temperatures  i)et\vccn  the  two  sides  of 
the  bubble. 

The  results  of  some  additional  exi)criinents  on  the  tcniiHTature 
of  wire  and  currents  are  gi\  en  below  : — 


Amperes. 

Volts.                  1  Resistance. 

Temperature. 

2-S5 

2-9r. 

2-2(1  (no  l)nl>l)lo)               0-772 
2-17  (bubble)                     0-7<H 

2-31  (no  bubble)               0-7S.3 
2-26  (bubble)                     0-7(V3 

i(U-nx. 

!t!>-0° 

lOO-S" 
lOl-G" 

To  obtain  the  numbers  in  the  fourth  column  the  liquid  was 
heated  by  an  external  source  to  about  130'C.  It  was  then  allowed 
to  cool  slowly,  being  kept  stirred  meanwhile.  The  resistance  and 
temperature  of  the  wire  were  measured  from  time  to  time.  The 
numbers  in  the  fourth  column  give  the  temperatures  at  which  the 
wire  had  the  resistances  shown  in  the  third  co'.unin. 


SHIPYARD  CRANES  OF  THE  ROTTERDAM  DOCK- 
YARD COMPANY.* 

BY   M.    G.    DE   G ELDER. 

Summary. — The  author  briefly  describes  the  several  crane  systems  for 
the  handling  of  material  over  the  building  slips  at  shipyards  and  gives 
a  detailed  description  of  an  electric  crane  which  may  be  considered  a 
combination  of  the  travelling  tower  crane  and  the  cantilever  crane. 
These  cranes  have  been  installed  at  a  shipjard  in  Rotterdam  and  full 
particulars  of  their  performance  are  given. 


The  nmnbers  in  the  first  and  second  columns  are  currentxS  and 
corresponding  voltages  (mean  values)  obtained.  The  numbers  iu 
the  third  eoluinn  are  the  resistance's  obtained  by  dividing  the  volts 
by  the  amperes  in  each  case. 


Originally  the  shipyard  used  the  ordinary  electric  derrick  masts, 
but  it  was  thought  advisable  to  adopt  a  more  efficient  arrangement, 
because  the  size  of  steamers  to  be  built  was  constantlj-  grooving,  and 
Quick  handling  of  material  was  absolutely  necessary  in  order  to 
arrive  at  a  large  output  with  the  limited  number  of  workmen  available 
in  the  Rotterdam  port. 

Various  systems  of  shipyard  cranes  are  already  in  use,  and  in  the 
Papers  read  on  this  subject  interesting  particulars  have  been  pub- 
lished regarding  them.  In  some  of  the  larger  British  and  German 
shipyards  overhead  cranes  have  been  adopted,  combined  with 
roofed  building  sheds,  but  this  system  is  only  possible  in  exceptional 
cases,  such  as  in  the  building  of  the  largest  vessels.  On  the  other 
hand,  many  British  yards  are  still  adhering  to  the  system  of  derrick 
masts  already  referred  to.  In  view  of  these  facts,  shipbuilders  are 
obhged  to  study  the  problem  carefully  before  taking  a  decision  as  to 
the  system  of  shipyard  cranes  to  be  fitted.  It  is,  of  course,  rather 
difficult  to  design  a  satisfactory  arrangement  between  the  two 
extremes  referred  to.  In  tliis  respect  each  shipbuilder  should  be 
guided  by  his  own  personal  ^'iews  or  experience,  by  special  require- 
ments and  local  circumstances.  As  a  rule,  any  modem  arrangement 
of  shipyard  cranes  will  lead  to  wider  spacing  of  the  building  berths 
than  ordinary  derrick  masts  would  require.  It  is  often  claimed  as 
an  important  advantage  of  such  derrick  masts  fitted  between  the 
uprights  that  they  do  not  take  up  much  space.  It  is  doubtful, 
however,  whether  nowadays  a  large  number  of  narrow  spaced  berths 
really  are  an  essential  advantage.  The  amount  of  money  wasted 
owing  to  want  of  space  is  not  always  realised,  for  surely  in  modem 
industrial  works  plenty  of  clear  groimd  means  a  good  deal  of  saving. 
From  an  economical  point  of  view  it  may  be  better  to  build  eight 
steamers  per  year  on  three  berths  than  to  tum  out  the  same  number 
of  vessels  on  four  berths,  laid  down  more  closely  on  the  same  groimd 
space.  Therefore,  even  if  the  fittmg  of  sliipyard  cranes  requires  a 
strip  of  ground  to  be  left  ojwn  between  the  berths,  thereby  reducing 
the  number  of  berths  possible  over  a  certain  river  frontage,  it  does 
not  follow  that  valuable  ground  is  really  lost. 

It  must  be  borne  in  mind  that  sliip  material  eamiot  always  be  put 
in  place  immediately  when  ready  for  erection.  Every  sliipbuilder 
now  tries  to  rivet  mechanically  on  the  ground  as  many  floors, 
brackets,  girders,  bulkheads.  &c..  as  possible  to  avoid  the  expense 
and  flelay  due  to  riveting  uj)  after  erection.  Apivrt  from  this,  on 
accoiuit  of  the  laying-ofT  system  now  adopted  more  and  more  in 
Ckmtinental  yards,  large  numbers  of  deck,  shell  and  double-bottom 
plates.  \c..  are  ])unche(l  and  machined  before  the  keel  of  a  vessel 
is  actually  laid.  I'luler  these  circumstances  large  quantities  of  ready 
niaterial  have  to  he  removed  from  the  shojis  to  somewhere  in  the 
yanl  near  the  building  berth  before  being  put  up  in  j>osition.  To 
avoid  shitting  siich  material  more  than  once  suflioient  ground  sj>ace 
nuist  be  available  either  in  front  of  or  between  the  berths.  As  it  is 
always  cheajx^r  to  Iransjiort  niateri.'il  by  trucks  alongside  the  lierth 
(on  which  it  is  already  hiaded)  than  by  cranes  over  the  top  of  the 
ve.s8el.  o|>en  ground  s|>ace  alongside  the  l>erth  Ls  certainly  useful. 
On  the  other  h.vnd.  gnuuid  sjiaee  is  kept  .available  in  most  yards  in 
front  of  the  Iwrths  in  aiitiii]»;ttion  of  tlie  building  of  larger  shii><  in 
the  future.  I'nder  these  circumstances,  it  seems  ad^•isJ^ble  to  design 
the  shipyard  cranes  in  such  a  m.inner  that  they  can  lift  material  as 
well  from  the  ground  in  front  as  fmm  alongside  the  ships,  and  so  that 
they  can  dejiosit  this  material  without  further  handUng  to  the 
position  where  it  is  to  W  fitted. 

In  this  n»5ix>ct  derricks  or  mastj<  forming  fixed  electric  tower 
cranes  are  quit«  unsatisfactork*  for  the  following  re,asons :    (a)  To 

*  .\'istr.i»  t  of  n  Paj>cr  rend  at  the  Spring  Meeting  of  the  Institution  of 
Xaval  .\rchitcct«. 
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avoid  more  than  one  lift  of  material  when  ready,  the  material  has 
to  be  transported  at  once  in  way  of  the  crane  overreaching  the  part 
of  the  vessel  where  such  material  is  to  be  fitted,  which  in  practice 
may  often  cause  much  trouble  ;  (h)  if  such  cranes  are  used  alter- 
natively for  two  berths  next  to  these  cranes,  the  ground  space  which 
must  be  kept  open  between  the  two  berths  for  the  material  referred 
to  reduces  the  working  radius  of  the  cranes  on  one  side  by  at  least 
the  width  of  this  open  ground  space  ;  and  (c)  several  cranes  over- 
lapping each  other  are  necessary  to  enable  the  cranes  to  bring  the 
material  to  the  part  of  the  ship  where  it  is  required.  Two  berths  for 
vessels  of  about  360  ft.  length  would  require  four  cranes  ■with  long 
jibs,  and  the  cost  of  these  cranes,  including  foundations,  would 
amount  to  £8,000,  which  would  be  still  far  from  satisfactory. 

Although  such  cranes  have  been  fitted  in  several  yards,  the  idea 
of  adopting  this  principle  was  rejected  at  once  on  account  of  the 
above  considerations.  Complete  plans  and  estimates  were,  how- 
ever, made  for  overhead  travelling  cranes  covering  not  only  the  full 
width  of  the  berth,  but  also  20  ft.  of  ground  space  reserved  for 
depo.siting  material  alongside  the  berth  ;  but  the  cost  of  this  arrange- 
ment was  found  to  be  much  in  excess  of  the  cost  of  cranes  as  finally 
adopted. 

Transportable  tower  cranes  running  alongside  the  berths  were  also 
considered,  but  found  not  quite  suitable.  In  the  first  place,  the 
berths  at  the  Rotterdam  company's  shipyard  are  purposely  made 
sloping  over  a  distance  of  about  300  ft.  from  the  ordinary  low-water 
level  on  the  river  side  up  to  the  ground  level  of  the  shops,  which  is 
above  the  liighest  spring  tide,  so  as  to  reduce  the  height  of  the  keel 


Fio.  3. — Ck.\ne  a.nu  Elkv.vtki)  Klnway. 

blocks  at  the  fore  end  of  the  vessels  building.     On  this  sloping  part 
the  lowiM-  cranes  couM  not  travel  safely  if  th(>  rails  wore  sinii)ly  hud 

on  the  ground.  ,       „,  .  ,•  i 

The  weight  of  such  cranes,  wlicn  of  suflicKMit  dimensions  and 
c-iiiueitv  is  about  80  to  100  tons,  whilst  tlio  weights  to  be  haiulled 
ure  mostly  only  1  to  2  tons,  and  it  is  not  economi.-al  to  have  such 
heavy  cranes  constantly  running  for  hhifting  light  material.  ( "ranes 
of  the  cantilever  tviu>  are  more  satisfactory:  l)ut  it  nui.st  be  a 
serious  disadvantage  of  this  system  that  it  is  necessary  to  shift  the 
entire  crane  for  the  slightest  adjustment  iii  the  i)osition  of  the 
material  which  has  to  bo  put  in  i)laee. 

The  above  considerations  guided  tlie  author  in  designing  a  system 
of  shii)vard  cranes,  which  may  be  eonsichTcd  a  combination  of  the 
ideas  embodied  in  the  travelling  tower  crane  and  the  cantilever 
crane  The  cranes.  sui.i)lie(l  by  the  Haariemscho  Machinefabnek. 
of  Haariem.  are  of  the  all-roun<l  swinging  tyiK-.  and  run  alongside 
the  berths  on  top  of  lattice  girders  sui),H.ited  by  columns.  he 
cranes  can  lift  3  tons  at  tlie  extn-me  end  of  the  arm— i.e.,  with  .i 
radius  of  22  metres  (72  ft.)  from  the  ceiiliv.  7J  tons  with  a  radms  of 
0  metres  (2!)  ft.  G  in.),  and  intermediate  weights  between  these  limits 
These  intermediate  weights— for  instance,  6  tons  at  a  radius  of 
13-5  metres  (44  ft.  3,^  in.)-  an  painted  on  the  arms  at  the  corres- 
ponding radius,  and  in  the  operators  cabin  a  siwcial  meter  is  placed 


marking  the  weight  lifted  (instead  of  the  amperes  used),  so  that  the 
operator  may  notice  at  a  glance  whether  it  is  safe  to  lift  a  certain 
load  at  the  required  radius.  This  safety  check  was  considered 
necessary,  as  ordinary  shipyard  men  are  often  far  out  when  estimat- 
ing weights  of  certain  material  to  be  lifted.  The  cranes  were  tested 
•with  10  per  cent,  overload.  The  hoisting  speed  is  h  metre  (20  in.) 
per  second  for  3  tons,  ^  metre  (13  in.)  for  5  tons,  and  ^  metre  (10  in.) 
for  a  load  of  7^  tons.  The  horizontal  travelling  speed  is  1  metre 
(39  in.)  per  second,  and  the  swinging  of  the  crane  through  360  deg. 
requires  only  35  seconds.  The  travelling  speed  of  the  troUej'  on  the 
arm  is  ^  metre  (20  in.)  per  second.  The  motors  for  hoisting,  travel- 
ling, receiving  and  traversing  are  all  designed  for  440-volt  cpntinuous 
current,  and  have  a  capacity  of  27,  1.5,  15,  4  h.p.  respective!}-.  The 
crane  gauge  is  6-25  metres  (21  ft.),  and  the  weight  of  the  unloaded 
crane,  including  ballast,  is  34  tons,  equal  to  8-5  tons  per  wheel.  The 
pressure  of  the  wheels  on  the  girders  may,  however,  be  considerably 
increased  by  the  wind  pressure  on  the  cranes.  Plan  and  elevations 
of  the  cranes  themselves  are  shown  in  Fig.  1  and  the  arrangement 
of  the  building  slips  is  shown  inset  in  Figs.  2  and  3. 

It  was  assumed  that  the  cranes  should  be  capable  of  working  with 
a  wind  pressure  not  exceeding  10  lb.  per  square  foot,  as  hea\-y  storms 
would  make  it  in  any  case  impossible  to  use  the  cranes.     Even  with 
such  a  wind  pressure  it  is  not  practicable  to  use  cranes  of  any  descrip- 
tion owing  to  the  great  danger  with  the  material  swinging  about. 
The   wheel   pressures   have    been   carefully   calculated   in   various 
positions  of  the  crane,  with  the  maximum  load  combined  with  wind 
pressure  of  10  lb.  per  square  foot,  and  also  in  a  certain  position  of  the 
unloaded  crane  with  a  wind  pressure  of  401b.  per 
square  foot  (the  maximum  which  may  possibly  be 
expected).     The  author  found  that  in  the  most 
unfavourable  position  of  the  loaded  crane,  with 
a  wind  pressure   of  10  lb.  per  square   foot,  the 
pressure  on  the  two  wheels  running  on  the  same 
girder  would  be  11-5  and  17-6  tons  respectivelj*. 
When  the  wind  pressure  rises  to  40  lb.  per  square 
foot  the  wheel  pressure  will  be  17  tons  on  each  of 
the  two  wheels,  but  in  this  case  the  cranes  are 
always  standing  above  the  columns.     The  steel 
structure  has  been  calculated  to  carry  two  cranes 
working  as  close  to  each  other  as  possible,  in  any 
position  between  two    columns   under  the  most 
unfavourable  circumstances,  as  referred  to  above. 
As  long  as  the  wind  pressure  does  not  exceed  101b. 
per  square  foot,  the  two  cranes  can  consequently 
lift  in  any  position  required   a   total  weight  of 
i;  iDUs  with  a  radius  of  22  metres  (72  ft.),  and  at 
smaller  racUi  wciglits  up  to  15  tons.     Taking  into 
account  the  length  of  the  crane  arms  when  they 
extend  beyond  the  ends  of  the  girder  path,  there 
is  a  length  respectively  of  about  418  ft.  and  593  ft. 
within  reach  of  the  cranes.      The  arms  of  72  ft. 
working  radius  j^roject  63  ft.  outside  thecolunms. 
Allowing   0  ft.  for  the  uprights  and  free  space 
between    shell    and    uprights,  the  crane  on  the 
shortest  girder  can   entirely  overreach  a  ve.ssel 
of  about  370  ft.  in  length  and  54  in  width,  or,  say, 
of  6,300  tons  dead  weight. 

If  two  cranes  are  running  on  the  same  girder, 
it  is  essential  that  the  railway  on  the  groimd 
space  should  extend  at  least  about  half-way 
down  th(>  berths,  .so  as  to  avoid  the  one  crane  interfering  with  the 
working  of  the  other.  In  this  case  the  crane  on  the  riverside  is.  of 
course,  to  be  u.sod  chiefly  for  the  after  part  of  the  vessel,  and  the 
material  for  this  part  must  be  deposited  as  far  down  the  l>erth  as 
pos.sible.  To  discharge  hUch  material  from  the  trucks,  small  cranes 
have  bjen  fitted  on  the  columns  of  the  steel  structure,  the  hoisting 
nijK's  of  which  can  W  w(>rk»>d  by  electric  winches  fitted  between  the 
bertlus.  Tj)  to  the  present  these  cranes  liave  practically  never  been 
used,  as  the  electric  shipyanl  cranes  have  had  time  available  for 
di.scharging  the  trucks  also. 

After  a  year's  ex]H>ritnce  it  was  found  that  one  crane  as  described 
is  quite  sufficient  to  transi>ort  all  the  material  required  for  the  build- 
ing of  a  fi.OOO-ton  steamer,  about  .360  ft.  long,  and  that  such  a 
steamer  can  l>e  launche<l  practically  complete  for  delivery  within 
four  months  after  laying  the  kwl  :  this  comjMkres  favourably  .with 
any  foreign  record.H.  To  build  two  such  steamers  simultaneously 
on  two  adjoining  Inrths,  one  steel  structure  with  two  cranes  would 
lie  quite  sufficient.  If  a  yard  ha<l  to  lie  laid  out  for  building  steamoHB 
of  this  size  only,  it  would,  consequently.  l>e  advisable  to  adopt  tha 
following  arrangement — viz.,  onf  lx>rth.  one  steel  structure  with  two 
cranes  :  for  Inn  l>erths.  one  steel  structure  with  two  cranes,  and  so 
on.  For  two  such  berths  the  approximate  cost  will  l>e  £5,75(»  coin- 
plete.     This  initial  cost  comiwrcs  favourably  with  other  systems 
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of  shipyard  cranes  of  similar  efficiency.  The  general  arrangement 
adopted,  as  shown  in  Fig.  2,  is  somewhat  different  from  the 
arrangement  as  suggested  above.  This  is  due  to  the  fact  that  the 
berths  are  made  for  various  sizes  of  vessels. 

Taking  into  consideration  the  possible  width  of  70  ft.  of  steamers 
which  are  550  ft.  long,  the  arms  of  such  cranes  would  have  to  be 
much  longer  than  those  of  the  crane  as  described  above.  The  weight 
of  such  cranes  and  of  the  steel  structure  would  have  to  be  increased 
considerably,  and  the  cranes  would  be  more  difficult  to  handle.  For 
this  larger  type  of  vessel  the  author  preferred  to  adopt  the  arrange- 
ment of  a  steel  structure  next  to  each  berth,  with  two  cranes  of  the 
type  as  described  above  running  on  the  same  structure.  These 
cranes  will  not  fully  overreach  the  berth,  but,  of  course,  the  part  of 
the  ship  not  covered  by  the  cranes  of  the  one  structure  will  be 
covered  by  the  cranes  of  the  next  structure,  as  the  cranes  of  the  two 
adjoining  structures  will  then  overlap  each  other.  With  reference 
to  this  overlapping,  it  is  advisable  to  make  the  cranes  on  different 
structures  of  different  heights  above  the  ground  level,  and  the  height 
of  the  various  crane  hooks,  arranged  to  suit  the  size  of  the  vessels 
to  be  built  on  the  various  berths,  are  given  by  the  author. 

Of  course,  it  may  be  possible  that  the  height  would  not  be  above 
the  highest  point  of  the  vessel  on  the  berth,  especially  of  large  pas- 
senger ships  ;  but  it  is  not  absolutely  necessary  that  the  highest 
parts  of  light  superstructures  should  be  erected  by  the  cranes.  It 
would  not  seriously  affect  the  price  to  increase  the  height  of  the 
cranes,  but  for  the  sake  of  easy  handling  it  is  inadvisable  to  make 
the  crane  heavier  than  is  absolutely  necessary. 

The  author  has  had  a  fair  opportunity  of  ascertaining  the  direct 
saving  in  wages  due  to  the  shipyard  cranes  by  building  two  sister 
vessels  of  about  6,000  tons  on  the  same  berth  and  under  exactly  the 
game  circumstances,  with  this  difference  only,  that  the  first  ship 
was  built  previous  to  fitting  the  cranes  and  the  second  ship  imme- 
diately after.  The  direct  saving  obtained  amounted  to  6  per  cent. 
At  first  sight  this  saving  may  not  look  very  important,  but,  of  course, 
apart  from  this  direct  saving,  there  are  indirect  savings  which  are 
rather  difficult  to  estimate.  Although  the  piecework  rates  for 
riveting  are  not  changed,  the  cost  of  riveting  is  reduced  on  account 
of  the  fact  that  the  cranes  allow  parts  to  be  riveted  up  hydraulically 
on  the  ground  before  being  lifted  in  place.  Another  important 
factor  is  that  the  engineers  can  now  put  in  place  all  their  auxiliaries 
and  shafting  previous  to  the  vessel  being  launched,  thus  obviating 
great  delay  and  inconvenience  in  completing  the  vessels  at  the 
finishing  berth. 

Finally,  there  is  the  important  saving  in  time  of  building.  For 
the  6,000-ton  vessels  referred  to  above,  built  under  similar  circum- 
stances, the  time  for  the  second  ship  was  reduced  from  five  to  four 
months,  which  means  an  increase  of  output  of  25  per  cent,  and  a 
considerable  reduction  of  the  amount  of  the  general  expenses  to  be 
charged  up  to  each  vessel,  apart  from  the  fact  that  the  time  of 
delivery  which  may  be  quoted  often  affects  the  contract  price  which 
may  be  obtained. 

As  an  actual  fact,  it  may  be  mentioned  that  within  18  ordinary 
working  days  after  the  first  keelplate  was  laid  down,  all  the  remaining 
keelplates,  the  bottom  plating  in  way  of  double  bottom,  the  entire 
double  bottom,  including  centre  girder,  intercostal  floors,  margin 
plates,  tank-top  plating,  all  the  frames  from  collision  bulkhead  to 
after  peak  bulkhead,  two  complete  side  stringers,  and  all  bulkhead 
wing  plates,  also  60  shell  plates  and  various  strong  beams,  all  for  a 
•  6,200-ton  deadweight  cargo  steamer,  have  been  erected  in  place  by 
the  use  of  two  cranes  as  described  above. 

As  a  practical  resiilt  of  the  increased  output  due  to  the  shipyard 
cranes,  the  pneumatic  and  hydraulic  riveting  plant  had  to  be  en- 
larged, additional  shipyard  machines  and  frame  bending  furnaces 
had  to  be  added,  and  finally  the  engineering  department,  which  had 
previously  been  always  ahead  of  the  shipbuilding  department  with 
reference  to  delivery,  required  a  good  many  new  machines  to  keep 
pace  with  the  shipbuilding  after  the  installation  of  the  cranes.  These 
extra  requirements  of  practically  all  the  branches  of  the  works  afford 
the  best  evidence  of  the  efficiency  of  the  shipyard  cranes.  This  in 
itself  is  very  satisfactory,  but  it  clearly  proves  that  when  making 
an  important  improvement  in  a  certain  branch  of  his  works  a 
manager  cannot  reap  the  full  benefits  unless  he  can  also  afford  the 
additional  expense  of  the  consequential  improvements  required  m  all 
the  other  branches. 


Engineering  Institutions  Volunteer  Engineer  Corps.— We 

are  informed  that,  as  desired  by  General  Sir  O'Moore  Creagh, 
the  corps  has  now  joined  with  the  4th  Battalion  Central  London 
'Regiment  (Architect's  Corps)  to  form  the  1st  London  Engineer 
Volunteer  Corps.  The  identity  of  the  corps  will  be  preserved, 
and  the  funds  will  also  remain  separate. 


TRANSFORMER  DESIGN. 
{Concluded  from  p.  149.) 

BY  F.  M.  DEXTOK,  A.C.O.I. 

Summary. — A  general  discussion  a  given  of  the  oAtare  of  the  problem 
of  transformer  design,  and  the  author  ivtH  out  Amold'i  metJiod  of  dftifn 
for  constant  potential  transformers.  He  th«-n  ih-a,ln  with  the  eooditMHM 
ensuring  maximum  electrical  and  commerr-ia!  liaeoMMtha 

advisability  of  designing  jKmer  transformer  .,ft.     A  nila 

is  developed  bj  the  aid  of  which  designs  of  |<ower  transformers  m»y  be 
based  upon  commercial  efficiency  rather  than  uf)on  minixuum  cort.  The 
author  then  gives  an  outline  of  the  method  of  design  propo«ed  by 
Arnold  in  1910  and  a  comparison  of  Arnold's  later  and  eariier  methods. 
Comparative  designs  are  worked  out  and  a  schedule  is  given,  beaed  upcB 
Arnold's  method  of  1904. 


Design  of  a  500-KVA  60-cycle  6,000 fUO-voU  Star-ccmneeUd 
Three-phase  Transformer. — The  transformer  will  be  in  oil,  and 
water-cooled,  a  corrugated  iron  container  being  used. 

The  line  voltages  being  6,6(KJ  and  440  volts,  the  transformer 
must  be  designed  for  3,810  and  254  volts  per  limb,  whilst 
the  primary  and  secondary  currents  on  full-load  will  be  about 
44  amperes  and  660  amperes  re.spectively. 

As  a  Power  Transformer  the  design  is  as  follows  : — 

Using  stalloy  18  mils  thick,  let  J5  =  13,000  lines  per       B=  13,000 
square  centimetre.  iri=2-88 

For  this  density  the  loss  in  the  iron  at  50  cycles  will  be      At/em.  =9-76 
M-]=2-S8  watts  per  kilogramme,  and  the  magnetising 
ampere-turns  per  centimetre  9-76. 

Assume  — =4  and  let  s  be  1-.54  amperes/sq.  mm. 


1  B£k 

C= =483.     Assume  7=70 

y  s  £e 


0  =  106 


yKVAxC  _ 
44-4x/x»ft~ 


602x106 


Q=  0/5=463  sq.  cm. 

Use  a  rectangular  section  of  core  and  rectangular  coils. 
With  two  ducts  each  1  cm.  wide,  the  cross-section  of  the 
core  may  be  made  31  cm.  deep  by  17-5  cm.  wide 

(31-2)  0-9  X  17-5=463 

128C^£ 
Specific  cooling  surface= =  12-3  sq.  cm. /watt.      I 

'o 

Ampere-turns  per  phase=Iiti— — =12,500. 

Ampere-turns  per  centimetre.     Assume  .45=370. 

2/,<, 

Height  of  window  :  h= =67-6  cm. 

AS 

6,000  to  7,000 
Specific  cooling  surface  of  coils = =  12 


£.=4 

»=l-.>t 

C=483 
7=70 

0=602  xlO« 
^=463 


n 

I 


.15x5 


4/,^ 


Width  of  window=a=~ =  14-1  cm. 

Flux  density  in  yoke=B=13,000 
Weight  of  iron : 

Cores  =3x7-8x6-76x4-63=730kg. 

Yokes=2  X 7-8  x 8-67  x4-63  =  625  kg. 

G,= 1,355  kg. 

1,355 

Ei=- ^=2-71  kg./A'r.4. 

500 

Total  iron  loss  :  1,355x2-88=3,900  watts. 

Method  of  winding  :  Rectangular  coils  ;  primary  out- 


7i<j= 12,500 
JS=370 
A=67-6 

o=141 


Oj  =  1.355 
£.=2-71 


ir,=3,90O 


^ide. 


O 


Primary  turns  per  phase  :  /i  =  — —  =-8/. 

440 
Secondary  turns  :  <o  =  — ; — x  287  =  19-1  — 19 
^  "    6.600 

^'.•500     ,„_ 

Current  densities  :  Try  Si=l-o  and  53=1-6 
ji=^=29-33=(lx29)sq.  mm. 

/ 
y,=  — =413=4(3-5  X  30)  sq.  mm. 


Secondary  winding 


/440      ,      \ 


tt=l9 

(,=285 


g,=420 

5^=1-52 
a,=I-57 
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Use  2x2  (3-5  X  30)  sq.  mm.  bare  copper  tape,  arranging 
the  tape  concentrically,  and  insulating  with  J  mm.  press 
pahn    tape    between    the    paralleled    turns.     Separate 
adjacent  turns  by  a  3  mm.  air  space. 

Mean  length  of  secondary  turns  : 

Z2=2x31+2xl7-5+27rx2-25=lll  cm. 

440 
Voltage  between  adjacent  turns =—7:::^ =  13-4  volts. 

V3xl9 

Between  primary  and  secondary  windings  leave  15  mm. 
air  space,  and  let  the  primary  be  wound  upon  a  pajKjr 
cylinder  7  mm.  thick. 

/6,600 

(vr  ™" 


Primary  winding : 


.) 


Wind  the  285  turns  in  bare  copper  tape  1  mm.  x  29  mm., 
separating  the  turns  with  ^  mm.  presspahn  strip.  Wind 
in  16  coils,  13  having  each  18  turns,  and  3  having  17  turns 
Overwind  each  coil  with  three  layers  of  half -overlapped 
cotton  tape.  Between  coils  place  a  5  mm.  ring  of  press- 
pahn. At  the  top  of  the  winding  have  a  ring  of  press- 
pahn 9  mm.  thick,  and  at  the  bottom  a  ring  of  wood  34  mm. 
thick. 


Mean  length  of  primary  turns  : 

2x31-f2xl7-5+27rx6-4  = 


Voltage  between  adjacent  tum8= 
44x285-f660xl9 


=  137  cm. 

6,600 


Check  AS-. 


Check  fic  = 


67-6 
2{(285x29)-f(19x420)} 

141  X  67-6 


-\/3x285" 
370 


=  13-4volts 


=0-34 


At  this  point  the  actual  value  of  7(  =44  —  )  should  be 

compared  with  the  value  (70)  assumed  at  the  outset. 
We  have 

volume  of  iron  1,355 

Li= ~~ = =125  cm. 

mxQ  7-8x3x463 

125 
7=44  X  —  =44-4 
124 

This  differs  .so  greatly  from  70  that  the  design  will 
surely  fail  to  prove  the  best  possible,  and  the 
designer  should  begin  all  over  again,  clioosing  a  much 
lower  value  for  AS  or,  ))robably  bettor  still,  choosing 
lower  vahies  both  for  7  and  for  A,S.  The  figures  given  in 
column  (3)  of  the  ])arallel  columns  summarising  this 
design  show  the  result  of  giving  7  the  value  44,  and  AS 
the  vahic  300.  It  will  be  noticed  that  the  transformer 
thus  olitaiiicd  has  l)etter  regulation  than  the  first  one, 
and  lias  about  the  same  price  and  efficiency. 

'J'he  figures  in  columns  (2)  and  (3)  illustrate  an  im 
portant  point.     It  will  be  noted  that  in  each  of  these 
two  designs  the  actual  value  of  7  is  appro.ximately  the 
eame  as  the  assumed  value,  and  that  in  each  case  the 


condition  lor  minimum  cost  -7-  =  — 

A  u     £»■ 


has  been  approxi- 


mately fulfilled.  Similar  current  and  flux  densities  have 
been  used,  and  a])|)r()xiiua1cly  i-(|ual  cleetrical  ellicieiicies 
have  been  ohtaiiicd.  yet  the  transformer  of  column  (3)  is' 
cheajM-r  tliaii  tliat  of  eolunin  (2).  As  both  designs  liavcj 
been  logically  worked  out,  following  Arnold's  method 
which  is  supposed  to  lead  to  tlie  cheapest  ])ossil)]e  design, 
how  does  it  come  that  the  transformer  of  column  (3) 
costs  less  tlian  tliat  of  cnlimiii  (2)  ?  The  answer  is  that 
Arnold's  melliod,  like  all  praeticalile  metiiods.  leaves  tlie, 
choice  of  the  type  and  sha])e  of  the  transformer  to  the 
discretion  of  the  designer.  In  column  (2)  a  tall,  narrow! 
type  has  been  chosen,  leading  to  an  excessive  amount  of 
iron,  whilst  column  (3)  refers  to  a  ly|x^  liaviiig  ln'ttor 
relative  ])ro]K)rtioiis. 

The  first  design,  in  wliicli  7  was  assumed  e(jiial  to  70; 
will  now  be  comjileted,  both  as  lui  exam])l.>  of  llie  methodi 
and  for  com]»arison  with  the  alternative  designs,  of 
which  the  residts  only  are  given. 

Effective  rcsi^ilaiir"  per  phase  : 
_kU^  +0-004r)  ?i<t     1-15 X 2 X I0-« X  137  X 285 

'^~       5,700  fl.  ~  29 


?,=111 


=0-309  ohm. 


M5x2xlO-«Xlll  Xj9 

•120 


=0-001 K)  ohm. 


Primary  copper  loss  per  j»/)/7.yc  =  /,*ri  =  598  watts. 
Secondary  copper  loss  j)er  phase  =  /  jVj=602      „ 

Total  copper  loss  per  phase     1,100      „ 
Total  eoi>|>.>r  loss  =3,300  watts. 


Z2  =  lll 
^1=137 


.45=370 


=0-34 


i,  =  125 


Li=124 


7=44-4 


r,  =  0-31 
r,=0-0011G 

IT*  =3.300 


Weights  of  copper : 
G^.j  =  8-9  X  10-5  X 285  X  137  x  29=       101-0  kg. 
6'i-2=8-9x  10:5x19x420x111=         78-7   „ 


Total  &'i.=3x  179-7 
=      540-0 


.540 


Z„= — =108  kg.  per  KVA. 
"500  ^  ^ 

Cooling  method  :   Use  a  corrugated-iron  case. 
Use  2-75  kg.  of  oil  per  /Cr.4  =  1,375  kg.  oil. 
S.G.  of  oil  0-89.     Volume  of  oil  1,550  htres. 
Volume  of  transformer  :  about  350  litres. 
Try  total  oil  depth  of  2  metres. 
Length  of  waier  pipe  : 


,     Wi+Wk 
L= a-- 

Trd 


3,900+3,300 


=4,200  cm. 


WX3-0 

cm.  per  watt,  and  using  copper 
7-5  mm.    bore.     Volume   of 


taking  for  "  a  "  5-5  sq. 
tube    1-25  mm.   wall,   and   2 
tube  will  be  about  30  litres. 

Area  of  oil  surface  will  be  about  8,800  sq.  cm 

Water  required  : 

50to80(Tr,-+Tri)10-3     __7-2 

=  /o  — =  12  htres  per  mm. 


G'*=540 


^„=l-08 


T 


45 


Lf>sses  and  efficiency  :  At  full  load  (cos  0=imity)  the 
sum  of  the  losses  will  be 

Tri+Tf;i.  =  7,200  =  1-44  per  cent,  of  500  kw., 
and  the  efficiency  will  be  100  —  1-44  =  98-56  j)er  ■^Gr\t. 

Ko-load  current  :  The  iron  of  the  two-window  type  of 
three-phase  transformer  being  uinsymmetrical,  two  of  the 
three  phases  require  different  no-load  current  from  the 
third.  As  this  difference  is  u.sually  smaU  the  following 
method  of  taking  an  average  of  the  currents  for  the  three 
phases  is  sufficiently  accurate  for  ordinary  purposes, 

There  are  three  magnetic  circuits,  one  embracing  each 
window  and  the  thiid  passing  around  both  windows ; 
these  win  be  called  the  short  path  and  the  long  path 
respectively. 

The  ampere-turns  for  the  short  path  are  : 
For  the  iron  224-4x9-76  =  2,100  ampere -turns, 
For   four   butted   jomts=0-85    jS=0-8  x  0-02  x  13,000 
=208    ampere-turns.       Four    butted    jomts    are    here 
reckoned  equivalent  to  an  air-gap  0-02  cm.  long 
2,190  +  208  =  2,398  ampere -turns. 

The  primary  susceptance  (defining  susceptance  as  the 
quadrature  component  of  the  no-load  current  due  to  1  volt 
applied)  will  be 

2,398 


K=9»o6 

per  cent. 


:l-042x  10-3  mho. 


=0-897  X  10-*  mho. 


whilst  the  primarj-  conductance  is 
_J\\  3.900 

^''^wfii«^3x(3,8I0)«" 

whence,  if  all  the  paths  were  short  ones  the  no-load 
current  would  be 

^o  =  ^iVV+¥?=3-98  amperes 

The  amjKre-turns  for  the  long  jyath  are  : 

For  the  iron  281-6  x  9-76=2,740 

For  the  joints  208 


6„=l-042xl0 


^0=0-897x10 


-3 


Total      2,948  ampere -turns. 

Whence  6^=  1-28x10:3  mho.,  whilst  (/^  is.  as  before. 
0-897  X  10:*,  "»«J  if  ftll  the  paths  were  long  ones  the  no- 
load  current  would  be 

/o=3.810\/(r28  V  10-'>)*+(0-897  x  10-*)»=4-89amiK<rrs, 
There  an.  however,  two  short  paths  and  one  long  one,  so 
tliat  the  average  no-load  current  will  W  about 


4-3 


2x3-98+4-89 


44 
Voltage  drop  : 


=4-3  amperes. 
9-8  iK-i  cent,  of  full -load  current. 


>VcKapp:  "Transformers." 
Percentage  inductive  drop— 0-1-- '      (fc+  -* — ~*)    , 


y=2S5  -  44xlO-V-12-.'> 
Oine»t.=''02,  6=2-2,  n,  =  l-4S,  a,=2-3.'>. 

/,+/. 


/o=4-3 


=124.  /=«3-5. 


Per  cent,  inductive  drop  =  1-41  jior  cent. 

Vv     1-41  X  3.810 
Leakage  reactance  =7-  =  —— — —— —  =  1  -23  ohms. 

1 1         44x100 


T,=l-23 
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Short-circuit  resistance. 


(/285\* 
0-31+00016( 


V  19 
=0-571  ohm. 


Impedance   voltage=I{\/  Ms^+Xg^=59-i  volts. 


Percentage  reactance  drop  =  100 


IlXs 

I,R, 


=141  per  cent. 


Percentage  resistance  drop  =  100 =0-66  per  cent. 

-^1 


Percentage  impedance  drop  = 


lOOIiVHs'+Xg^ 


E, 


=  1-56  per  cent. 


i?,=0o71 


As  a  lighting  transformer  the  design  would  be : — 

Specified  efficiency  about  98i  per  cent.,  the  iron  loss 
not  to  exceed  0-5  per  cent. 

Using  stalloy  18  mils  thick,  let  5  =  8,000.  For  this 
density  the  loss  at  50  cycles  will  be  w!j=l-19  watts/kg., 
and  the  magnetising  ampere-turns  per  centimetre  1-6. 

Weight  of  iron,  E^,=^^'=^^^J'=4.■2  kg./XF^ 
Wi         1-19 


Weight  of  copper,  Ku= 


Ei 


4-2 


U    046x4 
046£- 


=2  28kg./£:F.4 


Current  density,  5=1-96    /  —  =1-3, 

O ifEi\^Bfk  _lx3-38x 8,000x0-34 


35x1-3 


=202. 


Flux 


,   ^=,0^^J^IA2^  =3-96  xlOe. 

'    44-4  x/xm 


^=98-5% 
Wi=0-5% 

5=8,000 
w,  =  l-19 
At/cm.  =  1-6 

Ei=4:-2 

Ku=2-2S 

5  =  1-3 


A=0-34 
/3  =  35 

C=202 


$=3-9x106 


From  this  point  the  steps  in  the  design  are  similar  to 
those  for  the  power  transformer.  For  the  purpose  of 
comparison  corresponding  dimensions  in  the  power  and 
lighting  designs  are  shown  in  parallel  columns  in  Table  III. 


^  Figs.  1,  2,  3  and  4  show  the  relative  proportions  of  the  trans- 
formers dimensioned  in  columns  1,  2,  3  and  4  respectively. 

(2) 


(1) 


.-£:- 


.^il 


Table  III.— 500  KVA   »)  a* 6.600/440  eoU  Tkrtt-phut  Tran^.^mtr. 


Quantity. 


SjTnbol 


Pbww. 

H 1- 


I 


7     "0 
AS     .JTi) 


j^     LighUng. 


Flux  density  in  lines  per  sq. 

centimetre 
Total  iron  loss  in  watts  per 

kilogramme 
Ampere -turns  per  centimetre 
Current  density  in  amperes 

per  sq.  millimetre 

Flux  per  ampere-turn 

Total  flux  in  core 

Cross-section  of  iron  of  corel 

in  sq.  centimetres  I 

Primary    ampere -turns    perj 

phase 
Ampere -turns    per    cm.    of 

height  of  window  i 

Height  of  window  in  cms , 

Overall  width  in  a  window! 

occupied  by  winding  in  cm 

Total  iron  weight  in  kgs 

Total  watts  iron  loss 

Primary  turns  per  phase.... 
Secondary  turns  per  phase. 
Cross-section  of  primary  con- 
ductor in  sq.  mms. 
Cross-section    of    secondary 

conductor  in  sq.  mms. 
Current  density  in  primary . 
Current  density,  secondary. 
Mean  length  of  primary  turn 

in  centimetres 
Mean    length    of    secondary 

turn  in  centimetres  jj 

Copper  space  factor 

Resistance    of   primary   per 

phase  in  ohms 
Resistance  of  secondary  per 

phase 

In.  ' al  watts  copper  loss 

Weight  of  copper  in  kgs 

Percentage  elec.  efficiency  .. 
No-load  current  in  amperes 
Short-circuit  reactance,  ohms 
Short-circuit  resistance, ohms 
Percentage  impedance  drop 

on  full  load 
Constant  depending  on  type 

of  transformer 
Constant  depending  on  type 

and  rating  of  transformer 
Ratio   of  cost   of  copper  to 

cost  of  iron  per  kg. 

Ratio  Ei/Ku     

Total  cost  of  transformer  in 

arbitrary  units 


B 

Wi 
At/em. 

9 


(1) 
13.000 

2-88 

9-76 
1-54 


c 

483 

(D 

6-02  xlO* 

Q 

463 

AS 

h 
a 

Oi 
Wi 

9i 

?2 


'l 


Wk 

Gk 
V 

I. 

Xs 
Bs 

y 
£k/£i 


12,.-)00 

370 

67-6 
141 

1,355 

3,900 

285 

19 

29 

420 

1-52 
1-57 
137 

111 

0-34 
0-31 

0-00116 

3.300 

540 
98-560^ 

4-3 

1-23 

0-57      I 
1-56%      j 

Assumed  70  i 

Actual     44 

Assumed. 

Actual. 

4    : 

2-5 

100      I 


(2) 
13.0<X» 

2-88 

9-76     • 
I  54 

483       I 
6-02  /  10* 
463 

12..VXJ    , 

200 

125 
7  6.3 

1,880 

5,410 

285 

19 

29 

420 

1-52 
1.57 
128 

lll9 

0.34 
0-29 


i3) 
I3.<jrj0    . 

2-88 

9-76 
154 

768 

7  62  y 10* 

586 

10,0<M) 

300 

67 
11-4 

1.730 

4.!"yt 

22.3 

15 

29 

42<J 

1.52  ' 
1-.57       i 

147  I 
I 

123 

0-34 
0-262 


000114  I   0-001 


3.180 

515 
98-280^ 

5-9 

0-5 

0-55 
0-87% 


70 
65 


3-7 
114 


2,844 
4&4 
98-440o 
5-5 
081 
049 
l-09<>o 

44 
41 


4 

3-7 
102 


(4) 
8.000 

119 

!•« 
1-3 

302 
3  9  y  10« 

488 

19.300 

370 

104 
16-8 

1.901 

2,262 

435 

29 

35 

4S0 

125 

137 

142 

115 

0-34 
0-4 

0-0016 

4.410 

1.000 
98-670^ 

0-*2 

0-88 

0-76 
l-3oo; 


35 
34 

4 

1-9 
16S 


Table  Showing  Vahies  of  y  {=44U'lk)  for  Transformers  Conslnicttd 

with  Alloyed  Iron. 


KVA 

/ 

m 

Type. 

vjv,      1 

7 

21 

50 

3 

Core 

2.100  2.">0 

60 

200 

42 

3 

Core 

i:i  00  20-^ 

45 

420 

50 

3 

Core 

40.5<Kt  .l.V) 

mt 

700 

42 

3 

Core 

30.0tH>  545 

.-H> 

1,100 

42 

3 

Core 

34.(>00  510 

4-2 

3,060 

50 

3 

Core 

55,000,5,000 

«2 

{ ) 


(4) 


SCHEDULE  FOR  TRANSFORMER  DESIGN. 
According  to  the  method  given  in  "  Die  Wochst^ktromtcchnik"  of  E. 

Arnold  and  J.  L.  la  Cour  (1004  eilition). 
Given : 

phase  transformer  iTT-^,  i-volos  ?>•  ■  -  i. 

/ volts  per  phase     / amps.  i>i>r  i  .  i-  . 

P.i'.  ofload TyiH^ v= per  «ut, 

LlGHTIXG   TkAXSFORMER. 

Given : 

per  cent,  iron  loss  (;>i). 

per  cent.  eopj>er  loss  (pt)  = 
Choose  B.  suitable  values  of  B  for  lighting  transformers  :— 

Air  cooled.  10  to  60  Xr.!.  40  to  Wws,  B 4,500  to  7,000    for 

Lohys  iron,  7,000  to  9,000  for  Stalloy. 

ArtiHciallv  cooled,  larger,  B up  to  9,000  for   Lohys,  up   to 

11,000  for  Stallov. 
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Do  not,  as  a  rule,  allow  Wi  (the  watts  iron  loss  per  kilogramme  of  iron) 
to  exceed  2. 


10  Pi 
Weight  of  iron  per  KVA  = =Et- 


Wi 


Weight  of  copper  per  KVA- 


Ei 


(0-36  to  0-46)1* 


0-36  for  laminations  0-35  mm.  thick  and  0-46  for  those  0-5  mm.  thick. 

For  Stalloy  this  quantity  approaches  unity. 

Space  factor  for  the  copper  =fk = 

Refer  to  curve,  or  sketch  out  coil  and  insulation  intended  and  measure 
fk  from  the  sketch. 

Mean  current  density,  s 


Values  of  /3 


/  Pk 

=  1'96a  /   —  amperes  per  square  millimetre. 
V    Ku 


Core  tjrpe  :  Single  phase     40  to  75 

Three  phase     25  to  50 

Shell  type:  18  to  30 


Power  Traxsformee.s. 

Choose  B. — B ,  8,000  to  13,000  Unes  per  square  centimetre  for 

Lobys  iron,  10,000  to  14,000  for  Stalloy. 

Chooses. — s ,1-2  to  1-8  amperes  per  square  millimetre,  or,  when 

specially  ventilated,  up  to  2-5  amperes  per  square  millimetre. 

Discover  —  (which  often  lies  between  3  :  1  and  5:1). 
U 

O       lB£k 

C= — ■= . 

lit,     yS£i 
Values  of  y,  using  ordinary  iron  : — 

Core  type:  100  to  125 

Three  phase       CO  to  100 

Shell  type:  50 

For  alloyed  iron  the  values  may  be  much  lower. 

Then  proceed  for  either  Lighting  or  Power  Transformers  : — 
Chock  by  working  out  a  to  sec  whether  its  value  falls  within  the  usual 
limits  found  in  successful  designs. 

To«~j     WKVAxfk)EiKn 

Values  of  a  : 

Core  type  :  Single  phase  23  to  35 

Three  phase  35  to  48 

Shelltype:  22  to  28 

Dimensions  of  the  cores  : 

/      / KV A  X  C \ 

(b  =  \      I llO",  where  m=number  of  phases. 

VV      444/m    ; 

Iron  loss  in  core  per  kilogramme   (total  eddy  plus  hysteresis  from 

eurve)=wf. 

O 

Cross-section  of  core,  ^  ~  i,  ^"^l-  ''™^' 

B 

Choose  form  (shape)  of  cross-section  (cross  or  rectangular  or  stepped). 

Find  periphery  of  cross-section  of  core  in  centimetres  =  C7|,  including 
one  wall  of  cacli  ventilating  duct,  having  chosen  the  number  and  width 
of  ventilating  ducts. 

128  Ui 

Svecific  coolinq  surface  ofcore=—- sq.  cm.  per  watt  iron  loss. 

•'■'•'  Qx  Wi 

Values  of  sq.  era. /watt  :  Air  cooled  ^  13  to  15 

Artificially  cooled         8  to  10. 

(^ 

Ampere-turns  per  phase = lit  1=     = 

Ampere-turns  per  limb=l  or  2  I^t^,  according  to  the  number  of  phases 
per  window. 

Ampc.rc-tnrns  per  centimetre  of  bright  of  corc  =  AS. 

Values  of  AS  :  Air  cooled     1 50  to  230 

Oil  cooled      22(lt(.:{(10 
Water  cooled     300  to  400. 

fl.OOO  to  7.000 
Specific  cooling  surface  of  coils  (neglectmg  ends)  =  ■ 


Values  of  6,000  to  7.000  :       Air  cooled ^25  t<i  30 
ASxa  Oil  cooled     20  to  25 

Water  cooled       8  to  15. 
2  or  4  l^l^ 
Width  of  window  (miiiiiuuin  allowable)  =  - 
ight  of  a  window  ui  centimetres.  •'* 


ASxa 


-a,  where  h  is  the 


height 

Flux  in  yoke 


O 


/•T 


1  or  2  or  \/ 3 
Choose  Byoke  (usually  equal  to  or  less  than  Bcon)- 
Iron  loss  per  kilogramme  for  i/okf  (from  curve). 

Qp=Oy/Bp. 
Total  weight  of  iron  :   


Weight  of  iron  per  KVA=Ei  (often  of  the  order  of  4  to  10). 

Dimensions   of  yoke:    Height    cm.;     breeidth     cm. 

length  cm. 

Thickness  of  laminations,  0-35  mm.  to  0-5  mm. 

Weight  of  cores kg.  Weight  of  yokes kg. 

Losses  in  cores watts.         Losses  in  yokes watts. 

Total  iron  loss  Wi  watts Percentage  iron  loss per  cent. 

Method  of  tvinding,  e.g.,  cyUndrical  coils,  rectangular  coils,  high- 
voltage  coils  outside. 

High-voltage  winding : 

Turns  per  phase  <i= — =  

Choose  current-dettsities  s-^  and  s^. 

Values  of  s  :  s^,  which  is  usually  for  the  outer  coU,  for  which  cooling^ 
conditions  are  good,  often  Ues  between  1-2  and  1-8  amperes  per  square 
miUimetre,  whilst  s^  may  be  between  0-8  and  1-8. 

diam.  bare 

Section  of  conductor : =  

diam.  msulated 

Number  of  coils  per  limb  Turns  jjer  coil,  each  coil 

consisting  of layers  of  turns,  plus layers  of  

turns. 

Maximum  voltage  between  adjacent  turns  =  

As  a  rule  this  should  lie  below  100  or  150  volts,  though  in  large  high- 
\oltage  transformers  it  may  go  to  250.  Note  that  the  maximum  voltage 
between  adjacent  turns  is  usually  between  the  first  turn  of  one  layer  and 
the  last  turn  of  the  next  layer. 

Maximum  voltage  between  adjacent  coil8= 

This  often  Ues  between  500  and  2,500  volts. 

Insulation  of  the  coils  

For  instance, for  500  volts  per  coil  might  use  the  following:  Each  coil 
to  be  given  three  layers  of  half-overlapped  oiled  cotton  ta)>e,  the  com- 
plete coil  to  be  boiled  under  vacuum  in  insulating  varnish.  Between 
coils  use  a  3  mm.  disc  of  presspahn.  Between  second  and  third,  foiurth 
and  fifth,  sixth  and  seventh,  &c.,  layers  of  a  coil  put  one  layer  of  impreg- 
nated paper. 

Mean  length  of  one  turn  of  the  high-voltage  winding  

Effective  resistance  per  phase  

'1+0004:; 


^^  /l+0-0047^./,<i_^ 
~  \     5,700     )  qi      '" 


5,700 

where  T  is  the  temperature  rise  (often  40 °C.)  above  the  room  temperature, 
iris  a  factor  (often  about  115)  to  allow  for  the  fact  that,  on  account  of 
the  effect  of  eddy  E.M.F.s  in  the  copper,  the  effective  resistance  to 
alternating  current  is  greater  than  the  resistance  as  meajured  by  con- 
tinuous current.  In  a  particular  case  of  a  150  A'T'.<4  30.000  230  volt 
5/653  amperes  50-cycle  transformer,  in  which  the  low-voltage  winding 
was  made  up  of  eight  copper  strips  in  jiarallel.  each  having  a  section 
13  mm.  x3-5mm.  (the  total  cross-section  being  45-5  sq.  mm.,  the 
current-density  1-8  am{Deres  per  square  millimetre),  the  value  of  Jkr  wa» 
as  high  as  1-54. 

Copper  loss  per  phase  =/j2rj=lFij watts. 

Weight  of  copper  per  phase  =8-9x  10"  "^j/j^  1=0*1 kg. 

Total  might  of  copper  =m(Oki-\-Gki) kg. 

Weight  of  copper  per  KVA  =  Ku  = kg./X  VA. 

LOW-VOLTAUE    WlXDIXO. 

Turns  jyer  phase=t^=ti  —  =  turns. 


E, 


«.= 


Croaa-seclion  of  copper  =  — =q^ sq.  mm. 

Section  of  conductor  (h&Te)  =  mm.  x  mm. 

CoiU  ])cr  /iwi6=  coils. 

Turns  per  roil=  turns. 

Maximum  voltage  betu^en  adjacent  turns=  volts. 

Insulati'n  of  the  coils 

For  instance,  a  120volt  winding  consistingof  39  turns  of  cop]>or  ta]io, 
two  strips  3-5  mm.  x27-8  mm.  in  jmrallel,  wound  in  two  layers  of  20  and 
10  turns  reR]ioctively  wao  insulated  as  follows  :  The  two  parallel  d.c.c. 
strips,  wound  together  with  cotton  \»]to  (one  layer  0-25  mm.  thick)  were 
made  into  n  cylindrical  coil  which  then  wa<«  comiiletcly  over-wound  with 
three  layers  of  h«lf-overlnji]>i'(l  ta]>e.  making  a  thickness  of  2  mm.  for 
the  three  layers  together,  and  then  Im tiled  under  vacuum  in  insulating 
varnish. 

Mean  length  (fa  (urn=lf=  cms. 

EfffClivr  rfsi.ftance  per  phase^r^ ohms. 

Copjirr  /o.<,i  jtrr  />*«,«<■  = /,*rj=  IFt, wattu. 

Weight  of  copjtrr  prr  pha.<x  =  Gkt ^• 

Total  copper  lo/ts  =  m  ( irjt ,  -|-  Wj,-,)  =  ITt  = watts. 

Wic 

Per  cent,  copper  loss  pt= =  per  cent. 

^      10  KVA. 

Coouxo   MKTHOn. 
Wcightofoilpcr  KVA  kg.jKVA. 
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For  simple  oil-cooled  transformers  the  following  rough  rules  may  be 
used :  Transformers  10  to  300  KVA.,  30  to  60  cycles;  core  type,  40  to  60 
cycles,  voltages  up  to  6,000,  using  corrugated  or  ribbed  container. 

Weight  of  oil      (     30 


KVA 


or 


I  ^^  +2-5 1   kg.  for  single  phase, 

40  I 

+3-6  f  kg.  for  three  phase. 


Lkva 


For  small  transformers,  say  up  to  40  KVA,  using   smooth  container, 

r     50  -v 

take  I  j^  +8|  kg.  per  KVA. 

The  oil  used  should  be  a  mineral  oil  or  an  oxidised  resin  oil,  free  from  acid, 
having  specific  gravity  0-895  to  0-88.  The  oil  before  being  used  should 
be  filtered  and  then  kept  near  its  boiling  point  for  several  hours  to  drive 
out  all  water.  The  boiUng  point  of  such  oils  is  usually  about  160°C.  and 
flash  point  185°C. 

Total  weight  of  oil  kg. 

Volume  of  oil cubic  decimetres. 

Volume  of  container  cubic  decimetres. 

Profile  of  corrugation  or  rib  (give  sketch). 

For  Water-cooled  Transformers. 
Litres  per  minute,  cooling  water, 

'Wi+Wk\lO'^ 

T      ) 

where  T  is  the  excess  in  degrees  Centigrade  of  the  temperature  of  the 
transformer  above  room  temperature  T  may  often  be  about  50°C. 

Length  of  cooling  tube  for  water cm. 

Inside  diameter  ,  outside  diameter  ,  thickness  of  wall  of 

tube  

For  Air-blast  Transformers. 
Cubic  m,etres  of  air  per  second=l-2  to  2-5  [  — —  )  m^/sec. 


=50  to  80 


Power  of  blower  required 


=(18to22) 


T 

{m^/sec.)h 


watts, 


'blower 

where  h  is  the  air  pressure  required  in  millimetres  of  water,  and  is  often 
20  mm.  to  30  mm.,  and  Tjbiower.  the  efficiency  of  the  blower  usually  Ues 
between  0-3  and  0-5. 

Cooling  surface  of  the  transformer  At=  sq.  cm. 

.^r  is  the  total  surface  of  the  core  plus  one  wall  of  each  air  duct,  plus 
the  total  outer  cylindrical  surface  of  the  outer  coils. 

Cooling  surface  of  the  container  ^cout.  =  sq.  cm. 

Actnt.  is  the  surface  actually  in  contact  with  the  oil. 

Outer  surface  of  the  cooling  pipes  ^pipes  =  sq.  cm. 

The  pipes  to  be  totally  immersed  in  the  oil. 
Then  work  out. 

At 
ar=  ^^^  =  sq.  cm. /watt. 


^'conf  —  . 


Wi+Wk 

-^cont. 


and  a 


^ pipes 


pipes 


Wi+Wk  *"'"'°      Wi+Wjc 

The  maximum  temperature  rise  of  the  transformer  will  be 

1,600  to  2,000 
Tt=- ^- 


Tn 


oil' 


aji 

800  to  1,200 
ay 


where  Ton  is  the  maximum  rise  of  the  oil  temperature. 

1,300  to  1,700 


oil  = 


'^cont. 


The  following  facts  bear  upon  the  choice  of  the  value  allowable  for  Tt  ■ 
Cotton  will  stand  a  working  temperature  of,  say,  85°C. ,  that  is  to  say, 
a  rise  of  about  60°C.  above  room  temperature ;  paper,  95°C. ;  and  mica, 
asbestos,  &c.,  115°C.  Iron  cores,  unless  a  non-ageing  alloy  be  used, 
should  not  run  at  a  higher  temperature  than  70°C.  or  80°C.  For  safety, 
therefore,  the  final  temperature  of  the  transformer  should  not  much 
exceed  70°C.,  or  Tt  (the  rise)  should  not  exceed  45°C.  to  50°C. 

Losses  and  Efficiency. 
A t  full  load  (cos  0  =  1 )  the  sum  of  the  losses  Wi  +Wk+  W\,\ower  =  ■■•  watt.s 

It;  full  load  =  percent.;  fload percent.;  |load per 

Icent.  ;   J  load  per  cent. 

No-load  Current. 

Mean  length  of  a  line  of  force  =   cm. 

Ampere-turns  from  the  iron  curve=    Atjr-oa  =  

Ampere-turns  for  the  joints=0-SdBcore=  =^<joints=  _ 

Four  butted  joints  are  together  about  equivalent  to  0-02  cm.  of  air; 
that  is,  d=002  in  the  equation  just  given. 
Magnetising  component  of  no-load  current 

■'^'iron~r'4fioint.    ,  .       -i        « 

*  for  Single  phase. 


Atiron'\~  At  joints 


1^ 


Power  component  of  no-load  current = 


for  three  phase. 
Wi 


whence  7^  the  no-load  current 

=V  (magnetining  component)* -(-(power  componrnt)* 
VoLTAOE  Drop  (Kapp's  method). 

Percentage  inductive  drop  =0  19 (b+'^-'-)^,  when  X^*tkc~ 

tive  ampere -turns  m  one  coil  on  one  limb  in  units  of  one  thnwnil  ; 
^me(f.=megaline8  of  uwful  flux  in  the  core;  6-^raiJial  vpaoe  (copper  to 
copper)  between  primary  and  wconda.'-y  coiln  ;  p=rlength  of  »  n»Ml 
turn  in  centimetres;  a,  and  aj=ra<liar  df-pthn  of  the  coiLi  in  oeoti' 
metres  ;  I-  axial  lengths  of  the  coilx  in  centimetres. 
Thus  get  full-load  reactance  drop  Vi.=  volts 

Leakage  reactance  =  —  =Xa—  ohms. 

Short-circuit  resistance  (referred  to  the  primary) 

=J?»=  jri-i-rj  (  -  j    1= ohnu. 

Short-circuit  voltage  (to  send  full-load  current  through  the  primary 
when  the  secondary  is  short-circuited) 

=I{\/b^±x?=  volts 

I  X 
Percentage  reactance  drop  on  full  load      =100-^'  =  per  cent. 

'1 

I  R 

Percentage  resistance  drop  on  full  load      =100  — —  =  per  cent. 

Percentage  impedance  drop  on  full  load    =         '^    *  "*"^*    = . .  .per  cent. 

^1 


HIRE  AND  MAINTENANCE  OF  CONTINUOUS-CURRENT 

MOTORS.* 

BY   HENRY   JOSEPH. 

The  electricity-supply  undertaking  of  which  the  author  has  charge 
having  carried  on  a  small  but  successful  business  in  the  hire  of  motors 
for  the  past  14  years,  it  may  be  of  interest  to  members  if  some  par- 
ticulars are  published. 

The  company  supplies  continuous-current,  principally  for  textile 
driving,  in  the  town  of  Hawick,  in  Roxburghshire,  the  main  industries 
of  the  district  being  the  manufacture  of  tweed  and  hosiery-.  Table  I. 
shows  the  proportion  of  motors  on  hire  at  the  end  of  1915  in  mills  and 
for  various  industrial  purposes. 

Table  I. 


No.  of 
motors. 

Total 

H.P. 

Average 

H.P. 

Consumers'  own  motors     

174 

10 

116 

1.096 
451 
731 

6-3 

Motors  on  hire  -purchase    

45  1 

Motors  on  hire     .        

6-3 

Totals .. 

300 

2,278 

7-6 

wF, 


Practically  the  w^hole  of  the  above  motors  are  maintained  by  the 
author's  staff  ;  and  most  of  those  o\^^led  by  consumere  have  beeu 
supplied  through  the  company  and  the  drive  arranged  under  their 
supervision. 

Particulars  are  given  of  the  hire  rates,  which  vary  from  ds.  per 
quarter  for  a  J  h.p.  motor  up  to  £6.  os.  for  one  of  50  h.p.  The  rates 
have  been  considerably  increased  from  those  of  the  eariy  days,  since 
the  original  terms  were  foiuid  to  be  inadequate.  At  tirst  quotations 
were  given  for  the  hire  of  motors  after  the  cost  of  each  installation 
had  been  calculated.  During  the  past  four  or  live  years  it  has  been 
found  more  convenient  to  adopt  a  detinite  rate  per  horse-power  for 
standard  motors.  Special  motors,  such  as  low-speetl  or  geared  ones, 
are  not  lot  on  hire  unless  they  happen  to  be  in  stook.  The  liire  rate 
includes  the  motor  complete  with  pulley,  starter,  main  smtoh.  ciit- 
outs,  shunt  regulator  and  slide  rails,  if  these  art^  required,  all  fi.xed 
and  connected  up.  The  liirer  pays  for  bolting  and  the  cost  of  ni.uns 
from  the  ser\-ice  (or  from  the  nearest  available  point  of  supply)  to 
the  motor  and  starter.  The  i-esult  is  that  pnu^tically  the  whole  of  the 
material  is  returnable  on  dismantling,  and  only  the  cost  of  labour  is  lost. 

The  rental  covers  the  cost  of  all  maintenance  and  renewals.  New 
brushes  are  fitted  when  required,  and  no  question  as  to  whether  the 
company  is  liable  ever  arises  in  the  event  of  a  breakdown.  Damage 
occasionally  occurs  as  the  result  of  carelessness  or  neghgence  on  the 
part  of  the  hirer's  employes,  but  it  has  not  been  considered  good 
policy  to  raise  the  question  of  liability  in  such  cases.     They  do  not 

*  Abstract  of  a  Paper  read  before  the  Yorkshire  and  Western  Local 
Sections  of  the  Institution  of  Electrical  Engineers. 
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often  occur,  and  the  inconvenience  caused  to  the  user  by  a  break- 
down is  quite  sufficient  incentive  as  a  rule  for  him  to  urge  his  em- 
ployes to  treat  the  motor  carefully. 

It  is  to  this  policy,  coupled  with  prompt  attention  to  repairs,  that 
the  success  of  the  hire  system  is  largely  due.  Consequently  con- 
sumers are  quite  willing  to  pay  in  most  cases  rentals  which  are 
admittedly  high  in  comparison  with  the  purchase  price  of  the  motors. 

The  company  safeguards  itself  against  loss  due  to  a  motor  being 
hired  for  a  short  period  and  then  returned  by  inserting  a  clause  in 
the  hire  agreement  by  which  the  hirer  undertakes  to  pay  an  agreed 
sum  to  cover  the  cost  of  installation  and  removal  in  the  event  of  a 
motor  being  returned  before  the  expiration  of  a  stated  period. 

One  might  reasonably  expect  that  motors  would  only  be  hired 
by  small  firms  with  limited  capial,  but  this  is  by  no  means  the  case. 
Nearly  all  the  hosiery  mills,  among  them  some  of  the  largest  in 
Scotland,  hire  their  motors.  They  prefer  to  confine  their  attention 
to  their  business  and  to  hand  over  the  whole  responsibility  of  their 
electric  drive  to  the  supply  company. 

In  the  event  of  a  minor  breakdown,  a  man  is  promptly  on  the  spot 
to  carry  out  repairs  on  site  if  possible.  If  the  trouble  cannot  be 
quickly  remedied,  another  motor  is  fixed  as  quickly  as  possible.  For 
mill  work  these  are  important  considerations. 

FiNANCiAX.  Results. 
Table  II.  shows  the  number  and  horse-power  of  motors  let  on  hire 
each  year  since  1902,  with  the  corresponding  capital  cost  and  rental 
per  horse-power. 

Table  II. 


Added ] 

n  year. 

Total  to  date. 

Aver- 
age 
-b:.p.  ' 

Per  horse -power. 

Year. 

No. 

H.P. 

m.'"' 

'h.p. 

Capital 
cost. 

Yearly 
rental. 

1902 

5 

16 

^  '■  ■  ir^^ 

3 '2 

£ 
140 

s. 
121 

1903 

26 

56 

31  •   •       72 

2-3 

15-3 

20-6 

1904 

10 

101 

41 

173 

4-2 

10-5 

15-8 

1905 

10 

56 

51 

229 

4-5 

10-7 

171 

1906 

8 

39 

59            268 

4-5 

10-5 

22-5 

1907 

9 

44 

68 

312 

4-6 

10-2 

22-4 

1908 

5 

31 

73 

343 

4-7 

9-3 

22  0 

1909 

14 

58 

87 

401 

4-6 

8-5 

23-4 

1910 

6 

20 

93 

421 

4-5 

8-1 

29-5 

1911 

10 

126 

103 

547 

5-3 

7  0 

24  0 

1912 

3 

-5 

106 

542 

51 

70 

250 

1913 

4 

92 

110 

634 

5-7 

6-2 

22  0 

1914 

-5 

9 

105 

643 

61 

60 

23-2 

1915 

7 

78 

112 

721 

6-4 

5-4 

22-2 

The  former  shows  a  steady  fall  owing  to  the  lower  prices  of  motors, 
the  higher  average  horse-power,  and  the  fact  that  as  time  goes  on 
some  motors  are  in  use  which  have  been  hired  out  before,  and  con- 
sequently have  had  their  cost  written  down.  Mains  and  other 
incidental  charges  were  includcul  in  some  of  the  earlier  installations, 
thus  further  enhancing  the  capital  cost. 

Table  III. 


Capital 

Gross  rentals. 

Maintenance. 

Net  rentals.  *.  ■ 

cost 
to  date 

Year. 

£ 

Per 

£ 

Per 

£ 

Per 

£ 

cent. 

cent. 

cent. 

1902 

232 

10 

4-2 

10 

4-2 

1903 

1,100 

74 

6-8 

2 

0-2 

72 

6-6 

1904 

1,824 

137 

7-5 

14 

0-8 

123 

6-7 

1905 

2,432 

196 

81 

34 

1-4 

162 

6-7 

1906 

2,807 

:{(»i 

10-7 

52 

1-8 

250 

8-9 

1907 

3,171 

3r,o 

no 

137 

4-3 

213 

6-7 

1908 

3,197 

37S 

11-8 

122 

3-8 

256 

8-0 

1909 

3,431 

469 

13-7 

116 

3.4 

353 

10-3 

1910 

3,425 

621 

181 

146 

4-3 

476 

13-8 

1911 

3,820 

()55 

171 

274 

7-2 

381 

99 

1912 

3,779 

680 

18() 

205 

5-4 

477 

12-6 

1913 

3,930 

()<.)7 

17-7 

2.50 

6-4 

447 

11-3 

1914 

3.H()1 

745 

19-3 

214 

5-5 

540 

13-8 

1915 

3,881 

802 

20-6 

243 

6-2 

559 

14-4 

Table  TTT.  gives  the  lotal  caintal  cost  lo  dafc.  with  the  corresi)ond- 
ing  inaiiitoiianco  costs  and  gross  and  net  rentals  for  each  year  since 
1902.  It  will  be  noticed  tliat,  ignoring  occasional  yeare  when  ex- 
oci)tional  coiulitious  may  have  ])n-\  ailed,  tlirro  is  a  gradual  incrtvise 
in  the  i)crccntag(>  cost  of  niaintonaiKr  due  to  the  ageing  of  the  bulk 
of  the  motors.  This  figm-e  will  ])rol)ably  settle  down  to  an  average 
of  about  fi  per  cont.  on  the  cajiital  cost. 

Durnig  the  last  live  years  the  gross  rentals  amounted  to  about 
18  jier  cent,  of  the  cajHtal  ojitlay.  the  lower  rates  received  fn>ni  the 
earlier  motors  having  reduced  this  from  about  25  per  cent.,  which 
18  the  average  rental  obtained  on  the  total  cost  with  new  motors 


during  this  period.  Taking  the  former  figure  and  deducting  6  per 
cent,  for  maintenance,  we  are  left  with  a  net  rental  of  about  12  per 
cent.,  part  of  which  is  allocated  to  revenue  and  the  balance  set  aside 
to  a  redemption  fund  for  writing  down  the  value  of  the  motors  when 
returned  from  hire. 

Particulars  are  given  on  the  equipment  of  the  repair  shop  and  the 
general  sj-stem  adopted. 

BreakdowisS. 
Before  describing  the  procedure  in  the  event  of  a  breakdown,  it 
is  well  to  point  out  that  the  company  act  as  wiring  contractors,  and 
always  have  a  staff  of  wiremen  available.  The  permanent  ■wiremen 
and  mains  staff  are  all  trained  for  motor  work,  and  one  man  in  par- 
ticular spends  most  of  his  time  on  motor  repairs,  and  is  as  often  a: 
not  in  the  works  and  readilj'  available  for  emergencj'  calls.  If  a 
report  of  a  breakdo^Ti  is  received,  a  man  is  sent  out  at  once  and 
reports  by  telephone  if  the  failure  is  such  that  it  cannot  be  repaired 
quickly  on  site.  In  that  case  he  sets  to  work  to  get  the  faulty  motor 
disconnected  and  removed  from  its  bed.  Particulars  of  the  drive 
at  the  same  time  are  ascertained  at  the  works  and  a  suitable  motor 
selected  from  stock.  Sometimes  one  can  be  found,  perhaps  larger 
than  is  necessary,  but  which  is  already  fitted  with  a  pulley  near 
enough  to  the  right  size.  If  a  little  too  small,  a  temporary  shimt 
regulator  may  be  fitted. 

Of  course,  it  is  impossible  to  stock  all  possible  varieties  of  pulleys 
of  various  diameters  and  bores,  consequently  it  frequently  happens 
that  a  stock  pulley  has  to  be  bored  out  or  bushed  and  a  new  key- way 
cut.  If  this  is  necessary  it  is  put  in  hand  at  once  and  fitted  after 
the  motor  is  in  place. 

A  motor  or  horse  lorry  is  ordered,  preferably  the  former,  several 
being  available  for  hire  in  the  town,  and  the  motor  is  slung  up  and 
very  little  time  lost  in  getting  it  on  site.  Battens  are  taken  to  the 
job  with  it,  and  as  the  old  bolt  centres  are  probably  wrong,  it  may  be 
necessary  to  screw  battens  down  with  the  old  foimdation  bolts  (if 
these  are  set  in  concrete),  recessing  the  heads  below  the  surface  of  the 
battens  and  coach-screwing  the  motor  down  to  them.  Usually, 
however,  motors  are  already  fixed  on  battens  wide  enough  to  allow 
of  considerable  variation  in  bolt  centres,  so  that  Little  time  is  lost  in 
fixing  down  another  motor  to  them. 

As  a  motor  is  often  fixed  in  a  room  which  can  only  be  reached  by 
taking  it  up  two  or  three  flights  of  stairs,  a  good  deal  of  experience 
and  some  ingenuity  is  needed  in  handling  it  quickly  and  safeh'.  For 
this  purpose  a  U-shaped  clamp  with  a  set  screw  is  used  to  fix  a  chain 
block  to  a  joist,  or  else  a  hole  is  bored  through  a  floor  and  an  eye  lx)lt 
with  a  large  washer  fixed.  If  the  staircase  is  an  open  one,  it  is  easy 
to  "  sling  "  a  motor  from  floor  to  floor,  otherwise  a  pair  of  long 
battens  are  laid  down  on  the  stairs  and  the  motor  slid  up  them  by 
hauling  with  a  chain  block.  Sometimes  in  the  ease  of  small  motors, 
up  to,  say.  5  h.p.,  it  is  quickest  to  remove  both  end  shields  and  take  out 
the  armature,  when  the  motor  can  be  carried  up  in  pieces. 

Great  delay  has  often  occurred  in  the  past  in  remo\ing  pullej's 
These  are  sometimes  made  to  fit  the  shaft  too  tightly  and  are  driven 
on  hard.  They  are  best  shifted  with  a  pair  of  screw  pulley  drawers. 
Keys  also  are  a  fruitful  source  of  delay,  and  to  obviate  this  they  are 
now  always  fitted  with  gib  heads.  One  or  two  t^-pes  of  key  drawer 
have  been  tried,  but  with  varying  success.  If  keys  and  pullevs  are 
only  fitted  ]iro]x^rly  in  the  first  place,  and  a  film  of  oil  put  on  the  shaft, 
very  little  troul)le  is  likely  to  be  found  in  removing  them  again. 

In  many  cases-  e.g.,  where  pulleys,  fee.  give  no  trouble,  a  small 
motor  up  to.  say.  5  11. r.  can  be  changed  in  an  hour  and  a-half  from  the 
time  of  the  breakdown,  but  jxis.sibly  a  more  usual  })eriod  from  the  noti- 
fication of  stoppjige  to  the  time  a  new  motor  is  nmning  is  double  tliis. 
lirpnir.f  od  Stir.  \  man  having  been  called  to  a  motor  sets  to 
work  at  once  to  find  if  the  trouble  is  due  to  tlie  starter  or  any  part 
of  the  switchgear,  or  to  the  armature,  field,  brush-gear  or  \A-iring. 
The  majority  of  stopi>;iges  an*  due  to  starter  troubles,  and  of  these 
the  bulk  are  caused  by  burnt-out  resistances  or  ojx»n- circuited  hold- 
over coils,  the.8e  fairly  frequently  failing  at  the  leading-in  wires. 
Most  starter  defects  can  Ih^  remediiMl.  at  any  rate  temj^orarily.  on  sito. 
If  not.  a  fresh  starter  is  telejihoned  for.  In  the  case  of  a  large  motor 
it  is  usually  quicker  to  repair  a  fault  on  a  field  coil  on  site  than  to 
change  the  motor.  If  means,  of  coiirse.  removing  one  end.  faking 
out  the  armature,  and  j»erhajis  removing  a  ]>ole-pieco  to  get  the  coil 
out.  Hy  cutting  away  the  outer  tape  l)efore  dismantlmg  one  can 
usually  judge  .as  to  whet  her  the  trouble  is  sufliciently  near  the  surface 
for  a  fairly  (juick  rcj>air  to  1h'  possible.  If  the  breakdown  occurs 
in  the  afternoon,  a  large  motor  is  never  changed  for  a  field-coil  repair 
unless  it  is  .a  genuine  bum  out. 

In  the  case  of  anuaturr  faults  it  is  often  possible  to  make  a  tem- 
jKirary  rejvvir  on  site,  which  will  keep  the  motor  nnuiing  until  a 
week  end.  The  commonest  fault,  especially  in  small  armaturea 
wound  with  tine-gauge  conductors,  is  a  break  at  the  jxiint  where  one 
of  the  ends  lx>nds  away  from  the  coil.  One  can  frequently  get  over 
this  in  lap- wound  armatures  by  soldering  across  the  commutAtor  lugs. 
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Repairs. 

The  surest  way  to  keep  down  the  cost  of  repairs  is  to  educate  one 
of  the  hirer's  employes  to  keep  the  motor  clean  and  the  armature  and 
field  coils  blown  free  from  dust,  to  see  that  brushes  do  not  wear  down 
too  far,  and  to  keep  a  proper  level  of  clean  oil  in  the  bearings.  As  a 
breakdown  entails  interruption  of  the  user's  business,  he  will  usually 
see  that  one  man  is  made  responsible  for  a  particular  motor,  and  that 
he  gives  it  10  minutes  or  so  of  attention,  say,  once  a  week.  It  was 
at  one  time  thought  that  periodic  inspection  would  lead  to  a  diminu- 
tion of  breakdowns,  but  this  after  being  tried  was  abandoned.        > 

When  a  re-wind  is  necessary  it  used  to  be  the  practice  to  send  the 
armature  away,  but  now  the  repair  is  usually  done  at  the  works,  the 
necessary  coils  being  bought  from  the  makers.  The  question  fre- 
quently arises  as  to  whether  in  a  particular  case  it  pays  to  re-wind 
rather  than  replace  one  or  two  faulty  coils.  It  is  very  annoying  after 
fitting  a  couple  of  coils  to  find  that  another  has  been  damaged  in 
lifting.  It  is  still  more  provoking  if  the  second  failure  does  not  occur 
wxtjl  the  armature  has  been  belted  and  the  motor  re-assembled  and 
tested.  If  the  original  faulty  coHs  have  been  overheated  to  such 
an  extent  as  to  be  useless  as  a  guide  to  the  condition  of  the  rest,  it  is 
probably  a  good  plan  to  scrap  an  additional  coil  and  bend  the  wire 
to  see  if  the  cotton  is  perished  and  breaks  easily.  If  so,  it  should 
certainly  be  re-woimd,  because  the  coils  which  have  to  be  lifted  are 
almost  certain  to  be  damaged  during  the  process.  The  exact  point 
■at  which  one  may  feel  justified  in  confining  the  repair  to  the  replace- 
ment of  a  few  coils  can  only  be  judged  by  experience. 

Armatures  should,  of  course,  have  a  preliminary  fall  of  potential 
test  before  the  ends  are  sweated  into  the  commutator.  In  connection 
with  voltage-drop  tests  generally,  the  author  would  draw  attention 
to  what  he  believes  is  a  fairly  common  error — namely,  putting  the 
current  leads  on  opposite  ends  of  a  diameter  or  separated  by  an  angle 
corresponding  to  the  brush  positions.  If  this  is  done,  and  there  are 
equalising  connections,  confusion  is  apt  to  arise,  especially  if,  as  is 
■sometimes  the  case,  one  or  more  equalising  wires  are  broken.  If  the 
current  leads  as  well  as  the  milUvoltmeter  leads  are  both  applied  to 
adjacent  bars,  the  effect  of  possible  trouble  with  equalising  con- 
nections is  eliminated.  fe*,i 

Quite  successful  repairs  have  been  carried  out  to  shunt  field  coils 
that  have  started  to  bum  out  but  have  been  detected  before  very 
serious  damage  has  been  done.  A  number  of  turns  may  be  entirely 
taken  ofl:  to  eliminate  the  fault.  If  the  quantity  of  wire  removed 
is  an  appreciable  proportion  of  the  total,  a  new  length  is  womid  on 
and  jointed  by  means  of  a  sleeve  with  binding  screws. 

While  on  the  subject  of  repairs,  one  cannot  lay  too  much  stress 
on  the  importance  of  recessing  the  mica  below  the  surface  of  the 
copper  on  the  commutator.  The  saving  in  brushes  is  most  marked, 
and  in  a  few  instances  in  particular  it  is  httle  short  of  astonishing. 
Motors  which  have  been  known  to  consume  a  set  of  brushes  in  three 
weeks  will  go  for  12  months  without  a  single  new  one.  The  wear 
on  the  commutator  in  such  cases  before  this  treatment  is,  of  course, 
excessive.  Table  IV.  gives  the  annual  cost  of  carbon  brushes  for  the 
past  10  years,  together  with  the  corresponding  percentage  of  capital 
to  date  and  the  cost  per  horse-power  and  per  motor.  IVIica  cutting 
started  in  1911  and  took  tiU  1914  to  complete.  Part  of  this  saving, 
but  certainly  not  the  major  portion,  is  due  to  buying  direct  from  the 
brush  manufacturers  instead  of  from  the  motor  makers,  this  change 
having  taken  place  in  1912. 


Table  IV.- 

-Annual  Cost 

of  Brushes. 

Year. 

Cost  of  brushes. 

Percentage 
of  capital 
to  date. 

Cost  per 
horse -power. 

Cost  per 
motor. 

£    s.    d. 

s.  d. 

s.  d. 

1906 

16  11     1 

0-59 

1     3 

5     7 

1907 

22     3     9 

0-70 

1     5 

7     6 

1908 

19     2     6 

0-60 

1     1 

5     3 

1909 

23  19     7 

0-70 

1     2 

5     6 

1910 

27  18     7 

0-81 

1     4 

6    0 

1911 

37     0     9 

0-97 

1     4 

7     2 

1912 

27     2     2 

0-71 

1     0 

5     1 

1913 

25  11  11 

0-65 

0  10 

4     9 

1914 

18  18     4 

0-49 

0     7 

3     7 

1915 

20     2     1 

0-52 

0     7 

3     7 

Choice  of  a  Motor  and  Starter. 
An  effort  has  been  made  in  recent  years  to  adopt  a  standard  motor, 
[past  experience  having  shown  up  a  number  of  defects  in  various 
JlQakes.     The  principal  points  looked  for  are  a  liberal  rating  without 
[undue    weight  and  bulkiness,  ease  of  dismantling,  larger  bearings, 
md  an  accessible  commutator.     Suitable  brush-gear  is  also  a  con- 
sideration.    No  brushholder,  except  of  a  positive  radial  type,  should 
[be  fitted  to  a  motor.     Old  motors  with  obsolete  brush-gear  have  been 
wonderfully  improved  by  changing  the  holders.     Ball  bearings  should 


be  avoided,  for  they  are  most  untatufa^tory.  Xairow  pole  gaps  an 
also  a  great  source  of  trouble.  TVie  umail  Having  in  efficiency  k  cer- 
tainly outweighed  by  the  greater  risk  of  armatuie  breakdown 
caused  by  a  faulty  beanng.  BearingH  inevitably  wear;  theiefofe, 
such  breakdowns  are  inseparable  from  motoni  with  narrow  air-gapa. 

Needless  to  say,  price  i.H  the  leaHt  con>uderation  wl»en  one  haa  to  be 
responsible  for  the  upkeep  of  the  motors.  Hence  cut  price*  and 
extra  high  speeds  are  avoided.  On  the  other  hand,  verj-  low-«peed 
motors  are  unsuitable  on  account  of  their  hulc  for  general'  hire  work. 
British  motors  are  obtainable  which  fulfil  most  if  not  all  of  tlie  abore 
condition". 

It  is  unfortunately  a  fact  that  motor  starters  have  not  yet  teacbed  a 
very  high  state  of  perfection.  There  are,  however,  some  fairly  eund 
carbon-resistance  starters  on  the  market,  and  '  ;ike 

developing  on  the  right  lines  ;    but  among  ^  ....en 

in  use  long  enough  for  all  their  faults  to  develop,  the  author  baa  not 
yet  been  able  to  find  one  which  combines  a  gfx;<l  ice  element 

with   sotfttd   switchgear.     Undoubtedly   carl>on  .'<   negatiTe 

temperathfe  coefficient  is  the  right  material  for  starting  a  large 
motor.  '  ' 

■^'Drum  starters  are  unfortunately  so  cramped  with  blow-out  coils, 
supplementary'  resistances,  and  various  connections,  that  the  author 
would  prefer  lever  starters,  if  it  were  not  for  the  great  difficulty  in 
so  making  them  that  the  handle  can  be  relied  on  to  fly  back  agsdnut 
the  very  considerable  friction  due  to  the  pressure  required  to  ensure 
contact  for  heavy  currents. 

The  author,  in  conclusion,  deals  briefly  with  the  character  of  drive 
that  should  be  adopted. 


DISCUSSION. 

In  what  follows  we  are  only  able  to  deal  with  a  few  of  the  remarks. 

Mr.  T.  Roles  nientioned  the  hiring  scheme  in  Bradford,  now  in  it« 
twentieth  year,  where  the  prime  cost  of  motors — both  continuous  and 
alternating — let  out  on  hire  at  the  present  time  was  about  £53.000.  He 
thought  that  the  annual  charge  should  not  be  less  than  15  per  cent,  of  the 
total  cost  of  the  motor,  with  slide  rails  and  starter.  At  Hawick  the 
rental  covered  the  cost  of  all  maintenance  and  renewals.  At  Bradford 
such  was  not  the  case.  Again,  any  other  damage  than  that  due  to  fair 
wear  and  tear  had  to  be  paid  for  by  the  hirer.  Probabh-  at  Hawick 
most  of  the  machines  are  used  for  textile  work,  and  consequently  there 
was  little  risk  of  damage,  but  at  Bradford  the  conditions  were  very 
different. 

Mr.  C.  E.  Allsopp  stated  that  in  connection  with  the  Bradford  hiring 
department,  in  March,  1915,  the  number  of  continuous  and  alternating- 
current  motors  on  circuit  was  2,551,  equivalent  to  10,309  kw.  ;  of  theas 
approximately  1,100  were  on  hire,  representing  4,139  kw.  The  latest 
returns  (February,  1916)  show  1,262  motors  on  hire,  representing 
7,337  kw.,  an  increase  of  162  motors,  or  3,198  kw.  in  less  than  12  months. 
It  was  highly  necessary  to  have  a  ver\-  vigilant  repair  staff,  and  the  men 
should  possess  intimate  knowledge  of  general  motor  windings  and  re- 
winding, and  should  have  sufficient  technical  knowledge  for  minor  calcu- 
lations. Generally  speaking,  they  found  that  coils  could  be  easily  made 
in  their  own  shops  at  a  very  mu'-h  lower  cost  than  if  purchased,  and  to 
give  equal  satisfaction.  Their  experience  had  been  that  the  number  of 
breakdowns  was  in  direct  proportion  to  the  number  of  men  they  took  off 
inspection.  In  regard  to  reducing  the  mica  on  commutators,  he  would 
like  to  give  a  word  of  warning  from  his  own  experience  that  th-s  must  be 
carried  out  very  cautiously  ;  if  o'Tccted  too  deeply,  it  caustnl  lotiiiment 
of  carbon  dust  and  dirt,  and  resulted  in  short-circuits.  With  reference 
to  the  use  of  ball  bearings  and  roller  hearings  on  hired  motors,  they  had 
every  reason  to  be  perfectly  satisfied  with  their  experience  at  Bradfi  rd 
with  the  numerous  machines  so  fitted  up  to  150  h.f.  liall  hearings  were 
satisfactory  if  treated  and  mounted  correctly,  the  great  fault  with  the 
early  patterns  being  that  the  manufactui-crs  did  not  realise  that  thoy 
were  fitting  them  to  a  machine  that  had  different  characteristics  from 
those  which  they  had  experienced  previously — viz..  that  the  heating  first 
took  place  in  the  shaft  from  the  armatuiv  and  th  -t  the  clearance  adopted 
did  not  allow  for  tlie  resultant  expansion  of  the  inner  races.  (In-ator 
clearances  were  now  allowed,  and  if  tlio  bearings  wcn^  pr^  ^untod 

there  was  every  reason  to  believe  that  they  would  give  sa  The 

bearing  manufacturers  advocated  that,  up  to  :H)  ii.p..  balls  of  t  m 

type  should  be  used,  and  over  that  size  the  short  roller  bi _   .  .th 

tiirust  washers  or  motors  over  7  h.f.  to  take  the  end-thrust  that  is  ex- 
perienced due  to  belt  fasteners  and  other  causes.  In  considering  air- 
gaps  of  electric  mot  ms  one  had  to  take  into  considenttion  magnetic 
leakage  and  the  usual  rise  of  speed  of  continuous-cum  •  •^,  and 

also  what  became  a  very  vital  matter  in  the  cast^  of  alt.  •  iim>nt 

machines— viz.,  the  etficiency  and  power-factor.  By  adopt mg  l>all 
bearings  the  air-sap  could  be  considerably  n'ductnl  with  verj-  good 
results^  They  had  had  considerable  trouble  with  white-metal  bearings 
and  thev  had  decided  in  many  cases  to  change  them  for  gunmotal  bear- 
ings of  a  known  mixture.  One  had  to  consider  that  the  consumer  waa 
apt  to  run  the  belt  of  a  hinnl  motor  too  tigh.tly  and  put  undue  stress 
and  strain  on  the  bearings,  with  the  n'sidt  that  white-metal  bearings 
soon  ran  out.  The  cost  of  brush  renewals  at  Bradfonl.  for  the  number  of 
motors  already  stated,  was  only  in  the  neighbourhood  of  £16  a  war. 
The  mica  was  c. it  down  on  only  a  few  machines  which  would  not  other- 
wise operate  well,  but  he  considered  the  low  cost  of  brushes  to  be  due 
to  the  use  of  the  box-type  of  brushholder  with  brushes  of  extra  bearing 
depth.      His  experience  was  that  the  radial  brush  was  a  thing  of  the  past. 
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THE  HIRING  AND  MAINTENANCE  OF 

MOTORS. 

The  advantage  to  be  gained  by  hiring  out  electrical 
apparatus  is  appreciated  by  many  of  our  large  electricity 
undertakings,  but  we  doubt  if  it  is  realised  that  this  means 
of  increasing  revenue  may  be  equally  beneficial  and  prac- 
ticable in  small  undertakings.  At  the  moment  we  have  in 
mind  the  electric  motor  rather  than  domestic  appliances. 
It  must  be  remembered  that  every  motor  is  not  only  a  con- 
sumer  of  energy,  but  also  an  advertisement  to  the  under- 
taking, and  that  the  greater  the  number  of  motors  on  the 
mains,  the  greater  the  development  of  power  is  likely  to  be 
up  to  a  certain  point. 

In  considering  a  matter  of  this  kind  several  questions 
arise.  The  more  important  of  these  are  :  Is  it  difficult  to 
make  a  satisfactory  beginning  ?  And  what  will  it  cost  ? 
The  latter  of  these  two  questions  is,  perhaps,  the  more 
essential,  and  it  is  surprising  to  us  that  full  information  on 
this  point  is  not  already  available.  In  other  words,  why 
does  not  every  central  station  engineer  already  know  pre- 
cisely how  much  it  costs  on  the  average  to  maintain  an 
electric  motor  in  service  ?  The  costs  are  certainly  known 
to  some  of  our  engineers,  but  they  are  not  generally  avail- 
able, whereas  for  the  good  of  the  industry  such  information 
should  be  at  the  disposal  of  all  who  are  interested. 

As  to  the  more  general  question  whether  it  is  difficult  to 
make  a  beginning  in  the  hiring  of  motors  in  a  small  under- 
taking, we  would  call  attention  to  the  results  obtained  at 
Hawick  b}'  Mr.  H.  Joseph,  who,  in  a  recent  Paper  before 
the  Institution  of  Electrical  Engineers,  described  what  has 
been  done.  An  abstract  of  the  Paper  appears  elsewhere. 
It  should  be  noted  that  the  population  of  Hawick,  which  is 
largely  engaged  in  the  textile  industry,  is  under  17.000.  and 
the  total  plant  at  the  station  is  only  1,280  kw.  We  are 
dealing,  therefore,  with  an  essentially  small  undertaking,  but 
nevertheless,  owing  to  the  development  of  the  motor  load, 
the  output  last  year  amounted  to  over  three-million  units. 

It  appears  to  us  that  in  any  scheme  of  this  kind  there  are 
several  essentials  to  success.  To  start  with,  the  basis  must, 
of  course,  be  financially  sound,  but  there  are  many  other 
points  equally  important  which  are  dependent  upon  the 
personal  attitude  of  the  consumer.  In  other  words,  there 
is  the  Iminan  point  of  view.  The  consumer  may  well  be 
attracted  by  the  convenience  of  a  service  and  may  regard 
the  cost  as  of  secondary  importance,  more  particularly  if 
the  policy  that  is  followed  is  broad-minded.  The  policy 
seems  to  bo  particularly  enlightened  at  Hawick,  where  the 
charge  made  includes  complete  maintenance  of  the  motor, 
and  whore  no  iiupiirios  are  made  as  to  the  cause  of  any  break- 
down. In  other  words,  the  supply  company  takes  the  risks 
of  nogligenoe  on  the  part  of  the  hirer.  This  prevents  the 
raising  of  ve.xatious  questions,  and  although  there  may  be 
some  risk  of  e.xpense  that  should  not  be  borne,  the  con- 
sumer is  likely  to  see  that  the  motors  are  not  negligently 
treated,  for  the  simple  reason  that  a  breakdown  neces- 
sarily means  some  loss  to  him  in  his  business.  Further,  the 
charge  that  is  made  includes  the  supply  of  brushes,  so  that 
the  consumer  has  nothing  to  trouble  about :  and.  lastly, 
there  is  the  question  of  the  prompt  attention  to  breakdowns 
so  as  to  make  the  service  as  certain  as  possible.  At  Hawick, 
breakdowns  seem   to  be  handled  with  the  least  possible 
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delay,  so  that  very  little  time  is  lost  t(j  the  user  in  the  event 
of  anything  going  wrong.  For  example,  l|-3  hours  is 
mentioned  as  the  time  that  is  required.  Taking  all  this 
into  consideration,  we  are  not  surprised  that  this  particular 
service  has  developed  rapidly,  notwithstanding  that  the 
charges  made  are  higher  than  those  in  some  other  districts. 
The  higher  charges  carry  with  them  corresponding  advan- 
tages, and  the  consumer  is  therefore  willing  to  pay. 

In  looking  over  the  list  of  motors  that  are  kept  in  stock 
v/e  are  struck  with  the  small  differences  in  power  between 
some  of  the  motors.  It  would  seem  to  us  that  the  list 
might  be  somewhat  shorter,  with  the  obvious  advantage 
that  the  number  of  parts  to  be  stocked  would  be  reduced. 
No  doubt  it  is  important  not  to  supply  consumers  with 
motors  really  larger  than  necessary,  as  an  unduly  large 
motor  means  increased  cost  to  the  conskimer ;  but,  on  the 
other  hand,  standardisation  should  be  sought  as  far  as 
possible,  not  only  for  the  benefit  of  the  supply  undertaking, 
but  for  the  advantage  also  of  ^the  manufacturer.  A  large 
range  of  sizes  militates  against  cheap  production. 

Generally  speaking,  the  experience  gained  with  motors 
at  Hawick  has  been  satisfactory,  or,  at  least,  it  may  be  said, 
that  makes  of  motors  are  to  be  obtained  which  giv^  per- 
fectly good  results.  We  regret  to  see,  however,  that  the 
same  cannot  be  said  of  motor  starters.  It  is  surely  time 
that  our  manufacturers  should  be  able  to  turn  out  motor 
starters  having  a  good  life  and  giving  satisfaction  in  their 
opsration.  In  this  branch  of  business  there  is  evidently  a 
tendency  still  to  cut  things  too  fine. 

In  conclusion,  we  would  urge  once  more  that  full  informa- 
tion on  the  maintenance  of  electric  motors  should  be  col- 
lected and  made  available  to  engineers  generally.  This 
subject  might  very  well  be  taken  up  by  the  Development 
Committee  of  the  Incorporated  Municipal  Electrical  Asso- 
ciation ;  or,  indeed,  we  do  not  think  it  should  be  beyond  the 
scope  of  the  Institution  of  Electrical  Engineers,  which  has 
the  advantage  of  numbering  among  its  members  both 
company  and  municipal  engineers,  as  well  as  designers  and 
manufacturers  and  the  engineers  attached  to  the  several 
large  insurance  companies,  and  is,  therefore,  more  com- 
pletely representative. 


lUH  sppsrHtu.4 


111  any   ra.S(;,   the-,*;   lu.nii. 
turl)ance   thn»u<4li(>ut  tlu;   v, 
i/i  the  case  of  the  alteinating-cur: 
of.  tlie  feeders  and  the  po.ssihility  uf  - 
falling  out  oi  .step. 

The  following  advantages  n-ay  be  rl 
tion  of  automatic  selective  leakage  devices  in  di 
systems  : — 

1.  Where  overload  circuit-hreakenj  only  are  installed  c^r*^' 
currents   end   consequently   electrolysin   and   corroeioa 
arise,  which  would  flow  continuously  i{  below  the  valoe  o" 
circuit-breaker  setting. 

2.  Wliere  overload  cirruit-breakei-s  are  inritalied  'ii.h ;  ar- 
only  automatically  cleared  l)y  the  excessive  curreii 

to  open  these  breakers,  resulting  in  ]>r.icti<allv  -• 
which  disturb  the  whole  system.     Kiirthernion-,  i 
breakers  in  the  generating  circuits  are  liable  to  op 
result  in  a  complete  shut-down. 

3.  If  leakage  indicators  be  ad«qjted,  a  complete  <• 
shut-down   of   the   system    becomes   nece.ssar)',   in      .     . 
localise  the  fault,  unless  the  fault  is  left  on  the  8y3t<»m  until  it 
can  be  tested  imder  dead  conditions. 

In  many  cases  the  fuiaiK-ial  loss  C'>>'.>f.ju  -m  m-  ■  \ 

shut-downs  more  than  neutralises  the  e.xtra  e.\['  f 

protective  devices,  as  mentioned  in  this  article. 

Regulation  124  of  the  t'oal  Mines  Act  (H»ll)  calls  f..r  - 
cient  means  for  indicating  any  defect  in  the  insulation  ...  .. 
system,  and  the  present  methods  empluved,  although  indi- 
cating a  faulty  system,  do  not  actually  localise  the  {ault, 
with  the  result  that  the  fault  remains  ou  the  sy.st-em  until  each 
feeder  can  be  systematically  examined  or  the  whule  plant 
shut  dowii. 
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AUTOMATIC  PROTECTIVE  DEVICES  FOR  DIRECT- 
CURRENT  SYSTEMS. 

BY  BI.  ROSEBOURNE,  B.SC,  AND  F.  A.  COUSE. 
Sumrdary. — The   following   article    relates    to    automatic  devices  for 
cutting  out  faulty  feeders  on  two-wire   and  three-wire  direct-current 
s}  stems  duo  to  faults  to  earth. 


The  question  of  automatic  protection  against  earths  on 
direct-current  systems  has  up  to  the  present  been  neglected, 
due  probably  to  the  lesser  importance  of  low-tension  direct 
current  compared  with  high-tension  alternating-current  sys- 
tems. In  the  latter,  where  the  kilovolt-ampere  capacity  of 
each  feeder  is  high,  it  is  of  importance  to  localise  any  fault 
which  might  occur,  so  as  to  limit  any  shut-down  to  a  minimunx 
without  interrupting  the  supply  through  healthy  feeders. 
Recent  jiractice  has  developed  along  these  lines,  and  all  modern 
installations  are  fitted  with  these  selective  devices. 

The  importance  of  preventing  shut-downs  in  the  case  of 
high-tension  mains  has  led  to  the  adoption  of  ring  or  duplicate 
supplies,  and  the  selective  devices  here  adopted  are  ('hosen 
with  a  view  to  preventing  any  failure  of  supply  due  to  faults 
on  the  feeder  system. 

In  all  systems  earth  faults  develop  into  total  or  partial 
short-circuits,  which,  in  the  absence  of  any  leakage  protection, 
bring  out  the  overload  circuit-breakers,  connected  to  the 
affected  area,  and  may,  where  automatic  overload  circuit 
breakers  without  time  discriminations  are  connected  to  the 
generating  plant,  cause  a  complete  shut-down. 


The  following  devices  ensure  that  a  fault  un  a  two  or  three- 
wire  system  is  immediately  cleared  without  any  disturbing 
currents  flowing  through  the  system.  (Patent  No.  lt).<^">3. 
Nov.  13,  1915.)  It  necessitate  the  introduction  of  a  n-'-'  ■  •  •• 
inserted  between  the  "bus  baro  ao  the  source  of  supply.  .- 

point  of  which  is  normally  connected  to  earth. 

Two-wire  Systems. 

In  a  perfectly  healthy  system,  the  currents  in  the  posinvo 
and  negative  circuit  of  any  feeder  are  equal,  but  should  a  fault 
develop  on  one  pole,  and  a  return  circuit  be  available  for  the 
current  passing  through  this  fault,  this  bahnce  is  upset  and 
this  fact  is  made  use  of  to  isolate  the  faulty  feeder. 

In  order  to  reduce  the  loss  of  energy  ab.sorbed  by  the  resis- 
tance permanently  connected  across  the  "bus  bars,  and  at  the 
same  time  render  the  system  sensitive  to  faults,  it  is  pn>jHvi*Hi 
to  make  use  of  v  hat  mav  be  termed  "economy  r.'<  - 

which  permit  of  the  intrtuluctior.  o'  a  high  rcsi.stai, 
the  'bus  bars  under  healthy  awA  normal  conditions  ot  the  s\-s- 
tem,  thereby  reducing  the  los.s  in  this  ivsi.stance.  whirh  ' 
automatically  reduced  in  value  when  a  fault  doveloj 
making  the  system  more  sensitive  to  earth  faults. 

The  following  example  may  be  cited  :— 

Voltacfoof  svstiiu  l"""  \""^- 

Rcsistanco  inserted  between  the   hus  b«»rs  •><H»  ohms. 

Watts  ab.sorbcHl  by  rcsistanco • '"<»  ^*";»t«'*- 

Normal  curivnt  in  ix\«istan>-c 1  ampi^rc. 

Assume  full-load  of  feeder  to  be  2.(H)0  amperes  and  a  dead 
earth  on  the  positive  pole.  The  cunvnt  in  one  section  of  th.? 
resistance  he  (Fi^.  1)  becomes  zero,  while  that  in  ac  merease^ 
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to  2  aiiipcit'.s.  Thus,  ilie  out-of-balance  equals  2  amperes, 
wliicli  equals  O-l  per  cent,  of  tlie  full-load  current ;  this  requires 
an  extremely  sensitive  relay  to  operate  with  such  a  small 
percentage  out-of-balance. 

It  is  proi)ose(l  to  utilise  the  fact  that  a  current  flows  in  the 
mid-point  earth  wire,  to  short-circuit  part  of  this  resistance 
during  the  faulty  conditions,  and  thus  make  the  system  more 
sensitive  to  earth  faults. 

The  same  effect  may  also  be  produced  by  shifting  the  point 
of  connection  to  earth  on  this  resistance  nearer  the  pole  oppo- 
site to  that  0:1  which  a  fault  develops,  thereby  reducing  the 
resistance  in  the  patli  of  tlie  earth  current. 

In  the  previous  example,  if  the  resistance  of  the  section  be 
is  reduced  to,  say,  5  ohms,  when  a  fault  occurs  on  the  positive 
niain,  the  momentary  cuiront  in  this  section  becomes  100 
amperes,  and  this  the  full  Icjad  out-of-balance  current  is 
increased  to  5  per  cent.,  which  is  sufficient  to  operate  the 
relay.  Since  the  increased  current  in  the  resistance  nh  is 
only  momentary,  this  resistance  may  be  rated  extremely 
highly,  and  does  not  entail  a  large  and  expensive  resistance. 

Figs.  2  and  3  show  two  methods  of  accomplishing  this, 
where  in  Fig.  2  the  relay  operates  a  double-pole  contactor 
switch,  which  short-circuits  the  total  economy  resistance,  an 
auxiliary  switch  being  provided  on  the  contactor,  so  as  to 
avoid  bieaking  circuit  on  the  relay  contacts. 

TJie  relay  is  designed  to  operate  when  a  current  flows 
through  it  in  either  direction,  and  in  order  to  make  this  relay 
more    sensitive   it  can   be   short-circuited   by  the   contactor 


D.C.Bus  Bars 


out  the  automatic  gear,  should  this  resistance  be  rated  for 
only  a  momentar}'  flow  of  this  full-fault  current.  With  this 
object  in  view,  a  fuse  or  time  relay  with  liand  resetting  is 
inserted  in  this  fault  circuit,  which  would  automatically  break 
circuit  should  the  fault  current  flow  for  a  time  in  excess  of  that 
necessary  to  complete  the  isolating  operation  in  case  of  a  fault 
on  a  feeder  circuit.  When  this  takes  place  the  lamps,  which 
light  up  on  one  side  and  darken  on  the  other,  would  indicate 
that  a  fault  exists  on  the  generator  circuits. 
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Fig.  2. 


switches  wlicii  ii  fault  (iccnrs,  so  tiial  it  will  not  have  to  carry 
the  larger  fault  i mrent  as  a  result,  nf  the  icsistance  being 
cut  out. 

ill  h'ig.  .'»  tlic  ccououiy  rcsi.stiince  is  only  short-cirfuitcil  in 
I  lie  faulty  section  opj.osite  to  the  fault,  this  method  possessing 
the  advantage  that  during  fault  conditions  a  larger  resistance 
is  left  ins(Mtcd  between  the  "bus  bars,  ajul  thus  the  demand  on 
the  generating  system  is  reduced. 

Fig.  3a  shows  an  alternative  arrangement  to  Figs.  2  and  3. 
which  possesses  the  following  advantages  :^ 

1.  Only  one  resistance,  outside  the  eronnniy  resistances,  is 
employed,  wliicli  is  autimiat ieally  cunuceled  (o  the  ])oIe 
opj)()site  to  that  (Ui  whirli  the  fault  occurs,  (hereby  momen- 
tarily iucreasiiig  the  earth  current  and  operating  the  differen- 
tial relay  in  the  faulty  feeder  eireuit. 

2.  The  economy  resistances  mentioned  in  FifTs.  2  and  3  are 
replaced  by  indicating  lamjjs  placed  pernianentiv  across  the 
'bus  bars,  and  whicli  serve  to  indicate  visually  tlu'  condition 
of  the  system  with  regard  to  faults  to  earth.  The  resistance 
is  normally  cinipled  between  the  niid-point  of  these  lam])s  and 
earth. 

3.  Since  a  fault  to  earth  on  the  generator  ein  uii>.  which  is 
not  intended  to  be  automatically  isolateil.  also  oj)erates  the 
contactors  and  thus  allows  the  full-fault  current  to  flow  con- 
tinuously through   file   resistance,  it   will  be  necessary  to  cut 


The  advantage  of  these  methods  is  that  faults  are  cut  out  in 
their  inci])ient  stages,  thereby  reducing  the  extent  of  the  damage 
and  ])reventing  disturbances  over  the  rest  of  the  S3'stem. 

Fig.  1  gives  the  diagram  of  connections  for  a  single  and 
inde])endeiit  two-wire  feeder  showing  one  tyjie  of  relay  f<tr 
operating  the  double-])ole  switch  in  ia.se  of  earth  faults,  thereby 
cutting  out  the  faulty  feeder. 

The  relay  .shown  here  is  of  the  electromagnetic  type,  po.s- 
sessing  two  coils,  wound  in  opposition  to  it,  the  annature  of 
which  is  attracted,  due  to  the  out-of-balance  current  in  these 
coils  when  a  fault  develops. 


+ 
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Fig.  3a. 

In  a  two-wire  direct-current  network  where  a  feeder  may  be 
fed  from  both  ends,  the  split  conductor  system  as  shown  in 
Fig.  5  may  be  emjiloyed.  which,  in  case  »>f  a  fault  on  any  feeder, 
isolates  that  feeder  only,  while  maintaining  the  rest  of  the 
system  intact,  a,ssuming  that  a  fault  occurs  on  one  split  only, 
or  on  the  two  splits  of  the  same  pole  unequally.  In  this  caae 
the  methods  as  shown  in  Figs.  2  and  3  are  retained. 

The  principle  involved  here  is  that  normally  the  current- 
in  both  splits  of  one  feeder  arc  proportional  at  all  loads,  a 
fault  on  any  split,  however,  upsets  this  proportionality  on  th« 
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faulty  focdor,  wliicli.  is  cut  out  at  hotli  ends  autoinatically  as 
before.  Tlic  sound  feeders,  liowever,  do  not  lose  this  jjropoi'- 
tionality  since  both  splits  of  these  sound  feeders  feed  equally 
into  this  fault,  and  are,  therefore,  not  cut  out. 
I-  The  relay  .shown  in  this  fij^ure  is  of  tlie  moving  coil  type/ in 
which  two  coils  are  wound  on  the  moving  system,  whose 
torques  are  normally  equal  and  opposed,  and,  therefore,  the 
moving  element  is  at  rest.  Should  a  fault  develop,  the  system 
becomes  unbalanced  and  the  relay  acts. 


winch  are  normally  balaiue.l  and  an  nhown  in  Fi«.  6.  ami 

thus  by  nuans  of  the  differential  ri-Iay  oiM-nit*-  t'  lit- 

ln<'al<ei-  in  the  faulty  section  and  clear  •'  ••  ^■■■''       T.  t-- 

the  fault  is  cleared  the  circuit  i«  aut 
nonnal  condition. 
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Fig.  4. 


IThree-ivire  Systems. — In  the  case  of  three-wire  systems,  it 
is  proposed  to  insert  a  resistance  between  the  outer  'bus  bars 
at  the  source  of  supply  as  before,  and  normally  to  earth  a 
point  on  this  resistance  slightly  removed  from  the  neutral 
point  in  potential,  so  that  a  difference  of  potential  exists 
between  the  middle  wire  and  the  point  connected  to  earth,  as 
shown  in  Fig.  8.  Should  a  fault  to  earth  occur  on  any  of 
the  three  poles  of  any  feeder,  a  current  will  flow  in  the  earth 


3-wire  Feeder 


Fig.  6. 


The  same  effe(;t  may  also  be  produced  by  automatically 
shifting  the  position  of  the  earth  point  on  the  n-  •  to 

a  point  nearer  the  pole  adjacent  to  the  faulty  polt   ...  ...  :.iiv, 

thus  reducing  the  resistance  in  tlie  circuit  of  the  eaith  current. 

The  point  chosen  for  earthing  the  resistance  mu.st  be  within 
the  limits  that  the  potential  l)etween  the  outers  and  earth 
does  not  exceed  tliat  required  by  the  Board  of  Trade  rul«--. 


I   \Condurlor 
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Triple -pole 
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Aux^  Switch 


Fig.  5. 

connection,  which  operates  the  relay  placed  in  this  circuit. 
This  relay  is  made  to  ojDerate  the  contactor  switches  and  to 
short-circuit  part  of  the  resistance  opposite  in  potential  to  the 
pole  on  which  a  fault  develops,  which  results  in  a  momentary 
iacrease  in  the  earth  current,  sufhcient  only  to  create  an  un- 
balanced condition  between  the  currents  in  the  three  poles, 


lieutrgl 


At  the  moment  of  tripping  this  value  would  be  exceeded,  but 
this  is  justifiable  so  lonu  as  it  is  only  momentardy  m  cinniit. 

This  system  mav  be  ^applied  to  the  split-conductor  system, 
where  a  feeder  may  be  energised  from  both  ends,  as  shown  m 
Fig.  7.  In  this  case  a  resistance  is  inserted  between  the  outers 
at'the  source  as  before,  the  conditions  of  earthmg,  &c.,  remam- 
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ing  uuclianged.     A  fault  on  any  split  to  eartli  produces  a  Feeder  Relaijs.— These  relays  are  also  capable  of  operation 

current  in  the  eartli  connection,  and  thus  upsets  the  balance  in  down  to  5  per  cent,  of  the  full-load  current,  and  the  following 

the  faulty  feeder  as  before,  and  trips  the  switch  at  both  ends,  table  gives  the  values  of  the  maximum  fault  resistance  which 

D.  C.  Bus  Bcrs  (3  -  wire) 


-==■    Zarth 


Fig. 


the  remaining  part  of  the  system  being  kept  intact,  since  the 
balance  is  upset  only  in  the  faulty  feeder  section. 

Commom  Relay  Operating  Coutactors. -This  relay  is  of  the 
moving  coil  ty;*^,  and  will  operate  down  to  5  per  cent,  of  the 


will  operate  the  relay  for  different-sized  feeders  on  a  particular 
system,  assuming  the  voltage  of  the  system  to  be  500  volts, 
the  permanent  resistance  across  the  bars  500  ohms  and  the 
relay  to  operate  at  5  per  cent,  of  the  feeder  full-load  current : — ■ 
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maximum  current  in  either  direclioii.  Assuming  the  nia.\:i- 
mum  current  passing  through  this  relay  to  be  2  amperes,  as  in 
the  example  cited  before,  this  relay  will  operate  with  0-1  am- 
pere, which  is  equivalent  to  an  earth  resistance  on  one  pole  of 

DCBusSd'-s 


Thus,  an  earth  fault  of  195  ohms  on  a  50-anxpere  feeder  could 
be,  if  desired,  automatically  cut  off  in  such  a  system  as  the 
above. 

Applications. — Figs.  9.  10  and  11  .>how  various  applications 
where  this  system  of  protection  can  with  advantage  be  applied, 
these  figures  being  self-explanatory  and  referring  to  both 
2  and  3-wire  systems.     It  will  be  observed  that  various  types 
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4,750  ohms.  This,  of  course,  is  much  too  sensitive  a  setting, 
and  in  practice  should  be  set  for  a  vaiut>  approaching  llie  maxi- 
mum current  i.e..  2  amperes -so  that  tln'  .MMisihility  <»t  this 
relay  is  of  the  same  order  us  the  sensibility  of  the  differential 
feeder  relays. 


t  t  ♦  t 

^0  Motor  or  L'^htin^  CircwtS 

Fic.  II. 

of  relays  and  switching  arrangements  have  been  indicated,  but 
the  most  suitable  type  will  vary  with  each  installation. 

This  method  of  protection  ran  abolie  adajited  to  alternating- 
current  systems,  where  the  resistances  mentioned  could  be 
replaced  by  reactances. 
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CORRESPONDENCE. 


"SPEEDING   UP   IN  AN   ENGINEERING   FACTORY." 

TO   THE    EDITORS    OF   THE   ELECTRICIAN. 

In  replying  to  the  correspondence  in  last  week's  Electrician, 
I  would  like  to  say  that  my  Paper  being  published  in  an 
abstract  only,  a  wrong  impression  may  easily  be  produced  of 
some  points  dealt  with  more  fully  in  the  Paper  itself. 

Unlike  you,  I  cannot  say  I  am  in  agreement  witji  much  of  Mr. 
Carney's  letter.  He  seems  altogether  prejudiced  against  the 
case  for  the  employer,  and,  from  the  impression  his  letter  gives 
me,  I  should  say  likely  to  be  satisfied  with  mediocre  results 
provided  the  men  profess  contentment. 

Although  it  is  true  that  it  does  not  necessarily  follow  that  a 
man  is  loafing  who  takes  4*9  minutes  to  do  a  job  which  he  him- 
self previously  did  in  2-25  minutes,  it  almost  invariably  follows, 
and,  in  the  particular  case  mentioned,  it  certainly  was  the  case. 
The  man  may  have  thought  that  he  was  doing  the  best  for 
himself — in  this  he  was  most  certainly  wrong — but  he  was 
nevertheless  acting  dishonestly,  and  that  I  am  not  going  to  any 
pains  to  excuse.  Condoning  deception  of  this  sort,  or  indulging 
in  self-deception,  is  not  likely  to  lead  to  any  good  for  anybody. 
Mr.  Carney  thinks  I  lack  the  close  sympathy  with  the 
labourer's  view  point  which,  he  considers,  is  essential  to  success. 
The  work  I  described  certainly  was  successful — the  results 
prove  it — so  he  is  wrong.  I  may  say  at  once,  as  one  who  for 
many  years  was  engaged  in  manual  work,  that,  while  I  have 
every  sympathy  with  the  labourer,  I  have  grave  doubts  about 
the  soundness  of  many  of  his  views.  I  am  in  sympathy  with 
both  men  and  employers;  and  I  consider  both  their  cases  from 
my  own  point  of  view,  which,  in.  work  of  this  sort,  is  of  some 
importance.  Sympathy  does  not  imply  agreement.  There  is 
a  course  which,  if  followed,  should  satisfy  both  employer  and 
employe. 

Driving  m.ethods  were  not  employed  by  me.  The  farthest 
I  went  in  this  direction  was  to  stand  up  for  a  reasonable  thing 
and  resist  attempted  driving  tactics  of  disaffected  men,  and 
experience  has  shown  me,  much  as  it  may  surprise  Mr.  Carney, 
that  such  m.ethods  do  pay.  I  do  not  agree  that  the  attitude 
of  labour  is  due  to  that  of  the  employers  ;  Mr.  Carney's  assump- 
tion that  the  latter  are  ignorant  of  economics  is  a  debatable 
point,  at  least  as  far  as  their  own  work  is  affected. 

Mr.  Carney  may  be  satisfied  with  the  results  he  obtained  by 
his  m.ethod£ — that  is  a  personal  matter — but  my  experience 
has  shown  that  the  use  of  the  stop  watch,  which  does  not  by  any 
means  imply  driving  methods,  is  far  and  away  superior  to  any 
other  method  for  the  obtaining  of  increased  outputs.  Part  of 
the  Paper,  omitted  in  the  abstract,  shows  that,  without  the 
rigid  analysis  rendered  possible  by  the  plain  figures  obtained  by 
the  use  of  the  stop-watch,  the  same  results  could  not  have  been 
expected.  Some  of  the  men  whose  work  was  timed,  and 
reorganised,  were,  I  think,  genuinely  astonished  at  the  difference 
made.  Manual  work,  like  some  forms  of  athletics,  can  only  be 
properly  studied  by  means  of  a  stop-watch.  The  em.ployer 
who  believes  in  driving  will  drive  without  seeking  the  aid  of  any 
such  instrument,  and  without  offering  higher  wages. 

Mr.  Carney  makes  a  great  point  of  contentment  amongst  the 
workers.  The  workers  referred  to  in  the  Paper  are  fairly  well 
satisfied,  but  very  little  of  their  contentmenc  is  due  to  their 
seeing  that  I  am  satisfied  with  anything  far  removed  from  an 
effort  on  their  part  to  do  their  best,  although  such  a  thing  is 
frequently  a  reason  for  self-satisfaction  amongst  workmen.  A 
full  explanation  of  the  system  was  made  to  the  men  before  its 
application.  Nothing  was  hidden  from  them.  The  simpler 
aspect  of  the  system  mentioned  in  the  Paper  was  not  noticed  at 
first,  but,  when  it  was,  there  was  no  reason  why  it  sliould  be 
enlarged  upon  ;  it  is  only  a  matter  of  interest  and  does  not 
affect  the  actual  figures.  The  men  were  given  outputs  and 
figures  for  rates  of  pay  to  compare  :  their  satisfaction  or  other- 
wise was  their  own  affair  largely  ;  only  experience  could  show 
definitely  the  advantages  they  would  gain.  This  experience 
they  were  unwilling  to  obtain.  In  the  Paper,  I  have  mentioned 
that,  far  from  driving  being  the  rule,  considerable  pains  were 
taken  to  find  an  excuse  for  the  men  when  turning  out  greater 


outputs,  and  I  Ixtliov*?  t!t  ■'^  — '  - '  *'  -  -f....  ,.        t  *i^  vaea 
causing  the  strike.s  was  -ome 

cases,  they  were  going  to  be  Bhown  to  have  been  deliberately 

restricting  output. 

With  the  men  per8^>nally,  with  few  ^yj-^-r,*\'  '-   T  "^-^.^  always 
on  very  good  terms,  and  took  their  ar-  i^e*  in  a 

sporting  spirit,  while  insi.sting  on  what  I  knew  to  be  nght  and 
refusing  to  be  deceived. 

I  still  hold  that  an  employer  pays  for  a  man's  abilitie*  in  the 
workshops  as  much  as  in  the  office.     In  seUini^  a  ta-ik  on  th'u 
system  tlie  employer,  wjio  is  re^pon.sib!e  for  ■ 
work,  and  the  facilities  for  turning  it  out,  is  rcali .  . 
mum  standard  of  ability.     Pieces  per  hour  form  tl. 
able  measure  of  this  in  the  kind  of  work  under  con-suleration. 

Mr.  Carney  might  have  noticed  in  l.is  .«»'ar<h    '  '    th" 

Paper  that  six  minutes  in  the  hour,  that  is  10  \y wa.s 

allowed  for  rest  to  the  workers,  in  addition  to  certain  other 
allowances.  This  was  principally  on  account  of  fatigue.  ha<l 
there  been  years  to  spare,  fatigue  studies  m'ujhl  have  been 
undertaken,  but  I  expect  that  when  they  are  the  stop-watch 
will  be  necessary,  and  there  will  be  a  great  deal  more  trouble 
than  I  have  had  ;  they  will  touch  the  workm-in  much  more 
personally  than  my  methods.  There  was  n'>  time  for  delay, 
however,  and  the  thing  had  to  be  settled  quickly  and  reasonably 
on  the  somewhat  common  engineering  lines,  the  lines  which  may 
be  inferred  from  the  definition  of  an  engineer,  which  I  have 
heard  several  times  at  meetings  lately,  as  being  a  man  who 
can  do  in  a  day  what  most  others  would  take  a  week  to  do.  I 
state  in  the  Paper  that  had  more  elaborate  analyses  beea 
possible,  better  results  wou'd  doubtless  have  been  obtained. 

As  regards  Mr.  F.  W.  Taylor's  work,  as  I  read  his  books,  this 
was  spread  over  many  years  for  comparatively  small  results  to 
begin  with,  and,  had  I  resorted  to  his  tactics  of  dismissal  and  so 
on,  in  the  tense  labour  situation  created  by  the  war,  I  should 
have  held  myself  to  blame,  but  in  no  single  instance  was  driv- 
ing, in  any  shape,  resorted  to.  It  must  not  be  forgotten  that 
two  sections  of  men  fell  in  with  the  system  without  the  slightest 
trouble,  other  than  the  "  soldiering  "  during  timing,  all  of  which 
was  duly  noted  and  discounted. 

Mr.  Brocklehurst,  like  Mr.  Carney  has,  owing  to  the  Pappr 
being  in  abstract,  formed  a  wrong  impression  as  to  the  way  in 
which  the  men  were  approached  in  the  first  instance.  As  I 
have  said,  nothing  was  hidden  from  them.  In  setting  the  task 
I  was  prepared  to  back  my  judgment  even  in  spite  of  attempts 
at  "  soldiering."  Any  mistakes  I  made  in  setting  the  task  low 
I  stood  by,  but  they  were  fe.v,  and  not  of  much  moment.  I 
cannot  enter  into  the  German  question,  although  it  may  be 
argued  that  Germany's  accumulated  stocks  are  more  likely  to 
be*^ mythical  than  real,  but  there  is  no  reason  why  th-?  intro- 
duction of  the  system  I  have  described  should  lead  to  any 
trouble  whatever  if  men  are  willing  to  give  it  a  fair  trial.  There 
were  strikes  all  over  the  country  at  the  time  dealt,  with  m  th-* 
Paper,  and  in  places  where  there  was  no  attempt  to  iutr^xluce 
any  changes  in  method  of  payment,  and  where  it  has  been 
shown  absolutelv  that  men  were  deliberately  keepmg  down  the 
output.  In  normal  times  1  believe  the  changes  wo-.ild.  liave  been 
niade  with  much  less  difficulty.* 

The  system  was  not  devised  bv  me.  but  I  cannot  se.»  that  the 
settinc^  of  a  proper  normal  output,  with  a  33 J  p.^r  cent.  m'»r>iin 
of  time  allowed  for  its  completion,  and  a  guaranteejl  mmunum 
wage,  leaves  anv  loophole  for  such  weakness  as  Mr.  Bn>ckle- 
hurst  i.aplies.  It  relies  in  no  way  on  wlthhold.m^  anvthmyj 
from  the  men.  The  latter  were  told  that  provukxl  1  wa^  sure 
that  the  task  was  reasonable-and  I  would  see  to  that- h« 
more  monev  thev  earned  the  better  I  would  b.  P'f»^^- *^^;^;: 
labour  cost  decreased  somewhat.     That  st.U  holds,  and  the> 

are  satisfied.  ,  •  u^    •  ^^.^,1- 

In  reply  to  Mr.  Stevens,  I  do  not  condemn  straight  piecework 


bo  almost  a  miracle  if  strikes  won^  not  caused  by  any  attou>pt.  ho«x%-er 
roasonabl?,  to  speed  up  and  obtain  an  honest  output. 
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as  altogether  unsatisfactory.  If  a  stop-watch  is  employed  in 
the  fixing  of  the  prices,  in  the  hands  of  a  competent  engineer 
observer,  the  results  need  not  be  altogether  unsatisfactory. 
It  was  a  failure  in  the  works  dealt  with,  and  the  fact  that 
leading  engineers  have  been  forced  to  drop  it,  shows  that  I  am 
in  good  company  in  holding  the  opinions  I  have  expressed.  At 
least  one  prominent  labour  leader  has,  I  believe,  declared  that 
straight  piecework  is,  in  his  opinion,  a  failure. 

From  Mr.  Stevens'  description  of  the  alterations  he  made  I 
am  inclined  to  think  that  they  have  had  only  a  small  direct 
influence  on  the  increase  in  output.  A  consent  of  the  workers 
so  spontaneously  unanimous  as  to  be  italicised  makes  me 
somewhat  suspicious.  If  each  worker,  without  any  alteration 
in  methods,  and  paid  in  the  same  way,  received  IBs.  3d.  per 
day  as  against  6s.  .3d.  previously,  the  inference  would  seem  to  be 
that  they  had  a  soft  job  in  the  first  instance.  The  division 
of  labour  saved  their  faces  and  })rovidod  the  excuse  for  them 
to  go  on,  even  as  the  excuses  I  had  to  provide,  served  the  same 
purpose. 

I  am  sorry  to  point  out  to  -Mi'.  Stevens  that  his  .saving  is 
approximately  30-7  per  cent.,  not  44|  i)er  cent. 

1  consider  it  (juite  fair  to  airange  for  the  labour  costs  to  fall 
with  increasing  output.  The  em])l oyer,  in  my  opinion,  is 
entitled,  in  some  degree  at  least,  to  reap  a  direct  benefit  from 
the  system  and  facilities  for  which  he  has  been  responsible  to 
give  the  men  an  opportunity  of  earning  higher  wages  up  to  the 
limit  of  their  ability,  in  any  case,  neither  this  ])art  of  the 
saving,  nor  that  in  overhead  charges,  goes  wholly  to  the 
employer.  They  have  their  effect  in  reducing  the  price  to  the 
purchaser  and  increasing  the  market,  to  the  la.sting  benefit  of 
both  employer  and  employee. 

There  was,  as  I  repeat,  no  hoodwinking  of  the  worker.  If 
your  correspondents  refer  to  the  curves  in  the  Paper  they  will 
see  that  they  have  been  straining  at  a  gnat  ;  when  one  hour's 
task  is  done  in  half  an  hour,  as  may  happen  with  a  very  smart 
man,  his  rate  of  pay  increases  over  83  per  cent.,  while  the 
reduction  in  labour  cost  is  only  7-5  per  cent. 

I  am  very  well  satisfied  with  the  results  of  the  system  I 
have  adopted,  and,  from  my  experie)ice  of  the  results  of  ordinary 
straight  piecework,  I  am  convinced  that  they  never  would 
have  been  obtained  by  that  means. 
London,  May  0.  11.  Rankix. 

TO  Till-;  KUITORS  OF  THE  p:li-:(Trician. 

I  have  followed  with  interest  the  articles  by  Mr.  R.  Rankin, 
B.Sc,  in  your  issues  of  The  Electrician  for  April  21st  and 
28th,  as  well  as  the  correspondence  in  the  following  issue,  and  I 
agree  with  Mr.  H.  Ambiose  Carney  that  Mr.  Rankin  deserves 
our  best  thanks  for  bringing  fcnward  a  subject  of  such  vital 
importance  to  the  welfare  of  the  nation. 

At  the  present  time,  in  the  iiKMnifacture  of  an  article  which, 
in  ])re-\var  days,  was  assi'iiil)led  by  one  skilled  person,  I  have 
found  it  necessary,  owing  to  the  dilution  of  skilled  with  semi 
and  unskilled  labour,  to  split  up  the  assembling  into  separate 
processes,  giving  a  single  ])rocess  to  each  person,  with  the  result 
that  that  ])ro(;ess  became  purely  mechanical  tu  that  particular 
person.  Jt  was  in  determining  what  the  cost  of  each  process 
ought  to  be  that  1  nut  my  greatest  difficulty.  The  processes 
were  considered  by  the  workers  to  be  a  lu-w  means  of  cutting 
the  prices,  and  1  think  they  had  at  the  back  of  their  minds  a 
vague  notion  that  it  was  some  new  "'  Slates  "  trick,  fcir  even 
after  carefully  c\plMiiiiiig  the  cau.se  of  splittiiiij  up  tlie  pr<>- 
cesses  ai'd  I  lie  whole  sclicnic  they  seemed  to  distrust  it.  .\s 
there  were  no  fixed  ]iiices  the  witrkers  for  the  liist.  few  weeks 
took  as  long  as  they  possibly  dare  over  each  piece  in  an  attempt 
to  iiiako  the  piecework  price  as  high  as  possible,  and  .Mr.  Uan- 
kin  will,  no  doubt,  see  that  with  li.xi'd  dates  for  (iovernmeiit 
orders,  stop  watches  were  out  of  the  (piestifui.  1  continued  to 
give  the  prices  I  had  (ah.ulated  in  the  iirst  <'a,se  and  which, 
when  added,  gave  the  same  total  ])rice  as  that,  for  all  the  ])ro- 
cesses  combined,  and  in  time  several  of  the  workers  .saw  that 
they  could  take  away  n\ore  money  })er  week  in  the  new  scheme 
than  they  could  before*,  so  that  gradually  the  whole  shop 
'leveloped  th(>  same  idea.  1  afterwards  found  that  it  was  not 
the  fact  that  the  processes  became  mechatiital  which  .struck  the 


TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

In  commenting  upon  my  remarks  anent  Mr.  Rankin's  Paper 
you  have  apparently  misunderstood  ray  proposals  for  an 
industrial  reserve.  The  term  "  reserve  "  is,  perhaps,  unhappilv 
chosen,  since  with  the  various  species  of  military  service  now 
extant,  the  word  has  acquired  an  almost  exclusively  military 
connotation.  Yet  it  exactly  expresses  my  meaning  if  it  be 
shorn  entirely  of  its  military  sense.  I'h'ery  one  now  agrees 
that  this  country  can  no  longer  afford  to  handicap  itself  in  the 
race  with  other  nations  by  the  inefficient  utilisation  of  its  labour 
forces.  Undoubtedly  the  war  has  shaken  up  the  haphazard 
arrangement  of  these  forces  into  a  far  better  distribution.  Pro- 
duction is  in  consequence  generally  more  efficient  now  than  in 
pre-war  days,  if  due  allowance  be  made  for  the  other  factors 
which  we  e.\))erience.  So  that  already  we  have  advanced  on 
the  road  to  industrial  efficiency.  My  point  is  that  we  should 
not  shake  out  the  round  pegs  from  the  round  holes  they  have 
recently  found,  and  drive  them  back  into  the  square  holes  they 
occupied  before  the  war.  The  nation  cannot  afford  to  do  it. 
Even  if  we  could,  it  would  be  impolitic  t.>  do  so  ;  every  round 
peg  would  chafe  in  the  square  hole  re-assigned  to  it,  having 
experienced  life  in  its  proper  position,  and  would  become  a 
potent  source  of  labour  unrest.  This  position  seems  to  me 
perfectly  sound. 

But  we  are  bound  to  see  that  those  now  under  arms  do  not 
lo.se  by  this  arrangement,  and,  therefore,  my  ])roposal  is  that 
these  men,  too,  should  be  given  the  opportunity  and  the  train- 
ing to  find  and  fill  each  his  projjer  niche.  This  the  Industrial 
Reserve  would  do.  Your  statement  that  '"  when  peace  is 
])n>claimed  the  men  who  have  been  hghting  for  us  will  be 
allowed  to  return  at  once  to  their  former  m'cujjations  in  order 
to  begin  to  earn  the  wherewithal  to  provide  homes  for  their 
families."  p<»stulates  the  exi.stencc  of  indu.stries  to  absorb  all 
these  men.  fully  and  efliciently.  the  day  jicace  is  .signed.  Can 
anyone  say  this  would  be  .so  were  hostilities  t  o  end  to-m<»rro\\  '. 

It  is  liot  a  (piestion  of  economy  in  the  maintenance  of  the 
men,  but  a  (|uesti<in  of  taking  the  greatest  op|)ort unity  this 
coiiiitrv  has  ever  had  of  reconstructing,  on  a  .sound  basis,  its 
industrial  and  conimcK  iai  striu-luie.  It  is  a  practical  step 
in  the  ])erformance  of  '  that  national  duty  which  .sees  that  the 
lit  survive."  instead  of  throwing  them  into  the  ranks  of  the 
unem])loyed.  As  to  the  State  payments  during  training  in  the 
Industrial  Reserve,  they  ami  the  training  itself  are  but  the 
modern  counterparts  of  the  rewanis  which  the  generous 
ancients  best<iwed  upon  their  warriors.  Shall  we  in  this  en- 
lightened age  be  less  generous  i 

Manchester.  May  8.  H.  Ambrose  Carxkv. 

[  In  our  correspondent's  letter  last  week,  "  No.  2  re})ort  of  the 
Ministry  of  Munitions  Health  ("ommitteo  "  sh<uild  read  "  No.  7 
report."—  Eds.  E.\ 


workers,  but  the  fact  that  they  did  not  waste  time  changing 
from  one  process  to  another  as  they  had  done  previously.  It  is» 
of  cour.se,  the  former  which  is  the  more  important  of  the  two  ; 
the  latter  is  practically  negligible  for  a  good  worker.  By  means 
of  this  scheme  I  obtained  a  greater  output  from  my  diluted 
labour,  which  was  what  I  was  aiming  at,  and,  as  Mr.  G.  C. 
Stevens  pointed  out  in  The  Electrician  for  May  5th,  the 
actual  cost  of  the  articles  was  reduced. 

The  carrying  out  of  this  .scheme  has  made  me  very  much  of 
the  same  mind  as  Mr.  Carney — that  is,  the  average  British  work- 
man must  be  humoured  and  carefully  handled  if  he  is  to  be 
used  to  the  full  extent  of  his  powers.  I  have  found, it  better 
policy  to  treat  those  under  me  with  a  firm  hand,  but  as  human 
beings,  and  not  as  mere  machines,  as  Mr.  Rankin's  article 
seems  to  suggest  they  should  be  treated. 

I  do  not  agree  with  Mr.  Carney's  system  of  "  State  Aid  "  for 
soldiers  after  the  war,  but  I  certainly  think  something  should  be 
done  to  see  that  the  right  man  gets  the  right  job  ;  by  this  I 
mean  that  the  skilled  man  should  not  be  put  on  labouring, 
while  the  unskilled  man  gets  his  job  because  he  got  there  fir.st. 
It  is  only  by  having  every  man  in  his  right  position  after  the  war 
that  we  .shall  obtain  a  maximum  output  from  the  nation. 

Manchester,  May  6.  H.  Stuart. 
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TECHNICAL  ED  UCAT [ON. 

TO  THK  EDITORS  OP  THE  ELECTRKIAX. 

As  a  member  of  the  Council  of  the  Association  of  Teachers 
in  Technical  Institutions,  I  shoiiM  like  to  fhank  \'oii  for  voiir 
stronj^  leading  aiti(;le  on  the  jjresent  jiosition  of  technical 
education.  Although  your  castigation  of  all  parties  concerned 
may  not  be  quite  just,  the  situation  appears  to  be  so  serious 
that  it  is  not  the  time  to  exercise  a  nice  discrimination  in 
apportioning  the  blame.  The  A. T.T.I,  have  given  K)!>g  and 
serious  consideration  to  the  question,  and  have  endeavoured 
with  a  certain  amount  of  success  to  arouse  public  opinion  in 
the  Press ;  they  have  approached  the  more  important  educa- 
tional authorities,  the  Board  of  Education  and  certain  M.P.s 
interested  in  education  ;  they  have  also  co-operated  with  other 
associations  in  holding  meetings  and  reading  Papers  which 
have  been  reported  in  the  Press.  The  public  utterances  of 
ministers  when  questioned  have  been  all  that  one  could  desire, 
but  nothing  has  actually  been  done,  and  we  are  at  the  present 
moment  faced  with  the  complete  emptying  of  all  technical 
colleges  doing  advanced  work  owing  to  the  extension  of  the 
military  service  age  down  to  18,  which  will  be  further  intensified 
in  the  case  of  electrical  engineering  by  its  removal  fi'om  the  list 
of  reserved  ()ccu])ations.  The  men  whose  courses  have  been 
intenupted  will,  in  the  majority  of  cases,  not  return  to  college, 
and  at  the  end  of  the  war  we  shall  wake  up  to  find  ourselves 
technically  in  a  position  infinitely  worse  than  before  the  war. 

It  appears  to  me  that  only  one  course  is  open  to  the  Govern- 
ment, viz.,  to  decree  that  tribunals  must  regard  advanced  full- 
time  students  of  proved  ability  as  exempt  from  military  service 
(except  in  technical  corps)  until  the  end  of  their  counse  and  so 
long  afterwards  as  they  may  be  required  by  manufacturers  for 
important  technical  work.  At  the  instance  of  the  A. T.T.I. 
this  concession  was  obtained  from  Lord  Derby  by  the  B.O.E. 
in  the  case  of  students  who  attested  under  his  scheme,  and  has 
been  put  in  operation  in  a  few  cases  but  has  now  lapsed.  Of 
my  own  students  four  have  come  under  its  operation,  and  these 
have  been  engaged  by  a  large  electrical  works  who,  on  appealing 
to  the  county  tribunal  for  their  exemption,  had  their  case 
decided  against  them  without  being  given  a  hearing. 

The  first  Military  Service  Act  recognised  as  grounds  for 
exemption  the  fact  that  the  man  was  in  training  for  some  work 
of  national  importance  ;  if  this  clause  remains  in  the  new  Act 
and  if  tribunals  are  compelled  to  respect  its  provisions  there 
may  be  some  hope  of  saving  the  situation  ;  otherwise  we  may 
look  forward  to  our  manufacturers  after  the  war  being  more 
severely  handicapped  than  ever. 

Battersea,  May  9.  A.  W.  Ashton. 

[We  appreciate  Dr.  Ashton's  letter.  As  for  our  castigatior 
of  all  parties  not  being  quite  just,  we  would  state  that  we  judge 
by  results.  The  exercising  of  a  nice  discrimination  in  appor- 
tioning the  blame  was  intentionally  avoided. — Eds.  E.] 
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GENERATION  OF  HIGH-TENSION  CONTINUOUS 

CURRENT. 

TO  THE  EDITORS  OP  THE  ELECTRICIAN. 

Referring  to  the  article  by  Mr.  A.  W.  W.  Linke  on  a  '"  Direct- 
current  Generator  for  10,000  volts,"  in  The  Electrician  of  the 
17th  ult.,  p.  842,  I  beg  to  inform  you  that  to  my  knowledge  a 
certain  number  of  machines  generating  continuous  current  at  a 
P.D.  of  10,000  volts  have  been  built,  and  have  been  in  service 
for  several  yeui's. 

Makers  of  such  machines  in  addition  to  the  AUgemeine 
Elektricitiits  Gesellschaft  are  notably  the  C()m))agnie  de 
I'Industrie  Electrique  et  Mecanique,  and  the  firm  of  Cuenod,  of 
Geneva.  One  of  these  machines,  giving  10,000  volts  and 
0'2  ampere,  constructed  by  the  Cuenod  firm,  has  been  used  by 
me  since  the  exhibition  of  1912. 

A  series  of  machines  giving  8,000  volts  and  2  amperes,  have 
been  built  ac  the  same  time  by  the  Compagnie  de  I'Industrie 
Electrique  et  Mecanique.  In  1914  the  French  administration 
of  Posts  and  Telegraphs  put  a  machine,  built  by  this  company, 
into  service  in  a  wireless  telegraph  station  working  at  10,000 
volts  and  1  ampere,  and  a  series  of  similar  machines  is  about  to 
be  installed.  Dynamos  giving  12,500  volts  and  1  ampere  are 
about  to  be  built. 


All  such  niio  iiiin-.-.  h 

even  for  a  voltage  of  I  J,  .       .,...,,  ...    ,.,,,„ 

certain  point  oi  the  winding  can  Ik?  put  »<»  ••af^h 
biiilf    for  lower  currents  than  tli^w  of  ,t  the 

diMiciilty  in  such  types  of  con.Htnu-tion  m  n<.i  -u  nan  u  a  <|iu>«rtion 
(if  current,  but  of  voltage. 

Postes  and  Tt'lc'^raphes,  Pari.s,  Mav  I.       L.  IJ^jltiiii.. 


SIR  WILLIAM  BEARDMORE  ON  SCIENCE  AHD 

INDUSTRY. 

In  his  presidential  address  to  the  Iron  and  St**l   Iniititat»  Sir 

William  Bearrlmore  made  some  inl'  ■ 

of  science.     After  referring  to  the  f.i  .       

ethical,  j)olitical  and  industrial  lesHons,  which  were 
Sir    William    stated    the    industrial    h'>- 
economy  of  production  and  the  relation  >  , 

Regarding  science,  this  came  first,  and  there  must  lie  •  ma 

between     lal)<jrat<jry    research     and     maniif 
Tlien^  was  a  great  need  for  the  extension  of  r- 
and  his  exjjcrience  was  that  much  of  this  work  was  li  . 
tive,  eitlicr   positively,   in    iinproved    pr4)ee««es  of  i 
negatively  by  eliminating  errors.     .Mueh  of  it  wa.n  i. 
and  all  of  it  r(H(nircd  money.     The  narrow  margin  of  |irolit  ■ 
l)y  the  mannfactiiicr  left  little  for  such  work,  anri  manuf  •■  * 
difficulty  in  linding  means  to  carry  it  on  pio|K'rly.      In  •■ 
refusal  of  workers  to  utilise  to  the  greatest  a<lvantage  the  n 
methods  evolved  by  ex|jerimental  research  di.seouraged  indii- 
in  evolution  and  application  of  such  metho<ls.     When  a  <  ■ 
lack  of  enterprise  was  made  against  manuf aeturers,  blani- 
be  laid  on  the  workers,  who  did  not  realise  that  their  int.  ..    .-   -..* 
jjriniarily  affected  by  the  attitude  they  displayed  in  such  caaea.     It 
was  not  enough  for  the  State  to  encourage  research  ;   th*  waa 

equally  concerned   with   the   application,  and  the   que.>:. ...         -   a 
national  one. 

A  great  export  trade  was  necessary,  since  (he  j)eoi)le  •]■ 
plenty  of  work.     Research  was  a  charge  on  the  selling  ( :.     . 
counterbalance  this  it  was  essential  that  the  volume  of  output  should 
be  increased.     Consequently  the  bed  rock  was  reaehed  wl  • 
found  that  unless  restrictions  and  limitations  of  workers'  a.^^s. 
were  abolished  much  of  the  gain  from  research  would  be  lv»s' 

Owing  to  the  output  from  the  machines  at   T     '  "       ' 
great  enough,  girls  were  employed  in  the  project  i 
in  all  cases  produced  more  than  double  the  output   prwlutwl  by 
thoroughly  trained  mechanics.     In  shell   bo<lies  it  was  double,  m 
boring  it  was  double  and  in  curving  it  was  120  |)er  cent,  greater. 

The  sjieaker  referred  to  the  indigo  problem,  and  the  fact  that  two 
f  ierman  firms  spent  £1 ,000.000  on  it  and  worked  Hi  years  on  it.  Th'-n 
the  partnership  was  dissolved,  and  w  ithin  a  few  weeks  one  of  the  firms 
claimed  to  have  solved  the  problem.  Incidentally,  it  was  a  gm>«f 
example  of  Cerman  business  methods,  and  the  firm  in  question  held 
the  mono{)oly  of  the  indigo  market  for  five  years.  During  the  whole 
progress  of  these  experiments  nothing  was  di\  ulged. 

Sir  William  referred  to  the  linrhvtions  of  our  educational  s\-stein. 
only  four  colleges  at  Cambridge,  none  at  Oxford,  were  pn^sid«l  over 
by  scientihc  men.  and  of  35  of  our  public  schools  34  had  tlasi«iral 
head  masters. 

It  would  benefit  the  State  if  the  heads  of  Government  departments 
were  scientific  men,  since  these  departments  were  nccess;ird\  •-.vn- 
nected  with  scientific  work.  Vet  no  scientific  man  ha»l  ever  l^vn 
entrusted  with  the  head  of  a  department  as  a  Cabinet  Minister. 

The  enguieer  was  calling  for  metals  of  higher  cpia' 
range  of  i)uri)oses,  and  cvervoiu^  was  elamonring  C>r  (■ 
K\er\  industrial  process  should  be  exanuneil  constantly  ami  nielho 
(iicaliy.  and  rcsponsihilify  rested  on  enq.K>yers  to  make  siM-h  resi\m-h 
work  ])art  of  their  productive  mctiiods. 

In  the  discussion  which  followed,  Mr.  R  TalUit.  of  Mi- 
asked  the  <'ouu(il  if  thcv  would  c.dl  a  special  m.>-tinc  ««f  «•'•   '"-...,. 
to  discuss  the  dutv  of  the  State  to  trade.      Me  ronsidemi  llu-v  were 
in  a  ])osition  to  advise  the  Coxernmcnt.  esinv-ially  ;is  their  le.>uler* 
in  the  Caiiinct  were  not  scientific  men. 
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Zimmcr      (Lon.l.m  :   Cmsl.v.  Wkw.wd  A  Son.)     l^-  x'^'-*- '•»-•     •»-'^ 

"  Mc.hani.al  IC.uin.viMs'  IWket  l^mk."  B>-  William  Kent.  ME.. 
Sc.D.  (Lomlon  :  rhapniau  .t  ffaU.  btd.)  Oth  edition.  I^v  xliv.  -la.(.. 
2  Is. 
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PARLIAMENTARY  INTELLIGENCE. 


DAYLIGHT  SAVING. 

In  Ihc  Houfjc  of  Ccmir.ons  on  Monday  the  following  resolution  (moved 
')y  iSir  Hy.  Norman  and  seconded  by  Mr.  B.  Peto)  was  carried  by  170 
voter,  to  2  :  "  That  in  view  especially  of  the  economy  in  fuel  and 
transport  that  would  be  effscted  by  shortening  the  hours  of  artificial 
lighting,  this  Houcc  would  welcome  a  measure  for  the  advancement  of 
clock  time  by  one  hour  during  the  immmer  months  of  this  j-ear."   ' 

Jn  the  course  of  the  discussion  Mr.  H.  Samuel,  Home  Secretan,',  said 
that  the  government  Avould  not  have  dreamt  of  favouring  that  measure 
or  inviting  the  House  to  consider  it  unless  they  had  reason  to  think  it  war, 
essentially  advantageous  for  war  purposes.     The  rpiestion  of  our  coal 
^"PpJy  was  giving  the  (government  serious  concern.     A  large  number  of 
minersin  the  early  ])art  of  the  war  were  enlisted  in  the  Army,  and  although 
the  out])ut  ])er  man   had  increased  owing  to  the  gix-att-r  regularity  of 
labour,  the  v/orking  of  the  best  seams  of  coal  and  other  causes,  the  fact 
remained  that  the  outj)ut  was  declining,  and  had  declined  considerably 
during  the  war.     Our  Allies  were  in  urgent  need  of  increased  supplies  of 
British  coal,  and  we  were  casting  about  in  every  direction  to  increase  our 
coal  supply.      When  a  ])ro])osal  was  made  which  they  were  convinced 
would  lead  to  economy  of  many  hundreds  of  thousands  of  tons  of  coal  in 
the  course  of  the  year,  thc^y  could  not  regard  that  as  a  matter  of  indiffer- 
ence.    That  was  a  prime  reason  why  the  Government  looked  with  a 
favourable  eye  upon  the  motion.     l'\irther,  there  would  be  a  distinct 
economy  to  the  nation  if,  as  they  L'clievcd,  expenditure  upon  the  fuel 
recessary  to  ])rovi(le  artificial  light  for  something  a])])roaching  1/50  hours 
would  I;e  wived.      It  was  difKcult  to  estimate  the  amount  of  the  saving, 
but  it  was  more  liicely  to  be  a  (jucstion  of  inillions  than  of  liundreds  of 
thousands  of  pounds.      It  was  true  the  measure  would  give  better  oppor- 
tunities for  recreation  to  large  numbers  of  working  ])eople,  but  it  was  true, 
on  the  other  hand,  that  in  these  days  none  of  them  was  much  disposed  to 
trouble  about  recreation.     It  was  to  be  remembered  that  healthfulness 
and  cheerfulness  had  their  value  in  maintaining  the  moral  of  the  nation. 
He  was  asked  what  would  be  the  jiosition  of  gas  and  electric  light  works, 
which  would  lose  part  of  their  revenue.     Those  undertakings  existed  for 
the  service  of  men  ;    men  did  not  exist  in  order  to  be  customers  of  such 
imdertakings.       If  the  scheme  was  a  good  and  practicable    one,  the 
interests  which  de])ended  for  their  in(-ome  <in  the  supply  of  artificial 
light  irn:r.t  a(la])t  thenifelves  to  the  changed  circumstances.     At  the  pre- 
cent  moment,  when  1i;e  ])ri<  e  of  coal  was  high  and  the  su])ply  restricted, 
gas  and  electric  light  com])anies  would  be  rather  glad  to  be  relieved  of 
the  obligation  to  maintain  their  usual  coal  supply.     Clock  time  was  a 
purely  artificial  tiling.     Most  ]K'0])le's  clocks  and  watches  did  not  corre- 
spond with  sun  time  at  all,  and  in  travelling  extensively  one's  watch  had 
i<>  be  ficcniently  altered.      'J'lie  pro]);:sal  liad  the  su])i)ort  of  many  of  the 
leading  scientists  of  the  world,  though  th(^  present  Astronomer  Koyal  did 
not  favour  it.     There  would  be  no  penalty  imposed  on  individuals  who 
refused  to  conform  to  the  alteration.     It  was  proposed  that  notices  of  the 
change  should  be  exhibited  in  I'ost  Offices  and  other  places.     The  local 
authorities  and  c  hurches  would  be  invited  to  alter  their  clocks,  and  the 
assistanc  <-  of  the  Press  would  be  invoked  to  im])ress  on  the  whole  nation 
that  on  a  s))eci(icd  night  the  clock  would  be  altered.     The  Government 
wen-  unwilling  to  make  the  change  without  the  approval  of  the  majority 
of  the  House.     If  the  House  apjiroved  the  motion,  it  was  thought  advis- 
able to  seek  the  sanction  of  Parliament  to  a  short  Bill  which  could  be 
introduced  on  th-  folhjwing  day.      It  would  be  for  the  ])eriod  of  the  war 
only.      !f  th"   Bill  ])assed  that  week,  as  he  hojicd  it  would,  he  ))ro])oscd 
that  the  change  should  bc^  cfTected  on  the  night  of  Saturday  anti  Sunday, 
M.ay  20  and  21.      He  ])ro]!osed  that  normal  time  siiould  be  restored  on 
the  night  of  Sei)tember  ."lO-October  1.      He  believed  that  was  the  moment 
when  the  greatest  difficulties  woidd  arise.      It  was  suggested  that  two 
f)"clock  in  the  morning   should   be  the  hour  when  the  change  should  be 
mad(>  as  the  most  convenient  hour  for  the  railway  companies. 


The  Daylight  Saving  Bill  was  introduced  into  the  House  of  Commons 
on  Tucsdav  and  i-ead  a  first  time. 


LOCAL  GOVERNMENT  (EMERGENCY  PROVISIONS)  .BILL. 

Certain  arncndm'nts  were  made  in  tin'  House  of  ('onimoiis  last  week 
in  tlu^  new  clause  dealing  with  the  |)niliii)iti(>n  of  the  <'Ntal)|i.slimen(  of 
i:ev/  oinnibu:  (  s,  and  th.ese  nmendinenfK  wetv  agrcc-d  to  by  the  Houie  of 
Lords  on  Tiiesd.'iv  last. 


LEGAL  INTELLIGENCE. 


A.  C.  Hands  v.  J.  Davis  &  Co.  (Southampton)  (Ltd.) 

On  Priday  last  Mr.  .justice  A«tbury  granted  ])liiinliris  aiiplieatinn  to 
enter  judgment  in  default  of  defenei-  in  this  action,  .'ind  a  declaration  was 
made  that  ]ilaintitT  was  entitled  to  a  first  charge  on  tlie  Comi>any's  aswts 
to  secuic  the  jiaynu-nl  of  debentuiT's. 


EDUCATIONAL. 


Faraday  House  Electrical  Engineering  College. — The  following 
cward.s  hu\  o  been  made  at  the  recent  scholar-ship  examinationc  : — 

A  Faraday  scholarship  of  .50  guineas  ner  annum,  tenable  for  tv/o  years 
in  college  and  one  year  in  works,  to  F.  I.  Raj-,  of  Bournemouth  School ; 
a  Maxwell  scholarship  of  50  guineas  per  annum,  tenable  for  one  year  in 
college  and  one  year  in  works,  to  C.  F.  Fowler,  of  Brighton  Grammar 
School ;  and  an  entrance  exhibition  of  20  guineas  per  annum,  tenable 
for  two  years,  to  W.  Parr-Dudley,  of  Cranbrook  Sehool. 

Electrical  Science  Scholarships. — The  late  Mr.  T.  Taylor,  of  Black- 
pool, left  £1, ()()()  to  the  town  of  Ashton  for  the  endowment  of  scholar- 
ships for  the  f;tud\'  of  electrical  science. 


PATENT   RECORD. 


BPECLFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1914  Specifications. 

22,045  HocHSTADTER.    Arrangements   for   automatically  switching  off  cr   in-iiciting 
defective  sections  ol  electric  distributing  nets.     Il6/4.'15.) 
1,997  Potts.    Telegraph  machines. 
2,163  Marks.     (Dslany  Foreign  Co.)    System  of  telegraphy. 

A  tape-operated  telegraph  system  in  which  each  signal  impuke  is  initialed  by 
imparting  to  the  lino  a  recording  current  weakened  by  an  opposing  cunent.  is  con- 
tinued by  the  recording  current  unopposed,  and  lastly  is  terminatcsd  by  a  stronger 
current  of  opposite  polarity,  this  latter  current  finally  remaining  unoppoted  upon  the 
line  until  the  succeeding  signal  impulse  is  initiated. 
5,168  Cadett  &  Percy.     Magneto  ignition  for  intemai-ccmbustion  engine:. 
t),201  Murray  &  Shottrr.    Circuit-breakers,  .current  limiters.  excessive  current  indi- 
cators and  the  like  for  electric  circuits. 
An  apparatus  for  indicating  the  existence  of  an  excessive  current  in  an  electric 
circuit  in  which  the  apparatus  is  connected,  of  the  kind  comprising  an  automatic 
switch  device  adapted  to  interrupt  intermittently  or  reduce  the  flow  of  current  in  the 
circuit  in  the  event  of.  this  current  exceeding  a  predetermined  value,  in  which  an 
alternative  path  or  circuit  for  the  current  traversins  the  apparatus  to  thrt  including 
the  automatic  switch  is  provided,  controlled  by  a  recond  switch  device,  in  such  a 
manner  that  one  or  other  of  the  alternative  circuits  is  cloiod  except  when  a  pcrmarcr.t 
excessive  current  demand  occurs. 
5,323  Patte°son.    Miners' electric  safety  lamps. 

5.533  K-tAST.    Coin-freed  apparatus  for  testing  manual  strength  of  pull,  ar.d  elect:  ic- 

circuit  endurance. 
5,557  B.T.-H.Cd.     (G.E.Co.)     Electric  rectifiers  and  methods  of  opcralins  the  same. 
Cum  prices  a  vitreous  envelope  containing  a  cathode  of  highly  refractory  material, 
such  as  tungsten  adapted  to  be  heated  to  incandescence,  one  or  mere  anodes  of  con- 
siderable heat  dissipating  capacity,  and  a  filling  of  inert  gas  or  vapour  at  a  pre:surc 
sufficiently  high  to  prevent  electrical  disintegration  of  the  cathode. 
5,596  Savin  &  Automatic  Telephone  Mfo.  Co.     Electrical  relays. 
5.623  Siemens  &  Halske  Akt.-Ges.     Electrical  alarm  systems.     (16/4, 14.) 
5.731  Elliot  &  SoLECTRic  Co.    Portable  primary  batteries  or  cells. 
5,783  Marconi's  Wi:?eless  Telegraph  Co.  &  Franklin.    Aerial  CDnductors  for  wire- 
less telegraphy. 
Consists  in  the  combination  at  a  wireless  station  of  two  similar  aerials,  each  con- 
sisting of  two  vertical  frames  at  right  angles  to  one  another,  an  adjacent  transmitting 
station  at  equal  distances  from  the  two  aerials,  two  radiogcnirr.etcrs  connected  to  the 
two  aeriils,  each  to  each,  and  a  common  receiver. 
6,991   Landis  &  Gyr.  Akt.-Ges.    Short-time  electric  switch.    (23/5/14.) 

7.826  De  Ferranti  &  Ferranti  (Ltd.).     Electrical  transformers. 

7.827  De  Ferranti,  Rodthaan  &  Ferranti(Ltd.).    Electrical  apparatus  cmployi.ng  oil 

insulation. 
7,840  Brov/n.    Vibrating  make-and-brcak  devices  for  use  in  electric  signalling. 
7,987  B.T.-H.  Co.    (G.E.Co.)    Rotary  electric  converters. 

An  arrangement  for  regulating  the  commutating  field  of  a  rotary  converter  rnecha- 
nically  coupled  to  a  booster,  comprising  acommutatinp  field  winding  in  series  with  the 
converter  armature  and  an  auxiliary  commutating  field  winding  impressed  with  a 
voltage  controlled  by  a  contact-making  wattmeter  in  accordance  v.ith  the  load  on 
th"  booster  and  sense  in  which  the  booster  acts  on  the  convirtcr  voltage. 
8.546  RopiNSON.     Electric  fuse  carriers. 

9.534  Elmen.  Salisbury  &  Talbot.     Electric  water-heaters.    (26/12/14.) 
10.272  Roberts.     Amplification  of  wireless  signals. 

1 1 .033  CoDD.     Magnetos. 

12.614  Fried.  Ksupp  Akt.-Ges.    Electrical  arrangements  for  distant  control.    (2/9/14.) 

15,330  Bacon.    Switching  devices  for  the  low-tension  induction  circuit  of  automobile 

engines. 
18,084  Turner.    Telephone    systems.    (20/6/14,    divided    appliciticn    on    0,480/15. 
April  30.) 

1916  Specifications. 
503  BooTHROvn,  G.  S.  &Callender"sCable&ConstructionC?.    Cabledamps  for 
electric  wirinsTlnstallalions.    (21 /5/15.divided  application  on  7.647/15, 100.233.* 
4.402  Potts.  L.  M.    Tcleer.iph  machines.     (8  2  15.  diviJci  apoliciiirn  on   1.997  It, 
100,239,) 


Hydro-Electric  Works.  .V  Bill  b.as  been  brought  into  tlio 
I'Kissiaii  Diet  i<i  ;nulnirisc  tlie  (.Jovornment  to  expend  .£31(».0(Kt 
on  the  cslablishment  o{  hydro-clectrir  \vork.s  at  the  weirs  which 
arc  being  constructed  at  Maitikur,  Kcssclstadt  and  Gross- 
Krotzpnburg  in  ronnoction  witli  tlio  general  scheme  for  the 
canali.sation  of  the  Main  from  ()lTt>!\bjlch  tj  Asclriffenburg. 
Tlie  result  of  a  tochnical  cxr.miniition  show,?  that  i*  four  turbo- 
generators are  ])rovided  at  each  place  it  will  be  possible  to 
ohiain  an  average  of  .^0.(X)().(•lKl  kw. -hours  per  nnnum.  or 
2r).(KHt.(KK)  kw. -hours  after  deducting  jos.se.'^  in  lines  and  trans- 
formers. It  is  ]>ropo8ed  to  erect  a  transmission  line  between 
these  works  and  the  Government  hydro-electric  works  on  the 
iijipcr  part  of  the  Wcser.  so  thit  aji  interchange  of  sn]»ply  may 
Itc  elTecfcd  when  nccc'isarv. 


THE  ELECTRICIAN,  MAY  12,  1910. 


19( 


^^USTRIAL  Section. 


tmmam 


CONTENTS. 


Commercial  Topics 197 

Imports  and  Exports  of  Elec- 
trical Manufactures   198 

Business  Notices 198 

Liquidations    198 

Electricity  Supply 198 

Traction  Notes    199 

Telegraph      and      Telephone 

Notes 200 

Miscellaneous  Notes 200 

Tenders  Invited 200 

The  Round  Table    33 

New  "  Igranic "  Two-Coil 
Magnetic  Lock-Out  Switch. 
Illustrated     34 

Large  Continuous  -  uurrent 
Switchboard.    Illustrated..     37 


Simplex    Inspection    Lamps. 

Illustrated     38 

Osram-Atmos       Lamp       Not 

Allected     by     Atmosphere. 

Illustrated    38 

Electrical    Accessories  Price 

List    40 

"Hotpoint"      at      Brighton. 

Illustrated    40 

Tenders  Received  &  Accepted  20 1 

Municipal  Accounts   201 

Companies'      Meetings      and 

Reports 202 

City  Notes    2C4 

Electrical    Companies'   Share 

List    _ 204 


COMMERCIAL    TOPICS. 


Electrical 
Engineers  and 
Public  Policy. 


At  a  meeting  of  the  directors  of  the  Glasgow 
Chamber  of  Commerce  on  Monday  last,  the 
chairman  (Mr.  Jas.  W.  Murray)  moved  approval 
of  the  minutes  of  the  President's  Advisory  Com- 
mittee, which  contained  a  letter  from  Mr.  Sam  Mavor,  stating  that 
the  British  Electrical  and  Allied  Manufacturers'  Association  had 
taken  the  initiative  in  organising  meetings  of  engmeers  and  engineer- 
ing manufacturers  in  the  chief  industrial  centres  in  the  hope  of 
receiving  the  co-operation  of  technical  institutions  and  com.mercial 
organisations  for  several  purposes  of  vital  public  importance. 

One  of  the  objects  of  the  B.E.A.M.A.  was  to  impress  on  the  public 
the  permanent  indispensability  of  the  industry  from  the  point  of  view  of 
national  security  in  future,  and  to  discuss  questions  of  national  policy  in 
regard  to  (a)  some  measure  of  Government  support  to  the  industry,  (b) 
its  better  commercial  organisation  by  collective  efEort  on  the  part  of 
manufacturers  and  engineers,  (c)  the  closer  alliance  between  science  and 
industrial  production,  (d)  patriotic  preference  throughout  the  Empire 
in  purchasing  British  manufactures.  A  further  letter  announcing  a  forth- 
coming meeting  in  Glasgow,  and  stating  that  one  of  the  points  to  be 
emphasised  was  the  establishment  of  a  Ministry  of  Commerce,  was  also 
read.  The  chairman  said  that  the  Advisory  Committee  thought  it 
advisable  that  the  Chamber  should  be  associated  in  this  important 
movement.     The  resolution  was  agreed  to. 

I"  '!•  'f*  •!■ 

Tftnl  r»ii<niit         "^^^   Executive   of   the   Mining  Association   of 

Rp  fr-pf-  nc  ^^'^^^^  Britain  and  the  Executive  of  the  Miners' 

Kesinciions.         Federation  of  Great  Britain  will  meet  next  week 

in  order  to  discuss  the  c[uestion  of  coal  output,  and  to  devise  measures 

to  mitigate  the  loss  in  production  owing  to  the  depletion  of  labour. 

Although  the  conference  haf5  been  promoted  by  the  Government,  the 
coalowners  and  the  men's  representatives  will  meet  without  the  presence 
of  Government  representatives,  and  the  delegates  will  be  invited  to 
devise  a  scheme  on  their  own  initiative  to  secure  the  necessary  production 
of  coal  during  the  war.  The  output  for  1913  was  287,412,000  tons,  for 
191 4, 265,643,000  tons;  and  for  191 5, 2.53,1 88,000  tons.  In  1914,1,133846 
men  were  employed  in  the  coal  mining  industry,  and  last  year  there  were 
953,642.  The  question  of  the  continuation  of  the  eight 'hours  rule  will 
come  up  for  consideration.  Up  to  the  present  the  workmen's  represen- 
tatives have  deprecated  suspension  of  the  Act,  and  have  a])pcalc(l  for  a 
fair  trial  of  the  joint  effort  of  owners  and  workmen  to  increase  output, 
while  the  coalowners  have  recognised  that  suspension  could  not  lo 
usefully  emploj-ed  until  the  time  had  arrived  when  co-operation  between 
the  parties  was  possible.  The  time  would  appear  to  have  arrived  for  a 
reconsideration  of  attitude  on  this  matter.  It  has  been  estimated  by  the 
Coal  Mining  Organisation  Committee  that  if  there  were  no  avoidable 
absenteeism  the  output  would  be  increased  by  from  13  to  14  ni'.llien 
tons  per  annum. 

^  ^  ^  ^ 

It  is  reported  that  the  leading  manuff-cturing 
and  exporting  houses  in  the  United  States  cire 
preparing  a  systematic  campp..ign  for  building 
Up  business  with  France. 

A  commission  to  be  appointed  l»y  the  Amerj-ran  M:''eiuV'  1  iik^vh'  Expert ' 


French  Trade 
with  the  U.S.A. 


Association  will  visit  France  in  .June  and  .TnK- 
irclude  mtm  ol  known  technical  cxforicnrc, 
in\e:!tigatf!  the  indu.strial  situation  in   F""  • 
just  whcro  American  methods  and  f.i<ilr 
tage   in   fxtcnding   that   country's    r 
industries  of  the    LJnitr-d  Statc*^;  v<,i. 
ri  pre?-.cntativc;;  on  the;  ff)nimiy.Hion,  and  amrmc  t' 
Jcrve  arc  Messrs.  Jame:;  A.  Farrell  (prcwidf-nt  of  i 
Corpn.),  Alba  Johnson  (prf^idcnt  of  Baldwin  J. 
M.   Herr    (president   of    We.stin>;hoii^«!    E!<''rir 
Rindolph  (vice-president  of  the  Bidtimof  ,v  (t'n 


•n,.- 


cftfT\  m  I  fcAitf  in 


^m 


American  Trade 
with  Australia. 


trads 

iched 

Kennedy, 

V 


An  interesting  stage  in  thf 

ijctwcen  America  anrl  Austi 

in  the  apjKjintment  of  Prof.   P.   B. 

Director  of  the  Department  of  Trade  and  Tran«jKjrt 

York  University  School  of  Cominerce,  a.s  (.'on'.nienia!  ;i 

tho  United  States,  to  Melbourne. 

It  is  stated  that  the  main  object  of  Prof.  Kennedy's  work  will  be  to 
foster  a  friendly  spirit  between  the  United  States  ami  Au.ttralia,  and  to 
help  as  much  as  possible  to  keep  the  commercial  relations  IkIwhh  tl«c 

t\^  o  on  a  sound  footing. 


Electricity 
Supply  in 
Shanghai. 


On  another  page  we  roprcduce  a  vcrj-  full  abstract 
of  Mr.  T.  H.  U.  Aldridge's  report  on  the  financial 
and  technical  progrcs;j  of  the  undertaking  over 
which  he  presides.  In  so  far  as  the  former  is 
concerned,  it  will  be  gratifying  to  the  municipality  that  the  under- 
taking has  made  a  net  profit  of  considerably  over  £:" "        i» 

the  past  year.     Mr.  Aldridge  appears  to  hr.vc  suffered  \y 

from  breakdowns  of  turbine  plant,  and  thece  hcvc  principally 
arisen  from  the  use  of  defective  materia!  in  the  bh.ding.  but  'v\  spito 
of  disconcerting  breakdowns,  the  lead-factor  has  Leen  steadily 
improved  and  the  sales  of  electrical  oncrgj'  have  been  increased  by 
over  50  per  cent.  It  is  a  tribute  to  the  efforts  cf  the  turbine  n^akcra 
that  by  the  installation  of  this  class  of  plant,  despite  bladmg  troubles, 
the  cost  of  production  during  the  past  year  has  teen  reduced  by  over 
20  ]3cr  cent.  Mr.  Aldridge  has  succeeded  rcn^arkably  well  in  rhe 
development  of  the  Shanghai  undertakijig,  and  his  succcs  is  doubt- 
less attributable  to  the  adoption  of  a  bold  jx)liey  not  only  in  the  ruth- 
less scrapping  of  antiquated  and  uneconomica!  plant,  but  also  in  the 
adoption  of  a  forceful  commercial  policy  in  regard  to  the  use  of  sub- 
sidiary electrical  appliances,  such  as  radiators,  fans,  small  motors, 
&c.  Mr.  Aldridge  states  that  tl  />  sale  of  t>80.tKH>  ur.ts  for  heating 
and  cooking  has  fully  justified  the  adoption  by  the  Council  of  a 
scheme  forhiring  out  radiators  and  cookers.  The  extent  of  the 
power  load  may  be  gathered  from  the  sale  of  :JO.(XH),tKK)  units  for  this 
purpose,  exclusive  of  nearly  3.V  million  to  the  tramway  oon'|)any  for 
traction  purposes  ;   indeed,  the  power  imits  repreient  t<2  |  c;  t 

the  total  sales.     The  future  progress  of  tl-.e  undertaking  is  i  . .   . :    -> 
well  assured,  judging  by  3!r.  Aldridge's  estunatc  that  the  profit  ior 
the  coming  year  Avill  be  nearly  £40.000.  jifter  .<etti;-_ 
sum  for  depreciation.     At  one  tare  .Mr.  Aldridge  pu;. ..-  '  i 

plant,  but  sijicc  the  war  the  bulk  of  his  orders  have  been  Britij«h. 
though  for  reasons  of  policy  son-o  h.;',vo  leen  given  to  .Aii" 
It  is  noteworthy  that  Mr.  Aldridge  is  not  content  to  sit  w. 
Shanghai,  but  pays  regular  visits  to  Europe,  and  that  these  excur- 
sions prove  profit;. ble  is  evident  from  his  co" 
acknowledgments    to    various    municipal    and 
engineers  in  this  country  from  whom  he  has  obtainwl  valua»>le  tei-h- 
nicai,  engmeering  and  commercial  advice.     -Mr.   .M ' 
ceeded  in  setting  a  high  standr.nl  of  municipal   el- 
in  the  Far  East,  wliicii  we  are  hopeful  will  he  emulated  by  engmeers 
of  other  undertakings  in  that  part  of  the  world. 


Many  of  the  County  .".nd  Pfovincbl  Bi.rough 
Comuih;  ex|  end  large  sums  of  money  in  pro- 
moting PariiamentarN  bills,  schemes  of  exten- 
sion, amalgamation,  &c.  Some  of  thi.-  legislaticn  is  of  doubtful 
public  utilitv,  but  it  involves  the  oxpenditiTO  of  m.i;ch  money  and 
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time  on  municipal  experts,  counsel,  &c.  We  are  glad  to  see  that  the 
Local  (Government  Board  is  going  to  scrutinise  more  closely  expendi- 
ture of  this  character,  for,  in  connection  with  the  recent  application 
of  the  Plymouth  Corporation  for  sanction  to  borrow  £17,0(10  to 
defray  the  cof?ts  incurred  in  the  ])romotion  of  and  opyKisition  to  the 
scheme  foi'  amalgamating  the  three  towns  (jf  PI\-moutli,  DevoM])ort 
and  Kast  Stonehouse  the  Board  have  refused  to  sanction,  as  part 
of  the  loan,  £1,821,  the  costs  of  three  counsel  engaged  m  the  case. 
The  Board,  in  refusing  its  sanction,  points  out  that  no  fewer 
than  nine  counsel  were  employed  by  the  three  authorities  to 
represent  them  at  the  local  inquiry,  and  in  the  proccedinjfs  before  Par- 
liament, and  it  did  not  think  it  could  possibly  declare  the  whole  of  the 
expenditure  so  incurred  to  b(;  reasonable.  In  regard  to  the  other  items 
of  expenditures  incurred  in  connectitm  with  the  scheme,  the  Board  states 
that  it  had  had  great  difficulty  in  deciding  that  the  cost  of  expert  evidence 
paid  for  was,  in  fact,  reasonable.  It  regards  with  great  disfavour  the 
lavish  expenditure  of  the  rates  in  these  cases  in  procuring  evidence  of 
ex])erts  who  liave  no  particular  claim  to  local  knowledge  on  the  subject 
of  tiieir  evidence,  and  in  the  ])rcsent  instante  tiie  Board,  for  its  part, 
would  have  been  perfectly  satisfied  to  decide  (he  case  with  such  evidence 
as  to  the  financial  i)osi(i(m  of  the  authorities  concerned  as  could  have 
been  given  by  the  local  officials,  and  with  similar  evid(  nee  in  regard  to 
the  medical  and  public  health  aspects  of  (lie  case.  In  view  of  all  the 
eircums1an( cs,  however,  the  iioard  has  decided  to  sanction  the  ex])enses 
incurred  on  this  latter  accr)imt. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  -May  1,  1916,  to  May  (i,  1916. 


In  view  of  the  increased  interest  which  is  being  taken  in  the  subject  of 
the  importation  into  and  the  exportation  of  Electrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.  (<See  also  note 
at  foot  of  Exports.) 

IMPORTS. 

GooLE. — France :  Elec.  motors,  9  pkt:3. 

LivRRPOOL. — U.S. A . :  Unenumerated ,  46  pkgs. 

London. -C/.5./4.  .•  Elec.  machinery,  £123;  elec.  larrps,  £1,631  ;  carbon  candles 
£186;  unenumerated,  £912.  Holland:  Elec.  lamps,  £4,434 — 4€  pkgs.;  incandescent 
elec.  lamps,  20  pke.s. ;  elec.  lamps  and  caps,  77  pkgs  ;elec.  machinery.  £127;  unenumerated, 
£504.  France:  Elec.  machinery.  £550  :  unenumerated,  £351  — 13  pkgs.  Switzerland: 
Eler.  machinery,  £307  ;  unenumerated,  £321.  Canada:  Wire  and  cable,  £1,308.  Den- 
mark: Unenumerated,  £80.    EsypI :  Unenumerated,  £13. 

EXPORTS. 

To  Australasia. — Auckland:  Unenumerated.  £100.  Melbourne:  Elec.  machinery, 
£506;  unenumerated,  £1,132.  Sydney:  Elec.  machinery,  £430  ;  wire  and  cable,  £2,843  ; 
telegraph  material,  £380  ;  unenumerated,  £1,087.  Wellington  :  Elec.  machinery,  £608  ; 
wire  and  cable,  £186;  unenumerated,  £292  Perth:  Unenumerated,  £155.  Christ- 
church:  Wire  and  cable,  £238;  unenumerated,  £77.  Lyitellon :  Unenumerated.  £81. 
Brisbane:  Unenumerated,  £54.  Gisborne :  Unenumerated.  £10.  TownsviUe  ■  Unenu- 
merated, £97.  Napier:  Unenumerated,  £69.  Launceslon :  Unenumerated,  £25. 
Rockhampton  :   Elec.  machinery.  £38. 

Africa. — Durban  :  Elec.  machinery,  £130  ;  wire  and  cable,  £2,113  ;  unenumer,-\ted , 
£1,135.  Cape  Town:  Unenumerated,  £203.  Port  Bl'zabeth :  Unenumerated,  £345. 
East  London  :  Unenumerated,  £105.    Oran :  Elec.  machinery,  £107. 

Egypt.— Alexandria :  Wire  and  cable,  £27  ;  unenumerated,  £32.  Port  Said :  Elec. 
machinery,  £70.    Suez:  Unenumerated,  £93.     Port  Sudan  :  Unenumerated,  £153. 

Mauritius.     Unenumerated,  £33. 

Malta.-  Unenumerated,  £21. 

India,  Cp-yloh,  Indo-China  and  Straits  Settlements.  -Bowftoy  .•  Wire  and  cable, 
£56;  elec.  machinery,  £80  ;  unenumerated,  £1,765.  Calcutta:  Elec.  machinery,  £35  ; 
wire  and  cable,  £40  ;  unenumerated,  £1,944.  Ceylon:  Unenumerated.  £450.  Madras: 
Unenumerated,  £84.  Banf.kok  :  Unenurherated,  £517.  Karachi:  Unenumerated,  £239. 
Singapore:   Unenumerated.  £612. 

]p.Thn.  Yokohama :  Unenumerated,  £82.  Kobe:  Unenumerated,  £450.  Tokio : 
Unenumerated,  £695. 

China.  Hong  Kong:  Unenumerated,  £783.  Shanghai :  Elec.  machinery,  £1,021  ; 
wire  and  cable,  £80  ;  unenumerated.  £789. 

Italy. — Genoa  :  Unenumerated,  £3,177. 

U.S.A.  — A/^M/  York:  Unenumerated,  £70. 

South  and  Central  America.  Buenos  Ayres :  Wire  and  cable,  £58;  telephone 
materia!,    £513:    unenumerated,    £765.     Valparaiso:    Unenumerated,    £111.   Rosario: 

Unenumerated,   £27.     Santander :   Unenumerated,  £114. 

Holland.  A»t:.tcrdam :  Wire  and  cable,  £62;  unenumerated,  £256.  Rolttrdam : 
Wire  and  cable,  £47  ;  unenumerated.  £142. 

France.  Paris:  Unenumerated.  £204.  Dieppe:  Elec.  machinery,  £68:  unenu- 
merated, £1 1 1.  Hai>re:  Elec.  machinery,  £85.  Nantes:  Elec  machinery,  £153.  Rouen: 
Elec.  machinery,  £60. 

SvAW.-  Malaga  :  Unenumerated,  £183.     Bilbao:  Unenumerate<l,  £900. 

Cf^NADA.  -  Montreal :  Unenumerated.  £25.    St.  John's:  Unenumerated,  £39. 

Denmark.  — Copenhagen  :  Wire  and  cable,  £454  ;  unenumerated,  £120. 

Norway.—  Christiana  :  Unenumerated.  £665. 

Russia.—  Petrograd  :   Elec.  machinery,  £45. 

FOREIGN    GOODS  (duty  paiil  and  free). 
Cat'eTown:  Unenumerated,  £71.     Durban:  Unenumerated.  £260.     Gcelong :  Unenu- 
merated,   £121.     Launcc:.ton :      Unenumeralcd.     £26.     Mrlla :      Unenumerated.    £11. 
Sydney:  Unenumerated,  £173.    Rotterdam:  UnenunicraltKi,  £11.     New  York:  Unenu- 
merated, £153.    Shanghai:  Unenumerated,  £350. 

IN    TRANSIT. 

Auckland:    Elec.  lamps,  £210.     ¥cii ounn  .■    bk-^.   l.u 
lamps.  £583.     Wellington  :  Elec.  lamps.  £250. 


ELECTRICITY  SUPPLY, 


BUSINESS  NOTICES.  ^^ 

Cecil  .l(jhn  Heffer  and  Fras.  E.  Bayley  (trading  as  Berners  Electric 
Co.),  55,  Bemers-street,  London,  W.,  have  dissolved  partnership. 

Mr.  W.  H.  Vincent,  M.I.E.E.,  has  joined  the  staff  of  Messrs.  Knox, 
Schlapp  &  Co.  (Melbourne),  and  will  take  charge  of  their  technical 
department. 

Owing  to  increasing  "work  iii  searchlights,  and  also  in  lamp- 
lowering  gear,  the  London  Electric  Firm  have  been  compelled  to 
build  new  up-to-date  works  at  Brighton -road,  Croydon.  Notice 
of  the  actual  change  will  be  given  to  the  trade  shortl3-. 

Post  Office  Stores  for  Sale. — The  Postmaster-General  has  for  dis- 
posal for  immediate  delivery  some  c.L  and  salt-glazed  earthenware 
jjipes,  salt  glazed  earthenware  nndtiple  conduits,  &c.,  which  have 
become  surplus  oAving  to  the  war.  Particulars  from  the  Controller, 
Post  Office  Stores  Dept.,  17-19,  Bedford-street,  Strand,  London, 
W.C.     See  also  an  advertisement. 

Plant  for  Sale. — Tlie  Metropolitan  Railway  Co.  advertise  for  sale 
the  electric  generating  jjlant  until  recently  emjjjoyed  by  the  CJreat 
Xorthem  &  City  Railway,  including  four  SOU  kw.  d.c.  generators, 
with  Corliss  engines.  10  iujilers.  four  condensing  jilant,  auxiliary 
engine  and  g<'neriitor,  coal  handling  plant,  feed  ])uinjjs.  &e. 

The  Metrojjolitan  Electric  Su|)ply  Co.  (Ltd.),  16,  Stratford-jjlace. 
Lontlon,  W..  advertise  for  sale  an  enclosed  vertical  eoin|K)und  marine 
tyj)e  engine  diicct  coujjled  to  two-pha.se  a.c.  Westinghou.se  generator 
of  1,500  kw.  at  500  volts,  with  exciter,  condenser,  steam  driven  air 
and  circulating  i>umi)s,  oil  and  steam  sejiarators,  &e. 

Plant  Wanted. — An  advertiser  want*  generating  j)Iant  of  about 
1.")  kw.  at  2:50  volts. 

Patent  Development.— The  proprietors  of  patent  Xo.  13,991/1910, 
relating  to  a  '"  Method  of  and  means  for  controlling  from  a  distance 
electric  a])])aratus  and  especially  telegraph  apparatus  and  the  like." 
desire  to  tlispose  of  same,  or  to  grant  licences  thereunder.  Appli- 
cations to  Messrs.  Cruikshank  &  Fairweather  (Ltd.),  Patent  Agents, 
65  and  66,  Chancery-lane,  London,  W.C. 

LIQUIDATIONS. 

The  first  meetings  of  creditors  and  contrihutories  of  Cedes  Electric 
Traction  (Ltd.)  will  l;e  held  at  X\.  Carey-.^treet,  Lcmdon,  W.C,  on 
May  H). 

A  meeting  to  receive  an  account  of  the  winding  uj)  of  the  Ardwick 
Klectric  Regulator  Co.  (Ltd.)  will  lie  held  at  67,  Princess-street, 
Manchester,  on  .lune  9. 


£1.680.    Sydney:    Elec- 


NoTE. — The  largo  iuiinl)cr  of  ifetns  in  these  official  returns  under  the 
ndsJc'iiliTi^  heading  "  iiiiciiumcr;»t<Ml  "'  relate  to  wiiat  i.s  (ie«rril>ed  .is 
"  elei'.ti'ieiil  goods  "'  and  "  el(>ctrieiil  nuitorial.'^." 


EXTENSIONS. 

Battersea  (London).  The  Electricity  Committee  recommends  the 
adoption  uf  a  .-Mheme  of  the  electrical  engineer  (Mr.  F.  A.  liond)  for 
coping  with  the  increase  in  the  demand  for  energy  in  (he  Nine  ICIms 
and  Church-road  districts. 

The  scheme  involves  the  erection  of  a  sul)-station  adjoining  the  Nine 
Klius  Baths,  and  the  instjdlation  of  a  rotary  converter,  the  extension  of 
one  of  the  e.h.t.  mains  from  Xew-road  to  the  i^uh-stiition.  the  provision 
of  an  additii  nal  Iran.sfornier  and  switi  hir<>ar  in  the  New-road  Kub-station. 
and  the  jirovision  of  an  additional  concentric  feider  cable  to  be  drawn 
throuyh  ilucts  alnady  jirovidcd  from  High-street  to  a  ix)int  in  Chun  li 
road.  Thi-  total  cost  of  the  work  is  «-stin>at<'d  at  t.">.17S.  au<l  th<'  Coinn  ij 
is  ixconnuendeil  to  apitly  to  (lu-  I^C.C.  for  sanction  to  ,i  loan  for  tliis  sum. 

Bo'ness.  The  Secretary  for  Scotland  has  .sanctioned  the  borrowing 
(if  ^iL'.OOn  fiir  the  extension  of  the  electricity  works,  subject  to  tlie 
condition  that  l-iloth  of  any  sums  inirrowed  is  i^iid  olT  or  set  aside 
to  a  sinUing  fund  amuially. 

The  Conni  il  liive  appnived  of  tliesi'  terms,  (he  borrowed  money  (o  lie 
repaid  by  beiii;;  etpiated  over  ;i  period  of  2(1  years.  The  Council  have  «lso 
ayned  to  ask  lite  National  Klectric  Construction  i\\  to  submit  tin* 
necessary  moilitieation  of  their  original  extension  s<'heme. 

Fulhani  (London).  The  Electricity  Committee  rcH-ommends  an 
extension  of  the  condensing  water  pipes  for  a  further  distance  of 
from  1(10  f(.  to  lottft.  to  the  ri\er  bed.  and  that  a  contract  he 
entered  in(o  with  .lohn  Co<'hrane  &  Sons  to  carrv  out  (he  work  at  a 
cost  of  .CI.. ^(Ht. 

The  I'in.ince  C<Mnmit(er  n1f«o  recommends  n)ipliea(ion  JM-ing  made 
to  the  L.('.('.  for  sail!  tion  to  b<,rn  \v  the  aJMive  sum.  an<l  .also  i'l.tKHI  (o 
cover  tbi-  1  (1st  of  e\iciidiii>'  ili<-  in.iiii>.  i<>  the  Townmcad  Works. 
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Greenock.— On  the  2nd  inst.  the  new  5,000  k\v.  \Ve«tin>.'h<)ii,se 
Rateau  steam  turbo  generating  set  at  the  Dellinghurn  eleclricitv 
works  was  started. 

The  set  is  a  duplicate  of  the  one  installed  two  years  ago,  and  foasi.sts 
of  a  0,700  H.H.  steam  turbine  coupled  to  a  o.OOO  kw.  :{,:{(»0-volt  \^'rstiri}/- 
Jiouse  alternator  of  i]w  totally -enclosed  s(^lf- ventilated  type  with  loui- 
peusatcd  windings. 

(jouncillor  Duncan  M"('aLHJm,  convener  of  the  Electricity  C'omniittee, 
])resided,  and  in  proposing  "  Suc(h>hs  to  the  New  (jcnc^rating  Set,"'  said 
that  in  the  first  year's  working  of  the  department  the  total  output  was 
somethin<f  less  than  200,000  units.  This  went  up  rapidly,  until  in  the  year 
1913-U  it  reached  11,000,000  units,  and  it  was  expected  that  at  theend 
of  the  present  financial  year  they  would  have  turned  out  about  double 
that  supply,  or  at  any  rate  considerably  over  20,000,000  units.  They 
had  now  generating  plant  to  meet  their  requirements  for  a  number  of 
years,  but  they  were  aware  that  the  Corporation  had  just  sought  further 
borrowing  powers  for  £45,000  for  cables,  &c.,  and  for  boilers. 

Mr.  W.  J.  Poole,  of  the  Westinghouse  Co.,  replied,  and  handed  to 
Mr.  M'Callum,  for  Mrs.  M'Callum,  a  handsome  p;ift  as  a  memento  of  the 
occasion  ;  and  Sir  Hugh  Shaw  Stewart  submitted  the  toast  of  "'  The 
Large  Power  Users,"  to  which  Mr.  R.  L.  Seott  responded  ;  and  Bailie  Orr 
proposed  "  The  Otticials,"  to  which  Mr.  Frank  H.  Whysall,  ek-ctrieal 
(iiffineer,  and  Mr.  Colin  MacCulloch,  town  clerk,  replied. 

Halifax. — The  Tramways  and  Electrieity  Committee  will  e.xtend 
the  h.t.  mains  to  Messrs.  CJoodall's  premises,  at  a  cost  of  £1,120. 

Hammersmith  (London). — The  electric  supply  mains  are  to  be 
exteiideil  at  a  cost  of  £208  to  Aldl)ourne  and  Worniliolt-roads,  and 
new  switchboards  are  to  be  lixed  at  the  fShepherd's  Busli  sub- 
station at  a  cost  of  £128. 

The  Coi'.ncil  is  recommended  to  agree  to  sup])ly  the  ()sram-Rol)ertson 
Lami)  Works  with  electrical  energy  for  four  years  at  0-8d.  per  unit,  the 
minimum  guaranteed  payment  to  be  £.5,000  y)er  annum. 

The  Electricity  Committee  has  decided  not  to  accept  any  of  the  tenders 
received  for  the  supply  of  coal,  but  has  authorised  the  electrical  engineer 
to  continue  his  negotiations  with  the  District  Coal  Supplies  Committee 
for  Derbyshire,  Nottingham  and  Leicestershire,  with  a  view  of  making 
arrangements  for  a  continuance  of  adequate  supplies  at  prices  to  be 
agreed,  from  those  collieries,  and  has  empowered  him  to  jjurchase 
additional  parcels  of  coal  up  to  a  total  quantity  of  1,000  tons. 

Rochdale. — At  the  meeting  of  the  Council  last  week  there  was 
some  discussion  on  a  proposal  of  the  Gas  and  Electricity  Committee 
to  spend  £60,900  on  the  extension  of  the  electricity  works. 

It  was  urged  by  the  Committee  that  the  expenditure  was  necessary  to 
meet  the  growing  demands  for  current  for  power,  and  also  to  enable  the 
Committee  to  work  the  plant  at  full  capacity. 

Aid.  Ci'Ni.iFFE  suggested  that  the  question  should  be  consideicd  by 
the  Council  in  committee.  It  was  im])robablc  that  the  ('ommittee  would 
get  ])ermission  to  borrow  the  money  at  the  ])resent  time,  and  he  was  not 
certain  that  the  scheme  proposed  was  the  best. 

Sir  J.  E.  Jones  said  that  with  the  proposed  outlay  the  Committee 
would  be  able  to  increase  the  output  by  100  per-  cent.,  which  was  neces- 
sary' to  meet  the  growing  demands. 

It  was,  however,  decided  to  call  a  special  meeting  of  the  Council  to 
discuss  the  matter  in  committee. 

Sheffield. — Mains  extensions  estimated  to  cost  £1,769  have  been 
authorised.  Practically  the  whole  of  the  amount  will  be  spent  in 
supplying  Messrs.  John  Brown  &  Co.  with  current. 

The  Electric  Supply  Conmiittee  records  its  hi<j;h  appreciation  of  the 
valuable  services  rendered  to  the  undertaking  by  the  late  Coun.  Crowther 
during  the  many  years  he  was  a  member  of  the  Committee,  he  having 
held  the  positions  of  chairman  and  deputy-chairman. 

Walsall. — Subject  to  satisfactory  guarantees  by  intending  con- 
sumers, the  Electricity  Committee  proposes  to  extend  mains  in 
Wednesbury-road  and  the  Paddock  area  at  a  cost  of  £G80,  including 
the  necessary  transformers  and  switchgear. 

The  Committee  reports  that  satisfactory  terms  have  been  arranged 
with  the  Ministry  of  Munitions  and  the  contractors  concerned  as  to 
re])lacing  plant  for  the  new  generating  station  which  was  commandeered. 

Wigan. — Last  week  the  Council  adopted  the  recommendation 
of  the  Electricity  Committee  to  ap|)ly  for  sanction  to  the  borrowing 
of  £53,920  for  the  extensicm  of  the  electricity  undertakuig,  on  the 
basis  of  a  scheme  submitted  by  Mr.   H.   Dickinson,  Liverpool. 

Wolverhampton.-^  The  L.G.  Board  has  sanctioned  the  borrowing 
by  the  Council  of  £(j,(J00  for  mains  and  sub-station  equii)ment. 

GENERAL. 

Bootle.— The  Council  liave  decided  to  increase  all  charges  fof 
electric  light  and  power  by  12|  per  cent,  from  June  IJO. 

Burnley. — The  Electricity  Committee  have  decided  not  to  send 
delegates  to  the  annual  conference  of  the  Incorporated  Municipal 
Electrical  Association  in  London  on  Juno  22  and  2.'}. 

Burton-on-Trent.— During  the  past  month  2 1 9,4 1 9  units  were  sold 
for  lighting,  motors,  heating,  &c.,  and  35,870  for  traction,  uicreases 


of  70,479  and  HJXi  r^Hprctively  tomjawj  with  the  twrmrpooding 

periofl  last  year. 

Itchen.— The  K<jard  of  Trad*'  hrir.   intim;il«|  to  thi-  rv.ni..  il  tK.t 
they  have  no  |Wjwer  to  gnvnt  .  of  th»  • 

order  for  three  years  after  the  %.^ 

they  will  <icfer  eonHider;',tion  of  i 

Newcastle    fStafls).— Tho  chargi-M  for  et«<-trical  ei      .  putrer 

and  lighting  have  been  inerea«ed. 

Nottingham.-  The  Corixiratioir  ha 

of  tli(!  gas,  tramways  anfl  electricity  r..,, .    ...  ,.  ,..., 

district  rate,  '•educing  it  by  .'kl.  in  the  iMJund. 

St.    Anne's-on-the-Sea. — At    last    week'ft    Council    in«wting    the 

Electrical  Engineer  (.Mr.  J.  H.  Clothier),    ••-••••  -  «  . 

lighting  purposes,  for  the  first  time,  n 
with  |)re'^ious  years. 

industrial  power  demands  showed  a  large  iauivaMe,  and  hf-atm.    .n.l 
cooking  also  showed  a  RatiHfaeton,-  incrfa.HC. 

All  electricity  charges  have  Ik-ch  incresxiMl  15  per  <«nt.  an  fnnn  the 
bejrinninji  (if  tlxs  curicrit  (piarter. 

Torquay.   -The  Council  have  agreed,  on  the  recomniPTi(l»tMin  of  the 

I'^lectric  Light  Conuuittee.  to  giviiit  .Mr.  J.  M.  Ivwriaii.  ■ 
tiical  engineer,  a  bonus  of  £.5.  5s.  jkt  month  daring  th' 
the  borough  electrical  engineer  (Mr.  C.  W.  Salt)  on  war  t^ervi' 

Wimbledon.-   The    Electricity    Committee    of    the    Counril    Hm 

refused  the  recpiest  of  the  proprietor  of  a  picture  j»iilace  f.  " 

ance  to  be  made  ott'  th(?  minimum  amount  charged  for  • 
])lied  under  agreement,  on  the  ground  that,  owing  to  lighting  restric- 
tions, he  is  unable  to  consume  the  minimum  fjuantitv  ' 

Tiu!  electrical  engineer  (.Mr.  H.  Toudinson  I>-e)  ha-*  di  .••one 

for  wiring  the  Council  Chamber  and  providing  two  clootrie  ntdiaiursL 


rill!l!l!l= 


TRACTION   NOTES. 


Bradford. — The  Elettricity  Committee  pro|x)8e  to  pnrchase  an 
electrically-jHopelled  vehicle  for  conveying  coal  from  the  stations 
to  the  electricity  works  and  ashes  from  the  works  to  any  tij*  available. 

Gateshead-on-Tyne. — The  Council  have  .sanctioned  the  ('<  '  '  ' 
&  District  Tramway  Co.'s  application  for  permission  to  di- 
tramways  on  the  Bensham  route,  provided  the  compjiny  bear  the 
cost  of  paving  tlie  strijis  of  macadam  on  both  sides  of  the  n>ad 
between  the  tram  lines  and  the  channels,  to  the  satisfactitm  of  the 
surveyor,  at  an  estimated  cost  of  £1)7."). 

Glasgow. — The  tramways  dej)artment  have  recently  ali  :  i 
large  number  of  the  cleaning  stall  to  join  the  colours  and  to  -.  ii^.i,;--- 
upon  munition  work. 

The  places  of  these  men  ai-c  beintr  tilled  by  women.  Then- 
several  hundreds  of  men  who  will  shortly  bo  fn>cd  to  start  in  i 
factories,  and  women  will  also  replace  these. 

Middlesex  Tramways.— The  Board  of  Trade  ha- 
nuuiing  of  trailer  cars  on  the  tran^ways  of  the  Metr>^ 
Tramways  (Ltd.). 

Newcastle  on  Tyne.— Last  week  the  Tramways  Conuuittee  re- 
ported on  the  ([uestion  of  increasing  the  sources  of  revenue  of  the 
tramways  de|)artment. 

The  chairman  (Mr.   R.   M.wnk)  said  the  ditliculty  ■. 
traffic,  but  the  need  of  mo.-e  profitable  traffic     The  av  ' 

the  increased  expenditure.     To  keep  those  in  the   Army  in  the  s.uno 
(inaucial  position  as  when  they  enlisted  wouUl  cost  the  system  '.'•-  '»«•  : 
the  war  bonuses  cost  t.'i.TiO,  income  tax  was  tS.(H)4»  more  and  ■ 
£4,000  more.     Thev  were  not  nutkiui;  moiv  than  Id.  jmt  ear  e 
that  was  not  enoui-h  for  irnewals  and  the  ..ther  iv.,um|m.-m-^  : 
they  were  running  the  matter  too  line.     The  w>nkn»en  ~ 
pav  its  way.     A  tlraper's  assistant  livim;  in  tiieextivme  w 
in  "the  extreme  east  of  the  eitv.  had   to  pay  full  fan\     The  t 
worker  would  be  the  last  to  expc.t   that  the  sli-.'l.f  pn.hl  ->"  •  ' 
Uvtv  should  be  taken  to  m;.ke  u).  what    he  (the  munition  u 
short.     The  loss  im  the  w  .rkinans  cars  wu-s  -2.1.  jM-r  ear- mile.    » "i. 
posal  to  raise  the  .haryes  fiw  soKliers.  he  si.i.l  tlu>y  desmnl  to  In-  ^ 
but  thev  ou-ht  not  to  be  .«eneroiis  with  other  ,H-ople  s  money. 

Aid.  •F.T/:.:KKA..n  moved  an  amemlment  for  the  '''ll'^"""  )  iL  l^"rt 
posals  to  raise  the  prices  f.u"  soldi.is.  and  this  was  carrnHl.  and  the  irpi.rt 
as  amended  was  tlien  carried. 

Salford. The  Tramwav  Committee  have  decid.xl,  notwithstanding 
that  there  is  onlv  a  balance  in  hand  on  the  jvn-.t  year  s  workmg  of 
£18.400,  to  handover  £22,0tH)  towards  the  relief  of  the  ratios. 

Torquay  The  Electric  l.iiiht  Committee  has  deferr.nl  eonsideni- 
tion  of  the  proposed  increase  in  the  price  of  current  to  the  tramways 
company  until  .August  next. 
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TELEGRAPH  &  TELEPHONE  NOTES. 
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P.O.  Telegraph  and  Telephone  Administration. — The  Pest  Office 
provincial  superintendents  and  the  headquarters  staff  cf  traffic 
managers  have  been  amalgamated  into  one  establishment,  under  the 
control  of  Mr.  R.  A.  Dalzeli,  with  the  title  of  (.'hief  Inspector  of  Tele- 
graj)h  and  Telephone  Traffic.  His  two  principal  assistants  will  be 
Mr.  L.  Harvey  Lowe,  late  Dei)uty-Controller  of  the  London  Telephone 
.Services,  and  Mr.  J.  Lee,  with  the  title  of  l^cjiuty  Chief  Inspector  of 
Telegrai)h  and  Telephone  Traffic.  Mr.  W.  A.  Valentine,  late  Pro- 
vincial Superintendent,  has  been  aj)])ointed  Deputy-Controller  of  the 
London  Telc])honc  .^'crvice. 

Atlantic  Radio-Telegraph  Service. — Marconi's  Wireless  Telegraph 
Co.  announces  the  resumption  of  the  Deferred  Niglit  and  \\'eek-end 
Letter  Services,  suspended  recently  owing  to  the  trouble  in  Ireland, 
and  their  traffic  can  now  be  expeditiously  handled,  as  their  land  line 
communication  with  the  high  jjower  Trans-Atlantic  wireless  station 
in  Ireland  ii;  restored. 

Australian  Government  Radiotelegraph  Service.— The  Cabinet  cf 
the  Australian  Commtnwcaltli  J'ariiament  has  decided  that  the  wire- 
less s\'stem  of  the  Coii'.m</nwealth,  created  under  tiie  supervision  of 
Mr.  .J.  a.  J5:'J.r,illic,  and  hitherto  attached  to  the  Postmaster-Ccnerd's 
department,  shall  henceforth  l:e  under  control  of  the  Navy  depart- 
ment, and  be  called  the  Royal  Australian  Radio  Xavy  Service. 
Emj)loyes  on  shore  stations  will  wear  a  uniform  similar  to  the  naval 
uniform. 

Wireless  Telephony  in  U.S.A.  Navy.— It  is  reported  that  Mr. 
Daniels,  Secretary  of  U.S.  Navy,  has  communicated  by  means  of 
a  wireless  telej)hone  with  the  commander  of  a  battleshij)  off  the 
coast.  This  is  claimed  to  be  the  first  time  communiciition  by 
wireless  telephone  between  ship  and  shore  has  been  established. 

/  Radiotelegraphy  in  Eolivia. — A  correspondent  of  the  "  Chamber 
of  Cor,uii(T((!  Jounia!,"'  referring  to  the  legislative  enactm.ents  of 
the  Bolivian  Congress  in  the  past  session,  saj-s  these  included  one 
ap])roving  the  Covernments  resoluticm  rescinding  the  contract 
witli  Marconi's  Wireless  Telegraph  Co.  for  the  installation  of  a 
wircfless  telegraph  f:crvice  in  Bolivia. 

The  rescission  of  the  contract  was  duo  mainly  to  economic  reasons. 
The  erection  of  a  new  wireless  station  at  Viaclia,  2!)  l<ni.  from  La  Paz,  is 
now  under  way  in  (hargc  of  Bolivian  cnfjinccrs.  Aside  from  tliis 
station  there  an^  five  wireless  stations  in  Hohvia  at  i)rescnt,  tlie  ])()Worful 
Marconi  station  at  Uibcralta  in  the  eastern  provinces,  and  four  smaller 
stations  in  tlie  (Jran  Chaco,  tliree  Teiefui)l«'n  and  one  Marconi. 


MISCELLANEOUS   NOTES. 


Enemy  Firms  to  be  Wound  Up. — Claims  against  the  United  Berlin- 
Frankfort  India  Rubber  Co.  (Ltd.),  57,  Carter-lane,  E.C.,  are  to  be  sent 
to  the  controller,  Mr.  P.  D.  Leake,  25,  Abchurch-lane,  E.C.,  by  June  6. 

The  total  number  of  orders  made  by  the  Board  of  Trade  for  the 
windinjr-up  of  businesses  controlled  by  alien  enemies  is  now  131. 
Amon;;st  the  latest  firms  in  regard  to  which  orders  have  been 
issued  are  :  Coutinho,  Caro  &  Co.,  134,  Fenchurch-strect,  London, 
E.G.,  metal  merchants  (Controller:  N.  W.  Wild,  22-28.  Br9ad-street- 
avenue,  E.C) ;  Wolf  Safety  Lamp  Co.,  Boston-street,  Sheffield,  engineers 
and  lamp  manufacturers  (Controller:  T.  G.  Shuttleworth,  Royal  In- 
surance-buildinfjs.  Church-street,  Sheffield)  ;  E.  ^1.  Brinckman  &  Co., 
99,  Redeross-strcet,  Southwark,  I>ondon,  S.E.,  merchants  (electric  lamps, 
batteries  and  L'as  mantles)  (Controller  :   K.  C.  Fox,  45,  London-wall,  E.C.) 

Exports  to  Liberia. — On  April  20  H.M  the  King  issued  a  Pro- 
clamation prohibiting  the  export  of  all  articles  from  the  United 
Kingdom  to  Liberia,  unless  consigned  to  a  jjerson  or  persons  author- 
ised bj'  the  Foreign  Office  or  the  Board  of  Trade. 

A  list  of  persons  and  companies  in  Liberia  to  whom  goods  may  be 
ccmsigned  has  been  issued  and  includes  H.M.  Consular  officials  ;  American 
Legation,  American  Officers  of  Liberia  Frontier  Force  (Monrovia) ;  Cie 
des  Cables  Sud-Americains  (Monrovia) :  Liberian  Rubber  Corpn,  Ltd. 
(Monrovia) ;  Spanish  Consulate  (Monrovia) ;  Statian  Radiotclegraphiquc 
I'rancaise  (Monrovia),  and  others. 

Royal  Flying  Corps. — The  following  Ccmmittee  has  been  appointed 
to  inquire  into  the  administration  of  this  corps:  Mr.  Justice  Bailhache 
(chairmr.n),  Mr.  J.  G.  Butcher,  31.  P..  Mr.  E.  Shortt,  M.P.,  Mr.  J.  H. 
Balfour  Browne,  K.C.,  the  Hon.  Sir  C.  Parsons,  K.C.B.,  Mr.  Charles 
Bright,  F.R.S.E.,  M.I.E.E.  It  was  intended  to  invite  a  military 
officer  of  high  rank  to  join  the  Committee. 

Trading  With  Enemy  Firms.— Further  additions  to  the  lists  of  per- 
sons and  tirms  with  whom  persons  and  firms  in  the  United  Kingdom  are 
prohibited  from  trading  appear  in  the  "London  Gazette  "  of  May  9. 

These  include :  Denmark. — Allgemeine  Electricitats  Gesellschaft 
(Vestcrgade  23,  Copenhagen) ;  Anglo-Russian  Trading  Co.  (Dron  Vaerg 
3,  Copenhagen) ;  Continental  Caoutchouc  &  Gutta  Rercha  Co.  (Anialie- 
gade,  Copcidiagcn). 

Japdu. — Accumulatoren  Fabrik  Aktien  Gcpcllschaft  (32b,  Tsukiji, 
Tokyo);  Carlowitz  &  Co.  (124,  Higaclii-mashi  and  11.  Isogami  Dori  5, 
Nichome,  Kobe) ;  Siemens-Schuckert  Dcnki  Kabushika  Kaisha  (65, 
Bojima  Hamadori,  Osaka,  48  Akashicho  Tsukiji,  Tokyo;  Kobe  and  Moji). 

Wills.^The  late  Mr.  Harold  Faraday,  electrical  engineer,  of 
Wardour-street,  W.,  left  j)roperty  of  the  value  of  £29,495. 

The  late  Sir  Charles  Rivers-Wilson.  (i.C.ALG.,  chairman  of  the 
British  Electric  Traction  Co.,  left  £10,097. 


TENDERS    INVITED. 


Mechanical  Stokers. 

The  Tramways  and  Elwtrieity  Committco  of  Belfast  Cor- 
ponttion  invite  tenders  for  llie  su|)|)ly  of  Cha>n-grate  ]\IechanierI 
Stokerii.  Sj;eci!ieation.  with  form  of  contract,  from  the  city 
electrical  engineer  (.Mr.  '!'.  W.  Bloxam),  East  Bridge-street, 
Belfast,  'i'ciiders  miis.  be  lodged  at  the  Town  Clerk's  office. 
City  Hall,  l^'lf^'^t.  i)y  lO  a.m.  .May  24.     ISeealaodii  (tdvvrlisrinenl^ 

Electric  Lamps,  Lamp-Holders,  &c. 

T(>nderswill  i)e  received  until  1 1  a.m.  June  14  by  the  Victokian 
Raiiavay  Commissionkhs,  Spencer-street.  Melbourne,  for  the 
supply  of  5,000  ()  volt,  and  l,<MMt  jjO  volt  Klectric  Lanijis  for 
signal  system  (Contnicl  29,912)  :  4,000  l.auip-holders  (Contract 
29,913);  aiul  3.000  gals,  of  Wood  Preservative  (Contract 
29,930).  Siecilications,  &e.,  may  be  obtained  from  the  offices 
of  the  Commissioners. 

Transformers,  Mains,  Water  Wheels,  Alternators,  &c. 

The  \'i(  I'oitiw  Haiiavav  CoMMH^iit-NKKs  rcquirc  tenders  by 
11  a.m.  May  31  for  supply  of  Transformers,  with  Termiiuil  and 
Fuse  Boxes  dining  five  years.  The  lirst  order  will  be  for  220 
transfonners  to  be  delivered  in  six  month.'*.  Specilications.  &e., 
from  the  Commissioners'  Offices,  S|HMieer-Btreet,  Mellxiurne. 

Oamaru  (X.Z.)  Borough  Council  re(|uires  tenders  by  4  ii.m. 
Ju!H'  2.3  for  the  supply  of  Overhead  .Mains  aiul  Street  Lighting 
E(piipmcnt  (contract  No.  2)  ;  Power  Station  Equipment  (IVIton 
Wheels,  Alternators.  i"tc.)  (contract  No.  3)  ;  Service  Meters 
(contract  No.  4)  ;  and  Line  Tr.vnsformers  and  Accessories  (con- 
tract No.  5).  S])ecilicatioiis,  &(•.,  may  bo  obtained  at  the 
Council's  oflices  on  dejiosit  of  £1.  Is.  for  each  <'ontract 


Telegraph  and  Telephone  Material. 

Teiulers  are  invited  u])  to  July  31  for  the  supply  and  ereetion 
at  (i.P.O..  Brisl)ane.  of  I'ower  Board  and  Accumulators  (SfortV 
Schedide  381).  Specifications  and  tender  forms  from  Common- 
wealth Offices.  72.  Victoria-street.  Westminster,  London,  S.W. 
See  aho  au  ndrcrtinemenl. 

The  Dejaity  Postmaster-General,  Perth  (W.  Australia) 
re()uires  tenders  by  3  p.m.  June  7.  for  the  supply  of  15  tons  of 
(Jalvani.sed  Iron  Wire  (Schedule  508.  W.A.).  for  the  .^vstrai.iaN 
C()M.M(in\vi:ai.th  Postmaster-tJeneral's  Department.  Sjiecifiea- 
tio.is  from  office  of  Deputy  Postma,stor-G"enera1.  Perth,  W..A. 

The  Secretary  of  the  iVjiartment  of  Public  Works.  Ottawa, 
will  n-ceive  tenders  until  4  ji.m.  May  15  for  the  sujiply  and 
delivery  at  Halifax  (X.S.)  of  10  knot.s  of  Single  Conductor  Sub- 
marine Telegraph  Cable  (107  lb.  eojijK^r  and  150  lb.  gutta  jiereha 
per  luujt),  with  g.i.  wire  sheathing.  Specifications  from  the 
General  Sujierintendent,  C«na<lian  (Government  Telegraph 
Service.  Oftaw.i. 

Steam  Generating  Plant. 

The  Nkw  Sol  th  Wai.ks  Depart.ment  OF  Prnuc  Works 
will  receive  tenders  until  2  p.ni.  May  22.  for  the  sujiply  and 
erection  of  Steam  (Generating  Plant  for  the  ]x)wer  station  at  Port 
Kenibla.  S]ieci<icalion.  &c..  may  be  obtained  from  the  Deijart- 
ment  of  Public  Works.  Sydney. 

Coal-Handling  Plant, 

MwcTiK-TKK  C<u|mratinn  nujuin"  teiulers  by  10. -v. m  May  17 
for  Automatic  Coal  li:indling  Plant  for  St u.ul -street  station. 
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Wiring. 

Keighley  and  J3INGLKY  Joint  Hospital  Board  n-(|uirft 
tenders  by  May  22  for  the  wiring  of  tho  Fever  Ho.spitai  and 
.Sanatorium  at  Morton  Eank.s.  Specifications,  &c.,  from  tho 
Borough  Electrical  Engineer. 

Tramway  Construction,  Tramcars,  &c. 

DuNEDiN  (N.Z.)  City  Council  require  tenders  by  5  p.m.  May 
17  for  six  Electric  Tramcars  and  sections  of  Cars  (Bodies,  Elec- 
•  trical  Equipments  and  Trucks).  Specifications,  &c.,  from  the 
Town  Hall,  Dunedin. 

Johannesburg  (Transvaal)  Comicil  require  tenders  by  noon 
June  G  for  supply  of  two  Manganese  Steel  Crossings,  and  for 
the  sujjply  of  500  c.i.  Joint  Boxes  and  200  Hanks  of  Trolley 
Rope  (contract  No.  112).  Specifications,  &c.,  from  the  muni- 
cipal offices,  Johannesburg. 

The  Direccion  General  de  Obras  Piiblicas,  Ministerio  do 
Fomento,  Madrid,  require  tenders  by  May  19  for  the  construc- 
tion and  working,  for  60  years,  of  an  electric  Tramway  in 
Bilbao,  comiecting  the  existing  system  with  the  Irala-Barri 
district.  Minimum  rolling  stock  required  to  commence  is  one 
motor  and  one  trailer  coach  for  pa  ssengers,  and  one  motor  goods 
coach  and  two  trailer  goods  wagons.  An  option  on  the  con- 
cession is  held  by  the  Sociedad  Tranvia  Urbano  de  Bilbao. 

The  Public  Works  Dept.,  Madrid,  will  receive  tenders  until 
noon  May  30  for  the  Construction  and  Working  (for  60  years) 
of  an  Electric  Tramway  in  Melilla  (North  Africa).  The 
minimum  rolling  stock  required  is  16  coaches,  with  motors  and 
accessories.     An  option  is  held  by  Don  Felijie  Ezquerro. 
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coiMicr  b.=ing  taken  at  £110  ,H,r  1.^,  ;  and  that  of  K.  John*ni.  ("Up- 

man    &    Morri.s   for   g;d.    HUel   ami    inm   wire   h  :</n    447). 

i:;)22.  liiH.  2(1.     The  conimittM;  al«fj  rccomniLiided  : 

he    purchaseti    under   cxi.stinK    contKittj. :     Fj»wr 

service  and  fuse  boxe.-- 

tralian  Ccii.  Kiec,  Co.,  ti 

:iH2,  sec.  D),  estimated  cost  £1,100  ;  X, 

pere  240-v.  d.c,  2..'-,00  o-ampere  240- v.  i».c.,  .>i.i  li>.«nLcrr  24i)y. 

a.c.  .-)0  200-anif,f're  2l()-v.  a.c. 

Temperature  Measurement  Contracts.— Tho  Cambridge  SckntiSc 
Instrument  Co.,  of  Cambridge,  inform  uh  that  thcv  have  recrired 

during    tlie    past    month    (iovornmcnf    i,  ,  ■  .^ 

measuring  instruments  from  llif  Mini.strv  1  ^i 

('ordite  Factory,  Victorian  Covernmi-nt  railwavM,  Small  Arm* 
Factory  (at  Litligow,  Australia),  and  the  Rutwian  (H/vcrnment  Sapply 
Committee. 

Commonwealth    Contracts.    The    following    Unflen    have    been 

accepted  l)y  the  Australian  (Jovemmcnt  depart mcnt.-t  : 

J'o.slirKclr.rCcjifriir.^    iMpt.,    Melljourii(:.-~\\,»xi:ni    Klf«tru,-    (  •> .    jvi*! 

resistance  boxes  (Js.  :{<!.  each,  ditto  9h.  fid.  each,  150  ditto  9*.  lid.  each  • 

J.  Bartram  .He  Son,  3,r>(iO  retardation  coil.s  Jh.  8d.  «-ach.  3.7«^i    '         :'. 

each,  5G0  induction  coils  2s.  M.  each,  .WO  g<-nenitor«  21"  »vV  .  m 

indicators  :{s.  Sd.  each,  10,.")00  ditto  .Is.  7d.  each.  ' 

2,7I»<)  listening  and  riiiginji  keys  -Is.  -Id.  each,  1im. 

each,  1,150  phu^s  llUl.  each,  100  switches  2a.  3d.  each, 'lUO  » 

meters  29s.   9d.   each  ;    Automatic   Jelephoncs  (Au.stralania),  _4-i   i.  ..-. 

phones  54s.  9d.  each,  fiO  ditto  fiOs.  each. 

Po-stmuMtr-Oejicml's    Jjppt.,    .S'/yriffei/. —Automatic     i    '     ' 

tralasia),  400  (reduced  Irom  .'{,7oO)  telephones.  £2.   1) 

Paton,  300  telephones  £1.  10s.  Od.'cach,  l.")0  ditti,  £3.  J«.  each.  .y>t  ditto 

£3.  ]4s.  (id.  each,  .")0  miles  wire  £9.  5:^.  pur  mile  ;    Colonial  Rubber  Co.. 

750  lb.  sheet  ebonite,  4s.  per  lb.  ;    Brit.  Cen.  Elec.  Co..  !»,7-10  protec- 


^    TriUnrPQ    PrrFIVrn    ANH    ArrCDTCn      ^       tors,  Ss.  each;  Western  Elec.Co.,  4,000  polc  steps.  £1.  19s.  id.  per  HW; 
=     I  traUtKb    KtlftI  VtU    ANU    AUUbP  I  tD,    =        Lawrence  t  Hanson  Co.,  .single  silk-cover«l  anr.ca'.cHl  coprer  wire.  2*)  lb. 


AccKiNGTON. — The  Electricity  Committee  has  accepted  the  follow- 
ing tenders  : — 

I^ancashire  Water  Cooler  Co.,  water  cooling  tower  ;    British  Thomson- 
Houston  Co.,  2,000  kw.   turbo-alternator,  with  condenser,  &c.  ;    J.   P. 
Hall  &  Sons,  boiler  feed  pumpa  ;    Holden  &  Brook,  feed  water  heater  ; 
Ed.  Benuis  &  Co.,  for  modernising  one  set  of  mechanical  stokers. 

BoLTON. — The  Electricity  Committee  have  accepted  the  tender  of 
J.  &  N.  Dickinson  (Ltd.)  for  the  construction  of  a  sub-station  near 
Melrose  Mill  for  supplying  electricitj-  to  Lostock. 

Sheffield.— The  Council  have  accepted  the  tender  of  Phcenix 
Dynamo  Mfg.  Co.  for  supply  of  a  spare  armature  for  pump  motors 
at  £67. 

Wolverhampton. — The  Electricity  Committee  recommends  the 
Corporation  to  accejjt  the  tender  of  Strachan  &  Henshaw  (at  £515) 
for  the  installation  of  ash  handling  plant  at  the  electricity  works. 

Melbourne  (Victoria). — The  Council  have  accepted  the  tender 
of  the  Australian  Gen.  Elec.  Co.  for  600  gas-filled  metal  filament 
lamps,  £381.  15s. 

Sydney  (N.S.W.). — The  Electric  Lighting  Committee  recommend 
the  City  Council  to  accept  the  tender  of  Noyes  Bros,  for  insulated 
wires  and  cables  (specification  448),  £7,181.   Ss.  3d.,  the  basis  o 
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2s.  5d.  per  Ih,  15  lb.  2s.  fjd.  per  lb.,  10  lb.  2s.  >^'.d.  per  lb..  1<I  lb.  .3.h.  2id. 
per  lb.,  20  lb.  4s.  per  lb.,  .30  lb.  4s.  7|d.  per  lb..  :-;0  lb.  ."is.  ^',ll.  per  lb  , 
50  lb.  9s.  2Jd.  per  lb,  20  lb.  16s.  9d.  per  lb.,  "  Kureka  "  silk  co'vervd  wire. 
10  1b.  6.S.  9.'.d.  per  lb.,  10  lb.  7s.  per  lb.,  10  1b.  7s.  7id.  per  lb..  10  lb. 
.Ss.  ijd.  per  lb.,  10  lb.  9s.  per  lb.,  10  lb.  9s.  7d.  per  lb..  10  lb.  10». 
lb..  10  lb.  10s.  9kl.  per  lb.,  10  lb.  13s.  2id.  per  lb..  10  lb.  los.  7^.1 
British  Insulated  &  Helsby  Cables,  double-coated  .silk  covere<i  I 

copper  wire,  20  lb.  3s.  5d.  per  lb.,  10  lb.  4s.  per  lb..  10  lb.  4*.  ti.l.  j  • 
50  lb.  5s.  5d.  per  lb.,  10  lb.  os.  Ud.  per  lb.,  10  lb.  tis.  5d.  per  lb.,  lo  :!,. 
7s.  od.  per  lb.,  10  lb.  8s.  lid.  per  lb.,  10  lb.  lis.  od.  per  lb..  10  lb.  13s.  (3d. 
per  lb.,  10  lb.  16s.  6d.  per  lb.  :  F.  Holden.  erection  of  telephone  line 
between  Marlee-Bobin  fine  and  Hyndman  £56.  5s.,  supply  and  trivtion 
of  25  ft.  wood  poles  15s.  per  jjole  and  20  ft.  jxiles  at  10s.'  per  pole,  and 
erection  of  500  lb.  per  mile  g.i.  wire,  about  1 1  miles  7  chains,  i>.').  os. 

Pontinaster-GtnemVs  JJept.,  Adehii'le. — British  Insulated  It  HeUby 
Cables,  12  Morse  sounders  lis.  6d.  each,  11.000  copper  tape;s  and  insu". 
lators  to  specification  526,  as  per  schedule  401,  £46.  17s.  6d.  ;  Fekon  & 
Grimwade,  1,000  glass  tubes  lor  cells,  £2.  14s.  ;  Firebrick  In-  '  '  '. 
Pottery  Co.,  7,000  porcelain  insu'ators.  "  A  "  to  drawings  l"35.  i 

C37,  sealed  pattern,  O.^d.  each. 

Postmusler-OeHeraVs  DcoL,  Ilil^bane. — \\'estern   Elec.  Co..  ^<A'  • 
Is.    6id    each;     Moreland    iletal   Co.,   5   tons    iScwt.    scrap   c 
£399. 'l4s.  6d.,  5  tons  ditto  £410.  Os.  od..  13  tons  IS  cwt.  lead  .-.up 
£286.  4s.  9d.,  1  ton  1  qr.  copper  wire  £75.  3s.  (id.,  also  10  cases  I'.ls. 

'/ictorinn  Ilaiiwii'i^. — J.  G.  BlacI-.  telegraph  wire.  £22  per  ton  ;  N  ■    - 
Bros.,  Ackley  hand  brakes  at  £8.  5s.  each  lor  new  bogie  cars,  for  St.  Ki!  ; 
Brighton  electric  railway  ;   Australian  Gen.  Elec.  Co.,  material  for  md- 
way  car  lighting,  at  rates. 


MUNICIPAL  ACCOUNTS. 


illlllllllllllllllllllllllllllllllllllllllll^ 

I  FINANCIAL    MATTERS.  | 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH^ 

has  had  this  portion  anchored,  so  that  there  will  bo  los  dans:»"r  of 

in  case  of  breakage,  by  which  means  renewal  can  Iv  dcferr    \  (•"• 

year.     Kc.ewals  auvl  repairs  of  pennanciit  w.»y  ha\c 

where  necessarv  ;    another  portion  should  Ih>  rem  wed  du      _ 

year,  but.  owinu  to  the  oitlii  ultv  of  obtaining  rails,  it  is  to  be  MX  o\-rrlor 

"the  present,  and  Mr.  Cowdl  has  had  renewed  tho  n'ally  danj:rn>U!«  !<re- 

tions  of  the  routes,  and  tho  port!. mis  hold  over  for  renowiuii  ivour  on  the 

straight  and  not  on  inclines,  so  that  the  n>sult  of  a  car  loa\ 

will  not  be  so  serious.     After  allowing  for  tho  t>nori:y  us«'d  for  ; 

etc.,  the  average  consumption  per  car-nulo  is  l"v>  iai;.«inst   l-.Vt)  unitsv. 

Female  labour  has  been  introduced,  and  will  bo  extondod  »-•»  nootnvMty 

arises.     Thi>  venture  has  so  far  been  succes-sful.      119  of  tho  employes  aro 

•serving  with  tho  military  and  naval  foi\ os.  and  tho  amount  paid  todepen- 

dants  of  those  for  tho  year  was  1'1,T6.5. 

Preston.— The  accounts  of  the  tramways  department  for  the  >ear 
ended  March.  31,    1015.  which  have  just   been  i.<sued.  show  gross 


Blackburn. — The  accounts  of  the  tramways  department  for  the 
year  ended  March  31  show  total  capital  expenditure  £336,258.  The 
total  amoimt  placed  to  sinking  fund  is  £107,800. 

Revenue  was  £68,410  (compared  with  £68,302  for  previous  year),  and 
working  expenses  were  £46,964  (£46,928).  Interest  re(|uired  £3,515, 
sinking  fund  instalments  £9,711  and  loan  repayments  £6,022,  tho  net 
profit  being  £1,756  (against  £1,572).  Average  fare  charged  per  mile  was 
0-76d.,  average  total  revenue  per  car-mile  was  14-20d.,  and  working  ex- 
penses (including  power)  were  9-74d.  Passengers  carried  were  12,246,151 
(against  12,223,569),  car-miles  run  1,091,050  (1,121,769),  and  units  used 
1,678,976. 

In  his  report  the  general  manager  (Mr.  J.  H.  Cowell)  states  that  during 
the  year  4  miles  of  trolley  wire  were  renewed,  another  portion  should  bo 
renewed    this  year,  but  as  the  wire  cannot  be  purchased  at  present,  he 


capital  expenditure  £I92,79!>.  of  which  £111.405  was  outstanding. 
Revenue    was    £47,775    (against    £45,946).    working    expenses    were 
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i;2!),802  (i-2!).r),sr,),  interest  ic(|nir(-d  a,:],^  (£:5,f>2r,),  aiifl  sinkin;;  fund 
£5,I8!»  (i.j.O.'W),  Icavin;,'  net  balance  (i)laeed  to  le.seive)  r.i;2()')  (t2.o51). 
Revenne  per  ear-mile  was  lO-.'J.ld.  (lOMd.),  and  workinj;  (^\J)enses  were 
0-57d.  ((i!)2(l.).      Passengers  carried  were  10,7«1,:{8I  ( I0.:{40,(i88). 

Shanghai. — The  accounts  of  the  njunicii'al  electricity  undertaking 
for  I!)!")  show  gross  capital  outlay  £7r)4,7:M  (increase  £74,017). 

Revenue  was  £216,099,  gross  profit  £67,180.  and  net  profit  £:i2.363. 

In  his  report  the  engineer-in-ehief  (Mr.  T.  H.  V.  Aldridge)  says  the 
department's  policy,  financial  stability  and  technical  soundness  had  been 
vindicated  in  the  opinion  of  Mr.  A.  H.  Preece  and  the  treasurer.  An  unsatis- 
factory feature  of  the  year  was  the  breakdown  of  thef;erman  l)uilt  turbo- 
alternators  at  Riverside.  At  onecriticali)eriod  66  percent,  of  thcttirbine 
plant  was  unavailable  for  service;  owing  to  dc  fects.  I'nsuitable  material 
used  in  the  manufacture  was  resptmsible  for  the  trouble.  Chemical 
analysis  of  the  metal  used  for  the  turbine  blading  ((mclusively  ])ro%ed 
that  a  wrong  selection  was  miulo  in  its  choice.  Two  of  the  machines 
which  develoiK'd  blade  tronl)le  l)ad  been  in  commission  only  one  year  antl 
nine  months.  Other  mcclianical  defects  had  since  shown  uj).  An 
electrical  breakdown  also  occurred  necessitating  re-winding  jiart  of  one 
of  the  alternat(ns.  It  may  be  asked  why  were  the.se  machines  selected. 
Tenders  were  ])ublicly  invited.  The  selected  ones  were,  theoretically, 
taking  price,  steam  consum))tion  and  guaranteed  efficiency  into  full  con- 
sideration, the  best  offered,  and  it  woukl  at  the  time  have  been  dillicult  to 
have  passed  them  over.  The  two  2,000  kw.  A.E.d.  machines  (which  had 
been  in  commission  1  year  and  !)  months)  have  cost  £318.  los.  and 
£267.  10s.  per  annum  respectively  for  repairs  and  maintenanc  e,  while  the 
liritish  machines  at  Fcaron-road.  which  had  been  in  commission  from 
5  to  9  years,  have  varied  from  £17.  12s.  6d.  to  £52  per  annum.  Not 
only  liad  the  (k-rman  turbines  jjroved  defective  in  Shanghai,  but  several 
tiansform(!rs  had  also  shown  marked  inferiority  to  either  British  or 
American  ones  in  service.  The  years  working  showed  a  further  reduc- 
tion in  the  costs  of  production  of  22  i)er  cent,  from  last  years  figure.  The 
greatest  reduction  was  in  coal,  ])artly  due  to  a  cheajier  ))rice  i)aid,  ])artly 
to  supervision  and  ag.dn  to  tin;  lower  steam  c<)nsumi)tion  of  one  of  the 
new  .l.OOO  kw.  turbines.  .Sales  of  electricity  increased  by  ;")2  per  cent. 
Those  yearly  reductions  in  works  costs  were  indi<ative  of  what  might  be 
looked  for  when  the  new  extensions  in  hand  were  completed  ;  they 
brought  n«'arer  to  realisation  the  hoped  for  reduction  in  the  prices,  charged 
for  lighting,  heating  and  ( ooking.  Coal  ( ost  ()-2")r)d.  per  unit  sold 
(ajrainst  ((•:!()(id.  in  j)i'e\  iousyear),  and  total  working  exjienses  wereO.");{4d. 
(a;.'ainst  0'684d.).  The  generating  plant  cai)acily  of  the  two  stations  is 
19,(i0(t  kw.  Maximum  loail  on  the  two  stations  was  14,400  kw.  Shoitly 
before  the  close  of  the  year  some  of  the  large  mills  shut  down  teniporarily. 
one  accounting  for  .100  kw..  while  (|uite  a  nundxirof  small  ))ower  users  had 
also  slojjpcd  opcratio.ns,  due  to  trade  d(  pres.sion.  Traction  load  was 
praclically  the  same  as  last  year.  !,oa<l  factor  increased  from  Xi-H  ]>i-v 
cent,  in  I!tl4  to  40-8  uer  eeiit.  Duiing  llii'  year  119-20  miles  of  eable 
were  erected  for  enlarging  and  extending  the  overhead  mains  and  Oti.') 
miles  of  e.li.t.,  21.'}  miles  of  l.t..  and  O-HO  niik-  of  ))ik)t  cable  laid.  Forty- 
three  additional  transformers  were  ))ut  into  service  totalling  ll.(iO(»kw., 
and  the  net  in(  rease  in  transforimr  ca])acity  is  .").S94  kw.  The  total 
ca|)a(ity  of  transfornier.s  in  service  is  18,284  kw.  Arrangements  were 
(•oiichidcd  with  the  French  Tiamway  &  Lighting  Co.  for  a  bulk  sup|)ly  up 
to  400  kw..  and  the  com|)any's  demand  has  so  far  averaged  228  kw. 
There  are  44  an;  lani])s  and  1.422  metal  lamps  for  i)ublic  lighting.  Prac- 
tically all  the  incandescent  street  lam])s  are  now  of  the  so-eaUed  half-watt 
or  nitrogen  type.  Tlie  current  consum|>tion  of  these  lamps  is  approxi- 
niHtely  <l-7.">  wati  per  candle,  conipared  witii  1-2  watts  per  candle  con- 
siiMicd  by  (he  ordinary  metal  larn|i  foiineily  in  use.  There  w<  r<'  4.000 
elect  licily  nielers  issued.  This  figure  re|)ivsenls  tlie  net  increase  in 
meters  issued  during  tiie  year  aft<r  allowing  for  meters  returned  for  clean- 
ing and  repair,  and  llieie  were  10,992  nuters  in  u.se  at  the  ••nil  of  the  y«ar 
and  1 .092  (iiir'<'nt  linii'i'rs.  Service  connections  increased  l{. 149.  making 
the  Idl.il  is. lot.  Additional  .'{Owatt  (e(|ui\alenl )  lamps  conncited 
dining  the  year  were  92. .'{IM.  a  total  of  ()2I.(»78.  These  include  fans, 
radiators  and  cookers,  but  neither  street  lamps  nor  motors.  .Motors 
eonnect<;d  wen;  2il9.  nggn-gating  4,072  h.p.,  and  disconnected  1()2 
(—2,607  H.i'.).  net  increase  i;{7  (2. .'{()/}  H.P.)  The  total  horse-])ower  on 
the  mains  is  14..")47.  Indications  justify  a  belief  that  then-  will  be  a  lanje 
increase  in  small  motors.  \\'ith  rcL'ard  to  larger  ]iowi'r  inst;ill:itinns, 
negotiations  ha\'e  been  conclndid  with  1(1  oil,  cotton  and  jjuin-  mills 
f(n'  an  aggregate  ))ros))(Mtive  total  of  (i,2l<t  ii.r.  Klectric  heating  has 
becomt;  thoroughly  established.  The  numln'r  of  additionr.i  radiators 
connected  during  the  year — i>ra<tieally  all  of  which  wen*  hin'd  out  — 
increased  by  34.").     This  brings  the  total  number  of  radiators  to  1.216 

2,4.'{2  kw.  This  form  of  heating  has  become  jxipular  am>im.'s|  for- 
eigners and  Chinese  alike.  The  ab.sence  of  dirt,  suk'II  and  finues  ami  al>o 
the  poi'tability  of  the  electric  radiator  are  all  in  its  favour.  The  ciieap 
heating  rate  of  2-")  eandareens  (t)'7.'»<l,)  per  unit  Hfill  further  attraetM  con- 
sumers. Kl(H'trii'  cooking  has  no*  had  an  opportunity  of  expandiuL'. 
becaus(>  the  cooking  ranges  ordei-ed  to  meet  the  demand  could  not  be 
procured.  These  ranges,  on  order  for  over  a  year,  were  not  ilelixeivd  in 
Siianghai  till  .January  this  vear.  l'",leclrieity  Un  healing  and  cooking.  ni>t 
only  in  Shanghai  but  in  othereountries.  will  su)>ersede  other  forms  wher- 
ever the  price  charg'>d  for  ctiri-ent  is  sulheiently  |r>w.  In  the  earlier 
stages  of  development  nnieh  dis:vpi>ointnient  was  i'au.>«ed  liv  the  unre- 
liability of  the  heatin!!  elements,  but  the.se  initial  jliflii  ulticN.  i ommon  to 
many  innovations,  have  been  steadily  overcome,  and  at  llir  pns<ul  liu)e 
tlie  :i|)|)iiances  obtainable  from  the  manufai  turers  wln>  have  specialised 
in  this  class  of  work  aie  very  girat  improvenv~nts  ovi-r  llu"  early  products. 
Such  firms  as  the  Carron  Co,  and  the  Falkirk  Imn  Works,  which  have 
been  engaged  upon  the  mnnnfactnre  of  domestic  and  other  iMioking  rangjes 


for  over  a  century,  have  laid  out  sections  of  their  works  ff)r  the  manufac- 
ture of  electric  heating  and  cooking  appliances.  Total  sales  of  elec- 
tricity were  49,787.397  (an  increase  of  52-6  ])er  cent.)  The  increases  and 
decreases  were  :  Private  lighting,  -|-14-2  per  cent.  ;  ])ublie  lighting, 
—4-7;  heating  and  cooking,  +71-o;  power,  +101;  traction  —6-4; 
total,  ~')2().  62.291,443  units  were  generated.  01  the  European  staff 
1 8  per  cent,  are  serving  with  the  Colours.  The  loss  in  action  of  Mr.  Budd, 
the  late  chief  clerk  to  the  department,  has  to  be  recorded.  The  esti- 
mated net  ])rofit  was  £31.506.  7s.  6d.,  and  that  actually  made  was 
£32,363.  13s.  6d.  At  the  Riverside  works  two  turbine-driven  10,000  kw- 
generators  and  one  of  .5.')00  kw.  generator  are  to  be  installed,  increasing 
the  plant  capacity  of  the  station  to  39,000  kw.  The  alternators  are 
designed  to  generate  at  6.()00  volts,  and  by  means  of  stc])-u])  transformers, 
connected  directly  to  the  generators,  the  pressure  will  be  tran.sformed  up 
to  22,000  volts.  The  transformers  are  designed  with  an  internal  re- 
actance of  5  ])er  cent.,  so  that  by  their  use  the  em])loyment  of  external 
reactances  now  usuallv  regarded  as  neces.sar\  in  big  power  stati<ms  will 
not  Ik;  necessary.  One  of  the  10.000  kw.  turbines  will  be  of  the  impulse 
tyjie,  su(;h  as  those  aln  ady  installed,  and  the  other  10,000  kw.  set  will  be 
of  the  Parsons  reaction  tj-pe.  These  two  machines  will  have  to  operate 
under  identical  conditions,  thus  there  will  be  excellent  opportunities 
for  ob.serving  the  merits  of  the  two  machines.  The  22,(KJ0-volt  switch- 
gear  is  arranged  as  far  as  ])ossible  so  that  a  breakdown  to  one  part  should 
not  seriously  affect  the  other  sections.  It  occ\ipies  three  separate  floors, 
and  the  lay-out  is  designed  to  reduce  the  risk  of  fire  to  a  minimum.  The 
general  lay-out  of  the  switchgcar  is  the  result  of  the  dcpartmenCs  own 
ideas,  together  with  improvements  which  have  been  suggested  from 
observations  made  in  some  of  the  newest  and  most  up-to-date  power 
stations  in  (Jreat  Britain  and  the  United  States.  The  writer's  ])ar- 
ticidar  thank-s  are  due  to  Mr.  Lackie  (Glasgow)  and  Mr.  P.  \'.  Hunter 
(Ncwcastle-on-Tyne).  There  will  be  eight  new  boilers,  all  of  Babeock  & 
AVileox  water-tube  marine-type,  fitted  with  self-contained  superheat'^rs 
and  feed  water  heaters.  Each  boiler  is  designed  to  eva]iorate  40.000  1  >. 
of  water  ]»er  hour  at  a  pressure  of  200  lb.  ])er  square  inch  and  at  a  tem 
j)erature  of  575  E  under  normal  conditions. 

Mr.  Aldiidge  informs  us  that  the  remarks  in  his  report  regarding  the 
fJerman  turbo-alternators  and  transformers  which  have  Ix-en  instaUed 
are  being  made  use  of  by  the  British  Consular  .service  at  Shanghai,  it 
being  int<"nded  to  distribute  them  throughout  the  various  British  Con- 
sulates in  China,  hojjing  that  it  may.  to  some  extent,  inftuence  ])rosj)ec- 
tive  I)uyers  in  favour  of  British  manufac  tunrs.  The  ])rice  ]>er  unit  sold 
has  been  rednc(-<l  to  0-534<l..  which  figui-e  Mr.  Aldridge  thinks  compares 
favomably  with  the  majority  of  stations  in  England,  and  is  <mly  e(|ualled 
by  a  few.  These  works  costs  include  it-pairs  and  maintenance  of  mains, 
and  th(-se  are  somewhat  higher  than  is  the  case  at  home,  owing  to  the 
enormous  extent  of  the  overhead  .system  of  distribution.  It  is  foimd  in 
practi(  (•  that  there  is  little  use  installing  any  radiatois  with  a  capacity 
of  less  than  2  kw.,  and  2  kw.  has  been  made  the  niininitnu  standard  al 
Shanghai.  i.,ast  year  the  dejjartment  c<mstrueted  s'.'veral  hundred 
radiators  themselves,  with  satisfactory  ivsults.  The  luminous  lamp  tyi>e 
is  not  encouraged,  and  a  great  number  of  that  type  have  been  convertcil 
into  the  hot  wire  ])attern.  Practiially  all  the  electrical  ra<liat<irs  in 
service  ar<>  hired  out  by  the  de)>artment  at  Is.  3d.  a  month.  Had  the 
council  not  imdertaken  to  hire  out  radiators  and  cookers,  it  is  certain 
that  this  a|»pli(ation  of  electricity  would  never  have  made  headway. 
The  sale  of  680,tK)0  units  for  heating  and  cooking  justifies  the  policy 
]tursued  by  the  department.  Over  3O.(Kt0,(KKI  units  were  sold  for  power 
])urposes.  excluding  3,395,fKttl  sold  to  the  (lannvay  company  for  t taction. 
I'uils  sold  for  powei-  were  62  per  (cnt.  of  the  total  sales.  i>f  which  the 
higher  load-factor  and  reduction  in  works  cost.s  is  a  direct  reflection.  The 
net  ])rofit  of  t32.363  was  made  after  i^roviding  £27.877  on  loan  in(en\st 
and  ])roviding  t.38.0K7  for  dejireciaf ion.  The  n-turn  of  profit  on  capital 
outlay  incn'ased  to  8-91  per  cent.  The  jirofit  for  19IH  is  estimated  at 
i;:!'.l..")(i7.  and  l'44.573  will  l>e  set  aside  for  depret  iation.  With  i^-ijard  to 
the  25.(Ht(»  kw.  extensions,  the  allernatois  which  generate  at  6,(i(MI  \olts 
are  to  l»e  tied  to  large  transformer  units  for  raisins;  the  i>n'ssure  up  li 
22,000  volt.s.  and  the  trunk  cables  an-  to  Im"  of  the  split  conductor  tyjM-. 
Whilst  for  reasons  of  policy  some  of  the  new  jilant  will  b««  American,  tho 
greater  bulk  of  it  is  to  be  British. 


COMPANEES'  MEETINGS  AND    REPORTS. 


ANGLO-AMERICAN  TELEGRAPH  CO.  (LTD.)  At  the  meeting  on  l-riday 
last  Si  I  U.S.  |,>"n.wh<i  )iit'sid('ii  in  tin-  absence  of  the  chairman  (Mr.  F.  A- 
Bcvaii).  stated  that  their  ulalions  with  their  lessees  (the  \\est4'ni  I'nion 
Telc'jrapli  Cii. )  ciintiniicil  to  Iw  most  friendly.  The  din-ctors  recently 
ins|«'cted  the  new  premisi's  of  that  e<impany  in  (inat  WinchesltT-stnct. 
when"  the  wiiole  of  tin-  l/Midon  op-rating  stations  had  been  consolidated, 
and  when*  the  latest  a)iplianees  for  the  transmission  <">f  mes^al;<■s  and 
scientitic  me1hi><ls  of  handling  cable  business  had  ben  installed.  Tho 
war  had.  if  anylhini:.  mad*-  the  acnMMiicnt  with  (heir  le.isei  s  nion-  secure, 
as  then*  was  every  evidence  that  thn>u)2h  it  the  nvcipls  for  i  able  businuM 
had  largely  incn'ased.  Moreover,  the  eijuipment  of  the  Western  I'nion 
Co.'s  new  pn^miwH  at  %-ery  ronsielerable  expense  emphasised  their 
eletermination  fei  n'si^-et  the  Iease>  anel  to  continue'  their  e  oudiict  of  th« 
(.-ible  business  uneh  r  the-  nie>st  up  te»  date  e-onditions.  piinnt;  the  past 
ye-ar  t'l4.S46  was  spent  upem  the  nne-wal  e>f  eaMrs.  In  onle  r  te)  preivide 
the  mone'y  ne-e-essjiry  lei  )iay  feir  the  ne-w  ship  whiih  hael  bie-n  built  to 
ifplaer  the  e.s.  "  Minia.  "  they  had  to  n^aliM*  nn«w«l  fun<i  inv.^tments, 
anel  though  the  oj>eralion  wae^  a  jeif*  of  £~.!t(H.  th*y  had  the  cemt^oUtioa 
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that  the  new  siii)*,  which  had  cost  approximately  i;8(),()()0,  could  not  now 
be  built  and  0(Hiipi)cd  for  nnich,  if  anythiii<i;,  less  than  tUO.OOU.  The 
new  venHcl,  wliicli  had  been  named  the  '"  Lord  Kelvin,"  hail  Ix-en  handed 
over  to  the  service  of  the  Western  Union  Co.  in  accordance  with  the  termw 
of  the  lease. 

ANGLO-PORTUGUESE  TELEPHONE  CO.  (LTD.)— The  gross  revenue  of 
the  ])ast  year  was  £8i,!)2."i.  E.\])enses  were  il'tl/ul  and  royalties  to 
Government  £2,459,  leaving  a  gross  ])rofit  of  i;27,88().  After  jiayment 
of  income  tax  i  i;l,.'M9)  and  providing  for  debenture  interest  (£1,!):{7)  and 
sinking  fund  (£1,602),  the  amount  available  (including  £5,471  brought 
forward)  is  £28,409.  Of  tins  amount  £2,900  has  been  added  to  exchange 
fluctxiation  account  and  £10,000  to  renewals  fund.  In  November  last 
an  interim  divideiul  of  .'}  ))ei-  cent,  was  ])aid  (less  tax),  and  th(;  directors 
now  recommend  a  fiuthcr  divid(>nd  of  5  jier  cent,  (less  tax),  making  a 
total  distribution  of  8  per  cent,  for  1915,  and  leaving  £4,409  to  be  carried 
forward. 

BATH  ELECTRIC  TRAMWAYS  (LTD.)— Sir  James  Si vewright,  K.C.M.G., 
who  ])rcsided  at  the  uucnt  meeting,  said  that  the  ])ast  year's  Ivaffic 
and  other  receipts  showed  a  decrease  of  £5,558,  comi)ared  witli  1914. 
That  was  largely  attributable  to  the  reduction  of  their  motors  in  the 
latter  ])art  of  1914.  Economies  had  more  than  offset  the  diniinution  in 
receipts,  sp  that  they  had  actually  a  greater  net  revenue  than  in  1914. 
All  tlieir  men  of  military  age  had  offered  themselves  for  service.  Some 
wore  rejected,  but  171  had  joined  the  Naval  and  Military  Forces,  while 
50  others  had  attested.  After  paying  all  ex])enses  of  operation  and 
administration  the  balance  was  £1(),553.  After  paying  interest  on  the 
first  mortgage  debentures,  the  dividend  on  the  ])reference  shares,  &c.,  the 
balance  was  £8,48fi.     There  was  a  promising  future  before  the  company. 

CALCUTTA  TRAMWAYS  CO.  (LTD.)— Sir  Hy.  Kimber,  Bart.,  presided 
at  the  meeting  last  week,  and  said  that  the  traffic  recei])ts  for  the  past 
year  were  £225,058,  or  only  £1,31.3  less  than  in  1914.  The  working  ex- 
penses were  £118,189,  a  decrease  of  £2,693.  The  i)rofit  was  £107,825. 
Ca])ital  expenditure  during  the  j'car  (£11,720)  was  incurred  on  com- 
jjleting  the  new  Dalhousie-s([uarc  sub-station  and  the  new  alternating- 
current  set  at  the  Nonopookur  power  station.  Ten  new  motor  cars  had 
been  ortlered  before  the  war,  but  not  being  immediately  re(|uired  for 
service  they  had  remained  inconi])lete.  The  final  dividend  was  (is.  6d. 
]ier  share,  making  91  ]ier  cent,  for  the  year,  which  will  be  paid  (less  tax), 
and  the  usual  contributions  of  £15,000  to  reserve  and  £1,30!)  to  jjiovident 
fund  had  been  made.  For  the  cm-rent  year  the  aggregate  rcc(U])ts  to 
date  showed  an  increase  of  £4,721  over  those  for  the  same  jieriod  last 
yca7%  bnt  they  must  expect  that  with  the  continuance  of  the  war,  the  cost 
of  all  materials,  freights,  &c.,  would  continue  to  advance,  with  tlu?  addi- 
tion of  increased  im])ort  duties  and  income-tax  to  be  levied  in  India.. 

INDIAN    ELECTRIC    SUPPLY  &  TRACTION    CO.  (LTD.)— The  surplus  on 

the  working  in  Cawnpore  during  1915  (including  £144  interest  accrued) 
was  £15,932  (against  £12,724  in  1914),  and  including  further  interest  in 
England  and  tiansfer  fees  the  net  revenue  account  shows  a  credit  of 
£15,993.  After  providing  for  debenture  interest  the  net  ])i'ofit  is  £10,2()4. 
The  directors  have  placed  £2,000  to  general  reserve,  £3,000  to  reserve 
for  depreciation  and  renewals,  and  £500  against  expenses  on  debenture 
issue.  They  recommend  a  hnal  dividend  of  3i  per  cent.,  making  0  ])er 
cent,  for  the  year,  and  leaving  £800  (against  £717)  to  be  carried  forward. 
Mr.  J.  G.  B.  Stone  stated  at  the  meeting  last  week  that  the  capital 
expenditure  during  the  year  was  £2,488  for  additions  to  engine-room 
machinery  and  mains.  The  increase  in  the  nunibcr  of  units  sold  was 
598,928,  or  25  per  cent.,  and  the  net  profit  in  CJawnporo  had  risen  from 
£12,724  to  £15,931,  or  25  per  cent,  increase.  The  actual  price  per  unit 
was  slightly  lower,  but  that  had  been  mon^  than  balanced  by  the  lower 
cost  of  generating.  The  su]>])ly  side  continiuHl  to  expand,  and  new 
districts  were  awaiting  d("velopment  as  soon  as  conditions  allowed. 
The  short  length  of  tramway  still  yielded  no  profit,  although  it  was  a 
convenience  to  the   Indian  ])o])ulation. 

LISBON  ELECTRIC  TRAMWAYS  (LTD.  )—TIk^  result  of  the  oi)crations  for 
1915,  after  deducting  interest  and  amortisation  due  on  debentures  of  the 
Companhia  Carris  de  Ferro  de  Lisboa,  and  after  pjiyment  of  £25,570  for 
interest  on  and  redemption  of  debentures  of  that  com])any,  and  also 
payment  of  London  office  expenses  and  directors'  remuneration,  shows  a 
net  profit  of  £59,917,  which,  added  to  £2,883  brought  forward,  gives  a 
balance  of  £02,800.  Qut  of  this  amount  the  usual  6  per  cent.  i)refercnce 
dividend  (£25,533)  has  been  paid.  In  No\ember  the  directors  also  paid 
on  the  ordinary  share  capital  an  interim  dividend  of  2i  per  cent,  net 
(£15,851),  and  they  now  recommend  ])aymcnt  of  a  final  dividend  of  2 
l)er  cent.,  making  4.V  per  cent,  net  for  1915.  The  balance  of  £8,73(i  will  be 
carried  forward.  In  order  to  meet  this  year's  contribution  to  depreciation 
reserve  £25,000  has  been  transferred  to  that  account  from  the  exchange 
reserve  to  represent  this  year's  appropriation,  it  being  considered  that 
this  sum  would  have  been  available  out  of  profits  for  this  purpose,  had  it 
not  been  for  the  heavy  fall  in  the  rate  of  exchange,  and  as  the  exchange 
reserve  account  was  set  asidr-  for  this  ])urpose  it  now  falls  to  be  drawn  upon. 
The  tramways  carried  67,101,249  ])assGngers,  earning  Es.  2,022,142893,5, 
coraY>ared  with  (i3,758,037  passengers  and  earning  Es.  1,938,210  S'7i).3  in 
1914.  The  traffic  receipts  and  the  number  of  pas.sengers  carried  continue 
to  expand,  but  the  abnormal  high  price  of  coal  and  other  supplies,  as  well 
as  the  cost  of  labour,  have  caused  a  considerable  addition  to  the  cx^endi- 
ture.  The  company  has  also  suffered  from  the  heavj-  depreciation  in  the 
Exchange,  the  average  rate  of  which,  during  the  year,  has  fallen  froni 
43-43d.  to  3o-97d.  With  the  exception  of  one  small  mcline,  which  it  is 
hoped  will  bs  completed  during  the  current  year,  the  remainder  of  the 
Ascensores  lines  have  been  electrified  and  re-opened  to  traffic. 
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ORIENTAL  TELEPHONE  tc  ELECTRIC  CO.  iLTD.^-Kir  Ooi   Krankhn. 

who  pfTsidcd  at  tiic  icini  r    -  ,^^_ 

pariy  was  derived  from  two  'y 

owned  and  worked  by  th"-  < ' 

Hangoon  and  .Mouinieiri,  ari'i 

])anies  in  different  ])artH  of  thi! 

scriptions,    rr-ntah*    and    m]'-^  -.ic.jrxi    sith 

£51,731  in  1914.     The  incrtM  -nt  in  Madn* 

Mauritius    and    Singapore.      iJi 

companies  (£.33,429)  showed  an  n. 

receival)le  from  the  Hondjay  and  tli' 

Bombay  Co.  |)aid  20  per  cent,  and  »!.       

The  workin'i  expenses  during  the  year  ati 
those  should  be  added  the  Jymdon  c 
largely  incrc^ased  by  heavier  in'onii 
the  balance  from  1914  of  £.5«,13»1  t! 
]»osal.      Deducting  the  interim  diviit 
shares,  interest  on  debenture  .stock  ami  th' 
fund,  the  net  balance  was  £90,720,  out  of  wli.  .. 
final  3  per  cent,  on  the  preference  sharei*,  and 
ordinarj'  shares  of  0  jier  cent.,  tran.'^ferf'! 
staff  pension  fund  £2,000,  and  carr\inK  f 
to  the  transfer  to  reserve,  it  should  be  b> 
in  tro])ical  or  scmi-troi)ical  countries  wa>  ; 
not  merely  from  ordinary  wear  and  tear,  but  from  other 
the   substitution   of   underground  for  overhead  eon-*'- 
ments  in  the  art,  ty|)hoon  storms  and  many  other  <  ■ 
kind.      U'ith  regard  to  the  Telephone  Co.  i.'     ' 
found  it  necessary  to  send  out  their  con^ii 
veiy  careful  investigation,  and  to  report  on  ' 
value.     Having  done  that  with  regard  to  Eu.  ,    . 
be  necessary  to  extend  it  a  little  further,  and  to  con- 
desirable  to  gain  similar  information  a.s  to  the  value  of  in- 
best  means  of  develo|)irig  other  parts  of  the  eomi>any".<«  - 
regard  to  the  Oriental  Co.  they  were  jiroposing  to  earmark. 
time,    £40,000    to    reserve    for    depre-ciation.     They    wen- 
.£70,000  to  a  reserve  fund  acccount.     How  much  (if  any) 
was  pr'ofil  (le])en<!cd  irjion  the  investJL' iti'ni  thi'v  w<Te  j>r<>i  .        ...  ..f-o. 

SOUTH  WALES  ELECTRICAL  POWER  DISTRIBUTION  CO.  >  LTD. )— Mr. 
W.  Ga.seoyne  Dalziel,  who  presided  at  the  meeting  la.st  w<ek.  said  that 
one-third  of  their  emjrloyes  had  joiru-d  H.M.  fonex.  anil  f<Mir  '•  -i  i--n 
killed.      I'nchr  the  arrantjement  with  the  Trefon'st  Elect  rieal  i  n*' 

Co..  all  working  expenses  were  borne  by  that  company.     T'  i  • 

satisfactory  expansion  of  the  business  diirinii  the  year.  !<l 

amounting  to  28,9(i7,050,  com|)ar((l  with  2(i.5l0.i'.tS  in  l!tU.  \iwr 
l)aying  expenses  and  setting  aside  £.5,079  for  dcpn  ciaticin.  the  surplus  yait 
£0,750.  3s.  8d.  That  enabled  payment  of  a  luilf-year's  inten-»t  to 
Dec.  3  Hast  (m  the  old  debenture^  stock,  leaving  £1.7.">i!.  .3s.  S<1.  to  U-  carri«-<l 
to  susjjcnse  account.  As  tliey  had  in  Irand  £3,91)9  bniuttht  for»-anl. 
there  was  a  fair  pr-ospect  that  they  would  Ik-  able  t"  '    "    of 

the  interest  for  the  present  year,  and  with  important  h 

they  had  in  view  they  anticipated  that  the  deln-ntun-  mtt-n-si  w<>uUl  in 
future  be  earned.     There  could  be  no  doubt  that  with  the  Urji    in  n  a- 
in  the  number  of  units  sohl  they  would  in  normal  time^  ha\ 
much  larger  surplus.     During  the  past  year  aihlitional  conn-. n m     i>< 
the  .system  amounted   to  2.415  n.r..  and  negotiations  w«-n«  ct>ni-ludt>d 
with   new   consumers   which,    together   with    the  an'  d 

demands  from  existing  constrmers,  would  pmbab'v  n  -  -il 

addition  to  the  total  horse-power  eonnoeted  to  their  mams. 

WEST  INDIA  &  PANAMA  TELEGRAPH  CO.  (LTD.)— The  lejx.rt  for  the 
half-year  ended  Dec.  31  states  thU  the  .iiaount  to  «  ndil  of  r»-\enuf  is 
£33, .5.53.  .5s.  2d.,  compared  with  :;49,93.\  2.s.  Id.  in  tho  »i»rn-s|K>ndinii 
half-vear  of  1914,  and  the  expenses  have  bivn  tii.'.KST.  U.  aK«inst 
£31.251.  15s.  (id.  The  balaiue  is  £lO,.5tii!.  4s.  2d.,  to  which  h  adttrd 
£1,845.  19s.  2(1.  inlerx-.4.  on  investments  and  12.237.  l.V.  Id.  bn>«tfh 
forward,  making  a  total  available  of  £14,»i49.  iSs.  .-xl.  T'-.-  .Irn-. !..« 
propose  dividends  for  the  half-year  on  the  tirst  and  .s»-  *" 

shares  at  (5.s.  per  share  (£i  1.709.  "l2s.),  leaving  a  l^alauct-  e:  ..  -  -  -L 
The  board  have  thought  it  well  to  nnomnu-nd  that  the  a»H.ve  hal.uu-e 
be  earric-d  forward,     the  traffic  nneipts  for  the  I    '  '   '    -ig 

off  of  £10,529.  comiuued  with  those  of  the  corn-.-;  *• 

when  an  abnormal  volume  of  traffic  was  carried.      !■  > 

traffics,  the  company  also  suffennl  from  the  liurricar.-  » 

the  last  re]>ort  it  was  not  possible  to  gauge  the  etfeet  of  • 
ricane  that  in  Airgrrst  pas.-ed  over  the  \\est  Indies,  exten.:  ^ 

and   .Jamaica    to   (Jrradc-loirpe.   to   which  di.sturlwnct-   th  •■« 

interruption  of  our  two  main  cables  iK-twc-cii  I'orto  H  •• 

attributable-.     This  interruption  lasted  for  12  days.  •■(. 
use,  at  considerable  co..t.  of  alteinativt-  ecmm-etin 
trathe  during  the  emergeiuv.     It  is  many  years  - 
happened  to  those  two  cables.     Cons««,|uent  uj>on  and  a.- 
of  war  conditions,  the  working;  expenst-s.  althouiih  on  the  » . 
tho.sc  for  the  c-orrespondin-  period,  a.v  aliove  the  averaae  of  th.-  pirv.ow 
few  vears.  and  no  immediate  redirc  tion  can  1  ■  •  '"r.     T)  -|I 

cable  u.sed  in  repairs  and  ivnewals  was  particii.  w  ci.ini 

year,  and  in  the  opinion  of  the  board  the  amount  P"-!'''""'.^  '» 

this  accoimt  against  ivserve  for  depn-eiation  IS  £.».4.»l.  4-  mc 

report  for  the  "crrvspondim:  period  of  1914  refeix-uct>  wa*  made  to  i ho 
depreciation  of  t he  investnr.-nts  in  ro.<p<-ct  of  rcs*Tvo  fund.^  A  v«h«tion 
made  under  the  .-onditions  now  prevailing  can  hanlly  be  considered  as  a 
i-eUable  standard  of  their  real  value  but  at  pr,-s«.nt  btock  Exchange 
quotations  the  amoimt  of  depivoiation  is  abcuit  £-_l,t>»H). 
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CITY  NOTES. 


ELECTRICAL  COMPANIES'  SHARE  LIST.— C7o/i/tnuei. 


MEMORANDA  (May  10).— Bank  rate  6  per  cent,  (einoe  Aug.  8,  1914) 
Consols  5(J}|.    Consols  Pay  Day,  June  1.   Stocks  and  Shares  Ticket  Days, 
May  30   and  June    14.     Pay  Days,  May   31    and  June    ]5.     Price  of 
silver,  36^d. 

CHLORIDE  ELECTRICAL  STORAGE  CO.  (LTD.)— A  dividend  of  10  per 

cent,  for  the  year  tiulcd  .Marrh  ."Jl  has  been  declared. 

CRAIGPARK  ELECTRIC  CABLE  CO.  (LTD.)— The  net  profit  for  the  year 
ended  March  31  was  £<),481  (after  making  provision  for  excess  profits  ta.\), 
which,  with  £1,147  brought  forward,  makes  £10,628.  The  directors 
recommend  placing  to  depreciation  £2,.u00,  reserve  £1,000,  dividend  on 
ordinary  shares  at  0  ])cr  (cnt.,  leaving  £2,028  to  be  cirricd  forward. 

EASTERN  TELEGRAPH  CO.  (LTD.)— The  companv  announce  that, 
subject  to  final  audit,  the  acccjunts  for  the  year  ended  Dec.  31,191 5,  show 
that  aft<T  making  a  contribution  to  the  general  reserve  fund,  payment  of 
interest  (m  the  4  per  cent,  mortgage  debentun;  stock,  dividend  on  the 
31  ])er  cent.  i)rcference  stock,  and  three  interim  dividends  of  £1.  ;!-..  ])er 
cent,  each  on  the  ordinary  stock  to  Se])t.  30  last,  there  is  a  balance  avail- 
able, out  of  which  the  directors  recommend  ])ayment  of  a  final  dividend 
of  £2.  5u.  ])cr  cent.,  and  a  bonus  of  £2  ])er  cent.,  laoth  ta.\  free,  and  payable 
on  the  24th  inst.,  making  with  previous  ])ayments  on  account  a  total 
distribution  of  8  per  cent,  (tax  free)  on  the  ordinary  stock  for  tiie  year 
ended  Dec.  31,  191.").  The  transfer  books  of  the  ordinary  stock  will  be 
closed  from  .May  17  to  .May  24,  inclusive. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  (LTD.) 

In  reference  to  the  announcemi-nt  made  on  the  ]2th  iilt.  of  a  final  divi- 
dend of  4s.  (id.  per  share,  together  with  a  bonus  of  4s.  per  share,  for  the 
year  1915,  the  share  register  of  the  company  will  be  closed  from  the  Kith 
to  the  23rd  inst.,  inclusive. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  May  10,  the  following  as  the  present  basis  prices  of 


New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17Jd. 

Solid  Drawn  Copper  Tubes 19d. 

Brazed  Copper  Tubes 19d. 

Brazed  Brass  Tubes igjd. 

Brass  Wire lfc|d. 

Copper  Wire 19d. 

Rolled  Brass Ibjd. 

Brass  Sheets 1 71d. 

per  ton. 

Copper  Sheets    £152    0    0 

Spelter £103    0    0 


per  ton. 

English  Lead £35  10    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 


Clean  Copper  Scrap £108  0  0 

Clean  Brass  Scrap £71  0  0 

Braziery  Copper  Scrap £95  0  0 

Old  Lead £31  0  0 

Old  Zinc £80  0  0 

Hollow  Pewter £125  0  0 

Black  Pewter £85  0  Q 

Gun  Metal £85  0  o 


Mr.  A.  Joseph,  Earl-street.  London-road,  Southwark,  London,  S.E.,  quotes  under  date 
May  9,  the  following  approximate  prices  of  Scrap  Metai.s  :— 


per  ton 

Aluminium  Cuttings £100    0 

Clean  Mi.xed  Brass £73    0 

Clean  Cooper £115    0 

Braziery  Copper £100    0 

Gun  Metal £86    0 


0  Old  Lead £30 

0  Tea  Lead £28 

0  Old  Zinc £72 

0  Hollow  Pewter £135 

0  Shaped  Black  Pewter £?5 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  Joseph  can  supply  solder  at  ths  following  prices  per  ton  :  Plumtser's  Solder  (in  bar 
or  strip),  £90  ;  Commercial  Tinman's  Salder.  £115 ;  Blowpipe  Solder,  £125. 


ELECTRICAL  COiVlPANIES'  SHARE  LIST. 


What  were  known  as 


oftioial  quotatioa)  "  are  not  now  ia^uei,  b  it 
we  give  below  the  latest  prices  at  which  actual  transactions  took  plaoo 
on  or  before  Tiicsdav,  May  9.  The  greatest  oare  is  taken  in  oompilia^ 
these  figures,  but  the  difficulty  of  verifioation  is  now  much  inoreMed.  ' 


K 
bO 

10 
10 
10 
5 
5 
St. 
bt 
5 
5 
b 
5 
St. 
10 
10 
St, 
St 
10 
10 
St. 
St. 
St. 
5 
St. 
5 
SI 
5 
St. 
St. 

sV. 

4 


Last 
Divi- 
dend 


NAME. 


6% 
4i^; 
6% 
10% 
7% 
4% 
4% 
2.'3 
5% 
4»"/o 
4% 
4i% 
8% 
6/0 
5% 
44% 
7% 
6% 
4J% 
4i% 
44% 
7% 
4% 
b/.. 
4% 
3% 

44-;i 

5% 
t.% 
5% 
6% 
5% 


Electricity  Supply. 

Bournomouth  &Pcole  E.L.  Ord 

Do.    4J%  Curn.  Pref 

Do.     6%  Cum.  2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &i  City  Debs... 

Do.    44%  Pref 

Do.     Ord 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt.  Ord 

Do.     6%  Pref 

Do.    5%  Del).  St 

Do.     4J"o  Debs 

County  of  London  Ord 

Do.     6%  Pref 

Do.     1st  Dob 

Do.    2nd  Deb 

Edmundson's  Elec.  Supp.  44%  Debs.. . 
Kensington  and  KnightsbridgoOrd.  .. 

Do.    Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midlaiui  Elec.  Corpn.,lst  Mort.  Deb.  St, 
Newcastle  &  Dist.  E.L.  6%  2nd  Dbs  . . 
N3wCistlo-'on-TyneE.S.5%2dMt.Db.St, 
North  Metropolitan  E.  P.  Supp.  6%  Prof 
South  London  E.S  Ord    


Prict, 

Tues., 
Mays. 


9- 
9  J 
6i, 

811 
80 

31 

2'\ 

3A 
87 

11  U 

10 

98 

80 

10ft 

'.OH 

Bbi 

76  J 

5 
791 

4^, 
80 

2'.; 

80 
99 
994 
92 
It 


Rath 

PER   C8NT 

YlBLDBD. 

£     8.  d. 

6   10     2 

4  lb     8 

6     3     1 

7    6     9 

4  19     5 

4   18    6 

5     0     0 

6  18     6 

7  12     5 

8    9    5 

6     5    6 

5    3    5 

6  15     5 

6          0 

5     2     0 

5  12    6 

6  15  11 

5  15     8 

5     4     2 

4  12    9 

5  17     8 

7    0     0 

5     I     0 

7     3     3 

5    0    0 

6     4     8 

5  116 

5     I     0 

6    0     6 

5     8    9 

6    0    0 

6  10     ? 

DiVIOBND 
OUB. 


Mar,  Sept 
Feb,  Aug 
Feb  Aug 
Mar,  SsDt 

Mar,  Aug 

Jan,  July 

Aug,  Feb 
Jun,  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar,  July 

Jun,  Dec 
un,  Dec 
Mar.  Sopt 
Feb,  Au? 
Jan,  July 
My,  Nov 

July 
Feb,  Au? 
Jan,  July 

Jan,  July 

Mar,  Aug 

Jan.  luly 

Jan.  July 

Mar,  Sspt 

Mar,  Sspt 

Apl.  Oct 

Mar,  Sept 


rflLAST  I 

X  Divi- 
w;dend 


5   8% 

^  5,  7% 
St    34% 
St  4i% 

5  4i% 


St. 
St 

St. 
St 
St. 
St 
St. 
St. 
10 
St 
St 
St. 
St 
St. 
St 
St 
St 
St. 
St. 
St. 
St. 
St. 
St. 

1 

1 
1 

lo: 
1 

5 

5 

1 

St. 
2 

100 

St. 
5 
5 

St 
1 
5 

St. 
1 
1 

Sl^ 

10 

5 

5 

St 

10 

10 

12 

103 

1 

1 

St. 

•OO 

St. 
St. 

St. 

dt 

St 

10 

10 

5 

10 

St 

St 

St 

St 

10 

10 

25 

I 

I 

10 
10 


5% 

6% 
4% 
4% 
44% 
4% 
4% 
5% 

4% 
4% 
1% 
34% 


34% 
34% 

4% 

a 

4% 

14% 
6% 


6% 

15% 

3/0 

6% 

44% 

74% 

6% 

4% 

15% 

5% 

44% 

6% 


6% 

II 
'^ 

20% 
2/3 
44% 
10% 
5% 
20% 
4% 
7*% 
6d. 

Vk 
Jl 

30/0 
14% 
4% 

5% 

10% 

5/0 

t% 

7% 

17/6 

4% 

4% 

7% 

22% 

13% 

'A 


10    8° 


St 


1 
I 

St 

St 

5 

5 

St 


4^0 

4i% 

7\d. 

10% 

4% 

4»% 

8% 


10    6% 

lo;  6% 

lOD   5«/ 
4 

no 

S    3/0 
St     5% 

10      6/- 
St  44% 
5   9% 

S|  S% 


NAME. 


Electricity  Supply — cont. 

St.  Jamss'  &  Pall  Mall  O.'d 

Do.  do.  Pref 

DOi  do.  Debs 

Urban  Elec.  Supp  4J%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord 

Do.     4i°o  Cam.  Pre: 

Electric  Rail  ways  &  Tramways. 

British  Elec.  Traction  5%  Debs 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

D3.     4J%  Pref 

Do.    4%  Deb.  St 

City  &  S.  LondoT  Deb 

Do.    Pref.  1896    

London  Electric  Ry.  Ord 

Do.    4%  Pref 

Do.    4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.    34%  Pref. 


Do. 
Do. 
Do. 
Do. 
Do. 


Do.    34°,?  Convertible  Pref 

Do.    34%ADebs 

Do.    34%  Debs 

Metropolitan  Dist  Ry.  Ord 

Do.    4%  Prior  Lien    

44%  First  Pref 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.    6%  Pref 

Brit  Aluminium  Ord 

Do.    Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.  Cm.6%  Pref. 

British  Thomson-Houston  Db 

Brit.  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.    4%  Mort  Deb.  St 

Callender's Cable,  Sec.,  Co.  Ord 

Do.    5%  Pref 

Do.      4i%  Debs 

Dick,  Kerr  &  Co.  6%  Pref.    

Edison  &  Swan  U.EIec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do,    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. . 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  Sic,  Ord 

Do.  Pref 

Telegh.  Con.  &  Main.  Co 

Do.    4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

D.I.    44%  2nd  Debs 

Willans  &  Robinson  B.  Cum.  Pref...., 

Do.     IstMt.  Deb.St 

Telegraphs. 

Anglo  American  6%  Pref.  Ord , 

Do.    Def.  Ord , 

Commercial  Cable  4%  Debs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Direct  United  States 

Eastern  Tel.  Co.  Ord 

Do.    34%  Pref 

Do.     4%  Debs , 

E&stern  Extension  Tel.  Co.,  4%  Dabs.. . 

Do.    Ord 

Gt  Northern  Tel.  Co.  e.x  Coup.  9 

lndo-Europe.in    

Marconi's  Wireless  TeL  Co 

Uo.    7%  Pref , 

West  India  &  Panama  Ord , 

Do.     1st  Pref 

Western  Telegh.  Co _..., 

Do.    4%  Deb.  St , 

Western  Union  50  yr.  BJs 

Telephones. 

Montevideo  Telephn.  Ord  , 

Oriental  Telephone  Ord 

Do.    Db.  St « 

Telephn.  Co.  of  Egypt  Db.  St 

United  River  Plato  Ord 

Do.    5%  Cum.  Pref 

Do.     Det\  St< .,..., 

Financial  and  Investment. 

Globe  Tele<-!).   ii  Trust 

Do.     6%  P( 

Mackay  Comp-.nies' Common 

Do.     $100  Pref     

Submarine  Cable  Trust  Certs 

Colonial  and  Foreign  Electric 

AJelaioe  Elec.  Sjpply  b"o  Piei 

Do.     5%  Debs , 

Bombay  E.  S.  «t  T  6%  Pref , 

Do.     44%  Del; 

Calcutta  E.  a  Corp^  Ord   

Do.     5%Prof 


Prlo«,      I     Ratb 

Tues.,  PBR  CBNT, 

May  9.     I  YtBLDBD. 
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5« 
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72t 
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1* 

89 

J3 
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91 

2S 
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Hi 
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98 
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ii 

1 
72 
11 

91 
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4i 

874 
lOA 
7^V 
37 
95i 

i 
78i 
99* 
41* 
50* 

98Jt 

214 

69i 

7A 
14 

74 

64 

•.44} 

63^ 

76 

754 

u\ 

36i 
45Jt 
2& 
IS? 
liV 
71^ 

it* 
77* 

991 

*l^ 
Itt 

73i 

83 
6 
441 

84t 

12 

lOA 

82| 
69i 
124 


DlTIDBKD 

DuB. 


e  s.  d. 

6  17  8 

6  0  3 

4  14  8 

5  8  5 

7  2  3 
5  19  2 
5  12  6 


6  6 
8  9 
6  0 
6  4 
4  10 

4  5 

5  13  11 
8    0    0 

5  19 

6  3 
4  14 

3  18 

4  10 
4  13 
4  4 
4    4 


4  7  0 
6    6  9 

5  10  7 
5  12  8 
S  U  1 
5  17  7 


Supply,  &  c. 
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85 
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9 
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11 
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12 
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19 

14 
1 
2 

13 
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10  11 
5    3 


6 

18 
1 

14 

It 

13 
8  18  10 
7  12  11 
5  11  10 
5  3  7 
4  10    3 


6  12 

5  10 
5     1 

5  8 

6  13 
5  10 
5    6 

5    0 

5  16 

6  1 
S  14 
4  16 


6  10  8 
5  4  9 
5  19  6 
5    5  11 

7  2  7 
5  14    3 


Feb,  Aug 

Feb,  Aug 
Jan,  Dec 
AbI.  Oct 
Mar,  Aug 
Mar,  Sent 
Jan,  July 

Apl,  Ost 
Feb.  Aug 


Jan,  July 
Jan,  July 
May.  Nov 
Feb,  Aug 
Jan,  July 
Mar.  Sept 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Feb,  Aug 
May,  Not 
Fob,  Au« 
Jan,  July 
Jan,  July 
Jan,  July 
Mar,  Sept 

Apl,  Oct 
Apl,  Oct 

Mar 
Jan,  July 
Jan.  July 
Aug,  Feb 
Jan,  July 
Mar,  Sep 
Feb,  Aug 

April 
ApLOct 
Jan,  July 
Jan,  July 
Fob,  Aug 
Jun,  Dec 

Sept 
Feb.  Aug 
Jur.,  Dec 

May 
Jan,  July 
Jan,  July 

July 
Jun,  Dec 
Feb.  Aug 

Jun,  Dec 
Fob,  Aug 
Apl,  Oct 
Mar,  July 
Jan,  July 
May,  Aug 
May,  Aug 
Jun,  Dec 
Jun,  Dec 


Fb,My,Aug,N 
Fb,Mv,Aug,N 

ia.A?.Jly,0 
lay,  Nov 


Ja.Ap.JIy.O 

Ja,My,Jly.O 

Ja,My,Jly,0 

May,  Nov 

Feb,  Aug 

Ja.  Ao.Jly.O 

Ja,  My,  Jly 

Mayi  Not 

April 

July 

May.  Not 

May,  Nov 

Mr,Jly, O.Dec 

Jan,  Dec 

May,  Not. 

Nov. 
Apl.  Oct 
Jan,  July 
Jan.  July 
Apl.  Oct 
Jan.  July 
Jan,  July 

Sp.Dc.Mr.Jn 

Sp.Dc.Mr.Jn 

la.Apl.Jly.O 

Ja.Ap.Jiy.O 

Apl,  Oct 

Mar.  Sept 
Jun,  0«C 

Jan.  Julr 
May.  Not 
Mar,  Sept 


t  Ex  dl'  !dend  or  Interest. 


t  Et  dividend  or  intern*. 
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NOTs:  s. 


Coal  Economy. 

We  recently  pu1)lished  a  letter  from  the  Boaid  of  Trade 
asking  gas  and  electric  liglit  undertakings  to  inform  their 
consumer.*;  that  the  consumption  of  coal  for  lighting  purposes 
must  be  reduced  by  10  per  cent.  In  this  letter  it  is  stated  that 
the  question  had  been  considered  by  the  Central  Coal  and  Coke 
Supplies  Comn)ittee,  and  they  that  had  recommended  a 
general  policy  of  economy  in  lighting.  In  issuing  such  a 
circular  we  think  that  the  Board  of  Trade  has  shown  a  great 
tack  of  knowledge  of  what  is  practicable,  at  least  in  the  case  of 
electricity.  No  useful  I'esult  can  be  expected  from,  such  an 
ippeal.  Already  prices  have  been  advanced  by  many  under- 
takings, which  is  the  surest  way  of  securing  economy,  and,  as  a 
fule,  it  is  impossible  for  the  smaller  consumers  (which  provide 
■he  bulk  of  the  lighting  load)  to  reduce  their  lighting  below 
siiat  they  are  already  using,  unless,  indeed,  they  are  able  to 
)ut  in  smaller  candle-power  lamps,  which  would  often  not  be 
easible.  The  Board  of  Trade  also  seems  to  have  forgotte;i 
•hat  the  greater  part  of  the  output  of  electricity  works  is  now 
i«  longer  concerned  with  lighting,  but  with  the  supply  of 
)ower.  Consequently  if  the  whole  of  the  lighting  load  were 
removed  from  some  of  our  electricity  undertakings  the  saving 
ffected  would  not  be  anything  like  so  large  as  would  be 
Jlticipated  by  the  layman,  though  it  might  give  the  10  per 
eat.  which  the  Board  seem  to  have  in  mind.  We  fear  that 
,he  only  true  solution  of  tlie  present  difficulty  is  to  increase 
[Ihe  output  of  coal,  and  for  this  purpose  it  is  desirable  to  remove 

I 


all  such  restriction.s  as  the  Eight  Hours  Art  (or  the  time  \h  .  .. 
Whatever  steps  are  taken,  we  trust  that  the  Govemment  will 
not  delay  as  tliey  did  last  year,  but  will  take  pr*»mpt  a*' 
so  as  to  benefit  by  the  summer  months  which  are  alrfadv  up.!!, 
us.     The  official  limiting  of  prices,  which  wa.**  Iiiiied  witii  -.ir!^- 
faction  last  year,  seems  to  have  had  but  little  practical  t-;: 
and  we  fear  that  unless  official  action  goe.s  much  more  to  tht- 
root  of  the  whole  matter  any  attempt  at  coal  economy  wrill  do 
Httle  to  give  us  the  necessary  reserves  for  ne.\t  winter. 


Motor  Starters. 

In  his  recent  Paper  before  the  Yorkshi.c  and  Western  Local 
Sections  of  the  Institution  of  Electrical  Engineers,  Mr.  H. 
Joseph  expressed  the  opinion  that  many  motor  starters  on 
the  market  are  defective  both  as  regards  design  and  con- 
struction. We  are  inclined  to  think  that  this  opinion  will  be 
endorsed  by  many  users.  It  should  be  the  endeavour  of  iivotor 
starter  manufacturers  to  secure  for  their  apparatus  the  reputa- 
tion which  makers  of  steam  stop  valves  have  earned  by  sound 
engineering.  We  know  cf  work.s  engaged  upon  jmpartant 
munition  contracts  at  the  present  time  in  which  the  managers. 
being  uncertain  as  to  how  long  their  motcr  starters  will  hold 
out,  have  du{)licated  everything  ready  for  an  immediate 
change  over.  In  the  case  of  motors  of  the  same  si/e.  trials 
are  being  made  with  no  less  than  four  starters  by  dirtei-ent 
makers,  in  an  endeavour  to  obtain  a  reliable  starter.  Ft»r  this 
state  of  affairs  the  makers  are  not  entirely  responsible.  In 
many  instances  it  is  found  that  there  is  a  considerable  n\arkei 
for  low-priced  starters,  and  tlie  purchasers  of  sucli  starters 
have  only  themselves  to  blame  v.hen  burn-outs  and  a  himdred 
and  one  other  faults  begin  to  appear.  But  there  are  many 
motor  users  who  recognise  the  fav;t  that  the  starter  is  tt>  the 
motor  what  the  stop  valve  is  to  the  steam  engine,  and  they 
are  sufficiently  far-seeing  to  pay  the  price  for  a  higii-u'rade 
product.  Nevertheless,  we  are  strongly  of  the  opinion  that 
the  cheap  and  nasty  motor  starter  in  the  long  run  brings  dis- 
credit on  its  maker,  and  it  is  for  the  latter  to  educate  his 
customers  into  the  way  of  ungrudgingly  paying  the  price  f;»r 
the  good  article.  Failing  this,  a  strong  stand  should  be  taken 
by  the  several  large  insurance  companies  handling  this  class 
of  business  to  compel  their  clients  to  purchase  apparatus  of  at 
least  tolerable  design  and  construction,  as  well  hs  beini: 
mechanically  robust. 

Technical  Societies  and  Research. 

Ai.L  teehuieal  societies  at  thi-  prcM^it  time  art>  considerinj; 
the  direction  in  which  researches  of  one  kind  and  aaother  should 
be  prosecuted.  As  an  instance,  we  may  take  the  n«|Mm  i«f 
the  Research  Committee  ot  the  Illuminating  Kngineering 
Societv.  of  which  an  abstract  api.ears  in  another  column. 
In  the  researelies  which  are  suggested  by  this  committee. 
nio.st  of  :lie  item^  are  of  a  general  character,  which  can  be 
bandied    be.-,    bv   a    lommittec  (twn'inating  \he    efforts    of 
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individuals.  For  example,  it  is  difficult  for  a  single  individual 
to  carry  out  elective  work  on  the  illumination  <>i  schools, 
hospitals  and  factories,  although  very  valuable  work  may  be 
done  by  a  number  of  individuals  in  coml)ination,  more  par- 
ticularly if  they  have  a  certain  official  standing.  There  are, 
however,  other  researches  which  can  be  carried  out  quite  well 
by  the  individual,  provided  that  he  can  be  induced  to  under- 
take the  work.  But  here  there  is  sometliing  of  a  difficulty. 
The  man  of  originality  does  not,  as  a  rule,  care  to  be  set  a 
task.  He  likes  to  originate  his  own  work,  and  probably  in 
this  way  he  carries  out  much  better  work  than  he  would  on 
lines  suggested  to  him.  It  always  seems  to  us,  however,  that 
a  good  deal  might  be  done  by  societies  in  pointing  out  the 
direction  in  which  research  is  needful.  Many  of  our  younger 
men,  more  particularly  in  technical  colleges,  are  anxious  to 
carry  out  investigations,  but  they  do  not  always  realise  in 
what  direction  such  a  work  may  be  useful.  If  lists  of  suggested 
investigations  were  sent  to  the  principals  of  colleges,  such  work 
would  probably  be  undertaken.  It  might  not  be  of  the  higliest 
class,  but  there  is  a  deal  of  investigation  work  which  only 
requires  careful  observation  ;  this,  in  its  turn,  may  lead  to 
work  of  a  more  original  kind,  and  it  will  in  anv  case  be  useful. 


The  Blind  Leading  the  Blind. 

A  IJA.SK  clerk  in  the  Royal  Army  Medical  Corps  at  one  of  the 
large  military  hospitals  J>as  been  given  charge  of  the  apparatus  in 
the  radiography  department.  Such  work,  ao  our  readers  are  well 
aA\are,  requires  a  certain  amount  of  technical  skill,  and  Uie 
man  in  charge  tells  us  that  he  knows  nothing  whatever  of  the 
iiubject.  The  authoiities  have  sent  alrmg  the  operator  from 
a  neighbouring  hospital  to  be  instructed  by  the  bank  clerk, 
to  be  taught  ladiography  by  the  man  who  is  ignorant  of  the 
subject.  Outside  the  British  Army  one  never  ccmes  across 
examples  of  this  kind,  except  in  comic  opera.  Although  we 
do  not  propose  to  make  further  comment  on  this  case,  which 
ill  not  of  our  seeking,  we  are  tempted  to  ask  the  authorities 
whether  expert  radiographcis  are  being  employed  as  privates 
in  line  regimcntij  {  We  arc^  now  endeavouring  to  find  an 
expert  willing  to  give  private  lessons  to  the  man  who  is  ex- 
pected to  give  iessoniJ  to  the  other  man. 


Lights  on  Vehicles.  The  lecent  Order  of  the  Secretary  of 
State  prescribes  the  use  of  three  lamps  on  vehicles,  two  in  front 
(white),  and  one  at  the  rear  (red). 

The  mimbcr  of  accidents  that  have  liai>pcnc(l  in  tlic  past  clearly 
shows  the  necessity  for  this  order.  Imt  tiie  ( 'oniniissioner  of  Police  of  the 
Metropolis  has  hesitated  to  press  it  unduly  on  account  of  the  difficulty 
that  has  been  experienced  in  ohtainint;  the  necessary  number  of  lamps. 
He  is  now  satisfied,  however,  that  this  difticnlty  exists  no  lonj^cr,  anil  that 
suitable  lanii)s  can  be  easily  obtained.  There  is  no  excuse,  therefore,  for 
the  use  after  dai'k  of  vchi(  Ic-*  unprovided  with  the  necessary  lamps,  and 
from  .Iiine  I  next  tlie  Police  will  be  instnicti'd  to  enforce  the  law  in  all 
eases  wheri'  a  contra  vciition  is  uliscrv  cd. 

Strike  at  American  Westinghouse  Works.  -  Thr  Wall 
Street  .lournai  "  states  that  the  strike  at  tJie  East  Piltsburgh 
works  of  the  Westinghouse  Klectric  &  Manufacturing  Co,  came 
as  a  surprise,  to  the  officials  of  the  company,  as.  only  so  recently 
as  the  1st  ult.,the  employes  were  griMited  |(»  pr  cent,  rise  in 
waues.  Mr,  G.  E.  Tripp,  chairman  of  t  he  Westinghouse  Electric 
t*t  Manufacturing  Co.,  stated  :  ■'  Between  l;3()00;ind  1  1.000  men 
are  out  on  strike  at  the  main  works  of  the  Westinglnaise  Electric 
at  East  rittsburgh.  'Die  Westingln^use  Machine  Co.'g  em- 
ployes are  still  working.  The  men  went  out  wiiliniit  notice  to 
th(^  management .  betw(>eii  l.HOO  and  2,(V)(t  lia\iiig  gone  out  on 
Friday,  picketing  the  works  on  Saturday  mornmg,  witli  the 
result  of  preventing  practically  all  the  rest  of  the  force  from 
L^oing  to  woi  k.  While  no  formal  demand>  Inive  Immmi  sub- 
mitted it  is  inuU'rstood  tlicv  will  be  for  ei^lit  hour.-  a  day  atid 
an  iiU".rease  in  wayes,' 


Invar  and  Related  Nickel  Steels.— A  recent  circular  of 
the  Bureau  of  Standard.s  describe.s  in  considerable  detail  the 
physical  properties,  microstructure  and  constitution  of  the 
nickel  steels,  with  particular  reference  to  the  alloy  of  zero 
expansion  known  as  ""  Invar."  The  circular  is  a  compilation 
of  data  from  many  sources,  the  pioneer  work  of  Hopkinson, 
Osmond,  Dumas,  Guillaume  and  Guillet  being  particularly 
emphasised,  and  rather  full  accounts  being  given  also  of  the 
more  recent  investigations  carried  out  by  Hogg.  Tammann, 
Chevenard  and  others.  A  large  portion  of  the  text  deals  with 
the  thermal  expansion  and  constancy  of  invar  and  its  charac- 
teristics as  a  standard  of  length  in  bars,  wires  and  tapes.  The 
text  is  accompanied  by  numerous  tables  and  figures  illustrating 
the  various  properties  not  only  of  invar  but  of  nickel  steels  in 
general.  There  are  chapters  on  the  magnetic,  electrical, 
mechanical  and  thermal  properties,  applications  and  sources  ^ 
of  supply,  and  brief  accounts  of  micro.structure  and  consti- 
tution. Those  interested  can  obtain  a  cop^•  free  on  applying 
to  the  Bureau. 

Industrial  Research. — The  first  meeting  of  the  Standing 
Committee  on  Metallurgy  appointed  by  the  Advisory  Council 
foi  Scientific  and  Industrial  Research  was  held  on  Monday,  the 
8th  inst.  The  committee  consists  as  to  one-half  of  members 
nominated  by  the  professional  societies  concerned,  the  other 
half  being  appointed  by  the  Advisory  Council,  and  has  been 
constituted  with  a  view  to  the  representation  of  both  the  scien- 
tific and  the  industrial  sides  of  the  industries.  The  com- 
mittee was  welcomed  by  Sir  William  M'Connick.  chainnan  of 
the  Advisory  Council,  and  Dr.  H.  F.  Heath,  administrative 
secretary  to  the  Council.  Sir  Amherst  Selby-Bigge.  secretary 
to  the  Committee  of  Privy  Council  for  Scientific  and  Industrial 
Research,  also  attended,  and  gave  an  account  of  the  genesis 
of  the  movement,  and  emphasised  the  importance  which  the 
Government  attach  to  the  establishment  of  close  relations 
between  education,  research  and  industry.  Sir  Gerard  Muntz, 
Bart.,  is  chairman  of  the  committee  and  of  the  section  on  the 
metallurgy  of  non-ferrous  metals,  and  Sir  Rc»bert  Hadfield, 
F.R.S.,  is  chairman  of  the  section  on  the  metallurgy  of  ferrous 
metals.  The  members  appointed  up  to  the  present  are  as  follows  : 

SluiifliiKj  Cominiftfi:  <i>i  Mit'iUunjy. 

Prof.  .1.  (».  Arnold.  Prof.  Huntington. 

Mr.  Artlnn-  Balfour.  Mr.  W.  Murray  Morrison. 

Prof.  H.  ('.  H.  Carpenter.  Sir  (Gerard  Muntz,  Bart. 

Dr.  v.  H.  Desih.  Mr.  Oorge  Ritchie. 

,Sir  Robert  Hadtield.  Dr.  .1.  K.  Stoad. 

Mr.  F.  W.  Harbord.  Mr.  H.  L.  Sulman, 

Mr.  .1.  Rossiter  Hoyle.  Mr.  F.  Tomlinson. 

Sfrtidti  on  lh(    Ml lalhinji/  iif  Frrraiis  Mffnl-: 

.Sir  Robert  Hadtield  (Chainnan).  Mr.  F.  W,  Harlxird, 

Prof.  .1.  ().  Arnold,  Mr.  .1.  Ros.sitcr  Hoyl\ 

Mr.  Arthur  Balfr)ur.  Prof.  Huntington. 

I'rof.  H.  C.  H.  Carjienter.  Mr.  (Jeorge  Ritcliie 

Dr.  C.  H.  Oesdi.  Dr.  .1.  E,  Stead, 

Sirtiiiii  mi  till    Mit'ilhirffi/  iif  X<>ii-f<  i'>'i'>i'>  M'tif'. 

.Sir  (Gerard  Muntz,  Part.  (Ch.iirman)  I'rof.  Huntington. 

Prof.  .1.  ().  Arnold.  Mr.  \V.  Murray  M<»rrison; 

Prof.  R  C.  H.  CariH-nter.  J)r.  .1.  K.  .Stead. 

Dr.  ('.  H.  De.srh.  Mr.  H.  U  Sulman. 

Mr.  V.  W.  Harbonl.  Mr.  F.  Tomlinson. 
Sir  RolMTt  Hadtield. 

In  his  oj)ening  statement  as  chairman  of  the  ferrous  section; 
of  the  Metallurgical  Committpe.  Sir  Robert  Hadfield  called 
attention  to  the  need  in  research  no  le.><s  than  in  industry  for 
co-operation  so  far  as  may  be  consistent  with  the  freedom  of 
individual  workers,  and  to  the  particular  neces.sitv  for  improve- 
ment and  ])r<)gress  in  the  metallurgy  of  iron  and  steel, 

Radiotelegrapliic     Transformers     .\     Paper    on     ''  The 

Tiu'<iry  and  Dcmuu  ot  Kadiotelegiaphic  Transformers'"  waa, 
read  recently  by  Mr.  F,  Cutting  before  the  Institute  of  Radio 
Engineers,  New  York,  Starting  with  the  general  solution  ol 
the  differential  eipiation  of  the  circuit  and  a  steady  sparking 
.state,  exj)i'essions  for  input,  output,  currents,  and  condenser 
charge  are  calculated  by  means  of  the  boundary  conditi«»ns  of 
the  interval.  Tlie  boundary  conditions  are  continuity  of 
currents  at  sparking,  and  a  residual  co'ndenser  charge  experi- 
mentally   determined.     Calculated    current    and    voltage    of 
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waves  for  a  Kpecial  rase  are  compared  witli  an  oscilloiiram 
taken  for  the  same  transformer  constants.  A  niniiher  of  ciiivcs 
illustrating  the  quantities  studied  (and  also  curves  facilitating 
their  computation)  are  given  ;  and,  on  comparison,  are  found  tn 
afree  closely  with  oscillograms  taken  during  actual  operation. 
On  the  basis  of  the  derived  theory,  a  complete  set  of  trai>>- 
former  measurements  are  explained,  and  numerical  illustrations 
given.  The  effect  of  harmonic  comjJoneiUs  in  the  E.M.F.,  and 
the  avoidance  of  their  efiects  are  explained,  together  with  tiu- 
effect  of  the  wave-form  of  the  E.M.F.  In  connection  with  the 
experimental  verification  of  the  theory,  there  are  described  the 
necessary  measui'ing  apparatus,  including  the  oscillographs. 
The  design  of  the  transformer  to  meet  any  special  re([uire- 
inents  is  then  treated  in  detail  from  the  theoretical  and  practical 
standpoints.  The  use  of  air-core  power  transformers  at 
fre(|uencies  of  500  cycles  and  over  is  considered  and  found  to  be 
feasible.  An  interleaved  set  of  coils  of  ''  Maxwellian  "  cross- 
section  is  recommended  for  the  "  sandwiched  "  primary  and 
."secondary.  An  actual  satisfactory  transformer  of  this  type  for 
2  kw.  is  described. 


mf-nt  of  Scfonfl  Li<iit.-nant  1 .  >„  \ViilI.«  (-/*•  The  Kutmui 
Ik  fanc'llcd. 

Tyru-    El-'tri.;i|     ' 
'.rrantftl  tcmporar'.   i  _  . 


OBITUARY. 


iSiR  C.  WoODALL. — The  deatli  of  Sir  Corbet  VVoodall,  Governor 
of  the  Gas  Light  &  Coke  Co.,  occurred  on  Wednesday,  at  the  age  of 
75.  Sir  Corbet  Woodall  inaugurated  in  1909  a  system  of  co-part- 
nership under  which  the  company's  employes  now  hold  over  £150,000 
worth  of  the  company's  stock. 

Madeline  Woedingham. — We  regret  to  record  the  death,  on  the 
11th  inst.,  of  Mrs.  Madeline  Wordingham.  widow  of  the  late  W.  H. 
Wordingham.  Many  of  our  readers  will  remember  Mrs.  Wording- 
ham  as  a  familiar  figure  at  functions  of  the  Institution  of  Electrical 
Engineers,  in  company  with  her  son  Mr.  C.  H.  Wordingham. 

Lady  Crookes. — Universal  sympathy  will  be  felt  for  Sir  William 
Crookes,  O.M.,  on  the  death  of  his  wife,  which  took  place  on  the  10th 
inst.,  at  their  house  in  Kensington  Gardens,  London.  Lady  Crookes, 
who  was  in  her  81st  year,  was  the  daughter  of  Mr.  W.  Humphrey, 
of  Darlington,  and  she  was  married  to  Sir  William  on  April  10,  185G. 
Sir  William,  who  is  in  his  84th  year,  was  recently  president  of  the 
Royal  Society. 

Killed  in  Action. — The  death  in  action  is  announced  of  Capt. 
lobert  J.  Smith,  Lancashire  Fusiliers.  The  deceased  oflfirer  was 
Educated  at  the  Ranelagh  School-,  Athlone,  and  at  the  Mountjoy 
school,  Dublin.  In  1905  he  won  a  scholarship  in  the  Royal  College 
pf  Science,  Dublin,  where  he  spent  three  years,  and  also  graduated 
vith  honours  in  Trinity  College,  Dublin.  Later,  he  be.;ame  a  teacher 
^f  engineering  at  the  Newry  Technical  Institute,  and  in  1912  he 
Dok  up  a  position  with  British  Westinghouse  Co. 

The  death  in  action  of  Lieut.  Geo.  Bewse.\  Dyke,  R.G.A.,  B.Sc, 
.M.I.E.E.,  is  announced.     As  a  collaborator  with  Prof.   Fleming, 

kur   readers   will   regret    the   loss  of   yet  another  of  our  yoimger 

len. 

The  death  is  also  announced  of  Lieut.  Edward  Wilson,  S.  African 
ifantry.  He  was  educated  at  Sedbergh  School  and  Clifton  College, 
id  was  an  exhibitioner  of  Pembroke  College,  Cambridge.  After 
iking  his  degree  he  went  out  to  South  Africa  and  was  placed  in 
barge  of  transport  with   the  African  Transcontinental  Telegraph 

.,  on  the  section  from  Chindi,  en  the  Zambesi.     In  the  rebelliiii 

South  Africa  he  served  as  sergeant  in  the  Rand  RiHes  and  went 
brough  the  whole  camjjaign  in  German  S.W.  Africa.     Subsequently 

received  a  commission  in  the  South  African  E.xpeditionary  Force 
id  saw  service  in  Egypt  against  the  Senussi. 


PERSONAL. 


Mr.  A.  M.  Parkinson,  an  Honours  Graduate  in  Electrical  Engineer- 
ing of  the  University  of  London,  was  gazetted  to  the  Royal  Engmeers 
on  the   10th  inst. 

Royal  Engineers  (T.F,)— The  following  appomtments  c.nd 
changes  have  been  made  : — 

London  Electrical  Engineers.— Acting  Sergt.-Major  A.  Kennedy  to  be 
Quartermaster  and  Hon.  Lieutenant.     The  announcement  of  appoint- 


APPOINTMENTS  VACANT  AND  FILLED. 

A  mains  engineer  i.s  rcipured  by  K 

Salary  tI5(i.     .Application.^  to  the   I.  ...^ 

5  p.m.  June  9. 

A   shift   engineer  is   wanted    by  Gniiihby  Mrwt   Tramw 
Cleethorpes,    Lines.     .Ap[)lications   to  thf   .ManasiT.     S*f  <vt>r'-., 
nie.iit. 


Mr.  G.  H.  Hrowne.  of  Ilkeston.  Juis  ' 
manager  of  the  Mexl)orough  and  Swint  . 


INSTITUTIONS  AND  SOCIETIES. 


Institution  of  Electrical  Engineers  fenevclent  Kurd.  .\  i;  if-mtg 
of  the  contributors  to  this  fund  wa-  held  on  Thur>d.iv.  .Mav  1 1  TV- 
President  read  an  abstract  of  the  report  of  the  Committee  of  ^ 
agement  which  stated  that  the  capital  account  .stood  on  Dec  HI 
at  £i,642.  .3s.,  all  of  which  is  invested.  Receij)ts  during  I91.'»  w 
Dividends  on  investments  £17.).  3s.  7d.,  interest  on  deposit  £8.  1  Is.  2«1. 
annual  subscriptions  £106.  19s.,  donations  £420.  .'is.  7d..  legacy  frrjm 
the  late  Mr.  Augu.^tus  Stroh  £2.iO.  Total  £96<).  i7.s.  4d.  Among 
the  larger  donations,  in  addition  to  the  legacy  of  £2.">"  from  the  late 
Mr.  Stroh,  was  a  donation  of  £105  from  Mr.  J.  H.  Rider.  The  Com- 
mittee of  [Management  acknowledged  their  inr'ebtednf's.s  to  thej* 
and  the  other  donors  and  subscribers,  and  ventured  once  more  to 
urge  upon  the  members  the  pressing  need  for  a  more  generous 
support  of  the  fund.  The  Conmiittee  would  be  grateful  for  annual 
subscriptions,  even  of  small  amounts.  Seven  applicafion.s  for 
assistance  were  received  in  1915.  and  the  Committee  made  grants  in 
all  the  cases.  Four  grants  were  made  of  £25  each,  two  of  £10.  and 
one  of  £6,  a  total  of  £126.  The  capital  account  of  the  Wilde  Benevo- 
lent Fund  stood  on  Dec.  31  at  £1,846.  4s.  6d.,  the  whole  of  which  i.s 
invested  and  biings  in  an  annual  revenue  of  i^.  1 7s.  The  balanif 
standing  to  the  credit  of  the  income  account  at  the  end  of  191.">  was 
£436.  4s.  Id.,  of  which  £.345.  14s.  8d.  was  invested,  and  brings  u\  an 
annual  income  of  £13.  10s.  No  grant  from  this  fund  was  madt- 
during  the  year. 

The    Prk.sidext    moved,  and    Mr.    .1.    K.    KiM:sBrRV   sei-onckKl.  the 
adoption  of  the  report  and  accounts  and  the  motion  was  carried. 

Mr.  Sidney  Sharp  and  Mr.  .1.  Atttield  were  appi>inteil  hon.  audit. ir^ 
and  the  names  of  the  Committee  of  Management  were  ap|)roved.     1 
included  the  President  (e.x-officio).  Mr.  W.  Duddeil.  Mr.  .1.  S.  Hi.dir; 
Mr.  ,T.  E.  Kinc;sbury,  Dr.  A.  Russell.  Sir  .John  Snelland  W.  B-Wi-mH  .u- 
(representing  the  Council),  and  .Mr.  W.  B.  E.><i«on.  K.  Heil:;ev  and  Major 
OMeara  (re])resenting  the  contributors). 

A  general  meeting  of  contributor,    to  the  Benevolent   Fund  w.u-  ( 
held  to  alter  Rule  9  so  as  to  incorporate  in  the  Committee  of  Manai^c 
tie  Chairmen  of  each  of  the  Local  Sections  of  the  In.'Htitution  in  the  I'm'    : 
Kinodom.     The  nocesL-ary  resoluticn  was  ^assetl  and  it  will  come  up  tor 
contirniation  at  another  meetinsr  on  .lune  l.">th. 

Illuminating  Engineering  Society. — The  report  of  the  roum-il  for 
the  session   1915-1916  states  that  the  activities  of  the  .-ituietx   h.iv 
been  fully  maintained.     The  presidents  of  the  Instilutiun>  of  G;i> 
and  Klectrical  Engineers,  Mr.  John  Yoimg  and  .Mr  Charles  P.  Sjarks, 
have  consented  to  act  on  the  council  ilurinu  tl.e 
council  record  the  death  of  two  valued  vice[>re>M 
Mr.  Edward  Allen  and  Prof.  Vivian  Lewes.     Among  the  lo-<v«i« 
bv  the  war  we  notice  two  of  the  younger  i         ' 
Mr.    G.   Maurice,   who   perished   on   the     "1. 
Harvey  Gocch,  who  fell  in  action  with  the  Can^eron  Hi_ 
France.      Five  meeting;,  not  including  the  annual  gene 
have  been  lield  tluring  the  past  session.     The  .^ticiety  i, 
privilege  of  hearing  the  views  of  several  members  of  the  l.l.i>.-  Ke 
.searchVommittee  of  the  Institute  of  Chemistry,  which  has  lieen 
conducting    researches    on    chenucal    aiul    optical    glassware.     The 
question  of  factory  lightuig  has  also  been  rtveiving  the  attenti.^j  of 
the  American  Illuminating  EngintH'ring  S^uiety  and  at  the  last  i-on- 
vention,   h-ld   in   Washinsiton^n   September.   1915.  a  most   useful 
•Code  for  the  Lighting  of  Factories.  Mills  and  Other  Work  Places." 
prepared  b\-  a  committee  of  the  society,  wa.s  presented.     An  im- 
portant question  that  has  been  receiving  much  attention,  both  in 
this  countrv  and  abroad,  is  the  desirability  of  arriving  at  a  uniform 
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method  of  e.\|jussing  the  elKciency  and  iJluniinaling  value  of  gas, 
electric  and  other  illuniinants.  The  viev/  is  now  receiving  support 
that  ]am])S  should  be  rated  in  terms  of  the  total  output  of  light  in  all 
directions.  Attention  has  also  heen  given  to  the  scheme  for  the 
organisation  of  scientific  and  industrial  research  being  ])repf-red  by 
the  Committee  of  the  Privy  Council  The  Illuminating  Engineering 
Society  has  intimated  its  willingness  to  take  [jart  in  any  movement 
calculated  to  bring  about  unity  of  effort  in  these  matters,  and  to 
co-oj.erate  in  any  investigations  fearing  en  the  practical  applica- 
tions of  light  in  relation  to  illuminating  engineering.  The  council 
also  consider  that  the  moment  is  opjjortune  to  proceed  with  the  work 
of  the  Committee  on  Re;;earch.  the  ajjpointii  eiit  of  which  was  decided 
upon  in  1914,  but  was  delayed  owing  to  the  outhror.k  of  war. 

Royal  Society. — Amongst  the  Papers  icad  Ir-st  Thursday  we  notice 
the  following:  "An  Active  Modification  of  Nitrogen."  by  Hon. 
R.  J.  Strutt,  P.R.S.  ;  -A  Tr.eory  ui  (  olour  Vision,"  by  R.  A. 
Houstoun,  D.Sc. 

Irslitute  ot  Radio  Engineers. — A  meeting  of  the  Institute  oi  Radio 
Kngiiu  CIS  was  he!d  on  M;y  .Jid.  when  a  Paper  by  Prof.  A.  E.  Kc  nnelly 
of  Harvard  I'niveisity,  and  'Mi.  H.  .\.  .Afiel  on  "  Skin  Hfiect  Resist- 
ance -Measurements  for  Conductors  at  Radio  Frefji.cncio  up  to 
J(J0,0<JO  Cycles  per  .Second  "  was  presented.  A  nuiuber  of  highly 
valuable  practical  measurements  have  teen  made  of  sold  and 
stranded  conductors  of  various  shapes  and  sizes. 

University  of  London,  University  College. — Last  Tuesday  a  private 
vi(  w  was  held  of  the  new  chemical  laboratories  of  I  niversity  College, 
when  visitors  were  given  an  oj)portunity  of  seeing  the  ecjuipment. 
After  the  view.  Prof.  F.  (».  Donnan,  F.R.S.,  gave  an  interesting 
lecture  on  "  The  Role  of  Chemical  Science  in  Civilisation."'  Prof. 
Donnan  pointed  out  that,  in  historical  sequence,  chemistry  might 
be  said  to  have  shown  its  importance  in  the  extraction  of  metals  from 
their  ores,  then  in  engineering  and  lastly  in  e.\{)losives.  Progress  in 
engineering  now  depended  on  progress  in  chemistry.  Chemistry 
also  lay  behind  art,  in  the  pr'oduction  of  colour's.  Undoubtedly  the 
present  century  would  be  characterised  by  chemical  science,  and  at 
the  moment  the  life  blood  of  Kngland  might  he  said  to  be  suljjhuric 
acid.  This  view  of  the  matter,  which  is  ccr-tainly  true,  is  but  little 
realised  by  the  layman. 

Institute  of  Journalists. — A  further  meetuig  was  held  on  Tuesday 
last  of  the  Technical  and  Tr-ade  Circle  of  the  Instituteof  .loui'iialists  to 
ccntirrue  the  discussion  of  Prof.  (Jarnetts  Paj;er,  which  was  r-ead  on 
March  14th,  and  abstracted  in  our  issue  of  March  24th,  p.  7."). 

The  chair  was  takin  hy  .Mr.  Leon  (Jaster-.  who  is  ])resi(leiit  of  the  circle 
(luriii;;  the  prt'sint  session.  The  (ijsi'ussion  was  ()|ieiiecl  by  Prof.  (iuEooKV, 
who  ccmiiuntccl  u])on  the  fact  that  the  tuiricuhm  in  the  ekn.cntary 
^(ll(<)ls  was  too  academic  and  the  great  iniiversitie.^  weie  j;c  nerally 
I  (  liindhand  in  ri'.atleis  of  seierue.  He  (lioiifzht  favourably  ef  the  ))ic)- 
];()sal  of  the  Austialiiui  iMcleial  Cc)vc  inn.<  nt  to  >p(  nd  a  !arj;e  si  in  of 
money  in  the  establishnu  nt  of  soii.e  State  organisation  wliicli  wmilcl 
forge  a  link  between  tlie  work  of  scientific  reseai-ch  and  the  develo])- 
mcnt  of  industry.  '.I'hc  most  attractive  feature  of  this  j)i-o],<;sal  was  that 
the  ))rt siding  genius  would  be  a  man  of  business. 

Mr.  Hughes,  the  I'rinie  Minister  of  Australia,  was  to  have  addressed 
tie  meeting  en  this  subject,  i)ut  unfortunately  he  was  ])rev(  iited  from 
attc  iidiiiL'.  His  ]>Ia(c  was,  liowever,  taken  l)y  .Sir.  (leralel  Lijrhtfoet.  who 
is  one  of  ,Mi'.  Hu;:li(  s"  stall,  and  is  dii-eeti\  interested  in  the  details  of  this 
important  scheme  of  the  Commonwealth  of  .Australia.  In  o])ening  his 
remarks,  Mi'.  LreiiiTFooT  em])hasiseci  the"  fae^t  that  co-operation  wan  the 
])rineipal  motto  of  those-  who  had  been  given  the  task  of  formulating^  this 
scheme.  I'hcy  we-re  in  ae'tive-  touch  willi  men  of  seieiiee-,  iiidustiy  and 
commerce  in  the  Cniteel  States  and  the  rniteei  Kinj:<lom.  Mr.  Hughes 
was  gathering  infoi  nuition  while  in  this  ee)untry  whie-h  would  lie  of 
immense  value  when  he  a;ul  his  eolle  agues  returned.  Mr.  Lightfoot  then 
])rocccded  to  outline  the  ])rc)i)c)sala  of  the  Committee  which  had  been 
a])pointeeI  to  re|)ort  to  the  (le.vc-rnment  of  Australia  on  the  subjee't.  [We 
])ublislud  an  alstrael  of  the  first  re  port  of  this  Committee  in  our  issue  of 
March  17,  p.  >'^\h\  .Mr.  Lightfoot  emphasise  d  tliefaet  that  t  lie  exei  utive- 
and  j;eneral  administration  of  the  Bureau  of  Se-ieiu  e-  and  Industry,  as 
it  would  be  termed,  would  be  fi-ee  from  political  control,  and  the  principal 
ofHcials  would  be  appointed  for  sc-ven  years,  in  a  .similar  manner  to 
the  Hii;ii  Ce)urt  .luel^e■^.  They  would  be-  paid  salaries  of  about  t!2.ClM) 
a  year,  and  could  be-  icmoveel  only  by  ieso|utie)n  of  both  Hetuses  eif 
Parliament.  Tlie  ))rimaiy  inelustiie-s  e)f  the  e-ountry  (aurieultun-  and 
metalliugy)  would  lie-  lirst  dealt  with.'ind  the-  directorate- woulel  ])rovide 
due  control  and  obtain  first-haiul  evidence  as  to  the  pre)blems  which 
rec|uired  to  be  taken  uj).  The  directorate  would  then  allocate  the  work 
of  investigation  to  the  universities  or  State-  laboratories,  (he  idea  being 
to  make  use  of  existing  institutions.  Lil  e-ral  (jrants  would  be  made 
by  the  Feeleial  (Jove-rnnu  ut  feir  apparatus  ;mel  ((luipment.  A  feature- 
would  be  made  of  a  buixau  e)f  information,  which  would  neit  only  publ  .sh 
information  and  data,  but  would  aho  c-ollctt  the  sanu\  The  (Jovern- 
ment  was  already  in  eo-o])eration  with  the  Agi'icultmal  Ifure  an  of  (l\e 
United  Statesof  .America.  The  spirit  of  eo-opeiatirn  would  he  extended 
not  only  to  em)i|oyers  of  labour,  but  also  to  i  mpleiye's.  Similarly,  the  rc- 
woidd  be  a  moven.ent  to  teach  science  in  the-  primary  and  se  (•<  nelar\' 


schools.     Mr.    Lightfoot   recommended   that  the   work  which  wasJno\ 
lx>in<;  done  in  this  country  to  establish  a  definite  co-ordination  betwi'  i 
science  and  industry  should  be  done  on  a  national  basis.     The  Imptiia 
Institute,  the  British  Science  (iuild  and  others  were  working  to  a  comni'ii 
end.      It  was  clesirabL'  that  their  efforts  should  not  lead  to  waste  of  tiin. 
and  money.      He  thought  it  desirable  that  an  Imperial  Bureau  should  Ix 
established   in   this  country,   which    would  act   as  a   clearing  house  oj 
information  on  imperial  questions.      There  were  some  jiroblenis  whirl  ■ 
ecjuld  be  dealt  with  in  the  Dominions,  and  there  were  other?  which  miL'h' i 
be    metre   advantageously    handled    in    this    country.       Such  a  clcarini. ' 
house  would  be  of  value  in  allocating  the  work  in  the  risrht  direction,  ane 
it  would  also  help  to  cement  the  scientific,  rommercia]  and  industiia 
relatieins  of  the   mother  country  and   the   Dominion-^,    and  e^tablisli    ■> 
firm  basis  of  eo-opeiatie;n  upon  which  could  be  built  up   an  uiiassaiLi 
imperial  economic  fabric. 

The  following   resolution   was   nut   to  the   meeting  and'passed   v. 
acclamation  : — 

"That  thi.^  meeting  urges  on  the  various  Associations.  Institutions 
and  Committees  enfrajre  d  in  the  eonside-ration  cjf  Technical  E'lucation  and 
Industrial  Research,  the  necessity  for  c  ej-opeiatin<z  in  order  to  present  • 
Xaticnal  Scheme  fe^r  the  consideration  of  the  Government. 

"  That  in  any  measures  taken  for  the  j)reparation  and  e.\ec-ution  of  s\ieh 
a  National  Scheme  the  co-operation  of  the  Scientific  and  Technic.'il  Pixss 
should  be  secured. 

"  That  the  meeting  is  of  opinion  that  the  Press  should  use  its  influene-e 
to  seeuic-  uniformity  of  polic-y  with  res^ard  to  the  action  to  be  taken  to 
encouratfe  the  ']"eaehin<;  of  Seience  in  Schcjols  and  Colleges  of  all  grades, 
and  to  determine  the  ])roper  position  of  Science  in  Civil  Servic-e  and  other 
examinations.  es])eeially  with  reference  to  the  influence  of  these 
examinations  upon  tiducation. 

'■  That  in  the  meantime  it  is  desirable  that  all  ])ossible  suitport  should 
be  triven  by  the  Pi-ess  and  the  ])ublic  to  the  wen'k  of  the  Advisory  Council 
to  the  Committee  of  the  Privy  Council  for  the  Organisation  and  Develop- 
ment of  Scientific-  and  Inelustrial  Research,  and  that  Industrial  As.socia- 
tions  should  report  to  the  Advisorj*  Council  on  the  facilities  recjuired  for 
the  conduct  of  research  in  cemncction  with  their  particular  industries." 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY.  May  19th  (to  day). 

Institi  Tio.N  OF  .Mkc'h.^mc'ai.  Enoineers. 
f)  /I. III.     At  Institution  e)f  Civil  Engineers.  (Jreat  (Jeorge-street.  S.\V 
l'a])er  on  "  Spur  (Jearing,"  by  Mr.  D.  .\damson. 
MONDAY,  May  22ncl. 

SoeiKTv  oK  Art.s. 
■f.-jll  j/.iii.     At  .lohn-street,  Adeljjhi.W.C.      Le-etuie  on  "Vibrations^ 
Waves  and   Kesemance."    by    Dr.  .1.  Erskine   Murray.  F. R.S. E. 
(Lecture  I\'.) 

THURSDAY,  May  26th. 

Institi'tion  of  Electkk'.m.  Encixeers. 
.3  p.m.     -At   \  i(  tciria  Embankment.  W.C.     Siweial  (general  Mectin-.; 
of  Cori)orate  .Members  to  eonsider  a  icse)lHtic  n  expellini;  .n«niy 
alien  members. 

FRIDAY,  May  26th. 

HoVAl.   I.NSTITI  TION. 

0.30  p.  III.     .At    .Albemarle-street.    W.       Discourse    l>v     Prof.    C.    el. 
Barkla.  M..A..  D.Si ..  F.H.S..  on    "  X  Havs. " 


Ist  LONDOK  ENGINEER  VOLUNTEERS. 

Commaneliiif.'  (Hhcer.  Lieut. ■(  ol.  C.  B.  Ci,.\v.  X'.D. 

Orders  for  the-  Week. 

Officer  for  the  We  e-k.  —  Platoon  Commander  .1.  O.  Cheadlo. 

Ne-xt  for  Duty. —  Plateion  Coinmande-r  ,1.  H.  (J.  Williamson. 

Monday.  May  22nd. — Technical  for  Sections  1  and  2.  No.  .1  Company^ 

4(i   ReptMiey  street,  S. W.    Squad  and  Platoon  Drill.  Sections  .3  and  4^ 

No.  .'}  Company.     Siiinalling  Class  and  Recruits. 
Tue.-iday,  May  2.'irei. — Se-hool  of  Arms,  (i  to  7.      Lee-ture,  Mr.  .1.  Robi-rts, 

"The    C'eoloiry    e>f   Otfeird,"    7.1.">.      Recruits.    7.1.")   te.   8.1."),    .An  li- 

bishops  I'ark. 
Wednesday,  May  24th.-  Platoon  Drill,  No.  2  Platoem.  No.  1  Cemipany. 
'Ihursclay.  .May  2.*>th. — Platoon  Drill,  Ne>.  •»  Plateum.  No.  2  Company. 

Shontinii  for  Sections  '.\  and  4,  No.  ',i  Company,  miniature  ram;'-. 

Recruits,  o.4.">  to  7.4.'>.      Instructional  Class.  ."\4."). 
Friday,  .May  2»). — Technical  for  ,Sectie>ns  !{  and  4,  No.  3  Ce>mpanv. 

Kegency  street,  S.W.     Sepiad  and  Platoem  Drill.  Jjections  1  an- 

No.  3  Company. 
Saturday.  .Ma\    27.— Route    March.      Parade    (7o|drr"s   Green    Stat 

2.30.     Unifeirm.     The  Corjis  will  be  acieimiwniicl  by  a  drum 

buiile  bancl. 
Simday.  May  2sth. — Entrenching  at  Otford.     Parade  \iotoria  {S.V 

C.   Railway   Bookinir  Office).  8.35  a.m.      Uniform)*,  haversacks 

wale-r  be)ttl<s.     Midday  rations  to  be  earrieti.     Railw '^    ^'•"' 

will  be   pro\  ich-d. 
Musketry. — For  .\e>s.  1  and  2  Companies,  see  Notice  and  Tab.-  -  .\  n 

at  He.ic!,|unrti'rs. 
Note.-    I'nle  ss  otherwise  indicated,  all  drills.  4c,,   will  take  )''•' 

Clii  stci  House. 
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THREE-CORE  CABLES. 


BY  M.  H(j(  HSTADTER. 


Some  years  ago  the  autlior  piiblisded  some  results  about  liigli- 
tensiou  cables,  and  therein  appeared  the  paradoxical  statement 
that  the  dielectric  loss  in  cables  with  single  conductors  varied  with 
the  square  of  the  voltage,  but  with  three-core  cables  the  loss  varied 
with  a  liigher  jiower  of  the  voltage.  It  was  not  possible  at  that 
time  to  add  any  explanation  of  the  fact,  which  appears  strange, 
that  the  dielectric  loss,  which  seems  from  the  nature  of  the  case  to 
depend  only  on  the  material  employed,  should  vary  with  the  type  of 
cable.  Since  then  the  author  j)ublished  iu  1911,  in  conjunction 
with  Birrenbach,  a  Paper  describing  the  high-tension  cables  laid 
in  Cologne.  Tests  in  this  case  conlirmed  the  law  of  scjuares  for 
single-conductor  cables  ;  and  on  that  occasion  new  points  of  view 
presented  themselves,  which  may  partially  help  to  explain  the  para- 
dox. The  present  lines  are  intended  to  give  a  more  or  less  popular 
study  of  the  subject. 

In  the  course  of  the  tests  at  Cologne  it  was  always  found  that  the 
quadratic  law  was  true  for  single-conductor  cables  ;  and,  therefore, 
it  seemed  that  this  must  be  the  law  for  the  raw  material  out  of  which 
the  cable  is  made,  and  that  the  difference  in  three-core  cables  must 
be  due  to  some  internal  processes  taking  place  in  the  structure  of 
the  cable.  This  difference  undoubtedly  exists  ;  it  makes  no  differ- 
ence whether  one  considers  the  loss  to  be  due  to  leakage  current 
through  the  dielectric  or  whether  one  considers  the  loss  to  be  of  the 
nature  of  hysteresis,  and,  therefore,  pioportional  to  the  frequency 
and  the  square  of  the  maximum  voltage  at  each  point  in  the  dielec- 
tric. In  both  cases  the  calculation  shows  the  loss  in  a  given  length 
of  cable  to  be  proportional  to  the  square  of  the  applied  voltage  and 


Lead  covering. 
Binding  insulation. 

Jute. 

Central  insulaticn. 
Spiral  of  copper. 

Copper  conductor. 


Fig.  1. — Section  THROUGH  A  Threk-core  Cable  of  the  usual  con- 
struction, TOGETHER  WITH  THE  ARRANCJEMENT  OF   THE   ELECTRIC  FlELD 

ON  Polyphase  Current. 

to  the  capacity  of  the  cable  ;  therefore,  the  power-factor  for  all 
unloaded  cables  made  out  of  the  same  materials  must  be  constant. 
Let  us  now  consider  what  might  possibly  be  the  processes  in  the 
interior  of  a  three-core  cable,  which  might  account  for  these  differ- 
ences. 

These  differences  might  possibly  be  connected  with  the  pheno- 
mena which  arise  when  three-core  cables  are  exposed  for  lengthened 
periods  to  a  high  voltage.  It  is  known  that  under  those  conditions 
there  are  signs  of  burning  if  a  very  high  voltage  is  applied  ;  in  a 
short  time,  often  in  a  few  minutes,  this  local  burning  is  noticeable 
by  the  smell  produced  and  by  the  temperature  of  the  cable.  If  such 
a  cable  is  cut  open,  one  finds  tha  layers  between  the  internal  insu- 
lation and  the  jute  strongly  burnt,  and  the  burning  effects  extend 
the  further  the  longer  the  cable  is  exposed  to  the  voltage.  This 
burning  can  only  be  the  result  of  a  loss  of  electric  strength  inside 
the  jute  and  on  the  outer  layers  of  th*  inner  insulations.  It  is 
indirectly  caused  by  this,  the  direct  e^e'-t  being  the  passage  of 
equalising  currents  which  are  caused  to  pass.  It  may  be  supposed 
that  the  loss  of  insulating  power  could  arise  at  much  lower  voltages 
before  the  glow  discharges  inside  the  cable  cou^d  be  detected  actually 
by  any  burning  phenomena,  seeing  that  practically  it  is  impossible 
to  devote  lengthened  periods  to  such  tests.  If  this  is  true,  then 
the  loss  of  insulating  power  at  the  given  spots  must  cause  a  dis- 
placement of  the  lines  of  force  within  the  jute.  The  jute  thus  has 
the  properties  of  a  partially  conducting  layer,  and  has  ap])roxi- 
m:  tely  the  same  potential  throughout.     Thus,  the  external  binding 

*  Abstract  of  an  article  in  the  "  Ekctrotechnische  Zeit.schrift  ."■  Heft  47. 
Itd.x 


layer  of  insulation,  which  i.wy   Ix-  calU-tl  th«  "  girdlf   '  u 

is  partially  relieved  of  it«  «-leVtn<-  ^tretw  ;    the  internal  li :.  .a 

has  more  or  less  to  8u«tain  the  whole  ei«<.-tric  mnm.     Thii«,  the 
three-core  cable  becomes  eleiti 
nical   combination  of  three  .,11  _ 

displacement  of  the  equi|Kjtential  linefi  actually  taken  \. 
to  be  demonstrable  by  testH.     With  a  view  to  '' 
Htructed   exactly    similar  to  one  on  which  t«--  ■  n 

carried  out  with  this  single  difference— viz..  that  at  a  dwtance  of 
about  2  mm.  frrjm  the  copper  conductor  there?  waM  inserted  ir    *' 
insulation   a    nearly   clowd    thin   s[jiral   lA   copper    hbUiik. 
were  carried  out   on  this  cable  to  determine  the  (liele<-tri<' 
and  the  dist.ibution  of  electric  strcHM.      It  wan  foir   '  •'    •      ' 
three  conductors  were  connected  to  a  nujjply  of  al- 
and the  lead  covering  was  earthed  up  to  i-VXW  voltj*  the  m«*.  in- 


I 


Fig.  2. — Voltages  Cork espov ding  to  Fig.  1. 

creased  with  the  square  of  the  voltage  and  the  ratio  of  the  voltage 
on  the  copper  conductor  to  that  on  the  spiral  remained  constant,. 
as  also  the  ratio  of  the  voltages  on  the  spiral  and  the  lead 
At  15,000  volts,  however,  both  curves  bend  over;  from  i  -  ^  :ic 
the  losses  increase  more  rapidly  and  the  ratios  increase.  This 
shows  that  the  above  explanation  of  the  incre;i.sed  Io.*-ses  in  a  three- 
core  cable  is  correct.  .\nd  it  .seems  from  this  that  a  three-core  poly- 
phase cable  for  25,000  volts,  with  about  12  mm.  of  active  in.sulation 
between  the  different  conductors  and  between  the  conductors  and 
earth  undergoes  some  internal  changes  at  pressures  ab«.)ve  15.tNi«> 
volts. 

This  fact  is  of  considerable  practical  imjxjrtance.  and  it  is  projxtsetl 
to  di.scuss  the  causes  theoretically  without  the  aid  of  complicated 
mathematics.  Fig.  I  shows  a  section  through  a  three-i-ore  cable 
of  the  usual  construction.  The  direction*  of  the  Unes  of  force  are 
shown  for  a  given  instant,  assuming  jiolypha.se  {x)wer  to  l»e  applie<L 


It  iji 

1.1 , 


Fig.  3. — Voltage-dl\gkam  (\iRREsroNDiNG  TO  Fig.  1. 

The  voltages  in  a  and  r  are  equal  and  opjKisito  and  halt  •' 
of  the  phase  voltage  in  b.     The  insulation  mund  the  ov 
and  up  to  the  lead  covering  is  supposed  to  be  homogeneous 
evident  that  the  four  -'edges  of  jute  an^  submitted  to  a  coi  - 
electric  stress.     Both  at  the  outer  layers  and  al.so  inside  i 
insulation  there  are  various  points  where  the  elei-trie  stress  acts 
tangentially  to  the  layei's  or  iHviding  surfaces.     It    i.<   well   to  get 
some  idea  of  what   these  taitgential   stn^ssos    are.     Figs.  2  and  3 
show-  that  between  any  two  of  the  conductors  a.  b  and  r  the  voltage 
is  1-73  times  the  voltage  e  between  the  conductor  and  e.-^rth.     In 
the  space   iictwccn  the  three  conductors  there  cxi.sts  an  electro- 
static polvphase  Held.     The  central  jx^nt  o  of  the  section 
a  potential  about  equal  to  that  of  the  earth.     B«>twecn  it  .....  ...  ii 

tonductor  will  therefore  be  the  phj>se  voltage  e.    As  a  result  of  this, 
and  under  the  assumption   that   the  Ixiunding  surfaces  are  good 
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insulator!*,  we  get  the  voltage  diagram  shoA\Ti  in  Fig.  3,  in  which 
a,  h  and  c  iire  the  phase  \oltages  of  the  conductors  a,  b  and  r  to  earth, 
and  I.,  II.  and  111.  are  the  voltages  between  the  different  conductors 
in  pairs.  The  voltages  between  the  points  1,  2  and  3  and  the  neutral 
point  are  called  in  the  diagram  1,  2,  3  ;  they  amount  to  0-87e. 
The  voltages  between  the  points  1-2,  2-3,  3-1  are  also  shown  in  the 
diagram,  and  amount  to  1  -oe.  Let  us  now  find  the  voltage  between 
the  points  4,  5,  6  in  Fig.  I  and  the  lead  covering  ;  and  let  us  take 
the  case  of  the  above-mentioned  test  cable,  without,  however, 
adding  the  copper  ribbon  spiral.  The  dimensions  of  this  cable  are 
those  taken  for  our  drawing  of  the  section.  The  consideration  of 
the  direction  of  the  lines  of  force  from  the  conductor  b  to  the  lead 
covering  .cerves  to  give  an  approximation  to  the  voltage  of  the  point 
5.  The  lines  of  force  show  that  at  this  point  we  may  consider 
the  conductor  h  to  be  a  part  of  a  single-conductor  cable  surroinided 
by  a  double  thickness  of  insulation.  At  any  rate,  it  will  be  no 
better  than  this  ;  but  taking  this  as  the  actual  state  of  affairs,  we 
get  that  the  voltage  between  the  point  ;5  and  the  conductor  h  is 
about  0-66e.  From  these  facts  and  assumptions  we  can  get  an 
approximation  to  the  considerable  electric  stres.ses  over  the  portions 
1-2  and  l-.j.  It  is  seen  that  over  the  very  short  path  1-3,  which  is 
about  ecjual  to  the  thickness  of  the  central  insulation,  there  is  a 
voltage  of  about  1-oe.  And  it  is  jjlain,  that  under  a  high  voltage, 
the  wedge  1,  2,  3  cannot  with.stand  this  stress.  In  consequence 
of  these  voltages  equalising  currents  will  be  .set  up.  These  cur- 
rents try  to  equalise  the  voltages  in  the  wedges  I,  2,  3,  so  that  the 
whole  wedge  tries  to  reacli  the  potential  of  earth.  Also  between  the 
points  1  and  5  there  is  a  voltage  of  al)out  0-44e.,  as  can  easily  be  seen 
from  the  diagram.  The  creeping  path  ]-n  is  about  twice  as  long 
as  1-3,  so  that  the  path  1-5  is  able  to  hold  out,  even  if  1-3  gives  in. 
But  if  the  path  1-3  yields  the  stre.ss  on  the  path  l-o  automatically 
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6  mm.  central  insulation 
(impregnated). 

Impregnated  jute. 
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3-2  mm.  lead  covering. 


Fig.  4.— C.vBi.E  of  the  U.sual  Con.struction. 

increases  and  approximates  to  the  vahie  0-66^.  At  a  higher  voltage 
the  path  l-o  Avill  also  be  unable  to  resist  the  stre.ss;  therefore,  the 
outer  wedges  and  tke  "  girdle  "  insulation  will  tend  to  the  voltage 
of  earth.  At  the  .same  time  the  .-^iirfaces  of  the  central  insiiiatioii 
will  a.s«ume  the  character  of  ecjuipotential  surfaces.  The  |)oints 
1,  2,  3,  4,  '),  6,  0  have,  therefore,  in  this  case  no  differences  between 
them.  The  central  insulation  of  all  three  conductors  ha-;,  there- 
fore, under  normal  conditions,  to  withstand  the  whole  of  tiic  jjliase- 
voltage.  The  tangential  \oltages  disappear  except  in  so  far  as  tiiey 
are  necessary  to  the  residual  ccjualising  currents. 

Thus  we  .see  that  the  ])rocesses  wliidi  go  on  inside  the  cable  have 
lUtimately  the  ctTect  of  making  the  cable  electrically  into  a  mecha- 
nical combination  nf  three  single-conductor  cables.  But  there  is 
thi.s  difference:  the  outer  coating  is  not  that  of  metallic  surfaces, 
but  is  that  cau.sed  by  the  slow  eflect  of  the  glow  discharges,  which 
tend  to  destroy  the  material  ;  the  valu(<  of  the  "  girdle  ■*  insulation 
is  thus  almost  completely  lost,  while  the  central  insulation  is  over- 
loaded. The  voltage  in  a  three-core  cable,  at  which  there  is  a 
di.splacement  of  the  inner  voltage  distribution,  may  for  our  pur- 
po.ses  be  called  the  "  limiting  '"  voltage. 

.\  simple  calculation  shows  that  this  displacenuMit  of  the  voltage 
distribution  within  the  cable  is  necessarily  accompanied  by  an 
increase  in  the  total  dielectric  loss.  Without  any  great  mathe- 
matical considcMation,  it  is  plain  that  this  is  simply  a  corollary  of 
the  quadratic  law.  The  effective  loss  in  each  elementary  jKirtion 
of  the  dielectric  depends  on  the  square  of  the  voltage  gradient  at 
the  point.  Therefore  it  is  plain  that  the  disjilacement  of  a  certain 
number  of  the  lines  of  fon-e  from  a  jK)rtion  sid)mitted  to  a  low 
electric  stress  to  another  portion  which  has  a  higher  electric  stre.'»s 
must  have  a  givat  effect.     'I'hc  change  of  the  elTective  lo.ss  in  both 


portions  is  proportional  to  the  product  of  the  original  electric  stress 
and  the  change  of  this  stress.  Thus  the  lowering  of  the  loss  in  the 
unloaded  portion  will  be  absolutely  less  than  the  increase  in  the  lo.ss 
in  the  other  jxjrtion  ;  so  the  total  loss  is  increased.  And  this 
takes  no  account  of  the  fact  that  the  glow  discharges  themselves 
may  add  to  the  losses  at  very  high  pressures. 

In  view  of  the.se  facts  it  is  only  possible  to  regard  the  usual  con- 
struction of  three-core  cables  as  misuitable  for  voltages  above  the 
■■  limiting  ""  voltage.  From  the  operative  ix)int  of  view,  this  is 
also  the  case  ;  above  the  "  limiting"  voltage,  such  a  cable  is  ex- 
po.sed  to  an  internal  destructive  process,  but  its  efficiency  is  also 
lowered  owing  to  increased  dielectric  loss.  In  order  to  meet 
pcssible  objections,  the  author  would  like  to  add  that  he  is  quite 
conscious  of  the  fact  that  the  addition  of  the  spiral  of  copjiei;  riblx)n 
naturally  disturbs  the  ordinary  arrangement  of  the  lines  of  force 
in  the  cable.  The  spiral  was,  therefore,  placed  as  near  as  possible 
to  the  conductor,  so  that  its  influence  in  this  direction  should  be 
kept  as  small  as  possible.  In  these  tests,  it  was  no  question  of 
getting  quantitative  results  :  it  was  merely  a  question  of  getting 
a  better  insight  into  fir.st  principles.  In  the  tests  alxjve-mentioned. 
the  limiting  voltage  was  about  l.j.OOO  volts  to  earth.  This  means 
a  polypha.se  voltage  between  the  conductors  of  about  25,000  volts— 
i.e.,  about  that  voltage  for  which  the  cable  was  designed.  It  is. 
however,  well  to  notice  that  this  is  not  the  least  voltage  at  which 
the  described  phenomena  make  their  apjjearance.  For  the  test 
has  only  been  for  the  purpo.se  of  finding  the  effect  of  the  phase- 
voltage  in  the  outer  portion  1-5.  From  what  has  been  said,  it  is 
quite  possible  that  in  the  middle  wedge  of  jute,  changes  take  place 
even  at  lower  voltages. 

When  the  foregoing  facts  are  taken  into  account,  they  seem 
fairly  obvious,  and  it  is  strange  that  the  practical  man  should  ever 
have  thought  that  three-core  cables  were  suitable  for  work  on  very 
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Fig.    5. — Xkw  Tytk  ok  Thkee-coke  Cable. 

high  voltages.  For  in  other  branches  of  technical  work  the  con- 
stant endeavour  has  been  to  try  to  make  the  insulating  covering  as 
homogeneous  as  jxissible.  Ordinary  three-core  cables,  therefore, 
seem  misuitable  for  very  high -pressure  work  ;  and  yet  it  is  not 
difficult  to  see  how  the  design  of  such  cables  could  be  improved. 
Fig.  4  shows  the  section  of  a  three-core  cable  of  the  usual  construc- 
tion for  ]M)ly|)hase  work  :  it  has  coiuluctors  of  sectional  areas  of 
95  sq.  nun.,  and  a  thickness  of  12  mm.  of  insulation.  The  cable  is 
intended  for  a  working  voltage  of  25.(M"K).  In  Fig.  5  a  new  form  of 
construction  is  shown  ;  the  ^^hole  of  the  "  girdle  '  or  binding  insu- 
lation is  omitted,  and  the  \arious  central  insulating  coverings  are 
surrounded  by  a  metallic  coating.  This  metallic  coating  has  natur- 
ally the  ctfeit  of  kce])intr  the  outer  surfaces  of  the  central  insulation 
at  earth  jM)tential.  The  metal  coating  has  only  to  carry  extremely 
small  eqralising  currents,  and.  therefore,  their  thickness  can  l>o  kept 
as  small  as  |H>ssibIe.  consistent  with  the  reqiiisite  mechanical 
strength.  The  four  we<lges.  which  are  necessary  to  till  out  the 
sjmces  between  the  cables,  can  be  made  out  of  any  kind  of  inferior 
material,  which  does  not  need  to  l»e  imjin^gnated  ;  it  has  no  kind 
of  eletric  sti-e.ss  to  withstand.  The  central  insulations  can  Ik» 
imj)regnated  Ix'fore  beuig  wound  on,  and  can  l)e  l>ound  round  with  a 
view  to  making  them  .solid  and  compact  :  this  can  i)e  done  during 
the  wiiuling on  jtmcess.  As  for  dinuMisions,  it  seems  desirable  to 
make  the  central  insulation  alxiut  half  as  thick  again  as  is  sho«ii 
in  the  old  form  of  construction  in  Fig.  4.  The  calculated  electrical 
data  of  the  new  cable  are  at  least  as  good  as  those  of  the  olil  one  : 
it  has  the  same  extenial  diameter,  and  is  nuich  lighter.  The 
metallic  coverings,  which  are  added  to  the  insulation  al>out  the 
different  condtictors.  prevent  the  destructive  proces,ses.  which  have 
been  tlescriljed  above,  even  at   verj-  high   voltages.     The  metallic 
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itoverings  of  the  various  cores  touch  the  lead  coating,  and  are  in 
frequent  metallic  contact  with  it  ;  so  that  in  cases  where  the  opera- 
tion is  unsymnietrical,  as,  for  instance,  if  one  phase  is  earthed, 
the  equalising  currents  pass  through  the  lead  covering.  Com- 
paring the  two  methods  of  construction,  it  has  been  shown  in  a 
previous  publication  by  the  author  that  with  a  cable  such  as  that 
shown  in  Fig.  4,  the  capacity  of  the  conductor  to  earth  is  O-IO  nifd. 
per  kilometre,  and  the  capacity  between  the  conductors  is  0-0."J4  mfd. 
per  kilometre.  Therefore,  its  working  capacity  as  a  polyphase 
cable  is  0-2  mfd.  per  kilometre.  It  has  also  been  shown  that  the 
dielectric  constant  is  about  .'Mo.  A  simple  calculation  shows  that 
the  working  capacity  for  polyphase  current  of  the  new  cable  shown 
in  Fig.  5  is  : — 

315  1 

c  =  -„  X  — rrr- =0-20/j.Fllm . 
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Thus,  we  see  that  the  two  cables  have  exactly  the  same  working 
capacities.  Therefore,  below  the  ''  limiting "  voltage,  the  two 
cables  will  have  the  same  dielectric  loss  ;  for  higher  voltages,  the 
cable  in  Fig.  5  will  ahiays  have  lower  losses  than  that  in  Fig.  4,  and 
its  efficiency  will  also  be  greater.  Let  us  consider  tlieir  breakdown 
voltages.  We  must  distinguish  between  two  different  breakdown 
voltages.  The  first  is  the  momentary  one — i.e.,  on  the  application 
for  a  very  short  period  of  the  voltage  :  the  other  is  the  breakdown 
after  a  long  application  of  the  voltage.  The  latter  is  mostly  very 
much  below  the  foimer  ;  this  is  supposed  to  be  due  to  tlie  fact  that 
the  breakdown  process  usuallj'  requires  time  to  weaken  the  insula- 
tion sufficiently  at  its  weakest  spot.  This  sounds  likely  when  one 
remembers  that  a  certain  amount  of  energy  is  needed  to  bum  out  a 
Aveak  spot.  The  material  out  of  which  the  didectnc  is  ccnstiucted 
should  be  such  that  the  one  breakdown  voltage  is  as  little  below 
the  other  as  possible,  for  in  that  case  it  is  possible  to  utilise  the 
material  to  the  best  advantage.  As  for  the  breakdowii  "  con- 
tinuous "  voltage,  the  cable  in  Fig.  5  is  obviously  superior  to  that 
in  Fig.  4.  For  the  internal  destructive  processes  are  entirely 
avoided  ;  these  processes  tend  to  lower  the  "  continuous  "  break- 
down voltage,  and  to  shorten  the  life  of  the  cable.  Above  the 
"  limiting  "  voltage,  the  new  cable  is  in  all  respects  superior  with 
regard  to  breakdown  voltages  of  both  kinds.  For  when  the  lines 
of  force  are  displaced  in  the  old  cable,  it  has  only  two-thirds  of  the 
effective  thickness  of  insulation  of  the  new  one.  But  also  below  the 
"  limiting  "  voltage  the  new  cable  is  superior  with  respect  to  the 
"  momentary  "  breakdown  voltage.  For  on  normal  working  with 
polyphase  current,  a  simple  calculation  shows  that  the  mean  stress 
per  millimetre  of  thickness  of  insulation  between  two  conductors 
in  Fig.  5  is  about  three-fourths  of  that  in  Fig.  4  ;  while  the  mean 
^stress  between  the  conductor  and  the  lead  covering  per  millimetre 
in  Fig.  5  is  about  33  per  cent,  more  than  in  Fig.  4.  The  mean  stress 
in  the  new  cable  is  thus  in  the  one  part  greater  and  in  the  other 
part  much  smaller  than  in  the  old  one.  In  the  new  cable  there  are 
no  annoying  tangential  stresses  ;  the  stresses  in  all  directions  round 
the  conductor  are  the  same.  It  is  also  very  important  that  the  uni- 
form mean  stress  round  the  conductors  in  the  new  cable  is  smaller 
than  the  greatest  mean  stress  which  exists  anywhere  in  the  old  one 
— i.e.,  than  that  which  existed  in  the  insulation  between  the  con- 
ductors. It  is  exactly  at  this  point  that  the  new  construction  allows 
stresses  which  are  only  three-quarters  of  the  old  ones.  The  new 
type  of  cable  must,  therefore,  have  a  momentarv  breakdown  voltage 
33  per  cent,  higher  than  that  of  the  old  one  on  polyphase  current ; 
therefore,  in  respect  of  the  "  momentary  "  breakdown  voltage  the 
new  cable  is  superior  to  the  old.  If  we  take  the  case  of  a  momentary 
earth  on  one  phase,  the  new  cable  seems  on  purely  arithmetical 
considerations  to  possess  about  three-quarters  of  the  strength  of 
the  old  one  at  the  threatened  spot.  But  it  is  necessary  to  remember 
that  such  disturbances  generally  last  only  for  a  short  time,  and  in 
such  a  case  the  insulation  has  much  greater  strength  than  in  the 
case  of  a  continuous  earth.  It  is,  therefore,  neither  necessary  nor 
economically  desirable  to  design  the  cable  with  power  to  resist  such 
a  continuous  earth  on  one  of  its  phases.     The  diameters  of  the  tT^'o 

Table  I.  


Volume  of  insulation  in  cubic 
cm.  for  1  metre  of  cable — 

Three  cores 

"Girdle"  insulation    

Total    

Jute  or  filling  for  1  metre    

Volume  to  be  impregnated  per 
metre  of  cable 


Construc- 
tion as 
in  Fig.  4. 


1,080 

1,070 

2,150 

700 

2,850 


Construc- 
tion as 
in  Fig.  5. 


Differences 

between  the  new 

and  old  types. 


1,890 

e 

1,890 
960 

Saving  of  12  p.c. 
Increase  of  37  p.  c. 

1,890 

Saving  of  33  p.c. 

cables  measund  under  the  lead  coveriiwf.  are  the  name,  and  amount 
to  about  6')  Mini.     The  amour  wiaterial  required  in  the 

two  tyfjcs  arc  set  out  in  th»-  j 

The  amounts  of  copjxT  and  lead  in  the  two  ca««  are  the  aanie. 
There  is  a  saving  in  pajj^-r  of  12  y>er  «ent..  aad 
cent,  in  the  impregnating  iiiat«ri-il.     Thin,  att  ». 
of  the   "girdle  "or  binding  in.^ujation  and  the  reductit^n  in  tfar 
time  required  for  impregnation.  ni;ik'       ' 
and  lighter.     There  is  more  jute  or 

but  this  makes  little  rlifference,  ospi-cially  an  the  Hlling  for  the  new 
cable  can  be  made  of  quite  cheap  materials.     'I'  .    t  .' 

covering  'or  the  different  irwulation.-*  aUjut 

small,  and  of  no  imjKjrtance  a.'*  comparwl  with  the  t  •  of  tie 

cable.     The  new  type  of  cable  .seenw  therefore  f     '  •    .    - 

quite  apart  from  electrical  con.sideratiori.s,  and  it 
lighter. 


THE  WESTERN  ELECTRIC  PRINTING  TELEGRAPH 

SYSTEM.* 

Some  years  ago  the  Western  I'nion  Telegraph  ('n.  '  — '    • 
sary  greatly  to  increase  its  facilities.     Of  the  niethtx: 
most  economical   was  that  of    utilising    their    present   wires.      1  t:e 
combined  effort  and  experience  of  the  engineers  of  the  aUjve  <-om 
pany,  together  with  those  of  the  Western  Electric  Co.,  resulted  .n  a 
develo|)ment  of  a  thoroughly  practical  and   flexible  printing  tele- 
graph system  well  suited  to  their  requirements.     Its  main  f.- •'••-- 
are  its  scope,  flexibility  and  operation,  carrying  capacity,  . 
and  economy  of  labour  and  cost  of  maintenance.     It  Ls  suit 

either  overhead,  underground  or  submarine  cables  through 

a  relay  can  be  operated  satisfactorily,  and  it  permits  of  various 
methods  of  operation. 

Methods  of  Operation. 

Some  of  the  methods  are  as  follows  :  First  there  is  the  <■ 
method,  by  which  the  capacity  of  a  Line  is  about  45  wo: 
minute  in  either  direction.  This  sjstera  is  intended  for  short-haul 
traffic,  and  is  intendeel  for  underground  cable  not  exceeding  3«>  miles 
long,  or  on  lines  free  from  inductive  disturbances.  In  the  two-way 
method  of  operation  this  system  has  a  total  of  about  90  words  per 
minute,  and  operates  on  any  length  of  line  which  does  not  require 
the  use  of  repeaters.  Generally  it  is  used  on  lines  up  to  5<X>  miles 
in  length.  The  elouble  duplex  method  of  operation  has  a  total  of 
about  180  words  per  minute,  and  simultaneous  transmission  in  each 
direction  is  obtained  by  means  of  the  duplex  balance.  Similarly, 
with  the  triple  duplex  method,  a  total  of  about  270  words  per 
minute  is  obtained.  In  the  ejuaelruple  duplex  method  four  channels 
are  provided  in  each  elirection,  anel  a  total  of  about  360  words  per 
minute  is  obtained  for  the  line.  In  the  case  of  the  two-way  and 
other  ser\aces  mentioneel  the  messages  are  prepared  by  using  a  per- 
forator, as  shown  in  Fig.  I.  In  this  case,  when  each  key  is  depressetl. 
several  holes  are  punched  in  the  tajje.  and  their  arrangement  setths 
the  combination  of  positive  and  negative  currents  which  wJi  Lie  sent 
to  the  line  when  workuig  through  a  transmitter  (Fig.  2)  and  dis- 
tributor (Fig.  3).  Tliese  impulses  operate  a  yx^larised  n-hiy  at  the 
receiving  station,  which,  by  means  of  another  ilistriiuitor,  jvisx-s 
the  impulse  along  to  a  receiving  printer  (Fig.  4).  which  translates 
them  into  the  form  of  columns,  and  when  printeel  the  mess^ige  may 
be  torn  off  anel  is  ready  printeel  for  delivery.  If  ile>iretl,  messages 
may  be  received  in  the  form  of  a  jrerforated  tape  by  means  of  a 
re-perforater.  This  tape  may  be  used  again  for  re-transmission  on 
another  line  operated  by  any  of  the  meth.ds  ivferred  to  above. 
Generally,  keyboard  transmission  is  adopteil  for  the  one-way 
service,  but  when  ele^sired  use  may  l)e  made  of  tape  tnuv<-  ■  ■  "  for 
this  class  of  service,  which  jxissesse^s  the  ail  vantage  i>f  i  a 

simple  and  efficient  storage  of  signals,  thus  keeping  the  speed  of 
transmission  con-,tant.     This  is  of  advantage  in  sovend  iwses. 

The  Alphabet  I'sep. 
The  code  used  in  this  system  is  an  equal-letter  five-unit  code— that 
is,  each  signal  consists  of  five  units  or  current  impulses,  and  all 
signals  require  the  same  amount  of  line  time  for  their  transmission. 
This  holds  whether  the  sigiud  is  a  letter  or  a  tigunv  This  type  of 
code  is  known  as  the  Baudot  code,  because  of  its  employment  in  the 
Baudot  system,  which  has  been  extensively  used  in  France  for 
upwards  oi  30  years.  The  code  is  shown  ui  Fig.  5.  In  such  a  code. 
assuming  that"  a  pulse  of  positive  or  negative  current  represents 
each  unit,  there  are  available  31  combinations,  which  are  sufficient 
for  all  the  letters  of  the  alphabet  and  the  working  functions.     In 

*  Based  on  an  article  by  Paul  M.  Rainey  in  the  '*  Electrical  World." 
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addition  to  these,  various  other  movements  are  required  in  the 
column  printer.  The  transmission  of  these  extra  signals  over  the 
line  occupies  about  10  per  cent,  of  the  working  time  on  the  average- 
that  is  to  say,  the  code  employed  in  this  system  averages  oo  units 
per  character  so  far  as  line  transmission  is  concerned.  An  investiga- 
tion of  actual  telegrams  shows  that  the  Continental  Morse  code 
requires  9-08  units  per  letter.  This  means  that,  if  the  ma.ximum 
speed  of  transmission  is  6,000  impulses  per  minute,  these  may  form 


It  will  be  seen  from  the  figure  above  that  if  any  lever  is  moved  over 
to  engage  its  battery  contact  during  the  quarter  of  a  revolution 
in  which  the  rotating  brush  E  moves  over  the  quadrant  A,  a  current 


f\ 


i"l(;.     1.  —  rKIU'UliATUK. 

660  letters  in  the  Moisc  cede  and  1,0'JO  letters  in  the  live-unit  code, 
which  is  an  advantage  for  the  latter  of  65  per  cent.  Consideralilc 
advantage  is  to  be  derived  from  this  code  on  long  acn;il  lines  of 
underground  cable  conductors.  On  shorter  line:j  this  code  permits 
duplex  operation  with  a  greater  inaccuracy  in  the  duplex  balance. 

.MUTLIl'LKX    FhIN(  ll'LK. 

The  co(](i  just  described  permits  of  this  jmnciple,  which  is  employed 
in  the  quadruple  dui)lcx,  triple  duplex,  double  duplex  and  two-way 
methods  of  opemtioii.     The  illustration  gives  a  simple  examijlc  of 


impulse  will  be  transmitted  to  the  line  through  the  rotr.ting  brush  E. 
and,  since  the  rotating  brush  E,  is  sjnichronously  moving  over  the 
segnuMits  ;>.t  the  receiver  end.  i-t  the  same  time  the  cori-esi)onding 
relay  at  the  recc  iving  station  will  be  momentarily  energised.  It  will 
be  noticed  from  the  above  that  the  multiplex  principle  permits  us  to 


Km.  2.  --Transmittkij. 

the  mulliplcx  idea.  Two  metal  ring:;  are  ilividcd  into  four  qUiidrants 
at  the  stations  X  and  V,  and  rotating  bnishos  r.rc  connected  to  tl.c 
line  as  shown.  It  is  obvious  tint  tht  time  of  one  ititervi.l  would  be 
that  of  a  ((uarter  of  a  revolution  of  the  rotr.ting  bnislun.  If  each, 
signal  consisted  of  one  pulso  of  current  it  would  thf  n  be  i^ssiblo  to 
send  one  signal  per  (luadn-.nt  per  revolution.  ,»  Now.  w^th  the.  .Hvc- 
unit  code  five  segments  arc  reciuired  instc; d  of  r.  s  >lid  qurdn-nt.  so 
that  live  cuncnt  impulses,  which  constitute  R  given  signal  or  letter, 
can  be  despatchcl  and  received  c"  distributed  r-s  nvvj  be  detvrmincd. 


Kuj.  3. — Di*<TiuniTiii;. 

scud  and  rc:oive  four  chr.rr.cter  sign:  !s  jK-r  ivvoluti-in.  It  will^bo 
shiwn  shortly  thrt  the  functions  of  the  Ie\e..s  rt  the  sending  end 
ate  performed  by  the  tnin.sniitter,  and  tho  ofierction  of  the  five  relaj-s 
is  utilised  in  tho  printer,  which  selet,!  the  predeterniMied  letter  or 
iigure.     In  the  same  way  it  will  bo  ui><'.  :>f  i  •.!  fh  t.  ]<y  dividing 
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the  ring  into  a  different  number  of  sect'ons,  it  might  be  ^wsHible  to 
send  and  receive  a  greater  or  lesser  number  of  signals  jier  revolution. 
The  exact  method  employed  will  lie  cxplaiiu-d  later  on,  but  th(!  abovt; 
indicates  the  constitution  of  multiplex  operation.  If  the  line  is 
worked    duplex    these    operations    can    be    accom[)lished    in    l)()th 


end  once  per  revolution  if  nr  {uiml  w?j»  pr»vi«|«^|. 

was  aecom[)li.',h(*l  by  irnvbi 
ever  they  had  gained  an  ap;.. 
slow  end  of  the  line.     Although 
of  line  time,  sine**  it  w.-.h  ik- c^.  i  ^ 

per  revolution,  and,  in  ..drlitinn  lo  ■...  ......,, 

d  (1  not  permit  of  readily  chenging  th«;  hijmmI.  and  > 

the  speed  deperuled  u(K.i 

employed  tt)  ir-iuh  an 

recjuired   for   mainta<ning  syri(hroiii«m.  ami   u 

other  objections,  is  as  follows  :  Kefem'i  " 

that  .segmcii's   I   to  '»,  statiom-fl  at   V. 

arranged  th;it  they  may  sentl  to  the  line  prmitivp  or 


Thw  '•omrctioo 
•  *  when- 


^^-^4-^ 


Fig.  4. — Receiver. 


Flo.  8. — Connections  to  Svnchromsers. 


directions  at  the  same  time,  and  we  then  have  described  a  funda- 
mental operation  of  a  quadruple  duplex,  triple  duplex  and  a  double 
duplex. 

Synchronism. 

From  the  above  description  it  is  apparent  that  an  essential  require- 
ment of  such  a  system  is  thp.t  the  rotating  contact  brushes  at  either 
end  of  the  line  remain  in  exa.ctly  the  same  phase  relation  with  respect 


LIME 


.ST/qjIOMX, 

Fig.  6. — Multiplex  Operation 


to  each  other  ;  or,  in  other  words,  they  must  rotate  in  synchronism. 
It  is  impraci  icable  to  attempt  to  correct  the  phase  relation  by  two 
motors  of  any  type,  but  the  apparent  solution  of  the  problem  is  to 
provide  means  for  correcting  the  phase  relation  at  frequent  intervals. 


ST.«TTIOM  Y 

Fig.  7. — Arrangement  of  Fivz-Part  Quadrant. 

Baudot  accomplished  this  result  30  years  ago  by  using  weight-driven 
motors  with  sensitive  governors  to  maintain  a  nearl}^  constant  rate 
of  rotation.  In  this  case  one  motor  ran  slightly  faster  than  the 
other,  and  mea.ns  for  correcting  the  phase  of  the  brushes  at  the  fast 


depending  upon  the  position  of  the  levers.     The  brush  E  conneiU 

these  segments  con.secutively  with  the  solid  ring  which  is  ■  -  -  •  <\ 
to  the  line.     At  the  station  X  the  line  is  earthed  through  tl'  ^"i 

1,  2,  3  and  4  of  a  polarised  relay.  The  tongue  T  of  this  rtlay  m  i-on- 
nected  to  the  soli(l  receiving  ring  R  .  The  marking  contact  M  of  thia 
relay  is  connected  to  an  earth  battery,  and  when  neei>'!\'-  f  iirT»-nt 
from  the  distant  end  is  passing  through  the  relay  the  t  ii 

the  spacing  contact  8.     As  the   brush    K  rotates  it   .■.;,.;-     i.e 


FU!.    !K — DiSTKIBlTOR. 

receiving  ring  R 3  with  the  receiving  segments  1  -2-.  *o..  of  R,  con- 
secutively.     It  will  be  noticed  that  the  rtx-eiving  s— -  ;«rv  made 

shorter  than  th.e  sending  segments,  so  that  the  r.  brush  K, 

picks  out  only  the  centre  of  each  current  impulse  or  i>t  -  g 

current  impvilse, since  the  signals  sent  over  the  line  ai-  ,,,....  ^sy 
memis  of  a  polarised  relav.  If  perfect  s\nichrouism  exist.^l  l^etwwn 
the  sending  brush  E  and  the  irceiving  brush  K,  tlie  rtHeivui-  brush 
should  be  at  th(^  point  C,.  midway  betwtvn  segments  1  -  and  2-. 
when  the  sending  brush  passes  from  segment  1  to  segment  2,  and  at 

c2 
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Cj,  midway  between  receiving  segments  1  —  2—,  when  the  sending 
brush  passes  from  segment  2  to  segment  3,  and  so  on.  Thus,  when  a 
change  of  polarity  takes  place,  which  occurs  only  when  the  brush  E 
passes  from  one  segment  to  another,  the  receiving  brush  Ej  should 
be  at  some  point  in  the  circumference  midway 
between  two  receiving  segments.  In  other  words, 
reversal  of  the  line  current  should  take  place 
while  the  receiving  brush  is  passing  between  re- 
ceiving segments.  The  receiving  distributor 
is,  therefore,  provided  with  additional  rings, 
Rj  and  R^,  called  "  correcting "  rings.  R4 
is  a  solid  nng  connected  consecutively  to  the 
segments  in  Rg  by  the  brush  E^.  These  seg- 
ments are  half  the  length  of  the  senrling 
segments,    and    therefore    double     in     number. 


on  these  segments  ;  thus  the  signalling  impulses  proWde  correctin? 
impulses  which  are  used  to  maintain  synchronism.  The  advantage 
that  only  the  centre  portion  of  the  signal  is  utilised  for  signalhna 
purposes  is  that  the  system  is  les.3  subject  to  inductive  disturbances. 


Fig.   10. — Electrically-driven  TunimgIFork. 

From  .the  figure  it  is  noticed  that  at  each  reversal  of  the  line 
current  the  position  of  the  correcting  brush  on  the  segmented 
corrected  ring  determines  whether  a  correction  of  phase  rela- 
tion shall   be  made,  and  since  tiie  motor  at  the  receiving  end  was 


Fio.   13. — Prlmter  and  Rel.w. 

Fig.  9  shows  the  face  of  the  distributor  with  the  brushes,  and.  as 
shown,  the  outside  ring  of  this  distributor  is  the  receiving  ring,  only 
alternate  .segments  being  used  for  selecting  purposes.  The  intermediate 
segments  in  each  quadrant  are  used  for  specific  signalling  purposes, 

wliich  will  be  described  below.  The  second 
ring.  No.  2,  is  the  correcting  ring,  and  corre- 
sponding to  ring  Ro  of  Fig.  8.  The  third  ring. 
No.  3,  is  the  sending  ring,  and  corresj>onds 
to  the  sending  ring  at  station  Y  (Fig.  a).  The 
fourth  ring.  No.  4,  is  called  the  local  ring,  and 
performs  other  im^wrtant  functions  which 
will  now  be  described.  Referring  to  Fig.  7 
above,  it  will  be  remembered  that  while 
the  brush  is  travelling  over  quadrant.>j  B. 
("  and  1)  the  combination  of  the  leveis  1 
lo  .■)  should  l)e  changed  to  the  combine 
lion    of    the    next    letter.      Likewise,  while 


Fk;.     I  I.  — DlSTRlBl'TOK    AND    ('oRRKCTOR- 


FiG.   12. — Tape  TRANSMrrrKR. 


running    faster   than    the    one   at    the   .M-nding   end    i(    will    sooner  ihe    brush    travels    o^er    quadrants  C.   D  and   A  the   transmitting 

^or  later  engage  a  segment  at  the  time  of  a  <uiT.>n(  reversal.     This  ai.i)ari>tus  connected  to  quadrant  B  should  change   this   combina- 

,cause8  the  brushes  to  be  stepped  back  through  a  small  angle,  so  that  ti.^i   to   the  signal   of  the  next   letter,  and   so  on.     At   station  A 

.the  current  reversals  take  place  onlv  while  (ho  correcting  brush  is  the  printer  connected  to  quadrant  A'  receives  a  letter  dunng  one- 
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fourtli  of  the  revolution,  while  the  brush  Ej  is  passing  over  tlic 
segments  of  quadrant  A' ;  but  while  the  brush  is  passing  over  the 
remaining  quadrants  B',  C,  D'  the  printer  has  time  to  complete  its 
printing  operation,  move  the  paper  and  clear,  so  as  to  be  in  readiness 
to  re-jeive  another  signal.  The  segments  in  this  local  ring,  No.  4, 
are  used  to  perform  these  functions — that  is,  certain  segments  are 
used  to  change  the  signal  combinations  set  up  in  the  different 
quadrants  and  start  the  printing  mechanism  after  selection  has  been 
made,  so  that  the  printing  operation  is  ( ompleted  in  time  to  receive 
the  signal  for  another  letter.  The  motors  used  to  drive  the  dis- 
tributors are  of  the  well-known  jihonic  wheel  type,  and  are  driven 
by  impulses  from  an  electrically-driven  tuning  fork.  This  assures 
a  constant  rate  of  vibration,  since  the  frequency  of  a  tuning  fork 
varies  only  by  about  1 /100th  per  cent,  per  degree  Centigrade,  and  is 
little  affected  by  changes  in  the  voltage  applied  to  the  driving 
mechanism.  Fig  10  shows  the  arrangement  of  fork  used,  and  Fig.  1 1 
shows  the  motor  distributor  and  mechanical  corrector. 

The  mechanical  corrector,  which  is  shown  mounted  between  the 
distributor  and  the  motor,  is  a  mechanism  which  is  arranged  to  step 
back  mechanically  the  brushes  when  they  have  advanced  too  far,  a.-, 
explained  already.  Large  changes  in  the  rate  of  vibration  of  the 
tuning  fork  can  be  made  by  adding  weights  to  the  two  prongs,  and  a 
finer  adjustment  is  obtained  by  turning  the  handle  at  the  front  of 
the  fork,  which  by  means  of  gears  and  a  screw  moves  a  small  fork,  F, 
forward  and  backward.  The  shuttles  on  the  ends  of  the  prongs  are 
used  for  stroboscopic  observation,  and  are  not  essentially  part  of  the 
system. 

The  Perforator. 

This  apparatus  resembles  a  standard  typewriter,  the  stroke  of  the 
keys  being  short  so  that  it  can  be  operated  without  fatigue.  The 
selecting  mechanism  consists  of  five  horizontal  bars  placed  beneath 
the  keys,  and  so  arranged  that  each  key  when  depressed  will  engage 
one  or  more  of  the  various  bars  and  depress  them  by  the  movement 
of  the  key.     The  depression  of  thcso  bars  S3lects  the  punches  in  the 


upwards.     The  paiK^r  is  supplied  to  th.  i  roll  moux.t«l 

on  the  back,  and  so  arrang.-d  that  it  -.{jlac**!  bv  ibe- 

OfKjrator  standing  in  front  of  the  tible.  AJjove  the  window  of  the  pnntoi ' 

IS  a  (Mittmg  edge  which   permits  th.  -^ 

as  completed.     The  ma-hirie  i.s  of  the 

and  the  ty]H-  wticel  is  stationary  e.xeept  for  itM  roUry  moWmrat.     Id 

order  to  bnng  the  desired  letter  opfKjsite  the  :  "  '    .  ' 

is  mounted  on  a  vertical  shaft  driven  by  a  spm 

the  desired  tonpie  by  a  small  motor  and  dynamometer.     Aitrr  the 

letter  has  been  selected  the  tajje  shaft  is  releawd,  ;f   ' '  .tiJ 

it  strikes  a  stco,  the  position  of  the  stop  fjeinj?  <.  -.i^ 

letter  selecte<l,  and  which  brings  the  desirerl  letter  in  front  of  the 
paf)er.  As  soon  as  the  tyjje  wheel  is  stopfjwl  the  paper  i*  forced 
against  the  typK)  wheel  by  a  printing  magnet,  and  the  letter  i-  f.nr.t«L 
The  wheel  is  inkwl  by  two  felt  rollen*  saturat«-d  with  ink.  :"h 

are  held  against  the  tyjje  wheel.     The  .selection  of  stoji*  ; :...i.e«l 

mechanically  by  the  use  of  five  discs,  each  of  which  ha»«  it*  prjwtkm 
determined  by  an  electromagnet  under  the  contrr,!  of  one  of  the 
relays  connected  to  the  receiving  segments.  For  each  combination 
of  relays  selected  there  is  a  corresponding  movement  of  the  dijKii, 
which  permits  the  required  .stop  to  be  moved  into  such  p,  to 

stop  the  type  wheel  in  the  proper  {Kjsition.     In  thi.s   j  :he 

mechanism  which  moves  the  paper  carriage  and  the  jwper  acitwa  the 
front  of  the  type  wheel  is  a  complete  unit  by  it.self.        '  of 

trouble  it  can  be  repalced  in  a  very  few  minutes  wit!  :;iz 

any  of  the  other  adjustments. 

The  interior  of  the  printer  and  relay  is  shown  in  the  next  .igure. 

The  printing  unit  is  shown  at  5,  paper  carriage  6.  paper  Jift  7. 
The  lamps  marked  with  numbers  are  signal  lamps  essential  to  it« 
operation. 

Automatic  Coxtrol. 

The  function  of  this  piece  of  apparatus  is  to  stop  the  trdnsmhter 
when  the  operator  is  unable  to  keep  up  with  the  speetl  set  bv  the 
distributor.     The  tape  normally  forms  a  small  loop,  as  shown,  and 


FiO-  14. — Multiplex  Table  Equipment. 


punch  head.  After  the  selection  of  the  punches  is  made  a  common 
contact  is  closed  which  operctea  the  perforating  magnet.  The  tape 
IS  perforated  crosswise,  so  th£,t  a  considerable  saving  is  effected  in  the 
length  of  the  tape.  One  tape  is  rer^uired  for  transmission,  and  the 
other  is  prepared  by  a  receiving  perforator,  and  is  fitted  into  a  jirint- 
ing  machine,  which  translates  it  and  prints  it  on  a  tape. 

The  above  figure  shows  the  transmitter  with  the  cover  removed. 
At  each  revolution  of  the  distributor  the  tape  is  moved  one  step  to 
I  the  left  by  means  of  a  pulse  of  current  from  a  segment  in  the  local 
ring  of  the  distributor  shown  above. 

The  Printer. 

In  front  of  the  printer  is  a  box  containing  relays  and  resistances 

which  are  necessary  for  its  operation,  and  a  bell  is  provided  which 

responds  to  a  signal  sent  over  the  line.     Alongside  this  box  on  tiie 

'printer  frame  are  two  push  buttons,  and  by  operating  these  buttons 

the  operator  can  return  the  carriage  or  cause  the  paper  to  be  moved 


if  the  perforating  operator  sliouid  stop,  tlic  transnnttcr  \m!'  :e 

until  the  sla.'k  in  the  tape  is  used  uj)  and  tension  of  tl.o  tj;;  0 

lever  off  the  automatic  control.  This  movement  automatically 
stops  the  transmitter,  which.  howe\er,  continues  to  transmit  only 
spacing  current  iiaving  any  otTe:t  on  the  ilisc  of  the  printer.  .\s  s'lun 
as  the  operator  begins  perforating  the  lever  is  tlmpped.  arul  the 
tratismitter  continues  from  the  |X)int  of  interruption.  .Another 
iniiKirtant  feature  of  the  automatic  control  is  that  it  enables  the 
receiving  operator  to  send  bell  signals  over  the  line  by  means  of  Jiu 
escapement  mechanism  which  drives  keys,  causing  certain  spring 
combinations  to  be  nuuie  in  sequence.  The  next  figure  shows  a 
complete  multiplex  table  e;|uipment.      In  a  Uix  below  tie  t      "  •>• 

are  fuses  and  all  connections  between  the  table  and  the  d.-  r. 

In  addition  to  the  number  of  table  units  riv|uirotl  for  ea?h  method  of 
operation  there  will  be  re  piiivd  at  ea 'h  end  a-i  ele  trica'.lydriven 
tuning  fork,  a  motor,  a  meihanical  colle--tor  a!ul  a  d-stribut.ir  having 
a  jiroper  segment  arrangement  for  the  particular  services  required. 
In    figure    15    below   T,    and    T.^   represent    tajie    transmitters,^ 
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each  of  which  is  fed  with  ta];e  from  a  key}x)ard  perforator,  and  P,, 
Pg,  &c.,  represent  receiving  printers,  or  if  desired  re-perforators. 
In  the  top  diagram  of  the  figure  is  shown  the  system  connecting  four 
cities,  A,  B,  C,  D,  which  afford  the  following  channels  of  communica- 
tion :  Between  A  and  B  four  channels,  two  in  each  direction  ; 
between  A  and  ('  two  channels,  one  in  each  direction  ;  between  A 
anfl  D  two  channels,  one  in  each  direction  ;  between  D  and  ('  si.x 
channels,  three  in  each  direction  ;  between  B  and  D  six  channels, 
three  in  each  direction.  The  lower  diagram  shows  a  modification  of 
the  system  for  connecting  si.x  cities.  Whether  or  not  these  modifica- 
tions will  ever  l,c  installed  as  described  is  i>robleiiiatical,  but  they  are 
at  any  rate  all  po.ssible.  Owing  to  the  extreme  flexibility  and  com- 
parative simplicity  of  the  system,  it  ojens  uj)  entirely  new  fields. 
The  one-way  method  will  be  used  to  give  mercaiitile  establishments 
easy  communication  between  factory  and  offices.  .Modifications 
of  this  system  are  well  adapter!  for  news  distribution.  The  multi- 
plex system  of  Baudot  and  the  live-unit  code  used  by  him  over  ."{(t 
years  ago  form  the  foundation  of  the  system  ;  but  it  remained  for 
Mr.    Donald   .Murray,    ulio   had    i)reviously  developed  a   high-speed 


1|,,.     I."). — CoN.NKCTION     IIKTWKKN     I'ol  K    AND    Sl\    ClTIKS. 

system  using  the  Baudot  live-unit  code,  to  appreciate  the  inherent 
advantaps  of  ijic  liaudot  multiplex  princi|)le.  This  he  incor- 
jMiiated  ill  ilic  iiiiilli|)lr\  system,  which  is  machine  sending  and 
roiiimii  |iiiiitiiig.  .Although  the  system  above  is  novel  in  many 
respects,  it  is  not  altogether  an  innovatiin.  but  rather  the  adapting 
of  old  priii'iplc.s  which  have  been  frie<l  successfullv. 


THIRD   HARMONICS    IN   THE   PHASE    PRESSURE   OF 

THREE-PHASE  ALTERNATORS  WITH  CYLINDRICAL 
ROTORS. 


Its 


I.      «   l..\\   ION.     II., SC 


Siimniiini.  The  iiiticic  (l(ji|>  witli  llir  <(Tc<  I  uf  Ijir  unnic  of  s|in'a<l  of 
the  cxcifini;  winding',  iind  mmjiictii  sj»luration.  n|)(in  tin-  inu^niliidi-  <f 
t  lie  t  liini  liai  iiionic*'  iii  I  In  |i|inMi-  presxun'  of  lliri<  phnw  nltcrnalors  with 
(■sliiidi  ii  ill  Kitoiu.  — _  — 

Willi  ^ali(•n(  pole  altcrniitois  the  wave  shape  of  the  llu.\ 
(list  I  iliui  ioii  on  open  eircuit  is  not  inlliieiicod  to  any  appn>riablo 
e.xtenl  by  tiie  degree  of  in.ignelie  saturation  at  which  the  ii^in 
])arts  o*"  i  lie  machine  are  worked  ;\s  a  result,  the  iniportattce 
ot  the  iliird  liannoiiie  in  the  phase  pressure  o{  three-phn.se 
salicni  |i'i||.  alicnialors  does  not  depend  to  a  marked  extent 
upon  ilie  \nluc  of  die  excitiiii;  cuneiu. 

WiJi  (■}  iiiulrical  Held  iiiacliiiies.  on  the  other  hand  the 
importance  of  the  third  liannonie  in  the  pha.se  piv.Hsnre  on  oj)en 
riiTuit.  will  depend  io  a  very  large  extent  upon  the  depn'e  of 
saturation  of  tiie  iron,  since  the  flux  distribution  is  hngelv 
inllueiucd  bv  this  saturation. 


The  M.M.F.  di.stribution  of  the  exciting  winding  of  a  cylindricaJ 
field  machine  is  of  the  trapezium  form,  shown  in  Fig.  1,  «,  the 
■■  steps  "  due  to  the  winding  being  placed  in  slots  being  omitted. 
For  convenience,  attention  will  be  confined  to  the  case  in  which 
botli  stator  and  rotor  are  uniformly  slotted  over  the  whole  pole 
pitch,  altliough,  in  the  ca.se  of  the  rotor,  the  central  slots  may  or 
mav  not  be  wound.  Under  such  conditions,  and  in  the  absence 
of  magnetic  .saturation,  the  flu.x  distribution  will  be  of  the  same 
wave  shape  as  the  M.M.F.  distribution,  and  may  be  represented 
by  the  series 

x=-  .  ^(sin  H  sin  0^    sin  3/?  sin  30-^.  sin  h[i  sin  56*4-  •■-•■  ■, 

where  P  is  the  angle  indicated  in  rad'ans.  and  A'  the  maximum 
oid'nate. 


Vu..   1. 


I'l  I   \     DisTKIhlTION    ("IRVKS    ON    (»IK.N    (  IRCIIT    .\T    WxHIOCS 

Dk<;rkes  of  Sxti  nvTioN. 


Tlie  ratio  of  the  amplitude  of  the  third  harmonic  to  tliat  of 
iiie  fundamental  in  the  wave  of  flux  distribution  is  thus  equal 
io  (»1 11  sin  3/^  sin /:/.  and  is  therefore  entiiely  dependent 
uj)on  the  spread  of  the  rotor  winding.  For  values  of  //  between 
0  and  .T  3  the  third  haimonic  .steadily  decrea.ses,  becoming  zero 
when  p^n  3.  Fiom  [i^n  3  to  (i^n  2  the  third  hainionic 
increases  in  value,  but  is  n(»w  negative.  The  infiuence  of 
(he  s])read  of  the  rotor  winding  upon  the  importance  of  the 
third  harmonic  is  well  illustrated  by  the  curve  given  in  Fig.  2. 
It  is  of  interest  to  note  that  the  third  harmonic  has  the  same 
jiercentage  value  for/^=.'7  4,  as  iur  fi=:j  2.  but  that  it  is  positive 
in  the  one  case  and  negative  in  the  other. 

It  is  well  known  that  the  spread  of  the  sfator  wmdwig  causes 
the  higher  harmonics  to  be  of  smaller  importance  in  the  wave  of 
24 


I'll..  2. 


-12 


-ErrwT  ofSprkau  oi-  K\rm\«:  Wi\i>i  •.   .  i..\  ihk  \  a<.i  k  of 

-HF.TmHn   H.XRMOMC-  OF  THK  M.M.F.  ("iRVK. 


(he  phase  pressure  than  in  that  of  the  Hux  distribution.  Tiiis 
matter  is  very  fully  discussed  in  such  text  books  as  those  by 
.\rnold  For  a  stator  winding  spread  <tver  one-thini  of  the 
jxde  ])it«  h.  the  reduction  factor  for  the  third  harmonic  may  be 
taken  as  (••(>S.  .\s  a  n'.sult.  for  a  completely  unsaturated  three- 
pha.xe  alternator  with  a  cylindrical  rotor,  the  value  of  the  third 
iiaimonic  in  the  phaw  pressure  is  0"(V<  xCMll  sin  3/f  .sin  ^ 
times  the  value  of  the  ftindamental  1  'lic.  i.e.. 

(••(•75  sin  3/V  sin  /)'.  apjMON  Iv. 
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The  effect  of  saturation  is  to  cause  the  flux  distribution  to 
assume  some  such  shape  as  indicated  in  Fig.  1.  h  and  c  :  th" 
shape  coJisisting  simply  of  portions  of  the  magnetisation  curve 
for  an  element  of  the  magnetic  circuit,  joined  at  the  top  l)y 
straight  lines.  The  flux  crossing  the  rotor  slots  exercises  a 
minor  effect  on  the  shape  of  the  curve,  which  n»ed  not  he 
enlarged  upon  here.  The  effect  of  saturation  is  thus  to  produce 
a  flattening  of  the  flux  distribution  curve,  an  effect  which  mav 
largely  be  represented  by  the  addition  of  a  positive  third 
harmonic  to  the  wave  form  obtaining  when  the  saturation  is 
absent.  So  that  for  values  of  ft  not  greater  than  rr  3  the  effect 
of  magnetic  saturation  is  to  increase  the  relative  importance 
of  the  tliird  harmonic  in  tlie  pliase  pressure.  F'or  values  of  (j 
between  rr  3  and  7ij2,  liowever,  saturation  at  first  causes  a 
reduction  in  the  value  of  the  negative  third  harmonie,  and 
ultimately  changes  it  to  a  positive  harmonic,  its  value  then 
steadily  increasing  in  importance  as  the  excitation  is  inr^reased. 
In  his  Paper*  on  "  The  Non-8alient  Pole  Tarbo  Alternator."" 
Dr.  S.  P.  Smith  illustrates  the  changes  whirh  take  place  in  the 
vahie  of  the  third  harmonic  of  the  flux  distribution  *^or  the  case 
when  /j  =  l-21  radians,  as  shown  by  oscillographic  records. 

Simple  experiments  to  illustrate  the  effect  of  saturation  upon 
the  importance  of  the  third  harmonic  have  been  carried  out 
by  the  present  author.  Cylindrical  field  turbo-alternators  are 
rarely  available  in  technical  colleges  and  universities,  but  a  very 
good  substitute  is  to  be  found  in  the  slip-ring  induction  motor, 
which  has  the  further  advantage  of  making  it  possible  to  carry 
out  tests  with  exciting  windings  of  different  spread. 


Table  I.  -  -Kfi,-r, mental  Ht^mltt  <eilk  fi^wX 


nnnmnnn 

Exciting 
Winding. 


Tig.  3.--Dr.\0RAM  of  ('o>'ne('tio>;s  for  Test. 

The  tests  here  described  were  performed  on  a  three-phase 
motor  having  a  two-phase  slip-ring  rotor.  The  machine  was 
driven  round  at  normal  synchronous  speed,  and  excited  ])y 
means  of  continuous  currents  fed  into  the  rotor  winding.  By 
ixsing  one  phase  only,  a  spread  correspoiuling  to  ft—^j^  ^vas 
obtained,  and  by  using  the  two  phases  in  series  the  spread 
corresponded  to  ft—7ij2.. 

For  these  two  cases,  it  will  be  remembered  that,  when  the 
saturation  is  negligible,  the  third  harmonics  have  the  same 
relative  value,  but  are  of  opposite  signs. 

The  stator  windings  were  connected  mesh,  and  a  hot-wire 
voltmeter  (V^)  was  introduced  at  one  of  the  junction  points  as 
shown  in  the  diagram  of  connections  (Fig.  3).  In  addition 
another  hot-wire  voltmeter  {\\)  was  so  connected  as  to  record 
the  actual  phase  pressure.  The  voltmeter  V^  thus  recorded 
the  total  unbalanced  pressure,  and  therefo:-e  gave  the  effective 
value  of  the  harmonics  of  the  third  order  for  the  three  phases, 
its  reading  being  three  times  as  great  as  the  value  of  these 
harmonics  in  the  phase  pressure.  Readm.g-5  were  taken  at 
various  excitations. 

Table  I.  gives  the  actual  test  results  for  the  case  in  winch 
the  exciting  winding  consisted  of  the  two  phases  joiiuxl  m 
■series,  and  Fig.  4  shows  the  results  graphically.  The  manner 
in  which  the  reading  of  the  voltmeter  V.^  changes  is  most 
interesting.  At  first  the  reading  steadily  increases,  but  at  a 
diminishing  rate,  a  maximum  being  reached  at  just  b  low 
*  "  Journal  "  I.E.E.,  Vol.  XLVII.,  p.  582. 
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current. 
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4  amperes  excitation.     The  reading  of  the  voltmet<"  ''  ■■■  ^■^'- 
ra})idly.  in  spite  of  the  increasing  excitation  and  a  i 
reached   at   just   above   6  amperes  excitation.     Beyond   • 
point  the  unbalanced  pres.sure  increa.ses  very  rapidly  indeed. 
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Exciting  Currem  in  Amftres. 

Y\o.  4.--TEST  Resilts  with  t*=rwl2. 

Curve  ••  (I  "  is  the  pha.<e  piv.ssuiv  ami  •'  h"  the  total  nnlwUnrrd  E.M.F. 

It  will  be  nored  that  the  unbalanced  pressure  d^>es  ««tt  fill 
to  7AMO.     This  is  probably  due  to  the  fart  that  other  hn 
of  the  third  order  are  pre.-^ent  when  the  thin!    - 

Table  H.  gives  the  results  for  the  case   vhen 
of  the  rotor  was  used  as  the  exciting  winding.  Fiji.  Sshov 
results  gravhically.     In   this  case  it   will   he  r 
unbalanced  pressure  increases  quite  steadily  as  t 

increased. 

The  results  are  even   more  striking'  when  the  un»wl«iiv»'»l 

pressure  is  plotted  as  a  percentage  ot  the  total  p-  -- .' 

phase  as  shown  in  Fin.  0.     In  obtaining  the.-.e  cur\.  - 
unbalanced  pressure  lias  been  divid-d  by  three,  to  obtain  the 

value  per  phase. 

It  will  be  noted  that  the  initial  value  i>t  the  p»n-entaj£.-  un- 
balanced pressure  is  the  same  for  the  two  cases,  and  thnt  its 
ma'Miitude  agrees  fairlv  well  with  the  theoretical  value.     The 
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minimum  value  readied  in  the  case  of  the  fully  distributed  rotor 
winding  is  about  1-5  per  cent. 

Tests  on  a  slip-ring  motor  with  a  three-phase  rotor  would 
enable  the  cases  of  ^=7r/6,  and  fi—Ti/S  to  be  investigated.  In 
the  latter  case  the  unbalanced  pressure  would  start  from  zero 
and  steadily  increase  as  the  excitation  is  increased. 

Further  experiments  were  carried  out  to  determine  the  value 
of  the  circulating  current  set  up  in  the  mesh  winding  at  various 

80 
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Exciting  Current  in  Amperes. 

Fk;.  o. — Tkst  Rem  lis  with  li^-ir;A. 

<^'iirvc  "  a  "  is  tlio  i)hase  pressure  and  "  h  "  the  total  uiilmlan(ed  K.M.I'. 

f.xcitatioiis.  For  these  oxprMimonts  the  voltmeter  }\  (Fig.  3) 
was  icplaccd  1)V  a  hot-wire  aninieter.  The  current  obtained 
followed  so  closely  the  variations  measured  in  the  unbalanced 
])re.ssure  that  it  is  not  necessary  to  rej)roduce  the  results  here. 

Tliese  ex])eriments  illustrate  well  the  nature  of  the  actual 
])henomena  which  are  set  up  in  commercial  turbo-aliernators 
with  cylindrical   rotors.     The  actual   magnitude  of  the  i)?r- 
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Exrilirc  CurrrnI  ;n  Amiff'- 

Vu:.  ti.— Tkst  l?r.sii,TS  with  ii     it  4  and  r  2. 
(•|irv(<    •  (/  ■'  is  for  li=^ir,'2,  and  "  b"  tor  p     -    ' 

oentage  unbahinced  K.M.K.  will  dep  -nd  upon  the  UMigfh  of  the 
magnetic  lines  in  the  stator  and  rotor  teeth,  and  the  d"pn«p  of 
iiuiunetic  sntiiration  !it  which  these  teeth  are  worked  ;in<l  al><o 
upon  tlie  value  of  tin-  ladial  air-gap. 

Wiih  cylindvicjil  rotors  lu  which  the  rontral  portionn  of  the 
jioles  are  left  imslotted.  the  third  Inirmonies  will  be  eonsiderablv 
less  than  in  the  case  considered,  viz.,  of  .i  umfomilv  >.l..?te.l 
rotor,  under  r.ormal  conditions. 


Annual  General  Meeting. 

The  annual  general  meeting  of  the  Institution  of  Electrical 

Engineers  was  held  on  Thursday,  May  11,  under  the  presidency 

of  Mr.  C.  P.  Sparks,  who  dealt  in  his  opening  speech  with  the 

Annual  Report  of  the  Council,  an  abstract  of  which  is  given 

below. 

REPORT  OF  THE  COU^'CIL. 

The  niemlxrship  at  April  1,  1916,  consisted  of  7  honoran-  members,. 
I."jO<J  menilxrs.  :j.4«»)  associate  membcrp,  .520  associates,  382  graduat/'S 
and  Wjl  ^t^ldents.  or  a  total  of  6,676. 

Thirty-four  members  have  been  reported  during  the  year  to  have  lost 
their  lives  in  the  service  of  their  country. 

Mfili lujM.  Duriufi  the  past  12  months  12  ordinary  meetings  and  Id' 
(Viuncii  mc-etings  have  fx-en  held.  The  usual  standing  committees  have 
met  regul.irly.  and  then-  have  also  been  meetings  of  other  committees 
api)ointed  by  the  Council  for  the  consideration  of  sjiecial  matters,  the 
total  nunilx-r  of  committee  meetings  held  during  the  year  beinji  86. 
There  have  Ix-en  3!)  mc-etings  of  local  sections — viz.,  Birmingham  Local, 
Section  7,  .Manchester  I>ocal  Section  11,  Newcastle  Local  Section  o, 
Scottish  lyxal  Section  6,  Western  I.,ocal  Section  4,  and  Yorkshire  Local 
Section  7.  Meetings  have  also  Ix-en  held  of  the  I»cal  Centres  at  Calcutta, 
Cape  Town,  and  Hong  Kong. 

Pruniuins. — The  following  ]>remiunis  for  Pajiers  have  Ix^en  awarded 
by  the  Council.  In  accordance  with  ])recedent.  in  dec-iding  uptjn  these 
awanls  the  Council  have  not  taken  into  account  Pa])ers  contributed 
wholly  or  in  j>art  by  .Memlx-rs  of  Council :  The  Institution  premium 
(value  £2.5)  to  Mr.  .1.  R.  Beard,  the  Fahie  premium  (value  ilO)  to  Mr. 
H.  H.  Harrison,  the  .John  Hopkinson  premium  (value  £10)  to  Prof.  A.  B. 
Field,  the  Pari"-  jinmium  (value  £10)  to  Mr.  X.  \V.  Storer.  an  extra 
)ircniiuni  (value  £.5)  to  Messrs.  A.  Cani])bell  and  I).  W.  Dye,  an  extra 
))n-niium  (value  £.">)  to  Mr.  A.  E.  Clayton,  and  an  extra  ])iemium  (value 
£.■))  to  Prof.  (i.  W.  O.  Howe.  In  view  of  the  small  number  of  Papers- 
read  this  session  at  meetings  of  the  Students"  Sections,  no  students' 
]ircmiums  have  Ix-en  awanled.  but  the  Pajx-rs  n-ad  will  be  taken  into 
consideration  at  the  next  award  of  students"  premiums. 

Srh'ilnrMhijts.  —  In  view  of  the  absenci'  of  a  larye  numlxr  of  students  on 
Xa\al  and  Military  wrvice.  the  Council  have  decided  not  to  award  the 
David  Hughes  and  the  Salomons  scholarships  this  year. 

/vcx-ci/  Cfnlrrji  of  lh(  Inxlitution  Abnxid. — During  the  year  a  local  centre 
of  the  Instituti<<n  has  be -en  inaugurate*!  in  Hon}:Kong  and  several  meet- 
ings have  been  held.  The  formation  of  a  Canadian  local  centre  ha!-  .il~'> 
In-en  proposed,  but  in  view  of  jin-sent  circum>tunces  the  ("ouncil  Ii.im- 
thought  it  advisable  to  postpone  taking  further  action  until  the  end  of  the 
war. 

Wiring  Hulm. — A  further  n-vision  of  the  wiring  ndes  lias  now  lx»en 
completecl.  and  the  M-vcnth  edition  was  ]iublished  in  March  last.  24 
mi'ctings  of  the  Wirinj:  Rules  CommittcM-  were  lichl  during  the  course  of 
the  levision,  and  upwards  of  ."')<MI  amendments  were  considered.  The 
n<'w  ndes  have  In-en  adopted  by  the  »  hole  of  tin-  fire  insurance  companies 
of  tin-  I'nited  Kingdom.  They  have  also  Ix^n  accepted  as  htandard 
]»ractice.  and  their  use  is  recommended  by  the  lncor]iorated  .Asw.ciatiou 
of  Electric  I'ower  Comi)anies.  the  lncor|)ornt<'d  >iunici))a|  Electrical 
As,«nK-iat  ion.  the  whole  of  tlie  electricity  supply  lompanies  of  l>ondon.and 
by  the  i)rnicipal  supply  companies  in  the  provinces.  1;}..5(K.I  copies  were 
issued  of  the  Hixth  eclition  published  in  lOl  I. 

K.riimliifiliiiiiM.  The  last  examination  of  candidates  for  associate 
memlHTwliip  was  held  on  April  HO  and  .May  1.  lOl.").  when  entries  were 
n-eeived  from  2  students,  (i  graduates  and  1  other  candidate  who  had 
lu'en  otTen-fl  eh'ction  as  n.-oMxiate  memlx-r  jirovided  that  he  c  cimplied  with 
the  examination  regulations,  the  tot«|  nunib.-r  of  candidates  Uing  9. 
Pa|M'rs  wen*  wt  in  live  non-techniinl  and  four  technical  subjects,  and  the 
cMimiiiation  was  held  in  1/ondon  and  ManchcNtcr  concurn-ntlv.  One 
candidate  did  not  pn-sent  hims<>|f.  and  of  the  others  .">  j>assed  and  3 
failed.  Dunng  the  year  six  theK«>s  wen'  pn>.xented  in  lieu  of  the  e.xami- 
inition.  of  which  five  were  accx^ptoti. 

Ht^firrh.  In  .luly  last  an  announcement  was  made  in  Parliament 
that  the  Covemment  had  included  a  «im  of  £2.">.(KHI  in  the  annual  esti- 
maten  for  the  pnm.otion  of  noientjfie  and  industrial  n«searc^h.  ( »n  the 
invitation  of  the  Commilti-e  of  the  !*rivy  Counc  d.  t4i  whic  h  the  admini- 
stration of  this  sum  was  <-ntrusted.  application  was  made  for  a  irrant  in 
iiid  of  the  following  n-wanhes  now  Iwin^'  c  i.ndui  ted  or  und -r  <  onsidera- 
lioii  by  the  Institution  -vir,.  {o)  the  heating  of  buried  cables,  {h)  the 
pro|>erties  of  insulating  oiIk.  (r)  currrnt  densitieH  in  wire,  {d)  fibnnia 
matcTiaN  (tn-ated  and  untreated),  (r)  ponrlain.  (/)  ebonite  and  mica, 
(</)  eonii"»»«ite  materialn.  (A)  the  pn>jHTties  <.f  rublx-r. 

CranLs  have  now  Ixn-n  re<^-ivod  <if  CMO  in  n-six-i  t  of  {a),  and  £2.'tO  in 
ns|MM  t  of  {h\.  to  rover  t  Iv  cost  of  a  years  work,  and  the  other  ajtidi- 
cations  an'  under  <  on  n. 

The  Council  have  aj  ,  i  Mr.  .1.  S.  Highfield.  vice-president,  to  be 

the  n'pref>ent«tive  of  the  Institution  on  the  Engineering  Committee  of  the 
Advisory-  Council  for  Reiicanh  which  ha«  Ix-en  apjxiinted  bv  the  lom- 
initt«"e  of  the  I»nvy  Council  to  make  recommendations  for  the  »]]...  .ition 
of  the  above-ni«'ntione<l  (Jovemnient  snbsidv. 

Salinttal  Sfnicf.  —  From  mtum«  f<iipplie<1  by  memlxTf  it  «pi"  ir-  that 
the  numlw^rof  memW^r*  wrving  or  having:  -ervixl  in  the  \avv  or  the  .\rmv 
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since  the  outbreak  of  the  war  is  over  1,300 — viz.,  129  memVxTS,  585 
associate  members,  66  associates,  89  (graduates,  and  438  students. 

Early  in  December  the  President  at  the  request  of  the  authorities 
nominated  a  limited  number  of  youiif^  electrical  engineers  for  commis- 
sions in  the  Signal  Service,  Royal  Engineers. 

The  Council  have  had  under  consideration  a  scheme  whereby  the 
Institution  may  be  of  assistance  in  training  and  finding  employment  for 
disabled  soldiers  and  sailors.  Letters  were  sent  to  a  numlx^r  of  electric 
supply  undertakings  to  ascertain  whether  they  can  em])loy  such  men, 
provided  that  they  have  received  some  soit  of  ])reliminaiy  training  in 
the  duties  of  sub-station  switchboard  attendants.  Satisfactory  replies 
have  been  received,  and  the  manner  of  arranging  for  the  training  of  these 
men,  obtaining  means  for  carrying  out  the  same,  and  selecting  and  dis- 
tributing applicants  for  positions  is  now  being  considered.  A  j)re- 
liminary  guarantee  fund  of  over  £300  has  been  established  for  this  ])ur- 
pose  by  past  and  present  Members  of  Council. 

Benevolent  Fund. — The  committee  of  management  of  the  Benevolent 
Fund  of  the  Institution  report  that  on  December  31,  1915,  the  capital 
account  of  the  fund  stood  at  £4,642.  3s.  The  donations  and  subscrip- 
tions to  the  fund  in  1915  amounted  to  £777.  2s.  7d.,  including  a  legacy  of 
£250  from  the  late  Mr.  .Augustus  Stroh.  In  the  course  of  the  year  seven 
grants  were  made  amounting  to  a  total  of  £126. 

Excess  of  Income  over  Expenditure. — The  margin  to  the  good  on  the 
revenue  account — viz.,  £1,847.  Is. — carried  to  the  credit  of  the  general 
fund,  compares  with  £1.023.  10s.  8d.  in  1914. 

The  President  then  announced  the  result  of  the  ballot  for  filling 
vacancies  on  the  Council.  With  regard  to  the  ballot  papers,  1,058  were 
returned,  a  distinct  advance  on  the  previous  year  when  the  total  was  just 
over  500.  Of  those  returned  52  were  spoilt,  leaving  1,006  effective. 
The  following  were  elected  :  President  :  C.  P.  Sparks.  Vice-Presidents  : 
R.  A.  Cbattock,  C.  H.  Wordingham.  Honorary  Treasurer  :  J.  E.  Kings- 
bury. Ordinary  Members  of  Council :  G.  H.  Nisbett,  W.  Llewellyn  Preece 
(Members)  ;  F.  W.  Crawter,  H.  H.  Harrison,  W.  R.  Rawlings  (Associate 
Members)  ;  T.  0.  Callender,  J.  Devonshire  (Associates).  The  new 
Council  stands  as  follows  : — 

President. 
C.  P.  Sparks. 

Vice-Presidents. 
R.  A.  Chattock.  Dr.  A.  Russell. 

C.  S.  Wordingham.  Roger  T.  Smith. 

Honorary  Treasurer. 
J.  E.  Kingsbury. 

Ordinary  Members  of  Council. 

H.  Dickinson.  H.  F.  Proctor. 

Prof.  T.  Mather,  F.R.S.        G.  S.  Ram. 
G.  W.  Partridge.  R.  J.  Wallis-Jones. 

W.  H.  Patchell.  W.  B.  Woodhouse. 


G.  H.  Nisbett. 
W.  LI.  Preece. 
W.  A.  Chamen. 
J.  Christie. 

F.  W.  Crawter. 

T.  O.  Callender. 


Associate  Members. 
H.  H.  Harrison.  W.  R.  Rawlings. 

Associates. 
J.  Devonshire.  J.  Hunter  Grav. 


The  President  next  announced  that  the  Williams  Premium  had  been 
awarded  to  Dr.  S.  Z.  de  Ferranti  for  his  Presidential  Address  for  the 
Session  1910-1911,  and  went  on  to  say  it  would  be  seen  from  the  Report 
that  there  were  6,676  members  of  all  grades,  a  net  decrease  of  141.  M. 
Maurice  Leblanc,  of  Paris,  had  been  elected  an  Honorary  Member. 
Honours  conferred  upon  members  during  the  ^^ear  included  a  Baronetcy 
conferred  upon  Sir  Henry  Norman,  a  K.C.B.  upon  Lord  Moulton  and 
upon  Col.  Holden,  and  Knighthoods  upon  Sir  William  Slingo  and  Sir 
George  Franklin.  A  long  list  of  military  distinctions  conferred  upon 
members  also  appeared  in  the  Report,  including  the  Victoria  Cross  won 
by  Lieut-Com.  E.  G.  Robinson,  R.N.  Thirty-four  members  had  lost 
their  lives  in  the  service  of  their  comitry,  of  whom  18  were  killed  in  action, 
while  of  the  remainder  1 2  died  of  wounds.  The  Council  dcei)ly  regretted 
these  losses,  and  also  the  decease  of  Mr.  C.  E.  Spagnoletti,  Prof.  Eric 
Gerard  and  Mr.  Robert  Hammond  (honorary  treasurer). 

The  Annual  Dinner  and  Conversazione  would  not  take  place  this  year. 
The  Kelvin  Lecture  was  delivered  by  Dr.  Charles  Chree  on  Feb.  1 7.  The 
premiums  granted  were  set  out  in  the  Re})ort  (abstracted  above).  In 
view  of  the  small  number  of  Papers  read  at  Students'  Sections,  in  conse- 
quence of  the  war,  no  premiums  had  been  awarded  to  students,  but  the 
Papers  read  would  be  taken  into  consideration  at  the  next  award. 

He  now  proposed  the  adoption  of  the  Council's  Report. 

Mr.  F.  H.  Nalder  seconded  the  motion. 

Mr.  E.  L.  Joseph  asked  if  any  of  the  resignations  or  lapses  of  members 
were  due  to  the  intimation  that  foreigners  would  b'^  expelled  iaUM-  on. 
He  also  asked  how  it  was  that  the  revenue  had  increasecl  while  the 
membership  had  decreased.  Had  they  anything  invested  in  the  War 
Loan,  and  if  not,  why  not  ?  He  also  suggested  that  an  account  of  the 
investments  should  be  given.  The  Coimcil's  Report  was  in  the'Mournal." 
and  was  also  printed  separately.  He  doubted  whether  that  was  in  the 
interests  of  economy.  It  was  advisable  to  economise  in  stationeiy  all 
round.  Several  members  had  been  entered  in  the  Roll  of  Honour.  Was 
the  sympathy  of  the  Institution  expressed  officially,  and  would  a  memorial 
tablet  be  made  of  the  names  later  on  ? 

The  President  said  the  resignations  were  96,  compared  with  123  in  tlie 
previous  year.  The  lapsed  members  were  178  against  244.  As  regarded 
the  alien  question  he  did  not  think  any  large  number  of  resignations  had 
been  received  from  that  cause,  although  some  were  threatened.  ()ne 
member  tendered  his  resignation  because  the  Council  were  not  dealmg 


with  the  matter,  but  a<t  lujtjn  an  he  mw  the  mt-Utm  tl^  m*n  Ukin^;  br 
the  postal  vol.,  h<- i-xpi  .    •  -     i^-tioo  Uk«» 

by  the  Couneil  in  Febn.  .•    whf.m  thrr 

would  have  |o-t.      The  hou.   rn-.i-nr'-r  «Jf 

revenue.     Only  a  limited  uumUr  of  thi   ..  ,;  ..  ,.»;r|r 

from  the    '  Journal  "  in  ea»K;  mi-mlx'ni  ha<l  iM»t  jniaL" 

The  extra  ex])ensfr  wan  not  mueh.  the  «.,'  •  of 

cost.      He  cordially  agred  with  Mr.  .)■  t* 

economy,  and  they  had  kept  tl 

case  of  the  death  of  a  memlxr  ■  •.  . 

name  of  the  President  wa«  w-nt  to  the  nean-»t  n-Utivp. 

Mr.  W.   R.  Cooi-HK  ai»ked  why  th'-  net  «<*t  of    •  *-  — »i...~   ., 

shown  in  the  accounts,  wa«  up  ab^nit  £HlO  for  a  uma.  •»»»- 

President  said  this  was  due  to  incn-aM-d  eo«t  of  p«per. 

The  motion  for  the  adoption  of  the  p,e|M>rt  wa«  tbrn  camr<l  ottaai- 
mf)usly. 

The  Preside.vt  then  moved  the  adoption  of  the  acroonU  »ad  l»huM« 

sheet. 

Mr.  Perc^  Rosi.iXi;  seconded  the  motion,  and  «•'*  •'—  ^'oonril 
deserved  great  crpdit  for  the  way  they  had  earritrtj  on  •  «•  p*at 

strenuous  year,  and  shown  a  higher  mai  ' 

Mr.  J.   E.   KiNf;sBiRV  (hon.  tn-a^uf  ip« 

somewhat  V>etter  than  might  have  Ix-en  e.\|»»<  it-.i.   '\,,.  -.^^ 

was  not  derived  from   subscriptions,   but   fn<m   '>t'  .  ._   »• 

dividends    on    investments,    rents    received.     Their    in  •    •*!» 

stated,  and  he  did  not  think  there  was  any  question  ..i  .. 

There  had  not  been  any  opportunity  of  makini:  in% 

period  that  the  War  Loan  was  available,  but  •'  :.  w^^lil  U- 

taken  into  a<'Count  when  any  investments  wen- 
Mr.  W.  C.  P.  Tapper  thought  the  value  of  some  <■: 
was  put  at  too  high  a  figure  in  the  ijalance -sheet,  _..  . 
ex])lained  that  the  as:*ts  were  taken  at  cf«>t,  though  it  wa  •■t 

would  not  at  the  moment  be  of  that  value.     They  dealt  v 
same  way  as  other  Institutions,  includint;  the  Tivil*?  an; 
Accountants.     There  was  not  occa-sion  to  take  into  ■ 
necessity  of  realising  them,  as  there  would  be  in  t. 
assets. 

In  reply  to  Mr.  W.  R.  Coo])er's  suggestion  that  the  ■."■v;..t!«  jear** 
figures  might  be  printed  in  the  accounts  to  facilitate  ■  ^n.  the 

President  said  the  Finance  Committee's  attention  wouio  v-  uravn  to 
the  matter. 

Mr.  \X.  B.  EssoN  thought  investments  should  lx>  wr" 
certain  pen-entage  everj'  year,  while  the  present  valuta  u- 

The  President  said  the  question  wf>uld  be  referred  to  the  Finuic« 
Committee  and  the  auditors. 

Mr.  A.  A  Campbell  Swinton  and  Mr  Percy  Rosixxo  were  ot  the 
opinion  that  so  long  as  they  got  the  income  on  the  i:  ut«  and  did 

not  want  to  realise  them  they  should  continue  at  a  H\ 

The  resolution  for  the  adoption  of  the  accounts  wa>  tli  i. 

Mr.  Roger  T.  Smith  proposed  a  vote  of  thanks  to  the  :  •vtarie* 

of  Local  Sections  and  hon.  secretaries  and  treasurers  ahrtvad. 

Mr.  Sam  ^Iavor  seconded  the  motion  and  said  he  did  so  with  a  keen 
aiipreciation  of  the  sacrifice  of  time  and  labour  which  they  made  in  the 
interests  of  the  Institution. 

The  motion  was  ])asse(l  unanimously. 

Mr.  J.  S.  HicHiiEi.D  propo-sed  a  vote  of  thanks  to  Mr.  .1.  E.  '  -a". 

the  new  hon.  treasurer,  who  took  up  the  work  after  the  d  .  :.  Mr. 

Robert  Hammond.  Mr.  Hammond's  commanding  personality  wa»  oaf 
which  they  would  always  carry  in  their  heart*,  ami  Mr.  Kir.-'  ■  in 
taking  up  his  work  was  taking  up  a  ditticult  task.     It  was  lar_  to 

Mr.  Hammonds  work  that  the  Knances  of  the  Institution  wcrx  :r.  >u.h 
a  good  position  to-day.  It  gave  him  great  ph-asun-  to  pro|H>s«-  a  vote  of 
thanks  to  Mr.  Kingsbury,  ti,  whom  they  should  all  Ix^  grateful  for  pr»»- 
ducing  such  a  good  balance-sheet. 

Mr.  F.  H.  Nalder  seionded,  and  -said  they  all  appreeiateii  Mr.  Kinp- 
biirv's  work  and  trusted  he  would  long  live  to  be  able  to  do  it. 

-Air.  J.  E.  KiNosBiuv  acknowledged  the  vote  of  thank-"  anil  added  that 
he  wished  the  members  clearly  to  understand  th.<»t  the  -W 

Instituti(m  were  no<:  a  one-man  job.     The  Council  t«K>k  th-  ul 

care  of  them,  and  the  Finance  Committee,  of  which  Mr.  Hi.  ■»» 

(  hairman.  went  into  every  detail.      He  pmpos«>d  that  the  i-  -  ...    of 

tiic  Institution  be  accorded  to  the  hon.  auditor.  Mr.  Sidii       -  Th«- 

Council  regretted  that  Mr.  .\labaster.  who  had  workoi  <'  .rp 

as  his  colleague  since  1906.  was  pivvented  by  ill-health  '  iC 

this  year,  although  Mr.  .Mabaster  appenu-d  now   to 
thanhe  had  been  recently.     .Mr.  H.  Fanulay  l^nntor  - 
and  it  was  carried  unanimouslv. 

On  the  motion  of  Ur.  A.  Russell,  s^nimded  by  >if.  W.  R.  t  vHjrtK.  • 
vote  of  thanks  to  the  non.  solicitor..  Mc.>^-<rv.  Hristows,  CiK.ke  and  l«rp- 
macl,  was  iiassci'  ....  ._j 

.Mr.  Kivosiu  KV  explained  that  Mr.  Iv-xs..n  who  had  tx-cn  nonunatrd 
to  replace  Mr.  Alabaster  found  it  impossible  to  go  on  '*: 

auditor,  and  there  had  not  been   time   to  give   the  > 
notice  for  the  nomination  of  a  successor.  .„   ,       •  j 

Mr  W  H.  Essos  said  he  found  the  au.lit  t.x.k  8  to  10  da>-s  Mradj 
work  for  two  men.  and  he  did  not  think  it  right  to  hold  the  oft„>e  if  h» 
could  not  Hud  time  to  do  the  work.  He  su-gested  that  the  offiee  of  hon. 
auditor  mi^ht  be  abolished. 

The  Pkesident  said  it  wouUl  put  the  •.uincd  m  :«n  nn 

to  suggest  that  an  otfic-  held  by  gentlemen  who  h.ul  |..v,. 

work  for  vears  shouM  be  abolished.  ..,.,.  ,  •„,    i 

Mr    \    A    C^MPBKLi.  Swinton  propos,-d  that  Mr.  Shaq*  bo  api>oint«l 

and   that   the  Couneil  till  the  nMuaining  iMXMtion  by  electing  the  pro- 
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fcssional  auditors.  Mr.  I".  H.  N.u.dfr  soconded  and  the  motion  was 
•carried. 

Mr.  tSiUNKY  iShakp  said  he  thought  Mr.  Esson  was  miistaken  as  to  the 
<lutifs  of  an  hon.  auditor.  Thfv  flid  not  have  to  check  the  professional 
accountants.  })ut  to  survey  the  ledjicr  and  accounts  };enerallv,  check  the 
bank  balances  and  see  that  the  Institution's  property  re])rescnted  by  title- 
deeds,  eertifieatos,  &c.,  was  still  in  beini:,  to  su;;(^''-st  improvements  and 
sim|tlifications  of  the  system  of  keeping  the  accounts.  (Jn-atcr  facilities 
for  referring  tf)  title-deeds  rr-sulted  from  7)roposa|K  made  by  Mr.  Oanvers 
and  himself  in  H!06.  The  j)rofessional  accfnintant  was  responsible  for 
the  accuracy  of  the  accounts  and  the  hon.  auditors  were  responsible  in  a 
bro/ider  sense. 

The  I'kksidknt  tliankcd  .Mr.  Shar|(  on  Ix-half  of  the  ruJ-mb  rs  for  his 
explanation  and  for  the  great  hcl|»  h<-  ha<l  In-en  to  the  Institution  for  a 
very  long  period. 

Tlie  proceedings  then  terminated. 


THE  PRODUCTION   OF   CONSTANT   HIGH  POTENTIAL 
WITH  MODERATE  POWER  CAPACITY. 

HV  A.    W.    nil. I.. 

<S«;///;/'//7/.  -Unsatisfactory  results  have  always  att<-nded  any  attem|)t 
to  produce  a  high-voltage  direct  curn-nt  of  more  than  verA^  small  power 
•cajiaeity.  Kecently,  howev<-r.  a  method  employing  the  newly -developed 
kenotron  has  been  utiliM-d  for  producing  high-voltage  direct  <urrent 
having  a  moderate  power-  capacity.  The  article  descril)es  in  detail  the 
method,  the  calculations,  and  the  necessary  a|)|)aralus.  and  is  supple- 
mented by  o.scillogra|)hic  records. 


I'j)  to  the  present  time  oidy  two  methods  have  been  available  for 
the  production  of  constant  high  potential — viz.,  the  electrostatie 
induction  niacliine  and  the  combination  of  a  large  number  of  jow- 
\()ltiige  direct -current  generators  in  .series. 

The  author  then  sketelie*  the  development  of  the  Holt/,  and 
Toei)ler  iiiducfion  machines.  .Machines  have  been  built,  having  2(( 
ni()\ablc  and  2((  stationary  discs,  which  can  generate  as  much  as 
Hi)  milliamperes.  Jiut  a  large  part  of  this  is  lost  at  high  voltages  by 
surface  leakage,  which  becomes  so  great  at  about  r>().0(M(  volts  that 
it  is  usually  im|)ossible  to  g(  t  anything  abo\e  this  voltage  unless  the 
plates  are  e.xtremely  <lrv  and  clean.  Some  of  the  most  recent 
machines  have  j)lates  made  of  a  composition  that  is  less  hygroseopie. 
and  one  of  the  best  of  these,  with  eight  moving  and  four  stationary 
plates,  gives  4  milliamperes  at  voltages  of  nearly  KMMKIO.  and  can 
deliver  a  little  current  even  at   bVMMKt  volts. 

The  chief  limitation  of  machines  of  the  electrostatic  type,  besides 
their  small  power,  is  that  the  voltage  is  iu)t  (onstant.  but  builds  uj) 
indetinitcly  until  limited  by  spark-over  or  brush  discharge. 

Hegarding  direct -current  generators,  the  cost  is  grneralU  pro- 
hibitive for  small  |»o\\crs.  The  apparatus  (o  be  described  was  not 
designed  to  nu-et  this  general  ilemand.  but  as  an  accessory  to  ii 
<leHnite  investigation  on  X-ray  spectra.  It  has,  however,  proved  so 
satisfactory  as  to  recomniend  itself  for  (|uite  gem-ral  use  where 
constant  high  Noltag*-  of  a  few  kilowatts  capacity  is  needed, 

(hitlhtp  of  Method.  The  method  n.sed  was  that  which  hius  been 
under  investigation  namely,  the  rectilication  by  kenotrons  of  high 
tension  altcinating  (urient.  and  using  this  rectilied  curn-nt  to  feed 
ji  liigh-\<>lfage  condenser  of  such  capacity  that  it  can  supply  the 
(Icsireil  cinient  during  the  pait  of  each  cycle  when  if  is  receiving 
nothing  wit  hunt  having  its  voltage  dntp  more  than  a  small  sfM'cilied 
amount.  In  the  |)re,sent  case  the  capa<ity  used  was  much  smaller 
than  that  necessary  to  ji-cp  the  voltage  fluctualicuis  within  the 
desired  range,  ami  these  llticl nations,  which  were  aluiut  2.')  per  cent, 
for  full-load,  were  damped  out  by  the  use  of  another  small  <-on- 
densci'  of  the  same  size  and  a  small  i  hoking  coil.  The  arnuigement 
is  shown  in  Fig.  I.  Single-phase  alternating  current  of  2,(KNi 
cycles  at  loO  volts  is  stejipcnl  up  to  the  desired  voltage  l)v  a  trans- 
fonuei',  T.  rectilied  by  keiiotmns  A',  and  A'  .  and  smoothed  out  b\ 
the  (ondeiiscrs  (\  and  (' j,  ((t(l(M  m(d.  capacil\  each)  and  inductance 
/>!  and  I. ,  (about  2(Ht  henrys  each).  The  manner  of  ofierntion  of  the 
inductance  and  capacity  is  discussed  below.  The  \ollai;e  i^  measurcMl 
In  an  oidiiiaiy  xolt meter  I  in  series  with  .-i  M) megohm  n-sistance  A', 
liy  this  means  it  was  jiossible  to  supply  .'»  kw.  at  any  voltage 
between  IO,(t(l(>  ami  KHi.lKMt  volts  with  a  v.dtage  lluctuation  of 
less  than  I  per  cent.  This  output  <<>uld.  if  desired.  In*  mon-  than 
<]uadrupled  l>y  the  use  of  I  kenotn>ns  instead  of  2.  and  still  further 
increased  li\-  the  use  of  three-phase  alternating  eurrxMit  as  described 
below  . 

Tlif  2,0(10-f7/r/(  (irueralnr.  The  generator  is  of  the  dynaniotor 
tyjic.  that  is.  one  in  which  the  same  magnetic  (ield  is  used  for  motor 
^uid  generator.      It  is  designed  for  a   1(»  kw.  single- pha-M'  2.<KH»  c\.  h- 


output,  and  operates  on  a  4-K)-volt  three-phase  60-cycle  line.  It  can 
Ije  built  equally  well  to  operate  on  any  voltage,  alternating-current 
or  direct  current. 

The  Transformer. — The  transformer  is  built  for  75  kv.  R.M.S. 
It  has  an  air-gap  in  the  magnetic  circuit,  and  when  untuned  takes 
7.")  amperes  magnetising  current.  By  the  use  of  50  mfd.  capacity 
aero.ss  the  primarj'  thi.s  is  reduced  to  about  .3  amperes. 

This  u.se  of  an  open  circuit  transformer  makes  it  possible  to  use 
cjnly  one-half  of  each  wave,  as  in  the  arrangement  shown  in  Fig.  1. 
without  appreciably  distorting  the  voltage  wave,  and  it  gives  a 
very  convenient  means  of  voltage  control — \iz.,  by  varving  the 
capacity  it  is  possible  to  vary  the  voltage  over  the  entire  range  from 
40,(if)0  to  1(X>.(KK»  volts.     This  is  the  method  of  control  used. 

Thf  Kein>lrf)ii.  —  It  ccjnsisLs  of  a  hot  filament  cathode  and  a  metal 
anode,  generally  tungsten  or  molybdenum,  which  is  so  thoroughly 
freed  frtini  gas  by  inten.se  heating  during  evacuation  that  no  gas 
phenomena  ever  ajijx'ar,  even  at  KK).f((K)  volts.  Under  these  con- 
ditions the  conductivity  of  the  tube  is  entirely  unidirectional,  the 
current  being  carried  only  by  the  electrons  emitted  by  the  hot 
lilament.  An  illustrated  article  on  '"The  Kenotron"'  appeared  in 
The  Fi.kctkician".  \'oI.  L.X.W'..  j).  27H.  to  which  we  refer  the  reader 
for  further  details. 

The  f'o>irfeii.ser/<.'  Siucc  no  satisfactory  high  voltage  condensers 
are  on  the  market,  it  was  necessary  to  use  a  number  of  low -voltage 
condensers  in  series.  This  introduced  a  new  problem.  When 
series  condensers  are  used  on  alternating  current  the  leakage  in 
one  direction   is  just  as  givat   as  in  the  other,  so  that   there  is  no 
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tendency  for  the  voltage  to  become  unequally  dividetl  lK»tween 
them.  With  dinvt  current,  on  the  other  hand,  uidess  the  IcMkage 
over  each  condenser  is  exactly  the  .sjime.  the  tendency  would  Ik*  for 
the  voltage  to  liec-onie  more  and  motx*  une<|ually  divided  lietween 
the  condensers,  until  linally  one  wctuld  bn-ak  down.  The  ])n>ce.ss 
would  then  Iw  n>p<-ated  with  the  eotulen!«ers  that  wen-  left,  until  all 
bad  bmken  down.  The  conden.sers  weiv  of  parafiined  iwjier.  and 
the  ga|is  used  to  pnit«'«-t  them  wen*  made  with  sewing  needles  with 
J  in.  between  the  |Miints. 

Thr  Infitirlnnre.-  The  high-tension  w  inding  of  a  6.6<X>  1 10- volt 
2(K»  watt  instrument  transformer  has  pmv«-d  (piite  satisfactory  as  a 
high  imiwHiance.  The  U-st  ineasurement,s  obtainable  indicated 
that  the  induetaner  v.nricH  from  I.(HK»  to  2(K»  h«>nrv8.  For  different 
lo.ids  the  values  nf  voltage  tluct nation  calculated  on  this  ba-sis  agree 
\eiv  well  with  the  oscillograms  shown  in  this  article. 

Thf  Vnltnieler  Hesi^tlamrf^—Thp  lO-megohm  resistance  consists 
of  l.tHKi  voltmeter  sjkhiIs,  1(»,(HM»  ohms  each,  in  series.  They  are 
mounted  1  ni.  aj»art  on  lattices  of  J  in.  by  J  in.  hanl  wood.  ItKt  to 
each  lattice,  and  the  lattices  are  sjwcxhI  ."Un.  apart  vertically  alxive 
c>ach  other.  The  lattic<'  allows  free  eirc<ulation  of  air.  and  the  coils, 
which  at  nu»xinuim  vcWtagt  carry  only  the  same  cunxMit  as  in  the 
standard  voltmeter,  are  in  no  danger  of  overload.  In  order  to  avoid 
my  possible  ern»rs  due  to  cxirona.  the  whole  unit  is  immersed  in  oil. 
but  this  wouhl  not  l»e  nec-«>ssat\  w  liei-e  more  smee  is  availalilc. 
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Function  of  Kenolron  ■and  First  Condenser. — The  kenotron  may  Jx* 
tharacterised  as  a  device  which  has  a  very  low  resistance,  of  the 
order  of  1,000  ohms,  for  current  in  one  direction,  and  an  infinite 
resistance  for  current  in  the  other  direction,  and  which  is  entirely 
free  from  the  lag  and  "  breakdown  "  that  are  necessary  to  the 
starting  of  gas  rectifiers. 

The  condenser  (\  is  a  simple  electric  reservoir  which   absorbs 

energy  from  the  transformer,  through  the  kenotrons,  during  a  small 

part  of  each  cycle  and  delivers  it  to  the  circuit  at  a  nearly  constant 

rate  during  the  remainder. 

^  dV     . 
Writmg,  —  <^^i"^7='' 

at 

wliere  V  is  the  voltage  across  (\  and  i  the  current  from  the  circuit, 
then  in  practical  cases  the  current  i  is  nearly  constant,  so  that  (I) 
integrates  into 

'  1 
where  t  is  the  time  represented  by  the  distance  AB,  practically  one 
cycle.      This  allows  the  voltage  fluctuation  AV<  for  any  given  values 
■of  i,  f  1  and  frequeucv  n.  to  be  very  simplv  calculated.     For  example, 

with  the  values  ?=^()-050,  (^',  =  ]0*'-' and  /=    =  ,  given  above. 

^  n     2,000 

A'  =^25,000  volts.  Conversely,  the  capacity  that  would  be  neces- 
sary to  reduce  the  fluctuation  to  any  given  value,  say,  1  ])er  cent., 
can  be  calculated. 

Function  of  Itidiirlanre  and  Second  C'ondenfter. — The  inductances 
Lj  and  Lo  and  the  capacity  C^  co-operate  as  follows  :  The  voltage 
fluctuation  at  the  terminals  of  Cj  is  an  irregular  shaped  wave, 
which  when  analysed  into  a  Fourrier's  series  gives  a  fundamental 
sine  wave  of  frequency  2,000  plus  a  series  of  higher  harmonics.  To 
each  of  these  component  alternating-current  frequencies,  the  in- 
ductance Zj+La  and  the  condenser  (\,  offer  definite  impedances 
respectively.  The  ratio  of  the  amplitude  which  any  given  com- 
ponent will  have  at  the  terminals  of  C,,  to  its  amplitude  at  the  ter- 
minals of  <?j  is  the  ratio  of  the  impedance  of  T'.,  to  that  of  ("^  ^^^d 


I 


Fig.  3. 

Upper  curve,  alternating-current  voltage  {base  line  Bj). 
Lo'A.er  curve,  rectified  current  (base  line  B-i)- 

ii-f  Lo  in  series,  that  is,  the  amplitude  of  the  given  component  will 
be  reduced  to  this  fraction  of  its  value  by  the  action  of  L^+L., 
and  Cj.  In  the  case  given  above,  where  r.^=0-001  mfd.  and 
Li=L2=200,  we  have  for  the  2,000  cycle  component 

SFC, 


impedance  of  C, 


l/<",0 


8VC\ 


64' 


impedance  of  C,  and  L^+L^     l/C.,'i>+La} 

We  have  seen  above  that  the  maximum  amplitude  of  the  voltage 
fluctuation  across  C\  is  25  per  cent,  at  100,000  volts  and  .lO  milli- 
amperes,  and  if  we  take  this  as  the  amplitude  of  the  2,000-cycle 
component,  then  the  amplitude  of  this  component  at  the  terminals 
of  Co  would  be  1  64  of  25  per  cent.,  or  less  than  ^  per  cent. 

In" like  manner,  the  ratio  of  the  amplitude  of  the  second  harmonic, 
the  4,000-cycle  component,  at  the  terminals  of  (\  and  C,  respec- 
tivelv,comesout  tobe  1  253,  of  the  third  harmonic  1  57(\  of  the 
iourth  1/10:4,  <fcc. 

Regarding  the  effect  of  inductance  without  capacity  in  Uic  posi- 
tion C.y.  It  is  often  careles.sly  assumed  that  inductance  in  a  Ime 
will  of" itself  absorb  current  fluctuations.  It  is  evident  fiom  the 
above  reasoning  that  this  is  true  only  when  the  load  itself  has  a  low 
impedance.  For  small  loads  this  is  by  no  means  the  case,  and  tor 
an  X-ray  tube  of  the  Coolidge  type,  in  which  the  current  is  constant 
and  independent  of  voltage,  the  impedance  is  infinite  for  all  loads 
and  all  frequencies.  Hence,  in  this  case,  the  use  of  imUiciances 
Li  and  L.,  without  capacity,  or  some  other  low  impedance,  m  tlic 
position  C'2,  would  be  entirely  ineffectual. 

Proportioning  of  Capacity  between  First  and  Second  Condensers.-- 
The  most  efficient  proportion  of  capacity  between  (\  and  C,  can  be 
calculated  as  follows,  if  we  assume  as  seems  justified  by  the  oscillo- 
grams, that  the  2,00()-cvcle  component  is  the  principal  one  and 


that  its  amplitude  in  apprrjximately  M|iuil  to  the  maximum  roluge 

fluctuation  at  the  terminaU  of  C,  :'— 

IjPt  Al'     amplitude  of  2.'"  •    ■  •  /" 

l>et   fi\'      arnf)litudf  of  2.<»<  ■  -;...: :  C- 

By  equation  above. 

A  ir      "      -"" 

£k»'=      =        ap|iroximatcly. 
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where  C—C^+(\  is  the  total  cai>acity.  to  l«  reganfed  ■•  fixed  in 

amount. 

The  optimum    division  is  that  which   giv*-    •   ■•■■■■■ •  -'•—  ' ' 

HV  for  a  given  total  capacity  C,  and  can  I*  ' 

fiF  with  respect   to  (\   and   placing  the  denvattive  r<|ual  to  zrru. 

This  gives 

Ml  -  A6,-[r-r,l)-L«»C,=0. 


Whence. 


md 
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Substituting  in  the  previous  equation 
2ni 


Hwi 


In  the  above  e.xample,  taking  6F— I  jier  c-ent.  of  |«»M«»t.  or 
1.000  volts,  L  =  400,  u.=27r  2,(XK),  C  comes  out  to  be  imul3  mfd  . 
Hiid  rj=r2=000065.     The  actual  capacity  use<l  was^',r=(j=(HJ(»l. 


B, 
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Fic.  4. 

Upper  curve,  canstant  potential  50.C00  volts  at  terminabof  Ci  (bawUse  Bf). 
Lower  curve.  2.000  cycle  primary  voltage  (baie  line  Bj). 

nearly  twice  the  amount  nece.ssary  to  redui-o  the  tluctuatioii-<  to  1  per 
cent.',  and  the  oscillograms  show  that  the  tiuctuatioiu*  wert-  actiuilly 

about  .1  per  cent. 

If  60-cycle  current  wcie  used  instead  of  2.lHKt.cycie.  the  i;«|Ku>ty 
neccssarO  to  keep  the  Huctuations  to  J  per  i-eut.  would  U-  fn.rr. 
equation:    C     0:}5  mfd..  (',-011)  mfd..  r2  =  0-I6  mfd. 

Besults.— The  constancy  of  the  voltage  obtaineil  under    1 
conditions  is  shown  bv  the  oscillograms  (.tee  Fig.  4).     This  »,>- 
with  a  water  resistaiu"e  load  in  series  with  the  oscilloRniph  coil  •cron 
theliue,  the  end  of  the  line  adjacent  to  the  tv-;cillo-_'  '••"J- 

For  voltages  above  50,(HH).  where  the  end  of  ll^  •'«' 

earthed,  two  water  tubes  of  nearly  equal  resistance  werr  used  ami 
the  middle  i)oint  between  them  groundtHl.     IV  " 
taken  on  both  sides  of  the  ground,  m  onlcr  to  d.  • 
in  the  form  of  a  current  to  earth. 

Fig.  4  shows  the  voltage  obtained  witn  tn<- 
as  iifKig.   1.  with  a  load'of  M  milliam|>eres  ^t 
.esults  of  different   arningement.-*  of  kenotroius  .va*r«  -tnl 

inductances  .-re  then  illustrate*!  by  a  s*>rios  of  iv^ci,..-^         -         ,    .^   . 

Attention  should  be  .ailed  to  the  fvct.  alrt^ady  nu  .>-..•.•,«.  that 
in  these  oscillograms  the  primary  altoniatmj:  currtMit   ^> 
no  trace  of  distortion,  even  at   maximum  liwl.  which  1 
advantage  of  the  open  magnetic  cin-uit  tyi»e  of  transfonner. 

The  ajiparatus  described  is  capible  of  gn«rtt  r 
fact  that   in  its  piTscnt  crude  form  it  o|H^nites  ^  /._,^,..r 

recommendation  of  this  metluxl  of  obtauimg  .x>nstant  high  ix^tentuU 
Bv  the  use  of  thi-ee-ph.i^c  .MHHVcy.le  cumMit  and  =^V^  »^';';';  ':'"*•  ' 
wln.ld    be   ]x.,s..ible   vnth    p.vscMit   api«ratus  to  furnish  .I''*  J|«-   "^ 
100  kN..  with  the  same  constancy  as  that  of  the  o  kw.  mMaHat.on 
described  above,  and  then>  is  every  .>Mson  to  Mieve  that  thu<  can  be 
incrcasiHl  to  l.(X>0  kw.  in  the  near  future. 
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COMMISSIONS  IN  THE  ENGINEERS. 

In  a  note  in  our  is.sue  of  the  21st  ult.,  under  the  heading 
■  Seek  and  Ye  Shall  Find."  we  stated  that  "  To  our  k'no\i?- 
led^e  .  .  .  able  engineers  (for  commissions)  are  available- 
bv  the  score.  Men  who  at  the  present  time  are  helping  tO' 
win  the  war  either  bv  .scrubbinfj  barrack-room  floors  or  b\^ 
<'ni£agin<£  upon  work  that  could  be  more  efficiently  per- 
formed  by  charwomen,  labourers  or  navvies." 

We  return  to  the  subject  for  two  reasoiLs,  namely  :  (a) 
It  appears  that  there  are  still  some  vacancies  in  the  Royal 
En({ineers  ;  and  {h)  an  inspection  of  the  casualty  lists  reveals- 
the  melancholy  fact  that  many  of  our  most  promising 
engineerinjj  students  and  young  engineers  (who  should  now 
be  preparing  for  another  day  in  the  class-rooms  and  labora- 
tories) have  been  maimed  or  killed  whilst  .serving  in  infantry 
regiments. 

The  National  Regi.ster  either  puts,  or  should  put.  the 
authorities  in  possession  oi  the  names  of  men  suitable  for 
commissions  in  the  Engineers.  Since  no  real  use,  other  than 
for  recruiting  purpo.ses.  appears  to  have  been  made  of  the 
Register,  it  is  reasonable  to  conclude  that  the  classification 
was  improperly  carried  out  (as.  for  example,  coding  a  man 
as  2i)  instead  of  1 1 ,  the  one  being  a  metal  worker  and  the 
othera  profe.ssional  man).  But  there  is  no  need  to  turn  to 
the  Register  for  names.  The  manv  engineering  colleges 
and  schof)ls  siirelv  have  such  li.-^ts  of  names,  and  there  is  a 
list  within  easy  walking  distance  of  the  War  Office  of  col- 
leges and  schools  where  real  engineering  is  taught.  Further- 
more, lists  containing  literally  thousands  of  names  are 
available  to-day.  and  every  day,  at  the  several  engineering 
institutions. 

Since  the  outbreak  of  war  certain  oi'  the.se  institutions 
have  actually  prepared  special  lists  containing  the  names, 
of  hundreds  of  men  who  know  how  to  do  their  own  particular 
jobs  a  little  better  than  their  fellow  men.  It  may  surprise 
the  War  Department  to  learn  that  the  engineering  insti- 
tutions are  profes.sional  in.stitutions.  and  that  certain  pro- 
fe.ssional (|iialitications  are  recjuiied  before  a  man  can  be 
admitt<'d.  To  our  knowledge,  men  not  having  the  quali- 
tications  neces,sarv  even  for  the  lowest  grade  of  membership, 
in  the  engineering  institutions  can.  and  do.  obtain  com- 
mi.s.sions  in  tlu'  Royal  Kngineers.  Assuming  a  man  to  be 
phy.sically  fit  and  gentlemanly  in  his  behaviour,  the  prin- 
cipal <pialification8  for  a  commi.ssion  in  the  Kngineers  should 
be  engineering  ability  and  the  ability  to  control  men.  We 
submit  that  men  holding  such  qualifications  aiv  more  to  be 
tlfsip'd.  and  ai-e  more  useful  to  the  countrv  as  engineers,  than 
are  many  of  the  "  engineers  "  now  holding  commissions. 

The  fact  that  n^JHtively  few  such  men  an?  so  employed  at 
the  ])!r.sent  time  makers  one  wonder  whether  the  professed 
niilitarv  engineers  i\w  jealous  lest  the  civilian  engineers 
should  share  the  honours  with  them.  Since  jealousv  is  not 
unknown  l>etweenone(Iovernment  Department  and  another, 
it  is  not  unrea.Honable  to  as.sume  that  such  jealousv  can  exi.st 
In'tween  a  (Jovernment  Department  and  an  outside  bodv. 
K<M  idl  we  care,  they  are  welcome  to  the  honours  which  mav 
b<'  >|inwen'd  upon  them.  Their  jealousies  and  honours 
leave  us  cold,  but  we  Knik  for  the  recognition  of  the  civilian 
engineer,  of  the  man  without  whose  engineering  we  should, 
long   en*    this,    have    l>een    degraded    or   murdered.     The- 
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making  of  the  whole  of  Biituin  into  a  vast  arsenal  in  less 
than  12  months  is  an  example  of  thcii-  work.  The  mere 
inspection  of  shells  by  some  of  the  best-known  engineers 
in  London  to-day  is  a  furthei-  example  of  the  willingness  oi 
the  civilian  engineer  to  sink  his  identity  in  order  to  help. 
But  wo  deplore  the  fact  that  such  good  material  is  being 
put  to  such  poor  use. 

.  It  is  no  exaggeration  to  state  that  the  cream  of  our  engi- 
neering ability  and  that  of  our  Allies  is  recorded  on  the 
membership  rolls  of  the  engineering  institutions.  That 
the  latter  have  not  insisted  on  making  themselves  heard, 
as  the  members  oi  the  British  Medical  Association  made 
themselves  heard  during  the  passing  of  the  Insuiance  Act, 
we  regard  as  highly  discreditable,  not  only  from  a  pro- 
fessional standpoint,  but  also  from  a  national  standpoint, 
seeing  that  theirs  is  an  unselfish  and,  thciefore,  a  worthier 
cause.  For  the  new  armies  large  numbers  of  engineers, 
both  of  the  professional  and  artisan  classes  will  be  required, 
and  in  a  few  weeks'  time  the  staffs  and  Councils  of  the 
engineering  institutions  and  colleges  will  be  taking  their 
holidays.  Were  we  not  convinced  that  there  is  a  desire  on 
the  part  of  the  authorities  to  secure  efficiency  we  should 
have  abandoned,  long  ago,  the  idea  of  mobilising  the  engi- 
neers. As  it  is  "  hope  springs  eternal,"  but  the  time  is 
short. 
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Text-Book  of  Practical  Physics*    By  H.  S.  Allen  and  H.  Moore. 

(Lonflon  :   Macmillan  &  Co.)     Pp.  xv. -f  622.     8s.  Gd.  net. 

In  the  preface,  the  authors  state  that  this  book  is  intended 
to  cover  the  greater  part  of  the  work  necessary  for  a  Pass  Degree 
in  Science  in  most  universities.  The  authors  are  lectiu'ers  in 
Physics  at  the  University  of  London,  King's  College.  We  must 
assume  that  by  "most  universities"  is  meant  most  univer,sities 
in  this  country.  If  this  be  so,  the  reason  why  niany  of  our 
'varsity  students  find  it  difficult  to  obtain  lucrative  appoint- 
ments in  the  works  is  apparent.  From  this  it  must  not  be 
thought  we  are  condemning  the  book.  To  those  interested  in 
the  elucidation  of  elementary  physical  principles  the  book  will 
be  exceedingly  useful,  and  praise  is  due  to  the  authors  for 
producing  so  readable  a  book.  But  if  the  book  does  really 
cover  the  greater  part  of  the  work  necessary  for  a  Degree  in 
most  universities,  then  the  ground  covered  is  iuHufHcient. 
After  working  through  such  a  course,  a  student  will  not  be  in 
a  position  to  command  a  wage  as  high  as  that  of  a  labouring 
man,  nor  will  his  work  be  as  valuable  to  the  community  as  that 
of  a  labouring  man. 

The  student  is  warned  by  the  authors  against  a  prevalent 
idea  that  an  experiment  is  completed  when  the  manipulations 
or  observations  are  finished,  and  he  is  urged  to  calculate  and 
consider  the  results,  as  well  as  to  write  out  a  full  record  of  the 
experiment.  A  pleasing  feature  of  this  well  got-up  book  is  the 
simple  nature  of  the  apparatus  described  and  used  in  most  of 
the  experiments. 

To  properties  of  matter,  sound,  light,  beat,  magnetism  and 
electricity  separate  parts  are  abotted.  The  first  j)art  is  sub- 
divided into  11  chapters,  and  the  giouiul  covered  is,  for  the 
most  part,  of  an  elementary  character,  in  the  ne.\t  edition 
we  suggest  that  the  chapter  on  Periodic  Motion  should  be 
amplified,  and  a  number  of  experiments  included  f>n  d:m\p?d 
oscillations.  Eighteen  chapters  are  devoted  to  s»)und.  liglit 
and  heat.  We  should  like  to  see  additional  matter  in  certain 
of  these  chapters — matter  which  is  as  iniiH)r(iUit  to  the  stuilent 
of  physics  as  to  engineering  students.  The  chapter  ou  Ther- 
mometry wiU  serve  to  make  our  meaning  clear.     If  by  ther- 


mometiy  is  meant  the  !■ 
our   opinion,    practice 
measuring  the  high  teuiperutureA 
all  branches  ni  plivsiral  ri-"-.U'  !i 
sired  as  the  ability  to  culibral';  tin- 
which  properly  belongs  to  the  m 
(piiiiitities. 

The  remaining  11  chapters  r' 
tiicity,  and  the  experiments  d. 
well.     In  connection  with  apparatus  for  the  in«- 
current,  it  would  give  us  -        ' 
the  tangent  galvanometer   .. ..,  ^ 
laboratory  in  the  country.     The  u. 
to  understand  the  action  of  the  moving-coil  aniinfter  requires 
a  greater  knowledge  of  the  .subjfit  ilmti  t!i.  '   -xt  .  .  .  m 

supposed  to  possess.     In  recomiiicndni^  the  ;  •  ^trjf  the 

autliors  to  include  a  section  on  the  making  o(  .siinplc  ^  »*. 

as  skill  in  th is  direction  is  us  much  to  be  desired  a^  in  t : 
of  experiments.     To  be  <jf  the  must  .service  :•    *'  ^i 

young  physicists  will  find  it  nece.s.sary  to  j.  im 

amount  of  skill  in  the  handling  of  tooU  and  in  the  m<ikiii<4  oC 
apparatus. 

Structure  and  Properties  of  the  More  Ccmmon  Materials  of  Co«- 
struction.  IW  (j.  H.  Lno.s.  dy-iulun:  i  haiMiiuii  A,  lUiL) 
1>.  v.-i-;}27.     iOs.  6d.  net. 

Those  who  desire  to  become  acquaintetl  with   the  facta  of 

metallurgy   will   find   this   book   useful.     Tii  of 

importance  to  all  users  of  the  raw  materials  i.:  .  . 

The  book  contains  20  chapters  and  is  divided  into  two  parts. 
The  11  chapters  forming  the  fii-st  part  deal  with  the  determina- 
tion of  the  properties  of  the  materials  by  means  of  •■'  " 
testing.     Under  each  method  of  loading  there  is  a 
of  what  goes  on  inside  the  material  throughout  the  pmgre^s  of 
the  loading.     The  ordinary  formula  for   the    >                     of 
stresses  and  defoiTnations  are  examined,  and  th«-  .i-              'ns 
on  which  such  calculations  are  based  are  critically              .'-d. 
The  factors  changing  the  results  of  tests  are  discussed,  bringing 
out  the  need  of  standanl  .specifications,  and  an    • 
made  to  teach  a  student  how  to  intei-pret  and  cr::.  . 
results. 

The  second  part  of  the  book  deals  at  some  length  with  th'* 
nature  of  the  ijiteriuil  structure  of  nniteriiils.  and  w.''^    •'  > 
control  of  physical  properties  through  the  c(»ntn>l  of  the  li 
structure.     This  takes  the  form  of  a  short  study  of  theoretical 
and  applied  metallography.  The  author  has  taken  care  to  • 

in  simple  language  the  principles  of  physical  chemisti_. ■,. 

to  make  the  relations  clear  he  has  made  use  of  a  large  number 
of  diagrams.     A  considerable  amount  of  matter  is  given  on 
carbon  steels,  Heat  treatrient,  cast-irons,  alloy  steels, 
non-ferrous  metals  and  alloys.     After  reailing  this  e.\ 
book,  the  student  will  be  surticiently  well  grounded  to  be  able 
to  turn  with  profit  to  the  larger  works  on  modern  metallurgy. 

Electrical    Apparatus    Making    for    Beginners.       Hy    .v    v. 
li.u.i.H.vTciiET.      (Ltmilon:     IVrcival  Marshall   A   Co.)      Pp.    H>4. 

2s.  not. 

The  author  states  in  the  preface  tb;  t  "  if  a  H<\v  at  school 
could  be  induced  to  proceed  in  a  definite  path  "  more  time 
could  be  saved.     Consequeiuly  this  small  '      ' 
pages,  containing  eight  chapters  ilealing  w 
simple  cells,  galvanometers,  electromagners.  i  ■^- 

troIyti(!  a])pji.ratus,  voltmetei-s  and  ammetera  has  Ikvu  ^^ 
.Vit hough  i>.\cepti«>n  might   be  taken  to  .s»>nu'  of  the  vor.  ■  --.   ■ 
looking  electric  motors  illustrated,  ami  especially  to  the  fact 
that  the  ring  in  the  tangent  galvanometer  is  of  brass  or  copper 
strip  "  about  an  inch  ■■  wide,  yet  we  are  «»f  op 

has  much  to  recommend  it.     The  Kelvin  gr.u..  -  - ■--■- ' 

shown  is  verv  easilv  lonstrueted,  and  a  bf\v  can  learn  a  great 
deal  from  it. "  It  is  far  better  for  a  youth  (of  the  ty|H'  the  author 
hi>s  in  view)  to  nnikr  such  things,  rather  than  v  '  '.is  tuue 
listening  to   lectures  on     ■  ehHtricity  "'   given    ;  .-   by   a 

teacher  whose. onlv  i|ualification  is  a  Board  of  bklucatum  pass 
in  a  second-grade  examination.  There  is  a  distinct  need  foi 
such  a  book,  and  wo  wish  it  eveiy  success. 


224 


THE  ELECTRICIAN,  MAY  19,  1916. 


ILLUMINATING  ENGINEERING  SOCIETY.* 

The  ap]jointmcnt  of  the  Research  Committee  was  announced  at 
the  end  of  the  Her.sion  in  1914,  but  owing  to  the  war  it  wa?  not  found 
practicable  at  that  time  for  the  Committee  to  take  up  the  tasks 
before  it.  The  following  have  teen  nominc'-ted  to  cervc  on  the 
Research  Committee  of  the  Illuminating  Engineering  .Society  :  Air. 
A.  Blok,  Mr.  J.  G.  Clark,  Mr.  W.  C.  C|;ntr>n,  Mr.  J.  F.  Crowley,  Mr. 
F.  W.  Gocdenough,  Lieut.  Haydn  T.  Harrii-on,  R.N.,  Dr.  Jamea 
Kerr,  Prof.  T.  Mather,  Prof.  J.'  T.  Morris,  Mr.  S.  R.  Mullr.rd,  Mr. 
C.  C.  Patcrfion,  Prof.  Hilvanus  P.  Thompson  (chairman),  Mr.  A.  P. 
Trotter,  Mr.  F.  W.  \\'ilcox  ;  ex  officio  :  Mr.  L.  Gastcr  (hon.  sec- 
retary) and  Mr.  .J.  S.  Dow  (assistant  hon.  secretarj'). 

The  immediate  object  of  the  Committee  was  to  prepare  a  list  of 
subjects  fjpecially  deserving  of  research  at  the  handa  of  the  society, 
and  the  suggestion.'!  .so  far  received,  together  with  others  ari.siiig  out 
of  past  discussions  of  the  society,  have  been  assembled  in  the  list 
at  the  end  of  this  report.  While  not  intended  to  be  exhau.sti-.c,  the 
list  already  cont^^'n.';  many  more  subjects  for  investigation  than  could 
be  at  present  undertivken  by  the  society.  It  will,  however,  serve  to 
show  how  past  dis'jussions  have  devcloijcd  prospects  of  further  useful 
work  and  the  many  opportunities  for  research  now  before  us.  In 
dealing  with  thctjc  ir.iggestions  the  Committee  may  nominate  from 
among  its  member.';  ;;nb-committees  to  organise  or  UNdertakc  specific 
researche.'i  or  may  1  \o  advantage  of  the  services  of  other  membcro 
of  the  society  or  gcr.llcmen  outside  the  society  who  have  special  know- 
ledge of  the  propo.sed  researches. 

In  connection  with  subjects  of  importance  from  the  industrial 
.standpoint,  the  Committee  suggest  that  priority  should  be  given  to 
investigations  relating  to  the  dcveIoj)nient  of' lamps  and  lighting 
appliances,  and  researches  having  for  their  object  the  elucidation 
of  general  jjroblems  on  which  the  development  of  the  lighting 
iiidustrv  depends.  As  an  instance,  the  investigation  of  the  pro- 
jx'itics  of  illuminating  glassware  i.'j  a  matter  which,  in  the  opinion 
of  the  Committee,  should  receive  immediate  attention  at  the  hands 
of  a  special  subcommittee  app<}intod  for  the  purpose. 

Another  subject  which  merits  e.-riy  attention  in  view  of  its  relation 
tf)  the  dyeing  and  colouring  industries  is  the  pr(«paration  of  a  standard 
scries  of  colour;;,  and  in  particular  of  a  standard  white  surfajo, 
.suitable  for  a'-ccptance  in  all  rcsc^archcs  in  which  the  a?curr.tc 
dc.'iiiitioii  of  colour  is  involved.  Conjointly  with  this  subject,  the 
design  of  suitable  aj)i)aratus  for  analysing  and  sp<!cifying  colour  and 
for  measuring  tlu;  reflecting  j)()wcr  of  variou:;  materials  should 
receive  atteutidn.  There  is  al.so  the  further  problem  of  providing  a 
iixed  :i1an<lard  for  the  permanence  of  coloured  materials. 

Among  other  m.vtters  which,  in  view  of  their  imjKjrtant  hearing 
on  tie  future  dcvcloiiment  of  lighting,  deserve  special  attention, 
may  be  iiK^utioned  the  study  of  gl.ire  and  the  limits  of  jicrnnssible 
intrinsic  brillijincy  ;  the  investigation  of  the  cf)inparative  effect  on 
vision  and  the  [)hy.;=ologieal  influence  ir.  inducing  fatigue  of  natunJ 
and  Jirtiiicial  'lluiiiination.  and  of  various  system;;  of  artiiicial 
li'^hting  ;  .-.nd  the  conditions,  as  regards  the  intensity  of  illumination 
and  ;rringeiiic!it  of  I'ghts,  desirable  for  various  iiidustri.i!  operations. 
The  latter  i|ue;;(ioii  i:i  of  interest  a;)  being  suj»i)lementary  to  the 
reiM)rt  of  tlu;  Ho.iic  Gfrue  Departmental  Committee  on  Lighting  in 
Factories  aud  Work:, hops,  a.nrl  it  is  sugpested  that  the  jireparation 
of  an  illusl  nJed  bulKtin  forming  a  guide  to  the  best  pn-sent  practice 
ill  viiiioiis  sections  of  industrial  lighting,  might  be  undertaken. 

In  the  list  of  re;ie;i relic:*  the  v/'iioiis  :iuggcstioii;)  h.'.vc  l.e«  n  roughly 
classilied  iiinlcr  1  he  following  heading;;:  {(i)  Photonutry,  atr.ndaids 
of  light  and  researches  on  colour;  (ft)  electric,  gr-!j  and  other  illu- 
minants  ;   (r)  lighting  ni>])Iii'.nco!! ;   (d)  general. 

{(l)    PlIOTOMICTllV   STANt».\KI).S  (»K  lyKillT  AND   RiSKAHCHES  ON 

Coi.oru. 


1.  '/'/if  firtidiKiiiiii  of  a  .snlisfdrlnrji  f-lniuhird  <<f  liiihl. 

2.  'i'lie  (IcNcloptncnf  of  a  Klmulard  latiortilnrif  photowrln'r  rqiitp- 
merit  to  take  the  jilace  of  thos(>  designed  abroad. 

3.  The  H|,cc'(icatioii  of  a  srric'i  of  slrindnrd  colours  i.iid  of  niei  li<  ds 
of  determining  the  amount  of  light  rellected  from  tl.cm.  ..nd  fie 
general  prolileni  of  a  method  of  determining  tl;e  total  reflection  from 
all  kinds  of  surfaces,  should  be  <(>nsidered. 

I.  The  standardisation  of  iiirlliods  of  mini  if. si  ug  niid  J*prcifi/inff 
colour,  and  design  of  simpler  .-.nd  nnue  convpiiient  instniments  for 
testing  the  .same. 

5.  The  staiulardisation  of  the  so-called  "artificial  dot/light"  {i.e., 
the  various  forms  of  artiiicial  light  u.sed  in  eonjunetion  with  special 
devices  in  order  to  imitate  the  colour  of  natural  light).  In  inves- 
tigating this  question  an  attempt   should   be  made  to  aiTange  the 

*  Abstract  of  Interim  Report  of  the  Committee  on  Ke.-H-arch  prvscntcd 
at  the  annual  meeting  on  9th  inst. 


chief  artiflcial  illuniinants  in  the  order  of  their  resemblance  to 
daylight. 

7.  The  subject  of  colour  photomelry. 

8.  Th.e  question  of  direct-reading phijiicxil  photoineters  was  discussed 
r,t  a  recent  meeting  of  the  society,  and  a  number  of  fruitful  investi- 
gations were  suggested. 

9.  The  design  of  better  and  simpler  illumination  photometers. 
Iniitrumcnts  of  the  simpler  class  are  probr.bly  best  left  to  individual 
workers  ;  but  it  would  be  useful  to  make  an  inquiry  into  the  pro- 
bable accuracy  of  the  various  kinds  avr.ilable,  and  to  institute  a 
Ivories  of  comparative  tests  with  various  instruments  by  different 
observers  in  btrocts  and  interiors. 

(6)  Electric,  Gas  axd  0th ek  Illumixaxts.     - 

10.  ICxperiments  on  the  improvement  of  lamps  are  natm-ally  under- 
taken mainly  by  manufacturers,  but  questions  of  scientific  interest 
ari.se,  the  elucidation  of  which  would  be  of  value  in  establishing  the 
principles  governing  the  efficiency  of  illuniinants. 

(c)  Lighting  Appliances  (Globes,  Shades,  Reflectors,  &c.). 

The  remarks  made  under  the  last  heading  also  apply  here.  The 
supply  of  optical  glass  and  the  investigation  of  its  properties  are  at 
present  of  great  national  importance. 

11.  The  best  means  of  promoting  the  scienti.ac  study  of  lighting 
glnssvare  and  of  encouraging  the  manufacture  of  kinds  of  glass  which 
have  not  hitherto  been  developed  satisfactorily  in  the  British  Isles. 

12.  Appropriate  methods  of  testing  and  prescribing  the  requisite 
qualities  of  glnssuvtre  of  the  above  kinds. 

13.  Uniformity  of  method  in  testing  and  specifying  the  distribution 
of  light  absorption  and  other  qualities  of  globes  and  reflectors  of 
importance  from  the  illuminating  engineering  standpoint. 

14.  The  best  means  of  promoting  agreement  as  to  uniform  sizes 
and  shapes  of  glass  articles  in  common  use  in  the  lighting  industry. 

(d)  General. 

la.  Research  work  on  an  instrument  for  the  automatic  control  of 
artificial  light  in  factories,  xchooh,  dc,  the  light  being  automatically 
turned  on  when  the  illumination  has  fallen  to  a  certain  value. 

16.  As  a  development  of  the  Home  Office  Report  on  Factory 
Lighting,  it  would  be  hclj)ful  to  nuike  further  unofficial  investigations 
on  the  conditions  desirable  for  various  classes  of  tvorlc,  and  subse- 
quently to  i.'isue  the.se  as  a  brief  serie;  of  recommendations  for  the 
guidiince  of  managers  and  othen;  interested  in  f;'.ctory  lighting. 

17.  A  goml  de: !  rcmain.s  to  be  done  in  further  prcaccution  of  the 
work  of  the  daylight  illumination  in  schocjls. 

18.  Street  Lighting,  nhvr  the  war,  wll  be  a  gocd  field  for  effort 
]?!vrt!eularly  }\s  regards  the  development  of  more  decorative  forms 
f»f  design  as  well  juj  more  scientific  treatment  as  regards  the  shading 
of  lamp;',  and  the  distribution  of  light. 

If).  Scurchlights. —  There  are  nu'-ny  que:5tions  of  interest,  such  as 
p<).s.siblc  improvement:!  in  efficiency  like  those  involved  in  the  new 
nearchlight  evolveil  by  O.  Lummcr.  of  Hreslau.  Investigation.s  into 
the  various  ]K)ints  suggested  by  .Mrs.  Ayrton  in  connection  with  the 
cho'ce  of  carbons,  best  electricr!  conditions.  A'c. :  also  into  the  tyjie 
of  ele;trical  generator  liesf  a(laj>ted  for  .searchlights.  Preparation 
of  s'm])le  instruction;;  for  working  .searchlight,;.  Attempt  to  deiino 
more  j)icci.sely  the  "range"  and  the  "candle-power"  with  a  view 
to  the.Hc  quatitities  being  specified  in  the  future.  Inquiry  into  the 
best  colour  of  light,  cs  regards  its  effect  on  penetrating  jx)wer  and 
on  the  apparent  sharpness  of  object  iduminated  by  the  searchlight 
beam. 

20.  Visibility.— \  series  of  queries  w;'.;>  ]iut  forward  in  connection 
with  the  Paper  oji  this  subject  by  Messn;.  Patcrson  and  Dudding 
("  llhim.  Eng.,"  May.  19ir».  p.  208). 

21.  Lighting  of  Jiiflr  L'nngcs.^Thc  series  of  queries  prejiared  in 
this  connection  haa  not  been  completely  answered.  (See  "Ilium. 
Eng.."  .Imio.  :91.').  p.  250.) 

22.  .\n  in(|uirv  is  ; '  \  min  the  phi/siological  difference  bcttreen 
natural  and  artificial  ,  .;/..  the  inttnsities  con.sidered  necessary 
for  vi:'r>n. 

23.  Ill"  on  of  the  conditions  d  tcnnining  permissible  limits 
of  intrin>  mry  {"  glaie  ").  A  suggestive  rejKirt  on  this  subject 
haH  hocn  iaaucd  by  c  coniiuittce  in  the  I'nited  States  which  merits 
discussion. 

24.  The  problem  of  dc\i«iug  t>onie  means  of  judging  the  com- 
paralitx  rffect  on  the  ejfes  of  various  methods  of  lighting  as  regards 
fatigue,  comfort  of  vision,  drc. 

2.").    Lil>niry  Lighting. 

26.  Lighting  of  Museums  and  Picture  Galleries. — It  was  propo.sed 
to  form  a  ((immittce  '       '     '\  this  subjcrt  jirovioiis  to  the  w.ir. 

27.  Lighting  of  //  The  lighting  of  hospital  wards  is 
admittedly  often  unsatisfaetorj-.     There  is  also  room  for  investiga- 
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tion  in  tho  lighting  of  operating  tables.  The  .subject  might  also  Ijo 
studied  in  connection  with  field  hospitals  using  portable  illuminants, 
&c. 

28.  Testing  the  Gloss  of  Paper  and  the  determination  of  a  standard 
of  malness. 

,    29.  Nomenclature  of  Illuminatin(f  Engineering. 
'    30.  Tests  of  the  effect  of  varying  the  reflecting  'power  of  walls, 
ceilings  and  floors  in  rooms,  with  a  view  to  preparing  data  by  the  aid 
of  which  the  increased  illumination  duo  to  reflected  light  may  be 
more  precisely  estimated. 


RAILLESS  TROLLEY  BATTERY  VEHICLE  AT 
BRADFORD. 


A  new  motor  wagon  has  recently  been  designed  by  Mr.  C.  J. 
Spencer,  general  manager  of  the  Bradford  City  tramways,  for  tho 
conveyance  of  goods  in  connection  with  the  ordinary  passenger 
tramway  service,  and  was  given  a  trial  on  the  8th  inst.,  when  it  was 
found  to  givo  very  satisfactory  results.  The  new  vehicle  is  ciuito 
simple  in  design,  but  very  adaptive  to  tho  purposes  to  which  it  is  to 
be  put.  Mr.  Spencer  has  built  upon  the  chassis  of  an  old  trackless 
Irolley  car  a  long,  broad  lorry,  similar  in  shape  and  dimensions  to 
the  motor  lorries  which  are  now  so  common.  There  is  the  marked 
difl'erence/ however,  that,  instead  of  using  petrol,  the  wagon  is  run 
by  means  of^the  tramway  overhead  trolley  lines  ;  but,  as  the  wagon 
is  also  equipped  with  accumulators,  it  ca.n  a.lso  fce  run  independently 
of  the  tramway  system. 


Railless  Trolley-Battery  Vehicle  at  Bradford. 

The  chairman  of  the  Bradford  Tramways  Committee  (Mr.  Enoch 
Priestley),  and  several  other  interested  ])ersons,  witnessed  the  tost 
of  the  vehicle  on  the  8th  inst.  A  load  of  2  tons  was  put  on  the  wagon 
at  Thombury,  s,nd  with  this  it  made  a  satisfactory  journey  to  Wibsey. 

The  equipment  of  the  chassis  of  the  railless  trolley  battery  vehicle 
is  identical  with  the  ordinary  raUless  trolley  chassis  as  used  on  the 
Bradford  tramways— that  is  to  say,  two  20  h.p.  motors  with  ordinary 
series-parallel  control — and  will,  therefore,  ojierate  on  a  500-volt 
circuit.  The  earthing  device  is  an  extension  of  the  steering  arm  of 
the  vehicle  tearing  on  the  track  by  the  medium  of  a  cast-iron  block, 
and  at  the  same  time  automatically  steering  the  vehicle.  This 
device,  which  has  been  used  with  considerable  success  for  some  time 
in  connection  with  the  ordinary  trackless  trolley  cars  when  taking 
them,  over  the  tramway  routes  to  the  depot  at  Bradford,  was  designed 
by  the  general  manager  of  the  Rotherham  tramways,  Mr.  E.  Cross. 

The  accumulators  employed  are  of  the  Edisori  type  (120  cells), 
givhig  a  normal  voltage  of  150.  As  shown  by  the  illustration,  thoy 
are  carried  under  the  floor  of  the  wagon.  They  supply  current  to 
the  ordinary  500-volt  motors,  the  only  difference  beuig  that  the 
motor  with  battery  supply  runs  correspondingly  slower — that  is,  pro 
rata  to  the  voltage.  As  the  torque  of  a  series  motor  is  proportional 
to  some  power  of  the  current  passing  through  the  windings,  the 
vehicle  is  capable  of  clunbing  steep  gradients,  but  at  a  speed  corres- 
ponding to  the  low  voltage.  Whilst  the  vehicle  is  running  on  tho 
500-volt  circuit,  the  batteries  may  be  in  series  with  the  motors,  thus 


charging  them  whilirt  the  <ar  ix  in  ♦r»»l!*-y  aervice.     The  batter>'  w 

capable  of  running  the  vc!.  \f. 

The  change-over  from  b  '  •■  ••--  •■  -  —  *-[•  t,  qoesttcn 

of  throwing  over  a  switch,  wire  and 

the  earth  connector  on  to  the  atcfcring  . 


ENGINEERING  INDUSTRY  IN   THE  ECONOMIC  WAR.* 

BY  M.  T.  C.   ELDER. 

It  cannot  be  too  often  repeated  that  the  struggle  is  a  war  Letween 

whole  nations  ;  that  is  to  say,  it  is  not  -•  •-  i  /  .-  -th  on 
the  batticiiold  between  comparatively  \il  the 

material  resources,  all  the  accumulated  capital,  all  ihc  mental  and 

physical  qualities  of  the  inhabitant.s  arc  ci-.llc«!  ;•  •     - '   •    ?  --  -■'m 

as  so  much  is  stated,  it  will  Hurely  appear  tl  n 

cannot  be  brought  to  a  dramatic  clone  just  '  i  numUir  of 

statesmen  and  solcUers  sit  round  a  large  table  ."v/i...  ...-.;  '^'^  K..r,*e  and 

agree  upon  military  and  political  terms  of    jeate.  lin  of 

historical  causation  is  continuoua  and  cndlrr.w,  end  altbuugb  it  hi.a 
often  been  announced  quite  properly  that  our  immediate  aim  is  to 
smash  German  militarism,  we  are  more  convinced  e«  every  month 
passes  that  in  the  best  interests  of  the  nation  \iin  it  will 

be  neces.sary  to  got  beyond  ihat  objective  and  •_ .  :•}  CBtAWiah 

safeguards  against  the  recrudescence  of  (iermany's  former  economic- 
policy.  It  is  otherwise  quite  possible  that  we  may  v''  r  mili- 
tary triumph  and  afterwarcLs  be  Hghting  a  losing  ec«>i  ^arfaio 
for  many  years  following.  Unless  it  is  underetoo*!  that  tiermany'a 
military  power,  which  has  exerted  such  amazing  re«i.st.'  "  he  face 
of  such  a  powerful  combination  of  adversaries,  ha.s  bet  :  m  her 
industrial  system,  and  particidarly  on  her  engineering  trade — that, 
in  fact,  modem  militarism  is  helples.s  without  engineering — we  shall 
be  led  into  error  in  our  calculations  concerning  the  future. 

Her  military  and  her  industrial  sj-stcm  have  both  been  designed 
for  the  same  purpose.  Germany  has  for  20  or  30  years  been  out  for 
plunder — for  rapidly  achieving  power  and  prosperity  at  the  expen  e 
of  her  n  i  hbours,  and  especially  at  the  expense  of  the  British 
Empire,  and  has  been  restrained  by  no  scruples  of  any  description. 
The  craze  for  getting  rich  quickly  has  inspired  Germany's  (;ovem- 
ment  to  attempt  the  creation  of  a  world  empire  in  a  single  _  -n. 

with  no  other  motive  than  the  entirely  scliish  one  of  con ...;.ag 

economic  power  in  Germany,  the  countn,-  least  Sttcd  for  its  hum;.Jic 
administration. 

Now  we  have  become  more  and  more  familiar  with  the  abominable 
methods  adopted  by  the  German  people,  not  only  in  their  conduct  of 
military  warfare,  but  in  their  nuichinations  for  destroying  the  com- 
mercial power  of  this  country  and  for  bn?aking  up  our  Empire.  Our 
enemies  counted  upon  dissension  and  disorganisation  within  the 
Empire  either  to  keep  the  Kmpiro  out  of  tho  war  or  to  weaken  its 
value  as  an  ally.  They  believed  that  wo  should  have  civil  war; 
that  we  should  have  desperate  labour  disputes  ;  that  there  would  be 
an  overwhelming  opposition  to  militi'ry  sorvii-e  ;  that  wo  should  be 
hopelessly  involved  in  general  pohtical  folly  ami  confu>ion  ;  aiu! 
that,  in  fact,  we  wei-e  sv:lTering  from  univcrsiU  public  juul  private 
neurasthenia  and  debility  ! 

We  have  proved  the  contrary  in  the  presence  of  imminent  danger. 
But  shall  we  continue  to  be  a  united  nation  and  a  nation  rro.ganised 
and  re-inspired  \\\w\\  peace  is  declartnl  anil  wo  enter  u{x>n  the  ne.\t 
stage  of  the  struggle  \\\nA\  will  iinally  ilocido  industrial  leadership 
as  between  this  generation  of  British  and  this  generation  of  t;onnans, 
bevond  which  period  we  need  not  rttempt  to  ivnetrate  ?  The 
speaker  then  suggests  that  the  Allies  nust  iind  some  way  of  pre- 
venting Germany  resuming  butiiness  as  usual  after  the  war,  so  that 
manufacturing  of  a  militarv  nature  will  bo  stoppotl 

After  refoning  to  liscarpolicv  ami  tho  old  FriH«  Tntde  and  Vn>- 
teciion,  it  is  iwinted  out  that  the  war  indicates  discnnunation  m  our 

trading.  j      .•       f  . 

The  -dea  of  industrial  prefeience  suggests  tii^t  consideration  lor 
three  sroups  -the  agricultural,  tho  textile  and  the  engmeenng. 
which  includes  shipbuihlinu  The  case  for  judous  ...-.fegnarcUng  ol 
vA  Iciist  (eitain  departments  of  agriculture  and  of  the  textile  employ- 
ment which  hiws  earned  onornunis  revenues  for  th-.s  tx>untr>-  does  to 
need  to  bo  arguoil  here.  What  we  art  coiucnud  with  is  the  engi- 
neeriiu'  >noup.  and  %ve  bace  our  claims  on  three  propositions  :— 

1.  National  and  Imperial  safety  doiK>nds  on  the  maintenance  of  a 
progressive  and  pux^perous  engineering  mdustr>-.  Ihe  f»ec^e 
influence  of  machinerv  in  warfaio  becomes  more  and  ™<«*  °>»™- 
and  «o  cannotagaiu  take  tho  risk  of  allowing  Germany  to  attam 

*  Abstract  of  addn;.-.-  at  the  Royal  Techni..al  CoUege,  Glasgow,  on  the 

Kith  inst. 
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jucchanical  military  superiority  on  land  or  sea,  or  under  the  sea,  or 
in  the  air. 

2.  Engineering  is  in  peace  also  the  key  industry.  Machinery  i» 
univerHally  employed,  and  in  agriculture,  in  manufacturing  and  in 
transport  clliciency  and  prosperity  dcixjnd  on  the  prompt  julojjtion 
of  modem  equipment.  The  existence  of  a  great  engineering  industry 
in  ]Jritain  is  an  obvious  advantage  to  general  ])roductive  occupation. 
Jf  we  keep  Oeat  Jiritain  a  well-engineered  country  we  are  going  far 
to  ensure  that  it  will  be  a  well-jKjpulated,  a  well -capitalised  and  a 
well-employed  country. 

3.  "^I'he  national  earning  power  of  this  groujj  of  industries  can  be 
greatly  increased  by  taking  intelligent  advantage  of  ita  extension 
and  improved  equipment  due  to  the  demand  for  munitions,  and  by 
collective  exploitation  of  foreign  markets  by  associated  manufac- 
turers and  financiers. 

Here,  then,  is  surely  an  industry  which  is  ciiliticd  to  preferential 
considerati(jn.  VV'hetlier  engineering  sliould  have  s]>eiial  Slate 
encouragement  has  no  dej)endince  on  a  general  change  of  Kritish 
fiscal  policy.  Free  Trade  in  some  other  dcscri|)ti()ns  of  nianiifac- 
tures  may  still  be  left  as  a  dirbataljle  (juest'oii.  l-'ice  Trade  in  engi- 
neering must  go  for  ever.  To  go  on  employing  (Jermany  Uy  make 
machinery  for  us  ;  to  allow  her  syiulicatts  to  comer  our  metal  sup- 
plies; to  gi%»!  hcir  (Kjiial  ()))|)oit  unities  <jf  developing  her  engineering 
and  shipbuilding  as  though  these  were  jmrely  jicacful  industries 
would  be  it,  |)olitical  criuK;.  It  would  be  an  insaiu;  gand)le  with  the 
]>rimary  interests  (jf  our  countiy  and  our  Kmpire.  It  would  l)i'  an 
infamous  betrayal  of  those  who  liave  shed  their  blood  in  our  defence. 
Jt  would  be  an  abject  surrender  of  all  that  they  are  lighting  for, 
because  we  cannot  guarantee  to  guard  our  own  liberties  and  to  fullil 
our  duty  of  maintaining  tlu;  independence  of  the  smaller  nations  if 
we  again  allow  this  enormous  mechanical  |)ower  to  Ik.  wielded  by 
those  who  have  proved  themselves  the  world's  leading  exjK)nents  of 
scientilie  savagery. 

Are  we  in  tlanger  of  such  an  exhiiiition  of  |iolitical  folly  ':  We 
have  every  reason  to  l«;lieve  that  the  intention  of  our  poo|)le  is  sound 
on  this  (jucstion  ;  but  we  ail  ha\e  seen  f]e(piently  asa  curious  jdieno- 
incnon  of  Hritisli  politics  how  much  is  achieve<l  to  our  detriment  by 
busy  minorities  as  against  the  inertia  or  the  inarticulateness  of  the 
g(Miuine  majority.  'Vhv  author  then  refers  to  the  imiwrtation  of 
(Jorman  ])lant  and  machinery  for  all  ])urposes. 

Fortimately,  one  man  has  done  nuuh  to  foil  their  plots  in  advance. 
Australia  has  lent  us  Mr.  Hughes.  Where  he  apjxvii-s  the  |H)isonous 
gasfis  of  cosmopolitan  conspiracy  are  swept  away  by  a  breeze  of 
hearty  patrif)tic  common  sense. 

We  wish  that  our  home  political  leaders  would  be  equally  flirec  t 
and  downright  in  their  expressions  of  opinion  conceriiinn  future 
trade  with  (!ermany.  When  they  seek  to  quieten  us  by  reminding  us 
of  the  need  to  concentrate  all  our  attention  fin  the  war.  we  might 
retort  by  hinting  that  they,  too,  might  patriotically  forget  that  there 
will  ever  be  another  general  election.  The  committees  appointed  by 
the  Hoard  of  Trade  to  rc|)iirl  on  the  future  of  engineerinfi  industries 
are  not  received  with  nni.li  enthusiasm.  The  (pustion  is  one  of  how 
we  are  to  live  after  the  war.  aiul  not  exclusively  the  eonceni  nf 
managing  directors.  The  .inthor  considers  that  the  l..'>(Mt.tMHI  men 
engaged  in  munitions  together  with  the  men  n-tinning  from  the  front 
aft(!r  the  war,  will  understand  the  necessiJy  for  engineering  work  in 
this  counlry. 

We  cannot  suppose  that  oin-  men  will  come  back  from  the  North 
Sea  and  the  Mediterraiu-an.  from  the  trenches  in  France,  from  the 
i'ockv  sIku'cs  of  (ialli|>o!i,  fnitn  the  sandy  plains  of  Meso|Mitamia, 
iiidilTercnl  lo  the  (juetioii  wlictlier  Uritain  ortM-ruuiny  shall  in  the 
future  be  the  most  p(,werfully  engineered  nation  in  Kurope,  So 
that,  if  the  rest  of  the  |Kqiulalion  should  miss  tlie  p«iint  which  we 
ha\(>  no  icason  to  assume  Ihi're  will  exist  in  this  count ry  an  elec- 
torate of  .iboiit  live  millions  capabl(<  of  understanding  what  engi- 
neering means  lo  the  himpin-'s  safety  an<l  priis|»erity. 

That  is  why  it  .seems  to  nu;  a  gro.ss  blunder  to  refer  the  future 
]nospects  and  conduct  of  this  salvation  in<lus|rv  to  a  small  group 
of   com|)aiiy    diicctois.      TIeic    was    a    mat;nilii  i  nt    op|H>itunitv    fur 
bringing  together  repre.-,entati\es  of  the  board  mmiiu  and  the  wuik 
shop  to  diseu.s;:  their  c(unmon  interest  in  industrial  progn'sH. 

\\hile  (rade  miionisis  ale  naliir.dly  inleresltMJ  iii  w.ige..,  and 
mauufactun  IS  in  |iidlits.  tlie\  staiin  on  eommoii  ground  when 
national  policy  is  under  di.sciission  touching  the  right  nu'thod  of 
maiiili'ininu  (he  How  of  re  \  en  lie  mil  of  whii  h  alone  these  demands  of 
ca  pit  a  I  ,'ind  labour  ( .in  be  met. 

In  .1  not  her  diieilicii  I  hi-  m.inufjicturers  mu.st  show  more  hn'mlth 
ol  mind.  Tin  \  must  be  icadier  lo  discuss  common  mleie.Ht.s  with 
I  heir  comiM'titors,  and  they  must  jusisoeiat*'  and  oruatuse  .so  that 
(.'erm  iiie  and  .American  busine.'s  leagues  may  Ik«  met  aii<l  withstcxnl 
in  the  great  markets  of  the  world. 

While   the   chambers   of   conwnercc   have   their  givat    value   (or 


certain  purposes,  and  the  sectional  associations  may  discuss  with 
advantage  their  jwirticaiar  interests,  it  has  Ucome  obvious  that  some 
concentration  of  manufacturing  interests  is  imjoeratively  required  to 
act  in  the  general  behalf  of  productive  industry,  and  to  act  promptly 
and  powerfully.  The  solitary  British  manufacturer  seeking  business 
abroad,  in  the  face  of  competition  supported  and  sub-sidised  by  the 
di])lomacv  and  the  finances  of  the  Cierman  P^mpire,  has  often  been 
sorely  ui  need  of  an  organisation  of  this  kind. 

Such  an  association  is  now  in  course  of  construction,  on  the  most 
solid  foundations,  and  if  as  an  executive  machine  it  can  be  used  to 
further  the  national  bu.siness  pvrposes  so  frequently-  enumerated  by 
the  chamber  of  commerce  and  o.her  industrial  bodies,  the  effect 
should  be  to  remove  many  obstacles  to  the  advancement  of 'our 
imperial  economic  interests.     The  author's  conclusions  are  : — 

( 1 )  That  it  is  necessary  for  the  world's  peace  that  Germany  shall  be 
restrained  as  far  as  jxi-ssible  from  retaining  her  past  and  present  pro- 
IKjrtion  of  militaiy  imwer.  (2)  That  to  accomplish  this  it  is  neces- 
sary to  cripple  her  engineering  industrj-  and  force  her  populace  into 
]»eaceful  imrsiiits.  (."{)  That  this  end  can  be  attained  by  an  inter- 
nitional  c<jnvcntion  of  the  Allies  and  the  British  Kmpire.  (4)  J3ut 
that  it  will  also  need  a  reconstruction  of  British  trade  policy,  with 
s|K':ial  n^gard  to  the  engineering  andallie^t  industries,  (o)  And  such 
a  reform  will  need  to  be  aeeomjjanied  by  a  practical  concei)tion  of 
the  conunon  interests  of  all  engaged  in  British  engineering  tnule  and 
by  the  exertion  of  collective  jxjwer  on  the  part  of  manufacturers  for 
the  development  of  business  abroad. 


CORRESPONDENCE. 


••SPEEDING  rP  IN  AN  ENGINEERING  FACTORY.' 

TO   THK    EDITOR.'*    OF   THE    ELECTRICIAN. 

If  you  will  allow  me  to  make  an  oli.servation  upon  Mr. 
Rankin's  reply  to  the  correspondence  arising  from  his  Pai>er, 
I  .should  like  to  point  out  that  such  i-eply.  taken  in  conjunction 
with  certain  ])arts  of  his  original  Paper,  completely  illu.strates 
the  point  which  1  endeavoured  U>  make  in  my  letter  to  you 
last  week. 

Mr.  Rankin  says  that  at  the  introduction  of  the  bonus  system 
nothing  was  hidden  from  the  men,  and  eini)hatically  enforces 
this  fact  by  concluding  with  the  following  words  :  "  The 
system  in  no  way  relies  on  withholding  anything  from  the 
men."'  .\t  the  same  time  we  find  it  stated  in  the  original  Paper 
that-  "  the  system  of  payment  antouius  to  jniying  a  certain 
ligure  for  a  fi.xed  number  }»er  hour,  and  so  much  per  piece  when 
llie  fixecl  luiinber  is  exceeded.  This  aspect  of  the  system  was 
not  enlarged  upon  to  the  workman.  .  .  -.  The  writer  believes 
that  the  system  was  far  more  succe.ssftil  in  o]>eration  than  any 
sNstem  wiiuld  have  been  whirh  thev  < ould  have  uuderstojd 
tlioroughly." 

Surely  a  man  having  access  to  the  inn»M-  working  of  a  system 
that  he  cannot  understand,  and  which,  moreover,  it  is  intended 
tluit  he  sliould  not  understajul,  is  in  reality  no  different  from 
a  man  from  whom  all  facts  are  withheld.  So  Mr,  Rankin,  in 
conceding  the  former  condition,  mu.st  necessarily  accept  the 
results  of  pnutice  uiuUt  the  latter  condition.  This  latter  con- 
dition in  such  a  vital  matter  as  the  calculation  of  the  worker's 
wages,  leads,  jw  1  showed  in  nty  last  letter,  to  di.saffection 
among  the  n\en.  .\.s  it  is  generally  agreed  that  harmony 
between  employer  and  emjdoyed  must  first  be  <d)tained  before 
increa.sed  outpui:  can  be  expected,  so  a  system  of  wage-payment 
whereby  the  men  can  determine  their  week's  wages  for  them- 
selves apiM'ars  to  be  the  first  ciisential  of  a  work's  "  spetnling- 
u]i      jirogramuu'. 

Liverpool,  .May  Ki.  II.vkoli)  .1.  Hrocklehurst. 

Tnvi.itiii  r  swim;. 

TO    THK    KIMTORS    OK    THK    Kl.KCTUIlI.VX. 

Thirty-two  years  ago  I  contributed  to  The  Ei.ectrict.w. 
Vol.  .\l!l.  p,  ."V^.  a  diagram  to  facilitate  lalculalion  of  the 
hoiirs  of  lighting.  A  revised  version  of  this,  batted  on  inf«»rma- 
ticm  su]>pli«  d  by  i-Ieetric  su]>]tlv  undertakin-^s.  was  puldished 
in  Vol.  .\X\n  .  p.  2!M).  and  it  has  appeared  m  many  eilitions 
of  "  The  Kleetrical  Trades'  Directory."     A  solid  figure  having 
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tlio  nrclinatcs  of  a  load  diagram  as  a  third  dimonsion  would 
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The  shaded  portion  shows  the  hours  of  lighting  \vh<'n  tlu;  ligiit  is 
turned  off  at  10.30  p.m.,  and  turned  on  if  required  at  0.30  a.m.  Each 
rectangle  is  half  an  hour-month,  or  ],')'2  hours. 

This  diagram  may  be  used  to  show  the  effect  of  the  daylight- 
saving  dehtsion. 
London,  May  13.  A.  P.  Trotter. 


Iravinj,'  turret  clockH  U)  \yc  aitemd  any  tiiw  after  <lujik      Th.- 
present  ahsence  of  illumination  will  permit  this  to  l»  donp. 
Those  wlioso  pi'-n  VM  i-A  ^^t^f^.nc 

clockH  will  find  then  i.. ;..,,...,....,.,  ...  ••   -.-  -tt  '^^-ir 

dials  can  be  net  from  on**  ma.«*t«T  cU)ck.     In  I.  he 

Synrhronome  Company  will  Im>  aMe  to  alter  5.«l«l'»  cloclci  in 
public  l)iiijdiii<rs  for  wJiow  timo  t)i.  ...       .     . 

witli  about  100  luastj-r  chH-k.s.  ni- 
(Normal)  to  \.  (.\ccelerate). 

But  it  i.s  tlu-  clock- windf^r  who  -u- 

path\.      He  has  a  week  to  c<^»ver  i.  -.  ■.,..•.-  .;: 
On  .Saturday,  the  20th,  he  must  cram  all  Hih  \ 
afternoon,  the  evening  and  the  night.     If  we  make  the  rhan^e 
for  him  in  our  houses,  it  nhould  U-  done  v     ' 
turning  the  clock  hands  from  1 1  p.m.  to  v...  . 
them  time  to  strike.     And  let  ils  combine  wi 
gratitude  for  the  light  of  heaven  and  a  tribute  to  ;  of 

William  Willett,  the  originator  of  thf  idea  of  dayii;;u'.  -i%iiig, 
who  did  not  live  to  sec  his  dream  realised. 

London,  May  16.  F.  Hoi'k-Ioxes,  M.I.K.K. 


TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

"Whatis  aPhili&tine  ?  The  definition  wliich  pleases  nic  best 
is  :  The  Philistine  says  to  every  new  and  sensible  proposal 
'idiotic  nonsense.'  He  amuses  himself  over  everything  and 
anything  that  he  has  not  been  accustomed  to  see,  hear^  &c.  ; 
opposes  any  alteration  in  liis  common-place  way  of  life  ;  finds 
everything  absurd  that  anyone  else  does,  because  it  is  different 
from  what  he  does  liimself  ;  is  the  mortal  enemy  of  all  pro- 
gress, but  enjoys  it  when  it  has  been  carried  through." 

For  eight  years  as  a  hobby  I  have  spent  my  spare  time  on 
and  of?  in  answering  the  Philistines'  silly  questions  about 
daylight  saving.  Though  the  battle  has  now  been  won  there 
still  remain  m.any  thoughtless  objectors  who  look  upon  the 
alteration  of  our  clocks  as  a  childish  deception  reflecting  upon 
our  moral  courage  and  who  worship  Greenwich  mean  time  as  a 
fetish,  as  if  it  was  an  unchangeable  law  of  the  tmiverse,  for- 
getting that  the  position  of  the  hour  hand  is  already  varied 
for  the  convenience  of  man  in  a  succession  of  24  hourly  zones, 
and  that,  with  the  same  object  in  view,  it  can  just  as  legiti- 
mately be  varied  in  the  seasons  in  ccuntrics  whose  latitudes 
demand  such  correction. 

Greenwich  mean  time  standardises  the  minutes  and  seconds 
only.  Greenwich  has  im-posed  that  standard  upon  the  world, 
and  daylight  saving  takes  nothing  from  its  permanence  and 
universality  nor  from  the  prestige  of  our  National  Observatory. 

Willett's  scheme  was  born  and  nurtured  in  peace,  and  its 
strongest  claim  was  to  give  our  young  men  more  time  for 
outdoor  recreation  when  their  work  was  done  ;  yet  it  was 
matured  in  war  for  reasons  of  economy,  and  is,  in  effect,  tlie 
gift  of  our  enemies.  For  the  quotation  at  the  head  of  this 
letter  is  from  a  pamphlet  of  a  German  professor  whose  cham- 
pionship of  daylight  saving  secured  the  prompt  action  (vf  his 
more  practical  Government.  It  is  certain  that  our  ]\Iinistry 
would  never  have  taken  it  up  unless  Germany  had  adopted  it 
first.  Just  as  Germany's  much  vaunted  superiority  in  several 
branches  of  science  has  been  due  rather  to  systematic  investi- 
gation along  lines  suggested  by  others  rather  than  to  original 
research  and  invention,  so  in  this  simple  and  conuuon-])lace 
matter  of  daily  life  they  quickly  put  to  practical  use  an  idea 
which  is  essentially  British  in  its  origin. 

As  to  how  the  alteration  is  to  be  accomplished,  I  think  we 
may  rely  upon  the  Press  to  remind  us  all  in  eye-compelling 
type  in  their  issues  of  Saturday  next  to  t^et  forward  our  clocks 
and  watches  one  hour  before  going  to  bed.  The  bill  sa)"^ 
2  o'clock  on  .Sunday  morning,  but  much  of  the  wcu'k  will  be 
done  on  the  Saturday  afternoon  in  Cily  offices  and  factories. 


TECirNICAL  EDFCATIOX. 

TO  THE  EDITORS  OF  THE  EI.K(  TRIi  IAN. 

I  heartily  second  Dr.  Ashton  in  thanking  you  for  your  recent 
leading  article  on  techhiral  education.  The  position  ou^ht, 
I  think,  to  be  put  even  more  strongly  and  definitely  than  Dr. 
Ashton  puts  it. 

The  idea  which,  in  our  odd  way,  we  seem  to  delight  in  fos- 
tering, that  the  Germans  are  scientifically  and  te<  •  ""'  a 
better  equipped  nation  than  oui-selves,  is,  in  my  opii.;-..>.  :..:.4e. 
Mentally,  physically  and  morally  we  are  better  built  for  the 
great  search  after  truth  than  the  Germans  ;  the  pa.st  history 
of  science  has  amply  proved  this,  and  I  am  confid'^nt  that  the 
future  will  still  more  amply  emphasise  it. 

But  in  oiganisation — that  soulless  framework  upon  which 
the  wheels  of  progress  in  the  application  of  science  are  mounted 
— we  have,  as  yet,  done  ourselves  less  than  ju.stice.  Organ- 
isation is  a  dry  and  dreary  thing,  but  it  is  an  important  duty 
and  we  are  neglecting  it. 

In    the    organisation    of    high-class   technical    day    -  ' 
Germany  is  far  ahead  of  us  ;    her  annual  output  of  q......  ..  . 

eno-ineering  students  greatlv  exceeded  ours  before  the  war,  ami 
the  demand  for  the  graduates  of  German  schools  was  growing. 

We  profess  to  have  come  to  realise  that  Germany's  remark- 
able progress  in  science  and  commerce  wife*  due  tt»  her  i»rgdii- 
isation  of  technical  education,  and  that  to  overtake  Ctemiany 
we  must  put  new  energy  into  our  owni  etiucational  systems. 
Yet  when  this  war  came  and  forced  upon  us  an  opportunity 
to  leap  ahead  we  were  blind  to  the  opportunity. 

In  the  early  months  of  the  war  students  and  teachers  showed 
an  admirable  impatience  to  join  His  Majesty's  Forivs.  •••   ' 
sacrifice  they  thus  nobly  made  has  been  accopteil.     I  i 
the  acceptance  of  this  sacrifice  was  an  ill  service  to  our  liaupire. 

1)1  ,lulv,  1911,  the  engineering  schools  of  the  »tnmtr)-  had 
their  normal  numbers  of  first,  .second,  thinl  and  final  ^    '■'  ■ 
vear  students  (the  men  who  would  have  completed  their  ■ 
in  1917,  1916.  1915  and  19U  res|)ectively).     Thest^  students. 
almost  without  exception,  were  allowed  to  obey  their  ij'- 
of  patriotism  in  the  only  clear  way  before  them     by 
the  forces  ox  undertaking  son\e  other  fonn  of  national  - 

Son\e  say  that  when  the  war  ends  the  majority  of  the.-*.' 

students  will  return  to  us.  but  we  who  have  talk.  '  •     '■'"rs 

of  them  know  that  this  is  not  st>.     They  have  t  *»« 

stern  and  strenuous  activity  antl  will  not  come  hack  to  mil 
with  untried  bovs. 

The  position."  therefore,  is  this  :  wo  have  alr^'ady  .-wicrilKwl 
our  iiormal  output  of  ipialitied  students  for  the  years  1914. 
1915.  1916  and  1917,  and  if  the  war  woiv  to  end  at  once  four 
yeai-s  more  would  have  to  jviss  before  wo  .<honld  :  •"  have  a 
graduating    class.     The  coHnirj   ins    nhfuUj    >  •    •i'ujht 

ifcars'  siipph/  of  .i>mlifii'd  engiiteermg  $ttni^nl».  And  though 
the  gain  resulting  from  this  saeritice.  when  reokonetl  in  terms 
of  the  nobilitv  and  unseltishnoss  of  thost-  whi>  have  lH>en 
allowed  to  make  it,  has  Uvn  a  giinit  and  noble  one.  yet  whett 
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reckoned  m  terms  of  numbers  added  to  our  army  of  five 
millions  the  gain  is  invisiVjle. 

For  tlie  sake  of  adding  a  few  thousands  to  an  amiycf  millions 
we  arc  willing  to  obliterate  all  our  engineering  schools  for  eight 
years,  and  that  at  a  time  when  these  schools  are  needed  more 
than  ever  they  liave  been.  With  a  little  foresight  these  ciglit 
years  would  have  provided  just  that  start  that  we  so  badly 
want. 

I  write  this  letter  in  order  to  support  the  efTort  which,  at 
this  late  day,  is  being  made  to  save  the  situation.  Numbers 
of  the  present  first-year  student*  in  our  engineering  colleges 
are  turned  18,  and  the  majority  will  be  18  before  they  ca  i  com- 
plete their  second  year.  The  essential  thing  at  the  moment 
is  that  Ihe  Government  should  make  all  men  studying  in  our 
leading  engineering  colleges  exempt,  from  military  service,  and 
should  instiuct  them  that  it  is  their  duty  to  continue  their 
studies. 

London,  May  16.  F.  M.  Dentpx. 

(The  suggestion  in  the  last  ])aragrapl!  «f  our  correspondent's 
letter  is  insufficient  to  meet  the  case.  The  endcav.our  must  be 
made  at  once  to  get  some  of  our  senior  tech".ical  students  out 
of  the  Aimy.  As  to  the  lateness  of  the  date,  wc  have  been 
insisting  on  the  importaiKe  o^  the  .'uibject  ^^r  12  month';  and 
more,  but  it  is  only  recently  thai"-  wc  Iiavc  icccivcd  ,i"v  rr- 
(ouiagement.— Eds.  E.\ 


CITY  GUILDS'  EXAMINATIONS. 

TO    THE    EDITOHS    OF    THE    ELECTUKIAN. 

I  was  pleased  to  sec  tliat  the  above  subject  was  comme"ited 
upon  in  }our  Notes  of  last  week.  I  agree  with  your  criticism 
that  the  range  of  questions  is  too  narrow.  There  is,  liowever, 
another  fault  namely,  that  a  complete  lack  of  balance  exists 
among  the  questions.  For  instance,  in  the  alteniating-curren". 
Paper  a  question  was  .set  un  the  power-fac tor  of  a  three-phas? 
motor,  the  Vwlt,  amperes  and  watts  being  given.  The  solutio  i 
involves  only  simple  arithmetic,  thus 

Power-factor^—,; — — - — -=0-89. 

200  X\/(3X  18-5) 

A  student  giving  these  figures  would,  obviously,  be  entitled  to 
full  niaiks,  siricp  no  proo^  <»r  other  infonnation  was  asked  for. 

In  the  same  Paper  there  are  questions  involving  a  knowledge 
of  single-phase  commutator  motors,  motor  converters,  rotary 
converters,  polyplia.se  wattmeters,  &c.  Moreover,  in  on^ 
question  an  im|)ortant  item,  of  the  d'xta  was  omitte(',  while  one 
question  al.so  appealed  in  ihe  (Jrad'^  111..  Part  1.  pa|);'r  ! 

In  Grade  I.  there  is  a  similar  want  of  balance  ;  in  faet,,  two 
questions  were  entirely  beyoiul  the  syllabus  an('.  i'lvolvcd 
Grade  II.  work. 

It  would  seem  desirable,  therefore,  that  short  F.ojutiovi 
should  ucconi))any  the  (|uestionH  whe.'i  the  latter  are  r.ubmitted 
to  the  i^)ard<if  Kxainiiieis.  The  merits  of  each  ouestio:!  would, 
then  he  a]>parent  and  the  omi.ssion  of  imj^ortaut  ('-lia  would  be 
impossible.  Moreover,  the  tenniuology  slioild  agree  with 
moc'ern  practice. 

l.fnidoii,  .May  I.').  A.   l).)VKi:. 

TO  Till",  f.DITORS  OK  TlIK  ELECTRK  l.VN. 

In  your  Kd'torial  Note  last  week  rommenting  o;i  the  recent. 
examination  ])aj)ers  in  the  above,  I  war.  sorrv  to  »ec  that  n 
allusion  was  niadi*  to  "  rlrctrir-iiumnrn's  work." 

This  is  a  suitject  that  suri«'r,H  from  an  i'^ad-Mpuile  title,  and  if 
it  were  called,  say,  electric  utstalhition  wnrlc.  it  might  be  iesji 
ignored. 

A  few  years  he''ce  jierluips  it    will   he   rorognis- d   thnt  all 
electrical   engineering   .students   coilld    with,   gical    advantage 
start  with  this  subject.     Then  we  should  not  have  th"  j^ro.sen 
absurd  state  of  thing;  which  gives  us  ac'v.i:       '  '      ' 

are  ii'- many  cases  uiitamiliar  with  the  pnuii    . 
to  the  fitting  of  electric  light,  heaters,  bells,  telephones.  &c.. 

The  chief  rear.o.n  for  not  ignori?)g  the  subject  in  your  cohnn.K* 
is  that  it  cries  out  for  all  the  encouragement  po.*sible  from  thos"' 
manageriully  re,s])onsil)le  for  the  ])ractical  and  theoivtiia! 
cla.s.ses  in  which  (he  .subject  is  taught.     To  a<lopt  a  n»ilitar\ 


metaphor,  we  train  our  officers  well,  but  treat  the  rank  and  file 
of  the  electrical  army  as  if  thev  were  of  little  account.   Q.E.A. 

Will  not  this  army  be  expected  to  do  great  things  in  the 
future  ? 

West  Norwood,  May  U.  W.  Perrex  Mwcdck. 

[We  agree  that  wiremsn's  work  suffers  from  an  inadequate 
title.  It  was  impossible  for  us  to  comment  on  the  subject  as 
the  examination  paper  was  not  in  our  possession  at  the  time. 
—Eds.  E.] 


THE  INSTITLTiON  OF  ELECTRICAL  ENGINEERS. 

TO  THE  EDITORS  OF  THE  ELECTRICIAX. 

At  the  general  meeting  of  the  Institution  of  Electrical 
Engineers,  held  last  Tnursday,  considerable  stress  was  very 
properly  laid  on  effecting  economies.  In  view  of  the  high 
rat€  of  taxation  and  the  great  riss  in  the  prices  of  neces- 
sities, I  would  suggest  that  the  best  way  of  enforcing  economy 
(»n  the  "  ])owers  that  be  "'  would  be  by  allowing  a  reduction 
of  (sav)  25  per  cent,  on  all  our  fees  during  the  war. 

LoAdon,  May  15.  A.M.I.E.E. 

(Although  this  course  might  be  very  acceptable  to  the 
meniberh,  we  fear  that  it  w(tuld  be  out  of  proportion  <o  the 
])o,ssible  economies.  —  Ed.s.  A'.] 


DIESEL  ENGINE  USERS'  ASSOCIATION- 


At  the  last  meeting  it  was  stated  that  the  list  of  meniber- 
chij)  was  now  rei>resentative  of  upwards  of  .'jOjOOO  b.h.p.  of  Diesel 
engine  plant.  Several  further  engineers  having  control  of  such 
jjlant  were  elected  members.  The  ])rcsidcnt  was  thanked  for  the 
trouble  he  hiwl  taken  iji  comjiiling  notes  on  the  subject  of  air  com- 
jjrcssor  troubles  and  the  risk  of  oil  vapour  explosions  from  various 
sources. 

Further  diHonseion  took  place  rcgardina;  the  Sniithfield  cx|ilo6ion. 

.Mr.    H.   I^   (^lEKTiKR.  H.Si-..  of  KcavVll  &  Co.  (Ltd.),  wiid  his  firm 
tl)ou<;ht  they  liacl  a  theon*  which  Hcomed  to  (it  the  case  and  which,  if 
correct,  showed  that  quite  a  Biniplo  precaution  nhould  prevent  further 
nccidcnts  of  a   like  natun.     The  abnormal  conditions  shown   by  the 
examination  of  the  <(im|)n'S8or  after  the  aecident  were,  so  far  as  they 
knew,  confined  to  the  hijxh-prfssure  svictinn.  and  d'-Iiverj-  valves,  which 
win'  e.vcccdincly  ba<ily  ( art>«>ni:<e<i,  and  t<i  tlic  n  lief  valvo  on  the  inter- 
mediate purtre-pot,  which  when  testcHl  after  repair  only  blew  otT  freely  at 
ai)out  ;},SU  lb.  per  square  inch.     Tliin  n^licf  valve  was  set  bv  the  makers  to 
blow  oB  at  al>out  27.")  lb.  per  squan-  inch,  so  tiiat  it  must  have  \xcn 
n'-adjust<<l  by  scn-winj:  ii|>  tliesprinutnthc  limit.      The  areident  occurred 
almost  immediately  <in  starlini;  \i]i.  and.  then'fon-.  the  lem]>eraturc  of 
the  compnssdr  was  very  mudi  lower  than  n<>rm!il,  .ind  it  would  seem  that 
the  e(>n<liti(inH  werr<  not  at  all  favourable  for  an  exi)lo;.ion  to  take  ])laee. 
There  seemed  no  doubt,  however,  that  an  e.xplosion  did  occur,  as.  in  the 
tirit  jdaee.  a  calculation  of  the  strength  of  the  jnirpe-pot  showed  that  the 
Ixirstinp  pres«un'  woidd  Ik-  in  the  neiiihbourhcHMl  of  2. .">(»(•  lb.  ])or  square 
inch.  an<l,  secondly,  the  fa<t  that  it  was  bn)k<'n  into  frai;mcnts  indicated 
.".  heavy  and  instantaneous  sho<k.      .\ssumin.u'.  thcrefon-.  that  an  e.vjilo- 
i;ion  occurn-d,  anil  that  this  was  cauH'<l  by  the  ignition  of  lubricntini;  oil. 
it  has  Ix'en  su}itjcht«'d  that  such  exphisions  are  caused  by  the  i^rnition  of 
oil  in  the  form  of  mist  or  fog.     One,  therefor*,  had  to  account  for  the  oil 
fojf  and  for  the  means  liy  which  the  teniperatun-  was  raised  to  ismitiim 
|i  >int.      His  lirm  .■<  theory-  w.ts  as  follows  :    The  hiuhiin'ssun-  valves  «ere 
not  functioninc  with  titc  nstdt  that  then-  w.as  nion-  or  less  open  passajre 
(  onneilion  l>ctwe<ii  Ihe  final  delivery  ])ipe  t<t  the  bla-st  bottle  and  the 
intermediatv  purge  |>ot.     The  valvi?  l»etween  the  bla*;t  bottle  and  the 
compressiir  waj*  t>pened  just  liefore  the  nocident.  and  this  woidd  allow  the 
denw  air  in  tho  blast  Uittle  t4i  nish  back  nlon;;  the  pipes  to  the  intcr- 

!l:»t<-   purge. pot    by   way  of  the   I  v„n>  ( ylindor.     They  sug- 

d  that  the  vchk  ity  at  which  thi  k  plare  and  the  density  of 

uir  canwtl  it  to  liik  up  and  cnrr>-  away  any  oil  d(>positc>d  on  the  pipes 
and  to  chum  this  into  a  fog.  The  intermediate  relief  valve,  as  tests 
recently  ma<le  proved,  in  capable  uf  dealing  with  all  the  air  aspires!  by  the 
eumpri'Hwir  with  a  riw*  in  pr.  '       •       ,,n>  than  .'{(Mb.  per  square 

inch,  but  it  was  obvioimlv  ii  ;m  vjfh  an  almost  in.-t,an- 

taneoiix  ni^h  of  air  f-  Ih.JU'-.  and  consequently  the  jmssure 

row  till  a  balance  v  All  the  while,  of  course,  the  inter- 

mediate cylinder  wa'*  «le|ivenng  air.  and  had  now  to  compress  against 
this  gn-atly  it-  ••  >  -1  prettsun^  -•  •'■■it  the  temperature  of  the  delivered 
cir  rapidly  n  nil  it  v  'ntly  hot  to  ignite  the  «»il  mist  in 

'h<'  P<«r-'  '  ■  ■  ,  ,        -ary  for  this  niih  back 

f  nir  t'  1.       li'   valve   was  opened, 

liccau":'  the  nd  the  cHjuditions  nece;isary.  that, 

ii-.  a  mor'  nr  .  _  I.p.  pui^^-pnt  and  coils,  may  not 

have  l>een  immciliatnly  preKent.     Again,  the  R»mc  conditions  would  l>e 
•  '  'T-ned  with  a  («|ow-er  leak  Kick  if  for  any  reason  the  I. P.  n-licf  valve 
not  in  proj»or  working  onler. 
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COMMERCIAL    TOPICS. 


Organisation  of 

Manufacturirg 

Interests. 

shaps    at   prcccnt, 
form    one    strong 


An  effort  is  Icing  iradc  for  the  purpose  of 
establishing  c.  central  crganisaticn  of  manu- 
facturing intercct!5  in  the  LInited  Kingdom. 

The  movement  has  hardly  taken  definite 
but  the  idea  of  the  organisers  seems  to  be  to 
representative  and  influential  body,  which  will 
include  all  the  individual  effort  which  is  at  present  being  made 
by  separate  organisations.  It  has  been  decided  to  form  an  asso- 
ciation, and  a  circular  has  been  issued  setting  forth  its  main  objects. 
It  is  proporcd  that  100  preliminary  members  (with  an  cntrancD  fee 
of  £1,000)  fhall  form  the  basis  of  the  Grand  Council.  Until  this 
number  of  subscribers  is  guaranteed  no  further  steps  towards  the  estab- 
lishment of  the  association  or  the  arrangement  of  its  detailed  working 
conditions  will  be  taken,  but  it  is  stated  that  nearly  half  the  number  of 
subscribers  has  been  already  secured.  Among  the  interests  which  are 
to  be  amalgamated  in  the  scheme  arc  the  iron,  steel  and  coal  industries, 
shipp  ing  and  shipbuilding,  cleetx-ical  undertakings,  railway  and  wagon  con- 
struction works,  motor  and  rubber  industries,  chemical  product  manufac- 
turers, engineering  and  munitions.  The  association  will  (it  is  claimed)  be  a 
representative  gathering  of  British  manufacturers,  and  one  of  its  first 
objects  will  possibly  be  to  press  for  a  Ministry  of  Commcree,  but  no 
details  of  policy  will  be  decided  upon  before  the  meeting  of  the  first  grand 
council  when  the  100  subscribers  have  been  secured.  The  new  organisa- 
tion will  endeavour  to  maintain  a  friendly  attitude  towards  all  labour 
organisations,  with  whcm  it  is  hoped  to  work  in  harmony  with  the  desire 
to  establish  a  true  partnership  of  interests  between  capital  and  labour. 
The  circular  bears  the  narrcs  of  Mr.  F.  J.  Nettlefold  (chairman  of  the 
Institute  of  Industry),  Mr.  W.  Peter  Rylands  (on  behalf  of  tlie  conveners 
of  the  "Central  Association"),  and  Mr.  F.  Dudley  Docker,  C.B.  Mr. 
A.  W.  Tait,  Basildon  House,  Moorgate-strect,  E.G.,  is  the  hon.  secretary 
(pro  tem.),  to  whom  correspondence  should  be  addressed. 

From  the  annual  rci^ort  of  Callcndcr's  Cable 
&  Conctruction  Co.,  which  wo  give  in  another 
colum-n,  it  will  be  seen  that  this  important 
British  Compa,ny  has  had  an  exception a,lly  good  year.  A  dividend 
of  10  per  cent,  per  annum  is  proposed,  together  with  bonusoi5  amoimt- 
ing  to  IDs.  per  share,  or  20  per  cent,  for  the  past  year,  comjjarcd  with 
15  per  cent,  for  1915.  As  might  have  been  anticipated,  the  report 
states  that  the  year's  operations  have  been  carried  on  imder 
exceptional  difficulties  as  to  m.en,  materials  and  transport.  The 
company  was  declared  a  controlled  establishment  under  the  .Muni- 
tions of  War  Act  on  Aug.  18,  1915,  and  its  output  has  been  and  is 
largely  for  warlike  materials  required  by  the  Government.  The 
shareholders  are  assured  that  no  firm  in  the  electrical  industry  has 
rendered  more  effective  service  to  the  nation  than  hac  the  company. 
The  ordinary  home  trade  has  consequently  been  much  interfered  with, 
but  it  has  been  possible  to  carry  out  som.e  municipal  and  other  con- 
tracts in  connection  with  munition  work,  and  also  to  satisfy  to  some 
extent  the  demands  of  the  old  and  valued  customers  of  the  firm. 
The  shortage  of  shipping  has  seriously  interfered  with  the  delivery 
of  orders  for  overseas  customers,  but  in  spite  of  this,  good  work  has 
been  done  in  several  of  the  colonies.  Altogether,  the  record  is  excel- 
lent, and  one  of  which  the  directors  of  the  company  might  very  well 
feel  proud.  _   _ 


Callender's 
Annual  Report. 


.,  Mr. 

.       ..f    F 


After-the-War 
Problems. 


The  Metal  Trade  ''^  f\"!  "l"^  "^  '^^  ' 

and  the  War.         nietal  trade  may  '  - 
j)ast  year  h  work 
C'hiphain  <t  Morris  (Ltd.).     .At  thf  rin-.-tiiiii 
iStonc,  managing  director,  who  prewidcd  in  t' 
man  (Capt.  W.  Morton  Johnson),  congratu).  on 

the  successful  results  of  the  year'o  trading. 

He  said  the  results  were  duo  to  a  e*^.:   .       .  ^  t 

the  first  place  they  had  had  a  largely  >■ 
the  total  value  of  the  sales  \n\n<2  lli 
very  large  stocks,  the  value  of  whifh  li 
the  demand  for  their  goods  for  mimition.s  of  war  ■ 
Although  they  had  successfully  carried  throu(;h  a     ,.. 
of  that  work,  yet  by  far  the  larger  portion  of  th<  ir  t. 
Covcrnment  had  been  indirect,  through  their  r  i*r 

the  company  had  been  successful  in  considr-rai  im- 

over,  but  the  outlook  was  not  ek-ar.      Even  at   jpT' 
their  export  trade  was  seriously  shrinking,  and  th  ." 
to  difficulties  in  getting  supplies. 

*         *         *         m 

At  the  recent  annual  meeting  of  tho  Amccm- 
tion  of  Trade  Protection  .S,c:ctieB  scvenl 
subjects  dealing  with  problems  which  r.rc  likely 

to  arise  after  the  war  were  discussed. 

Mr.  G.  M.  Chamberlain,  in  the   course   of   his  presidential  addmi. 
declared  that  the  establishment  of  a  Ministn.'  of  Commc-rte  wms  loof; 
overdue,  and  if  concerted  measures  were  to  be  taken  to  r.rffnniju^  and  pat 
the  nation  into  a  position  of  preparedness  to  meet  a  fr- 
our  trade  by  Germany  after  the  war,  now  was  the  tin. 
ment  to  give  a  lead.     No  stronger  and  more  effective  1« 
than  to  establish  a  Ministry-  of  Commerce.     R?solati(.»i.-  ™w    ..... 
urging  that  a  complete  scheme  for  the  extension  after  the  war  of  Bnt:-h 
trade  with  the  Colonies  ancl  foreign  countries  «houl<l  bo  famiBhf<l  t\<  v 
by  the  Government  ;   that  the  Consular  scrvieo  should  bo  stAtTwi  \,y  n»n 
with  trained  business  experience,  instructed  to  promote   ! 
v/ithin  their  jurisdiction  ;  and  that  power  should  be  given  t-       _  •■  ■ 

dumping  into  the  countrj'  of  foreign  goods  at  unrra«onabl"  pnc«^.  it 
was  also  urged  that  our  education  system  should  be  directed  to  the 
teaching  of  business  methods,  habits  "and  duties,  to  training  in  science 
as  applicable  to  industry,  and  to  greater  attention  to  the  languages  of 
countries  where  British  trade  relations  '-ould  be  extended. 

*         *         *  * 

.An  important   conference   on   the  very  swioas 
Increase  01  question  of  increasing  the  output  of  otal  to*.k 

Coal  Output.         pj,^^.g    ^    London    on    Tuesday    between    the 
Executive  Com.mittees  of  the  Mining  .\sscciation  and  the  Miners' 
Federation  of  (ircat  Britain.     The  conference,  which  was  convened 
at  the  suggestion  of  the  Home  Office,  had  before  it  projK  iyils  emanat  ing 
from  the  Coal  Mmes  Organisation  Committee  for  improving  supplies*. 
In  a  letter.  Sir  Richard  Reiimayne,  chairman  of  the  Organisation  Com- 
mittee, remarketl  that  the  deficiency  of  coal  supplies  »•«.< 
and  the  Committee  were  unanimous  that  it  was  of  vital  inn 
every  effort  should  be  made  to  increase  output.     Tho  doorraso  m  '-ir 
for  the  first  12  months  of  the  war  was  about  30  millicn  tons,  and  :.. 
monthly  rate  of  decrease  had  shown  no  improvement.     The  d.-mand  for 
coal  for  home  consumption  was  growing',  laruely  owini:  t.      ' 
ments  of  works  engaged  in  tlie  inanufaetun>  of  munition  v 
of  tho  Allies  were  also  increasing.     To  meet  home  dei: 
been  greatlv  reduced,  and  yet  it  was  necef>ar>-  to  nu: 
various  countries  in  exchange  for  essential  articles  from  them.     ' 

was  our  largest  and  most  important  export,  and  r      ■ '  •••• 

portant  bearing  on  paying  for  the  war  and  maint  ex- 

change.     Five  points,  he  mentioned,  had  b»vn  «i 

mittee  for  ineivasing  supplies,   and   he  a.-iked  for 

sidi  ration.     The  suggestions  wore  as  follows  :  ( 1)  ^»' 

Hours   Act;    (2^   Further  utilisation  of  the  faoil...       . 

additional  hour  on  CO  days  oi  the  year  at  collieries  ;   (3)  rw. 

of  boys  entering  mines  from  14  t«>  l.>. 

of  boys  on  the  surface  :  ( 1)  Further  enip 

("))  reduction  of  wilful  absenteeism.     The 

tlie  Miners'  Federation  last  week,  and  t!. 

.Tiven  powers  to  act  within  certain  limit.*.     They  v 

To  the  suspension  of  the  Kiiiht  Hours  .\et  unles*  .^  eoi..,  -     .„„,., 

out  for  its  temporarv  withdrawal.  Tho  oonfenMU-o  wa-  •*»)«"nK<d  until 
June  22.  but  the  following  resolution  v  ""''""''>; "**''''^*^'~k„:„„ 

In  n^sjard  to  absenteeism,  this  mc  <  cs  to  tho  matter  being 

irferred  to  the  districts  on  the  distinct  underr^tandmg  that  committ,^ 
will  at  once  be  set  up  in  each  district  to  doviso.  and  to  put  mto  operation. 
etleetive  maehinery  to  seeun>  the  attondaneo  of  a  I  the  workmen  em- 
ployed to  the  fullest  possible  extent  and  to  inquire  mto  the  circumstances 
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of  workmf'n  rmploytfl  in  tlif  minos  not  boinjr  provided  with  work  when- 
ever they  proxf-nt  themwlves,  the  intention  U-'in^i  to  secure  as  far  as 
possible  the  oiit))iit  of  Coal  noeessan'  for  the  eonntry's  needs. 

At  the  adjouT-neri  meetinj;  on  June  22nd  rej)orts  from  the  districts  as  to 
the  suspension  of  the  I':ij.'ht  Hours  Aet  and  the  working  of  one  hour  extra 
on  00  days  of  the  year  will  Ik-  considered.  It  was  also  recommended  to 
the  several  districts  that  holidays  lie  curtailed  as  far  as  possible  in  the 
national  interests  in  order  to  obtain  an  increa  'd  (output. 
*  *  *  » 

Ai-   ^  r^«<«^i  ^f      Tt  is  annotinecd  that  tliC  (lovcmment  has  now 
A  len  Conlrcl  of  n   i  ^i     /.  ,      .     (,\,.  p..;*;-!. 

A    ~»     1    „  rt  „         eaneellerl  the  (JerniJin  contracts  ot  the  J>ritihh 
Australian  Ores.      „    ,       u-,, /. 

liroken  ndl  Lonipanies. 

I'nder  the  terms  of  thcTrading  with  the  ICnemy  Amendment  Act.  l!Jl(>, 
the  Hoanl  of  Trade  has  made  an  order  detcrmininu  all  contracts  made 
by  the  British  Broken  Hill  Proprietary  Co.  and  the  Zinc  Corporation 
with  thr-  Cerman  smelters.  The  only  other  British  company  operating 
at  Broken  Hill  (the  Snlphi<l''  Corporation)  has  also  made  an  ai)plieation 
for  rclcaKC,  and  when  this  has  been  effected  the  Britisli  com])anies  will 
be  in  the  same  prwition  as  the  Australian  concerns,  who  were  released 
by  the  Enemy  Contracts  Annulment  Aet  (passed  by  the  Commonwealth 
Parliament  last  ycarjanrl  will  now  befreetodispo.^eof  their  lead  and  zinc 
ef)ncent rates.  '"  TIk'  Times  "'  re))orts  that  negotiations  were  recently 
in  i)rogrcss  between  the  Britisli  Broken  Hill  Co.  and  Japanese  l)uyerR 
for  a  further  sale  of  concentrates  on  a  scale  that  might  haTe  enaljled 
the  com|)any  to  resume  milling,  but  they  were  stopped  owing  to  the 
action  of  the  Commonwealth  (iovemment  in  prohibiting  the  further 
export  of  lead  eoncenf rates  fr<mi  Australia  for  the  present.  The 
Commonwealth  Covemment  is  believed  to  favour  the  idea  of  all 
Australian  m"tals  beinu  smelted  locally,  but  as  no  facilities  exist  for 
smelting  the  whole  of  the  Broken  Hill  lead  output  this  prohibition 
seems  much  too  premature.  The  company  is  considering  the  ques- 
tion of  c-rcf  ting  modern  works  in  this  country,  where  both  lead  and 
zinc  concentrates  cfttdd  be  treat<-d  at  a  lower  cost,  owing  to  cheaper 
labour  and  materials,  than  in  Australia.  The  jirincipal  Broken  Hill 
companies  have  agreed  to  join  the  Zinc  Producers'  Associ.ation  I'ro- 
prietary  (Ltd.).  formed  under  the  Commonwealth  (Jovernmenfs  ausjjices 
with  the  object  of  .••<•(  uring  that  the  future  outjuit  of  these  concentrates 
in  Australia  shall  be  realised  through  one  channel.  Metallurgical  experts 
contend  that  the  cost  of  jiroduction  in  Australia  would  be  ])rnhil)itive 
to  users  in  this  er)untrv.  But  whatever  the  companies  decide  to  d" 
they  feel  that  the  only  sure  jilan  for  the  (Jovcrnnient  to  adopt  as  regards 
the  security  of  its  own  requirements  is  the  ere(  tifm  of  State  smelters. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  .\biy  s,  ];)l(i.  t,>  .May  I  It.  1916. 
In  view  of  the  increas<-(i  interest  which  is  being  taken  in  the  siibject  of 
the  importation  into  and   the  exportation  of   Electrical  Manufactures 
from  the  Unit<<l  King<lom,  we  resume  our  weekly  lists.     [See  also  note 
at  foot  fif  Exports.) 

IMPORTS. 

CooLE.  -Sweden:  Elcc. machinery,  19  pkgs. 

Hull.     Swe.len  :   Electric  machinery,  66  pkp.<?. 

Liv  U.S.A.:  Une-  '    •  ' 

L'  S.A.:    Elcc.  :  elec.  lamps,  £578:    carbon  candles. 

fl'f'  .,.„,..,..;  .1     I-  ...     ri2.150;      i:---" '••••'       '"' "78 

:.  ;    incat  ' 

1            '              .  .-.  rify .  ■               .    :    ,         : 

elei..   lamps  ;irnl    ;  r:   Eiec.    machinery, 

£1.061  ;  cirb'.n  r-,.  „(V  .  Elec.  machinery. 

£180;  un'  ..cr.maik:    V:.ij:.u!ut:.,:vti,  i,,'l2.  Jtolv :   Elec.  machinery , 

£90;    wi  J  avail  ■•  Elec.  machinery.  £90:    unenumerate>i,  €60. 
Sweden :  ' 

MAricH!  (i,  114  pkgs.    Holland:    Elec.  lamps,  25  pkgs. 

EXPORTS. 


7u  A<:                                                                                                                      < 

U96:  wi: 

f.-'--     - 

■  d 

tat': '  iin- 

'  ■ 

Lvllellon . 

. 

£312:    u'. 

-0 

/)unedin 

PJ5.     Afi 

■ 

ArvirA 

7un- 

enumer.Tt'                                                     ,:  ■       ., ,.  .■  .   ,  ■^...  .     ,.,  ■  i^.u;.  .hi.-, 

C-Vb. 

f^ast  loih: 

Envi'T.                                         ^V'-.Tlfn     r  ri.<:u1aK:  EWc.cM"  a\. 

Maoa-iascar.     a.' 

CinRALTAK.      Tel'                                                                              l,C51. 

Malta.     WireanJ...:                                                 1.  tMl  ;  .                   .ied.  C18. 

StiMAT'jA.     Mril.vi  :   1 ' 

iNtUA,  CRV             '                                                                                •                                     '" 

n  , 

£8.752:  clcci 

J  ; 

iinenimieialfHl,  i  .. 

Wire  ar.d  rnllc.  EH7.     .^ 

merated.    E.123.     Fenanc 

unenumerated.  €86. 

,  AVA.     5.7»vf(j'.e  .•  Un»<niim<«ra»pfl.  Ca? 
'  APAN.      YoK-pliania  :  \'                       .    r  — - 

China.  — Wo've  A'o'ii'. 

Elec. 

machinery.   £80:    tnlcf;!,.,  ;    ..i...     ^...   .^•.     .     ....^.■. ,. 

Ek-c. 

machinery.  f75. 

U.S.A.     A'fic  Ynrk:  Unonun^rr  .(r  !.  C-'V^,'". 

South  amp  Central  A"ii 

■,i- 

merated.  C1.63.S      Ct^hK :    U 

;  J, 

Santaiuicr :   V- 

HoLi  ANn.                                       lid  rable.  £2,262:   unpnumpratwl.  ntOfc.     Rcftrrdam  : 

Wire  and  cabk.  i.,w     1 1-     m  ,.  umery,  £122  :  unimumerated,  61,030,     Hoarlrm 

WlT« 

and  cable.  £485. 

Franch.— Far;s .•  Wire  and  cable,  £137:  urcnumerated,  £189.  Dieppe:  Elec- 
machinery,  £269  :  unenumertaed.  £161.  Bordeaux:  Elec.  lamps,  3,500  no.  wire  and 
Cible,  £3.629  :  uner.umerated,  £329.  Calais:  Unenurrierated,  £24.  Dunkirk:  Unenu- 
merated .  £660. 

rcr.TUGAL.— '-;s63«  .•  Wire  and  cable.  £1.614  ;  ur.er.umerated,£86. 

Spain. — Huelva  :  Elec.  machinery,  £116. 

Cakada.— Montreal :  Unenumerated,  £40.  Tc-O'-.i: :  Unenumerated,  £26.  Halifax: 
Te'e-^raph  material,  £t0  :  v.ire  and  cable,  £I..220  :  ur. enumerated,  £55. 

Java.— 5a/a- .'3  .•  Wire  and  cable.  £603  :  unenuirierated,  £45. 

.Nckt'!  Att.'inti'-.  —Telerrarh  cable,  £25,.560. 

Tangjo'io.  — Eloc.  machinery,  £3&0. 

HEtizyi.^.  —Wire  and  ca  ,!e.  £.36. 

TjiL.ATjAP.  — Uncn'jmeratc' .  £32. 

FOREIGN   GOODS  Muty  paid  and  free). 

.Adelaide:  Unenumer^.tei.  £1.hV8.  f  o>«ifly  ."  Ur.enumerated,  £153.  Ceylon:  Unenu- 
merated,  £265.  Dieppe:  Unenumerate-i.  £195.  /'^r/A.- Unenumerated,  £30.  Sydne\- : 
Unenumerated.  £15.  WelUn^ton :  Une-jTcra'te,-'.  £14.  Kobe:  Unerumerated,  £32. 
Melbourne  :  EJe:.  meters,  £105. 

IN   TRANSIT. 

Au:k'aiid  •  Elec.  lamps,  £200.    Shanghai :  Ele;.  rlow  lamps,  £365. 

NoTK. — The  large  number  of  items  in  these  officialretums  under  the 
misleading  heading  "  unenumerated  "  relate  to  what  is  described  as 
"  electrical  goods  "  and  "electrical  materials." 


LEGAL  INTELLIGENCE. 

Alien  Enemy  Patents. 

In  the  Patents  Court  <m  the  lUth  inst.  an  a))]»lieation  wa,?  made  by 
Messrs.  \\'atson  &  S<ms  ( Eleetro-.Medical).  Lt<l.,  for  a  licence  to  use 
patents  !),4!»!»  of  I'll 2  ami  13,!i03  of  15)13,  granted  to  Siemens  &  Halske 
(A.-G.).  It  was  said  that  the  patents  covered  an  improved  means 
of  varvini;  the  ]»rimary  curn-nt  in  rirder  to  obtain  a  Ix-tter  elec- 
trical discharire  in  the  liontgen-ray  tulx'.  A  rectifier  ensured  that  the 
<lirecti(m  of  discharge  in  the  ,\-ray  tube  was  always  the  same.  The 
e.xcitation  of  a  Koutgen-ray  tulx'.  under  the  lltl2  ])atent.  was  produced 
by  suddenly  commuting  the  continuous  cum-nt  flowing  in  the  primary 
windings  of  a  transformer  or  induction  coil,  and  ra])id  successive  dis- 
charges were  obtained  by  means  of  an  interrujiter  or  rectifier  for  the 
secondary  current,  in  conjunction  with  a  rotating  commutator  to  the 
transformer  or  induction  coil.  That  gave  a  high-tcnsifni  <iischarge  in 
the  X-ray  tube.  The  improvement  in  the  second  patent  aimed  at  reduc- 
ing the  time  constant  in  the  a])paratus.  and  consisted  in  var^•ing  the 
l)rimarv  circuit  at  the  moment  of  commutation.  l*rior  to  commutation 
the  pat<'ntees  had  the  whole  primary  winding  in  circuit,  and  the  commu- 
tator automatically  cut  r)ut  half  the  jirimary.  so  that  at  the  moment  of 
commutation  then-  was  only  half  the  primarA-  coil  in  circuit.  Or  the 
])atentees  mijzht  efTect  the  same  result  by  having  two  primary  windings 
possessing  ditfen-nt  time  factors. 

Mr.  Okofirkv  Pk.\r<f:.  managing  director  of  applicants,  made  an 
affidavit  setting  out  the  facts  of  the  ease,  and  that  he  was  familiar  with  the 
subject  matt«r  of  ])atents  lt.4!>fl  and  l.'l.rtt.'l.  and  would  find  no  difficulty 
in  building'  up  the  ajipaialus.  His  com])any  posscs.-;ed  every  facility  for 
the  mnnufaclure  at  their  own  works  by  their  own  lirilish  workjx'ople  of 
a]))>aratus  eonstructe<l  in  accorrlancc  with  the  sjiecification*,  and  they 
desired  to  manufacture  the  ap]iarntus  to  fulfil  an  urgent  fiovemment 
order  which  lh«'v  had  obtaincil.  They  had  al.^o  other  onlers  and  in- 
ijuiries  for  the  iipparatns.  anil  it  was  hi',:hly  desirable  in  the  inten-st  of 
British  industry  and  Hritish  w<irk|>eoplc  that  the  apj)nratus  should  be 
maniifaclun-d  to  an  ade(|uate  extent  in  this  cinmtry  t<i  meet  the  demand. 

I'or  the  o])prrnints.  Mr.  Imk.w  stated  that  Messrs.  Siemens  Bros.  &  Co., 
of  lifindon.  wen'  iH-neficially  inten-sted  in  the  patents,  and  were  doing  a 
gn-at  amount  of  (Jovernment  work.  They  were  pre]>ar<'d  to  carry  out 
the  manufactun-  of  that  tyjw  of  aiiprratus.  but  as  the  (Jovemment  had 
approai  lied  Wntson  ^-  Sons  they  woiiM  not  obje<-t  to  the  licence  being 
grnnled  to  them.     The  only  ■|Uestion  w;is  the  amount  of  royalty. 

ThennjMtn  .Mr.  M  \UKs  ofTen-d  a  royalty  of  2.J  or  ."{  per  cent,  on  the 
)iateiit<<l  ])art  of  the  np|iaratus.  roughly  half  of  the  entire  a]iparatus. 
\\lii<  h  would  cc»st  alMMil  £l<Mt.  Finally,  llx'  applicants  agnnvl  to  p.ay  4 
]>er  cent,  nil  the  selling  ])riee  of  the  en1i|-e  ma   liine. 

•'  Unsealed  Patents  "  to  be  Licensed. 

The  Pafent«  Tourt  «in  the  llth  inst.  luartl  the  first  application  nnder 
thi'Tratlini;  with  the  Knemy  .Vmendm-  nt  .\ct.  I'.tlt!.  fora  lieeni  c  under  an 
"  unsealed  alien  p.-itcnt."  The  piesc  iit  a]>pli(  ation  was  made  on 
iH'half  of  two  Shefbeld  firms,  and  the  invention,  which  was  made  bv  two 
(ierman  engini-ers.  named  Timiner  and  Dinger,  of  Solingen.  n-lated  to 
a  griniling  maeh  Jie  for  making  Idades.  Mr.  Walter  Tvzack  (mana'jing 
din-<  tfir  of  Meters.  Needham.  \<>nl|  ,^-  Ty/.aek)  and  Mr.  .Alliert  Hobson 
(of  Thomas  Turner  ,V  <'<>.)  applied  in  nnler  to  fulfil  War  (»(1ice  eontr.i<ts 
of  HO  extensive  a  natun-  that  they  < milil  not  ordinarily  lv>  <  (implied  wifh. 

The  ('<infn>ller  (.Mr.  Tkmim.i:  Kijwks)  explained  the  procedure.  Ho 
said  the  Ihiblie  Trustoo  wa«  likely  to  \yc  made  custodian  of  the  "unsealed 
)>nt«nfs.'"  ]^iiliert«>  th«'  lieenie  had  Invn  issued  by  the  llnard  <if  Trade. 
The  new  tyj»o  of  lii  enee  woiiM  Iw  e\i»<nted  by  the  public  Trustee  and 
granted  in  his  own  name.     The  i  ■■  c  wnuld  hold  the  mvalties. 

but  somebodv  wiihl  ha\e  to  pn\  di-  for  tin-  unsealed  pat«nts. 

Me   would  lid   the  issue  of   a  licence  to   Mr.   Tyzack  and   Mr. 

Hobson.  at  .  ,  :  at.  royalty  on  the  fuelling  prii^-.  and  they  could  decide 
among  theni  who  was  to  pay  the  Koaline  f**.  The  patents  would  have  to 
Ih>  sialed  to  someb<xly.  There  wr>ii|d  W  a  variation  of  proei-dnre  in  the 
issue  of  liiN'nws  in  tln»«e  neweBwn  Xo  time  woid'l  W  lost. and  the  appli- 
cants miffht  <-onnt  <  '  .   I'ublie  Tni-t,i'  at  any  earlv  d.a1*>. 

rnoflieially  it  is  ■  i.  iv  jm-  2.(»iMt  ■   nnse.iled  p.itiiits  " 

whttw  apccifiealions  have  iw^'U  tiled. 
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EDUCATIONAL. 


Sheffield  University.— Um'or  the  will  of  the  lafo  Mr.  W.  Vdi^nr 
Allen,  f(,ini(K>r  of  the  Medico-Mocliiiuical  Institute  in  ShcflicM,  the 
mm  of  t.'}2,()(X)  has  just  been  paid  to  the  University-  of  S(  cflield  i^s 
part  of  the  residue  of  the  estate. 

Of  this  sum  .£r),()(K)  is  intonchd  for  the  ap])iir(i  Kcicncc  dcyiartnifiit  and 
the  balance  is  t(i  ^'o  to  rnivrn.ity  scholarships,  half  of  th'-sc-  to  ho  reserved 
for  the  sons  of  working  men.  Sir  Jos(-ph  Jonas,  fhaii'man  of  the  af)plifd 
scicnr(>  department,  has  added  £.'>,()()(),  and  the  total  of  tlO.flOO  will  he 
ap])lied  to  the  provision  of  a  material-testinii  laboiatory.  to  he  Known 
as  the  Alhn  and  Jonas  I.ahoratorv.  Any  furth-r  amount  whieh  mav  he 
received  from  Mr.  Allen's  estate  will  he  set  aside  for  scholarships. 

School  of  Technology,  Manchester.— The  i-yllabus  of  the  summer 

evening  classes  in  mechanical  engineering  contains  courses  on 
hydraulics,  experimental  mechanics,  inking  in,  colouring  and  tracing, 
locomotive  management,  graphics,  oxy-acetylene  welding,  stationary 
steam  boilers  and  smoke  abatement,  experiaients  on  the  value  of 
ductibility  of 'material  in  machine  construelion,  steam  applied  to 
road  transport,  problems  in  the  design  of  aieo-cngines.  The  elec- 
trical engineering  courses  are  as  follows  :  The  curing  of  defect.';  in 
electrical  machinery,  measurement  of  power  and  energy  in  single- 
phase  and  polyphase  circuits,  wave  forms,  examination  of  the  mag- 
netic jmiperties  of  iron,  insulation  and  insuhition  testing,  electrical 
railway  practice  in  America. 


BUSINESS  NOTICES.. 

The  Board  of  Trade  announce  that  the  labour  Exchanges  and 
Unemployment  Insurance  Department  will,  in  future,  he  kn()Wn  astl.c 
EraplojTnent  Eepa,rtment  of  the  Board  of  Tr  ide. 

The  finn  of  H.  Hartjen  &  Co.,  Noble  Hon  e,  :?r)-:}7.  Noble-street, 
London,  E.C.,  has  Icon  turned  into  a  private  limited  company, 
imder  the  title  of  ^'  Holder ^Harriden  (Ltd.),"  Mr.  F.  W.  Lang  being 
th.e  sole  director. 

The  registered  office  of  the  Lyme  Regis  Ilectric  Light  &  Power 
Co.  (Ltd.)  has  been  altered  from  Coombe-street,  Lyme  Regis,  to 
Moorgate-eourt,  Moorgate-place,  London,  E.C. 

Plant  for  Sale. — The  Metropolitan  Railway  Co.  advertise  for  sale 
the  electric  generating  jjlant  until  recently  emploj-ed  by  the  Cireat 
Northern  &  City  Railway,  including  four  800  kw.  d.c.  generators, 
with  Corliss  engines,  10  boilers,  four  condensing  plant,  auxiliary 
engine  and  generator,  coal  handling  j^lant,  fee  1  pumps,  &c. 

Leeds  Corporation  electricity  department  advertise  for  sale  a 
1,000  B.H.P.  triple-expa.nsion  three-cylinder  vertical  Belliss  engine, 
two  sets  horizontal  surface  condensing  })lant  with  air  j)umping  and 
circulating  engines,  six  700  kw.  two-phase  alternators  and  exciters 
and  one  additional  circulating  engine.  Ofi'ers  to  the  manager,  Mr. 
C.  Nelson  Heiford,  1,  Whitehall-road,  Leeds. 

Copper  for  Sale. — Belfast  Harbour  Board  advertise  for  sale  a 
quantity  of  electrolytic  co])per  strip  and  wire.  Tenders  to  the 
Secretary,  Harbour  Offices,  l^elfast,  by  31st  inst. 

LIQUIDATIONS,  BANKRUPTCIES,  &c. 

Russell  E.  Connold,  member  of  R.N.  ^-.ir  Service,  formerly 
electrician,  of  6a,  The  Parade,  Canterbury,  h.as  been  adjudicated 
bankrupt. 

An  order  has  been  made  tliat  the  api)lication  for  the  discharge  of 
Arthur  Faraday  Hawdon,  electrical  engince.-,  Yctholm,  Elm  field- 
gardens,  Closforth,  be  withdrawn. 

The  Riddle  Automatic  Signal  Co.  (Ltd.)  is  1  eing  wound  up  voliui- 
tarily,  and  Mr.  W.  Braby,  25,  Victoria-street,  LoncFon,  S.W.,  has  been 
appointed  liquidator. 

Winding-up  Petition.— A  petition  by  Has!  im  &  Strettcn  (Ltd.) 
for  the  winding  up  of  the  Colston  Electrical  \^'orks  (Ltd.)  will  be 
heard  at  the  Guildhall,  Bristol,  on  May  3L 

>i!iiini 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Carlisle. — The  Electricity  Committee  have  decided  to  borrow  'C2 10 
for  main  extension  to  supply  current  to  a  proposed  electric  coaling 
plant  at  the  L.  &  N.W.  locomotive  sheds. 

London  County  CounciL — On  Tuesda^^  .sanction  was  gi\  en  to  the 
following  loans  for  electricity  purposes:  Hainnicrsmith  iiorough 
Council,  £.3,000  ;    Hamjistead" Borough  Counci!,  t.'J.OOO. 

Rcpuyriient  oj  C<ipit<il  E.ij)(iidiliiic.-T\\f  I^'initin c  Cnminittcc  rcpoitcd 


th.it  the  TrcaHiin-,  aft<r  tu;  r.ti.aion.  ha<l  atm-*-*!  Ut  th*-  f-  -Is 

for  thf  repayment  of  th'  ■        •    i i....-    .     i:        .   n  j 

the  ori|;ina|  entimat<'  of 

anfl  reeiprocatinjr  en-.'iii'     ,i    ■: 

(i.)   K.xixnditiirr'  on  n\ii  w.  ■,  and 

alterations  to  hiiildin^-*  (foe  i onipictioii  •  u-. 

t'-r,    £2;},(i40),    M)   ye;irs;     !ii.)   oth-r   a 
(tl.-'JIO),  2.'>yearH  ;   (iii.)  expenditun- on 
thiM  additional  st'-am,  exh.'?Jist.  frrd  <■<,; 
th(!  underHtandinfr  that,  in  the  event  of  i 
on  the  a<jrc''d  basis  heinir  n 
jKiiod  for  r<-payment  shall 

steam,  exhaust,  feed  eondi  nser,  &e..  pifx-M.  2.>  van* : 
bladinj.    turbines  and  re-windins;  jjeneratorH  t/»  !>•  ih*r. 
account  or  renewals  fund  ;    (vi.)  outstanding  dobt  in  r»-  J 

the  old  machines,  to  Ix-  provided  for  in  v  '  t^* 

financial  year  during  which  the  old  niT  '. 

Shoreditch  (London).— 'J'he  L.C.C.  has  adviswi  the  h  •  il 

that  they  are  prepared  to  advance  the  £2.<M)0  rcquiri-.i  i.^  n.i  .iv.- 
tricity  department  for  house  services  anrl  meters. 

GENERAL. 

Barnes. — As  the  net  profit  (£7(j9)  on  the  electrit-ity  umlert.-iking 

for  the  past  12  months  is  not,  havins  reward         '  irf 

the  markets,  a  sufficient  leargin  to  meet  all  ■  -,;. 

trical  engineer  (Mr.  C.  S.  Davidson)  .suggests  tlat  as  from  the  .limo 
quarter  10  per  cent,  should  be  added  to  all  acernaits. 

This  increase  would  iiroduce  about  £l,2."iO,  arni,  pn>videil  the  r-cst  oC 
materials  r(>mains  the  same,  would  ensure  a  net  prffit  of  aUmt  £2.CIUU  for 
the  year  191  f!- 17. 

Coal  Supplies. — Shoreditch  Lighting  Coni.nittee  agrees  with 
Stejmey  Borough  Council  that  proper  facilities  shoulrl  be  afTorc?ed 
by  the  Government  for  obtaining  adequate  siip-jlies  of  iijal  for  elec- 
tricity su]>ply  undertakings  which  ;  re  engaged  ii  the  ^  upply  of  mwer 
and  light  to  a  large  number  of  local  factories,  anrl  it  is  •  r- 

sontations  to  the  J5oard  of  Trade,  the  Railway  Lxeeutr ;.« 

and  the  Admiralty  Coast iig  Trade  Ofliee  on  the  matter.  In  order 
to  counteract  the  jnesent  difficulty  of  obtainin.r  snjiplies.  the  Com- 
mittee has  applied  for  a  ertilicate  of  reeogiiiiion  <if  tb.-  w.  rb-  :i< 
'■  munition  works." 

Dublin. — We  are  informed  by  the  city  eleetri  a!  engineer  (>ir.  M. 
Ruddle)  that  on  the  whole  the  electric  supply  de|Kirtnieiit  e.-ij-ajjed 
very  w^ell  during  the  recen'  disturbance-. 

The  general  supply  of  ele  "trical  energy  to  the  juihlic  v  d 

thioughout  without  intermssion,  the  only  exce])'ions  (•      _  iie 

burning  buildings  in  O'Connell-street  area  blew  so  many  fuses  that  one 

of  the  sub-stations  had  to  be  temporarily  shut  down.     The  •_•-      ly 

was  shut  down  from  the  first,  so  that  only  the  consumers  of  t-  ;- 

ment  had  lighting  sup])lics.     The  street  li'jhtini:  was  main'  d 

for  the  first  couple  of  nights  until  the  military  authnrities  . 

continuance  until  last  week,  when  it  was  rt>sumed  in  most  uistnrts.      la 

the  street  fighting  the  lamps  suffered  much  damask,  some  StI  laiujo  Uini; 

destroyed  by  rifle  fire,  about  loO  globes  being  broken  ami  s,-v  nd  odl.irs 

being  smaslied  by  falling  building's  ;    altosjether  ah  >ut  i;7iM'    '  'is 

accrued  to  date."    The  staff  -^tuck  to  tlieir  work  well  thr 

members  in  the  zone  of  fire  iieinu'  on  continuous  duty  for  -  1 

nights  without  relief.     The  ^renerating  station  at  Tigeon  !•  e 

chief  distribution  station  at  Fleet-street  were  under  militaiy  ..'uani  from 

the  first  day  of  the  outbreaV.  but  no  attack  was  made  on  the  pn--  •-'»• 

of  the  electricity  departmen.  other  than  the  damage  mentione«l  • 

street  lighting.  "  Still  (says  Mr.  Hiuhlle)  it  was  a  strenuous 

time  for  all  concerned,  and  the  work  of  disconnectiMg  the  - 

fallen  buildings  entailed  serious  risk  on  the  staff  en^'iui'd 

Th(>  destruction  of  ]U()perty  in  the  principal   busir.css   ai  y 

will  mean  a  serious  loss  to'ihe  department  in  the  immexliate  futun-  as 

regards  income,  as  the  work  of  n-buiUling  at  the  present  tiuv ■••  '-' 

slow  for  want  of  nuvterial  an  I  labour. 

Ealing.— The  electrical  engineer  (Mr.  A.  D.  Knight)  n'| 

(b.e  amount   paid  in  waoe^  to  emi)loyes  of  his  dipartn-en;       ^ 

with   ll.:\l.    Forces   betwee-i   Aug.   4,   HH4.  and   April  2t»  l.ust  vas 
£784.  14s.  Id. 

Hove. — On  the  recommendation  of  the  Ligl>  uig  < 
Council  propose  to  grant  ;m  atklitional  «-ir  boi   :s  of    ■ 
the  men  in  the  electrical  department. 

Knottingley.— T.  e  Board  of  Trade  have  cxtemN^I  for 
from  -hdv  ol.  IDKi.  the  periods  of  two  years  and  IS  montl 
lively  mentioned  in  see.  21  of  the  s.he.Uile  to  ti\e  Kleetne 
Clauses   Act.    180J).   as   uicorporatod   in   the   Knottingley    Llt^;ot 
Lighting  Order,  1914. 

Nelson.— The  ("ouncil  have  ineriv»s»-d  the  pri.-e  of  eleetrieiiy  hv 
Jd.  per  unit  for  lighting  and  Jd.  for  [K.wer. 

Plymouth.— The  Corporation   have  approval   a 
Electricity  and  Street  Ligiiting  (\>nnniti"'<>  to  pur. 
lorrv  for  £1,0.")."). 

\\  the  ncent  meetiuir  of  th.>  CorponUiou  tlu-    fr;>m\sa>-  »  ..nn,n.!.,- 
proposed  a  revision  of  existing  faivs  and  the  adoption  of  |H-nny  fan-s  on 
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certain  routes  as  soon  as  throujrh  rurnin^  of  cars  to  Dcvonport  is  effected. 
As  members  of  the  Council  had  not  seen  the  report  of  the  manager  upon 
which  the  Committee  based  their  recommendation,  the  matter  was  post- 
poned until  next  month. 

Swansea. — The  Electricity  Committee  has  approved  the  proposal 
to  substitute  mcteA  filaments  for  the  existing  enclosed  arc  lamps. 

Westminster.— The  Charing  Cress,  Went  End  &  City  Electricity 
Supply  Co.  and  the  St.  James'  &  Pall  Mall  Electric  Light  Co.  have 
terminated  their  contracts  for  the  supply  of  energy  to  the  Council 
buildings,  and  after  /June  24  the  charges  will  he  as  follows  : — 

Charing  Cross  ('<>.  20  y)er  cent,  increase  on  existing  prices,  viz.,  3d.  per 
unit  for  lighting  and  10s.  per  kilowatt  of  connected  demand  ])Ius  Id.  per 
unit  for  power.  St.  James'  Co.  4d.  per  unit  instead  of  '.id.  \kt  unit  for 
lighting  and  Id.  plus  7s.  6d.  per  rated  horse-power  per  quarter  (no  change) 
for  power.  The  Council  has  been  recommended  to  accept  the  amended 
offers  of  the  companies. 

Whitehaven. — The  receijits  of  tlic  electric  sujiply  department  fcr 
year  ended  March  31  were  £5,7(56,  against  an  estimate  of  £6,475. 

The  expens3s  wen;  £5,720,  leaving  a  credit  balance  of  £40.  This  year's 
revenue  is  put  at  £5,8.30  and  the  expenditure  at  £.5,.593,  or  a  profit  of  £233. 


TRACTION   NOTES. 


Birmingham.— In  February  last  the  Corj)oration  authorised  an 
cxperinxcnt  being  made  with  trailer  cars,  and  the  Hiindsworth  route 
was  selected  for  this;  jnirpose  by  the  Tramv%ayfi  Committee. 

In  order  to  carry  nut  the  experiment,  special  brakes  and  couplings  were 
required  for  the  tractor  car  and  the  trailer  in  order  to  meet  the  require- 
ments of  the  Board  of  Trade,  and  as  the  department  were  so  shoit  of 
skilled  men,  all  of  the  available  staff  being  engaged  in  the  maintenance  of 
the  existing  linet.,  the  K])e(  ia]  work  had  been  delayed.  It  has,  however, 
been  now  <'om])letcd,  and  the  exjxTinicnt  witli  trailer  cars  will  be  begun 
this  week.  The  exjjcriment  is  being  undertaken  to  show  whether  trailer 
ears  are  fea!;ible,  having  regard  to  the  jieculiar  ( cnditions  of  the  city, 
what  the  effect  will  be  on  the  general  traffic  in  the  thoroughfares,  and, 
finally,  whether  ti.'.ilcrs  ar."  advisable  frfim  the  point  of  view  of  economy. 

The  Tramways  Committee  has  reported  increased  traffic  recei])ts 
during  the  jxist  year  of  £125,000.  I'assengers  carried  were  163  millions, 
an  increase  of  l4  millions. 

Blackpool. — Over  100  women  have  been  employed  as  ccnductcrs 
on  the  local  tramwajH  and  it  is  now  proposed  to  employ  wcmen  as 

drive  rs  also. 

East  London  Railway. — Thin  company  wHoec  line  is  worked  by  a 
joint  committee  of  six  companies  has  successfully  apjicaled  to  the 
London  (Quarter  Sessions  on  four  ])revious  occasions,  and  has  obtained 
a  reduction  on  rateable  value  frojn  £5,092,  recently  fixed  by  tie 
assessment  committee,  to  a  nominal  figure  of  £100. 

Keighley. — Tl-.o  Council  have  agreed  to  give  merit  badges  (( r.rrying 
Is.  a  week  extra  jc-y)  to  jierinanent  enij)loyes  of  the  tramways  de- 
partment on  coni])Iotion  of  three  years'  continuous  and  satisfactory 
Bcrrvice  as  c(induct<jr,  motor-man  fir  inspector. 

Leeds.-^ -There  .-.ro  n(<w  more  than  4tK)  women  con(lucl<irs  (n  the 
Corj)oration  tramears,  and  it  is  stated  that  in  a  few  weekf.  all  the 
car  conductors  will  be  women. 

Southampton. — The  tramways  manager  recommends  the  levying 
of  a  (JMrgc  fur  excess  luggage  on  th«-  ears-  /.p.,  parceli;  otier  than 
])ers(mal  luggage  not  exceeding  2H  lb.  in  weight. 

Southend-on-Sea.  The  Light  Hailw.iys  Conuniltee  Ins  ini  inicted 
the  clciliii'l  ciiuiiicci-  (Mr.  U.  I.iikett)  not  to  proceed  with  tb.e  pro- 
posal for  )(:-ting  .uilal)!r  women  aiid  girls  with  a  view  to  using  thorn 
as  temporary  (Iriveni  cjIi  the  ean;.  Imt  to  ."iiply  to  the  Tribnn;t!  to 
))ost|)oiie  the  ir.lling  uj)  or  to  exempt  ]»rovisionally  the  17  motor  men 
employed  on  the  earn,  who  have  enlinted  luuler  the  Derby  Scheme. 
and,  in  iiddition.  to  appoint  temporarily  such  other  suitable  men 
for  the  season  Iraflic  as  the  necessity  arises. 

Swansea. — The  Tramways  Committee  proiKBOs  to  ajiply  for  an 
extension   of   time   for  conslrueting  the  Cam!  art  hen -road  anfl  Tort 

Tennant  -road  1  re  iinv.-  vs. 


EMPIRE   NOTES. 


Ill 


Australasia.— At  a  recent  meeting  of  Sydney  (N  S.W.)  City 
Coiuicil  Ihe  hilectric  Lighting  Conunittee  recommended,  with  legard 
to  a  referent e  from  Council  as  to  preferenv^e  to  l^ritish  goods  and 
goods  of  Allieil  nations  during  the  war,  that  the  same  be  rescinded 
and  that  each  lender  received  be  dealt  with  on  its  merifp. 

The  couuuitU'o  also  ivconnnended  tliat  in  conneition  with  works  pro- 


posed to  be  established  by  the  Australian  Electric  Steel  Co.  for  making 
steel  by  an  electrical  process,  three-phase  current  at  5,000  volts  be 
offered  at  0-.5d.  per  imit  between  9  p.m.  and  7.30  a.m.  on  condition  that 
no  supply  be  given  between  3.30  a.m.  and  6.30  p.m.,  that  the  minimum 
demand  is  500,000  units  per  year  for  five  years,  and  that  the  company 
provide  accommodationfor  switchgear.  At  a  later  date  if  the  company 
require  a  much  increased  quantity  of  current  the  Coimcil  will  consider 
the  advisability  of  a  reduction  in  the  price. 

Other  recommendations  by  the  Committee  were  that  in  view  of 
the  contractor  for  4  in.  fibre  conduit  being  unable  to  give  delivery, 
Ll.OOO  yds.  of  earthenware  pipes  be  purchased  locally  under  the 
existing'  contract,  at  a  cost  of  £1,030;  that  in  view  of  the  City 
Electrical  Engineer's  advice  that,  owing  to  war  conditions,  contracts 
for  the  sui)i)ly  of  great  additions  to  the  generating  plant,  boilers,  &c.,  at 
the  power  houfc  should  not  be  completed  at  present,  the  Ca'stlc- 
reagh  sub-station  be  proceeded  with,  and  that  tenders  be  invited  for  the 
following  equipment  for  the  sub-station  :  (a)  A  large  storage  batterj', 
(6)  converting  and  battcrj'  charging  plant,  (c)  switchgear.  It  is  also 
recommended  that  tenders  be  invited  at  a  later  date  for  cables  for  con- 
necting the  power  house  to  this  sub-station,  and  for  the  supplj-  of  direct 
current  from  tiie  sub-station  to  the  street  mains.  The  estimate  of  total 
cost  of  building  and  equi])ment  an<l  mains  is  £11.5,000.  The  Committee 
further  rccommendid  that  authority  Ix"  given  for  an  ex]X)nditure  of  £1 ,050 
for  13  steam  flow  meters  cjn  the  13  newest  boilers  at  the  power  house,  and 
that  the  Ceneral  Electric  Co.  of  America  be  asked  to  quote  for  the  same  ; 
and  that  the  action  of  the  City  Electrical  Engineer  in  directing  the  con- 
tractors for  the  supply  of  fibre  conduit  (Haes  &  Eggers)  to  postpone  the 
im])o,ting  of  material  ordered  in  view  of  the  great  increase  in  freight 
(from  70s.  per  ton  measurement  to  £8.  10s.  per  ton)  be  approved. 

The  "  Australian  Mining  Standard  "  says  a  technical  school  was  opened 
at  Eootscray  (Victoria)  n-cently  by  the  Minister  for  Education,  Mr. 
I>awson.  The  Mayor  (Coun.  Pearce)  said  that  the  main  building  cost 
£5,050,  and  provided  accommodation  for  200  students.  Already  this 
number  of  students  has  been  enrolled.  Workshops  are  being  erected  at  a 
cost  of  £2,000.  Manufacturers  are  being  asked  to  assist  in  instalUng 
maehinerj-.  Mr.  Warde  said  the  time  had  arrived  when  the  Govern- 
ment should  enforce  technical  education  on  boys  over  14  years  of  age. 

The  New  South  Wales  works  department  has  offered  to  supply  the 
Councils  of  Bowral,  Moss  \ale.  and  Mittagong.  on  the  table  land  back  cf 
Illawarra,  with  electric  current  from  the  coal  jetty  power-house  at  Port 
Kembla.  The  Minister  for  Works  says  it  had  been  arranged  to  supply 
Wollongong  from  this  source,  and  current  could  be  supplied  more  eco- 
nt)mically  if  the  out])ut  were  increased  by  the  su])ply  of  these  munici- 
])alities.  Current  would  be  transmitted  at  high  pressure,  transmitted  to 
the  boundaries  of  the  municipalities  and  transformed  down.  The  price 
to  be  charged  to  Wollongong  was  £7  per  kilowatt  per  annum,  plus  Idl  per 
unit.  On  account  of  the  greater  cost  of  the  transmission  line,  the  charge 
to  the  other  municipalities  would  be  £8  per  kilowatt.  The  districts  of 
these  numicii)alitie8  are  over  2,000  ft.  higher  than  Port  Kembla  and  40 
to  .50  miles  distant. 

The  Alexandra  (\ictoria)  Shiro  Council  has  decided  to  establish  an 
electric  supply  undertaking. 

The  Amalgamated  Zinc  Co.  are  having  a  trial  parcel  of  material  put 
through  the  electrolytic  plant  of  the  Anaconda  CopjK-r  Co.  in  America 
to  ])rovide  data  to  guide  them  in  their  decision  as  to  starting  zinc  treat- 
ment works  in  Tasmania.  It  is  projxiscd  to  negotiate  with  the  Tas- 
manian  (iovernment  for  ]>ower  froni  the  hydroelectric  works  at  Great 
Ijike.  lO.tKKJ  H.r.  would  Im>  required  at  the  outset,  and  probably  40,000 
or  50.000  n.J".  later.  The  lYiMuier  states  that  another  investor  is  nego- 
tiating for  50.0(K»  H.r. 

A  re])ort  has  been  prepannl  by  Mr.  R.  H.  (Jarvie,  engineer  for  the 
I>auncest(in  (Tas.)  marine  board,  in  n-ganl  to  the  )>roposed  works  at  Bell 
}<ay.  whi<  h  had  been  decideil  on  for  the  dee]>-water  jiort  for  the  Tamar. 
Amongst  the  works  which  will  form  the  first  .'*<><  tion  are  wharf  equip- 
ment, consisting  of  electric  cranes  and  capstans,  and  a  power  station  for 
L;<nerating  elettri*  ity  re(juire<l  to  operate  cranes,  capstans,  lighting  and 
any  other  el<<trical  a])jilianc<"s. 

At  a  re<ent  meeting  of  thi-  ratejiavirs  of  Port  Adelaide  it  was  decided 
to  appn)ve  of  the  Council  borrowing  £12.(MMI  for  electric  tramwavs. 

The  "Comn.onwcalth  Engineer""  says:  (Jympie  (yueensland)  Council 
has  authorised  Mr.  C.  S.  Dent  to  e)>tai>lish  electricty  works  in  the  town. 
The  N.S.W.  Minister  for  Works.  Mr.  Cann.  stated  n-cently  that  he 
intended  t<i  inquin"  into  the  (piestion  of  erecting  a  bridge  at  the  Spit, 
over  Sydney  Middle  Harbour,  to  carr>"  electric  railway  cars  and  vehicular 
tralfic.      It  is  cKtimatrd  that  the  bridge  would  cost  £43.(MM1. 

It  is  j>roposed  to  construct  a  traniwav  at  Eastern  Northcote  (Victoria), 
at  a  < ost  of  £20..700. 

The  Kit7roy.  Nr.rthcote  j^  Preston  (Victoria)  Tramway  Tnist  is  sending 
n'prewutatives  to  India  to  obtain  information  regarding  motor-jiro- 
jiillrd  tramears. 

Provided  tlie  tnasurer  of  Queensland.  Mr.  Theodore,  agrees  to  allow 
12  months'  grace  to  the  eonipany  "which  it  is  proposed  to  form  for  the 

)i\irpcJH<  of  supplying  lpswj<  h  ((.»• '-nd)  with  electric  light  and  power, 

there  in  ever\-  likelihoed  that  ll  .   will  h>  carried  out.     This  con- 

ce  lint  ol  tin   diHiculty  there  will  be  in  securing 

ft'  jdant  and  ma<hinery  :-o  long  as  tlie  war  last.«. 

The  conditions  c  n  which  the  Minister  has  eonsenti  d  to  issue  an  Ortler-in- 
Council  ap'  that  the  conipanys  t4nure  shall  not  exered  25  years  ;  the 
local  authoritieo  (and  probably  the  State  Go>fmment)  to  be  given  the 
right  to  purchaw'  the  undertaking  at  the  end  of  15  \-ear8  of  the  onler  or 
25  years.  The  pri<^  for  current  to  W  charged  to  the  local  authorities 
for  tramway  purpof^ps  is  ^d.  i>er  unit  plus  £5  pi  t  kilowatt  of  maximum 
dem.ind   ]M-r  aiuium.     The  numi'  ipal  autlioritics   ha\-r  agn-eil  not   to 
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exercise  their  right  of  purchase  before  25  years  and  support  the  promolerfi' 
request  for  12  months'  grace. 

New  South  Wales  Government  has  received  three  proposals  for  the 
generation  of  electricity  by  water  power  in  different  parts  of  the  iStatc. 
It  is  proposed  that  the  undertakings  shall  be  State-owned  and  controlled. 
One,thcBurrinjuck  scheme,  is  estimated  to  cost  £100,000  and  theothers, 
on  the  Clarence  and  in  the  Kiama  district,  are  smaller  schemes. 

New  South  Wales  Public  Works  Department  Tender  Board  has  re- 
ceived two  tenders  for  the  installation  of  an  electric  passenger  lift  at 
Accommodation  House,  Jenolan  Caves,  and  six  tenders  for  the  supply 
and  erection  of  electric  hoists  and  motors,  for  new  beef  houses,  for  N.S.  W. 
abattoirs  and  meat  works,  Homebush.  The  tenders  are  to  be  reported  upon. 

The  installation  of  the  hydro-electric  plant  by  the  Town  Board  of 
Kaponga,  Hawcra  County  (N.Z.),  is  now  completed.  A  concrete  dam 
was  built  across  the  Kaupokonui  to  supply  the  necessary  power.  The 
plant  consists  of  a  Boving  turbine  developing  70  b.h.p.  under  a  working 
head  of  33  ft.,  coupled  to  a  45  kw.  G.E.  dynamo,  giving  direct  current  at 
230-5  volts.  A  battery  of  about  128  cells  with  a  capacity  of  90  amperes 
has  been  installed.  Supply  is  given  on  the  two-wire  system.  The 
National  Elec.  Engineering  Co.  were  the  contractors  for  the  plant  and 
Mr.  H.  Priestley  is  the  enginecr-in-charge. 

Messrs.  Goodlet  &  Smith  (Ltd.),  cement  manufacturers,  Granville 
(N.S.W.),  arc  changing  over  their  works  from  steam  to  electric  drive. 
Current  will  be  purchased  in  bulk  from  Sydney  Council.  The  electrical 
equipment  is  being  supplied  by  the  Australian  Gen.  Elec.  Co. 

H.M.  Trade  Commissioner  for  Australia  reports  that  Sydney  Council 
has  rescinded  its  decision  to  give  a  10  per  cent,  preference  on  the  price 
ex  works  of  British-made  goods.  It  is  stated,  however,  that  there  is  no 
intention  on  the  part  of  the  Council  to  depart  from  its  rule  of  accepting 
British  tenders  whenever  possible. 

The  New  Zealand  Government  has  granted  licences  for  the  erection  of 
electric  lines  for  lighting,  power  and  heating  purposes  in  (1)  Thaines 
County,  (2)  the  Borough  of  Spreydon,  (3)  the  Kidnapper  Sur^'cy  District, 
and  (4)  Inangahua  County. 

A  correspondent  of  the  "  Mining  Journal "  says  the  Electrolytic 
Refining  &  Smelting  Co.  is  increasing  its  plant  at  Port  Kembla  (N.S.W.) 
by  ono-third.  Its  present  production  of  refined  copper  is  from  20,000 
to  24,000  tons  annually. 

The  Shire  Council  has  decided  to  purchase  the  undertaking  of  the 
Kilmore  (Victoria)  Electric  Supply  Co.  for  £2,500  if  the  money  can  be 
borrowed  at  a  sufficiently  low  rate  of  interest.  The  Council  pays  the 
company  £160  per  annum  for  street  lighting,  and  the  charge  to  private 
consumers  for  lighting  purposes  is  7d.  per  unit. 

The  "  Financier  "  says  Mr.  H.  Teesdalc  Smith  recently  visited  Perth 
(W.  Australia)  on  behalf  of  a  company  which  proposes  to  establish  an 
electric  furnace  in  the  city  for  making  cast  steel  out  of  scrap  iron. 
Australia  at  present  imports  8,000  or  10,000  tons  of  the  best  steel  per 
annum,  and  the  steel  which  the  company  hopes  to  make  (it  is  claimed) 
will  be  worth  from  £40  to  £50  per  ton. 

Electric  Smelting  &  Refining  in  Canada.— H.M.  Trade  Commis- 
sioner for  Canada  (Mr.  C.  Hamilton  Wickes)  states  that  a  zinc  smelting 
plant  has  been  established  at  Trail  (B.C.),  which  is  a  new  departure 
from  those  hitherto  in  use. 

The  metal  is  treated  electrically  and  the  method  is  stated  to  be  suc- 
cessful. After  the  outbreak  of  war  the  British  Government  offered  to 
take  5,000  tons  of  zinc  at  8  cents  (4d.)  per  lb.  This  offer  was  handed 
over  to  mining  interests  at  Trail,  and  they  decided  to  start  the  plant, 
judging  from  experiments  that  they  could  produce  zinc  from  their  own 
ores  at  about  4i  cents  per  lb.  The  plant  for  the  electrical  treatment  of 
the  ore  has  at  present  a  capacity  of  only  5  tons  a  day,  but  the  capacity  is 
to  be  increased  by  using  a  better  grade  of  ore. 

A  syndicate,  with  a  capital  of  $100,000,  has  been  recently  formed  at 
St.  John's,  Newfoundland,  for  the  purpose  of  carrying  on  electric 
smelting.  The  "  Electrical  News  "  of  Canada  states  that  the  syndicate  (the 
Hydro-Electric  Smelting  Co.,  Ltd.)  has  taken  over  property,  the  Little 
Bay  Mines,  at  Little  Bay,  and  has  installed  a  Wile  electric  smelter  with  a 
capacity  of  10  tons  per  day.  This  smelter  is  situated  on  the  property 
of  the  Reid  Newfoundland  Co.  near  tidewater,  electric  current  being 
purchased  from  that  company.  It  is  proposed  with  this  plant  to  treat 
galenas,  coppers  and  other  valuable  ores  from  different  parts  of  the  island, 
with  a  view  to  encouraging  individual  claim  holders  to  work  their  properties 
until  such  a  time  as  a  permanent  supply  of  about  200  tons  per  day  will  be 
available,  when  the  company  will  erect  a  concentrating  plant  and  smelter 
to  handle  this  quantity  at  some  convenient  point  in  Green  Baj%  where 
there  are  numerous  deposits  of  ores  at  tidewater.  The  Little  Bay  property 
has  been  idle  for  the  past  two  decades,  but  in  1881  an  English  com])any 
shipped  22,000  tons  of  ore,  averaging  10  per  cent,  copper.  At  that  time 
the  company  did  not  find  it  remunerative  to  ship  any  ores  under  the  ai'ove 
percentage,  consequently  there  are  dumps,  estimated  to  contain  500,000 
tons,  on  the  property,  running  from  2  to  7  per  cent,  copper.  There  is  also 
a  lake  on  the  property  with  an  estimated  capacity  of  26  million  gallons 
which  is  rich  in  copper,  being  leached  from  the  mines  and  dumps.  Tin 
scrap  deposited  in  this  lake  precipitates  copper  very  rapidly,  a.s,  in  three 
to  four  week^,  when  taken  from  the  water  it  assays  from  32  to  35  per  cent, 
copper.  The  syndicate  has  also  acquired  a  water  power  from  the  Govern- 
ment, and  contemplates  erecting  hydro-electric  plant  for  the  concentra- 
tion of  these  dumps,  and  for  electric  smelting  on  the  spot.  Mr.  P.  L. 
Simpson  is  consulting  engineer  and  chemist  of  the  companj*. 

India.— The  "Review  of  the  Trade  of  India,"  by  the  Director  of 
Statistics  to  the  Indian  Government,  contains  information  regarduig 
trade  openings  in  British  India.     The  following  are  extracts  :— 

Electrical  machinery  for  use  in  connection  with  water-power  plant  has 


great  capabdities  of  •  .lumVjer  of  eleetnc«l  iiwt 

m  India  is  large  and ....  <-....-  '  rwriM  aad  chief  porta 

have  electric  light  and  f-Ktri':  tram*  viut  to  im«  power  for 

these  purposes.     A  gradually  in'  r>  i-^;  ,;  ••  .   '   nery 

is   antifripated.      In   rerent   vi-^r-^    tv..-  —zfty 

adopted  electrical  oquipr.  .„  goods  iu       •         1  »n 

opening.     Calcutta  ha^  tv  ^j,  (^rrmMa  i.._-.  .- j^  for 

electric  wiring,  such  a.s  eabk-H,  bwi'  -.*<••  and  cuUiaU.     ffi«t«^ 

the  outbreak  of  hostihtieH  this  Houi' ■■  raard. 

The  importH  of  earthenware  and  i.  .  Indi*  r«iiie  ckirrijr 

from  the  Unite<l  Kingdom,  altho  vM  abo 

imported  from  Germany  and  An  -u  vmitg 

this  heading  inrludcd  insulators. 

In  his  . C'cent  presidential addresa  to  the  ilinin:'  ■'"'  r..^^'^^r;,->^  Tiwtitate 
of  India  Mr.  H.  H.  Hayden  said,  prior  to  the  war  upphrof 

tungsten  ore  was  absorbed  by  Germany,  who  metal,  aad 

Gr(!at  Britain  was  dependent  on  that  co-jntrj-  f  .of 

for  the  manufacture!  of  high-speed  tool-st'<l.     'I  -  ad  OQvl 

taken  out  of  Germany's  hand.s,  and  none  of  loced  m  the 

British  f]m])ire  is  sold  to  producers  of  tur.;.'^t'n  other  than  Britiah.  \» 
Burma  was  a  large  producer,  special  Hteps  were  taken  and  a  atall  w»» 
appointed  to  supervise  the  mining  induxtn,*  of  Ta\'oy.  Tbo  lut—wK 
taken  had  resultcfl  in  a  remarkable  inerea«'of  \>T<Awu<>n,  and  th«»  ■mowit 
won  during  the  last  three  months  of  the  year  I?»I5  wa**  approximateljr 
double  the  normal  amount.      If  the  final  result  v.  reaae  of  Boma't 

share  of  the  world's  production  to  4,000  or  5;  •<  of  wolfram  per 

annum  the  question  arose  as  to  the  extent  to  which  the  industry  wooJd 
be  able  to  survive  the  drop  in  prices  after  the  war,  when  th'-  — ■"* 
excessive  demand  ceased  to  e.vist.     The  present  high  pri'»-  '••' 
offered  a  favourable  opportunity  for  development  to  b*-  <arni-d  ■ 
most  efficient  manner.     India's  chief  rival  in  the  EurojK-an  raari- 
be  Portugal,  while  in  the  United  States  she  would  have  to  com; 
Argentina,  Bolivia,  Chile  and  Peru.     Under  the  prices  now  r^..... 
manufacture  of  ferro-tungsten  would  seem  to  be  a  proposition  wonh 
serious  consideration,  especially  if  it  could  be  carried  out  in  the  neigh- 
bourhood of  T.'ivoy  itself  ;    this  would  involve  the  adoption  of  the  elec- 
trical method,  whereas  if  reverberator^-  furnaces  were  to  be  employed 
it  would  probably  be  preferable  to  carrj'  the  raw  material  to  the  fuel  and 
manufacture  it  in  the  neighbourhood  of  the  coalfieldfl  of  Bengal     The 
manufacture  of  metallic  tungsten  was  more  complicated,  but  even  that 
might  prove  to  be  worth  considering. 

The  chief  municipal  engineer  of  Rangoon,  while  on  leave  in  the  United 
Kingdom,  will  inquire  into  the  various  systems  of  street  lighting. 

Transvaal. — Johmnesburg  Town  Council  recently  rejected  an  offer 
of  a  bulk  supply  of  electrical  energy  from  the  Victoria  Falls  &  Trans- 
vaal Power  Co. 

The  company  offered  to  give  a  minimum  supply  of  4,000,000  unit.t  per 
annum,  for  a  period  of  five  years,  at  Jd.  per  unit,  the  time  of  supply  to  be 
restricted  to  the  hours  between  4  p.m.  and  8  a.m. 

The  general  manager  of  the  municipal  electricity  undertak  •  . 
J.  H.  Dobson),  who  reported  on  the  offer,  was  of  opinion  that  th' 
would  save  several  thousands  of  pounds  per  annum  by  generatiu.-      i 
own  electricity.     He  urged  the  Council  to  improve  the  position  of  ih.ir 
undertaking  by  arranging  for  a  cheaper  supply  of  water. 


MISCELLANEOUS   NOTES. 


Contracts  with  Enemy  Firms.— At  the  last  meeting  of  \N  est  Hartle- 
pool Corporation  a  resolutic  \  was  mo^ed  that  the  undtmientioned 
resolution  bo  added  to  the  standing  orders  of  the  Council  :— 

No  contract  shall  be  entered  into  with  any  ^vrson  of  t;erman  or 
Austrian  nationality.  No  contract  shall  Ih^  entert-d  into  with  any  firm 
or  comi)any  whose  subscribed  capital  (wtiether  by  way  of  shart-s  or  oihor- 
wise)  is  held  or  controlled  to  the  extent  of  one-third  or  upwards  by  jiersoni 
of  German  or  Austrian  nationality. 

An  animated  discussion  arose  on  the  resolution  and  ultimately  the 
following  amendment  was  put  and  carried  unanimou.sly  :  Th;U  no 
contract  be  entered  into  with  any  firm  or  company  any  part  of  who*t« 
cai)ital  was  subscribed  or  controlled  by  Germans  or  Austrian*. 

Enemy  Firms  to  be  Wound  Up.— The  Bomd  of  Trade  h«^-e  now 
ordored  the  winding  up  of  142  businesses  eontrolKnl  by  alien  enetuK««. 

Amonast  the  latest  are  Hleichert  s  Aerial  Transporters  il  '■  v  ^■'"'' 
House,  3t),  New  Broad-stnM>t.  U^ndon.  K.C..  const n:  tors  .  ■ 
railw  vs.     (Cowtroller.    W.    Hancock.    !10-;»1.    guc 
E.G.)     The  Flenilcr  Co..  Broad-street  House.  New  !• 
EC  ,  wooden  pulli  \-  manufactuivrs.     (Contn.>ller.  J.  Baker. 
House.  Eldon-street,   E.V.)     Hammer  Bi»ynMither  &  Co..  .  ^  ^ 

lane,  London.  E.G..  rubier  merchants.  (Contr^^ller  K.  J.  h^«"«n';  ^• 
Ravmond-buildiuiis.  Gravs  Inn.  W.C.)  Jahrt>suhrt>n.  tabnk  (A.  ^'J***). 
65;.  Aldersirate-stivet.  London.  K.C..  importers  of  cUnks  and  ^*^r^ 
(Controller,  A.  H.  Kniiiht.  Dovonshiiv-chamK-rs.  !)•  '  ^  -> 

L  Auerbach  &  Co..  2.  Aldermanbury-buildiuiis.  AKi  •^• 

EC.  metal  leaf  and  bronze  powder  m«nufaotur»'rs  lioiunuier:  H^fe- 
rVrtmans.  7.  St.  Mildnnl-court.  E.C.);  P^iul  Metz.  21a.  N«>«^^*U-«»SJ' 
Birmingham,  impcuter  of  liaixlware.  &c.  (Controller:  J.  "IV.  O.  HUI. 
Sun-chambers.  9.  Bcnnctts-hiU.  Birmingham).  n     n  ^A  \ 

Claims  auainst  the  Alphons  Custcnlis  tMnmney  Construction  Co.  (Ltd.) 
are  to  be  sent  by  May  31  to  the  controller,  D.  H.  Allan,  20.  Oopthall- 
avcnue,  London,  E.C. 
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Inquest.— At  Jinulfonl  lust  \vc{*k  an  inqiM  ht  \v;;k  hfiri  on  Alfred 
l)i(kiiis()n,  8wit(}iljoaifl  altcnfiani,  who  \v;;s  killf-d  at  one  of  tlu* 
(electricity  Kub-stations. 

Mr.  Thomas  Itoi-K'^,  <^'itv  'I'ftrifal  <'nj;in'' r,  <  .\itiaiiif<l  that  the  Bwittli- 
{tcar  ari'l  conncclioiis  which  carricxi  tiic  extra  hi^rh -tension  eiirrcnt  wen- 
eoiinectcd  with  <  iihielr-s  with  iron  doors,  whi'-h  wn-  hi<-ked  and  keyB  kejit 
in  tiie  ehar}^<;  of  an  attemlant.  ()<  r-eaKCfl  had  h»en  toM  that  a  rod  whi'h 
worked  uy)  and  down  in  the  euhiele  waH  runnin<;  ajfainst  Kf)nie  con'-n-te. 
A\  heth'  r  on  the  rjay  of  hi«  deati)  he  had  been  to  remove  a  ])ortion  of  the 
concrete  witncHH  did  not  know.  He  had  certainly  nf)t  he<ii  ordered  to  df> 
the  woik.  It  waK  n'ccHsaiy  when  work  of  tliat  nature  was  <lone  that  a 
man  with  teehnieai  knowled'/e  and  expcrienc-  ^lioiild  he  ymwnt. 

Aktiii  K  MoKKToN  i^aid  that  on  the  nijrht  before  the  aceident  he  went 
into  the  room  iindei-neath  the  euhiele  to  invcKlijrate  the  rod.  On  the 
following  mominj;  he  went  with  deceased  into  the  cubicle,  and  the  latter 
told  him  he  wa**  troinff  to  chip  off  some  conerrto.  He  went  in  to  do  so, 
and  a  moni'-nt  laf  ei  t  li'rc  wa-  a  Hash,  and  a^^  the  fleceawd  fell  he  exe|aime<l 
:"  It  is  alive." 

The  jnry  returned  a  verdict  of  "  Accidental  death." 

Radioteiegraphists  in  Australia.—  Apjdication  has  Icon  nuulc  under 
the  Common  wealth  Conciliation  and  Arbitration  Act  for  the  regis- 
tration of  an  association  called  the  Hadioteh-praphistH  (.Marine) 
Institute  of  .Australasia,  as  an  organisation  of  eiuployea. 

Tribunal  Cases.  At  Southwark  Trihnn'ii  Messrs.  Alex.  Hawkins 
&  SonH,  electrical  cngincHTK,  applied  for  exempti(»i  of  the  manager  of 
their  desjiateh  tiepartnient.  who  was  resitonsible  for  rejiair  of  electric 
motors  in  works  where  (iovenuncnt  contraets  were  being  carried  out. 

II''  was  (rrautcfl  e\cniption  as  beinL'  in  a  ((Hi  lied  (>(•(  ii])ation.  the 
sti))ulation  beinfi  that  he  slioidd  join  the  \ohu>teer  Traininj.'  Corjis  for 
home  <lcfenee,  if  ret^uircd.  I'mnk  .fohn  Hawkin".  a  memher  of  the  firni 
(and  a  fully  trained  eliHtrical  fitter  who  superintended  the  enction  of 
ni'>t(»is  in  munition  factoric's)  was  j;mnt<'(l  a  sinnlar  ••xemption. 

At  ('I.tvto'ik'-Moors  Tribunal  recently  an  elect  riiian  (32  y<  ar-»  and 
married)  claim-  d  excmi)ti(tn  on  business  <rroimds.  lb  had  contracts  to 
complete  and  he  coidd  not  '.'ct  anyone  to  take  his  business.  He  was  the 
only  e|ectri<  Ian  in  ("layt<m-|c-M(>ors.  He  would  have  heeri  quit;-  willinj: 
to  I'o  were  it  not  that  he  was  in  business.  Kvmption  urnntf-fl  until- 
•Fidv  loth. 


Imports.  -The  following  are  official  values  of  electrical  machinery, 
mater  ill  and  apparatus  imported  into  this  country  (a)  during  Ajiril. 
llHb.  and  (h)  the  aggregate  ligures  from  dan.  1  to  Ajiril  :{»>,  with  in- 
crease or  decrease  comjiared  with  eorresjKinding  periods  of  IJU.")  :■ — 

Kl'-clrical  machinery-,  (n)  tKlT.-VM  (d;-cr<  ase  t4(l.7sr>),  (b)  071.727  (de- 
crease i;217,7:{7);  including:  jicnerators  and  motors  other  than  for 
aeroplanes,  motor  cars  and  cycles,  («)  £I2,;{07  (decn-ase  £10.179),  (/*) 
£r»7,.347  (decrease  £29,708);    and  elfctrical  machinen,'  unenumorated, 
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(a)  £9.-,.217  (decrease  £.30,600),  (h)  £?A4:?.f()  (decrease  £188,029);  tele 
grai»h  and  t'-lephone  cables  other  than  submarine,  (a)  £9,048  (increase 
£ri.24«).  {!>)  t;5l.737  (increase  £22.7."58),  t<legraph  and  telephone  appa- 
ratus, (a)  £44.o72  (increase  £;}7,:J08),  (6)  £91.o(il  (imrcase  £73.200): 
other  electrical  wires  and  cables,  rublx^r  insulated.  («)  £4.512  (decrea.^e 
£8.8.'j0),  (6)  £;U.457  (increase  £4,705) ;  with  other  insulations,  («)  £1.600 
(decrca*^  £2,729),  (b)  £3,ti04  (decrease  £7.361);  carbons,  (a)  £6.742 
(decrea^-  £8.099),  (b)  £.33.303  (decrease  £2.207) :  glow  lamps,  («)  £37,152 
(in<-n-!i-.-  £27.077).  lb)  £80.413  (increase  £42.581) ;  arc  lamps  and  electric 
war  '.  (Tease  £290),  {b)  nil  (decrease  £1 ,1 53)  :  part?  of  arc 
lamp  IS  (other  than  carbons),  («)  £5,488  (decrease  £2.616), 

(b)  £2.5.087  (d(-<  rease  £1 .843):  jjrimary  and  secondary-  batteries,  (a)  £1 7.147 
(in<-rease  £9,289),  (6)  £70.291  (increase  £27.222) ;  meters  and  measuring 
instruments,  (a)  £.3,386  (increase  £1,453).  ih)  £12,320  (increase  £4,.322) ; 
swit(  hboanL*.  (a)  £5  (decrease  £4),  (6)  £253  (decrease  £2.710)1  elee- 
tri(al  goods  and  a])j)aratus  unenumerated.  («)  £18.923  (decrease  £253), 
(b)  £90.948  (incrca.'-e  £36,184).  Total  of  electrical  goods  and  apparatus 
other  than  niachiner\-  and  uninsulated  wire,  {a)  £148.575  (increase 
£58,432).   (b)   £479,380   (increase  £195,668). 

Exports. — The  ex|K)rts  of  electrical  niachinery,  material.  &v.,  (a) 
(luring  Aj)ril,  lOlii,  and  (/>)  from  .Ian.  1  to  April  30,  with  increase  or 
decrease  compared  with  corresjxjndiiig  periods  of  1915,  were  as 
follows  : — 

Kkctrical  nuuhinery.  (a)  £81.476  (decreasi-  £61.956),  (b)  £389,733 
((hcreas<-  £.")2,619):  including.'  railway  and  tramway  motors,  (o)  £1,330 
(decn-ase  £3.'').(;00).  {b)  £13.247  (decrc-isc  £42.259) :  other  generators  and 
motors  ex<>e))t  for  a<-rr>plancs.  motor  cars  and  cycles,  (a)  £39.238  (decrease 
£12.482).  (b)  £207.465  (in(rea<c  £25.4<»9):  and  electrical  niachinery  unenu- 
merated. («)  i-jo.'.ns  (d( ,  n  MM-  £13,874).  (b)  ♦;i(;9.021  (de(-n-ase  t35.7t)9)  ; 
te|c;:ra]»h  and  tclci>lii>ne  (al>les.  submarine,  (a)  £10.732  (increase  £932), 
(b)  £85,402  (decrease  £<i<».!s73)  :  other  than  submarine,  (a)  £42.7()t»  (de- 
creaP<^  £8,026).  (6)  £201,916  (incrca'sc  £63.182) :  t<Iegraph  and  telephone 
apparatus,  (a)  £22.935  (dec-rease  £4.244),  {b)  £92.857  (increase  £23.476) ; 
other  ele(  trical  wins  and  cables,  rublx-r  insulat<'d.  {a)  £30,605  (increase 
£6.317).  (/;)  £142.126  (inenase  £5:1.148);  with  other  insulation,  {n) 
£.').S.7.33  (incna-c  £29.677).  (b)  £2.34.  2t I  (incnas<-  £113.755):  carbons.  («) 
£1.26S  (in(  rease  £1.051).  (b)  £3..".3M  (incn-ase  £1.794);  glow  lamps,  (a) 
£10.938  (de(  n-as<-  £2.9'.:0).  (/y)  £.-((.313  (in(  nase  £(i.463)  ;  arc  lamps  and 
searchlight*,  (a)  £710  (decrease  £9),  {b)  £4.851  (increase  £.3.509):  parts 
of  are  lamps  and  searchli-jhts  (ot  ler  than  carbons),  (n)  £1.652  (in- 
cn-ase £5).  (fc)  £4.6't7  (iiK  nase  £(»40)  :  primary-  and  s(-condar\-  batteries, 
(II)  £21.097  (incna>c  tS.lS3).  (/>)  £7!t.07't  (in-nasc  £I0.58S)  :  "meters  and 
measuring  implements,  [a)  £14.<)03  (incn-ase  £5.t)Sl ).  (b)  £59.246  (incn'ase 
£!I.7U;)  :  transformers,  {a)  £4.077  (dt-crease  £5.497).  (fc)  £17.903  (deereaBO 
£1.629)  ;  swilehlx.anls.  (>i)  £6.346  (increase  £3.948).  (b)  £21. .571  (increase 
£5.131) ;  electrical  gfMnls  and  apparatus  uneutnnerat«'d.  {n)  £40.818  (de- 
cn-ase £6.53).  (b)  £182.197  ((!•  <:s.5l4).  Total  of  «-lectrieal  goods 
and  ap])aratus.  other  than  ni  ■  and  uninsulated  wire.  («)  £273.274 
(increase  £.34,37.5),  {b)  £l,180,0l8  (mercasc  £220,386). 
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TENDERS    INVITED. 


Telegraph  and  Telephone  Material. 

leiidi  IV,  ;i,iv  nulled  up  to  .Inly  31  for  the  supply  and  erection 
at  (i.P.O..  Brisbane,  of  I'ower  lioard  and  AceumidatorH  (Stores' 
Sehi-diile  :181).  Sj)eei  Meat  ions  atul  t<-nder  forn\s  from  Common- 
wcaltli  Olliees.  72.  Nictoria  si  reit.  West  iiiiii--ter.  London.  S.W. 
St'i'  filxo  oil  iiffrrrtismirrit. 

The     Deputy     l*ostmasl(-r  ( -cneral.     Tcrlh     ( \\ .     .\uFtralia) 
rc(|uireH  tenders  by  3  p.m.  .lum-  7.  for  the  supply  of  15  tons  (d 
<  ialvaniW'd  Iron  Wire  (Schedule  .WS,  W.  A.),  for  the  ArsTiiAi.iAN 
CoMMoNWKAi.Tii   Post n)a^ ter  ( lencrurs  l)«'|»artnient.     S|)<-eilica 
tions  from  oOii  i-  <d    Deputy   I'listmaster-t  iener.d,  I'crth.  \V..\. 

'i'lie  Depulv  I'ayinaslor-Ceneral,  Perth  (\V.  Atistralia). 
reipiins  lemlers  by  3  p.m.  .Inly  12  for  th<-  supply  of  3.(KX»  Dry 
Cells  for  the  .\t  srKAl.lAN  C(i.MMi>\wr.Ai,Tli  Postmaster  (;<-nernrs 
De|>l.     Specification.  &(-..  fronj  (he  Deputy- Postmaster-<;en«Tal. 

I'lie    Depulv    Postmaster-tieneral.  ,\(lelaide,  re(Hiires  (enderH 
bv  2  |).m.   didy    12  for  (MH)  .\ceumnlator  Cells  and  Telegraph 
Power    Hoard   Apparatus  (schedule    4ir>)  for    (he  .\rsTKAl.lAN 
CoMMitNWKAl.Tii      Post  m  aster- tu-ner.al's      l>«>|wirtnien(.     S|M»ei 
licalion.  iVe..  from  the  Dejuity  Postmaster  ( ii-neral.  A»lelai<le. 

Wiring. 

KKKiiii.KY  AM)  P.l\(;l.i".Y  .louit  Mospit.d  pKianl  ic>piin« 
teiulcrs  by  May  22  hu-  the  wiring  of  the  |-e\er  Hospital  ami 
Sanatorium  at    Miuton    Hanks.     SpeiMtieatinns.   *e.,  from   the 

Horough  Kh-'lrieal   I'.nuineer. 

Electrical  and  General  Stores. 

l.ivKuroDi,  OvKKMivM)  H  NH.WAY  Co.  require  (endern  by 
10  a.m.  May  .31.  for  12  months"  suppl\  of  Kle<  trical  Kiltinps. 
India  Hubbcr.  In.n  and  Sted.  Oil.  Pa.  king.  \\  a-te.  .Ve.  I''(»m»s 
of  tender,  iVc.  from  the  tA>neral  Manager. 


Mechanical  Stokers. 

1  lie  liamways  and  Kleetrieity  Connnittee  of  Helkast  Cor- 
]K)ration  invite  tenders  for  the  snpfily  of  Chain-gnite  Mechanical 
.Stokers.  S]  \  eleiMric;d  engit;eer  (.Mr.  T.  W. 

Hloxani).  I  _  a.-t.     Tenders  must  be  lodged 

at  the  Town  (  lerks  ofliiv,  City  Hall.  Helf.%st.  by  10  a.m.  May  24. 

Electric  Lorry. 

."^YiiNKY  (N.S.W.)  Council  rc(juin-  lendei-s  by  .3  jvm.  .Tune  20 
for  the  supply  of  a  2ton  Kleclric  I^orry.  .'^|•ecilication.  fa.. 
from  (he  (^ty  Surveyor. 

Street  Lighting,  Generating  Plant.  &c. 

Paii  N  ■'      "  mugh  I  '  ii-(|nir(-s  tenders  by  noon 

duly  li'  \o.  l)(iv  ,  Win-s,  Poles  and   Street 

I>«inii'H:  (No.  i)  <ia*  engines,  lYodueerR,  Duianios  and  An.xi- 
1'-""       '  "  (N'o.   •<)   A'  '   ?.>rs.     S|n>ciHeati<uis  and 

pl  vn  Clerk.  P. 

Transformers,  Mains.  Water  Wheels,  Alternators,  «S:c. 

'I'he  Vhtojuan  Haii.way  Commi.s.si«)Xkr.s  re(pnre  tenders  by 
II  a.m.  May  .31  for  supply  of  Tr.ansformers.  with  Tennin.al  and 
Ktise  Hoxes  during  live  x-ears.  The  lirst  order  will  be  for  220 
tr.ansform.  six  months.     Speeiti<NationR.  &c,, 

from  lb-   '  -    ii,,,es.  Sjiemn-r-Ptreet.  .Mellvinme. 

<>A?'  uigh  Conneii  n^qtiires  tenders  by  4  ]>.m. 

.Tune  2;i  f..r  ti  of  0\-<^rh(  ad  Mains  and  Street  Lighting 

K(pnpment  (e,:,  .\o.  2);  P.-wer  Station  E(pii|»ment  (Pelton 

Wheels.  Altemfttonj,  *e.)  (eontraet  Xc».  .3) ;  Service  Meters 
(eontr.ict  Xo.  4) :  .ind  Line  TraTisformeis  and  Accessories  (eon- 
trrt4>(  Xiv  r»).  S|ie«iliea(ion,s.  \e..  may  be  obtained  .at  the 
Oonneil'i*  ofliee*  <in  «lei>ow(  of  £1.  Ir.  for  ivieh  eontraet. 
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Electric  Lamps,  Lamp-Holders,  &c, 

Tcud(uswill  hiuccoivcd  until  1  I  n.m.  June  14  In-tlic  Vhtoui.w 
Railway  Commis.sioneks,  .Sponcur-stioet,  Alc^lljoume,  for  ll:<; 
supply  of  5,000  (5-volt,  and  1,000  110-volt  Electric  LampH  for 
signal  system  (Contract  20,912);  and  4,000  Lanjp-holdf^n;  (Con- 
tract 29,913).  Specifications  from  the  offices  of  the  ("ommissioners. 


>uiMuut  n"t  nt-it'-ft.  fndr- 


tssu. 


TENDERS  RECEIVED  AND  ACCEPTED. 

I 
iiiiiiiiiiiiiiiiiiiiii 

London  County  CoimciL— The  Higlnvays  Committee  has  accepted 
the  following  lentleis  for  the  year  1910-17,  cxcejtt  where  otherwise 
stated,  for  the  tramways  departn  ent : — 

Motur  (indGenemtor  Spdres. — Alfd.  Clare  &  Cc-.(si.\-  ni')nl]is),£;"07.  S,~.  IJd. 
British  WcHtinghousc  Klcc.  &  Mfi,'.  Co.  (amount  not  staled  ;  indcfinitu 
quantities  involved). 

Controller,  Circuit  Br<<(k(r  (iiirl  ol/er  Sicitc//.  d-c,  Ddnils  (iitd  M'ujikIIc 
Brake  Spares. — British  Westinj^houso  Elee.  &Mfg.  Co.  (amount  not  stated  ; 
indefinite  quantities  involved). 

Contact  Fiii/ers  and  Parts,  He<jme,its,  <bc. — British  Wcstinjjtliouso  Ek-c. 
&  Mfg.  Co.,  f224.  rjs.  ;  Dyer  &  S'oung.  £121.  Is.  (id.  ;  !<].  hihowell  &  Sons, 
i'2]2.  I4s.  7d.  ;   Tramway  Suijplies  (Ltd.),  tl.l")*).  ]()s.  (id. 

Electric  Cable,  Fuse  Wire  and  Crdion  Corercd  Copper  Wire. — Liverpool 
Elcc.  Cable  (!().,  £910.  4s.  ;  Callendc  r\s  Cable  &  Construction  Co.,  £554. 
4s.  2d.  ;  British  Insulated  &  Helsbv  Cables,  £3,(519;  London  Elec. 
Wire  Co.  &  Smiths  (six  juontlis),  £(i48.  fls.  2d. 

Copper  Bonds. — Watlington  &  Co.,  £1,()0().  (is.  3d. 

Rubber  Details.— J.  G.  "inurara  &  Son,  £1,710.  18s.  (id.;  Irwell  & 
Eastern  Rubber  Co.,  £46.  8s.  lOd. 

Moulded  Insulators,  other  than  Rubber. — British  Westinghousc  Elec. 
&  Mfg.  Co.,  £111.  16s.  ;  Crystalate  Mfg.  Co.,  £1(5.  Ifis.  ;  Ebonestos  Mfg. 
Co.,  £116.  3s.  ;  Litholitc  (Ltd.)  (amount  not  stated  ;  indefinite  quantities 
involved). 

Fibre  Articles. — Micanite  &  Insulators  Co.  (six  numths),  £13.  Is.  5d.  ; 
L.  Andrew  &  Co.,  £23.  Is. 

Track  Insulators  and  Porcelains  for  Electric  Tracku-ork. — Bullcrs  (Ltd.). 
£3,000  ;   Taylor,  Tunniclift'  &  Co.,  £67.  Is.  4d. 

Machined  Bronze  Bearings. — Anti-Attrition  Metal  Co.,  £4,555.  8s.  4d. 
Machine  Finished  Articles  (Brass,  Gnn)iielal,  d-c). — E.  Showeil  &  Sons, 
£232.  lis.  4d.  ;    Plaver  &  Mitchell,  £4.   Is.  ;    Anti- Attrition  Metal  Co., 
£45.  17s.  4d. 

Machine  Finished  Articles  (Wrought  Iron  and  Mild  Steel). — ^W.  J. 
Ritchie  &  Co..  £146.  4s.  ;  British  Westinghousc  Elec.  &  Mfg.  Co., 
£28.  14s.  6d.  ;   J.  Holroyd  &  Co.  (six  months),  £21.  Is.  6d. 

Gear  and  Pinion  Wheels,  lialchets.  Worms,  d;c. — F.  W.  Rowlands  & 
Co.,  £1,824.  5s. 

Iron  and  Steel  Forgings. — Male  &  .Jordan  (six  months),  £16.  4s.  ;  W.  J. 
Ritchie  &  Co.,  £227.  9s.'6d.  ;  Warren  &  Sons,  £13.  ;  Hurst,  Nelson  &  Co. 
(six  months),  £15.  16s.  8d. 

Springs. — Crown  Spring  Co.  (six  months),  £101.  Os.  ;  West  Bromwich 
Spring  Co.,  £980.  10s. 

Machined  Iron  Castings. — .7.  Holroyd  &  Co.  (six  months),  £212.  10s.  ; 
J.  Crowley  &  Co.,  £237.  15s.  ;  Pctcr'Hooker  (Ltd.),  £i)G0  ;  Carron  Co. 
(six  months),  £106.  7s.  6d. 

Iron  Castings. — Shecpbridgo   Coal   &   Iron   Co.   (amount  not  stated, 
indefinite  quantities  involved) ;   J.  Williamson  &  Co.  (ditto). 
Brake  <S7ioe.s.— Pease  &  Partners,  £3,843.  15s. 

Machined  Malleable  Iron  C«.s/mf/s.— Bullcrs  (Ltd.),  £427.  IQs.  lid.  ; 
Lev's  Malleable  Castings  Co.,  £170.  10s.  ;  J.  Crowley  &  Co.  (six  months). 
£9."^  6s. 

I 


Malluihle  Iron  CnnliniiM.—,],  Crowk'V 

linite  (|uantiti' 

so.t  coHii,,.  ,i'«  (r.f.i.i  f,ix  ,..,..i;. 

I  cace  &  fckjiiw  (ai.v  months), 
involved) ;    EkJ^/.ir  Alien  &  Co.  ,   , ,  .,.,„ 
Foundry  CrucihUn,  <fcc.— Moruan    Cf 
(i.s.   lOri.  ^ 

The   Highways  CommitUf  ha«  a!-/,  ,(,»    fr,|!rrsrin  •  t- nji>rs  ■ 

VViilans  &   HobiuHon,  ikw  \,\;i,\ 
<  ast  st'(!|  pr<i|i'  llcr  and  pair  <  . 
nsper  tivcjy  ;    W.  J.  .htikiiis  k  I'...  t^ 
British   Electric  Tran«formcr  Co.,  lao.],,,. -ui-.n.^  ..:   iw    if..|..r  ,.•.,..  ,* 

Th(^  Stoi,'s  and  ContractM  (' 
Jan.  1,  191(),  toDee.  31,  l«ls,  i 
hire  and  maintenance  fif  1 1  d' ,  imai  in  , 
of  Arts  and  Crafts,  at  the  existing  eonti  . 
tra;  t  with   L.  Andrew  &  Co.  (dated  ih-i-.  I  ) 
materials  (item  11,  schedule  15)  by  allowiii-  .i  -lxui  r 
as  from  Jan.  1,  191(5.  '  " 

Soi  thk.nd-on-Sea.— The  Light  KaiJwayH  (  oMiiiiitt«e  ha««cw|M«d 
the  following  lenders  for  the  sup|.ly  of  niateriil  rc(|uire<l  it,r  fixing 
the  now  overhead  e(pnpjnent  on  the  Leigh  ront#-  : 

D.  II  T'o.'c,  is  in.,  24  i?i.  and  .'{(i  in.  ears.  a|i|»r'.  R.  Hf, 

Blai  kwell  &  Co.,  strainers,  wii-e  bolts  and  meih.u.. 

Flliiam  (London).— The  Borough  Counejl  is  n  by  the 

Electricity  Coniniittee  to  acceijt  the  tender  of  J.  (  -.,|i»  (or 

extension  of  condensing  pijjcs  at  the  eiectrieity  w.-i  r..^  ..    . 

Kirkcaldy.— Messrs.   Chamherhiin   &   Hookhani   ha\.  ,rd 

the  contnut  for  the  supply  of  eleetrieity  meters  to  Kirkcaldy  for  the' 
following  12  month.s. 

Glasgow. — The  following  tenders  hsive  been  accepted  I.v  tf— 
Corporation  for  12  months'  supply  of  rabies  and  nictera  ; 

Craig])ark    Cable   Co,    rubber-covered   cables;     c    ■       '  ^ 

Construction  Co.,  l.t.  and  e.h.t.  cables;  W.  T.  Cdovt  .<; 
and  Chand;erlain  &  Hookham  and  Ferranti  (Ltd.),  nH-U-iT. 

Battery    Maintenance.- Hants   County  (V. '■*    '  .tl 

into  an  agreement  with  the  Chloride  Electri  a!  .^  he 
maintenance  of  the  storage  battery  at  the  Park  I'rewett  Asyiam  for 
10  years,  at  £61  a  year. 

Sydney  (X.S.\^'.).  — The  Coimeil  is  recommenclc-tl  by  the  Electric 
Lighting  Committee  to  accept  the  tender  of  New  4  Sons  for  coal- 
trimming  chutes,  at  £228. 

The  committee  reconunends  the  Council  to  gn\nt  10  per  '-"nt.  mrjTnat 
in  prices  for  motors  to  be  supi)licd  by  the  Australian  ( ;■  n  '  a 

under  its  contract  (specification  3S2)  of  Jan.  12.  iiUti.      ! t.-» 

also  recommends  t  hat,  in  view  of  tlu^  entire  e\haut>tiun  of  sttM  ks  of  nibbrr- 
insulated  cable,  the  purchase  of  cable  as  follows  be  authohKi-d  :  (a) 
Noycs  Bros.,  3;V  milos  7/20— 6(K)  volts  at  £37.  I7i».  M.  per  mile.  }  mile 
7/18 — 6,000    mcgolnns,    £44.    lis.    per    mile.    I    mile    7  !t« 

£54.  lis.  9(1.  ))er  mile.  1  mile  7  1(5— (RtO  volts  £SI.  7s.  7d.  y-  •■• 

7/14 — (iOO  megohms  £UH).   Lis.   7d.  jK-r  mile.   l{   miUs  7  U  •* 

£111.  Os.  5d.  per  mile;    F.  S.   Lee.  doubh'-braivled  weatherin      >;e. 

5i  miles  7/20  £21  ])er  mile,  plus  10  per  cent..  2i  miles  7  18  £32.  lOs.  per 
mile,  plus   10  per  cent.     The  committee  fui-ther  n  'at  an 

order  lie  ])laccd  with  the  Australian  tienerai  Electri"-  <  .>it<  to 

the  existing  switchgcar  in  Town  Hall  sub-station.  it 

three-])hase  motor  ])anel  2.(HHt  kw.,  £405;    twn      '  -e 

200-am])ere  feeder  panels,  £4', !  ;  one  600-volt  d.e.  jtenerator  {>ant>|, 
2,000  kw.,  £520  ;   four  (iOO-voIt  il.c.  feeder  panels  l,(X»0-am|HTr,  £iM»3. 


FINANCIAL    MATTERS. 


C0MPAN9ES'  MEETINGS  AND   REPORTS. 


West  India  &  Panama  Telegraph  Co.  (Ltd.) 

The  ordinary  general  meeting  was  held  on  W'ethiesday  Sir  Ai.kxan'Uku 
Fkekman  Kino,  K.C.B..  in  the  chair. 

The  SECPvF.TAHY  (Mr.  J.  Winser)  having  read  the  notice  convening 
the  meeting  and  the  auditors'  report. 

The  CHAlPvMAN,  after  making  a  feeling  ivferenee  to  the  death  of  the 
late  Chairman  (Mr.  W.  B.  Kingsford),  and  to  election  of  Sir  Timothy 
Augustin?  Coghlan  to  fill  the  va.cancy  on  the  Hoard,  said  :  In 
our  report  for  the  half-y?ar  to  June  30,  1915,  we  foreshadowed  that 
the  second  half  of  that  year,  with  which  w-e  arc  dealing  to-day.  would 
probably  show  a  great  falling-otf  in  our  traffic  recei])ts,  concurrently  with 
increased  expenses, due, to  a  large  extent,  to  the  hurricane  which  visited 
the  West  Indies  in  August  last  ;  and  T  am  sorry  that  our  prognostic  ations 
have  proved  to  be  correct,  as  indieatcd  by  the  an ounts  now  in  your  liaiuls. 
Several  circumstances  have  combined  to  militate  against  our  putting 
before  you  a  more  satisfactorj-  record,  but  we  must  recognise  that  apart 


from  the.'^e  we  eannot  at  the  very  best  of  times  hojH*  to  cnMihtf*  ihc 

pros])erity   of   the    larger   tekgraph   eompanii's,   owi'  ^ 

entirely,  to  the  narrow  fielil  in  which  v.v  earrv-  »>n  t>ur  <>;■  • 

stated  recently  that  the  po|uilation  of  the  whole  of  -^ 

Indies  was  only  r.bout  2,tHKt.(KM)     less  than  tme  thi'  '  f 

London.      Further,  the  productive  an';t  of  th"-''  • 

and.  as  there  is  litt'e  sympathy  of  trade  ■ 

follow.^  that  our  tralHi'  ivcijits  nnist  le  >        . 

aware,  from  previous  n-ports.  and  fn>m  s|MtHhe.s  inun  it 

und  r   arrauuen'.ents    with    the    Coverninenl    «e    r«»lu««d 

chariics  <m  ami  from  the  1st  of  (KtolH-r.  I5»I4.     The  l<»«  Cn»in  so  < 

was  estimated  at  l'26.(HM»  a  year.  '  '    '' 

Canadian  (Jovernments  urant-'d  ^^ 

10  yoars— leaviiisi  tlO.tXiO  .i  > 

which  we  weiv  tolil  would  lesur. 

induce.  Certuiuly  the  volume  of  wonis  ha.>i 

is  certainly  du3  ^o  circumstaiuts  not  eonnc.  ......  •.....■. 

iMuiustaiu".  war  conditions.  thedirticuU\  .»ud  uuet  i  aier<^iu- 

munications.  t'K'favouiiible .  ■  '         '      '       .  "      ■        i 

arc  factors  to  wliich  nnuii  o! 
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Under  conditions  which  have  ruled  for  very  many  years,  our  staff  has 
had  to  be  kept  down  to  a  minimum  strength  ;  and,  owing  to  the  Govern- 
ment requirements  that  our  offices  shall  at  times  be  kept  open  day  and 
night,  the  working  eosts  have  been  higher  than  in  previous  years.  We 
have,  however,  formulated  a  claim  for  what  we  know  to  bo  a  modest 
proportion  of  the  extra  cost  entailed  upon  us  by  the  spjecial  services  wo 
were  called  upon  to  render,  and  our  claim  is  at  present  under  considera- 
tion  of  the  departments  concerned. 

I  have  already  mentioned  the  hurricane  whi<  h  passed  over  the  West 
Indies  in  August  last.  In  speaking  of  the  damace  don-^  I  think  I  may  use 
the  expression  that  it  was  enormous,  and  that  th3  Island  of  Jamaica 
suffered  most  severely.  The  deficit  in  the  Jamaica  Budstt  for  last 
financial  year  was  {■62,000,  and  the  e.-,timated  deficit  for  this  financial 
year  is  no  less  than  ill r>,000— both  largely  duo  to  the  hurricane  and  to 
war  conditions.  But  while  giving  you  details  of  the  past  we  are  not 
without  some  hope  for  the  future.  '  Our  Canadian  friends  seem  to  feel 
that  there  is  something  better  in  store  for  our  West  Indian  colonies. 
Banking  interests  are  being  pressed  forward  by  the  establishment  of 
branches  of  a  Canadian  bank,  and  the  Dominion  is  apparently  alive 
to  the  fact  that,  given  trans7)ort  facilities,  it  can  offer  a  market  for  all 
the  sugar  our  colonies  can  produce.  Reciprocity  of  trade  relations  Ix-- 
tween  Canada  and  the  West  Indies  ought  in  the  natural  order  of  things 
to  bring  about  better  results  for  our  Comj)any.  Indeed,  our  traffic 
receipts  to  the  end  of  March  show  an  appreciable  increa.se  over  the  corre- 
sponding ])eriod  of  1015,  but  at  the  name  time  it  is  only  right  that  I 
should  point  out  that  at  ])resent  at  any  rate  our  ex])cnscs  are  not  likely 
to  decrease.  It  is  common  knowledge  that  the  cost  of  labour  and  the 
cost  of  materials  have  both  increased  considerably.  Some  of  the  articles 
w(!  have  had  to  suj)i)|y  to  our  repairing  ship  have  increased  in  cost  from 
100  to  200  per  cent.  However,  gentlemen,  the  Directors'  interests  and 
yours  are  identical,  and  you  may  rest  assured  that  we  will  continue  to  do 
our  best  for  all  ;  and  I  think  I  may  add  that  we  hojx-  that  circumstances 
will  enable  us  to  pnsent  a  more  satisfactory  account  for  the  current  half- 
year.  He  concluded  by  moving  that  the  Directors'  report  and  accounts 
be  adopted,  and  that  the  dividends  as  recommended  be  declared. 

Mr.  T.  WALDIO.MAN  (;0rLDIX(;  seconded  the  motion,  which  was 
carried  unanimously. 

On  the  motion  of  the  CHAIH.MAX.  seconded  by  Mr.  H.  W.  BIHKS, 
Mr.  (Jeorge  von  Chauvin  was  re.elect<-d  a  Director  of  the  ('omi)any  ;  and 
the  Auditors,  Messrs.  Deloitte,  Blender,  Griffiths  &  Co..  were  also  re- 
appoint<'d,  a  vote  of  thanks  to  the  Chairman,  the  Directors  and  th  ; 
staff  terminated  the  jjroceedings. 

ANGLO-PORTUaUESE  TELEPHONE  CO.  (LTD.)— Tli.-  (  hairman  (Mr.  H. 
Alien)  stated  at  the  meeting  (in  Tuesday  that  six  months  ago  they  jiaid 
an  interim  dividend  of  .'J  jicreent..  and  the  board  now  recommended  a  final 
<livi(ien(i  f)f  ")  per  cent.,  making  8  per  cent,  for  the  yi'ar.  The  numl)cr  of 
subscribers  increased  during  the  year  by  lOA  per  (<nt.,  and  the  gni!-s 
revenue  by  14  i)er  cent.  Unfortunately,  however,  the  net  j)rofit  showed 
little  advance  on  that  of  the  previous  year,  owing  ])artly  to  increased  cost 
of  labour  an<l  material  and  in  great<-r  measure  to  the  loss  on  exehance. 
The  eomiiany's  busines.-i  was  expanding  at  an  unprc( cflentcd  rat<\  an<l 
scnncly  had  they  got  their  new  exchange  at  Lisbon  into  wnrkitii;  onl<-r 
than  they  were  confronted  with  the  possible  ncicssity  of  further  cxtin- 
sions.  How  much  longer  they  could  defer  the  opening  of  a  new  e,\ehangt^ 
at  Oporto  he  did  not  know.  For  the  time  beinc  their  jiolicv  was  to 
restrict  new  work  as  far  as  ])ossil)|e  to  the  actual  bringing  in  of  subscri 
bers,  but  the  present  rate  of  ))rogress could  not  i)e  maintained  without  an 
a(ie(|nnte  inetease  in  t  li"  eripa<  it  y  of  the  "xc  hance  and  of  theeable  routes. 

BIRMINGHAM  DISTRICT  POWER  &TRAC  HON  CO.  (LTD.)  The  n-venue 
for  iDlf)  was  IIOI.'.MM).  eonipared  with  iSTTtlT  for  litl  4.  and  the  surplus 
(after  setting  aside  filtKKI  for  renewals)  is  £.".S.7.'!S.  The  direetors 
])ro|iose  to  p|a(c  t.l.ddO  to  reserve,  to  p-iy  a  dividend  on  the  jircfern-d 
ordinary  shares  at  the  rate  of  4J  ])er  cent,  for  the  y<'ar  (against  .'J',  per 
cent.),  and  carry  forward  £2,. '>r)l  (against  £0(50). 

BRISBANE  ELECTRIC  TRAMWAYS  INVESTMENT  CO.  'LTD. )  The  revenue 
acctiinil  for  I '.ll  .">,  i  cpiiM-~t  ing  of  the  ili\iiiiiiii  urcised  from  tin'  Brisbane 
Tramways  Co.  ( £04.0."t<i).  together  with  Hundr>'  n-ceipts  and  amount 
brought  forward  (£.").7h2).  less  charges  in  l>»ndon  and  Brisbane  (£.''i.(l.'2) 
shows  an  available  balance  of  lO.i.fWlT.  After  i)ayinL'  debenture  stock 
interest  (tlT.rj.'iO).  j)referen(  e  dividend  (£1  ti.2r)(»).  interim  dividend  on 
ordinarv  shares  (£24,<lt»l).  "nd  idioeatiuL'  to  dejm'iiation  of  investments 
fund.  £.■{.">()(»,  tile  directors  recomnicnd  a  balance  dividend  of  Js.  ]>er  .share 
(tax  free)  on  the  ordinary  sharis  (making  a  total  for  the  year  of  8  Jht 
cent.),  and  that  £lO..'J(i7  be  carried  forwanl. 

BRITISH  EVER  READY  CO.  (LTD.)  Tin-  din-ctors  n-comnu-nd  n  final 
dividend  on  (he  prifcnnc  c  .slian's  at  rati'  of  1((  ])er  cent,  per  annum  for 
the  half-year  to  Mar-  h  .'U.  makiuL'  the  maximtim  of  lo  per  cent,  for  the 
year,  and  a  final  dividend  on  the  ordinarv  shnn'H  at  rate  ol  10  ]>er  cent,  jwr 
annum  for  the  half-year  to  March  31.  making  H>  ]>er  cent,  for  th<'  year. 
Tiiev  also  ri'i'oinnicnd  a  bonus  of  l(t  ]>er  icnt.  on  the  ordinarv  share's,  I'or 
tJK"  yciw  ended  March  '.U  the  |irofit.  inc|u<linL.'  amount  broui^ht  forward 
and  after  writing;  off  depreciation  anci  IrauHferriiv  fT.TitM)  to  general 
reserve",  ani(>unt  to  I'.^O.'JlH.      A  snni  of  f'JT.Tls  is  to  !«■  carried  forward. 

CALLENDERS   CABLE   &   CONSTRUCTION    CO.    (LTD^     The  report  of 

the  (iircctois  for  the  yi'.'ir  cndmu'  Di'c.  .'tl.  1!<1.">.  states  that  the  b.Tlnnci-  at 
credit  of  |)roli(  and  loss  is  £llll.2(>(i.  14s.  l(ti|  .  to  which  has  to  br-  adiled 
the  amount  brought  in  from  l!tl4  of  £ll>H.l<>0.  ()s.  7d..  making  togcthcT 
£27(i.4;i().  Is.  .'")d.  Krom  this  inust-  be  deducted  inten^8t  on  <l<d>enlun^ 
stock  (£l.'l,.')()0).  dividend  on  i>referenee  shan's  (£1l).0()0),  appropriation 
for  de)ireciation  of  buildings.  i>Iant  and  machin«>ry  (£IH.:?.'U.  lis.  7d.). 
and  appropriation  for  depreciation  of  otVice  furnitun^  (£254.  Hs.   lOd.). 


leaving  an  available  balance  of  £242,347.  Is.  Od.  It  is  proposed  to  pay  a 
dividend  on  the  ordinary  shares  at  the  rate  of  10  per  cent,  per  annum 
(less  tax),  being  lOs.  per  share,  whereof  5s.  (less  tax)  was  paid  on  Xov.  1, 
1015, and  5s.  (less  tax)  will  be  paid  on  Slst  inst.  (£17,500),  a  bonus  of  5s. 
per  share  (less  tax)  (£8,750),  and  also  a  special  bonus  of  5s.  per  share, 
less  tax  (£8,750),  both  to  be  paid  on  the  Slst  inst.,  and  to  carry  forward 
£207,347.  Is.  The  year's  operations  have  been  carried  on  under  excep- 
tional difficulties  as  to  men.  materials  and  transport,  and  the  directors 
are,  therefore,  pleased  to  submit  a  report  which  shows  such  satisfactory 
results.  The  company  was  declared  a  controlled  establishment  under 
theMunitionsof  War  Acton  Aug.  18, 1015,  and  as  the  directors  considered 
that  it  was  the  comy)any"s  duty  to  place  its  resources  unreservedly  at 
the  disposal  of  the  country,  its  output  has  been  and  is  largely  for  warlike 
materials  required  by  the  Government.  The  shareholders  are  as-sured 
that  no  firm  in  the  electrical  industry  has  rendered  more  effective.servicc 
to  the  nation  than  has  the  company.  The  ordinary  home  trade  has 
consequently  been  much  interfered  with,  but  it  has  been  yiossible  to  carry 
out  some  nninicijjal  and  other  contracts  in  connection  with  munition 
work,  and  also  to  satisfy  to  some  extent  the  demands  of  the  old  and 
valued  customers  of  the  firm.  The  shortage  of  shipping  has  seriously 
interfered  with  the  delivery  of  orders  for  overseas  customers,  but  in  spite 
of  this,  good  work  has  been  done  in  several  of  our  colonics,  and  in  some  of 
the  neutral  countries,  which  will,  it  is  hoped,  be  of  considerable  service 
after  the  war.  It  has  Ix-en  necessary  to  rearrange  many  of  the  depart- 
ments of  the  factoPk",  so  as  to  adjust  them  to  the  new  conditions.  There 
have  been  difficulties  in  doing  this,  but  the  arrangements  have  now  been 
made  in  a  sati.sfactor>-  manner,  and  the  works  at  Erith  and  at  Ixigh  arc 
fully  and  most  usefully  emjdoyed.  Substantial  additions  to  the  plant 
and  machinery  at  Erith  and  at  I^eigh  have  been  necessary  to  meet  the 
s])ecial  requirements  of  the  various  Government  departments,  and 
further  adciitions  are  being  made.  As  usual,  all  the  ]>lant  and  appli- 
ances belonging  to  the  comjiany  have  been  thoroughly  maintained, 
the  exi)enses  consequent  thereon  being  charged  against  the  year's  aecounts. 
The  Anchor  Cable  C"o.  (also  a  controlled  establishment),  whose  operations 
are  so  closely  interwoven  with  those  of  the  company,  has  also  been  able 
to  show  satisfactory  accounts  of  its  year's  working.  The  Leigh  factory 
has  been  running  for  many  months  continuously  day  ancl  night  on  work 
on  behalf  of  the  company,  lioth  at  Erith  and  at  Ijcigh  great  difficulty 
has  been  ex])erienced  in  n-gard  to  labour,  owing  to  the  drain  on  the  avail- 
able supply  for  the  direct  manufacture  of  munitions,  and  the  large 
number  c)f  workmen  and  of  the  staff  who  have  joined  the  colours.  At 
the  Anc-hor  works  women  have  to  a  large  extent  taken  the  place  of  men, 
and  arrangements  are  now  being  made  at  Erith  for  the  employment  of 
female  labour  ui>on  an  effective  basis.  These  arrangements  include 
hostel  and  canteen  accommodation  as  ai)])rovcd  by  the  CJovemment. 

CHISWICK  ELECTRICITY  SUPPLY  CORPN.  fLTD.)— The  i>rofit  for  101  5, 
after  writing  otl  £1.431  for  dcprc  c  iation  and  )>ayinu  sinking  fund  ])rcmium 
and  trustees'  fees,  was  £7.175.  Interest  on  first  mortgage  debenture 
stock  (£3  (iO(>)  has  l>een  ])aid,  leavinir  £3.575.  out  of  which  it  is  jinipo.^ed  to 
])ay  a  dividend  at  rate  of  5  per  c  ent.  for  the  year,  and  to  carry  the  balance 
of  £435  to  depn'ciation  reserve  fund. 

EASTERN  TELEGRAPH  CO.  (LTD.)  The  din-ctors"  report  for  the 
year  iiidcd  l)c(.  :;|.  i!t|."i,  states  that  the  n'venue  amounted  to 
£2.104.431.  10s.  4d..  from  whic  h  are  dcduct<-d  £055,888.  lOs.  9d.  for  the 
ordinarv  ex]>enses.  and  £2O2.('it»0.  4s.  Od.  for  ex))enditHn>  ndating  to 
inainti-nance  of  cables,  siindr^-  diffi-renc-es  in  exchange,  income  tax 
])ayab|e  abroad,  intcn-sf  on  temporary  loans  and  special  war  ]>ayinents  to 
staff  and  other  exix-nses  in  connection  with  the  war,  leaving  a  lialanix'  of 
£1,245,033.  14s.  l(td..to  which  is  added  £.'{2.741.  I  Is.  (id.  bnnight  fnunthe 
pnceding  aemunt.  making  a  total  available  luilaiu  e  of  £1 ,278,075.  (i.s.  4d. 
After  jiroviding  for  ineonie  tax  payable  in  England  and  excess  profits 
duty,  inten'st  on  mortgage  debi'iiture  stcK'k  and  dividends  c)n  the  pre- 
ference stock,  which  in  all  absorb  £457.0.'17.  lis.  3d.,  then"  remains 
£821.037.  15s.  Id.,  out  of  which  the  dine  tors  have  placed  £4('>0.(KK)  to 
general  res<-rve  fund.  £l(t.(MH»  to  insurance  of  war  risk  at  stations  fund, 
and  £5.(MMt  to  insurance  of  gcmils  in  transit  fund,  and  have  paid  three 
interim  dividends  of  1|  jx>r  ei-ntv  eaeh  on  the  onlinary  stock  aggregating 
£I.V».00((.  The  <lin'etors  now  reeonunend  the  declaration  of  a  final 
dividend  on  the  ordinary  stoc  k  of  2}  iM-r  cent.,  and  a  bonus  of  2  j)er  cent, 
amounting  to>;ether  to  £I7(I.(MKI.  bo(h  jtayable  on  May  24.  and  making, 
with  the  thn-e  previous  i>nyments  on  account,  a  total  distribution  of  8 
per  (<nt.  (lax  fnn-)  for  the  year  1015.  It  is  proposed  to  carry  forward 
the  balance  of  £26,037.  15*.  Id.  to  the  next  account.  The  stockholders 
V  ill  Ih-  asked  at  the  forthcoming  general  meeting  to  ajiprove  the  payment 
of  tile  din-<  t<  n>'  rcmuneratioM  tax  fn-e.  The  general  reserve  fund  has 
1m  eii  char^M-d  with  f2<i4.s70,  12s.  3d.  in  nspc(  t  of  the  new  Aden-Colombo 
cable  and  other  ojxc  in|  exjx-nditun'  and  with  £125.(XK>  as  a  further  pro- 
vision on  account  of  investment  fluctuations.  After  crediting  the 
£|(i<i.(KKi.  referred  to  above,  the  net  addition  to  the  fund  for  the  year  is 
£13(1.12(1.  7s.  M. 

Th<-  annual  mc>cting  will  be  held  on  24th  inst..  and  the  n<gistcr  of 
transfers  <  f  the  ordinarv  stock  an*  c'<«s<-d  from  17th  to  2)th  inst. 

EASTERN  EXTENSION  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  LTD.  ) 
The  n  I'ort  <if  the  dii  'id<>d  l)ec.  31.  1015.  states  that 

the   gross   receipt*!   .<  ■.(.  I'.ts.    7d..   against    £810. .58.3. 

•>s.  7d.  for  the  ]irevious  y<-«r.  Die  wcrkin^  e\]>cnseK.  including  £51.31 1. 
H»s.  4d.  for  niauitenanee  of  cables,  absorb  £3sO,(»71.  15s.  .'kl.  against 
£3(54.078.  14j'.  lid.,  le«^^ng  a  bnlaneo  of  £503.3.58.  48.  2d.,  to  which  is 
added  £31.370.  1 7».  7d.  bio\ight  forward,  making  a  total  available 
lm|an«-e  of  £.-104.720.  Is.  Od.  After  providint'  CIO.OOO  for  interest  on 
mortgage  del>enl  1  £85.810.  1  .V.  Sd    for  income  tax  pavable 

ui  ?]ngland  and  t  x  duty,  there  rcMuaips  £478.81(5.  Os.  Id.,  out 
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of  which  three  intorim  dividends  of  1|  per  cent,  each,  amounting  to 
£112,500,  have  been  paid,  and  £200,000  credited  to  general  reserve  fund. 
The  directors  now  recommend  the  declaration  of  a  final  dividend  of  2} 
per  cent.,  with  a  bonus  of  2  per  cent.,  amounting  together  to  £127,."jOO, 
and  making  with  the  three  previous  payments  on  account  a  total  distri- 
bution of  8  per  cent.,  tax  free,  for  the  year  1915.  It  is  proposed  to  carry 
forward  the  balance  of  £38,816.  6s.  Id.  The  shareholders  will  he  asked 
at  the  forthcoming  general  meeting  to  approve  the  ])ayment  of  the 
directors'  remuneration  free  of  income  ta.x.  In  addition  to  the  £200,000 
above  referred  to,  the  general  reserve  fund  has  been  credited  with 
£40,912.  5s.  7d.  in  connection  with  the  closing  and  disposal  of  the  Banjoe- 
wangie-Roebuck  Bay  cable  owing  to  the  establishment  of  improved 
means  of  communication  with  Australia  making  it  unnecessary  to  con- 
tinue the  maintenance  of  this  cable.  On  the  other  hand,  the  fund  has 
been  debited  with  £74,685.  14s.  8d.  for  partial  cable  renewals  carried  out 
during  the  year,  £11,382.  10a.  lid.  representing  the  loss  incurred  on  the 
sale  of  investments,  and  £25.000  as  a  further  provision  (m  account  of 
investment  fluctuations,  bringing  the  total  provision  against  depreciation 
up  to  £225,000.  An  agreement  has  been  concluded  with  the  Australian 
Commonwealth  Government  enabling  the  company  to  deal  direct  with 
the  public  in  Melbourne,  as  at  Sydney,  Adelaide  and  Perth,  and  an  office 
has  been  opened  by  the  company  for  the  reception  and  delivery  of  tele- 
grams in  Melbourne.  The  annual  meeting  will  be  held  on  23rd  inst. 
The  register  of  transfers  is  closed  from  16th  to  23rd  inst.,  inclusive. 

KIDDERMINSTER   &   DISTRICT    ELECTRIC    LIGHTING    &    TRACTION 

CO.  (LTD.) — At  the  meeting  last  week  it  was  reported  that  the 
capital  expended  during  1915  was  £309,  and  £1,753  was  written  off  in 
respect  of  plant  sold,  leaving  the  net  capital  expenditure  on  buildings, 
plant,  &c.,  for  electric  supply,  £56,279.  The  net  receipts  of  the  lighting 
undertaking  were  £4,561,  and  with  £3,471  for  dividends  on  investments, 
and  £219  brought  forward,  the  total  was  £8,251.  After  deducting 
expenses,  interest  on  temporary  loans  and  debenture  stock,  and  pro- 
viding £500  for  renewals,  there  remains  £3,708,  of  which  it  is  proposed  to 
appropriate  to  reserve  £750,  to  dividend  on  cumulative  preference 
shares  for  year  1915  (already  paid)  £1,500,  and  to  carry  forward  £1,458. 
Tlic  profit  on  the  year's  working  of  the  tramways  company,  after  provid- 
ing for  renewals,  is  £2,439,  which,  added  to  £163  brought  forward,  leaves 
£2,602.  There  has  been  applied  to  reserve  £500,  to  payment  of  a  dividend 
at  rate  of  3-J  per  cent.  £2,002,  carrying  forward  £100. 

LONDQN  &  LANCASHIRE  FIRE  INSURANCE  CO.  (LTD.)-^Thc  annual 
report  again  shows  a  successful  year's  working.  The  net  realised  profit 
in  the  fire  department  was  £166,090,  in  the  accident  department  £64,698, 
and  in  the  marine  department  £44,450 — an  aggregate  of  £275,238.  The 
sum  of  £241,886  is  placed  to  reserve,  which  has  now  reached  the  handsome 
total  of  £3,708,229.  The  total  security  to  policy-holders  now  amounts  to 
no  less  than  £6,349,479. 

PUEBLA  TRAMWAY,  LIGHT  &  POWER  CO.  (LTD.)— The  net  profit  in 
Mexico  for  1914  amounted  to  .'5692,499  (Mexican),  against  S736,952  for 
1913  and  $753,635  for  1912.  Reckoning  the  earnings  at  the  parity  of 
exchange,  the  debit  balance  (after  charging  all  expenses,  bond  interest. 
&c.)  is  £17,153,  but,  owing  to  the  heavy  loss  on  exchange,  which  amounted 
to  £42,996,  the  final  result  is  a  debit  balance  of  £60,150.  The  trans- 
mission line  to  Vera  Cruz  was  completed  and  power  delivered  to  that  city 
at  the  end  of  the  year  and  commencing  with  January,  1915,  a  regular 
supply  of  power  has  been  given  to  the  Vera  Cruz  Electric  Light,  Power  & 
Traction  (Ltd.)  under  contract.  The  directors  are  able  to  report  that, 
except  for  a  small  amount  of  damage  done  by  bandits  from  time  to  time, 
and  considerable  thefts  of  copper,  the  company's  ])roperties  remain  intact. 
Owing,  however,  to  the  difficulty  of  operating  the  plants  at  Portezuelo 
and  San  Agustin  in  face  of  continued  interferences,  these  were  closed 
in  August,  1914,  and  the  Tuxpango  plant  has  since  borne  the  entire  load 
of  the  company's  output.  The  business  suffered  during  the  year  on  ac- 
count of  a  large  number  of  factories  having  been  destroyed  or  closed  down. 

RICHARD  JOHNSON,  CLAPHAM  &  MORRIS  (LTD.)— The  net  profit  for 
the  past  year,  after  making  provision  for  excess  profits  duty,  was  £32,215, 
and  with  £9,308  brought  forward  the  total  was  £41,523.  A  dividend  on 
the  ordinary  shares  for  the  haK-year  of  10  per  cent,  per  annum  is  recom- 
mended, making  10  per  cent,  for  the  year,  placing  to  reserve  £20,000 
and  carrying  forward  £8,081. 

SHANGHAI  ELECTRIC  CONSTRUCTION  CO.  (LTD.)— The  profit  for  1915 
was  £31 ,084,  compared  with  £33,602  for  1 914.  Including  £4,703  brought 
forward,  the  balance  was  £35,787.  There  has  been  transferred  to  reserve 
for  renewals  £10,000  and  applied  in  reduction  of  preliminary  expenses 
account  £2,000,  and  a  dividend  of  7  per  cent,  for  the  year  (lc.<s  tax)  is 
recommended,  carrying  forward  £1,387. 

SOUTH  WALES  TRANSPORT  CO.  (LTD.)- The  net  receipts  for  the  past 
year  were  £9,015,  and  after  deducting  administration  and  general  ex- 
penses and  £360  for  mortgage  and  other  interest,  and  i)roviding  £3.500 
for  renewals,  the  balance  is  £1,661,  which,  with  £1,400  brought  forward, 
makes  £3,061.  A  dividend  at  rate  of  7  per  cent,  per  annum  on  the  ordi- 
nary shares  is  proposed,  carrying  forward  £1,319. 

SUBMARINE  CABLES'  TRUST.— The  revenue  for  the  year  to  April  15 
amounted  to  £25,489.  3s.  7d.  and  the  expenses  to  £1,509."  18s.  4d.,  leaving 
a  balance  of  £23,979.  5s.  3d.,  to  which  is  added  £50.  5s.  Ud.,  brought 
forward,  making  an  available  balance  of  £24,029.  lis.  2d.  After  pro- 
viding £15,843  to  meet  payment  of  the  coupons,  £8,109.  4s.  has  been 
transferred  to  redemption  fund,  leaving  £77.  7s.  2d.  to  bo  carried  forward. 
Since  the  last  report,  68  certificates  have  been  rcdeen\ed  (exclusive  of 
the  coupons  of  reversion),  25  bv  purchase,  7  by  tender,  and  36  were 
drawn  by  lot  on  May  let  inst.,  absorbing  £8,109.  4s. 
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WEST  COAST  OF  AMERICA  Tf  ^'-  ^  •.  »H  C    '  T> 
for  the  year  ended  ];<-..  :; 
£61,129.  .'>H.  Hd.  in  1914.      l;. 
eompared  with  £43,0.>4.  <♦«.      A 
the  revr-nu'r  account  ►• 
ad.lcd  £1,994.  16H.4d., -, 
Out  of  thiH  amount  £6,0<Xi 
deUnturcH,  £8<M)  provir|'<l  f,: 
£5,(KK)  trai.sferred  to  j/r n.  ral 
account  of  inv(;Ktmcnt  fiuctuatioii*,  ;.,4;u4jj  a  b^Ubttf  Ji  tX^KTl.  14*.  3d. 
to  be  carried  forward. 

WEST   LONDON    &    PROVINCIAL    ELECTRIC  8DPPLT  CO.  'LTD., — Til* 

r(!V<-nue  of  the  eoriipatiy  ih  pro\ii|.-d   bv  ti  • '  '•  •h«r>^  lA 

the  CHiswick  Electricity  Supply  'Virpn    an  ^\r-srA  to€ 

managing  the   busin'*HH  of  the  cor  -wlii  of 

profit  and  los.s  in  £3,038.  A  divi  •  iftrwys 
shares  at  ratf;  of  6  per  cent.  j>er  annum  for  the  year  a  propoaed,  carryii^ 
the  balance  forward. 


NEW   COIVIPANIES,    MORTGAGES  AND 
CHARGES. 


■  NEW  COMPANIES. 

■ 

ANCHOR  ELECTRIC  CO.  (LTD.j  ( 143,676.)— Rrp.  A""l  ?n  capiUl 
£4,100  in  £1  shares  (1,700  10  jkt  cent.  cumuUti%-e  pr»'  -o  take 

over  the  business  of  electrical  engineers,  manufacturer*  of  •  :•  ■  '  n  al  appa- 
ratus,  fittings  and  batteries,  being  a  portion  of  the  buj^ineM  carrv^d  on  hr 
A.  Richmond  and  T.  T.  Rankin,  together  with  the  benefit  *>•' 
ments  made  and  secret  processes  used  by  the  proprietors.      1'. 
pany.     First  directors  are  A.  Richmond  and  T.  T.  Rankin  (both  per- 
man'^nt).     Reg.  office,  81.  Cannon-street,  E.C. 

GENERAL  INSTRUMENT  &  ENGINEERING  CO.  (LTD.)  ( 143.690).— Re^ 
April  26,  capital  £5,000  in  £1  shares,  to  take  over  the  bu-Moem  uf  an  eogi< 
neer  carried  on  by  R.  O.  C.  Hurst,  and  to  carry  on  same  and  the  boBtnna 
of  scienufic  instrument  makers,  electricians,  niachini.stn.  Ac  Private 
company.  First  directors  are  R.  O.  C.  Hurst  (permanent  manaidn^c 
director  and  chairman)  and  E.  Troughton.  Reg.  office :  49a,  Adam- 
street,  New  Kent-road,  S.E. 

HARLESDEN  LAMP  CO.  (LTD.)  (143,701).— Reg.  April  26,  capital 
£10,000  in  9.000  preference  shares  of  £1  each  and  4.00<J  ordinan,-  sham 
of  Is.  each,  to  acrjuire  and  turn  to  account  any  invention  relating  to 
electric  and  other  lamps,  or  any  lenses,  n-flectors  or  other  oompunent 
parts  or  accessories  for  use  in  connection  therewith.  "  on  the 

business  of  manufacturers  and  n>pairers  of  and  dealer*   :  lampe, 

electricians,  glass  blowers,  &c..  and  to  adopt  an  agrt-en.ent  with  ('.  R 
Leake.   Private  company.    First  directors  are  C.  B.  Leake  and  J.  M.  Li>n|T- 

JUNGO  MFG.  CO.  (LTD.)  (143.735).— Reg.  .\pril  28.  capital  £2.000  in 
£1   shares,   to  carry  on  the   business  of  metal  stam|KT«.   ]  •  »nd 

workers,    mechanical,    electrical    and    general    enginwrs.    •  «n», 

&e.  Private  company.  Fi^^t  directors  are  H.  M.  Lu.sh  (m;»:  .  .  .  C 
Martin  (secretarv)  and  J.  R.  Claypole.  Reg.  office:  84-86.  (.  ;..i:..vry- 
lane,  W.C. 

K.  E.  SYNDICATE    vLTD.)     (14.3.777)— Reg.   May  "in 

£1  shares,  to  ai(|Uiic  tcrtain  options  and  rights  in  v    .  ■n- 

tions  relating  resix-ctively  to  electric  arc  lamps  and  to  impruvrmenls 
in  direction  indicators,  to  carr>-  on  the  business  of  electricians,  manu- 
facturers of  and  tlcalers  in  electrical,  chemiial  ami  wk-ntitic  ap(M>ratu.H 
and  materials,  &c.,  and  to  \dopt  an  agnement  with  Ct.  .A.  K'  uul 

H.  Justus  Eck.     Private  compony.      First  dinxtors  art- C.  .\      >  n. 

H.  Justus  Eck,  F.  Ruthertord  Harris  (chairman)  and  R.  «.>.  i;rai»*in. 

NATIONAL  WOLFRAM  CORPN.  (LTD.)  (143.5»i«<.)— Rog.  April  11. 
capital  £l.niU)  in  £1  share.--,  to  lany  on  the  busine.<«  of  .•<mcltor!<.  r\'tiner», 
dressers,  and  pR"i)arers  for  market  of  wolfram,  slates.  kc. 

First  directors  are  E.  Holwill  and  F.  Xaylor.     Reg.  o:  •  -J^, 

Ludgatc-hill,  E.C. 

MORTGAGES   AND   CHARGES. 

BRILLIANT  ARC  LAMP  &  ENGINEERING  CO.  iLTD. ,  Mom.^randum  of 
deposit  on  .\i>ril  2.').  1916.  ihargcd  on  certain  contmct.-.  to  xvurr  all 
moneys  due  or  to  become  due  to  LondoM  \-  South  W.  -t.  m  lv\nk. 

LLANDRINDOD  WELLS  ELECTRIC  UGHT  ft  POWER  CO.  iLTD.)-!^^- 
ticulars  of  £2.l\H)  debentures,  created  Deo.  11.  lOIS.  haw  bren  hkd, 
whole  amoiat  being  now  issued.  IVo^H-rty  charv-x-d  :  Company's  onder. 
taking  and  property,  present  and  future.     No  trust«-c8. 

G.  H.   TQRNLR   &   CO.    (LTD.)— Memorandum  full  oa 

April  14.  1911).  of  -■second  dob*-ntun\s,  dati-d  .\pr..  -- 
securing  £100.  has  bei-n  fileil. 

G.   H.   TURNER   &   CO.  (LTD.  >  — Issue 
debentures,  part  of  a  .-erics  of  which  pan 

RECORD  ELECTRICAL  CO.  (LTD.^— Particulars  of  £7.l»0l»  del^nturr*. 
cn>ated  \pnl  6.  1916.  have  been  tiled,  amount  of  pivsont  is*uo  being 
£6.000.  Prcperty  charged,  company  s  undcrtakmg  and  property. 
pivsent  and  future.     Xo  trustees. 

WAKEIIN'S  (LTD  )-  "Memorandum  of  satissfactionto  extent  of  £120  on 
April  15.  1916.  of  delentuic-s  dated  May  7,  1»14,  securing  £720,  has  bctjn 
filed. 


1915. 
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CITY   NOTES. 


ELECTRICAL  COMPANIES'  SHARE  LlSl .—Continued. 


UEMORANDA  (May  Ml. — Bank  rate  5  per  cent,  (since  Aug.  8,  1914). 
Consols  r)?  V ,  Consoli  Pay  Day,  June  I.  Stf'Ckfl  and  Shares  Ticket  Days, 
May  'Mi  and  June  14.  Pay  Days,  May  '.'A  and  June  !;>.  Price  of 
silver,  o(ijd. 

BRITISH  ELECTRIC  TRACTION  CO.  (LTD.)--The  directors  recommend  a 
dividend  of  .'{  ])cr  cent,  on  the  n<w  oidinary  stock  for  the  year  ended 
March  .-51. 

CENTRAL  ELECTRIC  SUPPLY  CO.  (LTD.)- The  4  percent,  guaranteed 
debenture  stock  tran.-icr  ljo<A.s  of  thin  conip;  ny  will  be  clof-ed  from  18tli 
to  IJl.st  inst.,  inclu.sivc.  pre])arator\'  to  paym'  nt  of  interest  due  June  1. 

GLOBE  TELEGRAPL:  &  TRUST  CO.  (LTD.)  A  dividend  of  8h.  per  share 
liUH  1:(  I  ti  dccl.iK  (1  (ju  '  lie  ordinaiy  .■siiarcs,  making  7  per  cent,  for  the  year. 

GWYNNES  (LTD.)  -The  company  intimates  that  it  is  imposiUble  to 
eon)|)iete  tlie  account-  at  tlie  usual  time,  ai  d  lo  ]iri'vcnt  inconvenience 
th<-  directors  iiave  dei  idcd  to  pay  a  di\  idend  of  lii  per  cent.  (ta.\  free)  on 
the  ordinary  sjiares.  No  further  distribution  will  be  recommended  for 
flic  y(  arcnd'  '!  .);in.  .T  .  IM!(>. 

MELBOURNE  ELECTRIC  SUPPLY  CO.   (LTD.)— The  directors  annCiincw* 
an  inlcr'im  di\  idi-iid  o    .'>  p(;r  oeiit.  (tax  five)  <'ii  tlic  ordinary  stock  for'the 
Jialf.ycar  to  hi,.  2!l. 

SOUTH  METROPOL  TAN  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— The 

eoinpaiiy  is  oll'iing  'o  its  sli.iic  and  deli.'iiluic  holders  tl!(),0(H)    I^   ])cr 
^■eiit.  lir:ii  mortga^re  ('rbt  nture  .-toik  at  S;l. 

UNITED  RIVER  PI  ATE  TELEPHONE  CO.  (LTD.)— A  final  dividend  of 
.O  ]uw  cent,  on  the  oi  linary  >lian-  capital,  i  laking  S  ))(  r  cent,  for  Hll.'i, 
tax  free,  has  been  d(  hired,  the  same  as  for  l!tl4.  The  amount  carried 
forward  is  !Cii,'2'-i4,  agrinst  i'(i,.'j(i3. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  ^z  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  May  16,  the  followinL'  as  the  present  basis  prices  of 


New  Metalj.  per  lb. 

Solid  Drawn  Brass  Tubes ISJd. 

Solid  Drawn  Copper  Tubes 2ld. 

Brazed  Copper  Tubes 21d. 

Brazed  Brass  Tubes 23.'.d. 

Brass  Wire 17}d. 

Copper  Wire 2(Jd . 

Rolled  Brass 17Jd. 

Brass  Sheets leid. 


per  ton. 

English  Lead £34  10    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 

Copper  Sheets    £174    0    0 

Speller £95    0    0 

Mr.  A.  Joseph,  Earl-strtet,  London-road,  Southward:,  London,  S.E 
May  16,  tht  following  appioximate  prices  of  Scrap  MerArs  : — 


Clean  Copper  Scrap £123 

Clean  Brass  Scrap £70 

Brazier/ Copper  Scrap £105 

Old  Lead £28 

Old  Zinc £63 

Hollow  Pewter £123 

Black  Piwter £85 

Gun  Mttal £85 


per  ton. 


Aluminium  Cuttings £100 

.  Clean  Mi.xuJ  Brass £74 

Clean  Cooper £116 

Brazier/Copper £102 

Gun  Metal £86 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Old  Le.  d £29 

TeaLe^d £27 

Old  Zin  ; £70 

Hollow  Pewter £135 

Shaped  Black  Pewter OS 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

rdate 

ton. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumt^r".-;  Solder  (in  bar 
or  strip).  £90;  Commercial  Tinman's  Solder,  £115;  Blowpipe  Solder,  £125. 


ELECTRICAL  GOIVIPANIEr  SHARE  LIST. 

What  wore  known  an  "official  quotation i"  are  not  now  issued,  but 
we  give  bolow  the  laiest.  prices  at  which  ao^mal  transactions  took  piajj 
on  or  before  Tiics(la\  ,,May  Hi.  The  greatest  oare  is  taken  in  oompilia^ 
these  Bgurea,  but  the  dilficulty  of  verificatioa  is  now  much  increased. 
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Linking-up. 

The  increasing  difficulty  in  providing  for  the  supply  of  coal 
to  important  consumers  markes  it  imperative  that  rigid  economy 
in  consumption  should  be  exercised  lest  there  be  a  serious  short- 
age in  the  near  future.  During  the  week  a  circular  has  been 
sent  out  by  the  Railway  Department  of  the  Board  of  Trade, 
in  which  attention  is  called  to  the  very  considerable  saving 
that  can  be  effected  by  the  linking-up  and  joint  working  of 
electric  generating  stations.  The  present  difficulties  in  regard 
to  labour  and  materials  are  recognised  by  the  Board,  but  we 
are  in  doubt  as  to  whether  the  Board  are  fully  aware  of  the 
many  engineering  difficulties  that  will  have  to  be  considered. 
In  the  past  the  Board  have  not  exercised  wise  judgment  in 
allowing  supply  authorities  to  supply  currents  at  a  dozen  or 
more  different  voltages,  and,  in  the  case  of  alternating  currents, 
at  many  different  frequencies.  An  examination  of  the  chaotic 
state  as  regards  system,  voltage  and  frequency  that  prevails  in 
the  London  area  alone  will  serve  to  show  how  great  are  the 
difficulties  in  the  way  of  interconnecting  on  a  large  scale.  "\\  e 
agree  that  rigid  economy  should  be  practised  in  coal  consump- 
tion, in  times  of  peace  as  well  as  in  times  of  war ;  but  we  would 
not  have  our  engineers,  by  linking  up,  prolong  a  state  of 
affairs  for  which  there  has  been  no  excuse  for  10  or  15  years. 
Rather  would  we  have  them  lay  the  foundation  for  a  scheme 
that  could  be  developed  year  by  year  on  sound  engineering 
lines.  The  London  area  would  lend  itself  well  for  the  puii)ose 
of  the  experiment.  The  Board  announces  that  they  are  pre- 
pared to  arrange  the  terms  and  conditions  under  which  an 
interconnecting  scheme  shall  be  carried  out.  Should  it  be 
decided  to  link-up  the  generating  stations  in  Greater  London 
we  hope  that  one  of  the  conditions  imposed  by  the  Board  will 
be  that  nine-tenths  of  the  generating  stations  shall  be  closed 
down,  and  that  the  remaining  stations  be  compelled  to  supply 


The  Shildon-Newport  Electrification. 

In  our  present  issue  we  give  some  description  of  the  electri- 
fication of  the  Shildon-Newport  branch  of  the  North  Eastern 
Railway.   This  work  is  of  more  than  usual  interest,  h*-  ".e 

line  IS  concerned  entirely  with  mineral  trafiic.     Engiii.--i-  are 
liable  to   consider  that  there  are   only  two  classes  of   railway 
electrification — namely,  for  suburban  lines  and  for  the  main- 
line working  of  passenger  trains.     The  position  of  suburban 
lines  from  the  electrical  point  of  view  is  now  assured,  for  the 
advantages  of  electrical  working  are  thoroughly   ■'■'•'     '  ■■■■A.. 
In  the  case  of  main-line  working,  however,  the  po-     ■  iv 

different.     The  range  of  speed  required  for  the  locomotive  in 
the  running  of  main-line  passenger  trains  varies  between  wide 
limits,  and  so  far  as  it  has  been  found  more  easy  to  o^  'is 

range  satisfactorily  in  a  steam  locomotive  than  in  ai.  ....  .no 

locomotive,  except  at  considerable  cost.  The  case  is  very 
different,  however,  when  we  are  concerned  with  goods  and 
mineral  traffic.  In  this  class  of  service  a  large  tortjue  at  high 
speed  is  no  longer  necessary  ;  we  are  concerned  with  large 
tractive  effort  at  comparatively  low  speeds,  and  there  is  no 
difficulty  in  obtaining  these  conditions  very  economically  by 
means  of  electric  locomotives.  On  the  Shildon-Newport  line 
continuous  current  has  been  adopted  at  a  pressure  of  1..500  volts, 
and  this  is  supplied  by  means  of  a  double  overhead  w  -  '-  m 
which  it  is  collected  by  means  of  two  double-bow  pa;..  — --h 
collectors  per  locomotive,  so  that  eight  contacts  are  provided. 
By  this  means  the  collection  of  current  is  made  without 
difficulty.  The  locomotives  are  74  tons  in  weight,  and  are 
designed  to  give  an  average  pull  of  28,(.XH)  lb.  on  the  tread  of 
the  wheels  when  starting  under  normal  conditions.  Tests 
showed  a  maximum  drawbar  pull  of  16  tons.  The  average 
speed  in  running  from  Newport  to  Shildon.  which  is  on  an  up 
gradient,  was  18-3  miles  per  hour,  the  maximum  speed  being 
26  miles  per  hour.  On  the  level,  a  l,-tlX)-ton  train  was  hauled 
at  the  rate  of  26  miles  per  hour.  The  test*  appear  to  have  Uvn 
quite  satisfactory,  and  we  hope  that  the  present  electrification 
will  be  an  inducement  to  other  railways  t^  consider  the  desira- 
bility of  electric  traction  for  the  handling  of  goods  and  mineral 
traffic. 


Submarine  Telegraph  Companies  in  1915- 

NoTWiTHSTAXDiNO  the  ditficultics  create!  by  the  \Nar.  the 
principal  submarine  cable  companies  apiM>ar  to  have  had  a 
good  year,  for  the  receipts  of  nearly  all  of  them  show  a  ver>- 
substantial  increase  compared  with  those  of  li»14.  There  is  no 
more  reliable  and  accurate  means  of  communication  than  the 
submarine  telegraph,  and  it  is,  therefore,  fortunate  for  the 
Empire  in  this  great  crisis  that  nearly  every  portion  of  it  is 
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connected  by  a  submarine  cable  with  the  Mother  country.  Of 
course,  like  other  commercial  undertakings,  the  telegraph 
companies  have  lost  some  of  their  staff  by  enlistment  in  H.M. 
Service  ;  the  restrictions  upon  the  use  of  codes,  and  the  great 
increase  in  the  number  of  Government  messages  to  which 
priority  has  been  given,  have  all  added  to  the  difficulties  cf  the 
situation,  and  increased  the  operating  expenses.  Iji  addition, 
the  generous  terms  granted  to  British  and  Colonial  soldiers  and 
sailors  and  to  their  relatives  for  communicating  with  one 
another  brought  a  greatly  increased  traffic  of  an  unremunera- 
tive  character.  Yet,  in  spite  of  these  disadvantages,  sub- 
stantial progress  was  made,  as  will  be  seen  from  the  reports  of 
the  proceedings  at  the  annual  meetings  of  the  liastern  and 
Eastern  Extension  Telegraph  Companies,  which  appear  in 
another  column.  The  gross  receipts  of  the  Eastern  Company 
increased  from  £1,570,000  to  £2,021,200,  and  after  meeting  all 
ordinary  expenses,  including  maintenance  of  cables,  special 
payments  to  staiT  and  other  expenses  due  to  the  war.  income 
tax  and  excess  profits  duty,  interest  on  mortgage  debenture 
stock  and  the  dividends  on  the  preference  stock,  &c.,  the 
balance  was  £821,038.  A  sum  of  £l()(t.000  was  placed  to 
general  reserve  fund,  a  final  dividend  of  2J  per  cent.,  and  a 
bonus  of  2  |)er  cent,  were  declared,  making  a  total  distribution 
of  8  j)er  (;ent.  (tax  free)  for  the  year,  against  7  per  cent,  for  the 
previous  year.  The  gross  receipts  of  the  Eastern  Extension 
Company  were  £95H,030,  ad  after  paying  expenses,  interest  on 
debenture  stock,  &c.,  and  ])lacing  £200.00(J  to  general  reserve 
fund,  a  final  dividend  of  2]  per  cent.,  together  with  a  bonus  of 
2  ])er  cent.,  were  declared,  making  8  per  cent,  for  the  year, 
against  7  per  cent,  in  1914.  The  record  of  the  other  telegraph 
companies  is  also  a  good  one,  and  in  most  cases  the  financial 
position  is  even  sounder  than  it  was  at  the  end  of  1914.  The 
radio-telegra])h  develo]>ments  do  not  seem  to  have  affected 
them  in  the  least,  and  this  is  not  surprising  for  in  secrecy, 
speed  and  accuracy  -  conditions  which  are  of  prime  importance 
in  warfare — submarine  telegraphy  has  at  present  no  rival.  Of 
course,  radio-telegra])hy  has  a  field  of  its  own — an  expanding 
field  it  is  true  but  where  there  is  an\*  considerable  com- 
mercial or  other  traffic,  recourse  must  be  had  to  submarine 
telegraphy. 

Engineering  Institutions  and  Courteous  Receptions 
Lndicu    the    iicadmg    '"  .Sciicnic    Im    the    Organisation    and 

Develo])Tnent    of    Scientific    and    Industrial    Research, ""    the 

foUowing    note    appeared    in    the    .Marcli    "'  Journal  "    of    the 

Institution  of  Mec^hanical  Kngineens  : 

Tlic  Council,  on  behalf  of  the  TnHtitiition,  have  joined  with  tln>  four 
other  ieiuiinf;  Hritiwh  Rnyincerinir  Inntitutions  in  presenting  to  H.M. 
Privy  Councii  ii  jwtifion  that  a  siiitithlr  nunilH'r  of  jii-rKonH  repn*. 
Honting  the  ^rent  <le]mrf  nxiits  of  entiineerinff  induHtries  and  ojx'mtions 
slioidd  Im-  added  (<>  tin-  .\d\  inory  Council  of  the  ('<iinniittee  of  the  I'rivv 
Coiineii,  coiisliluled  to  earry  into  effect  the  above  helienie. 

In  the  current  isstie  ol  the  "  Journal  ""  of  the  same  Institution, 
under  a  siiniljii  Inadiiig.  appears  the  following  paragra])h  : 

Keferrinn  to  (he  i>araj:raj»l)   of  tlie  March  "  .Fournal.  "  a  reply 

was  received  fioni  (he  I'rivy  Council  e.\j)n'i*Min){  the  view  that  it  would 

be  premature  at  jircHcnt  to  in<  n-a.He  the  A<lvisorv  Council  for  Hiwan  h. 

On  April  \'Mh  a  deputation  appointe<l  by  t!ie  Confen-nee  of  the  Kn- 

i;ineerini:  .Societies   was  courte<>usly   received   by    I>ord   Cukwk.      The 

(le})u(ation  jnit  fiu'ward  sonu-  considerationo  an  to  the  n-pn-sentiition 

of  enjiineerinjj  on  the  Advisory  Coiuiei!. 

We   have   pleasure   in   giving   publicity   to   the   lact   that    the 

leading   British    Kngineering    Institutions   ]tresented   to   il.M. 

I'rivy  Council  a  petition,  and  our  regret  is  that  tiie  petition 

was  presented  a  considerable  time  after  (he  Advisory  Council 

of  the  llesearch  Committee  was  formed.     But   we  urge  the 

Kngineering  Insiitutions  not  to  l»e  discourai;ed  by  courteous 

and  futile  receptions.     The  remedy  is  in  their  own  hands.     If 

they    regard    research    as    an    import^ajit    factor   in    onsurint: 


engineering  development,  and  if  the  general  feeling  of  the 
members  is  that  they  are  not  properly  represented  on  the 
Advisory  Council,  it  is  surely  within  their  power  to  request 
these  of  their  members  at  present  serving  on  the  Council  either 
to  withdraw  from  the  Council  or  from  the  Institutions.  We 
ask,  "  Of  what  use  are  the  Institutions  if  the  discipline  be  lax  ?  " 
Seeing  that  the  Institutions  alone  possess  the  men  for  the 
carrying  out  of  the  work,  and  remembering  that,  potentially, 
they  have  command  of  the  necessary  funds,  it  is  easy  for  them 
to  carry  out  their  own  scheme  of  research.  Judging  by  the 
records  of  the  researches  that  have  already  been  made  by  the 
Institutions,  we  are  certain  that  their  scheme  would  at  least 
yield  results  of  value  to  the  profession.  The  work  of  the  Alloys 
Research  Committee,  which  was  carried  out  under  every  con- 
ceivable disadvantage,  is  sufficient  testimony  to  the  ability  of 
the  Engineering  Institutions  to  carry  out  research.  Such 
immediate  action  on  the  part  of  the  Engineering  Institutions 
would,  we  venture  t^o  think,  lead  wi.sdom  to  prevail  in  the 
deliberations  of  the  Conxmittec  of  the  Privy  Council.  Even 
without  such  wi-sdom,  the  future  of  engineering  research  is 
safe  in  the  keeping  of  the  Engineering  Institutions.  Ably 
supported,  as  they  would  be,  by  the  engineering  colleges,  we 
doubt  not  that  the  work  which  lies  at  their  hands  would  be 
pniperly  carried  out.  \\  ith  the  unspeakable  examples  of  the 
past  22  months  before  us,  and  with  the  knowledge  that  the 
j)osition  is  not  now  hopeless  solely  as  the  result  of  the  work  cf 
the  members  of  those  Institutions  which  the  State  affects  to 
ignore,  our  readers  will  agree  that  we  have  good  grounds  for 
believing  that  should  the  State  put  "  its  deadening  hand  ""  on 
engineering  research  the  results  of  such  research  would  be  to 
the  detriment  of  engineering  in  this  country. 


Photometry  of  the  Gas-Filled  Lamp. 

A  COMMON  metluid  of  obtaining  the  mean  horizontal  candle- 
power  of  a  lamp  is  to  rotate  the  lamp  at  a  convenient  speed  in 
the  photometer,  so  that  a  mean  result  is  at  once  obtained.  It 
is  interesting  to  note  that  in  the  tase  of  ga?-(illed  lamps  this 
simple  method  is  no  longor  available.  In  an  interes'^ing 
investigatioji  by  Messrs.  G.  W.  Middlkkacff  and  J.  F.  Skog- 
LANU,  which  we  give  in  abstract  in  another  column,  it  is  shown 
that  the  rotation  of  a  gas-filled  lamp  in  this  way  materially 
affects  the  candle-power.  Even  when  the  lamp  is  stationary, 
l)oth  the  current  and  candle-jtower  have  higher  values  when 
the  lamj)  is  mounted  tip  up  than  when  it  is  mounted  tip  down. 
The  explanation  of  the  rotation  effect  appears  to  be  that  the 
nonnal  convection  currents  are  disturbed  by  the  rotation,  and 
consequently  the  efficiency  of  the  lamp  is  altered.  The  effect  is 
also  c.om])licated  by  the  voltage  at  which  the  lamp  is  run.  and 
bv  the  speed  of  rotation.  These  effects  will  form  another 
argument  in  favour  of  photometry  on  the  lines  of  the  Ulbricht 
sphere. 


Fire  Extinguishers. 

Most  peoi)le  are  aware  that  a  number  of  what  are  termed 
■  dry  fire-eytingaisliers ''  have  been  placed  on  the  market 
since  there  has  been  a  risk  of  fire  from  aerial  attacks.  Such 
fire  extinguishers  are  sold  at  a  lower  i)rice  than  those  wliich 
tlepend  upon  water  or  cliemicals,  and  are,  of  cour.se.  as.sumed 
tti  have  corresponding  advantages.  Some  light  is  thrown  on 
the  subject  by  the  rejxm  of  a  Committee  appointed  by  the 
Home  Office  which  has  just  been  issued.  From  this  it  appears 
that  the  ingredientsS  of  these  dry  fire  extinguishers  are  chiefly 
sodium  bi-(  arbonat<'  and  calcium  carbonate.  The  cost  of  the 
bi-carbonato  would  not  exceed  l|d.,  and,  therefore,  it  will  be 
realised  that  the  price  at  which  these  extinguishers  are  placed 
on  the  lUiiiket  is  little  less  than  extortionate,  to  use  the  word 
applied  by  the  Committee.  It  is  interesting  to  not<?  that  the 
ucneral  conclusion  reached  by  the  Committee  is  that  the  best 
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extinguishing  agent  is  a  plentiful  supply  of.  water  and  tliat  the 
use  of  dry  fire-extinguishers  should  be  deprecated,  as  giving 
a  false  idea  of  security.  The  Committee  do  not  appeal- 1  o  have 
considered  fully  the  question  of  chemical  extinguishers.  From 
the  point  of  view  of  electricity  works,  it  is  desirable  that  this 
inquiry  should  be  carried  a  little  further.  In  such  works  a  fire 
introduces  special  problems.  So  far  as  we  are  aware  the  I'yrene 
form  of  extinguisher  has  chiefly  found  favour  in  such  cases, 
as  it  introduces  no  bad  eftect  upon  the  electrical  machinery. 
There  may  possibly  be  others  of  the  same  class  which  would  be 
worth  studying,  both  from  the  point  of  view  of  doing  harm  to 
electrical  plant  and  the  effect  upon  any  persons  who  have  to  be 
near  the  fire  in  attempting  to  extinguish  it. 


with.     He  did  not 


Peace,  Prosperity,  Preparedness  and  Probity. 

In  offering  to  the  American  Society  of  Mechanical  Engineers 
one  of  the  Boulton  and  Watt  relics,  Mr.  George  Taxgye,  at 
Birmingham  in  1910,  said  he  had  an  intense  admiration  for 
Americans.  America,  said  Mr.  Tang  ye,  comprised  48  separate 
and  sovereign  commonwealths,  literally  covering  the  country, 
and  had  a  population  of  nearly  90  millions,  harmoniously 
working  together  without  the  need  of  Dreadnoughts  to  keep 
them  in  order.  From  this  unity  the  nations  on  this  side  of  the 
Atlantic,  whether  English,  French  or  German,  might,  he 
thought,  with  advantage  take  a  lesson.  At  the  present  time 
many  prominent  Americans  think  differently.  For  reasons 
best  known  to  herself,  the  United  States  is  preparing  for  war, 
and  with  feverish  haste  a  fighting  navy  is  being  equipped. 
The  cry  in  the  United  States  is  "  Peace,  Prosperity  and  Pre- 
paredness." We  seem  to  remember  that  Germany  had  such 
ideals  for  many  years.  To-day  all  the  world  knows  their 
significance.  If  it  be  prosper ty  that  accounts  for  war — and 
it  is  only  prosperous  nations  that  are  in  a  position  to  indulge 
in  such  extravagance — we  would  have  the  whole  of  mankind 
bankrupt,  and  dependent  upon  excessive  toil  for  the  means  of 
a  bare  livelihood.  Even  prosperous  peoples  are  not  able 
indefinitely  to  draw  upon  their  manhood  in  pursuit  of  an  ideal 
assuredly  born  in  Hell.  On  the  pedestal  which  the  Americans 
are  erecting,  in  addition  to  "  Peace,  Prosperity  and  Pre- 
paredness," we  would  have  them  carve  "  Probity."  In 
common  with  ourselves  and  the  rest  of  Europe,  they  have  a 
lesson  to  learn.  Without  probity  at  the  bottom  of  every 
transaction  in  every  sphere  of  life  to  talk  of  peace  and  prosperity 
is  to  talk  trash. 


^  <  I 


»    m 


"City  Guilds  Examination." — Erratum. — With  reference 
to  Mr.  A.  Dover's  letter  in  last  week's  issue,  p.  228,  the  denomi- 
nator should  read  200  x-\/3  X 18-5. 

Trade  After  the  War.— The  President  of  the  Boar  d  of  Trade 
has  appointed  Mr.  Henry  Summers  to  be  an  additional  member 
of  the  Committee  recently  appointed  to  consider  the  position 
after  the  war  of  the  iron,  steel  and  engineering  trades. 

Tapping  Blast  Furnaces  Electrically.— The  "  Iron  and 
Coal  Trades'  Review  "'  refers  to  an  electrical  method  of  tapping 
An  electric  arc  is  struck  between  an  electrode  and  the  chilled 
metal  in  the  taphole.  The  metal  is  burned  through  until  the 
fluid  contents  are  reached.  A  current  of  8()('  to  1,000  amperes 
at  250  volts  is  used,  the  apparatus  consisting  of  a  special 
electrode  holder,  cable,  resistance  and  a  protective  head  shield 
for  the  operator. 

Technical  Education. — Prof.  J.  Wertheimer,  principal  of 
the  Merchant  Venturers'  Technical  College,  recently  gave  an 
address  on  "  Scientific  and  Technical  Instruction  in  Kelation 
to  the  Welfare  of  the  State  and  the  Worker."  After  referring 
to  the  mistakes  that  had  been  committed,  and  the  fact  that 
Germany  spends  seven  minion.s  annually  on  original  scientific 
research    against    our   £500,000,    the    relative   importance    of 


science  versu.s  Latin  and  (Ji«-»-k  w 
consider  it  right  that  a  prof- 
most  suitable  person  to  b«;  a 
ment  of  the  Board  of  Kducaii.,,,,  o/ic  instance  amonert  / 
others.     A    discus.sion    f.    ' 

failure  of  the  continual;  ^ 

impossibility  of  getting  boys  to  atuml  \, 

work.      It   was  agre<*d    that    th 

success  until  employers  all.>;v.-,i  :„...  ..„  ,a  jj,^  uiunuu^,  or 
afternoons,  80  that  boys  could  attend. 

Interconnection  of  Electric  Supply  Undertaking!.  -We 
have  received  tiie  following  couununication  from  the  B«>ard  of 
Trade  (Railway  Department)  :  — 

The  Central  Coal  and  Coke  Suppliwi  rVimn>ittio  twv^-  hsd  or«!» 
.sidi-ratifm  the  increasinj^  difficulty  ir  .^ 

important  consumers,  and  have  ad\ ,  ^ 

of  the  pos.sihility  of  a  seriou.s  shortage  ip  the  rear  f 
cable  economy  in  consumption  .should  Ye  adoy>ted  -i 

this  connection  the  Boaid  desire  to  call  attentiorr  int).-  « 

saving  that  can  be  ellected  by  the  adoption  of 

connection  and  joint  working' of  electric  supply  ;.- 

interconnection  with  stations  supplying  tramways  ard  r  The 

Board  are  aware  of  the  difficulties  involved  at  the"  present  ■ ..  -  .  .|. 

larly  in  regard  to  labour  and  materials,  but  they  are  advixed  th  y 

cases  the  nece.ssary  arrangements  could  be  made  at  once,  and  ■',, 

therefore,  to  urge  upon  electric  supply  undertakers  th<-  i  to--  i 

national  interest  of  taking  imnediate  steps  to  avail  •.,  (be 

fullest  possible  extent  of  the  pfjwers  which  exist  for  '    •    ^  Anv 

application  which  may  be  made  to  the  Board  of  Tn'de  for  their  aj.prr.val 
of  such  arrangements  under  the  powers  conferred  on  them  *■  ''  '  .,,j. 
Lighting  Act,  1909  (Sec.  4,  sub.  sec.  3),  and  the  London  Y  y 

Acts,  1908  and  1910  will  receive  their  immediate  attention.  -•'! 

are  prepared  to  assist  as  far  as  possible  in  cages  where  difli.  \. 

pericnced  in  securing  the  agreements  of  all  the  parties  intere>»(-«i  in  any 
proposed  scheme  or  in  arranging  the  terms  and  .or.difiipr  -  ur  .'..r  «!  i.  h 
it  shall  be  carried  out. 

Heat  Transmission  Through  Boiler  Tubes.— An  account  of 

a  research  on  this  subject  by  Messrs.  H.  Kreisinger  and  J.  F. 
Barkley  is  given  in  Technical  Paper  114  recently  issued  by  the 
Bureau  of  Mines.  The  report  is  one  of  a  series  of  publications 
of  the  Bureau  on  the  general  subject  of  the  transmission  of 
heat  in  boiler  plants.  The  first  of  these  publications,  entitled 
"  The  Flow  of  Heat  through  Furnace  Walls."  treats  of  the  heat 
losses  through  furnace  walls  of  different  materials  and  con- 
struction. The  second  publication,  entitled  "  The  Trans- 
mission of  Heat  into  Steam  Boilers,"'  treats  chietiy  of  the 
impartation  of  heat  from  the  hot  products  of  combustion  to 
the  heating  plates  of  a  boiler.  This  report,  the  third  of  the 
series,  presents  the  results  of  a  study  of  the  transmi  — ■  ■  ^  '  it 
through  the  metal  of  the  heating  plate,  the  temper. 1    .  .e 

surfaces  of  the  plate  being  measured  while  the  boiler  is  in  opera- 
tion. A  large  number  of  temperature  detenuinations  were 
made  of  both  surfaces  of  a  tube  of  a  Heine  boiler,  and  while 
these  temperatures  were  being  determined,  the  average  rate  of 
evaporation  was  obtain-d  by  measuring  the  water  fed  to  the 
boiler.  The  relations  between  the  temperatures  wer.  -  '  -I 
by  means  of  charts.  The  deductions  from  these  stu  ,  .  .:i 
be  briefly  stated  as  follows  :  The  temperature  drop  fn  m  the 
hot  products  of  combustion  to  the  tube  of  the  boiler  is  ' 
whereas  that  through  the  metal  of  the  tube  itself  and  ii'-n 
the  metal  to  the  boiler  water  is  low.  In  other  wiinls,  the 
metal  of  the  boiler  tube  is  nearly  at  the  same  temperature  as 
the  boiler  water.     The  temperatures  also  indicate    '  '4 

as  the  water  side  of  the  heating  plate  is  free  from  - ^ 

other  deposit  the  metal  of  the  boiler  tubes  can  not  be  <■ 
heated,  even  though  the  boUer  is  worked  at  several  times  iC^' 
rated  capacity. 

APPOINTMENT'S  VACANT  AND  FILLED. 


An  atlvortiser  wants  ;•.  submarine  cable  e'eiuu  nn,  vnv  with  work* 
and  olHce  oxiierioiuo  i)roftMUMl. 

A  mains  engineer  is  ivquinHl  by  Eastbourne  Electricity  ODnmuttce» 
Salary  tloO.  Applications  to  the  Borough  Electrical  Engineer  by 
5  p.m.  Jiuie  9. 

Tiie  curators  of  Kdinburstli  Tni versify  have  apjKnnte.l  Sir  J. 
Alfred  Hw  hig..  K.C.  B.  (Dirootorof  Xaval  Education),  princiiv*!  of  the 
luiiversit ,-,  in  succession  to  the  late  Sir  Williiun  Turner. 
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Mr.  A.  V.  Barraclough,  of  Messrs.  Aldridge  &  Ranken,  has  been 
appointed  chief  assistant  to  the  general  manager  of  the  AJdershot  and 
District  Clas,  Water  and  Lighting  Co. 

Mr.  S.  y.  MaHng,  of  Melbourne,  has  been  a]j|xjinted  deputy 
manager  of  the  .Sydney  (X.S.W  .)  electric  supply  undertaking. 

Mr.  G.  H.  Browne,  A.M.I.E.E.,  of  Ilkeston,  has  been  apjwinted 
engineer  and  manager  of  the  Mexborough  &  Swinton  Tramways  Co. 


INSTITUTIONS  AND  SOCIETIES. 


Belfast  Association  of  Engineers. — The  annual  meeting  was  held 
on  the  27th  uit.  at  the  Municipal  Technical  Institute.  The  following 
were  elected  office  bearers  for  the  ensuing  year :  President,  Mr. 
.Stanley  Johnston  ;  Vice-Presidents,  Messrs.  A.  M'l.  M'Cleland  and 
Edward  Wilding  ;  Hon.  7  reasurer,  Mr.  Grant  ;  Connnittee,  Prof. 
J.  H.  Smitli,  Messrs.  J.  Bracegirdle,  T.  A.  Gibson.  J.  W.  Kempster, 
Bowman  Malcolm  and  W.  Pleasance. 

The  Chairman  rcviewHl  the  work  of  the  year,  find  referred  to  orpan- 
isation.  The  following  resolution  wais  passed  :  •That  this  nueting  of 
the  Belfast  A>isociation  of  Eiif/ii.eers  approves  of  the  jtronipt  organi.sation 
of  the  engineering  indu-'^tries  within  the  Britii^h  Knipiie,  in  co-operation 
with  other  industries,  ur.der  State  auspices,  with  the  object  of  stimulating 
internal  jjrogress  and  of  excrtinj.'  collective  influence  ar.d  common  action 
in  the  seveiely  intense  competition  for  trade  in  the  markets  of  the  world 
that,  it  is  anticipated,  will  arii-e  immediately  ujKin  the  termination  of  the 
prc^sent  war.  That  a  copy  of  this  resolution  le  sent  to  Mr.  Edwaid  L. 
Hill,  the  honorary  secretary  of  the  Kngineers'  Club,  Manchester,  asking 
him  to  lay  it  before  the  (•oun<  il  for  the  Organisation  of  British  Enginer- 
iii>»  Industries,  assuring  him  of  the  co-operation  of  our  Belfast  Association 
of  Kiifiineers  in  the  effort  to  organise  the  British  engineering  ir.dustry, 
and  expresi<ing  the  hope  that  the  organisation  may  extei.d  to  all  industries 
throughout  the  Empire,  including  those  of  Irelar.d." 

The  Royal  Society.— At  last  Thursday's  meeting  the  Bakerian 
Lecture  was  delivered  by  Prof.  (J.  C.  Barkia,  F.H.S.,  on  "  X-rays  and 
the  Theory  of  Radiation." 

Institute  of  Metals.— The  May  Lecture,  delivered  by  Prof.  W.  H. 
Jiragg,  D.Sc,  F.K.S.,  dealt  with  "  X-rays  of  Crystal  Structure, '"  and 
had  particular  reference  to  certain  metals.  When  a  regular  train  of 
waves  falls  on  a  surface  sejjarating  two  media,  part  is  reflected,  and 
part  transmitted.  If  it  again  meets  a  second  surface  a  |)ortion  is 
again  reiiected  and  transmitter!.  In  general  it  happens  that  the  two 
reflected  beams  are  out  of  phase  and  j«irtially  destroy  one  another, 
in  the  same  way  as  is  shown  by  the  colours  of  soap  films,  oil  on  a 
li(piid,  or  temjjering  colours  of  steel.  When  the  reflecting  surfaces 
are  great  in  number  the  effect  is  much  more  intense,  as  in  the  colours 
of  potash  crystals  as  shown  hy  Lord  Rayleigh.  One  essential  is  that 
the  wave-length  and  the  spacing  of  the  layers  should  not  greatly 
differ  in  magnitude.  Since  the  wave-length  of  X-rays  are  altotit 
JU,(K)()  times  smaller  than  light  waves  the  reflecting  surfaces  must  be 
much  closer  than  those  referred  to  above.  These  surfaces  exist  in 
the  la\ers  of  atoms  in  the  materials  examined.  It  is  not  necessjiry 
that  fliey  should  le  ccntuiuous,  since  an  inn  railing  can  reflect 
sound,  and  tlu^y  might  act  in  a  similar  way.  Consequently,  when  a 
|ieneil  of  X-ravs  of  delinife  wave-length  is  allowed  lo  fall  on  a  crystal, 
the  reflection  of  fi.e  learn  is  non  i-xistent.  except  when  the  incident 
angle  is  about  {>(»  deg.  riie  instrument  used  is  an  X-ray  sjectro- 
meter.  It  has  no  lenses  1  ecause  X-rays  cannot  be  refracted,  and  the 
rays  are  invisible,  so  that  in  place  of  the  usual  telescope,  there  is  a 
chamber  containing  a  gas  which  can  be  ic.nised.  and  the  electrical 
effect  can  le  observed  on  an  electrometer.  Hy  using  the  wime 
X-rays  we  can  compare-  the  spacing  let  ween  the  la\ers  ]Mirallel  to 
one  another  of  the  crystal  faces,  and  finally  arrive  at  the  crystal 
structure.  Silver  and  copper,  and,  l>y  inference,  gold,  have  been 
shown  to  possess  a  very  simple  stnuture.  in  which  the  at<im8  are 
arranged  as  in  the  ]iiling  of  shot.      Other  cases  an-  more  complex. 

British  Science  Guild.  Tbc  tcntli  annual  re|:nrt  of  this  Guild  will  be 
read  with  soincwhal  'uixcd  feelings  by  scientific  men. 

Ill  an  extract  from  Prof.  E.  B.  Pnulton's  Ronianrn  lecture  at  Oxfonl. 
in  which  li<'  referred  to  Sir  William  Bamsny's  oflfnrts  to  stop  the  im^tortA- 
tion  of  cotton  into  (lermaiiy.  it  is  stated  thai  Sir  W.  Hnmsny  b«'gnn  the 
press  cami)aigii  "only  after  exh.nisling  every  otiier  <fTort."  and  a^ain 
that  it  '■  was  not  until  Decendier  :$rd  that  the  importation  of  lins<'<(|  oil 
was  ])rohil>ifed." 

The  Technical  ()]>tics  Committee  st«te.  aft<r  n-ferring  to  the  t<-rriblo 
shorlaL'c  of  hinoculars  for  army  use.  that  "  It  w  with  netiouH  ri'gret .... 
the  necessary  funds  for  this  imperial  and  urgently  imiH>rtrtnt  object  are 
not  vet  forthcoming."" 

Regarding  Science  Commit (ecs  and  war  proMmis.  Dr.  .\ddisnn.  nply 
ing  to  a  question  in  the  Hous(>  of  Connnons.  Mtated  that  t  h<-  Dirrrtor- 
(Jeneral  of  Mmiilions  Design  had  a  saiarv  of  £2.«KKt  ]kt  anntim.  He 
refcrnil  to  '  a  nundxT  of  most  eminent  chrmists  and  other  men  of 
scien((>  .  .  .  who  had  ixiidered  '  invnhi.»l>le  services'  to  the  countrk" 
'  without  payment. ■  Scieme  in  <(lu<alion  and  inrlnstr^-  are  dealt 
with,  and  in  an  ajipciulix  is  given  a  nporf  by   Frof.  R.  A.  CJn-gory  on 


•The  Promotion  of  Higher  Education  and  Research,"  in  which  it  is  stated 
that  up  to  the  present  the  work  of  the  Council  has  been  mainly  pre- 
paratory.  There  is  also  included  the  recent  lecture  bj-  Mr.  A.  P.  M 
Fleming  and  some  information  on  the  way  in  which  the  Government 
grants  are  made  in  this  and  other  countries. 

With  reference  to  the  memorandum  published  in  "  The  Times  "  and 
other  journals  on  "The  Neglect  of  Science,"'  which  was  signed  by  36 
distinguished  scientific  men,  pointing  out  the  urgent  necessity  to  have 
more  scientific  men  at  the  head  of  our  educational  affairs,  it  is  mentioned 
that  the  professors  at  the  Imperial  College  also  supported  this  manifesto 
in  a  memorandum  sent  to  Ltjrd  Crewe.  A  Reorganisation  Committee 
was  formed  with  the  object  of  bringing  home  to  all  classes  "  the  necessity 
of  applying  scientific  treatment  to  affairs  of  all  kinds." 

At  the  meeting  at  which  this  report  was  presented  Dr.  R.  M.  Wab9sley, 
principal  of  the  Northampton  Polytechnic  Institute,  referred  to  the  way 
in  which  optics  had  bct-n  neglected  in  this  country',  and  had  led  to  the 
loss  of  the  position  which  we  ought  to  have  held,  due  to  the  work  of  our 
scientific  men.  At  the  outbreak  of  war  we  found  ourselves  in  a  very 
difficult  position  through  lack  of  optical  glass,  but  the  situation  wa«  saved 
by  Messrs.  Chance  Bros.  The  scheme  of  the  Northampton  Institute  for 
a  School  of  Optics  had  been  before  the  authorities  for  1 .3  years,  but  without 
avail.  It  we  were  not  stilltobetoolate.it  was  nec-essary  to  start  work 
at  once  and  obtain  the  required  iW.OOO.  The  Minister  of  Munitions 
agreed  that  such  a  school  wao  most  important  for  the  training  of  men. 

Royal  Meteorological  Society.— A  letter  has  been  issued  by  the 
President  stating  thiit  in  accordance  with  the  provisions  of  the 
Summer  Time  Act  tireenwich  Mean  Time  will  continue  to  be  used 
for  all  meteorological  observations  and  publications,  so  that  no 
discontinuity  will  be  caused  during  the  period  when  summer  time 
is  in  force.  But  besides  the  observations  which  are  made  by  regular 
observers  many  meteorological  phemomena  of  various  kinds  are 
from  time  to  time  recorded  or  rej>orted.  and  it  is  hughly  desirable 
that  there  should  be  no  ambiguity  in  these  rejwrts  which  are  often 
of  much  interest  and  imj>ortance.  The  Council  of  this  Society  desire 
to  draw  attention  to  the  necessity  of  stating  precisely  the  time  of 
occurrence  in  all  such  cases  and  whether  the  times  quoted  refer  to 
(Jreenwich  mean  tune  or  to  summer  time,  since  the  omission  of  this 
information  may  render  the  record  of  the  phenomenon  useless  for 
meteorological  purjjo.ses. 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY,  May  26th  (to  day). 

Physical  Societv. 
5  p.m.  At  the  ImiH-rial  College  of  Science.  Exhibition-road.  The 
following  Papers  will  V)e  read  :  '  The  Corn-<  tion  of  Chromatic 
Ab<Trations  when  the  External  Media  are  DisiH-rsive."  by  Mr. 
T.  Smith.  B.A.  :  "  Note  on  the  Use  of  the  Auto-ColUmating 
Telesco]>c  in  the  Measurement  of  Angles,"  bv  Mr.  J.  tJuild, 
A.R.C.S..  F.R.A.S.  ;  "  The  Viscosity  of  Colloidal  Solutions,  "  by 
Mr.  Emil  HaU*chek. 

ROVAL  iNSTmriON. 

/j-SO  p.m.     -At   AllK'niarle-strect.  W.     Discourse  on  "  X-Ravs,"  by 
Prof.  C.  (;.  Barkla.  M.A..  D.Sc..  F.R.S. 

TUESDAY,  May  16th. 

Rov.M.  Instititiox. 
3  p.m.     .\t    .\llM'marle-stn-«t.   W      lecture  on     "Optical  Research 
and  Chemical  Progress,"  by  Dr.  T.  M.  Lowry,  F.R.S. 

Asso<'IATION    nF   SlI'KitVIslNc;    El.KCTKK'IAXS. 

7.16  p.m.     AX    St.    Bride     Institute.     Bride-lane.     E.C.      Paper   on 
■'  Internal  Combustion  Driven  Electrical  Sets,*'  bv  Mr.  W.  A. 

Tookev. 


.D. 


M 


l8t  LO.NDON  ENGINEER  VOLUNTEERS. 

Commanding  ( lOiicr.  Lieut,  (nl.  ( '.   B.  Ci.av.  V 

Orders  for  the  Week. 

'''  — Technical  for  S<Htions  1  and  2.  No.  .3  Company, 

rret.  S.W.     Squad  and  Platoon  Drill.  Sections  .3  and 

''lass  and  Ricruits. 

~.  <•  to  7  p.m..  lecture.  Mr.  J.  Roberts, 

T.l.'i  p.m.     Recruits.   7. l.>  to   8. l.'i   p.m.,  Anh- 


ndav.   M  ■' 
4«',  R. 
♦  .  Xo.  ;:  I 
TiK'sday.  May  ■ 

"  Water   Sutiply. 

bi»hop»>  Park. 

Wednesday.  May  SIM.  — Platoon  Drill.  No.  3  Plat<K>n.  No.  1  Company. 
Thursday.  .June    Int.    -Platoon   Drill.   No.   7   Platoon.   No.   2  Company. 

Shooting  for  S-etums  1   and  2.  No.  .3  Company.  Miniatun.'  Range. 

Rim  niits.  .'>.4.'»  to  7.4.'i  p.m.      Instru(  tional  Class,  .'j.4.')  p.m. 
Friday,  .fnne  2n<i. — Teehnieal  for  S«ctions  .1  and  4.  No.  3  Company.  4fi, 

Regrney-street.  S.W.     Squad  and  Platoon  Drill.  Sections  1  and  2, 

No.  .1  Company. 
Saturday.    .I«me    .Ird. — Company    Commander    Flemings    Instructional 

Claw..  2..^  p.m. 
Sunday,  .lune  4th.  — Entrenching  at  Otford.     Parade  Victoria  (S.E.   & 

C.R.    B<«ikmg    Ofhrt')    .S..l.'>».m.      Cniform.    havcrsa<ks   and    wafer 

iKittles      Midday  rations  to  be  carried.      Railway  vouchers  will  be 

providetl. 
Mu:  kctr>-.     For  Son.  1  and  2  Companies.     See  Notice  and  Tables  A  and 

B  at  Headquartorn. 
NoTK. — Unless  otherwiiv  indicated,  all  drills,   &c..   will  take  place  at 

Chester  Houiv. 
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SERVICE  REQUIREMENTS  OF  THE  ELECTRIC  ARC 

FURNACE.* 

BY  H.  HOLLIS. 

Sumniary. — The  author  gives  a  detailed  description  of  the  arrange- 
ments made  by  a  comparatively  small  generating  station  to  handle  the 
load  imposed  by  a  1-ton,  three-])hase  electric  furnace.  The  character- 
istics of  a  furnace  load  are  dealt  with  and  particulars  are  given  of  the 
artificial  reactances  that  are  used  for  limiting  the  short-circuit  current. 
In  conclusion,  it  is  pointed  out  that  such  loads  are  commercial  pro- 
positions for  small  generating  stations. 

One  of  the  modern  developments  in  the  steel  business  is  the  manu 
facture  of  so-called  "  electric  steel  "  by  means  of  the  electric  furnace 
The  adoption  of  this  process  by  steel  mills  has  opened  up  a  com- 
paratively undeveloped  field  of  new  business  for  the  central  station. 
The  Edison  Company,  of  Lebanon,  in  November,  1914,  secured  a 
contract  to  supply  energy  to  a  three-phase,  60-cycle,  H^roult  1-ton 
furnace,  which  has  been  in  successful  operation  for  the  past  12 
months.  The  furnace  was  installed  by  the  manufacturers  a*  the 
Lebanon  (Pa.)  Steel  Foundry. 

The  mechanical  operation  of  this  furnace  is  taken  care  of  by  a 
small  motor-generator  set  supplying  direct  current  to  three  motors 
controlling  electrode  feed  and  a  small  motor  driving  the  "  Thury  " 
regulator.  A  three-phase  motor  of  the  slip-ring  type  is  used  to  tilt 
the  furnace  in  pouring  a  heat.  The  motor-generator  set  and  all 
transformers  are  located  in  a  fireproof  compartment  so  that  the 
furnace  operators  do  not  come  in  contact  with  any  high  i)otential. 
The  transformer  room  is  kept  locked  and  a  suitable  danger  sign  is 
located  on  the  door  of  this  room. 

The  energy  is  generated  by  the  central  station  at  a  pressure  of 
2,400  volts,  three-phase,  60  cycles,  and  the  furnace  load  is  taken  from 
the  same  'bus-bars  that  supply  a  mixed  load  used  for  lighting,  in- 
dustrial power  and  street  railway.  The  railway  load  is  carried  by 
a  500  kw.  rotary  converter.  The  generating  imits  include  one 
1,250  kw.  and  one  500  kw.  turbo-generator.  The  average  demand 
during  the  winter  months,  between  the  hours  of  7  a.m.  and  11  p.m., 
is  about  1,000  kw.  at  80  per  cent,  power  factor,  the  1,250  kw.  set 
carrying  the  load  except  over  the  lighting  peak,  when  the  500  kw. 
unit  is  operated. 

Primary  Feeder  and  Transformers. — The  2,400-volt  feeder  consists 
of  three  No.  0000  wires  mounted  on  a  wooden  cross-arm  with  a  mean 
distance  between  wires  of  24  in.  The  length  of  line  is  1-08  miles. 
The  feeder  panel  at  the  generating  plant  is  equipped  with  an  oil- 
switch  with  an  overload  trip,  operated  through  an  inverse-time-lirait 
relay  set  for  200  amperes  (800  k.v.a.  at  normal  potential),  and  trips 
in  eight  seconds  at  this  setting. 

The  receiver  panel  at  the  foimdry  end  is  located  in  the  transformer 
room,  and  is  equipped  vsdth  three  single-pole,  disconnecting  switches. 
The  instruments  consist  of  a  power-factor  indicator  and  a  recording 
watt-hour  meter.  The  energy  is  measured  and  sold  as  primary 
power.  From  the  receiver  panel  the  primary  wires  pass  through  an 
oil-switch  operated  from  the  furnace-control  panel.  The  switch  has 
an  overload  trip  operated  through  an  inverse-time-limit  relay  set 
to  operate  with  91  amperes  in  six  seconds  ;  that  is,  with  362  kw.  at 
normal  potential,  the  furnace  being  rated  at  225  k.v.a.  at  92  per  cent, 
power-factor.  The  three  single-phase  transformers  are  rated  at 
75  k.v.a.  each,  with  primary  woimd  for  1,330  A — 2,300  Y  volts  and 
the  secondary  for  90 — 110  volts.  The  primaries  are  Y-connested  to 
the  primary  mains.  The  secondaries  are  connected  delta  and,  as 
operated,  give  110  volts.  The  three  electrodes  of  the  furnace  are 
connected  to  the  110-volt  sesondaries  by  means  of  two  590,009  circ. 
mil  cables  in  parallel. 

Characteristics  of  Furnace  Load. — The  character  of  the  furnace 
load  is  that  of  a  three-phase  electric  arc  without  a  steadying  resist- 
ance or  reactance  in  series  with  the  same.  The  furnace  when  starting 
a  heat  starts  the  arc  without  making  a  short-circuit  by  having  coke 
placed  on  the  scrap  metal  directly  under  each  electrode.  After  the 
three  arcs  are  started  the  first  30  to  40  minutes  are  generally  free 
from  short-circuits.  At  the  end  of  that  time  the  electrodes  have 
melted  holes  in  the  scrap  metal  a  little  larger  than  themselves,  and 
into  these  the  electrodes  feed.  The  iron,  therefore,  begins  to  fall  in 
along  the  sides  of  the  holes  into  which  the  electrode  extends,  causing 
short-circuits  which  operate  an  automatic  oil-s^vitch  on  the  control 
panel.  If  the  operator  immediately  raises  the  three  electrodes  and 
places  coke  into  these  holes  the  furnace  can  be  started  again,  but  if 
this  is  not  done  the  breaker  is  liable  to  trip  out  as  often  as  the  operator 
puts  it  in.  Other  short-circuits  are  caused  after  the  greater  part  of 
the  charge  is  in  a  molten  state  by  the  operator  pushing  into  the  bath 
solid  pieces  of  the  unmelted  metal  lying  along  the  sides  of  the  furnace. 
After  the  charge  is  all  melted,  the  slag  formed  on  the  molten  metal 

*  Fiom  the  "  Electrical  World,"  slightly  abbreviated. 


by  lime  tend«  to  prevent  ahort-circ-uit.     The  liMd  .. 
during  the  heat,  due  to  chang#;  of  r»-«i«t«n'*  of  the 
lions  averaging  .30  fK^r  r,.:,r.  aUnc  ,w  normal  IomL     Short- 

circuits  .sufhcient  to  operiie  the  br.  ...  .   ....;  „r    -  •  -  -     r  ,  »    » •  -.♦ 

of  3 J  hours  occur,  and  muHt  l*e  conxifkred  an 

electric  arc  fumacr,  mr-ltj,,^.  ,  „!d   ^rap.     Th«*  miwt  t*  bm:ted  to 

the  capacity  of  the  geri«:ral)(ig  .is-Um. 

The  effect  of  a  short-circuit  on  the  re^rulatkin.  bmh  m  to  fnarjumey 
and  voltage,  of  an  ele.-tric  i-pendi  on  th^  xtv^. 

mtude  and  time  element  of  -  ,..  .    .a- regnUung  charac- 

teristics of  prime  movers.  The  .sfx^wl  regulation  of  the  prime  mo^efB 
IS  of  considerable  importance,  and  .-  w'hen  equipped  with 

direct-connected  exciters,  as  any  -  j/e  of  speed,  doe  to 

heavy  loads  being  thrown  on  and  off,  gives  the  automatic  voltaoB 
regulator  double  duty. 

Limiting  Short-circuit  Currents  to  Capacity  of  Generating  S^JHem. 

A  practical  method  to  limit  the  short-circuit  current  to  a  vaioe  that 
will  not  cause  disturbances  in  the  gene-  •     .  lif^d  by 

means  of  reactors.     The  practice  of  the  ..  ,aB  runs 

where  it  was  found  necessary  to  add  adflitional  r.  can  be 

taken  as  an  example  of  the  requirement.s  in  this  regur.i. 

With  a  full  load  value  of  75  amperes  per  phaW  at  2^300  volt*  in 
the  case  mentioned,  the  resistance  drop  is  2-.J8  jier  c-ent.  and  reatti-.^- 
drop  6-6  per  cent.,  including  line  and  tran.sformers.  The  pow-r 
factor  of  the  short-circuit  current  depends  on  the  ratio  of  the  reactive 
drop  to  resistance  drop : — 

tan  9=00G6;002.58=2-.>"> 
and  cos  cp=0-364. 

A  measure  of  the  impedance  which  limits  the  short-circuit  current 
expressed  in  per  cent,  of  operating  voltage  is  then 

=  v/ (0-02.58= -r  0-066- ) =0-0708. 
The  short-circuit  current,  therefor^,  is 

1/00708  =14-1  times  full-load  current. 
With  a  normal  load  of  300  kw.  the  kilowatt -value  of  the  ^uurt- 
circuit  current  is 

{0-364  X  ( 14- 1  y  300) }  =- 1 ,539  kw. 
Thus  with  a  load  on  the  generator  of  1,000  kw.,  at  '  ,  i,i 

of  2,539  kw.  may  exist  when  the  furnace  is  shorted.  t;u- 

possible  fluctuation,  voltage  regulation  such  as  is  demanded  by  the 
motor  and  lighting  load,  can  hardly  be  expected. 

Addition  of  Artificial  Reactance. — It  was  then  decided  to  increase 
the  reactance  of  the  line  by  the  addition  of  artificial  reactance.  These 
reactors  consist  of  three  coils  of  70  turns  each  of  Xo.  0  -  ■  »;-..! 

copper  wire,  with  a  mean  diameter  of  coil  of  30  in.     Ti  -im- 

ports are  resin-fUled  maple  mounted  by  means  of  brass  studs  on  cores 
made  of  a  seasoned  chestnut  pole.  The  complete  installation  on  the 
steel  foundry  premises  cost  about  £62. 

The  addition  of  these  reactance  coils  in  the  primary  leads  of  the 
transformers  brought  the  resistance  drop  of  the  circuit  to  2-9  i 
and  the  reactive  drop  to  11-68  per  cent.      The  fwwer-fai- 
becomes 

tan  9  =-  0- 1 1 68  0-0294  =  3-96. 
and  cos  9=0-2453. 

The  impedance  in  this  CAse  is 

=  .  (0-0294'-K01168-) 
=0  12W. 

The  short-circuit  current  is 

1 '0-1204  =  8-3  times  full-load  value. 
The  kilowatt-value  of  the  short-circuit  current  is 
0-2453  X  (8-3  \  3(X)) =610-8  kw, 
and  the  load  on  the  generator  during  short-circuit  is  then 
1.0(H)-610-79-:  1.610-79  kw. 

The  automatic  switch  on  the  control  jv  nel  was  n«sel  to  trip  out 
with  a  current  value  twice  the  normal  operating  doniand  and  the 
inverse-time-liniit  set  to  oi>emte  iis  near  ^  '  -  '  ' 

The  quick  action  of  the  autonuitic  ovc; 
sirablo  to  prevent  the  automatic  voltage  regulator  on  the  generator 

building  up  an  excessive  field  duo  to  the  Kwd  of  ihc  -'  —      - ' 

feeder  with  a  powor-la?tor  of  0-2453.  combining  w 

resulting  in  a  loji.i  of  1 .610  kw.  at  a  jxiwer  factor  of  0-47.     \\ 

high   saturation   of  generator  field   when   the  t»utomaf  "i 

switch  o[>ens,  the  generator  voltage  overshtx>ts  normal  >  lue 

to  the  regulation  of  the  generator.     Then»fon\  the  o\ 

should  bo  set  to  trip  out.  if  possible,  beforo  the  autom.i:  .:-.- 

rejiulator  has  time  to  oj)erato  in  building  up  an  exeessi%-e  field. 

Desirability  of  Electric-Furnace  Load. — The  general  conclusions 
are  that  the  electric  arc  furnaix>  is  a  desirable  bu<'-  --ving  A 

balanced  three-pluise  load  of  high  piwer- factor  and  I  t,  juid 

can  be  successfully  operated  from  a  centml  station  of  nuxlerato 
capax-ity.     That  the  service  hjis  been  satisfactory-  is  attested  by  the 
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fact  that  the  Edison  Electric  Illuminating  Co.  has  recently  closed  a 
contract  to  supply  current  to  an  additional  furnace  of  2-ton  capacity 
at  the  foundry  which  has  operated  the  1-ton  furnace  for  the  past  12 
months. 

In  any  case  the  short-circuit  current  of  the  furnace  feeder  should 
be  limited  to  a  definite  value  by  means  of  reactance.  On  the  new 
2-ton  installation,  transformers  having  a  reactance  drop  of  10  per 
cent,  are  specified  by  the  company. 

It  is  of  great  importance  to  the  steel  mill,  as  well  as  to  the  central 
station  supplying  energy  to  operate  furnaces,  that  all  electrical 
equipment  of  the  furnace  be  inspected  at  definite  intervals  by  a 
competent  electrician-mechanic.  The  steel  plant  already  referred 
to  employs  a  capable  engineer,  who  calls  at  the  foundry  every  Saturday 
and  spends  about  three  or  four  hours  going  over  the  equipment.  Thi« 
is  all  the  expert  attention  required  during  the  12  months'  operation. 

Illustrations  of  the  furnace  and  of  the  reactance  coils  are  given  in 
the  original  article,  together  with  recording  ammeter  and  voltmeter 
charts. 


TELEPHONOMETRY.  * 

BY    B.    .S.    COHEN. 

Summary. — After  a  brief  introduction,  the  author  deals  with  standard 
cabl(3  measurement  and  transmission  testing.  A  new  device  termed  a 
telej)}i()nomoter  is  then  described,  and  the  results  of  tests  given  in 
the  form  of  tables  are  compared. 


The  author  in  the  introduction  refers  to  the  methods  of  measuring 
transmission  efficiency,  first  by  using  sinusoidal  currents  to  measure 
accuH'-tely  the  constants  of  lines  and  aj)j)aratus,  and  then  to  obtain 
the  attenuation  constant.  Secondly,  l)y  making  what  are  called 
standard  cable  measurements  where  the  lines  and  instruments  are 
compared  under  working  conditions,  using  speech  and  the  ear,  and 
where  the  human  element  enters  largely. 

Standard  Cable  Mkasiremknt. 

"^The  first  essentials  for  telephonic  measurement  are  standards  for 
the'sending,  receiving  and  the  attenuating  of  speech.  The  depart- 
ment's staiubirds  for  l)oth  the  sending  and  tlic  receiving  of  si)eech 
are  embodied  in  what  is  termed  the  standard  transmission  circuit. 


I   i 


Fid.  1. — F/i.KcriiiiM  \(:n  i;i  II    m  \mi  vkd   li;  \n-mi  i  ri;n. 


and  con.sist  ol  ll\c  ossenlial  ])art  of  a.  \i  nml  circuit  Nu.  1  ('.  U.. 
using  a  toroidal  repeater  and  including  a  solid  back  transniittor  and 
(iO-olun  receiver,  each  of  which  has  Ikmmi  selected  as  truly  repnwn- 
tative  of  their  class  as  regaids  fHicicn<\v.  This  standard  trans- 
mission circuit  is  probably  too  well  known  to  necessitate  any  more 
detailed  doscri|)tion. 

With^regard  to  the  standard  Iransmitter  and  icici\iM.  tlicsc  w.t.' 

*  Abstract  of  a  Paper  rend  before  the  Institution  <>(  l'"-{  <iiiuc  Kl<  < 
trical  cnsjinocrs. 


originally  selected  some  years  ago,  and  by  calibrating  a  number  of 
e.xamples  in  terms  of  the  original  standards  and  re -calibrating  and 
cross-checking  at  frequent  intervals  the  original  value  of  these 
standards  has  been  carried  down  fairly  accurately  to  the  present  day. 
A  great  deal  of  importance  attaches  to  these  standards,  and  at  the 
present  time  a  considerable  number  of  reference  standards  have  been 
calibrated  in  terms  of  the  primary  standards,  and  these  reference 
standards  are  onh*  employed  to  caLbrate  further  working  standards 
used  in  everyday  testing,  both  in  the  research  section  and  test  sec- 
tion, and  by  contractors  to  the  department.  These  working  stan- 
dards are  re-checked  at  frequent  intervals  against  the  reference 
standards. 

Recently  some  electromagnetic  transmitter  standards  have  been 
constructed.  These,  having  less  variation  than  a  carbon , trans- 
mitter, enable  a  calibration  to  be  carried  out  in  less  time.  For 
exai7iple.  when  testing,  say,  a  dozen  samples  of  a  new  type  of  trans- 
mitter, it  in  adviiiable  to  compare  each  of  those  transmitters  (a)  with 
two  carbon  standards,  b  and  c.  in  order  that  the  triangular  test  should 
indicate  whether  any  change  in  a,  h.  or  r  has  taken  place,  or  takes 
place  during  the  j^eriod  of  testing.  With  the  electromagnetic  trans- 
mitter this  can  be  dispensed  with.     Fig.  1  illustrates  the  construction. 

In  one  pattern  the  aluminium  diaphragm  is  60  mils  thick,  and 
carries  an  armature  weighing  4  grammes  at  its  centre.  The  natural 
period  of  the  combination  when  damped  Ls  about  1,000"^,  corres- 
ponding approximately  with  the  natural  period  of  the  solid  back 
tninsm.itter.  The  Held  coil  is  supplied  with  300  milliamperes,  direct 
current,  through  a  high  impedance  coil  to  prevent  transformer  action 
between  the  field  and  armature  coils.    The  gap  between  the  armature 
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Fiii.  2. — 800-Mii.E  Artificial  Aerial  Line. 

and  i>oIe  faces  is  maintained  constant  at  varying  temix-ratures  by 
supiK)rting  the  front  aluminium  ring  on  iron  pillars.  The  volume 
efhcieney  is  42  M.S.C.  worse  than  the  depirtment's  standard.  It  is 
essential  that  the  In-haviour  of  tlu^e  electromagnetic  )  trans- 
mitters should  1h»  identical  with  earlwii  standards  under  varying 
coiulitions  of  use  for  lioth  relative  tone  and  volume,  and  this  be- 
haviour is  still  under  imcstigatioiL  The  jK)ssibility  of  using  electro- 
magnetic n»ceivers  or  thermal  nn-ei.ers,  siicli  as  the  l)e  Lange 
thermophonc,  a«  new  stAiuiards  of  reception,  to  supplement  the 
permanent  magnet  receiver  standitid.  is  also  under  investigation. 
The  slan<lntd  of  att<Mnjation  is  a  mile  of  stAudaid  cable,  which  has 
the  following  values  : 

Knrtor  Constants  p<"r  loop  mile 

H«'sisijiii.  r     SS  ohms. 

("np.>  (t(t.>4mfd. 

Iniliici  iiii-c    l-(i  millihenry. 

I^'akan'^ M)  micromiio.s. 

Simi>l<' nttonuatii  oit  KIT  at  800  "v 

(■hjtrait<Tistic  inn     371,42  ;>(• 

The  foll>»wing  lengths  of  \:irious  tyjie^  of  main  line  equal  1  mile 
of  standard  cable  :- 

14-7  miles  of  2(X)  lb.  aorinl  copper 

2rtO         „      4<Ki  lb 

45-75       ,.      s»Mi  lb 

25-8         ..      loaded  300  lb.  lyondon-Birmingham  trunk  cable. 

,\  20  lb.  cable  with  an  equivalent  of  l-0.'»  or  5  jxr  cent,  variation 
from  standard  cable  huH  l>r<>n  installed  at  King  Edward  Hiiilding. 
This  cable  consisln  of  20J  mile  drums  of  eight  j>air  multi])le  twin,  and 
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is  arranged  to  give  80  miles  as  the  maximum  length  and  any  jiart  of 
the  80  miles  down  to  1  mile.  When  investigating  the  losses  flue  to 
bridging  and  terminal  apparatus,  it  is  advisable  to  eonduct  such  tests 
with  the  apparatus  connected  in  lines  similar  to  those  used  in  practice. 
For  example,  the  ordinary  local  battery  induction  coil  1 — 25  ohm,  com- 
pared with  the  1—150  ohm  coil,  is  of  the  order  of  5  M.S.C.  better  when 
the  comparison  is  carried  out  on  20  lb.  cable,  but  is  only  about  3  .M.S.C. 
better  when  compared  on  a  line  made  up  of  cable  and  open  wire.  In 
order  to  conveniently  investigate  such  terminal  reflection  effects,  and 
also  other  effects  in  the  laboratory,  an  artificial  aerial  line  totalling 
800  miles  is  now  being  brought  into  use.  This  artificial  line  is  made 
up  in  100  mile  boxes.  The  line  represents  both  200  lb.  and  400  lb. 
aerial  copper. 

Artificial  Aerial  Line  Data,  Values  per  Loop  Mile. 

2001b.      ...     4001b. 
p,  9  ohms     ...     4-5  ohms. 

k"".".'.'.'.'.'.'.'.'.'.'.'.".' 0-01  ™^^^- 

L 3-7  millihenries. 

The  insulation  resistance  can  be  varied  in  the  case  of  two  of^  the 
boxes  from  the  natural  insulation  of  the  ebonite  top  to  1,  0-5  and 
0-1  megohm  per  loop-mile.  The  line  inductance  is  reproduced  by 
toroidal  wood -core  inductance  coils.  The  capacity  by  condensers 
with  mica  dielectric  and  the  leakance  by  hurdle  wound  coils  of 
very  fine  wire.  The  electrical  constants  are  lumped  in  8  mile 
lengths— i.e.,  0-62  M.S.C— for  the  200  lb.  condition,  which  gives  a 
lumping  factor  considerably  less  than  that  commonly  adopted  for 
artificial  20  lb.  cable  boxes— viz.,  2  M.S.C. 

Only  two  boxes  are  fitted  with  variable  leakance  ;  the  remainder 
are    unprovided  with    leakances.     The    attenuation    constants,  as 


w. 


rotates  a  contact  dm  III  '        '  ii,uiit.^  ■,  ■•■r 

frfjm   the  stanflard  to   i  a<ljti-'tt.*i>l«.- 

swing  arm   on    the    rij^ht   camcn   MUpportii   Utr   a   pur  of  carboo 

transmitters. 

In  the  silence  cabinet,  which  w  u«*y!  in  '-rjnjun'-tion  wt»h  th*  t«rtin|f 

desk,  is  fitted  a  row  of  m(- 

when  depre.ssed,  remain  hO  ui,;..  .>..,,..,  ;- 

of  these  keys  to  operate  each  of  the  thrf*-  1 

on  the  testing  desk.     The  objajrver  in  • 

him  a  pair  of  lamjw  marked  I  and  2,  whii  i. ., 

lighting  whether  he  is  conncctc<l  to  the  Hti 

apparatus  under  test. 

We  a/e  now  in  a  position   to  con-sider  thr*  t'<fi.r:il    mcrthod  »«f 

operation.      The  actual  standard  cable  measu-  are   iua.-  : 

carried  out    by  youths,  termed  tranflmisHion  ai«ului*u,  under  tbe 
supervision  of  an  engineer. 

Assuming  that  transmitters  are  being  tested,  one  transmiaaoo 
a.ssistant    sits    at    the    desk  and    counts    1,  2.  3,  '.     "      '  '• ' 

on   a   test   transmitter  and  a  standard   changing 
after  each  count.     There  is  a  fixed  length  of  about  35  M.S.C.  in 
circuit  with  both  transmitters,  and,  in      '  '  '' ^n,  a  variable  length 
in  circuit  with  the  better  of  the  two  ti  re.     An  the  chanB«»- 

over  switch  is  operated  the  lamps  marked  (1)  and  (2)  light  in 
silence  cabinet  and  the  observer  in  the  cabinet  der  -  ■       • 

three  keys  (B,  =,  W),  which  indicates  by  lighting  t 
lamp  on  the  front  of  the  testing  desk  the  relation-ihif)  of 

(2)  to  condition  (1).     The  key  at  the  .same  time  oix-raif-ri  ti ...„  r 

on  the  desk  momentarily.     The  balr.ncing  cable  is  then  varied  until 
cable  lengths  definitely  indicating  h>etter  and  worse  an 
The  mean  of  these  is  taken  as  the  correct  value.     A  u  ■      — ;  .-. 
is  provided  so  that  the  test  apparatus  can  be  connected  on  either 
circuit   (1)   or  circuit   (2).     It   may   be   mentioned   here  that   two 
separate  22-volt  batteries  are  employed  for  feeding  the  standard 
transmission  circuits  at  either  end  in  order  to  eliminate  the  error  due 
to  cross-talks.     The  lamp    signals    enable    the    <>' 
centrate  on  the  volume  balancing,  and  avoids  the  ■ 
speaker  to  state  after  each  count  which  condition  he  has  just  spoken 
on.     The  last  lamp  .signal,  whether  better,   =.  or  worse,  remains 
glowing  until  the  next  signal  is  sent,  thus  preventing  error. 

{To  be  conchided.) 


Fig.  3.— Standakd  Cable  Meastjkbment  Desk.     (General  view.) 

measured  by  the  Francke  machine,  are  for  the  2001b.  0-00717  and 
for  the  400  lb.  0-00371.  These  results  are  very  close  to  the  calculated 
values— namely,  0-00717  for  the  200  lb.  and  0-00365  for  the  400  lb. 
Having  dealt  with  the  sending,  receiving  and  attenuating  standards 
and  apparatus,  I  will  conclude  the  first  part  of  this  Paper  with  a 
short  description  of  how  these  standards  are  employed  in  carrying 
out  a  standard  cable  measurement. 

Transmission  Testing  Desk. 

A  special  S.C.  testing  desk  has  been  designed  and  installed  in  the 
department's  laboratories.  Fig.  3  is  a  general  view  of  the  front  of 
this  desk.  The  upper  central  panel  contains  a  series  of  knife  switches, 
so  comiected  that  any  standard  circuit  can  be  quickly  set  up  for 
testing  C.B.  or  L.B.  transmitters,  receivers,  induction  coils,  &c.  The 
lower  central  panel  contains  ammeter  and  voltmeter  for  measurmg 
transmitter  resistance  and  for  other  purposes. 

Between  the  two  meters  is  a  row  of  three  lamps  marked  B,  =.  ^^ 
respectively — i.e.,  better,  balance,  worse.  Below  tliese  lamps  is  a 
signal  buzzer.  The  left-hand  panel  contains  terminals  for  connectmg 
up  various  test  apparatus,  and  the  right-hand  panel  contauis  strips  of 
relays  used  in  changing  over  from  one  condition  to  another.  Halt 
the  relays  are  single  make  and  the  remaiiider  single  break,  and  the 
operating  coils,  which  are  500  ohms  in  resistance,  are  all  connected 
in  parallel  to  be  operated  by  30  volts.  An  artificial  standard  cable 
box,  used  as  a  fixed  length,  in  circuit  with  the  apparatus  under  test, 
is  shown  on  the  right  of  the  desk.     On  the  right  is  a  handle  which 


EXHAUST  FROM  LIQUID  FUEL  ENGINES. 


In  a  Paper  read  before  the  Institution  of  Mechanical  Engineers 
by  Second-Lieut.  R.  W.  Penning,  R.E.,  B.Sc,  on  "  The  Composition 
of  the  Exhaust  from  Liquid  Fuel  Engines,"  this  question  is  very 

thoroughly  investigated  by  means  of  "  exhaust  gas  charts." 

These  arc  obtained  by  plotting  on  a  ■  strt^ngth  of  mixture  "  base,  the 
percentages  of  carbon  dioxide,  carbon  monoxide  and  oxygen  in  the 
exhaust  gases,  the  strength  of  mixture  being  exprt^sjicd  as  the  ratio  of  au- 
to fuel  by  weight.  A  mixture  Hask  was  used  t>i  prepare  mixturi»5i  of  air 
and  fuel  "in  known  ratios,  a  matter  of  sonu-  ditfiiult  y.  the  r<  '      'lume 

of  the  mixture  being  carefully  moasunnl  in  a  burette  of  •  rUm- 

&  Caldwell  gas  analysis  app.'atus.     In  this  way  various  "* 

obtained,  and  tested.     tJenerally  the  mixture  was  explode .,    - 

sion  chamber  by  means  of  an  electric  spark,  and  the  pnxlut-t*  of  wm- 

bustion  absorbed   by  suitable  absorbents,   such   as  laustio   potffsh  for 

carbon   dioxide.    pyVogallol   for   oxygen,   fuming   suluhurii-   for   he*v> 

hydrocarbons  and  prtUadiuin  ^ponu'o  for  hvdrogen.      I  -oiiuct 

an  analvsis  was  made  and  tabulated.     The  exhaust  fi  ;'^ne 

of  the  "sleeve-valve    pattern  running  at  8(H>  revs,  per  nun.,  > 

cylinder  being  10-2  cm.  dia.  by  l2s)cm.  was  tested.     Fnmi  t 

ments  in  the  I'aper  it  can  be  concludetl  :    (<i»  With  volatile  f»i 

but  littl(>  ditforencc  in  the  composition  of  t! 

resulting  from  air-fuel  mixtures  in  a  small  cx]' 

cylinder,  in  spite  of  the  conditions  lioini;  -><'  u  - 

agreement  between  the  CO...  O.  aad  CO  values  i; 

vessel  tests  is  so  close  that  an  exhaust -gas  chart  p 

vessel  tests  cnn  be  used  to  estimate  the  stnMigth  o: 

ensuie.     {h)  A  very  snuill  nuantity.  if  any.  of  ui 

hydrocarbons  is  pivsent   in  ouijine  exhan- 

instance,   methane   is   "jmost   entii-ely   a- 

stituent  in  exhausts  from  strong  mixtuiv.s  i> 

creases  in  value  rapidly  with  increase  in  nuxt 

of  air  to  fuel  in  the  original  mixture  can  be  ea 

(lesiree  of  aecmacv  from  the  composition  ot    >.  ■ 

au\\wv  urges  that  "sinee  mixture  str^-nsith  has  U-en  d* 

a  creat  effect  on  the  thermal  eftieieney,  f 

the  fuel,  the  strength  of  mixture  can  n  i 

of  exhaust  gases,  conseiiuently  the  metluKl  - 

carburet toi-s.     In  this   way  fuel  would   Iv  j  <        ,^ 

reduced,  and  less  poisonous  gases  such  as  carbon  monoxide  set  frve  to 

pollute  the  atmosphere. 
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THE  SHILDON  NEWPORT  RAILWAY  ELECTRIFICATION. 


The  North  Eastern  Railway  Company  was  one  of  the  first  main 
line  British  Railway  Companies  to  adopt  electric  traction,  having  as 
far  back  as  1904,  when  Sir  George  Gibb  was  General  Manager, 
successfully  applied   electrical   operation   to   their  Newcastle   and 


Some' historical  interest  attaches  to  this  selection,  since  the  track 
runs  over  a  jxjrtion  of  the  original  Stockton  to  Darlington  Railway, 
the  first  public  railway  on  which  steam  locomotives  were  used  for 
convejing  passengers  and  goods.*     The  fact  that  the  first  trial  of 


l-KI.    1         bKhI(  11    M  M'  SHOWINC    HolTK    I   I    \N   "iK   Ll^K. 


Tynesidc  suburban  traffic.     Once  more  this  Company  has  acted  as  a 
pioneer  of  electric  traction  in  ap|)lying  it  to  heavy  freight  haulage. 

in  1!H  1  the  General  .Manager,  Sir  A.  Kaye  Butterworth,  in.structed 
their  consulting  electrical  engineers,  Messrs.  Merz  &  McLellan,  to 
report  generally  on  tlie  «|ues)if)n  of  electrification  with  reference  to 
the  special  conditions  of  llie  North  Kastern  system,  and  following  the 
visit  of  their  chief  mechanical  engineer,  Mr.  Vincent  Raven,  with 
Mr.  Merz  to  the  I'liifed  Slates  in  IHll,  the  Directors  decided  to 
l)roceed  at  once  with  a  preliniinarv  scheme. 


heavy  freight  haulage  on  a  large  scale  in  England  should  be  carried 
f)ut  on  this  |)articular  rout<»  is  noteworthy. 

Beyond  the  iisual  considerations  afTecting  the  decision  to  apply 
electric  traction  to  such  a  line,  there  was  a  special  factor  which 
difTen'iitiatod  the  North  Eastern  Railway  lines  from  others  in  the 
I'nited  Kingdom.  As  is  well  known,  the  jjroduction  and  distribution 
of  electric  power  has  been  develojx'd  upon  a  larger  scale  on  the 
north-east  coast  than  in  any  otlier  ])art  of  this  countr^^  and  a  large 
proportion  of  tie  iH)wer  is  derived  from  electric  generating  stations 


lOOft.bclow 
Ord.  datum  Q 


The  Electrician 


PnoFiiK  oF^LiNK.  sHowrso  Gradients. 


Electric  working  was  started  on  .Inly  I.  l'.U.">.  <>ii  liie  Muldun- 
Ncwjiort]  line,  a  night  service  being  run  at  present,  as  work 
on*  tile  overluad  equipment  is  still  being  carried  on    in    the   day 

time.     22 

The  Shildoii- Newport  route  was  selected  for  trial,  this  Ijemg  an 
important    freight     line    dealing    almost    e.xclu.sively    with    heavy 

nvincral  traili  •. 


using  as  fuel  the  wa.^io  heat  and  g.tses  derive*!  from  coke  ovens  and 
blast  fiiniaivs  in  the  Durham  and  the  Cleveland  dij^tricts.  An 
ample  supply  of  rhpai>  elcotrical  energy  was  therefore  available  from 
the  systems  of  thr    ^     -  :     '    ,   .    .:    -   and  this  fact,  obviating 

•This  lino  wa*     , ~-- . 1  the  original  InooniotiveS 

desipnrd  by  Cieorsf  Stophrnson  arc  to  thiP  day  prescrrrd  in  the  Darlington 
Station  of  "the  N.E.R. 
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as  it  does  the  necessity  for  a  large  capital  expenditure  by  the  railway 
company  on  power  station  plant,  had  an  important  bearing  on  the 
whole  scheme. 

The  electrified  line  described  hereafter  has  a  route  length  of 
between  18  and  19  miles,  and  connects  the  mineral  sidings  at  Shildon, 
which  form  one  of  the  largest  marshalling  yards  in  Great  Britain, 
with    the    Erimus    sidings    at    Newport,    near    Middlesbrough.     A 


concentrated  there.     On  the  return  journey,  the  load 
of  empty  wagons  returned  to  ShiJdon  Hiding*. 


mainly 


Overhead  Track  Eqcii-mest  axd  Elbctbicai.  Eqcipjcext 

of  locomotive-s. 
System  Adopted.— It  was  decided  to  a/Jopt  the  high-teiwion  difect- 
current  system,  current  being  supplied  to  the  locomotive*  through 


Fig.  3. — End  View  of  Overhead  Equipment. 


Fig.  5. — Cantilever  Constkfctios. 


considerable  portion  of  the  sidings  at  both  ends  is  also  electrified,  so 
that,  including  the  sidings,  about  50  miles  of  single  track  are  equipped 
for  electric  working. 

Fig.  1  shows  the  general  route  electrified,  and  Fig.  2  the  gradients. 
The  general  gradient  is  in  favour  of  the  laden  traffic,  the  steepest 


overhead  contact  wires  at  a  pressure  of  1,500  volts  from  the  two 
rotary- converter  sub-stations  described  later. 

The  overhead  track  equipment  was  carried  out  under  the  super- 
vision of  the  railway  company's  then  chief  engineer,  Mr.  C.  A- 
Harrison. 


Fig.  4. — View  of  Curve  at  Bowesfield  Junction. 


l-'n;.  (). — Ten.^ioning  Strictirk. 


gradient  being  1  in  103.  The  line  carries  the  heavy  mineral  traffic 
from  the  south-west  Durham  coalfields  to  the  Middlesbrough 
district,  sujiplying  the  large  number  of  blast  furnaces  and  iron  works 


Suspension  of  Wires.— Fhj:.  3  shows  the  gononil  typt-  of  cateuary 
construction  adopted.  Tlie  overhead  contact  wires  on  the  main 
portions  of  th.e  track  consist  of  two  hard-drawn  copper  conductors. 


C  J 
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each  0-155  sq.  in.  section,  but  on  certain  portions  of  the  sidings,  where 
the  loads  are  not  so  heavy,  a  single  contact  wire  only  is  used. 

The  wires  are  supported  by  a  sohd  steel  auxilian,-  catenary  wire. 
to  which  they  are  attached  by  sliding  chps.  This  auxiliarj-  catenarj' 
is  in  turn  suspended  from  the  main  stranded  steel  catenary  by  means 
of  steel  wire  droppers.  The  main  steel  catenarj'  wire  is  supported 
from  the  steel  structures,  shown  in  several  of  the  accompanj'ing 


tures  referred  to,  and  are  connected  in  parallel  with  the  main  con- 
tact wires  at  frequent  intervals.  The  purpose  of  these  feeder  ^vires 
is  to  increase  the  conductivity  of  the  overhead  equipment. 

P^ach  steel  structure  carries  a  pair  of  insulated  stead\-ing  arms  (see 
illustration).     These  steadj'ing  arms  are  pivoted  in  all  directions,  and 


iK;.  7.-  Teu.mi.nai.  Ai;iiAN(;EMKNT. 


Vu-.  8. — Detail  of  Section  Switch. 


photographs,  by  means  of  special  insulators,  double  insulation  Ijeing 
used  throughout. 

The  iioniial  Kj)an  between  the  steel  structures  is  110  yds.,  but  on 
curves  and  sidings  they  are  placed  at  smaller  intervals  depending  on 
the  conditions  existing. 

The  iionnai  height  of  the  contact  wire  from  rail  level  is  16  ft.  6  in., 
but  at  level  crossings  this  is  increased  to  18  ft.  C)  in.,  and  under  some 


arc  attached  to  the  contact  wires  by  means  of  clips,  their  purjwse 
being  to  fix  the  position  of  the  contact  wire  relatively  to  the  track. 
The  contact  wires  are  staggered  in  the  usual  way  to  prevent  undue 
wearing  of  the  bow  collectors. 

Slnirlure.s. — The  general  tyjK-  of  steel  structure  canying  the  wires 
over  >straight  parti*  of  the  track  can  be  seen  in  Figs.  3  and  4.  It 
consists  of  two  steel  masts  and  a  cross  girder,  eHch  of  these  l)eing 


Fio.  9. — Genekai.  View  ok  Section  Swrn-HK-n,  &-c. 


of  the  low  luidues.  of  which  tliero  .".re  a  large  nunilHT  (.ii  tliis  route. 
I  he  heiglit  from  tiie  rail  level  is  reduced,  the  luiniinuni  height  IxMUg 
about  i;i  ft.  Sin. 

>Two  auxiliary  stranded  eopjier  feeder  wires,  one  for  each  track, 
of  0  l'.)4  s(i.  in.  section, each  are  carried  on  the  top  of  the  steel  struc- 


made  up  of  two  channels  with  flat  stoel  bracing.  On  curves,  a  centre 
.Htrut.  steadied  by  stool  tic  rods.  i.s  addiMl  (fvc  Fig.  4).  the  steadying 
arm  on  the  mast  on  the  inside  of  the  curve  In-ing  nMUoved  and  lixe<l 
t<i  the  centre  strut  meuUcncd  so  as  to  ensure  the  stcJidying  anu  being 
always  in  tension.  »;-j 
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Fig.  4  shows  an  independent  pull  off  mast.  Such  an  arrangement 
is  fitted  on  sharp  curves  where  necessary. 

In  Fig.  5  an  arrangement  is  shown  of  a  two-track  structure  where 
it  was  impossible  to  erect  two  masts.  Cantilever  construction  is 
here  adopted,  the  general  features  of  which  can  be  seen  from  the 
figure.  A  sinular  cantilever  construction  has  been  used  over  single 
track,  but  in  this  case  wood  poles  were  used,  a  short  length  of  single 
track  being  equipped  in  this  way  for  experimental  purposes. 

All  steel  structures  carrying  the  overhead  track  equipment  are 
bonded  to  the  running  rails  by  means  of  a  hard  copper  bond  of 
0-08  sq.  in.  section.  Any  steel  structures  carrying  signals,  which 
are  in  proximity  to  the  electrical  equipment,  are  also  similarly 
bonded  to  the  running  rails. 

Contact  Wire  Tensioning. — In  order  to  limit  as  far  as  possible  the 
sag  of  the  contact  wires  due  to  temperature  variation,  automatic 
tensioning  was  adopted.  The  tensioning  points  are  approximately 
1,100  yds.  apart.  Fig.  6  shows  a  typical  tensioning  structure.  Two 
of  these  structures  are  placed  65  yds.  apart  at  the  end  of  each  tension 
length,  the  wires  from  the  opposite  lengths  over-lapping  by  this 
amount.  The  end  of  each  contact  wire  is  raised  at  the  tensioning 
structure  to  which  it  is  fixed  to  a  height  of  about  18  in.  clear  of  the 
normal  level  at  that  point  so  that  the  locomotive  bows  ride  gently 
and  without  shock  from  one  tensioning  Isn  th  on  to  the  next. 

The  contact  wires  are  anchored  to  the  auxiliary  catenary  wire  at  a 
point  two-thirds  of  the  distance  along  each  tensioning  length  in  the 
running  direction. 

The  tensioning  structures  consist  of  strong  steel  masts  made  up 
of  four  angle  irons  with  angle  iron  bracing,  and  it  will  be  seen  from 
the  figure  that  the  structures  are  fitted  with  two  cross  girders  with  a 
centre  strut.     The  tensioning  weights  .are  slung  in  the  centres  of  the 


at 


Fig.  10.— Detail  of  Section  Insulator. 


mast  structures  by  chains  passing  over  pulleys  attached  to  the  contact 
wires.  A  normal  tension  of  about  1  ton  is  maintained  by  this  means  in 
the  double  contact  wire.  The  auxiliary  catenary  wire  is  in  all  cases 
anchored  off  to  the  lower  girder  of  the  tensioning  structure,  but  the 
main  catenary  is  continuous  except  at  tensioning  points,  at  which 
section  switches  are  fitted.  At  the  latter  points,  the  main  catenary 
is  also  anchored  off,  but  to  the  top  girder. 

On  some  of  the  sidings  where  only  shimting  work  is  done,  and  the 
loads  on  the  locomotives  are  not  heavy,  a  single  contact  wire  is  used 
over  each  track  with  ordinary  tramway  span  wire  construction. 
On  some  of  the  marshalling  and  reception  sidings,  which  are  not 
equipped  throughout,  and  on  which  it  is  only  necessary  for  the  over- 
head construction  to  permit  of  the  locomotives  entering  to  pick  up 
their  load,  the  wires  are  terminated  as  shown  in  Fig.  7. 

Danger  boards  are  fitted  beyond  which  electric  locomotives  should 
not  pass,  but  if  by  any  chance  they  should  over-run  these,  the 
terminal  construction  is  such  that  no  damage  would  be  done  to  the 
bow  collectors  or  to  the  overhead  track. 

There  are  a  large  number  of  low  stone  bridges  on  this  route.  At 
some  of  these  bridges  it  is  possible  to  carry  the  main  catenary  wire 
through  the  bridge,  but  at  most  of  them  it  is  necessary  to  anchor  it 
off  to  the  bridge.  In  these  cases,  in  order  to  obtain  the  necessary 
clearance,  the  contact  wires,  together  with  the  auxiliary  catenary, 
-are  brought  towards  the  centre  of  the  bridge  so  that  contact  is  made 
towards  the  extreme  edge  of  the  bow  collector.  In  order  to  prevent 
the  other  edge  of  the  bow  collector  from  striking  the  bridge  a  guard 
wire  is  fitted.  This  guard  wire  is  anchored  off  to  the  structures  on 
«ither  side  of  the  bridge,  and  is  only  alive  while  a  locomotive  is  passing 
underneath.  ■  \.\  ^  ^^^  pj 

Section  Switches. — The  track  is  sectioned  on  the  normal  length  at 
intervals  of  about  2J  miles,  and  considerably  more  frequently  on 


sidings.     Section   iwinta'are  arranged  to  rx-cur  i-    -— < 
tensioning  jjoints  so  as  to  avoid  the  um»  of  w-/  »ion  r* 

Fig.  8  shows  the  type  of  .<«..<  •  ibtm:  nwiuhe* 

are  fitted  m  the  open,  so  that  i    .    , ..  .i ..  i i  ....,|^ 

arrangement  which  can  be  seen  in  the  figure.     'I  e 

uppermost  cross  girder  of  th' 

levers  in  the  .signal  cabin  to  V.  ..-..,,   ,,,.    .^-.^ 

arrangement  of  railway  point  rods.  ,•■'•■- 

Fig.  9  shows  a  view  of  five  ficfiou  !  on  a  girrjer. 

Normally  the  tracks  are  coupled  in  |,  •,..,...,..  ,.(  fh« 

section  switches  the  up  and  down  tracks  can  be  operate  J 

desired. 

As  the  train  control  system  of  working  is  in  use  on  thin  Tr,nu..  the 
signal  cabins  are  connected  by  telephone  with  a  central  <1 

office  situated  at  Newport,  and  the  handling  of  the«e  *»U..Uw»  m 
directed  from  the  same  point. 

-  In  certain  po.sitions,  such  as  at  cross  overs  and  some  of  the  Kidings. 
where  it  was  impos.sible  to  avoid  their  use,  section  insulators  mn 
fitted.  The  type  of  insulator  is  shown  in  Fig.  10.  In  all  caws, 
however,  these  are  fitted  at  points  where  the  locomotives  are  travel- 
ling at  low  speed. 

The  overhead  equipment  was  carried  out  by  Siemens  Brotbera 
Dynamo  Works,  Ltd. 

{To  be  continued.) 


THE  ELECTRICITY  SUPPLY  OF  GREAT  BRITAIN/ 


The  following  is  the  reply,  .somewliat  abbreviated,  of  3Ir. 
Williams  to  the  discussion,s  in  London  and  Manchester  recently 
on  the  above  Paper. 

LONDON  DISCUSSION. 

Mr.  Merz  asks  us  to  consider  why  have  we  not  made  greater  progress 
towards  the  ideal  in  electricity  supply  '!  Long  consideration  of  the 
subject  leads  me  to  believe  that  the  chief  reasons  are  because  we  have 
not,  as  a  profession,  trained  oiursclvcs  to  consider  the  electricity  supply 
problem  from  the  sandpoint  of  the  countrj'  as  a  whole,  because  "we  have 
been  lacking  in  a  central  organisation  to  translate  theorj-  into  practice 
and  co-ordinate  effort,  and  because,  generally  speaking,  propo;?ed 
schemes  have  failed  to  embrace  various  interests.  Mr.  Merz  considered 
the  reason  why  the  electricitj-  supply  of  Great  Britain  has  not  been  dealt 
with  more  comprehensively  and  made  greater  advance  is  that  the  pro- 
fession as  a  whole  is  not  agreed  that  centralisation  of  plant  in  1  r- 
connected  power  stations  is  the  ideal.  I  think  those  who  ha\  .d 
the  problem  in  recent  years  have  generally  come  to  the  conclusion  that 
not  only  is  it  the  ideal  arrangement,  but  also  the  only  one  which  can  give 
the  highest  results,  and  the  one  which  must  come  sooner  or  later  if  we 
are  to  see  the  general  adoption  of  electricity  for  lighting,  hcatiiiir.  power 
and  transport  in  this  countrj-.  If  the  profession  is  still  in  doubt  as  to 
what  our  aim  should  be,  then  undoubtedly  the  sooner  all  its  agencies  get 
to  work  to  clear  up  the  doubts  and  thrash  out  the  issues  the  better.  We 
are  indebted  to  Mr.  Merz  for  his  splendid  achievements  on  the  nortb- 
ea.st  coast  and  for  showing  something  of  the  po-ssibUities  of  public  elec- 
tricitj'  supply.  Can  there  be  any  question  in  the  minds  of  eneineers  of 
the  essential  soundness  of  ir'^erconnoctod  power  stations  with  !  "s 
after  studying  Figs.  1  and  2,  supiwrtcd  by  Mr.  Merz's  stateni  -« 
saving  in  fuel  of  30  to  (iO  per  cent,  by  this  means  is  possible.  1  had  not 
thought  the  profession  was  still  so  much  in  doubt  on  this  subject  as  Mr. 
Merz  believes,  and  this  is  borne  out  in  both  the  Ltmdon  and  Slar.chester 
discussions  ;  but  I  heartily  agree  that  if  such  is  the  case  its  settlement 
must  be  one  of  the  first  considerations  in  our  plan  of  compwign. 

Might  we  not  ask.  however,  how  far  Mr.  Merz's  sucgt^stion — that  the 
profession  has  still  to  make  up  its  mind  ol  what  is  the  ideal — is  due  to 
doubt  of  where  the  acceptance  of  that  ideal  would  lead  to  ?  This  is  fully 
borne  out  by  Mr.  Rolls'  remarks,  which  I  .vill  refer  to  later.  For  this 
reason  I  have  come  to  the  conclusion  that  it  is  the  basis  of  orc:»nisi»tion 
which  requires  solution  if  we  are  to  solve  the  technical  and  linancial 
problems  connected  with  electricity  supply,  and  present  a  united  front 
to  Parliament  and  the  people.  1  would  like  to  make  it  quite  clear  at  thw 
stage  that  my  proposals  were  addressed  to  electrical  engineero.  and  the 
invention  is  not  that  we  shall  seek  the  estahlishmont  of  an  electricity 
board  first,  and  then  proceeti  to  educate  engineers  to  its  ad\-ant«ges.  The 
presentation  of  our  proposals  to  Parliament  must  be  subsequent  to  and 
following  upon  the  support  of  the  profession  in  sjencr' 
trieity  supply  industries  in  particular.  Without  this  1 
would  baldly  secure  success,  but  with  it  I  think  our  cau^.  •    ;  ^ 

as  to  command  attention  and  compel  achievement. 

The  Paper  does  not  state  that  the  technical  ami  financial  aspects  of  the 
subject  arc  simple— they  are  far  from  that  :  but  that  '"the  basis  of 
organisation,"  which  maV  be  taken  to  include  the  human  factor  and  the 
oo-oixlination  of  various  interests,  is  the  most  dithcuh.  Difticuh  though 
this  may  be,  I  am  convinced  that  if  electrical  engineers  will  only  come 
together  and  without  prejudice  seek  a  common  cause  for  the  benefit  of  all 
without  hurting  the  interests  of  any,  the  obstacles  will  soon  be  overcome. 

*See  The  Electrician.  April  14.  1916. 
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Mr.  Merz  calls  attention  to  the  difference  between  the  geography  of 
Great  Britain  and  that  of  other  lands — for  example,  Germany  and  the 
United  States.  This  is  very  greatly  in  our  favour,  for  an  interconnected 
scheme,  for  with  the  densely  populated  manufacturing  districts,  each 
requiring  a  large  power  station,  the  distance  between  such  stations  will 
bo  comparatively  short,  and  thus  their  interconnection  made  easier  and 
less  costly.  The  remarkable  load  factor  Mr.  Merz  has  attained  at  the 
north-east  coast  is  due  to  the  interconnection  of  the  stations  there,  which 
interconnection  has  been  made  possible  at  reasonable  cost  due  to  the 
comparatively  small  area  covered.  It  has  been  the  study  of  the  geo- 
graphy and  industrial  conditions  of  Great  Britain  that  hasled  me  to  the 
conclusion  that  perhaps  no  district  in  the  world  if  taken  as  a  whole  offers 
so  favourable  a  field  for  a  cheap  and  efficient  electricity  supply.  I 
regret  I  have  not  had  the  pleasure  of  reading  Mr.  Chattock's  address 
referred  to  by  him,  but  I  am  happy  to  learn  that  on  many  of  the  main 
principles  we  are  in  agreement.  The  indebtedness  of  the  profession  to 
Dr.  FeiTanti,  Mr.  ('hattock  and  others  is  very  great.  I  do  not  agree  v/ith 
the  nationalisation  of  our  electricity  supply,  as  that  is  generally  under- 
stood. For  various  reasons  I  think  it  would  be  impossible  of  achieve- 
ment in  the  early  future,  nor,  if  achieved,  do  I  consider  it  is  the  best 
solution.  This  opinion  is  formed  after  some  years'  inner  knowledge  of 
the  disabilities  under  which  Government  depiirtments  work. 

Mr.  (,'hattock  would  that  I  had  laid  more  emjihasis  on  the  justification 
for  such  a  scheme  as  advocate<i  in  the  Paper.  I  am  afraid  the  cutting 
down  of  the  original  Paper  to  it«  present  dimensions  in  order  to  form  a 
basis  for  a  general  discussion  is  responsible  for  this  and  for  other  points 
raised  by  various  members  in  the  discussion.  To  illustrate  one  ]>oint  only 
out  of  a  large  number  which  could  have  In-en  used  to  support  the  pro- 
posals advanced  in  the  Paper  :  The  fallacious  argument  is  often  used 
that  because  a  manufacturer's  costs  for  ])ower  are  only,  say,  1  per  cent, 
of  the  total  costs  it  is  of  no  importance  to  reduce  the  price  of  current  by 
10  per  cent.,  as  this  only  re])resents  01  per  cent,  reduction  on  the  total 
costs.  Assume  this  argument  to  be  used  for  all  items  making  up  the 
costs,  then  no  reduction  follows  ;  but  if  each  section  of  costs  is  reduced 
by  10  ])er  cent,  tlicn  the  total  costs  will  show  a  corresjKinding  reduction, 
enabling  the  manufacturer  to  sell  at  lower  rates  in  the  home  market  and 
compete  successfully  abroad.  It  is  sur])rising  how  general  is  this  argu- 
ment of  small  economies  not  being  important.  Tliey  often  mean  the 
difference  between  success  and  failure,  between  profit  and  |f)HS.  Now,  if 
a  cheap  and  reliable  electricity  supjily  is  generally  available,  it  follows 
that  advantage  will  be  taken  of  it  by  all  sections  oi  the  community,  not 
only  for  reasons  of  economy,  but  for  convenience  and  as  relieving  capital 
for  use  in  their  businesses,  in  which  they  are  e,\])erts,  and  can,  therefore, 
more  profitably  employ  it,  and  enabling  greater  eoneentraticm  to  be  given 
to  the  chief  business  issues  by  having  one  department  less  to  require 
attention.  Mr.  ( 'hattock  raises  a  very  large  issue  in  his  ])ro])08a|  that 
no  return  shall  be  exjx'cted  during  (he  early  years  on  the  money  spent  in 
carrying  out  the  scheme.  1  take  it  Mr.  ('hattock  n-fers  to  the  money 
spent  by  the  proj)Osed  board,  and  not  to  that  which  might  be  expended 
by  munieijialitics  or  companies.  This  proposal  gm-s  down  to  the  funda- 
mental j)rin(iples  of  political  economy.  The  Continental  school  largely 
acce])t  such  j)roposals  as  being  sound  for  benefiting  the  trade  of  the 
countr\'  as  a  whole,  and  tiermany  in  particular  has  followed  this  line  of 
argiiiuent  with  success.  The  British  jxtlicy.  however,  has  be<n  different, 
and,  witli  the  <xception  of  a  subsicly  to  certain  steamship  lines,  the 
princi])|e  followed  generally  has  been  that  each  development  must  make 
its  own  ])rogress  without  State  support. 

It  is  not  desirable  to  ent<'r  into  a  discussion  of  the  merit*  or  demerits 
of  tliese  opposite  ]toli(ies  here,  but  Ix-eause  the  British  policy  is  what  it  is. 
and  becHUHc  we  wish  to  remove  all  obstacles  to  the  early  carrying  out  of 
our  scheme,  I  would  advocate  (he  non-dejM-ndenee  on  State  finance  for 
the  scheme.  \\\-  would  be  perfectly  justified  in  asking,  and  the  (;ovem- 
ment  to  grant,  an  annual  sum  to  cover  the  cost  of  the  salaries,  office 
expenses,  ,^c..  of  Iheelect  ricity  board,  b<'cnuse  it  would  be  relieving  Parlia- 
inent  and  (Jovernmeut  ofiices  of  work  and  aitin^  somewhat  in  lontrolling 
cii|)a(ity  as  tiie  representative  of  the  |)nblii  .  Kor  any  other  cxpenditur*' 
the  boar<l  might  iiK  ur,  eitliir  for  power  stations,  l>ulk  network  or  diw- 
tril)uting  systems,  the  board  shoulil  lie  n'sponiiibie.  ThuR,  if  the  boanl 
find  it  desirable  to  en-cf  any  powe-  stations,  jirovide  btilk  networks.  Arc. 
they  will  raise  thr-  money  on  the  se<urity  of  these  items  and  for  (he 
payment  of  interest  and  siiikiriL'  funds  they  wotifrl  have  tfi  <i|)tain  a  cHMlit 
balance  between  evpcnditiin'  .'iinl  revemie.  This  would  ]int  tlie  board 
on  a  comniercial  footing  so  far  as  thi*  ojx'ratin^  jinrt  of  (heir  jiowitm  an' 
concerned,  and  would  nccessita(<'  such  <q>era(ions  In-ing  carried  ou(  <»n 
sound  financial  lines.  It  wo(d<l  also  mean  (ha(  any  o|vTft(ion8  of  (he 
board  w<Mdd  have  (o  Im-  ma<le  with  ilne  caution,  n  s(ej»-by-step  policy 
being  followed  as  against  a  wholesale  jilunging  uito  henvv  exjx'ncbture. 
If  (Jovernmcnt  grants  are  given  iit  any  tinie  they  should  Im-  for  sjM'citied 
objects,  such  as  carryii'g  mains  into  a  sparsely  ])o|iu|nte(i  a}:riculturnl 
district,  and  the  main  financing  of  our  schenu-  (ajiart  fntm  the  annunj 
grant  for  the  board's  salaries  and  exjiensi-s)  should  J>e  inde|M-ndent  of 
State  assistance.  On  (he  other  haml.  the  fac(  (hn(  (he  board  woidd  not 
oi)erate  for  profit  as  a  company  jiayintr  <lividen(ii4  or  a  mnuicipn|i(v 
looking  for  relief  for  the  rates  and  would  Im-  able  to  rnis<-  fundH  n( 
favourable  rales  of  int<'res(.  it  is  considen-d  sound  tinaiii  c,  and  bron<|. 
minded  develo])mcnt  would  be  i-eadily  achieved.  The  chief  obje«'(ion  to 
Mr.  Chattock's  ])ro]>osal  (o  noplace  small  g<>nera(ing  RtAtjon*  by  a  bulk 
sup]dy  at  once  is  tliat  it  woidd  raise  ]iowerful  iqq>onents  against  our 
schem(>.  and  thus  pn>vent  its  fruition  or  defer  it  indefinit^dy.  I(  would 
also  nudvc  our  scheme  more  didicult  to  establish  froni  a  financial  stand- 
point ;  and  without  wishing  to  remark  on  this  proposal  considen'tl  alone, 
I  do  strongly  feel  that  we  would  be  following  tin-  safer.  wis<'r  and  more 
tliplomatic   course   by   |(>tting   an   intervening   or  (ransi(ion   stagr   paw 


between  existing  conditions  and  those  we  propose  to  bring  about.  If 
the  Buccessof  the  scheme  is  as  great  as  we  may  anticipate,  I  believe  the 
period  of  transition  will  be  much  shorter  than  we  might  expect.  Way- 
leaves  are  of  great  importance.  To  seek  Parliamentary  authority  for 
such  wayleaves  is  too  cumbersome  and  slow  an  operation,  nor  would 
Parliament  give  the  drastic  powers  for  authorising  and  enforcing  the 
right  for  wayleaves  to  any  but  a  quasi-government  body  such  as  the  pro- 
posed board.  With  its  powers  the  right  of  granting  wayleaves  to  elec- 
trical undertakers  would  have  to  be  handled  wisely,  as  it  would  be 
answerable  to  Parliament  for  the  judicious  u.se  of  such  powers.  Mr. 
J.  W.  Mears  remarks  as  to  the  practice  in  India  in  granting  waN-leavee 
are  of  great  importance,  and  might  be  used  as  a  precedent. 

I  suggest  that  the  question  of  whether  Parliament  would  be  able  to 
deal  with  a  scheme  of  this  kind  at  present  mainly  depends  on  how  it  is 
presented  and  whether  it  has  the  unanimous  backing  of  a  united  pro- 
fession.    It  is  only  a  few  years  ago  that  a  •"  daylight  saving  proposal " 
was  met  with  derision,  and  yet  in  the  height  of  a  great  war  it  has  now 
secured  recognition,  and  a   Bill  has  been  put   through   Parliament.    I 
believe  that  if  we  could  go  to  Parliament  as  a  united  profession,  with  & 
strong  backing  of  municijialities  and  electricity  supply  companies,  with 
a  sound,  straightforward  proposal  it  would  be  welcomed  and  would  soon 
become  law.     For  this  reason  I  would  earnestly  advocate  confining  our 
proposals  strictly   to  electricity  supply,  and   of  eliminating  from   any 
scheme  factors  which  might  cause  serious  division  between  us.       "  Half  a 
loaf  is  better  than  no  bn-ad.'     I  would  like  to  correct  an  impression  held 
by  Mr.  Highfield  and  other  speakers  that  because  I  have  brought  out  the 
thought  of  trading  for  (he  public  good  I  propose  to  do  it  at  a  sacrifice  to 
vest<d  interests,  whether  of  ca])itali8t6  or  of  engineers.     This  is  not  my 
intention.     The  crux  of  the  whole  position  lies  in  the  fact  that  by  working 
together  we  can  cheapen  the  cost  of  electricity  and  so  create  a  high 
demand.     The  result  will  be  (ha(  not  only  will  the  public  benefit,  but  the 
capitalist  and  the  engineer  will  also  participate  in  the  advantages  that 
will  follow.      It  is  our  duty  to  the  interests  we  represent  and  to  ourselves 
that  we  should  ensurt-  this  being  the  case  in  any  scheme  we  may  advocate. 
I  think  the  Paper  makes  it  clear  that  there  is  no  tendency  to  belittle  our 
past  and  present  achievements  in  electricity  supply.     With  the  legisla- 
tive difficulties  to  overcome,  what  has  been  a((ained  is  truly  remarkable. 
But  apart  from  the  few  exceptions,  of  which  (he  north-east  coast  is  only- 
one  example,  can  we  say  that  the  ]>osition  of  the  industry  is  satisfactory 
considered  from  the  s(andpoin(  of  wha(  it  mi^rht  be  ?     Does  not  the  very 
success  of  the  north-east  coast  heighten  the  contrast  with  other  areas, 
and  yet  auger  well  for  the  supjily  of  (Jreat  Britain  if  we  can  organise  our 
resources  and  treat  the  country  as  a  whole  without  unduly  interfering 
with  the  separate  enterprises  ?     Can  we  say  (he  posidon  is  satisfactory 
while  vast  areas  have  no  supply  of  electricity  at  all.  and  in  other  areas 
the  undertakings  an-  small  and  (he  price  of  elec(rici(y  verj-  high  ?     Mr. 
Highfield  raises  (he  vcpk'  impor(an(  and  difficuK  subjec(  of  the  same  board 
having  controlling  as  well  as  ojK-ra(ing  powert;.     This  has  IxK-n  and  is  one 
of  (he  n-al  diffituKies  (o  l>e  considered.      If  we  could  be  assun-d  that  the 
requirements  of  (he  coun(ry  could  be  me(  wi(hout  the  boartl  having 
operating  powers  I  would  readily  agree  that  it  should  only  be  a  con- 
tndling  l)oanl.     Again,  if  this  cpiestion  of  dual  powi-rs  l>ecame  a  s(unibling 
bknk   in  (he  profession  n'aching  an  agre<men(.   I  would  sugges(   (hat, 
ra(her  than  have  no  board,  or  co-ordinated  contnd  a(  all.  it  would  be 
be((er  (o  give  way  on  the  o|XTa(ing  ques(ion  and  carry  (hrough  as  a 
united  profession  the  propot<a|  for  an  electricity  board  with  controlling 
powers  only.     Tha(    would   \yc  a   verv-   great   advance   on   our  present 
position.      Befon-    we   do   (his.    howevt-r.    le(    us   consider   whe(her   the 
in(eres(s  of  jin-sent  undertakers  cannot  l>e  ])roperly  safeguarded  in  the 
Act  of  Parliament  by  whi(  h  the  boanl  would  l)e  cn-ated.  and  which  would 
form  its  charter.      I   Ix-lieve  this  c«:i  he  done  wi(hou(  grea(  difticuUy, 
and  the  boanl  j)n"v«>n(ed  fpim  o]>era(ing  in  compe(i(ion  with  any  existing 
undertaking  in  (hB(  undertaking's  area.     If  any  existing  or  future  under- 
taking is  ojwrating  wt(isfa<'(ori1y  in  i(s  s]>ecified  area,  (hen  (he  board 
would  h.ive  no  |»oMer  to  ccunjx'te  nor  would  there  be  anything  gained  bj' 
its  so  <loing.      If,  however,  any  uiider(aking  was  misu.sing  or  abusing  its 
jHiwers  it  would  be  (he  Boanl's  <lu(y  (o  ripresen(  (he  ma((er  (o  Parlia- 
men(  wi(h  a  view  to  having  the  ^lowers  (ransferre<l  (o  ano(her  undertaker 
or  (o  (he  Boanl  itself.      If  the  Boanl  ha<l  no  operating  |K>wers  would  it 
not   i>e  a  very  serious  lo.*!*  (o  (he  pri'8«'n(  \nnliTtakers  ?     For  example, 
(lu-  interc"'^  ■  ;•  network  lietwi-eti  jMiwer  stations,  or  the  provision 

and  maintr  (  certain  bulk  supply  mains  might  readily  and  eeono- 

micdly  be  lieait  with  by  (he  Boanl  Then  (he  ques(ion  of  a  supply  in 
agricultural  <lis(rirtR.  are  (h<y  to  lie  left  without  a  supply  if  no  under- 
taker can  be  f^und  to  work  (hem  T  -\gain.  the  imjKirtant  national 
question  of  (he  conservation  of  fii-I.  if  pn'sen(  undertakers  are  not  pre- 
jwire.l  to  lend  (he  way  with  exiieriments  on  gas-fired  boilers  and  (he  pro- 
duclion  of  by]>roduct."  on  n  large  scale,  is  the  Board's  ^yiwcr  to  be  re- 
st ric(e<l  to  j>reveii(  its  net  ;ng  n»  a  |>ioneer  ?  Then  i(  is  readily  conceivable 
(hn(  in  nome  e««w  the  Board  might  act  as  eo-ojjerators  (with  comjwniea 
or  municijwiitie*)  to  (he  advantage  of  all  jwrties.  for  with  (heir  jMiwcrff 
of  raising  money  at  hiw  ratoB  of  in(ero'*t.  (hey  could  bring  inn>ortant 
financial  sup)>«>rt  (o  play  in  volopiiu<.'i(.      1  would,  (hercfore, 

urge  that  Iwlore  we  siimmai  nc  question  of  the  B<>anl's  having 

o|M>rnting  "w  well  aii  eonlnilling  ]iower>  we  should  carefully  investigate 
and  eonsi<ler  whether  the  «lifficul(y  csnnot  be  overcome  by  fully  safe- 
guarding (he  interest*  of  present  or  future  undertakers  without  depriving 
(he  Boanl  of  ^iowen>  which  ^  '  '  '  •■  v,.ry  vahiable  to  (he  indus(ry.  but 
which  iHiwers  it  nujiht  be  t  \  ,y  difficult  to  <)btain  once  tlie  Board 

ii«  estal»lislnMr  Wo  are  all  agnc»l  that  the  electricity  supply  industry 
ha.H  suffered  from  legislation.  ()ne  object  of  (his  scheme  is  (o  n'inovo 
Home  of  (he  difficult iw  ami  make  (he  pa(h  of  development  eaisier.  There 
i.«  no  doubt  that  an  eleetrieity  Boanl  properly  c<>n9ti(uted  would  be  a 
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great  advantage.  Co-ordination  of  control  would  make  for  progress, 
and  it  is  most  de  irable  in  the  public  interests  that  there  should  be  a  body 
responsible  for  the  control  of  this  great  public  service.  The  Board  would 
be  responsible  to  Parliament.  If  any  additional  link  to  Parliament  than 
the  Parliamentary  member  of  the  Board  is  desired  there  could  al.so  be 
anadditional  member,  say,  a  Government  official  representing  the  various 
Government  Departments.  It  should  be  remembered  that  the  Par- 
liamentary member  of  the  Board  will  have  to  answer  questions  put  to 
him  by  any  member  of  Parliament  respecting  the  operations  of  the  Board. 
Thus  any  person.  Corporation  or  public  body  can,  through  the  member 
of  Parliament  representing  their  district,  make  their  voices  heard.  The 
asking  of  questions  in  Parliament  is  a  more  important  factor  in  Parlia- 
mentary control  than  is  generally  realised.  1  think  the  inclusion  of  a 
Member  of  Parliament  on  the  Electricity  Board  supplies  the  need  Mr. 
Highfield  has  in  mind  in  raising  the  question  of  who  the  Board  will  be 
responsible  to.  Though  I  have  indicated  the  possible  addition  of  a 
Government  official  I  do  not  think  this  is  necessary  and  would  prefer  to 
see  the  Board  without.  We  want  the  powers  and  authority  of  a  quasi- 
Government  Department  with  great  freedom  of  action  within  certain 
clearly  defined  limits. 

Mr.  Faraday  Proctor's  support  of  the  scheme  and  his  energetic  demand 
to  "  get  a  move  on  "  and  to  get  the  proposed  Board  formed  has  the 
backing  of  a  large  number  of  electrical  engineers.     Things  move  quickly 
in  these  days  and  it  is  no  time  for  discussing  academic  trifles  while  the 
main  chance  is  slipping  away.     There  is  a  call  for  action,  for  achievement 
and  the  sooner  we,  as  a  united  profession,  make  our  demands  known  and 
fr>lt  the  sooner  we  shall  commence  a  new  era  in  electricity  supply.     Mr. 
Faraday  Proctor  referred  to  our  problems  also  as  those  of  the  chemist 
and  others,  and  that  we  must  all  get  together  to  work  for  the  common 
good.     I  would  suggest  that  if  we  are  to  make  an  early  advance  we  shall 
be  wise  not  to  widen  the  scope  of  our  inquiry.     Once  the  Board  is  es- 
tablished there  are  limitless  possibilities  open  to  it,  but  they  are  for  the 
future  rather  than  the  present.     I  would  suggest  that  we  keep  out  of  our 
thoughts  any  proposal  with  the  word  "  Ministry  "  in  it,  for  that  involves 
political  questions  and  Government  Department  methods  which  we  desire 
to  avoid.     Also  it  v/ould  at  once  cieate  difficulties  as  additional  Ministries 
are  rightly  not  welcomed  by  the  powers  that  be.     The  points  raised  by  Mr. 
W.  B.  Woodhouse  and  Mr.  C.  H.  Wordinghamhave  been  mainly  dealt  with 
in  the  replies  to  other  speakers.     The  more  we  can  raise  the  interest  of 
our  colleagues  and  the  public  in  this  very  important  subject  the  more  we 
shall  advance  our  cause.     I  beg  to  thank  Mr.  Wordingham  for  calling 
attention  to  my  independent  point  of  view  because  1  know  however 
willing  or  desirous  one  may  be  of  taking  a  detached  view  of  this  problem, 
this  is  exceedingly  difficult  if  one  is  attached  to  either  a  municipality  or 
company  undertaking.     I  am  in  full  agreement  with  Mr.  Wordingham 
that  it  is  important  to  avoid  Government  operation  in  electricity  supply. 
It  is  for  this  reason  I  propose  a  non-Government  Board  with  only  a 
Parliamentary  member  to  link  the  Board  up  with  Parliament.     But 
while  deprecating  Government  operation  I  submit  that  Parliament  would 
never  put  extensive  powers  into  the  hands  of  any  other  organisation  than 
a  Government  Department  or  a  Public  Board.     For  this  reason  and  after 
much  consideration  I  propose  the  Board  with  controlling  powers  and 
preferably  also  with  limited  operating  powers.     I  am  glad  Mr.  W.  L. 
Madgen  has  criticised  the  operations  of  the   Ontario   Hydro- Electric 
Commission,  and  it  would  be  well  if  our  Canadian  colleagues  can  throw 
some  light  on  this  subject.     Any  mistakes  made  by  others  in  dealing 
with  similar  problems  we  must  avoid  in  our  proposals.     The  Electrician 
recently  contained  an  abstract  of  Paper  read  by  Mr.  C.  H.  Mitchell  before 
the   International   Engineering  Congress,  San   Francisco,  in   which  he 
states  "  The  entire  success  (of  the  Ontario  Hydro- Electric  Power  Com- 
mission) as  a  commercial  system,  as  an  engineering  work  and  as  a  popular 
undertaking  has  entirely  vindicated  the  situation.     The  municipalities 
originally  included  in  the  power  agreements  numbered  15  in  1910;  on 
February  28,  1915,  this  number  had  increased  to  82."     May  I  emphasise 
here  that  I  am  absolutely  and  unreservedly  opposed  to  anything  which 
would  deal  unfairly  with  existing  concerns  or  crush  enterprise.     I  con- 
sider Mr.  Rolls'  contribution  to  the  discussion  is  of  great  value.   Speaking 
of  a  large  and  important  section  of  the  profession  who  will  be  a  con- 
trolling factor  in  the  success  or  failure  of  the  scheme,  he  admits  that  there 
is  little  doubt  in.  the  minds  of  most  electrical  engineers  as  to  what  ought 
to  be  done.     Can  we  expect  them  to  advance  these  schemes  he  asks  when 
it  is  not  clear  to  them  that  it  will  not  be  against  their  self-interests.     I 
have  very  great  sympathy  with  and  respect  for  the  interests  to  which 
Mr.  Rolls  refers  and  for  his  candid  statement  of  the  facts.     In  evolving 
the  scheme  proposed  I  not  only  kept  the  interests  of  these  gentlemen  in 
view,  but  also  those  of  all  sections  of  the  profession.     I  knew  it  was 
useless  to  bring  forward  a  scheme  which  could  not  be  supported  by 
electrical  engineers  while  remaining  loyal  to  their  own  interests  and  1  hose 
they  represent.     In  order  to  ensure  that  engineers  of  smaller  under- 
takings sh?ll  not  suffer  we  could  include  a  clause  in  the  proposed  Act  of 
Parliament  to  protect  them.     Not  that  I  consider  this  to  be  necessary, 
for  instead  of  decreasing  the  value  of  their  positions  I  am  satisfied  that 
with  extended  areas  for  distribution  and  an  increased  demand  due  to 
lov.er  costs,  the  importance  of  their  undertakings  would  be  much  greater 
than  at  present.     With  the  transition  period  proposed  the  change  from 
the  old  to  the  new  conditions  would  be  brought  about  without  any  dis- 
organisation or  questions  being  raised  of  engineers  losing  their  appoint- 
ments.    It   must   be  remembered  that  engineers   of  the   undertakings 
whose  generating  stations  would  ultimately  be  replaced  by  transforming 
stations  would  have  powerful  and  sympathetic  support  in  the  Elec- 
tricity Board,  and  it  is  reasonably  to  be  expected  that  their  positions  would 
be  strengthened  and  improved  under  the  scheme.     I  welcome  Mr.  Rolls' 
suggestion   of  endeavoxiring  to  bring  into  the  scheme   those  smaller 


Htationf.,  which  would  not  form  jjart  of  the  ultimate  Kheine,  in  order  to 

avoid  the  opfKjsition  of  the  eifcctrica)  engin.-*'         '  •  'tee* 

or  supply  comjwnieH  controllinjr  them.      I  .<;  in 

the  following  manner.     A--11'  .  ilutrict 
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or  companies,  and  the  large  Htation«  built  and  »'<,.-,...  ,.,w.tly  by  the 
electrical  engineer  of  the  townH  concerned.  Thm,  dunnif'tbe  transition 
period  as  the  small  stations  were  gradual'       '  ' 

stations  to  transforming  ar.d  di.stributing  <  > 
be  growing  rapidly  and  th<;  borough  or  <■' 

would  be  transferring  their  generating  int<  .;_ 

to  one  large  joint  station.  I  would  very  much  like  to  fee  the 
companies  brought  into  such  joint  action,  and  thin  in  where  I  cob 
the  electrical  engineer  managers  of  the  Electricity  Board  woold  be 
valuable  in  acting  as  an  intermediary  or  inde{,»r  ' 
ordinating  the  common  interests  of  any  district  ai.i. 
schemes  to  be  brought  al)out.  'J'he  new  Electricity  Kuppiy  er 
create  such  a  large  demand  and  extension  of  electrical  oj«rali ,..  ;„.•. 
consulting  and  supply  engineers,  manufacturers  and  all  connet-ted  with 
the  electrical  profession  and  industry  would  find  more  o^y-ningB  simI 
engineers'  status  would  improve  and  their  services  would  be  at  a  yir^iniain. 
This  home  demand  would  react  favourablyon  ''xpf^rts.and  ♦  •lor© 

to  be  gained  for  the  profession  and  electrical  industries  in  tl-  n  of 

this  cheap  supply  problem  at  home  than  in  an\-  other  wav.  Bat  let  u« 
consider  the  alternative  and  presume  for  a  moment  that  we  are  r' '  »  ir,,, 
to  work  together  to  solve  the  supply  problem.  What  will  th*- 
probably  be  ?  In  the  trade  depression  which  it  is  generally  .i.r  :  v.  1 
sooner  or  later  follow  the  war,  accompanied  by  a  dearth  of  <  i;-;-  ■  •  -  ! 
but  the  most  promising  and  reliable  investments,  we  shall  fx]r 
considerable  setback  in  the  electrical  industries  becau.«e  the  ind-: 
we  shall  have  to  offer  will  not  be  sufficiently  great  to  attract  the  ner*>i,*ar^- 
capital  for  extending  electric  operation  and  for  carrying  out  improve- 
ments in  many  directions.  Thus  when  the  slump  comes  we  may  expect 
the  electrical  industries  to  be  badly  affected.  If  we  have  taken  advantaL"- 
of  the  period  of  the  war  and  that  which  will  follow  when  a  boom  in  trad-- 
may  be  expected  before  the  slump  comes,  to  organise  and  give  electricity 
at  low  cost  then  we  may  hope  that  the  inducements  to  electric  operation 
will  be  so  great  that  the  very  need  for  economy  will  draw  capital  to  elec- 
trical work  to  the  advantage  of  the  industn,'  and  the  country  in  general, 
for  the  more  efficiently  and  economically  we  can  organise  the  sooner  the 
period  of  trade  depression  will  be  over.  I  desire  to  thank  the  members 
and  those  who  took  part  in  the  discussion  for  their  sympathetic  con- 
sideration of  the  Paper.  The  strong  line  of  argument  in  favour  of  a 
scheme  was  agreed  to  be  :  (a)  Interconnection  of  power  stations  necessary 
for  security  of  supply  ;  (6)  the  necessity  for  reducing  costs  ;  (f)  the  con- 
servation of  fuel ;  (d)  the  co-ordination  of  control  to  assist  in  and  en- 
courage development. 

MANCHESTER  DISCUSSION. 

Mr.  Robertson  states  "  the  bulk  supply  undertaking  would  be  own<  d 
and  operated  by  the  State  through  a  central  board."  The  Paper  st.iT.  ~ 
in  the  summary  :  "  It  should  be  clearly  understood  that  our  propost'd 
scheme  is  not  for  the  nationalisation  of  our  electric  supply,  nor  is  it  for 
the  municipalisation  of  that  supply.  Its  true  function  is  the  co-ordina- 
tion into  one  body  of  the  control  of  the  electricity  supply,  assisting 
existing  undertakings  whether  municipal  or  company  owned,  and  taking 
upon  itself  only  those  functions  of  generation  and  distribution  which  an" 
essential  to  the  furtherance  of  wise  development  and  a  supply  at  the 
lowest  cost  .  .  .  guiding  future  polity  and  co-operating  with  the 
present  authorities  for  the  well-being  of  the  whole.""  Again,  the  l^por 
does  not  suggest  that  the  cou:itry  is  to  be  divided  into  six  districts  for 
supply  purposes,  but  for  the  purposes  of  control  under  the  central  board. 
which  is  an  entirely  different  matter.  I  cannot  agree  that  the  "  stages 
to  be  passed  and  the  difficulties  to  be  overcome  "  have  been  •'  overlHiketl 
in  the  Paper."  Such  stages  and  difficulties  have  been  most  carefully 
considered  and  the  proposals  in  the  Paper  are  the  outcome  though  the 
lengthy  route  by  which  the  conclusions  were  reached  has  not  been  given. 
There  is  no  suggestion  in  the  Paper  to  set  aside  the  technical  difficulties. 
The  chief  reason  for  the  presence  of  six  expert  hinhly-paid  oKvtrioal 
engineers  on  the  central  board  is  to  assist  in  s<  Iving  those  difficult  i.-;  It 
is  certainly  not  proposed  in  the  Paper  to  place  the  control  of  ai 
the  six  districts  in  the  hands  of  one  engineer  nianagi^r.  The  .  • 
the  electricity  supplv  of  any  district  would  come  imder  the  board  as  » 
whole.  The  "true  functions' of  each  euizineer  manai:er  would  bo  :  (i.) 
To  be  a  technical  member  of  the  central  board  :  /f.)  to  rrprosont  the 
ccnt:il  board  in  one  district  ;  (iii.)  to  represent  the  electrical  int 
that  district  on  the  board  ;  (iv.)  to  manager  in  his  district  suci. 
the  electricitv  supply  as  are  the  property  of  the  boiinl.  Thu>.  .i-  au 
individual,  he  would  manase  only  board  proin^rty  in  that  fl>=t"<"»-  »"*• 
not  the  liropertv  of  municipalities,  companies  or  subsidiar>-  boards.  ()n 
the  operative  side  he  would  be  responsible  to  the  boarvl  for  r  ■•••-•  the 

board"s  own  property.      On  the  control  siile  he  would  K>  n  lor 

seeins  that  the  board's  decisions  wciv  made  eticctive  ii' 
converselv  for  representing  to  the  board  for  their  coi.- 
lems  arising  in  his  district.  There  would  bo  nothing  to  prevent  any 
person,  company  or  body  in  that  district  pn^senting  its  case  d.rvct  to  the 
board  if  so  desired.  Thi^  electrical  enginiH-r  manager  could  alsc.  act  as  an 
intermediary  for  any  joint  efforts  in  his  district,  and  as  an  independent 
co-ordinating  centre  for  such  efforts. 

Mr.  Robertson  mentions  the  faihm^  of  power  companies  to  offer  such 
terms  as  will  cover,  amongst  other  items,  the  standing  charges  on  super- 
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sedtd  generating  plant.  One  aim  in  my  proposed  scheme  is  to  avoid  such 
charges  by  not  replacing  or  superseding  the  smaller  generating  plant  until 
it  has  fulfilled  its  economic  purpose.  That  is  to  say,  such  plant  would 
not  be  su7)cr!-cded  by  a  bulk  supply  until  the  cost  of  such  supjily  would  be 
less  than  running  th(;  plant  plus  meeting  any  then  remaining  standing 
charges.  This  is  imjjortaut.  Mr.  Robertson  states  '•  the  central  board 
would  have  no  power  to  compel  a  local  authority  to  shut  down  its  gene- 
rating station  or  to  fix  the  price  which  the  existing  authorities  are  to 
charge  for  current."  This  was  purjioselj-  omitted.  We  <lo  not  wish  to 
impose  restrictions  where  they  can  be  avoided.  The  board  can  withhold 
its  approval  for  extensions  or  the  replacement  of  obsolete  jjlant  unless  it 
is  satisfied  it  is  in  the  interest  of  that  town  or  district  that  this  shall  Ix* 
given.  This  surely  will  have  all  the  necessarj'  effect.  The  price  of 
current  within  the  limits  laid  down  in  any  district  is  mainly  a  local  ques- 
tion.  The  board  could  bring  pressure  to  bear  on  any  undertaking  that 
was  unreasonably  using  its  powers  either  by  runnin;;  stations  which  eouhl 
be  more  economically  replaced  by  a  Ijulk  sup])|y.  charging  higher  rates 
than  necessarj',  or  by  jjaying  an  undue  ]»erccntage  to  the  relief  of  the 
town  rates.  Our  object  would  nf>t  be  defeated  In'  leaving  municipalities 
the  liberty  I  propose  ;  on  the  other  hand,  I  consider  that  if  we  suggest 
giving  the  central  board  power  over  municipalities  on  these  points  we 
shall  raise  oppositi(m  to  our  scheme  where  we  h(i])e  to  gain  strong  su])- 
port.  This  view  is  sup])ort(d  by  Mr.  .Mackenzie  and  other  sjtcakers.  I 
haver  dealt  with  the  foregoing  ])oints  in  some  <l«-tail,  as  it  is  essential  in 
our  discussion  to  keej)  all  j)roposa|sand  the  general  issues  very  definite  and 
clear.  I  cordially  disagree  with  Mr.  Ilobertson  that  '  the  present  is  not 
an  opportune  time  for  central  station  engmeers  to  discuss  questions  of 
this  magnitude."  If  ever  there  was  a  time  in  the  affairs  of  electricity 
supply  which  taken  at  the  floorl  would  l(a<l  on  to  sucicss,  it  is  the  ])re- 
sent.  Nay,  I  would  <vcn  go  further,  and  say  that  1  fear  there  will  be  a 
time,  sooner  or  later,  after  the  war,  when  conditions  an-  less  j)lastic  than 
they  are  now,  and  when  there  may  not  be  that  atmosj)here  of  com- 
promise and  co-operation,  when  the  n-alisation  of  some  such  scheme  as 
that  proposed  will  be  infinitely  more  difficult  than  at  ])resent.  I  submit 
the  early  solution  of  the  ])rob|i'm  lies  with  the  j)rofession  itself,  and  that 
the  early  solution  of  the  problem  lies  with  the  profession 
once  we  can  make  uj)  tiur  minds  and  bring  forward  a  concise  rational 
scheme  on  which  w<'  are  all  agreed  we  shall  have  overcome  the  greatest 
obstacles,  and  be  well  on  the  road  to  success.  Electrical  engineers"  con- 
tribution to  the  alleviation  of  after-war  distress  and  tf)  the  rebuilding  of 
the  social  and  industrial  fabric  would  surely  be  a  noble  one  if  it  went  no 
further  than  ]ila(  in;;  the  electricity  sujtply  for  the  cf)untry  as  a  whole  (m 
a  satisfactory  basis. 

ft  is  with  great  pleasure  1  turn  to  a  section  of  Mr.  Rolx-rtsons  remarks 
with  which  generally  I  am  in  hearty  agreement — viz.,  his  proposal  for 
local  or  subsidiary  boards.  I  consider  such  local  boards  would  Ik*  an 
outcomi-  of  the  larger  scheme  whi(  h  woidd  be  an  imjiortant  factor  in 
enabling  the  l(»cal  boards  to  be  formed.  The  services  of  the  electrical 
engineer  managers  in  their  different  districts  would  be  valuable  in  this 
respect.  From  my  knowledge  of  the  "  official  mind  "  I  believe  the 
formation  c»f  the  c-entral  board,  and  with  it  the  larger  scheme,  would  be 
attained  far  more  readily  in  the  first  place  than  that  of  a  numlM-r  of  local 
boards.  The  I'aper  refers  tc)  Mr.  Hcinar  I>'iw"s  rc-inark  in  this  res])ecf  : 
"  T  lic>])e  (they)  will  realise  that  the  war  has  made  a  great  diffc-rcncc,  that 
it  has  made  e\cTvt liing  jilahtic.  that  tilings  wliicli  were  imj)ossib|e  before 
are  easy  now,  and  that  nbon  (ill  it  may  l)e  found  that  a  biq  sli  ji  is  not  more 
♦lifficult  than  a  small  one."  The  penultimate  paragrajih  under  "  \II. 
Summary  ""  of  the  Paper  foreshadows  a  method  c»f  deve|o])ment  on  the 
lines  ])roposed  by  Mr.  Hc)l)ertscin.  T  believe  the  establishment  of  the 
central  boarcl  woidd  be  the  beginning  of  many  dc-vc-lcipnn-iits  and  wciidd 
earnestly  cieprecate  any  prc)j)osa|  for  ])oHt  pcmin^;  the  eciUMicleraticin  of  the 
]iroblc-m  for  the  country  as  a  whole,  so  far  as  the  c-entraj  organisation  is 
concc-rned.  Without  the  central  board  large  clistric-ts  would  be  left  un- 
cared  for  and  unconsidered,  and  the  intei connection  of  one  large  indus- 
trial area  with  anotiier.  which  will  be  so  advantageous,  will  hardly  \n' 
possible.  Mow.  witiicMit  this  cc^ntral  board  could  we  ensure  the  carrying 
out,  as  aclvcicatecl  by  Mr.  Mobc-rtson.  of  that  '"  taking  c-are  only  to  make 
ext/cnsions  or  adopt  methods  which  can  !><•  worked  into  the  larger  sc-iienie 
when  the  time  is  ripe  for  it  ?  "  I'nrler  the  scheme  as  proposed  in  the 
Pa|)er  there  is  nothing  which  will  prevent  the  London  Cotmty  Counc-il.  any 
municipality  or  any  power  or  su])p|y  company,  from  energetically  ]>roKe- 
culing  its  clevc-liipmenls.  unci  it  is  ))robab|e  tite  formation  cif  the  central 
board  will  enal>|c  that  c  <>iiil>ination  of  jinblic  and  private-  ownership, 
advocated  l)y  many  engincc-rs  as  a  solution  to  the  ]irob|em.  to  l»e  brought 
about.  1,  for  one,  shc)ulcl  not  Ik"  satisfied  with  the  schenie  if  it  discour- 
aged private  and  munici])al  enteri)rise,  and  1  am  »»ire  that  electrical 
engineers  woidd  be  glad  to  see  the  success  of  those  large  power  comj>anieB 
which  have  l)een  working  to  advance-  electricity  sup]>ly.  I  ho]>e  the 
I'apcriiocMiot  ciMivcy  t  lie  idea  that  I  iirojio^e  toclisrejjnrd  the  ))ast  history 
of  electricity  supply,  for  I  agree-  witle  Mr.  Ilinhficld  that  to  do  this  would 
be  a  mistake.  The  intenfiem  was  to  rail  attc-ntion  to  the  new  needs  of  our 
country,  and  that  becatise  many  engine-ers  had  publicly  advocated 
certain  line>s  of  ])oIicv  in  the  )iast  the  new  e-onelitions  calle-d  us  to  consider 
the  subject  from  ])resc-nt  nc-c-ds  rathe-r  than  for  defending  our  ]>nst  pro- 
posals. To  take-  only  one  outside  illustration  of  the  change  I  refer  to 
manv  ])rc'-war  determined  fn<e-t ra<lc-rs  are  now  aclvoeiili-s  of  a  limited 
taritt.  and  considc-r  it  unnecessary  to  defend  their  change  of  opinion.  Mr. 
Highfie-ldValls  attention  to  an  important  nmtt«»r — viz...  that  in  many  eases 
the  ])c'riocls  of  o])cM'ation  of  su]>ply  companies  after  which  they  can  l>e 
bought  out  by  nuinicii)alitic-s  will  soon  be-  drawing  to  n  elos<\  T  tliink  it 
is  dc-sirablc-  tjiat  at  no  distant  date-  it  should  be  made  necessary  for  siuh 
municipalilic-s  to  sc-ttic-  their  policie-s.  so  that  thc-n'  wdl  not  1»e  a  j>e-rie>d  of 
unc-c-rtainty  of  further  tenure'  whic-h  has  imdoubte-dly  hampe-n>d  electrii-al 
«leveloiimc-nt.      1   Indieve  the-  proposed  electricity  l)oard  would  be  very 


helpful  in  this  connection,  also  that  there  would  be  greater  probability 
of  the  companies  getting  considerably  extended  periods  under  the  board. 
In  Cither  words,  the  board  being  mainly  a  technical  and  financial  board, 
would  apjjreciate  the  ])roblems  to  be  met  by  companies  and  would  prob- 
ably discourage  the  taking  over  of  companies'  powers  by  municipalities 
so  long  as  the  interest  of  the  municipality  for  a  cheap  supplj-  of  elec- 
tricity were  safeguarded.  I  think  there  would  not  be  great  difficulty  in 
arranging  for  the  control  of  any  local  Vjoards  by  the  central  board,  and 
this  gives  an  added  value  to  the  central  board.  The  central  board  itself 
would  be  responsible  to  Parliament  as  explained  in  the  reply  to  the  dis- 
cussion in  Ivondon,  which  also  deals  with  the  remaining  points  raised  by 
Mr.  Highfield  at  Manchester.  Aid.  Walker  considers  the  cost  of  a  site 
fe»r  a  power  station  is  "■  quite  immaterial."  I  venture  to  suggest  that  no 
item  of  cost  is  immaterial.  Other  things  being  equal,  the  cost  of  a  site 
is  important.  ne»t  only  because  very  large  sites  will  be  required'for  the 
high-power  stations  of  the  future,  jiarticularly  if  the  recovery  of  the  by- 
jiroducts  of  ccjal  is  part  of  their  e^perations,  but  also  because  we  hope  that 
inclustries  requiring  enormous  supplies  of  electrical  energj*  will  grow  up 
round  the  power  stations.  With  this  exception  I  am  glad  to  see  Aid. 
Walker  apprejves  of  the  scheme. 

Mr.  .Sce>tt  asks  if  the  memlx-rs  of  the  central  board  are  to  be  paid,  and 
strongly  advocates  jjre^fessicmal  as  against  amateur  boards.  In  intro- 
ducing the  I'ajM-r  in  London  I  stated  that  the  members  of  the  board 
should  be  in  receijit  of  salaries  of  not  less  than  £2,500  per  annum.  All  the 
members  of  the  board,  with  the  exception  of  the  president,  would  be 
expected  to  devote  the  whole  of  their  time  to  the  work  of  the  board. 
The  vice-president  of  the  beiard  would  be  one  of  the  electrical  engineer 
managers,  and.  as  kindly  suggested  to  me  by  Mr.  Sparks,  the  centralisa- 
tion wotdd  be  in  the  ])resident  and  not  the  secretary,  as  shown  in  the  proof 
of  the  Pajjcr.  In  Mr.  Scotts  argument  that  we  should  realise  the  impor- 
tance of  electricity  in  electro-chemistry  and  metallurgy,  and  adopt  a  wide 
outlook  and  bold  policy  I  finel  much  supjjort  for  the  proposals  made  in  the 
Paj)er.  It  has  Ijeen  state-d  that  these  ])roposals  are  too  far-reaching;  I 
think  not.  The  exjiansion  e)f  electricity  su])ply  and  operation  during  the 
next  two  or  three  decach-s  will  largely  dejjcnd  on  the  capacity  of  elec- 
trieal  engineers  for  cultivating  clearness  and  breadth  of  vision  and  right 
and  ])rom]it  decisiem.  Success  should  Ix?  a.«surcd  if  our  financial  arrange- 
ments are  made  with  wisdom  and  discretion,  and  our  dealings  with  the 
inte-rests  of  others  gove-rned  by  a  sympathetic  understanding.  I  thank 
Mr.  Rolls  for  his  n-marks  on  the  Pa]K-r  and  proposed  scheme.  If  opposi- 
tic)n  is  rai.secl  by  the  Hemic  Office.  Rcard  e)f  Trade  and  Local  Government 
lioard  it  will  have  to  l)e  met.  though  it  does  not  follow  that  officials  now 
engaged  on  electrical  questions  would  not  be  equally  well  treated  and, 
perhaps,  find  gn-ater  sco]>e  if  working  under  the  board  to  which  they 
jiresuniably  woulel  be  transfern-d.  However,  if  such  opposition  became 
insuperable-  I  woulel  suggest  jircK-ceding  with  the  board  with  whatever 
powers  we  succeede-d  in  obtaining  for  it.  The  first  and  most  important 
]ioint  is  to  get  the  boani  e-stablishcd — the  expansion  of  its  powers  would 
follow  later.  Whe-re  the  remarks  of  any  gentleman  have  not  been  replied 
to  it  will  be  generally  found  that  the  re))lics  to  other  sjM-akere  cover  the 
]>oints  raised. 

In  the  discussion  in  both  I><indon  and  Manchester  I  have  noted  a  ten- 
de-ncy  to  ge-t  away  from  the-  ce-ntral  theme-  and  embrac-e  a  large  number 
of  what  may  1h-  ealle-d  sidisielinry  (though  imi)ortant)  subjee-ts.  It  may 
interest  m«'mlx'n*  to  kne)wthat  during  the  years  I  have  had  this  subject 
unde-rconside-nition  and  the  many  times  ]»arts  of  it  have  lieen  written  and 
rewritten  the-s<>  subsidiarA'  matte-rs  have  l>een  intrexlueed  and  again  de- 
le-te-d  or  modified  for  this  reason  -that  their  inclusion  would  create  con- 
trove-rsy.  de-lay  achievement,  and  attract  attention  from  the  essentials. 
\"aluab|e  and  ini])ortant  as  many  fif  these^  side  issues  are,  my  opinion  is 
confirmi'd  as  state-d  in  the  Pa|M-r.  that  "  whilst  the  whole  subject  requires 
to  b«'  handle-d  in  a  complete  and  e omprehensive  manner,  yet  it  is  most 
de-sirab|e  to  ke-rp  in  mind  the  niain  issues  and  not  to  introduce  various 
c|Uestions  and  complications  with  which  it  will  be  the  business  of  the 
e-le-c-tric-ity  board  to  dc-al  with  .      .      by  keejiing  the  subject  (m  con- 

cise and  clear  lines,  and  eli  aling  with  it  in  a  businesslike  manner  we  shall 
mon'  n'a<iily  attain  otir  end." 

In  c-e)nc|usion,  anel  referring  to  the  discussions  in  both  London  and 
Manche-ste-r.  the-  a;;ree-menl  that  something  should  be  done  somewhat  on 
the-  lines  suggeste-d.  is  niore  ge-neral  than  anticijiated.  This  augurs  well 
for  thc>  future.  The-  time-  is  ri|>e  for  n-cirganisation  and  advaneeme-nt. 
The  influcnee-H  which  make  for  comjiromise  and  definite  achievement  are 
in  our  favour.  This  Ix-ing  8<i  the  profession  will  heartily  welcome  any 
energetic  and  ])n>gn's*ivr  aetion  the  Council  of  the  Institution  of  Elec- 
trical Knginerrr  may  decide  to  take. 


PHOTOMETRY  OF  THE  GAS-FILLED  LAMP.* 

BV    «i.    W.    MiDDLKKAlKF   AN'l)   .1.    F.    SKOOLAND. 

Stnntntiry. — The  new  hiph-effic-iency  gas-filled  lam]»s  intrexluce  variables 
not  hitherto  encounten-d  in  jdiotometry.  These  difficulties  art  referred 
to  in  the  l^per,  and  the  resuH«  of  testa  arc  shown  in  the  curves. 


Tlie  atithors  rpfcr  to  prnviows  oxporiineutal  work  wliich  led  to  the 
discovery  of  iincxjier(<Hi  variables. 

Nkw  Variablks  anp  Photometric  Ditficxjltie.'?. 
In  the  pas-filled  lamp  the  filament  is  coiled  into  the  fomi  of  a 
riosely- wound  spiral  or  helix,  the  diameter  of  which,  though  small, 
is  large  in  comparison  with  the  filament  itself.     Hence.  a,s  viewed 

*  Abstracted  from  the  Scientific  Papers  of  the  Bureau  of  Standards. 
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from  certain  directions  perpendicular  to  the  axis  of  the  lamp,  one 
section  of  this  helical  filament  may,  more  or  less  completely,  cut  off 
the  light  from  another  section.  In  addition  to  this  cause  of  irregu- 
larity in  the  light  distribution,  there  is  usually  a  lack  of  symmetry 
in  the  arrangement  of  the  filament  as  a  whole  about  the  vertical  axis 
of  the  lamp.  Consequently  the  light  on  the  photometer  screen 
fhckers  excessively  when  the  lamp  is  rotated  at  ordinary  speeds. 
Fortimately,  this  difficulty  is  readily  overcome  by  placing  at  the  back 
of  the  lamp  two  mirrors  hiclined  to  each  other  so  that  the  photometer 
screen  is  illuminated  simultaneously  by  the  direct  light  from  the 
lamp  and  the  reflected  light  from  the  mirrors.  With  this  arrange- 
ment very  low  speeds  of  rotation  may  be  used. 

Although  this  expedient  obviates  the  flicker  difficulty,  it  does  not 
eliminate  the  most  serious  trouble  caused  by  rotation.  It  was  found 
that    at    constant   voltage    both   current   and   candIe-power_^have 
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Fig.  1. — Ratio  of  Current  with  Lamp  Rotating  at  Constant  Speed 
TO  Current  with  Lamp  Stationary. 


different  values  when  the  lamp  is  rotating  than  when  it  is  stationary, 
the  current  changing  in  one  direction  and  the  candle-power  always 
in  the  opposite  direction.  In  other  words,  there  is  a  change  in  the 
operating  efficiency  of  the  lamp,  although  the  voltage  remains  the 
same.  It  was  found,  further,  that  the  values  of  current  and  candle- 
power  may  be  either  increased  or  decreased  by  rotation,  depending 
upon  the  speed,  and  by  amounts  sufficiently  great  to  affect  seriously 
the  result  of  candle-power  and  efficiency  determinations. 

Experimental  Investigation  of  the  Variables. 

The  lamps  used  in  the  principal  experiments  described  below  were 
of  the  nitrogen-filled  450- watt  series  and  750-watt  and  1,000- watt 
multiple  types,  all  having  round  bulbs  with  the  filaments  centrally 
mounted. 

Measurements  of  voltage  and  current  were  made  simultaneously 
by  means  of  two  potentiometers.  The  rotator  was  supplied  with 
mercury-cup  connections  and  two  sockets,  so  that  the  lamp  could  be 
mounted  either  tip  up  or  tip  down.  The  rotating  mechanism  was 
under  perfect  control  at  every  speed,  which  was  determined  by  a 
specially  designed  indicator,  and  the  current  to  the  lamp  was  sup- 
plied from  a  storage  battery,  thus  ensuring  perfectly  steady  working 
conditions.  In  the  candle-power  measurements  use  was  made  of  the 
two-mirror  arrangement  described  above. 

A  few  rough  preliminary  tests  indicated  that  for  any  change  in 
speed  the  percentage  change  in  candle-power  was  at  least  several 
times  the  percentage  change  in  current,  but  always  in  the  opposite 
direction.  As  current  can  be  measured  with  considerably  higher 
accuracy  than  candle-power,  such  measurements  furnish  a  con- 
venient method  of  determining  approximately  the  variation  of  the 
candle-power.  It  was,  therefore,  decided  that  before  making  careful 
determinations  of  candle-power  it  would  be  advisable  to  make  a 
series  of  measurements  of  voltage,  current  and  speed,  varjdng  only 
one  of  these  quantities  at  a  time. 


-  •' hange* 

lueff  of 
o  twu  lampH. 


Current  Variation  at  Conotant  Speed  with  DirrwMMWt 

VoLTAGiSS. 

The  next  step  taken  was  to  determine  with  grp^* 
in  current  due  to  rotation  at  a  Hpe<-itif«l  «f»Mv|  ;,i 
voltage  through  a  wide  rant'e.     '1' 

the  7.50-watt  lamp  mentioned  ab=-. i.    ,     .,..tt  lamp,  both 

rated  at  116  volts.  Readings  of  current  corrt-»f>r,nflint;  to  a  choMO 
voltage  were  first  made  with  the  lamp  Ht   •  it 

rotating  at  a  .speed  of  ]')()  revs,  per  min.     Iii ._.   : —4et 

in  current  for  each  lamp  at  different  voltagcn  over  a  rafise  from 
0-5  volt  to  100  volts  were  obtainfd. 

The  results  for  both  lamps  rotated  tip  up  are  shown  by 
curve  of  Fig.  1,  values  obtained  for  the  7.50-watt  lamp  being  repce- 
sented  by  crosses  and  those  for  the  l,(XKi  '  '  The 

behaviour  of  the  current  in  these  two  lani]  -•  prac- 

tically identical  at  every  value  of  voltage  except  from  3  rohii  to 
8  volts,  which  is  a  critical  region.  It  Is  probabk-  •'  v  ven  within 
this  region,   these  curves   would   be  found  to  •  ;il.w   wen 

measurements  made  at  a  sufficiently  large  number  of  neighboaring 
points.  The  upward  indentation  in  the  curve  at  thi«  point  is  as  raal 
and  reproducible  as  any  other  part  of  the  curve. 
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Fig.  2. — Ratio  of  Current  with  L.\mp  Rotating  Tip  Dows  at 
Different  Speeds  to  Current  with  Lamp  Station.vkt  ;  Voltaob 

Constant  at  Different  Values. 


Upon  rotating  these  lamps  tip  down,  it  was  found  that  for  the 
same  speed  the  percentage  change  in  ciurrent  for  all  voltiiges  waa 
only  about  half  as  great  as  when  the  lamps  were  rotating  tip  up. 
The  values  for  the  1,000- watt  lamp  tip  down  are  given  by  the 
middle  cuive  of  Fig.  1. 

Current  Variations  at  Constant  Voltage  wttk  Different 

Speeds. 

In  order  to  investigate  further  the  behaviour  of  the  current  in^the 
critical  region  above  mentioned,  as  well  as  at  other  points,  n.easure- 
ments  of  current  at  constant  voltage,  with  variable  speed,  in  suc- 
cession at  different  values  of  voltage  were  nuule  on  the  l,lXK>-watt 
lamp  through  a  considerable  range  extending  as  low  as  0-5  volt. 
The  speed  was  varied  from  5  to  200  revs.  i>er  min..  the  lamp  being 
rotated  tip  dovnx.  The  results  of  tliis  tf  ^t  are  showii  in  Fig.  2.  The 
important  fact  indicated  by  these  curves  is  that,  its  the  speed  is 
increased  from  zero,  the  current,  at  constimt  voltage,  tirst  inoreasea 
to  a  maximum  and  then  decreases  to  the  stationary  value,  and  con- 
tinues decreasing  below  the  stationary  value  as  the  spoe<i  is  further 
increased.  (By  stationary  value  is  meant  (he  value  obtamed  wnth 
the  lamp  stationarv.) 

Upon  carefiJly  testing  all  available  450- watt  to  1.00C»-wjU£  lamps, 
including  botii  series  and  multiple  tyiKW  in  roimd  bulbs,  juid  one 
750-watt  lamp  in  a  straight-side  bidb,  it  was  foiuid  that  m  e\-ery 
lamp  while  rotating  with  the  tip  down  the  currvMU  at  constant 
voltage  returned  to  the  statiomu-y  value  at  a  s^khhI  between  33  and 
40  revs,  per  min.  This  held  true  through  a  wnsiderable  range  of 
voltage,  extending  above  and  below  the  normal  or  rattxl  value. 
y  Although  there  Wcis  a  considerable  differenv.-e  ui  the  speeds  reqiured 
for  lamps  having  different  numbers  of  loops  in  the  tUament.  it  was 
possible  to  find  for  every  lamp  tosteil  a  iwrticular  speed  at  which 
the  current  returned  to  the  stationary  value,  the  speed  bemg  m 
every  case  such  as  can  be  used  in  practice. 
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Voltage  Variation  at  Constant  Current  yrnra  Different 

Speeds. 

The  effect  of  rotation  on  voltage  was  determined  by  testing  a  few 
of  the  450-watt  lamps  tip  down  with  the  current  held  constant  at 
6-6  amperes  and  the  speed  varied  over  a  wide  range,  beginning  at 
5  revs,  per  min.  as  the  lower  limit.  For  every  lamp  it  was  found 
that,  as  the  speed  was  increased  from  zero,  the  voltage  first  decreased 
to  a  minimum  and  then  increased  to  the  stationary  value,  and  con- 
tinued increasing  above  the  stationary  value  as  the  speed  was  further 
increased.  In  other  words,  the  effect  of  rotation  uprin  the  voltage 
at  constant  current  was  opposite  in  sign  to  the  effect  ujxjn  the  cur- 
rent in  the  same  lamps  at  constant  voltage. 

Candle-power  Variation  at  Constant  Voltage  with  Different 

Speeds. 
The  effect  of  rotation  on  candle-power  was  verj-  strikingly  shon-n 
by  the  following  experiment :  The  voltage  was  so  adjusted  that  the 
filament  when  stationary  was  just  visible  in  a  darkened  room. 
Upon  rotating  the  lamp  at  a  speed  of  about  180  revs,  per  min.  it 
was  found  that,  although  the  current  decreased  in  value,  the  in- 
tensity of  the  light  largely  increased,  the  effect  being  greater  with 
the  tip  up  than  with  the  tip  down,  thus  corroborating  the  preliminary 
measurements  of  current  and  candle-power  at  higher  voltages.  With 
the  lamp  in  either  position  and  either  rotating  or  stationary,  the 
upper  loops  of  the  filament  glowed  more  brightly  than  the  lower 
ones,  thereby  indicating  a  considerable  difference  in  temperature 
between  closely  neighbouring  regions  of  the  gas. 
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Fio.  3. — Ratio  of  Current  and  Candle-i'ower  with  Lam  i*  Rotating 
Tir  Ui",  AND  also  Tip  Down,  to  Citrrknt  and  ("andlk-vowkk  respec- 
tively, wf-ii  l.,AMi"  Stationary  Tip  Down. 

Sinro  there  was  u  sjM'cd  al  which  th(>  iK)wor  c-oiisuniptioii  was  (ho 
same  as  when  the  Jainp  was  stationary,  it  w.-ts  considered  i)robable 
that  at  this  same  speed  the  candle-power  also  would  return  to  the 
statioiiary  value.  Tliis  led  to  a  series  of  siuuiltancouN  mca.sure- 
inents  of  current  and  relative  values  of  the  caiKlIc  jxiwcr  with 
voltage  constant  and  speed  varied  over  a  wide  rang<«. 

Results  obtained  in  this  way  with  the  7.V)  watt  lamp  ojKTated 
at  !K»  volts  arc  slinwn  by  the  curves  of  Kig.  U.  All  values  of  current 
and  candle-power  resiwetively  are  expressed  in  jK'reenlnges  of  the 
value  of  ea<-h  oblained  willi  the  lamp  stationary  and  th<- tij)  down. 
In  deternnning  llie  candle  |Hi\ver  witli  the  laniji  stationary.  rea<lingH 
were  tfl-ken  at  intervals  of  7-5  deg.  al)out  the  vertical  axis,  there  being 
a  total  of  48  determinations. 

Law  ok  the  Variations. 

The  results  of  thes*-  exji^'rinii-nts  uuiy  be  HUinmarised  a*)  follows, 
in  which  the  voltage  is  to  be  n'ganled  as  eon.stant : — 

J.  With  the  lamp  stationary.  l)oth  current  and  candle-|)ower  have 
higluM-  values  wlien  the  lamp  is  moimt'-d  tip  up  than  when  it  is 
mounted  ti])  down. 

2.  Rot^ation  of  the  lamp  causes  lK)th  ennvnt  and  randle-p<»wer 
t/O  change  in  value  but  in  op|iosite  direct ion.^.  the  change  in  JKilh 
beuig  about   twice  as  great  wlicn  the  tiji  is  >ip  as  when  it  is  down. 

3.  As  the  speed  is  increa.sed  from  7,em  the  current  first  incnvi-ses 
to  a  maxinimn  and  then  returns  to  the  value  it  has  when  the  lamp 
is  stationary,  ami  conlii\ues  decreasing  iielov  this  value  as  the  spee<l 
is  furtluM-  increased.  The  candle-iwwer  varies  in  the  opixjsito 
direction. 

4.  For  each  position  of  the  lamp  there  is  a  iiarticular  speed  at 


which  both  current  and  candle-power  have  each  the  same  value 
as  when  the  lamp  is  stationary-,  the  speed  at  which  this  occurs  being 
practically  the  same  for  all  lamps  having  the  same  number  of  loops 
in  the  filament.  For  lamps  having  different  forms  of  filament 
mounting  the  speed  for  the  above  condition  varies  from  lamp  to 
lamp,  being  highest  for  those  having  the  smallest  number  of  loops. 

Two  Photometric  ^Iethods. 

For  groups  of  lamps  having  the  same  form  of  mounting,  and 
therefore  the  same  reduction  factor,  the  method  of  rotation  is  jter- 
fectly  satisfacton,'  in  determining  relative  candle-power  and  efficiency 
ratings,  and  practically  the  same  speed  maj'  be  used  for  all  lamps  of 
the  group.  However,  this  method  presupposes  a  knowledge  o^  the 
reduction  factor,  which  for  gas-filled  lamps  in  general,  as  now  made 
in  the  present  more  or  less  experimental  stage  of  manufacture,  varies 
considerably  from  lamp  to  lamp,  principally  on  accoimt  of  the  great 
variety  of  methods  of  mounting  the  filament. 

Total  Flux  Method. 

For  the  determination  of  the  voltage-current-candle-power 
characteristics  the  sphere  has  no  particular  advantage  over  the 
method  of  rotation,  and  has  the  possible  disadvantage  in  that,  if  the 
coating  of  the  sphere  is  not  perfectly  non-selective,  the  ratio  of  the 
candle-power  at  different  voltages  ma}-  be  more  or  less  affected  by  a 
change  in  the  absorption  of  the  light  at  the  different  colours. 

Then  follows  a  discussion  of  the  possible  errors  and  a  subsidiary 
investigation  of  the  causes  of  the  phenomena. 

A  Probable  Explanation  of  the  Cause  of  the  Variations 

Observed. 

The  results  of  the  above  tests  show  quite  conclusively  that  prac- 
tically the  whole  of  the  effect  ob.served  in  the  change  in  current, 
candle-power  and  specific  consumption  arises  from  a  change  in  the 
convection  currents  of  the  gas  within  the  bulb.  '  ■{ 

When  the  lamp  is  stationarj-  there  is  a  considerable  difference  in 
temperature  between  the  gas  at  the  top  and  bottom  of  the  bulb. 
Very  low  speeds  of  rotation  disturb  the  steady  current  of  hot  gas 
which  is  rising  in  the  centre  and  flowing  down  at  a  distance  from 
the  axis.  The  result  is  an  increase  in  heat  convection  by  the  gas, 
and  con.sequently  a  lowering  of  the  temperature  of  the  filament.  As 
the  filament  has  a  positive  temjierature- resistance  coefficient,  the 
resistance  decreases,  and  consequently  the  current  increases  at 
constant  voltage.  At  high  values  of  voltage  the  mean  temperature 
of  the  gas  is  higher  than  at  low  voltage,  consequently  the  temix-rature 
of  the  filament  is  reduced  in  a  lesser  degree  by  rotation,  and  the 
change  in  current,  though  positive,  is  less  at  liigh  than  at  low  voltage. 

On  the  other  hand,  when  the  lamp  is  rotated  at  high  sjieeds  the 
cooler  gas  at  the  lx)ttom  of  the  bulb  is  thrown  out  by  centrifugal 
force,  which  varies  as  the  square  of  the  s|K»ed.  and  the  hot  gas  tends 
to  remain  near  the  centre,  thus  considerably  retjvnling  the  convection 
currents  which  cool  the  filament.  The  result  is  an  increa.se  in  the 
resistance  of  the  filament  jvs  a  whole  and  a  decrease  in  the  value  of 
the  current.  At  high  voltages  the  mean  temixirature  of  the  gas  is 
higher  than  at  low  voltage,  and  the  retarding  effect  due  to  cen- 
trifugal force  is  decrejused  ;  hence  the  change  in  current  due  to 
rotation  is  less  than  at  low  voltages. 


ARCS  IN  GASES  BETWEEN  NON-VAPOURISING 
ELECTRODES.* 

BY.  O.  M.  .1.   MACKAY  and  C.  V.  FERGUSON. 

By  using  tunesten  elect nwles  it  ha,s  l^fvn  found  ]xis.sible  to  construct 
ares  carrying  !(•  to  20  Jim|»eres  which  will  act  as  rectifiers  of  alternat- 
ing current.  iK-sidi-,''  having  a  life  of  many  hundreds  of  hours.  In  the 
nitrogen- tilled  lamp,  which  operates  at  alniut  2.8WK.  and  the 
va|)our  pressur.  is  3  >  10-^  mm.  aj>pn)ximately.  the  lo.'^s  of  tungsten 
sef-ms  extn-mely  small,  and  is  arcount«Ml  for  by  it,s  evajxiration  at  the 
high  temivratiire.  It  apjXNtrs  .-vIho  that  tungsten  is  carried  in  the  arc 
stream  from  anrnle  to  cathotle. 

In  Fig.  1  there  is  shown  the  volt-amjx>re  ehamcteristic  for  an  are  in 
hy(ln»gen.  and  it  will  Ih>  noticed  there  is  .an  un.stable  jxirtion  at  A, 
where  the  discharge  changes  from  an  almost  invisible  glow  to  a  very 
concent rato<l  are  discharge.  Other  ga.s<»s,  such  ivs  nitrogen  .and 
argon,  <lo  not  show  sudi  well-deline<l  |x»int,s  of  instability.  Although 
thin  the  are  is  clearly  defined  and  it,s  power  consumption  verA-  high, 
ivn  are  1  mm.  long  and  O-.'j  mm.  diameter  taking  7(Xt  watts  and 
ojx^rating  at  2."»  «mix>res  and  28  volts.  This  jjower  consumption  is 
pmbably  due  to  the  diHsocialion  of  the  m.-itori.al  into  atoms. 

Ra]iiil  evajx>ratinn  of  the  substance  does  not  apjiear  to  affect  the 
charactenstiCM  of  the  are  in  any  way.  and  spectroscopic  examination 

•  Abtitract  of  an  article  in  the  "Journal''  of  the  Franklin  Institute. 
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of  various  arcs  show  that  in  many  cases  it  forms  none  of  the  con- 
ducting mechanism.  Heating  the  cathode  reduces  the  voltage 
necessary  to  start  an  arc ;  an  arc  in  hydrogen  1  mm.  long^will  .start 


ouu 

1 

j 

1 — ' 

400 

300 

-A 

200 

\ 

^ 

100 

A 

Nj 

s 

X 

--. 

B 

^ 

— 

0 

15 


20 


0  5  10 

A  mperes. 

Fig.  1. — Chaeacteristic  of  Ako  m  Hydrogen  at  400  mm.  Pressure 
BETWEEN  Tungsten  Electrodes  1  mm.  apart. 

with  a  heated  cathode  in  400  volts,  whereas,  if  cold,  it  requires  some- 
thing like  4,000  volts. 

The  wave  shapes  in  the  figure  show  that  the  voltage  necessary  to 
start  the  arc  from  the  hot  cathode  is  no  greater  than  the  fall  of 


Mydnogen. 


Fig.   2. — Instantaneous   (60   cycle)   Characteristics   of  Arcs  in 
Different  Gases.     Effective  Values  of  Volts  and  Amperes. 
Volt .     Ampere 

potential  on  the  arc  itself.  Under  suitable  conditions  aU  these  arcs 
give  complete  rectification ;  but  gases  such  as  hydrogen  rectifies  well 
at  high  and  low  pressures,  whereas  argon  works  better  at  pressures 
less  than  10  centimetres. 


A  METHOD  OF  EXHIBITING  THE  VELOCITY  OF  IODINE 
IONS  IN  SOLUTION.* 


BY   S.    W.    J.    SMITH,    M.A.,    D.Sc-,   F.E.S. 


containing 


The  apparatus  is  represented  in  the  diagram.  The 
vessel  is  a  (J-tube  with  widened  ends  as  shown.  The  diameter  of  the 
tube  may  be  about  0-5  cm.  or  less.  The  cross-section  of  the  tube 
should  be  fairly  imiform.  Either  25  cm.  or  50  cm.  is  a  convenient 
(total)  length  for  the  tube  if  it  is  desired  to  use  it  in  connection  with 
an  ordinary  lighting  circuit  voltage  of  100,  or  thereabouts,  and  to 
obtain  a  rapid  estimate  of  the  velocity  of  the  ions.  The  electrodes 
(at  A  and  B)  are,  preferably,  of  platinum  foil.     The  liquids  used  are 

*  Abstract  of  Paper  read  before  the  Physical  Society  of  London. 


equally  concentrated  solutions,  containine— e.y.,  either  0-2  gm.  or 
0-1  gm.  mol.  per  litre,  of  pota-  !e  and  potassium  io^lide 

respectively.     The  novelty  of  ti  ^  .  nt  lie«  in  the  oitrthod  of 

exhibiting  the  line  of  separation  between  the  Holutioiu.  For  this 
purpose  a  small  quantity  of  mercuric  chloride  '  >■  Bubiimate) 

is  dissolved  along  with  the  KC'l.      In  the  end'  ro  m*intAin 

symmetry  an  equal  quantity  of  the  same  salt  may  be  added  to  the  KL 

In  this  case  a  thin  yellow  disc  of  mercurl-       '   '  !  bv 

the  action  of  the  KI  upon  the  HgCT.  coii  -Aii] 

appear  at  the  junction  between  the  electrolj-tes. 

When  the  line  of  .separation  has  become  well  d- '■      '   ■  ]'- 

at  A  and  B  are  connected  to  the  source  of  sup;  -  .j.g 

made  the  anode.  The  boundarj'  at  C  immediately  begins  to  moTe 
upwards.  It  travels  as  an  extremely  thin  horizontal  disc,  which 
can  be  located  very  accurately  and  projected  with  ease.  And  the 
disc  will  move  at  speeds  of  the  order  of  I  mm.  per  minute,  so  that  its 
motion  can  be  followed  without  difficulty  by  a  large  audienr^e,  and  an 
approximate  estimate  of  its  velocity  can  be  obtained  in  a  few  minutes. 

A  table  giving  the  results  of  an  experiment  then  follows,  and  it  is 
remarked  that  the  possibility  of  obsening  the  reverse  motion  of  the 
ions  is  due  to  the  yellow  coloration  produced  by  chlorine  ions  which 
decompose  a  fraction  of  KI. 

The  solutions  (as  in  the  previous  case)  contained  0-2  gm.  mol.  per 
litre.  The  following  are  the  results  of  an  experiment  made  to  obtain 
an  estimate  of  velocity  under  the  potential  gradient  of  1  volt  per 
centimetre  at  a  definite  temperature.  The  distance  traversed  by  the 
line  of  separation  during  the  first  half  hour  of  the  experiment  (measured 
by  means  of  a  small  cathetometer)  was  4-13  cm.  The  di>tance 
traversed  in  the  second  half  hour  was  4-53  cm.     The  differenc-e  was 


KCl 


m 


KI 


Ky 


Arrangement  of  Apparatus. 

probably  due  mainly  to  a  higher  mean  temperature  in  the  second 
half  of  the  experiment.  On  this  occasion  an  ammeter  was  included 
in  the  circuit.  The  reading  rose  slowly  during  the  observations!. 
Its  mean  value  during  the  hour  was  003  ampere.  The  specific 
resistances  of  the  electrolytes  were  measured  at  10°C.  (the  temperature 
of  the  room)  just  before  th'*  tube  was  filled.  The  mean  value  was 
approximately  55  cm.  ohms.  The  value  of  the  ciurent  immetliately 
after  the  circuit  was  completed  was  0023  ampere.  The  area  of 
cross-section  of  the  tube  was  about  0-31  sq.  cm.  Hence  the  initial 
potential  gradient  in  the  tube  was  approximately  41  volto  per 
centimetre,  and  the  velocity  of  the  anions,  iodine  and  chlorine, 
as  determined  in  this  way,  is  about  000059  at  25'C'.  in  cm.  per  sec. 
per  volt  per  cm.  If  accurate  and  not  rapid  detorminations  were 
required  much  smaller  potential  gradients  coidd  be  employed. 

The  author  concludes  by  referring  to  tl ..  solutions  xisetl.  and  their 
conductivities  and  concentrations.  It  is  also  mentionetl  that  a 
small  quantity  of  AgNOj  might  be  added  to  the  KCI  solution,  and 
redissolving  the  precipitate  by  XH^OH.  The  Agl  fornieil  during  the 
experiment  being  insoluble  in  NH^OH  then  j\cts  as  an  mdioator.and 
the  progress  of  the  ions  may  be  watchcJ  <is  Ivlore.  It  L>;  found, 
however,  that  this  method  is  not  so  satisfactory  as  the  one  mentioned 
above. 
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THE  ARCHITECT  IN  RELATION  TO 
ELECTRIC  LIGHTING. 

It  has  been  a  common  complaint  that  the  architect  has 
asually  constructeci  his  buildings,  quite  irrespective,  of  the 
rcfjuirements  of  the  electrical  contractor.  Perhaps  it  is 
onlv  natural  that  this  should  be  the  ca.se.  The  architect 
i.~  largely  concerned  with  art,  even  though  this  may  be  of 
the  kind  that  has  been  debased  by  utilitarian  needs,  so  that 
very  little  art  in  many  cases  remains,  and,  therefore,  he  is 
liable  to  put  aside  the  requirements  of  special  trades.  It 
is  true  that  in  the  larger  buildings  special  provision  is  usually 
made  for  the  running  of  pipes  for  the  supply  of  water,  for 
steam  heating  and  possibly  for  ventilation.  But  as  a  rule 
the  electric  conduits  are  left  to  take  their  chance. 

It  mioht  be  thought  that  these  reflections  were  only 
aj)j)licable  some  years  ago.  This,  however,  is  by  no  means 
th<'  case.  In  fact  it  may  be  said  that  the  requirements  of 
electric  wiring  are  even  more  neglected  at  the  present  day 
than  they  were  some  20  years  ago,  though  it  must  be  ad- 
mitted that  the  neglect  now  is  more  in  matters  of  detail. 
Perhaps  this  is  because  electricity  is  carried  in  less  obvious 
fa.shion  than  gas  or  water,  and  the  wiring  contractor  is 
supposed  not  to  require  any  special  facilities.  Be  that  as 
it  may,  the  fact  remains  that  methods  now  used  in  building 
construction  make  the  work  of  the  wireman  much  more 
difficult  than  formerly.  As  an  example,  we  may  take  the 
cellular  form  of  floor  construction  which  is  frequently  used  in 
fireproof  buildings.  In  such  cases  the  thickness  of  material 
is  not  sufficient  to  permit  the  cutting  of  chases.  And  yet 
it  may  be  that  the  floor  is  finished  off  in  such  a  way  that  a 
chase  would  be  the  only  reasonable  method  if  circumstances 
would  permit.  Similarly,  the  plaster  on  such  a  ceiling 
"ives  but  slight  facility  for  the  concealment  of  work. 

Again,  in  the  case  of  partitions,  the  older  lath  and  plaster 
has  given  way  to  artificial  slabs  made  of  slag  and  similar 
materials.  The  thickness  without  the  surface  plaster  is  not 
much  over  2  in.,  so  that  the  cutting  of  chases  becomes  a 
somewhat  delicate  matter.  There  are  also  other  cases  in 
which  the  space  available  is  in.sufhcient  for  the  concealment  of 
conduit  and  where  wood  casing,  as  an  alternative,  is  scarcely 
permissible.  The  only  systems  of  wiring  which  lend  themselves 
easily  to  such  work  are  Henley's  or  Stannos.  Of  course, 
standard  practice  demaniLs  the  use  of  .screwed  conduit,  but 
where  the  difficulties  we  have  mentioned  above  are  encoun- 
tered, steel  conduit  may  necessitate  the  adoption  of  devices 
that  are  preferably  avoided.  What  it  amounts  to  is  that 
surface  work,  on  the  one  hand,  is  inadmissible  for  aesthetic 
rea.sons,  and  on  the  other  hand  it  alone  is  permissible  if 
standard  practice  is  to  be  adopted. 

The  problems  of  illumination  are  also  among  those  which 
th<'  architect  has  generally  omitted  to  consider  to  the  extent 
they  merit.  Daylight  illumination  is  essentially  in  the 
hands  of  tlu*  architect,  but  the  efliciencv  of  artificial  illumina- 
tion also  often  dej>ends  upon  the  architectural  features. 

It  would  \m^  well,  therefore,  if  the  architect  in  his  designs 
would  l>ear  in  mind  rather  more  the  problems  that  he  may 
unwittingly  force  upon  the  consultant,  the  wiring  con- 
tractor or  the  illuminating  engineer.  A  general  knowledge 
of  the  principles  underlying  electric  wiring  and  illumination 
shoidd  prevent  .some  of  these  difticultie^.  We  say  a  "  general 
knowledge  ""  becati.se  we  do  not  think  it  necessary,  or  ex- 
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pedient,  that  the  aichitpct  should  attempt  to  know  all  the 
ins  and  outs  of  electrical  work.  Any  such  attempt  mi.<,'ht 
lead  him  into  a  false  position.  There  is  enough  in  archi- 
tecture alone  for  one  professional  man  to  master,  and  he 
will  find  it  best  to  leave  the  carrying  out  of  electrical  work 
to  the  electrical  profession. 


THE  DETERMINATION  OF  THE  DIMENSIONS  OF 
COMMUTATORS. 

BY  THOMAS  CARTER. 

Summary. — The  article  shows  how  to  develop  an  expression,  simple  in 
form,  which  denotes  the  watts  lost  in  friction  and  brush  contact  drop  on  a 
commutator.  After  a  short  introduction  (I.)  and  a  discussion  of  relations 
between  the  physical  constants  concerned  (II.,  III.),  an  elementary  form 
of  the  expression  is  given  (III.)  ;  then  a  more  developed  form  is  arrived 
at,  applicable  to  slii)-rings  as  well  as  to  commutators  (IV.).  This  is 
further  discussed  for  commutators  only  (V.),  and  two  final  forms  are 
given  which  show  how  the  dimensions  of  a  given  tyjie  of  commutator  can 
be  determined  for  a  given  output  from  the  known  characteristics  of  the 
brushes  used,  the  permissible  rise  of  temperature,  and  other  specified 
quantities  ;  and  when  the  commutator  dimensions  are  settled  the  brush 
dimensions  can  be  settled  also  (V.).  The  effect  on  the  length  of  a  com- 
mutator of  using  various  types  of  brushes  is  shown  both  in  symbols  and 
in  curves,  three  widely-separated  classes  of  brushes  being  considered 
(VI.,  VII.),  and  the  results  are  illustrated  by  numerical  examples  (VIII.). 
After  showing  how  to  calculate  from  simple  expressions  the  weight  of 
copper  and  the  weight  of  mica  in  any  commutator  (IX.),  the  article 
closes  (X.)  with  a  statement  as  to  its  .scope. 


I. 

As  a  labour-saving  device  in  a  design  office,  a  simple  formula 
for  determining  the  dimensions  which  a  commutator  must 
have  in  order  to  dissipate,  without  overheating,  the  losses 
inseparable  from  the  collection  of  current  is  of  great  use,  more 
especially  for  the  purpose  of  estimating  the  cost  of  large 
machines.  Small  standardised  machines  generally  have  fixed 
commutator  dimensions,  sometimes  ample,  sometimes  barely 
sufficient,  according  to  the  current  to  be  carried  ;  but  in  special 
cases,  even  in  small  machines,  as  when  a  very  low  voltage  and 
high  current  generator  is  required  for  electrotyping  or  electro- 
chemical work,  the  commutator  size  will  have  to  be  carefully 
considered.  In  getting  out  large  and  less  rigidly  standardised 
machines,  however,  it  is  worth  while,  owing  to  the  weight  of 
copper  involved,  to  investigate  separately  each  case  for  itself, 
and  fix  the  dimensions  to  suit  the  circumstances  of  the  output. 

The  foimula  about  to  be  developed  is  merely  a  symbolic 
statement  of  the  losses  which,  occur  as  a  consequence  (a)  of  the 
motion  of  the  revolving  surface  under  the  brush  contact  sur- 
face, and  (h)  of  the  passage  of  current  from  the  revolving  sur- 
face into  the  brush,  or  vice  versa,  through  the  contact  surface. 
The  loss  in  the  brush  itself  is  usually  neghgible  in  comparison 
with  the  contact  loss.  It  is  assumed  that  the  current  density 
in  the  brush  contact  surface  is  uniform,  which  is  not  always 
even  approximately  the  case  :  the  nature  of  the  consequences 
of  want  of  uniformity  is  indicated  later.  The  cause  of  variable 
contact  density,  which  occurs  in  a  circumferential  direction,  is 
that  commutation  is  not  ideal,  and  the  designer  must  allow  for 
this  according  to  his  experience.  In  other  words,  a  formula 
coveriuu;  all  vaiialiles  cannot  be  put  down  ;  which  is,  ]»ciliii|is, 
a  ble;>ang  in  diogui.se,  aa  otherwise  the  art  of  deoig!)ing  wuulil  be 
reduced  to  the  mechanical  grinding  out  of  results  from  fixed 
and  unalterable  premises,  with  no  room  for  nice  judgment, 
although  it  may  be  said,  on  the  other  side,  also  with  no  room 
for  unpleasant  yuiprioCt;. 

II. 

The  symbols  used  are  as  follows:,  the  formula  being  made 
applicable  to  commutators  or  to  slip-rings  in  its  general  form  : — 
*4=Total  area  of  all  brushes  used  in  any  given  case. 
>S=Peripheral  speed  in  feet  per  minute  of  the  revolving 

surface. 
P=  Pressure  of  brush  on  revolving  surface  in  pounds  per 

square  inch. 
^<=Coefiicient   of   fricticm    between   brush   and   revolving 
surface. 


C— Current  per  complete  nttt  of  bruHh*-*  -  '     '^ — -^al 

pole— J.C.,  armature  current,  in  a  r-  •  nt 

machine  ;    or,  if  the  formuU  be  iwed  for  slip-rings, 

current  dealt  with  on  each  rinj;. 
F     Dnjp  in  volts  required  to  wnd  C  through  each  bnwh 

contact  acro.s.s  whi/rh  it  pa.H.-5e.s. 
A— Cunent  density  in  amperes  per  square  inch  in  brush 

contact  .surface,  as.sunu'd  m   ' 
Z>— Diameter  of  revolving  surfa'f  .  .  ...  ..••.s. 

L=: Axial  length  of  revolving  surfaces  in  inches. 
iV=Revs.  per  min.  of  revolving  surface. 
g=\umber  of  separate  bru.sh  contacts  across  which  C  has 

to  pass. 
»t=Ratio  of  axial  length  of  revolving  surface  to  axial 

length  actually  occupied  by  bru.shes. 
23=Number   of   pairs   of  poles   on   a  continuous-current 

machine,  it  being  assumed  that  there  is  one  row  of 

bru.shes  per  magnetic  pole,  so  that  there  are  p  rows 

in  parallel  per  electrical  pole,  carrv'ing  C. 
17  =  Width  of  each  bioish  used,  measured  axially. 
T=Thickness  of  each  brush  used,  measured  circumferen- 

tially. 
J5=Number  of  bni.shes  in  a  row  in  a  continuous-current 

machine. 
K=A  heating  constant,  being  the  rise  in  degrees  Fahrenheit 

of  the  revolving  surface  above  the  temperature  of 

the  surrounding  air  for  1  watt  loss  per  "  equivalent 

square  inch  "  of  revolving  surface. 
i?=Temperature  rise  in  degrees  Fahrenheit  of  the  revolving 

surface  above  the  temperature  of  the  surrounding  air, 

due  to  the  total  losses  dissipated. 

There  are  certain  obvious  relations  between  some  of  these 
symbols.  C'/A  is  the  area  required  to  carry  the  current  at  the 
density  suitable  for  the  selected  type  of  bm.sh.  This  area  may 
be  made  up  of  a  number  of  small  areas  in  parallel,  such  as  tho.se 
of  a  row  of  brushes,  or  of  p  rows  of  bmslies  on  a  continuou."*- 
current  armature.  As  the  current  C  has  to  pass  q  times 
between  the  revolving  surface  and  the  bi-ushes  in  any  collecting 
arrangement,  A=qCj^. 

q=2  for  a  continuous-current  commutator. 
=2  for  single-phase  slip-rings. 

=2  for  shp-rings  of  the  revolving  field  of  an  alternator. 
=3  for  three-phase  slip-rings. 
=4  for  four-wire  two-phase  slip-rings. 
=6  for  six-phase  slip-rings. 

For  a  three-wire  two-phase  syst'-m  one  ring  carrier  \  2 
times  as  much  current  as  each  of  the  other  two  rings,  and  due 
allowance  must  be  made  for  this  in  Cotimating  q  for  such  a  case. 
If  A  be  constant  for  the  'niishes  on  each  ring.  .-1  will  be  coire- 
spondingly  greater  for  the  ring  carrying  the  larger  current  than 
for  each  of  the  other  two,  so  that  q  would  be  2-f  ^  '2,  or  3-414. 
This  may  involve  a  wider  ring  for  the  larger  current,  unles.*  each 
ring  is  made  capable  of  carrying  the  maximum,  or  unless  the 
arrangement  is  such  that  heat  transference  between  the  rings 
is  possible,  owing  to  their  radiating  the  losses  as  a  whole,  and 
not  individually. 

S  7(I)S  VI  ;  III  de|»cii(ls  on  the  ly;.e  ••[  \m\A\  holder  u.-s.-<I. 
being  about  1-U»  for  damped  larbon;^  which  can  be  ;>et  ahi-'  ' 
touching  each  other  sideway, ,  MG  for  carbons  in  a  box  holdiUj; 
several  side  by  side  without  a  divicion,  and  1-2  for  tarb-'.>. 
each  in  its  own  box  tv-pe  holder ;  that  is  tc  say,  for  a  gi\  tr: 
available  commutator  length,  (he  length  of  brush  contact 
surface  that  can  be  employed  is  always  less  thini  L.  and  is 
I  MO,  L  lUi.  and  L  1-22  rc.qiectivelv  for  the  three  tvpeo  of 
brush  holders  mentioned,  which  comprise  the  principal  broadly 
classified  varieties. 

III. 
The  dissipating  surface  is  taken  as  merely  the  cyUndrical 
surface  of  the  revolving  part,  namely.  :xDL.  In  the  case  of 
a  commutator,  L  is  the^free  length  between  the  arms,  if  any, 
and  the  outer  end  of  the  copper.  In  the  case  of  slip-rings.  L 
may  be  something  quite  different  from  the  mere  total  axial 
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lengtli  ul  lings  employed.  Air-iiiBulatcd  ring.s,  for  instance, 
may  have  a  dissipating  surface  much  greater  than  would  be 
indicated  by  axial  length  only  ;  and  partly  because  of  the  great 
vaiiety  of  types  of  slip-ring  mountings,  and  partly  bef-ause 
alternating-current  motors  in  a  standard  line  generally  have 
fixed  sizes  of  slip-rings,  as  the  rotor  currents  are  more  or  less 
fixed  for  the  various  frame  sizes,  the  general  fonnula  will  be  got 
out  for  both  slip-rings  and  commutators,  but  will  be  Ifft  there 
as  far  as  slip-rings  are  concerned,  and  develojied  further  for 
coinmutators  only. 

It  will  be  noted  that  in  defining  A',  the  exjiression.  "'  equiva- 
lent square  inch  "  of  revolving  surface,  is  used.  This  means 
that  TiDL  is  not  used  alone  in  the  formula,  but  a  ventilation 
factor  also  comes  in,  which  is  unity  at  standstill,  and  increa.ses 
as  the  value  of  »S'  increases.  Many  varieties  u[  formul;i'  for  this 
fac^tor  have  been  proposed,  but  one  of  the  simjilest  fomis,  and  a 
sufficiently  accurate  one,  is  the  well-known  1  |  (l-lr.  wlu'if  »' 
is  the  perijiheral  speed  in  metres  ])er  second.  Since  1  metre 
per  second  is  CiH  / '.iU-'M  ]2  practically  2()(J  ft.  per  minute,  the 
above  expressi(»n,  with  »S  introduc.etl.  becomes  1-+-0-1.S  2()0.  or 
1 -)--S72.(MM),  or  (.St2.<»(K»)  2.(HM».  The  "  npiivalent  surface" 
is  then  7iI)L(S  }  2.()(M))^2.(»(KK  which  means  tliat.  as  N  increases, 
the  tem})(!rature  rise  for  a  given  loss  per  actual  scpiare  inch  of 
TiDL  diminishes  in  the  ratio  (.S"-f  2,00U)/(S"+2,(MK>).  where  S' 
is  the  old  speed,  and  .S"  the  new  and  greater  speed.  The  watts 
})er  e(juiva|ent  scjuare  indi  are  thusgi\en  liv  dividing  the  t<»tal 
watts  by  7r/>>Z/(,S'  f  2,(M)U)  2,()(M),  and.  since  A'  is  the  temperature 
rise  in  degrees  Fahrenheit  for  1  watt  per  ecpiivalent  square 
inch,  the  fonnula  for  temperature  rise,  in  its  mo.st  elementary 
form,  IS       j^     A' y  total  h).ssea/.'7/.>/>(.S  !  2.0(H»)  2,(HK). 

It  should  he  noted  that  A'  depends  on  tlie  units  chosen.  The 
total  losses  do  not  dejiend  (»n  these  units,  as  they  will  always  be 
measured  in  watts;  and  the  ventilation  factor  is  a  pure  multi- 
plier, so  tliat  A'  dejx'iids  on  tlie  units  of  tem])erature  and  h-ngtli. 
Should  tliese  be  changed.  A',  as  regards  its  numerical  value, 
will  vary  inversely  as  the  s(|uare  of  the  unit  of  length,  and  also 
inversely  as  tlie  unit  of  tenii)erature.  Thus,  if  centimetres  and 
degrees  centigrade  be  used  instead  <»(  iiu  lies  and  degrees 
l''alirenlieit,  then  since  1  cm.  is  l;2-r)4in..  and  TC.  is  9/5°F.. 
K  for  the  new  units  will  be  2-54^x5/9=3-6  times  A'  for  the  old 
units. 

1\. 

The  «omposition  of  tlie  total  losses  mu.st  now  he  determined. 
They  consist,  as  has  already  been  said,  of  friction  losses  and 
contact  drop  losses.  Fri(  tioii  Iclshcs  are  given  l)y  the  product 
o[  :  Total  area  of  briislies  used  in  scpiare  indies.  ]tres.sure  ]»er 
S(piare  inch,  coelhcient  of  friction  (tlies**  three  giving  the 
tangential  force  at  the  revolving  surfa<'e,  in  pounds),  and  peri- 
pheral speed  ill  feet  |»el  iiiiiiiite  (this  giving,  with  the  previous 
three  (actoi-s.  the  foot-poiindH  per  minute  to  he  di.vsipati-d). 
If  this  be  iliviiled  hy  ."i'LiKKt.  ami  multiplied  by  746,  the  friction 
h)ss  is  then  giv«'n  in  watts.  This,  in  .symbols,  givi's  frittitui 
lo.ss  /l/'//.S' '  7lt)  .'1.'{,(KKI  watts.  Kmm  what  has  been  said 
already,  this  is  the  .same  as  ((/('  A)/'/<N  -  74»1  .'J.'l.dtMl  watts. 
The  contact  drop  hiss  is  simpiv  qVl'  watts,  and.  therefim'.  the 
total  hiss  is  yr|(/'/*.S'>  74ri  3;'".(KH»A)  |  F}. 

'iC'il'/tS  •  7 1<;  :vt.(KK)A)f  r) 

.-7/>A(N  1  2.(MK»)/2.(KK)  ' 

or    UDLjqKC'    [(I'fiS    7 KI/.'ia.iMMiA)  f  V,  '.t(.s'  I  2.(MM>);2  (mki 
^  ;(/>iSx74r)X2.(MHi,:W,tHMt.7A)  i  2.(mm»|\.7,   (S  ,  2.(Mm>). 

This  means  that  L  is  known  in  tenns  of  known  or  specified 
ipiantities.     The  expression  reduces  to 

HDi  '//<('     (I  I   l/'//.S'  A  ♦  tmi)  (.S  \  2,<HH»). 
which  is  a  perfe(lly  giiieml  fonniihi.  applicable  to  slip  ring-« 
or  fo  cominiitators.  hearing  in  mind  wluit  \\.\-  .dunilv  Ihtii  smuI 
iihoiit  A  and  (j  f<ir  the  ca.se  of  slip-rings. 

\ 
Investigating  this  further  for  commutators,  and  ron.'rquenlly 
inserting  3  for  (/.  the  expression  become,<> 


This  can  be  put  into  a  somewhat  different  form.  The 
right-hand  side  contains,  in  addition  to  quantities  depending 
vn  the  physical  properties  of  the  brush  chosen,  only  >S',  which 
depends  only  <»n  D  and  X.  Now,  D  is  generally  a  standard 
dimension  for  a  given  frame  size,  and  is,  therefore,  readily 
ascertainable.     Dividing  both  sides  of  (1)  by  D  gives 

RLKC=(2S-8PfiSjDl  + 1 ,274 F  Z))/(.S'+2,000) 

=(28-8P/crA712A+l,274F/Z))  (.-tZ).Y/12+2,000) 
{NPfi  /  A + 1 ,274  X 1 2  T'  /  2S-S7iDl_ 


PL  h'c^ 


12.-tZ).V/28-8  X  12.-T+2,000  X  12/28-8:?r" 
.V/^/,A-fl69F/Z) 


(2) 


hence 


/.'     A 


U•03474Z)^^+265•5 

Whichever  of  the.4e  two  forms  is  found  to  be  the  more  con- 
venient may  be  used,  as  they  are  equivalent  to  each  other.  Of 
the  (juantities  on  the  left-hand  side,  B  is  specified,  or,  if  not, 
has  .some  recognised  limiting  value,  such  as  72°F.  ;  C  is  speci- 
fied, and  K  is  known  from  experience  for  the  tyi>e  of  commu- 
tator used.  On  the  right-hand  side  occur  P.  it,  A  and  F,  all 
of  which  are  data  siipjilied  bv  the  makers  of  the  brushes  used  : 
S,  in  (1),  is  known  from  1),  which  is  given  by  the  frame  size  of 
the  maciiine,  and  -Y,  which  is  specified  :  D  and  A'  occur  directly 
in  (2). 

Ther<*fore.  L  is  known  when  K  is  known  :  and  here  occui"s 
a  considerable  difficulty.  K<ir  jiound,  inch  and  degree  Fahren- 
heit units,  A'  varies  generally  between  20  and  50,  the  former 
value  being  <»btainable  in  very  well-ventilated,  .short,  open 
commutators,  while  the  latt?r  limit  is  approached  in  the  case 
of  commutators  having  just  the  opposite  characteristics.  No 
general  rule  can  be  given  ;  this  again  is  a  case  where  each 
designer,  knowing  his  own  line  of  macliines,  will  be  able  to 
insert  suit  aide  values  from  experience,  after  a  few  trials  from 
actual  resulta  to  show  approximately  where  each  type  of  com- 
mutator used  lies  on  the  range  2n  .50.  It  is  likely,  too,  that 
machines  with  interpoles  will  be  found  to  have  A  less  than 
tlio.se  without  inteipoles.  a,s  the  commutation  los-^es  referred  to 
earlier,  which  are  not  included  in  the  general  formula  developed 
above,  must  be  accounted  for  by  A',  and  correctly  designed 
interjioles  will  reduce  the.se  hisses.  The  value  of  A  even 
depends  on  L  itself  to  some  extent,  particularly  where  there 
is  a  considerable  radiating  surface  in  the  <'oinmutator  ai-ms. 
This  has  not  been  included  in  the  radiating  surface  introduced 
into  the  f<irmula,  and  as  it  becomes  a  less  ]ir«)portio(i  of  the 
total  a.s  L  increase's.  A'  will  tend  to  increase  as  L  increases. 
It  is,  therefori'.  a  matter  of  .some  skill  to  judge  of  the  value 
of  A  for  each  (ia.se,  iuit  frequent  use  of  the  formula  will  .soon 
make  fairly  c«'rfain  the  value  v.hi(  h  will  fit  any  case  in  ques- 
tion. Nothing  m«»n>  definite  about  A'  can  be  said,  therefore, 
than  tluit  it  is  likely  to  lie  soricwhere  between  20  and  50  for 
p<iund.  iin  h  and  degree  Fahrenheit  units. 

having  thus  obtain«-d  a  value  lor  A.  the  rommutator  dimen- 
sions an?  completely  determined,  as  />  is  known.  The  brush 
dimensions  can  then  be  (  ahulated.  a,s  .soon  as  the  tvpe  of  brush- 
holder  IS  known;  and  that  is  likely  to  be  a  standard  for  the 
size  of  machine  in  (pie.stion.  L:m  gives  the  total  amount  of 
L  actually  covered  axiallv  by  brushes,  .so  that,  using  bru.shes 
of  some  stamlard  width  H  ,  li  L  «« H  gives  the  number  of 
brushes  in  a  n>w.  an<l  the  total  number  of  brushes  on  tlu'  com- 
mutattir  is  2i>ii  2/»/ ,//«H  .  Half  of  these,  or  pLjmW  brushes, 
carry  the  total  armature  current  ('  with  a  tlensity  in  their 
<<tnta«"t  surface  A.  lience.  inti«»dutiiig  T.  the  brush  thickness, 
TW  fiL  niW  T}tL  m  is  the  total  brush  area  to  carry  (.',  so  that 
ClA=pLT/in.  or 

7"     mC  pLS     ('  i,fi]\  \         (.3) 

Thu  means  that  T  is  definitely  known,  hecjiusf  m.  (\  p.  L. 
and  A  ate  all  known  U  Itrush  si/^-.s  aix*  rigidly  standaixli.sed, 
T  may  be  slightly  modified  to  allow  a  standard  size  of  brush  to 
Im'  us»'d  as  ft  rule  without  undue  heating,  but  in  large  machines 

with  a  I;r Miber  of  luiishes.  it  is  often  worth  while  to  use  a 

»p(M  iai  1 1  «if  brush  to  save  (oinmutator  coj»per. 

It  is  no«r  JHvn  that  the  method  of  determining  ccimmutator 
dimensions  here  w.  '  'is  to  take  the  standard  con.stants 
for  the  brush  selccln.  .   ;    discover  L  from  these  and  the  spcci- 
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fied  diita,  the  formuhc  sliowinji;  that  there  is  only  one  vuhic  of 
L  for  a  given  case,  and  that  this  depends  only  on  the  kind  of 

brush  us(>d  ;  and  th(>n  to  (M)nsider  the  size  of  brush  which  will 
lit  the  other  data.  Tlie  value  of  L  can  be  found  quite  ajjarl 
from  any  knowledge  of  brush  dimensions,  except  in  so  far  as 
these  are  implied  in  A,  and  afterwards  the  implicit  values  of  W 
and  T  can  be  made  explicit,  as  they  are  fixed  by  quantities 
then  completely  known,  there  being  again  only  one  set  of  values 
which  will  meet  the  requirements.  If  the  selected  brush  is 
used  with  the  best  values  of  its  various  properties  and  physical 
conditions,  then  the  value  of  L  thus  determined  is  the  most 
favourable  possible. 

VI. 

It  will  be  useful  to  take  some  actual  examples  of  various 
kinds  of  brushes,  and  to  investigate  their  effect  on  the  dimen- 
sions calculated  from  tlie  formulfe.  Select,  say,  as  data  for 
these  hapjjen  to  be  readily  available,  (1)  a  copper  Morganite 
link  CM  bnish,  (2)  a  Morganite  link  1  brush  and  (3)  a  Battcrsea 
link  (76  brush.  These  have  properties,  under  average  condi- 
tions, as  follows  : — 

Link  CM.       Link  L      Link  C6. 

P   21        ...       31       ...      2.Ub.persq.in. 

fi  0-25      ...     0-15      ...     0-28 

A 100       ...       50       ...     35  amp.  per  sq.  in. 

F  0-25      ...     0-70      ...     1-20  volts. 

Equation  (1)  then  becomes,  for  each  of  these, 

i?i)Z/ZC=(0-186'+320)/(AS+2,000)  for  link  CM. 
i2i)Z/X(7=(0-30AS+890)/(*S+2,000)  for  link  1. 
i?Z)Z/i?O=(0-58^'+l,530)/(^'+2,000)  for  link  (76. 

Equation  (2)  then  becomes,  correspondingly, 

jRL/iiC(?={iV/A+67-6/Z))/(0-0556Z)iV+425)  for  link  (7M 
22L/iirC=(iV/A+225/D)/(0-0662Z)iV+506)  for  link  1. 
i?L/ZC'=(iV/A+290/Z))/(0-0496i)iV+379)  for  link  (76. 

Or,  inserting  the  standard  value  of  A  in  each  case, 

^L/^C=(iV+6,760/Z))/(5-56Z)iV+42,500)  for  link  CM. 
i?I/iC(7=(iV+ll,250/Z))/(3-3lZ>iV+25,300)  for  link  1. 
i?L/iiC(7=(iV+10,150/Z))/(l-74Z)i\r+13,265)  for  link  (76. 

If  for  any  reason,  such  as  a  consulting  engineer's  specifica- 
tion, it  becomes  necessary  to  use  some  other  density  than  the 
standard,  the  general  formula  is  always  available  for  the  inser- 
tion of  the  modified  figures.  Specifications  containing  densi- 
ties less  than  the  standards  at  which  brushes  may  be  worked 
clearly  lead  to  unnecessarily  long  commutators. 

As  is  well  know2i,  a  brush  like  link  C6  with  a  high  resistance 
contact  is  necessary  on  high-voltage  machines,  and  is  not  dis- 
advantageous on  medium-voltage  machines  ;  a  brush  like 
link  1  is  useful  on  high-speed  commutators,  and  even  on 
medium-speed  machines  with  interpoles  can  be  used  up  to  the 
highest  voltages  with  advantage  because  of  the  low  value  of  its 
losses  ;  while  a  brush  like  link  CM,  with  a  very  low  contact 
resistance,  and  therefore  with  only  very  moderate  inherent 
commutating  properties,  has  extensive  uses  in  the  direction  of 
reducing  the  otherwise  excessive  length  of  commutator  on  very 
low-voltage  machines,  provided  the  electrical  design  is  such 
that  it  can  suitably  be  used.  It  may,  in  fact,  replace  quite 
satisfactorily  copper  gauze  brashes  in  many  cases.  The 
three  general  classes  of  brushes  chosen  represent  therefore 
three  very  distinct,  but  in  their  various  spheres  equally  useful, 
types. 

The  pressure  put  down  for  link  1  is  higher  than  for  the 
other  two,  because  owing  to  the  low  value  of  //,  the  loss,  even 
with  the  increased  pressure,  is  comparatively  small,  and  by 
working  at  a  high  pressure  the  contact  drop  is  reduced,  so  that 
the  total  loss  does  not  change  very  much.  Other  things 
being  eqiial,  a  high  pressure  is  advantageous,  because  it  gives 
a  firmer  contact  between  brash  and  commutator,  and  so  tends 
to  counteract  any  tendency  to  vibration  which  may  be  present. 
For  final  calculations,  the  question  of  minimum  total  losses  may 
be  considered  with  advantage  in  special  cases,  and  the  exact 
pressure  may  be  calculated,  from  curves  usuall}'  supplied  by  the 
brash  makers,  which,  with  the  peripheral  speed  of  the  comn^u- 
tator  in  question,  wall  give  the  best  result.     The  variables  and 


their  interdependcjice  are  too  complieat''    '    ■    *  =  ■  ' - 

fully  discussed  in  the  present  urticlc,  w,  r 

average   cases;    is   univei-sally   useful   tor  approxiinaU   esti- 
mates ;  and  covers  probably  four-ftfths  or  more  of  actual  final 

designs. 

Vll. 

A  graphical  c(jmparison  of  tlie  tln'     •  i 

easily  obtained  by  using  the  expi.  _  ^- 

tion  (1),  as  RDLjKC  can  he  plotted  for  the  three  ea«e«  a<.'a'iniit 
»S'.     Thus,  for  a  given  set  of  values  of  /?,  D  ami  C.  ■  .  e 

values  of  L  can  be  shown,  if  K  be  con.stant.     If  v 

been  stated  that  K  may  vary  with  L,  but  on  th*  rj 

that  the  change  is  not  great,  RD  KC  may  be  considered  as  a 
constant  for  a  given  case,  so  that  the  curves  w  ''  '  '  L 
varies  as  the  tvpe  of  brash  is  changed.     The  !■     .  i;; 

RDL/KC,  i.e.",  (28-8/>S7A+l,274F)/(.S-f  2,rjOO),  which  may 
be  shortly  written  as/(.S'),  against  S  it.self  for  link  CM.  link  1 
and  link  C'6  is  shown  in  Fig.  1.  It  will  be  joted  that  the 
equations  in  each  case  are  of  the  form  (nS-rh)  (.S  -  2,tM¥)), 
where  a  and  b  are  constants  for  each  ca.se.  This  mav  be 
written  a(.S'+fc/o)/(,S-f  2,()(K)).  Wlien  N-0.  /(,S)  is  always 
equal  to  6/2,tMK),  and  when  *S— oo,/(,S')  is  always  equal  to  a. 
Friction  losses,  denoted  by  aS,  are  proportional  to  .S,  and  as 
the  ventilation  factor  goes  up  more  slowly  than  »S,  eoniniu- 
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Fig.  1.— CiRVES  Snowixo   Infuenck  of  Type  of    Brvsh  ov 

LeNUTU    of    COMMITATOU. 

tators  with  large  friction  losses  will  tend  to  get  hotter  for  a 
given  B,  L  and  C  as  the  speed  increases,  or  will  require  a 
greater  L  for  a  given  A*.  D  and  C  for  mcreasod  .S  ;  while  ou 
the  contrarv  contact  drop  losses,  represented  by  h,  aiv  con- 
stant, and,  therefore,  cause  less  and  less  temperature  rise  for  a 
given  D,  L  and  C  as  the  speed  increases,  or  will  ivquire  a 
smaller  L  for  a  given  R.  D  and  ('  ft>r  iiurea^'d  .S.  The  ralio 
of  the  two  determines  whetlier  the  total  curve  comes  d»»un  or 
goes  up  as  .S  becomes  greater.  If  ft -2.00t)j.  the  curve  becomes 
a  horizontal  straight  fine,  with  /  (N)  cnustant  ;  if  6<2.0lKU. 
(N-(-6/(r)/(N+2,0(H))  is  alwavs  less  than  unity,  but  '5  always 
getting  more  nearlv  equal  to  unity  as  ^'  increases,  so  that^the 
curve  graduallv  rises  from  b2A)00  to  <»,  as  shown  for  Imk  (  Al  ; 
if  h>2.0{\)a/ {S+ba)(S-'^2.m))  is  always  greater  than 
unitv,  but  is  also  alwavs  getting  inoiv  nearly  equal  to  unity  as 
^'  increases,  so  that  the  curve  gradually  falls  from  6  2,0lKi  to  a, 
as  shown  for  link  1  and  link  C6.  ^     o  --»n 

The  relative  heights  of  the  curves  show  that  at,  say.  6=-.oOU, 

d2 
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the  lengths  of  commutators  for  a  given  R,  D  and  C,  with  a 
possible  after-correction  introduced  for  the  change  of  K  due 
to  change  in  L,  are  as  0-170,  0-365  and  0-660  respectively  for 
link  CM,  link  1  and  link  C'6,  or  approximately  as  1  :  2  :  4. 
The  advantage  of  link  CM  becomes  somewhat  less  propor- 
tionately at  high  peripheral  speeds  owing  to  its  curve  rising 
\\'liile  the  others  fall,  but  it  is  clear  that  whenever  such  a  brush 
as  link  CM  can  be  used  it  should  be  used,  as  the  saving  in 
copper  is  enormous.  As  to  just  when  such  a  brush  may  be 
used,  each  designer  knows  best  himself. 

Vill. 

One  or  two  numerical  examples  may  be  useful,  as  giving 
an  idea  of  actual  dimensions.  The  values  of  K  used  are  prob- 
ably quite  wrong  for  many  cases,  but  they  give  results  which 
are  comparatively  correct. 

I.  A  2W>  kw.  six-pole  generator,  100  volts x 2,000  amperes, 
/i^l2^h\;  Z>  =  25  :  revs.  ])er  min.--3oO  ;  ,S'  is,  therefore, 
2,300.     .Say,  /i'=35,  and  use  link  1  brushes,  giving/(<S)  =0-367. 

72x25^/35x2,000=0-367. 
L=0-367  x35 x2,000/72 x25=14-3  in. 

Say,  m=l-22;    then  7   - 1-22 X 2,000/3 X  14-3x50=1-14  in. 
Actual  length  of  biushes  ])er  row=14-3/l-22  =  ll'7  in. 
Thus,  it  would  1)0  suitable  to  use  8  bmshes  per  row,  H  in. 
wide  X  1  i  in.  thick,  link  I  grade. 

2.  The  same  generator,  but  500  volts  X4(K)  amperes,  with 
link  ('()  brushes,  giving /(.S)  =0-665. 

72  X25L/35X  400  =0-665. 
L=0-665  X 35  X 400/72  X 25=5-2  in. 
r=l-22  X 400/3  X5-2  x35=0-9  in. 

Actual  length  of  brushes  per  row =5-2/1 -22 =3-95  in. 

Thus  it  would  be  suitable  to  use  4  brushes  per  row,  1  in. 
wide  X  I  in.  thick,  link  C/Q  grade.  Should  this  thickness  of 
brush  be  too  great  for  this  500-V(»lt  machine  i.e.,  should  it 
cover  too  many  segments  or  be  otherwise  unsuitable  some 
modification  would  be  made,  such  as  using  a  higher  value  of  A, 
or  working  with  a  greater  value  of  L  than  is  necessary  for 
juere  heating  considerations,  or  any  other  device  which  mav 
occur  to  the  e.xpr'riein-ed  designer  as  meeting  the  dillicuitv. 

3.  .\  Id  \<\\.  four  |)()le  generator,  5  volts X2,00n  amperes. 
/(■  72  F.  ;  1)  !>  ;  revs,  per  min.  6(i(»  ;  ,S'  is  therefore 
I. KM).  Say,  K  \r).  Then/(.S)--"-''i85  for  link  I.  and  0-168 
tor  link  ('M  ;  compare  the  effect  of  using  the  two  kinds. 

For  link  1 ,  72  X  9L/45  X 2,000=0-385. 
L=0-385  X  45  X 2,000/72  X9=53i  in. 

I'm  link  <".1/.  72>-9/>'l5x2,01M)-0-168. 

L  -  ( I- 1  (W  X  15x2,000/72  X  9= 23i  in. 

This  means  that  with  link  1  brushes  the  machine  is  pra<ti- 
ciilly  iiii]t()ssible  fidni  a  mechanical  point  of  view,  except  with 
two  commutators  and  very  special  shaft  and  bearing  arrange- 
ments, whereas  witii  link  CM  brushes,  even  if  two  commu- 
tators have  to  be  used,  the  machine  is  easier  by  far  to  design 
from  a  mechanical  |)oint  of  view.  The  saving  in  Itnish  gear, 
as  re^aids  both  holders  and  sujtport  ing  arrangements,  is  also 
vcr\-  gri'at  with  liic  liidv  CV  Imi.^h.  This,  tlicicforc,  is  the 
isort  ol  cabc  in  \\hiih  a  bru.sh  of  thib  kind  is  invaluable. 

Sav,  m  —  riO  ; 


T 


Ki  •:2.0(M);2x53.'.  :•  50     J,,  in.  for  link  I 


then. 

ami         T     i-l(i  <2.OO0/2x23.ix]00r-i  in.  for  link  r'.l/. 

The  actual  cost  of  brushes  would  ])robably  bo  no!  verv 
different  in  the  two  easels,  as  although  brushes  of  link  CM  tyjie 
cost  much  more  than  brushes  of  link  I  type,  (here  are  oidv 
about  half  as  many  of  the  former  as  of  the  latter. 

4.  For  a  line  of  six-pole  machine*,  .say,  with  A*  =10,  and 
i?=72°F.  the  length  of  i  ommutator  per  lOtl  am)>en's,  depen- 
dent ou  D  only,  with  a  possible  after-correction  aLMin  for  the 
dependence  of  A'  upon  L,  is  a  useful  quantity,  and  can  easily  be 
expressed.     Using  link  1  brushes  : 

:2DL  10\100-/(.S). 
Z-=55o/'(.S)  D  per  100  unipei-es, 


which,  for  ordinary  values  of  S,  becomes  very  nearly 

L=20jD  in.  per  100  amperes,      ....     (4) 

and,  for  box-type  holders,  with  ?n=l-22, 

r=l-22xl00/3x(20'2))x50, 
or,  r=0-040Z) (5) 

The  thickne.ss,  since  L  is  proportional  to  C,  is  independent 
of  current  altogether.  The  brush  contact  area  per  electrical 
pole  is  thus,  per  100  amperes,  3x  1(20;Z)),  1-22}  XO-040Z),  or 
just  2  .sq.  in.,  which  for  100  amperes  corresponds  to  the  stand- 
ard A=5(J,  on  which  the  fonnula  is  based. 

These  two  equations  (4)  and  (5)  reduce  the  expressions  to 
their  simplest  possible  form,  due  to  having  specified  nearly 
everything,  and  to  the  fact  that  they  refer  to  a  very  definite 
single  case,  and  they  give  a  very  good  rule  for  a  first  approxi- 
mation to  commutator  dimen.sions,  the  constants  being  modi- 
fied as  required  to  suit  the  type  of  commutator  used,  the 
brushes  to  be  fitted,  and  the  other  variables  entering  into  the 
case. 

IX. 

It  is  frequently  useful  to  be  able  quickly  to  estimate  the 
weight  of  copper  required  for  a  commutator,  so  as  to  get  soma 
idea  of  the  co.st  of  its  active  material  should  the  length,  or  som3 
other  circumstance,  make  it  very  different  from  a  standard  size. 

If  there  be  s  parts  in  the  commutator,  and  d  be  the  radial 
depth  of  the  copper,  and  /  its  overall  length,  which  will  be  <L 
as  a  rule,  then,  if  the  mica  between  the  segments  be  ^-^  in.  thick, 
the  volume  of  copper  in  the  ring,  which  has  a  mean  diameter  of 
D—d,  a  radial  thickness  of  d.  an  axial  length  of  /,  and  s  gaps  in 
it  axially,  each  of  a  volume  (//,32,  is 

[l:T(D-d)dl}-.<;dll32]  cubic  in., 

and,  as  1  cubic  in.  of  copper  weighs  032  lb.,  the  weight  of 
copper  in  the  commutator  is 

0-32.7(Z)-fO'//-0-32.v'///32, 
=rf/{l-005(Z)-rf)-s/100}, 

or.  with  sufficient  accuracy. 

Total  weight  of  copper  in  any  commutator 

=rf/{Z)-rf-s/100|lb. 

Should  it  be  neces.sary  to  u.se  pure  mica  in  a  large  commu- 
tator, owing  to  it  having  been  expressly  specified  or  for  some 
other  abnormal  cau.se.  the  c«>st  of  the  mica  becomes  an  impor- 
tant consiileratioii,  as  j)ieces  of  a  size  suitable  for  putting 
between  the  segments  are  very  expensive,  costing  probably 
Ids.  or  mure  ]»er  lb.  The  specific  gravity  of  mica  is  about  3, 
so  that  1  1  ubi<-  in.  weighs  alx'Ut  (••]]  lb.,  aiid,  if  there  are 
v  pieces  jj\.  in.  thick,  of  length  /  and  d'i);h  d.  with  an  allowance 
of  about  5  per  cent.  each.  say.  on  /  and  d  to  allow  for  subse- 
<|uent  niacliining.  the  volume  of  mica  is  about  l-lOsdl  32 
cubic  in.,  which  will  have  a  weight  of  0-11  x  l-lO.<i// 32  lb. 
Hence,  with  sufficient  accuracy,  and  including  the  machining 
allowance. 

Total  weight  ttf  mica  between  .sognr'nt>  in  any  commutator 

--(//s/26j  lb. 

X. 

In  conclu.si*  n.  it  may  be  .said  that  while  certain  important 
|)oints  have  necessarily  had  to  be  left  vague  in  the  present 
article,  owing  to  the  utter  inqni.s.sibility  ol  making  a  general 
statement  about  the  cooling  qualities  of  all  types  of  commu- 
tatoi-s.  it  is  believ«^i  that  the  methods  indicated  are  capable  of 
ap])lication  with  great  «'ase  and  simplicity  by  anyone  having 
the  nece.s.sary  additional  information,  and.  therefore,  are 
likely  to  be  of  genera!  service.  They  respre^ent  merely  a  con- 
venient statement,  in  a  compact  form,  of  certain  well-known 
facts,  and  hence  contain  nothinc  r<~pntiallv  new  or  exclusive 
in  the  way  of  information.  The  results  of  experience  are 
required  in  order  to  convert  them  into  a  complete  statement  of 
any  given  case,  and  each  doigner  using  them  will  be  able  to 
fill  in  the  gaps  for  himself  to  suit  his  own  line  of  machines. 
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CORRESPONDENCE. 


'•  SPEEDING-UP  "  IN  ENGINEERING  FACTORIES. 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

1  have  read  Mr.  Rankin's  reply  to  my  criticism  witli  much 
pleasure.  It  is  not  my  intention  to  belittle  his  work  in  any 
way,  although  he  has  apparently  assumed  it  is.  1  believe  this 
discussion  can  be  carried  on  by  both  sides  with  perfect  frank- 
ness and  I  trust  without  involving  any  personal  bitterness. 

If  Mr.  Rankin  means  that  I  "  am  prejudiced  against  the 
rase  "  for  the  unjust  employer,  I  agree,  but  not  otherwise.  I 
might  easily  retort  that  he  is  absolutely  prejudiced  for  the 
employer  and  that  whether  or  no,  the  attitude  of  his  own  men, 
as  revealed  by  himself,  shows  that  they,  who  have  experienced 
his  working  ideals,  believe  that  he  is.  The  fact  remains,  how- 
ever, that  for  increased  earnings  I  demand  increased  quality 
of  product  and,  like  Mr.  Rankin,  I  "  stand  up  for  the  reason- 
able thing,"  in  the  way  of  good  work,  honest  dealing,  and  a 
strict,  but  sane,  shop  discipline.  The  author  justly  says  : 
"  Sympathy  does  not  imply  agreement,"  yet  he  has  throughout 
interpreted  my  sympathy  for  the  misguided  labourer  as  the 
most  complete  endorsement  of  views  which  I  can  hardly  be 
accused  of  holdiiig,  in  the  light  of  my  previous  letter. 

Mr.  Ra.iikin  thinks  '"  lliere  is  a  course  which,  it  followed, 
should  satisfy  both  employer  and  emp^-ye."  i  claim  that 
straight  piecework  meets  this  in  the  fairest  way  ;  Mr.  Rankin 
even  now  can  only  assert  that  "  the  workers  referred  to  are 
fairly  well  satisfied."  He  admits  that  in  the  extreme  case  he 
saves  only  7-5  per  cent,  in  labour  cost,  although  it  costs  the 
man  the  difference  between  83  per  cent,  and  100  per  cent,  on 
his  rate  of  pay.  This  paltry  saving  is  not  worth  the  discontent 
and  complication  it  entails,  and  its  effect  of  further  increasing 
the  marginal  return  of  the  business  is  insignificant  compared 
with  the  very  large  increment  due  directly  to  production  at 
high  velocity. 

Mr.  Rankin  says  he  fully  explained  his  scheme  to  the  men 
before  its  application  ;  ''  nothing  was  hidden  from  them." 
Very  well,  let  us  refer  to  the  abstract.  On  page  111  we  read, 
"  In  the  first  department  no  open  opposition  was  experienced, 
but  in  the  second  there  was  what  was  referred  to  in  the  ex- 
ample "  ("  malingering,"  the  author  calls  it).  Again  '"  in  the 
next  department,  the  first  serious  trouble  was  experienced  " — 
a  threatened  strike  and  a  weak  compromise.  The  next  de- 
partment, No.  IV.,  had  a  strike.  When  department  III.  was 
again  taken  up  it  also  replied  by  a  strike.  So  the  more  the 
system  was  experienced  the  more  it  was  disliked,  in  contrast 
to  my  own  experience  with  unlimited  straight  piecework. 

I  do  not  agree  that  the  "  satisfaction  or  otherwise  "  of  the 
men  ''  was  their  own  affair  largely."  It  is  just  there  that  our 
author  went  wrong,  because  he  failed  to  realise  that  workmen 
are  human  beings  and  therefore  susceptible  to  all  sorts  of. subtle 
psychological  influences  which  stimulate  or  destroy  their 
working  efficiency.  Why  do  these  same  "  malingering  "  men 
cheerfully  endure  the  misery  of  the  trenches  and  fight  so  hard  ? 
It  is  because  they  are  inspired  by  their  superiors — who  are 
usually  sportsmen  in  the  best  sense — with  a  high  ideal  of 
national  duty.  When  the  workmen  of  the  country  are  handled 
on  the  same  enlightened  principle  and  are  regarded  as  freemen 
of  a  free  nation  and  not  as  slaves  condemned  by  hunger  to 
surrender  soul  and  body  for  9,  10  or  12  hours  per  day,  a 
higher  standard  of  commercial  morality  will  be  formed  amongst 
them,  for  it  will  at  last  have  become  apparent  amongst  em- 
ployers. I  repeat,  Mr.  Rankin's  troubles  should  not  have 
arisen.  However  great  his  results  may  have  been,  they  would 
certainly  have  been  greater  had  he  undertaken  his  task  in  the 
right  spirit.  I  am  sure  that  Mr.  Rankin's  interest  in  cheap 
production  has  caused  him  to  overlook  the  fact  that  high 
wages,  stop  watches  or  bonus  systems  are  but  empty  shells  if 
the  kernel  of  humanity  is  taken  from  them. 

I  did  not  condemn  the  stop  watch,  per  se,  but  its  abuse  in 
practice.  For  30  years  American  labour  has  been  exploited 
largely  on  the  evidence  of  the  stop  watch.  Small  wonder 
Congress  has  had  to  consider  the  extraordinary  Bill  referred 
to  in  your  recent  Leader.     I  know  something  of  the  eflfects  of 


stop-watch  speeding-up  in  this  countn',  and  1  am  convinced  that 
intelligent,  synthetic  price  fixing  is  iW-ntial  a«  a  check  on  its 
misleading  results.  The  man  who  accept*  hi«  rtop-watch 
records,  however  skilled  the  obsenf-r  mav  U?,  wi-' 
check,  is  acting  by  rule  of  thumb,  just  a.s  would  he  tl  =  .  .  .^  ..  . 
who  accepted  laboratory  figures,  without  a  theorftif-al  HtuHv, 
as  a  basis  for  design. 

It  is  true  that  the  methods  and  equipi.ient  funueiied  by  ih.,- 
employer  regulate  the  minimum  stand'  id  of  abilitv  atr"-''.'-' 
the  working  force,  but  I  fail  to  see  that  the  worker  i«  t 
obliged  to  deliver  more  work  while  his  pay  remains  at  the  same 
level.     If  the  employer  intimates-  as  he  does  bv  a-' 
such  bonus  systems  as  Mr.  Rankin's— that  increa.sing  • 
is  of  diminishing  utility  per  unit  to  him,  notwithstanding/  that 
it  is  produced  by  the  peak  units  of  the  worker's  phv.sical  and 
nervous  energy,  I  consider  the  worker  is  perfectly  justified  in 
regarding  his  health  and  comfort  as  e.s.sentiai  factors  affecting 
his  efficient  economic  service  to  the  State — which  includes  and 
is  greater  than  his  service  to  the  individual  emplover.     This 
idea  of  diminishing  utility  is  the  basis  of  progressive  taxation, 
and  if  truly  applying  in  the  case  under  review,  should  also  be 
the  basis  of  progressive  piecework.     But  is  it  true  ?     If  not, 
then  still  less  is  it  true  that  piecework  prices  should  be  auto- 
matically cut  as  production  increases.     The  argument  about 
the  consumer  is  beside  the  point,  as,  in  any  case,  the  piece  cost 
is   lowered   considerably,   as   another  correspondent   showed. 
While  employers  hold  that  it  is  business  to  act  themselve-?,  on 
the  theory  of  scarcity,  but  roguery  for  the  labourer  to  relv  on 
the  lumps  of  labour  which  floats  about  buoyed  up  by  wage- 
fund  fallacies.  I  must  maintain  that  equally  with  the  workers, 
they  are  ignorant  of  the  elements  of  economics. 

Mr.  Rankin,  I  fear,  has  generalised  upon  an  all  too  scantv 
acquaintance  with  the  physiological  and  psychological  effects 
of  fatigue  upon  the  workers'  efficiency  and  therefore  upon  the 
efficiency  of  the  works  of  which  they  are  units.  Six  minutes 
per  hour  may  have  been  excessive  or  far  too  little  time  to  allow 
for  rest ;  it  all  depends  upon  the  kind  of  work,  the  tempera- 
ment and  physique  of  the  individual  and  the  co-incidence  or 
otherwise  of  the  strain  of  the  work  with  his  "  critical  point." 
The  author  takes  credit  for  the  celerity  with  which  the  system 
was  installed,  but  F.  W.  Taylor  himself  warns  his  followei-s 
repeatedly  against  this  temptation.  Taylor's  initial  progress 
was  painfully  slow  because,  like  Mr.  Rankin,  he  did  not  at 
first  realise  the  nature  of  fatigue.  Considering  the  amount  of 
work  which  has  been  done  in  recent  years  on  this  subject,  I  do 
not  see  that  the  author  need  have  lost  a  day  in  applying  its 
results. 

I  would  remind  Mr.  Rankin  that  one  of  the  most  thoughtful 
writers  has  said  "  Scien^^fic  management  itself  is  something 
immensely  larger  than  any  of  the  factors  which  compose  it. 
It  is  a  philosophy,  not  a  new  routine."  That  is  the  spirit 
which  is  necessary.  In  conclusion,  I  wish  to  quote  (with  her 
own  italics)  a  short  paragraph  from  Miss  Goldmark's  book  on 
"  Efficiency."  Speaking  of  speed  as  being  a  function  not  only 
of  quantity  but  of  quality,  she  says  :  "  Just  in  pix^portion  as 
this  function  of  speed  is  developed,  subject  to  the  capucities  of 
the  hxDuvi  (U/cut,  instead  of  as  a  drii:  of  those  capacities,  it 
counts  as  a  gain.  Just  so  soon  as  the  function  of  speed  is 
dissociated  from  its  effects  on  the  worker,  we  revert  to  the  old 
system  of  pace-making  and  speeding.  S-irh  a  reversio'i  was 
seen  in  the  case  of  the  Bethlehem  Steel  \V,)rks.  When  th" 
ownership  of  the  works  passed  into  the  hards  of  Chas.  M. 
Schwab  in  1901  the  efficiency  engineer  were  discharged  ;  but 
the  machinery  of  their  syste^u  was  kept.  Bonuses,  pinemiums 
and  other  inducements  for  great  exertions  on  the  part  of  the 
workers  were  continued,  but  without  the  spirit  which  had 
previously  made  these  conditions  part  of  a  larger  syst.'m.  as  in 
the  ca.se 'of  Schmidt,  the  pig-iron  man.  The  result  was  a 
return  to  the  system  of  '  drive  "  siudi  as  the  world  has  seldom 
seen  excelled.  .  .  .  Its  mechanical  features,  such  as  timing 
operations  by  a  stop  watch  aiul  the  like,  are  easily  copied,  and 
uidess  thev  are  correctly  applied  the  workers  can  thereby  be 
exploited  more  relentlessly  than  ever  before."  It  is  this 
exploitation  of  the  worker.'  for  which  ^Ir.  Rankin,  though  he 
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Httlc  realises  it,  is  heading,  and  I  hope  this  disrussion  may  liclp 
him  to  steer  his  course  safely  between  the  Hcylla  of  driven  slaves 
and  the  Oharybdis  of  malingering  workmen. 

^Manchester,  May  22.  H.  Ambrose  Carnfy. 


ENGINEERING  INDUSTRY  AFTER  THE  WAR. 

A  meeting  was  held  in  the  hall  of  the  Royal  Technical  Collegf?, 
Glasgow,  on  May  16th,  under  the  joint  auspices  of  the  Insti- 
tution bf  Engineers  and  Shipbuilders  in  Scotland,  the  We.st  of 
Scotland  Iron  and  Steel  Institute  and  the  Gia.sgow  Chamber 
of  Commerce  to  confer  as  to  the  policy  to  be  adopted  by  the 
engineering  industry  and  its  protection  after  the  war.  The 
purpose  ot  the  meeting  was  to  discuss  questions  of  policy  to 
meet  foreign  competition  after  the  war. 

Mr.  T.  (■.  Elder,  of  the  B.K.A.M.A.,  in  opening  the  discussion,  doli- 
vorcd  an  afklross  on  '"  Kngincc  riii};  Industry  in  the  Eeonomie  War."'  an 
ahKtract  of  wiiich  a[)pcan'(l  in  our  isHue  last  week. 

Sir  Arcuiuald  J)knny  said  th<!  shipowners  had  formed  a  ])owerful 
eominittec  to  discuss  the  pro})lein  Ix'fore  them, and  he  ho])ed  that  otlier 
interests  would  follow  their  example.     Their  ohjeet  was  not  to  smash 
the  Oerman  Em])ire  l)ut  to  ensure  that  they  shoidd  not  he  a<rain  attacked 
unfairly  or  found  un))rc));'red  either  in  commercial  or  military  war.      He 
did  not  say  they  siiouid  forswear  all  future  tiade  with  (Jermany,  hut  their 
future  dcalintrs  with  her,  if  they  had  any,  would  be  with  their  eyes  wi<le 
o])en  ;  they  would  he  armed  at  every  ])oint  to  resist  insidious  trade  ])ene- 
triition.     AithoUfih  horn  and  hrou<;ht  up  a  Krce  Trader  he  had  seen  the 
unfairness  of  their  tradinjr  sy:'tem  with  protectionist  eoimtries.  l>ut  he 
had  not  yet  made  u])  his  mind  as  to  what  was  the  most  ctfective  weapon 
ajiainst    organised    dumi)ini^.     There    was    no    douht    that    they    must 
or;ranise   themselves  for  the   protection   of   their   industj-ics,   but    their 
federations  heretofore  had  sufTen-d  from  lack  of  loyalty  amonq:  employers 
themselves.      Half  of  their  labour  troubles  arose  from  faulty  or  tactless 
manai^ement,   and   interchanife  of   informittir)n   and   experience   in   this 
connection  would  tend  to  eliminate  the  nnitiud  jealousies  from  wliieh 
they  at  present  sufTei'cd.     Artisans  of  mature  years  were  undt-r  no  de- 
lusions as  to  thedanjjers  in  front  of  them,  but,  unf(n'tunate|y.  these  men. 
althoufjh  he  believed  in  a  majority,  were  apt  to  be  under  the  sway  of  the 
inexperienced  minority  who  were  the  talki-rs.      He  ho])ed  the  exi)erienced 
men  w<inld  let  tlicii-  influence  Ik-  felt  more  in  the  evolution  of  a  sane  anrl 
T)atriotic   trade   ])olicy.     They  woidd   then  come   to  see   that    the   •■  ca" 
•  aiiiiy  "  policy  which  raised  the  cost  of  livin<;  and  decreased  the  value 
f)f  the  soverign  was  a  gross  blunder.     He  a^jreed  that  e\-pry  endeavour 
should   be   ma<le  to  get   business  men  to  go  into   t'arliament.      J'arlia- 
mcntary  life  meant  self-sacrifice  to  a  busy  business  man,  but  they  must 
(inri    men    willing   to   make   the   sacrifice.      While   disirous,   howev(  r.   of 
n-ci-ivinj:  assistance  from  the  (lovernment.  he  pi>-fcrrcd  that  they  si>ould 
t'lfiUi  their  own  battles  without  the  deadening  hand  of  the  (lONi'mment 
ofli<ial  being  (onstantly  u|)on  them.      His  gin-at  hope  was  in  th"  organ- 
isation of  thiM'm)ilovers,  and  if  th('vg'>t  their  employc'-s  to  jr>in  with  flx-m 
in  th(?  common    object   of   economical  i)roiluc(ion    lliey  wo(dd  ha\-e  no 
reason  to  dcs])air. 

Mr.  .1.  W.  Mi'URAV,  President  of  (ilasgow  ('handier  of  Commerce,  urgetl 
the  need  for  the  establishment  of  a  .Ministry  of  Commerce. 

Sir  .John  CoWaS  emphaniecd  the  need  for  up  tn-date  e(|uii>tnent  and 
organisation. 

Mr.  Lamukhikn.  of  Coatbridirc,  refern'il  to  the  problem  of  restriction 
of  output  and  re|ie;itcd  the  ligures  recently  given  i>y  Sir  William  Mcard- 
more  in  London,  which  sliovvcd  that  women  with  a  fi'w  months'  training 
could  do  double  the  woik  ]>ii'viou:dy  done  by  ;trlisans  on  certain  machines. 
The  economic  education  of  the  Itritish  workman  was  nil  wr«)ni£.and  he 
urged  the  men's  leaders  to  revise  their  vi<'ws  in  (he  infen-sts  of  national 
industry. 

Mr.  Bkn  SMirn.  "f  the  .\malgnma<e<l  I'nion  of  Libour,  said  he  reeog- 
nised  the  need  for  action  against  Cerman  competition,  but  thvri>  should 
be  no  idea  of  either  the  em|)|oycr  or  the  einployi-  being  thi'  lop  do..'. 
Effective  industrial  (Wganisittion  c<udd  only  U-  obtained  by  unity  and 
co-oiKMiit  ion  between  employers  and  nn'ii. 


LEGAL  INTELLIGENCE. 


Scobic  V.  London  County  Council. 

Last  week  Mr.  .lusticc  Ibay  and  a  s)ieeiul  jury  heani  an  «(>tii>M  by  Mr. 
Stuart  Hamer  Si-oliie.  a  inivale  in  the  :2nil  Canadian  Infantry  Urit.'aiie. 
for  the  recovery  of  i;.")(»(>  dainau'es  for  jiersonal  iujurii-  which  he  allejicd 
that  he  had  sutTend  tlirough  the  nesjliin-nce  id  the  London  County 
Council's  servants.  On  Oct.  II  last  pjaintifT.  while  on  |iM\-r  from  the 
front  (when-  he  had  been  wounded)  a  tralnear  Im  longing  to  (Irfrndnnts 
lan  into  liim  in  the  Ki'nnintrton-road  as  he  was  crossini:  (he  road  and 
knocked  iiim  down.  riaintitT  alleged  thai  the  ea'r  was  Ik'ing  drivt  n  at  an 
excessiv(>  speed,  and  be  com))lainid  that  when  his  richt  arm  wa*"  jtinniMl 
beneath  one  of  the  wheels  of  tlie  car  dcbuadnts"  wrvants  impri.])er|y 
refused  to  i)a(k  the  ear  so  as  to  release  his  arm.  Thi  y  attempted  tM%ii!«e 
the  whiels  witli  a  jack,  which  broke,  and  the  whe«'|  fell  on  liis  ann.  The 
result  wastliat  the  arm  was  so  injureil  that  i.  had  to  Im>  ampulatcd. 


Defendants  denied  that  the  conduct  of  their  servants  was  in  any  way 
negligent,  but  the  jury  awarded  him  foOO,  and  judgment  was  entered  for 
this  amount,  with  costs. 


J.  W.  Knowles  v.  Electrolytic  Plating  Apparatus  Co.  (Ltd.) 

Last  week  the  Court  of  A]tpeal  (the  i^jrd  Chief  .lustice,  Lord  .Justice 
Warrington  and  Mr.  .lustice  Lush)  delivered  judgment  in  the  cross 
appeals  against  a  decision  of  ^Ir.  Justice  Bailhache  at  Birminuham 
Assizes.  The  action  was  brought  by  Mr.  Knowles  to  recover  £105  on  a 
cheque  issued  by  the  Electrolytic  Company.  It  appeared  that  Messrs. 
Shaws  (Ltd.)  sojd  a  i|uantity  of  nickel  anodes  to  Messrs.  A.  S.  Smith  & 
Sons,  who  in  turn  sild  them  to  the  Elettrolytic  Company.  The  last- 
named  company,  at  the  request  of  Messrs.  Smith  &  Sons,  sent  a  cheque 
direct  to  Messrs.  Shaws,  and  it  was  handed  to  Mr.  Knowles,  a  debenture 
holder  of  Messrs.  Shaws.  Alleging  that  the  anodes  were  not  up  to  sample, 
the  Electrolytic  Company  stopped  the  cheque.  Mr.  Knowles  eoni- 
meneed  proceedings,  alleging  that  the  Electrolytic  Company  could  not 
refuse  to  pay  Shaws  for  the  yoods,  but  should  claim  for  damages  against 
Messrs.  Smith,  the  sellers  of  the  goods  :  and  the  Electrolytic  Company 
counterclaimed  for  alleged  breach  of  warranty.  Mr.  .justice  Bailhaehe 
held  that  .Mr.  Knowles  was  not  entitled  to  his  numej-,  and  the  Electrolytic 
Company  could  not  succeed  against  Mr.  Knowles  on  the  counterclaim. 
Ajrainst  this  dec  isicm  both  parties  api>ealed,  but  their  lordships  dismissed 
both  a])]jeals  with  costs. 

The  I»r<l  Chief  .Justice  said  to  succeed  Mr.  Knowles  would  have  to 
show  that  Shaws  (Lt<l.)  sui)j)lied  nickel  an(jdes.  whereas  it  seemed  a  faet 
that  what  they  sold  to  Messrs.  Smith  was  sera])  nickel.  Conse(juently, 
the  Electrolytic  Cf)mpany  did  not  receive  value,  and  were  entitled  to  stop 
the  che(|uc.  On  the  other  han<l.  to  succeed  in  their  counterclaim  against 
Shaws  for  alleged  breach  of  warranty  the  Elec  ti-olytic  Comi)any  would 
have  to  ])rove  that  .Messrs.  Smiths  bought  the  nickel  as  their  agents. 
Seeing  that  it  was  a  we||-known  faet  that  the  Electrolytic  Company  (  ould 
only  us(<  anodes  containing  not  less  than  !»fi  per  cent,  of  nickel,  it  seemed 
improbable  that  Messrs.  Smiths,  had  they  been  acting  as  agents  for  the 
Electrolytic  Conijiany.  would  have  bought  for  their  principals  scrap 
nickel  contJiining  !tl  ]M'r  cent,  of  nickel.  Consequently.  Messrs.  Shaws 
could  not  be  sued  by  the  Electrolytic  Company  for  breach  of  warranty. 


PATENT   RECORD. 


SPECIFICATIONS  PUBLISHED. 

The  following  absiraci  jrom  some  of  the  specifications  rec-  hive  been 

specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  ^  -.i  Agents, 

TO  and  72,  Chancery-lane,  London.  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  Iheiormer  isgivenin  !■  .  -r  the  title. 

I-^ISS  i. 

4.263  BAPcrcK  &  Wn.cox  (Lxr.)    iB>l:     •:   i   Wilcox  Co.)    Alr-cccled   tanks  (cr 

ckcii  i  -ai  ;■;  ;  ;.r..tU5. 
,5.630  Mri '-■••''   -     •       ''=■•'  — 


f 


Signal  Co.)    Mounting  of  electrJc  oscillators 

"  I'.tingdiajihrafm  which  is  itjelf  tuned  to  the 
•n  being  fixed  in  the  skin  oi  the  vessel  or 


5.723.  Bent.:.,.     :.' 
5.757  Dc'i'LToN  &  I 

n  T   '  "  '■     '      ■ 
5.918  B.T  iC.E.  Co.)    Electrical  apparatus  having  windings  cr  other  porlicns 


internally  shaping  telegraph  insulators 


tt 

d: 

6.542  N.-. 
7.016  Dr- 

7,311  Gur 

T 


l3.6iX)  BwowN.     Elci:tric  lamp  holder:. 


•     ■    ::  anr 

■snged 

•5.    So 
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COMMERCIAL    TOPICS. 


Trading  with 
the  Enemy. 


The  "London  Gazette"  of  May  19th contained 
further  additions  to  the  statutory  list  of  jjersons 
and  iirms  abroad  with  whom  trading  by  persons 
and  firms  in  the  United  Kingdom  are  prohibited  from  trading,  and 
it  is  also  announced  that  persons  abroad  can  apply  to  tlie  Irtish 
consular  officers  for  information  as  to  names  on  the  list,  and  that  the 
Foreign  Department  is  prepared  to  inquire  of  H.M.  representatives 
abroad  for  the  names  of  substitutes  for  any  firm  on  the  list.  If  the 
applicant  wishes  this  to  be  done  by  telegraph  he  must  undertake  to 
pay  the  cost. 

A  Royal  proclamation  was  issued  on  Tuesday  consolidating  the  pro- 
clamations previously  published  prohibiting  tradinsj'  witli  iWM-sons  or  firms 
of  enemy  nationality  or  association.  The  consolitlated  statutory  list  of 
sucii  persons  and  firms,  appended  to  the  document,  now  occupies  20 
columns  of  the  "London  Gazette,"  and  includes  over  1,000  names  of 
individuals  and  concerns  located  in  European,  Asian,  African  and 
American  countries. 

•P  -1*  ^  V 

Imnortant  ■'"*  ^^  announced  that  Messrs.  Brunner.  Mond,  & 

Chemical  Trade      ^r^'Jl^^f-^  ^"'^  ^.^"  Castner-Kellner  Alkali  Co. 
Combination.  ^^^^-^   ^f^«'   o^^^ng   *«   the   akered   conditions 

expected  alter  the  war,  entered  into  an  agree- 
ment for  mutual  co-operation,  &c.  Under  the  agreement  (which 
covers  a  period  of  years)  the  Kellner  Company  will  allot  to  Brunner, 
Mond  &  Co.  250,000  shares  of  £1  each,  and  Brunner,  Mond  &  Co.  will 
allot  to  the  Castner-Kellner  Alkali  Co.  200,000  shares  of  £1  each. 

'J'he  terms  of  the  agreement  between  the  companies  have  not  been  dis- 
clo'-fHl,  but  it  is  understoc  d  they  provide  for  nuitual  co-operation  in 
technical  and  commercial  matters,  which  it  is  hoj^-ed  will  result  in  im- 
proved efficiency  and  economy.  The  directors  of  both  com{>anies  iiave 
in  mind  the  altered  conditions  which  must  arise  after  the  termination  of 
the  war,  and  they  believe  tliet  the  agreement  will  not  only  avoid  waslei'id 
and  unnecessary  capital  expenditure,  but  will  more  etTecfively  assist  the 
maintenance  of  the  country's  foreign  tradi-  in  chemicals.  It  seems  to  us 
that  the  directors  of  the  two  companies  have  adojited  a  very  wise  course, 
and  we  should  like  their  example  to  be  followed  by  others,  including  elec- 
trical engineering  firms. 

V  Sp  5jC  3(C 


Empire  Trade 
After  the  War. 


Kngineers  and   '" 

urging  the   I'm  )>rpM 

forward  at  once  the  demands  for  nationaligation,  and  to  obtain  by 

legislation  eomj)lete  control  of  the  railttays  for  the 

In  the  resolution  thf;  belief  was  expn.ssed  that,  ha.....  -'I  *■■  '?■•• 

admitted  success  of  Oovcmment  control  of  the  railway**,  i 
would  be  most  advantageous  to  the  community.     T! 
considered  that  the?  a])pointment  of  an  advisorj-  commr  r 

of    Railways   responsible   to    Parliament   wa.s   n<  ■ 
success  of  the  industry  and  tf)  jruarantee  that  th 

numity  and  railway  employes  would  he  adequatfly  ;  It  van 

further  r<>solved  that  as  the  ])resent  industrial  truce  w<.-  .■  -(■  ■■-  '■  i-  •'■■•• 
withholding  from  railwaymen  generally  of  higher  wage«  and  I 
ditions  of  servic<>,   the  future  costs  of  improved  cfvnditi' 
deducted  from  the  jnirchase  ])riec  of  the  railways  when  thi  m 

])rivate  to  national  ownership  became  an  aecom|)li.shed  fact. 

*  *  ip  * 


At  the  recent  conference  of  tlie  Australian 
Chambers  of  Commerce  resolutions  were  unani- 
mously passed  in  favour  of  a  preferential  tarill" 
within  the  Empire  and  W'ith  the  Allies,  fair  and  reasonable  treatment 
of  neutrals,  and  surtaxed  tariffs  against  enemy  countries.  The 
conference  also  recommended  the  amendment  of  the  naturalisation 
laws,  compulsory  registration  of  aliens  throughout  the  Km|)ire,  and 
the  adoption  of  special  mciins  to  prevent  dumj)ing  of  cikmun  goods 
after  the  war. 


Science  in 
Industry. 


At  the  last  meeting  of  the  Central  Exeootive 
Committee    of   the    Employers'    Parlianientarj- 

Association  a  resolution  wa.s  jjiv.ssed  urging  (I) 
the  necessity  of  increasing  the  numl)er  of  cheniists  traine<l  in  research 
work ;  and  (2)  the  necessity  of  making  special  effort  to  enlist  the 
co-ojjeration  of  manufacturers  who  hitherto  have  been  lamentably 
apathetic  in  regard  to  scientific  industrial  re.^arch  and  training. 

*         *         *         * 
The  members  of  the  ^lanchester  Chamfjer  of 

Reiorms  After       Commerce  were  recently  invited  to  express  their 

the  War.  opinions  upon  the  following  statement  of  the 

views  of  the  chamber  : — 

That  this  chamber  is  convinced  of  the  need  for  improved  scicntifii' 
education,  especially  in  its  highest  branches  ;  better  organisation  of 
individual  industries  ;  general  anu-ndments  of  patent  laws  ;  impp>ve- 
ments  of  transport  and  banking  facilities  ;  desirability  of  the  apju.int- 
ment  of  a  Minister  of  Commerce  ;  the  extension  of  the  s\-stem  of  Irade 
Commissioners  ;  and  thorough  reorg<\nis:ition  of  the  consular  service. 

But  exceeding  in  urgency  any  of  these  desirable  reforms  this  chamber 
considers  it  to  be  essenrial  that  after  ti\e  war  the  same  facilities  for  trading 
with  the  British  Empire  bhall  not  be  allowed  to  our  enemies  as  thos-e 
granted  to  our  Allies  and  to  neutral  nations,  and  ]);utiiularly  that  step 
shall  be  taken  not  onlv  to  render  dumping  and  a  return  to  pre-war  tntde 
conditions  impossible.' but  also  etfoctually  to  eliminate  enemy  influences 
so  actively  in  operation  prior  to  the  war.  •         .      u- 

This  chamber  also  urges  that  immediate  consideration  be  given  by  his 
Majesty's  Government  to  the  desirab'.lity  of  prefereiitial  r.vi|»nH>al 
trading  relations  between  all  parts  of  tin-  British  Empire,  and.  as  far  as 

possible,  with  our  Allies.  .,   ,     »       . 

In  an  accomjianyincr  !ett<>r  it  was  |xunted  out  that  untd  the  Biwrd  were 
satisfied  that  the  statcmen'  broadiv  expressed  the  views  of  the  majority 
of  the  members  di.l  thev  proposeto  adopt  it  as  a  rrsolution  fiw  sub- 
mission to  the  Board  of  i'rado  ami  as  expressing  the  opmion  of  the  ch.nm- 
ber  The  voting  papers  were  to  be  return-nl  by  ni>on  on  Monday,  ami 
members  were  asked  to  put  "  Yes  "  or  "  No  "  against  tlie  pan.gmph. 

*  *  *  * 
Asdoubtshavearisenasto  whether  tinns  in  this 

Trading  With  ^-ountrv  are  at  liberty  to  trade  with  epeiiHe*! 

Firms  m  British  ^.^.^^^^  j^^  j,^^,  Ikit'sh"  colonies  not  |K.ss»^ssing 
Protectorates,  &C.  „.^j,y,^sii,ie  government  and  pn>tectonUe.  the 
Secretary  of  State  iias  expIaiiuHl  that  the  Trading  with  llw  Kjieiny 
(Extension  of  Powers)  Act  ami  the  Proclamations  and  Dnlen.  of 
Council  under  it.  (h)  not  apply  to  tnule  betwmi  linn.s  and  j^'reinia 
resident,  or  carrying  on  business,  within  the  Ijupm'. 

Arrauivements  "have  be.-n  mad.  for  tl.,-  li.p.idation  of  the  enemv  firms 
in   British  colonies  and  prot.vtorates  under  the  duvctioa  .••  »l 

Governments.     Tradim:  with  all  tirms  in  the  colonies  and  pi  'S 

which  are  allowed  to  continue  carrying  on  busmess  is  legitimate. 

*  *  *  * 
At  a   ix^pivsentative  meeting  of  manufacluners 
in  the  chemical  and  allied  tnules  hehl  in  L»M\d«m 
on  Tucsdax-  it  Avas  ileeided  to  form  an  ass^ooiatiiMi 

of  British  (Miemical  Mann  fact  uivrs  in  onler  to  meet  tJerman  tvm- 
petition  after  the  war,  ami  a  Committee  was  apiwintoti  to  deal  with 
the  preliminary  work. 

Dr  Chvui.ks  Cvkim-ntii:.  «iio  pivside<l.  said  tierman  undertakings 
on  a  iarov  .scale  had  ,'ocided  still  further  to  stnM»j;then  their  iii>sit.um  by 
unit  in.^"  If  the  chemical  industry  in  the  Unitwl  Kingilom  was  to  be  made 
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what  it  once  was  it  could  only  be  by  pooling  their  resources  of  money, 
men,  ability  and  In-ains. 

Sir  William  Peakce,  M.P.,  pointed  out  that  in  Germany  chemii-ts 
during  training  took  up  research  work — a  work  which  we  as  a  nation  had 
failed  to  recognise  as  being  of  enormous  inifKjrtance  ;  while  Sir  Kdward 
KvANS  said  that  they  must  be  :jo  organised  as  to  bo  al>!o  to  make  demands 
and  not  requests  to  tlio  (Government. 

Ml.  •!.  F.  L.  Bru.nxkr  said  they  should  insist  on  the  Government 
thoroughly  equipping  the  Imperial  College  at  South  Kensington, which 
would  in  the.  future  b'J  one  of  tlie  most  valuable  asset:;  of  the  chemical 
industry  in  tlie  country. 


Victoria  University,  Manchester. — The  late  Miss  Charlotte  Emily 
Beekwith,  of  Southport,  bequeathed  one-half  of  the  residue  of  her 
estate  (about  £8,000)  to  the  Victoria  University  of  Manchester  in 
aid  of  the  '"  John  Henry  Beckwitli  Scholarship  "  founded  b}'  her 
mother. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  May  l-',,  U)in,  to  May  20.  1916. 
In  view  of  the  inerea.sed  interest  which  is  teing  taken  in  the  subjeet  of 
the  importation  into  and  the  exportation  of  Electrical  Manufactures 
from  the  United  Kingdom,  we  resume  our  weekly  lists.     (See  also  note 
at  foot  of  Exports.) 

IMPORTS. 

Bristol. — Canada:  Unenumerated,  7  f'J'-'J 

Hull. — Sweden;  Elec.  machinery,  130  pkgs. 

Liverpool. — Spain  :  Elec.  carbons,  10  pkgs. 

London.— (/.5./1..-  Elec.  machinery,  £4,849  ;  elec.  lamps,  £616  ;  carbon  candles,  £56  ; 
telephone  material,  £18:  wire  and  cable,  £91  ;  electrodes,  124  pkgs.:  unenumerated, 
£1,696—196  pkgs.  Holland:  Elec.  lamps,  £2,788-311  pkgs.;  elec.  bulbs,  63  pkps. ; 
unenumerated,  £209.  France:  Elec.  machinery.  £183  ;  unenumerated,  £346.  Switzer- 
land: Ele:.machinfry.  £67  ;  rirbon  c indies,  £1.376  .  v,'lr<» and  cable,  £93  :  unenumerated. 
£314.  O^/wiarfi  :  U.n- luriie:  jti-l.  £1.175.  Ju/'jn :  U;n'rium«-rj1f  I.  £746.  Canj.ia : 
Uneiiumerate  i,  £30.     hutui:  Elic.  iwilche?.  12  pkt;c. 

Southampton.    France :  Elec.  ciblo;,  35  ,'':■■'. 

EXPORTS. 

To  Australasia. ->ltt:Ar/flwi.-  Elec. machinery, £218  :  unenumerated.  £16.  Melbourne: 
Elec.  machinery,  £165  :  wire  and  cable,  £8,113  ;  elec.  meters,  £168  :  unenumerated,  £456. 
Sydney:  Elec.  machinery,  £521:  wire  and  cable,  £10,797:  unenumerated,  £1.712. 
Wellingloh:  Elec.  machinery,  £122  :  wire  and  cable,  £243  :  unenumerated.  £206.  Perth: 
Unenumerated,  £133.  C/c/s/cAMrcA.- Unenumerated,  £265.  Lvttelton  :  Elec. machinery , 
£151  ;  unenumerated.  £10.  Brisbane:  Wire  and  cable.  £3,305  :  unenumerated.  £301. 
Dumdin  :  Wire  and  cible.  £339.  Newcastle:  Elec.  machinery,  £63.  Adelaide:  Wire 
and  cable,  £310  :  unenumerated.  £511.  Hobart :  Unenumerated.  £2.000.  Cisborne : 
Elec.  cable,  £203.  New  Plymouth:  Elec.  machinery.  £116;  uncriumcrated,  £24. 
Launceslon  :  Wire  and  cable.  £1 ,200. 

Africa.  Z);/»-6fl>i  .•  iUnenumerated.  £683.  Cape  Town:  Wire  and  cable.  £940;  un- 
enumerated. £37.  Port  Elizabeth:  Wire  and  cable.  £1,856  :  unenumerated,  £254.  East 
London:  Unenumerated,  £142.     Beira:  Unenumerated,  £183. 

E'-.YPT.  -Alexandria :  Unenumerated,  £98.  Po't  Sulan :  Elec.  cable.  £273.  Port 
Said :  Wm  and  cable,  £145. 

Malta.     Unenumerated.  £85. 

Sumatra.     M^dan  :  Unenumcra'cd,  £32. 

India,  Ceylcn.  Indo-China  and  Straits  Settlements.— flamAay.-  Wire  and  cable. 
£67;  unenumerated,  £1.928.  Calcutta:  Wire  and  cable.  £479  ;  telegraph  material.  £10  ; 
unenumerateJ,  £2.319.  Madras:  Elec.  machinery.  £511:  unenumerated.  £412. 
flfl/iAroA:.- Unenumerated.  £386.  Singapore:  Unenumerated,  £596.  Penang :  Wire  and 
ciblc.£98:   telegraph  material,  £21  :  unenumerated,  £30. 

Cf)CHiN  China.     Saigon:  Unenumerated,  £28. 

Jai'AN.      Yokohama:  Unenumerated,  £414. 

China,     Shanghai:  Unenumerated,  £61. 

U.S.A.     New  York :  Unenumerated,  £56. 

South  and  Central  Amp.rica.  Buenos  Avres:  U.iCTumeratsd,  £1,832.  Valparaiso: 
Uncnumcr.ale  I.  £20.  Kio  Janeiro:  Elec.  machinery,  £2.599.  Santos:  Unenumerated. 
£300.  Montr  l^id'-o:  Unenumerated,  £75.  /?osflr/5.-  Elec.  machinery,  £67  ;  wire  and 
cable,  £610  ;    unenumerated.  £1.542. 

Holland.     Amsterdam  :  Unenumerated,  £331. 

France.  Paris:  U.ionumerated,  £102.  Dieppe:  Elec.  machinery,  £247.  Bordeaux: 
Wireless  telegraphy  apparatus,  £1,150  ;  unenumerated.  £39.  Calais:  Wire  and  cable. 
£189.  Boulogne:  Uneiumorated,  £2,292.  Havre:  Unenumerated.  £17.  Marsiilles: 
Unenumerated.  £128. 

GtBBCE. --Piraeus :  Elec.  machinery,  £50  ;  unenumerated,  £174. 

NfiRWAY.     Trondhjem  :  Elec.  machinery.  £114. 

Canada.  -Mo'Ureal:  M.achincry,  £761  ;  unenumerateJ,  £303.  St.  John's:  Un- 
enumerated, £195. 

Morocco.  -Tangier:  Utie-iumcrated.  £31. 

FOREIGN  GOODS  (duty  paid  and  free). 

Bordeaux:  Unenuriici.it'- 1.  ri71  Pjinbay:  Unc;uim«-r:itr  1  f.465  flnulofnr  ■  Un- 
enumerated, £173.  Durban:  U.imunicr.ated.  £96.  H  •  •  7. 
Sydney:    Unenumerated.    £217.      Wellington:   Unenur 

meroted,  £40.     Melbourne:   Elec.  machinery,  £1,232 ;   >, u ,.   i,.^-.       ,,.,<,u.>.- 

Unenumerated,  £21.      Calcutta:    Unenumerated,   £16.      Chrisichurch :  Unenumerated, 
£41.     MarsriUf'.:  Un''nymer.,t'>i.  £632. 

FOREIGN   FREE  GOODS  (enlend  in  transit  on  through  Bills  of 

Ending). 
New  York  :   Unenumerated,  £5. 

IN    TRANSIT. 

Hong  Kong:  Elec.  hmp-',  £937  Eire.  lamr».   t\.r-'r)      N. '!.:!:    Elec. 

lamps,  &c.,   £3.260.      Calcutta:    Elec.  Iimpj,   jic,   £132.  '  lamps. 

&c.,  £86.       Lyttelton :    Elec.   lamps.  Ac,  £320.       Napier.  Nrw 

Phm  mth  :   Eler.  hmp-,  £30.      Timl-.in  :    EIt   lami  -..  C30 

Note. — The  large  numlxr  of  it^'ma  in  those  ofTtcial  returns  under  the 
mi.sleading  lieading  "  unenumerat<*d  "  relaf  to  what  is  dcucrilp  1  a» 
"electrical  goods"  and  "electrical  mnteriah." 


EDUCATIONAL. 

Research  Scholarships  in  Technology.  Kight  nr'w^iiroh  m-hnlar- 
Hlii|)s  ill  tccliiiiiloirv  ;nc  iiciii^  (tlieio.l  ,it  the  .M\iichp<tor  School  of 
'reciiiiologv  ( I'liiversily  of  .Manchester). 

'riirc."  ot  tti  >  value  of  ilo;).  two  of  £7"i  and  thn-e  of  £.»  (nil  with  fro* 
remitted  )  will  be  awardi'd  on  or  about  .Inly  ;{  m>xt.  The  Mchnlnn«hi|>.«>  ax» 
tenal)l<>  durinsi  the  .leademie  year  101(!17  in  the  Mineho.tter  SoIkmiI  of 
Ti'.liMoIojiy  (l''.i(Milty  of  To.'hnolo^y  in  t  lii<  rniversity  III'  .Miiirhvaer). 
.'\p|iii('.'il  ions  iMiist  he  received  on  or  before  ,Iune  21.  nnd  forms  of  applicr- 
tion  iVe.jCan  be  obtained  from  the  Hegislrar. 


BUSINESS  NOTICES. 

Messrs.  Ikiji  k  Eads  (Ltd.)  have  formed  a  sci>arate  comjiany  to 
control  their  electric  heating  department,  which  will  be  known  as 
Qulad  (Ltd.),  45-57,  Marylebone-lane,  W.     Telephone,  Mayfair  3582. 

.Mr.  Sherard  ( 'owper-t'oles,  the  inventor  of  the  Sheraidi.sing  process, 
fir  vapour  galvanising  process,  for  rendering  iron  and  steel  non-cor- 
rosive by  f(jrniing  on  the  iron  or  steel  a  zinc  iron  alloy,  notiKc's  that 
he  is  now  able  to  supply  furnaces  for  all  classes  of  \\  ork.  The  furnaces 
<an  lie  either  gas  heated,  electrically  or  heated  by  coke  or  coal. 

Messrs.  Peekhani,  Ducanip  &  Co.,  electrical  engineers,  90,  Charing 
Cross-road,  London.  W.C.,  notify  that  they  are  agents  for  Messrs. 
Sanders  &  Co.  (Wednesbury),  Messrs.  Holroyd  &  Co.  (Milnrow)  and 
Messrs.  Sabroe  &  Co.  (Aarhus,  Denmark).  Telegraphic  address, 
Switches  Ox  London  ;   telephone,  Gerrard  8,984. 

Mr.  August  Eckstein,  electrical  engineer,  of  Fallowfield,  Man- 
chester, has  changed  his  name  to  Mr.  Arthur  Krskine. 

Plant  Wanted. — Mr.  .Tno.  F.  Wake.  Darlington,  advertises  for  a 
thr<  e  jdi.i-^c  tin  bngeneratinc;  .'■el  of  .ibrmt  \.7i()()  kw..  also  several 
c-ni»iiu«s  .md  generators  fnun  .'►<•  i  >  Hut  ku..  Ai-. 

LIQUIDATIONS.  BANKRUPTCIES,  &c. 

Meetings  of  the  creditors  and  shareholders  of  the  Cedes  Electric 
Traction  (Ltd.)  were  held  on  Friday  last  under  the  compulsory 
winding-up  order  made  on  April  18. 

.\  statement  of  affairs  showed  a  deficiency  of  £4'l,833  as  regards 
creditf)rs  an<l  «)f  £7.'lfll  as  re;;ards  .-harehfilders. 

Mr.  H.  E.  Ik  iiGK3>;.  official  receiver,  said  that  the  company  was  formed 
in  1910  to  manufacture  and  i-ell  motor  cars.  Most  of  the  i;sued  share 
eapitnl  was  held  by  the  Austrian  Daimler  Motor  Co..  who  granted  the 
company  the  sole  right  to  manufacture  and  sell  their  electric  vehicles. 
In  1!I14  the  linuneir-.l  ]Kisition  becanv  difficult,  and  arrangements  meds 
for  the  coiu|)iny"s  bu.'>in<-.ss  to  betaken  o\er  byantw  compiiny  weie 
stoppcfl  by  tlic  war.  The  comp:iny  had  be<-n  carried  on  at  a  loss  through- 
out. For  liHa  the  loss  was  £7,UUU.  for  11)14  £7.;}!»">  and  for  1915  £14.0tjl. 
The  liquidation  was  left  in  the  hands  of  the  official  nxeiver. 

The  adjourned  first  meeting  of  contributories  will  bo  held  to-day 
(.May  2(>)  at  the  office  of  the  official  receiver  an<l  provisional  li(|uidator, 
-Mr.  H.  K.  Hiirgi'ss.  ',V.\,  Can'v-stnH't.  Ixmdon,  W.C 

A  meeting  t:i  receive  an  account  of  the  winding  up  of  the  Ceneral 
Electrolytic  Fan-nf  Co.  (Ltd.)  (in  vol.  liip)  will  lie  held  at  the  offices 
of  Messrs.  F.  .1.  &  C.  I'oole,  4,  Lat-cy -street,  Widnes,  on  .June  2(\ 

The  Torbinia  Engineering  Co.  (Lt<l.)  is  being  womid  ii|t  \()luntarily 
for  reconstruction,  and  Mr.  F.  L.  I).  Snell,  H«'gent  Hou.se,  Kings wa\, 
London,  W.C.,  has  been  apfKiinted  li(|uidator.  with  authority  to 
consent  to  the  n-gisfration  of  and  e;iter  into  ati  agn»e:nent  with  the 
Torbinia  Engineering  Co.  (I9I»»)  (Lt<l.)  .Meeting  of  creditors  at 
liegent  House.  Kingsway.  on  May  29. 

.\  meeting  to  n-eeive  an  account  of  the  winding  u)»  of  the  .Acces- 
sories .Mfg.  Co.  (Lt<l.)  (in  vol.  Iii|.)  will  take  place  at  8.  Queen-street. 
London,  E.C.,  on  .lune  2((. 

Claims  against  (he  M.C.  Truck  &  Engineering  Co.  (Ltd.)  are  to  be 
sent  by  .Iinie  2<i  to  the  liipiidator.  .Mr.  C.  Cooper.  ."JO.  Moorgate- 
street,  Ixindon,  E.C. 

Claims  a^^jiinst  Univermil  Cheap  Cables  (Ltd.)  are  to  be  sent  by 
.lune  2(»  to  the  liipiidator.  .Mr.  H.  E.  Oldham.  :$<>.  Hush  lane,  Cannoii- 
stnset.  I>indon,  E.C. 

Claims  againBt  Arthur  Faraday  Hawdon.eleetrieal  engineer.  Yet - 
holm.  Elmtield  .  (iosforlh.  an>  to  l)e  sent   by  dune  5  to  .Mr. 

(  .  Woollcii.  :{n.  -^tHM't.  Newcastle-on-Tyne. 

Enemy  Firms  Wound  Up.  Claims  against  the  Allolit  Co.  and  Otto 
Howntheil  an'  to  Im»  sent  by  .?une  10  to  the  controller.  .Mr.  H.  Hartley, 
7((A.  lijtsinghalls(n»et.  London.  E.C. 

Claims  against  the  Rhenish  Rublier  &  Celluloid  Co.  (1908)  (Ltd.) 
are  to  Ik*  sent  by  .lune  :U»  to  the  controller.  Mr.  .1.  S.  Cotman.  10. 
Coleman  street,  London.  E.C. 

I'p  to  date  the  Itonrd  <if  Tnuip  h.ive  orxh-rrd  the  winding-up  of  l.'i7 
bu-  '        following  an"  im  ludcd  in 

'"''  .  ^  iM'llner).  incandcstvnt  gai; 

innntle  nienhnnts.  Hi.  IVn.  him  h-strect.  Ivnndon.  K.C.  (C<mt roller  : 
Win.  McLintock.  l.V*.  Fen.  hurrh-Mnvt.  E.C.) :  Bernard  Cllmann  &  Co.. 
bronre  )»ow-drr  manufarturer'.  TO.  Chiswell  stn-et.  I/mdon.  E.C.  (Con- 
trtdler:     W.    H.    King.    \:\.    •'  'jlLstn-ct.    E.C.):     Max    .Srhuln-rt. 

manufai  tuHT!*"  at:enf   and  i^  .11.   .Miicrmanburv.   Ivondon.   K.C. 

(Contn>ller:    C.  H.  Smith.  7!«.  Hi  •  .  K.C.):    Tsaria  (Ltd.).  ilealers 

Ml  electric  moten-.  kc.  iKtS.  T^v  i  ...i-e-niad.  l/mdon.  S.E.  (Con- 
tmller:  .1.  .S.  Pitt.  \W,  I/>adonhan-ftn>ot.  Ixmdon.  KC) 
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ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Aberdeen. — The  Electricity  Coinniittec  have  decided  to  purchawc 
land  at  Clayhills  for  the  purpose  of  extending  the  electricity  works. 

A  request  for  a  supply  of  electricity  for  the  new  shipbuilding  works 
at  Torry  was  remitted  to  a  sub-committee  to  consider  and  re])ort. 

Carnarvon. — The  Coiuicil  has  obtained  sanctioji  to  borrow  £2,(380 
fir  ibdditiona!  plant  for  the  olectricity  works. 

Islington  (London). — The  Borough  Council  proposes  to  a[)ply  to 
the  L.C.C.  for  sanction  to  borrow  £1,500  to  cover  the  additional  cost, 
owing  to  the  hicrease  in  the  price  of  materials,  especially  copper,  of 
the  scheme  for  layhig  mains  to  Fiower'sMuews,  Highbury  ('orner,  and 
iStudd-street,  which  was  estimated  in  May,  1014,  at  £7,584,  aid 
subsequently  revised  at  £9,076  in  July  last. 

West  Ham, — The  h.G.  Board  has  sanctioned  the  borrowing  of 
£14,850  for  the  electricity  undertaking. 

A  fjum  of  £5,400  is  for  feeder  cables,  £3,000  for  general  mainr,  and 
cables,  £350  for  switchgear,  £300  for  protection  gear,  £5,000  for  :iub- 
sta'itjns,  transformers  and  switchgear,  £450  for  wet  air  filter,  and  £3,000 
for  additional  connection  to  v.ater  mains.  The  total  amount  applied  for 
was  £26,775. 

Willesden. — The  Electrioity  Coniinittea  ha.senfereil  intiaontrafh 
with  .Messrs.  I*".  K.  Berwick  &  Co.  for  a  supply  of  cnorg\-  for  (liroo 
years,  and  the  L.G.  Board  have  sanctioned  the  borrowing  of  £500  for 
the  extension  of  mains  necescary. 

GENERAL. 

Accrington. — Tae  Tramways  and  Electricity  Committee  has 
entered  into  a  five  years'  agreement  for  an  additional  f.upply  of 
electrical  energy  to  the  Calico  Printers'  Association. 

Bethnal  Green  (London). — The  Borough  CouncH  have  appointed 
Mr.  Harold  W.  Couzens,  M.I.E.E.,  consulting  electrical  engineer  to 
undertake  half-yearly  inspections  and  tests  of  the  plant  and  appa- 
ratus used  in  connection  with  the  (buncil's  electricity  undertaking, 
to  furnish  reports  thereon,  and  give  ruich  general  advice  on  all  elec- 
tricity matters  (except  the  establishment  of  a  wiring  and  litting 
department)  as  the  Council  may  from  time  to  time  require  until 
March  31,  1920,  at  an  annual  fee  of  200  guineas,  payable  half-yearly, 
plus  5  per  cent,  on  capital  expenditure  on  plant  and  mains  incurred 
on  the  advice  and  under  the  supervision  of  Mr.  Couzens,  and  sub- 
ject to  the  appointment  operating  from  March  31,  1916. 

C:)nsid.H'atic)n  of  a  proposal  to  establish  a  v/iring  and  fitting  depart- 
m,Mit  li'is  been  deferred  for  tlic  t  ime  being. 

Croydon. — Ti^e  Council  has  decided  to  add  a  special  war  charge  of 
10  per  cent,  to  all  accounts  for  lighting,  heating  and  power  supplies 
as  from  the  June  meter  readings. 

A  similar  percentage  is  to  be  added  to  the  public  lighting  account,  and 
the  tramways  will  be  charged  an  increase  of  fd.  per  unit  on  all  units  above 
10.000.000.  The  Electricity  Committee  states  that  owing  to  the  loss 
(£3,600)  on  the  past  year's  working,  there  was  no  alternative  but  to  in- 
crease the  charges,  especially  as  there  would  probably  be  an  increase  of 
£6.000  in  the  cost  of  coal  and  materials  during  the  current  year. 

Hornsey. — In  a  report  on  the  question  of  reducing  the  electricity 
consumed  by  the  darkened  street  lamjjs,  the  Borough  Engmecr 
states,  as  regards  arc  lamps  (of  which  there  are  58),  that  the  pro- 
vision of  small  side-arm  lights  for  post-midnight  hours  had  enabled 
the  arcs  to  be  dispensed  with. 

Tliey  used  only  3()  pairs  of  side  lights,  in  which  the  consumjjtion  of 
current  per  lamj)  had  been  reduced  by  one  half.  The  present  cost  of 
current  was  £55.  3s.  3d.  a  year,  agairst"£!l03.  18s.  2d.  in  normal  timer.. 

Rawtenstall. — The  Council  have  apjiroved  an  agreement  for  the 
supply  of  electrical  energy  to  Haslingden. 

The  Tramways  and  Electrical  Hub-Committee  have  been  instructed  to 
prepare  a  statement  of  the  further  plant  required  at  the  electricity  works 
at  Hareholme,  obtain  tenders  for  same,  and  submit  them  to  ;i  fut-nv 
meeting. 

Ripon. — In  order  to  form  a  sjmdicate  for  the  purpose  of  establishing 
electricity  supply  works  in  this  town,  a  n:eeting  of  gentlemen 
interested  was  recently  held. 

The  scope  and  ob.'octs  of  an  alcctricity  schcir.e  -weio  repjrlcd  upan  by 
an  electrical  engineer,  who  pointed  out  that  so  long  ago  us  IflOS  tli;> 
question  of  electricity  supply  was  discussed  by  the  Council,  but  r.o  move 
had  bi\^n  made,  and  the  j^ov.ers  of  the  Corporation  had  nov/  lapsed.  It 
was  urged  that  the  present  was  an  opportune  time  to  intrcdr.ce  electric 
lighting,  as  the  scheme  of  the  Cas  Committeo  for  the  extension  of  the 
works  was  not  likely  to  be  carried  out  in  the  abrcnc?  of  borrowing  powers. 
If  the  project  was  to  materialise  by  the  autumn  of  1918,  a  move  must  be 
made  now.  It  was  stated  that  £4,000  was  \h?  likely  juaxinuim  sum  to 
be  raised  by  local  subscription  to  carry  the  scheme  thrf)ugh. 

It  was  decided  to  approach  the  Council  and  ascertain  if  they  would  be 


willing  to  make  an  agiecicf^nt  with  the  Hyndicate,  »t  the  fame  time 
inquiring  v/heth-r  thu  mu'  ritics  would  be  likely  to  oppocc  the 

appli'.atifjn  for  electric  ii;.M 

Sheerness. — The  local  electric  supply  company  ha«  iiicree'>ed  the 

charge  for  electric  current  Hupjjlied  to  the  Kew»ge  works  by  1-5  jjer  cent. 

Stafford. — The  maximum  charge  for  electric  current  for  power  ha; 

been  hicreased  from  2|d.  to  3d.  a  unit  a.s  from  July  I. 
Street. — The  Urban  Council  have  decided  to  eojploy  en  electric 

motor  in  jjlacc  of  the  present  oil  engine  at  the  lo'-'   "       " 
Ijumpijig  station,  and  Messrs.  Christy   Br.js.  &  Co. 
trusted  with  the  work. 

Tynemouth.     The  Eleetricity  Committee  has  ado.  i 

wirhig  rules  made  by  the  in.stitutiou  of  Klectrical  Kn^ .... 

local  wirmg  contractors  have  been  requested  to  confor.T.  thereto  in 
future. 

Illlllllllllilllllllllllillllllllllllllllllllllllllllillllllll^ 

TRACTION   NOTES.  = 


iiniiiiii  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiillll 

Bolton. — The  Council  has  decided  to  establish  an  electric  charging 
station  for  battery  vehicles  at  Spa-road  works. 

The  attention  of  the  various  committee.'?  of  the  CorpDration  ir.  being 
drawn  to  the  advantages  of  substituting  electric  vehicles  for  other  types 

of  veiiicle;;. 

I .  East  Ham.  — Tiie  Council  i".  recorpirended  to  authori.'^p  tie  tra:n- 
ways  engineer  and  manager  to  employ  wonien  transcar  cndiitt^irR 
in  the  event  of  his  not  being  able  to  othenvise  HII  vacancies  caused  by 
the  existing  employes  being  called  up  for  military  service. 

Motor  Omnibuses  in  Croydon.— The  Council  hr.vc  pcsscd  the 
following  resolution  : — 

The  use  by  any  omnibus  of  any  route  that  has  not  been  used  within 
two  ycarc  prior  to  March  1,  1916,  without  the  consent  of  the  Corporation. 
or  if  unreasonably  withheld  of  the  L.G.  Board,  is  forbidden  undt-r 
lienalties. 

Women  Tramway  Workers.— At  the  conference  cf  the  An.r.'.g.:- 
mated  Association  of  Tramway  and  Vehicle  Workers  in  Shefticld  en 
Monday  the  question  of  employing  female  labour  and  auxiliary 
workers  on  tramcars  was  brought  up  by  Mr.  J.  E.  Corrcn,  of  Bir- 
mingham. 

Mr.  CoRREN  said  it  constituted  a  ccrious  problem  for  the  future,  cc  in 
Birmingham  and  district  they  were  told  by  the  officials  they  were  not 
going  to  have  men  as  conductors  again.  Ad  over  the  countn.-  there  was 
a  doubt  whether  the  women  would  go  after  the  end  of  the  war.  and  it  was 
a  quc'stion  that  would  have  to  be  fought.  In  Birmingham  the  pcsition 
of  tho  men  was  one  of  grave  concern,  for  it  was  menaced  by  the  won:o!i. 
A  resolution  was  passed  prol.^sting  against  the  employment  of  wonu-n 
drivers,  and  the  conferencii  (Icclared  it  would  not  allow  it  to  come  to  p-ij 
except  under  the  gravest  national  crisis. 

The  above  statement  has  been  denied  by  the  tramways  manager, 
Mr.  A.  Baker. 


EMPIRE   NOTES. 


Australasia.— Mr.  Wm.    Corin   is   preparing  a  report    uix>n  the 
subject  of  the  electric  lighting  of  Singleton  (N.S.W.). 

^A  hangarei  (N.Z.)  Council  ex])eets  to  have  its  electric  light  and  power 
system  in  operation  before  next  winter. 

"^  Mr.  Gordon  Faine  estimates  the  cost  of  an  electric  lightmg  scheme  for 
Barcaldine  (Queensland)  at  £5,819.  The  Council  is  applying  for  a  K-Ji 
of  £6.000.  ^  , 

The  Chief  Engineer  to  the  N.S.W.  Public  ^\orks  Dept.  has  prtiwrr-d  ii 
report  on  the  proposal  to  construct  new  underground  electric  radways  m 
Svdnev.  The  works  recommended  in  the  report  include  tho  elect nhra- 
tion  of  the  inner  zone  suburban  railways  to  Farramatta.  Homsby. 
Sutherland  and  Bankstown  ;  the  construction  of  the  City  Kteitne  Kail- 
wav,  and  electric  raihvavs  to  the  eastern,  western  and  northern  suburl->  : 
the"  construction  of  two" long-span  cantilever  bridges  across  the  harbour 
of  1.600  ft.  and  l.?oOft.  ccntn-  spans  i-espectively  :  the  elect ntication 
of  the  outer  zone  suburban  raihvavs  to  Penrith,  l^ampbolltowii.  \Nater- 
fall,  the  Hawkesburv  River,  and  other  small  branches  ui  ^'''^^"burban 
area;  and  the  construction  of  underground  tramways.  I  be  total 
approximate  cost,  which  has  been  approved,  is  £20.0lH>  lHH>.  «^>"=^>J.  «[ 
land  resumption.  Th-  report  also  contains  ivcoun.u  nilations  n^srard.nv 
the  Sydney  Harbour  (North  Shoir)  briilge. 

Electricity  in  Canadian  Farming.— It  is  reported  that  a  project  i.s 
being  evolved  for  the  purpose  of  popularismg  the  use  of  electrical 
energv  among  the  farmers  hi  Manitoba. 

It  T;  proposed  to  buv  electric  power  from  the  City  of  \\  nimpog  which 
has  a  large  hvdro-elcc"tric  station  on  the  Winnipeg  Ruer.  and  dis  nbii  c 
this  power  by  means  of  transmission  lines  through  the  more  thiekly 
settled  parts  of  the  ])rovinec. 
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India.  "  Capita!  "  (Caloiitta)  states  that  in  view  of  the  growinf. 
(If'inaiid  f(jr  clcc-tric  power  in  Mysrjie  two  projects  have  Leen  forrmi- 
lated  to  suj){)lement  the  existing  {>ower  vorks  at  Cauvery  Falls. 

Thf'.wf  are  known  as  the  Shimsha  and  Kededatu  schenvs.  aiicl  an-  esti- 
mated to  cost  ,£440,fi()0  and  £200,000  reKpectively.  Inr  reaped  jiroduction 
up  to  4t),000  H.i'.  is  provided  for,  with  a  further  poBsible  increase  up  to 
.'50,000  n.  I'. 


MESCELLANEOUS  NOTES. 


Controlled  Establishments.  The  Minister  of  Munitions  has  iiKwIc 
further  orders  uiidei'  thr;  Munitions  of  War  Acts  l!)iri-ir»,  under 
which  IIJI  additional  establishments  have  been  declared  'eon- 
trolled  "  establishments.  The  total  number  of  controlled  establish- 
ments is  nriw  3,077. 

Electrical  Contractors  and  Labour  Shortage.— A  member  of  the 
Liverpool  branch  of  the  Klectrical  ('ontract<jrK'  Association  recently 
sent  a  letter  to  the  Minister  of  Munitions  (Mr.  I).  Lloyd  (leurpf). 
jMjinting  out  that  through  the  large  number  of  electric.il  workei-s  w  iio 
had  either  been  called  to  the  colours,  or  else  who  were  engaged  on 
war  work,  theic  was  a  great  shortageof  labour,  and  unless  the  (iovcrn- 
iiiciit  sanrlioned  a  scheme  for  the  training  of  women  in  certain 
branches  of  electrical  work  many  contnactors  would  be  foreo<l  into 
b.aiikiiiptcy. 

Til''  writer  ])()intcd  out  that  the  liadc  uniruis  had  n^fusi-d  t/>  allow 
woiiwM  1o  l)c  trained  and  join  tlieir  unions,  so  that  a  (lovemnient  nieitsure 
making  an  arrangement  In-tween  niasU-r-i  and  men  was  (in  the  \vritri-'s 
opinion)  absolutely  necessary. 

The  rcjjly  on  liehaif  of  tlie  Minister  of  Munitions  has  Ixrn  received  by 
the  Liverpool  Klectrieal  Contractors'  Association.  The  dcpai-tment 
])ointed  out  tliat  tiie  matt<T  was  not  one  for  the  Ministry  of  Munitions, 
i^nt  siiould  lie  arrangi-d  with  the  local  technical  scIhk)!  authorities. 


No  decision  was  arrived  at  l)v  the  association  beyond  arranging  for  a 
furtlier  comnumir.ition  Ut  he  made  to  the  Jlinister  of  Munitions. 

Tribunal  Cases. — At  Cheltenham  last  week  the  borough  electrica 
engineer  (Mr.  \V.  .1.  Hache)  ai)plied  for  the  exemption  of  10  of  the 
employes  of  the  electricity  department. 

At  a  jirevious  sitting  Mr.  Bache  had  asked  for  five  to  be  retained,  an<l 
the  Tribunal,  eliciting.'  that  then-  were  five  others  to  lie  applied  for,  th'- 
ajjplieation  wa-^  postponed  in  order  that  all  10  eases  might  be  dealt  with 
tog^'ther.  liefore  the  war  4!i  men  were  eni])kmd  by  the  undertaking, 
about  ;{0  l>ein<r  <if  military  age.  Seventeen  had  gone  to  the  war.  and  there 
were  n<iw  .'{2  men  4cft.  with  twf)  women.  Mr.  Bache  explained  that  the 
])resent  ajiplication  was  in  rcsjKct  of  two  charge  engineers,  the  works 
su|Krintendcnt,  the  sub-station  man  and  jointer,  three  .stokers.  ai],(ngine 
driv<r  and  a  <  lerk.  The  first  five  were  absolutely  essential  ;  the  three 
stokers  he  could  not  nplaee  ;  if  the  driver  were  taken  he  would  have  to 
rely  on  a  woman  to  take  his  place  ;  and  as  to  the  clerk,  it  would  take  a 
woman  two  or  three  <(uarters  to  leam  his  work.  The  Tribunal  granted 
exemjition  to  nine  of  the  employes  so  long  as  they  remain  in  their  prciicnt 
o(cupatif)n  :    an<l  to  the  clerk  exemption  was  granted  till  .fuly  31. 

Mr.  McCorniick.  general  manager  of  tiie  Light  Railway  Company, 
secured  the  exemption  of  a  motorman  (married),  on  the  ground  that  he 
was  indi.".i)cnsaV)!e  in  a  ( ertified  occupation. 

At  Surbitonanaj)])|ication  wasina<le  for  the  exemption  of  the  head  clerk 
and  accountant  at  the  local  electricity  works.  It  was  stated  that  ajiplicant 
had  b' <  n  in  his  jtn'sent  ])osition  since  the  commen<ement  of  the  under- 
takint:.  and  then-fore  had  intimate  knowledge  of  that  sjx^cial  work.  Two 
assistants  and  a  junior  clerk  had  enlisted,  and  ap]jlicant  was  the  only 
man  left  who  could  take  the  ]dace  of  the  engineer  and  manager  in  the 
latters  absence.     Thn-e  months'  e\-emption  was  granted. 

At  iSouthwark  on  Tuesd.-iy  Samuel  \'ousdon.  of  Ryan  &  Vousdon. 
])orcelain  and  stoncwan-  electrical  insulator  manufacturers,  a])pli('d  for 
exemption.  He  was  an  ironmonger's  assistant  liefore  the  war.  but  had 
started  business  since  the  war  Iwgan  with  his  brother-in-law.  The 
articles  ]»r<Mluced  were  made  <ntir<'ly  in  Cermany  before  the  war.  and 
since  they  connneneed  business  they  were  inundated  with  orders  for 
Covemment  departments  and  j»rivate  works.  He  was  granted  con- 
ditional exemption. 
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I  TENDERS    INVITED.  I 
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C.I.  Exhaust  Pipes,  &c. 

Tiic  i;i<clr  jcil  \  ('(inimitlee  ot  the  (  <ir|Kir;»li()n  of  DlBI.IN 
invite  estimates  for  the  supply,  delivery  and  election  of  certain 
Cast-iron  Kxhaust  Pipes  .ind  Supports  for  l.fitMtkw.  I'i-llis.s 
engine.  Details  of  work,  sj ccilicit ion,  &<•..  from  the  cit\  elec- 
trical engineer.  Mr.  Mark  Hufldle.  I'igeon  Mouse  Fori  Klee- 
triiity  Works.  :iiid  tenders,  .iddressed  to  th<-  ihairman.  Klectri<' 
Su|iply  (ommittee,  l^ml  ICdw a rd  street,  Dublin,  by  noon  on 
Tuesday,  .May  .'{(1.     Sen  tin  (idrprlimnieiit. 

Telegraph  and  Telephone  Material. 

Tenflers  are  invitetl  up  to  .Inly  ."11  for  the  supply  .ind  en-etion 
at  (I.I'.O..  Brisbane,  of  I'ower  lioard  and  .\ccuniidators  (Stores' 
Schedule  .'ISI).  S|H'eilicationH  and  tetuler  forms  fn)m  Common- 
wcaltli  (Hiices,  72,  Victoria-street.  \V<'Ht minster,  l/ondon,  S.W. 
»SVf.  also  an  (idvvrlifnitt'iii. 

The  Deputy  I'ostmaster-f'eneral.  Perth  (W.  ,\ustrjdia) 
re(piires  teniiers  by  3  )).m.  .'nne  7.  for  the  supjily  of  l.l  tons  of 
(iaivanised  Iron  Wire  (Schedule  .")0S.  W..\.).  for  tlie  .\i  .stkai.I.\N 
CdMMoNWK.M.Tn  PoHtmaslerCienerars  l>ep:irlmenf.  Speeifiea- 
tioiis  from  ofliei'  of   Deputy  PoslnmHtcr-tieiieral.  Perth.  W..\. 

Telephone  Exchange  Building. 

'I'cniieis  -.w-y  reijinri-d  b\  the  (  (iintnissiiincrs  ot  II. M.  Wokks 
.\Ni>  Pi  iti.K'  I'll  iiiUMJs  bir  the  .id.iptation  of  the  Literal  (  lult. 
Mihisl)ri(lge.  liudderslield,  for  use  oh  a  lelophoite  exchange. 
lM)rms  of  tender.  A<'.,  fioui  tin-  S<'en't.»r\ .  II. M.  nniee  of  Works. 
Storey's  gate.  Lnndnn.S.W  ..to  whom  lenders  by  1 1  .i.m.  .Iinre  .">. 

Wiring,  &c. 

leiKliMs  arc  reipiircd  for  an  Kleetrie  Light  TnHt.vllation  for 
the  I1\i;ti;k  (iuar-dians'  Institution  in  Heavrtree-iMad.  Con- 
tractors willing  to  t<Mider  are  invited  to  send  their  names  to 
Ml-.  R.  .M.  Ciiallice.  7.  Hi-dfor.l  einus.  Kxrter.  by  May  27. 

Electric  Lorry. 

SvDNicY  (X.S.W.)  Council  retpiiiv  tenders  l»y  .*]  p.iu.  .Tmte  20 
lor  the  supply  of  a  2-ton  Kleetrie  lj«»rry.  Spp«  iliejition.  &e.. 
fr-oin  the  (  it  \   Survevoi-. 


Electrical  and  General  Stores. 

Livi  Krix-r.  ( l\  I  i;rii;Ai>  H.mi.way  Co.  requiic  tenders  by 
10a.m.  .May  :{|,  for  12  months'  supply  of  Kieetrieai  Fittings, 
India  Rubl  er.  Iron  and  Steel.  Oil.  Packing.  Waste.  &<-.  Forms 
of  l«'jider.  \-e. .  from  fl-.e  (ieneral  .M.iuager. 

The  .Mktr«»!'(U.it.\n  Asyi.I'Ms  Board  require  tenders  by 
1(1  a.m.  .May  :W»  for  supply  of  Fleet riei.-ins"  and  Knginerr's' 
Ironmongery  and  (General  S(«ires.  Forms  of  tender  from  the 
Riards  OfTiees.  Kinbanknienl,  l^-ndcn.  K.C. 

Jointers'  Tools.  &c. 

r.ic  Chairiuan,  Nkw  Zkalanh  Pi  bi.ic  Service  Store.*? 
Tender  Board.  Wellington  (X.Z.),  will  receive  tenders  until 
4  p.m.  Ma\  :il  for  the  supply  of  (1)IS  .lointers' Tool  l{oxes(eon- 
(aining  all  t<M»ls  used  for  jointing  Lead-covered  Cables),  and  (2) 
n  tons  of  Sulph.-.te  of  Copper.  I'a'-tieulars  fnmi  the  Oflice  of  the 
C<mtroller  •  '  -.  Post  and  Telegrajih  Department.  Welling- 

ton :    tl;e    !■  St«in'   Keeper.   Post   and  Telegraph    l)e}»;>rt- 

nient.  ChriHlehtirch  ;    or  the  Telegniph  Kngineers  at  .Amkland 
i'lnl  Dutie  lin 

Street  Lighting,  Generating  Plant,  Gas  Engines,  Dynamos,  &c. 

()AM\Uf  (N.Z.)  pMirough  Coinicil  n'tpiin-s  tenders  by  4  p.m. 
.lune  i\\  for  the  snppiv  of  On-rhead  Mains  and  Street  Lighting 
Ivpiipment  (t-ontraet  No.  2)  :  Power  Station  Ftpiipinent  (Pt-lfon 
Wluvls.  .Mtematorw,  *r.)  (eontraet  No.  3):  Service  Meters 
(contract  Xo.  4)  :  and  Line  Tr.insformers  and  ,\c<-e.ss<»ries  (eon- 
triM't  Xo.  r»).  Spei  iiieations.  v^e..  niay  be  obtained  at  the 
Couneir»  ofTn^on  on  deposit  of  £1.  Is.  for  oaeh  contract, 

pMii\Tt\  (X.Z.)  liomugh  <  <iinicil  retpiires  1<Miders  bv  noon 
•Ttdy  1 1»  for  (c< infract  Xo.  l)(»verhea<|  Wires.  Poles  and  Street 
l^mpH  :  (No.  2)  Ur»  rngineit.  Pnnlurors,  Dmainos  and  .Auxi- 
liary .\  'lis:  (Xo.  .'I)  .\eeumul.-itors.  S|)ecifieations  and 
plans  fi  I'own  Clerk.  Pahiatuji. 
Electric  Lamps.  Lamp-Holders,  «&c. 

Teiulers  utilll  a.m.  .Tune  14  by  the  VjctokIaK 

Railway  < SiKMnvr-slnH-t.  .MellMurme.  for  the 

supply  of  5.0(10  «-voh.  .-Mid  I.ttt«>  !!(»  volt  Kleetrie  Limi.s  for 
signal  sysl.  '  '-?M»1 2) ;  an«M.tNKU>aniph<.hlers  (Con- 

tract 2'.».'.M  ■  1'^  fi<  111  I  hi- ,, 111.  i-soi  the  Commissioners. 
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TENDERS  RECEIVED  AND  ACCEPTED. 


Tynemouth. — The  Electricity  Committee  lias  acce|)tctl  the  tender 
of  the  Macintosh  Cable  Co.  for  supply  of  220  yds.  of  three-core  cable. 

Melbourne  (Victoria). — The  Council  has  acceptetl  tlie  following 
tenders  : — 

Noyos  Bros.,  (),()0()  y<l«.  OO;")  s((.  in.  thire-corc  lead  covered  cable, 
£1,9(58:  Australian  (Jcncral  Electric  Co.,  100  lanterns,  with  reflectors 
and  globes  and  50  spare  globes.  £308.  Os.  5d. 

Meter  Contracts. — Messrs.  (Jhamberlain  &  Hookham  (Ltd.)  have 
received  contracts  for  meters  for  the  ensuing  12  months  from  South- 
ampton and  Falkirk  Councils. 

Government  Contracts.— The  following  tenders  were  accepted  by 
the  British  Ciovernment  Departments  during  April  : — 

ir«r  Oljice. — Doi'man  &  Smith,  <Hstribution  hoards,  &c.  ;  Hcvvson 
Mfg.  Co.,  Marshall,  Sons  &  Co.  and  Ransomes,  Sims  &  JctTcrics,  battery 
boxes  ;  Evori'.hed  &  Vignolos,  bridge  meggers  ;  Craigpark  Electric  Cal)!c 
Co.,  General  Electric  Co.,  Johnsoi>,  Matthey  &  Co.,  Johnson  &  rhilHps, 


Liv;'r|K)ol  Elcftric  Cabli-  ( '.                                                    |-  .    .                .,.^ 

cable  and   wire;     Bfibcock                                                          '■  i.                   .. 

dec.  sccoiulary  station  ;     .\   I't-r  &  p| ,  4c.  ;    ^^•l1.'T* 

(Ltd.),  engines, dynamo, .sv.i. I  lilxjard,  &(  -.    •■ ng 

sots  ;    Honig  &  Mock,  elcc.  lainj  8  ;    Di  -  ; 

British   West inghou.se   E!cf.   &  Mfg.   f'o  .  a 

(Hints)  power  house;  T.  (  Inrkc  &  Co..  ■  ., 
L'ainiock  (hast,  and  cicc.  ii^/liMii-^  Kinn 

c'oc.  lighting  of  sheds,  >,'ft  I, era  von  ;    i-111      „          .    .  •; 

Koote  &  Milne, ditto, (J.stcr!cy  Park,  and  ditto  at  cani  -; 
S.  Dixon  &  Son,  ditto,  Thetford. 

Indie   Oljice. — Siemens   Bros.   &  Co.,  telbt  :     FVkBtcin.  HMp  4  <.!b., 

switchboard;  British  Elcc.  Transformer  (r,..  •  KoHon  ft 
Son,  Shro[)Hliirc  Iron  Co.  and  Callcndcrs  <'a!) 

Post  (VJ<'<'. — (Jrindlay,   Ross  &  Co.,  eloc.  -t 

office;  (Jcncral  Electric  (Jo.,  testing  apparatii.  ,    ,  ,;  ,    ..,n 

&   Maintenance   Co.,  telegraph   cr.ble  ;    Jjondon  Wire  Co.   4 

Smiths  and  T^ilegraph  Construction  &  Maintenano  1  <,.,  ;i  '             " '.  ; 

Sicmers  Bros.  &  Co.,  dry  cells  ;    London   Klcf  trif  Wire-  <.%^ 

telephone  cord.-*  ;  Doulton  &  Co.  and  Taylor,  Tniit  .  • 

Bullers  Limited,  telegraph  ironwork;  Briti.sh  i  ■•» 
Edison  &  Swan  United  Elec.  Light  Co.  and  Ccnerd  KJ«Hrtpc  Co.,  wunn- 
descent  clce.  lamps  ;  F.  Smith  k  ('(>.  (inc.  in  Londrn  Electric  Wire  Co.  4 
Smiths),  bronze  wire  ;   Rvlands  Bros,  and  Whitecross  Co.,  g.i.  wire. 

Illllllllllllltllilllllllllllllllllilllllllilllilllillllllllllll^ 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Accrington. — The  accounts  of  the  eleetrieity  department  for  the 
year  ended  March  31  show  total  capital  expenditure  £104,301 
(increase  £3,896),  of  which  £107,159  is  outstanding. 

Year's  revenue  was  £35,043  (compared  with  £28,802  in  1914-15),  and 
working  and  general  expenses  were  £25,598  (£21,(jl3),  leaving  gross 
profit  £9,445  (£7.189).  After  meeting  capital  charges,  &c.,  the  net 
deficit  was  £2,987  (£3,073).  Average  price  obtained  was  l-Uod. 
(0-966d.)  per  unit,  and  working  expenses  were  0  912d.  (0-8l8d.).  Units 
generated  were  7,486.279  (7.242,252)  and  sold  6,734,932  ({i,342,554). 
Total  maximum  supply  demanded  was  3,207  kw.  (as  in  previous  year), 
and  the  plant  capacity  is  4,888  kw.  (also  as  in  previous  year). 

Belfast. — The  accounts  of  the  electricity  department  for  the  year 
ended  March  31  show  a  profit  of  £17,000  (an  i]icrease  of  30  per  cent. 
over  that  of  the  previous  best  (£13,175  in  1913-14). 

Units  su])])lied  for  lighting  and  ]:)Ower  (exclusive  of  tramways)  were 
9,149,000  (against  8,1 93,000  in  ])revi()us  year),  an  increase  of  1  I .',  per  cent., 
and  reccijjts  for  same  weie  £80,650  (against  £63,669).  an  increase  of  over 
26  per  cent.  The  tramways  took  3  J  per  cent,  less  ciurent  than  in  1914-15, 
but  ])aid  £5,400  more  for  it.  As,  however,  the  tramway  undertaking  is 
only  charged  with  the  cost  of  production,  that  figure  only  shows  the 
enhanced  cost  of  manufacture.  The  total  receipts  (inchuling  traction 
revenue)  were  £114.()50,  and  expenditure  was  £68,579  (against  £56.374), 
the  chief  increases  being  in  coal  and  oil,  and  an  addition  of  over  £1,000  in 
half -pay  to  reservists  and  volunteers.  The  average  price  for  coal  was 
31  per  cent,  more  than  in  the  previous  year.  The  greater  portion  of  the 
increase  in  output  is  due  to  increased  use  of  electric  power.  Many  a])pli- 
cations  for  current  have  been  received,  which  owing  to  the  restrictions 
placed  upon  capital  expenditure  cannot  be  granted. 

Bournemouth. — The  report  of  the  general  manager  of  the  Cor- 
poration tramways  (Mr.  I.  Bulfin)  for  the  year  ended  March  31  states 
that  the  net  profit  was  £14,132  (compared"  with  £9,083  in  191  4-15). 

Traffic  receipts  were  £107,818  (increase  of  £5.472  over  those  of  previous 
year)  and  car-miles  run  1,670,702  (decrease  144,9.30).  Receipts  per  car- 
mile  were  15-49d.  (against  13-.52d.)  ;  working  expenses  £51,79(i,  or 
7-44d.  (against  7-27d.)  per  car-mile.  Gross  recci])ts  (including  interest 
and  rents)  were  £108.518.  Capital  charges  were  £37,385  (against, 
£3.5,612),  leaving  net  pi'ofit  of  £19.337,  from  which  had  to  be  deducted 
£4,173  (against  £2,.352),  allowances  to  members  of  staff  who  had  joined 
H.M.  Forces,  and  £1.032  (£1,188)  capital  charges  and  deficit  on  ruiming 
of  'buses,  leaving  net  ]Mofit  £4,132.  Mr.  Bulfin  recommends  the  placing 
of  £10,(J00  to  renewals  and  £1.000  to  reserve.  The  total  n>ceii)ts  of  the 
'buses  were  £1,035,  and  iniming  c\])ens(^s  £1,151. 

The  Council  adojited  the  lecommendation  of  the  Tramways  Committee 
that  Mr.  Bulfin  be  congratulated  on  the  result  of  the  j'ear's  winking, 
having  regard  to  the  exceptiimal  circumstances  of  the  year. 

Leeds. — The  accounts  of  the  Corporation  tramways  department  for 
the  year  ended  March  31,  lOKi,  show  total  capital  expenditure 
£1,748,445  (mcrease  £G9,()02).  £.502,190  has  been  applied  to  reduc- 
tion of  debt,  and  there  is  a  balance  in  the  redem[)tion  fund  of 
£254,383. 

Revenue  was  £475,505  (against  £434,510  in  previous  year),  and  work- 
ing expenses  were  £236,22(>  (£228,134).  Accident  insurance  and  com- 
pensation required  £4,386  (£6,726),  interest  £39,163  (£36,(i90),  redemp- 
tion  fund   £62,806   (£5.5,790),   and   net   interest   and    redemption   fund 


(Sovereign-street  estate)  £5,200  (£5.'J00),  leaving  net  Rnrplus  £7L«21 
(£81,567).  Passengers  carried  were  103,4.53.8(11  (9.1,6.^».2('>.S).  and 
revenue  car-miles  run  9,405,1 21  (9.522,737).  Total  revenue  was  12  1.34d. 
(10-950d.),  and  working  exp 'nses,  including  power,  and  permanent  way 
renewals,  were  6-943d.  (6-671  d.). 

In  his  report  the  general  rianager  (Mr.  .1.  B.  Hai  lilton)  says  the  addi- 
tion  to  traffic  revenue  was  di  e  partly  to  the  higher  "amings  of  the  inda«- 
trial  population  and  partly  to  the  restriction  of  railway  services,  ("ar- 
miles  run  were  actually  less,  owing  to  shortage  of  men,  hence  the  higher 
average  receipts  per  car -mile  The  conveyance  of  minerals  for  the  I>Mb 
Fireclay  Co.  over  the  lines  commenced  in  October  last.  The  Corporation 
have  statutory  powers  to  car  y  goods  and  minerals  on  the  tramway  lines, 
and  it  is  expected  that  these  powers  will  prove  very  useful  in  the  future. 
Total  working  expenses  (49-(>7  per  cent,  of  gn>ss  re^eii)ts).  includiiiL' war 
bonus,  are  tlie  lowest  on  record.  The  net  surpbis  (£7!,S2I)  carried  to 
relief  or  rates  makes  the  total  devoted  to  that  i)uri)OM>  £l,tit).5..587.  Units 
used  were  20,007.207,  including  10,043,()3()  generaN'd  by  the  tramway 
power  station,  and  9,9()3.577  i)urchased  from  the  electricity  department 
(comi)arcd  with  6.290,325  an<ri3,822,(J31  in  previous  year).  Allowances 
to  (l"pen(l(>nts  of  soldiers,  &c.,  amounted  to  £13.270.  The  ns.>rve  fund 
now  amounts  to  £22,14.5.  The  rail-less  traction  routes  fnur  (;nis»-ley 
terniiiuis  to  Otlev  aiul  Burley  were  put  into  operation  on  Sept.  '.»  and 
Oct.  22  respectivelv.  On  extcnsiims  of  track  213  jiunts  haxe  Utn 
Thermit  welded  and"33  joints  have  been  welded  on  reconstructed  tracks. 
The  3,000  kw.  turbo-alternator  was  put  on  the  load  about  the  beginning 
of  November,  and  it  is  ])roving  economical  in  the  p  -oduction  of  current. 
The  result  of"  the  de])artment's  handling  its  third  party  risks  ha.-  Itwn 
satisfactory.  The  i)renuum  payable  on  the  insurance  basis  would  have 
been  £5,2()"3.  while  the  cost  of  m'cetintr  all  claims  plus  an  estimate  ft>r  out- 
standing claims,  has  been  £2.634.  There  were  323  female  inrnductors  at 
March  31,  anil  thev  were  doing  very  well. 


COMPANIES'  MEETINGS  AND    REPORTS. 

— — ^ • 

Eastern  Telegraph  Co.  (Ltd.) 

Tlic  oiglitv-fifth  annual  i)nlinarv  licncral  meeting   .t  this  Comp^uiV  was 
iKld  on  Wednesday  last.  Sir  -John  VVoi.rK  B  vkuy,  K.C.B..  Hie  Chairman 

of  tlie  (!()Mii)anv,  inesiding. 

The  SKCi;  K  l\vKV(Mr.  A.  R.  Hardi-Kha  vingr.-a.' thenotu-ei-onvt-ning 

tliL,  meeting  .aid  the  report  of  the  auditors. 

The  CHAIRMAN  said  :  I  presume,  gcntleuu-n.  that  you  wdl  ake  ihe 
report  as  read  ;  it  has  been  circulated.  (Hear.  h«<.r  )  U  now  »>^'^«!"";« 
mv  dutv  to  oftn-  a  few  remarks  on  the  reiK.rt  aiul  a^-'-Y»'"'^  "':";" 
1  had  the  pleasure  of  a.ldressin-  vou  last  year  I  statod  that,  owmg 
to  the  abnormal  conditi.ms  un/lcr"  whiih  we  had  Ikhmi  workmg  suu- 
war  broke  out,  no  useful  purpose  would  be  served  by  attempting  t..  .^un- 
pare  in  detail  the  various  items  of  receipts  and  exp  tuliture.  As.  un-^^ 
tunatclv,  these  conditions  continue  to  prevail.  I  ag,un  pn.posv  to  nxiew 
the  matter  in  a  nu.re  general  way.  You  have  now  had  the  accounts 
in.  vour  han.ls  for  sonu^  time,  and  have  had  the  opiK.rtun.ty  of  .on- 
sidcuing  then,,  and  1  feel  sun>  that  you  will  have  conu>  to  the  ^'^^  ^'l^'t^^n 
that  the  result  of  the  vcars  operations  is  a  renuirkable  one.  T  e  gro^ 
revenue  for  the  vear  ended  Dec-.  31.  1915.  was  in  excess  of  any  »t'><  rto 
attained  bv  the  Companv,  and  amounted  in  round  figures  o  i-.i04.^«n 
whic-h  shows  an  increase  of  £458,ti91.  as  compared  Y'*'V 'i-olT^lV.  ore 
vear.      On  the  other  hand,  the  total  exiuuises  were  about  £-,OlK»  more 
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than  those  for  last  year,  which  again  were  considerably  higher  than  the  total 
shown  in  normal  times.  Included  in  the  present  fijiurew,  however,  in  an 
amount  of  £3f),042  for  special  payments  to  the  staff  and  other  expenses 
in  connection  with  the  war.  The  bulk  of  this  in  respect  of  the  former  is 
in  recognition  of  the  particularly  onerous  duties  performed  by  the  staff 
entailed  by  the  war,  and  as  an  allowance  towards  meeting  the  exceptional 
conditions  which  prevail  in  varioui;  j)arts  of  the  world  served  by  our 
cable  system.  Last  year  the  stockholder.';  were  good  enough  to 
approve  of  the  action  of  the  Directors  in  contributing  towards 
some  of  the  principal  patriotic  war  funds  of  Great  BritainJ  and 
our  Allies.  We  have  made  some  further  contributions  this  year 
which  are  included  in  the  figure  just  quoted,  and  we  have  every  con- 
fidence that  thin  action  will  have  the  full  and  unanimous  api)roval  of  the 
stockholders.  (Hear,  hear.)  You  will  have  noti'-erl  that  the  large  .sum 
of  £U07,(>37  apjiears  in  this  year's  expenses  for  income  tax  payable  in 
England  and  excess  profits  duty.  Notwithstanding  these  heavy  addi- 
tional taxes  and  the  increased  expenrxf;  to  which  J  have  referred,  the  final 
amount  available  for  di.stribution,  after  providing  for  interest  on  the 
4  per  cent.  Debenture  Stock  and  dividends  on  the  .^.l  per  cent,  l^reference 
Stock, is  £821,()37,  or  £il3,8!ir)  in  excess  of  that  for  1<)14.  Under  these 
favourable  circumstances,  therefore,  the  Director.;  consider  that  they 
were  fully  justified  in  recommending  the  payment  of  a  final  diviflend  of 
2  j-  per  cent.,  making  0  per  cent,  for  the  year,  as  against  5  per  cent,  which 
has  been  paid  for  many  years  past,  while  maintaining  the  usual  bonus 
of  2  per  cent.,  making  a  total  distribution  of  8  per  cent,  for  the  year,  free 
of  income  tax.  The  sum  of  WOO.OOO  has  be(  n  transferred  to  the  General 
Reserve  Fund,  and  the  Ivalance  propoced  to  he  carried  to  the  next 
account  amounts,  to  about  £20, GOO. 

I  have  referred  at  recent  meetingn  to  the  renewal  of  Fome  of  f)ur  (-Uhr 
Bcctions.  of  cable  in  the  Red  Sea,  and  1o  nt-w  ( alil(  s  wliich  have  Ik  ( n  laid 
betvvcn  (iibrallar  and  Alexandria  and  fiom  Ailcn  Id  ('(ilonil:i>.  Tli.se 
0]>erati()ns  have  cnlaijcd  a  very  large  expenditure,  amounting  in  the 
aggregate-  to  nearly  £1,400.000,  and  this  sum  has  been  charged  against  the 
general  reserve  fund  during  a  period  covering  the  last  five  years,  the 
final  instalment  of  £200,000  being  included  in  the  accounts  now  before 
you.  Although  it  is,  difficult  under  the  existing  circumstands  to  obtain 
a  reliabh;  valuation  of  the  reserve  fund  investments,  it  has  been  con- 
sidered advisable,  as  a  result  of  the  approximate  valuation  made,  to 
increase  the  ])nivisi(in  for  investment  Huctuations.  and  a  further  sum  of 
£12r),000  has  accordingly  Ixen  taken  from  the  general  reserve  fund  for 
this  purjKJse,  making  a  total  provision  to  date  of  £400,000.  Notwith- 
standing the  above-mentioned  extensive  withdrawals  from  the  general 
reserve  fund,  I  am  jilcased  to  say  that  this  fund  has  Ixcn  well  maintained, 
and  that  the  Ijalance  remaining  is  £l.HO."),!Mr),  or  rather  more  than  it  was 
before  the  heavy  withdrawals  on  account  of  the  new  cables,  &c..  to  which 
I  have  referred.  I  think,  therefore,  it  is  a  matter  for  mutual  congratulation 
that  this  ('onipany  has  attained  its  present  high  position,  for  it  is  notemly 
sound  financially,  but  in  other  resj)eets  as  well.  I  believe  that  at  no 
))eriod  in  its  historv  has  this  ('omi)any  stood  so  well  in  the  ( yei;  of  the 
(!overnmer)t  and  <f  the  public  as  it  does  to-day.  (Hear.luar.)  The  fon - 
siyht  exercised  in  layinj:  a<lflitiiinal  cal)lis  to  provide  in  advam  "  ;>.  margin 
»f  carrying  capacity  Ixyond  cjur  immediate  re(|uirem<ntK.  has  .stood  us  in 
good  stead.  Jt  has  enabled  us  to  maintain  an  eflieient  system  for  the 
(Jovcrnmcnt.  and,  subject  to  th<-  conditions  which  have-  ne(  <  s.sjirily  been 
imposed  upon  ((Mnmercial  coi-i-csp(indcn( c.  a  cr)ntinuous  and  trustworthv 
service  has  also  been  available,  notwithstanding  the  ini|>re(  <  dented 
volume  of  trallic  which  we  have  had  to  divpose  <if.  'J'he  princi(ia|  factors 
which  have  caused  the  increase  in  the  number  of  words  carried  during 
the  year  are  the  interruption  of  tlie  lndo-Kun)i)ean  Telegraph  Co.'s 
line  to  India,  and  also  that  the  carrying  capacity  for  commercial  work 
of  the  (Jreat  Northern  Te|cgn\]th  Co.s  route  to  Cliina  and  Japan  has  been 
greatly  reduced  on  account  of  ( Jovcrnmental  re(jnirements. 

.Mthough  the  Government  have  ])ermitted  the  use  of  nine  <odes. 
whicii  has  to  a  considerable  extent  restricted  the  use  of  i)|ain-lnngmig.- 
telegrams.  still  the  amount  of  work  transmitted  over  our  cables  has  shown 
a  large  increase,  so  that  when  anv  (if  our  main  cables  have  bciome 
interru|ited  fnun  one  or  other  of  the  natural  <  atises  to  whi<  h  they  are 
subject,  some  delay  to  commercial  trallir  must  necessarily  result.  I  am 
glad  to  say.  ho\v<ver,  that  so  far  we  have  been  able  to  maintain  «  constant 
service  throuj^hout  our  system,  and  notwithstanding  the  grc-at  pres^sun- 
of  business  which  we  are  exiii'riencing.  we  have  Ix-cn  ;ib|<  to  d'-vise  pl.-ins, 
on  es])ecially  favourable  terms  to  the  (Jovernmi  nt.  for  the  dislribiilion  of 
news  from  the  various  (Jovcrnnu'iil  di|)ar( merits  to  (he  outlying  i>o,-iics. 
sions  of  the  l'',ni]>irc.  l)y  which  means  our  ftvcrsenH  Dominions,  are  k(|<t 
in  t(.n(li  witii  the  develo])ments  of  events  at  home  and  in  the  ditTerent 
theatres  of  wai-.  We  have  also  uranted  facilities  to  soldiers,  sailors  and 
nurses  of  His  Majesty's  Exi)edilionarA'  Knrees  by  which  they  an-  nb|r  to 
telegra])h  between  the  Unitcvl  Kinudom  and  Uritish  Colonies.  Dominions 
and  l)epen<leneies.  and  betw<  en  the  Depcndinries.  and  so  far  as  th'V  are 
under  the  control  of  t  he  .Associated  Compnni.'s.  these  a]ip|v  to  France  and 
her  dc))endencies  as  well  as  to  Salonika  and  other  jdrtn  .:.  J-ank  n-mit- 
tance  telegrams.  wlii(  h  may  include  a  rode  word  or  grouji  in  tite  l<'xt. 
are  also  accei>ted  for  or  from  the  tnmps  at  (|uart«T  rates  between  the 
l'nit(>d  Kingdom  and  the  various  regions  where  our  forces  are  opeiating, 
and  lietween  several  Colonies  and  Dependencies.      \h  'in 

adopted  to  cheapen  the  telegrams  of  our  South  Ali  \  ban 

Forces  by  <()de  addresses  denoting  the  various  unit'-  On  eert.iin 
s])ecitied  conditions  free  transmission  has  been  granted  to  in"ss<iges 
of  intiuiry  eoneerning  wounded  or  sick  soldiers,  sailors  and  nurs<>ii. 
(Hear,  hear.)  I  may  mention  that  many  of  there  free  telegrams  are 
of  e<msi(lerai>le  leuLitli  ;  some  of  them  have  contained  over  1  .OtKI 
worils.  Simil.ir  fasililies  have  also  in-en  granted  to  tin  British  Red 
Cross    Society    for     messages    relatinu;     to     int|uiries     enn<'ernini'    tlie 


wounded,  and  administrative  busines.';  between  Great  Britain  and 
the  various  places  abroad  occupied  by  our  active  forces.  Wc  regret 
that  owing  to  the  necessity  of  providing  for  the  urgent  demands  of 
(iovernment  traffic  from  time  to  time,  and  the  possibility  of  conges- 
tion on  our  main  lines  of  communication  from  possible  temporary 
interruption,  we  do  not  yet  feel  ju.;tified  in  re-introducing  ""  wc;'k-end  "' 
telegrams  ;  but  we  are  doing  all  in  our  power  to  improve  the  service  of 
"  deferred  "  telegrams,  subject,  of  course,  to  the  greater  demands  of 
Government  and  ordinary-  commercial  work.  Other  facilities  have  been 
introduced  in  the  interests  of  our  customers,  which,  however,  I  need  not 
refer  to  in  detail.  The  granting  of  further  concessions  does  not  rest 
solely  with  these  Companies,  but  the  public  whom  we  serve  may  rest 
assured  that  their  interests,  arc  not  overlooked,  and  that  we  endeavour  to 
meet  their  claims  so  far  as  they  are  con.dstent  with  those  of  our  Govern- 
m.ent  dc])artments,  whose  demands,  particularly  in  these  times,  must 
alwajs  take  first  place.  It  is  fortunate  that  we  have  been  able  to  continue 
our  duty  as  public  servants  in  a  satisfa-torj-  manner  during  a  period  of 
such  exceptional  stress,  and  I  feel  sure  you  will  agree  with  me  when  I  again 
exprcs;;  the  vi(  w  that  great  ( redit  is  due  to  our  Managing  Director,  Sir 
•John  Denison-I'ender.  and  the  staff  at  home  and  abroad,  for  their  devotion 
to  the  service  of  the  Conipmy  and  of  the  country.     (Cheers. ) 

I  v/ould  also  like  to  take  thi;;  opportunity  of  publicly  acknowledging  the 
great  assistance  and  courtcsv  which  we  have  received  from  the  Foreign 
Office,  the  Admiralty,  the  War  Office,  the  Post  Office,  and  the  other 
great  departments  of  the  Stat?  ;  and  it  \r  gratifying  to  feel  that  the 
services  which  v.c  have  thereby  been  able  to  render  to  them  are  appre- 
ciated. I  now  beg  to  mov?  that  the  printed  report  and  accounts  ol  the 
Direciorc  for  the  year  ended  Dee.  31,  1915.  submitted  to  this  meeting, 
1  e  and  the  nam*-  are  herebv  r.'CJvecl  and  adoptf-ii  ;  that  the  ilividend  of 
;{•  I cr  f'-nt.  less  ineome  tax.  ]»aid  in  lesyect  (>1  the  |)ie.Vren<  e  stock  of  the 
Otuipiny  be  approM-el;  and  tint  in  aecorlanc.-  with  the  Directors' 
iccommentlation.  a  divider. d  I  e  ar.d  is  !iow  <!e:-l-ired  oi  2}  j.vr  cent,  with 
a  bonus  of  2  per  cent,  both  free  of  income  tax,  on  the  ordinary  stock  of  the 
Company,  making,  with  previous  payments  by  way  of  dividend  on 
account,  a  totel  distribution  of  8  ^.er  (cnt..  fre?  of  inconietax  for  the  vcar. 

The  VICK  (HAIKMAN  AND  MANAtJlNCJ  DIRECTOR  (Sir  John 
Denison- Fender.  K.C.M.tJ.)  seconded  the  resolution,  which  was  carried 
unanimously,  as  was  ttls<j  a  resolution  that  the  Directors'  fees  be  paid 
free  of  ineome  tax. 

The  retiring  Din-ctorr.,  Lord  Allerton  and  Mr.  J.  C.  Denir.on-Fcndcr. 
were  re-elected,  and  the  auditors  were  re-apj)oint<  d. 

A  <  ordial  vote  of  thanks  to  the  Director.-,  and  staff  at  home  and  abroa<l 
for  the  wonderful  work  tluy  ha<l  achieved  durinji  the  past  year  war. 
(  ordially  agreed  to  ;  and  in  n  turnint:  thanks,  the  Chairman  ;■^aid  it  was.  a 
great  satisfaction  to  the  Hoard  to  feel  they  ha<i  the  imanimous  .".pproval 
of  the  stoekholders,  and  an  even  greater  satisfaction  to  know  that  the 
(Jove-rnment  de  ])artment.:,  one  anel  all.  ap))reciated  the  public  nature  of 
th"  Company's  seTviee. 

The  jiroc-eedingii  then  UTminated. 


Eastern  Extension,  Australasia  &  China  Telegraph  Co.  (Ltd.) 

The  eiiihty -:-((ond  oidinaiy  general  nn-eling  of  thii-  Company  was 
held  (!n  May  23,  under  the  jin  sidene  y  of  Sir  .IoHN  Woi.jt.  R.vkkv, 
K.C.  H..  the  ( 'hairman  of  tlu'  ( "onipan\'. 

Til.-  (;KNKI{AL  MANA<iKK  AND  SECRETARY  (Mr.  F.  E.  Hesse) 
read  the  neitie-e  e-onvening  the  me^eting  anei  the  auditon*'  report,  and  the 
n-port  e)f  the  r)ireetors  was  taken  as  n-ad. 

The  CHAIRMAN  sjiid:  Then,  port  and  accounts  .show  that  the  gross 
ree-eipts  for  theye-ar  lUl-'iamonnted  !n  rounel  numbers  to  £n.";0.(MH).  against 
£Hl!t.(KtO  for  H»"N.  showing  an  inerea;^-  of  £131.t)00.  The  sati.-^factory 
feature  of  this.  inen-H.-^e- i.;  that  it  is  not  only  sjueael  over  the- whole  eif  our 
exte-nsive  syste-m.  but  is  particularly  notiee-abk-  in  e)ur  important  loe-al 
traffics  iH'tween  India  anei  Australia,  China.  .Ia|)an.  and  either  ce>untries. 
The  working  and  otlierexiM-nse^s  ameumteel  in  rounel  numlH'rstei£.386.(K)0. 
again-<t  £3ti4.(MKl  for  I '.(N.  showing  an  ine  nast-  of  l22.(HKl.  which  is  fully 
accounted  for  by  "  the  s]M-cial  |iayiii<-nfs.  to  statT  and  other  expenses  in 
conne-etion  with  the-  war."  Inebnied  in  this.  del)i(  is  this  Comjiany's 
preiportion  eif  the-  further  e-ontributionn  made  by  the  AsseJciateMl  Cable 
« ompanie  s  te)  war  n-lii  f  funei:.  during  the  past  year,  whicli  I  have  no 
doubt  will  nuM't  with  the  same  warm  approval  by  tlie  sban-hedders  ar.  on 
fornu-r  occasions.  (Che-ers.)  1  e-nten-el  so  fully  at  eiut  last  ge-neral  meeting 
inte>  the  e-lTeet^  of  tin-  war  on  the-  we>rk  .>f  euir  Comjtany  that  I  neeel  ne>t 
now  n-ca)iitulat«- tlieni.  Sufficient  to  say  that  the  weirk  has  be>en  well 
anel  sucee-i-sfully  e  nrrii'd  out. 

The  net  ]»rf>f^t  for  the  jwst  year  wa^j.  reuuidly.  £.'>()3.(>00.  and.  after 
aelding  £3I.(XM»  brought  forwanl  fnun  the  jireee^ding  aceeuint.  there 
ivmainevl  an  available  Imlp.ne-o  of  £.i!l4.(KHl.  Out  e>f  this  balance — 
i.r..  £.")fl4.(M»0 — j>!  M  made  for  the  payment  eif  inte-rest  on 

the  4  jxT  <  Mit.    \  i>         itun^  Ste>ek.  annmnling  to  £:{(t.(l".>r>.  for 

income  tax  i>ayable'  in  F.ntland.  and  exr-ess  ]in>fits  ehity.  annmnting  to 
ne.irly  £S(5.(KM(.  the  thre^  interim  eliviilcneb  alreaelv  paiiL  amounting  to 
tl  12."."(M»,  anei  the  £2(W.0(K)  rnrriwi  to  tlie  general  "res-rrve  fund.  Under 
ihe-e  favourable-  eon<litions  your  Director.;  consider  the  (\inii>any  justi- 
fied in  payinu  an  extr.i  1  ]fr  >>-nt  ejividenei,  and  tlierefore'  n'l  mnmenei  the 
eleclar  tie>n  eif  a  final .  '[  j  cr  e  iMit ..  with  a  beinus  of  2  f  er  e>Mit.. 

amounting  teipether  ■       ■_ '.  ar.ei  making  with  the  thie-e  interim 

dividemis  a  total  distribution  of  8  j-^r  cent,  for  the  year  \9l.'}.  payable 
fn'o  eif  income  tax.  The  Iwianee  propoveel  to  be  carrievl  to  the  next 
account  amounts  te>  nearly  C.'lO.tKHJ.  Turning  now  to  a  matter  which  is 
somewh.1t  personal  to  the  Ite»arei.  1  woulil  jioint  out  that  the  share-heilders 
are  also  aske>ei  to  approve  the  proin.-.,!]  ihat  tlie  Directors*  feM>  sheiulel  Iw 
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paid  free  of  income  tax,  aw  i»  the  (•a.-(^  in  icspcct  of  the  shareholdeni' 
dividentlK  and  bonu.-cs,  and  is  also  llu!  chkc;  with  respect  to  all  salariiis 
of  our  staff  at  home  and  abroad.  (Hear,  hear.)  The  coufkc;  projKj.sed  ia 
one  which  obtains  in  many  companies  of  the  highest  (standing,  and  the 
Board  now  submit  it  to  the  meeting  for  their  approval,  and  I  shall  move 
a  .separate  resolution,  as  it  is  a  pcr;;onal  matter,  after  the  resolution 
approving  the  report  and  accounts  has  been  passed.  It  Kcems  to  he 
reasonable  that  the  Directors  shoukl  no  longer  remain  alone  among  tho:  e 
who  conduct  the  affaiis  of  tho  C'fnijiany  in  respect  of  liability  to  income 
tax  (hoar,  hear),  and  the  shareholders  will  perhaps  be  surprised  that  the 
anomaly  has  existed  so  long. 

The  usual  additions  have  been  made  to  the  maintenance  ships,  in.';ur- 
ance  and  depreciation  funds,  and  in  addition  tothc  £200,000  ahe^dy  le- 
ferred  to,  the  general  reserve  fund  has  been  credited  with,  rour.dly, 
£41,000  in  connection  with  the  closing  and  disposal  of  the  Banjcewangie- 
Rcebuck  Bay  cable,  the  maintenance  of  which  was  no  longer  necessary 
owing  to  the  establitihmcnt  of  improved  mean.s  of  communication  with 
Australia.  On  tho  other  hand,  the  general  re.serve  fund  has  been  debited 
with  £74,685  for  partial  cable  renewals  carried  out  during  the  year, 
£11,382  reprer^enting  the  loss  incurred  on  the  sale  of  investments,  and 
£25,000  as  a  further  provision  on  account  of  investment  fluctuations, 
bringing  the  total  provision  against  depreciation  up  to  £225,000.  The 
net  result  of  this  is  that  the  general  reserve  fund  is  increased  by,  roundly, 
£130,000.  leaving  it,  at  the  end  of  last  year,  at  £786,000.  The  share- 
holders  will  have  seen  from  the  printed  report  that  the  Australian  Com- 
monwealth Government  has  concluded  an  agreement  with  the  Company 
enabling  us  to  deal  direct  with  the  public  in  Melbourne  as  at  Sydney, 
Adelaide  and  Perth,  and  an  office  has  accordingly  been  opened  by  the 
Company  for  the  reception  and  delivery  of  telegrams  in  Melbourne. 
Some  years  ago  the  Company  was  temporarily  allowed  to  open  a  public 
oitice  in  Melbourne  to  the  great  satisfaction  of  the  telegraphing  com- 
munity, but  after  a  year  or  two  it  had  to  be  closed  on  account  of  the 
conditions  which  at  that  time  the  Government  wished  to  impose  upon  the 
Company  not  being  acceptable.  Before  I  conclude  I  should  like  to  bear 
testimony  to  the  whole-hearted  and  zealous  way  in  which  our  staff  at 
home  and  abroad  has  carried  out  its  duties  in  times  which  involve  great 
responsibility  and  much  labour,  and  I  associate  with  that  the  name  of  our 
general  manager,  Mr.  Hesse.  I  nov/  beg  to  move  the  adoption  of  the 
report  and  accounts,  and  the  payment  of  a  final  dividend  of  4s.  6d.  per 
share,  together  with  a  bonus  of  4s.  per  share,  tax  free,  making,  with  the 
three  interim  dividends  already  paid,  a  total  distribution  of  8  per  cent, 
for  the  year. 

The  VICE-CHAIRMAN  AND  MANAGING  DIRECTOR  (Sir  John 
Denison- Pender,  K.C.M.G.)  seconded  the  resolution,  which  was  carried 
unanimously. 

The  retiring  Directors,  Sir  John  Denison-Fcnder  and  the  Right  Hon. 
Lord  Inehcape,  were  re-elected,  as  were  the  retiring  auditors. 

A  cordial  vote  of  thanks  to  the  Chairman,  Directors,  Geneial  Manager 
and  staff  at  home  and  abroad  was  carried  unanimously,  and  the  pro- 
ceedings terminated. 

West  African  Telegraph  Co.  (Ltd  ) 

The  thirty-first  ordinary  general  meeting  was  held  on  Wednesday 
last.  Sir  John  Denison-Pender,  K.C.M.G.,  Chairman  and  Managing 
Director,  preruding. 

The  SEC^RETARY  (Mr.  John  Cimbrook),  having  re  '.d  the  notice  con- 
vening tho  meeting  and  the  auditors'  report. 

The  CHAIRMAN  said  :  Gentlemen,  I  do  not  propcLO  to  go  in  detail 
into  tho  report  and  accounts,  which  have  been  in  your  hands  for  some 
timo,  but  I  will  just  make  a  few  remarks  on  some  of  the  figures. 
Tho  total  gros;;  revenue  for  the  year  1015  differs  little  with  that  of'  1014, 
being  £55,380,  against  £55,523.  or  a  reduction  of  £134.  The  locoipts, 
however,  Irom  messages  amounted  to  £44,472  ;  that  is  £1,860  more  in 
1915  than  for  the  jwecoding  yojr  1914 — the  first  year  which  includes 
war  traffic;: — •.vhilc  interest  and  dividends  on  our  reserve  fund  have 
improved  to  the  extent  of  £294,  owing  to  this  fund  being  inereaccd.  The 
course  of  exchange  adversely  r.ffocted  the  revenue  for  1915.  and  on 
coin])aring  the  two  3-ears  v.e  find  tliis  lo;s  amounts  to  no  loss  a  figure  than 
£2,297,  causing  the  deerea£e  stated  in  gross  revenue,  notwithstanding  the 
actual  increase  in  message  receipts.  The  total  expenses  for  the  year 
were  £30,075,  an  increase  of  £4,500  over  1914.  Nearly  £1,000  of  this 
increase  rcjircscnts  our  |)roj)ortion  of  ailditional  exjjcnses  incurred  at  a 
station  worked  by  another  Associated  Company,  and  of  the  expeii-Co  of 
wlrich  station  we  pay  a  percentage  of  the  total,  whde  the  expenses 
attending  maintenance  of  cables  were  also  £1.673  higher  this  year  than 
last  year.  The  Exchange,  for  the  year  1915,  alone  reduces  our  available 
receipts  by  £821,  by  comparison  with  1914.  This  year's  revenue  is 
debited  with  £747,  in  respect  of  special  war  payments  to  staff"  and  our 
share  of  contributions  made  by  the  Associated  (!ab!e  Companies  to 
National  and  International  Benevolent  Funds  connected  with  the  wai'. 
which  action  yonr  Directors  feel  sure  has  the  whole  hearted  su])-|)ort  of 
the  shareholders. 

Thus  tho  not  available  balance  representing  tho  profit  on  the  year's 
working  amounts  to  £25,347.  Although  wo  cannot  short^  any  largely 
increased  traffic  owing  to  tho  war,  wo  do  not  escape  excess  profits  duty, 
and  this  duty,  together  v/ith  income  tax,  absorbs  £2,112,  while  tho 
dividend  at  the  rate  of  £4  per  cent,  per  annum  v.dll  take  £9,243.  12g., 
leaving  £13,991,  or  very  nearly  £14,000,  out  of  which  v,o  propoio  to  place 
£13,000  to  reserve  fund,  which  will  then  stand  at  the  substantial  figure  of 
£327,000,  leaving  £991  to  be  carried  forv.ard  to  1916.  It  must  bo 
remembered  the  reserve  fund  figures  as  given  in  the  report  and  accounts 
represent  the  cost  price,  and,  as  we  all  know  too  well,  the  market  value  of 


thcKO  gilt-edge  Hocuritics  i»  to-day  conMiderahly  b*Iow  ttw  £gure  at  whir  h 
year  by  year  they  m-rc  purchaw-d.     I  will  now  pn-jpose  the  adoption  of 
the  rcjiort  and  aecountH. 
Sir  HENRY  C.  MANCE,  C.I.E..  iLInKt.C.C.  lecondwl  th«  iwwlution, 

which  was  carried  unanimou.sly.     A  '  '  *  "'le 

Directors'  remuneration  free  of  ineon. 

Sir  Henry  C.  .Mance,  ('.I.E.,  waa  il,eii  r  :c 

Comptiny,  and   Mci^sr*.   Deloitte,    Plciider,  tj    ...  ..     _        .  -     -i^- 

j)oint<  d  auflitors.     A  vote  of  thanks  to  the  Chairman,  the  Dir<-'  tor*  and 
the  staff  concluded  the  proceedings. 


The  Directors'  rc|)ort  stated  that  the  revenu.;  i(j;  ti 
31,  1915,  amounted  to  £55,389.  7s.  lOd.,  from  •^■■ 
£18,899.  2s.  for  the  ordinary  exijen.v.;,  and  £11,7" 

ture  relating  to  maintenance  of  cables,  sundry  n 

income  tax  abroad,  a-nd  war  payments  to  staff  and  other  ( 
connection  with  the  war,  leaving  £24,714.  Os.  2d.,  f        ' 
£633.    5.'j.    lid.    brought  forward,    making  a  total  a. 
£25,347.  6s.   Id.     The  sum  of  £2,112.   10;.   lOd.  had 
income  tax  and  excess  profits  duty,  £13,tJ<X)  had   l> 
general  reserve  fund,  and  an  interim  dividend  of  2  per  cent.. 
£4,621.  16s.,  was  paid  on  Dee.  1  last.     The  Directors  recomn 
declaration  of  a  final  dividend  of  2  per  cent.,  making,  with  t' 
distribution,  4  ))er  cent,  (tax  free)  for  the  year,  the  balance  {Sif.n. 
beinji  carried  forward. 
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West  Coast  oJ  America  Telegraph  Co.  'Ltd.) 

The  nineteenth  ordinary  general  meeting  wa,  held  on  Tue.sday,  Sir 
John  Denison-Pender,  K.C.M.G.,  the  Chairman,  presiding. 

The  SECRETARY  (Mr.  Frederick  L.  Robinson),  ha\-ing  read  the  notice 
convening  the  meeting  and  the  auditors'  report. 

The  CHAIRMAN  said  :   Gentlemen,  the  gross  receipts  for  1915  amount 
to  £65,475,  against  £61,129  for  1914.  Thus  we  have  an  increase  of  £4,346. 
Taking  into  account  the  restriction  of  facilities  which  the  war  ha.s  im- 
])OGed  on  this  (Company,  compared  with  the  free  hand  our  competitors. 
the  C'entral  &  South  American  Com}  any,  have  been  able  to  maintain. 
Owing  to  their  being  a  company  owned  and  worked  in  the  United  States 
of  America,  we  do  not  look  upon  this  figure  as  unsatisfactory-.     The 
working  expenses  are  also  up  by  £3,161.  being  £46,215,  against  £43.054 
for  1914,  but  of  this  sura  repairs  to  cables  (an  item  I  have  always  a.sked 
you  to  remembo'-  may  increase  or  diminish  materially  in  any  year,  without 
the  Board  being  able  to  have  any  control  over  it,  for  the  cables  must,  of 
course,  be  maintained)  have  exceeded  by  £1,909  the  sum  ex])ended   in 
1914.      However,  this  increase  this  year  docs  not  necessarily  mean  that 
repairs  have  been  more  extensive  than  usual,  but  the  cost  of  the  cable- 
repairing  ship  has  increased.     For  instance,  coal  ha.s  cost   verj'  eon- 
siclerably  more,  insurances  are  also  much  higher,  and  the  cost  of  pro- 
visions  has  also  been  greater.     With  regard  to  new  cable,  the  extra  cont. 
although  not  as  yet  felt  to  a  large  extent,  owing  to  our  stocks  on  the  Coast 
being  enough  for  the  time  being,  yet  when  we  replace  those  stocks,  as  we 
shall  have  to  do  from  time  to  time,  we  shall  have  to  renew  them  at  ver\- 
largely  increased  cost,  compared  with  that  of  the  existing  stocks  :    and 
not  only  that,  but  the  cost  of  sending  the  cable  out  to  the  West  Coa.st  has 
also  very  materially  increased.     The  war  ])ayments  to  staff,  also  the 
contributions   to   national  funds,   in   which   we   take  a   share   with  the 
Associated  Cable  Comi)anies.  and  with  resiard  to  which  your  Directors 
feel  they  have  the  support  of  the  shareholders,  have  amounted  to  £1.732 
— certainly,  a  material  sum  of  money,  but  the  expenditure  of  which  has 
had  the  most  careful  consideration  of  your  Board.     The  duretion  of 
interruptions,  owing  to  breaks  in  the  cables,  has  been,  all  told.  Ki  davs 
for  1915.  and  this  might  h.ave  been  extended  had  not  (onsidenible  energy 
been  shown  l)y  our  yieople  on  the  Coast  and  bv  the  staff"  on  «nir  iv])airini: 
ship,  in  getting  on  to  the  rouairing  work  with  an  ab;-olute  nnninuim  of 
delay.     Your  capital  still  remains  at  £112,520  in  ordinary  .-harts  of 
£2.  10s.  each,  fullv  paid,  income  bonds  to  the  amount  of  £20.000,  and  a 
debenture  issue  of  £150,000  at  4  per  cent.     As  stated  in  tho  report  and 
accounts  we  propose  to  add  £5.000  to  reserve,  which  will  now  stand  at 
£88.1<)8,  £6.000  to  ])rovision  on  account  of  investment  tin.  tuations  (the 
list  of  investments  attached  to  the  report  being  given  at  co.^t  price),  and 
to  carry  forward  to  next  accounts  £2.977.  14s.  3d.      You  will  n-memU-r 
that  the  debentures  fall  due  for  repayment  Jan.   1.   1917.  and  your 
Direetors  may  have  to  call  you  together  a^'ain  later  on  in  liie  year  fo 
conlirm  (he  li'-cc-sary  arrangement.;  for  dealing  with  thi:    debt.      I  will 
now  propose  the  adoption  of  the  report  and  aecounti. 

Sir  ALBERT  J.  LEPPOC  CAPPEL,  K.C.T.E..  seconded  the  motion. 
which  was  carried  unanimouslv. 

The  retiring  director.  Mr.  Francis  Alexander  Johnston,  was  re-eleeteil. 
and  the  n^tirinu'  auditors,  :yiessrs.  Deloitte.  Pleniler.  t;rithths  &  Co..  w,>n> 
re-appointed,  a  vote  of  thanks  to  the  chairman  nnd  his  eo-ditv-ctors 
teiiniiiating  the  ]roceediug3. 


Submarine  Cables'  Tmst. 

The  fortv-fifth  ordinarv  annual  meeting  of  the  certitieate  holders  was 
held  on  Wednesdav.  Sir"  John  Denison-Penpef.  K.C.M.G..  prtsutmc. 

The  SECRETARY  (Mr.  Sidney  Collett)  having  n^id  the  notice  calling 
the  meetintr,  ., 

The  CHAIRMAN  said  :  Gentlemen,  this  being  a  trust  company,  then? 
is  reallv  verv  little  to  report,  but  I  may  just  call  vour  attoiition  to  the 
position  as  regards  the  certificates  which  have  been  drawn  and  which  still 
remain  to  be  drawn.  Our  total  receipts  for  the  year  ended  April  lo  last 
amounted  to  £25,489.  and  after  deducting  £Lol0  for  expenses  and  adding 
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£r>0  broufilit  forward  from  last  year's  accounts,  we  have  an  available 
balince  of  t24,02!».  This  amount  has  been  dealt  with  in  the  followinj.' 
manner:  tl;),84:{  ha.s  been  distributed  to  our  certifieate  holdi-rs  in  tiie 
Ufsual  int<n  st,  paid  h.llf-y(  arly,  at  the  rate  r.f  (i  ])er  cent.  i)er  annum  net, 
leavinji  a  suqilur;  of  t<S.I8(i,  vvhieh,  aeeordin<:  to  the  tru.-it  dctd,  has  to  be 
utili;;c<l  in  tho  aff|uiKition  of  certificate  r,.  Aeeoniingly  we  have  redeemed 
and  ean<elkd  68  <  ert.fieat.  s,  without,  of  cour:e,  the  <  oupon  of  reversion  ; 
25  of  th(8e  were  punhaHtd  in  the  o]Kn  maiket,  seven  were  aei^uind  by 
tender,  and,  as  we  w<  r<!  unable  to  obtain  any  more  l)y  either  of  these  two 
methods,  a  drawinjf  was  held  on  the  1st  i  istant,  wh<  n  the  balance  of 
'.Hi  were  drawn  in  the  preK(  n(  e  of  a  notarv.  Thft^e  absorbed  a  sum  of 
£8,109.  4s..  leaving  a  balant  •  of  £77.  7s.  2d.  to  be  carried  forward  to  the 
next  account.  You  will  observe  that  our  re<  eipts  this  y<ar  are  somewhat 
more  than  thoro  of  tlic^  pre<(  dinj,'  year.  THs  is  amounted  f<ir  ]»artly  by 
the  chantiCS  in  invest mcnts  which  your  truKf  ea  had  made  in  the  pn  vi«)u: 
y(ar,  and  which  I  me  ilioncj]  toyou.  whi  ii  I  I  ari  th'  pleasure  of  adilr.ssinL' 
you  on  the  last  oei  a;  ion,  would  nsult  in  a  'mall  ineitas*- — viz.,  the  sale 
of  some  of  our  hold  ng  in  the  Anj;lo-Amei  ican  Telegraph  Co.  and  the 
reinvestment  of  the  wrocecds  in  shar<'.<  of  tie  Great  Northern  Telc<;rai»h 
Co.  Anothcrsourceofa(lditionalin»f)me.  ho  vever.  has  been  in  the  receipt.; 
from  the  C(  ritral  &  S  )ufh  .Anieriean  Teleyranh  Co..  th<v  havinj:  increased 
their  dividend  from  (i  to  U  ]>er  c  nt..  whicl  means  an  increase  to  us  of 
about  t.'iOO  a  year  as  lonjr  as  1  hey  k(  <  )>  u])  th  •  hi^du  r  rat<-. 

H(fore  1  sit  down  i  may  nuntion,  a.-*  a  matter  (»f  intcnst,  that  the 
certifi<  at  s  which  we  have  n«»w  aecpiin-d  amount  in  all  to  l,f)2i>,  out  of  the 
orij/inal  4.2()().  Icavir  tr  2,.")7r»  c  rtifi(  at(  s  still  oulst.>ndin<.'.  Tin  iv  i*  also 
one  oth(  r  point  which,  as  a  matt(  r  of  f<irm.  I  ou^ht  j»<  rhaps  to  rr,  nlion. 
\<ni  will  1'  nicmb(  r  I  c.\])lainid  to  you  laist  year  that  after  the  certi)i(at(  s 
had  I  ■  en  diawn.  in  :'c(ordan<c  with  the  t(  nis  of  th<-  trust  deed,  it  was 
notidd  that  one  of  1  he  numbers  taken  out  by  the  notary  nimsmtc*!  a 
c<  itihcate  which  had  alnady  ben  drawn  and  caneelkd,  so  that,  in  fa<t, 
only  (5()  certificates  were  drawn  on  that  occasion  instead  of  HI.  as  shown 
in  last  years  re  pe)rt.  That.  he)wever.  has  now  Ixen  aeljusted.  as  you  will 
see  from  ])at.'e'  '.i  of  th'-  re()e)rt  in  ve)ur  hands  for  this  year,  whieh  shows  :{(} 
e-crtifieate  s  drawn  in  res])cet  etf  this  year,  and  one  *<i  tak<-  the-  place  of  lh«- 
duplicate-  numbc  r  drawn  last  year.  The-  Kaste-ni  Telc-{:ra])h  Co..  the 
Eastern  Kxte  nsion  Tele-jirra]>h  Co.,  and  the  We  stem  Telctrrajih  Co.  have 
raise  d  their  dividend  <  ;  but  the  presc  nt  ace  imnts  do  not  1m  ne-ht  from  thi^ 
increase,  which,  howver,  will  auirment  fnir  funds  for  litlO  17.  and  1  Ik'P'- 
future  years.  1  may  also  mention  that  th-  i)n  sent  market  valu<-  of  the 
s'  c  urities  of  the  Trust  shows  an  a]i](re-ciatiui  eiver  th  ir  orrfinal  cai)ital. 
I  ne)w  nutve-  the  adojition  of  the-  r«'])ort  and  accounts. 

Sir  AblJKHT  .1.  LKI'l'OC  CAPI'KL.  K.C.I.E..  s«vondc  el  the  motion, 
whie  li  was  camcd  unanimously. 

Messrs.  Deloitte,  iMc-neh-r,  Criniths  \-  Co  and  Messrs.  (Jane,  .lackscm, 
.lelTcrys  &  Frec-inan  were- electcel  auditors,  and  a  vote  of  thanks  to  the 
Cliaiiman  and  tlie  Trustc-es  leiminated  thc'  ])reHe-edinj;.\ 


Great  Northern  Telegra;)h  Co.  (Ltd.) 

At  the  mec-tin;.'  in  Copenhagen  on  May  H  the  CM.AIKMAN  (Cemsul- 
f  Je  lu  ral  W.  Weiuiann),  in  rt  nderint'  an  account  of  the-  workiuL'  durini: 
liti."),  satlfhal  unfortunately  they  bad  aua  nto  nview  tin-  cm  nis  of  thc- 
year  with  the  war  as  the  dark  and  terril)le  backu'round.  and  for  the  same- 
n-a-ie>ns  as  those-  t'ivi  n  a  tw(-U<-nionth  nyn.  1  he  cliiictoi>  hacl  be  i  n  <ibli^;»cl 
to  hx  the  dale-  of  tin    me«tinj.'  later  than  e  mtomary.      Mappdy  the-y  were 
•»nc'e  uuui-  able  to  s  ate  that  the  r.trict  n<-i  trality  olnserve  el  l>y  tlie  com- 
pany and  the  corn-etwus  of  its  s<'rviee  we-r  •  U-in^;  n-warded  l>y  the-  con- 
tinued contide  n<  c-  of  its  c  cincc-ssionarv  (Je  vernmcnts.      Ai>art  freuu  the 
cables  bctvM'in   l)ei>inark  and    Uussia.  wh  c-h  they  hacl   been  unable  to 
repair  since-  they  be  .  anie-  inti-iriipt<c|  in  Xivc  inbc  r.  !!I14.  seven  of  the-ir 
cable  .  in  Kurctpe  had  sulferc  cl  11  int<rrnpli'>ns,  whilst  in  the  Far  Kast  lit 
bn-ak:i  had  oce-\nree'  in  nine  cables.     Considering  the  dan^rrn  to  navipa- 
tiem  in  the  Kuropeaii  seas  spanned  by  their  -able  s.  it  was  inelc » cl  foitunate 
that  the  interruption -i  c lining'  HM.'i  hacj  Im-cu  less  numerous  than  in  the  last 
f<w\iai;;.      In  I''ure>]K- t  he- c.s.  •'  II.  C.  ()r.>t<cl  "  had  been  on  aetivc  :-   rvic-e 
ft)r  14(1  elay<.  of  wh  eh  .'12  were  for  the-  ac    ciunt  of  otlie  rs.  whilst   lit  t  he- 
Far  Fast  the-  '■  Sto    •  N'ordiske- ■■  and  "  I'j  eilic-   "  had  ben  occupied  for 
171  dayi.  for  Kl.'l  of  .vhicli  they  wi  re  enva^i  cl  for  aeeiuinl  of  other  ^lartiis. 
The  Wladiwostock  i  nd  Kiachta  n»ut<-H  hn<l  Uen  in  w»tiKf»etor>-  working 
order,  but  unfortun   tely  the  decn-as<'  in  t.ie  tralfic  transmitted  bv  those 
lines  lietw<  e  n  l-'un.]   -  and  the  Far  Kast  sim  ■•  the  iMuinnini:  of  the-  war  had 
eontinnid,  and  had  Uc  u  even  riiore  jhtc  <  ^itible  toMards  the  end  of  tiie 
yc-ar.      In   those  <-ir  umslaiucs   they   hacl   jirovisionaljy   nturu'-d   to   the 
lin|)e-rial  Hussian  '1  elei^iaph"  the  win-  In-Iwih-u   I'e-tronrad  and   Irkutsk, 
wliieh  sorni-  yeais  a  ;o  was  placed  at  the  dispoiuil  of  the  c  cimpany's  ofhecs 
at  the-  two  jilac-es  al  c)vc-  mc-ntione  d.  and  w(i-<  reserved  for  the-  transmission 
of   the    l-'ar    l-'asterii    traflic-.      The-   win-   is   now   fully   um-cI   for   the-   hui;e 
inlenial   c(irres]ion(  eiiec-  of    Kussia.      The  aeiloniatic   instruments   lalc-lv 
inlroelue  I'cl  al    theii    princ'i]ial  ci)hi>'s  in    F.nrope-  had  dcnionslialtd  tlicir 
yre-at  value  ebirin;»  the  war;    but  for  thos  -  inslrumcnih  the-  work  uould 
have  ]u-o\cd  overwliedmiiii;  for  the-  staff.      '!' he  y  had  only  rc-cn-ntlv  c-oin 
menceel  to  introcluic  similar  instrtime-nts  in  th'    1        'it.whe-n-  working 
(■(indition.;  dilTerid    n  several  respects  fron,  th"  tii;  in  Kurope. 

Till  y  naturally  riinlinu<il  lo  wati  h  villi  lli<  k<  ■  iiesi  iiil<  p  .xf  tlie 
d'-velopmrnt  of  wireless  tc-lei;rapliy.  but  hitliTto  thi-y  had  had  no 
oeciaiiou  for  oec  upyiui;  lh»-niselves  aetively  Ihen-with.  a)Nirt  fn>ni  the 
installalions  on  board  the  ealile  sleanu-n*  during  lalc-i  yean*.  A  chuni:!- 
in  this  |iassive  all  tiul;'  may.  howevc-r.  In-  bmuLdit  alxnit  in  the  near 
fut nil-,  as  the-y  wen  nc-uotialina  an  arranue  nu-iil  with  1 1  ii  (Jovern- 

nie-nl    by    whieh    llii-   i oiupanv    was   to   undeitak<-   th<  iiiiie  nt    of 

wire-lcsH  ecMuniunii' il  ion  within  llv-  Fa'-n  e  l-laiuN  and  iin-  unikin^  i>f 
the  stations  on  behalf  eif  the  (iovernmnt.  (  in  \imstane»-s  jKTHUttiii>f. 
two  stations  wert>  to  be  en'ctcd  in  tho  eounw  of  the  eurrcnt  vear.  one  a| 


Tho^sha^-n  (Stroemoc)  and  the  other  at  Tveraa  (Suderoe) ;  the  former 
would  be  open  also  for  eomnnmication  with  ships  at  sea.  The  scope  of 
the  scheme  was  purely-  local,  and  as  the-  traffic  to  be  transmitted  was 
insijrnifieant.  they  elid  rot  expect  to  derive  pecuniary  benefit  from  the 
arranjrement.  Their  main  purpose  in  proposing  to  saddle  thenisclvcs 
with  that  wireless  sen  ice  was  to  facilitate  the  fulfilment  of  a  natural 
wish  <ii  the  Danish  fJovei  nment — viz.,  to  give  to  the  inhabitants  of  Suderoe 
the  b<  nefit  ejf  telegraphic  communication  with  the  rest  of  the  world. 

()win'2  to  the  rc-stricti  ms  imposed  upon  all  telegraphic  communications 
by  the  belligerents,  it  bad  been  necessary  to  suspend  the  meteorological 
cable  reports  from  Icehnd  and  the  Faeroe  Islands,  with  which  they  had 
su])j)lied  several  me  terological  institutes  in  Europe  and  America  since 
the  ojKMiing  of  the  leelsnd  cable.      In  order,  however,  not  to  discontinue 
the  service  comi)let<-ly.  md  as  the  said  reports,  even  if  delayed,  were  not 
without  sc-ientific  inte-r  st  to  the  institutes,  they  had  arranged  for  the 
distributiejn  eif  the  re])o,-ts  by  mail  at  a  charge  which  barely  covered  the 
ee^mpanys  out-of-jjcjck' t  expenses.     The  fnternational  Telegrapii  Con- 
ferene-e  whieh  was  plai  ned  to  take  place  in  I'aris  last  year — the  50th 
since  the  foundation  of  the  Tedegraph  Union — has  been  deferred  s>ne  die, 
the  present  juncture  not   being  suitable  for  inte-rnational  conferences. 
During  the-  year,  anci  ]  articularly  eluring  the  first  six  months,  the  tole- 
gra])hic  traflic-  e)v(-r  th  -  comjiany's   Eurojican  cables  had   Ixen  extra- 
ordinarily heavy,  and  ;  s  a  consecjuence  th--  weirkinti  zeal  of  the  staff  at 
the  majority  of  their  Furt)pean  stations  had  been  tested  most  «-vcn-ly. 
The  emplove's  had.  hoA.-ever.  everywheix-  iKrformeel  the  very  strenuous 
task  im]>oscd  upon  the  'u  with  a  good  will  and  with  unflaCTgini;  ardour; 
but  now  that  icrtain  c'.assc  s  of  traihe  wen-  cle-e-n  asin;^.  owing  to  eircuni- 
stanc  e-s  in  connc-ction  A.ith  the  war.  they  mi;^ht  hojie  to  obtain  a  well- 
eanicd    r-sjiite    shortly.     The-y    regre-tteel    to    ha\e    to    announee    that 
(VimmcKlore  E.  Suensen.,  eiwing  to  failing  health,  hael  resigned  the  ehair- 
manshi])  e»f  the  c-ompanv  as  from  Jan.  1.  at  the  same  time  acccptins  the 
pe»st  of  honorary  chairman.     The  directors  had  elected  Mr.  W.  \\  eimann 
as   chairman.     XotwitI  standing   the   fact    that    internatiemal   te-legrams 
wen-  ameingst  the  f e  w  c-ommeidities  the  prices  e)f  whieh  had  not  Ix-en 
enhanced  by  the  war — except  ])erhai)s  ineliree-tly  through  the  prohibition 
of  ee;de  tele-grams — the    receipts  were  even  greater  than  those  of  1914, 
owinir  to  the  extraordinarily  heavy  traffic.     On  the  other  hand,  the  war 
had  nat)iraliy  caused  t!ie  expenditure  to  inc-rease,  particularly  under  the 
ite-nis   "salaries  anel   vages"'  and   "rates  and   taxes."      Last   year  the 
diniteirs  found  that   tiie  revenue-  warranted  the  payment  of  an  extra 
2  ])e-r  cent,  dividend,  and.  notwithstanding  the  unce  rtainty  which  must 
of  necessity  prevail  as  re-ganls  the  future,  the  boarel  considers  that  the 
same-  elivid  nd  as  last  y  ar  may  saf'  Iv  b-e  ](aid  for  litlo.     The  distribution 
e>f  a  total  divielend  and  bonus  of  22  iier  cent,  is  e-onse'epicntly  ])ropose-d. 
Th-  value  of  the  nserve  anel  niu  wal  fiinel  has  dejiree-iated  during  the 
year  tei  the  e-\te  lit  of    ibout   t2:{.'l.2(l(i.  and  in  those  eireumstane  es  they 
e-oulel  but  n-commcnd  the  ]>lae-ing  of  a  somewhat  higher  amount  than 
usual-    viz..  £i;iK.88S.  17s.  !ld.  -tei  that  fund.      In  view  of  th<-  necessity 
of  n'plaeing  the  cable  steamers  *"  H.  C.  Orsted  "  and  "  Store  Xordiske   ' 
by  ne-w  beiats  in  the  ni  ar  future,  it  is  projtecifd  to  add  £27.777.  los.  7d. 
out  of  n-venue  to  till-  iiiiewal  fund  for  e;>blc-  ste-ame-rs.      They  asked  the 
sliar>holdc-rs  to  allow  '.he  jK-nsion  fund,  be  sides  the  usual  contribution, 
an  additional  sum  e)f  £11.111.  2s.  2d.,  of  which  it  steioel  in  need.     The 
inc-rt  aae  of  the  n-eeiptr;  was  abetiit  £198."i(i(t.     The  rise  in  "  salaries  and 
wages  ■"  was  about  t22  "MMI  and  in  "  rate  s  and  taxes  "  £21.900. 


AKCBOR  CABLE  CO.  (LTD.)  The-  n  port  for  M»l."i  states  that  the  jtrofit 
aftci  makiiiL:  |iiii\  i.-<ioii  for  war  taxe-s  and  eontin;.'c  neies.  amciunte-d  to 
£47.2.")l.  anel  with  amo  int  brought  forwanl.  £."12.129.  the  totiU  is  £79.;1S0. 
liite-n-st  on  dc-U-ntiin-  ^loek  absorb.*  C2.2.">(t.  de-pn-c  iation  C2tl.(MKt.  written 
otf  inve-stments  £107.  I  a\ini:  £.">7.tt2.<.  It  is  propoM-d  to  pay  a  dividend 
of  2(1  pi  r  i-.iit.  (tl.!  ('tK  I  and  ti.  .any  forwanl  £44.(l2:{. 

ANQLO  ARGENTINE  TRAMWAYS  CO.  (LTD.)— Th  gress  receipts  during 
lUl.")  amountiei  to  i2.709.(il.>.  14s.  ."«!.  and  working  expenses  to 
£1.7S(i. 7441.0s.  lid.  Ac  dinuinti  ivxt  on  in\c  stme-nts.  &c-.  (£4.").«'>:w.  S."*.  lOcl.) 
and  amount  bnni'jht  t  «rward  (l'.Mi.4(»S.  14^.  9el. )  anel  de-due  tine  int«-re-st 
anel  barue-s  (£97(l.Hil.  1  Ss.  1  Id. ).  t  he- K-ilanc  e  is  £<.I4.1  U*.  lS.s.  2d.  Durinc 
the  svnr  then-  has  Ix .  n  a  further  fall  in  rt-ee-ipts.  which  have  declined 
fn>ni  £2.8ri(\tt«r)  in  1MI4.  to  £2.709.(nr>  in  191  ■>.  By  the  exercise  of 
stn-nuous  i-c-onomie<  the  e\]M-nditure  in  I91.'i  has  lieen  r-due-ed  by 
tt»4."2.">(b  and  now  pn  luibly  repn-H«-nts  the  minimum  eompntible  with 
c-ftic  e-ni  v.  while-  the   p  sition  '  itid  by  the-  continuous  ri.-^e  in  the 

cost  of  fuel  upon  wbn  h  the  p  .1  fur  c-|c-c  trie-  c-urn^nt  is  l»a-ed.      In 

these-  cin  um'<t«nci-».  .•  nd  having  n-garti  to  the  diffic-ulty  of  fore-e-asting 
the  n-Mills  ei{  the  pn-.eut  ye-ar.  the-  elire-c  tors  an-  unable-  to  tveeimmeiui 
the-  payment  of  a  ilivi  lend  on  the  nniinary  shan>s.  and  the  kilance  U<\» 
thel    fi-n-  1m-<  n  I  ;U  I  i"d  fmuarcl 

ELECTRIC  CONSTRUCTION  CO.  (LTD  )  The  nc  t  jirofil  for  tin-  past  year, 
afte  r  pr»>\idmi.'  l(i.tH7  IJK  for  «l«-»«-ntiin-  interest  and  £7..'it)0  fe>r  deprf- 
ci.ifcin.  is  j;4:J.2II.  IO  .  III.  Witi,  £7.471.  7.^  \u,\,  brought  forward  the 
ame<unt  nvailnble  for  dislrihntion  is  £.'i0.7l2.  17s.  lid.  Deducting 
interim  elividrnd  of  7  »er  1  i-nt.  pe^r  .••nnuin  on  the  prrfe  n  ne-  shares,  paid 
in  NovemNr  last  (£2  197.  iU).  th- 1-  n  mains  £4S. .•.!.%.  lis.  lid.  The 
elm  c  teirs  Pe-.<iniiiend  onyment  i.f  n  ebviehiid  at  rate  of  7  pi-r  ei-nt.  \iot 
annum  on  the  pnf-n-ne^  shares  for  six  months  ended  March  ^\ 
(£2.197.  Oi..).  and  n  dividend  at  rate  .if  7.\  i>er  rent.  i>er  annum  on  the 
oreliuRry  sh.tn->i  f«.r  \i-ar  ended  Man  h  .'ll  (Clti.SI.'i).  the-  transfer  of 
ll2.li(>4.  4«.  HKl.  to  vr-nc-ral  reserve  fmul.  le-.iving  to  l»e  carrieel  forward 
(►nb)ee «   ■  ni  nt  iinelcr  Muniti  uis  of  War 

V''*  *•'•'  ^     'i'    vi-rv  hi;;h  prii^  of  mate-rials 

and  an  all  r.«iiiiil  in.  T^>a.^-  m  the  e-«»l  of  maniifaetunng.  the  net  profit* 
feir  the  jxiM  \e-«i  are  Mtii^artorr.     The  iojpro\-rd  results  .ire  due  prin 
cipally  to  a  l«rg*r  vohmic  of  orden>  having  iH-en  handled  thnMieh  the 
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unicmittin;j  rfforts  of  tiio  staff  and  workmen.     Um-xeoutcd  orders  at  the 
bcfjiniiiiiL;  of  the  luvv  (iiuuicial  year  exceeded  those  on  hand  a  year  a;.'o. 

INDO  EUROPEAN  TELEGRAPH  CO.  (LTD.)— The  re])ort  for  the  year 
ended  l>e(^  M,  ISH.!,  states  that,  owinff  to  the  continued  interru})tion  of 
the  cotiipanyi^  route  during  the  whole  of  the  year,  the  com])any's  actual 
re(ei|)t.s  were  confined  to  local  traffic.  In  eonsccjuenec  of  the  war,  it  has 
been  inii)ossible  to  make  final  airaiijjements  for  the  re-establishment  of 
(he  conipanv's  route.  Under  the  e.xisting  arrangements  with  other  com- 
])anies  and  administrations,  this  com])any's  recei])ts  for  1915  have  not 
been  ])re judicially  affected,  but  the  directors  foresee  a  diminution  in  the 
receipts  for  I91().  The  directors  ho])e  shortly  to  concludfi  an  agreement 
for  th(>  ac'quisition  of  a  substantial  interest  in  a  prominent  manufacturing 
firm,  under  which  that  firm  will  manufacture  and  develo))  apparatus  for 
radio-telegraphie  transniission  and  iece])tion  covered  by  the  several 
patents  now  owned  by  the  com])any  ;  these  will  under  the  proi)osed 
agreement  be  transferred  to  that  firm.  The  revenue  from  message 
account  and  other  sources  amounts  to  £204,18!).  IDs.  lOd.,  compared  with 
£189,88.3.  18s.  for  1914,  an  increase  of  £14,80().  Is.  lOd.  The  expenses 
are,  on  commercial  and  general  account,  £.')8,441.  19s.  7d.,  and  on  main- 
tenance account  £23,77().  Os.  lid.,  a  total  of  £82.218.  Os.  (id.,  against 
£88,;{9o.  8a.  3d.,  a  decu-ease  of  £(i,177.  7s.  9d.  The  revenue  account, 
therefore,  shows  a  balance  of  £121,971.  19s.  4d.,  which  sum  is  carried  to 
profit  and  loss  accoimt,  1915,  and  after  deduction  of  income  tax  and 
pavment  of  excess  profits  dutv  for  1914  is  reduced  to  £101,705.  5s.  ."{d. 
To'this  is  added  £20,952.  4s.  9d.from  1914,  makinga  total  of  £122,297.  10s. 
Deducting  £."}5,000  ])i'ovided  for  investment  fluctuations,  £15,000  ])ro- 
vided  towards  excess  ])rofits  duty  for  1915,  and  the  interim  dividend  of 
£10,025,  there  remains  £01,072.  10s.  An  interim  dividend  of  £2.  12s.  Od. 
per  share  (tax  free)  was  i-ecently  ])aid.  This  payment,  amounting  to 
£44,025,  the  sliarcholders  will  be  asked  to  confirm  in  the  form  of  a  final 
dividend  and  bonus  of  £1.  17s.  Gd.  per  share  (tax  free),  amounting  to 
£31,875,  with  a  special  distribution  of  15s.  per  share  (tax  free),  amounting 
to  £12,750.  The  latter  sum  is  derived  from  interest  on  unappropriated 
investments  and  advance  accounts,  and  it  would  be  necessary  to  provide 
out  of  profit  only  £31,875,  by  which  sum,  therefore,  the  balance  of 
£61,072.  10s.,  above  referred  to,  would  be  reduced.  It  is  proposed  to 
])rovide  a  further  £10,000  for  wireless  and  other  technical  development 
work,  carrj-ing  forAvard  £19,797.  10s.  to  the  credit  of  1910. 

KALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CO.  (LTD.)— The  accounts 
for  the  past  year  show  a  profit  of  £7,439  (including  balance  brought  for- 
ward), after  adding  a  further  £7,000  to  debenture  redemption  fund, 
and  writing  off  £6,500  for  depreciation.  Preference  dividend  to  Sept.  30 
last  absorbs  £6,000,  and  dividend  tax  in  Western  Australia  £300,  leaving 
£1,139  to  be  carried  forward. 

LIMA  LIGHT,  POWER  &  TRAMWAYS  CO.— The  profit  and  loss  account 
for  1915  shows  that  the  tot.d  profits  v.ere  £pi83,715;  deducting  bond 
service  (£p60,030),  interest,  discount  and  exchange  (£pl7,508),  European 
expen.ses  (£pl,858)  and  provision  for  bad  and  doubtfid  debts  (£p3,000), 
the  net  jirofit  was  £pl01,318.  The  balance  brought  forward  was 
£p50,077,  making  £pl51,396.  The  board  placed  to  reserve  and  re- 
demption fund  £p29,000,  to  reserve  for  bad  and  doubtful  debts  £pl3,000, 
to  amount  written  off  value  of  shares  owned  by  Empresas  Electricas 
Asociadas  in  other  companies  £p29,000,  leaving  £p80,390,  v.hich  it  is 
proposed  to  caiTy  forward. 

LISBON  ELECTRIC  TRAMWAYS  (LTD.)— At  the  meeting  last  week  the 
chairman  (Mr.  L.  Brcitmever)sai<l  that  their  traftic  receipts  still  continued 
to  establish  a  record.  The  number  of  passengers  carried  during  the  jiast 
year  was  67,101,249,  earning  Es.2,022,142$93.5,  an  increase  of"3,343,212 
passengers  and  Es.83, 932.^14.2  in  receipts.  The  expenditure  had  un- 
avoidably increased,  due  mainly  to  higher  cost  of  coal,  labour  and  other 
supplies.  The  coal  supply,  especially,  had  become  a  very  serious  one. 
and  during  the  current  year  the  price  delivered  in  Lisbon,  on  account  of 
the  excessive  freights,  had  gone  up  to  nearly  £5  per  ton,  against  about 
22s.  6d.  in  pre-war  times  and  an  average  of  42s.  for  the  past  year,  and 
there  was  no  sign  at  present  of  any  reduction.  The  quality  of  the  coal 
obtainable  was  also  inferior,  and  therefore  did  not  do  the  same  work  as 
formerly,  but  they  had  to  take  what  the  collieries  gave  them.  The  coal 
consumption  came  to  about  20,000  tens  yearly.  Among  the  many 
possible  remedies  they  were  studying  was  the  feasibility  of  substituting 
partially  or  entirely,  wood  for  coal.  The  increase  in  expenditure  and  the 
falling  off  in  the  rate  of  exchange  had  reduced  the  profits  by  some  £25,000, 
fOmpared  with  the  preceding  year,  and  the  directors  had  thcrefor(> 
reluctantly  been  compelled  to  reduce  the  ordinary  dividend  from  6  to  4.V 
])er  cent.  Should  conditions  remain  as  unfavourable  as  at  present  the 
question  of  approaching  the  Camara  in  Lisbon  for  permission  to  increase 
the  company's  fares  would  have  to  be  considered. 

PRITCHETT  &  GOLD  &  ELECTRICAL  POWER  STORAGE  CO.  (LTD.)  — 
After  providing  for  debenture  interest.  Arc,  the  accounts  for  1915  show 
a  net  profit  of  £9,662,  including  £1,545  brought  forward.  A  dividend  of 
15  per  cent,  is  recommended  on  A  ordinarv  shaies,  with  transfer  of  £2.000 
to  general  reserve  and  £1,000  to  reserve  for  de])reciation  of  investments, 
carrying  forward  £2,494,  subject  to  income  and  excess  profits  taxes. 

REUTER'S  TELEGRAM  CO.  (LTD.)— The  net  profits  for  the  year  ended 
Dec.  31  last,  after  i)aymcnt  of  current  charges  and  deihicting  rebat(>  on 
unexj)ired  subscriptions  to  news  services,  amounted  to  £3,942.  9s.  Id., 
and  with  £4,849.  Is.  9d.  brought  forward  the  total  is  £8,791.  10s.  lOd. 
In  order  to  set  out  the  investments  at  Stock  Exchange  prices  at  Dec.  31, 
1915,  a  sum  of  £2,065.  19s.  Id.  has  been  written  off  their  i)revious  valua- 
tion, which  deducted  from  £8,791.  10s.  lOd.  leaves  £6,725.  -lis.  9d.  at 
credit  of  profit  and  loss  account.  It  is  proposed  to  can-y  forward  this 
sum  to  the  next  account.     The  directors'^  have  continued  their  policy  of 


adapting  th(;  finances  (»f  the  comiKUiy  to  the  altered  condition's  in)|HiM-<l 
by  the  war,  and  their  efforts  [\n\<-  \h<i\  ho  far  KUf  <  c.-s^ful  that  they  have 
not  only  re-e.staldished  an  efjuilibrium  in  the  accounts,  but  have  al»o 
ccmvertcd  what  threatened  to  be  a  heavy  losa  into  a  ])rofit.  ThiH  haK 
been  achieved  by  effecting  economies  in  the  private  tei<  .-ram  department 
and  by  finding  new  sources  of  revenue  to  take  the  ]»lace  of  ui  '     rnerly 

derived  from  the  codes,  which,  as  reported  last  year,  wen  -4-d  bV 

the  censor  at  the  beginning  of  the  war,  and  which,  despite  fn;quent 
ap])lications  to  the  authorities  concerned,  have  not  been  rtxtored.  The 
economies  introduced  have  necessitated  a  retrenchment  of  no  lf»«  than 
£36,000  a  year,  but  the  board  have  Ixen  careful  not  to  jeopardise  in  any 
way  the  value  of  the  agency's  vast  network  for  the  Rupply  of  news,  which 
they  have  maintained  in  the  highest  state  of  efti(  icncv.'  Mr.  ^^'alt^•r  F. 
Bradshaw,  manager  and  secretary,  resigned  hi.s  office  Uxt  vear,  and  in 
October  Mr.  Roderick  .lones,  formerly  general  manager  in  .Viuth  Africa, 
was  ajjp  )inted  general  manager  of  the  company,  anrl  Mr.  ,S.  Carey 
Clements  manager  and  secretary.  The  directors  are  satisfied  that  the 
company  has  already  retrieved  the  position  so  .'«:riously  prejudiced  by 
the  outbreak  of  war,  and  believe  that  under  the  new  niana;.'<iii(-iit  the 
shareholders  may  look  forward  to  a  return  to  ])rosperity. 

UNITED  RIVER  PLATE  TELEPHONE  CO.  (LTD.)— The  rejM.rt  of  the 
Directors  for  the  year  ended  Dee.  31,  191.>,  states  that  the  gross  earnings 
amounted  to  £641,581.  (is.  6d.,  whilst  the  gross  maintenance  and  other 
charges  in  Argentina  and  London  were-  £447,809.  Kis.  9d.,  leaving  a  profit 
for  the  year  of  £193,771.  9s.  9d.  Deducting  interest  on  debi-ntun;  Htotik 
and  dividend  on  the  preference  shares  to  Dec.  31.  1915,  ami  the  interim 
dividend  on  the  ordinary  shares  (£72,100),  and  adding  amount  brought 
forward  (£0,5t;2.  12s.  9d.),  there  remains  an  available  balanct^  of 
£128.234.  2s.  (kL,  which  the  directors  recommend  shall  be  ajjprojiriated 
as  follows  :  St;.ff  provident  fund,  £2,000  ;  reserve  fund,  £20,(KM»  ;  depn'- 
ciation  of  securities  accoxmt,  £19,000  ;  final  dividend  of  os.  jht  share  on 
the  ordinary  share  capital,  making,  with  the  interim  dividend  paid  on 
Nov.  1  last,  a  return  of  8  per  cent,  for  the  year  (tax  free),  £81 ,000  ;  leaving 
to  be  carried  forward  £6,234.  2s.  Od. 

WEST  LONDON  &  PROVINCIAL  ELECTRIC  SUPPLY  CO.  (LTD.)— Mr.  H. 
Kahn,  who  ])rcsided  at  the  meeting  last  week,  .said  that  the  whole  of  their 
income  was  derived  from  its  investmen'  in  the  Chiswick  Electricitj-  Supply 
Corporation,  of  which  undertaking  it  owned  the  whole  of  the  share  capitaL 
The  balance  available  for  distribution  was  £3,038,  including  the  profit 
for  the  current  year  of  £2,645.  10s.  That  profit  was  smaller  than  that 
of  1914  by  £665.  12s.  4d.,  mainly  owing  to  the  fact  that  they  received 
5  per  cent,  dividend  from  the  Chiswick  company  instead  of  the  6  per  cent, 
paid  last  year.  Nevertheless,  the  directors  pro])osc(l  to  j)ay  a  dividend 
of  0  per  cent,  on  the  cumulative  ])referenee  shares  for  the  year  1915, 
leaving  £93.  8s.  8d.  to  be  carried  forward.  The  gross  revenue  of  the 
Chiswick  Corporation  had  increased  by  £257  to  £19.626,  and  the  number 
of  consumers  by  61  to  2,778.  After  payment  of  debenture  interest,  &e., 
the  balance  was  £3,575.  9s.  Id.,  against  £4,73(5.  lis.  lid.,  but  before 
arriving  at  the  figure  £1,431.  4s.  Id.  was  written  off  for  depreciation. 
against  £312.  5s.  lOd.  in  1914.  Under  the  circumstances  the  Corporation 
decided  to  pay  a  dividend  of  5  per  cent,  (against  6  per  cent.)  and  to  cany 
the  balance  of  £435.  9s.  Id.  to  depreciation  reserve  account.  The  year 
had  been  a  most  difficult  one.  Everything  seemed  to  have  con.spired 
to  make  tlie  lot  of  those  conducting  an  electric  light  concern  an  unhappy 
one.  On  the  one  hand,  owing  to  the  Defence  of  the  Realm  Act.  one  of 
the  most  profitable  sources  of  revenue — namely,  shop  window  and  outside 
lighting — had  been  practically  done  away  with,  and  in  Aberystwjth. 
where  the  Chiswick  Cor])oration  siqjply  the  street  lamps  on  the  front, 
that  source  of  revenue  was  for  the  time  being  extinct,  and,  on  the  other 
hand,  coal  and  oil  had  gone  up  in  price  tremendously.  Coal,  for  which 
the  Corporation  used  to  ])ay  18s.  per  ton.  noAv  costs  28s..  and  for  oil  fuel, 
which  u-sed  to  range  fTom  60s.  to  70s.  per  ton.  it  has  to  pay  124s.  to  140s. 
To  meet  the  situation,  the  Corporation  had  been  compelled  to  raise  its 
price  for  current  by  10  per  cent,  and  to  fix  a  minimum  payment  per 
quarter  of  13s.  4d.  per  consumer,  and  unless  in  the  near  future  some 
reduction  occurred  in  the  prices  of  fuel — which  seemed  veiy  unlikely — 
the  Corporation  might  be  forced  to  make  a  further  increase  in  its  charges. 
The  second  Diesel  engine  mentioned  was  working  satisfactorily  at 
Aberystwyth,  and  they  were  installing  a  new  one  at  Chiswick,  which 
would  be  readv  for  use  in  about  a  fortnight's  time. 


CITY   NOTES, 


MEMORANDA  (Mav  24).— Bank  rate  6  per  oent.  fsinoe  Aug.  8,  1914). 
Cnnoois  58  Consols  Pay  Da.y,  June  1.  Stocks  and  Shares  Ticket  Days, 
May  30  and  June  14.  "  Pay  Days,  May  31  and  June  la.  Price  at 
silver,  34fjtl.  

ADELAIDE    ELECTRIC    SUPPLY    CO.    (LTD.)— An  interim    dividend  of 

5  per  cent,  (tax  free)  has  been  deelaix'd  on  the  ordinary  shanks. 

AUCKLAND  ELECTRIC  TRAMWAYS  (LTD.)— An  interim  dividend  of  7d. 
l)er  share  (less  tax)  has  been  declared  on  the  ordinary  shanks. 

BOMBAY  ELECTRIC  SUPPLY  &  TRAMWAYS  CO.  (LTD  )  A  dividend  on 
the  ordinary  shares  at  rate  of  7  |>er  e.-nt.  (t;»>^  <'''^^)  *"i"  *•>*"  >'*^*"'  '^"'^'^'^ 
Dee.  31,  has  been  dedai-od. 

CALOUITA  ELECTRIC  SUPPLY  COSPN.  (LTD.)— The  number  of 
units  sold  to  cunsuuurs  dii-inu    tlio  live  weeks  ended  March  31,  1916, 
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amounted  to  2,122,507,  compared  with  l,570,lf>9  units  in  the  corre- 
sponding five  weeks  of  1915. 

CALGARY  POWER  CO.  (LTD)— The  gross  eaming.s  for  1WJ5  amounted  to 
$289,013,  an  inercase  of  §58,427  over  1914.  Net  earnings  (after  deducting 
all  operating  and  other  expenses),  amounted  to  §2.37,159,  an  increa.se  of 
856,952.  After  paying  interest  charges  (.§156,966)  the  balance  is 
S80,193,  which  has  been  transferred  to  surplus  a'fount. 

DEUTSCH-ATLANTISCHE  TELEGRAPHENGESELLSCHAFT— It  is  an- 
nounced tjial  the  ■■  net  protit  "  of  thi.->  company  for  191.*  wa«  £74,000,  and 
a  dividend  of  6  per  cent,  has  been  declared.  Inasmuch  as  the  company's 
cables  have  been  cut  since  August,  1914,  the  only  source  of  protit 
during  the  year  must  have  been  the  Government  subsidy. 

DOULTON    &    CO.    (LTD.)— A  dividend  of  5  per  cent.,  less  tax,  on  the 

prcferen;;e  shares  for  year  ended  Dec.  '.il  last,  payable  Juno  6.  has  been 
declared. 

GENERALELECTRICCO.'OFSWEDENj.— Thenct  profit  for  the  pa.st  year 
was  £255,000  (an  increase  of  ov;r  100  per  cent.)  and  a  dividend  of  12  per 
cent,  (against  9  per  cent.)  has  been  declared. 

HUELVA  GAS  &  ELECTRICITY  CO.  (LTD.)  The  company  intimates 
that  the  interest  due  l.")th  inst.  on  tlic  debenture  stock  will  be  pa.ssed. 

MIRRLEES,  BICKERTON&  DAY  (LTD.)  A  rljvidend  of  7  J  per  cent,  has 
been  declared  on  tlic  ordinary  sliares  for  the  year  '-ndcd  Miirch.  the  same 
as  for  each  of  the  last  four  year;*.  Tlie  net  jirofit,  after  [)rovi<ling  for 
depreciation  and  directors"  feifs,  was  £16,101.  ma kii'g,  with  £l.7.'{(»  brought 
forward,  i;i7,H:{l.  A  sum  of  £5,000  is  Ix-ing  jdaced  to  reserve,  and 
£2,037  carricfl  forward. 

RSBERT  W.  BLACKWELL  &  CO.  (LIMITED  &  REDUCED.)  -A  i)etition 
for  (  ontiriiiiiig  a  icsojution  reducing  the  ea|.itai  of  thi>  eompanv  from 
£250,000  to  £50,000  will  be  heard  by  Mr.  .lustice  Astbury  «n  May  30. 

METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  May  23,  the  following  as  the  present  basis  prices  of 
New  Metals. 


ELECTRICAL  COMPANIES'  SHARE  LlSl.—Continued. 


per  lb. 

Solid  Drawn  Brass  Tubes 1 8}d . 

Solid  Drawn  Copper  Tubes 2ld. 

Brazed  Copper  Tubes 21d. 

Brazed  Brass  Tubes 20.'.d. 

Brass  Wire lajd. 

Copper  Wire 2ld. 

Rolled  Brass 18id. 

Brass  Sheets 18id. 

per  ton. 

Copper  Sheets    £174    0    0 

Spelter £95    0    0 


per  ton. 

English  Lead £33    5    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 


Clean  Copper  Scrap £110  0 

Clean  Brass  Scrap £69  0 

Braziery  Copper  Scrap £100  0 

Old  Lead £23  0 

Old  Zinc  £6i  (i 

Hollow  Pewter £12)  0 

Black  Pewter £85  0 

Gun  Metal £83  0 


per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £70    0    0 

Clean  Cooper £110    0    0 

Braziery  Copper £95    0    0 

Gun  Metal £84    0    0 


Old  Lead £26 

Tea  Lead £24 

Old  Zinc £63 

Hollow  Pewter £135 

Shaped  Black  Pewter £?5 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  Joseph  can  supply  solder  at  the  followinR  prices  per  ton  t  Plumber's  Solder  (in  bar 
or  strip),  £90;  Commercial  Tinman's  Solder,  £115  ;   Blowpipe  Solder,  £125. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  an  "  official  quotationn  "  are  not  now  issued,  but 
we  give  below  the  latest  priens  at  which  aotual  transactions  took  plaoo 
on  or  before  'i'nes(la\,,.May  2:i.  The  greatest  care  is  taken  in  oompilio;; 
these  figures,  but  the  difficulty  of  verification  is  now  much  inoroaaed. 
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6/0 
5% 
4i% 
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7% 

4% 

6  / 

^  /o 
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4t% 

5% 

0/0 
t% 


Electricity  Supply. 

Bournemouth  ii  Pcole  E.L.  Ord 

Do.    4i%Cum.  Pref 

Do.     6%Cum.  2nd  Pief 

Brompton  Si  Kensington  Ord 

Do.     7%  Pief 

Central  Elec.  Supp.  C.  Deb.  St 

Charinp  Cros.i  West  End  &  City  Debs...; 
Do.     4|%Prof 

Do.     Ord I 

Do.    City  Pief 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt.  Ord 

Do.    67o  Pro' 

Do.     5%  Deb.  St 

Do.     4i»o  Dcb5 

County  of  London  Ord 

Do.    6%  Pre( 

Do.     l5t  Dob 

Do.    2nd  Deb 

Edmundson's  Elec.  S'ipp.  4|%  DcAm... 
Kensington  and  KnightsbridgeOrd.  .. 

Do.    Deb.  Sf 

London  Elec.  Supp.  6%  Prof 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn  .1st  Mort.  Deb.  St 
Newcastle  Si  Dist.  EL.  6%  2nd  Db.i  . . 
NeACistle-'on-TvneE.S.5%2dMt.Db.St. 
North  Metropolitan  E.  P.  Supp.  b%  Pni 

South  London  E.&  Ord     


Prlct, 

Tuci., 

May  23. 
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Electricity  Supply — cont. 

St.  James' &  Pall  Mall  Ord 

Do.  do.  Pref ■ 

Doi  do.  D-Jbs 

Urban  Elec.  Supp  4i%  Do.  St 

Waste  Heat  &  Gas  Elec  Gen.  Stations. 

Westminster  E.S.  Corp.  O.'d 

Do.     4|%  CuTi.  Pre: 

Electric  Railways  &  Tramways. 

British  Elec.  Traction  5%  Decs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.     4J%  Pref 

Do.    4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Rv.  Ord 
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St. 
St. 
St. 
St. 
St 
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6% 

4% 
4% 
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2 
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5  3/0  I 
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7*% 
6% 
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Mr.  A.  Joseph,  Earl-street,  London-road.  Southwark.  London,  S.E..  quotes  under  date       c»'|  1°^ 
May  23,  tht  following  approximate  prices  of  Scrap  Metais  :—  *  !•    ,J^, 
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5  3/0 
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Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.    3t%  Pref 

Do.    3i%  Convertible  Pref 

Do.     3i%  A  Debs 

Do.     3i%  Debs 

Metropolitar,  Dist  Ry.  Ord 

Do.     4%  Prior  Lien     

4i%  First  Pref 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  V/iicox  Ord 

Do.     6%  Pref 

Brit  Aluminium  Ord 

Do.     Prior  Lien  Debs 


Do. 
Do. 
Do. 
Do. 
Do. 


Brit.  Insulated  &  Helsby  Ord I 

Dc.    6%  Cum.  Pref | 

British  L.M.EricssionMfg.Cm.6%  Pref.! 

British  Thom'=on-Houston  Db 1 

Brit  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.    4%  Mort  Deb.  St 

Call  ender  's  Cable,  ice. ,  Co.  Ord 

Do.    5%Pref 

Do.       4J%  Debs '. 

Dick,  Kerr  «t  Co.  6"^  Pref I 

Edison  &  Swan  U.Elec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do.    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. . 

Do.      4*%  Cum.  Pref 

Do.     4|%Db 

India  Rubber,  G.  P.  «tc.,  Ord 

Do.  Pref 

Telesh.  Con.  &  Main.  Co 

Do.    4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    4i%2ndDebs 

Willans&RobinsonB.CmPref.xdtbonus 

Do.     1st  Mt.  D-'b.  S;  - 

Telegraphs. 

Anglo  American  6%  Pref.  Ord 

Do.     Def.  Ord 

Commercial  Cable  4%  Deta 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Direct  United  States 

Eastern  Tel.  Co.  Ord 

Do.    3J%  Pref 

Do.     4%  Debs 

Eastern  Extension  Tel.  Co..  4%  Deb*.. . 

Do.     :^-       

Gt.  N  1.  Co.  ex  CDup.  9 

InJ:  

Marconi;-  WiiBie.^5  Tel.  Co 

Do.     7%  Pre; 

West  India  &  Panama  Ord 

Do.     1st  Pref 

Wtt.'t'"  ■'  •••..•••♦•• 
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Financial  and  Investment 

Globe  If  IP.- I     U  T.uit 

Do.     6%  PI 
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clay  Company.  At  Bradford,  again,  a  special  lorry  has  been 
constructed,  as  was  described  in  a  recent  issue,  capable  of 
running  both  by  means  of  the  trolley  and  by  accumulators. 
Owing  to  the  great  difficulty  of  transport  during  the  war  there 
seems  to  be  a  particularly  good  opening  for  vehicles  of  this 
class,  and  for  the  development  generally  of  goods  traffic.  In 
some  towns  the  electricity  works  are  not  provided  with  a 
railway  siding  and  consequently  all  coal  has  to  be  carted, 
which  is  now  particularly  difficult  owing  to  the  shortage  of 
labour.  In  many  such  cases  it  should  be  possible  for  the 
tramways  to  come  to  the  assistance  of  electricity  works  so 
placed  and  to  transport  the  coal  from  the  railway  sidings  into 
the  electricity  works  at  a  comparatively  small  cost. 


N^O  T  E  S. 


The  Uneconomical  Small  Station. 

The  lack  o!^  economy  in  coal  consumption  in  small  steam 
generating  stations  is  shown  very  clearly  by  the  figures  which 
we  pubhsh  elsewhere  in  connection  with  Stoke-on-Trent.  In 
the  case  of  Longton,  in  which  the  units  generated  during  the 
year  only  amounted  to  37,920,  the  coal  per  unit  was  as  high  as 
211  lb.  At  Stoke,  with  nearly  double  the  output,  the  coal  per 
unit  was  13|  lb.,  and  even  at  Hanley,  witii  8-19,332  units 
generated,  the  coal  per  unit  was  12  lb.  As  against  this  we 
have  a  coal  consumption  of  2|-  lb.  per  unit  with  an  output  of 
9,960,796  units  at  the  modern  power  house.  The  eft'ect  of 
running  the  turbine  plant  at  the  power  house  was  to  change  the 
net  loss  of  £6,162  in  1913-14  to  a  net  profit  of  £71  in  the  follow- 
ing year.  The  Council  now  have  under  consideration  the 
putting  down  of  another  turbine  set,  and  this  will  bring  about 
a  sufficient  saving  of  coal  to  pay  the  capital  charges  on  the  new 
plant.  It  might  be  thought  that  such  figures  are  merely 
isolated  cases.  This,  however,  is  not  so  by  any  means.  There 
are  numbers  of  comparatively  small  stations  in  the  country  in 
which  the  coal  consumption  is  necessarily  very  high.  If  these 
could  only  be  supplied  in  bulk  from  the  large  undertakings 
there  would  be  a  great  saving  to  the  country  in  coal. 


Patents  in  1915. 

The  annual  report  of  the  Comptroller-General  of  Patents  is 
usually  a  document  which  gives  interesting  information  as  to 
the  trend  of  invention.  The  report  this  year,  which  we  give 
in  abstract  in  another  column,  is  rather  a  commentarv  upon 
the  effects  of  war  than  anything  else.  The  number  of  appUca- 
tions  during  the  past  year  was  18,191,  as  against  30,077  in  1913. 
Of  course,  the  reduction  is  to  some  extent  due  to  the  fact  that 
applications  from  enemy  states  only  assumed  a  very  small  pro- 
portion, but  apart  from  that,  undoubtedly  the  chief  reason  is 
that  the  war  necessarily  has  a  blighting  effect  upon  industrial 
progress.  With  regard  to  appUcations  from  enemy  States, 
these  were  allowed  to  proceed  when  war  broke  out,  but  formal 
acceptance  was  not  issued.  It  was  felt,  however,  before  long 
that  in  this  way  a  large  accumulation  of  patents  was  arising, 
which  might  be  of  importance  to  the  trade  of  this  country,  and 
consequently  such  applications,  although  not  sealed  are  now 
published.  This  undoubtedly  is  a  wise  step  to  have  taken, 
for  many  inventors  in  this  country  would  otherwise  be  working 
in  the  dark.  It  is  to  be  hoped  that  tbe  next  report  will  see  us 
engaged  once  more  in  peaceful  industrial  pursuits. 


Goods  Traffic  on  Tramways. 

We  have  on  many  occasions  pointed  out  the  possibility  of 
developing  to  a  larger  extent  the  handling  of  goods  traffic  on 
tramways,  and  thus  tapping  a  source  of  revenue  which  would 
be  very  acceptable  to  tramway  undertakings  at  the  present 
time.  We  are  glad  to  see,  therefore,  that  a  movement  is  being 
made  in  this  direction  in  both  Leeds  and  Bradford.  At  Leeds 
It  seems  that  quite  a  considerable  amount  of  business  is  being 
done  with  the  carriage  of  fireclay  and  coal  for  the  Leeds  Fire- 


The  Whitsun  Holiday. 

On  paper  the  granting  of  a  day's  holiday  means  a  reduction 
of  output  corresponding  to  the  time  actually  lost.  Actually 
such  a  holiday  means  a  diminution  of  output  very  much 
greater  in  proportion.  According  to  the  Minister  of  Munitions 
the  short  break  at  Easter  meant  a  reduction  of  output  equal 
to  thu,t  of  a  whole  week's  work  under  normal  conditions.  For 
this  reason  we  aro  pleased  to  note  that  it  is  proposed  to  abandon 
the  idea  of  a  holidav  during  the  coining  Whitsun.  and  we 
hope  that  this  will  apply  equallv  to  all  classes  of  labour.  The 
postponing  of  the  holiday  to  the  end  of  July  does  not  appeal  to 
us  very  strongly,  for,  in  any  event,  a  holiday  is  due  the  first 
week  in  August,  and  if  it  be  the  intention  to  make  the  one 
holiday  serve  a  double  purpose,  we  think  that  a  statement  by 
the  Minister  of  Munitions  to  this  effect  will  avoid  the  possi- 
bility of  any  misunderstanding  later.     The  present  attitude 
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both  of  employers  and  employees  is  praiseworthy,  and  we 
would  not  have  the  relations  strained  Vjy  taking  advantage  of 
ambiguity  in  depriving  a  large  section  of  our  people  of  a  holiday 
which  they  have  certainly  earned  and  to  which  they  are 
assuredly  entitled. 

The  Provision  of  Skilled  Labour  for  Munitions. 

\Vk  are  infoimed  by  the  Ministry  of  .Munitioii.s  tliat  tluMv  is 
at  the  present  time  a  great  disparity  of  skilled  labour  for  use 
in  the  production  of  munitions  of  war.     The  exigencies  which 
have  given  rise  to  this  shortage  of  an  important  branch  of 
labour  need  not  be  discussed  here,  for  they  are  well  known  : 
but  it  is  satisfactory  to  record  that  steps  were  taken  nearly  12 
months  ago  by  the  Ministry  of  Munitions,  in  co-operation  with 
the  engineering  firms  and  the  educational  authorities  in  differ- 
ent parts  of  the  country,  to  contribute  towards  this  deficiency 
by  the  establishment  of  training  centres  through  which  persons 
drawn  from  the  non-engineering  trades  might  pass.     In  another 
column  we  give  particulars  of  tlie  results  which  have  so  far 
been  achieved  in  the  accomplishment  of  this  desirable  object. 
We  are  asked  especially  to  emphasise  the  fact  that  it  has  not 
been,  and  will  never  be,  the  intention  of  the  Ministry  of 
Munitions  to  employ  this  training  organisation,  which  it  has 
now  successfully  set  up,  for  the  production  of  "  engineers  " 
from  drapers,  artists,  and  the  flotsam  and  jetsam  thrown  up 
by  this  war.     It  is  necessary  to  refer  to  the  matter  in  this  way, 
because  we  gather  that  in  some  quarters  this  type  of  trained 
munition  worker  has  been  looked  upon  with  some  suspicion, 
probably  not  so  much  b}'  the  emjiloyers  themselves  as  by  some 
of  the  charge  hands  and  ordinary  workers.     Such  an  attitude 
where  it  has  been  taken  up,  may  be  considered  as  distinctly 
unpatriotic.     It  is  a  class  of  criticism  which  does  no  good, 
because  it  has  nothing  else  to  offer  in  place  of  the  ty])e  of 
munition  worker  which  the  Ministry  has  at  any  rate  succeeded 
in  producing.     We  should  prefer  to  see  and  hear  more  of  the 
manufacturers  ar.d  oigineers  with  whose  hearty  co-operation 
the  work  of  the  Ministry  of  Mujiitions  iji  this  direction  has  been 
brought  to  a  practical  issue.     If  the  output  of  munitions  is 
liable  to  be  ])r('ju(liced  by  small  matters  and  such  an  event  as 
the  Whitsun  Holiday,  this  reveals  a  condition  of  things  which, 
to  say  the  least  of  it,  may  be  considered  serious.     In  the 
national  interests  it  is,   therefore,   highly  desirable  that  the 
work  of  the  Ministry  of  Munitions  to  su])])ly  the  gaps  in  the 
ranks  of  skilled  labour  should  be  judged  rather  by  results  than 
by  any  problematical  influence  which  the  introduction  of  this 
class  of  imj)ro vised,  but  none  the  less  efficient.  wt)rkor  may 
have  u|)on  industry  in  the  future.     The  results  und(»ubtedly 
justify  tlic  means,  without  producing  any  liardshij),  mid  that 
in  itself  should  be  eiioiii;h  under  ])resent  conditions. 


Merchant  Shipping  Convention  Act  (1914).    iiy  an  order 

in  Coiiiu  il  it  has  lieeu  dec  ided  that,  the  jirovisions  of  this  Act 
shall  not  come  into  operation  until  .Ian.  1,  I'.tlT. 

Verband      Deutscher      Elektrotechniker.    Tlie       annual 

geiieijil  iiieetiiig  will  lie  held  a!  Fiaiiktoit -oii-t  he-Main  on 
Sunday,  and  meinhers  will  lie  mainly  omipied  with  Papers  ou 
substitutes  for  scarce  electrical  engineering  materials. 

"The  Architect  in  Relation  to  Electric  Lighting."  In 
reference  to  our  leading  artK'le  on  this  sul>jeet  last,  week  our 
attonti(m  has  been  called  to  the  fa<'t  that  (".T.S.  wires,  as  well 
&8  Henley's  and  Stannos.  can  be  conveniently  useil  for  con- 
cealed work  where  there  is  but  little  .space  available.  We  are 
interested  to  note  according  to  the  latest  ]iani]ihlet  describing 
the  system  that  "it.  can  be  installed  diiX'ct  in  Jiew  plaster."  As 
is  well  known,  C.T.S.  is  made  by  the  St.  Helens  Cable  & 
Rubber  Co. 


Newcastle  Electric  Supply  Co. — The  "  CoUiery  Guardian  "" 
states  that  owing  to  an  extension  of  plant  at  one  of  the  stations 
owned  by  this  company,  Messrs.  R.  H.  Longbotham  &  Co., 
of  Ings  Foundry,  Wakefield,  have  purchased  the  smaller  Par- 
.sons  turbo-generators  with  condensers.  These  range  from 
2,500  kw.  to  5,000  kw.,  and  are  being  replaced  by  units  of  much 
greater  power. 

Daylight  Saving. — In  France  the  Senate  Committee  rejected 
by  five  votes  to  three  the  proposal  for  daylight  saving.  The 
reasons  for  its  rejection  were  doubtful  economy,  and  serious 
inconvenience.  The  committee  considered  it  was  "  not  wise 
to  regulate  artificially  the  hves  of  persons  who  go  to  bed  too 
late  at  the  expense  of  the  portion  of  the  population  which 
already  carries  out  daylight  saving." 

Hysteresis  and  Hardness.— In  a  Paper  on  "  Surface  Ten- 
sion Kllects  in  the  Intei-crystalline  Cement  in  Metals,  and  the 
Elastic  Limit,  ■  read  before  the  Institute  of  Metals  by  Mr. 
F.  C.  Thompson,  B.Sc,  it  is  stated  that  for  the  samples  of  iron 
tested  the  hy.steresis  loss  per  cycle  e=300B^'^,  where  B  is  the 
Brinell  hardness.  The  Brinell  hardness  factor  is  generally 
expressed  by  the  ratio  of  the  load  on  a  steel  ball  of  given  dia- 
meter to  the  area  of  the  curved  surface  of  the  impression  it 
makes  on  the  material. 

Exposition  Internationale  de  Lyon,  1914.— We  have 
recei\ed  a  pamphlet  entitled  "  La  .Science  a  TExposition,"' 
edited  bv  Mr.  Jean  Mascart,  Director  of  the  Observatorv  at 
Lyon,  and  Professor  of  the  Faculty  of  Sciences.  The  book  is 
divided  into  two  sections,  the  first  dealing  with  astronomical, 
meteorological  and  wireless  telegraph  matters.  The  second  por- 
tion contains  a  description  of  the  geological  formations  of  the 
district  and  the  growth  of  the  City  of  Lyons,  besides  matters 
of  astron<tniical  and  other  interest. 

State  Recognition  of  Engineering.— A  largely  attended 
meeting  (organi.sed  by  the  British  Electrical  &  Allied  Trades' 
Association,  held  at  Liverpool  on    Empire   Day,   unanimously 

pa.s.sed  the  following  resolution  : — 

That  the  in(lis]Kn^l)lc  niilitan-  wrviccs  rendered  by  the  enicrineering 
indui^tn'  and  its  fiindainental  imfK>rtamo  in  the  future  as  the  basis  of 
defensive  power  and  of  ])rosj-»erous  economie  developnnnt.  entitle  it  to 
special  State  reeopnition  in  any  reform  of  national  and  Imperial  com- 
mereial  ]M)liey.  and  to  the  patriotie  support  of  all  public  and  private  uBcrs 
of  jilant  and  mac  liinerv  ihniuphout  the  Knipire. 

Destructor  Products.  "  The  Times  "  Engineering  Supple- 
ment refers  to  the  ex]>erience  gaine<l  at  Paisley.  The  report  of 
the  .sanitary  ins]»ector  for  i;»14  .shows  that  a  revenue  of  £428 
has  been  olitained  from  the  sale  of  "  residual  product^s."  Some 
of  these  were  as  follows  :  Clinker  £224,  mortar  £48,  old  tins  and 
scrap  metal  £110.  waste  jKjjK'r  £15.  other  refu.se  £22.  During 
the  last  two  years  waste  paper  and  broken  glass  has  increased 
in  value,  and  by  the  use  of  the  vertical  shaft  t}'pe  of  furnace 
the  working  costs  of  the  destructor  have  been  reduced.  The 
jirosjiects  for  remunerative  working  appear  to  be  greatly  im- 
jiroved. 

lonisation  by  Collision.  —The  "  Physical  Review  "  pub- 
lishes a  Pa|M"r  by  K.  T.  Compton  on  "  The  Theory  of  lonisation 
by  Collision,"  in  which  the  errors  in  the  constants  in  Town- 
sends  ecjuations  are  referred  to.  .Vs  is  well  known,  Townsend 
assumed  that  the  c«>lli8ion8  were  inelastic,  and  although,  with 
the  exception  of  helium  (and  probably  other  inert  gases),  the 
curves  olitaimnl  agree  generally  with  theory,  the  constants 
difi'er  from  the  correct  values  in  most  cases  by  over  100  per 
cent.  In  the  ]>reKent  Paj>er  the  more  imi>ortant  results  of  a 
study  of  velocity  distribution  are  given,  and  expressions  for  a 
are  obtained  which  agree  better  with  the  facts  than  any  formula 
yet  8upgest4»d. 

Storage  Battery  Car.  —The  "  Electric  Railway  Journal  " 
reter.>>  to  the  low  operating  costs  of  the  .50  ft.  .30-ton  Edison 
storage  battery  passenger  car  of  the  Cambria  «.^  Indiana  Rail- 
road. During  a  series  of  runs  of  738  miles  the  total  cost, 
including  platfonn  labour  and  power,  was  7d.  per  mile.  The 
general  manager  of  the  oompany  believe,*:  that  the  car  with  its 
juvMiit  battery  equipment  is  c.a]iable  of  an  increased  mileage 
up  to  50  per  rent.,  which  will  re<luce  the  cost  per  mile  mat-er- 
ially.   After  three  years  of  experience,  the  railway  company  are 
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ordering  an  additional  car  of  somewliat  smaller  size.  This  car 
is  to  be  35  ft.  8  in.  long,  equipped  with  165  Edison  A  10  cells, 
and  four  Westinghouse  motors.  .     >     ■.,  ,^-  i   j 

The  Corrosion  of  Steel.— A  Paper  entitled  "  The  Theory 
of  the  Corrosion  of  Steel  "  was  read  by  Mr.  L.  Aitchison,  B.Sc, 
recently  before  the  Iron  and  Steel  Institute,  from  which  it  is 
concluded  that  corrosion  takes  place  purely  by  the  action  of 
the  ferrite,  or  solid  solution.  It  is  pointed  out  that  the  fact  that 
steels  formed,  as  they  invariably  are,  of  carbides  embedded  in 
a  matrix  of  some  carbon-free  material  renders  it  almost 
certain  that  the  action  going  on  in  a  steel  is  a  galvanic  one. 
The  couples  consist  of  the  carbide  on  the  one  hand,  and  the 
ferrite,  or  solid  solution,  on  the  other.  Carbides  in  all  steels 
probably  possess  very  similar  electrical  properties,  and  conse- 
quently the  electrolytic  solution  pressure  will  be  the  same,  or 
nearly  so.  On  the  other  hand,  the  solid  solution,  ranging  from 
pure  iron  to  sm  alloy  containing  many  per  cent,  of  some  second 
element,  will  have  varying  electrical  properties.  The  corro- 
sion should,  therefore^vary  a  great  deal  with  composition.  ^ 

Sampling  and  Analysing  Flue  Gases. — A  bulletin  on  this 
subject  by  Messrs.  H.  Kreisinger  and  F.  K.  Ovitz,  issued  by 
the  Bureau  of  Mines,  is  written  in  plain  and  non-technical 
language,  as  far  as  possible,  so  that  it  may  be  readily  under- 
stood by  persons  who  have  not  had  the  advantage  of  a  tech- 
nical education.  Whenever  possible,  illustrations  of  appa- 
ratus and  methods  of  handling  have  been  used  rather  than 
elaborate  descriptions. 

The  material  presented  is  arranged  in  two  parts.  The  first  part  con- 
tains the  description  of  the  apparatus  and  the  methods  used  in  sampling 
and  flue  gases.  The  second  part  gives  experimental  results  obtained 
with  the  different  methods  of  sampling  and  collecting  flue  gas  that 
are  recommended  in  the  first  part  of  the  report.  Only  simple  apparatus 
and  methods  are  considered,  as  they  are  accurate  enough  to  show  the 
large  heat  losses  due  to  the  use  of  too  much  air,  and  are  also  sufficiently 
accurate  to  indicate  any  incomplete  combustion  losses  of  economic  im- 
portance. Without  doubt  the  loss  due  to  large  excess  of  air  is  the 
greatest  one  in  the  boiler  room,  and  can  usually  be  greatly  reduced  by 
making  proper  use  of  gas  analysis.  Before  engineers  in  the  isolated 
industrial  plants  can  be  induced  to  analyse  for  carbon  dioxide,  they 
must  learn  to  appreciate  the  great  possibilities  of  reducing  loss  from 
large  excess  of  air.  Furthermore,  in  the  face  of  the  great  difficulty  of 
obtaining  a  fair  average  sample,  discussed  in  the  second  part  of  the 
bulletin,  it  is  doubtful  whether  more  delicate  apparatus  for  analysis  and 
more  refined  methods  would  be  of  much  advantage.  A  useful  list  of 
references  to  publications  on  fuel  technology  issued  by  the  Bureau  is 
given  in  conclusion.  ,         ^.a  .i  .H  «    i,    ! 

Electric  Steel  Furnaces. — The  following  table  on  the  use  of 
the  Heroult  electric  steel  furnace  throughout  the  world  is  given 
in  the  "  Iron  Age  "  : — • 


Annual  capacity. 

Increase 

in 

1915. 

Number 
of 

1914. 

1915. 

furnaces. 

United  States  

Germany  

Great  Britain 

Metric  tons 

141 ,200 

385,750 

77,000 

6,000 

194,500 

30,000 

40,000 

61,500 

2,500 

41,000 

30,000 

6,000 

Metric  tons 

371,500 

403,750 

189,800 

21,600 

234,800 

30,000 

43,600 

74,100 

2,500 

54.000 

30,000 

14,700 

Metric  tons 

230. .300 

18,000 

112,800 

15,600 

40,300 

3,600 

12,600 

13,000 

8,700 

40 
17 
20 

Canada 

France  

Belgium  

3 
11 

2 

Luxemburg 

Austria-Hungary 

Switzerland 

Italy    

Russia  

Sweden 

2 
10 

1 
4 
3 

2 

Total 

1,015,450 

1,470,350 

454,900 

115 

In  increased  tonnage  in  1915,  the  Heroult  furnaces  of  the  United 
States  lead  with  230,300  tons.  In  total  capacity  Germany 
is  first.  The  marked  increase  in  England's  Heroult  furnace 
capacity  is  to  be  noted. 

Engineering  and  the  Empire. — ^At  a  meeting  at  Liverpool 
on  the  26th  inst.,  Mr.  T.  C.  Elder  delivered  an  address  with 
the  above  title. 

In  the  discussion  which  followed,  one  of  the  speakers  stated  that  a 
most  interesting  scheme  had  been  in  operation  during  the  past  few  years 
in  connection  with  the  University  of  Pittsburg.  Industrial  research  had 
been  undertaken  by  research  fellows  appointed  for  the  pur]K)se  of  a 
particular  research,  and  the  research  had  been  financeel  by  the  firms 


interested.  If  the  work  was  to  be  done  proyK-rlv,  a  grant,  sav,  of  £.50,000 
a  year  should  be  made  to  the  In.stitution  of  Electrical  f:ngineerH  and  to 
the  other  engineering  institutions  to  enable  nwarch  work  to  be  earned 
out  in  suitable  laboratories.  It  was  a  well-recogniscd  characteristic  of 
many  firms  that  they  would  not  take  up  a  process  or  a  manufacture  until 
it  had  shown  it.self  a  commercial  success,  which  might  be  all  very  well 
from  the  business  standpoint  of  making  money,  but  making  money  was 
not  the  first  object  of  a  manufacturer  ;  the  first  object  was  to  make  good 
machines,  and  the  business  man  would  then  make  certain  that  thej-  were 
sold  so  as  to  ensure  a  good  return.  If  progress  was  to  be  made  in  manu- 
facture, highly  trained  technical  men  must  be  available  both  as  leaders  of 
industry  and  in  the  research  laboratories.  One  could  spend  tena  of 
thousands  of  pounds  in  laboratories,  either  for  a  works  or  for  a  univer- 
sity, but  they  were  useless  without  the  right  men  to  work  them.  Thesf; 
men  were  not  produced  in  a  year  or  two  ;  they  were  the  product  of  many 
years'  education  and  selection,  and  the  second  urgent  question  that  we 
should  face  was  the  shortage  of  men  who  could  carry  on  research  work, 
and  who  could  man  the  testing  and  reasearch  labf>ratories  of  the  future. 
We  felt  the  need  of  such  men  to-day  in  fighting  the  war,  but  what  wa.s 
true  about  the  war  was  of  still  greater  imj)ortance  in  the  industrial  war  of 
the  future,  and  every  effort  should  be  made  to  bring  home  to  the  public 
the  enormous  importance  of  this  question. 

Manufacture  and  Uses  of  Alloy  Steels. — An  informative 
report  on  this  subject  by  Mr.  H.  D.  Hibbard  has  come  to  hand 
from  the  Bureau  of  Mines.  In  an  introductory  note  it  is  stated 
that  the  report  is  issued  as  a  contribution  to  the  increase  of 
efficiency  in  the  preparation  and  utilisation  of  the  mineral 
resources  of  the  United  States.  The  author  defines  alloy  steel 
as  "  steel  containing  one  or  more  elements  other  than  carbon 
in  sufficient  proportion  to  modify  or  improve  sub.stantially  and 
positively  some  of  its  useful  properties,"  and  the  report  deals 
exclusively  with  alloy  steels  which  agree  with  this  definition. 
Each  of  the  following  alloy  steels  is  dealt  with  in  a  way  that 
will  be  appreciated  by  the  practical  engineer  :  Simple  tungsten 
steels,  simple  chromium  steels,  manganese  steel,  simple  nickel 
steels,  nickel- chromium  steels,  silicon  steels,  high-speed  tool 
steels,  chromium- vanadium  steels.  To  give  an  idea  of  the 
breadth  of  treatment  we  take  at  random  from  the  contents  the 
several  items  on  high-speed  tool  steels  given  below  :— 

Manufacture  of  high-speed  tool  steel ;  composition  of  high-speed  tool 
steels  ;  carbon  in  high-speed  tool  steel ;  tungsten  in  high-speed  tool 
steel ;  chromium  in  high-speed  tool  steel ;  molybdenum  in  high-speed 
tool  steel ;  vanadium  in  high-speed  tool  steel ;  cobalt  in  high-speed  tool 
steel ;  copper  in  high-speed  tool  steel ;  sulphur  and  phosphorus  in  high- 
speed tool  steel ;  steUite  ;  heat  treatment  of  high-speed  tcols  ;  theory 
of  high-speed  steels  ;  testing  and  using  high-speed  steel ;  machine-tool 
design  ;  patents  on  high-speed  steels  ;  miscellaneous  uses  of  high-speed 
steels  ;   and  bibliography  on  high-speed  tool  steels. 

Those   who  want  information   on  the   subject  will   find   this 

76-page  bulletin  invaluable. 

Variations  in  Nocturnal  Transmission. — Earher  in  the  year 
before  the  Institute  of  Radio  Engineers,  New  York,  Messrs. 
A.  H.  Taylor  and  A.  S.  Blattermann  road  a  Paper  on  the  above 
subject.  The  authors  describe  experiments  on  night  trans- 
mission, on  wave-lengths  of  500,  850  and  1,500  metres  between 
two  inland  stations  1,250  km.  apart.  The  bibliography  of 
wave  absorption  is  first  considered  critically.  The  average 
transmitting  current  was  12  amperes  and  the  decrements  varied 
from  009  to  0-18,  the  el^'ective  height  of  the  transmitting 
antenna  being  27  metres,  and  receiving  was  eft'ected  by  means 
of  an  audion  tested  against  a  constant  exciting  circuit.  In 
making  audibility  measurements  by  the  shimt-to-telephone 
method  the  true  impedance  at  the  audio  frequency  in  question 
was  used.  Observations  were  made  hourly  during  the  night, 
with  15-minute  periods  near  sunset  and  sunrise.  The  curves 
of  signal  strength  are  not  symmetrical  about  the  solar  mid- 
night. In  general,  the  fluctuations  of  the  500-metre  wave 
follow  those  of  the  1,500-metre  wave,  but  not  necessarily  vice 
versa.  The  850-mecre  wave  does  not  seem  to  fluctuate  in 
marked  synchronism  with  either  of  these.  Tliis  is  explained 
on  the  basis  of  definite  wave  interference.  Short  waves  are 
superior  by  night,  long  waves  by  day,  generally.  The  dis- 
appearance of  the  ice  sheet  between  the  stations  and  the 
breaking  up  of  the  soil  seems  to  accoimt  for  a  spring  drop  in 
transmission.  Cloudy  days  markedly  favour  the  following 
night  transmission.  Fading  and  ''  freak  ""  eflects  are  more 
numerous  on  short  waves,  thus  favouring  the  interference 
explanation.     It  is  suggested  that  future  observations  should 
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of 
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OBITUARY. 


J.  E.  iL  Stewaet. — The  death  is  announced  of  ilr.  J.  E.  iL 
Stewart,  late  chief  assistant  of  Leicester  Corporation  electricity 
supply  department.  Mr.  Stewart  had  been  in  failing  health  some 
time  before  his  resignation  in  December,  and  hi>;  death  occurred  at 
a  nursing  home  in  Bournemouth.  Mr.  Stewart  was  chief  assistant 
engineer  at  Leicester  for  a  number  of  years.     He  was  45  j-ears  of  age. 


PERSONAL. 


Mr.  J.  L.  Holmes,  Rangoon  municipal  engineer,  is  at  jjresent  at 
home  on  leave,  and  he  is  investigating  the  various  systems  of  street 
lighting.  The  present  electric  system  is  considered  too  expensive, 
its  cost  having  reached  over  £I.3,fKX»  a  year  with  the  existing  carbon 
lamps.  The  London  agents  of  the  mmiicipality  are  Messrs.  Ogilvy, 
Gillanders  &  Co.,  67,  Cornhill,  E.C. 

Marylebone  (London)  Electric  Supply  f^^mmittee  have  given 
permission  to  the  general  manager  of  the  electricity  undertaking, 
Mr.  A.  H.  Seabrook,  to  take  up  a  Commission  in  a  special  branch  of 
the  Army  where  his  general  mechanical  engineering  exj)erien(c,  and 
the  s})ecial  experience  he  has  gained  on  munitions  work  during  the 
last  10  months,  will  be  utilised. 

Second  Lieut.  Thomas  Challoner,  of  the  Glamorgan  Fortress  Royal 
Engineers,  and  before  the  war  engaged  in  the  Cardiff  branch  of  the 
British  Westinghouse  Co.,  has  been  awarded  the  Military  Cross. 

Royal  Engineers  (T.F.) — The  following  apjwintments  have  been 
made  : — 

London  Electrical  Engineers  :  Sappr  K.  W.  T.  Corlx-tt,  F.  C.  Stephens 
(Captain,  KcKcrve  of  Officers,  Union  Defence  Forces.  S.A.),  and  Sergt. 
S.  P.  Rif.'(len  (from  H.A.C.)  to  be  .Seeond  Lieutenants  (on  probation). 
Second  Lieutenant  F.  ('.  St<'phen»  to  lie  tein])orarA'  Lieutenant. 

Tyne  p^lcctrieal  Enfiirnvrn  :  ('a])tain  (J.  A.  liriice  to  be  Major  and 
n  main  seconded.  Lieutenant  (teniporarj-  Captain)  \.  H.  Firniin  to  be 
t<niporar)'  Major  (correction  of  entrj'  in  "  Londf)n  Ciazettc  "  of  Jan.  18). 
Second  Lieutenant  (tomporarj'  Captain)  W.  f!.  Ward  to  be  Lieutenant 
(temporary  Captain). 


APPOINTMENTS  VACANT. 


A  shift  engineer  is  required  for  small  traction  and  lighting  station. 
Apjjlications  to  tlio  .Manager,  (Jroat  Grimsby  Street  Tramways  Co., 
Cleethorpes,  Lines.     <S'ec  adverlisemenl. 

A  s(<)ker  is  advertised  for,  accustomed  to  mechanical  and  hand- 
fired  furnaces.  Apj)lications  to  Mr.  G.  <  J.  liell,  engineer  and  manager. 
Hammersmith  Electricity  Department,  85,  Fulhsm  Palace-road, 
T>)nd()n,  VV. 

A  mains  engineer  is  required  by  Eastbourne  Eleclricity  Committeo. 
Salary  £]')(>.  Applications  to  the  Borough  Electrical  Engineer  by 
r»  p.m.  .June  0. 

Holyhead  Crban  Council  re(|uire  a  shift  engineer,  not  eligilile  for 
enlistment.  Wages  :12s.  (Wl.  jkt  week,  .\pplieations  to  -Mr.  P. 
Williams,  Electricity  Works,  Holyhead,  by  Juno  4. 

Pf  Dinidalk  Kleflricity  Committee  n'(|iiire  an  assistant  engineer. 
Salary  £1(111.  Applications  t«  the  engineer  and  manager  by  5  p.m. 
•)un«t  12. 

The  CJoveniing  l{<uly  of  the  Manchester  Municipal  S<l)ool  of  Tech- 
nology invites  a])|ilic;it ions  for  the  a|i|M)intnienl  of  viee-princi|wil. 
Salary  tAOO  a  year.  Conditions  from  the  Hegistrar,  to  whom 
a|)plicatiuns  by  Jtme  !'.>. 


msTrrcjTiONS  and  societies. 


The  Royal  Society.  -  .\mongst  the  ra|>rrs  road  .it  last  Tl5>.rs<I.ay's 
meeting  wvvr  I  lie  following  :  "  The  Transinissidn  <>f  Klectne  Waves 
around  the  Karth's  Surfnec,"  by  Prof.  H.  .M.  .Macdonald,  F.R.S.  ; 
"  .\  Critical  Study  of  Spcctr.il  Sories.  P.irt  IV. — The  Stnicturp  of 
Spark  Spectra."  by  IVof.  W.  .M.  Hicks.  V.n.>i. 

Tramways  and  Light  Railways  Association. — The  eighth  annual 

congress  will   be  held  at    the  Westminster  Palace  Hotel,  S.W..  on 
June  30  at  2.M  p.m. 


Manchester  Steam  Users'  Association. — The  Gist  annual  report 
of  the  Committee  of  Management  states  that  at  the  close  of  1915  the 
number  of  toilers  enrolled  and  the  revenue  for  the  year  were  the 
highest  ever  attained. 

The  total  number  of  boilers  under  inspection  on  Dec.  31  last  was  10,793, 
an  increase  of  401  over  1914.  The  revenue  was  £22,641.  16s.  6d.,  an 
increase  of  £1,382.  1.5s.  5d.,  and  the  net  surplus  was  £2,109.  lis.  3d.  Th' 
total  of  the  reserve  fund  now  stands  at  £.50,325.  The  past  year  was  the 
busiest  the  Association  has  ever  experienced,  and  the  inspectors  have 
been  working  at  exceptionally  high  pressure,  so  that  it  was  frequently 
difficult  to  meet  all  the  demands  made  upon  them.  In  addition  to  the 
ordinary  thorough  examinations  required  of  the  boilers  of  members,  a 
very  larj;e  numl>er  of  new  and  also  of  second-hand  boilers  were  examined 
on  behalf  of  H.M-  Government  and  industrial  firms  mainly  connected 
with  the  manufacture  of  nmnitions  of  war.  The  gross  total  of  examina- 
tions made  in  191.5  was  22,297.  Among  the  abnormally  large  number 
of  second-hand  boilers,  and  other  ves.sels  for  steam  pressure,  examined 
as  to  their  fitness  for  purchase,  many  were  found  unfit  and  were  rejected, 
while  others  had  to  undergo  structural  alterations  or  repairs  to  render 
them  suitable.  The  ever-increasing  cost  of  coal,  added  to  the  difficulties 
in  obtaining  supj»lies,  has  led  to  many  inquiries  as  to  how  economics 
mi^fht  be  effected  in  the  generation  or  u.se  of  steam. 

The  Committee  report  that  a  tube  in  a  water-tube  boiler  while  at  work 
drew  out  of  its  hole  in  the  upper  drum,  due  to  overheating.  Unfortun- 
ately one  of  the  attendants  in  his  excitement  cUmbed  up  a  ladder  into 
the  cloud  of  steam,  where  he  was  seriously  scalde<l,  and  died  a  few  days 
later.  A  second  man,  who  was  in  the  stokehold  at  the  time,  left  it  by  the 
pro])er  exit  and  got  out  uninjured.  The  overheating  was  due  to  scale  in 
the  tube,  which  had  not  been  cleaned  as  often  as  necessary.  After  61 
years  of  immunity  the  Committee  regret  that  thu  first  fatahty  has  oc- 
curred in  connection  with  a  boiler  having  the  Association's  guarantee, 
but  no  discrecMt  or  blame  attach  to  the  Association  in  connection  with  the 
accident.  Outside  its  ranks  the  Association  has  noted  throughout  the 
Unitwl  Kingdom  during  the  year  the  occurrence  of  48  explosions,  killing 
22  persons  and  injuring  .54  others.  Of  these,  19  killing  12  persons  and 
injuring  21  others,  may  Ije  termed  "  boiler  explosions  proper,"  while  the 
remaining  29,  killinp  10  persons  and  injuring  33  others,  may  be  termed 
"  miscellaneous  "  explosions,  i.e.,  those  arising  from  steam  piypcs,  stop 
valves,  kiers,  stills,  drying  cylinders,  bakers'  ovens,  &c.  At  the  visit  of 
the  British  Association  to  Manchester  in  September  last,  a  Paper  was 
read  by  the  Chief  Enpincer  on  the  "  Fatitnie  of  Metals,"  and  the  members 
present  expressed  their  hearty  ajjpreoiation.  Eleven  of  the  Association's 
staff  have  joine<l  the  Colours,  and  the  ( 'ommittee  regret  to  state  that  one 
has  been  killed  in  action  and  another  died  from  disease  contracted  in 
Military  Service.  At  the  special  request  of  H.M.  (Government  one  of  the 
inspectors  was  jfranted  leave  and  was  appointed  inspector  of  boilers  by 
the  War  Department. 


ARRANGEMENTS  FOR  THE  WEEK. 


TUESDAY,  June  6th. 

RoY.\L   InSTITI  TIOX. 

3p.m.  At  Albeniarle-stnt't.  W.  lecture  on  Optical  Research  and 
Chemical  Progress  (Lecture  IL).  by  Dr.  T.  M  Lowry,  F.R.S. 

RoNTCEN  SoriKTV. 

S.15  p.m.  Meeting  at  Institution  of  Electrical  Engineers.  Victoria 
Kmbanknient.  W.C.  \  racier  on  "  Homofreneitv  of  Visible 
Radiation."  by  IVcf.  J.  W.  \i(h..lson.  M.A..  D.Sc. 


iBt  LONDON  ENGINEER  VOLUNTEERS. 
Commanding:  (•nic«r.  Lieut. Ci.l.  C.  H.  Ci.ay,  V.D. 
( »rden<  for  the  week. 
Officer  for  the  Week. — Platoon  Commander  A.  (Jerartl. 
Next  fur  I)iity.--IMnt<«in  Commander  W.  J.  A.  Watkins. 
ApiK'intnuMit.— St-r^eint  C.  Cla>-<Jen  to  l>e  liattalion  Sergeant  Cook. 
Satunbiy,    .hine    .3nl.— Parade  at    Headquarters,   2.4,5.   for    ceremonial 

Drill.     Uniform.     Every  member  is  urged  to  attend. 
Monday,  Juno  .5th.— Trt  hnical  for  Sections  1  and  2.  Xo.  3  Compiny,  46, 
Kix'en.y  street.  S.W.  ;    Squiul  and  Platoon  Drill.  Sections  3  and  4, 
No.  3  Cnnjpiny  ;   Sikinalliuc  Class  and  Recruits. 
Tuesday.  June  (ith.-  Si  hool  of  Arms,  li  to  7  ;    Lecture,    Comjwny  Com- 
mander CnMell.  ••  Rridjiing  "  ;   Rocruits.  7.16to  8.15. 
We<lnes<lny.  June  7th.— Plat. nm  Drill.  No.  1  Platoon,  No.  1  Comjwnv. 
lluirsilay.  .tune  .Sth.— Plat.«Mi  Drill.  No.  .5  Platoon,  No.  3  Comjvuiy  ; 
"^  "  3  nn  i  4.  No.  3  CompTny,  Miniature  Range; 

I  •  •;   InKlructional  Class.  .5.4.5. 

Friday,  .luno  <»th.-   leohnical  for  .Sections  3  and  4,  No.  3  Compiny.  46. 
RepiMJcyMreet.  S.W.  ;   .Squad  and  Platoon  Drill,  Sections  1  .and  2, 
No.  3  Company. 
S\nid.iy.  Jtine  lHh.-  Kni         "       ,-  at  (Mfonl.  parade  Victoria  (S.K.  A"  C. 
Hidway  Rookinp  Oii  .a.m.      Uniform,  haversacks,  atul  water 

bottles.     Midday  rations  to  be  carried.     Railway  >-oucher8  will  be 
]-»rovide«l. 
Otford  Camp.— On  and  after  Satunlay.  June  3rd.  there  will  be  a  standing 

camp  at  CMford,  see  Monthly  Orders. 
Musketry —For  Nos.  1  and  2  Comiwnies.  see  Notice  and  Tables  A  and  B 

at  II 
Note.  — I  «isc  indicate*!,  all  drills.  &c.,  will  take  place  at 

CheMer  House.    N<»s.  I  and  2  and  3  and  4  Sections,  No.  3  Companv, 
will  in  future  be  know  n  as  Platoons  Nos.  9  ami  10. 
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TELEPHONOMETRY.  * 

BY   B.    S.    COHEN. 

{Concluded  from  page  245.) 

Summary. — After  a  brief  introduction,  the  author  deals  with  standard 
cable  measurement  and  transmission  testing.  A  new  device  termed  a 
telephonometer  is  then  described,  and  the  results  of  tests  given  in  the 
form  of  tables  are  compared. 

Description  of  a  Telephonometer. 

Early  Experiments. — An  attempt  was  made  some  years  ago  to  find 
a  substitute  for  the  voice  and  ear  in  telephonic  volimaetric  measure- 


W=40k 


Motor  Armature 

imm 


•100  volts 


Fig.  -4. — Rhythmic  Interrupter  Governor. 

ments.  Firstly  a  comparison  was  made  of  various  words  used  in 
balancing  lines,  circuits  and  apparatus,  and  it  was  found  that  the 
words  1,  2,  3,  4,  5  gave  substantially  the  same  results  as  sentences 
such  as  "  Mary  had  a  little  lamb."  When  this  had  been  ascertained, 
a  series  of  oscillograms  was  made  for  the  words  1,  2,  3,  4,  5  as  uttered 
by  various  observers,  and  a  mean  wave  obtained  combining  all 
these  words.  An  analysis  of  this  wave  gave  a  fundamental  of 
comparatively  small  volume  and  145  ^^,  and  a  large  6th  harmonic 
20  times  the  volume  of  the  fundamental,  in  addition  to  many  other 
harmonics  mostly  greater  in  volume  than  the  fundamental. 

It  was  hoped  that  a  wave  representing  the  fundamental  and  the 
6th  harmonic  would  give  results  approximating  to  speech.     This, 


Fig.  5. — Rhythmic  Interrupter.     (Front  view.) 

however,  was  found  only  to  be  correct  when  used  for  comparing 
types  of  lines  and  circuits  where  relative  results  are  not  much 
affected  by  frequency  changes.  The  results  with  receivers  and 
transmitters  were  imsatisfactory.  The  question  was  reopened  some 
two  or  three  years  ago,  and  considerable  progress  has  been  made 
towards  a  solution,  although  it  has  only  been  possible  to  experiment 
in  the  intervals  from  other  more  pressing  work. 

Description  of  Apparatus  at  Present  Under  Trial  as  a   Substitute 
for  the  Voice. — When  the  matter  was  reopened  it  was  considered  that 

*  Abstract  of  a  Paper  read  before  the  Institution  of  Post  Office  Elec- 
trical Engineers. 


the  problem  could  be  better  tackled  by  experi  ■  :/  with  a  wave 
containing  the  majority  of  frequencies  of  i  -  lic  importance 
rather  than  attempting  to  use  a  wave  containing  onJy  a  few  fre- 
quencies. As  the  result  of  con.siderable  research  the  following 
arrangement  was  devised  : — 

An  interrupter  is  varied  in  speed  at  a  regular  rate  so  as  to  go 
through  a  complete  cycle  of  frequency  from  700  r..,  to  1,400  oo  and 
back  again  in  the  space  of  0-7  second."  Tliis  Ls  attained  by  driving 
the  interrupter  from  a  motor  which  haa  attached  to  it«  shaft  a 
centrifugal  governor  which  cuts  in  and  out  extra  voltage  on  the 
armature.  Fig.  4  illustrates  the  arrangement.  A  disc  on  the  motor 
shaft  carries  two  weighted  contact  springs  connected  to  slip  rings.  One 
spring  is  lightly  and  the  other  heavily  weighted,  and  they  rest 
normally  on  a  pair  of  contacts  connected  to  earth  through  the  motor 
spindle.  The  springs  are  connected  through  the  slip  rings  to  a  relay 
and  thence  to  earth,  and  the  motor  armature,  to  100  or  200  volta, 
according  to  the  relay  position. 

At  slow  speed  both  springs  are  cormected  to  earth,  the  relay  is 
energised  and  the  armature  gets  200  volts.  The  speed  increases 
and  the  heavily  weighted  spring  flies  off  its  contact  first,  but  nothing 
happens  until  the  light- weighted  spring  breaks  from  earth  at  the  top 
frequency  of  the  interrupter.  Then  the  relay  is  released,  and  as  the 
armature  is  only  on  100  volts  the  motor  drops  in  speed.  Directly 
the  drop  occurs  the  light- weighted  spring  earths  again,  but  the  relay 
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Mirror 


'^  Diaphragm.  Diaphragm 

Fig.  fi. — 'Kennelly  Mirror  for  Diaphragm  Research. 

is  not  affected  until  the  heavy- weighted  spring  earths,  when  the  cycle 
is  repeated.  The  field  of  the  motor  has  a  P.D.  of  200  volts  across  it 
continuously. 

Fig.  5  shows  the  complete  arrangement  with  motor,  governor, 
interrupter  and  relay.  The  interrupter  can  supply  at  any  speed  a 
series  of  seven  frequencies  simultaneously.  In  practice  the  square 
wave  from  one  set  of  studs  only  is  used.  This  apparatus,  which  I 
have  termed  a  rhjrthmic  interrupter,  suppUes  a  wave,  rhj-thmically 
varied  in  frequency,  to  a  non- resonating  receiver.  This  consists 
of  a  modified  electromagnetic  receiver  with  a  special  diaphragm 
carrying  a  damping  spring.     The  receiver  is  so  adjusted  that  no 
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Fig.  7. — Resonance  Curve. 

resonance  points  occur  between  700  w  and  1,400  f>o  {i.e.,  the  range 
of  the  interrupter).  It  has  been  foiuid  possible  to  use  a  receiver 
which  has  one  resonance  point  in  the  before-mentioned  range 
by  applving  a  wave-smoother  to  the  circuit  ;vs  described  further  on. 
In  order  to  test  the  sound  output  of  the  receivers  with  different 
frequencies,  various  mirror  attaeliments  to  the  diaphragm  were  tned, 
such  as  Irwin's  optiphone,  Duddell's  mirror  attachment.  &c.,  and 
the  best  and  simplest  of  these  devices,  due  to  Prof.  Kennelly,  of 
Harvard  University,  and  termed  by  him  a  diaphnvgm  explormg 
mirror,  is  illustrated  in  Fig.  6.  The  arrangement  consists  of  a  short 
length  of  phosphor- bronze^strip  imder  tension.  ;\nd  carr\dng  a  minute 
triangular    mirror,   the    apex    of  whichjrests  on   the    diaphragm. 
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With  the  help  of  this  device  receivers  have  been  tuned  to  give  no  ceiver  is  sounding  into  a  transmitter  under  test,  and  is  pIso  extremely 

resonance  points  over  a  considerable  frequency  range.  sensitive. 

Fig.  7  shows  firstly  the  resonance  oscillogram  of  an  ordinary'  un-  If  the  howling  receiver  has  a  resonance  point,  the  wave  smoother 

tuned  60  a)  receiver.  Resonance  peak  at  about  800  po.  The  lower  curve  previously  referred  to  is  used.     This  consists  of  a  variable  capacity 

is  for  the  specially-tuned  electromagnetic  receiver.    Both  curves  cover  and  Sxed'low  resistance  inductance  bridged  across  the  circuit.  When 
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Fig.  8. — ^Telei'iionometer  Circuit  AhKANOED  for  C.B.  Transmitter  Testtsg. 


a  range  of  frequency  from  600  (\»  to  1,800  <v>,  A  tuned  receiver 
connected  to  the  rhythmic  interrupter  as  described  takes  the  place 
of  the  human  voice. 

•j.Wo  I'must  now  consider  (he  apparatus  to  take  the  place  of  the 
ear.i^Thi.s  measuring  ajjparatus  must  be  .sensitive  enough  to  give  a 
good  reading  at  tlio  (uid  of  a  long  length  of  standard  cable  ap- 
[jroafhiiig  the  commercial  limit,  and  at  the  same  time  should  be  so 
ballistic  as  to  give  a  steady  deflecti  n  when  actuated  i)y  the 
■comparatively  slowly  ])ulsating  rhythmic  current. 
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AND  unshunted  Sullivan  Galvanometek.     (Scale  di8tnnro5'6'). 

Tlioarrangomciil  a(Iop((<(i  cDUsistsof  as<<nsitiV(?,Siillivan-i)".\rsoi»val 
galvauoincter  comiciicd  (hiDugli  its  .slniiit  to  n  carlrorundum-stecl 
rectilior  {see  Fig.  8).  This  rectifier  is  at  (he  centre  of  one  winding 
of  a  balanced  1  to  I  transformer.  'J'he  other  windiiiK  is  r'innec(«xl 
througli  one  or  more  audion  ga,s  discharge  n>lay.s,  and  t hence  to  (lie 
high  winding  of  a  I  to  6  stop-up  coil.  The  low  side  of  the  la((er  in 
conncc(ed  to  the  receiving  end  of  (he  s(iind,ird  cable  This  nppti- 
ratus  gives  a  steady  dcllec(ion  when  (he  rhythimcally  varviiii:  re- 


adjusted to  resonate  with  (he  particular  frequency  which  requires 
reduc(ion,  it  partially  short-circuits  the  receiver  at  that  frequency. 

Fig.  9  is  a  caUbration  oirve.     The  scale  di8(ance  is  5ft.  6  in.,  and 
the  curve  given  is  for  the  uushunted  galvanometer  and  using  one 


Fig.  10 


audion.  I(  will  be  notico<l  that  20  microamiKjres  gives  about  14  in. 
detle((ion.  In  making  actual  (olej)honic  tests  an  equal  deflec(ion 
mcdiotl  is  used,  rendering  calibration  unnecessary      For  example, 
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assuming  a  test  of  transmitters,  if  the  deflection  with  a  standard 
transmitter  through  35  M.S.C.  is  50  cm.,  the  cable  length  is  varied 
when  the  circuit  is  changed  over  to  the  transmitter  under  test  until 
the  deflection  is  again  50  cm.  The  cable  change  equated  to  standard 
is  then  the  standard  cable  value  for  the  transmitter  under  test. 

The  howling  receiver  is  carried  on  a  swing  arm  so  that  it  can  face 
either  of  the  transmitters,  and  these  are  carried  on  adjustable  arms 
so  that  the  gaps  between  the  receiver  and  the  transmitters  can  be 
made  equal.  As  the  SAving  arm  is  rotated  from  one  transmitter  to 
the  other  it  opens  and  closes  contacts  to  effect  the  necessary  change 
over  in  the  circuit.  Fig.  10  shows  two  audion  relays,  transformer 
and  rectifier  in  case.  I  have  termed  the  complete  apparatus  a  tele- 
phonometer. 

Table  I.  gives  results  obtained  in  comparing  various  types  of  lines 
by  standard  cable  measurement,  telephonometer  and  calculation. 

Table  I. 


Line  under  test. 


Equated  length  in  M.S.C. 


By  speech 
(moan  of  a 
number  of 
balances). 


By  telepho- 
nometer 
(single 
test). 


20  lb.   artificial  cable  (No.   5),  mica 
condensers,  20  miles  virtual  length. 

400  lb.  artificial  aerial  line,  200  miles 
virtual    length,    insulation    resis 
tance  10  per  mile    

The  experimental  20  lb.  cable,  8  pair 
multiple  twin,  37  actual  miles  ... 

40  lb.  artificial  cable,  32  miles  virtual 
length  

70  lb.  artificial  cable,  32  miles  virtual 
length 


By  calcula- 
tion from 
the  mea- 
sured A.C. 
constants. 


21-4 


6-7 


35-5 


261 


22-0 


21-2 

6-4 
35-8 
26-25 
21-9 


21-2 

6-3 
35-2 
26-2 
21-95 


The  artificial  aerial  line  was  tested  between  two  20-mile  lengths 
of  standard  cable  in  order  to  eliminate  terminal  reflection  losses. 
The  calculated  value  allows  for  the  transition  loss  between  the  aerial 
line  and  the  cable.  As  the  application  of  the  telephonometer  to 
transmitter  tests  is  a  far  more  difficult  problem,  it  is  not  proposed 


Table  II. 

Transmitters  undt 
test. 

r 

Relative  tran-smis-sion 
efficiencies.           i 

By         By  telf-pho 
speech  (S)      nometer 
iLS.C.     1  (T)  M.8.C. 

Difference 
S-T 
3I.S.C. 

R.B.1,C.B.,  solid  harks,  all 

against  C.  B.  standards— 

a      

compared 

?  obsen-crs. 

6  balance 

tests. 
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1      —   7-7 

-  9-2 

-  8-2 
'      -   6-7 

-  8-9 
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-  9-2 
i     -  6-8 

-10-2 

-0-6 

b  

-01 

-01 

d          

-0-5 

e      

—  1-6 

-0-6 

f      

-  4-0 

-  2-0 

-  1-5 

-  9-0 

-  9-0 

-  9-3 

-  9-6 
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-  7-9 

-  9-8 
-10-3 
-13-5 

-  9-8 

-  8-9 
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0 

a     

-^0-5 

'h                  

0 

Inset    transmitters,    all 
against  C.B.  standards- 
k      

compared 

-1-7 

I       
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in 

-1-6 

n  

-0-4 
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'        -fO-6 

u  
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'       -11 
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nifies  better  and  —  worse  than  the  V.O  standards. 

C.B.  transmitter  tested.  In  some  cases,  however,  this  is  the  only 
resonance  point,  whilst  the  example  sho^\-n  has  quite  a  number  of 
smaller  points.  The  method  of  taking  this  oscillogram  may  prove  of 
interest.  The  oscillograph  is  a  Blondel,  arranged  to  photograph  on  a 
slowly-revolving  drum  covered  with  sensitised  paper.  An  alternator  is 
used  to  supply  current  to  the  tuned  receiver  which  actuates  the  trans- 
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Fig.  11. — Resonance  of  C'.B.  Solid  Back  Teansmitter. 


to  go  into  any  further  detail  regarding  line  tests,  but  to  deal  with 
transmitter  testing.  Table  II.  gives  the  result  of  a  number  of  tests 
of  transmitters  of  both  C.B.  and  L.B.  types  when  compared  by  the 
telephonometer  and  also  by  the  ordinary  speech  measurement. 

It  will  be  noted  from  this  table  that  the  agreement  between  the 
speech  and  telephonometer  tests  is  striking  when  it  is  borne  in  mind 
that  a  variation  of  the  order  of  at  least  1  M.S.C.  may  be  expected 
when  repeating  the  speech  tests  of  any  C.B.  transmitter,  and  that 
with  inset  transmitters  this  variation  will  be  increased.  There  will 
also  be  a  range  of  several  M.S.C.  with  different  speakers.  The  speech 
tests  are  the  mean  values  for  three  observers,  making  six  complete 
balances,  and  such  a  set  of  balances  occupies  three  men  for  the  space 
of  one  hour,  or  three  man-hours.  The  telephonometer  test,  on  the 
other  hand,  takes  an  observer  about  5  minutes,  and  most  of  that 
time  is  occupied  in  connecting  up  the  transmitter  under  test.  Further- 
more, the  telephonometer  is  far  more  sensitive  for  small  alterations 
in  transmission  volume  than  the  S.C.  measurements.  A  change  of 
less  than  \  M.S.C.  is  readily  detectable. 

Fig.  11  is  of  interest,  as  it  shows  the  resonance  points  for  an 
ordinary  C.B.  transmitter  between  700 -/^  and  1,900'^.  It  will  be 
noted  that  the  main  resonance  point  occurs  at  about  960  -r ,  and  this 
point  occurs  about  the  same  place  in  practically  all  samples  of  No.  1 


mitter.  No  mouthpiece  was  used,  and  the  receiver  and  transmitter 
were  butted  up  close.  The  resonance  frequency  of  the  enclosed  air 
was  well  above  the  highest  frequencj'  appUed.  The  alternator  was 
brought  to  the  maximum  frequency  and  then  the  dri\-ing  motor  shut 
off,  so  that  the  frequency  rapidly  fell  xnd  at  the  same  time  the 
recording  drum  was  started.  A  second  oscillograph  vibnitor  wjis 
used  to  record  frequency  and  paper  speed.  The  gaps  occur  every 
1-23  seconds  and  the  tine  lines  every  106  cycles  of  the  alternator. 

The  results  indicate  that  the  apparatus  described  is  capable  of 
comparing  the  voltmetric  efficiency  of  telephone  lines  and  trans- 
mitters with  a  high  degree  of  accuracy  and  at  a  considerable  sa\-iiig 
of  time,  &c.,  o.'er  the  ordinary  standard  cable  measurement. 

The  apparatus  is  particularly  suitable  for  the  rapid  te-?ting  of 
telephone  apparatus  ir.  bulk.  The  application  to  receive  measure- 
ment is  under  consideration.  In  conclusion,  it  should  be  emphasbod 
that  the  ordinary  S.C.  measurement  is  not  displaced  for  the  initial 
determination  of  the  efficiency  of  any  new  type  of  appiiratus,  and 
that  actual  speech  is  also  necessary  for  the  determination  of  articu- 
lation. 

1  am  indebted  to  the  staflt  of  the  Research  Section,  and  particularly 
to  I^Ir.  E.  J.  Barnes,  for  assistance  in  the  development  of  the  Tele- 
phonometer. 
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NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACHINES. 


I.  CONTINUOUS-CURRENT  MACHINES. 

BY  STANLEY  PARKER  SMITH,  D.SC. 

Summary. — In  the  first  part  of  the  article  the  author  deals  with  the 
principles  underlying  the  design  of  continuous-current  machines,  aid  in 
the  second  part  he  applies  these  principli  s  to  the  design  of  a  350  i  v., 
oOO-volt  generator  running  at  200  revs,  per  min. 


PART  I. 

In  responding  to  the  request  of  the  Editors  of  The  Ei>ec- 
TRK'iAX  to  discuss  the  underlying  principles  of  electric  machines 
and  modern  methods  of  design,  the  author  has  no  intention  of 
attempting  a  complete  or  exhaustive  treatment  of  the  subject, 
but  rather  to  emphasise  points  which  experience  has  taught 
him  are  of  fundamental  importance  to  the  designer,  manufac- 
turer and  user  of  electrical  generators  and  motors.  Our  elec- 
trical literature  is  by  no  means  poor  in  the  matter  of  authori- 
tative treatises  on  machine  design,  and  as  examples  one  need 
only  mention  !Mr.  Hawkins's  well-known  work  on  ''  The 
Dynamo,"  which  has  been  consistently  revised  and  brought 
up  to  date,  or  Prof.  Miles  Walker's  new  book  on  '"  The  Design 
and  Specification  of  Dynamo-electric  Machinery."  Every 
designer  lias  his  own  way  of  doing  things  ;  nevertheless,  it  is 
possible  that  these  articles  may  throw  new  light  on  old  sub- 
jects, such  as  armature  windings.  AV'e  shall  give  first  a  general 
discussion  of  principles  and  then  ap])ly  these  to  an  actual 
design.  It  is  almost  superfluous  to  mention  that  the  clearer 
fundam^ental  principles  are  understood,  the  easier  it  will  be  to 
produce  c(mipetiti\'e  designs. 

All  electric  machines  are  ba.sed  on  the  underlying  principles 
governing  the  conversion  of  mechanical  into  electrical  energy. 
The  laws  on  which  this  conversion  of  energy  depends  are  : — 

(i.)  The  mechanical  force  exerted  by  a  magnetic  field  on  a 
conductor  traversed  by  an  electric  current. 

(ii.)  The  E.M.F.  induced  in  a  coil  moving  in  a  magnetic  field. 

The  relation,  if  any,  between  these  two  fundamental  laws  is 
of  chief  interest  to  the  ])hysicist.  The  problem  for  the  engineer 
is  their  application  to  electric  machines. 

1.  E.M.F.  Induced  in  a  Coil  Moving  in  a  Pulsating 

Field. 

Ex])eriment  lias  .shown,  and  experience  has  confirmed,  that 
theE.-M.F.  induced  in  a  coil  is  proportional  to  the  rate  of  change 
of  flux  linking  it,  or 

e=-r,,   10-8  volts, (1) 

at 

where  Tc  denotes  the  number  of  turns  in  series  linking  the  flux 
<|).  The  direction  of  the  induced  pressure  is  such  as  to  produce 
ji  cuncjit  tending  to  ]»revent  the  change  of  magnetic  linkages, 
and  accounts  (or  t.lic  negative  sign  in  (Mjualiun  (I). 

Now,  the  flux  linking  a  coil  may  change  in  two  ways  :— 

(i.)  Su])])osing  the  flux  constant  iti  value,  the  coil  can  move 
through  the  flux. 

(ii.)  Supposing  the  coil  stationary. tiie  flux  can  vary  in  amount. 

In  the  general  case,  when  both  these  modes  of  change  occur 
together,  we  can  write 

<W_d^\)  ill      M\i 
(it  ~"dx   (U      dt  ' 

where  —  —  =—;—v  is  due  to  the  coil  movini,'  ni  the  nux  at  the 

dx    dt      ax 
uniform  velocity  v  centimetres  per  second,  and  ()^ld(  is  due  to 
the  flux  pulsating. 

All  nuidcni  tv])es  of  electrical  machines  arc  constructed  in 
accordance  with  the  hetero])olar  arrangement— that  is.  with 
alternate  north  iiiid  south  poles.  This  yields  <iu  nn-l«tad  a 
ilux  di.stribution  over  the  armature  peri]diery  similar  tt>  curve 
B  in  Fig.  1.  In  this  figure.  Ii  denotes  the  flux-density  in  lines 
per  square  centimetre  in  the  air-gap  and  1'  the  pole-pitch  in 
centimetres. 


In  a  heteropolar  machine,  then,  the  flux  linking  a  coil  at  any 
instant  is  represented  by  the  shaded  area  in  Fig.  1,  or 

0=  r  BLdx, 

J  X 

where  L  denotes  the  core-length  in  centimetres  over  which  B 
extends. 

Sub.stituting  for  the  flux,  we  get  the  general  expression  for 
the  pressure  induced  in  a  coil  rotating  in  a  pulsating  flux  as 
follows  : — 


-TA0-^-{i4l  BLdx+^J  BLdx 
[  dxJ  ^  dt.'  X 


] 

dB 
dt 


dx 


=  -r.t'LlO-«      ^dx-TcLlO-^ 

J  X  ox  ■'  : 

=  -TcvL\()-»(Bx'-Bx)-TrL10'»  r  ^dx 

J  X  Ot 

=er-\-ep  volts,       


(2) 

where  er=—TcvL\0~^(Bx—Bi)  is  the  pre.ssure  induced  by  the 
movement  of  the  coil  in  the  flux,  or,  in  short,  the  E.M.F.  due 

to  rotation  ;  and  ep=  —  TcL\0~^j     j.  dx  is  the  pressure  induced 

by  the  varying  flux,  or,  in  short,  the  E.M.F.  due  to  pulsation. 

Both  these  pre.ssures  are  induced  simultaneously  in  the  .same 
winding  when  it  moves  in  a  pulsating  flux,  like  the  rotor  of  an 
induction  motor,  but  only  the  E.M.F.  of  rotation  Cr  can  assist  in 


Fio.  1. — Fllx  Dlstribitios  over  Armati  hk  1'ekiphkry  or  Salient 

Pole  Machine. 

the  conversion  of  mechanical  into  electrical  energy,  or  vice 
versa.  The  E.M.F.  due  to  pulsation  Cp  is  the  means  whereby 
electric  energy  is  transformed  from  one  system  to  another,  as 
in  the  static  transformer  and  in  cert-ain  types  of  machines. 

2.  E.M.F.  Induced  in  a  Winding  Rotating  in  a  Steady 

Flux. 

AVhen  the  flux  is  produced  by  a  continuous  current  and  is, 
therefore,  .steady,  a,s  in  continuous-current  or  .synchronous 
machines,  Cp—O,  and  we  liave  for  the  instantaneous  E.M.F. 
in  a  coil        e=er=-TcvLlO-»(By- Bx) (3) 

Let  Z)=diameter  of  amiature  in  centimetres, 

2p=number  of  poles  in  the  machine, 
z=;r/)/2y>     pole-pitch  in  centimetres, 
n=8peed  of  armature  in  revs,  per  .second 

and  ^      '"'     "-ix-'mI  freipiency. 

then  / '       -  Ypn  -  2  Yfr  centimetres  per  second. 

The  expression  for  the  E.M.F.  induced  in  a  coil  due  to  rota- 
tion then  becomes  : — 

Cr=-2frT,YLlO'\Bx'-Bx)yo\tf^.    ...     (4) 

With  a  full-pitch  coil.  Bj'  =  —B„ 

so  that  €r=ifrT,YLBx\c> '^ (Ia) 

=con8t.  fix- 
Thus,  the  E.M.F.  due  to  rotation  at  any  instant  is  propor- 
tional to  the  flux-density  in  which  the  coil-sides  are  moving,  so 
that  Cr  in  a  full-pitch  coil  is  represented  bv  the  .same  curve  as  B. 
Moreover,  since  Cr  changes  sign  with  B,  the  pressure  goea 
through  a  complete  cycle  every  pole-pair,  or  p  cycles  in  each 
revolution.  Hence,  at  n  revolutions  i>er  second,  the  E.M.'F. 
Cr  passes  through  pn=fr  cycles  per  second;    consequently, 
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we  call  fr  the  frequency  corresponding  with  the  speed,  or, 
briefly,  the  speed  frequency. 

With  a  group  of  in  coils  in  series  (Fig.  2)  the  instantaneous 
value  cf  the  E.M.F.  due  to  rotation  will  be 

=-Tcvlio-^{i:b,'-z':b,] (s) 

With  full-pitch  coils  Z':B^'=-I':B:„ 

so  that:              Z':e,=2TcvLm-^Z'::B:c       {  ... 

=if,TcYLlO-^Z':!B:c.  ^ ^^^^ 

Since  the  E.M.F.  induced  in  each  coil  of  the  winding  alter- 
nates at  the  speed  frequency  /-,  the  pressure  induced  in  a 
group  of  coils  in  series  does  likewise.  Consequently,  if  per- 
manent connections  are  made  to  any  part  of  such  a  winding, 
an  alternating  pressure  will  be  obtained,  the  instantaneous 
value  of  which  is  given  by  equation  (5).  This  leads  to  the 
important  class  of  machines  known  as  synchronous  machines 
or  alternators. 

On  the  other  hand,  if  the  armature  be  made  to  revolve,  and 
connection  be  made  to  it  by  means  of  fixed  brushes  which  rub 
on  the  conductors  as  they  pass  by,  the  conditions  will  be 
entirely  altered.  Assuming  the  armature  winding  to  be  dis- 
tributed uniformly  over  the  whole  periphery  and  closed  on  itself 
(as  in  a  lap  or  wave  winding),  then,  at  all  speeds  of  the  arma- 
ture, as  a  conductor  leaves  one  brush,  a  new  conductor  enters  at 
the  other  brush,  so  that  the  group  of  coils  between  two  fixed 
brushes  remains  constant  and  always  occupies  the  same  posi- 
tion in  the  field.  Since  the  field  is  steady,  Z'aB^  thus  remains 
constant ;  consequently  the  E.M.F.  Z'^e^  will  be  constant 
during  a  complete  revolution  of  the  armature,  and  will  never 
be  interrupted  since  the  winding  is  closed.  With  such  an 
arrangement,  therefore,  the  pressure  between  the  brushes  will 
be  constant  for  any  given  speed,  field  excitation  and  biush 


which  the  pressure  Z^  el  between  the  commutator  bru.she.s  is 
constant.  In  this  way  a  continuou.s  pres.sure  is  obtained, 
which  we  shall  denote  by  E,;. 

In  Fig.  3,  suppose  one  commutator  brush  to  be  fixed  at  0  and 
the  other  movable.  Then  witli  the  brushes  at  O  and  r.  wa  have 
for  the  shaded  area 


H- Y ^ 

Fig.  2. — Group  of  Coils  in  Field  of  Salient  Pole  Machine. 

position.  Hence,  to  obtain  a  continuous  pressure  from  a 
heteropolar  machine,  brushes  are  fixed  to  a  stationary  field 
system  to  make  a  sliding  contact  with  a  revolving  winding 
distributed  uniformly  over  the  armature  and  closed  on  itself. 
In  practice,  the  coils  are  joined  to  a  commutator  with  which 
the  brushes  form  the  sliding  contact.  This  extra  complica- 
tion is  solely  due  to  mechanical  requirements,  and  even  at  its 
best  this  arrangement  is  much  inferior  to  the  method  of  obtain- 
ing an  alternating  pressure  by  means  of  permanent  connections 
to  the  armature  winding,  through  slip-rings  if  necessary.  (In 
a  similar  way,  if  the  flux  pulsates  with  a  frequency/,  then  the 
pressure  at  the  fixed  commutator  brushes  will  pulsate  at  fre- 
quency/, though  its  magnitude  depends  on  the  speed,  as  in  all 
alternating-current  commutator  motors.) 

This  leads  to  the  fundamental  difference  between  the  syn 
chronous  and  the  continuous-current  types. 

In  the  synchronous  machine,  Z'aCr  is  the  pressure  induced 
in  a  particular  set  of  coils — i.e.,  the  pressure  between  points 
fixed  with  respect  to  the  armature  winding.  This  is  an  alter- 
nating pressure. 

In  the  continuous-current  machine,  ZaCy  is  the  pressure 
induced  in  a  part  of  the  armature  winding  always  occupying 
the  same  position  in  the  field — i.e.,  the  pressure  between  points 
fixed  with  respect  to  the  field.     This  is  a  continuous  pressure. 

In  the  present  article  we  shall  deal  with  the  continuous- 
current  machine. 

3.  E.M.F.  AT  THE  Commutator  Brushes. 

We  have  seen  that  if  connection  is  made  to  a  revolving 
winding  by  means  of  fixed  brushes,  the  term  ZZ^^  remains 
the  same  under  all  conditions  (at  no-load),  in  consecjuence  of 


^./lx=x.B,u^.^„  , 


where  .Bmciin^  denotes  the  mean  flux-densitv  over  the  part  x. 
Assuming,  further,  the  winding  to  be  distributed  uniformly 
over  the  periphery,  we  have  also 


whence 


Z'"aB,^-j  BJx, 


So  that  equation  (oa)  for  full-pitch  coils  becomes 

YL  i'^ 
Xy,=Ec=^mTr!r —     B^  dx  10-8. 

T.     J    ^ 


X 


(6) 


As  the  movable  brush  passes  from  0  to  rr,  the  pressure  Er. 
increases,  as  shown  by  the  curve  Ec  in  Fig.  3.  This  curve  Is 
almost  a  pure  sine  wave  due  to  the  fact  that  the  harmonics  in 
the  5-curve  are  greatly  reduced  in  the  integral  curve  Ee,  since 

the  integral  sin  nxdx= — cosna;.     The  maximum  value  of  £'c 

"  n 

exists  between  the  brushes  when  they  are  a  pole-pitch  apart, 
and  situated  in  the  geometrical  neutral  zones  0  and  :z.     If  the 


Fig.  3. — Potential  Curve  of  Commutator  with  Uniformly 
Distributed  Winding. 

(Potential  curve  E^  is  derived  by  integrating  flux-density  curve  B.) 

brushes  are  rocked  away  from  the  neutral  zone  througu  the 
angle  ^,  the  pressure  between  them  will  be  approximately 
Ec=Ecnmx.cosfi.  This  is  why  the  biushes  in  a  continuous- 
current  machine  are  a  pole-pitch  apart,  and  fixed  in  the  neutral 
zone  wherever  possible. 

In  actual  machines,  where  the  conductors  are  placed  in  slots, 
the  quantity  Z'"  B^  does  not  remain  quite  constant,  unless  the 
slots  are  skewed,  in  consequence  of  which  the  pressure  between 
the  brushes  pulsates  slightly.  This  efltect,  however,  is  seldom 
important. 

To  calculate  the  continuous  pressure  induced  at  the  com- 
mutator brushes  when  the  brushes  are  a  pole-pitch  apart, 
and  the  coils  span  a  full  pole-pitch,  we  have,  by  substituting 
m .  5n)enn.^=^«-S.r  in  equation  (5a), 

Ec  =  imTcf,YLBme^uAO-^ 
=  VrfrYLBmc.n^xlO-^ 

where  T^m  .  Tectums  per  armature  circuit. 


C.Tc 


total  armature  turns 


(2«)       number  of  parallel  armature  circuits 

c2 
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where  Z=2CTc  stands  for  the  total  number  of  armature  con- 
ductors. 

Substituting  for  T,  we  get 

Ec=--  frYLBnie^v^Kr^. 

a 

AVith  the  brushes  in  the  geometrical  neutral  zone,  Bmeanx  has 
its  largest  value,  or 

„         _flux  per  pole_  <I) 

*    area  of  pole     Li 

where  ([)=¥  .  L  .  2?,ne.in=useful  flux  per  pole. 

Hence,  with  full-pitch  coils  and  the  brushes  fixed  in  the 
geometrical  neutral  zone,  the  continuous  pressure  at  no-load  is 


,10- 


Ec=-frYLB, 
a 

a' 

=-nZctH0-8  volts (7) 

a 

The  effect  of  shortening  the  coil-span^a  practice  which  is 
sometimes  resorted  to — is  usually  quite  negligible  when  the 
reduction  in  the  span  does  not  exceed  one  or  two  slot-pitches, 
which  is  seldom  the  case. 

{To  he  continued.) 


PATENTS  IN  1915. 


We  give  below  an  abstract  of  the  thirty-third  report  of  the 
Coini)tiollcr-Gcneral  of  Patents  Designs  and  Trade  Marks, 
Mr.  W.  Temple  Franks,  C.B. 

The.  ]Vur  and  Ltr/l.sltition. — Htfi-n-nce  waH  made  in  my  report  for  last 
year  to  tlir-  ])iiKsiiij.'  of  the  I'attnli^,  J)chit;ns  and  Trade  Marks  (Temporary 
Ruh'H)  Acts,  1914,  and  the  {Statutory  Rules  and  Orders  mad<-  thereunder. 
During  1915,  154  applications  were  made  under  thew?  Acts  and  Rules 
for  thf  avf)idaneo  or  su.'<pension  of  patent  rights.  In  the  case  of  117 
«l)l>li(atifiiis,  licences  have  he;  n  giantid  or  are  in  courw  of  lx;ing  granted. 
In  one  case  the  patent  has  In-cn  sus]h mled.  and  four  licnces  under 
patents  have  iKcn  avoided.  Six  aj)pli(  ations  have  In-en  n'fused  and 
wven  withdrawn  or  abandoned.  In  11  cases  the  a]t]ilications  have 
Jbctn  returned  as  not  In-ing  ref|uired  hy  rea.son  of  the  j)atent8  having 
Pxi)ired  or  for  some  other  cause.  The  remaining  cases  are  jK-nding. 
Four  a|)plications  for  the  avoidanc<-  r)r  suspension  of  trade  marks  were 
made  during  th<-  year,  of  which  two  were  refused,  and  tiie  nniaining  two 
are  pending.  By  an  Ordir  in  Council,  dated  .January  7  these  A(  ts  and 
liules  were  extended  to  the  li-ic  of  Man.  Kxi)«-rienc«-  <>f  the  working  of 
the  I'atents.  Designs  and  Trade  Marks  (Temporary)  Rules,  l!t  14,  disclosed 
a  slight  ambiguity  in  the  wording  of  the  rides.  an<l  it  was  thought 
d<  Hirable  to  issue  ii  further  rule.  I'pon  the  outbn-ak  of  war  all  ap])lica- 
tions  for  patents.  deKiyns  and  trade  marks  filed  by  subjects  of  any  state 
at  war  with  Mis  Majesty  wen'  allowd  t  >  ])roceed,  as  usual,  down  to  the 
time  of  acceptance,  but  formal  acceptance  was  not  issued.  Thi^  result  of 
this,  so  far  as  patents  were  conccrnccl.  was  an  accunnilation  of  unpublished 
specifications,  some  of  which,  it  was  felt,  might  lx>  of  importance  to  the 
trade  of  the  country.  .Monover.  until  -.ueh  specifications  wen>  piiblished, 
they  coidii  not  be  Cited  as  anticipations  «if  later  a]i]ili!alions.  It  was 
decided,  then-fore,  to  ae<e]it  find  publish  thise  specifications,  but  to 
-us])cnd.  until  othcrwis*-  din-ctcil,  all  further  jtroccedin^'s  ihen-on.  The 
sus])ension  of  proceedings  u))on  tluse  aiijilic  ations  will  only  Ik-  re<  ailed 
or  dis(  barged  upon  proju-r  t«'rms,  includinn.  if  thought  fit.  the  ndeaw  of 
I  lie  applicjint  of  the  jirivili-gcs  and  riuhts  which  he  wf>uld  otherwise  have 
.inder  i;cc.  10  of  tlie  Patents  and  Dc-igns  Act,  11M»7.  This  change  of 
])ractice  was  niaile  on  .lune   I. 

An  Order  in  Cnnncil  was  issued  on  Octolx-r  14.  amending'  the  D<'fence 
of  th(>  Realm  Megulations.  ])roviding  that  wht  n-  an  ap^dieation  has  lx><'n 
made,  whetlicr  before  or  after  the  date  of  the  making  nf  the  order,  for  the 
grant  of  a  patent  or  the  registration  of  a  di-sign  in  the  rnit<-d  Kingdom, 
and  the  Coniiilrollcr Ci-neral  of  Patents.  Designs  and  Trade  Marks  is 
satisfied  that  the  ])nbiici>.tion  of  the  invention  or  design  minht  Ik'  detri- 
mcnlal  to  tiic  ])ublii'  safely  or  the  defence  of  the  Renlm.  or  mikdit  other- 
wise assist  the  enemy  or  endanger  the  succcssfnl  (ion  of  the  w:vr. 
he  may  deiav  the  acceptance  of  the  complete  sp.  .n  tiled  with  the 
application  for  the  ])atcnt.  •»r.  as  the  cnw  may  U\  the  n-pistration  of  the 
design,  ;ind  in  such  case  may.  by  ord«>r.  prolnbit  /<»)  the  inil)lication  or 
communi.ation  in  any  way  of  the  invention  or  ibsiini  .  {h)  apjdication 
licing  made  for  the  protection  of  the  invention  or  design  in  any  enemy  or 
neutral  country  ;  and  (r)  ai>plication  being  made  for  the  protection  of  the 
invention  or  I'lesign  in  any  allied  country  or  in  any  of  His  Majesty's 
nominions  without  the  permission  of  the  .\dmirftlty  and  Army  Council 


It  was  further  provided  that  no  pjrson  should  apply  for  the  grant  of  a 
patent  in  respect  of  any  invention  or  the  registration  of  a  design  in  any 
foreign  country,  or  in  any  of  His  Majestys  dominions,  unless  he  has  left 
at,  or  sent  by  post  to.  the  Patent  Office  a  notice  of  his  intention,  together 
with  a  provisional  specification  describing  the  nature  of  the  invention,  or, 
as  the  case  may  he,  a  representation  or  specimen  of  the  design,  nor  until 
after  the  e.vpiration  of  one  month  from  the  time  when  such  notice  was 
given,  and  if  during  the  said  month  the  Comptroller-General  is  satisfied 
that  the  publication  of  the  invention  or  design  might  be  detrimental  to  the 
public  .safet}-  or  the  defence  of  the  Realm,  or  otherwise  assist  the  enemy 
or  endanger  the  successful  prosecution  of  the  war,  he  may  make  a  like 
order  as  in  respect  of  cases  in  which  application  is  made  for  the  grant  of  a 
patent  or  the  registration  of  a  design  in  the  United  Kingdom.  Before 
exercising  any  of  his  powers  under  this  regulation  as  respects  any  matter 
the  Comptroller  has  to  consult  with  the  Admiralty  and  Army  Council  and 
may  not  act  except  upon  the  request  of  the  Admiralty  or  ArmyCounciL 
This  Order  in  Council  has  thrown  a  considerable  amount  of  additional 
work  upon  the  office,  as.  apart  from  the  consideration  of  every  appUcation 
for  a  patent  or  regi  tration  of  a  design  relating  to  munitions  of  war  every 
application  for  a  patent  or  resistration  of  a  design  abroad  must  be 
submitted  to  the  Comptroller  before  it  is  made.  As  a  consequence  of 
this  Order  in  Council  it  wns  found  necessary  to  give  the  Comptroller 
power  to  extend  the  time  for  the  acceptance  of  any  complete  specification 
which  was  delayed  \mder  the  provisions  of  ths  Order  in  Council.  This 
was  done  by  the  Patents,  Designs  and  Trade  Marks  (Temporarj-)  Rule?, 
1915  (Second  Set),  dated  Octolx-r  19.  An  Act  (o  and  6  Geo.  5,  c.  85)  was 
parsed  on  Xoveml>er  23,  >u.-pc-nding  the  operation  of  sec.  27  of  the 
Pat*>nts  and  Designs  Act.  19()7,  during  the  continuance  of  the  war,  and 
for  a  i>eriod  of  six  months  theieaftr-r.  The  Trading  with  the  Enemy 
Amendment  Act.  191(5.  although  not  coming  strictly  within  the  scope  of 
this  Report,  was  introduced  into  the  House  of  Commons  in  December,  and 
received  the  Royal  Aswnt  on  January  27.  1916.  Sec.  6  of  this  Act 
provides  that  "  if  the  Ix-nefit  of  an  application  made  by  or  on  behalf  or  for 
the  benefit  of  an  enemy  or  enemy  subject  for  anj-  patent  is,  bj-  an  order 
under  the  Trading  with  the  Enemy  Amendment  Act,  1914,  or  this  Act. 
vested  in  the  custodian,  the  patent  may  be  granted  to  the  custodian  as 
patentee,  and  may  notwithstanding  anything  in  sec.  12  of  the  Patents  and 
Designs  Act,  HKJ7,  be  sealed  accordingly  by  the  Comptroller-General  of 
Patents.  Designs  and  Trade  Marks,  and  any  patents  so  granted  to  the 
custodian  shall  be  deemed  to  be  property  vested  in  him  by  such  order  as 
aforesaid." 

Deposit  of  DocumentJi  Relating  to  Foreign  Patents.  Designs  and  Trade 
Marks. — The  number  of  documents,  relating  to  foreign  patents,  designs 
and  trade  marks.  de]><)sit<'d  for  record  under  the  arrangements  referred 
to  in  my  last  report  showed  a  considerable  decrease,  only  28tj  deposits 
being  madeascom])an'd  with  815  in  1914.  The  following  list  shows  the 
number  of  notifications  deposited  in  respect  of  each  countrv'  :  Germany 
9.3.  Belgium  75.  Au^^tria  51.  Hungary  29.  France  14.  Turk^-y  14.  Russia  3. 
Italy  2.  Lu.\<mburg  1,  Roumania  1.  Swv-den  1,  Switzerland  1.  Uaited 
States  of  America  1. 

Ci  iirrnl  Ritiinffx. — The  number  of  applications  for  patent*  during  1915 
was  18.191.  against  24.82tl  in  1914.  and  .3«».077  in  1913.  Then-  wen? 
13.242  i»rovisional  and  l(>.4(il  eom])!ete  ,-]>.'(ification-.  as  comjian-d  with 
It)  .'liMI  and  1»>.4I3  in  1914.  and  19.«>73  and  19..309  in  1913.  TIk'  liatcnts 
sealed  wen-  11.457.  as  against  I5.<t3(i  in  1914.  and  lfi.,")99  in  1913.  For 
designs  there  wen>  18,130  applications,  of  which  17.31K)  were  n^gistered. 
In  1914  these  fiiiures  were  34.3.54  and  33.3»)2,  and  for  1913.  4I^>.429  and 
39,275.  There  were  received  (i.057  for  trade  marks,  of  which  3.241  were 
regist;>re<l.  In  th<*  two  pn-vionn  years  S.317  and  9.fi89  a]>plicationr. 
were  rr-cvive<l.  4.44>S  and  ."i"'  re<:i~'t<-red. 

The  reeeijits  from  pat»-nt  '  i2.j<>.723.  as  compared  with  £287,118 

in  1914.  a  d"cr^ai*<'  of  £:Wt.395.  from  design-!  fees  £5.441.  as  com|»ared  with 
£7,5S5.  a  decrease  of  £2.144.  and  from  trade  mark>  fe<>s  £12,8t>S.  as  com- 
pared with  £10.439.  a  decrease  of  £,3.5(il.  The  n^eeipts  from  the  sale  of 
Patents  Olfi.f  ])ublieation-i  (which  are  pai<l  over  to  the  Stationery  Office) 
were  £7.384.  as  e<iiiiii«red  with  £1 1.551,  a  decrras4«  of  £4  U)7.  The  total 
n'cf-ipts  were  £282,471.  as  c<im])an-d  with  £322.829,  a  d(-crease  of  £40.358. 
The  total  expenditure  on  iM-half  of  the  Ofli.-*-  was  £188.172.  as  compared 
with  £194.767.  a  deen^nw  of  £0,595.  The  surplus  of  receipts  over 
exp^nditun"  wa<  £94.298.  as  compannl  with  £128.0(12,  a  d'^cn^ase  of 
£33.7(54. 

Frrr  l.ihrnrtf. — The  niimlM<r  of  n-adert-  who  made  us<>  of  the  Library 
was  87.(525.  as  compand  with  I4t).4l8  in  1914.  The  number  of  vclumes 
added  to  the  Library  w«*  4.081.  of  which  (580  were  volumes  of  patent 
s]>e<ifieations  Jir  ]»»tent  joumnls.  and  193  w.^n^  tra<le  catalogues.  The 
remaining;  3.208  vobnu<*H  wen*  seientifir  t<-xt -books  or  ]>eriodicals.  2,412 
lM>ing  obtuned  b\  i  79(i  l>y  uift  or  exchange.     Thr^  nuinlH-r 

of  worksin  the  Libi  d  of  theyeir  was  52,7l7.and  the  approxi- 

mnto  numlxT  of  volumes  (exclusive  of  duplicates^  was  159.(X>0. 

Since  the  outbreak  of  the  war  the  Library  has  been  close<l  to  the  public 
iifter  n(fi<e  hours.  .\n  arrangement  hns.  however.  Iieen  made  by  which 
reiders.  who  :  i  '  \-  to  iittend  duriivj  oftice  hours.  an«l  are  engaged 

upon  work  in  n  with  whieh  a.  1 1  ss  to  the  books  and  rcords  in 

the  Library  is  important,  can  obtain  special  tickets  of  .idmission  f<»r 
S«turday  afternoons  between  I  p.m.  aiui  (>  |).m.  The  new  "  r.>lati\-e  " 
shelf  cUssilicntion  of  the  Library  has  lM>en  extended  from  GR  Electricity 
an<l  Magnetism  to  (JV  Eleetrir  I'  -       ]\  Sinitarv  Engineering  and 

Public     Mvgieno    hi*    boon    e.  pM — Q    Military     uid     Naval 

S'ieni  It  III  the  new  class  onler.      Progress  his 

also  I"  line  and   V  .Agriculture.     The  duplicate 

sets  of  forei)in   patejit  tions  rontinue  to  l>e  largely  used.     204 

searehes  were  made  thi.-..f.  wie  German  specifications  in  1915.  as  com- 
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pircd  with  312  in  1914.     Tho  printing  of  the  Library  Series  has  been  dis- 
continued for  the  present. 

Sale  Branch. — During  tho  year  174,836  Patent  Specifications,  4,472 
Abridgment  Volumes,  4(),930  "  Illustrated  Official  Journals,"  and 
28,827  "Trade  Mark  Journals  "  were  sold,  as  compared  with  245,118, 
5,888,  53,251,  and  32,680  respectively  in  1914. 

The  number  of  deposit  accounts  increased  from  518  to  543.  Of  the 
depositors,  49  live  in  London,  164  in  other  parts  of  the  United  Kingdom, 
and  330  abroad. 

The  number  of  specifications  of  expired  patents  reprinted  at  the  cost  of 
the  office  under  the  arrangement  recommended  by  the  Departmental 
Committee  of  1900  was  379,  and  the  net  cost  was  about  £425.  In 
addition  to  these,  1,349  specifications  were  reprinted  for  official  purposes. 

Patents. — The  renewal  fees  amounted  to  £183,p29,  as  compared  with 
£185,074  in  1914,  a  decrease  of  £1,145,  and  the  sealing  fees  to  £12,837,  as 
compared  with  £14,681,  a  decrease  of  £1,844. 

The  total  number  of  applications  received  during  1915  was  18,191, 
being  6,629  less  than  in  1914,  and  the  lowest  number  received  in  any  one 
year  since  1887.  The  proportion  of  complete  to  provisional  specifications 
filed  on  application  was  only  37  per  cent.,  as  compared  with  50  per  cent, 
in  1914. 

This  decrease  is,  of  course,  due  to  tho  continuation  of  the  war,  but  in 
making  comparisons  it  should  be  remembered  that  the  figures  for  1915 
relate  to  a  full  year  of  war,  as  against  five  months  of  war  in  1914.     Tho 
applications  received  from  women  inventors  numbered  268,  as  com- 
pared with  347  in  1914.     The  applications  made  by  way  of  communica- 
tion from  abroad  numbered  948,  as  compared  with  1,291  in  1914.     Under 
the  provisions  of  the   International  Convention  for  the   Protection   of 
Industrial  Property,   1,555  applications  were  made  in  this  country,  as 
compared  with  2,909  in  1914.     Tho  number  of  applications  post-dated  in 
consequence  of  disconformity  between  the  complete  and   provisional 
specification  was  200,  and  the  number  of  applications  for  patents  of 
addition  401,  as  compared  with  286  and  715  respectively  in  1914.     The 
number  of  cases  in  which  complete  specifications  were  filed  in  respect  of 
cognate  provisional  specifications  was  305,  as  compared  with  455  in  1914. 
Tyj)ical  specimens  were  furnished  in  connection  with  applications  for 
chemical  inventions  in  seven  cases  ;  26  sample  bottles  and  eight  dyed  or 
printed  specimens  being  filed.     Of  the  complete  specifications  filed  upon 
applications  made  in  the  year  1914,  725  were  reported  as  wholly  antici- 
pated, 8,142  as  partly  anticipated,  and  4,019  as  not  anticipated.     Of 
those  anticipated,  8,179  were  amended  without  a  hearing  taking  place, 
and  417  after  a  hearing  and  decision.     In  200  cases  a  reference  to  a 
previous  specification  was  inserted.     The  total  number  of  patents  which 
expired  in  1915  was  16,662,  and  the  total  number  of  new  patents  sealed 
11,457.     The  number  of  applications  made  for  the  restoration  of  patents 
which  had  lapsed  in  consequence  of  the  non-payn:ent  of  renewal  fees  was 
26,  of  which  one  was  subsequently  withdrawn,  and  seven  are  stiU  pending. 
In  each  of  the  remaining  18  oases  the  patent  was  restoicd.     There  were 
22  hearings  before  the  Comptroller.     The  final  figures  for  1914  aie  as 
follows  :    Applications,  35  ;    patents  restored,  32  ;    applications  with- 
drawn, 3. 

Under  the  provisions  of  sec.  26,  which  empowers  the  Comptroller  to 
revoke  a  patent  upon  application  made  within  two  years  from  the  date  of 
the  patent  by  any  person  who  would  have  been  entitled  to  oppose  its 
grant,  there  were  11  applications.     In  two  cases  the  patent  was  revoked 
(by  consent),  and  in  two  orders  were  made  requiring  an  amendment  of  the 
patentee's  specification.     Two  applications  were  withdrawn,  and  the 
remaining  five  are  still  pending.     There  were  hearings  before  the  Comp- 
troller in  seven  cases.     Under  the  provisions  of  sec.  26  (3),  two  offers  to 
sui-render  patents  were  received.     In  one  case  the  patent  was  revoked  ;  in 
the  other  the  offer  was  unnecessary,  and  was  therefore  withdrawn.     The 
number  of  applications  made  under  sec.  27  for  the  revocation  of  patents 
worked  exclusively  or  mainly  outside  the  United  Kingdom  was  three, 
and  hearings  took  place  in  all  these  cases.     One  application  was  dis- 
missed, and  on  the  remaining  two,  which  referred  to  one  patent,  an  order 
was  made  revoking  the  patent.     The  number  of  hearings  upon  oppositions 
to  the  grant  of  patents  was  57,  as  compared  with  111  in   1914.     There 
were  16  appeals  to  the  Law  Officer  in  these  opxwsitions,  with  the  result 
that  in  seven   cases  the  Comptroller's  decision  was  supported,  in  two 
reversed,  and  in  one  varied .     Two  appeals  were  withdrawn  or  abandoned, 
and  four  are  still  outstanding.     There  was  only  onj  hearing  in  connection 
with  oppositions  to  the  amendment  of  specifications.     Under  sec.  73  of 
the  Act  there  were  122  hearings,  as  compared  with  167  in  1914.     There 
was  one  appeal  to  the  Law  Officer,  which  was  dismissed. 

The  hearings  fixed  under  sec.  7  and  8  of  the  Act  numbered  2,622,  but 
1,.508  of  these  were  rendered  unnecessary  by  reason  of  the  abandonment 
of  the  application  or  amendment  of  the  specification  by  the  applicant. 
InaU  of  the  remaining  1,114  cases  formal  decisions  Mere  given  by  tho 
Comptroller,  and  in  two  cases  there  was  an  appeal  to  the  Law  Officer.  In 
one  of  these  the  appeal  was  withdrawn  and  the  other  the  decision  of  the 
Comptroller  was  supported.  Two  petitions  for  extension  of  term,  one 
relating  to  a  patent  of  the  year  1901,  and  the  other  to  a  patent  of  the  year 
1902,  were  lodged  during  the  year.  The  former  of  these  was  subsequently 
abandoned  and  the  latter  is  still  undecided. 

Devigns. — The  number  of  applications  to  register  designs  received 
during  the  year  was  18,130,  including  582  sets,  as  compared  with  34,354, 
including  913  sets,  in  1914.  A  "  set  "  is  a  number  of  articles  of  the  same 
general  character  ordinarily  on  sale  together,  or  intended  to  be  used 
together,  all  bearing  the  same  design,  with  or  without  modifications  not 
sufficient  to  alter  its  character  oi  not  substantially  affecting  its  identity. 
Of  the  above  mentioned  18,130  applications,  9,535  were  applied  for  in 


Classes  13,  14  and  15  (Printed  or  Woven  Designs  on  Textik  Goods),  a« 
compared  with  19,617  in  1914. 

During  the  year,  1,095  applications  for  registration  of  designs  were 

objected  to  by  the  Comptroller.  The  objfxtionH,  other  than  those  on 
account  of  similarity  to  designs  already  registercl,  were  chiefiv  on  account 
of  want  of  subject  matter  or  want  of  sub.stantial  novelty.     Th'  nts 

in   605  cases  acquiesced  in   the  objections  raised   by  the   '        ,       ller 
without  applying  for  a  hearing.   In  207  caf-es  the  applications  were  allowed 
after  correspondence  to  proceed,  and  of  these,  ISO  related  to  ClasHes  13, 
14  and  15,  in  which  the  applications  were  allowed  to  proceed  on  a  dis- 
claimer that  the  public  right  to  the  u^X'  of  the  applicants'  own  earlier 
registrations,  after  the  expiration  of  the  copjjTight,  was  not  prejudif.ed. 
In  10  eases  the  applications  arc  still  under  con.sideration.     In  270  cases 
tho  appliea  its  weie  accorded  hearings,  with  the  result  that  nine  applica- 
tions were  accepted  without  alteration  ;    135  were  refused,  120  were 
accepted  subject  to  modification  ;  and  6  are  still  under  consideration. 
In  the  remaining  three  casLS,  an  extension  of  time  in  which  to  aptjly  for  a 
hearing  has  been  allowed  at  the  applicants'  request.     There  were  four 
appeals  from  tho   Comptroller's  refusal.     In  three  ca.ses  the  appeals 
were  allowed,  and  one  was  dismissed.     In  the  case  mentioned  in  my  last 
Report  as  still  under  consideration,  the  appeal  was  dismissed.     There 
were  56  applications  by  registered  proprietors  to  cancel  their  registrations 
under  Designs  Rule  53.     Under  the  provisions  of  sec.  58  of  the  Act,  one 
application  was  made  for  the  cancellation  of  registration  on  the  ground 
that  the  design  was  used  for  manufacture  exclusively  or  mainly  outside 
the  United  Kingdom,  and  the  registration  was  cancelled.     The  number  of 
designs  of  which  the  copyright  was  extended  tor  a  second  period  of  five 
years  was  1,874,  and  the  number  of  which  the  copyright  was  extended  for 
a  third  period  of  five  years  was  380. 

Trade  Marks. — The  number  of  applications  made,  in  1915  for  the 
registration  of  trade  marks  (including  79  applications  made  to  the 
Clutlers'  Company,  of  Sheffield)  was  6,057,  as  compared  with  8,317  in 
1914.  The  receipts  from  various  sources  on  account  of  trade  marks 
amounted  to  £12,867.  17s.  2d.,  including  a  sum  of  £4,4.38.  12s.  for 
renewal  fees. 

By  an  arrangement  sanctioned  by  the  Treasury,  the  Cutlers'  Company 
retain  the  whole  of  the  fees  received  by  them  in  any  one  year  (ending 
June  30)  up  to  £400,  together  with  one-half  of  the  fees  above  that  amount. 
For  the  year  ending  June  SO,  1915,  the  fees  received  by  the  Cutlers' 
Company  amounted  to  £241.  18s. 

During  the  year  3,191  trade  marks  were  advertised,  and  3,241 
registered. 

There  were  1,056  hearings  under  see.  53  of  the  Act. 

The  notices  of  opposition  to  the  registration  of  trade  marks  under 

sec.  14  of  the  Act  numbered  122,  and  31  cases  were  heard.     There  were 

five  appeals  to  the  Court.     In  one  case  the  Comptroller's  decision  was 

upheld,  and  four  appeals  v.erc  withdrawn  ;   there  was  also  one  appeal  to 

the  Board  of  Trade,  in  which  the  Comptroller's  decision  was  upheld. 

There  were  12  appeals  to  the  Court,  and  22  to  the  Board  of  Trade  from  the 

decision  of  the  Comptroller  under  sec.  12  of  the  Act.     Of  the  appeals  to 

the  Court,  the  Comptroller's  decision  was  reversed  in  five  cases  (one  of 

which  has  gone  to  the  Court  of  Appeal),  and  in  one  case  the  Comptroller's 

decision  was  upheld.     The  other  six  cases  have  not  yet  teen  determined. 

Of  those  to  the  Board  of  Trade,  15  were  heard,  two  being  allowed,  12 

dismissed,  and  one  has  not  yet  been  determined.     Of  the  remaining 

seven  cases,  one  was  subsequentlv  withdrawn,  three  have  not  yet  been 

heard,  and  three  were  referred  to  the  Court.     Of  the  three  cases  referred 

by  the  Board  to  the  Court,  t,vo  were  subsequently  withdrawn,  and  the 

other  has  not  yet  been  hoard.     There  were  44  special  applications  made 

under  sec.  9,  sub-section  5,  of  the  Act.     Of  these,  21  were  reported  to  the 

Board,  who  authorised  the  advertisemenl  of  four  applications,  and  the 

remaining  17  are  under  cor/^ideration.     Of  the  other  23  applications, 

two  were^made  direct  to  the  t  ourt,  and  have  not  yet  been  heard,  two  were 

deemed  to  be  withdrawn  under  Rule  3S  owing  to  the  failure  of  the 

applicants  to  state  a  case,  two  were  withdrawn,  two  were  altered  to 

ordinary  applications,  and  the  remaining  15  arc  not  yet  ready  iox  report 

to  the  Board.     There  were  10  applications  for  special  trade  marks  under 

sec.  62.     All  of  these  were  reported  to  the  Board  of  Trade  who  accepteti 

one  application.     Four  ap])lications  ^^  ere  deemed  to  be  withdrawn  under 

Rule  44,  owing  to  the  failure  of  the  applicants  to  state  a  case,  and  the 

other  five  are  under  consideration. 


Large  Scale  Electric  Heating  Plant.— The  •  banitary 
Record  "  describes  aii  electrical  heating  ^ystein  on  a  large 
scale,  -sfhicli  has  been  installed  in  a  school.  The  building 
has  a  cubical  content  of  780,000  cubic  ft.,  and  a  total 
of  752  kw.  in  heaters  is  installed.  The  current  enters  the 
building  at  2,200  volts,  and  is  reduced  to  440  for  Iveatmg  at 
full  capacity,  and  to  220  wlien  less  is  demanded.  iUe  air  ^ 
heated  to  60  deg.  by  grids  automatically  controlled,  then 
washed  and  humidified,  and  again  heated  by  a  second  batter> 
of  gi-ids.  Thermostats  in  each  room  control  dampers,  ii.e 
plant  occupies  a  comparatively  small  space  m  the  Inisement, 
and  it  is  calculated  that  the  life  of  the  equipment  will  be  hve  to 
eight  times  the  life  of  a  steam  plant.  The  labour  required  is 
said  to  be  almost  negligible. 
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THE  SHILDON  NEWPORT  RAILWAY  ELECTRIFICATION. 

{Continued  from  p.  249.) 


F  The  track  rails  are  bonded  at  the  joints  with  stranded  copper  bonds 
fitted  under  the  fish  plates,  two  bonds  each  of  01 09  sq.  in.  section 
being  fixed  at  each  joint.  They  are  also  cross  bonded  between  the 
two  rails  at  intervals  of  .300  ft.,  and  between  the  two  inner  rails  of 
adjacent  tracks  at  the  same  space  interval,  the  bonds  in  the  6  ft.  way 
being  midway  between  those  in  the  4  ft.  way. 


Fig.  11. — Detail  of  Track  Bond. 

In  consideration  of  the  heavy  mineral  traffic,  great  flexibility  was 
required  in  the  track  bonds.  They  were  therefore  made  up  of  com- 
pound strand  (24/7/0-0285  sq.  in.),  and  had  solid  terminals  for 
expansion  by  compressors.  Approximately  34,000  of  this  type  of 
bond  were  used. 


3Z 


U 


DC 


Via.  12. — Detail  of  Earthing  Bond. 


The  earthing  bonds  were  of  the  |)in  terminal  type,  2;()  S.W.O., 
0  0824;'5  sq.  in.  area,  and  were  u.sed  j)rinci pally  for  earthing  the 
structures  to  the  rails.     Figs.  11  and  12  show  the  two  tyjjes. 

The  track  and  earthing  bonds  were  manufactured  and 
supjilied  by  the  British  In.sulated  &  Helsby  Cables 
(Ltd.),  Prescot. 

.SUB-.STATIONS. 

The  power  supplied  to  the  overhead  line  is  obtained 
from  two  sub-stations,  viz.,  Ayclifle  Substation  and 
Friinus  Sub-station.  Power  to  these  sub-stations  is 
obtained  from  the  interconnected  mains  system  of  the 
North-Fast  Cojist  Power  ("omj)anics.  through  thcCleve- 
land  and  Durham  Electric  Power  (,'ompany.  The  voltage 
of  supply  being  20,000  volts,  three-jihase  for  Ayclifle  Sub- 
station, and  1I.(KMI  \()lts,  three  phase  for  Krimus  Sub- 
station, the  frequency  being  40  cycl(!S.  .Vt  the  sul)- 
stations  this  power  is  convertetl  by  means  of  six-phase 
rotary  crmvertcrs  to  l.otM)  volts,  direct -current,  this 
being  the  supj)ly  voltage  to  the  overhead  line. 

Rotary  con vertors  were  installe<i  on  account  of  their 
high  efTiciency  and  large  overload  capacity. 

It  was  then  necessary  to  decide  whether  the  l.."»(i<( 
volts  should  be  generated  in  the  armature  of  a  single 
rotary  or  by  coinicctiiig  two  rotary  converters  together 
in  series  to  form  one  unit.  The  scheme  of  connecting 
two  rotary  convort-ers  in  series  to  generate  l.fKM)  volts 
was  eventually  adopted,  as  it  enal>lc<I  the  machines  to 
be  (l(!signe(l  with  a  reasonable  <'omiiiulalor  spe<'(l.  and 
a  very  conservative  value  of  voltage  U'tween  <oni- 
mutator  bars.  Three  8(M)  kw.  units  wen«  installed,  two 
at  AyililTe  and  one  at  Krimus.  each  consisting  of  tw<t 
400  kw.,  8(M)  revs,  per  min.,  7.50  volt.  40  eyele,  Rix-phaw 
comnnitatiiig  jxile  n)taries.  connected  in  series  to 
generate  I, .")()()  volts. 

The  machines  weiv  designed  and  fest«'d  to  operate  nonnally  at 
95  per  cent,  leading  jiower  factor,  and  to  withstand  an  overlo.-vd  of 
50  per  cent,  for  two  liouis.  I(M»  jht  cent,  for  10  uunutes.  .and  2(Ht  j)er 
cent,  momentarily.  The  machines  wen*  subjected  to  a  high  jiotential 
test  of  o.OOO  volts  foi  live  minutes.  On  acc<iunl  of  the  high  voltage 
on  i\w  commutator,  these  machines  were  sjiecially  d<'signod  to  avoid 
damage  due  to  Hash-over,  occasioned  by  short  circuit.**  on  the  system. 
The  operating  jiarts  of  the  brushgear  wen>  entirely  encloHe<l.  as  Been 
in  Fig.  1,3.  the  distance  between  brush  arms  wa«  made  ,^8  great  as 
]>ossil)le,  and  tlu>  commutat<ir  was  com|>let<'ly  scnvned  by  an-pnxif 
iusilating  material  from  the  armature  and  frame  of  the  machine. 


Tests  were  carried  out  to  determine  what  load  could  be  suddenly 
throwTi  on  and  off  these  sets  without  flashing.  Five  times  full  load 
was  thrown  on  and  automatically  tripped  off  with  a  breaker  seven 
times,  and  three  times  out  of  the  .seven  the  machines  stood  this 
severe  test  without  flashing.  Fig.  16  shows  an  oscillogram  which 
was  taken  during  one  of  the  tests  when  the  rotaries  did  not  flash  over. 

The  B.T.-H.  Co.  are  at  present  installing  at  Erimus  another  set, 
but  of  1  ,2(XJ  kw.  capacity,  consisting  of  two  600  kw.  rotary  con- 
verters coupled  in  series  to  form  one  imit. 

The  extra  high-tension  switchgear  installed  in  each  of  the  above 

sub-stations  is  of  the  ironclad  type,  manufactured  by  A.  RejTolle  & 

Co.     The  special  featui-e  of  this  gear  is  the  enclosure  of  all  Uve  parts 

in  iron  chambers,  the  whole  being  run  in  solid  with  compound,  thus 

» securing  perfect  immunity  from  shock  risks  and  dispensing  with  the 

□-'  necessity  of  cleaning  operations  on  high-tension  work.  The  oil 
switches  are  of  the  draw-out  type,  gi^'ing  special  facilities  for  the 
rapid  insjiection  of  switch  contacts*,  whilst  perfect  interlocking  of  the 
parts  obviates  errors  in  manipulation  or  accidental  contact  with  live 
conductors.  The  space  occupied  by  this  type  of  switchgear  iij  com- 
paratively small,  and  it  has  been  fitted  in  a  special  chamber  on  the 
svvitchboard  gallery-  in  each  sub-station,  with  the  instruments  and 
control  gear  mounted  on  a  wall  immediately  in  front. 

1,.500-fo^  Direc.l-rurrent  Gear. — A  special  feature  of  the  transmission 
scheme  is  the  high  voltage  direct -current  gear.  This  switchgear 
has  been  designed  somewhat  on  the  lines  of  that  usually  adopted  for 
high-ten.sion  alternating-current  boards,  that  is  to  say,  the  apparatus 
is  of  the  remote  controlled  type,  and  is  mounted  in  cell  structure  built 
up  of  brick  walls  with  moulded  stone  di%ision  slabs,  each  equipment 
being  thus  entirely  separated  from  its  neighbour. 

The  individual  cells  are  built  up  on  the  cubicle  system,  that  is  to 
say,  special  compartments  are  provided  for: — 

1.  'Bus  bars  and  isolating  switches  (top  cubicle). 

2.  Circuit-breakers  (intermediate  cubicle). 
.3.  The  bottom  cubicle  contains  the  ojx»rating  mechanism  for  the 

isolating  switches  and  circuit-bn-akers  ;    also  the  connecting  cables 
passing  up  to  the  circuit-breaker  units. 


Fio.  13. — View  of  Rotary  Converter. 


Fmm  this  it  will  l>o  seen  that  no  high-tension  gear  is  accessible 
lielow  the  ein-uit -breaker  cubicle.  Further,  when  it  is  desired  to 
work  on  the  circuit  breakers  these  can  l>e  entirely  disconnected  from 
the  'bus  bars  by  nieans  of  "bus  bar  isol.iting  switches.  The  general 
det.'iils  are  shown  in  Figs.  14  and  15,  the  fonner  showing  the  front 
of  the  Jxwird  and  the  latter  the  back. 

The  circuit -bnMkers  and  bus  bar  isolating  switches  are  mounted 
on  jxilished  white  marble  panels  luult  into  the  cell  structure,  suitable 
angle  imn  supjxirts  l>eing  jimvided  for  Ivolting  into  the  brick  division 
walls. 

The  'bus  l>.ar  i.solating  switches  are  of  the  high-tension  rotarv  tvjx?, 
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that  is  to  say,  the  contact  units  are  mounted  on  porcelain  insulators 
carried  on  moulded  stone  slabs  forming  part  of  the  cell  structure. 
The  contact  blades  are  fixed  on  porcelain  insulators  of  the  sleeve  type 
carried  on  a  rotating  shaft  fixed  to  the  cell  structure  by  means  of 
stout  WTought-iron  brackets. 


—Z'.4'-^--2'.4'—^-Z'a'-^ 


iHonwittSfy 
in    •    tractirjo 


i   up 


Rotary    Rotary 
Converter.  Converter 


"The  Electrician" 


Fig.  14. — Front  view  of  1, 500- Volt  D.C.  Switchgear  at  Aycliite. 


SPISOL'^ 
—\    SWITCH 


^^^^^^^^^^^^^^^^^^^^^^^^^^5^^^^^^ 


The  Electrician 


Feeder.        Feeder. 


Feeder.        Feeder. 


Instrument.  Instrument.      Rotary  Rotary 

Converter.    Converter. 


Fig.  15.— Back  view  of  1,500- Volt  D.C.  Switchgear  at  Aycliffe, 


1  The  circuit -breakers  included  in  this  scheme  are  specially  designed 
for  high  voltage  wcrk,  the  break  being  exc  edingly  large  and  quick. 
The  breakers  are  of  the  brush  contact  type  with  auxiliary  copper 


sparking  tifw,  and  .Hprjcial  carlion  Woclw  to  Uk«  tb«  final  ht>  .1. 
1  he.ye  blocks  are  dcHignf^fJ  w;"  ■  -  r,.-^    ^.   -. 

in  addition  are  fitted  with  ;.    .  .,.  ,  '<  ^, ,' 

breaking  of  the  arc.     On  Hcrvioe  thw  device  hM  been  found  to  gire 

exceedingly  good  resultH. 

The  feeder  circuit'brealwn   are   ai 
J  jjjg     pi^j^     overload    type,    and    ate 

'|ft«ipn«r^l    ♦'•  '. 

in  ')r<l<Tt'; 
overioa^L* 
HVHtern  of 

The  ma 
the  o' 

In  coil,  :.. 

a  special  single-pole  n 

ential  tv7i' 

event  of  ; 

up  of  theuTong  polarity  it  ini; 

to  close  the  •  !  "    ■ 

'bus  bars.      'i 

across  the  main  contacts  of  the  cir 

breaker,  and  operates  on   •  .:.• 

trip   coil   fixed   to  the   cv.  .krr 

release  mechanism.      This   shunt-trip 

coil  is  also  arranged  for  operatine  from 

the   over-speed   device  on    the   rotarj- 

converter  sets. 

For  the    metering   of   the  ;    •■    -    -i 
the  sub-stations,  integrating  w  . 
are    fitted    on    the    extra- high -ten.sion 
rotarj-  equipments,  and  on  the  d;—  ♦ 
curren*  side  two-wire  integrating   ' 
hour  meters  are   fitted   on   the  ii 
ment   panel.      Three  of  these   n..^:  .  , 
are  furnished  for  check  purposes,  and 
are  operated  from  the  sar:  • 

shunt  being  fitted  in  the  i.-^.--  o 

bar  between    the  machines    and    the 
feeders. 

The  control  panels  are  of  cast  iron, 
and  form  the  front  section  of  the  bot- 
tom cubicles.  On  thes.  '-  are 
mounted  the  operating  ha:  icon- 
trolling  the  circuit-breakers  and  'bus 
bar  isolating  switches.  The  arrange- 
ment of  these  pitnels  is  verj-  clearly 
illustrated  in  Fig.  15.  from  which  it 
will  be  seen  that  practically  noexp«>sed 
part  projects  beyond  the  surf;ice  of  the 
panel,  other  than  the  oj)erating  handles. 
Further  details  are  seen  in  Fig.  17. 
The  instruments  are  of  the  vertical 
edgewise  lyix",  and  arc  arranged  for 
mounting  behind  the  panel,  a  suitable 
slot  with  glass  front  being  provided  in 
the  panel  for  these  meters.  The  ii.-' 
ments  themselves  are  carried  on  {>•  ; 
lain  insulators  fitted  to  the  biick  of  the 
panel  casting. 

Starting  Gear. — The  starting  ctju-  on 
the   three  StX>  kw.   rotarj-  sotc;.  that  is 
to  say.  two  at  AyolitTo  sub-station,  and 
one  at    Erinnis  substation,  is  of  '*-> 
controller   tyj>e,   the    machines    '■■ 
arruMgod  for  tap  starting.     Thest> 
trollei-s  an»  mounted  at  the  end  of      . 
machine  frames  and  dirvi^t  onthem.im 
floorof  the  substation,  th<  -unis 

being  taken  stniigl.t  down        .       rnetl 
on   the   bjisement  floor.     With  regard 
to  the  larger  sets  funush«»  in  Eri 
sub-station,  these  rv>tarit>s   .ire  of 
self-s\nichronising    t\-pe.    the    starting 
gear  consistingof  oil  -"  '   '  ' 

in   the    transformer  i 
rated    direct    from    the    swntchboara 
gallery,   two    oil    switches    being    fur 
nishoti     for    each     rotary    converter, 
one    for    the    main     rotar\-    cimnec- 
tions    and    the    other    for    the    starting    motor.      The    open»ting 
mechanism  for  these  oil  switches  is  of  the  signal  lever  type,  the 
operating  shafts  being  carried  on  the  imderside  of  the  basement  floor. 
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In  conjunction  with  this  latter  starting  gear  an  operating  handle  is 
provided  for  controlling  the  series  switch  on  the  direct-current  side 
of  the  rotary  converter  ;  this  handle  is  mounted  alongside  the  operat- 


before  closing  the  main  starting  switch.  A  direct -current  voltmeter- 
is  also  fitted  to  indicate  the  voltage  of  each  rotary  before  closing  the 
series  switch. 


Fig.   16. — Oscillogkam  of  Test  on   Rot.vkv  Converter. 


ing  handles  of  the  starting  switches,  and  a  system  of  interlocks  is 
furnished  for  these  three  units  arranged  so  that : — 

1.  Before  closin  ;  the  starting  motor  switch  the  other  two  switches 
must  be  "off."  

2.  Before  closing  the  main  oil  switch  the  starting  switch  must  have 
been  closed. 


In  connection  with  the  800  kw.  rotary  sets,  field  splitting  switches, 
are  provided  of  the  remote  controlled  type  arranged  for  operating 
direct  from  the  switchboard  gallery.  These  switches  are'mounted 
in  the  basement  floor  in  the  same  structure  as  the  main  series  switch 
supplied  in  connection  with  each  rotary*.  This  structure  consists  of 
marble  panels  completely  covered  in  with  expanded  metal  screen- 


1     i 


OVERLOAD  i  REVERSE 
'CIRCUIT  BREAKER. 


EXPANDED 
t^  METAL  DOOR 


1,1,1 


ffl 


I 


■n    r 

EARTH  BA. 


,^ 


LEAKAGE  SHUNT 
SWITCH. 


OVERIMD 

CIRCUIT 

BREAMER 


do 


NEGATIVE  BIJS  RAH    ' 


The  Electrician 


Rotary  Equipment 
Fic.  17. 


Instrument  Panel. 
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-^KOTIONAI.  SIDE  VIEWS  OF  l.-'lOO- Vol.T  D.C.  SWITCHOKAB  AT  AYOLIFFK. 


.'].  The  closing  of  (he  s<Mios  switch  automatically  ojxMis  the  starting 
switch. 

Tn  conjunction  with  this  starting  gear  an  instniment  jwuel  is  lixp<l 
aloiigsido  the  operating  handles.  This  p;inel  contains  an  altoniating- 
current  volliiieter  to  indicate   that  the   rotarv  is  in  .svnchronism 


work.     The    oix'rating  handles   for  contnilling  these   switches'  are 
mounted  on  ca^st-iron  pedestals  (ixed  iininediatcly  in  front  of'th 
diiTct -current  control  Ixiard.  "**      " 

The  rheostats  for  the  mtaries  .m-  inonnted  in  the  basement  floor, 
and  are  controlled  by  oj>erating  hand-wheels  fixed  on  the  maclun&. 
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control  panels,  bevel  gearing  being  provided  for  coupling  up  the 
control  handwheel  on  the  switchboard  gallery  to  the  rheostats  in  the 
basement. 


The  lighting  Hwitchlx)ard  is  of  the  gUndard  flat  \tack  tvpe, 

ing  of  black  enamelled  slate  '  "  framew 

arranged  for  bolting  to  the  -  .  ami  ii 


coonML' 


Fig.  18. — General  View  of  Interior  of  Aycliffe  Sub-station. 


110- volt  Switchgear. — For  the  lighting  of  each  sub-station,  and  also 
for  controlling  the  portable  air  compressor,  two  20  k.v.a.  three-phase 
transformers  have  been  supplied.  These  transformers  are  coupled 
up  in  parallel  on  the  extra-high-tension  side,  with  the  main  step-down 
transformers  for  the  rotaries.     On  the  low-tension  side,  however,  a 


switchboard  gallery  at  right  angles  to  the  main  direct -current  control 
board. 

As  mentioned  above,  in  addition  to  supplying  the  lighting,  thus 
board  also  supplies  power  to  the  portable  air  compressor  set,  and  a 
spare  circuit  is  provided  for  the  future  installation  of  ventilating  fans. 


Fig.   19. — Direct-cvrkent  Switciiuoard  at  Aycliffe  Slb-stat'on. 


change-over  switch  is  provided  so  that  either  of  the  two  auxiliary 
transformers  can  be  coupled  up  to  the  lighting  circuit  at  will,  1 10  volts 
being  the  lighting  voltage. 


Fig.  18  shows  a  general  view  of  the  interior  of  Ay olitlo  sub-station, 
in  which  a  portion  of  the  high-tonsion  alternating-current  switchboard 
can  be  seen,  and  Fig.  19  gives  a  %-iew  of  the  direct-current  switch- 
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board.  A  plan  and  section  of  the  sub-station  are  shown  in  Fig.  21. 
It  will  be  noticed  that  this  being  a  high-tension  sub-station,  the 
machines  are  enclosed  by  expanded  metal  screens.  The  rotary  con- 
verters were  built  by  the  British  Thomson-Houston  Co.  (Ltd.),  thr; 
transformers  being  of  the  British  Westinghouse  Company's  make. 
The  rotaries  are  of  the  self-synchronising  type,  and  are  started  by 
oil-immersed  drum-type  starting  switches. 

The  Erimus  sub-station  is  generally  similar,  and  two  rotary  sets 
are  also  fitted,  but  in  this  case  one  is  of  1,200  kw.  capacity. 

Two  auxiliary  transformers  are  installed  in  each  sub-station  con- 
nected directly  across  the  high-tension  terminals  of  the  main  traiis- 


Tbe 
of  Ayclifie  and 


Scale  of  Feet. 

5  43210  5  to 


CROSS    SECTION. 


I 


PLAN. 


Fig.  21.— Cross-Section  and  Plan  showing  General  Arranok-ment 
OF  Aycliffe  Sub-station. 

formers.  A  feature  of  interest  in  connection  with  these  is  the  fact 
that  they  are  fitted  with  a  double  secondary  winding,  one  section 
being  used  exclusively  for  metering,  and  the  other  for  supplying 
lighting  and  auxiliary  power  in  the  station  for  portable  air  com- 
pressors, &c. 

The  20,000-volt  switchgear  at  Aycliffe  is  of  the  Reyrolle  iron- 
clad wall -operated  type.  The  high  tension  overhead  transmis- 
sion lines  and  the  cables  to  the  sub-stations  were  supplied  by  the 
British  Insulated  and  Helsby  Cables  (Ltd. ). 

The  Erimus  sub-station  is  supplied  at  a  pressure  of  11,000  volts 
between  phases  through  underground  cables  connected  to  the  power 
companies'  system  in  the  Middlesbrough  districj;,  the  alternating- 


current  switchgear  U;ing  of  tf. 
direct-current  switchgear  at   i,,,.,  ., . 
type.     Fig.  20  shows  a  fliagram  cf 
Erimus  sub-stations. 

Each  sub-station  is  connected  to  th«  overhead  tfack  by  four 
jjositive  feeders  consisting  of  paper  insulated  bitumeo-sbeathed 
single- wire  armoured  cal<l<-,  .-Jich  of  0-.5  sq.  in.  wtcXum,  laid  in  wood 
troughing  run  in  with  bjtiinnn. 

There  are  two  negative  cables  at  each  Rub-station  conn*?*  ting  the 
track  rails  to  the  negative  'bn-  '  '  .-ae  cable*  being  amilar  in  mat 
and  type  to  those  used  on  tiie  j.  lide. 

A  hand-operated  travelling  crane  a  fitted  in  each  aub-flUtion  by 
Herbert  Morris  (Ltd.).     I^ach  is  of  tli'  '  '  •'  16  ft. 

11  in.  span,  and  of  ;■)  tons  capacity.     'I  •rated 

from  the  Hoor.     The  lifting  gear  consists  of  a  travel  r-gear 

pulley-block,  with  gears  cut  from  the  solid,  ar  '       '  ^.  ri<*d 

which  collects  the  slack  endof  the  load-chain  •  >  --il. 

An  automatic  brake  is  provided,  with  power  proportional  to  the 

(To  he  concluded.) 


TRAINING  MUNITION  WORKERS. 


We  were  afforded  an  opportunity  on  Monday  last  of  vi-ifi'  '  <.ne 
of  the  centres  in  the  London  district  which  has  been  esta  v 

the  Ministry  of  Munitions  with  the  assistance  of  the  L-  'v 

Council  for  giving  training  to  unskilled  persons  who  d.:  .  .  _  uf 
doing  munition  work.  The  scheme  is  a  general  one,  in  which  the 
educational  authorities  in  various  parts  of  the  United  Kingdom  are 
co-operating,  and  already  there  are  64  training  centres  in  London 
and  the  pro^dnces.  The  class  of  student  taken  varies  consideraUr 
as  to  profession,  trade  and  social  status,  but  each  person  ?    '  'le 

course  has  no  pre^aous  knowledge  of  workshop  practice.  ry 

creditable  that  since  Julj',  1915,  when  the  movement  was  tirrt 
inaugurated,  up  to  the  present  time,  upwards  of  10,800  applications 
have  been  registered,  quite  apart  from  those  who  have  been  reje  ted 
as  unsuitable.  It  should  be  noted  that  only  those  who  during  the 
first  two  or  three  da\-s  show  any  aptitude  for  the  work  are  allowed 
to  continue  the  course  of  training.  In  each  case  the  instruction  is 
free,  and  in  the  Metropolis  the  normal  course  is  six  weeks,  consisting 
of  six  days  a  week,  four  hours  per  day,  or  144  hours  of  training  in  all. 
The  student  gives  an  imdertaking  to  make  use  of  the  knowieHef  at 
the  end  of  the  course  in  any  munitions  factory  in  which  en  !it 

can  be  obtained.  Both  male  and  female  students  are  a,.....i,.  to 
take  up  the  work.  The  work  includes  exercises  in  bench  and  vice 
work,  turning,  drillmg,  millings,  &c.,  the  object  being  to  give  the 
student  an  elementary  "  machine  sense."  The  students  turned  out 
may  be  divided  into  three  main  classes  :  (1)  General  class,  those  who 
are  trained  to  operate  some  specific  machine,  such  as  a  dnll.  a  cap- 
stan lathe,  a  slotter,  a  miller,  &c.  ;  (2)  those  who  qualify  as  tool 
setters  ;  (3)  those  who  qralify  as  gauge  makers  ;  there  is  also  a 
fourth  class  which  includes  a  course  of  lead  burning.  The  following 
statistics  may  be  regarded  as  typical  of  the  work  undertaken  and 
the  results  achieved  : — 




Geieral 

Lead. 

Tool 

Gauge 

TotaL 

course. 

burnins- 

setters. 

makers. 

Xo.  in  attendance durins; 

1 

week er.ded  20/5/  IG... 

501 

!       38 

36 

36 

611 

No.    certificated    up   to 

20/5,l() 

2,897 

<o 

38 

2S 

3.U3S 

No.  refused  certificates 

and  withdrawn 

93G 

2('. 

1 

II 

974 

Certificated — 

No.    known    to    have 

entered  factories  or 

H.M.  Forces    

2,5()4 

75 

37 

'  1 

2.?'3 

No  unplaced   

333 

... 

1 

I 

3:i.> 

Uncertificated — 

I\o.    known    to   have 

entcied  factories  ... 

7(> 

... 

... 

lb 

Second  and  subsequent 
plaeings 

76 

2 

1 

2       1 

1 

80 

After  a  ^^sit  to  the  largest  of  the  traiiu'ng  i^entres  in  London,  wt 
were  given  an  opportunitv  of  passing  through  a  large  munition 
works  in  which  95  per  cent,  of  the  employees  are  students  who  have 
gone  through  the  course,  particulars  of  which  are  outlined  .<»Kive. 
The  manager  informed  us  that  the  class  of  lalxnir  w,»s  highly  satis- 
factorv.  and  that  the  product  of  the  works  was  ever>-thing  that  wuld 
be  desired.  One  of  tl.e  secrets  of  success  has  betni  the  c!iv>er  dis- 
secting of  operations  and  a  greater  degree  of  specialisation.  By 
this  means  tool  setters,  tool  makers  and  charge  hands  have  been 
trained  from  the  ranks  of  the  unskilled. 
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A  COMPLF/nC  CATAIXKJl  K  of  "  The  Electrician      Scries  and 
other  Standard  Electrical  Books  will  be  gladly  mailed  on  request. 


DESIGN  OF  ELECTROMAGNETIC  MACHINES. 

We  have  arranged  with  Dr.  S.  P.  Smith,  of  the  City  and 
Guilds  (Engineering)  College,  to  contribute  to  our  columns  a 
.series  of  articles  entitled  "  Notes  on  Design  of  Electro- 
magnetic Machines."  The  articles  will  embrace  practically 
the  whole  of  dynamo-electric  machinery,  and  an  endeavour 
will  be  made  to  keep  each  article  complete  in  itself.  The 
first  article  is  intended  to  be  completed  in  six  issues,  and  the 
commencement  of  the  first  part  is  given  elsewhere.  It 
deals  with  the  fundamental  principles  underlying  the 
design  of  continuous-current  machines,  and  these  principles 
are  applied  in  the  second  part  of  the  article  to  the  design  of 
a  ^oC  kw.  generator  running  at  200  revs,  per  min. 

Authoritative  treati.sos  on  the  subject,  such  as  "  Parshall 
and  Hobart,"  "Hawkins,"  "Walker"  and  "Arnold," 
are  available  for  the  specialist,  but  between  the  elementary 
books  and  those  standard  works  there  is  a  gap  which 
students  and  young  designers  have  difficulty  in  bridging. 
The  notes  by  Dr.  S.mfth  are  intended  as  a  suitable  introduc- 
tion to  the  standard  works,  and  the  latter  will,  therefore, 
be  more  intelligible  to  tho.se  who  are  properly  grounded  in 
the  elementary  principles  of  the  subject. 

In  addition  to  serving  this  purpo.se  the  articles  will  be 
found  to  contain  much  that  is  likely  to  interest  and  to  be  of 
use  to  older  and  more  experienced  designers.  For  instance, 
many  readers  will  doubtless  be  surprised  to  learn  of  a 
further  extension  to  the  theory  of  armature  windings,  a 
subject  which  they  thought  completed  years  ago.  It  will 
bo  .seen  that  Dr.  8.  P.  Smith  by  no  nieans  accepts  this  view, 
and  regards  the  ordinarv  rules  for  the  conaettions  of  lap 
and  wave  windings  simply  as  arithmetic  relations  for  obtain- 
ing a  closed  winding,  without  any  direct  bearing  on  the 
working  conditions. 

His  argument  on  which  is  ba.sed  the  theory  of  armature 
windings  is  verv  simple,  and  .serves  to  explain  why  only 
special   cases  of   these   general   rules  provide   satisfactory 
windings.     Starting  from  the  fact  that  when  the  sum  of  all 
the  pressures  induced  in  a  number  of  coils  is  zero,  and 
therefore  no  current  will  circulat<'  when  the  coils  are  joined 
in  .series  to  form  a  closed  winding,  the  closed  lap  or  wave 
winding  is  seen  to  consist  of  one  or  more  such  s^-stems. 
which  mav  or  may  not  be  electrically  independent  of  one 
another.     H   all    the.se   systems  are   identical,  then    it    is 
proper    to    join    them    in  parallel  either  permanently  by 
(•(|ui-potential    connectors    (phase    ta}ipings    or   eijualisnig 
rings),  or  temporarily  by  commutator  brushes.     If  they  are 
not  identical,  then  it  is  obvious  that  circulating  currents 
will  How  between  the  si^eral  circuits  when  they  are  joined 
in  parallel  :    and  if  this  connection  is  made  l)y  means  of 
comiiuitator  brushes,   the   carbons   are   improperly   called 
upon  to  carry  equalising  currents  due  to  the  dissynnnetry 
of  the  winding,  in  addition  to  their  proper  function  ol  col- 
lecting the  current.     In  many  cases,  sparking  at  no  load 
i.s  1  raceable  to  the  o<jnalising  currents  due  to  unlike  circuits 
being  joined  in  parallel. 

■  Although  iiovelty  is  not  claimed  for  the  rules  developed 
for  obtaining  snnmetrical  circuits,  it  is  hoped  that  the 
simple  treatment  will  make  them  appi-eciated  more  widely, 
ior  there  is  no  doubt  that  a  better  understanding  of  the 
cirniit^i  in  a  closed  wiiidinir  will  .<;u-e  iniich  needless  worrv 


THE  ELECTRICIAN,  JUNE  2,  1916. 


291 


and  cxponse  to  de.sijz;ner.s  aixl  builders  of  coinmutatin;/ 
niachinciy. 

The  series-parallel  winding,  oj-  the  wave  windinj^  \villi 
more  than  two  circuits,  to  give  it  a  logical  name,  is  an  excel- 
](Mit  example  of  the  application  of  J)r.  Smith's  theoi\-  ol 
armatui'c  windings.  Many  niamrfactureis  will  doubtless 
recall  very  bitter  experiences  when  i'emin<led  of  tiiis  tvj)e  of 
winding,  but  we  venture  to  think  that  after  leading  the 
article  referred  to,  the  probable  cause  of  past  failujes  will 
become  evident.  As  a  proof  of  the  ])rogie.ss  made  in  this 
direction,  and  of  the  soundness  of  the  authoi's  conclusions, 
we  have  a  comprehensive  summary  of  the  combined  ex- 
perience of  Continental  firms  with  series-parallel  windings. 

There  arc  two  reasons  for  this  remarkable  ])iogress  after 
such  bitter  experiences  :  (i.)  The  strict  adherence  to  the 
rules  for  making  the  windings  quite  symmetiical,  (ii.)  the 
use  of  equalising  rings.  The  use  of  equalising  lings  on 
series-parallel  windings  comes  from  the  well-known  pioneer 
of  so  much  in  armature  windings,  the  late  Di-.  E.  Arnold, 
who  obtained  a  British  patent  for  them  in  I  DO  I,  and  which 
has  conse(|uentlv  now  expired.  I^y  the  use  of  e([ualisers 
it  would  apj)ear  that  Arnold  ho})ed  to  free  the  designer  from 
the  restrictions  imposed  upon  him  by  the  conditions  of 
symmetry,  a  hope  which  experience  has  not  realised,,  to 
judge  fron)  modejn  practice.  Though  the  practical  appli- 
cations of  the  series-parallel  winding  are  reduced  to  very 
nai'row  limits  by  these  conditions,  we  think  nevertheless 
that  the  designer  can  make  good  use  of  the  four-circuit 
winding  in  aji  8-pole  machine,  or  the  four  or  six-circuit 
winding  in  the  12-pole  machine. 


REVIEWS. 


[Copies  of  the  undermentioned  works  can  be  had  from  The  Electrician  Offices,  post 
free,  on  receipt  of  published  price,  adding  3d.  for  book=  published  under  2s.  Add 
10  per  cent,  for  abroad  or  for  foreign  books.] 


-Overhead  Transmission  Lines  and  Distributing  Circuits :  Their 
Design  and  Construction.     By  F.  KAn-jcR.    Tranwlatod  bv  P.  R. 

FiuEDLAKNDKi!,  M.  I.  K.  !<].   (London  :  ('onstablc  &  Co.)     I']),  x.  +;iOO. 
Price  H)U.  nc^t. 

The  title  of  this  book  is  somewhat  misleading,  as  the  term 
"  design  "  to  any  electrical  engineer  must  include  tiie  electi'ical 
as  well  as  tlie  mechanical  design.  A  more  appiopiiate  title 
would  have  been  the  Statics  and  Construction  ot  Overhead 
Lipes,  since  the  book  deals  mainly  with  mechanical  matters,  and 
there  is  very  little  in  it  referring  to  the  electrical  part  of  the 
subject.  That  Uttle  is  not  very  helpful,  and  in  some  cases  the 
terms  employed  arc  a  too  hteral  translation  from  the  German 
to  be  obvious  to  the  English  reader.  Thus  tlie  author  s])eaks  of 
"  safety  netwt)rk8  ''  when  he  means  guard  wires  ;  or  of  "  la}-iug 
an  earthed  wire  "'  when  he  means  the  connection  to  an  earth 
plate.  To  speak  of  laying  of  an  earthed  wiic  coiiveys  to  the 
reader  the  idea  that  the  wdi'e  itself  takes  tlie  ])lac.e  of  tlH>  earth 
plate.  Nothing  i.s  said  as  to  eartii  resistance  or  its  measure- 
ment. One  may  doubt  whether  the  author's  j'ecomniendation 
to  lay  the  wire  to  tlie  earth  plate  in  an  iron  tube  for  meclianical 
protection  would  be  a  very  efficient  arrangement  for  the. 
discharge  to  earth  of  high-frequency  surges.  It  is  obvious  that 
in  the  author's  view  mechanical  safety  is  paramount,  and  the 
^^lectrical  aspect  of  the  problems  unimportant. 

The  same  impression  is  given  by  the  section  on  spacing  of 
three-phase  lines.  The  necessity  of  so  spacing  that  the  swaying 
of  the  wires  in  the  wind  shall  not  bring  them  into  contact  is 
ckarly  explained,  and  then  we  get  three  diffei'ent  fonuuipe 
where  the  spacing  is  lepresented  as  depeident  on  voltage  and 
span.  A  table  is  given  worked  out  on  the  basis  of  the  formula 
D=(H)'iHS-{-i\/E,  where  D  is  the  distance  lietween  wires  in 
inches,  S  is  the  span  in  feet,  and  E  the  E.M.F.  in  kilovolt. 
This  formula  takes  no  account  of  the  diameter  of  the  wire,  nor 
of  the  altitude  at  which  the  line  is  placed,  nor  of  the  atmospheric 


condition  as  to  temp,  r.mne  and  hunnditv.     All  tlie.-i*.-  jM>int< 

have  long  ago  be<-ii  carefully  .stiidii'd  bv  Aiiwr ••  •■ 

and  especially  by  Mr.  Merehom,  bii    there  In  no  . 

very  impjrtaiit  cxiMrimental  n-warrji  made,  and  the  practiral 

results  (d)tained,   by  thi«  ongincf  r.     A        .  '         '    ,   '      "       ',1 

include  these  things,  and  it  Ls  for  I lii.H  r.,  ....  : r 

fears  the  electrical  j)art  of  the  book  under  review  will  not  be 
vtiy  helpfid  to  the  reader. 

A  much  more  favourable  tipinidii  mav  bf  '/■• ■ '    •'  .-. 

purely  mechanical  part  of  thin  treati.s*'.     lb  i 

information  as  to  (pialities  of  line  niat4>rial,  nanioly  «op|XT. 
ahiiidnium,  bronze,  .steel  and  coppci.-d  Kteel  ;    al««»  if  I 

cables  for  crossing  other  lines  and  tiually  jroii    .m.I   - 
ro])e  for  susjumding  conductors,     in  diiMJUHHin^ 
and  the  influence  of  temperature,  the  author  makpH  the  u.sual 
assumption   of   a   parabola   instead   of  a  catenarv,   .     '    * '  •• 
iniluence  of  wind  is  taken  as  represented  bv  a  pre.ssiire  ■  .. 

per  sq.  ft.  On  this  basis  a  table  is  worked  out  giving  the 
liorizontal  force  acting  on  the  masts  o£  a  three-phxs/'  line 
having  various  spans  (from  f'.Jft.  to  l,'i<>i)ft.).aml  eonrlmtoreof 
various  cross  section  (from  0-009.3  sq.  in.  to  O-lOS  )v\.  in.)  ^Vh 
affecting  strength,  of  masts  we  have  the  usual  tablesof  mum»iit8o! 
inejtia-discussion  of  bending,  sheering  and.  conii' 

the  design  of  stJuts  and  guy  wires  ajid.  other  m  i -.- 

sary  for  the  design  of  the  hue  with  due  regard  to  me/hanicai 
stability.  The  formuhc  deduced  are  of  the  kind  found  iii  anv 
engineering  ])ocket  book,  but  it  is  u.seful  to  have  them  ■  "  '  I 
in  a  handy  fonn,  and  to  be  shown  their  application  by  r  is 

examples  taken  from  practice  ;  mostly  Gennan.  The  com- 
mercial side  of  the  problem  receives  some  ixn-oguition  bv  the 
author  in  the  discussion  of  the  most  economical  span,  and  in 
quotation  of  the  cost  actually  incurred  in  the  erection  of  various 
high-tension  lines. 

The  section  on  distributing  circuits  is  mauily  concerned  with 
the  overhead  mains  for  public  supply  in  .small  towns  and 
villages,  and  contains  many  details  as  to  wall  and  roof  supports. 
leading-in  wires,  insulators,  street  masts,  branch  circuits  from 
distributing  masts,  arc  lamp  masts  and  suspension  of  arc  lamps 
over  the  middle  of  the  street  and  other  technical  matters. 
There  is  also  a  diagram  giving  the  cost  of  house  connections, 
meters,  distributing  system  and  street  lighting  for  small  com- 
munities ranging  from  250  to  4.5()lj  inhabitants.  Where  rules 
and  regulations  arc  quoted  these  are  mostly  taken  from  the 
'*  V.D.E.,"  and  the  German  law  as  to  way-leaves  is  quoted. 
The  hhiglish  law  is  leferred  to  by  wav  of  conipari.son.  and.  sitiwi 
jiarts  arc  ([noted  from  Mr.  \Vell>ouru"s  l*ap:'r  he^ir-  fhe 
fnst.E.E.,  read  in  January,  1914.  Ghukrt  K\pp. 

Relativity  and  the  Electron  Theory.  By  E.  C't- xmnoham.  M.A. 
.Monoi^iajilis  on  Pliysics.  (London :  Longmans,  (.ireen  &  Co. 
9()  pp.     4.S.  nrt. ) 

This  monograph  is  described  as  "  an  attempt  to  set  out  as 
clearly  and  simply  as  possible  the  relation  of  the  principles 
of  relativity  to  the  generally  accepted  ele«troM  theory,  showing 
at  what  points  the  foriH'r  is  the  natural  and  nece.ssiiry  eoni- 
plement  of  the  latter."  The  author  regards  the  (electro- 
magnetic) principle  of  relativity  as  an  attiMupt  Ut  see  what  are 
the  ((Uiclusions  to  be  drawn  from  an  admissiou  of  our  in  ibility 
to  identify  the  elher.  lie  shows  tlui*  tic  EitzlJerakl  Loivut/. 
contiactiou  of  all  matter  in  the  direction  of  its  motion  thnm.gh 
the  ether,  when  logically  interpreNnl,  aniouni-s  to  the  - 
thing  as  the  principle  of  electromag"?tic  relativity  as  :■-  . 
mulated  by  Einstein  —/.c,  that  it  is  impossible,  by  anv  opticjil 
or  electrical  experiment,  to  discover  motion  through  the  ether. 

In  fact,  it  accepts  the  negative  results  o^  the  exi'      ■' 

Michelson  and  Morley,  Kayleigh  and  Brace.  1 
Rankine,  Lodge,  and  Trouton  and  NoBle  as  an  experimental 
basis  for  a  new  system  of  dynamiv-5.  of  which  the  tH)nsUi'b  v 
of  the  velocity  of  light  is  tlie  -very  foundation.  The  extra- 
ordinary consequences  of  this  assumption  have  been  pointed 
out  on  maiiv  picvitais  occasions,  and  the  author  does  not 
i'<>})eat  them  here.  They  land  us  in  a  wonderland,  wh.Mv  ;ill 
our  notions  of  space  and  time  arc  giT.t-<\^quely  transligaied. 
But,  fortunately,  the  bulk  of  t!i-un  remain  i«»coessiWe  to 
experimental  tests,  and  the  apparent  change  of  mass  of  a  last 
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electron  remains  the  only  fact  hitherto  discovered  which  lends 
some  plausibility  to  what  has  been  described  as  the  "  latest 
fashionable  craze  "  of  science.  Mr.  Cunningham  presents  the 
various  arguments  clearly  and  with  considerable  force.  It  is 
somewhat  remarkable  that  in  dealing  with  ether  stress,  as 
exemphfied  in  a  train  of  plane  waves  of  light  and  the  field  of 
a  moving  point  charge,  the  author  arrives  at  the  conception 
of  an  "  emission  "  of  ether  from  each  electron  with  the  velocity 
of  light.  This  is  substantially  Ritz's  assumption,  and  possibly 
points  the  way  towards  a  new  solution.  E.  E.  F. 


INSTITUTION  OF  ELECTRICAL  ENGINEERS. 


Exclusion  of  Alien  Enemies. 

A  special  general  meeting  of  coiporale  inemtx'rs  of  the 
Institution  was  iield  on  Thursday,  .May  25,  1<»  discuss  and,  if 
thought  fit,  pass  a  resolution  to  exclude  alien  enemies  from 
membership. 

'I'hc  Phksidknt  (.Mr.  ('.  1'.  hpai'ki  )  ••n'ul  it  would  !)<■  iini'iidKTrd  that 
■^xlicn  Ihc  Council  came  WUirc  Ihc  nicinbcru  isoiiic  nioiitlio  a};(»  <su;;L'c;s1ing  a 
projjrjwd  alteration  of  tin*  Articks  of  Association,  it  was  decided  to  hold  an 
infoi'mal  nr'ctin;;  to  diiiciii  k  the  matte  r.  This  was  held  on  .March  8,  a 
Miinihc  r  of  aincndmcntsi  were  l)r«»unht  forward,  and  a  Kmall  Cunimitteo 
wii'.i  a])i>oiiit<'(l  to  boil  the  niatt^'r  down,  so  as  to  hiihinit  the  (|Ucstion  at 
i.isuc  to  a  jxjiital  vote.  The  vot<'  wa.;  taken,  and  the  details  of  the  result 
were  afi  follows  :  OardK  isouod,  .'J,244  ;  cards  returned,  1,470.  Jn  favour 
of  (fi)  to  e.\])el  member.*  who  are  Bubjcets  of  enemy  countries  or  states 
1  ,IJ2().  ajjain.st  S8  ;  in  favour  of  (h)  to  pxj)el  members  who  Ix'inj^  naturalised 
British  subjects  have  I'ctained  enemy  nationality  1,807,  a;;ainst  7!);  in 
favour  of  (r)  nrjt  to  e.\])cl  mcndxri;  who  are  naturali:;e<l  British  subjects 
and  were  formerly  subjects  of  a  country  or  state  now  at  war  with  Great 
liritain  and  Ireland  but  who  have  under  the  laws  of  such  country  or 
.stat<!  definitely  lost  their  alien  nationality,  j>rovided  they  ar<'  able  to 
Vrovc  thin  to  th<'  com))lete  satisfaction  of  the  Council  1,081,  aj;ain;;t  264  ; 

in  favour  of  (d)  that  no  ))er:;on  shall  after  the day  of 

1!) be  'li<;ible  for  <'lcction  as  a  member  of  the   Institution  who  is  a 

subject  of  any  country  or  state  with  which  the  l.'nitcd  Kin<;dom  of  Great 
Britain  and  Ireland  is  or  nhall  have  been  at  war  on  or  after  the  date 
nicntioncfl  1.120,  a;;ain!.t  200. 

The  !-ol.'citor  drew  up  the  followinj;  resolution,  which  he  would  ])ut  to 
the  vote  at  a  later  sta;,'e  ; — 

"That  the  following  words  be  added  to  Article  -t  1  of  the  Articles  of 
Aisociation,  namely:  'On  and  after  the  liltli  day  of  .lune,  li)lH,  no 
V)erson,  whether  a  naturalised  Uritish  subject  or  not.  who  is  or  shall  be  or 
has  or  shall  havc^  ever  been  a  subject  of  a  country  or  state,  then  f)r  there- 
after at  War  with  His  .Ma  j(  sty  or  his  sucicssors.  shall  be  or  continue  to  be 
or  be  eligible  for  election  as  a  ni(  niber  of  any  class  of  the  Institution, 
provided  lie  vert  helcsK  that  the  al)o\<'  <lisabilily  Khali  not  apply  to  a  jierson 
wIki.  ha\in}i  at  any  time  b(  en  a  subjci.t  of  such  a  country  or  state  as 
aforesaid,  shall  luivc;  become  and  shall  be  a  naturalised  British  subject, 
and  shall  ])rove  tr)  the  s!;tisfacti(m  of  the  Council  that  under  the  laws  of 
such  country  or  state  he  has  ceased  to  1k'  and  is  not  a  bubject  thereof.'"' 

This  i<  solution  was  sidmiittcd  t(t  ,Mr.  .(.  Austen  Cartmell  (.lunior 
Counsel  to  the  Treasury),  who  said  he  was  of  <i))inion  that  the  Institution 
f^ould  legally  alter  the  Artickst  r)f  Association  as  ])ropoi5ed.  So  far  as 
concerned  jicrsons  hereafter  necking  to  iM-corni"  mendiers.  the  case  was. 
ii'asonably  clear.  Then'  might  be  some  difliculty  with  regard  to  existing 
mcndx'i:.,  whom  it  was  now  ])roi)oscd  tf> disqualify.  His  (.Mr.  CartmeH't!) 
view  was  I lial  no  e.xisting  mcndjcr  (  oidd  complain  of  the  alt<'ration,  even 
if  it  div(sted  him  of  what  were  at  ])nsent  vc  st<'d  rights,  unles:-,  the 
alti'ration  violated  som<'  ntatutory  ])roviMion  or  prinei])le  of  law.  The 
pro])OHed  alt^'ration,  in  his  opinion,  d'd  not  violate  any  statutorv  ])rovision 
or  principle  of  law.  Kvery  mendier  of  a  eomiiany  became  such  on  the 
terms  of  the  Articles,  which  f(>rmed  a  contract  Ix-twccn  hims<'lf  and  the 
company,  and  \\liicli  mii^hl  be  altered  t-o  ;is  to  alTect  existing  rights.  In 
allecting  (In-  ,iMcr;it inn  (he  follnwing  obligations  must  Iw  liorne  in  mind  : 
(")  The  prov mions  of  the  Memorandum  of  Assoeiiition  muBt  n«,t  \y\- 
altered  under  colour  of  altering  the  Articles  :  (6)**lMtutory  rights  niubt  not 
bo  interfered  with  :  (c)  the  power  to  alter  the  Articles  must  not  be  used 
so  as  to  commit  a  fraud  on  the  minority.  The  jiower  apjwared  Ix-twccn 
the  company  .-ind  its  members  to  be  mdinntcd.  In  the  ]iiTscnt  case 
neither  ('/|  nor  (/>)  would  apply  ;  th"  alteration  would  not  alTect  anything 
whicii  was  thereby  i)rohibitcd.  I'ikK  r  (r)  an  arKunicnt  nii^dit  1k"  rai^-d. 
but  he  was  of  opinion  that  siich  an  argument  would  fail,  and  that  no  Court 
woulfl  hold  (hat  an  attempt  of  the  majority  of  the  members  of  the 
coTn])aiiy  to  purg(>  (he  comiiany  of  all  enemy  tjiini  was  fraudulent  or 
(•ppn>ssive  iqxin  the  minority  whom  it  sought  to  exclude  In  view  of  the 
abovc^  eonsidcralions,  he  was  ])repai-«-d  to  adviw  the  Institution  to 
proceed  with  th(<  pro()osed  alt<'ration.  But  litigation  might  ensue.  If  an 
action  was  brought  by  an  excluded  menilH>r.  and  he  van  (contrary  to  Mr. 
Cart  nx'irs  an(ici]i.')tion)  to  succeed,  tin"  ndief  would  l>e  an  injunction  to 
restrain  exclusion  and  ]»ossibly  some  d.'imagcs.  But.  in  view  of  du-  wide 
power  of  .'xpulsion  given  by  Art.  41.  such  damages,  he  a|ipr<'hc|)dcd. 
would  be  little  more  than  nominal. 
The  Prksidknt  then  moved  the  i-esolution  as  set  out  above. 


Mr.  C.  H.  WoRDiNGH.\M,  in  seconding  the  motion,  said  it  gave  him 

great  pleasure  to  do  so,  and  he  called  upon  all  those  whose  sentimente 

were  anti-German  to  vote  for  it,  whether  they  were,  like  himeelf ,  extremists, 

or  whether  they  were  only  moderate.     The  resolution  did  not  go  so  far  as 

he  would  like  it  to  go,  but  he  was  convinced  it  went  as  far  ac  it  was 

possible  for  the  Institution  legally  to  go.     He  would  have  liked  to  have 

seen  all  naturalised  aliens  submitted  to  a  cloce  inspection  so  that  it  might 

have  been  ascertained,  as  nearly  as  possible,  whether  or  not  they  might  be 

presumed  to  Ix;  loj-al  to  the  country  they  had  adopted.     He  was  sure 

a  number  of  naturalised  aliens  would  have  come  out  triumphantly  from 

such  an  ordeal.     There  were  naturaUsed  aliens  among  them  who  had 

lo.st  their  nean-st  and  dearest  in  this  war,  and  who  were  prepared  to  lose 

their  own  lives.     Therc  were  others  who  had  given  abundant  evidence 

that  they  had  the  interc-sts  of  this  country  at  heart.     Such  men  would 

have  gained  from  such  a  scrutinj'  as  he  would  have  liked  to  have^Becn. 

There  were,  however,  unquestionably,  a  very  large  number  of  naturalised 

aliens  who  mas(jucra<led  as  Knghshmcn  and  were  infinitely  more  dangerous 

than  those  who  had  not  Ix-come  naturalised,  and  who  were  admittedly 

en<;mics.     Those  who  agn'cd  with  the  views  he  had  ex])rcssed  w-cre  in 

antagonism  to  a  jjrincijile  whi(  h  could  not  be  attacked  by  that  Institution, 

but  cijuld  only  Ik;  attacked  by  I'arliami  nt.      He  held  that  no  foreigner 

should   Ix'  admitted  to  the   ])rivilege;;  of  a   British   born  subject.     No 

amount  of  legal  verbiage  could  gi'c  to  any  foreigner  the  glorious  privilege 

of  being  born  a  iiriton  and  having  Jiritish  IjIoikI  (lowing  in  his  veins.      He 

asked  thfjKc  who  were  Britons  to  supjjort  the  rtsoluti'm  and  vote  for  it. 

('apt.  ().  T.  O'K.  Wkisbkr  (Dublin)  said  he  and  hi.s  com])anion,  Mr. 
Harriss,  were  then-  in  jiursuance  of  a  resolution  adopted  unanimously 
by  the  Ixjcal  Section  at  Dublin  on  March  10,  that  the  mcmbcrshij)  of  the 
Institution  of  any  citizen  Iv  rn  of  alien  enemy  i)arcntage.  naturalised  or 
not  naturalised,  shall  fort  hwit  h  cea-e.  and  that  after  the  termination  of  the 
war  no  such  citizen  shall  Ix-  eligible  for  membership,  and  further  that  no 
citizen  of  the  Em])ire  or  of  allied  or  n"utral  nations  being  a  member  of  any 
grade  of  the  Institution  win)  becomes  an  agent  for  any  firm,  owned  or 
controlled  by  a  citizen  or  citizens  of  an  enemy  nation  or  nations,  Bhall 
automatically  cease  to  be  a  member.  They  had  just  heard  that  the 
resolution  actually  Ix'fore  the  meeting  went  as  far  as  it  lawfully  could  do, 
and  it  left  nothing  mon-  that  he  could  do.  He  agreed  with  every  word  the 
])revious  sjx-aker  had  said. 

The  Prksident  said  what  was  actually  before  them  was  to  %oto  on 
the  resolution  he  had  read — Aye  or  Xay.  They  could  not  consider 
amendments.  He  understood  that  ("apt.  \Vcbber  would  take  that 
resolution  on  account.  If  it  did  not  go  far  enough  there  wa;;  nothing  to 
]>revent  them  considering  further  pr<>])csa.'r.  at  a  future  meeting. 

Mr.  C.  A.  B.\KKR  said  he  was  <me  of  the  .cnitineen'  of  the  ballot. 
Some  i-eturns  from  Scotland  and  Ireland  were  accompanied  by  lettem 
saying  that  sufficient  time  luul  not  been  allow.-d.  but,  b\  the  secretar>-"i5 
courtesy,  every  answe-r  was  elealt  with  and  i'(  <ir<l'  d. 

Mr.  V,.  C.  Atchison  (Rochdale)  sa-d  he  did  not  think  the  nsolntion 
went  far  enough,  but  he  aec<  )it<'d  it  on  c: count.  They  had  inserted  (he 
thin  end  of  the  wedge,  and  he  hael  ]ilcjc.un-  in  i.u]iporting  the  resolution. 

The  resolution  was  thi-n  ]iut  and  carric  <l  by  41  voter,  to  one.  and  the 
President  announced  that  a  further  ))"<  ial  amoral  meeting  of  the  eor- 
])orate  meinben;  would  be  held  on  .fime  l.'>at  .">.  l.Tjim.  for  c<  ntirming  it. 


EFFECT   OF   THE   REBELLION   IN   DUBLIN 
DUBLIN  UNITED  TRAMWAYS. 


ON  THE 


On  Ea-stor  Monday,  at  12.30  p.m..  immediately  after  the  Sinn 
Feiners  occupied  (he  |)riiici|)i'.l  public  build'ng.s,  the  tramway  com- 
pany started  withdr.iwing  their  cars  from  the  city,  r.iid  at  2.30  p.m. 
most  of  the  cjirs  were  got  .safely  (j  thc'.r  different  dejwts.  In 
Satkville-street  one  of  the  Howth  ears  war,  st.ipped.  .and  the  motor- 
man  and  conductor  were  covered  with  rt  voh  ors  Hiid  ordered  to  leave. 
An  j;tteni]it  was  made  to  upset  this  c;-.r  by  hand  to  form  a  barricade 
for  Kiirlstreet.  but  (his  attempt  failed,  and  a  charge  of  dynamite 
was  put  nnde-nieath  it  and  exploded,  but  tlid  little  or  no  harm. 
Kventually  this  ear  was  burnt,  due  to  the  adjoining  houses  having 
caught  liiv  and  fallen  u|Hm  it  .\nother  car  was  ciiught  (Ui  the  .South 
l^Uitvs  and  w»e  altM.»  burnt  in  the  wime  way.  .Mimu  ilaniage  (o  four 
or  live  of  the  'ars  wa.s  done  by  rifle  liie.  Tlie  trolley  wires  suffered 
most  severely  ;  eevera!  miles  of  wire  wci-e  broupht  down  all  over  the 
city  by  rifle  Hre.  and  tramway  standaids  wete  damaged  by  shell  tire. 
At  the  comer  of  0  t'ounell  Bridge  end  North  Quays  a  shell  jiassed 
light  through  a  standard;  subsequently  this  pole,  as  well  as  the 
others  danMiged.  wem  lilled  np  with  concrete  leinforccd  with  stocl 
nuls  on  sit*'. 

The  day  after  (he  outhn-ak  (he  Niiui  Feiners  aurmunded  the  power 
station,  and  eventually  entered  and  oideted  (he  men  oti(.  .All  (he 
men  conung  in  earned  n>volvers.  and  .some  of  (.hem  a  revolver  in  one 
hand  and  dagger  in  (he  other.  They  gave  the  engineer  on  watch  an 
hour  (o  clear  out  muler  |HMi;i!ty  of  de.-.th.  and  ordered  that  the  whole 
sy.stcm  was  (o  he  shut  down.  This  was  exactly  what  it  had  l>een  decided 
(o  do.  The  Sinn  Feiners  were  apimrendy  satislied  (ha(  (heir  wishes 
were  carried  ou(.  as  (hey  did  no(  re(urn.and  (he  s(aff  was  allowed  (o 
remain  iu  occupation  of  (he  station  in  its  shutdown  htate  (hroughout 


THE  ELECTlilCIAN,  JUNE  2,  1916. 


293 


the  whole  disturbance,  notwitlistanding  the  heavy  rifle  fire  in  the  dis- 
trict, which  was  one  of  the  worst  and  Wc\s  the  last  to  give  out.  No 
attempt  was  made  to  do  any  damage  to  the  power  station,  nor, 
indeed,  was  any  direct  attempt  made  to  damage  the  cars,  except 
from  the  Sinn  Feiners'  mihtary  point  of  view.  One  of  the  motor- 
men,  in  getting  his  car  away  from  the  danger  zone,  was  shot  and 
seriously  wounded.  Another  of  the  men,  when  coming  from  a  city 
depot,  was  shot  dead  by  rifle  fire  from  the  General  Post  OfHco. 
Several  of  the  tramway  employee  were  shot  by  strp.y  bullets  in  the 
vicinity  of  their  own  homes.    ,..  .1    ,    , 


repaired  and  the  »ervico  restored  as  far  a^  it  wttixld  Ije  allowed  by  tho 
military  authorities,  who  had  drawn  a  cordon  around  the  whole  city, 
and  would  not  allow  the  cars  to  pas.i  nioro  than  two  bridges,  one  on 
the  south  side  and  one  on  the  north  hid*-. 

The  total  damage  to  the  rolling  stock,  including  the  two  care 
destroyed  and  injuries  to  six  other  cars— m-^  '  '  iking  of  gla^  by 
rifle  fire— did  not  much  exceed  t;i,.'/Hl.      1  ;  damage  to  the 

overhead  system  amounted  to  about  £ofX).     (.onwdering,  however, 
the  amount  of  property  tho  company  had  throughout  the  city     '"^ 
various  dejxjts  and  large  number  of  card — the  wjmi»any  ni^.y  be 


Destruction  of  Tram  Gar  durinu  the  Revolt  in  Dublin,  April,  191G. 


The  loss  included  the  two  cars  referred  to  and  the  damage  to  the 
overhead  system.  The  loss  of  traffic  was  the  most  serious  that  the 
tramway  company  has  experienced.  On  May  2nd,  immediately 
after  the  burning  of  the  General  Post  Office,  the  fires  in  the  power 
station  were  restarted,  and  on  May  3rd  most  of  the  system  wa.s  in 
working  order. 

Sniping  wr.s  very  prevalent  throughout  the  whole  of  the  system, 
which  made  it  uncomfortable  for  the  men  repairing  the  overhead 
M'ires  ;    but  by  ]\Iay  5th  practically  every  feeder  was  temporarily 


gratulated  on  their  good  fortune.     The  actual  stoppage  of  the  system 
was  from  12.30  p.m.  on  Easter  Monday,  April  24th.  imtil  May  3rd. 

The  accompanying  illustration  shows  the  Howth  car  which  was 
burnt.  This  car,  as  well  as  a  smaller  one  destroyed  on  the  South 
Quays,  wa.s  eventually  towed  home  on  its  own  wheels.  The  field 
coils  were  destroyed,  but  the  armatures  are  apjiarently  not  very 
much  the  worse.  Notwithstanding  that  the  metal  melted  from  all 
the  bearings,  the  trucks  arc  not  beyond  repair.  No  damage  appears 
on  the  trucks  as  the  result  of  the  attempt  to  blow  the  car  up. 


INTERLINKING  OF  ELECTRIC  SUPPLY  UNDERTAKINGS. 


Practical  Steps  in  Lancashire  and  Cheshire. 

Within  the  last  few  daj's  a  letter  has  been  addressed  from  the 
Board  of  Trade,  Railway  Department  (Coal)  to  electric  supply 
authorities,  drawing  attention  to  the  very  considerable  saving  that 
could  be  effected  by  the  adoption  of  arra,ngements  for  interconnec- 
tion and  joint  working  of  electric  supply  undertakings.  The  Board 
have  further  intimated  that  they  are  prepared  to  assist  in  securing 
the  agreement  of  all  parties  interested  in  any  such  proposed  scheme. 

This  letter  serves  to  emphasise  and  give  added  point  to  a  move- 
ment which  has  just  been  started  in  Lancashire.  In  the  discussion 
at  Manchester  on  Mr.  E.  T.  Williams'  recent  Paper  to  the  Institution 
of  Electrical  Engineers,  Mr.  Robertson,  the  chief  electrical  engineer 
of  Salford,  in  pointing  out  that  a  national  bulk  supply  scheme  as 
pro pc bed  by  Mr.  Williams  -was  not  feas^ible  at  the  present  time,  threw 
out  the  suggestion  that  a  scheme  for  interconnecting  the  principal 
supply  undertakings  in  the  industrial  districts  would  be  of  enormous 
benefit,  and  referred  particularly  to  the  advantages  of  such  a  scheme 
for  the  Lancashire  and  Cheshire  districts. 

The  matter  was  taken  up  forthwith  by  the  Municipal  Electrical 
Association  of  Lancashire  and  Cheshire,  and  at  a  meeting  held  in  the 
School  of  Technology  under  the  chairmanship  of  Mr.  S.  L.  Pearce 
on  May  9,  and  attended  by  a  large  majority  of  the  chief  engineers  of 
the  electric  supply  undertakings  (municipal,  company  and  railway) 
interested  in  the  matter,  the  following  committee   was  formed  to 


prc[)are  a  scheme  for  the  interconnecting  (where  jjossible  from  an 
engineering  point  of  view  and  commercially  feasible)  of  the  princii«U 
supply  stations  of  the  two  counties  . 
A  committee  was  formed  as  follows  : — 

Mr.  S.  L.  Pearce,  Manchester  (Chairman). 

Mr.  B.  Weibourn,  Pi-escot  Electric  Light  Co.  (Vice -Chairman). 

Mr.  J.  A.  Robertson.  Salford  (Hon.  Secretary). 

Mr.  0.  C.  Aitchison,  Rochdale. 

Mr.  S.  E.  Britten,  Chester. 

Mr.  H.  Dickinson.  Liverpool. 

Mr.  E.  H.  Edwards.  South  Lancashire  Tramways  Co. 

Mr.  R.  Blackmore.  Stalybridge. 

Mr.  J.  Purrett.  Lancashire  Electric  Power  Cc 

Mr.  S.  J.  Watson,  Bury. 

Mr.  P.  P.  Wheelwright,  Blackburn. 

Mr.  Aspinall,  Lancashire  &  Yorkshire  Railway. 

The  area  of  supply  coming  within  the  scope  of  the  committee  has 
been  divided  into  the  following  districts  : — 


^lunchestcr  Inner  District. 
Manchester  Outer  District. 
Stalybridgo  and  Oldham  District. 


Liverpool  District. 

North  Liincashirv  District, 

Cheshire  District. 


Sub-committees  have  been  aUocated  to  these  various  districts  to 
obt?.m  the  necessary  technical  datA,  and  this  will  be  compUed  and 
tabulated  at  an  earl V  date.  , 

The  central  committee  will  then  be  in  a  position  to  review  the  whoie 
question  and  to  present  their  report,  including  estimates  of  cost  to 
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(lie  variouK  iiimiitipul  toiiiniitteos  and  tsupply  coiniianies.  Being 
assurod  of  k\  ni))athetic  consideration  irom  the  JJfiard  of  Trade,  there 
slK)nl<l  he,  lU)  difficulty  in  canying  out  1  Ik;  kcIk'IIU!  ^^ithont  a<ldilionaI 
jwirlianicnfary  jHjwor.s,  and  in  view  of  its  iin|xjrtan(C  at  tJie  present 
time,  it  is  hoped  that  the  Lfjcal  Government  Board  will  also  lend  its 
assistance  to  enable  the  financial  difficulties  to  l;e  overcome. 


PHYSICAL  SOCIETY. 

At  a  meeting  held  on  May  12,  I'rof.  ('.  V.  Bovs,  F.R..S.,  Presi- 
dent, in  the  Chair,  a  Paper,  enti1le<l 

"The  Latent  Heats  of  Fusion  of  Metals  and  the  Quantum- 
Theory," 

was  read  l)y  Dr.  H.  S.  Au.KN. 

The  latent  lieat  of  fusion  is  identified  with  the  energy  necessary 
to  counterhalanee  that  of  a  certain  numl»er  of  "  oscillators  "  con- 
cerned in  holding  together  the  <-rvsfalline  strucftire.  Assuming  that 
the  eneigy  of  an  oscillator  having  a  vibration  frequency  v  is 

X 

where  x  sfanfls  for  hv'HT,  it  is  found  that  ihe  atomic  heat  of  fusion 
of  a  metal  can  be  c.ilculated  wi(h  fair  accural  y  by  tiie  formula, 

AL^cNBTy     '     . 

Here  .1  denoloij  the  atomic  weight,  L  the  latent  heat,  and  r  the  ratio 
of  the  number  of  oscillators  in  question  to  the  number  of  atoms. 
Thus,  the  numl)er  of  oscillators  in  I  gramnu!  molc-cule  is  Xr,  where  A' 
is  Avogadro's  (constant.  It  is  found  that  to  the  factor  r  niu.st  be 
assigned  a  value  which  is  cither  unity  or  a  simple  fraction.  The 
frcfpiency  at  the  teni])(  talinx;  of  the  nielfiuii  point  is  calculated  by 
m<;ans  of  the.  formula  of  Jjindcmaiui.  'J'he  a|)plicati()n  of  Debye's 
tluiory  is  also  discussed. 

J)r.  P.  S.  Wii.i.ows  agreed  with  Dr.  Allen  that  the  (pianttim-theorA' 
was  still  in  a  very  S]ieculative  state.  He  referred  to  th<'  statement  in 
§1  that  "  The  energy  supplied  to  melt  tJie  solid  mny  he  identified  trith  the 
work-  that  rmiM  be  done  to  break  the  boiidn  which  impart  to  the  solid  its 
crystalline  structure.'''  This  seemed  to  rule  out  of  consideration  the  case 
of  amorphous  solids.  It  is  sui)p()sed  tliat  some  of  the  alterations  pro 
duced  in  a  metal  by  tr<-atnient  such  as  rolling  are  due  to  some  of  the 
moleeules  becoming  amorphous.  Could  the  theory  be  extended  to  deal 
with  the  change  from  the  c  rystalline  to  amorphous  stat?s  ? 

Dr.   Am-f.n  thoujiht  the  change  from  crystalline  to  amorphous  con- 
(Ijtions  was  tlie  same  as  from  crystal  to  li(|'.ii(l. 

I'rof.  Hovs  :  Would  not  thai  imi)ly  lliat  there  was  no  latent  heat  in 
ani"r]ihons  inatci'ial  '.' 

I)i-.  .\i,i,KN  agreed  that  liiat   wnuid  bv  iiiipjied. 

A   Paper,  entitlerl 

"Lenses  for  Light  Distribution," 

was  read  by  Mr.  T.  Smitu. 

'I'iie  princi|)le  on  which  lenses  for  .securing  a  rei|uiieil  disi  iil)u(ion 
of  light  from  a  given  sourci;  have  been  (h-signed  is  illustrated  by  a 
two-dimensional  example..  The  jmnciide  emjjloyed  is  to  divide  the 
incich'iit  and  emerg«'nl  energy  into  a  nundier  of  equal  parts  and  eom- 
])ulc  the  l(Mis  systcTU.  so  that  (he  rays  which  separate  off  these 
])()rtions  of  inciilent  light  fioni  one  another  ai-e  refracted  jus  rays 
which  sc|>aralc  I  hi^  corn-spondiiig  |M>rlionN  of  the  crniMgenl  light. 
The  surfaces  obtained  are  in  general  of  \arying  curval.ire,  and  the 
lenses  must,  thiiefore.  be  moulded.  It  is  shown  how  the  ciVcel  of 
(he  linile  si/.e  of  (he  ligld  source  may  be  determined. 

.Ml.  1!.  S.  \\  iiini.i:  asked  how  (lie  results  nhtain  il  with  iHnips  d-sigiied 
III)  tli<-  lines  discussed  in  the  Taper  ec>nipare<l  with  those  previously 
eiiipIoNcd.  wlucli  had  be-ii  evolved,  he  presumed,  simply  by  the  survivjil 
(if  (lie  lidest.  \\ei(^  leuscs  of  (his  (vjie  u'-eil  a.s  lirst  cast  or  were  (In- 
surfaces  liiialU   wnrki-d  ? 

.Mr.  Smith  staled,  in  reply,  that  the  j.inips  previously  in  use  pave  very 
unsatisfactory  results.  Their  perfoiuiaiues  varied  tn-atly  anion-  thrm- 
BPlVes,  and  there  did  not  appear  to  he  any  principle  underlying  their 
design.  Tn  many  eases  the  lenses  were  not  even  symmetrieally  made, 
and  Ihe  niimh<  r  of  dioptric  elements  employed  depended  Mitirely  on 
the  whim  of  the  muker.  Some  »)f  these  lenses  had  Ik-^u  ground,  but  he 
was  not  aware  that  th«  v  had  been  used  except  by  the  .\dmiialty  The 
new  lenses,  on  the  otlier  hand,  wen^  pivinc  very  satisf.vtorv  Results, 
despite  the  fact  that  some  manufacturers  ha<l  not  yet  quite  realised  t4ic 
ideal  conditions.  The  lenses  were  mouhled  and  then,  m  some  cases, 
gla/.ed  hy  what   li(>  Ivlieved  was  n  S(vre(  procf'.-w. 

A  Paiicr.  (Mi(itlcd 

"The  Choice  of  Glass  for  Cemented  Objectives," 

was  read  by  Mr.  T.  Smith. 

The  strict  fulfilment  of  (he  mathemntioal  conditions  for  freedom 
from  colour  sphiE»i'^al  aberration  Jtnd  coma  for  objects  «t  v«Tj-ing 


distances  from  a  thin  cemented  doublet  lens  necessarily  demands  a 
change  in  the  kinds  of  glass  as  the  posit irm  of  the  object  is  changed. 
Thr;  Paper  descril)es  a  method  by  which  the  proper  glas.ses  can  Ije 
determined  by  using  a  glass  chart  on  translucent  paper  in  con- 
junction with  diagrams  calculated  for  the  purpo.se  as  a  slide  rule. 
Uitli  inost  glasses  the  solution  to  the  ])roblem  is  imaginary,  and 
formula;  are  given  for  calculating  the  boundary  separating  real  and 
imaginary  solutions  by  .solving  a  quadratic  equation.  In  practice 
it  \ii  found  that  the  curves  for  all  real  images  lie  very  close  to  one 
another.  \o(wi(hstanding  (his.  a  numerical  example  shows  that 
there  will  be  a  jierceptible  difference  in  the  definition  obtained  if 
in  place  of  the  tluuiretically  necessary  (ype  a  kind  of  glass  is  .'■ub- 
.stitutcd  which  does  not  differ  gi-eatly  from  the  other,  and  lies  eu  a 
curve  giving  perfect  correction  for  another  real  magnification.  It 
IS  further  shown  (hat  when  no  real  solution  is  forthcoming  for  a 
double  lens  a  real  .solution  will  in  practice  Ijc  obtained  by  adopting 
a  triple  objective  made  of  the  same  gla.s.ses. 


LEGAL  INTELLIGENCE. 


Zinc  Corporation  v.  A.  S.  Elmore  and  Others. 

l.Kist  week  Mr.  tlustico  Astbiiry  lieard  a  motion  on  behalf  of  plaintiffs 
for  an  injunction  to  restrain  .Mr.  A.  S.  Elmore,  (he  British  Ore  Con- 
centration Syndicate  (i^td.).  and  the  Or<-  ('oiicentrati(m  Co.  (1!)0.j).  Ltd., 
until  (rial,  or  fuHher  order,  from  threatening  plaintilTs  with  any  legal 
]>roce<!dings  or  liability  in  connection  with  any  of  defendant's  letters 
patent. 

.Mr.  Boi  SI  iici.D.  K.C..  for  plaiidifTs,  re  id  an  affidavit  by  the  chairman 
of  j.l.iintifl  com|>any  (.Mr.  <;o\(tt.).  in  which  lu^^aid  (hat  Air.  IChnor<>  was 
chairman  of  each  of  the  ci(f<  ii<la.'.t  companies.     The   liritish   Ore  Con- 
centration Syndicate  was  the  owner  of  a  nundier  of  liritish  patents,  and 
the  Ore  Concentration  Co.  (190.5J  was  tlic  owner  of  the  foreign  and 
Colonial  (including   Australian)  patents.  corres]Kinding  to  the   British 
patents.      Plaintiffs  worktd  def<'ndants'  process  in  Australia  until  PHI, 
after   which   they   coninieiued   to   work  a   jiroce.^s   owned   by   Minerals 
Separation  (Ltd.>k  and  that  was  (he  ]w(«'nts  jilaintiffs  had  worked  ever 
since.      An  action  brought  by  defendants  against  plaintiffs  for  infringe- 
ment was  dismissed.     The  proci^ss  allee?*!  in  the  action  to  he  an  infringe- 
ment of  the  rights  of  def  nd'jnts  wasin  ;dl  material  resjieets  identical  with 
the  proc->ss  which  plaintiffs  had  be<-n  using  in  Australia  since  1911.     On 
Jan.  2(1,  19l(i.  Mr.  Klmore  wrote  a  Iittr>r  to  Mr.  (lOvett.  of  which,  eounsd 
said,  plaintiffs  complained.      In  the  letter  it  was  s«gg'>sted  that  plaintiffs 
should  buy  up  <lefendants'  jiatents  for  t.T»»,OtK>.  and  that  if  they  did  not, 
the  result  wouhl  In  interminable  litigntion.     Thp  letter  also  said  defen- 
dants woiill  take  proceedings  to  (dllcct   royalties  on  all  jilaintiffs"  con- 
cent rates  sc-nt  into  Kii<;land.      I'efoii- t  he  war.  remarked  counsel,  the  ore 
conicntrates  used  to  be  siiie|te<l  in  (H-rmany.  and  it  was  a  qu»-stion  now 
of   smelting  th»^  coiueutrat.s  in    Kngland.     Threats   of  (hat  sort   were 
l>revcn(ing   arraiigrmen(s    being   earricnl    out   for   the   smelting    of   tho 
couteiitrates.      If  defemlants  had  any  claim  let   them  say  .iso.      In  (he 
.ilternative.  plaintiffs  ask'-d  that  dehiidants  should  be  preveM(ed  from 
making  (hese  threats  until  (hey  were  prei>;>rcd  to  (ake  proceedings.     The 
jirocc'ss  in  cpiestion  had  boii  the  subjc  ct  of  long  and  c  xji'iisive  litigation, 
in  which  Mr.   Klmore  had  been  dcfi-ated.      Now  they  said  they  wciuld  re- 
cqnn  the  matter  and  bring  ac'ions  in  Au.stralia,  and  if  plaintiffs  brought 
their  ]irctducts  to  Kn;:lnnd.  defends n1»  would  make  a  <-laim  for  royalties. 

Mis  boitnsiiir  :  I  think  it  w.is  an  unwise  letter  for  Mr.  Klmore  to 
write-,  but  lic«  wrote  .ifterw.trds  (hat  he  had  no  desire  to  threaten  you. 
Af'e-  (hat    I  think  it  was  unwise-  of  you  to  I  rini;  this  motion. 

.Vnsweriuv'  (he  .ludge,  Mr.  Wai.tku.  K.t '..(for  defendants)  said  he  was 
willing  to  undertiike  to  issue  no  threats  |)ending  (lu-  tiial  of  (he  action. 
Mr.  Waltc^rsaid  Mr.  Klmore  hid  valuable-  proj  ert  ie-s  for  sale,  and  il  was  a 
bii.--iiiess  pro|>osal  whic  h  li.ad  bi-eii  tn-atcd  wronuly  by  (he  other  side. 

Mr.  .lustiei'  .\sibiiry  iiiaeb-  no  order  em  tlie>  mention,  ;ind  ace<'p(t«l 
defendants"  unihrtakm^-. 


J.  C.  Jamos  V.  Lcatherhcad  Electricity  Co.  (Ltd.) 

At  Epsom  County  Court  rerently  plaintiff  sought  to  ncnver  £2.  said 
to  have  ln-in  ilh  g«llv  d«  dii.te  d  fi-om  his  wa^zeB.  Defendants  made  a 
eounter-rlaim  f'^r  £2  for  money  lent. 

Pi.MNTiFr  sflid  he*  WHS  formerly  «mplo>-ed  as  shift  engineer  at  the  elec- 
tiieitv  works.      On  TK-c.  20  lust  an     ''  was  eommi(t<<d  at  the  rom- 

panv's  worki«  in  ns|M>c-t  of  the  1><  fei  HcHlm  .\<  (.     A  light  was  on 

in  the  batt<-rv  room  for  takmp  (he-  Nolia::.  n  admcs.  the  rngine^<^r  (Mr. 
Dixon)  havnig  mstructed  him  to  send  <<ii.  who  was  on  the  switchboard 
to  (ake  the  readings.  \Mfr  he  rep<irtcd  that  tlio  ]Kdic-e  were  sunmKHiing 
him.  and  he  wa<  fined  £2  at  (he  \\o\\co  court.  Mr.  Dixon  advised  him  to 
see  a  solic  i(or  nlwuM  d.  and  said  Ih.nt  he  would  pay  the  solicitors  fpe. 
After  (he  jiolie<>  e  euirt  p'  Ml.  l»i\on  gave  him  two  £1  notes  with 

whit^h  to  p.iv  the  tine.  nt:  at  the  time  about  it  being  a  loan, 

or  that  it  would  be  H<du<  ted  out  of  his  wages.  On  .Ian  12.  H»1H  ffonr 
weeks  later)  his  wn»ji  s  were  stopix'd  to  pay  t4te  dne.  and  \if  told  th»' 
irranBger  that  if  ho  did  not  receive  hit*  money  by  12  o'clock  that  ni^ht,  at 
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the  end  of  the  shift,  he  would  leave  the  woiIsh  and  Burnmon  him  for  tlic 
money.  The  same  nij^ht  he  received  a  document  Kummariiy  diKminHing 
him.  On  Feb.  29  the  sum  of  £1.  4t).  8d.  wan  sent  to  him,  beinj^  two  week.n 
wages  lees  than  the  £2  stated  to  have  been  lent  to  him,  and  4fl.  insurance. 
He  deni'.^d  all  knowledge  that  the  £2  was  an  advan( c  an  his  wages.  He 
denied  that  he  was  told  that  if  any  ligiiting  case  iiapjxncd  the  men  wouM 
have  to  bear  the  brunt  tlicmsclvcs.  Tlic  window  iia<l  to  be  o]»en  to  allow 
the  gas  to  cscaj)e  from  the  liattery. 

Mr.  H.  Leslie  Dixon,  engineer  and  manager  of  the  Leatlierhead 
Electricity  Works,  said  that  two  of  their  men  having  ])revi(uisly  com- 
mitted offences  under  the  Defence  of  the  Realm  Act,  it  was  intimated  by 
word  of  mouth  round  the  works  that  in  future  the  (company  would  not  i)ay 
any  fines,  and  that  it  would  be  considenul  an  act  of  carelessness  on  the^ 
part  of  any  workman  who  committed  the  offence.  As  an  act  of  kindness 
he  offered  to  pay  the  solicitor's  fee  for  ])laintitf,  but  told  him  that  he  must 
put  up  the  best  defence  he  could,  as  he  would  have  to  pay  the  fine.  After 
the  case  was  heard,  James  came  to  him  and  told  him  that  he  had  been 
fined  £2,  so  he  advanced  the  money  to  him  without  any  word  of  it  l)eing 
a  loan,  but  it  was  an  understood  thing  that  it  would  come  out  <if  his 
wages. 

His  Honour  said  that,  having  regard  to  the  conduct  of  Mr.  Dixon, 
acting  for  the  company  at  the  time  James  was  summoned,  he  must  (tome 
to  the  conslusion  that  the  company  intended  to  take  responsibility. 
Again,  notices  repudiating  responsibility  in  futiu'e  cases  were  not  put  up 
until  James'  case  had  taken  place.  He,  tliciefore,  gave  James  judgment 
on  both  the  claim  and  counterclaim. 


earnmgs  an«l  hi  i  earnings  at  the  time  of  thfe  ar<  iderit,  ami  that  the  com- 
penwation  should,  therefore.  \m;  n-duced  frf«in  <5»  to  2«t.  a  week. 

For  the  man  it  was  i  ont(  nde<|  that  a^  tht-  w       ■  /  * 

of  the  higher  cost  of  livinu'  and  the  hani.r  w,  it 

was  temjiorary  and  not  perman'-nt,  ii  should  w  I.      It  wa.-i 

also  argued  that  the  Court  should  take  into  ion ;..;  (a- 1  titat 

l)ut  for  the  accident  the  workman  would  now  be  eaminj;  44»..  or  4r»s.  at 
his  old  work. 

The  Dejjuty  Jn<lge  (Mr.  T'oi-k)  in  redueinj;  the  e<>m|K^nH4tion  to  Sii., 
said  that  immediately  the  war  bonus  wa«  liiki n  otT  or  I  !.-- 

creased  from  other  reasons  the  workman  euuld  apply  U>  '  -  a 

revision  of  the  compensation. 


Browett,  Lindley  &  Co.  (Ltd  &  Reduced).— A  ]•  r  t^n- 

firming   tlic   jtioposcd    n-diictiou   of   the   capital  of  thin       ..., .•  from 

£120,000  to  £107,000  will  be  heani  by  Mr.  JuBtic-e  Sargant  on  June  6L 


PARLIAMENTARY  INTELLIGENCE. 


Royal  Assent.— On  May  17  the  Royal  Assent  was  rewl  to  the  folkur- 

ing  A('ts  of   Parliament  :    Summer  Time   Act,    Kdinburgh  ('nrp<jratioa 
Order  Confirmation  Act,  Jiurnley  Corporation  Act. 


Falk,  Stadelman  &  Co.  v.  General  Cable  Mfg.  Co. 

Last  week  a  Divisional  Court  heard  nn  application  regarding  a  new 
trial  of  this  action. 

Mr.  Clavell  S\lter,  K.C.  (for  plaintilfs),  said  that  a  Divisional  Court 
had  heard  an  appeal  from  the  County  ("ourt  in  that  case,  and  had  ordered 
a  new  trial,  and  a  question  had  arisen  as  to  whether  it  was  intended  that 
the  new  trial  should  be  limited  to  certain  issues.  The  goods  were  elec- 
trical cables,  and  defendants  said  there  was  a  force  mnjeirre  clause,  and 
the  contract  was  impossible  because  of  the  war.  The  ( 'ounty  Court  judge 
found  there  was  no  force  mnjevre  clause  in  the  contract,  but  he  did  not 
consider  whether  there  was,  in  fact,  force,  wnjeure.  The  question  of 
impossibility  he  decided  in  favour  of  ])]aintitTs,  and  he  then  assessed  the 
damages.  The  Divisional  Court  took  the  view  that  the  judge  did  not 
properly  determine  if  there  was  a  force  mnjeure  term  in  the  contract,  but 
that  the  cpiestion  of  impossibility  had  been  rightly  decuded,  and  at  the  new 
trial  it  would  not  be  necessary  to  further  consider  the  latter  question. 
The  order  had  been  drawn  up  for  "  a  new  trial  "  without  any  such 
limitation,  and  the  only  point  was  whether  there  was  power  to  amend 
the  order. 

Mr.  Cook  Johnson  (for  defendants)  said  that  the  evidence  must  be  the 
same  again  whatever  happened,  because  evidence  that  would  go  to  show 
that  the  contract  was  impossible  of  jjcrformance  would  also  ap])ly  to  tlie 
qiieistion  of  whether  there  had  been  prevention  hy  force  mdjeiirc  from  the 
carrying  out  of  their  obligations.  That  was  the  third  attempt  made  to 
limit  the  right  of  his  clients  to  a  new  trial. 

In  giving  the  decision  of  the  f!ourt,  Mr.  Justice  Lush  said  that  while 
sympathising  with  the  position  of  plaintiffs  they  could  not  alter  the  order 
that  had  been  made  for  a  new  trial,  and  the  costs  of  the  application  would 
be  costs  in  the  cause. 


PATENT   RECORD. 


A.  Rowett  V.  St.  Austell  Electric  Light  &  Power  Co. 

This  action  was  recently  tried  in  St.  Austell  County  Court.  Plaintiff 
sought  to  recover  £12.  17s.,  damages  to  his  horse  and  harness,  and  personal 
injuries  due  to  the  collapse  of  one  of  the  company's  poles  (which  carried 
the  wires  across  Bodmin-road)  on  Dec.  27  last. 

For  the  defence  it  was  stated  that  the  accident  was  "  an  act  of  God," 
an  unusual  storm  having  blown  down  the  pole  and  strewn  the  tele])hone 
wires  on  the  road,  and  the  horse  became  entangled.  Plaintiff  gave 
evidence  and  said  that  the  pole  was  rotten,  and  that  those  who  went  to 
extricate  the  horse  received  electric  shocks. 

His  Honour  Judge  Gent  declined  to  admit  the  ])lea  that  the  accident 
was  due  to  an  "  act  of  God,"  and  decided  that  there  was  negligence  on 
the  part  of  the  company.  There  was  ]>lenty  of  evidence  that  other  peo])le 
had  noticed  the  condition  of  the  poles  and  that  tlie  attention  of  the 
company  had  been  called  to  them.  He  gave  judgment  foi-  plaintiff  for 
£9.  17s.,  with  costs. 


Workmen's  Compensation. 

In  the  Salford  County  Court  recently  a  question  arose  as  to  whether  in 
assessing  or  reassessing  compensation  under  the  Workmen's  Acts  war 
bonuses  should  be  included  in  the  wages  or  earnings. 

The  British  Westinghouse  Electric  &  Mfg.  Co.  applied  for  a  reduction 
in  the  compensation  payable  to  a  mechanic  named  Frank  Bradshaw, 
who,  when  he  met  with  an  accident  in  1910,  was  earning  31s.  a  week.  As 
a  result  of  the  accident  his  right  leg  was  am])utated  above  the  knee,  and 
in  1912  he  accepted  a  post  of  assistant  storekee])er  at  22s.  a  week  and 
compensation  of  Gs.  Since  then  his  wages  were  advanced  4s.  and  a  war 
bonus  of  38.  a  week  added.  For  the  employers  it  was  conteniled  that  at 
most  the  workman  was  now  entitled  to  the  difference  between  ins  present 


BPECIFICATI0N3  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  havt  bten 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  tht  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  after  the  title- 

1915  Specificvtions. 

3,520  International  ElectricCo.,  Roose&LeNoir.    Electricjignalling. 

5.832  Naamlooze   Vennootschap  de  Nederlandsche  Thermo-Telephoon   Maat- 

scHAPPij.     Process  for  the  manufacture  of  heating  conductors  for  thermic  tele- 
phones from  wires  treated  by  the  Wollaston  process.     (6  2,'15.) 

5.833  Naamlooze   Vennootschap   de   Nederlandsche  Thermd-Telephocn    MaAt- 

scHAPPij.     Sound  chamber  for  thermic  telephones  and  the  ii'<e  intended  to'te 
introduced  into  the  auditory  passage.     (8/2(15.) 

5.834  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-Telephooh  Maat- 

scHAPPij.     Construction  of  heating  conductors  for  therr:      "''"    '~  "  15.1 

5.835  N.^AMLOOZE   Vennootschap   de   Nederlandsche  Tkf  at- 

scHAPPij.     Process  for   the  manufacture  of  heating  ..  ;.^  .  :..-    ...         .-.n'tc 
telephones  from  wires  manufactured  by  the  Wollaston  process.     (S*  2,  !5.| 

5.836  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-Telephoo.s    Maat- 

scHAPPij.     Thermic  telephones.     (10.2  15.) 

5.837  Naamlooze   Vennootschap   de    Nederlandsche  Thermo-Telephoon  Maat- 

scHAPPij.    Thermic  microphone.     (1I;2/15.) 

5.838  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-Telbphoon   Maat- 

scHAPPij.     Thermic  telephones.     (11/2,15.) 

5.839  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-Telephcon   Maat- 

scHAPPij.     Thermic  telephone  with  adjustable  sound  effect.     (12,2.15.) 
5,340  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-Tblephoon   Maat- 

scHAPPij.     Thermic  telephones.     (12  215.) 
5,842,  5,843  Naamlooze  Vennootschap    de    Nederlandsche   Thermc-Telephooh 

Maatschappij.       Heating   conductors  for    thermic    telephones.       (13  2  15.) 

(^/3/15.)  ^,  ...  ^  „ 

5.844  Naamlooze  Vennootschap  de  Nederlandsche  Thisrmo-Telephcon   Ma.\t- 
scHAPPij.     Manufacture  of  heating  conductors   for  thermic  telephones  from 
Wollaston  wires.     (6/3,  1 5.) 
5,845,  5,846,  5.847  Naamlooze  Vennootschap  de  Nederlandsche  Thermo-  Tele- 

phoon  Maatschappi].     Thermic  telephones.     (17;3,15.)  ; 

6,362  Samai  A.    Autom  atic  sign  allin  g  arran  gemen  t  for  t  ramw  ay  lines  or  electric  railways 

(Patentof  addition  not  granted.) 
6  495  Svenska  Turbinfabriks  Aktiebolaget  Ljungstrom.    Rotary  fieio  magneu. 

(22,'6/14.) 
6,586  Van    Lynden   &   Naamlooze  Vennootschap  db  Nbdbrlandschb  Thbrmo- 
Telephoon  Maatschappij.    Thermic  telephones  and  microphones.    iCcsnate 
Apolication,  12.256/15.) 
6.469  B  T -H.  Co.    (G.E.  Co.)    Controlling  mechanism  for  automobiles. 
7.092  Svenska  Turbinfabriks  Aktiebolaget  Ljungstrom.    Controlling  means  tor 
electrically-propelled  vessels.     (17,9,14.) 
ComprisescontroUingmeansconsistingof  asiiaftrot  .' 
central  or  determined  position,  said  shaft  being  provi.i; 
operating  through  levers,  switches  located  on  each  side 
connected  to  a  regulating  resistance  of  the  motor  or  ■ 
switched  in  when  theshaftisin  proximity  to  said  centra'. : 

gradually  cut  out  on  movement  of  the  shaft  in  one  dircouci  oi  "■^' 

central  position,  and  the  switches  being  simultaneously    .-tuiiteO  'or 

in  ooposit":  directions  according  to  the  direction  ct  said  shall. 
8,107  Bpitish  Electric  Transpormer  Co.  &  McWiLLiAM.     Oil-cooled  tr. 
8.466  Sjc.  Anon,  des  Etablissements  L.  Bleriot.     Electrical  instalU;..... .  ,-.-..;u- 

larly  applicable  for  use  in  motor-vehicles.     (25  7  14.) 
9  519  Payne.     Magneto  ignition  devices  for  internal  combustion  engmes. 
9.635  Cassel.    Winding-devices  for  conductors  conwying  power  to  movable  efcctric- 

allydriven  m.ichines. 

10.026  Scholes.     Electric  junction  box.  .      ,    ^  .  .'w.fi;i<:% 

12.671  Betolander.     Impulse  transmitters  for  automatic  telephone  systems.  (2b/l/ia.) 

12.995  Orange.     Electric  arc  lamps.    (12,9,14.)  ...  , 

An  electric  lamp  comprising  a  sealed  envelope  contamm^  arcmt-  -  oi 

tungstenorothersuitablerefractorymaterial.afil'- -- ^'-    •'•'  ^^'•;^i■-  -  ^ -^ 

tity  of  vaporisable  material  such  as  mercury,  the  -  smg  r«oucea 

locally  in  section  so  as  to  cut  down  the  loss  of  heat ; 

13,555  Hermges.    Incandescent  electric  lamps.  

16.614  Etablissements  de  Dion  Bouivn  (Soc.  Anon.).    Magneto-electric  generators. 

16  780  Westwood.       Switches   for   electric   cycle   lamps.    (Divided    application   on 

7,909/15.     28,5/15.) 
17,333  Cairns&Steel.    Jointboxesforelectric  cables. 
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1916  Speci.-icatiohs. 
3,534  Giles,  G.   .Electrolytic  condenser  or  electrolytic  valve.    (9,3/15.)     100,157. 

Comprises  a  central  core  of  insulating  ifiaterial,  in  v/hich  several  aluminium  bars 
or  rods  are  embedded,  said'bars  or  rods  forming  supports  for  spirallyarranged  con- 
denser plate?  and  contact  terminals  for'theincoming  and  outgoing  current.  "  ^ 
3,780  bouLTON,  H.  .L.  &  Podmoke.    Tools  for  i'-.ternally  shaping  telegraph  insu- 
lators and  the  like.    (17/4/15.)    (Addition  to  21,923/14.    Divided  application 
on  5,757/15.) 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  [except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  '  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  it  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  a'e  those  of  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

April  19,  1916. 
5,761  YoANNA.     Labelling  radiographs.    (8/5/15,  U.S.) 
5,722  Kershaw.     Railway  signalling  a.ic  interlocking  apparatus. 

April  20,  1916. 
5,769  Automatic  Telephone  Mfg.  C^.  &  G.-^een.    Mine,  &c.,  signalling. 
5,777  Scott.     Electrically-operated  friction  hoists. 
5^779  Staples.    Signalling  apparatus  in  mines. 

5,807  Angold,  Duddell,  Dykes,  Handcock  &  Oliver.    Distance-operated  mecha- 
nisms and  signals  connected  to  electric  supply  systems. 
5,834  McLeod.     Preventing  rapid  exhaustion  of  primary  batteries.    , 

5.841  CHRysT&  Kettering.     Electrical  systems  for  engines.    (24/6/15.  U.S.) 

5.842  B.T.-H.Co.  &  Whittaker.    Dynamo-electric  machines. 

5.858  Berry.     Electric  fuses. 

5.859  Berry.     Electric  heat  radiators. 

5.860  MoRDEY.     Electric  relays  and  their  application. 
5,847  KiNCSsBURY.     Illuminated  signs  or  electrographs. 

April  25,  1916. 

5.874  Neep  &  Sv/itchcear  &  Cowans  (Ltd.).    Magnetic  blow-out  iuta. 

5.875  DuNGEY.     Intercommunication  teleplioncs. 

5,884  Struyven.     Electrically-operated  temperature  alarms. 
5,916  Wilson.    Mountingmariners'ccmparseson  lifeboats. 

5.933  Cauntfr.     Electrical  switches. 

5.934  B.T.-H.  Co.     (G.E.  Co.)    Electric  locomotives. 

5,945  Austin  &  Taylor.    Shields  or  guards  for  electric  lantern:,  electric  torches,  &c. 

April  26,  1916. 
5,972  Holt.    Points fortramways,railv/ays,&c. 
5,978  Beijbr.    Power  transmission  and  control. 
6,003  B.T.-H.Co.  &PECKHAM.     Lighting  fittings. 
6,005  Burgess  Laboratories,  C.F.    Dry  cells,  and  batteries  thereof.     (28/5/15,  U.S.) 

April  27,  1916. 
6,031  Steiger.     Electric  devices  for  automaticnily  turning  lights  en  and  cff.   (28/4/15. 

Switzerland.)* 
6,036  WoLTMANN.     Electric  welding  apparatus.     (l/5/15,U.S.)* 
6,039  MoRTLEY.     Electrical  generators  for  aircraft.* 
6,042  Baumann.     Dry  battery.     (4/2/15,  Switzerland.)* 
6,044  Allegranza  &  Fort.    Assembling  and  uniting  accumulatcr  plater.* 
6,056  Davison.    Submarine  sound  signalling  apparatus.* 

April  28,  1916. 

6,079  WooLiscROFT  &  Davies.     Electric  switches. 

6.082  Levy.     Reflectois  and  shades  for  arc  lamps,  electric  lights,  &c. 

6,089  Chambers.  Electrolysis  of  brine  in  the  manufacture  of  sodium  hypcchloritc,  and 
apparatus  therefor. 

6,091  Blackmore,  Marsh  &  Warne.    Acid  and  fume,  gas,  water  and  vapour  prcof 
electric  lamp-holding  device. 

6,095  GiLL&  Richardson.     Electrical  indicating  devices  for  taxicabs,  &c. 

6,104  Hall  &  KiR.'<.     Autcmatically  taking  up  shrinkage  of  coils  of  electric  trans- 
formers, &c. 

6,106  Halfcrd.    Distributors  for  magneto-electric  machines. 

6,114  Maschinenfabrik  Oerlikon.     High  power  and  speed  turbine  plant.   (28/4/15, 
Switzerland.) 

6,129  Sperry.    Operating  electrodes  for  projectors.    (28/6/15,  U.S.) 

6,131  Curtis.     Electrical  resirtances. 

April  29,  1916. 

6,150  Hali.  &  Kirk.     Automatically  taking  up  shrinkage  of  coils  cf  electric  trans- 
former.', &c. 
Crowther  &  Rcjutlbdge.     Elecfro-magnefic  guns. 
B.T.-H.  Co.     (G.E.  Co.)    Electric  motor  control  systems. 


6,151 
6,160 

May  1,  1916. 
6,196  Boyd.     Electric  generating  systems. 
6,181  Levy  &  Street.     Arc  lamp  reflectors. 

May  2.  1916. 
6,234  Southern.     Electric  firing-circuits  for  guns,  mines,  torpedoes,  &c. 
6,238  Thomas.     Miners' electric  safety  lamps. 
6,241,  6,242  FiLtjiEs.     Electric  hand  lamps. 
6,244  Craven.     Plug  for  telephone  switchboards,  &c. 
6,249  Stevens.     Reversing  controller  for  petrol-electric  cars,  &c. 

6.255  Wilson.     Transformers. 

6.256  HETTiNQEft..    Aerial  conductors  for  wireless  signalling.  &c. 

6.257  Cracknell."   Adapting  socket  for  attaching  electric  shades  and  lamps  combined 

to  lampholdcrs. 

6.258  McIndoe.    (Combined  electric  switcne'  and  plug  couplings. 

6,260  Collie.    Troughing  or  trays  for  electric  conductors,  condfuits,  pipes,  Stc. 

6,269  Byorave  &  Relay  Automatic  Telephone  Co.     Electrical  selectors  or  Hri^uke 

res  ponders. 
6,274,  6.275  Stone.     Electric  batteries. 

6.292  British  Westinohousk  Electric  &  Mfg.  Co.    Systems  of  control.  (4/5/15.  U.S,) 
6,288  Clarkson- Jones.  Making  and  maintaining  electrical  communication  in  the  field. 

May  3,  1916. 

6,302  Mander.     Electric  flashlight  batteries. 

6,315  Clarke  &CROSBSE&  Sons.    Sparking-plugs  and  manufacture  of  same, 
6,326  Burrows  &  Plummer.     Electrical  measuring  apparatus  for  indicating  depth  of 
liquids  in  tanks.  &c 

6.328  Burrell.     Automatic  telephone  systems. 

6.329  D'Antonio.    Telegrapliic  tr.insmisslon  devices. 

6^339  Price.     Automaticswitchesor  cutouts  for  use  in  Charging  batteries  from  dynamos. 

&c. 
6,355  Orlinc;  &  Orling's  Telegraph  Instrum5nt3  Svnd.    Telegraphic  transmitters 

and  relays. 

May  4,  1916. 

6.378  Messerschmiot.    Timer  or  interrupter  for  magneto.     (12/10/15.  U.S) 

6.379  Messerschmidt.     Magneto.     (29/6/15,  U.S.) 

6.393  London  Electric  Supply  Corpn.     Automatic  c'riin-erate.  Stc  .  stokers. 
6^404  Kettering.     Electrical  regulators.     {26/6/15.  U.S.) 

6.405  CHRYST&  Kettering.    Systems  of  electric  il^ncralion.    (27  10  15,  U.S.) 

6.406  Ketterin:;.     Isnition  systems.    (30/8  15,  U.S.) 

Mays.  1916. 
6,467  Howard.    Dynamo-electric  machines. 

5,476  Brown.     Vibrating  make-and -break  devices  for  electric  signalling. 
6,483  Campbell.     X-rav  apimratus.     (7/8,15.  U.S) 
6,491  Ckinsteli  &  Laii>law.     Telephone  systems. 


6,496  Norsk  Hydro-Electrisk  Kv.tLSTOFAKTiESELSKAB.    Receptacles  for  chemical 

purposes.     (12,5'15,  Norway.). 
6,516  Hay.     Production  of  sine-v/ave  and  like  smoothly  varying  E.M.F.s. 

May  e;  1916. 
6,530  Spence?.     Electricillv-propelled  vehicles. 

6,541  Sie;.'.E!;s  &  Halske  A-:t.-Ge:.     Elettfd^agnetlc  relays.  '  (22/6/15,  Germany.) 
6,551   Bznn^tt.     Electric  lampholders. 

May  8.  1916. 
6.535  HiOGiNS.     Magnetic  illy-operated  prime  mover  or  motor. 
6,589  HENr>ERS0N.    Starting  and  stopping  device-  for  electric  motors. 
6,594  SoAREs.     Electric  lamps. 

6,596'  Zweigberok.     Electrical  machines  for  variable-speed  gearing. 
6,603  G-jiNNEss.    Sparking  plugs. 

May  9,  1916. 
6,616  Lancaste.r.     Holders  for  incandescent  electric  lamps.*, 
6,619  Hunt.    (Bryant  Electric  Co.)    Electric  lamp  sockets.* 
6,629  Warfvinge  &  Werner.     Means  for  telephonic  communication    to   and  from 

■  moving  railway  trains,  &c.     (11,'5/15,  Sweden.)  * 
6,637  Hagerty.    Magnetic  mat. 

6.639  B.T.-H. <^.     (G.E.Co.)     Electric  motor  control  systems.* 
6,654  Cunningham.    Switchboard  for  telephones  or  telegraphs.* 

May  10,  1916. 
6,679  Westwood.     Switches  for  electric  battery  lamps. 
6,632  Galston.     Railway  or  tramway  switch-operating  mechaniin. 
6.695  Van  Deventer.     Means  for  discharging  static  electricity  from  movinf-picture 

films.  &c.     (17/5  15.  U.S.)  - 

6,702  Studt.     Electrolyticdepositionof  copper  from  acid  soluticns. 

May  11.  1916. 
6.720  LovELL.     Michanicil  te^-joint  for  multicore  electric  cables. 
6.735  Churchill  &  Geeraero.     Electrolytic  cells. 

6.745  Primrose.     Electrical  radiators. 

6.746  Primrose.     Former  for  electrical  radiators,  &c. 

6.771  Sell.     Electric  headlights. 

6.772  Hand.     Mariner's  Compass. 
6.780  Berry.     Electric  heat  radiators. 

May  12.  1916. 
6,809  Bdothroyd  &  Callender'c  Cable  &  Construction  Co.    Sealing  and  bonding 

glands  for  electrical  junction  boxes. 
6,823  Allison  &  Morris  it  Whitham.    Automatic  machine  fcr  manufacture  cf  stems 

for  metallic  filament  electric  lamps. 

6.828  Elektro-Osmose  Akt.-G's.    (Graf  Schwerin  Ges.)    Prccers  for  jJurifying  fluids. 

(10/6/15,  Germany.) 

6.829  Ballantine.     Manufacture  of  tungsten. 

6.836  Perrett.    Sparking-plugs. 

May  13,  1916. 
6,8i9  Cowper-Colej.    Mithod  of  Suspending  metallic  articles  during  clectrc-icposition. 
6.859  White.    Carbon  holders  for  electric  arc  lamps. 
6,869  Morrison.    Power-transmission  systems.     (8/6/15.  U.S.) 
6.851  Crooxall.    Sparking-plug  cutout  for  internal-combustion  engines. 
6.867  Welch.     Electric  lampholders. 
6.874  Westinghouse  Machine  Co.     Motor  power  plants.     (9/1/15,  U.S.) 

6.837  Ouain.     Electrically-actuated  device^  for  electric  alarms,  &c. 


NEW  BOOKS  AND  NEW  EDITIONS. 

[Ck)pie5of  the  new  books  mentioned  below  can  be  obtained  post  fref  from  The  Elec- 
trician Offices  on  payment  of  the  prices  indicated  in  parentheses.  It  is  only  necessary 
to  specify  the  number  when  sending  remittance.! 

()73.   ••  AltiTuatinif  Currents."     Hv  H.  R.  Kcmpc.     3.'^.  (idnot  (3g.  lOd.) 
f)74.     "A   Trt-atisc    on    H:ie<triiitv."     Bv    F.    B.    ridduck.     14s.    net 
(i:.s.  i)d.). 

(iTf).   ••  Practical  Electric  Wirinji.""     l}y  J.  M.  Sharp.     3s.  6d.  net  (48.) 

076.  '•  Elcrtric  Bolls  and  Tolophonos."'  Edited  by  Bernard  E.  Jones. 
1«.  net  (1.--.  2d.) 

077.  '■  British  Destiny.  The  Irineiijles  of  Progn'ss."  By  D.  N. 
Dunloj).     3s.  Od.  net  (3s."<»d.) 

078.  'Notx;.  (in  (;iiivani:*ni  and  I''ara<li!»ni.""  Bv  E.  M.  Magill.  4s.  f»d. 
n(  t  (4s.  lOd.) 

(!7U.  "  Hii.torical  Introcluction  (o  Matlu  inatical  !jt<Tature.*"  ByG.  A. 
Miller.     7h.  net  (?».  (m1.) 

(ISO.  "Static!.:  A  FinU  CNmrse."  Bv  <'.().  Tuekev  and  \V.  A.  Navler. 
3s.  Od.  (3a.  lOd.)  '  ■  ■         ■ 

OSl.  "  An  Inlrodnc  (dry  Conr-e  fif  rdntinnonr-riirrr nt  Engineering." 
12nd  edition.      My  A.  Hay".  D.S,".     Os.  Od.  net  (7.s.) 

(t92.  "The  liynamical  Theon-  of  Gases."  2nd  edition.  By  J.  H. 
Jeans.      10:;.  net  (I7s. ) 

()S3.  •■  HariKTs  Hydraulic  Tahlc.-J  for  the  Flow  of  Water."  88.  Od. 
net  (its.  3d.) 

0S4.  "  Steel  and  Its  Heat  Treatment."  Bv  D.  K.  Bullens.  16r.  net. 
(10s.  !ld.) 

()8r>.   "  A  Manual  of  Practical  I'hy.qes."     By  H.  K.  Iladley.  3s.  (38.  3d.) 

080.  "  Interpolated  Six-place  Tahler.  of  the  l.,ogarithnis  of  Numbers 
and  the  Natural  and  l>ocarithniic  Trigcnom<'tric  Functions."  .'is.  Od.  not. 
(.Is.  9d.) 

0S7.  "  Text  Book  of  Mechanics."  V<>I.  Vl..  "  Therniodvnamies."  By 
L.  A.  Martin.     7s.  Od.  net  (8s.) 

088.   ••  Industrial  Law.  "     By  E.  TJllyard.     10s.  net  (lOo.  6d.) 

08<>.   "Telephones  in  the  Field."     By  A.  (;.  Grinling.     Is.  net  (Is.  2d.). 

O'.'O.  "  I/Malisation  by  X  Hays  and  Sterecscopy."  By  J.  M.  Davidson. 
7s.  Od.  net  (8s.)    -  "  " 

001.  "  Trineiples  and  MathenmlicH  of  Municip.al  Administration."  Bv 
W.  B.  Munro.     Id.s.  net  (10s.  9d.) 

yp2.  "  The  Phvsieo.chemical  l*roperties  of  Steel."  Bv  C.  A.  Edwards. 
10.1.  Od.  net  (11  n." 3d.) 

093.  "  The  l^inciples  of  Appn-ntiee  Training."  By  A.  P.  M.  Fleming 
and  J.  (i.  IVTrce.     3s.  Od.  net  (4ii») 

094.  "SpDns  Electrical  Poeket  Book."  By  \V.  H.  Molrrworlh.  6n. 
net  (Os.  (m1.)  *   • 

».    09.''..   "  Elect  ro])latcrs  Handbook. "     By  J.  H.  Wc;  tern.  4r.  Od.  net  (."ia.) 
090.   "  A  Senior  Experimental  f'hom'j  trv."     Bv  .\.   E.  Duni  tan  and 

F.  B.  Thole.     .'•«..  (.-ir..  <ki.) 

097.   "A    Manual   of    Pra.ti.al    phvi.;-."      Bv    II.    K.    Haill.  v.    B.Se. 

3  .  (.'?-.  3d.) 
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COMMERCIAL    TOPICS. 


Charges  for  .: 

Electricity  Supply. 


Trade  after 
the  War. 


endeavour  to  get  allied  countries  to  impose  special  does  on  allied  shipping, 
with  five  years'  preference  for  Brititih  Empire  shipping.  Th<*  main 
objects  to  be  achieved  would  bo  to  provide  for  mutual  trading  relations 
between  variou:;  parts  of  the  P^mpirc,  to  incrcagc  trade  between  the  Allies 
and  the  British  Empire,  to  widen  the  bafiis  of  British  taxation  and  pro- 
duce revenue  to  assist  in  meeting  the  cost  of  the  war,  and  to  p«.-nalL<-*-  tho 
trade  and  shipping  of  the  present  enemy  countries  with  the  British 
Empire  and  allied  countries. 


Owing  to  the  greatly  increased  charges  for 
coal,  oil  and  engineering  stores,  and  also  to 
higher  wages,  nearly  all  electric  supply  under- 
takers have  been  compelled  to  increase  their  charges  for  electrical 
energy.  Owing  to  the  continued  upward  tendency  in  the  price  of  mate- 
rials some  supply  companies  have  even  been  compelled  to  apply  to  the 
Board  of  Trade  for  an  order  to  increase  the  maximum  charge  allowed 
by  their  jn'ovisional  orders.  So  far  there  have  been  six  of  these 
special  applications  for  a  variation  in  the  maximum  allowed,  but  up 
to  the  prorcnt  only  three  have  been  dealt  with  by  the  Board.  The 
application  of  the  Ross  Electric  Light  &  Power  Co.  was  granted  ;  in 
the  ease 'of  the  Newquay  Electric  Supply  Co.,  a  local  inquiry  was  held, 
but  ultimately  a  compromif^e  was  effected  and  the  company  was 
authorieed  to  increase  the  maximum  statutory  charge  from  fid.  to 
7d.  per  unit.  A  recent  application  by  the  Charing  Cross,  West  End 
&  City  Electricity  Supply  Corporation  to  allow  an  increase  of  10  per 
cent,  was,  however,  unsuccessful.  The  City  Corporation  and  several 
consumers  strongly  opposed  the  company's  application,  and  after 
inquiry  the  Board  refused  to  sanction  an  increase.  There  are  threo 
outstanding  applications,  viz. ,  by  the  companies  supplying  at  Walton - 
on-Thames,  at  Weybridgo  (into  which  an  inquiry  will  be  held  on 
Tuesday  next),  and  at  Catcrham,  where  the  time  for  making  ob- 
jections has  not  yet  expired.,.  We  understand  that  all  the  local 
circumstances — the  population,  location  of  area  of  supply,  transport 
facilities,  character  of  the  supjjly,  &c.,  arc  taken  into  consideration 
by  the  Board,  and  wliere  an  increased  charge  is  allowed  it  will  only 
be  for  the  period  of  the  war.  In  the  provincial  stations  in  the  South 
of  England  the  difficulty  of  maintaining  a  regular  supply  of  coal, 
apart  from  its  greatly  increased  cost,  is  very  great,  and  when  it  is 
remembered  that  the  undertakers  are  under  a  statutory  obligation 
to  give  a  supply  of  electrical  energy  in  their  areas  and  that  their 
tenure  is  a  strictly  limited  one,  it  is  not  to  be  wondered  that  they  are 
endeavouring  to  adjust  matters  so  that  they  shall  not  be  giving  this 
supply  at  a  less  or  at  their  shareholders'  expense.  The  position  is 
so  difficult  that  many  of  the  supply  authorities  are  enforcing  the 
minimum  charge  to  which  they  are  entitled,  viz.,  I3s.  4d.  per 
quarter,  -i  e  ,  20  units  at  8d.  per  unit  whether  energy  of  this  value 

be  consumed  or  not. 

*         *         *         * 

The  Council  of  the  London  Chamber  of  Com- 
merce has  adojjted  the  report    of    its  special 
Committee    appomted    to    consider    problems 
connected  with  trade  during  and  after  the  war. 

The  Committee  devoted  attention  mainly  to  fiscal  proposals,  with  the 
object  of  securing  preferential  reciprocal  trading  between  all  parts  of  the 
British  Empire  and  the  Allies,  with  favourable  treatment  for  neutrals, 
and  for  regulating  the  relations  with  enemy  countries.  The  Committee 
thought  that,  broadly  speaking,  that  could  all  be  done  by  tariffs  as  a 
better  course  than  prohibition  of  imports  from  any  countrj%  which  might 
prove  unworkable  in  practice,  and  watj,  in  any  event,  surrounded  with 
difficulties.  The  Committee  therefore  recommended  temporary  tariffs 
pending  a  scientific  system,  which,  it  was  assumed,  a  Royal  Commission 
would   be  appointed  to  evahe.    .The  .Oovernment  shoukl  be  urged  to 


The  Fall  In 
Copper  Prices. 

16th  inst.,  to  £121.. 


Tiie  event  fif  the  jiast  week  ha<  been  the  rapid 
fh()|)  in  the  price  of  stanrl.irfl  copper  frf)m  th<* 
high  record  of  £14.")  jier  ton,  touched  on  the 
.^s.  on  Friday  last.  With  huge  contra'^tH  out- 
standing for  deliveries  of  refined  metal  up  to  the  enfl  of  the  currrnt 
year,  war  needs  have  undoubtedly  been  well  covered  ;  hence  ordinary* 
consumers  should  have  no  difficulty  in  filling  requirement.s  in  liancl- 
to-mouth  fashion  at  successive  concessions.  The  demanrl  from  con- 
sumers in  this  country  is  now  much  less  insistent  and  freights  between 
this  country  and  America  have  come  down  now  that  our  Government 
have  relaxed  their  hold  on  this  particular  section  of  the  Atlantic 

carrying  trade.     These  facts  have  all  had  their  effect  on  quotations. 

*         *         *         « 

H  Q     iVi  '^'^^  United  States  section  of  the  International 
U.S.A.  ana  South  jjj^j^  Commission,  which  has  spent  two  months 
American  Trade.    .^  ^  ^^^^  ^^  ^^^^^^  America,  has  retumerl  to 
Washmgton,  and  during  the  tour  its  members  took  part  in  the  Pan- 
American  Conference  held  at  Buenos  Aatcs  in  April. 

In  a  statement  as  to  the  conference  Secretary  McAdoo  said  he  had  the 
honour  and  privilege  of  meeting  and  conversing  with  the  Presidents  of 
Brazil,  Uruguay,  Argentine,  Chile,  Peru,  Panama.  Cuba  and  Haiti,  and 
he  also  met  many  of  the  leading  statesmen  of  South  America,  with  whom 
he  discusGcd  questions  of  national  interest.  Ever\'where  he  found  an 
earnest  desire  to  strengthen  commercial,  financial  and  political  relatiom-- 
with  the  United  States,  and  everywhere  there  was  a  gcnuinelv  friendly 
attitude  and  a  complete  absence' of  that  suspicion  and  distrust  of  the 
United  States  which  had,  until  recently,  existed  to  a  greater  or  leer. 
degreo  in  some,  at  least,  of  the  Central  and  South  American  count rie.-. 
This  was  due  primarilv  to  the  policies  and  utterances  of  President  Wil-on 
and  to  the  suggestions  made  by  the  United  States  for  mutual  guanMitee*; 
of  the  territorial  integrity  and  political  indc])endenee  of  all  of  the  Ameri- 
can Republics.  Everv  leading  statesman  in  South  America  with  whom 
he  talked  emphasised"^the  paramount  im})ortance  of  a  merchant  marme 
under  the  flag  of  the  United  States,  or  under  the  flagi  of  the  diffcivnt 
American  nations,  if  American  financial  and  eomniv^rcial  relations  wenj 
to  be  enlarged  upon  an  enduring  foundation.  The  hope  wa.^  expn'stied 
in  every  country  and  was  voiced  in  the  resolutions  unanimously  adopted 
by  the  International  High  CommiyLuon  that  the  United  States  would 
promptly, solve  this  pressing,  problem,  and  there  was  frank  nvogiution 
that  the  Unite*States  alone  had  the  financial  resources  to  do  so. 

Among  the  other,  subjects  discussed  was  the  completion  of  an  mter- 
continental  railwav  between  North  and  South  America,  the  control  of 
wireless  telegraphy  by  the  various  Governments  and  the  connecting  up 
of  the  ordinary  telegraphic  systems  of  the  two  continents.  While  it  was 
recognised  that  the  adoption  of  a  uniform  .sold  standard  in  al"  of  the 
Central  and  South  American  countries,  especially  under  existing  condi- 
tions, was  impossible,  nevertheless  a  great  step  forward  was  taken  when 
the  conference  recommended  to  the  various  Governments  the  adoi.tiou 
of  a  standard  unit  of  money  of  account,  and  recommended  that  this  unit 
should  be  based  on  a  gold  coin  of  0-33-137  gram  in  weight  and  0 -IKK)  hn.\ 
This  unit  is  one-fifth  of  the  sold  dollar  of  th=-  I'nited  States,  and  if  adopted 
by  the  various  States  will  provide  a  uniform  basis  of  account  for  trans- 
actions between  all  of  the  Latin-American  countries  and  North  -^'"»"";;^- 
Fi-om  the  above  it  wiU  be  readilv  seen  that  the  pohtieians  as  well  as  the 
manufacturers  and  exporiers  of 'the  United  States  of  America  are  en- 
<leavouring  to  gain  an  advantage  for  themselves  out  of  the  present  eriM:^. 
audit  would  bo  well  if  steps  were  taken  to  maintain  our  present  traclo 
connections  with  Latin  America.  The  latest  re,Knts  on  ';'f  "•■=;^ Z^*:"- 
ditionsin  Brazil  state  that  the  position  has  now  improved  to  ^'"••h  •»•> 
extent  that  Eiiropean  and  American  exiKutei-s  are  gra.lually  ':^'yrting 
to  pre-war  conditions  in  granting  credits.  Custom  House  •"ee^-'pt^  con- 
tinue to  show  a  marked  improvement,  and  the  imixM-ting  a*  ^ye  as  t,^e 
exporting  firms  are  doing  well.  In  Argentina  the  dearth  of  -^  Ppmg  « 
a  .siriou.s  problem,  which  has  caused  a  restriction  of  the  grain  mo  enu  nt. 
and  this  in  turn  has  depressed  prices  and  reduce;!  railway  earnings. 

*  *  *  * 

The  i-eports  of  the  British  electrical  nianiifac- 
turuig  companies  recently  published  tend  to 
confirm  the  opuiion  that,  notwithstaiuiuig 
labour  and  transjx)rt  difficulties,  the  high  price 
the  past  vear  has  been  a  good  one  for  them. 


Electrical  Manufac- 
turing Companies 
in  1916. 


of  raw  materials,  itc. 
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In  our  last  isriue  we  fommented  upon  the  excellent  record  of  Tajlen- 
der's  Cable  &  Construction  Co.,  and  as  the  meeting  is  reporfe.l  at 
some  length  in  another  column  it  is  unnecessary  to  make  any  further 
reference  to  it.  The  meeting  of  another  well-known  and  old- 
establisherl  British  company — that  of  the  Electric  (,'onstruction  Co. 
— is  also  rejjorted  in  this  issue.  1'he  K.C.C.  Co.  has  also  had  a  good 
yenr,  and  the  ac<'ounts  show  a  marked  iniprov(;nicnf  on  the  figures 
jfor  the  year  1914-1.').  The  gross  ])rofit  was  £S8,r,()()  (against  t72,(M)(»), 
the  net  profit  was  £43,2(M)  (against  £;j.5,.'>()0),  and  the  available  balance, 
was  £50,712  (against  £42,720  in  !ni4-ir>  and  £;J4,02r,  in  H)I:M4), 
the  dividend  being  increased  from  0  to  7.J  per  cent.,  and  the  amount 
c£trried  forward  from  £7,471  to  £1(i,8:59.  Another  company — the 
Lancashire  Dynamo  &  Motor  Co.,  wh(jse  recorri  is  a  very  good  one, 
has  made  sulj«tantial  jtrogress  during  the  past  year.  Xaturallv,  the 
period  under  review  has  been  a  busy  and  anxious  one,  anri  the 
additional  output — partly  at  TrafFord  Park,  but  mainly  at  the  new 
works  -has  caused  the  profit  to  be  more  than  doubled.  The  number 
of  persons  employed  was  twice  as  large  as  in  1912  and  I9I3,  and  the 
directors  state  that  the  current  year's  orders  arc  not  tmly  large,  but 
might  be  further  increased  if  suflicient  lai)our  could  be  (jl)tained. 
Women  in  considerable  numbers  have  been  engaged  and  successfully 
trained  for  working  the  smaller  iiia<'hines  in  (he  new  works.  The 
net  profit  was  £31,5:5:}.  against  £i2,42fi  in  litjt.  ft  is  proposed  (o 
pay  a  dividend  and  bonus  of  5  j)cr  cent.,  making  I2J  jier  cent,  (tax 
free)  for  the  year,  against  8  per  cent,  for  each  of  the  last  two  years, 
and  7^  per  <(;nt.  for  1912. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  May  22,  I91G,  l(j  .May  27.  1916. 
IMPORTS. 

LoNDOti.— i/.5.>l..'    Elcc.  machinery.  tl.760  ;    dec.  lamps,  £528;    carbon   candles, 
£3,59.5;     telephone  materi;.!,   £42;    -vire   and   cable.   £404:     unenumerated.   £3.385 
410  pkf;s.     Holland.-  Elec.  lamp.s,  £5,917  ;  V.ire  and  cable.  13  pk^s.     Sw-tzerland ;   Elec. 
machinery.  £3.200  ;  unenumcraled,  £30.     Italy:  Elec.  machinery.  £20-10  D.kgs.  Japan: 
Wire  and  cable.  £15  ;   unenumeraled,  £397. 

France:  Carbon  candles.  £435  ;   unenumerate^,  £104. 

M«.»;cHE3TF'j. -C/.5./4. .'  Elec.  fans,  17 pkes. ;  telephone  parts, 6  pkps. ;  uneniimerated 
36  pkc;s. 

SrMTtiSHfTov..-' France  :  Elcc.  cable,  22  pkijs. 

EXPORTS. 

To  A' I '>r■<AlA~I^.~ A ucHonti :  Unenumerated,  £428.  Mrlboufn^:  Wire  and  cable, 
£20/  ;  uneniimerated,  £2,846.  Syiiney  :  Elec.  machinery,  £472  ;  wire  and  cable,  £1 .692  : 
elec.  lamp:,  £438;  unenumerated.  £1.1  II.  iVeltin-lon  :  Elec.  machinerv.  £200  ;  vire  and 
cable,  £75  ;  elec.  lamps,  £313  ;  unenumerated,  £1,077.  Perth:  Elcc.  machinery,  £121  • 
unenumerated,  £172.  Chrr.khurch  :  unenumerated.  £241.  LvlMton  :  Wire  and  cable. 
£97;  unenumerated,  £47.  B/'Ato.'.-e.-  unenumerated,  £30.  /=r<:mfl»j//«.-  Wire  and  cable, 
£256.  Dunedin:  Unpnumerated,  C152.  Napier:  Elec.  machinery,  £25  ;  unenumerated, 
£53.     Adelaide:  Wire  and  cable,  £773  ;   unenumerated,  £256. 

fJ^r^r}'^^'^  t'wrfia/!.-  Wire  and  cable,  £2.185;  elec.  machinery,  £326;  unenumer,ated, 
£2,592.  Cave  Town  :  Unenumerated.  £146.  Port  Elizabeth  :  Wire  and  cable,  £1.000  ■ 
unenumerated,  £398.  Fa  t  London:  Unenumeraled,  £1,160.  Beira :  Wire  and  cable! 
£85  ;  unenumerated,  £650.    7a»ij;*jA.-  Unenumerate-t,  £65. 

Egypt.  -Fort  Said :  Elec.  machinery,  £14  ;  wire  and  cable,  £10.  Suez:  Telegraph 
material,  £347,  ~ 

p-i'ooc"''  Ceylon,  Indo-Cmina  and  Stkmt.-  Settlbvibut-:.— Bowftfl;' .•  Wire  and  cable, 
£3,835;  elec.  machinery,  £56  ;  unenumerated,  £834.  Calcutta:  Elec.  machinery.  £303  • 
unenumerated,  £2,253.  A^flt/ras  .■  Wire  and  cable,  £80  ;  unenumeratH,  £1 14.  Karachi: 
Unenumerated.  £10.  Singapore:  Wire  and  cable,  £24  ;  unenumerated.  £75.  Bankok  : 
Unenumerated,  £32.  Ce'/lon :  Eire,  machinery,  £67;  unenumerateti,  £177  Port 
Swctenham  :   Unenumerated,  £25.     Kilindini:   Wireles-,  telegraph  material,  £5,400 

lAPAt:.~yokohama:    Unenum-rated,  £784.     Tokio:  Unenumerated,  £695. 

China.-  Hong  Kong:  Unenumerated.  £725.  Shanghai:  Elec.  machinery,  £224; 
wire  and  cable.  £497  :   unenumerated,  £362. 

U.S.A.     New  York  :   Unenumerated.  £460. 

South  AND  Cbntral  Amrijica.  Buenos  Ayres  :  UnenumeratH,  £611.  Vairnrai-.o  : 
Unenumerated,  £620.  Anto/agasto:  U.iepumerated,  £173.  Santiago:  Telegraph 
material,  £156  ;    unenumerated.  £102. 

Holland.  Amsterdam:  Wire  and  cable,  £997 ;  unenumerated,  £720.  Rotterdam: 
Elec.  machinery,  £27.     Haarlem  :  Unenumerated.  £330. 

Francs.-  /'aw.-  Unenumeraled,  £30.  Dieppe:  Elec.  m.achinery,  £134  •  unenu- 
merated, £1 12.  Calais:  Wire  and  cable.  £226.  Dunkirk:  Unenumerated.  £341.  Hwre  : 
Telegraph  material,  £1,690. 

PoRTucAL.     Oporto:  Unenumerated,  £170. 

Spain.     Barcelona:  Unenumerated,  £310. 

SwKDRN.    Gothenburn  :  Wire  and  cable,  £149.    SlocKholm  :  Unenumcralal,  £223 

Norway.     Christiania :  Unenumerated,  i:i.!>9!?. 

Denmark,     Vil>org:  Elec  cable.  £59. 

LouRENCo  Marques,  unenumerated.  £37 

PuNTA  Arenas,  unenumerated,  £108, 

FOREIGN   GOODS  (duty  p.aid  .and  free), 

Calcutta:  Unenumerated,  £201.  Bordeaw. :  Unpnumevat^d,  £175,  Ceylon-  Un^ni, 
inerated,  £140.  Cape  Town :  Unenumerated.  £42.  CAr/s/zjir^j  •  UnCTiumcrated,  £608 
Sydney :  Unenumerated.  £56.  M'llingto'i :  Unenumerated.  £53.  /Urban-  Unenu- 
merated. £459.  Karachi:  Urjenumerated,  £31.  'Madras:  Unenumetated.  S61  Poit 
Elnabfth:  Unenumerated.  £13.     Vladiiostock :  Unenumerated,  £20. 

IN   TRANSIT. 

Hcih-<^  k-o,)c  ■  Pin-,  lamp:-.  r:?60.     StuiKci::,      hi-  .  I  rii  ■.  i  !  .(/^'.. 
NoTK.     The  InrKP  number  of  itcm.s  in  the,<<o  oftirialrefurnfl  under  the 
misieiidinR   iicadins^   "  uncniimornted  "   relate   to  whiit  ia  described   as 
eleotncsl  gooila  '   and  "  electrical  materials." 


LIQUIDATIONS,  BANKRUPTCIES,  &c. 

Tne  Hr.st  jneeting  of  creJitor.->  of  P, u.-.sell  E.  Connold,  late  elec- 
trician, of  (JA,  The  Parade,  Canterbury,  will  take  place  on  June  3  at 
08a,  Castle-street,  Canterbury,  and  the  public  examination  on  June 
17  at  tlie  Cnidlhall,  Canterbury. 

Claude  T.  J.  Vautin,  412,  Salisbury  House,  London,  E.C.,  has  been 
adjudicated  bankrupt. 

Claims  against  the  Phd-nix  Electric  Heating  Co.  (1914)  (Ltd.)  (in 
liq.)  are  to  be  sent  by  June  17  to  Mr.  A.  E.  Tilley,  8,  Staple  Inn, 
Holborn,  London,  W'.C.  (The  business  has  been  acquired  by 
Dowsing  Radiant  Heat  Co.,  Ltd.) 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Bo'ness. — The  Council  have  accepted  the  modifiod  scheme  of  the 
Xatioiial  Klccfric  Construction  Co.  for  the  extension  of  the  electricity 
works  at  t;i2,:{()0. 

Colwyn  Bay.—Though  the  L.C.  PKjanl  ai-e  still  unable  to  sanctioh 
the  loan  for  the  jjurchase  of  land  at  Bron>Tiant  for  th6  ])rojx3eed  new 
electricity  and  destructor  works,  tlicv  agree  to  the  Council  making 
the  purchase  ami  charging  the  e.\j)cn<liturc  to  suspense  account. 

Ilford. — Tlie  Council  has  received  sanction  t<j  the  borrowmg  of 
,£(),0n8  (part  of  £(i,o();"))  for  nniins  and  i;i,().">0  for  the  Goodmayes 
sub-station. 

The  Sinn  deducted  from  the  original  a])i>li(ation  for  mains  is  in  rcspr^ct 
of  new  niaino  to  provide  current  to  privat<-  liouses,  which  the  L.G.  BoarH 
is  not  willing  to  sanction  at  jircscnt. 

An  c.\]icn(liturc  of  €1.109.  18k.  7d..  charge*!  in  the  account*?  for  the  year 
ended  .March  .'?!.  Htl.").  in  eomicctinn  with  the  clcetrieity  undertaking,  and 
to  which  exe(>ption  was  taken  by  the  distriit  auditor,  has  been  sanctioned. 

Kingston-on-Thames.  .At  the  hist  meeting  of  the  Cor|>oration  the 
Lighting  Committee  re|K)rted  that  they  )iad  authorised  the  electrical 
engineer  (Mr.  .1.  E.  Edgcomc)  to  order  a  new  crank-shaft  for  the  two- 
eycl(^  Diesed  engine,  in  |)lace  of  the  one  which  was  re|K)rted  at  the  last 
meeting  to  have  developed  a  fractun*.  The  cost  would  Ih^  frt)m  tJMKl 
to  £1,000. 

Coiuieillor  Tongn*'  took  excciitioii  to  the  payment  of  the  s»d)><eription 
of  a  guinea  to  tlie  I)i(v>-I  p^igine  l';<i-s"  Af^wieiation :  liut  ('I'unciilor 
Kerrison  said  by  ]>:>yiiig  a  gnin-a  the  Corporatifin  saved  £<•  on  the  in- 
sinance  ])rcniinm  for  the  1  )i<  lej  engini  i^  anil  alt4Tnattir.  so  that  they  were 
t'4.  His.  to  the  good  f>ver  the  tninsaelion. 

Leeds.  -The  L.(!.  lioard  recently  sanctioned  the  iKjrrowijig  of 
additiimal  sums,  amounting  to  £47.210,  for  the  extension  of  the 
electricity  generating  .station. 

Walthamstow.  The  Finamc  Coniinitlce  has  applied  to  the  \Al. 
lioanl  for  sanelion  t<i  borrow  tlI.2Wifora  I,.")(K»  kw.  i^jungstrom 
turbine,  and  a  .')(K>  kw.  motor  converter,  with  swifchgear.  &o. 

Sul)j"ct  to  the  a|i])roval  of  tlie  Mnard  the  Coninilttee  ]in>]io:V's  to  ])!inc 
the  order  for  the  turbine  with  tlie  Unisli  HIeetrical  iCnginet'riug  Co. 
Th<"  eng'iiej-r  states  that  in  on!  t  to  in;.liki  the  above  plant  it  will  lie 
neci'ss.ary  to  sujx'r-xdi-  gas  <'ngiiie-No.  ,S.  A  tender  for  w.itersufieniiig 
]>Iant  is  also  n-eomm<-nded  for  nec<ptan<-e  at  f7."»(i. 

GENERAL. 

.Birmingham.  -  .\t  a  meeting  of  (he  Electric  SuiiplyCommittoe  last 
week  it  was  n>|M»r(ed  that  for  the  year  en<h>fl  .March  .'J  I  hwt  the  output 
of  cleitrieity  amoimted  to  1  l7.tMi!».(MMt  units.  eomiKin-d  with 
s:{.(MM»,(M»o  in  the  |in>\ious  yc.tr. 

Tlie  inin-nseil  n-venne.  Iiowi'ver.  had  Ih-imi  nion*  than  Jibsorlx^l  by  the 
iiK  ri  ;ised  ex]) 'i..litiin\  due  primip.illy  to  the  ris«'  in  the  prii-e  of  fuel. 
Till  Miiiiliis  prolit  .•jMKunited  to  HT.I'.l".  of  whieh  t22.tMHl  was  earrie<l  to 
a  speejal  fiMid.  and  tlii'  iKdnme  was  ■  t-i'ditni  to  the  rate.*.  'IMv  aeeotmts 
were  p;usiil,  and  will  lie  f*id>inille<l  .'it  IIh'  next  meeting  of  the  Cnuneil. 

City  of  London.  Tin"  Ito.ird  of  Tra<!e  have  n'fuso<l  the  application 
<if  the  Ch.iriiig  Cross.  West  Knd  A  City  Electric  Supply  Corpn.  for  an 
order  to  authorise  an  inere.-ise  of  K»  |>er  cent,  in  their  charges  fof 
electric  cnrnMit. 

Cumberland.  The  County  Council  have  authorised  the  Cumber- 
latul  Waste  Heat  Owners  Co.  to  lay  underground  electric  cables  under 
the  Whitehaven.  Egreinont  and  Cleator  Moor  main  road.s. 

Dublin.  .\t  a  meeting  of  the  Electricity  Supply  Committ«»e  last 
week  pulicidars  wet^i'  submitted  of  the  damage  causi'd  to  the  publi*' 
arc  lighting  system  tluring  the  itM-ent  out  break. 

A  vcrv  larsv  uiunU'r  t«f  Ihf  lamps  were  damaged  and  ni<*l   of   the 
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damage  was  caased  by  rifli;  fire.  In  the  majority  of  caneH  the  lamps  were 
beyond  repair.  The  total  eost  of  making  Kof)d  the  damage  to  Ww  are 
h'ghting  system  was  estinialed  by  the  City  plleetrieal  En^'incer  at  t;i,0."»0. 

A  list  of  the  eonsumors  whose  pnniiises  wei(!  destroyed  by  fire  was  ;il-f» 
before  the  ('omrnittec,  and  it  was  reported  that  th(;  eleetrie  ii'_'hting 
aeeonnts  of  thes<'  consiirriers  for  the  ])ast  12  months  amounted  to  i8,()72. 

A  letter  was  reeeived  from  til(^  Hoard  of  Trade  requesting  that  a  noti- 
fieation  shoidd  be  issued  to  elee.tri(!  light  eonsumers,  asking  them  (o 
praeti.se  economy  in  the  use  of  eleetrie  light  as  a  reduction  in  the 
quantity  of  coal  sni)plic(l  to  the  generating  station  may  have  to  be  marie. 

Electricity  and  Gas  Supply,  &C.— The  King  in  Council  on  May  2:j 
made  the  following  addition  to  the  Defence  of  the  Realm  ((,'on.soli- 
dation)  Regulations,  J9I4  : — 

Any  company,  authority  or  ])crson  authorised  to  supply  water, 
light,  heat  or  power  to  any  factory,  building,  camp,  or  other  premises 
bt^longing  to  or  used  for  the  purposes  of  the  Admiralty,  Army  Council  or 
Ministry  of  Munitions  shall  carry  out  such  works  and  render  such  services 
as  the  Admiralty,  Army  Council  or  Ministry  of  Munitions  n)ay  direct  for 
enabling  such  supply  to  be  given  either  })y  themselves  or  some  o(  her  such 
company,  authority  or  peison,  {wovided  such  company,  autlioiity  or 
person  shall  not  be  required  to  supply  to  premis(>s  v/ithin  tlu-  area  of  any 
other  company,  authority  or  person  except  with  the  concurrence  of  the 
appropriate  Government  ])epartment. 

Keighley. — Last  week  the  Council  decided,  on  the  recommentlation 
of  the  Electricity  Conmiittee,  to  reduce  the  discount  on  accounts  for 
electricity  sujjplied  otherwise  than  under  sealed  agreement  from 
5  per  cent,  to  2|-  per  cent,  as  from  June  30. 

The  Electricity  Committee  propose  to  lay  an  electric  cable  to  the 
new  military  hospital  at  Morton  Banks. 

It  has  been  decided  to  extend  the  electric  supply  cables  to  the  Morton 
Banks  Hospital  at  an  estimated  cost  of  £475. 

Llanfyllin. — The  Council  \vill  take  a  plebiscite  on  a  proposal  to 
establish  eicctricit}'  supply  \yorks. 

Marylebone  (London). — The  station  superintendent  at  the  Boi'ough 
Council's  electricity  works,  Mr.  T.  K.  Richardson,  is  still  unable  to 
resume  his  duties,  and  his  period  of  sick  leave  has  been  extended  until 
the  end  of  July. 

Messrs.  Price,  Waterhouse  &  Co.  have  been  re-appointed  commercial 
auditorG  of  the  electricity  undertaking  for  12  months,  at  a  fee  of  200 
guineas. 

Stoke-on-Trent. —'-At  the  last  meeting  of  the  Council  it  was  decided 
to  reply  to  the  North  Staffordshire  Railway  Co.  that  current  in  bulk 
could  not  be  su])plied  exc^ept  by  special  arrangement,  with  guaran- 
teed minimum  annual  consumption  in  units  and  maximum  load  in 
kilowatts,  and  other  usual  clauses  included. 

The  charges  for  !;trcet  lighting  for  the  eurient  year  are  to  Ije  at  the 
same  rate  as  for  the  last  financial  year,  less  <•:.  deduction  at  rate  of  £1,000 
perannum  during  the  period  the  ].,ighting  Restriction  Older  i^  in  force. 

Th(!  engineer  and  manager  (Mr.  C.  H.  Yeaman)  reported  that  the 
register  required  by  order  of  the  Ministry  of  Munitions  had  been  inspected; 
that  when  the  last  groups  wer^  called  up  the  working  staff  would  he  le- 
duced  to  unsafe  limits,  and  he  was  endoavouring  to  (ii\<l  ineligible  stib- 
stitutes. 

The  Electricity  Committee  regards  with  favour  the  proposal  to  supply 
electrical  enei-gy  for  use  in  Milton  and  route  thereto,  provided  the  ])ro- 
spective  consumers  are  prepared  to  provide  the  line  to  tlic  }K)wer  hou'-e, 
and  tak^  current  when  additional  ])lant  has  been  erected  tlier(>in.  Com- 
munications from  the  British  Aluminium  Co.,  Bullers  (I^td.)  and  tlie 
Hanley  Collieries  were  considered. 

In  a  report  on  the  plant  required  to  meet  the  growing  load,  Mr.  Yeaman 
stated  that  the  load  last  winter  was  4,240  kw.,  compared  with  2,h:U  kw. 
at  date  of  the  federation,  so  that  the  increase  was  greater  than  the  addi- 
tional plant  capacity  of  i,.'jOO  kw.  provided  since  that  dale. 

Consumption. — Last  year  the  energy  generated  v/as  : — 

Generating  Coal,             Coal  Units  Cost  per  unit, 

works.  tons.              cost.  generated.  ' 

Burslem      1.740   ...  £1.200  ...  '   480.070   ...     8  1b.  ...     onud. 

Hanlev 4.584   ...     .'}.383  ...  840.:?:}2    ...   12  1b.  ...     OiMid. 

Longton 365...        235  ...  37,920   ...21.'.  lb.  ...     1  ^itd. 

Stoke 42.3...        2m  ...  68,350  ...  13f  lb.  ...     I-O-Id. 

Sub-works      7,118   ...£.5,120    ...   1,445.584   ...   1 1  j  11).    ...     0S7.!. 

Power  houGc      ...11,231    ...     8,612    ...9,090,790...     2^  lb.    ...     0 -i-'id. 

Gross  total     ...18,349       £1.3,732        10,542,380         3-9  lb.  0-31d. 

A  large  saving  was  possible  in  the  coal  bill,  the  old  steam  stations 
taking  four  times  as  much  coal  per  unit  as  the  turbine  plant.  Tiie  (>ttect 
of  running  the  present  turbine  plant  was  to  change  the  net  loss  of  £(),102 
in  1913-14  to  a  net  profit  of  £71  in  1914-15.  By  doubling  the  available 
turbine  capacity,  a  saving  of  3.300  tons  of  coal  worth  £2.040  should  be 
effected,  and  that  sum  would  jjractically  pay  the  capital  charges  on  the 
extension  plant.  There  was  2,000  kw.  of  avaihible  rotary  converter  and 
motor  generator  plant  in  th?  sub-works,  but  only  about  1,000  kw.  ot 
turbine  capacity  to  supply  same.  The  extension  plant  would  enable  the 
full  capacity  to  be  utilised,  effecting  marked  economies.  A  n;>w  000  kw. 
rotary  was  being  put  down  at  Longton.     Three-phase  supply  was  being 


giv?n  direct  to  <  onHiirwrn  from   "t  *  !UaW 

and  Fenton,  anrl  there  wax  a  ci  •    k>ir 

prices    which    could    U*    met  MhiT 

•  ■conomicai  gcncratintr  plant  ,  naat*- 

comprised  fhr<<-  new  boileni  hou-eil  m  an  '  xi<-n«ion  of  tin-  Unkr  nmm, 
a  '.i,(HH)  kw.   turbine  with  rondentw-r  and  piiinp^.  a  Drw  ■•    '  ■■■•  •■--■•- 
with  piping  and  Hwitehgear.  fountlatioiui,  conn.-'  tiom*.  t«-.-' 
lion,  CHlimated  to  cont  £33,WX». 

Th<-  extetiKion  scheme  was  ado}>ted  and  application  ha«  (yen  mMi*-  to 
the  L.(;.|{oai(l  for  sanction  to  a  loan. 


!!!!!!!!!!! 
TRACTION   NOTES. 


Astley  (Lanes). — The    South    I.»incashire   Klectrie  Tramway-  ' 
has  been  .isked  to  extend  its  tramway  systfrn  to  thin  dixtri'-t. 

Birmingham. — Owing  to  a  f^iilure  of  electrical  energy,  the  ■ 
service,  excepting  the  jjortion  on  the  Aston  and  Krdington  •.h  .  -.- 
susjjended  on  Tuesday  morning  for  aUuit  an  hour  an<l  a  half. 

Erith.  The  Urban  Council  has  informed  Woolwich  Council  that 
it  has  decided  to  drop  the  scheme  of  munir'i|>;il  motor  'huH#-H  fot 
which  they  j>urposed  to  seek  Parliamentary  jKjwers. 

Hull.     Last  week  the  I^ord  Mayor  (.-\ld.  d.  M.  Hari^ppave*).  who 

has  retired  from  the  chair  of  the  Tramways  Committee  in  onler  t*» 
become  c  hairman  of  the  Parliamentary  Committee,  took  the  opftor- 
tunity  of  reviewing  tramway  affaii-s  during  the  last  three  yeare. 

In  that  time,  the  Mayor  said,  the  cfMit  of  car  niaintenanci-  had  U-'-n 
reduced  by  £12,000,  the  hours  of  labour  had  Ixcn  adju^tcd  by  a  system 
which  did  not  exist  in  any  other  city  in  the  <  ountry.  ami  under  whii  h  tin- 
tramway  men  began  dutv'  at  a  certain  time  and  knew  e.\af:Lly  tlw  hour 
at  whicii  their  days  work  was  end<d.  There  was  overtinw.  bat  it  wa» 
overtime  without  comi)ulsion,  because  volunteers  hail  always  boen  n-ady 
to  come  forward  when  wanted.  Witliin  the  \ii.<t  thn-i-  y&r.i  the  Com- 
mittee had  introduced  id.  stages,  with  gratifying  results,  the  in  r 
car-mile  having  been  increased  from  8.U1.  to  i)},d.  The  intn«l  f 
women  conductors  had  provoked  some  opposition,  and  yet  none  of  thena 
would  regret  an  innovation  without  which  the  service  could  not  have 
been  continued.  They  refused  to  increa.se  the  number  of  women  con- 
ductors so  long  as  men  were  available,  and  .since  March  no  women  had 
been  put  on,  wliile  em])loynu'nt  had  been  given  to  -fo  men  wh<i  h:id  \yin 
discharged  from  the  Army.  At  the  end  of  the  last  finai  the 
deiuirtment  had  an  actual  profit  of  £12,409.  of  whi(  h  £lo  ■  nt  in 
r(>lief  of  rates,  and  £2,409  passed  into  the  n>serve  ftnul.  which  now  ;itood 
at  £142,000.  The  Ctommitti-e  were  paying  £4,078  annually  in  war  U.nus 
and  £8,759  per  annum  to  make  u])  the  Army  pay  to  the  ni>rmal  wait ;  of 
the  men  who  had  joined  the  Forces.  There  wa.;  an  increase  in  the  .<>al 
))ill  of  £1,997  and  it  should  not  be  forgotten  that  soldici-s  wen-  curricil  f>>r 
nothing,  estimated  by  the  manager  as  etpial  to  4,(H>(l,(HM»  p;i.-<. cn-rers. 

Leicester. — The  tramways  dej)artment  has  diseontinue.l  publu>h- 
ing  the  weekly  traffic  reeei()ts.  as  it  is  conskleii'il  the  tiguri's  atv  mis- 
leading at  present,  owing  to  the  large  increase  in  exjienses. 

London  County  Council.  On  Tuesday.  Mr.  d.  1).  Gilbert  a.;ke«l 
what  were  the  muuber  of  tniiler  cars  in  use  on  the  traniwa\-s  ;  what 
was  the  munber  of  women  now  employed  as  conductors  ;  if  pnf-'  ■ 
ence  was  given  in  regard  to  such  employment  to  widows  of  m.  ii 
killed  and  the  wives  of  those  injined  in  the  war.;  and  if  not,  would 
the  Highways  Committee  consider  if  a  prefei-enee  could  l>e  given  to 
such  women. 

In  reply,  Mr.  Hume  (Chairman  of  the  Highways  ComnutttM>) 
said  that  there  were  1  Hi  trailer  cars  in  use.  There  were  T.3')  women 
employed  as  conductors  and  pief'eren.e  was  given  to  the  women 
referred  to. 

Luton.— The  Board  of  Trade  has  issued  an  oitler  prolonging  tl.o 
period  from  Aug.  11  next  to  Aug.  II.  19IS.  for  comi>leting  the  tn«m- 
Wiiys  authorised  by  the  Corporation  OrdtM-  <f  190.5. 

New  Motor  Omnibus  Routes.  In  a  circular  tt>  local  anthonti*^ 
upon  llie  provision  in  the  Local  Government  (Emergency  Pn>visi.ms) 
Act,  I91(i,  wiiieh  makes  it  unlawful  for  any  omniims  to  us*«  a  r\>ute 
which  has  not  been  regularly  used  l\v  omnibuses  within  two  yean* 
before  March  1.  HMtC  except  with  the  consent  id  tlw  hiirhw.jv 
authoritv,  the  L.G.   Hoard  says  : 

The  highway  a.ithorities  will   no  doubt   ,ar.4ully  <■•■■  -ui   \i* 

bearimjs  anv  application  umler  the  section  for  c'umhI  !•  h  a  new 

route  for  onmibuses  or  similar  passenger  trallic.  and,  mexm-.-mg  their 
j.owers  under  the  section,  pav  iluo  ivgaul  to  the  requirement-^  of  the 
travellino  public  a^  well  as  to  the  neid  for  economy  m  r«ad  expenditure. 
Tramway  and  Transport  Works.-At  the  annua!  met^tmg  of  the 
Amalgamated  Association  of  Tramway  and  Vehicle  Workers,  which 
was  held  at  Sheffield  last  week,  a  ivsolufion  in  favour  of  the  am*  - 
gamation  of  all  classes  of  street  trans|K.rt  workers  was  earned 
Executive  were  instructed  to  ask  the  Parliatnentary  (oiumit.ee  of 
the  Trades  llnion  Congress  ft>  convene  a  conference  with  a- view  to 


bruig  about  the  amalgamation. 
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EMPIRE   NOTES. 


II! 


Australasia. — The  "  Commonwealth  Engineer  "'  :jays  Takapuna 
(X.Z.)  Tramway  &  Ferry  Co.  harj  authoriccd  an  option  to  Mr.  Paul 
Hanten  to  raif:e  the  nccesr:ary  capita!  for  the  conversion  of  the 
Eayswatcr-Takapuna  tramway  to  electric  traction. 

On  Sept.  29,  1915,  the  Federal  (Council  of  the  Electrical  Association  of 
Australia  passed  a  resolution  that  the  association  take  steps  to  brin;^ 
under  the  notice  of  the  West  Australian  Government  the  disadvantages 
of  the  electrical  system  adopted  for  Perth.  The  hon.  secretarj'  wrote  to 
the  Premier  of  Western  Australia  setting  out  the  disadvantages  which 
would  accrue  through  the  adoption  by  the  Government  of  Western 
Australia  of  an  a.c.  supply  at  40  -r  ^  and  2.50  v.  The  city  supplies  of 
Sydney,  Melbourne,  and  Adelaide  were  all  .50  -'",  the  Tasmonian  Govern- 
ment had  adopted  .50  ^'  for  its  Gniat  Lake  scheme  ;  that  tho  silver-l^ad 
mines  of  Broken  Hill  and  the  gold  mines  of  Western  Australia  had  also 
adopted  .50 '>~,  and  the  Midland  .Junction  worksh(i|)s  (\V.A.)  had  equip- 
ment at  .50  'J--.  The  standard  voltage  in  Adelaide  was  200,  Brisiiane  22(>. 
Melbourne  200  and  230,  and  Sydney  240,  and  that  the  difficulties  in  the 
way  of  arranging  a  standaid  voltage  for  Australia  had  been  inereascfl  by 
Perth's  ado])ting  2.50.  I'erth  was  j)lacing  herself  at  a  disadvantage  in 
competition  with  the  Eastern  States,  as  she  would  not  be  able  tf)  draw 
on  stocks  of  motors,  lam])s,  &f.,  carried  in  the  other  States  for  the  elec- 
trical materials  necessarj'  to  ensure  the  e.vpansion  of  her  own  industries. 
The  Premier  sent  to  the  hon.  secretaiy  a  re])ort  from  his  eleitrii  a!  su])erin- 
tendent  of  tramways,  with  which  report  he  said  he  concurred.  The 
Superintendent  of  Tiamways  stated  that  the  frcijuency  of  40  had  been 
fixed,  and  no  alteration  was  jiossible,  and  as  th'-  City  Council  had  jjur- 
ehased  a  large  number  of  2.50-volt  lamps,  it  would  be  unreasonable  to 
suggest  any  alteration  in  voltage.  At  a  subsequent  meeting  of  the 
Federal  Council  f)f  the  As.soeiatiim  the  hon.  secretary  was  instructed  to 
submit  (1)  that  the  im])ossibility  of  altering  the  fre(|uency  was  hardly 
substantiated  ;  (2)  that  the  only  a|ii)arent  diffi<ulty  was  that  of  ca])ital 
expenditure  ;  and  (.'{)  that  the  justification  for  the  additional  ca])ital 
expenditure  could  only  be  determined  by  the  annual  savings  likely  to  be 
effected  by  that  exjx  nditure.  The  Council  further  expi-essed  the  opinion 
that  the  ])eriodicity  would  ultimately  have  to  be  brought  into  line  with 
the  i-ecognised  Australian  standard  of  ;50  ^,  that  th(<  longer  this  work  of 
standardisation  was  delayed  the  more  exjjensive  matter  it  would  become; 
and  duiing  the  whol';  period  of  the  delay  Western  Australia  would  be 
liandica])])ed  in  com])etition  with  the  I'lastern  States.  The  alteration  of 
voltage  was  of  less  immediate  importance;  than  the  standardisation  of 
frequency,  but  standardisation  of  voltages  throughout  Australia  was 
becoming  an  increasingly  urgent  matter,  and  J'erth  had  increased  the 
difliculties  by  selecting  a  voltage  used  by  no  other  ca])ital  city  in  the 
Commonwealth.  The  value  of  the  incandescent  lami)s  ])urchased  by 
Perth  Council  was  a  small  matter,  comi)arcd  with  the  annual  savings 
which  would  result  from  standardisation.  Beyond  formal  acknowledg- 
ments no  further  re])ly  has  been  re< cived  from  the  Premier. 

.Mirboo  North  (X'ictoria)  Council  has  agreed  to  ])ay  a  minimum  of  £1(K) 
]wr  annum  for  ])ublic  electric  lighting  if  the  local  dairy  company  establish 
the  ncccs>ar\'  gciurating  plant. 

M'  n.(.uine.  Brum  wick  k  Coburg  Tramways  Trust  in  negotiating  with 
the  Tramwayr,  I{(  ard  for  ])ermii;si<)n  to  eontinuo  the  Tru';fi\  electric 
tramway  from  (^u(  i  r..  be  rry-:itr<i  t,  Carlton  to  I.,oni«lale-strect,  replacing 
the  prcieiit  (able  tranr.  over  aliout  half  a  mil".  This  would  Ic  the  lint 
conversion  of  the  cable  line  tram  t<>  (  li  <  trie  tracticn. 

When  the  N.S.W.  Gov(  riiim  nt  raiicd  it;,  tramway  fare;  last  year  it 
was  cx]ic((ed  that  th"  additional  annual  revenue  rtsulting  woidd  be 
£200,0(10.  In  11  months  (nding  Feb.  28  the  increase  was  £:17«.0(K).  A 
n'turn  to  the  eld  fans  is  being  conr.idered. 

The  o|iiniiig  of  the  first  section  of  the  electric  tramway,  which  !;••  to 
(<innc(t  Melbourne  with  Murwood,  took  ])laee  in  Ai>ril.  \\'lic!i  eom- 
l>letcd,  the  lin<"  will  hi'  aixmt  H  mile;;  in  length,  aiul  the  co:;t  will  be  about 
£;l(;0,(i(  ().  .Mr.  F.  A.  McC'arty  will  bi'  the  general  manager  and  engineer 
for  the  Tramway  Trurt. 

A  com])any,  to  be  cal!( d  Mi  t:il  Manufacturers  (Ltd.),  is  to  be  formed  in 
Sydniy  to  niiuiiifactiirc  c<.]i))er  utensils,  wire,  tuber.  &e.  The  ca])ital  is 
(o  be  £2(1(1.0(1(1  and  the  tin^  directors  arc  Men-rs.  W.  L.  Baillieii.  H.  F.  C. 
Keats,  J.  M.  Ni.ill,  .1.  L.  Wharton  and  Kilio  King  (Sydney).  The  com- 
pany is  to  be  Britii  h  own-.  (1  and  controlled. 

The  offer  of  the  Taimanian  Government  hydro-electric  dt  ])arlment  to 
supply  the  Mount  lAell  M.  k  R.  Co.  with  electric  <'urn'nt  uj)  to  .5(l.(i(»0  \\.v. 
ha.<  b(  (  n  ai'cepted  by  the  eomiiany. 

Zeehan  (Tasmania)  Council  lias  decided  to  secure  a  rc])ort  from  the 
rngin((-r  regarding  tiie  rcn"\val  of  b.'itteries  at  the  electric  power  station. 

India. — "Indian  Engineering"  says  Simla  nuuiieipaiity  put  its  new 
gonovnting  plant  into  me  on  .April  S.  It  is  stated  that  <m  .\])ril  10 
tho  tot;.!  demand  was  nearly  e(pial  to  the  full  capacity  of  the  old 
plant — viz..  790  k.v.a. 

"  Indian  Industries  i*c  Friwer  "  says  electric  ]i\im]>ing.  as  a  mmcdy  for 
water-logging  and  its  attondanl  evils  of  malnrin.  is  beginning  to  nttrnct 
increased  attention  at  Simla  in  eonse(|Uence  of  the  success  ntt<<nding  this 
method  of  treatment  in  the  Amritsar  district.  The  exiieriment  in  Amrit  - 
par  is  still  u])on  a  small  scale,  comprising  as  it  does  little  more  than  a  sccu-e 
or  lw<i  of  wells  out  of  which  water  islieing  ]iuni])ed  by  electric  power  derived 
from  a  neii^dibouriiiL;  waterfall,  but  the  \alui'  for  irrigation  puriwises  of 
the  water  tlius  raised  alTords  a  \  i-ry  fair  n-tuin  upon  the  cost  of  installing 
and  working  the  jilant. 


Patents  in  Canada. — Firms  in  the  United  Kingdom  having  asked 
H.M.  Trade  Commissioner  in  Canada  (Mr.  C.  Hamilton  Wickes)  what 
fiteps  they  should  take  to  introduce  their  joatents  into  Canada,  the 
Canadian  Manufacturers'  AsDociaticn,  Toronto,  has  undertaken  to 
assist  owners  of  patents,  desirous  of  protecting  their  rights  in  Canada, 
b^-  placing  them  in  touch  with  reputable  Canadian  manufacture  rs  who 
r.re  likely  to  be  interested. 

Straits  Settlements. — Official  statistics  of  the  trade  of  the  Straits 
Settlements  for  1915  show  total  imports  valued  at  £51,037,(X)0  (in- 
crease of  £.5,377,(X)0  over  1914). 

Goods  from  the  United  Kingdom  amounted  to  £4,26.3.000  (decrease 
nearly  8  per  cent.),  from  U.S.A.  £830,000  (increase  £240,000)  and  from 
Japan  £1 ,741^) ,000  (increase  £330,000).  Amongst  co  npetitive  merchandise 
(1)  engines  and  boilers  and  (2)  electrical  machiners%  respectivelv,  came 
to  the  extent  of  £.50,283  and  £30,683  from  the  United  Kingdom^  £1,050 
and  £3,267  from  the  Continent  of  Europe,  £117  and  £933  from  Japan  and 
£933  and  £1,517  from  U.S.A. 


MISCELLANEOUS  NOTES. 


I 

Cable  Discounts. — We  have  received  from  Messrs.  Pooley  &  Austin* 
25,  Victoria-street,  London,  S.W.,  a  leaflet  giving  a  set  of  single 
multiplier  figures  which  render  the  calculation  of  net  cable  prices  a 
simple  matter. 

At  pre.  er.t  there  are  go  manj'  <liricou::to  to  1  c  taken  into  consideration 
that  the  calculation  in  the  ordinary  way  takes  r.on-.c  time.  The  figuicr, 
given  by  Messrs.  Pooley  &  Au:;tin  thus  result  in  a  material  saving  in 
office  time.  A  copy  of  the  leaflet  will  be  rent  to  anyone  interested.  Until 
the  supply  is  cxhaustod,  Messrs.  Poo!cy  &  Au.stin  will  also  be  pleased  to 
send  a  cardboard  slide  rule  for  getting  out  the  prices  p.er  yard  or  per  coil 
when  the  j)ric('  per  mil-  i-.  known. 

Enemy  Firms  Wound  Up. — Tne  Board  of  Trade  have  ordered  the 
winding  up  of  17.3  busines.sc3  controlled  by  alien  enemies.  Tho 
latest  lifjt  includes  : — 

Fcrd  Emil  .Jagcnherg  (Ltd.),  1.57,  Farringdon-road,  London,  E.C.. 
m.inufacturers  03"  paj.er-working  machinery  (Controller  :  H.  A. 
Plumb,  IK),  Cinnon-.-.treet.  E.C.)  ;  Schorch  Electrical  Co.,  35,  Basinghah- 
strcct,  London,  E.C.,  electrical  engineers  (Controller  :  C.  E.  Bark.M-, 
21,  Finsbury-pavement,  E.C.) ;  A.  T.  Speedometer  Co.  (Ltd.).  140,  Lonj;- 
acre,  London,  W.C..  maniifacturen;  cf  speedometers  (Controller  : 
F.  (i.  \'an  de  Linde.  4,  Fenchureh-a venue.  E.C.)  :  Islcworth  Hubher  Co., 
Is'.eworth,  Mitldlcsex.  manufacturers  of  an<l  «lealers  in  rubber  goods 
(Controller:  S.  W.  Tubb;-.  2S.  Basinghall-.street,  E.C);  P.  Beirsdorf  & 
Co.,  7  &  8,  Idol-lanc,  London,  E.C.,  manufacturing  chemists  (Con- 
troller: R.  S.  Patterson,  1,  Walbrook.  E.C.);  l?ichard  Klinger  &  Co., 
66,  Fenchurch-sticet,  London,  E.C.,  engineen;  (Controllor  :  H.  W.  Dunn. 
46,  Queen  Victoria-street,  E.C.)  ;  Pfeifer  &  Co.,  St.  Dunstan's  House, 
Cross-lune,  London,  lO.C..  .agents  for  sale  of  chemical  producto  (Con- 
troller :   A.  D.mgerfield,  .5(5.  Cannon-street.  E.C.) 

Claims  again.>t  Hiehd.  Klinger  k  Co.  an*  to  be  srnt  by  .Tune  30  to  the 
Controllet.  Mr.  H.  W.  Dunn.  46.  (^ueen  Vietoria-.-tn^et.  London.  E.C. 

Claim:;  against  A.  Wulfin;.'  &  Co.  an'  to  be  ,icnt  by  .lune  2(>  to  the  (V>n- 
tn)ller.  Mr.  E,  L.  liennett.  31-32.  Broad-stn-t-t  ■av<'nue,  Londc  n.  E.C. 

(■lainiii  against  .Ma;-chineiifabrik  .■Xugsburg-Numb.-rg,  A.G..  are  to  l>e 
sent  by  .lune  %)  to  the  Controller.  Mr.  B.  E.  Mayhew.  Alderman's  Houre, 
Bi;Jio))sgate.  l/mdon.  E.C. 

P.O.  Servants  and  the  War.— The  Postmaster-Cencnal  (Mr.  J.  A- 
Pease),  who  unveiled  a  roll  of  honour  at  Bromley,  Kent,  last  week, 
said  that  between  .5().(MK>  and  (iO.tMH)  Post  Oflice  men  were  .fjcrving 
with  the  (\)lours.and  it  was  ini|K).ssible  to  fill  their  j)laees  entirely. 

Tlien-  wen'  over  20.(l(it(  women  at  work  as  temjiorary  heljH-r;..  and  over 
LiO.dOO  men  were  also  trying  to  fill  the  gap.  During  the  war.  thnuigh  the 
mediiim  of  the  Post  Ofliec  ontf  45(».tKKt.(HtO  letters  and  4<1.(KK).000 
l)arcelii  had  Ixvn  rent  to  the  troops  In  France.  TIiom-  letters  an<l  iiareels 
weigheil  about  1..5(KI  ton.-*  ]kt  week.  In  a<ldition.  theyrent  out  for  the 
iH'ncfit  of  the  troop-;  at  home  an«l  abroad  and  our  sailors  on  the  ;'-cas  books 
and  maga/.iiu  ;.  About  SiKt.tKKl  books  and  magazines  wen*  being  dir-- 
tribtited  week  by  week,  and  on  Iw-half  of  the  trooi)s  he  app<-alcd  for  even 
nion*  to  be  handed  in.  The  Post  ()fti(><'  had  given  to  the  r.ignalling 
d<})artment  over  II.HtMt  trained  telogra]>hists.  They  had  loi;t  2.025  m.'^n 
who  in  .'Viigusi.  1914.  wv'n-  in  the  employ  of  the  Pout  Ofliec.  In  addition 
.3(10  n'.<  Ti  wen-  mii  I  inj;.  and  (t(K(  jioital  crvants  wen*  in  the  hand.-,  of  the 
enemy  ar.  prison"r.s. 

P.O.  Servants'  Wages.  -.\  further  n^jMirt  has  been  presented  by  the 
coininitlec  appointed,  under  the  chairmanship  of  Sir  Ct'orge  (Jihb,  to 
examine  the  |K)sition  as  to  wages  and  conditions  of  eniplo\*mont  of 
Post  Office  servants  raised  by  the  Holt  Committee's  report. 

The  conmiittee  had  aln-ady  dis]>om^d  of  most  of  the  matters  in  fli*pute. 
.nnd  they  Tiow  submit  n>eoinnien<lationi;  on  all  outstanding  (piestions 
which  in  their  opinion  ran  l)e  utefully  dealt  with  at  prc^-nt.  They 
]iropore  that  the  Holt  Comniittrr'o  reeomniendations  1  hoidd  Ix"  .adopted, 
with  modific'itions  in  et'rtain  ease?,  in  regard  to  the  transfer  to  other 
dutirii  of  ]X'rHonn  suffering  fn)ni  tolegra]ihi6ts"  cramp  :  departmental 
examination*.  lra<xT>  nnd  sorter  tr.acers.  supervising  allowances  of 
pnr.tmcn.  travelling  exi»^n-.<i  of  telephonists,  writing  dntirn,  writing 
assistant!;,  incnincnt  of  a.sistant  enuineers.  triennial  n^vision  of  rnb- 
jiostnin.''ten«'  salaries,  and  en-dif  for  telegraph  work. 
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Radio-Telegraph  Notes.— The  "  Joum  al  Telegraphique  "  announces 
that  since  Jan.  25  last  a  radio-telegraph  service  has  been  established 
between  Budapest  and  Barcelona.  The  charge  per  word  is  the 
ordinary  telegraph  rate,  but  there  is  a  reduction  of  50  per  cent,  for 
press  telegrams  and  a  triple  rate  for  urgent  telegrams. 

The  '■  Wall  Street  Journal  "  states  that  plans  have  been  com- 
pleted for  the  construction  on  Long  Island  or  Connecticut  shore  (on  a 
line  between  Sayville  and  Bridgeport)  of  a  tower  1,000  ft.  in  height 
in  connection  with  a  radio  telegraph  station  intended  to  communi- 
cate with  Buenos  Ayres.  The  system  will  be  owned  by  the  Federal 
Holding  Co.,  and  it  is  expected  to  be  in  operation  in  a  year.  It  is 
also  stated  that  a  similar  tower  will  bo  erected  near  Montevideo, 
Uruguay. 

It  is  reported  that  the  American  steamer  "Ventura,"  which  re- 
cently arrived  at  vSydney  from  San  Francisco,  picked  up  wireless 
messages  from  the  station  at  Tuckerton,  New  Jersey,  when  she  was 


0,(J(JO  miles  distant  from  that  place.     This  'u  cUimed  to  be  a  worid's 
record.  |^ 

Tribunal  Cases.— At  Bla.  ki>o<jI  lant  week  Mr.  C.  Fume«,  borough 
electrical  engineer,  applied  for  ex*-  of  1 1  tn*:n  in  tha  elec- 

tricity department  and  12  in  the  tr.^  dejjartment. 

Mr.  Birkctt  (military  rrprt-Hentative)  Haid  men  in  the  eWrttricity  de- 
])artmcnt  were  all  ongaj^cd  in  exempted  fKcupations. 

Mr.  FurnoMH  explained  that  73  men  of  the  tramwavfi  dej^artint-nt  had 
joined  the  Army  and  '>'.i  from  the  electri'  " '  <•  11  men 

in  the  electricity  de])artment  were  eondit,  1 !  tram- 

way men  were  granted  conditional  exemy<ti<j/i 

At  Lambeth  (I^mdon)  MewfiD.  Toy  &  Wi/i  .  .  ..  _.  .  •  --. 
applied  for  the  exemption  of  (Jharles  A.  Winnlow,  aged  .%  yeam,  ^  •  •  r 
of  one  o.  the  partners.     Mr.  Winnlow  said  his  brother  war,    -  '  -*f,le 

as  he  was  the  only  man  left  who  was  really  ndiable.     The  a; 
refused,  but  as  it  was  stated  the  firm  was  engaj^ed  on  Goverru; 
the  tribunal  suggested  they  should  aj)|/<-al  to  the  Mini'^trj-  of  .'. 
for  a  badge. 


TENDERS    INVITED. 


Telegraph  and  Telephone  Material. 

Tenders  arc  invited  uj)  to  July  31  for  the  supply  and  erection 
at  G.P.O.,  Brisbane,  of  Power  Board  and  Accumulators  (Stores' 
Schedule  381).  Specifications  and  tender  forms  from  Common- 
wealth Offices,  72,  Victoria-street,  Westminster,  London,  S.W. 

The  Deputy  Postmaster-General,  Perth  (W.  Australia) 
requires  tenders  by  3  p.m.  June  7,  for  the  supply  of  15  tons  of 
Galvanised  Iron  Wire  (Schedule  508,  W.A.),  for  the  Australian 
Commonwealth  Postmaster-General's  Department.  Specifica- 
tions from  office  of  Deputy  Postmaster-General,  Perth,  W.A. 

The  Deputy  Postmaster-General,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  16  for  the  supply  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &c.,  for  the  Australian 
Commonwealth  Postmaster-General's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputy  Postmaster- 
General,  Perth  (W.A.). 

The  Deputy  Postmaster-General,  Perth  (W.A.),  also  requires 
tenders  for  6  miles  of  Wool-covered  and  i.r.  covered  wire 
(schedule  509,  W.A.)  for  the /Australian  Commonwealth 
Postmaster-General's  department.  Specifications  from  Deputy 
Postmaster-General,  Perth,  W.A. 

The  Deputy  Paymaster-General,  Perth  (W.  Australia), 
also  requires  tenders  by  3  p.m.  July  12  for  supply  of  3,000  Dry 
Cells  for  the  Australian  Commonwealth  Postmaster-General's 
Dept.     Specification,  &c.,  from  the  Deputy-Postmast6r-General. 

The  Deputy  Postmaster-General,  Adelaide,  requires  tenders 
by  2  p.m.  July  12  for  600  Accumulator  Cells  and  Telegraph 
Power  Board  Apparatus  (schedule  415)  for  the  Australian 
Commonwealth  Postmaster-General's  Department.  Speci- 
fication, &c.,  from  the  Deputy  Postmaster- General,  Adelaide. 

Electrical  and  General  Stores. 

The  Clyde  Navigation  Trustees  require  tenders  by  10  a.m. 
June  5  for  six  or  12  months'  supply  of  Electrical  Stores,  India- 
rubber,  Paints,  Varnishes,  &c.  Specifications,  &c.,  from  the 
Superintendent  of  Stores,  16,  Robertson -street,  Glasgow. 

Eleclric  Capstan. 

Manchester  Electricity  Committee  require  tenders  by  10  a.m. 
Jrne  7  for  supply  of  an  Electric  Capstan  for  Stuart-street 
generating  station.  Specification  from  Mr.  F.  E.  Hughes,  Town 
Hall,  Manchester. 

Electric  Lorry. 

Sydney  (N.S.W.)  Council  require  tenders  by  3  j).m.  June  20 
for  the  supply  of  a  2-ton  Electric  Lorr3\  Specification,  &c., 
from  the  City  Surveyor. 

Street  Lighting,  Generating  Plant,  Gas  Engines,  Dynamos,  &c. 

Oamaru  (N.Z.)  Borough  Council  requires  tenders  by  4  p.m. 
June  23  for  the  supply  of  Overhead  Mains  and  Street  Lighting 
Equipment  (contract  No.  2) ;  Power  Station  Equipment  (Pelton 
Wheels,  Alternators,  &c.)  (contract  No.  3) ;  Service  Meters 
(contract  No.  4) ;  and  Line  Transformers  and  Accessories  (con- 
tract No.  6).  Specifications,  &c.,  may  be  obtained  at  the 
Council's  offices  on  deposit  of  £1.  Is.  for  each  contract. 

Pahiatua  (N.Z.)  Borough  Council  requires  tenders  by  noon 
July  10  for  (contract  No.  1)  Overhead  Wires,  Poles  and  Street 
Lamps  ;  (No.  2)  Gas  engines.  Producers,  Dynamos  and  Auxi- 
liary Apparatus ;  (No.  3)  Accumulators.  Specifications  and 
plans  from  the  Town  Clerk,  Pahiatua. 


I 

Electric  Lamps,  Lamp-Holders,  &c. 

Tenders  will  be  received  until  1 1  a.m.  June  14  by  the  VictoriaX 
Railway  Commissioners,  Spencer-street,  Melbourne,  for  the 
supply  of  5,000  6-volt,  and  1,000  110-volt  Electric  Lampa  for 
signal  system  (Contract  29,912);  and  4,000  Lamp-holders  (Con- 
tract 29,913).  Specifications  from  the  offices  of  the  CommiBsioners. 


TENDERS  RECEIVED  AND  ACCEPTED.  M 


Walthamstow. — The  tender  of  the  Paterson  Engineering  Co.  (at 
£750)  is  recommended  for  acceptance  for  the  supply  of  water-soften- 
ing plant  at  the  electricity  works.  The  tramways  engineer  haa 
placed  an  order  with  Cammell,  Laird  &  Co..  for  18  tramcar  axles  at 
£5.  16s.  each,  and  24  commutators  have  been  ordered  from  P.  R. 
Jackson  &  Co.,  at  £5.  10s.  each. 

Falkirk. — The  Council  have  accepted  the  following  tenders  for 
electrical  supplies : — 

Callendcr's  Cable  &  Construction  Co.,  heavy  cables  ;  Liverpool  Electric 
Cable  Co.  and  Callender's  Co.,  small  cables  ;  Chamberlain  &  Hookham. 
single-phase  and  d.o.  meters  ;  Reason  ^Ifg.  Co..  electrolytic  meters ; 
Ferranti  (Ltd.),  three-phase  transformers;  Ross  &  Co.,  metal  filament 
lamps  ;  Dussek  Bitumen  Co.,  bitumen  and  compound;  Vacuum  Oil  Co.. 
lubricating  oils  ;  Falkirk  Iron  Co.,  manhole  frames  and  covers  ;  Aitken 
Eros.,  ironmongery  stores'.. 

Rawtenstall. — The  Council  have  accepted  the  following  tenders  : 
British  Westinghouse  Co.,   transformers  and  switch  panel ;    W.  T- 
Glover   &   Co.,   cable;     Gate-   &   Green,   conduits;     British  Thomson- 
Houston  Co.,  switchgear. 

Melbourne  (Victoria.)— The  Electric  Supply  Committee  has 
placed  an  order  with  the  British  Westinghouse  Elec.  &  Mfg.  C«  .  (at 
£157.  14s.)  for  an  a.c.  motor.  i*; 

Metropolitan  Asylums  Board. — The  tender  of  J.  W.  Gray  <fe 
Son  has  been  accepted  for  installing  an  internal  telephone  s\-stom 
and  to  overhaul  the  electric  bells  at  the  Children's  Infirmary. 

Auckland  (X.Z.)— The  Dramage  Board  recently  received  tenders 
for  centrifugal  pumps,  electric  motors  and  controlling  apjviratus  for 
four  pumping  stations. 

Five  firms  tendered,  but  three  tenders  wen>  informal.  The  tender  of 
D.  Riley  &  Co.,  at  i2,92S,  was  accepted.  The  amo.mt  of  the  >«'a<'^^^' 
Eleclric  Co.'s  tender  was  £3,014.  and  the  engineers  estimate  wai^  £l.»o8. 

Sydney  (N.S.'^V.)— The  Council  is  i-eoommended  to  accept  the 
tender  of  New  &  Sons  for  coal-trimnung  chutes  for  the  jwwer  house, 

at  £228.  ,       .     ... 

The  Committee  also  recommended  that  an  onler  bo  placed  with  the 
Australian  General  Electric  Co.  for  the  supply  of  the  e.\ton.»ion6  to  the 
switchcrear  in  the  Town  Hall  sub-station  :  Gne  r.,tKK>-volt  thix-o -phase 
motor  Vncl.  2.000  kw.,  £40o  ;  two  o,OCK>-volt  thrtH^-pha-=o  -Ot>-ampere 
feeder  panels,  £471  ;  one  600-volt  d.c.  generator  panel.  L.tXK)  kw..  lo-li : 
four  600-volt  d.c.  fwder  panels.  1.000  amperes,  £«93  ;  total.  i:-,J{>.». 

Hospital  Electro-Medical  OutHt.— An  order  has  been  placed  with 

Tvler  &  Freeman  for  the  i)rovision  of  electrical  outfit  for  the  patho- 
logical laboratorv  at  the  Maudsley  Hospital  (Denmark  Hill),  at  £199. 
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FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 

m 

Accrington. — The  accountK  oi  iht;  CorjMjnition  tramwavK  cle)»art- 
. merit  lor  tfie  3'ear  ended  Marcli  .'il  nhow  t(;tal  capital  ex|jeiKliture 
£146,506  (increase  £1,935),  of  which  £24,()()2  has  Ijeen  paid  out  of 
i-evenue,  anrl  £23,205  of  loans  has  been  n-pajd. 
■  ■•  Rovemio  was  £29,272  ((■oini)arcd  with  i:27.H.")()  in  prfvioun  year),  and 
working  expenses  were  £1!),498  (against  i;l«i.43H).  leaving  gross  profit 
£9,774  (£11,412).  Interest  required  ^4,375  (i;3,!)!)7),  and  repavm<'nt  of 
loans,  £4,257  (£3,877),  the  net  sun>his  being  ir)7S  (£3.17!»)."  Traffic 
revenue  per  car-mile  was  12-S(i(l.  (I2(»r)d.).  and  total  income  13(lld. 
(12-2(1. ).  wiiile  working  e.\p<-nK(K  wen-  H()7d.  (7-2<l.).  I'ai-sengers  carried 
were  4.H4I.334  (4  (i37,3()3),  car-miles  rini  (over  Accrington  s\Ht<'m) 
53!»,8r)H  (548,070),  and  units  iis<d  8I5.50<>  (83l,i)33). 

^    Liverpool.     The  accounts  of  the  electric  supply  dci)artiucnt    for 
..th'fcv(!ar    ended    Dec.    31,    1015,    show    total    cajtital    expenditine 
£2,225,038  (increase  £2,344),  of  which  £1.43((.8()3  is  out,staii<ling. 

Revenue  was  1345,808  and  the  expenses  iniluded  ifcniiation  t<;().8(J8. 
distribution  t;lO,.'")25,  rents,  rates  and  taxes  t38.43!t,  nianatremcnt  tl().4!l7, 
new  .services  t2.0lO,  new  meters  12.011.  and  special  charges  i.j.7!t,S.  the 
amount  carried  to  net  revenue  account  brjn.j  i:2<Ht.r).")S.  Interest  rc- 
«piircd  t()5,740,  and  sinking  fund  157. (i35.  Tin-  amount  transferred  to 
.  renewal  fund  was  £30,223.  and  toO.CKH*  has  been  contributed  to  general 
rate.     The  amount  at  credit  of  sinking  fund  is  t;21.'{.l(i4. 

The  tramway  aicounts  sli(»w  capital  expcndilurc  t;2,U(;S.4."»:{  (incicase 
£(i,0(il),  of  which  tl. 212, 712  is  outstanding.  Income  was  £707,007, 
traffic  expenses  were  £102.353.  general  ex|icnses  £8(i.35(>.  general  rejiairs 
and  maintenance  cost  £80,.5!)4.  and  ])ower  £124,100,  the  balame  to  net 
rftvenuc  account  being  £223. (i02.  Interest  rccpiirc.l  £.')0.084.  nut  of 
leased  lines  £4,8(i8,  and  sinking  fund  £()4.52(;.  £23.10.3  ha.;  been  i>laced 
to  reserve  renewal  and  depreciation  accounts,  and  £100.000  contributed 
in  aid  of  general  latc.     The  sinking  funds  amount  to  £51(),  183. 

Tynemouth.  The  accounts  of  the  municipal  cleetricity  nufjer 
taking  for  the  year  ended  .March  31,  1015,  whi<h  have  now  b(>en 
issued,  show  a  net  jirolit  of  £738  (compared  with  £1,787  for  1013-14. 
.  Rx'vcnue  was  £23,030  (against  £21,544),  working  and  general  cxj)cnM-s 
were  £2,005  (against  £2,818).  and  capital  charges  (including  £202  caj)ital 
ex])cnditure  out  of  irvcnue)  wen-  £(I.4!I0  ( £(i.:{:;(l).  Kelvins  sold  wen- 
4,80!t.HH  ().2!)(;.305).  Capital  ixjii  iidil  ure  was  £1,7M0  (makiuL'  the 
total  £07.174.  of  which  £.")S,!t!ll  is  oulslandini;). 

In  his  report  the  borou-zh  electrical  engineer  (Mr.  ('.  Turnbull)  says  the 
reduction  in  |)rolit  is  the  natural  i-esult  <.f  the  augmrnted  cost  of  working, 
and  of  the  running  of  thesleam  plant  durinjithe  winter  months.  ln<r<-ased 
sales  are  shown  in  all  departUK  nisexccpt  public  liudiliii;;.  whi<  h  has  been 
affcct<-dby  police  restrict  ions.  Sales  of  elcd  ii,i|  v  inT\u  1110111  h  wciceipial 
to  about  07  kclvins  per  head  of  population,  a  liiLdi  liguri'  compared  with 
'other  towns.  Kighl  of  the  stall  have  joined  II..M.  l-'orees.  and  two  have 
laid  down  their  lives  in  the  service  of  theircountry.  Thenundiirof  small 
motors  connected  continu«'s  to  increase.  In  tliis  direction  it  is  stated 
that  cleetricity  is  alfeetini;  the  life  of  the  nation  to  a  great  extent,  by 
nuiking  it  easy  for  small  bictorics  to  flourish.  Klec  Iricity  supidy  is  thus 
having  a  growing  elTcet  on  the  life  of  the  nation  as  time  goes  on  by 
encouraging  small  industries,  and  cheeking  the  tendency  for  all  things 
to  be  nuide  in  huge  factories.  Agricidture  will  also  benetit,  when  Parlia- 
ment has  removed  the  ]»n'H<'nt  nstrictions  on  overhead  wins,  and  it 
'■  nnist  be  ])ossible  to  provide  (heap  supply  of  curnut  to  farms  without 
,the  payment  of  excessive  wayleavcs  befon-  we  can  ha\c  the  bcnelit  of 
cheap  lioihc  grown  food."  Hj'ilway  I'lectrilication  is  ))rocceding  to  a 
greater  extvnt  than  is  generally  kniiwn.  and  n-ccnt  improvements  have 
brought  nunn  line  elect rilicnt ion  appn'einl)ly  nean-r.  So  far.  linos 
.  elcetrilied  have  been  (  liiefly  those  h.iving  heavy  suburban  tralhe.  where 
the  change  has  brought  rajiid  increase  in  trallieVeceipls.  The  pidilic  has 
also  beneliled  by  being  able  {,,  hve  out>^i(le  the  towns.  The  North 
Eastern  Kailway  has  elee(  rilicd  a  bram  h  with  heavy  goods  trallic.  which 
will  provide  inlercsliug  lesuKs.  The  |Mi(c  of  limgslen  lumps  still  ki-eps 
high,  being  about  twice  as  much  in  Uritain  as  in  Other  countries.  The 
new  half  wait  lamp  is  also  e(uning  into  nun  li  greater  use.  but  the  price  is 
astonishingly  hi;;h.  usual  sizes  coslini;  20.s.  .oid  30s.  eneli.  The  clei  trie 
vehi(  Ic  in  its  own  line  for  heavy  work  at  moderate  speed  seems  to  Im> 
unexcelled.  The  Kdison  cell  has  immense  advantayi  s.  but  hen*  also 
the  price  iharged  is  very  high.  Mr.  Turnbull  points  out  that  lho!»c 
nations  will  have  most  control  of  the  world  which  control  most  inven- 
tions, and  those  nati(ms  will  control  most  inventions  which  provide  the 
best  education  for  their  i)eo)tle.  (Jermany  and  the  liuted  Stal(  s  surjiass 
us  in  facilities  for  higher  education,  and  unless  we  make  ijivater  elTorls  in 
the  near  future  we  will  lag  further  behind,  lie  cites  ih(>  fad  that  for 
the  year  1!H3  the  I'nited  States  allowed  their  National  l^«borator>- 
£140.000  for  seientilic  rescanh.  (Icrmany  allowed  theirs  £70.000.  while 
Britaili  allowed  theirs  £7.000.  in  additi()n  to  the  cost  of  re.seanhes  in 
afronanli.s  carried  out  for  the  (Joverniueut  at  the  laborator\.  The 
National  l'hysi(.al  Laboratory  ekes  out  its  inconu'  by  lees  obtHine<l  for 


commercial  tests,  but  even  with  these  the  allowance  is  far  too  small  to 
enable  the  nations  work  to  be  done  properly.  Nevertheless  the  labora- 
tory' did  work  which  has  earned  the  admiration  of  the  world,  and  at 
present  is  rendering  inestimable  service  in  connection  with  war  service. 
After  citing  many  instances  of  American  firms  who  spend  large  sums  in 
scientific  investigation  and  reap  rich  wealth  from  .same,  Mr.  Tqrnbull 
draws  attention  to  the  disadvantages  of  our  .system  of  weights  and  measures 
and  coinage.  Forc-igners  will  not  bother  with  our  catalogues  priced  out 
in  figures  with  weights  and  measures  which  they  cannot  understand. 


COMPANIES'  MEETINGS  AND    REPORTS. 


Indo-European  Telegraph  Co.  (Ltd.) 

The  forty-ninth  ordinary  general  meeting  of  this  rom])any  (adjourned 
from  April  27)  was  held  on  Tuewlay,  Mr.  .1.  flEKBERT  Tbitton  (tKe 
Chairman)  ])residing. 

Tin-  SKt'UKTAKV  (Mr.  dohn  T.  Hethell)  read  tla^  notice  convening  the 
nvM-ting.  and  also  the  auditors'  n-port. 

The  CHAilJ.M.AX  s;iid  :  This  is  an  adj(uirned  general  meeting  to  take 
into  consideration  the  rc]iort  and  ac(  dunts.  the  final  interim  dividend  of  the 
same  aggn-gate  amount  as  usual  hi\  ing  been  dcelan'dat  our  earlier  meet  in <: 
and  |iaid  on  .May  I.  The  jxisif  ion  of  the  C(uu|»an}-  has  nmained  unchanged 
during  the  year  under  review.  ( >urc«unmunications  through  (Jermany  weiv 
seven-d  on  July  31.  1014.  and  have  remained  ho.  Our  South  Russian  and 
l\'rsian  lines  have  on  the  other  hand  done  j^ood  wrvice,  our  staff  having 
everywhere  remained  at  their  po.ts.  The  ( »dessa-Con«tantinoiile  cable  in 
which  we  have  a  joint  interest  has  been  clo.sed  down  since  the  entrance 
of  Turkey  into  the  war.  There  is  no  ])ros|)ect  of  rcsumjition  of  our  main 
route,  and  it  is  the  wish  of  the  British  (Joverrment  and  the  Cable  Com- 
])anics  with  whom  we  have  working'  .irrangements  that  we  should  await 
the  termination  of  hostilities  iK'for--  we  e(unmit  oursidvcs  to  anv  definite 
decision  for  the  n'-cstablishmcnt  of  our  through  service  to  India  via 
Russia,  in  order  that  the  most  suitable  route  should  Im'  determined  ujKin 
by  the  administrations  an<l  companies  concerned  in  <idlaboration  with 
ourselves.  1  inforine<l  you  at  <uir  gt-neral  nu'i'ting  la.st  year  that  w«'  ha«l 
received  an  assuranc*-  fnun  the  Hritish  (Joverrment  that  facilities  would 
be  given  to  the  Comi>any  for  the  n' establishment  of  the  Indo  route  antl 
1  am  now  glad  to  !»•  able  to  inform  you  that  the  lm|H'rial  Russian  (Jovern- 
mi  nt  has  also  ])romiscd  us  facilities  to  the  same  end.  togi-thcr  with  an 
extension  of  lun'  existing  eonces,sion.  Snch  ext«-nsion  should  n-nder 
]>ossible  the  very  eonsidi'ralile  e.\|M>nditun-  on  <-api(al  account  which  will 
be  invol\e(l  in  the  n'-establiKlimcnt  of  our  rout<'. 

\im  will  have  observed  that  the  t'ompany's  n'venue  has  Ix^en  main- 
taine(l  indei'd,  shows  an  im])ortant  iiicn-ase  o\cr  that  of  last  year — 
while  the  expenses  show  a  dccn-ase.  This  you  will  agn'c  is  not  only  a 
satisfactory  but  an  unl<K>ked-for  slate  of  affairs.  It  is  entindy  due  to  a 
jtrolongation  of  the  working  arrant'cments  with  the  other  telegraph 
administrations,  except  for  w  hieh  •»  large  decrease  of  n'ceipts  would  have 
been  recorded.  \\'e  could  not  ho]H"  for  a  contiinuincc  of  such  more  or 
less  artificial  pros|Mrity.  and  I  liaxc  to  iidorm  you  that  under  new  arrange- 
mcntr  with  our  friends  we  ((Uisider  we  an'  assun-il  of  KuHicient  ri'ceipts 
to  provide  a  dividend  of  7  jmt  cent,  upon  the  cajiital  of  the  Comjiany 
after  jiayment  of  all  exi>enses,  an  arrangcnu-nt  which  will  continue  until 
one  year  aft4T  the  war.  I  would  add  that  we  an-  of  opinion  that  our 
Comjtany  has  Iwcn  very  liberally  treated  by  the  Indo-Kuropcan  T<K'- 
grajth  Department  of  the  Indian  (Joxcrnment  and  by, tin-  F^istern  & 
Assoc  iated  Companies,  and  it  is  our  earnest  desire,  when  the  war  is  over, 
to  n'-cKtablish  an  eflicient  r«>ut<'  which  will  carry  our  fair  shan-  of  traffic. 
It  will  rcnuiin  with  your  Din-ctors  to  augment  the  dividend  thus  ))nt- 
\  ided  by  willi'lrawal  fnun  the  fund  islablished  for  the  ccpialisat  ion  of 
di\ideiids.  We  may  wdl  congratidaie  ourschcs  that  the  n'scr>»'  funds 
of  the  ("(uupany  stand  as  they  do.  .ind  that  they  have  been  augmented 
by  so  lftrgi>  a  sum  as  thi-  n-sult  of  (he  year  litlTi  makes  apjwn'nt.  This 
augmentation  has  in  part  enabled  us  to  subscriU'  handsiuni-ly  to  War 
l/ians.  The  shareholders  will  Iw  gralilicd  to  hear  that  our  emleavours 
to  assist  the  (JoMrumenl  of  the  (iiuntry  have  ranged  from  the  man'u- 
factun'  ol  gauu'(  s  of  mii  ros(  <>|iic  ai  <  iira(  y,  whi(  h  h.ive  more  than  once 
n'ceived  liii;h  commendation,  to  subscriptions  to  W.ir  l.oans  aggn'gating 
uinvards  of  1 1. '"•(•. (NKt.  We  hold  £.">0.0(MI  Kxche(pier  H«nds  and  £«.nj.528 
4.J  jier  cfnt.  War  I>onn.  of  which  Hi5.ly5  was  Kubseribed  to  enable  us  to 
convert  our  Cons(»li«.  Them>  large  sums  have  Ihhmi  voluntarily  provided, 
but  I  must  aUo  niention  (he  levy  of  the  taxgathenr  in  resix'ct  of  exces.s 
jirolils.  an  to  which  wt  have  n(»  op(ion.  and  which  ne(es.sitat<'s  the  putting 
aside  out  of  our  surplus  (In-  sum  of  il.">.(KKt  for  last  year's  excess. 

1  nni.st  now  again  allude  o  the  <  (instantly  recurring  items  of  depre- 
ciation of  inveslmcnt.s.  The  £25.(KMI  set  asi<le  in  1".»I4.  which  seme 
thought  exei-jwive.  huff  not  j»n>ved  siitlicient.  and  we  have  now 
si't  aside  l',3.'».(KI0  fur  (ho  sante  pur|His(*.  .All  holders  of  "  gilt- 
edged   ".    .securities    are    alike    nffei  ted,   and    the     more    prudent     (he 
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i  n  vest  nil  ni  .ijijHMiTrl  at  tlio  tinio  it  was  made  (lie  irrcatcr  has  bcc-ii  lim 
dr])rrciati()n.  'I'hcn!  is  ow  otlicr  a]ij)i()])iia1i(ni  wliicli  we  tlijrik  you  will 
frel  no  diflif  ulty  in  providin;;,  viz.,  ill  ().()()(»  towards  wiroioss  dcvclo])ni(nt 
and  research,  althoufrh  last  year's  vote  lias  not  heen  (|iiite  exliansted. 
It  will  be  apjiarent  to  you  after  what  f  have  said  as  to  the  future  that 
we  shall  not  be  able  to  do  this  out  of  income  for  lOHi.  The  l)ii-cc1or-s 
are  unanimous  in  tliiiikiiij.'.  thou<.di  time  alone  <an  demonstrate  the  value 
of  our  ojiinion,  that  the  shareholders  will  eventually  have  no  cause  to 
regret  the  money  expended  in  this  direction.  Durinp  the  year  further 
contributions  to  the  British  Red  Cross  Funds  and  to  other  funds,  having 
similar  objects,  have  been  made. 

I  It  now  only  remains  for  me  to  bring  to  your  notice  a  propcsal  with 
regard  to  the  (ialletti  ('onipany,  or  ratjier  its  iiatents  and  other  ])atents 
owned  by  the  Indo.  As  you  are  aware  the  Indo  Conqiany  has  a  jire- 
dominanit  interest  in  the  (Jallctti  (!om]iany,  an  investment  whic^h  stands 
in  the  balance-sheet  at  little  more  than  a  nominal  figure,  though  it  is 
largely  indel)ted  to  our  Company.  For  more  than  18  months  it  has  bicn 
nothing  but  a  soui'ce  of  expciiditui-e  to  us,  and  this  in  s])ite  of  iie<,f()tiati(ms 
wtiich  at  one  time  appealed  likely  to  offer  a  solution  of  what  is])iactically, 
owing  to  the  war,  a  dead-lock,  but  which  came  to  nothing.  The  Directors 
have  determined  to  bring  to  an  end  this  state  of  affairs,  indeed  the  y  havi^ 
no  option  but  to  do  so  in  view  of  the  material  diminution  of  thc^  earning 
])Ower  of  the  Indo  Company,  which  T  have  just  ex]ilaiiie(l  to  you.  Th 'v 
projiose,  therefore,  in  the  interest  of  all  ('oni  eiiicd,  and  particularly  of 
the  Galletti  shareholders,  before  whom  there  is  no  other  alt(Mnati\c  than 
liquidation,  to  enter  into  a  new  combination  of  interests  with  the  well- 
known  Company  of  Creed,  Bille  &  Co.  (Ltd.),  manufacturers  of  telegraph 
apparatus  of  every  sort,  whose  business  is  in  a  highly  prospei-ons  iiosition. 
This  comjiany  will  be  enlarged  by  the  issue  of  additional  capital,  of  wliidi 
the  Indo  Company  will  take  up  to  ,£;?(),()()()  for  the  (leveli)])nieiit  of  the 
wireless  side  of  the  business.  The  ]iat(  nts  owned  by  the  Indo  Com^iany 
and  those  owned  by  the  Calletti  Com])any  will  be  tiansfiMied  to  theCree<l, 
Bille  Company,  on  whose  Board  the  Jndo  ('onipany  will  be  represented. 
The  value  at  which  these  patents  are  taken  is  fixed  at  £l()r),()()(»,  of  which 
the  greater  ])ait  is  applicable  to  the  Calletti  Company,  to  be  paid  in  cash 
by  an  annual  pen'cntage  of  the  divisible  ])rotifs  of  the  combined  under- 
takings. Facilities  are  also  given  for  an  option  to  take  u])  2(),()()()  il 
shares  at  par,  should  the  issue  be  advisable,  thus  enabling  Mr.  (Jalk^tti 
or  others  interested  to  participate  in  the,  future  development  of  thcMr 
liatcuts.  TliQ  Directors  feel  that  the  ]irospects  of  tlie  ratlio-telegraphic 
and  telejihonic  patents  will  be  enhanced  by  this  arrangement.  We  lio]io 
t]iat  in  the  interest  of  the  War  Oftice  and  the  Admiralty  (as  we  conceive) 
no  difficulty  may  be  found  when  we  make  the  necessary  application  to 
the  Treasury  Committee  for  new  iesucs  to  Fanction  the  scheme.  I  beg 
to  move  the  adoption  of  the  report  and  accounts. 

Mr.  CHARLES  HOLLAND  seconded  the  resolution  which  was  carried 
unanimously. 

The  retiring  Directors,  Mr.  J.  Herbert  Tritton  and  Mr.  Charles  Holland, 
were  then  re-elected  Directors,  and  Mcrsrs.  Kemp,  Sons,  Sendell  &:  Co. 
were  re-appointed  auditors  of  the  Company,  and  the  proceedings  termin- 
ated with  a  vote  of  thanks  to  the  Chairman  and  Board  and  the  staff. 


ti  v»Tv  ni'f  h 
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United  River  Plate  Telephone  Co.  (Ltd.) 

The   thirtieth   ordinaiy   general    mc<'tiug    was    held    on   Tuesday,    flic 
chairman.  Sir  (Jeo.  Franklits,  presiding. 

The  SECRETARY  (Mr.  A.  H.  Dawborn),  having  read  the  notice  con- 
vening the  meeting  and  the  auditors'  report. 

The  CHAIRMAN  said  :  Obviously  the  first  remark  one  would  make 
in  moving  the  adojition  of  the  report  and  accounts,  would  be  that  the 
result  of  this  Company's  working,  as  of  that  of  all  other  l^i'itish  enter- 
prises, is  to  be  read  in  the  light  of  the  gigantic  struggle  in  which,  as  a 
nation,  wc  are  engaged,  and  which,  while  profoundly  affecting  the  area 
of  conflict,  has  influences  only  in  degree  less  serious  u])on  such  ]iarts  of 
the  world  as  Argentina,  where  British  interests  and  Jiritish  trade  and 
commerce  ])redoniinate.  As  to  the  t^'lcphone  system  there,  when  we 
met  last  year  practically  we  had  arrived  at  a  position  of  stagnation  ;  in 
other  words,  in  the  year  1914  we  just  held  our  own  with  KH.'J.  This 
year,  1915,  about  which  we  arc  meeting  to-day,  the  period  involved  a 
whole  year  of  war  conditions,  during  M'hicli  wc  have  added  to  our  system 
2.714  subscribers'  stations,  after  deducting  withdi'awals.  We  huxc  now 
.'it), 582  stations,  and  conse()uently  our  revenue  has  continued,  though 
slightlv,  to  expand.  The  gross  earnings  of  the  Conqiany  for  the  year 
amounted  to  £641,581,  as  (■ompared  with  £(i:i0,t)51  in  1914,  leaving  an 
increase  of  £10,930.  Maintenance  and  other  ex])eiises  of  managemi  nt 
in  Argentina  and  London  have  absorbed  £447,810,  as  compaicd  with 
£455,346  in  1914,  showing  a  diminution  of  £7,536.  The  net  profit  for 
the  year  was  £193,771.  as  compared  with  £175,305  in  1914,  or  an  increase 
of  £18,466.  Included  in  the  expenses  are  customary  provision^  for 
maintenance  and  renewal  of  plant,  the  latter  item  having  absorbed 
during  the  year  £119,542.  London  expenses,  including  an  item  which 
is  very  considerable  in  these  days,  income  tax,  amount  to  £37,802,  as 
compared  with  £22,296  in  the  preceding  year,  showing  an  increase  of 
£15,506,  which  is  almost  entirely  due  to  inci eased  income  tax,  the  annual 
charge  for  which  has  practically  doubled.  The  ex])cn(ii(ure  on  plant, 
£121,646,  .cfJinpares  with  £186,065  in  1914,  or  a  diminution  of  some 
£65,000.  On  real  estate  we  have  expended  £5,476,  as  compared  with 
£46,605  in  1914,  the  reduction  due  to  the  check  in  development  caused  by 
war  conditions.  Sundry  debtt>r  balances.  £28,149,  show  a  reduction  of 
£43,000,  due  to  closer  collections  of  our  assets.  Securities  stand  at 
£108,755,  showing  a  reduction  of  £22.916,  due  to  the  redemption  and  sale 
'of  certain  of  them.  The  remainder  have  suffered  a  eonsiderablt  diminu- 
tion in  value  since  the  outbreak  of  war,  and  this  has  necessitated  a  special 
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transfer  to  ricpnr  iation  account  fnim  thi»  yin^r's  pnifii  of  CIO.WIO.  thiu 

bringing   the    value    within   the   cumnt    r'      '    '  •    "  .      .       , 

iriaterialrt,  £131,122 — a  ndiirliini  from  Ih 
to   the   ncfrcssity  of  keeping  .Hiiiai; 
shipment.     Home  <»0  |M-r  cent,  of 
uuiler  thr-  British  fla;.',  and  that  thai  I, 
■  uilailed      and,  of  course,  (Jerman  hhi( 

see  at  once  how  the  difficulties  of  tonn  •  m.      B 

£160,916,  are  larger  by  about  £(l8.<»0t»,  and  m..-,  r«  . 
On  the  liabiliti<'s  sid<-  of  the  balan<i-  vheit   i\u 
comment.     The  n\serve  fund  aecnurit  and  tji< 
thr-   transfer   now   reconitneuded,   amount    to    > 
jiosilion  of  solidity  and  str<n;.'th  whi<  h  will  eii.-ibl<-  lti<-  •on, 
alik<'  its  .  bligations  to  the  Argiiitine  in  n-s|Ki  t  of  t<l<|)hoii> 
to  the  shareholders  who  have  xtaked  (heir  capital  in  th«*  •■nt. 
we  come  to  the  all-impoi-tant  fitrnrrs     the  pro]io<si'c|  a|. 
iiKiit.      First  thei'c  is  the  final  dividend  of  5  p-r  c<-nt..  fi. 
Then,  to  the  staff  ]iiovidcnt  fund  we  add  £2.IMH».     'I'li.u  i,  th- 
foi-  several  years  we  have  been  ainiually  setting  a.-tuh-  for  the 
the  staff  in  the  Argentine.      In  some  .s;id  ca.s.-s,  when- Hieknr'K.H  and 
come  about,  we  have  found  that  the  funds  provided  have  Uiti  .i 
givat  blessing  indeed.    Whet  her  or  not  the  Board  will  have  to  eontlrbr  %•. 
times  are  more  propitious  that  it  may  not  Ik- wi.se  to  »  -'    ' 
fund  in  order  to  ])rovide  for  those  who  have  to  rr-tin-  fi  ■    \ 

whethei'  or  not  that  will  not  also  conduce  to  the  inten-sts  f»f  th«-  < 
are  ((iKstioiis  wlii<h,  I  think,  may  well  be  con.siderf-d.     The  on..   . 
I  think,  which  prevents  action  with  regani  to  that  i.s  the  difliciilty  «•• 
jiresent  times.     Then  we  transfer  to  re.serve  account  £2I>,IKKI.  t*i 
dejircciation  account  £l9,0t)(l,  and  we  carrv-  a  balano-  forward  < 
The  giavity  of  the  crisis  thiouuh  which  Ar-iintina  has  |i;i>s«  il 
indicated  by  the  lack  of  ))rogrcss  on  e^.-r^■  hand,  and  we  have  ir  ■, 

able  to  postjione  the  ei-ection  oi  new  buildings  and  tin-  proviMou  of 
exchanges  requiii-d  by  our  ordinary  develoiinient  stndie.s.  In  other 
words,  the  jirogress  of  the  Com]iany's  develojinw-nt  ha.s  U-t-n  eh«-ck«-d  bv 
th(-  check  in  the  trade  of  the  Argentine,  and  we  shall  not  .sjx-nd  nu'iM-V' 
until  the  necessity  for  it  arises. 

During  th(!  ])ast  year  the  Company's  ccmsultinir  engineer,  Mr.  Ciil.  <if 
the  firm  of  Messrs.  (Jill  &  Cook,  has  visited  th<-  Com))any's  i>ro|Mrtie.s  and 
furnished  valuable  n']K)rts  u]>on  the  potentialities  of  the  va.st  arras  to  be 
ultimately  su])])lied  with  telei)hone  service  by  the  Comiiany's  .svstom,  as 
well  as  careful  estimates  of  the  value  of  the  Company's  projM-rties  ami 
l)lant,  with  rates  of  dejircciation  applicable  to  each.     The  sha' 
will  be  glad  to  know  that  the  result  of  this  visit,  to  be  deduced  fr^ 
reports,  is  generally  to  confirm  the  values  appearing  in  our  balance- 
sheet,  and  to  justify  in  full  measure  the  policy  pursued  by  the  Directors 
and  the  Company  in  the  past  in  making  the  Company  strong.     In  this 
connection  we  are  specially  indebted  to  Sir  .John  Gavey.   wh 
counsel  and  technical  skill,  following  upon  his  visits  to  the  A  _ 
have  been  of  the  highest  service  to  this  (^'ompany.      ( )ur  trunk  Une  sy-' • 
giving  connection  to  the  Federal  capital,  remains  as  at  the  beginnin,    : 
la.st  year,  but  we  have  again  extended  our  lines  in  the  Cordoba  district 
by  joining  up  the  Belle  Ville  district  to  Villa  Maria  (a  distance  of  ;{S  milesU 
which  town  is  connected  to  the  City  of  Cordoba,  and  a  short  trunk  fine 
(25  miles)  has  also  been  built  in  the  IVovince  of  Buenos  Aires  connei  'r-. 
u|(  liie  towns  of  Taiiahpie  aiut  (icncral  .Alvcar.     The  common   knii-r. 
boards  mentioned  last  year  for  our  exchaniics  at    Flores.  in  the  City  of 
Buenos  Aires,  and  at  Lonias  and  \ji  i'lata  (a  few  niih-s  out.side  the  capital) 
have  been  c-ompleted,  and,  with  the  exception  of  the  last  named,  bri'u_lif 
into  service.      Only  two  exchanges  in    Buenos  Aires  now  remain  to  !»• 
converted  into  the  central    battery  system,  and  for  one  (Belgrano)  »t 
have  rcHH'ntly  accepted  a  tender  for  the  erection  of  the  necessary  buildiiii;. 
The  other  (Barracas)  will  be  dealt  with  in  due  course.     The  automatic 
installations  at  Rosario  and  '  .irdoba  aiv  gi\-ing  excellent  services,  but 
the  retention  of  temporaiy  exiiert  assistance  so  far  neees,sary  makes  true 
comparative  costs  of  working  for  the  ))resent  unobtainable. 

As  to  the  current  year,  1  am  no'Jur(.]ihct.  and  it  is  es|>4-eially  h  '      - 

to  forecast  results  in  times  such  as  these.  The  pros]>«-cts  of  A 
ti'aik-  ai'c  such,  however,  as  to  leail  us  to  ho|M>  for  fiirun's  i|iiit«-  as  favour- 
able for  1916  as  tho^;e  we  are  now  considering.  Turning  aside  fn>ni  tiio 
results  of  the  Company's  working,  we  may  witli  advantage  eoiusider  the 
conditions  prevailing  in  this  great  country,  iqion  which  the  j>n>s|¥-rity 
of  our  cnterpi-ise  deiicnds.  The  paralysis  of  trade  with  the  Argentim* 
caused  by  the  war  is  almost  past.  The  harvest  for  19I5.|»!.  .so  far  a.s 
regards  wheat,  oats  and  linseed,  has  Inen  generally  .satis-factorv-  l»oth  in 
yield  and  quality,  whilst  the  maize  in  some  districts  is  tlnMight  to  haw 
suffered  severely  from  Urought  ami  kHust.s.  {-^till.  the  area  .sown  is  .so 
large  and  extends  over  all  jiarts  of  the  Republic  that  it  is  hojied  the  liual 
results  will  be  better  than  certain  recent  ivport.<  wonld  ap]iear  to  •.-  '  - 
Then,  again,  if  you  look  at  the  total  volume  of  trade  with  the  A 
for  1915— that  is.  the  total  i>f  the  imports  and  cm 
amounted  to  £155.790.000.  as  compand  with  £1-  - 
equal  to  an  increase  of  £32,560,000.  or  26-42  pr  ctnt.  :  whiLsi  what  is 
called  the  balanc*  of  trade  during  the  year  191.>— that  is.  the  exc«'ss  of 
exports  over  imiiorts— was  £65.752.(100."  as  against  £15.3t54.000  for  Iftl-l, 
a  sure  inditation  of  recovering  pros]H  rity.  InijHirts  have  fallen  off  con- 
siderably, and  the  country's  niost  im]>ortant  source  of  ri-venue— uauioly. 
Custom  Hou.se  duties  andport  dues—has  i-onsequently  suffered.  Tni|>orts 
have  decreased  bv  £J).000.000  during  th<-  jiast  year,  while  e\jHirts  have 
increased  by  £41.6(10.000.  Itnjiorts  will  naturally  nniain  low  during  the 
jieriod  of  the  war.  and  perhaps  for  .some  little  time  afterward.s.  Exixirts, 
too.  may  fall  oft  unless  somethin!>  can  be  done  to  increase  the  available 
tonnage";  but  notwithstanding  this  difficulty,  there  is  ever}-  indication 
that    Argentina    will   maintain   its   position   during   the   current    year. 
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Another  feature  of  improving  financial  strength  it;  the  improvement  in 
the  gold  position  at  the  end  of  1915,  when  the  percentage  of  gold  held 
against  paper  currency  had  increased  from  66-4  to  72-4  per  cent',  so  that 
when  it  is  considered  that  for  the  volume  of  paper  currency  in  circulation 
in  the  Argentine  practically  72  per  cent. — or  nearly  three-quarters  of  it — 
is  held  in  gold  by  the  bank  of  the  nation  and  by  the  Caja  de  Conversion, 
where  the  money  is  deposited,  I  think  that  shows,  at  all  events,  a  very 
strong  position  for  the  future  of  Argentine  trade.  No  review  of  the 
Company's  position  in  the  Argentine  would  be  complete  without  express- 
ing our  indebtedness  to  the  local  committee  and  staff.  To  Dr.  Drago. 
the  chairman  of  the  local  committee,  the  members  of  the  committee,  Mr. 
Parker,  the  general  manager,  Mr.  Roberts,  the  enginfjer-in-chief,  as  well 
as  to  the  Company's  legal  adviser  in  Argentina,  Dr.  Orma,  the  share- 
holders are  much  indebted  for  skill  and  attention  of  the  highest  value  in 
guiding  successfully  the  affairs  of  our  ('omi)any  through  ])erils  and  diffi- 
culties by  which  enterjjrise  in  that  ecjuntry  i's  (jften  threatened.  The 
staff  in  Argentina  also  deserves  special  mention.  Quite  a  number  of 
them,  both  British  and  Italian  subjects,  have  come  over  to  Euro])e  and 
have  taken  their  stand  with  their  brethren  in  fighting  for  what  they 
consider  to  be  their  liberties,  and  I  say  all  honour  to  them.  The  Directors 
have  put  no  difficulty  in  the  way,  but  have  facilitated,  by  financial 
arrangements  and  otherwise,  the  Htej)s  which  will  bring  the  best  results. 
Seeing  that  we  arc  in  for  this  great  struggle,  it  is  quite  clear  that  we  ought 
to  put  every  ounce  of  our  strength,  whether  it  be  in  financial  or  striking 
power,  into  it ;  we  ought  to  do  it  anri  to  do  it  at  on(e.  In  I/jndon  we 
greatly  value  the  help  of  our  secretary,  .Mr.  Dawborii.  and  such  of  the 
staff  as  remain  to  us  from  the  exigencies  of  military  service.  1  now  move 
that  the  report  and  accounts,  including  the  dividend  reeommen<lcd,  be 
received  and  adopt<'d. 

8ir  FREDERICK  GREEN  seconded  the  resolution,  and  after  th(r 
Chairman  had  answered  a  few  questions, 

Mr.  F.  GILL  said  he  sta3'ed  at  Buenos  Aires  nearly  10  weeks  last  year. 
With  regard  to  the  plant  he  thought  he  might  say  that,  generally  si)eaking, 
the  ))]ant  had  been  well  chosen,  well  constructed  and  well  taken  care  of. 
The  kind  of  ])lant  in  use  was  very  similar  to  that  which  was  now  being 
installed  in  this  and  other  countries.  The  Chairman  had  said  that  Buenos 
Aires  itself  was  well  equipped  with  modern  exchange  equipment  in  the 
shape  of  central  batteries.  A  great  (h-al  of  the  capital  was  invested  in 
underground  duets,  underground  cables,  central  batterv  equi])ment,  and 
and  specially  designed  telephone  buildings.  Ail  that  made  for  stability. 
With  regard  to  the  service,  he  thought  he  might  fairly  and,  ]KThai)s, 
favourably  com])are  the  service  in  the  City  of  Buenos  Aires  it.self  with 
that  of  London,  which  was  not  by  any  means  a  bad  one,  and  the  trunk 
service  was,  he  thought,  a  little  faster  than  in  thisconntry.  No  telejjhone 
man,  however,  was  ever  satisfied  with  his  service  and  increasing  attention 
was  being  given  to  this  very  im]iortant  branch  of  the  work  here,  and  he 
was  sure  it  was  also  being  given  in  jiuenos  Aires,  and  he  felt  confident 
that  the  service  would  become  still  better.  With  regard  to  the  future, 
their  s])here  of  o^jerations  was  the  Federal  capital,  the  City  of  Buenos 
Aires,  the  Province  of  Buenos  Aires  and  Rosario  and  Cor(loi)a.  Buenos 
Aires  itself  had  a  ])opulation  of  about  1  \  millions^  a  large  field  in  itself^ 
and  the  Province  of  i}uen<is  Aires  had  a"  i)0])ulation  of  another  2  millions. 
That  combined  ])opulatiftn  was  roughly  about  half  the  i)opulation  of  the 
whole  country  ;  the  jiopulation  was  rapidly  increasing  ])ri(ir  t<»  the  war. 
During  the  10  years  between  1904  and  lOI.'J  the  trade  of  the  Argentine— 
inijJortR  and  ex|)orts  doubled.  pop  sonic  timi-  jirior  to  1914  there  was 
a  very  heavy  deinaiid  upon  the  Company  for  1clc|)li(>n<'  facilities,  ami 
although  that  demand  slackened  during  1914  and  191').  Ik-  was  (juite  suiv 
that  a  heavy  demand  was  coming  on  t  lie  ( 'onipany  aga-in  for  public  service, 
and  that  there  would  be  JUi  ample  field  fur  a  large  increase  in  the  Com- 
jiany's  sjihere  of  ojierations.  He  thought  it  was  becoming  recognise<l 
that  a  well-managed,  eflicient  tcle|>hone  service,  which  was  really  desirous 
of  serving  the  i>iil)|ie.  was  so  necessary  to  a  cDmmunity  that"  it  would 
progress  and  hecume  itioie  jirosjierous  year  aff<T  year  in  spite  of  revo- 
lutions, disturbances  and  wars.  That  was  the  universal  t4-le])hone  law. 
He  did  not  see  that  Huenos  Aires  was  any  different  to  other  countries  in 
that  respe(\t.  There  was  an  ample  field"  for  the  Comj)any.  and  he  felt 
every  eonfidenc(>  in  a  growing  and  more  jiros^x-rous  future  for  it. 

The  resolution  was  then  carried  nnaiiimously. 

The  retirin-r  din^ctors.  Sir  Frederick  (Jreen  and  Sir  John  fiavey.  were 
re-ejceted,  and  the  auditors.  Messrs.  Welton,  Jones  fc  Co..  were  al.so 
re-a])pointed. 

Votes  of  thanks  to  the  T/ical  Cominittee  and  staff  and  to  the  Chairman 
and  Dir^'ctors  were  iiassed,  and  the  jtroccedings  then  terminated. 

Callender's  Cable  &  Construction  Co.  'Ltd>. 

The  t  went  let  li  oidiiiiuy  geiieinl  iik  itmu  \vii>  held  on  ^llu^^day,  .May  2."). 
at  Hamilton  House.  Victoria  Embankment.  l.^indon.  E.C.,  the  Chairman", 
Sir  J.  FoRTivscri;  Fi.annkhv.  Hart..  M.P.,  ])re^<lding. 

The  SKCHKT.ABV  (Mr.  Walter  .MInuti).  having  read  the  notice  con- 
vening the  uKeting  and  the  rejiort  of  the  auditors. 

The  Cll.MK.MAN,  in  moving  the  adojition  of  th<>  report  and  accounts, 
said  that  the  Directors  were  very  glad  ind(X<d  to  be  fil»|e  to  meet  the  shan-- 
holders  with  a  irport  and  balance-sheet  eom])aralivelv  .-io  favourable, 
especially  in  view  of  the  dinicuHies  with  whi(  li  they  had  had  to  contind 
during  the  jiasf  year.  The  (•iniiiiist:inces  of  the  war  weix-  nion"  respon- 
sible  for  the  diHiculties  that  had  arisen  than  any  eauw  insid(<  the  Com- 
panys  own  organisation.  (Jrt-at  pressure  had  been  put  unon  their 
various  departments,  while  they  had  also  lost  a  very  large  number  of 
their  workmen  in  volunteerini:  for  the  war.  Most  wtious  difficulties  had 
also  arisen  from  the  restriction  of  British  tonnage,  and  that  restriction 
had  caused  delay  in  the  delivery  of  their  raw  material,  and  had  enor. 


mou!;ly  increased  the  cost.  Thej-  had  al^o  to  contend  with  the  postpone  - 
ment  of  orders.  They  had  to  submit  to  inroads  upon  their  earnings  by 
the  Chancellor  of  the  Exchequer,  especially  in  the  new  legislation  which 
was  now  before  Parhament.  Yet  they  claimed  to  have  overcome  those 
difficulties  without  resorting  to  any  means  of  which  the  shareholders 
would  disapprove.  They  had  made  no  undue  profit  out  of  the  nation's 
need,  and  he  desired  to  emphasise  that  fact,  because  so  many  allegations 
were  bemg  made  at  the  present  time  of  what  was  called  "  profiteering," 
that  was,  traders  making  profits  by  excessive  charges.  The  interruption 
of  their  ordinarv-  trade,  due  to  the  war,  had  enabled  them  to  make  very 
considerable  changer;  at  both  the  factories,  some  of  which  would,  perhaps, 
be  of  advantage  after  the  war.  He  claimed  that  the  products  of  their 
factories  were  already  doing  splendid  service  in  connection  with  the  war 
and  the  national  defence  both  ashore  and  afloat.  They  had  set  as  good 
an  example  ar;  they  could  to  their  brethren  in  the  electrical  trade,^and  the 
electrical  trade  had  not  been  behind  any  other  trade  in  its  patriotic 
exertions.  There  had  been  some  difficulty  in  maintaining  their  eonnec- 
tion  for  commercial  work  at  home,  in  the  Colonies  and  in  the  neutral 
countries  ;  but  they  had  been  able,  notwithstanding,  to  execute  such 
orders  as  were  urgent,  and  the  Directors  had  been  at  great  pains  to  keep 
alive  all  the  world-wide  connections  which  the  Company  poswrtscd, 
because  they  realised  that  it  rested  upon  them  to  see  that  when  the  war 
was  over  the  Company  would  be  able  to  resume  its  ordinary^  business 
with  full  advantage.  The  Directors  believed  that  the  measures  which 
they  had  taken  were  such  that  when  the  war  was  over  the  Com]»any 
would  be  able  to  continue  ordinary  business  as  advantageously  as  before, 
both  to  the  customers  and  the  shareholders.  Indeed,  they  hawi  reason 
to  believe  their  fric-nds  were  stirring  uj)  great  reservoirs  of  orders  for  their 
requirements,  which  would  be  to  the  advantage  of  the  Company  when  the 
war  was  over.  One  of  the  most  serious  matters  that  affected  the  country 
at  the  present  time  was  the  question  of  transport.  The  German  sub- 
marine menace  had  bet  n  on  the  whole  an  absolute  failure,  but  had  caused 
some  embarrassment;  also  the  workmen  of  the  country,  including  those 
who  built  shij)8  and  machinery  for  ships,  had  been  eommaadeered  by  the 
Government  in  connection  with  munitions  and  naval  construction  for 
fighting  ships,  and  that  had  undoubtedly  ]>roduced  a  state  of  affairs 
which  was  embarrassing  at  the  present  time,  and  he  could  see  little  ho]>e 
of  relief  in  the  near  future.  They  had  added  a  great  deal  of  new  plant 
and  new  buildings  to  their  two  factories  at  the  request  of  the  Government. 
In  addition  to  erecting  new  jilant,  they  had  also  kept  the  existing  plant 
up  to  the  fullest  state  of  repair  and  efficiency,  and  at  present  they  were 
working  overtime  at  both  factories.  At  one  thej-  were  working  practi- 
cally continuously  night  and  day.  At  one  of  their  factories  they  had  not 
only  added  accommodation  for  women  workers,  but  the  (Jovernment  had 
come  forward  and  wen-  building  a  hostel  at  the  Company's  request. 
Without  such  assistance  they  could  not  have  ex]ianded  as  they  had  done 
the  eni]»loyment  of  women  labour.  In  regard  to  the  accounts,  on  Jan.  1, 
1914,  they  started  the  new  year  with  a  floating  balance  of  £124.0(.K) 
carried  forward;  on  Jan.  1.  191"),  that  had  increased  to  £H)3.(KX».  and  on 
Jan.  I,  191  f),  the  <  arry-forward  amounted  to  £207.000.  That  was  a  very 
large  sum  in  ])ro]tortion  to  the  other  figures,  but  it  was  a  reserve  against 
the  future,  which  he  was  sure  would  have  the  sliareholders'  approval.  He 
moved  that  the  report  and  accounts  for  the  past  year  be  received  and 
udcptcd. 

Mr.  T.  ().  CALLENDEK.  J. P.  (.Managing  Dinetor).  seconded  the 
motion,  and  said  4(».')  of  their  ])ernuincnt  employ('>s  were  now  with  the 
Army  or  the  Navy,  and  a  very  large  number.  s<'veral  hundreds,  mostly 
engaged  on  their  nutsicie  contraet*:.  Iiad  also  joined.  He  n'grettcd 
to  say  that  of  their  4fJ.">  ]>ermanent  employes  11  had  lH<'n  lost  at  sea  or 
killccl  in  action,  and  four  wei-e  missing,  and  he  wished  to  exjtress  their 
sym])atliy  with  the  friends  and  n-lativcs  of  those  who  liad  Ix'en  lost. 
Only  four  of  their  men  had  Utn  t  .ken  i>risoners.  so  far  as  they  knew,  and 
one  of  them  was  Flight -Lic'ut.  Beid.  \\\\i\  was  eajitured  as  a  consecjuence 
of  his  heroism  in  going  to  the  hel]»  of  a  comrade  during  the  aerial  attH<<k 
on  Schleswig-Holstc'in.  Of  their  staff  with  theColours  25  had  been  given 
commissions.  He  thanked  the  Chairman  for  the  kindly  references  made 
by  him  to  his  own  son,  who  was  in  the  Royal  Marines,  and  who  would  one 
day.  he  ho]>ed.  do  his  bit  in  the  Navy.  He  was  unable,  as  was  his  usual 
custom,  to  go  into  matters  of  detiil  res])ecting  the  Conipanys  business, 
liecause,  an  they  knew,  theirs  was  now  a  controlled  est.iblishment.  and 
it  had  l)ren  s]H>eia!ly  enjoined  upon  the  board  that  the  information  which 
came  into  tlwir  hands  was  privato  and  confidential.  The  Chairman  had 
alluded  to  the  gn^at  diflicidf  ie8  that  had  Ix'en  ex]>erienced  in  carrying  out 
the  work  of  the  year,  anil  he  could  assure  the  shan^holders  that  they  had 
been  considerable.  They  had  had  to  pay  ])riees  for  most  of  the  eommo- 
diticH  they  'sed  such  aH  would  have  bt'en  considered,  a  few  months  ago. 
as  absolutoly  ridieuloux.  In  the  early  days  of  the  war  (<opper  at  £50  or 
£(')0  a  ton  was  nearly  a  drug  in  the  market,  and  now  that  it  was  o\-er  £l.'50 
per  ton  they  woulil  n-alise  how  wrious  the  position  might  b<"come  imless 
it  was  handlc'd  with  considerable  can*.  With  regard  to  their  o\'oreea 
trade,  they  had  done  some,  but  not  nearly  as  much  as  they  would  have 
liked,  owing  to  the  action  of  the  Gowrnment.  But  he  thought  the  action 
the  Govt-rnment  had  taken  was  quite  correct.  No  one  could  find  fault 
with  nio>t  of  the  reg\ilations  which  had  lx>en  issued,  although  the  effect 
was  to  hamixT  and  ^•^t^ict  overMM  bu>ineNs  considerably.  They  wrrc 
endeavouring,  as  far  as  j»os^ible.  to  ojx-n  up  new  fields,  and  to  eonsohdatc 
fields  already  ojvmd  ujt.  They  had  with  them  to-day  Mr.  Wadham.  a 
partner  of  a  firm  in  S^^den  with  whom  they  were  in  close  touch  and  who 
were  doing  excellent  work  in  connection  with  Callender's  Company  and 
other  British  firms.  .As  the  shareholder.^  might  have  noticed.  the'.(?overn- 
nient  had  done  him  (Mr.  t'allender)  the  honour  of  nominatingMiim^as  a 
memlier  of  the  Board  of  Trade  Committee  dealing  with  electrical  business 
after  the  war,  and  he  did  not  think,  in  view  of  the  fact  that  he  was  getting 
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a  lot  of  information  from  various  kouicc  i-,  and  would  in  diio  courno  have;  to 
make  a  r('))ort  thereon,  it  would,  yjcrhapsi,  be  Kccmly  for  him  to  nay  too 
much  of  what  ho  thought  on  that  ])oint.  He  hojx'd  that  when  th(  y  mft 
next  year  the  ])OKition  would  jui^tify  the  anticipation  of  (.ontinucd  pron- 
pcrity  in  the  future.  He  thought  what  wan  in  front  of  them  in  regard  to 
the  Finance  Act  war;  too  bad  for  word:;.  He  wan  uHing  what  influence; 
he  had,  and  many  of  their  friendfi,  including  Sir  Forte  scue  Flannery,  were 
assisting  in  endeavouring  to  combat  the  deciision  taken  by  Mr.  McKcnna 
when  he  introduced  the  Finance  Act  to  compel  eompanicK  to  make  a  dual 
return,  so  that  he  could  take  the  Munitionii  tax  or  th(!  Finance  tax, 
which  ever  wau  the  larger.  That  was  a  mont  unfair  basi:;,  and  it  was  a 
breach  of  the  bargain  they  entered  into  when  they  were  made  a  con- 
trolled cstabliphment. 

The  motion  was  carried  unanimously,  and  the  dividend  and  bonuses, 
making  20  per  cent,  in  all,  were  agreed  to  on  the  motion  of  the  CHAl  RMAN 
Kccondtd  by  Mr.  C.  H.  McEukn. 

The  retiring  Director  (Mr.  Jolin  Varley)  was  re-elected,  thc'  auditorn 
(Messrs.  James  Worlcy  &  Sons)  were  re-a])i)ointed,  and  a  vote  of  thanks 
to  thc  chairman,  directors  and  staff  terminated  the  proceedings. 


TUAry.     TIkFir  profit 

Aodthe 
'.«t  erery 
■jfact«f«. 


CAPE  TOWN  CONSOLIDATED  TRAMWAYS  &  LAND  CO.  (LTD.)— The 
accounts  for  1915  show  a  debit  balance  of  £810.  lis.  lOd.,  against 
£1,894.  6s.  9d.  for  1914.  The  operation  of  thc  tramways  of  the  (lamy)s 
Bay  Tramway  Co.  resulted  in  a  ])r()fit  of  £1,48(>.  Is.  fjd.,  agsvinst 
£1,521.  5s.  Id.  in  thc  previous  year.  The  number  of  i)assengers  carried 
increased  by  54,605  and  the  receipts  by  £1,270.  9s.,  but  the  heavier  cost 
of  operating  and  of  the  maintenance  of  the  permanent  way  made  the  net 
l)rofit  slightly  less  than  for  1914. 

CHESHAM  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— The  profit  for  1915, 
after  meeting  all  charges  (including  interest  but  excluding  de))reciation), 
was  £1,563.  After  deducting  £500  for  depreciation  and  £152  for  propor- 
tion of  costs  of  debenture  issue,  and  adding  £1,958  brought  forward,  thc 
available  balance  was  £2,870.  A  dividend  of  4  per  cent,  was  paid,  and 
£2,270  carried  forward.  Extensions  at  Berkhampstead  and  Amersham 
had  been  further  proceeded  with,  and  the  capital  expenditure  during  1915 
was  £4,767.  Plant  additions  had  been  made  at  Chesham  which  had  been 
fully  warranted  by  the  reduction  in  the  cost  of  ths  electricity  supplied. 

"DELHI  ELECTRIC  TRAMWAYS  &  LIGHTING  CO.  (LTD.)— The  gross 
receipts  of  the  tramway  undertaking  for  1 915  were  £9,604.  3s.,  and  of  thc 
electric  supply  undertaking  (including  £2,590.  Is.  9d.,  current  sold  to 
tramways)  £20,198.  16s.  The  latter  figure  represents  an  increase  of  7 
per  cent,  over  the  figures  for  the  previous  year,  while  the  tramway  revenue 
shows  a  reduction  of  IJ  per  cent,  due  to  decreased  mileage.  The  net 
revenue  was  £10,300.  6s.  9d.,  compared  with  £8,163.  6s.  6d.  in  1914,  and 
£6.252.  10s.  4d.  in  1913.  After  charging  general  expenditure  in  London 
and  Delhi,  and  deteiiturc  and  loan  interest,  the  profit  for  the  year  was 
£6,034. 13s.  2d.,  and  with  £78. 10s.  8d.  brought  forward  the  total  available 
balance  is£6,113.  3s.  lOd.  Asumof  £2,217.  lis.  has  been  written  off  part  of 
preliminary  expenses,  £2,000  transferred  to  depreciation  reserve  and  £1,000 
to  renewals  reserve,  leaving  to  be  carried  forward  £895.  12s.  lOd.  The 
cost  of  the  ujjkccp  of  the  cars  and  permanent  way  is  still  heavy,  largely 
due  to  the  increased  cost  of  spares  of  a  11  kinds.  A  larger  battery  has  been 
installed  in  thc  power  house  and  the  loes  on  realisation  of  the  old  battery 
(£750)  has  been  charged  to  renewals  reserve  .lecount.  Owing  to  in- 
creasing demand,  it  will  be  nessceary  to  provide  further  generating  plant 
ajul  new  rolling  stock. 

ELECTRIC  CONSTRUCTION  CO.  (LTD.)— At  the  annual  meeting  on  Tues- 
day the  chairman  (Mr.  P.  E.  Bcachcroft)  said  it  was  extremely  gratifying, 
in  view  of  the  abnormally  high  pricey  of  materials,  the  higher  rates  of 
wages,  the  difficulties  of  transport  and  several  other  factors  which  had 
contributed  to  an  increased  cost  of  production,  that  they  hud  been  able 
to  increase  their  net  profit  by  21  per  cent.,  as  compared  with  that  of  the 
previous  year.  Thc  balance  at  credit  of  profit  and  loss  account  was 
£43,241,  to  which  had  to  be  added  the  sum  brought  forward,  making 
together  £50,712.  An  interim  dividend  was  paid  on  the  preference  shares 
in  November,  and  the  directors  now  recommended  a  final  dividend  at 
rate  of  7  per  cent,  per  annum  on  the  preference  shares  for  the  six  months 
ended  March  31,  a  dividend  at  rate  of  7i  per  cent,  per  annum  on  the; 
ordinary  shares  for  the  year,  and  the  transfer  to  the  general  reserve  fund 
of  £12,664,  leaving  £16,839  to  be  carried  forward,  subject  to  excess  profits 
duty  and  assessment  under  the  Munitions  of  War  Act.  Their  financial 
position  at  jiresent  was  stronger  than  it  had  ever  been  before.  With 
I'cgard  to  their  assessment  for  excess  jnofits  duty  and  assessment  under 
the  Munitions  of  War  Act,  two  years'  assessment  had  to  be  provided  out 
of  the  sum  carried  forward.  The  Chancellor  of  the  Exchequer  requiied 
from  non-controlled  establishments  50  per  cent. — now  60  per  cent. — of 
the  excess  profit  earned  over  the  average  of  two  of  thc  three  years  prior 
to  the  war.  In  hie  opinion,  as  matters  now  stood,  controlled  establish- 
ments were  suffering  to  a  larger  extent  than  non-controlled,  and  he  hoped 
that  something  would  be  done  to  put  matters  on  a  more  equitable  basis. 
In  conclusion,  ho  stated  that  at  the  termination  of  the  war  he  did  not 
think  there  would  be  any  depression  in  the  electrical  industry,  and  there 
was  every  prospect  of  their  meeting  next  year  being  held  under  favourable 
auspices.     The  report  and  accounts  were  unanimously  adopted. 

EALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CORPN.  (LTD.)— Mr.  E. 
Pope,  who  presided  at  the  meeting  last  week,  said  that  during  thc  past 
year  they  sold  more  power,  but  their  total  net  profit  was  a  fraction  less 
than  in  the  previous  year.  He  considered  it  satisfactory  under  all  the 
circumstances  to  be  able  to  say  that  they  did  about  as  well  as  they  had 
done  at  any  time  during  recent  years.  A  demand  for  higher  wages  was 
made  in  January  last,  and  while  it  was  being  adjusted  many  users  of 
current,  who  also  used  firewood  for  steam  plant,  clobed  down  and  ceased 
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])itst  y(ar  was  £31,5:53,  a;.'ain.it  £1:^,126  in  l!tl  I 

forward  the  available  total  is  £32,651.      After  ]m\,t,yi  tr 

dend  and  a  final  dividend  and  bonus  of  5  [kt  i«nt..  mar. 

(tax  free)  on  the  ordinary  shares  (against  8  }.er  cent,  in  1914  and  1913). 

£14,992  was  j.Iaccfl  to  rcKcrvc,  and  £!  ,4.W  (arricd  forward. 

PEEL-CONNER  TELEPHONE  WORKS  (LTD.)— Th«-  net  i.--.r,t  f.,-fh.-  v.*r 
<ndcd  March  31  was  £21,748.  19s.  1  Id.,  out  of  which  tht- 
to  reserve  for  depreciation  £5,(XW  and  to  general  n  .^•t\'    t. 
£12,748.  198.  lid.     Adding  amount  brought  forwanl  (£4.i 
the  balance  available  for  dividend  is  £16,950.  ?M.  3d.     A- 
was  paid  in  November  upon  the  |)nferen(e  sharer.,  ab:--  .  i 

the  Directors  recommend  that  dividends  benow]>aida>>fMiiow:- :  impr*-- 
ference  shares  (balance)  (£2,5<J0)  anrl  2:t.  per  "hare  on  ordinary-  xharr* 
(£8,000),  leaving  to  be  carried  forward  £:j.950.  3s.  3d.  The  dirrrtor*  an? 
satisfied  with  the  result,  more  especially  as  during  the  p  *  -  thc  ccit 
of  labour  and  raw  materials  have  shown  considerable  ii. 

RICHARDSONS.  WESTGARTH  &  CO.  (LTD.)— Thc  account"  for  1915  iJjr^w 

that,  after  an  expenditure  of  £26,651.  18s.  ^d.  in  mair  ■  ■•uildings 

and   fixed  and  loose  plant,   thc  profit  was  £76,241.  Aft^r 

meeting  interest  on  4i  per  cent,  peqietual  debenture  stotk  for  thc  %-car 
(£15,750),  director-s'  fees  (£1,700),  writmg  off  £10,780.  Os.  od.  further  in 
respect  of  cost  of  starting  and  developing  new  business  of  Heavy  Stamp- 
ings(Ltd.),  £25,000  for  depreciation  and  £3.000  wxitten  off  capital  exp.-nd:- 
ture  in  1915,  and  providing  some  £2.500  for  further  |expenditun' I  ..n 
repairs,  thc  credit  balance  is  £17,511.  10s.  5d.  The  directors  n-T"* 
that  they  are  noc  at  liberty  to  refer  to  war  contracts,  the  works  Ixiu^ 
controlled  establishments.  Admiralty  contracts  were  re«"ivcd  early  in 
thc  year,  but  the  volume  of  such  work  invoiced  in  that  year  has  been 
insufficient  to  compensate  for  the  very  large  amount  of  mercantile  work 
hung  up.  Some  progress  has  been  made  with  the  pre-war  and  pr- 
civil  contracts  rcfcrreel  to  in  the  la.st  report.  A  considerable  nu 
these  are  being  aceelerateel  without  loss  to  the  company,  but  many  ye« 
remain  to  be  dealt  with. 

SHANGHAI  ELECTRIC  CONSTRUCTION  CO.  (LTD.)— At  thc  recent  mooting 
the  chairman  (Sir  Alfreel  Dent,  K.C.M.tJ. )  said  that  the  receipts  for  the 
current  year  continued  to  improve,  and  thc  pc^ution  at  the  pteixrnt  lime 
was  certainly  hopeful.  The  directors  recommended  a  dividend  of  7  f  er 
cent.,  which  we)uld  leave  £1,386  to  carry  forwanl.  At  fffc-ent  there 
were  goexl  reasons  for  believing  that  tl;e  elepieciatie)n  (f  the  n;»tivo  nipf^.T 
coins  would  be  arrestee!  at  no  distant  elate,  and  :  houM  that  < 
e-omjKUiy's  rece'ipts  be  minimiseel  or  elimiiiateHl  altogether,!: 
woulel  in  future  be  mate<rial!y  improved.  The  rise  in  the  sil\Tr  exrhangp 
was  also  greatly  te)  their  advantage.  Thry  were  kxiking  forward  for 
opportunities  to  expand  the  rail-les.s  form  of  traction,  as  it  was  now 
])rove(l  to  be  so  well  suite>d  to  the  narrow  streets  of  thc  :c*'"  ■  .ind 

to  the  reujuir<>ments  e)f  the  ])opulation.     Thcv  also  hojvel  u  war 

was  o\cr  aiul  the;  disturbane  ■  in  China  hael  eeaMxl.  thnt  the  inejuirra 
maele  as  to  starting  tramway:;  in  other  townships  in  the  interior  uiiji^ht 
lead  to  their  company  being  invited  to  take  an  interi>st  in  such  scbemea. 

WHITSTABLE  ELECTRIC  CO.  (LTD.) — At  the  rei'cnt  annual  niictin^-  tho 
chairman  (Mr.  O.  C.  Wylson)  said  the  whole  of  the  debentures-  wtro  in  the 
hands  of  Messrs.  J.  B.  Saunders  &  Co..  the  contractors,  as  s««euritv  for  tho 
])ayment  of  the  balance  of  their  contract,  anel  Mr.  Leech  har.  be^n  ap- 
pointed receiver  on  their  behalf.      It  was  necessary  that  the.'*  be  released 
at  once.     He  had  discussed  with  Mr.   Leech  a  scheme  by  which  th* 
del)entiire>s  ce>ulel  be  jiaiei  off.  anil  the  compf  ..y  set  on  a  sound  fex>tin<f. 
The  nominal  amount  of  debentures  held  as  s.nuritv  by  Mi   sr*   Saundera 
&  Co.  was  £10.0tK).  bearing  5  [K-r  cent,  inter.st.     The  a.  tu^l  Uildiuv  duo 
to  Mcssi-s.  Sauneiers  &  Co.  on  the  contract  was  £4.878.  10.-.  2d.,  to  which 
a  slight  addition  must  be  maele  for  inteirst  and  costs.  N,'.y.  fo.V'tl^l  in  aU. 
There  were  ordinary  eredite)r-i  to  the  amount  of  £l..'"2    manv  of  wh"m 
woul ',  it  was  hoped,  take  elebentures  in  settlement  :    .*«inj«>  ha  '^ 
to  do  .^o.     It  wa5  neecscary.  thert^fore.  to  rais<»  a  sum  of   s^ay.  ♦  . 
])ay  off  tho  above  and  to  give  them  some  working  capitcL     It  wa^  pro- 
poseel  to  reconstitute  those  debentures  by  dividinc  them  up  into  1">0  and 
£5  debentun^s.  so  as  to  bring  them  within  the  r«'ach  of  all      It  w»3  further 
susgested  that  they  should  Ih>  6  per  cent..  in.*tead  of  5  jvr  cent..  a.-»  at 
present.     To  relieve  the  company  from  the  ]v»ymont  of  inter*--?  dunn^ 
th:>  next  two  years  the  delx^ntures  would  h?  issued  at  £+4  ix-  -  n- 

ture.  and  at  £4.  8.=:.  per  £5  debenture.     That  was  in  effect  p.. :ic  6 

per  cent,  inteivst  in  ailvance  over  the  yHTiixl  of  two  \-ean'. 

WINNIPEG  ELECTRIC  RAILWAY  CO.  LTD.)— The  net  eiminp?  frorn 
t  he  opera t  ions  of  t  he  combi ne.l  pro  j  ert  ;cs  m  t  he  past  y "ar  w  ero  S 1 .33 1 .737 
against  Sl.769.114  for  the  previous  year.  The  tixed  charges  including 
ta.\i\^.  city  pcrcentagL-s,  intcr(>st  on  funded  debt,  v^c.)  absorbed  SS3o.t>3o. 
Tlie  surplus  earnings  were    $496,101,  which,  when  added  to  surplus 
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brouglii  f()r\vai«l  ap^ri-watt;  S1,G.'}7,.'>!)8.  QuarU-rly  dividends  were 
declared  and  paid  by  tbo  dinu  tors  at  an  average  rate  of  91  jjer  cent,  jier 
annum,  amounting  to  SS5;},(XWJ.  The  deercahe  in  earnings  was  due  to  tlie 
general  depression  following  the  first  winter  of  tli-;  war,  eonpled  with  the 
advent  of  the  jitneys  in  the  spring,  'i'he  <lepr<'.s.sion  was  tein|H>rary, 
howe\er,and  there  ha.s  heen  agradual  advame  towanl  normalconditions. 


ELECTRICAL  COMPANIES'  SHARE  LlSl.— Continued. 


CITY   NOTES. 


MEMORANDA  (^lay  :{0). — Bank  rate  ".  per  cent,  (since  Aug.  8,  1914). 
Consois  -"iTJ^.  Consols  Pay  Day,  .Mdy  ■'">.  Stockfl  and  iSharea  Ticket 
Days,  June  14  and  28.  Pay  Days,  .)iin<-  i')  and  29.  Price  of 
Bilver,  :i2^d.  

MACKAY  COMPANIES.  The  regular  quarterly  <livid.n<l  of  1  p<r  eent- 
on  till  |)i<  f(  1 1<  il  i-lwiK  s  ;in<l  (if  regular  <|Uiiit<-rly  divirlend  <if  1 .}  jwr  <ic-nt. 
on  the  eoninion  .-^Jiarcs  in  the  .Mackay  ('oni|»anies  will  he  i)aid  on  .July  1, 
191ti.  The  transfer  hooks  will  not  he  elowd.  Dividend  ( hecjiies  of 
JInglish  and  ("ontin;  ntal  shan  hol<l<is  will  !»<•  made  payable  at  tlu-  f>j)tirm 
of  the  |)ay((a(  llw  I'nion  of  Londim  ,V  Siiiilli:  Uank.  iyomlon,  E.C 
•  VICTORIA  FALLS  &  TRANSVAAL  POWER  CO.  (LTD.)  .\  ni<  (  ting  of  th^ 
holders  of  ri},  per  ciil.  second  niortga-.'f'  d(l»<nlun-.-<  will  ik'  held  on  .Juni-  9 
f«>r  the  puipo:;e  of  a|(|iroving  of  the  apjiointment  hy  th<-  <oni|)any  of  Sir 
I/and'r  Starr  dani<son  as  a  new  tnistee,  in  the  |>lae<'  of  the  late  Karl  St. 
Akiwjn,  and  joinlly  wiHi  !Mr.  .Iani<  s  K<»(hf<irl  Miigiiire. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  ThamK-street,  London,  E.G.,  quote  under 
d  ate  May  30,  the  following  as  the  present  basis  prices  of 
New  Metals 


per  lb. 

Solid  Drawn  Brass  Tubes 18d. 

•  Solid  Drawn  Copper  Tubes 20id. 

Braced  Copper  Tubes 20]d. 

Brazed  Brass  Tubes 20d. 

Brass  Wire 17;d. 

•  C'jppe''  Wire 20Jd. 

Rolled  Brass 17Jd. 

Brass  Sheets 1  BJd. 

per  ton. 

Copper  Sheets    £168    0    0 

Spelter £80    0    0 


per  ton. 

English  Lead £33    0    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 


Clean  Copper  Scrap £105  0 

Clean  Brass  Scrap £65  0 

Braziery  Copper  Scrap £95  0 

Old  Lead £27  '  0 

Old  Zinc  £50  0 

Hollow  Pewter £115  0 

Black  Pewter £75  0 

Gun  Metal £83  0 


Mr.  A.  Joseph,  Earl-street,  London-road,  Southwark,  London,  S.E.,  quotes  under  date 
May  30,  the  following  approximate  prices  of  Scrap  MetaI5  : — 

per  ton. 


per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £63    0    0 

Clean  Cooper £102    0    0 

Braziery  Copper £90    0    0 

Gun  Metal £82    0    0 


Old  Lead £27  10  0 

Tea  Leid £25  10  0 

Old  Zinc £54     0  0 

Hollow  Pewter £135    0  0 

Shaped  Black  Pewter £95    0  0 

Mr.  Joseph  can  supply  solder  at  the  followine  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip),  £90;  Commercial  Tinman's  Solder,  £115;   Blowpipe  Solder,  £125. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  as  "  official  quotation*  "  are  not  now  issued,  but 
we  give  below  the  latoHt  prices  at  which  actual  transactions  took  place 
on  or  before  'I'ik  s<l;i\,May  ;jn.  The  greatest  care  in  taken  in  compilin-^ 
these  figures,  but  the  difficulty  of  verification  is  now  much  increased. 


Last 

Divi- 
dend 


10 
10 
10 
,   S 
5 
St. 
ilt 
5 
5 
5 
5 
St 
10 
10 
St. 
St. 
10 
10 
St 
St 
St, 
5 
St. 
5 

St. 
'  5 
St. 
St. 

St 


NAME, 


6% 
10% 
7% 
47o 
4% 
2.'3 
5% 
4470 
4% 

44% 

80/ 

blO 

50/ 
/O 

4*% 

b% 

4J% 

4r/o 

7% 

4% 

3»i, 
4»-?, 
5% 
bX 
5% 

<>> 
5% 


Electricity  Supply. 

Bournemouth  &  Poole  t.U  Ord. 

Do.     44%  Cum.  Pi ef 

Do.     6%Curii.2nd  Prel 

Brompton  &  Kensington  Ore* 

Do.     7%  Prcl 


Central  Elec.  Sui)p.  G.  Deb.  St 

Cliarini,;  Cross  West  End  it  City  Debs... 


44%  Pref. 
Ord., 


Do 

Do. 

Do.     City  Pii:r 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Dob 

City  of  London  Elec.  Lt.  Ord 

Do.     6%  Pref 

Do.     5'>oDeb.St 

Do.     44"„  Delxi 

County  of  l-ondon  Ord 

Do.    6%  Pref 

Do.     1st  Deb 

Do.    2nd  Deb 

Ejmundson's  Elec.  Supp.  44%  Debs. 
Kensington  and  KnightsbridgeOrd. 

Do.     Dob.  St.   ; 

London  Elec.  Supp.  6%  Prof 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  a)rpn.,l;;t  Mort.  Deb.  St. 
Newcasllo  &  Dist.  E.L.  6%  2nd  Dbs  . . 
Newcastle- 'on-TyneE.S.5%2dMt.pb.St 
North  Metropolitan  E.  P.  Supp.  6%  Pref 

South  London  E.S.  Ord 


Tu«t., 
May  30. 


9,', 
V|t 
9; 

6« 

7 
81 1 
794 

?'* 
3ik 

67 

IIH 

JO  ft 

98 

ao 

10,-. 
lOjir 
661 
97 
764 
5 
79* 

2ft 
60 
99 
V94 
92 

1 

34 


Ratb 

PBR  CKNT 

YlBLDSD. 

£      S.    d. 

6    10      2 

5   13    5 

6     1     6 

7    6    9 

4  19     5 

4  18    6 

5     0     8 

7    3    3 

7     1     7 

8    9    5 

6    5    6 

5    3    5 

6  15     5 

6  lb     4 

5     2     0 

5  12    6 

6  16    2 

5  16     4 

5     4     2 

4  12    9 

5  17     8 

7    0    0 

5    t     0 

6  19    5 

4  t7    0 

6     9     P 

5  11     b 

5     1     0 

6    0     6 

5     8    9 

6    0    0 

fe  10     7  1 

DnnoBND 
Dub. 


Mar,  Sept 
F<b,  Aug 
Feb  Aug 
Mar,  Sept 

M.tr,  Aug 

Jan,  July 

A'ig.  Feb 
Jun,  Dec 
M  ar,  Sent 
\au,  July 
reb,  Aug 
Mar,  July 

iun.Dec 
un,  Dec 
Mar.  Sept 
Feb,  Aug 
Jan.  July 
My,  Nov 

July 
Feb,  AuK 
Jan,  July 

J«n.  July 
Mar,  Aug, 
Jan.  luly 
Jin,  July 
Mar,  Sept 
Mar.  Sept 
Apl,  Oct 
Mar.  Sept 


5*' Last] 
X  Divi- 

W    DEHD 


NAME. 


Prtoi,     I     Ratb 
Tuei.,       PBR  CKirr, 
May  30.       Y1B1.DBD. 


5  8%  : 

.  5   7% 

sl  34% 

St  44% 
1  8% 
S  7% 
5  4i% 


5% 

670 
4% 


St. 

St 
St. 
SL  '  4% 

St.    4% 

I*'    ■♦% 
St    5°^ 

»0>i% 
Sti  4% 

M  4% 
St    1% 

St  I  34% 

St.    " 
St 
SL 
St 

St. 
St. 
St. 
St. 
St. 
St. 


1 

1 

I 

10: 

1 


34'. 
34% 

4% 

40/ 


4% 
4% 


6% 

7°/ 

'A 

.    «>% 
5!   15% 

5   3/0 


I 

6% 

St. 

44% 

2 

74% 

lUU 

6% 

St. 

4% 

b 

15% 

5 

5% 

St 

44% 

1 

6% 

6 

St. 

4% 

J 

7A% 

1 
St. 

Vi 

.0 

10% 

10 

6% 

b 

20% 

b 

2/3 

SL 

44% 

lU 

10% 

10 

5% 

u 

20% 

lUU 

4% 

1 

74% 

I 

6d. 

St. 

4% 

•00 

Ai,k 

St. 

4J% 

St. 

4% 

St. 

30/0 

St 

14% 

St 

4% 

lu 

5% 

10 

10% 

5 

5/0 

10 

4% 

St 

7% 
17/6 

St 

St. 

4% 

St 

4% 

10  7% 

10  22% 

25  13% 

I  10% 

1  7% 

10  1- 

10  6^ 

10  S% 

44% 


St  j   4*/. 


!    7ld. 
1   10% 

1^     <% 
St     44% 

5  e"i 

St  I  4^^ 

10  6% 
10    6% 

too  5% 
4  ' 

166   6% 

5    3/0 

St.  '  5% 

10      6/- 

St  41% 

5    9"i. 

515^ 


Electricity  Supply — cont. 

St.  James'  &  Pall  Mall  Ord 

Do.  do.  Pref 

Doj  do.  Debs 

Urban  Elec.  Supp  44%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord 

Do.     44%  Cum.  Pref 

Electric  Railways  &  Tramways. 

British  Ele;.  Traction  5%  Deos 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.    44%  Pref 

Do.     4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  R^ .  Ord 

Do.    4%  Pref 

Do.     4%  Debs 

Metropolitan  .Ry.  Con.  Ord 

Do.     34%  Pref 

Do.    34%  Convertible  Pref 

Do.     34%  A  Det-s 

Do.     34%  Debs 

Metropolitar.  Di:t  Ry.  Ord 

EJo.     4%  Prior  Lien    

Do.     44%  First  Pref 

Do.     6%  Perp.  Debs 

Do.     4%  Debs 

Do.     4%  Debs.  (1903-5) 

Do.     4%  Guar.  Stock 

Electric  Manutacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.     e%  Pref 

Brit.  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.     6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.     6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.  Cm.6%  Pref. 

British  Thom?on- Houston  Db 

Brit.  Westinghouse  Pref 

Do.     6%  Prior  Lien  Debs. 

Do.     4%MortDeb.SL 

Call ender's Cable,  to.,  Co.  Ord 

Do.    S%Pref 

Do.      41%  Debs 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  &  Swan  U.EIec.LtA.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord ' 

Do.    7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do.    6%  Pref 

W.  T.  Henley's  Telegh.  Wlcs.  Co.  Ord. . 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  to.,  Ord. 

Do.  Pref 

Telegh.  Con.  &  Main.  Co 

Do.    4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.     44%  2nd  Debs 

WillansiR  'Lir.;.-nB.CmPref  xiSi!   ,i,u 

Do.     1st  Mt    D  b.  St 

Telegraphs. 

Anglo  American  6%  Pre).  Ord 

Do.     Def.  Ord 

Commercial  Cable  4%  Debs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Direct  Uni'.eJ  St.te; 

EastMTi  Tel.  Co.  Ord 

Do.    3|%Pr«r 

Do.    4%Deb$ 

Eastern  Extension  Tel.  Co.,  4%  Dabs.. . 

Do.    O-i 

Ct  N  1  Co.cxGjup.  9 

InJo  1  

Marc  .s  Tel.  Co 

d;>.  

West  I .  M^amtOrd 

Do.     Ist  Pief 

Weitem  Telegh.  Co _.... 

Do      4%  Deb.  St 

Western  Un  ion  50  yr.  Bds 

TtlephonM. 

Mon  tp  VMeo  Telephn .  Ord  

Oriental  Trlephone  Ord 

Dj.     DI.  St « „• 

Tr-   '  •  ■ tOb.  St 

U  i 


Do      L)pi'  .-'•  .    ... 

Financial  and  Investment. 

Gl->be  Telegh.  h  Trust 

Do.    ^%  Pf 

Mack-.  les' Common 

Do  

Subm--      r      ,    ,"  Trii.-.t  Cerfci 

Colonial  and  Foreign  Electric 

Adrtai.:''  !•>-  .^M  ;  Iv  6%  Pref 

Do.    ;•„ ;.-' 

Bomb..     I    .    >.T6%Pr»f 

Cakutla  t  S  Oorp.  Ord  

Do.     5%Pr«« 


5tt 
5tt 
74 
714 
U 
51 
4"tk 

78J 
74/ 
69j 
65i 
80i 
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NOTES. 


The  Naval  Engagement. 

Unlike  a  section  of  the  lay  press,  we  think  it  unneeessaiy 
to  strike  an  apologetic  note  in  referring  to  last  week's  naval 
engagement.  When  the  story  comes  to  be  told  we  venture 
to  think  that  the  day's  work  will  stand  alone  not  only  in  the 
records  of  the  Navy  but  in  the  record  of  the  war.  It  may  be 
that  the  exigencies  of  the  case  demand  reticence  on  the  part  of 
the  Admiralty,  but  we  feel  confident  that  here  at  least  neither 
shame  nor  fear  accounts  for  delay  in  the  publication  of  the 
truth.  At  the  same  time  it  is  a  little  unfortunate  that  half- 
truths  from  neutral  sources  are  allowed  to  appear.  On 
another  matter  we  find  ourselves  completely  at  variance  with 
certain  of  our  contemporaries.  While  they  mourn  our  dead, 
we  glory  in  them,  knowing,  as  we  do  know,  that  the  spirit  of 
Nelson  was  with  them  during  the  engagement.  To  condole 
with  the  dependents  of  those  who  fought  well  and  died  bravely 
would  be  to  presume  too  much.  Rather  let  us  offer  our  con- 
gratulations to  those  whose  privilege  it  is  to  be  related  to  heroes. 
In  doing  so  let  us  tactfully  and  humbly  beg  their  acceptance  of 
the  means  of  decent  livelihood,  means  that  it  would  have  been 
unnecessary  for  us  to  offer  had  their  men  not  fought  and  died 
for  us,  or  had  they  fought,  and  fled.  This  applies  equally  to 
the  dependents  of  all  those  who  have  fallen.  Failing  the 
making  of  such  an  offer,  we  urge  those  who  talk  of  sacrifice,  and 
make  none,  quickly  to  set  about  enlarging  the  workliouses,  lest 
the  accommodation  be  insufficient. 


Excess  Profits. 

It  is  evident  from  the  recent  general  meetings  of  companies 
that  the  question  of  excess  profits  is  one  that  is  troubling 
the  average  board  of  directors.  Whether  the  permissible 
profit  is  based  on  the  average  of  the  pre\ious  two  years,  or, 
alternatively,  taken  on  the  basis  of  6  per  cent,  which  is  allowed 


by  the  Finance  Acts  on  the  capital  involved,  there  is  natur^Hv 
a  feeling  that  many  industrial  coicerns  will  suffer  consider.. 
In  the  case  of  uncontrolled  firms,  the  Finance  Acts  enable  the 
Government  to  appropriate  .jO  per  cent,  of   the  excess  profit* 
for  the  year  J914-I5  and  00  per  cent,  for  the  year  101.5-16. 
Controlled  establishments,  however,  are  in  a  far  less  satis- 
factory position.     At  first  they  were  permitted  to  exceed  the 
average  profit  of  the  two  immediately  preceding  vears  by 
20  per  cent.,  after  which  all  exces.s  went  to  the  Government. 
Now,  however,  such  firms  are  required  to  send  in  dual  return.s.  on 
the  basis  of  both  controlled  and  uncontrolled  ;  the  Goverr-ment 
then  accepts  whichever  gives  them  ihe  greater  revenue.     This 
seems  distinctly  unfair  to  controlled  firms.     Moreover,  the  tax 
is    retrospective,  so  that  many  firms    have    been    compelled 
to  pay  in  respect  of  excess  profits  for  two  years  from  a  single 
year's  revenue.      Controlled    establishments    have    the    one 
advantage  of  being  able  to  appeal  to  the  Board  of  Referees 
on   certain   important   points,    more   particularly   in   regard 
to    depreciation,    which    is    mcst    important    in    such    cases, 
for  undoubtedly   many   controlled   establishments  will   have 
put  down  special  plant  solely  for  the  pui-pose  of  producing 
munitions,  and  will  probably  have  increased  their  buildings 
also,  all  of  which  may  be  comparatively  worthless  to  them 
when  the  war  ceases.     Uncontrolled  establishments  have  not 
the  same  right  of  appeal,   but  they  may  appeal  on  certain 
grounds.  There  is  little  doubt,  for  example,  that  electric  lighting 
companies  will  have  the  right  to  appeal  against  the  6  per  cent. 
basis  on  the  ground  of  their  very  limited  tenure.     Such  com- 
panies are  under  statutory  obligations  to  give  a  supply,  entail- 
ing the  provision  of  plant  and  mains  which  may  be  unremu- 
nerative  for  some  years,  and  the  capital  for  which  must  be 
secured   against   compulsory    purchase    in   a    limited   period. 
They  are,  therefore,  entitled  to  special  consideration.    Generally 
speaking,  however,  it  being  granted  that  the  cost  i>f  the  war 
must  be  borne  by  everyone,  it  appears  to  us  that  industrial 
concerns  are  likely  to  obtain  fair  treatment  at  the  hands  of  the 
Board  of  Referees,  and  will  not  suffer  greater  hardship  than  is 
necessarily  imposed  by  conditions  of  warfare. 

The  Standardisation  of  Frequency. 

There  seems  some  fascination  in  the  adoption  by  a  supply 
authority  of  some  frequency  ditfering  from  that  of  other 
authorities, as  if  it  were  a  sort  of  t  rade  mark  showing  superiority. 
It  is  difficult  to  account,  on  any  other  grounds,  for  the  fact  that 
so  many  different  frequencies  are  to  be  found.  As  an  example. 
it  may  be  noted  that  a  frequency  of  40  has  been  adopted  at 
Perth,  in  Western  Australia,  whereas  the  frequency  in  other 
parts  of  Australia  appears  to  be  50  throughout,  or  at  all  events 
in  most  of  the  important  cases.  It  would  now  seem  as  if  the 
Government  of  Western  Australia  is  about  to  adopt  the  fre- 
quency of  40  for  general  application.  This  has  called  forth  a 
protest  from  the  Council  of  the  Electrical  Association  of 
Australia  which  has  taken  steps  to  bring  to  the  notice  of  th^ 
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AVest  Australian  Government  the  disadvantages  of  the  elec- 
trical system  adopted  for  Perth.  Not  only  is  the  frequency 
different,  but  the  pressure  is  250  volts,  whereas  voltages  else- 
wliPie  are  generally  lower.  The  voltage  is  not  nearly  so  im- 
portant as  the  frequency,  as  it  may  be  changed  more  easily, 
but  in  these  days  of  interlinking  schemes  and  large  power 
networks,  it  seems  pure  folly  to  adopt  a  frequency  which  is 
different  fiom  that  adopted  by  neighbouring  States.  A  fre- 
quency of  50  has  given  general  satisfaction  and  there  seems  to 
be  no  particular  point  in  putting  forward  that  of  10.  It  is  only 
to  be  regretted  that  the  Association  did  not  take  this  step  years 
ago  before  the  plant  at  Perth  had  reached  a  capacity  of  nearly 
3,000  kw.  A  change  of  this  kind  is  a  serious  matter  when  a 
supply  has  once  become  firmly  established,  but  the  longer  the 
status  quo  continues  the  more  difficult  such  a  change  becomes. 


Technical  Teachers. 

The  recent  memorial  dealing  with  the  future  of  higher 
technical  education,  which  was  signed  by  the  professors  of  the 
Imperial  College  of  Science,  and  presepted  to  Lord  Crewe, 
follows  closely  tl'e  lines  laid  down  in  these  columns  from  time 
to  time  during  the  past  12  months.  The  chief  fault  of  the 
memorial  is  that  it  lacks  vigour,  but  perhaps  this  will  be  over- 
looked by  those  for  whom  the  memorial  is  intended.  The 
section  devoted  to  the  question  of  salaries  and  pensions  is  an 
important  one.  If  we  remember  rightly,  the  late  Dr.  S.  G. 
-Rawson  spent  considerable  time  in  devising  a  pension  scheme 
for  teachers  in  technical  institutions,  and,  although  we  cannot 
at  the  moment  lay  our  hands  on  the  reference,  we  believe  that  a 
promise  to  deal  with  the  matter  was  given  by  a  Cabinet 
Minister.  It  would  be  easy  to  bring  the  question  of  salaries 
and  pensions  to  the  notice  of  the  public  if  the  technical  teachers 
would  organise  themselves,  and  endeavour  to  get  active  and 
influential  support.  We  agree  that  with  the  poor  prospects 
bcfoic  the  teacher,  good  men  are  not  likely  to  be  tempted  into 
joining  the  profession,  and  when  good  men  do  enter  the  pro- 
fession they  have  to  find  other  means  of  increasing  their 
incomes  in  order  to  live  decently.  As  long  as  as.sociations  of 
teachers  are  used  as  a  media  for  obtaining  commodities  at 
reduced  prices  we  venture  to  think,  and  we  earnestly  hope,  that 
the  iniiuential  supjjort  will  be  lacking.  Let  them  organise 
with  the  sole  object  of  enhancing  the  value  of  their  services  and 
of  claiming  pensions,  which  are  not  denied  even  to  very  small 
fry  in  the  employment  of  the  State,  and,  if  need  be,  let  them 
be  prepared  to  refuse  to  work  under  the  vexatious  conaitions 
imposed  by  tyrannical  local  educatioii  committees  and  their 
satellites,  and  they  will  find  that  the  prospects  are  materiallx 
improved. 


Tars  and  Tar  Oils  as  FueL-  The  Paper  on  "  Tars  and  Tar 
Oils  as  Fuel  for  iJiesel  Kngijies,"  by  Mr.  C.  Day.  M.Sc.{Tech.), 
which  was  read  recently  at  a  meeting  of  the  Diesel  Kiigine 
Users'  Association,  has  been  reprinted  li\  .Messrs.  Mirrlees. 
Bi(  kerton  &  Day. 

Electricity      in      Sewer     Construction.    The    "  Sanitary 

liecord  refers  to  the  utilisation  o(  electrical  eiier^v  in  sewer 
construction,  and.  ii])art  from  i)umiii!ig  jmrposes,  electric 
motors  are  used  in  connection  with  travelling  cranes,  for 
o])erating  compressed  air  hammers  used  in  driving  steel  ]iiling, 
for  electric,  shovels  for  excavating  and  on  gantries  employed 
to  lay  the  lengths  of  concrete  pipe.  Tlie  excavated  soil  is 
removed  in  trucks  drawn  by  electric  locomotives,  and  the  neces- 
sary tools  and  niatiM'ials  are  ccuiveved  to  and  from  the  various 
working  centres  by  the  same  means.  Figures  are  not  availalde 
showing  the  cost  per  cubic  yard  handled,  but  there  can  be 
little  (piestion  that  electricity  is  superior  to  the  old-fa.'*hioned 
methods  of  carrying  out  work  oi  this  description. 


Coefficient  of  Mutual  Induction  of  Eccentric  Coils. — Mr. 
S.  Butterworth,  M.Sc,  has  a  Paper  in  the  ""  Philosophical 
Magazine  "  for  April  dealing  with  this  question.  The  prin- 
ciple made  use  of  is  to  treat  the  mutual  induction  between  the 
two  circles  as  a  potential  function  of  the  position  of  the  centre 
of  the  moving  circle.  The  various  cases  for  equal  and  unequal 
circles  are  worked  out.  and  the  results  given  in  the  form  of 
series. 

Snyder  Electric  Furnace. — The  ""  Iron  and  Coal  Trades' 
Review"  refers  to  this  furnace,  which  is  used  for  making  ferro- 
fiilicon,  which  it  turns  out  97;^  per  cent.  pure.  Four  such 
furnaces  are  being  installed  of  1,800  kw.  total  capacity.  In 
addition,  there  are  being  completed  two  furnaces,  each  capable 
of  melting  12  tons  of  steel  in  24  hours,  for  Messrs.  Thwaite 
Brothers,  of  Bradford,  besides  others  for  Messrs.  Summei-son  <fe 
Sons.  Darlington,  and  the  Daimler  Company. 

Light  Sensitiveness  of  Copper  Oxide. — Mr.  A.  H.  Pfund, 
writing  in  the  '"  Physical  Review,"  refers  to  the  increase  of 
conductivity  in  selenium  and  stibnite,  and  states  a  search  was 
begun  for  other  light  sensitive  substances.  A  band  of  copper 
0-75  X  10x150  mm.  was  heated  in  air  to  900°C.  for  about  20 
hours,  at  the  end  of  that  time  the  copper  was  completely  oxi- 
dised. Cells  were  made  of  this  material.  The  law  connecting 
the  equilibrium  change  of  conductivity  with  the  amount  of 
energy  absorbed  was  determined,  and  found  to  be  the  same  as 
for  selenium  and  stibnite. 

Bearings  of  Electrical  Machinery.  In  the  discussion  at 
Nottingham  on  Mr.  .V.  Gil.sojis  Paper  on  the  above  subject, 
before  the  Association  of  Mining  Electrical  Engineers,  Mr. 
Bakewell  considered  it  was  best  to  bore  holes  into  the  bearing 
castings  and  allow  the  white-metal  to  key  itself,  especially  with 
malleable-iron  bearings.  Mr.  Church  stated  that  motor's  fitted 
with  white-metal  bearings  and  ring  lubrication  had  been 
running  for  years  without  any  trouble.  Another  member 
referred  to  a  case  where  bronze  bearings  had  been  continu- 
ously in  use  for  16  years  tlie  wear  was  remarkably  small. 
Mr.  Beardsmore  stated  that  a  groove  for  one-third  of  the  dis- 
tance down  one  side  of  the  bearing  with  two  horizontal  branches 
top  and  bottom,  was  a  good  arrangement  to  distribute  the 
lubricant . 

Chicago,  Milwaukee  &  St.  Paul  Railway.  -  The  '  Railway 
Gazette  '"  states  that  the  j)ast  winter,  troux  the  railway  operat- 
ing point  of  view,  was,  in  the  Rockies,  the  worst  in  the  memory 
of  living  men,  and  yet  the  Chicago.  Milwaukee  &  St.  Paul 
electrification  results  greatly  exceeded  expectations.  At  times, 
when  the  severe  weather  was  .seriouslv  impeding  steam  opera- 
tion, the  electric  locomotives  were  moving  without  trouble. 
At  that  time  the  115  miles  between  Three  Forks  and  Deer 
Lodge,  which  form  the  central  .section  of  the  iOO  miles  to  be 
electrified,  was  the  only  portion  in  use  electrically,  and  here 
nine  electric  loc(»motives  have  already  replaced  24  steam  loco- 
motives of  Mallet  and  other  heavy  types.  The  full  benefit 
caimot.  however,  yet  be  attained,  as  the  sidings  on  the  division 
have  not  been  lengthened,  and  it  is  hoped  to  finish  this  work  by 
July  1,  when  trains  of  full  length  ran  be  taken. 

Grerman  Scientific  Men  and  the  War.  -  Sir  Oliver  Lodge 
has  received  from  Prof.  H.  A.  Lorentz  a  copy  of  a  lett^er  ad- 
dressed t^>  the  latter  by  Prof.  Max  Planck,  evidently  with  a 
view  to  i)nblication.  This  was  published  in  "'  The  Times  "  on 
the  5th  inst.  In  it  Prof.  Planck  states  that  in  his  view,  which 
is  shared  by  vari<ms  other  (Jennan  scientific  men.  the  mani- 
festo is.sued  at  the  beginning  of  the  war  by  a  number  of  German 
])rofeKsors  signifies  not  king  more  than  an  act  of  defence  and 
])rotection  of  the  German  Army,  which  is  synonymous  with  the 
German  i)eoj)Ie  against  the  bitter  acrusations  brought  against 
it.     He  concludes  a.s  follows  :    - 

For  the  monirnt  w<?  Germans  have  only  one  task.  m>  lonj!  as  the  war 
lasts — to  M^r\-v  our  country  with  aW  our  ]wwers.  Hut  wliat  I  si>ecially 
(1<  >in'  to  insist  on  to  you  in  i>.irlirular  is  the  firm  (Minviction  which  rvrn 
till-  oi  cnrn  ni-<  v  of  the  j)n'><  nt  w.ir  i\in  ncv(  r  sliakr.  that  there  ;>'  '" 

of  th"  int<  llc<  timl  and  nvral  world  which  lie  outside  tlie  sti 
nati<»ns.  and  that  an  honourahlc  oo.o|>«>ration  iu  the  niaintcnanor  ot  tht".--!' 
international  cultural   valurs,  ancl  also  no  lews  a  ]torsonal  nsiH-ct  for 
meniljers  of  an  rn'^mv  State,  are  not  inconsistent  with  glowing  love  and 
energetic  work  for  one's  own  country. 
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Birthday  Honours.-  The  King's  Birthday  Honours  List 
this  year  contains  the  following  names,  which  will  be  familiar 

to  our  readers  : — 

New  Bai^onets. — E.  W.  Moir,  late  Coinptrollcr  of  Munitions  Invin- 
tions,  and  now  representative  of  the  Ministry  of  Munitions  in  the  United 
ytates. 

Sir  William  jMaxire]!  AilJcen,  M.P.,  vice-president  of  the  Demerara 
Eleetrio  Co.  and  the  {'amaeney  Electric  Co.,  &c. 

Nfav  KxKiHTS. — Dr.  Geo.  Thomns  Be.ilhy,  F.R.S.,  a  well-known 
chemist  and  inventor,  and  Chairman  ai  the  Royal  Technical  College, 
Glasgow. 

Geo.  P.  Doolette,  of  Western  Australia,  a  director  of  the  Kalgoorlic 
Electric  Tower  &  Lighting  Corporation. 

E.  C.  Geddes,  deputy  director-general  of  Munitions  Supph^ 

G.  H.  West,  deputy  director-general  of  Munitions  Hup])ly. 

Robert  Frederic  StujMrt,  director  of  the  Meteorological  Service  of 
Canada. 

New  C.B.S.— //ore.  Arthur  Stanley,  M.V.O.,  M.P.  ;  G.  E.  P.  Murra;/, 
secretary  to  the  Post  Office  ;  E.  B.  Phip'ps,  principal  assistant  secretary, 
Board  of  Education  ;  U.  F.  Wintour,  C.M.G.,  Director  of  Contracts,  War 
Office. 

Electric  Furnaces  as  Applied  to  Non-Ferrous  Metallurgy- 
Prof.  A.  Stansfield,  in  a  Paper  before  the  Institute  of  Metals> 
classifies  electric  furnaces  as  follows  : — ■ 

Furnaces  for  reduction  of  metals  from  their  ores,  and  furnaces  for 
heating,  melting,  refining  and  distilling  metals.  Under  the  former 
heading  there  are  furnaces  for  electrolysis  of  fused  salts,  and  smelting 
furnaces  for  production  of  metals  from  their  ores.  The  other  heading 
includes  furnaces  for  enamelling  and  moderate  temperatures,  electric 
welding,  electric  smelting  furnaces  and  refining  of  gold  precipitates.  For 
metals  v/hich  cannot  be  conveniently  produced  by  thermal  methods 
electrolytic  furnaces  are  used.  Aluminium  is  one  of  these  metals,  and 
furnaces  taking  20,000  amperes  at  7  volts  are  working  at  the  Southern 
Aluminium  Company's  works,  at  Whitney,  N.C.  Seventy  of  these  fur- 
naces are  arranged  in  series,  the  E.M.F.  being  500  volts.  The  total 
plant  will  contain  six  of  these  units,  so  that  400  furnaces  will  be  in  use  at 
one  time,  and  the  total  production  will  be  44,000,000  lb.  of  aluminium  per 
annum.  The  power  consumption  will  be  l|kw. -years  per  1,000  lb.  per 
annum.  The  production  of  sodium  and  potassium  as  well  as  calcium, 
magnesium,  barium,  strontium  and  zinc  are  next  referred  to.  Dealing 
with  electrothermic  smelting  furnaces,  the  production  of  ferro-tungsten 
for  steel  making  in  France  and  the  United  States  is  mentioned,  the 
annual  output  by  the  electric  furnace  being  about  4,000  tons  per  annum. 
In  Norway  and  Sweden  the  electric  smelting  of  zinc  ores  has  been  carried 
■out  commercially  for  years,  and  at  TroUhatten,  in  Sweden,  a  large  plant 
is  in  regular  operation.  The  electric  furnace  does  not  appear  to  have  any 
-opening  for  smelting  copper,  nickel,  lead  or  antimony. 

Faraday  House  "Journal." — In  the  Summer  Term  Journal, 
in  addition  to  particulars  regarding  the  system  of  training 
engineers  extending  over  a  period  of  four  years,  there  is  the  usual 
register  and  notices.  The  editorial  notes  contains  the  roll  of 
honour,  remarks  on  "  After  the  War  Engineering,"  and  the 
"  Sandwich  System."  There  is  an  interesting  correspondence 
as  to  the  origin  of  the  Fahrenheit  scale  in  thermometry.  It 
appears  that  Fahrenheit  took  a  mixture  of  snow  and  salt,  or 
snow  and  sal  ammoniac,  as  giving  the  '"  greatest  cold,"  and 
called  it  zero,  but  why  he  divided  the  scale  between  this  and 
boiling  point  into  212  deg.  seems  doubtful.  According  to 
correspondents  his  thermometers  were  not  intended  to  read 
further  than  96  deg.  when  at  first  constructed.  It  is  stated 
that  the  late  Prof.  Ayrton  suggested  that  the  180  deg.  arose 
through  the  fact  that  changes  of  state,  from  one  condition  to 
another,  and  back  again,  were  frequently  plotted  round  a  circle. 
Freezing  to  boiling  point  was  accordingly  taken  as  180  deg. 
However,  as  mentioned  above,  the  boiling  point  does  not 
appear  to  have  been  used  at  first.  Another  suggestion,  by 
Mr.  C.  Turnbull,  is  that  between  zero  and  freezing  point,  he 
simply  divided  and  re-divided  the  scale,  getting  I,  ^,  and  so  on 
to  ^2  ■  The  various  explanations  still  appear  to  leave  the  matter 
"  shrouded  in  mystery." 

Alternating-Current  Motors. — A  Paper  on  this  subject  was 
recently  read  by  Mr.  H.  C.  E.  Jacoby  before  the  Association  of 
Supervising  Electricians.  The  Paper  dealt  with  synchronous 
motors  and  asynchronous  motors.  Under  the  former,  motors 
with  self-starting  devices  were  considered,  and  it  was  pointed 
out  that  polyphase  synchronous  motors  are  self-starting  under 
loads  of  about  10  per  cent,  of  full-load.  With  regard  to 
asynchronous  machines,  series,  induction,  repulsion  and  com- 
pensated repulsion,  types,  were  dealt  with.  Variation  of  speed 
of  induction  motors  by  varying  periodicity,  voltage,  or  resis- 
tance was  mentioned.  While  resistance  control  is  satisfactory 
for  crane  motors,  it  is  unsatisfactory  for  fluctuating  loads  such 
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a.s  lift  work.     High-.speed  liCt«  r ■-  -• 

unsatisf actor}'  when  worked  by  t ; 

the  difficulty  apparently  being  in  the  «» 

not  be  too  complicated.     Wi' 

tator  motors  the  authorm»ii'     .. 
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trol  can  be  obtained  by  prirnarv  re 

brush  shifting,  or  by  mean.s  of  statoi 

of  the  Paper  dealt  with  .series  m<jtoi 

cascade  connection  of  induction  motor.- 

An  Active  Modification  of  Nitrogen.— In  a  Paper  read  I 

the  Koval  Society  <;u  thi.s  .'suoject,  tiie  Hon.  R.  .1    - 
the    following    conclusions:     (1)    The    produ«:.-,. 
nitrogen  in  the  various  regions  of  the  Hteadv  ., 
greatest  near  the  cathode,  falls  off  to  a  minimum 'in  the  Faraday 
dark  space,  and  inciea.ses  again  in  the  po.sitiv         '  ', 

value  which  is  constant  along  that  column,  bu  ._t 

at  the  cathode.  (2)  With  a  given  value  of  the  current,  much 
more  active  nitrogen  is  obtained  from  the  positive  .  in  a 

narrow  tube  than  in  a  wide  one.  The  difference  i..i.,..-u  the 
potential  gradients  in  the  narrow  and  wide  tubes  is  not  large 
enough  to  account  plausibly  for  the  different  Weld  of  active 
nitrogen,  which  must  rather  be  connected  with  the  f-urrent 
density.  (3)  The  yield  of  active  nitrogen  comes  to  a  limit  as 
the  length  of  positive  column  traversed  by  the  gas  is  increased. 
This  is  shown  to  be  due  to  a  destructive  action  of  the  discharge, 
which,  beyond  a  certain  concentration,  destrovs  the  active 
nitrogen  as  fast  as  it  is  produced.  (4)  A  trace  of  oxvgen  (or 
almost  any  other  admixture)  is  known  greatly  to  increase  the 
yield  of  active  nitrogen  The  amount  of  oxygen  required  to  do 
this  considerably  increases  the  fall  of  potential  at  the  cathode, 
but  it  does  not  measurably  affect  the  fall  of  potential  in  the 
positive  column.  (5)  Active  nitrogen  is  produced  by  the  spark 
at  atmospheric  pressure.  That  the  phenomena  are  so  much 
less  striking  than  at  low  pressures  is  due  to  the  destructive 
action  of  the  surrounding  gas  on  the  active  nitrogen  after  it  is 
produced.  (6)  The  metal  scattered  from  a  copper  cathode 
when  the  discharge  passes  can  be  made  to  emit  its  line  spectrum 
in  a  stream  of  active  nitrogen. 

Properties  of  Aluminium. — At  the  last  meeting  of  the 
Faraday  Society  a  Paper  entitled  "'  The  Changes  in  Phvsical 
Properties  of  Aluminium  with  Mechanical  Work  [II.  Specific 
Heats  of  Hard  and  Soft  Aluminium],"  was  contributed  bv  Dr. 
F.  J.  Brislee.  The  author  gave  a  series  of  determinations  of 
the  specific  heat  of  hard-worked  aluminium  and  annealed 
aluminium.  The  metal  was  used  in  the  fonu  of  rod  and  wire. 
It  was  found  that  the  specific  heat  of  the  hard  aluminium  was 
higher  than  for  annealed,  and  this  confinued  the  view  that 
aluminium  is  converted  into  an  amorphous  fomr  bv  excessive 
mechanical  work.  It  was  further  found  that  rhe  specific  heat 
underwent  a  change  wheu  the  hard-drawn  bai"s  and  wire  were 
heated  to  100°C.  A  sample  of  wire  was  prepared  by  drawing 
with  the  maximum  draught  possible,  whereby  a  high  tensile 
strength  was  obtained,  but  the  wire  could  not  be  l>eut  without 
fracture.  The  worked  metal  had  a  tensile  strength  of  18-4  tons 
per  square  inch,  and  after  heating  to  lOO^C.  for  10  weeks  the 
tensile  strength  was  reduced  to  13-2  tons  per  square  imh.  but 
whereas  the  original  metal  was  brittle  and  could  not  be  us«h1. 
the  metal  with  the  lower  tensile  sti-ength  was  quite  ser\-ice 
The  author  concludes  that  it  is  therefore  necessjiry  that  tuo 
determiiuitions  of  all  the  physical  constants  of  metals  shall  W 
made  upon  metals  in  a  perfectly  definite  state  and  one  which 
ca?'  be  reproduced.  If  this  is  not  done,  the  results  are  for- 
tuitous a)id  may  differ  widely  from  the  true  results.  At  the 
same  meeting  Dr.  R.  Seligman  and  Mr.  Percy  Williams  pre- 
sented a  "  Note  on  the  Annealing  of  Aluminium."  The  authors 
found  that  hard-worked  ahnuinium  which  had  been  hi  -  '  '  ■ 
10  hours  at  l2bX\  was  less  readily  soluble  in  nitric  a.  > 

the  same  metal  before  heating,  but  that  if  the  heating  were 
continued  for  80  hours,  this  comparative  immunity  fa>m  attack 
was  lost.  They  also  found  that  metal  which  had  been  freshly 
annealed  at  -tlO'C.  was  less  readily  attacked  by  nitric  acid  than 
the  same  metal  which  had  been  allowed  to  stAud  for  10  days 
after  annealing. 
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Sib  H.  F.  Donaldson. — We  deeply  regret  to  have  to  record  the 
death  of  Sir  Hay  Frederick  Donaldson,  chief  technical  adviser  to 
the  Ministry  of  Munitions,  who  lost  his  life  through  the  sinking  (by 
mine  ortorj.edo)  of  H.M.S.  "  Hampshire  "  off  the  Orkneys  on  Monday 
evening.  He  was  appointed  to  the  Ministry  of  Munitions  in  Sep- 
tember last,  when  he  resigned  the  position  of  Chief  Superintendent 
of  the  Royal  Ordnance  Factories,  which  he  had  held  since  1903. 

Sir  Frederick  Donaldson,  who  was  born  in  ]H')H,  was  the  Kccond  son 
of  Sir  S.  A.  Donaldson,  first  Premier  of  Xcw  South  Wales.  After  being 
educated  at  Eton  and  Trinitv  (,Vjllei.'C,  f'ambridfre.  he  served  in  tlie  shops 
of  the  L.  &  N.W.  Railway'Co.  at  Crewe,  and  from  1884  to  18S7  was 
rmployed  at  Goa,  in  India.  Returning  to  England,  he  was  enjraged  until 
1891  on  the  works  in  connection  with  the  construction  of  the  Manchester 
Ship  (Janal,  and  from  1 802  to  1 897  was  chief  entr  nee  r  to  the  Londr  n  India 
Docks  ,Toint  Committee.  In  1898  he  was  appr'int<(l  Deputy  Direetor- 
Generaj,  and  in  the  followinj^  year  Chief  Meehanieal  Enjfinf  erof  Ordnance 
Factories,  retaining  the  latter  post  until  he  became  f'hief  Superint*  ndent. 
He  received  the  K.G.B.  in  1911,  and  was  president  of  the  Institution  of 
Mechanical  Engineers  in  191.'i  and  1914. 

L.  S.  Robertson. — Another  victim  of  the  "  Hampshire  "  disaster 
was  Mr.  Leslie  S.  Robertson,  who  was  also  attached  to  the  Ministry 
of  Munitions.  He  was  born  in  India  in  1863,  and  was  the  son  of  the 
late  Sir  James  Robertson,  Governor  of  Bombay.  He  was  educated 
at  King's  College  School,  Ix)ndon,  and  later  studied  under  Prof,  (now 
Sir  Alex.)  Kennedy  at  University  College,  London.  On  leaving  Eton 
he  became  a  pupil  at  the  engineering  works  of  Messrs.  Denny,  at 
Dumbarton,  and  then,  after  experience  at  sea,  he  joined  Messrs. 
John  I.  Thornycroft  &  Co.  He  was  well  known  as  secretary  of  the 
British  p]ngineering  Standards  Committee,  an  ajjjjointment  he  held 
since  1901.  At  the  Ministry  of  Munitions  he  had  been  acting  as 
assistant  to  the  Director  of  Production  since  July,  1915.  He  also 
translated  I\I.  Bertin's  work  on  Marine  Boilers. 

William  Stanley. — We  regret  to  record  the  death  on  May  14  at 
Great  Barrington,  Mass.,  of  Mr.  William  Stanley.  He  was  bom  in 
Brooklyn,  X.  Y.,  in  1858.  He  engaged  in  nickel-plating  in  New  York, 
where  in  1879  he  met  Hiram  Maxim,  whose  assistant  he  eventually 
became.  Mr.  Stanley  worked  for  a  time  with  the  Weston  Electric 
Light  Co.,  of  Newark,  X.J.,  and  was  connected  with  the  Swan 
Electric  Light  Co.,  Boston,  Mass.  He  invented  a  method  of  exhaust- 
ing lamp  bulbs,  and  devoted  himself  to  exj.erimental  work  on  storage 
cells  and  other  ajjj)aratus.  The  development  of  the  multiple  system 
of  alternate-current  distribution  was  due  to  him,  and  apjiaratus  at 
Great  Harrington  being  taken  over  by  the  Westinghouse  Co.  In 
many  ways  lie  was  regarded  as  the  originator  of  aiteniatuig-current 
distribution. 

Killed  in  Aotion. — In  addition  to  many  commissioned  engineer 
officers  of  the  Royal  Navy  who  lost  their  lives  in  the  naval  battle  on 
the  North  Sea  on  May  31 -June  1,  the  followuig  Warrant  Electricians 
are  rejwrted  killed:  Laurence  Gatt  (H.M.S.  "Queen  Mary"), 
Arthur  C.  \\()rthiiigtoii  (H.M.S.  "  Invuicible  "),  Arthur  Beales 
(H.M.S.  "  Indefatigable  "),  E.  G.  Goad  (name  of  vessel  not  stated). 
The  Warrant  Telegraphists  reported  killed  include  Henry  Arberry 
(H.M.S.  "  Defence  ■■),  lOdwin  Dymott  (H..M.S.  •' Tipperary  ")  and 
Harry  Buniell  (Acting  Warrant  Telegraphist,  vessel  not  stated). 


PERSONAL. 


Sir  A.  v.  Yarrow,  Bart.,  has  been  elected  an  honorary  member  of 
tlie  Institution  of  Mechanical  Engineers. 

FvoyalEngineers  (T.F) — The  following  ai)pointnicats  have  been 
made  : — 

Ijondf)n  Electrical  EnirinetTs  :  T.  b.  Barks  to  be  second  lieutt-nant, 
Sergf.  (!.  ().  King  and  Sap]ier  ('.  11.  K( cd  (o  be  s'-cond  lieutenants  (on 
])robati(m). 

Tyiie  Electrical  Entiinicrs  :  Siip]ii  r  .1.  I'..  T.  Emerson  (fi'oni  l.,on(lon 
Electrical  lui^'inccr;*)  and  StalT-Sergt.  A.  S.  Burdis  to  l>c  second  lieu- 
tenants (on  iirobation). 


APPOINTMENTS  VACANT  AND  FILLED. 


The  Governing  Body  of  the  Manchester  Municipal  School  of  Tech- 
nology invites  applications  for  the  apix)intment  of  vice-principal. 
Salary  £500  a  year.  Conditions  from  the  Registrar,  to  whom 
applications  bj-  June  19. 

Prof.  Arthur  Schuster,  F.R.S.,  has  been  appointed  Halley  Lecturer 
at  Oxford  for  1917. 


An  engineer  is  re(|uired  as  manager  of  a  telephone  system  of  5(10 
lines  in  India  ;  mu.'5t  be  ca|)able  of  reorganising  existing  system  and 
installing  complete  exchange.     See  n d vert iserii nil. 

An  eleelrician  for  London  |)rinting  works  is  adverti.sod  for. 

Dundalk  Electricity  Committee  retpiire  an  assistant  engineer. 
Salary  £100.  Applications  to  the  eugiiu^er  and  manager  by  5  p.m. 
June  12. 


INSTITUTIONS  AND  SOCIETIES. 


Royal  Society. — Amongst  the  Papers  read  at  last  Thursday's 
meeting  of  this  Society  we  notice  the  following  :  "  Further  Deter- 
minations of  Direct  Osmotic  Pressures,"  by  the  Earl  of  Berkeley, 
F.R.S.,  and  E.  G.  J.  Hartle\- ;  "  On  the  Magnetic  Shielding  of  Large 
Spaces  and  its  Experimental  Measurement,"  b\-  Prof.  E.  Wilson  and 
Prof.  J.  W.  Nicholson. 

British  Association. — The  provisional  programme  is  about  to  be 
issued  of  the  eighty-sixth  annual  meeting.  It  is  to  be  held  at  New- 
castle-ujx»n-T\Tie  from  Tuesday,  September  5,  to  Saturday  Sept.  9, 
under  the  jjresidency  of  Sir  Arthur  Evans,  F.R.S. 

The  inaugural  meeting  in  the  Town  Hall  will  be  held  on  Sept.  5,  at 
8.30  p.m.,  when  the  Pnsident  will  deliver  an  address.  Evening  dis- 
courses will  be  delivered  by  Prof.  W.  A.  Bone,  F.R.S..  on  "  Intensified 
f!ombustion."  and  by  Dr.  P.  Chalmers  Mitchell,  F.R.S.,  on  '"  Evolution 
and  the  War."  The  following  are  the  ])rfsidents  of  sections: 
A  (Mathematical  and  Phvsical  Science).  Dr.  A.  X.  Whitehead,  F.R.S. : 
B  (Chemistrv),  Prof.  (i.  ('.'.  Henderson,  F.R.S.  :  C  (Gcolog^•),  Prof.  W.  S. 
Boulton  ;  D  (Zoology),  Prof.  E.  W.  MacBride.  F.R.S.  ;  E  (Geography), 
Mr.  D.  G.  Hof/arth  ;  F  (Economic  Science  and  Statistics).  Proif.  A.  W. 
Kirkaldy:  G  (Engineering).  Mr.  G.  G.  Stonev,  F.R.S. :  H  (Anthropology), 
Dr.  R.  R.  Marett  ;  I  (I'hvsiologv).  prof.  A.  R.  Cushnv.  F.R.S.; 
K  (Botany),  Dr.  A.  B.  Rendle.  F.R.S.  :  L  (Educational  Science),  Rev. 
W.  Temple  ;     M  (Agriculture),  Dr.  E.  J.  Russell. 


ARRANGEMENTS  FOR  THE  WEEK. 


THURSDAY,  June  15th. 

Ix.STITl'TION    OF   ELECTRICAL    ENGINEER.S. 

5.15 p.m.  At  Victoria  Embankment,  W.C.  SjK'cial  General  Meet- 
ing of  Corporate  Members  t<)  confirm  a  resolution  expelling 
enemy  alien  members. 

FRIDAY,  June  16th. 

Physical  Society. 
5  p,ni.  At  the  lm]>crial  C'cdlcge  of  Science,  South  Kensington. 
Paper-,  on  "  A  .Method  of  Measuring  the  Pressua-  of  Light  by 
Means  of  Thin  Metal  Foil,"  by  Mr.  (Jilbert  D.  West.  B.Sc.*: 
'  The  Viscosity  of  Suspensions  of  Rigid  Particles  at  Different 
Rates  of  Shear."  by  Edith  Humphrey.  B.Sc..  Ph.D..  and  E. 
Hatscliek  :  "  Expcrimcnis  with  Mercury  .let  Interrupters,"  liv 
Cai)t.  C.  E.  S.  Phillips.  FR.S.E.  :  "  A  ('orrection  of  Some  Work 
on  Diffusion  bv  Dr.  A.  Griffiths  and  Others,"'  by  A.  Griffiths, 
D.Sc. 


iBt  LONDON  ENGINEER  VOLUNTEERS. 
Ofliccr   ('<imnirtii(iMi;.'.    Lit  nt. -Col.    ('.    H.    ("lay. 
Orders   for    the    wt'ck. 
Officer  for  th«>  wc<  k.  Platoon  Commander  W.  J.  A.  Watkins. 
Next  for  duty.  Platoon  Comman«lcr  X.  E.  Brown. 
Monday,  .lune    12th. — Technical  for   Platoon  No.  9.  4<i,  Regent -street, 
S.W.     Sipuul  and  Platoon  Drill.  Platoon  No.  10.     Signalling  Class 
and  Recruits. 
Tuesday.  June  13th. — School  of  Arms,  fi  to  7.      Recruits,  7.15  to  8.15. 
Wednesday.  Junr  14th. — Platoon  Drill,  No.  2  Platoon. 
Tlmrsday.    .June    l.Mh.    -J'latoon    Drill.    No.    ti    IMatfMin.     Shooting   for 
N<>.    9    I'l.'.torn.      Miniatuiv    Ran<^\      Recruits,    .'>.4.">   to    7.45.      In- 
structional Class,  .■».45. 
Eriday,  June  KUh.- Teihnii  al  for  No.   10  Platoon.  4(»,  Regency -stnTt. 

S.W.     Sijuad  and  Platoon  Drill,  No.  9  Platoon. 
Saturday.  June  17th. — -Proljable  dato  of   Insjioction   by    I>ird    French. 

Spec'.'d  orders  will  Ik-  issued. 
Sunday.  .Iiinc  Isth.      Entn-nehing  at  Otford.  parade  Victoria  (S.E.  &  C, 
Hadway    Hooking    Office)    8. 115   a.m.     Uniform  :     Haversacks   and 
water  i)oltles.      Atidday   rations   to  Ije  carried.      Radway  vouchers 
will  Ik'  i»rovidi>d. 
Otford  Cann>. — ""  *"*'  after  Saturilay.  .hnie  .3rd.  there  will  l>e  a  Standing 

Camp  at  Otford  {wf  Monthly  Orders). 
.Musketry. — For  Nos.  1  and  2  Company,  set  Notice  and  Tables  A  and  B  at 
Headquarters. 

Note.— I'nlcss  otherwise   indicated,  all  drills    &e..  will  take  place  at 
Chester  Hous.^. 
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PERFORMANCE  OF  30,000-KW.  STEAM  TURBO- 
GENERATORS.* 


Summary.- — An  account  is  given  of  the  official  tests  on  the  three 
30,000  kv/.  steam  turbo-generators  installed  lastyear  by  the  Interborouj^h 
Rapid  Transit  Co.  Higher  efficienctis  than  thos-e  guaranteed  under 
contract  weic  obtained.  

The  results  of  preliminary  and  acceptance  tests,  showing  a  water 
rate  of  11-3  lb.  to  11-4  lb.  per  kilowatt-hour  for  the  30,000  kw.  cross- 
compound  steam  turbine  units  of  the  Interborough  Rapid  Transit 
Co.  of  New  York  when  the  machines  were  running  under  load  con- 
ditions and  carrying  the  maximum  rated  load,  were  officially  con- 
firmed by  the  records  of  tests  presented  in  a  Paper  by  Messrs.  H.  G. 
Stott  and  W.  S.  Finley,  Jr.,  at  a  recent  meeting  of  the  American 
Society  of  Mechanical  Engineers.  According  to  the  summary  of 
test  data  on  this  installation  shown  in  the  accompanying  diagram 
and  Table  I.,  the  water  rate  at  the  most  efficient  load — namely, 
26,740  kw. — is  given  as  11-25  lb.  per  kilowatt-hour  with  a  thermal 
efficiency  for  the  unit  of  24-81  per  cent.  This  remarkable  per- 
formance is  ample  proof  of  the  high  place  which  the  steam  turbine 
now  holds  as  a  prime  mover  of  large  rating  operated  under  wide 
ranges  of  load,  varying  between  30  and  60  per  cent,  of  the  average. 

The  three  30,000  kw.  units  were  ordered  in  1913  by  the  Inter- 
borough Rapid  Transit  Co.  The  first  unit  was  started  on  Decem- 
ber 29,  1914,  the  second  on  February  24,  1915,  and  the  third  on 
July  30, 1915.  Each  unit  consists  of  two  elements,  a  high  pressure 
and  a  low  pressure.  The  former  is  practically  a  tyjMcal  single- 
cylinder  reaction  turbine  containing  38  rows  of  blades,  and  the  low- 
pressure  element  is  of  the  double-flow  type.  The  high-pressure  rotor 
is  of  relatively  small  diameter,  and  operates  at  the  maximum  speed 
possible  for  25-cycle  service.  The  low-pressure  rotor  was  designed 
for  a  speed  of  750  revs,  per  min. 

The  surface  condensers  installed  consist  of  two  shells,  each  con- 
taining 25,000  sq.  ft.  of  condensing  surface.  These  shells  are  con- 
nected directly  to  the  turbine  outlets  without  an  intermediate 
expansion  joint.  Duplicate  turbine-driven  tri-rotor  circulating 
pumps,  rated  at  37,500  gallons  per  minute,  are  used.  The  hot-well 
pumps  are  installed  in  duplicate,  and  a  single  rotary  dry-vacuum 
pump  is  provided  for  each  unit  sufficiently  large  to  handle  the  dry 
air  from  two  units,  being  cross-connected  for  the  purpose. 

Results  of  Tests. 
The  results  of  25  tests  are  tabulated  below  and  shown  by  the  curves 
in  the  diagram.     In  conducting  these  tests  certain  standard  con- 
ditions under  which  guarantees  had  been  made  were  maintained. 
The  data  as  given  have  been  corrected  to  such  standards,  which  the 

*  Abstract  of  a  Paper  read  before  the  Am.  Society  Mech.  Engs.  from 
the  "  Electrical  World,"  sliphtlv  abbreviated. 


authors  of  the  Paper  state  represent  average  of  operating  practice. 
Attention  is  called  to  the  foilowirxg  particular  featurett  of  the  curves 

and  data  : — 

1 .  With  due  allowance  for  the  scale  of  the  ortlinates.  the  performance 
curves  may  be  considered  unusually  flat,  naturally  conduci%-e  to  high 

plant  efficiency. 

2.  The  dip  in  the  curve  between  22,(yOi)  kw.  and  2«.'>^t'»  kw.  is  a 

peculiarity  which  wa.s  rer-cived  at  first  h  was 

later  remarkably  checked  by  rej»etition  of  -   -  ■.- 

including  a  special  series  under  steady  lo 

KC'pient  to  the  original  series,  and  given  ii.Ti-ui  an  Stm.  ll-Hd  in 

Table  I.     Various  theories  have  been  advanced  in  <■'■•  •  '■  '■■■■■  ■•■•'■ 

this  dip,  and  a  series  of  special  tests  was  made  to 

relative  action  of  the  reseiver  between  the  two  cylindern  an  »  sepMra- 

76-4 


<>j 


24-7 


,24-5 


8^24-3 

124-1 


23-9 


23-7 


23-5 


° = Tests  under  Governor  Control 
A=  ..        »      Throttle     "  ^■ 


18      20      22      24       26      28      30 
Load  in  Thousands  of  Kilowatts. 
Water  Rate  and  Efficiency  Curves  for  30,000  kw.   Cnit. 

tor,  and  the  velocities  of  the  steam  passing  through  it,  with'the  idea 
that  this  might  have  some  direct  bearing  upon  this  dip.  Unfor- 
tunately, winter  load  demands  terminated  further  research.       ^  -l 

3.  The  turning  up  of  the  efficiency  curve  between  30.<XX>  kw.'and 
32,000  kw.  is  another  peculiarity,  accounted  for  by  the 'turbine 
designer  as  follows  : — 

"  Concerning  the  turning  up  of  the  efficiency  curve,  con- 
sideration and  figuring  indicate  that  this  is  actually  not  an 
inconsistency,  but  a  new  experience.  This  turbine  was  <i  -\  ' 
for  higher  hydraulic  efficiency  than  probably  any  machine 
fore  built,  thus  approaching  the  crest  of  the  efficiency  curve.  The 
overload   capacity  of   the   machine  is   small,  or,  in  other  words. 


Table  I, — Summary  of 

Test  Results  for  30,000  he 

.  Cross -compound  Steam  Turbine  Unit 

s  of  Interborough  Rapid  Transit  Company. 

Abs. 
steam 

pres- 
sure at 
throttle, 
lb.  per 

Steam 
tem- 
pera- 
ture at 
throttle, 

op 

Super- 
heat, 

Abs. 

steam 

pres. 

primary 

inlet, 
lb.  per 

Abs. 

steam 

prcs. 

exhaust 

H.P., 

lb.  per 

Abs. 
steam 

pres. 

inlet 

L.P, 
lb.  per 

Ex- 
haust 

va- 
cuum, 
in  Hg. 

Exh. 

pres. 
referred 
to  30  in. 

bar, 
58-1  °F. 

Load 
aver- 
age, 
kw. 

Water 
per 

hour, 
lb. 

* 

Water 
rate, 

lb.  per 
kw.- 
hour 

Rank- 
ine* 

cvcle 

effi. 

ciency, 

per 

Ther- 
mal* 
effi- 
ciency, 
per 
cent 

From  Graphic  load  chart 

t 

Test 

No. 

,    Ratio  of 
max.  load 
range  to 
average 

Ratio  of  av. 
load  range 
for  2-5  inin. 
,  periods  to 

sq.  m. 

1 

sq.  m. 

sq.  m. 

sq.  m. 

inHg. 

cent. 

load. 

av.  load. 

1 

224-3 

493-2 

101-6 

148 

10-6 

10-2 

28-411 

1-589 

16,342 

192,350 

11-770 

72  ••540 

23-72 

65-5 

37-2 

2 

223-3 

486-8 

95-8 

144 

11-8 

100 

28-52 

-48 

16,447 

194,431 

11-822 

72  222 

23-62 

63-S 

37-7 

3 

224-1 

485-7 

94-2 

166 

110 

28-539 

461 

18,158 

212,029 

11-677 

73-118 

23-91 

56-2 

31-3 

4 

223-3 

489-6 

98-4 

159 

11-8 

11-5 

28-471 

529 

18,273 

212,330 

11  020 

73-476 

24-02 

695 

58-6 

5 

222-6 

496-5 

105-7 

163 

11-8 

10-8 

28-588 

412 

18,317 

213,976 

11-682 

73  086 

23-90 

568 

347 

6 

220-4 

510-9 

1210 

175 

12-7 

120 

28-586 

1 

414 

20-472 

234,930 

11-476 

74-400 

24-33 

.34  2 

18  6 

7 

219-8 

519-3 

129-5 

182 

12-8 

12-5 

28-683 

1 

317 

21,925 

250,407 

11-421 

74-757 

24-46 

51  1 

17  1 

8 

221-8 

518-8 

128-0 

185 

13-5 

12-8 

28-791 

209 

22,150 

253,388 

1 1  -439 

74-1530 

2441 

49-2 

19  0 

9 

221-1 

501-5 

111-2 

187 

130 

28-744 

256 

22,432 

256,716 

11-444 

74.t?06 

2,41 

37  9 

2l>4 

10 

221-3 

513-9 

123-5 

194 

14-2 

14-1 

28-902 

098 

24,137 

274,971 

1 1  -392 

74-947 

2452 

37-7 

lo-3 

11 

220-3 

512-9 

123-0 

196 

13-7 

13-6 

28-882 

118 

24,200 

275.593 

1 1  -388 

74-973 

24-52 

29-3 

131 

12 

220-3 

496-8 

106-8 

197 

14-6 

14-1 

28-896 

104 

25.170 

285.184 

1 1  -3.30 

75-357 

24-63 

30-6 

13-0 

13 

217-9 

524-3 

135-2 

211 

14-5 

14-7 

28.761 

239 

2(>,153 

295.373 

1 1  -294 

75-597 

24-72 

33-3 

11-8 

14 

2240 

500-0 

108-5 

215 

15-0 

28-862 

138 

26.740 

301.035 

11-258 

75-840 

24-Sl 

... 

15 

221-6 

5100 

119-5 

210 

16-5 

15-9 

28-862 

138 

28.378 

323.353 

1 1  -395 

74928 

24-51 

4i-2 

UO 

16     i 

220  0 

155-5 

125-6 

211 

16-6 

16-2 

28-812 

188 

28,517 

325.072 

1 1  -399 

74-5H)l 

24-49 

22 -S 

1  '  * 

17 

220-3 

513  0 

123-0 

210 

16-5 

16-8 

28-78 

22 

30,232 

344,787 

11-405 

74-862 

24  48 

251 

101 

18    : 

217-2 

5180 

1291 

206 

17-3 

17-2 

28-801 

199 

30,397 

348.018 

1 1  -449 

74-574 

24-39 

27-0 

9-1 

19 

217-1 

515-4 

126-6 

212 

18-5 

18-5 

28-623 

377 

31,986 

364.280 

11-389 

74.968 

24-52 

ISl 

!•  1 

20 

218-2 

519-5 

130-4 

209 

17-6 

18-2 

28-75 

25 

32,348 

366,572 

1 1  -332 

75343 

24-64 

14  2 

l-l 

21     1 

216-3 

513-3 

124-9 

209 

18-1 

18-9 

28-765 

235 

32.490 

370,335 

1 1  -398 

74-908 

24-52 

... 

... 

22     1 

222-8 

518-0 

1270 

182 

13-9 

13-0 

28-55 

45 

21,610 

246.661 

11-414 

74  733 

24-42 

••« 

... 

23 

2240 

508-0 

116-5 

186 

14-2 

13-3 

28-53 

47 

21,800 

250.134 

11-474 

74412 

24-35 

... 

... 

24 

222-9 

512  0 

1210 

194 

14-8 

13-9 

28-92 

08 

23.890 

272.335 

1 1  -400 

74-824 

24-48 

... 

... 

25 

223  1 

515-4 

124-3 

213 

16-2 

151 

28-85 

1-15 

26.505 

298.810 

1 1  -274  1 

75-6(K) 

24-79 

... 

... 

*  As  corrected  to  215  lb.  per  square  inch  or  15-1  kg.  per  square  centimetre  abs.  press. 
■f-  Duration  of  each  test  -was  three  hours. 


120^F.  superheat ;  29  in.  Hg.  (736-6  mm.) 
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Table  II. — Condenser  Teat,  Summary  of  Results. 

Pressure  at  throttle  (lbs.  per  square  inch)     220 

Temperature  at  throttle  (°F.) 487 

Superheat  {=?.) 97 

Load  (a veraj^e  kilowatts)     -31 ,233 

Exhaust  vacuum  (inches  mercury)    28(}1 

Exhaust  pressure  (inches  mercurj'  absolute)    1-39 

Corresponding  temperature  ( ^F. )   89-4 

Mean  temperature  difference  C^F.) 12-9 

Heat  transferred  per  hour  (B.T.U.)  316,000,000 

Heat  transferred  per  unit  surface  per  hour  (B.T.U.  per 

square  foot)    6,330 

Heat  transferred  per  unit  surface  per  hour  jxr  degree 

mean  temperature  difference  (B.T.U.  per  square  foot).  490 

Air  leakafie  (cubic  foot  y)er  minute)   16-88 

Condensate  (lb.  per  hour)    357,060 

Temperature  of  hot  well  water  ( ^F. ) 86 

Temperature  of  intake  water  (  V.)     "0-8 

Temperature  of  discharge  water  (°F.)    80-9 

Rise  (°F.)   101 

Circulating;  water  (gallons  per  minute) 64.700 


the  amount  the  turbine  is  by-passed  when  the  secondary  valve  opens 

is  small,  and  the  velocity  ratio,  therefore,  is  very  little  lower  when 
full  steam  pressure  is  applied  to  the  secondary  inlet  than  when  such 
pressure  is  applied  to  the  primary  inlet.  Further,  the  hydraulic 
efficiency  is  nearly  the  same,  so  that  the  Rankine  cycle  at  32,000  kw. 
should  not  be  more  than  1  per  cent,  lower  than  at  the  point  of  best 
efficiency — namely,  26,000  kw.  The  efficiency  at  the  intermediate 
overloaci — say  ;3f),00()  kw. — is  somewhat  worse  than  this,  for  while 
the  blading  and  hydraulic  efficiencies  remain  as  high  there  is  a  loss 
due  to  a  certain  portion  of  the  steam  expanding  through  the  secondary 
valve  to  a  lower  pressure  without  doing  work." 

A  number  of  tests  were  made  upon  the  condensers,  auxiliaries, 
separate  anrl  individual,  guarantees  having  been  made  upon  the 
condenser  proj)er,  circulating  pumps,  dr>-vacuum  pumps  and  hot- 
weli  pumps.  The  results  of  the  tests  upon  the  condenser  are  given 
in  Table  II.  The  guarantees  were  based  upon  operation  under 
maximum  load — namely,  about  32,000  kw.— and  the  test  was  made 
with  the  turl)ine  carrying  as  near  that  load  as  was  possible.  The 
duration  of  this  test  was  three  hours,  and  the  preliminary  operation 
under  test  conditions  was  half  an  hour.  No  corrections  were  made 
in  this  test,  as  operating  coiulitioiis  approximated  the  guaranteed 
conditions  very  closely,  with  the  exception  that  air  leakage  was  high. 
The  tests  were  made  very  shortly  after  the  installation  of  the  machine, 
and  little  0])j)ortunity  had  been  given  under  oi)erating  requirenients 
properly  to  eliminate  this  leakage,  which  has  since  been  done.  A 
permanent  gasometer  has  recently  been  installed  in  connection  with 
each  unit  in  order  to  observe  air  leakage  at  regular  intervals. 

In  summarising  the  results  of  these  tests,  the  authors  .stated  that 
the  performance  in  the  case  of  both  turbine  and  condenser  showed 
highercUicienciestlian  was  guaranteed  under  contract, and  the  instal- 
lation has  proved  to  be  thoroughly  satisfactory  in  every  particular, 
having  fully  realised  the  considerations  which  governed  the  selection. 
Px'forc  the  reading  of  the  Fa|)er,  Mr.  H.  O.  Stott  reviewed  the 
evolution  of  steam  station  design  since  HK)0.  The  station  then 
housed  eight  Reynolds  Allis-Chalmers  steam  engines  of  a  double 
combination  horizontal-vertical  cross-compound  design.  Each  unit 
was  rated  at  o.OOO  kw.,  with  a  maxiuuiin  rating  of  7, .")•>(»  kw.  In  a 
Bjiaco  no  greater  than  taken  by  one  oi  these  units  a  30,000  turbine 
unit  now  stands,  operated  from  the  same  boilers,  now  equipped  with 
underfeed  st)kers  and  superheaters  to  give  20O''F.  of  su])erheat  when 
the  boilers  an;  delivering  three  tinu-s  their  rated  out])ut.  '!"he  boiler 
pressure  is  205  II).  per  sqmire  inch  gauge.  The  steam  engines 
ojH'nited  originally  oti  17.")  lb.  gauge  and  no  su]M>rlieat.  Mr.  Stott 
called  attention  to  the  coinpari.son  in  investm<-nts  represented  by  the 
two  types  of  installations,  the  cost  of  engines,  generators  and  con- 
densers being  tS  |)er  kilowatt,  while  the  cost  of  the  lU'W  f  uriiines  and 
condensers  is  ti.  Ss.  per  kilowatt.  Tiie  steam  engine  wiiterrate  was 
17  II).  i)er  kilowatt- hour,  as  com])ared  with  abo\it  I  I  1  for  (he  tu;l)inos 
o])era,1ing  under  similar  load  con<litions. 

To  (liable  (lie  reader  (o  compare  the  actual  with  the  guaranteed 
performance,  we  give  the  latter  in  the  following  table  : — 


bhs.  nf 

iiudviue 

Lbs.  of 

Uinkine 

Kw .  loid. 

stl'  UU    |)tM' 

I'vcle 

Kw.  load. 

steam  ]ior 

evele 

kw.-hour. 

cfliciency. 

kw.-hour. 

eflicieney. 

Per  rent. 

Per  cent. 

15,000 

12  07 

7073 

24.000 

11 -.30 

75-.56 

16.000 

11  04 

71  51 

25.(X)0 

11  27 

75-76 

18,000 

11-77 

72-.-U 

26.000 

11-32 

75-42 

20.000 

U-51 

73-!)S 

'2S.000 

11-47 

7444 

22.000 

11-40 

74- XO 

;{(t.iHKi 

lHi3 

73  41 

MAGNETIC  AMPLIFIER  FOR  RADIOTELEPHONY.* 

BY  E.  F.  W.  ALEXAXDERSON  AND  .S.  P.  NIXDOKFF. 

Summary. — An  apparatus  is  described  which  makes  possible  radio- 
telephony  and  radiotelegraphy  on  a  large  scale.  It  is  of  the  nature  cf 
magnetic  valve  throttling  the  flow  of  power  from  the  alternator  so  that 
it  can  be  modulated  for  telephone  work. 


The  magnetic  ampUfier,  constructed  as  shown  in  Figs.  1  and  Ia, 
was  developed  as  an  accessory  to  an  alternator  in  order  to  take  ad- 
vantage of  the  better  mechanical  construction  of  a  solid  steel  rotor 
and  3'et  produce  the  results  that  could  be  obtained  by  field  control 
in  a  machine  with  completeh'  lanunated  magnetic  circuit.     The 
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Amplifier  in  Shunt  with  Alternator  Amplifier  in  Series  with  Alternator 

Fics.  1  AND  1a. — Combination  of  Alternator  and  Amplifier  in 

ITS  Simplest  Form.s. 

aggregate  of  the  constant  field  alternator  and  the  stationary  con- 
trolling device  has,  as  will  be  shown,  the  effect  of  a  machine  with 
variable  field  excitation.  This  analogy  refers  not  only  to  the  pro- 
portionality between  excitation  and  E.M.F.,  but  to  such  phenomena 
as  self-excitation  and  instability.  It  is  shown  that  the  winding  B 
produces  no  voltages  but  influences  the  permeabilitj'.  If,  on  the 
other  hand,  a  current  flows  in  the  other  winding  which  gives  a  mag- 
netomotive force,  equal  and  opjx).site  to  the  first,  the  iron  is  rendered 
magnetic  again.  Inasmuch  as  the  two  branches  of  winding  A  are 
relatively'  opposite  to  winding  B.  one  branch  will  opix)se  the  ampere- 
turns  of  winding  B  on  one-half  cycle  and  the  other  branch  during 
the  next  half  cvcle. 


1200 


Controlling 
Shunt. 


These  figures  were  given  by  Mr.  M.  C.  McNeil  in  thej"  Electric 
Journal,"  June,'  1915.— Eos.'^iJ. 


Controlling 
Shunt. 


FlO.  2.— CllAKACTKniSTlCS   OF   Al.TKRNATOR    WHEN    CONTROLLED    BY 
VaRIARLK  SH!  NT  iMrKPANrF. 

When  the  magnetic  amphfier  is  u.sed  in  shunt  to  the  alternator 
(Fig.  1).  it  hiw  the  imme<liate  object  of  controlling  the  voltage  rather 
than  the  current.  The  combined  <  h.iracteristics  can  be  tlerived  from 
the  characteristics  of  the  alternator  when  ojicrating  on  an  anteiuia 
and  at  the  same  time  controlled  by  a  variable  shiuit  across  its  ter- 
minals, as  shown  in  Fig.  2. 

.\s  indicated  in  Figs.  1  and  1a,  it  is  poR.sible  to  connect  the  am- 
plifier either  in  series  or  in  shunt  to  the  alternator.     Of  these  two 

•  Abstract  of  a  Paix-r  road  before  the  Institute  of  lladio  Engineers. 
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arrangements  the  shunt  connection  is  preferable  because  the  effect 
of  the  amplifier  on  the  alternator  is  the  same  as  if  the  E.M.F.  of  the 
alternator  in  the  antenna  circuit  had  been  reduced,  whereas  the 
amplifier  in  the  series  connection  does  not  influence  the  E.M.F.  in 
the  antenna  circuit  but  changes  the  tuning  of  the  antenna.  The 
result  of  this  change  in  antenna  tuning  has  an  undesirable  effect  upon 
the  speed  characteristics  of  the  alternator,  because  it  is  found,  upon 
further  analysis,  that  the  control  does  not  become  effective  unless  the 
alternator  is  operated  on  the  upper  or  unstable  side  of  the  tuning 
curve  of  the  antenna.  If  the  alternator,  on  the  other  hand,  is 
operated  on  the  stable  side  of  the  tuning  curve,  the  change  in  tuning 
partly  neutralises  the  intended  controlling  effect. 

Ratio  of  Amplification. — The  method  of  arriving  at  a  theory  for 
the  ratio  of  amplification  can  be  perhaps  best'explained  by  a  mech- 


FiG.  3.- 


Multiple. 
A. C.  Ampere  Turns. 

-Comparative  Volt-ampere  Curves  with  the  same  Dikect- 
OUBRENT  Excitation. 


current  in  both  windings  la  defmite  and  the  flax  in  the  corresponding 
branches  of  the  core  adjustH  itmM  accrjrdinely.  In  the  Mcond  caae, 
when  the  two  aitematin^r-'iin  .iiectfld in  multiple 

the  current  in  each  winding  i  AttAina\Am,  Yftirvm^ 

a  cross-current  of  a  strength  not  yet  defined  may  flow  betve«n  tbs 
two  windings. 

The  characteristics  of  the  amplifier  winding  in  aeries  and  multiple 
connection  as  obtained  from  teslH  ]»  shown  in  Fig.  4.     These  curres 
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Fig.  5. — Curves  Obtained  from  Test  SnowrsG  SENsnTVENESs''oF 
Alternator  Voltage  Control  with  Different  Series  C'ondexseks. 


anical  equivalent :  If  a  throttle  valve  was  to  be  opened  and  closed 
1,000  times  a  second,  the  moving  parts  would  absorb  considerable 
energy.  In  analogj'^  with  this  we  must  ask  ourselves,  what  is  the 
corresponding  inertia  in  our  magnetic  valve  which  we  must  overcome 
in  opening  and  closing  it  at  the  rate  of  a  telephone  current.  The 
answer  is  :  The  inertia  is  the  energy  stored  by  the  change  of  the 
magnetic  field.  The  wattless  flow  of  energy  is  proportional  to  the 
energy  per  cycle  and  the  number  of  times  per  second  the  energy 
must  be  delivered  and  returned.  It  can,  therefore,  be  said  that  the 
ratio  of  amplification  is  proportional  to  the  ratio  betweenthe  fre- 
quencies of  the  radio  current  and  the  controlling  current. 


show  that  the  multiple  connection  gives  a  lower  curvature  and  a 
lower  impedance.  For  zero  direct-current  excitation  it  is  evident 
that  the  volt-ampere  curves  for  these  two  connections  roust  be 
identical.  It  thus  follows  that  the  change  of  impedance  corre- 
sponding to  a  given  direct-current  excitation  is  greater  with  the 
multiple  connection.  In  this  connection  there  are,  however,  some 
other  considerations. 

Object  of  iShort-circuit  Condenser.— \n  the  raiUtiple  connecnon  tho 
flux  variations  are  forced  as  already  explained  by  the  short-cir^  ;.• 
that  is  formed  between  the  two  multiple  coils.  The  induced  current 
in  this  short-circuit  tends  to  oppose  any  changes  in  theaverage  flux. 


10       20       30        40        50 
A.C.  amps.     Amplifier  winding. 

Fig.  4. — Characteristics  of  Amplifier  Coil  Windings  in  Multiple. 

The  object  of  the  magnetic  amplifier  when  used  for  radiotolephony 
is  not  only  to  control  the  radio  energy  but  to  produce  a  telephone 
current  in  its  true  shape. 

Magnetic  Theory  and  Characteristics. — The  magnetic  amplifier  can 
be  operated  in  two  wajs,  as  indicated  by  the  diagram  of  Fig.  3.  In 
one  case  when  the  two  alternating-current  windings  are  in  series,  tlie 
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p^^..  f). —Oscillograms  Showing  the  Effect  of  Departirk  fhoji 
Linear  Proportionality  and  Consequent  Distortion  of  Wave 
Shape. 

and  thus  a  telephone  current  in  the  controlling  wiiuling  would  simply 
cause  a  correspoiuUug  short-circuit  current  between  the  two  jUter- 
nating-current  coils  ^\ithout  producing  the  desired  flux  variations. 
Since  it  operates  at  radio  frequencies  it  is  {wssiblo  to  find  a  i-oiideiiser 
such  tiiat  it  acts  as  a  short-circuit  for  nulio  currents  and  open  for 
telephone  currents.     The  arniiigement  is  shown  in  Fig.  5. 

Combinatio-i  of  Alfernaior  and  Amplifier.— hi  onior  to  demonstrate 
how  the  magnetic  auiplirier  can  be  used  for  contR>llinir  the  voltage 
of  an  altematoi,  reference  may  ag;un  be  iniule  to  tl. 
characteristics,  as  shown  hi  Fig.  2.     Tho  volt-ain|»^r.>  •  '  ^ 

of  tho  amplifier  are  shown  in  Fig.  4.      A  magnetic  may  be 

used  as  a  controlling  device  foi  radiotologniphy.     1' 
form,  it  is  not  well  adapted  for  telephony  booai:so  ..:-  ^ 
curves  the  relation  of  volt-ainiieres  and  ampea>s  excitation  deix^rts 
too  far  from  the  desiioil  linear  pi-oixirt  iouality.     > 
can  be  obtained  bv  the  uitivduction  of  a  series  > 
in  Fig.  5.  while  at"the  same  time  tho  sensitiveness  of  the  ampliner  is 
greativ  increased  so  that  a  much  sin^iller  contr  "  t  i.-*  needoit. 

If  the  condenser  is  chosen  so  that  it  exactly  neuti  >•  niductance- 
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of  the  amplifier  winding  at  some  definite  value  of  excitation,  the 
resulting  imi)edance  at  this  excitation  becomes  a  minimum  and  the 
impedance  at  any  lower  excitation  is  determined  by  the  difference 
between  the  inductive  reactance  of  the  amplifier  coil  and  the  capacity 
reactance  of  the  series  condenser.      The  smaller  this  difference  the 
lower  will  be  the  amplifier  excitation  that  gives  minimum  impedance, 
and  the  corresponding  minimum  of  the  alternator  voltage.     This 
means  that  the  sensitiveness  of  the  amplifier  is  increased  because  a 
smaller  excitation  is  needed  to  reduce  the  alternator  voltage.     Fig.  5 
shows  from  result  of  test  the  variations  of  alternator  voltage  that  can 
be  obtained  by  different  values  of  series  condenser  and  the  corre- 
sponding increase  of  the  sensitiveness  of  the  amj)lilier.     The  sensi- 
tiveness is  represented  by  the  steepness  of  the  curves.     It  can  be 
seen  from  the  shape  of  these  curves  that  the  increased  sensitiveness 
is  gained  at  the  expense  of  range  of  control  or  dillerence  between 
maximum  and  minimum  voltage.     However,  all  the  curves  show  a 
practically  linear  proportionality   between  excitation  and   voltage 
over  almost  the  whole  range  available.     The  difference  in  .sensitive- 
ness with  various  series  condensers  is  also  illustrated  in  the  Paper  by 
oscillograms.     The  effect  of  departure  from  linear  proportionality 
and  the  consequent  distortion  of  wave  shape  is  shown  in  Fig.  6.     The 
ratio  of  amplification  for  operation  suitable  for  telephone  control 
ranges  from  100:1  to  350:1. 

Instabilihf. — The  voltage  which  results  from  the  combination  of 
alternator  and  amplifier  can  be  determined  as  has  been  explained  by 


the  intersection  of  the  alternator  and  amplifier  characteristics.  If 
the  curves  have  such  a  shape  that  the  alternator  and  amplifier 
characteristic  curves  become  parallel  in  some  place,  the  intersection 
becomes  indefinite  and  the  result  is  iiLstability  and  generation  of 
self-excited  oscUlations.  This  is  a  condition  that  must  be  avoided 
for  telephone  control,  whereas,  it  may  have  useful  appUcations  for 
other  purposes. 

Shunt  Condenser. — A  further  improvement  in  sensitiveness  can  be 
obtained  by  using  a  combination  of  shunt  and  series  condenser.  The 
shunt  condenser  is  so  proportioned  as  to  make  the  amplifier  take 
leading  instead  of  lagging  current  at  low  excitation. 

Apj)lications  of  the  Amplijier. — WhUe  a  specific  method  of  adapting 
the  magnetic  amplifier  to  an  alternator  as  described  above  has'been 
worked  out  both  theoretically  and  experimentally  in  greater  detail 
there  are  obviously  a  variety  of  possibilities  for  adapting  the  same 
devices  and  theories  to  other  conditions.  Outside  of  telephony  the 
magnetic  ampli.'ier  will  j)roljably  be  found  of  value  as  a  non-arcing 
key  for  telegraphy  and  particularly  will  make  possible  high-speed 
telegraphy  at  the  same  rate  and  with  the  same  means  as  high-speed 
automatic  telegraphy  on  land  lines.  Oscillograph  records  have 
been  taken  of  telegrajihic  control  from  500  to  1,500  words  per  minute. 

The  structure  and  the  mode  of  operation  of  the  magnetic  amplifier 
which  has  been  described  is  such  that  there  appears  to  be  no  limit 
to  the  power  that  might  be  controlled  in  this  waj'  if  apparatus  are 
designed  with  suitable  dimensions. 


THE  SHILDON  NEWPORT  RAILWAY  ELECTRIFICATION. 

{Concluded  from  p.  289.) 


Locomotives. 

The  freight  locomotives  were  designed  and  built  at  the  North 
Eastern  Railway  locomotive  works  at  Darlington,  the  electrical 
equipment  being  supplied  and  fitted  by  Messrs.  Siemens  Bros. 
Dynamo  Works  (Ltd.),  Stafford.  They  are  designed  to  haul  trains 
weighing  1,400  tons  at  a  speed  of  not  less  than  25  miles  per  hour  on 
the  level. 

General  Construction. — Fig.  22  shows  the  details  and  the  general 
appearance  of  the  engines,  and  below  is  a  detailed  description  of  the 
same.  The  work  was  carried  out  under  the  dircL-t  supervision  of 
the  chief  mechanical  engineer,  Mr.  Vincent  L.  Raven. 


surfaces  mentioned  above.  The  centre  pin  at  Xo.  1  end  is  a 
good  working  fit  in  its  bearings  on  the  centre  of  the  transom.  At 
Xo.  2  end  provision  is  made  for  creeping  up  of  the  trucks  when 
passing  round  curves,  but  no  allowance  for  movement  transversely. 
The  buffers  are  carried  directiv  on  the  truck  frames.     The  trucks 
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-16'.3' Crs.  of  Trucks. 

-Z7[0  Total  Wheel  Base. 

39 . 4'  Total  length  over  Buffers. 

Fio.  22.^ — Part  ,Sectional  Side  Ei.hVAiioN  ok  L(icomotive. 


The  engine  may  be  described  as  an  articulated  truck  locomotive, 
in  which  tlic  tractive  effort  is  traiistnittcd  lh^ou^h  the  truck  frames. 
The  cab  with  sio[)ing  ends  is  supported  on  the  centre  of  eiich  truck 
by  a  strong  steel  casting  which  embodies  the  centre  jiin  bearing  and 
si(le-rubi)ing  surfaces.  These  castings  are  securely  bolted  and 
rivctted  to  the  cab  platform  which  consists  of  four  beams  .secured 
to  plates  at  the  top  and  bottom.  The  transom  between  the  truck 
frames  at  the  centni  is  huiU  up  of  jilates  and  angles  s(>i'urely  rivetted 
to  the  side  frames  of  tlie  truck.  On  the  centre  of  the  transom  is  a 
steel  casting  with  which  the  centre  bearing  mentioned  above  engages. 
Rubbing  pieces  are  fitted  at  each  side  which  bear  on  tli(>  rul)l)ing 


are  connected  by  means  of  a  buffer  coupling,  and  arranged  for 
lateral  movement  with  vertical  ripidity.  the  coupling  is  made  with  a 
slotted  hole  for  a  draw  l>ar  to  pass  thnnigh.  The  trucks  are  securely 
held  together  by  moans  of  this  draw  bar  and  a  spring,  which  can 
he  a<ljusted  (the  eom|in\ssion  of  spring  IxMUg  I  in.  jx^r  7  tons  load) 
to  act  as  a  coiuieetion  Ix'tween  the  two  trucks.  This  sjmng  cannot 
be  subjected  to  heaA-y  compression,  resulting  from  Ijufling  action. 
as  the  i>uffer  part  of  the  counlinji  b,M  ween  trucks  receives  the  buffing 
stresses  directly  tlinuigli  the  truck  frames  without  sulijectnig  the 
centre  pins  and  platforms  to  any  stresses  other  than  those  cau.scd 
bv  the  weight  of  the  cab  apfiiiratus  which  rest.s  on  them. 


THE  ELECTRICIAN,  JUNE  9,  1916. 


315 


The  sloping  ends  are  partitioned  off  from  the  cab  and  contain  the 
resistances,  contactors,  motor  cutout  switches,  multiple  cutout 
switches  and  all  high-tension  electrical  apparatus.     Entrance  to  each 


The  bow  collectors  on  the  roof  of  the  cab  are  raimd  and  maintainf^'J 
in  connection  with  the  contact  wire  by  compremed  air.  A  co<,k  h 
fitted  on  the  air  system,  the  removable  handle  of  which  fomui  the 


Fig.  23. — Side  View  of  Locomotive. 


sloping  end  can  be  obtained  through  doors  which  are  normally 
locked. 

Dimensions  and  Particulars. 

Weight  of  electrical  equipment,  inclusive  of 

motors    24  tons  5  cwt. 

Ditto,  of  mechanical  parts    50  tons  3  cwt. 

Ditto,  of   motors   without  gear   wheels   and 

gear  cases  3  tons  3  cwt. 

Ditto,  with  gear  cases  and  gear  wheels  3  tons  13  cwt.  24  lb. 

Total   weight   of    mechanical   and    electrical 

apparatus  74  tons  8  cwt. 

Approximate  height  of  centre  of  crravity 4  ft.  6  in. 

Main  dimensions  of  motors,  axial  length  over 

windings  24  i|  in. 

Ditto,  over  r  ore    1 1  Ji^  in. 

Ditto,  diameter  of  armature  21  ^  in. 

Ditto,  diameter  of  commutator IS^'^'^in. 

Ditto,  length  of  commutator 7 -|  in. 

Ditto,  number  of  segments 195 

Ditto,  air-gap    -1+  if- 

Speed  of  motors  at  normal  loco,  speed  of  25  miles  per  hour — 787  revs, 
per  min. 

Leading  Dimensions  of  Mechanical  Parts. 

Length  over  bufrers 30  ft.  4  in. 

Height  from  rail  to  centre  of  buifers  3  ft.  5  in. 

Height  of  cab  roof  from  rail 11  ft.  (i|  in. 

Height  of  trolley  wearing  strip  from  rail  when 

down  13  ft.  1  Jf  in. 

Width  of  trollev  wearing  strip  over  horn  ends  5  ft.  10 1-  in. 

Width  of  cab  ..' 7  ft.  6|  in. 

Width  over  footplate 8  ft.  4  in. 

Total  wheel  base  27  ft.  0  in. 

Wheel  base  of  truck 8  ft.  !)  in. 

Centres  of  trucks    1 8  ft.  3  in. 

Diameter  of  wheels 4  ft.  0  in. 

Diameter  of  wheel  seat  on  axle 8|  in.    xT^in.  long 

Diameter  of  axle  for  spur  wheel  seat 8^  in.  x5i  in.  long 

Diameter  of  journals 6f  in.    xl3  in. 

Motor  suspension  bearings  on  axle    7J  in.   xl3j|in. 

Springs — laminated    3   t.    6  in.    span,    18 

])late.s  4  in.  x  .t  in. 

C-.b    ad    sloping  ends  constructed  of  steel  channels,  plates  and 

angles. 
Under  structure  8  in.  x6  in.  beams,  8  in.  x3i  in.  channels,  and  \  in. 

plates. 
Trucks — articulated. 
Truck  frames — steel  plates  1  i  in.  thick. 
Truck  drag  plates — flanged  plates  riveted  up   securely  to  frame 

plates. 
Truck  transom — built  of  plates  and  angles  (steel),  cast  steel  centre 

piece  fitted  on  centre  to  receive  centre  pin  on  under  structure,  also 

side  bearers. 


Fit!.  24. — Km)  \ie\v  of  Locomotive- 

key  of  the  doors  mentioned.  This  handle  is  so  arranged  that  it  can 
only  be  removed  when  the  cock  is  in  the  exhaust  position,  so  that  it 
is  impossible  to  open  the  dooi-s  of  the  sloping  ends  wliile  the  bows  are 
in  contact  with  the  overhead  wire  ^ 
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In  the  cab  two  master  controllers  are  fitted,  one  at  each  end.  The  reduction  twin-gearing.  The  gears  are  machine  cut  with  straight 
cab  also  contains  all  auxiliary  switches  for  controlling  the  air  com-  teeth  of  the  involute  pattern,  the  face  dimensions  of  the  spur  wheels 
pressor  and  the  two  dynamo  tors  described   later,  and   for  lighting       and  pinion  being  3|^  in. 


The  Electrician. " 


Fig.  25. — Section  Views  showing  General  Arrangement  of  Main  Motor  and  Gears. 


aiunmatiiif,'.     It  further  contains  the  control  valves  for  (lie  Westing-  A  pinion  is  mounted  on  each  end  of  the  armature  shaft,  and 

house  brake  and  for  air  .sanding.      In  the  centre  of  the  cab  tliere  is  a      meshes  into  a  corrcs{X)nding  gear  wheel  momited  on  the  ruiming 
vertical  hand  wheel  for  the  hand-brake.  wheel  axle,  the  gear  ratio  being  1  to  4-5.     Fig.  25  shows  a  section 

of  the  motor  and  gears,  the  running  wheels  being  showii  dotted. 


Section  at  A.B. 

V\v,.  26.^ — Dktaii.  of  SrixiAi,  .SiiniNi;  Gland  on  VKNTn.ATiNu  Box. 


250         300         350 
Amperti. 

Fig.  27. — Perfxirmance  Ccrves  of  Main  Motor. 


The  dyuiunotors  arc  securely  fixed  (o  (lie  floor,  the  switeiies.  &r..  The  motors  are  8nsj>ended  by  means  of  a  cmss-lx'am  susjxMision 

being  fixed  on  the  .sides  of  the  cab  and  weather  boards.  bar  with    lx>arings   an<l    R'-action   springs.     These   with   the   motor 

Motors. — The  motor  equipment  of  each  locomotive  con.sist«  of  su8i>ension  bearings  on  the  axle,  provide  the  motors  with  four  iwints 

foUr  totally  enclosed  motoi-s,  each  driving  an  axle  through  single-  of  suspension. 
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The  gearing  is  enclosed  in  a  welded  sheet-iron  case  fitted  with 
sight  doors,  so  that  the  condition  of  the  gears  can  be  regularly 
examined.  A  novel  feature  is  the  ring  lubrication  on  the  armature 
shaft,  shown  in  Fig.  25.  The  suspension  bearings  on  the  wheel  axle 
have  syphon  wick  lubrication. 

The  four  main  motors  are  fitted  two  in  each  bogie,  and  are  each 
wound  for  750  volts,  the  pair  of  motors  in  each  bogie  being  connected 
permanently  in  series.  The  four  main  motors  of  each  locomotive 
thus  form  two  units  which  are  controlled  on  the  usual  series  parallel 
system. 

Each  motor  is  capable  of  developing  275  b.h.p.  at  a  speed  of  20 
miles  for  one  hour  with  forced  ventilation.  The  motor  equipment 
is  capable  without  injury  of  exerting  a  torque  sufficient  to  skid  the 
wheels  under  any  conditions  of  rail,  and  will  exert  an  average  pull  of 
28,000  lb.  at  the  tread  of  the  wheels  when  starting  under  normal  con- 
ditions of  rail.  The  maximum  pull  at  the  tread  of  the  wheels  is,  of 
course,  considerably  greater  than  this. 


gland  above  mentioned  being  fitted  on  this  box.  The  air  inlets  to- 
the  fans  are  at  the  ends  of  the  platform,  a  trough  being  formed  in 
the  cab  under  structure  to  convey  the  air  from  these  inlets.  Pro- 
vision is  also  made  to  draw  air  to  the  fans  from  the  cab  if  necessary. 
The  normal  quantity  of  air  passed  through  each  motor  case  is 
700  cubic  ft.  per  minute. 

Fig.  Xo.  27  gives  the  performance  curves  of  these  motors  as  ascer- 
tained from  shop  tests. 

Control  Equipment. — The  general  arrangement  of  the  control 
wiring  is  shown  in  Fig.  28,  to  which  is  also  attached  a  key  diagram. 
Two  master  controllers  are  fitted  in  the  cab,  one  at  each  end.  Notch- 
ing up  can  either  be  carried  out  by  hand  or  automatically.  The 
automatic  arrangement  consists  of  a  spring  which  is  wound  up  by  the 
controller  handle,  the  speed  at  which  the  controller  drum  follows' the 
handle  being  governed  by  a  st«p-by-step  escapement  movement. 

The  maximum  current  taken  at  each  step  is  limited  by  a  limit 
switch  fitted  in  the  sloping  ends  of  the  cab,  which  on  the  current 


Tht  Electrician' 


A = Solenoid. 


B- Contactor  iever. 


I'Ki.   2l». GeNERAI.  ArRANOEMENT  or  C'oNTArTOK. 

C  =  Main  contact.        D  =  Magnetic  blow-out  coil.        EArcshiald.        F=lnterlocking  contact  lever  having 
contact  at  G  to  ensure  correct  sequence  of  contactors. 


The  motors  and  gearing  are  designed  so  as  to  run  at  a  speed  of 
45  miles  per  hour  without  exceeding  flie  limitH  of  safety,  but  the 
normal  speed  on  the  h^vel  when  hauling  a  train  of  1.4(M>  tons 
is  2.5  miles  per  hour.  TIk^  e(|uipnient  is  so  designed  that  each  loco- 
motive is  eapal>l(>  of  perforniiiig  four  round  trijis  in  12  hours,  each 
consisting  of  a  trip  from  Shildon  to  Newjiort  with  a  train  of  1,400 
tons,  followed  by  a  trip  from  Newport  to  Sliildon  with  a  train  of 
800  tons,  the  distance  of  each  trij)  being  about  18  miles.  The  loco- 
motives are  able  to  start  a  train  of  800  tons  from  rest  on  a  grade  of 
]  in  100  and  accelerate  to  noriuiil  running  speed. 

Tlie  air  suj)ply  for  ventilating  the  motors  is  supplied  from  fans 
driven  by  tiie  dynamotors,  which  are  described  later,  but  a  8j>eeial 
feature  is  shown  in  Fig.  2(5.  In  order  to  avoid  the  use  of  a  flexible 
pipe  between  the  fan  air  duct  in  the  l)ase  of  the  cab  .struetuiv  mih! 
the  motoi-s  a  special  form  of  spring  sliding  gland  is  cmiiloyed. 

Tlie  fans  furnish  air  to  the  motors  at  low  pressure  fhrouirh  pi|M>s  to 
a  box  fitted  between  the  top  and  bottom  plates  of  the  platform,  the 


rising  lieyond  n  pn-determined  limit,  doses  tiie  circuit  of  a  small 
magnetic  interlo.k.  whieii  locks  (he  eseajx'ment  mentioned,  holding 
(lie  drum  of  the  controller  until  the  currtMit  has  fallen  to  the  required 
value. 

In  addition  to  the  alx)ve.  by  nu\ans  of  a  catch  inside  the  controller, 
which  when  lif(e<l  disconnects  (he  spring  and  e8cai»emen(  action,  the 
automatic  anaugement  deserilx*d  can  Iw  thrown  out  of  ac(ion.  and 
notching  jx-rformed  i)y  hand. 

An  acceleration  switch  is  also  provided,  so  that  in  sjiecial  circum- 
stances the  adjustment  of  the  limit  switch  mentione<l  can  be  altered 
by  short -circuitmg  the  turns  of  an  oi)iKising  coil,  thus  allowing  of  a 
larger  current  for  accelerating  under  sjiecial  conditions. 

Kach  m.vster  controller  is  titte<l  with  the  usual  reversing  barrel, 
the  handle  of  wliich  can  only  l>e  removed  when  in  the  "  off  ]x>.sition. 
When  left  in  this  position  (lie  reversing  handle  locks  (he  main 
handle.  There  is  also  titt4«d  on  (he  mjis(er  eon(roller  a  small  spring 
swi(ch  l)V  means  of  which  (he  au(oma(ic  cireui(-breakcr  on  (he  loco- 
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motive  can  be  tripped  or  set.     This  switch  is  also  locked  by  the 
reversing  handle  in  the  "  off  "  position. 

Current  for  operating  the  whole  of  the  control  circuits  and  the  light- 
ing and  heating  in  the  cab  is  supplied  from  either  of  the  dynamotors 
at  a  pressure  equal  to  half  the  line  voltage. 


An  automatic  governor  in  provided  for  the  compnmor,  and  is  §o 
arranged  that  the  motor  circuit  i«  opened  when  the  air  preMore  riaea 
to  100  lb.  f)er  square  inch,  and  closes  again  when  the  preMine  falls'to 
80  lb.  per  square  inch.  ' 

Two  bow  collectors  are  provided  on  each  locomotive.     Tbeae  can 


Fig.  30. — Side  View  of  Bows. 


Accessory  Apparatus. — The  contactors  shown  in  detail  in  Fig.  29 
are  electrically  operated,  and  are  also  fitted  with  auxiliary  inter- 
locking contacts  to  ensure  their  operating  in  the  correct  order. 

The  resistances,  which  are  of  the  usual  cast-iron  grid-type,  are 
fitted  in  the  sloping  ends,  but  are  partitioned  off  from  the  other 
apparatus  in  these  compartments. 

As  can  be  seen  from  Fig.  24,  louvered  openings  are  fitted  at  each 
end  of  the  locomotive  providing  natural  ventilation  for  the  resis- 
tances through  rainproof  air  vents  on  the  top  of  the  sloping  ends. 

The  main  automatic  circuit-breaker  is  fitted  on  the  roof  of  the  cab, 
and  controls  the  current  to  the  traction  motors.  This  circuit- 
breaker  is  fitted  with  horned  spark  gaps,  which  project  through  the 
roof  of  the  cab,  as  can  be  seen  in  Figs.  22  and  23.  The  circuit- 
breaker  is  operated  either  by  means  of  the  set-and-trip  switch  on 
the  master  controllers  as  mentioned,  or  by  means  of  a  mechanical 
hand-trip  fitted  on  the  circuit- breaker  case.  The  circuit-breaker, 
however,  can  only  be  closed  by  the  set-and-trip  switch  on  the  master 
controller.  Red  and  green  lamps  are  provided  to  indicate  whether 
the  circuit-breaker  is  set  or  tripped.  An  illuminated  dial  ammeter 
is  provided  at  each  end  of  the  cab  in  front  of  the  driver. 

As  mentioned  above,  two  independent  dynamotors  are  fitted  in 
the  cab  of  each  locomotive.  The  armatures  of  these  machines  are 
double  wound  and  fitted  with  two  commutators,  the  commutators 
being  connected  in  series  across  the  full  line  voltage.  The  control 
circuit  is  tapped  off  between  the  centre  point  and  earth,  so  that 
current  is  obtained  for  these  circuits  at  approximately  half  line 
voltage.  The  actual  voltage  when  supplying  the  control  circuits, 
and  about  1  kw.  for  lighting  is  about  710  volts.  The  speed  is  1,500 
revs,  per  min. 

The  shaft  of  each  dynamotor  is  extended  and  fitted  with  a  fan, 
each  fan  suppljang  ventilating  air  to  the  pair  of  main  motors  on  one 
bogie.  The  rated  continuous  output  with  a  50°C.  temperature  rise 
is  4-5  kw. 

Each  dynamotor  is  controlled  by  an  ironclad  circuit-breaker  and 
a  no-arc  fuse.  A  starting  resistance  is  in  circuit  with  each  machine, 
the  resistance  being  automatically  short-circuited  by  a  relay  a  few 
seconds  after  this  circuit- breaker  is  closed. 

A  motor-driven  air-compressor  is  fitted  in  the  cab  of  each  loco- 
motive for  supplying  air  for  the  Westinghouse  brake  equipment, 
air  sanding,  raising  the  bow  collectors  and  for  air  whistles.  The 
machine  is  capable  of  dealing  with  50  cubic  ft.  of  free  air  per  minute 
and  of  raising  this  to  100  lb.  pressure  per  square  inch.  The  machine 
is  run  at  full  line  voltage,  and  is  coupled  direct  in  the  circuit  of  the 
collector  bows  on  the  line  side  of  the  main  circuit-breaker,  so  that 
immediately  on  the  bows  being  raised  by  the  hand  pump,  as  described 
later,  the  compressor  starts  up,  pumping  the  air  in  the  reservoir  up 
to  full  working  pressure.  It  is  controlled  by  a  circuit-breaker  similar 
to  those  controlling  the  dynamotor  circuits,  a  starting  resistance 
being  provided  and  short-circuited  by  an  automatic  relay  in  the 
same  manner,  but  in  this  case  the  relay  is'fitted  with  a  time-limit 
arrangement  to  extend  the  starting  time."'     "^?^  vip'^'JS 


be  seen  in  position  on  the  roof  of  the  cab  in  Figs.  23  and  24.  E^ch 
collector  consists  of  a  hinged  pantograph  built  up  of  steel  tubing, 
the  whole  being  supported  off  the  cab  structure  by  strong  corru- 
gated insulators.  Fig.  30  shows  a  side  \'iew  of  one  of  the  collectors  in 
position,  and  Fig.  31  shows  a  general  view  of  the  top  of  the  cab, 
showing  both  bow  collectors  in  position,  one  being  collapsed,  the 
other  raised  to  the  full  extent.     Each  collector  has  two  bows  each 


Fig.  31.— Esu  View  of  Roof  of  Cab. 

fitted  with  an'aluminium  rubbing  strip  making  contact  with  the 
overhead  contact  wiie.'="  There  aiv  thus  four  rubbing  strips  per  loco- 
motive, which,  with  the  double  contact  wire,  makes  eight  points  of 
contact.  •  Each  of  the  two  collector  bows  on  a  pintogmph  is  attached 
to  it  by  two  separate  leaf  springs,  so  that  they  provide  for  any  small 
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irregularities  in  the  level  of  the  contact  wire  independently  of  the 
vertical  movement  of  the  pantograph  itself. 

A  hand  pump  is  provided  by  means  of  which  the  bows  are  raised 
at  the  commencement  of  the  day's  working  if  no  pressure  is  available 
in  the  reservoir.  By  means  of  the  control  cocks  in  the  cab,  either 
one  or  both  of  the  bows  can  be  raised  or  lowered.  Each  panto- 
graph is  raised  and  maintained  in  contact  with  the  overhead  wire  by 
means  of  an  air  cylinder,  so  that  in  the  event  of  a  failure  of  the  air 
pressure  the  bows  are  automatically  lowered.  The  air  cylinders 
raise  the  pantographs  through  springs  which  can  be  seen  in  the  photo- 
graphs and  which  maintain  an  even  pressure  against  the  contact  wire, 
notwithstanding  variations  in  its  height. 

An  existing  engine  shed  at  Shildon  was  adapted  for  the  use  of 
these  locomotives,  a  sufficient  portion  being  electrically  equipped  for 
the  purpose. 

An  automatic  circuit-breaker  is  provided  controlling  the  whole 
of  the  shed  equipment,  and  each  engine  stall  is  controlled  by  an  inde- 
pendent isolating  and  earthing  switch,  so  that  work  can  be  safely 
carried  out  on  the  roof  of  any  locomotive  without  interfering  with  the 
operation  of  locomotives  in  adjacent  stalls. 

Tests  have  been  carried  out  recently  with  one  of  the  electric  loco- 
motives. Several  journeys  were  made  between  Shildon  and  New- 
port, a  train  of  1 ,400  tons  of  laden  wagons  being  taken  down  from 
.Shildon  to  Newport  and  a  train  of  800  tons,  consisting  of  92  empty 
wagons,  hauled  from  Newport  up  to  Shildon  with  stops  on  certain  of 
the  heaviest  grades.  The  800-ton  train  was  stopped  and  started  on  a 
grade  of  1  in  103.  The  maximum  drawbar  pull  during  the  tests 
reached  16  tons,  the  average  si)eed  on  the  run  up  from  Newport  to 
Shildon  being  18-3  miles  per  hour,  the  maximum  speed  bemg  26  miles 
per  hour.  Up  a  grade  of  1  in  230,  which  is  4|  miles  long,  the  800-ton 
load  of  empty  wagons  was  hauled  at  an  average  speed  of  23  miles 
per  hour.  The  locomotive  also  proved  capable  of  hauling  the  1,400- 
ton  train  on  the  level  at  26  miles  per  hour.  The  general  operation  of 
the  locomotive  proved  satisfactory  in  all  respects  throughout  the  test. 

The  following  is  a  list  of  the  principal  firms  responsible  for  the 
carrj^ing  out  of  the  work  : — 

Locomotives. — The  North-Eastem  Railway  Co. 

Electrical  Equipment  for  Locomotives  and  the  Overhead  Track. — 
Siemens  Bros.  Dynamo  Works  (Ltd.),  Stafford. 

Steelwork  and  Brickwork  for  the  Sub-station  Buildings.— R.  Blackett 
&  Son,  Darlington. 

Cranes  in  Sub-slalions.—HerheTt  Morris  (Ltd.),  Loughborough. 

The  20,000-volt  and  U,000-voU  Overhead  Transmission  Lines  and 
Cables  Supplying  the  Sub-stations.— The  Brirish  Insulated  &  Helsby 
Cables  (Ltd.),  Prescot. 

Sub-station  Plant  and  Switchgear.— The  British  Thomson-Houston 
Co.  wore  tl.e  main  contractors,  the  low-tension  alternating-current 
and  (lircct-current  switchgear,  the  rotary  converters  and  rotary  con- 
verter starting  gear  being  of  their  manufacture.  A.  Reyrolle  &  Co. 
were  subcontractors  for  the  extra-high-tension  switchgear,  and  the 
British  AVestinghouse  Co.  for  the  stati'-  transformers  and  trans- 
formers for  the  rotary  converter. 

The  architect  for  the  sui)-station  buildings  was  Mi.  Arthur  Pollard, 
architect  to  the  Xorth-Eastcni  Railway  Co. 


on.  The  joints  of  the  closed  windings  are  then  connected  to  a 
commutator,  which,  must  obviously  have  as  many  segments 
as  there  are  joints  or  coils  in  the  whole  winding 

For  convenience  in  coimting,  it  is  customary  to  express  the 
distance  yc  between  two  successive  coils  a  and  h  in  the  winding 
in  terms  of  the  number  of  commutator  segments  berween  the 
start  of  the  coil  a  and  the  start  of  the  coil  6.  Expressed  in  this 
way  yc  is  called  the  commutator  pitch,  and  must  be  a  whole 
number.  Two  different  arrangements  of  connections  are  pro- 
duced according  to  whether  the  two  successive  coils  a  and  b  lie 
under  the  same  pole-pair  or  vmder  adjacent  pole-pairs.  In 
the  former  case  we  get  the  lap  winding  shown  in  Fig.  4,  where 
yc  can  be  made  any  small  number — 1,  2,  3,  &c. — but  not  zero. 


n; 

Fig.  4. — Lap  Windino. 

In  the  latter  case  we  get  the  wave  winding,  shown  in  Fig.  5, 
where  the  span  yc  must  ])e  somewhat  greater  or  less  than  a 
double  pole-pitch.  If  a  denotes  the  angle  corresponding  with 
yc,  then  in  a  lap  winding  a  must  not  equal  zero  ;  and  in  a  wave 
winding  a  must  not  equal  2.t.  The  arithmetic  rules  on  which 
yc  depends  are  derived  from  equation  (11). 

If  the  double-layer  winding  is  arranged  with  two  coil-sides 
per  slot,  and  all  slots  are  filled,  then  the  number  of  slots  <S  will 
be  obviously  equal  to  the  number  of  coils  C  in  the  winding. 
This  ideal  case,  however,  is  seldom  practicable  owing  to  the 
large  number  of  slots  that  would  be  needed.  By  making  the 
number  of  coil-sides  per  slot  t/=4,  6,  8,  &c.,  the  number  of 
slots  is  reduced  to  one-half,  one-third,  &c.,  or,  in  general, 
C=Suj2,  when  there  are  no  idle  coils.  Each  coil  can  have  any 
number  of  turns  Tc,  but  onlv  one  start  and  one  finish. 


NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACHINES. 
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I.  CONTINUOUS-CURRENT  MACHINES. 

BY  STANLEY  PARKER  SMITH,  D.SC. 

{Continued  from  page  282.) 

Summary. — In  the  tijst  i>ajt  r,f  (lie  article  the  author  deals  witli  the 
princii)l("s  imdcrlying  (lie  (IchIhu  of  (•oiitinuous-cnrrciit  machiiiop.  and  in 
tlio  second  jjiut  lie  a|)i)lies  these  jiiinciples  to  tliedcsipi  of  a  :}.">(»  k\v., 
600-volt  generator  running  at  200  revH.  ))er  min. 

4.  Armature  Wlnpincs  for  Continuous-current  Machines. 
It  has  been  seen  that  the  annature  winding  of  a  continuous- 
current  machine  must  be  distributed  uniformly  over  the  amia- 
ture  and  closed.  A  unifonuly  distrihutcd  winding  ran  be 
closely  ai)])r()xiniat.ed  by  filling  all  the  armature  slots  with  a 
number  of  identical  coils,  arranged  in  two  layci-s  like  tiles  ou  a 
roof  Wlu'Ji  coils  arranged  in  this  way  form  systems  where 
tlie  sum  of  all  tlu>  pn>ssur('s  of  fundamental  frenuonc  v  is  always 
zero,  they  can  be  connected  in  mesh  to  form  elosotl  wiiulings. 
This  is  done  by  joining  coils  in  series,  the  finish  of  one  coil,  say, 
a,  being  connected  to  tiie  start  of  another  coil,  say.  h.  and  so 
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Fio.  5.— Wave  Windino. 
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With  closed  lap  and  wave  windings,  it  is  possible  to  get 
many  different  numbers  of  circuits  with  the  same  number  of 
polos,  l)ut  cxi>erionee  has  shown  that  very  few  of  these  are  of 
use  in  practice  owing  to  the  struigcnt  conditions  imposed  by 
commutation  and  heating,  which  necessitates  making  all 
parallel  circuit,s  identical. 

Vector  Diaijrnm  of  Armature  Winding. — To  understand 
clearly  tlic  circuits  in  the  winding  of  a  continuous-current 
machine  and  the  conditions  for  making  them  identical,  it  is 
suflicient  to  draw  the  vector  diagram  for  the  fxuidamental  of 
the  induced  pressure. 
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For  the  fundamental  in  the  flux  curve  B  we  have  : — 

Bi^=Bi  sin  Ox. 

Hence,  the  fundamental  of  the  pressure  induced  in  any  coil 
will  be  (see  equation  3)  : — 

ei=TcvL10-^B^{sin  O^-sin  Ox'). 
Now,  0a;'— 0a;=coil-span=7i±e, 

where  £=amouut  in  radians  by  which  the  coil-span  is  greater 
or  less  than  a  pole-pitch. 
Then  sin  Ox'=sin  {7t-\-0x±e), 

=  ~sm{Oxt£). 

By  substitution  and  expansion,  we  then  get 
sin  0a;— sin  Ox'=fe2  sin  Ox^, 
where  Ox^^Oxt  s/2, 

and  /e=cos  e/2=coil-span  factor. 

Hence,  e^=2TcvLlO-^BJ,  sin  O^-, 

and  the  amplitude 

e^=2TcvLBjA0-^         (8) 

Let  rp  denote  the  phase  angle  between  the  E.M.F.s  induced 
in  successive  coils,  then  for  a  group  of  m  coils  the  vector  dia- 
gram for  the  fundamental  will  be  shown  as  in  Fig.  6a,  where 
the  amplitudes 


eai=eb-^—ec 


'^Wi' 


p-"  The  resultant  of  the  m  vectors  is  shown  in  Fig.  6b,  which  is 
dra^viTi  in  the  same  way  as  the  polygon  of  forces  in  mechanics. 


(A.) 


(B.) 


Fig.  6. 


(A)  Vector  diagram  of  pressures  induced  in  a  group  of  coils. 

(B)  Resultant  of  vector  diagram. 


Such  a  diagram  enables  us  to  see  at  once  the  effect  of  varying 
the  number  of  coils  m,  or,  in  other  words,  the  influence  of  the 
distribution  of  the  winding.     If  we  write  : — 
2^aei=/„imei=amplitude  of  resultant  pressure  of  fundamental, 
then  from  Fig.  6b  we  see  that : — 


_2^«ei_  sin  myj/2 

Jm —      =- : jx yd) 

me-^      m  sm  yj/2 

fni  is  called  the  distribution  factor  of  the  winding,  and  its 
value  can  be  determined  once  for  all  for  all  classes  of  windings. 
The  distribution  factor  takes  into  account  the  effect  of  the 
distribution  or  spread  of  the  winding.  A  similar  argument 
applies  to  the  harmonics  which  have  to  be  considered  in  con- 
nection with  the  wave-shape  of  alternating  pressures. 

Consider,  by  way  of  example,  a  double-layer  closed  winding 
having  two  coil-sides  per  slot,  with  24  coils  arranged  in  2i 
slots  as  a  double-layer  winding.  With  two  coil-sides  per  slot, 
the  phase  displacement  y^  between  successive  coils  in  the  field 
is  constant.  When  -1^=30  deg.,  we  get  12  vectors  displaced 
from  one  another  by  30  deg.,  and  each  vector  represents  the 
E.M.F.  induced  in  two  corresponding  coils  {see  Fig.  7a).  To 
obtain  the  resultant  of  these  vectors,  we  draw  the  vector 
polygon  in  Fig.  7b.  Starting  from  vector  1,  the  resultant 
increases  until  we  get  to  vector  7,  that  is,  until  the  resultant  is 
equal  to  the  diameter  of  the  polygon,  and  the  vectors  subtend 
an  angle  2!xp^7i.  This  is  the  largest  pressure  that  can  be 
obtained  from  the  winding.  Proceeding,  the  resultant  now 
decreases  until  it  becomes  zero  when  12  vectors  have  been 
included,  or  Zip— 27z.     The  same  cycle  is  repeated  in  passing  the 


remaining  12  vectrjrs,  when  we  ultimately  arrive  at  the  .starting 
point  again.  The  distribution  factor  for  the  C  coils  of  such  a 
winding  is  obviously  zero,  sinc^  in  equation  (9)  sin  mv/2=8iji 

CV/2=sin2.2rr/2=0. 

H  1^=1.5  deg.  then  Ctp=2i y  ]'>  deg.  =  2,-i  radians.  The 
resultant  of  the  24  vectors  would  then  fonn  a  sinu'l*,-  jxilvgon 
with  24  sides. 

Thus,  according  to  the  value  of  tp,  the  2?        '     '         a  .single 
polyphase  system  with  a  total  pha.se  displac  ......    .,  _  -  -   -r  .m--, 

or  two  identical  polyphase  .systems  with  a  total  pliav-  .' 

ment  of  4rr  radians. 

Closed  Wirvlings.—U  is  well  known  that  the  (m\^  ol  a  v  .:.  :  ;,g, 
or  of  a  number  of  windings,  in  which  the  sum  of  all  tiic  pres- 
sures is  zero  at  every  instant,  can  be  joined  in  .series  to  form 
a  closed  winding.  Connections  to  such  a  winding  take  the 
form  of  tappings,  which  may  be  permanent  (slip-rings)  or 
temporary  (commutator  brushes). 

Thus,  if  the  C  coils  in  any  dpuble-layer  winding  are  dis- 
placed from  one  another  in  the  field  by  the  angle  ip  such  that 
C%p=a2n.  where  a=l,  2,  3,  &c.,  the  resuhant  diagram  of  the 
vectors  of  these  G  coils  will  be  a  closed  figure.  In  such  a 
winding,  then,  Z\e^O  at  every  instant,  and  the  coils  can  be 
joined  in  mesh  to  form  one  or  more  closed  windings. 

There  is  a  very  simple  relation  between  the  value  of  a  in  a 
closed  winding  and  the  number  of  pairs  of  poles  p. 


(A.) 


1,<I3 


lff"J 


(B.) 


Fig.  7. 


(A) 
(B) 


Vector  diagram  of  pressures  induced  in  the  coils  of  a  closed  winding. 
Resultant  polygon  of  vector  diagram. 

C=24  coils;   S=24  slots;   a=2;   1^=0.  27r/C  =  4ir/24=30-. 


We  have  : —     Cy)=2na  for  a  closed  winding. 

Sy=2p7c  where  7=slot-pitch  in  radians, 
C=S  with  two  coil-sides  per  slot. 

From  this  it  follows  that : — 

wly=<'lp (10) 

Thus,  by  choosing  the  angles  tp  and  y  suit^ably,  we  can 
vary  a  with  any  given  number  of  poles  2p.  According  to 
the  displacement  in  the  field  ip  between  successive  coils — i.e., 
according  to  the  way  the  coils  are  joined  in  mesh — we  get 
the  lap  or  the  wave  winding.  Before  dealing  with  these 
we  can  deteiinine  the  conditions  for  obtaining  indentical 
circuits  in  a  winding,  which  are  of  the  greatest  imponance  in 
commutator  machines.  These  are  known  as  the  conditions  of 
symmetry. 

Identical  Polyphase  Systems  in  a  Closed  Winding. — Though 
the  vectors  representing  the  pressures  induced  in  G  coils,  where 
Gxp^a.2:c,  form  a  closed  figure,  it  does  not  follow  that  they 
will  fonn  a  identical  polygons,  or  represent  a  identical  poly- 
phase systems.  This  only  happens  when  C  is  exactly  divisible 
by  a,  i.e.,  when  Gja  is  a  whole  number.  In  this  case,  the  a 
coils  represented  by  any  vector  can  be  joined  together  per- 
manently without  fear  of  producing  internal  circulating 
currents  and  identical  circuits  are  formed  by  corresponding 
coils  in  the  a  systems.  Therefore,  when  C^a  =  integer,  CW*=2.t 
and  the  G  coils  fonn  a  identical,  polyphase  systems,  each 
having  Gja  phases.  Thus  Fig.  7  represents  two  identical  12- 
phase  systems. 

On  the  other  hand,  if  Gja  is  not  an  integer,  there  will  not  be 
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a  identical  vector  polygons,  and  we  cannot  get  a  identical 
circuits.  For  examiile,  if  there  are  23  coils  such  that 
CV=23y;=47r,  the  winding  can  be  closed,  but  we  cannot  get 
two  identical  polyphase  systems. 

This  is  an  extremely  important  result,  for  no  matter  whether 
the  a  systems  are  united  at  the  slip-rings  or  by  the  equalising 
rings  (which  are  a  practical  necessity  where  parallel  circuits 
are  concerned),  it  is  clear  that  unless  all  the  circuits  joined  in 
parallel  are  identical,  circulating  currents  will  flow  in  the 
winding,  and  when  a  collecting  ring  through  commutator 
brushes  places  the  circuits  in  parallel  series  sparking  may  ensue. 
One  of  the  conditions  of  symmetry  in  a  closed  winding  with 
Cyj—a27t,  then,  is  that  Cja  is  a  whole  number.  In  this  case, 
there  are  a  equi-potential  coils  arranged  symmetrically  over 
the  periphery — i.e.,  Cja  coils  or  commutator  segments  apart. 
yp=Cja  is  called  the  potential  pitch,  and  denotes  the  number 
of  segments  between  successive  equi-potential  points  in  the 
winding,  and  which  can,  therefore,  be  joined  together  per- 
manently when  slip-rings  or  equalising  rings  are  needed. 

Up  till  now  we  have  only  considered  closed  windings  with 
two  coil-sides  per  slot-  -a  condition  seldom  met  with  excapt  in 
turbo-generators.  Usually  m=4,  6,  8,  (fee,  to  reduce  the 
number  of  slots.  The  above  vector  diagram  no  longer  applies 
when  u>2,  because  the  angle  yj  is  no  longer  constant,  but  so 
long  as  Zly^—a  .  In,  the  C  coils  can  be  joined  in  mesh,  since 
2J'e=0.  Now  the  phase  of  the  pressure  induced  in  the  coil- 
sides  depends  chiefly  on  the  position  of  the  slots  in  the  field 
rather  than  on  the  position  of  the  coil  sides  in  the  slot.  When 
there  are  no  idle  coils,  C=Suj2,  so  that  the  C  vectors  can  be 
collected  into  S  groups  of  m/2  each  ;  thus  giving  S  .sides  in  the 
closed  resultant  diagram.  If,  however,  the  number  of  slots  is 
exactly  divisible  by  a,  we  get  a  identical  polygons  each  with 
S/a  sides.  Hence,  with  windings  having  more  than  two  coil-' 
sides  per  slot,  the  symmetry  of  the  winding  is  not  upset  if  Sja 
is  an  integer.  (For  conditi(m  for  symmetrical  phase  tappings 
see  section  on  Equi-potential  Connectors.) 

If  Sja  is  not  a  whole  number,  however,  the  winding  will  not 
be  symmetrical,  for  the  a  polygons  will  not  be  alike.  P'or 
example,  let  C'=342  and  a=2.  then  C'/«  =  l"l.  With  six 
coil-slides  per  slot,  6'=114,  and  S/a=57.  Hence,  a  vector 
diagram  can  be  drawn  with  two  identical  polygons,  each  having 
57  sides.  With  four  coil-slides  per  slot,  however,  »S'=171,  so 
that  Sja  is  fractional,  and  the  vectors  of  the  corresponding 
coils  in  the  two  systems  do  not  occupy  identical  positions  in 
the  diagram  because  the  slots  are  not  in  similar  positions  in 
the  field. 

The  remaining  condition  of  symmetry  refers  to  the  field 
system.  In  order  that  the  a  corresponding  coils  have  the  same 
pressure  indu(-ed  in  them  at  every  instant,  they  must  move  in 
like  fields.  Now,  successive  equi-potential  coils  are  1  jath  of 
the  periphery  apart,  consequently  for  these  coils  to  have  the 
same  potential,  there  must  be  a  whole  number  of  pole-pairs 
between  them.  In  other  words,  for  a  coils  equi-distant  from 
one  another  on  the  armature,  to  lie  in  like  fields,  the  number 
of  pole-pairs  in  the  field  system  must  be  exactly  divisible  by  a. 
A  further  condition  of  symmetry  in  a  closed  winding  then,  is 
that  pja  must  be  a  whole  number. 

Hence,  to  obtain  a  idejitieal  polyphase  systems  in  a  elo.sed 
double-layer  winding,  ;>/a,  tS'/rt  and  Cja  must  all  be  integers. 
Windings  in  which  nil  these  conditions  are  fulfilled  are  called 
si/iHitictncdl. 

As  far  as  the  author  is  aware,  the  conditions  of  symmetry 
were  first  established  by  Arnold,  though  by  a  different  method 
from  the  above.  They  are  of  immense  importance  in  practice, 
and,  in  the  author's  opinion,  should  be  strictly  adhered  to. 
These  conditions  seriously  limit  the  number  of  lap  and  wave 
windings  that  can  l)e  used  with  ])arallel  cirruit.s — as  required 
in  conimutator  machines.  Though  a  certain  amount  r)f  dis- 
s}anmetry  nuiy  be  allowable  in  the  winding.-<  of  small  machines, 
in  large  machines  it  is  of  the  highest  importance  to  have  all 
parallel  circuits  ideiitical  becau.se  of  tlie  cipialising  action 
of  the  brushes  and  the  conseijuent  s])ark;rig  when  the  dis- 
symmetry is  appreciable.  In  his  treatise  on  continuous- 
current  machines,  "  Die  Gleichstromtechnik,"  Arnold  shows 


how  to  calculate  the  effects  of  dissymmetry,  and  shows  what 
coils  it  is  desirable  to  connect  by  means  of  equalising  rings  ; 
but  experience  has  taught  firms  it  is  better  to  avoid  diss^nn- 
metry  altogether.  The  restrictions  imposed  by  the  condi- 
tions of  svmmetry  will  be  discussed  when  we  come  to  deal 
with  lap  and  wave  windings. 

Number  of  Parallel  Circuits  in  a  Closed  Winding. — A  closed 
winding  is  loaded  by  means  of  tappings — each  load  phase  tap- 
ping a  points  in  the  winding.  There  are  thus  a  circuits  in  parallel 
per  phase,  but  these  are  only  identical  when  the  winding  is 
symmetrical.  With  diametral  tappings,  each  of  the  a  systems 
is  divided  into  two  phases  at  180  deg.,  forming  a  pair  of  circuits 
between  which  the  current  divides  equally.  Thus  commu- 
tator bmshes  a  pole-pitch  apart  place  2a  circuits  in  parallel, 
but  currents  will  circulate  between  them  through  the  brushes 
unless  the  a  pairs  of  circuits  are  identical. 

Equi-folential  Connectors  (equalising  rings  and  phase  tap- 
pings).—In  a  symmetrical  winding — i.e.,  a  winding  with  a 
identical  C/a-phase  systems — there  are  always  a  coils  at  the 
same  potential,  and  the.se  can  be  joined  together  if  desired. 
If  no  dissymmetry  whatever  were  present,  however,  there 
would  be  little  object  in  making  such  connections,  unless 
thev  were  needed  as  phase  tappings  to  obtain  an  alter- 
nating pre.ssure.  Actually  there  are  many  causes  of  dis- 
symmetry in  a  machine,  apart  from  those  due  to  the  arrange- 
ment of  the  winding  already  mentioned.  Thus,  the  magnetic 
material  may  not  be  uniform,  the  pole-shoes  may  not  be 
properly  spaced,  the  gap  may  not  be  unifonu,  and  so  on.  In 
general,  perfect  symmetry  must  be  regarded  as  an  unattainable 
ideal  in  practice. 

Owing  to  these  dissymmetries,  the  pressure  induced  in  the 
several  armature  circuits  varies,  and  causes  equalising 
currents  to  flow  through  the  brushes.  These  equalising 
currents,  if  of  sufficient  strength,  produce  sparking,  and,  in  any 
case,  load  the  brushes  in  an  undesirable  manner.  It  is  interest- 
ing to  note  that,  even  when  no  equalising  rings  are  present, 
the  positive  and  negative  collecting  rings  act  as  equalisers,  and 
the  tendency  of  these  equalising  currents  is  to  neutralise  the 
inequalities  in  the  magnetic  field  to  which  they  are  due.  (This 
was  recently  shown  by  Lulofs,  and  later  by  Hawkins,  see  The 
Electrician,  Vols.  LXX.  and  LXXII.)  When  equalising 
rings  are  present,  however,  large  equalising  currents  will  flow 
along  these  and  strojigly  damp  out  any  inequahties  in  the  field, 
and  so  reduce  the  difference  of  potential  between  corresponding 
points  in  the  winding.  Consequently  the  brushes  are  relieved, 
and  are  much  better  able  to  j)erform  their  proper  function  of 
collecting  the  current. 

Of  course,  equalising  rings  mu.st  not  be  regarded  as  in  any 
wav  essential,  and  many  machines  work  quite  well  without 
them.  Nevertheless,  they  add  a  certain  factor  of  safety  which 
thp  manufacturer  is  glad  Xo  ])urcha.se  at  so  .small  a  cost,  for  he 
is  not  only  surer  of  his  machine  passing  the  test  satisfactorily, 
but  al.so  knows  that  after-effects,  like  wear  of  the  bearings, 
cannot  give  ri.se  to  such  .serious  trouble  as  if  equalisers  were 
absent.  Consequently,  equalising  rings  are  seen  on  most  large 
machines  with  lap-wound  armatures,  or  with  wave  windings 
with  more  than  two  circuits. 

At  the  .same  tiim',  the  author  is  not  of  the  opinion  that 
equalising  rings  must  have  an  extremely  low  resistance.  Such 
practice  re(|uires  not  only  an  excessive  amount  of  copper,  but 
leads  t«)  consu'.orable  loss  and  heating  in  the  winding.  All 
that  is  really  neces.sary  is  to  provide  an  alternative  path  of 
negligible  resistance  compare<l  with  that  of  the  bru.shes,  and 
for  this  ])ur])oso  it.  is  nsii.illy  sufficient  to  make  the  section  of 
the  rings  aiiout  half  that  of  the  conductors. 

Regarding  the  numl>er  of  equalising  rings,  much  depends  on 
the  opinion  of  the  designer.  With  lap  windings,  one  ring  for 
everv  6  to  12  segments  is  common  jiractice,  but  this  is  scarcely 
feasible  when  p>a.  for  here  y^—C  a  may  be  fairly  large  and  the 
number  of  rings  becomes  prohibitive.  In  such  cases  (wave 
windings  with  more  than  two  circuits),  one  ring  for  every 
15-20  segmenlsS  may  suffice. 

There  is  no  need  to  make  the  pitch  between  all  the  rings  the 
same,  but  designers  generally  prefer  to  split  up  yp  into  a  whole 
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number  of  parts.  In  this  case  the  tappiYigs  form  a  symmetrical 
polyphase  system  of  pressures. 

This  leads  to  the  question  of  phase  lappings  from  a  closed 
winding.  To  get  a  symmetrical  iV-phase  system  the  pres- 
sures of  the  N  phases  must  be  equal  and  displaced  from  one 
another  by  the  angle  (i=27i/N  radians,  or  360 /iV  deg.  Since 
the  potential  pitch  yp=C/a  segments  corresponds  with  27i 
radians,  the  phase  pitch  t/ph  corresponding  with  the  angle  ^  is 
obviously  yp^=zypjN^CjaN  segments. 

Further,  owing  to  the  effect  of  the  slot  position  on  the 
phase  of  the  pressure,  to  make  the  angle  ^  between  suc- 
cessive phases  constant,  the  same  number  of  slots  must 
lie  between  successive  tappings.  For  this  purpose  8ja 
must  also  be  exactly  divisible  by  the  number  of  phases 
N .  With  two  coil-sides  per  slot,  S^=C,  so  that  this  con- 
dition is  always  satisfied  when  (7/aiV=integer  ;  but  with 
w>2  the  coils  are  no  longer  distributed  uniformly  over  the 
periphery,  and  the  position  in  the  slots  becomes  very  important. 

This  can  be  best  illustrated  by  means  of  an  example.  Con- 
sider the  common  case  of  a  rotary  converter  for  500  volts 
having  96  coils  or  segments  per  pole-pair  and  a  simple  lap 
winding  (a—p).  Then  yp=C ja^C Jp^96.  For  a  six-phase 
pressure  N—6,  the  phase  pitch  yph=yp/N  =^96/ 6^=16  segments. 

Taking,  now,  u^two,  four,  six  and  eight  coil-sides  per  slot 
respectively,  we  have,  since  S=2cju, 

11=  2  4  6  8 

SIp=96  48  32  24 

S/Np=16  8  5-33         4 

Thus,  SjNp  is  only  fractional  when  u=G,  in  the  cases  con- 
sidered. If  we  denote  the  coil-sides  in  the  top  layer  by  odd 
numbers,  and  those  in  the  bottom  layer  by  even  numbers,  any 
commutator  segment,  x,  corresponds  with  the  top  coil-side 
2x — 1 ;  consequently  we  have  for  the  position  of  the  top  coil- 
sides  in  the  slots  (there  is  no  need  to  duplicate  the  work  by 
considering  the  bottom  coil-sides)  : — 


Phase I 

Segment  X .._  / 

Top  coil -side  Zx-1...  J 

Position  in  slot 
withu=4' 


IL 

17 
33 


M 

33 
G5 


W         T 

49  65 

97  129 

I 


TT 

81 
161 


I 

97 
193 


Slot.....  1  9 

p  in  dei...  ^60-^^60 


17  25  33 

-^^-60^-^60—^^60- 


4-1 


Position  in  slot 
with -u^  6 


49 


W  i 


Slot 

p  inde^.. 

Position  in  slot 
with  u=8 


-56k- 


11  17  22 


27 


-67k- 


33 


9  13  17 

>^60-*^60-^^60- 


21 


I I 

25 


-60-^ 

>j 


Slot ;  5 

p  in  deg...i^60-^'^^60 

h One  pole  -pair  =  360  deg. 


It  is  seen  that  with  m=2,  4  and  8  all  phases  are  displaced 
from  one  another  by  60  deg.,  but  when  m=6  this  is  not  so. 
When  ?<=6,  the  slot-pitch  is  360/32=11-25  deg.  Assuming 
the  slot  position  to  determine  the  phase  angle,  we  then  get 
between  phases  I.-IL,  II.-IIL,  IV.-V.  and  V.-VI.  5x11-25 
=56-25  deg  ;  and  between  phases  III. -IV.  and  VI. -I.,  6  x  11-25 
=67-5  deg.     The  mean  value  of  /?  is,  of  course,  60  deg. 

If,  now,  a  symmetrical  six-phase  pressure  is  applied  to  the 
converter,  as  is  usual,  it  is  obvious  that  the  pressures  of  the 
converter  will  not  reach  their  maxima  at  the  same  instants 
as  those  of  the  applied  pressures,  and  circulating  currents  will 
flow.  The  problem  is  now  similar  to  that  of  cross  currents  in 
parallel  working  of  alternators. 

This  example  is  enough  to  show  the  necessity  of  making 
SjaN  as  well  as  CjaN  an  integer  to  obtain  a  symmetrical 
iV-phase  pressure. 

It  is  not  always  important,  however,  to  have  the  N  phases 
identical,  as,  for  example,  when  the  pressures  are  merely  needed 
for  a  static  balancer  to  provide  the  middle  wire  for  a  three- 


wire  continuous-current  s\  Ht.-rn  ;  though  even  here  too  great 
a  dissymmetry  is  to  be  avoided,  owing  to  the  riak  of  the 
lights  flickering.  With  some  armature  wimiings,  e«peciallv 
two-circuit  wave  windings,  it  is  not  possible  to  get  a  8>tii- 
metrical  polyphase  pre.s.sure— g.^.,  it  i.s  not  possible  to  get  a 
symmetrical  three-phase  pressure  from  a  six-pole  wave  winding 
— because  the  number  of  commutator  segments  must  not  be  a 
multiple  of  three  ;  similarly,  a  .symmetrical  four-pliaj>e  pressure 
cannot  be  obtained  from  a  iout-jxAe  wave  w-  '  -  The 
method  for  finding  the  segments  to  be  tapped  i.s  f  i,  ril>e<l 

and  illustrated  in  a  Paper  by  the  author  in  Vol.  Llil.  of  the 
"  Proc."  I.E.E. 

(To  be  continued.) 


IMPERIAL  COLLEGE  OF  SCIEJ^ICE  AND  TECHNOLOGY. 

An  invitation  having  been  given  by  the  Right.  Hon.  Arthur  Dyke 
Acland,  chairman  of  the  Executive  Committee  of  the  Imperial 
College  of  Science,  to  members  of  the  Circle  of  .S'  '"  al 

and  Trade  Journalists  to  visit  this  College  last  Wc.:.  ,      .  ....:ik 

a  few  remarks  about  the  College  may  be  of  interest  to  our  readers. 

The  party  was  met  by  several  of  the  professors  who,  in  i;  ng 

the  members  to  the  College,  gave  .some  particulars  reg  _   ■  rie 

growth  of  the  College,  and  of  the  work  recently  done  there  in  con- 
nection with  the  war;  in  addition,  an  interesting  financial  .statement 
was  made  by  the  secretary.  Mr.  Acland,  in  his  remark.-?,  referred 
to  a  Memorandum  dra^vn  up  and  signed  by  the  professors  of  the 
College,  and  which  had  that  day  been  presented  to  Lord  Crewe,  and 
which  is  deal  I.  with  elsewhere  in  this  Issue.  He  dwelt  upon  the  necessity 
for  devising  means  for  sending  a  larger  number  of  scientifically-trained 
youths  to  the  universities  and  colleges.  In  order  to  counteract  the 
attraction  of  these  boys  going  into  business,  bursaries  ought  to  be  pro- 
vided. Mr.  Acland  also  wished  to  direct  the  attention  of  the  visitors 
to  the  enormous  potentialities  of  such  an  institution  as  the  Imperial 
College  as  regards  trade  and  manufactures  generally.  Great  stress 
was  laid  upon  the  necessity  for  immediate  action  in  this  matter. 

It  may  surprise  some  of  our  readers  to  know  that  up  to  the  present 
the  value  of  the  land  and  buildings  of  this  College  exceed  £1,<X>0,(X)0, 
and  scientific  equipment  alone  cost  £69,000,  the  number  of  .students 
being  nominally  1,000,  although  at  present  reduced  to  about  150. 
Annual  salaries  and  wages  amoimting  to  about  £54,000  are  made  up 
from  a  Government  grant  of  £30,000  and  a  L.C.C.  grant  of  £13,000, 
and  in  addition  there  are  fees,  &c. 

The  Professor  of  Chemistry  gave  an  interesting  sketch  of  what  has 
been  done  in  the  chemical  department  with  reference  to  the  war. 
This  comprised  work  dealing  with  poisonous  gases,  water  purifica- 
tion and  provision  of  chemicals  for  hospital  purposes,  &c.,  but  the  fact, 
which  we  are  sure  impressed  all  the  visitors  greatly,  was  that  every 
department  directly  or  indirectly  was  doing  work  connected  with  the 
war,  and  much  of  it  would  be  of  a  lasting  nature  as  regards  trade 
processes.  Some  of  the  typical  researches  which  the  various  depiirt- 
ments  have  in  hand  are  the  following  :  Substitutes  for  Jena  glass, 
tin  from  low-grade  ores,  ti'^atment  of  high  boiling  point  oils  to  give 
low  boiling  point  petrols,  conversion  of  oleic  into  stearic  acid  for 
soap  manufacture,  magnetic  quality  and  heat  treatment  of  steels, 
improvement  of  petrol  motors,  flow  of  steam  with  reference  o  tur- 
bines, timber  diseases  with  reference  to  pit  props,  economic  phint 
physiology,  production  of  refractories  for  coke  ovens,  tubes  for  air 
craft  construction,  and  critical  speeds  of  turbo-generator  shafts. 
The  above  are  merely  a  few  of  the  investigations  ;  others  included 
methods  of  combating  disease  and  destro'-ing  flies. 

The  party  was  conducted  through  the  chemical  lalKiratory.  the 
largest  in  the  world,  viewed  the  physics  department,  then  tlmnisrh  the 
large  electrical  engineering  laboratories,  the  metallurgical  and  the 
botanical  laboratories.  Tiiey  finally  arrived  at  the  Students"  I'nion. 
where  tea  was  served,  and  where  they  were  re.elxed  by  Mr.  .Voland. 

Mr.  Lean  Gaster,  on  behalf  of  the  Circle,  in  a  brief  .speech,  pro- 
posed a  vote  of  thai\ks  to  Mr.  Acland,  and  the  professors,  which  was 
dulv  seconded,  and  carried  by  acclamation. 

The  point  to  which  we  have  been  drawing  attention  in  our  leading 
articles  from  time  to  time  abort  the  folly  of  depleting  our  colleges  cf 
students,  when,  periiaps,  the  scientific  utilisiUion  of  their  services  in 
other  directions,  might  do  much  to  hasten  the  end  of  the  wjir  and 
eventuallv  leave  trade  uninjured,  w:vs  amply  demonstrated.  The 
College  was  a  "  deserted  village."  with  the  exception,  as  we  were 
informed,  of  a  few  "  crocks,"  or  others  whose  services  were  abso- 
lutely indispensable.  We  think  such  a  state  of  matters  is  deplorable 
in  many  respects,  and  one  for  which  we  shall  probably  pay  dearly  in 
the  future. 
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THE    ECONOMY    OF    TURBO-GENERATORS 
OF  LARGE  OUTPUT. 

In  our  last  issue,  under  the  heading  ''  The  Uneconomical 
Small  Station,"  figures  of  a  striking  character  were  used  to 
give  some  idea  of  the  lack  of  economy  in  small  power 
stations.  Apart  from  the  lack  of  economy  in  fuel  con- 
sumption there  is  the  important  question  of  the  misuse  of 
the  man-power  of  the  country.  The  possibihty  of  diverting 
some  75  per  cent,  of  the  labour  at  present  employed  in  our 
power  stations  into  other  and  more  productive  channels  is 
of  itself  sufficiently  attractive  at  the  present  time  to  warrant 
close  investigation  by  those  who  believe  in  making  the  most 
of  the  material  at  hand.  For  this  reason  we  think  that  the 
recent  letter  addressed  from  the  Board  of  Trade  to  electric 
supply  authorities  on  the  subject  of  interconnection  and 
joint  working  of  power  stations  is  opportune  ;  the  more  so 
since  the  immediate  effect  of  interconnection  will  be  the 
closing  dowm  of  many  of  the  small  power  stations.  The 
steps  that  are  already  being  taken  in  Lancashire  and 
Cheshire  to  prepare  an  engineering  scheme  for  the  inter- 
connecting of  the  principal  power  stations  of  the  two 
counties  should  go  a  long  way  towards  securing  a  much-to-be 
desired  object. 

As  evidence  of  the  economy  of  the  big  turbo-generator 
we  refer  the  leader  to  a  Paper  read  last  month  by  Messrs. 
H.  G.  Stott  and  W.  S.  Finley  before  the  American  Society 
of  Mechanical   Engineers,  and  to  be  found  in  abstract  in 
another  column.     In  this  Paper  an  account  is  given  of  the 
tests  that  have  been  made  on  the  three  ;30,000-lcw.  turbo- 
generator units  installed  last  year  by  the   Interborough 
llapid   Transit   Company.     It   will    be    remembered   that 
several  comparatively  modern  7,000-kw.  reciprocating  sets 
were  broken  up  and  sold  as  scrap  in  order  to  provide  accom- 
modation in  the  power  station  for  the  turbo-generators. 
The  steam  consumption  of  the  engines  amounted  to  17-3  lb. 
per  kilowatt-hour  and  the  guaranteed  performance  ot  the 
turbines  at  the  most  efficient  load — 25,(K>U-kw. — was  11  •271b. 
of  steam  per  kilowatt-hour  and  a  Rankine  cycle  efficiency 
of  75-76  per  cent.     The  results  obtained  on  test  under  the 
most  economical  load,  namely,  2(5, 740-kw.,  showed  a  water- 
rate  oi   ll-25Slb.  per  kilowatt-hour  and  a  Rankine  cycle 
efficiency  of  75-84  per  cent,  with  steam  superheated  120'^F. 
at  an  absolute  pressure  of  2151b.  per  square  inch  and  a 
vacuum  corresponding  to  2!)  in.  of  mercury.     I'nder  the 
normal  o])erating  conditions  the  annual  saving  of  fuel  alone 
for  rach  turbo  unit  will  amount  to  £4(>.(KK).  and  the  labour 
charges  per  kilowatt  of  output  are  expected  to  be  about  25 
per  cent,  of  thovse  for  the  reciprocating  sets.     That  these 
economies  are  being  realised  in  actual  working  may  be  taken 
for  granted  in  view  of  the  fact  that  the  same  company  will 
now  install  a  70.(M)0-kw.  cross-compound  unit  with  three 
generators,  any  one  of  which  mav  be  operated  independ- 
ently if  so  desired. 

Striking  figures  were  given  by  Mr.  Stott  in  reviewing  the 
(> volution  of  power  station  design  during  the  past  15  years. 
.\ttention  was  rightly  called  to  the  comparison  in  invest- 
ments represonteil  by  the  two  types  oi  installations.  In 
the  case  of  the  reciprocating  sets  the  cost  of  engines,  gene- 
rators and  condensers  amounted  to  about  £8  per  kilowatt, 
while  the  cost  of  the  new  turbo-sets  and  condensers  was 
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stated  to  be  £1-8  per  kilowatt.  Not  only  is  the  initial  cost 
of  the  laige  turbo  unit  22-5  per  cent,  of  that  of  the  reciprocat- 
ing unit  per  kilowatt,  but  the  former  is  more  economical  to 
the  extent  of  40  per  cent,  in  coal  consumption,  and  in 
addition  there  arc  the  reduced  labour  charges  and  the  better 
utilisation  of  valuable  floor  space  in  the  engine  room  as 
well  as  in  the  boiler  house. 

The  Interborough  turbo-sets  are  of  unusual  interest,  not 
so  much  on  account  of  their  size  as  on  the  guaranteed 
efficiencies  over  a  wide  range  of  loads.  These  are  given  in 
the  form  of  a  note  at  the  end  of  the  article  so  as  to  enable 
the  reader  to  compaic  the  actual  performance  with  that 
guaranteed  by  the  manufacturer.  Each  unit  consists  of 
a  high-pressure  and  a  low-pressure  element,  and  the  unique 
feature  is  that  each  of  these  elements  drives  a  separate 
alternator  operating  at  the  most  desirable  speed  of  the 
turbine  without  being  restricted  by  mechanical  limitations. 
In  the  case  of  the  high-pressure  element  this  speed  is  1,500 
revs,  pei-  min.,  while  the  speed  of  the  low-pressure  element 
is  onlv  7")0  revs,  per  min.,  and  the  highest  stress  in  the 
rotating  drums  at  20  per  cent,  ovcrspeed  is  said  not  to  exceed 
14,000  lb.  per  square  inch. 

Engineers  will  be  grateful  to  the  Interborough  Company 
for  allowing  such  a  complete  smnmary  of  tests  at  varying 
loads  to  be  published.  Although  there  are  now  many  large 
turbo-generators  in  operation,  this  is  the  first  tim.e,  as  far  as 
we  are  aware,  that  cojuplete  test  results  have  been  made 
public  and  that  discussion  has  been  invited  on  the  tests. 
Messrs.  Stott  and  Finlf.y  draw  attention  to  two  peculiari- 
ties brought  to  light  by  the  tests.  The  first  of  these  is  the 
dip  in  the  curve  between  22,000-kw.  and  26,000-kw.,and  is 
not  yet  explained.  The  action  of  the  receiver  between  the 
two  elements  and  the  velocity  of  the  steam  through  it  might 
account  for  the  dip,  but  the  tests  that  were  commenced 
with  a  view  to  investigating  the  matter  had  to  be  discon- 
tinued before  definite  results  were  obtained.  The  second 
peculiarity,  namely,  the  turning-up  of  the  efficiency  curve 
between  ;50,000-kw.  and  .■)2,000-kw..  is  shown  by  the  turbine 
designer  to  be  a  new  experience  and  is  accounted  for  in  a 
satisf actor V  manner. 


gram  for  the  hystere-sis  loop,  with  its  vertices  at  the  points  of 
maximum  and  minimum  flux  density  and  the  pointa  of  re- 
manent flux  density.  The  inductance  is  then  constant  along 
tlie  sides  of  the  parallelogram  ami  is  proporti«)nal  to  their  slope. 
Wlien  the  parallelogram  does  not  follow  the  hysteresis  loop 
closely  cnouj^h  a  p<)ly;,'on  of  n  larger  nuiiil»or  of  sides  niHV  be 
used  ;  hut  the  <;oniplexity  of  tiie  matliemati<-..s  would  bo  « on- 
siderable.  If  hysteresis  loops  are  not  available  the  maximum 
value  of  the  magnetising  current  and  the  remanent  magnetism 
may  1)c  computed  from  the  core  loss.  As  the  rorc  loss  inrludes 
l)otli  liysteresis  and  eddy-f-urre-^t  los.s,  the  area  of  the  parallelo- 
gram will  be  proportional  to  the  total  iron  loss.  A  sufficientiv 
accurate  value  of  the  maximum  K.M.P\  is  computed  fn>m  the 
given  maximum  flux  density  by  the  formula, 

where/is  the  frequency,  n  the  number  of  turns  in  the  primary. 
Bm  the  maxinmm  flux  density  and  A  the  section  area  of  core. 
This  assumes  that  the  E.M.F.  and  the  flux  are  sine  curves. 
The  flux  is  so  nearly  a  sine  curve  that  the  error  is  not  serious. 

The  equation  of  th.c  magnetising  current  is  found  by  inte- 
grating the  equation, 

L-~-]-Ri„--^E  sin  {(»l\-u), 

where  Lj  is' the  inductance  of  the  primary  coil,  R  the  resistance 
and  a  is  the  phase  displacement  of  the  zero  point  of  the  current. 
This  displacement  cannot  be  assumed  ;  it  is  determined  in 
what  follows. 

The  Magnetising  Current. 

Let  B  denote  the  variable  magnetic  flux  density  in  the  core  ; 
Hi  the  magnetic  intensity  ;  8^,  S^  leakage  inductance  of  the 
coils  ;  tiy,  tio  the  number  of  turns  ;  /  the  length  of  magnetic 
circuit  in  iron  in  centimetres  ;  i^  the  instantaneous  current 
when  secondary  is  open;  ?„'  its  value  from  zero  point  to 
maximum  ;  Iq  from  maximum  to  zero  point ;  Iq  the  maximum 
value. 

n^Ai  r.  )+'S,  is  the  total  inductance. 


Then 

Now 


<JB    ,IB   (III 
(Uq    clH    «?/„' 


//-= 


10/        ({i~  101  ' 


Therefore, 


(IB    4:t It  ihi   (IB 
"^'  ili~     10/      (IH- 


THE  PREDETERMINATION  OF  HIGHER  HARMONICS 
IN  THE  ALTERNATING  CURRENT  TRANSFORMER 
WHEN  THE  IMPRESSED  E.M.F.  IS  A  SIMPLE  HAR- 
MONIC FUNCTION  OF  THE  TIME. 

HV    (iEO.    R.    DE.VN. 

(I'ro'cfsur  of  Mathematics,  School  of  llii!c>,  Kolla,  Mo.) 

Introduction. 

The  usual  method  of  determining  the  form  of  the  curve  of  the 
magnetising  or  no-load  current  is  to  assume  a  sinusoidal  flux- 
density  curve  in  quadrature  with  the  impressed  E.M.F.  and 
construct  from  this  curve  and  the  liysteresis  looj)  a  new  curve 
whose  ('(luivalent  sine  curve  or  fundamental  harmonic  is  taken 
as  representing  the  magnetising  current. 

There  is  no  warrant  for  the  assumption  of  a  sine  curve  for 
the  flux  density,  as  no  more  is  known  about  it,  a  ])riori,  thaii 
about  the  magnetising  current.  The  proper  way  would  be  to 
deduce  the  magnetising  current  from  the  hvsteresis  loop  and 
the  impressed  E.M.F.,  then  the  flji.x-densitV  curve  from  the 
magnetising  current  and  the  hysteresis  loop";  but  the  variable 
mutual  inductance  of  the  coils,  due  to  the  variable  permeability 
of  the  iron,  puts  mathematical  difticulties  in  the  wav  which 
prevent  a  direct  solution  of  the  problem. 

In  the  steady  performance  of  most  transformers  the  flux 
density  is  kept  below  the  knee  of  the  B-H  curve— that  is,  below 
10.000  lines  per  square  centimetre.  In  such  cases  a  fair 
approximation  may  be  obtained  by  substituting  a  parallelo- 


Let  Bm  denote  tiie  nuixiinum  flu.x  den.sity,  B,  the  remanent 
flux  density.     Substituting  the  iiarallelogram  for  the  hystercsis 

loop,  we  have 

(IB       B,n  +  Br  U      n^.      U       U      . 

-77-^ — Tz—  ,      from  «-=0  to  H=Hm ; 

(IH  tin- 


rIB    B,„-B. 


from  //-//»,  In  //^O. 


<(H        H,„ 

Let  Z/^  and  />/  denote  the  corresponding  inductances.      Then 
■    A^A    fB^n±B,.\  ,     n^A    ,B„,-Ba  , 


From 


and  from 


//_  0  to  i/_//„ 


'/'n' 


'    dt    ' 


R^i^'^E  oin  {vjt-\-a). 


.    .    (11 


(2) 


7  /  ' 

Setting  tan  '^1='^^  ^"^l  t'^"  ^2='^/;.'     ^"1"^- re  (9=2.7/",  the 


solution  of  (1)  is 


^1 

.,     E  sin  [a>t-tO- — 9i) 


^/(i?;-+a)2/.,2) 


-F+c'^" 


or 


.  ,     E  cos  Oi 


«,( 


in  (w/-i-a— Oi)4-Ce    ^1. 
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II'  we  take 


wo  liiul 


Then 


?;q=0  when  t-O, 


R^i^^E  cos 9,  {.sin  (co/.+a-cpi)-.sin('i    9i)c-'"'  '^•'^'^';   .     (3) 


71    . 


Tilt'  solution  of  (2),  taking  /g"— 0  whoii  if—"-,  is 


Vi 


/r',/,/'-A'oos<p2{sinM4-a-92)+.sin(a  -(p2V'-^'-'-">«'^^^  .  (4) 
J)ifTt'r('ntiating  (3),  we  see  tliat  i^  is  a  maximum  wlien 

0)  cos  (w^+a— 9i)+  /  sin  (a— 9i)e-'"''="*^>=0.      .     (5) 

that  is,  when 

sin  9j  cos  (oj/+«— <Pi)+<os  ^^  sin  (a— 95)^"*"'  ''°* '^»=0  .     (6) 

Substituting   the  value  of  g-^' 'ot  <3!>i  f,-om  (6)  into  (3),  we 
have  RJ„i  =  E  fiin{o)t,n-{-a)       ....     (7) 

when  t,„  denotes  the  time  of  maximum  current,  found  by 
solving  (6).  Now,  i?i?o"  i«  equal  to  A' sin  (w/ -fa)  when  <=<,«; 
therefore 

Cos92[sin  (w/m+a— 92)+sin  (a— 92)6"''"'~''"=°*<*2} 

=sin  ((•/;/,„+«) (B) 

Equations  (6)  and  (8)  constitute  a  ])air  of  simultaneous 
equations  for  determining  o)tm  and  a.  The  solution  can  be 
effected  only  by  trial.  The  following  approximate  forms  are 
more  convenient  than  (6)  and  (H)  ; 

From  (6), 
_,  sin9i  cos  (oj/m— 9j)— sin9,  cos9,e~'""'°^'^' 

sm  9i  sin  {(otm—(f> i)—cofi^  (p^e"""-  ""^ "'  1  ' 


From  (8),  Tan  a= 
—cos 92 sin  M,„— 92) -f  sin92Cos92c''^~'-'>*^"'^'''i4-sin  cutn 

cos  92  cos  (W^m— 92)+  COS  292e<''~"''— COS  f/J<,„ 


(10) 


In  most  cases  9^  and  92  are  so  nearly  right,  angles  that  we 
may  take 

Sin9|=l,  cos9j=cot9i, 
so  that 


NUMEKKAL   IlIALSTRATIUNS. 

Taking  A^W  sq.  cm.,oj-=2.T/=377,  .B,„=10,()U0,  Bj=y.(Mj(h 
J/H— O-'jO  amperes,  «j— 1,440,  /?i— 2-6  ohms,  .S^— 0-6  henvvs, 
we  find 

/i',„ -3,200,     Xj     31-l<i4,     i./_3.o02. 

H\n{o)t„t+a)^U-iMyi,        ofm+a^W)"  58'  37", 

R  R 

Cot9,=-  -r  -o-()(  10221.      ( <K  92=    ^',=0-00i;»(j, 
coLi  coLi 

9^=89°  m'  16",        92=89°  53'  Hi", 
^9,^0-276,         ^^'=2450. 

Equation  (15)  gives 

Sin  (a-9,)=- 0-80,  9^— a=53=  0'  nearly, 

a=89^  59'  16''-53',  36°  59'  16", 

ft>?„=179°  58'  37"-36°  59'  16''=142°  59'  21". 

These  values  when  substituted  in  (II)  and  (12)  will  b?  <!ouud 
to  satisf)'  those  etjuations  very  closely. 

The  following  equations  were  used  i)i  computing  the  table 
below  : 

?V=<>-276:sin  (V/*/-53°)+sin53°;        (17) 

?/=2•450{sin(ff)^~52^54')-(sin.52='.^4')c■^~      .     (18) 

ui  \0         20    :«>    40    .50°   60=   70'   80= 

to'     0.322  0  071  0  113  0|.-)9  0-211  0-3.5.5  0303  0-.346 

ni  m        loo   no   115   120   125'   1.30'   140   143' 

j'o'     0  387  0  423  0-451  0  405  0-475  0-485  0-491  0-490  0-500 

v't  143   1.50   1«0   170^   175°   180^ 

)■"     0-.5(K)  0-4.54  o:{ti(i  (i-211  0098    0 


Thk  Flux  and  thi-:  Load  ("lrrents. 

Let  <I>'  and  (D"  represent  tlie  total  instantaneous  flux  cor- 
respondin.g  to  the  two  j>ai-ts  of  the  niagnetisiuu  current  curve. 
Then 

„/^'\lO«)^i\sin  (.->/+«) -^,'o'-'^'i''/"       .     .     •     ('•♦) 


_C08  Mm  — 9 1)  —  cot  9^6-"^  ""^  '' ' 

sin  (fo<— 9i) 


Tan  a=-^^-^-    7".    r^^  (11) 

Tail  a  =     -si^  (c/J<».-92)+e''^~-''>  ''"^'^^+tan  92  sin(»/,n 

cos(('o/„i—92)-f  cot  92C^''~"'"'^  •""**-— tan  92  cosco^.. 

_  —cot  92  sin  (w«m— 92)+sin  w^m+e'"""'*  "*  'f'^  cot  9^ 


(It 


(it 


(20) 


Integrating 


cot  9,  cos  (W^„— 92)  — cos  W^n+e<''~'"''">  '^"^  «^^ 


(12') 


»/ j^  (10-«)=£:sin((ry-fa)-/?,ro-V^^.    .     . 

„  cD'(10-8)=-^  cos  (col+a)-S^i„'-R,ji„'df+C',   (21) 
(1)  J 

F  I 

/,j(I)"(10  8)^._  '  ,.os  Uof  ^a)-Siio''-Rij  io'<^^+C.   (22) 


There  is  one  value  of  /„,  which  makes  the  right-hand  members 
oi  (II)  and  (12)  e(|ual  to  each  other.  Tlie  common  vahk^  is 
tan  a.     The  values  of  /„,  and  a  must  satisfy  the  relation 

•  in(fo/m+a)=-^,— (I;;) 

An  appro.xiniate  value  of  a  may  be  found  from  (3)  and  (1). 
Sincef'j/  \-n~  9,  is  nearly  90  deg.  atid  c  "'"'  '^"'''t>\  is  m'arlv  unity, 
we  have  from  (3) 

'^"'('?r  '0     /,    '    ^       I (io) 

y>  col  9j 

ajul  Ijoiu  ( 1) 


Since 


we  have 


(D'^tl)"  when('V=f')/«.  and  /,^=/ii°  when  l^t^, 


We  have  also 


(1>       0.  when  Jo'~^n- 


Sin  (9,     (() 


/'/'  cot  92* 


hi) 


which  is  given  by  the  hysteresis  huip  or  parallel<»gram.  and  the 
corresponding  vabie  of  t  by  the  <  urrent  curve.  T\\w<  C'  .-md 
('"  are  completely  (b'terminod. 

Now  let  tKe  curves  (21)  and  (22)  be  plotted  and  re.solved  into 
hiilher  hanuonics  l>v  any  convenient  metluKl  given  in  the  text- 
books. 

The  load  ruri-ints  are  found  by  integrating  the  equalioii^ 


Tlu-  iiAcrais-  (»l  the  Iwo  \alucs  u).  (<  will  ln'  suitable  lor  irmi  in 
(l.'>)  to  (ind  (')/,„.  Slight  corrections  will  be  iiecessarv  to  make 
the  values  of  (')/,„  ;ind  a  satisfy  (11)  and  (12).  Careful  rom- 
|iiilalioti  is  necessary  ;  logarithms  an(l  trigonometric  functions 
and  (juotieiits  must  be  carried  out  to  live  places. 

Substituting  the  numerical  values  of  a,  91.  92.  E  and  /(*,  in 
(3)  and  (4)  we  have  equations  from  which  the  curve  can  be 
plotted.   ' 


yiv" 


/<!> 


•^v/ *-^''' ^'.      "■,/,^'"'*>» 


Here  S.,,  ^i.  C,  include  \ ;  ^  of  the  load  circuit      I'h? 

numerical  work  will  be  giN  ri,  m  a  .uiev  article. 
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THE  MAGNETIC  HAND. 


BY    PROK.    (J.    KIJN(;KNHKK(i. 


Jn  consequence  ot  the  great  miiiiber  of  men  wlio  are  injured  in  t  hi::> 
war  in  the  arms  it  seems  well  to  endeavour  to  supply  them  with 
artiilc'ial  mechanism,  hy  means  of  which  they  may  be  able  after  tlx^ 
war  to  i)ursue  their  ordinary  avocations.  These  avocations  may  l)e 
trades  connected  with  metal  or  wood  working,  and  some  means  of 
grasping  and  holding  tools  will  be  for  such  men  of  great  importance. 
The  main  object  of  these  few  lines  is  to  explain  simple  principles 
on  which  the  construction  of  such  artificial  limbs  may  be  based,  and 
to  show  how  electromagnetic  apparatus  is  adapted  for  the  purpose  ; 
and  more  especially  the  author  wishes  to  expose  these  general  prin- 
ciples, in  order  if  possible  to  prevent  patents  from  being  taken  out 
which  might  tend  to  limit  the  field  otherwise  open  to  all  comers. 

Taking  the  case  of  a  man  who  has  lost  the  lower  part  of  his  fore- 
arm, a  leather  appliance  might  be  fastened,  as  shown  in  Fig.  1,  by 


coils  may  lie  provided,  mt  that  a  suif;i»il<-  t'rip|>iug  for.,  nnv  !«• 
obtained  in  the  different  ca.ses. 

This  outline  describes  all  (..  [ 

motion  ;    but  there  are  many  i  ■• 

princijjle   which   might  advantageously  fje  employed  in 
the   electromagnetic   action   of  art'        '    '      '         ''" 
desirable  at  one  time  to  have  a  (•<  ,(, 

of  a  joint,  such  as  the  ball  and  socket  one  above  n-ferred  to,  and  ai 
anoth«!r  to  have  this  joint  rigid;  this  can  a!  '  '  '  '  'hft 
addition  of  a  magnetic  coil  for  the  pur\njfi:  .*• 

methods  of  gripping  a  forceps  or  a  jwir  of  pineent,  l»oth  of  whirb 


Fig.  1.— Electromagnetic  Apparatus  for  Filing. 


Fig.  3.  Fio.  4. 

Forceps  and  Paik  of  Pincers. 


belts  to  the  remaining  stump.  At  the  end  of  the  belted  socket  a 
magnet  coil,  either  of  the  pot  or  bell  t3'pe,  might  be  provided,  on  an 
arrangement  which  allows  it  to  move  through  a  flexible  coupling  of 
the  ball  and  socket  type.  In  this  way  the  gripping  of  the  ntagnet 
can  be  brought  into  any  desired  position.  Thus  the  magnet  can 
either  be  rigidly  fixed,  or  it  can  be  moved  against  a  slight  frictional 
resistance.  The  magnet  is  connected  through  an  ordinary  socket 
to  any  source  of  electric  supply.  This  connection  can  be  made  by 
the  movement  of  any  part  of  the  worker's  body,  either  with  the  foot 
or  chin,  or  with  the  other  arm,  or  by  a  definite  motion  of  the  injured 
arm  itself.  With  a  magnetic  arrangement  of  this  kind  any  iron 
object  can  be  seized  with  a  comparatively  considerable  force,  and  it 
can  be  held  as  long  as  is  desired,  or  it  can  be  lifted  or  moved.  This 
kind  of  comiection  between  the  stump  of  the  arm  and  the  object 
to  be  gripped  is  not  rigid  but  flexible.  The  method  of  magnetic  grip  is, 
therefore,  suitable  for  all  workers  in  iron,  or  in  any  kind  of  workshop 
where  iron  could  be  used  as  a  gripping  surface.  Therefore  any  kind 
of  iron  tool  could  be  held  by  the  magnetic  hand,  and,  generally 
speaking,  injured  men  could  work  in  such  workshops  without  the 
necessity  for  any  special  alterations.     Take  Fig.  1,  which  shows  the 


Fig.  2. — Showing  a  Plane  Provided  with  an  Iron  Gripping  Plate. 

method  of  holding  a  file.  The  magnet  is  placed  on  the  tip  of  the  file, 
and  as  soon  as  the  electric  connection  is  made  to  the  supply  circuit 
the  worker  holds  the  tool  firmly.  The  movement  of  filing  can  now 
be  carried  out,  because  the  ball  and  socket  joint  allows  a  certain 
amount  of  free  movement,  exactly  similar  to  that  required  by  the 
ordinary  worker.  Fig.  2  shows  a  plane  provided  with  an  iron  plate  ; 
this  allows  the  tool  to  be  gripped  in  the  usual  fashion.  A  num 
working  at  a  stamping  macliine  can  handle  the  pieces  of  iron  to  be 
stamped  quite  conveniently,  perhaps  even  better  than  a  man  with 
a  sound  hand,  seeing  that  he  can  grip  the  iron  sheets  on  their  flat 
surfaces.  He  can  also  hold  a  piece  of  steel  in  position  on  a  lathe 
while  he  uses  the  sound  hand  to  adjust  the  fixing  of  the  steel  in  the 
chuck.  Tools  which  are  not  made  of  iron  can  often  have  an  iron 
plate  added,  so  that  it  is  possible  to  grii^  them  by  magnetic  action. 
Switches  can  be  actuated  in  the  same  way,  and,  if  necessary,  they 
can.  be  provided  with  similar  iron  plates.     A  variety  of  magnetic 

*  Abstract  of  an  article  in  the  "  Elcktrotechnische  Zoitschrift."  Heft  50, 
1915. 


movements  can  be  effected  magnetically.  It  is  also  not  diflBcult  to 
imitate  in  the  same  way  any  movement  similar  to  that  between  the 
lower  and  upper  parts  of  the  Jiuman  arm,  or  the  movement  cau.'-ed 
by  closing  the  fingers  or  the  jjiessure  of  tiie  thumb.  The  electric 
method  is  to  be  preferred  to  tb.e  use  of  compressed  air.  because  it  is 
already  provided  in  many  places  and  because  the  magnets  can  be 
made  small  and  yet  relatively  jiowerful  ;  thus  no  ver\-  cumbrous 
apparatus  is  required.  A  man  who  is  ])ro\ided  with  such  auxiliary 
apparatus  is  thus  not  confined  to  work  in  one  particular  spot  ;  and 
even  when  no  supply  of  electric  power  is  conveniently  available  it  is 
quite  easy  to  get  the  necessary  power  from  a  jjortable  battenk'  of 
accumulators. 


PHYSICAL  SOCIETY. 


At  the  meeting  held  on  the  26th  ult.  at  the  Imperial  CoUego  of 
Science,  Prof.  C.  V.  Boys,  F.R.S..  President,  in  tiie  Chair,  a  Paper. 

entitled 

"The  Correction  of  Chromatic  Aberrations  When  the  External 

Media  are  Dispersive," 

was  read  by  Mr.  T.  Smith. 

When  one  of  the  external  media  of  a  lens  system  is  ilispersive  it  is 
not  possible  to  ensure  the  absen<-e  of  dilVerences  in  the  size  and  posi- 
tion of  images  of  all  objects  formed  by  length  of  different  wave- 
lengths. The  degree  to  which  correction  can  le  carried  is  investi- 
gated and  formuhe  are  given  by  which  tl'.  power  antl  jx.sitiou  of  the 
external  surfaces  of  a  system  can  be  found  when  the  type  of  correc- 
tion to  be  adopted   is  given. 

A  Paper,  entitled 

"Note  on  the  Use  of  the  Autocollimating  Telescope  in  the 
Measurement  of  Angles." 

was  reatl  by  ^Ir.  .).  (irii.n. 

The  measurement  of  angles  by  means  of  the  autoeolliiuator 
resolves  itself  into  the  measurement  of  the  distance  between  two- 
images  produced  in  the  focal  plane  of  a  micrometer  eyepiece,  lu 
most  cases  the  light  formuig  these  images  jvisses  tluougli  portions 
of  the  object  glass  on  oppw^ite  sides  of  a  dianu^ter.  It  is  sliown  that 
when  this  diameter  is  perpendicular  to  the  diivction  of  the  displace- 
ment to  be  measured,  uncertainty  an<l  error  are  introduced  ou  ac- 
count of  any  residual  spherical  aberration  of  the  object  glass  and 
the  depth  of  focus  of  the  telescope.  One  or  two  p;irticular  cases  are 
(iiscussed  in  which  it  iii  shown  how  this  may  be  obviated.  .         .      .     .   ■ 

Dr.  R.  S.  Willows  asked  why  the  Abbe  type  of  autocoUimatLag  cye^ 

d2 
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piece,  sucli  a^i  i«  u.st-d  <»ii  I'lilfiicli  re f laclomctc-rs,  &c.,  was  not  cinitloyed 
in  the  arran;;cmcnt  dcscrilK-fl  in  the  l^ajxjr. 

The  Ai  THOK  explained  tliat  there  was  a  difficulty  in  adapting  this 
method  of  iUumination  to  a  micrometer  eyepiece. 

A  Paper,  entitled 

"The  Viscosity  ol  Colloidal  Solutions," 
was  read  by  Mr.  Emil  Hatschek. 

The  author,  in  reply  to  some  remarks  made  b}-  Mr.  W.  B.  Hardy 
in  the  coarse  of  his  Guthrie  lecture,  points  out  (a)  that  no  viscosity 
formula  can  cover  the  stage  of  gel  formation,  since  the  change  from 
a  liquid  with  only  slight  anomalies  to  a  system  having  many  ])ro- 
pcrtico  of  an  clastic  solid  necessarily  precludes  this,  and  ih)  that  the 
fonnula  given  by  Einstein  and  independently  by  himself  for  the 
viscosity  of  a  ;>u;>j;ension  of  rigid  spherical  particles  docs  not  in  any 
event  apply  to  systems  such  as  discussed  Ijy  Mr.  Hardy,  which  belongs 
to  the  class  known  as  emulsoids.  In  these  both  ])hases  are  quite 
generally  assumed  to  be  liquid,  and  an  expression  for  the  viscosity 
of  such  systems  was  deduced  b}'  the  author  in  1!H1,  from  a  con- 
sideration of  the  deformation  which  a  homogeneous  polyhedral 
structure  must  undergo  when  sheared.  1'he  expression  contains 
Old}'  the  viscosity  of  the  system  and  the  phase  ratio,  but  neither 
tlie  interfaciai  tension  of  the  ])hases  nor  the  viscosity  of  the 
disperse  phase.  It  can  be  tested  directly  for  emulsions  of  two 
immiscible  licpiids  ;  in  the  case  of  emulsoids,  where  onl}'  the  weight 
of  disj;er;;ed  substance  is  known,  some  assumption  has  to  be  made 
about  the  relation  between  the  volume  of  disperse  ]jhase  formed — 
i.e.,  the  degree  of  hydration  or  solvation — and  the  weight  dissolved. 
'Phe  simplest  assumi)tion,  that  this  ratio  is  constant,  has  been  tested 
by  the  author,  and  by  J^r.  Harriette  Chick,  for  a  number  of  sols,  and 
is  found  to  hold  good  over  a  considerable  range.  The  formula  has 
also  been  tcstcfl  byF.  Kirchhof  in  a  different  way,  by  comparing  the 
degree  of  solvation — i.e.-,  the  amount  of  solvent  taken  up  by  the 
disperse  phase  in  different  solvents — with  the  amount  of  the  solvent 
taken  up  by  fho  substance  (indianibber)  in  the  swelling  which  ))rc- 
cedes  disj;crsion.  Remarkable  agrcoment  both  in  the  order  and  in 
the  absolute  amounts  in  different  solvents  was  observed. 

Dr.  A.  (Jiui'i'iTiis  said  he  was  in  enij)hati<'  agreement  with  the  ((melu- 
sion  at  the  end  of  paragra])h  two.  He  mentioned  tiie  case  of  a  gelatine 
which  would  not  run  tluough  a  ca])illarv  tube,  but  which  could  Ix;  made 
to  do  so  when  broken  up  by  stirring  witli  a  stick.  He  tliought  experi- 
ments on  rigidity  as  well  as  visco.sitv  should  be  made. 

The  Aithoh,  in  n|)ly  to  a  remark  by  Hie  President,  stated  that  acci- 
dental double  refraction  was  sometimes  ohscj-vetl  in  the  li(jiiid  ])hase. 


CORRESPONDENCE. 

"Sl'KKDl.Ni;   IP"  IN  l<:NGINKKKIN(i   FACTOKIKS. 

■\()     IIIK    KOITOIIS    OF    THK    KLIICTUICI A\. 

'riic  abu\('  iuaditi^^  [novitleK  ;i  good  :subjecl  f<ir  argniiiciii, 
but  I  am  afraid  that  the  arguments  tend  rather  to  develop  into 
e.xpreasions  of  point  of  view  without  tangible  evidence  in 
siipp.irt.  My  vic-u,  .  ajid  the  results  of  their  being  put  into 
piiicticc,  1  bavc  iiilly  stv  odt  already;  but.  to  illus.rate  llie 
point,  I  ni;iv  iclVr  io  Mr.  Stil!irl."s  Icttci'  in  your  issue  of 
M;iv  llilli.  liis  workers  iiiigcrcd  for  weeks  over  alterations 
made  i-i  the.  (  asi;  of  one  article,  and  this,  together  witli  the,  fact 
that  delivery  dates  were  fixed,  is  given  as  a  reason  w-hy  it  was 
imi)ossible  to  use  a  .stop-watch.  The  fact  that  I  had  to  work 
to  fixed  delivery  dates  for  (Jovernment  orders  was  my  ]>rincipal 
reason  lor  resorting  to  ihe  stop-watch. 

I  cannot  see  anyihipg  conflicting  in  what  1  have  said  about 
the  men's  not  fully  understanding  the  system  of  payment.  H 
Mr.  Brocklehuisv.  has  read  the  original  Paper,  and  my  letter 
in  your  issue  of  the  Pith  ult.,  and  still  thiidvs  there  is.  I  am 
sorry.  A  little  reflection  will  convince  him  that  his  diihculty 
is  onlv  apparent,  not  real.  My  remark  that,  the  men  were 
given  outputs  and  figurc:i  f»r  rates  of  pay  to  compare  meets 
his  main  contentiun. 

A"ain.  my  \iew.  barked  bv  experience  and  results,  is  still 
that  it  is  best  that  workmen  shoidd  not  ])ossess  an  intier 
knowledse  of  the  working  of  a  bonus  system  of  payment.  I 
«lid  not  notice  that  Mr.  Hrocklehnrst  showed  in  his  last  letter 
that  lack  of  this  knowledge  led  to  disaffection  among  the  men. 
A"^  a  matter  of  fact,  the  rates  of  pay  tinder  the  bonu'?  system  I 
adopted  were  never  (Minsidered  unsatisfactory  as  far  as  I  am 


aware.     The  term  "'  bonus  system/"  however,  proved  a  con- 
venient peg  on  which  to  hang  an  agitation  against  speeding-up. 

I  do  not  propose  to  deal  in  detail  with  Mr.  Carney's  long 
letter.  The  more  he  multiplies  his  c^uotations  the  more  likely 
we  are  to  overlook  their  context.  It  is  easy  to  pick  out, 
italicise  and  make  a  lot  of  an  innocent  word  like  ""  fairly."'  It 
is  also  easy  to  .say  that  in  one  case  a  "*  weak  "'  compromise 
was  made  ;  but  the  Paper  makes  it  clear,  I  think,  that  the 
discretion  exercised  in  this  instance  did  not  indicate  weakness. 
Both  driving  and  wcakne.-:.  have  now  been  laid  to  my  charge  ; 
I  plead  guilty  to  neither. 

Although  1  am  fortainly  interested  in  cheap  ])roduction, 
increasing  output  was  ])rimarily  my  object  in  the  work  I  did. 
I  indicated  in  my  Paper  that  fighting  seems  to  some  men  more 
congenial  than  work.  This  liking  for  fighting,  be  it  noted,  is 
in  evidence  before  the  men  have  anything  whatever  to  do  with 
officers.  A  more  likely  explanati(ni  than  Mr.  Carney's  is 
probably  that  fighting  appeals  much  more  directly  to  the 
"  pride  of  life  "  than  ordinary  manual  work. 

Six  minutes'  rest  ])er  hour  may  have  been  too  much  or  too 
little,  as  Mr.  Carney  says  :  it  may  also  have  been  a  good 
average  figure  to  adoi)t.  If  by  the  methods  adopted  .speeding- 
up  was  ra]):dly  accomplished  the  methods  deserve  some  credit. 
1  think  Mr.  Carncys  remarks  regarding  the  complexity  of  the 
nature  and  effects  of  fatigue  hardly  square  with  his  idea  that 
not  one  day  need  have  been  lost  in  applying  the  results  of  years 
of  work  done  on  this  subject. 

While  1  aj)prc(iate  Mr.  Carneys  solicitude  for  my  welfare 
in  steering  between  the  Scylla  and  Charvbdis  he  mentions,  I 
believe  I  negotiated  the  course  sa.i.sfactorily  before  I  knew 
what  his  views  were,  and  now  that  I  have  read  his  contributions 
to  this  discussion  I  cannot  say  that  I  think  they  are  likely  to 
lead  to  results  as  good  as  tho.se  I  obtained  by  my  own  methods. 

London,  June  6.  R.  Rankin. 


BATTERY-ROOM  FLOORS. 


The  construction  of  battery-room  floors  h;: ;  been  carefully  studied 
by  the  New  York  Kdison  Company,  the  acconij)anying  illustrations, 
Figs.  I  and  2  (from  the  "  Electrical  World  ")  showing  a  floor  con- 
struction now  used.  Briefly,  the  floor;  are  made  imjH^rvious  to 
acid  by  a  co%ering  and  are  gradetl  so  that  they  will  drain  toward  one 
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Ki<j.  1.     B.\TrKi«^  I'l  <i<iiil'«iN.sri<i  <  nos  nkak  \\  all.  showino  L.wkKS 
OF  Concrete  Separated  uy  Acid1*rook  Coverings  with  a  Brick 

SrUKACE. 

side  wn'-re  a  gutter  is  pi.i\ido  I  whidi  i' nptic  .  into  .i  lime  box.  Tho 
latter  is  cir.i)lo.\ed  to  neutralise  .iny  acidified  water  ^^bieh  may  l>o 
collected  before  it  is  discharged  into  the  sewer. 

The  acid-i>roof  co\Trincs  .Te  laid  on  ordinary  concrete  floors 
reinforced  by  steel  girders.  Over  this  a  1  :  2  :  4  mixture  of  con- 
crete with  a  ccmont-mortar  Hnish  is  placed.  The  .'surface  is  then 
painted  with  hot  '"  Hydrex  "  lompnund.  and  covered  with  three 
layer.>  of  buttjomted  acid  proof  Hydrex  felt,  the  .strips  l)eing  run 
with  the  flow  line  of  the  room.  The  joints  are  bonded  with  hot 
compound.  -Arotuid  the  hjrders  and  imder  the  drain  box  addi- 
tional layers  of  felt  and  comjKiund  are  emplo_\-ed.     A  second  lay^r 
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of  1  :  2  :  4  concrete  is  placed  over  all,  finished  and  painted  like  tho 
first,  and  covered  with  two  crossed  layers  of  acid-proof  felt.  Laid 
on  this  with  their  longest  dimensions  in  the  direction  of  the  flow 
line  of  the  room  are  8  in.  by  4  in.  by  2-25  in.  vitrified  bricks,  the 
spaces  between  which  are  filled  with  (.)-25  in.  rope  separators  and  hot 
oom])Ound.  The  thickness  of  the  first  layer  of  concrete  is  tajicrcd 
from  the  gutter  to  the  op])Csite  side  of  the  floor  to  give  the  finished 
floor  an  0*8  per  cent,  grade.  The  gutter  in  turn  is  given  a  0-5  per 
cent,  grade.  The  muiiniuni  thickness  of  the  floor  is  made  about 
91  in. 


8"x<"x 2h  Virri  ficd  Cric k 
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"tlbLcad 

Y\(x.  2.. — Method  of  Protecting  Steel  Girdeks  with  Cement  and 

Sheet  Lead. 

Where  the  acid-proof  covering  mutit  pr^ss  over  gircors  they  are 
first  covered  with  neat  cement  and  a  sheet  of  lead,  as  shown  in  the 
accompanying  drr„wing  (Fig.  2).  Around  the  edges  of  the  floor;; 
for  the  battery  rooms  are  built  low  barriers  of  vitrified  brick  coaterl 
with  acid-proof  paint  and  separated  from  tlio  walls  by  Hydrex  fell 
and  hot  compound. 


SCIENCE  AND  THE  STATE. 


The  following  is  an  abstract  of  the  memorial  signed  by  21 
professors  of  this  College  and  presented  to  Lord  Crewe  on  the 
31st  ult.  :— 

We,  the  undersigned,  nubmitted  to  you  in  March  last  a  brief  mcmcrr.n- 
dum  in  support  of  a  memorial  which  had  then  recently  appeared  on 
'■  The  Neglect  of  Science."  We  believe  that  you  will  welcome  a  further 
statement  from  us  as  to  what,  in  our  opinion,  the  Government  could  do 
in  regard  to  this  important  subject. 

What  seems  to  be  primarily  needed  is  that  at  thin  critical  time  in  our 
history,  the  Government,  through  some  of  its  leading  members,  shall 
speak  i^lainly  to  the  country  on  the  question  of  national  education,  and 
shall  guide  and  instruct  the  public  in  a  matter  where  there  is  still  so  much 
lethargy,  misconception  and  ignorance. 

A  large  body  of  opinion  at  Oxford  and  Cambridge  and  in  the  country 
generally,  is  in  favour  of  alter'ng  the  conditions  of  entrance  to  these 
imiversitics.  It  has  been  elear  for  a  long  time  that  to  effect  reform  in 
this  and  other  matters,  an  alteration  in  the  method  of  their  government  is 
required.  And  yet  generation  follows  generation  and  nothing  is  elone. 
Is  it  not  desirable  that,  at  any  rate  immediately  after  the  war,  the  legis- 
lative changes  which  are  desirable  shall  be  introduced  into  Parliament  by 
the  Government  ? 

It  woulel  appear  desirable  that  the  boys  with  brains  should  be  attracted 
to  the  Moelern  as  much  as  to  the  Classical  sides  of  the  schools,  as  far  as  the 
use  of  the  endowments  is  concerned.  At  the  j)resent  time,  however,  it  is 
the  fact  that  many  of  the  best  boyr,  at  the  public  schools  arc  practically 
forced  to  the  classical  side,  and  it  is  often  only  in  exceptional  cases,  as 
where  a  far-seeing  parent  has  intervcneel,  that  a  clever  be)y  has  been 
allowed  seriously  to  study  science. 

In  the  past  a  considerable  proportion  of  the  cleverest  boys  in  these 
schools  and  in  the  preparatory  schools  which  lead  to  them,  have  been 
taught  classics  from  an  early  age,  and  because  many  boys  with  brains 
who  succeed  in  after  life  have  been  educated  in  this  way,  it  has  been 
assumed  that  a  elassical  education  is  more  likely  to  make  a  man  suc- 
cessful in  the  public  service  and  in  other  branches  of  life  than  is .'.  moelern 
or  scientific  education.  AVe  believe  this  assumption  to  lie  quite  lui- 
founded. 

We  desire  to  lay  very  great  stress  upon  the  importance  of  immediately 
devising  means  for  sending  a  larger  supply  of  able  young  men  who  have 
been  thoroughly  educated  in  science  as  part  of  a  well-consielered  curri- 
culum, to  our  universities  and  colleges.  This  would  })roviele  anions  men 
of  business,  or  men  in  public  careers,  a  larger  ])roportion  of  individual;; 
trained  in  scientific  methods,  which  is  generally  recognised  as  of  great 
importance.  In  our  own  experience  now  that  many  leaders  of  inelustry 
are  realising  the  value  of  science,  we  have  found  when  asked  by  them  to 
supply  the  young  and  promising  racji  that  they  require,  that  it  has  been 
sometimes  impossible  to  answer  their  call  simiily  because  of  a  shortage  of 
properly  traincel  men. 

There  are  a  large  number  of  boys  and  younji  men  of  real  ability  to  be 
•ound  in  our  State. aiderl  secondarv  srhools,  <nir  technical  r.cliools  and 


cla.ssc'8,  and  cur  evening  .schooLi.  What  is  needed  is  that  tbeae  shall  bare 
better  opportunities  of  lx;ingweli  taught, and  better  chances  of  coming 
on  to  the  universities  and  collegcB  of  uuiviruity  rank.  For  th-  •  v—  '-vs 
wc  need  in  these  schools,  above  all,  teachers  with  better  pav  ■■r 

]»rospccts.      It  is  impossible  to  get  1 1  he 

teachers  in  these  schools  are  badly  p. I  ly 

other  teachers,  even  any  j)rospect8  of  a  jH-nstion.      I  of 

f-aiaries  for  teachers  of  all  subjects,  especially  in  the  u;  "f 

most  of  these  schools,  mu.st  be  lifted. 

In  order  to  bring  to  the  universities  the  best  1    -  m 

now  leave  the  State-aided  secondary  KchoolH  at  1  'A 

salaries  into  bufsiness  and  industry,  an  arhquHtc  ,x 

thof;2  f -oni  K)  to  18  years  of  a;^e  eiujiht  to  Ik-  jh'  ■*• 

schoolii.  These  should  be  followed  by  the  offer  of  a  largf  number  '»f 
Government  scholarships,  adequate  in  value,  and  tenable  at  the  uni- 
versities and  at  colleges  of  university  rank.  For  the  above-mentioned 
purpofics,  probably  half  a  million  a  year  could  be  wiselj'  spent  with  resuhs 
to  the  nation  of  the;  most  valuable  kinel. 

As  to  the  universities  and  eolleges  themsclvcK,  no  doubt  part  of  th** 
money  for  industrial  research,  which  i«  administered  by  your  IVivy 
Council  Connnittee,  will  be  of  real  service  to  them.  But  much  ha.-,  to  U- 
done  to  put  the  teaching  of  science  and  technolr»;rj-  on  a  \tx*>\v:x  fo«»tin;{  at 
these  institutiems.  The  salaries  of  the  junior  staff  arc  often  much  i«jo 
low.  It  is  estimated  that  the  State  j;rants  to  universities  in  Germany 
arc  about  a  milliem  and  a  half  a  year,  whilst  in  En'.dand  th-y  .irii"unt  to 
less  than  a  (|uarter  of  a  million  a  year.  Another  quarter  of  a  mdiion  a 
year  could  be  advantageou.sly  expended  by  Parhamcnt  in  this  direction. 
The  Government,  therefore,  can,  in  our  opinion,  do  great  service  to 
national  education  in  ensuring  a  more  adequate  position  for  .science  : 
(1)  By  removing  obstacles.  (2)  By  giving  information  an<l  guidanee 
whie  h  may  be  of  .service  to  parents  and  to  the  public  at  large.  (W)  By 
recommending  to  Parliament  considerable  grants  of  )>ublic  money  in  the 
directions  we  have  inelicated. 

We  have  ventureel  to  lay  these  considerations  before  you  beeau.se  we 
know  that,  as  our  chairman,  you  ar'  interested  in  thc.<5C  matters.  Your 
])OHition,  too,  as  chairman  of  the  Privy  Council  Cojumittce  on  Indu.-trial 

Researe-h  ])rings  you  in  contact  with  many  of  thcs"  qursti<m:;.  the  hisrh 

national  import  e)f  which  we  feel  sure  you  appreciate. 

Tiie  Meme)rial  was  signed  by  the  following.  ))r<)fcssiir.-,'  chairs  licins 

given  in  braek(*ts  : — 

H.  B.  Baker,  P.R.S (Chemistry.) 

V.  H.  Blaekman,  P.R.S.    ...     (Plant  Physiology  and  Pathology.) 

W.  A.  Bone,  F.R.S (Chemical" Technology— Fuel  and  Rcfrao- 

torv  Materials.) 

H.  L.  Callenekr,  F.R.S (Phvsics.) 

H.  C.  H.  Carpenter  (Metallurgy.) 

C.  Gilbert  Cullis    (Economic  Mineralogy.) 

W.  E.  Dalby,  F.R.S.    ..:....     (Mechanical  &  Motive  Power  Engineering.) 

S.  Dixon  (Civil  Engineering.) 

J.  Bretland  Farmer,  F.R.S.      (Botany.) 

A.  R.  Forsyth,  F.R.S (Mathematics.) 

A.  Fowler,"  F.R.S (A.strophysics.) 

W.  Frcchcville (Mining. ) 

Percy  Groom  (Technology  of  Woods  and  Fibre  c. ) 

E.  W.  MacBridc,  F.R.S.    ...     (Zoology.)" 

T.  Mather,  F.R.S (Electrical  Engineering.) 

J.  C.  Philip    .     ( Physical  Chenustry. ) 

H.  G.  Plimmer,  F.R.S (Comparative  Pathology-.) 

R.  J.  Strutt   (Physics.) 

Jocelvn  Thorpe.  F.R.S (Organic  Chemistry.) 

W.  W.  Watts,  F.R.S (Geobgy.) 

A.  N.  Whitehead,  F.R.S.  .  .     (Applied  Mathematics.) 


PARLIAMENTARY  INTELLIGENCE. 


TRADE  AFTER  THE  WAR. 

In  the  Hou.se  of  Commons,  on  the  1st  mst..  Mr.  I^etvman  statvd.  .n 
replv  to  some  renuxrks  made  bv  Sir  R.  Cooper,  that  before  the  closo  of 
inii  a  verv  valuable  ir.emorandum  dealing  with  the  industrial  problen-.a 
that  would  naturallv  arise  in  this  eountrv  em  the  conclusion  of  the  war 
had  been  prepared  bv  the  Board  of  Trade.  It  would  not  l.<  w:se  to 
publish  it  at  this  time,  but  he  thought  that  when  it  was  issued  it  w^uld 
be  found  to  contain  i)ro]iosals  which  would  go  far  towanis  solv:ng  the 
vital  i)roblem'^  which  nuist  be  expected.  The  dangers  f.ssoei««tod  with 
wliat  were  kno^^n  as  (German  ir.ethods  of  p^nueful  ^x-netraticn  were 
realiseel  bv  all  in  this  eountrv  now.  The  tonekney  of  traile  prior  to  the 
outbreak  "of  the  war  was  in  the  diivction  of  international  undertakings  : 
but  while  the  people  of  this  country  reganlod  that  as  P"r^My  a  tiade 
matter  and  from  a  national  standpoint  wea-  ontiivly  unseitish.  their-  was 
in  the  ae  tion  of  the  (Germans  a  political  object  as  well  as  a  dishonest  trade 
ob ject  Tb.e  Board  i>f  Traeie  weiv.  as  far  as  possible,  getting  rid  cf  all  the 
German  eleir.ents  in  our  trade.  One  factor  that  was  dittieult  to  deal  wiUi 
was  the  control  which  German  commercial  agents  had  procurtHl  over 
some  particular  outputs  e>f  a  pivotal  character,  such  as  certain  chemicals. 
It  was  not  onlv  capital  and  knowledge  that  wen-  rt-quircd  d  ^ve  wen-  to 
be  inelei-enden"t  in  our  supplies  at  the  end  of  the  war.  Plant  and  man 
power  were  alwi  needed,  and  ,L-mauds  of  military  necessities  upon  these 
must  .  ..me  1  ef.ue  evervlhing  ebe.      .\t  the  same  time,  the  Board  e>f  Trade 
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rc'Cogni.-iLU  ihiit  \m-  niu:  t  Ijc  sclf-supjjorting  in  thos'^  vital  products  when 
the  war  was  over,  for  if  the  gates  had  to  be  opened  after  the  war  to  un- 
eo'ntrolled'  supplies  from  abroad  of  those  products  because  they  fould 
not  ])(:  ])roduccd  at  home  it  would  be  difficult  to  close  the  gates  again. 
Four  (omniitte's  had  bee n  set  up  to  advise  the  Boarfl  of  Trad:>  as  to  the 
[lositioii  of  jnirticular  f/roups  of  trades  after  the  war.  with  special  refcrenc? 
to  iiitcniatixriial  competition.  The  trades  concerned  were  iron  and  steel, 
shipbuilding,  textile,  electrical ;  and  a  fifth  Committ'^e  was  now  being 
;wt  up  for  the  coal  trade.  Tho  mass  of  the  nation  was  in  favour  of  a 
national  trade  policy  after  the  war,  and  thofvj  Committees  were  uninflu- 
enced by  any  of  the  political  questions  or  economic  theories  which  caused 
cohtroversv  before  the  war. 


NEW  GAS  STANDARD. 

A  Bill  has  been  introduced  into  the  House  of  Commons  on  behalf  of  the 
Board  of  Trade  to  empower  gas  undertakings  tD  substitute  a  standard  of 
calorific  ivmor  for  the  prcst  nt  standard  of  illuminating  power.  The 
nu'asure  e.\em])ts  gas  companies  from  penalties  to  which  they  are  now 
liable  if  the  illumihating  power  is  deficient.  Claus,^  1  provides  that  "  in 
considering  the  expedif-ncy  of  making  an  order  under  the  Bill,  the 
government  Department  shall  have  s])"eial  regard  to  whethf^r  the 
comT)anicK  have  erected  and  worked,  or  are  prepared  to  erect  and  work, 
suitable  crude  benzol  recovery  plant  for  the  production  of  benzol  and 
toluol.-' 


LEGAL  INTELLIGENCE. 


A.  Weisenberg  v.  Bodie. 

At  Birmingham  County  Court  last  week  plaintiff  claimed  to  recover 
£/)()  damages  for  ))ersonal  injuries  from  "  Dr.'  W'alford  Bodie. 

I'LAINTIFK  .said  that  on  .lune  12,  KM;'),  he  w<  nt  with  a  friend  to  the 
(laiety,  where  VDr."  Bodie  was  appearing.  During  his  performance 
Bodie  placed  an  the?  stage  an  electric  battery,  and  invited  people  in  the 
audience  to  hold  the  handles  of  the  machine,  assuring  them  it  would  not 
hurt  them.  One  man  in  the  audience  tried  it  a]ipan  ntly  without  harm, 
and  ))iaintiff,  ])lacin<;  reliance  on  Bodic's  statement,  thought  he  would 
like  to  try  it.  and  caught  hold  of  the  handles  which  d'fi  ndant  swung  out 
to  him.  Immediately  ])laintitf  touched  them  he  fell  on  his  back.  He 
received  a  terrible  shock  and  became  uneonseioiis  for  a  second  or  two. 
His  right  arm  became  painful  and  next  morning  he  went  to  the  Quern's 
llos|)ital.  His  arm  became  very  swollen,  and  on  th  ■  following  .Monday 
he  saw  defendant  at  Snvthwick.  where  he  was  ai)pearing.  D<'fendant, 
after  looking  at  his  arm.  said  it  did  |or)k  a  bit  bad,  and  gave  him  a  pre- 
scription, lie  said  it  would  Ik-  all  right,  but  it  might  take  a  week  or  a 
fortnight.      I'laintill  was  unable  to  work  until  August  9. 

l'"or  the  defence.  ^]^.  H.  Hkiiton.  manager  of  the  CJaiety,  said  he  saw 
])laintiff  take  hold  of  the  handles,  but  never  saw  him  fall,  and  no  com- 
piaint  was  made  to  witness. 

Dr.  .Ion  ks  said  from  what  he  had  .seen  "  Dr."  Bodie  generally  used  luLdi- 
fre(|ucncy  curr .nts  from  wliich  it  was  almost  impossible  to  get  any  bad 
results.     Witness  had  not  examined  plaintiff. 

His  HoNoiu  came  to  the  conclusion  that  i)laintiff  suffered  from  an 
'■  overdose  of  current."  and  his  disability  wan  a  cfuiseepK  nee  (tf  that.  It 
.seemed  to  him  that  where  a  man  had  a  l)attery  of  that  kind,  and  rcjire- 
scnted  to  the  audience  it  was  safe  for  them  to  take  hold  of  the  handl(<s. 
there  was  a  duty  ujjon  him  to  see  that  a  high  standard  of  care  was  taken 
to  keep  the  current  under  c(mtrol.  He  dirl  not  think  that  had  been  done 
in  that  ease.  He  gave  judgimiit  for  plaintiff,  and  assessed  damages  at 
£2/5. 

Stay  of  execution  was  granted. 


PATENT   RECORD. 


BPECIFICATIONS  PUBLISHED. 

The  /oUowing  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1914  Spf.:  . 
17,872  Soc.    Marius   Latour  et  Cie. 
(22/11/12.    Divided  appiicitl  ; 
191 
2. '♦04  RUSHTON  &  Coventry  Ele 

nism..  (13/8  15.) 
3.760  Canton.    Incandescent  electric  lamps. 

6.296  Mauclaire  &  Bkeon.    Arc  lamps  adapted  tc  be  :-^ '  f 

elsctricaloscillations  for  wireless  telegraphy,  w 
purpcses. 
Consists  in  thecombination  in 
centr.ilrod  of  carbon  orother  r 
the  other  is  a  hollow  disco' 
t  he  said  disc  having  a  centi  . 
of  t  he  carbon  electrode. 
6,647  TiaEi^sTBDT.    S^und-directing  appliances  for  use  with  telephones  and  micro* 

:    phones.    (20  5/14;) 
6,674  Beavek  &CLAKEMQNT.    Systems.for  the  protection  of  ejectric Cables  in  the  even 

of  extern  aldam  age. 
6.818  King.    Aiitomaticswitchesof electric!  ■■    , 

6.930  Philip  &  Steels.  ■  Electric  measurinv 
6.980  Tanner  &CLAREMONT.     Joint  for  an  electiiccible. 
7.025  Cantrai.i  .     EIPctiictime-.Tl.nim  .indcallsiRnals. 


Mn   of   high-frequency  alternators. 
13.  Nov.  22.) 

IS. 

Ele:;trom.irn<'tir  driving  mech.^- 


7.177  GsOB.     Switching  over  systems   for   electric    lighting  installations  for  railway 

trains  and  the  like. 
7.308  Webb.     Electric  switches. 
7,32t  Chadburn  &Chadburn"s;S-iip)T2LE3RA?hC3.    Ship's  stokehold  and  analogous 

teleg.'-aphic  apparatus. 
7.35'd  Daimlet  Co.,  Lanchester  &  Milligan.     Electrical  transmission  for  automobile 

vehi:le3. 
7,3b7  B.T.-H.Co.    (G.E. Co.)    Wireless  signalling  systems. 

An  electron  discharge  device  is  employed  for  prod  ucingcontinuous  electrical  waves 
in  an  antenna.  The  amplitude  of  the  waves  thus  produced  is  controlled  by  a  second 
electron  discharge  device  opsratively  connected  to  the  first  and  having  associated 
thsrewith  a  telephone  transmitter  or  other  suitable  device  for  varying  the  potential 
of  a  controlling  grid  in  said  second  electron  discharge  device.  By  thus  varying  the 
potential  of  the  grid  in  the  second  device  the  amplitude  of  the  waves  produced  in 
the  antenna  may  be  efficiently  varied  as  desired. 
10.762  B.T.-H.  Co.,  &  Pollock.  Dynamo-electric  machines. 
17,535  Allemanna  Svehska  Elektriska  Aktiebolaget.    Time-lag  electric  switches. 

(9  1/15.) 
17,876  Western  Electric  Co.     (Western  Electric  Co.)     Keyboard  controlling. devices, 
particularly  applicable  to  telephone  systems. 
339  Jackson,  W.  J.  Mellersh.    (Arbib,  A.)     Radiotelegraphy  apparatus.    (7/1/16, 
100.384.) 
Comprises  radiotelegraphy  apparatus  having  primary  and  secondary  coils  movable 
with  respect  to  each  other,  m  which  each  coil  includes  at  least  two  subdivisions,  and 
in  which  one  of  the  subdivisions  is  stationary,  whereas  any  one  of  the  other  three 
may  be  independently  moved  with  respect  to  each  other,  and  also  with  respect  to  the 
stationary  subdivision. 
488  KruppAkt.-Ges.,  F.     Magnetic  separators.    (9/2/15,100,063.) 
4.338  Kr'jppAkt.-Ge,..  F.     Magnetic  separators.     (22/10/15.    Divided  application  on 
488'16,  100,379.) 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  {except  those  marked  t)  cere  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are 
optn  to  iispection  1 2  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  oi  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

May  15,  1916. 
6,893  Crawford,  Preston  &  Sanders.     Electrical  fuse  boards. 
6,897  Clark  &  Gibbins.     Electric  alarm. 

6.929  &  6.930  Haddon.     Mechanical  wave  transmission  of  power. 
6,945  Baumgartner  &  Parris.    Telegraph  systems. 

May  16,  1916. 
6,948  Kenyon.    Tramway  systems. 

6.962  DuNOEY  &  Kersting.     Intercommunication  telephones. 
6.965  Baese.     Localisation  of  foreign  bodies,  and  radiotherapic  appliances.    (17/5/15, 

Italy.) 
6.977  Siemens-Schuckertwerke.     Electrical  connecting-devices.  (22/5/15,  Germany.) 
6.982  Jefferson.    Terminal  seal  for  batteries,  &c.     (21  •515.) 
6.993  Solomon.     Systems  of  wireless  telephony  and  telegraphy. 

May  17.  1916. 
7,009  Short.    Combined  electric  lamp  holder  and  lamp  lock. 
7.014  Kohn.     Electric  furnaces. 
7.023  Cinders.     Joining  ends  of  electrical  conductors. 
7.026  Clay.     Locking  electric  l.^mp>s  in  holders. 

7.061  DuNGBY  &  Davey.     Electrics! sicnalling  and  telephones/stems. 

7.062  Robinson.     Magneto-electric  machines.  &c. 

7.064  Naamlooze  Vehn;xtschap  de  Neperlandsche  Thermo-Telephoon  Maats- 
cHAPPij,  Sdames  &  Langdon-Davies.     Electrically-controlled  clutches. 

May  16,  1916. 

7,091   Brown.     Electro-magnetic  sound  receivers  and  producers. 

7,100  Automatic  Telephone   Manufacturing  Co.     Automatic   telephone  systems. 

(19/7,15,  U.S.) 
7.074  Knight.    Air-inlet    attachment    for    sparking-plogs    for    ijitemal-combustion 

engines. 
7.088  Rosso.     System   of   radio-telegraphy   for  multiple  simultaneous   transmission. 

(18/5/15.  Italy.) 
7,121  Stone  &  Darker.    Dynamo-electric  generators  and  systems  connected  therewith. 

M-.v   19.   19!fc. 
7.187  Brunning  &  Burnett.     E  ■ 
7.156  McLeod.     Electricsl  sirn  . 
7.178  Thain.  Waddingtcn  &   ' 
7.186  Klyne  &  Baker,     In: 


.-stems. 

Electrical  rotary  switches. 

r.ery,  &c. 


M^y  20.  1916. 
7.214  Atukrton.     Electric  motors  with  rnduction  waring. 

7,223   SCHAEFER.       Supi  i 

7.230  Ci.Aus.     Systems  ■  communication. 

7.235  LowooN.     Appar«Wi.  -.■.  ,  .......  ,-...  .n  .... v....  ^ectric  wiresor  cables. 

7.236  CoDD.     Electrical  condensers. 

May  22.  1916. 
7.244  Davenport  &  Stobib.     Electrodes  of  electric  melting  and  heating  (umaoes. 
7.255  British  Insulatk:   ,t  Hhim^y  Tm-lf-sA  Harrison.     Loadingcoils. 
7.258  Western  E:  '  tine  telephone  systems.     (22/5/15.  U.&) 

7,275   ERirHsEV.      !  ... 

7.281  Fr  ' .  ic^rJing  snii  cancelling  or  resetting,  &c..  apparatus  for 

7.288  Tcrq'an;-.     Winers'.  &c.,  electric  lamps. 

M.-,y  fJ    \'*\t. 
7.302  Senior.    Uc- 
7.305  FuRSB  it  Fu 

7.314  WiCKBNS.  A 
7.328  CALLBNnBR.  ^ 
7  \\.:    Pk-  -j..!.       T' 


1  shells,  bombs,  Ac 

.ps. 

Multicore  electric  cables. 


7.34-i   Bbll.      > 
7.3 17  L^CY  &  ' 

May  24.  1916. 
7.380  Mhk?;;.-;     Electric  tamps. 
7.392  Bf:  •  uAnd.  &  SiBMSNS   Bros   &  Co, 


,.     nio-electric  switches, 
tor  conduit*. 

Electric  isnition  or  sparkine 


7,399  &  7.4.V  Maasmaht.     Riilwa 

7.4S6  Fc     '.  '     -».     Etectro-cherr..iil 
7,471  Pass.     c. --.uical  lock  and  c 


phones  for  wireless  telephony  arid  tele- 
iilway-slgnal  levers. 


7,535  Fhkrirh.    9r- 
7,540  Hastin-'.s  & 


>>i^i.,.<>;,w^  .^.  ,. iW5  hones* 
.     May  27,  1916. 


Transmitting  gtir  of  ships'  felsgrapWc,  fcc, 
,tort  for  seMn(]..r\-  b.-.itftias. 
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COMMERCIAL    TOPICS. 


Prohibition 
of  Imports. 


FypIii  "on  nf  ^"  gi'^'^^g  orders  for  tlie  supply  of  machiiieiy  and 
German  Influence.  8°°^!^^*  ''  now  the  usual  practice  to  in^^ert  a 
condition  providing  tliat  the  company  or  person 
to  whom  the  order  is  given  is  not  under  (Jernian  intiuence.  We  have 
recently  come  across  a  striking  instance  of  this  character,  and  in  view 
of  the  interest  in  and  importance  of  this  matter  at  jjresent,  we  give 
below  the  text  of  the  clause  in  question  : — 

The  Oxcroft  CoUlcry  Co.  (Lid.)  give  the  accompanying  order  (or  con- 
tract) u]ion  the  distinct  iind'^-standing  that  the  coiiq'any,  firm  or  in- 
dividual to  whom  it  is  sent  is  not  in  any  way  under  tiie  iiiHuenee  or  control 
directly  or  indirectly  of  any  German,  whether  naturalised  or  otherwire. 
and  that  none  of  the  imvmcntM  or  -profits  arising  from  its  execution  will 
pass  into  the  hands  of  Germans  as  shareliolders,  ]>artners  or  otherwise, 
By  order  of  the  Board,  D.  Palmer,  secretary. 

*  *  *  * 

An  Order  in  Council  was  issued  on  June  1 
prohibiting  the  importation  into  the  United 
Kingdom   of   manufactuics   of  aluminium   and 

manufactures  of  leather  (other  than  belting),  &c. 

*  *         *         * 

^     .     J    J.  The  Petrol  Control  Committee  of  the  Board 

p  ,     .  _       ..  of  Trade  have  issued  a  statement  drawing  the 

Fetrol  Sjuppiies.  attention  of  motorists  and  other  users  of  motor 
spirit  to  the  acts  and  regulations  which  limit  the  amount  of  motor 
spirit  that  may  he  stored  without  a  licence. 

The  Conimittc''  intends  to  take  a  ernf.us  of  motor  xehicleivand  of  ]>etrol 
consumption  and  requiiemcnts,  and  in  the  meantime  a  sub-eoinmittc(> 
(contjisting  of  repreiientativcs  of  the  chief  distiibuting  oi'sionisations)  has 
undertaken  to  regulate  the  sirpply  of  petrol  according  to  the  ela.ssification 
f-ct  out  below.  It  is  not  anticipated  that  there  need  be  any  curtailment 
at  present  of  reasonable  demands  in  C!lasses  A  and  B. 

Class  A  includes  requirements  for  or  by  carriage  of  munitions  of  war 
or  materials  for  munition^of  war  ;  fire  brigades  and  ambulances  ;  lords 
lieutenant,  high  .iheritts,  and  any  ??rviec!5  certified  by  a  Government 
department  to  bo  essential,  medical  practitioners,  motor  cars  used  by  or 
under  the  authority  of  the  Red- Cross  Society,  &c. 

Class  B  ineiudcs  requirements  for  or  by  agricultural  niaehincry,  aircraft 
conveyance  of  goods,  industrial  procri  ses,  motor  cabs  plying  for  hire  and 
u;ed  by  commercial  travellers  for  business  purpoi^es,  motor  fishing,  cargo 
and  passengei  boats  other  than  boats  running  pleasure  services',  motor 
omnibuses  (except  pleasure  services),  railway  companies,  stationary 
engines  (including  lighting  sets). 

Class  C  includes  all  requirements  not  covered  by  Class  A  or  (^lass  B. 
such  as  chars-a-bancs   and  otiier   passenger   vehiclce.   running  pleasure 

services,  motor  boats,  &c. 

*  *  *  * 

The  President  of  the  Board  of  Trade  has 
appointed  a  Committee,  consisting  of  Lord 
Rhondda  (chairman),  Mr.  A.  E.  Bowen.  Mr- 
Newton  Dunn,  Mr.  F.  J.  Jours,  Mr.  A;  Nimnio,  Mr.  A.  F.  Pease,  iSir 
Daniel  M.  Stevenson  and  Mr.  R.  Warhani,  to  consider  the  position 
of  the  coal  trade  after  the  war,  with  especial  reference  to  international 
competition,  and  to  report  what  measures  (if  any)  are  necessary  or 


Future  of  the 
Coal  Trade. 


National 
Organisation. 


desirable  to  safeguard  that  poHition.     Mr.  J.  >L  Smith,  of  the  Board 

of  Trade,  is  secretary  to  the  Committee. 

*         *        «        « 

An  important  conference  of  buKinefui  men  wa« 
held  in  Glasgow  last  we*'  !<t  to  dixcuNB 

methods   of    buisiness   org  n,    &c.     Lord 

Provost  JXinlop  presided,  and  referred  to  the  opixjrtunity  that  pre- 
sented itself  of  .sujjplanting  the  German  trader  in  the  Ru  '    t. 

Sir    Ei)W.\Ki)    Rosi.iNo   said  that   organisation   was  n-  '    ,  a 

German    quality.     They    saw    that    thrfjughout    hi»torj-    >  il 

victory  with  which  military  victorj-  was  Vjound  up  went  to  ;.,  ,.-.»-r 
whose  commerce  was  organised  upon  national  lines.  If  the  industrial 
power  of  this  country'  was  to  survive  in  face  of  the  fierf  c  ■  lO 

national  lines  which  was  certain  to  follow  this  war  w*  .       ■« 

ourselves  upon  the  old  lines,  which  were  not  German  lin>s,  in  Mrii-  r  to 
hold  our  own  in  the  markets  of  the  world.  The  old  and  natural  organisa- 
tion of  our  national  commerce  was  to  take  each  trad?  as  a  unit.  Then 
we  might  have  a  common  organisation  like  the  old  Merchant  Advrnturrre 
to  bind  together  all  tho.sc  organi.sed  trades,  anri  to  bring  prc8.sun-  upon 
the  (Jovernnicnt  to  assist  and  support  anfl  protect  th"  indu.strial  intcn-st 
of  the  country.  If  we  did  not  do  that  he  could  not  well  .see  how  we  were 
to  survive  ;  if  we  did  that  he  thought  we  might  hold  our  f)wn  again.st 
Germany,  the  United  Stat(  s  or  any  other  power  that  was  going  to  com- 
pete with  us.  He  went  into  the  d'^tails  of  the  history  of  the  suear 
industry,  and  he  recalled  that  1 00  years  ago  Great  Britain  largely  controlled 
the  siqiplies  of  tea,  rubber  and  sundry  other  raw  articles  ])rodu<-<il  within 
the  Km])ire,  but  Continental  natiims  saw  the  danger  to  them  of  that 
British  monopoly.  ]}y  1840  beet  sugar  had  become  fairly  well  established 
on  the  Continent,  and  ."JO  years  later  it  had  driven  our  cane  sugar  almost 
out  of  the  world's  mai'ket. "  The  details  of  organisation  that  wert-  .suitable 
for  one  industiy  might  be  quite  unsuitable  for  another.  In  one  it  might 
b(>  necessary  to  seek  the  active  assistance  of  the  Government,  in  ant>ther 
it  might  be  the  y)assive  assistance  that  was  necessary- — in  other  words,  to 
be  left  alone  ;  but  in  all  cases  the  princii)le  of  organisation  nmiained  the 
same — namely,  that  each  enterprise  or  unit  shoukl  be  one  of  a  numb«T  of 
essential  and"  mutually  de])enc]cnt  parts.  He  did  not  want  to  see  our 
industries  the  sport  of  ])olitics.  Our  whole  history  proved  that  our 
industries  were  built  u])  largely  by  national  support,  of  which  the  resrula- 
tion  of  customs  to  ])roteet  particular  industries  played  an  imp'  't. 

The  first  princijile  of  oominercial  success  was  and  must  be  th.  'if 

profit,  not  only  to  the  capitalist,  but  also  to  labour,  and  when  liuv  saw 
that  margin  disappearing  through  the  action  of  foreign  countries,  a.-vsisted 
by  their  Government,  vvc  had  every  reason  to  demand  that  the  Govern- 
ment should  assist  the  industries  of  "the  Empire  to  maintain  th-it  maririn. 
In  the  ])ast  ea])ital  and  labour  have  not  always  seen  eye  to  eye.  aiul  he 
did  not  think  wc  could  expect  it  to  do  so  in  future,  but  there  was  one  aim 
which  should  be  common  to  both,  and  which,  if  we  were  to  maintain  our 
])osition  or  strengthen  it  as  producers  and  manufacturers,  must  be  kept 
constantly  in  view  bv  all.  and  that  was  eitieicncy.  Unless  labour  would 
consent  to  do  its  best  and  not  deliberately  to  reduce  its  possible  output 
there  would  be  little  u.se  i;i  increased  scientific  research  and  impn->vcd 
machinery,  and,  again,  if  capital  was  not  prepared  to  ensure  for  lal>our 
the  result  of  its  increased  output  we  could  hardly  exi>ect  to  see  labour 
view  the  subject  svmpathetically.  Labour  had  organi.sed  itself  chicHy 
as  a  protective  measuK^  airainst  'capital.  "Was  it  too  much  to  hope  that 
canital  and  labour  would  organise  themselves  against  the  common 
enemy,  and  was  it  too  much  to  hope  that  they  wouUI  receive  not  onlv 
sympathetie  but  practical  assistance  from  the  tJovcrnnient  ?  Wh-n-  the 
Government  could  assist  thev  must  |.  now  what  itwts  that  was  rcall>  wai.ted, 

Capt.  Creed  said  the  la.ik  of  organisation  in  this  country  was  not  d\t? 
to  inabilitv  to  or^'anis",  but  to  the  indepeuvient  individualism  which  was 
latent  and'  natural  in  us.  and  to  the  fact  that  K-fore  the  war  we  thought 
we  could  afford  to  indulge  that  trait  of  our  character.     The  or  '     n 

must  be  on  a  scale  hitherto  unconteniplateil.     The  Rntush  w.  :  -t 

organisers  in  the  world,  and  once  their  consent  had  been  gained  iIk  \  were 
the  easiest  people  to  orsxanise. 

;vlr.  S\Ai  MwoK  said  the  need  for  organising  gnnips  of  buMiiess  was 
ur.vent  and  inqiortant,  but  the  foundation  upon  which  the  whole  struc- 
ture must  be  raised  was  orszanisatiou  of  in.lividual  biisinesst's.  Jhere. 
was  a  wide  field  in  which  the  interest  of  employers  and  cinpi  ra 

identical.     Whv  not.  therefore,  enhst  the  co-oiHMation  of  the  ■;  tit 

organisation  which  existed  in  the  trade  unions,  and  make  it  a^a.Ub.e 
in  so  far  as  the  interests  of  employci-s  and  workers  weiv  mutual  . 

A  ivsolution  was  ultimatclv  adopted  appointing  a  committee  rvpn»- 
sentativ.>  of  the  Citv  lousiness  Club  and  the  Rotary  Club,  Glasp^w.  with 
the  following  object's :  ••  ( I)  To  suggest  chan..n>s  in  industrial  org.uus.U.on 
uecessarv  to  defend  the  industries  of  this  city  and  coimtry  and  Empire 
against  "the  resumption  after  the  war  of  aggn^ssive  action  bv  enemy 
countries  :  and  (2)  to  susscst  the  courses  of  action  mHt^ssar>-  to  be  taken 
at  once  in  order  to  secure Vuch  a  commanding  position  for  our  trade  in  this 
citv  and  eountrv  and  Empire  as  t.>  form  a  .lefens.ye  barrier  against  the 
commercial  competition  of  enemy  countries  after  the  war. 
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IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From'^liiy  2!»,  1910,  to  .Juu-  :>,,  1918. 
IMPORTS. 

GKi:/i:;BY.     Denmark.-  Carbon  electrodes,  78  pkss- :  c'.cctrodcs.  10  pkgs. 

Liverpool.  -t/.5. 4..-  Elec.  carbons,  9  rkgs  ;  insulated  wire,  158  pkgs. ;  uncnuir.cratcd 
433  pkgr. 

LONDOH.-  U.S.A. :  Eiec.  machinery,  £2,092:  clcc.  lamps,  £701:  unenumerated. 
£5,909.  Holland  .■  Elec.  lamps,  £3.833  ;  clec.  bulbs.  65  pkgs.  :  elec.  lamps  and  caps,  619 
pkgs.;  unenumcraled,  £2,015.  Switzerland:  Elec.  machinery.  £128;  unenumerated, 
£242.  /'aly :  EIcc.  v/ire.  122  pkgs.  Japan:  Unenumerated.  £376.  Frame:  Carbon 
candles.  £331  :  clec.  meters.  9  pke:.  ;  elec.  machinery,  £310  :  unenumerated,  £247. 
Norway:  Elec.  machinery,  £8.  Sweden:  Elec.  machinery,  £1,839.  Denmark:  Un- 
enumerated, £97. 

Southampton.  —Franc: :   Insulating  material.  52  pker. 

EXPORTS. 

Td  AusTP.A- ASIA.  — /«c'./a«(/.-  Wire  and  cable.  £10  ;  unsnumerated.  £707.  Melbourne: 
Wire  and  cable,  £98  ;  unenumerated,  £7.465.  Sydney:  Elec.  machinery.  £7.608  •  wire 
and  cable,  £3C0  :  teie-rrarh  material.  £100  :  unenumcraled,  £917.  'Vellinclo-t :  Elec. 
machinery.  £266  :  v/irc  and  cable.  £215  ;  unenumerated,  £1,054.  Perth:  Unenumerated 
eu.  Chrisichurch :  E'ec.  mschinery.  £465:  unenumerated.  £36.  Lyttellon :  Elec. 
machinery,  £61:  unenumerated.  £83.  Brisbane:  Unenumerated,  £48.  Fremanllc : 
Uncnumera1c-!.£412  /?;/«f^';i  .•  Wire  and  cable,  £221  :  unenumerated,  £176.  Adelaide: 
Uncnumcrsled.  £167.  Hobart :  Unenumerated.  £141.  Newcastle:  Elec.  cable,  £80; 
dec.  motors.  £318.     Laumaton  :  Elec.  motor.  £1 13. 

Afri'-a.  Durban:  Wire  and  c^blc,  £163  ;  o'cz.  machinery.  £1.427  ;  unenumerated, 
£2,896.  Case  Towi :  E'ec.  machinery,  £899;  unenumerated,  £403.  Pnrt  Elizabeth: 
Elec.  machinery,  £190.  .to?/  London:  Unenumorited,  £88.  Beira :  Wire  and  cable, 
£19;    unenumcraled.  £225. 

EjYpt.  Port  Said:  Elec.  machinery,  £120  :  unenumerated.  £28.  Ahxa"drir.  :  Elec. 
machinery,  £490  ;   unenumerated,  £1 13. 

India.  Ceylon.  1ndo-C:-!ina  and  Straits  Settiement:.  — flow'^fly  .•  Elec.  machinery, 
£147;  uncnumeralcd.  £1.208.  Calcutta:  Elec.  machinery.  £135  ;  wire  and  cable,  £15  : 
unenumerated,  £2,088.  Madras:  Unenumerated.  £482.  Singapore:  Elec.  machinery, 
£20:   unenumerated,  £548.     Ceylon:   Unenumerated.  £271. 

Burma.   -Rangoon:   Wire  and  cable.  £32  ;   unenumerated,  £63. 

Sumatra.  -  Medan  :   E!cc.  meter  and  parts.  £170. 

Chwk  -  Hong  Kong:  Unenumerated.  £302.  Shanghai':  Elec.  lamp-,  15.223  no.; 
v/ire  and  cable.  £78.  Pe,wnr,  :  Elec.  machinery.  £205;  v.-ire  and  cable.  £118;  un 
enumeraKxi,  £261. 

U.S.A.     New  York  :  Unenumerated,  £500. 

South  and  Central  America.  Buenos  Ayres :  Wire  and  cible.  £390  ;  unenumerated, 
£10,319.  ,^«»-/;a»i/'M'0.-  Unenumerated,  £36.  /?/o  Cc//«f05.-  Osram  lam p^,  £38.  Mo>le 
Video:   Elec.  machinery,  £50.     Rosnrip :   Elec.  cable.  £442  ;    unenumerated,  £54. 

Holland.- /I ws/»'/-(/flOT.-  Wire  and  cable.  £663  ;  unenumerated,  £892.  Rotterdam: 
Wire  and  cable.  £1.120  :   unenumerated,  £201. 

Fraiizp.. '-Paris:  Unenumerated.  £562.  Dieppe:  Unenumerated,  £167.  Calais: 
Wire  and  cable,  £174.  /ya;'/-« .■  Tele jraph  material,  £280.  Bordeaux:  Unenumeral'- ! . 
£24. 

PoRTUGAL.^/./sfroH  .'  Wire  and  cable,  £313  :  unenumerated,  £119, 

Russia.     Petrograd  :   Elec.  machinery,  £178, 

Cf^r^ ADA.  -Montreal :  Unenumerated,  £551.  Halifax:  Submarine  telegraph  material, 
£6.215.    St.  John's:  Eiec.  mac^-inery.  £157. 

DKNMAFfK. — Copenhagen:  Wire  and  cable,  £5,843  •   unenumerated,  £269. 

Malta.  -Unenumerated,  £9. 

British  Ci\jlAnA.-~Demerara  :  Unenumerated.  £18. 

Java.     Batavia  :  Wirr  -,nd  -ab'r.  £3,484. 

FOREIGN   GOODS  (duty  paid  and  free). 

Calcutta:  Unenumerated,  £51.  Adelaide:  Unenumerated,  £424.  Alexandria:  Un- 
enumerated, £75.  CaveTown  :  Unenumerated.  £26.  Amsterdam:  Unenumerated.  £309. 
Sydney:  Unenumerated,  £68.  Wellington:  Unenumerated.  £92.  Auckland:  Unenu-. 
merated,  £22.  Bombay:  Unenumerated.  £68.  Buenos  .Ayres:  Unenumerated.  £67 
Copenhagen:  Unenumerated,  £58.  Malta:  Unenumerated,  £65.  New  York:  Un- 
enumerated, £30.  Penang :  Unenumerated,  £60.  Shanghai:  Unenumerated,  £829. 
Dem.erara :  Unenumerated.  £29.  I  isbon  :  Uncnum.crated.  £62.  Petrograd:  Unenumer- 
ated, £470. 

IN   TRANSIT. 

Hong  Kong:  Elec.  lamps,  £6,400.  New  York:  Unc.iumerated,  £80.  Melbourne: 
Elec.  lamps,  £140.    Natal:   Elec.  lamp:,  £1 10.    Sydney  ■  El'c.  tamps.  C720. 

Note. — Tlin  largo  numbor  of  itoms  in  those  official  roturna  under  the 
raiHloading  liincllii^;  "  unonumoratod  "  relate  to  what  is  described  as 
"  eloctrieal  goods  "  and  "electrical  material." 


EDUCATIONAL. 


Technical  College  for  Middlesbrough.     On  Mmidjiy  n  a  ccnfc vcmxo 

of  l(:(;i'  Ml  iiiiiii:  Ics.  <'  ii|ilii,\rrs  ,  f  l.ihoiir  iiiHl  c  hiciition  a-.it  horilie.; 
of  Durliani  and  the  North  Ri<lin'^  of  VorkHhirc,  the  urfjont  nee :!  of 
lietter  facililies  for  (o'l-n'';.!  rnd  scientific  instruction  to  meet  the 
growing  coin|  etition  in  lia  le  ;in(i  industry  was  cn|)hasi.M'  1  In-  many 
spexkor.s,  and  a  sc' r  i  e  w.'.ii  la  inched  for  the  e.^tablishmoiit  of  iv 
technical  ( ollege  a'  Middlc:d)r.iugh.  Mr.  .Fofopli  Cojistanf inc.  a 
loca'  :i}iipo\vne",  j-Jive  t-40,(l  (I  ail  other  locii'  firjns  promise  1  tl."i.(MM(. 


BUSINESS  NOTICES. 


Ti'.e  hea:l  oflices  of  Messrs.  I^eny.  Skiinn- '  iV  Co.  have  been  movetl 
to  "  Tite  Switcl)  Houi  e."  Sli,  Xe.vman  street,  Oxford-street,  I»ndon. 
VV.  The  new  toU>grapliic  address  will  I  e  "  Ploleniaist  Ox  I^ondon," 
and  telei)!u)ne  Nos.  ""  Musenni  .TJIO  a:id  :i:i]l." 

Tiie  London  ofTioes  of  tie  M(  nometer  Mfg.  Co.  (Lid,)  have  l.een 
lenoNci  to  lm],e-ia!  House,  Kiii<,'Nway.  \V.<".  Te'ephone  :  ('erranl 
MM. 

Cha;.  Senior  Kn,L;/clin;  i.:i<l  dits.  Str.)ud  Xunn.  tracbng  as  the 
Western  Klectric  La:np  Co..  1  i"i:  ;t,  ,'<un  stiec;.  Kinsbury.  Lindon. 
K.C..  have  dissolved  jiintnersliip.  Debts  by  .Mr.  Kngzelins.  who 
eonliuues  the  Ixisiness. 


PUnt  for  Sale.  Bamslcy  Corporation  have  for  sa'c  two  7.5  kw. 
d.c.  direct -Cvjujjled  generating  sct.s  (Willans  ciglncs  a:id  Johnson  & 
Phillips  dynamo;;).  Tenders,  addressed  to  the  Boroug!i  E'.o^trical 
Engineer,  bv  Juno  17.     See  also  an  advert iseni'inf. 

A  Belli;s.s  .steam  engine  coupled  to  an  E.C.C.  dynamo  (8(J  100  kw., 
10.5  volts)  and  a  Rofccy  horizontal  cross-compound  engine  arc 
advertised  for  sale  by  the  Electric  Con ?;truotion  Co.,  Wolverhampton. 

LIQUIDATIONS.  BANKRUPTCIES,  &c. 

Mr.  i"".  .S  Cullc;,-,  Qucca-iliec'.,  Norwich,  h;vj  l.co:i  appoin'icJ  a^ 
additional  liquidator  of  Xorman  &  Eeard  (Ltd.)  (in  vol.  liq.),  and 
claims  arc  to  be  sent  to  him  by  July  15. 

The  Ea-iton  Lift  Co.  (Ltd.)  is  being  wound  up  voluntarily  and  Mr. 
H.  C.  Holm  :;,  2'.i,  Patcnioster-row,  London,  E.C.,  has  been  ap{X)inted 
liquidator.  A  meeting  of  creditors  will  take  place  at  Express  Works, 
New  Cut,  London,  S.E.,  on  June  15. 

Claims  against  (!ei.  Ed.v<l.  Bonner,  c'cetrica'  agent,  Asheroft, 
105.  Eox-lane,  Pa'mers  (Jreen,  Middlesex,  arc  to  be  r,ent  by  .Tune  21 
to  Mr.  E.  W.  J.  Savill,  14,  He  Iford-row,  London,  W.C. 

At  Bristol  County  Court,  on  the  31st  ult.,  ]Me.s;;rs.  Haslam  & 
Stretton  a])j)iiefl  for  iv.  order  for  f  lie  winding  up  of  the  Colston  E!ee- 
trieal  Works  (Ltd.),  of  Bristol. 

.Mr.  HAsr..\M  'aid  he  tlioujiht  th"  petitioning  oivditors  were  entitled  to 
th  •  wiiidiii<;-ujj  order  being  mad".  A  ^hort  time  ago  the  company  !vsk<  <'. 
thcni  to  aj^roe  to  the  jietition  being  withdrawn  and  the  company  wound 
u])  voluntarily.  On  May  ?3  Mr.  Arthur  Collins  was  appointed  liquidator 
by  the  company.  If  the  company  were  wound  up  voluntarily  an  offer 
of  12s.  fid.  in  the  £  would  be  made  by  outside  people.  His  chents  thought 
it  would  lie  to  their  interest  to  have  the  ])ctition  withdrawn  and  the 
voluntary  liquidation  car;ic(l  out.      It  was  a  matter  for  the  (  n ditors. 

.Mr.  Wkathkki.v  (for  Simpl'-x  Conduits.  Ltd.),  who  had  Ixcn  i  leditur.'; 
for  £490.  and  were  now  for  about  £90)  said  it  was  thought  the  .a.ssctr. 
when  realised  would  be  more  than  the  liabiliti<  s.  £71)7  wa:.  ti.e  amount 
of  the  total  liabilitic.v 

.Mr.  W.  S.  Bkows  :;aid  Ik-  was  no  party  to  what  was  don"  at  the  m(  i  ting 
and  had  no  voice  of  it. 

.Mr.  Twi.oK  (for  the  Colston  C  unjiany)  said  the  Simplex  Company  ha<l 
claimed  about  £.500.  and  tiny  oi)tained  judgmi  nt  and  j)ut  in  a;^  execution. 
As  a  matter  of  fact,  they  reduced  their  claim  to  about  £90.  Win  n  tlu;,* 
did  that  Haslani  &  Stretton  (who  were  c  roditors  for  about  £80  or  £{I0)  put 
a  petiti(n  on  the  file,  which  was  hoard  tliat  day.  When  the  petition  was 
Ijresented  the  idea  the\  had  was  to  ])rotect  the  estate,  and  they  a,q>lied 
that  the  official  receiver  .should  be  made  liquidator,  and  he  believed  that 
he  had  taken  possession  of  the  asset.-;.  Then  thei-e  was  an  informal 
meeting  in  Bristol  to  see  if  something  could  Ik-  done  to  keep  the  company 
on  foot,  and  the  largest  creditors  were  ropresenteci.  The  meeting  waa 
held  on  May  12.  creditors  for  £520  hcinjt  reprtsented.  It  was  stated  that 
there  were  person;  wlio  would  guarantee  12.s.  Od.  in  the  £  if  no  order  was 
made.     He  asked  for  an  adjournment  to  eonr.ider  the  matter. 

After  di.s.ussion,  his  Honoik  said  he  did  not  see  why  h'-  ;hou1d  not 
make  an  order  for  a  compulsory  winding  u\\ 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Bnttersea.  -Tiie  Electricity  Committee  roj)orts  that  in  de.iling 
witii  the  supply  of  energy  in  the  Nine  Ehns  and  Churehroa  1  dis- 
tricts, it  had  a-ranged  for  the  supply  of  an  additional  5tKI  k.v.a. 
travformer  in  the  Xe.v-road  .sub-station  by  the  British  Electrical 
T.a-i sformor  Co.,  and  for  t!ie  supply  of  switchge--  by  the  British 
West  Mighou.'o  Co. 

The  CiMiimittce  rccomm<<nds  the  ere<'tion  of  a  sub-s.tation  adjoining 
th"  Nin"  Kims  Baths  at  a  cost  of  about  £I.2(KI.  For  some  time  i)ast  the 
Committee  has  been  in  neg«»tintion  with  l^l>eoek  &  Wilcox  with  rc- 
fe  -enre  to  their  contr.ift  for  a  boilor  and  stoker  s.upplied  to  the  generating 
station.  Til"  firm  have  now  iiiiilTtaken  to  replace  the  mechanical  stoker 
witli  one  i.imilar  to  tho.sf  already  installed,  the  Council  to  pay  £.50 
liiwanis  two  yeani'  maintenance  of  the  stoker  to  Ix*  n^jilaced. 

Belfast,  T,init  week  the  City  Couneil  considered  a  ro|Kirt  on  the 
ne(e.^sit\  of  carrying  out  extensions  at  the  e!eetricity  supply  v\<irks. 
.•ind  they  were  ieeonnneii<led  to  a])|toint  a  deputation  to  wait  upon 
ihe  L.t;.  Itoard  to  explain  the  faetn  and  to  ask  them  to  authorii^p  thi* 
expenditute  of  C2K,.'l01  on  extension;;. 

The  ,)i<.(><  il  w..  «  p,K\--ed  by  Aid.  Tyrr>dl,  who  thought  that  the  sum 
mi  ntioiv  d  w-i  uld  not  h>  .'-uftie!*  nt,  ;n.ismueh  as  the  estimate  was  drawn 
up  in  Januarv,  1S>L5.  Ho  was  .;pjKi:vd  to  the  ex]K>nditure  of  .such  a  sum 
upon  a  iiatchwork  oeh-mo.  or  the  present  works  would  not  admit  of 
extensions  suftiei^  nt  to  meet  thr-  recpiiixMiients  <f  the  city  for  the  next 
•to  or  50  year.-i.  Kvi  ntiially  his  anv  ndnvnt  wa*;  r-jcctrd  ."ml  the  ("<im- 
mittee"s  rreonin.endation  approved. 

Bradford. — On  Tuesday  tie  Eleitriciiy  (  omnmtee  leeominendcd 
that,  ill  \  iew  of  the  ever-growing  demands  u|xin  the  de|wrtnient  for 
the  supply  of  oVetrioity.  application  should  he  made  for  sanction  to 
borrow  tl(Mi.(MM)  fcir  exte  isions  of  the  generating  plant. 
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Hammersmith. — The  L.C.C.  has  sanctioned  the  borrowing  by  the 
Borough  Council  of  £3,000  for  the  electricity  undertaking. 

The  order  sanctioning  the  borrowinj;  will,  however,  not  he  isrsu' (I  until 
the  Borough  Council  agrees  to  limit  all  expenditure  under  the  sanction, 
during  the  war,  to  the  })ro vision  of  mains,  plant  and  houic  services  neces- 
sary to  supply  energy  to  consumers  doing  work  directly  or  indirectly  for 
the  Government. 

The  Electricity  Committ<-e  has  reported  upon  the  letter  from  the  Hoai'd 
of  Trade  on  the  i)icreasing  ditticulties  of  ])roviding  su])plies  of  coal,  and 
calling  attention  to  the  considerable  saving  that  can  !:e  eft'"(ted  l)y 
arranging  for  inter-connection  and  joint  working  of  elei:tric  supply  under- 
takings. The  committee  reminds  the  Council  that  in  June  last  a  scheme 
for  linking-up  the  generating  stations  of  Battersea,  Fulham  and  Hammer- 
smith was  approved  in  princijjle,  subject  to  the  necessary  consents  being 
obtained.  H.M.  Treasury,  however,  only  sanctioned  such  capital 
expenditure  on  the  scheme  as  was  then  alleged  to  be  urgently  nece:  ;ary 
for  the  eifeetive  maintenance  of  existing  supplies,  and  the  London  (!()unty 
Council,  therefore,  decided  that  loans  must  at  that  time  be  limited  to  the 
cost  of  linking-up  the  undertakings  of  Battersea  and  Fulham.  The 
Borough  ('ouneil,  however,  strongly  pressed  the  advisability  of  carrying 
out  the  eom])lete  scheme,  but  the  Treasury  adhered  to  their  original 
decision.  Accordinjily  Hammersmith  had  no  alternative  but  to  withdraw 
from  the  sejieme.  Having  regard  to  the  t-rms  of  the  Board's  ])resent 
letter,  the  Committee  has  now  directed  the  Town  Clerk  to  re -open  nego- 
tiations with  the  Government  departments  concerned  upon  the  desir- 
ability of  completing  the  original  scheme  of  linking-up. 

Wolverhampton. — The  Corporation  have  applied  for  sanction  to 
borrow  £17,160  for  additional  boiler  house  plant  for  the  electricity 
works. 

GENERAL. 

Aberdeen. — The  Electricity  Committee  is  in  negotiation  with  a 
firm  for  the  supply  of  electrical  energy  for  jiower  to  a  new  shi])bnilding 
yard. 

Birmingham. — The  aceountr,  of  the  Electric  Sup])ly  and  Tramways 
Committees  were  subniitted  to  and  app7*oved  by  the  Council  on 
Wednesday. 

Aid.  Jephcott,  in  ])n:senting  the  nport  of  the  Elecitrie  Supply  Com- 
mittee, said  ttie  outjiut  had  risen  50  per  c(  nt.,  the  jirincapal  increase  being 
in  l.t.  and  li.t.  power.  The  cost  oi  generation  had  also  incrcaicd,  owing 
to  the  high  price  of  fuel,  and  other  cau:  c--. 

Finchley. — The  Council  has  decided  to  increase  the  price  of  current 
for  private  lighting  by  another  10  per  cent,  in  addition  to  the  10  per 
cent,  previously  decided  upon. 

The  price  of  current  for  power  will  also  be  incrcaEcd  as  from  the  above- 
mentioned  date  a,'3  follows  :  (a)  Consumers  with  a  load  factor  of  33^  per 
cent,  or  less,  by  10  per  cent.  ;  (b)  exceeding  33i  per  cent.,  the  increase  to 
be  the  percentage  amount  of  the  excess  fuel  cost  over  0-9d.  per  unit 
generated,  v/ith  a  limit  of  10  per  cent. 

It  is  also  proposed  to  suspend  on  and  after  Aug,  1  and  during  the 
period  of  the  war  the  clause  of  the  general  conditions  of  supply  relating  to 
free  Kcrvicc  connections. 

Fulham  (London). — The  Electricity  Committee  recommend  the 
Council  to  convey  their  congratulations  to  Mr.  T.  H.  Welch  (shift 
engineer)  upon  the  courage  and  skill  he  displayed  in  rescuing  a  man 
from  drowning. 

Last  month  one  of  the  employes  at  Townmead  Wharf  was  struck  by  a 
crane,  and  knocked  into  the  river.  The  man,  who  was  rendered  insen- 
sible by  the  blow,  would  have  been  drowned  but  for  the  promptitude 
with  which  Mr.  Welch  jumped  into  the  river  and  succeeded  in  bringing 
liim  to  the  bank.  The  committee  recommend  Mr.  Welch  for  the  Royal 
Humane  Society's  medal  or  certificate  for  saving  life. 

Ilkeston. — For  some  time  negotiations  have  been  going  on  between 
the  Corporation  and  the  Nottinghamshire  and  Derbyshire  Electric 
Power  Co.,  as  to  the  purchase  by  the  Company  of  the  Municipal 
electric  tramways  and  electric  supply  undertakings. 

The  company's  offer  was  recently  considered  by  the  Tramways  and 
Electricity  Committee,  when  it  was  decided  to  recommend  the  Council  to 
accept  the  terms  offered.  In  turn,  the  Council  (as  a  General  Purpos'?s 
Committee)  considered  the  matter,  and  decided  by  a  large  majority  to 
accept  the  offer,  and  to  sell  the  rmdertakings.  The  resolution  was 
submitted  for  confirmation  to  the  ordinary  meeting  of  the  Council  on 
Tuesday. 

The  electric  tramways  were  opened  on  May  IG,  1903,  and  durum' the 
whole  of  the  time  they  have  involved  an  annual  loss  var;v'iiig  from  £2,000 
to  £3,000,  equal  to  a  rate  of  from  6d.  to  9d.  in  the  pound.  Considerable 
expenditure  is  now  needed  to  put  the  track  in  better  order,  and  new  cars 
are  also  required. 

The  proposed  sale  was  approved  by  the  Council. 

Liverpool.— The  Corporation  is  recommended  by  the  Finance  Com- 
mittee not  to  approve  the  resolution  of  the  Tramways,  Electric 
Power  and  Lighting  Committee  to  increase  the  pay  of  certam  of  their 
employes  by  Jd.  per  hour,  but  that  a  war  bonus  of  Is.  6d.  per  week 
should  be  given  to  all  men  in  the  Corporation  employ  of  1 8  years  of 
age  and  upwards  who  are  in  receipt  of  a  weekly  wage,  and  who  have 
been  in  the  service  of  the  Corporation  for  at  least  12  months,  with  a 
proviso  that  no  man  shall  receive  by  reason  of  such  bonus  a  sum  in 
(excess  of  £3  per  week. 


Maidstone.  -Tne  Council  b;i,»  '  ;/»-.«  for 

the  sujjply  of  electrical  energy.  ne  into 

force  on  July  J,  aiifl  reprcHciitH  an  mcrcane  of  25  jjer  cent,  over  pre- 
war rates. 

Salford.— Tho  Electricity  Coiumittee  rccomicendH  tt.i-  Council  to 
agree  to  a  reduction  of  2i  (>er  cent,  in  the  contract  <  U,r  the 

Kiipi)Iy  of  olcctrica!  energy  to  the  worka  of  R.  Haworth  &.  Co. 
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LIGHTING  &  POWER  NOTES. 


Illlllllllllllll 

Electricity  in  Mining. —At  the  recent  meeting  of  the  Waihi  J^Iold 
Mining  Co.  (Ltd.)  it  was  stated  that  seversil  items  of  ex|jenxe  would 
have  been  very  much  larger  than  thty  are  if  it  had  not  been  for  the 
Mora  Mora  hydro-electric  plant,  which  wa.s  exercising  a  most  benetiria! 
influence  on  their  costs  in  every  wav.  Last  year  they  werr-  not  able 
t-j  estimate  the  advantage  it  was  jiroving  to  the  fom|»any,  though 
they  knew  it  was  considerable,  but  this  year  a  careful  coni)tarisoii 
had  been  made  between  the  costs  for  1915  and  the  costs  for  1913, 
when  the  electric  installation  was  not  at  work.  S<j  far  as  it  could  1-c 
estimated,  it  was  effecting  a  saving  of  between  £20,000  and  £25,<XlO. 

In  the  annual  report  of  the  Western  Dominion  Collieries  (Ltd.)  it  i;j 
stated  that  the  company  requires  a  new  shaft  and  tipple  on  another  part 
of  the  company's  property,  or  veiy  extensive  underground  electrical 
haulage  equipment  to  extend  the  present  workings,  the  expense  of  which 
will  in  cither  case  be  considerable. 

The  water  trouble  at  the  Saltwood  collicrj-  of  the  Denby  Iron  k  Coal 
Co.  has  now  been  overcome.  An  electrically -driven  pumpine  plant  has; 
been  erected,  which  will  deal  with  .til  the  water,  but  as  a  stand-by  the 
eteam  pumps  are  being  rebuilt. 

Leyton. — The  Highways  Committee  has  agreed  to  the  eledr.V 
lighting  department's  pro])osal  to  make  a  charge  of  £10  |)er  lamp  per 
annum  for  lighting  arc  lamps  converted  into  incandescent.  Th»' 
dcj)artment  is  making  no  charge  for  carrying  out  the  conversion,  the 
cost  of  which  is  estimated  at  £100. 

Plymouth. — The  Electricity  &  Street  Lighting  Committee  ha^ 
decided  to  suppress  public  lighting  altogether  until  further  orders. 

The  electrical  engineer  (Mr.  E.  G.  Okell)  reports  that  for  the  quarter 
ended  March  the  Prince  Rock  station  sold  1.084,427  units,  producins 
estimated  receipts  of  £11,340,  compared  w'th  910,589  units  sold  and 
£9,74.5  received  in  the  corresponding  quarter  of  1915.  In  th?  year  ended 
March  31  the  units  sold  were  3,553,878,  and  the  recciptG  £35.589.  com- 
pared with  3,155,233  units  sold  and  31.901  received  in  tho  previous  j-ear. 
The  Newport-street  section  sold  866,651  units  last  quarter,  the  rcctMptc 
being  £7,797,  compared  with  742,070  units  sold  and  £6.640  received  in 
the  corresponding  period  of  last  year.  In  the  12  months  ended  March 
31,  2,834,734  units  were  sold  and  £24,989  received  in  the  Newport -street 
section,  against  2,520,720  imits  sold  and  £21,790  received  in  1915.  The 
number  of  consumers  in  the  Prince  Rock  section  was  2,061  (against  1,908) 
and  in  the  Newport-street  section  1,013,  .igainst  90S. 

Reigate. — At  last  week's  meeting  of  the  Council  the  chairman  of 
the  Electricity  Committee  (Mr.  Pries*)  said  that  their  heating  and 
jiower  supply  had  increased  30 -25  per  cent,  up  to  March  last. 


TRACTION   NOTES. 


Aberdeen.— The  Aberdeen  Suburban  Tramway  Co.  has  established 
on  the  Deeside  route  an  international  tin  e  recorder,  which  gives  an 
absolutely  accurate  automatic  record  of  tb.e  time  a  ear  jmsses  a 
given  2)oint. 

The  conductor  of  each  car  is  provided  with  a  key  bearing  the  diatincti\-e 
lUnnber  of  his  car.  He  presses  this  key  into  a  n^ct>ss  in  tho  front  of  the 
recorder,  and  this  unlocks  a  shutter  pormittiuii  hiiu  to  in-!«>rt  tho  key 
int  the  proper  keyhole  to  record  the  time  and  number  of  tho  car.  A 
printed  record  of  the  time  a  car  passes  a  given  point  is  in  this  u-av 
obtained,  and  can  be  compared  with  the  scheduled  times  and  irregularity 
noted. 

Accrington.— The  msurance  of  the  tramway  depot  will  be  under- 
taken by  the  Corporation's  own  lire  insurance  fuiul. 

Belfast.— The  Electricity  Committee  recently  received  42  appli- 
cations for  the  position  of  tramways  manager,  and  these  have  been 
reduced  to  the  followmg  six  :— 

Mr.  J.  S.  D.  Mortett.  manasrer  We.n  Ham  tramways;  Mr.  Wdham 
J.  .MCombe.  manasjer  Hull  tramways  ;  Mr.  R.  S.  Pilchor.  manager 
Aberdeen  tramwa\s;  Mr.  .1.  F.  Simp-on.  manager  IVeston  tramways; 
Mr.  J.  W.  Duijdale.  manaser  Oklham  tranuvays  ;  and  .Mr.  R.  H.  Wdkin- 
son.  manaser  Huddersfield  tramway.;.  A  sub-committee  has  been 
a])pointed  to  visit  the  svstems  with  whieb  tlie  selected  applic!\nt.>  are 
connected  and  lo  rejioit. 
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Bolton. — Owing  to  the  difficulty  in  obtaining  suitable  male  labour  for 
car  cloaiiuig  in  <ho  nighttime,  women  arc  to  beemjtloyedforthc  work. 

lo4  crnpioyi's  of  tlie  ilepiitiuoiit  are  Kcrviiig  v.ith  tlu-  colours,  ai!<l  18 
more  arc  to  go.     40  women  conductors  are  now  employed. 

A  deputation  from  the  Association  of  Tramway  \Vorkers  met  the 
Tramways  (iommittce  last  week  in  reference  to  aii  application  for  an 
advance  of  ^d.  per  hour  for  motormen,  conductors,  overhaulers,  cleaners 
and  day  labourers.  A  special  war  bonus  of  .',d.  jjcr  hour  to  Corporation 
workmen  v/ho,se  wages  do  not  exceed  40s.  a  week  was  agreed  to,  and  this 
will  be  sul>mitted  to  the  men's  union. 

Bradford. — The  Tramways  Committee  has  adopted  a  rejwrt  by 
the  general  manager  of  the  tramways  (.Mr.  C.  J.  Silencer)  on  the 
question  of  extending  the  tramway  stages. 

In  his  report,  Mr.  ,S]Kn((r  reminds  the  Committee  of  his  report  on  the 
same  subject  made  in  lOIo  ;ind  states  that  then-  is  very  little  that  he  can 
add  to  it.  Owinj;  to  the  war  ( Dnditions  are  still  very  far  from  normal  and 
circumstanc<  h  an-  not  favourable  to  a  eheapi  niny  "f  tramway  fares.  The 
question  is  not  merely  one  of  Icnjfthcninti  the  CJreat  Horton  or  any 
particular  stage.  If  the  Crcat  Horton  stage  were  k  ngthencd,  then  other 
stages  with  equallj'  good  elaims  must  be  dealt  with  at  the  same  time.  On 
the  face  of  the  accounts  the  results  for  the  ])ast  year  are  similar  to  those 
of  normal  years.  The  net  ])rofit  is  ajiproximately  the  same,  but  a  close 
examination  of  the  accounts,  however,  reveals  the  fact  very  ])lainly  that 
the  tramways  have  been  working  during  the  year  under  very  abnormal 
conditions,  and  that  the  effect  of  thone  conditions  has  had  a  marked 
influence  ujion  th(!  accounts.  The  total  cost  of  f)])cration  per  ear-mile 
(including  interest  and  sinkinjr  fund)  for  the  year  just  clo.sed,  amounted 
to  ililOad.  Takin-i  the  five  years  ended  March  :i\.  litU,  the  receipts 
per  (-ar-mile  averaged  ir4:M>d.,  or  0-4(i'id.  ])er  car-mile-  kss  than  the 
exi)ens(s  for  the  year  just  dosed.  It  followed,  therefore,  that  had  the 
receij)ts  of  war  time  been  the  same  per  car-mile  an  the  average  of  the 
previous  five  years  in  peace  time  there  would  have  been  a  loss  of  nearly 
^(1.  ])er  car-mile,  or  a  total  of  £l2,iKK).  i{ecei|its  lur  car-mile  had  been 
exceedinuiy  i;ood  durinjr  the  war.  due  to  the  extraordinary  volinne  of 
traflic  eons''((U''nt  on  j.'ood  tra<le  arnl  war  work,  and  to  the  restrieition  of 
the  service  owing  to  insufficiency  of  staff  and  cars,  and  the  conse<|uent 
reduction  of  car-miles  run.  The  unpleasant  aceom])animrnt  of  the  latter 
factor  has  been  the  r)vercrowding  of  cars.  The  extension  of  the  Id.  fare 
stages  inuler  ])rcscnt  conditions  would  n  suit  in  a  eonsid<rabl''  loss  of 
revenue,  uidess  it  w<'re  ]io(;sible  to  ]iut  on  additional  ears  to  meet  the 
extra  traflic  which  would  be  attracted  by  the  chea])er  rides.  I'nder 
present  (■onditions  it  would  lj<!  inqxjssibk'  to  ])rovide  cars  to  nu'ct  the 
demand  of  the  extra  traffic,  so  that  tw"  thin<.'s  would  inevitably  hap])en, 
vi/,.,(l)  a  reduction  in  i-ecei])ls,  and  (2)  a  still  furth<'r  overcrowding  of  cars. 
At  the  ])rcsi'nt  niomcnt  it  was  very  inadvisalde  to  (  hea)ien  tramway  fans, 
thouj:li  he  (juite  agreed  that  under  noi-nial  circunislanccs  the  proposition 
was  in  the  rij.dit  direction.  He  had  made  incjuirics  from  78  towns  as  to 
alterations  in  fare  stages  since  the  beginnin<r  of  the  war,  and  in  12  towns 
(includinj;  Mirminuham)  fares  had  been  increased  since  the  war  started. 
In  (i()  towns  no  alteration  had  been  nuide,  and  only  in  one  case  had  any 
(l<Tr<:ise  In  fai-es  tak<  n  )ilac(>. 

Glasgow.—  Kor  the  year  ended  May  .31  tl-.e  traflic  receipts  of  tl  e 
tramways  (l(!|)artment  wore  £l,l48,r)4.'},  against  £l.(>7(l,:ir»4  in  Htl4- 
]/),  an  increase  of  £78,185). 

Gloucester.  -It  -was  annouiHcd  (o  (he  Council  last  week  thai  (he 
inatiiger  niach;  a  special  report  on  (he  financial  po.sition  of  the  light 
railways. 

It  appeared  from  the  icport  that  all  practical  economies  had  lieen 
adopted,  an<l  that  the  oidy  way  of  avoiding  the  ])reKent  deficit  o!)  the 
v.-orkin;i  of  th'-  uiulerlakiiif:  would  he  1o  increase  the  fares.  The  simplest 
and  best  way  would  be  to  adhere  to  the  existing  stages  as  far  as  prac- 
ticable, but  to  charge  Id.  for  two  instead  of  thre**  stages,  which  in  most 
eases  would  give  a  little  over  a  mile  for  hi.  Instead  of  aholishing  t-rans- 
for  tick"ts  they  should  be  issued  as  nt  pre-ent  at  I.'.d.  instead  of  Id.  The 
ri'poit  II  lid  sn^f^'csl  ions  v.  ern  adopted. 

London  County  Council.  On  Tuesday  (he  Highways  Ctmwnittee 
siil)mit(e(l  Hivised  estima((*s  of  e«pi(al  expenditure!  on  tramways  for 
year  ending  March  .'U,  I!I17,  and  half-year  ending  Sep(.  ;{(),  |<(I7. 

The  lirsl  ileni  uas  tKJj.SO,")  and  the  .Mcond  iKl.-l.'Jd.  A  sum  <if  tSl.ToO 
for  machinery  and  ])lant  and  buildini>;H  at  tireenwieh  >f('"'Tating  station 
is  included. 

Ddiihliiii/  (if  Trnwiftiffs.- ^An  istimnte  of  t2,750  for  (he  further  d<iid)ling 
(•f  I  r.i  iiiw  .'ly-  ill  ^\'o(ll\^  icli  was  apprn\id. 

Manchester-Bury  Electric  Railway.  The  numl  er  of  trains  on  the 
L.  &  y.  Kaiiway  fioni  \i(  toria  ,s(ati()n.  Manches(er,  to  l'res(wi(h 
and  Bury  has  been  increased. 

The  time  occuiiicd  hy  an  electric  train  iMtwecn  Manchester  and 
Prcstwich  is  12  minutes,  or  six  minutes  less  than  «  steam  train.  On 
Sundays  a  half  hourly  service  will  Ik-  run  each  wh\  fnun  7-.")(t  a  m  till 
lOr.'fO  li.ni. 

North  London  Railway  Electrification.— Trial  runs  have  I  een  made 

on  tl  e  poi(  ion  of  the  line  li'tweeii  Kroadsdeet  and  Hiehinond.  which 
has  Icen  eepiipped  for  elee(ric  traction,  and  it  is  hoped  t!ial  ihe 
electric  service  will  l,e  inaugurated  in  >epten>l  er. 

Plymouth.  -The  Tramways  Commi((ee  has  again  had  under  con- 
sideration ihe  repor(  by  the  manager  (Mr.  C.  H.  Kv<-rs<in)  on  (he 
Hdop(i(ui  of  universal  penny  fares. 

Mr.  Kakuson,  in  his  re]u.rl.  said  (heix'  weiv  as  many  systonu  of  foivs 


as  tramway  systems.  CJenerallj'  speaking,  the  system  of  fare  stages  had 
not  ffiven  sati;rfaetion.  Where  tramways  were  owned  and  worked  by 
a  Corporation  agitations  were  repeatedly  taking  place  for  universal  pemiy 
fares-  -fares  of  one  ]><'nny  for  any  distance.  The  arguments  in  favour  of 
imiversal  p^nny  fares  were  :  Simplicity  for  conductors  in  collecting  fares 
and  for  ins]r(tors  in  checking  them,  less  opportunity  for  pilfering, 
greater  inducement  for  people  to  ride,  better  facilities  for  the  riding 
public,  less  checking  and  clerical  work  in  book-keeping  in  the  office,  no 
need  for  transfer  tickets,  no  need  for  workmen's  fares,  and  less  cost  of 
tickets  and  way-bills.  In  Plymouth  the  number  of  ordinary  passengers 
carried  was  10,31».j,028.  and 'workmen  973,338,  total  11,368,366.  The 
average  receipt  })er  ordinary  passenger  was  103d.,  average  receipt  per 
workman  0-50d.  The  total  cost  of  carr^-ing  11,368,366  passengers  was 
£40.318.  10s.,  an  average  cost  per  passenger  of  0-851d.  The  average ,eost 
per  workman  was  0-8od.,  or  a  total  of  £.3.4.11.  5s.  lOd..  and  the  loss  per 
annum  was  £1,423.  10s.  Id.  With  an  average  of  ]0.3<(5.028  ordinary 
passengers  at  Id.  per  passenger  the  receipts  would  be  £43.312.  12s.  4d., 
or  a  decrea-e  of  £1,681.  ."is.  4.ld.  The  additional  number  of  Id.  pas- 
sengers required  to  make  up  that  lo.ss  would  Ix'  403,.504,  or  1-09  passenger 
each  single  journey.  There  would  be  no  need  to  carry  any  additional 
passengers  if  workmen  were  to  ])ay  1<1.  fare,  as  the  recei])ts  from  that 
source  wouhl  amount  to  £4.0.5.).  lis.  (id.,  an  increase  of  £2,027.  Lis.  9d. 
The  nundjer  of  i-inglc  journeys  ])cr  annum  was  440  960,  and  the  average 
number  of  pass<-ngers  carried  each  single  journej-  25-73.  In  the  Devon- 
port  area  the  jiasscnger  receipts  for  the  six  months  from  Oct.  2  to  March  31 
last  were  £17,884.  18s.  9d..  the  total  number  of  passengers  being  406,051, 
and  the  average  receipts  per  i)asscnirer  being  1  OS'id.  With  an  average 
of  406.051  passengers  at  Id.  per  passenger,  the  receipts  would  amount  to 
£16,921.  Os.  lid.,  or  a  loss  of  i9(i3.  17s.  lOd.  The  additional  number  of 
passengers  re(|uired  tfi  make  up  this  loss  would  be-  231,334.  It  would, 
therefore,  be  seen  that  if  no  additional  passengers  were  carried  on  the 
whole  of  the  tiystem,  the  loss,  based  on  last  year's  figures,  would  only 
anuiunt  to  £617.  ])rovided  workmen  ]iaid  a  iicnny  fare. 

The  Connnittee  decided  to  n'-submit  their  ]>ro])osal  for  the  adoption 
of  universal  p'-iniy  fares  on  all  the  sections  of  the  Corporation  system. 

It  was  n))ortcd  that  the  Hoard  of  Trade  had  samtioned  the  junction 
of  the  tramways  at  Fcvcnll  I'ark-road  and  Tavistock  road.  Devonport, 
and  also  the  construction  of  the  proposed  new  ternn'nu*  at  Catherine- 
street.  I'lymouth. 

The  Treasinv  wrote  that  tluy  were  unable  to  sanction  (he  raising  by 
the  Corjxtration.  by  the  issu  •  of  stock  bonds  or  bills,  of  £lll.70()  for  the 
I'urchase  of  the  Dnon]»ort  &  District  Tramway  ("o.'s  undertaking. 
I'nder  th(>  t<rms  of  th"  agn-ement  for  the  purchase  of  the  imdertaking 
the  Cor]»oration  nnist  ]>ay  intci-cst  at  the  rat4'  of  5  ]>er  cent,  on  whatever 
amount  might  be  award'-d  by  the  arbitrator  until  the  Hoaixl  of  Trade 
sanetif)n  to  borrow  was  ohtain.'d. 


TELEGRAPH  &  TELEPHONE  NOTES. 


Radio  Telegraphy, — The   (Joveniment    have  ])ublished   a   Decree 

t)r.'eririg  the  service  regulations  |  annexed  to  the  International 
Radio-telegraph  Conventio!!  to  be  )int  in  force  in  (he  Portuguese 
colon  ie.s. 

Trunk  Telephone  Service.  Arrangeir.ents  have  l.ecn  made  for 
iinprovhig  the  trunk  telephone  service,  between  -Manchester  and 
-Ashton-under-Lvne  telephone  areas. 

Tln'  inter\al  1k'(wv  en  the  time  at  which  a  call  is  iiasscd  to  the  trunk 
exchange  and  the  time  at  which  it  is  effected  will  be  recbii-cd.  and  a  call 
between  the  (w<>  areas  will  U'  (.oinple(<-d  on  d'.-niand  as  far  as  possible, 
as  in  the  .  ■(>  •  ..f  m  onjinary  junction  call.  The  charges  will  nf)t  l»e 
affected. 

m  EMPIRE   NOTES.  M 


Australasia. — "Tenders"'  (MollK)urne  and  !Sydney)  says  (ho 
question  of  a  lighting  teluMno  for  Morwell  (Victoria)  \va,s  discusse<l 
.it  a  ])ublic  meeting  r«»ecn(ly,  but  i(  was  decided  to  })o.st]X)ne  action 
uiKil  af(«T  (he  war. 

\orth  niawarra  (X.S.W.)  Couneil,  which  had  under  consideration  for 
ihree  yi>ars  a  project  f<jr  elertrie  lighting,  but  dropjMMl  it.  has  now 
received  an  "ifTer  from  (he  contra*  ti^r  for  <lectrical  ]»lant  for  the  adjoining 
Shin^  of  Bulli.  The  o(T«r  is  fi>r  I. IS  lamps.  «M1  c.p.  and  40  e.p..  charge  £3 
]VT  lamp  p  r  annum,  the  Councd  to  have  the  right  to  purchase-  the  in- 
stallation at  any  time  at  ooh(  priro,  plus  10  per  rent.  ;  (he  eontraetors 
(o  have  the  right  to  supply  p  at  (><l.  jx-r  unit,  or  12s.  M. 

p'Tvear  p<-r  l(»e.p.  ju'ht       li  . d  hy  a  Commit(«M;. 

Sydney  (X.S.W.)    l  >  ■'iiiniiH«<'  n-cently  reconnut  nded 

that  in  view  of  a  n  ]  li  -20,  1916)  on  tenders  rcwivcd  for 

thi-  sujiply  of  inbutmn  regulators  no  tcnd<>r  be  accepted,  but  that 
quotation^  l»c  obtained  for  the  supply  of  the  apjwratus  required  :  that 
in  accordance  with  a  n^-ort.  tl.it.  d  March  14.  l91(i.  by  the  City  Kle(  tric«l 
KugineiT.  til'  '  "'  nt.  in  prices  for  v  iqqilied  by  the 

.Australian  t.  under  contract  ir  Hon  No.  382), 

frviui  Jan.  12,  iyl»>.  ix*  appn»ved,  subject  to  the  company  is  satisfying  the 
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Town  ('l(Mk  aiul  the  nianafjor  c)f  tin-  (l(|iail  nurit  that  the  increaHe  is  fair 
and  reasonable  ;  that  authority  be  obtained  froni  th(^  (jlovernor-in-roiiiK  il 
for  borrowing,  by  sale  of  (h^bonturcH,  t.lOO.OOO  for  extensions  <>{  tlie 
electric  lifiht  undertakini;  ;  and  that  authority  be  given  for  an  cxiJcndi- 
tiire  of  £1,050  for  13  steam  flow  meters  on  V.i  boilers  at  the  power  hon;-e. 
and  that  th"  (Jeneral  Electric  Co.  of  Amc^'ica  l)e  asked  to  ((iiote  for  same. 


FOREIGN   NOTES. 


Argentina. — Tlio  "  Review  of  the  River  Plate  "  says  the  (jovorii- 
meiit  of  the  Province  of  Cordoba  have  authorised  INIessrs.  Trelsi  & 
Riesco  to  introduce  electricity  supply  at  Villa  Huidobro  ( Department 
of  Ceneral  Roca).  , 

(_)ffieial  trade  returns  show  that  imports  into  Argentina  in  1915  were 
valued  at  £45.378,000  (a  decrease  of  £8.<)<S5,000  com])arcd  with  1014),  and 
exports  were  £111,656  000  (increase  £41,805,000).  The  United  Kingdom 
took  nearly  30  per  cent,  of  the  exports  and  supplied  nearly  30  i)er  cent, 
of  the  im])orts.  The  U.S.A.  the  second  largest  supplier,  sent  24-8  ])er 
cent,  of  the  imports,  and  took  16  per  cent,  of  the  cx^iorts.  More  than 
£1,000,000  worth  of  goods  were  received  from  Germany.  The  total 
imports  included  electrical  goods  £751,000  (against  £1,405,000  in  1!)14), 
manufactures  of  iron  and  steel  £3,729,000  (against  £7,031.000),  and 
vehicles,  including  locomotives,  railwav  and  tramway  rolling-stock, 
material,  &c.,  £1,360,000  (against  £4,591,000). 

In  their  report  for  tlie  year  ende<l  Dec.  31,  1915,  the  directors  of  the 
Compafiia  Industrial  de  Electricidad  del  Rio  de  La  Plata  say  the  ])rofits 
are  the  highest  since  the  foundation  of  the  company.  This  is  due  to  the 
entire  output  of  the  carbon  factory  having  been  placed,  to  a  more  ])ro- 
htable  utilisation  of  the  workshops  and  to  economies.  Net  profit,  after 
adding  the  balance  brought  forward,  was  $186,576  in  gold.  The  following 
distribution  is  proposed  :  Amortisation  $130,000,  prevision  fund  $20,000, 
leaving  legal  reserve  fund  $1,828,  dii'ectors  and  syndic  $3,657,  share- 
holders $.31,090,  being  $5  gold  per  share  ;    carry  forward  $1,090. 

The  Air  Electric  Generator  Co.  of  La  Plata  inaugurated  its  first  in- 
stallation, on  a  private  estate  near  La  Plata,  on  April  13.  The  company 
claims  that  its  apparatus  for  the  generation  of  electricity  by  wind  power 
is  the  last  word  in  simplicity  and  economy. 

The  electric  power  station  and  the  public  water  supply  of  the  town  of 
25  de  Mayo  (province  of  Buenos  Ayrcs)  have  been  acquired  by  the  Com- 
pafiia Americana  de  Luz  y  Traccion  of  Buenos  Ayres. 

Messrs.  Agar,  Cross  &  Co.  recently  sued  Buenos  Ayres  municipality 
to  recover  $9,958  m/n.  and  interest  thereon  for  fire  prevention  installa- 
tions made  by  plaintiffs  in  the  munic'ipal  building.  Plaintiffs  asked  that 
an  embargo  in  their  favour  should  be  placed  upon  the  6  per  cent,  tax 
payable  by  the  Cia  Alemana  Transatlantica  de  Electricidad,  but  the 
Court  declined  to  authorise  such  an  embargo. 

Automatic  Telephones  for  Buenos  Ayres. — The  "  Review  of  the 

River  Plate,"  says  Senor  Alejandro  Schwimer,  representing  a  North 
American  syndicate,  has  applied  to  the  municipality  of  Buenos 
Ayres  for  permission  to  install  and  operate  a  system  of  automatic 
telephones  in  the  capital.  The  application  states  that  the  system 
is  in  operation  in  more  than  500  cities  in  the  United  States,  with  a 
million  and  a-half  instruments  installed. 

Chili.^ — The  Government  has  granted  permission  to  Don  H.  U. 
Gundian  to  establish  works  for  supplying  electricity  for  light  and 
jjower  in  the  towns  of  Illapel,  Salamanca  and  Vicuna. 

Copenhagen. — The  Municipal  Council  have  decided  to  light  fewer 
street  lamps,  and  in  future  electric  and  gas  ^Jower  will  not  be  sup- 
plied by  the  municipal  works  for  illuminated  advertising  signs. 

Persia. — It  is  announced  from  Petrograd  that  a  Russo-Belgian 
company,  consisting  of  Russian  and  Belgian  financiers,  has  secured 
from  the  Persian  Government  a  concession  for  the  construction  of  a 
network  of  electric  tramways  and  light  railways  in  Teheran  and  the 
neighbourhood. 

Peru. — The  '■  Engineer  "  states  that  the  once-powerful  position 
held  by  Germans  m  South  America,  especially  with  regard  to 
engmeering  contracts,  has  been  very  seriously  imperilled  by  the  war. 

A  few  weeks  ago  a  party  of  engineers,  mostly  North  American,  but  some 
few  of  British  nationality,  arrived  at  Lima  en  route  to  Chuquicamata  and 
Bradcn — and  later  to  Tocopilla — to  undertake  extensive  alterations  to 
the  power  plant  there  installed.  Practically  the  whole  of  that  ])lant 
had  been  supplied  by  the  Siemens-Schuckertwerke,  but  owing  to  the  war 
the  owners  of  the  power  plant  (the  Chile  Exploration  Co.)  had  found  it 
impossible  to  secure  extra  parts  from  Germany,  and  no  other  manu- 
facturer could  or  would  supply  them.  It  has  now  been  decided  that  it 
would  be  more  economical  to  replace  the  whole  of  the  German  units  and 
to  install  either  American  or  British  machinery.  In  all  probability  this 
will  be  obtained  from  the  United  States.  Originally  the  orders  were 
placed  with  the  Siemens-Schuckertwerke  owing  to  the  cheaper  prices 
quoted.  A  large  number  of  other  orders  placed  with  German  firms  for 
certain  kinds  of  machinery,  especially  brewery,  refrigerating  and  agri- 
cultural, have  been  cancelled  owing  to  the  im])ossibility  of  the  manu- 
facturers securing  shipping  facilities.  On  the  other  hand,  Britisii  interests 
have  been  more  fortunate,  while  North  American  sliipments  have  been 
subjected  to  even  less  delay. 


Portugal.  -.\  bill  JH  tNfini^  prumotfHi  to  authorue  the  mimieipal 
authorities  of  GuiniarrieK  Ut  borrow  l'M),iKH)  miciulijfl  (about  i70.»Jl>l>) 

for  |Mibiic  Works,  iMcludin..'     '  '     "  h 

between    Hra-/a  and   fiuiin  _  »1 

building,  &c. 

Uruguay.  -Tnc  e!i(tri(al   d'  •    has 

started  a  free  school  for  electrici    . .   grant 

certificates  to  students  qualifying  in  meohanicH,  mat  ,,  Ac. 

The   "R'-viewof  the   River' Plat<!"   sa\       "  '    -z 

a  commission  of  (mgineers  to  report  upon  .•: 

fall  of  the  river  Queguay  in  the  generation  oi 

The  vjwners  of  a  property  near   Burguefio    ,  -L<-«1   th« 

National  Department  of  Geology  to  carry  out  i'  r 

ground,  where  evidences  of  abundant  copper   '   •  I. 

They  pro]iose  that  the  Government  .'should  ]>  i 

return  for  their  co-operation. 

Th'!  "  Review  of  the  River  Plato  "  8ayn  a  contract  ha*  bc^n  entered 
into  for  the  supply  of  180,000  units  of  fiectrical  energy  monthly  by  the 
State  Electrical  D-partment  to  La  TranHatlantica  Tramway  Co, 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy 

g  MISCELLANEOUS  NOTES.  M 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII^ 

Defence  of  the  Realm  Regulations. — The  Minister  of  Munitions,  on 

June  5,  specified  copper,  zinc,  tin  and  any  alloy  of  any  of  these 
metals,  with  or  without  the  admixture  of  other  metal.s,  to  be  metals 
required  for  the  production  of  war  material,  and  therefore  subject  to 
the  provisions  of  Regulation  Xo.  30c  of  the  Defence  of  the  Realm 
(Consolidation)  Regulations,  1914. 

On  May  31  the  Minister  of  Munitions  ordered  that  ])latinuni,  metal  and 
ores,  residues  and  bars  containing  the  same  are  includefl  in  the  Order 
made  on  Dec.  .31,  1915,  under  Regulatitm  30 A  of  the  Dffeni-c  of  the 
Realm  (Consolidation)  Regulations.  1914.  Apnhcaticnp  for  prrmit.^  in 
connection  with  thi:;  Order  shou'd  I-.c  mad"  to  the  Dirctor  of   '  <, 

Ministry  of  Munitions,  Armamvut -buildings,  Whit'-hall,  Lorn: 

Enemy  Firms  Wound  Up.— The  Board  of  Tra<le  have  ordered  up 
to  date  the  winduig  u])  of  183  firms  controlled  by  alien  enemies. 

The  latest  lists  include  Krupka  &  .lauoby  (Lt*l.),  26-36.  Chaptvr-strrot. 
Westminster,  S.W.  (Controller  :  Thns.  Wise,  liassishaw  House,  Basing- 
hall-street,  London,  E.C.) :  Walter  Sthamer,  St.  Dimstan's-buildings. 
London,  E.G.,  dealer  in  chemicals.  &c.  (Controller:  .Tas.  Fraser,  31, 
Copthall-avenue,  E.C'.):  Westcndarp  &  Co..  Dunster  Hou;^e.  Mim-ing- 
lane,  London,  E.C.     (Controller  :   T.  A.  Fox.  79.  Mark-lane,  E.C.) 

Claims  against  Isaria  (Ltd.)  are  to  be  sent  to  Mr.  G.  S.  Pitt.  14t»,  L^ad- 
enhall-street,  London,  E.C.  by  July  1. 

Exports  to  China. — The  following  have  been  added  to  the  list  of  firms, 
&c.,  to  whom  goods  may  be  consigned  from  the  United  Kmgdom  : — 

British  Municipal  Council.  Hankow  :  Liveqiool,  Lontlon  &  Globe 
Insurance  Co.  ;   Peking  Electric  Co.  (Ltd.).  Peking. 

AllcrKlld,!. — The  Chinese  Electric  Light  &  Power  Co.  nhould  read 
P(>king  Chinese  Electric  Light  &  Power  Co.,  Peking. 

Inquest. — An  inquest  was  recently  held  at  Fencehouses  on  John 
Henry  Allison,  a  coal-cutter  in  the  Dimbton  Colliery. 

Allison  was  lound  King  dead,  with  Ins  foot  mider  the  frame  of  the 
machine.  The  electrician  in  iharge  (Arthur  Dowlen)  stated  that  he  had 
tested  the  machine  in  April  and  found  it  in  perfect  order.  After  the 
accident  he  (in  conjunction  with  Mr.  Fisher)  examined  the  machine.  Mr. 
Fisher  tested  the  resistance  of  the  earthing  sy.stem  and  found  it  very 
high,  which  was  an  indication  that  theiv  was  a  fault  in  the  wirt\  Witness 
examined  the  actual  cable,  but  found  nothing  wrom:  then-.  Later  he 
tested  the  enable  witluuit  the  pluus.  and  still  found  the  earth  win>  faultv. 
A  thimble  in  the  machine  end  plug  had  also  bt-rn  unseated,  owmg  to  the 
excessive  heating  of  the  solder.  W  itness  thought  that  t!»e  exit>ssive  h.>at 
would  be  due  to'  slack  conncition  between  tl-  i>lug  and  the  .-^oeket.  He 
had  examined  the  earth  wire  since,  and  found  that  a  solder  jonit  in  it  had 
been  broken  bv  tho  moving  of  the  cable  from  time  to  time.  The  taiilt 
was  about  loVds.  from  the  machine  itself.  The  machmo  would  he 
"  alive,"  and  anvone  coming  in  contact  with  it  would  n-irive  a  s.-Y>re 
shock.  In  his  oVinion  a  solder  joint  in  a  flexible  .arth  wm^  wa,""  ^'"'J 
practice.  He  had  now  received  instructions  to  examine  every  cable  ana 
get  rid  of  all  solder  joints. 

The  jury  returnid  a  verdict  of  •■  Accidental  death." 

Miners'  Safety  Lamps.-On  May  15  the  Home>>oretary  made  an 
order  approving  the  followuig  lamps  for  coal  mmes  :— 

Best's  Excelsior  lamp  No.  3.  Ucsfs  Gau/.eloss  1«'"V*  ^'^''-  '  '",,«: 
Pothwcll  ,<t  Co.-s  A3,  B3,  C3.  P3  and  E3  lamps,  Tenle  s  Mues,>ler  or 
ThornburrvNos.  G  and  (Ja  lamps,  and  Toale's  No.  1  minei^  V  '^^r. wll; 
lamp.     Aeomplete  list  of  approved  safety  lamps  is  ap]K^nded  to  the  Order. 

Trading  With  the  Enemy.-The  "Lcmdon  Gazette"  of  June  2 
contains  further  lists  of  persons  and  firms  with  whom  tradmg  by 
persons  or  firms  hi  the  United  Kingdom  ic  prohibited.     Ihe  luunea 

"''Algn^ti^a.-Otto  Francke  .^-  Co.  (C.  Bolivar  161.  Buono.  A>Tes), 
Koerting  Bros.  (292,  C.  Bolivar,  Buenos  A>reR).  Sociedad  Tul>09  :Mau. 
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nesmann,  Ltda.  (C.  Uefeiisa  383,  Bucuos  Ayrcs),  K.  \'an  AA'cntzky  {C. 
Corricntcs,  (585,  Buenos  Ayres). 

Brazil. — N.  Guimaracs  &  Co.  (rua  Luis  dc  Camoes  16,  Rio  dc  Janoiro). 

All  Countries  in  Central  and  South  America. — yociedad  Tubos  Man- 
nesman, Ltda. 

Denmark. — General  Import  &  E.vport  Co.  (Frcderiksholm  Kanal  4, 
Copenhagen). 

Norwai/. — Kristian;;Kands  Elcktrochemiwlie  AS  (Fiskaa,  near  Kri;;- 
tianssands). 

Peru. — Sociedad  Tubus  Mannesman,  Ltda.  (Lima). 

.Under  Trading  witli  the  Enemy  Proclamations  of  June  2.j  and  Xo\ .  10, 
19L5,  all  Proclamations  relating  to  trading  with  the  enemy  applies  to  a.U 
persons  or  bodies  of  jiersoni'.  of  enemy  nationality  'n  Per;.:a,  Morocco  or 
I'ortuguesc  East  Afric^a.  and  it  is  an  offence  to  trade  witli  such  jiersons  or 
bodies  of  jjcrsons  in  such  countries  even  if  such  ])i'rsons  or  bodies  of  per- 
sons are  not  included  by  name  in  the  istatutory  li;.ts. 

All  branches  of  any  enemy  firm  mentioned  in  the  list  are  to  be  held  to 
be  included,  even  if  only  one-  addrc:-,'--  of  such  firm  is  !-.])ecifica]ly  mentioned. 


Inform.ation  can  be  obtained  from  the  British  Consular  officers  in  the 
several  countries  concerned  as  to  names  on  the  list,  and  names  of  sub- 
stitutes for  firms  on  the  list  can  be  obtained  from  the  Foreign  Trade 
Dc])artment. 

Tribunal  Cases. — Conditional  exemption  was  granted  bj-  St- 
Annc'r;  Tribuiia!  on  May  31  to  the  chief  electrician  of  the  local  tram- 
way company  and  two  engine  drivers  at  the  electricity  works. 

At  Blackpool  on  Jun'  1  a  local  hydro  company  was  granted  con- 
ditional exemption  for  their  engineer  and  electrician,  aged  32. 

La.st  week  at  W'anvick  Rural  District  Tribunal  Lord  Leigh  applied 
for  the  exemption  of  his  electrical  engineer,  aged  37  and  married. 

He  was  the  only  man  conversant  with  the  electric  lighting  plant  for 
his  Cfitablishments  and  for  the  j)Ower  used  for  the  agricultural  works  He 
was  alw  in  charge  of  the  two  .>-:team  fire  engines  and  apparatus  on  the 
Hton^leigh  estate,  and  was  responsible  for  the  maintenance  of  the  private 
telephone  apparatus.  " 

E.xeniption  was  granted  until  Jan.  1. 


TENDERS    INVITED. 


Telegraph  and  Telephone  Material. 

Tenders  are  also  invited  up  to  July  10  for  the  supply  to  the 
AusTRAiJAN  CoM.MONVvKAi.TH  Postmastcr-G'enerars  Dept.  (State 
of  Western  Australi;;)  of  Insulators  (schedule  olO).  Tender 
forms  and  speeiiications  can  l)e  obtained  at  the  f'omnionwealth 
Offices,  72.  \'icloriii-.strcot,  London,  S.W.  See  also  an  adverlisr- 
menf. 

Tenders  are  invited  up  to  Aug.  10  for  the  sup])]y  to  the 
Ai'HTRALiAN  ( '(jMMONWKALTH  Post inaster-tieiiorars  lJoi)t.  (State 
of  Western  Australia)  of  (a)  Distilling  A])])i>,ratus  (schedule  .'^02), 
(h)  Instruments  (Telegraph  and  .Measuring),  various  and  paits 
(schedule  4!»8).  Tender  forms  and  speciiications  can  lie  ohtainetl 
at  the  Commonwealth  OfHces,  72,  Victoria-street,  ixmdon,  S.W. 
See  also  an  advertisement. 

The  Deputy  PoKtma.ster-(;eneral,  Pkrtu  (W.  Australia), 
requires  tenders  by  3  p.m.  June  21  for  10,000  Flat  g.i.  Combiners, 
100  Lead  Earth  Plates,  12,000  Screw  Plug:;  and  10,000  Crcrc- 
arm  Straps  (schedule  505  W.A.),  until  3  p.m.  June  28  for  Paj.er- 
insulated  Load-covered  Cable  (schedule  489  W.A.),  and  until 
3  p.m.  July  H)  for  HO  Terminal  Blocks  (schedule  41)5  W.A.). 
S]jeciticationK  from  th.e  Dc|)Uty  Postmaster-tieneral,  Perth,  W.A. 
Tenders  are  invited  up  to  July  31  for  the  supply  and  erection 
at  C.P.O.,  Brisbane,  of  l^ower  Board  aiul  Accumulators  (Stores' 
Schedule  381).  Specilications  and  tender  forms  from  Common- 
wealth Offices,  72,  Victoria-street,  Westminster,  London,  S.W. 
Tlie  De|)Uty  P<)stmaster-(;enera1,  Perth  (W.  Australia), 
recjuire  tenders  l)y  3  j).m.  -Aug.  Mi  for  the  supply  of  Resistance 
Boxes,  Morso  Sounders,  Switches,  &c.,  for  the  Au.strauan 
(JoMMONWKALTH  Postuiaster-f Icucrars  <lepartment.  SjeeiHca- 
tions,  &c.  (scherlule  4!»H,  W.A.),  from  tlie  Deputy  Postmaster- 
(ieneral,  Perth  (W.A.). 

The  l)e])uty  Payn;aster-(.'ener.a\  Perth  (W.  Australia), 
also  re(iuiresteiul(Tsby  3  ]).m.  July  12  for  supjily  of  ."i.OCO  Dry 
Cells  for  the  Australian  C'ommonwkai.th  l\)stniHster-(ienerarr. 
Dcj)!.  Specificj'Jion.  <S:e.,  from  the  Deputy- PosMnaster-CJeneral. 
The  Deputy  P()stnuis<er-(;eneral,  Adelaide,  reipiires  tenders 
by  2  p.m.  .luly  12  for  GOO  Aeeumulutor  Cells  and  Telegrajjh 
Power  Board  .\pparat us  (H<Iu'dule  415)  for  the  Avstralian 
(JoMMoNWKAi.Tii  Post  niaster-(  ienerul's  De|)artinent.  Sjieci- 
fieation,  &c.,  from  the  Deputy  Po8tmastcr-( General,  Adelaide. 

Tlie  Deputy  Postmaster-Cenera',  Mki.iuU'RNE  (Victoria), 
ie(iuites  tenders  by  3  p.m.  June  27  for  18,.55l  Stalloy  Telephone 
Receiver  Diajjhragms  (schedule  1.303).  Sj  eeifieation,  &c..  from 
the  Dejiuty  P(istmas(er-(!eneral. 

S  reet  Lighting,  Generating  Plant,  Gas  Engines,  Dynamos,  &c. 

Oaaiaku  (N.Z.)  I'orougli  Council  reipiires  tenders  by  4  jj.m. 
June  23  for  the  supjily  of  Overhead  Mains  and  Street  Lighting 
Equii)ment  (contract  No.  2) ;  Power  Station  lOquipment  (Peitoii 
Whe(>Is,  Alternators,  kc.)  (contract  No.  3)  :  Service  Meters 
(contract  No.  4)  ;  and  Lin(>  Trnnsformers  and  .Veees-sories  (eon- 
tract  No.  5).  Specifications,  &e..  may  be  obtained  at  the 
Comu'irs  offices  on  de]K)sit  of  £1.  l5».  for  each  contract, 

I'AiiiATi'A  (N.Z.)  Borough  Council  re<piires  tenders  by  noon 
July  10  for  (contract  No.  1)  Overhead  Wires,  Poles  and  Street 
Lamps;  (No.  2)  (las  engines.  Producers.  Ihnianios  and  Auxi- 
liary .Ajjparatus  :  (No.  3)  AceumulatorH.  Specilications  and 
j)lanK  frou)  thi>To\\n  <'Ierk.  Pal.iatua. 


Electric  Lorry. 

Sydney  (N.S.W.)  Council  rerjuire  tenders  by  3  p.m.  June  20 
for  the  supply  of  a  2-ton  Electric  Lorry.  Specitieation,  &c., 
from  the  City  Surve\-or. 

Electrical  and  General  Stores,  Wiring,  &c."' 

LoMJo.N  County  Couni  il  Ai.vlums  Committee  requiie  tendv^.v. 
i)V  11a.m.  June  19  for  suj)ply  of  f^lectric  Lamp;;.  Forms  of 
tender,  &c..  from  the  Clerk.  2,  Savoy-hill,  I^ondon.  W.C. 

Wf.st  Ha.m  (iuardians  rcfjuire  tenders  by  10  a.m.  .lune  22  for 
three  months'  supply  of  Electrical  Fittings,  Oils.  &e.  Forms 
of  tender  from  the  Clerk.  Cnion-road.  Levtonstone.  N.E. 

Tenders  will  !.•■  receive:!  until  June  lo  by  Mr.  J.  N.  Clarkson. 
clerk  to  War  Hospital  Building  Extension  Committee.  40.  North- 
street,  Keichi-EY.  for  Electric  Wiring  and  Fitting  in  the  tem- 
porary war  hosj)ita!  building.s  at  ^lorton  Biinks. 

Tenders  are  required  for  the  electric  lighting  of  "  Landrends," 
Laincestox.  Specitieation  from  the  Manager,  Electricity 
Works,  Launceston. 

Signal  Lighting  Transformers. 

Tne  Vk'torian  Railway  Commissioners  want  tenders  by 
II  a.m.  July  20  for  400  Signal  Lighting  Transformers  (contract 
No.  29,997).  Specifications  from  the  Commissioners"  Offices, 
Spencer-street,  Melbourne,  Victoria. 


TENDERS  RECEIVED  AND  ACCEPTED. 


i 

Hammersmith  (London).— Ten  tenders  were  received  for  the  sup- 
)»Iy  of  the  ])anelK  recpiire:!  in  connection  with  the  ])ro|>osaI  to  fix  new 
switchboards  at  Shepherd's  Bush  sub- station,  and  the  lowest,  that  of 
the  Park  Royal  Engineering  Co.  (at  £18)  has  been  accepted.  The 
amount  of  the  highest  tender  was  £4().  15s. 

St.  .ArsTELL.  -The  I'rban  Council  has  accepted  the  local  electric 
light  company"!?  tender  for  jtublie  lighting  for  three  years  at  an 
incrci-etl  |)ri(e  of  £.31!  per  nnnuuL 

Battersea  (LuNi)oN).  Tie  Electricity  Committee  has  accepted 
th.e  following  quotations  : — 

Briti:  h  '  1  Transformer  Co..  5(K)  k.v.a.  transformer.  £370.  lOs.  ; 

Briti;i!i  W  ■  is-  Co..  swit<hgeftr.  £1!N». 

Salkorp.  The  Elcetrieity  Committee  haa  accepted  the  followuig 
tenders  for  the  annua!  supply  of  materials  : 

\\.  T.  (JloviT  k  C<»..  unarmoured  cable,  schedule  of  priees ;  Key 
Knginrering  Co..  fibre  j)ii>os.  a(>pntxinioto  amount  of  contract.  £100; 
lioultun  &  Co..  stonewan'  pipes.  !<pignt  nnd  .socket  joint  stoneware 
troughs,  with  stoneware  «-<ivers.  £.'i00  ;  Albicm  Cl.iv  Co..  stonewan^ 
conthiitr..  t*2«K». 

Tl;e  following  tenden*  ha\T  bIho  been  «ceci)ted  :  United  Electric  Car 
Co.,  pernifUK  Mt  w.iy  wagon  body.  fL'iH ;  British  Westinghoune  Co., 
nr.xiliary  st' am  tiirbine,  1740:  (J.  &  J.  Weir  (Lt<i.).  two  rotofeed 
pumps.  £.'»(■(>;  Wm.  (;ornaI!.  erection  of  Blaekfriars-road  sub-station. 
,S:e..  £3.280:  British  Wer.tinghouse  (<i..  1hrrc.phn:-.e  extra -high  pn^ssure 
swit<  hJioard.  £1.20.3;  Brrtr.im  Thomas,  eontinuouscurrent  switoh- 
bi  ani.  ii.^l.").  10s.  ."Stewarts  &  Lloyds,  mild  steel  pijK-s  and  separator. 
il5!t ;   .Stanton  Ironworks  Co..  cast-iron  pijK-s  and  valves,  £772. 

Leyton.— The  Council  is  entering  into  contracts  with  the  Elec- 
trical   .Apparatus   Co..    the    Reason    .Mfg.    I\i.    and    Chamberlain    * 
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Hookliuiu  lor  the  >suj)j)ly  of  onliiiary  chM'tricity  inotorH  for  12  months, 
also  with  the  British  Insulated  and  Helsby  Cables  for  the  supply  of 
slot  meters  during  a  similar  jicriod. 

In  addition  to  the  five  tenders  received,  tht;  British  'I'lionison- Houston 
Co.  wrote  stating  tliat  under  present  conditions  they  were  unabl(!  to 
enter  into  a  contract,  as  their  meter  factory  was  engaged  exclusively  on 
Ciovernnient  work, 


.Sciiof>L  LiciiTiNc- The  LuwUm  Jviucation  CV  received 

five  tenders  for  wiring  S<iutharnptonKtre»;t  S<;hooI  >'  ■  •*«;ll),  and 

the  lowest  (that  of  H.  J.  Cash  &  Co.,  at  iU',.  1 1«.)  ».i-  i  .  ptwl  The 
highest  tender  was  £o20.  ,  4 

For  wiring  the  H;ivirstock-hill  S'-hrxjl,  St.  I five  tetulfn  were 

also  received,  and  the  lowest  (that  of  H.  J.  Ca^h  k  <V,  at  CWl.  10».)  was 
accepted.     The  amount  of  the  highcHt  tender  wsim  £410. 


liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy 

I  FINANCIAL    MATTERS.  I 


MUNICIPAL  ACCOUNTS. 


Barrow-ln-Furness. — The  accounts  of  the  electricity  dcj)artnicnt 
for  the  year  ended  March  31,  adopted  by  the  Council  on  Monday, 
show  total  cajntal  expenditure  £177,355  (increase  £12,8(58),  of  which 
£1()5,595  was  borrowed  and  £57,132  has  been"  repaid. 

Total  revenue  was  £50,208  (conii)ared  witii  £2(),.584  in  ])i('vi(.us  year), 
and  working  expenses  were  £34,808  (£13.867),  leaving  gross  profit  £24,39!) 
£12,717).  Interest  required  £4,1)10  (£3,()r)8  and  sinking  fund  £(j,{)85 
(£5,890),  the  net  result  being  a  surplus  of  £12,803  (£3,1(32).  Average 
})rico  obtained  per  unit  was  l-020d.  (l-742d.).  Coal,  &c.,  cost  0-405d. 
(0-408d.)  per  unit,  total  works  costs  were  0-527d.  (0-()91d.),  and  total 
working  costs  0-(J05d.  (0-925d.).  Units  sold  were  13,80(5,254  (3,597,410). 
Maximum  combined  load  was  3,905  kw.  (2,285  kw.)  and  combined  load- 
factor  40'3()  (17-97)  per  cent.  Total  connections  are  equivalent  to 
253,714  (190,047)  30  watt  lamps. 

In  his  report  Mr.  H.  R.  Burnett,  borough  electrical  engineer,  says 
during  the  year  No.  8  water-tube  boiler  has  been  put  into  commission,  a 
steel  chimney  has  been  erected,  with  a  Davidson  induced  tlraught  fan, 
an  additional  cooling  tower  has  been  erected  by  I'remiei'  Cooler  Co. 
(150,000  gallons  i)er  hour),  ])i])e\vork  for  same  l)y  Aitan  &  Co.,  and  asii- 
handling  ))lant  by  Herbert  Morris  (Ltd.),  and  the  siding  accommodation 
at  the  works  has  been  increased  by  the  Furness  Railway  Co.  86  houses 
at  Vickcrstown,  hitherto  sup])lie(l  through  the  Walney  Estates  Co.,  have 
been  taken  ovei-  as  direct  consumers  of  the  Corporation.  The  new  con- 
nections: during  the  year  almost  equal  the  number  made  diu-ing  the  first 
10  years'  working  of  the  undertaking.  927  pieces  of  ap])aratus  arc  out 
<  n  hire,  and  many  i:onsumers  have  purchased  apparatus  for  domestic 
use,  the  employment  of  wliich  has  Ijccn  greatly  facilitated  by  the  demand 
system  of  charging  introduced  four  years  ago.  The  average  consumption 
of  a  large  number  of  domestic  consumers  is  three  times  as  great  as  it  was 
four  years  ago,  and  it  will  further  increase  as  soon  as  the  demand  for 
apparatus  can  be  fully  met.  Motors  connected  are  382(^^2,780  e.h.p. ), 
and  the  apparatus  connected  includes  radiators  152,  Hat  irons  500, 
kettles  38,  ovens  47,  hot  plates,  grills,  &e.,  93.  The  output  increased 
283  per  cent,  for  the  year,  and  was  larger  than  that  of  any  undertaking  in 
a  town  of  equal  size.  The  reduction  of  cost  per  unit  sold  was  0-320d.,  or 
34-6  ])er  cent.  Average  price  of  coal  was  18s.  2d.  (incu-ease  3s.  lOd.). 
The  large  increase  of  output  was  only  rendered  possible  by  the  c.h.t. 
scheme  carried  out  three  years  ago,  and  its  eil"e(^t  on  the  total  (^ost  of  pro- 
duction is  shown  by  the  fat:t  that  the  c-apital  charges  are  0-20d.  per  unit, 
against  0-94d.  three  years  ago.  Nearly  95  per  cent,  of  the  output  was 
generated  by  the  two  large  turbo-alternators,  which  have  proved  very 
reliable,  though  frequently  overloaded.  Twelve  men  from  the  depart- 
ment had  joined  H.M.  Forces,  and  one  has  been  killed  and  one  is  a  pri- 
soner in  Turkey. 

Blackburn. ~Tli(;  net  protit  on  the  electricity  department  for  {\\v, 
year  ended  March  31  was  £3,132  (compared  with  £2,348  for  the  i)re- 
vious  year). 

Revenue  was  £51,110  (against  £48.100),  working  and  general  expenses 
were  £26,650  (£24,887),  leaving  gross  profit  £24,460  (£23,213).  out  of 
which  £21,328  (£20,865)  was  required  for  interest  and  sinking  fund. 

The  engineer  and  manager  (ilr.  P.  P.  Wheelwright)  says  in  his  report 
the  supply  of  coal  during  the  12  months  caused  anxiety,  especially  during 
the  heavy  winter  lighting  loadu,  when  considerable  difficulty  was  ex- 
perienced in  obtaining  full  contract  quantities,  but  the  dei>artment  was 
in  a  position  to  overcome  the  shortage,  due  to  the  anticipation  of  this 
eventuahty.  The  situation  for  all  large  coal  users  is,  without  doubt,  an 
anxious  one,  and  Mr.  Wheelwright  fears  there  is  not  much  proapect.  of 
material  relief  whilst  the  war  lasts.  The  full  effect  of  the  lighting  restric- 
tions have  not  yet  been  fully  reahsed,  and  as  further  reductions  and 
economies  are  under  consideration  the  output  for  the  coming  year  is 
Ukely  to  be  adversely  affected.  The  acceptance  of  the  Dayhght  Saving 
Bill  will  no  doubt  considerably  reduce  consumption  from  residential 
lighting.  The  abnormal  conditions  resulting  from  the  increase  on  cost  of 
all  materials  and  shortage  of  labour  make  any  kind  of  comparison  with 
previous  years'  figures  of  little  value.  The  augmented  amount  required 
to  meet  working  expenditure,  which  compelled  the  department  to  make 
an  increase  in  the  rates  of  charges  last  October,  makes  it  impossible  to 
forecast  how  far  the  greater  revenue  will  compensate  during  the  coming 
year,  with  its  probable  higher  expenditure.  Of  the  34  men  who  have 
joined  the  Colours  since  the  outbreak  of  war,  two  were  killed  in  action, 
whilst  another  has  been  wounded.     The  electricity  department  now 


comes  under  the  category  of  a  ])ubUc  utility  BerA'itf,  and  war  service 
badges  have  been  issued  to  a  number  of  the  htaff  and  the  ckilkd  and 
experienced  men  required  to  maintain  and  carrj'  on  the  undcrtakint^ 
At  the  same  time  every  endeavour  has  been  made  to  help  the  Rccmituiji; 
Committee  by  releasing  for  active  service  evcr>-  dispensable  man.  It  ia 
imperative  to  conserve  all  the  resourc-es  of  the  undertaking  in  view  of  the 
continuance  of  the  war  and  the  delay  impos^.-d  upon  th?  scheme  for  the 
proposed  new  generating  station.  Units  j;cnerated  for  lighting,  \x>^-vt, 
fraction  ajid  heating  were  7,829,477  (an  increase  of  336,454,  or  -i-5  per 
(cnt.).  Private  lighting  output  inert;  .-ed  by  1,8<J4  units,  and  jKjwer  by 
426,148  (or  12  per  cent.), but  traction  supply  decreased  6<),:J00  units,  or 
3  per  cent.  The  demand  for  power  increased,  but  not  to  the  same  extent 
as  in  past  years.  Motors  aggregating  357  b.u.p.  have  been  connected. 
The  total  connections  for  motors,  heating  and  lighting  in  equivalent 
30-watt  lamps  now  aggregate  369.307  (increase  6-4  per  cent.).  Con- 
sumers connected  on  March  25,  1915,  totalled  3,756.  Thi.-5  has  been 
increased  to  4,054.  During  the  year  a  free  supply  of  electricity  to  the 
extent  of  £100  has  been  granted  to  various  hospitals,  refugee  homes. 
barracks,  &c.,  in  the  town.  Revenue  from  street  hghting  decreased 
about  33  per  cent..  Increase  in  cost  of  coal  was  £2,359,  or  33  per  cent.. 
whilst  for  other  material  the  increase  was  20  per  cent.  The  department 
recently  inaugurated  a  sj'stcm  of  maintenance  of  motors. 

Bury. — The  accounts  of  the  Coriwration  tramways  department 
for  the  year  ended  March  31,  show  total  capital  expenditure  £297,921 
(ajjart  from  the  exjjenditure  on  Imes  leased  and  worked  by  the 
(Corporation),  an  increase  of  £4,683.  £02,011  has  been  placetl  to 
sinking  fund,  and  reserve  or  renewal  funds  amount  to  £37,209. 

Revenue  was  £69,792,  working  expenses  were  £37,312,  interest  rcquiri'd 
£8,882,  and  sinking  fund  £5,875,  and  the  net  profit  was  £7,314,  after 
deducting  £1,645  for  war  allowances  (compared  with  £8,472,  after 
deducting  £897),  to  which  is  added  £401  net  surplus  from  the  RadclitTe 
tramways,  making  a  total  of  £7,715,  out  of  which  £5,000  has  been  con- 
tributed to  Borough  rates,  £1,314  placed  to  reserve  and  dejjreciation 
fimd,  and  £1,000  to  insurance  fund  against  third -party  claims,  and  £769 
refunded  to  rates  on  account  of  ])revious  loss  on  Radcliffe  tramways. 
Passengers  carried  were  15,810,869,  and  ear-miles  run  1,.>19,366.  Total 
revenue  per  car-mile  was  lOSld.,  and  working  expenses,  including  power, 
were  6-1 52d.  (against  5-696d.)     Average  fare  charged  per  mile  was  0-77d. 

The  General  Manager  (Mr.  Wm.  Clough)  states  in  his  report  that  £1,837 
was  spent  on  repairs  and  maintenance  of  permanent  way.  At  least  £5(Ki 
more  ought  to  have  been  spent  on  materials,  but  it  has  been  impossible 
to  obtain  the  requisite  supi)lies.  The  price  paid  £or  electricity,  both  to 
Bury  and  Radcliffe,  has  been  increased  by  10  per  cent. 

Grimsby.  —The  accounts  of  the  electricity  department  for  the  year 
ended  March  31  show  tota'  capital  expenditure  £136.390  (mcrease 
£1,299),  of  which  £42,000  has  been  redeemed,  and  £14.452  contri- 
buted out  of  revenue  and  reserve. 

Revenue  was  £22,144,  compared  with  £24,202  in  previous  veur  and 
after  ])aying  working  expenses,  the  gross  profit  was  £9,805  (£10.73S). 
Capital  chaiges  were  £7,944  (£7,92(5),  leaving  net  profit  £1,851  (£2,812). 
out  of  Avhich  £877  has  been  paid  to  employees  who  have  enlisted,  and  £640 
has  been  carried  to  reserve.  Units  generated  were  3,645.213  (3.98.">.162) 
and  sold  2,641,496  (2,787.298).  There  are  2.062  ^  1.993)  consumers  with 
the  equivalent  of  179.612  (1(54,280)  8  c.p.  Irmps  connected.  Averag«< 
price  obtained  per  unit  was  l-88d.  (l-89d.);  total  working  costs  were 
1 -104(1.  (1083d.). 

In  his  report  Mr.  A.  S.  Channon  (deputy  electrical  engineer)  states 
that  there  was  a  decrease  in  revenue  from  pubfic  and  private  lighting 
(£1,787  and  £1,186  respectively),  while  the  cost  of  coal  increased,  but 
this  has  been  met  to  some  extent  by  an  increase  in  the  price  of  current. 
Motors  in  use  are  426-=2,591  H.r.  ("against  375^2,213  u.r.),  and  power 
units  sold  were  1,075,313  ((^08,616)."  The  decrease  in  pubhc  hghtiiiu' 
amounted  to  170,000  units.  In  addition  to  the  usual  revenue  contnbu 
tions  to  capital  outlay.  £877  was  paid  out  of  revenue  to  employes  who  ha\  0 
enlisted.  Plant  capacitv  (exclusive  of  turbme  plant)  is  l.StiOkw,.  and 
the  maximum  load  was  1,647  kw.  Mr.  Channon  says  the  load,  when 
normal  conditions  pievail.  may  be  well  over  2.000  kw.,  so  that  addi- 
tional plant  must  be  nistalled,  or  restrictions  on  use  of  energy  irapcied, 

Huddersfield.— The  capital  expenditure  of  the  electricity  depiirt- 
nient  at  Dec,  31  was  £202.272  (increase  £24,865).  of  which  £108.285 
has  been  repaid  or  placed  to  redemption  fund. 

Revenue  was  £63,945  (com))aied  with  £52,518)  and  working  and  general 
expenses  (including  £5,306  for   capital   items)  were  £42,326  (£32,422), 
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IpsiviDULM-osssiiiiiliis  VlhiilSiVZumr,).  Interest  rc()iiii<(lt'.»,Ht:{(£7.*»r)2) 
and  n'flenii»ti<)a  fund  and  loan  iv^iavnients  t;8,084  (tS.llS),  tlie  net 
Huri))us  boinf?  0,441  (£4,025).  £l,2!)r  (£1,!)2.'5)  iias  U-cn  earri<-d  to  dc 
prociation  and  eontingeneies  account  and  £2,1  oO  (£2.100)  to  relief  of  rates. 
The  ntiniher  of  consumers  eonnec^ted  is  (),461  (6,014)  with  the  equi\alenl 
of  H87.704  (.VU.lfifi)  8e.p.  lamps.  Units  sold  durin;;  the  year  wen- 
10,5:5().:}74  (8,073.220). 

Stafford.  The  accounts  of  the  electric  lighting  de|>artmeiit  for 
the  year  ended  March  .31,  which  were  received  and  arjopted  b.v  the 
Council  at  its  last  meeting,  show  total  cajtital  exjienditure  £3r),.'j.'}4, 
of  which  £15,252  is  out.standing. 

Revenue  was  £9.007  and  workin;;  e.xpen.^cs  were  £0.391  (in(  ludinj; 
£1,000  for  (I(  ])reeiation),  leavinj;  £2,<)7H  gross  profit.  Interewt  re(piired 
£6(K).  repavment  of  loans  £1,54(5  and  income  ta.\  i'.Uti,  leaving  net 
profit  £212. 

Units  generated  were  1,057,906  (comi)ared  with  1,287,074  in  previous 
year)  and  sold  1,300, 8:}I  (1 .021,0.33).  Total  ma.xinium  sii])ply  demanded 
was  680  kw.  (fiOO  kw.).  P»evenue  was  l-.WSd.  and  working  expensei; 
(without  depreciation)  were  0-9.50d.  per  unit  sold. 

In  proposing  the  adoption  of  the  aeeounts.  Aid.  We.sthcad  said  sales 
increased  32  per  cent.,  but  the  ])rofit  was  very  little  more  than  the  pre- 
vious year,  as  coal  cost  increased  nearly  73  ])er  rent. 


COMPANBES'  MEETINGS  AND   REPORTS. 


BRITISH  EVER  READY  CO.  (LTD.)  At  the  meeting  last  week  the 
chairman  (.Mr.  I'redk.  (Jus)  stat<'(l  tiiat  tlx-  directors  had  decided  to  take 
over  a  new  additional  factory  at  ( 'lissold  I'ark  for  extending  their  battery 
manufacturing  facilities.  Their  home  trade  was*  steadily  increasing,  and 
they  had  a  large  numlxM-  of  orders  and  contracts  in  hand.  In  addition, 
their  ex])orf  trade,  \ihieh  was  i)rinii])ally  carried  on  within  the  IJritish 
Empire,  was  ste.-idily  growing.  The  amount  written  off  for  depreciation 
of  plant  had  been  tiiore  libeial  than  f<)r  the  ])revious  year  owing  to  a  good 
deal  of  unskilled  labour  having  been  used.  l'rinei])ally  from  that  and  to 
a  smaller  extent  from  longer  working  hours,  additional  wear  and  tear  had 
been  thrown  on  the  jilant.  The  final  juofit  after  writing  evers-tliing  off 
and  also  taking  in  the  amoiuit  from  last  year,  was  £59.218,  comiiared  wit  h 
.£29.958.  TiV  directors  r'-commendcd  a  final  dixidend  of  10  )xt  cent,  for 
the  year  (»)  thi'  ]wf(r(nee  <•  hares  and  a  di\idend  of  1(1  per  cent,  for  the 
year,  iilus  a  lionus  of  10  ]pcr  cent.,  on  the  ordinary  shares. 

BRUNNER,  MONO  &  CO.  (LTD.)  -The  net  profit  for  the  year  ended 
Mai(  h  31  was  £1.01 1,590,  and  £107. ()58  was  brought  forwanl.  Dividrnds 
anioimting  to  27.1  per  c(nt.  are  propos.  <l  on  th'  ordinary  shar.'s,  adding 
£l.')(i,000  to  sus^K'nse  account,  writing  £2,.5(  (>  off  patents,  and  carrying 
forward  £12.3,547,  subject  to  dip'cte)rs'  fees.  The  board  have  written 
oH  investments  account  £128,4(50,  InHnp  the  purchase  value  of  the 
orilitiiiry  sli.'ins  of  (lie  Ainrnonia  S'ni'i  Co.  acquired  in  .lanuary  last. 

CASTNERKELLNER  ALKALI  CO.  (LTD.)  The  Hight  H<m.  C.  \V.  Balfour 
]>risided  at  an  extraordinary  general  meeting  of  the  company  last  week, 
when  the  resolutions  cmborKnng  an  increase  of  ca])ital  and  the  agixcment 
for  mutual  co-r)pei'ation  in  t<chni<'a1  and  commeiH-ial  matters,  with  M<ssrs. 
P.iiiiitK  r.  Mond  &  Co..  wer<'  submitted  for  a])](roval.  The  eompanv  would 
allol  (o  Kninner,  Wond  &  Co.  2.")(l.0(MI  shares  of  £1  each,  and  liruimer, 
Mond  &  Co.  would  allot  to  the  company  200.(l()(»  shares  of  £1  each.  This 
prfqiortion  of  200,0(M>  to  250.000  concspondcd  as  near  as  might  be  to  the 
Stock  Exchange  valurs  of  the  shares  irspectively.  As  regards  dividends, 
the  direetfirs  antiei^intcd  that  their  comjiany  would  receive  froin  the 
20().(l((0  shares  tin  \-  would  own  in  Brunn< c.  Mond  iV  Co.  just  abmit  what 
they  would  have  tr>  ])ay  on  the  250. (MMt  Cas1nerKe|ln>'r  shares  that 
would  be  own<vl  by  them.  The  shares  w<'re  lo  carry  no  voting  i)ower. 
Under  the  agreement  Hrunnir,  Mond  &  Co.  would  own  ono-fourth  of  the 
entire  capital  of  the  (  astner-Kellner  Com])any,  whereas  the  Castner- 
Kelluer  Company  would  owni  less  than  one-twentieth  of  the  ea|iital  of 
Hrunnei',  Mond  \-  Co.  The  object  of  th;-  agreemt'uf  was  not  to  raise 
])ri<-es,  but  lo  n\'oid  wasteful  comix'tif  ion,  wast<'ful  expenditure  of  ca])ila1. 
and  to  im]irove  the  earning  ])owerof  i)oth  conipanies  by  effecting  economies 
in  working  and  distribution.  Hi^  war  had  taught  them  many  lessons. 
It  had  brought  home  to  their  minds  the  danger  of  allowing  articles  of 
prime  national  im])ortance  lo  beconie  th"  monopoly  of  a  foreign,  and.  as 
il  bad  now  luiiied  out,  an  i-nemy  country.  He  liop.d  that  state  of 
alTairs  woidd  be  ae(juie.sced  in  no  longer.  After  the  war  was  over  we 
might  expec)  the  (lermfins  to  fight  for  all  they  were  worth  to  regain  their 
])osition  both  in  the  !{ritish  arul  in  the  foreign  market.  We  must  meet 
organisation  with  organisation,  and  w<'  must  be  ])reparefl  to  Iw  able  not 
<iidv  to  hold  what  we  already  pos.ses.sed  against  all  attacks,  but  also  to 
strike  (iiil  in  new  direction.-;.      The  r<'so1utions  were  aL'H'ed  to. 

DOULTON  &  CO.  (LTD.)  The  report  slates  that,  after  pro\idiug  for 
debentmc  interest,  and  including  balance  iiroutdit  forward,  ther<'  remains 
at  the  credit  of  revenue  account  £8(i.(>yM.  The  dirct  ton;  have  aln-ady 
paid  <Mit  of  thin  amount  thi'  preference  share  dividend  for  the  vear  to 
l)ec.  .31,  1913.  anil  now  projiose  to  make  a  Nimilar  pavment  for  l!il|, 
abserlting  in  all  i;35.000.  ami  |i  .tving  £51,(i90  to  be  carried  forward. 

GENERAL  ELECTRIC  CO.  (U.S:A.)— The  report  stntos  that  the  value  of 
orders  reeeived  for  electrical  apparatus  and  devii-es  in  the  pn-^t  year  was 
S9S, 385,891,  an  increase  of  !Sl  4.0.37..37O.  The  ineii-ase  was  larpejv  du<' 
to  th(^  general  revival  of  busitu'ss  in  the  latter  part  of  ihe  year.  The 
figures  an"  exclusive  of  onlers  for  special  war  munitions,  \alued  at. 
833,980,000.  which  have  been  so  restricted  ns  to  niterfcro  as  little  a» 
poftsiblc  with  the  regular  ])roduet  of  the  coinpnuv.     The  percentage  of 


]irofit  from  these  orders  will  pndjably  be  less  than  that  of  the  average 
of  the  com])any"p  outi)ut.  The  amount  of  sales  billed  was  .S85,.j22,070. 
a  decrea.'ic  of  .S4.945.(i21.  The  net  restdt  from  sales  billed  was  a  profit  of 
88,023,887,  to  which  was  added  income  from  other  sources  (§3,684.108), 
giving  a  total  net  inc<une  of  .SI  2.307,995  ;  less  interest  on  bonds  (  S570.08o), 
and  rlividends  on  stock  ( .S8.1 29.918),  leaving  a  surplus  of  $3,607,991.  The 
sal'  of  .several  small  factories  substantially  off. sets  the  manufacturing 
floor  space  added  in  191.5;  and  plant  expenditures,  amounting  lo 
§4,485.008.  were  chiefly  for  improvements  in  existing  construction  and 
equipment  and  the  ])urchase  of  special  tools  and  machinery  which  are 
subject  to  a  high  rat<-  of  dcpreciati<m.  Because  of  the  nature  of  this 
expenditure,  and  on  account  of  the  liquidation  of  the  book  value  of  the 
factories  sold,  the  n-duction  in  plant  account  was  .S5,985,0()8.  Quarterly 
dividend-;  at  rate  of  S  perient.  perannumhave  been  ]iaid  durinir  the  year. 

BLARCONI  INTERNATIONAL  MARINE  COMMUNICATION  CO.  (LTD.)— The 
net  profit  for  1915  amounts  to  £(i.3,030  (aft<'r  deducting  £29.281  for  d(*prc- 
<-iation  a/ul  delx-nture  interest),  compared  with  £55,008  for  1914.  Not- 
withstanding the  considerable  decrease  in  passenger  traffic  and  the 
necessary  restrictions  in  respect  of  private  messages  at  sea,  the  levenue 
from  (ihi])s"  t'legrams.  subsidies,  &c.,  amounted  to  £208,900,  against 
£175.021.  The  incn*a«r  is  mainly  due  to  the  greater  numlier  of  ships 
installed  with  wireless  a])paratus.  The  numlxr  of  telegra])h  stations 
owned  and  worked  by  the  c(unf)any  as  pul)lic  telegraph  stations  on  the 
high  seas  increased  frf>m  875  to  1,(K(8  at  the  end  of  191.5.  The  organisa- 
tion of  the  comi)any.  together  with  that  of  its  associatod  companies,  with 
a  total  of  some  2.300  mercantile  vessels  fitted  with  Marconi  telegraph 
stations,  has  ermtinucd  to  render  in?stimable  service.  The  available 
balance  is  £75.(K)2.  ini  hiding  £11.972  brought  foiward.  The  directors 
recoinuK  nd  a  final  dividen<l  of  7.i  per  cent.,  making  12J  ]>ct  cent,  for  the 
year.  The  losses  sustained  in  consequence  of  attacks  upon  our  mercantile 
fleet  during  the  latter  part  of  1914.  and  those  incurred  during  1915,  have 
been  (hbited  to  ])rofit  and  loss  account.  The£lO,(lOO  which  was  placed 
last  year  to  credit  of  a  sjK'cial  reserve  account  to  meet  any  losses  arising 
from  this  cause  reniains  intact,  and  it  is  now  jjrojjo.--* d  to  transfer  this 
sum,  together  with  the  share  ]ircmium  account,  to  a  general  reserve 
account,  which  will  the  n  stan«!  at  £27.(>40.  The  continuous  growth  of  the 
business,  and  the  large  ii'iinber  of  additional  telegraph  stations  on  board 
ships  which  are  In-ing  instalk-d  year  by  year  without  the  issue  of  additional 
ca])i(al  rend'Ts  it  ])rudeiit  to  carry  forward  £33.841  after  ])rf>viding  £3, .500 
for  the  red'  in] )t ion  of  d'lKutures.  There  has  Ix-en  a  net  increase  of  13.3 
stations,  representing  a  sub-tantial  cajiital  outlay  for  which  it  would  have 
been  impossible  to  provide  without  raising  additional  capital  had  it  not 
been  for  the  policy  of  prudi  ntly  husbanding  the  cash  resources.  The 
iialanco  carried  forward  will  also  Fcrve  to  meet  the  excess  profits  duty, 
which  must  cxct'cl  £8.(t9.5.  the  amount  pa^allle  under  this  head  for  1914. 
The  .Amalgamated  Wirch  >s  (.Australasia).  Ltd.,  in  which  th^  company  is 
interested,  has  ]>aid  a  dividend  of  6  |kt  cent,  in  resjx"ct  of  the  year  ended 
.June  ?.().  191.5. 

METALLIC  SEAMLESS  TUBE  CO.  (LTD.)— The  net  profit  for  the  j»ast  six 
months  was  £5,59.3.  A  di\idi-nd  of  20  jmt  cent,  on  the  ordinary  shares 
is  rccctmmcndcd.  and  £2.320  has  been  placed  to  rt  serve  for  excess  profits' 
duty,  and  £1,825  carried  forward.  In  future  the  accounts  will  be  made 
u]i  from  .Ian.  1  t«)  Dec.  31  in  each  year. 

M  the  meeting  on  Friday  last  .Mr.  A.  E.  Beck  slid  tliey  congratulated 
tlumsehcs  not  only  upon  the  pisl  succc-^s  of  the  business,  but  u]K>n  the 
pidv  ision  they  were  able  to  make  for  the  future.  They  might  look  for- 
ward with  confidenco  to  a  continual i»tn  of  prosperity  during  the  war,  and 
they  were  quitt^  prepared  to  enter  into  <omjetition  with  other  firms  with 
jM'osjieets  of  success. 

NEW  GENERAL  TRACTION  CO.  (LTD.)  K<ir  th.  y  ar  ended  Man  h  31 
th.-  !■  \.  mil  anii'iiiit.d  '■•  x-'o  lN\.  I?-s.  <;i  mra!  i  xlH-nses,  including 
directory."  fees  and  legal  <  hargrs.  amounted  to  £1.491.  18s..  and  deln  ntun' 
int'  rci-t  (less  tax)  t<»  £(>..5H5.  (is.  8<l.  The  profit  for  the  }Kriod  was 
£11.299.  19s.  6d..  to  whieh  is  added  £7.080.  19.s.  Vd.  broudit  forward, 
making  tl.S.38t'.  I9s.  .3<1.  a^•ailablc■  for  distribution.  The  directors 
recommend  th.it  £10.4S0  should  be  appropriated  to  the  payment  of  a  4 
per  cent,  dividciul  (less  (ax),  and  the  balance  of  £7.900.  I9s.  3d.  carried 
forward.  The  Norwit  h  Electric  Tramways  Co.  paid  a  tlividend  of  3  per 
("nf.  for  the  war  end-d  .lune  .'K),  1915.  jwinff  the  same  rat<"  as  for  the 
previous  year.  The  Doucln';Southernel(>etrie  traniwavs  system  has  bet>n 
clos'-d  downona^'count  of  !b"  wa  ■.  Mlexivnseshave  Ix-en  reduced  to  the 
minimum  n-  or  the  safc^i  nd  upkei  ]i  of  the  under." aking. 

The  im  ome  d  from  (he    1  iphia   undertaking  (the   Darby. 

Media  A  Chester  Street  Railii-ay  Co.)  for  the  vear  ended  Dec.  ^].  191.5. 
.nmou'ited  lo  £!  4.237.  Its    'M. 

RANGOON  Ei^ECTRIC  TRAMWAYS  &  SUPPLY  CO.  (LTD.) -The  pros 
]irotit-'  for  1915  .iinoutited  t.^  £M.(».54.  against  £»>3.t»21  in  I9l4.  and  the 
net  profit,  including  £2.7(>«i  brought  forward,  to  £23.(»94.  against  £23.07(». 
ill!  hiding  £1,055  brought  in.  A  dividend  on  the  tinlinarx'  shares  of  S 
per  cent,  for  the  year.  \n\  free.  h(is  Iv.n  .leclare*!.  the  amonnt  e«rrird 
forwanl  being  £2  784. 

UNITED  ELECTRIC  TRAMWAYS  OF  MONTEVIDEO  (LTD.)  Tli<  ini-s 
rec'-ipt  •  f"i  lie  y  av'iid'.i  (  i.  I .  ;;l  «.  !,■  :>!  ..■..").!.  s2  1  idrdca.e  $145.(t61); 
o,x  rating  expeni-es.  §988.791  (deereaw  §4.5.151);  net  receipts.  §.5(^.5.0.33 
(decrN«-T  S91».910) :  a\  exehanp'  of  S4-7  to  the  £.  £120.220.  d-ereaso 
£21.257.  The  amount  r  i-ivabl--  from  l.fl  Socicdad  Commm-ial  d" 
M<mt"vid<'o  in   '  •  'i<-   was  £111.413.      .\fter  ]irox-idini:  for 

ailmiuist'ation  .  l-iul'  £48.937  for  dcNntuix'  interest,  tlv 

( n'dit  iMil.Tuee  was  I.">l.rt5l2,  makini,'.  with  £12.973  brou'jh;.  forward, 
£(14.(^(5.5.  T'"  (■•">•""■  .imount*:  hav^  N^cn  set  aside  :  For  redemption 
of  deWntm  'ii2  ;   for  ndentption  of  prrfrrrnee  and  ordinary 

share  capital,  i.'. _>',"'  ;   tor  renewals  and  eontingvnries,  fSO.OOO.     A  final 
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(lividcMil  on  llic  prcfeix-ncc  sliarcs  at  rate  of  (>  per  ci'ii).  jM-r  iiiiiiwm  (Ifss 
tax)  ill  n'sju'ct  of  th(!  Iialf-ycar  to  .March  ."{I  is  recoininciidcd,  (tarryiii;r 
forward  £13,  U).'}.  The  directors  ic^nt  that  in  tlio  circutnstancfs  they  an- 
nua bio  to  i-cconiniond  tho  ])aynK'nt  of  any  dividend  on  the  ordinary  shaics. 
WESTERN  UNION  TELEGRAPH  CO.  TIk:  r(i)ort  for  101  .">  Ktat"s  that 
oross  opciatini;-  rc\(ini<'s  w^r"  S.")! ,  I  7  1 ,7!)i').47,  and  operating  ex|)enses, 
including  rc])airs,  resoive  for  de])i-eeiation,  rent  of  |)lants,  &<■.,  wore 
$40,{)72,V)4i.42,  leavin-r  .'Sl(»,l<)*),254.0r).  Income  from  loans  and  invest- 
ments  was  Sl,:5()3,!)2r).77,  making  SH, '303. 170.82.  Interest  on  bonds 
required  .'i5l,;5l55,r)88.10,  and  tlie  balance  transferred  to  surplus  accf»imt 
was  $10.1()7,o»l.(i3.  The  surplus  at  Dec.  31,  1014,  was  .Si 3, -)3 1 .02 I.Hi, 
and  balance  frcan  income  acttouut  for  year  ended  Dec.  31,  lOl") 
($10,l()7,r)91.()3),  and  adjustnu-nt  of  sur])lus  (net)  ( 81()S),8!0.00)  niatle  a 
total  of  $23,860,332.78.  i)ividends  jjaid  and  declared  absorbed 
$4,086,3fi4.25,  leaving  surplus  at  Deo.  31,  1015,  §18,882,008.53.  Total 
book  value  of  property  account  is  $144,880,324,  a  dcci-ease  of  82,02fi,l  59. 
The  com))any  liad  200,854  miles  of  pole  line,  033,003  mile;  of  iron  wire, 
040,000  miles  of  cojiper  wire  and  2,005  miles  of  land  line  cables.  There 
are  25,142  offices  under  ot)eration  (decrease  042).  Small  offices  have  been 
changed  to  agencies,  which  arc  not  classed  as  Western  Union  operated 
offices.  Over  $550,000  was  expended,  in  increasing  efficiency  of  cable 
transmission.  A  new  cable  ship,  the  "  Lord  Kelvin,"  to  take  the  ])lac:e 
of  the  "  Minia,"  will  sliortly  be  ready  for  use.  Investments  of  §240,002 
were  made  in  shares  of  telegraph,  cable  and  other  allied  companies 
operated  under  leases,  but  whose  plants  arc  not  mei'ged  in  the  Western 
Union  property  account.  Ca])ital  liabilities  were  reduced  by  $001,030. 
Shares  of  telegraph,  cable  and  other  allied  companies  not  leased  were 
acquired  at  a  cost  of  .§130,004,  returning  7-6  per  cent,  annually  on 
investment  on  the  basis  of  jiresent  dividends.  The  unexpended  balances 
of  reserves  for  maintenance  of  cables  and  depi-eciation  of  land  lines 
amount  to  $0,012,515.  The  reserve  for  employes'  benefit  fund  stands  at 
$1,000,000.  Gross  operating  revenues  incieased  $4,007,010.  The 
transmission  of  the  increased  volume  of  business  with  a  comparatively 
small  increase  in  expense  is  generally  to  be  attributed  to  refinements  in 
organisation,  improvements  in  ])lant  and  methods,  reductions  in  iixed 
charges,  &c.  Net  income  before  paying  dividends  shows  an  increase  of 
$4,790,107,  or  80-3  per  cent.  The  multiplex  automatic  printing  tele- 
graph system  was  installed  on  a  number  of  the  principal  trunk  line  routes, 
and  further  installations  are  in  progress.  Wherever  installed  this  system 
operates  satisfactorily,  its  capacity  for  the  accurate  hand.'ing  of  mes- 
sajjes  over  long  distances  being  greater  than  that  of  any  other  known 
system.  Notwithstanding  depression  in  business  at  the  beginning  of 
1015,  the  work  of  improving  and  strengthening  the  ])lant,  particularly 
the  t  -unk  lines  and  the  important  operating  offices,  was  diligently  con- 
tinued. In  the  larger  cities  and  towns  the  work  of  providing  more  per- 
manent plant  in  the  form  of  underground  or  aerial  cable  in  place  of  open 
wire  construction  has  been  continued.  The  surplus  at  Dec.  31,  1015,  was 
$18,882,060  (increase  $0,799,145),  and  the  total  im])rovement  in  com- 
pany's financial  position  in  the  last  five  years  is  $18,085,748,  consisting  of 
increase  in  surplus  $9,799,145,  and  inci-eases  in  unexpended  balances  of 
reserves  for  maintenance  of  cables,  &c.,   $0,186,003. 

WORCESTER  ELECTRIC  TRACTION  CO.  (LTD.)— Including  £203  brought 
forward,  the  accounts  for  1915  show  an  available  sum  of  £4,042.  The 
directors  recommend  a  dividend  of  3  per  cent.,  after  transferring  £1,000 
to  reserve,  leaving  £1 80  to  be  carried  forward. 
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NEW  COMPANIES,   MORTGAGES  AND 
CHARGES. 


NEW  COMPANIES. 
BRITISH    ELECTROLYTIC    ZINC    CO.    (ISHERWOOD    PROCESS)     (LTD.) 

(143,918.) — Reg.  May  24,  capital  £02,500  in  £1  shares,  to  adopt  an  agree- 
ment with  the  Venture  Trust  (Ltd.),  to  carry  on  the  business  of  refiners, 
reducers,  crushers,  purifiers,  and  separators  of  and  dealers  in  zinc  and 
other  ores,  base  bullion,  slag,  metals,  &c.,  metallurgists,  assayers,  metal 
workers,  dealers  in  metals,  &c.  Private  company.  The  Refractory  Zinc 
Ore  Treatment  Co.  have  the  right  so  long  as  they  hold  1 5,000  shares,  to 
appoint  two  directors. 

BRITISH  GRAPHITE  &  TRADING  CO.  (LTD.)  (9,597.)— Reg.  in  Edin- 
burgh May  13,  ca])ital  £12,000  in  8,000  participating  preference  shares  of 
£1  each,  and  80,000  ordinary  shares  of  Is.  each,  to  carry  on  the  business 
indicated  by  the  title.  Private  company.  First  directors  are  J.  Logan 
and  J.  J.  Pisken.     Reg.  office,  53.  •Bothwell-street,  Glasgow. 

ELECTRICAL  ACCESSORIES  ASSOCIATION  (LTD.)  ( 143,040.)-  Keg. 
May  20  as  a  company  linuted  by  guarantee,  uitii  liot  more  than  5()0 
members,  each  liable  for  £10  in  the  event  of  winding  up,  (o  afford 
l)ecuniary,  legal  and  other  assistance  to  mcnihers.  to  co-operate  with 
kindred  associations,  to  promote  and  aM>ist  the  home,  colonial  and 
foreign  trad'-  in  and  the  manufacture  of  electrical  accessories,  to  examine 
any  patent,  trade  mark,  coiK  C(<sion  or  charter  which  in  the  opinion  of 
the  association,  may  tend  towards  the  creation  of  an  unjustifiable. 
o])pre8sive  or  unreasonable  monopoly  in  electrical  accessories,  or  which 
the  association  may  deem  otherwise  objectionable,  and  to  bring  or  defend 
any  proceedings  in  lelation  thereto,  to  support  and  i)romote  the  status 
and  interetit  of  the  electrical  accessories  trade  generally,  to  diffuse  infor- 
mation amongst  members,  to  carry  on  the  business  of  a  mutual  trade 
protection  association,  to  asiii.^  members  in  collecting  debts,  Szc.  The 
income  of  the  aesociation  is  to  be  applied  solely  towards  the  promotion  of 


ilH  obji'ctH.     Ajiy   jMirtion  or  Jinn  rn;>atfr*4l  in   the  rlec-trical 

trade  or  allied  trade  \ili'>u|.  placo  of  h'; 
Kingdr>ni,  the  rhanrn  I  l.-lanrlK  or  thi-  I- 
shij).     The  council  is  to  have  ah>'olut'>-  ■ 

rejection  of  any  candi<iale.     Tli<- •  nii.K  .    ., , 

subscription  2  guineaH.     The  m 

vi.-fional  mcmbern  of  which  are  i,,.-  -n, 

association,  viz.  :    ('.  S.  (iid<lint<,  Mtlii-jtor  ;    E.  X. 

electrical  acccHsorieB ;     F.    Watkin-on   ^of  .f.   &    \V 

lighting  merchants  ;    F.  Stanley  Smith,  buyr  ;  ('.  (i.  L.  II 

a(;cessories  factor  ;    B.  R.  Agazar,  of  A.  &  A.  Electrical  Co.  (Ltd.) ;   W.  A 

Bradshaw,  manager  ;    F.  Summers,  m<r'  hnnt  ;    W.  (;.  H«-II_\T.  menhant' 

ENGINEERING  EQUIPMENT  CO.  (SWANSEA^  (LTD.)  'I4?.«»il.»  Rrj.' 
April  20,  ca])ital  t500  in  £1  shares,  to  carry  on  the  \>u 

sellers  of  silicate,  cotton  or  slag  wool,  and  other  non-n...  .  

for  steam    boilers  and   steam   pijHis,   contractorx  for   t  .;  and 

soundproofing  buildings,  dealers  in  steam  paekincrs  bcltin;;-   ic     I* 
company.      First  directcrs  are  T.  W.  KIlia  and  .1.  ('.  Haiii<-.     K»~. 
Salubrious-chambers,  Salubrious-passage  (Wind-street),  bwaivw«. 

GALLOWAY   ENGINEERING   CO.    (LTD.)     (9,(i04)— Rep.    in  P>linbur^'h 

on  May  2f),  cai)ital  £40,<MJ0  in  £1  shares,  to  carry  on  th«*  hii«in'^««<  r»( 
engineers,  electricians,  chemists,  <((■(•.      Private  rf^mpany.  ra 

are  Major  H.  R.  Alexander  and  R.  H.  Ballantine.     Reg.  .  ,. 

peare-strcct,  Dumfries. 

HADDOW    &    CO.    (LTD.)      (9,.570)— Reg.  in  Edinburtrh  on  Apnl  28 
capital  t3,000  in  £1  shares  (.500  preference),  to  take  over  the  busine*«  of 
electrical  contractors  carried  on  by  Haddow  &  Co.  and  by  A.  Wylk-  4 
Co.,  Glasgow.     Private  company.     First  directors  are  A.  F.  Wvlie  and 

J.  S.  Hutchison. 

LYNDIN  PARTNERS  (LTD.)  (14.?,768)— Reg.  May  4,  capital  £1  000 
in  £1  shares,  to  carry  on  the  business  of  ironfounders,  mechanical  and 
electrical  engineers,  manufacturers  of  machinery  and  t<jol.<.  metal 
workers,  &c.  Private  company.  First  directors  are  D.  L.  Honeyman, 
A.  B.  Burbridge  and  J.  F.  Wakelin. 

QUEAD(LTD.)  (143,850).— Reg.  May  15,  capital  £7.000  in  £1  shares,  to 

ake  over  the  business  of  vendors-and  manufacturers  of  gas  and  electric 
.stoves,  heaters,  lamps  and  apparatus  and  appliances  relating  thereto 
carried  on  by  F.  Eads  and  R.  J.  Quainton  as  Eads  &  Quainton.  First 
directors  are  F.  Eads  (permanent),  F.  L.  Wright  and  l\.  .J.  Quainton. 
Secretary  :   H.  Middleton.     Reg.  Office  :  47,  Mv^rylebon.-lanc,  W. 

F.  J.  SHENTON  &  CO.  (LTD  )  (143,801).— Reg.  May  17,  capital  £3.500  in 
£1  shares  (3,000  ordinary  and  500  "  B  "),  to  carry  on  the  busine.-^  of 
munition  makers,  electrical,  telephone,  telegraph,  mechanical  and  general 
engineers  and  mcixhants,  electricians,  millwrights,  founder.-.  -"  rs. 

&c.  Private  company.  First  direct oi-s  arj  F.  J.  Shenton  (ma:  .  .  .r.d 
E.  H.  Smith  (chairman).     Reg.  Office  :  284,  Queen's-road,  Peekiiam.S.E. 

STOREY  MACHINE  TOOL  CO.  (LTD.)  (143.827).— Reg.  May  12,  capital 
£10,000  in  £1  shares,  to  take  over  the  business  carried  on  as  the  Storey 
Machine  Tool  Co.,  and  to  carry  on  the  business  of  engineers,  tool  makers. 
machinists,  &c.  Private  company.  First  directors  are  W.  Storey.  A.  P. 
Highett  (and  secretary)  and  .1.  H.  W.  Storey.  Reg.  office  :  43.\,  Pome- 
roy-street.  New  Cross,  S.E. 

THOS.  J.  LOCK  (LTD.)  (143.697).— Reg.  April  2.5,  capital  £5,C00  in  £1 
shares,  to  take  over  the  business  of  a  general  and  experimental  enuineer 
carried  on  by  T.  J.  Lock,  and  to  cany  on  same  ami  the  busine.<s  of 
scientific  and  electrical  instrument  makers,  opticians,  machinist.-s,  tube- 
makers,  &c.  Private  company.  First  directors  are  T.  J.  Lock  (man. 
director  and  secretary),  G.  C.  Sprenser  and  W.  H.  Halsey.  Reg.  offiie  : 
35,  AVhetstone  Park,'High  Holborn.^W.C. 

WM.  HILL  &  SON  &  NCRMAN  &  BEARD  (LTD.)  ( 143.060)— Reg 
May  27,  capital  £40.000  in  tiO  shares  (1.500  6  per  cent,  cumulative  pre- 
ference), to  take  over  (1)  the  business  carried  on  as  Wm.  Hill  &  Son, 
and  Norman  &  Beard  (Ltd.).  to  adopt  an  agreement  with  A.  G.  Hill. 
H.  P.  Gould.  L.  Simon.  (!.  A.  W.  Beard.  .T.  P.  A.  Kirkland  and  ...  J.  S. 
Morris,  and  to  carry  on  the  business  of  buildei-s  and  manufacturers  of 
organs  and  other  musical  instruments  of  all  kinds,  oleitrit  ians  and  manu- 
facturers of  and  dealers  in  a])paratus  and  things  used  in  the  manufacture 
or  erection  of  or  in  the  a])plication  of  electric  or  other  action  to  or  in  the 
maintenance,  improvement  or  i-epair  of  organs  or  other  nnisieal  instru- 
ments.  Private  company.  First  directors  :.iv  .A.  G.  Hill  and  G.  .\.  W. 
Beard  (managing  direetore),  .1.  Pendeitdl.  A.  Kirkland  and  A  J.  S.  Morris. 
Reg.  office  :    Organ  Works,  York-road.  Islington.  X. 

MORTGAGES   AND   CHARGES. 

B,^XENDALE  BROS.  (LTD.)— Particulars  of  t2.lHHt  debi-ntur.'s.  created 
M\y  I  1,  1910,  iiavc  been  filed,  whole  amount  IkmU!;  now  issued.  I^operty 
(  harged  :  Com])a.ny"s  mnlertaking  ami  i)rojKM-ty,  piYsent  and  futur.\ 
No  trustees. 

ELECTRO-GALVANISERS  (LTD.)  -Particulai-s  of  tt.lXK)  delx^ntur^ 
created  :\lay  0.  lOUi.  have  been  filed,  whole  amount  Iwing  now  issued. 
Proi)erty  charged  :  Comi>anys  undertaking  aiul  projierty,  pn'x-nt  and 
future.     No  trustees. 

LAMPLOUGH  &  SON  (LTD.)— Mortgage,  eivatcd  by  rtceivv  r.  tlatod 
I\lay  10,  1910.  to  secure  £1.200  charged  on  company's  undertaking  and 
property,  including  uncalled  capital.     Holder :    H.  E.  Taylor. 

NEW  ERA  SIGNS  (LTD.)— Particulars  of  £2,000  debonturcB,  civated 
lyiay  1.  1010.  have  been  tiled,  amount  of  present  issue  being  £l.:>lX>. 
Property  charged,  companji's  property,  present  and  future.     No  trustees. 
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RECEIVERSHIP. 

CUNNINGHAM  (LTD.)-K.  H.  Hawkins,  4,  Charterhou.-X'-squar  ■,  E.G., 
ceased  to  act  as  receiver  or  manager  on  April  8,  1910. 

GALVO-BOX  CO.  (LTD.)— Notice  of  appointment  of  H.  A.  J'eppcr,  14, 
Temple -L-t net,  Jiirraint^ham,  a;*  receiver  and  manager  on  May  23,  lOlfi, 
under  powers  contained  in  debenture  dated  Oct.  1,  1915,  has  been  fiLd. 


ELECTRICAL  COMPANIES'  SHARE  LlSl.—Convinued. 


CITY  NOTES. 


MEMORANDA  (June  7). — Bank  rate  .',  per  cent,  (smce  Aug.  8,  1914). 
Oonsois  .18.  Consols  Pay  Day,  July  5.  Stocks  and  Shares  Ticket 
Days,  Juno  14  and  28.  Pay  Days,  June  l.">  and  2!).  Price  of 
Bilver,  .'Mjid.  

CANADIAN  GENERAL  ELECTRIC  CO.— A  quarUwly  dividend  of  IJ  )Kr 

('  lit.  has  Ixtii  df;(]a:-'(l  for  tli'-  ijiiart'ir  <  ii<i 'd  .hiii'-  'M). 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— Tlie  tran.^fer  book 
.lid  register  of  holder;;  of  the  r>  per  cent.  tirA  and  4i  i»er  cent,  i^econd 
<!elxnturc  »tock.'i  of  thi.J  company  will  be  cloixd  from  Kith  to  30th  in st., 
.'ncluKiv-e. 

VICTORIA  FALLS  &  TRANSVAAL  POWER  CO.  (LTD.) -The  directors  have 
d'ciar-.d  a  10  iiiontlis"  dividend  al  rale  of  0  per  c  iit.  jK-r  annum  (less  tax) 
on  the  preference  shares,  thereby  making  the  cumuhitive  dividend  paid 
up  lo  Die.  .■!!.  Ktl.". 

WESTERN  TELEGRAPH  CO.  (LTD.)-'riie  diiectois  have  d  claivd  the 
Ihird  quarterly  interim  dividend  of  3s.  ]Kr  share  (tax  free)  for  the  ycai' 
(  r.ding  .lur/^  30,  IfllO,  be.ng  at  rate  of  fi  j.cr  cent,  per  annum.  The 
'iian;f'  r  books  will  he  clofecd  from  the  Kith  to  the  23rd  inwt.  inclusive, 
and  (h"  dividtud  will  l)C  payable  on  the  24th  inst. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132.  Upper  Thames-street,  London,  E.G.,  quote  under 
date  Juno  6,  the  following  as  the  present  basis  prices  of 

New  Metals.  per  lb. 


Solid  Drawn  Brass  Tubes 18d. 

Solid  Drawn  Copper  Tubes 20id. 

Brazed  Copper  Tubes 20]  d. 

Brazed  Brass  Tubes 2ud. 

Brass  Wire 17;d. 

Copper  Wire 20jd. 

Roiled  Brass ITid. 

Brass  Sheets l&id. 

per  ton. 

Copper  Sheets    £le8    0    0 

Spelter £80    0    0 


per  ton. 

English  Lead £33    0    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 


Clean  Copper  Scrap £1C5  0  0 

Clean  Brass  Scrap C65  0  0 

Braziery  Copper  Scrap £95  0  0 

Old  Lead £27  0  0 

Old  Zinc  £'0  0  0 

Hollow  Pewter £115  0  0 

Black  Pewter £75  0  0 

Gun  .Metal £83  0  0 


Mr.  A.  Joseph,  Earl-street.  London-road.  Sauthwark,  London,  S.E.,  quotes  under  date 
J  unc  6,  tht  following  approximate  prices  of  Scrap  Metai  s  : — 


per  ton. 

Aluminium  Cuttings £100    0    0 

Clean  Mixed  Brass £63    0    0 

Clean  Cooper £102    0    0 

Braziery  Copper £88    0    0 

Gun  Metal £80    0    0 


per  ton. 

Old  Lead £23  0    0 

Tea  Lead £26  0    0 

Old  Zinc £52  o    0 

Hollow  Pewter £135  0    0 

Shaped  Black  Pewter £?5  0     0 


Mr.  Joseph  can  supply  solder  at  the  fcllowine  prices  per  ton  ;  Plumber'.s  Solder  (in  bar 
or  strip),  £90;  Commercial  Tinman's  Solder,  £115  ;   Blowpipe  Solder,  £125. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  wore  known  as  "  odioial  quotatioaa  "  are  not  now  issueJ,  but 
we  give  below  the  latofjt  prions  at  which  actual  transactions  took  plaoj 
on  o»  before  Tuesday, . I im<- 0.  The  greatest  care  is  taken  in  oompilini 
these  figure*,  but  the  diffioulty  of  verifioation  ia  now  much  increased. 


Last 
SlDivi- 

^    CBND 


NAME. 


Electricity  Supply. 

Bournemouth  &  Poole  E.L.  Ord. 

Do.    4i%  Cum.  Pref 

Do.     6%  Cum.  2nd  Pref 

Brompton  &  Kensington  Ord . . . . 


St. 


4*% 
4l% 


Do.     7%  Prel. 

Central  Elec.  Supp.  G.  Deb.  St ' 

Charing  Cross  west  End  &  City  Debs...' 

Do.    4i%Pref 

Do.     Ord 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt.  Ord 

Do.    6%  Pref 

Do.     5%  Deb.  St. 

Do.     4i"„  Debs 

County  ot  London  Ord 

Do.    t\  Prof 

Do.     1st  Deb 

Do.    2nd  Deb 

Edmimdson's  Elec.  Supp,  4^%  Debs.. . 
KensiiiKton  and  Knightsbiidgs  Ord.  .. 

Do.     Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mort.  Debs i 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Dob 

Midland  Elec.  Corpn.,lst  Mort.  Deb.  St 
Newcastle  &  Dist.  E.L.  6?o  2nd  Dbs  . . 
N8aiistle-'on-TyneE.S.5%2dMt.Db.St. 
North  Metropolitan  E.  P.  Supp.  6%  Pref 

South  London  E.&  Old    I 


PriM. 

Tues., 
June  6. 


9,-, 

7H 

10,'. 

6« 

8U 

7'3» 
3  A 
3,i 

?'* 

.?* 

I.' 

10  A 

98 

80 

101 

10, ■i 

B6I 

97 

7i.i 

5 
/9J 

4A 

e:j 

80 
99 
99i 
92 
I 
l 


Ratb 

PER  CENT 
YlBLDBO. 


£  a.   d. 

6  10  2 
5  13 
5  19 

7  6 
4  19 

4  18 
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NOTES. 


Mobilise  the  Engineers. 

Knowledge  that  something  will  be  done,  sooner  or  later,  to 
mobilise  the  engineering  strength  of  the  country  encourages 
us  to  lend  our  columns,  and  to  use  such  influence  as  we  possess, 
in  an  endeavour  to  keep  the  subject  before  the  notice  of  our 
readers.  It  is  interesting  to  note  that  the  importance  of  the 
subject  is  being  recognised  by  an  influential  section  of  the  daily 
press.  Thus,  Mr.  F.  W.  Wile,  the  late  Berlin  correspondent  of 
the  "  Daily  Mail,"  writing  under  the  heading  "  Great  War- 
after-the-War  Alliance,"  in  the  "  Mail  "  of  the  8th  inst.,  states 
that : — 

By  far  the  most  significant  manoeuvre  in  Germany's  scheme  for  the 
War-after-the-War  is  the  amalgamation  of  the  Empire's  "engineering 
brains  "  in  one  centralised  body  called  the  "  German  League  of  Engi- 
neering and  Economic  Associations."  It  comprises  the  following  six 
leading  institutions  : — ■ 

Society  of  German  Engineers. 

Society  of  German  Architects,  Designers  and  Builders. 
Society  of  German  Blast  Furnacemen. 
Society  of  German  Chemists. 
Society  of  Electrical  Engineers. 
Society  of  Shipbuilding  Engineers. 
The  combination  will  represent  a  membership  of  60,000,  and  can 
justly  claim  to  incorporate  all  the  scientific  and  engineering  talents 
of  Germany.     The  first  presidency  of  the  new  league — a  fact  worthy 
of  more  than  passing  note — has  been  given  to  Pi-ivy  Councillor  Prof. 
Dr.  Busley,  managing  director  of  the  Schichau  warship  building  plant 
at  Danzig.     Dr.   Busley,  an  intimate  friend  of  the  Kaiser  and  Herr 
Ballin,  is  a  distinguished  marine  engineer,  who  has  been  as  conspicu- 
ously identified  with  the  purely  constructional  side  of  the  German  Na\^ 
and  merchant  marine  as  Tirpitz  and  Ballin  respectively  have  been  with 
their  general  development.     It  is  openly  acknowledged  in  Germany 
that  the  league  of  all  the  talents  has  been  organised  "  to  confront  the 
great  new  tasks  which  the  present  era  conjures  ui)."' 


The  need  for  mobilising  the  engineers  in  this  country  still 
remains,  and  we  again  xxge  the  authorities  to  mobilise  the 
engineering  talent  of  the  Empire  for  reasons  that  have  already 
been  given  in  these  columns.  We  ask  :  "  How  much  longer 
are  we  going  to  employ  our  technical  engineers  in  the  mere 


inspection  of  shells  and  such  like,  when  work  which  such 
engineers  alone  can  perform  is  waiting  to  be  done."  (Jne  of 
these  days  we  hope  to  make  the  following  announcement : 
"  By  far  the  most  significant  manoeuvre  in  Britain's  scheme 
for  the  '  war-after-the-war '  is  the  amalgamation  of  the 
Empire's  '  engineering  brains  '  in  one  centralised  body  called 
the  ■  British  Engineering  Economic  League.'  In  addition  to 
the  eight  leading  engineenng  institutions  it  compiises  the 
Amalgamated  Society  of  Engineers  and  kindred  societies,  as 
well  as  the  several  Engineering  Employers"  Federations.  The 
combination  will  represent  a  membership  of  close  upon 
250,000,  and  can,  without  fear  of  contradiction,  claim  to 
incorporate  all  the  engineering  talents  and  interests.  Among 
the  objects  of  the  League  three  may  be  mentioned.  These 
are  :  (i.)  To  meet  the  whole  of  the  engineering  needs  of  the 
Empire  in  the  workshops  of  the  Empire  ;  (ii.)  to  enable  our 
engineers  to  be  as  well  informed  as  their  competitoi-s  on  the 
immediate  and  prospective  requirements  of  foreign  buyers, 
and  (iii.)  to  secure  for  everyone  engaged  in  the  engineering 
industries  a  share  of  the  profits  derived  from  such  industries." 
On  that  day  we  shall  be  proud  of  our  connection  with  the 
profession. 

Contracts  for  Public  Lighting. 

The  Government  restrictions  have  very  naturally  led  to 
difficulties  in  regard  to  contracts  for  public  lighting,  and  there 
has  been  a  disposition  on  the  part  of  some  local  authorities  to 
avoid  the  payment  of  sums  due  under  such  contracts,  on  the 
ground  that  the  light  was  not  supplied.  The  case  of  Leiston 
has  actually  been  before  rhe  Courts,  the  gas  company  suing 
the  Urban  District  Council  for  a  smn  due  under  the  contract. 
As  was  reported  in  our  columns  some  time  ago.  Mr.  Justice 
Low  held  that  the  contract  was  still  valid,  and  found  in  favour 
of  the  gas  company.  This  judgment,  however,  did  not  satisfy 
the  Council,  and  they,  therefore,  carried  the  matter  further  : 
but  in  the  Court  of  Appeal  last  week  the  judgment  of  Mr. 
Justice  Low  was  confirmed.  It  seems  (o  us  unfortunate  that 
public  money  should  be  wasted  in  this  way  at  such  a  time. 
In  such  matters  it  is  surely  better  to  comproniise  and  to  be 
satisfied  with  some  small  reduction.  It  seems  to  be  forgotten 
by  municipal  bodies  that  the  charge  for  electricity  or  gas  in 
street  lighting  is  only  one  of  the  charges  when  a  contract  is 
entered  into  for  the  supply  of  light  and  maintenance  of  lamps. 
A  certain  amount  of  plant  at  the  station  must  be  kept  available 
for  the  supply  of  the  light,  ard  the  lamps,  cables,  &c..  must  be 
maintained  in  proper  condition.  It  is,  therefore, a  common-sense 
view,  as  expressed  by  the  Lord  Chief  Justice,  that,  although 
part  of  the  performance  of  the  contract  had  become  unlawful, 
another  part  of  the  coiitract,  which  cannot  bo  regarded  as 
trivial  is  lawful  and  can  be  performed.  The  opinion  was  also 
expressed  that  the  agreement  as  to  the  supi)ly  of  gas  should  be 
regarded  as  an  independent  agreement.     The  same  question 
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in  another  foiTn  arises  in  connection  with  charges  made  to 
domestic  consumers  for  light.  We  notice  a  letter  in  the  daily 
Press  complaining  that,  although  the  Summer  Time  Act  might 
reduce  the  consumption  of  electricity  for  lighting,  nevertheless 
a  minimum  charge  has  to  be  paid  which  may  be  considerably 
higher  than  the  sum  equivalent  to  the  amount  of  electricity 
used.  Here  again,  of  course,  merely  the  energy  supplied  is  not 
all  that  has  to  be  considered.  Moreover,  it  must  be  remem- 
bered that  the  Summer  Time  Bill  was  not  introduced  merely 
with  a  view  to  relieving  the  consumer  of  expense,  but  also  to 
relieve  the  generating  stations  from  the  necessity  to  some 
extent  of  having  to  use  quite  so  much  coal.  We  hope  that  the 
judgment  given  by  the  Lord  Chief  Justice  will  enable  the 
public  generally  to  realise  the  position  rather  more  clearly. 


Effect  of  the  Power  Load. 

In  glancing  through  the  annual  reports  of  municipal  elec- 
tricity undertakings  which  are  now  coming  to  hand  it  is  notice- 
able that  such  undertakings  may  be  put  into  three  classes, 
according  to  the  influences  of  present  conditions  upon  them. 
The  first  includes  small  undertakings  which  merely  serve 
residential  areas,  and  which  have  been  seriously  affected  by 
the  lighting  restrictions.  In  such  cases  an  increase  in  price 
has  been  almost  inevitable.  We  may,  perhaps,  take  Birken- 
head as  an  example,  where  we  notice  that  the  Summer  Time 
Act  has  led  to  an  increase  of  5  per  cent,  in  the  tariff.  The 
second  class  includes  those  undertakings  which  have,  on  the 
whole,  made  more  or  less  normal  progress.  Loss  of  revenue 
in  one  direction  has  been  more  than  made  up  by  an  increase 
in  the  power  load.  Among  such  undertakings  we  may  include 
Manchester  and  Leeds.  In  the  case  of  Manchester  the  maxi- 
mum demand  has  increased  from  50,4G0  kw.  to  .52,976  kw..  and 
the  number  of  units  sold  has  increased  by  over  18  millions. 
Notwithstanding  an  almost  stationary  gross  profit,  and  the 
fact  that  expenditure  includes  a  sum  of  £11,110  for  war  service 
allowances,  and  £11,308  additional  income  tax,  the  financial 
result  is  satisfactory,  and  the  rates  have  benefited  to  the  extent 
of  £30,000,  as  in  the  previous  year.  At  Leeds  the  power  supply 
has,  for  the  first  time,  been  the  largest  source  of  income. 
Domestic  electricity  supply  has  made  considerable  progress, 
and  1  l:c  net  profit  was  a  good  deal  larger  than  the  previous  year. 


end  of  1914.  Not  the  least  interesting  part  of  the  report  is 
the  section  in  which  is  briefly  told  the  story  of  the  electrical 
development  in  the  country  of  our  progressive  Ally.  Beginning 
less  than  30  years  ago  with  a  "  home-made  "  75-lamp  dynamo 
installed  at  Nihonbashi,  in  little  more  than  a  year  the  aggregate 
capacity  of  all  the  generating  stations  in  Japan  had  become 
about  .500  kw.  Twenty  years  later — in  1907  to  be  precise — a 
15,000  kw.  55,000-volt  hydro-electric  station  was  constnicted 
and  the  power  was  transmitted  to  Tokyo,  50  miles  distant 
from  the  power  station.  At  the  end  of  1914  another  hydro- 
electric station  was  set  to  work.  In  this  case  the  ou-tput  is 
14,000  kw.,  and  the  power  is  transmitted  140  miles  at  a 
pressure  of  1 15,000  volts.  According  to  the  report,  of  which  we 
hope  to  give  an  abstract  in  an  early  issue,  at  the  end  of  1914  the 
total  capacity  of  the  generating  stations  in  operation  amounted 
to  609,000  kw.  in  round  numbers.  It  is  evident  that  our 
friends  have  followed  orthodox  lines  in  so  far  as  there  are  no 
less  than  578  generating  stations  owned  by  nearly  the  same 
number  of  companies.  Of  the  latter,  over  90  per  cent,  are  joint- 
stock  companies.  The  report  shows  that  there  is  the  usual 
high  percentage  of  small  stations  generating  all  sorts  and  con- 
ditions of  current.  No  information  is  given  as  to  the  steps 
that  are  being  taken  to  reduce  this  chaos  (which  reminds  one 
of  the  present  state  of  power  supply  at  home)  to  engineering 
order,  so  as  to  minimise  waste.  The  most  recent  estimate  of 
the  available  hydraulic  power  in  Japan  is  2,300,000  H. P.,  and 
the  utili.satiun  of  tiiis  power  is  likely  to  go  a  long  way  towards 
promoting  uniformity.  From  the  development  recorded  in  the 
report  it  is  evident  that  there  should  be  a  good  market  in  Japan 
for  all  classes  of  electrical  machinery  and  apparatus. 


Lastly  wc  come  to  the  third  class  of  ujuh-rtaking,  in  which 
the  progress  has  been  very  marked  owing  to  a  large  increase 
in  llie  demand  for  power.     As  examples  we  may  take  Barrow 
and  jjiiudlii.     in  the  case  of  Barrow  the  output  has  increased 
from  3-()  inillioji  units  to  13-8  millions,  or  an  increase  of  283  per 
cent.     The  gross  profit  has  risen  from  £12.717  to  £21,399.  and 
the    load  factor    has    made  the  extraordinary  jwlvancc  from 
17-97  to  40-36.      ill   tlic  case  of   Lincoln   the  output  has  not 
increased  so  largely,  Imt  there  has  been  an  increa.se  of  38  per 
cent.     The  engineer,   Mr.  Stanley  Clecjc,  has  gone  to  the 
troul)lc  of  analysing  the  accounts,  ho  as  to  demon.strate  tliat  a 
power  loud  really  is  worth  having,  and  can  be  .suj>plied  remu- 
neratively at  a  very  much  lower  figure  than  a  lighting  load. 
There  must  be  very  few  engineers  who  do  not  now  realise  lln' 
im])ortancc  of  ♦^he  ])ower  load,  but  there  ar(>  others  who  are 
concerned  with  electricity  su])ply  on  whom  it  is  well  to  imj)re.ss 
this  fact,  and  such  persons  will,  no  doul)t.  do  well  to  read  the 
reasons  advanced  by  Mr.  ( 'leci;  that  it  is  po.ssil»le  ami  reason- 
able to  sell  electricity  need  continuously  for  power,  as  opposed 
to  electricity  used  only  intermittently,  at  a  very  considerably 
lower  rate  than  for  lighting,   and  y(>t   carry  on  a  prolital)le 
business. 


Electric  Undertakings  in  Japan. 

Wio  have  receiveil  an  mlonnative  statustnal  rcjtort  showing 
the  condition  o{  existing  electric  undertakings  in  .lajian  at  the 


Forced  Ventilation.  .Ah.  W,  M,  Hoen,  in  a  discussion  on 
"  Modem  Electric  iline  Locomotives,"  at  San  Francisco,  after 
referring  to  the  high  temperatures  sometimes  attained  in  motor 
annatures,  states  :  "  The  addition  of  a  blower  giving  forced 
ventilation  increases  the  radiatuig  capacity  of  the  motors, 
giving  much  lower  temperatures  for  the  same  service."'  The 
increased  capacity  greatly  overbalances  the  disadvantages, 
especiallv  on  th<-  larger  engines. 

Asymmetrical  Rotors.  In  a  Paper  read  before  the  Institute 
of  Kadi<»  Kngineei-s,  by  Mr.  B.  Liebowitz,  on  "  The  Pupin 
Theory  of  Asymmetrical  Rotors  in  I'nidirectional  Fields," 
special  reference  is  made  to  the  (ioldschmidt  alternator.  The 
case  of  a  simple  circuit  with,  periodically  varying  inductance 
is  first  examined,  then  follow  cases  in  which  the  circuits  have 
i)uluctance,  resistance  and  variable  n\utual  inductance.  The 
sttlulions  are  worked  out  to  the  fourth  harmonic  in  each  case, 
the  general  solutions  being  in  the  fonn  of  a  Fourier  series  in 
which  each  am])Iitude  is  an  infinite  .series.  According  to  this 
aheory  all  the  current,s  in  low  resistance  .stators  and  rotors,  when 
tuned,  tend  towards  infinity,  but  in  practice  this  is  prevented 
ty  the  variable  permeability  of  the  iron  which  upsets  the  tuning 
I'.nd  the  iroi\  losses  whi'li  limit  the  current. 

Organisation    of    British     Engineering     Industry. —The 

following  resolutions  were  carrietl  at  the  general  meeting  of 
tlu'  Council  for  the  Organisation  of  the  British  Engineering 
Industry  (Manufacturing  Engineering  Concerns  Section),  on 
.June  6.1916:    - 

1.  That  thin  lurrtinp  approvrs  the  strps  taken  to  orpanise  British 
Knpinrrrinp  IncinKfry  hv  the  ('ouncil  ajipojntod  on  Deo.  (».  191.'>. 

2.  That  this  inei'ting  apjimvei*  tlie  fonn.ition  <>f  an  Asjicx-iation  on  the 
linrs  advoi-.itcd  in  tlie  ni(  moranduni  circulated,  with  power  to  nepotiat'>, 
and  if  acl\  it-.-ililr  t<>  amalgamate  or  combine  with  existing  or  ]>roje<  ted 
Axsiviations  ;  and  this  meeting  pledges  iXfclt  to  support  sueh  an  organ- 
imttion. 

3.  That  thofe  tirmn  who  by  signing  the  eartl  have  promised  their 
adhesion  an<l  suii]>ort  to  the  organisation  l»e  ask<  d  to  stibsoril»e  to  the 
funds  of  the  new  Assot-iation  ancl  to  make  forthwith  a  minimum  ]tayment 
of  £.">  on  account  of  their  first  wars  subsenption  towards  jireliminarj- 
exjxMises. 

4.  That  the  existing  Conimittre  ho  empowered  to  gi\t'  effect  to  the 
H'sojutions  pa.iKrd  at  th^s  meeting. 
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Hydrogen  by  Electrolysis. — According  to  "  Metallurgical 
and  Chemical  Engineering  "  one  of  the  first  commercial  plants 
for  decomposing  water  into  liydrogen  and  oxygen  was  that  at 
Waverley,  Newark,  N.J.  The  electrolyte  used  is  an  aqueous 
solution  of  caustic  potash  or  soda.  Each  cell  produces  per 
kilowatt-hour  8  cubic  ft.  of  hydrogen  and  4  cubic  ft.  of  oxygen. 
The  watts  per  cell  is  800.  The  purity  of  the  electrolytic 
hydrogen  and  oxygen  is  99-8  and  99-6  per  cent,  respectively. 
The  cost  of  hydrogen  by  this  process  is  0-0625d.  per  cubic  foot 
at  a  cost  per  kilowatt  of  0-5d. 

Electrical  Treatment  of  Timber.— The  "  Builder  "  refers 
to  methods  of  treating  timber  electrically.  When  current  is 
passed  through  freshly-cut  timber  a  chemical  change  is  stated 
to  occur,  which  renders  it  more  able  to  withstand  attacks  of 
fungi.  By  using  the  "  Nodon  "  process  it  is  claimed  that  the 
effect  in  a  few  hours  is  equivalent  to  months  of  ordinary  drying 
in  free  air.  Since  moisture  assists  the  flow  of  electric  current 
the  process  is  best  applied  just  after  the  tree  is  felled.  In  this 
way  the  transit  weight  is  reduced.  The  electric  power  required 
is  3  kw.  to  6  kw.  per  cubic  meter. 

Electric  Gas  Detector. — The  "  Colliery  Guardian  "  refers 
to  an  electric  gas  detector  for  use  in  mines  devised  by  Mr.  C.  M. 
Means,  of  the  Randolph-Means  Co.,  Pittsburg,  U.S.A.  It 
consists  of  two  glowers  placed  vertically  side  by  side,  and 
enclosed  with  gauze  and  glass.  To  use  it  a  button  is  pressed 
and  electric  current  from  a  primary  or  storage  cell  heats  the 
glowers  to  a  dull  red.  In  air  both  glowers  are  of  equal  lumin- 
osity, but  in  inflammable  gases  one  of  them  gets  brighter,  and 
the  other  duller.  It  is  intended  to  indicate  the  presence  of  2  per 
cent,  of  gas,  and  it  is  stated  it  can  be  used  for  as  small  per- 
centages as  0-5. 

Long-distance  Telephony. — A  demonstration  of  long- 
distance telephony  was  given  at  the  recent  dinner  of  the 
National  Geographical  Society  at  Washington.  Details  of  the 
demonstration  indicate  how  all  long-distance  obstacles  have 
been  overcome  by  the  engineering  department  of  the  American 
Telephone  &  Telegraph  Co.  Connections  were  made  between 
the  banqueting  hall  at  Washington  and  the  points  mentioned 
below,  in  the  sequence  given  :  Seattle,  Ottawa,  El  Paso, 
Jacksonville  and  San  Francisco.  Circuits  were  built  up  to  the 
same  points,  which  brought  the  total  up  to  19,600  miles.  Mr. 
J.  J.  Carty,  chief  engineer  of  the  American  Telephone  &  Tele- 
graph Co.,  first  said  a  few  words  to  someone  at  the  distant 
point,  and  then  called  the  roll  of  the  important  test  stations 
along  the  hne,  someone  at  each  of  these  intermediate  points 
answering  him. 

Illumination  From  a  Radiating  Disc. — Mr.  P.  D.  Foote, 
in  the  "  Bulletin  "  of  the  Bureau  of  Standards,  refers  to  a 
recent  discussion  of  the  Illuminating  Engineering  Society,  and 
states  that  the  integral  proposed  to  calculate  the  illumination 
from  a  radiating  disc  is  incorrect,  and  the  approximation 
method  given  in  detail  is  not  warranted,  since  the  correct 
solution  is  easily  obtained.  He  then  writes  out  the  integral 
and  calculates  the  illumination  at  any  point  in  space  on  a 
surface  parallel  to  the  disc,  as  well  as  considering  the  cases  of 
illumination  at  a  point  on  a  line  perpendicular  to  the  disc  from 
a  point  on  the  circumference.  Another  case  considered  is  the 
illumination  on  a  line  perpendicular  to  the  disc  at  the  centre. 
Three  curves  are  given  illustrating  the  results  of  calculation. 
In  making  the  calculation  diffuse  radiation  and  the  validity  of 
Lambert's  law  is  assumed  as  well  as  the  inverse  square  law  for 
infinitesimal  points. 

Composition  and  Density  of  Copper  Sulphate  Solutions.— 

A  publication  of  the  Bureau  of  Standards,  entitled  "  Relation 
Between  Composition  and  Density  of  Aqueous  Solutions  of 
Copper  Sulphate  and  Sulphuric  Acid,"  has  recently  been 
issued.  In  connection  with  a  study  of  copper  electrotyping 
baths,  which  usually  contain  only  copper  sulphate  and  sul- 
phuric acid,  it  was  found  desirable  to  devise  a  simple  method 
for  determining  their  composition.  Since  the  composition  of 
such  a  solution  is  fixed,  if  the  acidity  and  density  at  a  given 
temperature  are  known,  all  that  is  required  to  determine  the 
content  of  copper  sulphate  is  a  table  showing  the  densities  of 
solutions  of  known  composition.     The  densities  of  such  solu- 


tions varying  in  concentration  from  0  to  2)  per  cent,  each  of 
copper  sulphate  and  sulphuric  acid,  were  det«rniined  at  25'C. 

and  40%'.,  and  were  found    to    he 
independent    of   their   proportion, 
subject  may  obtain  a  copy  free  by  w: 
Bureau  of  Standards. 

Our  Earth  a  Magnet.-  The  "Journal "  of  the  FrankUn  In  • 

tute  contain.^  an  iii.strurrtive  article  d**;i'  '       ' 

magnetism  by  Dr.  L.  A.  Bauer,  of  the  Df|.. ,.  .   .. 

Magnet'sm,  Washington.     Starting  off  with  the  approp; 
quotation  of  Dryden  that  : 

'■  Gilbert  Khali  live  till  loiJtstoncH  ceaiie  to  draw. 
Or  British  fleets  the  boundless  ocean  awe," 

the  early  magnetic  discoveries  are  referred  to.     The  .srience  of 
terrestrial  magnetism  is  sketched,  and  it  is  mentiomKl  th  i* 
compared  with  steel,  the  earth  is  but  a  feeble   magnet  (>>:. 
about    l/10,000th    that    of    highly    magnetised    steel).     The 
variation  of  the  compass  is  then  discu.ssed,  and  the  d-  ' 

of  a  magnet  as  ""  a  body  capable  of  exerting  magnetic 

and  magnetic  force,  as  "  the  force  exerted  "  by  a  magnet, 
leads  naturally  to  an  inquiry.  The  voyage  of  the  non-magnetic 
vessel  "  Carnegie,"  and  particulars  of  some  results,  are  illu.s- 
trated  by  photographs  and  diagrams,  and  the  article  ends  with  a 
quotation  of  C.  R.  Clarke's  lines  on  the  compass  : — 
"  By  many  lang  endurinj;  links, 
I  clasp  the  Northern  Star."' 

It  is  altogether  a  most  interesting  and  readable  article. 

Wave-lengths  in  the  Iron  Spectrum.^We  have  received 
a  copy  of  a  new  publication  of  the  Bureau  of  Standards  en- 
titled "  Interference  Measurements  of  Wave-length  in  the  Iron 
Spectrum."  The  bureau  undertook  this  investigation  in  order 
to  establish  for  spectroscopists  a  satisfactory  system  of  standard 
wave-lengths  and  to  study  some  characteristics  of  the  emission 
lines  in  the  spectrum  of  the  iron  arc.  For  successful  spectro- 
scopic analysis  the  wave-lengths  and  other  characteristics 
still  exist,  and  to  remove  the  ambiguity  it  is  of  primar;. 
importance  to  have  a  good  system  of  standard  wave-lengths. 
The  wave-lengths  of  about  400  iron  lines  were  measured 
throughout  the  spectrum  from  the  visible  red  (6,750  A)  into 
the  ultra-violet  (3,233  A).  As  far  as  possible,  sharp  lines  of 
different  intensities  were  chosen  at  regular  intervals  in  this 
region.  The  accuracy  of  the  measurements  is  one  part  in 
several  millions.  The  wave-lengths  of  other  spectra  photo- 
graphed together  with  these  standards  can  be  accurately 
obtained  and  the  corresponding  chemical  elements  identified. 
The  Bureau  has  applied  this  to  the  analysis  of  alloy  steels  and 
various  ores.  The  sharpness  of  over  600  lines  in  the  iron-arc 
spectrum  was  carefully  examined  and  the  relation  of  this  pro- 
perty to  intensity  and  change  in  wave-length  by  pressure  or 
other  causes  was  sought.     The  results  are  given  in  the  Paper. 

The  Proposed  Development  of  the  Walchensee  Water! a  11 
in  Bavaria. — ^Mr.  Oskar  von  Miller  has  presented  a  repoit  to 
the  Bavarian  Home  Ofirce,  in  which  he  gives  estimates  of  the 
results  which  might  be  expected  to  follow  from  the  proposed 
hydro-electric  station  for  the  utilisation  of  the  water  of  the 
Walchensee.  This  water-power  is  estimated  at  a  maximum  of 
40,000  kw.,  with  a  total  annual  output  of  120,000,0JJ  kw.- 
hours.  The  report  suggests  that  it  would  be  better  not  to 
endeavour  to  distribute  the  power  locally  or  m  any  one  par- 
ticular district,  but  to  distribute  it  throughout  the  whole  of 
Bavaria,  in  conjunction  with  already  existing  sources  of  supply. 
With  this  object  in  view,  the  central  station  and  transmission 
schemes,  which  are  at  present  in  operation,  should  be  unified 
under  one  management,  and  the  whole  should  be  developed 
as  one  undertaking  under  the  name  of  the  Bavarian  Central 
Works.  It  is  considered  that  in  this  way  it  will  be  possible 
to  shut  down  a  number  of  steam  stations,  which  are  supplymg 
very  inefficientlv.  It  may  be  necessary  to  have  a  few  steam 
stations  as  a  staud-bv,  and  the  sites  for  these  will  have  to  be 
carefullv  chosen  :  biit  the  net  result  will  be  a  considerable 
cheapening  of  the  cost  of  supply.  The  repoit.  contains  figures 
relating  to  the  financial  estimates.  Accoixiing  to  these,  it 
should  be  possible  to  lower  the  prime  cost  of  supply  by  20  per 
cent. 
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INSTITUTIONS  AND  SOCIETIES. 


Lieut.  Wilkinson. — We  regret  to  record  the  death  of  Lieut.  J.  R. 
Wilkinson,  B.Sc,  elder  son  of  Mr.  Geo.  Wilkinson,  borough  electrical 
engineer  of  Harrogate.  The  deceased,  who  was  26  years  of  age, 
belonged  to  the  2nd  Lancashire  Fusiliers. 

He  wont  to  the  Front  in  the  early  part  of  Auguf^t,  1914.  and  on  Aup.  26, 
in  the  fighting  at  Cambrai  during  the  retreat  from  Mons,  a  shell  burst 
near  him,  and  he  sustained  10  shell  wounds.  He  was  found  by  three 
Red  Cross  Germans,  and  was  taken  in  a  cart  to  Cattenieres,  where  he  was 
overhauled  by  German  doctors.  From  there  he  was  taken  to  Cambrai 
and  then  on  to  Hesscn,  and  later  to  the  fortress  at  Mainz,  and  subse- 
quently to  Neissc  and  Cnadenfrei.  Six  of  his  wounds  soon  healed,  and 
in  time  th?  other  four  got  wfll.  Letters  were  rejoilarly  received  from 
Lieut.  Wilkinson,  and  he  li<:htened  the  monotony  of  his  life  by  studying 
languages,  in  several  of  which,  notably  German,  French  and  Russian,  he 
became  quite  proficient.  Lieut.  Wilkinson  was  interested  in  meteoro- 
logical matters,  and  he  appears  to  have  pursued  his  studies  in  Germany. 
He  was  in  the  habit  of  going  on  to  the  roof  to  make  his  observations, 
and  on  one  of  these  occasions,  for  some  cause  unknown,  he  fell  off  the  roof 
and  was  instantly  killed.  The  deep  sympathies  of  a  wide  circle  of  friends 
will  go  out  to  the  family  in  their  great  sorrow. 

Killed  in  Action. — The  death  is  announced  of  Engineer  Sub- 
Lieut.  Charles  P.  Tanner.  He  was  educated  at  Oakham  School, 
whence  he  proceeded  to  Rowan's  Engineering  ^Vorks,  Glasgow,  and 
studied  at  the  university,  where  he  took  his  B.Sc.  degree  in  March. 
He  won  many  scholarships,  and  was  Lloyd's  and  Whitworth  exhi- 
bitioner. He  received  a  commission  in  the  Royal  Xavy  in  Ajiril, 
and  joined  H.M.S.  "  Indefatigable  "  on  !Ma\-  8. 

Capt.  Thos.  Wilkes  Lonsdale  (Duke  of  Cornwall's  Light  Infantry) 
died  in  France  on  June  5  of  wounds  received  on  May  24.  He  was 
born  in  June,  1894.  Capt.  Ixjnsdale,  who  was  recently  awarded  the 
Military  Cross  for  conspicuous  gallantry,  was  studying  at  the  Bat- 
tersea  Polytechnic  for  an  Engineering  Degree  until  the  outbreak  of 
the  war. 

PERSONAL. 


Correction. — With  regard  to  the  first  paragraph  in  our  Personal 
column  of  our  issue  of  June  2nd,  this  should  have  referred  to  Mr. 
L.  P.  Mans^hall,  chief  engineer  to  Rangoon  Municipality,  and  not  to 
Mr.  J.  I>.  Holmes,  who  is  chairman  and  resident  engineer  of  the 
Rangoon  Port  Trust  (and  who  sits  on  the  Board  of  the  ]\Iunieipality 
and  advises  them  in  an  honorary  capacity).  Mr.  Marshall  is  at 
present  in  England,  and  letters  addressed  to  him,  care  of  Messrs. 
Ogilvy,  Gillanders  &  Co.,  67,  Comhill,  London,  E.G.,  will  be  for- 
warded to  him.  The  letters  already  sent  to  that  address  for  Mr. 
Holmes,  hh  the  result  of  the  publication  of  our  previous  note  on  the 
subject,  will  also  be  dealt  with  by  Mr.  Marshall. 

Mr.  J.  H.  Butters,  chief  engineer  and  general  manager  of  the  Hydro- 
Electrie  l)e|jartment,  Tasmania,  has  been  ajjjjointed  a  member  of 
the  advisory  council  constituted  b\'  the  Federal  Ciovemment  in  con- 
nection with  the  initiation  of  a  Scientific  Research  Bureau  for  the 
collection  and  dissemination  of  industrial  scientific  information. 

Royal  Engineer.s  (T.  F.  ) — The  following  appointments  have 
been  made  : — 

l^ondon  Kleetrieal  Engineers  :  The  following  announcement  is  sub- 
Htitut<'d  for  that  in  the  "  London  Gazette  "  of  May  5:  Sec.-Lt.  (temp. 
Cai)t.)  A.  R.  /.  I'orter.  from  Lond.  R.,  to  be  Second  Lieutenant  ;  Sec.-Lt. 
A.  R.  /.  Porter  tr)  be  temi).  Lieutenant  (May  (i). 

Tyne  Electrical  l-'nL'inecrs  :  Sergt.-Maj.  F.  T.  Hamilton  to  be  Second- 
Lieutenant  (on  ])i()l)atinn). 


APPOINTMENTS  VACANT  AND  FILLED. 


'I'lie  (Joveriiing  I'xidy  of  the  Manchester  Mmiicii).il  School  of  Tech- 
nology invites  applications  for  tlic!  up|Ktintment  of  vice-principal. 
Salary  £500  a  year.  Conditions  from  the  Registrar,  to  whom 
applications  by  .Mine  11>. 

Mr.  W.  (''.  Crossle.  of  the  engineering  staff  of  Messrs.  Fvvie  & 
Stewart,  of  Melbourne,  has  relin(|uislied  his  position  to  take  charge 
of  the  Commcmwealth  (Jovernment's  wireless  st^ition  at  Woodlark 
Island. 

fTJ  Mr.  K.  C.  Harlow,  assistant  manager  and  engineer.  Sienu'ns  Bros. 
Dynamo  Works  (Ltd.).  .Melliomiie.  has  joincfl  the  staff  of  Xoyes 
Bros.  Pty.  (Ltd.),  Melbourne. 

W.Mr.  W.  O.  Strangward,  secretary  of  the  Prahran  and  Malvern 
Tramway  Trust,  has  been  ap|)ouite<l  secretary  of  tiie  Mcllxiunie 
Tramway  Trust. 

Mr.  Eric  Halliwell.  of  Koroit  (Victoria),  has  been  apjHjinted  elec- 
trical engineer  to  Hulla  Shiix'  Council. 


Institution  of  Mining  Electrical  Engineers. — In  the  discussion  of 
ilr.  Kivlen's  Paper  at  Glasgow  on  the  "  Standardisation  of  Switch- 
gear,"  -Mr.  .1.  Gibson  remarked  that  if  they  took  a  fairly  extensive 
colliery  they  would  tind  .50  motors  and  not  two  of  them  alike.  ,;  They 
ought  to  be  standardised  as  well  as  switches,  as  it  required  about  20 
spare  armatures  being  kejjt.  which  was  serious.  As  a  rule,  collieries 
were  not  stopped  through  failure  of  100  h.p.  motors,  but  through  the 
breakdown  of  some  small  motor  driving  an  auxiliary  haulage  or  fan. 
It  Avas  jKjinted  out  that  many  of  the  -\nierican  starters  were  fitted 
with  .\merican  screws,  makmg  rejiairs  difficult,  although  in  some 
cases  this  was  jjartially  remedied.  The  Branch  President  stated  that 
although  electrical  engineers  had  been  trying  to  standardise  for  years 
they  were  no  nearer  getting  over  the  obstacles  to-day  than  10  years 
ago.  He  referred  to  the  ijuprovements  made  in  motors,  and  asked 
where  we  would  be  if  the.'-e  had  been  standardised.  The  manufacture 
of  standard  cables  and  the  failure  of  getting  them  taken  up  in  mines 
was  dealt  with.  Mr.  Anderson  referred  to  the  induction  motor  as  a 
beautiful  piece  of  ajjparatus,  but  which  left  something  to  be  desired 
in  mechanical  details.  .Mr.  J.  P.  C.  Kivlen,  in  his  reply,  stated  that 
all  he  suggested  was  standardisation  in  small  parts,  or  details,  such, 
for  instance,  as  trailing  cable  plugs.  He  did  not  consider  it  good 
practice  with  a  '"  cab-tyre  "'  cable  to  have  two  different  plugs  fitted 
to  it.  Makers  should  also  standardise  the  actual  lockijig  pin  of  the 
plug.  He  considered  it  most  unfair  of  colliery  people  purchasing 
American  goods  at  present  when  our  manufacturers  were  busy  with 
munitions. 


ARRANGEMENTS  FOR  THE  WEEK. 


SATURDAY,  June  ITth. 

AssocuTio.N'  OF  Teachers  in  Technical  IxsTrrrTioxs. 
2.30  p.m.     Day  Trainint;  College,  Southampton  Row,  London,  W.C. 
1916  conference  and  address  bv  Dr.  Wm.  Garnctt. 


INCORPORATED  MUNICIPAL  ELECTRICAL  ASSOCIATION. 
Thursday,  June  22nd. 

JO  a.m.  Amiuai  Convention  at  th*^  Institution  of  Electrical 
Enpineers.  Victoria  Embankment.  London.  W.C.  Presidential 
Address  by  Mr.  Alex.  C.  Cramb.  borfiuch  electrical  eneineer  of 
Croydon.  Paper  on  '*  Boiler  Hou.k*-  Design."  by  Mr.  W.  W. 
I.flekie. 

2.30  p.m.  Papers  on  ".Area  of  Supply  from  an  Economic  Stand- 
point,''by  Mr.  H.  S.  Ellis,  and  on  "The  Application  of  Electric 
Power  to  Agriculture,"  by  Mr.  W.  T.  Kerr. 

Friday,  June  23rd. 

10  a.m.     Council  meetinp. 
10.30  a.m.     Annual  gcn<'ral  meeting.  To  recive   the   CounciPs  annual 
report  to  date  and  auditors"  report  and  statement  of  accounts 
for  year  ended  M.vrch  ."Jl.  lOH!.  &c. 
3  p.m.     To   reassseuible    if    m .  .ssarv-    to   complete    any   adjourned 
b\isines8. 


I8t  LONDON  ENGINEER  VOLUNTEERS. 

Officer  CoiiiniaiHliii;:  Lieut. -('<'l.  C.  li.  Ci  \^■.  \'.D. 

Orders  for  the  Weok. 

Oflicer  for  the  Week. — Platoon  Commander  X.  E.  Brown. 
Next  for  Duty.      Platoon  Commnnder  C.  H.  C.  Rond. 

Resignation.  —  Platoon  Commander  E.  L  Sanderson  resigns  his  appoint- 
ment (.Tunc  5). 

Mniiday.   .Iim<'    19. — Technical  for   Platoon   No.    9.   4fi.   Rcp^ncy-stn'ct. 

S.W.     Sipiad  and  Platoon  Drill.  I'latoon  Ko.   lU.     Signalhng  Class 

an<l  Hecruits. 
'I'ue^day.  .June  20. —School  of  Arms.  6  to  7.     Recruits.   7.15  to  8.15. 

Lei'turc.  '.\^^.  "  Sketehini:  and  Roconnaissance."  Mr.  R.  .1.  Finch. 
\Vednes<lay.  .Inne  21.— Platoon  Drill.  Xo.  :{  Platoon. 
Thursday.  .lune  22. — Platoon  Drill.  Xo.  7  Platoon.     Shootinjz  for  No.  10 

Plat<»on.     Miniature  Range.     Recruits,  ."1.45  to  7.4.'>.     Instructional 

ClaK.H.  5.4.5. 
Friday.  .Tune  2.1. — Technical  for  Xo.    1(1   Platoon.  40,   Regency -street, 

S.W.     .Squad  and  Platoon  Drill.  Xo.  !>  Platoon. 
Sunday.  .Tune  2.'). — Kntn-nchinp  at  Otford.  p!»rade  Victoria  (S.E.  &  C. 

Railway  Booking  (»fticf).  ^.'.\Tt  a.m.       I'niform.    havcrsiii  ks.    water 

bottles.      Miiiday  rations  to  !»<'  carried.      Railway  vom  hers  will  lie 

pnnided, 
Otford  Camp. — On  and  after  Saturday.  .Tune  3,  then-  will  1k"  a  standing 

cami)  at  Otford.  oec  monthly  orders. 
Musketry.-    I'or  Xos.  1  and  2  Companies,  nee  Notice  and  Tables  A  and  R 

at  Head«juarterf». 

Xote. — I'nlcMi  otherwioe  indicated,  all  drilln,  &c.,  will  take  place  at  Chester 
House. 
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AN  AUTOMATIC  GENERATING  STATION.^ 


When  designing  the  generating  station  at  Thompson,  Iowa,  to 
furnish  its  431  inhabitants  with  24-hour  service,  special  considerations 
were  given  to  arrangements  that  would  reduce  operating  details 
in  the  handling  of  the  plant  load.  As  now  operated,  one  man  acts 
as  plant  engineer,  meter  reader,  new-business  soUcitor,  wireman  and 
repair  man  for  the  entire  system.  His  duties  in  the  station  consist 
only  of  keeping  the  fuel  oil  and  the  lubricating  oil  tanks  filled  and 
taking  an  occasional  reading  from  the  switchboard  instruments. 

The  station  equipment  consists  of  two  double-cylinder  28  h.p. 
oil  engines  directly  coimected  to  two  17  kw.,  220/1 10-volt,  three- 
wire,  direct-current  generators  operated  in  conjunction  with  a  storage 
battery  of  116  cells.  A  combined  balancer  and  booster  set  is  also 
installed,  and  the  equipment  controlled  by  an  automatic  system 
so  arranged  that  the  very  light  loads  on  the  plant  are  carried  by  the 
storage  battery.     When  the  load  increases  beyond  a  predetermined 


ample  time  is  provided  for  the  engine  to  start  firing.  If  it  does  begin 
firing  the  action  of  the  generator  cau.se8  the  hand  on  the  reverue- 
current  relay  to  return  to  its  original  jxmtion  ho  that  it  will  be  in 
readiness  to  start  the  engine.  Should  the  hand  on  the  ampere-hour 
meter  come  to  the  half-discharge  pfi.sition  for  starting  the  engine  and 
generator,  and  the  engine  fail  to  fire,  the  hand  on  the  ampere-hour 
meter  then  travels  in  the  discharge  direction.  At  the  70- per  cent. 
discharge  point  it  would  make  contact  again,  ofiera'  rit 

trip   breaker  to  cut  off  the    battery.     This  a- tion    j,  r- 

discharging  of  the  battery. 

The  reverse-current  relay  is  so  arranged  that  whci  j* 

cut  off  by  its  action  a  signal  circuit  operates  Mis  or  '  ag 

devices. 

The  generator,  when  it  is  operating,  runs  ;vs  a  co  '  e, 

supplying  current  directly  to  the  line  and  also  to  t\r  .^h 

the  battery  booster.  The  battery  booster  is  provided  with  a  shunt 
field  winding    as  well  as  with    series    field    windings.     When  the 
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Fig.  1. — Station  Wiring  Diagram,  showing  Method   of  Controlling  Engine  Operation. 


value  one  of  the  two  17  kw.  units  is  started.  Should  the  load 
increase  beyond  the  rating  of  the  one  engine  the  second  unit  is 
automatically  started.  The  battery  is  charged  automatically  while 
the  engines  are  operating.  Whenever  the  load  decreases  beyond 
the  predetennined  limits  the  engines  automatically  stop  and  the 
battery  takes  the  load. 

All  current  passing  to  or  from  the  storage  battery  must  also  pass 
through  a  special  ampere-hour  meter  coiuiected  in  series  with  the 
battery.  The  needle  or  hand  of  this  meter  is  provided  with  a 
platinum  point  which  engages  other  platinum  points  at  different 
positions  around  the  dial  of  the  meter.  When  current  is  being 
discharged  from  the  battery  the  meter  hand  travels  in  the  discharge 
direction  until  it  makes  contact  with  a  platinum  jjoint  located  on  the 
50  per  cent,  discharge  division  of  the  meter  scale.  When  this  contact 
is  closed,  the  switching  mechanism  is  operated  so  that  one  engine  and 
generator  is  started  with  the  generator  acting  as  a  motor.  As  the 
battery  is  charged  the  hand  on  the  meter  travels  back  toward  the 
full-charge  position,  and  when  it  reaches  the  full-charge  point  makes 
another  contact,  stopping  the  engine  and  generator. 

A  mercury- type  reverse-current  time  relay  is  placed  in  series  with 
the  generator.  Whenever  the  engine  and  the  generator  are  started, 
the  current  which  is  being  used  to  operate  the  generator  as  a  motor 
■will  cause  the  hand  on  this  reverse  current  relay  to  travel  slowly  over 
its  scale  and  close  a  contact  after  a  certain  interval  of  time  has 
elapsed.  When  this  contact  is  closed,  the  switches  which  control  the 
generator  are  opened.  In  this  manner  the  machine  is  prevented 
from  taking  excessive  current  from  the  battery  in  attempting  to  start 
the  engine.     The  time  limit  of  this  reverse-current  relay  is  set  so  that 

*  From  the  "  Electrical  World,"  slightly  abbreviated. 


generator  is  running,  a  relaj^  closes  the  circuit  to  the  shimt  winding 
on  the  booster,  causing  the  battery  to  be  charged.  \Mien  the 
engine  stops,  the  circuit  to  the  shunt  field  winding  is  opened,  and  the 
battery  discharges  through  the  booster  armature  to  the  Une.  At 
times  when  the  battery  is  called  upon  to  supply  current  to  the  line 
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Fig.  2. — Average  Load  Ccrve  atTho.mpson  (Iowa)  Station. 

and  also  to  start  the  engine,  a  special  series  field  ^vinding  is  brought 
into  action  to  cause  the  booster  to  raise  the  battery  voltage  sufficiently 
to  compensate  for  the  resistance  drop.  The  circuit  to  the  shimt  field 
is  always  held  open  until  the  engine  starts  tiring  and  dri%ing  the 
generator.  Current  passing  to  the  line  also  flows  through  the  series 
fields  on  booster,  so  that  when  the  engine  and  generator  are  nuining 
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the  action  of  the  line  current  in  the  series  field  is  to  buck  that  of  the 
shunt  Held  binding  and  to  reduce  the  charging  rate  of  the  batterj'. 
Whenever  the  engine  and  generator  are  not  operating,  and  the 
battery  is  supplying  current  to  the  line,  these  series  field  windings 
comjiensate  for  the  resistance  drop  of  the  batterj',  maintaining 
practically  a  constant  line  voltage  between  full  charge  and  half 
discharge  of  the  battery. 

The  engines  of  the  equipment  are  provided  with  an  automatic 
compression  relief,  so  that  at  starting  no  extraordinary  load  will  be 
thrown  on  the  battery.  The  compression  relief  valve  is  operated  by  a 
solenoid,  Avhich  is  energised  during  the  starting  operation  by  action  of 
the  switching  mechanism.  When  the  engine  attains  practically  full 
speed  the  relief  valve  is  closed.  The  flow  of  current  to  the  generator 
when  it  is  cranking  the  engine  is  controlled  by  a  series  of  solenoid 
switches,  which  in  turn  short-circuit  consecutive  portions  of  the 
starting  resistance,  as  the  engine  is  brought  up  to  speed.  As  a 
further  protection,  the  starting  equipment  at  Thompson  is  arranged 
so  that  if  engine  No.  1,  which  is  started  first  as  a  load  comes  on,  fails 
to  fire  it  is  cut  out  and  unit  No.  2  is  started.  The  failure  of  unit  No.  1 
to  start  operates  the  alarm  circuit  to  indicate  that  the  services  of  the 
engineer  are  required.  Fig.  1  shows  the  electrical  connections  of  the 
system. 

The  total  cost  of  the  electric  lighting  system  at  Thompson,  includ- 
ing the  power  station  and  its  equipment,  pole  lines  and  meters, 
slightly  exceeded  .SI 3,000. 

Income  and  Operating  Co.sts. 
For  the  month  ending  April  10,  1916,  the  plant  output  was 
1,545  kw.-hour  and  the  gross  income  was  .S207.21  (£41 ).  The  lighting 
rates  for  energy  are  15  cents  for  the  first  20  kw.-hour,  13  cents  for  the 
next  20  kw.-hour,  and  11  cents  for  all  over  40  kw.-hour.  The  power 
rate  is  10  cents  per  kilowatt-hour.  A  minimum  charge  of  $1  per 
month  is  made.  The  operating  expenses  for  the 
month  ending  April  10  were  8136.10  (£27)  as 
follows  : — 

Furl  oil— 7G0  gall,  at  8-5  cents $04.00 

Lubricating  oil 7. 50 

Operators  salary 65.00 

Total $130.10 

A  lower  fuel  cost  than  4"  18  cents  per  kilowatt- 
hour,  according  to  the  above  figures,  has  been 
«hown  on  short  runs.  During  the  month  of 
March  experiments  witli  fuel  mixtures  were  con- 
ducted ;  these  account  fortius  high  fuel  consump-  / 
tion  as  compared  with  the  operating  costs  fortlie 
month  cndiMg  .March  10,  which  sliowcd  fuel  cost  to 
be  2-7  cents  jK'r  kihnvatt-hour.  Tlie  average  load 
for  the  station  thus  far  is  shown  by  Fig.  2. 


TURBINE-DRIVEN  ALTERNATORS. 


As  an  cxam])h'  of  modern  turbine-driven  alter- 
nators, we  give  some  particulars  of  the  British 
Thomson-Houston  alteiMiators,  which  are  stan- 
dardised in  sizes  from  I.OdOUw.  to  20,(HK)kw.,  for 
50  and  60  cycles,  and  designed  to  carry  con- 
tinuously their  full  rate<l  load  at  any  power 
factor  between  unity  and  80  |)er  cent. 

Statok. 

The  stationary  armattire,  or  stator  as  it  is 
termed,  consists  of  a  box-type  cast-iron  frame 
supporting  a  laminated  iron  core  in  whii'ii  the 
stator  windings  ar(>  embedded.  The  frame  is  of 
hollow  section,  well  ni)l>ed.  the  space  between 
the  outer  and  iinier  shells  serving  as  a  pa,ssage 
by  which  the  air,  after  ventilating  the  inaehine. 
is  conducted  to  the  exit  openings.  The  frame  is  also  provided  with 
detadiable  ])anels  to  facilitate  inspection  of  the  inaehine. 

The  thin  iron  pnnchings  of  which  the  core  i.«  composed  are  s|x»eially 
selected  and  insulated  before  assembly,  so  as  to  reduce  the  core  loss 
to  a  mininnim.  They  are  held  firmly  in  jxisition  in  the  frame  by 
means  of  steel  keys  on  their  outer  eireumfereiu'e.  wlnle  their  inner 
eircumfeienee  is  slotted  to  receive  the  stator  windings.  Air  ducts 
an<  provid(>d  at  freciuent  intervals  along  the  core,  by  uu-ans  of  which 
ellieient  cooling  of  the  stator  iron  and  the  embedded  jwrtion  of  the 
windings  is  ensured. 


The  slots  carrj'ing  the  windings  are  either  of  the  semi-enclosed 
or  open  t\'pe,  their  selection  depending  upon  various  circumstances 
as  well  as  the  type  of  windings  employed. 

The  stator  frame  is  cast  in  one  piece  ;  but  in  some  cases  of  the 
larger  machines,  esj^ecialh'  where  crane  and  railwaj^  facUities  mav  be 
inadequate,  it  can  be  built  in  two  havles,  split  horizontally.  This 
arrangement  of  a  spht  stator  is  not  recommended,  as  there  may  be 
some  difficulty  with  the  winding,  which  has  to  be  completed  after 
the  machine  is  erected.  When  a  spUt  stator  alternator  is  asked  for, 
the  reason,  in  nearly  all  cases,  is  because  the  crane  equipment  of  the 
station  is  not  large  enough  to  deal  with  the  weight  of  the  parts  of  an 
unsplit  stator  machine.  If  due  consideration  were  but  given  to  the 
matter  it  would  be  found  that  less  trouble  and  expen-se  would  be 
caused  by  installing  a  new  and  more  powerful  crane  rather  than  bv 
putting  in  a  split-stator  alternator.  The  erection  and  dismantling 
of  a  machine  with  a  spht  stator  involves  a  great  deal  of  extra  labour 
and  expen,se,  especially  with  regard  to  cormecting  and  disconnecting 
the  stator  windings.  As  a  consequence,  alternators  with  unsplit 
stators  should  invariably  be  adopted,  except  in  cases  of  very  large 
machines,  where  it  is  quite  impracticable  to  ship  them  complete. 

In  such  case  the  stators  of  the  alternators  are  spht  verticaUv  and 
assembled  on  site.  This  form  of  division  provides  for  uninterrupted 
ventilation,  and  leaves  the  machine  with  the  same  unbroken  exterior 
as  presented  by  an  alternator  with  an  unsplit  stator. 

Stator  Winding. 
Bar  windings  (Fig.  1)  are  preferably  provided  in'the  stator,  the 
lattice  work  arrangement  of  their  ends  providing  ideal  coolmg  sur- 
face, while  by  means  of  heavy  insulated  supporting  rings  the  windings 
are  rigidly  supported  against  any  displacement  in  the  event  of  acci- 
dental short-circuit.  For  machines  of  unusually  high  voltage,  coil 
windings  are  employed  with  a  suitably  modified  form  of  support. 


Vh,.    1. STATOK  (\»MrLKTKl.V   Wol   M>.        I>\K    W  1\I>|N... 

S|>ocial  attention  is  devoted  to  the  methods  of  insulation.  In  the 
ease  of  bar  windings,  each  bar  has  several  tapings  of  varnished  cloth 
and  mica,  ("oil  wniduigs  may  either  be  of  the  "  pulle<i-tbrough  " 
ty|)e.  or  may  consist  of  pnn-iousiy  insulated  former-wound  coils 
inserted  in  the  slot*.  In  the  "  pulled-thniugh  ""  tyjio  the  con- 
ductors consist  of  flexible  jm^ssed  strand  cable,  with  a  specially- 
treated  instilatod  covering,  fuid  are  jiulled  through  heavy  insulating 
slot  tulx«s  cont-iined  in  th'  .semi-closed  slots  of  the  stator.  In  the 
other  caw,  eiteh  coil  is  first  wound  complete  on  a  former,  sohdified 
as  a  whole  with  impregnating  comiwund  under  alternate  vacuum  and 
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pressure,  so  as  to  eliminate  all  air  spaces,  then  pressed  to  slot  dimen- 
sions in  steel  clamps,  and  finally  covered  with  the  necessary  thickness 
of  insulating  jacket  built  up  in  a  manner  similar  to  that  adopted 
in  the  ca-se  of  bar  conductors. 
rmln  both  forms  of  coil  windings  substantial  supports  arc  provided 


means  of  which  the  thorough  ventilation  of  the  rotor  in  enmind- 
The  exciting  windings  consiKt  of  coils  c-->.rricd  in  Hlot«  provide<l  in  the 
periphery  of  the  rotor.  The  coiIh  arc  Hiipported  throughout  their 
entire  length,  thereby  preventing  any  tendency  to  di-placement 
through  the  action  of  centrifugal  force. 


Fig.  2. — Fouh-pole  Rotor  Unwound,  7,.5C0  k.v.a.,  1,.'00  revs,  per  min.,  50  CyrLE. 


for  the  end  portions  of  the  coils,  to  prevent  displacement  in  the  event 
of  a  short-circuit.  Ample  room  is  also  provided  for  free  circulation 
of  air  between  the  coils. 


In  the  small  sizes  of  machines  the  coils  consist  of  stranded  cables 
threaded  through  closed  slots.  In  the  larger  machines  the  winding 
is  formed  of  copper  strip  bent  to  shape  and  carried  in  open  slots. 


Fig.  3. — Two-pole  Rotor  Complete,  3,750  k.v.a.,  3,000   revs,  per  mix.,  50  Cycle. 


The  different  applications  of  the  various  types  of  winding  are 
roughly  indicated  above,  but  it  is  not  possible  to  formulate  the  type  of 
winding  for  each  machine  of  the  standard  range,  as  this  depends  on 
the  circumstances  connected  with  each  case.  Both  the  form  of  slot 
and  type  of  winding  are  chosen  with  due  regard  to  the  capacity  and 
voltage  of  the  alternator,  and  so  as  to  ensure  the  realisation  of  the 
best  possible  design.    . 

The  leads  from  the  stator  windings,  in  the  case  of  low-voltage 
machines  are  often  brought  out  in  the  form  of  insulated  strip,  suitable 
for  screw  connections.  In  other  cases,  however,  and  in  all  high- 
voltage  machines,  the  leads  consist  of  heavily  insulated  flexible 
cables  terminating  in  cable  couplings.  The  latter  consist  of  brass 
screw  couplings,  each  covered  with  a  screwed  insulation  sleeve.  This 
arrangement  of  terminals  presents  the  simplest  and  safest  means  of 
connecting  the  machine  to  the  external  circuit. 

EoTOR. 

The  revolving  field  or  rotor  is  of,  the  drum  type  without  salient 
poles,  and  consists  of  a  core  built  up  of  high-tensile  steel  disc  stamp- 
ings mounted  and  keyed  to  the  shaft  or  spider,  and  so  proportioned 
that  a  large  factor  of  safety  is  provided  to  resist  the  various  stresses 
to  which  the  rotor  may  be  subjected  when  running. 

An  arrangement  of  ventilating  ducts  allows  a  thorough  circulation 
of  cold  air  to  all  parts  of  the  rotor.  In  Fig.  2,  illustrating  the 
mechanical  construction  of  a  four-pole  rotor,  it  will  be  seen  that  the 
spider  is  formed  out  of  the  solid  shaft,  which  pro^ades  large  clear 
passages  for  the  free  entrance  of  the  air  to  the  body  of  the  rotor.  The 
shaft  is  of  high  quality  forged  carbon  steel  carefully  annealed  to 
eliminate  any  shrinkage  stresses. 

The  punchings  are  held  between  heavy  flanges  of  similar  shape, 
while  the  whole  is  firmly  bound  by  bolts  extending  from  end  to  end 
of  the  rotor  core,  and  secured  in  the  end  jilates.  The  shaft  is  of 
generous  dimensions,  the  enlarged  portion  which  carries  the  punch- 
ings  being   designed   so  as  to   provide   numerous   air  passages   by 


The  rotor  is  shown  complete  in  Fig.  3,  with  slip-rings  and  half- 
coupling  in  position.  The  fan  wheels  for  circulating  the  air  to  the 
stator  may  also  be  seen  in  this  figure  at  each  end  of  the  rotor.  r»  Wl 

The  winding  is  subdivided  into  comparatively  small  slots,  so'that 


iir; ' 


Fij;.  4. — End  Winding  of  a  Two-pole  Rotor.     PL.iCiNG  a  Retain- 
ing Ring  in  Position.     7,.')00  k.v.a.,  1,500  revs,  per  min..  2o  Cycle. 
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every  conductor  in  that  portion  of  the  coil  which  is  in  the  slot  is 
close  to  the  cool  iron  of  the  rotor,  and  consequently  local  heating 
cannot  take  place.  With  regard  to  the  end  portions,  the  winding 
on  one  side  is  in  contact  with  a  supporting  ring,  which  has  particu- 
larly good  heat-conducting  qualities  (Fig.  4),  and  on  the  other  side 
the  winding  is  freely  exposed  to  the  incoming  ventilating  air.  The 
supporting  rings  are  of  heavy  steel  insulated  by  stout  mica  insulation, 
and  of  ample  strength  to  resist  the  action  of  centrifugal  force. 


Fio.    5. — Wave-form    of    B.T.-H.    Tukbine-drfven    Alternator, 

TAKEN  BY  DuDDELL  O.SCn.LOGRAPH. 

The  insulation  of  the  rotor  consists  of  mica  reinforced  by  means  of 
tape  or  other  fibrous  material  to  give  mechanical  strength.  When 
the  winding  is  completed  the  whole  rotor  is  liiialK'  dipped  in  a  bath 
of  insulating  varnish,  so  that  it  is  thoroughly  impregnated. 

The  form  of  rotor  described  has  many  advantages,  and,  in  con- 
junction with  the  t^'pe  of  stator  used,  results  in  the  generation  of  a 
smooth  potential  wave  very  closely  resembling  a  sine  wave  at  all 
loads  and  free  from  ripples  wliich,  in  the  case  of  longfecders,  may 
cause  an  abnormal  rise  in  potential.  The  smooth  and  symmetrical 
wave-form  generated  by  these  alternators  is  shown  in  Fig.  5,  which 


P,,..    0. — Ann AMil-.MKNT  OF  AlTKRNATOR    BRfSlI  IIOT-PKUS. 

is  reprodu(((l  from  iui  untouched  oscillogram  taken  by  a  Duddell 
os(illopn»i)li.  This  rcs\ill  is  of  very  firv;\i  im|H)rtaii(T  in  modem 
juiichincs.  where  a  large  jho  port  ion  of  the  energy  is  used  for  jM)wer 
loads,  as  motors  and  rotary  converters  will  only  work  at  their  highest 
ofllicicney  when  supplied  with  sinusoidal  currents. 


Single-phase  alternators  are  provided  with  a  compensating 
winding  consisting  of  bare  copper  bars  uniformly  distributed  round 
the  rotor,  and  connected  at  their  ends  by  means  of  heavy  bronze 
short-circuiting  plates.  The  cross  section  of  the  bars  and  plates  is 
ample  for  the  current  which  the  bars  carry,  and  the  whole  short- 
circuiting  structure  is  arranged  so  that  expansion  can  take  place 
freely  without  straining  the  joints.  Thus  the  contact  remains  good 
under  all  conditions  of  operation. 

Collector  Rings  and  Brushes. — The  rotor  slip-rings  are  of  heavy 
forged  steel,  mounted  with  a  shrink  fit  on  mica-insulated  sleeves,  one 
at  each  end  of  the  rotor.  Graphite  brushes  are  used  mounted  in 
holders  distributed  all  round  the  rings.  This  arrangement^  ensures 
that  at  least  one  brush  must  alwa3's  be  in  contact  with  the  ring 
should  it  wear  .slightly  eccentric.  The  brush  boxes  are  bolted  to 
substantial  bronze  rings,  as  shown  in  Fig.  6,  where  they  are  readily 
accessible,  and  can  be  adjusted  and  replaced  whilst  the  machine  is 
running. 

Alternators  which  run  normally  at  1,500  revs,  per  min.,  for 
example,  and  in  general  all  large  slow-speed  machines,  have  a  normal 
running  speed  of  about  20  to  50  per  cent,  below  the  critical  speed. 
But  to  do  this  for  machines  with  speeds  of  about  3,000  revs,  per  min. 
seriously  handicaps  the  designers  in  most  cases,  as  the  shaft  becomes 
abnormal  in  size  and  the  ventilation  of  the  rotor  windings  is  ren- 
dered very  difficult.  The  shaft,  therefore,  is  so  designed  that  the 
normal  speed  is  about  t\vice  the  critical  speed.  When  running  up 
to  speed,  all  tendency  for  violent  vibration  to  occur  at  the  critical 
speed  is  avoided  in  the  machines  by  the  use  of  a  slip  bearing,  in  which 
the  l)earing  sleeve  is  allowed  to  have  a  small  amount  of  play  between 
friction  collars.  The  small  amount  of  movement  thus  allowed  com- 
plete!}' destroys  any  tendency  to  cumulative  gyration,  and  ensures 
that  the  critical  speed  is  passed  through  with  perfect  safety. 


THE  PROBLEM  OF  THE  SMALL  GENERATING  STATION. 

IJY    GEO.    WILKINSON. 

It  is  generally  admitted  that  there  are  many  urban  and 
rural  districts  that  can  be  supplied  with  electricity  in  bulk  on 
advantageous  terms  by  a  power  .supply  company.  Also  some 
small  electrical  undertakiug.s  equipped  with  somewhat  ancient 
and  wasteful  plant  could  -apart  from  local  prejudice — be 
scrapped  in  favour  of  a  bulk  supply,  with  advantage  both  to 
the  local  community  and  to  the  nation  at  large. 

It  is  e(pially  true,  however,  that  there  are  many  manufac- 
turing and  residential  district.s  located  in  inconvenient  positions 
so  far  as  bulk  supply  is  concerned  ;  also  there  are  localities — 
and  many  of  them  in  which  the  character  of  the  demand  and 
the  local  conditions  warrant  on  economic  grounds  the  building 
of  a  small  h)cal  j)owcr  hou.«e  for  the  ])urpo.se  of  electricity 
sup])ly,  notwithstanding  that  there  may  be  a  power  supply 
station  in  the  same  district. 

In  (»ther  words,  while  a  good  case  can  be  made  out  for  the 
establi.sliment  of  large  power  companies  as  a  means  for  securing 
cheap  electrical  service  with  an  economical  use  of  coal,  an 
et|ually  go(»(l  case  on  preci.sely  the  same  grounds  can  in 
immerous  instances  be  nmde  for  tlie  small  local  iicn'M'atiug 
station. 

Inasmuch,  then,  as  small  generating  works  will  continue  to 
be  called  for,  the  (juestion  may  well  be  raised  as  to  what  con- 
stittites  the  most  serviceable  and  economical  ecpiipment  for 
such  a  works  and  what  type  of  building  is  best  fitted  for 
housing  the  geiverating  jilant. 

The  districts  1o  be  served  are  generally  fairly  compact  areas, 
containing  populations  of  from,  say,  ,'j,0(X)  to  20,(HH>  inhabi- 
tants, with  a  local  demand  chielly  for  residential  supply,  and 
a  secondary  but  n<it  unimportant  demand  for  industrial  pur- 
po.ses  which  develops  at  a  slower  rate. 

Almost  without  exception  in  such  cases,  the  load  factor  will 
be  good,  but  the  tot.jil  revenue,  even  when  the  business  is 
largely  developed,  will  be  of  such  dimensions  as  to  call  for  the 
great4»st  ccon(»my  in  capit.j»l  exj>enditurc.  running  co.sts,  and 
especially  in  su|>ervi.sion  and  labour  if  satisfactory  com- 
mercial results  are  to  be  realised  on  the  undertaking,  be  it 
controlled  b\  the  local  authority  or  by  a  limited  liability 
com]>any. 

During  the  last  two  years  the  problem  of  the  economical  use 
of  (uir  coal  supplies  has  become  one  of  first  importance,  and 
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while  considerable  progress  in  this  direction  has  been^and  is 
continuing  to  be  made  in  the  big  generating  station,  a  cor- 
responding improvement  in  the  case  of  small  equipments  is 
not  generally  demonstrated.  Since,  however,  the  future  will 
see  the  erection  of  many  small  electric  generating  stations, 
the  question  of  their  economical  equipment  is  one  well  worth 
close  attention. 


Fig.  1. — View  of  Ilkley  Generating  Station. 

We  frequently  have  demonstrated  the  power  of  fashion  in 
determining  the  character,  shape  and  cut  of  our  garb,  especially 
so  far  as  it  concerns  the  female  part  of  the  community.  Careful 
observation,  however,  will  prove  that  fashion  is  a  powerful 
factor  even  amongst  engineers.  If,  say,  water-tube  boilers, 
steam-driven  condenser  sets,or  coal  conveyors 
are  introduced  into  a  large  works,  the  engi- 
neer of  the  little  works  is  apt  to  imagine 
that  like  developments  are  desirable  in  his 
works,  and  thus  capital  is  frequently  ex- 
pended in  directions  neither  wise  nor  profit- 
able. 

Until  recent  days,  the  popular  idea  for 
small  stations  in  the  engineering  world  was 
largely  concentrated  upon  the  introduction 
of  Diesel  engines  as  the  prime  movers,  seeing 
that  they  call  for  no  boiler  plant  or  boiler 
house,  and  are  supposed  to  be  in  a  position 
to  take  the  load  at  any  time  at  short 
notice. 

In  a  few  instances  gas  engines  with  pro- 
ducer plant  have  been  used,  but  the  writer 
is  not  aware  of  any  continued  success  having 
been  made  with  this  class  of  plant,  and  has 
frequently  heard  loud  complaints  of  their 
unreliabihty  in  operation  with  the  rapidly 
varying  loads  met  with  in  electric  generat- 
ing stations. 

A  third  equipment  hitherto  used  has 
consisted  of  steam  plant,  the  "  lay-out  " 
being  upon  the  general  hnes  followed  in 
big  power  houses.  The  engine  room  is  equipped  with  vertical 
high-speed  compound  engines  supplied  through  a  range  of 
steam  piping  of  generous  length  and  dimensions  from  a  separate 
boiler  house,  greatly  to  the  disadvantage  of  the  coal  heap,  due 
to  large  radiation  losses.  Again,  due  to  the  propensity  to  copy 
large  works,  the  boiler  houses  are  frequently  equipped  with 


water-tube  boilers  of  small  size.  in.st^;ad  of  with  the  cheaper, 
more  easily  managed  and  .safer  shell  boiler  of  the  Lancashire 
type. 

None  of  the  equipments  named  will  compare  favourably  in 
capital  cost,  ease  and  reliability  of  oper.'  Mne.ss'and 

cheapness  of  buildings  required,  or  in  o-    :  fuel  and 

labour,  with  a  steam  plant  of  the  "  locomobile  "  type.  Plant 
of  this  type,  supplying  direct  current  at  from  460  to  5rX)  volta 
on  the  outers  with  accumulators,  are  capable  in  many  ca.ses  of 
generating  and  supplying  current  to  a  di.stribution  network 
at  a  cost  per  unit  which  would  leave  little,  if  any,  margin  of 
profit  to  a  power  company  giving  a  bulk  supplv.  This  is 
demonstrated  by  the  figures  appearing  later,  whirh  were 
obtained  in  an  electricity  works  so  equipped  and  under  the 
daily  running  conditions. 

Plant  of  this  type  is  made  by  several  first-cla.S3  British  firms, 
who  turn  out  plant  greatly  superior  to  the  German  firms  who 
advertised  so  extensively  in  this  country  prior  to  the  war. 

Experience  has  shown  that  the  expected  advantages  from 
the  small  station  equipped  with  Diese'  plant  have  not  been  fullv 
realised,  due  to  the  necessity  for  employing  speciallv  .skilled 
labour  to  run  and  repair  the  plant,  to  the  expensive  repairs 
and  to  the  liability  to  sudden  breakdown. 

The  writer,  who  put  to  work  the  first  Diesel  engine  emploved 
by  a  public  authority  in  Great  Britain,  opines  that  the  fre- 
quent mechanical  troubles  met  with  in  the  Diesel  engine  fullv 
justify  the  existence  of  and  continued  activitv  of  the  Diesel 
Engine  Users'  Association.  Within  the  last  few  days  he  has  seen 
the  photographs  of  a  fractured  crank  web  taken  from  an  engine  of 
the  most  modern  manufacture,  made  by  probably  the  first  firm 
on  the  Continent ;  the  repair  involves  the  provision  of  a  new 
crank  shaft  at  a  cost  of  not  less  than  £1,000.  Finallv,  the 
immense  rise  in  the  price  of  crude  fuel  oil,  which  has  all  to  be 
imported,  seems  to  have  given  the  final  coxp  de  grace  to  this 
class  of  plant  for  general  use  in  small  electric  power  houses,  at 
any  rate,  until  more  favourable  developments  take  place. 

Steam  equipments  in  small-powered  units  with  separate 
boilers  are  too  wasteful  of  fuel  and  heavv  in  labour  charges  for 
successful  operation  at  tariff  rates  attractive  to  customer. 
Some  of  the  wasteful  factors  are  found  in  long  steam  pipe 
ranges,  which  are  expensive  in  radiation  losses  and  upkeep, 
while  the  banked  boilers  account  for  a  substantial  percentage 


Fig.  2. — View  of  One  of  the  Steam  Plants. 

of  the  fuel  bill.  In  manv  cases,  also,  water  cannot  be  obtained 
in  sufficient  quantity  to  condense  the  exhaust  from  engines, 
which  more  often  than  not  show  a  healthy  appetite  for  steam. 
Thus,  another  factor  operates  to  swell  the  fuel  bill  and  cost  of 
production. 

An    equipment    consisting    of    superheated    steam    semi- 
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stationary  compound  condensing  engines  driving  direct-current 
generators,  direct  coupled  or  driven  by  means  of  steel  belts, 
while  being  more  economical  in  fuel,  labour  and  running  cost, 
also  compares  favourably  in  capital  cost  when  compared  with 
any  of  the  alternative  equipments  above  named.  Water  for 
condensing  purposes  can  be  obtained  at  little  cost,  even  when 
water  is  scarce,  by  the  provision  of  a  small  pond  furnished  with 
a  double  row  of  cooling  jets,  through  which  the  heated  water 
from  the  condenseis  is  forced  by  a  centrifugal  pump  driven 
from  the  engine  shaft.  Due  to  the  efficiency  of  the  plant  and 
its  small  demand  for  steam,  the  necessary  water-cooling  plant 
is  surprisingly  small  and  cheap. 

Again,  in  point  of  capital  expenditure  in  buildings,  .such  an 
equipment  easily  takes  first  place,  as  no  separate  boiler  h'juse 
is  required,  the  engines  are  economical  of  floor  space,  and  no 
expensive  foundations  are  required. 

Due  to  the  compactness  of  the  jilant — all  in  one  rrtom  —one 
man  with  a  youth  on  the  switchboard  is  ample  for  dealing  with 
the  heaviest  loads,  so  the  weekly  wage  bill  is  kept  within 
reasonable  limits.  The  plants  are  always  nm  at  an  economical 
load,  the  hours  of  light  demand  being  supplemented  by 
chaiging  the  accumulators.  As  each  jjowcr  unit  is  complete 
and  self-contained,  trouble  might  be  apprehended  due  to  a 
breakdown  of  a  iiinning  plant  and  the  reserve  plant  having  no 
steam  in  its  boiler  or  fire  in  the  funiace.  This  has  been  suc- 
cessfully met  by  connecting  the  boilei-s  together  by  small 
steam  pipes  in  such  a  manner  that  the  steam  from  any  active 
boiler  ran  be  passed  into  the  water  of  any  reserve  plant  boiler 
through  a  silent  water  heater  ;  thus  a  ready  means  is  provided 
for  transferring  heat  from  the  active  boiler  into  the  cold  water 
of  another,  Avhich  (|uickly  raises  the  temjierature  to  boiling 
point  ;  also  the  funiace  of  the  reserve  plant  is  furnished  with 
a  well  laid  fire  leady  to  be  lighted  at  any  moment.  The  fire  on 
being  lighted  can  be  forced  quickly,  as  the  steam  from  the 
active  boiler  ])a.ssing  through  the  silent  water  heater  within  the 
reserve  Ijoiler  heats  up  the  boiler  plates  and  produces  rapid 
circulation,  thus  all  undue  strain  on  the  boiler  plates  is 
avoided.     In  this  way  full  steam  pressure  can  be  raised  in  the 


An  example  of  a  generating  station  built  and  equipped  by 
the  author  on  the  lines  advocated  is  in  operation  at  Ilkley,  of 
which  a  general  view  of  the  buildings  is  shown  in  Fig.  1  ; 
Fig.  2  shows  one  of  the  180  b.h.p.  steam  plants  by  Messrs.  R. 
Garrett  &  Sons,  of  Lei.ston  ;  and  Fig.  3  is  a  closer  view  of  the 
chain  drive.  The  latter  is  not  according  to  the  original  design, 
which  called  for  thin  .steel  belts  ;  but  it  was  found  that  these 
were  made  in  Germany  only,  and  the  war  ha\ang  broken  out 
meanwhile  recourse  was  had  to  Hans  Renold's  driving  chains, 
as  shown,  which,  however,  are  furnished  with  steel  protecting 
cases  and  run  in  oil. 

It  is  to  be  regretted  that  these  works  have  had  to  be  in- 
augurated under  the  adverse  conditions  due  to  the  war,  which 
has  both  increased  the  capital  cost  and  greatly  reduced  the 
number  of  immediate  customers.  The  demonstration  of 
economy  in  ninning  and  the  successful  financial  results  which 
would  undoubtedly  have  quickly  resulted  in  nomral  times  are 
thus  postponed  until  more  nomial  times  return. 

Several  months  after  the  works  were  opened  for  public 
supply  -  -viz..  in  .Tanuary  last — official  tests  were  made  which 
gave  the  following  resuit«  :-  ^ost  with  coal  at 

21s.  per  ton. 
At  2'}  ]KT  font,  overload.  2-9  lb.  of  coal  per  kilo-     Per  unit  gen. 

watt -hour  =0-324d. 

f)n  full  load  of  130  kw.,  2-24  lb.  of  coal  per  kilo- 
watt hour  =0-2.5d. 

*0n  half  load.  2(il  Ih.  of  coal  perkilowatt-hour =0-291d. 


I'K;.    ;t.        \  IKW    I'K    <   MAIN     l»i;iV!. 

spare  plant  in  (he  y])iu-v  of  from  IH  lo  20  minutes.  .Meantime 
the  working  plant  ran  be  kept  running,  or,  at  the  worst,  the 
battery  will  sujiitly  tlic  demand  during  the  few  minutes 
necessarv  tt»  get  the  .s])are  ])lant  on  the  l»»ad.  Thus  a  bunked 
boiler.  \\'i{\\  tli(>  continuous  wasie  of  fuel  tliereby  entaile<l.  is 
entirely  avoided,  als(.  the  lu'a\y  Io.s.s  of  fuel  due  t<t  steam  traps 
and  continuous  radiation  of  ln>a(  from  a  range  of  .steam  j»ipes 
is  saved,  as  no  steam  range  exists  ;  moret)ver.  tiie  cylinders 
arc  jacketed  with  superheated  steant.  and  have  jierfect  drainage 
by  gravity  direct  into  the  boiler.  These  are  some  (»f  the 
f(>a( tires  that  account  for  the  ])re-eininence  of  surh  jilant  in 
poini  of  fuel  consumption,  labt»ur  and  clieapne.-^s  in  upkeeji. 


A  NEW  FREQUENCY  METER.  + 

BV    PKOF.    W.    PEIKERT. 

The  so-called  skin  effect  i.s  well  known,  and  consists  in  the  increase 
in  the  resistance  of  a  (■•inductor,  owing  to  the  passage  of  an  alternate 
current  through  it.  When  such  a  current  flows,  it  does  not  distribute 
itself  unifonnly  over  the  section  of  the  conductor  ;  in  the  outer  layers 
the  current  density  is  greater  than  in  the  inner  layers,  owmg  to  effects 
due  to  mutual  induction.  This  irregularity  in  the  distribution  of  the 
current  causes  an  increa.se  in  the  resistance.  The  skin-effect  depends 
on  the  sijM-  of  the  conductor,  on  the  jjenodicity, 
and  on  the  magnetic  permeability ;  it  is,  of 
course,  nnich  greater  with  iir>n  conductors  than 
•/  ■■        with  conductors  of  non-magnetic  material.     The 

*  —  encrgA'-consumption  in  an  alternate-current  cir- 
cuit is  greater  than  in  a  .similar  direct -current 
one  :  the  difference  dei)ends  on  the  si/.e  of  the 
conductor  and  the  periodicity.  The  altemate- 
curnMit  n'sistance  of  a  conductor  is  theivfore 
always  greater  than  the  true  ohinic  ri'sistance. 
Fonnula?  have  been  rejieAtedly  projiosed  to  ex- 
]>ress  the  relation  between  the  effective  altematc- 
curn  lit  resist  aiuf  and  the  dimensions  of  the  cable 
and  the  periwiicity:  these  formula? are.  of  course, 
appniximations:  among  them  maybe  mentioned 
those  due  to  Stefan,  Mie.  Dolezaiek,  Zenneck. &c. 
With  (xjpjior  conductors,  the  effective  resist- 
antv  di-jiends  only  on  the  dimensions  and  the 
j)eri(t«ii<  ity ;  with  inm  conductors,  the  effective 
resistance  changes  in  con.seqtiencc  of  hysteresis 
with  the  curn'nt,.so  that  with  a  given  iron  wire 
and  a  given  jiericxlicity.  the  resistance  depends 
on  the  current.  It  is  proix>sed  to  give  the  result 
of  lc«t«  on  iron  wires,  carrying  alternate  cur- 
rentu ;   theue    were   carried    out   with    stintched 

wires  and  with  coils.  The  results  were  the 
groiuid  work,  on  which  the  frequency  meter  was 
conHtructetl.  The  test»  were  carrie<i  out  with  stretched  iron  wires  of 
4  mm.  and  I-.'»  mm.  <liamcter  ;  in  this  way  the  n-lation  between  the 
effective  renistance  and  the  frequency  and  the  current  was  determined. 
The  effective  n'sistanee  was  fotnid  from  the  watts,  meastired  on  tlie 
wattmeter,  .sud  the  current.  In  onler  to  exclude  the  effects  of 
temperaturv.  the  direct -current  resistance  was  determined  iiulirectly  ; 
the  iron  wire  was  loa<led  with  a  direct  current  of  the  same  amount, 
an«l  the  ohmic  resistance  w  '  mined  from  the  voltage-difference 
and  the  current.     The  cun^  ^ily  during  the  tests  was  kejit  low, 

so  that  there  was  a  negligible  tennwrature-rLse  owing  to  the  ctirrent. 

•  Arrired  at  b\  calculation  from  engine  tests. 

+  Alwtraot    of    nn    article    in    the    "  Elektrotechnische  Zeitschrift." 
Heft.  4.  1 91  ft. 
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It  is  well  known  that  for  a  given  current  the  temperature  depends 
on  whether  the  current  is  alternating  or  direct.  The  periodicity 
could  be  raised  to  500.  The  first  series  of  tests  was  conducted  with  a 
constant  alternating  current  and  a  variable  periodicity.     The  results 
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Fig.    1. — Curves   showing   the   relation   between  the  Effecti\-e 
Alternate-Current  Resistance  and  the  Periodicity. 

are  given  in  Fig.  1  ;  these  curves  show  that  the  effective  resistance 
of  an  iron  wire,  carrying  a  constant  current,  is  a  function  of  the 
periodicity.     Thus  a  frequency-meter  could  be  constructed  on  this 
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Fig.   2. — Curves   showing  relation   between   the   Effectlve 
Resistance  and  Current  for  Different  Periodicities. 

principle.  A  little  calculation  shows  that  there  is  a  direct  relation 
between  the  periodicity  and  the  reading  of  the  wattmeter.  The 
wattmeter  can  be  pro\'ided  with  a  scale  from  which  the  periodicity 
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Fia.  3. — Curves  connecting  Voltage  and  Periodicity  and  Watt- 

CONSUMPTION  AND   PERIODICITY  IN  A  CoiL  OF  IrON  WiRE. 

can  be  read  directly  ;  in  this  way  we  have  a  direct-reading  frequency 
meter.  If  such  an  instrument  is  used,  it  is  necessary  to  keep  the 
•current  constant,  even  if  the  voltage  varies,  and  it  will  be  shown  that 


Table  I. 
Current  =:  1-5  amperes. 


CO 

Watts. 

Volt.s. 

ReHis- 
tance. 

^c 

Watts. 

Voltfc 

Resis. 
tacce. 

100 

27-8 

2.5-0 

12-35 

324 

36-2 

.57 -.5 

161 

112 

28-0 

28-0 

12-45 

3:il 

36-8 

.58-8 

1 6-35 

124 

i     28-8 

29  0 

12-8 

343 

37-3 

m% 

16-59 

1.50 

29-9 

.33-0 

13-29 

3.55 

37-9 

61  -8 

1 6-83 

166 

30-5 

36-0 

13 -.55 

373 

38-5 

*i5-<J 

17-12 

176 

t     30-9 

370 

13-73 

38.3 

38-9 

65-8 

17  3 

187 

311 

38-0 

13-82 

394 

:{9-2 

67-5 

17-42 

201 

31-8 

41-0 

14-14      1 

4^>5 

39-9 

68-5 

17-73 

214 

,     32-1 

42-5 

14-25 

416 

4(J-1 

69-8 

17-8.5 

225 

32-8 

44-0 

14-59 

426 

40-5 

71-8 

18-0 

242 

.33-5 

46-0 

14-89 

434 

40-8 

72 -T) 

18-15 

2.56 

33-9 

49-0 

15-08 

445 

41  1 

73-2 

18-28 

269 

34-2 

.50-8 

15-2 

4.")3 

41-5 

74-5 

1 8-45 

290 

;     350 

53-2 

15-55 

472 

421 

76-8 

18-71 

311 

.35-8 

1     56-5 

15-92 

484 

42-8 

78-0 

19-05 

this  is  easily  done.     Stefan's  formula  states  that  the  ratio  of  the 
alternate-current  resistance  to  the  direct-current  resistance  Ls 


(i7 .  rV(  ~f/p)+-\ 


where  r  is  the  radius  of  the  wire,  and  p  is  the  specific  resistance.  The 
results  given  by  this  formula  agree  quite  satisfactorily  with  the  figures 
given  by  measurements. 

But  in  order  to  determine  the  relation  between  the  effective  resist- 
ance and  the  current,  a  second  set  of  tests  was  carried  out,  with 
constant  periodicity.  The^e  are  given  in  Fig.  2.  Further  tests  were 
made  with  a  coil  of  iron  wire,  which  Lad  800  turns  of  -wire,  1-5  mm.  in 
diameter.  The  watts  and  voltage  were  first  determined  with 
constant  current  and  variable  periodicity  ;  these  results  are  given 
in  Table  I.  and  Fig.  3.  In  Fig.  4,  the  results  are  given  in  which  the 
current  was  kept  constant  over  the  sejiarate  tests,  in  each  of  which, 
however,  a  different  value  was  taken.  These  tests  show  that  the 
frequency  can  be  determined  from  the  voltage  across  the  coil,  if  the 
current  is  kept  constant.     This  effect  can  be  produced  bj'  putting 
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Fig.  4. — Curves  showing  relation  bet^'een  Volts  and  Periodicity 
WITH  Different  Currents. 


a  compensating  resistance  in  series  with  the  coil,  so  that  the  current 
remains  constant  although  the  machine-\oltage  varies.  The  most 
suitable  form  of  compensating  resistance  is  the  so-called  Xemst 
type,  consisting  of  very  thin  iron  ^vi^es  which  are  rmi  in  an  atmosphere 
of  hydrogen.  The  size  of  the  wive  is  so  chosen  t''at  it  is  suitable  for 
all  probable  variations  of  voltage,  and  for  keeping  the  current 
constant  under  these  conditions  by  the  variation  in  its  resistance. 

The  following  experiment  shows  this  to  be  possible.  A  Xenist 
resistance  was  put  in  series  with  the  coil  of  iron  \vire,  the  voltage  of 
the  machine  was  varied  within  wide  limits  by  altering  the  excitation  ; 
the  current  through  the  coil  was  measured.  Curves  and  figures  are 
given  which  show  that,  over  a  considerable  range,  the  curi-ent  is 
constant ;  in  the  case  cited,  the  current  remained  constant  w  liile  the 
voltage  was  varied  from  50  to  77,  and  even  beyond  these  limits  the 
variation  is  for  practical  purposes  very  small.  This  gives  an  idea  of 
the  possible  range.  It  is  therefore  possible  by  a  proper  choice  of  the 
Nernst  resistance  to  keep  the  current  absolutely  constant,  even 
though  the  voltage  varies  by  50  per  cent. ;   thus  the  reading  of  the 
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Table  II. 


Overall 

1 

Am- 

Voltage 

Overall 

00 

Am- 

Voltage 

voltage. 

peres. 

on  coiL 

voltage. 

peres. 

on  coil. 

70-8 

283 

104 

34-4 

99-8    1 

410 

109 

51-0 

73-2 

294 

105 

36-2 

1010 

417 

1-10 

52-2 

78-5 

317 

107 

39-6 

1040 

431 

110 

54-3 

85-8 

345 

107 

43-2 

105-6 

438 

1-12 

56-0 

90-2 

365 

1-07 

45-4 

107-5 

448 

1-125 

57-4 

94-5 

384 

107 

48-0      1 

1090 

455 

114 

59-0 

96-0 

393 

1075 

48-9      i 

1 

1140 

479 

116 

64-2 

voltmeter  is  a  direct  measurement  of  the  frequency.  Table  IT.  givef- 
the  results  obtained  in  a  special  case,  in  which  the  instrument  was 
intended  to  be  used  with  periodicities  varj^ing  between  300  and  400. 
In  this  way  a  very  simple  form  of  frequency  meter  is  obtained,  which 
can  be  used  over  a  considerable  range.  During  the  tests  it  was  only 
possible  to  obtain  frequencies  up  to  500,  but  much  higher  frequencies 
can  actually  be  measured  in  the  same  way.  The  meter  is  extremely 
simple,  and  has  a  very  large  range  ;  by  mere  measurement  of  a 
voltage  we  obtain  the  frequency.  The  meter  need  not  be  placed  in 
the  immediate  neighljourhood  of  the  machine,  but  can  be  put  in 
any  position  ;  it  is  therefore  suitable  for  readings  which  require  to 
be  obtained  at  a  distance  from  the  generator.  In  essence  it  is  only  a 
voltmeter  with  a  suitable  scale,  calibrated  so  as  to  give  direct  readings 
in  frequencies  ;  it  may,  if  desired,  be  of  the  electrostatic  type  ;  there 
are  no  cumbrous  or  costly  auxiliaries  needed,  and  it  can  therefore  be 
mounted  both  cheaply  and  easily.  It  is  made  and  supplied  by  the 
firm  of  Siemens  &  Halsko. 


The  fumace^and  tube  system  are  so  designed  that  they~can  be 
readily  disconnected  and  withdrawn  from  the  boiler.  Fig.  2  shows 
this  ojjeration  partially  carried  out.  The  great  advantage  of  being 
able  to  do  this  is  obvious,  as  when  the  furnace  and  tube  system  are 
withdrawn  all  the  heating  surfaces  and  the  inside  of  the  boiler  can  be 
thoroughly  cleaned  and  inspected  with  the  greatest  of  ease.  In 
cases  where  more  than  one  unit  of  the  same  size  are  installed,  a  com- 
plete spare  flue  and  tube  .system  can  be  kept,  so  that  no  time  may  be 
lost  when  it  is  necessary  to  clean  one  of  the  boilers.  This  arrange- 
ment entirely  removes  the  objection  to  using  a  boUer  of  the  tubuJar 
type. 

Heavy  pressed  steel  facings  are  riveted  to  the  top  of  the  boiler 
to  recei\e  the  cylinders  and  main  bearings  of  the  engine,  and,  as  the 
boiler  is  designed  specially  for  this  purpose,  a  verj-  rigid  frame  for 
the  engine  is  thus  provided. 

The  engine  is  of  the  side-by-side  compound  type  with  piston  valves, 
both  cylinders  being  enlireh-  surrounded  by  a  steam  jacket  directly 
connected  to  the  boiler,  forming  an  extension  of  the  steam  space  of  the 
boiler.  By  this  means  the  advantages  of  a  steam  jacket  are  obtained 
without  any  less  due  to  jacket  drains,  all  water  condensed  in  the 
jacket  being  returned  direct  to  the  boiler  at  the  temperature  of  the 


Fig.  2. — Ui.voram  showim;  Firxace  .\nu  Tibe-system  Withdrawn. 


THE  "  GARRETT  "  SUPERHEATED  STEAM  SEMI- 
STATIONARY  ENGINE. 


In  the  article  by  Mr.  George  Wilkinson  on  the  problem  of  .the 
"  Small  Generating  Station  "  in  this  issue,  the  "  Garrett  "  sui)er- 
heated  steam  semi -stationary  engine  is  referred  to,  and  some  indica- 
tion given  of  its  design  and  economical  performance.  It  will  be  of 
interest,  therefore,  to  consider  the  design  and  construction  more  in 
detail.  The  accomjianying  drawing  (Fig.  1)  shows  clearly  the 
arrangement  of  the  jjrincipal  j)arts  of  one  of  these  engines  which  are 
manufactured  by  Messrs.  Richard  (Jarrett  &  Sons  (Ltd.),  of  Leiston, 
Sufloik. 

It  would  be  more  correct  to  describe  this  "  engine  "  as  a  semi- 
stationary  steam  "  plant,"  as  any  one  unit  consists  of  a  complete 
set  of  all  the  parts  which  go  together  to  form  a  complete  steam  jilant — 
viz.,  boiler,  superheater,  engine,  condenser,  air  pump  and  feed  ])ump. 
These  various  organs  arc  disposed  in  such  a  manner  that  the  result 
is  a  very  compact  self  contained  plant,  which,  however,  is  entirely 
accessible  for  inspection  and  overhauling. 


IX)N(J1TUDINAI-.  SKCTIO.N  OF  GaRRKTT  EnoIXK. 


Referring  to  Fig.  I.  it  will  be  seen  that  the  Iwiler  is  of  the  cylin- 
drical singlc-fluc  miiitituliuljir  tyiw.  This  tyjn^  of  ImmUt  gives  (he 
advantages  of  the  loco-type  boiler  in  rcs|HMt  of  higii  cvaix^rative 
efliciency,  without  the  disadvantages  of  a  rectangular  lire  Ix)X  and 
conlined  water  spaces  round  it,  which  arc  readily  choked  up  with 
sediment. 


steam.  Governing  is  effected  by  varying  the  cut-off  in  the  high- 
pressure  cylinder  by  means  of  a  crankshaft  governor,  gi^"ing  very  close 
regulation  of  speed. 

The  superheater,  consisting  of  solid-drawn  steel  tubes  arranged 
in  zig-zag  coils  connected  at  each  end  to  cast -steel  headers,  is  placed 
in  an  extension  of  the  smoke  box.  The  suj)erheat  is  obtained  from 
the  heat  in  the  gases  after  they  have  finished  with  the  heating 
surface  of  the  boiler,  and  consequently  are  at  a  comparatively  low 
temperature.  There  is,  therefore,  no  jK).ssibility  of  the  sujierheater 
burning  out  or  the  degree  of  superheat  becoming  too  high  at  any  load. 
The  smoke  l>ox  can  be  arranged  either  as  a  downtake  to  conduct 
the  waste  gases  to  a  tlue  below  gromid  level,  and  thence  to  a  chimney, 
or,  as  shown  in  Fig.  1,  as  an  ujjtake  to  which  a  steel  chimney  is  lx)lted. 
The  condenser  is  of  the  jet  or  surface  type,  according  to  the 
requirements  of  the  local  conditions.  The  air  })unip  is  of  the  Ed- 
wards type,  and  is  driven  by  an  eccentric  on  the  crankshaft.  To 
the  air  pump  crosshead  is  also  connected  the  boiler  feed  pumj). 

The  engines  are  provided  with  two  flywheels,  either  of  which  is 
capable  of  transnutting  the  whole  power  of  the  engine  by  means  of 

Ik'U.  ro|K>s.  or.  as  in  the  case  of  the 
llkley  generating  station  described 
previously,  by  means  of  silent  chains. 
Fref;uently  engines  are  installed  direct 
coupled  to  generators  or  main  shafts  by 
means  of  a  flexible  coupUng. 

Fig.  1  shows  a  boiler  fitted  with  the 
standard  grate  for  rcasonably  good 
steam  coal.  It  is  {wssible,  however, 
t<i  arrange  the  grate  to  bum  any  type 
of  fuel  available.  For  instance,  many 
of  these  engines  are  at  work  in  wood- 
working factories,  burning  nothing  but 
the  H'fuse  from  wood-working  machin- 
ery. Others  use  rice  husks,  jieat,  lig- 
nite, wood  logs.  &c. 

With  this  type  of  steam  plant  the 
fuel  (>oi)sum]ition  is  so  low  that  fuel 
costs  arc  obtained  which  compare 
favourably  with  those  of  suction  gas 
or  oil  engines.  A  steam  plant  has  cer- 
tain characteristics  which  arc  not  sharcd 
by  an  internal  combustion  engine  plant, 
or.  at  any  rate,  not  to  the  same 
dogrce.  Amongst  these  we  may  mention 
flexibility,  rcliability.  overload  capacity,  economy  at  light  loads,  and 
ca|K»city  for  running  for  long  pericnls  at  light  or  heavy  loads.  All 
these  arc  very  desirable  in  |(ublic  electricity  generating  stations,  for 
which  this  type  of  engine  ajijiears  to  be  eminently  suited. 
^  The  various  organs  arc  designed  and  constructed  in  accordance 
With  the  l>est  j>ractice,  and  it  is  only  in  their  arrangement  and  pro- 
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portions  one  to  the  other  that  this  plant  differs  from  the  ordinary 
steam  plant. 

Lubrication  is  carried  out  so  as  to  require  the  minimum  amount 
of  attention,  and  the  coal  consumption  is  so  small  that  one  man  can 
easily  look  after  several  units. 

A  number  of  electric  light  stations  abroad  em])loying  native 
labour  have  been  equipped  with  these  engines,  many  of  them  in  out 
of  the  way  places  where  facilities  for  engineering  repairs  are  very 
limited.  This  is  indicative  of  the  high  degree  of  reliability  possessed 
by  this  type  of  steam  plant. 

Further  advantages  are  that  the  space  occupied  is  small,  the 
foundations  required  are  inexpensive,  and  the  complete  plant  can 
be  erected  and  put  to  work  in  very  short  time. 

It  is  of  interest  to  note  that  a  test  on  one  of  these  engines  rated 
at  50  B.H.P.,  of  the  compound  condensing  type,  on  a  seven  hours' 
full  load  run,  gave  the  astonishingly  low  fuel  consumption  of  1-21  lb. 
per  brake-horse-power  per  hour,  on  coal  having  a  calorific  value  of 
14,000  B.Th.U.  per  lb.  This  test  was  carried  out  at  the  makers' 
works  by  an  independent  engineer,  and  is  a  remarkable  result  for 
an  engine  of  such  small  output. 


Fig.  3. — View  of  a  65  b.h.p.  Garrett  Engine. 

Messrs.  Richard  Garrett  &  Sons  (Ltd.)  have  installed  a  large 
number  of  these  engines  in  central  power  stations,  for  camp  lighting, 
and  also  in  munition  factories  during  the  last  year.  Fig.  3  shows 
a  typical  installation  of  a  "  Garrett  "  engine  in  a  small  factory. 


THE  ELECTRIC  LIGHTING  OF  SMALL  TOWNS.* 

BY   H.    N.    MUNRO. 

Summary.- — The  requirements  of  a  small  town  of  o,000  inhabitants  are 
considered.  The  eelection  of  suitable  plant  is  discussed,  and  the  results 
of  working  are  estimated. 


Introdtictory. — In  presenting  this  Paper  the  Author  has  endeavoured 
to  include  in  as  small  a  compass  as  possible  information  on  a  branch  of 
electrical  engineering  which  does  not  receive  the  altention  it  merits. 
The  technical  aspect  of  this  subject  calls  for  some  practical  experi- 
ence, involving  matters  not  usually  met  with  in  high-tension  power 
transmissions.  The  subject  is  one  which  should  be  of  interest  to 
both  engineer  and  layman,  and  for  this  reason  the  x\uthor  has  con- 
fined these  remarks  to  its  general  aspect. 

The  Author  refers  particularly  to  the  putting  down  of  plant  in 
places  with  less  than  10,000  inhabitants.  The  metallic  filament  lamp 
has  helped  in  this  direction  greatly.  Obtaining  a  Provisional  Order 
is  referred  to  as  a  "  lengthy  and  expensive  matter,"  and  the  pre- 
cautions to  be  taken  regarding  wayleaves  are  dealt  with. 

For  a  small  town  of,  say,  5,000  inhabitants,  a  sum  in  the  neigh- 
bourhood of  £4,500  is  necessary  to  provide  plant  and  mams  to  supply 
energy.  The  following  details  are  average  costs  which  are  sufficiently 
correct  for  determining  what  the  expenditure  on  a  scheme  is  likely  to 
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be.  The  capital  will  be  required  on  account  of:  (1)  Plant  and 
buildings.     (2)  Mains.     (.3)  Legal  and  other  preliminarj'  expemies. 

Plant  and  Building.— \  good  average  figure  for  load  per  1,000  of 
population  is  about  12  kw.,  and  the  town  under  consideratior  will 
therefore  require  plant  able  to  generate  some  m  kw.  of  Hupply, 
which,  at  an  average  figure  of  £.35  \Hir  kilowatt,  gives  a  sum  of  £2,100 
necessary  for  plant  alone.  This  includes  dynamos,  engine,  batterj', 
booster,  switchboard,  and  all  station  connections.  In  addition  to 
this,  an  outlay  will  be  necessary  for  the  erection  of  a  building  where  it 
is  not  possible  to  purchase  an  old  building  cheaply  or  to  rent  an  exist- 
ing structure  suitable  for  the  work,  and  where  circumstances  may 
render  this  undesirable.  It  is  of  great  imjxjrtance  that  all  plant 
should  be  adequately  protected  from  the  effects  of  weather,  malicious 
interference,  &c.,  so  that  it  is  perhaps  advisable  to  allow  for  a  sub- 
stantial brick  and  galvanised  iron  structure.  Such  a  building  may 
cost  in  the  neighbourhood  of  £400.  This,  added  to  the  plant,  gives 
a  total  of  £2,500  for  plant  and  building. 

Mains. — In  such  a  town  as  is  here  discussed  there  would  not  be  an 
extensive  route  of  mains,  nor  would  there  be  any  outhing  hou.ses,  &c., 
which  might  necessitate  a  separate  feeder  of  any  great  length.  A 
mains  length  of  4  miles  is  a  fair  figure  to  take.  This,  carried  on  wood 
poles  with  bare  copper  conductors  at  230  volts  on  the  direct -current 
two-wire  system,  would  cost  approximately  £400  per  mile,  making  a 
total  of  £1,600  for  mains.  This  would  include  services,  protective 
apparatus,  and  house  meters. 

Legal. — A  sum  of  £50  should  be  sufficient  to  cover  this  item. 

Capital. — Summarising  the  foregoing  figures,  it  will  be  seen  that  a 
sum  of  £4,150  will  be  required  to  erect  plant  and  mains,  made  up  as 
follows:  (1)  Plant  and  building,  £2,500.  (2)  Mains,  £1,600.  (3) 
Legal,  &c.,  £50. 

It  is  possible  that  alterations  and  extensions  may  be  found 
necessary  during  construction,  neces.'^itating  a  still  further  expendi- 
ture. The  odd  amount  of  £350  should  well  cover  such  a  contingency, 
thus  bringing  the  capital,  in  round  figures,  to  £4,.500.  FuU  powers 
should  be  obtained  when  the  company  is  formed  to  increase  the 
declared  capital,  if  necessary,  by  a  sum  of,  say,  £1,500  to  cover  the 
cost  of  future  extensions,  &c. 

For  the  jiurpose  of  illustration,  it  will  be  assumed  that  the  company 
has  a  declared  capital  of  £4,500,  consisting  of  1.500  £1  Five  per  cent, 
debenture  or  preference  shares  and  3,000  ordinary  shares. 

Overhead  ]Mains. 

In  the  majority  of  cases  the  only  practical  means  of  distributing 
electrical  energy  is  by  overhead  mains,  principally  on  accoimt  of 
the  prohibitive  cost  of  undergromid  mains.  The  system  of  distri- 
bution to  be  adopted  should  be  at  once  the  cheapest,  simplest,  most 
efficient,  and  safest ;  and  such  requirements  are  met  by  a  direct- 
current  two-wire  system  at  about  230  volts.  Tliis  has  the  advantage 
of  being  simple  to  erect  and  maintain,  and  the  voltage  is  a  convenient 
one  for  lamps,  motors,  &c. 

An  average  number  of  20-watt  lamps  per  house  or  shop  being 
assumed,  the  estimated  possible  load  can  be  arrived  at.  It  can  be 
safely  assumed  also  that  the  plant  will  never  be  called  upon  to  supply 
this.  For  residential  districts  60  per  cent,  of  the  estimated  ]X)ssible 
load  may  be  taken  as  the  maximum  load  on  the  feeders,  while  for 
shopping  areas  a  percentage  of  80  will  give  the  maximum  load  figure. 
Having  thus  obtained  the  "  load  "  for  the  whole  area,  the  next  step 
is  to  divide  this  up  into  districts,  each  served  by  a  feeder.  The  load 
on  all  feeders  should  be  as  nearly  as  possible  equal,  so  that  it  dois  not 
necessarily  follow  that  the  districts  will  be  of  equal  size.  Having  now 
split  up  the  area  into  districts  for  obtaining  the  number  of  feeders,  it 
now  remains  to  decide  on  the  feeder  termination  pomt.  This  should 
be  as  near  to  the  power  station  as  possible. 

The  distributors,  on  the  same  principle,  should  be  as  few  as  possible, 
and  each  one  should  take  in  as  many  consumers  as  is  practicable. 
Each  feeder  and  distributor,  at  its  termination,  should  be  adequately 
fused,  the  fuse  being  in  a  cast-iron  box,  as  this  enables  faults  to  be 
localised. 

To  the  engineer  engaged  in  this  work  the  use  of  ordnance  maps 
is  strongly  recommended.  On  these  maps  pole  positions  can  be 
marked,  and  the  feeder  and  distributor  routes  shown  in  different 
coloured  inks. 

Sometimes  a  Post  Office  telegraph  or  telephone  line  is  encountered 
along  the  mains  route.  It  is  best  to  avoid  these  if  possible,  but  often 
no  alternative  offers  itself,  and  guarding  has  to  be  resorted  to  in  order 
to  protect  the  Post  Office  lines  from  the  power  circuit.  For  protection 
of  the  line  itself  from  the  effects  of  lightning  discharges  a  length  of 
iron  wire  is  nm  from  the  top  of  each  pole  and  coiled  round  the  butt  of 
the  pole  in  the  grovmd,  and  to  this  is  connected  all  arms,  brackets,  &c., 
and  at  intervals  earth  plates,  which  are  buried  in  such  a  way  as  to 
ensure  a  good  earth.  At  the  station  end  of  each  feeder  is  a  lightning 
arrester.     This,  in  its  simplest  form,  consists  of  a  short  air  gap 
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between  the  conductor  and  the  earth,  and  to  protect  the  djTiamos  and 
plant  in  the  station  "  choking  coils,"  consisting  of  a  number  of  turns 
of  heavy  copper  wire,  are  placed  in  circuit  between  the  switchboard 
and  the  arresters. 

Conductors. — Now  that  aluminium  has  come  into  use  as  a  conductor, 
the  question  of  choice  between  this  metal  and  copper  has  to  be 
decided.     Copper  conductors  have  been  used  for  nearly  all  work  of 
this  description,  although  aluminium  lines  are  in  operation  in  many 
parts  of  the  country  on  large  schemes.     This  materia!  has  up  to 
the  present  chiefly  been  used  for  long-distance  high-tension  trans- 
mission lines,  particularly  in  America  and  on  the  Continent.       In 
the  small  town  scheme  at  Balderton,  Yorks,  bare  stranded  aluminium 
cable  is   used  throughout.     The  mains  are   7,0148  section,   while 
cable  of  7/010.3  section  is  used  for  the  main  streets,  and  3/16  S.W.G. 
for  the  side  streets.     In  all,  about  12,fXX)  yds.  of  aluminium  cable  is 
employed,  the  necessary  joints  being  of  the  torsion  tyi)e,  with  sixjcial 
twisted  joints  for  tappings.     For  the  same  conductivity  an  aluminium 
overhead  line  weighs  one-half  of  a  copper  line,  but  the  sectional  area 
is  greater.     Tliis  would  increase  the  allowable  tensile  strength,  and  a 
longer  span  would  be  possible.     Aluminium  is  also  a  better  resistant 
to  corrosion  than  copjjcr,  especially  in  places  where  ozone  (as  on  the 
coast)  and  sulphur,  &c.,  are  met  with.  CopjK'r  presents  less  difficulties 
in  the  way  of  jointing,  and  is  considered  by  some  engineers  to  be 
easier  to  handle.     It  would,  however,  be  good  policy  to  consider  both 
metals  when  contemplating  the  erection  of  an  overhead  line,  as  local 
circumstances  may  have  some  bearing  on  the  decision. 

PolcH. — While  most  of  tlie  overhead  work  of  this  nature  is  carried 
out  with  wood  poles  such  as  are  used  by  the  Post  Office  for  telegraph 
lines,  steel  poles  are  occasionally  used,  most  of  these  presenting  a 
better  appearance.  They  are,  however,  al)oiit  three  to  five  times 
as  costly  as  wood  ])olcs,  and  are  more  diflicult  to  erect,  although 
longer  spans  are  made  possible  by  their  use.  They  also  cost  more 
for  maintenance  than  wood  poles,  continual  repainting  being 
necessary  ;  and  as  this  costs  somewhere  about  8s.  or  Us.  j^er  pole,  this 
item  is  a  fairly  heavy  one  for  a  small  undertaking. 

The  poles  commonly  used  are  of  fir.  felled  in  the  winter,  and 
trimmed  and  creo.sotcd  with  101b.  to  12  11).  per  cubic  ft.  by  one 
process,  and  with  4  lb.  to  9  lb.  by  another  called  the  JUiping  process. 
The  j)oles  \ary  in  size,  according  to  the  size  of  the  line  conductors, 
position  along  the  route,  &c.  Light  poles  used  for  carrying  very 
small  conductors  along  a  straight  route  are  from  22  ft.  to  30  ft.  long, 
and  about  Gin.  diameter  at  top  and  Din.  diameter  at  the  bottom. 
For  medium  conductors  niediuin  poles  are  u.scd-  al>out  2.1  ft.  to  .'{.J  ft. 
long,  and  8  in.  at  top  and  about  10  in.  at  the  butt.  Stout  jxjles  of 
about  the  same  length,  but  an  inch  or  two  larger  in  diameter,  are  u.sed 
for  heavy  conductors  and  for  comer  or  terminal  jM)sitions  mIutc 
heavy  strain  is  encountered. 

/1r»w. — As  a  means  of  supiK)rling  the  line  either  wood  or  iron 
a'-ms  are  used,  or  mallcabe  cast-iron  brackets  may  be  employed. 
'I'he  first  named  are  usually  made  of  well-seasoned  oak  thoroughly 
imprcgnafcd  with  a  preservative  .solution,  and  are  usually  24  in.  to 
:W  ill.  long,  and  about  2^  in.  by  2^  in.  section.  The.se  arms  are 
drilled  at  each  end  to  receive  the  insulator  stalk  or  s|)in(lle,  and  are 
bolted  through  tlie  centre  to  the  pole  by  means  of  a  I  in.  or  . I  in.  bolt. 
The  iron  arms  are  usually  of  eliannel  section  of  aiiout  2A  in.  by  2^  in., 
and  about  the  same  length  as  the  wood  arms.  VVhilecosting  much 
more,  they  are  more  rigid  and  last  longer  than  oak  arms. 

The  malleai)Ie  bracket  |)resents  a  very  neat  and  unobtrusive 
appearance.  The  bracket  has  a  curved  back,  and  is  fixed  to  the  i)oIe 
by  means  of  two  or  three  coach  screws,  and  projects  ..bout  4  in.  to 
5  in.  The  brackets  can  be  mounted  on  o|)|K>site  sides  of  tlu-  pole  to 
give  the  conductors  a  spacing  in  the  horizontal  plane  of  about  14  in. 
to  18  in.,  or  they  can  be  arranged  one  above  the  other  on  either  side 
of  the  pole  to  give  almost  any  s|)acing  in  the  vertical  plane. 

Insulfttora  and  Spiiidle.s.~Tho  insulators  used  arc  similar  to  those 
adopted  by  the  Post  OOice  on  telegraph  lines.  They  are  in.jde  of 
])orc(^laiu,  and  can  beeillier  wliilc.  l>rown,  or  of  a  neut ral  tint.  Each 
in.sulator  is  screwed  or  ecMiicnlcd  on  to  a  stoel  stalk,  which  is  bolted 
on  to  the  arm  or  bracket. 

Plant. 

There  is  one  great  dilTerenee  between  the  i)l;int  for  a  small  town 
scheme  and  that  for  a  power  su|)ply  in  a  large  city  The  latter  h.is, 
in  the  first  place,  to  l)e  supremely  (>f1icient  :  cost  is.  fo  a  eeitain 
extent,  a  secondary  consideration.  The  small  plants  with  which 
this  Pai)er  is  concerned  are  dejKMidenf.  to  a  gn\U  extent,  on  initial 
cost.  Sujxirlative  efTieiency  is  not.  however,  required.  I>ut  the  plant 
musi  be  reli;ibl(>.  .strong,  and  simple  tn  work,  .i^s  skilled  drivers  and 
attendants  are  not  readily  oi)tainal)le  in  small  places. 

(iias  plants  are  very  j)oi)ular  in  places  where  coal  is  not  so  cheap 
and  water  is  not  abundant.     Tli(<  same  remarks  a|>ply  to  oil  engine."*  : 


with  the.se  latter,  however,  the  cost  of  the  oil  is  an  appreciable  item. 
A  brief  summan,-  of  the  claims  put  forward  on  behalf  of  the  different 
classes  of  plant  mentioned  maj'  help  to  render  a  decision  easier. 

Steam  Plant. — A  suitable  steam  plant  for  these  small  schemes  may 
be  obtained  for  about  £9  to  £10  per  brake  horse-power  (b.h.p.),  and, 
provided  that  coal  i.s  cheap  and  plent}-  of  water  is  available,  highly 
economical  results  are  obtainable.  The  steam  engine  of  modem 
design  is  a  fairly  simple  plant  to  understand,  and  can  be  run  without 
the  attention  of  a  skilled  mechanic.  The  lubrication  and  repairs  are 
perhaps  not  so  costly  as  the  gas  or  oil  engine,  and  at  the  same  time 
more  economy  is  given  on  light  load  and  at  overload.  The  stand-by 
losses  are,  however,  greater.  The  average  space  of  a  steam  plant 
for  a  small  town  station  is  about  7  sq.  ft.  or  8  sq.  ft.  of  floor  space  per 
brake  horse-power,  about  the  same  as  an  oil  engine  of  the  same 
rating.  The  fuel  consumption  of  such  engines  ranges  around  4  lb.  to 
5^  lb.  of  coal  per  unit  of  electricity  generated. 

Gas  Engines. — The  gas  engine  is  either  of  the  "  town-gas  "  or  of 
the  "  suction-gas  "'  type.  In  the  former,  the  gas  is  taken  direct  from 
the  local  gas  mains  to  tlic  engine,  and  in  the  latter  the  gas  is  generated 
in  a  "  producer,"  and  led  from  there  to  the  engine.  Town  gas  is 
more  expensive  to  u.se.  and  is  open  to  obvious  disadvantages.  The 
gas  engine  and  producer  is  a  popular  plant,  and  can  be  run  very 
economically.  Stand-by  lo.sses  are  not  very  great  ;  cheap  fuel  can 
be  utilised,  while  an  abundant  water  supply  is  not  necessary  as  in 
the  case  of  a  steam  i)lant.  Running  at  normal  load  is  more  efficient, 
and  thermal  eflSciency  of  the  gas  engine  is  greater  than  that  of  the 
steam  engine. 

On  the  other  hand,  the  cost  of  repairs  and  lubrication  is  higher, 
and  on  light  loads  the  gas  plant  will  not  run  so  economically, 
nor  will  it  resjxjnd  so  readily  to  overloads  as  will  the  steam  plant. 
Producers  are  now  constructed  so  that  very  cheap  fuel  may  be 
utilised,  but  it  must  be  remembered  that  stand-by  plant  is  not 
always  available,  and  therefore  cleaning  is  not  so  easily  accom- 
plished. For  this  reason  it  jiays  to  use  a  fairlj-  good  anthracite  coal 
in  the  form  of  peas.  This  ensures  a  clean  gas  being  generated  com- 
paratively free  from  tar. 

The  vertical  high-sjK'cd  gas  engine  has  become  prominent  of  late, 
and  has  the  advantage  in  saving  of  space,  lower  running  costs,  and  a 
higher  speed.  It  is,  however,  a  more  costly  plant  to  install  than 
tlic  horizontal  engine,  and  is  not  to  Ijc  recommended  for  sizes  under 
80  B.H.P.  An  efficient  horizontal  gas  plant  consunies  about  2  lb.  to 
2}  lb.  of  anthracite  per  unit  of  electricity  generated,  and  the  cost, 
including  producer  ])lant,  averages  £8  to  £9  jier  brake  horse-power. 

A  point  to  be  remembered  is  that  to  run  efficiently  at  full  load 
continuously,  the  brake  horse-jxjwer  of  the  engine  should  be  15  jx^r 
cent,  above  the  maker's  rated  load. 

Oil  Engine/!. — Oil  engines  are  an  extremely  satisfaetorj-  plant  to 
deal  with,  jirovided  they  are  well  chosen  and  attended  to  carefully. 
The  three  ty]M's  in  general  u.se  are  the  crude  oil  engine,  the  Diesel, 
and  the  Semi-Diesel  engines. 

The  Diesel  engine  is  rather  ex|)ensive  to  install.  it«  cost  running 
to  about  t!I2  to  £14  jx>r  brake  liorse-|X)wer.  It  is  very  efficient,  and 
only  consumes  about  one-half  the  ({uantity  of  fuel  used  in  the  crude- 
oil  engine,  .\gainst  this,  however,  only  Refined  oil  can  be  u.sed.  and 
the  high  cost  of  this  olTset.s  any  saving  made  by  the  le(*ser  quantity 
of  fuel  used.  The  plant  has  also  the  disadvantage  that  it  requires 
very  can>ful  att.-ntion  by  an  attendant  thoroughly  conversant  with 
its  working.  The  S<>mi- Diesel  engine,  while  requiring  a  little  less 
attention  and  Wing  less  costly — alx)ut  £9  to  £1 1  yter  brake  horse- 
l)ower     is  subject  to  the  same  restrictions  as  the  Diesel  engine. 

The  crude-oil  engine  is  most  frequently  met  with  in  small  power 
stations  for  this  work.  This  plant  costs  in  the  neigh Ixiurhood  of 
£S  ]x>r  brake  horse-jxiwer.  and  consumes  alxiut  \\  jiints  of  crude  oil 
or  jiaraflin  jn-r  unit  of  electricity  generated.  The  space  occupied  is 
alK)ut  the  (tame  a.s  that  of  a  steam  plant  of  the  same  rating — about 
7  scj.  ft.  |x>r  brake  hors*'  jxtwer.  .\s  regards  load,  the  oil  engine  is 
subject  to  the  same  limitations  as  the  gas  c>nginc,  but  stand-by  los-ses 
are  much  less,  while  the  attention  required  is  alxiut  the  same. 

Oenerator. — The  choice  of  a  generator  is  princiixiUy  a  matter  of 
t.Tste  in  design  and  manufartiirr.  Shunt-wound  generators  are  used, 
and.  when  '-ontrollcMl  by  a  shunt  regulator,  with  projx^rly  designed 
steiw.  these  machines  give  a  constant  pressure  at  all  loads.  In 
adclition  to  it,s  .xiipplying  energy  direct  to  the  feeder  "bus  bars,  it  is 
also  used  for  charging  the  battery,  if  one  is  installcMl.  direct  from  the 
dynamo  'l»us  Itars.  The  nature  of  the  drive — belt  or  direct — will 
dejx^nd  on  the  circumstances  of  8|)ace.  &c..  and  ujxin  the  prime 
mover.  With  |ow-8|x»ed  engines  a  belt  drive  is  usual,  while  direct 
coujiling  is  n'sorted  to  in  case  of  hiph-s|x^ed  engines. 

The  arrangement  of  battery  .ind  switchl>oartl  are  next  dealt  with, 
after  which  foimdation."*.  installation  wiring  and  fittings  are  dis- 
cussed, as  well  as  methods  of  charging  and  metering. 
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Financial  Results. 
In  order  to  give  a  brief  summary  of  the  working  costs  and  revenue, 
an  example  is  taken  of  the  case  of  a   town  already  assumed  to 
have  a  population  of  5,000. 

The  revenue  from  such  a  place  would  be  obtainable  from  two 
sources — private  lighting  and  public,  with  perhaps,  in  addition,  a 
small  power  demand.  This  latter,  however,  will  be  neglected,  as 
it  is  found  that  power  load  will  follow  in  two  or  three  years,  when 
it  can  be  adequately  provided  for.  The  lighting  supply  is  what  is 
first  required,  and  all  efforts  should  be  concentrated  on  this.  Of 
course,  the  matter  assumes  a  different  complexion  when  the  load 
in  the  locality  is  principally  a  power  one.  In  a  town  of  .5,000 
inhabitants  a  reasonable  installation  to  expect  is  in  the  neighbour- 
hood of  an  equivalent  of  1,000  lamps  of  20  c. p.  each  for  the  first 
year's  working.  In  a  well-managed  place  this  should  easily  be 
about  doubled  during  the  second  year,  making  an  equivalent  con- 
nection of  1,800  to  2,000  20  c.p.  lamps.  In  a  great  number  of 
these  small  places  gas  or  oU  is  the  only  illuminant,  the  gas  being 
sometimes  as  high  as  6s.  to  7s.  per  1,000  cubic  ft.  Electrical  energy 
may  be  supplied  up  to  8d.  per  unit,  6d.  being  a  good  average  to 
take,  which  compares  favourably  with  gas  at  3s.  6d.  per  1,000  cubic 
ft. — a  very  low  rate  for  a  small  town. 

As  regards  public  lighting,  it  is  usually  possible  to  enter  into  a 
contract  with  the  local  authorities  for  the  electric  lighting  of  the 
whole  or  part  of  the  main  streets,  a  price  per  annum  being  taken 
as  the  basis  of  charge.  A  reasonable  figure  for  this  is  about  £3  per 
lamp  per  annum. 

It  may  be  assumed  that  the  whole  of  the  street  lighting  is  under- 
taken, and  that  100  street  lamps,  each  consisting  of  3/40-watt 
lamps,  are  in  service,  each  lamp  burning  for  an  average  of  3,000  hours 
per  annum. 

While  in  many  cases  a  dividend  is  yielded  as  the  result  of  a  first 
year's  rmining,  it  would  be  imfair  to  base  one's  estimate  of  working 
on  this  year.  In  the  second  year  the  scheme  has  had  a  good  chance 
to  develop,  and  may  be  reasonably  expected  to  be  running  normally. 
In  the  following  details  only  figures  representing  the  second  year's 
•working  will  be  considered — the  private  lighting  of,  say,  1,800 
20- watt  lamps,  and  the  street  lighting  of  100  3/40-watt  lamps. 

The  revenue  from  the  private  lighting  is  as  follows  : — 

1,800  lamps  X  20  watts  X  800  hours 

=28,800  units,  which,  at  6d.  per 

unit,  produces  a  sum  of  £720.  To  this  must  be  added  meter  rent — 
say,  150  meters  at  5s.  per  annum,  producing  £37.  10s. 

The  revenue  from  street  lighting  will  be  100  lamps  at  £3  per  lamp 
per  annum,  producing  a  sum  of  £300. 

The  total  revenue  from  all  sources  is  : — 

Private  lighting £720     0     0 

Meter  rents 37  10     0 

Street  lighting 300     0     0 


£1,057  10     0 

For  supplying  this  load  the  number  of  units  generated  would 
require  to  be  : — 

,.  ,    .        1,800x20x800 

Pnvate  hghtmg,  =28,800  units. 

^  1,000 

,.  .    .        100x3x40x3,000 

Street  lightmg, =36,000  units, 

*        ^  1,000 

making  64,800  units.  To  this  it  would  be  advisable  to  add,  say, 
5  per  cent,  to  cover  losses  in  mains,  &c.  This  would  give  a  total 
of  about  68,040  units  generated. 

Fuel,  oO,  waste  and  stores,  engine  repairs  and  maintenance  should 
be  in  the  neighbourhood  of  |d.  per  unit ;  but,  in  order  well  to  cover 
all  contingencies,  Id.  per  unit  should  be  allowed.  This  figure  does 
not  include  management  expenses,  &c.,  which  are  detailed  below 
separately.  The  cost  per  unit  may  be  analysed  in  the  following 
manner  : — 

Fuel  0-75d.  per  unit. 

Oil  waste  and  stores  OlOd.         „ 

Repairs  and  maintenance 0]5d.         „ 

1-OOd. 

The  management  expenses  may  be  reduced  to  a  cost  per  imit  if 
desired,  or  may  be  taken  as  a  yearly  sum  as  below.  When  working 
under  statutory  powers  these  figures  must  be  reduced  to  a  cost  per 
unit,  and  allocated  in  the  accounts  as  such. 

The  profit  is  therefore  £2.50.  Of  this  amount  the  debenture  or 
preference  shares  will  absorb  their  dividend  of  5  per  cent.,  totalling 
£75.  The  balance  of  £175  remains  to  satisfy  the  ordinary  share- 
holders and  any  reserve  or  other  fund  which  is  contemplated.  A 
dividend  of  5  per  cent,  can  be  paid  on  ordinary  shares,  leaving  the 
sum  of  £25  to  be  placed  to  the  reserve  or  other  fund. 


Manager  and  Secretary urfy  per  annum. 

Driver  and  Fitter  at  3.5«.  7)cr  week "1  , ,  _ 

Lad  at  10s.  per  week j"  " 

Stationery,  postage,  &e 10 

Insurance  and  rates 2.5 

1^'gal  and  audit  |o 

Directors'  fees  loO 

Unforeseen  l.^ 

Battery  maintenance  30 

Street-lamp     maintenance — .300     iam])S     at 

3s.  6d.  each  per  annum .53 

General  establishment  charges  1.5 

Total  management  costs £.52.5  per  annum. 

Summari/ — 

Expenditure- 68,040  units  at  Id £283  10     0 

Management  expenses .525    0     0 

Total  expenditure  £808  10     0 

Revenue — 

Private  lighting— 28,800  units  at  fid.  per  unit £720  0  0 

Street  lighting — 100  lamps  at  £3  each  per  annum  3fXJ  0  0 

1 50  meter  rents  at  5s.  each  per  annum 38  0  0 

£1,0.58    0     0 

The  foregoing  figures  are,  of  course,  only  approximate,  and  do  not 
represent  the  working  of  any  particular  undertaking.  They  are, 
however,  representative  of  what  may  be  met  with  in  actual  practice. 
No  notice  has  been  taken  in  this  Paper  of  power  loads  or  require- 
ments or  of  any  profit  which  may  accrue  from  the  sale  of  fittings, 
lamps,  &c.,  which,  after  a  few  years'  working,  may  amount  to  a 
substantial  sum. 

An  average  dividend  of  5  per  cent,  has  been  deduced  from  the 
statistics  of  10  companies  with  populations  varjdng  from  2,.500  to 
10,500,  which  shows  that  not  only  do  such  undertakings  pro\'ide  an 
efficient  lighting  and  power  supply,  but  are  pacing  concerns. 

Conclusio7i. — It  will  be  apparent  from  the  foregoing  remarks  that 
an  undertaking  of  this  kind  needs  a  great  expenditure  of  personal 
energy  in  order  to  maintain  a  live  interest  on  the  part  of  consumers 
and  non-consumers  alike  ;  the  personal  effort  is  absoluteh'  essential  if 
the  scheme  is  going  to  be  a  success. 

A  canvass  of  all  shops  likely  to  need  electric  supply  might  be 
undertaken  with  advantage,  followed  up  by  a  visit  to  the  residential 
quarter,  where,  no  doubt,  many  consumers  will  be  obtained  as  a 
result  of  a  little  tactful  dealing. 


ASSOCIATION  OF  CONSULTING  ENGINEERS 
(INCORPORATED). 


The  annual  general  meeting  of  the  Association  took  place  on 
Wednesday,  May  31,  Mr.  G.  INIidgley  Taylok,  M.Inst. C.E.,  pre- 
siding. 

The  Hon.  Secretary  (Mr.  A.  H.  Dykes,  M.Inst.C.E.,  M.I.E.E.) 
having  read  the  notice  convening  the  meeting  and  the  minutes  of 
the  previous  general  meeting,  and  announced  that  letters  of  regret 
at  inability  to  attend  had  been  received  from  Sir  Jolui  Snell,  ]\Ir. 
Blizard,  Mr.  E.  L.  Mansergh  and  Mr.  Walter  Emmott, 

The  Chairman  said  it  fell  to  his  lot  to  present  the  report  of  the 
Committee  which  had  been  circulated.  The  year,  as  the  report 
stated,  had  been  one  of  depression  for  the  consulting  engineering 
profession,  and  the  Committee,  therefore,  had  had  a  year  of  patient 
watchfulness,  and  nothing  of  very  startliUj^  importance  had  occurred. 

One  of  the  most  important  things  they  had  done  was  to  decide 
that  the  Committee  should  issue  quarterly  to  every  member  a  state- 
ment showing  the  more  important  matters  that  had  come  before 
the  Committee,  and  the  manner  in  which  they  had  been  dealt  with. 
The  Committee  had  long  felt  that  members  must  experience  some 
difficulty  in  keeping  in  touch  with  what  the  Association  was  doing. 
The  country  members  must  feel  this  more  than  those  in  practice  in 
London,  who  could  at  least  get  into  touch  with  London  membere  of 
the  Committee.  In  future  each  quarter  the  Committee  would  issue 
a  confidential  document  showing  the  more  important  matters  that 
may  have  been  dealt  with. 

Practically  with  a  stroke  of  the  pen,  the  Government,  by  refusing 
municipal  borrowings,  took  away  a  large  portion  of  the  consulting 
engineers'  practice,  and  though  no  loyal  member  of  the  Association 
wished  to  grumble,  because  where  the  interests  of  the  country  were 
at  stake  and  the  best  means  of  carrying  on  the  war  had  to  be  con- 
sidered, their  private  interests  must  stand  aside  ;  still,  it  had  had  a 
great  effect  on  the  profession  generally,  and  hence  the  Committee 
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had  not  had  the  amount  of  work  which  they  might  have  had  if  the 
profession  had  been  in  a  prosperous  condition. 

There  was  a  matter  which  he  thought  might  with  advantage  receive 
the  further  consideration  of  those  in  authority. 

All  engineering  work  passing  at  present  through  the  shops  of  con- 
trolled firms  was  under  the  Defence  of  the  Realm  Regulations  placed 
either  in  Class  A,  B  or  C,  A  being  reserved  for  munitions  of  war  ;  B 
for  work  in  connection  with  the  production  of  munitions  ;  and  C  for 
all  other  work.  It  followed  from  this  that  plant  for  exjxtrt,  which 
would  be  the  means  of  bringing  money  into  this  country,  had  no 
preference  over  orders  for  material  required  for  ordinarv  purposes 
at  home;  which,  very  rightly,  was  given  no  preference. 

It  certainly  appeared  to  him  that  there  was  need  for  a  third  class 
between  B  and  C  into  which  could  be  placed  all  work  which,  whilst 
not  directly  connected  with  the  supply  of  munitions,  was  of  such  a 
nature  that  it  was  in  the  interests  of  the  Nation  that  it  should  receive 
attention  immediately  after  that  work. 

Of  course,  if  such  a  class  was  instituted,  facilities  would  have  to  be 
accorded  as  regards  railwa\'  transport  and  shipment. 

While  the  first  consideration  was  the  production  of  all  materials 
necessary  for  the  successful  prosecution  of  the  war,  surely  the  next 
thing  was  to  carry  on  our  export  trade  and  to  attract  into  the  country 
money  from  outside  sources. 

As  it  was  at  present,  there  were  a  number  of  foreign  contracts  in 
a  half-finished  state,  for  the  completion  of  which  the  payment  of 
large  sums  of  money  from  foreign  sources  was  held  uj). 

One  matter  mentioned  in  the  rejwrt  was  the  emijloj-ment  of 
municipal  officers  outside  their  own  districts.  He  did  not  suggest 
for  one  moment  that  these  engineers  were  not  perfectly  competent 
to  advise  on  outside  engineering  (luestions,  but  it  seemed  to  him  that 
their  time  should  be  fully  occujjied  in  carrying  out  their  own  special 
work. 

The  case  that  was  quoted  in  extenso  was  taken  up  by  the  Asso- 
ciation, although  the  engineer  who  brought  the  facts  before  them 
was  not  a  member.  They  thought  it  was  a  case  where  the  Asso- 
ciation could  reasonably  suggest  that  there  could  be  found  amongst 
consulting  engineers  one  accpiaiiitcd  with  the  local  conditions  and 
circumstances  of  the  water  supj)ly  referred  to. 

In  the  report,  the  Committee  recorded  appreciation  of  his  (the 
Chairniiin's)  services.  He  wished  to  thank  them  for  haWng  ap- 
pointed him  to  the  position,  which  he  left  with  great  reluctance.  He 
had  had  great  support  from  everj'  member  of  the  Committee,  and  he 
thought  tlicy  jtartcd  as  friends.  He  thought  it  was  an  excellent  idea 
U])(m  which  they  started,  that  they  should  not  have  a  President, 
but  that  they  should  have  a  Committee  who  were  all  e(pial,  and  then 
the  Committee  could  choose  a  ciiuirman  to  preside  at  the  meetings. 
The  Association  was  not  founded  for  any  purjjo.se  of  self-aggrandi.se- 
ment,  but  to  protect  the  interests  of  Consulting  Engineers  generally. 
I'n(l(rr  the  rules  a  certain  .section  of  the  Committee  retired  every  year, 
and  this  year  he  went  off  the  Committee!.  He  thanked  the  members 
of  the  Committee  and  all  those  who  had  bec^n  on  the  Committee  in 
the  past  for  the  courtesy  and  kindness  thov  had  shown  him.  Ho 
now  |)ropos(!  the  adoption  of  the  Report. 

Mr.  H.  .1.  lioFE  seconded  the  resolution  and  it  was  carried  unani- 
mously. 

The  Hon.  TREA.suRER(.Mr.  S.  1!.  l.K)Wcock),  in  moving  the  adoption 
of  the  accounts,  which  he  thought  the  .nembers  would  agree  uere 
very  satisfactory,  said  each  year  the  Association  increased  a  little 
the  credit  balance,  and  at  the  end  of  the  year  they  hiwl  rather  over 
i;2(M>  in  hand.  This  mcNvnt  that  they  had  i;i2.S  to  the  pood.  l>eiause 
the  Accountants  treatc^d  a  proportion  of  the  sub.scriptions  iis  being 
])aid  in  advance.  He  suggested  that  they  might  buy  £1(R>  worth  of 
IOx(lu!(|ucr  Bonds,  or  something  of  that  sort. 

Mr.  K.  W.  HuD.soN  seconded  the  motion  for  the  adoption  of  the 
accounts  and  it  was  carried  unanimously. 

It  was  agrc(>(l  that  tlnti  !.(>  invested  ius  stiggested. 
Mr.  M.  (J.  \Vi:i;kk.s  (.Mr.  .Mansergli's  co-scrutinwr  of  the  ballo*  for 
membership  of  the  Committee)  announced  that  the  new  momlxjrs 
of  Coniniiltcc  elected  were  :    - 

Mr.  .\.  A.  Cunipbcll  Swinton 

Mr.  i;>;ank  Gill  |    ,,„,,,„„  ,„p,„,^r8. 

Mr.  \\  Ml.  \  aux  draham  i 

Mr.  !•;.  W  Hill  J 

Mr  Arthur  Hindle  \  ('o„„trv  memliere 

l\rr.  Charles  I).  Loniax  ) 

The  Chaikman  said  the  Committee  welcomed  the  retiim  of  .Mr. 
Camiibell  Swinton  and  Mr.  (Jill,  who  had  given  them  material 
assistance  in  th(>  p;ist.  Mr.  Lomax  he  was  also  pieax'd  to  see  re- 
elected. With  regard  to  the  n(>w  members,  Mr.  K.  Hill.  Mr.  Wm. 
Vaux  Graham  and  Mr.  Arthur  Hindle,  he  wsm  sure  they  would  add 
niaterially  to  the  ability  of  the  Coniniittee. 

Mr.  V.  \\.  HoDsoN  pro|)osed  and  Mr.  .\.  M.  SnJ.AR  seconded  the 
reappointment  of  tl\(>  hononiiy  auditors.  Messrs.  Cash.  Stone  &  Co., 


the  mover  remarking  that  they  were  much  indebted  to  the  firm  for 
the  work  they  had  done  for  the  Association  free  of  charge. 

The  resolution  was  adopted. 

The  C'H.iiRMAN  said  the  next  business  was  the  re-election  of  the 
honorary  solicitor,  Mr.  F.  E.  Wright,  who  had  done  a  great  deal  of  work 
for  them  when  they  were  getting  the  Articles  of  A.ssociation  in  order. 

Mr.  E.  Brough  Taylor  proposed  and  Mr.  W.  J.  E.  Bix^fiE 
seconded  that  Mr.  Wright  be  re-elected  hon.  solicitor,  and  that  the 
thanks  of  the  Association  be  accorded  him  for  the  assistance  he  had 
afforded  them.     This  was  carried  unanimously.  \ -Ji 

Mr.  H.  H.  RoFE  proposed  a  hearty  vote  of  thanks  to  Mr.  G. 
Midgley  Taylor  for  his  services  as  Chairman,  and  said  his  sound 
knowledge  had  been  of  great  value  to  the  Committee  and  the  Associa- 
tion. He  (Mr.  Rofe)  did  not  know  where  a  chairman  was  to  be  found 
adequately  to  replace  him,  and  he  hoped  that  before  long  he  would 
be  back  again  in  the  position  of  Chairman. 

Mr.  A.  A.  Cajmpbell  Swinton  said  he  had  great  pleasure  in 
seconding  the  motion.  He  endorsed  all  the  last  speaker  had  said; 
the  Chairman's  services  were  invaluable. 

The  motion  was  carried  unanimously. 

The  Chairman,  in  acknowledging  the  vote  of  thanks,  said  it  had 
been  a  great  pleasure  to  him  to  act  as  Chairman,  but  he  wished  to 
remind  meml>ers  that  when  they  found  a  chairman  acting  with  undue 
energy  they  must  know  that  there  was  a  gentleman  behind  him 
keeping  him  up  to  the  mark.  He  referred  to  the  hon.  secretary,  Mr. 
D^'kes,  who  would  not  let  the  Chairman  go  to  sleep  on  any  subject. 
The  Association  owed  an  immense  debt  of  gratitude  to  Mr.  Dykes, 
who  practically  started  the  A.ssociation  and  con  amore  had  run  it 
excellently  ever  since.  Unless  the  future  Chairman  was  a  hve  man 
he  would  not  get  on  well  with  the  hon.  secretary.  He  also  wished  to 
express  their  indebtedness  to  their  hon.  treasurer,  Mr.  S.  R.  Lowcock. 

The  meeting  then  terminated. 


The  annua!  report  of  the  Committee  deals  first  with  some  of  the  points 
raised  by  th<-  (  hairman  at  the  meeting.  In  accordance  with  a  resolution 
passed  at  the  last  annual  {icncral  meeting,  a  deputation  was  received  by 
the  Board  of  Trade  to  point  out  the  serious  effect  on  consulting  engineers" 
practice  of  the  Treasury  Minute  restricting  the  borrowing  powers  of 
local  authorities  in  connection  with  new  Khemes.  and  to  suggest  certain 
ways  in  which  this  could  be  mitigated. 

Ill  March  of  the  present  year  the  attention  of  the  Committee  was  drawn 
to  the  fact  that  the  Admiralty  had  cmiiloycd  as  their  exi>ert  adviFcr  in 
connection  with  the  water  su])]>ly  C'f  Admiralty  works  in  York>hirc  an 
official  of  the  Metropolitan  Water  Board.  It  was,  then  fore,  decided  to 
send  a  letter  on  the  subject  to  the  p'irst  Lord  of  the  Admiralty,  and  to 
I  ndose  copies  of  this  letter  to  the  Prime  Minister  and  to  the  heads  of  each 
of  the  CJo\ernnient  departments.  The  letter  )M>int«'d  out  that  it  was 
])referable  for  (;o\ernment  dcjiartments  reijuirini;  enLMneerintr  advice  to 
a))i)ly  to  individual  crmsulting  engineers  or  to  the  engintering  dejtartment 
of  the  Iv»)cal  (Jovernment  Be>:>rd.  which  from  the  nature  of  its  work  is 
fully  ac  (piainted  with  and  well  able  to  select  those  Ix^st  fitted  to  advire 
on  any  jiarticular  branch  of  engineering. 

While  in  normal  times  there  are  strong  objections  to  local  autlioritifs 
allowitii:  their  jMTmanent  ofTieials  to  un<lertak<'  ccmsulting  work  outsitle 
their  own  areas,  these  objections  are  greatly  int«'nsified  at  the  present 
time,  and  the  ("cmmittee.  then-fore,  ft  U  it  desirable  to  address  a  com 
munieation  to  the  Electric  Light  Committee  of  Manchester  when  a 
])araj.rra])h  ap]>eared  in  the  U  chnieal  press  stating  that  their  city  electrical 
engineer  had  Ix-eii  jjiven  )MTmission  to  advise  the  boroujihs  of  Rochdale. 
Cliesterlield  and  .Stafford  with  re>;ard  to  proposed  extensions  of  their 
electricilv  undertakings.  A  co]»y  of  the  communication  was  sent  to  each 
of  the  borouirhs  and  also  to  the  l>)cal  (Jovernment  lioard.  Similar  action 
was  taken  when  the  Committte  learnt  that  the  city  engineer  of  Li\"rrpool 
had  been  ]>ermitted  V)y  his  Committee  to  idvise  the  borough  of  Wijran. 
(til  the  otlier  hand,  the  Committee  wrote  to  the  Corj>oration  of  Alx-rdecn 
cx])ressiiii;  their  j;ratiti<atioM  on  wciiii;  that  that  body  had  n'fust-d  ^kt- 
mission  for  tlieir  water  <'njrineer  to  advise  an  outsid(>  authority. 

The  Committro  fe<'l  that  it  is  only  by  persistent  a<'tion  of  this  kind 
that  ]»ublic  Riithoritieffcan  ho  odueat<-d  up  to  the  desirability  of  employing 
iiide])cnd'nt  ex]>orts  rather  than  ofli(  ials  from  other  tmvns. 


ELECTRIC  FURNACE   MELTING   OF  FERRO-ALLOYS.* 

HV    R.    S.    WILK. 

Ni/wmary. — -The  author  deRcril>cs  the  working  and  gives  the  results 
of  the  !«aving  rflFeote<i  by  using  electric  furnaces. 

This  eoiintrk-  (U.S.A.)  has  never  given  much  attention  to  the 
nianufactun'  of  s|>eci.'vl  stools,  most  of  these  having  come  fnim 
aliroad  :  but  now  that  the  supply  has  stopjx»d  mort^  attention  is 
being  given  it  here,  but  it  finds  us  largely  tmpre|wred.  Very  few 
mills  are  so  ecjuipjKMl  that  they  could  add  3,000  lb.  of  ferro -chromium 
to  .1  iVt-ton  heal  of  stool. 

•  Abstrae-t  of  a  Pappr  read  before  the  American  Electrochemical 
Sociotv. 
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QI  wUl^'givoa'^brief  description  of^^the  fumace^I  have^used^before 
going  into  results,  in  order  that  its  operation  may  be  clearly  under- 
stood. The  furnace  is  of  the  three-phase  type,  one  bottom  and  two 
top  electrodes.  The  spacing  of  the  electrodes  is  such  that  they 
compose,  as  nearly  as  possible,  an  equilateral  triangle.  To  start, 
the  two  top  electrodes  are  lowered  to  the  floor  of  the  furnace,  some 
granular  graphite  or  plumbago  is  sprinkled  in,  and  when  this  glows 
the  slag-making  materials  are  added.  These  vary  with  the  material, 
but  window  glass  is  used  for  most  purposes,  as  it  is  neutral  to 
most  of  the  metals  to  be  melted.  As  this  melts,  the  electrodes  are 
raised  until  the  proper  height  is  reached,  and  the  alloy  is  then 
charged  into  the  furnace  and  is  melted  beneath  the  slag  from  the 
heat  of  the  bath,  and  not  from  the  direct  heat,  as  in  the  case  of  the 
arc  furnace.  No  auxiliary  mechanism  is  used,  the  current  coming 
direct  from  the  transformer  to  the  furnace,  the  heat  being  regulated 
by  the  depth  of  the  electrodes  m  the  slag.  When  the  metal  is  melted 
it  is  either  poured  into  an  auxiliary  ladle  and  thence  into  the  steel 
ladle,  or  the  entire  electric  furnace  is  picked  up  by  the  auxiliary  hoist 
of  the  crane  and  the  furnace  poured  as  if  it  were  a  ladle.  The  slag 
stays  in  the  furnace  to  be  ready  for  the  next  heat.  It  retains  its 
molten  condition  for  a  considerable  length  of  time,  which  enables 
the  power  to  be  quickly  picked  up  again.  If  the  furnace  is  used  as  a 
ladle  it  is  set  down  by  the  auxiliary  before  the  big  ladle  is  poured, 
and  is  either  picked  up  by  another  crane  and  put  into  place  or  kept 
where  it  is  until  the  ladle  is  j^oured  and  then  replaced. 

It  may  be  questioned  by  many  as  to  the  advantages  derived  from 
introducing  the  alloy  in  a  molten  condition,  other  than  those  of 
distribution,  &c.  I  mean  the  saving  of  metal  effected.  The  per- 
centage of  saving  varies  with  the  amount  of  manganese  added  to  the 
steel.  As  is  well  known,  a  great  part  of  the  manganese  added  to 
both  open-hearth  and  particularly  Bessemer  steel  is  lost  in  freeing 
the  steel  of  oxides,  and  the  amount  of  manganese  oxidised  is  less 
with  a  high  carbon  than  with  a  low  carbon  steel — it  decreases  with 
the  amount  added.  Thus,  if  1  per  cent,  manganese  be  added  to  the 
bath,  0-60  will  be  found  in  the  steel  (loss  0-40)  ;  if  0-60  per  cent,  be 
added  the  steel  will  retain  0-40  (loss  0-20).  The  loss  in  one  case  is 
40  per  cent,  and  the  other  30,  and  there  is  no  assurance  that  all  parts 
of  the  steel  will  show  0*60  per  cent,  or  0-40,  as  the  case  may  be. 

The  following  extracts  from  an  article  by  Felix  Schroder,  of  Livet, 
France,  giving  the  results  of  melting  over  1,000  tons  of  ferro-man- 
ganese  are  interesting  and  give  some  idea  of  the  cost  in  an  arc  furnace. 
The  costs  of  doing  this  in  the  resistance  furnace  are  somewhat  less, 
as  later  figures  will  show. 

The  results  obtained  with  one  furnace  of  the  Keller  system  at  the 
Burbacherhiitte,  in  Saarbriicken,  are  described.  It  was  adopted 
there  after  previous  tests  at  the  works  of  Keller-Leleux  Company,  in 
Livet,  had  shown  the  possibility  of  melting  80  per  cent,  ferro- 
manganese  in  the  electric  furnace  without  any  losses  of  manganese. 

The  continuous  operation  of  the  converter  plant  during  the  six 
■week  days  required  an  uninterrupted  running  of  the  electric  furnace 
in  order  to  have  hot  ferro-manganese  ready  whenever  needed.  On 
Sunday  the  metal  usually  remained  in  the  furnace  and  was  main- 
tained fluid  by  the  electric  current,  the  consumption  of  electric 
current  for  this  purpose  being  "  very  low."  When  no  electric  power 
was  available  the  furnace  was  emptied,  and  re-started  on  Sunday 
night.  During  the  week  the  furnace  was  never  emptied.  Small 
repairs  were  done  on  Sunday,  the  hot  metal  meanwhile  being  poured 
into  a  ladle. 

The  longest  period  during  which  the  furnace  was  fused  for  melting 
ferro-manganese  was  three  months.  During  this  time  the  roof  of 
acid  brick,  which  had  already  been  used  before  during  a  period  of 
steel  refining,  was  neither  repaired  nor  renewed.  The  dolomite 
lining  was  not  renewed,  and  only  a  few  small  repairs  were  made  from 
time  to  time.  After  these  three  months  of  ferro-manganese  melting 
the  furnace  was  started  to  run  on  steel  again,  and  the  lining  was  still 
in  fair  condition.  The  roof  and  lining  of  the  furnace  when  used  for 
melting  ferro-manganese,  therefore,  last  at  least  three  months,  and 
the  author  claims  that  a  lin;'ng  of  magnesite  would  stand  from  six  to 
nine  months  in  continuous  operation.  The  inchned  lower  lining 
between  door  and  hearth,  and  also  the  lining  of  the  hearth  itself, 
were  not  changed  for  nine  months,  requiring  only  a  few  repairs. 

From  the  results  obtained  at  the  Burbacherhiitte  the  following 
conclusions  may  be  drawn  :  (1)  The  re-melting  of  ferro-manganese 
in  the  furnace  occurs  without  any  losses  of  manganese  by  volatilisa- 
tion. 

For  example,  10  average  samples  of  solid  ferro-manganese  had  the 
following  analysis  :   80-29  per  cent.  Mn. 

Thirty-seven  successive  samples  of  molten  ferro-manganese  taken 
from  the  electric  furnace  had  the  following  analysis  :  80-22  per  cent. 
Mn.  The  re-melting,  therefore,  causes  practically  no  loss  of  man- 
ganese.    There  is  no  smoke  nuisance  at  the  furnace. 

2.  The  net  saving  due  to  the  use  of  molten  ferro-manganese 
amounts  to  35  per  cent,  of  the  amount  of  solid  ferro-manganese 


which  would  be  necessarj'  for  the  production  of  Bteel  of  the  same 
quality  and  under  the  same  conditions  of  o[>eration. 

In  this  comparison  it  is  assumed  that  the  same  amount  of  man- 
ganese shall  be  in  the  finished  steel  as  in  usual  practice.  Ah  a  matter 
of  fact,  however,  it  is  possible,  if  the  addition  of  ferro-manganese 
is  made  in  molten  form  to  reduce  slightly  the  manganese  content 
in  the  finished  steel  without  affecting  the  rolling  quality. 

3.  Costs  of  melting  based  upon  a  price  of  Jd.  jjer  kilowatt-hoar 
were  approximately  £1  per  ton  of  ferro-manganese,  including  electric 
power  consumption,  electrode  consumption,  wages,  linings  and 
repairs.  These  are  not  the  costs  of  special  exf>eriment«,  but  a 
monthly  average,  and  therefore  include  costs  of  heating  and  starting 
the  f ui  nace,  delays,  interruptions  due  to  electrode  changes,  .Sunday 
work,  &c.,  or,  briefly,  all  the  expenses  of  using  the  process  in  a  com- 
mercial basic-converter  plant. 

Assuming  that  the  melting  cost  per  ton  of  ferro-manganese  is  £1, 
the  price  of  1  ton  of  ferro-manganese  £8  only  (abroad),  and  that  5  kg. 
of  ferro-manganese  are  to  be  used  per  ton  of  steel,  we  obtain  resuita 
as  follows  :  In  100,000  tons  of  steel  per  annum  5()()  ton.s  of  ferro- 
manganese  are  re-melted,  the  melting  costs  are  £.500,  and  the  saving 
of  ferro-manganese  100  tons  (if  1  kg.  is  saved  per  ton  of  steel),  or  £800. 
It  may  be  said  that,  on  account  of  the  smaller  ferro-manganese 
consumption,  the  weight  of  steel  produced  is  also  smaller.  The  slag 
is  also  less.  The  useful  phosphorus  in  the  slag  increa.ses,  and  there 
is  no  reduction  of  phosphorus  back  into  the  metal.  All  these  facts 
have  a  very  small  influence  on  the  final  results. 

Besides  this,  the  use  of  ferro-manganese  offers  many  other  advan- 
tages which  should  not  be  overlooked.  The  desired  quaUty  of  the 
steel  is  far  more  easily  obtained  than  is  possible  with  the  use  of  solid 
ferro-manganese.  All  of  the  molten  alloy  is  completely  absorbed 
by  the  hot  metal.  With  some  experience  in  estimating  the  man- 
ganese contained  in  a  sample  of  converter  metal  taken  after  the 
blow,  it  becomes  easy  to  determine  accurately  the  amount  of  ferro- 
manganese  to  be  added.  This  is  of  great  value  for  high  carbon  steels. 
Using  solid  ferro-manganese  on  cold  heats  in  the  converter,  one 
always  runs  the  risk  of  it  not  being  absorbed  in  the  bath  ;  but,  using 
molten  additions,  the  distribution  of  molten  ferro-manganese  in 
the  ladle  is  uniform,  the  deoxidation  quick  and  more  effective,  and 
rephosphorisation  impossible. 

There  is  no  reason  why  this  process  should  not  be  successfully 
employed  in  open-hearth  practice. 

The  average  power  consumption  is  nearly  800  kw.-hour  per  ton  ; 
the  carbon  electrode  consumption  is  never  over  12  lb.  per  ton,  and 
rarely  that ;  the  lining  cost  is  between  5d.  and  6M.  per  ton,  depend- 
ing upon  the  rapidity  of  melting.  This  means  that  the  cost,  with 
power  at  ^d.  per  kilowatt- hour  and  carbon  electrodes  at  2d.  per  lb., 
will  be  between  18s.  and  19s.  per  ton,  exclusive  of  labom-,  which  is 
incidental  to  the  plant  anyhow.  This  will  add  to  the  cost  of  the 
average  steel  between  l|d.  and  5d.  per  ton — a  very  small  amovmt, 
which  is  easily  compensated  by  the  reduced  handling. 

Most  of  these  remarks  have  been  confined  to  ferro-manganese,  but 
the  saving  in  ferro-chromium  is  easily  greater,  as  this  alloy  is  now- 
charged  into  the  steel  while  in  the  open  hearth,  where  the  loss  is 
greatly  increased.  Without  an  electric  furnace  it  is  necessary  to  do 
this  owing  to  the  high  melting  point  of  the  alloy  and  the  impossibility 
of  its  becoming  melted  by  t'le  time  of  pouring  the  ladle.  It  is  truly 
wonderful  to  contemplate  tne  saving  possible  by  pre-melttng  this 
alloy. 
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THE  SMALL  GENERATING  STATION. 

On  the  Continent  the  small  generating  station  has  been  a 
recognised  feature  for  many  years,  and  it  has  flourished 
largely,  for  the  reason  that  consumers  were  willing  to  be  quite 
modest  in  their  requirements.  Not  only  were  overhead 
wires  accepted  as  a  matter  of  course,  but  a  supply  of  light  in 
the  dav-time  was  looked  upon  as  an  unnecessary  luxurv. 
This  made  the  beginning  of  such  an  undertaking  particu- 
larlv  easy,  and  it  was  a  simple  matter  to  run  on  more 
ambitious  lines  when  the  power-load  showed  signs  of 
developing. 

During  the  last  few  years  the  small  station  has  shown 
marked  .signs  of  development  in  this  country  also.  A 
glance  through  the  Table  of  Electricity  Supply  Under- 
takings, which  we  issued  at  the  beginning  of  this  year, 
shows  that  there  are  .some  85  .stations  in  towns  having  less 
than  5,(XX)  inhabitants,  and  we  do  not  doubt  that  there  are 
still  a  certain  number  which  have  not  yet  found  their  way 
into  our  Tables.  Since  these  stations  are  mostly  put  down 
bv  private  capital  it  is  clear  that  electricity  supply  in  these 
small  towns  is  commercially  feasible. 

The  ideal  arrangement  would  no  doubt  be  to  have  all 
such  places  linked  to  the  mains  of  a  power  company,  but 
there  are  many  districts  where  such  mains  are  not  yet  to  be 
found,  and  where  con.sequently  generating  plant  must  be 
laid  down.     The  character  of  the  plant  that  should  be  used 
is  one  ot  considerable  importance  if    satisfactory  results 
are  to  be  obtained.     Not  only  should  the  plant  be  econo- 
mical, but  it  should,  as  far  as  possible,  be  of  a  simple 
character,  .so  that  it  can  be  run  without  verv  special  know- 
ledge and  with  freedom  from  breakdown.     In  a  few  fortu- 
nate cases  it  may  be  that  water  power  is  available.  Generally 
speaking,  however,  it  is  a  que.stion  between  gas,  oil  and 
steam.     We   shall  not   attempt  any  comparison  between 
these  various  tvpes  of  ])lant,  each  of  which  has  certain 
advantages  and  must  be  considered  on  its  merits  in  each 
j)articular  case  ;  but  we  may  here  draw  the  attention  of  our 
readers  to  an  article  in  our  present  issue  by  Mr.  George 
WiLKix.so.v.  in  which  a  strong  ca.se  is  made  out  for  the 
locomobile  type  of  steam  engine.     There  is  no  doubt  that 
for  the  average  mechanic  the  steam  engine  has  less  mvstery 
about  it  than  the  gas  engine  or  the  oil  engine,  and  this  par- 
ticular type  oi  steam  plant  is  capable  of  wonderfully  high 
clUciency  even  in  small  sizes. 

In  quite  small  stations  the  items  of  labour  and  manage- 
ment are  of  considerable  importance,  and  for  tliis  reason 
attem])ts  have  been  made  to  produce  a  plant  which  is  en- 
tirely automatic.     Elsewhere  we  give  an  account  ot  a  plant 
of  this  kind  which  at  present  is  supplying  the  village  of 
Thompson.   Iowa,  in  the  United  States,  having  the  .small 
population  of  VM   inhabitants.     In  this  case  the  plant  is 
quite  automatic,  and  con.sequentlv  one  man  is  able  to  fill 
the  very  varied  role  of  plant  engineer,  meter  reader,  can- 
vasser, wireman  and  repair  man.     In  reading  the  descrip- 
tion one  teds  .some  fear  of  the  muner(»us  operations  that  are 
carried  out   automatically,  but  having  regard  to  the  tact 
that   automatic  telephone  exchanges,  which,  we  imagine, 
pirsent  a  still  more  diflicult  problem,  have  been  working  for 
some  years,  it  may  well  be  that  the  automatic  generating 
statitm  will  come  into  u.so.     It  certainlv speaks  well  for  the 
ingenuitv  of  the  designer  that  one  of  two  oil  engines  should 
start  up  when  the  load  becomes  too  much  for  the  battery, 
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that  this  engine  should  be  automatically  cut  out  if  it  refuses 
to  fire,  that  the  second  engine  should  then  be  brought  in, 
that  the  engJjie  should  be  shut  down  when  the  load  becomes 
smaller,  and  that  the  battery  should  be  charged  as  requiied 
without  any  attention  from  a  superintendent. 

Of  course,  the  real  difficulty  with  the  small  station  is  to 
make  it  financially  successful,  and  details  from  this  point  of 
view  are  given  in  a  Paper  by  Mr.  H.  N.  Munro,  which  A\e 
reproduce  in  abstract  in  another  column.  Perhaps  the 
weakest  point  in  the  scheme  given  by  Mr.  Munro  is  the  fact 
that  the  Manager  and  Secretary  receives  a  salary  of  only 
£150  per  annum.  On  the  other  hand,  directors'  fees  amount 
to  £100  on  a  gross  revenue  of  only  £1,058.  For  a  salary  of 
£150  we  cannot,  or,  at  least,  we  ought  not  to,  expect  very 
much,  whereas  a  good  deal  of  sound  knowledge  is  necessary 
for  both  technical  and  financial  success  to  be  secured. 
For  this  reason  we  think  it  will  be  allowed  that  success  is 
more  readily  achieved  in  the  direction  of  the  small  central 
station  by  combining  several  of  them  under  one  highly 
qualified  management,  as  is,  indeed,  done  to  a  considerable 
extent  in  this  country.  The  cost  of  local  management  can 
then  be  cut  down  to  a  minimum,  and,  on  the  other  hand, 
highly  qualified  men  can  be  employed,  as  their  cost  can  be 
distributed  over  a  number  of  stations. 

Lastly,  although  we  cannot  hope  to  have  these  small 
towns  and  villages  supplied  in  many  cases  from  the  mains  of 
power  companies  at  the  present  time,  we  think  that  the 
design  of  such  generating  stations  should  be  carried  out 
with  a  view  to  their  being  eventually  converted  into  sub- 
stations, for  assuredly  the  mains  of  power  companies 
will  extend,  and  the  most  efficient  results  will  finally 
be  obtained  by  having  sub-stations  rather  than  generating 
stations  for  these  small  places. 


OBITUARY. 

SILVANUS  PHILLIPS  THOMPSON. 

It  is  with  deep  regret  that  we  record  the  death  of  Prof. 
Silvanus  Thompson,  at  his  residence  in  London,  after  an  illness 
of  only  two  days.  Born  at  York  in  1851,  Prof.  Thompson  has 
passed  away  at  the  age  of  nearly  65,  at  a  time  when  all  who 
knew  him  looked  forward  to  many  more  years  of  his  activity, 
for  there  were  no  signs  of  failing  health. 

Prof.  Thompson  was  educated  at  the  Friends'  School  at  York, 
subsequently  studying  at  the  Founders'  College,  and  in  1869  he 
took  his  B.A.  at  London  University.  Having,  however,  a 
preference  for  science  rather  than  literature,  he  studied  to 
qualify  himself  for  the  post  of  science  master  in  his  former 
school  at  York.  This  post  he  abandoned  for  the  sake  of  further 
study  of  chemistry  and  physics,  and  pursued  courses  in  these 
subjects  at  the  Royal  School  of  Mines,  supplemented  by  visits 
to  the  University  of  Heidelberg  and  other  foreign  institutions. 
In  1875  he  graduated  as  Bachelor  of  Science  of  the  LTniversity 
of  London,  being  bracketed  first  in  Honours  ;  and  in  1878  he 
took  the  further  degree  of  Doctor  of  Science,  selecting  experi- 
mental physics  as  his  subject  for  examination.  Meantime  he 
had  been  acting  as  Lecturer  in  Physics  in  the  then  newly  estab- 
hshed  University  College  at  Bristol,  and  had  also  begun  to 
lecture  under  the  Gilchrist  Educational  Trust.  In  1878  he  was 
appointed  Professor  of  Experimental  Physics  in  Bristol  Uni- 
versity College.  From  the  time  that  he  entered  on  his  duties 
at  Bristol  Prof.  Thompson  made  important  contributions  to 
contemporary  science.  His  investigations  ranged  from  the 
chromatic  aberration  of  the  eye  to  the  form  of  coils  in  the 
tangent  galvanometer.  The  curious  optical  illusion,  "  strobic 
circles,"  was  his  discovery,  as  was  also  the  illusion  of  '"  the 
three  great  statesmen."  Prof.  Thompson  also  applied  Clerk 
Maxwell's  electromagnetic  theory  of  light  to  the  explanation 


of  the  behaviour  of  tourmaline  cry.stals  in  their  actioi  upon 
polarised  light,  in  which  he  brought  out  a  new  proof  of  the 
fact — then  regarded  by  some  physicists  as  not  quite  settled— 
Ihat  the  displacements  in  a. wave  of  iiglit  are  perpendicular  to 
the  so-called  plane  of  polarisation.  He  also  di.scoverwl  the 
cinumstance  that  the  heavy  metals,  such  as  uranium  a.^d 
osmium,  are  better  emitters  of  liontgen  rays  than  those  of 
lighter  atomic  weight.  But  Prof.  Thompson  i.s  better  known 
by  his  work  on  the  applications  of  physics.  His  studies  upon 
dynamo-eleetric  machines  arc  known  to  all  olertricians,  and 
have  received  the  recof^nition  of  the  Society  of  Arts  by  the 
award  of  two  silver  medals.  His  Cantor  Lectures  on  the  latter 
subject,  delivered  in  the  autumn  of  1883,  at  once  established 
his  reputation  of  being  among  the  foremost  in  the  special  studv 
of  the  construction,  theory,  and  mode  of  working  of  dynamo- 
electric  machines.  The  success  of  Prof.  Thompson's'  '"  Ele- 
mentary Lessons  in  Electricity  and  Magnetism  "  has  been 
remarkable,  100,000  copies  having  been  printed  in  the  Enghsli 
language,  besides  French,  Gennan,  Italian,  Japanese  and 
Polish  editions.  It  has  been  thrice  re-written  and  enlarged. 
He  also  published  a  biographical  notice  of  Philip  Reis — whose 
invention  in  the  years  1860  to  1863  of  the  telephone  that  bears 
his  name  had  been  almost  lost  sight  of  in  the  fame  of  later 


SmVANus  P.  Thompson. 

improvements — a  study  of  Apprenticeship  Schools  in  France, 
and  several  pamphlets  on  Technical  and  Scientific  Education. 
In  1884  Prof.  Thompson  published  his  treatise  on  "  D^nuimo- 
Electric  Machinery,"  which  has  run  to  Eleven  editions,  and  has 
been  translated  into  French  and  German.  In  1885  Prof. 
Thompson  was  elected  to  fill  the  Chair  of  Physics  at  the  City 
and  Guilds  Technical  College,  Finsbury,  where  at  the  time  of 
his  death  he  was  also  Principal.  In  1887  he  i  onimunicated  to 
the  Institution  of  Electrical  Engineei-s  a  Paper  on  his  Tele- 
phonic Investig'vtions,  and  in  1888  another  on  the  Influence 
Machine.  In  181*8  he  read  a  Paper  on  Rotatory  Converters. 
To  the  "  Proceedings  "  of  the  Physical  Society  he  has  con- 
tributed a  number  of  Papers  on  Physical  Oprics  and  Geo- 
metrical Optics,  on  Harmonic  Analysis  and  other  subjects. 
To  the  Society  of  Arts  he  has  given  several  bibliographical 
Papers  ;  one  on  the  Development  of  the  Mercurial  Air  Pump 
and  another  on  the  Mechanism  of  Arc  Lamps.  For  the  same 
society  early  in  1890  he  delivered  a  series  of  Cantor  Lectures  on 
the  Electromagnet,  the  outcome  of  six  or  seven  years  of  work. 
His  address  on  Electromagnetic  Mechanisms,  delivered  as 
President  of  the  Junior  Engineering  Society,  is  a  continuation 
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of  the  same  topic.  His  book,  "  The  Electromagnet,"  which 
has  be<^'ri  translated  into  French,  German,  and  Russian,  is  a 
greatly  enlarged  reprint  of  these  lectures.  His  Cantor  Lectures 
of  1895  were  on  "  The  Arc  Light,"  and  dealt  mainly  with  the 
physics  and  optics  of  the  arc.  His  Howard  lectures  on  ""  High- 
Speed  Electric  Machinery,'"  in  1905,  liad  special  reference  to 
steam  turbines  and  turbo-alternators.  He  ]iublished  in  1896 
a  work  on  "  Polyphase  Electric  Currents  and  Motors,"  which 
lias  also  been  translated  into  German  and  French.  His  Royal 
Institution  lectures  on  "  Light,  Visible  and  Invisible,""  were 
published  in  the  autumn  of  18!<7.  Prof.  Thonij)son  took  the 
leading  part  in  the  Gilbert  Club,  and  worked  actively  on  the 
translation  of  "  l)e  Magnete."'  In  pursuance  of  these  objects, 
he  has  repeatedly  lectured  on  the  life  and  work  of  Dr.  Gilbert. 
In  1898  he  contributed  to  Cassell's  series  a  book  entitled 
"  Michael  Faraday  :   His  Life  and  Work."" 

He  was  a  f^ellow  of  the  Royal  Society,  of  the  R  )yal  A.stro- 
nomical  Society,  a  member  of  the  Royal  Academy  of  .Sciences 
at  Stockholm,  of  the  Academy  of  Sciences  of  Rologna.  and  of 
the  American  Philos(jphical  Society,  Honorary  LL.I).  of  Hir- 
mingham,  Honorary  D.Sc.  of  Bristol,  honorary  member  of  the 
American   Institute  of   Klectrical  Engineers,  a  i)ast-president 
of  the  Institution  of   Klectrical   Engineers,  of  the   Physical 
Society,  of  the  Institution  of  Junior  Kngineers,  of  the  Rontgen 
Society,  of  the  ()j)tical  Society,  and  of  the  Illuminating  Kngi- 
neering  Society  ;  he  was  a  Senator  in  the  I'liiversity  of  London, 
and  took  a  prominent  part  in  the  reorganisation  of  that  bodv  ; 
he  was  one  of  the  honorary  vic('-|)residents  of  the  Klectrical 
Kxhihition  at  Fraiikfort  in  1891,  and  <»ne  of  the  British  dele- 
gates to  the  Klectrical  Congre.'-s  of  Chicago  in  1893.  where  he 
read  a  Paper  on  '"  Ocean  Telephony,"'  in  which  he  propounded 
the  i(lea  of  accelerating  the  speed  of  signalling  in  <  ables  hv  the 
use  of  inductive  shunts  at  intervals  al<»ng  the  <al)k'.     He  Wna 
one  of  the  delegates  to  the  Italian  Congress  of  Electricians  in 
1899  at  Como,  when  he  read  a  Pajjcr  on  *'  Magnetic  Images  and 
their  Ap])li(ation  m  the  Theory  of  the  Rotaii)ry  Field  .Mot<ir.""  In 
.lanuaiy,  1901,  he  lectured  on  "  Faraday   "at  the  Crania  Society 
in  Berlin  ;  and  at  Oxford,  in  .Inne,  1901,  he  delivered  the  Boyle 
lecture  on  "  Magnetism  in  Growtji.""     In  I90S  he  gave  the  first 
Kelvin  lecture  at  the  Institution  of  Electrical  Kngineers.     His 
"  Life  of  Lord  Kelvin  "  a])p<'ared  in  January,  1910.     His  most 
recently  published  Papers  were  on   ""  Hysteresis   Loops  and 
Lissajous    Figures,"    on    ""  The    Physiological    Action    of    an 
Alternating  Magnetic  Field,  "  and  on  the  ""  Magnetism  of  Per- 
manent -MagJiets."     He  gave  the  Christmas  le<  tures  on  Sound 
at  the    Royal   Institution   in    1910-11.     In    1911  he, delivered 
three  lectures  on  Historic  .Magnetism,  as  profess(»r  of  a])pli('d 
physics  in  the   Cniversity  of   l>ondoii.      He  was  an   hoiiurarv 
vice-j)resident  of  the   Electrotechnical  Congress  at  Turin   in 
191!  ;    and  president  of  the  Optical   Conference  in  London, 
]<tl2. 

Our  j)ortrait.  wliidi.  unfortunately,  is  not  a  recent  one.  shows 
Prof.  Thompson  as  he  was  some  trii  years  ago. 

During  the  last  few  yeai-s  Prof.  Tlntnipson  took  an  active 
part  in  the  work  of  the  Illuminating  Kngineering  Society  of 
which  he  was  tli<'  first  pre.-^ident .  but  he  also  f(Mind  time  to 
take  pari  in  tin-  proceedings  of  other  societies,  more  par- 
ticularly the  Instil  111  ion  of  Kli-(lrical  Enuineers.  where  his 
contrihutions  to  (Hm  ussions  were  alwivys  welcome.  He  was  a 
man  of  unusually  all-round  attainments.  He  was  an  excellent 
linguist  and  was  able  to  ad<lress  an  audience  equally  in  French, 
Gernnin  or  Italian.  He  was  one  of  our  most  fluent  speakers. 
Clearness  of  tliouiiht  was  iioi  conliind  to  hi.^  written  Papers,  for 
he  wasadiniraldy  lucid  as  a  lecturer,  and  hi.;  lectures  wrr<>  de- 
livered with  a  certain  chaim  of  uiannei.  Mnn-over,  he  was  an 
adept  in  lecture  e.\]ieriinents '|whi(  h  niaile  hi-.  I«^ct4uvs  particu 
larlv  attractive.  Only  a  few  weeks  ago  we  h.id  the  pleasure  of 
attending  his  discourse  on  '  Klectric  Discharges  at  the  Royal 
Institution,  in  which,  although  the  experiments  were  mi'  uo\el. 
thev  were  so  pleasingly  rejiroduced  as  to  make  the  discourse 
well  worthy  ot  attendance.  But  Prof.  Thompson's  tastes  were 
not  limited  to  mathematics,  optics  or  electrotechnics.  He 
was  ono  of  the  few  scientille  writers  wln»  might  be  .said  to 
possess  bteiary  style,  a  gift  which  .^t""'l  him  lu  good  ^f'-iJ  hi 


writing  the  lives  of  Faraday  and  Kelvin.  Historical  matters 
had  a  keen  attraction  for  him,  as  shown  not  merely  bv  these 
biographies,  but  in  his  accurate  treatment  of  the  historical 
introductions  to  the  various  works  which  he  published.  The 
same  taste  was  shown  in  his  unique  collection  of  old  books  on 
magnetic  subjects.  He  was  also  no  mean  artrst,  his  water- 
colour  sketches  having  been  hung  at  the  Royal  Academy. 

The  death  of  Prof.  Thompson  comes  as  a  shock  to  all  who 
knew  him,  and  his  loss  will  be  felt  keenly  in  both  science  and 
industry.  The  initials  ""  S.P.T."*  were  so  familiar  to  us  all,  and 
his  genial  kindness  was  so  welcome  at  any  gathering.  He  was 
always  ready  to  give  a  helping  hand,  and  no  one  who  knew 
him  could  fail  to  admire  his  generous  appreciation  of  the 'work 
of  other  people.  His  death  will  be  felt  as  a  keen  pereonal  loss 
by  tho.se  who  knew  him,  and  as  a  lo.ss  not  much  less  than 
personal  by  many  who  had  not  tliat  privilege. 

The  fun'-'ral  takes  place  to-day,  and  his  friends  are  invited  to  a 
lervicc  whicli  will  1>"  1k'1(1  (after  the  cremation)  at  the  Fricnd.s" 
M'-cting  H<»u;e.  .12.  St.  .Martin"s-Iane,  at  .'J  p.m. 


NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACHINES. 
1.  CONTlNCOrS-CrRRENT  MACHINES. 

BY  STANLEY  PARKER  S.MITH,  D.SC. 
(Continued  from  iMige  '-Vl'X) 

Summarif. — 1«  the  lirnt  part  of  the  article  the  author  deals  with  the 
princijdcs  iinderlyiniL;  the  design  of  continuous-current  machinee.  and  iu 
the  second  jtart  he  a])plies  these  ])rincip|es  to  the  design  of  a  3.=i0  kw., 
/JUt)-volt  generator  nmning  at  2lKi  revs,  jht  min. 


yioiihrf  of  Wituliiitfs  on  an  Armature. — According  to  the 
relation  between  the  commutator  pitch  y/c  and  the  number  of 
conmiutator  segments  C  it  is  possible  t.o  have  one  or  more 
independent  windings  f»n  an  armature.  This  is  made  clear 
from  the  following  simple  consideration.  In  connecting;  coil  a 
to  coil  b  we  pa.ss  yc  .segment,s  ;  hence,  in  connecting  up  all  C 
coils,  we  pa.ss  yc .  C  segments.  In  other  words,  in  connecting 
u])  the  whole  winding  we  go  round  the  commutator  yc  times. 
Similarly,  to  connect  up  1  Ath  of  the  winding  or  ('//  coils  we  go 
round  the  ccmimutator  yc  h  times.  To  d<»  this,  of  course,  it 
must  be  po.ssible  to  divicb-  the  ('  coils  into  h  e<pial  parts — i.e., 
Cjh  must  be  a  whole  number. 

Sujtpose,  now,  thai  //.  is  aLsvi  exactly  divisible  by  /i,  then 
//.  Ii  represents  a  complete  number  of  tours  round  the  com- 
mutator that  i»  to  .sijy,  after  joining  up  C/h  coils  we  come 
back  to  the  starting  ]>oint.  and  the  winding  therefore  closes. 
So  ou  lor  each  of  the  h  .sets  of  coils.  Hence  it  follows  that  if 
C  and  yc  have  a  common  factor,  h.  thei*e  will  be  h  separate 
windings  on  the  annature.  To  ensure  having  only  one  wmding 
«ni  the  armature,  therefore,  ('  and  //.must  be  .so  eho.sen  that 
their  H.C  F.  is  unity. 

In  all.  the  r  coils  prodtice  a  jiairs  of  circuits,  so  that  in  each 
of  the  //  windings  the  number  of  pail's  of  circuits  will  be  n  h. 
Thus,  (/  h  is  a  whole  number:   i.e.  a-  h.  or  is  a  multiple  of  h. 

\\hether  the  h  indepemh'nt  windings  are  identical  or  not 
depends  on  whether  the  .symmetry  conditions  just  developed 
(C'.rt,  <!5i/rt  and  p^a     integers)  are  satisfied. 

The  question  ari.ses  whether  it  is  better  to  have  one  or  more 
than  on<'  winding  on  an  armature.  In  reply  it  can  be  .said  that 
experience  .secius  tt»  slutw  that  it  is  better  to  have  a  single 
windiii  ■'  I  nninber  of  .s»'paialc  windings.  It  is  not.  easy  (.o 
e.\plai!'  I.  i<>iil\  why  this  should  be  bo.  especially  when  the 

several  windings  are  couuected  by  means  of  equalisers.  Never- 
theless, it  is  jiennissible  to  doubt  whether  the  distribution  of 
the  current  in  the  .several  windings  is  as  uniform,  even  when 
equali.sers  are  use<I,  as  it  is  in  a  single  winding.  By  choo.siug 
C  and  Vc  suitJibly.  it  if*  nearly  always  possible  to  obtain  a  single 
winding.  n\\i\  experience  shows  it  is  best  to  adhere  t'**  this  nile 

hip  avil  W'nrv  Wii  '  We  must  now  .see  how  t-<»  join  up 

C  roil-  di>V'l:"  'd  fi<':  fii'-lher  bv  the  anale  y.  such  that 
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^I'yj  —  a  .  2ji  to  form  one  or  more  eloscd  wiiiding.s.  la  cases 
where  to 2,  it  is  possible  to  increase  tlie  luunber  of  slots  IIJ2 
times  without  aft'ecting  the  connections  to  the  conituutator  in 
any  way,  so  that  to  firul.  the  romniutatoi-  pitcli  i/c  it  is  only  need- 
ful to  consider  a  winding  with  two  coil-sides  per  slot  and  tlie 
angle  ip  constant.  In  this  case,  Z{xp=Cip=a  .  2jr,  and  the  rela- 
tion between  the  number  of  pairs  of  circuits  and  the  number  of 
pairs  of  poles  is  given  by  the  simple  formula  (equation  10) 
a/p=tf/y,  where  ip  is  the  phase  displacement  between  two 
successive  coils  yc  segments  apart,  and  y  is  the  angular  pitch 
of  the  commutatoT'  segments,  or  of  the  slots  when  u=2. 

Now,  the  angle  on  the  commutator  between  the  start  of  one 
coil  and  the  start  of  the  next  is  obviously  ycy.  Let  ycy—(^  ; 
then  we  can  re-write  equation  10  as  follows  : — • 

yc='-- (11 

prp 

This  is  merely  the  condition  for  obtaining  a  pairs  of  parallel 
circuits  in  a  closed  winding  ;  but  they  will  only  be  identical  if 
the  conditions  of  symmetry  are  fulfilled. 

(i.)  Lap  Windinys.-  To  produce  a  lap  winding,  the  finish  of 
one  coil  is  joined  to  the  start  of  another — usually  the  next — 
under  the  same  pole-])aii-,  so  that  the  angle  between  two  suc- 
cessive coils  in  the  winding  is  equal  to  the  displaccmcnfc 
between  these  coils  ip  the  field  {see  Fig.  4).  Hence,  in  a  lap 
winding,  tt=^;.     Substituting  this  in  equation  11,  we  have 

a  a    a 
py}    p 
Hence  <^=//c  •  P- 

Now  we  can  nuike  //c  — 1,  2,  3,  &c., 

whence  o^=p,  2j),  3jj,  &c. 

Thus,  in  a  closed  lap  winding  the  number  of  parallel  circuits 
can  only  be  a  multiple  of  the  number  of  poles. 

We  now  apply  the  rules  of  sym.metry,  which  seriously  reduce 
\  the  number  of  practicable  lap  windings.  The  condition  that 
fja  must  be  a  whole  number  is  only  satisfied  when  yc=ajp=l  ; 
consequently  the  only  lap  winding  that  can  be  symmetrical  is 
where  a=p ;  i.e.,  where  the  number  of  circuits  is  equal  to  the 
number  of  poles.  This  is  an  unfortunate  restriction,  for  large 
current  at  low  pressures  could  be  easiest  obtained  from  wind- 
ings with  rt  >p.  It  is  true  that  such  machines  have  been  built, 
but  in  many  cases  have  had  to  be  altered,  due  to  the  trouble 
caused  by  connecting  unlike  circuits  in  parallel.  Thus,  the  only 
practicable  lap  winding  is  the  one  where  the  number  of  circuits 
is  equal  to  the  number  of  poles.  The  «=j)  pairs  of  circuits, 
however,  are  only  identical  when  S/a=^S/p  is  a  whole  number. 
This  condition  is  usually  satisfied  in  large  machines  and  rotary 
converters,  but  it  is  common  practice  with  some  firms  to  fit 
equalising  rings  so  long  as  C/a^C/p  is  a  whole  number.  With 
standard  four-pole  motors  it  is  often  irksome  to  make  C/p  and 
Sjp  whole  numbers,  because  C  and  S  are  usually  made  odd  to 
make  the  armature  suitable  for  a  two-circuit  wave  winding. 
Owing  to  the  comparatively  high  resistance  of  the  armature 
winding  in  small  machines,  however,  the  equalising  currents 
may  not  be  harmful,  and  some  makers  go  so  far  as  to  fit  equalis- 
ing rings  or  phase  tappings  to  such  windings. 

Since  yc=i-  when  a—p,  it  follows  that  in  lap  windings  the 
H.C.F.  of  C  and  yc  will  always  be  unity,  so  that  there  is  only 
a  single  winding  on  lap-wound  armatures. 

(ii.)  Wave  Windings. — Here  the  finish  of  one  coil  is  joined  to 
the  start  of  another  coil  under  the  next  pole-pair,  the  angle 
between  them  being  a—27ifjp  {see  Fig.  5). 

Substituting  in  equation  11,  we  get  for  the  couuectiug  rule 


a  a     af2n^ip 
'-^'^pxp^lK    y) 

^  7  ">' 

~p-p' 
eta 


since 


xp 

V 


.since  Cy=2p7z 


or 


V 

a=±{pyr-C). 


Thus,  in  a  wave  winding,  n  *  p,  but  tlu-  vahie  of  C  in  rertrictcd 
by  the  choice  of  a  and  p. 

When  a=l,  yc={C±l)/p,  and  we  have  the  common  two- 
circuit  wave  winding.  In  this  case  the  symmetry  conditions 
are  satisfied  when  »S^2C'/".  The  resultant  of  the  vector 
diagram  then  consists  of  a  single  polygon  and  the  winding  is  a 
symmetrical  polyphase  system.  Further,  it  is  only  po.ssible 
to  make  a  single  winding  of  the  C  coils  when  a  =  l. 

Nevertheless,  it  is  not  always  possible  to  obtain  a  svm- 
metrical  iV -phase  pressure  from  a  two-circuit  wave  winding 
with  the  common  values  of  N — namely,  3,  4  and  6 — due  to  the 
fact  that  it  is  not  always  possible  to  make  SjN  a  whole  nuniber. 
This  may  not  be  serious  in  some  cases — e.y.,  when  a  wave  wind- 
ing is  used  on  the  rotor  of  an  induction  motor,  or  when  tappings 
are  needed  for  a  static  balancer  ;  but  dissymm'^trv  in  the 
angular  phase  pitch  is  usually  inadmissible  in  rotary  con- 
verters or  alternators. 

(iii.)  Wave  Windings  with  More  than  Two  Circitits  {Series- 
parallel  Windings). — The  closing  rule,  ?/c=(C'±a)//),  shows  that 
by  choosing  C  suitably  it  is  possible  to  obtain  a  closed  winding 
with  any  desired  number  of  circuits  with  a  given  number  of 
])oles.  Such  a  range  of  possibilities  would  be  invaluable  to  the 
designer  if  he  could  avail  himself  of  them  ;  but,  unfortunately, 
the  symmetry  conditions  impose  restrictions  on  wave  windings 
oidy  less  stringent  than  those  on  iaj)  winding.s,  where  it  was 
seen  that,  in  order  to  obtain  identical  ])arallel  circuits,  the 
luimber  of  <',ircuits  must  be  made  equal  to  the  number  of  poles, 
t'lUis  leaving  us  with  only  (me  ])racticable  lap  winding. 

Wiili  wave  windings  the  symmetry  <onditions  are,  for- 
tunately, not  ([uite  so  restrictive,  in  consequence  of  which  the 
designer  obtains  one  or  two  very  useful  windings  which  often 
enable  him  to  improve  his  design  and  to  reduce  the  cost  of  his 
machine  very  materially.  The  necessity  of  making  pUi  a  whole 
number  at  once  rules  out  all  windings  with  more  circuits  than 
poles,  thus  leaving  us  with  windings  with  a  ^p.  The  case  of 
the  wave  winding  with  a=p,  however,  can  be  rejected  at  once, 
since  the  lap  winding  is  used  almost  invariably  for  this  case. 
It  is  true  that  certain  single-phase  commutator  motors  have 
been  found  to  work  well  with  wave  windings  where  a=p,  but 
in  general  only  lap  windings  are  used  here.  This  means  that 
we  have  only  to  consider  wave  windings  where  a<p.  It  will 
be  simplest  to  take  each  number  of  poles  separately,  and  see 
what  symmetrical  windings  are  possible. 

For  a  two-pole  machine  either  a  two-circuit  lap  or  wave 
winding  can  be  used. 

For  a  four-pole  machine  we  shall  use  either  a  two-circuib 
wave  or  a  four-circuit  lap  winding. 

For  a  six-pole  machine  we  are  limited  to  the  two-circuit  wave 
and  six-circuit  lap  windings,  since  the  four-circuit  wave 
winding  (a=2,  p=S)  is  un-vmmetrical.  This  is  probably  the 
most  objectionable  restriction  of  all,  because  so  many  cases 
arise  where  the  designer  wants  four  circuits  in  a  sLx-pole 
machine. 

For  an  eight-pole  machine  we  can  have  wave  windings  with 
two  or  four  circuits  and  an  eight-circuit  lap  winding.  This  is 
the  first  instance  of  a  symmetrical  wave  winding  with  a  >  1  -<}), 
and  can  be  used  with  great  advantage  in  many  cases,  as  will 
be  seen  in  the  design  to  follow.  {See  a^so  the  cases  referred  to 
by  Miles  Walker  in  his  book  on  "  Specification  and  Design  of 
Dynamo-Electric  Machinery. " ' ) 

For  a  10-pole  machine  there  are  again  only  two  symme- 
trical windings — the  two-circuit  wave  ana  10-circuit  lap 
windings. 

For  a  12-pole  machine  the  possibilities  are  much  greater,  for 
we  can  have  wave  windings  with  two.  four  or  six  circuits  and  a 
lap  winding  with  12  lircuits. 

The  list  can  be  continued  further,  if  desired,  but  it  is  plainly 
seen  that  certain  very  important  advantages  are  open  to  the 
designer  by  making  use  of  wave  windings  with  more  than  two 
circuits  in  8,  12  and  16-pole  machines. 

It  is  necessary,  however,  to  observe  the  other  conditions  of 

symmetry,  namely,  Sia  must  be  a  whole  number  and  idle  coils 

must  be  avoided.     This  often  means  that  some  alteration  to 

■     existmg  standards  is  needed,  but  it  will  generally  be  found  that 
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tlic  cxtia  co.st  of  tools,  &c.,  is  slight  compared  with  the  saving 
which  results  through  using  these  windings,  which  is  all  that 
one  has  a  right  to  expect  from  a  commercial  standpoint.  In 
every  case,  however,  the  designer  should  ensure  that  all  the 
conditions  of  symmetry  are  strictly  observed. 

The  advocacy  of  wave  windings  with  more  than  two  circuits 
(or  series-parallel  windings,  as  they  are  often  called)  will 
doubtless  meet  with  serious  objection  from  many  manufac- 
turers, especially  from  those  who  can  only  look  back  on  the 
bitter  experience  of  bygone  days.  It  must  be  remembered, 
however,  that  in  the  early  days  when  these  windings  were  used 
too  little  attention  was  paid  to  symmetry,  in  consequence  of 
which  it  was  not  possible  to  prevent  sparking  and  excessive 
heating.  As  a  result,  many  firms  to  this  day  refuse  to  build 
commutator  machines  with  any  other  windings  than  the  lap 
winding  with  as  many  circuits  as  there  are  poles,  or  the  wave 
winding  with  two  circuits. 

A  gieat  improvement  in  the  working  of  wave  windings  with 
more  than  two  circuits  resulted  from  the  use  of  equalising 
rings.  Arnold,  one  of  the  foremost  pioneers  on  armature 
windings,  obtained  a  British  patent  for  these  in  1901  (British 
Patent,  190],  No.  1 1,<^57),  but  did  not  restrict  their  ap])licatioi\ 
to  symmetrical  windings,  h  is  now  general  practice  to  employ 
equalisers  on  wave  windings  with  more  than  two  circuits,  just 
as  they  are  generally  used  with  lap  windings,  but  the  author  is 
not  able  to  say  why  they  are  any  more  necessary  with  symme- 
trical wave  windings  than  with  lap  windings,  and  has  designed 
machines  that  have  worked  splendidly  without  them.  Most 
of  the  machines  having  wave  windings  with  more  than  two 
circuits  have  been  built  on  the  Continent,  and  in  order  to  find 
out  whether  experience  has  proved  that  the  conditions  of 
symmetry  ought  to  be  adhered  to  and  whether  equalising  rings 
(equi-})otential  connectors)  ought  to  be  used,  the  author  circu- 
lated the  following  eight  (piestions  some  time  ago  among  the 
designers  o^  six  large  Continental  firms.  All  six  finns  replied, 
and  only  one  stated  that,  in  consequence  of  bitter  experience, 
which  led  to  the  re-construction  of  several  large  machines,  wave 
windings  with  more  than  two  circuits  were  avoided  on  principle. 

Question  1. — Should  wave  windings  with  more  than  two 
circuits  be  avoided  as  much  as  possible  ? 

Three  firms  find  no  reason  whatever  to  avoid  these  windings 
ajid  employ  them  whenever  a  saving  can  be  obtained  by  their 
use. 

Question  2. — Should  wave  windings  with  more  than  two 
circuits  always  be  symmetrical ;  i.e.,  should  ]>ja  and  Sfa  be 
whole  numbers  and  idle  coils  avoided  ? 

Kour  linns  insist  on  the  windings  being  quite  symmetrical. 
whilst,  ii  fifth  says  it  is  chiefly  needful  to  make  S/a  a  whole 
numl)er  and  avoid  idle  coils. 

Question  3. — Is  it  ])ermissible  to  use  a  four-circuit  winding 
on  a  six-pole  machine  i  (This  is  unsymmetrical,  since  pja  is 
a  fraction.) 

Three  firms  avoid  building  machines  with  p/a  fractional 
entii'cly.  .\  fourth  knows  of  mai  hines  with  a  2  and  /<  3 
working  satisfac.t<uily,  whiis*  a  fifth  makes  a  practice  of  building 
such  machines  where  really  desirable,  but  makes  the  dissym- 
metry a  minimum,  and  obtains  good  results. 

Question  I.  I.s  it  better  to  use  a  la])  or  a  wave  winding  wIicm 
the  nuinhcr  of  circuits  is  npial  t(»  the  number  of  |)oles  { 

All  i»rc(er  the  la]>  winding,  but  .some  Doint  oiit  that  the 
mechanical  dis.symmetrv  is  less  in  t.hc  wave  wiiuling.  and  .>-o 
lind  if  l)cftcr  U)v  single-phase  commutator  motors. 

Question  h.  Is  it  better  to  have  a  single  winding  or  a  number 
of  iiulejieiulent  windings.  (To  obtain  a  single  winding,  the 
highest  common  factor  of  the  commutJitor  pitch  and  the 
nunib(>r  of  commutator  segments  must  be  unity.) 

Three  firms  use  ojdv  single  windings,  whilst  two  firms  find  it 
is  immaterial  wh(>tlier  one  or  two  windings  are  used  in  the  ca.se 
of  a  four-circuit,  winding. 

Question  6,  -Arc  equi-potential  («>(|ualising)  connectors 
necessary  in  wave  windings  with  more  f.han  two  circuif^s  i 

Three  firms  find  them  an  absolute  nece>ssity,  a  fourth  uses 
them  in  large  machines,  and  a  fifth  finds  them  desirable. 


Question  7. — Does  the  u.se  of  commutatiug  poles  render 
equi-potential  connectors  unneces.sary  with  wave  windings, 
having  more  than  two  circuits  ? 

Three  firms  find  that  equi-potential  connectors  are  neces- 
sary — one,  more  than  ever  so — when  intei-poles  are  used. 

Question  8. — Is  any  particular  brush-width  advisable  or 
necessary  with  wave  windings  having  more  than  two  circuits  ? 

AH  the  replies  show  that  the  practice  here  is  not  materially 
different  from  that  with  ordinary  lap  and  wave  windings, 
where  the  number  of  bru.sh  spindles  is  the  same  as  the  number 
of  poles. 

The  replies  to  the  above  questions  are  very  inst inactive,  and 
may  be  summarised  by  saying  that  experience  has  proved  that 
there  is  no  objection  whatever  to  the  use  of  wave  windings 
with  m«*ie  than  two  circuits,  provided  they  are  made  symme- 
trical and  equalisers  are  used. 

In  the  above  method  of  treating  commutator  windings  it  will 
be  observed  that  practical  considerations  alone  have  been  kept 
in  view,  and  all  purely  academic  considerations,   such  as  a 
tabulation   of   all   the   po.ssible    closed    windings,    have   been 
rigorously  pnined  by  the  application  of  the  stem  conditions  of 
symmetry.     Thus  instead  of  innumerable  x-plex,  //-re-entrant 
possibilities,  we  have  merely  the  la]>  winding  with  as  many 
circuits  a,s  there  are  poles,  the  two-circuit  wave  winding  and 
the  symmetrical  wave  windings  with  more  than  two  circuits. 
This  arises  from  the  fact  that  the  ordinary  rules  for  connecting 
up  coils  to  form  a  closed  lap  or  wave  winding  derived  from 
equation  (11)  are  simply  general  arithmetic  relations,  having 
no  direct  bearing  whatever  to  the  working  of  the  machine.     It 
is  only  when  the  restrictions  imposed  by  the  conditions  of 
symmetry  are   ob.served,   that  the  several  pairs  o*  parallel 
circuits  are  identical.     In  a  .similar  way,  it  is  only  when  each 
of  the  identical  poIypha.se  .systems  can  be  divid?d  into  A'^  equal 
parts  that  a  symmetrical  A'-phase  pressure  can  be  tapped  off 
the  winding.     It  is  hoped  that  the  emphasis  which  has  been 
laid  on  the  conditions  of  symmetry  in  closed  windings  will 
show  the  great  importance  of  this  matter  for  both  lap  and 
wave-wound  armatures  ;    also  that  some  of  the  present  ner- 
vousness against  wave  windings  with  more  than  two  circuits 
will  be  dispelled. 

(To  be  continued.) 


INTERESTING  MAINS  LAYING  OPERATION  AT 

GLASGOW. 


The  (iliusgow  ('or|K(ration  electiicity  (le|>ivr(nient  mains  ,staflF  carried 
out  an  interesting  ojKTution  on  Sunday.  .Iinie  4th  in  the  minimum  of 
time.     Two  2(»,(XKJ-volt  0-2  8(|.  in.  split  conductor  cables  were  laid 


i'Wi.  1.     KE.vl>^    T"  >TAKT  raoM  JSocth  .s;i)k, 

ucn)»8  the  Ixd  of  tlie  River  Clyde  at  Wiiitoinch.  Two  telephone 
cables,  oii'h  12  pair  I  IS  S.W.C.  paiK'rinsu'atcd  and  lead  covered 
were  laid  al  the  same  time.  Tiie  overall  diameter  of  the  cable  wa£ 
3i  in.  and  ea-^h  drum  containing  200  yds.  weighed  7  tons.     The 
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cables  were  three-core,  paper-insulated,  lead  covered,  with  double 

wire  armouring  consisting  of  two  layers  of  steel  wire  each  0-128  in. 

diameter. 

I*  A  channel  12  ft.  broad  and  5  ft.  deep  had  been  dredged,  and  the 

cables  in  position  would  be  30  ft.  below  low  water  level.     Suitable 

trenches  were  opened  on  the  banks  of  the  river  on  either  side.   Three 

barges  or  punts  each  30  ft.  by  15  ft.  were  iised.     The  cable  drums 


The  whole  operation  took  about  10  hours,  the  greater  part  of  the 
time  being  occupied  with  the  work  on  the  bank.s.  The  actual  time 
taken  to  lay  the  cable  in  the  river  l>ed  was  4.!i  minutes,  and  during 
that  time  the  river  was  blocked  at  this  jKjint.  The  crcwing  was 
effected  at  dead  low  water.  Some  little  delay  was  caused  at  the 
start  by  the  winch  used  for  pulling  the  cable  up  the  bank  not  being 
quite  heavy  enough  for  the  work,  but  the  whole  of  the  preparatQiy- 


Fig.  2. — In  Mid  Stream. 


Fig.  3. — AnKiv.vL  at  North  S.or. 


were  loaded  on  these  barges  by  a  steam  crane  and  the  barges  were 
towed  down  to  the  place  where  the  cables  were  to  be  laid  and  moored 
at  one  side.  The  cables  were  then  paid  out  over  timber  sheaves 
iixed  to  the  ends  of  the  barges  away  from  the  bank,  brought  in  under 
the  barges,  and  up  into  the  trench  as  far  as  necessary.  Suitable  rope 
stoppers  were  in  position  at  these  sheaves  which  were  to  be  used 
should  the  cables  tend  to  rim  off  too  quickl3^  The  stoppers  were 
never  required. 


work  W03  completed  in  time  for  the  crossing  to  be  carried  out  at  low 
watjr.  The  accompanying  illustrations  (Figs.  1-3)  show  the  opera- 
tion in  progress,  and  Fig.  4  shows  the  three-core  cr.blc  in  cross  section. 


Zejy  O-fS 


Armour  Wireo  O-IZQ' 

Fio.  4. — Cro.'33-section    op    20,000- volt   Theee-core  Split  Con- 


ductor Lead-sheathed  Dou.BLE-^vIRE  Armoured  Cable,  0-2  sq.  ix. 
(Full  Size.) 

The  barges  were  towed  by  a  steam  winch  slowly  across  the  river, 
the  cable  being  paid  out  at  a  suitable  speed.  Anchors  had  been 
laid  out  at  some  distance  from  the  barges  and  during  the  crossing 
the  ropes  attached  to  the  anchors  were  used  to  keep  the  barges  in 
the  proper  position  over  the  trench.  When  the  farther  bank  wr.s 
reached  the  remainder  of  the  cable  was  unwound  from  the  dniiiis 
and  pulled  up  the  bank  and  into  the  trench. 


ARSEM  VACUUM  FURNACE. 


The  furna.;o  dessrihod  below  was  used  by  Prof.  T.  D.  Yensca  in 
his  researches  on  vaouum  irons,  full  accounts  of  which  have  been 
given  from  time  to  time  in  these  columns.*  The  furnace  was 
modelled  after  the  vacuum  furnace  developed  by  Mr.  W.  C.  Arseni, 
who  presented  a  Paper  descriptive  of  this  type  of  furnace  before  the 
American  Electrochemical  Society  in  1906.  The  furnace  con- 
structed by  Prof.  Yensen  is  shown  in  the  accompr.nying  illustration. 
The  vacuum  tank  was  made  from  a  12  in.  (30  cm.)  N\Tought-!ron 
pipe,  with  a  ^  in.  (0-64  cm.)  steel  plate  wc'.ded  on  at  one  end.  A 
steel  ring  was  shrunk  around  the  top,  and  the  joint  made  airtight  by 
mePi.ns  of  a  groove  filled  with  molten  lead.  The  cover  wr.:5  mr.de 
from  c"  \  in.  (1-9  cm.)  steel  plate  and  the  dome  from  a  4  in.  (10  cm.) 
wrought-iron  pipe  provided  with  a  flange  r.t  each  end.  A  mica 
window  wa;;  placed  in  the  top  of  the  dome  for  the  inspection  of  the 
charge  during  operation.  As  the  furnace  is  submerged  in  wr.ter.  all 
the  joints  were  made  airtight  by  means  of  rubber  gaskets. 

The  heating  element  w^as  cut  from  a  solid  4^  m.  (12  em.)  cr.rbon 
electrode  by  first  cutting  a  helical  groove  of  the  deaired  pitch  and 
depth  and  then  cutting  out  the  core  by  means  of  a  pipe  pro\  ided 
with  teeth  on  one  end.  Care  had  to  be  exercised  to  obt;vn  a  per- 
fectly uniform  cross-section.  The  radiation  screen  surrounding  the 
helix  was  made  from  an  Sin.  (20cm.)  carbon  e'e^trcde,  and  iilled 
with  crushed  graphite.  Both  the  helix  and  the  screen  arc  supportcil 
at  the  lower  end  by  a  carbon  base  which  'v\  turn  is  supported  by  i>. 
water-cooled  copper  tubing.  This  tubing  is  connected  to  the  brse 
by  means  of  a  cast-iron  clamp,  and  it  serves  both  as  asupport  forthc 
heating  part  of  the  furnace  and  as  a  conductor  for  the  current.  It  is 
clamped  in  place  by  two  airtight  insulating  bushings  in  the  cover. 
The  upper  end  of  the  helix  is  similarly  supported  i-y  ;/.iotiicr  water- 
cooled  copper  tubing  connected  to  the  helix  through  a  cast-iron 
clamp.  An  ordinary  mercury  manometer  was  i:;'.cd  to  measure  the 
])re.ssure,  as  it  was  deemed  unnecessary  to  reduce  tl;c  pressure  Iclow 
0-5  cm. 

At  (irst  the  furnace  was  submerged  in  ordinary  water,  but  as 
continuous-current  was  used  it  was  found  tliat  under  these  coiuU- 
tions  the  bushings  were  very  badly  attacked  by  electrolysis.  Conse- 
quently, the  furnace  was  placed  in  a  tank  filled  with  distilled  water, 
and  this  was  kept  cool  by  circulating  water  in  the  outside  tank,  and 
also  by  means  of  cooling  coils  placed  on  the  top  of  the  cover.  With 
this  arrangement  the  temperature  of  the  distilled  water  seldom  rose 
above  60°C. 

The  furnace  was  exhausted  downi  to  a  pressure  of  2  cm.  to  3  cm.  by 

*  The  Electrutax,  Vol.  LXXV.,  p.  110.  IDl.'i, 
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means  of  a  water  aspirator.  The  Oerj'fk  pump  was  theh  started, 
and  tliiii  rofluced  the  ])res.sure  to  0-5  cm.  or  helow. 

With  an  input  of  15  kw.  the  temperature  in  the  crucible  was  raised 
to  ],00frr'.  in  half  an  hour,  and  could  be  maintained  at  that  tem- 
perature with  J2kw.  No  instrument  was  used  for  measuring  the 
temperature,  as  the  melting  of  the  iron  could  be  ol>8erved  through  the 
Avindow  in  the  top  of  the  dome. 

Tlic  life  of  the  helix  heating  element  has  been  aboul  .'>(!  melts,  each 
melt  lasting  approximately  one  hour  with  a  temperature  of  J,50(yC". 
la  1,600T'.  in  the  crucible.  The  temperature  of  the  helix  itself  was, 
of  course,  much  higher,  possibly  2,000'^C. 

It  was  found  that  the  helix  gradually  sagged  and  after  a  certain 
length  of  time  the  lower  turns  canie  dose  enough  together  to  allow  an 


< 6h, — 


arc  to  form.  This  arc  increased  the  current  so  a«  to  raise  the  tlmp 
between  the  next  fwo  luiiis  suHiciently  to  cause  an  arc,  and  so  on. 
As  after  this  lenglh  of  time  the  l.clix  had  Ifvomc  partly  disinleg- 
rated,  any  attempt  to  increase  the  distance  between  the  turns 
resulted  in  a  broken  helix,  and  a  new  one  had  to  !»  substituted.  For 
this  reason  a  dilTcreut  slia|wd  hcatinu  element  might  I  c  pivferable. 
although  the  helix  can  be  made  quite  cheaply  f<ir  this  size  furnace. 
For  larger  sizes  the  helix  form  would  probibly  be  out  of  the  qiicstion. 


Electrostriction  in   Condensers.      A  iccent   issue  of  the 

"  IMiy.sical  J<i'\  icw  ""  iiicludcs  a  '  Note  on  llic  Kiul  KfTect  in  tlio 
Eloctiostiiction  of  Cylindrical  Condepsprs."'  by  Mr.  E.  C. 
Keniblc.  A  longitudinal  traction  is  exerted  by  tlie  olpctric 
liv>l(l  in  tire  iiei<:jlil)onrliood  <if  llie  ends  of  the  <'oatint^s  of  a 
cylindrical  cotidcnser.  If,  a  is  the  inteiiuil  radius,  d  tiie  ihiek- 
iress  of  cylinder.  //  the  averajte  elertrie  force,  ri,  a  constant 
de])eii(liir,i>;  on  the  change  of  dielectric  induct ivity  by  strain, 
then  I'  \(t(ld.jr^,  and  there  is  a  Uncv  l\  \(vlKH''  (wIrmt 
A'  is  the  inductivity  of  the  dielectric)  on  \\w  edge  of  tl>e  coating. 
By  using  these  foimulu'  disc  ri>pancies  that  have  beeti  ]»n»vinnsly 
noticed  disappear. 


LEGAL  INTELLIOENCE. 

Leiston  Gas  Co.  (Ltd.)  v.  Leiston-cum-Sizewell  Urban  Council. 

()n  Friday  the  Court  of  Appeal  (the  lyord  Chief  .Tusticc,  ly)rd  .Tustice 
Warrington  and  Mr.  .Tustice  Scrutton)  heard  this  ajjpeal  by  defendants 
from  a  decision  f)f  .Mr.  .Justice  Low.  Plaintiflfs  claincd  £1.57.  15s.  9d.  for 
sc-rvices  rendered  to  the  defendants  under  a  lighting^contract  of^Tune  2. 
101  I.  I'nder  the  ( cmtrait  jilaintifTs  were  to  jirovide  gas  standards  with 
lanterns  awd  burners  c  c)in])lete  at  tiieir  own  expense  ;  to  sup])ly  gas  to  the 
standard^,  and  to  keej)  the  whole  installation  in  repair  ;  and  defendants 
undc  rtook  to  ])ay  for  gas  at  a  certain  rate  per  lamp  per  annum  for  five 
years  from  Au<rust.  l!tll.  Plaintiffs  supplied  gas  until  the  end  of  1914. 
.Subsequently  the  military  authorities,  acting  under  the  Defence  of  the 
Kealm  Acts,  K»I4  and  101.").  and  the  regulatioifs  thereunder,  forbnde  the 
lighting  c.f  any  lam]>s  whatc-vcr  within  defendants'  area,  and  the  lamps 
had  accordingly  remained  unlighted  since  .Jan.  2(5,  101.5.  The  company 
sought  tc)  reeover  the-  pric-e  of  gas  for  the  iK-riod  during  which  the  order 
of  the  military  aulhoritic's  was  in  ojieration.  Mr.  .Justice  Low  held  that 
the  exercise  by  the  authorities  of  their  ]iowers  under  the  defence  of  the 
Keaim  Acts  did  not  nncler  the  contract  cither  unlawful  or  impossible  of 
performance,  and  he  gave  judgment  for  plaintiffs  for  the  amount  claimed, 
with  costs. 

y[T.  Hawke.  K.('.,  and  Mr.  A.  H.  Poyser  appeared  for  apjKllants  ;  and 
Mr.  .F.  B.  Matthews,  K.C..  and  Mr.  Rayner  (ioddard  for  respondents. 

-Mr.  H  AWKK  submitt -cl  that  the  cemtrae  t  was  one  for  public  lighting, 
whieh  plaintiffs  had  not  pjcividcd,  and  they  c:ouid  not.  therefore,  recover 
cm  tlicir  contract.  JJy  the  .action  of  the  military  authorities  illumination 
had  Ix'come  illegal,  and  the  supervening  illegality  suspended  the  contract. 

Mr.  .Matthews,  K.C..  submitted  that  the  doctrine  of  frustration  of 
commercial  venture  did  nf)t  ajjply  in  this  case.  That  doctrine  only 
a])])lied  to  cases  of  eommcrcial  ventun-s  strictly  so  called,  and  they 
fe^rmecl  a  class  by  th;mse-lvcs.  The  restrict ioju of  the  Army  authorities 
might  have  Jnen  removed  at  anV  time.  Could  it  be  said  that  resjion- 
dents  were  not  bound  to  keep  their  ])laut  in  readiness  for  that  event  ? 
Plaintiffs  were  always  ready  and  willing  to  do  all  that  was  neees.sary 
under  the  contract,  excejit  in  so  far  as  they  were  prevented  by  the 
Executive. 

In  gi\  ing  judgment,  the  I.«ini>  Chikf  .Iistice  saiel  there  was  no  doubt 
that  when  a  party  eontraetc  el  to  pciform  an  act.  lawful  at  the  time  of 
the  making  of  the  contract,  which  then^after  became  impossible  of  per- 
formance by  reason  fif  a  ehanire-  in  the  law.  he  was  discharged  from  the 
objigaticin  undc-r  \\w  cc>ntra»t.  Again,  the  law  was  well  settled  that 
where  the  ])crforniaiu<-  of  the  contract  l»ceame  imitossible-  by  the  eessa- 
tion  of  the-  existence-  of  the-  thing  which  was  the  subjeet -matter  of  the 
contract,  the  eontraet  was  to  Ije  construed  as  "subject  to  an  im]»lied 
condition  that  the  parties  shall  1h'  excused  in  caw.  Ik  fore  l»reaeh,  ]>cr- 
formance  becomes  impossiiile  from  the  ])erishing  of  the  thing  without 
default  of  the  contract  or.""  'I'his  ]iriuei]>le  was  not  ecinfined  to  the  e'cssa- 
tioi)  <,f  the  existciiee  of  the  sul)ject -mat  ter  of  the  eeintra(  t.  but  a]>]i|ied 
eepiajly  to  (he  cases  when-  the-  event  which  rcnde-ncl  the  eontraet  in- 
ca])alilc  of  ]>erforniance  was  the  cessation  or  non-cxistenec  eif  an  expr«-si« 
condition  or  state  of  things  gotng  to  the  root  of  the  eontrnet.  The 
decision  in  the-  present  ease  must  de  pend  on  tli^  true  e-ffeet  of  the  contract. 
l'nc|(-r  the-  agreeme-nt  ]ilainlifTs  uncle-rtook  to  ^H-rform  various  servicct 
tor  de  f.  nclants  in  return  for  an  ftgreed  rate-  of  jiayment  to  l>e  mad-"  epiar- 
terly  by  defendants  for  eve-ry  e|uarter  in  the  live-  ye-ars"  duration  of  the 
eontraet.  Plaintiffs  had  performed  the-  various  se-rvir^s  under  the  eon- 
traet fe)r  nearly  three-  ye  ars  and  a  half  before  the  event  under  discussion 
lia]ipeuccl.  The  c-olumn  lanijis  re-mained  their  property  under  the  con- 
tract, and  cicfcnclants  had  had  t'le  advantage  of  them  throughout  the 
thre-e  ye-.-irs  and  a  half.  Tic  y  had  used  tlic-m  i-ven  in  the  three  quartc  rs 
of  101."»,  not,  indeed,  to  the  fidl  extent,  as  the  lamps  were  not  lighted 
exei-pt  for  (he  2(J  days  of  th  •  lirst  epiartcr.  but  to  the  extent  that  they 
rcmaiue-d  thi-n'  conneet<-d  with  the  main  anel  would  l>e  lighted  imme- 
diately tlie  ])rohibition  by  the  military  authority  was  relaxed  or  with- 
drawn. On  those-  faets  lee  i  eiuld  not  !ie>ld  tiiat  the-  ]>eiformane-e  of  the 
contract  lia<l  {(••e-onn-  imlaufiil.  or  that  thc>  vciitun-  was  trust ratc-d  l>y  tlv- 
aet  of  th"  Kxeeutive*  in  feirbicleling  the-  lighting  of  the-  lamjis.  Part  of  the 
]>e-rformane-e-  of  (he  eon(rae(  lend  ln-eonu-  tmlawfid.  beit  another  jmrt  of 
(he-  eein(raet,  which  oendd  not  be  re-panhd  as  a  trivial  part,  was  lawful 
and  eoiilel  be-  performed.  In  those  eirc  »nnstance-s  defendants  wen"  not 
juftitieei  in  (reating  (he  e-ontrae  t  as  at  an  end.  or  in  re  feisjug  to  make-  (he 
]<ayni(-n(s  as  agreed  by  (lic-m.  I(  was  not  iut ended  that  the  sui>|>ly  of 
gas  slietiild  1h-  .1  eonditiein  pre-cc-ele-nt  tei  the  right  to  rce-over  thcepiarte-rly 
]»ayments.  fiidi-r  the  ngre^euie-nt  there'  was  an  inelusive  payment  for 
all  (he  wrvie-es  anel  the  e-onsielerntion  could  ne»t  be  apportiemcd.  He 
held  that  the-  agrcH'ment  by  plaintiffs  (o  su])p|y  the  gas  was  to  Ik-  n'ganled 
as  an  incle  pe-nele-nt  agreeuient  anel  not  as  a  condiliou  pne-eelent.  I)efen- 
danlM  h.'icl  i-e-ce-ived  part  e.f  the  e'eiusideration.  anel  if  ](laintitTs  had  \'-n 
in  el'  fault  e|(  f(-nelants  weiuM  have  re-covered  eeunpensation  for  the  faiitiri- 
to  supply  the-  gas  anel  light  the  lamps.  Plaintiffs  wt>re  not  in  default, 
anel.  there  fein-.  defendants  could  not  recover  on  a  cross  claim  for  elamage';«. 
but  as  the  supply  of  gas  liy  plaintiffs  was  not  a  condition  jirecedent  to 


th 


e-  riL' 


ht    t. 


re-cove-r,  i 


'•i  e oiile!  not  justify  their  nfusal  to  make 
the  epiart'fly  paym«-n;  i  he- eontraet.      He- came- to  the '••.melusion 

that   the-  ap)H:i|  she>ulc|  Ix'  eii -iniysc-eL 

l/>rel  .Tii-ii,  :•  WAl!l!i\c;Tei\  and  Mr.  .Tustice  ScritTon  deli\Tred  wri((en 
jucigtu-  nt-*  til  (he  same  eflTeet,  and  the-  ap|>e-.il  was.  therefore.  disMii^rrd 
with  i-osi>.. 


Re  Browett,  Llndley&Co.  (Ltd.)  on  .Tune-  t..  Mr.  .TustiicSargant 
conliniie-il  ilii  reelni  tii-n  of  tlie  capital  of  tliis  conq»anv  by  £12..">00,  l>e>ing 
capital    |iwt    iir    unn-|»ri-si'nte-el    Jiy    n\ailab1e    a«se-ls. 
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COMMERCIAL    TOPICS. 


Zinc 
Smelting. 


On  Friday  last  the  Prime  Minister  of  the  Common- 
wealth of  Australia  (Mr.  Hughes)  introduced  a 
deputation  of  zinc-producers  in  Australia  to  the 
Secretary  for  the  Colonies  (Mr.  Bonar  Law)  to  lay  definite  proposals 
involving  a  wide  avenue  of  emplojinent  before  the  Government. 

Mr.  Hughes  explained  that  the  members  of  the  deputation  owned 
and  controlled  all  zinc  ores  produced  in  Australia.  The  proposal  he 
desired  to  lay  before  the  Minister  was  imperial  in  its  scope  and  objects, 
and  at  the  same  time  rested  on  sound  business  lines.  It  covered  a  proposal 
for  the  erection  of  smelting  works  in  Great  Britain,  and  involved  the 
exclusion  of  German  spelter  after  the  war.  The  scheme  as  ready  for 
adoption  provided  for  preferential  treatment  of  the  Empire's  jjroducts, 
but  also  allotted  a  fair  share  of  raw  materials  to  Franco  and  Belgium. 
Though  details  of  the  scheme  are  lacking,  it  is  stated  that  the  proposals 
submitted  are  on  the  same  general  lines  as  those  submitted  to  the  Govern- 
ment a  year  ago.  They  cover  a  proposal  to  erect  smelting  works  in  this 
country  to  treat  about  60  per  cent,  of  the  Australian  output.  Biitish 
capitalists  are  v/illing  to  put  up  the  works  if  the  Government  will  protect 
the  new  industry  from  German  dumping  after  the  war.  Up  to  the  present 
the  producers  have  not  been  able  to  obtain  any  guarantees  from  the 
Government  on  this  subject.  The  producers  are  not  wedded  to  any 
particular  scheme,  and  they  would  be  prepared,  if  the  Government  desired 
to  avoid  controversial  fiscal  questions  in  war-time,  to  entertain  a  proposal 
that  the  State  shall  erect  works  of  its  own  and  make  a  contract  for  the 
supply  of  concentrates  with  the  producers  over  a  period  of  years. 

*  *  4<  * 


Chambers  of 
Commerce  and 
Engineering. 


At  the  recent  meeting  of  the  Liverpool  Chaniber 
of  Commerce  it  was  decided  to  form  an  ex- 
l)orters'  sub-section  of  the  Coal  Trade  Section 
of  the  ChaTiiber.  A  member  urged  the  necessity 
of  an  engineering  section  also  being  formed,  and  the  secretary  (Mr. 
A.  H.  Milne)  said  he  was  in  communication  with  certain  people  to 
see  what  could  be  done  in  that  direction. 

Personally,  we  are  rather  surprised  to  learn  that  the  (!hamber  of 
Commerce  of  such  an  im])ortant  commercial  and  industrial  district  as 
Liverpool  has  not  yet  got  a  section  to  represent  the  most  im])ortant  trade 
of  this  country.  We  would  go  further  and  urge  the  members  to  form  an 
electrical  section.  At  London,  Newcastle-on-Tyne  and  other  places 
there  are  separate  sections  for  the  important  electrical  and  allied  trades, 
and  we  believe  it  is  time  the  chambers  in  the  leading  industrial  areas  of 
the  country  followed  suit.  Organisation  is  now  the  order  of  the  d^iy,  and 
in  viev/  of  the  rapidly  increasing  use  of  electrical  energy  for  power  and 
industrial  purposes,  and  the  continued  expansion  of  the  applications  of 
electricity,  the  electrical  members  of  Chambers  of  Commerce  v/ouki  do 
well  to  organise  themselves  on  modern  lines,  and  keep  in  toncli  with  all 
movements  affecting  the  welfare  of  their  industry. 

^  H^  ^  ^ 


Prohibited 
Exports. 


An  Order  in  Council  has  been  issued  anionduig 
the  list  of  prohibited  exports  so  as  to  include  tlie 
following  articles  :~ 

Electric  lamps,  except  carbon  filament  lamps  and  are  lamps  for  street 
lighting. 

Emery  corundum,  natural  or  artificial  (such  ns  nbindnin),  larboiini- 
dujn  and  crystohm  and  manufactures  thereof. 

Talc,  varnishes  containing  tale. 


Manufacturers  and  ^*  *^"  'S""*  '"/^'^^^  °*  *!"«  Metro,x.iit^n 
Organisation  Carnage,  Wagon   &   Fmance  Co.  the  chairman 

^  ■  (Mr.  F.  D.  Docker,  C.B.)  referred  to  the  proposed 

scheme  for  organising  the  manufacturers  of  this  countrj'. 

Already,  he  said,  companies  and  firms  with  an  aggregate  capital  of 
between  £80,000,000  and  £!)0,(K)0,000  had  joined  the  movement,  and  it 
was  hoped  to  found  a  society  which  would  Ik:  stronir  enous^h  to  influence 
the  Government  in  all  matters  affecting  trade.  It  was  not  to  be  an 
organisation  in  opposition  to  labour  cluims ;  on  the  ctrntrary,  it  was 
hoped  that  it  would  be  the  means  of  bringing  capital  and  lalK>ur  into  a 
sort  of  partnership.  Naturally,  its  principles  were  somewhat  nebulous 
a,t  present,  but  that  would  not  be  the  case  when  all  the  intf-rests  con- 
cerned had  had  an  opportunity  of  stating  their  wants.  He  hojK-d  those 
who  joined  would  discard  their  old  prejudices  and  old  theories,  in  order  to 
formulate  a  policy  which  recognised  that  the  war  had  created  a  new 
industrial  world.  They  hoped  that  all  existing  and  kindred  associations. 
great  and  small,  would  be  connected  with  them  in  more  or  les-i  intimate 
relationship.     Already  three  had  amalgamated   and  negotiations  were 

proceeding  satisfactorily  with  others. 

*  *         *         « 

wi  />*•/>  IT  +  •  ^^^  ^^^  recent  meeting  of  the  Shanghai  Electric 
liieciriC  enterprise  Construction  Co.,  the  chairman  of  the  board  of 
m  ine  l-ar  tast.  directors  (Sir  Alfred  Dent,  K.C.M.G. )  stated  that 
they  were  lookmg  forward  to  rpportimities  for  expanding  the 
railless  form  of  traction,  which  had  been  proved  to  be  so  well  suited 
to  the  narrow  streets  of  the  Shanghai  settlement  and  to  the  require- 
ments of  the  population.  They  also  hoped  when  the  war  was  over 
and  the  disturbances  in  China  had  ceased,  that  there  would  be 
inquiries  as  to  the  construction  of  electric  tramwcxys  in  other  town- 
ships in  the  interior,  and  this  might  lead  to  their  company  oeing 
invited  to  take  an  interest  in  such  schemes.  China,  with  its  extensive 
territory  and  its  vast  natural  resources  in  mmerals,  &c.,  should 
undoubtedly  prove  a  fruitful  field  for  exploitation  by  electrical 
engineers,  and  every  possible  step  should  be  taken  by  manufacturers 

and  exporters  to  cultivate  it. 

*  *         *         * 

,     .  Several  matters  relating  to  trade  during  and 

fh    W  ^'^^^^  *^^®  '^^'''^''  ^^'^"^^  considered  at  last  week's 

the  War.  conference  which  was  convened  by  the  British 

Im]:)erial  Council  of  Commerce.  Delegates  were  present  from  Indi«i 
and  many  British  colonies  and  dependencies. 

Mr.  S.  Machtn  (London)  opened  a  discussion  on  the  reciprocal  trading 
relations  between  various  parts  of  the  Empire,  which  he  considered 
depended  on  imposition  of  a  tariff.  A  tariff  must  lie  the  foundation 
of  tlieir  future  policy  and  through  that  tariff  he  hoped  they  would  be  able 
to  build  up  a  svstcm  which  would  enable  them  to  wekl  the  Empire  in  one 
great  whole,  and  preference  would  enable  them  to  give  sympathetic 
treatment  to  our  Allies,  and  at  the  same  time  deal  with  benevolent 
neutrals  in  a  fair  and  reasonable  way  ;  but,  above  all,  it  would  keep 
unscrujiulous  and  vicious  enemies  for  ever  in  their  ])roper  place.  The 
(Jovcrnment  must  be  calU'd  on  to  abolish  the  system  whereby  (Jerniany 
had  made  this  countrv  the  (lumi)ing-gi(nind  of  the  civilised  woi'd. 

Mr.  V.  King  (Melbourne)  said  if  the  conference  could  evolve  a  scheme 
which  would  be  fair  to  all.  and  put  no  pressure  on  any  country,  thev  would 
have  laid  the  foundation  of  an  Em]>ire  such  as  the  world  had  never  dreamt 

Mr.  A.  H.  Sytner  (Port  Efi/.abeth)  stated  that  the  feeling  ni  South 
Africa  was  in  favour  of  preference,  and  he  had  been  asked  by  his  Chamber 
to  press  for  a  distinct  policv  to  be  formulwcd.  1 1  Wr. 

Sir  A.  Firth  moved  a  resolution  urging  that  arrangiMuents  slionlcl  ne 

made  at  the  earliest  possible  moment  to  provide  :— 

(a)  For  preferential  reciprocal  relations  between  all  parts  of  the  British  Empire : 

(i)  For  reciprocal  trading  between  all  parts  of  the  British  Empire  and  the  Allied  countries. 

(c)  For  the  favourable  treatment  of  neutral  countries  :  and  .-^nntries  <:o 

(d)  For  restricting  by  tariffs  and  otherwise  trade  relations  w i  h  all  enemy  i-ountrift.  so 
as  to  renderdumpingorureturn  to  pre-war  conditions  impossible. 

Mr  J  W  Woods  (Canadian  Trade  Commission)  secondi-<l  the  motion. 
Experience  in  Canada  had  shown  them  that  preference  would  have  the 
desired  elf  ect.  and  that  a  surtax  would  also  be  successful.       ,    .     ,,    , 

Mr.  J.  C.  PiLLMAN  (London)  said  that  while  it  was  very  desirable  to 
encourase  trade  between  the  Dominions,  he  did  not  think  it  couia  w 
done  bv'^subiectins  their  manufactured  products  to  a  tax.  It  woulii  ue 
better  to  impose  a  tariff  on  neutral  countries  for  revenue  purposes  and 
lew  a  tax  on  enemv  countries.  i    .  i  *.,  ,f 

Mr.  B.  Pakdoe  Thomas  (Newport)  took  exception  to  a  »»ard-and.fast 
resolution  which  would  tie  the  liands  of  the  Dominions,  and  asked  tlu 
conference  not  to  bind  tiiemselves  with  a  tariff. 

Mr.   Pknnefathkk,  M.P..  hoped  that  that  conference,  and  the  con- 
■  f.Mvuce  that  was  ooiuo-  to  W  heUl  in  Paris,  would  result  in  a  polu  y  which 
would  he  honourable  to  the  Allii-s  and  beneficial  to  the  Empii-e. 

Mr.   H.  B.  Stokei:  (President  of  Man.liest,.,-  Chaniber  of  Commerce) 
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said  that  of  late  the  com])lexion  of  the  Manchester  Chamber  had  altered 
very  much,  and  it  now  supported  the  resolutions  which  were  adopted  by 
the  Associated  Chambers  in  February. 

Ultimately,  the  motion  was  put  and  carried,  only  three  voting  against  it. 

On  the  motion  of  Sir  A.  Firth,  f  econdcd  by  Mr.  C.  King  (Melbourne), 
the  following  rc;:olut:on  was  ah o  papscd  : — 

That  legislation  should  be  e.nacted  by  the  different  Cover.iments  within  the  British 
Empire  under  which  each  Government  shall  have  the  power  to  insist  that  any  individual, 
firms,  or  companies  producing,  manufacturing  or  trading  within  the  British  Empire  shall 
bs  British  controlled  both  as  regards  management  and  ownership ;  and  in  the  event  of 
enemy  companiss  or  firms  being  psrmitted  to  re-open  or  commence  trading  in  any  part 
of  the  British  Empire  t  hey  shall  besubject  to  such  CDntrol  and  inspection  asshallmakc  it 
impossible  for  them  to  be  u:ed  as  politicalagcncioi  under  the  guise  of  commercial  estab- 
lishments. 

The  question  f  f  the  reform  of  the  law  relating  to  patents,  designs  and 
trade  marks  was  referred  to  the  Executive  Committee. 
The  following  resolutions  were  also  jjasscd  :— 

Thatan  early  agreement  should  be  arrived  at  between  the  Home  Government  and  the 
Dominions  to  adopt  a  single  income  tax  on  incomes  within  the  En^pire  wherever  earned  or 
produced. 

That  the  Councilshould  make  every  effort  to  bring  about  the  adoption  throughout  the 
Empire  of  a  uniform  decimalsystem  of  weights,  measures  and  currency. 

That  larger  funds  should  be  provided  throughout  the  Empire  by  the  respectiv  Govern- 
ments in  order  that  the  fullest  facilities  mijht  be  given  for  the  promotion  of  scientific 
research  and  training. 

*  *  *  * 

»,  J     ,  In  the  first  rojwrt  of  the  ('omniittee  of  Public 

n     pj,,  .  Account.s  for  1914-15  it  i.s  fitated  that  there  is 

a  deficiency  of  £111,018  on  the  net  revenue 

account  for  tc!e[)liones  for  1914-1.'),  compared  with  a  profit  balance 

of  £2.'}9,1 1 1  in  the  previous  year. 

The  deficiency  is  stated  to  be  largely  owing  to  raunes  resulting  from  the 
war,  but  it  is  also  due  to  an  increase  of  £142.8.58  in  the  charge  for  de]ire- 
ciation  of  plant  and  an  IncreaKe  of  £;i(j,74!(  for  pension  liability.  The 
charge  for  depreciation  must  inevitably  increase,  as  very  large  ea])ital 
expenditure  remains  to  be  incurred  out  of  funds  sanctioned  under  the 
Telegraph  Money  Act,  191.'},  whilst  the  wages  of  the  em])loyees  show 
cf)ntinuous  growth,  with  the  result  that  even  under  normal  conditions 
the  t(lei)ht)n"  accounts  will,  unless  special  measures  arc  devised,  ])robably 
show  a  n't  loss  in  the  m-ar  future,  instead  of  giving  a  reasonable  return 
for  the  outinv  incurred. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  .Iniic  .j,  191G,  to.Jime  ll>,  1918. 
IMPORTS. 

LivERPODL.— i/.5./l..'   Insulating  tape,  2D  ].k.;z.     Rangoon:  Elec.  fan  motors,  19  pkgs. 

London.— t/.5./l..-  Elec.  machinery,  £3,054;  cle;.  limps,  £334;  cirbsn  ci.idles 
£505;  wire  and  ciblc,  £517  ;  unenumerated.  £3,185— 35b  pk?3.  Holland:  Elec.  lamps 
£2,782-509  pk?s. ;  elec.  machinery,  £213  ;  wire  and  cable,  £753  ;  unenumcrated  .  £103. 
SmUerland:  Elec.  hmps,  £105  ;  unenumerated,  £1,954.  //a/y.- Unenumerated,  £4,634. 
Japan:  Unenumerated,  £144.  France:  Carbon  csndles,  £511  ;  unenumerated,  £410. 
Norway:  Unenumerated,  £1,205.  Denmark:  Unenumerated,  £147.  China:  Unenu- 
merated, £317.    Canada:  Unenumerated,  266  pkgs. 

SouTH.\MPTOM.    France  :  Unenumerated,  47  pkgs. 

EXPORTS. 

To  kv■i^R^l.^,%l^.— Auckland :  Unenumerated,  £373.  Melbourne:  Wire  and  cable,  £79; 
unenumerated,  £695.  Sydney:  Elec.  machinery,  £675  ;  wire  and  cable,  £1,551  ;  elec. 
lamps,  £481  ;  unenumerated,  £402.  Wellington  :  Elec.  pccl'et  lamps,  1,053  no.  ;  unenu- 
merated, £422.  Perth:  Unenumerated.  £296.  ChrrMhurch :  Wire  and  cable,  £159; 
unenumerated,  £31.  Lyttelton:  Unenumerated, £162.  fir/jii;/;?.- Unenumerated,  £1,588. 
Frcmantle:  Elec.  machinery,  £212  :  v/ire  and  cable,  £1,101.  Duneiin:  Wire  and  cable. 
£495;  unenumerated,  £54.  /l</</a;</«,- Unenumerated,  £283.  C/sijr/.Y.- Wire  and  cable, 
£140, 

Africa.— Durban  :  Wire  and  cable,  £99  ;  elec.  machinery,  £179.  Cape  Town  :  Wire 
and  cable,  £63;  unenumerated,  £789.  Port  Blizabeth:  Unenumerated,  £417.  Sierra 
Leone:  Elec.  machinery,  £20;  unenumerated,  £14.  Seconde :  Elec.  machinery,  £86; 
unenumerated,  £114. 

EoYPT.-  Alexandria:  Unenumerated,  £;,J29.  Suet:  Elec,  machinery,  £23;  unenu- 
merated, £23. 

India.  Ckylon,  Indo-China  and  Stsaits  Sbttlbmhnt3.  — Sowftay  .■  Elec.  machinery, 
£473;  wire  and  cable.  £4,321  :  tpl'-pr.irh  matcriil,  £85  ;  uneniim'T:!'''i.  £250.  Penang  : 
TeleEraphmaterial.£56:  imen':  rJ2.     Calcutta  :  Wir  ,  £2.223  ;  unenu- 

merated, £980.     Madras:  Wr  .£1.600:   unenum^  '      Crvlon  :  E\k. 

machinery,  £33 ;    telegraph  m  "  .         .    .  /^^  .   Upppy. 

merated,£67.     Bankok:  \Jne;.  •■i,£37. 

China.  -5/m«s/jo;  .•   Elec.  n;      . ...„ .,.,  .  j,tcJ.  £53. 

U.S.A. — New  York:   U'cnumot 

South  and  Central  Ar^H-^i-A.     .'..  >.•  Unenumeratci,  C34.     ^i^de  Jantir.^ 

Unenumerated,  £1.501.   Twn/'/fk'o;  Wiic  ,.i,d  cable,  £1,263  ;  uneni-  r53. 

Holland.- -/I  wi.Vrrfcw.'   Unenumerated,  £634.    Rotterdam:    E  ;nery,  £250  ; 

unf numerated.  £35. 

Fran -E.  -  /^ar/s  .•  Unenumerated,  £55.  Dieppe:  Unenumerated,  £275.  Havre: 
Unenumerated.  £48. 

Japan. —  Yok-jhama  :  Unenumerated.  £14. 

Russia.—  yindiwstock :  Elec.  machinery,  £336. 

Sweden.— Gothenburg  :  Elec.  machinery.  £89. 

Canada.— Montreal :  Elec.  machinery,  £300  ;  unonumcr;ated,  £132. 

Italy,— C^wa.-  Wire  and  cibic,  £132  ;  unenumcratet.  £281. 

Denmark.  Copenhasen:  Elec.  mschinorv,  £37;  wire  and  ciblc,  £2,204  ;  teleeraph 
material.  £199. 

GinivALTAR.— Unenumerated,  £13. 

Malta.-   Wire  and  cable,  £234. 

Spaw.  -Barcelona :  UnenumerateJ,  £172. 

British  Guiana.  -  Demerara  :  Unenumerated.  £34. 

West  I Nnms.  -Sariarfos.-    Unenumerated.  £26.     Mont  Serral  !.  £24. 

]ava.     Samarang :   Elec.  machinery,  £133.     Sourabava  :  E]^  i-  ,i     une- 

numerated.£147;  Batavia:  Wire  and  cable.  £3,620  ;  ur- 

South  Ska  Islands.    Fiji:  Wire  and  ciblc,  C^  ;  u- 


FOREIGN   GOODS  (duty  paid  and  free). 

Cape  Town:  Unenumerated,  £483.  Amsterdam:  Wire  and  cable,  £1,333.  Syinty  ; 
Une.Tumerated,  £18.  Barcelona:  Unenumerated,  £150.  Colombo:  Unenumerated, 
£14.  Madras:  Unenumerated,  £12.  Port  Elizabsih :  Unenumerated,  £137.  Dieppe: 
Unenumerated,  £21.  Durban:  Unenumerated.  £127.  East  London:  Unenumerated, 
£6Z3.  Karachi:  Unenumerated,  £155.  Melbourm:  Elec.  machinery,  £133 ;  unenu- 
merated. £27.  Shanghai:  Elec.  lamps,  15,eX  no.  Newiasth:  Unenumerated,  £26. 
Singapore:  Unenumerated, £39. 

IN   TRANSIT. 

Hong  Kong  :  Elec.  glov/ lamps,  £131. 

Note. — The  large  number  of  items  in  these  official  returns  under  the 
misleading  heading  '"  unenumerated  "  relate  to  what  is  described  as 
•'  electrical  goods  "  and  "electrical  materials." 


BUSINESS  NOTICES. 

Messrs.  JoEcj)h  J.  Roche  &  Co.  have  removed  to  larger  premises 
ut  47,  fiolden-lanc,  London,  E.(".  Telephone  number  (City  9607) 
and  lelograj)hic  address  (Roche  City  9()07)  remain  the  same. 

Plant  for  Sale. — An  advertiser  has  for  sale  a  17  h.p.  Homsby 
iStockjjort  ga,s  engine  rmd  suction  plant  and  dynamo. 

An  advertiser  has  for  sale  three  Westinghouse  vcrticr.l  ga3 engines 
and  dxmanios,  motor-generator,  a  milkino;  booster  and  a  550  ampere- 
hour  E.P.S.  battery. 

LIQUIDATIONS.  BANKRUPTCIES,  &c. 

Mr.  G.  E.  CorficUl,  Balfour  Houfjc,  Finsbury-pavement,  London. 
E.C.,  has  been  apjxjinted  trustee  in  the  bankruptcy  of  Russell  E. 
Connold,  late  electrician,  of  15.\,  Tne  Parade,  Canterbury. 

A  second  and  final  dividend  (Is.  2d.)  Ls  ]>ayable  on  Jime  10  at  30, 
Moslcy  street,  Ncwcastie-on-Tvne,  to  the  creditors  of  Arthur 
Farada\-  Hawdon,  electrical  engineer,  Yetholmc,  Elmficld-garden^', 
Cosforth. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Glasgow. —  I^ast  week  the  (V)rjK)ration  adopted  a  recommendation 
to  put  down  four  water-tube  boilers  at  St.  Andrew's  Cross  electricity 
works,  at  a  cost  of  £10,();J2. 

Loughborough. — Tne  Coimcil  have  ajjplicd  for  sanction  to  loans 
of  £1.400  f(jr  laying  an  electric  cable  to  the  new  works  of  Herbert 
Morris  (Ltd.).  and  of  £(KK)  for  a  two-ton  electric  crane. 

Newcastle  (Down).~T/ip  I'rban  Council  hr.ve  iiasscd  the  plans  of 
the  new  electricity  :iuj)ply  wjrlw. 

U  Rotherham. — The  Town  Clerk  has  boon  instructed  to  approach 
the  i'.p|)ropriate  (Government  department  with  reference  to  extensiom 
of  feeders  and  i-ablos  in  order  to  pr>nide  sup|)Iies  of  energv  for  powor. 

I'pon  reeeivinjr  the  <h  j).irtment  ;.  approval,  it  is  ])roposed  to  take  th-" 
U'  (x;i.«ary  proeeedinjtK  to  seiun'  sanciion  to  borrow  not  exceeding  £10.(X)0 
for  main  e.\t<>nKionH  during  the  vn.Miinjj  six  months. 

Shsflleld.  -Tno  L(i.  lioanl  has  sanctioned  the  borrowing  of 
£7.").(.KnJ  for  mains  and  £30.(K>0  for  sub-station  equipment,  tram- 
formcro,  &c. 

Of  the  :-.um  snnetionrd  for  mam  extensions  £10,000  will  be  appropriated 
from  the  reierve  fund. 

In  vitw  of  the  Inrjre  amount  o.*  additional  work  and  reRpon.".ibility 
which  has  bten  ea.'^l  upon  the  jjjMK'rnl  manager  of  the  undertakiufi  (Mr. 
S.  E.  redden)  owing  to  the  war,  th.-  Klectrie  Supply  Committee  roeoni- 
mend  i  the  City  Council  to  grant  him  a  Ixmus  of  £i(X). 

Mains  an'  to  be  cxt<'n<h(i  in  various  parts  of  the  City  .it  a  cort  of 
aji))roxlniat'  ly  £<{20. 

11. M.  Tren.^ury  ha;i  intimated  its  decision  not  to  withhold  their  ranetion 
to  a  p.-op.Twd  loan  of  £1.17. ItU  for  the  pun-hapc  of  additional  plant  .at 
NVcp.-.ond  power  rtation.  nuch  iilant  being  required  for  the  rupply  of 
current  for  power. 

Sunderland.  The  Comieil  have  approved  the  pi.".:!",  of  v.  new  sub- 
Mi. "tvn  ■  ■'■  the  .Siufhwiek  Vr.rd. 

Wakefield.  The  City  C..uneil  have  applied  to  the  I^  (i.  Boanl  for 
sanction  to  borrow  £r).02O  for  extensions  of  the  eloetrie  r^iipply  under- 
taking in  order  to  give  p.:\  extra  supply  of  jxjwer  ti  maiuf.aetnrerR 

i!i  the  di:;triet. 

Yorkshire.  —It  \a  ann  luncod  that  the  Yorkshire  Elcclrlc  Power 
C,).  pro)K».'*<'s  to  carry  out  oxtensi(;n«!  at  its  generating  station  at 
Ravcnsthorjx',  at  an  cs'itnav  l  i  ,>si  ,,f  £100,000. 

GENERAL. 

Aberdeen. — The  Council  have  agree.1  to  gi\-p  a  supply  of  electrical 
energv  to  Mesr.ra.  .John  Lewis  k  Sons  for  their  new  shipbuilding. 

The  tirm  n-(pjiro  a  supply  of  aUmt  4(K)  n.r..  btit  the  additional  load 
will  roqiiin'  new  feeder  eal»Io<«  fnun  KiTryhill.     Li>w-tensi«>n  feeder  rabies 


THE  ELECTRICIAN,  JUNE  IG,  191G. 


367 


for  400  n.p.  could  be  laid  for  £3,700,  and  extra-high-tension,  thrcc-phasc 
feeder  cabh  s  (for  1,300  h.p.)  for  £1,500,  the  latter  cable  being  at  present 
in  stock.  The  Electricity  Committee  recommended  that  if  MoKsrs.  Lewis 
guaranteed  a  consumption  for  three  years  equal  to  20  per  cent,  of  the 
capital  c;ost  (f  th(!  cable,  and  provided  free  of  charge  for  at  least  10  years, 
an  approved  fireproof  sub-station,  the  requisite  supply  be  given  on  the 
thrce-jihase  system  at  400  volts,  and  this  course  was  agreed  to. 

Barnes.— On  Tuesday  the  electrical  engineer  (Mr.  C.  .S.  Davidson) 
reported  that  owing  to  the  Summer  Time  Act,  he  estimated  that 
there  would  bo  a  loss  of  about  £900  on  the  unfiortaking  during  the 
suinnior  month.s.  The  C'ouncil  decidod  to  iiicreaso  tht^  charge  for 
j)ower  by  10  per  cent.,  and  for  j)rivatc  ligliting  and  heating  (now  'MM- 
per  unit)  by  15  per  cent. 

Bedford. — The  Council  have  applied  for  an  order  to  give  a  supply' 
of  electrical  energy  to  new  works  at  Biddenha^n,  outside  the  borough 
boundar}'. 

Birkenhead. — -In  conLoqucnce  of  the  Summer  Time  Act  the  charge 
for  electrical  energy  for  private  lighting  has  been  incro^.ccd  by  5  per 
cent. 

Bolton. — The  Electricity  Committee  has  asked  the  electrical 
engineer  (Mr.  W.  J.  Wood)  to  report  on  the  letter  from  the  Board  of 
Trade  calling  attention  to  the  considerable  saving  that  coidd  be 
effected  by  a  system  of  inter-conneetion  of  electrical  supply  under- 
takings. 

The  electrical  engineer  was  also  authorised  to  purchase  a  coal- 
testing  set. 

City  of  London.— The  Charing  Cross,  West  End  &  City  Electricity 
Supply  Co.  announce  that  from  the  end  of  Juno  the  charge  for 
electric  current  will  be  : — 

For  lighting  :  Each  quarter,  5d.  ])cr  unit  Tor  first  3  units;  consumed  ])or 
30  watts  of  connected  demand  ;  each  quarter,  4d.  per  unit  for  the  next 
8  units  consumed  per  30  watts  of  connected  demand,  and  all  units  in 
cxccGs,  2d.  per  unit. 

For  power  and  heating,  an  addition  of  10  per  cent,  will  be  made  to 
piesent  charges. 

Tho  above  charges  only  relate  to  the  City  of  London.  Th'j  com- 
pany has  already  made  an  increase  of  10  per  cent,  to  its  West  End  con- 
sumers and  there  will  bo  another  increase  of  10  per  cent,  from  July  1. 

Coal  Supplies  for  Electricity  Undertakings.— A  conference  of 
Metropolitan  Municipal  bodies  owning  electric  sup2)ly  undertakings 
was  held  at  Caxton  Hall,  Westminster,  on  Friday,  to  consider  the 
question  of  the  supply  of  coal.     Councillor  Barge  (Pojjlar)  presiding. 

A  communication  was  read  from  the  Board  of  Trade  pointing  out  that 
in  view  of  the  possibility  of  a  serious  shortage  of  coal  in  the  near  future, 
considerable  saving  could  be  effected  by  the  joint  working  of  electricity 
undertakings  and  intercommunications  between  stations  supplying 
tramways  and  railways.  There  were  difficulties  in  regard  to  labour  and 
materials,  but  the  Board  urged,  in  the  national  interest,  that  immediate 
steps  should  bo  taken  to  put  into  operation  the  existing  powers  for  joint 
working. 

Mr.  G.  H.  Hume,  of  the  London  County  Council,  said  the  County  Council 
had  prepared  a  comprehensive  scheme,  and  as  a  result  of  conferences  it 
was  decided  that  the  borough  councils  should  work  out  their  own  scheme 
and  the  different  sets  of  companies  should  put  forward  their  own  proposals. 
The  matter  was  urgent  now,  and  would  be  still  more  so  after  the  war. 
If  no  one  else  took  action  the  London  County  Council  would  do  so,  and  it 
would  not  do  for  the  companies  and  the  councils  to  complain  that  they 
had  not  had  time  to  put  their  views  forward. 

After  some  discussion,  the  conference  passed  a  resolution  affirming  that 
the  authorities  represented  would  do  everything  in  their  power  within 
the  local  areas  to  carry  out  the  objects  of  the  Board  of  Trade  in  regard  to 
the  supply  of  coal. 

Darwen. — It  has  been  decided  to  increase  the  charge  for  electrical 
energy  for  power  by  another  5  per  cent.,  a  total  of  25  per  cent,  since 
the  start  of  the  war. 

Ealing. — Owing  to  the  increa-ed  price  of  coal  and  decreased  re- 
ceipts in  consequence  of  the  operation  of  the  Summer  Time  Act,  the 
Corporation  have  made  a  further  increase  of  10  per  cent.,  making  20 
per  cent,  m  the  charges  for  electrical  energy. 

Exeter. — The  charge  for  electrical  energy  for  private  ligiiting  will 
be  increased  from  4d.  to  5d.  on  July  1. 

Gillingham. — Mr.  Ritson,  a-ssistant  electrical  engineer,  has  been 
given  leave  of  absence  to  enable  him  to  join  tho  Colours. 

Redditch. — Owing  to  the  increased  cost  of  coal  and  otho"  materials, 
the  Council  has  increased  the  charges  for  electric  current  by  30  per 
cent,  from  July  1.  The  increased  charges  are  for  the  period  of  the 
war  only. 

Sutton  Coldfield. — It  was  reported  to  the  Council  last  week  that 
the  principal  of  Messrs.  Ciive  &  Co.,  the  contractors  to  the  electricity 
department,  having  decided  tD  give  up  business  and  join  H.M. 
Forces,  the  Electric  Supply  Committee  had  agreed  to  take  over  the 
stock,  fittings,  &e.,  and  carry  on  the  business. 

The  Committee  stated  that  they  had  taken  tiie  premises  on  a  seven 


years'  lease,  but  Mr.  Taylor  and  Mr.  Crockiord  protested  agafa-it  coaling 
a  lease  of  which  they  knew  nothing. 
The  report  was,  however,  pa^jr  d. 

West  Bromwich, — In  order  to  enable  lower  grade  fuels  tD  be  used 

the  Electricity  Committee  is  fitting  an  Erith-Rilev  Htokor  to  one 
boiler  at  the  electricity  works,  at  an  estimated  coMt  of  £.ji5<). 

West  Hartlepool. — The  Council  have  approved  the  following  new 
scale  of  charge.}  for  electrical  energy  :  — 

(Icrurul  Supphj. — 4d.  per  unit  for  first  l..',00  unit!!  consnmed  per 
quarter  and  3d.  per  unit  after,  or  at  ordinar;*'  flat  rateH  of  U\.  and  3d.  for 
all  electricity  consumed  between  the  hrjur:i  of  4  p.m.  and  10  p.m.  durint; 
Januaiy,  February,  November  and  December,  and  between  7.30  ji.m. 
r.nd  10  p.m.  during  March,  April,  May,  June,  July,  Au^Ht,  September 
r.nd  October,  and  at  2d.  per  unit  during  all  other  houn*. 

IIrfill)if/  and  Cooking  (other  than  rateable  value  concumcra). — }d.  per 
unit. 

Ita'.rabh  Value  (private  hcurcs). — A  standing  charge  of  20  per  tent,  on 
rateable  value  of  ])remi:cs,  plus  Jd.  per  unit  for  all  electricity  consumed. 

Povxr. — 2el.  per  unit  for  first  50  units  consumed  per  quarter,  IJd,  per 
unit  for  mcxt  450  units,  and  lei.  per  unit  after.  An  addition  cf  10  per 
cent,  to  above  rates  to  he  charged  during  the  war. 

Meter  Rents. — Is.  per  quarter  for  ordinary  meters,  Ts.  6d.  per  quarter 
for  two-rate  meters. 

Minimum  Charges. — Lighting  and  heating  inr.tallations — 2g.  6d.  for 
each  cf  the  two  summer  quarters,  7s.  6d.  for  each  oi  the  two  winter 
quarters.  Power  installations — 5s.  per  quarter.  Combined  lighting  and 
power  installations — 5s.  per  quarter. 

Bulk  Supplies. — By  agreement. 

The  above  scale  of  charges  will  come  into  operation  immediately  after 
the  reading  cf  the  meters  in  September  next. 

Weybridge. — The  Council  has  jirotestcd  against  the  proposed 
increase  of  price  of  electrical  energy  by  the  Urban  J]lectric  Supply 
Co.,  as  being  excessive,  considering  all  the  circumstances.  It  suggests 
that,  if  any  alteration  be  made,  the  price  to  the  consumer  should  be 
regulated  on  the  cost  of  coal,  and  that  any  increase  of  price  should 
only  be  for  the  period  of  the  war. 


iiiiiinii 
LIGHTING  &  POWER  NOTES. 


Electricity  in  Mining. — At  the  recent  annual  meeting  of  the  Mount 
LyoU  Co.  a  statement  was  made  in  regard  to  the  three  West  Coast 
Mines,  and  that  as  the  arrange:uents  with  the  Tasmanian  Govern- 
ment for  tho  supply  of  50,000  h.p.  from  their  hydro-electric  scheme 
had  added  to  the  importance  of  the  company's  options  over  those 
properties,  the  board  had  decided  to  give  notice  of  their  intention  to 
exercise  tho  options. 

There  three  mines  have  remained  unworked  for  many  years  in  conse- 
quence of  the  complex  nature  of  the  ores,  but  similar  ores  arc  being 
electrically  treated  satisfactorily  elsewhere  on  a  large  scale,  and  spelter 
production  can  now  be  undertaken  on  profitable  lines.  The  engineering 
staff  of  Mount  Lyell  estimate  the  ore  reccrvcs  at  £00.000  tons  for  the  three 
mines,  averaging  29  per  cent,  zinc,  7^^  per  cent.  lead.  OJ  oz.  silver,  and 
21  dwt.  gold.  In  exercising  its  options  the  board  will  do  so  conditionally 
upon  adeiitional  f.rcc  being  given  to  form  a  new  company  and  to  ra:cc  the 
nccessia:y  capital. 

Hospital  Lighting.— The  Kcighley  and  Biugley  Joint  Hospital 
Board  have  decided,  on  the  recommendation  of  the  House  and 
Buildings  Committee,  to  wire  the  permanent  hospital  buildings  ;  nd 
the  sanatorium  for  the  electric  light,  at  a  cost  of  £210. 

Wimbled 3n.— Having  considered  correspondence  which  recently 
passed  between  the  Fixed  Price  Light  Co.,  Messrs.  Handcjck  & 
Dykes  (the  company's  consulting  engineers)  and  the  Borough 
Electrical  Engineer,  the  Electric  Lighting  Co  nmittee  reports  that  it 
is  not  prepared  to  approve  of  the  use  of  half-watt  lamps  by  the 
company's  customers. 


TRACTION   NOTES. 


1  I  M  I  II  I  I  I  I  I  I  I  t I  I  I  I  I  I  I im  .1 

Bradford.— Tne  Council  are  rocommeneled  by  the  Electricity  Com- 
mittee to  adopt  electricallv-propelled  vehicles  for  use  in  connection 
with  the  work  of  the  department,  and  to  purchase  two  vehicles  of 
this  type  for  coal  and  ash  cartage  from  the  Jowett  Motor  ilfg.  (-O., 
the  local  agents  for  the  General  Vehicle  Co.  ,     •  ,    ,    ^  •    n 

Each  vehicle  will  be  of  o  tons  capacity  and  equipped  with  elcctricAlIy- 
operated  tiiiping  gear.  One  of  the  wagons  will  be  fitteel  with  an  Edison 
batterv  of  60  cells  and  the  other  with  an  Ironclad  Exido  battery  of  v4 
cells.  'The  committee  also  proposes  to  obtain  a  thud  electncaUy-pro- 
pclled  wagon— a  3i-ton  Baker  tip  wagon  from  Wolsclcy  Motors  (Ltd.), 
providing  the  vehicle,  on  examination,  is  found  to  be  suitable  for  the  work 
of  the  department. 
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Croydon.  -  'J'ho  (Council  is  to  renew  the  tram -track  between  Selhurst 
New  Hoad  and  Selhurst  Railway  Bridge  Ioojjs,  and  construct  a 
double  line  of  track  in  continuation  of  the  existing  line,  at  a  cost  of 
£2,l;m 

Glasgow. — Owing  to  the  great  increase  which  has  taken  j>l;ue  in  the 
nniiiljer  of  persons  of  both  sexes  who  are  emjiioyed  on  night  work. 
Ilic  'rramwavK  Coinniittee  hns  askcrl  thr-  general  manager  to  preparf 
a  n'pf)rt  on  an  application  for  a  half-homly  .service  of  cars  on  the  main 
routes  during  the  night. 

For  the  year  ended  May  .*}1  the  traffic  receipts  of  the  tramways 
de|)artment  were  £1,149,204,  increase  of  £78,570  over  1914-15. 

The  car-miifs  run  were  24,!)<)3,:!0!»,  increase  748,849  ;  the  traffic  rc- 
ccij)ts  per  car-mile  were  !1-049<1..  increase  0-437(!.  ;  traffic  reeeiftts  (Kt 
pasH'ngerO-7(il(i..  decrease  OOOUd. ;  i)a:;:-c'n;L"rs  carri'd  were  .■{()2,."{71 ,4()4, 
inerease  2(5,110.700. 

Leeds. —  A  tran)car  accident  o(  <  urrcd  on  \\'fdnc'.sda\-  Jiiorning, 
resulting  in  several  j.eo|)le  being  injured. 

A  eoiiitncreial  ear,  us(  d  for  r  arTvint;  stones  and  elav,  fiot  out  of  control 
and  ran  down  the  hill  at  WortUx-,  and  after  a  run  of  nearly  a  mile  it 
crashed  into  a  passenger  oar  with  di.sastrous  results.  .Tust  before  the 
accident  Driver  Close  had  unload'd  a  wa},'on  of  clay  in  Oidfield-Iane,  and 
whil"  |)roe'f  (ling  to  turn  the  tiojl'y  ])'>le  in  order  to  make  the  return 
journt  y  the  brakes  b  'eame  rel<'as''d.  As  tli"  ear  l)e<ran  to  move  down  the 
hill  the  driv(  r  mac'e  a  ))lueky  attempt  to  mo\mt  the  platform  but  failed, 
and  was  thrown  to  the  groun«l.  The  heavy  car  gathered  s])eed  and  the 
trolley  pole  U  ft  the  overhead  wire  and  swung  loose.  During  the  career 
of  the  ear  the  |r)o;e  pole  struck  and  cut  several  telegrajih  and  t eicj>hone 
wins.  The  ear  encountered  notliin*.'  to  check  its  his/h  speed  nntil  it 
dashed  into  the  passenirer  car  which  was  runninj.'  from  Lower  Wortley 
to  tli<>  Coin  Kxehange.  The  |)assengcr  car  was  hurled  half-way  roimd  and 
])artly  through  a  stone  wall  which  runs  at  the  side  of  the  road,  while  the 
commercial  car  jumi)ed  th>  metals  but  remained  on  the  road. 

London  County  Council  Tramways.  The  P.oard  of  Trade  has 
e.\t(iidcd  ioi-  (jiic  year  from  .\ug.  II,  I91(i,  the  time  limited  by  the 
Council's  191 :?  Act  for  comjdetion  of  tramways  Nos.  4  and  4a, 
authorised  by  the  Couiuil's  I9(i:5  .\et  and  has  also  extended  for  one 
year  from  .\ug.  lb,  19  Hi,  the  time  limited  by  the  Councils  1909  Act 
for  the  widening  of  Farringdon-road  and  CIcrkenwcll-road,  and  the 
completion  of  tramways  2a,  H\  and  10a. 

L.  &  S.W.  Railway  Electrification.— .\  successful  trial  run  over  the 
electric  system  to  Hampton  Court  was  made  on  Tnesdav. 


EMPIRE   NOTES. 


Australasia. — The  Lighting  Conimiltce  of  Laidlcy  (Queensland) 
Council  has  canvassed  the  business  people  relative  to  the  electric 
lighting  of  the  town. and  they,  as  well  as  a  nund)er  of  j)rivate  house- 
holdei-H,  aiul  the  commissioner  for  railways,  have  expres.sed  a  desire 
that   electric  lighting  be  ado|)ted. 

The  KIcctrir  i:ner;.'y  Sup|)|y  Cn.  (l.til.),  Warwick  (t^ueensland).  made 
a  net  proiil  <if  f.V.»9  for  the  half  yi'ar  ended  Dec.  :?1.  lid.")  (ayainst  CVM 
for  the  previous  term).  I'nits  sold  for  the  yenr  were  100.395.  ajiainst 
()9.7."i()  in  191  I.  The  coiu])any  has  secured  a  contract  for  live  years  for 
li>.'liting  the  town.  The  dujilieation  of  the  station  jilaut  is  in  progress. 
The  new  plant  will  have  a  capacity  of  KM)  k\v 

Warwick  ((/u(  <  usiand)  Council.  Iiavint;  ma<le  arranf;cni' nts  with  the 
local  eject ric  li^dil  com]ianv.  the  hual  ga-s  company  has  declined  t<>  c<in- 
tiinie  liie  liirhtinu  un|.  us  the  Coun<il  \uiyi*  12s.  (id!  ^yr  lamj)  i>er  month 
until  June  ;10.  the  ( lul  of  the  coiupanvHterm.  The  Council  declined  to 
]mythe  increased  charge,  and  ordered' (he  c<unpanyto  remove  the  lamp- 
exists  at  mice. 

Th<-  acc(.unts  of  tli.'  Xiw  I'iymouth  (N.Z.)  nnuiicii)al  electricity  imder- 
takiitjr  for  the  year  end-d  M.inli.  I  111  5.  show  revenue  £7.901 .  "working 
eN|)eiiditure  »;2.772  and  other  « osts  including  int«Test  and  sinking  fuml 
and  depreciation.  L'4.fil7.  leaving  net  |n-ofit  £721. 

The  New  Zealand  Coscrinmnt  has  j;ranted  a  licence  to  Sumner 
Horouuh  ('r)uncil  to  eix'ct  and  maintain  electric  lin^s  for  ii;;litinj:,  power 
and  hcatinu'  purposes  in  its  di.strict.  Curii-nt  will  be  taken  from  the  l.aki- 
Cojcrid!.'''  supply. 

Tile  propos.il  of  reath'  rslon  {S.7..)  Town  Hoard  to  borrow  £3.000  for 
installing  electric  lighting  linn  l-ccn  approved. 

The  ratepayers  of  TniJiape  (N.Z.)  have  approved  a  ^m»po^nl  to  borrow 
t3,.'>00  for  additional  ])lant  for  the  watr  s\ipp|\ 

Proposals  for  the  in-tailntion  of  an  ele<iric  h 
head  and  N'ortheote  (N.Z.)  distric  Is  are  Iicmil;  iI 
'"ouueils.      A   report    h.'is  b.  i-n    pre]iap'd  shi>wi;.^ 
would  be  £10.000. 

|)e])osits  of  china  clay  at  Ngnrnawahin  (N.Z.)  ai. 
the  manufacture  of  vari<uis  article  s.  ineludinK  telejjraph  insulators. 

The-  ehairman  e>f  the  Amalgamated  Zinc  (l)i-  Rnvay's)  (Ltil.)  (Mr.  W.  1.. 
jViillieu)  ref  rr  el  at  a  recent  nueting  of  the  company  to  the-  preipe)sal 
te)  mauufaeture"  electreilytie  ziue'.  He  fe>r  shaelowrel  the  poKxibility  of  a 
separate-  ee)mpany  bcinu  formed  for  that  jnirpeisr.  in  which  the  l)e  itnvny 
sharehe.hle-rs  wendel  have  an  inten-st.  At  pn>Kent  the  Amalgamated  Vi\ 
was  de.iui;  the  wheij.'  e.f  tii.-  «e,iK  iu  .  e.nne-itiein  with  the-  s.licme.  but  it 
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mi;;ht.  however,  assume  proportions  which  would  make  it  necessary  for 
anotli-r  or<.'anisatif>n  to  take  over  the  work.  The  installation  of  an  elec- 
trolytic plant  in  a  big  way  would  entail  the  expenditure  of  a  large  amount 
rf  capital.  The  Board  had  made  satisfactory  tentative  arrangements  for 
the  su])])ly  of  electric  power  from  the  Tasmanian  Government. 

The  Attorn'-y-General  has  issued  a  lieenc?  for  the  completion  of  thp 
contract  rlatcd  May  20.  1914.  l)etwren  Si-^men?  Bros.  Dynamo  Works 
(Ltd.)  and  Sydney  Municipal  Conned  fe»r  the  sii])]>ly  of  cables  for  the 
munie-ipal  elccti'ic-  lighting  system. 

At  a  recent  meeting  of  Melbourne  Council  the  electric  Supply  Com- 
mittee presented  a  proposal  to  reduce  the  present  tariff  for  the  supply  of 
eketricit}'  to  the  munici])alities  of  Footscray.  Port  Melbourne,  Bruns- 
wick and  Williamste)wn.  and  to  the  Brunswick  and  Coburg  tramway 
trust.  From  Xov.  1,  l!U(i,  the  follow-in.L'  reductions  will  be  made  in  all 
bulk  su])plies  :  Up  to  .500  kw.,  from  the  present  rato  of  £5  a  kilowatt  jx-r 
\ci\T  to  £4.  10s..  and  for  any  excess  above  500  kw.  £4  a  kilowatt,  plus  the 
])resent  rate  of  0()5d.  a  unit  u])  to  1.000,000  units  a  year.  0-64  for  the 
n-xt  1.000,000  anel  0-5.5<l.  a  unit  for  any  excess  above  2.000.000  units. 

The  f)fficial  o]>enin<r  of  the  Wynyard  (Tasmania)  electric  light  imde-r- 
taking  took  ])laee  recently.  The  ])lant  consists  of  an  84  h.p.  Hornsby 
suction  gas  engine  driving  a  45  kw.  d.c.  4()0-volt  dynamo  with  static 
balancer,  and  a  15  h.p.  d.c.  motor  driving  two  5kw.  d.c.  booster  gene- 
rators. The  storage  battery  consists  of  25(5  chloride  type  cells  of  4(J0 
am]K're-hours  capacity.  Th:-  electrical  peirtion  of  the  power  houKO 
])lant  was  supjtlied  by  Suth  Hand  fc  Ashman.  There  are  overhead 
mains  and  the  insulators  are  Australian  made.  The  copjx-r  mains  were 
sui)plied  by  the  British  Insulated  &  Helsby  Cables  (Ltd)  and  the  rublxr- 
covercd  wire  by  W.  T.  Henley's  Tele<rra])h  Works  (Co.  (Ltd.).  The- 
strcet  lights,  of Whieh  there  are  .50  (42  100  e.]).  and  8  .TOO  c.p.).  and  all 
meters  and  line  harelware  w-  p-  su])])lied  by  Crant.  Warren  &  Co.  There 
are  150  hous(>s  wired  anel  connected,  while  the  contractors  (F.  B>Tne  & 
(Jo.)  have  a  further  40  houses  yet  to  finish,  making  a  total  of  190  <-on- 
nected  to  the  ])lant  in  th"  first  six  weeks  of  o])eration.  There  are  90 
electric  irons  on  the  system  to  date,  anel  ordersfor  more  are  l)eing  placed. 
The  whole  f)f  the-  work  was  de-si j;ned  anel  e  arried  out  under  the  super- 
visie)n  of  .Mr.  \'.  .1.  Crow  K  v.  and  the-  Cemneils  engincer-in-eharge  is  Mr. 
A.  L.  Kerr. 

Demcaster  (Viete)ria)  Shin-  Ceiuncils  electric  undertaking  is  now  in 
o]K'ration.  Si  Ufxle -phase  currt-nt  is  obtained  from  the-  Mell»ournf-  Electric 
Su]»]tly  Co.,  at  4.00()  volts  .10  cycles,  and  transmitted  by  ove  rhead  win-  5 J 
miles  east  over  the  Doneaster  and  .Mite  ham  re>ads.  The  insulators  were 
maele-  by  the  Australian  Peirce-lain  Weirks.  and  were  test<-d  to  Ki.lHK)  veilts. 
anel  the-  tran.'-fe>rmcrs  were-  sujijdied  by  the-  Australian  (Jcneral  Eleetric  Ce\ 
There  are  112  consumers  and  40  stn-i-t  lamps.  The  installatie>n  was 
carried  out  under  the  supervision  of  Mr.  V.  .1.  Crowley,  and  Mr.  .Te>hn 
Wrtrers  has  charge  of  the  unde-rtakinp. 

Frankston  (Vieteiria)  (las  Cemipany  has  applied  for  an  ord<T  in  council 
for  eleetric  lightin*;  within  the-  munici])ality. 

The  Kilmon-  (Nicteiria)  Electric  Supply  Co.  has  sold  its  plant  to  the 
Shire  Ce)uncil  for  £2.51R1. 

The  Public  Works  D<'i)artm(-nt  has  oflfered  to  suf.ply  Moss  Vale  (N.S.  W.) 
munieiiiality  with  current  from  Pe>rt  Kembla  at  £8  per  kihtwatt,  plus  Id. 
per  unit.  The  cost  of  curn-nt  to  th'^  Cemneil  fe>r  lid 4  and  1915  n-spec- 
tiv  ly  has  be-en  3-35el.  anel  ."l^tiel..  neit  inclueliuL'  ele  preeiatiem.  n-ncwals. 
&e-.  The  Council  would  have-  te>  jjre>vide-  the  transfeirmers.  The-  D<part- 
ment  is  tei  be  asked  to  prepare  «  draft  agreement  an<l  to  quote  on  n  basis 
of  .¥1,000  units  minimum. 

India.  -"Indian  Engineering""  sjivk  there  lias  as  yet  been  no 
development  of  the  niunici|>al  n-.solution  for  the  electrification  of  the 
pumping  wetrks  of  the  water  si|)|tly  of  Hani;alcm\  the  matter  being 
still  licfeire  the  (ioveniment.  W  hile  the  ]m)|Kvsal  is  an  excellent  one. 
such  a  scheme  is  eonsidenvl  loss  urgent  than  the  augmentation  of  the 
liltei-s. 

The  n-port  e>f  the  din-etors  eif  the  Beuubay  Te-lcpluuie  Co..  submitteel 
at  the  n-eeiit  annual  nie<-tinc  of  the  <e)iiipany.  states  that  the  result  of 
the  past  12  memths' we>rkinu  she>ws  a  lueitit  eif  H.s.3.(»3.94(i-ll -2.  fn>m 
whieh  the-  din-eteirs  have-  set  aside-  Us.  l.SO.OOO  feir  tlepn-e  iation.  l«-aving. 
with  l«s.  1 4.253. 1 4-5  bre.uirht  feirwanl  fre.m  1914.  i;s.l.<.tS.2(Ht-9-7.  Out 
eif  this  a  eliviele-nel  eif  Us. 5  per  slian-  (cipial  tei  2(»  pe-r  «-ent.)  is  to  Ik-  ])aid. 
Rs.l3..')00  paid  as  a  Imnus  tet  the  staff,  and  Hs.l(i.S25.<.»-7  to  be  carried 
feirwarel.  The-n'  has  Ikm-u  a  total  iiie-re-ase-  eif  004  subscril>ers.  yieldinu  an 
iiiei-e-ase  in  i^vi-niie  of  Us.  1 .1 5..'iUl  (».  On  l)e-c.  31  last  tlie-re'  were-  4.337 
i-xehaii!.'c-  anel  private  line-s  wetrkinc  in  B<inibay.  Karae-hi  and  Ahmcdabad 
with  A  t.it.il  viovs  rcvi-nii.-  e>f  Us.7.97.2is  3. 


FOREIGN   NOTES. 


I 

Italy.  A  eoiicession  has  licen  granted  to  the  niuniciiwlity  of  Rome 
for  the  e-onstruetion  and  working  of  a  normal  gauge  electric  railway 
from  the  Piazza  Vonezia  t<i  Ostia  Xnena. 

Japafl. — .Aecordinp  to  the  financ-ial  and  eeononiio  stateni»-nt  of 
.Japan  fur  1913-14.  the  aggie-gale  mileage  of  railways  workwl  in 
.lapan  w,i,s  7.291.  of  whieh  5.473  miles  were  State  owned.  P.is- 
scngers  were  211.251.883  and  traffic  receipts  equalled  £14.194.177. 

The  electric  railways  at  the  end  e>f  1 91 4  numlx-n-d  liO.  with  an  aggrepBte 
enpital  eif  £1(>.707.313.  anel  tin-  leil.il  mile'ag<»  of  their  open  lines  wa.x  t»91 
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•and  tluat  of  tlio  lines  not  yet  ojx'n  242  milcH.  The  companies  which  hml 
not  yet  opened  their  lines  numbered  27,  with  an  aj^gregate  caj)ital  <>i 
£2,085,^25,  and  the  total  mileaj^e  of  their  ])roj('cted  lines  was  282  miles. 
Tn  addition  to  the  ahove  then;  were  electric;  railways  owned  by  tli(^ 
Tokyo,  Osaka  and  Kyoto  municipalities  with  an  ag;.'re^ate  capital  of 
£i;], 994, 589,  the  total  milcagi^  of  their  o]K-n  lines  beini;  12()  miles  and  that 
of  the  lines  not  yet  open  47  miles. 

A  coiisulai'  re|)()rt  states  tliat  ini|)f)rts  into  \'<)]<<iliania  in  1!)I4  included 
insulated  wire  valued  at  £31,717  (compared  with  £I():{,h:{0  in  191:5)  of 
which  4()  ])er  cent,  came  from  the  United  Kingdom  and  .■}9  ])er  cent,  from 
Germany.     The  decrease  in  these  ooods  from  Dermany  was  £11.3.437. 

The  Acting  British  Consul  at  Tamu.-.i,  l<''ormosa,  re{)orts  that  a  com- 
pany has  been  formed  at  Tainan  lor  the  construction  of  an  electric  tram- 
way about  3  miles  in  length  from  Tainan  to  the  port  of  An])ing. 

The  capital  of  th(^  company  is  about  £40,800,  but  the;  details  of  tlu; 
scheme  have  not  yet  been  decided  upon.  '"  On  account  of  the  present 
high  ]irico  of  rails  it  is  jjrobable  that  old  rails  will  be  used.'' 

Morocco. — A  Consular  report  states  that  improvements  arc  being 
made  at  the  Port  of  Saflfi.  A  large  new  w  arehouse  is  almost  eomjjleted 
and  a  large  quay  with  a  small  stone  jetty  ecjuipped  with  two  electric 
cranes  for  unloaduig  lighters,  are  being  constructed. 

Russia. — H.M.  Consul  at  Batoum  states  that  there  are  great 
possibilities  for  British  trade  hi  the  Caucasus.    . 

In  the  import  trade  (Jcrman  manufacturers  frequently  gave  financial 
assistance,  especially  to  small  dealers,  by  a  system  of  credit  which  met 
with  the  latters'  a])proval.  The  jircsent  time  is  a  favourable  one  for 
activity  by  British  manufacturers.  They  should  send  out  travellers 
speaking  Russian,  with  price  lists  in  Russian,  prices  being  worked  out  in 
roubles  at  the  current  rate  of  exchange.  The  manufacturers  of  other 
countries  are  very  alert  just  now  in  the  Russinn  markets.  Dealers  in  the 
Caucasus  have  been  accustomed  to  the  visits  of  commercial  travellers 
who  show  them  sanqiles,  and  are  prepared  to  book  orders  on  the  spot. 

The  electrical  trade  might  be  developed  in  the  Cvaucasus.  Until  the 
outbreak  of  war,  and  for  some  time  after,  the  electrical  engineering 
appliances  and  mateiials  required  locally  came  princi])ally  from  Germany. 
If  the  intention  to  ca])ture  German  trade  imder  this  head  is  to  be  realised, 
British  manufacturers  should  take  advantage  of  the  present  opportunity 
to  prepare  for  the  com])etition  that  will  exist  after  the  war.  The  needs  of 
the  Caucasus  in  all  manner  of  electrical  a])pliances  are  very  great,  and 
when  normal  conditions  are  resumed  there  is  no  reason  why  British 
sources  of  supply  should  not  be  preferred  to  those  of  Germany.  The 
quality  of  the  articles  produced  in  the  United  Kingdom  is  admitted  to  be 
superior  to  that  of  German-made  goods,  but  the  question  of  price  will 
have  to  be  studied  closely,  together  with  that  of  the  terms  of  payment. 

Uruguay. — The  '"  Review  of  the  River  Plate  "  says  the  Uruguayan 
Stite  I<]lectrical  Department  contemplate  according  a  considerable 
reduction  of  the  price  of  electric  current,  in  order  to  generalise  its 
use  : — 

The  price  propo!-cd  is  about  2  cents  (Uruguayan  gold)  per  kilowatt.  It 
is  proposed  to  import  a  large  quantity  of  cheap  electrical  cooking  stoves 
from  the  United  States.  The  construction  of  new  power  houses  at 
various  towns  in  the  interior  is  being  hurried  (m. 


MISCELLANEOUS  NOTES. 


Clyde  Labour  Agreement.— An  im])ortant  agreement  for  the 
dilution  of  labour  in  the  shipbuilding  and  engineering  yards  on  the 
Cb/de  has  been  signed.     The  agreement  ])rovides  for  :■ — 

1.  C'o-opcrative  efforts  to  increase  production  by  the  adoption  of  all 
expedients  which  tend  to  increase  and  maintain  the  output. 

2.  The  intcrchangrability  inside  the  boilcimakcrH'  and  iron  and  steel 
shipbuilder:;'  trade  of  the  various  clas!  cs  ef  pc  rsons  who  are  m<  mb(  rs  of 
that  trade,  and  with  that  purpo:-o  in  view  the  suspcnrncn  for  the  jKriod 
of  the  war  cf  all  internal  lines  of  demarcation. 

3.  Th3  utilisation  to  the  best  advantage  of  existing  skilled  men  or  the 
skilled  men  interchanged,  and  the  use,  so  far  as  practicable,  of  pneumatic, 
hydraulic  and  electric  tools. 

4.  The  u])grading  in  the  boilermakers'  and  iron  and  steel  shipbuilders' 
trade  of  workmen  to  do  inore  skilled  work  wherever  the  nature  of  the  woi-k 
and  the  qualifications  of  the  men  make  such  ]>rocedure  practicable. 

~>.  The  introduction  into  the  boilermakers'  and  iron  and  steel  shi])- 
builders'  trade  of  (a)  skilled  men  from  allied  trades,  (t)  skilled  men  from 
other  trades,  (r)  unskilled  men  and  women  in  all  cases  where  the  work  is 
of  such  a  chara(;tcr  or  the  conditions  are  such  as  to  enable  the  labour 
introduced  to  perform  the  work  with  reasonable  efficiency. 

().  The  relaxation  of  the  existing  demarcation  rf^strictions,  or  the 
admission  of  semi-skilled  or  female  labour  not  to  affect  adversely  the  rates 
customarily  paid  for  the  job.  In  cases  where  the  men  who  ordinarily 
do  the  work  are  adversely  affected  thereby  the  ncce?pary  rcadjustmcntr; 
shall  be  made  so  that  they  can  maintain  their  previous  earnings. 

7.  A  record  of  the  nature  of  the  de])arture  from  the  conditions  prevail- 
ing wh'-n  th.^  establishment  became  a  controlled  establishment  to  be  kc])t. 

Customs  Duties. — A  recent  Presidential  decree  states  that  the  dut.v 
upon  inij)ortation  into  Venezuela  of  electiie  batteries  (described  a^^ 
Pilas  electricas)  is  0-391  bolivares  ])er  kilog  (=£1 1.  Os.  lOd.  per  ewt.)- 

Debts  Owing  by  Enemy  Firms.— The  Chancery  Division  of  the 


High  rVnirt  recentl\-  ordered  an  inquiry  what  debtH  of  the  f-nomy 
Xcw  York  Hamburger  (iunimi  W'aaren  f^m[jagnie  of  Hamburg 
to  pers(ms  within  the  Unitcrd  Kingdom  remain  un|>aid,  and  claimK 
are  to  be  sent  b\-  July  H)  to  the  Puljjic  Trustee,  Public  Trustee  Office, 
Kingsway,  London,  W.C. 

Kvery  claimant  holflin<;  iinv  security  U  to  produce  "im**  Vforf*  Mr. 
.lustice  ^'ounge|•,  lioom  297  of  the  Royal  Coints  of  .ln«ti<-.'.  \j<ni\i<n.  on 
.Inly  24,  at  noon. 

The  Controller  of  the  Union  Electric  Co.  (Ltd.),  Mr.  P.  I),  bake. 
notifies  in  an  advcrtii-emsnt  that  creditors  of  this  company  must  send 
particulars  of  their  dsbts  or  claims,  &c.,  to  him  at  25,  AbchurcIi-laiK?, 
Londo-",  E.C.,by  .July  22. 

Enemy  Firms  Wound  Up.— The  Board  of  Trade  have  ordered  the 
winding  up  of  194  businesses  controlled  by  alien  enemies.  In  the 
latest  lists  are  included  : — 

Hadische  Co.  (Ltd.),  2,  Samuel  Ogdcn-street,  Whitworth-htrcct. 
^Manchester,  dye  manufacturers  (Controller  :  W.  S.  Mounst  y,  3,  lj:trtl- 
strect,  Liverpool) ;  Bayer  Co.  (Ltd.),  20,  Booth-street,  Manchester,  dye 
manufacturers  (Controller  :  S.  Pearson,  13,  Sy)rinjf -gardens.  Manchester) ; 
The  Berlin  Aniline  Co.  (Ltd.),  30,  l>rincess-strect.  Manch'stfr,  dye 
manufacturers  ((!ontroller  :  I*.  Higson,  42,  Spring-gard  ns,  Manch' -t  r) ; 
Kalle  &  tlo.  (Ltd.),  25,  John  Dalton-strcct,  Manch'stcr,  dye  mana- 
facturers  (Controller:  W.  p]aves,  15,  Fountain-street,  Manchester); 
Walter  Ostermann  &  Co.,  10,  Monument-street,  London,  E.C.,  d'al<  rs  in 
chemicals  (C!ontroller  :  P.  D.  Leake,  25,  Abchurch-lanc,  E.C.),  to  whom 
claims  by  July  22)  ;  Quarzlam])en  Gesellschaft  m.b.h.,  62,  Red  Lion- 
street,  London,  W.C.,  dealers  in  (juartz  lamps  and  acces.soHos  (Con- 
troller :  R.  W.  Brown,  12,  Old  Square,  Lincoln's  Inn,  W.C.) :  Coke  Oven 
Machine  Co.  (Ltd.),  care  of  Messrs.  Gillespie  Bros.  &  Co.,  29.i,  Charing- 
oroRS-road,  London,  W.C,  manufacturers  of  coke  oven  machinery 
(Controller  :  John  Duncan,  149,  W.  Georgc-strcct,  Glasgow,  and  158, 
Fenchurch-street,  E.C.)  ;  Union  Electric  Co.  (Ltd.),  47-57,  Park-street, 
Southwark,  London,  S.E.,  electrical  engineers  (Controller  :  P.  D.  Leake, 
25,  Abchurch-lane.  E.C,  to  whom  claims  by  July  22  )  ;  Reinemann  &  Co., 
late  7,  New  Zealand-avenue,  London,  E.C,  dealers  in  brtmze  ])owder.  &c. 
(Controller  :  A.  Dangerfield,  5f),  Cannon-street,  E.C.) ;  Chas.  H.  Blnme, 
Western-road,  Mitcham,  Surrev,  varnish  manufacturcf  (Controller : 
J.  W.  Barratt,  19.\,  Coleman-street,  E.C);  G.  Dittmann  (Ltd.).  58, 
City-road,  E.C,  agent  for  dyes,  &c.  (Controller  :  S.  J.  F:  -hi.  17.  Shaftes- 
buiy-avenue,  W.). 

Claims  against  Krujika  &  Jacoby  (Ltd.)  to  the  Controll  r.  Mr.  T.  Wire, 
Bassishaw  House,  Basinghall -street,  London,  E.C.  by  July  10. 

Claims  against  the  Schorah  Electrical  Co.  to  the  Controller,  Mr.  C  E. 
Barker,  21,  Finsbury-pavement,  London,  E.C. 

Fatality. — A  fatal  accident  occurred  at  the  East  Bridge-street 
electricity  works,  Belfast  on  Thursday  last. 

Wm.  M'Donnell,  foreman  electrician,  was  working  at  a  switchboard 
when  he  sustained  an  electric  shock.  Artificial  respiration  was  resorted 
to,  but  jiroved  ima vailing. 

Imports. — The  following  are  official  values  of  electrical  machinery. 
material  and  apparatus  imjrartcd  into  this  country  (a)  during  May. 
191G,  and  (6)  the  aggregate  figures  from  Jan.  I  to  May  31.  with  in- 
crease or  decrease  compared  with  corresponding  periods  of  1915  : — 

Electrical  machinery,  («)  £121,199  (decrease  £00,031).  (6)  492.92(5  (de- 
crease £277,768)  ;  including  generators  and  motors  other  than  for 
aero])lanes,  motor  cars  and  cycles,  («)  £20,181  (dccrca.e  £19.492).  (b) 
£71,528  (decrease  £49,200) ;    and  electrical  machinery  unenumeratcd. 

(a)  £101,018  (decrease  £40,539),  (6)  £415.398  (decrease  £228.5l>8) ;  tele- 
graph and  telephone  cables  >.ther  than  submarine,  (n)  £11.924  (increase 
£8,408).  (b)  £43,()(il  (incaease  £31,136);  tclegi-aph  and  telephone  appa- 
ratus,  («)  £62,146  (increase  £50.021).  (b)  £153,707  (increase  £123.221); 
other  electrical  wires  and  cables,  rubber  insulated,  {a)  £15.231  (incn'ase 
£4,207),  {b)  £49,688  (increase  £8.972):  with  other  insulations.  (,.)  l"210 
(decrease  £739),  {b)  £3,214  (decrease  £8,100);  carbons,  (a)  £9.731 
(inereare  £2,235),  (b)  £43.034  (decrease  £32);  glow  lamps,  (n)  £24,882 
(increase  £15,268),  {b)  £111.295  (increase  £57.849);  are  lamps  and 
electric  searchlights,  (a)  nil,  (h)  nil  (decrease  £1.153)  ;  parts  of  arc  lamp.: 
and    searchlight's    (other   than   carbons),    {a)   £6.835   (decrease    £1.412). 

(b)  £31,922  (decrease  £3,255);  primary  a;id  secondary  batteries,  (n) 
£15,684  (increase  £4,452),  (b)  £85,975  (inei-ease  £31,704);  meters  and 
mcasurinu;  instruments,  (a)  £3,068  (increase  £80).  (b)  £15.394  (increase 
£4,402)  ;  switchboards,  (a)  £4  (decrease  £179).  (b)  f257  (tk't-r_ease  £2.889) : 
electrical  yoods  and  apparatus  unenumerated,  (<;)  £36,774  (increase 
£16,530).  (b)  £127.722  (increase  £52.714).  Total  ot  electrical  goed  •  and 
apparatus  other  than  laachinerv  and  uninsulated  wire,  (a)  £186.489  (ni- 
crease  £98.901).  (b)  £665,869  (increase  £294.479). 

Exports.— The  exports  of  electrical  machinery,  material.  &c..  (n) 
durmg  May,  1916,  and  (b)  from  Jan.  I  to  -Aiay  31,  with  mcrease  or 
decrease   compared  with  corresponding  periods  of    1915.  wero    a- 

follows  : ,       ,-,  ^  -on 

Electrical  machinery,  {n)  £120.787  (decrease  £29.869),  (6)  £>>10.--t<:| 
(decrease  £82,488) ;  ineludimi  railway  and  tramway  motors.  {,i)  £-A>.>o 
(decrease  £12,946),  (b)  £15,302  (decrease  £55,205) ;  othcr.siMurators  and 
motors  except  for  aero])lanes,  motor  ears  and  cycles,  (o)  £oa,l(V4  (deeivase 
£23,584).  (6)  £262,629  (increase  £1 .825) ;  and  electrical  maehmeiy  unenu- 
merated. {<,)  £63.568  (increase  £6.(i61).  (b)  £232.589  (dccn-ase  £29-108): 
telegraph  and  telephone  cables,  submarine.  («)  £15.375  (merease  £11.996). 
{b)  £100.777  (decrease  £48.877) ;  other  than  submarine,  (a)  £o9.l8o  (m- 
crease  £13.754).  {b)  £261.201  (increase  £70,936)  ;  telegraph  and  telephone 
apparatus.  {<,)  £14.618  (deemise  £3,142),  (/.)  £107.475  (increase  £20,3.34) ; 
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(a)  f 5:9.721  (incrcarc  £15,709),  (6)  £I08,£C0(;'tcrctrcf2G,357) ;  irclcrsand 
measuring:  implcmentr,,  (a)  £15,734  (incrca.c  £879),  (6)  £74,980  (incrcatc 
£10  595)  •  transformers,  (fl)£l  2,340  (increare  £9,626),  (fc)  £30.243  (incrcacc 
£7,997)  ;  '.-wntchboard?,  (a)  £8,116  (incrcarc  £1,920),  (6)  £29,687  (increarc 
£7,057)  :  okctrical  jroeds  and  apparatus  unenumcratcd,  (a)  £61,460  (in- 
crcarc £13,046),  (h)  £243,657  (incrcarc  £4,532).  Total  cf  electrical  goodn 
and  apparatus,  other  than  machinery  and  uninsulated  wire,  (o)  £381,151 
(incrcarc  £147,5i;0),  {b)  £1,501,169  (incrc-a-c  £367.977). 


TENDERS    INVITED. 


Coal  Conveyors,  .bunkers,  &c. 

Salioki)  (oki'oration  ijivilc  tdulen;  \>y  iiooii  Monday, 
June  26,  for  Coal  Convcyorr,  end  Bunkers.  Pf.rticularn  from  the 
Borough  elcctricd  engineer,  Mr.  J.  A.  Robertson,  Electricity 
Works,  Frcderiek-roi.d,  Sir'.lford.     See  adverlisenient. 

Wolverhampton  Corporr.tion  require  tenders  for  the  supply 
of  Coi-A  r.nd  Ash-hr/.idling  PIr.nt  r.t  the  electricity  work;;.  Appli- 
Cc.tions  murjt  Lc  mr.de  to  the  Chief  Engineer  r.nd  Mr.nr.gcr  by 
June  16  for  piano  r.nd  spccilcrA'cn,  and  tcndcre  must  be  de- 
livered within  14  days  after  receipt  of  r.amo. 

Warrington  Electricity  ivr.d  Tra]nwa.y!;  Committee  require 
tenders  by  noon  June  27  for  (1)  Coal  Elevator  and  (2)  Vertical 
Steam  Boiler  Feed  Pump.  Spcci.'icationr},  &c.,  from  tkc 
Borough  Electrical  and  Tramways  Engineer. 

Telegraph  and  Telephone  Material. 

'J'enders  iv.a  invited  up  to  Aug.  16  for  the  r.upply  to  tl:c 
Australian  Commonwealth  Postmaster-Gcnoral's  Dept.  (State 
of  Westcni  AustrfUia)  of  (a)  Distilling  Apparatus  (schedule  502), 
(b)  Instruments  (Telegraph  and  Measuring),  various  and  pa-.ts 
(schedule  498).  Tender  forms  and  spcciiications  can  be  obtained 
at  the  Commonwealth  Oflices,  72,  Victoria-street,  London,  S.W. 
See  also  an  advcrlisement. 

Tenders  are  also  invited  up  to  July  19  for  the  supply  to  the 
Au.straiian  Commonwealth  Po-stmaster-General's  Dept.  (State 
of  Wojtern  Australia)  of  Insulators  (schedule  fjlO).  Tender 
forms  and  specifications  can  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London,  S.W. 

Tic  Deputy  Pcstmaster-Cencral,  Perth  (W.  Australia', 
requires  lenccrs  by  ?>  \).m.  June  21  for  1(),(K»()  Flat  g.i.  Combincrr, 
100  Lead  Earth  Plates,  12.000  Screw  I'lugs  and  10.000  Crori.- 
arm  Straps  (!:cl  cjule  505  W.A.),  until  W  p.m.  June  28  for  Paj  er- 
insuhUed  Lead-covered  Cable  (schedule  489  W.A.),  and  until 
3p.m.  July  19  for  9(1  Tormimil  Pdocks  (sdedule  495  W.A.). 
S]  ecificrAiciis  frou!  tie  Dc  jjuIv  Pcstmaster-Ceneral,  Perth,  W..A. 

Tenders  arc  invited  up  to  July  31  for  the  supply  and  erection 
at  G.P.O.,  Brisbane,  of  Power  lioard  and  Accumulators  (Stores' 
Schedule  381).  Specifications  and  tender  forms  from  Common- 
wealth Ollices,  72,  Victoria-street,  Westminster,  London,  S.W. 

The  Deputy  Pestmaslcr-Ccneial,  Perth  (\V.  Australia), 
require  tenders  i>y  3  p.m.  ;\ug.  Ki  for  tl:e  supply  of  Resistance 
JJo.\es,  Morse  Sounders,  Switches,  &c.,  f(jr  tie  Acstralian 
Commonwealth  Pcstmaster-Coneraro  department.  Sj  ecifica- 
tions,  &<■.  (scl'.elule  498.  W..\.),  from  tie  Deputy  Pcistmastcr- 
Cenera',  Terth  (W.A.). 

The  Deputy  Paymastor-( General,  Perth  (W.  Australia), 
also  re(]uiresteiulersiiy  3  y.m.  July  12  for  s\ipply  (J  3.(HH)  Dry 
Cells  for  tl.(^  AisTRALLVN  Commonwealth  P(  stmaster-tienerar.i 
Dept.     S]  ecification,  &e.,  fnmi  the  Deputy-Pontmustcr-Cicnerul. 

The  Deputy  Postmaster-tJeucral.  .\delaide.  requires  tenders 
by  2  p.  UK  Julv  12  for  ()(><»  .Accumulator  (ells  au<l  Tele>;ra|»li 
Power  Board  Apparatus  (s<-hedulc  415)  for  the  Au.stralian 
Commonwealth  Postuiaslcr  Cenerars  Dejiartment-.  Speci- 
fication, e*i:c.,  from  the  Deputy  Postm.ister-Ceneral.  Adelaide. 

Tho  Deputy  Post  mast  er-(-'pneral.  Meliuu'rnk  (Vietorin), 
requiies  tenders  by  3  ]).m.  .luiii"  27  for  18.551  Stalloy  T".lephoiie 
Receiver  Diaphragms  (schedule  1303).  S|  e(ili(  atimi.  i"tc..  fn.m 
tko  l^cputy  Postmastor-d'pucral. 

Steelwork. 

Wkjan  Electricity  Commitlco  require  tenders  by  10  a.m. 
.luiie  20  for  Steel  Constrmtion  Work  of  extension  of  boiler 
houM\     Sj  ecification.  Ac  from  the  Borough  Engineer. 

Halifax  Electricity  Committee  requiie  tendnr.  by  10  a.m. 
June  17  for  Steelwork  over  the  dam  at  the  eleetrieify  works. 
Specification,  kc.  from  the  Borough  Kngineer. 


Street  Lighting,  Generating  Plant,  Gas  Engines,  Dynamos,  &c. 

Oa.maru  (X.Z.)  Borough  Councd  requires  tenders  by  4  p.m. 
June  23  for  the  supply  of  Overhead  Mains  and  Street  Lighting 
Equipment  (contract  No.  2)  ;  Power  Station  Equipment  (Pelton 
Wheels,  Alternators,  &c.)  (contract  No.  3);  Service  Meters 
(contract  No.  4) ;  and  Line  Transformers  and  Accessories  (con- 
tract No.  5).  Specifications,  &c.,  may  be  obtained  at  the 
Council's  offices  on  deposit  of  £1.  Is.  for  each  contract. 

Pahiatla  (N.Z. )  Borough  Council  requires  tenders  b\-  noon 
July  10  for  (contract  No.  1 )  Overhead  Wires,  Poles  and  Street 
Lamps  ;  (No.  2)  Gas  engines.  Producers,  D\iiamcs  and  Auxi- 
liary Apparatus;  (No.  3)  Accumulators.  Specifications  and 
l)lans  from  th.c  Town  Clerk,  Pahiatua. 

Electrical  and  General  Stores,  Wiring,  &c. 

London  County  Council  Asylunis  Committee  require  tenders 
by  11  a.m.  June  19  for  supply  of  Electric  Lamps.  Forms  of 
tender,  &c.,  from  the  Clerk.  2,  Savoy-hill.  London,  W.C. 

We.st  Ham  tiuardians  require  tenders  by  10  a.m.  June  22  for 
three  months'  suj)])ly  of  P^lcctrical  I-'ittings,  Oils,  Sac.  Forr.s 
of  tender  from  the  Clerk,  L'nion-road,  Leytonstonc,  N.E. 

Hull  (iuardians  lequire  tenders  by  nocn  June  19  for  six 
months'  supply  of  e'ectrical  rcquiicrcnts,  &c.  Forms  of  ten'Icr, 
&c.,  from  the  Clerk.  St.  Mary's-chambcn',,  Lowgate,  Hull. 

Brichton  (Juardianr.  want  lendcn?  by  10  a.m.  June  20  for 
the  su|)ply  of  Electrical  Fitting.i  to  the  Poor  Liw  Institutions 
and  Warren  Farm  Schools.     Forms  of  tender  from  the  Clerk. 

Bristol  (^Uiardians  require  tenders  by  nocn  June  21  far  the 
supply  of  Electrical  Fittings,  Ironmongery,  Oils.  &c.  For.Ts  of 
tender,  &c.,  from  the  Clerk.  St.  Peter's  Hospital,  Bristol. 

Salfori)  Corj)oration  retjuirc  tenders  by  noon  June  2(5  for 
supply  of  Cable  AcccLSorlcs,  Carbon  Brushes,  Demand  Indica- 
tors, Cartings,  Tools,  Ste^ani  Tuhc^.  Oils.  &e.  Spc^ificationn 
from   Borough  Electrical  Engineer.  Frederick-read.  Salford. 

RoTiiERHAM  Corjxjrr.tion  rcqu're  tenders  by  July  3  for   12 
months'    supply   of  Trr.niway   Stores   and    Materials,    Cables, 
Trolley    Wire.    &i'.     Spcciiications    from    the    Engineer    and 
M  ■.•i!>7"r.  E'.—trlcitv  Work;.  Rillu  ri.-.m. 
Signal  Lighting  Transformer;. 

T.  e  Victorun  Railway  Commissionkrs  want  tenccm  by 
1 1  am.  July  26  for  4(K»  Signal  Lighting  Transformers  (contrjvet 
No.  29.997).  Sj  ccilications  from  tie  CommirsioncrG'  Offices, 
Si  cnccr-ctrect,  Mellwunie,  Victoria. 


TENDERS  RECEIVED  AND  ACCEPTED. 


London  County  Council  Education  Committee  have  accepted  the 
following  tendors  for  electric  lighting  of  ."-chools  : — 

S  ,u'hmi:i>Uinnlrrr(  Srhml.  CtimlHruyll.  H.  J.  ('.v«h  &  Co.  (Lt<i), 
ltl.\  111.      Ilnirr.'.t.^rk  hin  Srh,>,  Is.      H.  ,).  i'.\>h  &  Co..  £:W\.  10s. 

(iLAsijow.  The  following  tender',  have  Loon  accepted  for  eleo- 
trica!  supplies  : 

Carron  Co..  W.  Lu< y  &  Co..  Falkirk  Iron  C.j.,  D.  Kinc  i^-  Sons  and  .1. 
Aliim  (i-n.)  &  Sons.  e.i.  boxes,:!  citi.  in  pilla-.s.  &c.  ;  Cidlindcr".;  CjiMc  & 
Ciinstrut  tion  Co..  siniiU'.  concentrii-.  Irijilc  i onccntric  and  c.h.t.  cables: 
W.  T.  (;lov<r  &  <"<»..  h.t.  cables;  Craimwvrk  Kloctric  Cahlo  Co..  riihlior- 
<(ivcn«l  <  .■vl)lcs  nn«l  tlcxiblo.; :  Fcrranti  (Ltd).  Chanil>crlain  &  Hookham 
and  Hriti.-li  A\  istinjilionr  c  ("d..  nict<'rs. 

Metropolitan  Water  Boarh. — The  tender  of  the  "Z"  Electric 
I.^imp  Mfg.  Co.  has  been  accepted  for  the  supply  of  lamj>s  for  tho 
]M>riod  ending  March  31  next. 

Rotherham.— Tnc  Electric  Light  Committee  has  aecej)ted  the 
tender  of  the  Rocs  Roturbo  Mfg.  Co.  (at  £322)  for  the  .'5U])ply  of  a 
feed  pump. 

Sheffielo.  -Tiic  City  Council  have  accepted  the  fonder  of  E. 
Tiul.tr  (Ltd.)  forash  hoist  fnuuilations.  at  Sl^'M.  Us.  lid. 
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Rawtenstall. — -Tho Council  have  accoptod  the  following  tenders: 
Britii-h    Westinghousc    Co.,    trannformor   and    switch    panel  ;     W.    T. 
(Mover   &   Co.,   cable;     Oatc;;   &   Green,   conduite ;     British  Thomson- 
Houston  Co.,  ijwitchgcar. 

Bradford. — The  Corjjoration  has  accepted  the  following  tender.^  : 
Hadficlds  (Ltd.),  100  stccl-tyrcd  whcclii  with  axles,  £19.  Us.  6d.  per 
cet ;    Jowctt  Motor  Mfg.  Co.,  two  electric  vehicles  for  coal,  &c.,  carting  ; 
Hru."h    Electrical    Engineering   Co.,    one   250  k.v.a.    three-pha;  c   trans- 
former. 

Commonwealth  Contracts. — The  following  tenders  have  teen 
accepted  by  the  Australian  Government  Departments  :  - 

Postmaster-GeneraVs  Dept.,  Melbourne. — British  Gen.  Elec.  Co.,  65 
detectors  £3.  3s.  each,  8,527  jacks  7|d.  each  ;  Western  Elec.  Co.,  400 
buzzers  £33.  15s.  per  100,  110  ditto  £22.  18s.  4d.  per  100.  2,000  indicators 
3s.  3d.  each,  2,840  ditto  £300  per  1,000,  (i08  jacks  7d.  each.  1,770  switch- 
ing  keys  £250  per  1 ,000,  550  ditto  £20  per  100,  230  ditto  £18.  15s.  i)er  100, 
370  m"icrophones  £31.  15s.  per  100,  3,5tt0  relays  £300  per  1,000,  2,H50 
resistances  £45.  16s.  8d.  per  1,000,  5  miles  wire  £15.  6s.  ])er  mile,  3  miles 
ditto  £19.  8n.  6d.  per  mile,  5,000  cords  2;'.  Id.  each,  900  receivers  5o.  6d. 
each  ;  Noyes  Bros.,  50  miles  wire  £10.  3s.  6d.  per  mile. 

Postwaster-GcncraVs  Ikpt.,  Sydney. — Automatic  Telephones  (Aus- 
tralasia), additional  automatic  telephone  apparatus  for  Chatswood 
telephone  exchange,  £222.  6s.  6d.  ;  G.  E.  Crane  &  Sons,  400  lead  earth 
plates,  7s.  llfd.  each  ;  Western  Else.  Co.,  100  miks  cable,  £17.  15s.  per 
mile  ;   Noyes  Bros.,  100  miles  tinned  copper  wire,  £11.  17s.  Gd.  per  mile. 

Posttnuster-GeneraVs  Dcpt.,  AdeJaide. — Siemens  Bros.  &  Co.,  semi- 
automatic switchboard,  I'ort  Adelaide,  £9,570  ;  Western  Elec.  Co., 
automatic  or  .semi-automatic  switchboard,  Norwood,  £8,750,  ditto, 
Unley,  £8,750,  50  telephone  sets  27s.  each,  25  ditto  25s.  each. 

Postmaster-GeneraVs  Dept.,  Perth. — Western  Elec.  Co.,  telephones 
29s.  6d.  each,  50  ditto  76s.  each,  400  lamps  6fd.  each,  40  ditto  6|d.  each, 
6  ditto  lOd.  each,  202  meters,  1  high-range  Evershcd  megger  £29  ;  Gen. 
Elec.  Engineering  Co.,  1,C00  lamps,  metal  filament,  Is.  7d.  each,  100  ditto 
2s.  6d.  each,  200  ditto,  carbon  filament,  8d.  each  ;  J.  Bartram  &  Son, 
50  telephones,  £3.  Is.  each  ;  British  Insulated  &  Helsby  Cables,  1,150  yds. 
cable  (as  per  schedule  470),  200  opal  caps  2s.  Id.  each,  40  ditto  3|d.  each, 
4  ditto  4d.  each,  30  condensers  3s.  2d.  each,  2  ditto  3s.  2d.  each,  60  cords 
3s.  6 id.  each,  2  induction  coils  13s.  9d.  each,  1  indicator  lis.  6d.,  42 
sti-ips  jacks  14s.  6d.  per  strip  of  10,  73  strips  ditto  15s.  3d.  per  strip  of  20, 


42  strips  ditto  7s.  3d.  iter  strip  of  10,  23  keys  (listening,  ringin;^  and  meter) 
7s.  9d.  each,  1  meter  key  3h.  6d.,  1  party  line  k'-y  9«.,  I  Htrip  order  wire 
keys  29k.  9d.,  50  plugs  4s.  6d.  each,  4.'JS  relays  5«.  9d.  eaf-h,  38  retard* 
5s.  3d.  each,  1  pilot  relay  5s.  3d.  each,  33  rfsistances  1h.  «kJ.  each,  I  re- 
tardation coil  8s.  9d.,  14  terminal  strips  6s.  3d.  each,  2  de.signation  strips 
8s.  3d.  each,  3  terminal  strips  (item  35),  38  sockets  for  lamp.s  8Jd.  each, 
3  ditto  If.'..  6d.  each,  2  ditto  7s.  6d.  each,  2  terminal  bare  for  line  lamps 
3s.  each,  16  ditto,  for  party  line  key  (item  40),  '.;()  terminaU  3id.  each.  3 
telephone  .sets  33s.  each,  30  cord  weights  Is.  6d.  ea'h  ;  H.  Rowe  &  Co., 
1  high-range  Evcrshed  megger  (with  leather  case),  £.34. 

Po-'ilmaster-GeneraPs  Dept.,  Brisbane. — .J.  Paton  &  (>).,  15  magneto 
bells,  7s.  3d.  each  ;  200  carbon  blocks,  9d.  each  ;  8,WX)  pain?  fu*e  elipe, 
63.  3d.  per  100;  2,000  heat  coils,  288.  per  KX) ;  120  induction  coils, 
3r,.  lOd.  each  ;  20  ditto,  2!!.  lOd.  each  ;  2()()  carbon  diaphragms,  4<i  each  ; 
350  ear-pieces.  Is.  Id.  each  ;  75  ebonite  handles  for  micro-tcUphone, 
3ii.  Od.  each  ;  50  micro-telephones,  28s.  .">d.  each  ;  3  gro:;s  springs,  i'A)i.  per 
groi  s  ;  125  switches.  20s.  Id.  each  ;  56  t?lephonometcr?,  323.  lOd.  each  ; 
6  gross  paper  washers,  5s.  3d.  per  gross  ;  Western  EUf.  Co.,  18  induction 
coils,  14s.  6d.  each;  30  ditto,  19s.  fid.  each;  18  ditto,  5s.  9d.  each; 
Brisbane  Elec.  Co.,  3,000  dry  cells,  3«.  4d.  each  ;  10<J  ditto,  8s.  6d.  ea<h  ;' 
GOO  ditto.  3s.  6d.  each  ;  Western  Elec.  Co.,  100  repeating  coils,  :{4h.  6d. 
(  ach  ;  12  ditto,  27s.  6d.  each  ;  20  condensers.  78.  6d.  each  ;  12  condensers, 
!?s.  3d.  each  ;  500  stalloy  diaphragms,  9s.  9d.  ])er  100  ;  2.^0  cri,-.itallate 
ear-pieces,  4d.  each  ;  250  ditto,  5d.  each  ;  250  ditto,  3d.  each  ;  400  ditto, 
3?d.  each  ;  10  generators,  37s.  6d.  each  ;  25  handles,  23.  6d.  each  ;  50 
howlers,  17k.  9d.  each  ;  200  mouth]):eces,  Is.  9d.  each  ;  500  ditto,  3Jd. 
<'ach  ;  30  shutters,  9d.  each  ;  250  terminal  stripe,  4s.  9Jd.  each  ;  15 
switches,  35s.  each. 

Victorian  Railway  Commissioners. — India  Rubber,  Gutta  Percha  & 
Telegraph  Works  Co.,  fuse  distribution  bo.xes,  at  rates  ;  Fcrranti  (Ltd,), 
transformers  for  signal  cabins,  £788.  17s.  lOd.  ;  J.  H.  Holmes  &  Co., 
three-phase  motors  for  workshop  and  other  machinery,  at  rates  ;  Knox, 
Schlaff  &  Co.,  storage  batteiy  freight  truck,  with  spare  parts,  £426.  16s. 

N.S.W.  Railways  and  Tramways  Depot. — W.  T.  Henlcy"s  Telegraph 
Works  Co.,  400  yds.  submarine  cable,  £110. 

Metropolitan  Board  of  Water  Suppl'f,  Sydney. — Zollncr  (Ltd.),  centri- 
fugal pumps  and  electric  motors  for  No.  1  pumping  station.  Ultimo, 
£1,553.  7s. 

Queensland  Public  Works  Dept. — Edison  k  Swan  L'nited  Elec.  Light 
Co.,  storage  battery  (£1,280.  15s.  6d.)  and  Brisbane  Elec.  Co.,  high-speed 
engines  and  electrical  plant  (£4,055)  for  Goodna  hospital  for  insane. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Birmingham. — The  accounts  of  the  electric  supply  department 
for  the  year  ended  March  31,  adopted  by  the  Council  last  week,  show 
total  capital  expenditure  £2,384,293  (increase  £145,652),  of  which 
£565,180  has  been  repaid. 

Revenue  was  £507,503  (compared  with  £388,511  in  previous  year), 
working  and  general  expenses  were  £316,219  (£196,134)  and  gross 
profit  was  £191,284  (£192,377).  Interest,  discount  on  issue  cf  bills, 
redemption,  sinking  fund,  &e.,  required  £77,698  (£70,857),  payment  to 
tramways  department  for  interest  and  sinking  fund  in  respect  cf  feeder 
cables,  &c.,  £1,007  (£1,008),  payment  to  Taine  and  Rca  Drainage  Board 
for  interest  and  sinking  fund  in  respect  of  intercepting  sewers  and  rail- 
way siding  £1,084  (nil),  interest  on  deposits  £110  (£84),  carried  to  re- 
newals and  special  expenditure  account  £22,000  (£25,000),  and  the 
surplusforthevearwas£29,497(£35,385).  The  year's  contribution  to  the 
rates  is  £25,498  (£35,385).  The  rccervc  fund  amounts  to  £88,128 
(£85,543),  and  the  renewals  fund  to  £62,679  (£56,379).  Lamp  connec- 
tions are  equivalent  to  333,741  (315,594)  60-watt  lamps,  and  moter 
connections  to  106,637  (76,563)  h.p.  Units  sold  were  117,016,321 
(82,909,182).     Average  price  obtained  was  l-04d.  (M25d.)  per  unit. 

Colchester. — Tho  tramway  accounts  for  the  year  ended  March  31 
show  total  ca))ital  expenditure  £69,471  (no  increase),  of  which 
£23,785  has  been  repaid. 

Revenue  was  £15,740  (compared  with  £13,821  in  previous  y(ar), 
working  expenses  were  £10.670  (£9.569),  interest  required  £1,852  (£1,986). 
repayment  of  loans  £2,590  (£2,496)  and  special  allowance  to  wives  and 
dependents  £186  (£171),  leaving  net  profit  £440  (compared  with  a  deficit  of 
£402).  Tickets  issued  were  2,816,617  (2,434,786),  car-miles  run  331.099 
(332,963),  and  units  ured  454,827  (445,214).  Total  revenue  was  1141d. 
i9-963d.)  per  car-railc,  and  average  working  expenses,  including  powei-, 
were  7-734d.  (6-898d.).  Average  fare  charged  per  mile  was  0-96d.  (as 
in  previous  year). 

Leeds. — The  accounts  of  the  electricity  supply  dejjartment  for  the 
year  ended  March  31,  which  were  passed  before  the  Electricity  Com- 
mittee last  Aveek,  show  total  capital  expenditure  £1,519,614,  and  the 
net  amount  of  debt  is  now  £1,001,578. 

Revenue  was  £187,724  (compared  with  £170,021  in  previous  year), 
working  expenses,  insurance,  &c.,  amounted  to  £75,143  (£65,621),  leaving 


gross  profit  £112,581  (£104,399).  Interest  required  £35,845  (£32,.>47), 
leaving  net  profit  £72,720  (£69,248).  Redemption  required  £55.630 
(£45,024)  and  £8,373  (£12,053)  was  contributed  for  capital  expenchture, 
leaving  surplus  profit  £8,716  (£12,170). 

Tn  his  report,  the  manager,  Mr.  C.  Nelson  Hefford,  says  the  net  result 
of  the  war  conditions  has  been  to  impede  the  progress  of  the  business  for 
the  time  being,  the  income  being  less  and  the  expenditure  increased. 
There  was  no  increase  of  charges  for  current  in  the  year  under  renew, 
and  an  increase  of  no  more  than  10  per  cent,  has  been  considered  necessary 
for   the    current   year.     Units    sold   were   44,789,222    (compared   with 
-!3,145,978    in    previous    yea;-,.     Traction    units    show    a    decrease    of 
3,855,719.     Owing  to  restrictions  on  the  laying  of  cables  the  consumers 
only  increased  from  14,121  to  14,929.     For  the  fir.=t  time  power  cupply 
was  the  largest  source  cf  income,  £91,885  (against  £72.545).     Sales  for 
street   lighting   decreased   58   per   cent.     Heating  units   were   673.855 
(440,161),  exclusive  of  consumption  by  consumers  using  electricity  for 
heating  and  who  take   their  supplies  vn  the  residential  bulk  system. 
There  consumers  took  328,266  (47,102)  units.     Under  this  system  a  fi.xed 
ftnnual  charge  is  made  based  en  rateable  value  of  ])remiscs,  plus  JtL  J)er 
rnit.     Jncreasrc  fn  working  expen.'^cs  is  accounted  for  to  the  extent  cf 
£6,768  by  the  advance  m  the  price  of  coal.  aUnough  the  department  had 
favourable  ecntracts.    There  were  at  March  31,  19i<).  95  employes  swerving 
with  H.M.  Forces,  and  the  amount  paid  to  their  dependents  was  £2.041. 
Aggregate  horse-power  of  motors  connected  is  38.05-'-  (31.114).      \A  orkmg 
cxpenrcs  per  unit  sold  were  0-40d.  (0-36d.),  r.nd  all  expense-^,  including 
capital  charges,  taxes  and  contributions  to  capital  ex])!  nihtun%  amounted 
to  OV/Sd.  r{)-88d.).     Maximum  load  was  16,700  kw.  (increa.^e  240  kw.), 
the  capacity  of  the  plant  reuiaining  unaltered,  viz.,  2(!.()00  kw. 

Lincoln.— The  accounts  of  the  electricity  department  for  the  year 
ended  March  31  show  total  capital  expejidituix?  £90.916  (increase 
£5,466),  and  the  outstandmg  debt  is  £46.548. 

Revenue  was  £17.420  (compared  with  £15.020  in  previous  year),  and 
working  expenses  were  £10,516  (£7.189).  leaving  gross  profit  £6.923 
(£7,831).  Repayment  of  loans  and  intei-cst  rcciuircd  £5,202  (£4,668), 
and  the  net  profit  was  £1,689. 

The  report  of  the  engineer  (Mr.  Stanley  Clegg)  says  the  output  was 
3,152,831  units,  increase  38  per  cent.  It  is  almost  entirely  the  power 
supply  which  lias  caused  this  ex]>ansion  cf  nearly  a  million  units.  For 
the  fii-st  time  private  lighting  shows  a  decrease  (94.618  units). 

There  has  been  a  good  deal  of  thscussion  on  the  relation  between  tho 
supply  of  electricity  for  power  and  for  lighting,  and  the  relative  advan-. 
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tagc  or  othcrwisf  of  the  su))])ly  of  cheap  okctricity  for  power  jdiriKJses. 
-Mr.  Clcgg  has  gone  into  the  question  of  the  amount  of  plant  which  it 
would  have  been  necessary  to  have  had  installed  even  if  the  supply  had 
been  confined  to  lighting,  and  no  motors  of  any  flescription  harl  been 
connected.  He  took  observations  from  pre-war  Saturday  night  loads 
on  the  works,  takong  car."  to  ascertain  that  none  of  th-  larg'-  power  con- 
sumers were  running  at  the  time.  From  the.-e  figures  he  found  that,  in 
order  to  guarantee  continuity  of  su])ply  and  ])rovide  against  breakdown 
of  any  one  of  the  larger  sets,  it  would  have  been  necessary  that  the  whole 
of  the  present  machinery  should  have  been  installed,  with  the  exception 
of  the  turbo-altcrnatorand  its  boilcrcquipm:nt.  The  capital  expenditure 
on  the  works  would  have  been  about  £fjo,0(J(),  which  also  excludes  all 
mains  sjKcially  laid  for  power  purposes,  leaving  the  balance  of  the  capital 
expenditure  (£25,000)  as  being  expended  solely  for  the  supply  of  power, 
which  would  be  represented  by  th(;  turbo-altcrnator  set  and  power  mains. 
Interest  and  sinking  fund  ])ayable  during  last  year  was  £.",.202.  This 
would  m'an  that  £.'},700  was  chargcabl"  to  the  lighting  plant  and  £1..",()0 
to  the  ijower  ])lant.  The  income  d(  rived  last  year  from  lighting  was 
£7,75.5,  which,  after  the  ])aym<nt  oi  working  expenses,  would  liave  to 
meet  the  above  charge  of  £8,700  Ik  fore  any  surplus  ])rofit  could  bo  shown, 
wherea.s,  on  the  other  hand,  the  income  derived  from  power  was  £9,025, 
which,  after  payment  of  working  expenses,  even  on  its  much  larger 
equivalent  unit  out))ut,  only  has  to  meet  ea])it  il  <  harg's  of  £1.500.  The 
spare  ])laMt  installed  for  the  lighting  and  included  in  the  figure  <lebited  to 
lighting,  how(!ver,  also  serves  as  a  spare  for  the  ])ower  plant,  and  some 
allowance  may  be  made  on  the  above  capital  distribution  for  that  reason. 
These  figures  show  conclusively  why  it  is  possible,  and  reasonable,  to 
sell  electricity  used  continuously  for  power,  as  opposed  to  electricity 
used  only  intermittently  for  this  ])urpose,  at  a  very  considerably  lower 
rat^-  than  for  lighting,  and  yet  carry  on  a  pro(itabl>'  busines.s  Ther<- 
is  not  the  least  <loubt  that  this  last  year,  had  it  not  been  for  the  v(  ry  large 
increa;-c  in  ()ower  sup])ly,  the  results, from  a  financial  point  of  view,  would 
have  been  very  dilTerent. 

Tlinugh  there  may  be  a  certain  falling  off  aft(  i-  the  war.  the  liruis  who 
arc  ni  w  users  of  elediic  niotors.  and  have  exp"rieneed  Ih''  advanta'.:e  of 
their  u.^e  over  many  other  prime  movers,  will  no  doubt  e<>ntinue  (heir  use 
in  the  (hvelopment  of  tiieir  orflinary  trade.  Dining  the  year  it  has  been 
necessary  to  turn  <lo\vn  niuic^  than  one  a]>|)lieation  for  -jiower.  the  iirincipal 
one  being  for  150  ii.r.  for  a  24-hour  i>er  day  demand.  Despite-  the  falling 
off  in  electricity  u.sed  for  lighting,  there  has,  nc vrlheless,  bi  (  n  an  in- 
crea:-e  in  the  number  of  lam|)s  connected  of  :{,2l!t  ."JO-watt  ( (piivalents. 
com|iare(l  with  2,700  last  year,  and  the  increase  in  the  horse -])i)\v(r  of 
motors  connected  is  255.  This  latter  increase,  however,  docs  not  include 
the  large  extensions  which  hnw  been  made  at  Messrs.  Claytfin  &  Shuttle- 
worth's,  of  which  particulars  have  not  been  obtained,  but  which  must 
represent  a  figure  much  larger  than  the  above  total.  Coal  cost  0:?s:5d. 
(0-25fl(l.)  per  unit,  total  working  costs  w<re  OSOOd.  (0-7.5:{d.),  and  int(  rest 
and  sinking  fund  re(|uired  O-JMKid.  (0-4H!)d. ).  In  spite  of  large  increases 
f)f  cost  of  coal,  &e.,  the  total  cost  per  units  is  less — viz.,  1-Ht()d.  (against 
I -242(1.)- -owing  to  the  extraordinary  increase  in  ou(i>ut.  Average 
weight  of  coal  used  per  unit  was  40!(5  lb.  (against  41.'{lb.).  Units 
generated  were  3,785,182  (2.074.S71),  and  sohl  :{.152.H:n  (2.291.114). 
Total  maximum  su])ply  demanded  was  1,851  kw.  for  lighting,  \c..  and 
100  kw.  for  tra(tion.  Eepuvalent  8  c.p.  lamps  connected  are  182,235 
(121. 8.53). 

The  tramway  accounts  show  total  capital  expenditure  £44,987  (no 
increase),  of  which  £13,922  has  been  n  paid.  Revenue  was  £7.424 
(to, .598),  working  cxijcnses  were  £4.215  (t.8,941).  interest  re(|uirc<l  £1..529 
and  sinkintrfiHid  11.071  (bothasin  i)r(  viousyear).  leavinga  surplusfnrt  h  • 
year  of  tOOS  (eiim]iar((l  with  £57).  Passengers  carried  were  1.992.218 
(1,718.542).  (arniiles  run  147.070  (148,440).  and  total  units  used  177.(>8(> 
(178.895).  Total  revenue  |)er  ear-mile  was  12((3d.  (IO-.')9d.).  and  working 
expenses,  including  power,  were  0-88d.  ((i-87d.).  Average  fare  charged 
■|)er  inile  was  0-428d.  (as  in  -previous  year). 

Mr.  Clegg  says  in  his  report  on  the  tramways,  if  more  ears  <'oidd  b- 
manned  even  larger  ]irofits  could  h;i\e  Ixen  maih-.  but  the  Corporation 
may  expect  to  |(i.--c  more  of  their  men  during  the  j>rescnt  year,  and  it  will 
])robably  be  dillic  ult  to  inaintain  even  the  present  service.  Although 
ear-miles  run  have  been  about  1.400  less,  total  running  exfK'nsi  s  havi- 
increased  t274.  line  to  inerea.sed  wages  and  im-reaM'd  cn.-t  of  material. 
TluM''  is  a  large  saving  on  the  iipk<ip  <.f  iMiinnnenl  way.  but  the  track 
is  not  in  as  goorl  ;i  slat:-  as  usual.  Klictrieul  ei|ui]>Tiieiit  of  line  (npairs 
to  "(J.B."  e<|ui]>m  nt ).  on  the  other  han<l.  shows  n  large  increase,  the 
total  cost  being  f229.  as  against  £149  last  year.  The  year  just  com- 
l)lete(lwas  the  tenth  year  of  the  agreement  entered  intowith  the  "(J.H." 
Siirf.'Kc  Cotitac.t  Co.  for  guaranteed  u)>kee]i.  ami.  taking  it  into  aceo\Mit 
willi  the  other  years,  the  average  eo.'^t  of  upke<  p  of  the  ■  Cll."  equip- 
UK  111  for  the  |i(  riod  is  now  bioir.dit  uji  to  £180.  as  against  £90  {i.e..  £.80 
per  mile  of  single  track),  the  ligiire  of  the  guarantee,  or  an  ituTea.s<'d  cost 
of  nearly  50  per  cent.  The  extra  cost  this  last  year  has  Ixen  due  to  less 
favourable  I'csults  obtained  by  the  use  of  Knulish  rarbons  installed  some 
two  vi'ars  ago,  as  compared  with  the  life  obtaincil  from  the  previous  ones. 
which  were  of  |'"reneh  niaiiiifnet  nie,  ({i  fore  imtling  the  KiiL'lish  ty|K' 
into  nsi',  e\|vrini<nts  had  been  conducted  with  (liem  ov»r  somi-  (hre<-  or 
foiu'  years,  and  fioni  Ihes"  trials  ;;ood  results  had  Im  en  obtained,  but  the 
bulk,  unfortunal  ly.  have  not  c<un<  up  to  the  samples,  with  the  eonse 
qiience  that  most  of  them  had  to  1m>  reni  wed  afd  r  .'in  a\erai;e  life  of  only 
about  two  years.  Ilowx'r.  i'x]u'riinents  have  \\>-vu  made  dtuini;  the 
last  12  months  with  a  modified  t  vpe  of  i  arbon.  and  it  i*  hoped  to  yet  iM'tter 
I'cstilts  in  future.  The  etist  of  upk'  p  of  feed<'rs  bus  also  Iwen  larg<'. 
owing  to  the  trouble  which  the  floods  have  caused  in  recent  winters. 
llpke(>])  of  cars  shows  an  increase  of  £73.  This  total  was  increased  owiiig 
lo  failure  of  armatures  and  '   G  B.""  magnet  bobbins,  due  to  exceptional 


snowj  weather.  84  other  municipal  tramways  ojx'rating  on  the  overhead 
SA'stem  for  1915  show  an  average  figure  for  their  total  cost  of  6-987d.  ]m.'t 
car-mile  run,  so  that  this  year  Lincoln  is  0-107d.  below  the  average. 
Lincoln  has.  by  a  small  margin,  run  the  least  car-miles  of  any  municipal 
tramway,  the  next  Ixing  I^ncastcr.  with  170,337  car-miles,  and  a  total 
cost  of  7-89d.  per  car-mile.  The  following  is  a  comparison  of  the  Lincoln 
figures  for  this  year  with  those  of  Wolverhampton  (the  only  other  surface 
contact  system  remaining  in  this  country)  for  the  year  ended  ^larch. 
1915:  Traffic  exjxnscs  per  car-mile,  Lincoln.  2-67cL  (Wolverhampton. 
2-05d. )  ;  r' paire.  and  maintenance,  l-OSd.  (l-75d. );  management  and 
general  ex].;  nses,  l-06d.  (l-17d.);  power  exjK'nses,  l-47d.  (l-46d.);  total, 
6-88d.  (703d.).  Car-miles  on  the  Wolverhampton  tramways  were 
1,181,309,  compared  with  L.ncoln  147,070. 

Manchester. — The  accounts  of  the  electricit\'  department  for  the 
year  eiuied  .March  'il  show  total  capital  expenditure  £3, 11 2,400  (in- 
crease £()0,091),  and  tlie  outstanding  debt  is  £l,7;>8,72(i. 

Rev(  nue  was  £(j20.000  (compared  with  £543,54(5  in  previous  .year),  and 
working  and  general  expen.-es  were  £371.514  (£295,444),  leaving  gross 
profit  £248,486  (£248.102).  £2.5.419  (£25,018)  has  teen  placed  to  re- 
newals susjicnse  account  and  £125.095  (£119,092)  to  sinking  fund; 
interest  recpiired  £07.919  (£08,400)  and  £.80.000  (as  in  ])revious  year)has 
Ixen  i)aid  to  City  Fund  in  aid  of  rates,  including  £.547  taken  from  reserve. 
The  rcservi-  fund  amounts  to  £11.885  (£11,515),  and  renewals  su.s)>ense 
account  to  £191.215  (£18.5.974).  Kelvins  generated  were  181,322,835 
(162.fi99,.5.80)  and  sold  14l..",51.(i99  (127.735,04(5).  Average  ],rice  ob- 
tained was  108d.  (Id.).  Total  maximum  supply  demanded  was  52.!)70 
(50,4(50)  kw. 

Th.'  rcp.)rt  of  the  Electricity  Committee  calls  attention  to  the  fa<t  that 
the  expenditure  included  £1 1,110  for  war  service  allowances  and  £11.308 
additional  income  tax,  due  to  the  increase  of  the  rate  from  Is.  8d.  to  ."{s. 
in  the  £.  Borrowing  |iowers  for  t42(i.420  were  secured  during  the  year. 
At  (he  Stuart-street  station  the  Ihitish  West injrhouse  Co.  have  eoni- 
l)leted  the  eontract  for  a  5.ti(Kl  kw.  turbo-alternator,  and  a  re]»cat  order 
has  In'cn  ))luccd  with  them.  li;ilt<-ock  &  Wilcox  have  completed  the 
contract  for  two  water-lulx-  boilers.  To  meet  «'xtensivc  demands  for 
electric  ]iowcr  contracts  have  been  placed  with  Richardsons.  Westgarlh 
&  Co.  for  a  15.(HR(  kw.  turbo-alternator  |)lant,  and  with  Babcoek  & 
Wilcox  for  additional  watcr-tulx-  boiU-rs.  The  following  contracts  have 
also  Ixen  ))laeed  :  Mather  \-  I'lalt.  il<'»  tri<ally-(lriven  circulating  water 
l)um]»s  ;  Babcoek  &  Wil -ox.  eoal-(<>nv(  ying  iilant  ;  Strachan  &  Henshaw, 
ash  telcpher  system  ;  Alton  &  Co..  Newton,  Chambers  &  Co.  and  Stavely 
Coal  &  Iron  Co..  pipework  :  British  Thomson-Houston,  e.h.t.  switchgear  ; 
Klein  Knginecring  Co..  water  coolers.  Average  ])rice  of  coal  has  risen 
3s.  per  ton  during  the  year.  Average  weight  of  coal  has  risen  0-1. 3  lb. 
]ier  Kelvin  sold.  Static  transformers  aggregating  3.7.50  kvn-.  have  been 
added  to  Harpurhey  sub-static)n  in  conne;-ti(m  with  th""  ll.(MX>  volt  bulk 
sup])ly  to  Middleton  Corporation.  A  list  is  given  of  21  important  firni«" 
to  whom  new  or  additional  supi>lies  of  power  have  been  or  will  shortly 
be  finnished.  About  1 1 .1  miles  have  Lien  added  to  the  mains.  Th  • 
whole  of  the  ])lant  and  mains  has  been  kept  in  the  highe>t  state  of 
efticicney  out  of  revenue.  The  effiiiency  <>i  the  distributing  system  was 
85-29  per  cent. 


COMPANIES'  MEETINGS   AND    REPORTS. 


BRITISH  ELECTRIC  TRACTION  CO.  (LTD.)  -The  din  <  tor>  n  port 
for  the  year  I  iidiil  .M.ir.  li  81  states  that  the  j;ro.ss  jjrofit  amounts  to 
1244.0(54".  19s.  9d..  compar.d  with  £23.5.508.  5s.  4d.  for  1914- 
lttl.5.  After  deducting  gt  neral  exix  uses  and  amount  written  off 
sundry  assets  (£.84.8".».5.  14s.  lod.)  there  remains  £209.1(59.  4s.  IhL.  to 
wliieh  i.<  to  U-  added  lh«"  amount  brought  forward  (£71.398.  17s.  4«L). 
making  £2S0..5(iS.  2s.  8d.  Deducting  dclMuture  stock  interest 
(t<tl.2."i9.  I5-.  Sd.)  there  remains  £lS!t.80S.  (>.s.  7tl.  The  directois  recom- 
mi  nd  that  12(1.827.  lis.  1m-  jdaecd  (o  reserve,  that  a  dividend  of  (5  p?r 
cent,  for  the  year  U-  jiaid  ujion  the  euinulativ<-  ])artiei)iating  ]>nferen<e 
stock  (£42,7(>4.  I8s.  Id.),  ami  a  dividend  of  3  ]H'r  cent,  for  the  year  upon 
the  ordinary  stoi  k  (£39.787.  ISs.  id.),  leaving  to  be  carried  forward 
£S0.42S.  4s.  M.  The  scheme  of  reduction  and  rearrangement  of  capital 
has  Ixen  (  onlirmed  by  the  Ccuirt.  and  given  effect  to  in  (hi^  accounts. 

The  invest uK'nts  tonsist  of  shan's  and  (hlKiitures  in  tramway, 
lunnibus.  electricity  su])jtly.  manufacturing  and  other  companies, 
(iovernmcnt.  munici]>al  and  sundry  other  investments.  They 
stand  at  £4.270.857.  lOs.  lid.,  after  deducting  £1.001.(502.  5s..  by  which 
an)ount  (he  capital  has  Ix-cn  n'duced.  The  revenvie  from  investment* 
amounted  to  £222.330.  njiresenting  an  average  yichl  of  5-19  jier  cent, 
for  the  past  year.  Ill  n's|Het  of  the  award  of  the  arbitrator  in  n-gard 
to  the  sale  of  the  tranivvax  umlertaking  of  the  Devonport  iV  District 
Tramwavs  Co.  to  I'lynumth  CorjYoration.  it  is  e.stiniated  that  the  eoni- 
l>nny  will  n-e^'iv*-  nlHuit  £S(5.(HHI  in  rcsjH'ct  <»f  its  holding  in  the  I)«'vnn- 

poi  (    (  'i' 

BRUNMEK.  MOMD  &  CO.  (LTD.)  At  the  annual  niectin-  on  Friday  a 
divid<  i<d  of  27}  JHT  cent,  (less  (ax)  was  declared  on  the  *>rdinary  shares, 
and  the  propow^d  working  aun-enient  with  the  Castner  KcIIiut  Alkali 
was  appro\e«l 

HAVANA  ELECTRIC  RAILWAY.  LIGHT  &  POWER  CO.  The  ^ross  earn- 
ings toi  I'.'l.!  v\e!e  s".  Ml  \f2  (.ly-unst  .S.">.89ii.7 18 ).  oporatini;  cx|)eiises 
and  taxes  !<2.337..'y'  ■.821),  not  income  S8.203.790  ($2,801,892). 

other  income   $147,>ii;    i,ros8  income   $3,351,071   (:?2.903,5il\,  fixnl 
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charao.s  $1,115,41.3  (Sl,U<)l,i:W),  surplus  S2,23(i,257  (Sl,80!»,371)  anil 
total  surplus  S:i,lll,(iry'),  which  was  disposed  of  as  folhiws  :  Dividends 
paid  during  ycir  ((>  per  cent,  on  prcfcrre<l  and  5i  per  cent,  on  common 
stock,  Sl,722,l*>2  ;  transferred  to  sinking  reserve,  SIOl.o,'}')  ;  applied  in 
redemption  of  consolidated  mortgage  bonds,  $17S,()0()  ;  profit  and  loss 
balance  carried  forward,  81,709,95().  Tl'C  expenditure  on  new  construc- 
tion during  year  was  §1,258,091. 

LANCASHIRE  POWER  CONSTRUCTION  CO.  (LTD.)— The  directors"  report 
foi-  the  year  ended  ,Maiih  ."{I  states  tliat  the  trading  profit  of  the  T.anca- 
shire  Electric  Power  C'o.  for  the  year  1915  amounted  to  £.32,2:J5.  9s.  8d., 
to  which  has  to  be  added  interest  on  hire  ])uichase  ])lantK,  &(^,  amounting 
to  £()07.  2h.  3d.,  making  i;.S2,842.  lis.  1  Id.,  compared  with  £30,471.  10s.  Sd. 
for  1914.  With  £3,421.  13s.  7d.  brought  forward,  the  amount  available 
for  division  is  £30,264.  /Is.  Od.  Aftci'  paying  debenture  interest  (£4,.')00). 
phunng  £15,000  to  reserve,  a  dividend  of  3  ])er  cent,  on  share  ca|)ital  is 
recommended  (£14,700),  leaving  to  be  cairicd  forward  £2,004.  5s.  (id. 
The  units  generated  amounted  to  35,7()8,0(»4,  against  32,157,185  in  1914, 
and  28,191,442  in  1913;  the  maximum  load  in  kilowattB  was  10,740, 
against  10,210  and  9.720;  the  horse-power  connected  29,000,  against 
27,018  and  23,900.  The  receipts  were  £72,.395,  against  £05,433,  the 
profit  on  trading  being  £32,235,  against  £29,901  and  £22,785  respectively. 

The  revenue  account  of  the  Lancashire  Povt'cr  Construction  Co.  shows 
that  the  total  receipts  for  the  year  ended  March  31,  1910,  amount  to 
£19,200,  and  after  deducting  therefrom  the  expenditure  of  £15,257.  lis.  Id. 
the  available  balance  is  £3,942.  8s.  lid.,  whicli  it  is  proposed  to  carry  to 
reserve. 

RANGOON  ELECTRIC  TRAMWAYS  &  SUPPLY  CO.  (LTD.)— The  chairman 
(Sir  Frederic  W.  R.  Fryer,  K.C.S.l. )  stated  that  they  were  paying  a 
dividend  at  rate  of  3  ])er  cent,  (tax  free)  on  the  ordinary  share  capital, 
which  was  at  the  same  i-ate  as  last  year,  carrying  forward  £2,783.  Owing 
to  the  continuance  of  the  war  there  had  been  a  decrease  in  the  takings 
of  the  tramway  antl  motor  omnibus  services  compared  with  1914  of 
approximately  £2,800.  Durijig  the  current  year  the  traffic,  while 
keeping  steady,  did  not  so  far  show  any  marked  tendency  to  im])rove 
over  the  figures  for  1915.  The  gross  recei})ts  for  current  supi)lied  for 
])rivate  lighting  and  power  showed  an  increase  of  13-77  per  cent.,  against 
11  J^  per  cent,  in  1914.  The  working  exjienscs  were  41-()4  ])er  cent,  of  tlu^ 
receipts,  against  43-14  per  cent.  The  house- wiring  and  sup[)Iy  depart- 
ment continued  to  be  satisfactory  and  to  make  fair  jtroiit.  The  high  cost 
of  coal  and  all  materials  still  continued,  and  signs  were  not  wanting  that 
the  increase  was  likely  to  be  even  more  acutely  felt  during  the  ])rcsent 
year.  The  directors  hoped  that  the  10  per  cent,  increase  which  they 
had  made  in  the  charges  for  current  would  prove  in  some  measure 
sufficient  to  counteract  the  influence  of  the  cost  of  materials.  To  meet 
the  increasing  ])ublic  and  private  demand  for  electrical  energy  the 
directors  foresaw  that  further  capital  expenditure  would  in  all  pro- 
bability have  to  be  incurred. 

RICHARDSONS,  WESTGARTH  &  CO.  (LTD.)— Mr.  D.  B.  Morison  pre- 
sided at  the  meeting  last  week,  and  said  that  all  their  works  were  very 
fully  employed,  but  they  were  suffering  severely  from  shortage  of  labour. 
The  profits  for  the  past  year  were  £76,240,  being  the  largest  since  1903. 
At  the  commencement  of  the  war  they  had  a  very  large  amount  of  work 
contracted  for  at  a  small  margin  of  profit.  After  completing  the  machi- 
nery for  26  steamers  at  the  original  contract  I'.iccs,  and  all  at  an  increased 
cost,  the  position  became  so  difficult  by  reason  of  their  inability  to  obtain 
materials  except  at  current  rates  that,  in  order  to  accelerate  deliveries, 
they  offered  to  complete  at  net  cost,  plus  a  small  profit.  Their  cus- 
tomers met  them  very  fairly  in  the  matter,  with  the  result  that  70  j)er 
cent,  of  the  outstanding  marine  contracts  were  arranged  on  that  basis. 
No  allowance  for  depreciation  was  made  during  the  years  1908  to  1914 
inclusive.  At  the  rate  of  £15,000  per  annum,  which,  in  his  opinion,  was 
the  minimum  required,  the  depreciation  yet  to  be  provided  for  that  period 
amounted  to  £105,000.  That  still  left  the  main  question  of  reconstruc- 
tion untouched.  Partnership  with  the  Leylands  Motor  Co.  commenced 
on  Jan.  1  of  this  year.  In  reply  to  criticism  of  the  accounts,  he  said  the 
average  profits  from  the  formation  of  the  company  until  the  end  of  last 
year  were  about  £50,000  })cr  annum,  and  although  the  next  three  or  four 
years  must  somewhat  raise  that  average,  a  not  unreasonable  forecast 
was  that  ultimately  manufacturers  would  have  to  submit  to  stress,  th(> 
intensity  of  which  would  be  uni)aralleled.  It  was,  therefore,  imi)erativc> 
that  such  profits  as  they  are  permitted  fo  retain  by  the  Government 
should  be  largely  utilisccl  in  modernising  the  plant.  It  would  be  in  the 
best  interests  of  the  industries  of  this  country  if  the  Government  would 
consent  in  old-established  concerns  like  theirs,  where  modernisation  was 
imperative,  for  a  liberal  amount  to  be  set  aside  from  profits  for  bringing 
the  plant  up  to  date  before  any  iiortion  was  taken  by  the  Government. 
as  unless  this  country  was  able  to  successfully  ccmipete  with  other 
countries  after  the  war  it  would  Ix'  unable  to  meet  its  enormous  liabilities. 

SINGAPORE  ELECTRIC  TRAMWAYS  (LTD.)— Sir  Krank  A.  Swefleidiam, 
(■.C.M.(;.,  «iiu  presided  at  liie  iiMcting  last  week,  said  that  the  net  [)i-o|it 
for  the  year  1915  was  £3,883.  Compared  with  1914,  the  traffic  receipts 
increased  b.^  £2,340,  and  the  sale  of  electrical  energy  by  £1,305.  Power 
expenses  were  £1,600  less  than  in  1914,  due  to  the  larger  proportion  of 
the  total  power  generated  by  the  Diesel  plant.  They  carried  15,438,809 
passengers,  against  14,921,852.  The  total  expenses  re])resented  02-2  per 
cent,  of  the  total  receipts,  while  the  Singapore  expenses  were  59-5  per 
cent,  of  the  Singapore  revcmue,  compared  with  56  and  54-3  per  cent, 
respectively  for  1914.  In  many  instances  their  stores  were  costing  more 
than  100  per  cent,  over  pre-war  prices,  and  the  tendency  was  to  go  higher. 
The  new  and  higher  rates  came  into  operation  on  Jan.  1  last,  and  the 
returns  since  that  date  justified  their  action,  for  their  receipts  were  13  per 
cent,  higher.     An  estimate  had  been  prepared  of  the  track  renewal  work 


required,  and,  as  stated  in  the  circular  i.sHued  in  January  lant,  amounU-d 
to  £103,000.     The  work  might  be  extended  over  a  ]xriod  of  eight  years. 
It  was  practically  impossible  to  obtain  material  at  prei-ent,  certainly  a.s 
regards  rails  and  other  steel  work,  and  th'-  ]ir'uc  of  <  em«nt  wa«  too  pro- 
liibitive  to  allow  of  large  works  hf'm'jr  undertaken.     .Apjianntly  that  t^tate 
of  affairs  would  continue  till  the  end  of  th"  war,  and  the  Ixjard  had  no 
opticm  but  to  ])ostpone  the  commencement  of  the  renewal  work.     The 
result  of  any  lengthy  delay  in  commencing  the  work  must  be  to  incn  '  - 
the  cost  of  track  and  car  maintenance.     The  three  new  Diesel  en. 
had    been  running  for  some  time.     Two  of  th'-m   wer»-  to  supjdy  tfi^- 
Municipal  (Commissioners  with  energy  for  Hirhtin^  the  Tanglin  district. 
The  munici])ality  had  not  completed  thf;ir  arran;."-ments  for  taking  th'- 
supply,  but  the  dcday  was  automatically  extending  their  contract,  which 
ran  for  10  years  from  the  date  when  they  began  to  take  current. 
WAYGOOD-OTIS  (LTD.)— For  the  year  ended  March  3!  the  j, 
£I2.79S,  to  which  must  be  added  the  provision  for  dividend  on  ]<■ 
shares  to  March  31,  1915,  not  paid  (£1,875),  less  balance  of  la.st  year':* 
profit  and  loss  account  (£138),  making  a  total  of  £14,534.     rkprceiation 
of  ])lant,   patterns,   &c.,  absorb-;  £3,900,   Otis  amalgamation  expenses 
£1,022,   chairman   and  managing  directors'   remunerations,   salaries  of 
directors,    &c.,   £6,542,   and   national   service   grants   to   dependents  of 
employees  £2,396,  leaving  a  balance  of  £67 1 . 


NEW   COMPANIES. 


COLEMAN     &     APPLEBY     (LTD.)      (144,022.)— Keg.    June   5,   capital 

£3,500  in  £1  shares  (3.000  (i  per  cent,  cumulative  preferred),  to  enter  into 
an  agreement  for  purchase  of  business  of  l.angbein-l'fanhauser  Works 
(Ltd.),  and  to  carry  on  in  the  United  Kingdom  and  its  c-olonics  or 
elsewhere  the  business  of  electro-metallurgists,  elcctroplaters,  manu- 
fac^turers  of  and  dealers  in  dynamos,  electric  motors,  switches,  and  all 
kinds  Of  electrical  a|)])aratMs  and  insduments,  inac-hiiK  ly  and  materials 
for  giinding  and  ])olishing,  ;uul  all  kinds  of  chemicals,  elec-trolytic  solu- 
tions, \-c.  Private  company.  First  directors  are  O.  J.  Neale  (chair- 
man), C.  H.  Ap|)leby,  H.  S.  Coleman  and  one  other  to  be  appointed  by  th-- 
subsc-iibers  (all  life  directors).  Tiie  directors  may  not  allot  any  shares  ur 
register  any  transfer  of  shares  to  a  foreigner  or  a  foreign  corporation,  or 
a  eor])oration  under  foieign  ccmtrol,  without  consent  of  Board  of  Trade. 

GEORGE  H.  ALEXANDER  ENGINEERING  CO.  (LTD.)  (143.99.5).— Reg. 
June  1,  capital  £15,000  in  £1  shares  (5.000  picference).  to  take  over  the 
business  carried  on  as  Geo.  H.  Alexander,  to  carry  on  the  business  of 
mechanical,  electrical,  aeronautical,  marine  and  general  engineers, 
machinery  manufacturers,  &c.  Private  company.  First  direc-tors  are 
(t.  H.  Alexander  (chairman),  H.  W.  Alexander  and  A.  H.  Ale.xander. 
Reg.  office  :    34,  Waterloo -street,  Birmingham. 

MANDER  &  CO.  (LTD.)  (143,989).— Reg.  :May  31,  capital  £2,000  in  £1 
shares,  to  take  over  the  business  of  electrical  and  mechanical  engineers 
carried  on  at  Birmingham,  and  to  adopt  an  agreement  with  A.  F.  Mander. 
Private  company.  First  directors  are  A.  F.  Mander  and  J.  E.  Bendall 
(both  permanent).     Reg.  office  :    125,  Hockley -hill,  Birmingham. 

MOORE  &  AVERY  (BLACKBURN)  (LTD.)  (143,986).— -Reg.  May  31, 
ca])ital  £1,000  in  £1  shares,  to  devcdo])  and  turn  to  account  any  patents. 
licenses,  inventions,  &e.,  to  cany  on  business  as  manufacturer-i  of  ami 
dealers  in  machinery,  plant  and  ai)plianees,  electrical  engineers,  munition 
manufacturers,  founders,  &c.  Private  company.  First  directors  ai-e 
R.  Moore,  A.  Avery,  F.  Boothman  and  G.  F.  Walker  (all  perman^^nt). 

OLIVER  LING  &  CO.  (LTD.)  (143,911.) — Reg.  May  23.  capital 
£20,000  in  £1  shares,  to  carry  on  the  business  of  railway,  electrical, 
mechanical  and  general  contractors  and  engineers,  to  construct  and  equip 
railways,  light  railways,  aviation  grounds  and  works  connected  with 
aerial  transport  and  construction,  &c.,  and  to  adopt  an  agreement  with 
.1.  R.  Ling.  Private  company.  First  directors  are  F.  L.  Oliver.  .1.  K. 
Ling  and  O.  G.  C.  Drury.      Reg.  office.  38.  \'ietoria-street.  S.W. 

STRAND  ELECTRIC  &  ENGINEERING  CO.  (LTD.)  (143.933.)— Reg. 
May  25,  ca])ital  £750  in  £1  shares,  to  carry  on  the  business  of  manufac- 
turers of  and  dealers  in  machinery,  gas.  steam  and  oil  or  petrol  engines, 
electric  motors  and  lamjis.  electrical  accessories  and  apjiaratus,  and  any 
kiiul  of  electrical,  meelianical  or  automatic  apparatus  for  the  production 
of  electrical  stage  effects,  cinematographs,  &c.  Private  company.  A.T. 
Earnshaw  signs  documents  as  managing  director.  Reg.  office.  GG.v. 
St.  Martin's-lane,  B.C. 

TELEPHONE  M0TOR  WORKS  (LTD.)  (143.934)— Reg.  :May  25.  capital 
£1.000  in  £1  shares,  to  take  over  the  business  of  motor  engineers,  makers 
and  repairers,  &C.,  carried  on  as  the  Telephone  Mot'>r  Work.s.  Private 
company.  First  directors  are  A.  J.  Watt  (man.  director)  and  C.  W.  ('. 
Green.     Reg.  office  :    15ii,  Allsoji-idace.  Baker-sti-eet,  W. 


CBTY   NOTES. 


MEMORANDA  (June  14).— Bank  rate  5  per  cent,  (since  Aug.  8,  1914). 
Consols  t»|J  Consols  Pay  Da  v.  Julv  5.  Stocks  and  Shares  Ticket 
Days,  Juno  28  and  Julv  12.  Pay  Days,  June  29  and  July  13. 
Price  of  silver,  30 ^d.  

AUTOMATIC  TELEPHONE  MFG.  CO.  (LTD.)— The  prefc^rence  share  and 
transfer  books  will  be  dosed  from  the  17th  to  24th  inst..  inclusive,  for 
preparing  the  dividend  warrants  on  the  6  per  rent.  i)ic  ferenec  shares  for 
half-year  ending'  30th  inst. 
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CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— Tho  number  of  units 
Bold  to  consuniers  during  the  four  weeks  ended  Ayiril  28,  1910.  amounted 
to  1,917,213,  compared  with  1,804,722  units  in  tho  corresponding  four 
weeks  of  1915. 

CANADIAN  ELECTRIC  POWER  COMBINATION.— Th"  Civic  Investment 

Industrial  Co.  ha:;  1/ r  n  oiLanii'd  witli  an  authori.'cd  ca]>ital  of 
.S7.'),000,COO  (il 5,000.000),  to  take  over  tho  un(l(  rtakingsof  the  Montreal 
Light,  Heat  &  Towr  Co.  and  the  Cedar.;  RaLpUh  Mfg.  &  Power  Co.,  and 
to  o{)erato  them  under  an  agreement  for  98  vcarii.  Tho  Civic  Company 
propc.'c  to  ifsuc  865,"00 ,000  (£13,000,000)  capital,  and  will  ta^'  over  the 
Montreal  Light,  He  at  &  lov.c  r  Co.  <m  th"  ba^is  ef  thn  ••  ;-har'.:i  of  the  new 
company  for  cne  :-harc  ci  the  )>t,wer  (onij>any,  and  oiv  ^hare  in  the  new 
company  for  each  -hare  in  tho  Cedani  Rajiid  ;  Co.  TIk-  new  com, tan;,  will 
commence  operation;-,  en  Aug.  1. 

NATIONAL  ELECTRIC  SUPPLY  CO.  (LTD.)— .\:i  int. rim  dividend  at  tho 
rate  of  .1  J,' I- ( «  :it.  ]  ;:iiiniin)  (2s.  <i'l.  [  •  ;• .  hni')  h'i;  I,' '-n  d-.-dan-.l  on  the 
ordinary  ;^t)i!':;  for  ;  h''  pi:.i  half-\'  ir. 

NORTHERN  COUNTIES  ELECTRICITY  SUPPLY  CO.  (LTD.)— The  n  ]»oii  for 
1915  f.lat'^  that  r.Ttc  r  providing  for  d'-l.'-ntni''  int'i(:>t  .'ind  incluiling 
£1,1.55  lo«i  on  conver:;ion  and  real::ation  of  C^nr,o!:i,  th'-  debit  to  jwofit 
and  loss  i;;  incrcar'-d  to  £«),(i5'1. 

PROVINCIAL  TRAMWAYS  CO.— An  interim  dividend  of  gd.  per  tdiar" 
haii  Ia<  n  d(  <larcd  i  n  tli'-  oidfiary  ;  harrs  on  ac(  ount  of  the  -profit  which 
may  l;c  made  in  the  finan- ial  year  ending  Se])t.  L'O,  1910. 

SHAWINIGAN  WATER  &  POWER  CO.  (LTD.)— A  dividend  at  the  rate  of 
7  pjr  tent,  yvv  annum  li'f,  Ij.ui  >l.-Llired  on  the  common  shaie:>  for  the 
quarter  ending  .June  ';0. 

YORKSHIRE  (WEST  RIDING)  ELECTRIC  TRAMWAYS  CO.  (LTD).— Tlie 
directors  )ia\<'  d  •(  id'  el  to  |)ay  on  .July  1  an  int;  rim  divi<lend  of  3  ])er  cent, 
(being  at  rale  of  6  per  cent,  per  annum)  on  account  of  tlio  dividend  accrued 
em  th"  ()  ]K  r  ce  nt.  e  umulativo  preference  .hares. 


ELECTRICAL  COMPANIES'  SHARE  USl.^OominuecL 


METAL  PRICES. 


Messrs.  ].  B.  Gamham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
dale  June  13,  the  following  as  the  present  basis  prices  of 
Nev/  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes I7Jd. 

Solid  Drawn  Gopper  Tubes )9id. 


Brazed  Gopper  Tubes 19  Jd. 

Brazed  Brass  Tubes 19Jd. 

Brass  Wire 17|d. 

Copper  Wire 20 j . 

Rolled  Brass 17i|d. 

Brass  Sheets IBJd. 

per  ton. 

Copper  Sheets    £168  0    0 

Spelter £71  0    0 


per  ton . 

English  Lead £32  15    0 

Antimony Nominal. 


Old  Metals. 


per  ton. 


Glean  Capper  Scrap £100  0  0 

Glean  Brass  Scrap £67  0  0 

Braziery  Gopper  Scrap £36  0  0 

Old  Lead £27  10  0 

Old  Zinc £48  0  0 

Hollow  Pewter £125  0  0 

Black  Pewter £65  0  0 

Gun  Metal £83  0  0 


Mr.  A.  Joseph,  Earl-street.  London-road,  Southwark,  London,  S.E.,  quotes  under  date 
June  13,  the  following  approximate  pricesof  Scrap  Metai.s  :— 


per  ton. 

Aluminium  Cuttings £100    0    0 

Glean  Mixed  Brass £65    0    0 

Clean  Cooper £93    0    0 

Braziery  Copper £86    0    0 

Gun  Metal £80    0    0 


per  ton. 

Old  Lead £23  10    0 

Tea  Lead £27    0    0 

Old  Zinc £52    0    0 

Hollow  Pewter £130    0    0 

Shaped  Black  Pewter £X)    0     0 


Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip),  £86;  Commercial  Tinman's  Solder,  £112;  Blowpipe  Solder.  £122. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  aa  "  ofHoial  quotations  "  are  not  now  issued,  but 
we  give  below  the  latest  prices  at  whioh  actual  transactions  took  place 
on  oj  before  Tuesday, .Fiiiu-  i:i.  The  greatest  care  is  taken  in  compiling 
these  figuref,  but  tho  difficulty  of  verilioatioa  is  now  much  increased. 


Last 
Divi- 

CBND 


NAME. 


St. 


Electricity  Supply. 

Bournemouth  St  Poole  E.  L.  Ord 

Do.     4J%  Cum.  Pref 

Do.     6%  Gum  2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Gross  West  End  &  City  Debs... 
Do.     4|%Pr8f 

Do.     Ord 

Do.    Gify  Prof 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.     5%  Deb.  St 

Do.     4J"„  Debs 

County  of  London  Ord 

Do.     6%  Prof 

Do.     Ut  Dob 

Dn.    2nd  Dob 

Edmundson's  Elec.  Supp.  4|%  Dabs... 
Kensington  and  Knightsbridge  Ord.  .. 

Do.    Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mort.  Debs 

Meuopolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn. ,1st  Moit.  Deb.  St. 
Newcastle  &  Dist.  EL.  6%  2nd  Dbs  . . 
N3*cistl9-on-TynoE.S.5%2dMt.Db.St 
North  Metropolitan  E.  P.  Supp.  6%  Pr«f 

South  London  E.a  Ord     ' 


rriM, 

Tues., 
June  13. 


8 

lOA 

6tt 
7 

Silt 

3A 
3,'. 
3 

3A 
87 

is* 

99  i 
80 
10ft 
lOi 
Bbl 
83 
751 
S 

m 

*i 

824 
2i, 
80 
99 
99i 
921 
1 
21 


Ratb 

PBR  CBKT 
lYlBLDBO. 


e      8.    d. 

6  10      2 

5   12  6 

5  19  3 

7  6  9 
4  19  5 

4  18    t 

5  0  8 
7  3  3 
7  1  7 
7  10  0 

6  5  6 

5  3     5 

6  12  8 
5  16  4 
5    0 

5  12 

6  12 
5  13 
5  4 
5  1 
5  18  10 

7  0    0 

5  1 

6  17 

4  17 
6     6 

5  11 

5  1 

6  0 

5  8 

6  0 

7  5 


DlVIDBND 

Dub. 


Mar,  Sipt 
F.-b,  Aug 
Feb  Aug 
Mar.  Seot 
Mar,  Aug 

Jan,  July 

Aug,  Feb 

Juti,  Dec 
Mar,  Sept 
Jan,  July 
Fet),  Aug 
Mar,  July 

iun,  Dec 
un.  Die 
M^r.  Sopt 
Fell.  AiK 
Jun.  July 
lAy,  Nov 

Julv 
Feb,  A  a? 
Jan,  July 

Jan,  July 
Mar,  Aug 

Ian,  luly 
J.in,  July 
M.ir.  Sepl 
Mar,  Sspt 

Apl.  Oct 
Mar.  Sept 


•*  Last  ] 
I  Divi-1 

OT    DEND 


NAME. 


5  8% 
5  7% 
St  31% 
St  41% 
1  8% 
5  7% 
5   41% 

St  i  5% 

ft  6% 

St  4% 

St-  4%  , 

St-  41%  ' 

St-  4%  [ 

St  4% 

10  U% 
ft-  4% 
St  4»^ 
St.  1% 
=t  31% 
St  I  31% 
St.  — 
St. 
St 
St. 
St. 
St. 
St. 
St. 
St. 

}  15 '/o 

t>% 

1    7% 

10;)     s9o 

1    6% 
15% 


St 


3/0 
6% 
41% 

100   6% 

St- !  Wo 

5  20'/„ 

c.5|  5% 
St    41% 

ll  6% 
5 


St. 

1 
1 

s;, 

.3 

10 

5 

5 

St. 


4% 
71% 

20% 

2/3 

-„    41% 

0  10% 

0,  5% 

12  20% 


103 
1 
1 

St. 

St. 
St. 


4% 

71% 

&d. 

*% 
44% 

41% 

4% 


Tues., 
June  1 3. 


Ratb 

,  PBK  CBKT, 

Yibldbo. 


Do. 
Do. 
Do. 
Do. 


St    33/0 
St    11% 
St     4% 
10 1  5% 
10    10% 
5    5/0 
10    4% 
St,   8'/g 
SL     3*% 
St.      4% 
3t     4% 
10    8% 
10    2i%' 
23  13% 
I    10% 
I    7% 
10    lo' 
10    6^ 
10    8% 
St     4^^ 
••   41% 

1    7Jd. 

I  10% 
St  4% 
St     41% 

5    B% 
5    f% 

St  I  4U 

10  6% 
10    b% 

lOJ  5% 
4  • 

lOJ   6% 


5 

St. 

10 


3/0 

5% 
6/- 


St  41% 
5  9% 
5,  S<2 


Electricity  Supply — Mni. 

St.  James"  &  Pall  MallOrd 

Do.  do.  Pref 

Doi  do.  Debs 

Urban  Elec.  Supp.  41%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations. 
Westminster  E.S.  Corp.  O.-d 

Da.    41%  Cum.  Pref 

Electric  Railways  &  Tramways. 

Britisn  Ele:.  Traction  5%  Debs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 
Do.        do.        Assented  Def.  Ord.  .. 

Do.    41%  Pref 

Do.    4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Ry.  Ord 

Do.    4%  Pref 

Do.    4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     31%  Pref 

Do.    31%  Convertible  Pref 

Do.     31%  A  Debs 

Do.     31%  Debs 

Metropolitar,  Dist  Ry.  Ord 

Do.     4%  Prior  Lien    

Do.     41%  First  Pref 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stocic 

Electric  Manufa:turin<;,  &c. 

Babcock  &  Wilcox  Ord 

Do.     6%  Pref 

Brit  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  P.-ef 

British  L.M.EricssionMfg.Gm.6%  Pref 

British  Thomson-Houston  Db 

Brit  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs. 

Do.    4%  Mort  Deb.  St 

Callander's  Gable,  &r.,Co.Ord.xd&Donu 

Do.    5%  Pref 

Do.      4i%  Debs 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  St  Swan  U.EIec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord , 

Do.     7%  Cum.  Pref 

Do.4%Debs 

General  Electric.  Ord 

Do,    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. . 

Do.      41%  Cum.  Pref 

Do.     41%  Db 

India  Rubber,  G.  P.  «ia,  Ord 

Do.  Pref 

Tele^h.  Con.  &  Main.  Go 

Do.    4%  Debs 

Vickors  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Di.    41%2ndDebs 

Willans  k  Robinson  B.  Cm.  Prof 

Do.     1st  Mt.  Dsb.  St 

Telegraphs. 

Anglo  American  6%  Pref.  Ord 

Do.    Def.  Ord 

Commercial  Cable  4%  Daos 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Direct  United  States 

Eastern  Tel.  Gd.  Ord.,  xd  ii  bsnu;  .... 

Do.    31%  Pref 

Do.    4%  D«bj 

Eastern  Extension  Tel.  Co..  4%  Debi.. . 

Dd.     Ord..  X  1  i  b?nu-.    

Gt  NDrthem  Tel.  Co.  with  Coup.  10  ., 

Indo-Europsan    

Marconi's  Wiretoss  Tel.  Co 

Do.     7%  Ptef 

West  India  Jc  Panama  Ord 

Do.     lat  Pref 

Western  Telogh.  Ca 

Do.    4%  Deb.  St 

Woitorn  Union  50  yr.  Bds 

Telephones. 

Montevideo  Telephn.  Ord   

Omental  Telephone  Ord 

Da.     Db.  St 

Telephn.  Gj.  of  E?yDt  Do.  St 

U.iitod  Ritrer  Plato  Ord 

Di.     5";  C  im.  Pref 

D->      D-lr  SU 

Financial  and  InvastmsnL 

Globe  Tel»*h.  &  Trujt 

Dj.    6%  Pf 

MacKa.  "j'CommJn 

Do  

SubTii:  1    «  >   ,    1 '  Tni'st  Girts 

Calonial  and  Foreign  Electric 

Adelai^^-  '-  -"  '-"  :?ply  t%  Pref 

Do.  

Bombi     _   _    vT6?iPrel 

Do.    41%  Deos 

Calcutta  E.  a  Corp.  Ord   

Do.     5%Pref 


e  s.  d. 

5» 

6  17    8 

5tf 

6    0    5 

74 

4  14     8 

711 

6    5  10 

1,^ 

6  18    5 

5ii 

5  17   11 

41 

5    5  11 

80 

6    5     C 

75 

8    0    0 

7U 

5  12    3 

65i 

6     I     8 

80  i 

5  11   10 

761 

5    4    7 

72 

5  13  11 

701 

7     I     4 

2;\ 

5  16     1 

65.V 

6    2    2 

731 

5     8    0 

27  A 

3   ;2  11 

bU 

5    8    6 

61 

5  14    9 

66 

5    6     1 

68i 

5    2     4 

191 

,  . 

75 

5     6    8 

71 

5  18     8 

110 

5    9     1 

73  i 

5    8  10 

72 

5  11     1 

t8i 

5  17    0 

2i 

5    9     1 

HI 

4    9    4 

1^ 

5  17  11 

94 

5    6    5 

lOj 
5ft 

91 

1001 

68 

121t 

41 
98 

11 

5^^ 

It 
iit 

111 

15ft 
4t 

871t 
lift 

.It 

551 

78it 
991t 
40i 
56t 

103 
22« 
09i 

711 
131 

7* 

61 
U44t 
t5|t 
771 
781 
Uftt 
37t 
49 

21 

2 

1 

711 
Uft 
771 
9> 


i; 

Ml 
791 
83 

6l't 

*!' 
851 

121 

10^ 

Mlt 

o|t 


8 
19 
15 
12 


6 

6 

5 

6 

4 

6 

5 

5 

8 

6 

4  11  10 

8  14     7 


18  II 
8    0 


19 

17 

3 

1 


5    4    3 

0     0    0 

7  4    6 

5  II     6 

8  15  10 

6  3    6 
6  12 

4  14 

5  2 
8  16  10 

6  2     2 

I 

6 

2 

10 

0 
10 

2 

2 


9 
9 
9 


4  16    0 


70 

12' 

Supply,  &c. 

4:»  6     5 


DiTIOSKO 

Dub. 


Feb,  Aug 
Feb,  Aug 
"an,  Dec 
pi,  Oct 
Mar,  Aug 
Mar,  Sept 
Jan.  July 


.;, 


Apl,  Oct 
Feb,  Aug 

Jan,  July 
Jan,  July 
May.  Noy 
Feb,  Aug 
Jan.  July 
Mar.  Sept. 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Feb,  Aug 
May,  Not 
Feb,  Auc 
Jan.  July 
Jan,  July 
Jan,  July 
Mar,  Sept 

Apl,  Oct 
Apl.  Oct 

Mar 
Ian,  July 
Jan.  July 
Aug,  Feb 
Jan,  July 
Mar,  Sep 
Feb,  Aug 

April 
ApliOct 
Jan,  July 
Jan,  July 
Feb,  Aug 
Jun,  Dec 

Sept 
Feb.  Aug 
Jun,  Dec 

May 
Jan,  July 
Jan,  July 

July 
Jun.  Dec 
Feb,  Aug 

Jun,  Dec 
Feb,  Aug 
Apl,  Oct 
Mar.  July 
Jan.  July 
May,  Aug 
May,  Aug 
Jun,  Dec 
Jiin,  Dec 


Fb.My.Aug.N 
Fb,My,Aug,N 

ia.Ap.Jly.O 
lay,  Nov 


Ja.Ap,j 
Ja,My.J 
Ja.My.J 


7  13  7 

5  3  3 

5  0  II 

5  8  5 

o  6  1 

5  10  4 

5  5  7 

4  15  I 

5  13  7 
5  19  9 
5  15  10 


95r 

101 
85 
61 

4; 


5  4  9 
5  14    3 

5  5  II 
7  6  11 
5  II     1 


Jly.O 

Jly.O 

..Jly.O 

May,  Nov 

Feb,  Aug 

Ja,  Ao.Jly.O 

Ja,  My.  Jly 

Mayi  Not 

April 

July 

May.  Nov 

May,  Nov 

Mr.Jly.O.Deo 

Jun,  Dec 

May,  Not. 

Nov. 
Apl,  Oct 
Jan,  July 
Jan.  July 
Apl,  Oct 
Jan,  July 
Jan,  July 

i  Sp.Dc.Mr.  In 

Sp.Dc.Mr.Jn 

Ja,  Apl. Jly.O 

Ja.Ap.Jiy.O 

Apl,  Oct 

Mar.  Sept 
Jun,  Dec 

Jan.  July 
May,  Nov 
Mar,  Sept 


t  Ex  dividend  or  Interest 


t  Ex  dividend  or  tnteriitt 
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done  in  the  boiler  house.  Mr.  Lackie  also  draws  attention  to 
tlio  fact  that  calorific  value  alone  is  not  a  thonmj^hlv  satis- 
factory basis  on  which  to  purchase  coal;  account  .sh^>uld  be 
taken  o.f  tlio  ]ihv;'.ical  qualitios  as  well  ii«  the  calorifi.'  value. 


NOTc:s. 


The  I.M.E.A.  Convention. 

Although  (he  technical  part  oi  the  Annual  Convention  of  the 
Incoiporated  Municipal  Electrical  Association  this  year  has 
been  restricted  to  a  single  day,  as  on  the  last  occasion,  owing 
to  the  War,  we  think  it  may  be  said  that  the  fare  provided  [ov 
the  members  has  been  more  of  an  engineering  character,  and 
more  reminiscent  of  past  days.  The  Papers  have  been  i^i.e^ul 
contributions,  and  have  provided  an  ample  basis  for  discussicn, 
a:ad  thus  we  feel  the  Council  may  be  congratulated  on  the 
programme  they  have  been  able  to  put  together  at  a  time  when 
members  have  very  little  leisure  on  their  hands  for  si.ch 
matters.  Apart  from  reports,  only  three  Papers  were  presented. 
Of  these  we  have  dealt  with  that  by  Mr.  H.  S.  Ellis  on  "  The 
Generation  of  Electricity  on  a  Small  Scale  or  Bulk  Supply,"  in 
cur  Leading  Article.  The  Paper  by  Mr.  W.  W.  Lackie  deals 
with  the  important  subject  of  "  Boiler-House  Design  and 
Operation."  Among  other  matters,  reference  is  made  to  the 
somewhat  misleading  practice  of  expressing  the  results  obtained 
from  coal  in  terms  of  pounds  of  coal  per  unit  generated.  Such  a 
basis,  although  it  is  convenient  enough,  leaves  out  of  account 
the  fundamental  factor  of  the  calorific  value  of  the  fuel.  This 
may  vary  very  considerably.  Further,  there  is  the  cost  of 
carriage.  If  the  carriage  of  coal  to  all  parts  of  the  country  were 
the  same  the  basis  of  pounds  per  unit  would  provide  results 
which  would  be  more  comparative,  and  in  any  case  it  is  the  cost 
that  is  eventually  the  important  matter,  l^nfortunately,  the 
cost  of  carriage  varies  materially  in  different  parts  of  the  country, 
and  its  proportion  is  not  small,  so  that  it  is  better  to  take  as  a 
basis  the  British  Thermal  Units  per  kilowatt  hour,  as  Mr. 
Xackie  suggests,  if  we  are  to  get  a  clear  idea  of  what  is  being 


The  third  Paper  was  by  Mr.  W.  T.  Kerr  on  •"  The  Appli.a- 
tions  of  Electricity  to  Agricultural  Purposes."  The  subject  is 
one  which  we  are  glad  to  see  ventilated,  and  we  congratulate 
Mr.  Kerr  on,  writing  such  a  Paper.  So  far,  a  good  deal  has  been 
done  in  this  direction  in  France,  Germany,  Denmark  and  other 
European  countries.  We  recently  called  attention  to  the  pro- 
gress in  the  same  direction  in  the  United  States.  Canada  alr.o 
furnishes  interesting  examples,  yet  so  far  very  little  has  been 
done  in  this  country  to  obtain  the  patronage  of  the  farmer. 
Mr.  Kerr  shows  what  an  excellent  load  may  so  be  obtained. 
It  is  a  desirable  load,  because  it  continues  in  one  form  or 
another  throughout  the  year,  and  is  not  restricted  to  a  particular 
part  of  the  day.  It  is  true  that  such  operations  as  ploughing 
only  take  place  during  a  short  part  of  the  year,  but  there  are 
many  other  operations,  such  as  chalf-cutting,  sawing,  pumping. 
&c.,  which  are  required  more  or  less  constantly.  Moreover, 
the  use  of  electricity  means  a  considerable  saving  in  labour, 
and  it  may  mean  a  saving  of  horses,  both  of  which  facts  appeal 
strongly  to  the  average  farmer.  As  will  be  seen  on  referen^'C  to 
Mr.  Kerr's  Paper,  very  good  progrc;;s  has  been  made  i\t 
Hereford,  and  wc  cce  no  reason  why  corresponding  ])rosiesL; 
should  not  be  m-ade  in  o-her  parts  of  the  country. 


The  Allies  and  Trade  After  the  War, 

An  importai);.  eronomic  conference  of  the  Allies  was  held  v.n 
June  14-17,  when  certain  recommendations  were  made  \>\ 
regard  to  trade  with  ilif  enemy  powers  during  the  war  an.d 
after  peace  is  declared.  These  recommendations  are  neces- 
sarily somewhat  vague  at  the  moment,  and  refer  to  three 
periods — namely,  the  war  period,  in  which  we  at  present  find 
ourselves  ;  the  reconstruction  period,  during  which  we  thall 
seek  to  restore  to  countries  such  as  Belgium  their  raw  materials 
and  equipment ;  and,  lastly,  the  peace  period.  Among  other 
recommeudat'ons,  it  is  suggested  that  during  the  reconstruction 
period  the  ■■most-favoured-nation""  treatment  shall  be  denied 
to  the  enemy  powers,  and  protective  measures  shall  be  taken  to 
prevent  enemy  dumping,  and  for  preventing  enemy  subjects  in 
Allied  countries  from  engaging  in  industries  which  concern 
national  defence  or  economic  independence.  One  of  the 
recommendations  for  the  peace  period  provides  for  the  assimi- 
lation of  laws  covering  patents,  trade  marks  and  kindred 
matters.  Although  the  subject  of  dumping  has  often  been 
received  with  incredulity,  we  do  not  doubt  that  the  manu- 
facturers of  this  country  \vi\\  be  relieved  <  o  see  that  this  Con- 
ference has  decided  io  take  actit^n  to  prevent  the  infiux  of 
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manufactured  articleB  at  prices  considerably  below  market 
prices  merely  to  obtain  a  footing  in  our  markets  and  to  damage 
our  manufacturers. 


Technical  Teachers- 

With  reference  to  our  recent  comments  on  the  above,  we 
liavc  received  a  lel,tcr  from  the  Hon.  Secretary  of  the  Asso- 
ciation of  Teachers  in  Technical  Institutions  calling  our  atten- 
tion to  the  work  that  is  being  done  by  this  body.  Notwith- 
standing the  ambitious  aims,  objects  and  claims  .set  out  in  a 
pamphlet,  to  .say  nothing  of  Ihe  manifohl  activities  of  the 
Association,  the  position  of  the  technical  teacher  to-day  is  no 
better  than  it  was  15  years  ago,  and  in  many  respects  it  is 
decidedly  wor.-^e.  Local  education  committees  .still  drive  hard 
bargains,  a?  d  teachers  arc,  more  or  less,  at  the  mercy  of  i)'.- 
dividuais.  (.'ur  advice  to  technical  teachers  is  to  organise 
with  t.hc  avowed  object  of  pursuing  an  aggressive  policy  till 
such  time  as  their  wrongs  arc  redressed.  To  do  .so  now  would 
be  unpatriotic  in  addition  to  being  unprofitable,  as  many 
teachers  know  who  v.onder  what  the  m.orrow  has  in  store  for 
them.  After  '^he  war,  when  public  attention  is  focussed  on 
higher  i.c(-]:."ical  education, and  when  llicre  is  likely  to  be  a 
considerable  dem.ar.d  for  such  cducatie.n,  is  the  time  to  be 
aggressive.  In  no  other  way  can  the  teclrMcal  teacher  secure 
better  eo"ditiors  of  employment  ai>d  obtain  remuneration 
commensurate  with  the  cost  of  bis  training. 


writer  of  "  Electricity  Supply  Memoranda "  .shines  better 
as  a  journalist  than  as  an  engineer.  Of  his  notes  it  may  be  said 
that  although  sometimes  inaccurate  they  are  always  readable. 
Our  friends  should  endeavour  to  reach  the  high  standard  of 
accuracy  which  they  demand  in  others.  Had  they  to  do  so 
we  venture  to  think  they  would  have  more  than  sufficient  to 
do  in  correcting  their  own  faults  to  find  time  every  week  to  fill 
columns  of  their  ""  Journal,"  drawing  attention  to  the  joints  in 
the  armour  of  their  trade  rivals.  To  refer  to  the  steel  tubular 
poles  which  support  tramway  trolley  wires  as  "  stalwart  cast- 
iron  columns  "'  may  be  clever  journalism,  but  it  is  neither  an 
accurate  description  o^  such  standards  nor  is  it  ergineerirg. 
It  may  be  that  to  our  contemporary  all  poles  are  alike. 


Joints  in  Extra  High-Pressure  Cables. 

El.sewiikkk   in   .his  issue  we  publish  two  articles  on  th^ 
jointing   of   cxtra-high-prcssurc,  three-phase,  paper-insulated, 
undcrgrounel  cables.     One  o?  these,  by  Mr.  ('.  Beaver,  de- 
scribes what  may  be  regarded  as  British  practice  of  the  highest 
class,  anel  the  other,  by  Mr.  P.  Te)H(Hio,  describes  the  corre- 
sponding practice  in  the  United  States.    The  straight-through 
joints  described  by  Mr.  Beaver  were  made  on  a  0-15  sq.  in., 
33,()00-volt  cable,  and  a  pressure  test  of  75,000  volts  for  half 
an  hour  was  specified.     From  the  article  it  appears  that  the 
joint  actually  witlistood  100,000  volts  for  10  minutes  without 
any  sigi^s  of  failure.     An  excellent  feature  of  this  joint  is  the 
bitumeji-filled  cast-iron  box  which  encloses  the  heimetically- 
sealed  cast-lead  sleeve  which  surrounds  the  joint  and  which 
is  wiped  to  the  lead  of  the  cable.     The  joint  described  by  Mr. 
ToKciiK)  has  been  used  on  a  25,000-volt  cable  and  a  two-fold 
increaseof  pressure  was  applied  continuously  for  over  a  fortnight 
without  failure  of  the  joint.     One  of  the  fundamental  differ- 
ences in  tli<'  two  methods  of  jointing  is  the  filling  o'  1  lie  Ixix 
and  the  comjjound   used.      Mr.  Bkaver  rccommeiuls  a  solid 
compound  and  a  simple  ])onring  proccr.s  for  filling  the  box  : 
Mr.  ToKciiio,  on  tlu'  other  hanil,  uses  a  li<|iiid  (iller  aiul  .s\ibje(  ts 
the  joint  to  a  14  1b.  vacuum  before  filling.     The  method  of 
protecting  the  solid  insulation  against  electrostatic  chaigcs  by 
means  of  a  mo'.al  gauze  is  ingenious  ac  also  is  the  application 
of  heavy   lam])   wick   nunid   tlio  gauz-f'  to  rtMain,  bv  sur^K  e 
tension,  tlw  insulating  oil  in  the  s])li(e.     It  is  cluimed  tliat  the 
joint  dercrihed  eliminates  the  trouble  that  has  bet  n  experienced, 
in  soni"  cases,  of   ilic  liipiid   (illn  nmning  int<»  the  cable  and 
leaving  voids    in   the  joint.     From  t ho  two  articles  it  woulel 
appear  that  tlic  solid-iilltMl   joint   is  the  simpler,  although  we 
liave  no  doubt  that  cx])eriem  eel  jointers  (juickly  become  familiar 
with  both  methods  of  jointing.  a'Ml  the  fact  that  fundanicutally 
different  methoels  are  being  used  for  practically  identical  services 
should  furnish  information  of  considerable  value  to  makers  and 
rs'M's  of  extra-higli-]tV(-ssure  cables. 


Technical  Education  and  the  '•  Daily  Mail." 

According  to  our  live  contemporary,  "  British  engineers 
have  nothing  to  fear  from  German  competitors  in  the  field  of 
sheer  brain-power,  but  we  believe  it  will  be  acknowledged  that 
in  the  source  of  that  power  nameh/,  a  scientific  State-encouragtd 
system  of  technical  ahication — we  have  something  to  learn  frcm 
our  enemy."  Our  readers  know  the  nature  of  the  encourage- 
ment given  by  the  State  to  technical  education.  Were  the 
eiausc  less  worthy  we  r.hould  iirc  of  pointing  out  that  althoi'gh. 
grants  pra-^ti'  ally  as  usual  are  being  paiel  to  local  education 
authoritic.';  Ihere  is  no  technical  education  to  speak  of  at  the 
present  time.  In  complimentirg  our  contemporary  we 
suggest  to  them  the  desirability  of  conducting  a  campaign  to 
enforce  a  scientific  State-encourageel  system  of  technical 
education.  Such  a  system  when  in  full  operation  would  make 
it  unnecessary  for  hi<.- h-salaried  technical  in.spectcrs  e)f  the  Bv-aid 
of  Education  either  to  dabble  in  research  or  to  study  toy- 
making.  For  many  months  we  liave  been  emphasising  the 
importance  of  higher  tech.nical  ee'ucation,  and  many  of  tho.sc  in 
high  places  who  .support  us  arc  afraid  to  use  their  pens  ein 
account  of  th.pir  official  positions.  It  is  sad  to  think  that  such 
people  mu.st  perforce  be  silent.  Is  it  that  we  are  knaves  in 
addition  to  being  fools,  in  so  far  as  when  our  people  are  rushing 
towarels  disaster  we  speak  no  restraining  word  lest  we  pay  the 
forfeit  by  losing  our  positions  ? 

Real  Economy. 

Of  the  economies  recommended  to  the  Southend  Town 
Council  at  its  meeting  on  the  20th  inst.  by  a  Special  Committee 
appointed  to  con.sider  tl>e  (juestion  is  one  likely  to  interest  all 
electrical  engineers  and  members  of  the  Incoiporated  Muni- 
cipal Ele(  trical  Association  in  particular.  This  takes  the  fonn 
of  an  i}istruction  to  the  Highways  Committee  to  consider  the 
(piestion  of  sub.slituting  electricity  for  gas  in  all  streets,  with 
a  view  to  terminating  in  1017  the  agreement  with  the  gas 
(•(.m|iany.  Such  instru(  tion.  without  the  neat  turns  of  speech 
one  expects  in  ternunating  agrivments,  must  be  very  anroying 
to  the  gas  people  in  view  of  their  recent  publicity  campaign. 
Nevertheless  we  compliment  the  Southend  authorities  on 
discovering  where  eron(tmy  can  be  effected  without  decrea.'^ed 
efficiency,  and  we  have  pleasure  in  drawing  attention  to  the 
matter  as  it  is  unlikely  that  th.e  gas  ])eople  will  do  so  on  their 
economy  po.>«terf!  whirh  disfigure  tbe  hoardings. 


'Stalwart  Cast  Iron  Columns.' 

A  NOTE  in  a  recent  issue  of  our  estc  m ~d  contemporary,  the 
"  Journal  of  Gas  Lighting."  leads  us  to  ,he  condusioii  that  the 


Performance  of  30.000-Kw.  Steam  Turbc-Genei-ators. — 

Kriiihnii.  1)1  the  artii  Ic  ou  this  ,sul>jcrt  m  our  issue  oi  the  lUli 
inst..  the  co.st  of  the  new  turbo-generators  and  condensers  was 
given  at  £1.  Hs.  per  kilowatt.  The  eost  should  be  £1.  16s.  per 
kilowatt. 

Collisions  at  Sea.  At  the  recent  meeting  of  the  Marconi 
International  Maru'c  Communication  Co.  it  was  stattnl  that 
Mr,  Marconi   had   invented  a   simple   apparatus  to  prevent 
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accidents,  and  wliicli  would  be  worked  from  the  ship's  liridj^-; 
by  one  of  the  crew.  This  invention,  it  is  said,  will  put  an  end 
to  all  risk  of  collision  in  darkness  or  foggy  weather. 

Meter  Approved  by  Board  of  Trade. — On  Jujic  liith 
the  Board  of  Trade  approved  tli.e  construction  and  pattcrji  of 
the  Westinghouse  single-phase  watt-liour  meter,  Typo  K,  for 
the  measurement  of  electrical  energy  supplied  on  the  constan.t 
pressure,  two-wire,  single-phase  a.c.  system,  provided  tlie 
meter  be  constructed  as  described  in  specifioation  and  drawings 
No.  H3765  and  in  accordance  with,  pattern  meter  No.  449,810 
deposited  with  the  Board  of  Trade,  and  the  Board  has  also 
approved  of  the  means  provided  for  fi.xing  and  connecting  such 
meters. 

New  Chemical  Laboratories  at  Oxford.  The  ''  Morning 
Post  "  referred  recently  to  the  opening  of  the  new  chemical 
laboratories  at  Oxford.  When  Mr.  Perkin  was  appointed 
Waynflete  Professor  the  Endowment  Trustees  of  the  Univer- 
sity offered  £15,000  towards  the  new  buildings,  the  University 
authorities  finding  a  suitable  site.  This  sum  was  found  in- 
sufficient, and  Mr.  C.  W.  Dyson  Perrins,  of  Davenham,  Malvern, 
and  a  former  member  of  Queen's  College,  Oxford,  offered  £5,000, 
bringing  the  total  to  £20,000.  Mr.  Perrins  subsequently  gave 
a  further  £25,000,  of  which  £5,000  is  to  be  spent  on  equipment 
and  £20,000  to  be  used  as  an  endowment  fund. 

Sir  R.  Hadfleld  and  Technical  Training. — In  replying  to 
some  of  his  French  friends,  Sir  R.  Hadfield  (as  reported  in  the 
"  Sheffield  Daily  Telegraph  ")  gives  his  opinions  on  this 
subject.  In  the  opinion  of  Sir  Kobert,  neither  the  scientifio 
nor  the  practical  man  fulfils  the  required  conditions  in  managing 
great  business  affairs.  By  the  practical  man  is  meant  a  man 
who  has  received  a  good  secondary  school  training,  but  no 
special  scientific  culture,  and  by  a  scientific  man,  one  who  is  a 
stranger  to  the  experience  and  necessity  of  practice.  It  is 
necessary,  therefore,  to  find  a  man  who  unites  the  various 
qualities.  Non-success  attends  both  the  practical  and  scientific 
man  who  fails  to  develop  the  higher  qualities.  A  man  needs, 
above  all,  his  personal  application  and  intuition. 

The  Corrosion  of  Metals.— The  Faraday  Society  has  re- 
printed from  its  "  Transactions  "  a  series  of  Papers  and  dis- 
cussions on  "  The  Corrosion  of  Metals  :  Ferrous  and  Non- 
Ferrous."  This  comprises  an  introductory  address  by  Sir 
R.  Hadfield,  F.R.S.  ;  ''  Phvsical  and  Mechanical  Factors  in 
Corrosion,"  by  Cecil  H.  Dcsch,  Ph.D.D.Sc.  ;  "  The  Relative 
Corrodibilitics  of  Iron  and  Steel,"  by  J.  Newton  Friend,  D.Sc.  ; 
"  Experiments  on  the  Influence  of  Composition  Upon  tho 
Corrosion  of  Steel,"  by  Mr.  L.  Aitchison,  M.Met.  ;  "  Note  on 
the  Corrosion  of  Iron  and  Steel,"  by  S.  Whyte,  B.Sc.  ;  "  The 
Zinc-Copper-Couple  Hypothesis  of  Brass  Corrosion,"  by  Arnold 
Philip  ;  ''  The  Corrosion  of  a  Solid  Solution,"  by  W.  E.  Gibbs, 
M.Sc,  and  an  account  of  a  "  Demoistration  of  the  Cumberland 
Electrolytic  Process  for  Preventing  Corrosion  of  all  Metals 
Immersed,  in  Liquids,"  by  E.  Cumberland.  Tlie  price  of  the 
reprint  is  7s.  6d.  net. 

War  Work. — It  ic  announced  by  the  Secretary  ol  the  War 
Office  that  250  examiners  of  engineer's  work  are  urgently 
required  for  service  at  home.     The  qualifications  essential  are: 

( I )  An  apprentice  chip  (or  its  equivalent)  of  not  Icrs  than  three  ycarf;  in 
engineering  workshops,  followed  by  further  experience  in  shops  pro- 
ducing engineering  work  of  an  accurate  nature.  Some  portion  at  least 
of  the  experience  must  be  recent,  as  the  rapid  advances  of  late  years  in 
workshop  practice  have  rendered  earlier  experience  quiie  out-of-date  ;.s 
regardi  this  work.  (2)  Familiarity  with  r.nd  skill  in  using  fine  measure- 
ment tools  (micrometer,  vernier  caliper,  vernier  protractor,  height  r.r.d 
depth  gauges,  &c.).  (.3)  Experience  in  actual  detailed  inspection  of  en- 
gineering parts,  and  knowledge  of  the  working  methods  needed  for  retting 
U])  for  examination  and  measurement  pieces  of  an  awkward  shape  or 
comphcated  charaetc  r.  (4 )  A  complete  knowledge  and  con-.prchensicn  e/f 
the  meaning  and  object  cf  limit  sy:;tcn:s  ;  a  working  acejuaintance  with 
one  or  more  cuch  systems  (preferably  including  the  "  NewaJl  "),  and  gccd 
experience  in  the  me  of  limit  gauges.  (5)  A  reasonable  standard  of  educa- 
tion, and  ability  to  render  clear  written  reports.  Rates  of  pay  50s.  to 
60s.  weekly,  plus  allowance  of  21g.  weekly  up  to  three  months  at  one 
station  ;  also  a  bpccial  war  increace  of  4g.  per  week,  and  overtime  at 
common-time  rates  after  48  hours  per  week.  Preference  will  be  given 
to  men  over  military  age,  men  in  the  older  married  groups,  and  men  unfit 
for  general  service  ;  but  men  of  any  age  maj^  be  taken  if  they  are  highly 
skilled.  All  apphcations  should  be  addressed  ■"  Room  268,  A.  G.  2  B, 
War  Office,"  enclosing  credentials. 


Electricity  Defined.    From  C!.-v.land,  Ohio  (U.S.A.),  we 

have  received  a  po.sLcard  dealing  with  tlii.s  .subject  in  the  follow- 
ing tenns  : — 

CLKVELAND, 

THi;    FiRST    Crrv    Tr>    DtKI.NK    KLEf-nilCITy. 

A  Challenge  to  the  Leading  Thinkers  of  Any  City 
of  the  World. 
Electricity  ifi  gravitation  operating  under  sixrcific  control.  It  i.s  not 
a  distinct  entity,  but  the  relative  condition  of  an  entity.  Gravitation 
is  ether  particles  which  have  absolute  motion,  infinite  velocities  ettmal 
without  change  and  whi(  h  move  in  all  directions  throughout  the 
Universe  in  straight  lines.  AH  other  forms  of  motion  frf  the  ether 
■particles  are  forms  of  energy  or  matter.  A  (circuit  is  a  region  of  •on- 
trolled  gravitation.  A  dynamo  is  a  device  to  operate  th'-  <ont rolled 
gravitation  of  a  circuit  against  a  resistance.  The  ojK-ratc  d  grp.vit?,. 
tion  is  termed  the  electric  current  of  the  circuit  and  which  is  m'Niified 
by  specific  resistances  into  forms  of  energy  as  heat,  fight,  power  and 
batteiy  charge.  The  faUing  apple  is  operated  by  "natural"  gravilation. 
Should  the  a])plc  "fall  "  sidewisc  by  gravitation  the  phenomenon  would 
be  termed  electrical,  &c.,  &c.,  &c. 

an  enterprise  of 

The  Cleveland  School  of  the  University  of  the  World. 

Instituted  to  Propagate  the  Method  of  R  ght  Tainking, 

By  G.  A.  Bow-sher, 

Caxton  Building,  Cleveland,  Ohio. 

Engineering  Research  Committee.  Tiic  Standing  Com- 
mittee on  Engineering  appointed  by  the  Advisory  Council  for 
Scientific  and  Industrial  Research  hold  its  first  meeting  on 
Wednesday,  June  7th.  The  commitiee  has  been  so  constituted 
as  to  represent  both  the  scientific  and  the  industrial  sides  of 
engineering,  and  includes  the  following  members  nominated 
by  the  professional  associations  : — 

Institution  of  Civil  Engineers,  Sir  Maurice  Fitzmaurice,  C.M.G. 

Institution  of  Electrical  Engineers,  Mr.  J.  S.  Highfield. 

Instituticm  of  Mechanical  Engineers,  Dr.  Dugald  Clerk,  F.R.S. 

Institution  of  Naval  Architects,  Sir  Archibald  Dcimy,  Birt. 

N.E.  Coast  Institution  of  Engineers  and  Shipbuilders,  Mr.  Herlxrt 
Rowell. 

Manchester  Association  of  Engineers,  Mr.  Alfred  Saxon. 

Institution  of  Engineers  and  Shipbuilders  in  Scotland,  Mr.  James 
Brown. 

and  the  following  members  appointed  directly  by  the  Advisory 

Council :  Mr.  F.  R.  Davenport,  Mr.  Alfred  Herbert,  Prof.  Bertram 

Hopkinson,  F.R.S.,  Mr.  C.  H.  Mcrz,Mr.  V.  L.  Raven,  Mr.  A.  A. 

Remington,    Mr.    G.    Gerald    Stoney.     F.R.S.,    Mr.    Douglas 

Vickers,   Prof.   Miles   Walker.     The   Advisory   Council   have 

appointed  Sir  Maurice  Fitzmaurice,  C.M.G.,  to  be  chairman. 

The  committee  was  welcomed  by  Sir  Wilfiam  M'Cormick,  chairman  of 
the  Advisory  Council,  and  Dr.  H.  F.  Heath.  Administrative  Secrctaiy  of 
the  Council.  Sir  A.  Selby-Bigge,  Secretary  to  the  Committee  of  the  Fri\ y 
Council  for  Scientific  ancl  Industrial  Research,  also  attended  and  empha- 
sised the  importance  attached  by  the  Government  to  the  need  for  gnr.tly 
increased  activity  in  research  in  connection  with  industiy.  In  Sir 
Maurice  Fitzmaurice's  opening  statement  as  chairman  of  the  Stard'ng 
Committee,  several  important  aspects  cf  the  Government  scheme  as 
issued  in  July,  1915,  were  referred  to,  and  attention  was  directed  in  par- 
ticular to  the  necessity  for  s  curing  that  British  industries  shall  get  as 
large  a  share  as  possible  of  the  full  value  of  the  results  of  any  suce-c; ;  ful 
researches,  and  shall  retain  at  least  the  initial  advantages  derived  from 
them.  He  felt  in  this  connection  that  the  committee  would  b^  in  a 
position  to  advise  the  Government  organisation  for  rcLxarch  as  to  the 
means  of  securing  that  their  operations  should  yield  the  maximum  bene- 
fits to  the  trade  and  industry  of  the  Em]>ire.  Much  time  and  money  hrd 
been  spent  upon  research  in  the  works  of  individual  firms  whose  aggregate 
expenditure  for  the  purpose  far  exceeded  the  sums  at  thed-spcsci  ofthi 
committee  of  the  council.  But  the  Governm  nt  had  made  a  decided  step 
forward  by  showing  their  interest  in  industrial  research.  Sir  Mr.uriee 
Fitzmaurice  hoped  that  it  would  be  possible  to  co-opcrate  with  our 
fellow-countrymen  beyond  the  seas  in  carrying  out  many  useful  inve^t:- 
gations. 

The  Late  Prof.  S.  P.  Thompson.— At  a  special  general 
meeting  of  the  Institution  of  Electrical  Engineers  held  on 
Thursday,  Jun-  15,  the  President  (Mr.  C.  P.  Sparks)  .said, 
before  taking  the  business  for  which  the  meeting  was  called, 
there  was  one  matter  to  which  he  would  give  precedence. 
Since  they  last  met  they  had  all  lost  a  friend.  Dr.  Thonipson 
passed  away  on  Tuesday  (June  13)  unexpectedly.  He  was 
such  an  old  friend  cf  so"  many  of  those  present  that  he  (the 
President)  took  the  earliest  opportunity  of  asking  the  Institu- 
tion to  pass  a  special  resolution  with  regard  to  the  great  loss 

thev  had  sustained.     The  resolution  was  : — 

•That  the  members  of  the  Institution  of  Electrical  Engineers  have 
learned  with  profound  regret  of  the  death  of  Dr.  Silvanus  P.  Thompson. 
I>Ilow  of  the  Royal  Society  and  Past  President  of  the  Institution  of 
Electrical  Engineei-s.  and  hereby  desire  to  exprecs  their  most  sincere 
sympathy  with  Mrs.  Thompson  and  family  in  the  great  loes  they  have 
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hustaincd  by  hii-  death  ;  and  the  memherii  dcHiiv  al^o  tu  f.xinxii-  llii'ir 
Bincero  a|)])rc'ciatic)n  of  the  fircat  KcrvicCH  rendered  bj  Dr.  'J'homlison  to 
the  Institution  and  of  hi:>  valuable  work  in  the  advaneement  of  sreienoc 
and  it:;  appHcations." 

The  members,  standing,  pansed  the  rt;  olution  in  rtsijcctful  silence. 

The  remains  of  the  late  Prof.  Thompson  were  cremated  at 
(Joldei's  Green  last  Friday,  and  a  special  meeting  was  siibse- 
(juently  held  at  the  Friends'  Meeting  House  in  St.  Martin's- 
lane. 

The  meeting  was  vtiy  largely  attended  by  seientifie  nKU,  ineluding  : 
Loid  Reay,  Sir  AVilliam  ('rook(  ■,  Sir  .J.  J.  Thorn -on,  Sir  .lani'  s  Crichton- 
I5i()wiie,  Sir  Alex  IVdIer,  Sir  Alfred  Ewing,  Sir  Hcniy  Tiucnian  Wood, 
Sir  .lames  Mackenzie  Davidson,  Sir  George  Beilby,  Sir  William  F.  Barrett, 
Sir  .John  Gavcy,  Sir  Roland  \\'iliion.  Sir  John  Snell,  Mr.  ('.  P.  Spark:', 
(.'olonel  Crompton,  Dr.  Waller,  Ur.  A.  Rui^;.ell,  Prof.  A.  Schuster,  Colonel 
E.  H.  Hills,  Dr.  R.  Muilineu.x  Walmsky,  Dr.  T.  Gregory  Foster,  Mr. 
(!harl(s  Hawksley,  Dr.  W.  Ec(  Ics,  Mr.  F'  S.  Spieis,  Mr.  Gerald  Stoney, 
Mr.  Charles  Bright,  Mr.  Ale.xander  P.  Trotter,  Prof.  R.  A.  Gregory, 
Mr.  C.  H.  Word-ngham,  Prof.  F.  G.  Baily  and  Proi.  Margeteon. 


OBITUARY. 


Killed  in  Action. — We  regret  to  have  to  record  the  death  of 
Private  C.  A.  Chattoek,  only  son  of  R.  A.  f'hattoek,  city  electrical 
enguK'cr  of  liirniinghaiii,  who  was  killed  in  action  in  France  on 
June  i.  Deceased,  who  wa".  23  yeJirs  of  age,  was  educated  at  Hill- 
brow  School.  Rugby,  and  subsequently  at  Charterhouse  School 
(Kobiiiitcs).  He  studied  at  the  Hinningliaiu  ^Municijial  School  of 
Art  and  in  Paris.  J'e  was  engJiged  tn  designing  work  when  war 
Ijrokc  out,  and  he  joined  the  2nd  City  of  Birmingham  I'attalion  in 
C(t.,  1914,  as  a  j)riviitc.  His  hattalicn  went  to  F'rancc  in  Nov., 
1915,  ajul  h((  was  en  active  service  until  his  death  occurred. 


PERSONAL. 


C;i|)(.  Henry  Xcwlon,  of  (be  ")tli  Notts  and  Derby.sliirc  Hegt. 
(attiiclud  Itovji!  lOnginecrs),  has  been  awarded  the  D.S.O.  He  com- 
manded the  Ilkeston  Company  of  the  .1th  Battalion  (T.F.).  ;ui<l 
accompaiiii'd  them  to  the  Front. 

Wliil^t  there  lie  was  n  .-i)OMsiblc  foi- a  laimber  i,f  inventions  which  weie 
Ui(d  to  advantage  by  his  own  battalion,  and  the  Brigadier-General, 
realising  their  excellence  and  utility,  gave  instruetifuis  for  thcni  to  be 
))rovided  for  the  brigarle.  A  workshoj)  was  establish-  d  in  France  for 
hii;  o]):' rations  to  be  conducted  on  the  s()ot.  and  Cajit.  Newton  was  ])|aced 
in  commiuid,  and  this  ]iarticular  w(trks  now  employs  a  large  numbc  r  of 
men.  C;a])t.  Newton  is  a  memlter  of  .Messrs.  Newton  Hros.  (Ltd.),  elec- 
trical engineers,  of  Derby,  of  wliicii  he  is  a  directnr. 


APPOINTMENTS  VACANT  AND  FILLED .' 

.\ii  engineer  is  ic(|iiii((l  to  tivke  charge  of  all  repairs  and  new  \\(irk 
(including  electrical  work)  at  a  large  factory.     See  mi  adrertiseiiieiit. 

Stepney  (l/ondon)  (Juaidiann  rccpiire  for  their  ebildixirs  homes  at 
StilTord,  Essex,  iin  cngiMeer  to  take  charge  of  ekutrie  lighting  iiiid 
other  machinery.  Salary  £2  jier  week,  increasing  to  jC2.  .'is.,  with 
residence,  l-'orms  from  the  Clerk,  l^arues-street.  RatcIKT.  K. 
Aj>lilieiitious  by  .luiie  21. 

Mr.  Iv  .).  Walsh  Iw's  been  apjinintod  nianaj,er  of  the  .Muss«'l burgh 
and  l)istri<t  Electric  IJglit  iV  Traction  Co..  in  succession  to  .Mr. 
Wat.son,  resigiuid. 

Mr.  rat(  u  has  been  ap]M)iut<(i  a  :hifl  cngin(M  r  ;it  the  (Jillinghaiu 
electricity  works. 

INSTITUTIONS  AND  SOCIETIES. 


Institution    of    Electrical    Engineers.— Kxclvsion    ok    Alien 

Kni:mii:s.— A  speciid  coMlirniJitory  meetiTit'  of  the  Institution  was 
held  on  'I'hursday.  .Inn(^  l.'itli.  The  Pkk.mdknt  moved  that  (he 
reoolution  jiasscd  on  May  2.5(1)  (ami  set  out  on  jwige  292  of  our  issue 
of  -lune  2nd)  be  eonlirnuMJ. 

Mr.  1,1,.  1?.  Atkins'»n.  i"  vecondinL'.  said  many  of  tlie  uK'uiliers  had 
learned  in  the  coui:<e  of  tlic  di^.cu  ■•-ion  of  this  sul)jccl  lli;i(  (lii'  ln^liluli<'n 
Mas  a  limited  company,  and  it  wa.;  a  (  ouimonpiai  ••  llril  (he  uiorc  miis|i<  d 
shareholders  were  the  fewer  of  llnni  uttendc  d  the  nicetingn.  The  ^niall- 
ness  of  the  nttendanco  at  that  meeting  miiilit.  tiuitfoiv.  be  takMi  to 
indicate  that  most  of  the  shareh«>ld"i«  of  that  company  weo-  (."tir-tiid 
with  the  resolution,  which  Ik>  hi'd  p|cii;<uic  in  secondinv. 

The  resolution  w:':-  put  to  tin-  uretiui:  and  canud.  with  only  one 
dissentient. 

Mr.  Atkinson  then  remarked  Ihiit  he  was  one  of  \\w  nicmbi  is  wlio 
signi'd  tin  original  request  to  the  Council  to  d«  nl  with  the  inatt<  r.  At 
thnt  time  n  e.onRidernblo  nr.mber  of  nienibers  wcir  fonn  what  di^s,^tis(l(d 
because  the  Council  itulf  was  not  moAing  in  the  mattt  r.  The  Councils 
position  was  tb.nt  it  could  not  move  with-^ut  some  m<  mUi?  moviig  it  to 
do  so.     After  the  numbers  hnd  done  (h.it.  the  Prrsidrnt.  on  his  own 


initiative,  met  those  who  were  dissatisfied  and  heard  all  they  had  to  say, 
and  from  that  moment  there  was  no  difficulty.  The  matter  wa..;  dis- 
cussed frankly  with  the  President,  who  formed  the  intermediary  between 
tho;^'  members  who  wei-e  dissatisfied  and  the  Council,  and  from  that  time 
the  matter  moved  rapidly,  and  all  dissatisfaction  with  regard  to  the 
Council  disappeared.  He  felt  it  due  to  the  President  to  mention  that, 
and  he  asked  the  meeting  to  join  in  a  vote  of  thanks  to  him,  both  for 
taking  the  chair  at  that  meeting  and  for  the  help  he  had  given  in  getting 
this  matter  through  rapidly. 

Mr.  A.  A.  C.xMPBKLi.  SwiNTON  eeconded  the  motion,  and  it  was  carried, 
with  applau-e. 

The  Pkksident.  in  acknowledging  the  vote  of  thanks,  and  Mr.  Atkin- 
sons  remarks,  said  he  thought  they  had  tackled  a  veiy  difficull  raatttr 
diiilomatieally.  If  the  result  was  not  effective  the  members  had  only 
to  ajiproach  the  Council  again.  They  were  not  hostile  to  matters  of  that 
kind,  and  h'*  would  do  all  he  could  to  assist  Mr.  Atkin;!On  or  an}-  Com- 
mittee of  Mcmbci  ■  to  forward  the  true  interests  c;f  the  In.stitution. 

The  meeting  then  terminated. 

Institution  of  Mining  Engineers. — At  the  recent  London  uieetmg 
of  this  Institution  Mr.  Wallace  Thomeycrott  was  nominated  Presi- 
dent for  the  ensuing  year.  Sir  \\'iLliam  Garforth  stated  that  strong 
committees  had  been  formed  to  advise  the  Advisory  Council  for 
Research,  and  about  30  difl'erent  subjects  in  connection  with  minmg 
were  gouig  to  be  investigated.  It  was  stated  that  steam  plants  at 
many  collieries  were  most  wasteful.  In  regard  to  coal  distillation, 
the  waste  gases  from  bye-product  ovens  amounted  to  7.000-million 
cubic  feet  j-nnually,  of  which  only  a  small  fraction  was  utiUsed. 

Imperial  Institute. —  At  the  first  meeting  of  the  newly  constituted 
executive  comicil  of  this  In.stitute,  Lord  Islington  was  elected  chair- 
mr.n. 

Electrical  Trades  Benevolent  Institution. — The  confirmatory 
general  meeting  of  this  Institution  Ava;;  held  on  Monday,  19th  iust., 
at  the  Institution  of  Electrical  Engineers,  for  the  purpose  of  con- 
firming the  alterations  in  rules  which  Merc  made  at  the  annual 
geiu'ra!  meeting.  The  principal  alteration  was  to  make  the  rule 
regarding  the  ])osition  of  members  who  had  not  paid  their  sub- 
scrii)tions  slightly  less  drastic  than  it  formerly  was.  The  rule 
formerly  stated  that  members  whose  subscriptions  wero  in  arrear 
weie  entitled  to  no  privileges  whatever.  The  altered  rule  is  that  a 
nuMuber  who  is  thus  in  arrears  shall  not  be  entitled  to  votes.  There 
is  no  doubt  that  votes  will  in  the  near  future  be  of  considerable 
value,  as  the  election  of  pensioners  is  by  vote,  and  the  list  of  members 
is  steadily  embracing  more  names  of  j;ersons  wlio  might  jKjssibly  be 
ui  need  of  such  pensions. 


ARRANGEMENTS  FOR  THE  WEEK. 


TUESDAY,  June  27th. 

,\ss<K  lATioN  or  Si  VKin  isiNo  Ki.k<  trici.\ns. 
T.'iO  I'.iii.     At  St.  I     lb    lusiiiiitc.  BiideliM'e.  E.C.    Annual  General 
Sleeting. 

FRIDAY,  June  30th. 

Ti;  \MW.\YS  AND  Lu;HT  RaU-WAVS  A.SSIK'IATION. 

2.:i0  p.tii.     At   Westminster   Palace    Hotel.    S.W.     Eighth    Annual 
CongVf :  ■■. 

PhYSH  AL  SoriKTY. 

.';  /».  w.     At  the  ]ihi)erial  (.".oljt ge  of  Scienie,  South  Kenjington. 


( Mti. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

1  ( 'oinni  iiiilmg.  Lk  iil.  (ol.  ( '.   1>.  Clay.  \".D. 

( trders  for  the  Week. 

OliicM  toi  jhr  Wick.      Platoon  C<imm:uiderC.  H.  C.  Bond. 

N<  xl  for  Duty.      Platoon  Commander  . I.  ().  Chcadle. 

.\ppointmints.  H.  de  P.  Birkctt  to  be  (-om^uiny  Sergeant  Major  No,  .'{ 
Comjiany.  H.  .1.  (Jolding.  P.  H.  H.  .lantzen  and  V..  A.  lllmann  to  be 
Seeti<»n  Commanders  No.  .'{  Com]>any.     All  to  date  .lune  3rd. 

Monday.  .lune  2(itli.  T<'ehni«al  for  Platoon  No.  !1.  4(».  Regen<  y-strrct, 
S.W.  .Sipiad  and  I'latoon  Drill.  Platoon  No.  10.  Signalling  Class 
and    He(ruits. 

Tuesday,  .luiii'  27lh.—  The  School  of  .\rms  will  Im-  discontinued  during 
the  sumnu  r  months.  Recruits  7.1.1  (o  S.!.!  Ix'cture  7.1.5.  "  Organi- 
sation and  Disciplini'."  by  Company  C<unmander  W.  Hynam. 

We«lni'sday.  .lune  2.sth.  -  Platoon  Drill.  No.  1   Platoon. 

Thursday,  .lune  2!tlli.  Platoon  Drill.  No.  .l  Platoon.  Shooting  for 
No.  tt  pj.ktoon.  Miniatun-  Hangi-.  Recruits  .'i.'l.")  (o  7. ■(."».  ln'<true- 
tiomil  Class  ."».4.">. 

Friday,  .lune  :Uttli.  Tci  liiiical  for  No.  Hi  Pl.itoon.  U\  !'<  r  ■  i  ■  >  st  ixt. 
S.W.     Sipiad  and  Platoon  Drill.  No.  9  Platoon. 

S;«l\irday.  .hily  1.-  I'nrad-  2. 1.'i.     I'niform. 

Sunday.  .Inly  2nd.  —  Entrrnchinp  at  «»tfonl.  Parad.-  Victoria  (S.E.  ft  C. 
Railw  ly  Booking;  <tfh(T)  S..S.')  a.m.  Uniform,  haversacks,  water 
bollli".  Mid<biy  rations  to  he  carried.  Kailway  voui'Ik  rs  will  he 
provided. 

(Mford  (amp.-  On  and  after  .Saturday.  June  3rd.  then-  will  Ix^  n  standing 
Camp  at  Dlford.     See  monthly  order*. 

Mn^ki  tiy.  -For  Nos.  1  and  2  Com.,  see  Notice  and  Tables  A  and  B  at 
lb  adijuartcn?. 

Note. — Inkss  otherwise  indicated,  all  drill,  ^c.  will  take  place  jit 
Chester  House. 
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THE  CONVENTION  OF  THE  INCORPORATED  MUNICIPAL 

ELECTRICAL  ASSOCIATION. 


London,  June  22nd. 

Once  again  the  ajniual  CoiivoDtio'i  of  the  Incorporated 
Municipal  Electrical  Association  is  being  held  under  war  condi- 
tio'Vi,  tlie  choice  of  meeting  place,  as  last  year,  being  the 
J}istitution.  of  Electrical  Engineers  in  Loi'do)i.  To-day,  whicli 
is  fortunately  ideal  from  the  weather  point  of  view,  the  member.'! 
have  assembled  to  do  justice  to  the  technical  fare  that  has  been 
provided,  while  to-morrow  is  reserved  to  purely  formal  busi- 
ness. The  Convention  is  again  shorn  of  its  social  functions  ; 
nor  are  there  any  visits  to  works. 

A  considerable  number  of  the  chief  engineers  who  are  mem- 
bers of  the  Association  are  with  the  Forces,  either  at  home  or 
abroad,  and  were,  therefore,  unable  to  attend.  Their  duties 
arc  being  temporarily  undertaken  by  their  deputy  engineers, 
and  in  a  number  of  cases  these  attended  the  Convention. 
There  were  no  I.M.E.A.  buttons  worn,  this  year,  doubtless 
becauijc  there  would  have  been  no  room  for  them,  seeing  that 
all  the  staffs  of  electricity  undertakings  are  allowed  to  wear 
badges.  Those  who  did  not  wear  badges  sported  roses,  wh'.ch 
fortunately  were  in  keeping  with  the  weather  of  the  moment. 

There  was  a  good  muster  of  members,  delegates  and  visitors, 
about  200  being  present  when  Mr.  A.  C.  Cramb,  tliis  year's 
President,  rose  to  open  the  Convention.  He  was  given  a  very 
heai-ty  welcome,  as  this  time  he  occupied  the  position  of  Presi- 
dent by  election  and  not  acting  President,  as  he  was  last  year, 
in  the  absence  of  Major  H.  Richardson  (Dundee). 

The  provinces  were  well  represented  at  the  Convention,  there 
being  also  a  goodly  number  of  chairmen  of  committees  as  well 
as  chief  engineers.  The  provincial  members  included  Messrs. 
S.  T.  Allen  (Wolverhampton),  F.  Ayton  (Ipswich),  R.  Ayton. 
(Winchester),  A.  W.  Barham  (Watford),  S.  E.  Britton  (Chester), 
S.  Blackman  (Sunderland),  J.  Christie  (Brighton),  C.  A. 
Blascheck  (Canterbury ),W.  J.  Bache  (Cheltenham),  W.  H.  Cooke 
(Luton), A. T.Channon(Grimsbv, acting), Councillor  Ellawav(Bir- 
mingham),  H.  S.  Ellis  (South  Shields),  S.  E.  Fedden  (Sheffield), 
Aid.  A.  Faucett  (Halifax),  H.  Foulds  (Birmingham),  E.  E. 
Hoadlev  (Maidstone),  W.  A.  Jackson  (West  Bromwich),  I). 
Jones  (Kilmarnock),  W.  T.  Kerr  (Hereford),  W.  W.  Lackie 
(Glasgow),  F.  M.  Long  (Norwich),  J.  R.  P.  Lunn  (Darlington), 
A.  Nicliolls  Moore  (Newport),  H.  W.  Munro  (Exeter),  H.  A. 
Nevill  (Wakefield),  F.  Newington  (Edinburgh),  Aid.  G.  Pearson 
(Bristol),  H.  Faraday  Proctor  (Bristol),  S.  L.  Pearce  (Man 
Chester),  F.  W.  Purse  (Carlisle),  J.  A.  Robertson  (Salford) ,  W.  M. 
Rogerson  (Halifax),  T.  Roles  (Bradford),  Aid.  Lt.-Col.  Sinclair 
(Swansea),  T.  E.  Smith  (Leicester),  G.  Tough  (Coventry), 
W.  A.  Turnbull  (Aylesbury),  S.  J.  Watson  (Bury),  H.  Webber 
(Keighley),  G.  Wilkinson  (Harrogate),  P.  P.  Wheelwright 
(Blackburn),  W.  J.Wood  (Bolton),  T.  P.  Wilmshurst  (Derby), 
C.  H.  Yeaman  (Stoke-on-Trent),  J.  K.  Brydges  (Eastbourne), 
F.  H.  Whysall  (Greenock). 

The  members  from  the  Greater  London  area  included  Messrs. 
A.  C.  Cramb  (President),  J.  H.  Bowden  (Poplar),  C.  S.  David- 
son(Barnes).  J.  E.  Edgconie(Kingston-on-Thames),  J.  D.  Pember 
(Dartford),  A.  H.  Shaw  (Ilford),  W.  C.  P.  Tapper  (Stepney), 
W.  Wyld  (Hampstcad),  W.  J.  Beauchamp  (West  Ham). 

Mr.  Cramb  asked  the  members  to  extend  a  hearty  welcome 
to  Mr.  J.  Roberts,  electrical  engineer,  Durban  Corporation, 
who  was  in  London  at  this  time  and  had  been  given  an  invita- 
tion to  attend  the  Convention.  Tliis  was  unHnimoiislv  agreed  to. 
The  visitors  also  included  Sir  John  Snell,  Mr.  C.  LL  Wording- 
ham  (Admiralty),  both  past-presidents  of  the  Association,  and 
Mr.  W.  B.  Woodhouse,  Yorkshire  Electric  Power  Co. 

At  the  conclusioii  of  Mr.  Cramb's  presidential  atldress  a 
heai-ty  vote  of  thanks  to  him  was  pioposed  by  Aid.  Sinclair 
(Swansea)  and  seconded  by  Mr.  C.  H.  Wordingham,  who,  as  one 
of  the  '■  old  stagers,"  spoke  of  the  birtJi  of  the  Association  21 
years  ago,  and  of  its  growth  and  development  during  the  tinu^ 
intervening.  The  vote  was  carried  with  acclamation.  An 
abstract  of  Mr.  Cramb's  address  appears  in  the  next  column. 


PRESIDENTIAL  ADDRESS. 

BY  A.  C.  CBAMB. 

(Chief  Electrical  Engineer,  CrC/ 

'I'lic  pait  ye;.:',  (lining  which  it  has  been  my  pnvilcge  to  iiU  the 
ottice  of  President,  naa.iks  not  only  the  coming  of  age  of  the  Ari«>ofiit- 
tion,  but  also  the  second  year  of  the  terrible  struggle  w  hich  has  caused 
the  time  and  thoughts  of  members  to  be  occupied  to  a  gnat  ext'-iit 
in  matters  appertaining  to  the  war,  ,so  much  so  that  thi.s  import -i:it 
stage  in  the  work  of  the  A.s.sociation  pas.ses  almost  unnoticed. 

In  attempting  to  look  into  the  futur»  of  electric  supply  one  feels 
that  in  this  as  in  most  other  matters  things  will  never  be  quite  the 
same  again.  I  imagine  that  when  the  country  settles  down  to  peace- 
ful times  people  will  aim  at  and  expect  greater  efficiency  and  pro- 
gress in  business,  and  that  in  co-operative  action  quicker  and  better 
results  will  be  ?.ttained.  The  electrical  industry  needs  in  a  greater 
degree  the  spirit  of  co-oper?.tion  in  furthering  the  expansion  of  its 
work  for  the  bcnciit  of  the  Empire  and  of  its  own  members.  When 
one  (!onsidcrs  t'lc  need  for  progress  in  standardisation,  in  publicity, 
in  the  field  of  domestic  heating  and  cooking,  and  in  the  development 
of  new  lines  of  business,  there  can  be  little  doubt  that  the  future 
offers  full  scope  for  the  energy  of  the  Association.. 

The  position  of  our  Association  is  somewhat  unique,  since  it  repre- 
sents commercial  entei'prises  controlled  by  loci'A  authorities  whose 
main  work  is  administrative.  Thcro  is  no  doubt  that  it  is  difficult 
for  officials,  and  even  members  of  such  bodies,  whose  training  or 
main  experience  is  administrative,  to  regard  electrica!  undertakings 
in  the  correct  persjiective,  with  the  lesidt  that  there  is  often  a  cramp- 
ing influence  unconsciously  exercised.  Jn  some  minds  the  only 
justiiication  for  the  existence  of  such  undert;',kings  is  their  ability  to 
relieve  the  rates,  if  not  the  ratepayers.  The  only  reason  1  have 
heaid  advanced  for  appropriating  electricity  prohts  to  this  end  is 
compensation  for  the  risks  run  by  the  ratepayers  in  guaranteeing  the 
capital.  As  a  ratepayer  I  would  much  prefer  to  pay  only  such  prices 
as  are  necessary  to  cover, the  charges  of  the  imdertaking  itself,  and 
equally  my  fair  proportion  of  the  expenses  chargeable  as  rates.  One 
1  s  not  more  enamoured  of  this  system  of  finance  by  the  fact  that 
frequently  the  most  persistent  advocate  of  charging  higher  rates  for 
electric  supply  to  relieve  rates  is  not  a  user  of  electricity. 

Model  General  Condilious  of  Contract.-  There  can  be  little  doubt  in 
the  mind  of  any  member  of  this  Association  of  the  necessity  for 
standard  conditions  of  contract.  It  is  necessary,  therefore,  that 
individuals  should  not  press  their  own  personal  idea><,  one  might  s;»y 
prejudices,  to  the  extent  of  pre\'enting  the  establishment  of  condi- 
tions acceptable  by  the  in;>.jority.  If  progress  is  to  be  made,  the 
mature  opinion  of  the  majority  must  l)e  loyally  acce])ted.  Municijwl 
engineers  have  iir  the  past  enjoyed  tiie  privilege  of  making  contracts 
in  Avhich  the  contractor  had  little  voice,  and  no  doubt  the  settling  of 
contracts  in  which  both  sides  meet  on  more  equal  terms  may  be  some- 
what disconcerting  at  first. 

The  Council  have  not  yet  received  any  report  from  the  Association 
of  Municipal  Corporations  regarding  the  contentious  clauses  o^  the 
model  conditions  referred  to  them  for  consideration  hvthis  Associa- 
tion nearly  two  years  ago.  In  tlie  meantime  indi^'idua!  midertakings 
represented  on  this  Association  are  accepting  these  conditions,  and 
they  have  been  adaptedby  the  other  representative  bodies  concerned. 

I.M.E.A.  Bill.— The  Association  are  ind'  bted  to  the  British  Elec- 
trical and  Allied  Manufacturers  Association  for  their  kindly  offices 
in  endeavouring  to  bring  about  a  settlement  of  the  outstanding 
differences  between  the  Electrical  Contractors  Association  and  our- 
selves in  connection  with  tliis  Bill.  A  joint  meeting  took  place,  and 
it  was  hoped  that  an  agreement  had  been  reached,  but  the  terms,  as]ou 
previous  occasions,  were  not  accejitcd  hv  the  Electrical  Contractors 
Association.  Our  Association  h;is  made  concession  after  concession 
withoutaVail,  possibly  going  even  beyonil  tlve  limits  which  justice  to  the 
undertakings  they  represent  would  warrant.  The  British  Electrical  and 
Allied  Maniifa-turcrs  As.sociaf!on  have  studied  (he  Mill,  and  expressed 
tiicmsclves  satisiitd  that  the  conilitions  are  fair  and  reasouaI>Ie. 

I  \\onder  how  long  this  policy  of  obstruction  by  a  small  section 
of  the  industry  will  "be  allowed  to  continue  seriously  tv>  curtail  the 
development  of  the  business,  not  only  of  electric  supply  undertakings, 
but  also  of  manufacturers  and  contractoi-s.  Even  when  contractors 
are  gnaranleed  in  the  Bill  that  all  wiring  work,  which  would  bo 
greatly  increased  by  the  passing  of  the  ]iill.  is  to  be  placed  in  their 
hands",  that  supply  undertakings  are  to  be  limited  to  prices  which 
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contractors  can  safely  umlcniuotc,  and  lliat  increased  business  will  be 
brought  about  through  hire  and  hire-purchase  systems  in  which 
there  would  be  no  bad  debts,  they  appear  to  have  so  little  confidence 
in  themselves  that  they  still  hesitate  to  join  in  a  course  which  holds 
the  promise  of  a  considerable  expansion  of  profitable  business. 
Because  a  few  supply  engineers,  in  days  gone  bj-,  have  expressed 
impatience  at  the  lack  of  initiative  of  certain  contractors,  an  impres- 
sion ha-j  got  abroad  that  supply  engineers  are  anxious  to  dispense 
with  the  contractor.  There  is  little  justification  for  this  view; 
indeed  the  Bill  would  strengthen  their  position  ;  but  contractors 
must  realise  that  the  policy  of  "  (Jet  on  or  get  out  "  should  be  equally 
applicable  to  them  as  to  others.  Parliament  ha  ;  already  in  ;■.  number 
of  cases  granted  much  greater  jwiwers  than  those  asked  for  in  the 
Bill,  and  the  present  state  of  affairs,  in  which  one  undertaking  holds 
jx)wers  to  develop  its  busijiess  which  are  denied  to  a  neighbouring 
undertaking,  is  extremely  illogical. 

The  Association  will,  of  course,  at  an  o|)i)ortunc  time  again  press 
for  the  Bill,  and  although  there  may  be  a  furtlior  delay,  the  powers 
will  come  and  possibly  in  a  mucli  fuller  form  than  is  now  asked  for. 
In  the  meantime  the  electrical  industry  must  bear  with  what  patience 
it  can  the  contemplation  of  the  large  amount  of  business  which  is 
being  lost  to  gas  undertakings  which  are  not  .so  handicapped.  It 
has  been  the  aim  of  this  Association  to  effect  an  agreement  equitable 
to  the  various  interests,  but  it  may  l;ecome  necessary  to  adopt  a  more 
active  jxjlicy  to  create  a  greater  desire  for  settlement. 

Development  Commillee. — It  is  a  matter  of  regret  that  in  view  of 
the  important  work  awaiting  this  committee  little  progress  has  been 
juade,  but  memljcrs  have  fcnuid  it  impossible  to  spare  the  neces.'-a"y 
time  tluring  the  jiast  year. 

The  work  of  the  sub-committee  dealing  with  (juestions  of  electrical 
appar.atuH  for  cooking,  heating  and  other  domestic  requirements  is 
urgent  ;,r:d  important.  There  is  here  a  wide  Held  ie;itiy  for  develop- 
lucnt ;  it  is  true  the  non-passage  of  the  Bill  blocks  the  main  possi- 
bilities of  business,  l)ut  still  much  can  be  done  in  the  meantime. 
There  l:;vi  been  too  much  disjointed  work  in  the  pioduclion  of  cooking 
apparatus  and  a  co-ojierativc  effort  by  juiUUifa/Uirers  and  supply 
authorities  is  urgent.  There  are  many  matters  of  detail,  but  of  gre;vt 
iinjiorlance  to  success,  whidi  a-tuai  experience  hi's  dcinonsf n-ted, 
require  consideration.  American  rpparatns.  illliougli  of  liglif  de- 
sign and  tl'.erefore  not  altogether  suitabhr  for  Hritish  use,  shows  a 
better  .■•.pprccialion  of  the  n'(|tiircMien(s  necessary  for  si'.f isfadory 
operation.  The  product  ion  of  a  suitable  and  reUable  radiant  heating 
unit  in  place  of  the  usual  hot  |)latc  is  a  case  in  which  the  work  of  the 
committee  should  yield  good  results.  It  is  pn)l)able  thct  valual)le 
»8sif:tanre  <ou!d  be  rendered  by  t lie  National  Phy.-^ical  Liiboratory 
in  solving  jjroblems  connected  with  electric  heating  and  cooking. 
'I'he  Publicity  Suit-Comniittec  h;s  been  instructed  to  prepare  a  scheme 
for  the  dfvelojinient  of  ;i  j)ul>li<'ity  organisation  in  this  country. 

Several  attempts  have  previously  been  made  in  this  direction,  but 
in  all  cases  1  ;ivf  («'a-;fd  Jifter  ii  certa'n  jtcriod.  I'ndoubtcdly  the 
question  of  sullicicnt  funds  Ir.s  been  the  niiiiu  obstjvcle.  A  lirst 
essential  of  succcts  is  the  appointment  of  a  thorouglily  compet<?nt 
whole- time  s|!C(ii'.!ist  in  |)ubli(ily.  who  should  give  his  cut  iicit  tent  ion 
to  the  running  of  such  j.ii  under  t;.  king,  'i'hc  h;  :iging  ujiof  I  lie  I..M.  10. .\. 
Bill — which  conta-ns  provision  for  enabling  loccl  cuthoritics  to  sub- 
scribe to  such  an  organi.-at'on     alsocont'nues  tD  j)revent  jirogres;'. 

The  Summer-Time  A(  t  will  reduce  tl:e  rev(  nue  of  dec  tri<i.I  under- 
takings, JMul  in  the  ca;c  of  thotc  de|:tiid  ng  nia'nly  on  lighting  for 
their  income  its  effect  uviti  crukc  comern  as  to  financial  results. 

Tl'.e  ]  ass'Ug  of  this  Act  lerves  tcj  c  mphoiihc  the  couir-ge  and  fore- 
sight of  thote  M-.dcMtak'ngs  which  l.r.d  adopted  the  Norwich  or  some 
other  .system  of  st.i.d'ng  r.nd  rrnuing  charges  for  dcjuiestic  jmrpo.'^es 
before  tl.e  i:!e  of  nutal  (ilament  lampi  letamc  genera!.  Although 
the  la;<is  for  arriving  at  tlie  stanebng  charges  in  there  ea~cs  may 
possibly  be  considered  oje  ii  to  criticism,  (-till,  in  pra.tico,  they  have 
tren  foiMid  Uvt  j.nd  work;  lile.  and  the  advantage  to  the  rneler- 
taking  l.y  the  adopt 'on  of  such  jv  system,  in  ma-nta'ning  lim  ncinl 
Ftability  agans-t  the  large  drop  n  levenue  resulting  from  the  int-o- 
eluctionof  more  eccincunierl  lamps,  out  weighs  any  such  objection::. 

Th.e'lo.^s  of  ic%cni:c  icsull  ng  from  this  .\(  t  brings  horn  •  the  im- 
))oit;Mue  of  the  d'-vclopmc  nt  of  the  use  of  electricity  for  other 
domestic  purposes.  (Jai  undertakings,  through  having  developed 
the  heating  and  cooking  lord,  can  regiud  tl  c>  loss  of  revenue  in  this 
elirection  with  less  conccin.  Jly  own  experiinec  in  bringing  befoic 
the  householder  the  merits  of  electricity  for  domcHtie  pur|K)8e  hai 
convinced  mc  thiit  there  is  a  very  large  potential  d<  mumkI  if  only  the 
electrical  inelustrv  is  ready  with  a  supply  of  suitable  apjjarr.tus  which 
can  be  obtained  by  consumers  on  terms  comparable  with  thoEC  to 
which  they  l:ave  hvH-ome  I'.ccustomc  d. 

One  might  here  take  the  opportuinfy  of  exjiressing  the  hope  that 
electricity  committees  realise  that  those  members  of  the  staff  who 
have  to  deal  with  the  d(>veIopment  of  elect ri<ity  for  doine-'tii  pur- 
poses  sliovild    take    every    j.o.-sible   opjiortunity   of   ga'niiig   aiual 


experience  with  various  types  of  apparatus  in  their  own  homes,  and 
that  all  reasonable  facilities  should  be  given  to  this  end. 

Co-il  Supplies. — The  question  of  sufficient  supplies  of  coal  for  the 
maintenance  of  electricity  undertakings  has  been  a  source  of  anxiety 
during  the  past  year  to  the  individual  members  of  the  A.ssociatiou, 
and  promises  next  winter  to  become  critical.  The  Council  have  done 
what  is  pos.sible  In-  appointing  a  sub-committee  to  watch  the  question 
and  by  supporting  representations  to  Parfiaraent  and  the  Board  of 
Trade.  It  should  be  realised  that  the  Government  arc  in  a  jxjsitiou 
of  con.sidentb!e  difficulty-  in  rega'd  to  this  matter,  and  that  although 
they  have  apparently  not  been  able  to  give  much  material  assistance 
t )  individiia!  undertakings,  at  the  same  time  there  is  reason  to  believe 
thivt  they  have  endeavoured  to  help  a;  far  a>  possible  with  due  rc- 
ga-d  to  other  claims  of  equal  importan',-c. 

The  7>ro[x)sa!  of  the  Boiirel  of  Trade  to  urge  cons-unnrs  to  make  a 
percentage  reduction  in  lighting  with  a  view  to  economy  in  coal  is 
not  likely  to  have  the  desired  effect.  The  provision  of  a  la-gc 
number  of  extra  meter  readers  would  greatly  increase  expenses, 
the  anncjyance  to  consumers  of  frequent  visits  would  ca-ase  un- 
ne:'e.ssary  friction,  i)robably  without  affecting  any  appreciable 
economy.  The  view  that  an  increase  in  price  is  the  more  effective 
wzy  of  bringing  about  economy  is  undoubtedly  correct. 

It  seems  to  have  been  overlooked  that  lighting  restrictions  and  the 
reduced  available  moneys  of  most  users  have  already  brought  about 
a  ver\'  cemsiderable  reduction.  The  saving  in  coal  owing  to  reduc- 
tion of  lighting  seems  also  to  have  been  greatly  ovcr-estim?.ted,  but 
it  is  the  duty  of  everA'  one,  nevertheless,  to  help  the  Government  in 
every  reasonable  way  to  increase  the  amount  of  coal  available  for 
export.  It  is  to  be  hoped  that  the  ])resent  interest  of  the  (iovcrn- 
ment  in  national  economy  of  coal  will  last  beyond  the  wa-. 

Brilish  Enfjineeriiuj  SlautUirds  Committee. — The  work  of  this  Com- 
mittee has  been  .approveel  by  the  Government,  from  whom  they 
receive  financial  a.'isistance.  The  Council  are  also  giving  support 
by  subscribing  to  the  expenses,  and  your  Association  is  well  repre- 
sented on  the  various  committees  of  the  electrical  section.  My 
ex|K;rienee  on  certain  of  these  eommittees  e-onvinees  me  that  the  work 
if  carrieel  on  with  energy  i'.nd  in  a  spirit  of  broi'.dmindednev<s.  will 
bring  valuable  results  to  the  undertakings  represented  by  this 
A.ssociation  through  standardisa.tion  tending  to  improve  design  and 
cheapen  the  cost  of  munufa-ture.  I  hope,  therefore-,  that  local 
authorities  will  be  j)repared  to  help  forward  this  work  by  .-.ub.seribing. 

Fiminridl  (tiiitml.  It  can  be  caqly  undcrstex)d,  and  experience 
has  largely  j)rovrd.  that  the  e-ontn)l  of  a -counts  by  an  official  in- 
dependent of  the  engin'-er-niiMinger  inevitably  leads  to  unsatis- 
factory result*.  From  the  htgica.l  jxtint  of  view  of  a  la'.ep.-ycr,  it 
w»)u!d  Ik'  much  more  satisfactory  if  the  munici|ml  a-countant.  apart 
from  matter  of  loans  at  any  nite.  were  to  a-t  a  j  an  interna!  a'ulitor. 

('un.stitiilioii  (if  the  (niinril.  The  constitution  of  the  Council  has 
in  recent  yea*^  l»ccn  fully  reviewed  by  the  members,  but  some  st'll 
urge  tli.-t  the  Council  should  c(>nti''n  a  definite  minimum  number 
of  members  represeiit.ng  smaM  luulertakings.  It  ha;  l»een  further 
urged  tha/..  with  a  view  to  cnr.bling  all  memlx-rs  of  the  As.sociation 
to  I  artieij ;  *r  in  the  elect  "on  of  ofluer.;  ;  :-.d  members  of  the  Council, 
t':e  pieent  arrangement  of  voting  should  be  changed  to  a  post;.! 
br.!lot.     Menibers  will  have  an  opjxutunity  of  dee-ding  this  point. 

Uriti-iliTrndr  Aflrr  Ihr  IlV/r.-  In  the  rejxirt  of  tliC  Boa:d  of  Trrd" 
Ccin'u'ltcN-  on  Brtish  t:; dc  after  tlie  war  it  b  proiKJsed  th;,t  loc^l 
jvulhoritics,  amongst  other  ])ub!ie  bodies,  should  be  under  Icgrl 
obbpj.'ion  to  ]iureh;'.*e  js  fjvr  ;•  s  j  o;ssible  only  good  ^produced  in  the 
Hrt!.-h  I'iiapire.  It  i.s  felt  by  ye)ur  Council  that  discriminat'on 
let-Acen  local  authoritiess  and  private  companies  in  this  nictt«r  is 
I  nji:.'t  to  the  ratepayers,  and  that  whatever  restrictions  are  made 
w  ith  a  view  to  r..ssist"ng  Brit'sh  mr.!Uifaturers.  they  should  be  equa!ly 
rpplieablo  to  r'l  interests.  Members  will,  I  believe,  he  generally  of 
op-nion  that,  although  the  intercut  of  the  Association  in  the  position 
of  Hrit"sli  (rado  .-fter  the  war  are'  indirect,  they  are.  neverthe!es.«. 
imj.nrtant.  The  Coinicil  are.  therefore,  hoping  to  have  their  view.-, 
ftilly  :  e-t  befo.o  the  Electric  ;1  Tr;  des  Comm  ttee  appontcd  by  the 
l'c<f:d  of  Tiivde  to  report  on  this  cjuestion. 

It  had  bcMMi  my  intention  during  the  la-t  year  to  have  pla?cd 
I  efc»n'  the  Council  some  scheme  whereby  the  members  of  the  .\ssoe'.-.- 
tion  woi'ld  be  kept  in  closer  touch  with  the  various  matters  wh'ch 
the  Coiuicil  have  had  imder  consideration  from  t-me  to  time.  This 
would.  I  feel,  help  to  maintain  and  jirobably  materially  incrcA.o 
the  interest  of  the  members  in  the  work  of  the  .Vssoeiation  which  at 
the  present  time  te-nds  to  Ix"  c-onlined  to  the  duration  of  the  annual 
convention.  1  regn^f.  however,  that  present  conditions  made  it  in- 
opiJorttuie  to  bring  fonvatd  this  question. 

In  concluding  the^e  remarks  I  feel  sure  that  I  am  echoing  the 
feelingfrcif  all  }irescnt  when  expressing  the  earnest  hojwthat  before  the 
Association  meets  again  the  British  Empire  will  have  gone  far 
towaids  Mtt;!'n!ng  the  objects  for  which  the  present  prodigious 
.-a  rilirc  of  their  ni.tnhood  and  wealth  is  being  made.      r-:.aL«ai  aiXj 


THE  ELECTRICIAN,  JUNE  23,  1910. 


38L 


BOILER-HOUSE  DESIGN  AND  OPERATION.* 

BY  W.  W.  LACKIE. 

(Engineer  and  Manager  of  Electricity  Dept.,  Clasgov/.) 

Suiiimartj. — This  Paper  deals  with  questions  of  boiler-house  design  and 
equipment,  fuel  handlini>  and  storage.  Regarding  fuel,  some  experi- 
ments are  given  on  burning  coke  breeze  or  gas  coke  riddlings.  Such  fuel 
costs  only  20  per  cent,  of  the  price  of  coal,  and  has  a  calorific  value  of 
(iO  per  cent,  of  that  of  coal.  Even  a  small  percentage;  saving  in  fuel  is 
worth  consideration. 


In  this  Paper  attention  is  confined  to  a  general  survey  of  the 
boiler-house  as  a  whole,  and  passing  reference  to  certain  of  the  details 
of  boiler-house  design  and  equipinent  may  lead  to  a  fuller  considera- 
tion of  these  in  the  discussion. 

In  the  design  of  a  boiler-house  the  main  object  is  to  have  the 
maximum  of  steaming  capacity  in  the  minimum  of  space.  The 
necessity  for  this  has  largely  been  brought  about  by  the  introduction 
of  turbine-driven  generators  and  the  ever-increasing  size  of  generating 
sets. 

The  growth  in  the  demand  for  electric  energy,  the  much  improved 
load-factor,  and  the  introduction  of  the  steam  turbine  about  1904, 
brought  about  a  distinct  change  in  the  relative  space  required  for 
engine-room  plant  and  boiler-house  plant.  The  turbine  room  came 
to  consist  of  a  two-storey  building,  the  condensers  being  on  one  tioor 
^nd  the  turbo-generators  on  a  floor  above.  Instead  of  having  1  h.p. 
per  square  foot  of  engine-room  floor,  which  was  a  common  figure  till 
the  advent  of  the  steam  turbine,  we  hive  to-day  turbine  rooms  with 
5  H.p.  per  square  foot,  and  in  designs  for  new  power  stations,  using 
15,000  kw^  to  30,000  kw.  sets,  this  figure  may  go  up  to  20  h.p.  per 
square  foot  of  turbine-room  floor  space.  With  this  enormous  in- 
crease changes  in  boiler-house  design  are  absolutely  imperative, 
otherwise  the  area  occupied  by  the  boiler-house  will  be  out  of  all 
proportion  to  that  allotted  to  the  turbine-room. 

It  is  now  recognised  that  even  with  improvements  in  boiler-house 
design,  where  very  large  turbo-generators  are  in  use,  every  pair  of 
such  sets  requires  a  separate  boiler-house.  Several  present-day 
power  houses  have  an  evaporation  of  50  lb.  of  water  from  and  at 
212°r.  per  square  foot  of  ground  space  occupied  by  the  boilers,  but 
it  is  possible  with  improved  design  of  the  boiler-house  plant  to 
approach  an  evaporation  of  100  lb.  per  square  foot  of  floor  area 
actually  occupied  b}'  the  boilers.  We,  therefore,  find  that  in  a  large 
modem  generating  station  the  ground  space  occupied  by  the  boiler- 
house  is  from  \\  to  2\  times  the  space  occupied  by  the  turbine-room. 

The  first  consideration  is  to  ensure  the  maximum  grate  area  per 
square  foot  of  boiler-house  floor  space,  and  it  appears  that  burning 
coal  with  natural  or  induced  draught  at  from  25  lb.  to  30  lb.  per 
square  foot  of  grate  area  there  is  a  limit  to  the  maximum  possible 
continuous  output  per  square  foot  of  grate  area  and  that  conse- 
quently there  is  a  limit  to  the  maximum  power  per  square  foot  of 
boiler-house  floor  space.  It  is  now  recognised  that  a  modern  boiler- 
house  should  consist  of  three  storeys  at  least  :  The  basement  or 
ground  floor  containing  the  ash-handling  plant  ;  the  second  floor 
containing  the  boilers  proper  ;  and  the  third  or  upper  floor  contain- 
ing the  economisers  and  coal -conveying  machinery  and  probably  coal 
storage  above  the  boilers.  Draught  fans  may  be  placed  on  any  one 
of  the  three  floors. 

The  question  of  chimneys  and  chimney  draughts  is  by  no  means 
settled,  but  in  stations  where  boilers  of  50,000  lb.  capacity  are  in- 
stalled it  is  necessary  to  erect  a  separate  chimney  for  each  boiler  or 
each  pair  of  boilers.  Steel  is  used  in  preference  to  brick,  as  with 
steel  the  chimney  can  be  erected  from  the  third  floor,  on  which  the 
economisers  are  placed,  whereas  if  brick  is  used,  foundations  have  to 
be  laid  on  the  basement  or  ground  floor,  which  means  a  waste  of 
valuable  space  and  a  mass  of  brickwork  which  serves  no  useful  pur- 
pose. 

It  is  desirable  not  only  to  deal  with  ashes  ejected  from  the  boilers, 
but  also,  to  deal  with  riddlings  and  any  semi-burned  fuel.  These 
riddlings  have  to  be  returned  to  the  coal-conveying  plant,  and  thence 
to  the  overhead  coal  hoppers  so  as  to  be  used  again  in  the  furnace. 

The  necessity  for  concentration  of  power  has  made  the  water-tube 
boiler  indispensable  in  the  power  house.  The  evaporative  capacity 
of  any  boiler  depends  upon  the  grate  area,  and  consequently  the 
maximum  concentration  of  power  is  obtained  when  the  whole  of  the 
generating  and  recuperating  surface  is  assembled  directly  over  the 
grate.  Even  with  this  type  of  plant  the  assembling  of  the  heating 
surface  over  the  grate  area  is  undergoing  modifications  in  order  that 
the  highest  possible  evaporation  per  square  foot  of  ground  space 
may  be  obtained. 

*  Abstract  of  Taper  read  yesterday  bf  fore  the  I.M.E.A. 


The  space  actually  occupied  by  boilers  at  present  with  the  neces- 
sary passages  between  docs  not  as  a  rule  exceed  33  per  cent,  of  the 
total  boiler-house  floor  area,  and  of  this  33  [k't  rent,  the  grate  area 
only  accounts  for  one-half. 

Let  us  consider  the  case  of  a  boiler- Ikju v.-  which  has  to  supply 
steam  to  two  15,000  kw.  sets.  There  will  l>e  requircfJ  for  each  het 
between  180,0001b.  and  2<K),000  lb.  of  superheatefl  Hteam  per  hour. 
This  would  be  supplied  by  four  boilers.  Each  boiler  will  r»- 
burn  at  least  7,00(J  lb.  of  coal  per  hour,  dejjending  ujxjn  the 
value  of  the  coal.  This  means  that  grates  of  250  sq.  ft.  to  270  sq.  ft. 
will  be  necessary.  Such  a  grate  area  means  that  ea'.-li  \xn\cr  will 
occupy,  with  passages  between,  about  5W  sq.  ft.,  eight  boilers  will 
require  4,000  sq.  ft.,  and  the  boiler-house  will  have  a  floor  area  of 
12,000  sq.  ft. 

From  what  has  been  said  it  is  clear  that  increasing  the  .size  of  the 
boiler  unit  will  not  of  itself  seriously  increase  the  power  per  square 
foot  of  floor  area.  Twenty  years  ago  water-tube  boilers  of  4,<Xji(J  sq. 
ft.  to  6,000  sq.  ft,  heating  surface  were  considered  large.  To-day 
boilers  are  made  with  a  heating  surface  from  10,000  sq.  ft.  to 
20,000  sq.  ft. 

The  plan  of  installing  boilers  (apart  from  economisers)  on  two 
floors  ought  only  to  be  adopted  where  the  exigencies  of  the  site  render 
such  an  arrangement  inevitable  ;  that  is  to  say,  where  land  is  dear  or 
where  local  building  regulations  limit  the  dimen.sions  of  buildings  in 
certain  areas. 

The  boiler-house  should  be  designed  to  admit  of  an  ample  supply  of 
natural  daylight,  by  placing  the  boilers  back  to  back  with  a  firing 
floor  down  each  side.  Light  can  then  be  had  from  windows  in  the 
side  walls  as  well  as  from  the  roof.  This,  however,  means  a  larger 
floor  area  and  a  space  between  parallel  boiler-houses,  and  further 
increases  the  ground  area  occupied  bv  the  power  station. 

There  is  still  a  tendency  to  construct  the  combustion  chambers  of 
boilers  much  too  small.  A  combustion  chamber  should  be  of  such 
dimensions  as  to  allow  ample  space  for  complete  combustion  taking 
place  and  the  products  of  combustion  thoroughly  mixing  before 
coming  on  to  the  heating  surface.  The  author  finds  that  the  older 
boilers  had  2  cubic  ft.  to  2J  cubic  ft.  of  combustion  chamber  per 
square  foot  of  grate  area.  To-day  similar  boilers  have  5  cubic  ft.  or 
more  of  combustion  chamber  per  square  foot  of  grate  area,  and  it 
is  generally  conceded  that  this  fact  is  very  largely  responsible  for  the 
high  efficiency  of  boilers  at  widely  varjong  loads. 

It  is  not  necessary  to  enter  into  the  details  of  boiler  fittings,  but 
it  may  be  said  that  the  equipment  should  include  two  draught 
gauges.  One  of  these  should  show  the  difference  in  pressure  between 
the  combustion  chamber  and  the  outlet  from  the  boiler — i.e..  the 
difference  in  pressure  across  the  boiler  elements.  This  will  be  a 
measure  of  the  flow  of  the  gases  through  the  boiler  and  will  indicate 
when  a  boiler  requires  cleaning.  The  second  gauge  should  show  the 
difference  of  pressure  between  the  ash-pit  and  the  outlet  of  the 
boiler.  This  second  gauge  will  always  read  higher  than  the  first, 
and  the  difference  is  ob^■iousIy  a  measure  of  the  draught  through  the 
fire. 

Steam  flow  meters  are  a  necessity,  as  they  indicate  whether  each 
boiler  is  doing  its  fair  proportion  of  the  work.  One  or  more  COo 
recorders  are  found  to  be  a  \  aluable  adjunct,  as  they  are  an  index  of 
the  M'orking  efficiency.  A  word  of  warning,  however,  is  required 
against  assuming  that  high  CO.,  always  means  liigh  efficiency.  There 
may  be  a  large  quantity  of  CO  present.  There  should  be  ther- 
mometers or  pyrometers  with  dial  face  on  every  boiler,  gi^'ing  the 
temperature  of  the  superheated  steam  leaving  the  boiler,  also  the 
temperature  of  the  gase?  at  the  damper. 

Steam  Piping. 

W^itl^  boilers  of  the  size  under  discussion,  st«am  piping  should  be 
carried  Jrom  each  boiler  or  pair  of  boilers  to  a  receiver  adjacent  to  the 
wall  between  the  boiler-house  and  the  turbine- room.  From  the 
steam  receiver  a  steam  pipe  is  led  to  a  turbine  and  another  ^iytc  to  the 
next  receiver,  so  as  to  give  interchange  of  steam  from  one  set  of 
boilers  to  another  \^hen  required. 

As  an  appendix  to  the  original  Paper  the  author  gives  the  results 
of  an  interesting  series  of  tests  on  steam  pipe  coverings  to  show  their 
relative  properties.  Four  firms  were  asked  to  cover  three  sample 
pipes,  and  were  given  a  free  hand  as  to  choice  of  the  material  which 
would  best  meet  the  conditions.  The  thickness  of  covering  was 
specified  to  be  2  in. 

We  may  at  an  earlv  date  see  an  increase  in  the  boiler  pressure 
from  160 "lb.  and  200  lb.  to  2501b.  The  Commonwealth  Edison 
Company  of  Chicago  worked  the  boilers  in  their  Fisk-street  station 
at  200]lb.  until  1907,  when  they  adopted  2251b.  at  their  Quarry- 
street  station,  and  in  1910  they  adopted  250  lb.  at  their  North-West 
st:ition. 
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Fuel  Handling  and  Storage. 
A  station  of  .")0,0(X)  kw.  capacity  and  burning  200,fXK)  tons  of  coal 
I)er  annum  requires  coal  handling  facilities  for  a  supply  of  1,(XX)  tons 
of  coal  per  day,  together  with  facilities  for  the  handling  of  ashes  to 
the  extent  of  1(X)  tons  per  day.  This  means  a  railway  siding  capable 
of  holding  from  100  to  120  full  trucks,  and  probably  another  siding 
of  equal  dimensions  to  hold  the  empty  trucks.  The  provisicm  of  an 
adequate  railway  siding  is,  therefore,  a  costly  adjunct  in  the  layout 
of  a  large  power  house  owing  to  the  serious  addition  to  the  site  which 
it  entails.  Coal -breaking  machinery  should  be  installed,  for  while 
we  have  in  the  past  been  in  the  habit  of  using  small  coal,  circum- 
stances may  in  the  near  future  render  it  economical  to  buy  and  break 
larger  coal.  Accommodation  is  advisable  for  not  less  than  from  two 
to  four  months"  fuel  supply.  This  marginal  stock  enables  coal  to  be 
delivered  in  fairly  regular  quantities  throughout  the  year,  and  may 
result  in  lowering  coal  prices.  The  best  method  of  storing  coal  is 
still  undecided. 

The  cost  of  lifting  coal  from  canal  barges  or  from  trucks,  and 
pla-ing  it  overhead  in  coal  hoppers  or  in  the  coal  store,  is  a  small 
item  in  the  total  price  of  coal.  In  one  Glasgow  station  there  is  a 
coal  transporter  fitted  with  a  1-ton  grab.  This  transporter  cost 
£2,<)00,  and  it  handle.s  coal  at  the  rate  of  40  tons  per  hour,  and  the 
cost  of  energy,  labour  and  repairs  on  it  brings  the  cost  of  handling 
coi'J  in  this  way  just  under  Id.  a  ton.  In  another  station  truck  loads 
of  coal  are  elevated  .'U)  ft.  at  one  end  of  the  coal  store  to  an  overhead 
platform,  whence  the  coal  is  tipped  into  an  overhead  hopper  or  to  the 
coal  store,  and  the  empty  trucks  lowered  by  a  second  elevator  at 
the  other  end  of  the  coal  store.  These  two  elevators,  complete  with 
electrically-ojjerated  capstans,  cost  £2,0(M(.  The  inclusive  cost  of 
handling  coal  in  this  way  is  3|d.  jkt  tfjn,  the  higher  cost  being  due  to 
the  amount  of  labour  necessary  for  handling  the  trucks.  These 
figures  are  conclusively  in  favour  of  the  grab  anrl  trans|)orter.  Where 
coal  has  to  be  carried  a  short  distance  from  coal  store  to  boiler-house, 
bucket  or  tray  conveyors  appear  to  be  the  right  thing.  On  the  other 
hand,  for  longer  distances,  the  telf)herage  system  works  out  slightly 
cheaper,  although  the  human  element,  with  its  attendant  problems, 
enters  more  largely  into  the  telpherage  system. 

For  the  removal  of  ashes,  bucket  conveyors  have  proved  to  be 
costly  in  ujikeej)  on  account  of  the  wear  of  the  axles  and  pulleys,  but 
even  with  this  drawback,  bucket  or  tray  conveyors  seem  to  be  the 
cheapest  method  of  removing  ashes.  Suction  ash  plant  is  finding 
much  favour  on  account  of  the  aijsence  of  moving  parts  in  its  design, 
\)\ii  the  capital  cost  is  about  three  times  greater  than  that  of  con- 
veyors. The  cost  for  operating  suction  ash  plant  works  out  at  about 
od.  per  ton  handled,  with  energy  at   Id.  per  H. ().'!'.  unit. 

A  modern  iujikT-house  calls  for  comparatively  hrrge  overhead  ash 
storage,  from  which  ashes  can  Ik-  dropped  into  wagons  or  other 
vehicles  for  their  removal  to  a  coup.  The  removal  and  dis|>()s((l  of 
ashes  is  becoming  a  serious  matter.  On  account  of  the  difiiculty  in 
getting  the  ashes  carted  away  it  has  been  suggested  that  it  would 
pay  the  large  electrical  undeitj'kings  to  purchase  .'{-ton  or  .T-ton 
el(!(tri(ally  jiropelhd  wagons  for  the  removal  of  aslx's.  especially 
where  convenient  railway  facilities  are  not  available. 

Coal-weighing  machinery  ff)r  each  boiler  or  group  of  boilers  is 
al)solutel\'  n<'cessary  if  proper  recoids  are  tf»  be  m;ide  of  the  l)oiler- 
house  etticiency.  These  weighing  machines  should  preferably  be 
fixed  between  the  overhead  coal  hop|)er  and  the  boiler  stoker,  but 
some  stations  in  America  have  a  travelling  gantry,  fitted  with  a 
weighing  machine  at  each  end,  the  gantry  travelling  along  the  whole 
1(  iiLith  of  the  boiler-house  between  two  rows  of  boilers. 

lOxperieiice  with  feed  pumps  of  the  direct -acting  ty])e  is  so  good 
and  re])airsso  low  that  it  will  be  dilrieulf  to  displace  them.  The  total 
condensate  from  condensers  should  be  measured  by  a  Ia'ii,  or  other 
water  recorder,  and  this  should  have  an  integrating  attachnuMit. 
Having  ascertained  the  amoimt  of  coal  us«'d  and  having  measured 
the  condensate,  we  can  get  the  amount  t)f  water  (>va|H)rnted  jmt 
junnid  of  coal  used. 

Xo  \crv  great  increase  in  the  efliciency  of  steam  boilers  can  be 
looked  for.  Tlu>  heat  balance  of  many  of  the  steam  plants  in  o[>ern- 
(ion  at  the  present  day  is  as  follows  : 

Heat  nbHorhed  i)y  lioiierN    78  ^ht  cent. 

Heat  lost  in  flue  jjases 15-.'>      ,, 

Heat  lost  in  riidintioii  and  unaccoimtod  for     6-6 

That  is  to  say,  the  total  loss  on  which'any  reduction  can  take  place 
is  22  per  cent.,  but  it  is  only  a  snuill  |)ro}M)rtion  of  this  figure  which 
can  be  attacked  with  a  view  to  lowering  it.  It  would  be  doing 
negative  work  to  discharge  the  gases  fnnn  a  boiler  at  a  t<»niperatiiro 
lower  than  that  of  the  water  in  the  boiler. 

Water-tube  boilers  are  now  designed,  m  conjunction  with  special 
economiscrs.  to  evaporate  at  the  rate  of  6  lb.  normal  load,  and  at 
overload  8  lb.  and  even  10  lb.  ]ier  square  foot  of  heating  stirface  of 
tile  boiler.     The  heating  area  in  most  watertiilte  land  Ixnlers  is  of 


the  order  of  50  times  that  of  the  grate-area..  With  such  pror)ortions: 
the  general  practice  is  to  emit  the  gases  from  the  boilers  at  a  tem- 
perature 500°F.  to  550°F.,  i.e.,  from  100°F.  to  150°F.  above  the 
temperature  of  the  steam  at  the  boiler  working  pressure.  The 
profK>rtion  of  heating  surface  in  economiser  to  heating  surface  in 
boiler  varies  in  nearly  every  station,  but  the  figure  of  35  per  cent. 
ma\'  be  taken  as  a  fair  average.  With  such  a  proportion,  allowing 
for  heat  drop  in  flues,  the  gases  at  the  outlet  to  the  chimney  will  have 
a  temperature  of  from  .325^ F.  to  350° F.,  and  the  economiser  will  have 
utilised  about  7  per  cent,  of  the  heat  of  the  gases  emitted  from  the 
boiler.  The  inlet  water  to  the  economiser  from  the  hotwell  will,  with 
present-day  practice,  be  raised  to  a  temperature  of  200~F.  or  220°F. 
Until  recently  the  evaporation  per  square  foot  of  heating  surface  of 
boiler  and  economiser  combined  was,  therefore,  roughly  3  lb.  jier 
square  foot  of  heating  surface.  Modern  practice  tends  to  diminish 
the  heating  surface  in  the  boiler  from  50  times  the  grate  area  to  35- 
times  the  grate  area  and  to  increase  the  area  of  the  economi.ser  to- 
80  per  cent,  of  that  of  the  boiler  heating  surface.  The  result  is  to 
put  up  the  evajwration  of  the  boiler  at  overloads  to  8  lb.  per  .square 
foot  of  heating  surface,  and  the  temperature  of  the  gases  now  emitted 
from  the  boiler  is  con.iiderably  raised,  being  about  650' F.  The  heat, 
however,  is  taken  up  in  the  economiser,  and  the  temperature  of  the 
fecfl  water  to  the  boiler  is  considerably  increased.  The  net  re.sult 
is  that  we  get  an  eva])oration  of  4^  lb.  j)er  square  foot  of  heating 
surface  of  boiler  and  econoini.ser  combined.  The  overhead  econo- 
miser is  suitably  proportioned  to  give  the  very  highest  combined 
efficiency.  Boiler  plants  arn'.nged  in  this  way  probably  give  a  liigher 
efficiency  than  wa-s  the  ca.se  with  previous  designs,  in  as  much  as  the 
radiation  losses  are  less  and  the  lo.s8  between  the  boiler  and  the 
economiser  is  mininn'sed. 

The  modern  tendency  is,  therefore,  to  supply  feed  water  to  lx)ilers 
at  a  temperature  as  near  as  possible  to  the  temperature  of  the  water 
already  in  the  boiler,  and  the  boiler  simply  adds  latent  heat  and  sujx'r- 
heat  to  the  steam.  Each  boiler  has  its  own  economiser,  and  the 
economiser  is  really  an  integral  part  of  the  boiler  unit. 

Tests  on  two  boilers  are  given  in  the  original  Pajier.  The  first 
tests  were  made  on  an  ordinary  land  tyix*  water-tube  boiler  .supplied 
eight  years  ago.  The  second  tests  were  carried  out  on  a  nxodern 
boiler,  designed  a<  above  indiotted.  and  the  results  of  the  test  Ijcar 
out  the  conU'iitions  with  regard  to  evajx)ration  ])er  sijuarc  foot  of 
heating  surface  and  of  floor  area  occupied. 

Fuel. 

The  selection  and  j)urclij'se  of  fuel  is  a  question  ffejx»ndent  ujjon 
the  jKisition  of  the  site  relative  to  the  nearejst  coalfields  and  uj)on  the 
nature  of  the  load.  Power  stations  near  the  coalfields  can  u.se  low- 
grade  fuel,  whereas  it  is  oft<'n  mon-  economical  to  u.«e  high-grade  fuel 
in  sti'.tions  remote  from  the  coalfields, as  the  -^.'Mie  freight  h.ts  to  be 
paid  for  ash  as  for  carlx)n. 

The  kind  of  fuel  also  deperuls  ii])on  the  nature  of  the  load  as  it  is 
a  recognistd  fact  that  a  higher  overload  duty  can  l)e  obtained  from 
a  boiler  fired  with  good  (juality  coal  with  a  given  draught  than  can 
be  got  with  low-grade  fuel.  If  a  station  has  a  purely  lighting  load, 
and  consequently  a  low  loa<l  factor,  it  is  often  more  economical  to 
use  the  l)est  coal,  because,  with  the  higher  overload  thus  made 
|H)ssible.  the  number  of  spare  boilers  can  be  kept  down  to  a  minimum. 

It  is  now  (nmmon  practi»-e  to  buy  fuel  on  a  calorific  basis,  but  it 
nnist  always  be  remembered  that  along  with  calorific  value  and 
analysis  there  an*  to  be  taken  into  accomit  physical  j)ro]X'rties.  For 
instance,  two  samples  of  coal  may  sho'.  an  appn)ximately  similar 
calorific  value  figure  and  j)n«sent  wide  differences  of  l)ehaviour  in  the 
furnace,  .\ctual  l>oiIer  tests  must,  therefore,  be  made  with  sample 
truikloa<ls  of  coal  if  the  best  and  most  economical  .>ielection  is  to  i>e 
made.  The  author  does  not  advocate  a  slavish  adoption  of  the  calo- 
rific value  l>e.sis  in  tlie  }nircha-seof  coal,  for  the  simjile  reason  that  coal 
is  not  a  manufaetnnHl  article  i)ut  a  natural  product,  and  if  we  an*  to 
hold  the  collierv  owner  or  his  agent  res|>onsibIe  for  its  calorific  value 
he  will  un<loul>tedly  and  quite  projierly  cover  himself  by  increasing 
the  price  accordingly  ;  whereas  if  the  coal  contractor  is  not  tied 
down,  the  customer  is  sharing  the  risk  insejwrable  from  a  natural 
product.  The  contractor  ran  l>e  and  should  be  generally  tied  down 
to  supply  fmin  particular  pits. 

.\  practical  test  in  a  lK»iler  sjvcially  equipjKvl  for  the  pur|K)se  is  a 
VI  ry  reliable  guide  to  cjilonlic  value.  The  n^sults  of  such  tests  should 
l>e  reduced  to  a  common  hanin.  A  good  imit  of  comj>arison  is  the 
cost  of  ev.-iixir.ition  nf  |.(KH»  jb.  of  wafer  from  find  at  212  F.  or  the 
number  of  jxivuids  of  water  eva|>oratcd  for  Id.  of  coal,  including  coal 
and  ash  handling,  which  varies  with  the  quality  of  the  coal.  It  is 
usual  (o  express  the  coal  •vonomic  n^sult  for  the  whole  station  in 
poimds  of  coal  j>er  kdowatt-hour  generated  at  the  switchboard,  but 
as  this  must  obviously  varv  with  the  calorific  value  of  the  coal  and  the 
steam  consumjition  of  the  engine  or  turbine  plant,  the  l>etter  unit  t(v 
use  for  general  comparison  is  the  Hntsh  Thermal  Unit  per  watt  hour.. 
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Even  th's  is  not  perfect,  as  it  does  not  allow  for  the  variation  in 
loi'xl -factor  between  different  power  stations,  but  it  does  enable 
comparisons  to  be  made  irrespective  of  variations  in  calorific  value. 
In  two  of  the  Victoria  Falls  power  stations  the  economic  result 
obtained  in  the  way  proposed  gave  in  one  station  27  B.Th.U.s  per 
watt-hour,  and  in  another  26.  Both  of  these  stations  had  very  high 
load-factors,  whereas  in  many  of  the  London  stations,  where  the 
lighting  load  is  predominant,  the  average  result  is  in  the  neighbour- 
hood of  40  B.Th.U.s  per  watt-hour.  Daily  samples  of  coal,  as  de- 
livered, should  be  sent  to  the  laboratory  of  the  undertaking  for 
calorific  analysis.  An  assistant,  working  with  a  bomb  calorimeter, 
can  test  12  samples  a  day  working  from  9  to  I  and  from  2  to  5  o'clock. 
These  tests  are  recorded  in  a  coal  test-book  for  reference.  As  the 
results  of  tests  obtained  by  any  or  all  of  the  methods  above  referred 
to  are  tabulated  and  arranged,  an  index  of  the  pits  in  the  coalHeld. 
from  which  the  fuel  supply  is  mainly  or  wholly  drawn,  can  be  com- 
piled, and  coal  prices  as  received  can  be  equated  on  a  calorific  value 
basis. 

An  interesting  experiment  has  been  carried  out  in  one  of  the 
Glasgow  gas  works  recently.  Gas  coke  breeze  or  gas  coke  riddlings 
were  burned  successfully  on  chain-grate  stokers  with  forced  dra\ight. 
A  s])eciai  form  of  ai'ch  had  to  be  built.  This  breeze  can  be  bought 
at  20  per  cent,  the  price  of  coal  and  it  has  a  calorific  value  of  at  least 
60  per  cent,  of  coal.  There  is  a  large  amount  of  ash,  but  the  experi- 
ment went  to  show  that  with  intelligent  superintendence  good  results 
could  be  obtained  with  this  class  of  fuel,  although  the  actual  output 
of  the  boiler  was  con-siderably  reduced. 

With  regard  to  the  whole  question  of  fuel,  experience  seems  to 
show  that  it  is  preferable  to  buy  the  best,  for  while  good  results  may 
be  obtained  with  inferior  fuel,  careful  and  constant  attention  to  the 
fires  is  necessary  with  such  fuel,  whereas  with  first  quality  fuel  very 
little  attention  is  required. 

Boiler-Hou.se  Staff. 

The  substitution  of  mechanical  and  electrical  machinery  for  hand 
labour  has  led  to  the  substitution  of  the  boiler-house  engineer  for  the 
fireman.  A  competent  boiler-house  engineer  is  an  indispensable 
adjunct  to  the  boiler-house  staff,  and  the  man  who  knows  his  business 
can  easily  earn  the  substantial  salary  which  he  can  command  in  this 
capacity.  He  trains  his  own  labourers,  but  the  human  element 
should  be  cut  down  as  far  as  possible.  Everything  possible  should 
be  done  to  obviate  wastage  of  the  heat  value  of  coal  in  the  boiler- 
house  before  the  steam  reaches  the  turbine.  INIany  opportunities  for 
wa^te,  and  consequently  opportunities  for  devising  ways  and  means 
to  avoid  waste,  are  still  present. 

In  this  Paper  the  possibilities  of  further  improvement  have  been 
indicated  as  regards  space,  material,  heat,  labour  and  time ;  and 
the  saving  which  would  accrue  even  from  the  partial  elimination  of 
present  waste  under  these  various  heads  would  represent  a  con- 
siderable proportion  of  the  total  charges  on  revenue  in  a  large  elec- 
tricity supply  undertaking.  Thus  a  saving  of  1  per  cent,  in  the  coal 
bill  of  the  Glasgow  electricity  department  would  this  year  represent 
A  sum  of  £2,000. 

It  is  only  in  recent  years  that  we  have  come  to  realise  the  meaning 
and  the  value  of  a  pound  better  steam  consumption  in  a  steam 
turbine.  We  now  put  a  money  value  on  steam  consumption  per 
j-o  lb.  and  stipulate  for  heavy  penalties  in  the  event  of  failure  to 
■comply  with  guaranteed  consumption  after  allowing  a  tolerance  of 
2-J  per  cent.  With  an  equipment  such  as  has  just  been  described 
weekly  returns  can  be  prepared  giving  all  the  particulars  any  manager 
wants  to  satisfy  himself  that  the  plant  is  being  properly  handled  and 
is  doing  its  work  efficiently.  Turbine-room  data  being  also  available, 
a  weekly  sheet  showing  running  statistics  may  be  easily  made  out. 
An  exchange  of  such  data  between  undertakings  of  about  the  same 
size  would  be  mutually  beneficial. 

(Several  very  fine  records  of  efficiencies  have  been  attained  in 
America.  At  the  Conner  Creek  plant  of  the  Detroit  Edison  Company 
they  have  two  20,000  kw.  sets,  and  each  turbine  is  supplied  with 
steam  by  two  boilers,  each  having  23,500  sq.  ft.  of  heating  surface. 
The  plant  is  operating  at  the  present  time  and  producing  a  kilowatt- 
hour  on  1-42  lb.  of  coal,  i.e.,  a  little  less  than  20,000  B.Th.U.s  per 
tilowatt  hour.  This  shows  an  efficiency  from  coal  to  electrical 
energy  of  17  per  cent.  The  Chicago  Commonwealth  Edison  Co.,  in 
their  Fisk-street  station,  have  two  turbo-alternators  of  20,000  kw. 
to  25,000  kw.  capacity.  Over  a  whole  year's  run  the  coal  used  per 
unit  of  output  was  1-92  lb.,  and  the  average  value  of  the  coal  as  fired 
wa^  10,120  B.Th.U.s  per  pound.  This  gives  an  average  of  heating 
units  in  the  coal  as  fired  per  unit  of  output  of  19,450,  and  also  shows 
a  thermal  efficiency  of  some  17  per  cent. 

In  conclusion,  the  author  refers  to  Prof.  Bone's  recent  lectures 
dealing  with  fuel  economy  and  the  utilisation  of  coal,  and  to  the 
C'ommittee  appointed  by  the  British  Association  to  look  into  and 
report  upon  the  question  of  fuel  economy.     . 


THE    GENERATION    OF   ELECTRICITY   ON   A    SMALL 
SCALE  OR  BULK  SUPPLY. 

BY    H.    H.    ELLIS. 

(Borough  Electrical  Engineer,  South  Shields.) 

Siimm/irif. — This  pajKr  deaJH  with  th'-  'ajjahility  of  hmail  xtationtt  to 
])ro(lu(e  electrical  energy  chcajily  as  comi»arf  d  with  the  taking  of  a  bulk 
su])ply.  The  view  i»  sup])Oi-tcd  that  imcf  a  umail  Htation — e.g..  rd 
2.000  kw. — is  in  0])erati«)n  it  df)os  not  pay  to  tak"  a  bulk  t<upply.  In 
support  of  this  contention  an  examination  is  mafl'-  of  crjhts  j¥-r  unit  fif 
existing  stations,  first  cost  of  plant,  efficiency  of  plant,  tec,  a«  influenced 
bv  its  ■size. 


In  a  prefatory  note  t!ie  author  refers  to  and  gives  brief  e.xtract3 
from  Papers  by  various  engineers  dealing  with  the  question  of 
centralisation. 

Some  of  the  more  important  items  which  go  to  make  up  the  cost 
of  generating  electricity  are — 

(a)  Working  costs  on  a  large  scale. 

(/))  Working  costs  on  a  small  scale. 

{(■)  Capital  chai'frcs  on  i^cncrating  ])lant  in  iar<i<'  power  station.^. 

(f/)  Capital  charges  on  generating  ])lant  in  small  power  station.-. 

WoRKiN(;  Co.sTs  PER  Kelvix  Solu. 

With  regard  to  present-day  "  working  costs,"  the  author  draws 
attention  to  two  tables  in  the  original  Paper,  which  definitely  sliow 
the  effect  of  load-factor  and  load  on  all  the  items  which  go  to  make 
up  what  are  commonly  termed  working  costs.  The  effect  of  load 
and  load-factor  on  the  total  working  costs  is  shown  graphically  in 
Fig.  1.  The  figures,  from  which  Fig.  1  was  drawn,  are  the  result 
of  averaging    the    costs    of    several    undertakings    in  each    group. 
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Fic.  1. — ^CuRVE  OF  Total  Workixo  Costs  per  Kelvin  Sold. 

Note.— Two  groups  (4,000-7.000  and  7.000-lO.OCO  kw.)  have  been  left  out  {see  Table 

No.  1). 

The  combined  effect  of  Ic  id  and  load-factor  on  the  various  items 
which  go  to  make  up  the  '"  total  working  costs  "  is  sho^^^l  in  Fig.  2. 
This  shows  very  clearly  the  possibilities  in  the  direction  of  cheap 
power,  but  it  must  not  be  forgotten  that  the  load-factor  in  no  ca-<e 
exceeds  an  average  of  25  per  cent.,  so  that  it  would  appear  as  if  the 
larger  undertakings  had  gained  very  little,  compared  with  the  smaller 
undertakings,  by  increased  load  as  far  as  load-factor  is  concerned. 

The  best  way  of  improving  the  load-factor  of  a  system  is  to  increase 
the  number  of  different  industries  coruected  thereto.  The  large 
power  companies  are  much  better  off  in  this  respect  owing  to  the  fact 
that  they  embrace  very  large  areas,  thus  enabling  them  to  tap 
industries  seldom  if  ever  found  within  the  boundaries  of  any  one 
town.  On  the  other  hand,  the  power  companies  suffer  owing  to  the 
fact  that  they  have  to  cover  a  much  greater  area  to  secuif  the  .^ame 
income  as  would  be  obtained  within  the  boundaries  of  a  large  town. 

No  better  example  of  the  generation  and  distribution  of  electricity 
on  a  large  scale  can  be  given  than  that  of  the  Xewcastle-on-Tyne 
Electric  Supply  Co.  and  its  affiliated  companies,  which  oi^erate  over 
an  area  of  more  than  1.400  sq.  miles.  In  some  instances  a  very  con- 
siderable amount  of  electrical  energy  is  supplied  fixnn  generating 
stations  running  entirely  on  waste  heat. 

Some  years  ago  the  above  company  tried  to  {lersuade  the  South 
Shields  Corporation  to  take  their  supply  from  the  company  ;  but 
[he  engineer  at  that  time  (the  late  :Mr.  J.  H.  (^vwthra).  assisted  by 
Mr.  (now  Sir)  John  Snell.  appeared  to  have  satisfied  the  authorities 
that  by  the  time  proper  allowance  was  made  to  cover  the  interest 
and  sinking  fund  charges  on  plant  already  installed,  plus  the  eost  of 
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converting  tlie  company's  extra-high-tension  three-phase  alter- 
nating-ountnt  supply  to  direct-current  and  single-phase  alternating- 
current,  there  would  be  no  saving  whatever.  The  Corporation 
proceeded  with  their  extensions,  and  the  results  have  been  entirely 
satisfactory. 

Coal  Co.sts. 

The  most  important  item  as  far  as  costs  are  concerned  is  un- 
doubtedly coal,  as  this  accounts  in  many  ca,ses  for  about  half,  and 
in  most  cases  for  at  least  one-third,  of  the  total  working  costs.  It 
has  often  struck  the  author  as  strange  that  so  much  time  and  thought 
should  be  given  to  the  question  of  saving  I  lb.  of  steam  per  kelvin 
and  yet  practically  nothing  is  done  collectively  to  reduce  the  price 
of  the  coal  delivered.  As  things  are  at  present,  we  are  all  more  or 
less  in  the  hands  of  the  colliery  ownere  or  coal  merchants,  and  under 
the  present  circum.stances  one  dare  not  enter  into  a  contract  extend- 
ing over  a  long  pericd  of  time  for  a  supj)ly  of  current  "in  bulk  "' 
without  including  a  clause  in  the  agreement  by  which  the  price  is 
varitd  to  suit  a  rise  or  fall  in  the  cost  of  coal. 

If  Dr.  Kerranti's  dream  of  a  national  scheme  for  electric  supply  is 
ever  to  be  realised  tlicrc  will  have  to  he  some  oort  of  national  control 
over  what  constitutes  the  greatest  item  of  cost  of  electric  supply. 
By  this  it  is  meant  that  the  colliery  will  have  to  be  as  much  a  part 
of  the  electric  sujjply  undertaking  as  are  the  generating  station  and 
the  distributing  .system.  It  is  not  intended  to  convey  the  idea  that 
the  author  would  neglect  to  do  his  best  to  save  steam,  but  it  is 
intended  to  emphasi.se  the  importance  of  some  sort  of  joint  action 
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1.000  2,000  3,000  4,000  5,000  6.000  7.000  8,000  9.000  10.000      Average22.0C0 

Maximum  load  in  kilowatts. 
Kid.  2. — CiavKs  OK  WouKiNc  Cost'-  pkh  Kki.vin  Soi.n. 

Curve  No.  1    ■  Coal  and  other  fuel. 

..    No.  2     Above  plus  oil.  waste,  w/ater  and  stores. 
,,    No.  3'   All  above  plus  wages  of  workmen. 

,,    No.  4  — WorkscDst  less  allowance  for  distribution  repairs  and  maintenance. 
,,    No.  5  -  All  above  plus  repairs  and  maintenance. 

.,    No.  6    All  above  dIus  management,  salaries,  office  and  legal  expenses,  ttc,  or 
total  working  costs. 

b:'!ng  taken  by  tlios(>  whf)  confcmpiatt  the  gencrafi«ni  of  electricitv 
on  a  large  .scale  to  ensure  lirst  of  all  (hut  they  ciin  depend,  in  tlie 
future.  ui)on  a  proper  supply  of  coal  at  reasonai)le  |)rices. 

TIhtc  is  nof  the  sliglitc.-^t  doiibf  in  the  iiufhor's  mind  that  the  steady 
all-round  increa.se  in  the  price  of  coal  during  the  pa.st  1(1  or  1")  years 
hRH  to  a  great  extent,  if  nof  entirely,  neutralised  the  effects  due  to 
improvenifiits  in  tin-  design  ."rid  r<in!-e(|ucnt  incrc-scd  efliciencv 
of  .-^tcan)  raising  and  cicctricfil  generating  jilant.  and  tliat  the  lower 
costs  obtained  have  been  due  largely  to  the  effect  of  the  improved 
load-factor  (III  tlir  oIIht  items  wliidi  l'o  to  iii.iki'  up  the  total  works 
costs. 

One  of  I  lie  cliicf  reasons  for  the  steady  increase  in  the  price  of  coal 
for  clc(tri(il\  work.-*  i.-<  Millmiit  doubt  the  wirier  market  which  is 
opening  out  for  the  u.^e  of  .-nii;l!  coal  ;mmI  "  dutT."  Thi.s  is  now  made 
up  into  l)ri(piettCH,  and  sold  ct  modere.tely  high  pricj'.s  for  tise  in 
connection  with  niechanicjil  stokers.  MiMiy cnllierie.H  have  instiiUcd 
cliibori  te  coil-wa.shing  plant,  with  the  result  that  they  arc  now  in  a 
j)()sit'on  to  .sell  "  washed  ilull  "  ;■!  |)ri<es  very  little  lielow  (he  prices 
of  the  better  (luilitics. 

C;  s(  s  of  vciy  low  costs  which  hii\e  con\p  to  the  authors  notice 
fioui  time  to  lime.  iMul  nxui"  pi-rticuliTly  whilst  writing  this  Paper. 
would  i',i)|iej:r  to  lie  accoinitcd  for.  partly  at  any  rate,  by  r.n  accident, 
such  iis  clo.se  pro.ximity  to  the  coIli(>rv.  It  does  not  always  follow, 
of  course,  (luit  (h.e  jmiximity  of  the  generating  station  to  the  coal 
mine  will  result  in  low  eos(s.  The  a.Khor's  experience  hr-^  been 
iiuit»>  tlie  rcveiYc.  for  the  .simple  reason  tlut  local  collieries,  shipping 
uiiwa.ids  of  2,(I0(>.(1()0  tons  of  coal  annually  front  staiths  situated 
willuii    '.  I. MJius  of  }  mile  of  th( "electricitv  works,  an*  either  nnal»le 


or  unwilling  to  supply  even  a  small  quantity  like  10,000  tons  per 
annum  at  a  price  less  than  that  which  electric  supply  engineers 
would  consider  a  very  high  one.  It  is  evident,  therefore,  that  the 
putting  down  of  a  generPvting  st?.,tion  pA  the  pit-mouth  is  of  no  use 
whatever  unless  the  output  of  the  pit  is  to  be  used  primarily  for  the 
purpose  of  generating  electricity,  or  miless  a  contract  be  made  for 
supplies  over  a  very  long  period.  The  latter  course  is  followed  in 
the  ca^e  of  all  waste-heat  power  stations. 

The  ligures  of  working  costs  of  undertakings  in  the  metroix)Utaa 
area  are  notable  examples  of  the  effect  of  the  cost  of  coal  in  London^ 
where  the  record  for  low  total  working  costs  in  municipal  stations 
is  held  by  I'oplar  and  Stepney,  the  figures  given  being  Gold, 
and  0-58d.  respectivelj',  and  for  coal  costs  0-2od  a.nd  0-34d..  respec- 
tively. These  figures  are,  nevertheless,  high  when  compared  with 
those  of  even  the  smaller  provincial  stations  in  the  ^Ldlands  and 
in  the  north  of  England. 

Ste.\m  Generating  Plant. 

^^'c  now  come  to  that  part  of  our  business  over  which  we  have 
full  control.  It  is  assumed  that  there  is  a  proper  supply  of  suitable 
coal  at  a  reasonable  price,  and  it  is  also  assunud  that  up  to  this  point 
(the  purcha.sing  of  coal)  the  larger  undertakings  have  little,  if  any, 
advantage  over  the  smaller  ones. 

l'\)r  fqual  load-factors,  it  is  doubtful  whether  there  is  much 
difference  in  the  relative  efficiencies  of  large  and  snuUl  plants — that 
is,  provided  the  stand-by  plant  is  proportionate  in  each  case.  But 
this  is  just  where  the  larger  .starion  is  likely  to  gain,  as  the  smaller 
station,  working  with,  say,  two  boilers  on  load,  will  require  a  third 
(equal  to  .'At  jkt  cent,  of  the  total)  as  stand-by;  whereas,  owing  to 
the  normal  overload  capacity  of  any  boiler,  the  larger  station, 
working  with.  say.  10  Ijoilers.  can  with  safety  nui  without  a.ny 
.stand-by  boiler  at  all,  .since  in  the  event  of  a,ny  boiler  giving  trouble 
the  remaining  nine  can  be  overloaded  to  make  up  for  the  faulty  one 
100*- 
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until  such  lime  a.s  another  boiler  is  got  aw  .-v.  It  is  evident,  there- 
fore, that.  .Llihough  the  elficiency  of  the  running  plant  may  be  the 
same,  and  ver\  likely  is  the  same,  in  each  ea.se,  the  smaller  gene- 
nvting  sti'tioii  has  a  greater  percenta.ge  of  stavud-bv  los.ses.  "^ 

Caicfiil  study  of  evajK)ration  tests  has  satisfied  the  author  that 
large  Imilers  have  \cry  little,  if  any.  advantage  over  smaller  one» 
fn)m  the  |M>int  of  view  of  efficiency,  whatever  may  be  their  advan- 
tages from  the  jMiint  of  view  of  cost,  floor  s]);',ce.  &c.  Under  normal 
test  conditions  it  would  appear  that  7S  |H>r  cent,  is  an  average- 
efficiency  for  the  boiler  and  su|>crhc:'tcr.  with  alwut  S.»  jH^r  cent, 
for  the  Itoilcr.  sujH'rhcjter  and  cconomiscr.  although  in  one  case  thfr 
efficiency  Wiv  rpcordcd  as  being  87  per  cent.  Such  high  efficiencie* 
would,  however,  only  lie  obtained  uirlcr  th  >  exceptional  ccmili^ions 
which  prex.il  when  tcMs  an^  being  carric<l  out. 

Ki.ECTKII  Al,  (iENERATINi;   l*l..*XT. 

Th«>  next  matter  of  im|x>rtan«"e.  as  far  jvs  the  cost  of  generation  i* 
conrvnied.  is  the  conversion  of  the  energy.  It  is  not  within  the  scope 
of  this  Paper  to  clea!  with  gas  or  oil  engine's  inasmuch  as  these  are, 
ius  far  as  centtal  station  work  is  contctiicd.  more  tlic  cxicition  ihau 
the  rule. 

Fig.  ;{  shows  very  clearly  the  r;!|..d  ulativc  dci  iviJ.M  m  stcan» 
consunijtiou  per  kelvin  «»f  mcdern  high-s|MHd  f.irbine  jjli'iit  fmm 
sizes  of  VHi  kw.  to  2.tKHi  kw..  .-.nd  the  remarkably  .slight  fall  l»etween 
sizes  of  2.tHK»  kw.  and  Itt.lXK)  kw.  It  would  api  ear  fmm  this  <  urve 
that  when-  the  comlitions  as  n-gatds  st<>am  and  vaetium  a-c  similar 
the  larger  stations  have  had  the  aelvaiitage  over  the  smaller  ones  as 
far  as  the  electrical  generating  plant  is  (»<m<  erned  i'lid  this  is  un- 
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doubtedly  tnio  as  regards  almost  every  make  of  turbine  of  the 
impulse  or  rea 'tion  types  or  combination  of  these  types.  How  long 
this  will  continue  it  is  impossible  to  say,  but  tests  on  a  1,000  kw. 
■'  Brush-Ljmigstrom  "  turbine  show  that  a  machine  of  this  type  is 
capable  of  developing  its  full  rated  output  with  a  steam  consump- 
tion of  only  12-75  lb.  per  kelvin.  These  results  compare  favourably 
with  those  obtained  in  connection  with  machines  of  1 2,000  kw.  and 
1.^,000  kw.  capacity,  and  certainly  make  one  think  that  the  big  differ- 
ence in  efficiency  which  has  hitherto  existed  between  lai'ge  and  small 
units  is  fast  disappearing. 

In  an  Appendix  to  the  origina'.  Paper  the  author  shows  that 
whereas  large  turbines  previously  had  the  advantage  over  smaller 
ones  to  the  extent  of  about  3^  lb.  of  steam  per  kelv'n  they  can  now 
only  claim  an  advantage  of  aboiit21b.  per  kelvin  or  about  15  per  cent. 

Having  referred  in  detail  to  the  steam  consumption  of  turbines, 
some  reference  will  now  be  made  to  the  steam  consumption  of  modern 
high-speed  reciprocating  engines  suitable  for  the  smaller  generating 
stations  where  the  largest  unit  is  in  the  region  of  750  kw.  to  1,000  kw. 
In  such  cases  a  1,000  kw.  engine  set  at  a  speed  of,  say,  250  revs,  per 
min.,  will  consume  at  full  load  about  15-85  lb.  of  steam  per  kelvin 
when  running  condensing  (26  in.  vacuum)  and  with  steam  at  180  lb. 
jjer  square  inch,  superheated  to  550'^F.,  which  figure  compares 
favourably  with  those  obtained  from  most  steam  turbines  of  similar 
output  and  under  similar  conditions.  The  figures  for  the  smaller 
sets  under  similar  running  conditions  are  brietly  as  follows  :  16,  16-4 
and  19-3  lb.  per  kelvin  for  sizes  of  750,  500  and  250  kw.  capacity 
respectively.  The  results  at  -|  and  |  load  exceed  the  above  Hgures 
by  about  5  per  cent,  and  10  per  cent,  respectively. 

Total  Working  Costs  per  Kelvin  Generated. 

In  order  to  obtain  reliable  figures  under  this  heading  careful  con- 
sideration had  to  be  given  to  the  records  of  numerous  undertakings, 
and  as  a  result  the  following  conclusions  were  arrived  at  : — 

(a)  From  the  figures  imdcr  the  heading  "  Repairr;  and  ^Maintenance." 
a  figure  has  to  be  deducted  to  cover  repairs  and  maintenance  in  con- 
nection with  the  distribution  system  which  was  found  to  equal  (ap- 
proxiniatelv)  10  per  cent,  of  the  figures  appearing  under  the  heading 
■^  Works  Costs."  Fig.  2. 

(b)  The  distribution  losses  are  (approximately)  15  per  cent.,  wliich 
figure  can  j^afely  be  applied  to  all  clasf-es  of  undertakings  Ijotii  large 
and  small. 

When  due  allowance  is  made  for  the  above  items  (a)  and  {h)  the 
following  figures  are  obtained  : — 

Table  I. — Costs  jxr  Kelvin  Generated. 


Load  in  kw. 


Relative 
works 
co&tp. 


Up  to  .500 

500-1,000 
1,000-1,500 
1,500-2.000 
2,000-4,000 
4,000-7,000 
7,000-10.000 
10,000  &  upwards 


Total 

working 

costs. 

Pence. 


1-43 

0-99G 
0-846 
0-845 
0-668 
0-566 
0-518 
0-450 


Relative  Fer 

total  cent. 

working  Load- 

costs.  factor. 


100 
70 
59 
59 
47 
40 
36 
31 


About  15 

.,  15 

„  20 

„  20 

„  20 

„  25 

„  25 

..  25 


A  summary  of  the  figures  on  which  Figs.  1  and  2  and  Table  I.  are 
based  gives  the  following  approximate  result,  which  indicates  the 
tremendous  amount  of  waste  in  connection  with  the  generation  of 
electricity : — 


Kelvins  generated. 

Cost  of  fuel. 

Total  woiking  costs. 

1,300,000,000 

£1.438,000 
0-265d.  p-^r  kelvin. 

£3,363,516 
0-62d.  per  kelvin. 

Had  the  question  of  electricity  as  generated  by  electric  supply 
companies,  private  individua's  and  railways  fallen  within  the  scope 
of  the  Paper  it  might  not  have  been  a  difficult  matter  to  show  how 
by  means  of  centralisation  it  might  be  possible  to  reduce  the  above 
figure,  0-265d.,  by,  say,  25  per  cent,  (not  to  mention  the  total  costs 
figure,  0-62d.),  and  so  effect  a  saving  of  upwards  of  £1,000,000  on 
coal  alone.  The  natural  argument  against  such  a  statement  would 
be  that  centralisation  could  not  deal  with  more  than  a  small  per- 
centage of  these  undertakings  owing  to  their  geographical  position. 

Capital  Costs. 

This  Paper  must  necessarily  include  some  reference  to  capital 
costs — not  only  of  plant  already  installed  but  of  plant  to  be  installed 
— in  order  to  compare  figures  of  the  total  cost  of  supplying  electricity 
from  large  and  small  power  stations.  For  this  purpose  reference  has 
been  made  to  the  figures  appearing  in  "  Garcke's  Manual."  The 
results  obtained  are  as  follow. 


Table  Il.—Cott  per  Kilowatt  imlnllnl  of  Gf.mrating  Plant,  Land,. 

Hnihlin'jM,  <<•'•. 
(Nothinff  is  included  for  anythinji  outside  the  generating  station.) 


l/»ad  in  kilowatts. 


CoHt  per  kilow-att  of 
generating  plant  inKtalled. 


L'n  t')  500 

.-00- 1. 000 

I. (K /)_!.. -,00 

2,000 -:-.ooo 

10.000  .-nd  u,)ward«; 


£40 

0 

27 

0 

2.-, 

0 

?.?. 

10 

£0 

0 

The  impression  created  on  glancing  at  the  above  figures  is  that 
the  smallest  undertakings  have  not  been  able  to  l>ene.it  by  the  low 
costs  per  kilowatt  of  turbine  plant.  This  is  no  doubt  a  fact  Ijecause 
it  has  already  been  shown  that  below  about  l.tXJO  kw.,  turbine  plant- 
does  not  compare  favourably  with  reciprocat'ng  pl?,nt  as  regards 
steam  consumption.  Therefore,  the  capita!  cost  per  kiljwatt  in 
such  cases  remains  high  owing  to  the  presence  of  reciprocating  plant. 
Furthermore,  in  the  case  of  those  stations  where  turbine  plant  ha<< 
been  installed,  the  capa';ity  of  the  plant  installed  has  been  increased. 
by  perhaps  hundreds  per  cent,  without  a  single  extra  pound  expen- 
diture on  land  and  buildings.  The  tables  and  diagrams  given  by 
the  author  emphasise  the  above  statements  and  give  one  a  verj'  fair- 
idea  of  the  future  possibilities  of  generating  cheap  electricity. 

Fig.  4  shows  the  cost  per  kilowatt  of  generating  plant  and  it  will 

be  observed  again  how  the  steam  engine  holds  its  own  against  its 

competitor  in  the  sizes  from  about  750  kw.  downwards.     The  figures- 

also  show  that  there  is  nothing  gained,  as  far  as  the  cost  per  kilowatt 
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Turbine  or  Encine.  Generator  and  Condensing  Pi.ant). 

of  turbine  plant  is  concerned,  by  adopting  the  larger  sizes,  since  owing: 
to  the  reduced  speed  of  the  larger  sets  (1,500  revs,  per  min..  as  against 
3,000  revs,  per  min.)  there  is  quite  an  appreciable  increase  in  the  cost 
per  kilowatt.  Hence,  in  the  case  of  South  Shields  it  was  ^wssible  to 
install  2,000  kw.  turbo  sets  which  probably  cost  no  more  jier  kilowatt 
than  the  large  sets  install-d  in  the  generating  station  of  the  New- 
castle Electric  Supply  Co.  and  without  further  expenditure  on  land, 
buildings,  &c.  It  is  hi  such  cases  as  these  that  it  will  be  extremely 
difficult^to  make  out  a  favourable  case  for  supplying  in  hulk. 

With  regard  to  steam  generating  plant  a  glance  at  Table  III.  will 
suffice  to  show  that  as  far  as  the  boiler-house  plant  is  concerned, 
there  is  nothing  like  the  same  relative  difference  in  cost  between  large 
and  small  units  as  exists  in  the  case  of  the  engine-room  plant,  although 
it  should  be  pointed  out  that  the  figures  do  not  include  bmldmgs, 
foundations,  coal  bunkers,  conveyors,  '&c. 

Every  electric  supply  engineer  knows  that  it  is  quite  possible 
nowadays  under  normal  conditions  to  put  down  a  very  large  power 

Table  III.— Relative  Co^t  of  Steam  Oeneraiing  Plant  IncMing  Boiler 

Superheater,  Stoker,  Economiser,  Boiler  and  Economtser  Bnck'uxnk-  ana 
all  Fittings.  Ladders,  Galleries,  Doors,  rf-r. 

(Steam,  200  lb.  per  square  inch  :    Superheat.  200 'F.  :    Coal.  12.000 

B.T.U.s.) 


Evaporation  from 
and  at  21 2  •^F. 


12.000 
20.000 
30.000 
40.000 
50,000 


Relative 
cost. 


(".ost  per 
1.0001b.  steam. 


Cost  per 
kilowatt.* 


100 
84 
77 
72 
69 


£170 
142 
130 
122 
118 


£3-4 
2-85 
2-55 
2-45 
2-35 


*  All  thcco  figures  arc  calculated  en.  the  basis  of  20  lb.  of  steam  pcB 

k'^Ivin. 
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Ktation  for  about  £10  per  kilowatt  of  plant  installed,  and  it  is  more 
than  likely  that  this  figure  might  under  very  favourable  circumstances 
be  reduced  to  £8  per  kilowatt.  It  can  also  be  shown  that  a  small 
Btation,  say,  2,000  kw.  to  5,000  kw.,  would  not  cost  more  than  £20 
per  kilowatt,  and  a  very  small  station  (below  2/XKJkw.),  £30  per 
kilowatt.  The  larger  station  would  have  an  advantage  over  the 
smaller  one  owing  to  the  ler^ser  proportion  of  stand-by  plant,  and  also 
by  reason  of  lower  working  costs. 

For  the  purpo.se  of  showing  as  clearly  as  possible  what  might  be 
don'3,  under  norma!  conditions,  in  the  way  of  generating  electricity 
on  a  large  sca'e.  Fig.  5  has  been  prepared.  It  will  be  noticed  that 
in  order  to  have  some  basis  to  work  on.  the  figure  0-265d.  has  been 
taken  as  being  a  fair  figure  for  total  working  costs  in  a  station  having 
a  load  of  80,000  kw.  and  a  load-factor  of  25  per  cent.  This  figure 
is  split  up  into  various  items  of  cost  which  in  turn  are  divided  into 
fixed  charges  and  running  charges. 

In  comparing  the  ligures  represented  in  this  curve  with  those  of 
Figs.  I  and  2,  it  must  be  remembered  that  since  the  latter  are  average 
figures  there  are  some  stations  which  generate  at  a  cost  considerably 
below  the  average,  f'.ueful  investigation  would  undoubtedly  show 
that  there  are  cases  of  comparatively  small  stations  where  it  would 
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Estimated  Cost  of  P/oluction  per  Kelvin  Generated  for  Generating  Station  of  100,000  kw. 

(Plant  installed). 

Load-SO.ODOkw.  Cipitalc^st  of  plant  installed --£1.000.000.  Interest  and  sinking 
fund  -^£10D,ODD.  Total  working CDst(pe.nce  per  kelvin)  on  basisof  25  per  cent,  load  factor 
and  allocated  as  follows  : 


Item.                          Fixed  charges. 

Running  charges. 

Cial  &c    

25  p.c.      004 
50  ,.        0005 
75  ..        0015 
50  .,        0015 
100  ,.         002 
100  ,.        002 

75  p.c.     012 
50  ,,        0-005 

25  ,.        0005 

Repiirs  and  maintenance 

Rent,  ratej  and  taxes  

Management  salaries,  &c 

Totals 

50  ,.        0015 

::       ":    , 

0U5 

\ 

0-145      ' 

Total  u/nrkinff  cost .•••. 

Say  0-ISO 

0*265  pAncft                                   1 

1                             

' 

NoTB. — Nothingoutside  generating  station  is  Included. 

rerfainly  not  j)ay  to  (ake  a  bulk  su|)ply.  Tn  the  majority  of  eases, 
however,  it  would  a])peav  that  a  bulk  .supply  would  be  of  con.siderabh* 
advantage.  It  must  not  be  forgotten  that  the  curve  represents  an 
ideal  stale  of  things  which  can  only  be  .-irrived  fit  jiroviding  all.  or 
at  an\'  rate  most,  of  llic  existing  undertakings  jii;rcc  tci  -ink  tlieir 
individuality  in  lli.il  nf  llie  larger  scheme. 

Tk,\N.SMISSU)N. 

There  docs  not  ap])ear  to  l)e  any  .serious  difliculfy  in  the  way  of  a 
bulk  supply  scht-nu"  from  the  jxiint  of  view  of  transmission.  exce])f 
as  regards  the  capital  cost,  which  in  the  case  of  a  large  system  might 
very  nearly  equal  the  capita!  cost  of  the  gi<nerating  station.  It  is 
also  d  nibiftil  whether  any  res|>onsible  pidilit  electric  supply  engineer 
would  care  to  run  the  risk  of  being  entirely  dejMMuient  on  overhc-vd 
lines  for  his  supply.  It  would  l)e  advisalile.  therefore,  that  any 
hy|)othetieal  estimate  of  the  co.st  of  the  transmi.s.sion  .systeii.  should 
be  based  on  undergroiuid  cables,  or  on  a  combination  of  undergmund 
and  overhead  nia'ns  carefully  interconnectiMl  and  led  to  the  |K»int  of 
distribution  along  dilTerent  routes. 

The  d  a ul vantage  of  the  adoption  of  extra-high  prrs-iurps  is  that 


step-up,  as  well  as  step-down,  transformers  would  have  to  be  u.sed 
with  the  result  that  the  transformer  los.ses  alone  would  aniDunt  to  a 
considerable  sum  per  annum.  In  addition  to  the  above  losses  it  is 
nece.s.sary  to  allow  for  the  losses  in  the  cables,  not  to  mention  the 
heavy  losses  which  will  imdoubtedly  be  incurred  when  it  is  necessary 
to  convert  the  three-phase  energy  to  direct -current  or  alternating- 
current  at  a  different  ijeriodicity  to  that  of  the  bulk  supply  .system. 

The  author  is  of  opinion  that  by  the  time  all  these  things  have  been 
taken  into  account  it  will  be  a  very  difficult  thing  to  prove  that  an 
isolated  bulk  supply  authority  is  in  a  position  to  generat-e  and  dis- 
tribute elec-trica!  energy  at  a  price  which  will  allow  of  a  reasonable 
proHt.  although  the  case  might  be  altered  materially  by  the  linking- 
up  of  other  large  und?rtakings  in  which  case  the  capital  co.st  per 
kilowatt  of  load  could  be  substantially  reduced. 

Conclusion. 
"  It  is  desirable  that  st^ps  should  be  taken  thoroughly  to  investigate 
the  whole  question  of  electricity  supply  in  this  country,  because 
every  day  increases  the  obstacles  and  dela.ys  electrical  development. 
One  of  the  obstacles  to  be  surmounted  is  local  jealousy.  There  are 
cas^s  where  such  jealousy  appe<i"s  to  have  been  overcom?  and  the 
author  hopes  that  tho.se  who  have  ex[)erience  of  such  ca.ses  will  com© 
forwaid  and  give  the  Association  the  benefit  of  their  experience. 

It  would  ai)i)ear  that  the  first  thing  to  be  done  would  be  to  apjxjint 
a  repre-entative  Committee  consisting  of  members  of  the  I.M.E.A., 
and  this  Comi  ittee  should  have  power  to  co-opt  members  of  other 
scientific  .societies.  The  duties  of  such  Committee  would  be  to  make 
a  thorough  investigation  into  the  whole  subject  of  electricity  supply, 
with  a  view — 

(ii)  To  standard!: '•  as  far  as  possible  the  generation  and  distribution 
of  elcctrici'iv  throujiliout  the  whole  country. 

(h)  To  conrcrvc  the  supply  of  fuel  used  in  electricity  works  and  to 
make  a  thorough  investigation  of  the  important  question  of  extracting 
from  the  c-oal  valualilf  b\  -])riiducts. 

(r)  To  make  use  of  wastc-luat  wherever  possible. 
(d)  To  cut  down  the  percentage  of  spare  plant  by  judicious  linking- 
uj)  of  adjacent  netwf>rks.     (There  are  numerous  instances  where  this 
could  be  done  rij{ht  away.) 

(p)  To  promote  lepisl.ition  wherein  facilities  may  be  obtained  such 
as  an-  ab.solutelv  e.-scntial  to  the  scheme  and  such  as  do  not  exist  to-dav. 


THE    APPUCATION    OF   ELECTRIC TY    TO    AGRICUL- 

CULTURAL  PURPOSES.* 

BV  W.  T.  KERR. 

(City  Ele:tricil  Engineer,  Hereiorc. 

Siiiiiiiinrjf. — The  author  gives  ai  account  of  thj-  suj)ply  that  is  U-ing 
given  to  the  farmers  around  Herr'ford.  and  the  importance  of  an  agri- 
cultural |(>:ul  is  strnnirly  cmphasi'^ed. 


I'p  t  >  the  pre.stMit  time  the  u.se  of  electricity  in  farming  has  not 
uttravtc^l  the  attrition  that  it  undoubtedly  deserves  on  the  part  of 
the  electric  supply  authorities,  electrical  manufacturers  and  engineers 
in  this  coinitry.  This  is  the  m'>re  surj)rising  in  view  of  the  very  close 
attention  whi(-h  has  been  given  to  the  subjcLt  on  the  Continent  of 
Kuro|)e  ami  in  America,  and  the  im|K»rtant  and  extensive  schemes 
for  sJipplyiir;  airicultural  areas  which  have  been  carried  out  in 
dilTerent  countries. 

In  plaving  the  following  rougli  notes  before  you.  the  author  wishes 
to  emphasise  the  fa-t  that  there  is  awaiting  development  in  tliis 
country  nn  enormous  business  of  a  simdar  kind,  which  will  a'so  place 
at  the  dis|H>sal  of  the  agriculturalist  a  labour-savinz  source  of  power 
ami  light  su|K>rior  to  any  other.  The  writer's  conclusions  are  based 
on  si)me  year's  exjH'rience  in  farm  suj)ply  work  in  the  neighbourhood 
of  Herefonl.  where  it  is  quite  reasonable  to  supiK)se  that  conditions 
are  not  mon-  favourable  than  in  many  other  ]>arts  of  the  country  for 
this  paflicular  class  of  supply. 

The  last  p  |K)rt  of  the  Ontario  Hydro-Electric  Comm-ssion  eon- 
tiiini'd  sMuc  iwrticulars  of  farming  supply  in  Ontario,  with  dat »  as 
f  I  energy  used  on  fa'-ms  ;  the  average  yearly  consumi)tion  |)er  farm 
for  nil  purposes  was  4.7(K>  units,  and  the  average  revenue  £27. 

f,iflht  Trnn.imi.-i.olnn  Ltiir.o.  \n  the  Herefonl  district  a  .system  of 
liglit  t-a'ismission  lines  has  l>oen  erected  to  rea-h  the  agricultural 
consumerH.  These  are  built  with  larch  poles.  28  ft.  long,  with  cross- 
twm-i  of  quarter  oak  2  ft.  (» in.  bv  .'<  in.  by  3  in.,  the  Ixittom  arm  3  ft. 
The  lines  at-  us-.u-illy  now  mid-  up  to  7  1(»  B.S.C.  baf  .stranded 
aluminium,  weighing  atxnit  00.'J2  lb.  to  the  yard,  and  costing  l>efore 
tlie  \\i\r  Is.  t)\i\.  pcT  lb.,  with  t,vo  Xo.  12  galvanised  gua'd  wires 
Inflow,  which  at'  a's  i  used  as  the  neutral,  the  supply  l)eing  given  at 
440  volt*,  three  wire  (220  volt«  for  light  ng). 

The  total  cost,  induding  labour,  works  out  at  £1 10  yier  ntile.  These 
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lines  have  withstood  the  gales  of  December,  1915,  and  March,  1016, 
witliout  a  breakdown. 

The  farthest  distance  a  supply  is  given  is  .3,490  yds.  from  the 
generating  station,  1,200  yds.  of  which  is  by  overhead  lines  ;  these 
radiate  in  five  districts  from  the  station  to  an  average  distance  of 
.3,000  yds. 

When  erect'ng  the  poles,  it  has  been  found  better  to  place  them 
close  into  the  hedges,  otherwise  the  cattle  use  them  for  relieving 
themselves  of  insect  life,  to  the  detriment  of  the  line  ;  also  farmers 
object  to  their  being  placed  any  distance  out  in  the  fields,  and  the 
hedges  and  ditches  a?t  as  a  guaul. 

Such  lines  can  be  arranged  with  quite  long  spans,  7.5  yds.  in  places, 
between  the  poles,  to  cut  across  corners,  if  the  route  is  carefully  con- 
.sidered  before  the  erection. 

Tappings  to  consumers  are  taken  off  by  means  of  a  twin-lead  cable 
clipped  to  the  pole.  It  is  very  important  to  seal  both  ends  of  the 
cable  where  the  leads  a'-e  taken  off,  and  this  is  usually  done  at  the 
top  of  the  pole  by  securing  a  small  type  sealing  box  to  the  pole  and 
taking-oif  leads,  leaving  a  short  bare  space  on  the  wire  between  the 
lead-covered  ard  rubber-coverf  d  leads  where  the  thimble  is  sweated, 
a!Kl  afterwards  sealing  this  with  compound. 

The  connection  to  the  aluminium  wire  is  made  by  means  of  a  "  jim 
ci'ow  "  shaped  clip,  which  grips  the  wire  in  two  positions,  the  lead 
being  sweated  to  a  screw  used  for  tightening  in  the  centre,  and  the 
whole  joint  afterwards  painted  over  with  aluminium  pa'nt  ;  no 
trouble  whatever  has  been  experienced  with  such  a  joint,  although 
one  section  has  been  in  constant  use  for  nine  yea,rs,  coimcctnig  up  a 
supply  to  a  .50  h.p.  motor  from  an  aluminium  overhea-d  line  running 
a,longside  a  mahi  line  ra-hvay. 

In  an  average  case,  a  10  h.p.  motor  will  meet  all  the  power  require- 


in  the  afternoon.  The  cows  milked  average  alxjut  70,  and  the 
ma-jhinery  has  a  capacity  of  88.  The  farm  bailiff  stateH  that  it 
would  require  five  men  at  least,  who  are  cxfKjrt  milkers,  to  do  the 
work  in  the  same  time,  or  with  his  present  staff  five  or  six  hours  a 
day  longer. 

A  motor  is  used  to  drive  the  root  pulping  and  chaff-cutting 
machines  on  the  floor  above,  the  ma .hines  being  so  placed  in  order 
to  keep  out  all  the  dust  which  generally  arises  when  dr>'  hay  is  being 
cut.  Experience  shows  that  owing  to  the  ea:iy  starting  of  an  electric 
motor  the  exact  qua.ntity  of  focd  can  be  cut  and  mixed  fre^h  a«  re- 
quired, a  verj'  important  result  being  a  greater  yield  of  cream  in  the 
milk.  A  machine  for  kibbling  corn  and  rolling  oats  is  installed,  also 
a  circular  saw  for  splitting  wood  and  fencing  materia!. 

This  represents  a  typical  installation,  but  there  are  many  other 
operations  that  could  be  done  most  erficiently  by  electricity  by  any 
farmer  enterprising  enough.  In  the  future  an  apparatus  for  elec- 
trically heating  water  will  be  installed.  The  farm  builrlings  are 
lighted  throughout,  there  being  25  lamps  of  25  c.p.,  and,  in  addition, 
the  bailiffs'  house  and  some  cottages  are  supplied  off  the  same  line 
through  '"  Penny-in-the-Slot  "  meters.  The  units  con:^umtd  on  this 
farm  for  year  ending  1915  amount. d  to  2,41 1,  at  2^d.  per  unit,  and 
the  revenue  reached  £25,  or  an  average  of  9s.  7d.  weekly. 

The  use  of  electricity  from  the  farmers"  standpoint  mean>  a  con- 
siderable saving  in  labour,  although  the  ojierat'ons  could  be  per- 
formed, as  on  many  other  farms,  by  oil  or  ga:;  engines.  Engine 
stopping  and  staiting.  however,  requires  time,  and  it  would  also  be 
necessary  to  send  men  aiul  carts  for  oil  or  coal  to  the  nearest  town 
or  railway  station,  all  of  which  takes  time,  ar.d  should  be  added  to 
the  cost  of  any  other  type  of  power,  but  rarely  is  taken  into  a.-count. 

There  are  many  operations  requiring  power  alwE,ys  to  be  found 
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Fig.  1. — -Load  Cukves  at  iHEREFORD. 


ments  of  a  farm,  except  for  thrashing  and  eider  milling,  but  motors 
up  to  20  H.p.  have  been  hired  out  for  these  purposes,  which  are  only 
.seasonable  jobs,  and  do  not  require  a  peimanent  fixing. 

Wat/-leaves. — The  greatest  obstacle  to  cheap  rural  supply  is  the 
question  of  way-leaves  ;  when  it  is  necessary  to  go  outside  the 
boundary  of  a  Provisional  Order  area  to  supply  in  a  district  without 
such  an  order,  many  unnecessary  lega,!  difficulties  are  encountered. 

One  experience  has  been  that  a  line  to  supply  a  farm  building  and 
residence  was  held  up  over  12  months,  although  it  was  only  necessary 
to  cross  two  small  meadows,  eerta'n  members  of  the  local  District 
Council  viewing  the  application  for  permission  to  supply  electric 
power  as  a  means  of  negotiating  for  an  extension  of  water  supply  to 
a  house  quite  2  miles  away. 

Application  was  made  to  th.e  Board  of  Trade  for  an  over-riding 
order,  and  they  suggested  further  negotiations  before  granting  it. 
When  an  agreement  was  eventually  come  to,  the  legal  costs  amounted 
to  more  than  twice  the  cost  of  the  transmission  lines,  and  the  ])i'o- 
spective  consumer  had  been  kept  waiting  for  a  period  of  12  months, 
although  the  installation  had  been  put  in,  and  it  was  only  necessary 
to  cross  a  field  to  give  the  supply.  This,  obviously,  is  not  as  it  should 
be  ;  such  obstacles  prevent  proper  development  and  are  a  bar  to 
progress. 

Farm  I nstalladons. — A  description  of  the  i)lant  and  power  uses 
on  a  Hereford  dairy  farm  may  be  of  interest.  The  installation  con- 
sists of  an  8-5  h.p.  open-type  motor,  running  at  a  speed  of  960  revs, 
per  niin.,  with  the  starting  panel  mounted  alongside.  The  vacuum 
pump  for  the  milking  machinery  requires  1  \  h.p.  This  machine  is 
used  twice  daily,  for  about  two  hours  in  the  morning  and  I  j  hours 


in  agricultural  areas,  which  are  peculiar  to  the  particular  district, 
for  example,  in  eider  mills.  Machines  are  used  for  the  drying  of 
spent  apples  after  the  juice  has  been  extracted,  and  the  apples  after- 
wards used  for  cattle  food  ;  one  large  marhine  of  this  descuptiou 
requires  about  25  h.p.,  and  runs  for  three  months.  24  hours  diiily, 
with  as  few  stops  as  possible.  The  same  motor  is  used  for  sawing 
wood  during  other  months  of  the  year. 

Similar  drying  nuxchines  are  used  for  granis  and  spent  hops,  the 
grahi  being  used  as  a  cattle  food  and  th"  spent  hops  for  bedding, 
while  the  seeds  from  the  hops  are  used  for  the  preparation  of  a  dye 
stuff.  In  the  greater  part  of  the  hop-growing  district,  the  demand 
per  farm  would  run  up  to  25  h.p..  which  would  be  used  for  spraying 
the  hopya:ds,  driving  fans  and  ]iocket-filling  presses  :  it  is  jxissible 
that  elcctroculture  would  be  of  assistance  in  extinguishing  blight, 
and  this  would  open  up  a  field  of  incalculable  value. 

Plougki>ig.~Jiw  introduction  of  electrical  ploughing,  and  of 
electrically-driven  wagons  for  the  general  hauling  work  is  a  possible 
development  of  the  near  future.  It  requires  about  1-5  acivs  of  land 
to  provide  food  for  earh  horse  kept  on  a  farm,  and  the  work  Imng 
seasonable,  at  tines  many  horses  are  needtd  for  a  few  weeks  to- 
gether ;  and  again  there  are  nu.ny  weeks  when  horses  cannot  lie  used 
owing  to  the  land  being  in  sueh  a  state  due  to  weather  conditions. 

An  electricallv-driven  plough  or  wagon  would  not  be  stamhng  in 
a  stable,  eating  its  heail  ofl^.  and  the  elimination  of  hoi-ses  woiUd 
release  further  land  for  croppuig.  From  a  mechanical  ijoint  of  ^^ew, 
it  would  no^  be  a  difficult  nuitt.M-  to  design  a  nuxchine  that  could  be 
used  a'ternately  to  plough,  or  to  drive  a  thrasher,  and  which  could 
be  run  into  position  to  drive  the  general  farm  machinery.     With  a 
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rfuitable  pulley  and  geaifd  couiiter.siir.fts  for  vi-.ryjng  speeds.  IOh.p- 
•to  12  H. p.  would  cover  the  power  requiiements  for  all  usu;d  opera- 
tions, and  the  machine  would  be  a  farmer's  '"  Mary  Ann."  But  the 
vital  nefessity  is  a  permanent  power  supply  available  in  the  farm, 
the  rest  would  be  simple,  as  no  other  form  of  power  could  be  utilised 
in  such  a  manner  ;  the  ordinary  .size  of  battery  used  on  an  electric 
vehicle  would  be  sufficiently  large  to  plough  a  good  many  acres  of 
land,  and  could  be  charged  in  the  usual  way  at  night,  with  a  boosting 
charge  during  the  daj'  if  necessary. 

A  petrol-driven  two-furrow  plough  weighs  about  20  cwt.,  and 
•develops  about  1!  h.p.,  recjuiring  about  2  gallons  of  petrol,  or  ben- 
zine, per  acre,  with  a  certain  amount  of  lubricant.  The  total  weight 
of  a  battery  on  a  I -ton  van,  for  a  50-niile  radius,  is  about  1,260  lb., 
giving  a  speed  of  12  miles  per  hour;  the  tot;.!  weight  of  the  chas.sis 
is  3,400  lb.,  and  if  we  substitute  the  plough  blades  tor  the  weight  of 
a  pair  of  wheels  anrl  gear  it  to  travel  al)out  120  ft.  a  minute,  it  would 
be  fair  to  assume  that  a  battery-driven  j)lough  is  not  an  impossible 
machine.  The  battery  charge  capa-^-ity  being  equal  to  18  kw.,  the 
cost  would  be  ver\'  low,  at  usual  power  rates,  per  charge. 

Most  farms  have  a  certain  aiea  of  arable  land  permanently  used 
for  cropping,  lound  which  light  overhead  lines  could  be  erected  to 
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certain  points,  and  by  means  of  a  tia'ling  cable  carried  on  a  drum, 
geared  with  the  spe(  d  of  the  plough  to  yr.y  in  and  oiit  (the  cable  being 
.shealli(d  with  tough  tublicr  (•omiM)ur.d).  the  double  winding  n)pe 
hauling  jiloughing  gear  of  the  usual  tyju-  could  be  dis|;ens(d  with, 
ivnd  a  pio'igli  carrying  r  single  motor  and  controller  us(d.  The  slow 
rate  of  sp((  d  of  a  iilough  :.loug  a  furrow  would  not  endanger  the  life 
of  a  tra'ling  calile. 

Electric  ploughing  on  .•  n  extensive  privtital  scale  has  been  ca'iied 
out  in  (Jerniiiny.  Sweden.  Iti.ly  and  France,  the  results  being  usually 
•stated  to  lie  in  favour  of  electricity  as  comi-and  with  either  a.nimal. 
.steam  or  oil  i)loughing  ti.  kle.  (ierman  investigators  have  declarid 
ihat  for  really  heavy  ])l(»ughing,  the  only  competitor  of  steam  is 
olectricitv.  .Much  of  \hr  pulil-slud  data  regrrding  ploughing  costs 
is,  however,  not  n'idly  conii  aia.ble.  as  the  loc;  I  conditions,  depth  of 
ploughing.  &c..  greatly  inlluence  the  results  ohtft'ned. 

A'/rinilliinil  /)i.iliirls.~-\u  llic  Hercfoid  .--upply  area  the  district 
is  typically  agricultural.  'I'he  hor.se|M)wer  of  motors  in  u.se  and 
nnils  consumed  giMierilly  in  carrying  out  the  ojenvtions  are  as 
follows  :- 

Cider  lua kill ir    ICO  h.v.  ...  liT.-J"!  units. 

Millinii    142  H.r.  ...  lUT.S.VJ      .. 

Farmerii' supply    ii»i>  il.i-.  ...      UK>u:\      .. 

AVntci   pmnping  l.>7  n.i".  ••  .'i:il.2!t.'> 

Sawuiilling     irttue  ..  2-.'..'«i  I 


Fig.  1  is  a  curve  of  the  daily  output  for  one  week. 

A  scheme  of  high-ten.sion  three-phase  supply  ha.s  been  prepr.red 
for  the  Hereford  area,  which  it  is  proposed  to  carry  out  after  the  war, 
there  being  a  growing  demand  for  electricity  from  farmers  and 
private  residences  that  cannot  be  met  by  a  440- volt  three-wire  supjjiy. 
There  are  as  a  rule  five  farms  to  the  mile  along  an  average  road  ; 
there  are  also  many  ordinary  country  residences.  We  can  estimate 
an  average  revenue  of  at  least  £100  {>er  annum  from  the  five  farms, 
and  anything  from  £20  to  £200  from  the  private  houses.  Large 
country  residences  are  only  too  an.xious  for  such  a  permanent  source 
of  supply,  and  6d.  a  unit  could  be  quite  easily  obtained. 

A  few  notes  have  been  taken  of  the  consumption  and  generating 
costs  of  several  large  mansions  in  the  Hereford  area,  of  which  the 
following  is  typical:  The  installation  consists  of  engine  (oil)  of 
16  B.H.P.  ;  battery,  54  cells  of  400  ami>ere-hour  capacity  ;  300  25  c.p. 
lamps  installed.  Average  cost  of  "  Royal  Daylight  '"  oil  for  12 
months,  H.'d.  per  gallon  ;  2i  units  of  electricity-  delivered  into  house 
for  every  gallon  used — 4d.  jTer  unit  for  oil.  There  were  also  25 
.gallons  of  cylinder  oil  used  at  3s.  2d.  —  £3.  10s.  2d.  The  cost  of  small 
repairs  battery,  bolts,  brushes,  but  not  including  repairs  to  wiring 
in  the  house,  amounted  to  £4.  12s.  3d.  Wages  of  man  to  look  Jifter 
engine.  &c..  28s.  per  week,  plus  hou.se  and  coal,  10s.  jjer  week  = 
£98.  16s.  An  •  llowance  of  15  per  cent,  depreciation  must  be  made 
on  cost  of  the  battery. 

Klectric  cooking  and  heating  offer  enormous  jKJ.ssibilities  if  a 
j)ermanent  supply  were  availa-ble.  a.nd  it  is  no  exaggeration  to  say 
that  such  a  supply  will  be  received  with  open  arms  by  the  residents, 
who  aie  under  no  misapprehen.sion  as  to  being  able  to  produce  elec- 
tricity cheajjer  t!:emselves.  Such  consumers  have  heaid  so  much 
about  the  "  battery  will  not  do  it,"  a,nd  paid  so  many  repa,ir  bills, 
that  they  will  take  the  first  opjwirtunity  to  get  rid  of  the  private 
generating  plant. 

The  average  revenue  in  such  a  case  should  amount  to  between 
£I.")0  and  £200  jx'r  annum  ;  the  owners  in  most  cases  would  be  cpiite 
willing  to  meet  the  cost  of  the  service  extensions,  ruiniing  over  their 
own  estates,  from  the  main  sujiply,  or  agree  to  a  minimum  charge 
of  10  j)er  cent,  on  capita'  cost  of  extension,  with  a  kilowatt  demand 
and  small  charge  p.er  unit. 

High-lension  Siipph/. — In  recent  years  a  good  deal  of  attention  has 
been  given  to  the  future  develoi)ment  of  electric  supply  in  this 
country  on  a.  wholesale  scale,  and  some  engineers — Dr.  Ferranti  and 
Mr.  Chattock.  for  example — have  pictured  a  future  in  which  elec- 
tricity supply  will  be  run  in  the  national  interests,  and  the  country 
will  be  .servi  (1  by  a.  network  of  transmission  lines.  Such  line.s  will 
in  most  cases  have  to  ]ia.s.s  through  agricultural  districts,  which,  if 
])roperly  exploited  by  the  existing  supply  authorities,  wouhl  be  in 
such  a.  state  of  development  that  a  paying  load  could  be  obtaineel 
along  the  route  to  commence  with.  In  such  a  case  it  may  be  assumed 
that  it  would  cost  .somethin<_'  like  £2.(KMi  to  cut  into  the  extra-high- 
tension  liies  for  a  supj)ly  of  low  -tension  energy. 

Kxisting  data  shows  that  the  average  consumption  of  current  in 
an  agiicultui.s!  district  with  a  iK)pulation  of  22. .VH*  is  58  units  |H'r 
luNvd.  so  tha.t  ta.king  the  county  of  Herefoitl  a,s  a  whole,  with  a  j)opu- 
lation  of  1 14.206.  the  {KKssible  saJe  of  energy  on  the  same  basis  would 
amount  to.  si.y.  6.637.(MMt  luiits.  This  supply  would  Ih'  given  in  an 
area,  4(»  mile.^  long  by  35  miles  wide,  with  a  central  distril)uting  |K>i!it. 
Throiighout  Hngland,  towns  of  any  size  of  over  20.(KHI  population 
are  25  to  .30  miles  apart,  with  snii.llcr  towns  of  up  to  10.(XX>  jx'ople 
l)etween  ;  this  is  the  case  in  all  llu-  agricultural  area^s,  and  the  dis- 
tribution lines  from  most  extra-high-ten.sion  transformer  stations 
would  thus  exten<l  to  rbout  1.")  miles  ra.diiis. 

It  will  be  seen  thst  the  estimate  d  outimt  of  ().637.0(K)  unites,  at  an 
avera.ge  pri<o  of  3d.  per  unit,  would  represent  a  revenue  of  £82.062. 
or  tak'iig  as  a  basiH  the  numl)er  of  f;.rms  in  the  county — 3.573  of  an 
a.verage  of  1.50  acres  a.ml  allowing  the  same  yea.rly  revenue  rs 
already  obtain «l  from  fatms  eonneetid  to  the  Hen^foid  City  supply, 
viz..  £25.  we  obtain  a  revenue  of  £80.32.">  fnim  farms  alone.  If  the 
fi'.rms  d  (I  not  a.ll  elect  to  u.se  electricity,  then*  woul*!  still  ivmain 
numen)Us  country  hou.ses  and  rural  industries  a.s  ava.ilable  consumers, 
as  well  as  villa.ge  water  supply  ami  electric  lighting  in.stallations. 
It  is  pnili-.ble  that  the  estiniattcl  consumption  given  would  be 
•  •xc<>(  (l«d. 

There  are  nir.ny  other  ilirtH-tions  in  which  electricity  is  making 
headway  in  connei-tion  with  agrieidture  which  should  not  l)e  over- 
lookid.  a.nil  the  foremost  of  these  is  '"  Klectro-Culture."  Kxp'ri- 
menfs  th.it  \\t:vv  r.lready  Ihh-u  carriid  out  have  given  most  favouralilc 
re,sult.s,  notably  tho.se  of  Mr.  J.  S.  Newman,  of  Bristol,  and  Miss 
Dr.dgeon.  of  Liixluden.  Dumfries. 

The  author  gives  brief  p  rtieulars  of  the  large  incn-ase  ol>tainc<l 
in  jKjtatoes  a.nd  in  oct.s  by  electro-culture.  From  the  f."-rmer"s  iK)int 
of  view  the  first  ec»st  of  the  installation  appears  to  l>e  the  d miinating 

f;'.ctor.    wliilc    so    f;\r   ;■>    the    icntr;'.!    st.'ltioii    -s    cnnienx  d    ll     iiiiisf    l>c 
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admitted  th<it  the  pfjwcr  re<|iu.site  would  be  comparatively  snuill- 
Mr.  .].   E.  XewnuMi  cstimatf  d  thiit   i  h.p.  would  he  sufTieient  for  .")(» 
-aeie.s.     The  fact  of  electricity   being  required  for  such  a  purpose 
would,  however,  inevitably  lead  to  its  adoption  for  lighting  and 
power  purposes. 

iSome  of  the  other  uses  of  electricity  in  agriculture  are  the  incu- 
bation of  chicken,  which  has  been  described  by  Mr.  T.  'J'horne  Baker. 
Eggs  hatched  in  incubators  sonietimers  yield  a  ])ercentage  of 
weakly  'liickens,  so  that  many  young  chicks  die  during  the  first  few 
days.  The  application  of  suitable  high-frequency  current  for  th(> 
chicks  almost  entirely  prevents  this  death,  owing  to  its  stimulating 
effect,  while  they  gain  weight  on  their  normal  iimount  of  food  at  an 
increased  rate,  becoming  in  two  months  as  heavy  as  chicken  grown 
for  three  in  the  oidinarv  vvay.  They  get  ther  second  feather  very 
early,  ajul  are  obviously  finer  birds.  A  chicken  faimer  growing 
"  petits  poussins  "  for  the  epicure's  table — a  commerce  of  note- 
worthy proiit — could  thus  produce  nearly  50  per  cent,  more  chickens 
per  annum  at  a  cost  w  hich  works  out  very  much  lower  tlian  tiic  cost 
t)f  [)rov-dhig  the  electricity. 

The  avitlior  gives  some  particulr.rs  of  the  workin'j  of  electric  in- 
cubators. 

In  one  of  the  stock-raising  farms  in  the  I'nited  States  elecitricity 
has  been  put  to  a  novel  use  for  the  winter  fattening  of  sheep.  The 
sheep  pens  are  wired,  and  the  electric  light  is  turned  on  during  the 
winter  months  from  4  p.m.  to  9  p.m.  I'nder  this  artificial  illum- 
ination the  sheep  continue  to  feed  imtil  the  lights  are  extinguished 
at  4  p.m.  the  lamps  are  again  turned  on  and  then  burned  until  day- 
light, and  a'^ain  the  sheep  feed.  In  this  wi^y  the  sheep  are  made  to 
feed  during  the  equivalent  of  a  long  summer  day,  and  thus,  d?spite 
the  winter  .season,  are  brought  quickly  to  the  condition  for  marketing. 

The  forego'ug  notes  represent  only,  a  brief  outline  of  the  possible 
•directions  for  electrical  development  in  connection  v-'ith  agriculture. 
Ko  reference  has  been  ni?x\e  to  the  domestic  uses  of  electricity  on  the 
farm,  which  will  almost  certainly  exceed  those  of  the  town  consumer ; 
nor  has  any  mention  been  made  of  future  developments  in  connection 
with  the  production  of  artiiicial  fertilisers  by  electrical  means.  For 
the  moment  it  is  sufficient  to  point  out  that  electric  power  and  light 
-appeals  so  strongly  to  the  agriculturist  that  but  little  exertion  woukl 
be  required  on  the  part  of  the  central  station  authorities  to  secure  a 
really  profitable  business. 

The  writer  feels,  however,  that  successful  as  individual  efforts 
might  be,  the  results  obtained  would  be  insignificant  compeared  with 
those  which  might  be  secured  were  an  organisefl  campaign  in  favour 
of  agricultural  electrical  supply  to  be  instituted,  and  efforts  made  to 
equiji  demonstration  farms  in  suitable  districts  near  existing  towns. 
The  writer  hesitates  to  add  to  the  many  activities  of  this  Association, 
by  suggesting  additional  responsibilities— especially  at  the  present 
itime — but  there  is  no  doubt  that  its  members  have  the  ma,tter  in 
their  own  hands,  and  that  concerted  action  is  strongly  cpJled  foi-. 
both  for  private  reasons,  to  frustrate  the  efforts  of  the  oil  engine 
makers  to  monopolise  the  farmer's  power  business,  and  on  national 
grounds,  because  it  is  imperativerhat  no  effort  be  spared  in  obtaining 
the  mutual  support  of  our  industries  with  a  view  to  securing  th? 
'maximum  of  industrial  efficiency  after  the  war. 


RECENT  PRACTICE  IN  THE  MANUFACTURE,  LAYING 
AND  JOINTING  OF  33,000-VOLT  3-PHASE  PAPER 
INSULATED  UNDERGROUND  CABLES. 

By  c.  beaver,  m.i.e.e. 

In  view  of  the  considerable  general  interest;  in  this  branch  of 
•cable  work  evinced  by  the  discussion  on  the  writer's  recent 
Paper*  on  "  Cables,""  a  short  description  of  results  obtained  in 
practice  based  on  the  methods  which  were  then  advocated  may 
be  of  f-urtlier  interest. 

The  chief  points  of  departure  from  what  lias  hitherto  been 
generally  regarded  as  common  practice  relate  to  the  method  of 
impregnation  of  the  cable  dielectric,  and  the  construction  of  the 
joints. 

It  may  be  remembered  that  the  method  of  impregnation 
advocated  by  the  writer  entailed  a  process  of  drying  and  im- 
jpregnating  the  paper  before  its  application  to  the  conductors. 
The  primary  object  of  the  method,  which  the  writer  introduced 
about  18  years  ago,  ar.cl  which  has  been  successfully  used,  ever 
since,  was  to  ensure  uniform  impregnation  throughout  every 

*  "  Journal  ''  I.K.Iv,  Vol.  LI  1 1.,  No.  238,  Dx'.  15,  1914,  p.  57. 


part  of  a  cable  dielectric,  not  only  in  a  radial  »en.se  but  also 

I  liKjugliout  its  length. 

The  common  method  of  drying  and.  impregnating  th.?  paper 
dielectric  in  vacuo  aftei'  application  to  the  conductors  and  their 
assembly,  entails  prolonged  expo.sure  to  heat  a.s  compared  with 
a  few  seconds  only  in  the  case  of  impregnation  of  the  paper  in 
sheet  form  prior  to  lapping  on  the  cable.  Further,  in  the 
common  method  the  period  of  heating  ha.s  to  be  increa.setl 
according  to  the  thickness  of  d.ielectric,  wherea.s  in  the  prior 
impregnation  process  the  heat  treatment  of  the  paper  i.s  alwavs 
consta.nt,  and  of  minimum  duration. 

it  has  also  been  recognised  for  many  years  that  the  common 
method  also  entails  a  tendency  to  lack  of  radial  uniformity 
throughout  the  wall  of  dielectric  becau.'-.e  o^  a  separation  of  the 
solvent  from  the  solute  portions  of  the  impregnating  medium, 
so  that  to  some  extent  the  compound  in  the  interior  portion  of  a 
dielectric  may  be  of  different  composition  to  that  in  the  outer 
part  of  the  dielectric  wall.  This  may  adversely  affect  the 
potential  gradient  in  the  dielectric. 

There  are  other  factors  which  militate  again.st  unifomiitv 
when  ilie  im])regnating  operation  is  performed  after  the 
application  or  the  paper  to  the  cable.  For  in.stance.  the 
impregnating  compound  will  have  paths  of  varying  resistance 
opposed  to  its  passage  from  the  exterior  surface  of  the  wall  of 
paper  to  the  conductor  ;  paths  following  spaces  between  con- 
volutions ac-d  between  the  surfaces  of  contiguous  layers  being 
obviouslv  of  less  resistance  than  paths  composed  entirely  of 
fibrous  material. 

In  multicore  cables  the  wall-  of  paper  on  the  cores  is  also 
subject  to  varying  mechanical  pressure  tending  to  compress 
it  along  the  lines  of  contact  of  the  cores,  and  to  slightly  loosen 
it  elsewhere. 

While  the  effect  of  theoc  fac;.ors  may  be  quite  negligible  in 
thinlv  insulated  low-tension  cables,  it  is  clear  that  the  only 
wav  to  render  the  tendencies  innocuous  in  the  case  of  thick 
wails  is  to  varv  other  factors  in  the  impregnating  process,  such 
as  the  time  of  immersion  in  the  hot  compound,  and  this  is 
bound — and  can  easily  be  proved — to  be  detrimental. 

A  general  disadvantage  is  that  any  variations  or  short- 
comings in  the  whole  operation  cannot  be  visually  checked  as 
they  can  in  the  case  of  impi'egnation  before  application,  in 
which  every  square  inch  of  paper  passes  before  the  eyes  of  the 
operator. 

Apart  from  the  ge.ieral  ad.vantages  appertaining  to  the 
definite  and  co!^stant  character  of  the  prior  impregnation 
method,  it  is  therefore  specially  desirable  in  the  case  of  extra- 
high-tension  cables  having  very  thick  walls  of  dielectric,  and 
the  results  obtained  on  a  recent  large  contract  for  U-lo  .sq,  in. 
3;3,0()0  volt  cable  affoid  an  excellent  demonstration  of  its 
efficiency. 

The  cables  in  question  had  a  total  radial  thickness  of 
dielectric  of  0-60  in.  between  conductors  and  between  con- 
ductors and  the  lead  sheath.  Single  wire  armouring,  consisting 
of  a  laver  of  No.  lO's  S  W.G.  galvanised  steel  wire  laid  on  a  jule 
bedding,  was  applied  to  the  major  portion  of  the  cables.  The 
chief  function  of  this  armouring  was  to  act  as  an  earth  shield 
rather  than  as  mechanical  protection,  as  the  cables  were  laid 
solid  in  cast-iron  troughing. 

Cables  which  were  laid  direct  in  the  ground,  a)\d  were  there- 
fore more  liable  to  mechanical  injury,  had  further  protection 
applied  to  them  in  the  form  of  double  steel  tape  armour,  and 
we-e  finislie:',  with  impregnated  jute  lappings, 

Tlie  official  factorv  tests  consisted  of  a  pressure  test  of 
75,000  volts  maintained  for  30  minutes  between  conductoi-s. 
and  between  conductors  and  the  lead  sheath,  and  a  bending 
test  in  which  6  yd.  lengths  of  the  finished  (armoured)  cable 
taken  at  random  were  bent  six  times  in  reverse  directions  round 
a  cvliauler  liaving  a  diameter  equal  to  ten  times  the  overall 
diameter  of  the  'cable.  These  lengths  were  afterwards  sub- 
rnJtted  to  the  same  pressure  test  a.s  the  cables  from  which  they 
had  been  cut,  and  subsequent  attempts  to  test  theni  to  destruc- 
tion, at  about  .100,000  volts  were  in  every  case  unsuccessful. 

The  guaranteed  insulation  resistance  was  600  megohms  i>er 
mile  at  60°F.     Th.e  average  value  actually  obtained  was  about 
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TOO  megolims  per  mile  at  60°F.  The  guaranteed  maximum 
capacity  was  0-26  microfarad  per  mile  at  6(fF.  The  maximum 
actually  obtained  was  0-24  microfarad  per  mile  at  60^F. 

The  design  of  the  straight  through  joints  used  on  these 
cables  was  based  on  the  principles  described  in  the  writer's 
Paper  on  "  Cables  "  above  referred  to,  the  fhief  feature  being, 
firstly,  substantial  conductor  jointing  ferrules  turned  with 
curved  surfaces  and  ends  designed  to  avoid  concentration  of 
stress  which  might  arise  either  from  an  edge  effect  on  the 


Fic.  1. — Cast  Slekve  wrrn  Lid  Removkd. 


Vu:.  2.       .SHOWIXC    i\jKCELAI\    SPACEKS. 


Fig.  3.— ,Joint  Ready  for  PiXMBiXf:. 

ferrule  itself,  or  from  a  point  efffct  due  to  the  exudation  of 
solder  globules  at  the  ends  of  the  ferrule  ;  sccondlv  the  use  of 
specially  designed  thoroughly  vitrified  unglazed  i)nrcelai)i 
spacers,  which  permit  the  elimination  of  wraj)pings  of  tape  or 
paper,  iitul  recluce  the  (lcp;-ii(lcn<('  on  jointer's  workminship 
to  a  miniimini  ;  and  thirdly,  a  sjiecial  design  o^  cast  lea<l  sleeve 
made  in  three  parts,  constructed  to  psrmit  of  effirient  filling 
uiub'r  (udiaary  atiiiospheric  pressure  conditi<»ns. 

Figs.  I  2  and  3  illustrate  these  features.  Fig.  ]  shows  tlie 
cast  lead  sleeve  with  lid  removed.  Tiie  end  jxtrtions  of  the 
sleeve,  fitted  with  vnit  plugs,  are  cyiindrical.  and  screw  on  to 
the  (;e)i1ial  |)oili<'n  which  is  flask  shaped  in  section.  Tiie 
rectangular  oj)ening  provided  for  rompound  filling  bv  a  simple 
pouring  operation  is  dosed  after  the  sleeve  is  filled  by  a  lid 
which  issolderedall  round  its  edges.  Theseating  ]Movidedtor 
the  lid  is  such  that  no  solder  globules  can  penetrate  to  the 
interior  of  the  sleeve.  Tiie  gi'iu'ial  lU-sign  ensures  that  nothing 
but  smootii  surfaces  of  bold  curvature  exist  in  the  vjcinitv  of 
the  conductor  joints,  anything  in  the  nature  of  pntjecticuis  or 
edges  being  as  far  remctved  as  jtossible  therefnun. 

Fig.  2  shows  the  joint  with  j;orcelain  spacers  in  ])<)sition  ))rior 
to  the  assembly  of  the  three  ]»art.s  of  the  lead  sleeve  over  it. 
these,  as  well  as  the  hexagonal  outer  collars  of  tlic  porcelain 
sjiaxH'rs  being  threaded  over  the  <:able  before  the  conductor 
joints  ai'(>  made 

The  we!)  portions  of  tiie  .^])acei-s  are  slipped  between  the 
cores  at  ecpial  distan(H\s  from  the  staggered  conductor  joints, 
and  given  a  right-angle  turn  to  get  them  into  a  vertical  plane, 
and  the  outer  ])orcelain  collais  are  ])a.ssed  oti  to  their  resiiective 
web  pieces  aiul  lurncd  through  an  angle  of  about.  GO  deg.  to 
lo<'lc  the  two  parts  together. 

Kig  ."{  shows  the  joint  in  its  cast  lead  .sleeve,  assembled  reail\- 
toi  t  he  piumbing  and  compound  filling  operations. 

I'ig.  I  siiows  (uie  of  .several  joints  on  the  lead-covered  cable 
prepareil   bu-  the   hiiih-pressiire   tests,   and    Fig.   5  shows  the 


joint  as  laid,  complete  with  aiiuour  bond  and  enclosed  in  at. 
cast-iron  box  for  mechanical  protection. 

The  pres.su re  tests  on  sample  joints  were  specified  to  be- 
similar  to  tho.se  applied  to  the  cables— viz.,  75,000  volts  for 
half  an  hour  between  conductors  and  between  conductors  and 
sheath.  After  successfully  withstanding  this  test  the  pre.ssure 
was  raised  to  l'XJ,OUO  volts  for  10  minutes  without  any  sign  of 
failure.  Tire  test  was  repeated  after  an  interval  of  24  houre 
with  similar  results. 

With  regard  to  the  efficiency  of  filling,  any 
lack  of  homogeneity  in  the  mass  of  compound 
would  have  been  fatal  under  the  stresses  entailed 
by  the.se  pressures,  but  .sub.sequent  dissection  of 
the  joints  .showed  that  no  .such  imperfections 
exi.sted. 

As  mentioned  above,  the  method  of  filling  em- 
ployed in  the.se  joints  is  a  simple  pouring  process, 
and  in  view  of  the  diverse  opinions  held  in 
vari(»us  (|uartei"s  on  the  .subject  of  joint  box 
filling,  it  may  not  be  out  of  place  to  point  out 
that  given  a  suitable  design  of  box  the  various 
methods  of  filling  under  pressure  which  have 
been  advocated  are  less  desirable  thaa  simple 
])Ouring  methods  which  follow  the  natural  beha- 
vifiur  of  a  given  compound  under  the  heating 
and  cooling  conditions  entailed,  in  the  operation 
of  filling. 

The  fallacious  ideas  which  exist  on  this  subject 
have  their  origin  in  misconceptions  as  to  what 
actually  happens  during  a  box  filling  operation. 
Tiie  fact  that  compounds  such  as  aiv  generally 
used  for  tiie  purpose  are  o^  such  composition  that 
they  have  no  definite  melting  or  boiling  points 
leads  to  a  disregard  of  the  fact  that  at  the  p«tur- 
ing  temperature  they  are  usually  giving  off  gases 
in  more  or  less  appreciable  ((uantitiei*,  due  to 
slight  distillation  of  .some  of  their  constitu- 
ents. This  can  be  jiroved  by  rapidly  *'  freez- 
ing '"  the  compmind  from  the  molten  to  the 
solid  Stat*",  when  the  im.ss  will  be  found  to  be  more  or 
less  hon<'VC(uiibed  with  gas  bubbles,  the  size  and  disposition 
of  which  will  depend  oii  the  rajiid'ty  of  "  <'ivezing  "  -.■.».  on 
the  opportunity  given  to  the  original  nrnute  bubbles  t.o  join 
and  fonn  larger  Inibble.?  and  to  pass  along  the  path  of  least 


Fin.  4.  --JmvT  Rkvpy  fou  Hi  u  I'hksscre  Test. 

resisiaMce  to  a  pom;  ol  es(  a]t(>  tr<Mii  t  he  lh|uul  con]>oun<'..  ^^  i^li 
these  facts  in  mind  several  things  immediatelv  Itecoine  ajjpa- 
rent.  F(»r  instance,  that  cavity  troubles  which  are  some- 
times ascribed  to  the  physical  contraction  of  the  c«tmpound  on 
cooling,  or  to  ail  drawn  from  interstices  of  the  cable,  are  more 
often  due  to  ga.ses  produced  fioiii  the  conijjound  itself. 

That  a  vacuum  tends  to  increase  the  ri.sk  of  cavity  trouble — 
esjiecially  if  tiusuitabjo  temperatuiv  conditions  exist  at  the 
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time  ol  filling  and   during    the   cooling  period   after   filling 
because  it  greatly  facilitates  the  distillation  effects  whicfi  pro- 
duce the  gases. 

'    That  pressure  does  not  appreciably  assist  in  getting  rid  of 
•occluded  gases  in  the  conipouud. 

Lid  of  Force /a  in 

Lead, Sleeve  Spacers 

Vent  Plu§s 


I'jven  in  the  case  of  the  complete  joint  illustrated  in  Fig.  5, 
in  which  the  matter  is  complicated  by  a  further  heating  process 
due  to  the  filling  of  the  outer. cast-iron  bo.v  with  bitumen  at  a 
high  temperature  after  the  cast-lead  .sleeve  is  sealed  up,  the 
results  of  dissection  showed  perfect  homogeneity  in  the  com- 
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Fii;.  .1. — .Joist  Com- 
plete. C.I.  Box  B'Tv- 
MEN"  Filled. 


That  unless  facilities  are  provided  for  the  escape  of  the  gases,  pound  with  which  the  lead  sleeve  was  filled,  and  in  all  cases  the 

•efficient  and  homogeneous  filling  is  largely  a  matter  of. chance,  cable  ends  on  either  side  of  the  joints" were  found  to  be  solidly 

•depeuding  on  temperature  conditions  before,  during  and  after  filled  with  compound  for  a  distance  of  about  8  in.  from  the  end 
the  filUng  operation. 


of  the  lead  covering  of  the  cable. 


THE    CONSTRUCTION   OF   HIGH-TENSION   CABLE 

JOINTS.  =^ 

BY  P.  TOECHIO. 

In  late  yeai-s  the  concentration  of  power  generation  has  required 
the  operation  of  underground  cables  at  relatively  high  tran.smission 
voltages.  Up  to  the  jiresent  time  cable  splices  for  these  high  volt- 
ages have  usually  been  made  with  insulating  fibrous  tapes  or  tubes 
and  hard  compound  tillers,  which  have  been  generally  satisfactory 
for  pressures  up  to  13,000  volts.  Many  troubles  have  ensued,  how- 
ever, when  joints  so  constructed  have  been  used  with  extra-high 
voltages. 

The  need  of  improving  the  methods  of  making  such  cable  splices 
was  recognised  several  years  ago  by  the  New  York  Edison  Company, 
-and  extensive  studies  and  tests  with  different  kinds  of  joint-iilling 
compounds  were  conducted  in  connection  with  different  types  of 
carefully  made  joints  ;  but  all  these  joints  failed  to  give  uniform  and 
.satisfactory  results.  Paraffin  compounds  were  found  unsatisfac- 
tory, because  on  cooling  they  contract,  leaving  pockets.  Heavy 
gum  compounds  having  high  melting  points  did  not  flow  into  the 
crevices,  and,  moreover,  under  short-circuit  stress  cracks  were 
formed  which  did  not  heal  and  finally  caused  breakdown.  Later, 
experiments  were  conducted  with  liquid  fillers  (fluid  at  low  tem- 
peratures) such  as  resin  or  mineral  oils  used  in  the  insulation  of 
•cables.  The  chief  difficulty  found  with  liquid  fillers  is  that  they 
may  run  into  the  cable  and  leave  voids  in  the  joint.  After  con- 
siderable experimenting,  however,  this  difficulty  was  completely 
overcome  by  a  design  of  joint  briefly  described  as  follows  : — 

The  cable  splice  is  hand-wrapped  with  oil-saturated  paper  tape, 
insulating  oil  being  brushed  all  over  the  surface  of  each  layer.  In  a 
similar  manner  over  the  three  conductors,  properly  spaced  and 
packed  with  a  saturated  filler,  is  wrapped  an  outer  jacket,  which  is 
then  pierced  at  several  points,  so  that  the  oil  will  freely  enter  the 
interior  of  this  jacket.  Over  the  jacket  is  applied  copper  gauze,  and 
.around  it  a  heavy  lamp  wick.  The  object  of  the  metal  gauze  is  to 
provide  a  continuous  metallic  cover  around  the  solid  insulation  to 
protect  the  latter  against  electrostatic  charges,  even  if  some  of  the 
-oil  leaves  the  joint,  and  still  allow  the  oil  free  access  through  the 
holes  of  the  gauze.  The  lamp  wick  is  applied  to  retain  by  surface 
tension  the  insulating  oil  in  the  splice,  even  if  the  oil  should  leave  the 
iinnular  space  between  the  insulation  and  the  lead  jacket.  The 
latter  is  made  somewhat  larger  than  usual  to  hold  an  extra  amount 
•of  insulating  oil  to  feed  the  lamp  wick.     After  the  joint  is  com- 
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pleted  it  is  subjected,  by  means  of  a  vacuum  pump,  to  a  vacuum  of 
about  27  in.  to  29  in.  and  then  filled  with  a  liquid  comiK>und.  To 
supply  anj'  oil  absorbed  by  the  jomt  and  the  cable  connected  to  it  a 
special  pressure  cup  full  of  oil  is  applied  and  left  connected  for  24 
hours,  after  which  time  the  cup  is  removed  and  the  hole  capped  and 
sealed. 

Splices  of  this  type  are  being  used  on  three  2.5.000-volt  undergroimd 
cable  transmission  lines.  Under  laboratory  test  they  have  with- 
stood without  failure  50,000  volts  three-phase  for  over  340  hours, 
when  the  test  was  discontmued.  Out  of  more  than  30  experi- 
mental splices  of  all  types,  the  oil-filled  ones  were  the  only  ones 
which  withstood  indefinitely  the  .50,000- volt  three-phase  test.  Some 
of  these  splices  were  tested  with  equally  satisfactory  results,  even 
when  drained  of  aU  the  oil  in  the  ammlar  space  between  the  joint  and 
the  lead  sleeve.  Up  to  the  present  time  290  cable  splices  have  been 
in  service  for  about  eight  months  witliout  a  failure  supplying  energy- 
to  a  large  24,000-volt  sinsrle-phase  railway  served  by  the  United 
Electric  Light  &  Power  Co.  Prior  to  the  development  of  these 
joints  even  the  best-made  joints  of  the  older  tj-pes  failed  as  often  as 
once  a  month  on  less  than  16,000  volts. 

The  joints  referred  to  were  made  with  three-conductor  350,000 
circ.  mil,  paper-insulated  lead-covered  sector-tyi^e  cable.  The 
insulation  aroimd  each  conductor  is  8-5  32  in.  thick,  and  the  insu- 
lating belt  is  4/32  in.  tliick,  making  a  total  of  17,32  in.  between  any 
tAvo  conductors  and  12-5/32  m.  between  any  conductor  and  groimd. 
The  neutral  of  the  system  is  grounded. 

Method  of  Preparing  Cable  for  Joistixc. 
Before  preparmg  the  cables  for  splicing  they  were  carefiUly 
aligned,  as  it  is  very  undesirable  to  bend  or  make  any  change  in  the 
position  of  cables  after  they  are  soldered.  With  this  done  8-5  in. 
of  the  lead  sheath  was  stripped  oft"  the  ends  to  be  joined,  the  belt 
insulation  remo\ed  except  for  1-25  in.  next  to  the  lead  armour,  and 
1-125  in.  of  insulation  cut  oft"  the  end  of  each  conductor  at  nght 
angles  thereto  A\-ith  a  special  tool  provided  for  the  purpose.  Thp 
ends  of  the  lead  armoiu-  were  then  "  belled."  as  this  o{ieration  cannot 
be  performed  so  easilv  after  the  conductoi^  are  soldei-ed.  To  pre- 
vent accumiUation  of  dirt  and  penetration  of  moisture,  the  space 
between  the  belled  armour  and  the  insulation  w;ts  packed  with 
insulating  compound  and  wrapped  with  clean  cheesecloth,  wliich  was 
allowed  to  lap  over  the  armour.  Split  connector  2  in.  long  cham- 
fered 0-5  in.  on  each  end  to  remove  sharp  edges  (which  woidd  cause 
static  discharge)  were  then  fitted  over  the  ends  of  abuttuig  conduc- 
tors, and  soldered.  All  metal  points,  such  as  those  formed  durmg 
soldering,  were  then  removed  by  filing  and  rubbing  vith  emer\' 
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cloth,  and  tlie  space  between  conductors  was  thoroughly  cleansed  of 
all  emery,  copper  or  solder  particles. 

Following  this  operation,  but  not  until  the  splicer  was  ready  to 
continue  with  insulating  the  joint,  the  mill  insulation  on  each  con- 
ductor was  pencilled  or  tapered  toward  the  connectors,  as  shown 
in  one  of  the  accompanying  illustrations,  to  increase  the  leakage  path 
from  each  conductor  to  the  outer  layers  of  the  mill  insulation.  Com- 
pound was  then  packed  in  the  recess  between  each  connector  and  the 
pencilled  ends  of  the  corresponding  conductor  insulation  and  impreg- 
nated jute  rove  wrapped  tightly  in  this  space,  each  turn  being  drawn 
tight  so  as  to  force  the  compound  out  between  the  separate  turns  of 
the  rove.  The  operation  was  continued  until  a  straight  line  was 
obtained  between  the  highest  points  of  the  pencilled  insulation 
and  the  chamfer  on  the  connector. 

Hefore  proceeding  with  insulating  the  joint,  the  outer  layer  of 
mill  insulation  on  each  conductor  was  removed  to  ensure  surfaces 
free  from  deposits  of  moisture  and  dirt  and  to  secure  a  more  perfect 
bond   for   the   hand -wrapped   insulation   which   was   applied   later. 


Application  of  Paper-tape  Ixsulatiok. 

Starting  on  a  connector,  in  applying  the  tape,  the  length  of  each 
succeeding  layer  was  increased  to  meet  the  bevelled  surface  of  the- 
rove  filler.  When  the  high  point  of  the  tapered  mill  insulation  wa* 
rea'hed  the  wrapping  was  extended  out  in  both  directions  to  within 
1  in.  of  the  crotch  of  the  three  conductors.  Then  each  succeeding 
layer  was  shortened  so  as  to  produce  a  long,  even  slope  extending 
from  the  point  1  in.  from  the  crotch  to  tlie  highest  point  of  the  mill 
insulation  taper.  At  this  point  the  thickness  of  the  hand-applied 
insulation  was  marJe  Ij  times  that  of  the  mill  insulation.  Each 
layer  of  tape  received  an  application  of  compound  before  applying 
the  succeeding  layer,  and  each  turn  was  drawn  tightly  to  remove  all 
evidence  of  air  bubbles  between  layers.  It  may  be  pointed  out  ,that 
all  materials  used  in  splicing  were  packed  and  delivered  in  units 
sufficient  for  only  one  splice. 

After  each  conductor  hod  been  individually  wrapped  with  pajier 
tape  as  described,  the  space  between  conductors  was  packed  with 
compound  and  a  quantity  of  impregnated  rove  fillers  were  laid  parallel 


Cut  ends  of  cables  in  position  fc)r  joinin^r. 


Lead  armour  removed  from  cable  ends  and  belled. 


Paper  l)(lt  ^tri])i)((l  from  insulated  conductors.  eli'''>fe  cloth  wrapped 
around  licllcd  ariTiou!'.  and  connectors  soldered  to  conductors. 


8pi"en   brtwren   cnnduetoTs   fijlrd  with   compiund   ;iiul   ;n  ])"cirnat(  d 

jute  r<.])'-. 


4K» 


Insulation  on  each   side   of  connectors  has   Ix'cn  ta]MTcd  and  lower 
conductor  wrapjK-d  with  ])a])er  tajx>. 


Pai)cr-ta])o  belt  a|]>lied. 


IHH^         -  ^p^M^Hi 


Holes    pierccil    liiiiiiitili    ci'in))onnd    and    licit,    and    ]>a     inLr    rctw(c" 

condii't';r... 


(Jnu/.c  wra|)|)i  i\  \  illi  i  (  lli  n  w'l  k. 

This  was  considered  important,  as  otherwise  discharge  jiaths  might 
o  cm-  along  these  surfaces.  A  liberal  coiiting  of  eompoinid  was  then 
r.  )plied  to  the  conductor  to  be  insulivted  r.nd  i)aper  tajie.  imjireg- 
n  .ted  with  the  same  compound  under  a  2'.»  in.  Vi  ■umn.  wrapped 
tightly  around  each  conductor.  For  onvenience  in  handling,  to 
obviate  the  necessity  of  unduly  sjircivding  the  eonductois  during  the 
process  of  insulating,  and  to  minimise  the  jiossibility  of  eontamiiii'- 
tion  with  nu)isture  and  dirt  (usually  cau.scd  by  rcrolling  tape  on  a 
']  d)).  the  pajMT  tr.pe  w;  •;  furnis''.rd  in  i  ni  vU  roll;-.  O-To  in.  in  dia-vetrr. 
Tl\v  tape  \\:v.\  0-87o  in.  wide  jv.ul  0  mils  thie';. 


Co]>l>or-pftU7.o  8t<vkinp  applied  around  joint. 

I"l(..     I.       StKPS  l.N  THK  PKOCK.S.S  OK  SPl.RINt;  2."),000-VOLT  THnKK-PHlSE 

Cable. 

with  the  conductors  and  pressed  into  the  spaces  between  them. 
Before  the  bcit  insulation  was  ap])lied  (lin.")  in.  of  the  1-25  in.  of  mill 
insidation  left  at  each  end  of  the  splice  next  to  the  armour  wan 
tajHTcd.  Then  impregnated  ]mper  ta]ie  1  in.  wide  and  <)  mils  thick 
was  wrapjied  around  the  thn^e  insulated  conductors,  first  filling  the 
concavities  at  each  end  oi  the  splice,  then  extending  the  ta|)e  over 
the  rest  of  the  joint  until  a  l)elt  \\  times  as  thick  as  the  ja  ket  mill 
belt  had  been  applied  on  an  even  slope.  The  same  precautions  to 
elin)inate  voids  were  observed  in  applying  the  l>elt  as  in  insulating 
the  individual  c-onductors. 

When  the  hand-applied  l>elt  was  completed  it  was  pierced  in  six 
l)laces  to  permit  escape  of  air  and  free  admission  of  com|xiund.  The 
holes  extended  through  the  joint  and  between  the  conductor  insula- 
tion.  After  removing  the  cheesecloth  which  had  l>een  previou.sIy 
bound  arounc'  the  lx>Iled  ends  of  the  armour  the  l>elt  was  tightly 
wrapjxMl  with  a  c-oppi-r-gau/e  stocking,  made  of  .'{(t-mesh  No.  :{'•  wire, 
long  enough  !:>  extend  under  the  lead  armour  (>-5  in.  at  lM>th  ends. 
This  was  smoothed  out  si  it  would  bear  evenly  on  all  j>rrt,<  of  the 
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splice  and  soldered  in  five  places  along  its  longitudinal  seam  exclusive 
of  the  ends.  The  belled  armour  was  then  beaten  down  on  the 
stocking  and  soldered  to  it,  thus  establishing  a  metal  sheath  around 
the  joint  which  has  the  same  potential  as  the  lead  armour.  This 
insures  a  definite  distribution  of  potential  over  the  conductor  insu- 
lation and  belt,  independent  of  the  insulating  material  later  placed 
between  the  copper  stocking  and  the  lead  jacket. 


Fig.  2. — Connections  of  Apparatus  for  Creating  Vacuum  in  Joint 
AND  Filling  with  Compound. 


Around  the  copper-gauze  stocking  was  wrapped  cotton  wick 
I'Sin.  wide  and  approximately  3/32  in.  thick.  One  layer  was 
wrapped  over  the  central  portion  of  the  splice,  and  toward  the  ends 
layer  on  layer  was  built  up  to  form  a  reservoir  of  compound  which 
would  supply  the  single  layer  by  capillary  action.  Thus  the  splice 
is  kept  saturated  even  if  some  of  the  compound  from  the  spice  is 
absorbed  during  service  by  the  cable.  The  lead  sleeve  was  applied 
in  the  usual  way,  but  pipe  taps  were  provided  at  each  end  for  con- 
necting apparatus  used  in  exhausting  air  from  the  joint  and  filling  it 
with  compound. 


Fig.  3. — Apparatus    Supplying    Compound    to  Compensate  for 
Absorption  by  Cable. 

Vacuum  Pump  for  Filling  Joint  with  Compound. 

The  procedure  in  filling  the  completed  joint  with  compound  wa.s  as 
follows  :  The  vacuum  pump  was  started  with  all  valves  and  cocks 
closed  to  test  the  tightness  of  the  connections.  Then  cocks  i  and  7 
were  opened  to  test  the  receiving  chamber.  Valve  1  was  next  opened 
to  determine  whether  the  lead  sleeve  and  connections  with  it  leaked. 
Last  in  the  testing  preliminaries,  valve  2  was  opened.  If  27  in.  of 
vacuum  was  maintained  after  each  of  these  successive  operations  tlie 
pumping  was  continued  for  15  minutes.  By  connecting  a  vacuum 
gauge  to  a  splice  in  an  adjacent  manhole  300  ft.  away,  it  was  observed 
that  a  7  in.  vacuum  was  obtained.     It  was  Jiiso  found  that  at  legist 


28  in.  and,  in  a  number  of  cases,  29  in.  of  vacuum  was  maintained 
during  the  last  10  minutes  of  the  pumping  ptrioiJ. 

After  pumping  had  been  concluded  valve  2  wa«  closed  to  prevent 
compound  rushing  into  the  joint  when  valve  1  was  opened,  and 
possibly  forming  a  pocket  in  the  splice  by  taking  the  short  route- 
between  the  compound  entrance  and  the  vacuum  connection.  Valve 
3  was  then  opened  to  bring  compound  down  to  valve  2,  which  was 
subscfjuently  slowly  opened,  30  seconds  being  required  for  this  opera- 
tion. Cocks  4  and  7  were  then  closed  to  prevent  the  gauge  and 
suction  connections  being  filled  with  compound,  which  nwhed  in  a» 
valve  1  was  opened  to  admit  compound  to  the  receiving  chamber. 
Compou.  d  was  a,llowed  to   rise  in  the  receiving  r-hamU-r  until  a 


Fig.  4, — Completed  Cable  Joint  with  Apertures  Closed  by  Plu<;s. 

layer  of  clear  compound  was  obseived  in  the  lower  half  of  the 
chamber  through  a  glass  window  provided  in  one  end.  Valve  2  wa.s 
then  closed  to  stop  the  flow  of  compound  and  cock  o  opened  to  admit 
atmospheric  pressure  and  compress  the  compound  in  the  spHce. 
Valve  2  was  then  opened  to  flood  the  splice  at  atmospheric  pressure, 
and  the  remaining  valves  were  closed  and  the  apparatus  disconnected. 

Compensating  for  Absorption  of  Compound  by  Cable. 
After  the  suction  and  filling  apparatus  was  disconnected  a  1  in. 
pipe  nipple  with  a  coupling  attached  to  provide  a  female   thread  for 
the  splice  plug  was  connected  to  one  end  of  the  splice,  and  in  the 


]PlQ_    o. JoiNT-FILLINi;    ApPARATIS    MoINTEU    on     ELICrRK     \  EH  RLE. 

other  end  was  screwed  a  self-acting  grease  cup.  Coinpound  was 
poured  in  the  cup  in  a  liquid  state  and  permitted  to  o\  erflow  through 
the  nij)ple  at  the  other  end  of  the  splice.  When  a  clear  surface  ot 
compound  was  presented  at  t  he  nijiple  t he  plug  was  screwed  in.  i  he 
cup  was  then  filled  with  compound  and  the  l-liaiulle  screwed  up  to 
the  highest  point  so  the  spring-actuated  piston  would  feed  compouml 
into  the  splice  while  contraction  of  the  compound  due  to  cooling  or 
absorption  by  the  cable  was  in  process. 

After  24  hours  the  grease  cup  and  the  nipple  on  the  other  end  of  the 
splice  were  substituted  by  plugs  if  the  amount  af  compound  absorbed 
by  the  splice  appeared  normal.        ••  r 
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SWITCHGEAR  FOR  CENTRAL  STATIONS  AND  ISOLATED 

PLANTS. 


Few  engineers  realise,  until  they  have  the  problem  to  face  in  a 
concrete  form,  how  much  sf)ecial  knowledge  is  required  in  the  design 
nnd  installation  of  modem  swit"hgear. 

The  following  article  deals  with  the  design  and  selection  of  switch- 
gear  for  modem  electric  distributing  systems,  and  deals  not  only  with 
the  principles  involved,  but  with  many  practical  details. 
\f-  Central  station  control  apparatus  must,  of  necessity,  undergo 
almost  constant  change  in  design,  owing  to  the  ever-increasing 
capacities  employed.  The  increase  in  length  of  tran.smission  lines 
necessitate  the  more  general  use  of  higher  voltages,  and  distribution 
.systems  are  ever  presenting  fresh  problems.  It  nece.ssarily  follows, 
therefore,  that  the  design  of  switchgear  to  meet  the  requirements  of 
any  modem  power  .system  is  a  matter  calling  for  a  high  degree  of 
technical  skill,  and  a'l  exywrt  knowledge  of  switchgear  problems. 

With  the  (levcloj)Mi"iit  of  the  large  power  station,  the  old  type 
of  flat  switchboard  has  given  place  to  the  high-tension  cell  structure 
with    low-tension    remote    control    panel.     Tvirge    units    are    often 


Severe  mechanical  stresses  are  sometimes  set  up  by  heavy  over- 
loads or  short  circuits,  and  for  this  reason  'bus  bars  and  connections 
on  large  plants  have  to  be  firmly  mounted,  and  isolating  switches  are 
.fitted  with  locking  devices  so  that  they  cannot  be  forced  open. 

In  stations  where  either  head  room  or  floor  space  is  limited  it  is 
often  advisable  to  build  .separate  cell  structures  for  the  oil  switches 
and  'bus  bars.  The  B.T.-H.  motor-operatsd  oil  switch  is  frequently 
mounted  in  this  way,  and  a  very  convenient  arrangement  of  gear 
with  this  switch  is  shown  in  Fig.  2,  where  the  current  and  potential 
transformers  are  indicated  on  the  ground  floor,  the  'bus  bars  (in 
duplicate)  on  the  Hrst  gallery,  and  the  oil  switches  on  the  second 
gallery. 

L'ndoubtc'dly  the  most  vital  part  of  the  control  sy.steirt  is  the 
oil  switch,  and  there  should  be  no  question  as  to  its  ability  to  perform 
the  fun-^tions  demanded  of  it.  A  main  oil  switch  in  a  power  .station 
has  not  only  to  endure  stresses  similar  to  those  borne  by  the  other 
high  voltage  apparatus,  but  a'so  tho.se  added  by  the  necessity  of 
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Fl(..    I.        Iv  ii.'l".  'i  Wii    III  ASK  SWITCHilK.XR  SIKlWINC  S(>I.KN()M)-orKK  ATEO    (111. 
SWITt'HKS    IN    StoNK    ('kI.I.WOKK. 


Fi(i.    2.  — E.H.T.    SwiTc'HiiKAR   Mounted   in   Three 

SEr\K\TK    CeI.I.   StrICTIKKS.    with    DlTUrATK   'Bvs 
IUks     \M>    MoTdK-OPKRATED    Oil-    SWIT<HKS. 


<!<)iitrolled  1)\  cicilrii  ally  ()|M'i;itc(l  oil  .switches  installed  in  the 
position  most  convenient  for  the  extra-high-tension  "biiH  bars. 
connections.  Sec.  (sometimes  in  a  basement  or  .sc[>arate  switch  room). 
5111(1  ojuMatcd  from  a  IicikIi  board  or  pane!  situated  ,so  as  to  give  the 
operator  a  clear  view  of  the  engine  room. 

The  cell  stniclure  is  (|uife  an  imjM)rtant  feature  in  modern  higli- 
tension  and  e.xt in  high-tension  switchgear  design.  Conen'te  or 
niouMed  ston  •  is  much  more  generally  used  than  brickwork  for  this 
pui|)()se.  In  many  cases  the  whole  "Itus-bar  ehaml)er.  or  switeh 
compartment,  is  moulded  in  one  ]);ece  with  the  principal  ti.Mun-s 
moulded  in  position.  This  pra-ticc  certainly  gives  nuu-h  mon- 
.satisfa?tor\'  results  than  brickwork,  as  variations  in  Itriek  dimensions 
make  accurate  work  very  ex|»ensive.  since  a-euracy  in  |)la  "ing 
lixtures  oft-;*!!  ncessitatcs  ciitt  ng  away  or  making  abnormal  bonds 
in  the  brickwork. 

Moulded  stone  'bus-l)ar  ehaml)ei's  are  ii.sually  designed  to  enclose 
(he  bus  bars  on  (liree  sides,  and  for  extra  high-tension  work  barriers 
are  fivquently  m mldeil  in  so  as  to  sepa'-at-  the  phases. 


Iireaking  the  circuit  without  undue  disturbance  under  the  various 
abnormal  '  ondjtions  which  may  ari.se. 

By  ea'<ulafion  from  the  chara-teristics  and  imjiedances  of  the 
plant  and  eireuits  employed,  if  is  pissible  to  make  estimates  of  the 
maximum  currents  which  could  flow  into  a  dead  short-circuit  at  any 
pi)int  in  the  system.  The.se  maximum  values  may  never  !>e  reachetj, 
luit  (hey  form  eomim-atve  data  upan  which  the  service  required  of  a 
swit;h  can  l>e  based. 

It  is  found  that  these  values,  taken  on  the  assumption  of  inst^n- 
tineous  develojun-nt  of  the  fault,  may  be  very  large.  Lajise  of  time 
reduces  them  rapidly,  so  that  a  slow  "action  of  the  switch,  or  a  time 
lag  in  the  (ripping  device,  eases  the  rupturing  conditions  to  a  notable 
degree.  However,  m  xieni  jirotective  systems  give  instintaneous 
operation,  and  the  rating  made  po.s.sible  with  delayed  action  Is  no 
longer  the  import  nit  on.-  to  consider. 

Switches  should  l>e  rated  an<l  selected  a"cording  to  the  maximum 
l»o.ssible  short -eireuit  they  can  rupture  with  safety  to  themselves,  or 
u|Kin  the  kilovoItam|iere  eajvicity  of  the  plant  in  connection  with 
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which  they  fiui  l>e  proved  to  operate  with  succesrf  under  the  given 
conditions.  The  former  covers  all  situations,  the  latter  applies  to 
switches  close  to  the  generating  plant,  where  there  is  no  limiting 
action  due  to  feeder  impedance,  &c. 

A  source  of  electrical  energy  may  momentarily  develop  current 
greatly  in  excess  of  its  normal  capacity,  and  a  switch  in  the  main 
station  may  be  required  to  interrupt  the  entire  power  developed 
under  short-circuit  by  all  the  generators  ami  synchronous  apparatus 
connected  to  the  system. 

Modern  alternating-current  turbo-generators  on  dead  short- 
circuit  may  develop  instantaneously  10  to  1.')  times  their  normal  full 
load  current,  dropping  in  about  one  second  to  the  sustained  value  of 
two  to  three  times  normal.  Relays,  tripping  devices  and  switches 
take,  say,  0-2  seconds  to  operate,  and  the  initial  rush  may  then 
have  dropped  about  50  per  cent.  Therefore,  in  generating  stations, 
switches  with  instantaneous  automatic  trips  may  have  to  rupture  a 
short-circuit  current  about  three  times  as  great  as  if  tripped  by  hand, 
or  under  a  Hxed  time  lag  exceeding  one  second. 

In  sub-stations  this  difference  becomes  less  pronounced  owing  to 
the  smaller  influences  of  the  generator  ui  the  total  of  the  current 
limiting  factors. 

It  has  never  been  possible  to  test  ett'ectiv'ely  the  largest  oil  switches 
by  any  artificially  arranged  experiments,  the  results  arising  on 
emergency  and  in  service  being  so  diverse  even  under  the  same 

Three-phase  Insulated  System. 


design,  coupled  with  their  unrivalled  experience  in  meeting  the- 
requirements  of  different  classes  of  service,  naturally  piac-es  them 
amongst  the  specialists  to  whom  one  looks  for  the  latest  developments 
in  this  class  of  apparatus. 

Although  each  large  jxjwer  scheme  must  be  considered  on  its  o«n 
merits,  there  are  many  cases  which  call  for  similar  treatment  and 
standard  apparatus  can  generally  be  en)pIoved. 

Take,  for  example,  the  case  of  a  station  in  which  there  are  several 
three-pha.se  generators  and  feeders  up  to  about  2,(XX>  kw.  capacity. 
The  apparatus  required  for  the  generator  side  is  indicated  in  the 
accompanying  diagram  (Fig.  :}).  This  shows  four  pcjHiiible  com- 
binations, two  for  a  syst3m  with  the  neutral  earthed,  and  two  for  a 
.system  Wi^h  insulated  neutral.  In  eac-h  case  the  first  diagram 
indicates  the  minimum  equipment  required  to  control  the  generator, 
and  the  next  diagram  shows  the  maximum  equipment  which  is  likelv 
to  be  required,  .assuming  the  synchronising  panels  to  be  separate  from 
the  generator  panels. 

The  actual  equipment  must,  of  course,  be  determined  by  the  local 
conditions,  but  where  standard  apparatus  is  adopted,  certain  funda- 
mental rules  must  be  borne  in  mind  when  .selecting  the  equipment. 

Generators  will  usually  carry  25  per  cent,  overload  for  a  half  to  two 
hours  at  80  per  cent,  power  factor,  and  the  capacity  of  the  generator 
switchgear  should  be  Hxed  accordingly,  while  for  feeder  panels  the 
capacity  should  be  based  on  the  size  of  the  individual  feeders. 


Thrco-i)hase  Earthed  System. 
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conditions.  Even  the  fact  that  a  given  switch  has  shown  satisfactory 
results  for  a  year  or  more,  and  has  been  known  to  open  severe  short- 
circuits,  gives  no  guarantee  that  it  is  suitable  for  the  service,  and  will 
safely  cope  with  a  similar  short-circuit  on  the  next  occasion.  A 
small  tank-type  switch  has  been  known  on  test  to  open  an  enormous 
short-circuit,  yet  experience  had  shown  that  this  same  switch  could 
not  be  relied  upon  to  open,  without  destruction,  one-fifth  of  the 
amount  under  the  same  external  conditions. 

Many  factors  in  the  action  of  circuit  rupturing  have  not  yet  been 
fully  investigated,  and  there  is  much  misconception  even  about 
the  more  obvious  factors.  For  example,  rupturing  capacity  has  been 
widely  covered  by  specifying  the  length  of  break,  ignoring  all  other 
factors,  yet  experience  has  now  shown  that  this  factor  is  one  of  the 
less  important  ones. 

No  switch  should  be  selected  for  use  where  safe  rating  and 
reliability  are  important  that  has  not  been  proved  by  long  service 
under  severe  conditions. 

Probably  no  firm  in  this  country  has  devoted  more  attention  to 
these  matters  than  the  British  Thomson-Houston  Co.,  Ltd.,  of  Rugby, 
and  many  large  switchgear  installations  handled  successfully  by  this 
firm  have  been  described  briefly  in  these  cohimns  from  time  to  time. 
.    The   minute   attention   which  this  firm   has   paid   to  switchgear 


Air- break  switches,  fuses  and  circuit- breakers  are  seldom  used 
for  large  capacity  alternating-current  circuits.  Oil -break  switches 
fitted  with  free-handle  mechanism  and  overload  trip  coils  are  almost 
universally  employed. 

It  is  of  the  first  importance  that  the  oil  switches  shall  have  sufficient 
rupturing  capacity  to  deal  with  a.11  the  conditions  arising  in  serWce, 
without  requiring  more  than  occasional  inspection,  and  tl'.ey  should 
be  able  to  deal  with  the  severest  short-circuits  without  causing  any 
risk  as  to  failure  of  supply,  injury  to  plant,  or  danger  to  human 
life. 

Main  alterna,ting-current  ammeters  are  useful  for  indicating  the 
amount  of  current  carried  by  the  machine  winding,  which  is  the 
determining  factor  in  the  heating  of  the  machine.  Field  ammeters 
are  useful  in  that  they  indicate  the  amount  of  current  taken  by  the 
field,  and  are  more  especially  useful  on  emergency  in  locating  a 
breakdown.  They  may  generally  be  omitted  where  indicating  watt- 
meters or  power-factor  indicators  are  furnished. 

It  is  customary  to  supply  ammeters  on  feeder  circuits.  Indicating 
wattmeters  may  be  advantageously  substituted  in  cases  where  the 
power  factor  varies  cons'derably,  and  where  it  is  desired  to  read  the 
amount  of  power  taken  by  individual  circuits,  as,  for  example,  by 
different  departments  in  a  mill  installation. 
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The  use  of  indicating  wattmeters  is  verj'  necessary  on  all  generator 
panels  if  machines  are  to  be  operated  in  parallel,  so  that  the  load  may 
be  properly  divided  between  the  various  machines  in  the  station,  and 
idle  curient  losses  avoided. 

If  indicating  wattmeters  are  used,  power-factor  indicators  are  not 
directly  necessary,  although  they  are  a  convenience  in  operating  the 
plant,  as  by  operating  all  the  machines  at  the  same  power  factor,  the 
generating  plant  will  run  with  the  best  electrical  efficiency  and  with 
the  least  heating. 

On  all  plants  it  is  desirable  that  a  record  of  the  units  generated 
should  be  kept,  so  that  it  can  be  checked  against  the  record  of  coal 
consumption  in  order  that  the  plant  may  be  maintained  at  jjroper 
•  efficiency. 

Wattmeters  should  be  installed  on  the  generator  panels  in 
preference  to  the  'bus  bars  or  feeder  circuits,  as  in  this  jx)sition 
they  give  higher  accuracy,  owing  to  the  better  load  factor,  and 
■  are  not  affected  by  changes  in  the  total  capacitj'  of  the  ])!ant.  Watt- 
meters in  the  'bus  bars  are  also  objectionable  in  that  they  necessitate 
the  introduction  of  current  transformers  connected  in  the  'bus  bars, 
where  they  cannot  be  conveniently  isolated. 

Voltmeters  should  be  mounted  at  the  end  of  the  board  and  provided 
with  plugs  so  that  they  can  be  connected  to  any  ])anel.  The  main 
voltmeter  should  be  in  a  position  where  it  can  be  seen  from  any  of  the 
rheostat  handwheels  ;   also  the  'bus-bar  voltmeter  and  the  incoming 


Elkvations  of  Tvpicai.  Oenekator  Panel  fok  G.COO  vo!.ts. 


machine  voltmeter  should  l)e  close  together,  so  that  they  can  be 
readily  compared  when  synchronising. 

Reverse  current  rciay.s  serve  t'l  disconnect  faulty  generators  with 
.a  minimum  of  (iisturbaiice  to  tlie  system  and  daniaj.'*-  to  the  plant. 
They  are  esjx'cially  useful  in  connection  with  extra-high-tension 
turbo-driven  alternatoi-s.  and  in  cases  where  continuity  of  service  is  of 
the  first  importance,  and  the  disconnection  of  one  faulty  machine 
•does  not  involve  a  shut  down.  In  other  eases  their  u.^e  is  generally 
not  justified  owing  to  the  e.xtra  cost  and  co!nj)lication.  Double- 
pole  relays  should  l)e  used  when  the  mid  point  of  the  geiicrator  is 
insulated,  aiul  tri|)le  pole  if  the  mi(l-|M)int  be  cart  lied.  Large 
machines  should  be  protected  by  the  "circulating  current  '"  pro- 
tective system,  and  furnished  willi  automatic  liold  switches  U> 
minimise  destruction  in  case  of  failure. 

Earth  detectors  should  be  used  on  insulated  sy.>-tems,  and  mounted 
on  rigid  l)rack(>ts  on  the  top  of  the  switcliixiard  or  in  some  convenient 
location  where  connections  to  them  can  be  taken  directly  from  the 
'bus  bars.  Jt  is  importajit  on  high-voltage  boards  that  the.'^e  earth 
tietectors  be  mounted  in  such  a  |H)sition  that  they  launot  Ik- 
accidentally  touched. 

The  use  of  isolating  s\vitch(>s  is  neressary  on  all  phuits  al)nve 
2r>0  volts  where  it  is  inipo.swible  to  shut  down  the  whole  board  for 
•cleaning  and  ins{)eetion. 


A  line  of  panels  has  been  standardised  by  the  British  Thomson- 
Houston  Co.  to  meet  the  requirements  of  this  class  of  service  up  to 
6,600  volts.  All  the  high-ten.sion  apparatus  is  mounted  in  a  moulded 
stone  cell  structure,  and  the  low-tension  apparatus  on  a  .slate  or 
marble  panel  in  front,  leaving  ample  room  between  the  two,  so  that 
all  parts  are  accessible. 

Access  to  the  high-tension  gear  in  the  cells  is  obtained  by  removing 
the  sheet-iron  doors  at  the  back,  which  are  interlocked  with  the  oil 
switches  and  i-solating  switches,  so  that  no  parts  can  be  touched  until 
the  cell  is  made   '  dead." 

The  cell  work  and  panel  are  made  large  enough  to  contain  the 
ma.ximum  equipment  if  required,  and  are  designed  so  that  similar 
units  can  be  mounted  side  by  side  to  form  a  complete  switchboard. 
A  section  through  a  typical  generator  panel  is  shown  in  Fig.  4! 

The  particular  panel  illustrated  is  designed  for  stations  where 
space  is  not  too  limited,  and  where  it  is  impossible  or  undesirable  to 
shut  down  the  plant  for  cleaning  or  repairs.  The  standard  line  of 
panels  referred  to.  however,  covers  a  wide  field,  and  panels  similar  to 
the  one  illustrated  have  been  designed  to  meet  the  limitations  of  small 
stations  where  little  or  no  space  can  be  allowed  between  the  control 
board  and  the  cellwork.  Similarly  where  the  expense  of  isolating 
switches  is  con.sidered  unnecessary,  and  a  complete  shut  down  is 
possible,  smaller  and  cheaper  panels  can  be  suppliecL 

Where  the  supply  is  only  650  volts — and  sometimes  for  a  3, 300- volt 
service — the  cellular  structure  is  not  always  neces- 
sary, and  for  such  cases  the  oil  switches,  transformers. 
&c.,  are  mounted  on  the  back  of  the  low-tension 
control  board,  thus  giving  a  very  compact  and 
inexpen.sive  panel.  For  small  central  stations  and 
isolated  plants  it  is  generally  possible  to  obtain 
a  complete  switchboard  by  a  judicious  selection  of 
standard  panels. 

The  ever  increasing  scope  for  power  supply  com- 
panies' operations  has  brought  sub-station  equip- 
ment well  to  the  front,  and  here  again  the  switchgear 
presents  its  own  particular  problems. 

A  few  years  ago  a  prominent  consulting  engineer 
stated  that  the  ideal  sub-station  was  a  group  of 
ironclad  apparatus  that  could  be  dumped  in  an  open 
field  and  left  to  the  mercies  of  the  English  climate. 
Although  no  '  supply  company  has  yet  had  the 
temerity  to  adopt  the  suggestion,  there  is  not  so 
much  to  be  feared  from  the  switchgear  standpoint 
as  might  at  first  be  supjwsed.  Some  of  the  totally 
enclo.sed  ironclad  switchgear  miits  recently  de- 
veloix'd  might  very  well  come  through  such  a  test 
with  honours. 

A  small  switchboard  consisting  of  seven  ironclad 
units  on  the  "  draw-out '"  principle,  as  developed  by 
the  B.T.-H.  Co.,  L-j  sho\Mi  in  Fig.  6.  Tliie  tyjie  of 
ironclad  gear  is  particularly  suitable  for  mining  and 
industrial  serxice.  and  for  sub-stations  where  com- 
])a.t.  dust-proof  and  drip-proof  switchgear  is  required 
for  circuits  up  to  ."{.iJtK)  volts. 

The  oil  switch,  instruments  (where  mounted  with 
the  oilswit  h)  and  automatic  features  are  mounted 
on  a  sliding  carriage,  and  connected  to  the  "bus 
bars  or  cables  through  ])lug  contacts.  All  essential 
pieces  of  a  jiparat  us  may  be  freely  insjiected  after  they 
have  been  nuule  "dead  "  by  w ithdrawing  tiie  carriage.  The  simplicity 
of  the  design  ensures  that  all  jiarts  are  readily  accessible,  and  large 
Hanged  joints  are  pmvided  throughout.  The  switches  have  an 
accelerated  gravity  break,  a  double  break  on  each  pole,  an  ample 
head  of  oil.  barriers  l)etween  phases,  exceptionally  large  clearances 
between  all  live  jKirts  and  earthed  metal  work,  and  no  metal  work 
in  the  neighbourhood  of  the  sp.irking  fingers. 

The  gear  i-  j)rovided  with  all  the  ordinary  attachments,  and  some 
novel  combinations  of  automatic  and  safety  devices  to  meet  the 
differiMit  requirements  of  service,  and  to  minimi.^e  the  risk  of  accident 
thn)ugli  igiu)rance  or  forg»t fulness. 

From  the  illustration  given  it  will  be  seen  that  two  sizes  of  switch 
body  are  .i.-ied.  but  the  iXMlestals  are  uniform  and  can  therefore  be 
lined  up  to  make  a  complete  switchboani  irresjiective  of  the  cai>acity 
and  equipment  of  the  individual  units.  Cable  connections  can  be 
Itrouglit  ju  thn)iigh  the  top  or  bott  )m  or  at  the  endi<  of  the  bus  bars. 
The  connections  may  Ik-  made  on  individual  switches.  r«)tential 
transformers  and  voltmeters  can  l)e  furnished  on  indiNidual  switches 
i>r  connected  to  the  "bus  Iwrs.  Normally  the  {wtential  transformer  is 
eonnecteti  with  one  terminal  on  the  Uve  side,  and  one  terminal  on  the 
de.'wl  side  of  the  switch,  but  sptnial  connections  can  l>e  made  so  that 
the  voltmeter  indicates  the  "bus-bar  voltage  or  feeder  voltage  with 
the  oil  switch  open. 
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A  typical  equipment  is  indicated  diagranunatically  in  Fig.  5,  frotu 
wliich  it  will  be  seen  that  the  instruments  and  their  fuses  are  attached 
to  the  switch  body,  and  can  therefore  be  isohited  by  withdrawing  the; 
body  from  the  conncc-tion  chamber. 

The  handles  are  interlocked  so  that  it  is  inii)ossible  to  withdraw  or 
close  the  isolating  contacts  unless  the  oil  switch  is  in  the  off  position. 
The  switch   body  cainiot  be  opened,  and    the  oil  tank  cannot  be 


with  contact  blades  mounted  in  the  fixed  jxjrtion  of  the  Btructure. 
These  c;ontact  blades  are  sunk  into  the  fjorcelain  inHulatore  so  ae  to 
obviate  danger  of  accidental  shock  or  short  circuits  when  the  tiuck  is 
removed.  The  same  insulators  also  supprjrt  the  'bus  bars  in  the 
'bus- bar  chamber,  and  the  cable  terminals  in  the  cable- box 
chamber. 

A  locking  device  is  provided  to  prevent  the  plug  contact«  Ijcing 


POTENTIAL  so  :KETS 
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J'iG.  5. — Connections  fok  a  Typical 
Draw-out  Switch  PKDESTAii. 

removed  unlesr,  the  isolating  contacts  are  lirst  separated,  making  all 
parts  dead.  The  cover  must  be  closed  before  the  isolating  switch 
contacts  can  be  closed,  and  it  is  impossible  to  push  home  the  switch 
accidentally  without  Hrst  replacing  the  can. 

Catches  are  provided  to  ensure  that  the  bodies  are  not  withdrawn 
too  far  when  it  is  not  desired  to  remove  the  switches  altogether. 
These  catches  also  prevent  the  exposure  of  the  live  plug  contacts, 
whilst  examining  a  switch  on  site.  Catches  are  also  provided  to 
temporarily  support  the  oil  tanks,  whilst  removing  or  replacing  the 
fixing  bolts. 

Another  type  of  switchgear  unit  developed  by  the  B.T.-H.  Co. 
has  come  very  much  to  the  fore,  particularly  for  sub-stations  on 
circuits  of  3,300  to  11, 000  volts.  In  this  type  the  whole  of  the  equip- 
ment, with  the  exception  of  the  'bus  bars  and  cable  boxes,  is  mounted 
tin  a  moi'-able  truck  which  can  be  withdrawii  into  the  space  allocated 


l^xu.  (j. — Totally  Enclosku  Ironclad  Draw-out  Switch(;eak. 

closed  or  separated,  except  with  the  oil  switch  in  the  off  position. 
All  parts  are  held  together  by  means  of  bolts  and  lock  nuts,  so  that 
any  part  can  be  readily  removed  and  replaced  in  a  sound  mechanical 
manner.     No  bitumen,  rubber,  or  other  inflammable  insulation  is 


Flo.  7. — 12-Panel  Truck  Type  Switchboard  for  R.OOO  volts. 


].-,,.    8.-\iEW  SHOWING   Intehoi:  ok  Trixi^ 
Panel  with  Truck  in  Position. 


to  the  switchboard  attendant,  and  can  then  be  wheeled  away  to  any 
suitable  position  for  i)ispection. 

The  main  frame  is.  usually  mounted  ne^ir  the  sub-.station  wall, 
and  forms  a  chamber  for  the  'bus- bars  and  cable  boxes.  The  truck 
carries  contact  jaws  riiounted  on  porcelain  insulators  \Yhich  engage 


used.  The  small  wiring  between  the  current  transformers,  trip  coils, 
and  instruments  is  permanently  connected  up  and  mounted  on 
porcelain  insulators  attached  to  the  frame  of  the  truck.  Ihe  whole 
gear  is  arranged  so  that  ample  clearances  are  allowed  between  the 
fonduetors,  a,nd  from  conductors  to  earth. 
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SMALL  STATIONS  v.  BULK  SUPPLY. 

\\  e  have  recently  heard  a  good  deal  in  favour  of  bulk 
sujiplie.s  and  the  de.sirability  of  developing  an  interconnected 
sy.steni  on  a  large  .scale.  It  i.s.  therefore,  interesting  to  look 
at  the  whole  ijucstion  from  the  opposite  point  of  view  and 
con.sider  the  claims  of  the  small  generating  station.  The 
material  for  doing  .so  at  the  moment  is  provided  by  Mr. 
H.  S.  Elli.s  in  a  Paper  read  this  week  at  the  Annual  Con- 
vention of  the  Incorporated  Municipal  Electrical  Associa- 
tion. This  Paper  is  entitled  "  Generation  of  Electricitv 
on  a  Small  Scale  oi-  Hulk  Supply,"  and  will  be  found  in 
abstract  in  another  column. 

It  may  be  remembered  that  Sir  JoHX  Sxell  in  his  Presi- 
dential Address  to  the  Institution  of  Electrical  Engineers 
jcferred  to  the  (|uestion  of  bulk  supply  being  taken  bv 
existing  electricity  works,  and  remarked  :  "  it  may  be 
generally  .said  that  once  a  small  station  is  built  and  the 
expenditure  has  been  incurred,  then,  and  so  long  as  the 
system  is  kept  within  the  defined  limits  of  extension,  the 
extra  operating  cost  of  the  addition  to  the  local  power 
station  is  then  cheaper  than  any  commercial  feasible  bulk 
supply."  This  sentence  may  be  taken  as  the  summary  and 
conclusion  of  the  Paper  by  Mr.  Ellis. 

If  a  single  extension  is  to  be  made  to  a  station,  and  the 
cajjacitv  of  plant  is  then  to  remain  stationary,  we  fully  agree 
with  the  above  sentiment.  This,  however,  is  seldom  the 
ca.se  except  in  tramways.  Let  us  consider  for  a  moment 
that  an  extension  is  to  be  made  at  the  present  time  invol- 
ving a  .set  of  2.<XMI  kw.  If  a  turbo-generator  is  put  down. a 
certain  additioiuil  expeiuliture  is  incurred.  If  in  place  of 
this  f  urbo-generator  we  put  down  converting  plant  and  take 
a  bulk  supplv.then  the  whole  plant  of  the  station  should  be 
i<'i)laced  by  converting  plant  in  order  to  get  the  best  con- 
ditions. Hut  this  means  a  consixlerable  capital  expenditure 
on  new  plant,  greater  than  that  involved  in  the  putting 
down  of  a  new  turbo-generator,  and  at  the  same  time  it 
means  that  a  great  i)art  of  the  capital  expenditure  on  plant 
hitherto  will  no  longer  be  productive  :  consequently,  the 
capital  charges  are  so  high  that  the  scheme  shows  up  to  a 
disadvantage.  The  conclusion,  therelore.  is  reached  that 
it  is  desirable  to  ]nit  down  another  turbo-generator.  Iiu 
sav,  five  vcars'time  the  same  (piestion  again  comes  up  and. 
for  til*'  same  reason,  the  same  decision  is  reached,  although 
bv  that  time  the  jtower  companv  would  be  ]>repared  to  give 
still  better  tvrins.  Hut  by  the  addition  of  further  steam 
plant  the  operating  conditions  of  the  station  have  become 
still  more  elHiient  :  once  again  it  is  decided  to  put  in  nune 
steam  plant,  and  so  the  process  continues. 

Oh  the  other  hand,  if  converting  plant  hail  been  ]>ut  in 
al  the  time  of  the  first  pr(»posed  extension,  then  by  the 
tiim'  the  second  extension  was  re<|uired  a  good  deal  of  the 
old  capita'  would  have  been  wi])ed  off  ;  aiui.  what  is  more 
important,  by  the  time  the  second  extension  was  made, the 
projiortion  of  utiproductive  capital  would  have  been  much 
less.  In  other  words,  the  effect  of  the  unproductive  capital 
l)ecomes  le.ss  and  less.  Moirover.  energy  from  bulk  su])plv 
is  snp])lied  at  a  cheaper  rate  as  time  goes  on  and  as  the  bulk 
supply  becomes  more  generally  used.  The  fallacy,  if  it  can 
be  called  a  fallacy,  consists  in  looking  at  the  present  instead 
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of  at  the  future.     Every  engineer  will  admit  that  electrical 
energy  can  be  generated  much  more  cheaply  in  large  gene- 
rating stations  than  in  small  stations,  and  the  more  varied 
the  load,  and  the  greater  the  number  of  stations  to  which 
a  bulk  supply  is  given,  the  higher  is  the  load-factor  on  the 
power  station  and  the  lower  the  cost  of  generation.     It  is, 
therefore,  much  better  to  look  to  the  future  and  to  gain  this 
desired  end  than  to  look  at  a  small  advantage  at  the  present 
moment  which  leads  really  to  the  postponement  of  our 
ideals  and  to  general  waste.     Mr.  Elljs  himself  admits  that 
the  best  way  to  improve  the  load-factor  of  a  system  is  to 
increase  the  number  of  different  industries  connected  there- 
to, and  that  this  is  not  always  possible  in  the  case  of  muni- 
cipal undertakings,  as  they  are  limited  to  their  own  boun- 
daries.    On  the   other   hand,   it   is   true   that  the   Power 
Companies  suffer  from  having  to  cover  a  larger  area  with 
mains  for  a  given  load,  but  this  state  of  things  would  be 
largelv  compensated  if  towns  were  more  willing  to  take 
bulk  supplies. 

Mr.  Ellis  mentions  the  fact  that  large  boilers  are  not 
more  efficient  than  comparatively  small  boilers,  and  that 
in  the  case  of  large  steam  turbines  one  cannot  expect  the 
steam  consumption  to  be  much  below  12  lb.  per  kilowatt- 
hour — a  figure  which  can  be  approached  by  much  smaller 
plant.  This  is  true,  but  on  the  other  hand  more  economical 
running  can  be  practised  in  large  stations  than  in  small.  In 
a  recent  discussion,  Mr.  C.  H.  Merz  stated  that  large  units 
of  plant  in  interconnected  stations  would  result  in  a  saving 
of  30  to  60  per  cent,  of  fuel  per  unit  sold.  Apart  from  this, 
the  saving  which  is  most  obvious  is  in  capital  charges.  Mr. 
Ellis  only  takes  stations  up  to  10,000  kw.  or  thei'cabouts, 
and  places  the  cost  at  £20  per  kilowatt.  In  regard  to  large 
power  stations,  however,  the  cost  may  be  more  nearly  £10 
per  kilowatt.  It  is  also  noticeable  that  the  cost  per  kilo- 
watt of  generating  plant,  including  turbines,  generators  and 
condensing  plant  is  put  by  Mr.  Ellis  at  £4  per  kilowatt,  and 
the  cost  shows  a  minimum  of  £2-9  per  kilowatt  for  plant  of 
(>,000  kw.  capacity.  It  is  explained  that  the  cost  per  kilo- 
watt rises  in  the  large  sizes  owing  to  the  lower  speed  of 
rotation.  We  do  not  think,  however,  that  such  a  figure  can 
be  accepted  if  higher  powers  are  taken,  and  the  argument 
is  carried  further.  For  example,  the  30,000  kw.  set  of  the 
Interborough  Rapid  Transit  Co.,  which  showed  on  test 
steam  consumptions  down  to  11-2  lb.,  cost  only  £1  16s.  per 
kilowatt,  including  generators  and  condensing  plant. 

We  also  notice  that  Mr.  Ellis  deals  chiefly  with  load- 
factors  up  to  25  per  cent.  The  load-factor  of  a  iarge  system, 
however,  can  be  very  much  more  than  this  and  may  rise 
above  50  per  cent.  I'here  is  also  one  other  objection  which 
is  made  to  bulk  supplies,  namely,  that  they  are  generally 
carried  by  overhead  lines  and  that  these  may  be  severely 
damaged  by  storms.  Although  the  risk  of  damage  is 
undoubtedly  greater  than  with  underground  cables,  there 
is  not  much  likelihood  of  trouble  if  the  lines  are  properly 
erected,  unless  their  weight  is  materially  increased  by  frozen 
snow.  In  any  case  important  supplies  would  generally  be 
provided  by  duplicate  mains  along  different  routes,  and 
protected  so  that  any  faulty  line  would  cut  out  automatically. 
In  conclusion,  although  the  small  station  (by  which  we 
mean  stations  of,  say,  2,000  kw.)  are  fully  justified  where 
bulk  supply  is  not  available,  it  appears  to  us  that  a  bulk 
supply  should  be  taken  wherever  possible,  even  where  the 
results  obtained  for  the  moment  do  not  show  a  financial 
advantage  ;  for  it  is  only  by  following  such  a  policy  as  this 
that  the  greatest  economy  can  be  obtained  in  the  future, 
and  that  the  advance  of  electricity  supply  can  be  pushed 
forward  with  the  greatest  rapidity. 


EDISON  BATTERY  VEHICLES  IN  MUNICIPAL  SERVICE. 

HV    W.    H.    L.    WAT<0.\. 

During  the  past  year  great  .strides  have  been  made  in  the 
])rogress  of  the  electric  vehicle  in  the  service  of  municipalitie». 
Particularly  gratifying  is  the  earne.st  manner  in  which  theHe 
vehicles  have  been  considered  by  those  officials  responsibh 
lov  the  management  of  cleansing  departments.  &c.  In  this 
direction  steam  and  petrol-driven  tipping  vans  have  been 
experimented  with,  but  in  most  ca«es  their  use  has  been  dis- 
continued, except  for  the  purpose  o^  taking  large  loads  to  the 
destructor  or  tip,  the  metliod  being  to  canv  loads  from  a 
central  depot  where  the  refuse  has  been  dumped  temporally. 
There  is  considerable  divergence  of  opinion  as  to  the  desirabilitv 
of  retaining  the  horse  for  the  actual  house-to-housp  collection, 
it  is  lujped  that  at  the  forthcoming  annual  convention  of  the 
Institute  of  Cleansing  Superintendents,  to  be  held  at  Cardiff 
on  the  17th  2()th  prox..  under  the  presidency  of  Mr.  W.  Harper. 
engineer  to  the  city  of  Cardiff,  that  the  discussion  ft.llowinct  a 
Paper  to  be  read  by  Mr.  John  Terry,  of  Nottingham,  "on 
"  Results  Obtained  by  Electric  Vehicles  in  the  Removal  of 
House  Refuse  "  will  prove  that  the  electric  vehicle  is  economical 
and  entirely  suitable  for  the  whole  of  the  operations  of  house 
refuse  collection,  including  the  actual  hou.se-to-house  col- 
lections. 

While  appreciating  the  great  interest  shown  by  municipal 
officials  in  the  "  electric,"  it  is  surprising  that  more  com- 
mittees have  not  made  a  start  by  purchasing  at  least  one  of 
these  vehicles.  This  is  probably  accounted  for  by  the  urgent 
instructions  of  the  Local  Government  Board  to  restrict  expen- 
diture to  the  utmost  limit.  In  the  larger  cities  financial 
difficulties  have  not  proved  so  great,  and  already  several  of 
these  money-saving  devices  are  in  service.  That  thev  are 
■■  money  savers  "  is  beyond  dispute,  thanks  to  the  satisfactorv 
reports  which  have  been  made  by  such  prominent  officials  as 
Messrs.  W.  Greig  (Glasgow),  J.  Jackson  (Birmingham),  J.  A. 
Priestley  (Sheffield),  J.  Terry  (Nottingham),  all  of  whom  are 
cleansing  superintendents  in  their  respective  cities. 

In  addition,  equally  excellent  statements  have  been  made 
by  the  following  municipal  surveyors  and  engineers  :  Messrs. 
S.  E.  Britton  (Chester  City  Council),  Reginald  H.  Crummack 
(Dover  Borough  Council),  L.  Roseveare  (South  Shields  Borough 
Council),  W.  J.  Steele  (Newcastle-upon-Tyne  City  Council). 
G.  Bruce  Tomes  (Barnes  Urban  District  Council).  As  the 
result  of  the  careful  inquiry  and  examination  and  the  ultimate 
reports  of  these  gentlemen,  their  respective  Councils  have 
adopted  the  electric  vehicle,  with  satisfactory  results.  The 
later  reports  show  that  not  only  is  the  expected  eco7iomv 
forthcoming,  but  in  many  instances  a  substantial  saving  \n 
labour  has  been  found,  the  result  being  that  repeat  orders  have 
been  placed.  As  the  result  of  these  recommendations,  manv 
other  Councils  have  signified  their  intention  of  utilising  ""  elec- 
trics ""  at  an  early  date.  Tiie  number  of  vehicles  now  in  use, 
or  on  order,  are  as  follows  : — 

Sfieflield  City  ( 'ounci  1     ■"> 

Nottintjham       ,.  4 

Biiniinuluuu       ..  2 

(ilai;o()\v  ,.  '2 

CfioKtei-  ..  4 

NewcRstlc  ,.  1 

Dover  BoioukIi  Coumil li 

South  Sliieldn  Bo]-ough  CounciJ     1 

Hcston  a'ld  Islcworth  I'lban  Distrii't  ("ounc'l    1 

Sniethwick  Borough  Couiicil I 

Pontypridd  "^'rban  District  Counci! 2 

Barnes  Urban  District  Council 4 

It  seems  hardly  necessary  to  describe  the  equipment  o^ 
these  vehicles,  as  they  have  been  dealt  with  so  thoroughly  by 
the  electrical  press.  For  the  information  of  those  who  are  not 
aware  of  tliese  ])articulars,  the  following  is  a  description  of  the 
vehicle  chiefly  in  use  : 

The  G.M.  Edison  vehicle  usually  sui)plie«l  to  date  consists 
of  a  frame  of  rolled  steel  chaimel  section,  reinforced  by  a  hard- 
wood fillei.  The  wheels  are  fitted  with  Timken  roller  bearings. 
The  electric  motor,  with  ball  bearings,  is  set  behind  th«  rear 


400 


THE  ELECTRICIAN,  JUNE  23,  1916. 


axle,  ajid  drives  a  bevel  gear  on  the  countershaft  through  a      collection,  whereas  it  is  now  brought  to  the  destructor,  which 
flexible  steel  blade.     This  blade  effectually  prevents  even  the      is  central,  thereby  saving  the  cost  of  tip,  the  extra  distance 


sliglit  jolt  that  Doinially  would  be  felt  in  starting,  and  makes 
the  acceleration  remarkably  smooth.  From  the  countershaft 
the  drive  is  continued  to  the  rear  wheels  by  two  roller  chains. 
The  controller,  ampere-hour  meter  and  safety  switch  are 
assembled  under  a  small  bonnet  at  the  front  of  the  vehicle. 


covered  by  the  vehicle  is  considerable,  and  could  not  have  been 
done  by  the  number  of  horses  previously  employed.  This  fact 
should  be  borne  in  mind  when  the  relative  costs  are  compared. 
No.  2  vehicle  is  employed  on  comparatively  short  journevs. 
upon    which    horse-drawn    vehicles    are    usually    assumed    to 


and,  therefore,  easily  accessible  for  adjustment  or  inspection.  possess  an   unquestionable  advantage.     It  has  replaced  two 

The  battery  is  carried  on  the  top  of  the  frame  instead  of  being  horses  on  day  shift  and  three  on  night,  the  tipping  being  the 

slung  underneath  :    conse(4uently  the  operation  of  flushing  the  same  for  both  electric  and  horse  wagons. 

cells  is  attendant  with  very  slight  effort.     The  speed  control  Although  I  propose  to  take  the  mean  cost  per  ton  of  the  two 

is  effected  through  a  small  lever  on  top  of,  and  concentric  with,  vehicles  in  comparison  with  the  average  cost  over  the  whole 

the  steering  wliccl.     Two  foot  brakes,  one  acting  on  the  counter-  citv  for  horse  labour,  this  is  not  strictlv  fair  to  the  "  electrics  " 


shaft  and  tlic  otlio-  on  tlir-  icar  wheels,  arc  fitted.  In  fact,  the 
simpliiity  i>[  the  (ontrol  is  such  that  a  few  hours"  practice  is 
sufficient  to  accustom  an  ordinary  man  to  the  pidpcr  manipula- 
tiori  of  the  chassis. 

The  first  important  test  was  made  by  .Mi.  (i.  Biucc  Tomes 
at    Banies.     The    rcpor!    k'   th's   test    was  given    (((usiderable 


li  VfTKH  V-DIMVKN  DcST   \' \  N    SI   IM-I.rKD  TO    Dl.VKK  C'ol  IM  II'.ATION. 

prominence.  It  is,  therefore,  interesting  to  rt'jModuce  these 
ligur<'s  and  note  how  they  compare  with  actual  working  tests 
since  recorded  : 

AvcniLM'  iiiiMiiH  r  (.f  l<:ii(lN  per  (lav  5 

Total  .,  ..  w«"ck     .-{(I 

Avcrajic  .,  milcH  per  day  22(i.") 

Total  ..  „  w<ck     ll:{-.-> 

Avorapc  cloc  trie  energy  jkt  day 211")  units 

Total  ,.  ,',  week   12(i«t 

.\iiiiiIm'!  ii)  tillers  (two  days  nnly  two)     ."{ 

Total  timi- colic  (  tin;;     .'{;■;  his.  4(*  niin>. 

Total  time  joiirm  ys  to  and  from  dotructor  and 

til)pin^    1  !  lus.  :((l  n)in>. 

Average  tinii-  cillcctinL'  ]»r  riny  (omitting'  Satin-- 

day)    (i  lirs.  I)i  nun>. 

.\\(  ra;:c  lime  in  journt  ys  p(  r  day  (omitting  Satur- 
day)           2  lirs.  :{S  niin^. 

I'>tiinat(<l  savin;;  willi  four  vihidrs.  £o.  18k.  ]mt  w«ck  :   and  if  one  foii-- 
nian  can  lio  saved,  i~.    l.'is.  per  "vtck.     Total  liorKc  liaulairc  now  used 
(12    horse -days.      Mi   h<irsc.da_\  s   arc   dis]>laccd    liy    this    van.      Cost    of 
electric  \  an  per  dn  v.  L'l.  Is. 

Willi  this  inforniiit  ion  to  hand,  tlie  SheHield  Corporation 
then  (Iciidcd  to  make  a  trial  with  two  vehicles,  which  have  now 
been  in  successful  service  approximately  nine  months.  At  the 
(onipletion  of  21  or  22  weeks'  work,  Mr.  Priestley  advised  his 
Council  to  make  a  further  purchase,  wifli  the  result  that  three 
more  vehicles  hnv(>  been  placed  on  oidci.  In  his  detailed 
icpoil,  .Mr.  l'l  lest  li'\  .states  :  "  The  vehicles  ar«'  engaged  in  the 
collectniu  o(  l)in  refuse.  ea(  h  employing  one  driver  and  three 
lilleis,  the  former  assisting  in  loading  where  luactiiable. 
During  night  shift  ash-pit  refuse  is  collected,  each  vehicle 
employing  one  driver  and  one  filler,  both  men  assisting  in 
loading.  The  recuse  in  this  case  being  siiovelled  into  the 
vehicles  from  heaps  previously  wiieeled  out. 

No.  I  vehicle  was  put  to  work  on  long-distance  journeys,  the 
refuse  being  delivered  at  I.umley-street  destructor.  It  has 
replaced  three  horses  on  each  shift  :  but  as  two-thirds  of  the 
dead   refuse  was  previously  tipped  in   the  neighliourhood  of 


as  the  mean  of  the  combined  mileage  is  considerably  greater 
than  the  average  for  the  remaining  districts  of  the  city.  ' 

The  consumption  of  electricity  averages  1-55  kw. -hours  per 
mile,  which  is  cjuite  reasonable,  considering  the  hilly  character 
of  the  city  and  the  heavy  nature  of  many  ot.  the  roads  traversed 
in  collection.  A  charge  of  Id.  per  unit  is  made  for  current  used, 
but  this  is  not  actual  expenditure,  as  the  electricity  is  obtained 
fr(»m  the  destructor  installation,  the  refuse  con.sequentlv  pro- 
ducing power  for  its  own  collection.  Tyres  are  amply  pro- 
vided for  by  the  allowance  of  Id.  per  mile.  The  comparison  of 
costs  is  as  f(»llows  : 

.\o.\   Vehirlf.—  Daif  Work  Couls  fur  22  Wftks. 

Refuse  collected  858  tons  6  cwt.  1  i|r. 

Wa^rcK     £1.t4   1.^     S 

NChickoosts      40     7     1 

Kloctricity.  :},2(>!t  units    i:}12     5 

Tyres,  2, l"68  miles     9    0     8 


Cost  prr  trm.  ow.  OSrf.  £217   15  10 

CiDilofOne  Month' »  Work  on  Soti.f-  Ihtilrirts  irifh  /I<.rtif  Labour. 

Refuse  collected I(i7  tons  lihwt.  2qrf. 

Cost     £.')0     1      9 

Cost  per  ton.  Is.  0-4(1. 

Xo.  1  Vehicle. — Xiyht  W<.rk<'iu't«  for  2i  Wrrk-M. 

R<  fuse  removed  l.l-,'2  tons  19cwt.  1  ijr. 

\Va;;es     £72     3     8 

\chi(lc  costs      38  10     5 

Klcctricitv.  2.927  units    12     .S   1 1 

TvrcK,  1.880  miles     7  1«     8 


Com!  ptr  Ion.  2it.  :i4\l.  £i:«t    14      8 

Co.sl  of  Thru  Months'  Work  on  Stiuir  himtrirfK  irith  /hrm  Latxiur. 

Refuse  n- moved 473  tons  II  <  wl.  2  qn?. 

CoKt    £77   10     3 

Cnxt  prr  ton,  3/<.  .■{•2(/. 

A".  2  Vrhiclr. — Ihiij  Work  Coittti  for  Six  Wnky. 

Refuse  eollceted  314  tons  4  cwt.  3  qrs. 

Wa^rcH    £47  Ri     .") 

Wliieloeosts      10   19     3 

Klectri<ity,   t570  units      2   15   10 

Tvirs.  417  nnles    1    14     9 


rr(.«/ /«/•  f(/»i.  4.I.  Ol(/.  £fi3     0     3 

Cost  of  One  Month' 9  Work  on  Smni  Ih'stricls  with  Hor.M  LulHiur. 

Rrfuie  ( ol'eiled    204  tons 

Cost     £,J8   Wi     (t 

Cost  i>fr  ton.  3*.  9-<W/. 

.V<«.  2.    Vrhirlr.  -  .\'ight  Work  Costs  for  Sir  Wirks. 

R"fu-c  nnioved  40(i  tons  13ewt.  2  qrs. 

Waps     £21    18     0 

Vehicle  eosts       10    19     3 

Klcctricitv.  758  uniti« 3     3     2 

Tvns.  459  miles    1    18     3 


Cost  jKr  ton.  \s.  \0:y.  £37  18     8 

Cost  (if  Onr  .\fonlh's  Work  on  Smn'   Ihstrirts  n-ith  Horsi   l.<ilntur. 

Refuse  n-moveil    440  tons  8  cwt. 

("ost     £.>5   10     2 

Citst  ;',rt<>n,2s.{V2(t. 

.Mr.  1.  Terry  of  Nottingham,  informed  his  Council  that  the 
cost  of  collecting  dry  ashes  during  a  period  of  21  weeks  with 
the  new  electric  dust  van  was  as  follows  : — 

IVpreeintion.  1(»  ixTtvnt £42  10  (i 

lns\irane<"  3  13  •> 

()d.  water,  repaint.  Ac.  (ePtimated)    9  5  (> 

TyrrH.  1,428  miles  at  lid r.  11  1 

('nrn>nt  at  I  Jd.  i>er  unit  11  1  11 

Wages     12(»  18  9 


£194      1     3 
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The  total  weight  oi  recuse  removed  was  I, Oil  tons  5  cwt.  2  qrs., 
which  is  equivalent  to  3s.  8id.  per  ton/  To  do  the  same  woik 
with  horses  would  have  cost  43.  4d.  per  ton.  This  district, 
while  not  so  hilly  as  Sheffield,  is  of  an  undulating  character. 
The  refuse  was  taken  to  the  destructor,  which  i.s  the  central 
part  of  the  city. 

The  following  is  an  extract  of  an  interesting  report  by  Mr. 
S.  K.  Britton,  city  electrical  engineer  at  Chester,  on  an  Edison 
vehicle  used  for  refuse  removal  in  Chester  : — 

The  trials  indicate  that  the  maximum  capacity  of  this  tyi)c  of  vehicle 
fitted  with  a  tipping  body  under  present  conditions  is  seven  2 -ton  loads 
in  10  hours  over  an  average  distance  of  4  miles  per  load— that  is,  38  loads 
per  week,  .%952  tons  and  7,904  miles  per  annum,  and  four  wagons, 
15,808  tons  and  31,616  miles  per  annum. 

Chester  produces  about  12,500  tons  of  refuse  per  annum,  and  as  four 
wagons  would  be  required  for  systematic  working  in  place  of  the  10 
lioiSes  and  carts,  each  wagon  should  make  30  2 -ton  trips  per  week, 
.7.120  tons  and  6,240  miles  per  annum,  and  four  wagon.s,  12,480  tons  and 
24,960  miles  per  annum. 

On  that  basis  I  estimate  the  annual  running  costs  as  follows  : — 

Four  drivers  at  30s.  per  week ,£312     0     0 

Tyres,  24,960  miles  at  0-8d 83     4     0 

Repairs  and  maintenance,  .34,900  miles  at  0-.5d.   ...       52     0     0 
Maintenanceof  battery,  24,960  milesat0-3d.  ......       31     4     0 

Insurance  at  £10  each 40     0     0 

Electricity,  37,440  units  at  Id 1.56     0     0 

That  is,  25-93d.  per  load.  £674     8     0 

(In  justice  to  the  makers,  I  should  state  that  they  put  the  cost  of  tyres, 
repairs  and  maintenance  of  chassis,  and  maintenance  of  battery  at 
0-64d.,  0-49d.  and  0-16d.  respectively,  a  reduction  of  £32.  5s.,  making  the 
iabove  estimate  £642.  3s.) 

The  purchase  of  four  wagons  involves  an  expenditure  of  about  £4,000. 
It  has  been  suggested  to  the  Local  Government  Board  by  the  Electric 
Vehicle  Committee  that  loans  for  electric  vehicles  should  be  granted 
for  a  period  of  10  years.  In  this  particular  case  the  annual  mileage  is 
\very  low,  and  the  life  should  be  well  in  advance  of  10  years. 

The  annual  interest  and  sinking  fund  on  a  loan  of  £4,000  for  ten  years 
at  3^  per  cent,  interest  is  £490.  ISs.  4d.  The  total  annual  cost  of  this 
scheme  as  compared  with  the  present  arrangements  and  estimate  for 
1915-16  is  :— 

Interest  and  redemption  on  £4,000    £490  18     4 

Working  costs  for  four  wagons   674     8     0 

Part  of  foreman's  time 45     0     0 

Twelve  men  (two  parties  of  six  loading  wagons)  ...     900     0     0 

Extra  man  and  materials  at  tip  112     0     0 

Insurance  7     0     0 

£2,229     6     4 

Estimate  for  1915-16    2,-529     0     0 

Balance  in  favour  of  electric  wagon   £299  13     S 

It  should  be  noted  that  the  foregoing  estimate  provides  for  12  men  to 
load  the  wagons,  but  as  the  quantity  of  refuse  to  be  dealt  with  is  30  loads 
per  wagon  per  week,  and  not  38,  the  work  should  be  done  by  10  men, 
which  is  equivalent  to  a  further  sum  of  £150  per  annum  in  favour  of  the 
"electric." 

I  predict  that  the  use  of  the  electric  wagon  in  Chester  would  prove  a 
valuable  alteration  in  local  administration,  and  appreciably  add  to  the 
■comfort  of  the  citizens,  and,  where  electricity  is  available,  enterprising 
local  authorities  will  rapidly  adopt  it  for  the  removal  of  refuse  and 
watering  and  sweeping  of  streets. 

Dover  now  has  six  vehicles  in  service,  and  from  the  running 
costs  made  up  to  date  it  seems  certain  that  the  estimated 
saving  of  £1,500  a  year  will  be  easily  attained. 

In  Hounslow,  which,  is  a  very  flat  district,  and  the  vehicle 
employed  being  used  solely  on  short  journeys,  Mr.  Carey,  the 
surveyor,  states  that  he  would  prefer  to  use  the  vehicle  for  a 
longer  period  before  making  a  definite  statement,  but  he 
already  has  ample  evidence  to  show  that  electricity  is  cheaper 
than  horses. 

It  is  also  interesting  to  note  that  the  success  obtained  in 
house-to-house  refuse  collection  is  affecting  other  municipal 
departments,  several  of  whom  have  placed  orders  for  varying 
classes  of  work  as  follows  : — 

Ilford      One  4-ton  coal  van 

Leicester    One  4-ton  coal  van 

Bradford    Three  5-ton  coal  vans 

Plymouth       One  3-ton  coal  van 

Poplar    One  4-ton  coal  van 

In  some  of  these  instances  vehicles  of  varying  makes,  and 
using  various  kinds  of  batteries,  are  being  employed  on  exactly 
similar  work,  with  a  view  to  proving  beyond  question  the 
merits  of  the  several  types  concerned,  thus  showing  that 
municipal  electrical  engineers  are  not  desirous  of  pressing  the 


u.se  of  any  particular  kind  i,f.  (■Jo(tric  vdiich;  on  their  con^rn-h, 
without  taking  ample  steps  to  demon -trat*'  thf?  vahlitv  of 
their  claims  for  battery  traction. 

It  is  certainly  a  sign  of  the  times,  states  the  "  Sauitary 
Record,'  and  a  significant  one,  too,  that  the  number  of  electrif; 
vehicles  in  use  in  the  United  Kingdom  is  m),  compared  with 
the  comparatively  insignificant  total  of  150  a  year  ago. 

There  is  little  doubt  that  the  complaints  one  hears  as  to  the 
alleged  inefficiency  of  motor  vehicles  for  municipal  pruposes  ih 
due  to  the  ignorance  which  prevails  concerning  vehicles  of  this 
type.  The  substitution  of  motor  for  horse  traction  has  Wen 
carried  out  in  some  quarters  with  a  suddenne.ss  which  has 
taken  responsible  officials  unaw^ares,  and  they  have  not  had 
time  to  study  the  innovation  with  the  care  and  attention  it 
deserves.  Hence  breakdowns,  costly  repairs,  and  the  generally 
unsatisfactory  and  disappointing  feeling  which  has  been  en- 
gendered among  a  body  of  men  unused  to  the  new  order  of 
things.  It  is  perfectly  clear  that  in  order  to  obtain  successful 
results,  officials  who  have  control  of  motor  vehicles  .should 
undergo  a  course  of  specialised  instruction  calculated  to  fit 
them  for  their  new  duties  and  responsibilities. 


ELECTRIC  HOT  WATER  SUPPLIES. 

BY  H.  H.  HOLMES. 

"Electric  power  at  Id.  per  unit."  '"Foolhardy,  impos- 
sible to  do  it  at  a  profit."  "Electric  room  heating  can  never 
take  a  place  in  the  heating  world."  "  Fearfully  costly  and 
gives  no  decent  results."  "  Electric  cooking  !  Yes,  might  be 
possible  one  day,  but  in  our  time     .     .     .  ?  "" 

Thus  the  average  electrical  man  of  not  so  many  years  ago. 
But  the  public  always  had  a  greater  faith  in  the  power  of 
electricity,  to  solve  its  domestic  and  factory  problems,  than  the 
man  who  ought  to  know,  and,  as  usual,  the  public  was  right. 
Electric  power  to-day  at  Id.  per  unit  is  a  ""  cinch  ""  for  the 
central  station.  Electric  heating  manufacturers  cannot  keep 
pace  with  the  demand  for  apparatus.  Electric  cookei-s  are 
now  installed  in  their  thousands  and  at  an  ever-increasing  rate. 
But  talk  to  your  electrical  man  about  electric  hot  water 
supplies  for  a  house,  and  you  will  hear  the  same  old  cries  again. 
"  Impracticable  as  compared  with  gas  or  coal,  and  costly, 
hopelessly  costly." 

But  electric  hot  water  is  by  no  means  so  hopeless  a  proposi- 
tion, and  if  the  signs  of  to-day  count  for  anything  it  will  not 
be  many  years  before  more  electricity  will  be  sold  for  hot 
water  supplies  than  ever  will  be  sold  for  cooking — not  that 
cooking  will  not  progress,  but  because  electric  hot  water  will 
demand  a  greater  number  of.  units  per  household  and  offeu 
greater  possibilities  in  the  way  of  cheap  generation  to  the 
central  station. 

Many  factors  have  combined  to  keep  back  electric  hot  water 
apparatus  from  general  adoption.  In  common  with  lOoking 
and  room  heating,  it  suffered  from  the  high  charges  per  unit 
for  current,  and  the  problem  of  the  apparatus  was  tackled 
accordingly,  the  purpose  being  to  pro\nde  a  load  which  would 
induce  the  central  station  to  quote  a  low  rate. 

The  first  real  efforts  to  provide  practical  electric  hot  water 
plants  were  in  the  shape  of  the  100  per  cent,  load-factor  or  heat- 
storing  apparatus.  The  inventors  apparently  forgot  that  100 
per  cent,  load-factor  is  not  necessarily  the  best  possilde  load 
for  an  existing  station,  and  that  so  long  as  the  demand  is  an 
"  off  peak  ■■  demand,  quite  as  low  or  even  lower  prices  could  be 
quoted  as  fo.  a  100  per  cent,  load  factor,  and  they  apparently 
overlooked  the  fact  that  cheap  units  alone  would  not  give  low- 
quarter's  bills.  A  100  per  cent,  load-factor  apparatus  must 
mean  24  hours  per  day  continuous  heat  loss  or,  in  other  worH.s, 
the  maxim  nm  possible  heat  loss.  To  convert  a  hot  water  demand 
load-factor  of  about  2  per  cent,  into  an  electrical  load-factor  of 
100  per  cent,  necessitated  a  large  storing  capacity  and  thus  a 
heavy,  large  and  expensive  apparatus. 

In  the  light  of  latter-day  experience,  these  considerations 
seem  clear  and  simple  enough,  but  much  may  be  forgiven  when 
it  is  remembered  that  100  per  cent,  load-factor  wa.s  the  ideal  of 
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the  central  station  engineer  and  nothing  short  of.  the  offer  of 
such  a  load  or  coaxing  with  a  cudgel  would  tempt  him  to  offer 
prices  which  would  make  business  possible,  even  und^r  the  best 
conditiojis. 

This  100  per  cent,  load-factor  apparatus  was  given  a  very 
fair  trial,  and  although  it  failed  to  meet  the  general  co)iditions 
required,  there  are  still  a  few  remaining  in  oj)eration  which 
have  worked  quite  well  ever  since  they  have  been  instalk-d.  but 
these  are  used  in  peculiar  circumstances,  where  the  limitations 
of  the  apparatus  are  cancelled  out  by  like  limitations  in  the 
demand  for  hot  water. 

The  objections  to  tliis  tyjie  of  ai)]);uatus  are  numerous,  but 
they  chiefly  are  : — 

1.  The  demand  for  liot  water  in  the  average  residence  is 
mainlv  for  bat  lis.  and  ihe  whole  n-ciuirement  is  taken  in  some- 
thing under  one  liour  iji  the  21  (the  demand  for  washi)>g-up. 
&c.,  is  so  comparatively  small  that  it  can  almost  be  ignored). 
The  apparatus  thus  has  to  store  in  23  hours  enough  heat  to 
meet  the  demand  of  one  hour.  This  necessitates  large  storage 
capacity,  ami  on  large  storage  cajiacity  follow  hiL'h  total  heat 
losses  and  unduly  ex])ensive  apparatus. 

2.  The  utilitv Cllii  iency  (units  consumed  ])er  gallon  of  water 
used)  <an  but  be  low.  for  the  heat  losses  of  the  ajiparatus  con- 
tiiuiing  dav  ai'd  night  are  the  nuiximum  ])(ssil»le. 

3.  The  apparatus  provides  for  I'o  emergency  demand,  such 
as  would  occur  when  visitors  stop  over  the  week-end.  .Mter- 
natively,  if  the  loading  or  storage  of  the  apparatus  be  so 
adjusted  as  to  provide  f(.r  such  an  emergency,  then  the  heat 
losses  must  be  consideiably  increased,  for  under  noimal  condi- 
tions of  (leiHiind  the  temperature  will  obviously  rise  beyond  the 
required  limit. 

4.  Few  houses  are  inhabited  all  tiie  year  round  ;  most, 
families  take  a  holiday  for  at  least  one  numth  in  the  year.  All 
current  used  at  such  a  time  is  wasted  :  whether  it  be  used  or 
not,  it  must  be  paid  for,  for  the  stati(»n  engineer  has  cahulated 
on  a  100  per  cent,  load-factor,  ami  if  it  be  not  provided  he  must 
charge  a  higher  jirice. 

5.  A  verv  small  water  leak  at  any  taj)  seriously  in\p;iirs  the 
capacity  of  the  a])paratus. 

By  the  time  this  type  of  a])paratus  had  been  found  useless 
for  general  work,  the  point  seven- fives,  point  fives  and  tlu'ir 
various  lombinatioi's  had  got  to  work,  and  there  was  no  longer 
ju'cessitv  to  dangle  luscious  load-factoi-s  before  the  ceJitral 
station  manager.  By  this  time  also  the  niains  superintendent.s 
had  become  less  exacting,  and  having  become  accustomed  to 
3kw.  ami  1  kw.  fires,  were  less  c  harv  o^  going  a  .step  further 
aiul  allowing  7  kw.  or  even  1<»  kw.  ar(i  12  kw.  sudden  demands. 
In  short,  the  ])ioneer  had  no  longer  to  worry  about  loae^ings  and 
j)rices  foi  current,  though  he  had  to  remember  that  the  better 
the  load  he  jirovided  f<ir  tli.'  station  the  better  were  his  pros- 
pects of  obtaining  a  still  Inwn  loice  for  (in  rent.  or.  at  the 
woist,  a  maintenance  of  the  existing  rate. 

The  ele<t  ric  gevser  now  came  intti  use  for  .small  demands,  but 
even  for  wash-lian(l  basin  work  the  loac'ing  had  to  be  fairly 
high  (r)-Hkw.)and  for  l.aih  work  so  high  (uj)  to  25  kw.)  that 
switchgear  at  once  became  a  r.\ore  e.xpensive  item  of  (irst  cost 
thiin  the  hot  water  a])paratus  itself.  A  switch  to  lireak  a 
25  kw.  load  is  no  nice  com])anion  in  any  bathroom,  iind  remote 
control  was  essential  with  all  its  e.xpetise. 

.\t  first  sight  the  ge\ser  woulc'  appear  to  lie  the  most  elli 
cient  way  to  ol)taii\  hot  wiiter,  iini'  it  is.  if  the  temperature  of 
the  water  be  measured  at  the  gey.ser  outlet,  but  it  can  give  no 
points  iji  efficiency  to  other  a])paratus  if  the  temperature  be 
nu'asund  in  the  bath  itself  when  it  is  full  ;  even  with  a  loading 
of  25  kw.  the  geyser  would  have  to  run  for  seven  minutes  or 
so  to  ])rov:t'e  a  bath,  and  the  heat  losses  of  the  water  iui\  info 
the  bath  in  tliat  tinu'  are  very  considerable. 

The  next  trial  was  by  menus  of  a  circulator  usi  d  in  the  .same 
way  as  a  gas  circulator.  The  chief  reason  f(»r  the  adoption  of 
this  type  was  timt  it  iillowcd  for  the  use  of  the  existing  hot 
water  tank  iind  (istein  in  the  house,  without  alteration  otiier 
than  conju'ctijig  the  circulator  to  the  pipes  Ix-tween  the  usual 
kitchen  range  boiler  and  the  tank.  It  sooji  became  evident 
tlmt  atitomatic  temperature  control  must  be  provided  if  current 


consumption  was  to  be  kept  down  and  the  Grundy  thermostat 
was  generally  adopted. 

The  heat  losses  of  this  circulator  arrangement,  though  not 
high,  were  greater  than  need  be,  and  as  the  apparatus  occupied 
space  which  could  often  ill  be  afforded  and  was  expensive  in 
manufacture,  it  was  discarded  in  favour  of  the  apparatus  which 
has  now  become  standard. 

This  standard  gear  consists  of  an  ordinary  well-lagged  water 
tank  of  desired  capacity,  fitted  with  an  immersion  heater  and 
thermostat.  The  immersion  heater  of  a  standard  type  passes 
through  a  circular  hole  in  the  bottom  or  side  of  the  tank,  the 
joint  being  made  water-tight  in  the  usual  way.  These  immer- 
sion heaters  are  quite  .small,  take  up  very  little  room  in  the  tank, 
and  are  loaded  to  a  consumption  of  4  kw.  (in  the  .standard  bath 
tank  two  immerser.s  a'e  used,  or  even  three  where  very  (juick 
heating  is  re(juired). 

The  advantages  over  the  earlier  tN'pes  of  apparatus  are  : — 

1.  Th'  /irst  cnsl  is  Jow  :  the  immersers  are  comparatively 
inexj)ensive  and  the  fixing  work  on  the  tank  is  very  little. 

2.  The  heat  losses  are  reduced  to  a  minimum,  for  the  whole  of 
the  heat  produced  pa.sses  directly  to  the  water,  the  only  losses 
being  those  of  conduction  and  radiation  from  the  tank. 

.').  T!ie  existi)ig  Init  water  tank  in  the  house  can  be  used, 
although  in  large  installations  it  is  undesirable  to  do  so,  as  will 
be  seen  later. 

1.  The  heaters  being  always  surrounded  by  water,  work 
under  the  very  best  possible  ctmd.itioixs. 

The  ])roblem  of  electrification  of  the  d.omestic  hot  water 
su])ply  is  directly  analogous  to  the  electrification  of  the  power 
plant  of  a  factory.  The  demand  for  hot  water  at  any  j)ar- 
ticular  tap  rejire.sents  the  demand  for  power  by  a  machine. 
The  heat  los,ses  in  the  pipes  represent  shafting  losses.  The 
long  runs  of  circulating  pipes  represent  long  lines  of  shafting. 

But  whereas  the  individual  drive  is  not  always  the  best  aixd 
(  hea])est  in  factory  Work,  for  domestic  hot  water  supply  indi- 
vidual ap])aratu8  at  each  point  of  demand  will  always  give  the 
best  results.  excej)t  in  very  few  instances. 

.Most  electric  h(»t  water  installations  up  till  recently  depended 
on  a  central  hot  water  tank  .supplying  the  whole  pi-emises  by 
means  of  pi|>es.  On  careful  test  it  was  found  that  the  heat 
lo.sses  in  the  pi])es  in  the  best  ca.ses  were  at  least  ecpial  to  the 
eiiergv  u.sefully  consumed,  and  in  the  woixt  ca.ses  less  than  one- 
fifth  of  the  energy  used  was  represented  by  hot  wat«r  in  the 
bath  or  sink.  The  reason  for  ever  adojiting  a  central  tank 
])robablv  is  that  hot  water  is  reepiired  at  most  times  in  the 
working  day.  and  it  was  thought  that  the  pipe  losses  would 
not  lie  more  than  the  hisses  of  several  separatee  tanks.  Not- 
withstaiu'ing  that  there  are  many  instances  of  central  tank 
electric  hot  water  .schemes  giving  great  satisfaction,  close 
investigation  shows  conclusively  that  it  is  a  most  inefficient 
arrangement,  even  if  thermostatically  controlled  (and  all  hot 
water  svstems  should  be  so  controlled,  unless  the  ap|)aratus  be 
used  only  by  he  or  she  who  jiays  the  current  bill). 

The  best  practical  arrangement  has  ))roved  to  be  the  i)ro- 
vision  of  separate  hot-water  tanks  at  each  jioint  where  hot 
water  is  drawn.  The  tanks  are  electrically  loaded  at  bath 
points  to  provide  a  bath  of  h»»t  water  in  20  minutes  from  the 
time  of  swit«'hing  on.  and  the  current  is  thermostatically  cut 
off  after  the  (h'sire('  temperature  is  reached  :  the  current  cannot 
be  switched  on  again  except  by  hand.  The  tank  being  well 
lagged,  the  water  keeps  hot  several  hours,  and  the  heat  losses 
inseparable  fmm  a  constantly  ready  hot-water  su]>]ily  are  thus 
eliminated.  The  initial  cost  of  the  a]>paratus  is  (piitelow:  the 
size  of  lank  a<lo]tt4»d  is  15  to  20  gallons,  the  temjierature  at 
which  the  thermostat  operates  being  fixed  at  l.')0''K.  to  lOO^F. 
The  cold  wiiter  inlet  only  is  controlled  by  a  tap.  the  outlet  l>eing 
left  open..  When  a  bath  is  ret|uired,  the  cold  water  cock  is 
opened,  and  the  hot  water  forc^'d  out  of  the  tank,  followed  by 
sufticient  cohl  water  to  bring  the  bath  tem}>erature  down  to 
'.•5"K.  to  1(MI  K.  In  practice  there  .seen\s  to  be  no  disadvantage 
bv  reason  tif  tlu«  apparatus  taking  2"  minutes  to  heat  up.  and 
no  complaints  ari.se  on  that  head. 

For  sinks  and  cleaning  water  a  quite  small  apparatu.s  ia 
pix>vidcd.    The  tank  or  container  is  heavily  lagged  and  holda 
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about  I2  gallons;  the  teiupeiatuie  at  which  the  thermostat 
operates  is  fixed  at  i;)0°F.  The  loading  is  4  kw.,  uiul  thus 
],V gallons  of  water  at  190'^F.  can  be  procured  every  10  minutes. 

The  provision  of  water  for  wash-hand  basins  i.e.,  when  hot 
water  is  required  at  a  moment's  notice  throughout  the  day 
can  be  dealt  with  by  a  4  gallon  tank  controlled  thermostatically 
to  switch  on  and  off,  and  thus  provide  a  constant  supj)ly.  The 
heat  losses  in  so  small  a  tank  need  not  exceed  70  watts,  in 
most  cases  wash-hand  basin  supply  is  really  unnecessary, 
consumers  preferring  to  do  without  the  small  extra  con- 
venience such  a  service  ai?ords. 

Apart  from  the  great  advantages  of  simplicity  and  economy 
in  current  consumption,  the  general  arrangement  descril)ed 
has  the  additional  recommendation  tliat  the  cost  of  running  a 
prospective  installation  can  be  very  nicely  calculated,  for  the 
heat  losses  are  almost  negligible  and  current  consumption 
is  directly  proportional  to  gallons  of  water  required.  An 
ordinary  bath  of  25  gallons  of  95°F.  can  be  obtained  for  a 
consumption  of  3|  units.  Hot  water  requirements  for  washing- 
up  account  for  1  unit  for  every  4  gallons  at  130  deg. 

In  many  districts  in  England  the  rates  offered  for  electric 
hot-water  service  are  quite  low  enough  for  successful  com- 
petition with  gas  ;  but  there  are  still  a  large  number  of  station 
engineers  who  do  not  offer  low  rates  possibly  because  they  are 
not  yet  convinced  that  it  would  pay  to  do  so. 

Two  tentative  objections  might  be  raised  to  the  cultivation 
of  a  hot-water  load  : — 

1 .  That  it  would  be  of  poor  load  factor. 

2.  That  the  up-to-date  apparatus,  demanding  as  it  does 
heavy  instantaneous  demands,  would  cause  severe  mains 
trouble  and  pressure  variation. 

It  is  true  that  by  itself  a  hot-water  load  has  a  poor  load 
factor,  but  to  a  central  station  supplying  hght  and  power  the 
load  factor  of  any  particular  consumer  or  group  of  consumers 
is  of  no  importance.  What  really  matters  is  the  load  factor 
of  the  whole  system,  and  if  any  new  load  will  improve  the  sys- 
tem load  factor  then  a  low  price  can  be  profitably  offered. 

Any  load  which  does  not  increase  the  station  peak  must 
increase  the  system  load  factor.  The  chief  demand  for  hot 
water  in  a  well-to-do  residential  district  is  mainly  in  the 
morning  before  10  a.m.,  and  as  such  does  not  increase  the 
station  peak.  In  the  poorer  districts  the  demand  is  in  the 
evening,  but  long  after  the  time  of  station  peak  has  passed. 

It  may  be  that  some  hot-water  load  will  come  on  at  peak 
time — the  bathing  of  young  children  at  early  bed-time  might 
be  such  a  load  ;  but  this  is  such  a  small  proportion  of  the  total 
demand  for  hot  water  that  it  is  comparatively  unimportant. 

Further,  it  is  always  possible  to  keep  such  a  demand  off  peak 
by  fixing  a  time  switch  to  cut  off  current  during  peak  hours. 
Such  an  arrangement  would  not  interfere  with  the  hot-water 
service,  for  the  apparatus  last  described  could  quite  easily  be 
adapted  for  these  circumstances.  The  temperature  at  which 
the  thermostat  operates  would  be  raised  a  few  degrees,  and  the 
current  switched  on  quite  early  in  the  afternoon.  The  lagging 
of  the  tank  would  prevent  much  heat  loss,  and  the  bath  water 
at  the  right  temperature  would  be  drawn  off  some  hours  after- 
wards. In  practice  such  an  expedient  would  probably  be 
found  unnecessary. 

The  trouble  of  pressure  variations  due  to  heavy  loading  is 
one  which  many  mains  engineers  fear  and  drastically  prevent 
by  prohibiting  altogether  the  installation  of  the  apparatus. 
Pressure  variation  occurring  in  the  daytime  is  not  of  great 
importance,  and  even  did  it  occur  it  would  probably  pass 
unnoticed.  In  practice  it  is  quite  unusual  to  experience 
.pressure  trouble  due  to  hot-water  requirements;  so  little 
-  demand  is  made  in  lighting  hours,  and  the  residential  load  of 
cooking  and  heating  has  increased  to  such  an  extent  that 
demands  of  even  20  kw.  on  a  well-laid-out  system  cause  no 
inconvenience. 

It  is  true  that  trouble  will  be  experienced  at  the  end  of  a  long 
feeder,  but  in  such  case  the  consumer  would  be  debarred  from 
using  anything  but  lighting,  and  if  the  suppliers  (with  half- 
watt  lamps  in  sight)  are  going  to  depend  for  service  on  lighting 
only  their  chance  of  making  a  profit  will  be  small  indeed. 


In  the  Marylebone  district  the  demand  Utt:  Lot-water 
apparatus  is  an  ever-increasing  one,  and  the  installations 
carried  out  have  proved  eminently  satisfacton-,  to  br>th  user 
and  current  supplier.  The  possible  business  needs  onlv 
advertisement  to  be  obtained  and  kept,  and  hot-water  supplv 
looks  likely  to  be  one  of  the  most  profitable  departments  of  the 
concern. 


THE  BONECOURT  BOILER. 

It  is  interesting  to  note  that  a  verj-  great  advance  has  been  made 

recently  in  the  detail  construction  of  surface  combu.stion  and  waste 
lieat  boilers  by  the  Boneeourt  Waste  Heat  Boiler  Vxt.  (Ltd.).  who  are 
prepared  to  quote  for  gas-fired  l)oilers  to  evajxirate  up  to  TO.tKM)  lli. 
of  steam  per  hour  each,  and  also  for  Sonecourt  patent  wa.ste  heat 
boilers. 

These  boilers  consist  of  a  cylindrical  drum  traversed  from  end  to 
end  with  tire  tubes,  in  which  is  ])Ut  refractory  packing  of  suitable 
shape  and  dimensions.  Tliis  packing  has  a  double  function  in  the 
gas-tired  boilers: — 

1st.  It  enormously  accelerates  the  combustion  which  enables  great 
quantities  of  fuel  to  be  burnt  in  a  very  restricted  space. 

2ncl.  It  causes  the  heat  generated  to  be  transmitted  to  the  heating 
surface  chiefly  by  radiation  instead  of  by  conduction,  and  conse- 
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queutly  the  transmission  of  h(>;'.t  to  the  heating  surface  is  also  very 
gi'eath'  accelerated.  .    -■  - 

In  the  waste  heat  boilers  the  refractory  packing  in  the  tubes  has 
the  second  function  only.  •-        .    *<    *  «*    ^ 

111  the  gas-tired  boilers,  tubes  of  6  in.  bore  and  13  ft.  long  have^been 
adopted  as  a  standard,  and  the  aiuomit  of  steam  obtainable  from 
each  tube  is  400  lb.  from  and  at  212'^F.  per  hour.  In  the  waste-heat 
boilers,  tubes  of  15  in.  bore  have  been  adopted. 

The  acceleration  of  combustion  in  the  gas-tired  Ixiilers  and  the 
acceleration  of  heat  transmission  in  both  types  of  boilers  necessitate 
the  bringing  of  the  heat  to  be  transmitted  to  the  heating  surfaces  at 
a  much°higher  rate  than  in  ordinary  practice  ;  con.^equently  the 
speed  of  the  gases  over  the  heating  surfaces  and  over  the  ivfractory 
in  the  tubes  is  verv  high,  and  it  is  impossible  for  any  dust  contauied 
in  the  gases  to  lodge  in  the  tubes.  Kven  if  there  were  deiwsits,  it  is 
an  easv  matter  to  pull  the  packing  out  and  to  put  it  back  agaui. 

Conibustion  takes  place  in  the  gas-iii-ed  boilers  with  practically 
no  excess  of  air,  the  temperature  of  the  gases  leave  the  boiler  at  not 
more  than  30°C.  above  the  temperature  of  the  steam,  and  practically 
the  whole  of  the  shell  can  be  efficiently  lagged,  so  that  it  is  obvious 
that  the  tfficiencv  of  these  boilei-s  must  neces.sarily  be  abnormally 
high  as  is  found  to  be  the  case.     An  average  evajwration  up  to  20  lb. 


404 


THE  ELECTRICIAN,  JUNE  23,  1916. 


of  .steam  jkt  .square  foot  of  heating  .surface  i.s  obtainable,  and  conse- 
quently .steam  can  be  rai,sed  very  rapidly. 

As  (compared  with  the  ordinary  type  of  boiler,  a  multitubular  Hre 
tube  boiler  requiring  neither  brickwork  setting  or  flue.s  i.s  clearly  a 
very  much  more  eflficient  method  of  recovering  the  sen.sible  heat  of 
the  products  of  combustion  discharged  from  industrial  furnaces  and 
gas  engines,  jis  the  hot  gases  being  uithi7i  the  tubes  and  the  water 
being  around  the  tubes,  there  is  only  one  direction  into  which  the 
heat  can  flow — namely,  into  the  water.     Moreover,  as  no  brickwork 
.setting  or  flues  are  required,  there  is  no  oj)j>ortunity  for  cold  air  to 
leak  into  such  flues  and  cool  the  products  before' they  reach  the 
heating  surfaces.     Up  to  the  jjresent  time,  however,  the  employment 
of  multitubular  Hre  tube  boilers  has  been  quite  impracticable  for 
recovering  the  waste  heat  discharged  from  large  industrial  furnaces, 
owing  to  the  small  evajKjration  obtainable  per  unit  of  })oiler  heating 
surface  and  the  con.sequent  bulky  nature  of  the  Injiler  necess;ir\  for 
dealing   with   large    volunie.s   of   wa.sto   i>roduct.s.     The    Bonecourt 
pat.mt  waste  heat  boiler,  however,  by  eva|K)rating  steam  ])Cr  unit  of 
l)oiIer  heating  sui-face  at  ajjiiroxiuiately  three  to  Hve  times  the  rate 
of  other  fire  tube  boilers,  has  entirely  altered  the  question. 

The  f  ompany  has  just  issued  a  pamphlet,  in  which  these  iK)ints  are 
emphasised. 


BOILER-HOUSE  DESIGN  AND  OPERATION. 


An  ab.stiaet  of  Mr.  Lackie's  Paper  on  this  subject  will  be 
found  on  p.  381  of  our  present,  issue.  The  followinf;  is  an 
account  of  the  discu.ssion  which  followed  the  reading  of  the 
Paper : — 

.Mr.  S.  K.   Fkddkn  (Shcflidd)  thoufrht  the  maximum  st(  aming  in  the 
rniiiiimim  ^])a(•e  was  not  the  main  i>oint.      The  load  factor  was  the  first 
iiiqiortaiit  point,  as  on  this  <l,|)cii(l(  d  the  amount  of  coal  and  ashes  one 
would  have  to  handle.      If  tlie  load  factor  roK-  largely  it  mi).dit  be' im- 
l)ossible  to  handle  the  coal  and  ashes  in  boiler  house  as  originally  laid  out. 
Jn  his  (qiinjon  the  boiler  house  was  now  more  inqjortant  than  the  turbine 
room.      He  had.  therefore,  started  shift  cn}/incers  meifly  to  look  after 
the  Ijoilcr  house.      With  rejiard  to  CO.^,  he  had  not  been"  able  to  ol)tain 
more  than  H  to  9  jx-r  cent,  of  CO,,  and  this  dc])end((l  cm  the  extent  to 
which  the  frratcs  wen-  coven  d.      He  did  not  think  it  was  practicable  to 
Kct  much  (!().     .Steam  How  meters  he  had  found  unsatis^actoiy.     As  to 
mechanical  stokers,  he  had  made  experiments  hy  using  various  ty]H's  at 
Sheffield.      Chain-firate   stokei-s   with    coal    of    14.(M»(»    H.Th.l'.    n-quired 
17-72(1.    ])(r    ton    for    maiMt<-nance.      With    coal    of    low    calorific    value 
(M),t)(t(t  to   I  1.(100    M.Th.r.)  the  maintenance  was  4()d.     The  underfe*  d 
stoker  rccpiired  r)-7d.  for  maintenan(<-,  but  this  figure  rose  rapidly  if  the 
fires  were  banked.     A  bucket  conveyor  handlinjj  washed  coal  cost  I  1  Hd.ixr 
ton  handled  ;    with  unwashed  coal  it  was  hifiher.      In  the  caw  of  ashes, 
the  figure  rose  to  17-7(>d.      It  was  (piite  desirable  to  have  an  engineer  to 
watch  the  ash  which  should  he  analysed  cveiy  w<<  k.      He  found  at  one 
time  they  were  turning  out   ash   having  4.(i4S   H.'l'h.r.  calorific  value  ; 
this  was  reduced  hy  an  engineer  to  :{.1.'')2.  and  risk  of  fire  in  the  dunq)ing 
hea])    was    reduced.      The    salary    was.    therefon-,    easily    saved.     Thr 
(juality  of  riddlings  did  not  seem  to  varv  murh  from  end  to  end  when 
working  with  a  well-covered  grate,  hut  they  varied  (ith<-rwis<'.      Thus  a 
wcllcovcred  grate  gave  riddlings  of  <t..-.!)(i  M.Th.l'..  whcn-as  wiu-n  burnt 
half  way  the  value  was  (».0(i().      Loss  in  soot  in  boilers.  Ac.,  was  <piitc 
a])pre(ial)le,  and  varied  with  the  i)Osition  of  the  soot.      This  was  shown 
by  the  following  figures  : — 
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Oxidation. 

The  ipiality  <if  coal  liad  >iiuch  deteriorated  since  the  l>eginning  of  the  war. 
The  ash  had  risen  from  10  jier  cent,  up  to  2il  per  cent. 

.Mr.  .1.  ('uKrsTiK  ( Brighton)  i-efern-cl  to  the  firing  of  boilers  by  gas.  The 
dilhculty  of  lyroviding  suflicient  spac<'  for  the  b  )iler  jtlant,  cdal  and  nsh 
handling  |)lant  for  vej.v  large  units  woidd  JM-eonie  inen-asingly  si  riouh. 
Why  dioiiid  not  gas  recovery  plant  and  i;a -i  tiring  he  used  instead  of  coal 
liriiig  '!      He  had  arranged  a  large    cheine  <  f  this  kind  with  the  Coalite  Co. 

Mr.  S.  \j.  I'i;ai!(K  (Manchester)  sad  that  the  author  of  the  I'ajM-r  had 
l)ecn  to  America,  aiul  no  doubt  many  of  the  viewsexprefn  d  weir  prompted 
by  that  visit.  In  regard  to  Mr.  Ijiekies  axiom  that  the  main  object  of 
the  boiler  house  was  to  have  the  maximum  steaming  eai)acitv  in  the 
minimum  of  sjiace,  he  synq)athis< d  with  Mr.  lM'dden"s  \  icws.  Thev  now 
cramped  as  much  steam  I'aisiug  plant  as  possible  into  existing  huihiings. 
simply  because  it  was  ncccssarv  at  pnsent  to  get  the  last  oinice  of  sti-am. 
Iiut  he  did  not  think  that  the  sole  i-riterion.  Turning  to  the  question  of 
(luce  ,:  twosloiy  boih-r  hou.ses.  Mr.  I'earci'  showed  by  means  of  slides 
I  lie  pio|iose(l  Uarlon  station  at  Manchester.  In  this  the  i conomisers 
were  arranged  iiehind  the  boilers.  On  each  lioiler  house,  owing  to  liglitcr 
steel  striii  filial  work,  and  desjiite  the  fact  that  additional  ground  space 


was  necessary',  there  was  a  saving  of   some    £8.000  ovtr  a  triple  story 
building.     Expix'ssed  as  ix-Tccntage,  such  boiler  hou>cs  could  be  erccttd 
at  a  cost  of  about  20  per  cent,  less  than  the  three-storj'  building.       In 
regard  to  the   question  of  clean  and  Ught   boilc  r  houtes,  he   had  seen 
numerous  stations  with  economisers  above  the  boilers,  but  he  had  not 
seen  one  with  a  rea.sonable  amount  of  natural  light.     With  the  Barton 
arrangement  all  the  light  nec-cssary  came  through  the  roof  lights.     The 
question  of  light  also  turned  on  the  type  of  chimnc  y.  the  arrangement  of 
one  chimney  ]X'r  boiler  or  one  steel  chimney  with  induced  draught  for 
two  boilers.     They  were  bound  to  get  dust  which  obscured  the  skylights. 
At   liarton  the  overall  width  of  the  four  boilers  would  correspond  with 
the  length  of  the  turbine  room.  This  was  designed  for  160.000  kw.  plant. 
So  long  as  they  could  with  the  two-storj-  arrangement  get  in  the  boiler 
plant  required  with  the  corresponding  length  of  the  engine  room,  he  failed 
to  see  any  advantage  in  the  overhead  economifcr  arrangements     The 
author  stated  that   modern  turbine  rooms  could  accommodate  20  h.p. 
jK-r  square  foot  of  engine  room  floor,  but  this  seemed  to  him  an  excessive 
figure.     In   the    Barton    arrangement   it    was   about    10,   representing 
20.000  kw.  units.      In  regard  to  the  question  of  a^hes,  he  did  not  think 
Jlr.    I.^ckie   advocated   that   ashes  and   riddlings   be   .sent    down   indis- 
criminat^'ly  ;    it    was  another   matter  to   have   one    or  two   boilers   to 
deal  with  tliem.     The  author's  layout  did  not  jirovide  for  sy)are  plant  ; 
it  was  absolutely  essential  to  have  a  big  reserve,  not  only  in  the  steam 
available,  but  also  in  the  boiler  units  themselves.     He  did  not  think  the 
arrangement  of  boiler  hou.ses  with  firing  from  two  sides  had  anything  to 
commend     it.        He     endorsed     Mr.    Feddcns     experienci'     reganling 
steam    How    meters.       At    the    present    time,    he    was    afraid    that 
tht     word   st<^am     meter     was     a     synonjm     for     inaccuracy.       In 
regard  to  the  author's  steam-piping  arrangement,  it  was  hardly  neces. 
sary  to  bring    down   piping  into    a  common    receiver.      The   possible 
interruptions  from   leaking    jf)ints    need  not    be  seriously  considered. 
In    regard    to   the   coal-handling    plant,   in    the   tentative   arrangement 
proposed  for  the  Barton  station,  liberal  use  of  coal  conveyors  was  made, 
and  he  was  glad  to  have  Mr.  Lackie's  assurance  that  coal-conveying  plant 
was  likely  to  work  out  the  cheapest.     Provision  was  made  at  Barton 
for  from  two  to  three  months'  coal  stocks,  and  the  coal  was  receivp<l 
either  from  railway  or  from  the  canal.     TIutc  was  a  tendency  in  many 
power  stations  to  neglect  feed  pumps,  which  seemed  to  be  "  stuck  away 
anywhere."     He  was  much  impressed  by  the  arrangement  adopted  in 
the  new  Paris  station,  a  modification  of  which  was  shown  in  the  design. 
The  pump  hall  was  between  the  turbine  room  and  the  boiler  house.     On 
the  floor  of  that  hall  were  the  centiifugally -driven  steam  pumps,  which  he 
said  were  to  be  preferred  to  reciprocating  pumps,  an<l  in  their  exi>erienee 
were  most  .sjiti.sfactory.      In  legard  to  ash  handling,  provi.sion  should  )rc 
made  to  lemove  the  ashes  by  rail,  road,  or  water,  and  it  was  important 
that  the  ashes  should  he  separated  from  the  soot,  as  each  had  a  market, 
but  there  was  no  market  for  the  two  mixed.     .Mr.  Pearce  concludini  his 
remarks  by  showing  on  the  screen  a  table  of  details  of  some  water-tube 
boilers,  demonstrating   the   (-omi)arative  (lif^erente   between    American 
practice   and    what    might    be    terme<l    repres<-ntat ive    British    pradiie. 
British  pra<tiic  erred  perhaps  on  the  saU'T  side  than  the  American,  in 
that  the  boilers  were  designed  for  long  continued  operation  with  a  pretty 
big  margin.     Several  of  the  high  values  quoted  in  the  case  of  the  .American 
boilers  were  <»btained  with  oi  e  or  other  form  of  the  underfeed  type  of 
stoker.  Working  un<ler  forcetl  draught. 

IxtiiiLi  of  Stitiif  Lar<jf    \V.  T.  Boilers. 
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Mr.  .!oHN  KoBRRTs  (Durl>an.  South  Africa),  who  was  given  a  hearty 
w<leoine  on  hiK  intnxliietion  to  the  Ctmvention.  took  the  opportunity  to 
ex]>n-ss  his  thanks  for  the  invitation  to  attend  the  nueting.  on  his  own 
1m  hulf  and  that  of  the  memlxTs  of  the  Asso<Mati<  n  of  South  .African 
K.lectrii  a|  Xnginerrs.  This  ass<K'iati<Mi  had  lxH>n  fornu  <l  more  or  less  at 
his  instigation,  and  was  very  helpful  to  engineers  in  the  I'nion  in  charge 
of  largt-  and  small  plants.  He  ho^xtl  that  one  dav  that  a:  s<<(  iation  might 
1k>  afhhat.d  with  the  I.M.K.A.  H<g.irding  Mr.  I.a<  k.c  s  l'ap<r.  he  was 
unable  to  offer  any  criticism,  lK>eaiiM-  in  South  .-Vfrica  they  did  not  design 
"  sujM'r  stations  ■■  such  as  wen-  now  going  down  in  this  (ciuntry.  At 
Durban  he  was  ]»ntting  down  a  15-20.000  kw.  plant,  and  he  thought  that 
enough  had  not  Im-cu  made  of  a  stcani  raising  unit  comprising  boiler, 
grate,  su|N>rheat(>r.  cconomi(<ier.  draft  plant,  and  ( himney  all  on  one 
foundation.  Such  units  wi'tx-  now  available,  and  were  jmning  most  ukc- 
ful  in  <'eonoiivsing  floor  spa<v. 

Mr.  Dwiit  Wii.soN  (Itnbcock  A-  Wilcox)  stat«  d  that  boiler  makers  w<  le 
adajilinu  themselves  to  limitations  of  K]vt<v.      In  high-rate  boilers  it  was 
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specially  lU'cdssaiy  to  be  careful  with  the  iced  water.  Tiie  outjmt  wa« 
now  largely  a  matter  of  combustion.  He  agreed  with  Mr.  Lackie  that  it 
would  not  pay  to  burn  very  low-grade  fuel,  but  good  results  were  obtain- 
able with  such  fuel  nevertheless.  Thus,  at  Detroit  an  efficiency  of  17 
per  cent,  was  obtained  with  coal  of  18,000  H.Th.U.  calorific  value  as  fired. 
At  The  Hague  the  efficiencv  was  15  to  Hi  per  cent,  with  coal  of  over 
1.3,000  B.Th.U.  At  Dunston  the  efficiency  was  15  to  16  per  cent,  with 
(ioal  of  only  10,000  B.Th.U.  as  fired.  At  the  Victoria  Falls  works,  which 
produced  2",000,000  units  per  day,  the  efficiency  was  about  13  per  cent., 
with  coal  of  under  10,000  B.Th.U.,  and  a  large  percentage  of  only 
7,500  B.Th.U.  In  all  these  cases  induced-draught  was  used.  Mr. 
Lackie  had  mentioned  a  performance  of  9  lb.  to  10  lb.  per  square  foot  of 
grate  area.  He  (the  speaker)  presumed  that  the  reference  was  made  to 
anthracite,  as  miich  larger  outputs  were  obtained  with  other  fuels. 
Finally,  he  would  like  to  remark  that  boiler  makers  were  not  sitting  still, 
but  were  caiTying  on  a  great  deal  of  investigation. 

Mr.  0.  H.  WoRDiNGHAM  had  come  to  the  same  conclusion  as  Mr. 
Lackie,  that  with  large  units  it  was  necessary  to  have  back-to-back 
boiler  houses.  The  (juestion  of  heat  insulation  materials  was  very  im- 
))ortant,  and  the  figures  given  by  Mr.  Lackie  were  valuable.  He  thought 
it  questionable  if  much  was  to  be  gained  by  enormous  turbine  units, 
such  as  50,000  kw.,  awing  to  complications  in  the  boiler-house.  There 
was  ])robably  a  future  before  gas  firing,  owing  to  .Bonecourt  and 
other  developments,  but  in  order  to  benefit  by  this  to  the  full  he  thought 
that  co-operation  between  the  electric  and  gas  interests  would  be  neces- 
sary. 

Mr.  W.  M.  Selvey  thought  that  the  idea  that  there  was  any  necessary 
connection  between  the  space  devoted  to  boilers  and  the  space  devoted 
to  turbines  was  purely  conventional.     It  was  evident  that  the  design  of 
the  boiler  house  was  now  the  main  feature  of  a  power  station,  and  that 
the  engine-room  wa,s  only  a  small  annexe.     Mr.  Lackie,  while  still  con- 
sidering the  idea  of  cramping  the  boiler  house  to  make  it  fit  the  engine 
room,  was  concerned  with  the  proportion  of  grate  area  per  square  foot 
of  boiler  house  space.     This  would  be  a  fruitful  point  of  view  to  take  at 
any  time.     The  marine  boiler  design  of  Messrs.  Babcock  &  Wilcox  lent 
itself  very  much  to  effective  use  in  this  direction,  but  our  other  successful 
boiler  builders  in  this  country  such  as  the  Nesdrum,  Stirling,  Woodeson 
and  the  like  had  not  properly  tackled  this  question.     In  this  connection 
he  would  call  attention  to  the  arrangement  of  Stirling  boilers  at  Detroit. 
As  a  practical  fireman  he  was  of  opinion  that  it  was  a  great  mistake  to 
cut  down  the  alleys  between  the  boilers,  or  what  would  be  in  some  modi- 
fied types  the  platform  at  the  back  of  the  boiler.     He  was  certainly  not 
enamoured  with  the  idea  of  elevating  riddlings  to  the  coal  bunkers,  ex- 
cept, say,  to  some  special  hopper  at  the  end  of  the  station,  from  which 
such  stuff  can  be  drawn  for  banking  boilers  or  for  combustion  into  some 
special  allocated  boiler.     This  question  of  riddlings  was  of  much  more 
importance  with  the  old  open-link  grates,  but  nowadays  with  close-link 
grates  the  amount  dropped  was  exceedingly  small  and  was  largely  mixed 
with  ash.      In  regard  to  stokers,  attempts  to  do  away  with  the  travelling 
grate  type  had  in  the  end  resulted  in  an  appreciation  of  its  good  points, 
and  in  a  return  to  the  idea,  but  with  considerable  advance  in  construction. 
One  thing  that  was  desirable  was  to  provide  emergency  travel  rates  on 
the  ordinary  chain-grate  two  or  three  times  as  fast  as  at  present.     Thick- 
ening up  a  fire  was  not  the  correct  way  to  produce  rapid  combustion.    It 
necessitated  much  more  draught  on  the  grate  than  the  thinner  fire  run 
taster  ;   it  gave  rise  to  much  higher  internal  temperature  in  the  fuel. 
This  was  more  likely  to  cause  burnt  links,  it  facilitated  the  formation  of 
fiuid  clinker,, and,  lastly,  the  high  draught  necessitated  had  a  great  ten- 
dency to  lift  ash,  both  solid  and  fluid,  up  on  to  and  among  the  tubes, 
Another  objection  to  getting  heavy  overload  out  of  a  boiler  by  thick  fires 
was  that  it  was  almcst  impossible  to  check  such   fires  when  once  well 
alight.     Coming  to  the  larger  question  of  fuel,  it  should  be  noted  that  in 
the  future  the  electrical  industry  will  be  the  biggest  coal  buyer  and  coal 
user.     In  this  respect  "  electrical  generation  "  would  then  have  to  organ- 
ise itself  as  a  manufacturing  concern  on  the  broadest  possible  lines,  and  to 
carry  on  its  own  researches.     The  attempt  to  co-operate  with  gas  engi- 
neers was,  he  thought,  doomed  to  failure.     One  of  the  most  striking 
developments  going  on  at  the  present  time  was  the  way  in  which  the  size 
of  the  colliery  generating  station  is  rising.    Any  scheme  of  linking  up,  such 
as  has  been  discussed  at  the  Institution  of  Electrical  Engineers  lately, 
would  largely  depend  on  the  co-operation  of  colliery  engineers,  and  they 
themselves  were  in  several  directions  privately  considering  a  considerable 
electrical  linking  up  of  allied  coal  interests.     The  possibilities  in  this 
direction  appeared  to  have  received  very  little  attention  either  from  the 
technical  press   or  from   the   technical  institutions.     The   difficulty   of 
stations  at  the  pit  head  wos  mainly  one  of  water,  and  we  must  be  pre- 
pared to  sacrifice  a  Very  considerable  degree  of  th%t  efficiency  which  we 
had  been  accustomed  to  regard  as  essential  in  our  big  stations  for  the  sake- 
of  getting  poor  fuel  very  cheap  and  having  facilities  for  coal  delivery  and 
ash  ejection,  such  as  we  should  never  get  in  the  vicinity  of  our  large 
towns.     It  was  no  handicap  to  have  stations,  say,  of  30  per  cent,  or  40  per 
cent,  less  efficiency  than  we  had  boon  accu.stomed  to  think  of  as  impera- 
tive if  we  could  get  fuel  from  half  to  one-third  of  the  price  per  the  B.Th.U. 
value  in  the  fuel.     The  question  of  coke  production  and  by-products  was 
a  difficult  one.     The  uses  for  coke  were  strictly  limited  and  no  stoker  so 
far  designed  could  operate  satisfactorily  from  a  meohinical  point  of  view 
with  this  intensely  hard  fuel.     The  burning  of  coke  on  a  fixed  grate  was 
another  matter. 

Mr.  T.  Roles  (Bradford)  thought  Mr.  Lackie's  Paper  was  fully  justified 
by  his  remark  showing  the  value  of  saving  I  or  2  per  cent,  of  the  coal. 
There  were  very  few  stations  in  which  a  saving  of  I  per  cent,  could  not 
he  effected.  In  regard  to  tlui  question  of  boiler-house  space,  he  thought 
that  space  might  be  saved  by  modifying  the  gia  e  of  the  land  type  of 


Babc(jck  boiler.  Steam  ijics.surc-^  iiad  not  been  raiwd  (luring  recent 
years,  and  it  was  difficult  to  decide  whether  higher  presHurcH  should  Ije 
adopted  in  new  .stations.  The  cost  of  development  work  in  thi«  direction 
would  have  to  be  paid  for  by  those  who  gave  the  first  order.  He  thought 
that  the  boiler  makers,  turbine  makers  and  valve  makers  should  com** 
together  and  decide  what  should  be  the  standard  prcHsure.  The  Engi- 
neering Standards  Committee  and  the  B.E.A.-M.A.  might  do  s^jmething 
in  this  direction.  He  had  come  to  the  conclation  that  coal  at  Ute.  to 
17s.  per  ton  might  be  cheaper  than  coal  at  lis.  owing  to  higher  calorific 
value.  He  thought  that  quotations  giving  evaporation  per  square  ifxA 
of  heating  surface  were  misleading.  He  harl  recently  U  <n  offer  d  Ujilen* 
(of  the  same  width  an.d  length,  and  therefore  of  grate  area)  of  U,4*A)  sq.  ft., 
8,000  sq.  ft.  and  7,000  sq.  ft.  heating  suiface.  The  smallest  heating 
surface  v  ould  no  doubt  have  given  an  excellent  evaporative  jK-rformanw, 
but  he  came  to  the  conclusion  that  the  cost  of  the  extra  tubes  was  wj 
small  that  it  was  economical  to  have  them. 

Mr.  McKay  (Stirling  Boilers)  remarked  that  some  years  ago  they 
manufactured  boilers  for  350  lb.  pressure,  and  the  only  trouble  they 
found  waswith  the  water  gauges.  He  wished  to  supfKjrt  the  two-Hi»<.rty|ie 
of  boiler  house.  The  figures  given  by  Mr.  Fedden  for  maintaining  chain- 
grate  stokers  did  not  apply  generally  owing  to  the  coal  uscl  which  was 
destructive  in  its  nature,  owing  to  high  temf)erat«res. 

Mr.  J.  Horace  Bowden  (Poplar)  asked  for  information  on  an 
American  stoker  which  he  had  seen  at  Glasgow  an<l  which  .'■temetl  to 
be  very  good  for  forcing  boilers.  With  regard  to  ashes,  he  thought  it 
should  be  possible  to  handle  these  in  the  same  way  as  at  sea. 

Mr.  G.  Wilkinson  (Harrogate)  hoped  that  the  effect  of  Mr.  Laekie's 
Paper  would  be  to  make  us  dissatisfied  with  boiler-house  practice.  There 
seemed  to  be  two  lines  of  improvement.  One  was  to  improve  the  heating 
surface  and  the  other  to  improve  the  radiating  surface.  High  evapora- 
tion was  possible  if  the  heat  could  be  applied.  Gas,  as  Mr.  Christie 
pointed  out,  was  a  possible  solution,  but  the  trouble  he  would  find  would 
be  in  disposing  of  the  coke.  Therefore  it  would  be  better  to  use  up  the 
coal  completely  in  making  the  ga,s.  Gas  would  give  simpler  boilers, 
more  room  and  valuable  by-products. 

Mr.  J.  P.  Gregory  (B.T.-H.  )  spoke  of  the  importance  from  a  com- 
mercial point  of  view  of  raising  the  boiler  pressure,  and  also  the  tem- 
perature of  superheat.  At  their  Rugby  works  his  company  had  made 
an  experiment  with  a  high-pressure  plant,  and  this  had  ceased  to  be  an 
experiment,  the  unit  having  become  a  permanent  part  of  their  power 
station.  The  unit  comprised  a  marine-type  boiler,  complete  with  econo- 
miser,  superheater  and  induced  draft  plant,  l,a00kw.  turbo-generator, 
surface  condenser  and  turbo-driven  auxiliaries.  The  hot  air  from  the 
alternator  was  turned  into  the  boiler  furnace.  The  boiler  pressure  was 
400  lb.  per  square  inch  and  700°F.  superheat.  Tests  had  shown  remark- 
able results,  which  would  doubtless  be  published  in  due  course.  It  had, 
however,  been  shown  that  with  350  lb.  per  square  inch.  2(i4'F.  superheat 
and  28.\  in.  vacuum  (assuming  80  per  cent,  boiler  efficiency),  the  overall 
efficiency  of  the  unit  was  19-12  per  cent.  The  same  unit  with  200  1b. 
pressure  and  200°F.  superheat  showed  only  17'3  per  cent,  overall  effi- 
ciency. 

Baillie  Smith  (Glasgow),  referring  to  Mr.  Wordingham's  remarks  that 
in  the  future  the  electricity  supply  and  the  gas  engineers  would  work 
conjointly,  said  that  two  years  ago  a  joint  sub-committee  was  formed  in 
Glasgow  from  the  Electricity  and  Gas  Committees  to  make  ]iractical 
investigations  and  experiments  in  the  gas  firing  of  boilers.  The  results 
had  been  more  encouraging  than  anticipated,  particularly  with  low 
temperature  carbonisation.  The  by-products  had  proved  valuable,  and 
coke  was  obtained  in  such  a  form  that  it  could  be  burned  in  the  open 
grate.  If  sold  it  fetched  a  good  ])rice,  or  if  not  sold  it  could  be  satis- 
factorily burned  under  the  boilers  in  place  of  coal.  He  hoped  that  a 
Paper  on  the  subject  would  be  read  at  next  year's  Convention. 

Mr.  H.  Martin  (Victoria  Falls  &  Transvaal  Co.)  would  have  liked 
Mr.  Lackie  to  have  given  his  views  as  to  possible  economies  in  the  boiler 
house.  There  were  many  avoidable  losses  in  the  handling  of  boilers, 
particularly  on  varying  loads.  A  steam  meter  should  he  a  very  useful 
instrument  in  boiler  testing.  He  (the  speaker)  had  found  a  special 
mercury  manometer  along  witk  Pitot tubes,  of  value  in  showingthe  great 
sensitiveness  of  water-tube  boilers  to  draught  and  general  handling.  A 
boiler  could  easily  become  a  condenser  on  a  superheated  steam  range. 


THE  GENERATION  OF  ELECTRICITY  ON  A  SMALL 
SCALE  OR  BULK  SUPPLY. 


At  the  opening  of  the  afternoon  session  the  C'hainnan  said 
that  on  the  previous  day  there  liad  been  a  conference  of  the 
Council  of  the  I.M.E.A.  and  the  power  companies"  othcials  on 
the  question  of  the  Board  of  Trade  circuhir  regarding  linking 
up  It  v^^as  proposed  to  appoint  a  joint  committee  to  go  into 
this  question  and  report.  The  matter  was  likely  to  become 
very  prominent  in  the  next  year  or  two  ;  tlierefore,  Mr.  Ellis  s 
Paper  touched  a  subject  of  considerable  importance. 

An  abstract  of  Mr.  Ellis's  Paper  on  tliis  subject  will  be  found 
on  p.  383  of  our  present  issue.  The  following  is  an  account 
of  the  discussion  which  followed  the  reading  of  the  Paper  :— 

Mr.  KoBKRT.soN  (Salford),  who  opMied  thedistussion.  said  the  qi.eit'on 
of  small  stations  or  medium-sized  stations  versus  large  stations  wr.s  one 
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requiring   a   great  deal   of  investigation.     'J'he   question   could   not    )je 
decided  by  taking  records  of  works  costs.     Items  such  as  rent,  rates  and 
taxes,  as  sJiown  by  Mr.  Ellis's  table,  varied  a«  much  as  (iOO  jier  cent.,  and 
management  charges  varied  quite  as  much.     He  instanced  the  cane  of  a 
station  which  paid   £4,500  for  services  which  another  station   with  a 
fiiniilar  output  got  for  something  like  £700.     Therefore  something  a  great 
deal  more  exhau.stive  than  simply  a  table  of  works  costs  was  necessarj- 
to  come  to  a  conclusion.     Referring  to  the  table  (p.  19  of  Paper),  giving 
approximate  ratios  of  steam  consumption  of  various  sizes  of  turbines, 
there  was  a  droj)  from   1,000  kw.  to  2,00(J  kw.  of  10  (06  to  80),  then  a 
Straight  line  from  2,000  kw.  to  5,000  kw.,  then  a  drop  of  one  point  to  the 
0,000  kw.  size,  then  a  straight  line  up  to  10,000  kw.     He  had  figures  from 
a,  well-known  manufacturing  firm  showing  a  difference  of  15  per  cent, 
between  the  2,000  kw.  and  5,(XJ0  kw.  sizes.     This  was  for  3,000  revolu- 
tions, and  if  this  was  considered  too  high,  then  for  1,500  revs,  per  min. 
with  steam  consumption  of  13'4,  there  was  an  advantage  of  9  per  cent. 
In  favour  of  the  5,000  kw.  size  over  the  2,00f)  kw.  size     He  was  in  general 
agreement  with  Mr.  Ellis  regarding  what  might  lie  called  medium  size 
stations  that  could  usefullj'  employ  3,000  kw.  sets  or  over.      If  up  to  date, 
effi(-i(;ntly  man;',g(^d,  and  with  area  of  supply  fairly  compac.,  there  was 
nf)thing  yet  in  tlii;  way  of  a  bulk  supply  that  could  improve  on  the  costs 
of  such  a  station.     Somc^  half  a  dozen  stations  in  the  Lancashire  area  were 
producing  energy  with  average  load  factors  at  costs  better  than  any 
figures   published   for   'arge   municipal  station.s,   whatever  companies' 
stations   may  do.     There   was   considerable   margin   for  saving  in   the 
Bmaller  stations,  aixl    j)robal)ly  in   the  near  future   many  of  these  in 
industrial  areas  might  have  to  shut  down  their  generating  ])lant  in  favour 
of  a  bulk  supply  from  a  larg,^  station  in  the  vicinity.     The  small  station  in 
a  iesi<lential  district  was  in  a  different  position,  but  the  small  station  in 
an  industrial  area  had  little  excuse  for  existence  in  these  days  of  national 
effuieiuy.     With  the  25,000  kw.  plant  there  was  little  to  chos<i  between 
costs  and  tliosefor  100.000  kw.     The  jK-rsonal  (jlr-mcnt  had,  of  course,  to 
be  taken  into  account.      In  running  a  station  witii  5,000  kw.  or  3,000  kw. 
they  could  come  very  close  to  the  ideal  costs  they  sonietinn^K  heard  about 
regarding  the  large  super  stations  to  be  built.     Referring  to  Tal)le  I.,  he 
thought  he  recognised  the  station  in  the  last  line  of  the  group  7,000- 
10,000  ;    the  works  costs  of  0-79  were  in  the  last  published  returns  of 
two  years  agf).      In  the  interval,  by  scrapping  certain  old  -jjlant  and  sub- 
stituting two  modern  turbo  fcts,  the  costs  were  reduced  something  like 
30  per  cent.,  although  coal  ha<l  gone  up  20  per  cent.      In  that  particular 
station  a  750  engine  generator  14  years  old  was  substituted  by  a  5,000  kw. 
turbine  running   day  and  night,  excepting  a  few  hours  on   Sunday,  for 
over  a  year  saved  £()0  a  dav  in  fuel,  anil  j)aid  for  itself  in  just  a  little  over 
a  y<'ar.     They  must  take  into  account  that  some  stations  were  moder- 
nised, and  some  were  in  the  jirocess  of  being  modernised.      I-Jegarding 
.Mr.  Ellis"s  recommendations,  hcliii  not  know  on  what  groun<l  the  author 
ba.ved  his  faith  in  the  Associal  ion  to  tarry  out  such  a  programme.   Erankiy 
he  had  no  faith  in  the  .Xssoeiation  being  able  to  do  any  of  theve  th'ngs. 
He  did  not  f|)vak  in  a  hostile  sjiirit,  but  the  Council  was  composed  of  busy 
men.  who  could  not   poKsibly  d' al  with  (juchtions  of  the  magnitude  out- 
lined      With  regard  to  future   loads.  aft<'r  the    war  there   would   be   an 
incrcasi  d  thniand  for  ])ow(  r,  if  we  were  to  mainla  n  our  jxisition  in  the 
world's  markets.     Stations  in  the  industrial  districts  wen-  so  gn  ui)e<l  that 
nearly  all  could  be  link<  (1  u])  at  little  e.\lK•n^e  or  d<lay.      Reducing  the 
amount  of  reserve  plant  was  only  one  advantage.     The  fact  That  ]>lant 
at  another  station  could  i>e  called  ujion  to  f<'cd  round  a  ring  main  was  a 
verygi'eat  ad\antai('.      If  the  most  cllicicnl  plant  was  conncett  d  to  the 
mains,  efficienc  y  of  HtO  ])er  cent,  might  be  obtained.     Tiicy  could  hhut 
down  stations  at  week-ends  and  during  light  loads  for  n-|>airs  and  over- 
haul of  plants  ;    but  jierhaps  the  otrongest  claim  of  nil  was  that  of  re- 
liabilitv.  particularly  was  this  so  at  th<'  pre^ent  time. 

Mr.  T.  Lrrri. Kit  (late  Alderman.  West  llani)said  that  any  scheme  of  link- 
injj  n|i  in  Londofi  must  include  i>oth  ll',r  companies  as  w<-ll  as  the  munici- 
pal undertaking.-i.  There  had  iieen  a  gn-at  retarding  of  municipal  eh-c- 
trii^ity  supply  in  London  on  account  of  the  i>etty  jealousies  which  s<'enM"d 
insei)arnble  from  municijial  working.  He  thought  that  the  conuneninl 
driving.'  force  of  the  companies  combiiu-d  with  the  broad  outlook  of  the 
munici]ialitien  would  achieve  a  result  which  wouhl  \n-  most  helpfid  in 
tins  niiittcr  of  reducing  the  cost  of  general  electricity  supjtly. 

.Mr.  K.  T.  Wii.i.i\Ms  argued  al  sonu"  length  the  ilesirability  of  looking 
broadly  at  the  matter  of  electricity  su).ply  on  a  large  scale,  and  not 
merely  from  the  jioint  of  view  of  linking  u]».  Knuincers  w«  re  to  Ik*  con- 
gratulated upon  the  cncri;y  and  dis patch  which  tin  y  had  thrown  into  t In- 
mat  tcr  of  hnkiny  up  clurini;  t  he  past  few  months.  He  disagn-c  d,  luiwevir. 
with  the  idea  of  local  and  sc)iarati-  areas  iM'iny  link"  d.  much  in  the  way 
that  Mr.  l^)l)ert^on  was  doing.  Me  cit<-d  the  jmlicv  uimn  which  the 
('anadian  Pacific-  K^iilway  had  laid  down  il»<  lines,  and  put  into  M-rvic>«' 
a  number  of  lim  rs.a  )iolicv  in  which  they  looke-d  many  ye-an»  ahead  and 
sleailfastly  ri'fuseel  to  be  guided  liy  the-  outlook  at  the-  immediate-  nionie-nt. 
Kieetrieity  sup|iiv  from  large  stations  was  the  problem  for  enginieis. 
and  it  wi>ulil  Iw  a  grave-  mistake  to  jwi  )iet  uat(<  by  linking  ui>.  small 
station^  which  ought  to  l)e-  wipcel  o\il. 

.Mr.  .1.  W.  Mkauks  (E!e-etrical  Engineer  to  the-  Indian  (Joxeinme-nt ) 
said  the  author  had  prci>an-d  an  inten'sting  table  on  average  costs.  He 
had  done  the  same-  thing.  Averages  we-n-  noti>rioufly  iinn-liable-.  but  thi-y 
hail  a  m-mral  value  as  showing  the  tn-nd  of  atlaii-'.  A  table  which  he- 
showed  on  the  sere-en  gave  particulars  of  Indian  eli  itrie-  seijiply  under 
takings.  Some  of  the-se,  though  snuill  undertakings,  showi  d  surprisiii>;ly 
good  costs,  beenuse  they  had  good  load  factors,  due  to  the  fan  load.  They 
were  not  hampe-re  d  by  legislation  in  India,  as  were  the  English 
undertakings,  lie  had  found  that  under  the  Act  <h<aling  with  the 
m.'ilti-r,  -[xtsls  for  overhead  lines  to  stand  the  wind  )»re-ssun-  sjM-e-itieel 
would  have  ncede-el  to  be  made-  of  eon«reti-,  and  about  a  yard  sejiian-. 


They  just  went  on  with  ordinary  poles,  and  no  notice  was  taken. 
Accidents  would,  of  course,  happen  occasionally.  For  instance,  a  eervice 
Une  broke,  and  a  man  got  curled  up  in  it  and  was  killed.  They  did  not 
alter  their  rules  on  account  of  occasional  accidents,  but  with  a  view  to  the 
development  of  the  business  generally.  An  inspection  of  orange  peel 
and  banana  skins  was  more  needed  in  London  than  an  inspection  of 
electric  lines. 

Mr.  (".  H.  WoRDiNuHAM  thought  that  in  regard  to  any  big  scheme  we 
must  face  the  question  whether  the  supply  was  to  pay  for  itself,  or  to  be 
partly  paid  for  by  the  community  at  large.  He  thought  that  we  ought  not 
to  rely  on  the  public  purse,  for  if  we  were  to  rely  upon  it,  then  the  gas 
industn.'  and  other  industries  would  expect  the  same  treatment.  It 
was  all  veiy  well  to  run  down  the  inefficient  station,  but  it  was  due  to 
such  stations  that  the  electricitv'  supply  industry  had  arisen.  He 
thought  it  would  be  useful  for  the  Government  to  lay  down  rules  accord- 
ing to  which  capital  might  be  spent  on  existing  stations.  He  did  not 
believe  much  in  deductions  from  statistics  ;  they  were  often  misleading. 
Mr.  W.  B.  WooDHovsE  (Yorkshire  Electric  Power  Co.)  said  there 
were  two  schools  of  thought  in  regard  to  linking  up.  One  favoured  the 
creation  of  a  n"w  organisation,  and  the  other  the  utilisation  of  existing 
works.  He  thought  the  existing  works  should  be  utilised  as  much  as 
possible.  The  knowledge  of  local  conditions  possessed  by  the  local  men 
would  be  wasted  if  we  started  at  the  other  end  by  creating  a  magnificent 
electricity  board  for  the  whole  countrj'.  They  had  seen  in  the  north  the 
misfortune  of  trying  to  work  undertakings  there  from  London.  The 
companies  appreciatc-d  the  broad  mindedness  with  which  the  M.E.A. 
was  ])repared  to  discuss  the  subject  with  them,  and  he  thought  if  the 
existing  undc-rtakings  were  left  to  themselves  a  little  while  they  would 
find  a  solution. 

Mr.  S.  .1.  Wat.son  (Bury)  thought  that  although  a  good  deal  might  be 
said  in  favour  of  the  small  station,  there  was  a  good  deal  to  be  said  on  the 
other  side.  In  the-  future  he  did  not  think  it  would  ])ay  to  scrap  much  of 
the  existing  plant.  One  of  the  sjK-akers  had  referred  to  the  difficulties 
of  linking  uj)  in  the-  I.^>nelon  area,  such  as  differences  in  j>criod  of  tenure, 
and  small  jirognss  made  by  companies.  He  would  like  to  emphasise  the 
progress  of  other  com])anies.  such  as  the  Yorkshire  and  Lancashire 
cc)mpanies,  which  had  unlimited  tenure,  as  compared  with  the  small 
])rogress  macle  by  e-om])anies  with  limited  tenure.  It  was  only  natural 
that  short  tenure  should  lead  to  small  progress.  He  thought  that  inter- 
linking would  Ik-  only  a  jireliminary  step,  and  would  give  rise  to  Boards 
with  some  (-ontrol  as  a  later  result.  If  only  local  jealousies  could  Ix- 
removed  then-  should  be  great  progress  by  means  of  linking  up. 

.Mr.  H.  W.  BowDKN  (Poplar)  said  the  Paper  contained  a  good  deal  on 
linking  up.  but  little  on  bulk  s\ipply.  Poplar  had  been  linked  up  with 
Slepni-y  f;>r  years,  and  was  now  linked  up  with  Hackr.ey,  while  negotia- 
tions were  prcMeediiig  for  linking  up  with  the  South  .Metropolitan  C<1.. 
and  with  West  Ham.  Many  years  ago  he  came  to  the  conclusion  that  it 
would  not  be  worth  while  for  Poplar  to  take  bulk  supply,  exiept  for  the 
iiurpoM-  of  clt-laying  capital  i-x].4-nditure-,  until  a  jwiwer  load  could  be  foie- 
^ce-n.  which  woulcl  give  a  load  to  a  large  new  unit  of  sonu-thing  liki-  70  \  er 
ce-nt.  They  had  acrceel  with  Stejiney  that  neithe-r  Poplar  nor  Stepney 
should  s|M-iiei  capital  on  extensions  until  their  loads  had  reachiHl  a  cert-ain 
figure.  Thr  be-netit  derivcnl  from  linking  up  in  the  way  of  permitting  ihe 
shutting  down  of  jilant  for  holidays,  or  for  overhauling,  would  amply 
le-pay  ihe  expe-iise.  With  regani  to  coal  elauses  he  thought  a  desirable 
clause  would  be-  to  the-  e-ffect  that  in  the  ev  -nt  of  tlu-  books  of  the  e-1'  ctric 
supply  de-part mi-nt  showing  that  the-  cost  eif  fue-1  per  unit  in  any  quarter 
had  ine-n-asi-d.thi-  pric-e  charged  shcnild  iM-.incieased  by  the  extra  cost  of 
fue  I  |H-r  unit  generated  during  the-  quarter.  That  was  a  better  basis  than 
fixing  the  price  in  acconlain-e  with  what  one  bought  the  coal  at. 

.\ld.  SiMi.Aiu  (Swan>e-a)  gave  an  instanie  of  the  freeing  of  spareplant 
by  linking  »ip.  He-  thought  that  linking  u]»  was  most  imj)ort-ant.  Many 
small  stations  had  been  \  e-ry  e-fficiently  run.  and  had  therefore  main- 
laire-<l  Ihvir  existence,  as  also  stations  of  manufae-turers.  In  regard  to 
local  jcMilousies.  he-  thought  these  would  create  more  difficulty  with  local 
authorities  than  with  comjianies. 


THE  APPLICATION  OF  ELECTRICITY  TO  AGRICUL- 
TURAL PURPOSES. 


An  abstract  of  Mr.  Kerr's  Paper  on  this  subject  will  he  found 
on  J).  38G  of  otir  present  isstie.  The  followine;  is  an  account  of 
the  (li»<rus.sion  which  followed  the  re'adint;  of  the  Paper  :-- 

Coup  illor  liOMsFoKO  (Henford)  thanked  the  Asseuiation  for  giving  a 
farmer  the-  ojiportunity  of  e-xjin-ssing  his  views,  and  eulogised  Mr.  Ke-rrs 
e-ndi-avours  to  ext»-nd  e-lectric  sujiply  to  farmers.  He  instamt  d  the 
many  operationK  he  wan  able  to  ]>e-rform  on  the  farm  by  its  assistancr. 
mon-  e-conomie-ally  and  e-ffie-iently  than  by  pn>vious  me-thods.  He  was 
satistie  el  with  the  results  he  had  obtained,  but  wanted  something  more. 
He-  wantiel  to  plough  the  land  by  the  aid  of  electric  ))ower,  a  ]>artie  ularly 
iiii]i<>rtant  matte-r  now  that  labour  was  iliffieult  to  obtain.  He  wanteel  to 
snap  his  fingers  at  a  dry  season,  and  ojxrate  a  motor  irrigating  the  land. 
The-n  they  couUI  wash  tnM-K.  &c..  attacked  by  insect  p-sts  much  more 
e\|>eelitii>usly  if  electric  powe-r  were  availahle.  than  with  hand  pumps. 
He'  hail  first  uwd  steam  ]>ower,  which  he  se  rapiK-d  for  an  oil  engine.  He 
was  glad  to  Ik-  nd  of  the  ste-am  engine,  as  it  was  a  thirsty,  hungry-,  noisy, 
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smoky,  dirty  thini;.  (Laughter).  In  regard  to  milk  supply,  olcanlinehs 
was,  of  o(nirse,  most  imi><)rtant.  Farmers  were  poor,  and  looked  at  every 
penny,  but  he  suggested  they  should  present  the  proposition  in  a  way 
showing  that  it  was  possible  to  })ro<;urc  an  electric  motor  at  something 
like  half  the  cost  of  a  steam  or  oil  engine  ;  there  was  no  need  for  a  driver 
(saving  something  like  £78  per  annum  in  wages),  the  motor  took  little 
s])ace,  and  could  be  started  easily.  They  never  had  to  send  to  the 
station  for  coal  or  other  fuel,  and  did  not  require  a  house  to  store  these 
fuels.  He  also  emi)hasised  the  importance  of  having  electric  light  at  the 
farm,  and  said  that  he  thought  the  linking  up  referred  to  in  the  previous 
Paper  would  give  the  farmer  that  of  which  he  was  in  need. 

Mr.  F.  Ayton  (Ipswich)  thought  Mr.  Kerr's  Paper  would  be  found 
most  useful.  He  doubted  the  feasibility  of  an  accumulator  plough. 
The  question  of  wa^-leaves  was  important,  and  he  thought  the  Association 
should  approach  the  Board  of  Trade  in  the  matter.  It  might  be  neces- 
sary to  start  a  three-phase  supply  at  certain  stations  for  agricultural 
purposes,  tut  this  could  be  easily  done  by  moans  of  a  motor-generator, 
which  w*s  the  method  he  had  adopted  at  Ipswich. 

CouJicillor  Dymond  (Hereford)  said  a  maj)  in  the  Paper  showed  that 
out  of  56  farms  thereon,  19  were  connected  to  the  mains,  and  the  other  .37 
had  made  apphcations,  so  that  their  agricultural  popidation  did  not 
require  educating.  Leaving  out  four  large  consumers,  they  had  98.3 
consumers  from  whom  they  received  an  average  of  £5.  12s.  apiece,  and  19 
agricultural  consumers  yielding  £25  apiece,  so  the  agricultural  demand 
was  worth  cultivating.  A  great  hindrance  to  the  development  of  th's 
demand  was  the  difficulty  in  obtaining  waylcaves.  It  was  a  heartbreak- 
ing business,  and  had  to  be  gone  through  in  the  case  of  every  individual 
consumer,  unless  it  happened  that  you  wanted  to  get  several  at  the  same 
time.  This  was  a  suitable  time  to  get  the  agricultural  load,  as  the 
agricultin-al  world,  and  particularly  the  Board  of  Agriculture,  were 
preoccupied  with  the  subjects  of  labour  saving  and  increase  of  production. 
The  agricultural  societies  should  be  got  to  pass  resolutions,  and  these 
should  be  taken  to  the  Board  of  Agriculture,  and  through  them,  to  the 
Board  of  Trade  to  get  the  latter  to  remove  the  regulations  as  to  going 
into  neighbouring  areas.  Since  a  small  amount  of  electric  energy  brought 
a  great  profit  to  the  farmer  by  means  of  electric  culture,  he  thought  supply 
authorities  should  be  entitled  to  charge  at  a  higher  rate  than  8d.  per 
unit. 

Mr.  W.  B.WooDHouSE  (Yorkshire  Power  Co.)  called  attention  to  the 
smaller  fire  risk  to  farmers  using  electricity.  From  the  point  of  view  cf 
the  farmer,  the  diminution  of  smoke  by  use  of  electricity  was  also  im- 
portant, as  shown  conclusively  by  investigations  carried  out  at  Leeds. 
Such  points  should  appeal  to  the  farmer  in  facilitating  wayleavcs. 

Mr.  W.  C.  Bexon  (Kilmarnock)  had  experienced  difficulties  in  way- 
leaves  from  the  farmers  themselves,  but  progress  had  nevertheless  been 
made  in  giving  an  agricultural  supply. 

Mr.  S.  E.  Fedden  asked  questions  in  regard  to  the  operation  of  milking 
machires  by  electricity,  and  also  asked  if  it  were  not  a  fact  that,  with 
hens  producing  double  the  usual  quantity  of  eggs,  the  yoke  of  the  egg 
became  exceedinglj'  pale,  and  they  wore  out  the  internal  economy  of 
the  poor  hen  ?     (Laughter.) 

Councillor  Longford,  dealing  with  the  farming  qvestions  which  had 
Iccn  asked,  said  that  the  advantage  of  electrifying  the  lar.d  would  be  to 
draw  ammonia  from  the  air  ;  the  land  quickly  recovered  after  crops  had 
been  taken  from  it.  In  regard  to  milking  machires,  the  cows  weie  not 
forced  to  give  the  milk,  but  modern  machines  ceased  working  when  there 
was  less  pressure  on  the  teat.  They  were  an  absohite  success.  He  could 
not  answer  Mr.  Fedden's  query  regarding  the  hens,  as  he  had  had  no 
experience  with  legard  to  them. 

Mr.  Low  (Marykirk)  (in  writing)  described  a  small  water-powc  r  installa- 
tion which  he  had  used  some  years  ago  for  agricultural  puiposcs.     For 
transmission  he  used  strands  of  No.   4   S.W.G.  hard-drawn  copper  wire 
at  a  height  of  16  ft.,  with  65  yds.  between  the  poles.     He  found  that  a 
15  H.p.  motor  running  at  660  revs,  per  min.  was  sufficient  for  threshing. 
He  also  used  the  power  for  a  cream  separator  and  other  work.     The  only 
precaution  that  was  desirable  was  to  run  the  motor  for  half  an  hour  or  so 
during  the  wet  weather  to  keep  the  insulation  diy  and  in  good  condition. 
He  felt  doubtful  as  to  the  feasibility  of  electric  ploughing.     On  the  other 
hand,  he  had  obtained  gocd  results  in  converting  timber,  using  a  15  h.p. 
motor.     Electricity  was  also  used  for  heating  and  ventilating.    A  1  h.p. 
motor  was  found  convenient  for  driving  a  mangle,  and  a  2^  h.p.  motor 
was  used  for  a  cold  storage  plant.     The  latter  was  run  for  five  hours 
twice  a  week.     He  had  also  found  gocd  results  from  electroculture,  but 
had  not  been  able  to  arrive  at  the  cost,  as  there  was  considerable  diffi- 
culty in  carrying  out  tests.     Control  tests  were  difficult  owing  to  the 
effect  of  the  wind,  which  carried  electrified  particles  to  a  considerable 
distance.     In  such  observations  he  had  worked  with  an  electroscope  and 
a  sodium  candle  to  collect  the  electricity  in  the  air.     The  most  satis- 
factory result  he  had  obtained  was  a  difference  of  20  per  cent,  in  hay.   He 
felt  sceptical  as  to  the  stoiy  of  fattening  sheep,  but  he  felt  sure  that  there 
was  a  considerable  future  before  agricultural  work  as  a  whole. 

Mr.  Kerr's  reply  was  postponed  for  publication  in  the  "  Proccodings, " 
and  a  vote  of  thanks  to  him  for  his  Paper  closed  the  meeting. 


'§°) 


Spanish  Patent  Law.— A  Royal  Decree,  dated  Feb.  25,  extend^ 
until  a  date  to  be  fixed  after  the  termination  of  the  war,  the  time  fop 
establishing  the  right  of  priority  in  respect  of  patents  in  regard  to 
which  such  time  had  not  fallen  due  before  July  31,  1914.  Such 
concession  will  be  given  to  all  those  countries  accgrding  pimilar 
treatment  to  Spaiii. 


THE  ELECTRICAL  CAPACITY  OF  GOLD-LEAF 
ELECTROSCOPES.^ 

BY    T.    BARRATT,    D..SC.,    A.R.CS. 

Summary. — The  method  of  sharing  charges  is  userl  to  find  the  (•apa<;ity 
of  electroscopes,  the  deflection  of  the  instrument  itself  Ijeing  u»>ed  to 
determine  the  volt  drop.  The  capacity  was  found  to  be  indeix-ndent  of 
deflection. 


The  modern  gold-leaf  electroscope  has  for  s:)rae  con.siderable 
time  been  employed  by  workers  in  radioactivity  as  an  in.strument 
of  precision  comparable  with  that  of  other  instruments  used  in 
electrical  measurements.  Many  workers  in  otr  er  branches  of  phv.sic«, 
however,  still  appear  to  regard  the  instrument  as  of  merely  hi.storical 
interest. 

The  method  that  appears  to  be  generaiU-  used  in  the  laboratory 
i.s  to  charge  the  electroscojie  to  a  known  potential,  allow  it  to  share  its 
charge  with  a  small  sphere  of  a  few  centin.etres  diameter,  and  deduce 
the  capacity  of  the  electroscope  from  the  observed  drop  of  fK>tential, 
Unfortunately,  however,  the  capacity  of  the  electroscope  when  in 
contact  with  the  sphere  is  very  different  from  its  true  capacity,  and 
Harms  remarks  that  results  differing  by  ^)  per  cent,  will  be  obtained 
by  this  method. 

Apparatus  and  Method  of  Experiment. — Preliminary  experiments 
showed  that  the  use  of  a  parallel-plate  air  condenser  in  place  of  a 
sphere  overcame  this  difficulty.  There  is  nothing  new  in  the  method 
except  in  some  of  its  details.  For  example,  contact  is  made  between 
condenser  and  electroscope,  not  once,  but  if  necessary  several  times, 
the  electroscope  being  earthed  each  time  after  contact.  A  long 
thin  copper  wire  (gauge  30)  is  attached  to  the  insulated  plate  of  the 
condenser,  which  consists  of  plate  glass  covered  with  thin  tinfoil 
(the  two  sheets  of  tinfoil  facing  each  ether),  and  insulated  by  three 
pieces  of  sulphur,  whose  thickness  is  accurately  measured  by  a  micro- 
meter screw  gauge.  If  the  sulphur  be  scraped  by  a  sharp  penknife 
its  insulating  powers  are  almost  perfect.  The  condenser  is  surrounded 
by  a  guard  ring,  so  that  its  capacity  is  known  with  accuracy.  In  the 
present  series  of  experiments  a  second  conden.ser  (without  a  guard 
ring)  was  used,  its  capacity  having  been  first  carefully  compared  with 
that  of  the  guard-ring  condenser.  The  capacity  included  that  of  the 
attached  copper  wire. 

It  is  found  by  experiment  that  the  potential,  as  indicated  by  the 
position  of  the  leaf,  is  slightly  reduced  when  the  attached  wire  from 
the  condenser  is  disconnected  and  earthed.  The  percentage  reduc- 
tion is  found  to  be  the  same,  within  errors  of  experiment,  for  all 
values  of  the  potential.  It  varies  slightly  for  different  electroscopes, 
but  is  never  more  than  about  2  per  cent.  If  the  potential  is  reduced 
from  V  to  V  on  removing  and  earthing  the  wire,  then,  as  the  charge 
on  the  leaf  system  is  unaltered,  the  capacity  is  changed  from  C  to  C", 
where  C'V'^CV,  or  true  capacity  C'=CVIV'. 

For  example,  in  the  case  of  the  electroscope  examined  in  ISectlon 
in.  (i.),  F=300,  F'=294,  C=7-13. 

Hence,  true  capacity  =  390  X  7- 13/294= 7-27  cm. 

If  V  is  the  original  potential  of  the  condenser  and  C  its  capacity,  t'„ 
the  final  potential  of  the  system  after  n  alternate  earthings  and  re- 
chargings  as  above,  and  c  the  required  capacity  of  the  electroscope,  it 
can  easily  be  deduced  that 


L^l 


C+c 


1 


or 


log  (C-f  c)=Iog  C+-  (log  F-log  r„) 


Table  I. 

Dimensions  of  plates  of  air  conelenocr  :  35  cm.  x  24  cm.  ;  distance  apart, 
0-480  cm.  Capacity  of  condenser  and  wire  =  !  44  em.  Correction 
for  obtaining  "■  true  capacity  '"=2  per  cent.     [See  Section  II. j 


First 

potential, 

V. 

Second 
potential. 

No.  of 

charges 

n. 

Capacity 
cof  ' 
electroscope. 

True  capacity 

c'  of 
electroscope. 

100  volts 
100     „ 
100     „ 

79  ve 

62-5 

49-5 

Its 

)  J 

5 
10 
15 

6-95  cm. 
6-93    .. 
6-91    .. 

709  cm. 
707    ., 
705    „ 

150     „ 
150     „ 
150     „ 

1180 
92-5 
730 

JJ 
♦  J 

5 
10 
15 

7-10    ., 
713    .. 
708    ., 

7-24    „ 
7-27    ,, 
722    ., 

200     „ 

122  0 

J> 

10 

7-29    ..         1 

7-43    , 

25.0     „ 

153  0 

" 

10 

7-24    ..         ' 

7-38    ., 

300     „ 

1850 

)» 

10 

1 

7-13    „ 

7-27    „ 

*  Abstract  of  Paper  read  before  the  physical  Society  of  London. 
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f)eler)niimlionH  of  CaparAty. — -1.  Cubical  Lmd  Electroscope. — -The 
edge  of  tlie  electroscope  was  of  length  20  cm.  A  central  copper  rod, 
length  18  cm.,  passing  through  sulphur  in  a  glass  cylinder  5  cm,  long, 
1-5  cm.  diameter,  carried  a  leaf  45  cm.  long,  1  mm.  wide. 

In  a  similar  way  an  emanation  electroscope  and  small  cubical 
electroscope  were  tested,  and  the  results  given  in  the  Paper.  Another 
test  gives  the  capacity  of  an  ionisation  ve.ssel  and  gold-leaf  electro- 
scope. 

DincuHnion  oj  Results.- -Tho  consistency  of  the  results  enumerated 
above  may  apix;ar  somewhat  surprising  to  one  not  acquainted  with 
the  possibilities  of  a  modem  gold-leaf  electroscope.  If  pro^r 
])recautioris  be  taken,  a  particular  cvperiment  can  be  reixjated  again 
and  again  with  prac-tically  the  same  result,  and  the  conditions  can  be 
widely  varied  without  much  alteration  in  the  final  value  obtained  for 
tlie  capacity  of  the  electroscope.  The  divergence  f)f  the  leaf  appears 
to  have  very  little  effect  on  the  capacity  of  the  .system  as  a  whole, 
except,  perhaps,  when  the  leaf  is  nearly  in  contact  with  the  rod 
supporting  it,  in  which  case  the  capacity  would  appear  to  be  slightly 
lower. 


LEGAL  INTELLIGENCE. 

North  British  Railway  Co.  v.  Lord  Advocate  (Postmaster-General). 

Jjist  week  this  (;a.-c  before  the  First  J)iviNi(iii  of  the  Court  (if  S(  ^sion 
(before  the  l.^)r(l  Preside  nt  and  l^onls  .Joliii.-ton.  .Ma(  k(  nzie  and  Sk(  rring- 
toii).  Tlie  question  was  whether  tlie  railwi'.y  e<»ni])atiy  were  (ntitjtd  to 
adflitiima!  eomjx-nsation  in  n-speet  of  wayleave  for  tele€ira])h  wires  along 
the  railway  lines,  which  was  aequin'<l  by  the  I'ostma.'-t*  r-(irnf  raj  under 
two  agreements  dated  respectively  July  Hi.  18(i8,  and  July  20.  18Hil,  in 
t<'rnis  of  which  tlie  eomjjany  received  a  ea]>ital  sum  of  tlOO.OOO  and  an 
annual  jiayriieiit  of  l'2,2.")(>.  It  was  eontendi  d  <<n  Itehalf  of  the  (■()mi)any 
that  the  Mieariiii<.'  of  the  clause's  in  (lis])iite  \m's  that  the  Po;-tmaster- 
(Jeneral  was  entitled  to  f n c  wayleaves  only  in  rctjKct  of  wires  cn-etrd 
in  the  first  \~)  years  (up  till  IS.S.j)  and  that  wayleave  should  be  paid  for 
all  wires  erected  sinr^e  then.  The  Postmast(  r-(J(  n<  ral  claimed  that  the 
eonipany  had  been  fully  eonipensated  and  were  not  entitled  to  further 
]iaynient.  Tlie  ease  came  before  I.ord  Dewar  in  the  Outer  Hou^(^  wlu  n 
his  Lordshij)  decide'!  in  favour  of  the  post  ma:  te  r(;'  ni  n-l.  who.  he  held, 
had  aciiiiired  the  ri<i\\t  not  for  I. ">  years  but  in  i»er]»(  tuity.  By  a  majority 
the-  rirst  Division  reversed  that  jiid«ment  are!  fenu  el  feir  the-  railway 
ce)m])any.  I>>rtls  .Je)hnnt'>n,  Mae^ke-nzie-  an«l  iSke-rrin^teJU  wen-  the 
majority,  while'  the  lyorel  Pn  sielent  haiel  he-  liael  re  ae'h' d  the  cemvlusion 
that   Leird  l)''war"s  jiiel(;me'nt  was  ritdit. 


American  Tungsten  Lamp  Patent  Litigation. 

The-  "  Kle'ctrical  W'eirld  ""  announe-e's  that  the-  Court  of  A|t|H'als  has 
atlirmcel  tli<'  de'cision  of  the'  I'nite  el  Slates  D'striet  Court  sustainin^i  the- 
Just  and  llaniiamaii  pate'ut  for  tiiiif^ste-n  tilame  nt  iiie-aneli  se-e-nt  lamps, 
til  UN  |)laeiii<;llie'controie)f  the- 1  un;;ste'n  lam])sitiiatie)n  in  the  Unite  elStates 
in  the  hanel.H  eif  the'  (;e'neTal  Klectrie-  Cei.  and  its  lie-enKes.  The  patent 
spe'e'ificatietn  which  was  ele'clareel  valiei  hy  th*"  leiwe  r  Court  e'emtains  a 
liroael  claim  for  an  incanelcsee-nt  lam]i  filame-nt  <•e>n^  ist  inL' eif  t  iin;;sten  in  a 
e-oherent  iiiclallic  stat"  and  liopio^i  ni  ems  tlire.u^liemt.  The-  District 
Court  lielel  that  til"  iii\i  nlion  was  for  a  ]>re)eluct  anel  neit  a  preie-ess,  thus 
e-ove'rinji  lamps  with  sijiiirte'd  (ilanie'nts  as  we  II  as  thll^e•  with  elrawn-win* 
lilame'uts.  'i'liis  elee-isiein  in  in  cemflie-t  with  jud^mentN  e>f  the  ('hanex'iy 
Division  anel  Apjie-al  Ceiurt  in  this  ceuintrk',  as  in  De-ce-mlier  last  tlie  Just 
ami  llaiinam.'iii  )(atcnt  was  lielel  to  disclose'  a  jiretcess  anel  iieit  a  ]irei*liie-t. 


|jarts  in  the  mountain  countiy  into  the  lake,  and  to  ])re)vide  that  the 
surplus  water,  after  providing  for  the  need.'*  of  the  Cowlyd  Board  district, 
may  be  used  by  the  Aluminium  Coijm. 

Shropshire,  Worcester  &  Staffordshire  Electric  Power  Bill.— 

The  Shropshire.  Worcestershire  &  Statford.-^hire  Electric  Power  Co.  is 
promoting  a  Bill  in  the  current  Session  for  the  amendment  of  existing 
and  for  new  eapital  powers,  borrowing  and  debenture  stock,  ]>e)wcr  to 
acejuire  and  work  irenerating  stations,  &c.,  exemption  from  distress  and 
execution  of  electric  aj)paratus  let  on  hire,  &c. 


American  Wireless  Patent  Litigation. 

\\  Seattle  (WaNh.)  on  .\pril  2!t,  the'  atteiru'  y^  fe>r  the-  e  e.m]>lain»nts  in 
the-  ac.tiem  broiiuht  l>y  the  Marconi  U'iri'lcss  '!'e'|e-;;ia]>h  Co.  aj^ainst  the 
Kilbeiiirne'  A-  Clark  .Mfg.  Ce>.  askeil  feir  and  w  e  ine  el  a  e-eintiruane-e'  eif  the- 
trial  until  .Inly  IS,  eiri  the-  };reiunds  that  the  Mare-eini  Ceimpany  had  Ix  e  n 
in  e-rreir  as  to  the-  charae'te'rislieH  .J  the  "  Sim]):  on  '"  mereMuy  valve  trnni*- 
luitte-r  eif  the'  Kilbeiurne'  \-  Chirk  .Mf>{.  Ce>.,  whe  n  eon. plaints  we  re  originally 
(ilcel  in  Hreieiklvn  ami  BufTalo  (X.^■.)  ;  anel  llie'p  fe.p'  the  ire  njjinre  is  would 
have-  tei  have-  aililllional  time  in  eirder  to  niake-  tests  njie  n  whieh  to  lr;e 
the'ir  claims  e»f  iiifriiiL'i'nK  iil  eif  the"  Mare'eini  jialent.  The  il<  fe  rilniils 
ei])peise'el  the*  e-ontiniiance.  aiiel  emly  acipiii  sci  el  when  it  was  a^n  e  el  that 
all  e'xiienses  incidental  tei  the  peiHt|)e>ne'nient  weiiild  be  pa-el  by  pln<'ntifTi<, 
anil  that  nei  atte-mpt  wouM  be  made-  tei  e  njetin  eir  Ke-rve  neitiee-  etn  any  of 
(le'fi'inlaiits'  cuslomeM-s  jiendin^  the'  conclusion  of  the'  trial.  The-  i-ein- 
timiaiie'c  was  (we  are-  infeirme  il)  secunil  by  plaiiililTs  .'die  r  the'  he-nrin>i 
had  eiilcn-d  llii-  sr\i'iith  wci-k.  anel  .luel^e  Ni'tcn  r,  of  \\\r  \',  ,U  ral  Ce  iirt, 
had  hearil  all  the-  eviele'tice'  auainst  ilefe'nelants*  "  Theim]>sein  "'  slanelnrel 
impulse  Inuismitli  r  and  slaiularel  rreiciver. 


PARLIAMENTARY  INTELLIGENCE. 


WATER    POWER    DEVELOPMENT. 

The  Couw'iy  .iiid  Colwyii  liay  .lojnt  W'mIi  r  Su|>ply  Hoard,  havinp 
come  to  terms  with  tin-  .Miinrniuni  Coijiorntion  for  the-  i  nlar)<i  u'.<  nt  <>f 
the-  Hon  eel  s  lake.  Llyn  Ce>wiyil  are  )ne>i' e  elintj  in  the  ))n!ent  n  hsie  n  I'f 
l'arlinn\ent  for  an  Act  to  authorise  the  eanying  out  of  the  work*.  The 
Bill  Boeks  to  empower  the  Boarel  and  th"  Corj^orntion  to  form  a  reservoir 
by  enlarging  and  extending  Lake  Cowlyd,  and  to  divert  water  from  other 


PATENT   RECORD. 


SPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  'ome  ot  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  it  Pryor,  Chartered  Patent  Agents 
70  and  72,  Chancery-lane,  London,  W.C.  ' 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  after  the  title. 

1914  Specification. 
13.674  Dickson.  Telephone  transmitting  apparatus. 
22,807  Compare.    Wireless  control  systenis. 

A  wireless  control  system  for  indicating  or  controlling  any  operation  or  series  of 
operations  from  a  di  stance  by  radiant  energy,  comprising  a  plurality  of  oscillators  or 
vibrators  so  arranged  that  radiant  energy  can  affect  only  one  of  such  oscillators  or 
vibrators  at  a  time,  and  when  this  one  has  attained  a  predetermined  amplitude  o( 
vibration  or  oscillation  this  will  cause  or  permit  anotherof  said  oscillators  to  beset  in 
motion  and  so  on.  and  the  last  of  said  oscillators  or  vibrators  upon  attaining  its  pre- 
determined amplitude  of  vibration  or  oscillation  will  then  cause  or  permit  the  desired 
operation  to  be  effected. 
23,505  Allgemeine  Elektricitats-Ges.  Transformer  connection  for  three-phase  metal 
vapour  rectifiers.     (3  12,13.) 

The  primary  or  the  secondary  side  of  the  transformer  is  given  a  zig-zag  connection, 
which  renders  it  possible  to  construct  three-phase  rectifiers  of  high  efficiency,  and  it 
becomes  unnecessary  to  adopt  the  method  hitherto  employed  for  improving  the 
power  factor  and  to  arrange  the  transformer  with  a  six-phase  secondary  element, 
which  caused  thenumberof  anode  entrances,  which  it  is  difficult  to  maintain  tight,  to 
be  largely  increased. 

1915  Specifications. 

717  BowDEN  &THOMPSON.     Protection  of  electric  Cables.     (16,'7,'15.) 
2.897  Brettell.     (Leffler.)     Electric  railway  systems. 
4.378  Rodriguez.    Telegraphic  printing-apparatus. 

5,486  B.T.-H.  Co.  (G.E.  Co.,  U.S.)  f^ethods  of  and  means  for  controlling  alternating 
electric  currents. 
Consists  in  connecting  in  the  circuit  which  carries  the  alternating  current  to  be 
controlled  a  reactance  which  is  varied  by  means  of  the  controlling  current  directly 
or  by  means  of  currents  relayed  from  the  controlling  current  and  proportional  thereto. 
In  wireless  signalling  systems  this  resistance  may  te  connected  either  i""  "'■'>'  '^'  in 
shunt  to  the  antenna  circuit,  and  the  controlling  current  may  be  a  p;,  •  ;t 

current  of  a  character  determined  by  the  resistance  variations  of  a  telt  •  s- 

mitter. 
6.480  Turner.     Telephone  systems.     (20,6/14.) 
7.151  Cadenel.     Electric  switches. 
7,213  Wahl.     Electric  cell,  battery,  or  refill  for  use  in  connoctlcn  with  portable  electric 

lamps  and  for  other  purposes. 
7.304  Bourne.     Heatersfor  electric  radiators  and  the  like. 
7.374  Milton.     Electric  ienition  apparatus.     '15  5  14.) 
7.467  Hamilton.  Wall  &  Ferranti  (Ltd.).     Electric  current  1  • 

7.546  Smith.     Electricaccumulatorsorstoragebatteriesfor use.  ..lamps. 

7.579  Heurtley.     Telegraphy. 

7,829  NisHiMOTo.     Process  for  manufacturing  metallic  filaments  for  incandescent  elec- 
tric lamps  and  for  other  purposes. 
9.582  Automatic  TELEPHrNE  Mfg.  Co.  Bi  Bates.    Telephone  systems. 
9.627  De  Fcrtunv.     Drv  batteries. 
10.050  ^KTiESALSKABET  Elektrisk  Burkau.     Impulse  senders  for  subscriber  apparatus 

in  automatic  exchange  systems.     (14  7,14.) 
10,668  Deutsche    Sch\veissmaschinen-Bau-'jnd    Vertriebs-Ges.      Electric    welding 

tr.insfcrmery.     (22  7  14.) 
1 1.072  Kat&  Callender'sCablk  '.  "  cticn  Cc.     Identifici'.ion  of  electric  cables. 

11.144  loRANic  Electric  Co.     (C  nerMfp.  Co.)     Electric  heaters. 

12,402  Electric  &  Ordnance  Ac  Co.  i  Lanorish.     Electric  motor  controllers. 

Consists  in  carrying  the  cor  •  nnnect  up  the  parallel  resistance  (and  which 

are  independent  of  the  arma'  ,i)  upcn  a  separate  movable  member  which, 

during  the  initial  movement  of  the  controller,  is  temporarily  mechanically  connecteei 
by  suitable  means  to  the  main  barrel  or  moving  element  of  the  exintroller.  so  as  to 
move  therewith,  but  on  further  movement  is  automatically  disconnected  and  re- 
turned to  its  ■■  off  "  position,  so  as  to  disconnect  the  parallel  resistance. 

12.434  Western  E ""   .     Loaded  telephone  line  system.     (12  9  14.) 

13.760  Western  fc  (Western  Electric  Co.)  Loading  coils  for  telephone  lines.. 

(AdditiPr  '■■  ' 

13.869  A'lpKRT      I  duration  meters.     (1   10  14.) 

15.128  Lincoln.     1  -.nf  instruments  of  the  thermal  type.   (12/11,14.) 

15.792  OsirS.     Electtn.  motuis. 

16.044  Satihovbr.     Electric  killing  apparatus  (or  flies  cr  other  insects.    (27,11  14.) 
16.393.  16.479  Western  Electric  Co.     (Western  Electric  Co.)     leaded  telephone  liner 
system.     (Addition  to  12.434  I5.» 

17.322?"    .  .-  t.  ij    M   V..-  •~''  '•'•.-'-••■-»' 'cr  magneto-electric  machines  used 

■  cs. 
17.974  V, -  .  :_ 


1.J47  I 
1,876  V. 
?  743  h 


(8  2  16 
I    H 


1 91  ^  Specifications. 

■  ! -Hammer  Mfg.  Cc.)     Resistance  units  and  th« 

■  h)     100.417. 

tern  Electric  Co.)    Machine  switching  telephcn* 

■  .it Taratu.<;.    (23,2  It.  100.462.) 


APPLICATIONS  FOR  PATENTS 

NoTB.— r**  unJrrmtnttoned  Arplicattons  {except  those  marked  \)  are  not  opm  to 

p:."-' -' '"         ■  .-  <- ^ Those  marked  *  art 

I-  ■■.we  not  beeK  published 

f... .,   ..      .     .'....:,, :  ,..^  ...c.'-, -.  ihose  of  communicators 

ot  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

M    ^^    ''^l^, 
7.595  Cotthk  &  Hon  iNc^PKK     Tr  of  electric  tramways. 

7.607  Rblay  Automatic  Telephone  ^     u::lk\hk.     R<>1.'.v  .•Jwitches. 
7.616  RircMiK.     Electric  signalling  apparatus. 

May  30,  1916. 
7.639  OsB'  RNB      Signallir,e  lamps.  &c. 
7,649  Cfowlbv.     Electi  ic  brakes,  chiefly  for  locms. 
7.652  B.T.-H.  Co.    (G.E.  Co..  U.S.)    Electric  motor  control  systems. 
7,672  Allisch  &  Morris  k  Whittam.    Manufacture  of  steins  for  ijetalHc  flUmentj 
electric  lamps,  and  spparatus  thereforf, 
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COMMERCIAL    TOPICS. 


_.      p     .  Perhaps  the  most  im2)ortant  conference  which 

Trade  Conference  ^^"^  ^^^"-  ^®'^  during  the  war  was  that  which 
took  place  at  Paris  last  week,  when  the  delegates 
of  the  Allies  met  to  consider  questions  affecting  international  trade 
during  and  after  the  war.  The  results  of  the  gathering  are  bound 
to  be  of  a  far-reaching  character  and  to  have  imiwrtant  effects,  not 
only  upon  the  future  trade  and  commerce  of  the  British  Empire,  but 
also  upon  our  trade  relations  with  our  Allies.  We  have  pleasure 
in  setting  out  an  abstract  of  the  resolutions  passed  at  the  Conference. 

War  Period.- — no-ordination  of  the  lav/s  and  regulations  in  the  Allied 
countries  prohibiting  all  trading  with  the  enemy. 

Absolute  prohibition  of  importation  of  goods  originating  in  or  coming 
from  enemy  countries. 

Sequestration  or  control  of  businesses  owned  or  operated  by  enemy 
subjects,  and  for  winding  up  some  of  them,  &c. 

Stringent  measures  for  restriction  of  enemy  supplies. 

Reconstruction  Period. — Devising  of  joint  means  to  secure  to  countries 
suffering  from  acts  of  destruction,  unjust  requisition,  the  restoration  of 
their  raw  materials,  industrial  and  agricultural  plant,  stock,  and  mercan- 
tile fleet,  or  to  assist  them  to  re-equip  themselves  in  these  respects. 

Denial  to  the  enemy  Powers,  for  a  period  to  be  fixed  by  agreement, 
of  "  most-favoured-nation  "  treatment. 

Conservation  for,  and  interchange  between,  the  Allied  countries  of 
their  natural  resources. 

Protective  measures  against  enemy  "  dumping  "  and  for  preventing 
enemy  subjects  in  Allied  countries  from  engaging  in  industries  which 
concern  national  defence  or  economic  independence. 

Peace  Period — Measures  to  be  Taken. — To  render  the  AUied  countries 
independent  of  enemy  countries  in  raw  materials  and  manufactured 
articles  essential  to  the  normal  developm.cnt  of  their  economic  activities. 
(These  measures  are  to  be  direct  not  only  to  the  sources  of  supply,  but 
also  to  their  financial,  commercial  and  maritime  organisation.)  They 
may  consist  of  subsidies  or  financial  assistance  for  the  encouragem.ent  of 
scientific  and  technical  research,  &c.,  or  of  customs  duties  or  prohibitions. 

To  facilitate  and  imi)rove  the  interchange  of  their  products  by  im- 
proving transport  services,  postal,  telegraphic  and  other  means  of  com- 
munication. 

The  Allies  undertake  to  convene  a  meeting  of  technical  delegates  for  the 
assimilation  (as  far  as  possible)  of  the  laws  governing  patents,  indications 
of  origin,  and  trade  marks,  and  for  the  adoption  of  an  identical  procedure 
in  regard  to  patents,  trade  marks,  and  literary  and  artistic  copyright 
which  have  come  into  existence  in  enemv  countries  during  the  war. 


switches  and  cognate  electrical  acces-sories  by  British  firms  has  never 
been  written  in  detail.     We  believe  there  was  a  time  when  genuine 
attempts  were  made  to  establish  factories  for  the  production  of  these 
articles  on  a  quantity  basis  in  this  country,  but  the  effort  came  to 
nothing  because  the  market  was  flooded  with  accessories  which  were 
almost  equally  as  good  but  which  emanated  from  TJerman  works  and 
were  offered  at  prices  which  were  little  higher  than  the  English 
maker's  works  costs.     The  Continental  producer  was  able  to  push 
the  would-be   British  maker  out  of  the  market,  and  he  succeeded 
in  doing  this  for  two  reasons  :    his  labour  was  cheaper   than  our 
own  and,  by  one  of  those  curious  and  inexplicable  trarle  anoma- 
lies he  could  have  Comish  clay  for  his    porcelain  delivered  at  his 
works  via  the  Rhine  waterway  at  a  cheaper  rate  than  the  Hanle\' 
potteries  could  obtain  it  over  rail  in  this  country.     On  the  other 
hand,  there  must  be  taken  into  accomit  that  inordinate  desire  for  the 
cheap  article  which  seems  to  be  ever  present  in  the  breasts  of  British 
electrical  contractors.     At  the  outbreak  of  war  it  was  thought  that 
patriotic  motives  would  bring  about  change  in  the  situation,  and 
there  might  be  some  hope  of  the  manufacture  of  these  acces.sories 
becoming  reorganised  and  re-established  by  British  capital.     If  the 
reports  that  we  are  receivmg  of  the  extraordinary  influx  of  Japanese 
electrical  accessories  are  of  any  valre,  then  it  would  appear  that  w^hat 
we  lost  to  the  Germans  before  the  war  we  are  now  to  lose  to  the 
Japanese   during    (and    after)    the   war.     The    situation    has    been 
materially  altered  in  so  far  as  the  British  manufacturer  is  concerned  ; 
even  were  he  able  to  obtain  permission  to  use  his  machinery  and  also 
the  raw  material  wherewith  to  produce,  it  is  doubtful  if  the  requisite 
incentive  would  make  itself  felt  and  result  in  the  production  of  elec- 
trical accessories  for  the  Home  and  Colonial  market.     The  position 
is  aggravated  somewhat  by  the  fact  that  the   electrical   contractor 
remains impatriotic  and  wUl  still  buy  in  the  cheapest  market,  and  in 
the  case  of  the  Japanese  manufacturer  he  excuses  himself  on  the 
ground  that  Japan  is  our  military  ally.     Without  wishing  in  the 
least  to  deprecate  the  efforts  of  the  last-named  country,  we  are 
disposed  to  deplore  an  industrial  situation  which  makes  it  possible 
for  our  own  productive  efforts  to  be  discomited  mainlv  on  the  grounds 
of    cheajD    labour.     Presumably,    the    Japanese    manufacturer    is 
taking  advantage  of  the  market,  such  as  it  is  at  the  present  moment, 
and  is  finding  a  sale  at  low  prices  for  accessories  which  are  being 
taken    into    stock    by    certain    factors    and    electrical    contractors. 
These  will  be  utilised  when  the  demand  for  them  assumes  more 
normal  preparations,  and  in  the  meantime  the  hope  of  the  establish- 
ment of  factories  in  this  country  for  the  jjroduction  of  these  access- 
ories upon  the  grand  scale  will  be  dissipated  for  many  years  to  come. 
In  this  connection  we  call  attention  to  the  fact  that  H.M.  Trade  Com- 
missioner in  New  Zealand   (Mr.   R.  W.   r)alton)  has  forwarded  an 
extract  from   the  local   press   calling   attention  to   the  growth  of 
Japanese  trade  with  the  Dominion,  especially  since  the  war.     The 
value  of  imports  from  Japan  rose  from  £84,629  in  1904  to  .£i  87,50 1 
in   1914,  and  it  is  expected  that  the  figures  for   1915,  and  more 
especially  those  for  the  current  year,  will  show  a  remarkable  advance 
on  the  1914  imports.     The  fruits  of  the  labours  of  the  Japanese 
Trade  Commission,  which  visited  New  Zealand  some  months  ago, 
have  been  abundant,  and  that  from  canses  not  at  the  time  fully 
appreciated — ^viz.,  the  difficulty  that  New  Zealand  importers  ex- 
perience m  obtainmg  supplies  from  the  United  Kuigdom.     Among 
the  principal  goods  of  Japanese  manufacture  supplied  to  a  great 
extent  by  Germans  before  the  war,  which  are  now  being  sold  in  New 
Zealand,  are  electrical  goods,  optical  goods,  clocks,  toys,  &c.     As 
there  are  no  facilities  for  direct  shipment  to  New  Zealand,  goods 
from  Japan  have  to  be  transhipped,  and  this  causes  extra  delay, 
risks  and  freightages  ;    nevertheless,  the  low  cost  of  manufacture 
in  Japan  is  an  ample  set-off  against  the  great  increase  in  freights. 


There  exists  in  almost  every  industry  a  craving 
amongst  the  distributors  of  its  products  for 
the  ultra-cheap  article.  In  the  electrical 
business  this  is  probably  more  true  of  electrical 
accessories  than  it  is  of  any  other  piece  of  electrical  apparatus.  The 
history  of  the  manufacture  of  ceiling  roses,  lamp  holders,  tumbler 


British-made 

Electrical 

Accessories. 


The  Future  of 
the  Electric 
Vehicle. 


It  is  not  always  safe  to  take  a  lead  from  Anierican 
experience,  particularly  as  the  condition  of 
things  generally  in  the  United  States  differs  so 
much  from  that  which  obtains  here.  .\  con- 
siderable interest,  however,  attaches  to  tJie  prevailing  opinion  in 
America  regarding  the  immediately  prospective  keen  competition 
of  the  petrol  with  the  electric  vehicle.  In  the  "  Electric  Vehicle 
Progress  "  Supplement,  published  with  this  issue,  we  reproduce  an 
abstract  of  a  Paper  read  before  the  National  Electric  Light  Associa^ 
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tion  by  Mr.  W.  P.  Kennedy,  in  which  it  will  be  noticed  that  he  foretells 
a  period  of  exceptionally  keen  competition  as  between  the  petrol  and 
the  electric  vehicle,  especially  for  commercial  purposes.     American 
automobile  engineers  have  evidently  extended  their  works  to  cope 
with  an  unprecedented  war  demand  for  petrol  vehicles  on  the  part  of 
the  Allies.     At  the  peace  these  extensions  wUl,  it  is  suggested,  be  kept 
in  full  swing,  with  the  result  that  the  American  market  will  be 
flooded  Avith  commercial  petrol  cars.     Over-production  will  bring 
prices  to  such  a  level  that  the  buyer  may  be  tempted  to  jjurchase 
the  petrol  rather  than  the  electric  vehicle,  Avithout  regard  for  econom}-, 
and  merely  on  the  score  of  first  cost.     The  strong  jKjint  for  the  electric 
which  Mr.  Kennedy  makes,  is  that  its  su[)erior  econom\'  in  its  field 
over  the  petrol  machine  should  be  actually  guaranteed,  and  in  this 
way  it  will  be  able  to  hold  its  own,  no  matter  how  severe  the  com- 
petition may  become.     Looking  at  the  facts  squarel}',  they  amount 
to  this.     The  electric  vehicle  industry  must  be  prepared  to  with- 
stand the  shock  which  a  low-purcha.se-price  j)etrol  vehicle  boom  may 
administer.     This  shock,  if  it  is  gcjing  to  be  felt  in  the  United  States, 
will,  as  matters  now  stand,  be  also  felt  over  here.     Petrol  vehicle 
producers  in  this  country  have  jjut  in  war  extensions  for  production 
purjioses  jjrobabh'  quite  as  much  as  the  Americans,  and  they,  too, 
may  threaten  the  market  of  the  electric  with  the  low  first -cost 
machine.     The  rock  upon  which  this  class  of  competition  should 
split,  so  far  as  the  electric  battery  vehicle  is  concerned,  is  this  matter 
of  the  guarantee  of  such  economy  in  ojieration  as  will  wij)e  out  the 
initial  outlay  u])on  the  vehicle  within  a  definite  ])eriod.     We  doubt 
whether  any  maker  of  a  j)ctroi  commercial  vehicle  would  feel  justified 
in  giving  any  such  guarantee,  simjjly   because  he  would  have  no 
definite  o])erating  results  upon  which  to  base  it.     In  the  case  of  the 
electric,  tli(jse  results  have  unquestionably  been  obtained,  and  in  the 
face  ot  j)rosj;ective  severe  comjictition  on  the  jietrol  side  we  think 
the  battery  vehicle  makers  should  take  the  utmost  adv<antage  of 
them. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 

MANUFACTURES. 

From  June  12,  1916,  to  June  17.  1918. 

IMPORTS. 

CooLE. — Sweden  ;   Elec.  machinery.  26  j  ki  ;. 

CKXUSBy. ~ France :  Unenumerated.  23  pkg5. 

Liverpool.— i/.S./l..-  Unenumerated,  268  pkgs.  Sweden:  Elec.  machinery,  12  pkgs. ; 
carbon  candies,  £10.     Spain:  Elec.  carbons,  41  pltgs. 

London.  -U.S.A.:   Elec.  lamps,  £1.096  ;  carbon  candles,  £95  ;  wire  and  cable,  £20  ; 
unenumerated,  £10,259—356  pkgs. ;   eiec.  motors.  74  pkgs. :    telephone  material.  £647. 
Holland:    Elec.  lamps,  £3,194 ;   wire  and  cable.  £82;    unenumerated.  £1.633.     Japan: 
Elec.  torches,  31  pkRS.  ;    elec.  ingoU,  10.851  pkgs.;    unenumerated.  £1.235.     France: 
Carbon  candles,  £314;  unenumerated,  £173  -  8  pkgs.    Denmark:  Unenumerated,  £44. 

EXPORTS. 

To  Australasia.  -/I ttcWflwd.-  Unenumerated,  £237.  Melbourne:  Wire  and  cable, 
£3.443;  elec.  machinery,  £1,061  ;  unenumerated,  £1.757.  Sydney:  Elec.  machinery, 
£1,124;  wire  and  cable,  £4.701  ;  unenumerated,  £954.  Wellington:  Elec.  machinery, 
£112;  wire  and  cable.  £79;  unenumerated,  £63.  Chrntchurch:  Unenumerated.  £8. 
Lyilellon:  Elec.  machinery.  £64  ;  wire  and  cable,  £589 ;  unenumerated.  £734.  Jnver- 
cargill :  Elec.  m.ichinery,  £1.067.  Dunedin :  Wire  and  cable,  £1 19  ;  unenumerated,  £498. 
Adelaide:  Unenumerated,  £520.     New  Plymouth :  Unenumerated,  £64. 

Africa.  -Durban  :  Wire  and  cable,  £484  ;  elec.  machinery,  £20  ;  unenumerated,  £27. 
Cape  Town  :  Unenumerated.  £63.  Port  Elizabeth:  Elec  machinery,  £105;  unenumer- 
ated, £169.     Mauritius:  Unenumerated,  £40. 

Egypt.—  Alexandria :  Wire  and  cable,  £405  ;  unerumerated,£61.  PortSaid:  Unenu- 
merated, £98.     Port  Sudan  :  Unenumerated.  £37. 

India.  Ceylon,  Indo-China  and  Straits  Settlbments.-  Bombay :  Wire  and  c.ible, 
£1.660;  unenumerated,  £3.790.  Penang :  Wire  and  cable.  £587  :  unenumerated,  £567. 
Sourahaya:  Unenumerated,  £160.  Rangoon:  Wire  cable,  £120.  Singapore:  Eire, 
machinery,  £1.232;  wire  and  cable,  £4,593;  unenumerated,  £901.  Malacca:  Un- 
enumerated, £12.  Calcutta:  Wire  and  cable,  £2.397  ;  unenumerated,  £563.  Madras 
Elec.  glow  lamp.s,  £24;  wire  and  cable,  £116;  unenumerated,  £3.459.  Ceylon:  Un- 
enumerated, £133.  Karachi:  Unenumerated,  £64.  Bankok :  Wire  and  cable.  £184  ; 
unenumerated,  £384.     Port Swettenham :  Wi: e and  cable. £170  :  unenumerated,  £79. 

China.  Shanghai:  Elec.  machinery,  £281  ;  elec.  glow  lamps.  5,242  no. ;  unenumer- 
ated, £152. 

U.S.A.  New  York:  Unenumerated,  £287.  Hongkong:  Elec.  machinery,  £51  ;  wire 
and  cable,  £917;  unenumerated.  £975.  Hankow:  wire  and  cable,  £38 ;  unenumerated, 
£73.     Saigon:   Elec.  lamps,  1,000  no. 

South  and  Central  America.—  Monte  Video:  Unenumerated.  £10.  Rio  de  Jantiro: 
Wire  and  cable.  £550;  unenumerated,  £60.  Buenos  Aires:  Wire  and  cable,  £i,790 ; 
unenumerated,  £1,696. 

Hol.l.^tin.- Amsterdam :  Unenumerated.  £378.  Rotterdam:  Elec.  machinery.  £302  ; 
telcRraph  material,  £650  ;  unenumerated.  £20. 

France.  Paris:  Elec.  m.ichinerv.  £147;  unenumerated,  £311.  Dieppe:  Elec. 
m,ichinery.  £158;  wire  and  cable,  £40  ;  unenumerated.  £108.  Havre:  Unenumerated. 
£237.     Bordeaux:  Wire  and  cable,  £1.034  ;  unenumerated.  £332. 

]KPhu.-— Yokohama:   Elec.  lamps,  126 no.  ;   unenumerated.  £1.240. 

Russia.— V/arf/Vos/ocA-.-   Unenumerated,  £60.    Petrograd :  £340. 

NoKWAV.- Christiana:  Wire  and  cable,  £54  ;   unenumerated,  £46. 

Gibraltar.— Unenumerated,  £73. 

Malta.     Wire  and  cible,  e\3-:  unenumerated.  £55. 

SiAiN.  Barcelona:  Unenumerated,  C57 ;  Bilbao:  Elec  machinery,  £39;  un- 
enumerated, £50.    5aM/a«^;>.-  Unenumerated,  £144. 

PoRTUGM..— Lisbon :  Elec  machinery,  £58;  wire  and  cable,  £530  ;  unenumerated 
£633. 

British  Guiana.     P,  mrrara  :  Unenumerated.  £29. 

FOREIGN   GOODS  (duty  paid  and  free). 
Amsterdam:    Unenumerated.  £195.    Sydney:    Unenumerated.  £36.     Madras:    Un- 
enumerated, £103.     Por/g/Z^flftc//!.- Unenumerated.  £56.     Durban:  Unenumerated.  £77. 
Bilbao:    Unenumerated,  £200.     Alexandria:    £35.     Brisbane:    Unenumerated,   £433. 
Petrograd:   Unenumerated,  £142.     Rn'IrrHimt  ■    Unpnumeis1e<l.  £35. 

IN    TRANSIT. 

Hong  Kong:  Elec  glow  lamps,  £3,122,    Shanghu^:  Elec.  glow  lamps,  £346. 


BUSINESS  NOTICES. 

Claims  against  .Tas.  Brockie,  mechanical  engineer,  41,  London- 
road,  Forest  Hill,  London,  S.E.,  are  to  be  sent  by  Julv  3  to  the  Hon. 
W.  J.  H.  Boyle,  1.32,  York-road,  London,  S.E. 

In  future  the  title  of  Messrs.  Eckstein,  Heap  &  Co.  (Ltd.)  will  be 
Erskine,  Heap  &  Co.  (Ltd.),  Lancashire  Switchgear  Works,  Caroline- 
street,  Broughton,  Manchester. 

After  June  19  the  address  of  the  Cyanide  Patent  Supply  Co.  (Ltd.) 
will  be  28,  Victoria-street,  Westminster,  S.W.,  and  the  telephone 
nmnber  wUl  be  \'ictoria  7849. 

The  jjartnershi]!  between  Robert  Ormee,  Harold  K.  Gossip  and 
Hy.  .Jones  (trading  as  Ebury  Electrical  Engineering  Co.  and  Ebury 
Garage),  80,  El)ury-mews,  Victoria,  London,  S.W.,  has  been  dis- 
solved so  far  as  concerns  Mr.  Gossip.  Debts  by  Messrs.  Ormes  & 
Jones,  who  continue  the  business. 

Water  Power  for  Sale. — An  advertiser  has  for  dispo.sal  water  jurver 
(up  to  l!Hl,(K»(t  }i.p.)  in  Western  XorAvay. 

Patent  Development, — The  proprietors  of  patents  Xos.  15,951/1913 
and  10,8tj8  1914,  for  "  Improvements  in  safety  devices  for  electric 
conductors  "'  and  '"  Imjjrovements  in  and  relating  to  electrical 
condensers  and  a  process  of  manufacture  thereof,"'  desire  to  enter  into 
arrangements  for  exjdoiting  same  in  this  country.  Particulars  from 
Messrs.  Haseltine,  Lake  &  Co.,  Patent  Agents,  28,  Southampton- 
buildings,  Chancery-lane,  London,  W.C. 

Hydro-Electric  Plants. — ^lessrs.  Boving  &  Co.  (Ltd.),  Imperial- 
buildings,  .")(),  King.swa\',  W.C,  claim  to  be  the  largest  firm  h\  this 
country  which  has  sj)eciali.sed  in  hydraulic  power  machinery,  turbine 
plants,  ])unij)s  and  pipe  lines. 

Wlicrcii'^  the  ])uni]).^  and  a  certain  number  of  high-pressure  turbines 
liavc  always  Ix-cn  made  in  this  country.  tli<'  other  machinciy  has  hitherto 
been  ini])()rtcd.  The  firm  have,  however,  now  made  arrangements  for 
havinjr  all  their  niachinerA'  for  the  requircMnents  of  the  Empire  manu- 
factun  d  in  this  countrv.  Their  eaiiaeity  for  the  last  few  years  lia.s  been 
about  10(1.000  H.I',  turbine  installations  each  year.  10.000  tons  of  welded 
l)i])e  lines  and  o.OOOu.i'.  ])cr  aninini  |)uni))inj:  installations.  Tlie  firm 
state  that  they  aim  entirely  at  the  highest  quality  both  in  material, 
v.orkmanship  and  efficiency.  They  have  their  own  offices  in  many  parts 
of  the  world,  and  agencies  are  established  throughout.  Water-power 
engineering  is  of  the  highest  im])ortanee  to  the  Empire,  whose  resounds 
should  h<'  d"vel()])e(l  ]»roi)erL.  and  they  claim  they  arc  capable  and  rcadv 
to  tackle  ])robleiiis  relatintr  thereto. 

LIQUIDATIONS.  BANKRUPTCIES,  &c. 

First  meetings  of  creditors  and  contributories  of  the  Colston 
Electrical  Works  (Lt<l.).  9,  Denmark-street.  Bristol,  will  Ije  held  on 
June  28  at  2(1,  Baldwin -stn»et.  Bristol. 

Claims  agamst  John  IViult  and  John  Hugh  IViIt  (tnvding  as  John 
Boult).  electricians.  3.  (Jrosvenor-street.  Chester,  and  against  the 
Kei)arate  estate  of  John  Boult.  are  to  lie  sent  by  .lulv  ."i  to  Mr.  P.  S. 
Booth,  2,  Bixteth -street,  Liverpool. 

An  apjiliiation  for  the  discharge  of  (W'v.  F.  M.  Ct)rn\vallis  West, 
Automobile  CIul).  Pall  Mall,  lx)iulon.  S.W..  has  been  withdrawn. 


ELECTRICITY   SUPPLY. 


EXTENSIONS. 

Carnarvon.  TIk'  ('or|MinUioii  iia\e  decided  to  jput  in  another 
Diesel  engine  at  an  esliiuato<l  tost  of  t2.3SO. 

Greenock.  -The  Socretary  for  Scotland  has  .sanctioned  tlie  borrow- 
ing of  an  .td<iitional  sum  of  £4.').(>()0  for  extensions  of  the  electricity 
tnidertakiiig.  n-jNiyuicnt  lo  be  sjiread  oV(>r  2.")  years,  and  t  ht^  new  work 
will  Ih'  lK>gun  at  once. 

The  mn'tion  in  conditional  on  tlie  whole  surplus  n-veinie  of  the  under- 
taking, after  iiiceting  working  cxju-nscs.  (U  ]>n'eiation  and  debt  charge's, 
Ix'ing  traiivfern  il  nniuinlly  to  the  n'serve  fun<l  until  Ihisfiiiul  has  reached 
its  nviximuin. 

Swansea.—  Mains  are  to  lie  extended  to  Prmce  of  Wales-road  at  a 

•■ost  of  i;2.vi. 

The  Hoiir.l  of  ThkIcV  letter  n-  the  inten'onncction  of  supply  under- 
tnkingK  in  onlor  t<»efIoct  saving  in  coal  lias  Iwen  nferrcd  to  tlie  ('itairman 
and  Viee-Chnirmnn  of  the  Electricity  Coinmitt<o,  together  witli  the 
Engineer  with  a  view  to  the  proposals  being  eNt<nded.  in  a  similar  manner 
as  the  CorporationH  it'  •  nt  witli  the  Tramways  Company,  to  other 

larire    in(l''|v>ndent    «  -    of   electricity. 

Wigan.  The  Cor|)oration  have  a»<ked  the  L.  G.  Board  to  sanction 
a  sum  of  Ci.'A'  for  Ixiiler.  &c..  in  addition  to  the  £.'>3.920  ajiplied  for 
in  May  for  extensions  of  the  eloctric  supply  tuidertaking. 

It  has  also  Urn  decided  to  apjily  for  a  Iran  of  £901  (instead  of  £TSl. 
the  former  estimate)  for  cable,  switehprar  and  transformrr  in  «rnni  c  tion 
with  the  pn>poHcd  supply  of  eloctricity  to  Northern  Coarse  Spinners  (Ltd.) 

Aid.  Grim-suaw.  in  moving  the  adoption  of  the  minutes  of  the  Electric 
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Light  Committee  at  the  meeting  of  the  Council  last  week,  Raid  that  Bome 
doubt  had  boon  expressed  as  to  wh('thor  the  firm  that  had  the  erection  of 
boilers  in  hand  could  do  it  within  the  specified  time.  They  had  obtained 
a  guarantee  that  the  two  boilers  would  b(!  under  steam  on  Oct.  28. 
with  respect  to  their  balance-sheet,  they  had  made  a  greater  loss  than 
anybody  antici])ated.  Their  increase  on  coal  alone  amounted  to  £G,00(), 
and  that  was  really  the  bedrock  of  all  the  other  increases  under  the  dif- 
ferent items.  Water  and  gas  had  cost  them  more  by  £265,  watres  had 
gone  up  by  £435,  repairs  and  maintenance  of  engines  and  boilers  £1,141, 
and  other  machinery  £488.  As  regards  the  increase  in  the  amount  of 
coal,  their  extra  out])ut  had  cost  them  about  1,()00  tons,  and  they  had 
])aid  through  the  year  on  a  total  of  22,000  tons  2s.  8d.  a  ton  more  than 
they  had  ])aid  the  previous  year.  He  wished  ho  could  persuade  all  tlie 
people  in  Wigan  to  use  electric  smoothing  irons  and  frying  pans  and  bed 
warmers,  and  all  that  sort  of  thing  ;  but  he  did  wish  to  say  that  if  ])eoplc 
wanted  a  clean  light,  and  one  that  was  of  little  trouble  and  of  good 
service  to  them,  they  had  better  go  in  for  electric  light.  Further,  if  the 
small  business  people  would  use  electric  motors  for  their  business  they 
would  find  them  a  great  advantage,  and  he  was  certain  they  would  save 
money  by  doing  so,  especially  if  the  way  of  doing  the  work  now  happened 
to  be  by  hand.  When  the  new  boilers  and  plant  were  in  working  order 
they  would  effect  great  economies,  and  the  position  would  be  much 
improved. 

Wolverhampton. — The  Electricity  Committee  proposes  to  apply 
for  sanction  to  borrow  (1)  £600  for  sub- station  equipment,  (2)  £34,240, 
being  amoimt  of  £53,900  for  extensions  contained  in  the  report  of 
the  electrical  engineer  (Mr.  iS.  T.  Allen)  of  February  last,  less  £19,660, 
for  which  borrowing  powers  have  already  been  asked. 

Subject  to  authority  being  obtained  for  borrowing  the  necessary 
money,  the  committee  recommends  the  Town  Council  to  proceed  with  the 
remainder  of  the  scheme  of  extensions  as  contained  in  Mr.  Allen's 
report. 

GENERAL. 

Aylesbury. — The  Council  have  offered  to  supply  electric  current 
to  the  Dominion  Dairy  Co.  at  IJrl.  per  unit  for  20,000  units  per 
quarter  and  Ifd.  per  miit  after. 

Ealing. — The  Council  have  granted  a  further  war  bonus  of  2s.  a 
week  to  the  employees  of  the  electric  supply  department. 

Gillingham. — The  question  of  the  insurance  of  the  two  Diesel 
engines  at  the  electricity  works  was  considered  by  the  Corporation 
last  week. 

The  premium  for  insuring  the  M.A.N,  engine  up  to  £2,000  would  be 
about  £60,  and  the  Mirrlees,  Bickerton  &  Day  engine  up  to  £1,000  about 
£50.  It  was  recommended  that  the  Council  do  not  entertain  the  question 
of  insurance,  but  take  their  own  risk,  and  that  the  question  of  creating 
a  sinking  fund  be  referred  to  the  Finance  Committee. 

The  report  was  approved. 

Itchen. — For  the  past  10  years  the  members  of  the  Council  have 
been  discussing  the  advisability  of  establishing  municipal  electricity 
works,  and  at  the  last  meeting  of  the  Council  a  motion  to  instruct 
the  consulting  engineers  (Messrs.  May  &  Hawes)  to  prejiare  plans, 
&c.,  was  defeated  by  seven  votes  to  four. 

Pinner. — The  Colne  Valley  Electric  Sujjply  Co.  has  notified 
Hendon  Rural  Council  of  its  intention  to  lay  supply  mains  in  Pinner. 

Redditch. — The  Council  have  made  an  increase  of  30  per  cent,  in 
the  charges  for  electrical  energy  for  lighting  and  power. 

The  Council  have  congratulated  Second-Lieut.  Norman  Fletcher,  who 
was  a  switchboard  attendant  at  the  electricity  works  at  the  outbreak  of 
the  war  and  enhsted  in  October,  1914,  on  his  having  obtained  a  com- 
mission. 

Reigate. — The  capital  account  of  the  electricity  supply  depart- 
ment is  to  be  overdrawn  to  the  extent  of  £231  to  carr}^  out  certain 
work  for  increasing  the  capacity  of  two  sub-stations. 

Sheffield. — At  the  meeting  of  the  City  Coimcil  last  week  the 
Establishment  Committee  reported  that  they  could  not  approve  of  a 
recommendation  of  the  Electric  Supply  Committee  that  a  bonus  of 
£100  should  be  given  to  the  general  manager  of  the  electric  supply 
department,  Mr.  S.  E.  Fedden. 

Councillor  Stembridge  said  the  action  of  the  Establishment  Committee 
was  one  of  the  best  examples  of  false  economy  to  be  discovered.  They 
took  no  steps  to  inquire  as  to  what  the  extra  work  of  Mr.  Fedden  amounted 
to.  The  Electric  Supply  Committee,  which  was  entrusted  with  very 
grave  responsibilities,  and  was  a  trading  Committee,  had  passed  a 
resolution  asking  the  Council  to  vote  a  bonus  of  £100  to  Mr.  Fedden.  He 
was  not  present  at  the  meeting  of  the  Electric  Supply  Committee,  and  he 
did  not  know  why  the  words  "  with  the  approval  of  the  Establishment 
('ommittee  "  were  incorporated.  After  the  war  broke  out  their  electric 
supply  plant  had  to  be  supplemented  at  a  cost  of  £500,000.  Their  power 
was  increased  by  no  less  than  45,000  h.p.,  of  which  24,000  ilp.  was  still 
waitmg  to  be  utilised.  Before  the  war  6,000,000  units  were  used,  at 
present  120  miUion  units  were  used  per  annum,  and  when  all  the  apphca- 
tions  were  connected,  supply  would  be  200  million  units.  That  gave  a 
small  idea  of  the  extra  work  that  the  Electric  Supply  Department  had 
done  since  the  war,  and  in  spite  of  that  fact  the  Establishment  Committee, 
mstead  of  considering  the  question  of  a  permanent  increase  of  salary  to 


their  general  manager,  turned  down  a  paltry  propoBal  to  present  him  with 
£100.  He  was  not  sorry  that  it  had  been  turned  down,  Ix-eause  the 
Council  would  soon  have  to  consider  the  question  of  Mr.  Feddtn's  salary. 
Mr.  Fedden  was  getting  £000  per  annum.  In  Birmingham  the  salarj-  was 
£1,400,  in  Liverpool  £1,.500,  in  Manchester  £1,500,  in  Nottingham  £1,3.50, 
and  in  Salford  £1,000  per  year. 

Councillor  Evans  said  it  was  his  intention  to  movr-  an  amendment,  Vjut 
he  would  now  su])port  a  ])ro|tosal  for  an  increase  of  Mr.  Fedden's  salary. 
The  action  of  the  Establishment  Committee  was  shabby  in  the  extrc-me. 

The  Establishment  Committee's  minutes  were  carried,  and  the  proposed 
bonus  was  rejected. 

Councillor  Baii.ey  moved  that  the  resolution  of  the  Electric  Supply 
Comn  ittee  "  that  the  sum  of  £10,000  be  a])j)ro])riated  from  the  re.sorvc 
fund  in  respect  of  mains  extensions  "  be  not  confirmt  d.  He  did  not  see 
why  they  should  take  £10,000  from  an  already  too  small  reserve  fund 
to  extend  mains.  They  should  extend  the  mains  to  supply  new  works, 
but  if  they  were  to  do  that  they  should  look  at  the  other  side  of  the 
balance-sheet.  He  thought  the  Electric  Supply  (lommittee  were  bringing 
to  a  state  of  bankruptcy  a  great  municipal  undertaking.  Before  the 
war  they  were  selling  electricity  at  a  price  which  it  was  veiy  debatable 
would  cover  the  cost  of  production.  Twelve  months  ago  the  gas  com- 
pany had  put  up  their  price  40  per  cent.,  and  the  Electric  Supply  Com- 
mittee ought  to  have  put  up  theirs  by  at  least  30  i)er  cent.  If  they  did 
not  increase  the  price  now  they  would  not  be  able  to  do  it  after  the  war. 

Councillor  Neal  said  he  did  not  wish  to  derogate  from  what  Councillor 
Bailey  had  said  on  the  question  of  the  price  of  electricity.  It  was  a 
matter  which  called  for  the  serious  attention  and  immediate  decision  of 
the  electric  sujiply  department.  He  challenged  the  resolution  on  two 
grounds  :  First,  that  it  was  a  misappropriation  of  the  reserve  fund,  and 
secondly  that  it  was  an  attempt  ♦^o  undo  the  war  poUcy  deliberately 
settled  by  the  Council  with  reference  to  extensions.  The  electric  supply 
department  by  that  method  were  proposing  to  overrule  entirely  the 
control  which  the  Council  had  exercised  over  extensione,  not  for  the 
works,  but  for  private  and  domestic  purposes. 

Aid.  HoBSON  said  the  charge  for  electricity  was  of  very  great  impor- 
tance in  relation  to  the  commercial  work  of  the  city.  Electricity,  in  fact, 
was  becoming  as  vital  a  necessity  to  Sheffield  trade  as  was  the  Mersey 
to  Liverpool  or  the  Ship  Canal  to  Manchester.  They  must  look  at  the 
broad  interests  of  the  community  when  they  were  setthng  those  prices. 
The  point  which  he  thought  wanted  taking  back  was  the  resolution  to 
use  up  the  reserve  fund.  It  would  be  improper  to  use  a  revenue  reserve 
for  a  capital  purpose. 

Councillor  Stembridge  said  if  Mr.  Fedden's  ad\-ice  had  been  accepted 
the  price  for  electricity  would  have  been  raised  about  the  same  time  as 
that  for  the  consumption  of  gas.  He  agreed  entirely  with  Mr.  Fedden's 
report,  and  he  believed  the  Electric  Supply  Committee  were  unanimously 
in  favour  of  the  report  recommending  an  increase  in  the  rates.  He  felt 
it  was  a  case  of  now  or  never.  If  peace  were  declared  that  day  it  would 
find  the  Council  saddled  with  a  very  considerable  expenditure  in  con- 
nection with  the  work  of  the  Committee,  which  would  have  to  be  met  by 
an  increased  revenue,  a  revenue  which  ought  to  be  brought  about  in  the 
way  Councillor  Bailey  had  suggested. 

Councillor  Evans  (chairman  of  the  Electric  Supply  Committee)  said 
the  question  was  whether  the  excessive  cost  of  coal  and  other  com- 
modities did  not  justify  a  serious  consideration  of  whether  an  increase 
in  the  charge  for  electricity  should  not  be  brought  forward.  As  regarded 
taking  the  £10,000  from  the  reserve  fund,  they  were  having  many  api)lica- 
tions  for  electricity  for  lighting  purposes,  and  surely  as  a  business  con- 
cern they  ought,  if  it  was  at  all  possible,  to  take  on  those  extensions.  He 
sometimes  thought  the  Council  was  jealous  of  the  progress  made  by  the 
electric  supply  department,  but  he  would  prophesy  that  the  department 
was  aoing  to  be  their  lar  iost  revenue  earning  concern. 

Aid.  Stybing  said  Aid.  Hobson  had  stated  perfectly  correctly  the 
general  attitude  the  Corporation  had  taken  with  reference  to  the  supply 
of  electric  power.  The  electric  hght  department  was  differently  placed 
from  any  other  undertaking,  inasmuch  as  it  had  in  the  gas  company  a 
competitor  which  was  in  a  position  to  supply  power  on  very  economical 
lines  indeed.  If  the  Sheffield  steel  industry  was  to  progress  as  it  oujrht 
to  do  the  department  must  be  in  a  position  to  supply  electnc  power  on 
extremely  economical  lines.  He  had  hstcncd  with  a  girat  deal  of  pain 
to  the  speech  of  Councillor  Bailev.  who  would  not  have  sa:d  a  quarter 
of  what  he  had  said  if  he  had  spoken  with  knowledge  of  the  tai;**'-  ^^f 
curse  of  the  electricity  undertakins;  ever  since  it  had  bt^cn  in  the  hands 
of  the  Corporation  was  that  it  had  been  attacked  by  people  who  did  not 
know  what  they  were  talking  about.  The  development  of  the  uiuler- 
taking  had  disproved  the  evil  prognostications  and  the  cnticisms  tnat 
had  been  made  over  and  over  again.  With  regard  to  the  pnee  of  e.ee 
tricity,  he  thought  it  was  no  secret  that  they  exi>eeted  that  when  the 
accounts  of  th-  department  were  made  u])  for  the  hast  year  there  would 
be  a  very  substantial  profit  shown,  and  thorefon>  it  would  be  quite  btMC^ 
the  mark  to  say  they  should  not  take  that  £10.000.  He  dul  "-^  «gn^ 
with  the  poHcy  of  leaving  money  locked  up  in  the  bank  ;vhen  b>  he 
expenditure  of  "a  few  pounds  on  mains  tluy  could  constantly  be  ,m  na^n^^ 
their  business.  There  was  far  too  much  criticism  of  the  ""^lertakmg 
by  people  who  did  not  trouble  to  get  at  the  facts,  and  came  and  made 
flamboyant  speeches  in  that  Chamber  and  eWcwhei-e  which  ^^ere  ex- 
tiemei;  detrimental  to  the  interests  of  the  concern. 

Councillor  Evans  took  back  that  part  of  the  mmute  relating  to  the  use 
of  the  reserve  fund.  _ 

Southend-on-Sea.-The  Electric  Lighting  Committee  has  i«ade  aa 
arrangement  ^^•ith  the  various  contractors  for  the  disposal  of  the 
plant  ordered  for  the  Leigh  ar.d  Thorpe  Bay  sub-stations 

Delivery  of  the  plant  was  countermanded  in  consequence  of  the  action 
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of  the  L.G.  Board  in  prohibiting  the  raising  of  moneys  bj' local  authorities 
during  the  war.  The  plant  included  five  Diesel  engines  (manufactured 
by  Messrs.  Belhss  &  Morcom),  three  200  kw.  dynamos  (by  the  Phcenix 
Dynamo  Mfg.  Co.),  and  two  180  kw.  dynamos  (by  the  British  Thomson- 
Houston  Co.),  the  amount  of  the  accepted  tenders  totalling  £H),.'}59. 
With  the  exception  of  two  six-crank  engines,  all  the  machines  were  ready 
for  delivery  last  summer.  A  substantial  portion  of  the  plant  has  been 
sold  to  a  foreign  Government,  and  the  Committee  has  provisionally 
effected  the  following  arrangement  :  Messrs.  Belliss  &  Morcom  are 
themselves  to  sell  the  one  six-crank  and  the  two  four-erank  engines  which 
have  been  comjkleted,  retaining  the  ])rice  obtained  and  undertaking  to 
deliver  to  the  Corporation,  within  six  months  of  an  order  requiring  them 
to  do  so,  similar  engines  at  the  original  contract  price.  The  construction 
of  each  of  the  second  and  third  six-crank  engines  is  to  be  jiroccedcd  with, 
and  delivery  made,  within  six  months  from  an  order  given  by  the 
Corporation,  the  ord<*r  as  regards  either  engine  not  to  be  given  earlier 
than  the  cessation  of  hostilities.  The  ])iice  to  be  paid  for  the  second 
engine  is  the  original  contract  jjrioe,  plu.-i  two-thirds  of  the  increased  cost 
(if  any)  at  time  of  manufacture,  regard  Ix'ing  had  to  the  value  of  the  work 
already  execut<'d  ;  the  price  to  be  paid  for  the  third  engine  is  the  original 
contract  price,  plus  the  whole  of  such  increased  cost  (if  any),  in  default 
of  agreement  as  to  the  cost  of  either  engine,  the  matter  to  be  determined  by 
arbitration.  As  ])art  of  the  arrangement  the  firm  waive  any  storage 
and  interest  charges,  with  which,  they  claim,  they  would  be  entitled  to 
deV>it  the  Corporation,  and  which  uj)  to  starch  81  last  they  put  at 
approximately  £040,  and  they  are  themselves  to  bear  one -third  of  the 
increased  cost  (if  any)  of  the  second  six-crank  engine  at  the  time  of 
manufacture. 

Only  one  of  the  three  200-kw.  dynamos  is  to  be  sold  by  the  Phoenix 
Dynamo  Mfg.  Co.,  who  will  retain  the  price  obtained,  and  they  undertake 
to  re])lace  the  dyiiamf)  after  the  cessation  of  hostilities  on  an  order 
re(|niring  them  so  to  do,  at  the  original  contract  price.  The  Cor])oration 
are  to  take  delivery  of  the  remaining  two  dynamos,  which  were  completed 
in  July  last,  and  to  pay  the  original  contract  price  therefor,  ])lus  interest  at 
5  per  cent,  on  that  sum  from  date  of  comjjletion.  which  interest  amounts 
to  £4.").  The  two  180-kw.  dynamos  are  to  be  sold  by  the  Corporation  at 
£1,2 Hi  (less  .I  ]jer  c"nt. ),  th  ;  Coq)oration  discharging  their  liabilities  to 
the  British  Thomson-Houston  ('o.  The  original  ttontract  price  of  the 
dynamos  was  £725,  and  the  amount  to  be  paid  to  the  contractors  in 
respect  of  the  dynamos,  storage,  packing  for  ex[»ort  and  carriage,  will  be 
ap])ro.\iniately  £000.  lea\ing  a  ])rofit  of  about  £250,  which  will  be  held 
against  a  ])robable  jncrea.sed  cost  on  the  original  contract  price  of  the 
dynamos  when  nvpiired  after  the  war. 

The  electrical  engineer  (.Mr.  11.  Birkett)  has  been  authorised  to  offer  the 
85(>-kw.  Willans  engine  at  the  generating  station  for  sale  at  £2,000. 

The  Borough  Surveyor  has  received  instruf  tions  not  to  light,  during  the 
summer  months,  any  of  the  street  lamps  in  the  town,  except  eight  lamp.s 
on  the  outskirts. 

It  was  re])ort((l  at  the  last  me<"ting  of  the  Lighting  Committee  that  a 
tradesman  who  carried  out  the  work  of  cleaning  the  interior  of  various 
houses  and  also  furniture  l)y  means  of  a  vacuum  cleaner,  had,  for  the 
pur])Ose  of  operating  the  machine,  used  the  current  su])])lied  under  the 
contract  rate  to  such  jircmises.  The  Committee  n-so|ved  to  charge  the 
tradesman  in  (|Uestion  at  the  rate  of  M.  for  a  jjcriixl  not  exceeding 
thn'c  hours,  or  Is.  per  day  in  rcs])ect  of  the  current  used  for  the  ])ur])osi' 
referred  to.  and  that  this  rate  Ix'  charged  for  all  c-urn-nt  used  in  vacuum 
cleaners  where  thr-  consumj)tion  thereof  does  not  exceed  ]  unit  per  hour. 

The  ( 'Om  mi  t  tee  appoint '(1  loconsider  thequfstionofefTcetingeeonomi<'S 
in  ■f)ubli<;  exi)en(lit  ure.  ex|)n-sscs  the  opinion  that  it  wi>ul<l  be  impracticable 
at  prrKcnt  lo  nrlinr  the  aiiiDunt  of  the  est  i  mate  (£.'{. '.lOtt)  for  s:  pre  t  lighting 
duiinu  the  current  financial  y<'ar.  \\'illi  the  view,  however,  of  lessening 
th<-  future  outgoings,  they  have  reeomniendid  the  ('or]ioration  to  n'cpK'st 
the  Highways  (Committee  to  consider  the  cjuestion  of  substituting 
electricity  for  ;.'as  in  those  streets  at  ])resent  lighted  by  the  latter 
illuniiniuil . 

It  is  ])r(ipose(l  to  dis])ensc  with  the  services  of  the  electric  light 
canvas.ser  as  a  war-time  economy. 

Swinton. —  It  was  rejwrted  nt  the  last  nu-eting  of  iUv  Council  that 
next  winter  it  would  be  found  tjiat  in  some  jturfs  of  the  distriot. 
especially  during  the  iati-  aftenio(ui.  th(>  cahles  wouhi  lie  fully  loaded. 

In  view  of  the  dillicultv  of  oi;taininu  saiuition  to  t)ic  borrowing  of 
eai)ital  for  carn.ing  out  extensions,  it  might  not  Ik-  possible  for  the  roun<;il 
to  accept  certain  a])|>lieations  for  suj)|)]y.  i>artietdarly  for  ]iower.  The 
eleetriciil  engineer  (Mr.  M.  C.  jJusbridge)  therefore  NUggested  that  the 
])iii)ii('  should  be  warned,  before  plaiin;:  any  orders  for  eleetrieal  mn- 
ciiineiy  or  instail.-ilion  work,  lint  they  should  ascertain  whether  the 
Coun(!il  weri"  in  a  position  to  .•■u])]ily  current. 

it  was  also  ri  ported  that  the  Ij»ncashire  Elictrie  I'ower  Co.  woidd 
])rol)al)ly  be  layinti  high-tension  caliles  from  the  sub-station  in  Briilge- 
street  to  giv(>  a  sui)ply  of  current  to  l)<ans  ^lill. 

Mr.  Musbridge  was  instru<ted  to  ])re)iiire  a  r<  port  on  the  rates  charged 
to  consumers,  with  s])ecial  reference  to  )inwer  us<'r8.  and  the  cost  of 
electricity  purchiised  by  the  (Joinieij. 

Walsall.— The  total  number  of  miits  Mild  (l.08S».322)  during  the 
Mareii  (piarter  shows  an  merease  of  131  .."11 4  over  the  C()rrt<s|M>nding 

|)(U'i()(l  of  1015. 

The  Klectrieily  CiMnniitt(~e  proposes  to  extend  iii:iin>  to  tlie  uorks  of 
Craddock  &  Sons  at  Wisem<»n\ 

Walton.  —It  was  reixirted  at  last  week's  meeting  of  the  Couneil 
that  the  I'.oard  of  Trade  had  considered  the  ajjplication  of  the  Urban 


Electric  Light  Supply  Co.  to  be  allowed  to  discontinue  the  present 
maximum  demand  charges. 

The  Board  s  representative  intimated  that  he  should  recommend  the 
board  not  to  accede  to  the  application  for  a  minimum  charge  asked  for 
b\-  the  company,  viz..  1  Is.  7d.  per  quarter,  and  that  he  should  recommend 
that  the  ma.vimum  charge  should  be  increased  to  7d.  per  unit.  The 
representative  of  the  Council  urged  that  the  maximum  charge  should  be 
Od.  per  unit,  feeling  the  company  had  some  grounds  for  increasing  the 
charge.  But  whatever  the  board  finally  decided  upon  would  last  for  five 
years,  and  it  was  left  to  the  Walton  and  Weybridge  Councils  to  come  to 
some  arrangement  with  the  company  so  as  to  formulate  a  scheme  that 
would  be  advantageous  to  all  concerned. 


iiiii; 

LIGHTING  &  POWER  NOTES. 


Ballymoney  (Ireland). — The  question  of  the  electric  lighting  of  the 
district  was  under  con.sideration  b\-  the  Urban  Council  last  week 
when  it  was  decided  to  communicate  with  the  L.  G.  Board  regarding 
the  j)owers  jiosses.sed  bv  the  Council  for  raismg  a  loan. 

Electric  Radiators. — At  the  last  meeting  of  the  London  County 
Council  it  was  decided,  on  the  recommendation  of  the  Fire  Brigade 
Committee,  to  invito  tenders  from  selected  firms  for  the  supply  of 
electric  radiators  at  ]'.i  fire  stations. 

Electricity  in  Mining. — At  the  recent  meeting  of  Pease  &  Partners 
(Ltd.),  the  chairman  (Mr.  A.  F.  Pease,  J.P.)  said  that  they  had  bored 
the  holes  at  the  Thome  Colliery  and  made  preparations  for  freezing, 
but  had  then  suKj)ended  ojjerations  as  from  Aug.  14  last.  The  plant 
was  ready  to  start  as  soon  as  the  war  was  over.  The  electric  plant 
was  running,  as  they  had  entered  into  arrangements  with  the  York- 
shire Electric  Power  Co.  for  a  su])ply  to  their  customers,  and  there 
was  a  loss  on  that  working.  There  was  a  prospect  of  them  getting 
a  larger  load,  which  would  materially  reduce  the  loss. 


TRACTION   NOTESc 


Ashton. — The  Council  have  decided  to  promote  a  bill  in  the  next 
session  of  Parliament  to  obtain  |H)wers  to  enable  the  Cor|x)ration  to 
acquire  the  imdertaking  of  the  Oldham.  Ashton  &  Hyde  Electric 
Tramway  (Ltd.)  within  the  areas  of  Waterloo  and  Banlsiey. 

A1(L  H.  S.  Oi.DHAM  exjilained  that  they  had  ]iowers  to  ]>urchaso  the 
lines  in  the  Ixirough,  and  by  aeipiiring  the  length  in  Waterloo  and 
Banlsiey  they  would  Ik-  abh-  to  ojicn  out  to  Oldham,  which  would  Ik>  of 
iK-nelit  to  both  towns. 

Electric  Traction  in  Germany.— Tli»  "'Daih  Mail"  states  that 
just  before  the  war  the  ( Jernian  State  Railway  Administration  was 
planning  to  electrify  the  bulk  of  the  lines  for  both  pas.senger  and 
goods  traffic,  but  it  was  n'cently  stated  in  the  Bavarijui  Parliament 
bv  a  (Jovenunent  s]Kikesman  that  ex|)erienees  aecpiired  during  t!io 
war  were  not  such  as  to  recommend  wholesale  substitution  of  electric 
for  steam  jKiwer  on  the  St-ate  railwa\s. 

Glasgow. —  Owing  to  the  inen-ased  cost  of  living  motor  men  and 
conductors  have  demanded  an  incn'ase  oi  (>s.  weekly  in  wages,  which 
are  27s.  for  conductors  and  ."Hs.  for  motormen. 

L.  &  S.  W.  Railway.  -With  the  completion  of  the  electrification 
of  the  Hamilton  Court  line  (including  Surbiton.  Thames  Ditton  and 
Hampton  Court  wefion)  the  whole  of  the  first  |)ortion  of  the  l»ndon 
and  Soiith  \\'i'st<'ni  Railway  Coni|)i>ny's  electrification  scheme  will 
Irive  been  completed  (except  the  short  length  between  Surbiton  and 
Claygate). 

The  new  Kervie<>H  In'twec-n  Wat<-rloo  and  Hanii>ton  Court  commenced 
on  Sunday,  aiul  trains  are  run  eveiy  20  minutes  on  Sundays  and  week- 
days, thus  giving  thn^e  additional  electric  trains  ]>er  hour  each  way 
Ix'tween  Waterloo.  Clapham  .lunetion.  Wimbledon.  Maiden  and  inter- 
mediate stations.  Over  20  riverside  nsorts  arc  now  linked  u])  with 
Waterloo  Iiy  these  eli-etrie  w-rvices. 

Manchester. — The  Tramways  Committee  have  starte<l  a  motor 
omnibus  service  between  Slade  Lane,  I^ngsight  and  Withington. 

Southond-on-Sea. — The  Committee  apjKiinted  to  consider  the 
question  of  etleeting  economies  in  piiblie  exi>enditun'  has  considered 
the  [Htssibility  of  saving  money  by  reducing  the  tranicar  .service,  but 
it  is  of  opinion  that  this  step  would  l>e  inadvisable.  l>oth  from  the 
point  of  view  of  |>ublic  s<'rvi<i'.  and  that  of  economy,  as  the  capital 
charges  in  res|>ect  of  the  service  \\ould  continue  whether  the  cars 
were  in  use  or  not.  The  Committee.  howe\-er.  recommends  the 
Cofjwration  to  dispense  with  tlie  services  of  the  traffic  suiierinteudent. 
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EMPIRE   NOTES. 


k 


Australasia. — TJie  accouut.s  of  the  electrical  uiidertaking  of  the 
Kalgoorlie  (Western  Australia)  Council  for  the  year  ended  Nov.  1, 
1915,  show  units  generated  amounted  to  1,094,876  (increase  43,576) 
and  sold  783,031  (increase  6,174). 

Total  revenue  was  £17,830  (against  £17,721),  working  cxpcnKcs 
were  £11,575  (against  £10,726),  gross  profit  was  £6,2fi0  and  the  credit 
balance  at  bank  £2,;]01.  The  electrical  engineer  (Mr.  CUirlc  Smith) 
points  out  that  the  engines  had  shown  a  marked  falling  off  in  efficiency, 
as  reflected  in  the  fuel  costs,  which  were  rather  over  £1,000  more  than 
the  previous  year.  A  new  engine  was  installed  about  the  middle  of  the 
period,  and  it  had  the  effect  of  neutralising  the  Iosfcs  due  to  the  deteriora- 
tion of  other  engines.  Comparing  the  fuel  costs  for  the  two  months 
before  the  new  engine  was  installed,  the  saving  came  out  at  23  per  cent., 
and  a  further  saving  could  be  effected  by  putting  in  another  engine  of 
similar  efflciency.  The  time  payment  system  of  installing  lamps  had 
proved  attractive,  471  lamps  having  been  put  in  (against  370),  the  total 
horse -power  of  motors  connected  being  565. 

India. — The  Registrar  of  Joint  Stock  Companies  for  the  United 
Provinces  says  in  his  report  for  the  past  year  there  is  a  scarcity  of 
ventilating  fans  in  consequence  of  the  war. 

Several  consignments  of  fans  ai-e  stated  to  have  gone  down  in  sunken 
vessels  ;  the  Government  have  bought  (or  ai'e  buying)  iip  all  fans  obtain- 
able, and  prices  have  advanced  generallj  33^  per  cent.  English-made 
fans  are  almost  out  of  the  market,  and  American  and  Italian  fans  are 
slow  of  delivery,  though  large  stocks  have  been  on  order  for  long  periods. 
Small  self-contained  oil-driven  electric  sets,  of  which  the  military  autho- 
rities are  buying  all  available  stocks,  are  at  a  ]nemium.  The  recently- 
enhanced  Customs  duty — as  a  rcsidt  of  which  prime  movers,  such  as 
engines,  motors,  dynamos  and  electric  fans  pay  2J  ])er  cent.,  while  such 
goods  as  copper  wire  and  switchboards  pay  7.'  per  cent. — has  nothing 
whatever  to  do  with  the  scarcity,  though  it  slightly  affects  prices. 


MISCELLANEOUS  NOTES. 


Council  for  Organisation  of  British  Engineering  Industry. — Mr. 
F.  Dudley  Docker,  C.B.,  chairman  of  the  Metropolitan  Carriage, 
Wagon  &  Finance  Co.  (Ltd.),  has  joined  the  Committee  of  this 
council. 


Customs  Decisions. — The  Commi.ssioner  of  Customs  of  the  Union 
of  South  Africa  has  decided  that  the  import  duty  on  incandescent 
bulbs  for  pocket  electric  torches  is  3  per  cent.  a<J  val.  (the  whole 
duty  being  allowed  as  rebate  in  the  ca.se  of  British  good«),  and  that 
X-ray  plates  are  to  be  admitted  duty  free. 

Enemy  Firms  Wound  Up.— The  Board  of  Tra<le  have  ordered  the 
winding  up  of  199  businesses  controlled  by  ahen  enemies. 

The  latest  list  includes  the  Standard  Cable  Mfg.  Co.  (Ltd.),  18-19, 
Quecnhithe,  London,  E.C.,  agents  for  cable  manufacturers.  (Coniroller: 
J.  S.  Feather,  35,  Great  Towtr-street,  E.C.)     i 

Inquest. — An  inc|ue.st  was  held  on  Saturday  on  Walter  Percy 
Harris,  33,  an  electric  fitter,  who  was  killed  on  the  loth  inst. 

It  was  stated  that  Harris  was  employed  by  the  British  Westinghouse 
Co.  (Ltd.)  at  the  electric  sub-station  o)  the  L.  &  N.W.  Railway  Co.  at 
Kilbuin.  He  was  engaged  in  connecting  some  cables,  and  as  then»  was 
an  obstruction  he  went  to  a  cubicle  containing  live  wires  with  the  object 
of  finding  out  what  the  obstruction  was.  He  had  been  warned  of  the 
danger.  It  appears  that  he  stnick  a  spanner  against  a  live  wire  at  the 
top  of  the  cubicle,  and  he  received  a  shock  from  electric  current  at 
11,000  volts. 

The  jury  returned  a  verdict  of  accidental  death,  and  added  a  rider  to 
to  the  effect  that  greater  care  should  be  taken  in  guarding  hve  wires. 

Prohibition  of  Exports  from  Sweden. — The  following  articles  have 
been  added  to  the  list  of  goods  which  are  now  jirohibited  for  exporta- 
tion from  and  for  transit  through  Sweden  : — 

Electrical  safety  appliances,  as  specified  under  No.  1.077  of  the 
Swedish  Customs  Tariff  (safety  appliances  n.s.m.,  including  also  safety 
p!u  s,  fusible  pieces,  cartridge  pieces  and  excess  voltage  apparatus),  box 
current  regulators,  with  coverings  or  inner  parts  of  other  metal  than 
iron  ;  mountings  for  incandescent  lamps,  with  coverings  or  inner  parts 
of  other  metal  than  iron. 

Telegraphic  Communication  with  Mongolia. — It  is  reported  from 
Petrograd  that  a  triple  Convention  between  Russia,  China  and 
autononious  Outer  Mongolia  regarding  the  telegraphic  cable  to  Outer 
Mongolia  has  been  officialh'  published. 

Trading  with  the  Enemy.— The  '■  London  Gazette  "  of  June  IG 
contains  additions  to  and  alterations  of  the  Statutory  List  of  jiersons 
and  firms  with  whom  trading  by  persons  and  firms  in  the  United 
Khigdom  is  prohibited. 

The  additions  include  :  Spain,  Siemens-Schuckert  Industria  Electricia 
(Barcelona,  Madrid  and  Valencia). 

It  is  also  announced  that  all  proclamations  relating  to  trading  with  the 
enemy  abroad  apply  to  persons  or  firms  of  enemy  nationality  in  Persia, 
Morocco  or  Portuguese  East  Africa. 


TENDERS    INVITED. 


illli 

Turbo-Alternator  Surface  Condenser  and  Auxiliaries. 

The  Corporation  of  Aberdeen  invite  tenders  for  the  supply, 
delivery  and  erection  at  their  electricity  works,  Millburn-street, 
Aberdeen,  of  one  5,000  kw.  Turbo-Alternator  to  run  at  a  speed 
of  either  1,500  or  3,000  revs,  per  min.,  together  with  surface 
condenser  and  auxiliaries.  Specification,  general  conditions 
and  form  of  tender  from  the  city  electrical  engineer,  Mr.  J.  Alex. 
Bell,  to  whom  tenders  are  to  be  delivered  by  noon  July  7.  See 
also  an  advertisement. 

Telegraph  and  Telephone  MateriaL 

Tenders  are  invited  up  to  Aug.  16  for  the  supply  to  the 
Australian  Commonwealth  Postmaster- General's  Dept.  (State 
of  Western  Australia)  of  (a)  Distilling  Apparatus  (schedule  502), 
(6)  Instruments  (Telegraph  and  Measuring),  various  and  parts 
(schedule  498).  Tender  forms  and  specifications  can  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 
See  also  an  advertisement. 

The  Deputy  Postmaster-General,  Perth  (W.  Australia), 
requires  tenders  by  3  p.m.  June  28  for  Paper-insulated  Load- 
covered  Cable  (schedule  489  W.A.),  and  until  3  p.m.  July  19 
for  96  Terminal  Blocks  (schedule  495  W.A.).  Specifications 
from  the  Deputy  Postmaster-General,  Perth,  W,  A. 

Tenders  are  also  invited  up  to  July  19  for  the  supply  to  the 
Australian  Commonwealth  Postmaster-General's  Dept.  (State 
of  Western  Australia)  of  Insulators  (schedule  510).  Tender 
forms  and  specifications  can  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  up  to  July  31  for  the  supply  and  erection 
at  G.P.O.,  Brisbane,  of  Power  Board  and  Accumulators  (Stores' 
Schedule  381).  Specifications  and  tender  forms  from  Common- 
wealth Offices,  72,  Victoria-street,  Westminster,  London,  S.W. 


Telegraph  and  Telephone  MateriaL 

The  Deputy  Postmaster-General,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  16  for  the  suppl}'  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &c.,  for  the  Australian 
Commonwealth  Postmaster-General's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputy  Postmaster- 
General,  Perth  (W.A.). 

The  Deputy  Paymaster-General,  Perth  (W.  Australia), 
also  requires  tenders  by  3  p.m.  July  12  for  supply  of  3,000  Dry 
Cells  for  the  Australian  Commonwealth  Postmaster-General's 
Dept.     Specification,  &c.,  from  the  Deputy-Postmaster-General. 

The  Deputy  Postmaster-General,  Adelaide,  requires  tenders 
by  2  p.m.  July  12  for  600  Accumulator  Cells  and  Telegraph 
Power  Board  Apparatus  (schedule  415)  for  the  Australian 
Commonwealth  Postmaster-General's  Department.  Speci- 
fication, &c.,  from  the  Deputy  Postmaster-General,  Adelaide. 

The  Deputy  Postmaster-General,  Melbourne  (Victoria), 
requires  tenders  by  3  p.m.  June  27  for  18,551  Stalloy  Telephone 
Receiver  Diaphragms  (schedule  1303).  Specification,  &c.,  from 
the  Deputy  Postmaster-General. 

The  Deputy  Postmaster-General,  Sydney  (X.S.W.),  invites 
tenders  for  the  supply  of  the  folio  whig  plant  and  materials  for 
the  AusTRALL\N  COMMONWEALTH  Postuuister-Generars  Dept.  : 
Miscellaneous  Switchboard  Material  and  Additional  Plates,  &c., 
for  accumulator  battery  iji  Petersham  (X.S.W.)  telephone  ex- 
change (schedule  No.  544).  Tenders  by  3  p.m.  Jime  29.  Portable 
Direct-coupled  Internal-combustion  Engine  and  D>-namo,  wijh 
Accessories,  of  an  output  of  about  2.J  kw.  (schedule  Xo.  497). 
Tenders  by  2.30  p.m.  Aug.  17.  Supply  and  erection  in  City 
North  Excfiange,  Sydney  (N.S.W.),  of  Automatic  Switchboards, 
with  Accessories  (schedule  No.  511).  Tenders  by  3  p.m.  Aug.  24. 
Specifications,  &c.  ,from  the  Deputy  Postmaster-General,  Sydney, 
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Coal  Conveyors,  Bunkers,  Sec. 

iSalforu  Corporation  invite  tenders  by  noon  Monday, 
June  26,  for  Coal  Conveyors  and  Bunkers.  Particulars  from  the 
Borough  electrical  engineer,  Mr.  J.  A.  Robertson,  Electricity 
Works,  Frederick-road,  Salford. 

Warrington  Electricity  and  Tramways  Committee  require 
tenders  by  noon  June  27  for  (1)  Coal  f^levator  and  (2)  Vertical 
Steam  Boiler  Feed  Pump.  iSpecifications,  &c.,  from  the 
Borough  Electrical  and  Tramways  Engineer. 

Tramway  Material. 

Salforu  Corporation  require  tenders  for  Manganese  Steel 
Tramway  Crossings  and  Tramway  Poles.  Forms  of  tender, 
&c.,  from  the  General  Manager,  Tramways  l)e])artment,  32, 
Blackfriars-street,  Salford. 

Electrical  and  General  Stores,  &c. 

Salforu  Corj)oration  require  tenders  by  noon  June  26  for 
supply  of  Cable  Accessories,  Carbon  Brushes,  Demand  Indica- 
tors, Castings,  Tools,  Steam  Tubes,  Oils,  &c.  Specifications 
from  Borough  Electrical  Engineer,  Frederick-road,  Salford. 

RoTHERHAM  Corporation  require  tenders  by  July  3  for  12 
months'  supply  of  Tramway  Stores  and  Materials,  Cables, 
Trolley  Wire,  &c.  Specifications  from  the  Engineer  and 
Manager,  Electricity  Works.  Rotherham. 

Tenders  are  invited  for  12  months'  supply  of  Electrical 
Aj)pliaiues,  &c.,  to  the  Devcm  County  Lunatic  Asylum,  Ex- 
MINHTER.  Forms  of  tender  from  the  Clerk.  Tenders  to  Mr. 
E.  H.  Harbottle,  County-chambers,  Queen-street,  Exeter,  to 
V'h(jm  tenders  Ijv  June  28. 


TENDERS  RECEIVED  AND  ACCEPTED. 


W(;LVKRiiA.Mi'T<).\. — The  Electricity  Committee  recommends  the 
acceptanc'C  of  the  foUowijig  tenders  : — 

Stirhnj;  Bf)iler  Co.,  two  wattT-tube  ImjIUtr  and  BUiKTht-aters,  £6.406; 
L'ndcrfccd  Stoker  f'<>..  two  wts  mcchiiniciil  htokcrs.  £1.{)07  ;  Crompton  & 
Co.,  ijcftric  motor,  i\'Mi.  1.5k.;  H.  (Joufrh  &  fSoii.  extension  of  i-ltc- 
tricity  htatioti  hiiildiiiL'.  i;;{.<)2((. 

An  order  ha«  also  been  j)iaced  with  WillanK  &  Robinson  for  the  supply 
of  one  turbo-altomator  with  condensing  and  auxiliary  plant  for  £10,000. 

Avi-KsuiKV. — Tlie  Couiuil  have  a(ce])(ed  tiic  fender  of  the 
Chloride  inject  rieal  Storage  Co.  for  an  extension  of  the  storage  l)atfery. 

West  Hartlepool. — The  CorjKjration  have  placed  an  order  with 
the  Stirling  lioiler  (Jo.  for  a  water-tube  boiler. 

Kr.itJiir.KV. — The  tender  of  the  Craven  A*  i)istri<f  Private  Tele- 
j)hone  A:  Kleefrie  Co.  lias  been  accepted  for  wiring  the  tem|K)rarv  war 
hospital  buildings,  at  £120. 


Leyton. — The  Council  have  placed  orders  for  the  supply  of  metert 
with  the  Electrical  Apparatus  Co.,  the  Reason  ^lanufacturing  Co., 
Chamberlain  <fc  Hookham  (Ltd.)  and  the  British  Insulated  &  Helsby 
Cable-sCLtd.). 

Mile  End  (London). — The  Guardians  have  placed  an  order  with 
Penrose  &  Co.  for  a  new  electric  lift  at  the  institution  at  £395. 

Government  Contracts. — The  following  tenders  were  accepted  by 
the  British  Government  Departments  during  Maj- : — 

War  Offirr. — British  Insulated  &  Helsby  Cables,  Connolly  Bros.,  W.  T. 
Glover  &  Co.,  Hoopers  Telejrraph  k  India  Rubber  Works  and  St.  Helen's 
Cable  &  Kublx-r  Co..  electric  cable  and  wire  ;  Butters  Bros.  &  Co., 
Ransomes  &  Hajiier  and  T.  Smith  &  Sons,  cranes  ;  India  RublxT,  Gutta 
Pcrcha  and  Telegraph  Works  Co.  and  Peel-Conner  Telephone  'V\'orks, 
ebonite  ;  Browett,  Lindley  &  Co.,  (k)ventry  Simple.x  Engines,  W.  H. 
Dorman  &  Co.  and  Xorris.  Hcnty  &  Gardners,  generating  sets  ;  Craig- 
park  Electric  Cable  Co..  gutta  ]K'rcha  ;  British  Thomson -Houston  Co.  and 
Crvselco  (Ltd.).  electric  lamps;  Clegg  Bros.,  Cook,  White  &  Co.,  J. 
Granville.  E.  Morley  &  Sons.  Warinp  &  Gillow  and  F.  J.  Weary  &  Co., 
wood  tekfrraph  poles  ;   Kenton  &  Fisher,  trolley  wheels. 

India  Oj^r*>._Callenders  Cable  &  Construction  Co.  and  W.  T.  Glover 
&  Co.,  cable  ;  Chloride  Electric  Storage  Co.,  battery  plates  ;  F.  Smith  & 
Co.,  wire. 

Poiil  Office. — Automatic  Telephone  Mfg.  Co.,  tele]>hone  apparatus  ; 
Siemens  Bros.  &  Co..  iron  tele}£ra])h  arms  ;  F.  W.  HoUway  &  Bros., 
wood  arjns  ;  New  Gutta  Percha  Co.,  Siemens  Bros.  &  Co.  and  Western 
Eleetrio  Co.,  telephone  cable  ;  India  Rubber,  Gutta  Percha  and  Tele- 
frra])h  Works  Co.,  ])orous  cells  ;  .7.  Bourne  &  Son,  Bullcrs  (Ltd.),  Doulton 
&  Co.,  .1.  Macintvre  k  Co.  and  Tavlor,  Tunnidiff  &  Co.,  insulators  ; 
Bayhss,  .Fones  &  Bayliss.  Bullers  (LtcL),  T.  W.  Lench  (Ltd.),  and  Port- 
land Bolt  and  Xut  Co.,  telegraph  ironwork  :  British  Insulated  &  Helsby 
Cables,  F.  Smith  &  ('<>.  (inc.  in  London  Electric  Wire  Co.  &  Smiths), 
bronze  wire  ;  British  Insulated  &  Helsby  Cables,  annealed  and  tinned 
copper  win-  ;  Rylands  Bros..  Shropshin'  Iron  Co.,  F.  Smith  &  Co.,  Wire 
ManiifjKtiin'rs.  Ltd.  and  Whitecross  Co.,  g.i.  wire. 

Furnace  Contracts. — The  Monometer  Mfg.  Co.'s  sjiecialities  con- 
tinue to  be  appreciated  by  the  leading  engineering  firms,  and  over 
50  orders  have  Ix-en  re<ently  lx>oked  by  the  comj)an_\.  which  is  also 
exiKjrting  monometer  alummium  melting  furnaces  to  Italy  and  other 
types  of  its  furnaces  to  the  United  States  and  Australia.  The 
Monometer  tilting  furnace  Ls  now  constructed  for  coke  firing,  as  veil 
as  oil  and  gas.     Among  the  firms  who  recently  ordered  furnaces  are: 

Croni])ton  &  Co..  India  RublK-r.  (^uttA  Percha  &  Telegraph  Works  Co.. 
Werner,  Ifeiderer  &  Perkins.  Siemens  Brfis.  &  Co.,  London  Bronze  fc 
Metal  Foundry-.  lnteri<«  k  Meial  Hokc  Co..  Sam  Whiteley  A-  Son.  Injr.  A. 
Musso  (Milan).  National  (Jahaiiisi-rs  (Ltd.).  Boiilton  k  Paul,  liirminp- 
liani  Small  .\rms  Co..  Wolsclcy  Motors  (  Ltd. ),  Aeratfirs  (Ltd.).  Blac  kwells 
.Metilluri:i(  al  Works.  Navaltum  (Lttl.).  Mellowis  &  Co..  WiUiains,  Harvey 
&  Co.,  NoIhts  Explosives  Co.,  I^ad  W«»ol  Co.  (Ltd.),  Piston  Rings  (Ltd.). 
\\Tiite  ^-  PopjM-  (I.,td.).  Thos.  Firth  *  Sons.  .Joseph  I.,ucas  (Ltd.).  Smith  A 
Davis  ..lames  I'pton  (Ltd.).  Motor  StamjiinL' Co.,  Burlini.'lon  Fn'e  Priss 
.\sso(  iation  (Wrniont.  r.S.A.).  Darlin^rtnn  Win-  Mills.  .lolm  Swain  &  Son. 
Heldain  Pankini;  iV-  HiiblxrCo..  .Metal  Smelters  Co.,  Gnenwixid  A:  liatli  y. 
Simmons  (Ltd.)  (Sydney,  N.S.W.).  &c. 


FINANCIAL    MATTERS. 


MUNICIPAL   ACCOUNTS. 


Chester.-  The  accounts  ().'  the  munici|)al  elcctri«ily  de|tJirlment 
for  the  year  ended  Man-h  25  show  totul  capitAJ  expendit un>  £162.38(1 
(increase  £2,til7).  of  whi«li  tOI,il27  is  outstanding.  £llf,43H  has  been 
contributetl  out  of  revenue  fur  capital  expenditure. 

From  the  whole  undertaking  (inelndinp  the  steam  nnd  the  hydro- 
elei^tric  works)  reviime  was  £23.f)(n  (coin])ared  with  £24,102  in  ]»revionH 
year),  workiii).;  expenses  wen-  £11.21)2  (£1 1.K.'IO).  aixl  after  ]>rovidinn 
£2!.")  (£I2S)  for  pay  of  emi>|oyeH  in  II. M.  Forces  and  1112  (£4tMt)  for 
alteialioiis  to  ])iib|ie  lam]is.  jjross  jirolit  was  tl2.37(>  (C12.4S4).  Intenst 
re(|iiired  £4,r>(i2.  sinking  fund  C4,7H7  and  bank  intt-n-st  an<l  eommifsion 
£(i4.  having  net  i>ro(it  £2.<.l.')(}  (ajjainst  £:<.1!»4).  Coal  rout  O^S.VI. 
(021  Id.)  per  unit  sold,  works  oostH  wen>  O-.'VK.ld.  (O-fi.'WId.),  and  total 
costs,  oll.cr  than  cajiital  eliarncs.  (!S77d.  (()K2rnl.).  Cnits  irenernt*  d 
were  3.4()7.:i23  and  sold  2.(i(iS.(l.">,S  (2..".:n.70!»).  Total  maximum  HnyyW 
dcinandcil  was  1,. '">'.•'.>  kw.  ConsniniTs  incri'aK  d  front  l.titiT  to  1.749,  nnd 
e(|iiivalcnt  Sc.p.  lanijis  connected  from  l(i."»,7.'Wl  to  177,2;{3. 

With  regard  to  tlie  hy<lro  works,  Mr.  S.  E.  Britfon  (city  cleotrirnl 
engineer)  says  l..')(i7,.'UtO  units  wen-  peneratrd,  of  which  lfi.0ri2  were  tin  d 
for  iiiini))inir  sewage.  l.tMMt  for  lijjhtinir  the  works.  42.310  by  excitation 
and  feeder  booster.  I2S.I22  ill  the  distribution  cabl«  s.  and  1.37!<.2(Hi  sold 
to  eonsniuers.  Tile  i-ost  of  oj>eratiii);  thcfe  works  included  oil  and 
stores,  £2,S  ;  waires.  £242  :  i-epairs  and  iiiaintenance.  £(»4  ;  rent.  £1(HI  ; 
ratt-sand  In \cs  and  insurance.  £I.3S;  total.  t.'i72  U-dPSt.'xI.  ]M-r  unit  sold. 
Capital  eliariies  wen<  :  interest  £45K)  ami  sinking  fund  £524  ;  tot.tl 
£1.014     017().")d.  jicr  imil  sold,  iiiakii'g  in  all  0  27(m1. 


Oldham. —  The  electricity  de|)artment'8  accounts  for  the  i>ast  year 
show  a  net  profit  of  £5,107  (compared  with  £3.550  in  jirevious  year). 

Kevcniie  was  £(i;i,<,l20  (auainst  £.">2,2'.t3).  and  total  costs  were  £.37.222 
(£27.(KM!),  leaving  gn>ss  jin'lit  £2(i,(>08  (£2.").287),  and  after  meeting 
capital  charnes,  kc.  the  net  pndit  was  as  stated  above.  Working  eost»* 
WTH'  eipial  t<i  0-8.'i2il.  ((••812d.)  per  unit,  and  av<rage  ])rice  obt-'iincd  was 
l-441d.  (1  .'>4.V1.).  Cnits  sold  were  10.4S7.235  (7.0S5.8.'>9).  The  joint 
ciijriiuers  and  maiiajjers  stat<'  that,  altlioiiuh  th<"  ontjuit  incn^ast'd  by  2J 
million  units,  it  was  fn'iii  thre<'  to  four  millions  |(>ss  than  would  have  Iwen 
thi"  cas«'  if  the  <-otton  mills  under  contract  to  tak<'  tum-nt  could  have 
obtained  the  n«<x-ssAry  )ilan(. 

Sallord.  .\t  the  last  mooting  of  the  Coriwration  the  chainnan  of 
fhe  Klectrie  Siipjily  Committee  (Coun<illor  Bellingfon)  made  a  stAto- 
ini'iit  With  reganl  to  the  workuig  »if  the  electricity  imdertttkiiig  during 
the  jMist  ^-oar. 

He  said  that  the  electriiity  department,  like  other  revenue -earning 
«l<j>artmciit)*,  had  Itceii  sulTenng  during  th<'  year  from  adverse  conditions 
arising  out  of  the  war,  and  it  would  in*  considered  very  satisfactory  thai 
the  financial  result«i  wen-  the  Ik  st  which  had  U-rn  obtained  in  the  history 
of  the  department.  The  electricity  sold  had  incn-ased  since  the  ind  of 
last  financial  year  fn'in  2«t.(>."»0.(MKt  units  to  24.8.'J<).(KK»  unit<J,  an  in( 
of  2ti  per  (HMit.  The  revenue  had  Ixin  rais<Hl  f nun  £11. '5.847  to  £1  a:; 
tho  gross  pnifit  from  £.Vt.SU7  to  £(i3,r.25,  and  the  net  profit  from  £S.44Ui 
to  £l(»..'>98  this  year.  That  was  the  largest  not  profit  ever  earned  by  the 
department  in  one  year,  the  neart^st  amount  being  the  pnifit  in  liHiti. 
when  it  wa«  £14,800.     In  that  j-ear,  however,  the  cost  of  coal  was  7s.  tkL 
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per  ton,  compared  with  an  average  cost  of  ISs.  Id.  per  ton  during  last 
year  while  the  average  price  received  for  current  was  27  per  cent,  more 
than  last  year.     The  principal  cause  contributing  to  that  favourable 
result  was  the  introduction  of  modern  plant  and  the  consequent  econo- 
mies  in  operation.     If  they  made  a  comparison  with  two  years  ago  they 
found  that  the  amount  of  coal  consumed  had  been  reduced  from  4-8  lb. 
to  3-2  lb.  per  unit  generated,  which  was  equivalent  to  a  total  saving  of 
15,000  tons  of  coal  per  annum.     All  other  heads  of  working  expenditure, 
including  repairs,  wages,  distribution,  oils  and  stores,  had  been  reduced. 
On  the  other  hand,  they  had  had  an  increase  in  taxes,  compared  with  two 
years  ago  of  £2,700,  an  increase  in  sinking  fund  and  interest  charges  of 
£4,500, 'partly  due  to  having  sc^rappcd  obsolete  plant,  while  the  increased 
price  of  fuel  represented  nearly  £7,000  and  payments  to  dependents  of 
men  on  active  service  and  increased  wages  and  bonus  amounted  to  £3,000. 
They  made  an  increase  of  7J  per  cent,  on  the  ordinary  rates  for  a  part  of 
the  year,  which  brought  in  £4,700,  but  after  making  allowance  for  that 
item  it  would  be  found  that  with  normal  conditions  the  net  profit,  instead 
of  beino-  £16,500  would  have  been  nearly  £28,000.      It  might  be  pointed 
out  also  that  while  they  only  increased  their  rates  last  year  by  7|  per 
cent.,  Manchester  increased  their  lighting  rates  by  10  per  cent,  and  their 
ppwe'r  rates  by  15  percent.     Nearly  all  tifie  increased  output  had  been  for 
power  users  at  low  prices,  so  that  the  average  rate  per  unit  received  last 
year  was  exactly  the  same  as  the  previous  year.     It  was  important  to 
iiote  tliat  increased  output  and  the  modernisation  of  the  works  was  being 
carried  out  without  any  increase  in  the  amount  of  their  capital  indebted- 
ness.    During  the  last  two  years  the  amount  of  capital  expended  was 
actually  less  than  the  amount  of  their  sinking-fund  contributions.     Last 
year  the  capital  expended  was  about  £14,500,  while  the  sinking  fund 
amounted  to  £30,940.     Thej'  purchased  last  year  a  new  5,000  kw.  steam 
turbo-alternator  at  £19,500.     The  whole  of  that  amount  was  being  paid 
for  from  renewals  fund,  and  they  were  now  engaged  in  erecting  a  sub- 
station in  Blackfriars-road  and  laying  high-tension  mains  at  an  estimated 
cost  of  £22,000,  which  would  also  be  paid  for  from  renewals  fund.     On 
the  other  hand,  by  adopting  a  modern  system  of  distribution  they  had 
been  able  to  withdraw  portions  of  the  original  low-tension  cables  which 
were  laid  14  years  ago,  and  owing  to  the  high  price  of  metals  the  amount 
received  for  those  cables  was  nearly  equal  to  the  amount  paid.      Last 
year  they  recovered  cables  to  the  extent  of  £14,500,  which,  by  jjermission 
of  the  L.  G.  Board,  were  credited  to  renewals  fund.     A  further  amount 
of  cable,  valued  at  £25,000,  would  be  released  when  the  Blackfriars  sub- 
station was  completed.     They  were  thus  able  to  carry  out  those  improve- 
ments,  which  increased   the   capacity   and  efficiency   of   their   system, 
without  increasing  their  capital  indebtedness,  which  was  a  most  im- 
portant matter  in  view  of  national  necessity  for  conserving  all  unneces- 
sary capital  expenditure   at  present.     The   gross  profit  had  increased 
during  the  last  two  years  from  £44,180  to  £63,625,  and  the  latter  sum  was 
equal  to  nearly  9  per  cent,  on  the  total  capital  expenditure  (£728,000), 
or  if  the  amounts  redeemed  and  written  off  be  deducted  the  eajsital  in- 
debtedness was  £451,000,  and  the  gross  profit  was  equal  to  14  3)er  cent, 
of  that  amount,  a  figure  which  would  be  considered  quite  satisfactory 
in  any  commercial  undertaking.     The  department  had  released  fully  35 
per  cent,  of  its  employes  for  active  service,  and  female  labour  was  now 
largely  employed  for  clerical  work  and  also  to  some  extent  for  other 
duties.     The  Committee  will  shortly  be  called  on  to  consider  a  scheme  for 
interconnecting  electrical  undertakings  in  that  part  of  the  country  which 
it  was  hoped  would  prove  of  mutual  advantage  by  reducing  the  necessity 
for  additional  capital  expenditure  and  also  improving  the  efficiency  of 
the  works  as  regards  the  coal  consumption  and  the  employment  of  labour. 

Sunderland — The  accounts  of  the  electricity  department  for  the 
year  ended  March  31,  1915,  show  gross  capital  expenditure  £491,027 
(increase  £7,272),  of  which  £254,770  is  outstanding. 

Re\enue  was  £71,103  (compared  with  £73,517  in  previous  year),  works 
costs  were  £29,632  (£25,216),  and  standing  costs  £10,835  (£14,875), 
leaving  gross  profit  £30,636  (£33,426).  Interest  required  £11,111 
(£11,023),  and  sinking  fund  £17,726  (£16,751),  and  after  providing  £767 
(£999)  for  renewals  and  special  expenditure,  net  profit  was  £1,032 
(€4,653).  Works  and  standing  costs  per  kelvin  sold  were  0-60d.  (0-54d. ), 
and  total  costs,  including  capital  charges,  special  expenditure  and 
attending  public  lamps,  l-08d.  (l-04d.).  Connections  are  equal  to 
20,906  kw.  (19,868  kw.),  maximum  load  was  5,495  kw.  (6,300  kw.),  and 
load  factor  31-2  (26-27)  per  cent.  Kelvins  generated  were  19,820,364 
(18,013,911),  and  sold  15,056,376  (14,499,124). 


COMPANIES'  MEETINGS  AND   REPORTS. 

— ^ 

ALUMINIUM  CORPORATION  (LTD.)— The  net  profit  for  1915,  after 
providing  for  debenture  interest  and  other  charges,  is  £14,257,  to  which  is 
added  £3,286  from  1914,  making  £17,543.  The  directors  recommend  a 
<ii-vidend  of  7  per  cent,  (less  tax)  upon  the  preference  stock,  leaving  to 
carry  forward  £4,559.  The  driving  of  the  Dulyn  Tunnel  was  completed 
early  in  the  year,  and  has  already  fully  justified  its  construction.  Arrange- 
ments have  been  made  to  increase  considerably  the  water  power,  and  the 
Treasury  has  consented  to  the  issue  of  another"£I00,000  of  first  mortgage 
debentures. 

^  MARCONI  INTERNATIONAL  MARINE  COMMUNICATION  CO.  (LTD.)— Mr. 
G.  C.  Isaacs  presided  over  the  annual  meeting  last  week  in  the  absence 
of  the  chairman  (Senatore  Marconi)  in  Italy.  After  giving  an  analysis 
of  the  accounts,  he  said  that  they  could  congratulate  themselves  upon 
the  result  of  the  past  year's  working,  especially  when  they  bore  in  mind 
that  their  business  was  necessarily  being  conducted  in  very  difficult  and 
abnormal  circumstances,  and  that  the  whole  of  their  losses  incurred 


through  the  submarine  warfare  had  been  debited  to  profit  and  loss 
account.  It  would  be  interesting  to  note  the  regular  growth  of  their 
gross  receipts  during  recent  years  :  In  Hill  they  amounted  to  £<M  166 
in  1912  to  £100,325,  in  I9I3  to  £146,325,  in  1914  to  £175,105,  and  in  1915 
to  £208,927.  For  the  year  under  review  the  available  balance  was 
£75,602.  Is.  Id.  They  had  paid  an  interim  dividend  of  5  per  cent,  in 
February,  and  they  propo.sed  to  pay  a  final  dividend  of  "J  per  cent., 
making  12  J  per  cent,  for  the  year,  and  after  placing  a  further  £3,500  to 
reserve  for  repayment  of  debentures,  they  carried  fon^-ard  (subject  to 
excess  profits  duty)  £33,841.  lis.  Id.  The  last  year  had  given  greater 
proof  than  in  any  previous  time  of  the  extreme  utility,  if  not'the  abgo|ut<- 
necessity,  of  a  wireless  telegraph  installation  on  board  ever>-  merchant 
ship,  and  he  thought  he  could  go  yet  a  step  further  and  say  that,  not  only 
was  it  ess  ntial  that  every  ship  should  be  equipped  with  wireless  tele- 
graphy, but  overwhelming  evidence  had  been  afforded  of  the  importance 
of  a  world-wide  organisation  such  as  the  company  hag  built  up.  The 
Navy,  the  Army  and  the  whole  nation  could  be  thankful  that  such  an 
organisation  existed,  and  that  it  was  in  the  hands  of  a  British  company. 
The  number  of  telegraph  stations  owned  and  worked  by  the  company  as 
public  telegraph  stations  on  the  high  seas- -which  had  reference  to  mer- 
chant ships  only — had  increased  at  the  end  of  December.  191.5,  to  1,008. 
At  present  time  it  was  between  1,100  and  1,200,  and  that  numlx-r  was 
increasing  as  fast  as  it  was  possible  to  turn  out  and  fit  the  installations. 
He  was  sorry  that  Mr.  Marconi  was  not  present  to  tell  them  of  his  new  work. 
His  recent  developments  would  dispose  of  one  more  peril  of  the  seas. 
He  had  authorised  him  to  inform  them  that  in  the  very  near  future  he 
would  introduce  a  new,  independent  and  very  simple  apparatus,  to  be 
worked  from  the  bridge  of  a  ship  and  by  one  of  the  ship's  officers,  which 
should  put  an  end  to  all  danger  of  coUision  in  darkness  or  fog,  He  had 
described  that  new  work  to  him  (Mr.  Isaacs)  and  he  had  little  doubt 
that  every  seagoing  vessel  would  be  equipped  with  that  further  great 
invention  of  Mr.  Marconi,  and,  turning  to  the  practical  business  side  of 
the  question,  that  should  prove  of  no  small  value  to  the  company.  Thev 
had  in  their  employ  in  these  perilous  times  some  2,000  young  men  almost 
continuously  upon  the  seas,  and  it  spoke  volumes  for  the  great  inherent 
qualities  of  theiv  young  men  from  the  moment  they  were  given  serious 
occupation  and  responsibility  that  in  no  single  instance  had  one  of  them 
been  found  wanting  in  the  moment  of  peril.  The  chairman  ga\e  many 
striking  instances  of  devotion  to  duty  by  wireless  operators,  and  said  they 
would  all  agree  with  him  in  being  proud  of  such  men.  They  ^-ied  with 
the  Navy  and  the  Army  in  proving  that  there  had  been  no  decline  in  the 
spirit  of  our  race.  82  of  their  operators  were  emploj'ed  on  mercantile 
ships  which  had  been  sunk  by  the  enemy.  Three  were  drowned,  two 
seriously  injured,  and  seven  had  been  slightly  injured  ;  of  the  operators 
transferred  to  the  Admiralty  service  he  was  sorry  to  ^ay  that  seven  had 
already  lost  their  lives. 

UNITED  ELECTRIC  TRAMWAYS  OF  MONTEVIDEO  (LTD.)— The  chairman 
(Mr.  G.  A.  Touche,  M.P.)  said  that  the  European  war  was  stiU  a  dominat- 
ing  factor  in  the  River  Plate.     The  company,  in  common  with  others 
doing  business  in  Monte  Video,  suffered  in  the  past  year  from  the  abnormal 
conditions  in  the  shipping  world,   and  would  suffer  still  more  in  the 
current  year.      Practically  all  the  materials  required  by  the  company  had 
to  be  shipped  to  Monte  Video.     The  coal  situation  had  occasioned  "much 
anxiety  and  was  continuing  to  do  so.     In  addition  to  high  freights  there 
was  a  very  serious  shortage  of  Welsh  coal  for  export.     All  coal  i-equired 
in  Uruguay  had  to  be  imported.     There  were,  however,  fairly  extensive 
peat  deposits,  with  which  experiments  were  being  made  for  fuel  puqioses. 
Failing  British  coal,  it  became  necessary  to  rely  on  American,  although 
it  was  not  of  the  same  steaming  qualities  as  Welsh.     The  cost  of  that 
coal,  delivered  in  Monte  Video,  would  be  approximately  105s.  per  ton 
(of  which  85s.  represented  freight),  compared  with  an  average  pre-war 
price  of  40s.  6d.     The  fuel  difficulty  had  not  reached  its  acutest  stage 
during  the  period  covered  by   the  accounts,  but  during  the  year  now 
current  it  must  represent  a  serious  charge  on  the  company's  receipts. 
Climatic  and  business  conditions  in  Monte  Video  had  also  been  unfavour- 
able.    Having  referred  to  the  political  and  economic  sitiia+ion  in  Monto 
Video  he  expressed  regret  that  the  directors  were  unable  to  recommend 
payment  of  any  dividend  on  the  ordinary  shares.     With  regard  to  the 
current  year,  weather  conditions  during  the  past  summer  season  showed 
some  improvement,  with  the  result  that  the  traffics  had  shown  increases 
when  compared  with  the  corresponding  months  in  the  p^e^iGus  year.     It 
was,  however,  to  be  regretted  that  praeticaK\  all  the  increase  in  gross 
receipts   had   been   absorbed    by   hea\ier   operating  exjienses.     Those 
expenses  were  bound  to  go  on  increasing  while  fuel  and  fi-eight  costs 
continued  on  the  up-grade.      For  some  time  past  it  had  been  part  of  the 
pohcy  of  the  Government  of  L^ruguay  to  municipalise  businesses  of  pubho 
utility.     With  that  object  in  ^^ew  they  acquired  recently  a  controlling 
intereiit  in  the  Norte  Tramway  Company,  which  still  operated  a  system  of 
trams  in  Monte  Video  by  animal  traction.     He  believed  it  to  be  the 
intention  of  the  State  to  electrify  that  system,  and  extend  it  in  various 
directions — probably   in   competition   with  existing  electric   tramways. 
Experience  showed  that  co-operation  was  better  than  conpetition.     If 
the  municipality  was  to  enter  upon  the  tramway  business  it  would  clearly 
be  better  that  they  should  control  the  largest  system  in  the  city  instead 
of  being  in  competition  with  it.     The  directors  recognised  that,  although 
the  object  of  the  proprietors  had  not  been  to  sell  the  undertaking,  the 
position  created  by  the  war  and  the  desire  of  the  Government  that  British 
investments   in   North  and   South   America  should,   when  opportunity 
offered,  be  realised,  were  factors  which  ought  to  be  taken  into  account. 
They  therefore  caused  the  authorities  to  be  informed  that  if  the  Govern- 
ment  were  prepared  to  make  a  definite  oft'er  on  a  fair  and  reasonable 
basis  of  valuation,  the  directors  would  be  pleaded  to  give  such  an  offer 
their  serious  consideration.     Although,  owing  to  temporary  cjiuses,  the 
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net  receipts  this  year  were  only  £120.220,  thty  had  b<-en  Pteadily  pro. 
greseive  from  the  inauguration  of  electric  traction  in  H)OG  to  191.'},  when 
they  reached  £150,985.  It  was  to  the  development  of  potential  value 
that  the  directors  looked  mainly  for  the  reward  of  their  enterprise,  and  if 
the  municipality  purchased  they  would  have  the  benefit  of  the  develop- 
ment. Since  the  report  was  issued,  a  f-ablefrram  had  been  received  fi-om 
Monte  Video  stating  that  the  Government  had  made  a  proposal,  and  that 
information  was  being  sent  forward  by  mail  as  to  its  terms  and  conditions. 


ELECTRICAL  COMPANIES'  SHARE  LIST. —Oontinued. 


CITY   NOTES. 


MEMORANDA  (June  21). — Bank  rate  5  per  cent,  (sinoc  Aug.  8,  1914). 
Consols  ■~>'.K  Consols  Pay  Day,  July  ■'>.  Stocks  and  Shares  Ticket 
Days,  Juno  28  and  July  12.  Pay  Days,  June  29  and  July  13. 
Price  of  silver,  ^iOJJd. 

ANGLO-ARGENTINE  TRAMWAYS  CO.  (LTD.)— The  dire(;tor8  have 
decided  not  to  pay  an  interim  divid'.nd  on  the  second  preference  shares. 

BULLERS  (LTD.) — An  interim  dividend  at  rate  of  5  per  cent.  ]ier  annum 
(5k.  pcf  sliarc)  tax  free  ff)r  th<'  past  half-year. 

EASTERN  TELEGRAPH  CO.  (LTD.)— The  company  announce  the  pay- 
ment  on  July  l.">  next  of  divideiid  at  rate  of  3.1  iM-r  cent,  per  annum  (less 
tax)  on  the  ])reference  stock  for  the  quarter  ending  .June  30.  191(i,  and  a 
first  fpiarterh  interim  dividend  of  lA  p^'r  cent,  on  the  o^lina^^■  stock 
(tax  free),  in  res])ect  of  ])rofits  for  the  year  endiriu  1>< c.  31,  191(>.  The 
transfer  books  tii  the  ordinary  stock  of  the  company  will  be  closed  from 
July  7  to  I -J  inclusive. 

VERITYS  (LTD.)— A  final  dividend  at  rate  of  6  per  cent,  per  annum  on 
the  onlinaiv  shares,  making  (i  per  cent,  for  the  past  year,  and  can^'ing 
forward  £1,"0S4. 


METAL  PRICES. 

Messrs.  J.  B.  Gamham  &  Sons,  132,  Upper  Thames-street,  London,  E.G..  quote  under 
date  June  20,  the  following  as  the  present  basis  prices  of 


Nev/  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 17d. 

Solid  Drawn  Gopper  Tubes 19Jd. 

Brazed  Go pper  Tubes l?ld. 

Brazed  Brass  Tubes 19d. 

Brass  Wire 16|d. 

Gopper  Wire 19id. 

Rolled  Brass 16|d. 

Brass  Sheets lyjd. 

per  ton. 

Gopper  Sheets    E160    0    0 

Spelter £68    0    0 


per  ton. 

English  Lead £33    0    0 

Antimony NominaL 


Old  Metals. 


per  ton. 


Glean  Copper  Scrap €90  0  0 

Glean  Brass  Scrap £60  0  0 

Braziery  Gopper  Scrap £33  0  0 

Old  Lead £26  10  0 

Old  Zinc £43  0  0 

Hollow  Pewter £125  0  0 

Black  Pewter £95  0  0 

Gun  Metal £72  0  0 


Mr.  A.  Joseph,  Earl-street,  London-road,  Southwark,  London,  SE.,  quotes  under  date 
June  20,  the  following  approximate  prices  of  Scrap  Mbtai^s  : — 


per  ton. 

Aluminium  Cuttings £100    0    0 

Glean  Mi xeJ  Brass £60    0    0 

Glean  Cooper £88    0    0 

Braziery  Copper £78    0    0 

Gun  Metal £76    0    0 


per  ton. 

Old  Lead £23  0    0 

Tea  Lead £26  0    0 

Old  Zinc £53  0    0 

Hollow  Pewter £130  0    0 

Shaped  Black  Pe-wter £»  0     0 


Mr.  Joseph  can  supply  solder  at  the  followinK  prices  per  ton  ;  Plumber's  Solder  (in  b»r 
or  strip),  £86  ;  Commercial  Tinman's  Solier.  £112;   Blowpipe  Solder.  £122. 


ELECTRICAL   COVIPANIES'  SHARE  LIST. 

What  wore  known  nit  "  otHoial  qaatationi  "  are  n>t  nov»  isual,  but 
we  give  below  the  latest  priooit  at  wliioh  actual  transiiotioiis  tojk  plai; 
on  01  before  Tuesday,, Fuue  20.  The  greatest  oare  i«  taken  in  oooipilia^ 
these  figiirea.  but  the  dilBoully  of  veritioation  ia  now  tnaoh  inoreasej. 
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Do.     6%Gum.  2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Prof 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Djb«... 

Do.     44%  Pref 

Do.     Ord 

Do.     City  Prof 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Dob 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.     5%  Deb.  St 
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County  of  London  Ord 

Do.    6%  Pref 
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Kensington  and  Knigiitsbridge  Ord.  .. 

Do.     Deb.  St 
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Metropolitan  E.  Supp.  Ord 
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Zinc  Conductors. 

Many  years  ago  tliere  was  some  talk  of  using  zinc  as  a  sub- 
stitute for  copper  for  electric  conductors,  but  it  was  left  to  the 
present  war  to  force  this  idea  into  actual  practice.     As  will  be 
seen  by  an  article  which  we  publish  on  another  page,  zinc  is 
now  being  used  somewhat  extensively  in  Germany  owing  to 
the  scarcity  of  copper,  and  the  authorities  have  issued  special 
rules  in  regard  to  cables,  wiring  and  electrical  machines,  in 
which  it  is  proposed  to  use  this  metal.     In  making  use  of 
zinc  it    must    be    remembered    that    there    are    mechanical 
difficulties,  apart  from  the  electrical  properties,  which  render 
it  rather  unfit  for  certain  uses.     Some  of  these  seem  to  have 
been  eliminated  by  suitable  purification  of  the  metal ;    but, 
even  so,  the  fact  remains  that  weakness  may  be  introduced 
by  large  crystalline  structure,  which  is  always  liable  to  arise 
if  the  temperature  exceeds  a  certain  value  for  a  considerable 
time.     For  this  reason  it  is  stated  that  temperatures  above 
100°C.  should  be  avoided.     This  being  so,  we  should  be  afraid 
that  trouble  might  result  from  armatures  in  which  zinc  con- 
ductors were  used,  owing  to  the  combined  action  of  vibration 
and  continued  high  temperature,  even  chough  this  does  not 
reach  100°C.     With  regard  to  cables,  it  is  stated  that  the  cost 
of  these  as  compared  with  copper  is  from  100  to  150  per  cent, 
greater  when  of  the  same  section.     This,  however,  does  not 
give  the  final  comparative  cost,  for  the  conductivity  of  zinc 
IS  much  lower  than  that  of  copper,  and  even  lower  than  that 
of  aluminium  ;   in  fact,  the  ratios  are  given  as  100  for  copper, 
58-4  for  aluminium,  28-5  for  zinc  and  12-5  for  iron.     The  object 
m  using  zinc  at  the  present  moment  is  to  avoid  the  substitution 
of  iron,  which  is  manifestly  unsuitable    for    many  purposes, 
more  particularly  when  it  is  a  question  of  carrying  alternating 
currents.     Even  for  commutators  the  idea  of  using  iron  does 
not  strike  one  as  being  very  happy.     Undoubtedly  the  use 
01  zinc  as  a  substitute  for  copper  gives  rise  to  a  number  of 


interesting  questions,  but  we  do  not  think  that  this  sub- 
stitution can  be  regarded  as  anything  more  than  a  purely 
temporary  expedient  adopted  of  necessity. 

Electric  Lighting  Charges. 

There  has  been  a  good  deal  of  idle  correspondence  in  the 
daily  Press  during  the  last  week  or  two  on  the  raising  of  prices 
by  electrical  undertakings  to  meet  the  smaller  consumption 
of  electrical  energy  on  account  of  the  Summer  Time  Act,  and 
some  correspondents  have  discovered  for  the  first  time  that 
such  undertakings  have  the  right  to  charge  a  minimum  quar- 
terly sum.  We  do  not  suppose  that  it  occurs  to  those  corre- 
spondents to  work  out  the  cost  per  telephone  call  in  the  two 
cases  when  they  make  merely  50  calls  and  when  they  make  500 
in  a  quarter,  nor  do  we  suppose  that  we  can  expect  the  general 
public  to  realise  the  principles  upon  which  either  electrical 
energy  or  the  telephone  service  is  supplied.  So  long  as  our 
legislators  realise  the  position  we  must  be  content.  So  far, 
Mr.  Harcourt,  in  replying  to  a  question  in  the  House  of 
Commons,  has  fortunately  not  seen  his  way  to  interfere  in  the 
matter,  but  has  stated  that  the  chief  object  of  the  Summer 
Time  Act  was  to  effect  economy  in  the  use  of  coal.  In  regard 
to  action  by  the  Board  of  Trade  we  notice  that  a  suggestion 
has  been  put  forward  that  the  users  of  gas  and  electric  light 
should  be  charged  double  rates  on  any  excess  over  75  per  cent, 
on  their  accounts  of  the  correspoading  quarter  of  last  year. 
This  will  surely  operate  in  a  direction  which  will  not  be  ap- 
proved by  the  correspondents  to  whom  we  have  referred,  and 
we  are  inclined  to  think  that  a  good  deal  of  hardship  may 
result.  The  small  consumer  at  least  does  not  use  more  gas  or 
electricity  than  is  necessary,  and  he  will  find  it  extremely 
difficult  to  economise  to  the  extent  of  25  per  cent.  Moreover, 
it  may  lead  to  his  using  coal  instead  of  cooking  and  heating  by 
electricity  or  gas. 


Double  Income  Tax, 

At  the  general  meeting  of  the  British  Electric  Traction  Co. 
last  week  the  Chairman  stated  that  the  Bombay  Electric 
Supply  &  Tramways  Co.  had  been  fcnned  as  a  separate  or- 
ganisation, so  as  to  avoid  the  payment  of  income  tax  in  both 
India  and  in  England.  By  complying  with  certain  formalities 
which  became  evident  through  a  legal  decision  some  little 
time  ago,  it  is  now  possible  to  avoid  this  payment  of  double 
income  tax,  which  is  a  great  hardship  in  cases  where  most  of 
the  shareholders  happen  to  be  people  belonging  to  the  locality 
in  which  the  business  of  the  particular  company  is  carried  on. 
There  is  something  obviously  unsound  in  the  levying  of  income 
tax  in  both  of  two  countries,  and  we  trust  that  among  the 
many  matters  which  will  be  set  right  after  the  war  the  payment 
of  double  income  tax  will  be  one,  and  that  this  grievance  will 
be  removed  in  cases  where  the  business  is  of  a  local  foreign 
character.  Under  the  present  high  rates  of  income  tax  the 
double  taxation  of  companies  working  within  the  British 
Empire  may  have  a  serious  effect  on  commercial  enterprise. 
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The  Agricultural  Load. 

Elsewhere  we  give  a  short  article  describing  the  rural 
development  of  electricity  supply  in  a  part  of  Pennsylvania, 
which  is  of  some  interest  in  the  light  of  Mr.  W.  T.  Kerr's 
Paper,  read  last  week  before  the  Incorporated  Municipal 
Electrical  Association.  In  Pennsylvania  it  is  noticeable  that 
light  seems  to  be  the  first  consideration  of  the  farmer,  and  that 
power  is  only  taken  as  the  result  of  education.  For  example, 
in  the  case  of  one  company,  out  of  125  farmers  only  30  are 
taking  power.  The  average  revenue  from  light  is  £3.  12s.  per 
annum,  whereas  the  average  for  light  and  power  is  £16.  These 
figures  do  not  seem  to  be  so  good  as  those  obtained  at  Hereford, 
where  19  agricultural  consumers  averaged  £25  per  annum. 
The  tariff  for  power  at  Hereford  is  2id.  per  unit  ;  that  in 
Pennsylvania  is  2id.,  less  a  discount  of  10  per  cent.  ;  but  the 
tariff  for  light  in  Pennsylvania  is  higher  than  at  Hereford 
On  the  whole,  it  looks  as  if  the  farmers  in  the  neighbourhood 
of  Hereford  take  more  readily  to  electric  power  than  those 
in  Pennsylvania,  which  is  satisfactory  from  the  point  of  view 
of  development  in  this  country. 


Royal  Visit  to  Bedford  College.— On  the  26th  inst.  Queen 
Alexandra,  the  Princess  Koyal,  Princess  Maud,  the  Grand 
Duchess  George  and  Princess  Nina  paid  a  surprise  visit  to 
Bedford  College.  Her  Majesty  inspected  the  chemistry  and 
physiology  laboratories,  the  dining  hall,  kitchen,  students' 
room  and  Icrturo  looni. 

Mine  Hoist  Calculations.—  The  "  Iron  Age  "  has  recently 
given  exam])l('S  of  mine  lioist  calculations.  Tlie  latest  article 
deals  with  a  balanced  slope  haulage  engine  operating  "  gun- 
boats." The  detciinination  of  the  correct  size  of  electric 
motor  is  given  in  detail.  These  articles  should  l)e  useful  to 
students  and  to  designers  of  mine  hoists. 

Experience  and  Teachers.  Kngineering  Record,"  refer- 
ring to  tlu'  decline  in  the  number  of  engineering  students 
at  some  colleges,  considers  it  a  mistake  to  have  young  graduates 
brought  back  to  teach  with  little  or  no  practical  experience. 
The  question  is  asked  whether  the  low  engineering  standard 
reached  mav  not  be  due  to  teachers  who  have  never  had  to 
work  ujub-r  hiisiiicss  staiulaids  (if  accomplishment. 

American  Engineers  Prepared. — "  Engineering  Record  ' 
refers  to  the  great  civilian  parade  in  New  York  recently.  About 
125,000  peo])le  took  part  in  it,  u]) wards  of  6.(KK)  engineers 
marched  in  the  engineers'  division,  the  Engineers'  Club  training 
battalion,  and  sections  from  civil,  mechanical  ami  electrical 
engineering.  Tin'  ])arade,  it  is  stated,  shows  how  strongly  the 
feeling  of  iiiilitaiy  i)rei)are(hiess  pervades  all  classes. 

Belt  Dressing.  Mr.  K.  B.  I're.scott.  in  the  "  Iron  Age."  con- 
siders liell  dressings  should  be  aliolished,  because  they  aie 
unnecessary  and  wasteful.  The  first  waste  is  the  cost ;  when 
j)Ut  on  belts  the  dn'ssing  pi<  ks  up  dirt  and  builds  u])  <tn  ])ulleys. 
changing  its  cone,  and  so  is  wasteful  from  the  eilieieiu  y  point  of 
view.  Clean  lielting.  and  ])ulleys  free  from  all  dressings  are 
recommended  for  efficient  working. 

Massachusetts  Institute  of  Technology.     It  is  stated  in  the 

"  Kilectrieal  World  "  that  the  new  gioiii.  of  buildings  were  to  be 
dedicated  oJi  the  14th  inst..  when  a  distingui.shed  coniiiany  of 
scientific  men  and  leaders  of  industry  were  to  be  ])reseut.  The 
cost  of  these  buildings  was  £1  .-lOO.OOO.  and  thev  contain  exten- 
sive engineering  and  chemical  laboratories.  The  lloor  space  is 
730,0(H)  s([.  ft.,  and  the  buildings  fare  the  Charles  River  Basin 
the  dominant  feature  Iteing  a  laii^e  dome  .surmounting  the 
library. 

Finsbury  Technical  College.  The  •  Old  Students"  Asso- 
ciation ajul  College  .Magazme  "'  for  May  has  been  delayed  in 
])ublicati()n  and  iuvs  just  come  to  hand.  It  contains  official 
and  editorial  notes,  and  obituary  notice  of  Prof.  R'»])hael 
Meldola,  P. U.S.,  in  addition  to  an  exeellent  photograph  of  him. 


There  is  also  an  excellent  article  on  the  "  Humphrey  Pumps," 
by  Mr.  James  G.  Bulger,  and  a  section  dealing  with  "  The 
College  and  the  War."  Finally  there  is  a  list  of  names  of  those 
serving  with  the  Colours. 

Depreciation  Rates  at  Glasgow. — Glasgow  Corporation 
have  adopted  a  recommendation  by  the  Tramways  Committee 
that  in  making  up  the  annual  accounts  of  the  department 
depreciation  for  the  current  year  shall  be  at  the  following  rates  : 

Permanent  way  £350  per  mile. 

Electric  equipment  of  line  Average     2-9percent. 

Ground     —       „ 

BuildinjirR  and  fixtures 2|       „ 

Power  station  and  sub-stations  plant 5         „ 

Workshop  tools  and  sundry  plant  5        „ 

Cars  Average      8-2       „ 

Electric  equipment  of  cars    6         „ 

Other  rolling  stock  Average      16-4     ,, 

^liscellaneouK  equipment   5         ,, 

Technical  Education. — Dr.  William  Gamett  gave  an  address 
on  '■  Technical  Education  After  the  War,"  at  a  recent  con- 
ference of  the  Association  of  Teachers  in  Technical  Institutions. 

Dr.  Gamett  said  we  could  never  reform  the  schools,  exctpt  through  the 
examinations.  He  referred  to  Eton,  and  said  that  parente  were  the 
greatest  hindrance  to  any  change  in  the  curriculum.  Dr.  Gamett  laid 
dowTi  14  principal  points  from  which  we  select  the  following  :  Leaders  of 
industrj-to  place  a  higher  value  on  research;  teachers  in  technical  insti- 
tutions to  be  more  closely  connected  with  industrial  leaders  ;  and  time  to 
be  given  to  teachers  to  enable  them  to  carry  on  research.  Trade 
associations  and  technical  institutions  should  combine.  It  was  pointed 
out  that  the  war  had  shown  people  that  our  universities  and  technical 
schools  are  able  to  do  work  which  veri*  few  people  would  liave  beheved 
possible  a  short  time  ago.  He  considered  that  much  of  the  school 
equipment  would  be  altei-ed,  and  methods  of  instruction  modified,  owing 
to  experience  gained  through  the  war,  and  teachers  should  be  prepared 
for  changes.  Xo  sacrifice  was  too  great  in  the  way  of  market  price  to 
make  this  countrj'  independent,  industrially,  in  regard  to  essentials  of 
life  and  efficiency. 

South  African  Possibilities. — The  "  Financial  Times  "  refei-s 
to  the  value  of  the  imports  in  South  Africa,  over  £3,000.000 
during  March  ;  and  the  exports,  £1,420,000  for  the  same  period. 
The  mining  and  agriculttiral  industries  require  together  more 
than  £2,000,000  worth  of  chemicals.  A  report  has  been  issued 
by  the  Resources  Committee  of  the  Institution  of  Electrical 
Engineers  in  South  Africa  dealing  with  the  possibilities  of 
establishing  there  some  electrochemical  industries,  such  as 
calcium  carbide,  cyanamide  and  its  derivatives,  and  concludes 
that,  provided  the  necessary  raw  materials  can  be  obtained, 
these  can  be  profitably  manufactured  in  South  Africa.  The 
high  cost  of  transport  as  well  as  the  protective  duties  and  the 
fact  that  there  is  abundant  coal  and  limestone  and  cheap 
electrical  energy,  are  all  in  favour  of  South  Africa  manufac- 
turing its  own  requirements  in  these  respects. 

The  Gravitational  Constant.  We  referred  in  our  issue  of 
Dee.  21.  I'.M.").  to  a  H..yal  Society  Paper  by  Mr.  P.  E.  Shaw,  in 
which  the  author  concluded  that  the  Newtonian  constant  is 
alTected  by  tem])eratnre.  In  this  connection  there  is  an  inter- 
est iiig  letter  in  the  current  issue  of  "  Nature,"  signed  "  J.L." 
It  is  j)ointe(l  out  that  the  pendulum  experiments  of  Bessel  and 
more  recent  determinations  by  Eotvos,  seem  to  estabUsh  pro- 
p<trtionality  between  gravitational  mass  and  mass  of  inertia 
irrespective  of  temperature,  beyond  the  limits  of  the  Paper  in 
(juestion.  If  the  variation  existed  it  is  pointed  out  that  comets 
like  Halley's.  which  are  amenable  to  astronomical  calculation, 
would  be  accelerated  on  leaving  the  sni\  and  retarded  on 
a|)j)roa<hing  it,  and  this  does  not  appear  to  have  been  noticed 
in  any  way.  Elertrodynamic  theory  shows  that  a  gain  of 
liiermal  energy  cau.ses  an  increase  of  the  inertia  of  a  body  by 
the  amount  dA'/c*.  where  dK  is  the  gain  of  energy,  and  c  is  the 
velocity  of  radiation,  so  that  it  is  extren\ely  minute  and  (piite 
beyoml  detection.  The  question  whether  there  is  an  equivalent 
increase  in  gravitational  mass  evades  discussion,  as  at  present 
no  link  between  gravitative  and  electric  forces  has  been  estab- 
lished. 

Positive  EmLssion  Currents  From  Platinum.— Pnif.  O.  W. 
Richaixls(m.  F.H.S..  and  Prof.  C.  Sheard  contribute  a  Paper  to 
the  "  Philosophical  .Mauazine "  on  "  The  Variation  of  the 
Positive    Emission    Currents   from    Hot    I'latinum    with    the 
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Applied  Potential  Difference."  It  had  been  observed 
previously  by  one  of  the  authors  that  when  a  fresh  metal  wire 
is  positively  charged  and  heated  in  a  vacuum,  the  relation 
between  current  and  E.M.F.,  when  due  allowance  is  made  for 
the  decay  of  the  current  with  time,  is  approximately  linear. 
Yet  no  measurable  quantity  of  negative  ions  is  emitted  by  the 
wire  at  the  temperature  of  the  experiment.  Since  one  would 
expect  saturation  to  occur  with  quite  a  small  potential,  under 
the  circumstances  this  phenomena  I'equired  investigation. 

Exin^rimcnts  were  made  with  two  forms  of  testing  vessel  :  («)  A  glass 
tube  in  which  the  electrodes  are  a  loop  of  heated  platinum  wire  and  a 
plate  ;  (6)  a  brass  cylinder  with  an  axial  platinum  wire.  The  wires  were 
heated  electrically,  the  temperature  being  controlled  and  regulated  by 
placing  the  wires  in  one  arm  of  a  Wheatstone  bridge,  which  was  actuated 
by  the  main  heating  current  in  the  usual  way.  A  series  of  curves  is 
given  illustrating  the  results  obtained.  The  authors  considered  two 
methods  of  accounting  for  the  phenomenon  :  (a)  By  effect  of  electric 
field  on  emission  from  the  hot  wire  ;  (6)  an  indirect  effect  by  impact  of 
ions  on  the  negative  electrode.  Their  results  were  inconclusive,  but 
further  investigations  are  being  carried  on. 

Transmission  of  Electric  Waves  Around  the  Earth's 
Surface. — At  a  recent  meeting  of  the  Royal  Society  Prof.  H.  M. 
Macdonald,  F.R.S.,  read  a  Paper  on  this  subject.  A  formula 
is  obtained  for  the  magnetic  force  at  any  point  of  the  earth's 
surface  supposed  imperfectly  conducting  when  the  source  is  a 
simple  oscillator  normal  to  its  surface.  If  r/=o-(/2AF)^,  where 
a-  is  the  specific  resistance  of  the  earth  at  its  surface,  V  is  the 
velocity  of  radiation  in  the  space  outside  the  earth,  X  is  the 
wave-length  of  the  oscillations,  and  z={2najl),  where  a  is  the 
earth's  radius,  it  appears  that,  when  rjz  is  a  small  quantity,  the 
effect  of  imperfect  conduction  is  to  increase  the  magnetic  force 
at  a  distance  from  the  oscillator,  the  ratio  of  the  magnetic  force 
in  this  case  to  the  magnetic  force  when  the  conduction  is  perfect, 
increasing  with  the  distance  from  the  oscillator  and  diminishing 
with  increasing  wave-length.  When  squares  and  higher  powers 
of  t]z^  are  neglected,  the  results  at  angular  distances  from  the 
oscillator  of  6,  9,  12,  15,  18  deg.  for  a  wave-length  of  5  km. 
agree  with  those  derived  from  Love's  results  when  the  square 
of  ^7'"  is  neglected.  The  effect  of  the  terms  involving  squares 
of  y]z^  is  opposite  to  that  of  the  first  order  terms.  Values  of 
the  ratio  are  calculated  from  the  general  formula  for  wave- 
lengths of  5  km.  and  2  km.,  for  a  wave-length  of  5  km.  the  ratio 
increases  almost  uniformly  from  1-004  at  an  angular  distance 
of  6  deg.  to  1-027  at  18  deg.,  and  for  a  wave-length  of  2  km. 
from  1-106  at  6  deg.  to  1-082  at  18  deg. 

Reconnecting  Induction  Motors. — Mr.  A.  N.  Dudley  has 
an  instnictive  article  on  this  subject  in  a  recent  number  of  the 
"  Electric  Journal."  After  an  examination  of  typical  diagrams, 
the  following  changes  are  discussed  :  (a)  Changes  in  phase  and 
voltage  of  supply  ;  (6)  change  in  frequency  of  supply  ;  (c) 
changes  in  the  number  of  poles  of  the  motor.  Practically  all 
commercial  motors  are  arranged  so  that  thev  can  be  connected 
for  two  voltages,  say,  110  and  220  or  220'and  440.  This  is 
managed  by  joining  the  polar  groups  of  windings  in  series  for 
the  higher  voltage  and  in  parallel  for  the  lower.  Tables  are 
given  for  three-phase,  star  and  mesh  winding,  and  it  is  shown 
how  a  2,200-volt  motor  may  be  reconnected  to  work  at  440 
volts,  although  it  is  not  possible  on  account  of  insulation  to 
reverse  the  procedure.  For  phase  changes,  on  the  other  hand, 
it  is  remarked  that  theoretically  there  are  2-5  per  cent,  more 
total  turns  on  a  two-phase  winding  than  in  a  three-phase  one. 
If  a  three-phase  motor  is  to  be  reconnected  as  a  two-phase 
motor  at  the  same  voltage  and  with  the  same  coils  it  will 
exhibit  all  the  s}Tnptoms  of  a  motor  operating  at  25  per  cent. 
over  voltage  and  would  heat  to  a  dangerous  extent.  When 
using  two-phase  as  three-phase  80  per  cent,  only  of  the  coils 
should  be  used,  and  the  remainder  distributed  as  evenly  as 
possible  around  the  rotor.  Another  arrangement  shown  is  the 
Scott  method  for  operating  a  two-phase  motor  on  a  three-phase 
circuit.  One  change  which  works  very  well  is  that  where  550 
volts  three-phase  is  to  run  as  440  volts  two  phase.  In  this  case 
tire  ratio  of  the  voltages  being  in  the  ratio  of  \/3  to  \/2  all  the 
turns  are  utilised  and  the  machine  will  give  practically  identical 
performance  in  each  case.  Regarding  frequency  changes  the 
best  rule  to  remember  is  to  vary  the  applied  volts  on  the  coils, 
in  the  same  way  as  the  frequency,  so  as  to  keep  the  magnetic 


field,  current  in  stator  and  rotor,  the  same  if  the  torque  is  the 
same.  ¥ov  instance,  if  changing  from  25  cycles  to  ^)  cycles 
a  220- volt  25-cycle  motor  will  run  on  a  44fJ-volt  60-cycle  circuit, 
at  about  double  the  power.  The  article  referred  to  contains 
several  diagrams  and  should  be  u.seful  to  tho.se  who  are  inter- 
ested in  the  subject. 

Emergency  Employment  of  Women  in  Industry.— The 
substitution  of  women  for  enlisted  men  in  the  various  occu- 
pations and  industries  of  the  country  has  for  some  time  pa.st 
been  the  subject  of  a  vigorous  campaign  by  the  Home  Office 
and  the  Board  of  Trade.  The  following  special  measures  have 
recently  been  taken  by  the  two  departments  to  deal  with  the 
question  : — 

1.  Aj)peal  to  Employers. — An  apix;al,  signed  Vjy  the  Home  Secretary 
and  the  President  of  the  Board  of  Trade,  has  been  issued  to  empioyere 
urging  them  to  take  immediate  steps  to  extend  as  far  as  poesiblethe 
employment  of  women  in  their  works. 

2.  Advisory  Committee  on  Women's  War  Employment  {Industrial). — 
(a)  A  Central  Advisory  Committee  on  Women's  War  Employment  (In- 
dustrial) has  been  appointed  by  the  Board  of  Trade,  in  consultation  with 
the  Home  Office,  to  advise  the  two  departments  on  questions  arising  out 
of  the  action  taken  by  them  to  facihtate  the  substitution  of  women  for 
men  and  to  watch  the  progress  of  this  substitution  in  various  localities 
and  industries.  (6)  The  Board  have  also  appointed  in  a  number  of 
important  centres  local  committees  under  the  Labour  Exchanges  Act, 
1909,  to  assist  the  two  departments  in  deahng  with  the  various  questions 
that  arise  locally.  The  work  undertaken  by  these  Committees  includes 
the  collection  of  information  as  to  the  labour  requirements  of  employers 
in  their  area,  the  organisation  of  a  supply  of  women  workers,  the  making 
of  arrangements  for  housing  accommodation  for  women  brought  in  from 
other  districts,  and  the  initiation  of  schemes  for  the  welfare  of  the  women 
employed  in  their  area. 

3.  Conferences  with  Employers  and  Operatives. — In  most  of  the  great 
industries  (outside  munitions  industries)  conferences  have  been  arranged 
by  the  Home  Office  and  the  Board  of  Trade.  In  almost  all  cases  a  formal 
agreement  has  been  concluded  whereby  the  operatives'  unions  have 
undertaken,  subject  to  certain  conditions,  to  relax  their  trade  rules  in 
regard  to  the  employment  of  women  on  processes  hitherto  regarded  as 
men's  processes.  Among  the  industries  in  which  such  agreements  have 
been  reached  are  the  following  :  Boots  and  shoes,  bread  and  pastry* 
baking  (Scotland),  china  and  earthenware,  clay  pipes,  wholesale  clothing, 
cotton,  electroplate  and  silver  (Sheffield),  gloves  (Somerset),  hosiery 
manufacture,  hosiery  finishing,  textile  bleaching,  dyeing  and  printing, 
woollen  and  worsted.  These  conferences  are  still  proceeding,  and  it 
is  hoped  that  similar  agreements  may  shortly  be  concluded  in  a  num- 
ber of  other  industries,  e.;/., cutlery, baking  (England  and  Wales), brush 
making,  printing  and  bookbinding. 

4.  Pamphlets  on  Substitution. — ^A  series  of  pamphlets,  setting  out  the 
processes  in  each  industry  in  which  women  have  been  or  can  be  intro- 
duced to  replace  or  assist  male  operatives,  -vrith  notes  of  am'  trade  agree- 
ments or  other  relevant  points  of  interest,  are  being  issued  by  the  two 
departments  and  brought  to  the  notice  of  employers  in  the  trades  con- 
cerned. 

5.  Informatio7i  Bureau. — With  a  view  to  enabhng  employers  and 
others  interested  in  the  question  of  substitution  to  obtain  information  as 
to  the  developments  which  are  taking  place  in  this  connection,  an  informa- 
tion bureau  has  been  established  at  the  Employment  Department  of  the 
Boaid  of  Trade  for  the  collection  of  particulars  as  to  the  occupations  and 
processes  in  wliich  women  are  replacing  men  in  different  parts  of  the 
country. 

Inquiries  on  this  subject  addressed  to  the  Information  Bureau.  Board 
of  Trade,  Victoria  and  Albert  Museum,  South  Kensington,  will  receive 
prompt  attention.  Information  may  also  be  obtained  from  the  Home 
Office,  from  the  Board  of  Trade  Di\-isional  Officers  for  Labour  Exchanges, 
or  from  the  Home  Office  Inspectors  of  Factories. 


PERSONAL. 


Mr.  A.  B.  Mountain  has  resigned  his  position  as  borough  electrical 
engineer  at  Hudderstield,  but  the  Corporation  have  retained  liLs 
services  as  consulting  engineer  mitil  the  end  of  1919.  Mr.  Moimtr.in, 
who  hopes  to  have  more  time  for  his  consultmg  work,  has  been  for 
25  years  at  Hudderstield,  wliere  he  designed  and  ei-ccted  the  origmal 
jjower  station,  and  has  since  carried  out  various  extensions  of  Siinie. 
He  has  also  acted  as  consultant  to  many  Corporations  and  District 
Coimcils,  having  been  responsible  for  the  supply  works  at  Worksop, 
Mirfield,  Honley  and  Ravensthorpe,  and  he  is  now  completing  the 
Holmlirth  supply  scheme. 

Second  Ijeut.  Walter  J.  Cridge,  of  the  15th  Sherwood  Foresters, 
was  wounded  in  the  face  recently  in  France,  and  is  now  in  the  -tth 
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Northern  General  Hospital,  Lincoln,  where  he  is  (we  are  glad  to 
learn)  making  good  progress. 

Prof.  J.  H.  JJobson,  general  manager  of  the  gas,  electric  supph'  and 
tramways  department  of  Johannesburg  municipjality,  has  left  on 
active  service  with  the  forces  for  the  German  East  African  cam- 
paign. He  has  been  appointed  officer  commandhig,  Sonth  African 
Pioneer  Battalion,  with  the  rank  of  major. 

We  understand  that  Mr.  W.  H.  Allen  has  been  offered  and  has 
accepted  an  appointment,  and  has  consequently  resigned  his  position 
of  engineer  and  manager  of  the  Loughborough  electricity  depart- 
ment, which  he  has  held  since  its  inception  12  years  ago. 

Mr.  Donald  Clark,  chief  inspector  of  Technical  Schools  in  Victoria, 
recently  went  to  South  Australia  to  advise  the  (Joveniment  on  the 
subject  of  technical  education. 

Royal  Engineers  (T.F.) — The  following  a]>j>ointments  have  been 
made  : — 

London  Electrical  Engineers :  Sapper  H.  Ninimo,  to  be  Second 
Lieutenant  (on  jjrobation). 

Tyne  Eiectiical  Engineers  :  Temi>orary  Lieut.  K.  B.  T.  Pinkney  (from 
Northumberland  Fusiliers),  to  be  Lieutenant  (temporary). 


APPOINTMENTS  VACANT  AND  FILLED. 

Two  switchboard  attendants  with  h.t.  three-phase  station  ex- 
perience are  wanted  for  Government  factory  in  South  of  Scotland. 
Salary  from  45s.  j)er  (>.'}  hours,  seven  shift  week.     See  advertisement. 

The  Council  of  the  Nottingham  Society  of  Engineers  invite  appli- 
cations for  the  position  of  secretary  of  the  society,  in  succession  to 
Mr.  Price,  at  a  salary  of  £2;')  per  aiuuim.  .\i)plications  to  the  Chair- 
man, Mr.  C.  .J.  Eox,  The  Limes,  Jkeston,  by  .luly  5. 

Leek  Urban  Council  require  a  junior  assistant  for  their  direct- 
current  power  station.  Salary  30s.  per  week.  Applications  to  the 
Manager. 

Junior  engineers-in -charge  are  required  for  XewjKart  (Mon.)  elec- 
tricity department.  Wages  commencing  at  £2.  os.  per  week. 
Applications  to  the  Engineer. 


Mr.  .1.  W.  Turner  has  been  ajjpointed  lH)rough  electrical  engineer 
at  lludderslield  hi  succession  to  Mr.  A.  IJ.  Mountain,  resigned.  Mr. 
Phillips  has  also  been  aj)pointcd  mains  foreman  to  the  electricity 
department. 

INSTITUTIONS  AND  SOCIETIES. 


Royal  Society.-  Amongst  the  I'ajcrs  read' at  last  Thursday's 
iuccting  wc  notice  the  following  :  '"  (Jn  the  Determination  of  (Jravity 
at  Sea,"  by  Prof.  Artlmr  Schuster,  Sec,  R.S.  ;  "The  (.'ene.sis  of 
IMeochroic  Haloes,"  by  IVof.  J.  Joly,  F.P.S.  ;  "On  Some  Deter- 
minations of  the  Sign  and  .Magnitude  of  Electric  Discharges  in 
Lightning  Flashes."  by  .Mr.  C.  T.  W.  Wilson.  F.R.S.  ;  "On  the 
Kinetic  Tiicory  of  a  Composite  .Monoatomic  (Jus:  J)iffu8ii,n,  Vis- 
cosity ;iM(l  'riicrnial  Conduction."  b\'  .Mr.  S.  ('ha|)man. 

New  Headquarters  for  the  Engineering  Department  of  the  Post 
Ofllce. —  The  Right  Hon.  J.  A.  I'ease,  M. P..  Postmaster-Cencral, 
(>iciicd  the  new  (.fli(cs  in  Dcnnian-strcet.  Londf  n  I'ridgc.  on  flie 
I'l'nd  inst. 

'I'lir  ]iii  iniK  s  ])r<>vi(li-  nrciirnnioilation  for  .'{.')(•  nx  inb<  ih.  'j'lir  Mayors 
•  •f  |{iriii<in(b<  y  and  Soiitliwark  an.l  olhcr  visitors  w<  n-  ]in  k  nt.  Sir  W. 
Siinuo,  engine  c>r-in-(lii(  f  lo  tin-  poht  Office,  in  hV  opining  icmarks, 
i(  fern  (I  tt)  the  c,\])ann<'n  of  ihc  dcpartnu  nt.  which  c,\]m  nd(  d  £(l.(:(l(l.(.(IO 
during;  l!tl4-ir>.  Mr.  ('n^iUMr.  llu-  architect,  stat<  d  tluit  the  liuildinn 
cost  £2().(1(K).  and  as  tlv  site  had  S.Odd  kj.  ft.  the  pioMi  \n  was  to  ;:ct 
4r),(l(l(»  i-(|.  ft.  of  door  s])acc.  Tli's  was  aci  iitn]il>h<  d  by  nn  ans  of  K'-\(n 
floors,  two  iindiTirnuind  and  live  above. 

Tlic  Postniasttr-Cicncral.  in  his  nmnrks  nfcrrrd  to  the  work  done 
durinj;  tiie  war  by  the  I'ost  OHice,  and  gave  stntistiei*  as  to  ]»n»>jn  >s. 
Overhead  wires  to  tlir  extent  of  I4,(HHI  \\\'\\t\<  have  licen  n-niovi  d  since 
l!H2.  and  .'Ui.OOtt  siiliscribers  Itavi'  Im'cii  added  to  the  London  tejcphoiie 
service.  Tlieri-  are  "),'!  Iiliplione  exelianj:rs  and  12.(MI0  private-  brancii 
exehanjics.  In  the  l.ondon  district  2.'il.i't2  t<'le]ili(in(  s  are  ninintaini d, 
anil  tlie  total  Icnuth  of  cables  is  70.840  niik  s.  I'nder  norntnl  conditions 
th(>  aiinnal  extensions  cost  about  a  million  immuuIs  a  year.  When  the 
National  'reii'])lione  Co.'s  system  was  taken  ovit  the  eoni]ilaints  averajred 
1  •2.")  i)er  1.000  ])er  day.  If  now  only  averajii  s  O-.')  ]ier  day.  S|m  (-nl 
arranuements  have  b<  en  made  for  warninL:  miuntion  fuetori<  s  in  the  ev<  nt 
of  Zc])]ielin  raids. 

A  suitable  kt  y  was  jiret-ented  to  the  i'ost  master-tJt-niral.  who  tin  n 
declared  the  building  open,  after  which  tlte  formal  proeectlings  ter- 
minated. Amonust  tii<>  visitoi-s  who  afterwards  took  tea  witli  the 
I'oNlmaster-tJeiieral.  Mrs.  I'«-a^e  and  the  district  staff  wire  Mr.  (J.  E.  P. 
Murray.  C.l?.  (secretary.  (J. P.O.).  Sir  Roliirt  Mrnee.  C.R.  (contnilkr. 
b.P.S.).  Sir  William   slingo  (cngineer-in.<  hj  f  1.   Mr     H     S,   Carey,  C.B. 


(joint  second  secretary,  G.P.O.),  Colonel  Ogdvie,  C.B.  (joint  second 
secretary,  G.P.O.,  Director  of  Army  Signals,  Home  Defence),  Dr.  Sinclair 
(chief  medical  officer,  G. P.O.),  the  Mayor  of  Bermondsey,  the  Mayor  of 
Southwark,  Messrs.  A.  B.  Walkley,  A.  G.  Ferard  and  E.  Raven  (asst. 
secretaries,  G.P.O.),  Jlr.  J.  Xcwlands,  CLE.  (controller,  Central  Telegraph 
Office),  Mr.  G.  Morgan,  I.  S.O.  (controller,  Stores  Dept.,  G.P.O.),  Mr. 
G.  F.  Preston  (controller,  London  Telephone  Service),  Messrs.  A.  J.  Stubbs 
and  W.  Noble  (asst.  engineers-in-chief,  G.P.O.),  ilr.  J.  M  G.  Trezise 
(sujK-rintending  engineer,  London  Power  District,  G.P.O.)  and  Com- 
mander Sladcn,  R.N.  (chief  officer,  London  Fire  Brigade). 

Diesel  Engine  Users'  Association. — At  the  last  meetmg-  of  the 
Associati<jn  Mr.  A.  J.  C.  De  Renzi  (Corporation  of  Xewcastle-under- 
Lvone)  made  a  suggestion  that  the  Association  should  hold  one 
meeting  in  each  year  in  an  imjxjrtant  centre  outside  London,  stich 
as  Manchester,  Birmingham,  &c.,  so  that  engineers  in  those  jjarts 
who  took  an  interest  in  the  work  of  the  Association  might  take  the 
opjKjrtunity  of  attendhig  its  deliberations  and  discussions.  A 
motion  by  Mr.  H.  Leslie  Dixon  (Leatherhead),  seconded  by  Mr. 
C.  O.  Milton  (Maidenhead),  that  the  Association  should  support  the 
apj)lication  of  the  Suffolk  Electricity*  Supply  Co.  (Ltd.),  to  the  Board 
of  Trade  for  the  voiding  or  suspension  during  the  war  of  the  German 
]jatent  in  regard  to  "  Improvements  m  internal  combustion  engines," 
to  enaljle  tar  oils  to  be  used  as  fuel,  was  discussed.  It  was  jxiinted 
out  that  although  at  present  any  royalties  would  be  paid  to  the 
Pul^lie  Trustee,  the  Germans  might  eventually  benefit  as  a  direct 
result  of  the  war  in  consequence  of  the  increased  price  of  crude 
petroleum  oil  which  led  to  the  ])resent  demand  for  tar  oils  as  fuel  for 
Diesel  engines.  Further,  on  public  and  patriotic  groimds  the  Asso- 
ciation should  sup|Kjrt  any  movement  which  would  tend  to  the 
j»reservation  and  most  economical  u.se  of  the  coal  reserves  of  the 
country.  Tlie  motion  was  carried  unanimously.  The  President, 
Mr.  Geoffrey  Porter,  then  read  a  Pa|jer  on  "  Oil  Engines  and  Steam 
Engines  ui  Combination."  We  hojje  to  deal  with  this  Paper  in  a 
future  i.ssue. 


ARRANGEMENTS  FOR  THE  WEEK. 


FRIDAY,  June  30th  (to  day). 

TRAMWAYS  AND  UGHT  RAILWAYS  ASSOCIATION. 

2.30  p.m.  .\t  Westminster  Palace  Hotel,  S.W.  Eighth  Annual 
('oni;n-.-s. 

3  p.m.  PajK  r  and  Discussion  on  "  Tramway  Transit  and  Comfort  : 
a  Plea  for  the  Pas.-^cngcr,"  by  Mr.  W.  Tuke  Robi=on,  General 
Manager,  Southami>ton  Corporation  Tramways. 

4 p.m.  Visit  by  Mot<ir  'Bus  to  London  Oencral  Omnibus  Co.'s 
Training  S<  hool  at  Miiman-strcet.  Chelsea.  Ins]H-etion  of  Class 
Rooms.  Drivers'  and  ('<mductors*  Coursi-s  and  t'incmatOL'rajdi 
Hall.  Thi-i  will  Ik'  follow,  d  by  Tea,  after  which  Mr.  Blain  will 
give  a  Short  .\ddn  i-s  on    *  The  Safi  ty  Mov<  im  nt." 

7.30  for  7.45  p.m.     Dinner  at  Trocadero. 

I'hvskwi.  Society. 
■j  p.  m.  At  TmiH-rinl  CoHej^c  of  Science,  FIxhibition-road.  S.W.  Pa^x^rs 
on  "  A  Sensitive  Magnetometer."  by  Dr.  P.  E.  Shaw  and  Mr. 
C.  Ha\Ts,  B.Se.  :  "The  Latent  Heat  of  Fusion  of  a  Metal  and 
the  Quantum-Throry,"  by  Dr.  H.  S.  .Allen  :  "  Exix'riments  on 
the  Thcrmo.e|«  ctrie  Pro]Kr»ics  of  Fust  d  Metals,"  by  Mr.  C.  R. 
Dading,  A.R.CS.  ,  an<l  on  "Cohesion,  Part  2."  bv  Pn>f.  H. 
Chatley.  D.Sc. 

|l8t  LOhDON  ENGINEER  VOLUNTEERS. 
Officer  ("ominanding — Lieut. -Col.  (".  B.  Clay.  V.D. 
Oniers  for  the  Wiek. 
Offici-r  for  the  Week.  —  Platoon  Conunantler  J.  O.  Cheadle. 
Next  for  Duty.-    Platoon  Commaiuler  L.  C.  Hughes-Hallett. 
Monday.  July  3rd.     Technical  for   Platoon  No.   9.  4(»,   Regency -street, 
S.W.     Squad  and  Platoon  Drill  Platoon  No.  10.     Signalling  Class  and 
l^-ernits. 

Tuesday.  .luly  4lh.  Officers'  Insti-uction  Class  (i  to  7.  Recruits  7  to  8. 
liCituns.  7.15.  "Constitution  and  Duties  of  a  Field  Company,  Com- 
pany Commander  Hcntlty. 

Widnesday.  .luly  .^th. — Platoon  Drill.  No.  2  Platoon. 

Thurs<lay.  July  fith.-  I'Intoon  Drill.  No.  (i  Platoon.  Recruits,  5.45  to 
7.45.      lnstni(<tionnl  Class.  5.45. 

Friday.  .Inly  7th.  T<'ebnieal  for  No.  10  Platoon.  40.  Rcgcncy-strcet. 
S.W.     S()'..ad  and  I'latoon  DnII,  No.  !•  Platoon. 

Saturday.  July  8th. — Instruction  Class,  2..30,  Company  Commander 
Fh'tu'ng. 

Sunday,  .luly  Oth. — Entn-nehing  at  Otford.  parade  Victoria  fS.E.  A  C. 
Railway  Booktnp  Office)  8..'i5  a.m.  Cniform.  haversack,  water 
Ixittlis.  Midday  rations  to  lx«  carried.  Railway  Vouchers  wnll  bo 
jirovid'  d. 

Otford  Cnmp.  — On  and  after  Siitnrday.  June  3rd.  theiv  will  lie  a  standing 
Camp  at  Otfonl.     See  monthly  orders. 

Mui»ketr>-. — For  all  Companies,  soo  Notice  and  Tables  A  and  B  at  Head- 
quarters. 

Note. — Unless  otherwise  indicated,  all  Drill,  &c.,  will  take  place  a) 
Chester  House. 
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ELECTRIC  POWER  IN  SLATE  QUARRIES.* 

BY   O.    K.    PATON. 

It  is  only  within  the  last  10  years  that  electric  power  has  been 
introduced  to  any  extent  in  the  slate  quarries  of  North  Wales,  some 
of  which  have  been  in  active  operation  for  a  century  or  more.  Under 
the  terms  of  the  North  Wales  Electric  Power  Act  of  1904  the  com- 
pany is  authorised  to  supply  power  in  bulk  to  power  consumers  with 
an  equivalent  amount  for  lighting  purposes. 

The  transmission  lines  of  the  power  company  now  extend  to  the 
piincipal  quarrjdng  districts  in  an  area  of  nearly  400  sq.  miles, 
supplying  slate  and  granite  quarries,  aluminium  works,  and  also  the 
new  Carnarvon  transmitting  station  of  Marconi's  Wireless  Telegraph 
Co.  (Ltd.).  It  may  not  be  out  of  place  to  briefly  describe  the  system 
of  the  power  company  before  discussing  in  detail  the  electrical 
equipment  of  quarries. 

The  generating  station  is  situated  at  Cwm  Dyli,  near  Penygwryd, 
in  the  Gwynant  Valley.  Water-power  is  the  prime  mover,  and  Llyn 
Llydaw,  into  which  the  upper  catchment  area  of  the  Snowdon  range 
is  drained,  forms  a  natural  reservoir  at  1,416  ft.  O.D.  above  sea  level, 
giving  an  effective  head  of  1,150  ft.,  with  a  water  pressure  of  500  lb. 
per  square  inch  at  the  power  station. 

The  pi^ie  line,  which  is  in  duplicate,  is  built  of  riveted  mild  steel 


series,  so  that  one  is  a  check  on  the  other,  the  mean  of  the  readings 
being  taken  as  the  net  consumption. 

The  questions  of  metering,  earthing,  low-tension  distribution  and 
overhead  lines  are  next  dealt  with. 

Overhead  Lines. — A  simple  and  effective  design  for  a  1,000- volt 
single-circuit  line  is  given  on  Fig.  1,  which  is  self-explanatorj-. 

Double-circuit  lines  with  channel  arms  are  arranged  w'ith  two 
insulators  per  conductor,  to  one  of  which  the  line  wire  is  lx>und  and 
to  the  other  is  attached  the  anchor  wires. 

An  earth  bar  is  fixed  as  an  additional  protection,  to  effectively 
earth  the  live  wire  should  it  fall. 

Both  designs  are  based  on  the  fact  that  the  insulator  is  the  weak 
point  of  a  line,  and  should  it  fail  the  wire  may  fu.se  or  break  at  this 
point.  The  second  insulator  and  anchor  wires  then  prevent  the 
conductor  from  falling. 

A  continuous  earth  wire  should  be  run  th'-oughout,  and  all  iron- 
work, motor  frames,  switch  ironwork  and  the  neutral  point  of  the 
secondary  efficiently  connected  thereto. 

Application  of  electric  power  in  slate  quarries  Is  limited  to  the 
following  purposes  at  present  in  operating  : — 
(a)  Slate  saws,  guillotines,  planing  and  drilling  machinery  in  sheds. 
(b)   Haulage  and  winding  gears,   including  hoists,   cableways  and 
inclines,     (c)  Air  compressors  for  rock  drills,     {d)  Pumps. 


Gunmetal  Clamp. 


Corner  Pole  Arrangement      With  two 
-*-  Shackle  Ins  ':^ 


Gunmetal  Clamp. 


Made  off  in 
both  directions. 


^Wood  Distance  Piece. 
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Overhead  Line  Construction  in  Quarries  for  Crossing  Kails,  Footpaths.   Single  Circuit,  500-1,000. 


pipes  30  in.  internal  diameter  on  the  upper  section,  and  27  in. 
internal  diameter  lap-welded  steel  pipes  on  the  lower  section.  Ex- 
pansion joints  are  p^o^^ded,  and  the  pipes  are  anchored  by  means  of 
concrete  blocks,  tie  rods  and  clamps.    Lead  joints  are  used  throughout. 

Four  Pelton  wheels,  each  of  1,600  b.h.p.,  are  installed,  coupled 
to  1,500  k.v.a.  alternators  with  direct-coupled  exciters,  generating 
three-phase  current  at  10,000  volts  50  periods  when  running  at  a 
speed  of  500  revs,  per  min. 

The  voltage  at  the  power  house  is  regulated  within  1  per  cent,  by 
means  of  Tirrill  regulators.  Power  is  transmitted  to  the  various 
consumers  by  overhead  transmission  lines,  and  each  consumer  has 
one  or  more  sub-stations,  built  to  the  requirements  of  the  power 
company,  equipped  with  two  three-phase  oil-insulated  static  trans- 
formers, varying  in  size  from  100  k.v.a.  and  750  k.v.a.  capacity, 
according  to  requirements,  to  reduce  the  line  pressure  to  500-550 
volts  or  whichever  pressure  is  desired.  The  extra-high-tension 
equipment  and  transformers  are  the  property  of  the  power  company. 
All  consumers  are  in  communication  with  the  power  house  by  tele- 
phone. The  secondary  equipment  from  the  low-tension  terminals 
of  the  transformers  is  supplied  by  the  consumer. 

The  sub-station  switchgear  includes  two  transformer  panels  con- 
trolling the  supply  from  the  main  transformers,  and  the  necessary 
feeder  panels,  equipped  with  triple-pole  oil-break  switches  with 
instantaneous  or  time  limit  trip- gear.  It  is  advisable  in  all  cases  that 
the  feeder  switches  should  operate  before  the  transformer  switches. 

Lightning  arresters  and  kick  coils  should  be  fixed  on  all  outgoing 
feeder  circuits.  For  metering  the  supply,  two  double-element 
integrating  three-phase  watt- hour  meters  are  installed  coupled  in 
Abstract  of  a  Paper  read  before  the  Liverpool  Engineering  Society. 


For  convenience,  each  will  be  considered  ad  seriatim  : — 
Slate-saiving  Machinery. —  The  necessity  for  slate  saws  in  a  quarry 

is  to  avoid  wastage  and  obtain  the  maximum  size  of  roofing  slate 

possible  from  the  slate  blocks. 

1.  The  ragged  end  is  sawii  off,  and  facilitates  splitting  into  ^>"hat 
are  commonly  called  "  slates."  ■ 

2.  In  large  blocks,  a  fault,  or  what  it  is  called  in  Welsh  "  crych," 
in  the  block  is  sufficient  to  prevent  saleable  slate  being  produced  ; 
but  by  cutting  the  crych  out,  leaving  two  smaller  blocks,  good 
saleable  slate  is  obtained. 

3.  The  blocks  are  cut  to  a  suitable  size  for  splitting  by  hand,  an 
operation  for  which  no  machinery  has  yet  been  designed.  Generally, 
the  provision  of  slate-saA\-ing  machinery  prevents  wastage  of  con- 
siderable quantities  of  rock  ;  enables  the  production  of  saleable  slate 
from  blocks  which  would  otherwise  be  throwii  auay,  and  of  larger 
size  slates,  which  are  more  valuable  and  marketable  ;  reduces  debris, 
and  gives  a  highei'  production  at  a  reduced  cost. 

Slate  sheds  should  be  erected  as  near  as  possible  to  that  part  of  the 
quarry  from  which  the  blocks  are  obtained. 

Advantage  should  be  taken  of  the  electrical  supply  to  install  units 
of  15  B.H.P.  to  20  B.H.P.,  driving  12  to  15  saw  tables,  instead  of  the 
older  method  of  concentratuig  all  the  saw  tables  in  one  large  shed. 

When  conversion  is  made  to  electric  drive  in  these  large  sheds  it 
is  better  to  subdinde  into  groups  of  12  to  15  tables,  each  group  being 
driven  by  separate  motor. 

A  convenient  arrangement,  recently  laid  down  in  Penrh^ni  quarr^-, 
is  a  shed  162  ft.  by  58  ft.,  containing  12  saw  tables,  each  driven  by 
belt  from  a  main  "shaft,  4  in.  diameter  at  the  centre  and  tapering 
to  3  in.  at  the  extreme  ends,  driven  from  the  centre  by  means  of  a 
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gquirrel-cage  three-phase  induction  motor  of  20  b.h.p.,  coupled  to  a 
worm  gear  with  a  speed  ratio  of  960-45  revs,  per  min.,  the  secondary 
shaft  being  direct  coupled  to  the  main  shaft.  An  outline  of  this  tyi)e 
of  motor  and  worm  gear  is  given  on  Fig.  2.  The  slate  tables  are 
arranged  six  on  each  side  of  the  motor  equipment.  The  tables, 
which  measure  8  ft.  by  4  ft.,  are  carried  on  rollers,  and  a  continuous 
feed  motion  is  given  by  means  of  worm,  worm  wheel,  puiion  and  rack 
gearing.  The  ratio  of  the  gear  can  be  arranged  for  any  speed, 
according  to  the  hardness  of  the  slate  rock  to  be  sawn,  varj-ing  from 
1^  in.  to  6  in.  per  minute. 

Slate  dre.ssing  machines  are  used  to  dress  the  slates  to  size,  a 
gauge  on  the  machine  providing  the  necessary  guide  to  obtain  the 
maximum  size  possible.  The  revolving  cutters  are  driven  from  the 
main  shaft  by  fast  and  loose  pulleys,  or  by  pulley  and  clutch  as 
desired.  Xo  slate-sawing  shed  is  complete  without  a  saw  sharpening 
machine  for  sharpening  the  circular  saws,  and  a  saw  punching  and 
setting  machine. 

In  some  quarries,  where  very  heavy  blocks  are  dealt  with  in  the 
sheds,  lifting  tackle  is  necessary  ;  but  in  other  quarries  the  blocks  are 
reduced  in  size  at  the  quarrj'  before  being  sent  to  the  sheds,  and  the 
men  prefer  to  lift  these  smaller  blocks  by  hand. 

Lighting. 

A  shed  with   12  tables  requires  about  1,200  watts  per  hour  for 

25  lamps,  and  costs  ]]d.  ])er  hour  at  a  Id.  jx-r  unit,  yet,  to  the 
author's  knowledge,  only  one  quarrj-  has  installed  electric  lighting 
in  saw  sheds. 

Steel  circular  saws  about  2  ft.  in  diameter,  nmning  at  a  speed  of 

26  to  36  revs,  per  min.,  are  used  for  cutting  the  blocks  of  slate,  the 
feed  varj'ing  from  IJ  in.  to  6  in.  per  nunute.  The  saw  runs  in  a 
water  bath. 

Carborundum  saws,  although  satisfactory  for  some  special  pur- 
poses, arc  not  generally  used.  For  very  large  slabs  a  circular  disc 
with  j)rojccting  cutters  is  used.  The  slow  speed  of  these  saws 
necessitates  a  main  shaft  running  from  45  to  60  revs,  per  min.,  and 
four  methods  are  available  with  an  electric  drive  : — 

(a)  Worm  gear  coupled  direct  to  Une  shaft  ;  (h)  single  reduction 
gear  with  belt  drive  from  secondary  shaft ;  (c)  double  reduction 
gear  with  belt  drive  or  geared  to  line  shaft  ;  {d)  belt  drive  from  slow- 
speed  motor. 

(a)  For  a  new  shed,  where  it  is  possible  to  arrange  a  centre  drive, 
a  worm  gear,  coui)lc'd  to  line  shaft  and  driven  by  high-speed  scjuirrel- 
cago  three-phase;  induction  motor  is  a  convenient  arrangement. 
A  star  delta  starter  is  all  that  is  rcHjuired  for  starting  purix)ses, 
but,  on  account  of  the  low  starting  tonjue  of  these  motors,  an  auto- 
transformer  starter  Ls  sometimes  an  advantage  if  it  is  necessary  to 
start  against  more  than  25  |)er  cent,  starting  torque.  The  efficiency 
of  the  worm  gear  is  stated  by  the  makers  to  be  !(5  to  96  \)or  cent. 
This  arrangenu'nt  takes  up  very  littK;  space,  and  is  very  satisfactorj' 
in  operation.  .An  outline  drawing  of  a  coinlwned  set  is  shown  in  the 
I'aper.  The  motor  is  20  u.n.r.  when  running  at  U60  revs.  i>er  min. 
The  worm  gear  ratio  is  960-45. 

(ft)  A  belt  drive  is  eMi|)loyed  from  the  secondary  shaft  on  the 
motor,  running  about  240  revs.  \k'V  min.  to  the  main  shaft  at  45  or 
60  revs,  jkt  min.,  as  may  be  reriuin'd.  For  the  4  :  1  gear  reduction 
960-240  revs,  per  min..  it  is  a  vexed  (picstion  wlictlier  straight  or 
helical  cut  teeth  should  be  u.sed,  and  steel  or  iron,  pujter  or  raw  hide 
pinions.  Slat<!  dust  causes  considerable  wear  on  jjajK-r  or  hide 
])inions,  and  it  is  nearly  impossible  to  prevent  dust  getting  about,  .vs 
it  is  carried  by  the  belt,  even  when  the  motor  is  fixed  in  a  dilTen-nt 
comj)artnient.  A  helical  cut  gear  gives  better  results  than  the  other 
typ(;s  Mieiilioned.  This  arrangi  ment  of  n\otor  with  single  reduction 
gear  is  show  n  in  the  l'a|H'r. 

(c)  Tho  double  reduction  geared  drive  is  not  used,  so  far  as  the 
author  is  aware,  in  any  of  the  quarries,  and  it  is  higher  in  cost  than 
the  other  types. 

(d)  It  is  always  preferable  to  use  a  Iwlt  drive.  b\it  when  a  sixkhI 
reduction  to  45-60  revolutions  is  nvjuin'd  this  is  only  ]ios.sil)le  by 
means  of  n  slow-speed  motor.  The  "  ea,semle  "  motor  is  suitabh*  for 
this  purpo.se.  a  15  u.n.r.  motor  running  at  .120  revs,  jmt  min..  syn- 
chronous speed  '.V.V.i  revs.  }>er  min.  The  pulley  ratio  is  alwiut  7  to  1.  and 
eonsecpiently   the   niotor   pulley  is  of  necessity  small   in  diameter. 

The  ])ower  factor  and  efficiency  of  the  cascade  motor  is  lower  than 
that  of  higher  speed  motors,  aiul  it  is  inten-sting  to  compan>  the  cost 
aiid  etlicii'ncy  of  eiu  h  method.  The.se  an>  gi\cn  in  the  following 
table,  based  on  actual  quotations  for  each  tyjie.  The  figures  are 
comparative  only  and  the  prices  include  starters  and  slide  rails  where 
necessary. 

Each  tyjxi  has  its  advocates,  and  (hat  cho.sen  will  de|NMui  on  local 
conditions.  es|Knially  in  converted  slieds.  There  is  no  nece.>*sity  for 
using  slip-ring  ty|K>  motors,  and  scpiiru'l-cage  ty]H>  will  Ih^  foimd  to 
give  tho  best  results. 


Comparative  Data  for  15  B.H.P.  Three-phase  50  ^  500-i'oZ<  Motor 

Equipment. 


Tvpe 

of 
motor. 


Speed 
reduc- 
tion. 


Drive. 


i  Price 

j    (ap-    i 

jprox.)  j  Load. 


Motor. 


Effic.      P.F.     Kw. 


Cascade   i  .320:60    Belt     I     £95 


1 


Squirrel  j  960:60    Worm  reduction 
cage  gpar 

Squirrel   I  960:60    Double  reduction 
cage  I      gear 

Squirrel      960:60    Double  reduction 

!  heUcal  cut  gear 

Squirrel      960:60    Single    reduction 

cage  i     gear    and   belt 

'     heUcal  cut  gears 


£80  { 

£105  ! 

i 
I 

I 
£115  ! 

I 
£60  i 


/o 
1/1 
3/4 

1/2 

1/1 

3/4 

1/2 

1/1 
3/4 
1/2 


lA 
3/4 

1/2 


0/ 

/o 
83-0 

0-77  1 

820 

0-75 

780 

0-70 

850 

0-87 

84-5 

0-82 

83-5 

0-75 

... 

•  •• 

87-0 

0-88 

86-0 

0-84 

84-0 

0-76 

13-5 

7-2 
132 

6^7 


12-9 


From  the  power  company's  view  it  is  better  to  use  high-speed 
motors  giving  a  liigher  power  factor  at  half  to  three-quarter  load 
which  is  about  the  average  over  the  running  periods  of  the  day.  The 
lower  efficiency  and  jxjwer  factor  of  the  cascade  motor  adds  over 
14  fxjr  cent,  to  the  total  kilovolt-amperes  taken  from  the  power  supply. 

The  following  average  working  results  have  been  obtained  in 
modern  .saw  sheds  driven  bj-  20  b.h.p.  three-phase  squirrel-cage 
motors  coupled  to  worm  reduction  gears  with  a  ratio  of  960-60  or 
45  revs.  \^r  min.,  each  equipment  driving  12  to  14  saw  tables.  In 
one  shed  there  were  12  saw  tables,  1  B.H.P.  motor  and  28  men 
employed. 

Slate  output — 

200  tons  in  the  proportion  of  bests    62-5  per  cent. 

„  „  „  seconds    190       „ 

„  „  „  thirds  18-5        „ 

Hard  quality.     Cutting  speed  =  3  in.  per  minute. 

Pou'^r  consumption  — 

=  1,400  units. 

=  7  units  per  ton  of  saleable  slate  produced. 

=at  Id.  per  unit,  7d,  per  ton. 

In  another  shed  there  were  28  saw  tables,  two  20  b.h.p.  motors, 
80  men  employed. 

Slate  output — 

460  tons  in  the  proportion  of  bests     72  per  cent. 

„  „  „  seconds    14       „ 

thirds  11       „ 

Cutting  speed  =  6  in.  per  minute. 

Ponyr  consumption — ■ 

=2.470  units. 

=  5-37  units  ])or  ton  of  saleable  slate  produced. 

=  at  Id.  per  unit.  5-37d.  i>er  ton. 

In  a  third  shed,  over  a  shorter  jx-riod  of  time,  the  power  used  was 
(•(jual  to  5  units  jK>r  ton  of  .slate  output.  The  cost  of  jxjwer  in  slate 
saw  sheds  may,  therefore.  Ix*  taken  at  5d.  to  7d.  per  ton  of  output, 
dejH'iiding  on  the  (|uality  of  nnk.  hanl  or  .-^oft.  at  Id.  jier  unit.  The 
running  load  factor  varii's  from  4.5  to  .">.">  j)er  cent,  over  9J  working 
hours  j)er  diem.  The  average  load  is  not  more  than  15  b.h.p.,  and 
this  gives  ajiproximately  an  average  of  4  units  per  brake-horse-jiower 
jK!r  diem.  The  act  ual  power  requinnl  |x>r  tal)lc  (8  ft.  by  4  ft. )  is  on  an 
average  1-1  kw.  =  1-475  h.p.,  or  1-25  b.h.p.  at  85  per  cent,  motor 
efficiency.  From  tests  taken,  the  actual  cutting  ]x>wer  ]K?r  t^ble  is 
api>ro.\imately  1  H.r.,  giving  an  overall  efficiency  of  68  jier  cent. 

HaI'LAGE   SY.STKMS. 

North  Wales  is  famed  for  its  liills  and  valleys,  and  the  slate 
quarries  mi;:;;ht  well  bo  knowni  by  the  debris  tips  and  the  inclines  by 
which  the  slate  wagons  are  taken  to  otherwise  inacces.sible  places. 
The  majority  of  these  incUnes  arc  ojx^rated  by  gravity,  full  wagons 
descending  pulling  up  the  empties,  a  hand-ojwrated  brake  strap  on 
the  ro]x'  drum  being  (he  only  control.  In  the  Blaenau  Festiniog 
district,  .ilate  and  debris  from  the  mine  is  hauled  up  from  the  lower 
workings  to  the  shed  levels.  The  majority  of  these  inclines  are 
oi>erated  electrically  and  vary  in  size  acconling  to  the  number  of  roads 
or  drums  ojK'rated.  In  the  Xantlle  district,  where  the  quarries  are  of 
the  ojien  pit  tyix».  the  slate  blocks  and  debris  reqiure  to  be  lifted  out 
of  (he  pit.  Aerial  8Usjx*nsion  cable  w.tys  and  inclined  rojieway 
hoists  are  u.sed  for  this  work,  and  these  tyjjes  in  i>articular  are 
described  with  a  view  of  showing  the  relative  costs  and  work  done  by 
each.  Undoubtedly,  the  simple  incline  with  rails  on  which  the  wagons 
travel  is  choajX'st  and  best  ;  but  in  an  oix^n  quarry  cableways  must 
be  used,  although  some  people  call  them  a  necessary  evil. 
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Inclined  Ropeway  Hoists. 

Two  main  cables  are  carried  over  a  suitable  mast  at  the  landing 
stage,  and  anchored  in  such  a  position  that  they  are  suspended  over 
the  desired  lifting  point.  Each  heaving  rope  is  doubled  through  a 
carriage  which  travels  on  the  main  cable.  A  stop  is  fixed  on  the  cable 
directly  above  the  lower  landing  point,  and  the  slope  of  the  main 
cable  must  be  such  that  the  carriage  is  not  drawn  up  the  inclined 
rope  until  the  block  collides  with  the  carriage,  this  being  arranged 
for  in  the  design  without  causing  injury  to  either  block  or  carriage. 

The  minimum  slope  of  the  cable  must  be  such  that  the  resistance 
to  drawing  the  carriage  up  the  incline  is  greater  than  the  effort 
involved  in  hoisting  the  load.  When  the  load  has  been  drawn  up 
to  the  mast  at  the  upper  landing  stage  a  stop  is  placed  behind  the 
carriage  while  the  load  is  lowered. 

Two  heaving  ropes  are  employed  on  one  drum,  one  paying  out  as 
the  other  is  pulled  in,  and  the  wagon  and  rope  weight  is  balanced 
during  most  of  the  travel.  In  practice,  however,  it  is  found  that  the 
empty  wagon  descending  is  actually  landed  before  the  full  wagon 
reaches  the  top  of  the  mast  at  the  upper  landing  stage.  Conse- 
quently the  power  required  at  the  end  of  the  lift  is  that  required  for 
the  gross  weight  of  wagon  and  load.  When  the  load  is  lowered, 
owing  to  the  other  wagon  being  already  landed  at  the  bottom,  the 
heaving  rops  sags,  but  this  does  not  matter. 

The  single  hoist,  with  two  main  ropes,  lifts  a  gross  weight  of  about 
50  cwt.  to  60  cwt.,  one  empty  wagon  descending  while  the  other 
load  is  lifted.  The  double  hoist  is  arranged  with  four  main  ropes, 
and  is  used  to  lift  one  or  two  full  loads  at  a  time,  as  may  be  required. 
The  single  hoist  is  driven  by  a  70  b.h.p.  motor  and  the  double  hoist 
by  a  150  b.h.p.  motor.  In  order  that  a  comparison  may  be  made 
with  the  aerial  suspension  cableways,  the  following  results  are  given 
from  actual  readings  taken  during  working  hours  : — 

Aerial  Hoist. 

Single,  with  two  main  ropes  of  90-ton  plough  steel,  2  in.  diameter  ; 
heaving  ropes,  f  in.  diameter  ;  rope  drum,  4  ft.  diameter  ;  rope 
speed,  600  ft.  per  minute  ;  lifting  speed,  through  blocks,  200  ft.  per 
minute  ;  hauling  speed,  up  incline,  600  ft.  per  minute  maximum  ; 
actual  height  lifted = five  galleries =300  ft.,  plus  height  of  mast; 
length  of  travel  on  main  rope = approximately  460  ft. 

Electrical  Equipment. 

Motor,  70  B.H.P.,  500  volts,  50  periods,  570  revs,  per  min.,  three" 
phase,  slip  ring,  reversing  type.  Tramway  type  reversing  controllers? 
11  steps  forward  and  reverse,  five  minutes  rated  cast  grid  resistances. 
Gear  ratio,  first  motion,  3:1;  gear  ratio,  second  motion,  4:1. 
Machined  brake  wheel  on  drum,  with  brake  band  and  levers  for  foot 
control.  An  integrating  watt-hour  meter  was  put  in  circuit  with  the 
motor,  and  note  taken  of  the  number  of  loads  hoisted,  each  of  wliich 
weighs  on  an  average  42  cwt.  net  and  51  cwt.  gross. 

The  power  required  varies  during  the  lifting  operation  as  given  in 
the  following  table  of  operations. 

Aerial  Hoist.     Lifting  Operations. 


full  view  of  the  driver, 
readings : — 


The  following  table  gives  the  actual  power 


Operation. 

Power 

taken  from 

supply. 

Drum 
revs. 

Time. 

Lifting  empty  wagon  to  mast  head  ; 
release  carriage  ready  to  lower 

30  kw. 

30  kw. 
40  kw. 

55-60  kw. 

3 

n 

37 
46 

Lower  empty  wagon  by  gravity,  pull- 
in  slack  in  rope   

* 

Lift  load  from  bottom  landing  stage  to 
stop  on  carriage  ( wagon  balanced)    . . . 

Pull  up  load  on  inclined  rope  to  mast- 
head, empty  wagon  descending,  and 
landed    before  full    wagon    reaches 
masthead,  wlien  maximinn  power  is 
required  

20  seconds. 
1  -1-  minutes 

Carriage   held   at   masthead   by   stop 
while  load  lowered  by  gravity 

The  total  net  weight  lifted  with  1,135  loads  during  the  period  was 
2,380  tons,  and  the  corresponding  units  registered  were  1,140  units, 
which  gives  per  net  ton  lifted  0-48  unit  and  approximately  1  unit 
per  journey  or  load.  Although  a  maximum  rope  speed  of  600  ft.  per 
minute  is  provided  for,  it  is  used  only  while  heaving  between  the 
stops  on  the  main  ropes  from  the  time  the  carriage  begins  to  pull  up 
until  the  descending  carriage  with  empty  w-agon  reaches  the  other 
stop. 

The  speed  is  momentarily  slowed  down  at  these  points  to  avoid 
damage  to  the  ropes,  an  indicator  being  provided  for  the  purpose  in 

*  Getting  ready  while  hooking  on  load  at  bottom. 


Kw. 

B.  H.  p. 

I 

Lifting  load     

Lifting  load    

Hoisting  load  average   

30 
60 
45 

33  fq^ 
70  (a^    ' 
52  (d^    , 

Motor 
ftffif 


Iji&A. 


1         — •'• 

82  % 

87  o/^ 

,      86  04 

42  cwt.  net 
51  cwt.  gross 

The  kilowatts  were  measured  on  a  sjjecial  indicating  wattmeter. 

The  theoretical  power  required  to  haul  the  net  loa^l  up  the  incline 
at  600  ft.  per  minute  is  38-5  kw.,  which,  with  an  actual  average  of 
45  kw.  recorded,  gives  an  overall  efficiency  of  85  per  cent. 

To  lift  the  gross  load  of  51  cwt.  an  input  of  40-5  kw.  Is  nece.ss  iir\ , 
against  60  kw^  recorded,  an  apparent  overall  efficiency  of  aU^ut 
77-5  per  cent.  It  is  difficult  to  arrive  at  an  accurate  figure,  but  it  \b 
evident  that  the  overall  efficiency  is  75  per  cent,  with  unbalanced 
load  and  about  85  per  cent.  Avith  the  wagon  weight  balanced,  a 
result  which  may  well  be  considered  .satisfactory.  The  time  taken 
for  each  complete  operation  is  about  1|  minutes,  so  that  it  is  not 
impossible,  if  the  wagons  are  to  hand,  to  do  one  joumev  every 
2|  minutes,  equal  to  about  200  loads  per  day,  or  approximately 
400  tons  net. 

Under  these  conditions  the  motor  would  take  200  units  per  diem, 
although  actually  about  100  units  per  diem  would  be  a  good  average 
under  normal  conditions. 

One  hundred  units  per  diem  represents  a  load  factor  of  18-5  per 
cent,  over  nine  working  hours  per  diem,  but  taken  over  longer  periods, 
when  other  conditions,  weather,  &c.,  interfere  with  outdoor  work,  the 
load  factor  averages  from  12  to  15  per  cent.  only.  In  other  words,  to 
the  power  company,  a  winding  motor  taking  a  maximum  demand  of 
60  kw.  intermittently,  consumes  in  a  day  from  60  to  100  units, 
representing  from  0-9  to  1-43  units  per  horse-power  per  diem,  and 
which  at  Id.  per  unit  brings  in  a  revenue  of  from  5s.  to  8s.  4d.  per 
diem. 

Aerial  Suspension  Cabletways. 

The  following  particulars  relate  to  three  such  cableways  in  opera* 
tion  at  Penrhyn  Quarry  :— 

Span.— (1)965  ft.  ;    (2)  1,010  ft.;   (3)  1,015ft. 
Gross  load,  each  60  cwt. 
Hoisting  speed,  300  ft.  per  minute. 
Travelling  speed,  900  ft.  per  minute. 

Winding  drums,  5  ft.  diameter,  giving  maximum  rope  speed  of  900  ft. 
per  minute. 

Motor  speed  (syn.  600)  570  r.p.m.      pinion  19" 

Secondary  shaft  225    ,,  spur     48 

„  225    „  pinion  27" 

Drum  speed  56-5     „  drum  spur  108 

Motor. — 70  B.H.P.  three-phase,  50  periods,  500  volts,  570  revs, 
per  min.  Slip  ring,  revershig,  enclosed  ventilated  tj-pe,  with  ex- 
tended shaft  and  third  bearmg.  Westinghouse  F.  12A  drum-type 
reversing  controller,  with  11  steps  forward  and  reverse,  arc  shields, 
five-minute  rated  open  type,  cast  grid  resistance.  Switch  Panel. — 
Totally  enclosed,  oil  break  ijutomatic  circuit-breaker  with  no  volt, 
and  overload  releases  fitted  with  adjustable  time  lags. 

Telegraph. — As  the  driver  is  not  in  fuU  view^  of  the  landing  points 
in  the  bottom  of  the  quarr}',  an  electric  signalling  s^'stem  is  used, 
with  luminous  signal  receiver  fitted  in  the  driver's  room.  The 
signals  are  given  bj^  operator  from  a  signal  box  in  fuU  view  of  the 
worldngs  imder  the  cableway. 

The  following  average  results  have  been  obtained  h\  actual 
operation  : — 

1.  Over  a  definite  peiiod  423  complete  journeys  were  made  (in 
and  out),  when  the  net  tonnage  lifted  amoimted  to  887  tons.  During 
this  period  the  power  used  amoimted  to  650  imits,  equal  to  0-733 
units  per  ton,  or  1-54  miits  per  load  of  42  cwt. 


ratio  2-53  :  1 

helical  steel  gears. 

ratio  4  :  1 

cast-iron  ^rear. 


No. 


Operation. 


Power  in 
kw. 


1 
2 
3 
4 


22 


2;-; 


Empty  wagon  lifted  at  mast 
Empty  wagon  lifted  from  pit 
Running  out  empty  wagon     |        10 

Lifting  full  wagon    '     55-60 

Travellingin 10-15-20- 

!     30-40 


Dis- 
tance. 


Time. 


150  ft. 


Short  lift.  20  ft. 
30  seconds 


165  ft.    35  seconds 
000  ft.    60  seconds 


2.  In  another  cableway  the  toimage  noted  in  255  journeys  was 
574  tons,  when  the  power  consumed  amomited  to  516  miits,  giving 
0-9  unit  per  ton  lifted,  or  1-89  units  per  load  of  42  cwt.  net. 

These  figures  include  journeys  made  with  empty  wagons,  which 
must  be  taken  into  account  in  arriving  at  an  average  cost.     The 
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actual  power  in  k'lowatts  for  the  various  operations  are  given  in  the 
above  table.  A  series  of  power  readings  were  taken  and  the  load 
weight  checked  to  arrive  at  some  idea  of  the  general  efficiencj^  of  a 
cableway.     These  are  given  in  the  following  table  : — 


Kw. 


Lifting 
Speed. 


Overall 
effic. 


Motor    j  Cableway 
effic.     I       elfic. 


Lifting  empty  wagon   . . 

.      21 

3(X»  ft. 

32-5 

... 

Lifting  full  wagon     

.      60 

3f>0ft. 

70-0  % 

87-6  "o  i 

80o  o„ 

Lifting  load  of  blocks  .. 

70 

300  ft. 

65-0  % 

860  "o 

76-0% 

Motor  running  alone    . . 

10 

... 

1 

The  loads  being  9,  55  and  60  ewt.  in  each  case. 

Taking  200  tons  per  diem  as  a  maximum,  the  consumption  of 
power  at  an  average  of  0-8  unit  per  ton  would  be  160  units. 

The  average  load  requires  a  maximum  power  of  60  kw.,  or 
70  B.H.P.,  which  gives  an  average  of  2-28  units  per  horse-power  jxt 
diem.  Over  a  longer  period  the  average  would  amount  to  only  about 
50  units  per  diem,  equal  to  only  0-715  unit  per  horse-power  jx;r  diem. 
Tliis  is  equivalent  to  a  load  factor  of,  say,  1)  jier  cent,  to  a  possible 
maximum  of  28  per  cent,  over  a  10-hour  day,  and  under  normal 
working  conditions  10  to  15  per  cent,  would  be  a  fair  average. 

From  these  results,  which  have  been  obtained  under  actual  working 
conditions,  it  is  now  possible  to  tabulate  and  compare  the  costs  and 
tonnage  handled  by  each  type.     These  are  given  below  : — 


Type  of  cableway. 

Cost      Tonnage  per  diem. 

of  equip 

ment.         Max.          Av. 

Kw. 

Units 
per  ton. 

Single  incline  hoist 

£600          400        130-200     60         048 

Double  lioist    

£1,000           SOO              ...         120          048 

Aerial  siisj)cnsion  cableway 

£flOO     '      200          50-100     60     0-733-0  9 

Type  of  cableway. 

Load  factor.     Overall 

Remarks. 

Max.     Av.       ciency. 

Single  incline  hoist .        

35  %  12-18%      76o/„ 

Diagonal  lift  300  ft. 

Double  hoist    

1          '" 

1 

TravoUOOft. 

Aerial  suspension  cableway 

28% 

10-15%  65-70% 

Ver 
Tra 

Meal 

ift  165  ft. 
>0  ft. 

The  approximate  cost  given  in  column  2  includes  (■f)nipletc  elec- 
trical equipment,  ropes,  masts,  buildings,  foundations  and  anchorages. 
The  electrical  equipment  of  the  single  hoist  and  aerial  cableway  is 
similar  with  70  u.ii.r.  motors  and  controllers. 

From  the  ligurcs  given  it  will  Ix-  noted  that  the  actual  tonnage 
handled  by  the  inclined  hoist  is  practically  double  that  of  the  aerial 
suspension  cableway. 

The  achantage  of  a  cableway  is  that  a  wagon  may  be  hoisted  or 
landed  at  any  jioint  along  the  span  of  the  main  cable,  whereas  with 
an  inclined  hoist  the  landing  places  are  fixed. 

Both  types  are  taken  advantage  of  in  I'enrhyn  Quarry,  the  cable- 
ways  spanning  the  open  workings,  and  landing  the  wagons  on  rails 
■>n  whi'h  they  are  taken  mider  the  inclined  hoist.     The  hoist  then 
ifts  tlie  wagons  another  ."{(Ht  ft.  to  the  level  of  the  debris  tips.      One 
hoist  deals  comfortably  with  the  tonnage  handled  by  two  Jierial  cal)le- 
ways.      In  this  way  2(M»  to  .'J(K)  tons  of  debris  per  diem  are  removed 
from  one  part  of  the  quarry  vorkings.  lifted  a  height  of  4(M»ft.  to 
500ft.,  and  a  di.stancc  of  over  l.5<M»ft..  at  a  power  cost  of  about 
1  }d.  i)er  ton. 
'J'he  author  next  deals  with  air  compres-sors  and  pumping. 

lUl.K    iSl  ITI.Y. 

As  alreadv  stated,  with  the  exception  of  a  j)um|iing  load,  a  (piarrv 
demand  is  for  10  hours  per  diem,  and  this  's  reduced  in  winter  to 
eight  hours  ])cr  diem. 

It  may  be  interesting  to  summarise  the  n-sults  oi>taining  from  the 
(liiyereiit  types  of  demand  on  the  |K)wer  company,  and  to  indicate 
the  ])ro|)ortion  of  eadi. 

This  particular  ]>lant  may  lie  taken  to  give  average  working  -on- 
ditions.  although  there  is  a  pm|M)nderance  of  winding,  and  conse- 
(luently  |X'ak  load.  'I'he  load  factor  taken  over  a  day  of  niiu-  hour* 
is  4:3-5  ])er  cent. 

The  load  factor  taken  over  a  month  and  24  hours  jx'r  diem  is 
12  per  cent. 

Total  H.P.  installed  in  kw. 

Tlie  iilMut  (livcrsitv  factors=  ; ; z =  2. 

.Average  max.  load  on  chart 

In  other  words,  a  demand  of  2.50  kw.  on  tlie  power  plant  will  supply 
a  quarry  i)lant  totalling  500  kw. 


The  ratio  Is  still  further  increased  by  totalling  the  individual 
quarry  horse-power  connected  against  the  actual  maximum  demand 
on  the  power  station,  which  gives  a  diversity  factor  of  about  three. 

There  are  many  advantages  resulting  from  a  bulk  supply,  and  these 
may  be  enumerated  briefly  as  follows :  ( 1 )  The  supply  is  available 
whenever  required,  night  and  daj*.  (2)  The  supph'  is  given  within 
guaranteed  limits  of  voltage  and  frequency.  (3)  Power  used  is 
directh'  proportional  to  work  done;   there  are  no  stand-by  losses. 

(4)  Only  one  skilled  man  is  required  to  supervise  the  secondary-  plant. 

(5)  The  power  consumer  can  obtain  from  the  meter  readings  his  costs 
over  any  period,  and  know  exactly  what  these  costs  are.  (6)  In  this 
particular  supply,  from  an  hydro-electric  power  company,  he  is 
indcf)endent  of  coal,  oil  or  other  fuel  costs,  which  varj-  according  to 
market  and  other  conditions.  (7)  His  immediate  capital  co.st  is  low, 
and  only  includes  the  .se?ondary  equipment;  the  plant  invariably 
increa.ses  owing  to  the  facilities  afforded  for  putting  down  new  plant 
without  considering  cost  of  generating  machinery'.  (8)  He  obtains 
his  power  at  a  price  unobtainable  under  other  circumstances. 

In  pre-electric  dajs  the  lost  time  due  to  want  of  steam  pressure 
was  also  noticeable,  especially  in  the  mornings.  In  one  steam-driven 
slate  saw  shed,  the  cyclic  variation  on  the  main  shaft  is  quite  notice- 
able, and  it  is  not  unusual  to  find  the  speed  about  50  per  cent,  of 
normal,  varj-ing  with  the  load  and  steam  pressure.  With  electric 
power,  however,  the  supply  is  available  w  hen  the  men  start  work,  and 
no  time  is  lost.  Power  is  used  only  when  useful  work  is  done  ;  and 
in  slate  sheds  the  cutting  speed  is  constant  within  a  few  per  cent., 
according  to  the  slip  on  the  motors. 

In  conclusion,  while  the  present  state  of  the  slate  trade  may  not 
warrant  further  capital  expenditure,  and  each  particular  quarn>'  must 
be  considered  by  itself,  the  actual  working  costs  with  modem 
machinery  are  so  small  compared  with  the  additional  revenue  from 
increased  output  and  reduced  working  costs,  that  no  quarry  manager 
should  be  content  to  work  mider  conditions  wliich  prevailed  in  the 
past.  The  cost  of  electric  power  and  machinery  is  only  one  item, 
small  when  compared  with  other  exj)enditure  in  a  quarry  ;  but  it  is 
one  wliich  will  give  a  quick  return  and  enable  a  manager  to  devote 
his  energies  to  other  problems  in  the  production  of  slate. 


RURAL  DEVELOPMENT  OF  TRANSMISSION  LINES  IN 
EASTERN  PENNSYLVANIA.* 


BY  J.  W.  PRICE. 


Sumtnnri/. — The  author  givos  some  data  on  the  experience  of  two  power 
companies  in  the  I'.S.A.  regartling  the  development  of  rural  loads.  As 
these  data  are  specific  they  should  l>e  of  much  value  to  other  companies. 


The  cla.ss  of  station  referred  to  was  that  which  has  assumetl  fair 
proportions,  principally  on  account  of  being  located  in  an  industrial 
centre  of  reasonable  size  and  whiiii  luvs  grown  along  with  the  place, 
at  the  same  time  branching  out  here  and  there  as  business  seemed 
to  warrant,  or  as  the  pioneer  idea  found  temjwrary  favour.  Such  a 
station  is  herein  designated  as  Company  No.  1. 

The  other  chuss  of  station  was  that  which  luis  been  installed  in  a  small 
community  having  little  or  no  manufactures,  making  the  station 
])ractically  de|H-ndent  iijKin  farms  and  farmers  for  its  existence. 
This  ty|>e  is  wril  cxemjililiitl  in  Comjxiny  Xo.  2. 

Company  Xo.  1. 

This  comiNiny  has  acquired  its  rural  customers  incidentally,  as  it 
were,  and  is  frank  to  say  that  up  to  the  present  it  has  not  established 
any  delinite  jiolicy  for  acfpiiring  the  rural  load.  Recent  investiga- 
tion into  what  this  loail  consistetl  of  brought  out  interesting  and 
valnai>lc  dati.  The  result  will  undoubtedly  Ik*  the  establishing 
of  ;i  delinite  jKilicy  for  the  ac(|uiring  of  farm  loads  at  a  fair  profit. 
This  dm's  not  mean  that  the  load  .mi  far  obtaiiu^d  h;vs  not  showii  a 
profit,  but  from  a  monetary-  point  of  view  the  comimny  has  just 
succeeded  in  clearing  exjienses.  It  was  jxiinted  out  that  the  company 
had  hereti-fon*  t.iken  farmers  on  its  lines  iijHm  the  siime  b.vsis  as  a 
city  customer,  so  far  as  nuuiing  lines  were  concenie<l.  except  in  a  few 
s]>eeial  cases.  If.  under  such  conditions,  the  income  from  these 
niral  customers  allows  the  comjiany  to  cover  cxjHMises  it  was  fair  to 
assume  that  if  it  had  made  charges  for  lines  and  transformers  then 
the  result  woidd  show  the  imdertaking  to  l>e  a  jwying  iirojKxsition. 

In  writing  thi.s  article  the  first  desire  was  to  show  the  cost  of 
the  line  construction,  of  maintenance  and  general  overhead  charges. 
These  data  were  not  available  for  several  reasons  :  The  majority  of 
the  farms  are  eonnecteil  to  lines  which  could  not  proix-rly  be  charged 
against  them,  as  they  were  originally  put  up  for  connecting  towns  or 

♦  Abstract  of  an  article  in  the  "  General  Electric  Review." 
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to  supply  some  large  industrial  plant.  The  farmers  close  enough  to 
the  line  were  taken  on  incidentally,  and  in  fact,  one  of  the  most 
satisfactory  farm  loads  is  connected  to  a  line  which  was  run  from  one 
plant  to  another  as  a  tie  line.  There  were,  at  the  time  this  was  written, 
125  farm  customers.  Only  12  miles  of  special  lines  have  been  put  up. 
These  12  miles  are  made  up  of  small  sections  here  and  there,  averaging 
from  i  to  i  mile  in  length.  Further,  a  number  of  the  farm  customers 
were  inherited  en  masse,  when  lines  formerly  owned  by  separate 
companies  were  merged  with  the  present  company,  and  statistics  of 
the  costs  of  these  lines  are  not  at  hand.  As  previously  mentioned,  it 
was  not  until  veiy  recently  that  attention  has  been  given  to  the  farm 
load,  so  that  up  to  this  time  no  careful  statistics  have  been  kept. 

Of  the  125  farmers  above  mentioned  there  are,  to  date,  30  users  of 
power.  All  are  users  of  light.  A  conservative  average  yearly 
revenue  for  the  95  customers  who  use  current  for  light  only  is  given 
as  £3. 12s.  per  year,  or  a  total  of  £342.  In  some  cases,,  on  large  farms, 
there  are  two  separate  lighting  circuits,  one  for  house  and  nearby 
buildings  and  one  for  barn,  stables  and  outbuildings.  Separate 
meters  are  used  for  each  circuit,  and  a  separate  meter  is  also  used  for 
the  power  circuit. 

A  table  of  the  revenue  for  lighting  and  power  is  given  in  the 
article,  and  the  average  from  30  farms  amounts  to  about  £16  a  year. 

This  company  had  a  uniform  lighting  rate  of  6-2od.  (less  20  per  cent, 
for  jjrompt  payment),  and  a  power  rate  of  5  cents  per  kilowatt-hour 
(less  10  per  cent,  for  prompt  payment).  This  very  reasonable  power 
rate  was  given  to  the  farmer  the  same  as  to  the  city  user,  and  in  the 
case  of  some  farmers  the  rates  are  based  on  consumption.  The 
monthly  mmimum  is  os.  One  had  a  luae  connected  up  and  motor 
installed,  but  has  the  meter  taken  out  for  9  or  10  months  of  the  year, 
simply  using  the  motor  in  August  and  September.  This,  of  course, 
was  very  liberal  treatment  and  certainly  not  a  pa^•ing  one  for  the  power 
comjjany  so  far  as  direct  revenue  from  this  particular  power  line  was 
concerned.  There  was,  however,  some  advantage  gained  from  an 
advertising  standpoint. 

Another  farm  has  a  small  motor-generator  set  installed  for  battery 
charging.  One  farm  was  the  largest  single  user  of  electricity  sho\Mi 
in  the  table,  and  this  was  explained  by  the  fact  that,  in  addition 
to  operating  a  general  business,  this  farmer  also  operates  an  ice- 
making  plant.  His  brother  farmers  were  thus  kept  supplied  with  this 
much  needed  commodity  duiing  the  summer  months.  This  is  a  good 
example  not  only  for  other  central  stations  but  for  isolated  farm 
communities  as  well. 

A  table  is  given  of  the  number  of  machmes  iiistalled.  These  include : 
milking,  pumpitig  and  ice-malung  machines,  in  addition  to  bottle 
washers. 

Two  customei*s  were  gentlemen  farmers  with  large  main  dwellings 
as  well  as  a  number  of  smaller  buildings,  all  electrically  lighted.  Light 
is  used,  and  both  parties  said  they  were  well  satisfied  with  the  amount 
of  their  bills.  In  another  the  owner  of  the  farm  has  been  operating 
his  own  plant  driven  bj^  a  petrol  engine,  and  was  induced  to  change 
over  to  the  central  station  service.  He  has  been  on  the  lines  for  only 
a  few  months,  but  was  very  much  pleased,  and  claims  his  present  cost 
for  power  is  only  half  of  what  it  was  imder  the  former  sj'stem. 
Company  Xo.  1  states  that  this  is  not  an  unusual  experience  among 
its  customers. 

The  total  connected  farm  power  load  was  412  h.p.  or  307-35  kw. 
The  total  farm  lighting  load  was  125  kw.  The  total  load  was  432-35  kw. 
The  average  coiniected  load  per  rural  customer  was  3-46  kw.  Total 
yearly  kilowatt-hours  for  power  26,940.  Total  yearly  kilowatt-hours 
for  light  28,150.  Total  revenue  £828.  10s.  Average  income  per 
kilowatt-hour  4Jd.  The  average  horse  power  installed  was  13-7.  The 
average  yearly  revenue  per  power  customer  is  £16.  4s.  This  includes 
the  income  for  lighting  for  the  same  customers.  The  average 
yearly  income  per  customer  on  the  basis  of  125  customers,  including 
all  power  and  light  used,  is  £6.  12s.  One  writer  in  the  West  has 
stated  that  a  riiral  customer  is  not  a  pa\-ing  proposition  until  he 
averages  nearly  15s.  per  month.  From  all  the  data  obtamable  in  the 
present  case,  1  os.  9d.  per  month  is  the  average  minimum  revemie  per 
customer,  and  a  fair  profit  did  not  show  until  the  figure  was  close  to  15s. 

Company  No.  2. 

This  company  owns  and  operates  two  water-power  plants,  and  has 
an  agreement  at  the  present  time  with  Company  Xo.  1  for  emergency 
current. 

Some  of  the  present  officers  became  interested  in  a  local  telephone 
company,  the  lines  of  which  they  constructed  with  great  pains,  using 
the  same  poles  that  belonged  to  the  power  company.  This  telephone 
company  was  later  taken  over  by  the  Bell  system,  and  one  of  the 
stipulations  of  the  merger  was  that  the  power  company  should  have 
the  privilege  of  continuing  and  extending  its  lines  on  the  poles  of  the 
telephone  company  in  this  section.  It  will  readil\^  be  seen  how 
impossible  it  was  to  charge  up  to  the  fanners  the  entire  32  miles  of  lines 


of  this  company.  As  a  matter  of  fact,  since  it  began  operating» 
seven  years  ago,  there  have  been  constructed  only  4J  miles  of  pole 
lines,  and  this  has  been  done  to  accommodate  seven  cu.stomers. 
It  was  fully  expected,  however,  that  more  customers  would  be  put  on 
these  lines  very  shortly.  Current  was  also  furnished  for  st  reet  and  road 
lighting  in  the  .several  boroughs  through  which  the  lines  are  run. 

The  company  realised  at  once  that  the  load  would  consist  principally 
of  farms  ;  to  make  a  success  of  its  enterpri.se,  it  must  make  a  fair 
profit  ;  that  the  farmers  wanted  electricity  and  were  mlling  to  pay  a 
reasonable  rate  for  it.  Therefore,  the  company  arranged  a  special 
contract  for  farm  customers,  and  when  submitting  thLs  contract  to 
prospective  clients  pointed  out  that  farmers  living  in  scattered  com- 
munities could  hardly  expect  to  obtain  first-cla.ss  electric  .ser\-ice  at 
city  rates  without  sharing  part  or  all  of  the  cost  of  the  Une  if  con- 
ditions warranted. 

This  contract  pro\'ided  that  any  service  connections  Ijeyond 
100  ft.  should  be  paid  for  by  the  customer  unless  business  warranted 
the  power  company  assuming  the  cost.  Several  changes  were  made 
in  the  original  contract,  until  it  now  provides  that  where  the  pro- 
spective business  is  not  sufficient  to  warrant  an  extension  at  the 
company's  expense,  such  extension  will  be  installed  by  the  company 
but  the  customer  guarantees  revenues  within  two  years  to  cover  th 
cost  c  f  the  extension.  The  customer  must  pay  for  and  maintain  his 
own  transformer  and  disconnecting  switch.  The  idea  of  this  was  that 
the  farm  load  is  very  intermittent,  and  the  load  occasioned  b^-  the 
core  loss  in  the  idle  transformers  would  be  considerable.  The  dis- 
connecting switch  was  convenienth"  moimted,  and  the  customer  kept 
this  open  when  not  using  current,  thus  reducing  the  load  on  the 
station  and  protecting  his  transformer. 

The  base  rate  for  lighting  is  6-25d.  per  kilowatt-hour  with  a  dis- 
count of  10  per  cent,  for  prompt  pavruent.  Further  discounts  were 
available  for  bills  amounting  to  £1  and  over.  The  minimum  charge 
for  1  to  15  lamps  installed  is  4s.  6d.  per  month;  for  16  lamps  or  more 
5s.  6d.  per  month,  subject  to  10  per  cent,  discount  for  prompt  pay 
ment.     Motore  1  h.p.  and  smaller  were  classed  as  lighting. 

Cooking,  heating,  charging  batteries  and  general  motor  service  in 
excess  of  1  h.p.  were  classed  as  power.  The  rates  for  power  were  as 
follows  : — 

1-H.p.  to  6-H.P.  motor    os.  7d.  per  month  "|  q 

6.H.P.  to  16-H.p.  motor Us.  Id.         „  V         i.-^ient. 

16-H.P.  to  31-H.p.  motor 16s.  /d.         „  j       ^ 

For  prompt  payment  a  discount  of  10  per  cent,  was  allowed. 

There  were  40  farm  customers  on  the  lines  of  this  company.  30  of 
these  used  both  light  and  powder.  The  total  motor  load  on  the  station 
is  325  H.p.  of  wiiich  225  h.p.  was  distributed  among  these  30  customers, 
averaging  Ih  h.p.  each.  This  load  would  be  300  h.p.  and  the  aveiage 
10  h.p.  each,  but  for  the  fact  that  in  the  early  stages  of  its  work  the 
company  permitted  the  installation  of  a  number  of  5  h.p.  and  ~i  h.p. 
motors  for  general  farm  use.  Later  they  adopted  a  standard  of 
10  H.p. 

A  table  was  next  given  showing  the  revenue  per  month  and  year. 

For  40  farms,  therefore,  the  total  would  be  £578.  The  total 
average  income  per  horse  power  (above  1  h.p.  sizes)  installed  on  the 
30  farms  is  22s.  The  tota!  income  for  power  (above  1  h.p.)  alone 
would  be  £248.  The  farms  on  the  lines  of  Company  Xo.  2  are  of  the 
same  class  as  those  of  Comj^anj'  Xo.  1 ;  in  fact,  some  of  the  farms  on 
the  separate  lines  adjoin  each  other.  Three  farms  on  Xo.  2  have 
their  motors  momited  on  portable  trucks.  There  were  also  about 
200  flat  irons,  100  vacuum  cleaners  and  50  washing  machines,  besides 
a  large  number  of  the  different  types  of  heating  devices,  distributed 
among  the  farm  customers  on  the  lines  of  Xo.  2. 

CoXCLUSIO>". 

The  experiences  of  these  two  stations  should  be  of  assistance  to 
other  central  stations  in  so  far  as  indicating  that  the  farm  load  has 
its  owi;  special  features  and  must  be  handled  accordmgly. 

There  was  a  question  as  to  the  size  of  motor  to  recommend  for  general 
farm  purposes.  The  tendency  was  to  keep  the  horse-power  rating 
down,  making  the  farmer  operate  his  machines  at  lighter  loads  but 
for  longer  periods,  instead  of  trying  to  cram  all  his  work  through  the 
machine  at  one  time. 

The  15  h.p.  motor  seemed  the  favourite,  with  the  10  h.p.  a  close 
second,  but  as  education  progressed  this  latter  size  will  doubtless 
become  the  most  popular.  Another  point  which  should  be  bonie  in 
mind  was,  while  a  customer  may  start  out  using  current  for  light 
only,  and  the  revenue  at  first  may  be  lower  than  the  required  average, 
experience  showed  it  to  be  a  question  of  but  a  short  time  before  tins 
customer  added  new  devices  and  took  power  for  driving  his  machines. 

Attention  was  called  to  the  fact  that  none  of  these  customei-s  employ 
irrigation,  and  it  was  considered  that  if  electricity  can  pay  without 
irrigation,  it  should  be  still  more  profitable  wiiere  pumping  was  used. 

c  2 
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ELECTRIC  WIRING  PRACTICE  IN  GERMANY  UNDER 

WAR  CONDITIONS. 


fS  The  necessity  for  substituting  other  material  for  copper  is  receiving 
much  attention  in  electrical  circles  in  Germany  as  a  result  of  the  war, 
and  the  discussion  of  this  subject  has  occupied  considerable  space 
in  recent  issues  of  the  journal  of  the  Society  of  Electrical  Works. 
The  substance  of  these  discussions,  from  our  contemporary  the 
"  Electrical  world,"  is  given  below. 

The  difficulties  both  of  a  mechanical  and  an  electrical  nature 
associated  with  the  employment  of  iron  conductors  in  insulated 
wires  and  cables  suggested  the  importance  of  finding  a  non-magnetic 
material  of  greater  conductivity  and  increased  flexibility.  Of  the 
available  metals,  zinc  was  the  most  promising  electrically.  Although 
in  sheet  form  it  is  a  common  building  material,  zinc  wire  has  scarcely 
ever  been  produced  in  large  quantities,  and  there  existed  from  ths 
very  start  a  fear  that,  in  view  of  the  great  brittleness  of  the  crystallino 
zinc,  the  production  of  wire  would  meet  with  difficulties.  These 
were  soon  overcome  sufficiently  to  enable  wires  to  be  produced  from 
this  material  which,  as  regards  mechanical  quality,  are  only  slightly 
inferior  to  copper  wire.  This  has  induced  the  Society  of  German 
Electrical  P^ngineers  to  standardise,  in  addition  to  jacketed  wires, 
which  were  frequently  found  to  be  too  stiff,  the  so-called  KGZ  wires 
(zinc  conductor  with  rubber  insulation),  which  above  all  were  to 
meet  the  lack  of  a  material  which  could  be  dravvTi  into  conduit. 

The  use  of  zinc  conductors  was  also  permitted  for  jacketed  wires 
(class  MPZ),  and  was  even  recommended  in  tlie  case  of  lead-covered 
cables.  The  great  advantage  of  zinc  as  compared  with  iron  consists 
in  the  carrying  capacity  of  the  former,  which  is  more  than  double 
that  of  the  latter  ;    moreover,  the  zinc  is  non-magnetic,  essentially 


Table  I. — Limits  of  Capacity  for  Apparatus  with  Zinc  Windings. 
Three-phase  Transformers. 


Tension  in  volts. 


Up  to  130 
1.30  to  260 
260  to  550 
.-).-)0  to  1 .000 
1, ()()()  to  3.000 


Rating  in  k.v.a.  j  Tension  in  volts. 


010to2.50 
015to250 
0-35  to  250 
0-75  to  250 
200  to  250 


3,000  to    5.000 

5.000  to  lO.OWl 

10.000  to  15.000 

1 5,0(»0  to  20,000 

20.000  to  30.000 


Rating  in  k.v.a. 


3-50  to  250 

7-.50  to  250 

10  00  to  2.50 

1500  to  250 

30  00  to  250 


From  the  above  figures  the  (Jcrman  engineer  decides  for  each  case 
whether  each  wire,  whether  for  primarj'  or  secondarj-  winding  or  both, 
Khould  be  made  of  zinc.  Sintrle-])hase  transformers  can  be  produced 
witli  zinc-wire  windings  for  two-thirds  the  above  rating  limits. 

Three-phase   Generators  and  Synchronous   Motors,   tcith  Rotating  Field 

Windings  of  Zinr  Wire. 

Speeds  from  375  to  1,000  revs,  per  min. 

Outjjiit  up  to  l.'tO  k.v.a.  for  three-phase  current  and  to  100  k.v.a.  for 
sinffle-phase  current. 

Direct-connected  exciters  must,  on  the  whole,  be  given  copi>er  windings, 
as  otherwise  their  output  is  not  sufficient. 

Induction  Molirxfi.r  50  Cychs,  with  Stnti.r  and  liotor  Windings  of  Zinc. 
Sp<'ed8  from  375  to  1,500  revs.  p?r  min.     PotontialR  up  to  5.000  volts. 
For  outputs  of  3-7  kw.  to  100  kw. 

For  outputs  above  .50  kw.  it  may  at  times  be  necessary  to  use  copper 
windings  in  \\v  rotor. 

Direct-current  M'irhinfx.  nborr  100  i<;//.'<.  AninHnrr  Windings  of  Copper, 
Coiiinnil'itors  of  /run.  Fi'Id  Wlmllngs  of  Zinc. 
Tension  in  vojls.  Kw.  rating  (cale.  lor  1.000  r.p.m.) 

100  to2(R)  2  to2.5(» 

260  to  550  (ito4<M) 

For  otlicr  siiccds  Ihr  outiuit  (linnti'ii  in  ]>roi)ortion  to  tlie  number  of 
revolutions.  The  maximum  si)ec(ls  are  :  V]t  to  ."id  kw..  2.000  revs.  ]wr 
min.  ;  above  50  kw.  to  100  kw..  1,500  revs,  per  min.  ;  above  10(»  kw:. 
1,000  revs,  per  min. 

In  some  eases,  p.articularly  in  lieavy-curnnt  work  or  at  high  speecls, 
the  comnnitator  must  be  of  co])i»er  for  the  above  output. 

Jiotarif  Converters  for  50  cycles,  with   Fi'Id  Windings  of  Zinc,  othcrulsr 
Coppir  (aisit  for  Damping  Winding). 
Tension.  KM)  to  5.Vt  volts. 
Outputs  of  1(1  kw.  to  2.")(l  kw. 

Table  II.  -Flrrlrtml  Properties  of  Win    Mutcriah. 


Copper 
wire. 


Specific  resistance  at  20°C.  in  ohm 
mm-  ni I    00178 

Condvictivity  at  20  ('.  in  Siemens 

m/mm*    '. 56-2 

Conductivity  calculated  for  copper 
in  percent 100 

Coefficient  of  temperature  for  1°C.!    OOCt 


Alumi- 
nium. 


0  0.306 

32-7 

58-4 
0  004 


Zinc. 


0  0626 

1 1)  (1 

28-5 
0  0030 


Iron. 


0143 

7(t 

12-5 

0  00.57 


more  flexible  and  eliminates  the  problem  of  rust.  In  view  of  the 
novelty  of  the  use  of  zinc  wire,  and  because  of  the  lack  of  experience 
in  its  treatment,  wrong  impressions  were  frequently  formed  among 
consumers  as  to  the  qualities  of  such  material,  especially  as  the 
zinc  wire  products  first  marketed  were  found  deficient  in  certain, 
cases. 

It  was  first  thought  possible  to  manufacture  zinc  wire  from  the 
unworked  pig  zinc,  but  special  treatment  was  soon  found  to  be 
necessary  in  order  to  secure  wire  of  sufficient  tensile  and  bending 
strength.  These  manufacturing  difficulties  have  now  been  overcome. 
Zinc  wires  are  being  produced  and  laid  in  large  quantities,  so  that  the 
wire  and  cable  commissions  consider  it  suitable  to  tabulate  the 
special  qualities  of  zinc,  the  way  in  which  it  differs  from  copper- and 
its  advantages  over  iron  in  the  manner  shoMTi  in  Table  II. 

It  is  also  noteworthy  that  the  actual  resistance  of  iron  •wire  to 
alternating  current  is  essentially  greater  than  would  be  calculated 
from  the  conductivity. 

The  mechanical  qualities  of  zinc  wire  depend  upon  the  crystalline 
structure  of  the  metal.  The  coarser  the  latter  the  more  brittle  and 
less  resisting  to  bending  action  vdW  be  the  wire,  while  an  increase 
in  the  fineness  of  the  structure  vdVL  cause  the  metal  to  be  more 
refined.  If  zinc  wire  is  exposed  for  a  fairly  long  time  to  tempera- 
tures exceeding  lOO'C,  under  certain  circumstances  changes  in  the 
structure  can  take  place  and  the  mechanical  qualities  of  the  wire  can 
become  deteriorated.  Hence  it  is  necessary  to  be  cautious  when 
heating  zinc  for  any  length  of  time  to  a  higher  temperature.  So  far 
nothing  has  been  observed  which  woiUd  prove  that  changes  in 
structure  have  a  disadvantageous  influence  upon  the  electrical 
qualities  of  the  zinc.  Even  if  the  solidity  and  bending  strength  are 
reduced,  the  electrical  conductivity  is  not  diminished.  Local  defects 
in  the  way  of  hollow  and  brittle  places  cannot  wholly  be  avoided. 
It  is  well  to  keep  in  mind  that  corrosion  may  result  in  the  use  of  zinc 
under  unfavourable  conditions. 

Overhead  Lines  and  'Bus  Bars. — German  engineers  hold  that  zinc 
wires  or  cables  are  not  suitable  for  overhead  lines,  since  mecha- 
nically weak  places  already  existing,  or  which  might  be  formed  mider 
atmospheric  influence,  might  bring  about  breakage  in  view  of  the 
constant  strain  in  overhead  circuits.  As  a  substitute  for  copper, 
only  iron  can  be  considered  here  for  the  time  being. 

'Bus  bars,  connecting  lines  and  switching  devices  with  bare  con- 
ductors of  zinc  require  little  consideration,  except  that  bending  in 
'bus  bars  should  be  effected  with  moderate  warming  of  the  bar  to  at 
most  100°C.,  and  in  case  of  a  small  radius  a  sjiecial  segment  is 
desirable.  The  connection  of  the  various  lengths  can  be  effected 
bj'  iron  screws.  Where  moisture  or  fumes  are  liable  to  occur,  var- 
nishing with  oil  paint,  paying  special  attention  to  points  of  con- 
nection, is  essential. 

The  commission  on  installation  and  service  regulations  has 
decided,  in  agreement  with  tiie  wire  and  cable  commission,  in  view 
of  the  shortage  of  insulated  wire  of  1  sq.  mm.  .section,  to  allow  the 
use  of  insulated  strand  wire  of  0-75  mm.  section  for  stationan,' 
installations  during  the  war.  provided  that  the  thickness  of  the  in- 
sulation wall  is  at  least  0-6  mm.  and  that  the  insulation  consists  of 
standard  rubber. 

Replacement  of  Copper  in  Electrical  Machinery. — The  machine 
standardising  commission  has  tnken  up  the  question  in  what  ajipa- 
ratus  and  to  what  extent  copix^r  can  be  replaced  by  zinc  or  iron. 
Mr.  G.  Dettmar.  secretary  general  of  the  society,  has  prewired 
pR^liminarv  notes  u|khi  this  subject.  He  states  that  in  many  elec- 
trical machines  the  windings  can  be  made  entirely  or  partly  of  zinc 
wire  ;md  thi-  commutators  aiul  collector  rings  of  iron  without  fear 
of  ditlicultios  arising  fixun  this  cause.  Inasmuch  as  little  ojierating 
exixTJenee  is  as  yet  available,  such  apjiiiratus  cannot  receive  guaran- 
tees of  safe  nmiiing  njiplyijig  to  (Mjuipinent  of  standanl  construction. 
.Machines  with  zuic-wire  winding-^  should,  theix-forc,  be  debarred 
from  instAJIrtions  where  failure  in  service  must  l)c  absolutely  ex- 
cbided.  as  in  plants  used  in  military  o]H'rations.  Machines  of  sjx'cial 
design  are  al.so  not  suitaiile  for  the  ajiijlication  of  substituting  metals, 
including  equipment  exjxvsed  to  particularly  low  or  high  tenijx'raturea 
as  in  ojK-nair  service.  Careful  provision  for  oversight  in  ojieration 
must  be  iiiade  in  designing  machines  with  wxiw  commutators.  The 
capacity  of  apparatus  ia  reduced  by  the  zinc  winding,  so  that  for 
machines  with  such  constniction  higher  ]>rices  will  as  a  rule  have 
to  l>e  charged  f<»r  a  given  caj»acity  than  for  the  standard  construction. 

In  Table  III.  data  compiled  by  the  wire  and  cable  commission 
covering  the  loading  of  zinc  cables  are  given.  When  laying  cablea 
in  the  ojhmi  air.  or  wlien  installing  thein  in  conduit.s  or  t>ther  un- 
favourable circumstances,  it  is  recommended  that  the  highest  load 
be  reduced  to  three-fourths  of  the  values  indicated  in  the  table, 
Installation  in  places  sulijected  to  severe  concus.sion  must  be  avoided, 
Tlic  table  is  baseil  on  an  excess  temiK»rature  of  25"C..  with  ix>r- 
nianent  load  and  a  laying  depth  of  about  70  cm.'lkThe  table  applica 


THE  ELECTRICIAN,  JUNE  30,  1916. 


427 


Table  III. — Loading  Table  for  Zinc  Cables. — Highest  Permanently 
Admissible  Current  in  Amperes  when  I/ying  in  Ground. 


Cross - 
sec- 
tion 

Single 
con- 
duc- 
tor to 
750 
volts. 

Twisted 

two- 

conductor 

cable  to 

Twisted 

three - 

conductor 

cable  to 

Twisted 

four- 
conductor 
cable  to 

Concentric 

two- 
conductor 

tliree- 
conductor  to 

3,000 

10,000 

3,000 

10,000 

3,000 

10,000 

3,000 

3,000 

volts. 

volts. 

volts. 

volts. 

volts. 

volts. 

volts. 

volts. 

10 

12 

10 

9 

8 

1-5 

16 

13 

12 

10 

2-5 

22 

17 

15 

14 

40 

29 

22 

19 

... 

18 

60 

37 

28 

25 

23 

10 

50 

37 

34 

35 

32 

30 

29 

37 

29 

16 

70 

50 

48 

45 

42 

40 

37 

48 

40 

25 

90 

65 

60 

59 

56 

53 

50 

65 

53 

350 

110 

80 

75 

70 

65 

65 

60 

75 

65 

50  0 

135 

100 

95 

90 

85 

80 

75 

95 

80 

70  0 

170 

120 

115 

105 

100 

100 

90 

115 

100 

950 

205 

145 

135 

125 

120 

115 

110 

145 

115 

120  0 

240 

165 

155 

145 

135 

130 

125 

165 

135 

150  0 

270 

190 

175 

165 

160 

155 

145 

190 

155 

1850 

305 

215 

200 

190 

180 

175 

165 

215 

175 

240  0 

355 

250 

225 

205 

250 

205 

3100 

420 

290 

260 

235 

295 

240 

400  0 

485 

340 

305 

345 

380 

500  0 

555 

... 

. .  . 

6250 

635 

... 

. . . 

800  0 

740 

•  •  • 

.. . 

1000  0 

850 

... 

... 

... 

so  long  as  no  more  than  two  cables  are  laid  side  by  side  in  the  same 
ditch.  Central  conductors  which  are  laid  separately  are  not  taken 
into  consideration  in  this  connection. 

As  regards  prices,  representatives  of  the  cable  factories  stated  in 
a  recent  conference  that  the  elaboration  of  zinc  from  the  raw  pig 
zinc  to  the  wire  represents  an  expense  of  125  marks  to  150  marks  per 
100  kg.,  while  the  same  cost  for  copper  amounts  to  15  marks.  If 
one  takes  into  consideration  the  increased  prices  of  raw  materials 
required  for  cable  manufacture,  and  assumes  that  the  refined  zinc 
costs  about  70  marks  per  100  kg.,  then  the  cable  with  the  zinc  con- 
ductors costs  from  100  to  150  per  cent,  more  than  copper  cable  of  the 
same  section  used  to  cost  prior  to  the  war,  and  it  must  be  expected 
that  these  prices  will  rise  still  further  in  the  future.  The  lead  used 
for  cables  is  already  being  requisitioned  in  part,  and  it  is  feared  that 
it  will  not  be  available  in  a  very  short  time.  The  use  of  zinc  cables 
is  not  considered  desirable  except  where  absolutely  necessary. 

^  Dwelling-house  Installations. — Upon  the  suggestion  of  Mr.  Schle- 
bach,  of  the  Society  of  Middle-Rhenish  Electrical  Works,  the  regula- 
tions covering  dwelling-house  installations  to  be  carried  out  during 
war  time  have  been  revised  by  a  committee  of  the  society.  Par- 
ticular attention  is  called  to  the  novel  points  of  view  concerning  the 
calculations  of  mains  covered  by  the  regulations. 

1.  Only  line  material  standardised  or  approved  by  the  Society  of 
German  Electrical  Engineers  is  to  be  used. 

2.  Higher  losses  of  voltage  than  allowed  so  far  are  to  be  permitted  in 
the  installations  as  follows  :  Up  to  5  per  cent,  in  lighting  installations 
and  up  to  6  per  cent,  in  power  installations.  The  cross-sections  of  mains 
are  to  be  calculated,  taking  into  consideration  the  voltage  drop  so  far 
admitted,  and  the  cross-sections  thus  obtained  are  to  be  multiplied  by 
2-5  for  iron  mains  and  by  1  -5  for  zinc. 

3.  In  calculating  the  cross-section  of  the  mains  the  following  loading 
proportions  are  to  be  used  as  a  basis  : — 

(a)  For  lighting  installations^ — ■ 

Feeder. — For  one  circuit,  6  amperes.  For  dwelling  houses  with  several 
circuits,  6  amperes  for  each  circuit ;  as  load  for  the  feeder,  however,  only 
75  per  cent,  of  the  total  connecting  rating.  For  business  houses  and 
stores,  for  each  circuit  6  amperes.  High-candle-power  lamps — i.e.,  over 
50  c.p. — must  be  calculated  at  their  actual  watt  consumption. 

Distributing  Lines. — For  dwelling  and  business  houses,  each  lamp  pro- 
vided shall  be  calculated  at  40  watts,  but  high  candle-power  lamps  shall 
le  accurately  figured. 

(6)  For  power  installations — 

In  the  case  of  motors,  the  power  of  the  working  current  shall  be  cal- 
culated in  lieu  of  the  power  of  the  starting  current. 

Submitting  of  plans — 

These  are  to  be  simplified  as  much  as  possible,  and  for  otherwise 
clearly  defined  and  comparatively  small  installations  in  lieu  of  ground 
plans  only  switching  diagrams  or  sketches  should  be  required. 

It  has  been  agreed  between  the  Society  of  Electrical  Works  and  the 
manufacturers  of  insulated  wires  that  hereafter  all  zinc  wires  insulated 
with  rubber  regenerate  shall  be  identified  with  a  special  light-green 
standard  thread. 


NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACHINES. 
I.  CONTINUOUS-CURRENT  MACHINES. 

BY  STANLEY  PARKER  SMITH,  D.SC. 

{Continued  from  page  362.) 

Summary. — In  the  first  part  of  the  article  the  author  deals  with  tie 
principles  underlying  the  design  of  continuous-current  machines,  and  in 
the  second  part  he  applies  these  principles  to  the  design  of  a  350  k\» ., 
500-volt  generator  running  at  200  revs,  per  min. 


5.  Conversion  of  Energy  in  the  Contixuous-cltirent 

Machine. 

We  now  pass  on  to  the  second  underlying  principle  on  which  all 
electromagnetic  machines  are  based,  namely,  the  mechanical 
force  exerted  by  a  magnetic  field  on  a  conductor  traversed  by 
an  electric  curreat.  In  all  machines  built  according  to  the 
heteropolar  arrangement  the  expression  for  this  force  assumes 
a  very  simple  form,  namely, 

i^=5  ./.  L  .  10"^  dynes  per  conductor,     .     .     (12) 

where  I  denotes  the  current  in  amperes  flowing  in  the  conductor 
of  length  L  cm.  lying  in  the  magnetic  field  of  density  B  lines  per 
square  centimetre.  The  direction  of  the  field  is  perpendicular 
to  that  of  the  conductors,  and  the  direction  of  the  force  due  to 
the  interaction  is  perpendicular  to  both.  Thus,  if  the  field  and 
the  conductors  lie  in  the  planes  X  and  Y  respectively,  then  the 
force  F  acts  along  the  plane  Z.     This  is  illustrated  in  Fig.  8. 
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Fig.  8. — Mechanical  Force  Exerted  on  a  Coil  Carrying  Current. 
Illustr.\ting  Principle  of  Generator  and  Motor. 

(4-  and  •  denote  current.) 

If  the  current  and  field  are  varying,  the  force  F  will  be  the 
instantaneous  value,  and  to  find  the  mean  value — on  which 
the  power  depends — the  law  of  variation  must  be  known.  In 
the  case  of  a  continuous-current  machine,  however,  each  con- 
ductor carries  the  steady  current  /rt=//2a,  where  /  is  the  tot^l 
current  and  2a  is  the  number  of  armature  circuits  in  parallel. 
If  the  brushes  are  fixed  in  the  neutral  zone,  so  that  the  con- 
ductors lie  in  a  field  of  mean  density  5meu'.=flux  per  pole  area 
of  pole-pitch=0/yZy,  then  the  total  pull  on  the  Z  conductors 
in  the  winding  is 

^=Z5„,ean/ai^lO-i  dynes (13) 

This  is  constant,  since  both  jB,„eau  and  la  are  constant,  and  is 
independent  of  the  speed  of  the  machine. 
The  power  is  then 

P=F .  v=F .  TiDn  ergs  per  second 
=Z  5mean/ailO-i .  2pYn .  lO"''  watts 


2a 


=^wZ(DlO-«./ 

a 

=E 


/watts.     [/See  equation  (7).]         .     .     (U) 

We  thus  see  the  relation  between  the  mechanical  power  Fv 
and  the  electric  power  EI.  When  the  pressure  E  produces  the 
current  /  the  direction  of  rotation  is  against  the  force  F  {see 
Fig.  8),  and  the  mechanical  power  Fv  is  converted  into  the 
electrical  power  EI.  This  is  the  case  of  an  electric  generator. 
When  the  force  F  produces  the  motion,  the  induced  pressure  E 
opposes  the  current  /,  which  is  maintained  by  an  externally 
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applied  pressure  V.  The  electrical  energy  VI  is  then  converted 
into  the  mechanical  ■work  Fv,  and  we  have  an  electric  motor. 

Another  way  of  writing  this  relation,  which  is  of  more  service 
to  the  designer,  is  as  follows  : — 

P=F.v 

=Bine?inZI„L7cDnlO~^  watts 

=-Binean  TzDacLTlDnV)'^ 
=n2£„eanaC.Z)2/,,dO-llk\V.,         .       .       .       (15) 

where  ac=Z7a/7rZ)=ampere-conductors  per  centimetre  of 
armature  periphery. 

Bmcan  and  ac  can  be  called  the  specific  magnetic  and  electric 
loadings  respectively.  These  are  just  as  useful  to  the  designer 
of  the  electrical  parts  as  a  knowledge  of  stresses  and  strains  is 
to  the  designer  of  the  mechanical  parts.  In  large  machines 
ac  may  be  as  high  as  400,  whilst  Bm-au  sometimes  reaches  values 
of  the  order  of  7,000,  but  experience  is  the  only  safe  guide  in 
fixing  these  specific  quantities  to  conform  with  the  permissible 
limits  of  heating,  sparking,  &c.  A  knowledge  of  ac  and  Bmenn  is 
also  extremely  useful  in  comparing  machines  of  different 
makers,  and  they  are  very  easily  found  when  the  leading 
dimensions  of  the  machines  in  question  are  known. 

Equation  (15)  is  often  used  in  the  foim 

^^^n^acBmo.ulO-<'^C (16) 

C  is  fre(juently  called  the  output  coefficient,  but  can  logically 
be  called  the  torque  coefficient,  as  .suggested  by  Hawkins,  since 
Pin  denotes  the  torque  for  any  given  D^L. 

For  each  type  of  electromagnetic  machine  an  expression 
similar  to  that  in  equation  (15)  can  be  deduced,  the  only 
difference  being  in  the  value  of  the  constant.  The  advantage 
of  designing  macOiines  in  this  way  is  that  we  start  directly  from 
first  principles,  and  only  need  to  know  the  permissible  values 
of  Bwinu  and  ac  in  order  to  find  the  output  obtainable  from 
any  given  armature. 

Since  5mciin  =^/- ■'^max.,  wlicrc  the  factor  ky  depends  on  the 
ratio  pole-arc  :  pole-pitch  and  the  shape  of  the  i^-curvc,  Bmcuu 
in  equation  (16)  can  be  replaced  by  k/Bmax.,  a  form  preferred 
by  many  designers. 

6.  Commutation  and  Commutating  Poles. 

From  a  theoretical  point  of  view  the  subject  of  commu- 
tation is  one  of  the  most  difficult  that  the  engineer  has  to 
deal  with.  One  of  the  chief  .sources  of  trouble  in  dealing 
with  the  })r<)blem  of  comnvutation  analytically  arises  from 
our  ignora)ice  of,  or  our  inability  to  take  into  account,  the 
ra])!(l  find  nations  occurring  at  the  sliding  c-oivtact  between 
carboji  ajul  commutator  and  the  magnetic  pul.sations  due 
to  the  teeth.  In  consequence  of  this  it  is  practically  im- 
possible to  predict  the  shape  of  the  current  curve  during 
reversal,  and  we  have  to  roly  very  largely  (tn  ])raetical  ex- 
perience when  designing  the  })art.s  of  a  machine  which  ailect 
commutation  ;  indeed,  it  is  not  too  much  to  say  that  most 
of  the  progress  made  is  due  to  the  good  exi)erien(c  obtained 
with  the  carbon  brush.  At  the  .same  time  it  nmst  n<tt  be 
concluded  that  theoretical  investigations  of  this  subject 
lead  to  entirely  futile  results  ;  .such  a  view  is  at  once  dispelled 
by  following  the  careful  studies  tliat  have  been  made  on 
commutation  by  Arnold.  Hawkins  and  many  other  writers. 
Nevertheless,  it  is  quite  probable  that  the  mode  of  attack 
adopted  in  future  investigations  will  be  materially  different, 
and  will  rclv  mndi  more  on  exjx'riment  to  determine  involved 
ami  intricate  relations.  For  our  present  ])ur[)osc  we  shall 
confine  ourselves  to  a  brief  discu.ssion  of  the  practical  side  of 
the  question. 

Ideal  commutation  is  .said  to  occur  when  the  current  in  a  coil 
changes  from  its  .steady  value  in  one  direction  to  its  steady 
value  in  the  other  direction  at.  a  const-ant  rate  during  the 
])eriod  of  leversal.  This  ideal  reversal  of  the  current  is  called 
straight-liiu'  commutation.  It  does  not  follow  that  straight- 
line  commutation  is  necessary  for  satisfactory  working.  l>ut  it 
is  clear  that  when  the  current  docs  rever.se  in  this  manner  the 
reversal  is  com])lcted  by  the  time  the  coil  is  about  to  leave  the 
bru.sh,  so  that  no  s])iirl<  can  be  ])roduced  by  a  sudden  change  of 


current.  A^Tiilst  the  current  is  changing  its  direction  the  coil 
is  .short-circuited  by  a  bi-ush,  and  since  E.M.F.s  are  generally 
induced  in  the  coil  during  the  period  of  commutation  it  is 
po.s.sible  and  usual  for  circulating  currents  to  flow  through  the 
path  provided  by  the  coil  and  the  brush,  thus  causing  the  curve 
of  current  in  the  coils  undergoing  commutation  to  deviate  from 
a  straight  line.  The  reversal  of  the  current  is  delayed  by  two 
causes. 

Effect  of  Indtictance. — The  first  cause  retarding  the  reversal 
of  the  current  is  the  inductance  of  the  coil,  which  sets  up  a 
back  E..M.F.  oppo.sing  any  change  in  the  value  of  the  current. 
This  can  be  overcome  by  an  opposing  E.M.F.  induced  'by 
rotation  in  a  commutating  field  of  .suitable  sign  and  strength. 
The  necessary  sign  of  the  commutating  field  is  easily  seen  from 
the  following  consideration.  Imagine  a  coil-side  about  to 
leave  a  north  pole  and  enter  the  commutating  zone.  Taking 
the  case  of  a  generator,  the  current  in  the  coil-side  at  this 
instant  is  due  to  the  influence  of  a  north  pole.  "\Mien  com- 
mutation commences,  therefore,  the  E.M.F.  of  self-induction 
will  tend  to  maintain  the  current  in  this  direction,  so  that  to 
neutralise  it  the  coil-side  must  move  in  a  .south  pole  field  to 
induce  an  opposing  pressure  by  rotation.  Similarly,  a  coil- 
side  leaving  a  south  pole  must  move  under  the  influence  of 
north  pole  flux  to  produce  an  E.M.F.  to  counteract  the  E.M.F. 
of  self-induction.  The  auxiliary  pressure  produced  by  the 
commutating  flux  to  assist  commutation  is  called  the  commu- 
tating E.M.F. 

We  thus  see  that  in  a  generator  the  coils  undergoing  commu- 
tation should  move  in  a  field  of  the  same  sign  as  the  main  pole 
following.  In  a  motor,  where  the  current  is  reversed,  the  sign 
of  the  commutating  flux  must  be  reversed. 

The  action  of  the  cominutating  flux  in  assisting  the  reversal 
of  the  current  can  be  compared  with  cu.shioning  in  a  steam 
engine. 

Effect  of  Armature  Field. — The  other  cause  tending  to  retard 
commutation  arises  from  the  E.M.F.  induced  in  the  short- 
circuited  coils  by  rotation  in  the  field  due  to  the  armature 
current.  If  we  consider  the  fluxes  in  a  generator  on  load, 
Fig.  9,  we  see  that  the  armature  current  produces  a  flux  in  the 
brush  axis,  the  direction  of  which,  with  respect  to  the  anuature, 
is  the  same  as  the  flux  in  the  preceding  pole.  This  is  just  the 
opposite  from  what  is  needed  for  the  commut-ating  flux  to 
neutralise  the  E.M.F.  of  self-induction,  and  indeed  aggravates 
matters,  for  now,  in  addition  to  the  back  E.M.F.  of  self- 
induction,  the  short-circuited  conductors  move  in  a  field  of  the 
wrong  sign.  Thus  both  inductance  and  the  armature  field 
retard  the  reversal  of  the  current. 

The  Retarding  Pressure. — Let  Cs  denote  the  instant-aneous 
value  of  the  E.M.F.  of  .self-induction,  and  Ca  that  of  the  E.M.F. 
induced  in  the  short-circuited  coils  by  rotation  in  the  anuature 
flux,  then  ignoring  all  other  effects,  the  pressure  retarding 
commutation,  or  in  short,  the  retarding  E.M.F  will  be 

er^es-\-ea (17) 

B«)th  these  counter  jiressures  are  obviously  dependent  upon 
the  load  or  current,  and  can  be  expressed  as  follows  : 


-Ls 


di 
dt 


and 


ea=2TcvLBa\0-'^, 

where  Ls  denotes  the  a]q)arent  inductance  of  the  short-circuited 
coil  (including  mutual  induction)  and  Ba  the  strength  of  the 
armature  flux  at  the  place  where  the  coil  is  nu)ving  at  the 
instant  considered.     A  full-pitch  coil  is  assumed. 

If  only  one  coil  had  to  be  considered,  Cs  and  Cj  might  be 
estimated  without  difficulty,  as  shown  by  Hawkins  in  "  The 
Dynamo,"  but  actually  a  brush  must  cover  2  to  3  segments,  so 
that  3  to  4  coils  are  short-circuited  simultaneously  by  a  brush. 
This  makes  the  problem  very  complicated  to  deal  with 
analytically,  and  it  is  only  po.s.sible  to  attack  it  indirectly. 

The  usual  way  of  treating  the  problem  of  several  coils  short- 
circuited  together  is  to  estiniate  the  difference  of  potential  set 
up  between  the  bru.sh  ti]is.  becau.se  the  current.s  circulating  in 
the  coils  undergoing  commutation  are  dependent  upon  this 
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potential  difference.  It  is  most  likely  that  the  release  of  the 
energy  due  to  the  circulating  currents  and  the  retarding 
pressure  is  the  cause  of  sparking  ;  for  when  a  coil  leaves  the 
brush,  the  current  in  it  must  instantly  assume  its  steady  value. 

A  simple,  rough  and  ready  means  of  checking  the  com- 
mutation conditions  of  the  machine  is  to  calculate  what  is 
called  the  reactance  pressure  Es,  or  the  mean  value  of  the 
E.M.F.  of  self-induction,  the  calculation  of  the  actual  pressure 
Cs  not  being  possible  owing  to  our  ignorance  of  the  function 
the  current  i  obeys. 

If  the  current  changes  from-f /a  to  —la  in  time  T,  the  mean 
E.M.F.  of  self-induction  Es  will  be 


To  produce  the  commutating  pressure  Ec,  the  short-circuited 
coils  must  move  in  a  field 


Ec=2TcvLcBcH)-^, 


(20) 


E, 


^^y^io- 


For  the  inductance  Z,.  we  can  write  L^^TcZLxXx^TcLX' , 
where  X'  is  the  fictitious  specific  permeance  taken  over  the 
core-length  L. 


We  then  get 


Es=2TcLl'~;^lO-^. 


(18) 


Now  time  T=distance/velocity=5/u,  and  if  for  lajs  we  sub- 
stitute «c,  the  amperes  per  unit  length  of  armature  periphery, 
we  shall  have 

Es^lTcvLXaclQ-^, (19) 

where  X  is  the  corresponding  specific  permeance. 

The  attention  of  designers  was  directed  to  the  great  im- 


where  Lc  is  the  length  over  which  the  commutating  field  of 
density  Be  extends.  Since  Er  depends  mainly  on  the  load  or 
ac,  the  commutating  flux  should  be  practically  proportional  to 
the  current. 

There  are  two  common  ways  of  obtaining  the  requisite 
commutating  flux.  The  older  and  simpler  method  is  to  .shift 
the  brushes  out  of  the  geometrical  neutral  zone  into  the  region 
where  the  main  flux  has  the  needful  .sign  and  .strength.  In 
accordance  with  the  rule  just  established,  therefore,  the  bni.shes 
must  be  rocked  in  the  direction  of  rotation  in  the  case  of  a 
generator,  and  backwards  in  the  case  of  a  motor.  The  other 
way — better,  but  more  expensive — of  obtaining  the  commu- 
tating field,  is  to  provide  a  commutating  or  interpole.  This 
is  situated  in  the  geometrical  neutral  zone  and  excited  to  five 
a  field  of  the  right  direction  and  strength. 

Where  the  commutating  field  is  obtained  by  shifting  the 
brushes,  the  field  M.M.F.  must  overcome  the  armature  M..M.F. 
To  get  the  required  value  of  B^  therefore,  the  brashes  must 
be  rocked  further  and  further  from  the  geometrical  zone 
as  the  load  or  armature  M.M.F.  increases,  to  bring  them  under 

Nowadays,    however,    fixed    brush 


stronger  field  M.M.F. 


position  is  almost  invariably  called  for,  so  that  the  machine 
usually  works  with  the  brashes  clamped  in  the  best  position 


Generator 


s 


Yac 


(B.) 

Fig.  9. — Armature  Reaction  in  Continuous-current  Machine. 

(A)  Full  lines  denote  flux  due  to  field  current. 
Dotted  „         ,,         ,,         ,,      armature  current. 

(B)  Resultant  flux  in  generator  and  effect  of  interpole. 


portance  of  the  reactance  pressure  by  Hobart,  who  also  gave 
simple  approximate  methods  of  finding  ZLxXx. 

It  is  doubtless  the  simplicity  and  handiness  of  this  method, 
combined  with  the  absence  of  a  simple,  better  method,  that 
makes  it  so  popular  among  designers,  despite  its  incompleteness. 

To  take  ea  into  account  a  suitable  addition  can  be  made  to  X. 

Calculated  in  this  way  it  is  possible  to  give  certain  limiting 
values  for  Es  in  equation  (18)  or  (19),  for  definite  grades  of 
carbon  brushes  when  used  on  certain  types  of  machines  ;  but  the 
utmost  caution  must  be  exercised  in  the  use  of  this  method, 
which  at  its  best  should  be  regarded  rather  as  a  comparison  be- 
tween machines  of  like  constants  than  an  actual  determination. 

Regarding  the  value  of  X  in  equation  (19),  it  can  be  said  to 
lie  between  4  and  9,  depending  largely  on  the  number  of  bars 
covered  by  a  brush.  With  a  brush-width  equal  to  two  to  three 
segments,  a  common  value  for  2  is  6  to  8. 

The  Commutating  Pressure. — To  obtain  ideal  commutation, 
if  the  resistance  of  the  short-circuit  were  negligible,  it  would  be 
necessary  to  have  ec=—ey  at  every  instant  during  the  period 
of  commutation.  Actually,  the  best  that  can  be  hoped  for  is 
to  make  the  mean  values  E^  and  Ec  approximately  equal  and 
trust  to  the  carbon  brushes  to  keep  the  circulating  currents 
within  permissible  limits. 


for  the  mean  load.  The  parts  must  then  be  designed  so  that 
the  pressure  induced  in  the  short-circuited  coils  will  never  be 
sufficient  to  send  strong  enough  circulating  currents  through 
the  brushes  to  cause  sparking  under  any  working  conditions. 
To  attain  this,  it  is  needful  to  keep  down  as  far  as  possible 
everything  that  tends  to  increase  e^ — thus  the  number  of  turns 
per  coil  must  be  kept  small,  the  field  ampere-turns  must  be 
large  compared  with  the  armature  ampere-turns,  and  the 
magnetic  loading  high  compared  with  the  electric  loading  ; 
also  suitable  carbons  must  be  used.  These  restrictions  often 
necessitate  a  reduction  in  the  rating,  and  it  i.;  common  experi- 
ence that  the  sparking  limit  in  a  continuous-current  machine 
is  reached  earlier  than  the  heating  hmit.  It  is  this  fact  that 
often  leads  to  the  adoption  of  interpoles,  which  remove  most 
of  the  restrictions  enumerated. 

In  the  case  of  reversible  motors  (such  as  traction  and  crane 
motors)  without  interpoles,  the  conditions  become  still  more 
stringent,  because  here  the  brushes  must  be  fixed  in  the  geome- 
trical neutral  zone,  and  the  resistance  of  the  carbons  alone 
must  be  relied  upon  to  suppress  sparking. 

The  tendency  of  modern  practice  leads  more  and  more  to 
the  use  of  interpoles,  for  in  addition  to  the  removal  of  numerous 
limitations  in  the  design,  interpoles  are  a  great  commercial 
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asset  and  often  help  the  machine  to  pass  the  test  unhindered, 
thereby  improving  a  firm's  deliveries  and  reputation.  Com- 
pared with  the  advantages  of  increased  output,  reliable  working, 
&c.,  the  extra  cost  and  poorer  ventilation  due  to  the  interpoles 
is  seldom  important. 

In  the  case  of  an  interpole  design,  it  is  possible  to  make  Be 
fairly  well  proportional  to  the  load  by  exciting  the  commutating 
poles  by  means  of  a  series  winding,  if  care  is  taken  to  avoid 
saturation  within  the  working  range.  By  adjusting  7.  suitably 
to  make  Es=Er,  we  get  from  equations  (19)  and  (20), 
BcLc—acXL, 
or  Bc=aclLILc (21) 

Design  of  Commutating  Poles. — To  find  the  requisite  ampere- 
turns  for  the  interpoles,  it  is  seen  from  Fig.  9  that  the  total 
armature  ampere-turns  must  be  neutralised  before  the  com- 
mutating flux  can  be  produced  In  addition  to  this,  ampere- 
turns  are  needed  to  drive  the  commutating  flux  through  the 
magnetic  circuit,  so  that  the  total  ampere-turns  for  a  complete 
magnetic  path  or  pair  of  the  interpoles  will  be 

ATcp=Y.ac+ATc (22) 

The  ampere-tums,  ATc,  needed  for  the  flux  are  about  20  to  30 
per  cent,  of  the  total  ampere-turns  ATcp,  and  some  firms  make 
a  practice  of  adding  2.5  per  cent,  to  the  armature  reaction  Y .  ac, 
whilst  others  ignore  the  iron  and  merely  calculate  ATc  as  the 
ampere-tums  required  to  send  Be  through  the  air-gap. 

Regarding  the  width  of  the  interpole,  much  depends  on  the 
shape  of  the  curve  we  wish  the  current  in  the  shoi-t-circuited 
coils  to  follow.  For  example,  Miles  Walker  prefers  this  to  be 
a  sine  curve,  so  that  the  rate  of  reversal  of  the  current  is  much 
lower  at  the  start  and  finish  of  the  period  of  commutation  than 
in  the  middle  of  this  period,  and  for  this  puipose  makes  the 
coil-span  one  slot-pitch  shorter  than  the  pole-pitch  and  the 
width  of  the  interpole  equal  to  a  slot-pitch.*  The  author  has 
had  no  experience  with  this  method,  and  prefers  to  design  the 
intei-poles  to  give  straight-line  commutation — a  method  which 
he  has  found  always  to  yield  satisfactory  results.  In  this 
case,  it  is  necessary  for  the  coil  to  move  in  the  commutating 
field  of  density  Be  so  long  as  it  is  short-circuited. 

The  time  of  short-circuit  of  a  coil  is  as  follows  (see  Hawkins, 
"The Dynamo,"  Vol.  II.): 
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T= 


'M'-l 


Vc 


where  ?>/=brush-width,  ?//=segment-pitch  and  rc=peripheral 
speed  of  the  commutator.  Hence  the  distance  pa.s.sed  through 
by  a  coil  during  the  reversal  of  the  current  is 


T.vc=b,+y,(l-^^. 


This  refers  to  the  commutator  surface,  and  for  the  coil-side  on 
the  annature  surface,  the  distance  traversed  during  short- 
circuit  is 


^•-y^+^.('-;)l- 


Since,  however,  there  are  usually  several  coil-sides  con- 
centrated in  a  slot,  the  coil-sides  are  displaced  from  the  mean 
position  they  would  occupy  if  they  were  dislributed  uniformly 
over  the  circumference.  To  prevent  coil-.sides  leaving  the 
commutating  zone,  therefore,  before  they  leave  the  brush,  it 
is  usual  to  add  a  slot-pitch  ijs  to  the  width  T  .  v,  so  that  the 
width  for  the  commutating  pole-shoe  becomes 


bcMb,+yr{i- 


p^l 


-fy. 


(2.3) 


The  value  for  he  giveji  by  this  formula  is  usually  somewhat 
less  than  two  slot-pitches,  and  if  it  l)e  remarkod  that  this  is  on 
the  large  side,  we  n\as'  rc]>ly  that  it  is  on  the  .'^afc  side  and  le.ss 
likely  to  be  iniluenced  by  magnetic  oscillations  due  to  the 
teeth.  Of  course,  the  pole  need  not  be  so  wide  as  /;'-  if  a  shoe 
'3  "»ed.  (Jo  be  continued.) 

*  Sec  Walker,  "The  Design  and  SiK-cificatiou  of  Dynamo-ikctric 
MachiiU'iy,"  p.  481. 


The  annual  meeting  of  the  Incorporated  Municipal  Electrical 
As.sociation  was  held  at  the  Institution  of  Electrical  Engineers, 
London,  on  Friday  last,  Mr.  A.  C.  Cramb,  borough  electrical  engi- 
neer, Croydon,  presiding. 

Mr.  R.  A.  C'HATTOCK  (Birmingham),  referring  to  the  Model  General 
Conditions  of  Contract,  said  the  Council  were  instructed  to  lay  this 
matter  before  th"  AsKOciation  of  Municipal  Corporations,  and  to  report 
the  result.  The  four  B.E.A.M.A.  clauses  were  discussed,  but  although 
they  had  been  p:tssing  ever  since  they  could  get  nothing  definite  from 
the  Association  of  Municipal  Associations.  Three  years  had  passed, 
and  he  thoujrht  it  inadvisable  to  let  the  matter  go  on  unsettled.  The 
Model  Conditions  of  the  Institution  of  Electrical  Engineers  had  feince 
been  pubhshed  and  accepted  by  the  B.E.A.M.A. ;  the  LME.A.  was  the 
only  body  holding  out,  purely  on  instructions  received  from  the  members. 
He  thought  they  now  should  rescind  this  instruction  and  accept  the  con- 
ditions adopted  by  the  Institution  of  Electrical  Engineers.  Indi^^dual 
buyers  could  vary  the  conditions  to  suit  their  o%v-n  cases  ;  therefore,  he 
could  see  no  objection  to  trying  them  for,  at  any  rate,  a  year  or  two. 
Many  Corporations  were  already  working  to  them,  without  diflficulty  so 
far  as  could  be  ascertained.  He,  therefore,  moved  that  they  be  accepted 
provisionally  and  tried  for  a  year  or  two. 

Mr.  H.  Fakaday  Proctor  (Bristol),  seconding,  said  Bristol  had  ac- 
cepted the  conditions  and  worked  to  them.  It  was  open  for  engineers 
to  depart  from  them  if  desired.  Considerable  time  and  expense  in  fram- 
ing conditions  were  saved  In*  having  only  one  form. 

Mr.  A.  Blackjian  (Sunderland)  said  he  regretted  he  could  not  see  eye 
to  eye  with  many  of  his  fellow  members  of  the  Council  in  ad\ising  these 
conditions.  A  great  deal  was  taken  out  of  the  engineers"  or  purchasers' 
hands.  Buying  intricate  electrical  machinery  was  very  different  to 
dealing  in  bricks  and  mortar,  and  a  great  deal  depended  upon  tests  which 
could  not  be  undertaken  until  the  machinery  was  erected.  The  plant 
was  delivered  in  ])ieees,  and  a  large  ])roportion  of  the  contract  price  then 
paid.  Developments  in  turbo-electric  machinery  were  still  ver\-  rapid 
What  would  Ix*  the  ])osition  if,  after  paying  80  per  cent,  of  its  value,  the 
machine  did  not  comply  with  the  tests  ?  He  did  not  agree  that  indi- 
vidual buyers  could  vary  the  conditions.  The  contractor  would  imme- 
diately argue  that  they  were  unreasonable  persons  to  deal  with,  and  that 
the  reasonableness  of  the  conditions  was  shown  by  the  fact  that  their 
own  Munici])al  Assoc  iation  acee])ted  them. 

Mr.  C.  C.  Atchison  (Rochdale)  sa;d  that  he  understood  that  the  matter 
had  been  attended  to  by  the  Assoeiation  of  Municipal  Cor|>orations.  who 
were  mainly  concerned  with  the  legal  aspect.  He  understood  that  the 
general  condition**  had  been  knocked  into  shajie,  and  that  a  sub-com- 
mittee of  the  I^aw  Conimittee  of  the  Associatiem  of  Municipal  Corjiorations 
was  dealing  with  them.  He  did  not  think  the  menilx^rs  of  the  l.M.E.A. 
shoulel  pass  any  resolution  at  that  meetint:. 

Mr.  F.  W.  PiRSE  (Carhsle)  associated  himself  with  the  two  previous 
speakers,  and 

Mr.  A.  Nichols  Moore  (Newport.  Mon.)  remarked  that  he  could  find 
nothing  in  the  annual  nport  to  lead  them  to  supjiosc*  that  such  a  resolu- 
tion would  Ik-  brought  forward.  It  oupht  not  to  have  Ix-en  sprung  upon 
the  memlKTs.  Now  that  (icrnian  and  Austrian  conipetition  had  been 
re-moved,  it  was  meire  than  ever  nee-essary  that  there  should  be  some 
conditions  different  if  ]>ossible  to  those  put  forward  to  enable  the  small 
undertaking  men  to  hold  their  own.  The  bip  unelertakings  could  get 
what  they  wanted,  but  the  Mnall  ones  had  to  take  what  they  could  get. 
He  submitt<'d  that  the  matter  1m'  p()st])e)n(  tl  to  the  end  of  the  war. 

.Mr.  T.  Roi.es  (Bradford)  said  th'  matter  had  Ik  in  sprung  upon  the 
committee  five  minut<'s  Iwfon-  the  meeting.  He  did  not  agree  with  them, 
and  voted  ajjainst  them  on  the  Council. 

Mr.  J.  A.  Ro»ERT.«oN  (Salford)  said  they  were  UAing  in  abnormal 
times,  and  just  now  had  to  take  pretty  well  the  conditions  impoKd  upon 
them  by  the  war.  While  the  matter  had  been  remitted  to  the  Association 
of  Municipal  C«r|Kirations.  he  did  not  think  they  would  take  them  even  if 
recomniendi'd  to  do  no  by  that  liody. 

In  deference  to  tiie  o])inion8  which  had  lx~en  (Expressed,  the  resolution 
was  th  n  witlulrawn  on  the  motion  of  Mr.  R.  A.  Chattock. 
The  (Hiestion  of  conl  su]>])lies  was  th<'n  dealt  with. 

Mr.  H.  A.  CnATTO(  K  (Hirminphani)  said  tlie  steamer  traffic  was  now 
<a!*icr.  but  so  f.-^r  tlie  local  coninuttccs  ap]ii>intcd  by  the  Board  of  Trade 
liael  no  authority  to  commandeer  and  di^tribute  coal  where  it  was  want<il. 
There  was  stil'  anxiety  and  difficulty  in  entering  into  contracts  and 
ensuiin};  a  pro]K>r  supply  for  public  utility  undertakings.  The  sub- 
committ'-c  was  still  considerini;  the  matter  with  the  idea  of  apain  ap- 
proaching the  (Jovernment  to  urge  that  furth-^r  steps  Ix"  taken.  They 
hail  a  niectinu  10  elays  previously  on  the  sul>ject.  and  communications 
had  Ix-en  sent  in  to  the  Oovernment. 

Ahl.  SiNn.AiK  (Swansea)  said  that  at  the  last  meetinj;  previous  to  the 
Convention  ho  mentioned  the  qtustion  of  running  contracts,  and  Bailie 
Smith  ]in'ss<'d  the  ]>oint.  with  the  n-sult  that  in  the  Limitations  of  Coal 
Hill  a  .laiisi-  was  inserted  which  had  saveel  the  Swansea  undertakinji 
£l.O00.  He  desired  to  thank  the  Council  for  the  action  they  had  taken  in 
the  matter,  ("sjx'eially  mentioning  lijiilie  Smith's  name. 

Mr.  F.  W.  RiRSK.  n'ferrinp  to  the  constitution  of  the  Council,  eon- 
tended  that  the  smaller  undertakings  should  have  a  larger  representation. 
In  l!>1.1  the  Council  repeirtcd  that  they  were  of  opinion  that  a  scheme 
shouhl  l>e  evolved  which  would  bring  in  a  continnims  tlow  of  fresh  blood. 
He  had  nothing  to  say  again;  t  the  individual  meml>crs  of  Council,  but 
thought  the  honours  should  go  round.     They  had  heard  the  previous  day 
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of  super-stations  and  supermen  ;    he  supposed  the  small  stations  were 
likely  to  be  superimposed  and  their  engineers  superseded.   (Laughter.) 

Mr.  A.  NiOHOL.s  Moore,  speaking  as  engineer  of  a  small  undertaking, 
or,  as  he  preferred  to  put  it,  of  the  general  body  of  members,  supported 
Mr.  Purse's  views.  If  the  Association  was  to  progress,  no  doubt,  increased 
subscriptions  would  be  asked  for  ;  70  per  cent,  of  these  subscriptions  came 
irom  the  general  body  of  members.  To  ensure  progress  and  retain  status 
as  an  official  body  it  was  essential  to  have  the  larger  men,  who  formed  a 
very  powerful  minority,  but  let  there  be  a  reasonable  proportion  on  the 
Council  representative  of  the  majority. 

Mr.  C.  TuRNBULL  (Tynemouth)  deprecated  any  bitterness  in  the  ques- 
tion, and  said  the  Council  had  served  them  very  well  and  deserved  their 
gratitude.  He  felt  that  the  majority  should  be  from  large  stations,  in 
order  that  the  Association  should  have  status.  At  the  same  time,  many 
of  the  small  stations  were  now  getting  as  big  as  the  big  stations  uped  to  be, 
and  the  council  would  do  well  to  follow  the  method  of  the  Institution, 
and  apportion  the  representation  to  some  extent  amongst  stations 
a-ccording  to  size. 

Mr.  Farad.w  Proctor  pointed  out  that  the  Council  were  in  the  hands 
of  the  members.  The  smaller  undertakings  predominated,  and  every 
member  had  an  equal  vote. 

Mr.  S.  J.  Watson  (Bury)  said  that  as  he  understood  Mr.  Purse  the 
smaller  undertakings  felt  they  had  a  grievance,  inasmuch  as,  by  reason 
of  their  smallness,  they  were  little  known,  and  consequently  had  little 
chance  of  being  elected  to  the  council,  and  further,  by  reason  of  their 
being  unable  to  become  council  members,  they  were  unable  to  go  forward 
to  any  of  the  higher  positions.  He  felt  they  had  something  of  a  griev- 
ance. On  the  other  hand,  the  matter  appealed  to  him  in  a  ditferent  way. 
A  small  undertaking  might  next  year  become  of  moderate  size,  and  the 
change  of  output  from  year  to  year  would  make  it  difficult  to  put  a  scheme 
into  operation.  The  membership  was  roughly  split  up  into  three  or  four 
types  of  authorities — cities,  county  boroughs,  boroughs  and  urban  district 
councils — each  of  which  had  to  deal  with  any  given  point  on  rather 
ditferent  lines.  If  any  change  were  made  in  the  method  of  election  he 
suggested  it  should  be  somewhat  on  these  lines. 

Other  members  having  spoken,  Mr.  Atchtson  moved:  "That  the 
Council  be  requested  to  reconsider  the  constitution  of  the  council  with  a 
view  to  giving  proportionate  representation  to  cities,  county  boroughs, 
non-county  boroughs,  urban  district  councils  and  rural  district  coun- 
cils." 

Mr.  H.  R.  Burnett  (Barrow-in-Furness)  moved  as  an  amendment  : 
"  That  one-third  of  the  new  engineer  members  of  council  elected  annually 
shall  be  members  who  have  not  previously  served  on  the  council."  This 
was  lost,  and 

Mr.  E.  E.  HoADLEY  (Maidstone)  moved  a  further  amendment  :  "  That 
the  council  be  requested  to  sympathetically  consider  the  representation 
of  the  smaller  undertakings  on  the  lines  of  giving  representation  to  under- 
takings with  less  than  50,000  inhabitants." 

Mr.  G.  Wilkinson  (Harrogate)  suggested  that  as  the  council  had  heard 
the  views  of  the  members  the  matter  should  now  be  left  in  their  hands  to 
be  dealt  with.     This  course  was  adopted. 

A  resolution  instructing  the  Council  to  make  the  necessary  alterations 
in  the  articles  to  provide  for  a  postal  ballot,  proposed  by  Mr.  Pukse,  was 
carried. 

Mr.  Atchison,  on  the  subject  of  British  trade  after  the  war,  regretted 
the  action  of  the  council,  and  said  that  the  Congress  in  Paris  had  practi- 
cally cut  the  ground  from  under  their  feet. 

The  President  :  We  say  that  local  authorities  should  not  be  com- 
pelled to  do  comething  for  tlae  protection  of  manufacturers  which  private 
concerns  are  not  compelled  to  do  ;  we  want  to  be  in  the  same  position  as 
the  private  company. 

Mr.  T.  Roles  (Bradford)  said  the  matter  affected  our  Allies  as  much  as 
our  enemies.  Everyone  would  try  to  get  all  they  could  from  British 
manufacturers,  but  if  it  were  made  a  close  trade,  with  Government 
departments  anel  municipalities  especially  and  with  the  proposed  condi- 
tions of  contract,  they  all  knew  what  would  happen. 

Aid.  Walker  (Manchester)  moved  :  "  That  this  Convention  of  the 
I.M.E.A.  urges  the  Government  to  take  adequate  steps  to  deal  with  the 
industrial  situation  which  will  arise  immed'iately  peace  is  declared.  The 
members  attending  the  Convention  represent  the  electricity  supply 
deijartmcnts  of  pubhc  authorities  in  which  many  millions  of  public  money 
is  invested,  and  the  prosperity  of  these  departments  is  dependent  upon 
the  prosperity  of  the  manufacturing  and  commercial  sections  of  the 
community."  They  d'd  not  want  to  drift  into  peace  in  the  same  way  as 
they  had  drifted  into  war,  and  the  Convention  should  lend  its  weight  and 
influence  to  get  the  Government  to  take  the  necessary  steps. 
Mr.  R.  A.  Chattock  seconded  the  resolution. 

Aid.  Smith  (Liverpool)  asked  :  Why  the  Government  ?  Why  not  do 
something  themselves  ?  They  did  not  drift  into  the  war;  they  were 
shoved  into  it,  and  would  be  shoved  into  peace.  (Laughter.)  If  tliey  did 
not  mind  they  would  be  shoved  into  a  moi  t  unsatisfactory  peace.  (Hear, 
hear.)  They  had  through  their  council  an  enormous  weight  of  pubhc 
opmion,  and  ought  to  make  representations  to  the  Government,  but  he 
did  not  behev^e  in  resting  upon  anyone  else.  They  must  themselves  put 
heart  and  soul  into  the  job,  so  as  to  be  ready  for  peace  when  it  came. 

IVlr.  H.  Dickinson  (Liverpool)  agreed  with  Aid.  Smith,  who  he  thought, 
however,  did  not  go  far  enough.  The  asfociation  ought  to  do  what  it 
could  to  encourage  trade  after  the  war.  It  was  necessaiv  to  educate  the 
Government  to  change  its  attitude  towards  trade  questions.  The 
Government  possessed  enormous  power,  and  could  do  anything  within 
the  bounds  of  practical  pohtics.  If  that  power  were  used  to  encourage 
11  A  '  u^  ^vould  see  a  great  advancement  in  the  trade  of  the  country. 
Lndcr  the  old  conditions  the  municipalities  had  been  under  a  pall,  which 


had  created  an  over-cautioujncKH.  This  had  gone  on  for  ro  long  that  it 
had  become  almost  a  habit.  Government  f-ncouragf-ment  would  te  of 
enormous  benefit  to  the  countiy,  and  if  the  matter  were  taken  up  quicklv 
there  would  be  no  slackness  after  the  war,  but  rather  a  Iwm.  in  trade. 
(Hear,  hear.) 

Aid.  Jones  (Kilmarnock)  said,  unfortunately,  th'.y  were  pushed  into 
the  war  an  unorganised  nation.  They  had  had  to  'ft  their  housf;  in  order 
and  had  been  nearly  two  years  getting  readvto  opjH^.se forces  which  had 
been  organising  for  over  :',()  years.  They  had  a;:  isttd  in  organising 
Germany  by  their  trade  with  that  country.  If  the  Government  did  not 
act,  buyers  would  again  be  after  the  best  bargains,  whether  from  Germany 
or  elsewhere.  It  was  their  businc  .■  s  to  support  the  Government,  and  ge't 
them  to  take  action.  We  had  plenty  of  friends  in  the  colr^nies' and  our 
Allies  and  he  wished  to  sup])Ort  the  resejlution. 

The  resolution  was  carried  unanimously,  and  it  was  decided  that 
copies  be  sent  to  the  Board  of  Trade  and  to  the  Premier. 

Mr.  W.  Wyld  (Hampstead),  on  the  subject  oi  financial  organisation, 
moved  :  "  That  this  association  views  with  concern  the  repeated  attempts' 
made  by  the  financial  departments  of  various  municipalities  to  encroach 
upon  the  work  of  the  trading  departments,  and  is  of  opiniejn  that  it  is 
necessary  that  the  books  and  accounts  she>uld  be  kept  by  the  depart- 
ments concerned  if  the  work  is  to  be  efficiently  and  economically  carried 
out,  and  that  any  proposed  legislation  in  a  contrarj- directiejn  should  be 
strenuously  opposed." — Carried. 

Mr.  Faraday  Proctor  said  the  Hackney  undertaking  had  corre- 
sponded with  reference  to  the  alleged  preferential  charging  brought 
against  them  by  the  local  gas  company.  The  case  was  the  exact  con- 
verse to  that  of  Long  Eaton.  It  was  alleged  that  the  undertaking 
showed  preference  by  allowing  lighting  consumers  a  lower  rate  of  charge 
when  power  was  taken  as  well ;  Long  Eaton  reduced  the  charge  for 
power  when  Hghting  was  also  taken.  If  the  case  was  fought  it  was 
desirable  that  the  association  in  general  meeting  should  promise  their 
moral  support  to  Hackney,  and  also,  if  need  be,  financial  support.  He 
proposed  a  resolution  in  "these  terms,  which  Mr.  .J.  E.  Edgcome  (Kinw- 
ston-upon-Thames)  seconded,  and  it  was  carried. 

The  matter  of  the  extension  of  loan  periods,  on  account  of  the  condition 
arising  owing  to  the  war,  was  also  discussed,  but  a  resolution  on  the 
subject  was  elefcatcel. 

The  following  Council  were  elected  : — 

LM.E.A.  Council,  1916-17. 

President. — Mr.  F.  M.  Long  (Norwich). 

Senior  Vice-President. — Mr.  S.  J.  Watson  (Bury). 

Junior  Vice-President. — Mr.  F.  Ayton  (Ipswich). 

ItHwediate  Past  Presidents. — Messrs.  G.  Wilkinson  (Harrogate).  R.  A. 
Chattock  ( Birmingham),  H.  Richardson  (Dundee),  A.  C.  Cramb  (Croydon). 

Hon.  Solicitor. — Aid.  G.  Pearson  (Bristol). 

Hon.  Secretary. — Mr.  H.  Faraday  Proctor  (Bristol). 

Hon.  Treasurer. — Mr.  J.  E.  Edgcome  (Kingston-upon-Thames). 

Members  of  Couyicil. — Engineers :  Messrs.  J.  W.  Beauchamp  (West 
Ham),  A.  S.  Blackman  (Sunderland),  W.  A.  Vignoles  (Grimsby),  W.  W. 
Lackie  (Glasgow),  S.  L.  Pearce  (Manchester),  S.  E.  Britton  "(Chester), 
J.  Christie  (Brighton),  S.  T.  Allen  (Wolverhampton),  H.  W.  Bowden 
(Poplar).  Committee  Representatives  :  Councillor  Crowther  (Sheffield), 
Baihe  W.  B.  Smith  (Glasgow),  Councillor  H.  R.  Barge  (Poplar).  Aid. 
Sir  J.  Beecham  (St.  Helens),  Councillor  Sinclair  (Swansea),  Aid.  Walker 
(Manchester). 

In  regard  to  the  place  of  meeting  for  1017,  owing  to  the  war,  it  was 
decided  to  leave  this  matter  in  the  hands  of  the  President  and  Council. 

The  report  of  the  Electric  Vehicle  Committee,  abstracted  on  p.  -133, 
was  not  eliscussed,  probably  owing  to  co  much  time  ha%ing  been  given  to 
other  important  matters  an.t  the  members  wishing  to  bring  the  Con- 
vention to  a  close  without  the  necessity  of  extending  it  to  another  meeting 
after  the  adjournment  for  lunch. 

Votes  of  thanks  to  the  retiring  President  and  to  the  Institution  for 
again  allowing  the  members  to  meet  in  their  building  brought  a  very 
successful  Convention  to  a  close. 


ANNUAL  REPORT. 

Model  General  Conditions  of  Contract. — The  British  Electrical  &  AUied 
Manufacturers'  Association  have  expressed  the  hope  that  the  Association 
would  now  recognise  the  Institution  of  Electrical  Engineers"  conditions 
as  standard.  The  Council  have,  however,  been  unable  to  take  any 
further  steps  in  the  matter  pending  the  receipt  of  th.-  report  of  the  Asso- 
ciation of  Mun't^'pal  Corporations. 

LM.E.A.  Bill. — At  the  suggestion  of  the  B.E.A.M.A.,  joint  meetings 
of  representatives  of  the  Association,  the  B.E.A.M.A.  and  the  Electrical 
Contractors'  Association  have  been  held,  at  which  it  wa-*  believed  that  a 
completed  settlement  agi-ceable  to  all  ])arties  had  been  arrived  at.  After 
reference  to  the  full  Councils  of  the  i-cspective  Associations,  however,  the 
E.C.A.  finally  declined  to  continue  negotiations  and  decided  to  oppose 
the  Bill  so  long  as  powers  to  sell  are  retained  therein. 

Engineering  Standards  Committee. — At  the  last  annual  mcet-ing  an 
appeal  was  made  to  representatives  of  the  Committees  present  to  eon- 
tribute  more  liberally  to  the  funds  of  the  Engineering  Standards  Commit- 
tee, and  shortly  afterwarels  the  Association  issued  an  appeal  to  its  mem- 
bers, the  result  of  which  was  a  substantial  addition  to  the  subscriptions 
from  municipalities  to  that  Committee.  The  Association  also  renewed 
its  donation  of  £21. 


432 


THE  ELECTRICIAN,  JUXE  30,  1916. 


The  As-socir.tion  in  reprcKcnted  on  the  following  f-ectional  C'ommitteep, 
Sub-committecB  and  panels  of  the  Engineering  Standards  Committee  : — 

Sectional  Committee  and  B.N.C.  R.  A.  Chattock  and  A.  H.  Seabrook 
Standardisation     of     Rules     for 

Electrical  Machinery    J.  Christie. 

Electric  Lamps S.  E.  Ftdden  and  (i.  Wilkinson. 

Electric  Power  Cables      A.  C.  Cramb  and  W.  Wyld. 

Electrical  Accessories  A.  C.  Cramb  and  A.  H.  Seabrook. 

Prime  Movers    F.  M.  Long  &  H.  Faraday  Proctor. 

Panels  of  the  Sub-committee  on 

Electrical  Accessories  : — 

(a)  Plugs  A.  C.  Cramb  and  A.  H.  Seabrook. 

(6)  Switches  A.  C.  Cramb. 

(c)  Fuses  W.  Wyld. 

(d)  Heating  and  Cooking  A.  H.  Seabrook. 

(e)  Carbon  brushes,  control  gear 

and  electric  vehicle  accessories     F.  Ayton. 
(j)  Meter  Panel    J.  W.  Bcauchamp. 

Eastbourne  Accident  and  the  Board  of  Trade. — The  (Council  have  had 
under  consideration  the  report  of  the  ?]lectrical  Adviser  to  the  Board  of 
Trade  on  the  subject  of  the  fatal  accident  which  occurred  on  Dec.  2(ith 
last,  arising  out  of  the  collision  of  a  motor  car  with  a  switch  pillar.  At 
the  request  of  the  Eastbourne  Electricity  Committee,  the  Council 
received  Mr.  Fovargue,  the  town  clerk,  and  Mr.  JJrydges,  the  electrical 
engineer,  who,  after  laying  before  the  Council  certain  information  with 
regard  to  the  matter,  expressed  a  desire  that  the  Council  should  approach 
the  Board  of  Trade  with  a  view  to  getting  the  lec-omnundations  con- 
tained in  the  aljove-mentioncd  report  modified.  The  question  is  still 
engaging  the  attention  of  the  Council. 

Coal  Supplier. — On  the  invitation  (^f  the  Institution  of  Electrical 
Engineers  the  Association  a])pointed  Mr.  Chattock  as  their  representa- 
tive to  attend  a  national  conference  of  representatives  of  the  gas  and 
electrical  industries  for  the  ])urpose  of  considering  the  question  of  coal 
supplies  on  May  6,  1915. 

As  a  result  of  the  deliberation  a  eleputation  of  34  repre'sentatives  was 
appointed  to  pre-sent  the  case  to  Members  of  I'arliament,  asking  for  their 
assistance  in  urging  the  (government  to  give  effect  to  the  recommenela- 
tions  passed  at  the  meeting,  calling  for  increased  outjjut,  railway  transit 
facilities  and  proper  regard  to  the  require-ments  of  public  utility  unde;r- 
takings  elepenelent  u])on  their  su])])lies  on  sea-borne  e-oal,  when  requisition- 
ing coal  steamers.  At  a  further  meetinu  of  the  members  of  the  eleputa- 
tion  a  sub-committe-e  was  a])])e)inted  on  which  the  Association  was  re- 
presented by  .Mr.  R.  A.  Chattock.  Bailie  Smith,  a  memlxr  of  the 
LM.E.A.  Council,  took  a  prominent  ])art  in  the  negotiations  with  the 
Coal  Ex])ort  Committee,  and  subse-tjuently  he  was  successful  in  getting 
an  am<  ndment  made  to  the  Price  of  Coal  ( Limitatiem)  Bill,  giving  power 
to  public  utility  undertakings  to  have  the  Bill  made  retros^x-ctive  to 
include  already  jilaced  contracts. 

The  whole  question  of  coal  su])p!y  was  referred  to  a  sub-eommittce, 
and  in  March,  1!H(),  a  summaiy  of  the  re])ort  and  recommendations  of 
the  sub-committee,  which  had  been  adojited  by  the  Council,  was  com- 
municated to  the  members.     This  was  to  the  elTeet  : — 

(«)  That  a  slated  case  was  being  considend  by  the  Jioard  e)f  Trade  on 
the  (juestion  of  ])rice  uneler  the  Price  of  Coal  (Limitation)  Act,  1915,  but 
no  decision  had  then  been  received. 

{b)  That  the  response  to  the  circular  letter  sent  out  by  the  secretary 
with  regard  to  the  supply  of  coal,  showed  that  while  then-  had  l)een,  in 
many  cases,  serious  ditliculty  m  getting  the  necessaiy  sujijily,  then-  was 
a  serious  slioitage  in  coimeclinn  with  a  few  undertakings  oniv. 

(r)  That  the  Be)ard  of  Trade  had,  on  Feb.  7.  l!»l(i.  instituted  Com- 
mittees on  Coal  and  Coke  Supplies  in  1 1  districts  throughout  the  country 
as  follows  : — 

(1)  Scotland  ;  (2)  Northumberland  ;  (3)  Durham  :  (4)  Cumberland  : 
(f))  bmcashire,  Cheshire  and  North  Wales  ;  ((i)  West  Vorkshin-  ;  (7) 
South  N'orksliire  ;  (H)  N<>ttint;liam,  Derby  and  LeiceMer  ;  (9)  Stafford- 
shire, Warwickshire  and  Slinipsliire  :  ( Id)  South  Wales  ;  (11)  SomerBot- 
shire.  Forest  of  Dean  and  Bristol  (,'oallield. 

(rf)  That  the  business  of  these  ('ommitte'CB  is  to  sec  that  the  rescurces 
of  their  respective  districts  are  used  to  the  best  a<lvan)aue,  and  that  the 
re(|uirements  of  inijiiTtant  induNtries  are  fully  met.  A  parent  Ci)nimitt4-c 
wasfornudlA  the  Ui^'lit  Hon.  Walter  Hunciman,  I'n  sidcnt  of  the  Hoard 
of  Trade,  to  < onsidc  r  all  questions  relating  to  the  distribution  of  coal  and 
coke  that  nia\  In-  referred  to  it  from  time  to  time  by  the  Hoard  of  Trade, 
or  submittt  d  by  tln'  Coal  and  Coke  Connuittc  e  of  any  district. 

(e)  That  the  Committee  re'eommend<  <1  that  local  authorities  should 
a]q)roa(h  tlieir  local  (Jonimittee  on  the  nqijily  of  cnnl  and  cok*-. 

(/)  That  the  At-sociation  had  ii]i|)roa<  lird  tin-  Hoard  of  Trade,  urging 
them  to  restrict  the  e.\i)ortation  of  small  coal  and  to  limit  exjiortation 
to  large  bunker  coal,  and  the  H<>ard  of  Trade  state  that  thty  wi-n' 
bringing  the  communication  before-  the  District  Committtes  on  the 
Su])ply  of  v'oal  and  Coke. 

Since  the  District  Committees  have  got  to  work  it  has  become  evident 
that  they  have  very  little  jiower  to  obtain  coal  for  ]>ublic  utilitv  under- 
takings, and  this  a])])cars  to  be  due  to  the  lact  that  then-  an-  no  legal 
powers  for  this  conferred  upon  the  Board  of  Trade.  Steps  ha\-c  (hen-fore 
be(  n  taken  to  urge  u])on  the  (Jovernment  the  desirability  of  giving  the 
Board  of  Trade  powers  to  distribute  <u)al  when-  it  is  reijuin d.  and  to 
organise  loi-al  coal  for  local  use  as  far  as  possible,  and  so  irlieve  conces- 
tion  on  the  railways.  It  was  also  urged  that  mon-  steamers  should  1m- 
provided  to  bring  coal  down  fron)  the  North  to  the  S«nith  of  Englanel. 

The  Sub-ei)nuuittee  is  continuing  its  work  and  dealing  with  inepiiries 
from  members. 


The  Council. — The  Council  elected  Aid.  ^Dller,  of  Croydon,  a  member 
of  their  body  for  the  current  year,  and  appointed  Councillor  S.  Evans,  of 
Sheffield,  to  fill  a  vacancy  caused  by  the  death  of  the  late  Councillor 
Crowther,  of  Sheffield.  The  Council  have  had  under  consideration  a 
communication  from  Mr.  I'urse  (member),  of  Carhsle,  making  observa- 
tions on  the  constitution  of  the  Council,  and  some  suggestions  having  for 
their  object  more  particularly  a  definite  representation  of  the  smaller 
undertakings  on  the  Council,  and  the  substitution  of  a  postal  ballot  for 
the  present  procedure. 

The  Council  Ix-lieve  that  satisfactory  representation  is  gained  under 
the  existing  articles  of  association.  The  opinion  of  members  will  be 
taken  at  the  annual  meeting  upon  the  question  of  the  suggested  postal 
ballot. 

Institution  of  Electrical  Engineers'  Wiring  Rules. — The  Institution 
Wiring  Rules  Committee,  on  which  the  Association  has  two  representa- 
tives, have  again  revised  the  Rules  and  invited  the  Council  of  the  Asso- 
ciation to  give  their  adhesion  thereto.  This  the  Council  have  done,  but 
with  the  recommendation  that  the  Rules  should  be  re -arranged,  so  as  to 
distinguish  regulations  from  recommendations.  At  the  same  time  the 
Council  maele  suggestions  or  amendments  for  further  revision. 

British  Trade  aftrr  the  War. — The  Council  have  had  before  them  the 
report  of  the  Subcommittee  of  the  Advisory  Committee  of  the  Board  of 
Trade  on  Commercial  Intelligence,  with  resjiect  to  measures  for  securing 
the  position,  after  the  war,  of  certain  branches  of  British  industry,  and 
after  having  given  the  report  careful  consideration  unanimously  passed 
the  following  Resolution  : — 

■  That  this  Council,  w  hile  being  anxious  in  every  way  to  encourage 
Briti^l.  Trade  anel  the  purchase  of  home  manufactures,  and  being 
prepared  heartily  to  support  measures  taken  to  this  end  by  legisla- 
tion or  otherwise,  view  with  deep  concern  recommendation  6  (fc)  of 
the  Sub-committ- e  of  the  Advisory  Committee  of  the  Board  of 
Trade  to  the  effect  that  : 

■■  '  All  Government  departments,  local  authorities  and  etatutoty 
bodies  entrusted  with  the  control  of  monies  raised  by  taxes  or 
rates,  should  be  under  legal  obhgation  to  purchase,  so  far  a6 
possible,  only  ge>cds  produced  within  the  British  Empire.' 

'■  The  Coun(;il  is  strongly  of  the  opinion  that  in  the  event  of  this 
rccommenehition  being  adoptc  d,  the  interests  of  municipal  electrical 
undertakings  and  their  consumers— which  latter  embrace  some  of 
the  large  st  manufacturing  concerns  in  the  country- — will  be  seriously 
jeopareiised.  and  that  municipahties  shoulei  in  no  way  be  subjected 
to  any  restrictions  with  regard  to  the  purchate  of  plant  and  materials 
other  than  those  ini])oseel  on  private  concerns." 
Copies  of  this  nsolution  were-  sent   to  the   Institution  of  Electrical 
Engineers,  the  AsM)ciation  of  Municipal  Corporatiems  and  other  inter- 
ested bodies. 

Honorary  Trcasurrr's  R(}Htrt. — The  chief  features  of  the  accounts  are 
a  reduction  in  the  cost  of  postages,  printing  and  stationeiy,  and  in  general 
expense-s.  The  income  from  subscriptions  re-mains  stationary,  and  theie 
is  a  decrease  in  the  income  from  sales  and  aelvertise-mentt^  derived  from 
the  "  Proceeehngs."  The  net  result  is  a  surplus  for  the  year  of  £77.  as 
against  £()2  last  year.  The  balance-sheet  shows  a  slight  decrease  in  the 
liabilities  and  a  suri)lus  of  assets  over  liabilities  of  £92G. 

In  regarel  to  the  Parliamentar\-  exjK-nses.  applications  are  Ix-ing  made 
to  those  municipalities  whei  have  ])romised  financial  support  with  a  A-iew 
to  the  amount  already  exix-nded  be-ing  re-funded  to  the  Association. 

Devehpmrnt  Covimitttc. — Owing  to  eircumstanees  caused  by  the  war, 
the  l)evelo])ment  Committee'  have  feir  the  time  bi-ing  susjx-nded  their 
activities. 

Xational  Association  of  I^>cal  Govtrnmrnt  Officers. — The  Association 
was  n-i)nse'nted  at  the-  ainiual  gene-Til  meeting  by  Mr.  Edgeome  and  Mr. 
Wyld.  The-  ({uestiem  e>f  the-  Sn]K-rannuation  Bill  upon  which  the  Xational 
Asse)ciatie)n  of  Lxieal  tJe>vernnn'nt  Officers  were  in  communication  with 
the-  I/teal  {;e)vernme-nt  Be»ard.  was  dise'ussed,  but  little  progress  can  be 
maele-  iniless  (he-  largeT  munici])alities  sujiport  the  j)re>posal. 

Financial  Organisation. — As  a  re-sult  of  the  Council  having  received  a 
numlH-r  eif  communications  from  engineer  membe-rs  intimating  that 
elitfie-ultie's  wi-n-  Ix-ing  exix-rienen-el  by  them  in  eftie'ie-ntly  managing  (he 
uneie'rtakings  for  whie-h  (he-y  an-  n-speinsible.  by  n-ason  of  the  systems  of 
linaneial  ee)n(n>l  aele)])t«el  by  (he  le>eal  authetrities  e)wning  such  uneler- 
(akings,  i(  was  de-eide-d  (ha(  the  matter  was  of  sue  h  inipor(ane-<-  as  to 
warrant  the  np))e)intme-nt  e>f  a  Six-cial  Sub-committoe  to  consider  the 
whole-  e(UeHtiein  and  te)  n-])e>rt  then-on. 

The-  Sub-Ceimmitte-e-  eame-  te>  the-  e  emehisiem  that  the  eliffieulties  ex- 
IH-rie-ne-ed  wci-e-  eein>me>n  te>  all  munie'ii)ally-e)wneel  traeling  ele]>artnients, 
nnel  that  the-  matte-r  eeiulel  Ix-tter  Ik-  ele-alt  with  by  a  joint  Committee 
ce>mi)o>eel  eif  membe-rs  of  varie)us  inte-n-sts  concerned.  To  this  end  the 
co.e)|Kratie)n  of  the  Municipal  Tramways  Association,  the  Municipal 
Wnte-rweirks  Associatie>n  anel  the  Institution  of  (Jas  Engineers  w«« 
inviteel.  with  the-  n-svdt  that  these-  bodie-s  have  a])]>ointed  n-pn-se-ntatives 
te>  serve-  ein  a  joint  Ceimmittee-.  and  meetings  of  the  Committee  so  formed 
an-  Ix-ing  he-lel. 

A  n-epiest  has  Iwen  feirwarded  to  all  engineer  memlx-rs  of  the  Incor- 
porated Meniicipal  Eleetrie-al  Association  to  submit  to  the  Hemorary 
Secn-tarj"  of  the-  Sub-C<>nimittoe  particulars  of  tn>ubles  which  an-  Ix-ing 
ex]»«-riene-ed  by  theMU  in  connection  with  the  financial  ce)ntre>l  of  the 
uneiertakin^s  with  whieh  they  an-  ee>nneeted.  A  e-e)nsieierablo  numljer 
eif  n-j>lie^  have  l»een  n-e-e-ive-el.  anel  will  Ik-  considenMl  by  the  je>int  Com- 
mittee at  an  e-arly  elate.  The-  matter  In-ing  one  e>f  equal  importaneK-  to 
the  chairmen  nnel  memlx-rs  of  Electricity  Committees  as  to  the  engineer 
memlx-rs.  the  Cennieil  ha\-e  reevntly  stn-ngthened  the  Sub-Committee 
bv  the  additiein  eif  three  "  Chairmen  ""  memlx-rs. 
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REPORT  OF  THE  ELECTRIC  VEHICLE  COMMITTEE 
OF  THE  INCORPORATED  MUNICIPAL  ELECTRICAL 
ASSOCIATION.  

Five  meetings  of  the  Committee  have  been  held,  all  of  them  in  London. 
The  Committee  elected  the  following  as  its  officers  for  the  year  : — • 

Chairman,  R.  A.  Chattook  ;  Hon.  Secretary,  F.  Ayton  ;  Hon.  Treas- 
urer, J.  Christie  ;  Chairman  of  the  Technical  Sub-Committee,  R.  A. 
Chattook ;  Acting  Hon.  Secretary  of  the  Technical  Sub-Committee, 
J.  Christie  ;  Chairman  of  the  Commercial  Sub-Committee,  A.  H.  Sea- 
brook  ;    Hon.  Editor  of  the  "  Electric  Vehicle,"  A.  H.  Seabrook. 

The  secretary  of  the  Association,  Mr.  McArthur  Butler,  attends  the 
meetings  of  the  Committee  officially  on  behalf  of  the  Association,  and 
the  Committee  are  indebted  to  him  for  much  valuable  assistance.  The 
work  of  the  Committee  during  the  period  dealt  with  by  this  report  has 
covered  the  following  : — 

Publication  of  the  "Electric  Vehicle.' '—The  "Electric  Vehicle"  has 
been  regularly  brought  out  quarterly,  and  the  Committee  feel  satisfii  d 
that  it  is  proving  a  valuable  means  of  educating  the  public  as  to  the 
advantages  of  the  electric  vehicle  for  the  different  purposes  for  which  it 
is  specially  recommended.  Its  success  seems  to  be  clearly  proved  by 
the  fact  that  the  circulation  is  increasing  among  regular  subscribers  who 
are  now  numbered  in  all  parts  of  the  world. 

Lamps  on  Electric  Vehicles. — The  Committee  jointly  with  represen- 
tives  of  the  Tungsten  Lamp  Association,  have  considered  the  question 
of  the  sizes  of  bulbs,  and  the  voltage  of  incandescent  lamps  for  use  on 
electric  vehicles.  The  result  of  the  joint  dehberation  was  the  issuing  of 
a  recommendation  that  the  standard  voltage  should  be  considered  as 
12  volts,  the  lamps  to  be  coupled  across  a  section  of  six  cells  in  a  lead- 
plate  battery  or  the  equivalent  number  in  a  nickel-iron-alkali  battery. 
It  was  recommended  that  the  sizes  of  bulbs  should  be  those  fixed  by  the 
British  Engineering  Standards  Committee  in  their  report,  No.  69. 

Equipments  for  Charging  Electric  Vehicles. — The  Committee  gave  con- 
siderable attention  to  the  preparation  of  a  pamjjhlet  in  which  their 
recomni.endations  as  to  the  most  suitable  plant  to  use  were  embodied. 
This  pamphlet  was  issued  with  the  September  number  of  the  "  Electric 
Vehicle." 

Standardisation  in  Relation  to  Lead-Acid  Accumulators. — At  the  sug- 
gestion of  the  Committee  this  matter  was  gone  into  by  the  Accumulator 
Makers'  Section  of  the  B.E.A.M.A.,  with  the  result  that  the  accumulator 
makers  have  agreed  to  the  following  as  the  maximum  overall  sizes.  Thcte 
sizes  will  be  known  as  "  E.V.C."  Standards  :  For  all  sizes  the  maximum 
width  of  the  cell  shall  be  6^  in.  (163  mm.)  and  the  maximum  overall 
height,  including  connector,  14|^  in.  (378  mm.).  The  maximum  length 
of  the  smallest  size,  i.e.,  that  with  seven  plates, shall  be  2-^[n.  (62nim. ) 
with  the  addition  of  |  in.  (16  mm.)  for  each  pair  of  plates  above  seven 
plates.  An  exception  is  in  the  case  of  the  Chloride  Accumulator  Co.'s 
■■  Ironclad-Exide  "  type  of  cell  in  connection  with  which  the  length  of 
the  seven-plate  size  is  2f  in.  (70  mm.)  with  the  addition  of  J  in.  (19  mm.) 
for  each  pair  of  plates  above  seven  plates. 

A  Standard  rating  for  lead-acid  electric  vehicle  cells  known  as  "  E.V.C." 
Standard  Rating  has  also  been  agreed  to  and  is  as  follows  :  "  E.V.C." 
Standard  Rating  shall  be  the  capacity  in  ampere-hours  obtained  by  a 
continuous  discharge  at  a  uniform  rate  for  a  period  of  five  hours  until  the 
voltage  of  the  cell  falls  to  1-7.  Example  :  If  a  battery  is  specified  to 
have  an  "  E.V.C."  Standard  Rating  of  180  ampere-hours,  it  means  that 
the  battery  will  give  this  capacity  when  discharged  at  a  continuous  rate 
of  36  amperes  for  a  period  of  five  hours,  at  the  end  of  which  time  the 
voltage  per  cell  shall  not  have  fallen  below  1-7  volts. 

It  is  desirable  to  add  that  other  points  that  have  been  standardised  in 
relation  to  lead-acid  accumulators,  some  of  them  being  in  the  Committee's 
previous  report,  are  as  follows  : — 

''  E.V.C:'  Standard  PZafes.— Height,  8|in.  (219  mm.);  width,  5?  in. 
(146  mm.)  ;   lug  centres,  4|  in.  (Ill  mm.). 

"E.V.C'  Standard  Inspection  Plug. — Shall  be  that  which  will  fit  a 
hole  in  the  cover  of  the  cell,  1  in.  (25-4  mm.)  in  diameter. 

"  E.V.C."  Standard  Charging  Voltage. — Shall  be  that  which  is  suitable 
for  charging  44  lead-acid  cells,  i.e.,  85  to  120  volts.  This  voltage  is  also 
suitable  for  charging  60  cells  of  the  nickel-iron-alkaU  type. 

Standard  Charging  Plug  and  Receptacle. — This  design,  so  far  as  the 
dimensions  of  the  contacts  are  concerned,  has  now  been  adopted  as  a 
standard  by  the  British  Engineering  Standards  Committee  and  the 
specification  of  same  has  been  published  and  can  be  obtained  from  the 
Secretary  of  that  Committee,  28,  Victoria-street,  Westminster,  S.W. 

The  Committee  has  been  in  communication  with  representative  elec- 
trical engineers  in  our  Colonies  with  a  view  to  the  British  Electric  Vehicle 
Standards  being  adopted  throughout  the  British  Empire. 

Tyre  and  Road  Wear  Research  Committee  of  the  Motor  Manufacturers 
and  Traders'  Society. — The  Committee  received  an  invitation  during  the 
year  to  elect  a  representative  to  sit  on  this  Committee  and  the  invitation 
was  accepted.  The  Committee  place  on  record  their  appreciation  of  the 
courtesy  of  the  Society  in  inviting  their  co-operation  in  this  important  work. 

Financial  Support. — The  Committee  are  again  deeply  indebted  to 
municipahties,  electric  supply  companies,  manufacturing  firms  and 
others  for  financial  assistance  (£141.  17s.)  given  during  this  year. 

The  Electric  Vehicle  Association  of  America. — This  Association  has  now 
ceased  to  exist  as  a  separate  body.  Its  members  have  been  absorbed 
into  the  National  Electric  Light  Association  of  America,  wh'ch  has  a 
membership  of  about  14.000.^  The  N.E.L.A.  has  formed  an  Ekctric 
Vehicle  Section  and  this  Committee  is  affihated  witli  that  section  through 


the  mcmberphip  of  the  secretary.  The  Committee  desire  to  place  on 
record  th^ir  indebtedn'ss  for  the  amount  of  uw-ful  information  which  ha« 
been  so  courteously  supplied  to  it  during  the  pant  year  bv  the  energetic 
secretary  of  the  Electric  Vehicle  Association  of  America,  jlr.  A-  Jackson 
Marshall. 

Accounts.— Attached  to  the  report  was  the  audited  statement  of 
accounts  and  balance -:;heet. 

During  the  year  th'-  following  additional  bodies  have  become  repre- 
sented  on  the  Committee  : — 

Garage  Proprietors  ;  Institution  of  Municipal  and  County  Entnneere  ; 
Municipal  Tramways  Associati(m ;  Light  Railways  and  Tramways 
Association  ;    British  Electrical  Federation  (Lt<L). 

It  is  satisfactory  to  note  that  many  new  vehicles  have  been  put  into 
comm; -sion  during  the  year  so  that,  at  th"  pn-w-nt  time,  the  estimate  of 
vehicles  in  use  in  the  United  Kingdom  is  in  the  neighbourhood  of  alxjut 
680.  This  number  includes  48  electric  warehouse  or  works  trucks,  the 
use  of  which  is  likely  to  considerably  extend  in  the  near  future.  It  is 
noteworthy  that  33  municipalities  operate  Ix'tween  them,  or  have  on 
order  78  vehicles.  The  total  number  of  vehicles  quoted  above  shows  an 
increase  during  the  12  months  of  197  vehicles. 

The  Committee  take  the  opportunity  of  expressinir  their  thanks  to  the 
hon.  secretary,  Mr.  F.  Ayton,  for  the  very  able  and  efficient  manner  in 
which  he  has  handled  the  work  of  the  Committee. 


BREAKDOWNS  OF  ELECTRICAL  MACHINERY. 


We  give  below  an  abstract  from  a  Paper  on  thi.s  .subject,  which  was 
read  recently  by  Mr.  C.  S.  Buyers  before  the  Scientific  Society  of  the 
Eoyal  Technical  College,  Glasgow.     The  Paper  deals  with  faults  due 
to  faulty  design  or  materials,  unsuitable  conditions  of  working,  and 
failures  due  to  external  causes  such  as  lightning,  flooding  or  fires. 
Seventy-five  per  cent,  of  the  breakdo^^ns  are  stated  to  be  due  to 
unsuitable  conditions  of  working.     With  regard  to  faulty  manu- 
facture the  necessity  for  ample   clearance   between  the  rotors  of 
induction  motors  and  the  stator  is  pointed  out.     In  steel  works  with 
overhead  wires  it  is  stated  that  during  thunderstorms  it  is  advisable 
to  shut  dovsTi  the  electric  plant,  as  lightning  arresters  are  unreliable, 
the  'bus  bars  being  connected  to  earth.     The  necessity-  for  having  a 
motor  accessible  and  well  lighted  is  insisted  upon  quite  rightly,  and 
back-geared  motors  are  not  considered  satisfactory  on  account  of 
\'ibration  and  oil  throwing.     It  is  considered  a  wise  plan  to  run  direct- 
current  machinery  at  10  to  20  per  cent,  below  fuU  load,  as  the  "  wear 
and  tear  "  is  then  considerably  reduced.     With  induction  motors, 
however,   these   should   be   rmi  at  approximately  fuU  load.     The 
various  types  of   "  dirts  "   which  cause  breakdowns  are  given  as 
moisture,  oil,  carbon  dust,  metal,  chips,  filings  or  turnings,  sawdust, 
wool  or  cotton  fluff,  cement  and  coal  dust,  and  acids,  chemical  fumes 
and  exhaust  gases.     The  effect  of  moisture  on  insulators,  such  as 
presspahn,  is  next  discussed,  and  the  necessity  for  drj-ness  in  such 
cases    indicated.     This    is    particularly    important    in    shipj-ards, 
collieries  and  iron  works  where  motors  work  in  exposed  positions.     A 
too  liberal  use  of  oil  is  considered  as  likely  to  cause  trouble,  and  a  case 
is  referred  to  where  the  bearings  were  lubricated  three  times  a  day 
and  the  overflow  being  plugged  up  ;   a  breakdown  quickly  ensued  in 
the  armature  coils  and  two  bottom  field  coils  of  the  motor.     To 
prevent  overfilling  of  the  bearings  a  snag  should  be  cast  on  the  out- 
side of  the  bearing  housing  at  the  proper  oil  level.     This  shoidd  be 
filled  with  a  small  hinged  i:J  and  have  a  |  in.  diameter  hole  to  pre- 
vent it  getting  easily  choked  with  dirt.     Air  filters  dry*  and  wet  are 
dealt  with,  and  the  use  is  recommended  of  a  small  blower  for  cleaning. 
The  trouble  caused  by  ventilating  fans  dra-ning  dust  into  enclosed 
motors  is  referred  to ;  open  motors  without  fans  in  such  cases  are 
to  be  preferred. 

In  order  to  prevent  fine  jjarticles  of  copper  flying  oft'  from  tlie  tools 
and  getting  on  to  the  commutator  lugs  when  trueing  the  commu- 
tator, it  is  advisable  to  cut  a  piece  of  m'Jboard  the  same  diameter 
as  the  armature  coil.  A  circular  hole  the  same  diameter  as  the 
commutator  is  then  cut  in  it,  and  it  is  pushed  tightly  up  against  the 
front  of  the  lugs.  After  turning,  the  main  segments  should  be  care- 
fully examined  and  any  copper  particles  removed,  the  windings  should 
also  be  blown  through  with  compressed  air,  or  by  a  pair  of  bellows. 
With  regard  to  bearings  the  oil  should  be  rene^^•ed  and  the  sludge 
in  the  oil  chamber  cleared  out.  The  life  of  an  open-type  motor  in 
a  sulphuric  acid  factory  is  stated  to  be  a  very  short  one,  and  the 
author  recommends  totally-enclosed  motoi-s  ^%-ith  tightly  fitting 
doors  closed  by  sheds  and  wing  nets.  The  armature  A^indings  and 
field  coils  should  receive  three  coats  of  anti-sulphuric  enamel.  Other 
exposed  parts  should  receive  one  coat.  Alternating-curi-ent  motora 
should  be  treated  similarly,  and  switches  should  preferably  be  en- 
closed in  a  wooden  case  with  glass  front  and  operated  from  outside. 

Li  gas  engine  installations  tarry  matter  is  stated  to  deposit  on  the 
back  of  the  commutator  and  cause  trouble.  In  such  cases  the 
generator  should  be  so  designed  as  to  aftord  no  collecting  places  for 
dirt  of  this  description.  Finally  regular  inspection  and  insurance 
of  plant  is  recommended. 
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REFLECTIONS  ON  TRADE  AND  TRADERS. 

If  the  passing  of  resolutions  entitled  us  to  the  bulk  of  the 
trade  of  our  enemies,  the  latter,  long  ere  this,  would  have 
been  anxious  to  .secure  peace  on  any  conditions  we  cared  to 
impose  in  order  to  make  certain  of  a  few  of  the  crmnbs 
which  fall  from  the  rich  man's  table  ;  but  the  passing  of 
resolutions,  the  holding  of  Paris  Conferences  and  the  like, 
neither  entitle  as  to  a  share  of  the  trade  of  the  enemy  nor 
ensure  that  our  people  will  be  as  prosperous  after  the  war 
as  they  were  before. 

The  ostracising  of  a  neighbour  who  has  put  himself  oyt- 
side  the  pale  of  civilisation  is  only  beneficial  to  us  as  long  as 
we  are  able  to  provide  for  ourselves.  Experience  shows  that 
if  our  neighbour  be  powerful  enough  and  clever  enough  we 
submit  to  all  sorts  of  indignities  in  order  to  enjoy  the  fruits 
of  his  cleverness.  The  fact  that  it  is  necessary  for  the 
State  to  impose  a  heavy  tax  on  war  profits  leads  one  to  the 
conclusion  that  the  so-called  holy  fire  of  patriotism,  about 
which  so  much  is  said  in  these  days,  takes  a  poor  second 
place  in  .some  ca.ses  in  comparison  with  the  desire  to  become 
rich  quickly  and  at  any  cost.  For  at  what  greater  cost  can  a 
man  become  rich  than  at  the  expense  of  his  country  ?  To 
such  an  extent  are  patriotism  and  profit  synonymous  with 
some  that  we  fear  our  people,  particularlv  those  who  were 
prosperous  under  the  old  "  Made  in  Germanv  "  conditions, 
will  not  be  content  in  the  future  with  the  kind  of  patriotism 
which  demands  rigid  trugality  and  necessitates  more 
laborious  toil.  That  tho.se  who  were  prosperous  under  the 
old  conditions  will  find  fault  with  the  recommendations 
made  at  the  Paris  Conference  in  regard  to  trade  with  the 
enemy  powers  during  the  war  and  after  peace  is  proclaimed 
will  become  evident  during  the  next  few  months. 

Although  we  deny  that  such  conferences  alone  will  bring 
about  a  much  to  be  desired  result,  we  are  strongly  of  the 
opinion  that  lasting  good  will  result  from  an  immediate 
attempt  to  test  the  soundness  of  the  recommendations  by 
preparing  to  put  them  into  practice.  By  so  doing  we  shall 
discover  the  weak  j)laces  in  our  organisations  in  time  to 
strengthen  them  sufficiently  to  withstand  the  pressure  of 
the  oncoming  economic  struggle.  Our  manufacturei-s  and 
merchants  have  been  subjected  to  the  pressure  of  economic 
straggle  long  enough  to  know  the  meaning  of  such  pressure, 
and  they,  for  the  most  part,  are  aware  that  it  is  not  within 
tin*  power  of  the  State  to  relieve  them  to  anv  apprecial>le 
extent.  Not  only  nmst  the  desire  for  reform  come  from 
the  manufacturer,  but  he  must  also  make  the  reforms  for 
himself  in  order  to  derive,  to  the  full,  the  benefits  wliich  the 
recommendations  made  at  the  Paris  Conference  are  intended 
to  confer.  Kven  if  reforms  nu^an  the  making  of  temporary 
sacrifice,  this  ."jjiould  act  more  as  an  incentive  than  as  a 
deterrent,  seeing  that  countless  thousands  of  our  people 
and  of  the  ix'ople  of  our  Allies  have  made  the  greatest 
sacrifice  of  all  without  thought  or  hojie  of  monetary  gain. 

\Vc  doubt  whether  it  is  yet  fullv  realised  to  what  extent 
we  have  depended  in  the  pa.st  on  Cermany  and  friendly 
neutrals  for  the  tools  and  raw  materials  of  our  industries. 
Ii  IS  highly  discreditable  to  us  as  a  nation  of  engineers  that 
we  liave  relied  upon  these  countries  to  meet  the  ever- 
inrrca.sing  demancl  for  automatic  machinerv  of  all  kinds, 
and  ]>recision  tools  in  particular.  It  is  cruel  irony  that 
machines  of  enemy  maimfacture  should  be  working  day  and 
night   on  shells,   and  other  engines  of  war,   intended  to 
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annihilate  the  enemy  ;  that  chemical  processes  of  eneiny 
origin  should  be  worked  with  the  same  object  in  view  ;  tliat 
the  clothing  of  our  soldiers  and  sailois  should  be  dyed  with 
enemy  dyestuffs  and  manufactured  in  machines  of  enemy 
design  and  construction  ; .  that  heavy  cranes  should  have 
been  erected  in  our  steel  works  and  shipyards  by  our 
enemies,  and  should  now  be  working  for  the  destiuction  of 
the  enemy  ;  and  that  after  nearly  two  years  of  war  the 
enemv  should  still  be  in  our  midst  and  should  be  allowed  to 
live  at  our  expense,  and  work  to  the  detriment  of  our  own 
people. 

Our  readers  will  remember  that  we  recently  lefeiied  to 
the  haste  shown  by  the  Ameiicans  in  i egard  to  preparedness. 
Our  contemporary,  the  "  Electrical  World,"  under  the 
heading  "  Preparedness  Propaganda,"  describes  part  of  the 
anatomy  of  the  preparedness  programme  in  the  following 
terms  : — 

"AnTirican  indu;.tiy,rji-ouiid  whicli  ail  prcparcdiic;  s  talli  ;  liould  <xntre, 
if!  .  .  .  often  loKt  tiight  of.  Defence  pi-opaganda,  while  it  kindles  the 
fluniboring  fire;;  of  pair!oti:qn  and  call;;  for  pure  and  unalloyed  Amcii- 
can'tm,  is  not  the  entire  i  ])inal  column  of  the  prtparcdne;  s  programnu". 
Induf.trial  relf -reliance,  opportunity  for  American  gcniu;;,  American  pro- 
ductR  and  American  workmen  arc  im])ortant  vcrtcbrse.  Any  programme 
for  national  defence  in  time  of  war  that  docs  not  involve  cocial  and 
economic  security  in  time  of  peace  in  .'adly  deficient  in  meeting  the 
nation";;  necdr^  and  it  i;i  v/ell  that  the  two  political  partic;>  in  convention 
th'ii  week  ehould  a-fsk  that  the  American  ;drieltl  protect  againr;t  destruc- 
tion by  foreign  conipctition  as  well  as  from  the  raiders,  political  or 
otherw.'cc,  at  home.  Wc  need  prcparcdnc;  :i  not  eo  much  from  Eurc-pean 
a:-m:er;  and  navies  a;;  from  Eurojx'an  manufacture I's,  and  we  should 
ako  be  on  the  look-out  for  wider  markets." 

Beyond  expressing  the  pious  wish  that  the  American 
shield  shall  be  more  successful  in  protecting  American  trade 
in  the  future  than  it  has  been  in  the  past  in  protecting 
American  traders,  wc  do  not  propose  to  play  the  part  of 
surgeon  by  dissecting  the  programme. 

It  is  to  be  hoped  that  the  Allies,  working  in  concert,  will 
be  able  to  devise  some  scheme  which  will  enable  them  to 
keep  out  not  only  the  Germans,  but  also  the  Americans. 
Seeing  that  the  United  States  have  received  such  enormous 
financial  benefits  by  the  war,  it  will  be  difficult  to  frame  a 
scheme  that  will  prevent  the  American  underselling  us  in 
our  own  markets  by  a  process  vulgarly  known  as  dumping, 
but  the  position  is  becoming  more  hopeful,  as  our  manufac- 
turers are  beginning  to  show  signs  that  they  aie  alive  to  the 
danger.  If  the  Gernian  finds  that  he  can  get  no  footing  in 
this  country  for  his  goods  he  will  invest  his  capital  in  America, 
and  the  .Vmerican,  priding  himself  on  what  he  pleases  to  call 
his  '"smartness,"  will  do  the  Gei  man's  work  for  him  at  a  pi  ice. 
Fortunately,  the  British  Empire  of  itself  is  a  very  consider- 
able market,  and  the  countries  over  which  the  Allies  have 
control  represent  a  large  part  of  the  earth's  surface.  To 
supply  these  markets  will  keep  us  and  our  Allies  busy  till 
such  time  as  our  manufacturers  and  merchants  are  prepared 
to  enter  wider  markets. 


THE  WORK  OF  S.  P.  THOMPSON. 


The  writer  has  been  asked  to  say  something  on  the  scientific 
work  of  Silvanus  Thompson.  To  one  who  has  been  associated 
with  him  for  many  years  and  who  reveres  his  memory,  the  first 
feehng  is  that  of  strong  disinclination.  He  would  rather  con- 
fine himself  to  reminiscences  of  the  youthful  professor — for 
Thompson  was  always  young — who  was  kind  as  a  fairy  god- 
mother, and  who  made  all  his  contemporaries  love  him  by  the 
spell  of  that  very  kindness.  There  was  a  time — not  so  very 
long  ago — when  professors  vfere  not  peisonoe  gratce  at  the  Insti- 
tution of  Electrical  Engineers,  but  Thompson  was  always  a 
notable  exception.  He  lived  a  hfe  full  of  varied  interests,  and 
the  many  columns  of  the  catalogue  of  the  British  Museum 
library  enumerating  his  works  are  an  excellent  testimony  to 


his  well-spent  life.  To  discuss  his  lifeVwork  fully  in  a  brief 
ailido.  is  irnpossildc,  suid  so  ihf;  writ<;r  will  ronfinc  hinuielf  to 
llujse  aspects  of  his  work  with  which  he  is  familiar. 

Klectricians  arc  in  the  habit  of  referring  to  Pn»C.  ThonipsfiU 
as  Silvanus  Thompson,  partly  as  a  term  o?  endearment,  and 
])artly  to  distinguish  him  from  thosp  other  grca"  pionfcr.)  of 
t!ie  eleftrical  industry  Sir  William  Thomson  (Lord  Kelvin) 
and  Prof.  Klihu  Thomr;on.  The  first  letter  the  writer  ever  got 
from  Prof.  Thompson  begai\  in  tlds  way  : 

"  Inrpiiniis,  wliy  do  you  Profo.s.sor  iii<'  i     I.,  .-o.  Ti  > 

good  ciujiigh  ?  "     In  wliat  f<dlow,s,  tlu-rcOirp,  Up  will  d 
title. 

The  best  or  at  leasl  ihat  part  ()[  Tli.ompr4<jn's  work  which  was 
of  most  immediate  value  in  his  lifetime  was  done  in  connection 
with  ele(;trical  engineering.  The  publication  in  18>i4  o{ 
"  Dynamo-electric  Machinery  :  a  Manual  for  Students  o*. 
ElcctrotechnicS;"  marks  an  importan!;  epuch  in  tli.-;  history  o* 
the  electrical  industry.  W(;  wonder  whether  there  is  a  single 
designer  of  electrical  machines  who  has  not  gleaned  his  first 
information  in  the  subject  from  this  work.  In  the  numerous 
editions  and  expansions  of  the  book  which  liavc  appeared 
Thompson  improved  and  amplihed  much  of  the  first  edition. 
Still  the  first  edition  contains  nearly  all  that  matters,  and  the 
theorems  and  ideas  incorporated  in  it  are  still  to  be  found  in  all 
the  recently  published  books  on  design. 

The  success  of  the  book  was  instantaneous.  It  was  much 
appreciated  in  the  universities,  and  many  young  men  were  first 
attracted  to  engineering  studies  by  reading  this  work.  In  the 
preface  the  author  carefully  pointed  out  that  the  mathematical 
theory  of  the  dynamo  could  only  be  written  when  the  true  basis 
on  which  it  should  be  founded  is  discovered.  This  basis  is  the 
exact  law  of  the  induction  of  magnetism  in  the  core  of  an  electro- 
magnet. To  many  writers  this  had  proved  an  insuperal)le 
obstacle.  But  Thompson  proved  that  notwithstanding  tliis 
limitation  an  approximate  theory  could  be  given  which  was 
of  the  greatest  value  in  practical  design.  The  theory  is  limited 
and  so  it  is  not  exact  in  the  same  way  that  many  theorems  in 
astronomy  are  exact.  Hence,  doubtless  in  the  old  days  it 
came  under  the  ban  of  the  Board  of  Mathematical  Studies  at 
Cambridge. 

In  his  early  years  Thompson  fully  appreciated  the  experi- 
mentalists, but  he  was  not  unnaturally  prejudiced  against  some 
of  the  mathematical  electricians  who  thought  that  no  one  had 
the  right  to  express  an  opinion  on  electrical  mattei's  unless  he 
had  studied  the  difficult  theories  advanced  by  Clerk  Maxwell 
in  his  wonderful  book  on  "  Electricity  and  Magnetism."  In 
other  words,  unless  one  had  spent  yeare  in  studying  higher 
mathematics  he  was  not  supposed  to  be  qualified  to  discuss 
electrical  matters.  This  preposterous  claim  Thompson  would 
not  admit,  and  so  for  rome  time  two  schools  arose  who>^e  work 
proceeded  in  parallel  lines,  but  witi  out  the  benefit  of  mutual 
co-operation.  In  later  years,  however,  happier  relations  were 
established  and  mutual  concessions  led  to  more  hanionious 
working.  On  the  one  side,  it  was  admitted  that  the  mathe- 
maticians were  in  the  main  right,  and  that  some  modem 
theories  of  ions  were  built,  as  Thompson  humorously  said,  on 
''  facty  as  opposed  to  fictitious  foundations."  On  the  other 
side,  the  mathematicians  admitted  that  the  experimental  dis- 
coveries were  a  long  way  in  advance  of  their  theories. 

The  work  of  Thompson's  which  had  the  greatest 
success  was  his  "Elementary  Lessons  in  Electricity  and 
Magnetism,"  pubhshed  in  1881.  The  wriier  remembei-s  using 
it  as  a  text  book  for  first  year  medical  students  at  Cambridge 
in  1887,  and  how  admiriibly  it  answered  its  purpose.  The 
ahnost  unrivalled  demand  there  has  been  for  this  work  all  over 
the  world  is  strong  evidence  of  its  excellence. 

In  1890  Thompson  delivered  the  Cantor  Lectures  to  the 
Society  of  Arts,  the  subject  being  the  electromagnet  and 
electromagnetic  mechanisms.  He  subsequently  expanded  the 
lectures  into  a  book,  which  was  pubhshed  in  ISltL  It  also 
contains  a  chapter  on  the  use  of  the  electromagnet  in  surgery, 
by  his  brother,  Dr.  J.  Tatham  Thompson,  of  Cardiff.  The 
book  is  admirably  lucid,  and  many  difficult  problems  are  suc- 
cessfully attacked.     In  several  cases  also  his  conclusions  have 
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formed  llie  startiii<^  point  for  oilier  investi^^ators.  and  the  j^ood 
Kced  lie  sowed  luis  b(jnie  abundant  fruit. 

Jji  18')^  Tlioni]).son  read  a  very  valuable  J'aper  to  the  Insti- 
tution of. Electrieal  Engineers  on  '"  Rotatory  Con verteifs."  The 
writer  never  heard  anyone  expound  a  difficult  subject  in  a  more 
lucid  way,  and  no  small  part  of  our  ])rc,sent  knowledge  of  the 
subject  was  first  given,  in  this  Paper.  In  I'^'.V.)  he  was  elected 
^'President  of  the  Institution,  a  post  which  he  most  worthily 
filled.  Much  of  the  advice  which  he  gave  in  his  Presidential 
Address  has  been  adopted  by  the  Institution.  He  advocated 
both  the  mutual  co-operation  of  scientific  workers  and  the 
combination  of  electrical  engineers  in  active  union.  "  When 
we  sj)cak,"  he  said,  "  in  the  name  of  the  united  profession, 
with  the  weight  of  the  whoh^  indu.^^try  to  emphasise  our  views  " 
Ave  can  accomj)iisli  much  for  the  good  of  th<'  profission  and  also 
foi'  the  country. 

At  t lie  (flasgow  iiiccting  of  the  Inslilutioii  in  I'.ll2  Tlioinpsou 
read  a  very  vahialjh;  Paper  on  '"  The  Magnetism  of  Permanent 
Magnets."  He  pointed  out  that  the  ])roduction  of  magnet 
steel  was  a  branch  of  business  which  even  more  than  the  manu- 
facture of  tool  steel  depends  on  the  co-operation  of  s(ienc<'  with 
industiT,  and  gave  a  most  excellent  i<'.s>nii''  nf  the  work  tliat  had 
pre\  ioii.sly  Ijeeii  done.  As  chainnan  of  the  Kesearch  Com- 
mittee of  the  Institution  he  liad  the  ])lea.sure  of  initiating  many 
researches,  some  of  wliich  have  proved  mo.it  useful  t(t  the 
industry. 

In  the  battle  of  continuous-current  versus  alternating- 
current  systems  Tliom])son  was  the  jjrotagoiiist.  \lc  felt 
most  strongly  on  the  way  tlie  managers  of  the  Melicipolitan 
Railway  decided  on  whether  they  should  use  continuous  or 
alternating  current.  He  was  most  sconiful  about  the  so-called 
exjjcriments  on  electric  tra(tion  on  this  railway.  In  his 
opinion  it  was  simply  a  throwing  away  of  t3U,r>00.  When  one 
can  predict  absolutely  what  is  going  to  happen,  surely  it  is 
pure  waste  to  go  to  the  cost  of  making  the  experiment. 

In  1887  Oliver  Ileaviside  pnbli.slied  a  Paper  on  '•  Electro- 
magnetic liniuction  aiul  its  Propagation  ""  in  The  Electkuian 
(Vol.  XIX.,  p.  7')).  Tlunnpson  was  most  interested  in  the 
methods  described  in  this  Paper  for  annulling  distributed 
capacity  by  means  of  inductance  arul  leakage,  lie  thoroughlv 
appreciated  the  importance  of  »he  problem  Heavi.sidc  liad 
solved,  and  set  abtnit  perfectijig  methods  for  diminishing  the 
distortion  of  the  electi'omagnetic  waves  in  cables.  One  of 
thesi!  methods  the  Thom])son  method  consists  in  inserting 
inductive  shunt  circuits  (»r  leaks  either  across  the  two  lines  of 
the  cable  or  between  the  line  and  the  earth.  It  undoubtedly 
ecpialises  the  "  attenuation  "  at  different  frecpnnicies,  and  so 
improves  the  cleaiiie.ss  of  the  articulation.  Unfortunately, 
however,  it  greatly  diminishes  the  loudness  of  the  sound.  The 
method  is  a  j)erfectly  valid  one,  ami  may  be  useful  in  certain 
ca.ses.  INipin's  method,  however.  ]K'rfecled  some  vears  later, 
is  the  nur  MOW  n.Mially  ailopted  in  prarliec.  In  this  method 
imluctixc  (ir  "  loading  "  coils  are  inserted  at  intervals  in  series 
in  the  line.  Thomp.son  was  the  earliest  pioneer  of  ocean  tele- 
phony, and  his  Paper  read  to  the  Electiical  Congres.s  meeting  at 
Chicago  in  18i>3  attracted  wotld-wide  attention. 

Thompson's  ingeniou.s  sy.stem  (»(  electric  traction  by  surface 
contact  sluds  was  de.scribed  by  Mil(>s  Walker  in  a  Paper  to  the 
Institution  in  l8*J'.t.  If  tlii.s  country  had  proved  more  ii.imical 
to  overhead  wires,  doubtless  this  syst^^m  would  have  been 
largely  used.  He  had  entirely  obviated  the  danger  of  the 
studs  lnMiig  left  .ilive  after  the  car  had  pa.ssed  over  them. 

Tliomp.ion  had  strong  views  on  the  supreme  imi>ortauce  of 
technical  education  to  the  welfare  of  the  nation.  In  I87lt  h*' 
published  a  pamphlet  on  '"  .Vpprenticeship  :  Scientific  aud 
iTnGcientitic,"  which  cmbodie  -  mu(h  of  what  now  ha.,  become 
common  practice.  The  bUcccvo  of  his  teachuig  io  proved  by 
the  many  eminent  electricians  who  were  educated  ^t  Fiuabury. 
"Nothing  gave  Thompson  greater  pleasure  thm  the  success 
of  his  old  pupils. 

The  writer  has  had  the  pleasure  of  sitting  on  many  com- 
mittees with  Thompson,  but  one  in  which  Thompson  took  the 
foremost  part  stands  out  pre-eminently  -  namely,  the  Com- 
mittee on  Nomenclature     of  whi<h  Mr.  trotter  was  chairman 


Hiirely  never  did  a  committee  work  harder.  Mr,  Trotter,  Mr. 
Huddell  and  Prof.  Thomp.son  seemed  untrammelled  by  con- 
ventional ideas  about  time,  and  worked  unremittmgly  in 
making  lists  of  definitions  and  sifting  all  the  numerous  foreign 
lists,  taking  care  to  lose  nothing  that  was  good.  Yet  Thompson 
said  that  in  the  early  days  of  the  Physical  Society  they  would 
have  regarded  this  as  mere  child's  play.  In  those  strenuous 
times  week-ends  had  not  been  invented,  and  they  used  to  work 
all  Saturday  afternoons.  From  his  point  of  view,  I  am  afraid 
he  must  have  thought  many  of  us  .slackers. 

As  a  popular  lecturer  Silvauus  Thompson  was  unrivalled. 
Some  20  veare  ago  he  gave  a  lecture  in  the  Carpenter's' Hall 
on  the  future  of  electricity,  ui  which  he  described  in  a  most 
entrancing  way  the  industiial  revolution  that  would  ensue 
when  electricity  was  used  universally.  The  hygienic  factories, 
the  workpeoph'  conveyed  lapidly  to  th/'ir  suburban  homes, 
the  small  manufacturer,  with  the  aid  t)f  cheap  power  and 
assisted  by  his  family,  well  able  to  compete  successfully  with 
the  factory,  the  ab.sence  of  .smoke,  the  ixof  gardens,  &c.,  were 
all  de.serilted  in  the  most  realistic  and  convincing  way.  One 
felt  that  electricity  was  on  the  point  of  revolutionising  the 
world. 

In  <»j)tics,  more  jtaiticularly  in  photometry,  Thompson  took 
the  greatest  delight.  Some  years  ago  he  had  to  give  expert 
evidence  at  the  Law  Courts  as  to  thf»  relative  merits  of  variouis 
types  of  rcfh'ctors.  The  writer  remembers  him  coming  to  the 
Faraday  House  laboratories  to  check  the  numbers  obtained 
by  the  \arious  e.\))erts.  It  was  an  edu'ation  in  itself  to  see 
how  he  veriHed  their  figures  and  tested  tliem  in  every  pos.sible 
way.  He  also  showed  at  the  Physical  Society  on  more  than  one 
occasion  ingenious  and  novel  laboratory  methods  of  making 
optical  measurenn-nts.  His  Christmas  lectures  at  th»  Royal 
Institution  in  18*.M)  were  published  in  book  fonn  under  th  > 
title  "  Light  Visible  and  Invisible,"  and  have  given  pleasure 
to  a  \ery  wide  cirele  of  readei-s.  He  translated  Lamnier's 
"Contributions  to  Photographic  Optics  ""  and  Huygeu;-' 
■"  Treatise  on  Light." 

Silvauus  Tliomp.sdii  luveil  music  and  hid  a  very  accural? 
musical  ear.  Ilo  translated  the  '"  Phrsical  Fonndation-s  of 
Music,"  by  Kofuig.  and  was  always  pleased  to  di.sruss  jno- 
blems  in  sound.  The  valuable  Pap,"r  on  "'  Hy.^lere.sis  Loopj 
and  Lis.sajous"  Figures,"  which  he  read  to  the  Physical  Society 
in  I'.tlO.  was  a  happy  mixture  «»f  magnetism,  .sound  and  mathe- 
niatii-al  theorems. 

In  .solving  mathematical  ])n>blenis  and  inventing  new- 
mathematical  methods  he  took  the  keenest  delight.  He  wa.s 
highlv  plea.sed  when  he  had  simplified  some  abstruse  mathe- 
matical theorem  until  it  eonid  be  comprehended  by  everybody. 
He  ciuild  instruct  and  k«M'p  an  uuniiith"nriti<ral  cla.ss  interested 
even  when  di.seussing  higher  mathematics.  He  did  most 
excellent  work  in  .simplifyiMg  "  Pr.iclical  Harmonic  .Vnaiysis." 
.Vt  first  he  adopted  Kungo  s  method,  and  made  .some  notable 
improvements  on  it :  but  he  was  dissatisfied  with  the  accuracy 
obtainable.  He  then  perfected  the  "  series  method  ""  of 
hamionic  analy.^is  with  which  his  nam?  will  always  be  asso- 
ciated. 1  remember  how  pleased  h"  was  wh-^n  he  first  di.i- 
covered  it,  and  with  what  mutuil  pleasure  we  discussed  it. 
He  made  nnjst  careful  and  elaborate  calculations  to  test  its 
accuracy  and  find  out  its  limitations.  He  bus  left  the  method 
to  us  as  a  liuished  and  poli.shed  tool.  woU  capable  of  doing  its 
work  and  needing  no  .special  skill  in  its  application.  In 
hypeibolii  trigonometry  he  took  a  keen  interest,  and  I  think 
that  at  oii»  time  he  m-^ditaled  w  rit'ug  a  little  treaUse  on  the 
subject.  He  mu(  h  ajipreciattd  the  lectures  which  Dr.  Keu- 
uelly.  of  Harvaixl  gAve  at  the  inaiiiutiou  some  years  ago.  In 
pi-opo.-mg  a  vote  of  th<«nkt>  to  him  he  ex|ne.>sed  himself,  as 
usuah  moot  happily.  He  ^aid  th  it  he  felt  constrained  to 
cxdami  "  Great  la  the  H\perbulic  Angle  and  Kenuelly  is  i.a 
prophet." 

As  a  biogiaphei  of  .'■.^ientific  mm  Tliomp.-on  will  alwa^  .  be 
in  ihe  highe.'^t  rank.  The  "  Life  of  William  Thomson.  Baron 
Kelvin  of  Ltirgs."  is  a  model  of  painstaking  accuracy  aud 
lucidity.  The  writer  havmg  had  the  fortune  to  be  an  .-Id  pupil 
of  Kelvin"s.  and  to  U-  in  full  sympathy  with  his  work,  natui-all^' 
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]e;i(l  tliis  Jife  wiiU  a  .^severely  critical  eye.  Hefoie,  liowevei-, 
he  had  '^ni  very  far  witli  the  first  vohmie  hi-,  had.  hee)i  coiii- 
l)letoly  won  over,  and  read  the  remainder  with  pure  doliglit . 
In  "Michael  Faraday:  Hi«  Life  and  Work,"  we  have  anotlier 
excellent  biography.  In  the  preface  lie  say.s  :  "  In  tJie  recol- 
lection of  .such  as  have  survived  him,  liis  image  lives  and 
moves,  surrounded  with  gracious  memories,  a  vivid  i)er- 
sonality  instinct  witli  rave  and  unselfish  kindness."'  Surely  we 
can  apply  these  words  also  to  Silvanus  Tliomj)soti. 

As  aJi  anti({uarian  he  loved  rare  manuscripts  and  hooks,  of 
which  he  possessed  about  900.  He  had  an  unbounded  admira- 
tion for  Gilbert,  of  Colchester,  the  Elizabethan  magnetiser. 
As  he  happily  said,  there  were  dramatists  befoie  Shakespeare, 
but  there  were  no  magnetisers  before  Gilbert.  William 
Sturgeon,  the  electrician,  Petrus  Peregrinus  aiul  the  Hon.  R, 
]?oyle  were  also  favourite  authors. 

As  a  past-president  of  the  "  Sette  of  Odd  Volumes,"'  he  took 
a  great  interest  in  general  antiquarian  literature.  A  most 
interesting  Paper  on  "  Tlie  Rose  and  the  Winds :  the  Origin 
and  Development  of  tlte  Compass  Card,"  he  contributed  to  the 
"  Proceedings  "  of  the  British  Academy  in  I'.M  1.  ''  La 
Quaestio  de  Acpia  et  Terra,  Dante  Alighieri,"  ''  Peter  Short, 
Printer,  and  his  Marks,"  and  the  "  Pied  Piper  of  Hamelin  " 
were  other  of  his  writing.-;. 

^  As  a  poet  he  attained  some  distinction.  His  monodies  on 
Matthew  Arnold  and  Tennyson  were  excellent.  The  following 
lines  from  the  fomier  may  be  quoted  a2)propriately  : — 

"  The  eager  spirit  pent  within  thy  breast 
Hath  passed  from  doubt  to  sight  ; 

Hath  found  the  awaited  spark  from  heaven  descend  ; 
The  light  thou  soughtest  shining  clear  in  view 
When  strange  and  vain  the  earthly  turmoil  grew. 
And  night  has  fallen  as  welcome  as  a  friend." 

In  work  connected  with  wireless,  Thompson  was  a  pioneer. 
As  far  back  as  1876  he  worked  at  experiments  on  oscillating 
sparks  and  their  proi)erties.  He  was  a  great  adniirer  of  Sir 
Oliver  Lodge's  work  on  wireless,  and  gave  impartial  and 
valuable  evidence  in  the  great  wireless  case  in  the  law  courts. 

To  the  Institution  of  Electrical  Engineers  the  loss  of  Prof. 
Silvanus  Thompson  in  the  full  plenitude  of  his  powers  is  most 
grievous.  He  has  not  only  left  us  heavily  in  his  debt,  but  he 
had  started  work  on  many  valuable  researches,  and  had  laid 
down  plans  for  many  future  theoretical  investigations,  when 
the  call  came.  His  work  on  the  corona  he  has  alas  left  un- 
finished. Yet  we  can  rejoice  that  it  has  been  given  to  him  to 
complete  so  much  valuable  work.  His  work  lives  and  will 
continue  to  live.  As  the  years  roll  on  we  shall  ever  remember 
his  enthusiasm  and  kindly  sympathy.  Our  indebtedness  to 
him  is  a  j^recious  possess-on. 

Alexander  Russell. 


PHYSICAL  SOCIETY. 


At  the  meeting  of  this  Society  on  the  16th  iust.,  Prof.  G.  W.  O. 
Howe,  D.Sc,  in  the  Chair,  a  Paper,  entitled 

"Experiments  With  Mercury  Jet  Interrupters," 

was  read  by  Capt.  C.  E.  S.  Phillips. 

.    The  Paper  descrites  an  experiirental  attempt  to  ascerta-iu  the  form 

cf  the  mercury  colunin  issuing  from  a  hole  in  the  .side  of  a  rotciting 

drum  that  is  ccntinuously  supplied  with    mercury  by  centrifugal 

acticn 

Incidentafly  a  now  form  ot  interrupter  is  introduced,  in  which 
the  interior  is  visible  through  a  winduw  in  the  lid.  The  arrangement 
forms  a  suitable  cpparatu^  for  experimc-nts  with  various  forms  of 
orifices  and  metallic  contact  scgn^ents,  and  the  Paper  gives  an  account 
of  work  in  that  direction.  As  it  is  important  to  ensure  the  cleanU- 
ness  of  the  mercury  in  interrupters  of  this  type,  t!ie  usual  copper 
segments  are  reph-.ced  by  ones  made  of  tantalum,  which,  for  many 
reasons  is  preferable.  It  is  not  "  wetted  "  by  mercury,  it  remains 
clean  and  bright  indefinitely,  and  its  high  melting  point  renders  it 
lasting. 


Expon'incnls  with  varion.s  forms  of  orihce  are  dencrihed,  and  it  i.i 
pointed  out  that  the  issuhig  stream  is  only  slightly  aUt-cted  by  tbi-s 
nieans.  An  explanation  i.s  given  of  iho  fact  that  a  vcrtita!  slit 
orifice  will  not  ino<Iuce  a  ribbon  of  mercury,  and  that  no  matter 
IkjW  much  the  diameter  of  the  orifice  is  increased  beyond  ab<jut 
2  mm.,  the  cross-section  of  the  mercury  column  remains  unaltered,  A 
method  is  described,  however,  by  which  a  mu<h  I;irger  stream  of 
jnorcury  can  be  obtained  from  the  rotating  drum,  if  necessar}-. 

Brief  reference  i.s  made  to  experimcnt.s  with  various  volatile 
liquids  m  sujjpressing  the  flare  which  occurs  when  the  niercurv  columns 
leave  the  contact  segments.  The  three  well-known  sutjstances  which 
are  mos   effective  in  this  respect  are  coal  gas,  hydrogen  and  ether. 

It  is  pointed  out  that  experiments  of  this  nature  arc  neccs.siirv, 
in  view  of  the  wide  use  now  made  of  mercury  interrupters  in  X-ray 
work. 

C'lpt.  Keiu  thought  the  instrum''nt  (Icscrilxd  by  the  ;iutli(  r  wa.>  »f 
cynsid'.'iablc  iitipoitancc.  In  practice  it  would  be  a  great  acivanta"c  to 
SCO  the  interior  of  the  instrument  when  anything  went  wron". 

Dr.  R.  S.  Willows  congratulated  G^pt.  Phillips  on  having  broken 
new  ground  in  his  experiments.  Mercury  intcrru])teis  l-.ad  not  Ix'.n 
very  scientifically  investigated  xo  far.  He  thought  exjxTimtnts  on  tli<; 
thictkness  and  resistance  of  the  jet,  on  the  resistance  at  the  contact  with 
the  tantalum  vane,  and  on  the  effect  of  varying  the  inductam-e  of  th- 
primary  circuit  on  the  performance  of  the  interrupter,  would  yield  re.ulLs 
of  importance.  Had  the  best  shape  and  inclination  of  the  |)late  on  wliich 
the  jet  impinged  been  worked  out  ?  With  regard  to  the  effect  of  rlifft-rent 
gases  in  quenching  the  flare,  he  thought  the  si)ecific  inductive  ca[)acit:<  s 
were  the  determining  factor  rather  than  the  specific  heats.  The  e^mc 
problem  was  met  with  in  running  a  singing  arc. 

Mr.  G.  L.  AnnENBROOKE  mentioned  that  one  firm  he  knew  of  made 
interrupters  with  an  electrode  of  variable  inchnation. 

Capt.  Phillips,  in  reply,  said  that  some  of  the  pointo  raised  by  Dr. 
Willows  were  dealt  with  more  fully  in  the  Paj)er  than  in  hi?  description. 
The  resistance  of  the  jet  wau  a  very  interesting  point,  and  he  had  some 
experiments  in  progress  on  the  matter.  He  was  not  quite  clear  whc'hcr 
the  seat  of  the  resistance  was  the  mercury  colunm  or  the  junction  of  the 
column  with  the  electrode.  The  position  of  the  electrod'-'s  was  also  dealt 
with  in  the  Paper. 

A  Paper,  entitled 

"A  Method  of  Measuring  the  Pressure  of  Light  by  Means  of 

Thin  Metal  Foil," 

Part  II.,  was  road  by  Mr.  (i.  D.  West. 

The  pressure  of  the  radiation  emitted  In'  a  carbon  hlament  lanp 
at  a  distance  of  a  few  centimetres,  is  sufficient  to  cause  a  micro- 
scopically measurable  deflection  of  the  end  of  a  strip  of  gold  cr 
aluminium  foil,  suspended  in  a  closed  test  tube.  By  this  means  the 
radiation  pressure  may  be  measured,  and  the  results  may  be  checked 
by  a  comparison  with  the  energy  density  of  the  radiation,  as  deduced 
from  the  initial  rate  of  rise  of  temperature  of  an  exposed  blackened 
copper  plate. 

in  a  previous  Paper  experiments  were  carried  out  m  atmospheres 
of  air  and  hydrogen,  and  at  pressures  extending  from  76  cm.  to  I  cm. 
of  mercury.  Under  certain  conditions  it  was  found  possible  to  obtain 
satisfactory  results.  The  present  Paper  deals  with  experiments  at 
pressures  from  1  cm.  of  morcury  down  to  the  highest  exhaustions 
that  could  be  reached. 

As  the  pressure  is  lowered,  ccrtahi  gas-action  effects  make  theu" 
appearance,  but,  masmuch  as  there  is  no  ajjpreciable  ditfeunce  of 
temperature  on  the  two  sides  of  the  strip,  the  effects  are  somewhat 
different  from  those  that  occur  in  the  ordinary  type  of  Civokes' 
radiometer. 

When  the  surface  of  the  strip  is  closer  to  one  side  of  the  containing 
vessel  than  to  the  opposite  side,  a  deflectic  n  away  from  the  closer  side 
occurs,  and  the  direction  of  this  deflection  is  mdependent  of  the  side 
of  the  strip  on  which  the  radiation  falls,  ^^'ith  a  symmetrically- 
placed  strip  the  deflection  should  be  negligibly  small.  An  explana- 
tion of  these  efl'eets  is  suggested  m  the  Paper,  and  a  ?peei;d.  type  of 
radiometer  is  descritod. 

The  nature  of  the  residual  gas  in  the  tube  doe>  not  sce;n  to  !:e  very 
important  material,  but  it  is  found  that  the  repulsive  force  acting  on 
the  strip  increases  with  decreasing  pressure,  until  a  maximum  is 
reached  at  about  0002  cm.  of  mercury.  With  further  reduction  of 
pressure  a  progressive  decrease  takes  place. 

Bv  s}-mmetrical  suspension,  and  by  the  use  of  liquid  aii-  and 
charcoal,  it  is  possible  so  to  reduce  the  gas  action  effect  that  measure- 
ments of  the  pressure  of  light  of  reasonable  accmacy  are  iigaiu 
jKJSsible. 

Experiments  on  the  pressure  of  light  may  thus  be  advantageously 
carried  out  at  the  highest  vacua  obtainable,  or  at  pressiu'es  as  far 
above  0tX)2  cm.  of  mercury  as  convection  currents  will  permit. 
The  latter  ahemative  is  the  easier,  and  leads  to  mere  consistent 
results. 
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A  PuixT,  entitled 

"The  Viscosity  of  Suspensions  of  Rigid  Particles  at  Different 

Rates  of  Shear," 
by  EuiTA  UtiiPiiREY,  B.h'c,  Ph.D.,  and  E>nL  Hat.schek,  wa;  read 
by  the  former. 

Tnir;  investigation  was  undertaken  with  a  view  to  tcstmg  the 
Ein^ton-Hntcchek  formula  at  variable  rates  of  shear.  According 
to  thi.'j  formula,  the  viccosity  of  a  suspension  of  rigid  spherical  particlco 
grov.-,5  in  linear  ratio  with  the  aggregate  volume  of  suspended  particles, 
and  ij  indci-cndent  of  their  pize  as  long  as  the  latter  fonforms  ta 
StDkcs'o  formula. 

The  surijciision  ehorcn  was  one  of  rice  stanh  of  OdO:}  nun.,  a-.id 
less  dia-v.oter  in  a  mixture  of  carbon  tetrachloride  and  toluene  havhig 
the  sane  npceific  gravity.  The  measurements  were  carried  out  in  a 
nxtdification  of  Couette's  a])paratus,  in  Avhich  the  deflection  oi  a 
cylinder,  Ku;;|jcnded  eoaxially  in  another  cylinder  filled  with  the 
liquid  and  rotated  at  different  spcefls,  is  nu-asurcd.  All  mcauire- 
ments  wore  carried  out  at  sjjceds  below  that  at  whicli  turbulence 
sets  in,  so  that  the  deflection  wa;  ])n)i)ortion;v!  t  j  the  product  of 
viscosity  X  angular  velocity. 

The  results  of  the  investigation  are:  (J)  Tnc  viscosity  of  a 
suspension  is  r,  function  of  ihv.  rate  of  shear,  and  increases  as  the 
latter  dccrcr/iji,  the  difference  beuig  more  marked  at  higher  ccn- 
centrations  ;  (">)  for  all  rates  of  shear  the  vi.scosity  of  the  suspension 
increa.es  mr.r.j  rajjidly  thari  the  aggregate  volume  of  susjiended 
matter;  {'.i)  for  any  cne  rate  of  shear  the  relative  vi!;cosity  of  a 
suspension,  i.e  ,  its  absolute  viscosity  divided  by  the  absolute 
viscosity  of  the  medium  ."t  the  same  rate  of  shear,  also  increase.-) 
more  raj)idly  than  the  percentage  of  sus|)cndcd  matter,  the  divergence 
fnjm  the  lin'-ar  increar^c  demanded  by  the  formula  becoming  less  a", 
the  rate  of  .shear  becomes  greater,  so  that  a  linear  law  may  jjossibiy 
hold  good  at  rates  (if  shear  higlier  than  those  attainable  in  the 
present  a))|)aratus  without  turbulence. 

The  general  conclusion  is  that  the  assumption  on  which  the 
Kinstciii-Mutschek  formula  is  based,  viz.,  non-interference  between 
adjoining  particle.;,  is  not  tenable  in  the  case  of  suspensions  contain- 
ing I  ('tween  2  and  0  per  cent,  of  Kusi)onded  matter. 

.\    I'ajjcr,  entitled 

"A  Correction  of  Some  Work  on  Diffusion  by  Dr.  A.  GrifHths 

and  Others," 

by   Dr.   .A.  (iKiFHTii.s,  wni  taken  as  read  on  account  of  the  lateness 
of  flic  hour. 

When  salt  difTu.';cs  through  water,  in  general  there  must  be  a  move- 
ment of  flic  water  due  t  >  volume-changes  associated  with  variations 
ill  cou'entrafion.  In  the  I'ajiers  to  w'nich  the  reca'.culafion  refers 
reference  was  male  t j  the  velocity  of  the  ]i(|uid  or  !.oIution  ;  but 
what  was  mcait  by  the  \elocity  of  the  licpiid  was  not  ex])!aMi''d. 
Tiic  author  now  deii's  with  the  velocity  of  the  wafcr-conii>onent  of 
flie  solution  f;i  which  a  elei:,r  mathematical  meaning  can  be  given. 
Wlicii  salt  I'-avc:;  a  given  .section  of  the  vest  el  containing  the  solution, 
t  lie  diiiiiiiiition  in  volume  of  flic  contained  li(juid  is  |ircvenfcil  In  (Ik; 
aiifomafii'  addition  (»f  water,  and  of  water  only.  In  the  I'aj.fr.;  to 
which  flic  recalculation  refers,  the  error  was  made  of  assuming  that 
the  diiiiiinif i(m  of  volume  was  prevented  by  the  jiutcmitic  addition 
of  solution.  The  results  by  the  method  of  diffusive  convection 
reipiire  no  recalculation,  ivnd  agree  with  Mr.  Clack's  recalculate  J 
v(i,lues  to  less  than  I  per  (cnf.  'J'liere  is  no  doubt  that  the  result;;,  a^ 
recalculated,  given  by  the  three  mefhotls  employed  in  the  a;ithor's 
laboratory  agree  within  the  lii.ii's  of  experimental  error;  and  the 
authors  opiiiinii  is  that  the  tru(^  value  of  the  coenicient  of  diffusion 
lies  close  f  (I  those  gi\iii  by  his  com  eit  i\  r  method  and  by  Mr.  Clack's 
gravit.'if  ioiial  met  hod. 


CORRESPONDENCE. 


TiiK   Ki.KcTi;i<  iT\    sll"i■i.^    (>!■•  (;i;i;\r   iiuriwix. 

T(»  TmO  KDIIOKS  <>1"  TIIK  ICI-ECTRUIAN. 

1.  Some  remarks  made  hy  n\c  duriji}^  the  discuhsion  on  Mr. 
1  Tarry  Kllis's  I'ajnn-  at  the  I.M.K.A.  Couvcntion  on  Thursday, 
.luiio  22jul.  liaviiif:;.  in  one  instance  at  least,  hcvn  given  an  inter- 
])retiitioJi  not  intended  hy  nie,  jnay  1  lirieHy  state  the  present 
jtosition  with  lefereiice  to  electricity  supply  as  I  understand  it  '. 

2.  The  fact  lliat  llie  moment  was  ripe  for  dealing  with  this 
Mil\jecf  is  proved  l)v  flic  remarkable  advanc(<  wliicli  has  heeJi 
made  since  April  l.UU  wHcn  the  subject  was  discussed  at  the 


I.E.E.,  and  much  credit  is  due  to  those  gentlemen  who  have 
been  responsible  ior  this  exemplary  progress  ;  also  to  the 
responsible  officials  in  the  Board  of  Trade  who  strengthened 
their  hands  by  issuing  the  circular  on  "  Linking  Up,"'  and  not 
least  to  the  technical  press  which  grasped  the  importance  of 
the  r.ubject  at  the  out.set  and  gave  its  powerful  support.  Any 
contributioi  to  the  subject  made  by  me  oince  the  Paper  was 
read  o  i  April  1 3th  will,  I  truGt,  be  taken  as  an  appreciation  of 
the  work  of  others  and  as  an  effort  further  to  assist  in  these 
practical  .steps  to  progress. 

3.  The  "  linking-up  *'  of  power  stations  was  an  important 
part  of  the  original  scheme,  but  only  a  part ;  the  pos.^ible 
develo])ment  of  se])arate  districts  until  the  whole  country  is 
organi.sed  for  electricity  supply  was  pointed  out  in  the  original 
Paper.  The  "  linking-up  "  of  existing  stations,  however, 
requires  to  be  carried  out  as  a  j^art  of  the  whole  scheme  and  not 
as  a  number  of  iie])arate  sehemes  in  them.selves.  I  suggest  the 
da.ig.Ts  we  must  avoid  in  connection  with  "  linkiug-up  "  are  : 

(a)  Tlie  temptation  to  extend  existing  stations  which  arc  not 
suitable  for  the  complete  scheme  and  thus  perpetuate  to  some 
extent  the  ]>resent  unsitisfaetory  conditions. 

(/,)  Tlu!  cxjienditure  of  capital  on  certain  "linking-up" 
feeders  which  might  not  be  necessary  as  part  of  the  comple.e 
scheme. 

(c)  Th-:'  temptation  for  the  powerful  iiidustrial  areas  to  be 
satisfied  with  the  good  result:;  which  will  be  attained  and  not 
take  advantage  of  the  opportunity  which  certainly  exists  for 
re-organising  the  control  of  electricity  supply  for  the  whole 
country. 

4.  As  has  been  pointed  out  by  several  gentlemen,  the  supply 
industry  at  present  suffers  from  legislation,  the  control  of 
several  (Jovernment  departments  and  the  costly  machinery 
for  pa.s.sing  new  Bills.  .Some  engineers  have  read  into  the 
proposal  to  establish  an  Electricity  Board,  a  suggestion  for 
even  more  legislation  and  more  obstacles.  The  very  reverse 
is  intended,  viz.,  to  replace  the  ])resent  un.satisfactory  system 
and  put  the  necessary  power:;  into  the  ha?ids  of  a  few  practical 
engineers  in  intelligent  sympathy  with  the  industry.  This 
Board  woul'l  have  the  very  valuable  fea.'ure  that  each  Board 
engineer  w  >  '.Id  work  a:id  reside  in  the  district  he  represented, 
and  therefore  would  be  in  clo.^  association  with  the  people  of 
the  dictrict.  Given  a  clear  understanding  of  the  meaning  of 
the  })ropo.;Ml  Board  and  leaving  out  the  (|uestion  of  its  having 
operating  powers  to  geiu-rate  and  suj)ply  electrical  energy,  it 
is  considered  th"  industry  would  be  almost  unanimous  in  pro- 
moting it;!  cHtablishment.  Tiii:;  Board  would  be  invaluable 
in  co-ordiniting  all  the  various  local  eff(»its  and  shaping  them 
into  a  lioiiiogeneons  whole. 

5.  At  the  I.M.E.A.  Convention  I  referred  to  the  business 
policy  of  the  Tanadian  Pacifi--  Railway  Co.  Perhap.;  a  i 
illustration  nearer  home  would  be  the  Port  of  London  Autho- 
rity est:ibli;;hed  by  Art  of  Parliament  to  re-organise  and  co- 
ordinate the  work  of  the  Port  of  London.  The  ju.stification 
for  the  ;;tep  taken  and  for  the  enterpii:."  atid  broad  policy 
adopted,  i:i  the  result  ;itfained.  Tiii:;  i;i  referred  to  in  an 
instructive  manner  in  '"  Tlic  Daily  Telegraph,"  of  June  24tli, 
which  deserves  perusil.  in  electricity  supply  we  can  equally 
well  have  a  broad  policy  with  .sound  finance,  and  an  electricity 
Board  would  assist  in  .securing  this.  Sound  finance  sometimes 
means  capit.il  expenditure  without  an  immediate  return,  and 
it  is  weak  finance  to  withhold  such  justifiable  expenditure 
wlii(  h  is  nece.ssarv  for  ;;  progressive  industry. 

().  The  various  discu.ssions  and  practical  advance  made  since 
the  «»riginal  Paper  was  written  have  but  served  to  strengthen 
niv  (onvietion  that  if  w(>  will  we  may  achieve  great  and  early 
result.s.  it  would  be  regrettalile  for  us  t()  fall  .short  in  attain- 
ment because  of  a  lack  of  imagination  and  appi-eciation  of  our 
exrei)tional  opportunitie:..  Scepticism,  which  before  the  war 
mav  have  been  justified,  is  now  a  brake  lo  achievement  and 
progre.ss.  As  electrical  engineers  we  are  best  .serving  our 
country,  both  now  and  for  the  future,  in  placing  the  electrical 
industry  on  the  most  satisfactory  basis  to  serve  that  country's 
needs. 

L(.nd..n,  dune  26.  Ernest  T.  Williams. 
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LEGAL  INTELLIGENCE. 

A.  E.  Rickaby  v.  Plymouth  Corporation. 

At  the  Devon  Aioizcu  !ii:;t  v/cek  pliiintifE  sued  for  damage;;  for  injuricB 
alleged  to  be  due  to  the  negligence  cf  d(fendant:s'  rervants. 

Mr.  FooTE,  K.C.  (for  plaintiff)  said  that  on  Oct.  21  lact  h;;;  cHent  wa:; 
a  passenger  on  the  top  of  one  of  defendants'  tramears.  The  car  was 
proceeding  from  Forc-stroct  to  8tuart-road,  and  when  it  was  going 
down  a  hill  en  route  the  trolley  arm  slipped  off  the  overhead 
wire  and  wobbled  about  loocc.  Plaintiff  called  to  the  conductor,  but 
could  not  attract  \r.a  attention,  ar;  the  conductor  was  talking  to  nomeone 
on  the  footpath.  After  having  kit  the  wire  th'^  trolley  arm  hit  the  ercr;-,- 
piece  of  one  of  the  Ltandardr,  supporting  the  overhead  wireri.  Nothing 
broke  off  the  arm,  but  the  fpring  way  der.troycd  by  the  blow  and  the  arm 
fell  on  plaintiff's  head,  injuring  him  Beriously  and  nccctGitating  the 
operation  of  trepanning.  Plaintiff  alleged  neghgcnce  against  the  Cor- 
poration in  that  they  had  provided  no  means  of  immediately  apprising 
the  driver  of  the  fact  that  the  trolley  arm  had  left  the  wire.  It  was  ak;o 
alleged  Ihat  the  conductor,  who  was  young  a.nd  inexperienced,  was  not 
attending  to  his  duties.  In  consequence  the  tram  travelled  for  more 
than  GO  yds.  before  being  brought  to  a  .standstill. 

The  Judge,  referring  to  a  r.uggcf.tion  that  a  mechanical  device  to  warn 
the  driver  rhould  be  provided,  asked  whether  ruch  a  device  was  in  uie 
anywhere. 

Mr.  FooTE  :  No  ;  that  is  the  point.  Tramway  companies  have  not 
fitted  [uch  a  thing,  but  it  is  time  they  el;d.  A  further  allegation  by 
plaintiff  was  that  the  tramcar  was  negligently  constructed  in  that  there 
was  no  covering  or  protection  over  the  tcp  cf  the  tram  to  prevent  the 
arm  from  faUing  upon  parcengers.  It  would  be  easy  to  have  an  arch  cf 
wire  or  metal  over  a  tramcar  for  that  purpose.  The  Corporation  had  stated 
that  they  had  applied  to  the  Board  of  Trade  for  permission  to  cover  their 
tramears,  but  it  had  been  refu.sed  on  account  of  the  fact  that  the  additional 
weight  and  wind  prersure  would  be  dan^eious  en  the  hills  and  grad'cnts  ; 
but  the  Corporation  hatl  not  applied  for  pcrmiirsicn  to  place  on  the  cars 
such  a  protection  as  he  had  suggested. 

Plaintiff,  in  evidence,  raid  the  conductor  was  talking  to  a  boy  who 
was  running  alongside  the  car.  As  a  result  of  the  injury  he  received  he 
was  confined  to  bed  for  come  time,  and  still  suffered  with  his  head.  He 
had  to  give  up  his  business,  which  he  had  cold.  Previously,  his  bucinc  rs 
brought  him  in  a  profit  of  about  £200  a  year. 

Mr.  Hawke  (for  defendants)  intimated  tha,t  he  did  not  dispute  items 
of  cpecial  damage  totalhng  £62.  18s.,  bu  the  did  not  accept  the  claim  to 
£26  for  Iocs  of  profit  on  businecs. 

Sergt.  J.  V.  Stephens,  R.A.M.C,  tpoke  as  to  seeing  the  trolley  arm 
swinging.  He  then  heard  a  "smack,"  from  which  he  judged  that  the 
arm  hit  a  standard.  Afterwards  the  arm  lay  helplcrs  on  the  tcp  of  the 
car,  an  el  plaintiff  was  huddled  up  on  the  back  seat.  It  was  a  common 
sight  in  Devonport  to  cee  trolley  arms  come  off  the  wire.  He  had  seen 
it  happen  seven  or  eight  times  since  the  accident.  He  did  not  hear  the 
tram  bell  ring. 

A  passenger  who  was  riding  inside  the  car  caid  she  did  not  cee  the 
conductor  ring  the  bell.  Two  days  aiter  the  accident  she  caw  a  trolley 
arm  leave  the  wire  near  the  same  cpct. 

Mcelical  evidence  was  then  given  as  to  the  nature  and  extent  of  plain- 
tiff's injuries. 

Mr.  iR.  H.  Worth,  engineer,  said  it  was  not  infrequent  for  trolley  arms 
to  leave  the  wire  on  the  Plymouth  system.  He  had  seen  it  occur  four 
times  in  one  week.  On  the  occasion  of  the  accident  the  car  woulel  be 
going  downhill,  and  as  the  current  would  be  turned  off,  the  driver  woulel 
not  be  aware  that  the  arm  had  left  the  wire.  On  that  gradient  the  tram- 
car  could  be  stoppcel  in  between  one  anel  two  lengths — probably  in  one. 
It  would  be  simple  to  provide  come  automatic  means  by  which  the  driver 
could  be  maele  aware  that  the  arm  had  left  the  wire.  It  eoukl  be  done 
by  an  electrical  circuit  which,  when  the  arm  came  off,  woulel  ring  a  bell. 
Such  a  device  was  not  in  operation  anywhere. 

The  Judge  :  The  non-aeloption  of  a  particular  device  is  not  negligence. 

Replying  to  Mr.  Foote,  Witness  caid  there  was  a  Board  of  Trade 
regulation  that  there  choulel  be  such  a  signal  in  case  the  trolley  stanelard 
on  the  top  of  the  ear  became  charge  el  Avith  electricity — a  red  lamp  or, 
preferably,  an  audible  signal. 

The  Judge  :  This  is  a  tramcar  authorised  by  the  Legislature  to  go 
without  any  such  provision.  It  is  quite  another  thing  to  cay  defendants 
are  guilty  of  neghgence. 

In  the  course  of  argument  concerning  the  suggested  signal  the  Juelgc 
asked  the  witness  :  "  Why  haven't  you  brought  out  such  a  elevicc  ?  You 
might  have  been  a  milhonaire  at  this  moment."     (Laughter.) 

Mr.  Foote  :  Tramway  companies  have  been  colicited  to  adopt  such 
a  device,  but  they  won't  becaucc  it  costs  money,  and  bccaitse  if  one 
adoptc  d  it  all  the  others  would  have  to  do  so. 

Witness  :  A  red  lamp  that  woukl  go  out  when  the  arm  left  the  wire 
would  be  sufficient.  It  would  cost  10s.  or  15s.  per  car.  An  audible 
signal  woukl  cost  30s.  or  £2  per  car.  It  was  practicable  for  a  light  metal 
arch  to  be  fixcel  6ft.  Gin.  above  the  upper  deck  of  the  ear  to  protect 
passengers  from  a  falling  trolley  arm. 

Mr.  Hawke,  K.C.  (for  the  Corporation),  said  defendants  diel  not  believe 
the  man's  skull  was  fracture  el,  and  the  iX-ray  photograph  choweel  it  was 
Jiot.  It  was  not  denied  that  plaintiff  had  had  a  severe  blow,  and  that  he 
was  ctill  suffering  to  come  extent  ;  but  he  was  able  to  do  light  work.  As 
to  the  suggestion  that  tramway  companies  were  regardless  of  the  safety 
of  their  passengers  so  long  as  they  could  save  money,  the  tramway  system 
at  Plymouth  was  inspected  from  time  to  time  by  the  Board  of  Trade,  anel 
every  known  device  was  useil  for  the  safety  of  the  travelling  public  that 
could  be  used.     All  the  suggestions  made  by  Mr.  Worth  had  been  thought 


out  years  ago,  and  were  discarded  Kiccaubc  they  gave  a  fabsc  isecurity. 
There  was  a  risk  of  trolley  arms  coming  of!,  hut  if  the  jurj'  found  that 
that  was  a  risk  that  th'TC  was  no  known  means  of  avoirling,  there  was  no 
negligence.  Kc  argu(  d  that  the  law  was  that  it  was  Hufficicnt  for  a 
tramway  company  to  adopt  the  best  known  apparatus,  kept  in  perfect 
order,  anel  work' d  without  negligence  by  the  men  employed.  Thf 
conductor  was  17  years  of  age  anel  c^ld  enough  to  look  after  a  tramcar. 
The  conductor  rang  the  bell  on  seeing  that  the  arm  was  off  the  wire,  and 
there  was  no  negligence  on  his  ])art. 

Medical  witnecixs  were  called  to  prove  that  they  could  find  no  evidence 
of  injury  to  or  preccurc  on  plaintiff's  brain.  Plaintiff  would  bo  all  right 
again  in  two  or  three  month  •,  without  an  operation. 

Geok  !E  Herbert  AMf)s,  driver  of  the  tramcar,  said  it  was  \>y  means 
of  a  signal  from  the  conductor  that  he  knew  anything  was  wrong.  The 
signal  war;  four  rings  of  the  bell,  which  was  the  emergency  signal.  Ho 
])ullcd  up  the  car  in  half  its  length.  He  afterwards  found  that  the  arm 
was  off  the  wire,  and  bent  at  an  angle  of  about  45  deg.  He  denied  having 
raiel  that  the  accident  would  not  have  happened  if  the  conductor  had  been 
looking  out  or  that  it  was  a  pity  the  coneluctor  did  not  ring  the  Ix-U  before. 

Mr.  Foote  reminded  the  Court  that  at  Exeter  there  was  an  excellent 
and  simple  device  by  which  the  driver  could  be  notified  when  the  trolley 
arm  left  the  wire. 

The  Judge  :  Upon  this  matter  of  invention  I  do  not  think  that  an 
action  for  negligence  is  the  methcd  for  introducing  new  means  of  noti- 
fication. I  shall  express  my  view  upon  it,  and  Mr.  Foote  will  be  able  to 
l)ull  it  to  pieces  in  the  Court  of  Appeal. 

Fredk.  James  Fry,  the  conductor,  stated  that  he  did  not  hear  plaintiff 
call  to  him,  and  he  denied  that  he  was  speaking  to  someone  running  beside 
the  car.  As  soon  as  he  became  aware  that  the  trolley  arm  had  Ic-ft  the 
wire  he  gave  the  elriver  the  emergency  signal  by  ringing  the  bell  four 
times. 

Mr.  C.  R.  Everson,  manager  of  Plymouth  Corporation  tramways. 
stated  that  the  car  in  question  was  overhauled  and  refitted,  new  trucks 
being  fitted  and  the  wheel  base  extended.  Since  then  it  had  been  running 
regularly  and  hael  given  no  trouble. 

In  crocs -examination,  he  caid  it  was  a  fact  that  sometimes  the  trolley 
pole  would  leave  the  wire  for  some  unexplained  reason  ;  that  fact  was 
quite  unaccountable. 

At  this  point  Mr.  Hawke  said  he  was  told  there  was  no  such  de\ice  on 
the  Exeter  tramways  as  had  been  suggested. 

Mr.  Foote  :   Why,  I  pulled  it  myself  this  morning. 

Witness  said  he  knew  that  particular  method.  It  was  called  a  trolley 
catcher.  At  Exeter  the  system  was  a  centre  running  one  ;  theirs  was  a  side 
running  one,  and  that  appliance  was  not  effective  for  side  running  (where 
the  wires  were  not  immediately  above  the  car).  Their  trolley  arms  ran 
at  angles  varying  from  15  deg.  to  35  deg.  He  was  not  aware  that  the 
Exeter  methcd  rang  a  gong  when  the  trolley  arm  came  off  the  wire. 

The  Judge  asked  whether  the  witness  Vould  suggest  any  practical 
object  to  having  a  cord  fixed  taut  from  the  end  of  the  trolley  arm  to  a 
gong  on  the  conductor's  platform,  so  that  the  gong  would  ring  when  the 
arm  left  the  wire. 

Mr.  Everson  rcphed  that  no  such  recommendation  had  ever  been 
made  by  the  Board  of  Trade.  As  far  as  he  could  see  there  could  be  no 
objection  to  it. 

Re-examined,  Mr.  Everson  stated  that  if  the  rope  were  made  taut  in 
the  manner  suggested  when  the  wire  was  immediately  over  the  ear  it 
would  pull  the  trolley  wheel  off  the  wire  when  the  arm  moved  outwards 
at  an  angle. 

Mr.  J.^B.  Hamilton,  of  Leeds,  stated  that  he  knew  of  no  devu-e  m 
practical  use  on  a  system  similar  to  Plymouth  which  the  Plymouth 
system  had  not  got.  There  was  no  known  method  which  ensured  that 
a  trolley  arm  should  not  come  off  the  wire  at  times.  An  apparatus  suc^h 
as  that  "in  use  at  Exeter  was  tried,  and  found  wanting  17  years  ago.  All 
the  a])paratus  did  was  to  wind  up  the  slack  of  the  rope.  It  did  not  pi-e- 
vent  the  arm  leaving  the  wire,  and  did  not  give  warning  when  it  ea  ne  off. 
It  would  not  be  adaptable  to  the  Plymouth  system  because  of  the  range 
of  the  trolley  arms.  The  rope  would  possibly  catch  other  vehicles,  and 
the  arrangement  would  not  be  suitable  for  giving  any  signal.  Mr. 
Worth's  suggestion  was  not  practicable.  u     u-  k 

In  cross-examination.  Mr.  Hamilton  said  that  owing  to  the  high 
voltage  it  would  not  be  pccsible  to  have  a  sir...le  lamp  by  the  driver  which 
would  go  out  when  the  arm  left  the  wire.  There  would  have  to  be  a 
series  of  five  lamps. 

Mr.  E.  M.  MuNRO,  consulting  engineer,  described  Mr.  ^^orth  s  ^Y^-acc- 
tion  for  an  auelible  signal  to  tl\e  driver  as  impracticable.  He  could  not 
f  ug.^est  any  device  that  would  improve  the  Plymou'h  tramway  system. 

Mr.  P.  J.  Baker,  electrical  engineer  in  the  Plymouth  tramway  dcpju-t- 

ment,  said  the  tramcar  was  inspected  before  it  went  out  on  the  day 

of  the  accielent.  ,    ,     ■,      t       i  t^ 

Mr.  J.  H.  Ellis,  town  clerk,  said  the  Board  of  Trade  liad  refused  to 

sonetion  the  running  of  covered  ears  on  the  old  Plymouth  system. 

Counsel,  having  aeldrccscd  the  (^ourt,  his  Lordship  summed  up.  am. 
sa-.d  Counsel  for  plaintiff  had  asked  the  jury  to  say  there  was  an  absenex^ 
of  due  care  if  a  tramwav  company  did  not  introduce  some  d(>Ance  or  ap- 
pliance that  could  be  si\ggcstcd  as  obviating  the  partic-ular  danger  that 
arose  in  the  case.  He  thought  that  was  not  the  fact :  that  was  no  what 
'•due  care  "  meant.  "Due  caiv  "  meant  what  a  prudc^nt.  reasonable  and 
ordinarv  tramwav  manager  wouid  do.  Mr.  Worth  suggested  what 
soundeel  a  verv  ingenious  and  admirable  device,  but  as  witnesses  tor 
defendants  pointed  out,  it  would  not  ensure  safety,  for  it  would  leave 
manv  possibilities  of  passengers  being  hit.  The  answer  oi  defendants- 
was  that  they  did  not  know  of  any  tramway  system  on  which  any  one 
of  the  su.rgested  devices  was  adopted  and  was  succ^essful.  Exeter  seemert 
to  have  adopted  an  unusual  precauti.ui.  but  Plymouth  wag  not  negh  gent 
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bccausn  Exeter  was  in  advance  of  the  times.  If  plaintiff  had  i-hown  that 
on  half,  or  a  quarter,  of  tho  tramway  syBtems  of  England  a  device  was 
adopted  which  would  have  prevented  thir;  acc'A'-nt,  but  that  the  device 
w?.s  not  in  operation  at  Plymouth,  he  would  hav.-*  mad-^  r;ome  ca?e  for 
paying  that  th"  Porporation  were  negligent.  That  applied  alike  to  th- 
f-iiggested  gong,  Irmp  and  areh.  Nobody  heard  of  an  arch  until  Mr. 
Woi  th  w<'-nt  into  the  witne; «  bo,\.  How  could  it  lx»  negligent  for  a  person 
not  to  have  oy.taincd  all  tli"  ideas  that  Mr.  Worth  had  hi  his  head  ?  Th" 
traniear  was  a  properly  ajipointcd  tranicar.  Th"  (juestion  was  whether 
th'-'  tratncar  was  used  at  the  time  of  the  accid-nt  with  due  care.  Jf  the 
juiy  came  to  the  conclusion  that  there  was  no  ab  cnce  of  due  care  on  \ho 
part  of  the  conductor,  they  should  find  a  verdict  for  defendants.  It 
rcomcd  to  him  that,  in  the  absence  of  an  automatic  arrangement  for 
warning  the  driver  that  the  trolley  arm  had  left  the  wire,  it  seem'd  a 
))rrp:r  thing  that  when  a  tram  was  'coasting  "  down  hill  the  conduetor 
rhouid  stand  whc-rc  he  cculi]  r'e  th-  troll,  y  eiin  ar.d  warn  the  diiv.r 
imnied'j'tely  it  caiue  off. 

The  juiy  found  for  ])laintilT,  awarding  him  t'2.")()  damages. 

D.  Davis  &  Son  (Ltd.)  v.  Assessment  Committee  of  Pontypridd 
Union,  Overseers  of  Rhondda  and  Rhondda  Urban  Council. 

Last  week  the  Court  of  Aj»peal  (Lords  .Justices  Swinfen  Eady,  Philli- 
more  and  Bankcs)  heard  tliis  ajjpcal  of  the  rcsjKjndent  Assessment 
( 'oniniittee,  Overseers  and  L'rban  (  ourici!,  from  a  judgment  of  a  Divisional 
('(nirt. 

It  appeared  that  Messrs.  D.  Davis  &  iSt)ns,  owners  and  occupiers  of 
certain  mines,  made,  in  1904,  an  agreement  with  the  Assessment  Com- 
mittee by  which,  for  the  purposes  of  rates,  assessment  of  the  property 
was  to  be  calculated  on  the  output  of  coal,  the  agreement  being  dctermin- 
alilc  })y  one  year's  notice.  Some  small  electric  stations  were  attached  to 
appellant's  pits,  and  for  some  years  they  jjuichased  a  large  amount  of 
jjovver  from  an  electric  power  company.  In  1007  they  erected  an  electric 
power  station  of  their  own,  and  from  that  time  the  small  stations  went  out 
of  use,  and  the  company  reduced  the  amount  of  power  that  they  purchased. 
Dov/n  to  April,  1913,  the  assessments  on  the  comj)any's  property  were 
made  in  accordance  with  the  agreement,  the  electric  power  station  not 
l;"ing  assessed  .-eparately  from  the  rest  of  the  colliery.  In  April,  191:?. 
the  Assessment  Committee,  having  given  previous  notice  determining  (he 
agreement,  assessed  the  electric  power  station  separately  from  the  rest 
of  the  colliery,  but  still  assessed  the  latter  in  accordance  with  the  agroe- 
ment.  The  Divisional  Court  heldthat  iipon  thequest  ion  of  thecompiny's 
appeal  against  the  poor  rate,  that  although  the  Assessment  Committee 
f)f  1904  had  no  power  to  bind  subsequent  Assessment  Committees,  yet  as 
the  Assessment  Committee  of  19l;{  could  not  repudiate  the  agreement,  so 
far  as  concerned  the  power  station,  since  they  had  aftirmed  it  as  regarded 
the  rest  of  the  company's  property,  there  was  no  power  to  rate  the  power 
.station  separately,  as  long  as  tin-  rest  of  the  property  was  rated  in 
accordance  with  the  agreement.  The  Court,  therefore,  held  that  the 
rate  was  bad  and  remitted  the  matter  baek  to  Quarter  Sessions,  with  an 
intimation  to  that  effect.      Hence  the  present  appeal. 

At  the  conclusion  of  the  arguments  of  Counsel  their  lordships  affirmed 
the  decision  of  the  Divisional  Court,  and  dismissefl  the  ajjpeal  with  costs. 

Re  Magneta  Time  Co-  (Ltd)— Last  week  an  ai))»li(ation  in  adeben- 
linldeis  action  The  Magneta  J''abrique  dTlorloges  Electric  t.  Magneta 
Time  Co.  (Ltd.) — to  eontirni  a  provi.sional  contract  for  the  sale  of  the 
unflcrtakinir  of  defendant  co?npany  to  a  Mr.  .Molden.  one  of  the  co-plaintiffs 
in  the  action,  came  before  Mr.  .lust ice  Astbury. 

Mr.  \'ann-K(  K  said  the  a))plical  ion  had  been  before  .Mr.  Justice  Neville, 
when  the  contract  was  stremionsly  of)po.sed,  and  his  lordship  adjourned 
theap|)licatioii  with  I  lie  int  inuit  ion  that  the  provisional  contract  would  be 
sanctioned  at  the  iidjourned  hearing,  unless  in  the  meantime  a  better 
offer  was  brought  forward.  The  opjiosition  of  the  comiKiny  was  that  the 
price  the  apjilicants  were  to  g(-l  foi  certain  of  the  as.-ets  was  not  sufficient, 
and  that  tiic  comi)any  would  be  able  to  realise  to  belter  advantage  and 
save  sfinutliing  for  themselves,  where  .is  under  the  provisional  contract 
they  would  get  nothing.     Defendarts  did  not  now  appear. 

Ml.  .Instice  Astburv  sanctioned  the  contract. 


PARLIAMENTARY  INTELLIGENCE. 

ELECTRICITY  SUPPLY  CHARGES. 

In  the  llon-c  cii  ( ■nninir)n--  on  Mondav .  Mr.  I,  \  .  j|  \i;(  nrnT  stated,  ill 
rciily  to  a  ((ucstion.  that  he  was  aware  that  certain  electric  lighting  com- 
panies as  well  as  local  authorities  were  increasing  their  charges  to  con- 
sumcrs,  and  that  the  operation  of  the  Sumnu-r  Time  Act  was  given  as 
(uie  vi  t  he  reasons  for  the  incrca.s<-.  The  Acts  and  Orders  authorising  the 
supply  of  electric  light  fixed  the  inaximnm  charges  which  might  be  made 
to  consunuTs.  and  undertakers  were  acting  within  their  statutory  powers 
in  incr<Msing  their  prices  so  long  as  the  prescribed  maximum  "was  not 
exceeded.  The  cliief  object  of  the  Summer  Time  Act  was  to  effect 
economy  in  the  use  of  coal  by  public  utility  l>odies,  and  he  did  not  sec 
his  way  to  promote  legislation  to  )»revent  electric  lightins  undertakers 
from  increasing  their  jaices  for  current  actually  used  to  coni^pensate  them 
fur  the  reduced  consumption. 

!Sn  F.  LowK  :  Will  the  right  hou.  gentleman  undertake  to  see  hat  the 
increased  charge  is  not  continued  during  that  pnition  of  the  year  when  the 
Summer  Time  .\ct  will  not  be  in  ojieration  ? 

]\lr.  llAuroruT  :  I  should  like  to  sec  .xactiv  what  mv  powers  of  pre- 
venting it  arc.  '  ■ 


EXCESS  PROFITS  TAXATION. 

In  the  House  of  Commons  on  Monday  the  Committee  stage  of  the 
Finance  Bill  was  considered. 

Mr.  S-  Roberts  moved  an  amendment  to  exempt  controlled  establish- 
ments from  the  operation  of  clause  29,  which  continues  and  increases  the 
rate  of  excess  profits  duty. 

Kir  A.  .MoNi)  <  alle<l  attention  to  the  complication  of  accounts  involved 
and  t  he  immense  difficulty  of  dealing  with  two  Coveniment  dejjartnients. 
On  the  question  of  the  duty  itself,  he  thought  the  controlled  firms  woulil 
prefer  rather  to  pay  excess  profits  dutj'  than  to  work  under  the  present 
arrangement. 

The  Chancellor  of  the  Exchequer  (.Mr.  R.  McKesna)  said  the  whole 
argument  wa«  that  the  taxation  which  affected  all  firms  must  not  falj  less 
heavily  upon  controlled  firms  than  up<in  other  firms.  .\11  he  asked  was 
that  the  joint  effect  of  the  munitions  levy  and  the  excess  profits  dutj 
should  be  such  that  contiol'eil  firms  should  not  escape  more  lightly  than 
other  firms.  He  tli<l  iu)t  desire  to  get  at  cross  purixises  with  tluise  ^reat 
films  who  had  <lone  such  magnificent  work  for  the  State  and  whom  they 
rightly  looked  ujwn  as  the  best  friends  of  the  State.  Cases  had  been  cite<l 
of  firms  who  ha<l  put  up  new  buildings,  erected  new  plant  and  introduce<l 
new  caj)ital  with  the  object  of  increasing  their  output,  and  it  M'as  said 
that  in  all  those  cases  an  arrangement  had  been  made  with  the  Minister 
of  ilunitions  that  depreciation  of  these  buil<lings,  ])lant,  &c.,  shoukl  be  at 
such  a  late  as  would  re<luce  the  value  of  the  capital  in  the  books  of  the 
companies  after  the  war  to  the  jjost-war  value.  He  was  prepared  to  go 
further  than  that,  and  was  prepared  to  accept,  in  every  such  case,  for  the 
determination  of  excess  profits  duty,  the  rules  of  the  Munitions  Act,  and 
not  in  accordance  with  the  rules  of  the  excess  profits  duty.  Then  there 
were  cases  of  firms  who  hafl  been  turned  off  their  original  businesses, and 
who  might  at  the  end  f>f  the  war  have  lost  the  whole  of  their  goodwill. 
He  was  perfectly  prei>are<l  to  allow  such  firms  to  write  off  such  loss  of 
goodwill  as  might  be  shown  to  have  taken  place  after  the  war.  When 
he  had  met  all  such  cases  as  those  cited,  how  were  controlled  firms  hit 
in  a  manner  other  firms  were  not  hit  ?  It  was  inijwssibic  at  present  to 
say  what  the  return  of  the  munition  levy  would  be.  The  Minister  of 
Munitions  had  large  discretionary  powers  in  regard  to  this  levy.  l»ut  no 
Minister  out;ht  to  have  discretionarv  ))owers  in  regard  to  taxation.  Ho 
had  made  inquiries  regarding  what  wouUl  be  the  charge  to  the  revenue 
if  the  excess  profits  <luty  was  so  amendnl  that  no  one  would  have  to  pay 
more  duty  than  would  leave  him  a  balance  of  20  per  cent,  in  excess  of 
ihe  stan<lanl.  The  loss  to  the  Treasury  would  beaboutten  millions. and 
he  should  hesitate  to  ask  the  House  to  accept  it. 

Ultimately  \]u'  amendment  was  rejected. 
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COMMERCIAL    TOPICS. 


stock  Transfers 
and  Trading 
with  the  Enemy. 


allowing  any 


Notice  has  been  issued. to  coinpanies,  municipal 
authorities  and  bankers  as  to  transfers  of 
stock,  &c. 

The  notice  requires  them,  before  rcgisteiing  or 
transfer  r,f  any  annuities,  debenture  stock,  debentures, 
stocks,  rharcR  or  other  reouritics  to  obtain  from  both  transferor  and 
trans^feree  (or  from  the  brokers  acting  for  them),  or  from  a  solicitor  or 
banker  on  tlieir  behalf,  declarations  to  the  effect  that  neither  the  trans- 
feror(s)  nor  ti-ansfe reefs ),  nor  one  of  them,  is  a  person  resident  or  cariying 
on  business  in  any  countiy  at  war  with  Givat  Britain,  or  treated  as  an 
enemy  under  any  proclamation  i-elating  to  trading  with  the  enemy, 
or  mentioned,  or  a  member  of  a  body  of  ix^rsons  mentioned,  in  the 
statutory  list  under  the  Trading  with  thC'  Enemy  (Statutory  List) 
Proclamation,  1916,  No.  .3,  and  tJiat  the  within  written  transfer  is  not 
made  on  l)ehalf  of  any  such  person  as  aforesaid. 

*  *  *  * 


Trade  After 
the  War. 


Some  time  ago  we  gave  an  abstract  of  the  report 
of  the  Sub-committee  of  the  Board  of  Trade's 
Advisory  Committee  on  Commercial  Intelli- 
gence, as  to  the  measures  to  he  adopted  for  securing  the  position  after 
the  war. 

The  rejiovt  was  on  certain  l)ranches  of  industry,  including  electrical 
apparatus,  china  and  earthenware  glass,  toys,  stationery,  &c.  The  Board 
have  now  issued  summaries  of  the  evidence  taken  in  respect  of  each 
l)ranch  of  trade  covered  by  the  inquiry,  and  of  the  suggestions  made  to 
the  Sub-committee  as  to  the  directions  in  which  Government  action  for 
their  assistance  might  be  taken.  Among  the  collective  proposals  sub- 
mitted to  tlie  Sub-committee  were  several  touching  matters  of  general 
interest  to  the  commercial  communitj'.  Stress  was  laid  on  the  need  for 
the  promotion  of  scientific  research  in  relation  to  industry  and  on  the 
importance  of  technical  schools.  It  was  admitted  that  employers  had 
not  properly  appreciated  the  value  of  technical  education,  and  that 
difficulty  was  experienced  in  inducing  employes  to  avail  themselves  of 
the  opportunities  afforded  them  of  increasing  their  technical  IvTiowlcdge. 
The  suggestions  put  forward  in  this  connection  inchuled  : — 

Appointment  of  "  travelling  scientists,"  to  be  lent  to  industrial  enterprise  in  turn. 
Organisation  of  a  CDmmittee  to  collect  and  classify  samples  from  all  parts  of  the  world 
of  articles  manufactured  from  various  raw  materials. 
Compilation  of  a  list  of  substitutes  for  well-known  raw  materials. 
Formation  of  a  bureau  of  consul  ting  scientists,  chemists,  engineers,  &c. 
Increased  attention  to  the  growing  of  timber. 
Offer  of  rewards  for  valuable  discoveries. 

In  regard  to  transport  facilities,  complaint  was  made  of  preferential 
treatment  of  foreign  goods  by  British  railway  companies,  and  it  was 
suggested  that  the  system  of  rating  should  be  altered  so  as  to  favour  the 
home  instead  of  the  foreign  manufacturer.  Representatives  of  various 
trades  attached  importance  to  the  development  and  modernisation  of  our 
canal  system.  It  was  urged  that  this  reform  would  be  of  immense 
advantage  to  export  trade,  and  relieve  the  railways  of  much  slow  traffic. 

Reform  of  the  hanking  system  on  (ierman  lines,  ar.tl  the  formation  of 
trust  companies  to  sell  goods  for  groups  of  manufacturers  were  among 
the  suggestions  made  under  the  hcail  of  financial  assistance.  There  was 
a  fairly  general  expression  of  opinion  to  the  clfert  that  in  granting  loans 
to  foreign  countries  v,e  should  make  it  a  condition  that  some  of  the 
money  raised  should  be  spent  in  this  country  ;  and  some  witnesses  pro- 
posed that  British  industries  should  receive  preferential  treatment  in 
connection  with  money  laised  for  local  loans  or  bv  taxation. 


The  value  of  the  trade  exhibition  organised  b}-  the  Board  of  Trsde  was 
fully  recognised,  and  it  was  suggested  that  future  exhibitions  should  been 
a  larger  ^cale  and  be  better  advertised,  and  that  only  real  manufactnren 
should  be  allowed  to  exhibit.  The  establishment  of  a  great  annual  trade 
fair  ill  London  was  recommended. 

lieprcscntatives  of  practically  all  tlic  iiuhistries  uvu'd  the  necesjiity, 
ill  ihc  interest  of  British  trade,  of  amending  the  law  relating  to  copyright, 
patents  and  trade-marks,  and  also  the  Merchaadise  Marks  Act.  It  wa.s 
contended  that  every  article  made  in  Germany  tr  Austria-Hungary  (or 
(nery  foreign-made  article)  imported  into  the  United  Kingdom  should 
l)ear  a  mark  showing  the  country  of  its  origin. 

Most  of  the  witnesses  expressed  the  opinion  that  im[)ort  duties  would 
be  needed  after  the  war  if  British  industry  was  to  be  protected  against 
unfair  competition,  especially  from  Germany. 


British  Industries 
and  the  War. 


The  directors  of  the  Glasgow  f'hamber  of  Com» 
merce  have  decided  to  begin  the  collection  of 
information  from  various  industries  which  will 
be  at  the  disjwsal  of  the  Go\ernment  in  devising  its  fiscal  policj'  for 
the  safeguarding  of  British  industries. 

On  Exports  and  Shortage  of  Labour  the  Home  Affairs  Committee 
of  the  Chamber  recently  presented  a  statement  setting  forth  the 
result  of  inquiries  made  with  regard  to  the  shortage  of  labour. 

It  was  stated  that  there  was  a  serious  shortage  of  labour  for  industrial 
work  in  Glasgow  and  the  west  of  Scotland.  The  Cominittee  did  not 
know  of  any  single  industry  which  was  not  affected  by  the  shortage.  It 
was  particularly  serious  in  the  textile  industries,  and  was  contributed  to 
largely  by  the  competition  of  munition  works  for  female  labour.  A  larg^ 
amount  of  plant  was  at  present  lying  idle  for  want  of  workers.  The  pro- 
ductive power  of  one  company  was  now  only  equal  to  about  one -third  of 
the  pre-war  standard.  With  regard  to  the  Board  of  Trade  returns,  which 
showed  that  apparently  the  export  trade  of  the  country  was  now  only 
about  25  per  cent,  less  than  it  was  immediately  befoi-e  the  war,  the  Com- 
mittee desired  to  state  that  if  that  related  to  value — and  they  understood 
it  did — they  considered  that  the  statement  was  fallacious,  as  prices  of 
exported  commodities  showed  an  increase  in  value  of  from  7.5  per  cent. 
to  100  per  cent,  over  the  pre-war  standard,  and  that  the  export  in 
quantity  had  declined  at  least  50  to  60  per  cent.  The  export  trade  had 
undoubtedly  been  very  seriously  affected  by  the  \»'ithdrawal  of  men  from 
all  industries,  the  substitution  of  women  for  the  men  taken,  and  the  con- 
sequent shortage  of  women.  Employers  ex]iected  that  the  difficulties 
experienced  by  the  shortage  of  labour  would  increase  from  day  to  day 
as  the  war  progressed.  Certain  recommendations  as  to  lowering  the 
school -leaving  age,  &c.,  were  adopted. 

H:  *  *  * 

Sir  (ieo.  Foster,  the  Dominion  ^linister  of 
Trade  and  Commerce,  recently  announced  that 
lie^jwould  establish,  in  the  near  future,  probably 
at  Ottawa,  a  commerical  museum  for  the  purpose  of  affording  prac- 
tical hints  to  those  contemplating  the  launching  of  new  industries  in 
Canada.  Plrtns  for  the  ])rojcct  were  nearing  completion.  Samples 
of  products  of  other  nations,  with  a  history  of  each,  would  br  sho\ni. 
the  idea  being  to  enable  prospective  manufacturers  to  investigiite 
and  decide  wliether  the  articles  could  be  successfully  manufactured 
in  tlie  Dominion.  He  also  suggested  a  yearly  convention  of  prac- 
tical financial  and  commercial  men  and  a  commission  representative 
of  business  interests,  and  ho  invited  co-owration  in  the  project  from 

commercial  and  financial  interests. 

*         *         *         *  ^    ' 

Tlie  Commonwealth  Treasurer  i-ecently  stated 
tliat  the  (government  had  decided  lo  ask  Pariia- 
meiit  to  pass  a  bill  for  the  taxation  of  profits  of 
trades  and  businesses  which  are  enjoying  extra 
profits  during  the  war. 

The  tax  will  be  at  the  rate  of  50  per  cent,  on  e.xcc-ss  profits  accruing 
after  June  .30,  1915.  The  Act  will  apply  to  all  trades  or  busmesses 
carried  on  in  the  Commonwealth,  or  owned  or  carried  on  in  any  ot  ler 
place  bv  persons  ordinarilv  resident  in  the  Commonwealth  :  biit  wilt 
exempt"  trades  or  businesses  carried  on  by  a  niunieipal  corporation  or 
other  public  authoritv  ;  or  bv  a  societv  registered  under  a  lYiendly 
Societies'  Act  of  the  Commonwealth,  or  a  State,  and  not  carried  on  tor 
pecuniary  profits  ;  or  1>\-  a  religious,  charitable,  or  public  educational 
institution.  Agriculture  will  be  exempted  ;  also  any  profession,  the  pro- 
fits  of  which  are  dependent  mainly  on  the  personal  qualitications  of  the 
person  bv  whom  the  profession  is  "carried  on  ;  but  the  Act  will  apply  to 
the  business  of  any  person  taking  commission  ;  and  of  any  agent  of  any 
description  not  bci"ngacommercialti-aveller  or  any  agent  whose  remunera- 
tion consists  of  a  fixed  i*uin  net  dependent  on  the  amount  of  business 
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Prohibition 
of  Imports. 


done.     An  exemption  will  also  be  allowed  to  the  extent  of  £200  excess 
profits  in  one  year. 

If-  ^-  if.  if. 

The  Cash  on  '^"'^   London   Chamber  of  Coramcrce   haT  in- 

Delivery  System.  ^^'^^'^'^'^^  i*^''  ^o-'^^  '■'''^^  To!cgraph  Committee  to 
consider  and  report  ujwn  the  desirability  of  ad- 
vocating the  extension  of  the  cash  on  delivery  system  in  connection 
with  the  Parcel  Post  service  with  foreign  countricrj,  in  view  of  the 
great  importance  of  the  matter  at  the  present  time,  when  Germany  is 
shut  out  from  markets  to  which  the  United  Kingdom  hao  af^f  ens. 

As  from  July  fith  the  importation  of  the  follovv- 
ing  goods  into  the  United  Kingdom  will  |jc 
jirohibited  : — 

Such  motor  cars,  char-sir.,  parti?  and  acocrcorlcn  (other  than  tyrcf )  ar, 
were  cxprcif^ly  exemptrd  from  the  prohibition  on  th'"  im])ortation  of 
ir.oior  cars,  cha;  nis,  motor  cyck  s  and  ])art!;  and  acco;  soricsi  therein  which 
wr.fi  imi)Ofcd  by  tho  l»rohibition  of  Import  (No.  3)  Proclamation,  1910, 
and  a!!o  vacuum  cleaners. 

The  Board  of  Trade  states  that  liecnccs  to  im.port  will  be  granted  in 
caLCH  wh?rc  tho  goods  were  either  en  route  for  the  United  Kingdom  or 
actually  paid  for  at  the  date  of  the  Proclamation.  Licences  will  alro  be 
jiivcn  whTc  it  can  be  ^•ho■H^l  that  the  im])ortation  ii;  dcdrablc  in  the 
national  interest!',  or  is  urgently  required  for  any  of  the  ])urpopes  spccifie  d 
ill  ClaiJi  A  of  th"  Ord'T  of  Priority  for  th"  d:  tributiem  of  motor  spirit, 
or  for  agricultural  ])urpo;cs,  or  for  the  conveyance  of  cf  rcntial  gocdr. 

At;  regards  vacuum  cleaners,  licences  will  not,  in  general,  be  granted 
except  where  it  can  be  fhown  that  the  goods  were  either  en  route  for  this 
ccuntry  or  actually  ]>a'd  for  at  the  (l".;e  of  the  rroclamation. 

*  *  *  * 

Import  Duties       ^*  ^^  announced  that,  according  to  the  official 
in  Russia.  "  ^'"^^^  (Gazette  "  of  Pctrograd  for  April  2!)th/ 

May  12th,  the  Minister  of  Commerce  has  sub- 
mitted to  the  Council  of  Muiisters  ijro])osa!s  for  the  duty-free  ad- 
mission into  Russia,  for  a  period  of  10  years,  of  various  articles  for  the 
needs  of  the  Siberian  and  Ural  gold  mining  industries,  including 
dredges  and  excavators  and  jiarts  of  dredges  and  excavators  (aa 
jspcciticd  in  special  lists  to  be  drawn  up  by  the  Ministers  of  Finance 
and  Commeree,  whether  imported  with  them  or  separately;  appur- 
tenances and  apparatus  for  crushing  gold  ores  and  for  extractijig 
gold  by  chemical  j)rocesEcs,  apparatus  for  exploring  dredging  areas" 
&c.,  whether  iin])orted  with  them  or  separately,  according  to  special 
lists  to  )je  drawn  up  by  the  above-mentioned  Ministers. 

The  "  Trade  Cazette  "  states  that  it  is  also  proposed  that  the 
privilege  of  duty-free  admission  shall  l;e  accorded  to  dredges,  ex- 
cavators, ajtparatus,  apj)urtenances  and  their  jjarts  imported  for 
the  .Siberian  and  Ural  gold  mining  industries  since  the  ]st/14th 
danuary,  1916,  and  that  the  Customs  duties  jjaul  on  such  importa- 
tions since  that  dale  shall  I  e  roMnbuncd. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

/'roTO.luiic  111,  iniC. /„  .)i,iv  2«,  1916. 

IMPORTS. 

Grimsby.-  France:  UnenumerafcJ,  2  pkgs. 

Southampton.     France:  Unenumeratcd,  caic,  £13 

Li VERPOOL.— 5.  Alrka  :  1  elec.  motor. 

London. --i/.5.-4..-  Elec.  lamps.  £300;  carbon  candles,  £231  ;  wire  and  cable,  £169  ■ 
IJ^'Ll"'"*','''"'^'''  ^'^•'''®  OSpkgs. ;  telephone  material.  £256.  Hol'and:  Elec.  lamps. 
£2,686  1,212  pkRs.  ;  ele;.  bulbs.  55  cisej.  Japan:  Unenumerated.  £677.  France: 
U.ncTumci-aled,  £1.142.  Switzerland:  Carbon  candles,  £300;  unenumerated.  £439 
Canada:  Unenumerated,  £495. 

M\'iCMESTFR,     U.S.A.:  Eloc.motor  p- rtr  6p'<pj. 

EXPORTS. 

To  Australasia.- /lucAr/a/'rf.-  Elec.  marhmcry.  £93 ;  unenumerated.  £1  910  Mel- 
bjurnc:  Wire  and  cable,  £4,226;  unenumerated,  £501.  Sydney:  Elec  machinery 
£30;  v/irc  and  cible,  £4,114;  elec.  glow  lampi,  3.050  no. ;  unenumeratei.£95  IVW-' 
/;wj/5«.-  Elec.  machnory.  £56;  elec.  lamps,  1,800  no.;  unenumerated.  £61.  Christ- 
churc'i:  Wircand  cible,  £33;  telegraph  material,  £30  ;  unenumerated.  £85  Lvtl:lton  ■ 
F.!cc.machmcry,£222.  Diinedin:  Elec. machinery. £524  ;  unenumerated. £4B  Adelaide 
Unenumerated,  £2,731.  Frema'Ule :  Unenumerated,  £249.  Hobart :  E'cc  machinery 
£165.     Brnijane:  U:ienumerated,  £2.205.     Towmville :  Elec.  machinrrj    £2  096 

ArKlcA.- Durban  :  Unenumerated.  £227.  Care  Town  :  Unenumerated.'£128.  Port 
V ''/"*''''' •■  Wire  and  cable  £1,680;  uncnumeraleJ,  £237.  Mauritius:  Unenumerated, 
£35     Fast  London  :  Unenume  ated,  £50. 

E-.ypT.     Alexandria:     Une.Tumcrated.   £649.     Port   So'd :    Wire   and    cible    £29 
u;o,iumcrated,  £33.     Port  Sudan:  Unenumerated.  £31. 

Morocco.-  Casablanca:  Wircand  cable. £1,049. 

St  Helena.— Wire  and  cable.  £10:  unenumerated.  £32. 

India,  Ceylon,  !mdo-China  and  Straits  Settlemfnt?,-  Bow*jy.-  Wire  and  cable 
£2,620;  unenumerated,  £2,443.  Penang:  Unenumerated.  £36.  Singapore-  Elec' 
machinery.  £62;  unciumc-atcd,  £42.  Calcutta:  Elec.  machinery.  £667-  wire  and' 
cib.c,  £8.074;  unenumerated.  £2.536.  A/arf/^oj.-  Unenumerated.  £535'  Karachi- 
h!ec.  machinery,  £694;  uienumcrated.  £78.  Colombo:  Elec.  machinery  £62-  unenu- 
merated, £148. 

China.  Shanghai:  Elec.  machinery.  £83;  elec.  glow  lamps.  1.840  no  •  unenu- 
merate.l  r.184.  Hong  Kong :  Wire  and  cable.  £397;  elec.  machir.erv,  £310  :  unenu- 
mi'ralc.i.£97.     Hankow:  Unenumerated.  £167. 

U.S.A.     New  York:  Telegraph  ma1ori.al.  £190  ;  unenumerated.  £72 

CvNADA.  Afo»i/r<-(7/.-  UncnumeralcJ.£31.  Torowro.-  E!ec.machinc-y,£12  HcWax- 
Sihm  ai  me  telepraph  cable,  £96,000.  "<•'/.  u*. 


dam:  Elec.  machinery,  £190;  v.-ire  and  cable,  £238;  telegraph  material,  £1 ,200  ;  unenu- 
merated, £47.     WaaWem  .•  Wire  and  cable,  £269. 

France. — Paris:  Unenumerated.  £564.  Dieppe:  Unenumerated.  £64.  Havre: 
Wire  and  cable.  £594.  Bordeaux:  Unenumerated,  £99.  Calais:  Unenumerated,  £67. 
Boulogne:  Unenumerated,  £539. 

]i:^h.—Sourabaya  :  Elec.  machinery.  £86  :  unenumerated, £86. 

Sv/EDEM. — Stockholm :  Unenumerated.  £95. 

NoRv.'AY. — Christiana:  Wire  and  cable.  £384. 

GiBRALTA.t. — Telegraph  material,  £105 ;  unenumerated,  £14. 

Cyprus. — Unenumerated,  £96. 

Malta.— Telegraph  material.  £10. 
-  DsNMARK. — Copenhagen:  Wire  and  cable,  £3,813 ;  telejraph  material,  £30  :   ur.er.u- 
merated,  £76. 

S?Ain.— Malaga :  Wire  and  cable,  £283  ;  unenumerated,  £35. 

Portu3.'^l.-Z.;s63»).-  Elec.  machinery.  £273  ;  wire  and  cable,  £442  •  unenumerated 
£39. 

FOREIGN  GOODS  (duty  paid  and  free). 

Port  Flizabeth:  UnenurrierateJ,  £13.  Durban:  Unenumerated.  £417.  Calcutta: 
Unenumerated.  £1 1.  Cape  Town :  Unenumerated,  £20.  Christchurch :  Unenumerated, 
£69.  East  London  :  Unenumerated.  £180.  Lisbon:  Unenumerated,  £525.  Melbourne: 
Unenumerated.  £143.  Saigon:  Unenumerated,  £10.  Bombay:  Unenumerated,  £44. 
Bordeaux:  Unenumerated.  £280.    Buenos  .Aires:  Unenum.erated,£12. 

IN   TRANSIT. 

Shanghai:  Elec.  glcv/ lamps.  £239. 

Note. — ^The  large  number  of  items  in  these  official  returns  under  the 
misleading  heading  "  unenumerated  "  relate  to  what  is  described  as 
"  electrical  goods  "  and  "  electrical  materials." 


EDUCATIONAL. 


Manchester  School  of  Technology. — Tne  tession  1916-17  will  ojcn 
en  October  .5t.h,  aiul  the  matriculation  and  entrance  cxaminaticns 
will  tc  held  in  July  and  September.  In  the  Faculty  of  Tochnolcgy 
there  arc  complete  courses  of  instructicn  in  mechanical,  clectnca! 
and  .-ranitary  engineering,  the  chemical  and  textile  industries,  mining, 
architecture,  &c.  First  year  courses  will  be  spccia'.Iy  a,dapted  to  the 
requirements  of  students  who  may  wish  to  take  ccmmiesicns  in  H.M. 
Forces.  Prospect u."?es  (free)  and  particulars  will  be  forwarded  en 
application. 

Huddersfleld  Technical  College. — A  new  department  fcr  cp ccialucd 

study  aiu]  rc-carch  in  ccji!  tar  colour  chemistry  (aniline  and  aliza,rinc 
dyes)  is  to  be  established  under  the  headship  of  Dr.  A.  E.  Everest. 


BUSINESS  NOTICES. 

Messrs.  John  C.  Fuller  &  Son  (Ltd.),  Tnc  Fuller  Accumulator  Co. 
(Ltd.)  and  Fullers  Wire  &  Cable  Co.  (Ltd.)  have  transferred  tbe'r 
offices  and  works  to  new  and  larger  jiremires  at  (.'rove-road,  Chadwell 
Heath,  Essex.     Telej)hone  No.  Ilford  173. 

Claims  against  the  Coke  Ovens  &  By-Products  Co.  (Ltd.)  r.re  to  I  o 
sent  by  July  24  to  the  liquidator  ]\lr.  Win.  Huttou  95,  Orcshani- 
street,  London,  E.C. 

Plant  Wanted. — An  adverti^er  recjuires  three  2tH»  kw.  generating 
sets.  i'iO  to  .">."(•  volti-  a.c,  couj)led  to  uj>-to-date  high-sj  eed  engincr. 

Water  Power  for  Sale.  .An  advertiser  has  for  disiM,.'-aI  water  ix.v.er 
(up  to  HMbOOO  H.r.)  in  Wcsfeni  Norway. 

Patent  Development.  The  projirietors  of  j)atents  Nos.  1.5.951  191.T 
and  lO.StiS  1914.  for  "  iinprovenients  in  sjvfety  devices  for  electric 
conductors"  and  "  Im|»rovemcnts  in  and  relating  to  electrical 
condensers  and  a  pnxcss  of  nianufactun>  tliereof."  desire  to  enter  into 
arrangements  for  exploiting  .same  in  this  country.  I'articuh'.rs  from 
Messrs.  Hiveltine,  Lake  &  Co.,  Patent  Agents.  28,  Southamptcn- 
buildings.  Chancervlaiie.  I»ndon.  \\  .C. 

LIQUIDATIONS.  BANKRUPTCIES,  &c. 

A  meeting  to  iini\i'  ;'.ii  at  luunt  of  tl.i.'  \\iiuimg-u|)  of  Eocncniiicn; 
(Ltd.)  will  be  held  on  July  28  at  18,  Theobald's-road,  Lcndcn,  W.C. 

A  nu'eting  to  receive  an  account  of  the  winding-up  of  the  Hob-^rt 
Electric  Tramways  (Ltd.)  (in  vol.  li(|.)  will  take  jilacc  en  Aug.  '.i  .-/. 
5,  Hncklersburv.  I/indon,  E.C. 


^^'V^t'  '^^W^'^^i'^^"^  America.     Buenos  Aires:    Wire  and  cable.  £1.843;    unenu- 
237  ""'P'"'"'^"'    Unenumerated,  £405.    Punia  Arenas:    Unenumerated. 

Hollano.— .4wi/crrf,j»;   .-Wire  and  cible.  £11,9:7;   unonumer.ate,t,  £1,591."  Roller- 


g  ELECTRICITY   SUPPLY. 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy 

EXTENSIONS. 

West  Ham.— Tho  cicelriea!  engineer  (Mr.  J.  W .  Penuchn.np)  hr.T 
\>vvn  a-.ithorired  to  prceoed  with  the  work  of  extending  the  .supply  of 
c.inviit  to  the  works  of  the  India  Hubber,  (Jutta  Percha  &  Tele- 
graph Co. 

Stalybridge.— Ti  o  Stalybridge.  Hyde.  Mos.sley  &  Dukint'cKI  Joint 
'In'.'iiw.iys  ,  nd  Electricity  Bern!  have  received  s;.ncti<  ii  to  b(  rr<  w 
£,'1(),000  for  additicn."-!  generating  ]>l.mt,  &c. 

GENERAL. 

Beckenham.  liwing  to  tl »  m.  hmmiI  jirice  of  coal.  Ac.  the  charge 
forelectrio  current  for  private  lighting  lia'<  been  incroa'K'd  to  7d.  per 
unit.  •  .  ,         • 
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Bolton.— Dcapito  the  Summer  Time  Act  the  electrical  engineer 
(Mr.  W.  J.  Wocd)  reports  that  there  is  no  appreciable  decrease  in  the 

consumj^ticn  of  electricity. 

A  war  bonuu  of  3d.  per  week  has  tccn  granted  to  fittcn;  of  Ihc  electric 
fupply  de])artmcnt. 

Hiram  Hart,  ;iii  electrical  fitter,  formerly  in  the  employ  of  the  Elec- 
tricity Committee,  has  been  killed  on  active  lervico,  and  the  Electricity 
('Ommittcc  have  exprerfed  their  condolence  with  the  relativcK. 

Colwyn  Bay. — The  Council  has  increased  the  price  of  electrical 
energy  for  private  lighting  from  .^d.  to  5^d.  per  unit. 

Coventry. — The  Electric  Supply  Committee  recommends  an  in- 
crc.i  c  of  the  rcalc  of  charges  for  the  supply  of  energy  for  power 
liroportionately  to  the  increased  cost  of  coal. 

Gillingham. — The  question  of  employing  tar  oil  r.s  fuel  is  under 
consider  aticn.  The  ccst  of  altering  the  two  engines  at  the  elec- 
tricity works  is  estimated  at  £515.  j    ^ 

Gosport.— The  Gosport  &  Alvcrstokc  Electric  Light  SuiJ2)ly  Co. 
has  notified  its  customers  that,  owing  to  the  impoEsibility  cf  retaining 
the  services  of  trained  m.en,  and  the  practical  imjjccsibility,  under 
present  circumstances,  of  replacing  them.,  it  is  feared  that  it  m.ay  bo 
necessary  in  the  near  future  to  restrict,  if  not  entirely  cancel,  the 
supply  cf  electricity  for  pcwcr,  lighting  and  heating,  a^so  fcr  the 
service  cf  tramcars. 

Hampstead  (London), — The  Bcrcugh  Council  have  decided,  owing 
to  the  heavy  ccst  of  coal,  to  increase  the  charge  for  electric  current 
by  23}  per  cent.,  making  with  the  10  per  cent,  increase  made  m 
January  last  a  total  advance  of  33J  per  cent,  en  the  pro-Avar  charges. 

Hornsey. — The  Coimcil  has  again  fcimd  it  necessary  to  increase 
the  prices  for  current  and  meter  rent,  this  time  by  a  further  15  jx)r 
cent.,  provided  they  do  not  exceed  the  authorised  maximum  ra'cs. 

Huddersfield. — Mr.  A.  B.  Mountain  has  resigned  his  position  as 
borough  electrical  eng'n'jer,  and  the  Council  have,  therefore,  made 
the  following  a,rrangements  for  carrying  on  the  work  of  the  e!  cctric 
sujjply  depa,rtment  as  from  Sept.  1  next : — 

Mr.  A.  B.  Mountain  to  be  consulting  engineer,  up  to  Dec.  31,  1919,  at 
£200  per  annum  and  expenses  :  Mr.  J.  W.  Turner  to  be  borough  electrical 
engineer  at  £400  per  annum  ;  Mr.  E.  Lunn,  station  superintendent,  to 
have  his  salary  increased  from  £240  to  £265  ;  Mr.  J.  A.  Swift,  commercial 
assistant,  to  have  his  srdary  increased  from  £200  to  £225  ;  and  Mr. 
Phillips  to  be  appointed  mains  foreman  at  £182  per  annum. 

Rlpan. — The  City  Coimcil  have  decided  to  apply  for  a  jsro visional 
electric  lighting  order. 

St.  Pancras.- — The  Electricity  Ccmmittco  Lao  had  under  eonsidcr- 
aticn  the  question  cf  revising  the  charges  for  current  in  view  cf  the 
serious  loss  falling  upcn  the  undertaking  owing  to  the  additicnal 
expenditure  for  gcneraticn  and  capital  charges  arising  from  the 
growing  ccst  cf  ecal,  stores,  &c.,  and  as  a  ccnseqiTcnce  cf  the  shorter 
f  ericds  during  which  cuircnt  is  new  in  use. 

From  reports  of  the  chief  electrical  engineer  (Mr.  S.  W.  Bayncs)  and  the 
chief  clerk  of  the  dep^-rtment  (Mj\  A.  E.  Pycraft)  it  appears  to  the  Com- 
mittee that  thcEC  extra  charges  represent  about  £1(5,000,  which  must  be 
met  by  increased  revenue.  Having  due  regard  to  the  continuance  of  tJie 
10  per  cent,  at  present  added  to  all  accounts,  the  Committee  recommends 
the  following  revision  cf  charges,  which  they  estimate  will  produce  an 
additional  income  of  £18,000  during  the  year  :  (1)  Prcccnt  charge  of  Id. 
per  unit  for  power,  heating  and  cooking  to  be  increased  to  lid.  ;  (2) 
present  rebate  of  20  per  cent,  allowed  for  "  factory  "  lighting  (exclusiv(> 
of  offices,  showrooms,  &c.)  to  be  abolished,  and  a  flat  rate  of  3d.  per  unit 
charged  in  lieu  thereof  ;  (3)  present  two-rate  system  of  Cd.  per  unit 
between  4.20  p.m.  and  8.30  p.m.,  and  Id.  per  unit  afterwards  to  be 
abolished  ;  (4)  present  maximum  demand  system  of  charge  of  Cd.  and 
lid.  per  unit  to  be  increased  to  Cd.  and  2d.,  and  the  intrcduction  of  a  Hat 
rate  of  2d.  per  unit  for  cinema  theatre  supplies  ;  (5)  the  kilowatt  demand 
system  of  charge  of  £4  per  annum  plus  id.  per  unit  to  be  abolished  ;  (6) 
meter  rents  to  be  charged  on  a  sliding  scale  in  regard  to  all  supplies  instead 
of  only,  as  at  present,  where  a  factorj'  lighting  rebate  is  allowed,  and  for 
cooking  and  heating  purposes,  &c.,  and  where  the  maximum  d-^mand 
indicator  is  used. 

The  Finance  Ccmmittce  has  reported  that  it  is  in  full  agreement  with 
the  above  proposals  cf  the  Electricity  Committee.  The  Finance  Com- 
mittee has  had  in  view  the  fact  that  as  a  result  of  the  agreement  come  to 
with  the  L.C.C.  to  accelerate  the  periods  of  repayment  of  certain  elec- 
tricity loans  an  additional  sum  of  £1,454  a  year  will  have  to  be  paid  from 
revenue  during  the  next  three  years.  Having  regard  to  the  heavy 
generation  charges  and  other  growing  costs  with  which  the  undertaking 
is  faced  in  these  exceptional  times,  the  Committee  is  of  opinion  that  the 
interest  of  about  £1,500  a  year  earned  by  the  reserve  fund  account  should 
be  taken  into  revenue  instead  of  accruing  to  the  reserve  fund,  as  the 
latter  fund  stands  at  an  adequate  amount  without  the  addition  of  interest. 

An  e.h.t.  main  is  to  be  laid  in  Gray's  Inn-road  to  supply  current  for 
power.  This  work  will  necessitate  the  re-arrangement  of  the  switch- 
boird  at  Tavistoek-place  sub-station,  and  Mr.  Baynes  suggests  that 
whilst  the  work  is  in  progress  it  would  be  advisable  for  the  switchboard  to 
be  extended  (at  a  cost  of  about  £402)  to  meet  the  growing  demand  for 
power. 


Scarborough. — The  Council  is  considering  the  advisability  of 
substituting  electric  for  ga'i  liglitlng  in  the  streets. 

Slaithwaite  Urban  District  Electric  Lighting  Order,  1914.— The 
Board  of  TraJe  has  extended  for  (me  \\m:v  from  July  8,  1910,  the 
periods  of  two  years  and  18  months  respectively  mentioned  in  eec.  21 
of  the  schedule  to  the  Electric  Lighting  Clauses  Act  a.s  incorjx^ratcd 
with  the  Slaithwaite  Urban  District  Electric  Lighting  Order,  1914 
(mains,  &c.,  to  be  laid  down  in  streets  specified  in  special  order  and 
in  re.n"'n''.or  of  a,rea  of  HU{)ply). 

WaUhamstow.— The  Lighting  Committee  has  given  instructicna 
for  the  w}<o!e  of  the  street  lighting  to  be  discontinued  until  the  end 
of  August. 

The  Committee  recommends  the  installation  of  automatic  switches  for 
the  public  lamps,  at  a  cost  of  about  £450. 


TRACTION   NOTESc 


Brentford. — The  Council  has  decided  to  call  the  attenticn  of  the 
Board  of  Trade  and  the  Commissioner  of  Police  to  the  noise  made  by 
the  tra  r.cars  owing  to  the  worn-out  state  of  the  tracks. 

Croydon.- — The  Corporation  is  purchasing  from  Ediscn  Accumu- 
lators (Ltd.)  a  4-ton  electric  vehicle  for  the  uec  of  the  mains  depart- 
ment and  for  cca.1  cartage. 

East  Ham. — In  consequence  of  the  increased  ccst  of  tickets  the 
Ti-amways  Committee  recommends  the  adoption  of  suggesticns  put 
forward  by  the  engineer  and  ma,nager  and  borough  treasurer  for  the 
abolition  of  exchange  tickets  and  for  the  j^rovislon  cf  hand  pliers  for 
the  cancellation  of  the  return  ticket  on  the  return  journey. 

Huddersfield. — The  salary  cf  the  tramwaj-s  manager  (Mr.  R.  H. 
Wilkinson)  has  been  increased  from  £400  to  £500  per  annum. 

Loughborough. — The  Council  have  decided  to  purchase  a  2-tcn 
electrically-propelled  truck,  at  a  cost  of  £600,  for  the  carting  work 
of  the  electric  supply  department. 

Middlesex  Trailer  Cars. — Hendon  Urban  Council  will  not  raise  any 
objection  to  the  Metropolitan  Tramway  Co.'s  proposal  to  run  trailer 
cars  through  the  district. 

Southampton. — The  tramways  general  manager  (Mr.  W.  T.  Robscn) 
has  reported  on  the  inequality  of  the  cxistmg  Id.  sections  and  as  to 
the  advisability  of  revising  them. 

Mr.  Robsim  is  of  opinion  that  the  department  cannot  afford  to  make 
any  reduction  in  fares  at  present ;  that  in  \new  cf  the  difficulties  cauccd 
by  the  war  it  is  unlikely  that  an  increased  ser^-ice  could  be  run  in  order  to 
meet  the  demand  caused  by  cheaper  fares  and  swell  the  receipts  to  the 
necessary  amount  ;  that  the  adoption  of  Id.  fares  to  the  junction  would 
mean  unworkable  congestion  at  that  point ;  and  that  any  future  ccn- 
ccGsion  cf  this  description  should  be  shared  equally  by  all  passengers, 
irrespective  of  where  they  reside,  either  by  the  levelling-up  of  all  stages 
to  an  equal  length,  or  preicra'tiy,  a  uiivcrsal  Id.  fare,  and  the  abolition 
of  transfers.  Mr.  Robson  also  emphayises  the  fact  thai  since  his  estimate 
for  the  current  year  was  submitted  an  adchtional  £2,0t.0  had  Ix^en  added 
for  increased  electricity  charges  and  also  an  increase  of  £1,000  on  in  ^omo 
tax.  It  was  evident,  thcrefoix^,  that  v.o  cui-plus  approaching  that  of  last 
year  could  be  looked  for,  and  that  brought  up  the  question  of  the  reserve 
and  renewals  fund,  which  now  stood  at  a  little  more  than  £9.000.  In  an 
estimate  of  track  work  reconstruction  requi^-ed  in  the  near  future  an 
expeniliture  of  £9,400  during  the  next  two  years  and  a  furtlrr  exix-ndi- 
turc  of  £24,000  during  the  next  three  to  five  ":-ars  have  been  provided. 
Thus  the  sum  standing  to  credit  of  renewals  fund  would  have  to  be 
expended  during  the  next  two  years,  and  without  allowing  for  any  extra- 
ordinary expenditure,  it  woulel  he  nccccsa.y  to  rcstoi-e  this  fund  to  the 
hi>2;hest'])onsiblc  amount  in  order  to  meet  the  heavy  renewals  in  thne  to 
four  years'  time.  That  object  could  not  he  attained  if  any  coneTicion 
were  "made  which  would  reduce  the  present  income  c>f  the  unekrtaking. 

Ha\ing  made  an  inspection  of  the  permanent  way,  the  Comnuttcc 
considered  a  revised  Hct  of  Id.  sections  prepared  by  the  manager  anel 
arranged  on  the  basis  of  equal  stages  throughout  the  various  rout,  s  rf 
the  system,  and  approved  the  suggested  a,lteraticns,  which  tluy  dcsmd 
should  take  effect  as  from  Julv  1. 

Mr.  Robson  reports  that  underneath  the  elip^  and  brackets  of  the  span 
poles  on  the  Shirley  route  severe  corrosion  has  occurred.  The  poks.  arc 
ruoted  away  to  a  little  more  than  half  their  original  thickness  of  metal, 
and  in  order  to  preserve  them  it  will  be  necersaiy  to  remove  all  clips  and 
scrolls  and  thoroughly  scale  the  jiolcs. 

West  Ham.— The  Corporation  is  recomn-.ended  to  apply  fcr 
sanction  to  a  loan  of  £1,000  for  doubUng  the  tramway  track  at 
Connaught-ro'1-d  terminus. 

The  Tramwavs  Committee,  which  has,  reconsidered  the  recommenda- 
tion reioircel  back  at  the  last  Couiu'il  meeting  in  reference  to  the  adoption 
of  a  revised  list  of  hd.  stages  and  the  substitution  of  lid.  workmen's 
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return  tickets  for  the  existing  Id.  returns,  together  with  certain  resolu- 
tions adoi)tf(l  Vjy  the  Lcyton  Tramways  Committee,  now  recommends 
that  the  following  be  adopted  :  (1)  A  universal  Id,  fare  for  a  continuou"? 
journpy  on  any  one  ear  witliin  the  borough  ;  C2)  r  hildicn's  stages  to 
remain  in  force  at;  at  present ;  (3)  a  Hd.  workmen's  return  fare  for  a 
continuous  journey  on  any  one  ear  within  th^-  borough.  Return  tickotr, 
to  be  issued  on  all  cars  scheduled  to  arrive  at  a  terminus  before  and  up  to 
8  a.m.  ;  (4)  exi!:ting  through  far;  (wh^i-c  neccrr-aiy)  to  Ik-  adjut<d  to 
comply  with  the  above  : clKine. 


iiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiiiilliiiiiiiiiliilllillilillliiiill^^ 

=  FOREIGN   NOTES.  = 


TELEGRAPH  &  TELEPHONE  NOTES. 


Growth  of  the  London  Telephone  Service. — The  new  head  office 
of  the  London  Post  Office  engineering  dcpai-tnient  at  London  Bridge 
\\'As  oxjcncd  by  the  Postniaster-Ooner  il  on  the  22nd  inst. 

Mr.  Peask  said  that  when  the  war  broke  out  there  was  a  total  numbc  r 
of  all  ranks  in  the  London  engineering  district  of  .'i,."41.  and  of  thvKc  '.l,\'i'i 
had  j<jin(  d  tii" Colours,  2')  liad  gained  comiuisKions,  and  oS  had  falUn  in 
the  war,  08  had  been  invalided  out  of  th"  Army  and  returned  to  their 
civil  emj)loyment,  sc^ven  had  received  the  JJ.C..M.,  and  otl.eis  had  been 
mentioned  in  despatches.  The  engineerng  ;taff  had  to  maintair  nS 
t  leijhonc  exchang's  and  12,(00  ])rivat<'  branch  exchanges.  In  addition 
2.')l,i42  telephones  were  maintained  in  the  district,  whicli  was  ecpiivalent 
to  one -third  (f  the  t('le])hone  service  of  the  L'nitc<l  Kingdom.  Over 
.'iOO  ,000.000  calls  originated  in  the  nu  trojiol^tan  area  last  year.  Tliere 
were  (iOO  telegraph  oftjcrs,  and  the  Cent,al  Tclcgi'aph  Office  was  the 
largest  in  the  world,  and  it  dealt  with  one-thiid  of  the  91,(!00,(J(.0  message n 
which  were  sent  out  every  year  over  cables  70.849  mles  in  length.  Com- 
))laints  regarding  the  telephone  w-rvice  liad  been  rrducrd  from  1-2.')  per 
thousand  lines  to  0-."),  and  investigation  of  ihrse  showe<l  tliat  tlie  ])ublic 
were  the  sinners  more  often  than  the  Post  Offic.  The  i)rivate  liranch 
exchanges  liad  grown  largely,  and  tiiere  wen-  about  7.(MK)  (Jovernment 
exchanges.  The  Ministry  of  Munitions  had  roquested  tli'in  to  ]nit  up 
l,r>U()  t("l(  phones. 

Telephone  Installation.— The  Union  Hou.-e  Committee  of  Bradford 
Guardians  is  to  obtain  an  estimate  of  the  cost  of  installing  an  adequate 
telephone  system  at  Bowling  Park  colony. 


EMPIRE   NOTES. 


ill 

Australasia.  Tlie  'Australian  .Mining  Standard '"  .-ays  the 
Progress  .XsHociation  of  Hclensburgli  (X..S  W.)  recently  asked  the 
Metro])olitan  Coa!  Co.  if  it  could  supply  electricity  for  the  lighting  of 
the  town.  The  com|)any  replied  that  at  present  thoy  had  no  power 
to  spare,  but  intends  to  install,  shortly,  a  more  powciful  jdant. 

Melbdiniie  ('(unuil  h.is  adopted  a  reeommiMidat ion  to  reduce  the  taiitf 
for  electricity  supply  to  Pootseray,  Port  .Melbourne.  lirunswick  and 
Williamstown,  and  the  Brunswick  and  Coburg  Tramway  Trust.  From 
November  next  (he  following  reductions  are  to  lie  mad(>  :  V[)  to  .'iOO.OOO 
units  a  reiluction  from  the  .f.">  per  kilowatt  to  il.  |(»s.  ;  for  anv  excesss 
above  ;"iOO,00(»  units  the  chargi-  will  be  £4  j)er  kilowatt,  plus  ])r<'sent  rate  of 
Oti'id.  a  unit  u|>  to  l.OtKl. (•()((  units  a  year;  OCd.  per  unit  for  next 
1,000.000  units,  and  0-5od.  a  unit  for  excc.ss  above  2.<K»(t.0(K». 

The  first  section  {about  2  miles  in  Icnirlh)  of  thi-  Melbourne.  IJrunsv.ick 
and  ('ob\irg  electric  tramway,  along  Sydncy-rojid  frotn  Morelar.dncul  to 
Wilsonioad.  Colnng.  was  opir.id  fir  traffic  in  .\pril.  '{'he  wholi-  line 
will  be  c(>m))lclrd  by  Septemlie..  The  ears  are  of  the  single  truck,  four- 
wheel  eombiiial  ion  saloon  ni;d  open  type,  seatintt  40  passengers.  Tlu> 
cars  are  lifted  with  two  (if)!!.!',  nuitors,  rnpable  of  driving  them  at  ri2 
miles  an  hour,  although,  of  co\nse.  such  speeds  will  not  be  nttemjiteil. 

The  formal  inauguration  of  the  Tasmaninn  (lovernmenfs  (Jieat  Lake 
hytiro- electric  scheme  connecting  with  Moliart.  took  place  recently  when 
Sir  P.  Mnioo  perguson.  <  ;o\(rnor-(ir'nend.  peifornied  th(>  ceremony  of 
switching  on  the  current.  The  re(|uii'einent s  of  the  State  hvclro-elci  1  ric 
de])artmenl  iiin  m|)  to  near  lOtl.lMMI  ii.r.,  whil(>  several  contracts  are  being 
lU'gotiated.  Jlobart  Council  will  be  a  considerable  customer,  and 
contracts  have  also  been  matle  with  the  .\maluanmteil  /ine  (Ue  BavnvV) 
Ltd..  and  the  Mt.  I-ycll  Minini!  ai.d  Pailway  (  o.  (thcniuh  the  latter  has  its 
own  Ijike  Margaret  schenie  in  f\dl  operation).  Thr>-c  l\vo.  ns  well  ns 
the  vendor  company,  will  em))loy  the  powei  s\ipp|ios  in  nietallurgicnl 
work,  and  their  dennmd  should  soon  amount  to  about  KHt.ttOO  iiv.  The 
(iovernnuMit  is  not  yet  in  position  to  commence  the  general  supply,  and 
at  tlie  openiui;  of  the  works  only  prtMhicetl  abo\it  I'i.OOO  n  r.  Tliere  i« 
in  contemplation  a  scheme  to  utilise  water  pnvt<r  in  Lake  St  Clair.  ;iO 
miles  west  of  the  Great  Lake. 

India.  -It  is  stated  that  the  .Mnkhis  and  the  le.uline  J^ind  mer 
chants  of  Hyderabad  are  combining  to  establish  an  electricity  su|>ply 
company  for  Hyderabad,  on  the  lines  of  the  Karachi  Klectric  Corpn. 

^lessrs.  Mukhi  Hiran  \-  Taiac  har.d  an'  to  be  nianaging  agents  of  the 
proposed  company.  The  engineers  of  Messrs.  Tata  iS:  Sons'  electricity 
works  are  to  be  consulted.  It  is  proposed  to  utilisi  the  Avntcr-power  of 
the  viver  Indus  for  tlic  generation  of  doclrical  energy. 


Argentina. — The  •"  RevieAv  of  the  River  Plate  "  says  the  CJorem- 
ment  of  the  Province  of  Buenos  Ayrcs  have  ordered  a  payn^ent  of 
$5, .500  m/n.  (about  £.500)  for  the  installation  of  an  electrical  generat- 
ing station  for  the  lighting  of  the  North  Esplanade  at  Ma^*  del  Plata. 

In  their  report  for  the  year  ended  December  last  the  director'^  of  the 
Compania  Italo-Ar^f  ntina  de  Electricidad  say  owing  to  the  war  progress 
has  bcrn  retard  d,  liut  th:  principal  diffirulti.s  were  already  surmounted. 
Profits  for  the  year,  after  applying  .SI01.2.'?2  m  n.  to  amortisaticn  fund, 
amount  to  SIOS..341  m  n..  whuh  has  to  1  e  distiibuted  a*  follows  :  5  ]Vt 
cent.  (  S''>,4I7)  to  ri  st  rvc,  ojKr  ei.nt.  (  Sr),417)  to  din  etorsand  syndic,  and 
balance  ( S07..")07)  ])lus  SL134  brought  forward  from  ]>reviou;:  year, 
makii)-'  .^!)S.C42  to  shareholders.     This  sum  is  carried  forward. 

British  Trade  With  Italy. -The  British  Chamber  of  Commerce  for 
Ita'y  states  that  the  new  headquarters  of  the  Chamber  at  7,  Via 
C'.rlo  Felice,  (Jenoa,  are  now  ready. 

Th.-  (jfHces  are  situate  d  in  a  vc  ly  central  ])osition,  in  a  main  thorough- 
fare. The  rooms  are  lofty  and  adapted  for  the  sample  exhibition  of 
British  goods  (in  showcases)  suitable  for  import  into  Italy.  The  offices 
of  the  Chamber  are  in  the  same  premises,  and  all  callers  will  pass  through 
the  showrooms,  which  it  is  intench'd  to  keep  <  ])en  daily  from  10-12  a.m. 
and  2-.5)).m.  Firms  desirous  of  exhibiting  should  a]jj)ly  at  once  to  the 
Secretary  f!;  neial  (Mr.  E.  B.  Weatherhead).  audit  is  also  pointed  out  that 
exhibits  should  be  selected  with  a  .special  view  to  business  after  the  war. 

China.—  H.]\I.  Consul  at  Kiung-chow  (Hoi-how)  states  that, 
generally  speaking,  the  whole  of  the  imjK)rl  business  of  Kiung-chow 
is  done  through  im))orting  firms  in  Hong  Kong,  the  centre  of  sup]>ly 
for  the  South  China  market. 

United  Kingdom  firms  who  are  not  in  a  position  to  send  out  agents 
of  tluir  own  to  push  rales  dirr  <t  shculd  endca\  our  to  got  into  touch  with 
importing  firms  in  Hong  Kong  through  the  (hamber  of  C.ommtrce  there, 
or  through  the  firms'  own  offices  in  London.  There  is  a  gocd  demand 
in  South  China  for  tools,  small  lamps  with  fancy  globes,  elect i'.  hand 
lamps,  and  cheap  novelties  of  every  description. 

St.  Thomas  Danish  W.  Indies).— The  "  Syren  and  Shipping  "  savf* 
the  lirst  large  sect  it  ii  of  the  new  harbour  works  at  Long  Bay  hafi 
been  completed,  and  eompri.ses  (piayage  .■L2<K»  ft.  in  length.  There 
is  accommodation  for  ISil.<N)t»  tons  of  coal,  and  steamers  can  le 
bunkered  or  discharged  at  the  rate  of  1.50  tons  j  er  hour  e.ich  by  two 
electric  conveyors. 

Venezuela.  The  Ministerio  de  Fomento  has  granted  General 
(Jabriel  A.  Lacle.  of  Coro.  perniissi<m  to  construct  a  telephone  line 
about  12^,  miles  iji  IcuL'th.  in  the  Miranda  district  of  the  State  of  Falc«'in. 

Wireless  Telegraph  Charges  in  Chili.— The  Chilian  State  TelegrajWv 
Office  has  issued  a  ciicular  stating  that  the  tariff  for  radio-telegrams 
in  any  language,  or  in  ci|)her.  for  vessels  of  any  nationality  sent  ftxim 
one  of  the  coastal  stations  is  ^r^.'A^  gold  (of  18d.)  for  the  lirst  1(»  word  ; 
and  .55  cents  for  e\Trv  additional  word. 

I'or  radio-telegrams  sent  from  one  wireless  station  to  another.  .S4 
(curreuiy)  will  Ix-  ch.iMiid  for  the  lirst  10  wor<t  •  and  W  <(nts  <nch 
additional  word.  If  mcsa^rcs  have  to  ]>ass  over  tb<-  lin-  s  of  other  com- 
paniei;  an  additional  charge  will  lie  made.  Radio-telegrams  for  I^rl 
Stanley  (Falkland  Islands)  will  be  charged  .$r».,50  gold  (of  ISd.)  and  fi.5 
rent::  gold  for  every  additional  word.  Pn  ss  telegrams  will  1m-  taken  at 
half  t:<ritY  rat*  s. 


MISCELLANEOUS   NOTES. 


Automatic  Telephony  in  Italy.     A  jmijtosal  has  leen  introduced 

in  the  lla!i;'n  P;ulianiciit  for  converting  all  the  telephone  exchange  ■• 
to  the  automatic  sy.stem.  tl-.e  woiking  of  the  2.<MHt  line  autoniatie 
exchange  wlii(-h  hns  been  in  operation  in  Rome  for  .some  years  having 

proved  s.Misfi>ef<uv. 

Coal  Supplies  for  Electricity  Works,  -st.  Paticias  Kleetricity 
CommitttH'  has  received  a  re))ly  from  the  Boanl  of  Trade  in  reference 
to  the  ivjuesentations  made  «s  to  the  necessity  of  action  being  tflkcn 
to  ensure  an  adequate  sup|>ly  of  coal  for  the  undertaking,  forwarding 
a  list  of  District  Coal  and  Coke  Supplies  Committees  appointed  by 
thi^  Beard,  and  suggesting  that  in  any  case  in  which  tie  Council  ate 
unable  to  renew  .••  c(  ntract.  they  siiould  communicate  with  the 
Committee  for  the  distriel  in  which  the  eollierv  «v>ncenie<l  is  situated, 
.vnd  also  suggesting  tlvl.  if  the  Coinicil  have  not  elready  «lone  so. 
immedi.ite  steps  shotdd  le  taken  to  renew  contracts  which  will 
shortly  exjure.  The  Conunittee  has  also  received  a  reply  from  the 
Admiralty  CoaiJling  Trade  Office,  stating  thai  every  effort  will  le 
made  to  assist   the  Council   to  secuiT  supplies,  and  enquiring  the 
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names  of  the  Coiincirs  contractors,  the  class  of  coal,  and  the  monthly 
quantities  absolutely  essential  for  the  undertaking. 

Alien  Enemy  Firms.  —  Messrs.  Edward  Le  Ba"^  &  Co.,  sales  agents 
for  the  Stand vd  I^nderground  Cable  Co.  (of  Pittsburg  and  Perth 
Amboy,  U.S.A.,  and  Hamilton,  Canada),  whom  they  have  repre- 
sented in  this  country  for  many  years,  write  to  say  that  that  eom- 
j)any  ha^  no  connection  with  the  Standaid  ('able  Mfg.  Co.,  which  is 
l)(^ing  wound  up  owing  to  its  being  an  enemy  concern. 

Enemy  Firms  Wound  Up.— Tne  Board  of  Trade  has  ordered  the 
winding  up  of  2l)9  businesses  controlled  b\'  a1  ien  enemies. 

Included  in  iht>  latest  list  arc  Eicrinann  &  Tabor,  2,  Lauderdale -bldas.. 
Aid ?rsgate-;  tree t,  London,  E.C.,  bronze  powder  and  metal  leaf  manu- 
fa.  turorr.  (r'ontrolkr:  P.  W.  Straus,  7,  Givat  Winchester-street,  E.C.) 
Bakelite  Co.  (Ltd.),  Orb  Works,  Cowley,  Middlesex,  makers  of  insulatin<>; 
niaUiial.  (('oiitrollor;  Sir  William  B.  Peat,  11,  L'onmongcr-lane,  E.C) 
Th.  GoJdschmidt  (Ltd.),  care  of  Mcssr,-;.  Hudson,  Smith,  Briggs  &  Taylor, 
Thames  House,  Queen-strect-place,  London,  E.G.,  ])urchascrs  of  tin 
Ncrap.  (Controller:  Arthur  Taylor,  Thames  Houkc,  Queen-strcct -place, 
E.G.)  W.  Wortens  «fe  Go.  (f^d.),  Balfour  Hou«>,  Einsbury-pav;  nunl, 
London,  E.G.,  purcliatscrs  of  tin  and  tindjer  properties,  (Gonlrjllcr  : 
J.  D.  Pattullo,  6.5,  London  Wall,  KA'.)  Gnislieim-Ekktron  (Ltd.),  ;{, 
Thames  House,  Qucen-str^'et-|)lae'\  ].,oiidon,  E.G.,  and  119,  Ghajxd- 
stree^,,  Salford,  chemical  merchants.  (Gontroller  :  Wm.  Eavci,  1.5, 
Fountain -street,  Manchester. ) 

Claims  against  Ship  Carbons  (I..td. ),  5,  Chance ry-lane,  London,  W.G., 
are  to  be  sent  by  Aug.  7  to  the  controller,  Wm.  Hancock,  90,  Quccn- 
sti-eet,  Cheapside,  E.G. 

Claims  against  tli^  Standard  Gable  Mfg.  Co.  (Ltd.),  18  and  19,  Quccn- 
liitlie,  London,  E.C'.,  are  to  be  rent  by  .July  .31  to  the  controller,  .T.  S. 
Feather.  35,  Great  Tower- rtrcct,  E.C'. 

Exports  to  Liberia. — The  Foreign  Trade  Department  of  the  Foreign 
Office  announces  that  Cassius  Ernest  (Monravia)  and  the  Liberian 
(Government  Departments  have  been  added  to  the  list  of  persons  and 
bodies  of  persons  to  whom  goods  may  be  consigned  from  the  United 
Kingdom. 

New  Zealand  Trade. —  In  his  report  on  tlie  trade  of  New  Zealand 
for  1915  the  l;;te  Trade  Commissioner  in  New  Zealand  (Mr.  W.  C. 
Wickham)  says,  speaking  generally,  the  year  was  one  of  overwhelm- 
ing prosperity  for  the  Dominion. 

Imports  from  the  United  Kingdom  have  declined  somewhat  seriously. 
Imports  from  CJcrmany  in  previous  years  have  been  valued  at  £1,00)). 000, 
and  from  this  source,  as  well  as  from  Austria- Hungary,  Turkey  and  France, 
practically  nothing  has  reached  New  Zealand  during  101,5.  On  the  other 
hand,  the  war  has  effectively  stimulated  trade  v/ith  America  and  Japan. 
From  America  travellers  in  search  of  business  have  come  to  Nev/  Zealand 


in  unusual  numbers.  Imixjrters  have  made  the  acquaintance  of  new 
suppliers,  and  the  leeway  to  be  made  up  by  Briti.sh  manufacturm  will  be 
Kcriou.'i.  Mr.  Wickham  says  firms  occupied  cntirelv  with  munition 
making,  and  who  are  prerludrd  from  fxporting  .should  make  'he  fact 
known  to  theii'  N.Z.  customer-*,  ar.d  if  goods  are  "till  available,  hut  at 
enhanced  prices,  an  explanation  of  the  cause  of  the  enhance*!  prices 
sliould  be  given,  and  firms  should  8pend  moic  rather  than  less  in  adver- 
tising. Manufacturers  should  give  the  Trade  Gommi.ssioner  particularH 
of  what  goods  h(^  makes,  and  the  name  of  the  agent  should  a'.ni  ho  given 
in  order  that  1  he  ('i)nimissioner  can  refer  inquiries  to  him. 

South  African  Patent  Law.— The  ■  L'nion  of  .South  Africa  (^Jovcrn- 
ment  ('azette  Extraordinary"  of  April  lo  contains  the  text  of  an 
-Act  (No.  9  of  1910)  to  consolidate  and  amend  the  Law.s  in  South 
-Africa  I'elating  t.o  the  granting  of  letters  |)atent  and  for  the  re(ristra- 
lion  of  patents,  designs,  trade  ni.arks  and  copyright. 

South  African  Trade  in  1915,— The  Customs  and  Excise  Depart- 
ment's review  of  the  trade  of  South  Africa  in  1915  says  the  war 
brin.gs  prominently  to  the  fore  the  extent  and  significance  of  South 
Africa\s  reliance  upon  intercourse  with  the  outside  world. 

The  shortage  of  tonnage  and  the  frequent  holding  up  of  M-i-borne 
traffic  have  not,  however,  imptiscd  any  conspicuous  hardships  uprjn  the 
conununity  at  large.  The  demand  for  goods  has  been  well  maintained, 
though  in  a  large  number  of  instances  orders  could  not  he  executed. 
Imports  were  valued  at  €.33,833,542  (compared  with  £.30,391,861  in  pre- 
vious year).  Machinery,  &c.,  impfjrted  was  valued  at  £1.929,702  (againsrt 
£2,.555,331)  and  meta!  manufactures  (not  machinery)  £1,.3.58,49<) 
(£1,875,338).  There  was  a  decrease  in  imports  f>f  motor  vehicles,  prf)b- 
ably  largely  due  to  difficulty  in  obtaining  supplies.  Imports  from  the 
United  States  amounted  to  £4,413,148  (compared  with  £3,009,497  in 
1914).  There  was  an  increase  in  exports  of  asbestos  ((),180.000  lb.; 
value  £44,500,  compared  with  2,014,000  lb.,  value  £19,.300).  The  United 
Kingdom  has  taken  larger  quantities  than  Ormany  during  rCv-ent  ye:irs, 
reversing  the  former  posiUoii. 

The  Telephone  in  Canadian  Farm  Work.— It  is  reported  that  there 
is  now  in  (Jjinada  one  telephone  installation  for  everv'  15  persons  in 
the  Dominion.  The  number  of  telephones  reported  as  being  in  use 
in  1915  was  53.3,090.  an  increase  of  11,946  over  1914.  The  principal 
growth  was  in  rural  districts. 

The  net  earnings  of  the  I,39G  companies  in  Canada  totalled  §4.764,957, 
or  §3.50,091  better  than  in  1914.  The  total  capitalisation  of  Canadian 
tele])hone  com].>anics  amounts  to  .S74, 285.000.  The  growth  of  the  r:_\  stc  m 
in  the  rural  d-stricts  is  remarkable  as  demonstrating  th"  ui^e  that  is  being 
made  of  the  telephone  by  th"  farming  community.  On  the  Canadian 
farm  the  telephone  is  no  longer  regard'  d  as  a  luxury  but  as  a  necessary 
adiunct  to  business. 


TENDERS    INVITED. 


Telegraph  and  Telephone  Material. 

Tenders  are  invited  up  to  Aug.  16  for  the  supply  to  the 
Australian  C'ommonwealth  Postmaster-GenoraPs  Dept.  (State 
of  Western  Australia)  of  (a)  Distilling  Apparatus  (schedule  502), 
{b)  Instruments  (Telegraph  and  Measuring),  various  and  parts 
(schedule  498).  Tender  forms  and  specifications  can  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 
See  also  an  advertisement. 

Tlie  Deputy'  Postmaster-General,  Perth  (W.  Australia), 
requires  tenders  by  .3  p.m.  June  28  for  Paper-insulated  Lcad- 
eovercd  Cable  (schedule  489  W.A.),  and  until  3  p.m.  July  19 
for  90  Terminal  Blocks  (schedule  495  W.A.).  Specifications 
from  the  Deputy  Postmaster-General,  Perth,  W.A. 

Tenders  are  also  invited  up  to  July  19  for  the  supply  to  the 
AtTSTRALiAN  Commonwealth  Postmaster-General's  Dept.  (State 
of  Western  Australia)  of  Insulators  (schedule  510).  Tender 
forms  and  specifications  can  be  obtained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  up  to  July  .31  for  the  supply  and  erection 
at  G.P.O.,  Brisbane,  of  Power  Board  and  Accumulators  (Stores' 
Schedule  381).     Specifications  and  tender  forms  from  Common- 
wealth Offices,  72,  Victoria-street,  Westminster,  London,  S.W. 
The     Deputy     Paymaster-General,    Perth    (W.    Australia), 
also  requires  tenders  by  3  p.m.  July  12  for  supply  of  3,000  Dry 
Cells  for  the  Australian  Commonwealth  Postmaster-General's 
Dept.     Specification,  &c.,  from  the  Deputy-Postmaster-General. 
*_         The  Deputy  Postmaster- General,  Adelaide,  requires  tenders 
f  '     by  2  p.m.  July  12  for  600  Accumulator  Cells  and  Telegraph 
i.:.     Power   Board  Apparatus  (schedule   415)  for   the  Australian 
'C*    Commonwealth     Postmaster-General's     Department.     Speei- 
[       fication,  &c.,  from  the  Deputy  Postmaster-General,  Adelaide. 


Telegraph  and  Telephone  Material. 

The  Deputy  Postmaster-General,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  16  for  the  supply  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &e.,  for  the  Australian 
Commonwealth  Postmaster-General's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputv  Postmaster- 
General,  Perth  (W.A. ). 

Cables. 

Aberdare  L^rban  Council  require  tenders  for  the  supply 
and  1  ying  of  Cables.  Specifications  from  tlie  (nmeral  Manager, 
Electricity  Works,  Aberdare. 

Rochdale  Electricity  Committee  require  tenders  by  noon 
.luly  12  for  12  months'  .supply  of  Paper-insuh'ted  Cables. 
Specification  from  Engineer  and  Manager.  Dane-sti-eet,  Rochdale. 

Tramway  Stores,  &c. 

Rotherham  Coiporation  require  tenders  by  July  3  for  12 
months'  supply  of  Tramway  Stores  and  ^Materials,  Cables. 
Trolley  Wire,  &c.  Specifications  from  the  Engineer  and 
Manager,  Electricity  Works,  Rotherham. 

Lift  and  Turntable,  &c. 

Manchester  Electricity  Committee  lequire  tenders  by  noon 
July  11th  for  («)  Electric  or  Hydraulic  Coal  Wagon  Lift  and 
Turntable  ;  and  (6)  Saddle  Tank  Ste  vn  Locomotive  for  their 
Stuart-street  generating  station.  Speciticatioiis,  &c.,  from  the 
Secretary,  Electricity  Dept..  Town  Hall.  Manchester. 

Signal  Lighting  Transformers.  '' 

Tiie  Victorian  Railway  Commissioners  want  tenders  by 
11  a.m.  July  26  for  400  Signal  Lighting  Transformers  (contract 
No.  29,997).  Specifications  froin  the  Commissioners'  Offices, 
Spencer-street,  Melbourne,  Victoria. 
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Turbo-Alternator  Surface  Condenser  and  Auxiliaries. 

Tiie  Corporation  of  Abekjjeen  ijivitc  tenders  lor  tlic  .supph-, 
delivery  and  erection  at  tiieir  electricity  works,  Millhuni -street, 
Aberdeen,  of  one  5,000  kw.  Turbo-Alternator  to  run  at  a  speed 
of  either  1,500  or  3,000  revs,  per  niin.,  together  with  surface 
condenser  and  auxiliaries.  Specification,  general  conditions 
and  form  of  tender  from  the  city  electrical  engineer,  Mr.  J.  Alex. 
Bell,  to  whom  tenders  are  to  be  delivered  l)y  noon  July  7. 

Street  Lighting,  Generating  Plant,  Gas  Engines,  Dynamos,  &c. 

Pahiatua  (N.Z.)  Borough  Council  requires  tenders  bv  noon 
July  10  for  (contract  No.  1 )  Overhead  ^^'ircs,  Poles  and  Street 
Lamps  ;  (No.  2)  Gas  engines,  Producers,  Dynamos  and  Auxi- 
liary Apparatus ;  (No.  3)  Accumulators.  Specifications  and 
jilans  from  the  Town  Clerk,  Pahiatua. 


TENDERS  RECEIVED  AND  ACCEPTED. 


St.  Pancras.— The   Horough  Council  ha.s  received  the  following 
quotation.T  for  the  supply  of  l,(KK)  yd.  of  c.h.t.  three-core  cable  : — 
Western         Electric        ( 'o. 

{accepted) f.'iOS 

Union  Cable  Co r>('A 

Pirelli  (jlcncral  Cable  Works       579 

Johnson  &  Phillips 590 

British  Insulated  &  Hclsby 

Cables 590 


.Siemens  Bros.  &  Co 

W.  T.  Henley's  Telegraph 
Works  C!o 

W.T.  Clover  &  Co 

('allcnder's  Cable  &  Con- 
struction Co 

Macintosh  Cable  Co 


594 

597 
no  8 

032 
(590 


For  the  sujjply  of  coal  the  tender  of  Ecattie  &  Co.  has  been  accepted. 
The  aj)proximate  estimated  quantities  arc  1(),125  tons  beans  ;  5,375  tons 
nuts  and  3,')00  tons  large  hard  steam.  "J'he  j)ri(es  (juoted  (£-1.  (is.  ad.  for 
hard  steam,  £1.  49.  .'■d.  for  beans  and  £1.  5s.  Fd.  foi  nuts)  are  subject  to 


any  advance  or  reduction  should  same  be  authorised  under  any  alteration 
of  the  Price  of  Coal  (Limitation)  Act,  to  the  Coal  Exchange  btrike,  &c.. 
Clauses,  the  Official  Government  Clause,  and  to  the  increase  or  reduction 
in  railway  rates  and  charges. 

Gla.sgow. — The  Corj.-oration  haAC  accepted  the  tender  of  Bahccck 
&  Wilcox  for  four  cets  of  water-tube  boilers  for  St.  Andrew's  Cress 
electricity  works  at  £10,632,  and  that  of  Waygccd  Otis  (Ltd.)  for  v.n 
electric  hoist  for  the  Sauchiehall-street  showrooms  at  £250. 

Sunderland. — The  Council  have  accepted  the  tender  of  Ferrcnti 
Limited  for  extra-high-tension  switchgear  and  m.eters  ;  that  of 
Stewarts  &  Lloyd;;  for  j)ipew.)rk  ;  and  that  of  P.  A.  Mudd  &  Co.  for 
jtijiC  anfl  boiler  lagging. 

Metropolitan  Asylums  Board. — The  Beard  has  accepted  the 
tender  of  the  General  Electric  Co.  for  annual  supply  of  electrical 
stcres. 

Marylebone  (London). — The  Borough  Council  ha^  accciitcd  the 
tender  of  Oakes  &  Co.  for  renewing  boiler  houiie  coal  chutes,  at  £96, 
and  that  of  the  Cumberland  J^ngineering  Co.  for  the  supply  of  electro- 
chemical ajjpciratus  for  diverting  corrosion  from  the  cconomieer  tubes 
to  pieces  of  cast-iron  j)laccd  in  the  economifier  for  that  purpocc,  at 
£100. 

Brentford. — The  Igranie  Electric  Co.  has  received  an  order  to 
8upj)ly  the  automatic  starters  required  by  the  Council  for  the 
pumping  f-tation. 

Southampton. — The  Electricity  Com.mittee  has  accepted  the 
tender  of  Jenkins  &  Co.  (at  £147.  15s. )  for  the  supply  of  a  coal  breaker. 

Watford.— The  Electricity  Ccmmittec  reccm.mendB  the  accept- 
ance of  the  ofTer  of  the  Tudor  .A.ccumulator  Co.  to  renew  their  con- 
tract for  battery  maintenance  for  10  j-earo  en  the  same  terms  ao 
before,  but  that  the  engmeer  should,  if  j)ossible,  obtain  the  deletion 
of  the  condition  that  there  shall  tc  no  option  to  terminate  the  ccn- 
tract  before  the  10  j-ears  have  expired. 


FINANCIAL    MATTERS. 


MUNICIPAL   ACCOUNTS. 


Brighton. — The  accountn  of  the  tramways  department  for  the  year 
ended  March  31  show  fo(!'.]  ciipital  cx|.cnditure  £280,610  (including 
£5,723  for  rail-less  fraction),  of  which  £7(1,330  has  been  paid  off. 

Kcvonuo  war.  £.'57,974  (comjmn  d  with  £56,52(5),  and  working  and 
gonornl  expenses  were  £37,163  (£41,148),  leaving  gross  profit  £10,935 
(£13,541)  Capital  charges  and  income  tax,  less  bank  interest  received 
required  £14,704  (£!3,9nU).  and  net  ])r<)fi(  was  £2.230  (£18). 

Kcvcmic  p(  1-  (iir-nii!e  waii  13-;M>2(I.  (l:?-:Ud.)  aiid  working  cxpcnten 
were  8-47<l.  (8-91  d.).  I'aiTonpcrs  were  J2.;!95.1!18  (1  1.837.828),  car-mik  i> 
run    1,053,285  (1,108,352),  and  unit:*  ti.cd  l,(i78,()27  ( 1,()7(J,770). 

In  his  n  port  the  engineer  an<I  innnagci  (Mr.  \\m.  Man  h)  rayc,  alvhou^h 
nuicli  Ici ;;  was  ;  ]M-nt  on  rc))airr.  and  renewals,  ])(iwcr  cxjuiiits  and  war 
.".  llowJinc  1'.  Iar<icly  incrcaicd.  War  (b  iK'iid'ntis'  ic  ))i'.ratii'n  alh-wanct  i; 
absorbed  £3.H3S,  war  bornis  £2.'i2,  and  extra  income  tax  ani<iinit<  d  to 
£474,  and  iximbiinln'.cnt  and  aircraft  inrurancc  £88,  total  £5,4i:0.  Thin 
add'tif)iial  ex])enditure  docii  not  inclnd"  the  extra  eoct  of  matcriair,  nor 
the  intenut  on  the  railUi;!  trr.'tion  expc-nditiiro,  from  which  no  btnefit 
has  been  d"rived  yet.  The  female  (  oniluctors  have  done  extremely  well, 
and  at  jin  sent  54  women  .".nd  pirl;;  are  rnipl<<yv  d. 

Diirinu  tbe  12  m<>ntb::  82  m<>i-e  mn\  joint  <1  11. M.  Forces,  Itringiiif;  llie 
total  U])  to  I9().  Durinji  tbe  y<  ar  3(1  men  were  cnyai;!  d  who  had  h  fi  Ib.e 
forces,  bein>5  incapacitated  for  further  jcrvie'e,  but  who  were  able  to  lx> 
tau<;ht  drivinj;  or  condnetinji. 

Up  to  date  491  rail  joints  have  been  wekhd  by  the  Thermit  proeer.s 
w  it  liont  a  siTiule  one  ii'i  villi;  broken,  t  iioii^li  some  were  done  live  vears  ;\j;o. 

Burton-on-Trent.--Tho  electricity  elcpartmcnt'o  aceountH  for  tl.n 
year  ended  Mivrch  30  show  total  eajntal  expenditure  £127.389 
(increase  .£2,616),  and  tho  ouf.'<(an(ling  debt  i:?  £63,177. 

Income  war.  £20.310  (com])."'.r.  d  with  I8,5fl  in  1914-15).  and  working 
expenren  were  £9.77tt  (£8,579).  l-rvin^  iiro:  n  iirofit  £lO,.')+()  (£!(.<)()2),  and 
the  net  balance,  after  iineting  rll  ehargeri,  wf.n  £1,938  (£2,565),  e>f  which 
£1,308  ha:'  been  ajiplied  to  capital  imqioicr..  £520  to  meet  ekprccialien 
of  Consols,  and  £1 10  carried  to  renewal:-  fund.  Unit:-  colel  were  3,4-90.338 
(compared  with  2,914.828).  tlie  inen\":o  being  chiefly  in  rr.lcr.  for  power 
and  heating.  'J'otal  hor;;e-power  of  motoni  coniiect< d  i;<  3.3(10  (incrvr.;e 
357  11.1'.).  Totid  eo!;t:--  wen-  0(15Sd.  (nuuinr-t  0(»,'(>d.)  ]icr  unit.  Maximum 
loael  was  1,751  kw.  (inerv'a;e  431  kw.). 

In  his  report  Mr.  Tho:i.  Hall  (bonuigh  electrical  and  tramwayn  engineer) 
pays  the  ^jrorn  protit  of  £10.5!^  repiv;entii  8-3  jvr  e-ent.  on  tho  capital 
exi)eii(litur(>  (aujaMist  8  ))"r  i  -lit.).  Tli"  revemi^  contribution  to  cr.pital 
(£971)  included  m(>t(  ir.  £'.03.  motor;;  £343,  ratb.-.lnr:,  and  cooker;'  £182 
and  wiring  circuits  £'  M.     Th' vo  in  cw  inen'nio  of  ivarlv  £1.0(M)  in  th.> 
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fu'^1  bill,  and  a  further  cubstantial  increase  mutt  be  expected  this  year. 
During  the  year  under  review  the  prie-e  Cif  electricity  was  not  incrccreeL 
The  orelinary  (  ajiit^l  (  hargc:-  were  u])  £!  04.  anel  £2. .'00  has  teen  providi  d 
for  cajiital  and  i  jKcial  ex]Knditure  inciirn  d  during  the  year.  Vnits  :  old 
to  jiow.r  and  heating  con;;umen-  i  how  an  increa-.e  of  ()49.193.  or  35  per 
cent.  Tramway  su])ply  shows  a  eleorcarc  of  46,692  unit;-.  Thi-s  bar  r hewn 
a  continual  el-erjare  sineK-  1910.  Revenue  from  lighting  rhown  a  dc- 
crcarc  of  £34(5.  Thir.  in  the  first  year  since  the  advent  of  the  metal 
filament  lamp  that  there  has  been  a  decrc^are  in  revenue  iiom  this  cla,  n 
f)i  :  ujipiy.  but  til"  d''(  re  .".:e  i.*  aceounte  d  for  by  the  curtailing  of  the  houir. 
of  ])ublie  houres  and  rci^trictcd  hour";  of  shop  lighting.  Revenue  from 
th'"  :  a!e  e>i  energy  for  jiowcr  shows  a  record  increase  of  £1.761.  During 
the  jp^st  throe  yean:  th"  re'vcnue  from  ])owcr  cons umcrc  has  inerc.-'.red  by 
nearly  £4.000.  The  h'-ating  and  cooking  demand  is  .-howing  rapid 
prognis.  In  the  year  pivvious  to  the  o^iening  of  the  showrooms  this 
sup))!y  only  yielel' d  £213.  when  as  thi;;  year  the  riMcnui"  amount.!  to 
£827.  wh-ch  ])rove;-.  the  u:cfulnc;s  of  a  showroom  in  eleveloping  sales  of 
electricity  f(/r  domestic  purposes.  Average  price  obtained  wae  l-34d. 
))er  unit  (compared  with  l-4rd.  in  tho  previous  year  and  2-51d.  in  1905-6). 
To(."l  cost:;  per  unit  are  down,  which  is  accounted  for  by  there  having 
been  a  ;  ub:  (s'.ntial  inc  n  <••  e  in  the  unit;;  sold.  This-  is  a  .strong  point  in 
favour  of  siq»))lying  large  ;  ii])])lies  at  .a  low  rate,  and  it  proves  that  the 
c.M'rage  cost  of  pneluction  in  any  one  year  cannot  1k>  taken  as  the 
minimum  at  which  it  isi  possible  to  produeK?  a  unit.  Alfheiuph  Ihcrc  was 
an  increase  of  £940  on  tho  eorl  of  g(  ncr.'vtion.  there  wan  a  drcix-a.-^o  in  the 
escst  per  unit  sold.  Tho  same  ajiplics  to  total  costs,  where  there  in  an 
inereaie  of  11. 2(15  but  a  reducticm  in  co.'^t  ]K>r  unit  Kild  of  0028d.  The  re 
i:  no  doubt  tb.at  a  showroom  is>  niosU  Innelicial  to  an  electrical  und- r- 
t."Jeing.  Th"  s  hownioms'  have  b.ccn  well  patronised  by  consumers-,  nrd 
although  tho  dipartment  is;  tinable  to  deal  with  some  inquiries  at  present, 
tb.erv  in  every  possibility  it  will  nap  tho  benefit  when  the  ]>rcsrnt  naticr.".l 
erinii)  io  over.  Th'^  )uiifit -sharing  tehcme  h.as  again  Ixcn  a  dcrid(  el 
rueeorn.  tho  bonus  working  out  at  6-8  ]>er  cent..  eom]>arcd  with  6-28  ]xr 
rent.  I.ast  year.  The  total  amount  payable  to  the  emjtloyes:  on  tho  wager, 
bill  wi»n  £227.  15;-.  7d.  This  reheme  has  a  gocd  cfTcct  ujion  the  men  by 
making  them  take  a  keen  intercs.t  in  the  wxlfare  of  the  unelertaking.  The 
rererve  rhould  be  built  up  to  a  rum  approaching  10  jxr  cent,  on  the 
capital  outlay.  To  provide  ehr.^.p  electricity  the  department  must  le 
so  ]»!aeed  financially  that  it  can  take  advantage  eif  any  imiirovemrntn 
intreduecd.  It  will  be  nineml^e-nd  how  well  the  introduction  of  the  n«  w 
machinery  in  .May.  1913.  was  jus^tified.  Tho  eo;t  of  generation  has 
dro]ijH-d  from  0-921d.  to  0(>4d.  )»er  unit,  and  the  eapit.al  ohargrs  from 
()-."»89d.  to  0-51el.  ]>er  unit.  No.  2  turbine  was  put  into  eommifsinn  in 
May,  1915.  anel  has  taken  a  very  larg<»  pn>portion  of  the  ruj^.ning  hours 
of  th"  i-tation  (luring  th<>  year. 

Th'<    tramway    accounts    hhow    grors    capital    rxix>nditure    £101,648 
(innreare  £1.2,39).     Revenue  was  £1(;.()46  (against   £16,493  in  pn  vious 
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year),  w<)rkin<;  cxiu-nscs  wire  £12,01!)  (tl2,!)(»2),  leavin<^  j^roKS  profit 
£4,027  { Z:i.r>:i\).  Loan  charj^cs  wwk  £2,(»87  (£2,()!):}),  ami  net  balance!  wa;< 
£1,32!)  (tS.'W),  of  wlii('Ii  £1,23!)  has  been  tran;,fcrn(l  to  capital  account 
and  £!)0  has  been  carried  forward.  £1,500  provided  out  of  rates  has  bteu 
placed  to  renewals  fund. 

The  report  of  the  tramways  manager  (Mr.  A.  B.  Slater)  pa,ys  the  income 
per  car-mile  war;  9-92d.  (against  !)d.).  Though  the  trafSo  revenue  shows 
a  decreaic,  the  figure  per  mile  is  higher,  due  to  curtailment  of  the  Lcrvice 
during  unremuncrativc  periods  of  the  daj-.  Revenue  from  patcengcrs' 
luggage  was  £197  (£198),  the  number  of  parcels  carried  being  47,408 
(decreaee  176).  The  profit  on  the  parcels'  exprcts  rcrvico  war;  £92,  the 
parcels  carried  being  76.795  (decreate  3,943).  Car-miles  run  were  386,876 
(against  440,021).  Parccngcrs  carried  were  3,223,559  (3,311,355). 
Operating  expeni-cs  were  7-05d.  (6-74d. ).  Power  consumption  increased 
from  1-04  to  1-07  units  per  car-mile,  which  is  satisfactory,  considering 
the  largo  numbor  of  new  motormtn  and  conductors. 

Hereford. — The  accounts  of  the  electricity  department  for  tlie  past 
jear  have  been  prepared,  and  it  has  been  decided  to  increase  the 
charges  as  from  June  24. 

All  lighting  units  charged  at  4.UI.  or  ^d.  ))tr  unit  before  (he  war  are  to 
be  charged  6d.  All  other  units  25  ]k  r  cent,  extra,  making  with  the  ad- 
vance of  10  per  cent,  last  year  a  total  advance  of  35  per  cent,  on  ])r(vious 
jiriees.  Discount  will  be  allowed  on  same  scale  as  before.  The  Lighting 
Committee  state  that  as  every  item  of  expenditure  has  gene  up,  lh(!  ehi(f 
item  (fuel)  by  no  less  than  59  per  cent.,  the  increacc  seems  unavoidable. 

Poplar  (London). — The  accounts  of  the  electricity  department  for 
the  year  ended  March  31  show  gross  capital  expenditure  £451,104 
(increase  £22,873),  of  which  £306,912  is  outstanding. 

The  year's  income  was  £88,992  (compared  with  £74,176  in  1914-15), 
or  £88,489  (£73,438)  after  allowing  di.K-ounts,  &c.  Total  co.st  of  pro- 
duction was  £52,178  (£35,953),  leaving  grors  profit  £36,311  (£37,484), 
and  net  revenue  charges  were  £24,742  (£22,961),  leaving  net  profit 
£11,568  (£14,523),  or  £11,814  (£14,749)  after  adding  income  from  pro- 
perty and  profit  from  rales  department.  Cost  per  unit  sold  was  0-352d. 
(0-2532d.).  Units  generated  were  26,244,494  (20,768,512),  including 
units  generated  from  coal  22,581,243,  from  dust  destmictor  steam 
1,250,212,  and  purchased  2,413,039  ;  and  sold  21,506,614  (16,899,548). 
Coal  used  per  unit  generated  was  3-058  lb.  (2-961  lb.).  Plant  capacity 
is  10,000  kw.  (10,200  kw.).  Maximum  load  (including  works)  was 
8,750  kw.  (7,250  kw.).  Connections  are  equal  to  21,857-669  kw. 
(19,793-73  kw.). 

Mr.  J.  Horace  Bowden,  borough  electrical  engineer  and  manager,  iiSvys 
in  his  report  the  agreement  entered  into  with  Stepney  Council  obviated 
the  necessity  for  further  extensions  imtil  the  maximum  demand  upon  the 
Poplar  undertaking  has  reached  10,000  kw.  This  provision  will  allow 
for  an  output  of  25,000,000  units  per  annum,  which  wiU  probably  meet 
all  demands  until  the  winter  of  next  year.  Average  price  of  coal  was 
17s.  Hid.  per  ton,  compared  with  12s.  5Ad.,  the  difference  amounting  to 
£8,478  on  a  consumption  of  30,829  tons.  Reciprocal  bupply  with 
Stepney  is  the  dominating  factor  in  the  improvement  of  the  efficiency  of 
the  system  from  81-37  per  cent,  to  81-94  per  cent.,  by  saving  works  units 
when  shut  down.  Working  costs  have  risen  from  0-51d.  to  0-58d.  per 
unit,  which  is  probably  the  record  for  the  metropolitan  area  for  the  past 
year,  and  average  price  obtained  was  0-98Sd.  per  unit,  which  was  also  a 
record.  If  the  Kupj)Iy  to  Stepney  is  deducted,  the  resultant  figure  for 
talcs  in  Poplar  (l-087d.)  is  still  a  record  to  date.  Capital  employed  per 
kilowatt  of  plant  installed  (£30'7)  ai)))ears  to  be  about  the  lowest  in  the 
country,  and  the  output  (over  2U  million  units)  is  the  largest  figure  yet 
pubhc-hed  for  any  metropolitan  munii-ipal  undertaking.  Load  factor 
was  30-2  (against  28-8)  per  cent.,  the  increacc  being  probably  accounted 
for  by  the  restricted  lighting  during  the  past  winter.  Capital  charges  on 
account  of  new  extensions  were  increaced  by  £741,  and  as  Stepney  did 
not  take  a  stand-by  supply  the  net  income  was  £1,200  Ices.  The  show- 
rooms and  commercial  offices  opened  in  July,  1911,  have  proved  an 
unqualified  success.  In  addition  to  the  increarcd  sale  of  current,  the 
net  profit  from  sale  of  lamps  and  fittings  was  £217  (against  £189). 

Rochdale. — The  accounts  of  the  tramways  department  for  the  3  ear 
ended  March  31  show  gross  capital  expenditure  £360,754  (increase 
£7,553),  and  the  total  amount  jilaced  to  sinking  fund  is  £120,868. 

Revenue  was  £87,909  (against  £83,401  in  previous  year),  working  ex- 
penses were  £48,124  (£46,891),  interest  required  £10,396  and  sinking  fund 
£9,398,  leaving  net  balance  £19,991,  of  which  £6,309  was  paid  as  rent  for 
Littleborough,  Whitworth,  Baeup  and  Milnrow  lines,  £3,865  as  income 
tax,  £2,945  to  Hcywood  Corporation  and  £3,263  as  half  wages  to  men  on 
active  service  and  as  war  bonus.  The  net  profit  was  £3,608  (£4,284). 
Passengers  carried  were  14,632,646,  car-miles  run  1,698,504  and  units 
urcd  2,777,673  (=1-729  per  car-mile).  Total  revenue  was  12-48d.  per 
car-milc,  and  working  expenses,  including  power,  were  6-91  Id.  Average 
fare  charged  per  car-mile  was  0-9d.  The  decrease  in  net  profit  is  due  to 
increases  in  costs,  including  £1,250  more  for  power,  £1,826  for  income  tax 
and  £2,074  paid  to  men  on  active  service  and  as  war  bonus,  dross  profit 
increased  £4,506,  contributed  to  by  all  sections  except  Littleborough. 

Walsall. — In  presenting  the  annual  accounts  of  the  electric  su)jply 
department  for  the  year  ended  March  31,  the  chairman  of  the  Elec- 
tricity Committee  (Mr.  Hay  ward)  said  that  a  loss  of  £900  on  the 
year's  trading  was  a  serious  matter. 

Although  the  new  electricity  works  were  to  have  been  completed  12 
months  ago  they  were  not  yet  in  use.  In  respect  of  the  capital  outlay 
involved,  however,  £950  had  had  to  be  provided,  which  more  than 
accounted  for  the  deficiency.  The  Committee  had  had  to  pay  an  addi- 
tional £1,400  for  coal,  and  the  allowances  to  dependents  of  men  on  active 


service  amounted  to  £427.  Difficult  piobl< ms  )i;ul  to  Ijc  fawd  in  th*-  nrar 
future,  as  in  th(;  current  year  the  capital  clirirg'  s  i>n  th'-  n*  w  works  would 
be  incrca.'jcd  to  £2,4.50.  It  might  Ik;  sugg'  ntcd  that  the  i-harges  to  UfCts 
of  current  should  be  incrca.sed,  but  such  a  course  would  be  dii>a«troa3  to 
the  undertaking,  which  could  meet  the  extra  charges  only  by  an  increaced 
oucput. 

The  Mayor  said  as  the  chargci  for  current  locally  were  already  in 
excess  of  the  general  average  the  Committee  felt  that  the  only  thing 
they  could  do  was  to  go  on  and  take  the  risk,  hoping  things  wcuid  right 
themcelvefi  at  a  later  stage.  In  the  event  of  a  loss  taking  place,  the  under- 
taking  had  no  reserve  fund,  and  it  would  be  ncccii»aiy  to  call  upon  the 
ratepayers  to  make  gocd  the  less. 

Worcester. — At  March  31   the  total  capital  expenditure  of  tho 

electric  supply  department  was  £174,385  (increase  £2.57).  Stock 
cancelled,  redemption  fund  and  sinking  fund  amount  to  £85,869,  and 
debt  redeemed  to  £9,9L5. 

Revenue  was  £21,225  (against  £20,860  in  previous  vcar),  and  t'ital  cohtu 
were  £9,968  (£9,225),  leaving  gross  profit  £11,2.56  (£11.634),  capital 
charges  were  £10,652  (£10.673),  and  the  net  result  was  a  dcfi(-it  of  £121 
(after  paying  £725  for  work  of  capital  nature  an<l  improvements),  com- 
])arcd  with  a  deficit  of  £81  in  previous  year  (after  y)ayment  of  £879  for 
improvements).  Total  working  expenses  per  unit  sold  were  0-S9d. 
(0-84d.),  of  which  coal  cost  0-38d.  (0-32d.),  and  total  costs,  including 
capital  charges  and  improvements,  were  l-996d.  Average  price  obtained 
was  l-85d.  per  unit.  Units  generated  were  2,853,492  (2,91.5,814)  and 
sold  2,567,104  (2,-506,875).  Maximum  load  was  904  kw.  (939  kw.)  and 
load-factor  19-58  (23-26)  per  cent, 

Mr.  C.  M.  Shaw,  city  electrical  engineer,  says  in  his  report  238,915  extra 
units  were  sold  for  power  ;  motors  equal  to  323  h.p.  and  heating  devircs 
to  45  H.p.  were  connected  during  the  year.  Increased  cost  of  production 
seemed  to  be  about  50  per  cent,  in  the  case  of  persons  producing  their 
own  power,  and  from  10  to  15  per  cent,  in  the  case  of  central  stations,  and 
this  factor  was  working  in  their  favour.  Units  generated  by  water  power 
were  607,682  (509,422).  Coal  cost  war  the  same  per  unit  as  in  1912-13, 
since  which  year  the  price  per  ton  has  increased  more  than  45  per  cent. 
This  improvement  in  cost  of  coal  per  unit  is  due  to  the  new  turbine  and 
mechanical  stoker  and  the  increased  power  output.  The  prospects  of 
further  development  of  the  power  load  are  distinctly  favourable. 


COMPANIES'  MEETINGS  AND   REPORTS. 


ALUMINIUM  CORPN.  (LTD.)— At  the  meeting  last  week  Mr.  S.  G.  Bibby 
presided,  and  said  that  they  were  now  reaping  the  benefit  of  the  Dulyn 
water,  and  aire  ady  it  was  making  all  the  difference  as  regards  their 
output,  which  had  increased  by  approximately  30  per  cent,  during  the 
five  months  of  the  current  year  compaiTj-l.—ith  the  same  period  of  1915. 
An  ample  water  supply  was  absolutely  -vital  to  the  company's  succees  ; 
the  moi-e  water  the  company  could  control  the  greater  the  output.   After 
paying  debenture  and  loan  interest,  directors"  fees,  &c.,the  net  profit  was 
£14,257.  Is.  Pd.,  which  was  fully  £6,000  greater  than  in  the  preWous  year. 
Tho  capital  expended  during  the  year  was  £24,034,  and  about  half  that 
was  spent  on  the  Dulyn  tunnel.     With  balance  forward,  their  available 
balance  war,  £17,543.  4s.  2el.     Having  regard  to  the  pi-esent  position  ar.d 
the  prospects  of  the  company,  the  directors  recommended  that  a  start  be 
made  to  reduce  the  accumulating  preference  stexk  elividcnd  by  a  pay- 
ment of  7  per  cent.,  less  tax,  leaving  £4,559.  16s.  Ird.  to  cany  forward. 
They  would  be  pleased  to  know  that  the  company  had  proved  itcclf 
during  the  past  year  to  be  a  national  asset.     Conditions  were  extremely 
abnormal    in    conceciueneo    of    the    demand    for    aluminium.     Recent 
developments  would  have  the  effect  of  increasing  the  demand  and  con- 
sumption of  aluminium  when  they  returned  to  normal  peaceful  times. 
While  the  abnormal  demand  for  the  metal  had  created  a  much  higher 
selhng  price  than  that  ruling  prior  to  the  v»-ar,  it  must  not  be  overlookcii 
that  the  cost  of  production  had  very  considerably  increased.     They  had 
experienced  serious  ditficuties  as  to  supplies  of  raw  materials,  labour, 
freights,  &c.     The  Treasury  had  permitted  them  to  incifafc  their  debt  n- 
ture  issue,  and  they  v/ere  negotiating  for    ph-.eing  a  further   £100.000 
6  per  cent.  elebentiu'cs,to  rank  pari  passu  with  the  existing  issue.     That 
would  allow  them  to  proceed  with  the  erection  of  the  Cowlyd  and  Trasbwll 
dams,  which  were  essential  to  increased  output  they  had  in  ^iew.  Arrange- 
ments had  also  been  made  for  the  installation  of  a  new  generator,  and 
work  hael  been  commenced  upon  a  brielse  over  the  River  Conway,  which 
would  -nablc  them  to  bring  the  L.  &  X.  W.  Railway  trucks  into  the  works. 

The  report  and  accounts  were  adopted,  ar.e'l  at  an  extraordinary 
general  meeting  immediately  after  the  Conway  and  Colwyn  Bay  Joint 
Water  Supply  Board  Bill,  which  provides  for  the  joint  use  of  the  Cowiyd 
watershed  by  tiic  company  aiiel  the  Cowlyd  Water  Board,  was  approved. 

BRITISH  ELECTRIC  TRACTION  CO.  (LTD.)— iMr.  Emile  Garcke.  who 
presided  at  the  meeting  last  week,  saiel  that  the  enliitir.cnt  of  a  large 
number  of  their  men  had  cauted  a  good  deal  of  d'bturbance  in  their 
organisation,  and  in  other  respects  changes  had  been  brouudit  about  in 
consequence  of  the  war  which  had  in  mar.y  ways  altered  the  character 
of  their  business.  Tlitv  had  had  to  pay  higher  wages,  and  there  was 
great  scarcity  of  material,  which  cost  more.  Their  working  expenses 
had  increased  considerably,  but  they  were  not  able  to  charge  corres- 
pondingly more  for  their  £e"r\-iccs.  Their  tramway  fares  and  the  rates  for 
the  suppiv  of  electricity  were  fixed  by  acts  of  Pariiament,  and  in  most 
cases  could  not  be  increased.  If,  therefore,  they  showed  larger  profits, 
it  was  because  they  had  done  very  much  more  work,  for  they  had  earned 
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fcss  |)er  jjaswuger  ami  per  unit.  Tlity  wc  re  luukinj.'  no  Ko-ealleil  war 
profits.  An  Act  had  been  pa:5;ied  ta.xing  heavily  all  jnofits  made  during 
the  war  in  cxrei-s  of  tho;«  of  a  ])re-war  period.  Therc  was  no  injustice 
in  that,  speaking  generally,  hut  tramway  and  eketricity  .-iujiply  com- 
panies ocrupied  a  mo«t  exceptional  position.  Tho;  e  busincrfXi:,  if  they 
wore  profitable,  were  taken  over  by  local  authoriticii  on  the  expiration  of 
specified  periods,  and  the  price  paid  was  generally  kts  than  the  capital 
expended.  Therefore  thoi-e  companies  were  bound  to  make  large 
reserves  out  of  profits,  and  it  was  only  after  the  undertakings  had  been 
developed  for  several  years  that  the;^  were  able  to  do  that.  A  tax  on 
profits  in  those  cases  was  thus  alr.o  a  tax  on  capital.  They  had  >uggcfctcd 
to  the  Chancellor  of  the  Exchequer  that  f-.pccial  protection  should  be  given 
to  such  companies,  but  the  only  concession  they  had  been  able  to  obtain 
•was  that  those  cases  should  receive  iiwcial  consideration  by  the  referees. 
As  regarded  the  results  of  the  year":;  woiking,  the  r.\ciuie  from  their 
investments  and  sundry  profits  amounted  to  4;244,(JOU,  or  8,."U0  more  than 
in  the  preceding  year,  and  their  general  exi)en;cs  were  t27.74ft,  or  tl,500 
more.  The  average  yield  on  all  their  investments  for  the  past  y<  i'.r 
represented  519  per  cent.,  which  was  a  little  higher  than  the  figure  for 
the  ])receding  year.  The  availivble  balance  wa:;  i;20fl,000.  or  about 
£I1,<X)0  more  than  in  the  ])re(eding  year.  After  |)aying  the  debenture- 
interest  (£91,259)  and  the  divid'-nd  of  (i  ]i'  r  <  'lit.  for  the  y  :ar  upon  the 
cumulative  ])arti(i])atiiig  ])refei-en(e  slock  (t:42,7<il),  they  had  a  balance 
of  £7."),14(),  beside'S  £71,I59S  brought  forward.  Last  year  nothing  was 
l)laced  to  reserve,  but  the  diivdors  thought  that  an  addition  of  £20,327 
to  reserve,  rasing  it  to  £410.000,  was  the  riglit  thijig  to  do  this  year. 
With  regard  to  the  dividend  on  the  new  ordinary  stock,  it  might  be 
remembered  that  when  th"  icheme  of  ivarrangement  of  (a[)ital  was  for- 
mulated he  intimated  that  in  the  first  year  after  the  icheme  had  been 
carried  through  they  would  be  in  a  j)osition  to  pa\'  on  the  new  ord-naiV 
stock  a  divid  nd  of  4  per  cent.,  and  that  they  might  expect  the  dividend 
gradually  to  im))rove.  The  accounts  showed  that  their  estimates  were 
well  founded,  and  that  they  could  easily  pay  this  year  a  dividend  on  tho 
ordinary  stock  of  more  than  th"  15  per  cent,  suggested.  The  estimate  was 
made  before  the  outbreak  of  war,  and  circumstances  had  since  com- 
pletely altered.  It  was  important  that  they  should  keep  in  a  li(|uid  form 
some  part  of  their  profits,  especially  as  the  prei-ent  was  not  a  favourable 
moment  for  the  realisation  of  their  investments.  After  making  the 
various  appropriations  mentioned,  they  were  able  to  inci-ease  the  carry 
forward  by  £1 5,030  to  t:8(i,428. 

CIE  FRANCAISE  POUR  LEXPLOITATION  DES  PROCEDES  THOMSON- 
HOUSTON.-  'J"hc  re])ort  for  1915  stalls  Ihal  llic  net  piolil-  amounted  to 
4,821,778  francs,  an  increase  of  272.0(,H)  francs.  A  d»\  idend  of  7  per  cent, 
is  proposed,  leaving  197.011  francs  to  be  canied  forwaid. 

CITY  OF  BRISBANE  ELECTRIC  LIGHT  CO.  (LTD.)  Tln'  rci)ortfor  the  year 
1910  staled  that. after  iiiakin'_'  adilitions  li>  the  fiamhisc  and  purchasing 
sinkiiigfuiid  and  nncwal,  replacement  and  contingcMu-ics  account,  and 
allowing  for  depreciation,  the  credit  balance  was  t20,l.'{."{  which,  with 
balance  brought  forward,  nia<le  £21,448.  The  directors  paid  an  interim 
dividend  in  .Sept.  last  (£8,987,^tiila  further  dividend  was  paid  in  March,  3 
percent,  on  the  preference  shares  and  5perc<nt.  on  thefully-])aid  ordinary 
shares,  and  5  |)cr  cent,  on  the  contributing  shares.  A  l>alan(  c  of  11.569 
■was  carried  forwanl. 

GLOBE  TELEGRAPH  &  TRUST  CO.  (LTD.)— The  net  revenue  for  th" 
year  ei-d  tl  Mhv  31,  aiUr  (Ududion  of  expenses,  amounts  to 
£22(),085.  1  lu.  8d.\  and  makes,  with  £27,(i55.  Os.  9d.  brought  forward,  a 
total  of  C253,740.  18s.  5d.  From  this  amount  there  has  been  distributed 
£l22,(t.32.  i>s.  Id.  in  interim  dividends,  leaving  an  available  l)lance  of 
£130,808.  9s.  4d.  The  diivctors  now  recommend  payment  of  th->  following 
final  dividend!',  viz.,  3u.  ])er  share  (lets  tnx)  on  th"  pre  feivnce  :  hares, 
making  with  previous  distributions  a  total  dividenil  for  the  year  on  thojic 
bhaix's  at  rate  of  (!  per  cent.  ]r.'r  annum  (k  :  s  tax),  and  8s.  ])er  shaiv  (tax 
free)  on  Ihe  ordiiriry  shares,  making  wiili  previous  ilistributions  a  total 
divid<'nd  on  these  shares  at  tlie  raie  of  7  per  cent,  (tax  free)  for  ih"  vcar. 
These  dividends  will  absorb  £93.959.  i2s.  Kd.,  ami  leave  £3tj,848.  His.  t'i\. 
to  be  carried  forward.  During  the  gear  £3.700  Anglo-American  Tele- 
graph C'o.'s  ])referred  stock  has  been  i  old.  al.-^o  nine  certificates  of  the 
Submarine  t'ablcs  Trust,  belonging  to  this  company,  have  been  drawn 
and  i)a'd  off  at  t;l20  per  certiticale.  The  proceeds  have  been  re-invcstcd 
in  the  K;'slcrn  Telegra])li  Co.,  the  Telegraph  Constiiiction  \-  Maintenance 
Co.  and  Indo-Europeim  Telegraph  C'o. 

IMPERIAL  TRAMWAfS  CO.  (LTD.)  Th- report  for  I9l  5  states  that  the 
availMMc  lialaiuc  I-  i'Ll5.7tiii,  an<l  .ificr  payment  of  debenture  and  ]ne- 
ferenco  interest  the  diifctors  ])r<n)o.se  a  dividentl  for  the  year  at  rate  of 
2  per  cent,  on  the  ordinary  eapiti^.l  (less  tax),  carrying  forward  £193.  The 
gross  receipts  of  the  Middlesborough,  iStockton  and  Thornaby  electric 
tramways  amount  to  €(>(>. 529.  an  increa.se  of  £2,9b7.  The  net  profit  is 
£15,431.  compared  Mith  i:i7.00( 

JAMES  KEITH  &  BLACKMAN  CO.  (LTD.)  -The  chairman  (Mr.  T.  W. 
Alsop)  announ-,  ■  (1  at  th  •  rmviin>:  li-^i  week  that  the  bus-in-'ss  done  during 
tho  past  jv.ir  was  a  record  :  It  was  18  per  i"nt.  moir  than  in  the  previous 
year.  Th"  pvope.ed  divi(I"nd  wiv.*  10  p  r  r'nt.  (tax  free).  The  patonts 
and  goodwill  they  propo-cd  to  wi|>"  out  altogether. 

Mr.  ,T;\mer-  Keith  (managing  director),  in  seconding  the  adoption  of  Ihe 
report  and  a-  eoulit.;,  said  that,  notwithstanding  Ih  -  <  "ntinucd  diniinutitMi 
at  home  in  the  lighting  depaitnK'ut  of  t>ur  busin  ■^.  owing  to  (Joveriuncnt 
ifstiictioiis.  111'  turnover  has  largely  iii>n'«scd  in  ««llnr  dii'cctions.  (If 
course,  thy  had  to  get  a  lot  of  new  and  spi'iial  machinery  to  meet  urt;ent 
le(|uiremcnts,  but  they  hail  been  careful  only  to  obtain  such  machineiy 
as  woukl  lie  necessary  for  tlvMr  regular  and  sprual  work  long  after  the 
w^v  would  ho  over.  Th^^ir  principal  trouble  at  present  was  tne  sotting 
»nd  i-^tainin^  of  (skilled  workmen. 


KENT  ELECTRIC  POWER  CO.— The  directors' report  statesthat  the  total 
revenue  fioiu  the  >ale  of  electrical  energy,  &c.,  for  tlu;  jwst  j'ear  was 
£21,204,  from  wiiich  must  be  dtnlucted  working  expenses  (£15,60J), 
leaving  a  profit  of  £5.<;'>3.  P'rom  this  has  to  be  deducted  interest  on 
debenture  stock,  &c..  and  directors'  and  auditors'  fees  (£4,536).  leaving 
£1,067,  making,  with  amount  brought  forward  (£565)  a  total  of  £1,632, 
which  the  directors  propose  to  carry  forward.  Owing  to  the  increased 
cost  of  product  ion  ami  to  lighting  restrictions  the  profits  have  not  reached 
a  sufficient  amount  to  enable  the  first  instalment  of  £1,.500  Lloyds  bonds 
to  be  redeemed,  or  to  pay  the  dividend  on  the  cumulative  priority  shares. 

LANCASHIRE  POWER  CONSTRUCTION  CO.  (LTD.)— Dr.   H.  F.   Pai-shall 
prcoid  (lat  ihe  meeting  on  the  22nd  inst.  andstatcd  thai  the  progress  mad" 
in  1915  had  been  very  satisfactory,  the  profit  on  trading  showing  a  sub- 
stantial incrca.se.     The  rciiort  was  lo  late  that  it  was  ancient  history  to 
most  of  th"m,  and,  therefore,  he  might  tell  them  something  rciiiecting 
the  re.'ults  of  the  first  five  months"  trading  of  the  jiresent  year.     They 
were  very  satisfactory  compared  with  thos-e  for  1915,  as  they  were  appro- 
ciably  uji,  and  if  that  progress  were  maintained  during  the  whole  of  the 
year,  it  would  mean  that  th"ir  jirofit  on  trading  would  Ix"  substantially 
nioif  for  1916.      Froni  an  engineering  ]ioint  of  view  the  pixigrets  had  been 
comparatively  unevcniful.     >>o  addition  had  been  made  (o  the  power 
))lant,  which  had  worked  economically  and  well  thix>ughout  the  year. 
They  had  extended  the  mains  and  the  system  generally  had  been  rein- 
forced and  consolidated,  ami  therefore  there  was  no  large  capital  ex|>en- 
diiun-  for  them  to  face  in  order  to  kceji  up  a  sutficient  sup}dy  in  the  d»s- 
tiict  they  cervcd.     The  outlook  for  future  business  was  good,  aud  on 
terms  jnore  consistent  with  the  advantages  given  by  the  company  and 
than  those  which  had  :  o  far  Ijeen  obtained.     There  were  several  contracts 
of  impoitance.     The  units  ; old  during  the  year  showed  a  substantial 
inci'.'a;e  over  the  e  of   1914,  as  did  aho  the  revenue.     The  growth  of 
business  with  local  orders  showed  an  increase,  but  not  as  great  as  might 
have  been  anticipated  owing  to  the  restricted  fighting  regulations.     Still, 
the  increase  showed  that  their  investment  in  those  local  orders  woidd 
ultimately  be  a  pi-ofitable  one.     The  cost  for  fuel  per  unit  sold  was  greater 
than  in  1914.  but  the  total  operating  costs  had  been  reduced,  although 
there  had  Ix-en-an  increase  in  the  rates.     While  on  the  subject  of  genera- 
tion he  desired  to  point  out  that  tho  Government  appeared  to  be  favour- 
able now  to  a  central  sujiply  system.     In  the  past  they  had  certainly  not 
been  given  much  consideration  in  that  connection,  and  local  authoritieB 
which  could  not  generate  as  cheaply  as  the  company  had  been  allowed  to 
go  on  with  generating  systems,  when  in  the  iiitere'sts  of  the  public  or  of 
economy  they  should  have  come  to  the  eonip-'^ny  for  a  lupply.     They 
had  most  pleasing  an<l  satisfactory  nlation.-  with  ;  ome  of  their  larger 
neighbours,  but  some  of  their  smaller  neighbours  had  been  veiy  anxious 
to  go  on  with  their  own  undertakings,  even  at  a  loss.     Their  undertaking 
was  in  a  central  district,  where  they  could  give  a  lupply  of  curnnt  to  » 
great  number  of  local  Hiiilioritics.  to  the  great  advantage  of  the  latter. 
It  was    ati  -fac  toiy  to  know  that  the  prini  iple  of  eenti-ali-  .Ttion,  after  all 
those  year.;,  wa  ■  now  being  recognivcd  in  a  practical  way  by  the  (;oA<»rn- 
mcnt.for  he  thought  it  could  be  said  without  fear  of  dispute  that  genera 
lion  in  England  was  carried  more  wastefully  on  than  in  any  country'  in 
the  world  ;    that  was  to  sax.  th.-  relative  cost  of  fuel  per  unit  generated 
WAS  vastly  greater  than  in  any  vither  countiy.     That  was  due  to  the  fact 
that  almost  every  local  authority  had  been  allowed  to  set  up  its  own 
undertaking.      In  l^ondon  half  a  million  tons  of  ci^al  were  wasted  yearly. 
If  the  principle  of  centralisation  became  generallv  adopted,  their  Lan- 
cashire' undertaking  would  bt'come  a  x-ery  important  one,  because  they 
were  in  the  centre  of  the  district,  with  ex-eiy  facility  for  extension  and 
generating  on  the  niost  iconomical  lines — and  they  could  attain  to  very 
much  lower  generatiiiii  figures  than  smaller  undertakings  less  favourably 
situated.      Owing  to  the  handicap  of  not  In-ing,  he  feared,  as  favoured  as 
the  lo<al  auMiorities.  thiy  had  had  to  feel  their  way.  going  on  with  small 
•generating  units,  and.  as  a  result,  their  fuel  economy  had  not  lnvn  as  hiw 
as  i\  might  have  been  if  they  lould  have  gone  ahead  at  full  sjk-c d  fn>m 
the  beginning.     Tli-ir  fu<d  consumiitioii.  however,  was  lower.  consi<lering 
the  class  of  fuel  th"y  were  using,  than  of  mo-t  other  similar  undert;»king; 
ill  the  kingdom.      .Allli  iin:h  th'  y  might  have  been  in  a  Ik  tier  po.;ition 
had  th.y  been  allowed  to  go  ahead  with  bigger  units,  yet.  as  they  stood 
they  were*  very  favourably  situaU  <l  to  give  a  pmivr  supply  if  they  became 
the  nucleus  for  giving  a  general  supply  in  vheir  district.     They  wore 
proposing  to  exteml  their  jiowcr  station  by  '.he  addition  of  another  large 
generating  unit,  in  oitler  to  meet  the  general  gr«>wth  of  their  busine:  s  and 
to  give  a  safe  margin  for  the  continuity  of  the  supply.     The  cxpi'nditure' 
had  been  .'•pprovcd  by  the  CJovernment  authoriti;  •,  who  had  a!,  o  ap- 
proved the  ordering  of  the  maehiuery,  and  they  weiv  able  to  cany  out 
the  oxteiv  ion  without  asking  for  any  new  cipital.     When  that  unit  wa  • 
in  working  order  they  might  expect  an  improvement   in  th^ir  cost  of 
generation — at  lea-t.  in  their  coal  consumption  :    and  they  could  aho 
uafcly  »ay  that  on  th-'  presi-nt  baai*  of  weiking,  that  unit  would  take 
them  up  to  the  point  where  they  would  be  earning  their  fixed  chnrgct 
tomething  hke  ihree  times  over.     They  had  a  considerable  ittue  of  profit- 
i-haring  noli  ..  and  Ihu^e  who  held  them  were  wond.nng  when  'he  happy 
day  would  come  wh  n  th.y  woukl  leceixf  a  di.idnd  en  th:m-     H" 
thought  he  might  -as  with  •omc  degree  of  accuracy  that  a  dix  idond  would 
be  forthcoming  when  the  new  unit  w.as  fr.lly  employ  d.  boc.iu  e  the  >•  cou'd 
then  pay  a  fair  divid-nd  and  at  the  same  tini"  haxe  a    ufticicnt  margin 
o>Tr  for  carrying  on  the  hii:-<inei8.      Having  regard  ;o  tin  pivi-cnt  general 
financial  situation. he  thnuMlit  thcymust  pro\id<>foi m ci-^i-aiyi'xtcnsions 
out  of  earnings.      He  thought  th"  [ac*  that  Ihex  w  r   c.bl '  to  pro\id"  on 
important  extension  such  as  that  mentioned  largely  oui  ol  i  ainiiiu-  umst 
be  considered  sat  siactoiy  :   and  sueh  an  extension  i^allv  meant  that  the 
whole  of  the  depreciation  of  tho  plant,  when  tho  cxt:?EEi<m  wa*  «^m*d 
out.  had  he«n  provided  for  by  a  verr  >ub»tantial  renewal. 
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MARCONI'S  WIRELESS  TELEGRAPH  CO.  (LTD.)  1 1"'  M''"''^  l""''*  •'"' 
lllJ")  was  tT)Hl.l2r).  Ss.  2<l.,  ami  llir  ii-l-  piolil  i;:}77,«l7.  12s.  Id.  (an 
iiKienso  of  net  prolit  over  1!)U  of  £14."), 101.  :js.  2d.),  and  willi 
£69,497.  8s.  (id.  biouglit  forward  the  halaiuo  available  is  £447,315.  Os.  7d. 
Tiio  directors  regret  to  report  tiiat  tlicy  are  still  without  an  agrecnienl 
as  to  ih<-  basis  of  remuneration  and  compensation  from  the  ({overnment 
i'or  the  ure  of  the  com])any's  high-power  stations  since  the  beginning  of 
Ihc  war  and  for  tlie  other  ^ervicew  rendered  in  connection  therewith.  It 
has,  therefore,  been  once  more  impossible  to  include  any  Kum  in  respect 
of  these  matters  in  tho  accounts.  There  have  been,  however,  a  largo 
number  of  contracts  entered  into  by  tho  company  with  Government 
departments,  in  re.spect  of  all  of  which  payments  have  been  regularly 
received.  There  are  four  heads  under  which  considerable  sums  are 
payable  by  the  Government  to  the  company — viz.,  (1)  the  Post  Offif, 
lor  remuneration  and  compensation  in  respect  of  the  use  of  the  com- 
panj''s  high-power  stations  since  the  beginning  of  the  war,  &c.  ;  (2)  the 
Admiralty,  for  the  u.se  of  the  company's  patents  since  the  expiration  (on 
March  31,  1914)  of  the  Admiralty  agreement  of  1903,  no  now  agreement 
hiving  yet  liccn  concluded  ;  (3)  the  War  Office,  in  respect  of  the  use  of  tlui 
company's  patents,  witiiout  agreement,  during  the  v/hole  time  v/ireless 
telegraphy  has  been  used  by  the  War  Office  ;  (4)  the  Post  Office,  for 
compensation  in  respect  of  their  withdrawal  from  the  contract  for  the 
Imperial  chain  of  stations,  with  regard  to  which  no  agreement  lias  been 
arrived  at,  and  the  com^jiiiiy  has,  therefore,  been  obliged  to  lea\e  tlu^ 
amount  of  compensation  to  which  it  is  entitled  to  be  settled  by  a  court. 
Shares  in  associated  companies  and  patei\ts  are  taken  at  their  cost 
price  (£1,383,')57.  14s.  (id.),  and  siiow  an  increase  of  £23,r)31.  19s.  2d.  Tlic 
par  vahie  of  the  shares  1 ',>ld  in  associated  companies  now  stands  at 
£2,484,3(59.  14s.  lOd.,  exclusive  of  shares  which  have  no  capital  denomina- 
tion. After  crediting  £100,000  allocated  from  profit  and  loss  account  of 
the  preceding  year,  the  general  reserve  account  now  stands  at  £9<<7,.")30. 
The  Marconi  International  JMarine  (^'ominunication  Co.  has  continued  to 
show  substantial  development  of  its  business.  Dividends  for  the  past 
year  amounting  to  121-  per  cent,  have  been  declared,  and  £33,841.  lis.  Id. 
has  been  carried  forward.  The  Russian  Company  (Societe  Russo  dc 
Telegraphes  ct  Telephones  sans  Fil)  has  continued  to  do  a  large  business, 
and  a  dixidend  at  rate  of  15  per  cent,  for  1915  has  been  declared.  The 
French  Company  (La  Compagnie  Francjaise  Maritime  et  Coloniale  de 
Telegraphic  sans  Fil)  has  declared  a  dividend  for  1915  at  rate  of  10  per 
cent,  on  tho  ordinary  shares  and  31-25  francs  on  the  founders'  shares. 
The  Amalgamated  Wireless  (Australasia)  (Ltd.)  has  paid  6  per  cent,  for 
the  year  ended  June  30,  1915.  The  Wireless  Press  (Ltd.)  has  paid  25  per 
cent,  for  the  year  ended  Sejit.  30, 1915.  The  Marconi  Wireless  Telegraph 
Co.  of  America  has  again  e'lrned  increased  profits  for  the  past  year,  Ijut 
their  principal  revenue  is  expected  to  be  derived  from  the  trans- Atlantic 
service,  v/hich,  in  consequence  of  this  company's  stations  b&ing  in 
Government  i;crvicc,  has  been  obliged  to  remain  itllc.  It  is  apprchen^Ied 
that  tho  compensation  in  respect  of  this  compiny's  Carnarvon  stations 
will  also  embrace  the  loss  incurred  by  the  enforced  idleiiess  of  the  American 
stations.  Owing  to  the  unfavourable  rates  of  exchange,  large  sums  of 
money  have  had  to  be  placed  on  deposit  with  foreign  banks,  principally 
in  allied  countries,  until  such  time  as  the  exchanges  become  normal. 
Had  these  moneys  been  remitted  on  Dec.  31  last  there  would  have  been  a. 
loss  in  exchange  of  £25,757.  2s.  5d.  Temporary  investments  at  the  end 
of  the  v'ear  showed  a  depreciation  of  £27,60(5.  5s.  9d.  It  has,  tlicrcfore, 
been  deemed  right  to  debit  to  profit  and  loss  account  both  the.'c  sums, 
v/hich  amount  to  £53,363.  8s.  2d.  In  view  of  the  state  of  war,  and  having 
regard  to  tho  large  sums  of  money  abroad,  and  to  the  uncertainty  as  to 
when  any  of  the  moneys  due  to  the  company  from  the  Government  will  be 
received,  the  directors  deem  it  prudent  to  husband  their  leiources,  and 
reeommcnd  the  declaration  of  a  final  dividend  upon  the  ordinary  shares 
at  rate  of  5  per  cent,  which,  together  with  the  5  per  cent,  interim  dividend 
paid  in  February,  1916,  v/ill  make  10  per  cent,  for  tho  year.  They  v/ill, 
however,  further  recommend  that  a  substantial  bonus  shall  be  declared 
and  paid  out  of  tho  moneys  due  from  the  ((overnm<>nt  as  soon  as  received. 

TRAFFORD  POWER  &  LIGHT  SUPPLY  (1902)  (LTD).— At  the  annual 
meeting  last  week  the  chauman  (Mr.  A.  L.  Ormrod)  pointed  out  that 
after  providing  for  a  larger  amount  for  depreciation  than  in  previous 
years,  v.hich  v.^as  necessary  o^ing  to  the  incrcaced  work  the  station  had 
been  doing,  the  year's  net  profit  was  £8,665,  compared  with  £4,(501  for  the 
pvcceding  ycir.  That  was  equivalent  to  at  least  13  per  cent,  on  the 
ordinary  shares  ;  but  in  view  of  necessary  exper  diturc  and  the  conserving 
of  the  resources  of  the  company  only  a  small  proportion  would  be  recom- 
mended to  be  devoted  to  payment  of  dividend.  The  report  and  accounts 
were  adopted  and  dividends  of  5  per  cent  on  the  pi-eference  and  21  per 
cent,  on  the  ordinary  shares  approved,  lea  ving  £12,950  (subject  to  possible 
liability  to  excess  profits  dut\')  to  be  carried  forward. 

WAYGOOD  OTIS  (LTD.)— The  chaii-man  (Mr.  Henry  C.  Walker)  stated 
at  the  recent  meeting  that,  although  the  figures  for  the  past  year  were 
disappointing,  the  result  would  not  be  a  surprise  to  shareholders  under 
existing  conditions.  \A'hile  the  company  did'not  show  a  profit  they  had 
been  able  to  meet  all  their  difficulties.  "During  a  great  part  of  the'  time 
under  review  they  had  been  a  controlled  establishment.  They  had  been 
carrying  out  contracts,  but  their-  position  in  relation  to  that  work  had  not 
been  a  fortunate  one,  as  only  their  machine  shop  was  required.  Conse- 
quently their  other  departments  had  suffered  considerably  because  they 
had  been  unable  to  draw  supplies  from  the  machine  shop  as  in  normal 
times.  It  was  also  impossible  to  change  a  factory  over  from  one  class  of 
manufacture  to  another  without  incurring  considerable  expense,  or  to 
obtain  profitable  results  with  new  work  until  a  considerable  amount  had 
been  turned  out.  They  liad  also  had  to  face  considerable  difficulties  in 
regard  to  labour.     A  large  number  of  their  skilled  workmen  had  been 


callrd  away, and  to  iilldie  vacaucien  t  licy  li.id  iiiiplovi'il  woinf-n,  who  had 
had  to  b(!  trainid  to  do  the  work.  They  had  niaile  a  lus-;  ijii  <t  number  of 
(oiitracts,  some  of  large  amounts,  the  orders  fr»r  which  were  p'ac*:;*!  with 
them  at  pre-war  prices,  and  owing  to  delay  in  building  work  generally 
these  had  been  hung  up  and  had  had  to  be  completed  at  the  advanced 
costs  of  labour  and  material  duo  to  the  war.  The  profit  on  trading  was 
£12,287,  and  after  adding  dividends  on  investments,  &c.,  the  lialancc 
available  was  £14,534,  from  v.hich  had  been  fleducted  various  amount.s 
for  depreciation,  &c.,  which  left  £672.  He  did  not  regard  the  present 
state  of  affairs  with  any  apprehension,  and  when  they  were  able  to 
resume  normal  business  he  felt  satisfied  that  they  would  be  aide  to  do  so 
with  conspicuous  success. 

J.  ■"'.  WHITE  &  CO.  (LTD.)— The  profit  for  the  year  ended  Feb.  29 
after  bringing  in  £29,559)  wa.  £46,939.  Th:-  director;  retommend  a 
dividend  of  (5  per  cent,  (less  tax)  on  the  ordinary  sharcn,  leaving  to  be 
cairicd  forward  £34,939.  Tho  war  still  continues  to  affect  the  busincs.? 
adversely.  Methods  for  broadening  the  scojio  of  the  company'**  work, 
boil)  it  home  and  abroad,  are,  however,  receiving  careful  con^-ideration, 
and  the  i)ros])ccts  of  i-ati.sfaetory  arrangements  Ix-ing  concluded  during 
the  (current  year  seem  encouraging.  In  i  ))itc  of  the  generally  unfavour- 
able business  conditions  prevailing,  the  profit  earned  of  £17,380  during 
t  lie  past  year  i.s  not  unsatisfactory. 

ZINC CORPORATION(LTD.)— The  profit  for  I9l5after  writin<;o£[£21,(i;jl 
for  depieciation,  a.in'uintcfl  to  £140,639.  The  amount  of  £84,687  due  by 
Messrs.  Aron  Hirscli  &  )Sohn  in  respect  of  zinc-  concentrates  delivereil 
])rior  to  the  outbreak  of  the  war  (carried  to  susiiense)  has  not  yet  been 
received.  The  first  dividend  of  2s.  per  share  on  the  preference  shares  for 
the  year  1915  was  paid  in  Januaiy,  and  the  second  dividend  of  2s.  per 
share  has  been  declared  payable  on  .July  1.  This  will  leave  a  suiplus  of 
£65.274,  out  of  which  the  directors  recommend  payment  of  a  final  par- 
ticipating dividend  of  Is.  per  share  upon  both  classes  of  shares  on  Sept. 
30,  leaving  £20,332  to  be  carried  forward.  The  Corporation  was  suc- 
cessful in  its  action  against  Messrs.  Aron  Hirsch  &  Sohn  for  the  deter- 
mination oi  the  zinc  contract.  In  view  of  the  delay  which  was  hkely  to 
be  experienced  before  a  decision  couki  be  obtained  in  the  House  of  Lords, 
the  directors  applied  to  the  Board  of  Trade  for  the  determination  of  the 
contract  under  the  powers  conferred  upon  that  body  by  the  Trading  with 
the  Enemy  Amendment  Act,  1916,  and  an  order  was  made  on  May  13  for 
the  determination  of  the  agreements. 


NEW  COMPANIES,   MORTGAGES  AND 
CHARGES. 


NEW  COMPANIES. 

B.I.  CO.  (OF  LONDON  &  BIRMINGHAM)  (LTD.)  ( 144.149)— Reg. 
June  22,  capital  £2,000  in  £1  shares,  to  carry  on  the  business  of  designers, 
manufacturers,  exporters  and  importers  of,  contractors  and  factors  for 
and  dealers  in  electric  light  and  other  electrical  apparatus,  conduits, 
dynamo  machines,  lamps,  fittings,  &c.  Private  comi>any.  Cecil 
Douglas  Falcke  is  permanent  managing  director.  Reg.  office  :  410  and 
411,  Mansion  House  Chambers,  (^ueen  ^'ictoria -street,  J].C". 

ELLIOTT  BROTHERS  (LONDON)  (LTD.)  (144,140)— Reg.  June  21, 
capital  £60,000  in  £1  shares,  to  take  over  as  a  going  concern  the  business 
carried  on  by  W.  0.  Smith,  W.  S.  Smith,  G.  K.  B.  Elphinstone  and  L.  W. 
Smith  at  Century  Woi-ks,  Lewisham,  and  1,  Central  Buildings,  AVest- 
minster,  or  elsewhere,  as  Elliott  Brothers,  to  carry  on  the  business  of 
mechanical  and  electrical  engineers,  electricians,  contractors,  instrument 
makers,  constructors,  manufacturers  and  suppliers  of  and  dealers  in  all 
kinds  of  mechanical,  matheniatical,  electrical  ami  .scientific  apparatus, 
iiistruiiu'uts,  telegraphic  and  engineering  appliances  or  accessories, 
nautical,  aerial,  motoring  or  other  iin])leineiits  and  machinery,  tool 
makers,  &c.  Private  company.  First  directors  (to  number  not  less 
than  three  nor  more  than  6)  are  W.  O.  Smith,  0.  K.  B.  Elphinstone  and 
L.  W.  Smith,  with  pov.er  to  appoint  others.     Secretary  :   R.  O.  Smith. 

FULLER'S  CARBON  &  ELECTRICAL  CO.  (LTD.)  (144.168)— Reg. 
June  23,  capital  £25,000  in  £1  shares,  to  carry  on  the  business  of  manu- 
facturers of  and  dealers  in  carbon,  charcoal,  graphite,  lampblack,  soot 
and  all  products  which  contain  carbon,  cliareoal  or  gi-aphitc,  carbon 
crucibles  and  carbon  for  electrical  purposes,  dynamo  brushes,  micro- 
phones, resistances,  &e.,  mechanical  and  electrical  engineei-s.  Private 
comfKiny.  First  directors  are  C.'.  Fuller,  (^  J.  A.  Fuller  and  L.  Fuller. 
Secretary  (pro  torn.)  :  F.  King.  Reg.  office  :  Grov(?-road,  Chadwell 
Heath,  Essex. 

SOUTH  COAST  KEARNEY  HIGH-SPEED  RAILWAY  (LTD.)  (144.019).— 
Reg.  June  3  by  E  W.  C.  Keainoy.  Capital  i21,000  in  -O.OOO  ordinary 
shares  of  £1  each  and  20.000  foundcrb'  shares  of  Is.  each,  to  adopt  agree- 
ments with  Charles  William  Neville  and  with  tho  Kearney  High-speed 
Railway  Co.,  whereby  the  said  company  shall  grant  to  this  compai\;>- 
the  exclusive  use  of  the  patents  and  other  rights  in  connection  with  the 
Kearney  high-speed  system  for  constructing  a  fine  of  rail-«ay  on  tho 
south  coast  of  England"  First  directors  are  e"  W.  C.  Kearney  (managing) 
C.  B.  Kearney  and  W.  F.  Paul.     Reg.  olhce  :   100,  Victoria-street,  S.W. 

TROUP,  CURTIS  &  CO.  (LTD.)  (144,175)— Reg.  June  23.  capital 
£7,000  111  £1  shares,  to  take  over  the  business  of  electrical  engineoi-s 
carried  on  by  C.  L.  Troup  and  A.  Curtis  as  Troup.  Cmtis  &  Co.,  and  to 
carry  on  same  and  the  business  of  electricians,  instrument  makers, 
heating,  ventilating  and  mechanical  engineers.  &e.  Private  company. 
First  directots  are  C-  L.  Troup  and  A.  (""urtis  (both  permanent,  subject 
to  holding  2,000  shares  each).     Reg.  office  :  282,  Victoria  PocH-rpad,  E. 
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MORTGAGES  AND   CHARGES. 

BOURTON-ON-THE-WATER  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— 
})articulars  of  £(iOO  2iul  debentures,  cicattd  Aug.  27, 191y,havc  been  filed, 
amount  of  prcncnt  irouc  being  £.530.  Properly  ehargcd :  Ccmpany's 
undertaking  and  properly,  prcKcnt  and  future.     No  trur.tccfi. 

BRILLIANT  ARC  LAMP  &  ENGINEERING  CO.  (LTD.)— Memorandum  of 
satisfaction  to  extent  of  £1,800  on  May  1.3,  I!)l(i.  of  debentures  dated 
June  18,  1915,  securing  £3,000,  has  been  fi!cd. 

DURAM  (LTD.)— Particular.s  of  £20,000  debentures,  created  March  24 
1916,  have  been  filed,  amount  of  present  i.s.sue  being  £6,.500.  Property 
charged  :  Company's  undertaking  and  property,  present  and  future. 
No  tru.stecs. 

RURAL  ELECTRICITY  SUPPLY  CO.   (LTD.)— T.'r;uo  on  Juno  6,  1916,  of 

£100  debenture;.,  part  (f  w  rici;  <,i  whicli  particulars  have  already  been 
filed. 


ELECTRICAL  COMPANIES'  SHARE  LIST.— (7on(inu«(l. 


CITY  NOTES. 


lIBMORAin)A  {.June  28).— Bank  rate  5  per  cent,  {since  Aug.  8,  1914). 
ConsoiB  (iOJ.  Consols  Pay  Day,  July  5.  Stocks  and  Shares  Ticket 
Days,  July  12  and  27.    Pay  Days,  July  13  and  28.    Price  of  silver,  31  ^d. 

CHADBURN'S  (SHIP)  TELEGRAPH  CO.  (LTD.)— Thou^^h  the  accounts 
for  the  year  ended  March  iiave  not  Ixcn  ])ublished,  the  directors  arc 
satisfied  that  the  result  of  the  year's  trading  warrants  them  in  paying  the 
usual  divid'Mid  at  the  rate  of  10  per  cent,  per  annum  for  the  half-year. 

CONSOLIDATED  ELECTRICAL  CO.  (LTD.)— A  dividend  of  2\  per  cent. 
(6d.  per  share)  on  the  ordinary  shares  for  the  year,  carrying  forward 
£3,160,  subject  to  directors'  fees. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons,  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  June  27,  the  following  as  the  present  basis  prices  of 
New  Metals.  per  lb 


Solid  Drawn  Brass  Tubes 16d. 

Solid  Drawn  Copper  Tubes Ifijd. 

Brazed  Copper  Tubes 19H. 

Brazed  Brass  Tubes 1  ad. 

Brass  Wire 16Jd. 

Copper  Wire I9id. 

Rolled  Brass 16|d. 

Brass  Sheets 1 7id. 

per  ton. 

Copper  Sheets    £156  0    0 

Spelter £65  0     0 


per  ton. 

English  Lead £31     0    0 

Antimony ; .     Nominal. 


Old  Metals. 


per  ton. 


Clean  Cspper  Scrap £94    0 

Clean  Brass  Scrap. .' £63  0 

Braziery  Copper  Scrap £33  0 

Old  Lead £24  10 

Old  Zinc  £48  0 

Hollow  Pewter £120  0 

Black  Pewter £^0  0 

Gun  Metal £73  0 


0 
0 
0 
0 
0 
0 
0 
0 


Mr.  A.  Joseph,  Eirl-street,  Ljndon-road,  Southwark,  London,  S.E..  quotes  under  date 
June  27,  the  following  approximate  prices  of  Scrap  Metals  :— 


Aluminium  Cuttings £?5 

Clean  Mixed  Brass £59 

Clean  Cooper £93 

Braziery  Copper £80 

Gun  Metal £78 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

per  ton. 

Old  Lead £27    0 

Tea  Lead £25  13 

Old  Zinc £48    0 

Hollow  Pewter £125    0 

Shaped  Black  Pewter £85    0 


0 
0 
0 
0 
0 


Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Solder  (in  bar 
:  strip),  £76;  Commercial  Tinman's  Solder,  £108;   Blowpipe  Solder,  £118. 


ELECTRICAL  GOIVIPANIES'  SHARE  LIST. 

What  were  kaowa  ai  "  offioial  quotatioai  "  ara  nab  aotr  im^l,  bit 
we  give  below  the  latest  priooa  at  which  actual  transaobioai  toak  pla^D 
on  oi  before  Tuesday, .(une  27.  The  greatest  care  is  tak3a  ia  coinpilia» 
these  figures,  but  the  difficulty  of  Tdrifioatioa  is  now  much  iaoreasei. 


10 

10 

10 

5 

5 

St. 

St 
5 
5 
b 
5 

St 
10 
10 

St. 

St 
10 
10 

St. 

St 

St 
5 

St 
5 

St 
5 

St 

St. 

St 


Last 
Uivi- 

DBND 


0% 

10% 


70/ 
'  /o 

a 

2/3 
5% 

4i% 

& 

8% 
6/0 
5% 
41% 

a 

44% 

4! 

7% 

4,0/ 

tr, 

3% 

4i-!i 

4 
5% 


NAME, 


Priet,       I     Ratb 

TUCS.,  PER   CBNT 

June  27.     Yibldso. 


Electricity  Supply. 

Bournemouth  &  Poole  E.L.  Ord 

Do.    44%  Cum.  Prof 

Do.     6%Cum.  2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Dabs.. 

Do.     44%  Pref 

Do.     Ord. 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Dsb , 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.    5%Deb.St 

Do.     44%  Debs 

County  of  London  Ord , 

Do.     6%  Pref 

Do.     1st  Deb 

Do.    2nd  Deb 

Edmundson's  Elec.  Supp.  44%  Dstjs.. 

Kensington  and  Knightsbridge  Ord.  . 

Do.     Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn.,l.st  Mort.  Deb.  St. 

Newcastle  &  Dist  E.L.  6%  2nd  Dbs  . . 

Newcastle- ■on-TyneE.S.5%2dMtDb.St. 

North  Metropolitan  E.  P.  Supp.  6%  Pref 

South  London  E.a  Ord     


9,-, 

8,V 

10* 

6* 

Sli 

794t 
34 
3ft 
34 
2» 

87 

121 

101 

99 1 

81 

101] 

:oi 

874 

934 

751 

5 

7^ 

801 
2,i 

80 

9^ 

9^4 

92 
I 
21 


t  Ex  dividend  or  Intaraifa 


£    s. 

6  10 
5  II 
5  19 

7  12 
4  19 
4   18 


0     8 


4 

0 
4 
2 
3 
6  12     0 

5  IS   a 

5    0     6 

5  II      1 

6  8  6 
5  IS  8 
5  4  2 
5  7  4 
5  18  10 

7  0  0 

5  I 

6  13 

4  19 
6     6 

5  11 

5  1 

6  0 


DtVIDSNO 
DUB. 


8  8 
0  0 
5    5 


Mar,  Sapt 
Feb,  Aug 
Feb  Aug 
Mar,  Sept 
Mar,  Aug 

Jan.  Jair 

Aug,  Feb 
Jun,  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar,  July 
Jun,  Dec 
Jun,  Dec 
Mar.  Sept 
Feb,  Aui; 
Jan,  July 
My,  Nov 

July 
Feb,  Au? 
Jan,  July 

Jan,  July 

Mar,  Aui 

Ian,  July 

Jan,  July 

Mar,  Sept 

Mar,  Sspt 

Apl,  0:t 

Mar,  Sept 


•*  Last 
X  Divi- 
w  dendI 


NAME. 


"  ^uc.nu\ 


Tuej.,      'pttJ^.i   DnnoBKo 

June  27.     I  YtBLDBD.  ""* 


5   8% 
.  5   7% 
St     3i% 
St  44% 

1|  &% 
5  70;? 
5  44% 


St 
St 

St 
St 
St. 
St. 
St. 
St 
10 
St 
St 
St 
St 
St. 
St 
St 
St 
St 
St. 
St. 
St. 
St. 
St. 

I 
1 
1 
10: 
1 

5 
6 

1 

St 
2 

100 

St 
5 
5 

St 
1 
5 

St. 
1 
I 

St 

iO 

10 

5 

5 

St. 
10 
10 
12 

103 
1 
I 

St. 

St 
St 

St 
St 
St 

IJ 
IJ 
5 

10 

St 

St 

St 

St 

10 

10 

25 

I 

1 

10 
10 

to 

St 


1 
1 

St 
St 

5 

5 

St 


5% 

6% 
4% 
4% 
44% 
4% 

ti 

4% 
1% 
34% 

m. 

34% 
4% 

44% 
6% 

4°/ 

4' 

4% 

15'/o 
«>% 


10 
10 

i65 

5 

St 

10 

St 

s 

5 


6% 

I7i% 

3/0 

6% 
44% 

74% 

6% 

4% 

20'/, 

5% 

44% 

6% 

4% 

7J% 

10% 
6% 
20% 
2/3 
44% 
10% 
5% 
23% 
4% 
74% 
6i. 
4% 
4t% 
44% 
4% 

J3/0 
14% 

4% 

5!i 

lo;;, 
5/3 

4% 
8/„ 
3(% 
4% 
4% 
8'/o 
22% 
13% 
10% 
7% 
1°/ 
6 

44% 

71d. 

10% 

4% 

44% 

8% 

ih 

6% 
6% 

5% 
4% 
6% 

3 

6/ 

44% 

9'/ 

5 


Electricity  Supply — corU. 

St.  James' &  Pall  Mall  Ord 

Do.  do.  Pref 

Do,  do.  Debs 

UrbanElec.  Supp.  4i%Db.St    

Waste  Heat  &  Gas  Elec.  Gen.  Stations. 
Westminster  E.S.  Corp.  Ord 

Do.     44%  Cum.  Pref 

Electric  Railways  &  Tramways. 

British  Elec.  Traction  5%  Debs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.     44%  Pref 

Do.     4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Ry.  Ord 

Do.     4%  Pref 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     34%  Pref 

Do.    34%  Convertible  Praf 

Do.    34%  A  Debs 

Do.     34%  Debs 

MetropoliUn  Dist  Ry.  Ord 

Do.     4%  Prior  Lien     

Do.     44%  First  Prof 

Do.     6%  Perp.  Dabs 

Do.     4%  Debs 

Do.     4%  Debs.  (1903-5) 

Do.     4%  Guar.  Stock 

Electric  Manufa:turin;,  &c. 

Babcock  &  Wilcox  Ord 

Do.     6%  Pref 

Brit.  Aluminium  O.-d 

Do.     Prior  Lien  Dsbs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref . 

British  L.M.Ericssion  Mfg.  Cm.6%  Pref 

British  Thom->on-Houston  Db 

Brit.  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.     4%  Mort  Deb.  St 

Cillender's  Cable,  &c.,  Co.  Ord 

Do.     5%  Pref 

Do.       41%  Debs 

Dick,  Kerr  &  Co.  6?i  Pref 

Elison&Swan  U.Eiec.LtA.  £3  pd 

Do.     4%Deb 

Elec.  Construction  Ord 

Do.     7%  Cum.  Pref 

Do.  4%  Debs 

Gsneral  Electric  Ord 

Do,     6%  Pref 

W.  T.  Henley's  Telegh.  W<3.  Co.  Ord. 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  &c.,  O.-d 

Do.  Prof 

Tele;h.  Con.  &Mjln.  Co 

Do.     4%  Deb3 

Vicke,-s  OrJ 

Do.    5%  Pref 

Do.     1st  Debs 

Di.    44%2ndD3b3 

Willans  &  Robinson  B.  Cm.  Pref 

Do.     1st  Mt.  Deb.  Sr 

Telegraphs. 

Anglo  American  6%  Pref.  OrJ 

Do.     Def.  O.-d 

Commercial Cible  4%  Dabs 

Cuba  Submarine  OrJ 

Do.     10%  Pref 

Direct  Spanish  10%  Pref 

Direct  United  States 

Eastern  Tel.  Co.  O.'d 

Do.    34%  Pref 

Do.    4%  Dsbs 

E'astern  Extension  Tel. Co.,  4%  Dibs... 

Do.    Ord.  .. 

Gt  Northern  TeL  Co 

Indo-Europsan    

Marconi's  Wireless  Tel.  Co 

Do.     7%  Pref 

Wsst  India  it  Panama  O.J 

Do.     1st  Pref 

Western  Telegh.  C) 

Do.     4%  Deb.  St 

Was'jrn  Union  50  yr.  Bis 

Telephone}. 

Monte  Video  Telephn.  Ord  

Oriental  Telephone  Ord 

Do.     Db.  St • 

Telephn.  Ca  of  Egypt  Db.  St 

Unit»d  River  Plate  Ord 

Do.    5%  Cum.  Pref 

Do.     Deb.  Stk 

Financial  and  Investment 

Globe  Tele.;h.   &  Trust 

Do.     6%  Pt 

Mackay  Com  Pin  ies"  Common 

Do.     $103  Pref 

Submirine  Cable  Trust  Cjrti . 

Calonial  and  Foreign  Elestric 

Adelaide  Elec  Supply  6%  P.«' 

Do.     5%  Dabs 

Bomoay  E.  a  &  T  6  ;;  Pref 

Do.    44%  Debs 

Calcutta  E.  S  Corp.  O.xl   

Do.     5%  Pref  


Stt 

7^ 
714 
1* 

64 
4i 

82 
79 

74 

724 

82 

7bk 
72 

701 
2^ 
681" 
74t 
27i 
64i 
61 
67.1 
70' 
19i 
75* 
72J 
110  + 
734  ^ 
76lt 
73" 

3* 
14i 

94-1 

a 

5ft 

91 

21 

lOjJ 
63 
I2i 

44 
8t 

1    ' 

59"' 

i 

H 
7'i 
lift 

9<i 
ISi 

4t 
874 
1J» 

84 
40 
954 

Hi 

791 
99J 
40 
56 

1051 

23A 
71 

7i 
134 

74 

6J 
143) 
661 
77J 
734 
Mi 
37  H 
43 

2^' 

21 

I 

74 

15ft 
781 
9> 

V- 

2 

7n 

8} 

6^ 
4)4 
351 

1) 
10  II 

«U4 

67 


e    s.  d. 

6  17  8 

6    0  5 

4  14  8 

6    5  10 

6  14  9 

5  14  3 

5  S  11 

6  1  11 

7  11  11 
5  8  1 
5  7  3 
5  9  9 
5  4  7 
5  13  11 
7  1  4 
5  16  1 
5  16  4 
5  7 
3  13 
5  8 
5  14 
5    4 


5     1      1 


6  7 
4  1 
9  1 
8  10 
4    7 


5  U    4 


4  18 

4  9 

5  9 

5  5 

6  8 

7  14  8 

5  15  8 

6  12  5 

4  18  II 
6    6  4 

5  19  5 

5  17  8 

8  4  11 

6  1  3 
5     7  2 

7  7  8 


5    4    3 

10    0    0 

7  9     4 

5  11     6 

8  11     I 

6  2    8 
6  12 

4  14 

5  2 
1 
4 
0 
6 
1 
6 


8 
6 
6 
4 
4 
5 

5  0  II 
4  to  8 
10  6  3 
7    2  10 


13 

17 

12 

9 

7 

13 

16 

7 

5 

3 

2 

7 

16 

IS 

8 

18 

0 

17 

5 

1 

10 


7  13 

5    0 

5 

5 

6 

5 

5 


4  12 

5  9 
5  19 
5  19 


Feb,  Aug 
Feb,  Aug 
Jan,  Dec 
Apl,  Oct 
Mar,  Aug 
Mar,  Sept 
Jan,  July 

Apl,  Ctot 
Feb.  Att? 


Jan,  Julr 
Jan,  July 
May.  Not 
Feb,  Aug 
Jan,  Julr 
Mar.  Sept. 
Jan,  Juljr 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Feb,  Aug 
May,  Not 
Feb,  Au« 
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N^OTS 


Enemy  Controlled  Companies. 

We  desire  to  draw  the  attention  of  our  readers  to  the  judg- 
ment delivered  last  week  in  the  House  of  Lords  in  the  Con- 
tinental Tyre  &  Rubber  and  Daimler  case.  We  consider  thirj 
judgment,  Vv'hich  is  reported  in  another  column,  to  be  the  most 
important  judicial  pronouncement  GO'+!ar  given  on  the  question 
-of  enemy  controlled  companies.  Briefly,  the  facts  were  as 
follows  :  The  Continental  Company  was  registered  in  this 
country,  but  all  its  shareholders  (except  one,  who  was  natural- 
ised), and  all  its  directors  were  Germans  and  resident  in  that 
■country.  They  sued  the  Baimlex  Company  for  money  due  for 
goodr;  supplied,  and.  in  nomial  times  there  would  probably  have 
been  no  defence  to  the  action.  The  defendants,  however, 
raised  the  plea  that  the  plaintiff  company  was  an  alien  enemy 
^nd  could  not  sue  ,in  an  English  court  during  the  war.  This 
plea  was  unsuccessful,  though  in  the  Court  of  Appeal  Lord 
Justice  Buckley  (now  Lord  Wrenbury)  .delivered  a  strong 
dissenting  judgment,  and  defendants  appealed  to  the  House 
of  Lords,  who  have  now  n3>animously  allowed  tL.e  appeal. 
Though  several  points  were  raised  in  the  course  of  the  legal 
.arguments,  some  of  their  lordships  based  their  judgment  on  the 
narrow  ground  that  the  Secretary  of  the  Continental  Company 
had  no  authority  from  its  directors  to  sue,  and,  therefore,  the 
action  could  not  be  allowed  to  proceed.  We  liave  given  a 
lengthy  abstract  of  the  luminous  and  clearly-reasoned  judgment 
of  Lord  Parker  of  Waddington,  with  whom  Lord  Sumn'er,  a 
great  authority  on  commercial  law,  agreed,  because  we  think 
it  to  be  not  only  sound  law  and  common  sense,  but  also  a  good 
illustration  of  the  manner  in  which  English  law  is  developed 
by  judicial  interpretation.  We  hope,  therefore,  tliat  our 
readers  will  peruse  the  judgment,  for  it  deals  with  many  matters 
relating  to  enemy-controlled  firms  and  trading  with  the  enemy 
which,  though  not  immediately  revelant  to  the  present  case, 
come  before  us  from  day  to  day. 


The  Electric  Drive  in  Steel  Works. 

Ix  little  more  than  a  decade  the  electric  drive  iiari  become 
the  established  practice  in  steelworks,  an„d  the  .progre.ss  made 
during  this  time  has  been  little  short  of  phenomenal.  Apart  from 
the  severity  of  the  service,  the  conditions  which  obtain  in  steel- 
works are  peculiar  in  so  far  as  a  stoppage,  for  a  relatively  short, 
period,  of  any  essential  part  of  the  equipment  means  a  break  in 
the  manufacturing  process.  Since  one  process  must  immediately 
follow  another,  such  stoppage  would  mean  the  closing  down  of 
tlie  plant  or  would  result  in  considerable  waste  of  material.     In 
either  case  the  monetary  loss  would  be  con.siderable.     The 
electric  drive  was  first  applied  to  cranes  and  charging  machines, 
and  the  inherent  weaknesses  of  the  then  existing  motors  aBcl 
control  apparatus,  on  being  subjected  to  the  exacting  service, 
Avere  exposed.     The  correction  of  these  weaknesses,  which  were 
partly  mechanical  and  partly  electrical,  was  effected  by  the 
steelworks  engineers  and  electrical  engineers  v.^orking  in  close 
co-operation,  and  motors  and  controllers  of  a  robust  character 
were  evolved.     Following  on  the  application  of  the  electric 
drive  to  cranes  and  allied  machinery  came  the  electric  driving 
of  rolling  mills.     The  solution  of  the  many  and  difficult  prob- 
lems  connected  with   slow-speed  drives  of  many  thousand 
horse-power  and  the  winning  over  of  ironmasters,  almost  with- 
out exception,  in  less  than  10  years  is  no  mean  achievemenr. 
Elsewhere  will  be  found  in  abstract  an  ai"ticle  by  Mr.  F.  B. 
Crosby  setting  out  the  progress  that  has  been  made  in  the 
application  of  the  polyphase  alternating-current  motor  to  the 
driving  of  rolling  mills.     Although  for  tlie  driving  of  the 
reversing    mill  the   cohtinuous-curi^nt    motor  with  Leonard 
control  is  unrivalled  both  as  regards  efficiency  and  simplicity, 
it  would  appear  that  there  is  a  very  strong  case  in  favour  of  the 
alternating-curi'ent   motor   for   cx)ntinuGi]s   rolls,    and   appa- 
reiitly  the  several  difficulties  have  been  partly  overcome  by 
u.'jing  variable-pole  induction  motors  in  cascade   and   more 
conipletely  by  the  application  of  the  ingenious  system  devised 
by  StHERBius,  which  is  fully  described  by  -Mr.  Crosby. 


Engineering  Education. 

Ox  another  page  we  publish  an  interesting  report  upon 
Engineering  Education  and  Research,  by  a  Committee  of  the 
Council  for  Organising  British  Eagincering  Industry.  This 
Council  was  formed  at  Manchester  some  time  ago,  and  the 
report  is  signed  by  Mr.  A.  P.  Flemixg.  Mr.  J.  C.  M.  Garxett 
and  Prof.  Miles  Walker.  The  report  deals  with  the  training 
of  workmen,  the  training  of  the  highly  trained  staff",  and,  lastly, 
with  research.  We  are  glad  to  see  that  the  training  of  work- 
men receives  a  considerable  amoimt  of  attention,  for  it  seems 
to  us  that  this  part  of  the  subject  is  quite  as  important  a«  an}' 
othel-  and  should  be  approached  from  a  very  broad  standpoint. 
It  is  suggested  that  a  boy  should  enter  works  at  the  age  of  15  as 
an  apprentice,  but  need  not  necessarily  be  indentured,  and  that 
throughout  the  first  years  of  his  ap])renticeship  he  should  attend 
classes,  for,  say,  eight  hours  a  week,  preferably  during  working 
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hours.  This  attendance  should  be  made  compukory  for  all 
employed  persons  vinder  18  years  oi  age,  and  employers  should 
be  required  to  grant  the  necessary  facilities.  It  is  alco  sug- 
gested that  an  apprentices'  school  should  include  as  many  as 
possible  of  the  activities  of  a  good  boys'  club,  such  as  football, 
cricket  and  other  recreations.  We  fully  agree  with  this 
breadth  of  view.  In  regard  to  the  highly  trained  staff,  em- 
phasis is  laid  upon  the  desirability  of  providing  a  larger  amount 
of  university  training.  In  order  that  technical  degrees  shall 
be  a  guarantee  of  practical  experience  it  is  suggested  that  no 
more  than  a  B.A.  degree  should  be  conferred  upon  students  at 
the  close  of  their  three  years'  university  course  in  engineering, 
specialised  degrees,  such  as  Bachelor  of  Technical  Science, 
being  reserved  for  students  who  have  completed  at  least  two 
years  of  satisfactory  practical  training  in  their  profession.  In 
regard  to  research,  the  idea  of  a  central  institution  for  indus- 
trial research  is  .favoured.  The  rcpoit  shoukl  carry  weight 
with  manufacturers,  as  it  in  signed  by  Mr.  Flemixc;,  of  the  West- 
ingliouse  Co.,  and  by  Prof.  Miles  Walker,  who  has  commercial 
experience.  It  is  of  the  highest  importance  that  such  ma'jters 
should  bo  considered  by  the  manufacturers  themselves,  and  it 
is  indeed  stated  that  many  of  the  suggcr^lions  can  only  be 
effectively  carried  out  by  a  federation  of  manufacturing 
engineers. 


A  Sinecure  and  a  Suggestion. 

The  following  advoitiscinoit  a2)pearcd  last  week  in  one  of 
our  contemporaries  : — 

Wanted,  early  in  September,  a  temporary  full-time  Assistant- 
Master  for  Enj^'inccrinj^  Subjects.  Qualifications  to  include  work- 
shop, laboratory,  and   teaching  experience.      Graduate   preferred. 

Salary  £150  to  well  qualified  man. 

Application,  by  letter,  tc — 

Phincip.ai,, 

Technical  School,  Bootle,  Lancashire. 
We  give  publicity  to  the  modest  reqiiremtnts  of  the  Principal 
of  the  Bootle  Techn.ica'  School,  rot  because  the  cojiditions  set 
out  in  the  advertisement  are  peculiar  to  Bootle,  but  because 
they  represent  the  views  of  many  education  authorities  as  to 
the  value  of  the  services  of  technically-trained  nun.  The  fact 
that  local  education  committees — and  puch  committees  are 
composed  largely  of  men  who  know  neither  the  meaning  nor 
]»urpo;je  of  technical  educatior. — value  at  scmcth.ing  Ices  Ihan. 
three  pounds  per  week  the  Eeivices  of  a  well-qualified  graduate 
engineer  skilled  in  workshop  processes  and  laboratory  methods 
and  an  experienced  teacher  to  toot,  will,  we  venture  to  think, 
serve  to  illustrate  the  f-onr.dncss  of  tlie  advice  urging  tedmical 
teachers  to  combine  with  the  sole  object,  in  the  fiist  instance, 
of  pursuing  an  agguKsive  policy.  Of  one  of  the  most  powerful 
teachers'  acsociaticns  in  tlie  country  it  has  been  paid  that  its 
principal  fimction  is  to  put  fear  into  tlie  Icaits  of  Iccal  educa- 
tion committees.  Wo  would  have  the  rtme  f  aid  of  the  Natiojial 
Tjiion  of.  Tc(  hnical  Teiu  heis  tliat  we  have  in  mind.  A  hvmble 
artisan  whose  tiaining  has  cost  h"m  nolliir.g  can  c(n:mar.d  a 
wage  considerably  higher  thrn  tl:at  cffcicd  to  technical 
teachers  at  Bootle  and  elM.wheic,  tird  in  these  davs  boys, 
without  real  engineering  experierre.  fi(  m  technical  schools 
are  being  taken  into  mujiition  works  at  a  cemmcncing  salaiy 
in  excess  of  £150  a  year.  Our  advice  to  well-qualified  giaduat  e 
engineers  skilled  in  workshop  processes  and  laboratory  methoc's 
is  to  steer  dear  of  such  places  as  Bootle.  By  so  doing,  with 
industry  and  perseverance,  they  stand  a  fair  cliance  of  being 
able  to  provide  against  j-ickness  and  old  nge.  and  to  live  in  thai 
state  of  decency  to  whieli,  as  professional  men,  they  are 
entitled. 

•    »  ^  I    ■ 

Electric  Steel  Industry.  Dr.  .1.  A.  Mathews  (president  of 
the  llalcolin  Steel  Co.)  read  a  i'jiper  recently  before  the  Ameri- 
can Iron  and  Steel  l)\stitute.     He  gave  f'guies  which  seem  to 


show  that  the  United  States  in  its  second  decade  of  this  iu- 
dustrv  will  greatly  increase  its  output.  The  figures  for  1909 
were  "l3,762  tons,"  and  for  1913  they  were  30,180  tons,  and 
24,009  tons  in  1914. 

Electric  Furnaces. — Dr.  J.  A.  Mathews,  in  an  informative 
Paper  read  before  the  American  Iron  and  Steel  Institute,  stated 
that  the  furnaces  already  installed  in  the  States  represent  the 
utilisation  of  12.5,000  to  135,000  electrical  horse-power.  This 
represents  an  output  of  about  a  million  tons  of  ingots  or  cast- 
ings per  annum.  The  Heroult  system  represents  .some  70  per 
cent,  of  the  total  tonnage. 

Electric  Ovens.— An  article  by  Mr.  W.  S.  Scott  on  '•  The 
Application  of  Electricity  to  Enamelling  or  Japanning  "  in  the 
"  Electric  Jounial  "'  summarises  the  advantages  of  the  electric 
oven.  These  are  improved  quality,  less  fi.re  risk,  increased 
production,  better  temperature  control,  and  for  central  stations : 
opportunities  for  increased  sales  of  power  at  steady  load, 
excellent  load  factor,  and  ef{ualising  of  load  conditions. 

Organisation  of  Gas  Industry.— The  "Gas  AVorld  "  refers 
to  a  conference  of  the  C'ou.ucils  of  the  Institution  of  Gas  Engi- 
neers and  Society  of  British  Gas  Industries,  the  General  Com- 
mittee of  the  British  Commercial  Gas  Association  and  Com- 
mittee of  the  Gas  Companies'  Protection  Association,  to  con- 
sider the  ciuestioii  of  th.e  better  organisation  of  the  gas  i?idustry. 
There  was  a  large  and  representative  attenda?rce,  and  the 
principle  of  co-ordination  was  approved. 

Moisture  in  Coal.-  Mr.  T.  F.  Wiumilh  B.A.,  B.Sc,  read  a 
Paper  oii  this  subject  before  the  Institution  of  Mining  Engineers. 
Results  of  tests  showed  that  dried  coals  have  a  consider- 
able power  of  absorbing  moisture,  and  a  sample  must  be 
protected  at  once  if  it  is  to  remain  free  from  moisture.  A 
vacuum  method  of  drying  the  coal  an.d  estimating  the  nroisture 
is  described,  an  electric  oven  being  u.sed  to  raise  the  sample 
to  the  temperature  required,  viz.,  105°C.  to  110°C. 

Steam  Condensers. -The  "Electric  Journal"  st-ates  that 
couden.ser  development  keeps  pace  with  turbine,  and  boiler 
progress,  the  theoretical  limit  being  closely  approached. 
Recently  the  Philadelphia  Co.  with  a  load  of  30",000  kw.  on  the 
turbine  had  no  difficulty  in  maintaining  a  vacuum  of  29-4  in. 
(with  barometer  at  30  in.)  in  another  case  a  jet  condenser  for  a 
45,000  kw.  turbine  was  being  used  with  highly  satisfactory 
results,  although  until  recently  it  was  not  considered  feasible 
to  use  jet  condensers  with  such  large  u.nits. 

Electric  St«el  Furnaces.  The  "  Iron  and  Coal  Trades" 
Review  '"  states  that  for  some  time  the  United  States  Steel 
Coiporation  has  liad  a  15-ton  Heroult  electric  steel  furnace  at 
its  works  in  the  Chicago  district,  and  a  similar  one  at  its  wire 
works  at  Worcester,  Mass.  The  corporation  is  now  building  a 
20-to)\  furnace  at  tlie  Ducpiesiie  works,  and  two  20-ton  and  one 
15-ton  at  the  South  works.  The  South  works  installation  will 
represent  about  800  tons  of  steel  ingots  daily,  making  this  the 
largest  electric  steel  de])artment  in  the  world. 

German  Trade  and  Copper.  "  Le  Genie  Civil  "  states 
that  altl'ough  (mm many  may  have  enough  copper  for  munitions, 
she  is  not  able  to  employ  it  in  industry.  Consequently  her 
dream  of  flooding  foreign  markets  after  the  conclusion  o^  peace 
with  her  produce  ce.nnoi  be  realised,  at  least  so  far  as  products 
recpiiring  copper  are  concerned.  Amongst  these,  and  in  the 
first  place,  is  electric  apparatus,  of  which  there  has  been  so 
great  a  development  in  Germany.  Finally  Germany  has 
stopped  sendi'ig  to  foreign  countries  a  certain  number  of 
technical  journals,  amongst  which  is  the  "  Electrotechni.sche 
ZeitK  hrift,"  and  i)ai)er8  relating  to  leather,  rubber,  dyes  and 
chemical  products.  Those  measures  indicate  that  there  is 
considerable  trouble  with  these  industries,  and  exceptional 
measures  are  being  taken  in  order  to  sunnount  it. 

Middlesbrough  Technical  College. —"  Nature '"  states  that 
a  ion\l'iiie(l  meetmg  oi  tiie  Cleveland  Institution  of  Engineers 
ami  educational  authorities  of  Middlesbrough  and  neigh- 
l)ouring  localities  ha.s  been  held  to  hear  of  the  munificent  offer 
of  Mr.  Joseph  Conrtaniine  to  guardnt<>c  a  sum  of  £40.0<)0  for 
the  erection  of  a  technical  college.     It  is  to  be  erected  on  a 
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piece  0^  ground  whicli  had  already  been  purchased  by  the 
Town  Council  f.or  this  purpose.  Furtlier  offers  were  made  by 
Messrs.  Bell  Bros,  and  Messrs.  DormaH,  Long  &  Co.  and  tlieir 
allied  firms  of  £10,000,  Sir  Bernard  Samuclson  &  Co.  £5,000, 
and  it  is  expected  £100,000  will  be  raised  without  difficulty. 
The  scheme  of  a  metallurgical  laboratory  is  being  proceeded 
with,  and  at  the  end  of  the  war  the  equipment  is  to  be  trane- 
fcrred  to  the  new  Constantino  Technical  College. 

Education  of  Inventors. — "  The  Times  "  states  that  Mr. 
D.  Ainslic  read  a  Paper  on  "  The  Discovery  of  Discoverers  " 
at  the  Royal  Automobile  Club  on  the  28th  ult.  There  was  an 
erroneous  idea  that  Germany  was  the  leader  ^i  literature  and 
science.  Germa.n  literature  was  behind  that  of  England, 
France  and  Italy.  He  thought  Italy  should  take  her  forward 
place  in  our  studies,  and  there  ought  to  be  schools  for  unlearning 
German  and  more  schools  for  teaching  Russian,  French  and 
Italian.  England  had  not  encouraged  her  inventio.ns  in  the 
same  way  that  Genna?iy  and  America  had  done,  and  this  was 
why  Germany  had  proved  her  predominance  in  the  war.  A 
Ministry  of  Inventions  ought  to  be  formed  in  this  country, 
and  a  board  of  experts  shoirld  be  allowed  to  enter  schools  and 
colleges  in  order  to  find  scholars  with  inventive  minds.  They 
should  then  be  trained  at  the  cost  of  the  State 

Utilisation  oS  Peat. — The  "  Bulletin  "  of  the  Imperial 
Listitute  refers  to  the  above  matter.  All  questions  regarding 
the  mechanical  excavation,  pulping,  drying,  briquetting  and 
disposal  of  the  fuel  or  of  power  produced  from  it  in  steam 
engines  or  producer  gas  plants,  the  recovery  of  the  nitrogen, 
and  reclamation  of  the  peat  bog  for  agricultural  purposes  must 

be  considered  in  relation  to  local  conditions. 

It  is  pointed  out  that  the  open  air  drying  of  peat  has  man}'  disadvan- 
tages, the  process  being  dependent  on  weather  conditions,  and  can  only 
l)e  carried  on  for  a  limited  period  each  year.  Artificial  drjang  by  pressure 
or  heat,  or  a  combination  of  both,  was  not  a  success,  and  increases  the  cost 
of  production.  Owing  to  the  wr.ter  forming  a  gelatinous  compound  Avith 
the  hydrocellulose  it  cannot  as  a  rule  be  reduced  below  70  per  cent,  by 
pressure  alone.  At  the  Mond  Gas  Plant  at  Lucca,  Italy,  the  peat  is  dried 
by  hot  air.  The  raw  peat  with  77  per  cent,  moisture  is  placed  in  trays 
mounted  on  trucks,  which  are  rolled  into  the  drying  chambers.  Air  is 
forced  through  and  round  the  trays  of  peat  by  a  40  h.p.  electric  fan.  The 
waste  gases  from  the  boiler  plant  and  gas  engine  exhaust  with  hot  air 
from  a  pre-heater,  are  mixed  with  enough  cold  air  to  reduce  the  tem- 
perature of  the  mixture  to  about  I50°C.  In  two  hours  this  reduces  the 
moisture  content  of  the  peat  from  77  to  about  30  per  cent. 

Exemption  for  Selected  Science  Students. — The  Board  of 
Education  have  issued  a  circular  to  local  education  authorities 
announcing  the  following  arrangements  which  have  been  made 
between  the  Army  Council  and  the  Board  of  Education  regarding 
the  exemption  of  teachers  and  students  :  (1)  Teachers,  full-time 
students  and  educational  officials  who  are  not  passed  for  general 
service  are  not  to  be  called  up  without  reference  to  the  War 
Office,  who  will  consult  with  the  Board  of  Education.  (2)  The 
procedure  now  applicable  in  the  case  of  attested  teachers  and 
officials  fit  for  general  service  is  to  apply  to  attested  and  un- 
attested alike,  but  in  future  reference  is  to  be  made  to  the  War 
Office  (not  the  Board  of  Education).  (3)  Full-time  students  fit 
for  general  service  are  for  the  present  not  to  be  called  up  until 
they  attain  the  age  of  18  ;  but  the  Army  Council  may  terminate 
this  arrangement  after  July  31.  (4)  The  Army  Council,  on 
grounds  of  public  interest,  is  prepared  to  consider  applications 
endorsed  by  the  Board  of  Education  for  the  postponement  of 
military  service  in  the  case  of  a  strictly  limited  number  of 
.specially  selected  students  of  science  or  technology.  Applica- 
tions on  behalf  of  such  students  are  to  be  made  by  the  authori- 
ties of  universities,  technical  institutions,  &c.,  in  the  first  in- 
stance to  the  Board  of  Education,  who  will  submit  them  to  the 
Army  Council. 

45,000  kw.  Steam  Turbine.—"  Power "  states  that  the 
Narragansett  Electric  Lighting  Co.,  of  Providence,  R.I.,  has 
placed  an  order  for  a  cross  compound  turbine  of  45,000  kw. 
capacity,  with  the  Westinghouse  Co.  At  three-quarter 
load  its  steam  consumption  is  to  be  11-5  lb.,  which  will 
increase  to  11-9  lb.  at  full-load.  There  will  be  two  generators 
driven  by  high  pressure  and  low-pressure  turbines.  The  steam 
pressure  is   1751b.   and   100 °F.   superheat,   the   steam  being 


received  through  a  24  in.  inlet  valve,  and  this  exhausts  to 
atmospheric  pressure  in  the  low-pressure  turbine.  The  blades 
increase  from  6  in.  at  the  entrance  to  18  in.  in  length  finally. 
0)ic  generator  in  a  four-pole  machine,  giving  three-pha.se 
CO-cycle  current  at  1,800  revs,  per  min.,  the  other  runs  at 
1,200  revs,  per  min.  six-pole  ;  both  give  12,000  volts.  The 
exciters  arc  100  kw.  each,  and  work  at  250  volts.  The  dimen- 
sions overall  are  46  ft.  9  in.  in  length,  37  ft.  2  in.  in  width,  and 
18  ft.  6  in.  high,  the  weight  being  1,300,000  lb.  The  Westing- 
house-Lc  Blanc  condenser  deals  with  18,000,0001b.  of  circu- 
lating water  per  hour,  condensing  500,000  lb.  of  steam  per 
hour,  with  a  vacuum  of  28  in.,  and  water  at  70°F.  A  double 
suction  centrifugal  pump  receives  the;  mixture  of  steam  and 
water.  The  air  pump  draws  from  the  top  cone  the  steam  inlet 
to  each  condenswer  is  29  sq.  ft.  in  area,  and  the  discharge  pipe 
30  in.  in  diameter,  the  discharge  pipe  from  the  air  pump  being 
14  in.  in  diameter. 

Factories  and  Workshops. — The  annual  report  of  the  Chief 
Inspector  of  Factories  and  Workshops  for  1915  deals  with 
the  duties  that  have  arisen  owing  to  the  war.  Besides  takinji 
a  census  of  machinery  suitable  for  munition  work,  arrange- 
ments were  made  for  transferring  munition  workers  from  one 
factory  to  another,  and  assistance  was  given  to  the  Army 
Contracts  Department  in  various  ways.  Trade  conferences 
were  also  arranged  in  order  to  facilitate  reciiiiting.  Details  are 
given  of  the  arrangements  made  in  each  trade  as  to  the  employ- 
ment of  women  and  learners.  Something  has  been  done  to 
introduce  men  over  military  age  into  works,  and  by  the  earlier 
promotion  of  stronger  boys  ;  also  the  uoe  of  female  labour. 
It  is  stated,  however,  that  the  extent  to  which  the  replacement 
of  men  of  military  age  has  taken  place  is  probably  much  less 
than  is  generally  supposed  ;  much  of  the  labour  lost  has  not 
yet  been  replaced,  and  businesses  have  been  carried  on  with 
reduced  staffs.  Wom-en  were  first  employed  in  shell  turning, 
but  are  now  employed  in  many  other  departments  of  the 
engineering  trade,  such  as  grinding,  milling,  fitting  and  bench 
work,  brazing  and  welding.  They  have  been  specially  suc- 
cessful in  all  kinds  of  repetition  work.  A  special  report  is 
attached  on  the  "  Effect  of  the  Second  Year  of  War  on  Indus- 
trial Employment  of  Women  and  Girls,"  by  Miss  Andersor, 
H.M.  Principal  Lady  Inspector  of  Factories.  From  all 
quarters  the  reports  by  managers  and  foremen  alike  regarding 
tlie  employment  of  women  are  astonishingly  satisfactory. 

Coal  Supplies. — A  deputation  of  representatives  of  gas 
and  electricity  undertakings,  consisting  of  the  following  gentle- 
men— Mr.  A.  E.  Broadberry  (president  of  the  Institution  of 
Gas  Engineers),  Mr.  H.  E.  Jones  (president  of  the  Gas  Com- 
panies' Protection  Association),  Mr.  Alderman  Phillips  (chair- 
man of  the  Salford  Corporation  Gas  dept.),  Mr.  D.  Milne 
Watson  (managing  director  of  the  Gas  Light  &  Coke  Company), 
Mr.  A.  Wilson  (manager  and  engineer  of  the  Glasgow  Cor- 
poration Gas  Dept.),  representing  the  gas  industry  ;  and  Mr. 
R.  A.  Chattock  (city  electrical  engineer,  Birmingham).  Mr. 
C.  P.  Sparks  (president  of  the  Institution  of  Electrical  En- 
gineers), representing  electricity — waited  on  Mr.  Marwood.  of 
the  Board  of  Trade,  ou  June  28,  1916,  and  laid  before  him  the 
various  difficulties  which  were  being  encountered  by  the  above 
industries  at  the  present  moment,  more  especially  those  with 
regard  to  the  making  of  new  contracts  for  coal  for  the  next 
12  months,  both  as  regards  quantities  and  prices.  The 
deputation  was  most  courteously  received  by  Mr.  ^lai-wood 
and  Mr.  Carlill,  who,  after  the  various  members  of  the  deputa- 
tion had  stated  their  case,  informed  them  that  the  Board  of 
Trade  were  prepared,  if  approached  by  gas,  electricity  or  water 
undei-takings,  to  use  their  influence  through  the  medium  of 
the  District  Coal  Committees  which  had  been  established  in 
the  various  coUiery  areas  to  procure  the  necessarv  quantities 
of  coal  required  by  the  above-named  undei-takiugs.  ^^ith 
regard  to  prices,  it  was  further  stated  that  if  any  undertaking 
which  had  cause  to  complain  of  the  prices  propcsed  to  be 
charged  for  new  coutracts  would  bring  such  cases  before  the 
Board  of  Trade,  the  Board  would  be  prepared  to  take  steps, 
if  thought  necessary,  so  that  the  prices  charged  should  be 
justified  by  the  provisions  of  the  Price  of  Coal  (Limitation)  Act. 
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OBITUARY. 


Killed  in  Actton. — We  regret  to  record  the  death  of  Second- 
Lieut.  P>ic  E.  F.  BePvtty,  who  has  fallen  in  ac-tion.  Deceased,  who 
wc'.s  22  yei'.rs  of  age,  was  the  eldest  son  of  Mr.  A.  H.  Beatty,  of  Messrs. 
Balfour,  Beatty  &  Co.,  electrical  engineers,  of  (^ucen-street,  E.C. 

Lieut.  Sydney  Win.  Bell  was  killed  on  June  14th.  He  volunteered 
for  service  in  the  South  African  War  and  was  with  the  electricaJ 
engineers.     He  was  a  mining  engineer  on  the  Rand. 

Second-Lieut.  F.  W.  Caton,  R.E.,  at  one  time  senior  science  master 
at  Taunton  School,  was  killed  on  June  28. 


PERSONAL. 


We  understand  that  Capt.  F.  C.  Austin,  of  Messrs.  Pooley  &  Austin, 
was  wounded  by  a  shell  explosion  on  June  15.  After  two  days  in 
hospital  ho  retuniod  to  duty,  and  was  later  wounded  in  the  foot. 
He  is  now  in  hospital  making  good  jjrogress. 

Battery  Scout  Cyril  F.  Barrow,  formerly  an  assistant  engineer  a.t 
the  Bolton  electricity  works,  and  who  joijied  the  Anny  in  1914,  has 
been  gazetted  second-lieutenant  in  the  Royal  Engineers. 

On  June  28,  Mr.  T.  H.  Xutter,  chief  assistant  electrical  engineer 
at  Burnley,  was  married  to  Miss  Clara  Haythornthwaite. 

Royal   Enoineees    (T.F.).— The  following   appointments   have 

been  made  : — 

London  Ek-ctrifol  Engine cth.—K -Corp.  F.  C.  Baumann,  L.-Ccij). 
E.  G.  Couzens  anrl  Sec.  Corp.  S.  R:  Squire  to  be  Second  Lieutenants  (on 
])robation). 

Second-Lieut,  (temporary  Lieutenant)  H.  F.  G.  Roose  i:i  restored  to  the 
cstabii;-linKnt. 

Tyne  Eloctrical  Eufrincers.— Sergt.  L.  Bird  and  Scrgt.  H.  Hutchinson 
to  be  Second  Lieutenants. 


APPOINTMENTS  VACANT  AND  FILLED. 


The  Hydro-Electric  Depiirlment  of  Tasnuuiia  invite  applications 
for  the  ]iosition  of  chief  assistant  electrical  engineer  to  the  Depart- 
jnent.  Salary  £000  j5er  annum,  witli  tliree  years'  engagement  and 
first-class  return  passage.  Aj)i)lications  to  the  Agent-General  for 
Tasmania,  06,  N^ictoria-street,  London,  S.W.  See  also  an  advertise- 
menl. 

A  chief  ftSHistant  engineer  and  nninager  is  re(iuired  for  Leek  L'rban 
Council's  electricity  undertaking.  Sa'ary  £160.  Applications  (on 
forms  supplied)  to  the  Chairman  of  the  Lighting  Committee  by 
10  a.m.  July  14. 


Mr.  R.  IT.  (iinniaii  has  been  a])poiiited  engineer  and  manager  of 
the  Leek  Urban  Conn'-irs  electricity  and  gas  works,  in  succession  to 
Mt.  Bemrose,  resigned. 

Mr.  B.  .Movnagh  has  been  ap]»ointed  assistant  electrical  engineer  at 
Dundalk  ckctricDv  works. 


INSTITUTIONS  AND  SOCIETIES. 


Sir  SteuartColvinBavlev,G.C.S.L,C. I.E.,  Sir  George  Birdwocd.K.C.LE.. 
C.S.I.,  M.D.,  LL.D.."LoVd  BMh,  Sir  WilUem  Duke,  K.C.S.L,  K.C.I.E.. 
Lord  Faringdon.  I^ord  Inchcape,  G.C.M.G.,  K.C.S.L,  K.C.LE.,  Edwin 
Landsecr  Lutvcns.  A.R.A.,  F.R.I.B.A.,  Major  Percy  A.  MacMahon,  R.A.. 
LLD.,  S'.'.D.."F.R.S..  Sir  Philip  Mairnuf,  ^LP.,  Rifrht  Hon.  Lord  Moulton, 
K.C.B.,  M.A..  LLD..  F.R.S.,  Lml  Xewland;*,  LLD.,  Duke  of  Norfolk, 
K.(i.,  G.C.WO..  I^rd  Xorthcliffe,  Hon.  Riehard  Clere  Parsons,  ^LA., 
Ernest  LI.  Poolev.  >LA.,  LLB.,  Lord  Sanderson,  G.C.B.,  K.C.M.G..  Alan 
A.  Campbell  Swlnton,  F.R.S..  Prof.  J.  M.  Thomson,  LL.D.,  F.R.S.,  Sir 
JohnWolfe-Barry,  K.('.B.,  LL.D.,F.R.S.  _      . 

Ordinnni  Memh<>rs  of  Council. — Sir  George  Thomas  Beilbv,  LL.D.. 
F.R.S.,  F.I.C..  F.C'.S..  Dugald  Clerk,  D.Sc,  F.R.S.,  Alan  S.  Cole.  CR. 
Edward  Dent,  M.A..  Peter  Maclntyre  Evans.  M.A.,  Sir  Robert  Abbott 
Hadfield,  D.S^-.,  D.Met..  F.R.S.,Col.'Sir  Henry  Ckpel  Lofft  Holden,R.A., 
K.C.B.,  F.R.S.,  Major  Francis  Grant  Ogilvie.  C.B.,  LLD.,  Sir  Robert 
William  Perks.  Bart.,  Sir  Boverton  Redwood,  liart.,  D.Sc,  F.R.S.E., 
John  .Slater,  L'.R.LB.A.,  James  Swinburne,  F.R.S. 

Trfasiirers.^Cdrmkhic]  Thomas.  William  Henry  Davison,. M. A. 

Sfrrflari/. — Sir  H'-niy  Trueman  Wood,  M.A. 

Electric  Vehicle  Committee. — At  the  last  meeting  of  this  Com- 
mittee, held  in  London  on  June  10,  1910,  it  was  announced  that, 
for  the  present  year  the  followmg  had  been  nominated  by  their 
resi;ective  Associations  to  act  as  their  repnssentatives  on  the  Com- 
mittee :  The  Society  of  Motor  Manufacturer."^  and  Traders  :  Mr.  T.  C. 
PulPnger,  of  Arrol  Johnston,  Ltd.  The  Tramway  &  Light  Rail- 
ways Association  :  ^Ir.  W  T.  Robson,  General- ^lanager.  Corporation 
Tramwajs,  Southampton.  The  Incorporated  A.ssoeiation  of  Electric 
Power  Companies  :  .Mr.  J.  S.  Highiield,. Chief  Engineer,  ^letropolitan 
Electric  Supply  Co.  It  was  decided  to  issjue  an  invitation  to  the 
Royal  Automobile  Club  of  Great  Britain  to  nominate  a  representa- 
tive. 

Association  of  British  Chemical  Manufacturers. — This  Association 
has  now  been  delinitely  fonnetJ.  It.s  objects  are  to  promote  co- 
ojieration,  to  place  the  views  of  manufa'  turers  before  Government,  to 
develop  technical  organisation  and  promote  research.  To  facilitate 
the  development  of  new  British  industries,  and'to  extend  the  existing 
industries.  The  minimtim  annual  subscription  is  25  guineas  in 
respect  of  a  subscribed  capital  of  £50.<K)0,  or  less,  rising  by  21  guineas 
for  each  additional  £10.0()0  to  2.50  guineas.  Tlie  provisional  com- 
mittee holding  office  for  three  months  is  as  follows  : — 

Dr.  E.  F.  Armstrong!  (Messrs.  Joseph  Crostield  &  Sons),  ilr.  F.  W. 
Brock  (Messrs.  Bnnmer.  Mond  &  Co.).  Dr.  ("hnrles  Carpenter  (South 
Mctro])olitan  (ias  Company),  Dr.  M.  O.  Eorster  (Briti.-jh  Dyes.  I^td.). 
!\Ir.  John  (Jrav  (.Messrs.  Lever  Brothers),  Mr.  Ne>rnian  Holden  (Messr-s. 
Hardman  &  Holden).  Mr.  C.  A.  Hill  (British  Drn«  Hou.ses,  Ltd.).  Mr.  C.  P. 
Merriam  (British  Xylonite  Co.).  Sir  Alfnrd  M«n(L  .M.P.  (Moml  Nickel  VoA, 
Mt.  Max  .Mnspratt  (Unite"!  Alkali  Co.).  Sir  William  Pearee.  M.P.  (Messrs. 
Spcneer.  Chapman  <^-  .MesseJK  Mr.  H.  H.  IV  rry  (Messrs.  Ciiancc  &  Hunt), 
Mr.  R.  1).  Pullar  (Pullar"s  Dye  Works),  Dr.  .\lfre«l  Pee  (Society  of  Dyers 
and  Coioiists),  Mr.  A.  T.  Smith  (Castnor-Kellner  Alkali  t;o.),  and  Mr. 
John  W.  Wilson.  M.P.  (Mrs.srR.  Albritrht  &  \Vilson). 


Present  and  Future  Position  of  Electricity  Supply  in  Great  Britain. — 

The  Cduinii  of  I  lie  liisl  itiilion  of  I'lic^etrieai  iMigineers  itppointed  on 
.lune  8  last  a  Committee  to  consider  the  suggestions  made  in  Mr.  E.  T. 
WillianiH'  recent  Paf.er.  .Mirl  in  the  diseussion  on  "The  Present 
Position  of  Electrieily  Siipply  in  the  United  Kingdom."  After 
consultation  with  tjie  lucor|M>rated  .Municipal  Electrical  Association 
and  other  similar  bodies  eoniu'cled  with  eJiM-tneity  s\ipply.  the  Com- 
mittee will  enil»o(ly  tln'ir  reeoiiiniendatioiis  in  a  U<'port  to  the  ( 'ouncil. 
The  Chainnan  of  the  Connniltee  is  .Mr.  11.  A.  Chattoek.  and  the  other 
members  are  Mr.  C.  P.  Sparks  ( President  I.K.K.),  Mr.  C.  H.  Merz, 
m.  G.  W.  Par(ri<lgi\  Mr.  S.  L.  Pcane,  .Mr.  T.  Holes  and  Mr.  W.  B. 
Woodhouse. 

Institute  of  Padio  Engineers.  A  mcciiug  of  thi.^  Iustiiuf(>  wav<  held 
on  \\  ediicsday  evening,  .lune  7,  when  a  Paper  on  "  .\re  Oscillations  in 
Coupled  Circuits,"  by  Prof.  Hidefsugu  Vagi,  of  the  College  of  Engin- 
eering at  Sendai.  Japan,  was  read.  The  effieient  transfer  of  energy 
irom  the  i)riniary  to  the  secondary  and  the  )trn(i\irtion  of  overtones 
were  fully  considered.  The  Pajior  was  illuntrated  by  many  interest- 
ing ex|)crinuMitally  determined  <Mirve.';. 

Society  of  Arts.  M  the  recent  anniial  general  meeting  of  this 
society  the  ehairman  declared  that  the  following  had  been  elected  to 
till  the  several  oflices  : — 

J'n sidtnL- -H.iLll.  the  Duko  of  ("onniiiii;lit  and  Strati  earn.  K.t;. 
r(Vc-/Vf.si(/p>iK— Sir  Gcoree  Ranker  Ai-kwith.  K.C.B..  K.C..  D.C.L.. 
RisKt,  Hon.  Arihnr  James  Balfour,  O.M.,  LL.D..  LXCL..  M.P..  F.R.S., 


ARRANGEMENTS  FOR  THE  WEEK. 


I8t  LONDON  ENGINEER  VOLUNTEERS. 

Commandini:  OHie.^r,  Li^'iu.-Col.  ('.  B.  Ci..\v.  V.D. 

Orders  for  the  Week. 

( iflieer  for  the  Week. — Plat^um  Commaiuier  L.  C.  Huphcs-HaHctt. 

Next  for  Duty.— Pla  oon  Commander  J.  II.  (J.  Wilhamson, 

Aiipi'i'it'"*""*— l*''*^*""'"  Commander  A.  G^irnnl  to  Iw  lastnictor  of  Mus- 

kotiy. 
Saturday.   July   8.-  Instruetionnl   Cla.ss,   2..10.   Company   Commander 

Flemin)?. 
Motiday.  Julv    10.— Teehnicftl  for   Platrfion   No.   9.   4rt.   R^arnoy-fstTCrt, 

S.W.     SMirad  and  Platoon  Urill.  Plato.m  No.   Ut.     SiiiUalling  CliV  s 

and  Reeruits. 
TucMiay.  July  1 1.— Offiper.«"  Instructional  Cl)»*!s.  0  tc  7.     Recniits.  7tn  A: 
Leeture,  7.15,  "  The  System  of  Command.'  C<ompnny  Commander  W. 

Hvnaui. 
W'  (bies.lay.  July  12.— Platoon  Drill  for  No.  S  Platoon. 
Thursday,  July"  in.      Platoon   Drill.  No.   7   Platoon.     Recruits.  .'>.  15  to 

7  4.5.      in'tniclii>nai  Class.  .">.4.'>. 
Fri  lay.  July   14.— Tcelmieal  for  No.    1(>   IMatoon.  4<;.   RiPeeTicy-fetDBr*, 

S  W.     Sipiad  and  Platoon  Drill.  No.  !l  Platoon. 
Sat4ird!»y.  jul\f  15.--Par.tdp  C-kt|d(  r  s  4  Jrwn  Station.  ."iiO  ^lln^^T   uniform. 
Sunday."  .Inlv"  10.      Entreneliin./  at  (»tford.      Itirado  \ietoria  (S.E.  &  <'. 

Hailwvy   BooUmn  OtHee).  S.a."»  a.m.     Uniform,  havrn-a.  ks,  waI'T 

bottles.      Midday  rati-mti  to  be  .  arried.      Railway  vou<;bers  w-ill  be 

])rovided.     Otfo'i-d  Camp.— F^r  the  st.mding  tamp  at  ()tfoi-d.  m-c 
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I^OTOR  DRIVE  FOR  STEEL  MILLS*. 

BY    r.    B.    CROSIiY. 

Summary. — Tho  early  installations  were  of  direct-current  motors,  but 
the  more  recent  ones  have  usually  been  of  induction  motors,  because  of 
the  ability  of  thc^  latter  type  machines  to  stand  excessive  abuse.  The 
employment  of  the  induction  motor  introduced  the  problem  of  developinj^ 
a  satisfactory  variable-speed  control.  The  methods  attempted  in  solving 
the  problem  arc  treated  in  this  article. 

Just  as  the  advent  of  a  practical  steam  engine  made  possible  the 
development  of  indnstrial  centres  apart  from  natural  sources  of 
energy  such  as  water-powers,  so  in  even  greater  measure  has  the 


Section 


Fig.  1.— OuTLrsTE  Drawing  of  16/20/36 
POLE,  2a0/200/li0  h.'p.,= 300/240, 133  revs. 
PER  MiN.  Cascade.Indu.ction  Motor  Set. 
The  Two  Motors  arji!  kj  One  Frame. 


Im- 


practical applicaiion  of  electric  power  increased  the  scope  of  human 
acti%nty.  Certainly,  witliout  the  electric  motor  the  steel  industry 
could  never  have  reached  its  present  magnitude  and  marvellous 
efficiency.  - 

Ten  years  ago  the  decision  of  the  U.S.  Steel  Corpn.  to  electrify  its 
Gary  plant  gave  an  unprecedented  impetus  to  the  adoption  of 
electric  drive  in  steel  miUs.  Single  alternating-current  units  of  more 
than  three  times  the  normal  capacity  of  any  previously  constructed 
were  built  with  entire  success,  and  while  the  aggregate  installed 
capacity  has  never  yet  been  equalled  in  a  single  plant,  some  concep- 
tion of  the  growing  importance  of  electric  drive  can  be  had  from  the 
fact  that  during  the  past  year  an  aggregate  of  approximately 
75,000  H.p.  contiiiuous  rating  have  been  added  by  a  single  manufac- 
turer to  the  grand  total  of  main  roll  drives  in  the  United  States. 

Although  direct-Current  motors  for  main  roll  drives  were  first  in 
the  field,  the  greater  simplicity  and  unquestioned  ability  of  the 
induction  type  to  stand  abuse  soon  left  for  the  direct-current  motor 
only  a  somewhat  restricted  application  to  reversing  mills,  and  to 
those  requiring  adjusta'tile  speeds  constant  imder  varying  loads. 

Several  schemes,  each  a  compromise,  have  been  suggested  and  tried 
in  actual  service  wher*  more  than  one  speed  was  i"equired.  The 
most  common  arrangement  is  perhaps  the  multi-speed  niotor  with 
one  or  two  windings.  Two  speeds  with  a  2  :  1  ratio  can  be  readily 
obtained  with  a  single  winding  or  a  maximum  of  four  speeds  with 
two  independent  windings,  each  winding  having  leads  brought  out 
for  two  2  :  1  speeds.  In  steel  mill  work  it  is  rarely  possible  to  select 
four  synchronous  speeds  bearing  the  right  relation  to  one  another 
and  to  the  mill  requirements.  Furthermore,  while  the  efficiency  of 
such  a  machine  is  good,  the  power-factor  at  the  lower  speeds,,  par- 
ticularly for  60-cycle  7notois,  is  very  jjoor  and  the  cost  very  liigh. 

A  second  method  employs  what  is  known  as  operation  in  cascade. 
Two  induction  motors,  one  of  which  must  have  a  phase-wound  rotor, 
are  arranged  on  a  common  shaft  and  base.  One  or  both  of  these 
machines  may  have  either  a  double  or  a  single  winding,  and  either 
may  be  operated  independently  of  the  other  at  its  respective  syn- 
chronous speed  or  speeds.  Other  speeds  in  cascade  may  be  obtained 
by  connecting  the  secondary  windings  of  the  first  motor  to  the 

*  Abstracted  from  the  "  General  Electric  Re^^ew." 


primary  of  the  second  motor  while  the  priiii?.ry  of  the  Sret  is  con- 
nected to  the  [)Ower  circuits.     The  '..'^ia-Ac  spofjci  can   l>e  readily 

P  ±P 

determined  from  the  effe-^tive  number  of  poles,      ' ^  where  P, 

equals  the  number  of  poles  in  the  fir  ,f  KK.^or  and  P,  **»«  number  of 
poles  in  the  second. 

A  figure  in  the  Paper  shows  a  fiOO  h.p.  set  of  this  type  installed 
by  the  Oliver  Iron  &  Steel  Co.  Each  motor  has  two  independent 
windings,  the  machine  at  the  right  having  a  pha.se-wound  rotor  and 
that  on  the  left  a  squirrel-cage  rotor.  Six  synchronous  speeds  are 
arranged  for  by  the  control. 

The  master  controller,  main  and  i)ole-changing  oil  switchen,  the 

air- break  primary  reversing  contactors, 
accelerating  contactors,  current-limit 
relays  and  starting  resi-stance  are  all 
clearly  shown  in  the  Paper.  This  equi- 
pment citn  be  started  or  stopped  by 
reversing  at  full  speed  from  the  master 
controller. 

Fig.  1  shows  the  outline  drawing  of  a 
250  H.P.  throe-speed  cascade  set  installed 
by  the  Ludlum  Steel  Spring  Co.,  in  which 
the  two  motors  are  combined  in  a  single 
fraine.  As  with  the  multi-speed  motor, 
this  method  of  obtaining  adjustable 
spesds  is  open  to  the  objections  of  high 
cost,  complicated  control,  limited  choice 
of  speeds  and  low  power-fa?tor  at  low 
speeds. 

Fig.  2  shows  schematically  the  con- 
nection of  a  multi-speed  motoi  and 
?.lso  of  a  cascade  set. 

The  third  and  simplest  method  of 
obtaining  speed  control  is  indicated  in 
the  sketch  at  the  left  of  Fig.  2.  It 
consists  merely  of  inserting  an  adjust- 
able resistance  (B)  in  the  secondary 
circuit  of  the  induction  motor  {A).  So 
long  as  the  load  remains  constant  the 
speed  will  remain  constant  for  any 
given  setting  of  the  controller. 

Unfortunately,  however,  the  average 
steel  mill  load  is  made  up  of  a 
series  of  peaks  interspersed  \vith  periods  of  friction  load  only.  It 
should  be  obvious,  therefore,  that  the  series  speed  characteristic 
obtained  with  rheostatic  control  is  entirely  unsuitable  for  main  roll 
drives. 

Fig.  3  shows  typical  speed  torque  curves  of  a  phase-wound  rotor 
induction  motor  with  external  resistance  in  the  secondary,  plotted 
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2.— Wiring  Diagram  of  a  Mv^lti-.-^peed  Motor  and  also  of  a 

C.i-SCADB  Set. 


from  100  per  cent,  baclnvard  rotation  to  100  per  cent,  above  syn- 
chronism. The  similarity  of  the  curves  above  and  below  s\ni- 
chronism  will  be  referred  to  later.  Assuming  that  sufficient  external 
secondary  resistance  is  in  circuit  to  maintam  40  per  cent,  speed  with 
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■full  load  torque  of  8001b.  at  1  ft.  radius,  as  shown  on  curve  Xo.  2,  it 
follows  that  if  this  torque  suddenly  drops  to  2001b.,  corresponding 
to  the  friction  load  on  the  mill,  the  motor  will  TvCceleratc  r.long  curve 
2so.  2  to  85  per  cent,  speed,  unless  a  prohibitive  amount  of  rcslsi- 
tancc  were  cut  in  simultaneously  with  the  change  in  load.  In 
view  of  this  fact,  it  is  astonishing  to  note  how  frequently  motor 
manufacturers  are  requested  to  quote  rheostatic  control  for  main 
Jine  drives. 

A  second  serious  objection  to  rheostatic  control  for  mill  drives  lies 


decreases  or  remains  constant  with  change  of  spcod,  the  secondary 
losses  are  always  equal  to 
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Fig.   3. — Tyi'ical  Speed-torque  Curves 
Secondaf.v  and 


FOR  Induction'  Motor  with  Phase-wound 
7-PoiNT  Current  Limit  Control. 


in  the  fact  that  for  constant  toique  the  input  to  an  induction  motor 
is  constant  irrespective  of  speed.  To  keep  this  point  clearly  in  mind 
it  is  well  to  consider  the  machine  under  normal  operation  as  com- 
bining two  functions  (Fig.  4)  ;  first,  a  pure  motor  action  transforming 
electrical  to  mechanical  energy,  and,  second,  a  simple  transformation 
of  electrical  energy  of  primary  frequency  and  voltage  to  a  secondary 
frequency  ar.d  voltage.  At  stand^rtill  the  motor  acts  a,s  a  crude 
static  transformer  witli  maximum  potential  and  line  frequency 
at  the  sliji  rings.     As  the  motor  accelerates,  the  slip-ring  frequency 


It  is  evident  therefore  that,  both  from  the  f:tandi)oint  of  speed 
charactcrLotico  and  efficiency,  rheostatic  control  is  not  desirable  for 
rolling  mill  drives. 

The  first  practical  application  of  the  adjustable  speed  a.ltemating- 

current  drive  was  made  in  Europe.  Out 
of  a  very  considerable  number  of  methods, 
more  or  less  experimental,  two,  the  so-called 
Kraemer  and  Seherbius  sj-stems,  emergfed 
on  a  commercial  basis.  In  the  early  part  of 
1911  the  General  Electric  Co.  began  a  care- 
ful a,nd  exha.ustive  study  of  the  relative 
advantages  and  commercial  possibilities  of 
these  and  other  sj-stems.  For  rea.sons  men- 
tioned later,  the  Seherbius  system  received 
more  favourable  consideration,  and  the  first 
American  speed-regulating  set  wa.s  built 
similar  to,  but  not  identicr.l  with,  the  Seher- 
bius motor.  The  results  obtained  with  tliis 
first  set  so  fa>r  exceeded  expectations  that 
negotiations  were  opened  to  secure  the 
American  rights  to  the  Seherbius  motor, 
which,  by  the  way,  permit  ted  with  standard 
induction  motor  design  a  somewhat  simpler 
control  than  did  the  experimental  set  as 
first  built. 

In  1912  the  first  hona-fide  proposition  to 
build  a  speed-regulating  set  was  made  to 
the  U.S.  Steel  Corpn.  in  connection  with 
the  two-speed  6,500  h.p.  universal  plate 
mill  motor  at  Gary.  Tiiis  motor,  rat4?d 
1-28  50-6,500  H.p.  107  53-5-M-6,600  volts, 
is  the  largest  induction  motor  yet  built  for 
steel  mill  service.  It  has  a  continuous  over- 
load capacity  of  8,150  h.p.  and  a  maximum 
torque  corresponding  to  approximately 
24.(K)0  H.p. 
Many  of  tl;e  features  incorporated  in  the  Gary  motors  have  since 
become  recogni.sed  standard  reqviiremcnts  in  altemating-cuirent 
mill  motor  design.  The  massive  frame  and  hearings,  the  steel 
rotor  spider,  end  thrust  device  and  provision  for  .sliding  the 
stator  parallel  to  the  shaft  to  clear  the  rotor  for  examination,  are  all 
standard  features. 

Since  this  installation  was  completed,  alternating-current  contactors 
have  been  developed  and  are  now  almost  universally  used  for  large 
mill  motor  control. 


400 


800 


1,200" 


1,600- 
2,000  (^ 


J  2,400 


!> 

c 


Ba 

ckw 

are/. 

S 

f1 

rwc 

rd. 

At^ye 

%yn 

•Jiro 

7/S/J 

p. 

"VXI 

•^ 

c 



— 

___ 

-i 

i 



— 

450 
400 

— 

--^ 

. , 



—- 

^.^ 

^ 

f. 

/ 

^ 

^ 

^ 

350 
300 

^ 

-^ 

^ 

^ 

V 

\ 

1 

y ' 

y^ 

^ 

^* 

^ 

^ 

-^ 

"" 

^ 

'■V, 

N 

\ 

Sy; 

N 

/ 

/ 

/ 

y 

^ 

250 

200 

■'~.«, 

•^ 

'^ 

"\ 

^ 

\ 

t 

\ 

V 

\ 

/ 

/ 

/ 

^ 

.J 

^ 

^ 

■ 

— 

-~ 



- 

^ 

^ 

^ 

^ 

"V, 

s 

\, 

\ 

A 

A 

/ 

/ 

^ 

y 

I 

^ 

ISO 

— . 



?«/• 

--- 

-^ 

-,2 

■^ 

^ 

1^ 

X 

k. 

\ 

\ 

/ 

/ 

y 

y 

^ 

'^ 

? 

lOfl 

Fu/ 

no 

"~~~ 

— ' 

— 

J_^ 

"^ 

-^ 

K 

"N 

^ 

L\, 

A 

/ /y 

^ 

^ 

/^ 

50 

— 

V^ 

\x\\ 

^ 

'^ 



— 

0 

500 
453 

400 
350 

300 
250 

2O0 
150 
100 
50 


200 

180 

160 

140 

120 

100 

80 

100 

80 

60 

40 

20 

0 

20 

20 


0 
100 


-20        -40 
120  140 


-60 
160 


-80        -100 
180         200 


Bk. 


60  40 

Per  cent.  slip. 

40  60  80 

Per  cent,  synchronous  speed. 
Fio.  -1. — Curve  Prki'aueo  to  Show  the  Objection  to  Rheostatic  Speed  Control  of  Induction  Motors  for  Mill 
Drive.     For  Constant  Torque  tiik  Input  is  Con.stant  TnuE-rncrivE  of  Speed,  and  hence  Efficiency  is  Reduced  in 
riioroRTioN  to  thf.  Rki>u(  tion  in  Speed. 


uiul  voltage  a])pr()iv(h  zero  at  syuclirouism  with  constant  torque  ; 
therefore,  at  half  s])ecd.  neglecting  losses.  50  jx-r  cent,  of  the  input 
l)ecomes  useful  work  at  the  shaft  and  50  per  cent,  is  di.ssipated  as 
heat  in  the  external  secondary  resistance.  In  other  words,  with 
rheostatic  control  the  eflicieney  is  ivduced  in  proportion  to  the 
reduction    in    speed.     No    matter    whether    the    torque    increases, 


Fig.  5  shows  a  diagrammatic  arrangement  of  connections  with 
distribution  of  lo-sses  as  calculated  for  a  detinite  condition. 
^4i:=S0(»  H.p.  induction  motor  at  1,200  revs,  per  min. 
J5_1G0h.p.  kilowatt  rotarj-. 
C- 208  H.P.  direct -current  motor. 
Z)  - 150  kw.  induction  generator. 
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With  254  kw.  at  shaft  and  422  kw.  input  to  the  motor  at  720  revs, 
per  min.  there  are  3-7  kw.  loss  in  main  motor,  10-8  kw.  loss  in  rotary, 
and  29-3  kw.  loss  in  motor-generator,  leaving  125-2  kw.  of  slip  energy 
to  be  returned  to  the  system,  and  showing  an  efficiency  of  80  per  cent, 
with  rotary  regulating  set,  as  compared  with  57-5  per  cent,  for 
rheostatic  control.  This  also  shows  the  original  Kraemer  idea  of 
connecting  the  auxiliary  direct-current  motor  to  the  shaft  of  the  main 
motor  and  returning  the  slip  energy  mechanically. 

Where  the  minimum  speed  of  the  main  motor  is  sufficiently  high, 
and  where  constant  power  or  increasing  torque  at  reduced  speed  is 
required,  this  arrangement  is  sometimes  used.  Generally  speaking, 
however,  the  slow  speed  direct-connected  direct-current  motor  will 
cost  quite  as  much  as  or  more  than  the  higher  speed  direct-current 
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phases  is  used,  speed  control  being  obtained  by  cormecting  different 
taps  to  the  field  winding  of  the  polypha.se  'ommutator  regulating 
unit.  This  arrangement  has  been  used  here  in  one  or  two  in-stances, 
but  in  such  a  transformer  for  seven  running  points  the  complexity 
of  taps  encountered  if  a  large  number  of  running  points  is  required 
is  very  great. 


Com.  Re^  Motor. 

Armature  Winding. 
Compensating  Field. 
Interpole  Field, 
-F^.  Main  Field. 


Exciter. 

D.  Armature  Winding. 

E.  Compensating  Field,  p 

F.  Main  Field. 

G.  Speed  /Rheostat. 


Exciter 


Reg.  Motor 


Fig.  6.— Diagram  of  Punchings  and  Connections  of  Polyphase 
Commutator  Regulating  Set. 


motor  and  induction  generator,  since  when  forming  a  part  of  the  mill 
unit  it  must  be  built  sufficiently  rugged  to  meet  mill  service,  whereas 
if  a  separate  set  is  employed  the  standard  industrial  construction  is 
satisfactory.  Furthermore,  the  separate  set  can  often  be  placed  in 
a  room  apart  from  the  mill  along  with  the  control  and  better  operating 
conditions  can  be  maintained. 


The  standard  three-phase  exciter  field  rheostat  used  \tith  the 
polyphase  exciter  are  easily  made  to  give  as  many  as  125  running 
points.  These  rheostats  are  usually  operated  by  means  of  a  vertical 
lever  very  similar  to  the  usual  throttle  control  for  engine  drives, 
the  full  speed  range  being  obtained  by  a  single  movement  of  the  lever. 

In  view  of  the  apprehension  which  has  been  expressed  in  certain 
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Fig.    7. — ^Typical    Power-factor    and    Efficiency  Curves    for  Decreasing,  Increasing  and  Constant  Torque, 
WITH  Regulation  by  Means   of   Polyphase   Commutator   Regulating   Set   and    by  Rheostatic  Control. 


Shortly  after  the  Gary  universal  plate  mill  proposition  was  sub- 
mitted, the  American  patent  rights  to  the  Scherbius  system  were 
secured,  and  an  order  taken  from  the  Forged  Steel  Wheel  Co.  for  one 
1,300  H.p.  and  one  600  h.p.  motor,  each  with  speed  regulating  sets 
of  this  type. 

In  European  practice  a  special  transformer  with  three  independent 


quarters  relative  to  commutation  difficulties  with  oommutating 
regulating  sets,  it  may  be  noted  here  that  such  fears  are  largely  based 
on  the  results  experienced  with  certain  single-phase  series  alternating- 
current  commutator  motors.  The  problem  is  much  simpler  ^\-ith 
the  three-phase  compensated  A^inding  of  the  Scherbius  design,  iii 
the  second  place,  imless  sparking  is  very  severe,  it  is  much  Ws 


O 
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injurious  with  alternating  current  than  with  direct  current,  due  to 
the  potential  dying  away  to  zero  twice  during  each  cycle.  It  may 
also  be  of  interest  to  note  that  with  the  600  h.p.  motor  driving  a 
direct-current  generator  connected  to  a  water  box  load  of  900  kw., 
or  practically  100  per  cent,  overload  on  the  motor,  absolutely  no 
sparking  could  be  detected  at  any  brush  on  the  polyphase  com- 
mutator regulating  motor  when  the  load  was  suddenly  relieved  by 
a  circuit-breaker  or  thrown  on  by  closing  a  knife  switch. 

Fig.  6  shows  schematically  the  general  character  of  punchings  and 
connection  of  windings.  The  main  interpole  compensating  and 
armature  windings  are  clearly  indicated.  The  secret  of  perfect 
commutation  lies  largely  in  the  proper  design  of  the  compensating 
winding,  which  is  fully  covered  by  the  Scherbius  patents.  The  poly- 
phase commutator  regulating  motor  is  in  effect  a  shunt -wound 
machine  with  a  series  speed  characteristic,  due  to  the  effect  of 
increasing  the  armature  voltage  while  maintaining  constant  excita- 
tion. It  is  this  scries  speed  characteristic  which  renders  possible 
the  induction  generator  action  of  the  squirrel-cage  motor  referred  to 
above. 

Seven  of  the.se  polyphase  commutator  regulating  sets  were  sold  on 
one  order  to  the  American  Iroji  &  Steel  Co.,  all  of  which  were  put  into 
operation  without  difficulties  of  any  sort.  This  installation  is  of 
especial  interest,  in  that  the  motors  replaced  old  steam  engines,  and 
it  was  put  into  service  by  men  accustomed  to  engine  characteristics. 
Production  has  been  increased  fully  25  per  cent,  over  that  obtained 
with  engine-driven  units,  and  now  it  is  propo.sed  to  obtain  a  further 
25  per  cent,  increase  by  increasing  the  length  of  the  cooling  beds  to 
permit  handling  larger  billets. 
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Fid.  8. — Tvi-KAi.  Excitation  Curve  for  Polyphase  Commtjtatob 

P. i;(;T  i.ATiNc  Ret. 

in  making  llie  diangc  from  steam  to  electrical  drive  the  American 
Iron  &  Steel  Co.  made  a  clean  sweep,  and  have  put  in  a  strictly  nji- 
to-datc  cijiiipnicnt  in  every  resju^ct. 

A  shop  view  of  tlic  automatic  controller  for  one  of  these  sets, 
showing  the  primaiy  icvcrsini,  contactors,  accelerating  contactors, 
curront-liniit  relays  and  tlu-  notching  back  relay  for  producing  the 
automatic  sli|)  of  the  flywheel  is  shown  in  the  Paper.  By  opening 
tlic  tlirecr-polc  switcli  and  throwing  the  live-])ole  switch  down,  the 
poly|)has(' conunutator  rcgnlating  .set  is  cut  out  and  the  motor  runs 
as  a  normal  induction  motor  with  or  without  rhcostatie  control. 

The  rcgniatintx  set  is  started  first  by  means  of  a  standard  haiul- 
opciated  coni|KMisa.tor.  The  main  motor  is  then  started,  and  the 
polyphase  commutator  regulator  set  j)ut  into  commission  by  a  single 
inovcuK-nt  of  the  master  controller.  Necessary  interlocks  ensure 
the  j)ro])er  se(|ucnce  of  action  and  prevent  jxissible  mistakes  on  the 
part  of  the  o])erator.  The  motor  may  be  i)lugged  in  emergency  by 
simjily  throwing  the  master  controller  to  full  reverse  ]K)sition.  the 
])<)'yphase  commutator  regulating  set  l)eing  automatically  cut  out. 
The  desired  speed  reduction  is  secured  by  means  of  tlic  t luce-phase 
rheostat  shown  in  the  preceding  view  (Fig.  0). 

Fig.  7  shows  power-factor  and  etiiciency  curves  for  the  general  case 
with  tonpic  decreasing,  increasing  and  constant.  As  the  total 
reiiuired  regulation  increases  the  eniciency  curve  becomes  slightly 
k)wer. 

I*  Fig.  8  shows  a  ty|)ical  excitation  curve  f(U-  the  PCH  exciter.  While 
tlie  slip-ring  potential  varies  uniformly,  the  Held  resistance  increases 
slowly  at  Hrst  with  increasing  lield  c.irrent,  and  then  more  rapidly 
vuitil  at  a  |>oint  corresponding  to  about  five-sixths  of  the  total  range 


the  resistance  becomes  infinite,  the  exciter  current  zero,  and  the 
polj^phase  commutator  regulator  is  excited  directly  from  the  sUp 
rings  of  the  main  motor.  Beyond  this  point  the  exciter  current  is 
reversed  and  the  field  resistance  rapidly  reduced. 

A  tx-pe  of  relay  actuated  by  the  line  current  for  automatically 
reducing  the  speed  of  the  motor  and  flywheel  as  the  load  comes  on, 
thus  making  available  a  portion  of  its  stored  energj'  for  reducing  the 
peaks  is  shown  in  the  Paper.  This  same  relay  works  equallv  well 
with  the  motor  on  rheostatic  or  dynamic  control. 

It  is  of  interest  to  note  that  the  speed  may  be  automatically 
increased  instead  of  reduced  where  it  is  essential  that  the  inherent 
tendency  of  any  asynchronous  machine  to  drop  slightly  in  speed  under 
load  be  strictlj'  neutralised.  Two  2,000  h.p.  equipments  are  under 
construction  at  the  present  time  for  the  Jones  &  Laughlin  Co.,  which 
contemplate  this  arrangement  in  order  to  ensure  absolutely  constant 
speed  under  varj'ing  load. 

Seven  of  the.se  polyphase  commutator  regulating  sets  have  been 
installed  for  controlling  the  speed  of  mine  fans,  and  have  shown  verj 
material  savings  over  the  old  method  of  rheostatic  control. 

Referring  again  to  this  curve  showii  in  Fig.  3,  it  is  eWdent  that  the 
speed  torque  current  curves  of  an  induction  motor  are  practically 
the  .same  above  or  below  sjiichronism.  Furthermore,  the  slip-ring 
voltage  and  frequency  increase  imiformly  above  s\-nchronism  just 
as  they  do  below,  although,  of  course,  the  phase  rotation  is  reversed. 
It  is  apparent,  therefore,  that  the  standard  polyphase  commutator 
regulating  .set  will  function  equally  well  above  and  below  syn- 
chronism. The  difficulty  has  been  to  develop  a  practical  commercial 
method  of  operation  at  and  near  synchronism  uithout  sacrificing 
continuous  speed  control,  toirjue  efficiency  or  other  desirable  charac- 
teristics obtained  below  synchronism. 

As  compared  with  the  polyphase  commutator  regulating  motor, 
the  rotary  converter  .system  will  always  involve  one  more  machine 
when  the  two  systems  are  laid  out  on  the  same  basis.  If  the  sepjirate 
motor-generator  set  is  used  the  rotary  converter  system  require  four 
machines,  as  against  three. 

It  is  the  e.'^tablished  policy  that  the  use  of  regulating  sets  shall  in 
no  wise  haiulicap  the  desirable  characteristics  of  the  mill  type 
induction  motor  as  regards  torque,  heating  or  efficiency,  and  shall 
in  everj'  case  improve  the  normal  power-factor.  The  customary 
guarantee  of  2.")0  ])er  cent,  maximum  torque  can  readily  be  met 
with  the  polyjihase  commutator  regulating  set  from  maximmn 
regulation  to  within  a  slip  frequency  of  about  one  cycle,  whereas 
with  the  rotary  converter  the  tendency  to  fall  out  of  step  at  low 
frequency  limits  the  250  j)er  cent,  torque  guarantee  to  about  8  cycles 
slip  frequency,  which  on  a  25-cycle  circuit  means  that  250  per  cent, 
torque  caimot  be  guaranteed  at  regulation  less  than  about  30  per 
cent,  in  many  cases,  therefore,  the  maximum  torque  throughout 
the  entire  speed  range  required  is  greatly  reduced  except  at  pro- 
hibitive expense. 


ELECTRICITY  SUPPLY. 

BY  W.  \V.  LACKIE. 


Summary. — The  author  sketches  the  supply  of  electric  energy  and  its 
profircss  durintr  th<'  last  18  years.  The  more  recent  work  done  at 
(Jlas^jow  is  detailed,  and  coal  c<>nsuiii])ti<ni  is  discussed  fully  and  com- 
parisons made.  An  electrical  scheme  tc  su]»ply  the  whole  of  Scotland 
with  ener^'v  is  outlined,  and  the  economics  of  larjje  stations  clearly 
indicated. 


After  referring  to  the  growth  of  the  Institution  and  the  effect  of 
the  war  on  engineering,  the  generation  and  distribution  of  electrical 
energy  is  discussed  as  follows  : — 

A  public  h'-pply  of  electrical  energy  is  now  a  necessity.  Eighteen 
years  ago  in  this  countr^•  there  ware  only  38  electricitj'  supply  eom- 
juuics.  with  a  cap'tal  of  £().(K>0.(XXX  and  33  nuuiicipalitics  owniod 
e.lt;(  tricity  works,  with  a  cajutal  of  £2.000,000.  Eightoen  years  ago 
there  were  17  privately -owned  electric  traction  schemes  in  this 
country,  v.ith  a  capital  of  t'T.tMMt.OOO.  This  gives  a  total  of  88  con- 
cerns, with  a  capital  of  il.").tHMi.(M_HJ. 

To-day  there  are  276  companies  owning  electricity  works,  having 
a  capital  of  iT)l.<MK).(HMl  ;  328  municipalities  own  electricity  works» 
with  a  c;ij>ital  of  i;.")2.(HMi.(KK» ;  besides  172  traction  companies,  with 
a  capital  of  £183.tMMt.(MMl  ;  and  175  municiimlities  have  electrically 
operated  tramway  systems,  with  a  capital  of  £.">3.(K>0.0(Ht.  These 
tigures  rejjresent  a  total  of  5>5I  c-cuicenis  and  a  capital  of  £.34lt.OOO.(HK1, 
and  they  show  conclusively  that  the  production  and  distribution  of 
electrical  energy  is  now  a  huge  industry. 

With  regard  to  electricity  s\ii)ply  in  CJlasgow.  the  plant  at  Port 

*  Abstract  of  a  Presidential  Addrewi  to  the  InBtitution  of  Engineer* 
and  ,Shipl>uilden«,  Glasgow. 


THE  ELECTRICIAN,  JULY  7,  1916. 


459 


Dundas  at  first  consisted  of  reciprocating  engines  and  dynamos  of 
approximately  1,000  H. p.  each.  Five  such  sets  and  the  necessary 
water-tube  boilers  were  installed.  Later  two  sets  of  2,000  h.p.  each 
were  added.  In  1906  three  turbo-alternators  of  4,000  h.p.  each  were 
installed,  and  later  two  turbines  of  5,300  h.p.  each.  This  was  fol- 
lowed by  a  9,000  h.p.  turbo-alternator  in  1914.  The  total  power 
now  in  Port  Dundas  amounts  to  28,000  kw.,  or  37,000  h.p.  Similar 
plant  has  been  installed  at  St.  Andrew's  Cross,  and  the  total  power 
there  is  now  17,000  kw.,  or  22,500  h.p. 

Three  years  ago  the  Corporation  purchased  14  acres  of  land  in  the 
east  end  of  the  city,  near  Dalmarnock  Bridge,  for  a  new  generating 
station.  The  southern  boundary  of  the  site  is  the  Clyde,  from  which 
an  abundant  supply  of  water  for  condensing  purposes  is  available. 
Railway  lines  are  already  laid  into  the  site,  and  had  it  not  been  for 
the  war  the  buildings  would  have  been  in  progress  of  erection. 

The  lay-out  of  a  power  station  is  complicated  by  the  fact  that, 
whereas  the  power  per  square  foot  of  engine  room  has  increased 
enormously  in  recent  years,  there  has  not  been  a  corresponding 
increase  in  the  boiler  house. 

Coming  to  the  boiler  house  and  boiler-house  design,  notwithstand- 
ing all  the  work  that  has  been  done  on  fuel  consumption  and  on  the 
transformation  of  coal  to  steam  in  boilers,  and  giving  full  credit  to 
such  improvements  as  have  been  made,  it  has  to  be  confessed  that 
during  the  period  under  review  no  outstanding  advance  has  been 
effected  in  the  design  and  operation  of  boilers  and  boiler-house  plant. 
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Fig.  1.— Coal,  Kilowatt-houes  Generated,  and  Coal  used  per 

unit  for  20  years. 

This  need  not  be  a  matter  for  surprise,  as  18  years  ago  boilers  already 
had  an  efficiency  of  75  per  cent,  expressed  as  the  ratio  of  the  thermal 
units  m  the  steam  to  the  thermal  units  in  the  coal  fired,  and  the 
margin  of  25  per  cent,  was  made  up  of  losses  that  could  not  be 
avoided  It  would  be  doing  negative  work  to  discharge  the  gases 
trom  a  boiler  at  a  temperature  lower  than  that  of  the  water  in  the 
boiler  ;  a  certain  amount  of  radiation  must  take  place,  and  there  is 
always  some  heat  lost  in  ashes. 

The  chief  improvements  in  the  boiler  house  have  been  the  increase 
in  size  of  the  steam  unit,  the  raising  of  the  steam  pressure,  and  the 
use  of  highly  superheated  steam.  The  first  boilers  put  down  in 
Waterloo-street  station  23  years  ago  had  a  heating  surface  of  800  sq. 

haafu  ^?^^  *'■'''''  °^  ^^  '"l-  ^*-'  ^'^^^  nominal  steaming  capacity  being 
3,400  lb.  of  steam  per  hour.     The  most  recent  boilers  installed  at 

f  l^n  "^'''  ^^"^  ^  ^'''''*'"^  '""^^^^  «^  ^'000  sq.  ft.,  and  a  grate  area 
ot  150  sq.  ft.  the  nommal  steaming  capacity  being  30,000  lb.  of  steam 
per  hour.  The  boilers  in  the  new  Dalmarnock  works  will  have  a 
steaming  capacity  of  50,0001b.  each.  In  the  Detroit  electricity 
works  five  boilers  have  been  installed,  each  having  an  effective 
heating  surface  of  23,654  sq.  ft.,  the  nominal  steaming  capacity  being 
of  the  order  of  88,0001b.  of  steam  per  hour.  The  i.icrease  in  the 
size  of  the  boiler  unit,  when  water-tube  boilers  only  are  under  con- 
sideration, has  not  seriously  diminished  the  floor  space  occupied,  for, 


after  all,  it  resolves  itself  into  the  rate  of  combuBtion  per  square  foot 
of  grate  area.  This  can  be  increa«ied,  but  generally  only  at  the 
sacrifice  of  efficiency.  In  the  Detroit  boilers,  with  an  evaporation 
of  3  lb.  per  square  foot  of  heating  surface,  the  efficiency  was  80  per 
cent.,  with  an  evaporation  of  7  lb.  per  square  foot  the  efficiency  was 
76  per  cent.,  and  with  14-7  lb.  per  square  foot  the  efficiency  was  m 
per  cent.  The  rate  of  combustion  per  square  foot  of  grate  area  varied 
from  161b.  to  361b.  per  square  foot.  For  many  years,  under 
ordinary  circumstances,  Scotch  coal  has  shown  the  best  results  with 
a  draught  of  0-5  in.  at  the  back  of  the  boiler,  and  a  rate  of  com- 
bustici  of  25  lb.  per  square  foot  of  grate  area. 

Recently  an  American  stoker  was  installed  in  the  Port  Dundas 
electricity  works,  and  a  rate  of  combustion  of  56  lb.  per  square  foot 
of  grate  area  has  been  obtained  with  forced  and  induced  draught. 
The  reason  for  installing  this  stoker  was  to  meet  the  exceptivnal 
conditions  we  have  in  Glasgow,  arising  from  the  rapid  descent  of  fog 
and  accompanying  darkness,  which  causes  sudden  demands  for  large 
quantities  of  steam.  It  is  no  uncommon  occurrence  for  a  nominal 
demand  of  500,0001b.  of  steam  to  be  increased  in  10  minutes  to 
7.50,000  lb.  If  the  stoker,  just  described,  enables  us  to  get  rid  of  the 
expensive  necessity  of  the  banked  boiler— and  we  confidently 
anticipate  that  it  will— it  will  be  a  welcome  addition  to  boiler-hou.se 
equipment.    . .;  -  j 

if  After  referring  to  the  various  types  of  steam  turbines  in  use,  the 
author  passes  on  to  the  question  of  steam  consumption.  Eighteen 
years  ago  little  attention  was  paid  to  steam  consumption  of  plant 
purchased.  The  chief  consideration  was  price.  This  was  due  to 
the  fact  that,  in  those  days,  electric  lighting  was  the  chief  use  to 
which  the  supply  was  put.  The  load-factor  was  between  10  and  15 
per  cent.  ;  or,  in  other  words,  the  output  corresponded  to  from  2| 
to  ^  hours  per  day  of  the  maximum  load  on  the  plant.  Interest, 
sinking  fund  and  depreciation  represented  by  far  the  largest  charge 


Fig.  2. — Allocation  of  Works  Cost. 

against  revenue  in  the  aimual  balani^e-sheet.  The  coal  bill  repre- 
sented only  10  per  cent,  of  the  revenue.  The  load-factor  now  ob- 
tained in  most  large  power  otations,  due  to  the  use  of  electrical  energ^- 
for  power  purposes,  has  been  raised  to  25  and  30  per  cent.,  and  we 
look  forward  to  a  load-factor  of  50  per  cent.  The  price  of  plant  is, 
therefore,  not  now  the  first  consideration,  and  steam  consumption 
has  to  be  seriously  taken  into  account.  As  an  illustration  of  this 
the  Glasgow  Corporation  recently  issued  a  specification  for  a  6.000  kw. 
turbine,  and  the  following  clause  was  inserted  :  "  Should  the  con- 
tractor fail  to  meet  the  guaranteed  steam  consumption,  the  con- 
tractor shall  pay  to  the  Corporation  the  sum  of  £750  for  every  \  lb., 
or  part  of  J  lb.  consumed,  over  and  above  the  figure  of  guaranteed 
steam  consumption  per  kilowatt-hour." 

All  branches  of  engineering  are  under  a  debt  of  gratitude  to  the 
Engineering  Standards  Committee.  This  Coir.'uittee  has  rendered 
most  valuable  ser\ace  in  connection  with  the  standardisation  of 
electrical  machinery  and  appliances.  Similarly  import<uit  work 
has  also  been  carried  out  by  the  British  Electric"  &  Allied  Manufac- 
turers' Association  in  standardising  rules  for  electrical  macliinery. 
In  the  latest  publication  of  this  Association  the  term  '"  tolerance  " 
is  introduced  as  representing  the  permissible  amoimt  of  dexnation 
in  observed  results  from  guaranteed  results,  in  comiection  ^rith  new 
plant.  In  steam  consumption  this  Association  has  fixed  on  a  2| 
per  cent,  tolerance  to  be  allowed  before  any  penalty  or  bonus  is 
exacted. 

The  improvement  that  has  taken  place  in  coal  consumption  in  the 
Glasgow  stations,  due  to  larger  generating  sets,  and  the  introduction, 
of  the  steam  turbine,  is  shown  in  Fig.  1.  It  is  interesting  to  look 
back  on  a  Paper,  read  before  this  Institution  by  Jlr.  William  Arnot 
in  1894,  in  which  he  gave  the  results  of  tests  on  a  350  h.p.  Willans- 
Siemens  set  in  the  original   Waterloo-street  station.     The  steam 
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conditions  were  :  Boiler  pressure  150  lb.  per  square  inch,  saturated 
steam  and  exhaust  to  atmosphere.  A  figure  of  22  lb.  per  indicated 
horse-power,  or  29  lb.  per  kilowatt-hour,  was  obtained  at  full  load, 
and  25  lb.  per  indicated  horse-power,  or  .31  lb.  per  kilowatt-hour  at 
half  load. 

In  1901  three  engines  in  the  Port  Dundas  works  were  tested,  viz., 
a  marine  engine  of  900  h.p.  by  Messrs.  Matthew  Paul,  of  DumVjarton, 
coupled  to  a  Siemens  generator  ;  an  American  Ball  &  Wood  vertical 
engine  of  800  h.p.  ;  and  a  Willans  &  Robinson  high-speed  central- 
valve  enclosed  engine  of  1,100  h.p.  The  steam  conditions  were 
.  180  lb.  per  square  inch  dry  steam  at  the  stop  valve,  vacuum  23  in., 
and  the  steam  consumption  obtained  varied  from  13  lb.  to  17  lb.  per 
indicated  horse-power,  or  from  201b.  to  24  1b.  per  kilowatt-hour. 
In  1902  tests  were  made  on  two  Musgrave  engines  and  two  AUis- 
Chalmers  engines,  installed  in  the  Pinkston  jxiwer  station,  belonging 
to  the  tramways  department.  The  engines  were  each  tested  at  or 
about  3,000  h.p.  At  the  time  (1902)  these  sets  were  supposed  to  be 
the  last  word  in  steam  generating  .sets.  The  steam  conditions  were 
160  lb.  per  square  inch  in  dry  steam,  and  vacuum  24  in.  The  steam 
consumption  was  from  12-2  lb.  to  12-4  lb.  per  indicated  honse-powei, 
which  corresponded  to  18  lb.  per  kilowatt-hour.  For  the  first  .seven 
years'  running  of  these  engines  the  consumption  of  coal  per  kilowatt- 
hour  generated  was  practically  3  lb.  Since  1909  three  steam  turbo- 
alternators  have  been  installed  at  the  Pinkston  station,  viz.,  one 
3,000  kw.  set,  one  4,(X)0  kw.  set,  and  one  6,(J(J0  kw.  set ;  and  these 
meet  the  whole  load  of  the  tramways  department,  the  reciprocating 
engines  being  used  as  a  stand-by.  The  steam  consumption  of  these 
turbines  was  given  as  14  lb.  per  kilowatt-hour,  which  would  corre- 
spond to  9-6  lb.  per  indicated  horse-power,  and  the  coal  consumption 
last  year  had  fallen  to  2-74  lb.,  showing  a  saving  of  8|  per  cent.  It 
has  to  be  noted  that  tlie  saving  is  not  proportionate  to  the  steam 
consumption,  for  the  reason  that  the  steam  conditions  for  the  turbo- 
alternator  sets  are  very  difTerent,  being  as  follows  :  Steam  pressure 
1601b.  per  .square  inch,  lOO'F.  suj-erheat,  vacuum  29  in.  In  oth^r 
words,  although  the  steam  consumption  has  fallen  from  181b.  per 
kilowatt-hour  to  14  lb.,  or  22  per  cent.,  the  coal  consumption  has  only 
fallen  8^  per  cent. 

i  The  most  recent  tests  on  a  turbo-alternator  were  made  on  a 
6,000  kw.  set  at  Port  Dundas  last  year.  The  conditions  were  as 
follows  :  Steam  pressure  190  lb.  per  square  inch,  steam  temperature 
550^ F.  (150''F.  superheat),  vacuum  27-45  in.  The  steam  consump- 
tion jior  kilowatt-hour  was  13-7  lb.  That  is  to  .say,  that  since  1901 
the  actual  steam  consumption  has  been  improved  by  the  u.se  of 
turbines  and  larger  units,  from  20  lb.  to  13-7  lb.  Although  the 
saving  in  coal  has  not  been  in  jjrojiortion  to  this  reduction  in  ]K)Uih1s 
of  steam,  the  coal  consumption  in  the  Glasgow  stations  has  fallen 
from  91b.  in  1901,  to  51b.  in  1907,  and  to  3-3  lb.  in  1914.  The 
thermodynamic  efficiciKy  (i.e.,  llie  ratio  between  the  kilowatt-liour 
and  the  heat  units  available  to  do  the  work  in  steam,  Letween  the 
range  of  temperature  of  inlet  steam  and  the  outlet  to  condenser)  in 
a  wellch^sigiied  turbo  alternator  is  bet  ween  05  and  70  j.er  (ent., 
representing  a  j)ossible  steam  consumjjtion  of  II  lb.  to  12  lb.  per 
kilowatt-hour.  The  thcrmo-dynamic  efficiency  of  the  Pink.ston 
engines  appears  to  have  been  as  high  as  65  jier  cent. 

The  electrical  part  of  the  generating  jjlant  has  kept  pa.c  with  the 
development  effected  in  the  turbine.  A  10,000  kw.  alternator 
driven  by  a  steam  turbine  takes  u|)  no  inoie  siia(  e  than  a  l.OdO  kw. 
alternator  driven  by  a  reciiHocating  engine,  and  what  is  of  much 
greater  importance,  the  capital  cost  per  kilowatt  for  a  turbo-alterna- 
tor is  t;4,  as  against  £8.  lOs.  per  kilowatt  for  a  reciprocating  engine 
and  alternator. 

The  (>nieieney  of  the  electric  generator  has  all  along  been  of  a  very 
high  order.  The  original  generators  installed  in  Waterloo  street 
in  1894  had  an  clliciency  expressed  l)y  the  ratio  of  out  pul  to  indicated 
horsepower  of  88  per  cent.  The  effieieney  of  the  jiresent-day 
alternator  exi»resse(l  in  the  same  way  is  97  per  cent.  This  improve- 
ment is  |)artly  due  to  the  increase  in  the  size  of  the  miil.  but  it  also 
owes  much  to  design. 

For  manv  years  it  has  been  a  fashion  to  use  elertric  motors  for  the 
driving  of  auxiliaries,  but  recently  it  has  l)een  shown  that,  when  a 
failure  or  interrujjtion  of  supply  has  occurred,  or  where  plant  had 
to  be  started  u|)  suddenly,  in  case  of  a  sudden  deniaiul.  there  was 
delay  in  getting  the  auxiliary  plcnt  started,  owing  to  the  means  of 
dri  ^ng  it  having  also  failed  or  iieing  deficient.  The  8upi)ly  of 
electrical  (<nergv  to  the  motors  driving  the  auxiliary  plant  was 
oi)tained  from  the  main  generators,  either  diiect  or  fnun  the  main 
'bus  bars  of  the  station.  A  slund-by  supply  of  energy  may  be  ob 
lained  from  a  battery  so  long  as  the  auxiliaries  are  small,  but  when 
w(>  iiave  to  consider  ."iO.OOO  kw.  to  lOO.OOO  kw.  generating  stations, 
and  the  auxiliary  plant  amounts  to  between  5  and  7  jicr  cent,  of  the 
whole  steam  capacity,  it  means  from  2..")00  kw.  to  7.(MM»  kw.,  aiul  for 
this  a  l)attery  stand-by  is  (piite  out  of  >hc  (|Uestion. 


The  imjwrtance  of  continuity  of  supply  is  next  dealt  wth.  In 
many  power  stations  recently  erected,  the  auxiliaries  are  direct- 
driven  by  independent  steam  turbines.  This  makes  a  very  desirable 
combination,  as  the  drive  of  the  auxiliaries  is  self-contained  in  everj' 
respect,  except  as  regards  the  supph*  of  steam.  On  two  9,000  h.p. 
sets  in  the  electricity  works  of  the  Glasgow  Corporation,  a  small 
steam  turbine  of  200  h.p.  drives  the  circulating,  air  and  condenser 
pumps,  together  with  a  small  force  pump,  all  on  one  shaft,  and  a  verv 
reliable  and  simple  combination  of  auxiharies  is  thus  pro\ided.  A 
drawVjack  to  the  arrangement  is  that  the  most  efficient  speeds  of 
these  various  jjumjjs  may  not  be  the  .same.  It  is  absolutely  nece-ssarj' 
for  the  efficient  running  of  the  works  that  all  exhaust  steam  should  be 
collected  and  u.sed.  In  the  new  generating  station  to  be  erected  at 
Dalmarnock,  it  has  been  decided  to  drive  the  auxiliary  plant  elec- 
trically. The  source  of  supph-  will,  however,  be  quite  separate  from 
the  main  'bus  bars,  and  will  consist  of  turbo-alternators  generating 
energ}'  at  440  volts  alternating  current  at  25  cycles  per  second.  This 
deci.sion  has  been  arrived  at  for  several  reasons.  The  level  of  the 
Clyde,  from  which  the  conden.sing  water  is  to  be  drawii,  is  20  ft. 
below  the  condenser  floor  level.  This  means  that  the  main  circu- 
lating pumps  will  be  in  a  pit,  and  an  electric  motor  drive  is  the  only 
one  suitable.  The  air  and  circulating  pumps  will  be  driven  by 
separate  motors.  The  induced  draught  fans  will  be  situated  on  the 
third  jloor  of  the  boiler  house,  and  if  thev  were  driven  by  steam,  long 
stretches  of  steam  and  exhaust  piping  would  be  necessarj-. 

The  novel  features  in  connection  with  the  design  of  the  Dalmar- 
nock works,  wluch  are  departures  from  standard  practice,  are  as 
follows  : — 

The  auxiliaries  are  all  driven  with  three-phase  a!temating  current 
motors,  the  energy  for  these  motors  being  obtained,  as  already  stated, 
from  separate  three-phase  turbo-alternators,  the  exhaust  of  which 
will  be  used  to  heat  up  the  condenser  from  the  main  turbines.  This 
means  that  the  conden.ser  from  the  main  turbine  is  to  be  used  as  the 
circulating  water  for  the  condensers  of  the  auxiliary  plant.  The 
exhaust  steam  from  the  auxiliary  turbines  will  raise  the  temperature 
of  the  condenser  as  circulating  water  from  80°F.  to  140'^F..  after 
which  it  will  be  passed  to  the  hot  well,  and  later  through  an  econo- 
miser.  As  the  load  on  the  auxiliary  turbine,  however,  is  likely  to 
remain  fairly  con.stant,  while  the  load,  and  therefore  the  condenser, 
from  the  nuiin  turliine  will  vary,  the  condenser  of  the  auxiliary 
turbine  will  have  a  second  set  of  tubes,  through  which  river  water 
can  be  circulated.  The  amount  of  river  water  will  be  automatically 
regulated  by  the  amount  of  the  condenser  coming  from  the  main 
turbine. 

The  other  features  of  the  new  station  will  l)e  the  size  of  the  l>oilcr 
units,  high  superheat,  an  economiser  for  each  Ixuler,  large  coal 
storage  and,  consequently,  a  verj'  complete  sj-stem  of  coal-handUng 
j)lant. 

1  will  now  refer  to  the  question  of  alternators  and  electrical 
pressure.  Alternators  are  now  artificially  cooled  by  air,  either 
forced  through  by  means  of  an  external  motor  and  fan.  or  the  rotor 
has  fan  blades  mounted  on  it.  the  air  being  filtered  by  being  jm-s-sed 
through  a  cloth  or  water  screen.  The  electrical  jiressure  at  which 
the  energy  is  generated  is  coming  to  be  regarded  as  a  secondary 
question,  and  nianufactun>rs  are  thus  left  free  in  the  design  of 
alternators  to  adopt  one  or  two  conductors  per  slot,  as  the  energ\- 
has  to  be  sub.><e(|ucntly  passed  through  a  transformer,  in  onler  to 
raise  it  to  its  working  |)re.ssure.  The  working  pressure  is  a  matter 
to  lie  decided  by  the  location  and  size  oi  the  generating  station,  and 
the  location  of  the  area  to  be  supplied  relative  to  the  source  of  supply. 
Pressures  of  3.<HM».  <).(KKt  and  ll.tKK)  volts  have  been  succeiwrnliy 
u.scd.  but  in  a  station  having  a  capacity  of  lOO.OtMtkw.,  ])rcs.-iurcs 
of  2(l.(K)(»  to  3tl,(KK>  volts  re(iuire  to  be  adojtted  for  the  following, 
amongst  other  reasons.  To  distribute  l(M>.(K)Okw.  at  6.000  volts 
would  necessitate  the  jtmvision  of  at  least  75  feeders  or  main  cables. 
This  in  tuni  M.)uld  mean  a  switchlxiard  house  out  of  all  i)ro}K)rtion 
to  the  size  of  the  works.  With  2(».(KK>  voIt«  pressure  25  feeders 
would  be  aniple  for  the  distribution  of  the  energy  to  the  various 
centres.  The  energy  generated  at  the  jJiT.ssuie  best  suited  to  the 
size  aiul  design  of  the  alternator  is  thereafter  transformed  either 
imme<liatel,  .ifter  the  generator  or  by  means  of  a  transformer  on 
each  feeder,  to  the  transmission  pressure.  It  has  again  to  Ik*  trans- 
formed at  the  distril)uting  centre.  This  may  seem  an  unduly  large 
number  of  transformations,  but  the  total  loss  between  the  terminals 
of  tiie  nuiin  generator  and  the  "bus  bars  in  the  sub-station  does  not 
exceed  6  per  cent.  The  Io.ss  that  doe^  take  place  as  a  result  of  these 
various  t ransform.-.tions  is  uuire  than  counterbalanced  by  the 
enormous  .Having  in  cojiper.  the  reductitm  in  the  number  of  cables, 
and  in  the  smaller  buildings  necessary  to  house  the  switchgear. 

Taking  the  generating  st;>tion  as  a  whole,  the  i>ower  jx'r  squ.-'c 
foot  of  land  with  buildnigs  t'  w  m  has  been  increased  six-fold.  Tlv 
Waterloo-street  station  had  a  little  over  0-4  H.P.  per  square  foot  of 
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generating  station  area ;  Port  Dimdas  and  St.  Andrew's  Cross 
stations  doubled  this  with  0-8  H.r.  per  square  foot ;  and  the  new 
Dalmarmock  works  will  have  2^  h.p.  per  square  foot.  This  amounts 
to  a  considerable  reduction  in  the  cost  of  electricity,  as  it  reduces 
expenditure  on  land  and  buildings  relatively. 

The  sub-station  containing  transforming  plant  is  the  link  between 
the  generating  station  and  the  distributing  system.  If  continuous 
current  has  to  be  supplied,  the  sub-station  is  an  important  item  in 
the  capital  cost  for  land  and  buildings,  and  it  has  a  considerable  wage 
bill  for  attendance.  I  hope,  however,  that  with  the  introduction 
of  alternating-current  distribution  the  cost  of  land  and  buildings  for 
sub-stations  will  be  materially  lessened,  and  the  wage  bill  for  attend- 
ance will  be  almost  eliminated.  Experience  has  shown  in  Glasgow 
that  the  maximum  capacity  at  which  a  sub-station  can  be  econo- 
mically operated  is  6,000  kw.  When  the  demand  exceeds  this 
amount  it  is  cheaper  to  erect  an  additional  sub-station  mid-way 
between  two  sub-stations,  rather  than  to  run  more  mains  from 
existing  sub-stations. 

Electrical  practice  20  years  ago  is  mentioned  which  leads  to 
questions  of  economical  distribution.  To-day  we  find  that  the  only 
economical  method  of  distribution  on  a  large  scale  is  to  generate 
three-phase  alternating  current,  25  or  50  periods  per  second,  at 
pressures  between  4,000  and  10,000  volts,  to  transmit  this  energy 
to  sub-stations  for  transformation  to  low  pressure  alternating  current, 
and  thence  to  the  public.  If  consumers  will  adopt  alternating  current 
and  so  get  rid  of  the  running  machinery  necessary  for  the  conversion 
of  alternating  current  to  continuous  current,  as  well  as  the  wage  bill 
for  attendance,  not  only  will  the  price  of  electrical  energy  be  reduced, 
but  the  supply  will  be  more  reliable,  and  the  duration  of  possible 
interruption  will  be  shortened. 

In  America  most  of  the  hydro-electric  schemes  have  their  energy 
generated  at  6,000  volts,  and  transformed  up  to  80,000,  or  even  to 
140,000  volts,  for  transmission  by  means  of  overhead  wires,  which 
can  be  easily  kept  some  feet  apart.  To  transmit  these  high  pressures 
by  means  of  underground  cables  is  quite  another  problem.  It  is 
rather  surprising  that  the  Americans  should  have  continued  to 
adhere  to  110  and  115  volts  at  consumers'  terminals,  instead  of  going 
to  the  higher  pressures  of  200  to  250  volts  which  we  have  adopted 
generally  in  this  country.  The  amount  of  copper  used  in  these 
American  schemes  on  feeders,  and  in  connection  with  switchboards, 
is  colossal.  One  switchboard  in  Chicago  has  72  sq.  in.  of  copper  on 
the  'bus  bars,  whereas  the  area  of  copper  on  the  'bus  bars  in  our 
largest  sub-station  in  Glasgow  is  14  sq.  in. 

From  the  point  of  view  of  size  of  station  there  is  no  reason  whatever 
why  the  whole  of  Scotland  should  not  be  supplied  from  two  or,  at 
the  most,  three  central  power  stations.  The  present  maximum  de- 
mand on  the  31  electricity  supply  concerns  in  Scotland  is  of  the  order 
of  120,000  kw. 

If  we  divide  Scotland  into  three  areas,  the  lowlands  south  of  the 
Tay  will  represent  two  areas,  and  the  whole  of  the  land  north  of  the 
Tay  will  represent  the  third  area.  Taking  Falkirk  as  the  boundary 
between  the  two  lowland  areas,  we  find  that  the  demand  in  the 
western  area  is  80,000  kw.  ;  the  demand  in  the  eastern  area  is 
25,000  kw.  ;  and  the  demand  in  the  third  or  northern  area  is 
15,000  kw.  Three  moderate-sized  stations  would  therefore  meet  the 
entire  demand  for  Scotland,  the  major  portion  of  the  whole  being 
from  Glasgow  and  the  West  of  Scotland. 

In  Chicago  there  was  recently  purchased  110  acres  of  land  in  the 
north-west  of  the  city,  and  plans  have  been  drawn  up  for  the  erection 
of  two  generating  stations,  with  a  probable  third  station  on  this  site. 
Each  of  these  stations  will  have  a  capacity  of  at  least  250,000  kw. 
One  of  the  stations  lias  already  been  erected. 

In  a  valuable  report  prepared  by  Mr.  C.  H.  Merz,  of  Messrs.  Merz 
&  MacLellan,  regarding  electricity  supply  in  London,  a  scheme  is 
described  of  how  to  suijjjly  the  whole  of  greater  London  from  two 
generating  stations,  and  this  is  not  thought  to  be  too  large  an  area 
for  two  stations  to  undertake.  The  total  maximum  demand  made  in 
greater  London  (including  the  County  of  London  and  outer  London) 
on  electricity  supply  undertakings  belonging  to  local  authorities  and 
companies,  in  1912,  only  amounted  to  196,000  kw.  The  total  plant 
installed  was  .300,000  kw.  The  total  units  sold  in  greater  London 
was  400,000,000,  while  the  output  of  the  Commonwealth  Edison  Co. 
in  Chicago  is  neariy  three  times  this,  being  1,114,000,000  units. 

The  manufacture  of  cables,  and  improvements  made,  the  rise  in 
price  of  coal,  and  improvements  in  lamps  are  next  mentioned.  The 
fact  that  we  are  only  able  to  obtain  15  per  cent,  of  the  heat  value  of 
the  coal  utilised,  and  in  many  stations  half  of  this,  is  referred  to,  and 
it  is  hoped  the  maximum  possible,  viz.,  19  per  cent.,  may  be  reached. 
In  the  original  Paper  the  author  gives  an  instance  of  the  economies 
and  advantages  rendered  possible  to  the  public  by  a  supply  of  elec- 
trical energy  from  large  generating  stations.  An  engineering  works 
and   a   bakery   may   make  a  demand  of  500  h.p.,  each  to  supply 


energy  to  drive  their  respective  plants,  but  if  these  two  concerns 
make  their  demand,  the  one  during  th*;  day  and  the  other  during  the 
night,  the  same  500  h.p.  of  plant  in  the  generating  station  will  supply 
both.  The  capital  charges  are,  therefore,  fJivided  between  them. 
That  this  does  take  place  on  a  large  scale  is  lx>me  out  by  the  fact 
that  to-day  there  are  80,000  h.p.  of  mot^jrs  connected  to  the  Ojrpora- 
taion  mains,  and  the  maximum  load  for  power  purposes  is  approxi- 
mately 30,000  h.p.  «,  ^>.    - 


It  has  been  said  that  the  greatest  benefactor  of  mankind  iz  ^ 
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can  make  two  blades  of  grass  grow  where  previously  there  ha ^  bcci 
only  one.  In  the  engineering  world  the  best  man  is  he  wh  j  <-an  make 
I  h.p.  of  plant  do  the  work  which  has  hitherto  required  2  h.p.  And 
that  is  what  is  done  in  the  large  generating  station.  The  generation 
and  distribution  of  electrical  energj'  on  a  large  scale  presents  far- 
reaching  possibilities.  A  large  electricity  supply  undertaking  can 
carry  out  comprehensive  experiments  and  specialise  in  research  work 
in  a  way  that  is  prohibitive  to  the  small  isolated  plant.  Dr.  Stein- 
metz,  in  America,  speaking  at  an  important  electrical  conference 
recently,  said  :  "  We  are  now  recognising  that  we  have  reached  a 
stage  in  industrial  development  wherein  competition,  in.stead  of 
being  the  life  of  trade  is  its  destruction  "  ;  and  he  argued  in  favour 
of  a  better  organised  combination  and  for  mutual  understanding 
amongst  manufacturers.  The  tendency  thus  indicated  is  common  to 
the  whole  of  American  industry,  and  it  is  bound  to  become  increas- 
ingly evident  in  our  own  country.  I  think  it  is  inevitable,  and 
instead  of  trying  to  fight  against  if,  the  better  policy  would  be  to 
guide  and  control  it  to  the  best  advantage.  A  large  generating 
station  is  a  concrete  example  of  a  centralised  concern  effecting 
economies  which  have  a  beneficent  influence  on  every  large  indus- 
trial concern  within  the  area  of  its  operations.  The  saving  in  the 
consumption  of  fuel  in  a  large  electricity  works,  as  compared  with 
the  consumption  by  a  large  number  of  small  steam  plants,  is  so 
enormous  as  to  be  a  matter  of  national  concern,  faced  as  we  are  with 
the  fact  that  our  coal  supply  is  limited.  The  total  coal  used  by 
generating  stations  in  Great  Britain  is  approximately  5,000,000  tons 
per  annum,  and  in  Scotland  alone  600,000  tons  are  used.  By 
organised  combination  from  30  to  50  per  cent,  of  this  could  be  saved. 


NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACHINES. 

I.  CONTINUOUS-CURRENT  MACHINES. 

BY. STANLEY  PARKER  SMITH,  D.SC. 

{Continued  from  page  430.) 

Summary. — In  the  first  part  of  the  article  the  author  deals  with  tl  e 
principles  underlying  the  design  of  continuous-current  machines,  and  i  n 
the  second  part  he  apphes  these  principles  to  the  design  of  a  350  k« ., 
500 -volt  generator  running  at  200  revs,  per  min. 


PART  II. 

Design  of  a  Slow-speep  Continuous-current  Generator. 

As  an  example  of  how  a  design  can  be  carried  out,  let  us  t^ke 
a  slow-speed  generator,  suitable  for  direct  driving  from  an 
internal-combustion  engine,  such,  as  a  Diesel  motor.  An 
example  of  this  kind  will  present  different  alternatives  for  dis- 
cussion. 

Let  us  assume  an  output  of  350  kw.  at  a  constant  terminal 
pressure  of  500  volts  and  a  speed  of  200  revs,  per  min..  with  a 
temperature  rise  not  exceeding  45°C.  after  working  continu- 
ously on  full  load.  The  question  of  overload  need  not  be 
considered  for  such  a  case,  as  the  electric  generator  will  be  safe 
to  do  anything  an  internal-combustion  engine  can  do  with  the 
same  normal  rating.     The  generator  is  to  be  shunt  woimd. 

TLe  full-load  curi-ent  is  then 


350  .  1000 


500 


=700  amperes. 


Method  of  Procedure. 
There  is  no  common  method  in  use  for  designing  machines. 
Designers  usually  follow  the  practice  of  the  office  in  which  they 
work,  and  though  there  is  always  more  or  less  freedom  in 
matters  of  detail,  experience  usually  fixes  the  liniits  that  can 
be  worked  to.  Unless  we  are  dealing  with  standard  machines, 
i.e.,  machines  taken  from  a  standard  Ifst,  it  is  well  to  start 
from  the  output  coefficient,  which  we  can  obtain  from  values 
of  the  magnetic  and  electric  loading  which  experience  has 
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shown  to  be  admissible.  After  settling  tbe  main  dimensions, 
we  can  proceed  to  design  the  armature  winding,  which  is  the 
most  important  part  of  a  continuous-current  machine. 

Starting  in  this  way,  we  shall  assume  for  the  specific  magnetic 
loading,  or  the  mean  flux-density  in  the  air-gap  : 


J5meau=^ =6,000  lincs  per  cm.^ 


where 


(J)  =useful  flux  per  pole, 
Y=pole-pitch  in  cm., 
and  L= length  of  core  in  cm. 

For  the  specific  electric  loading,  or  the  ampere-conductors  per 
cm.  of  the  armature  periphery,  we  shall  assume  : 

^^"=300, 


ac- 


nD 


where  Z  =total  number  of  conductors  in  armature  winding, 
/a=current  per  conductor  or  armature  circuit, 
=//2a, 
and      Z)=diameter  of  annature  in  cm. 

The  output  coefficient  is  then  (eq.  IG) 

.0=71^  .  Bn^,an.ac  .  lO-«=9-85x 6000 X 300 XlO-«=17-7. 
From  this  we  get  the  product  Z)^i  straightaway  (w=200/60) : 


D^L= 


P.IO^       350.106 


C 


17-7X3-33 


=590-103. 


To  split  u])  this  piodurt,  wo  must  again  draw  on  experience. 
In  large  machines  of  this  type  it  is  found  good  practice  to 
make  the  pole-shoes  about  square,  i.e.,  pole-arc =core-length. 
Denoting  the  polar  arc  by  b  in  cm.,  we  have  then 

zp 
The  ratio  a=pole-arc/pole-pitch  is  made  as  high  as  possible 
to  obtain  as  large  a  flux  per  pole  as  possible,  but  is  limited  by 
the  need  for  securing  a  proper  commutating  zone,  the  space 
required  by  the  intei-poles  and  by  leakage.  It  usually  lies 
between  0-7  and  0-75. 

Assuming  a=0-73,  we  then  get : 

D^L=D^a-   =0-737r„-  =2-3 - 
2p  2p         2p 

=  . 590-103 

whence  1)3=257-103-27;. 

This  brings  us  to  the  question  of  the  number  of  poles.  In 
settling  this  we  must  make  certain  of  a  good  armature  winding. 
For  a  large  machine  like  the  one  we  are  desigJiing,  to  obtain 
good  commutation  conditions  the  armature  winding  should  be 
quite  synrmetrical  ;  there  should,  if  po.ssil)Ie,  l)o  only  one  turn 
per  coil  or  segment ;  the  current  per  circuit  should  lie  between 
150  and  250  amperes.  To  prevent  risk  of  flashing  over,  the 
mean  pjcssure  between  coii^mutator  segments  should  not 
exceed  about  15  volts,  corresponding  with  a  maximum  pressure 
of  about  15/a=20  volts.  The  pitch  of  the  commutator  seg- 
ments should  lie  between  5  mm.  and  10  mm.  for  mechanical 
reasons. 

The  core-length  may  lie  between  30  cm.  and  40  cm.  in  well- 
ventilating  machines  of  this  class  which  have  to  be  l»uilt  at  a 
low  cost. 

A  suitable  diameter  of  the  commutator  is  about  75  ])er  cent,  of 
the  armature  diameter,  i.e.,  Z)c=0-75Z). 

We  now  rough  out  6, 8  and  10-pok'  alternatives  with  lap  and 
wave  windings. 

2p=  6  8  10  ])()le8. 

Z)3  =257^,  103  2p^     1,542  .  103    2,056  .  103     2,570 .  103 

D  =3v/T>^  =         ll-'"'  127  137     cm. 

L    =590 .  ]03/Z)2=  45  3(5-5  31-5    cm. 

7rZ).ac=;rD.300=     10.S,(K)()  120.000      129.000 


nDc=-Q .  IbTiD     = 


270 


300 


322     cm. 


The  (i-pole  machine  is  seen  to  be  unduly  long,  and,  there- 
fore, should  be  avoidod  if  ])ossibl('. 

There  are  practically  four  windings  we  can  try  :  (1)  Laj) 
wimlijig  with  one  turn  ])er  coil,  (2)  laj)  winding  with  two  turns 
per   coil,  (3)    two-circuit,  wave   winding,  and   (I)   four-circuit 


wave  winding. 


Proceeding  on  these  lines,  we  have  : — 
First  Trial. — Lap  Winding,  a=p,  and  One  Turn  per  Coil. 
2p=  6  8  10    poles. 

/„=700/2;?         116-5      87-5         70     amperes. 
Z=:iD.ac'la=    925     1.372     1.840     conductors. 
C'=Z;2         =     462        686       920     com.  bars. 
yi=:iDe/C   =    5-85        4-4        3-5     mm.  bar  pitch. 
V .  2pjC       =      6-5        5-8        5-4     volts  between  bars. 

None  of  these  machines  is  really  desirable  ;  the  first  would 
be  too  heavy,  whilst  in  the  other  two  the  commutator  bars  are 
too  many  and  too  thin.  Also  the  current  per  annature  path  is 
too  small.  All  these  machines  would  be  expensive  to  con- 
struct. 

Second  Trial. — Laj)  Winding,  a^p,  and  Two  Turns  per  Coil. 
Here  the  number  of  armature  conductors  and  the  current  per 
conductor  are  the  same  as  in  the  first  trial,  but  the  number  of 
commutator  segments  is  halved,  whilst  the  pitch  of  the  commu- 
tator segments  and  the  mean  pressure  between  segments  are 
doubled. 

2p  =68  10     poles. 

C'=2/4         =       231  343  460    com.  bars. 

y^=7iDciC   =      11-7         8-75  7-0     bar  pitch. 

F .  2pjC  ,    =      13-0         11-7  10-8    volts. 

We  now  obtain  po.ssible  windings,  and  both  the  8  and  10-pole 
alternatives  come  up  for  consideration.  Owing  to  the  unsuit- 
ableness  of  the  two-circuit  wave-winding,  which  we  shall  point 
out  immediately,  some  makers  would  u.se  this  lap  winding  in 
preference  to  the  equivalent  four-circuit  wave-winding.  For 
our  own  part  we  should  object  on  principle  to  such  a  winding, 
owing  to  the  awkwardness  of  winding  coils  of  two  turns  with 
strip  copper  and  to  the  sensitiveness  of  the  machine  to  sparking. 
Our  main  reason  for  rejecting  the  lap  winding,  however,  is  the 
superiority  of  a  properly  desigjied  four-circuit  wave  winding 
with  one  turn  per  coil. 

We  now  proceed  to  consider  the  alternatives  with  wave 
windings. 

Third  Trial. — Two-circuit  Wave-winding,  fl  =  l,  and  One 

Turn  per  Coil. 

2p  =  6  8  10     poles. 

/„= 700/2     =       350  350  350     amperes. 

Z^nD.acjIa-^       308  342  368    conductors. 

C=Z/2         =       154  171  184     com.  bars. 

y^=7iDelC   =      17-5         17-5  17-5    mm. 

V .  2plC       =      19-5         23-4  27-2    volts. 

All  these  machines  are  seen  to  be  quite  out  of  the  question, 
because  of  the  excessive  current  per  circuit  and  width  of  com- 
mutator segment,  whilst  the  extremely  high  ]iressure  between 
segments  would  make  the  machine  very  liable  to  flash  over. 

This  brings  us  t«  the  remaining  alternative,  namely,  a  wave 
winding  with  more  than  two  circuits.  The  only  case  that  calls 
for  consideration  is  the  four-circuit  wave  winding,  i.e.,  a=2, 
which  gives  a  current  of  175  amperes  per  circuit.  Since  a 
symmetrical  winding  can  only  be  obtained  when  pja  is  a  whole 
numln-r.  the  G  and  10-pole  alternatives  are  at  once  excluded. 
This  leaves  u.s  with  the  8-pole  machine,  which  we  now  consider. 

Fourth  Trial. — Four-circuit  Wave-windivg.  a =2,  and 

One  Turn  per  Coil. 
2p                       =  8     poles. 

/„  =  700/4  =  175     amperes. 

Z=120,00(.»,  175=  686     conductors 

C=Z/2  =  343    com.  bars. 

y,=3(H);343         =  8-75     mm. 

y.2pV  =  11-7     volts. 

This  winding  is  exceedingly  ])romising.  and  to  our  mind  is 
nnuh  bftter  than  the  other  p«>ssible  alternative — the  lap 
winding  with  two  turns  per  coil.  It  must  be  noted  that  the 
pitch  of  the  con\mutator  segments  and  the  pressure  between 
c<>niniutat<»r  segments  is  the  same  in  the  8-pole  machine  with 
either  winding. 

With  a  mean  pressure  between  segments  of  11-7  volt-s,  the 
maximum  pressure,  if  there  were  no  distortion,  would  be  about 
1 1-7  0-73=16  v«tlts.  which  is  quite  safe.     The  actual  maximum 
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value  can  only  be  determined  when  the  field-form  on  load  is 
known. 

We  proceed  now  to  examine  if  the  other  conditions  of  sym- 
metry and  the  various  manufacturing  restrictions  can  be  met 
by  a  four-circuit  wave  winding. 

MaJN  Dimensions. 

We  first  round  off  the  figures  for  the  diameter  and  length 
obtained  for  the  8-pole  machine  in  this  preliminary  investiga- 
tion. Taking  numbers  suitable  for  standard  dimensions,  we 
make  D=130  and  L=35  cm.  Then  the  output  coefficient 
becomes 

350-10^ 

1302x35x3-33 

This  agrees  well  with  the  figure  obtained  from  the  assumed 
values  of  5meau  and  ac. 

It  is  advisable  to  have  ventilation  ducts  in  a  core  of  this 
kind.  If  we  take  10  mm.  ducts,  one  duct  per  8  cm.  to  10  cm. 
of  core  length  is  usually  sufficient.  In  the  present  case  we 
shall  take  4-10  mm.  ducts.  With  this  low  frequency  there 
is  no  object  in  using  plates  thinner  than  0-5  mm.  The  paper 
or  other  insulation,  &c.,  between  the  plates  increases  the 
length  of  a  core  of  0-5  mm.  plates  by  about  10  per  cent.,  making 
the  net  iron  length  in  the  present  case  L/=0-9  (35— 4)=28  cm. 
Thus,  for  the  leading  dimensions  we  have 

Number  of  poles    2jo=8 

Armature  diameter Z)=130  cm. 

Armature  periphery 7rZ)=408  ,, 

Pole-pitch    Y=  51  „ 

Total  core  length L=  35  ,, 

L — ducts ^  31  ,, 

Net  core  length  -L/=  28  ,, 

Pole-arc 6=0-73  Y=  37  „ 

These  dimensions,  of  course,  can  only  be  fixed  provisionally, 
because  it  is  not  possible  to  settle  them  finally  until  everything 
has  been  worked  out.  It  is  quite  a  common  experience  to 
find  some  difficulty  in  the  field  winding,  or  some  detail  in  the 
efficiency  upset  the  design  when  machines  are  worked  out  ab 
initio. 

Armature  Winding. 

The  first  thing  is  to  adjust  the  number  of  commutator  seg- 
ments to  obtain  a  symmetrical  closed  winding.  The  closing 
rule  for  a  wave-winding  is  : 

commutator  pitch  yc={C±a)/p. 

342  +  2 
With  (7=342,  a=2,  and  2)=i,  yc^ — 7^=86  or  85. 

When  yc=86,  the  H.C.F.  of  C  and  yc  is  2,  so  that  there  will  be 
two  independent  windings ;  when  yc=86,  the  H.C.F.  of  C  and 
yc  is  1,  so  that  there  is  only  one  winding  on  the  armature.  We 
thus  choose  the  latter  value  for  the  commutator  pitch  to  get 
a  single  winding. 

Applying,  now,  the  rules  of  symmetry,  the  potential  pitch, 

(^     342     ,^, 

This  is  a  whole  number,  so  that  this  condition  is  satisfied. 

Further,  since  ?/p=171=57x3,  it  is  possible  to  get  a  three- 
phase  pressure  from  the  winding,  which  makes  the  generator 
suitable  for  use  with  a  three-phase  static  balancer  for  a  three- 
wire  supply. 

The  remaining  condition  refers  to  the  slots,  and  the  number 
of  these  must  now  be  settled.  It  is  found  that  with  about 
1,000  amperes  per  slot  a  convenient  size  of  slot  is  obtained. 
Following  this  empirical  rule,  we  get  w= 1,000/ 175 =6  con- 
ductors per  slot.  With  m=6  and  Z=2(7=684  coil-sides,  there 
will  be  /S=2(7/m=684/6=114  slots  and  no  idle  coils.  Then 
;S/a= 114/2 =57  is  a  whole  number. 

We  thus  see  that  with  (7=342,  >S=114,  p=4:,  and  a=2, 
C/a,  S/a  and  pja  are  all  whole  numbers,  so  that  the  winding  is 
quite  symmetrical. 

Before  definitely  settling  on  114  slots,  we  must  see  how  the 


armature  stampings  are  to  be  built  uj>.  With  a  diameter  of 
130  cm.  it  is  cheaper  to  make  the  armature  core  out  of  seg- 
ments, both  on  account  of  the  price  of  wide  sheets  and  the  diffi- 
culty of  using  the  centre  and  comer  pieces,  which  are  more 
than  likely  to  become  scrap.  With  114  slots  it  is  obvious  that 
we  can  u.se  six  segments  with  19  slots  per  segment.  With  two 
key  ways  per  segment — that  is,  12  key  ways  in  all — the  joints 
can  be  made  to  overlap  in  alternate  layers.  Thus,  with 
>S=114,  we  are  able  to  build  the  armature  without  any  diffi- 
culty. 

We  can  now  check  the  ampere-conductors  per  cm.,  namelv, 
ac=Z  .  7a/7rZ>=684.175/.'rl30=294. 
This  agrees  with  what  we  assumed  as  permissible  at  the  outset. 

Flux. 

Having  fixed  the  number  of  armature  conductors,  Z=684, 
it  is  possible  to  find  the  useful  flux  per  pole.  We  calculate 
this  at  no-load  and  at  full-load. 

At  no-load  the  speed  is  somewhat  higher  than  the  normal 
speed.  Allowing  3  per  cent,  for  this,  the  speed  at  no-load 
is  206  revs,  per  min.  Hence,  for  the  normal  pressure  at  no-load, 
the  flux  will  be,  with  «„=206/60  {see  eq.  7) : 

^^       500  X 108=  10-6  Xl0«. 


0.=2  A  .  io.=2 


pZno'^"       4  684x206^ 

On  load  there  is  a  drop  of  pressure  in  the  armature,  series 
and  interpole  windings  and  at  the  brushes.  Assuming  this 
to  be  5  per  cent,  the  flux  on  load,  must  induce  an  E.M.F,  so  that 
with  H=200/60  : 

^=525  volts, 

{To  be  continued.) 


TRAMWAYS  AND  LIGHT  RAILWAYS  ASSOCIATION. 


The  eighth  annual  congress  of  this  Association  was  held  at 
the  Westminster  Palace  Hotel,  London,  on  Friday  last,  the 
Chairman  of  the  Council  (the  Hon.  Arthur  Stanley,  M.P.) 
presiding. 

The  Chairman  said  the  year's  revenue  from  subscriptions  was  £775 
(against  £832  last  year),  the  falling  off  being  due  to  many  members  being 
away  on  active  service,  and  the  expenditure  was  £635  (against  £822),  the 
reduction  being  chiefly  due  to  there  being  no  expenditure  on  the  con- 
gress  or  annual  dinner  in  1915,  and  to  general  strict  economy.  Adding 
£14  interest  on  bank  deposit  and  War  Loan  and  writing  off  £30  on  sub- 
scription account,  the  excess  of  revenue  over  expenditure  wa«  £125.  los.  Pd. 
and  credit  balance  from  previous  year  made  the  to^al  to  carry  fonvard 
£430.  He  regretted  the  loss  of  Sir  Charles  Rivers-Wilson  and  ilr.  Robert 
Hammond  during  the  year.  He  sympathised  with  ill-.  A.  L.  C.  Fell,  who 
had  had  a  severe  illness,  and  he  hoped  he  would  soon  be  amongst  them 
again.  New  conditions  and  new  legislation  had  affected  the  ii.dustry. 
Some  undertakings  had  had  from  40  to  60  per  cent,  of  their  staffs  leave  to 
join  the  Forces  or  some  department  connected  with  the  war,  but  things 
had  settled  down  now,  and  they  knew  where  they  were.  Women  con- 
ductors were  now  generally  employed,  with  satisfactory  results.  They 
were  also  employed  as  di'ivors  on  some  systems,  but  it  did  not  seem  at  all 
likely  that  they' would  be  generally  used  as  drivers.  Driving  a  traracar 
was  more  difficult  than  driving  a  motor  car.  With  regard  to  supply  of 
materials,  an  arransrement  had  been  arrived  at  with  a  committee  of 
manufacturers  for  the  delivery  of  steel  tyres.  The  question  of  rails  was 
more  difficult,  but  was  being  dealt  with  by  one  of  the  Association's  com- 
mittees. They  were  disappointed  in  trying  to  g.^  tlie  Commission  on 
Paper  Manufacture  to  receive  a  deputation  to  urge  that  more  than  two- 
thirds  of  the  usual  sup])ly  should  be  allowed  for  tickets,  but  the  difficulty 
was  being  met  bv  reducing  the  size  of  tickets.  With  ivgard  to  the 
taxation  of  excess  profits  the  Association  decided  to  apply  to  the  Board  of 
Referees  for  the  increase  of  the  statutory  percentage  from  6  per  cent,  to 
12  per  cent.,  as  thev  thought  that  a  fair  percentage  for  compsmy  under- 
takings having  a  limited  tenure.  The  matter  was  under  consideration. 
With  regard  to  the  Local  Government  (Emergency  Provisions)  Act.  191 1>. 
which  ]nohibited  new  routes  for  motor  omnibuses  witliout  the  consent 
of  the  hiohwav  authoritv,  there  might  be  differences  of  opinion.  They 
knew  the'' old  veto  whicli  had  so  long  been  a  difficulty  to  the  tramways, 
and  thev  extended  some  svm])athy  to  a  kindred  industry-  in  irgard  to  this 
new  veto.  If  motor  omnibuses  were  to  be  made  to  contribute  towards 
maintenance  of  roads  it  would  be  fair  to  include  heavy  commercial 
vehicles,  wnich  caused  greater  damage.  They,  as  an  association,  would 
prefer  a  general  act  applving  (o  all  users  of  the  roads,  and  apportioning  a 
fair  proportion  of  the  cost  of  maintenance  to  each  section.     The  Tram- 
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ways  and  Light  Railways  Association,  the  Municipal  Tramways  Associa- 
tion, the  two  motor  'burf  associations  and  the  Association  of  Municipal 
Treasurers  had  been  working  together  on  the  subject  of  income  tax,  and 
under  the  presidenoj'^  of  a  member  of  the  Council  (Mr.  R.  J.  Hawley)  had 
submitted  the  results  of  their  deliberations  to  the  authorities  at  Somerset 
House.  They  hoped  to  obtain  a  standard  assessment  for  motor  'buses 
as  in  the  case  of  tramways.  He  congratulated  their  late  vice-chairman, 
Mr.  James  Devonshire,  on  his  appointment  on  the  Board  of  Trade 
Committee  on  the  Electrical  Industrj-.  He  did  not  think  they  could  have 
selected  a  better  man.  He  proposed  that  Mr.  Stephen  Sellen  be  ap- 
pointed to  represent  and  give  evidence  on  behalf  of  the  tramway  industrj- 
at  the  inquiry  being  held  by  the  Electrical  Committee. 

He  now  moved  that  the  report  and  accounts  be  approved. 

Mr.  Harry  England  seconded  the  motion,  and  it  was  carried  unani- 
mously. 

Mr.  A.  H.  Beatty,  Mr.  I.  Bulfin,  Mr.  Vincent  Edwards,  Mr.  A.  W.  A. 
Chivers,  Mr.  H.  M.  Sayers,  and  Mr.  G.  M.  Harriss  were  elected,  on  the 
motion  of  the  Chairman,  seconded  b^  Mr.  A.  V.  Mason,  to  fill  the  vac-an- 
cies  on  the  Council  caused  by  the  retirement  by  rotation  of  Mr.  S.  E. 
Baker,  Mr.  John  Cameron,  Mr.  J.  W.  Dugdale,  Mr.  Thos.  B.  Goodyer, 
Mr.  C.  Shirreff-Hilton  and  Mr.  H.  L.  William!-. 

The  retiring  Hon.  auditor  (Mr.  A.  W.  Chambers)  having  been  re-elected, 
and  Mr.  Harry  England  having  taken  the  chair,  in  the  plact^  of  Mr. 
Stanley, 

Mr.  W.  Ti-KE  RoBSON  (general  managT  of  the  Souihanipton  Tram- 
ways) read  the  following  Paper  : — 

TRAMWAY  TRANSIT   AND   COMFORT.* 

BY  W.  TUKE  ROBSON. 

Each  undertaking  is  bravely  engaged  in  fighting  its  own  battles, 
and  the  publicity  afforded  by  the  generous  assistance  of  the  tramway 
press  and  the  two  tramway  associations  cannot  be  too  highly  praised. 

Personally  1  feel  that  the  opjwrtunity  to  escape  for  even  an  hour 
from  the  vagaries  of  the  women  conductor,  and  the  wiles  of  the  war 
bonus,  will  be  warmly  welcomed  by  those  of  us  who  are  visibly  ageing 
through  the  strain  and  stress  of  war-time  tramway  administration. 

The  object  of  this  Paper  is  to  endeavour  to  point  out  that  the 
passenger  has  not  always  been  sufficiently  considered  in  the  pros- 
perous times  of  the  past.  He  has  had  a  cheap  ride,  it  is  true,  but  not 
always  a  comfortable  one. 

The  Track. — Just  before  the  outbreak  of  war  I  rode  down  a  steep 
hill  on  a  certain  tramway  system  in  the  upper  saloon  of  a  car.  The 
speed  was  not  particularly  excessive,  but  the  condition  of  the  track, 
together  with  the  condition  of  the  car,  turned  that  ride  into  a  species 
of  nightmare.  We  were  hurled  from  side  to  side  as  the  car  rocked 
and  bumped  its  way  downwards,  and  by  a  merciful  providence 
reached  the  bottom. 

On  reaching  home  I  looked  up  the  annual  report  of  this  imder- 
taking,  and  found  that  the  sum  of  roughly  £20,000  had  been  allo- 
cated to  the  relief  of  rates  out  of  the  surjjlus  profits  in  the  last  four 
years  alone.  A  small  proi)ortion  of  this  amount  would  have  been 
much  better  spent  in  track  renewals. 

At  present  track  renewals  arc  difficult,  if  not  imjxjssible,  but 
much  can  be  done  in  the  way  of  repairs  of  a  ])ermanent  nature.  It  is 
surprising  that  so  many  systems  have  not  done  more  to  abolish 
hammered  joints,  considering  the  facilities  which  exist  in  the  way  of 
tliermit  and  are  welding.  There  has  been,  1  am  afraid,  a  tendency  to 
patch  uj),  instead  of  getting  rid  of  the  trouble  once  and  for  all  by 
efleeting  a  lasting  and  permanent  al)oIition. 

lidil  ('leiuiitKj. — The  (|uestion  of  rail  groove  cleaning  has  never 
received  the  consideration  which  is  due  to  this  method  of  reducing 
noise,  and  one  hojies  (liat  in  tli"  near  future  vacuum  cleaning  will 
bring  about  tiie  desired  resull. 

Tnicks.—lt  is,  however,  ii.  tiie  direction  of  rolling  stock  that  the 
hopes  of  a  passenger  desiring  a  more  comfortable  ride  must  ])rinei- 
j)a!l}'  be  centred.  We  arc  mounting  our  ears  on  j)ra(tiealiy  the  same 
truck  as  we  did  15  years  ago,  and,  although  we  may  add  various 
devices  in  the  hope  of  gaining  flexibility  and  radial  action,  it  must 
nevertheless  be  admitted  tiial  a  really  (■onifortal>le  riding  truck  is 
not  yet  an  accomplished  fact. 

//m/iT.s. One  thing  in  |iarti(iiiar  always  strikes  one-  that  the 
[uinciple  of  the  hand  braiic  should  chow  practically  no  improvement 
in  all  the  years  that  have  passed.  To  all  intents  and  i)urjK).scs  it  is 
the  same  brake  as  on  the  horse  cars  2(t  years  ago.  and  tlie  unpleasant 
jarring  a-tion  is  only  intensiliul  by  the  greater  speed  and  weight  of 
the  modern  car,  to  say  nothing  of  the  extra  elbow  grease  required  by 
tiie  on(Mator.  The  vaiious  devices  of  inserted  gearing  liave  relieved 
this  to  a  certain  extent,  but  have  not  improved  things  from  the  ]K)int 
of  view  of  those  travelling  in  the  car.  An  interesting  exix>riment  is 
beii\g  ma(l(>  at  Huddersli(>l(l  at  the  present  time,  in  the  nature  of  a 
brake  drum  keyed  on  an  extended  armature  shaft  in  tiu>  same  way 
as  the  pinion,  with  a  Ferodo-lined  band  brake  operated  in  the  usual 
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way  by  means  of  the  brake  spindle.  The  advantages  of  such  a  brake 
are  obvious,  and  in  actual  practice  it  is  proving  a  great  success. 

Seating. — The  longitudinal  seating  of  the  usual  British  car,  and  the 
wearisome  cry  of  "  ^love  up,  please,"  or  "  Sit  closer  together,  please," 
makes  one  wonder  why  the  use  of  cross-seats  in  the  lower  saloon 
has  never  become  more  common.  The  advantage  of  being  able  to 
tell  at  a  gla  ce  if  any  seat  is  available  is  very  obvious,  and  there  is  no 
sacrifice  of  capacity,  as  those  who  have  had  experience  can  testifv. 
A  2-1-passenger  cross-seat  car  holds  24,  whereas  on  a  longitudinal- 
seated  car  the  best  conductor  often  is  unable  to  induce,  say,  22  pas- 
sengers to  move  up  and  make  room  for  24.  There  is  infinitely  more 
comfort  in  facing  the  direction  in  which  the  car  is  travelling  and  in 
being  able  to  look  out  of  the  window  without  twisting  one"s  neck 
into  a  sfjecies  of  spiral. 

Seat  Cushions. — Before  leaving  the  question  of  seating,  is  it  not, 
time  that  the  uncomfortably  hard  wood  seat  was  superseded  by 
something  more  comfortable  to  sit  upon  ?  In  the  old  days  wool 
mats  and  rep  cushions  were  used  with  insanitary  success,  but  now 
there  are  natural  glaze  rattan  spring  seatings  available.  Jft 

Ventilation. — The  best  method  I  have  yet  found  is  to  arrange  the 
ventilator  windows  to  open  outwards  on  a  quadrant,  in  the  direction 
in  which  the  car  is  travelling.  A  stop  is  pro\ided  with  quadrant  to 
prevent  the  entire  closing  of  the  frame,  and  a  thumbscrew  holds  the 
ventilator  open  to  the  fullest  extent  in  the  summer  time.  In  the 
old-fashioned  car;  which  has  no  ventilator  windows,  a  good  plan 
is  to  insert  wire  gauze  at  the  top  of  the  door  window.  Experiments 
have  been  made  with  induced  draught  by  means  of  a  fan  driven  from 
the  axle,  and  there  would  appear  to  be  no  reason  why  this  method 
shoidd  not  be  adopted  with  success. 

Exits. — The  tendency  of  passengers  to  sit  as  near  as  possible  to  the 
rear  end  of  the  car  in  order  to  get  out  more  easily  is  only  natural,  and 
it  is  quite  evident  that  any  arrangement  whereby  a  passenger  may 
alight  from  the  near  side  of  the  front  platform  would  both  add  to  his 
comfort  and  also  make  the  conductor's  duties  easier.  There  would 
appear  to  be  difficulties  in  the  way  of  ticket  checking,  and  also  by 
reason  of  the  staircase  at  the  front  end,  although  this  can  be  over- 
come by  an  adaptation  of  the  reversed  stairway  on  a  slightly  ex- 
tended platform.  It  would  be  interesting  to  hear  the  experience  of 
Newcastle  and  other  places  where  experiments  in  this  direction  have 
been  made. 

Interior  Finish. — A  uniform  finish  in  teak  or  oak  is  not  nearly  so 
attractive  as  a  contrast  afforded  by,  say,  oak  and  mahogany,  and 
although  the  heavy  elaboration  of  carved  mouldings  has  given  place 
to  simpler  design,  there  are,  nevertheless,  still  far  too  many  sharp 
comers  and  ledges  for  the  accumulation  of  dust.  In  the  writer's 
opinion,  the  modem  ear  should  follow  the  example  of  the  modem 
house,  and  have  rounded  comers  without  mouldings  and  dust-traps. 
Instead  of  mirrors,  more  or  less  mottled  as  years  go  by,  the  end 
panels  might  well  serve  sis  frames  for  attractive  photographs. 

Top  Covers. — The  value  of  top-covered  cars,  especially  in  wet 
Meather,  is,  of  course,  appreciated  to  the  fullest  extent,  but  it  is  not 
so  easy  to  understand  why  the  top  saloon  is  often  so  much  more 
uncomfortable  and  unattractive  than  the  lower  one.  They  are  in 
many  cases  merely  a  .sort  of  box  top,  eramjied  and  dirty  looking, 
aj)parently  designed  with  no  desire  to  make  them  attractive  or  easy 
to  clean.  An  interior  linish  of  alternate  light  and  dark  matchboard 
with  sashless  lazy-tong  windows  and  tip-up  seat»s.  allowing  a  clear 
floor  for  (leaning,  with  a  row  of  ventilator  windows  to  match  tho.'jc 
in  the  lower  .saloon,  would  give  a  wliolesome  attractive  effect. 

Odd  Fitting.'^. — It  may  ap]X'ar  a  trivial  matter  to  criticise  the  posi- 
tion of  switches  and  waybill  racks,  but  everyone  must  have  seen  the 
surprising  effect  when  a  conductor,  fiddling  about  over  .someone's 
head,  is  caught  unawares  on  a  curve  and  launched  broadside  against 
an  unotTeiiding  jwissenger.  This  would  apjx?ar  to  indicate  the  desir- 
ability of  fitting  all  switches,  racks  and  articles  of  tliis  description  in 
the  region  of  the  platform. 

Opennir  Hiding. — A  year's  exjwrience  of  .South  country  tramways 
makes  one  wf)nder  if  the  British  jirineijile  of  a  double-deck  closed 
car  has  Ikh-u  too  closely  followed,  at  any  rate  in  the  south.  The 
Continental  oix»n  tr.iiler  and  the  convenience  of  l)eing  allowed  to 
stand  and  sinnke  on  a  roomy  platform  certainly  a|i|H>als  to  one  a-;  a 
passengjr.  and  the  extraordinary  jK>pidarity  of  a  ear  on  the  Bia'  k- 
l>ool  toast-rack  principle,  adojited  at  tMiuthampton.  certainly  leaves  no 
room  for  doubt  as  to  the  preference  of  the  travelling  public.  One  of 
the  most  noticeable  feat>in>s  of  this  car  is  that,  excej)t  in  very  windy 
weather,  there  is  no  discomfort  through  draught,  and.  although  the 
ear  wivs  built  as  a  pure  exjx^riment  the  idea  certainly  suggest.s  itself 
that  trailers  on  this  prineiple  would  W  a  grc-^t  asset  to  any  syst«Mn 
requiring  additional  ears  for  summer  traffic. 

Shfllrr.t.~\\  is  hardly  n^isonable  to  exj^eet  intending  passt'Ugers 
to  stand  and  wait  in  wind  and  rain  without  f(>eling  a  natural  annoy- 
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ance,  and  there  is  no  doubt  that  pavement  verandahs  are  greatly 
appreciated. 

Bill  Slicking. — The  practice  of  obscuring  passengers'  vision  by 
sticking  bills  all  over  the  windows  has  lately  reached  greater  pio- 
portions  than  ever,  and  some  of  the  large  systems  are  the  worst 
offenders  in  this  respect.  On  some  systems  it  is  really  difficult 
nowadays  to  see  where  you  have  got  to,  and  the  opportunity  given 
to  wags  to  scribble  on  the  bills  assists  in  the  general  untidiness  of  the 
car.  Hanging  cards  are  even  worse,  as  they  swing  about  and  dis- 
arrange the  hats  of  lady  passengers. 

Speed  and  Slops. — The  writer  once  boarded  a  car  passing  through 
a  town  and  was  informed  by  the  conductor  that  it  was  hardly  worth 
while  getting  on,  as  the  car  was  going  to  wait  10  minutes  while  he 
and  his  mate  had  their  dinner.  Such  a  proceeding  being  too  much 
of  a  novelty  to  miss,  I  waited  to  see  if  such  a  thing  could  really  be, 
and  sure  enough  the  car  did  wait  10  minutes,  not  at  a  terminus  even, 
but  at  a  passing  place  quite  near  the  centre  of  the  system. 

Influence  of  Local  Conditions. — It  is  somewhat  deplorable,  espe- 
cially from  a  passenger's  point  of  view,  that  on  many  systems  some 
purely  local  obstruction  should  have  been  allowed  to  govern  the 
design  of  the  whole  of  the  car  service  for  future  ages.  Quite  a 
number  of  tramway  authorities  have  had  to  reduce  head  room  to 
the  smallest  possible  limit  because  of  one  wretched  bridge  or  arch- 
way, with  the  result  that  the  curses  of  the  travelling  public  have 
fallen  upon  the  cars  themselves,  instead  of  the  real  origin  of  the 
trouble.  An  expenditure  at  the  beginning  in  reducing  the  road  level 
or  otherwise  removing  the  obstacle  in  the  way,  would  have  been 
money  well  spent  if  it  resulted  in  more  roomy  and  comfortable  rolling 
stock. 

Parcels. — Large  and  awkwardly-shaped  parcels  are  frequently  a 
source  of  irritation  to  passengers,  and  the  best  way  of  dealing  with 
this  evil  is  to  charge  for  parcels  beyond  a  certain  size  and  weight, 
and  insist  on  them  being  placed  on  one  or  other  of  the  platforms. 

Meals  on  Cars. — When  travelling  on  a  certain  northern  system 
recently  the  edifying  sight  was  witnessed  of  the  conductor  "  wolfing  " 
an  8  in.  tea-cake  in  one  hand,  and  alternately  drinking  from  a  huge 
jug  held  in  the  other.  This  was  not  even  in  an  outlying  district,  but 
well  within  the  mile  radius  from  the  centre  of  the  town. 

Fares. — The  sale  of  books  of  tickets  has  recently  met  with  so  much 
success  in  certain  towns  that  the  subject  ought  not  to  be  ignored  in 
considering  the  point  of  view  of  the  passenger. 

Conclusion. — To  dispose  briefly  of  a  number  of  minor  details,  one 
might  mention  that  waste  ticket  boxes  are  greatly  appreciated  by 
those  passengers  who  are  inclined  towards  tidiness.  A  railway 
time-table  at  each  end  of  the  car  is  often  very  useful,  and  large 
illuminated  route  numbers  are  a  great  boon  if  the  system  is  large 
enough  to  warrant  them.  Other  matters,  such  as  clocks  in  cars  and 
cleanliness  of  person  and  uniform  were  dealt  with  by  Mr.  Mason  last 
year,  and  it  is  to  his  excellent  Paper  that  I  am  indebted  for  the  idea 
which  suggested  itself  (on  being  asked  to  contribute  a  Paper  for  this 
meeting)  that  the  point  of  view  of  the  passenger  might  reasonably 
be  submitted  this  year  instead  of  dealing  with  the  aspect  of  tram- 
way administration  from  within.  Someone  once  said  that  tramway 
passengers  were  composed  of  all  classes  of  humanity,  mostly  fools, 
but  I  venture  to  suggest  that  after  nearly  20  years  of  electric  traction, 
the  travelling  public  are  entitled  to  many  things  which  on  the  average 
system  they  do  not  get,  particularly  in  the  nature  of  a  more  com- 
fortable ride,  less  noise,  easier  exit,  and  less  petty  annoyance. 

In  conclusion,  I  would  ask  for  mercy  from  certain  undertakings 
whose  failings  are  here  disclosed  (wild  horses  would  not  drag  their 
identity  from  me),  and  as  the  object  of  a  Paper  should  be  to  promote 
a  live  discussion,  I  trust  that  these  somewhat  disjointed  views  will 
afford  an  opportunity  for  both  operating  and  commercial  members 
to  take  part. 


DISCUSSION. 

Mr.  A.  V.  Mason  said  his  system  (the  South  Metropolitan  Electric 
Tramways)  wa?  using  air  brakes.  Mai  y  motormcn  could  rot  uro  a  hand 
brakp.  With  an  air  brake  women  could  ojierate  cars,  but  with  hand 
brakes  20  /ears  old  they  could  not.  Re  had  experimented  lately  witli 
ball  bearings  in  trucks.  They  were  rather  expensive,  but  with  an  empty 
car  they  saved  a  great  amount  of  current.  When  the  cars  were  loaded 
the  current  consumption  went  up,  as  compared  with  the  plain  hearings. 
His  experience  witli  regard  to  trailers  was  exactly  that  t.f  which  Mr. 
Robson  had  spoken.  When  a  man  boarded  a  cros-K-scat  car  ho  stepped 
there.  He  agreed  that  pavement  shelters  were  desirable,  and  he  had 
been  for  years  endeavouring  to  get  his  council  to  adopt  them.  In 
London  they  were  not  allowed  to  stick  bills  more  than  6  in.  down  the 
windows,  but  they  could  put  all  they  wanted  there. 

Mr.  A.  W.  A.  Chivers  (British  Electrical  Federation)  said  the  tramway 
passenger  had  had  more  done  for  him  than  he  had  paid  for,  and  the  aver- 
age return  on  capital  expenditure  in  many  cases  was  extremely  low.     If 


he  were  .studied  to  a  much  greater  extent  the  return  would  be  con.siderably 
less.  He  (Mr.  Chivcrs)  did  not  agree  altogether  with  Mr.  Robson  with 
regard  U>  tiiickfi.  He  could  name  several  in.stancts  where  car«  ran 
satisfactorily  over  sleeper  construction.  Many  of  the  members  when  at 
Hlackyjool  noticed  what  remarkably  good  riding  there  was  on  the  Fleet- 
wood hnc,  where  it  was  practically  railway  construction.  He  would  Uke 
to  have  particulars  of  the  hand  brake  that  was  being  tried  at  Hudders- 
field.  Some  time  ago  he  found  by  making  tests  that  efticient  braking 
on  a  tramcar  was  obtained  with  the  ordinary  drum  kind  of  brake  uHcd  on 
omnibuses.  It  was  difficult  to  get  the  brake  drum  on  the  car  axle,  but  it 
was  pOKsibIs,  as  it  was  being  tried  at  Huddersfiejd  now,  to  put  the'  brake 
drum  en  ths  extended  armature  shaft.  J['hat  'd(  a  was  not  carried  into 
])ractice  by  his  companies,  because  of  ihe  hifrh  armature*  shaft  Hr>eed. 
There  were  many  arguments  in  favour  of  longitudinal  ^eats,  especially 
to-day  when  cars  were  overcrowded.  With  longitudinal  seating  the 
collection  of  fares  was  facilitated  and  pastengers  on  the  outside  of  the 
cross-scats  found  it  more  difficult  to  signal  to  the  conductor  to  stop.  In 
manufacturing  towns  he  thought  seats  without  cushions  were  good 
enough. 

Mr.  Ernest  Hatton  (Newcastle -on-TjTie)  said  in  hi.s  town  they 
were  using  some  front  exit  cars,  and  he  thought  ultimately  all  the  cars 
would  be  adapted  for  front  exit.  They  had  the  cross-seats  on  all  their 
cars  except  about  20,  but  with  the  front  exit  the  cross-seats  were  an 
obstruction,  and  they  had  to  use  longitudinal  seating.  The  altered  cars 
were  very  wide,  and  consequently  there  was  a  tremendous  lot  of  room 
inside. 

Mr.  W.  Vincent  Edwards  (Hastings)  asked  whether  there  was  any 
difficulty  with  regard  to  Board  of  Trade  Regulations  if  the  front  exit 
were  used.  His  regulations  stated  that  passengers  must  get  out  at  the 
rear. 

The  Chairman  said  the  Board  of  Trade  had  no  objection,  so  long  as 
the  exit  was  on  the  near  side. 

Mr.  C.  W.  Shepherd  (Edinburgh)  said  comfort  was  the  last  thing  that 
was  thought  of  in  the  old  tramways.  The  L.C.C.  in  adopting  trailer  cars 
were  the  only  people  who  were  trying  to  cater  for  the  passengers.  It  was 
economical  also,  because  there  were  often  conductors  available  in  excess 
of  the  number  of  drivers. 

Mr.  Fred.  Bland  (Messrs.  Edgar  Allen  &  Co.,  Ltd.)  said  he  did  not 
agree  that  track  renewals  were  impossible.  The  Council  of  the  Associa- 
tion had  got  over  the  difficulty  of  obtaining  wheels  and  tj-res  and  axles. 
Books  of  tickets  were  a  nuisance.     Tokens  would  be  better. 

Mr.  E.  H.  Edwardes  (Lancashire  United  Tramways)  said  the  design 
of  the  tramway  truck  was  very  bad.  Why  should  it  still  be  made  of 
solid  steel  instead  of  steel  stampings  or  girder  construction  ?  He  tried 
some  years  ago  to  get  steel  stampings,  but  the  makers  would  not  make 
them  unless  he  paid  about  £300  for  dies.  They  said  the  tramway 
managers  preferred  solid  steel  frames.  He  had  40  or  50  trucks  made 
abroad  of  steel  stampings.  They  were  in  service  14  j-ears  and  never 
gave  trouble,  but  showed  signs  of  cracking  now  top-deck  covers  were  being 
put  on  the  cars,  due  to  the  excessive  weight.  If  these  were  strengthened 
they  would  be  perfectly  satisfactory.  It  would  be  a  good  thing  if  the 
Association  appointed  a  committee  of  experts  to  design  a  truck  made  with 
stampings,  and  persuade  a  manufacturer  to  take  it  up.  With  regard  to 
maintenance,  they  could  not  afford  £17  and  £18  a  ton  for  rails.  He  had 
been  quoted  £56.  10s.  a  ton  for  steel  centres  for  wheels. 

Mr.  Stephen  Sellon  said  the  small  return  on  the  capital,  referred  to 
by  Mr.  Chivers,  was  probably  due  to  the  capital  expenditure  being  exces- 
sive. He  thought  there  would  be  a  large  consensus  of  opinion  that 
longitudinal  seating  was  best  for  accommodation  and  for  coUeetion  of 
fares. 

Mr.  L.  E.  Harvey  (Ilford)  s!>  id  his  experience  of  braced  trucks  was  that 
they  were  a  constant  source  of  trouble,  cracking  in  all  parts.  He  was 
sorry  most  of  his  cars  were  equipped  with  them.  He  used  tokens,  of 
which  13  penny  or  26  halfpenny  were  given  for  Is.  Thev  answered  very 
well. 

Mr.  J.  W.  Hame  (York)  said  they  had  trailer  cars  in  York  to  a  limited 
extent,  and  they  had  been  very  satisfactory.  The  air  brake  might  also 
be  used  more  than  it  had  been.  What  was  the  advantage  of  using  a 
separate  brake  drum  ?  There  must  be  an  advantage  in  using  the  brake 
shoes  on  the  wheels,  which  to  some  extent  kett  the  wheels  true.  Every 
time  a  car  moved  with  the  wheels  locked  little  flats  were  formed,  which 
v,  ould  develop,  and  the  only  way  to  grind  them  off  was  by  putting  them 
into  a  lathe.  At  York  they  diverted  the  line  through  specially  constructed 
arches,  so  as  to  avoid  reducing  the  height  of  the  cars 

Mr.  Benedict  said  if  conductors  could  be  taught  to  look  out  for  pay- 
sengers  instead  of  gazing  pensively  into  the  cars  it  would  be  safer  anrl 
more  convenient.  He  suggested  that  tickets  should  be  collected,  and 
sent  to  the  paper  nvikers. 

Major  F.  Coutt.'?  (Paisley)  said  books  of  tickets  encouraged  dishonesty. 
Conductors  put  in  Is.,  and'took  out  13  tickets,  and  then  put  in  13  tieketa 
and  took  out  13d.  The  company  with  which  he  was  connected  trieil  to 
stop  it.  They  issued  them  in  lots  of  30  and  the  purchaser  had  to  give  his 
name  and  address,  but  the  conductors  got  their  friends  to  buy  them.  Had 
any  gentleman  cxpencnce  of  ears  without  seats  ? 

Mr.  Ernest  Hatton  said  he  had  single  deck  cars  built  without  seats  to 
carry  munition  workers,  but  they  could  not  set  them  entirely  apart  for 
that  purpose.  Longitudinal  seats  were  put  in,  but  enougL  room  was 
left  for  40  people  to  stand  in  two  rows.  When  he  was  at  Salford  the 
Trafford  Park  Co.  had  very  big  cars  without  seats  to  carry  people  from 
the  Westinshcusc  Works.     The  ears  had  turnstiles  at  each  end. 

A  vote  of  thanks  to  Mr.  Robson.  on  the  motion  of  the  Chairman,  was 
then  passed. 

Mr.  Robson,  in  reply  to  the  discussion,  said  he  agreed  with  Mr.  Mason 
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that  air  brakes  were  specially  suitaVjle  for  women  drivers,  and  he  thought 
a  brake  much  more  easily  acting  could  be  made  than  those  used  at  pre- 
sent. He  thought  the  point  ilr.  Chivers  rather  mis-scd  was  that  tram- 
ways had  to  compete  with  'buses  which  were  being  made  verj-  comfort- 
able, and  tramways  must  also  be  comfortable.  With  the  air  brake  at 
Huddersfield  one  could  brake  the  car  with  the  finger  and  thumb.  It  was 
an  ideal  reduction  gear.  There  was  a  proper  brake  material  instead  of 
metal,  so  that  there  was  no  skidding.  Mr.  Chivers  thought  that  in  manu- 
facturing towns  hard  seats  were  good  enough,  but  even  in  such  towns  the 
majority  of  the  passengers  were  not  working  men.  Railway  cars  in 
manufacturing  and  even  coal  districts  were  all  fitted  with  rattan  seats, 
which  he  thought  were  suitable  for  tramcars.  He  did  not  think  suffi- 
cient ventilation  could  be  obtained  merely  bj'  building  a  car  high.  With 
reference  to  Mr.  Shepherd's  remarks,  the  manager's  object  was  not  to 
make  passcngrs  comfortable,  ))ut  to  induce  them  to  ride.  He  did  not 
approve  of  eating  and  drinking  on  the  cars,  but  if  regular  times  for  meals 
could  not  be  arranged  something  in  the  nature  of  a  "  snack  "  might  be 
allowed.  He  agreed  with  Mr.  Edwardes  that  truck  design  was  not 
satisfactory.  Track  renewals  were  not  impossible  if  one  had  the  rails, 
but  if  not,  badly  worn  track  could  l)e  improved  as  his  had  been  bj-  thermit 
welding  of  joints,  taking  the  fishplates  off  and  welding  and  grinding 
smooth. 

Promptly  at  4  o'clock,  and  according  to  programme,  the 
members  proceeded  by  motor  'buses  supplied  by  the  London 
General  Omnibus  Co.  to  the  training  school,  which  the  latter 
has  had  in  operation  at  Chelsea  for  some  time  past.  The 
arrangements  were  made  by  Mr.  H.  E.  Blain,  who,  as  an  old 
tramway  man,  renewed  many  j)ast  friendships. 

On  arrival  at  the  training  school  the  visitors  were  divided 
up  into  parties  and  taken  through  the  premises.  They  were 
shown  classes  in  operation  for  male  and  female  conductors^ 
chassis  instruction,  the  clothing  stores,  and  the  large  open  yard 
in  which  the  drivers  are  ])ut  through  a  variety  of  manoeuvring 
tests. 

The  most  interesting  item  of  the  ])rogramme  was  an  exhibit 
of  a  series  of  films  which  the  company  has  had  prepared, 
showing  how  the  'buses  should  be  operated,  both  by  the  drivers 
and  the  conductors,  under  actual  traffic  conditions.  In  each 
case  the  right  and  wrong  way  of.  going  about  the  work  was 
pictured,  and  most  of  the  incidents  typify  the  kind  of  thing 
that  should  and  should  not  go  on.  The  company  has  taken 
up  the  ■'  safety-first "'  motto  and  has  worked  this  so  successfully 
that  fiom  their  own  records  they  can  show  a  very  large  re- 
duction in  the  accidents  to  the  general  public.  The  matter  of 
lifeguards  and  the  correct  driving  of  'buses  has  contributed 
largely  to  this  desirable  end.  Mr.  H.  K.  Blain,  in  a  short 
speech  after  the  visitors  had  been  entertained  to  tea,  explained 
how  a  policy  of  the  company  has  been  steadily  worked  out  in 
this  particular.  During  one  year  alone  the  number  of  acci- 
dents on  the  streets  of  London  had  been  reduced  by  over  50 
per  cent.,  and  the  company  took  credit  for  a  large  proportion 
of  this  percentage  as  a  result  of  their  safety-first  methods.  The 
])resent  side  lifeguard,  which,  afte'-  a  series  of  tests  had  been 
adoj)ted  by  the  ixdice,  was  selected  from  no  less  than  123 
specimens.  Mr.  Blain  stated  that  the  accident  figure  now  stood 
at  2-15  accidents  per  1,000  miles  for  the  whole  Heet  of  'buses. 
The  insjx'ction  of  the  schools  lasted  until  nearly  7  o'clock,  and 
there  was  then  oidy  just  ti'ue  for  the  meml)ers  to  adjourn  for 
the  annual  dinner,  which  took  place  at  the  Trocadero  the  same 
evening. 

The  members'  dinner  at  the   Trocadero  Ke.staurant  closed 
the  days  proceedings. 


A  MINISTRY  OF  SCIENCE. 


SUGGESTIONS    HV    CKUK.    r.    <;.    DonnaN,    1  .K..S. 

I  am  strongly  in  favour  of  the  idea  of  ii  separate  deiiartnienl  o^ 
State  to  be  called  the  "  Ministry  of  .Science."  The  title  is  ha])pi!y  and 
correctly  cliosen.  l)ecanse  anv  direct  and  inmicdiate  reference  to 
trade  and  industry  would  i)nnjj;  the  .selu'uie  into  eolli.siou  witii  the 
Board  of  Trade,  and  any  refeivnce  to  education  woiild  involve 
difliculty  with  tlu-  existing  Board  of  Kducation.  I.^>f  it  be  Science. 
I  tliink  lliat  i\w  functions  of  such  a  dej)artn»ent  might  be  outlmcd 
as  follows  : — 

I.  'I'o  estabUsli  national  laboratories  aiul  "  l)ureaus  "  for  the  ])ur- 
pos(-  of  undertaking  extensive  invest igatioiLs  concerning  the  advance- 
nicnt   of  scientific  methods  of  eont.-ol.  standardisation  and  testing 


of  materials,  and  concerning  the  application  of  scientific  knowledge 
to  every  phase  of  national  hfe,  e.g.  : — 

(a)  Manufactures. 

(6)  Agriculture,  including  forestry  and  breeding  of  plants  and 
animals. 

(c)  Sanitation  and  national  health,  including  the  cure  and  preven- 
tion of  disease. 

{(l)  Mineral  and  other  resources  of  the  Empire,  and  their  proper 
development  and  exploitation. 

(e)  The  regulation  and  supply  of  pure  water,  milk,  food,  medicine, 
&c. 

(/)  The  development  of  scientific  methods  and  appliances  for  the 
naval  and  military  services. 

Here  the  question  arises  as  to  the  relation  of  the  new  department 
to  existing  institutions,  such  as — 

The  National  Physical  Laboratory. 

The  National  Health  Insurance  Commission  and  its  Medical 
Research  Committee. 

The  Imperial  Institute. 

The  Board  of  Agriculture. 

The  Geological  Survey. 

The  Government  Laboratory  (Strand). 

The  Government  laboratories  at  Woolwich,  &c. 

2.  To  guide  the  domestic  and  foreign  policy  of  the  Cabinet  b\- 
having  ready  at  a  moment's  notice  complete  and  detailed  informa- 
tion conceniing  everj^  question  relating  to  Science,  whether  pure 
or  applied,  and  by  being  in  a  position  to  know  where  and  to  whom 
to  ajjply  for  special  advice  and  information. 

3.  To  foster,  endow  and  promote  the  teacliing  and  investigation 
of  science  at  the  ''  Hochschulen  "  of  the  coimtr^"  by  gi^'ing  much  larger 
grants  of  money  to  the  scientific  laboratories  for  the  purpo.se  of : — 

(a)  More  efficient  teaching,  by  attracting  better  men  and  giving 
them  more  scope  and  better  appliances. 

(b)  Research  scholarships  for  students  of  proved  merit  and 
capacity. 

(c)  Increasing  the  speed  and  output  of  research  by  giving  the 
laboratories  special  and  generous  endowments  for  the  expenses  of 
scientific  investigations,  and  by  altering  our  present  cramped  and 
obsolete  "  degree  "  system. 

4.  To  promote  and  develop  scientific  manufacture  and  production 
by  giving  grants,  bounties  and  other  facilities  towards  the  estabUsh- 
mcnt  of  new.  and  the  extension  of  existing,  industries,  and  esjie- 
cially  towards  the  cost  of  the  investigation  and  research  required  for 
such  purpo.ses. 

Perhaps  this  object  might  be  achieved  by  the  establishment  of  a 
great  national  bank,  whose  si)ecial  concern  would  be  the  fostering 
of  new  and  old  industries  based  on  scientific  method  and  scientific 
research.  Sudi  a  bank  would  act  in  conjunction  with  all  the  nevi 
associations  formed  or  about  to  l)e  formed,  e.g. : — 

(o)  The  Association  of  Manufacturers. 

(6)  The  Association  of  Chemical  Manufacturers,  &c. 

Thus  we  might  gradually  build  up  a  complete,  organised,  con- 
trolled and  guaranteed  .system,  in  which  sound  inventors  and  small 
and  rising  manufacturers  would  be  hcljx'd.  wliilst  there  woidd  be 
safeguards  against  fraudulent  or  semi-fraudulent  misapplication  of 
funds  and  against  the  stifling  effect  of  monoj)olistic  syndicates  and 
rings. 

").  To  function  as  an  intensely  alert  and  active  clearing  hoiuse  and 
focussing  centre  of  the  scientific  life  of  the  nation  by  continuously 
surveying,  collecting,  analysing  and  criticising  the  output  of  the 
nation  in — 

{(t)  Scientitically  trained  men. 

(/')  Siien'ilic  research. 

(r)  Scientific  industrial  activity  and  development. 

{</)  Skilled  manual  workers. 

and  by  comi>aring  the  outjmt  with  tliat  of  otlier  nations.  In  this 
way  to  hohl  a  wati  liing  brief  in  the  inten\sts  of  national  welfare  l>otli 
in  jieaee  and  in  war.  and  by  means  of  such  a  continuoiwly  active, 
wide.  «let ailed  and  far-.seeing  survey  to  be  in  a  jxisition  to  so  guide 
and  direct  the  scientific  forces  of  the  nation  and  the  Kmi)ire  tliat  the 
futuR'  is  constantly  pre|wired  for. 

0.  To  greatly  incrt>ase  tlu'  standanl  of  scientific  knowledge  and 
metliod  re(piired  of  officers  for  the  Navy,  Army  and  Civil  Services, 
and  to  enormously  incrca.se  the  facilities  and  opjwrt unities  at  their 
disjio.'jal  f<ir  such  training. 

7.  To  establish,  endow  and  develop  higher  schools  of  commercial 
science,  whether  jvt  the  universities  or  elsewhere,  so  that  we  can  raise 
up  and  train  an  alert  liost  of  men  who  are  fit  to  comj)ete  with  the  alert 
and  highly-trained  commercial  "  clerks  "  of  our  enemies  and  Allies. 
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8.  To  establish,  endow  and  develop  first  class  trade  schools  for  the 
training  of  skilled  manual  workers. 

9.  To  establish,  endow  and  develop  schools  for  the  scientific 
training  of  journalists  so  that  there  shall  be  produced  men  who  arc 
able  to  understand,  follow  and  continuously  present  the  results  of 
scientific  inquiry  and  scientific  technical  development  to  the  readers 
of  the  daily  press.  In  this  way  to  gradually  alter  and  modify  public 
opinion,  and  to  direct  it  towards  ideals  of  national  development  and 
efficiency. 

I  have  given  you  in  the  foregoing  some  of  my  ideas  as  to  the  more 
immediate  scope  and  activities  of  a  "  Ministry  of  Science,"  but  there 
is  much  more  to  be  said.  I  have  not  entered  into  the  thorny  question 
of  school  education,  as  I  do  not  think  such  a  Ministry  need  concern 
itself  directly  with  this  subject.  Indirectly,  of  course,  it  would  be 
able  to  exert  a  controlling  influence,  or  at  all  events  a   modifying 


one. 


I  recently  took  an  active  part  in  initiating  an  "  Association  of 
Chemical  Manufacturers."  During  the  six  months'  work  involved 
in  that  I  was  amazed  at  the  ignorance,  pettiness  and  want  of  courage 
exhibited  by  many  men. 

It  seems  our  fate  in  England  to  possess  quite  a  large  number  of 
excellent  and  well-meaning  persons  who  have  not  the  faintest  idea 
of  the  practical  organisation  of  the  modern  world.  The  Germans 
know  this,  and  they  have  often  told  me  that  they  are  amazed  at  the 
unpractical  character  of  most  of  our  schemes.  They  are  not  far 
WTong.  We  seem  to  be  always  blessing  "  practice  "  when  it  is  theory 
that  is  wanted,  and  as  often  blessing  "  theory  "  when  the  real  ques- 
tion is  practice,  and  we  dispute  fiercely  over  the  awful  problem  of 
Theory  versus  Practice,  when  the  real  solution  involves  no  antithesis 
and  no  antagonism,  but  simply  vastly  more  theory  and  vastly  more 
practice. 


THE  TRAINING  OF  OUR  CAPTAINS  OF  INDUSTRY.* 

?^    BY    SIR   ROBERT   HADFIELD,    F.R.S.   f?"^' V f ^;;^^ f  1 

A  good  deal  has  been  said,  particularly  in  the  last  few  months, 
with  regard  to  the  training  of  men  on  whom  rest  the  responsibility 
to  organise  and  direct  the  technical  side  in  great  industrial  affairs. 
In  my  opinion  neither  the  scientific  man  nor  the  practical  man  wholly 
fulfils  the  required  conditions  for  the  direction  of  great  modern 
affairs.  By  the  practical  man  I  mean  the  man  who  has  received  a 
good  secondary  education,  but  not  special  scientific  culture,  and  by 
the  scientific  man  I  mean  the  man  who  is  completely  instructed,  but 
is  a  stranger  to  actual  experience  and  practice.  e-j., 

It  usually  happens  that  the  scientific  man  is  as  necessary  as  the 
practical  man,  but  neither  the  one  nor  the  other  is  a  satisfactory 
organiser,  because  they  ^  not  unite  in  one  head  the  combination  of 
the  two  indispensable  elements.  It  is  therefore  necessary  to  arrange 
our  educational  courses  so  as  to  combine  the  two  ;  in  other  words,  to 
find  a  third  type  of  man  in  whom  such  knowledge  will  be  united. 
The  solution  of  the  problem  is  not  easy,  but  it  is  more  than  ever 
necessary  that  at  the  present  time  such  a  new  type  should  be  evolved 
and  developed. 

Until  quite  recently  many  mistakes  were  made,  either  because  the 
scientific  man  had  been  installed  in  view  of  his  special  knowledge  or, 
at  the  other  end  of  the  scale,  the  practical  man  was  given  the  prefer- 
ence.    In  a  general  way  neither  of  these  types  has  been  a  success. 

Industrial  operations  of  every  kind,  and  of  an  increasingly  complex 
character,  are  developing  every  day,  and  they  are  also  tending  to  be 
more  and  more  technical.  This  is  the  normal  consequence  of  the 
extremely  rapid  progress  which  every  nation  is  making  in  the  acquisi- 
tion of  knowledge  which  in  itself  is  constantly  becoming  more  varied, 
and  yet  more  specialised. 

It  is  most  difficult  to  map  out  a  programme  of  education  which  will 
combine  both  scientific  and  practical  ideas,  especially  as  the  main 
functions  of  each  of  these  are  sufficiently  defined  and  naturally  fall 
into  their  respective  spheres.  The  scientist  has  a  satisfactory  educa- 
tion in  the  Universities.  The  practical  man  is  generally  contented 
with  an  ordinary  liigh  school  education,  and  sometimes,  as  is  well 
known,  he  has  not  even  had  the  benefit  of  this  general  education. 

The  scientist  can  certainly  do  excellent  work  in  his  laboratory,  but 
generally  speaking,  he  will  only  be  able  to  render  these  services  in 
this  one  capacity,  becau,^;e  he  has  not  had  the  opportunity  to  adjust 
his  theoretical  knowledge  to  industrial  conditions.  The  practical 
man  also  in  his  vocation  is  able  to  do  good  work,  but  it  is  doubtful 
whether  in  these  days  he  can  ever  furnish  work  of  the  highest  order. 

How,  then,  are  we  to  obtain  this  important  combination  ?  How- 
can   we   realise   the   combination   of  science   and  practice  ?     The 

*  Extract  from  an  article  in  the  "  Iron  and  Coal  Trades  Review." 


problem  is  admittedly  most  difficult,  and  the  solution  of  it  probably 
depends  in  a  large  measure  on  the  individual  character.  By  means  of 
character  and  energy  the  scientist  can  acquire  practical  knowledge  ; 
that  is,  he  can  apply  his  scientific  knowledge  to  practical  question-s 
In  the  same  way,  the  practical  man  can  acquire  scientific  knowledge. 
Education  will  certainly  help  the  formation  of  this  mixed  type,  but 
it  will  not  be  created  by  education  alone.  It  must  be  a  result  either 
of  natural  temperament,  of  faculties  develoj>ed  by  force  of  character, 
or  in  certain  cases  through  gifts  transmitted  by  heredity. 

Naturally  the  best  path  to  follow  is  that  of  scientific  education, 
but  on  condition  that  instruction  furnished  by  practical  observation 
is  not  neglected. 

All  things  considered,  the  scientist  will  certainly  be  in  a  better 
position,  but  if  he  does  not  possess  the  necessary  turn  of  mind  and  the 
natural  qualities  to  which  reference  has  been  made,  this  education 
which  should  have  given  him  a  great  advantage  may  cau.se  his  ruin. 
It  may  prevent  him  from  attaining  the  height  of  success  to  which  he 
jnight  have  reached  by  applying  his  knowledge  to  practical  ends.  He 
remains  in  the  same  sphere,  and  cannot  emerge  therefrom.  Xumerou.s 
are  such  cases,  and  ninnerous  also  the  instances  of  non-success 
amongst  men  who  are  practical,  in  consequence  of  their  lack  of 
scientific  knowledge. 

Whilst  much  has  already  been  done,  there  is  much  more  to  be 
accomplished  in  order  to  succeed  in  generating  the  evolution  of  the 
type  of  man  required  by  modern  conditions.  Many  faciUties  are 
offered  to  the  practical  man  by  the  creation  of  the  numerous  and 
liberally  endowed  sources  and  seats  of  instruction  which  have  been 
installed  in  all  countries  during  the  last  25  3'ears.  There  has  been  the 
work  of  our  Universities,  also  of  the  Departments  of  Applied  Science 
attached  to  those  Universities,  of  our  schools  and  technical  colleges, 
of  our  research  laboratories,  our  societies  and  teclmical  institutions, 
and  finally  our  technical  Press.  Ail  these  are,  in  this  order  of  ideas,  of 
capital  importance. 

The  combination  of  science  and  practice  is  of  the  greatest  import- 
ance, but  it  is  doubtful  whether  it  can  be  obtained  by  education  alone. 
In  order  to  attain  the  highest  degree  of  success  a  man  requires  some- 
thing even  more  than  education,  that  is,  above  all  he  must  show 
personal  application  and  intuition. 
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A  MINISTRY  OF  SCIENCE. 

The  suggestion  has  been  made  more  than  once  that  there 
should  be  a  Ministry  devoted  exclusively  to  the  claims  of 
.science,  the  view  being  that  the  Board  of  Trade  and  the 
Board  of  Education  are  insufficient  for  this  purpose.    The 
.subject  was  raised  in  the  "  Daily  Telegraph  early  this  year 
by  a  writer  signing  himself  "  Efficiency,'  and  the  creation 
of    such   a    Mini.stry    was    supported   later   in   an    aiticle 
by  Sir   Robert  Hadfield,  F.R.S.      We  think  it  will  be 
generally    admitted    that     the    Board    of    Trade    is    en- 
tirely   urusuitable    for    dealing    with     scientific    matters, 
and  has  so  far  failed  even  to  give  satisfaction  in  that  branch 
to  which  its  activities  are  particularly  devoted.     On  the 
other  hand,  it  might  be  thought  that  the  Board  of  Education 
would  be  capable  of  dealing  with  the  scientific  aspect  of 
industrial  matters,  but  judging  by  the  past  we  must  con- 
clude that  this  Board  is  so  far  bound  up  with  the  dry  bones 
of  education  that  the  soul  thereof  is  forgotten.     We  must, 
therefore,  turn  to  some  other  direction,  and  although  we 
are  by  no  means  clear  that  a  Ministry  of  Science  would  be 
the  best  solution,  we  think  there  is  no  question  that  the 
scientific  needs  of  the  country  should  be  in  the  hands  of 
some  responsible  body. 

Assuming  that  such  a  body  is  desirable  it  is  well  to  inquire 
what  would  be  its  functions.     In  this  connection  a  state- 
ment by  Prof.  F.  G.  Donnan,  F.R.S.,  which  we  pubHsh  on 
another  page,  is  of  interest.     The  statement  is  so  compre- 
hensive that  we  do  not  propose  to  criticise  the  suggestions 
in  detail.     Generally  speaking,  the  objects  set  forth  refer  to 
matteis  which  are  not  already  handled  by  other  bodies,  or 
would  come  within  the  ambit  of  existing  bodies,  except, 
perhaps,  the  suggestion  that  the  Ministry  should  foster, 
endow    and   promote    the   teaching   and    investigation    ot 
science  in  what  the  Germans  would  call  High  Schools  in  this 
country  ;  that  is,  in  schools  providing  higher  education  of  a 
university  standard.     It  appears  to  us  that  the  Board  of 
Education  should  bo  able  to  deal  with  a  matter  of  this  kind. 
Although  the  other  objects  outlined  by  Prof.  Doxxan" 
will,  we  think,  meet  with  a  good  deal  of  approval,  we  would 
utter  a  word  of  warning.     We  must  not  make  the  mistake 
of  thinking  that  the  mere  creation  of  a  Ministry  of  Science, 
or  any  other  body  of  this  kind,  will  in  itself  ])roduce  a  revolu- 
tion in  tlu-  indu.stiv  of  this  country.     If  scriou."^  progiess  is 
to  be  made,  the  driving  force  must  not  be  within  the  Ministry. 
hill  must  come  from  without.     For  example.  Prof.  Doxxan 
suggests  that  the  Ministry  should  promote  scientific  manu- 
fnctiin*  and  production  bv  giving  grants  towards  the  ostab- 
lislunent  of  new,  and  the  exten.sion  of  existing,  inilustries. 
and  especially  towards  the  cost  of  investigation  and  research 
recjuired  for  the  ])ur])ose.     We  agree  that  it  is  desirable  to 
promote  investigation  bv  means  of  giving  grants,  but  if 
thc-^e  re;5eairhes  are  to  be  of   the  greatest  value,  we  must 
look  to  the  manufacturers  themselves  to  tell  us  what  the 
researches  should  i>e.     Unless  manufactuiers  are  prepared 
to  come  forward  and  take  full  advantage  of  the  facilities 
provided,  and  to  take  some  initiative  in  the.se  matters,  any 
such  scheme  will  be  coniparativelv  barren  in  results. 

Again.  Proi.  Doxxan  suggests  that  the  Ministry  should 
c(»ntinuously  survey,  collect,  analvse  and  criticise  the  out- 
put of  the  nation  in  (a)  scientifically  trained  men.  (b) 
scientific  research,  and  (r)  scientific  industrial  activity  and 
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development,  and  compare  the  output  with  that  oi  other 
nations.  It  is  certainly  well  for  us  to  know  where  we  are  in 
regard  to  scientific  output,  more  particularly  compared  with 
other  nations,  but  it  must  be  remembered  that  scientific 
life  cannot  be  forced.  It  may  be  encouraged  by  making 
the  conditions  good  under  which  it  persists,  but  in  the  end 
we  must  depend  upon  the  individual.  It  follows,  therefore, 
that  the  important  thing  is  to  give  the  individual  the  proper 
opportunity  to  develop  along  the  desired  lines  and  the  proper 
inducement  as  the  result  of  development.  Here  we  come 
to  the  question  of  the  class  of  individual  that  is  desirable. 

Progress  depends  on  Practice  and  Theory.  As  Prof. 
DoNNAN  says  : — "We  seem  to  be  always  blessing '  practice  ' 
when  it  is  '  theory  '  that  is  wanted,  and  as  often  blessing 
'  theory  '  when  the  real  question  is  '  practice.'  "  There  is 
no  doubt  that  we  require  plenty  of  good  theoretical  men, 
men  who  can  solve  scientific  problems  having  practical 
applications.  On  the  other  hand,  it  is  essential  to  have 
practical  men  with  a  thorough  grasp  of  the  importance  of 
theory.  This  is  a  matter  of  some  difficulty,  and  was  dis- 
cussed recently  by  Sir  Robert  Hadiield  in  an  interesting 
article  on  the  "  Training  of  Our  Captains  of  Industry.''  We 
suppose  that  most  of  our  practical  men  in  these  days  take 
a  course  at  a  technical  college,  where  they  obtain  a  general 
survey  of  the  science  underlying  their  particular  industry. 
If  their  technical  knowledge  were  maintained  and  expanded, 
all  might  be  well,  but  we  fear  that  in  many  cases  this  is 
allowed  to  take  a  very  secondary  position,  until,  finally,  the 
practical  side  or  commercial  side  is  regarded  as  all  impor- 
tant, and  the  scientific  side  is  more  or  less  forgotten.  In 
many  cases  this  frame  of  mind  is  probably  encouraged  by 
those  who  happen  to  be  in  authority.  The  ideal  practical 
man  is  one  who  is  able  to  judge  at  its  true  value  the  impor- 
tance of  investigation  and  new  advances  in  various  direc- 
tions. For  such  a  purpose  technical  knowledge  is  not 
necessarily  very  deep  or  specialised,  but  it  should  be  broad. 
It  seems  to  us  that  so  long  as  the  oldest  practical  or  com- 
mercial men  look  upon  the  purely  theoretical  side  as  being 
comparatively  unimportant,  so  long  shall  we  fail  to  obtain 
the  ideal  practical  younger  men  in  the  numbers  required. 
It  is  partly  a  question  of  supply  and  demand,  and  must 
depend  upon  the  attitude  of  the  employer. 

We  have  already  remarked  that  we  are  somewhat  doubtful 
as  to  the  desirability  of  creating  a  Ministry  of  Science. 
What  w^e  fear  is  further  bureaucratic  developments  which 
may  be  more  harmfid  than  useful,  and  the  formation  of  a 
Miniatry  which,  although  a  Ministry  in  name,  may  really  be 
out  of  touch  with  the  needs  of  the  country.  We  are  inclined 
to  think  that  a  more  useful  result  might  be  obtained  by  the 
formation  of  a  small  Government  department  which  v\rould 
be  in  touch  with  an  Advisory  Committee  of  all  the  technical 
societies  of  the  country.  The  Royal  Society  is  already 
moving  in  this  direction.  These  societies  know,  or  ought  to 
know,  better  than  any  other  bodies  what  the  needs  of  the 
country  are  in  each  individual  industry,  and  such  a  com- 
mittee ought  to  be  capable  of  expressing  views  with  authority. 
In  this  way  use  would  be  made  of  existing  organisations, 
which  might  be  expanded  if  necessary,  instead  of  creating  a 
large  organisation  which  would  very  possibly  only  duplicate 
work  that  is  already  done.  The  chief  advantage  of  creating 
a  Ministry  is  that  there  w^ould  be  a  Minister  whose  voice 
would  presumably  be  heard,  but  the  selection  of  a  suitable 
Minister  for  the  purpose  would  not  be  an  easy  matter.  It 
has  been  suggested  that  Sir  J.  J.  Thomson  should  be  so 
appointed.  We  cannot  help  thinking,  however,  that  to 
allow  politics  to  interfere  with  the  scientific  work  of  a  man 
like  Sir  J.  J.  Thomson  would  not  be  in  the  best  interests 
of  the  country,  and  would  cause  a  serious  loss  to  science. 


Moreover,  we  very  much  dcmbt  if  a  puie  scientist  would 
agree  to  be  mixed  up  in  political  matters.  The  first 
minister  rhight  be  a  success  ;  the  second  might  coasideronlv 
the  claims  of  his  particular  branch  of  science  ;  and  the 
third  would  probably  be  a  mere  politician  having  scarcely 
a  nodding  acquaintance  with  his  subject.  It  seems  to  us 
that  the  whole  position  requires  a  good  deal  of  careful  dis- 
cussion to  avoid  missing  the  goal  after  which  we  are  .striving. 


REVIEWS. 

[Copies  of  the  undermentioned  v/orks  fan  be  had  from  The  Electrician  Offices,  post 
free,  on  receipt  of  published  price,  adding  3d.  for  bookj  published  under  7s.  Add 
10  per  cent,  for  abroad  or  for  foreign  books.] 


Wireless  Telegraphy  and  Telephony :  A  Handbook  of  Formulae- 
Data  and  Information,  i-y  W.  H.  EcCLEs,  J;.S  .  <J.r,r..loii  : 
•"The  Electi'ic:a.n "  Printing  &  Publishing  Co.,  Ltd.)  Fp  xx. 
+418.     12;:-.  6cl. 

The  complementary  title,  "'  A  Handbook  of  Formula,  Data 
and  Information,"  describes  the  aim  and  scope  of  this  book. 
It  is  a  volume  of  very  moderate  external  dimensions,  bui:  con- 
taining a  mass  of  well-ordered  information.  In  comprehen- 
siveness ;  in  painstaking  accuracy  and  careful  phrasing ;  in 
internal  consistency;  in  the  absence  at  once  of  "padding"  and 
of  glossing  over  difficulties  ;  in  the  direct,  vigorous  and  .s^lujlarly 
style  of  every  page,  the  book  is  a  masterpiece,  whose  appearance 
would  have  been  justified  had  there  been  works  already  avail- 
able covering  much  the  same  ground. 

The  text  begins  with  some  50  pages  mainly  occupied  bv 
tables  of  matheniatical  functions  and  physical  constants.  The 
informatio?!  here  is  an  undiluted  ;>tatement  of  facts  and  of 
conventions  as  to  units  and  symbols.  There  are  some  plainlv 
sot-out  conversion  tables,  tables  of  logarithms  and  the  like, 
tables  of  electric  and  other  physical  properties,  tables  of  screw 
threads  and  wire  gauges.  Here,  as  throughout  the  book, 
tlioughtful  selection  is  in  evideiice  ;  witjiess,  for  example,  the 
inclusion  of  a  table  of  '"  Standard  Times  "'  and  '"  Great  Circle 
Distances  on  the  Globe." 

Then  comes  an  extraordinarily  complete  series  of  formidcV 
for  capacity,  inductance  and  high-fvequcncy  resistance,  accom- 
I^anied  by  many  abacs  of  the  type  v,  liich  consists  of  two  scales 
side  by  side,  like  the  Centigrade  and  Fahrenheit  scales  of  a 
thermometer.  For  example,  in  a  formula  for  the  i>uluctance 
of  a  square  (side  a)  of  round  wire  (radius  r)  comes  a  trouble- 
some function  of  a  jr.  Fron\  the  abac  the  value  of  the  functio.n 
can  be  read  on  one  scale  opposite  the  numerical  value  of  ajr 
on  the  other.  Never  before,  one  feels,  have  so  many  induc- 
tance formidte  been  collected  together ;  and,  indeed,  their 
profuseness  is  rather  overwhelming.  Guidance  as  to  when 
to  use  which  of  a  series  of  formula)  for  low,  medium  and  high 
frequencies  may  be  difficult  to  give,  hut  is  much  to  be  desired. 
And  there  is  a  suspicion  of  ]nere  collectoi"s  enthusiasm  in  the 
inclusion  of  a  lengthy  formula,  followed  by  the  remark  that 
"  this  formula  has  recoitly  been  shown  to  be  erroneous  by  S. 
Butterworth,  who  has  given  a  better  method  ""  (not  repro- 
duced). 

At  page  80,  with  a  section  entitled  "'  Electrical  Oscillations," 
the  quality  of  the  text  changes.  Schedules  of  tables  and 
formulne  give  place  to  a  more  or  le;-s  reasoned,  if  condensed, 
exposition  of  the  principles  and  practices  of  wireless,  and  the 
work  becomes  more  of  a  text-book.  As  the  author  states  in 
the  preface,  "  the  intention  has  been,  not  only  to  set  out  a  bai-e 
statement  of  observed  and  recorded  facts  in  easily  accessible 
form,  but  also  to  give  brief  accounts  of  the  position  of  modern 
thought  and  speculation,  and  this  without  allowing  the  work 
to  become  an  expository  treatise." 

Regarded  as  a  cojidensed  text-book  of  wireless,  the  out- 
standing characteristics  of  the  book  are  its  astonishing 
thoroughness  and  the  inclusion  of  even  very  recent  develop- 
ments in  an  art  which  is  advancijig  by  leaps  and  bounds.  And 
although  in  many  cases  the  author  has  no  doubt  had  to  'rely 
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chiefly  031  patent  specifications,  the  descriptions  and,  comments 
.are  always  original  and  illuminating. 

Ifc  is  impossible  to  catalogue  here  the  headings  and  sub- 
headings of  the  book,  but  one  or  two  illustrations  of  the 
tl'/roughness  and  modernness  of  the  treatment  may  be  given. 
A  section  of  some  50  pages  on  the  "  Generation  of  High- 
frequency  Oscillations  "'  is  divided  into  the  following  five  main 
subheads  :  "Method  1.  Ciiarging  or  Discharging  a  Con- 
denser,' in  whicli  various  ignitio'i  devices,  and  the  recent 
important  rapid-spark  continuous-wave  generator  of  Marconi, 
are  described.  '"  Method  2.  By  Aid  of  an  Unstable  Arc,"  with 
a  concise  "  Rationale  of  Arc  Methods."  "  Method  3.  The 
High-frequency  Alternator,"  mainly  devoted  to  the  Alexander- 
son  and  Goldschmidt  macliiiies.  "  Method  4.  Frec^uency 
Changers,"  Avhere  the  several  methods  depending  on  the 
magnetic-cycle  properties  of  iron  are  conveniently  collected. 
And  finally  "  Miscellaneous  Methods,"  including  the  less  com- 
monl}-  known  devices  of  Dubilier,  Leslie  Miller,  E.  and  W.  H. 
Wilson  and  tlie  oscillating  cathode-ray  amplifier.  In  the  next 
section,  "Detection  of  High-frequency  Oscillations,"  too, 
such  recent  introductions  as  Langmuir's  cathode-ray  tubes, 
and  the  reactive  methods  of  using  this  class  of  amplifier  are 
dealt  with.  'At  the  same  time  that  ancient  adopted  instru- 
ment of  wirfeless,  the  telephone  receiver,  has  a  valuable  page 
or  two  devoted  to  its  theory.  Telephone  transformers  might 
v.ith  advantage  have  received  similar  attention. 

Near  the  end  of  the  book  is  a  description  of  special  systems 
and  stations.  Much  of  this  matter  is  necessarily  touched  upon 
at  eailier  stages,  but  adequate  cross-references  remove  any 
objection  to  the  divided  treatment.  The  "  Systeme  a  Onde 
Unique  "  of  the  S.F.R.  is  included  here.  The  author  appears 
tacitly  to  accept  tln^  claims  as  to  the  single  wave,  whereas  we 
supposed  they  had  been  discredited,  notably  by  Prof.  Howe's 
criticisms  published  in  this  journal. 

At  the  end  of  the  book  some  20  pages  are  devoted  to  Wireless 
'Telephony.  They  include  jid  interesting  investigation  of  the 
most  effective  resistance  of  the  microphone  and  the  manner  of 
coupling  it  to  the  antenna. 

In  a  brief  description  of  Squier's  "  wired  wireless,"  as  in  the 
inventor's  own  Papers,  ii  might  perhaps  be  more  clearly 
pointed  out  that  the  advantages  of  the  system  consist  solely 
in  its  remarkable  facilities  for  multiplex  signalling,  particularly 
telegraphy.  As  compared  with  ordinary  WMrc  telephony,  in 
wired,  wireless  the  attcjiuatiou  is  enormous. 

With  most  books  it  is  easy  to  name  subjects  omitted  whicli 
one  feels  ought  to  have  been  included.  Not  so  here.  Never- 
theless, we  think  the  book  would  be  improved  bv  some  brief 
remarks  on  hilioratory  measurements.  The  readei'.  for 
instance,  is  nowhere  told  how  the  resistance  of  an  antenna  may 
be  measured.  And  amongst  the  many  inductance  formula', 
one  of  the  tables  so  useful  in  calculating  inductances  of  m\\r\i 
used  single-layer  solenoids  and  .spirals  would  be  verv  welcome. 

The  book  is  admirably  printed  and  illustrated,  and  there 
seem  remarkably  few  misprints.  The  index  is  complete,  and 
there  is  a  useful  glossary  of  terms.  There  is.  however,  one 
serious  deficiency.  The  refercTices  to  original  publications 
«re  insuflicient  tt>  enable  the  reader  to  turn  them  up.  Names 
are  (pioted.  but  in  nuisi  instances  nothing  more.  Perha])s  in  a 
future  edition  the  conipleie  referei\ces  may  be  addecl.  I'o.s.sibly, 
too,  some  system  of  numbering  in  chapters  or  sections  might 
be  helpful. 

The  book  meets  a  real  Wiiiu  m  an  admirable  nian'u-r.  It 
will  be  a  source  of  delight  to  many  a  wircli'ss  engineer. 

L.    B.    Tl'RNKR. 

Experimental  Physics:  A  Text  Bookof  Mechanics,  Heat,  Sound 
and  Light.     !'•>  ll\itoM>  A  Wii-'-n.  .M..\  .  D.si..  1!;.^.    (i  am 
l)ii  Ju'- :  L'liivdsilv  I'rcBs.)  Cninhridgc  I'livHiral  S'cripi».Pp.  viii.  x  401. 

lO.s.'lU'l 

The  ])lan  o[  (his  book  is  to  .select  the  most  important  laws  of 
pliysics,  iind  (Inil  wiih  them  rather  more  fully  thiin  usual,  while 
omitting  sundry  facts  and  j»|i|ili(ations  which  appear  to  the 
author  to  be  of  secondary  interest.  Sue  h  a  plan,  in  view  of  the 
great  array  of  text-books  already  i.ssued,  oilers  little  scoi)e  for 
originality.  But  the  work  gi  .'e.s  a  very  plcasijig  impression  of 
clearness    and    thoroughness       it    i.s    essejitially    a    students 


book,  and  should  make  a  special  appeal  to  those  students  who 
would  rather  leam  from  a  book  than  from  the  w^ords  of  a 
lecturer.  A  very  commendable  feature,  not  alwavs  sufficientlv 
insisted  upon  in  the  orthodox  Cambridge  text-book,  is  Prof. 
Wilson's  liberal  supply  of  numerical  data.  In  a  science  which 
is  nearly  all ""  measurement  "  this  is  of  great  importance.  One 
may  say,  indeed,  that  a  law  of  physics  is  useless  until  it  has  been 
put  into  figures  ;  and  to  assign  numbers  to  properties  and  their 
symbols  is  often  a  matter  of  considerable  difficultv  to  the 
student,  especially  in  dealing  with  electrical  quantities.  It 
was  hardly  avoidable  that  some  chapters  of  this  boi-k  should 
appear  inadequate  and,  so  to  say,  insufficiently  balanced. 
Thus,  we  get  a  full  disquisition  on  Lissajous'  figures,  but 
practically  nothing  about  the  vibration  of  rods.  The  correction 
of  chromatic  aberration  is  discussed  in  considerable  detail, 
while  '■  optical  instruments  "  receive  the  shortest  of  shrifts. 
The  last  chapter,  on  the  '"  energy  of  light,"  gives  the  energv 
curves  of  a  black  body  without  mentioning  the  .simple  and  all 
important  underlying  laws  of  Stefan-Boltzmann  and  Wien. 
But  such  minor  defects  hardly  detract  from  the  undoubted 
solidity  and  excellence  of  this  work,  which  is  sure  to  be  appreci- 
ated, as  it  deserves  to  be.  E.  E.  F. 


ENGINEERING  EDUCATION  AND  RESEARCH. 


Report  ok  the  Committee  of  the  Councii.  for  ORGAXisixr; 
British  Exgixeerixg  Industry. 

The  present  report  indicates  some  of  the  changes  which  the 
Committee  considers  it  most  necessary  to  make  in  our  present 
methods  of  educating  engineers  ;  it  suggests  legi.slative  and 
administrative  means  of  effecting  some  of  the.se  changes  ;  and 
concludes  by  pointing  out  the  need  for  greatly  increasing  the 
volume  of  research  in  cofinection  with  the  British  engineering 
industry. 

('h.\xoes  IX  THE  Education'  of  Engineers. 
A  (lianfi'-  in  tlio  attitude  of  onffinecring  em])loyers  and  of  c-ducatinn 
authorities  towards  tlio  wliolo  problem  of  engineering  education  is  nee«.k-<l 
liefore  the  changes  recommended  in  this  report  can  be  brought  about. 
Persons  engaged  in  the  engineering  industry  may  be  divided  into  tv.o 
principal  classes,  manual  workers  and  thinkers.     How  Wet  to  train  tli 
future  workman  and  how  Ix'st  to  train  the  future  member  of  the  h;   '  ' 
trained  statT  arc  each  prolilcms  of  tlie  first  importance.     They  ar'  . 
ewr.  two  <litTorcnt  i)r()l)lenis.     The  comparative  failure  tosol,  o  eilli>.-r.' 
them  in  the  p:tst  lias  pirtiy  beendue  tot  lie  confusion  of  one  wit  lit  he  ot  he: 

The  Traimxg  of  Workmen. 

.\  systenj  of  tslueation  ft>r  workmen  should  not  have  in  view  n 
the  pr<Mluction  of  a  man  well  skilled  in  a  particular  trade  and  aequ 
with  the  materials  and  tools  with  which  he  deals.      It   should  aim  :. 
m'lking  him  a  good  citizen,  satisfied  with  the  honourable  work  upon  vrhi<  ! 
he  is  s|>enJing  his  life  an<l  sufticiently  informed  concerning  economic  ai 
.•social  jiroblems  to  tike  an  intelligent  part  in  nat  ional  affairs. 

His  first  school  will  generally  be  !'  pid>lie  elementary  school.      Hcfliou' 
In-  transferred  from  the  elementary  ^;ch^^ol  system  at  12  years  of  h<.^  .  ai 
s|x'nd  the  ne.vt  three  years  in  a  .school  of  a  different  tyjie.     We  .-.hou 
reeonunend  for  this  purpose  what  is  becoming  known  as  a  junior  techni< 
selioi)I.+      In  surh  a  school  it  is  usual  to  gi\e  one-thinl  of  tho  wc-  '    • 
mithomul  les,  drawing  ami   elenientary  science;    one-third  to   h 
history.  i:c<>i:raphy,  and  other  general  subjects  ;  and  the  remaining  ;l-,ii.. 
to  prn<  ti.  Ill  wnrU.     The  functi.m  of  this  practical  work  is  not  to  make  :•■ 
more  skilled  operative,  but  rather  to  stimulate  the  boy's  interest  in  hi-. 
f«itun>  (Moupation  aid  no  to  form  a  nucleus  for  the  whole  wide  inten  -t 
which,  it  is  the  object  of  the  school  to  develop.     Thus,  the  aitn  of  th  • 
>,  hool  is  to  prepare  the  boy  for  his  whole  life,  siwial  as  v. ell  as  \  ■ 

,\t  the  age  of  I."»  he  sh(uild  enter  works  as  an  apprentice,  br' 
noee^frtrily  Ik-  indenture".!.      His  education  ought  not  to  be  a' 
the  ouestion  wh<-ther  he  is  indent ur(d  or  not.     Throughotu 
yoirs  of  bin  apprenticeship  he  should  attend  c'aHses  during  part  of  hi> 
time  -for,  nay.  ri   "      '      m>  a  week — nnd  preferably  during  work^  h   :•'■- 
Such  atteiidanr.  with  certain  exceptions,  Iw  made  compi 

uyn}\  all  eniplnyi-'l   |ni><>ns  who  arc  uiuler   IS  yi-ars  of  age  : 
plovers  should  b<^  requirtxl  to  grant  the  necos-sary  facilities.      I 
time  e«uir*e  may  be  cle)»crib<Hl  as  «  trade  apprentice  courec.  in  omer  to 
distiiiguisli  It  from  other  ]»art-time  eourses. 

(Jreat  strvss  xhould  be  lai<l  upnn  the  importance  of  close  a 
lM«twwn  the  trade  apprentico  course  and  the  works.     Firms  enipi".' ■■'- 

•  Abntrart. 

"t  .lunior  torhnieal  srhools  are  not  trade  school 
to  teach  a  trade, 
ship. 


they  do  not  attempt^ 
Their  object  is  rather  to  prepare  a  l>oy  for  apprcntico— 
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a  sufficient  number  of  apprentices  will  be  able  to  have  their  own  classes, 
in  which  foremen  and  members  of  the  staff  will  act  as  teachers.  In  this 
way  an  intimate  contact  between  employer  and  workman  will  be  estab- 
lished at  the  very  beginning  of  the  apprenticeship,  and  this  will  greatly 
improve  their  relations  in  after  life. 

The  instruction  given  should  be  closely  related  to  the  apprentice's 
every-day  work.  It  should  include  trade  instruction  such  as  can  only 
be  given  by  a  workman  who  has  had  long  experience  at  his  trade. 
The  apprentice  should  be  taught  the  importance  of  economising  in 
materials,  effort  and  time  ;  in  particular  he  should  get  some  idea  how 
the  cost  of  manufacture  is  compounded  of  wages,  material  and  overhead 
charges. 

Where  firms  are  not  large  enough  to  be  able  economically  to  provide 
for  the  education  of  a  number  of  apprentices  all  at  the  same  stage  of 
training,  arrangement  should  be  made  for  these  part-time  courses  to  be 
conducted  in  some  central  building,  in  which  suitable  workshops,  labora- 
tories and  class-rooms  would  be  already  available.  Such  an  apprentices' 
school  should,  in  our  opinion,  include  as  many  as  possible  of  the  activities 
of  a  good  boys'  club  ;  it  should,  for  example,  have  its  own  football  and 
ericket  teams,  and,  if  managers  could  be  found  voluntarily  to  undertake 
the  work,  it  should  be  open  on  several  evenings  in  the  week  for  recreative 
purposes.  During  the  boys'  passage  through  the  trade  apprentice  course 
the  teachers  will  be  able  to  pick  out  particularly  bright  stuclents.  Scholar- 
sliips  should  be  granted  to  enable  these  to  proceed  to  higher  studies  and 
then  to  enter  a  university  course  with  a  view  to  their  taking  rank  among 
the  highly-trained  engineers. 

A  federation  of  manufacturing  engineers  already  mentioned  could  do 
much  to  improve  the  training  of  workmen.  Indeed  it  is  difficult  to  .'ee 
how  some  of  the  necessary  improvements. can  be  made  except  at  the 
instance  of  such  a  federation. 

The  Highly-traixed  Staff. 
The  Association  of  Manufacturing  Engineers,  the  need  for  whose 
influence  upon  the  training  of  v/orkmen  is  so  marked,  might  do  much  to 
improve  the  education  of  the  highly-trained  staff.  Its  status  should 
■entitle  it  to  nominate  members  of  governing  bodies  of  institutions,  and 
especially  of  universities  and  technical  colleges,  in  which  future  members 
of  the  highly-trained  staff  are  educated. 

Boys  who  are  aiming  at  becoming  engineers,  managers  or  members  of 
the  commercial  staff  in  engineering  should  for  the  most  part  continue  to 
receive  whole-time  education  until  the  age  of  18.  The  best  of  them,  and, 
as  we  think,  the  great  majority,  shotild  remain  at  (higher)  secondary 
schools  until  that  age  and  then — perhaps  after  an  interval  in  works — ■ 
enter  iipon  a  university  course.  But  even  those  who  cannot  secure  such 
advantages  would  do  well,  wherever  an  efficient  senior  technical  school 
exists,  to  leave  their  (lower)  secondary  school  at  16  and  to  spend  the  last 
two  years  of  their  whole-time  education  in  a  senior  technical  school.  The 
majority,  however,  should  enter  a  university  direct  (or  after  a  short 
interval  in  works)  from  a  higher  secondary  school  at  about  18  years  of 
age.  During  the  last  three  years  of  their  school  education  their  curri- 
culum should  have  a  direct  bearing  upon  the  studies  they  intend  to  pursue 
in  the  university. 

It  is  to  be  hoped  that  immediate  steps  will  be  taken  to  counteract  the 
tendency  in  some  modern  secondary  schools  to  dispense  almost  entirely 
with  form  masters.  The  influence  of  a  good  form  master,  especially  in 
a  day  school  and  during  the  years  when  character  is  being  most  quickly 
formed,  can  hardly  be  over-estimated. 

In  order  to  secure  an  adequate  supply  of  highly-trained  engineers  and 
to  ensure  that  this  supply  shall  include  the  more  able,  as  well  as  the  more 
wealthy,  young  men,  the  present  provision  of  university  entrance 
scholarships  needs  to  be  revised.  In  fact,  the  scholarships  offered  by 
local  education  authorities  and  other  bodies  should  be  increased  in 
number  and  value  until  it  is  no  longer  possible  for  a  boy  to  be  prevented 
by  financial  reasons  only  from  receiving  a  university  training.  The 
present  provision  of  scholarships  is  very  different.  It  is  apparent  that 
a  boy's  chance  of  winning  a  university  scholarship  depends  upon  the 
particular  town  in  which  he  happens  to  live.  That  this  state  of  affairs 
should  continue  is  not  in  the  interests  of  British  engineering  industry. 

The  object  of  lectures  in  our  university  courses  should  be  more  clearly 
defined.     They  should  not  take  the  place  of  text-books. 

It  has  sometimes  been  asserted  that  university-trained  men  entering 
engineering  works  regard  themselves  as  trained  engineers,  v/lxile  as  a 
matter  of  fact  their  training  has  not  even  gone  far  enough  to  make  them 
yjrofitable  to  their  employers.  It  is,  therefore,  suggested  that  no  more 
than  the  B.A.  degree  be  conferred  upon  students  at  the  close  of  their 
three  years'  university  course  in  engineering.  The  specialised  degrees, 
such  as  Bachelor  of  Technical  Science  or  Bachelor  of  Engineering  (which 
might  also  serve  as  professional  qualifications),  should  be  raserved  for 
students  who,  after  their  university  course,  have  completed  at  least  two 
yeaTs  of  satisfactory  practical  training  in  their  profession.  The  Master's 
degree  should  be  awarded  only  on  a  thesis  dcf  eribing  original  research. 

The  apprenticeship  spent  in  works,  whether  by  trade  apprentices  fresh 
from  school  or  by  young  college. graduates,  is  not  to  be  regarded  as  fol- 
lowing upon  the  completion  of  their  education  but  rather  as  continuing 
the  education  they  have  already  received.  During  the  period  of  post- 
graduate training  in  works,  engineering  students  sliould  attend  courses 
of  lectures  delivered  by  leading  engineers  of  their  own  or  other  fii-ms,  or 
should  attend  similar  courses  in  some  central  college  or  university.  These 
courses  might  well  be  directed  to  the  designing,  managing,  or  commercial 
.sitles  of  engineering  work.  The  practical  part  of  the  post-graduate  works 
training  should  aim  at  giving  the  student  a  wide  knowledge  of  shop  ]n-o- 
ccsscs  and  methods.  It  is  hardly  to  be  expected  that  he  should  become 
a  workman  highly  skilled  in  any  particular  process. 


The  question  whether  works  training  rdiould  prccde,  accompany,  or 
follow  a  college  course  has  been  much  di.scuPKcd.  General  agreement  ha.s 
not  yet  been  reached  upon  this  matter.  Something  may  ^K•  f-aid  for  the 
view  that  the  time  spent  in  works  between  school  and  college  is  of  great 
use  in  bringing  the  student  into  contact  with  things  aly^ut  which  he  will 
study  at  college,  in  broadening  his  outlook  upon  the  world,  and  in  sab- 
jecting  him  to  works  discipline.  As,  however,  he  has  not  yet  learnt  the 
principles  involved  in  the  machinery  and  proeefges  displayed  in  the 
factory,  he  cannot  hope  to  acquire  knowledge  at  as  great  a  rate  an  durin<! 
the  two  years'  apprenticeship  following  his  college  eoune.  For  this 
reason  t'\e  time  spent  in  works  between  school  and  collegf  should  not 
extend  over  too  great  a  period,  and  this  period  should  not  reduce  th'- 
ersential  training  in  works  after  the  college  course  has  been  completed. 
The  abler  the  student  the  lets  necessary  in  general  is  the  short  works 
course  between  school  and  college.  Perhaps  an  ideal  arrangement  would 
be  for  a  boy  to  win  his  university  scholarship  in  IXcember,  leave  school 
at  Christmas,  spend  nine  months  in  the  works,  and  enter  up<m  his  college 
course  in  the  following  October.  During  each  of  the  two  long  vacations 
in  his  three  years'  college  course  he  might  spend  three  months  in  work^, 
thus  completing  some  15  months  of  works  experience  before  taking  his 
degree.  There  are  objections  to  the  introduction  into  England  of  what 
is  known  as  the  "  Scotch  sandwich  system  "' — six  months  in  eolleg? 
alternating  with  six  months  in  works.  A  six  months"  break  in  college 
work  is  detrimental  to  academic  training,  and,  moreover,  any  steps  that 
would  separate  engineering  students  from  other  students  in  an  English 
university  are  to  be  deprecated.  The  higher  training  given  to  engineers 
in  England  has  a  great  aelvantage  over  the  corresponding  training  given 
in  Germany,  in  that  the  former  (with  one  exception)  is  within  the  system 
of  a  university,  while  the  latter  (also  with  one  exception)  is  quite  outside 
it. 

Research. 

The  university  training  of  engineers  phould  be  conducted  in  the  closest 
possible  touch  with  engineering  research  which  bears  directly  upon 
industrial  needs.  As  the  Royal  Commission  on  University  Educaticn 
in  London  has  said,  "  the  personal  influence  of  the  man  doing  original 
work  in  his  subjects  inspirss  belief  in  it,  awakens  enthusiasm  and  gain-' 
elisciples."  It  is  by  associating  students  throughout  their  university 
careers  with  such  men  that  their  own  latent  originahty  is  best  developed. 
While  research  is  thus  of  great  value  because  of  its  .secondarv^  effect 
upon  the  education  of  engineers,  it  may  also  have  the  most  powerful 
direct  influence  upon  the  prosperity  of  British  Engineering  industry. 
The  present  jirovision  for  engineering  and  other  industrial  research  in 
this  country  neetls  to  be  greatly  extended. 

At  present  much  valuable  research  is  carried  out  in  the  laboratories 
of  universities  and  colleges.  Full  use  is  not,  however,  made  of  the 
facilities  already  offered.  If,  as  may  be  hoped,  the  amount  of  research 
work  undertaken  increases  rapidly  in  the  near  future,  much  of  the  new 
work  should  be  done  in  the  university  and  college  laboratories.  But 
much  will  also  have  to  be  done  elsewhere  ;  for  example,  on  the  premise  > 
of  individual  firms  or  in  a  new  central  institution  which  several  firms  have- 
combined  to  provide.  Such  a  central  institution  will  be  equipped  with 
machinery  and  plant  on  a  scale  beyond  the  reach  of  universities  and 
colleges.  ~  To  the  cost  of  this  equipment  the  Government  might  well  te 
expected  to  contribute.  The  excellent  results  wlrich  have  foilowecl  from 
the  cross-fertilisation  of  the  sciences  suggest  that  similar  advantages 
might  be  derived  by  the  industries  if  the  central  institutions  for  different 
industries  were  situated  near  each  other,  or  even  housed  in  a  single 
national  establishment  somewhere  in  the  Midlands. 

There  are  many  major,  researches  concerned  with  important  problems 
which  have  been  a  long  time  before  engineers,  such  as  the  more  threct 
production  of  mechanical  energy  from  the  consumption  of  coal.  There- 
are  alijo  many  researches  which  relate  to  hea\y  machinery  and  whidx 
can  only  be  carried  out  at  places  where  the  machinery  has  been  installed 
for  commercial  purposes.  ■ 

The  effect  upon  engineering  research  of  the  organisation  of  British 
manufacturing  engineers  should  be  not  less  marked  and  at  least  ao 
beneficial  as  it  will  be  upon  the  education  of  engineers.  Such  an  organ- 
isation  should  include  among  its  functions  :  (a^  To  undertake,  particular 
researches  in  co-o])eration  with  universities  and  colleges  :  (b)  to  advise 
members  in  regard  to  particular  researches  or  tests  wliieh  they  may  wish 
to  undertake,  or  to  have  undertaken  on  their  behalf,  in  the  i-csearch  or 
testing  laboratories  of  some  central  university  or  college  :  (c)  to  develop 
co-opc-ration  between  engineering  firms  on  the  one  hard  and  universities 
and  technical  colleges  on  the  other  so  as  to  establish  such  "schools  of 
though',  ■'  as  exist  in  the  research  departments  of  great  Continental  and 
American  engineering  firms,  but  cannot  be  fostered  in  the  c'mparatively 
small  establishments  (and  smaller  research  departments)  of  most  Bntisii 
engineering  concerns  ;  {d)  to  establish  and  conduct,  with  the  co-operation 
of  the  Government,  a  central  institution  for  research. 

Summary  of  Recommexdations. 
This  report  recommends  : —  i     +•    i 

1.  The  organisation  of  British  engineering  industry,  by  the  federation 
of  British  mannfacturing  engineers,  for  purposes  wliich  include  education 
and  research. 

2.  The  co-ordination  of  the  existing  means  for  educating  engineers 
and,  in  particular,  the  provision  of  an  adequate  and  more  umform  system 
of  scholarships.  i.   ui-  u  j  *.« 

3.  That  a  large  number  of  junior  technical  schools  be  estabkshed  tor 
the  education  between  12  and  15  Of  boys  who  intend  to  become  ap^n-en- 
ticed  to  engineering  trades.  •     j  .       **    vi 

4.  That  all  apprentices  under  18  years  of  age  be  i-equired  to  attend 
part-time  classes  for,  sav,  eight  hours  a  week  during  works  hours  ;    bat 
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Ihat  this  be  subject  to  certain  exceptiOES  in  the  care  of  young  people  who 
continued  in  attendance  at  eccondary  or  junior  technical  tchools  up  to  at 
least  15  yearn  of  age. 

5.  That  the  instruction  given  to  trade  apprentices  in  there  part-time 
classes  be  reformed  so  as  to  relate  it  more  clcrely  to  the  apprentices' 
everyday  work  and  so  as  to  include  what  are  known  as  citizenship  sub- 
jects, for  example,  economic  history  ;  and  that,  where  a  rufficient  number 
of  apprentices  is  employed  by  the  same  fiim  ;uch  claff.es  be  conducted 
in  that  firm's  own  works  and  by  the  works  staff. 

(').  That  the  specific  education  given  to  future  membersof  the  highly- 
trained  staff  be  provided  in  a  university  or  college  e*f  imivcrsity  rank  for 
the  majority  who  should  be  enabled  to  continue  their  studies  up  to  21 
or  22  years  of  age  ;  and  in  a  senior  technical  school  for  the  minority  who 
may  have  to  enter  engineering  works  at  18. 

7.  That  bfjys  who  are  to  study  engineering  in  a  university  should 
carry  their  study  of  mathematics  and  physical  rcicnce  to  a  higher  slate 
before  leaving  school ;  and  that,  in  gene.-al,  the  education  of  a  boy  a 
school,  instead  of  being  entrusted  (as  in  some  mcdern  recondary  schools) 
to  six  or  seven  specialist  teachers  where  business  it  is  to  r.elvancc  his 
knowledge  of  a  similar  number  of  separate  f-ubjects  to  a  uniform  level  cf 
mediocrity,  should  be  in  the  hands  of  a  fuccef-sion  of  form  matters,  who, 
knowing  their  boys  well,  may  exercise  a  profound  influence  upon  their 
characters  and  carry  to  a  high  level  their  studies  in  a  more  coherent 
curriculum. 

8.  That  the  conditions  for  admission  to  universities  should  be  rcccn- 
sielcred  and  rendered  more  uniform  as  betwe(  n  different  universities  and 
less  uniform  as  between  different  faculties  and  different  honours  schools 
in  the  same  university  ;  and  that,  in  the  interest  e.f  candidates  of  mature 
age  and  of  other  canelidatcs  approaching  the  university  othcrwiee  than 
through  the  normal  avenue  of  the  recondary  school,  university  entrance 
tests  should  be  distinguished  from  secondary  tchool  examinations. 

51.  The  reform  e>f  university  teaching  in  certain  important  rcf.pccts, 
notably  by  a  reduction  in  tiie  numlier  of  lectures. 

10.  That  the  completion  of  a  tliree  jearri"  university  course  in  engineer- 
ing rhould  entitle  students  to  no  more  than  the  B.A.  dcgi-ce  ;  and  that, 
until  candielates  have  add^d  works  e.xpeiicnc?  to  academic  training,  they 
slifMiId  not  receive  technical  degrees  (such  as  Bachelor  of  Engineering 
or  Bach'lor  of  Technical  Science)  which  might  then  serve  as  professional 
qualifications. 

11.  Tiiat  any  time  sjic nt  in  works  between  school  and  college  rhould 
not  be  unduly  ])r()longcd. 

12.  That  university  teachers  be  encouraged  to  undertake  rcrcarch  on 
behalf  of,  anel  in  co-operation  with,  manufacturing  firms  ;  and  that 
additional  Government  grants  be  paiel  to  univcrfiitics  and  colleges  with 
this  end  in  view. 

13.  That,  by  the  establishment  of  such  an  arsociation  of  manufac- 
turing engineers  an  we  have  advocated  and  by  other  means,  the  volume 
of  research  work  carried  out  in  connection  with  the  British  engineering 
industry  be  greatly  increased  ;  and  that  ))rovision  be  maelc  for  this 
increase  in  the  volume  of  research  by  fully  utilising  and  extending  the 
facilities  already  available  in  universities  and  college :<,  as  well  as  in  the 
works  of  private  firms,  and  also  liy  establishing  a  central  rcearch  labora- 
tory' for  investigation:;  that  cannot  ]h'  canied  out  ehewh'  re. 

The  re])ort  is  signed  by  Messrs.  A.  P.  Flemiii<i.  .M.I.H.E.,  of 
the  Britisli  Westiiigliouse  Co.  ;  J.  C.  Ma.wvell  Garnett,  M.A., 
Principal  of  the  l^Ianclicster  School  of  Terlinology  ;  and  Miles 
Walker,  !M.A.,  M.I.K.K.,  Professor  of  Electrical  Engineering 
at  the  Manchester  School  of  Technologv. 


ELECTRICITY  REGULATIONS. 


The  following  is  A])|KMidix  T.  of  the  "  Memorandum  l>y  the 
Electrical  Insjx'clor  of  Factories  (Mr.  (J.  S.  j{am)  on  the  Elec- 
tricity Regulations,"  second  edition.  This,  it  is  stated,  has 
been  added  to  the  Memorandum  : — 

Notj:  on  liOW-r'tF.ssrnE  and  ^MKnit  m  i'ukssvrk  Swire  iino.\K.Ts,  with 

SpKCIAI.  KkI  KHENIF.  to  Dis  Tlil  III  TION   HoAWUS  AND  -MetTOK  STAUTIMJ 

Panels. 
It  is  sometimes  overlof)kcd  thai  the  term  "switchboard"  (see  defini- 
tion) includes  all  classes  of  switchbemrds.  from  la.'ge  station  switchboards 
down  to  distribution  fuse  boards  for  lighting  circuits  .and  motor  stnrling 
])anels.  Mistakes,  sor.icliiiK  s  leading  to  serious  aceidnits  or  involving 
somewhat  extensive  alterations,  have  In  t  n  made  i>y  ticcupicrs  and  others 
in  not  consith-ring  tiie  conditions  under  which  a  switchboard  i.s  to  Ik* 
placed,  particidarly  as  to  whetlier  the  conditions  ^XTniit  of  the  use  of  (n) 
an  opentyjie  switchboard  i.r..  one  having  the  conductors  exposed,  or 
{h)  one  enclosed  in  a  cabinet  which  has  to  Ik*  oiKiied  for  use,  thereby 
oxjiosing  the  live  metal  ;  or  whetlier  one  having  ail  live  metal  ]>rrma- 
nently  jtrotccted  is  ncc'ssary. 

Switchboards  for  Use  on  Systems  to  which  Exemption  1  Doe.s  Not 
Apply — i.e..  in  which  the  l*KEssrRE  Exceeds  125  volts  Altkr- 

KATINO  OR  2r)0  VOLTS  DiKEtT. 

Fuse  holders  which  have  to  be  handled  whilst  live,  must  bo  in  all  eB.«c« 
in  accordn)ie(>  with  th(>  re(|uii-<'ments  of  Re>;ulntions  3  (r)  and  5  (third 
part).  The  eon.'^f  ruetior.  shouhl  Ik-  sut  h  that,  in  jiutting  the  fu>e  hojeli  r 
in  or  out  of  the  board  {a)  it  is  impossible  for  the  liand  inadvertently  to 


touch  any  live  part  either  of  the  fuce  holder  itself  or  of  a«y  adjacent  hve 
metal  on  the  board — e.g.,  the  fixed  contactr: — and  (6)  the  hand  is  screened! 
from  the  flash  should  the  fuse  blow  at  the  moment  of  being  inserted. 

All  the  regulations  affecting  switchboards  are  applicable.  Thus,  a 
switchboard,  whether  large  or  small,  if  it  has  bait;  conductors  normally 
exposed  ro  that  they  may  be  touched,  must  either  be  in  an  area  ret  apart 
for  the  purpore  ?nd  to  which  only  authorir.ed  and  competent  persons  may 
have  accers,  or  it  must  be  suitably  fenced  or  cnclored  (Regulation  15). 

The  alternative  methcd  of  enclosing  the  switchbcarelina  cabinet  ic  verv 
commonly  adopted,  but  even  so,  the  conditicnr;  murt  be  carefulh-  con- 
sidered. Even  if  encloccd  in  a  cabinet,  the  door  of  which  has  to  be  opcncel 
for  u.';c,  thcK'by  exposing  bare  conductors  so  that  they  may  be  touched, 
there  mur.t  be' a  clear  and  unobstructed  working  platform  3  ft.  wide 
(Regulation  17).  Whether  in  a  cabinet  or  not,  it  murrt  be  ro  placed  that 
all  apparatu::  which  requires  handling  is  within  reach  from  the  working 
])latform  (Regulation  16),  anel  there  must  be  an  inrulating  stand  (Regula- 
tion 2.3).  Largo  switchboards  are  generally  placed  where  ail  the  above 
conditions  can  l>e  comphed  with  without  dff.culty.  Smaller  switch- 
boards, such  as  distribution  fuse  beards  or  motor  panels,  cannot,  however,^ 
alway."  be  placed  so  as  to  comply  with  there  rcc|UircmeniG.  Thus,  elirtri- 
bution  board.;  may  have  to  be  placed  out  of  reach  from  the  floor,  ro  that 
there  is  no  working  platform,  or  they  may  have  to  be  placed  over  iron 
floor  plates  or  damp  ground  where  an  insulating  stand  is  impracticable, 
or  they  may  be  on  a  works  where  they  iY.ay  have  to  be  ured  by  perrens 
devoiei  of  any  technical  knowledge. 

V.  here  the  requirements  referi-ed  to  cannot  be  com])lied  with,  or  where 
for  any  rear-em  it  is  not  convenient  to  comph-  with  them,  other  means  cf 
safety  mu>t  be  adopted.  There  is  no  ehfificulty  in  this.  Thun,  Regula- 
tions l.j  and  17  apply  only  to  switchboards  having  conductors  exposeel 
or  arranged  to  Ic  e.xporcd  when  live  so  that  they  may  be  tcuchceL  AH 
that  is  necessary  to  avoid  having  to  comph"  with  the  requirements  of 
there  regulations  is  to  provide  a  rwitchbcaid  liaving  no  conduetois 
expose  el  or  arranged  to  beexpored  when  live  ro  that  they  may  be  touched. 
Such  comi)lete  ])rotcction  is  provielcel  in  the  care  of  certain  distributicn 
fuse  boarels.  In  others  the  protection  provided  in  not  entirely  ccmplctc, 
but  is  such  that,  under  the  terms,  of  Exemption  3,  it  may  be  regarded  as 
'•adequate  to  prevent  danger."  Thus,  all  live  parts  arc  ro  protcetcd 
that  they  cannot  be  i nadir rtenthj  touched  bj-  a  perron  handling  the  fuse 
holders,  although  it  may  be  quite  pcrible  for  him  to  touch  them  inten- 
tionally, a.  by  putting  a  finger  through  an  o])en:ng  in  the  fcrccn  cr  gup.rd 
])rovidcd  for  the  entry  of  the  contact  of  tiie  fure  holder.  As  by  the  termrj 
of  the  Exemption  vhe  responsibility  for  the  adequacy  ci  the  protection 
]n-ovidcd  rests  with  the  occupier,  he  must  take  caiv  in  adopting  ruch 
alternative  means  of  safety  that  it  is  adequate,  Swiichbcr.icls  con- 
structed on  such  lines  are  now  obtainable  from  a  numl  er  of  manufac- 
turers, both  for  small  ehrtribution  boards  suitable  for  fighting  circuits  or 
larger  ones  for  power  circuits,  but  not  all  of  there  purporting  to  be  in 
com))lianc?  with  the  requirements  are  aelcepiately  piotcc'eeL  Such  con- 
struction may  il:o  effect  compliance  with  Regulation  16  (last  rente  nee)  in 
regard  to  smnjl  di:  (ribution  beards  ]>lacccl  out  of  reach  from  the  ground, 
])ro\i(Icd  that  adequate  means  of  access — e.g.,  a  step-ladder  or  ladder 
which  can  be  securely  jilaced,  is  available  when  required.  For  larger 
boards  jdao^d  high  uj)  a  platform  is,  liowevcr,  generally  nccerraiy  for  cafe 
accers  and  working  in  any  care. 

Similar  protection  of  all  live  jiarfs  within  the  cabinet  may  .".'.ro  Ic  neces- 
sary in  the  ra  e  (^f  metal  cabinets  even  when  placed  within  reach  from  an 
insulating  floor  of  ])roper  width.  Thu-.  if  the  metal  cabinet  ha.-  a  door 
hingi'd  at  th  >  top.  the  oix-rator  has  to  hold  the  door  ojx^n  with  one  hand 
whilst  handling  the  aji^iaratus  with  the  other  and  he  is,  therefoix>.  in  con- 
necticm  with  earth,  despite  the  inulating  stand.  With  a  side -hinged 
door  which  can  Ik-  opened  180  deg.  or  thereabouts,  there  may  be  no  ncc  d 
for  this  ])n)teetioii  under  there  c cnditions  although  it  is  often  desirable, 
or  the  cabinet  may  Ix'  made  of  hard  wood  or  other  suitable  insulating 
material. 

Distriliution  boards  cnclored  in  cabinets,  but  not  otherwifc  protected 
(i.e.,  having  live  metal  exposed  when  the  door  is  open)  arc,  therefore,  per- 
missible only  if  iilaecd  in  accordance  with  the  r>  quireinc  n'.s  of  Regula- 
tions IC).  17  and  23  ;  i.r.,  they  must  be  within  reach  of  the  gnnmd  or 
working  platform,  there  must  be  a  3  ft.  sjiac?  in  front  and  tliTO  must  be 
an  in-ulntiiig  -tand.  The  cabinet  rhould  be  preferably  n.ade  of  insu- 
lating material,  but  if  of  metal,  the  door  must  not  be  hinged  at  the  top. 
For  use  under  any  other  conditions  there  should  be  adequate  protection 
of  the  live  metal  within  tlie  cabinet. 

The  questi<in  of  ace  ssibilitv  of  distribution  boards,  regarded  merely 
froni  the  point  of  view  of  convenience  of  o])eralion,  !.-  <.ftcn  overlooked. 
It  is  not  eif  jzreat  eonsoqucnc?  in  rrgnrel  to  boards  conta-i'ing  fures  only 
anel  which  require  handling  only  occasionally,  as  when  a  furc  requins 
renewal  eir  a  circuit  has  to  Ijo  made  dead.  If.  however,  they  contain 
switchc'i  for  controllinj;  the  branch  circuits,  it  is  obviourly  mere  convf- 
nient  that  they  shouhl  l)e  naelily  accessible.  Whether  containing 
switch'  s  or  not,  tliey  should  not  be  place!  unnees;  arily  high  up  or  other- 
wise inconvenient ly.  To  plac"  them  in  positions  involving  danger  to 
the  attendant,  as  over  running  machinery,  orolore  to  shafting,  asisfomo- 
fimes  done,  is  enntrnry  to  the  requirements  of  Regulations  1  and  25. 

Similarly,  as  reganls  eonvenienre  of  operation,  switches  for  controlling 
the  braneh  cireuits  are  l)ettor  plac^l  outside  the  cabinet,  so  that  it  is  not 
necessary  to  open  the  eloor  every  time  a  switch  has  to  bo  turned  on  or  off. 
If.  however,  they  are  within  the  cabinet,  convenienee  of  operation  iB 
Bometinies  securcel  by  the  switch  handles  being  cxtcLdcel  through  the  base 
of  the  cabinet. 

There  are  other  typc.-J  of  completely  protected  switchgear.  suitable  for 
use  uiulcr  practically  any  corelitions.  Fcvcral  firn.s  make  ironclad 
switchgear  conveniently  ."rrangtd,  so  that  new  jwnels  can  be  r.ddcd  as 
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required.  With  such  switchgear,  the  requirements  as  to  the  fu.scs  (Regu- 
lations 5  ar.d  3  (c))  must  be  properly  arranged  for,  and  no  live  metal  must 
"be  cxi)osed  in  the  fuse  chambers  so  that  it  may  be  touched  inadvertently, 
■when  the  fu?e  chamber  is  opened  for  renewal  of  a  fuKC.  This  maj^  be 
arranged  by  the  protection  of  all  live  metal  within  the  fuse  chamber  and 
the  use  of  properl 3^  protected  switch-fuses  ;  or  by  the  fuses  and  therefore 
all  the  conductors  within  the  fuse  chamber  being  on  the  def  d  side  of  the 
switch  controlling  the  circuit,  in  which  case  safety  is  further  ensured  if 
the  fuse  chamber  door  is  interlocked  with  the  switch,  so  that  it  cannot  be 
opencel  until  the  switch  is  "  off  "  ;  or  by  the  \kc  of  properly  constructed 
"fuse-switches  "  (p.  34).  Where  oil  switches  are  used,  there  must  be 
means  of  making  the  oil  switch  derel  for  examination  or  repairs  (Regu- 
lation 7).  In  some,  this  is  provided  for  by  isolating  switches,  arranged 
to  be  operated  from  outside  the  easing,  and  in  others  by  the  oil  switches 
(being  arranged  on  slide.?  so  that  they  can  be  withdrawn  from  contact  with 
■the  'bus  bars. 

Totally-enclosed  ironclfcl  switchgear  for  motor  panels  is  now  quite 
common.  Here  again  attention  should  be  paiel  particularly  to  the  re- 
quirements as  to  rencAval  of  the  fuses  (see  also  under  Regulation  5). 

SwitchboaedS  for  Us>e  on  Systems  to  which  Exemption  1  Applies — • 
i.e.,  IN  WHICH  the  Pressure  Does  Not  Exceed  125  volts  Alter- 
nating OR  250  VOLTS  Direct. 
A  number  of  the  Regulations  do  not  appljr  in  the  ease  of  such  systems, 
ar.d  there  is  consequently  greater  freeclom  in  the  use  of  switchboards 
having  conductors  exposed  or  arranged  to  be  exposed  when  live.  Thus, 
Regulations  15,  16,  17  arel  23  do  not  apply.  At  the  same  time  there  is 
no  exemption  from  the  requirements  of  Regulations  1,  5  and  14.  Regu- 
lation 1  very  definitely,  although  in  general  terms,  requires  that  safety 
shall  be  provided  for.  Thus,  switchboards  having  live  metal  exposed, 
although  not  required  to  be  in  an  area  set  apart  for  the  purpose,  should 
obviouslj-  not  be  placed  where  persons  are  liable  to  run  into  them  or 
touch  live  metal  in  passing  or  where  engaged  in  their  emploj^ment. 
There  ore  no  specified  requirements  as  to  working  platforms  anei  passage- 
Avays.  Nevertheless,  these  should  be  of  reasonable  width  and  where 
there  would  otherwise  be  danger  of  shock  to  earth,  insulating  flooring 
should  be  provielcd.  Subject,  however,  to  reasonable  precautions  being 
taken,  open-type  switchboards,  motor  starting  panels,  &e.,  are  permittcel 
■without  the  full  restrictions  required  in  the  case  of  those  for  higher  pres- 
sures. The  protection  to  be  afforded  will  depend  very  much  upon  the 
particular  circumstances  cf  each  case,  and  apart  from  the  question  of 
safety  of  employes,  enclosed  type  switchgearmay  be  necessary  for  the  pro- 
tection of  the  apparatus  against  damage.  Encloseel  type  motor  control 
p>arels  are  advisable  in  all  eases  where  there  is  not  plenty  of  space,  and 
particularly  where  women  are  employed.  Where  machines  driven  by 
motors,  have  starting  panels  attached  or  otherwise  so  placeel  that  the 
workers  are  liable  to  touch  them  when  in  contact  with  earth — e.g. 
laundry  or  printing  machinery  or  machine  tools — the  switchgear  shoulel  be 
of  totally  enclosed  type. 

Similarly,  distribution  fuse  boards  should  in  general  be  enclosed  in 
cabinets.  Regulation  5  must  be  complied  with.  Fuses  must  be  of  such  a 
type  or  so  encloseel  as  to  prevent  scattering  arel  must  be  so  eonstructcel 
tliat  they  may  be  readily  renewed  without  danger.  They  must  be  so 
con&tructeel  that  the  hanel  is  shielded  from  the  arc  or  hot  metal  should  a 
fuse  blow  on  being  replaced  on  the  board  on  a  short  circuit.  Unless  the 
distribution  board  is  placed  where  the  person  renewing  a  fuse  is  insulated 
from  earth,  either  as  regards  the  floor  or  by  reason  of  the  fuses  being  in  a 
metal  cabinet  with  which  he  may  be  in  contact,  the  fuse  holders  must  also 
be  so  constructed  that  there  is  no  risk  of  touching  live  metal  when  hanel- 
Jing  them.  The  'bus  bars  and  other  live  parts  within  the  cabinet  need  not, 
however,  be  further  protected.  Similarly,  if  there  are  switches  in  the 
cabinet,  so  long  as  they  have  proper  insulated  handles  no  further  enclo- 
•sure  of  the  parts  is  necessary.  Again,  distribution  fuse  boards  need  not 
be  placeel  within  reach  of  the  ground  if  this  is  not  convenient,  but  if  they 
•contain  switches  in  addition  it  is  much  better  that  they  should  be  placed 
within  convenient  reach.  To  place  them  in  positions  involving  danger  to 
"the  attenelant,  as  over  running  machinery  or  close  to  the  shafting,  is  con- 
"trary  to  the  requirements  of  Regulation  1. 


CORRESPONDENCE. 


S.  p.  THOMPSON. 

TO   THE   EDITORS    OF   THE   ELECTRICIAN. 

Dr.  Eussell's  graceful  tribute  to  the  •work  of.  our  revered  and 
l)eloved  friend  incites  me  to  write  a  f.ew  lines  to  suggest  a 
suitable  memorial,  for,  as  Dr.  Russell  has  implied,  Thompson 
was  certainly  a  professor  who  was  in  true  sympathy  with  the 
engineer. 

Shall  we  ever  see  again  one  of  such  varied  and  yet  remark- 
able attainments  amongst  those  associated  with  electrical 
■science  and  engineering  ?  Unassuming  and  simple  minded, 
like  all  really  great  men,  he  seemed  quite  unconscious  of  his 
vast  talents. 

Personally  I  shall  never  forget  the  infinite  and  laborious  care 
with  which,  under  considerable  stress,  he  prepared  the  "  Life  " 
of  Lord  Kelvin.     His  taste  and  talent  for  investigating  the 


actual  facts  connected  with  ever\-  important  point  was  only 
equalled  by  the  late  Sir  James  Murray  in  the  preparation  of 
the  greatest  dictionary  the  world  ha.s  ever  seen. 

A  truly  lovable  character,  with  a  kindliness  of  manner  never 
to  be  forgotten,  we  can  surely  extend  to  Silvanu.s  Thompson 
the  bygone  words  of  Huxley  with  reference  to  Lord  Kelvin — 
"  Gentler  knight  never  broke  a  lance." 

Yet  I  can  but  think  some  substantial  memorial  would  be 
fitting,  and  it  is  for  ventilating  that  view  that  I  have  ventured 
to  trouble  your  columns,  notwithstanding  the  stirring  and  busy 
times  wc  are  passing  through. 

Westminster,  July  3.  Charles  Bright. 


PARLIAMENTARY  INTELLIGENCE. 

POST  OFFICE  SERVICES.  ' 

In  the  House  of  Commons  on  Monday  the  Post  Office  vote  was  taken, 
anel  on  the  vote  to  complete  the  sum  of  £20,537,145  to  defray  the  salaries 
and  expenses  of  the  Post  Office,  including  telegraphs  and  telephones,  the 
Postmaster-General  (Mr.  J.  A.  Pease)  said  it  had  been  estimateel  that  the 
extra  charges  imposed  on  letters  and  newspapers  last  autumn  woulel  pro- 
duce £438,000,  but  the  actual  amount  realised  was  £470,000.  The  extra 
penny  placed  on  parcels  had  yielded  £170,000,  instead  of  £90,000.  From 
the  revenue  point  of  view  the  surcharge  of  3d.  a  telegram  had  also  been 
justified,  as  it  had  produced  £200,000  instead  of  the  £107,000  anticipated. 
The  increase  of  the  cost  of  telephone  calls  to  3d.  had  not  come  to  stay. 
It  was  estimated  to  yield  £205,000  and  hr.d  produced  only  £115,(.t00. 
The  total  adelitional  charges  imposed  last  autumn  were  expected  to  yield 
£928,003,  whereas  they  aetuallv  produced  just  over  £1,000,000.  The 
total  Post  Office  revenue  for  1915-16  was  £33,650,000,  an  increase  of 
£4,000,000  over  the  previous  year,  and  £2, £00,000  over  the  pre-war  year. 
As  the  expenditure  v.as  £30,330,000,  there  was  a  profit  balance  of 
£3,S00,000,  against  £3,3£0,000,  ar.d  £6,650,000  in  the  year  before  the  war. 
The  expenditure  due  to  the  war  was  about  £6,000,000.  The  economics 
effected  in  the  home  service  of  the  Post  Office  during  1915-16  amounted 
to  rather  more  than  £1,000,000,  but  in  the  event  of  the  war  continuing 
during  the  whole  of  the  current  financial  year  the  saving  would  go  on  at 
a  much  greater  rate.  Naturally  some  protest  was  to  be  cxpecteel  against 
the  decreaseel  postal  facilities  anel  the  increased  charges,  but  he  desired 
to  express  the  gratitude  of  himself  and  his  staff  for  the  generous  way 
in  which  the  public  had  received  the  changes.  Before  the  war  Parlia- 
ment sanctioned  an  expenditure  of  £1,000,000  on  the  construction  of  the 
Post  Office  tube  for  London.  In  October,  1914,  when  it  was  anticii^ted 
that  it  woulel  be  desirable  to  find  occupation  for  labour  thrown  out  of 
employment,  a  contract  was  entered  into  to  construct  the  tunnel  at  a  cost 
of  £668,000.  The  Government  had  since  considered  whether  they  ought 
to  sus^x-nd  the  work,  but  the  materials  had  been  to  a  large  extent  manu- 
factured, binding  agTccmcnts  made,  and  postponement  would  have 
involveel  expenditure  to  prevent  damage  anel  construction  at  enhanced 
rates  later.  Owing  to  the  demands  on  electrical  plant  it  would,  however, 
be  impossible  to  complete  the  work  in  the  immediate  future.  Economics 
had  been  effected  in  the  building  programme,  th?  estimate  this  year  being 
£1 1 1,535,  compared  with  £225,(00  hist  year.  Only  £1,000  was  in  respect 
of  new  work.  The  Regent  "s  I'.a-k  Parcel  Post  Office,  for  which  £50,000 
had  been  taken,  had  removed  the  congestion  previously  existing  at  Mount 
Pleasant,  which  x^revcnted  an  efficient  service  either  for  the  provinces 
or  the  army  in  the  field.  The  sorting  for  the  oversea  forces  was  now  con- 
centrated in  the  new  building  at  Regent's  Park,  and  they  had  secured 
efficient  deliveries  not  only  to  those  in  the  field,  but  to  the  wounded  in  the 
hospitals  and  the  prisoners  in  enemv  countries.  Our  troops  received 
weekly  7.V  million  letters  and  700,000  parcels,  weighing  1.500  tons,  per 
week.  From  the  field  there  was  free  postage,  and  the  kHters  sent  home 
amounted  to  five  millions  every  week.  There  bad  been  a  steady  develop- 
ment in  the  number  of  letters  and  parcels  passing  between  the  troops  and 
those  at  home.  Since  the  besinning  of  the  war  there  had  been  sent  to  the 
men  in  khaki  6,500.000  bcokl;  cr  mr.gazjes.  The  week  before  last  there 
was  sent  to  France  44,000.  to  the  Navv  22.000,  to  piisor.crs  ar.d  ekewhere 
16,000.  Out  of  a  possible  90,000  of  military  age,  56,000  were  new  serving 
with  the  Colours,  7,700  had  been  medically  rejected,  and  21.700  attested 
under  Lord  Derbv's  scheme,  the  unaitestcd  being  only  4.r.00.  Of  the 
21,700  who  attestc'',  6.000  belonged  to  the  engineer  signalling  section, 
and  were  required  in  connection  with  the  maintenance  of  telegraphs  and 
telephones  at  home.  There  were  about  9.000  who  might  be  called  up 
for  service  at  anv  moment.  Of  the  4,C00  unattested  men.  there  were 
about  3,750  married,  and  thev  would  come  under  the  Mihtaiy  bervice 
Act.  Among  those  were  a  certain  number  of  telegraphists,  who  were  no 
lonc^er  required  in  the  service.  With  regard  to  disabled  soldiei-s,  tl^re 
had  been  no  great  demand  to  find  positions  for  them  in  the  Post  Offieo 
employment  ;  but  the  department  could  find  a  large  number  of  places 
for  those  who  would  probably  receive  pensions,  and  would  l-c  ab.e  to 
aive  increased  help  to  them  by  providing  work  in  the  Post  Office,  such 
as  on  night  telephones,  cleaning  of  offices,  lift  work,  and  labour  in  the 
en-ineerTng  and  stores  department.  He  wished  to  pay  a  tribute  to  the 
staff  for  tiie  wonderful  ^^ay  in  which  those  at  home  had  shown  their 
patriotism  in  endeavouring  to  meet  the  very  difficult  sitiwtion  clue  tei  the 
great  depletion  of  the  staff  ;   25,000  women  had  come  forward  to  takft 
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the  places  of  those  who  had  gone,  and  22,000  men  who  were  incapacitated 
from  miiitary  service  by  age  or  defect  of  some  kind  had  also  come  forward 
to  frll  vacancies.-  In  connection  with  the  Zepy.ehn  raids,  the  work  of  the 
■women  v.lio  had  come  forward  voluntarily  to  do  duty  at  night  deserved 
the  highest  praise.  Hundreds  offered  to  come  forward,  and  when 
Zcppchn  raids  had  been  anticipated,  and  ."sometimes  when  they  were 
going  on,  the  women  had  come  out  of  their  homes,  and  even  when  bombs 
were  dropping  went  to  their  post.s  in  the  various  exchanges.  In  Dublin, 
during  the  rising,  when  bullets  Avere  flying  and  fires  were  raging,  the}'^ 
stuck  to  their  work,  and  it  was  by  means  (;f  the  telephonic  exchanges 
that  it  v/as  possible  to  obtain  the  militarj-  which  suppressed  the  rising 
so  rapidly. 

In  connection  with  the  great  storm  of  March  last,  2,]c:0  poles  were 
broken,  (),I;"0  uprooted  and  3.3,200  blown  over.  The  number  of  poles 
that  had  to  be  rc-erectcd  was  41, .^00,  not  including  those  on  the  railv.^ays. 
1'he  copper  v/ire  broken  into  small  fragments  consisted  of  17,000  miles 
in  length,  the  whole  of  which  had  to  be  re-melted  and  re-manufacturcd, 
and  weighed  1,500  tons.  The  storm  was  the  worst  this  country  had  ever 
experienced,  and  he  anticipated  that  the  damage  would  not  be  made 
wholly  good  till  about  next  Christ  mas.  Tn  the  last  few  months  something 
like  7,000  new  telephones  had  I'.cn  (uctcd  for  ihe  .Aimy.  r.rd  curing 
the  last  year  1,.500  n?w  telephone  connectionn  and  instrunjf  nts  hac^  had 
to  be  erected  for  the  Munitions  T)c  paitment.  There  had  bee  n  a  great  tax 
upon  the  staff  and  inpon  the  stcek  at  the  office.  He  believed  there  wan  a 
real  advance  to  bo  made  in  connection  with  ra-tisfactoiy  telephonic  com- 
munication by  the  very  much  increased  development  of  automatic  tcle- 
]jhony.  The  only  ground  of  ( om))la!nt  against  automatic  exchanger,  was 
that  when  telc])hone  users  made  mistakes  they  had  no  operators  whom 
they  could  abuse.  A  new  telephone  exchange  was  to  be  ]3rovidcd  for 
Liverpool,  and  he  hoped  it  would  be  erected  before  many  months  were 
over. 

Referring  to  the  contract  with  the  Marconi  Company,  he  said  the 
House  ought  to  realise  what  the  positir)n  of  the  contract  was  which  was 
sanctioned  in  August,  191.3.  'I'hcre  jiad  been  considerable  delay  between 
that  date  and  the  outbreak  of  the  war  in  carrying  out  the  contract  owing 
to  certain  questions  that  arose.  In  the  autumn  of  1914  the  company 
insi.sted  that,  in  view  of  the  delay,  the  terms  of  the  contract  should  be 
considerably  \aricd,  and  in  consef|i:cnce  of  the  position  on  Dec.  30,'  as 
the  result  of  a  Cabinet  deci.sion,  the  IVistmaster-Ceneral  gave  notice  to 
the  company  to  cancel  the  contract,  the  company,  of  course,  in  the  event 
of  that  being  agreed  to,  being  reimbursed  for  out-of-pocket  expenses. 
An  immediate  protest  was  made  by  the  company  against  the  repudiation 
of  the  contract.  Immediately  afterwards  the  Postmastcr-Ceneral  .said 
that  if  the  company  were  unwilling  to  acquiesce  the  Government  were 
prepared  to  proceed  on  the  original  terms.  The  company  declined  to  go 
on  with  the  contract  except  on  jiaynunt  of  comjjensation.  Negotiations 
were  reopened  on  June  I.'"),  and  the  company  and  the  Admiralty  arrived 
at  a  provisional  agreement  requiring  the  sanction  of  Parliament  by  a 
given  date.  In  the  autumn,  however,  the  First  Lord  dropped  the 
ncsiotiations.  because  the  .Admiralty's  needs  did  not  justify  proceeding 
with  the  contract.  The  result  v.as  that  a  pc-tition  of  right  v.-as  sent  to 
the  Home  Office  in  December.  When  he  took  up  the  duties  of  1',  st- 
master-Cieneralin  January  last  and  found  that  litigation  threatening  the 
Government,  he  consulted  the  AdmiraUy,  the  War  Office,  the  Colonial 
Office  and  the  India  Office,  and  they  came  to  the  conclusion  that  four 
stations  ought  to  be  proceeded  with.  The  (iovernnient  had  definitely 
offered  the  .Marconi  Com|)aiiy  (lie  foUowing  tc>rms  :  That  the  1!(13  con- 
tract should  be  varied,  and  that  (he  erection  of  oidy  four  stations  at  the 
present  time  should  bo  cme  oi  the  variations  ;  that  compensation  should 
be  paid  for  the  net  loss,  if  any,  which  the  company  might  prove  that  they 
had  sustained  ov/ing  to  the  delay  of  the  work  so  far  as  that  miglu  have 
been  caused  by  any  act  or  omission  of  the  Postmastcr-t.'eneral  and  owing 
to  variations  (,f  tlio  191.3  contract  ;  that  the  compensation  should  be 
settled  l)y  an  ini|)artial  JK.dy  of  iirliitrators  with  judicial  experience,  or, 
failing  agreement,  by  a  court  of  law.  In  the  event  of  those  tcTms  being 
accepted,  they  would  be  submitted  to  Parliament  for  ratification.  As 
there  seemed  to  be  no  pr()sf:<'et  of  agreement  bein^'  arri\('d  at  with  regard 
to  the  two  points  whiih  iwhad  mentiom  d.somc  kind  of  reference  ap)M>arcd 
to  the  ( !o\ernmen(  to  l:c  the  right  course  to  adojit  with  a  view  to  seciirinc 
nn  amiciiblcand  satisfactory  settlement.  The  ( JoNc-rnnuMit  were  awaiting 
a  reply  to  '.heir  olTcr. 

After  referring  to  the  sc  lieme  of  (Joxcrnment  insurance  against  damage 
done  by  Zeppelins,  war  investments  and  thrift.  &c..  he  conclidcd  by 
stating  that  there  bad  been,  on  the  whole.  \nst  improvement  botii  in 
regard  to  the  rapidity  ami  aecinaey  of  comnuinnication.  Wireless  (elc- 
gra)ihy  ba<l  made  equal,  if  not  j;realer.  strides  than  other  means  of  eom- 
nuinication.  That  was  not  a  time  to  dwr-lj  uiK>n  what  lliey  could  do 
or  could  not  do  now  ;  but' we  ccmid  take  errdit  to  (h.-^nisrlves  tlinf  so  far 
as  the  la-dgii'.'-s  of  civili.sation  could  1  e  gaiigcd  by  the  rajiidity  and 
accuracy  of  communication,  this  country  was  not  l>ehind  anv  other 
CC)untry  in  t  he  v. crld. 

A  discussion  ensui<l.  and  Mr.  I'lKi;  I'KASr.  \ssistan(  Postmastor- 
r.'eneral.  stated,  in  re]>ly  to  <|nestion.  that  the  number  killed  in  acticm  up 
to  .June  3  was  2.220.  lie  coidd  not  definitely  say  whether  the  report  of 
the  Committee  on  high-speed  telegraphy  would  lie  ])nfilishe<l.  Iiut  the 
matter  was  under  consideration.  Highs|ie<(l  telecraphy  was  still  in  an 
ex])eriniental  stag(>.  and  it  was  not  (.rojiosiil  to  s|iend  nmre  than  £.'>.t>0<) 
in  ordering  from  AnuM'iea  plant  which  could  not  be  olitninrd  in  this 
country.  The  ])osition  was  in  no  way  prejudiced  by  that  order,  .\itor 
the  war  the  whole  question  wotdd  be  reconsidered.  The  suKgeolion  that 
a  tierman  was  em]iIoyed  in  the  cable  department  wnn  unformded.  Xo 
unnaturalised  j  erson  was  i>mployed.  aiifi  the  ilejiart lueiit  was  eonfidenf 
of  the  loyalty  of  every  one  in  its  service.     Thr  question  of  the  Marconi 


contract  would  come  before  the  House  in  the  ordinarv  way,  and  tho 
House  would  liavc  an  opportunity  of  expressing  its  opinion  should  an 
agreement  be  arrived  at.     The  department  hoped  to  be  able  to  extend, 
the  sjstem  of  Post  Office  underground  lines  in  Scotland. 
The  vote  was  agreed  to. 


SUMMER  TIME  ACT  AND  ELECTRICITY  SUPPLY. 

In  the  House  of  Commons  on  Monday  Sir  F.  Lowe  suggested  legis- 
lation limiting  the  charges  of  electric  hghting  ccmipanies  and  locjal 
authorities  iji  proportion  to  the  saving  (A  expcncliturc  the\-  were  able  to 
effect  during  the  cjperation  of  the  Summer  Time  Act.  ' 

In  reply,  Mr.  H.\kcoirt  said  he  was  not  prej^arcd  to  introduce  such 
legislation,  as  any  reduction  in  the  charges  for  electricity  might  encourage 
consumc-rw  to  increase  their  consumption,  and  that  would  involve  a 
corresponding  increase  in  the  use  of  ccal  by  the  supplying  authorities. 
Further,  the  saving  to  the  undci taking  on  the  cost  of  the  fuel  economitcd 
was  ])robably  more  than  outweighed  by  ilie  Iocs  of  revenue  owing  to  the 
reduction  in  the  amount  of  current  suppHed. 


UNEMPLOYMENT  INSURANCE. 


The  novcrnment  have  introduced  a  Bill  to  extend  the  provisions  of 
the  National  Insurance  Act,  1911.  relating  to  unemployment  to  all  trades 
engaged  in  the  making  cf  munitions  and  in  other  forms  of  war  work  as 
a  means  of  mcr  ting  the  conditions  resulting  from  the  rcrtoration  of  jeace. 
It  will  come  into  operation  on  Sept.  4  next  or  later,  if  the  Board  of  Trade 
consider  a  postponement  neccFsary.  The  proposal  is  to  bring  under  the 
provisionr-  of  part  II.  C'f  the  National  Inrurance  Act  and  the  amending 
statutes,  e\eiy  workman  who  is  engaged  on,  or  in  connection  with, 
munitions  work  as  defined  by  the  Munitions  of  ^\■ar  Acts,  except  such 
classes  of  work  as  the  Board  of  Trade  may  by  order  exclude,  and  every 
workman  who  is  employed  in  the  following  trades  :  ( 1 )  The  manufacture 
of  ammunition,  fireworks  and  explosives;  (2)  the  manufacture  of  chemicals, 
including  oils,  lubricants,  soap,  candles,  paints,  colours  and  varnish  : 
(3)  the  manufacture,  of  metals  and  the  manufacture  or  repair  of  metal 
goods  :  (4)  the  manufacture  of  rubber  and  goods  made  therefrom  :  (.5) 
the  manufacture  of  Icalher  and  leather  goods  ;  (0)  the  manufacture  of 
bricks,  cement  and  artificial  stone,  and  15  other  artificial  building 
materials  :  and  (7)  saw  milling,  including  machine  woodwork,  and  the 
manufacture  of  wooden  cases. 

The  measure  also  a]i])lies  the  existing  Acts  to  cm]>loyers,  while  the 
Board  of  Trade  will  be  given  power  under  the  new-  Bill  to  ex-tend  its  jiro- 
visions  to  any  oih'  r  trade  or  branch  of  a  trade  in  which  a  substantial 
amount  of  munition  or  other  war  work  is  being  carried  on.  So  far  as  the 
measure  imjjoscs  on  employers  and  workmen  a  liability  to  pay  contri- 
butions, it  will  cease  to  have  effect  at  f-ueh  date  as  the  Beard  of  Trade 
may  by  ordi  r  determine,  not  being  later  than  five  years  after  the  com- 
mencement of  the  .\ct.  or  three  year*  after  the  termination  of  the  present 
war.  whichever  of  those  dates  may  be  the  later,  and  ^o  far  as  it  confers 
on  workmen  a  right  to  receive  benefit  in  respect  of  ;  uch  contributions, 
it  will  cc-ase  to  have  cfTcct  at  the  expiratirn  of  six  months  from  the  d^te 
so  determined  or  at  such  later  date  as  the  Board  mav  fix. 


PATENT   RECORD. 


BPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  been, 

s;  -^  by  Messrs.  Mbwburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 

7<  -y-liiKe.  London,  W.C. 

.:  ..:(  oi: plied  /or  differs  from  the  date  on  which  the  application  was  lod[e(t 

at  the  fatent  Office  the  former  is  given  in  brackets  aiter  the  title. 


1915  Specifications. 


-eratmg  systems, 
ve. 


i.rrj  H.T.-H.  c. 

9.«W3  Crccvatt. 

1    -  - 
10.769  S- 

12.617  P 
16.671    J' 

16.692  S- 


'• ;  ■  -.rr<aratusfor  driving  (docks. 

Wireless  telefraph  receivers. 
,  Oft  for  electric  incandesccn  t 
&  Electric  Co.  &  Ward-Milief.    Crystal  d«tecto«. 

•on  with  printing  inschinaE. 


R»v  CA»tB  h  CcNSTSUcnoN  Co.     Wmdin?  drums  fftr 
■  e. 
17.353  L  rMus  fcr  railways.    (5/5/14.J 

17,946  Si6-c  ••   o..    ii,.,.-.r    A    .  •^p>.    Automatic  selectors  for  telephone  E\-stem8. 
(20/4/1&    Addition  to  23.336/13.) 

1916  SpKCinCATlONC. 


877  BcjMAS.  W.F.J. H.    Method  cf    -  ' 
and  like  vehicles.     (2/5/14.    D: 


"  '--  transmitting  signals  to  railwa> 
n  on  8,199/15.) 
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COMMERCIAL    TOPICS. 


Financial 
Support 
for  Trade  after 
the  War. 


A  committee  has  been  appointed  by  the  Presi- 
dent of  the  Board  of  Trade  to  consider  the  best 
means  of  meeting  the  needs  of  British  firms  after 
the  war  as  regards  financial  facilities  for  trade, 
Ijarticularly  with  reference  to  the  financing  of 
large  overseas  contracts  and  to  prepare  a  detailed  scheme  for  that 
2)urpcse. 

The  committee  will  consist  of  :  Lord  Faringdon  (chairman),  Mr.  B.  P. 
Blackett,  O.B.,  Sir  W.  H.  Clark,  K.C.S.L,  C.M.G.,  Mr.  F.  Dudley  Docker, 
C.B.,  Mr.  Gaspard  Farrer,  Mr.  W.  H.  N.  Goschen,  Right  Hon.  F.  Huth 
Jackson,  Mr.  Walter  Leaf,  Hon.  A.  Mills,  Mr.  J.  H.  Simpson,  and  Mr.  R. 
Vasf:ar-Smith.  Mr.  Hartley  Withers  will  act  as  secretary  to  the  com- 
mittee. 

*  *  *  * 


Hydro-Electrics 
Within  the  Empire. 


In  an  article  under  the  signature  of  "An 
Engineering  Correspondent,"  "  The  Times  " 
Engineei'ing  Supplement  makes  an  appeal  for 
the  organisation  of  an  industry  of  hydro-electric  engineers.  The 
arguments  advanced  are  quite  sound,  and  they  represent  a  powerful 
case  for  the  immediate  foundation  of  a  school  of  British  hydro-electric 
engineering.  This  important  section  of  electrical  engineering  has 
been  allowed  to  drift  into  the  hands  of  Continental  and  American 
firms  because  there  is  no  great  scope  for  hydro-electric  development 
in  these  islands  ;  the  claims  of  the  colonies  and  dependencies  have 
been  overlooked.  Our  contemporary  urges  that  as  the  electrical 
industry  is  the  chief  benefactor  by  hj'dro- electric  develojiments  it 
should  act  as  "  foster  parents  "  to  educate  young  British  engineers 
in  these  subjects.  The  contention  that  there  is  no  market  for  such 
engineers  is  readily  disposed  of  by  a  recita.l  of  the  countries  in  which 
large  quantities  of  natural  power  resources  remain  untapped.  These 
are  New  Zealand,  Burma,  the  Malay  States,  India,  Egypt,  Africa, 
Australia  and  Canada.  In  several  of  these  countries  the  water- 
power  resources  have  not  3-et  been  estimated  ;  there  would,  therefore, 
be,  within  the  Empire,  enormous  scope  for  development  for  many 
years  tj  come.  It  is  further  suggested  that  British  hydro-electric 
engineers  will  be  welcome  in  Europe  in  the  countries  of  our  Allies, 
Russia,  France,  Spain  and  Italy.  We  hope  that  the  commercial  and 
industrial  significance  of  Imperial  hydro-electrics  will  be  recognised 
and  some  efficient  scheme  put  into  practice  for  the  training  of  the 
many  men  to  Avhom  this  work  would  prove  fascinating  and  of  profit 
to  the]  Empire  and  themselves.  British  engineers,  belittled 
as  they  too  often  are,  can  do  work  equal  to  that  of  the 
Americans  and  the  Swiss  in  this  field  of  enterprise,  and  the  Empire 
presents  magnificent  opjrartunities  for  the  doing  of  it.  As  our 
contemporary  puts  it,  "  the  allied  trades  should  combine  and  co- 
operate as  retards  education,  manufacture  and  finance." 

*         *         *         * 

Coal  an  1  Cnkc      ^"  June  27  His  Majesty  in  Council  amended 

g       ..  the  Defence  of  the   Realm    Regulations,  1914, 

by  including  after  Regulation  2c  the  following  : 

"  2D  :  It  .''hall  be  la\vful  for  the  Admiralty,  or  Army  Council  or  the 
Ministry  of  Munitions,  or  any  person  authorised  by  them  to  give  direc- 
tions as  to  priority  in  the execution  of  orders  or  contracts  for  the  supply 
of  coal  or  coke "     In  Regulation  19,  after  the  words  "v/ithout 


the  jxirnrssion  of  the  competent  naval  ( r-miiitary  authority,"  there  shall 
be  inserted  the  v/ord.s  "  or  the  Ministry  of  MuniLioi:s.  ' 

*  *  *         * 

Controllpd  ^*  ^^  announced  that  the  Minister  of  Munitions 

Fcfahlichmonfc       '^^^  made  furtha-  orders  under  the  3Iunitions  of 
Jisiaoiisnmenis.     ,^^^  j^^^^  ^^^^^  ^^.^.^^  3.^,,  additional,  establish- 
ments  have   been   declared   controlled  establi.-;hmenis.     The  total 
number  of  controlled  establishments  is  now  3,9 Ifj. 

*         *         *         * 

„  ,      .  ^.  It  was  reported  in  the  House  of  Commons  on 

bale  01  bnares        Monday  that  shares  and  debentures  held   by 

p  y  enemies  in   British   companies  of  the  nominal 

tompanies.  ^,^^^^  ^^  £1,300,000  had   been  vested   by  the 

Board  of  Trade  in  the  Public  Trustee  for  the  purpose  of  sale.     Tiie 

sale  of  shares  of  the  nominal  value  of  £102,000  had  been  completed, 

;md  negotiations  for  the  sale  of  the  remainder  were  proceeding. 

Those  shares  had  been  sold  by  private  treaty,  and  on  the  Stock 

Exchange  in  cases  where  there  was  a  quotation.     In  several  pending 

cases  the  shares  were  being  put  up  for  sale  by  public  auction. 

*  *         *         *  "^ij. 

By  a  Roval  Proclamation  the  following  articles 
f  W      ^^  have  beeii  added  to  the  list  of  those  which  duruig 

01  war.  ^j^g  continuance  of  the  war  wiU  be  treated  as 

absolute  contraband : — 

Electric  appHances  adapted  for  u;;o  in  war  and  their  component  parts  ; 
asphalt,  bitumen,  pitch  and  tar  ;  sensitised  photograpliic  films,  plates 
and  paper  ;  felspar,  goldbeaters'  skin,  talc,  bamboo. 

*  *  *  * 

United  States        Statistics  01  the  foreign  commerce  of  the  United 
Trade  with  States  for  the  j^ar  1915  have  been  i.s.sued  and 

South  America,  show,  as  might  have  been  expected,  a  con- 
siderable expansion  in  the  export  trade  with  the  South  American 
Republics. 

The  following  figiu-es  for  the  years  IQ^^S  ar.d  1013  illustrate  the  growth 
of  British  and  American  exports  to  certain  countries  of  South  and  Central 
America  : — 

Exports  of  the  Uxited  Kingdom. 
Countries.  1903.  1913.  Increase. 

Argentina £8,C02,189      £23,437.343      £14.835,154 

Chile 3,332,131  H,3(i0,322  3,037,191 

Brazil 5,830,305         13.021,097  7.1S4,792 

Peru 1,091,420  1, 591, 3(i3  499,943 

Mexico 1,998,510  2,498,199  499,(383 

Cuba  1,994,497  3,000,070  1,005,573 

Exports  of  the  United  States. 

Argentina £2,854,355  £11.000,000  £8.145.')45 

Brazil 2,100,000  7,980,000  5.SS0.1XX) 

t'hilc 870,345  3.323,400  2.447.055- 

Peru   095,000  L.ViLSOO  820.800 

Mexico   8,700,000  9,010,000  910,000 

Cuba  4,70:^,000  14,047,705  9,947,705 

In  the  case  of  Cuba  it  must  be  borne  in  mind  that  .«incc  the  American 
intervention  a  preferential  tariff,  ranging  from  20  to  40  per  cent.,  has  been 
granted  to  American  imports.  It  will  be  seen  Ihat  the  percentage 
increase  of  American  exports  is  very  much  greater  than  in  the  case  of  the- 
British.  In  view  of  the  commercial  impoi-tance  of  South  America,  and 
of  the  comparatively  undeveloped  state  of  many  of  the  countries  it  would 
be  well-  -nay,  we  think  it  highly  desirable— for  the  Covernment  toappoint 
special  commercial  or  Trade  Commissioners  in  all  important  conuuerical 
centres  of  Latin  America.  If  we  desire  to  extend  our  foreign  trade,  to 
.vccure  new  markets,  or  to  maintain  our  position  and  prestige  \n  the  old 
markets,  we  must  take  a  leaf  out  of  our  rivals"  book,  ^^e  must  have 
organisation  at  home  and  abroad,  and  in  regard  to  the  latter  we  look  to 
our  Government  to  give  more  assistance  than  it  has  in  the  past. 

*  *  *     * 

_     ..  ,       .         Sir  Hugh  Bell  delivered  an  interesting  speech 

Capital  and         ^^^  ^^^  National  Economy  Exliibition  on  Tuesday. 

♦if  w^  He  said  that  the  war  had  been  expected  to  pro- 

tne  War.  ^^^^^^  g^.^,^^  distress  among  the  labouring  classes, 

but  bv  reason  of.  stimulating  the  textile  and  metal  trades,  and 

becaus^e  of  the  great  demand  for  men  directly  due  to  the  war,  at  had 

added  to  the  jn-osperitv  of  the  peojilc  of  these  ishuids.        . , 

Previously  to  the  war  a  national  income  of  about  £2,400,000,000  had 
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been  divided  among  the  total  population,  but  divided  veiy  unequally 
and  wc  had  hoped  that  by  taking  part  of  what  now  went  to  the  wealthy 
(•'a.<:SCF,  and  difctributing  it  as  increased  wages,  the  pof5ition  of  the  labour- 
ing  cla::KC-s  could  be  improved.  He  thought  that  hope  was  doomed  to 
disappointment.  There  was  no  pot<sibiiity,  ethically  or  economically,  of 
increasing  the  return  to  labour  by  taking  from  interest  paid  on  capital,  or 
;alarie8  paid  to  higher  claKScs  of  workers.  It  could  only  be  done  by 
increasing  production,  and  bo  increasing  the  total  amount  "to  be  divided. 
Tho  improvement  in  the  position  of  lalcur  had  been  accomph^hed  by 
perpetually  improving  the  appliances  put  into  labour's  hands.  AVhen  he 
began  to  make  pig  iron  the  cost  ef  labour  at  the  furnace  was  about  6s.  a 
ton.  Before  the  war  it  had  fallen  to  a  little  over  3s.,  yet  ever\-  man  was 
paid  wages  fully  twice  as  much  as  at  the  earlier  pericd. "  The  problem  was 
to  get  the  workers  to  consent  to  continually  improved  machinery,  despite 
the  fact  that  it  necessarily  displac-d  labour  wli'-n  fiif  t  introduced. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  June  25,  1916,  to  Juy  1,  1916. 

IMPORTS. 

CooLE.— Sweden  :  Elec.  machinery.  C7  ca:c-;. 

LivEP.rooj..— Spain  :  Elec.  carbons,  IS  caies.    Frar.ce  :  Elec  carbcnj.  80  pkgs. 

LoNDo:--.— i/.5./l..-  Elec.  lam Ds.  £2.349;  teiephcr.e  material,  £163  :  wire  and  cable. 
£439;  u.nenumerated,  £8,945  Holland:  Elec.  kmps,  £5,421—735  pkgs. ;  wire  and 
cable,  £105;  unenumeraled,  £2,138  Japan:  Unenumerated,  £290.  France:  Carbon 
cmdlei,  £522;  elec.  lamps,  £1,414:  unenumerated,  £99—313  pkgs.  Switzerland: 
Unenumerated,  £1,955  Canada:  Unenumerated.  £495.  Spain:  Elec.  machinery, 
£20.    Denmark:  Unenumerated,  £230.     Italy:  Unenumerated,  £13. 

Manchester.— 5;('er/f«  .•  E!ec.  machinery,  7  caje.i. 

EXPORTS. 

To  AvsTFkLhsih.— Auckland :  EV.c.  rr.acj  ir.cr/.  £76:  ur.cn umc-rated,  £519.  Mel' 
hMrne  :  Wire  and  cable,  £56  ;  unenurr.crated.  £367.  Cisborne  Elec.  machinery.  £59- 
Sydney:  Elec.  machinery,  £824  ;  unenumerated.  £361.  Wellington:  Elec.  machinery, 
£75;  elec.  lamp.-,  11,850  no. ;  wire  and  cable,  £202  :  telephone  material,  £382  ;  unenu- 
merated, £1,158.  Cfiristchurch:  Unenumerated.  £140.  Lyttelton :  E'.ec.  machinery, 
£78;  unenumerated.  £59.  Dunedin :  Elec.  machinery,  £131;  wire  and  cable,  £33: 
unenumerated, £363.  Adelaide:  Unenumeraled, £145.  Hobart:  E!ec.m&chinery,£137: 
unenumerated,  £105.  Brisbane:  Wire  and  cable,  £138;  unenumerated,  £2,610.  Napier: 
Elec.  machinery,  £14  ;  unenumerated,  £48. 

Atrica.— Durban :  Elec.  machinery.  £763;  wire  and  cable,  £25:  unenumerated. 
£150.  Cape  Town:  Elec.  machinery,  £7  :  unenumerated  £128.  Fort  Elizabeth :  Wire 
and  cable,  £29  :  unenumerated,  £251.     Fart  London  :  Unenumerated.  £513. 

Egypt.  —For!  Sudan :  Elec.  machinery,  £47 ;  telegraph  material,  £109. 

Aoeh.— Unenumerated,  £10. 

Indi.\,  Ceylon,  lNDo-CHIN.^  and  Straits  Settlement;.— Bowiay.-  Wire  and  cable, 
£2,701;  elec.  machinery,  £121  ;  unenumerated,  £1.214.  Fcnang  :  Unenumerated,  £1 12 
Singapore:  Elec.  machinery.  £282;  u-.ienumerated.  £49.  Calcutta:  Unenumeraled. 
£94.  Madras:  Unenumerated.  £71.  Colombo:  Unenumerated,  £166.  Saigon:  Elec. 
machinery,  £301.    Port  Swettenham :  Unenumeraled,  £193. 

Ch\ua.— Shanghai:  Elec.  machinerv.  £205 ;  elec.  glow  lampr,  £7,074  nc. ;  unenu- 
merated, £285.  Hong  Kong:  V/ire  and  cable.  £200:  unenumerated,  £496.  Tientsin: 
Elec.  machinery,  £140;  Wire  and  cable,  £14  ;  unenumerated.  £24 

U.S.A.— New  York:  Telecraph  material,  £92  :   unenum.erated,  £240. 

SovTH  AND  Central  AmERicA.-^uencs  Aires :  V/ire  and  cable,  £309  ;  unenumerated 
£712.  Valparaiso:  Unenumerated,  £144.  Tartar:  Elec.  machinery.  £25.  Lima: 
Elec.  machinery,  £290:  unenumerated,  £162.  Arica:  Wire  and  cable,  £213.  Talc- 
chuaus:  Elec.  lamps,  2,000  no.  ;  unenumerated,  £140.  Guayaquil:  Wire  and  cable. 
£403.     Tampico:  Elec.  machinery.  £219. 

Holland.  -Amsterdam :  Wire  and  cable,  £89;  unenumerated,  £160.  Rotterdcm : 
Elec.  machinery,  £76. 

France.— Dieppe:  Unenumerated,  £111. 

Cuba     Unenumerated,  £260 

SvfEDEN.—  Cothenburgh  :   Elec.  machinery.  £31. 

NoRvtAY.— Christiana :  Wire  and  cable,  £250. 

Italy.— C^wa  .■  Elec.  machinery,  £482. 

R\}S-HA.—Fetrograd     Elec.  lamps.  £2,882  ;  ele-..  machinery,  £23  :  unenurr.crated,  £51. 

Japan.-  Yokohama:  Wire  and  caM-.  f,134  ;  unenumerated,  £146. 

FOREIGN   GOODS  (duty  paid  and  free). 

Port  Elizabeth:  Unenumerated,  £58.  Bombay:  Unenumerated,  £52.  Auckland: 
Unenumerated,  £63.  Canary  Islands:  Unenumerated,  £63.  Genoa:  Unenumerated, 
£90.  Singapore:  Unenumerated,  £20.  Wellington:  Elec.  lamps,  3,400  no.;  unenu- 
merated, £659. 

IN    TRANSIT. 

Shanghai:  Elec.  glow  lamp,  £1.414.  Adelaidr :  Elec.  lamp?,  £1.314.  HongKonr: 
Elec.  lamps,  £1,495.    Bawtcy  ■  Uncnumer.ited.  £1 16. 

Note. — Tlie  largo  ninnlxr  of  items  in  the.se  ofTioial returns  under  tho 

misleading   heading    "  unenumerated  "   relato   to  what   is   described   as 

*'  oloctrical  goods  "  and  "  electrical  raatorials." 


LEGAL  INTELLIGENCE. 

Monometer  Manufacturing  Co.  v.  Eieclric  &  Ordnance  Accessories 

Co.  (Ltd.) 

Lai^l  week  ^Ir.  .Muir  .MacKenzie.  (Hlici.il  Hcfcr<e.  concluded  (he 
hearing  of  an  action,  i)art  henrd  at  Hirniinghniu.  in  wiiich  the  Monometer 
Mfg.  Co.  hought  to  recover  from  the  Klectrie  &  Ordnnnei>  Aceesf-orici'  Co. 
(Ltd.)  the  co.-^t  of  certaMi  speiially  <on>trU(t(  d  and  doi^nrd  j»innt,  con- 
sisting of  furnac(  H  for  melting  alnininiuni  .'uid  tithcr  mi-tals.  itc. 

Mr.  Colain.  K.C,  ajijicartd  fur  plaintilTs  and  Mr.  Hugo  Younc,  K.C., 
for  d"fendan(.s. 

By  a  contract  made  in  .Tanunrj'.  1915.  Ix-twren  the  parties.  plaintilTs 
agreed  to  manufactuix*  for  defendants  three  furn.Tces  for  mi'lting  ahi- 
niinium.  each  with  a  nielling  cnpacilA  of  l.tMUt  lb.,  fitted  with  from  eight 
to  10  burners  each,  and  witii  th  •  necessary  parts  for  drawing  off  the  metal 


into  certain  smaller  furnaces,  such  parts  to  consist  of  a  suitable  base  to 
bring  the  outlet  pijx?  over  the  orifice  of  the  smaller  furae-es,  which  had  a 
melting  capacity  of  140  lb.,  so  that  the  metal  might  be  drawn  direct  from 
the  larger  furnace  into  the  smaller.  Plaintiffs  agreed  to  supply  these  for 
£230  each,  Icfs  2i  jxr  cent,  discount,  one  furnace  to  be  deUvered  at  the 
works  within  four  weeks  from  the  date  of  the  contract.  Plaintiffs  also 
agreed  to  supply  12  furnaces,  to  be  used  in  conjunction  with  the  three 
larger  ones,  each  with  a  melting  capacity  of  140  lb.,  without  parts  for 
proving,  but  each  to  have  three  burners  with  a  sjiecially  designed  top. 
Thoice  were  to  be  supplied  for  £52  each,  and  four  of  them  were  to  be 
delivered  within  four  weeks  from  the  date  of  the  contract.  Next  thert 
were  lo  be  two  other  furnaces  to  be  used  in  conjunction  with  the  others 
with  a  capacity  of  140  lb.  each,  to  be  fitted  with  pouring  spouts  and 
valves,  for  which  the  charge  was  to  be  £G2  each.  There  were  also  three 
fumacefj  for  melting  aluminium  swarf,  each  with  a  capacity  of  600  lb., 
fitted  with  water-cooled  chills  for  casting  ingots  of  aluminium,  which 
wei-e  to  be'  supi)licd  complete  for  £248  each.  The  burners  were  to  consume 
only  about  GO  ft.  of  gas  per  burner  per  hour,  and  it  was  also  agreed  that 
all  tho  furnaces  should  be  bricked  with  special  silica  bricks,  to  cut  down 
the  consumption  of  gas  per  l)urner  by  about  40  per  cent,  and  to  reduce 
the  consuni])tion  to  a  point  lower  than  that  of  any  other  system  of 
furnace  heating.  AU  the  furnaces  were  to  Ix"  fitted  with  special  burners 
descrilxd  as  monometer  low-prercure  gas  bumei-s,  monometer  patented 
gas  chamber  and  all  the  latest  improvements. 

Defendants  said  that  the  furnaces  were  not  according  to  contracv,  and 
would  no-  do  the  work  for  which  they  were  required  satisfactorily,  and 
they  counterelaimed  for  damages  and  for  the  return  of  money  paid. 
They  said  that  plaintiffs  contracted  that  the  furnaces  should  Ix?  reasonably 
fit  for  meltinir  aluminium  to  be  cast  in  chilled  moulds  for  fures,  for  pro- 
ducing a  molten  product  of  pure  aluminium,  absolutely  free  from  par- 
ticles of  iron  or  other  foreign  matter,  and  free  from  porosity  and  other 
flaws  and  defects,  and  that  the  pots  forming  part  of  the  plant  should  not 
proeluc-'  .scale,  but  thould  produce  castings  suitable  for  pressing  and 
machining  all  over.  Another  condition  was  that  the  s]x?cificd  number  of 
burners  would  produce  such  a  temixjrature  as  would  be  required  satis- 
factorily to  melt  aluminium  for  the  production  of  castings.  Defendants 
raid  thot  e  conditions  were  not  complied  with  by  the  furnaces  supplied ;  and 
tlu-y  alro  stated  that  they  required  the  furnaces  and  plant  for  melting 
aluminium  for  castings  in  chilled  moulds  for  manufacturing  furcr,  for 
which  manufacture  they  had  ])re])ared  plans  of  a  proposed  new  foimdry 
in  their  factory,  for  an  estimated  output  of  between  50  and  00  tone  of 
casting?  per  week  Defendants  further  alleged  that  tho  dehvcry  was 
not  made  to  time,  and  that  when  delivered  the  furnaces  did  not  work 
sati.'factorily.  and  that  they  were  not  rear  onably  suitable  for  the  work. 

Plaintiffs"  caio  was  completed  at  the  hearing  at  Birmingham,  where 
the  evidcnc?  of  Prf)f.  Arnold  and  other  exix-rt  witncites  was  taken  in 
support  of  ])laintiffs"  contention  that  the  furnaces  were  capable  of  carry-ing 
out  the  work  for  which  they  wore  intended. 

Further  evidence  wa.>  called  for  the  defence  at  the  rcGumed  hearing  in 
London  to  )>rove  that  tho  specified  number  of  burners  did  not  produce 
fuch  a  temperature  a;  was  required  sufficiently  to  melt  the  aluminium 
for  the  castings,  and  that  the  necessary  degree  of  liquidity  could  not  be 
l)roduc?d  with  tho  oniumption  of  gas  indicated,  and  that,  in  fact,  a 
much  larger  consumptiem  of  gas  was  used  in  attempting  to  obtain  the 
li(|uidity. 

Mr.  \\ilinott.  defendantc'  workc-  manager,  was  recalled  and  fuither 
eroes-examincd  by  Mr.  C'oK".m.  when  he  raid  thai  the  scum  in  the  ladhng 
potr,  was  fometimcs  half  an  inch  in  thickners.  The  cold  melal  wa-  put 
in  at  the  top  bs  the  molten  metal  was  drawn  off  at  the  bottom,  and  in 
that  way  tJK-  accumulation  of  scum  might  have  been  assicted.  Ho  had 
all  throujih  comiilaintd  of  the  execfsivc  oxidation.  The  monometer 
f iirna'v  i.  had  In-cn  offend  a.-,  being  ca])able  of  minimising  the  oxidation, 
but  practic"  had  i>rovi.d,  in  his  fi]iinic»n.  that  th^y  del  not.  His  view 
was  that  the  principal  cau'-e  of  oxidation  was  the  long  time  it  took  to 
melt  the  metal.  The  quicker  the  melting  the  lets  (he  oxidation.  The 
average  herting  power  wa;-.  not  sufficient,  and  consequently  they  could 
not  got  their  output.  AVheuh'^  com])lained  plaintiffs  exprcrsed astonish- 
ment, and  m."<l<c  rli'.^n  aUorations.but  titeydid  it  on  their  own  rcsj^onsi- 
bilily.  and  not  in  r.on.'-oquonce  of  any  n'(|uesi  from  liim.  In  making 
(he  contrart  he  wanted  to  get  furnaces  without  compressed  air  or  other 
forced  draught,  and  plaintiffs  reprctented  that  their  furnaces  dd  that. 

In  iv"-exan»inntion  Wi(nt:s  sad  that   to  supply  (he  shops  ho  had  to       ^_ 
have  a  tv'Hn'n  <m(pu(  fr'>m  (ho  foundry,  and  he  wan(<-d  (h^  quickcs(  and       ^H 
lvi<(  way  of  mding  (ho  metal  down  ;    bu(  (hf^  p!a!n(iffs"  furnaces  took  a        ^H 
much  longer  time  (o  get  i(  dnw.i  (hr.n  had  been  r<prcscn(cd.  and  (ha( 
necessarily  aff-et(«l  <lie  ou(]tu(. 

Mr.  Tho.s.  TiUNKR.  profci.'orof  m<lallurpyal  Birmingham  I'nivcn^ity. 
gave  cvidenc  an  to  what  waa  meant  in  (he  (rado  by  tho  term  "alu- 
minium "  and  aluminium  cnstings.  Tho  (enn  '.o  a  <  homis(  would  moan 
,)iiP'  mital.  but  in  the  (rado  it  mean(  an  aluminium  al'oy  con  .sting  of  a 
l>orc<"n(ago  nf  7.inc  or  cojijk  r.  Tiie  melting  fif  ordinaiy  ahiminium  in  an 
iron  pot  wouhl  have  very  li((le  effcc(  upon  (he  pot.  but  in  the  care  of  an 
alloy  of  zinc  (he  iron  ]>ol  would  l>c  affec(cd  by  (he  zinc,  which  would  make  ^ 

a  d's(inc(  cry.  (.^lliicd  compound.    The  zinc  would  fake  up  (he  iron,  which  ; 

was  a«(ack'Ml  \Tr>-  slowly  after  (he  melting  point  of  tlie  zinc  wa:  reached, 
and  f"r  practical  purp<i;-cs  (ho  inm  ]>()(  ceased  (o  \yc  an  iron  ]>o(.  He 
a((ribut<  (I  the  accumulation  of  scum  to  reserve  hca(  or  (o  a  longer  time 
Ix-ing  taken  in  (he  moltinvr.  If  (he  me.al  was  a  l'>na  time  melting  (hero 
wouUl  l>e  ox-dation.  •  The  scum  on  (ho  (op  of  the  ladling  pot  would  affect 
(lie  molten  me(«l  underneath,  liccausc  there  would  Ix'  a  certain  amount 
of  oxidation  distribute  d  Ix-low  any  largo  amount  of  scum,  and  (he  effect 
would  lie  (ha(  (he  cas(inps  would  lie  less  .  our.d  and  harder  (o  machine. 

In  cro.'?-examination   WitncfP  raid  (hat  if  he  .ordTcd  aluminium 
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articles  he  would  expect  to  get  an  alloy,  but  if  he  ordered  aluminium 
from  a  metal  merchant  he  -would  expect  to  get  aluminium  of  99  per  cent, 
puiv.  Sometimes  a  little  ma<rnosium  was  present  in  aluminium  castinfrB 
and  sometimes  he  found  a  little  iron.  Pu.e  aluminium  would  not  attack 
the  pots,  but  when  there  was  a  mixture  of  zinc  with  it  the  zinc  would  do 
so.  Zinc  always  attacked  iron,  and  would  do  so  even  though  there  was 
aluminium  with  it.  It  was  a  common  thing  to  coat  iron  pots,  but  ho 
objected  to  say  what  the  coating  was,  as  it  was  a  secret  process.  It  was 
a  French  secret,  brought  over  by  a  Frenchman.  It  was  in  the  form  of  a 
wash,  and  had  to  be  renewed  from  iimc  to  time.  It  was  largely  compo.-;ed 
of  chalk  or  whiting,  and  was  mixed  with  something  which  made  it  stick. 

(Jther  witnecEcs  said  that  in  consequence  of  the  monometer  plant 
faihng  to  do  its  work  properly  there  was  delay  in  defendants'  output,  and 
they  had  to  place  some  of  their  work  in  other  hands.  One  witncfs  Raid 
that  up  to  the  end  of  July  the  furnaces  produced  1,.300,000  castings, 
which  reprecentcd  about  20  tons  a  week,  instead  of  50  tons  required. 
There  was  necessity  for  a.n  even  larger  output  than  50  tons  required. 

The  Official  Referee,  after  further  evidence  had  been  given  for  the 
defence,  reserved  judgment. 

In  giving  judgment  on  Monday  the  Official  Referee  said  that  there 
were  two  questions  for  consideration.  The  first  v/as  what  were  plaintiff's 
obligations,  and,  secondly,  did  they  fulfil  them  ?  Attracted  by  an  adver- 
tisement, the  plaintiffs  said  they  could  supply  furnances  in  which  the 
■consumption  of  gas  was  less  than  that  of  any  other  furnace,  and  that  they 
would  melt  aluminium  without  compressed  air  or  other  forced  draught. 
Defendants  approached  plaintiffs,  and  as  a  result  entered  into  a  contract 
with  them  to  supply  certain  furnaces  with  certain  melting  capacities, 
&c.,  and  subsequently  defendants  required  certain  alterations,  and  made 
arrangements  with  plaintiffs.  Defendants  contended  that  it  was  part 
of  the  contractual  obligations  of  the  plaintiffs,  first,  that  the  fm'naces 
should  be  capable  of  securing  an  output  of  from  50  to  CO  tons  a  week, 
and,  secondly,  that  the  small  furnaces  would  produce  castings  free  from 
flav.s  and  other  defects,  and  that  they  should  be  fit  for  melting  aluminium 
with  copper.  It  v/as  clear  that  notwithstanding  the  written  contract, 
the  additional  obligations  contended  for  could  have  been  made  binding 
upon  plaintiffs  by  verbal  understanding.  Plaintiffs  undoubtedly  knew 
that  the  furnaces  were  required  for  tm'ning  out  with  rapidity  castings 
for  fuses,  and  that  the  metal  to  be  used  would  contain  a  mixture  of  zinc, 
but  he  could  not  fin  dthat  plaintiffs  entered  into  anj^  obligation  with  respect 
to  the  fm'naces  beyond  those  expressed  in  the  contract,  and  the  question 
was  whether  plaintiffs  had  made  default  in  regard  to  those  obligations. 
One  cause  of  complaint  was  that  the  large  furnaces  did  not  provide  suffi- 
cient ootput  to  feed  the  smaller  furnaces,  and  that  the  iron  pots  were 
defective.  As  regards  the  large  furnaces,  the  complaint  was  that  the 
defendants  did  not  get  the  quantity  of  molten  metal  required,  but 
plaintiffs  had  not  entered  into  any  legal  obligation  that  they  should  do  so. 
The  main  cause  of  the  trouble  in  the  smaller  furnaces  was  due  to  the  mix- 
ture of  other  metals  with  the  aluminium.  Plaintiffs  did  not  undertake 
that  their  iron  pots  would  not  be  subject  to  damage  by  alloys  being  melted 
in  them.  He,  therefore,  found  and  decided  against  defendants  on  the 
main  issue.  Plaintiffs  were  not  in  default.  Plaintiffs'  claim  included  a 
large  sum  for  extra  work  done,  and  defendants  admitted  that  they 
ordered  part  of  the  work,  claimed  for.  As  regards  nearly  all  of  the  items 
■claimed  for  he  decided  in  favour  of  defendants,  who  were  not  liable  for 
additional  work  unless  it  had  been  ordered  by  them.  The  person  who 
had  contracted  to  have  things  done  for  a  certain  sum  was  entitled  to 
i'.esist  all  claims  outside  the  contract.  He  decided  that  the  extra  items, 
which  in  the  aggregate  amounted  to  £648,  should  be  struck  out.  There 
would  be  judgment  for  plaintiffs  for  £1,723.  10s.  3d.  on  the  claim  and  the 
counterclaim  would  be  dismissed.  As  to  the  costs,  he  ordered  that  the 
defendants  should  pay  foiu--fifths  of  the  taxed  costs. 


;  Daimler  Co,  v.  Continental  Tyre  &  Rubber  Co. 

On  Friday  last  the  House  of  Loids  (Lords  Halsbuiy,  Mersey,  Kinnear, 
Atkinson,  Shaw  of  Dunfcrmhne,  Parker  of  Waddington,  Sumner  and 
Parmoor)  delivered  judgment  in  this  appeal  from  a  decision  of  the  Court 
of  Appeal.  The  question  was  whether  respondent  company,  which  was 
registered  in  England,  but  was  composed  (with  one  exception)  entirely  of 
German  shareholders,  had  a  right  to  maintain  an  action  during  the  war  to 
recover  a  trade  debt  due  from  appellants. 

The  Continental  Co.  sold  in  England  motor-car  tyres  manufactured  by 
a  German  company,  who  held  the  bulk  of  the  shares  in  the  Enghsh  com- 
pany. Of  the  four  directors  of  the  latter  company,  three  were  resident 
in  Germany  and  the  fourth  left  England  immediately  after  the  outbreak 
of  the  war.  The  only  Enghsh  shareholder  was  the  secretary  (Mr.  Woltcr), 
who  was  born  in  Germany,  but  became  a  naturalised  British  subject,  and 
his  interest  in  the  company  consisted  of  one  £1  s-hare. 

Appellants  applied  for  unconditional  leave  to  defend  the  action  on  the 
grounds  that  (1)  the  company  was  in  fact  an  ahen  company  with  whom 
it  was  illegal  (apart  from  a  hcence  from  the  Crown)  to  hold  any  com- 
mercial intercourse,  wliich  included  payment  of  money  for  a  trade  debt ; 
and  (2)  that  the  secretary  had  no  power  either  to  authorise  the  company's 
sohcitors  to  issue  the  writ  in  the  action  or  to  give  a  receipt  for  the  money 
when  recovered.  The  Master  gave  leave  to  respondents  to  sign  judg- 
ment, and  his  order  was  affirmed  by  Mr.  Justice  Scrutton  in  chambers, 
and  afterwards  by  the  Court  of  Appeal,  Lord  Justice  Buckley  (now  Lord 
Wrenbury)  dissenting.  Their  lordships  heard  the  arguments  on  the  ap- 
peal in  February  last,  and  judgment  was  reserved. 

In  dehvering  judgment,  Lord  Halsbury  said  he  was  of  opinion  that 
the  judgment  should  be  reversed.  The  whole  discussion  was  solved  by  a 
very  simple  proposition  that  by  the  law  of  England  when  the  object  to  be 
■attained  was  unlawful,  the  indirectness  of  the  means  by  which  it  was  to 


be  attained  would  not  get  rid  of  the  unlawfulnesH,  and  in  that  action  the 
object  of  the  means  adopted  wa;)  to  enable  thou:<and«  of  y>ound»  to  be 
paid  to  the  King's  enemies.  They  were  all  f;erman.-j  originally,  though 
one  afterwards  became  a  naturali.sed  Enjrli.shman.  It  HC-emcd  to  hi3 
Lordship  that  the  question  Ijecame  ver>'  jdain  when  one  applied  th'i 
language  of  the  law  to  the  condition  of  things  when  war  was  declared. 
They  could  neither  meet  here,  nor  could  they  authorise  any  agent  to  meet 
on  any  company  businens.  They  could  neither  trade  with  the  subjects 
of  this  countrj-,  nor  could  any  British  subject  trade  with  them.  The 
absence  of  the  authority  to  issue  the  writ  was  only  a  part  of  the  larger 
question.  No  one  had  authority  to  issue  a  writ  on  behalf  of  an  alien 
enemj  because  he  had  no  right  himself  to  sue  in  the  Courts  of  a  King  with 
whom  his  own  Sovereign  was  at  war.  No  person,  or  any  Ixniy  of  persons, 
to  whom  attached  the  disabihty  of  suing  in  such  circumstances  could  have 
authority.  The  Lord  Chief  Justice  said  that  the  company  wa.-.  a  live 
thing.  If  it  were,  it  would  be  capable  of  loyalty  and  disloyalty.  But  it 
was  not ;  and  the  argument  of  its  being  ineajiable  of  Ix-ing  loyal  or  dis- 
loyal was  founded  on  its  not  being  "  a  li  >-e  thing.'' 

'  Lord  Atkixsox,  who  dehvered  an  exliauotive  judgment,  was  of  opinion 
that  the  appeal  should  be  allowed,  on  the  ground  that  the  secretary  had 
no  authority  to  issue  the  writ  and  commence  the  action.  On  the  main 
point  he  expressed  no  opinion,  but  he  regretted  that  appellants  were  not 
permitted  to  defend,  so  that  all  the  facts  might  have  been  elicited,  and  it 
could  be  determined  whether  respondent  company  resided  and  traded  in 
Germany  or  not. 

Lord  Shaw  of  Dunfermlfse  agreed  with  the  view  of  the  Court  of 
Appeal  on  the  main  point,  but  differed  from  them  on  the  question  of  the 
secretary's  authority. 

Lord  Parker  of  Waddington  (in  whose  judgment  Lord  Mersey  and 
Lord  Kinnear  concurred)  stated  that  the  judgment  which  he  was  about  to 
read  had  been  prepared  with  the  assistance  and  collaboration  of  Lord 
Sumner,  who  authorised  him  to  say  that  he  agreed  with  it.  \Mien  the 
action  was  instituted  aU  the  directors  of  plaintiff  company  were  Germans 
resident  in  Germany.  In  other  words,  they  were  the  King's  enemies, 
and  as  such  incapable  of  exercising  any  C)f  the  powers  vested  in  them  as 
directors  of  a  company  incorporated  in  the  United  Kingdom.  They  were 
incapable,  therefore,  of  authorising  the  institution  of  that  action.  The 
contention  that  the  secretary  could  authorise  such  institution  was  im- 
tenable.  The  resolution  by  which  he  was  appointed  secretary  would 
confer  on  bim  such  powers  only  as  were  incident  to  the  peiformance  of 
his  secretarial  dufes.  It  was  true  that  the  directors  might  by  a  proper 
resolution  in  that  behaH  have  conferred  on  him  a  power  to  authorise  the 
institution  of  proceedings  in  the  company's  name,  but  they  did  not  do  so. 
It  followed  that  the  action  was  instituted  -vvithcut  authority  from  the 
company,  and  in  his  opinion  the  Court  (having  notice  of  the  fact)  shoidd 
have  refused  relief.  It  was  true  that  a  ciuestion  whether  plaintiff's 
sohcitor  had  or  had  not  been  validly  retained  was  in  general  brought 
before  the  Court  by  motion  to  which  the  sohcitor  was  made  a  party. 
But  when  the  Court  in  the  course  of  an  action  be  came  awai-e  that  plaintiff 
was  incapable  of  giving  any  retainer  at  all  it  ought  not  to  allow  the 
action  to  proceed.  It  clearly  would  not  do  so  in  the  case  of  an  infant 
plaintiff,  and  he  cordd  see  no  chft'erence  in  principle  between  the  case  of  an 
infant  and  the  case  of  a  company  which  had  no  directors  or  other  officers 
capable  of  giving  instructions  for  the  institution  of  legal  proceedings. 
This  was  more  especially  so  when,  by  reason  of  all  the  shai-eholdcrs  (with 
one  exception)  being  the  King's  enemies,  no  agent  or  officer  capable  of 
giving  such  instructions  could  be  vahdiy  appointed.  It  was  suggested 
that  the  secrctarv,  being  the  only  shareholder  who  was  not  an  enemy, 
could  in  some  way  or  other  call  and  hold  a  meeting  of  the  company  at 
which  he  might  appoint  himself  to  be  a  dii-ector  or  agent  of  the  conipany 
with  such  powers  as  he  might  think  fit.  He  had  not  attempted  to  do  so, 
and  after  a  careful  examination  of  the  articles  he  thought  it  reasonably 
clear  that  anv  such  attempt  would  fail.  Further,  it  was  quite  clear  that 
the  articles  of  association  of  the  company  d'd  not  contemplate  or  pi  Jv.de 
for  the  continuance  of  the  company's  trading  without  any  dii-ectoi;s  at  all, 
nor  was  a  secretary  of  a  companv  an  official  who  virlute  o^cn  could 
manage  all  its  affairs,  with  or  without  the  help  of  servants,  in  the  absence 
of  a  regular  directorate.  In  those  circumstances  it  was  unneeecsary  to 
consider  whether  a  company  incorporated  in  the  United  Kingdom  eould 
under  anv  and  what  circumr-tances  be  an  e:\-'my  or  a;>ume  an  ^n^niy 
character'  The  question  had,  however,  been  so  elaborately  argued  that 
it  would  not  be  right  to  ignore  it.  He  re^-iewcd  at  some  Ic ngth  the  Eng- 
lish and  American  authorities  upon  what  constituted  an  enemy  company . 
and  then  said  the  truth  was  that  conr-iderations  which  governed  civil 
liability  and  rights  of  property  in  time  of  peace  dift'.nd  radioaily  Jrom 
those  which  gos-erned  encniv  character  in  time  of  war. 


Joint"  stock 


enterprise  and  English  legislation  and  decisions  abenit  it  had  developca 
mainly  since  this  country  was  last  engaged  in  a  great  EuroiH^«n  rT"  Vnt 
had  taken  little  (if  anv)  account  of  warlike  conditions.  1  he  .di  al  ot  ]um 
stock  enterprise,  that  with  limited  liability,  the  nioi-e  unhmited  tlu  trai- 
ing  the  better,  was  an  ideal  of  profound  peace.  The  lule  against  trading 
with  the  enemv  was  a  belliaci-enfs  weapon  of  ^•'^-P'^'^^f/^^":  „^^ 
thousht  that  it  had  to  be  applied  to  mcdern  circumstanc-. s  as  t  uj  louna 
theurand  not  limited  to  the  apphcations  of  long  ago.  with  as  httk  m.ire 
to  cut  it  down  on  the  one  hand  as  to  extend  it  on  the  other  ^^^ y^^^  j;  «^ 
those  circumstances  required.  Though  it  had  been  saxl  by  high  autho- 
ritv  to  aim  at  curtaihng  the  commercial  resources  ^f*!^*^f"^"';^ ';,;;.„; 
according  to  other  and  older  authorities,  the  wider  object  ^fPC^^lP^'^f 
unregulated  intercourse  with  the  enemy  altogether.  Through  the  Rojai 
Licence,  wliich  vahdatcd  such  intercourse  and  such  ^^ade.  the>  were 
brought  under  necessary  control.  Without  such  control  ^^''^Xr^^C 
bidden.  To  Ills  mind  the  rule  would  be  deprived  of  is  ^"^*t«  f 'f}.  ^"t^^^^ 
fication  and  be  reduced  to  a  barren  canon,  if  it  were  held,  in  circumstances 
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-uch  as  thofp,  that  it  had  no  application  V,y  reason  of  the  mere  fact  that 
the  company  was  rcgiytcrcd  in  hondi.n.  Having  regaid  to  the  foregoing 
(Onsidtration;?,  he  thought  that  the  ]r,w  en  the  subject  might  be  hum- 
mari'.cd  in  the  following  propositionis  -. — 

1.  A  company  incorporated  in  the  United  Kingdom  i3  a  legal  entity,  a 
creation  of  law  with  the  status  and  capacity  which  the  law  confers.  It  i:; 
not  a  natural  person  with  mind  or  contcience.  "  It  can  be  neither  loyal 
nor  disloyal.     It  can  bo  neither  friend  nor  enemy.'' 

2.  Such  a  company  can  only  act  through  agent:;  properly  authoriL.ed. 
and  so  long  as  ib  is  carrying  on  busincf-.s  in  this  countiy  through  agents  to 
a,uthorihed  and  residing  in  this  or  a  friendly  countiy  it  is  prim  a  facie  to 
bo  regarded  as  a  friend,  and  all  his  Majesty's  lieges  may  deal  with  it  aa 
such. 

.3.  Such  a  company  may,  however,  assume  an  enemy  character.  This 
will  be  the  case  if  its  agents  or  the  porbons  in  ih'  Jacto  control  of  its  affairn, 
whether  authorised  or  not,  are  resident  in  an  enemy  countiy,  or,  wherevc  r 
lesident,  are  adhering  to  the  enemy  or  taking  instiuctions  from  or  acting 
under  the  control  of  enemies.  A  jjer  on  knowingly  dealing  with  the  com- 
])any  in  such  a  case  irs  trading  with  the  enemy. 

-i.  The  character  of  inelividual  shareholders  cannot  of  it.elf  affect  the 
character  of  the  company.  The  enemy  character  of  individual  .harc- 
holdeiii  and  the^r  conduct  may,  however,  be  very  material  on  the  quec 
tion  whether  the  company's  agents,  or  the  perrons  in  de  facto  control  of 
its  affairs,  are  in  fact  adhering  to,  taking  instructions  from,  or  acting 
under  the  control  of  enemies.  This  materiality  will  vaiy  with  the  num- 
ber erf  shareholders  who  are  e  neniics  anel  the  vaiue  «f  their  holelings.  The 
fact,  if  it  be  the  fact,  that  after  eliminating  the  enemy  s-hareholders  the 
number  of  shareholders  remaining  i--  in  ufficient  for  the  jmrpcre  of  holel- 
ing  meetings  of  the  company  er  apjiointing  directors  or  other  officers, 
may  well  raise  a  iirei.umpticn  in  that  resjicct.  Yw  example,  n  the  pre- 
sent caro,  even  if  the  iceretaiy  l-ad  been  fully  authori;ed  to  manage  the 
affairs  of  the  company  and  to  intjtitute  legal  ])rccccdings  on  its  lehaif, 
the  fact  that  he  held  one  i  hare  only  out  of  25,000  t  liares,  and  was  the  only 
shareholder  who  was  not  an  enemy,  might  well  throw  on  the  company 
the  onus  of  proving  that  ho  war;  not  acting  under  the  contiol  of,  taking 
his  instructiimt!  fiom,  or  adhering  to  the  King';  enemies  in  such  manner 
as  to  impose  an  e-neniy  character  on  the  conijiany  it>elf.  It  was  an 
<t  fortiori  case  when  the  :  ecretary  wan  without  authoriiy  and  necessarily' 
elependcd  for  the  validity  of  all  he  did  on  the  subsequent  ratification  of 
enemy  shareholdei-s.  The  circumstances  of  the  present  case  were,  therefore, 
such  as  rce(uired  close  investigation  and  prcclud  d  the  propriety  of  giving 
leave  to  sign  judgment  uneler  Order  xiv. 

o.  In  a  !  imilar  way  a  comjinny  registered  in  the  United  Kingdom,  but 
( arrv'ing  on  business  in  a  neutral  country  through  agents  ])roperly 
authorised  and  resident  here  or  in  the  neutral  country  is  prima  facie  to  be 
regarded  as  a  friend,  but  may,  through  its  agents,  or  ])ersons  in  de  facto 
control  of  its  affairs,  assume  an  c  nerny  thara(;tcr. 

0.  A  company  registered  in  the  United  K  ngdoni  but  carrying  en  busi- 
ness in  an  enemy  country  is  to  be  regarded  as  an  enemy. 

The  foregoing  propositions  were  not  only  consistent  with  the  authcri- 
ties  cited  in  argument,  and  in  partii  ular  v^ith  .lamen  v.  Driefontein  Con- 
solidated .Mines,  but  they  had,  he  lIuMiL'ht,  the  advantage  of  affording 
convenient  and  intelligible  guidance  to  tlK>  public  t  n  f|uestion8  of  trading 
with  the  enemy.  It  would  be  a  misfortnu"  if  the  law  were  mii  h  that 
(luring  w.ir  every  erne  pro|)0;.ing  to  dm!  with  a  British  company  had  to 
examine  the  c  liaracter  of  it  <  shareholders  and  decide  whether  the  number 
of  the  en(!iny  shareholders  coupied  with  the  value  of  their  holdings  was 
such  as  to  impose  an  enemy  character  on  the  company  ittelf.  It  would  be 
still  more  unfortunate  if  that  qucition  were  a  que:  tion  for  the  jury  in 
each  ]>articular  ca:  e.  No  one  con.'d  n-.ainia'n  that  a  f:(.m])any  had 
assumed  an  cnctny  character  merely  Ixcau.  e  it  had  a  few  enemy  .  hare- 
holders.  It  might  possibly  be  contended  that  it  assumed  an  enemy 
character  when  itn  enemy  shareholders  amounted  to.  :-ay,  one-half  or 
three-fifthn  or  five-oighths  of  the  whole,  but  how  if  the  oiie-half,  ihree- 
fifths  or  fivf-cighthn  held  only  rme-sixth,  one. fifth  <>r  tJiie-quarter  of  the 
shares  V  The  IiCgi:.|aturc  might,  but  no  Court  eimld.  jio-^ibly  lay  down 
a  hard-and-fast  rule,  and  if  no  su<li  rule  w<  re  laid  down  how  c(.iild  any 
one  ])rO|)f>sing  t"  d>  ij  with  the  ( ompany  aio?rtain  whether  he  was  or  was 
not  prope)sing  to  deal  with  the  eiu  my  ?  It  had  b(  (  n  siigcestrd  n  argu- 
ment that  act:}  otherwi.e  lawful  might  1k'  rendered  unlawful  by  the  fa(  t 
that  they  might  tend  to  the  eiiri(  hnuiil  i.f  the  ( lie  my  wlu  n  the  wnr  was 
over.  He  (iitiroly  di:  rente  (I  from  that  vie  w.  He  :hw  110  u  asf>n  wliv  1' 
company  should  not  trade  mii  'iy  Ik  tniii  (m  ncmy  !-lmreholtlers  might  aftt  r 
the  war  be<  omc  (  nliti  d  io  their  pro|.ershaix' of  the  profitsoft uch  trading. 
It  would  be  lamentable  if  the  iiade  of  this  country  wei-c  fetteird.  busi- 
nesses shui  down,  or  money  allowed  to  lenia'n  idi(«  in  order  to  juvve  nt  nnv 
possible  benefit  acciuing  thereby  to  (iiem  e^  after  jieaoe.  The  |  nhibi- 
tion  against  doing  anything  for  the  b  ncfit  t.f  an  cut  my 'ontcmplated 
his  lieiietit  during  the  war  and  not  IIk'  po.  Mbl<>  advantage  h<'  ni'^ht  ^ain 
when  peac  •  came.  The  attii  11  was  altogetluT  irregular  and  should  I.e« 
struck  oui,  all  orders  made  therein  being.  (.■'  course,  diseharged.  Hut 
there  was  no  one  Ik  foi-e  the  Hfiu'  e  who  could  \w  made  liable  f(.r  co-  »s  or 
who  (Ould  be  oiderrd  to  replae^^  in  Court  tb  •  mom  vh  1  ni<l  (  ut  to  th'- 
tecretary.     Tlu  re  could,  tlieivfoiv,  be  no  oidi  ras  to  co.sts. 

Lord  Pahmodk  d  A\\~  icd  a  eparato  judgnu  nt.  agreeing  with  the  con- 
clusions of  Lord  Shaw  of  Dnnfcrndinc 


EDUCATIONAL. 


University  of  Liverpool. — In  the  F^.oulty  of  Engineering  there  aro 
full  courte;j  in  jiieehanical,  civil  i.:id  electrical  engineering,  naval 
architecture  and  marine  engineering,  ma-tl.ems-tics,  physics,  chemi.stry, 
&c.  Particulars  of  the  entrance  examination,  prospectus  of  the 
Faculty,  &e.,  may  be  obtamed  from  Registrar,  Mr.  Edward  Carey. 

Manchester  School  of  Technology.— The  se.ssion  1916-17  will  open 
en  October  oth,  and  the  matriculation  and  entrance  examinations 
wiU  le  held  in  July  and  SeptemLe  ■.  In  the  Faculty  of  Teclmologv- 
there  are  comjjlete  courses  of  instn:ction  in  mechanical,  electrical 
and  Fanitary  engineering,  the  chemical  and  textile  industries,  minin'g, 
architecture,  &c.  First  year  cour.^es  %vill  he  specially  adapted  to  the 
requirements  of  students  who  ma\-  wish  to  take  commissions  in  H.M. 
Forces.  Prosi:ectuf:es  (free)  and  particulars  will  be  forwarded  on 
application. 

City  and  Guilds  Technical  College,  Finsbury. — The  training  at  this 
College  i.s  i'-dajjted  to  the  needs  of  \arious  students,  including  pupils 
rJjove  15  from  secondary!  chools,  who  ele.-iire  a  practical  and  scientific 
training  bearing  upon  their  future  industry  or  profession,  and  young 
n^c-n  who  having  jtreviously  served  a  jnipilage  or  a})prenticeship  in 
works  desire  a  inoic  systematic  training  in  engiireering  and  applied 
chemistry.  The  College  has  well-eciuipi>ed  laboratories  and  work- 
shops for  practical  work.  Tne  entrance  examination  will  be  held  on 
S'ejit.  19.  Further  jiarticulars,  sylLibutes  of  instruction,  &c., 
ina\-  be  obtained  from  the  Registrar  of  the  College,  Leonard-street^ 
Finsbury,  London,  E.C. 


Farnham  Electric  Lighting  (Extension)  Order,  1914.— Ti.o  Boartl 
of  lra;lc  has  cxtrMdeel  for  one  viwr  from  .lul\  .'51  the  porieids  of  two 
years  and  18  months,  respccti\-ciy  mentioned  in  see.  2]  of  thes'heciulo 
tx>  the  i:i(>c(rie  Lighting  Clauses  Act.  1899.  and  ineorpornted  in  tho 
ivbove  order. 


BUSINESS  NOTICES. 

The  General  Electric  Co.  (Ltd.),  of  London  and  Witton,  Birming- 
ham, &c.,  advi;e  us  that  the  address  of  their  Cork  branch  (from 
whence  all  order;  from  the  South  of  Irclfind  a-re  attended  to)  has  been 
altered  to  Xo.  76,  Grand  Parade. 

Messrs.  Waygood  Otis  (Ltd.),  Fa'.mouth-road,  S.E.,  have  made 
arrangements  with  the  liquicbitor  of  the  Ea^ton  Lift  Co.  (Ltd.)  for 
the  acquisition  of  the  goodwill,  patents,  patterns,  stock,  spare  parts 
and  work  in  jirogress,  and  they  will  carry  out  all  pending  contracts,. 
&c.,  of  the  Easton  Co. 

Tne  business  of  ]mblicity  expert  and  advertising  contractor  carried 
on  by  Mr.  A,  J.  (Jreenly  will  in  future  be  carried  on  by  Messrs.  A.  J. 
Greenly  &  Co.  Additional  offices  at  37  and  38,  Strand,  W.C,  have 
been  taken  for  the  incrcaiied  staff. 

It  is  announced  tliat  a  qualified  elcctrie^l  engineer  and  a  meehanical 
engineer  ai-e  retained  by  the  (inn,  who  have  reeeiuly  fceurcd  the  .'^:-r\-:ees 
of  an  adveitieing  man  well  kne)wn  in  tlu-  electrical  and  motoring  industry. 

^le-ssrs.  J.  H.  Heathnian  &  Co.,  of  Parson's  Green.  Fulham.  have 
opened  extensive  showTooms  for  their  ladders,  trestles,  steps,  trolleys, 
trucks  and  barrows,  as  well  as  portable  telescopie-  scaffolds,  at  35, 
Aldersgate-street,  E.C..  where  their  manufactures  can  be  inspected 
in  the  City  of  I»ndon. 

Ti;c  jiartnersliip  between  Ethel  Mary  Downes  anel  Fredk.  \V. 
Jackson  (executors  of  Hcrbt.  Laidlaw  Jackson,  deceaseel)  and 
Perciva!  Leonarel  Davies  (surviving  partner),  electrical  engineers. 
&c..  1  &  3.  Stanley-street.  Liverpool.  ;'.:)d  78.  King-street,  Manilie.-^ter. 
has  been  dissolved  by  the  death  of  Herbt.  L.  Jackson.  Debts  by 
.Mr.  Davics.  who  continues  as  Dcnvnes  <^  Davies. 

Plant  for  Sale.  -Messrs.  Iliffe  &  Sons.  Ltd..  19.  Hertford -street, 
Coventry,  advertise  for  sale  a  4(K)  amp.  elynamo.  switchboard. -k^h.p- 

(I.e.  motor.  \"c. 

Water  Power  for  Sale.  -  .\n  advertiser  has  for  dis]x»sal  water  jwwer 
(up  to  I'.'o.tKMi  ii.r  1  in  Western  Norway. 

Patent  Development.— The  ]iroprietor8  of  jiatents  Xos.  15,951  191i 
and  lo.8ii8  l;t|4.  for  "  lni|irovpnients  in  safety  devices  for  eleetrie 
eondiirtors  "  .vnd  "  Imj)rovements  in  and  relating  to  elee-trical 
condensen*  and  a  process  of  manufacture  thereof,"  desire  to  enter  into 
arranpemonts  for  exphnting  same  in  this.country.  Particulars  from 
•Messrs.  Hasfltine,  Lake  A:  Co.,  Patent  Agent*!,  28,  Southauiptem- 
buildings.  Chancery-lane.  London,  W.C. 

LIQUIDATIONS,  BANKRUPTCIES.  &c. 

\  meeting  of  creditors  of  the  Xaylor  Rettery  Co.  (Ltd.)  will  be 
i.eld  oil  July  13  at  tie  nienbeitn  Room.  Hotel  Cecil.  IxMidon.  W.C. 
Mr.  H.  Eveo'tt.  3/7.  S  nithampf  m  -f  v  • -f..  Strand.  L  )ndon.  W.C.. 
has  Inx-n  ap|x>ints<l  liquidator. 

Meetings  of  the  creditors  and  cemtributories  of  the  Colston  Elec- 
trical Works  (Ltel. )  «eit>  held  .it  Bristol  last  '.rrek. 

Tlie  (♦ffirial   HorrixTpr  wiid  he  had  been  appointwl  provisional  liqui 
dator  and  b<»d  oolloetcd  book  <W>tK  to  tb«»  oxtont  of  C.~).'»2.  and  thr-r^  w»^re 
two  othori«  which  inielit  come  in  at  anv  moin«>nt.  and  would  make  u]i  n 
total    of   nhout    fS-W.     T\\<^w    wovo    ])ractic«)]v   no   othe.'    asset?.      Tb« 
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liabilities  as  regards  creditors  were  £1,574,  and  assets  £991.  Bad  (\ihtf, 
want  of  working  capital,  and  losses  through  the  failure  of  the  Bristcl 
International  Exhibition  were  stated  to  lie  the  chief  causes  of  the  com- 
pany's insolvency'. 

Claims  against  the  Omega  Electric  Lamp  Co.  (Ltd.)  are  to  Ijc  rent 
by  July  7  to  the  liquidator,  Mr.  R.  T.  Cuff,  8,  Breams-buildings, 
Chancery-lane,  London,  W.C. 

Claims  against  Russell  E.  Connold,  late  electrician  of  6a,  The 
Parade,  Canterbury,  are  to  be  sent  by  July  18  to  Mr.  C.  E.  Corfield, 
119,  Finsbury-pavement,  London,  E.G.,  preparatory  to  the  payment 
of  a  dividend. 


ELECTRICITY  SUPPLY. 


I 

EXTENSIONS. 

Aylesbury. — An  inquiry  will  be  held  on  the  11th  inst.  into  applica- 
tion for  sanction  to  borrow  money  for  extensions  of  the  electric  supply 
undertaking. 

Fulham  (London). —  The  Electricity  Committee  recommends  an 
expenditure  of  £150  to  extend  ma.ins  to  give  a  supply  of  energy  to  the 
Gallite  rubber  factory. 

Luton. — The  electrical  engineer  (Mr.  W.  H.  Cooke)  has  reported  on 
the  need  for  additional  plant  to  meet  next  winter's  demand. 

An  increased  demand  of  over  1,500  kv,'.  is  anticipated  by  that  time,  and 
Mr.  Cooke  finds  it  will  be  necessary  to  install  two  boilers  of  similar 
capacity  to  the  last  two  installed,  with  stokers  and  an  economiser,  an 
additional  feed  pump  with  necessary  steam,  feed  and  blow-off  piping, 
water-softening  plant,  and  provision  )nust  be  made  for  dealing  v/ith  the 
ashes  and  clinkers  from  the  boilers  and  soot  from  the  flues  and  economihcr. 
It  has  been  extremely  difficult  to  obtain  reasonable  quotations  for  the  plant 
owing  to  the  unsettled  state  of  the  market,  but  Mr.  Cooke  obtained 
tenders  on  which  he  estimated  that  an  expenditure  of  £13,574  would  be 
necessary.  He  had  laid  the  matter  before  the  Government  department 
concerned,  aiad  it  had  authorised  the  boilers,  economizer,  &e.,  to  be 
certified  under  class  "  A,"  which  w^ould  give  priority  over  all  work  in 
other  classes. 

The  Electricity  Committee  has  accepted  the  report,  and  immediate 
application  is  to  he  made  to  the  L.G.  Board  for  sanction  to  borrow  the 
sum  mentioned. 

Salford. — The  Finance  Committee  has  agreed  to  the  request  of  the 
Lighting  Committee  to  be  allowed  to  defray,  out  of  moneys  to  be 
saved  on  other  items  included  in  the  estimates,  the  estimated  cost 
(£160)  of  the  tran.ifer  of  the  electric  lamps  from  the  centre  tram- 
way standards  proposed  to  be  removed  from  the  Crescent. 

An  agreement  is  to  be  entered  into  with  Zama  (Ltd.)  for  a  supply  of 
energy  for  five  years,  or  such  further  period  up  to  10  years  as  the  company 
occup}''  their  premises. 

The  Electricity  Committee  has  acceded  to  the  application  of  the  Peel 
Connor  Telephone  Co.  for  the  supplies  of  energy  to  their  premises  in  Upper 
Cleminson-street  and  Silk-street,  to  be  treated  as  one  supply  under  certain 
conditions. 

Application  is  to  be  made  to  the  L.  G.  Board  for  sanction  to  borrow 
(1)  £2,279  to  cover  the  cost  of  provision  of  additional  plant  and  sv/itch- 
gear  ;  and  (2)  £750  to  cover  capital  expenditure  prior  to  March  12,  1915. 

Woolwich. — The  charge  for  steam  generated  from  refuse  for  elec- 
tricity purposes  for  the  year  ended  March  31  last  has  been  fixed  at 
£540."^ 

The  Electricity  Committee  has  again  discus.'-'ed  the  subject  of  the  supply 
of  current  for  power.  Having  regard  to  the  linking-up  arrangements 
now  completed  with  adjoining  undertakers,  and  in  order  to  meet  further 
requirements,  the  Committee  finds  that  it  v/ill  be  necessary  to  install  an 
additional  boiler  at  Globe-lane  works.  An  agreem.ent  is,  therefore,  to 
be  sealed  v/ith  Babcock  &  Wilcox  for  the  supply  of  the  boiler,  superheater 
and  economizer  for  £5,890. 

Mains  are  to  be  extended  at  a  cost  of  £618  for  the  supply  of  current  for 
lighting  purposes  to  workers'  hostels. 

GENERAL. 

Barnsley. — The  charge  for  electrical  energy  for  lighting  has  been 
increased  by  M.  a  unit,  and  for  power  by  10  per  cent.,  as  from  the 
1st.  inst. 

Bingley. — The  Council  have  agreed  to  give  a  supply  of  electrical 
energy  to  the  training  college  for  a  standing  sum  of  £300  per  annum, 
plus  2d.  per  unit,  the  arrangement  to  be  for  10  years,  and  the  unit 
rate  to  be  dependent  on  the  price  of  coal. 

Darwen. — The  Corporation  have  increased  the  charge  for  current 
supplied  to  the  tramways  from  l^d-  to  Hd.  per  unit. 

Heston  and  Isleworth.— Owing  to  the  .Summer  Time  Act,  the  output 
in  units  for  lighting  has  fallen  by  approximately  200  units  per  day 
on  week-days  and  100  units  on  Sundays. 

It  is  calculated  that  during  the  142  days  during  which  the  new  arrange- 


ment will  be  in  force  the  out])ut  for  li^/hting  will  (kcreane  by  26,tXHJ  unit», 

repreHenting  a  money  value  of  from  14<X>  to  £450. 

The  Electricity  Committee  has  fli.sconlinufd  tin-  lifrhtinsr<»{  th«  public 
street  lamps  up  to  the  end  (}f  .September  next,  h  et 

that  at  present  the  lighting,  upon  v.hieh  about  •  _  ;    i>t, 

even  under  the  restricted  system,  i.s  of  little  practical  value.  'ihe<'om- 
niittee  ha.s  also  decided  to  increase  by  12.1  jjcr  rent,  all  charges  for 
current  sup];iied  for  lighting,  heating  and  yjov.er  purpoHf«. 

Kingston-on-Thames. — Messrs.  Banks,  Warner  &  Co.  aie  to  be 
appointed  at  an  inclusive  fee  of  .50  guineas  to  aet  in  an  adviisory 
capac'ty  with  the  borough  electrical  engineer  and  the  contractors  in 
connection  with  the  erection  of  the  new  crank  shaft  for  one  of  the 
Diesel  engines. 

Gloucester. — The  City  Counjil  has  decided  to  increa.se  the  prices 
of  electrical  energv  for  lighting  and  power  purj-wses  by  20  per  tent. 

Hammersmith  (London). — During  the  past  month  the  Electricity 
Committee  reports  having  granted  .50  ajjplications  fortho  sujiply  of 
current,  equivalent  to  8,388  30-watt  lamps. 

Leek. — It  was  reported  to  the  Urban  Council  tliat  Prof.  Wntkin- 
son's  report  on  the  condition  of  the  generating  plant  had  been  con- 
sidered by  the  Lighting  Committee,  and  it  was  decided  that  the  ga* 
engineer  should  be  instructed  to  take  control  of  the  producer-ga.* 
plant  at  the  electricity  station.  Tnat  had  been  done,  and  the  elec- 
trical engineer  (Mr.  Bemrose)  had  tendered  his  resignation  as  -from 
May  25,  and  it  had  been  accepted. 

The  chairman  of  the  Lighting  Committee  (Mr.   Furmston)  made 
lengthy  statement  on  the  general  position  of  affairs.     He  thouaht  no 
one  could  read  Prof.  Watkinson'-j  report  without  coming  to  the  conclu- 
sion that  it  waT  unfortunate  the  late  Electricity  Committee  had  not  had 
expert  advice  before  the  existing  plant  was  installed  some  10  years  ago. 
Owing  to  the  war  and  ihe  great  rise  in  the  pnce  of  materials,  as  well  as 
the  impiobabifity  of  the  Council  being  able  to  obtain  a  loan  at  )>resent. 
the  committee  were  not  in  a  position  to  cany  out  Prof.  Watkinson's 
suggestions  at  once,  but  they  wished  to  undertake  such  portion  of  them 
now  as  would  not  interfere  with  the  completion  of  the  scheme  at  a  later 
jieriod.     He  had  asked  the  professor's  opinion  on  the  four  following  sug- 
gestions :   (1)  Was  it  ad\isable  to  scrap  the  whole  of  the  present  plant  and 
replace  it  by  a  steam-dx-iven  one  ?     (2)  Was  it  desirable  to  scrap  the  gas- 
producer  plant,  and  return  to  town  gas  ?     (3)  Should  a  new  and  up-to- 
date  producer  plant  be  installed  ?     (4)  How  could  the  present  plant  be 
most  saMsfaetorily  dealt  with  ?     Their  plant  could  not  be  entirely  re- 
modelled now,  owing  to  the  difficulty  of  obtaining  new  capital.    Further, 
their  expert  dxl  not  advise  a  steam  jjlant  for  a  station  tlv^  size  of  Leek. 
The  suggestion  to  return  to  the  u  ;e  of  town  gas  was  greatly  favoured  by 
the  committee  and  offered  decided  attra.ctions,  but,  as  the  Campbell 
engine  was  now  a  complete  wreck,  the  committee  could  not  at  present 
afi'ord  to  ?crap  the  Mather  &  Piatt  engine,  which  could  only  be  run  by 
producer  gas,  so  that  it  was  necessaiy  to  continue  the  i-ystem  at  present. 
The  increased  cost  of  all  machinery  at  present  prevented  them  from 
installing  a  more  modern  type  of  producer  plant,  which  they  would  verj- 
much  like  to  do  ;   hence,  they  had  decided  to  take  the  course  of  putting- 
the  present  Gas  Engineer  in  charge  of  the  gas-pvcducing  plant,  and 
already  he  had  been  able  to  show  very  Eati.>factoiy  resultr-  in  decreased 
cost  of  working.     It  was  confidently  h:p:d  that  as  time  went  on  further 
improvement  would  be  eifecccd.     The  eonnnittce,  however,  intended  to 
put  down,  as  soon  as  over  the  •  could  obtaMr  one,  a  new  gas  engine  of  the 
most  modern  type, and  £0  constructed  as  to  work  on  either  producer  or 
town  gas  with  very  simple  alteration.     That  engine  woidd  replace  the 
Campbell,  which  it  was  proposed  to  do  away  with  at  once.     It  wouU'  pro- 
bably cost  about  £3,000.     The  Stockport  engines  had  had  to  meet  a 
heavy  strain  for  the  past  six  months,  and  it  was  proposed  to  overhaul 
them  thoroughly.     With  these  renovations  carried  out  he  thought  the 
committee  would  be  able  to  face  the  coming  winter  with  far  more  security 
than  they  had  enjoyed  lately,  and  be  able  to  give  manufacturers  all  the 
current  they  required.     As  to  the  staff,  tho  c  -umitte  had  d-cdcd  that 
as  they  were  retaining  the  system  of  a  p.-oducer  plant,  it  would  be  better 
to  put  the  whole  of  the  gas  production  under  the  care  of  the  Ga-s  Manager, 
who  had  a  -full  knowledse  of  that  system,  as  well  as  of  gas  engines.     He 
also  had  a  fair  knowledge  of  electricity  work.     The  combination  of  tht- 
two  d'^partments  must  lead  to  various  economies,  and  would  no  doubt  be 
beneficial    all    lound.     The    following    prop(>sal;x   were    then    formally 
r.dopted  :    "  That  the  Campbell  gas  engine  and  dynamo  be  sold  at  onee  ; 
that  a  new  sas  engine  and  dvnamo  of  abotit  200  kw.  capacity  (to  i-ep!ac.> 
the  Campbell  engine)  be  purchased  ;   that  the  Stockport  engine  be  over- 
hauled ;    that  the  necessavv  appHanees  sug:geBtrd  by  Pn^f.  Watkmcion  be 
purchased  ;   that  ilr.  Ginrnan  be  appointed  general  manager  of  the  elec- 
tricity station  ;  and  that  a  chief  assistant  be  appointed  at  a  salary  of  £lbO 
per  annum." 

London  County  Council.— Cn  Tuesday  sanction  was  given  to 
Fulham  Borough  Council  to  bon'ow  £2.500  for  electricity  pur^wses. 

Yorkshire  Linking-up  Scheme.— A  conference  was  held  on  Friday 
between  representatives  of  Bradford  City  and  Siiipley  Urban  Dis- 
trict Coimcils  to  consider  the  desirability  of  inter-connection  between 
the  electric  supplv  undertakings  of  Bradford  and  Shipley. 

A  general  discvission  took  place  on  the  matter,  but  the  conference 
found  it  impossible  to  decide  on  tb.e  information  before  them  whether  any 
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very  considerable  economies  could  be  effected  Ijy  the  linking-up  of  the 
two  systems.  It  was,  therefore,  decided  that  the  two  engineers  should 
look  into  the  matter  and  make  reports  to  their  committees,  and  that 
after  these  reports  had  been  considered  the  representatives  of  the  two 
authorities  should  again  meet  and  discuss  the  question.  The  represen- 
tatives of  the  two  authorities  recognised,  however,  that  one  advantage  of 
}inking-up  the  two  systems  was  the  utilisation  of  the  spare  plant  of  one 
undertaking  by  the  other,  a  provision  which  might  prove  valuable  in  the 
case  of  a  breakdown  at  one  of  the  works. 


TRACTION   NOTES. 


Darwen. — As  new  tram  rails  are  so  expensive  the  tramways 
manager  (Mr.  Hoskins)  has  made  arrangements  with  Blackburn 
Council  for  the  loan  of  special  apparatus  to  cut  away  the  bad  portions 
of  the  lines  and  replace  them  with  short  lengths. 

London  County  Council.— On  Tuesday  the  chairman  of  the  High- 
ways Committee  (Mr.  Hume)  stated  that  the  question  of  providing 
.'.eating  accommodation  on  the  Council's  tramcars  for  women  con- 
ductors would  be  considered  by  the  com.mittce.  5  |^    ^.f  o?*  wsi.*  ■^.■d 

Tramcar  v.  Motor  Omnibus. — At  the  annual  meeting  of  municipal 
and  county  engineers  at  Blackpool,  on  June  28,  the  new  president, 
3Ir.  J.  S.  Brodie  (Blackpool)  said  the  controversy  of  the  tramcar  v. 
j.etrol  motor  'bus  was  bound  to  come  to  the  fore  in  the  immediate 
future.  The  comparatively  small  first  cost  of  establishing  a  fleet  of 
motor  omnibuses  was  likely  to  be  counterbalanced  by  the  greatly 
increased  cost  of  petrol,  and  so  the  compromise  known  as  the  railless 
car,  or  the  electrically-projielled  motor  omnibus,  might  come  to  have 
an  extended  trial,  as,  even  at  the  present  price  of  petrol,  it  had  been 
found  at  Keighley  that  a  loss  of  £1,100  a  year  from  a  petrol  motor 
'Ijus  service  had  been  converted  into  a  profit  of  £1,000  a  year  by 
railless  electric  cars  on  exactly  the  same  route.  The  motor  omnibus 
would  be  further  handicapped  by  the  provisions  of  the  Act  providing 
for  the  control  of  omnibus  routes  by  the  highway  authorities,  and 
limiting  the  roads  upon  which  motor  'buses  could  jily.  It  was  a,lso 
practically  certain  that  the  example  of  the  Middlesex  Count}-  Council, 


in  regard  to  the  Xew  Western  Road,  where  Parliament  authorised 
a  levy  of  |d.  per  'bus-mile,  would  be  largelj-  followed  by  road  autho- 
rities in  the  future. 

Woolwich. — The  Borough  Council  has  consented  to  the  i)roposal 
of  the  L.C.C.  to  lay  additional  tram  tracks  in  High-street,  Plumstead. 


MISCELLANEOUS  NOTES. 


Customs  Decision. — According  to  a  recent  decision,  flame  arc 
lamp  carbons,  in  chief  value  of  lami)black  or  retort  carbon,  with  or 
without  a  core  impregnated  with  chemical  salts,  are  subject  to 
import  duty  of  40  cents  per  100  ft.,  xmder  para.  82  of  the  United 
States  Tariff  Act  of  1913. 

Enemy  Firms  Wound-up.— The  Board  of  Trade  have  ordered  the 
■N^inding-up  of  217  businesses  controlled  by  alien  enemies. 

Included  in  the  latest  list  is  Kastner  &  Co.  (Ltd.),  191,  Regent-street, 
London,  W.,  dealers  in  cabinet  player  pianos.  (Controller :  J.  H. 
Stephens,  6,  Clement 's-lanc,  E.C.) 

The  Bo.ird  has  made  an  order  prohibiting  Turner  &  Biu-ger,  149, 
Farringdon-road,  London,  E.C,  electrical  accessories  merchants,  from 
carrying  on  business  after  Sept.  29,  1916.  (Controller  ;  J.  E.  Percival, 
fi,  O'ld  Jewrj-,  E.C.) 

Claims  again.st  W.  Mertens  &  Co.  (Ltd.),  Balfour  House,  119-125, 
Finsbur\-pavcment,  London,  E.C.,  are  to  be  £ent  by  Aug.  10  to  the  con- 
troller, Mr.  J.  1).  PattuUo,  0.5.  London-wall,  E.C. 

Claims  again-t  the  Wolf  Safety  Lamp  Co.,  Star  Works,  Boston-r-treet, 
and  Arlcy-strect,  Sheffield,  are  to  be  sent  by  Aug.  7  to  the  Controller, 
T.  G.  Shuttleworth,  Royal  Insurance -buildings.  Church-street,  Sheffield. 

Export  to  China  and  Siam. — The  '"  London  Gazette  "  of  July  4 
contains  further  lists  of  lirms  and  persons  in  Cliina  and  Siam  to  whom 
goods  from  the  I'nitcd  Kingdom  may  be  consigned.  These  include 
the  Samscn  Power  Station  (Bangkok)  and  Spicer  Bros.  (Bangkok). 

Trading  With  the  Enemy.— The  '■  London  Gazette  "  of  June  30 
contains  further  additions  to  the  statutory  list  of  persons  or  bodies 
of  persons  with  whom  trading  by  persons  or  bodies  of  persons  in  the 
United  Kingdom  is  prohibited. 


TENDERS    INVITED. 


Transformers. 

Manchiostkr  Electricity  Committee  require  tenders  by 
10  a.m.  .Inly  10  for  the  suj)ply  and  erection  of  Two  1,000  k.v.a. 
Static  Transformers.  Specitications,  &c.,  from  Mr.  F.  E. 
Hughes,  Town  Hall,  Manchester. 

lift  and  Turntable,  «&c. 

Manchester  Electricity  Committee  rcqiiire  tenders  by  noon 

.Tuly  nth  for  (n)  Kleclric   or    Hydr.iulic  Coal  Wagon    Lift  and 

Tunilablo  ;    and  {!>)  Saddle  Tank  Steam  Ltjconiotive  for  their 

Stuart-street  gencrathig  station.     Specifications,  &c.,  from  the 

I        Secretary,  KIcctricity  Dept.,  Town  Mall,  Manchester. 

Cables. 

Rochdale  Electricity  Committee  require  tenders  by  noon 
July  12  for  12  months'  supply  of  Pnppr-insulatcd  Cables. 
Specilicationfroni  Engineer  and  Manager.  Dane-street,  Rochdale. 

Manchestkr  (Guardians  re(|.iire  tcndiTs  by  .July  12  for  the 
Supply  of  iOlectric  Cable  for  the  Kpileptic  Colony.  Langho, 
near  liiackburn.      Particulars  from  the  Clerk  to  the  (iu.inlianB. 

RociiDAi.K  Klcttricity  Coiuinittee  reipiire  tenders  bv  noon 
^  .luly  12  for  12  months"  supi)ly  of  I'aper-insuJated  Cables.  S|)Oei- 
Heat  ions,  (Srcfrom  the  Engineer  a-id  Manager.  Electricitv  Works, 
Rochdale. 

Electric  Screen-Cleaning  Gear. 

Barrowi'oui)  l'rl)an  Council  require  tenders  bv  .lulv  8  for 
supply,  erection,  &c..  of  Automatic  Control  Klectric  Screen- 
cleaning  Gear  for  fewage  disiw^al  works.  Particidrrs  from  tl.c 
jSurvevor. 


Telegraph  and  Telephone  Material. 

Tenders  are  invited  up  to  Aug.  16  for  the  supply  to  the 
Australian  Commonwealth  Postmastcr-Genorars  Dept.  (State 
of  Western  Australia)  of  (a)  Distilling  Apparatus  (schedule  502), 
(6)  Instruments  (Telegraph  and  Measuring),  various  and  parts 
(Bchedule  498).  Tender  forms  and  specitications  can  be  obtained 
at  the  Commonwealth  Oftices,  72,  Victoria-street.  London,  S.W. 

Tenders  are  also  invited  up  to  July  19  for  the  supply  to  the 

ArsTRALLXN  COMMONWEALTH  Po.stmastcr-Gencrars  Dept.  (State 
of  Wcst<^rn  Australia)  of  Insulators  (schedule  olO).  Tender 
forms  and  epceilications  can  be  obtained  at  the  Commonwealth 
Oflieos,  72,  Victoria-street,  London,  S.W. 

Tenders  are  invited  up  to  July  31  for  the  sujijily  and  erection 
at  (i.P.O..  BriHl)ane.  of  I'ower  Board  and  Accumulators  (Stores' 
Schedule  381).  Si>ecifications  and  tender  forms  from  Common- 
wealth Oflices,  72,  Victoria-street,  Westminster,  London,  S.W. 

The  l)e|)uty  Postmastor-CJeneral,  Perth  (W.  Australia), 
recpiire  tenders  by  3  p.m.  Aug.  1(1  for  the  supi)ly  of  Resistance 
lii.xes.  Mnrso  Siunders.  Switches,  <S:c..  for  the  AlSTRALiAN 
Commonwealth  PohI master-General's  dejxirtment,  Sj>ecitica- 
tions,  *c.  (schedule  498,  W.A.).  from  the  Deputy  Postmaster- 
General,  Perth  (W.  A.). 

Tiie  iVjtuly  Postmaster-CJcner.".!.  Mellxiurne.  requires  lenders 
l»v  3  p.m.  .Aug.  8  for  the  su])i)ly  and  delivery  in  MelUiunic, 
S\-dney,  Brisl)ane,  Adelaide.  Perth  and  Hobart  of  Standard 
Battery  Material,  including  Pots,  Porous  Jars.  Zinc.  Carlxin 
Rods,  Chemic.".ls,  &c.,  for  the  Avstrallvn  Commonwealth, 
Po.'<tniiV8ter-(ienera!"s  dej)arfment.  (Schedule  1,327.)  Sjiecifi- 
cations.  Ac.  from  the  Deputy  Postmaster-General.       _  _,  .xt^j 
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TENDERS  RECEIVED  AND  ACCEPTED. 


Salford. — Tnc  Ti-aniways  Committee  of  the  Corporation  has 
accepted  the  tender  of  Hadfielcls  (Ltd.)  for  the  supply  of  steel  car 
wheel  tyros  and  axles,  at  a  schedule  of  prices  amounting  to  £279.  4r,. 

The  Electricity  Committee  Ins  accepted  the  following  tenders  for  work 
in  connection  ^yith  the  installation  of  two  water-tube  boilers  at  Frederick- 
road  station  : — 

J.  Gcrrard  &  Sons,  foundations  ar.d  structural  work,  £1,100  ;  New 
Conveyor  Co.,  coal  conveyers,  bunkers  ar.d  chutes,  £1,£04  ;  J.  Ruf-scll 
&  Son',  mild  steel  piping,  £210.  13s.  Cd. 

KiNGSTON-ox-TxiAMES. — Thc  Council  has  accepted  the  tender  of 
the  Craigpark  Electric  Cable  Co.  for  thc  supply  of  110  yds.  of 
armoured  cable  at  £14.  125.  An  order  has  been  placed  with  Eelliss  & 
Morcom  for  fitting  the  now  crank  shaft  to  the  Diesel  engine  recently 
dama.ged  at  an  estimated  cost  of  £400. 

NoBTHAMPTON-. — Tno  Tramways  Committee  recommends  the  Cor- 
poration to  accept  the  tender  of  C.  W.  Soustcr  &  Son,  at  £388.  15s., 
for  the  renewal  of  thc  vrood  work  a,t  thc  cooling  tower. 


BiRMiNf;5iA.M. — The  Lighting  Committee  ha'j  accepted  thc  tender 
(A  Herlci-t  Morris  (Ltd.)  for  thc  erection  of  an  overhead  electric 
runwa.y,  including  a  travelling  e!cctri^  pul'ey  block  and  bogie 
trolley,  for  £421. 

E.XETER. — Thc  Guardians  have  accepted  the  tender  of  Brcxjking 
&  Co.  for  wiring  one  block  at  the  Poor  Law  Institution,  at  £■>".  ■in.  <jd. 

Woolwich. — The  Electricity  Committee  has  entered  into  con- 
tracts with  Siemens  Dynamo  Works  (Ltd.)  for  the  supply  of  fnnitch- 
gear  and  recording  meters  for  £133  ;  and  with  Babccck  &  Wilcox  for 
an  a,dditional  boiler,  cupcrheater  and  economi};er,  at  £.5,890. 

Hammersmith. — The  Council  is  recommended  to  ac-ept  the  offer 
of  the  Underfeed  Stoker  Co.  to  supply  one  class  E  underfeed  stoker 
to  a  Stirling  boiler  for  £446,  plus  cost  of  fixing  and  alteration  of  brick- 
work, estimated  to  cost  not  more  than  £200. 

LuTOX. — The  Corporation  arc  recommended  to  accept  the  follow- 
ing tenders  : — 

Clark,  Chapman  &  Co.,  two  boilers  and  stoker.*,  £7,rAH  ;  E.  Green  & 
Sons,  cconomiscr,  £1,091  ;  W.  &T.  Avcrj-  (Ltd.),  co^l  weighing  machines, 
£440  ;  Harris- Anderson  Patent  Feed  Water  Filter  Co.,  ore  water 
softener,  £455  ;   Hay  ward,  Tyler  &  Co.,  one  rotaiy  feed  purap,  £2.58. 

London  County  Council. — The  Asylums  Committee  have 
accepted  thc  tender  of  Crysclco  (Ltd.),  at  £92.  for  electric  lamps. 


II 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Bury. — The  accounts  of  the  eleetrieity  department  for  thc  year 
ended  March  31  show  gross  ca,pital  expenditure  £203,356  (increase 
£7,587),  of  which  £51,769  has  been  repa'd,  while  the  sinking  fund 
available  amounts  to  £13,643  and  thc  reserve  fund  to  £8,747. 

Revenue  was  £41,. SOS  (compared  with  £31,S00  in  previous  vcar), 
generating  costs  were  £25,455  (£16,912),  interest  required  £5,989  (£5,052), 
and  sinking  fimd  £7,861  (£7,298)  and  not  profit  was  £2,003  (£2,038),  of 
which  £1.000  (as  in  previous  year)  has  been  allocated  to  relief  of  rates  and 
£1,003  (£1,038)  to  rercrve.  Generating  costs  were  0-4cd.  (0-38d.)  and 
intereri:  0-lOd.  (Olid.)  and  sinking  fund  0-14d.  (0-16d.)  made  the  total 
costs  0-69d.  (0-6cd.).  Units  generated  were  1.5,277,436  and  sold 
13,503,701  (10.694,7-14).  Maximum  lead  was  4,806  kw.  (3.815  kw.)  and 
load  factor  32-1  (32)  per  cent. 

The  engineer  and  manager,  Mr.  S.  J.  Watson,  says,  in  his  report,  there 
are  1,039  conr:umcrs  connected  with  the  equivalent  of  287,779  8  c.p. 
lamps.  Hired  motors  showed  an  increase  of  29  h. p.  and  owned  motors 
.501  H.p.  The  total  number  of  motors  connected  is  1,009  (  =  8,513  h.p. ). 
Average  pric?  of  fuel  was  lof.  9|d.  (lis.  lid.),  and  fuel  used  per  unit  r:0ld 
was  306  lb.  (2-99  lb.).  Average  price  obtained  was  0-734d.  (0-702d.)  per 
unit.  The  grcfs  profit  was  £15,853  (£14,382)  equal  to  7-9  (7-6)  per  cent, 
on  the  average  cajiilal  employed. 

The  capacity  of  the  thrcc-pharc  a.c.  plant  at  thc  Chamber  Hall  power 
station  is  7,200  kw.  anel  the  c.c  plant  at  Rochdale -road  1,500  kw.  Owing 
to  the  decision  to  defer  the  extensions  originally  contemplated  at  the 
Chamber  Hall  power  station  in  deference  to  the  wishes  of  the  Local 
Government  Board,  the  rmajl  and  comparatively  uneconomical  plant  at 
Rochdale-read  had  to  bo  used  during  the  year  to  a  much  larger  extent 
than  formerly,  in  oreler  to  meet  the  full  requirements  of  consumers. 
Wiereas  the  1,0-iO, 917  units  sold  from  Rochdale -road  required  a  conr  ump- 
tion  of  2,564  tons  of  fuel  at  a  cost  of  £1,972,  the  same  output  could  have 
Ijeen  dealt  with  at  Chamber  Hall  by  1,300  tons  of  fuel  at  a  cost  of  £1,040 
had  additional  plant  been  available  for  the  purpose.  In  view  of  the 
importance  of  conserving  our  national  supplies  of  fuel  at  the  prcrent  time 
it  is  unfortunate  that  the  delay  incurred  in  providing  an  extension  of  the 
modern  plant  should  have  led  to  the  use  of  1,264  tons  more  fuel  than 
would  otherwise  have  been  necessary,  and  to  an  extra  cost  of  £932. 

Coventry. — At  the  recent  meeting  of  the  Council  the  accomits  of 
the  electric  su25ply  and  tramways  department  were  approved. 

The  chairm.an  of  the  Electric  Light  Committee  (Mr.  Lee)  said  the  gross 
profit  of  thc  department  was  £45,311,  and  thc  net  profit  £18,000.  "Th'- 
committee  recommended  that  £6,000  be  paid  over  to  the  rates  and 
£12,000  placed  to  reserve.  He  stated  that  practically  97  per  cent,  of  th': 
energy  was  used  for  power  purposes,  and  only  3  per  cent,  for  lighting 
shops  and  houses.  They  had  been  able  to  meet  all  the  demands  of  new 
industries,  and  though  times  had  been  arduous  they  would  be  able  to 
continue  to  meet  the  growing  tax  upon  the  resources  of  the  department, 
and  to  supply  all  comers. 

Mr.  Wale,  who  presented  the  report  of  the  Tra.mways  Committee, 
raid  the  balance  was  £5,001,  of  which  the  committee  recommended  £4,000 
should  be  placed  to  reserve  and  £1 ,000  carried  forward.  Mr.  Wale  pointed 
out  that  if  the  mah  employes  were  depleted  still  further  for  the  forces  the 
committee  would  have  to  reduce  thc  services  on  various  sections. 

The  accounts  of  the  electricity  department  for  the  year  ended 
March    31    show    gross    capital     expenditure    £461,155     (increase 


£76,876),  of  which  £17,063  has  been  repaid  and  £34,530  has  been 
written  off  for  obsolete  and  superseded  i)lant. 

Revenue  was  £108,543  (compared  with  £77,913  in  previous  year),  ar.d 
working  and  general  expenses  and  special  charges  amounted  to  £63,232 
(£33.142),  the  gross  profit  being  £45,311  (£44,771),  and  after  providing 
for  capital  charges,  &c.,  the  net  profit  was  £18,058  (£23.148),  of  which 
£6,000  is  being  devoted  to  relief  of  rates  and  £12,009  to  defraying  capital 
expenditure  for  switchboards,  re-instating  of  trenches  anel  Nos.  7,  8,  9 
and  10  cooling  towers. 

Ipswich. — The  accounts  of  the  electric  supply  department  for  the 
year  ended  March  31  show  total  capital  expenditure  £150,029  (ia- 
creasc  £3,265),  of  which  £69,619  is  outstanding. 

Revenue  was  £33,969  (compared  with  £27,886),  working  expenses  were 
£23,030  (£17,285),  interest  requii-cd  £4,837  (£4,272),  and  repayment  of 
loan  £6,787  (£5,786),  the  amoimt  taken  from  the  rates  being  £2,100. 
Units  generated  were  4,619,209  (3,541,525)  and  sold  3.734,158  (2.966.96S). 
Maximum  load  was  1,475  kw.  (1,400  kw.  for  fighting  and  power  and 
424  kw.  (445  kw.)  for  traction.  Total  revenue  per  unit  sold  was  2-lS3d., 
working  and  general  expenses  were  l-480d.,  and  capital  charges,  income 
tax  and  war  service  allowances  amounted  to  0-335d. 

Thc  engineer  and  manager,  Mr.  Frank  Ayton,  says  in  his  report  the 
incrcaces  in  revenue  were  from  fighting  10  per  cent,  and  from  power  54 
per  cent.  During  the  year  capital  expenditure  of  £1.022  has  had  to  be 
defraj^ed  out  of  revenue,  bringing  the  total  deficit  for  thc  year  to  £2,086. 
against  which  the  department  has  received  from  the  rates  £2, ICO  origi- 
nally earmarked  for  the  tramways.  Public  lighting  units  were  reduced 
about  98  per  cent.,  but  units  for  all  purposes  increased  26  jxr  cent. 
The  cost  of  coal  increased  87  per  cent.  (£4,421).  Commencing  with  the 
September  quarter,  10  per  cent,  was  added  to  charges  for  current,  except 
with  regard  to  power  supply  agreements  (in  which  there  is  a  sliding  scale), 
and,  in  consequence  of  coal  and  other  costs  exceeding  the  estimate,  it  has 
been  found  necccrary  to  further  increase  the  tariffs  in  the  present  year. 
In  consequence  of  the  L.G.  Board's  decision  prohibiting  thc  exi^enditure 
of  further  amounts  on  rental  wiring  the  suppK  in  the  eastern  d-strict  docs 
not  yet  bring  in  an  adequate  return.  The  tender  of  Frarer  &  Chalmers 
for  coal-handling  plant  was  accepted  in  February,  1915.  The  L.G. 
Board,  who  declined  to  sanction  the  scheme  then,  was  induced  to  sanction 
it  in  the  aiitumn  of  1915,  but,  owing  to  the  difticulty  of  getting  men  and 
materials,  the  erection  of  the  plant  was  only  half  way  towards  completion 
at  Mrrch  31  last.  The  committee  dealing  wiUi  coal  saving  might  bo 
better  emplovcd  in  looking  into  the  working  of  the  coUierics  rather  ihan 
in  adjurino-  e'lectric  supply  undertakings  to  reduce  their  consumption  by 
methods  which  will  not  produce  in  practice  the  result  aimed  at.  The 
charsing  of  electric  vehicles  is  a  new  source  of  revenue  which  has  been 
tapped  durino-  the  year.  There  ai-e  four  such  vehicles  running  m  the  town 
of  which  one^  belongs  to  the  electric  supply  department.  It  is  expected 
that  the  number  in  use  will  considerably  inci-cace. 

The  (apital  openditurc  on  the  tramways  amoxmts  to  £ll<>-6'0  (no 
increase),  of  wlrdi  £92,803  is  outstanding.  Revenue  was  £:.8,>8t» 
(compared  wiih  £::3,288  in  previous  year),  and  working  expenrcs  were 
£19,178  (£1-28)).  war  allowances  wei-e  £586  (£236),  and  ri'payj"^"*,^ 

"  J  net  i-csult  being  a  profit  of  i2.(0O 


loan  require 


£2,iL74 


(£2,206),  the 


car-mile   was 


r-422d. 


(compared  wi  h   a  loss  of   £2,104).     Total  revenue  per 

10-94d.  (8-70rd.),  and  working  expenses,  including  power,  were  <• 

(7-210d.).     Passengers  carried^  were  G.79S.5S9  (5,610,332),  car-m.lcs  lun 

620,115  (642,092),  and  units  used  686,328  (670,S09)  =  M07  (104o)  per 

car-mile. 
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Manchester.— The  tramway  accounts  for  the  jear  ended  March  31 
(wJiich  were  approved  by  the  Tramways  Committee  last  week)  show 
gross  capital  expenditure  £2,231,547  (increase  £15,539),  of  which 
£G09,210  has  been  paid  off  or  placed  in  sinking  fund.  Renewals  and 
depreciation  fund  is  £413,262. 

Total  revenue  was  £939,46'*  (compared  with  £901,87.'>  in  previous  year), 
inchiding  motor  'buses  £1,083  (£780)  and  parcels  £3,405  (£3,039).  Work- 
ing expenf-es  were  £.501,438  (£572,441),  war  service  allowances  £92,808 
(£3 1,763)  and  gross  profit,  including  bank  interest,  was  £299,740 
(£312,285).  Interest  on  loans  required  £.59.730.  redemption  £6L230, 
street  improvements  (interest  and  sinking  fund)  £0,128,  rent,  &c.,  of 
tramwavs  £20,773,  leaKeholds  (proportion  of  outlav)  £084,  and  income  tax 
£24,000';  and  of  the  balance,  £121,181  (against  £148,584),  £21,181 
(£48,.584)  has  been  placed  to  reserve,  renewals  an<l  dc'])reciation  account 
and  £100,000  (as  in  previous  year)  contributed  in  aid  of  rates.  Total 
revenue  per  car-mile  was  12197d.  (ll-3d.),  rnd  working  expenses,  in- 
cluding power,  were  7-28?d.  (7-172d.).  Paf-ccngers  carried  were 
209,877,007  (202,708,420),  of  whom  7.18,034  (1,180,.509)  were  motor  'bus 
passengers,  car-miles  run  were  18,480,440  (19.155,051),  and  units  u-cd 
28,713,922  (29,922,197). 

The  general  manager,  ilr.  J.  M.  MoElrcjy,  says  in  his  report  the  aggre- 
gate length  of  single  track  open  (including  hncs  over  which  the  Corpora- 
tion exerciser  running  powers)  is  105  mil',  s.  In  the  early  stages  of  the 
war  the  revenue  was  adverf  ely  aUcctcd,  but  during  the  year  a  remarkable 
recovery  took  place.  Ordinary  woiking  expenses  decreased,  but  the 
total  expenses  show  an  increaic  in  consecjuence  of  the  payment  of  war 
allowances,  &c.,  £92,808.  The  numlx-r  of  cars  in  stock" is  68.5.  The 
construction  of  ear  bodies  and  covers  is  suspended  owing  to  Treasuiy 
restrictions  on  ca])ital  expenditure.  The  parcels  department  carried 
1,^2.5,718  (1,23(),500)  parcels,  and  the  total  receipts  were  £14,185 
(£13,571),  and  net  rec-ipts  £3,405  (£3,039).  T'-tal  track  mileage,  in- 
cluding lines  over  which  the  Coiporation  has  running  powers,  is  ec^ual  to 
203  miles  of  single  track.  Traffic  r<?venue  on  the  motor  'buses  was 
£4,080  (  =  ll-84d.  per  ear-milo,  again'-t  9-244d.  in  previous  year),  total 
working  expenses  were  £2,470  (  — 7'17d.,  against  7-307d.),  and,  after  pro- 
viding £520  for  depreciation,  the  balance  was  £1,083  ^=3-14:M.,  against 
M74d.). 


COMPANIES'  MEETINGS  AND    REPORTS. 


Globe  Telegraph  &  Trust  Co.  (Ltd.) 

The  forty -third  oixlinaiy  general  mti-ting  was  held  on  Tuc^day,  imder 
the  presid(  ncy  of  Sir  John  Woi.fk  Kakhv,  K.C.R,  the  Chairman  of  the 
I'omjiany. 

The  SECRETARY  (.Mr.  Sidney  Collett)  ha\ing  read  the  notice  con- 
vening the  meeting  and  the  minutes  <)f  the  last  meeting. 

The  CHAIRMAN  said  :   Those  of  you  who  have  looked  into  the  n  port 
will  have  observed  that  certain  changes  have  been  made  in  sonie  of  the  in- 
vestments.    All    there    changes,    without    exception,    have    resulted  in 
benefit  to  the  C()ni])any,  and  have  tendi  d  to  incn-aK-  our  income.      In 
addition  no  Ipss  than  four  of  the  coniii'inies  in  which  we  are  int(r(st((l 
have  increased  tin  ir  ili\identls  during  the  year.      In  two  of  these  we  have 
our  largest  holdings — namely,  the  Kaste rn  Telegraph  Co.  and  the  Eastern 
Extension  Telegrajih  {'o. — while  the  Western  Telegraph  Co.  have  also 
announced  their  intention  of  increasing  their  dividend  wlu  n  they  niake 
theii'  (iiial  (listribuli(^>n   in  November  next.      So  that   a|to|iether  it  is  a 
great  jileasure  to  bi'  able  to  sny  to  \"ou  that  the  n  jx'it  which  we  present 
to-day  is  the  best  which  has  ever  been  placed  before  the  shareholders 
sincx!  the  inception  of  the  (Company  43  years  ago.      Our  total  necipts 
for   the    12  months   ended    May    31    last,    after   d<ducting   the    usual 
working  expen cs,   amounted  to  £220.<1S5,  as   against    £209.104  in  the 
preceding  y<"ar,  or  an  increase  of  £1(1. 921,  and  makes  with  the  balance 
carried  forMJini  froni  the  |>reeeoii'g  year  a  total  of  £253.740.      We  have 
already    distributfd    to    our    pre  fei-ence    shareholders    the    usual    thixe 
quarterly  interim  dividends  of  3s.  per  share,  lees  income  tax.  and  three 
<|uarterly  interim  dividends  of  2s.  per  share,  free  of  ineom(>  tax,  to  our 
ordinar\'    shareholders  ;     these    altogether    have    absorbed    the    sum    of 
£122.932.      \<ntv    J)iric|ors    now    reeommtnd    the    paynunt    of    a    Hnal 
«livi(lend   of   :$s.    pei'  share,   less  incfime   tax,  on   the   pn  fen'nce   shares, 
making  0  per  cent,  for  the  year,  and  of  8s.  ]>er  share,  free  of  ineom«'  fax. 
on    the    ordinary    shares,    making   with    previous   distributions   a    total 
dividend  for  the  year  on  those  shares  of  7  ]»er  cent.,  fne  of  income  tax. 
These  fifial  (list  riiiutions  will  absorb  a  further  stim  of  £93.959,  and  leave 
a  balance  of  £30, SIS  to  b<>  carried  forward  to  (he  next  account.      W'iWx 
regartl  to  *hc  changes  in  the  invcstnrnts   I  n  fern  d  t«  a  moment  ajjo. 
you  will  see  from  ])aragra])h  5  of  the  rejiort  that  we  have  sold  tluring  the 
year  stocks  to  the  value  of  £3.700.  aiul.  in  addition  to  this,  a  sum  of 
£1.080  becatne  available  for  investnieut  by  a  drawing  of  nme  eertifientrs 
in  the  Sidimarine  C.ihles"  Trust   belonging  to  ijiis  ("ompnny.      We  have 
invested  the  ]>roeceds  in  shares  {if  the  Eastern  Teletrraph  Co..  the  Tele. 
gra]>h  Construction   t^-   ^laintcnanee  Co.   and   the    Indo-Europenn  Tele- 
graph Co.  ;   and  you  will  be  interested  to  know  that,  while  the  dividends 
on  the  stocks  sohl  were  subject  to  tax.  the  dividends  which  we  shall 
receive   from   those   (Companies  in    which   the   proceeds   have   l>ern   ir- 
invested   will  eouie   to  us   free  of    inecune    tax.     Ther^    is    an   iuerense 
of  I  per  cent.  —  that    is,  from   7  i>er  crnt.    to  S  per  cent. — in  the  return 
on   our  holdings   in   the    Eastern  and   thi'  Eastc-rn  Extension  Telegraph 
Clompanies  ;    and  aji  increase  of  3  per  cent. — that   is,  from  G  i>cr  cent. 


to  9  per  e-ent, — on  our  receipts  from  the  Central   &   South  American 
Telegraph  Co.,  and  a  further  increase  on  the  ordinary  dividend  in  the 
Direct  Spanish  Telcirraph  Co.     Last  year  they  increa.  ed  their  dividend 
from  5  per  cent,  to  0  per  c?nt.,  and  now  they  have  again  increased  it 
from  6  per  cent,  to  7  per  cent.     All  these  cUvidends.  like  there  I  have  just 
referred  to,  come  to  us  free  of  income  tax,  with  the  sole  exception  of  that 
from  the  Central  &  South  American  Telegraph  Co.     There  are  also  other 
changes  which  you  will  notice  on  comparing  these  figures  with  those  of 
the  preceding  year,  but  these  are  entirely  due  to  the  incidence  either  of 
the  British  income  tax  or  the  rate  of  exchange  with  America,  both  of 
which  have  undergone  great  changes  during  the  year,  and  affect  es- 
pecially those  dividends  which  we  receive  on  the  American  companies' 
shares.     Then  you  will  have  also  noticed  from  paragraph  0  of  the  report 
that,  following  the  course  adopted  by  the  larger  associated  telegraph 
companies  in  this  building,  of  which  I  may  say  the  Directors  of  this 
Company  are  also  directors,  "  The  shareholders  will  be  asked  at  this 
meeting  to  approve  the  payment  of  the  Directors"  remuneration  free 
of  income  tax."     I  think  I  need  not  repea;  here  what  I  said  at  the 
meetings  of  the  Eastern  and  the  Eastern  Extension  Telegraph  Companies 
on  this  subject,  except,  perhap.i,  to  remind  you  that  not  only  have  the 
staff  of  this  Company  always  received  their  salaries  free  of  income  tax, 
but  our  ordinary  shareholders  have  likewise  enjoyed  the  privilege  of 
getting  their  dividends  regularly  free  from  any  deduction  of  tax.     Th:- 
suggestion  now  laid  Ix'fore  you  is  one  which  has  already  been  authorised 
not  only  by  the  great  telegraph  companies  in  this  building,  but  by  many 
other  leading  cc)mpanies  in  the  City  of  London,  the  capital  of  which  is  to 
be  reckoned  by  many  millions.     Your  Directors  feel  sure  that  when  I 
place  the  formal  resolution  before  you,  which  I  shall  hope  to  do  in  a 
moment,  it  will  r.-ceive  the  a])])roval  of  the  ])roprietois,  who  doubtlers 
fully  a])i)reciate  what  has  been  done  by  their  Directors.     With  regard  to 
the  auditing  of  the  accounts,  you  will  observe  that  on  this  occasion  they 
are  certified  by  one  set  of  auditors  alone — Messrs.  Deloitte,  Pltnder, 
Griffiths  &  Co.     This  is  in  accordance  with  the  arrangement  which  wa:- 
made  at  our  meeting  last  year,  when  I  mentioned  to  you  with  regret 
that  Mr.  Newton  was  no  longer  able  to  serve  in  that  ca)>acity.     There  is 
one  other  item  which  I  generally  mention  at  these  meetings,  and  that  i  • 
to  inform  you  that  the  present  market  value  of  the  securities  we  hold, 
taking  the  lowest  market  prices,  shows  a  surplus  over  the  original  capital 
of  £079.(XKJ     1  now  propose  that  the  printed  report  and  aeeomits  l)e 
receivetl  and  adopted,  and  that  final  dividends,  as  recommended,  Ik- 
declared. 

Sir  .TAMES  PENDER,  Bart,  seconded  the  resolution,  which  was 
carried  unanimously. 

The  CHAIR.M.\N  then  moved  that  the  Directors"  remuneration  be  paid 
free  of  income  tax,  including  the  period  covered  by  th?  accounts  sub- 
mitted to  the  meeting. 

Sir  .TOHN  DENISON-PENDER,  K.C.M.G.,  seconded  the  moUon. 
which  was  carried. 

The  retiring  Director.  Sir  Albert  J,  Leppoc  Capjitd,  K.C.LE..  was 
re-elected,  and  .Messrs.  Deloitte.  Plender.  Griffiths  &  Co.,  weiere-apjiointcd. 
A  vote  of  thanks  to  the  c:hairman,  directors  and  staff  concluded  the 
jiroceedings. 


BOMBAY  ELECTRIC  &  SUPPLY  TRAMWAYS  CO.  (LTD,)— The  rcporJ  for 
1915shows  that  the  total  revenue  was  £310. 77(1. an  increase  of  »,-•  -r 

1914;exp'nditurewas£l42.091.acl'ereaseof  £2.895:net  profit  a,  d 

£108.078.  an  increa4=e  of  £1 1.09.").  After  ]iroviding  for  interest  on  deben- 
tures, placinu  to  sinking  fuml  account  £0.732.  to  d:]>reciation  fiuid  ac- 
count £28.000.  ])roviding  for  annual  pavments  for  red-Muption  of  second 
d  'Ijenture.*  of  icniivalent  par  value  £8.000  and  making  a  contribution  t" 
officers'  ami  em)>l<ive.>"  provident  fcmd  of  £2.507,  there  remains  £87.07(1. 
to  whi.  h  is  add -il  th  ■  amount  brought  forward  of  £8.320.  The  directors 
reoommend  a  dividend  on  tlie  ordinaiy  shares  at  rate  of  7  ]x>r  cent,  per 
annum  (tax  free),  leaving  to  be  carried  forward  £9.002.  The  gross 
tramway  receipts  w-re  £172.051.  compared  with  £109.884  :  working  ex- 
penses won-  £79.(»()4,  against  £85.297.  The  balanc-.-  of  receipts  over 
c'xpen.scs  is  £i):2.38().  eom]>ared  with  £84,587,  The  gross  revrnu.'"  from 
electric:  su])ply  for  the  year  (including  amount  rei»r.'S"ntrd  by  sale  of 
current  to  tramways)  aggregated  £138.020.  compared  with  £l32.(>fi9. 
Th<>  working  exjK-nses  were  £."»8.I32.  auainst  £5.').734.  and  balance 
£79.888.  eompar>-d  with  £70.035. 

BRITISH  THOMSON-HOUSTON  CO.  (LTD.)  Th-  dircccors"  report  for  the 
yciii  l9l.i  ^1  ii  -  tli.it  the  lnuldiugs  and  machineiy  of  the  company's 
works  at  Huv:by,  ('oventr^•  and  Willesden  have  been  maintained  in  (irst- 
rlasi  condition  during  the  war.  This  year  the  company  were  able  to 
take  the  uhual  inventory  in  their  Rugby  main  factory,  and  the  figures 
show  a  considcrabli'  inc-n-ase  over  the  bcwik  ti.cures.  The  profits  for  the 
year  (after  ch  ibnting  all  exjH'nses  and  charges  other  than  int^-rcst  on 
delxntuns  and  loans)  are  £202.301.  Is.  lOd..  and  with  amount  brought 
forward  (£13.797.  I2s.  Od.)  the  toUl  is  £270.158.  I4s.  4\1.  The  amount 
j»aid  for  intercKt  on  <lelK"ntures  and  loans  during  the  year  was 
£57.922.  Os.  Ud..  leaving  £218.230,  1.3s.  .5d,  The  directors  recommend 
the  transfer  for  rc^serves  and  dc-pi-cciation  of  £144,878.  Is.  2d..  k>  as  to 
strengthen  still  further  tlu>  eomjianys  ^visition.  and  l<>  carry  forward  (o 
new  account  £73.358.  12s.  3cl.  The  amount  carried  forward  includes  a 
rewrve  to  cover  the  nuni  payable  to  the  Government  for  excess  profits, 
which  cannot  l»e  accurately  «letermined  at  pre«cnt.  Under  the  tenns  of 
the  tiu.^t  deed  weuring  the  is,Mie  of  the  eoinj»any"s  debentures,  tlie  eom- 
pnnyhas  tlii»  year  to  payt<i  the  tniftees  the  Mim  of  £4.452.  t<i  be  applied 
liy  (hem  in  ndc-emint.'  d  •l>entuns  at  1(I5  ]>er  cent,  by  drawincs.  Since 
the  dosing  of  the  bocikr«  deUntures  of  the  par  value  of  £4,24<>  have  U en 
redeemed,  making  the  total   par  value  of  debentures  retirctl  1"  'l«t 
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£34,265,  and  leaving  a  net  amount  outstanding  £177,735.  During  the 
year  Mr.  ('.  Burreil,  whfl  has  been  a  director  for  20  years,  rCKigmd  from 
the  board,  which  resignation  was  accei)ted  witli  regret.  | 

CONSOLIDATED  ELECTRICAL  CO.  (LTD.)— Mr.  H.  Allen,  who  presided 
over  the  annual  meeting  last  week,  referred  to  the  death  of  the  Heeretary 
(Mr.  T.  Taunton),  and  said  Mr.  .(.  F.  Clark  had  been  appointed  to  th" 
vacant  position.  Their  total  income  from  all  sources  for  the  year  ended 
March  31.  1910,  was  in  execs;?  of  the  income  for  the  previous  year,  but 
they  were  paying  a  slightly  reduced  dividend.  They  had  made  no 
attempt  at  a  valuation  of  the  investments,  which  figured  in  the  balance- 
sheet  at  cost.  The  only  two  that  gave  cause  for  real  anxiety  were  the 
shares  and  bonds  of  th?  Constantinople  Telephone  Co.  The  fate  of  the 
Enghsh  proprietors  of  that  undertaking  must  depend  largely  u])on  the 
fate  of  Turkey  at  the  end  of  the  war.  Political  influences  apart,  the  Con- 
stantinople Telephone  Co.  was  a  most  promising  undertaking.  Then 
what  was  regarded  as  almost  their  best  investment — one  made  shortly 
before  the  war — had  turned  out  to  be  the  worst  in  the  matter  of  deprecia- 
tion, though  it  now  tdiowed  some  slight  signs  of  recovery. 

MARCONI'S  WIRELESS  TELEGRAPH  CO.  (LTD.)— Mr.  Godfrey  C.  Isaacs 
presided  at  the  meeting  on  Friday  last,  and,  after  explaining  the  absence 
of  Senator  Marconi  and  giving  an  analysis  of  the  accounts,  he  said  that 
thei-e  was  considerable  work  in  certain  parts  of  the  world  which  they 
should  have  been  doing,  but  which  it  had  been  impossible  to  do  in  con- 
sequence of  the  war.  On  the  other  hand,  they  had  had  some  compensa- 
tion by  having  many  additional  orders  at  home  and  from  allied  countries. 
In  particular,  they  had  done  considerable  business  with  the  Admiralty, 
and  nothing  could  have  been  more  agreeable  than  the  relations  between 
the  company  and  that  department.  Their  associated  companies  had  not 
been  able  in  conseciuenc?  of  the  war  to  make  the  progress  which  they 
otherwise  would  have  done.  That  applied  particularly'  to  their  Spanish 
and  Argentine  companies,  to  the  Relay  Automatic  Telephone  Co.,  and  to 
a  considerable  degree  also  to  the  American  company.  The  new  direct 
trans-Atlantic  service  with  New  York,  which  was  ready  to  open  when 
war  broke  out,  and  to  which  they  both  had  attached  the  very  first 
importance,  had  continued  in  enforced  idleness,  the  stations  on  this  side 
having  remained  in  the  service  of  the  Government.  For  that  they  hoped 
to  receive  due  compensation.  Their  Belgian  company  had  been  unable 
again  to  make  up  any  balance-sheet.  Their  programme  in  respect  of  the 
{Canadian  company  had  also  been  obliged  to  remain  in  abeyance.  The 
French  company  had  continued  to  do  a  satisfactory  business,  and  had 
paid  dividends  equivalent  to  those  of  the  preceding  year.  The  Marconi 
International  Marine  Communication  Co.  had  shown  an  increased  profit, 
and  was  making  excellent  headway.  Their  Russian  company  had  con- 
tinued to  be  extremely  busy,  and  had  declared  a  dividend  for  the  past 
year  at  the  rate  of  15  per  cent.  The  Spanish  &  General  Trust  had  suffered 
in  consequence  of  the  war.  They  had  continued  to  do  an  important 
business  with  the  Italian  Government  through  their  Italian  agency  under 
the  energetic  and  able  management  of  the  Marquis  Solari.  They  had  had 
an  excellent  year,  and,  having  £447,315.  Os.  7d.  to  credit  of  the  profit  and 
loss  account,  they  were  distributing  only  a  small  proportion  of  that 
amount,  carrying  forward  £307,546.  4s.  7d.  In  harbouring  their  re- 
sources they  were  satisfied  that  they  were  acting  in  the  best  interests  of 
the  company.  Had  they  known  their  position  with  regard  to  the  several 
matters  in  respect  of  which  they  had  to  receive  payments  from  the 
•Government,  they  would  have  been  able  to  be  more  generous  in  the  dis- 
tribution. There  were  four  heads  under  which  considerable  sums  were 
payable  by  the  Government  to  the  company.  The  first  of  those  was  the 
remuneration  and  compensation  which  is  due  to  them  from  the  Post 
Office,  acting  on  behalf  of  itself  and  other  Government  departments,  in 
respect  of  the  use  of  the  company's  high-power  stations  since  the  begin- 
ning of  the  war,  the  staffing  and  management  of  those  stations  and  otlier 
services  in  connection  therewith.  To  the  end  of  December,  1915,  they 
had  handled  foreign  mes.sages  in  transmission,  reception  and  delivery 
which  represented  in  the  aggregate  a  total  of  over  20,000,000  words.  As 
regards  compensation,  they  were  aware  that  they  had  just  completed 
the  construction  of  their  Carnarvon  and  Towyn  stations,  and  also  in 
America  the  American  company  had  just  erected  its  New  Brunswick 
and  Belmar  stations,  all  of  which  represented  a  very  considerable  outlay, 
for  the  purpose  of  opening  a  direct  telegraph  service  between  Europe  and 
America.  Traffics  during  the  period  of  the  war  had  shown  very  con- 
siderable increase,  and  there  was  no  doubt  whatsoever  that  the  business 
they  should  have  done  would  have  been  on  a  very  large  scale  indeed,  and 
the  profit  since  the  outbreak  of  war  would  have,  in  their  estimation,  run 
well  into  five  figures.  They  were  of  opinion  that  they  should  receive  a 
substantial  sum  to  compensate  them  for  that  loss.  He  had  had  the 
assurance  of  the  Postmaster-General  that  those  questions  were  receiving 
his  earnest  consideration,  and  every  endeavour  would  be  made  to  deal 
with  them  at  once,  in  regard  to  their  claim  against  the  Admiralty  in 
respect  of  the  use  of  their  patents  since  the  expiration  of  the  agreement 
on  March  31,  1914,  they  had  supplied  the  Admiralty  with  a  very  con- 
siderable number  of  installations  since  the  outbreak  of  war  under  con- 
tract, and  the  royalty  in  each  of  those  cases  had  been  defined  and  paid, 
hut  there  had  been  infinitely  more  installations  which  were  already  fitted, 
and  others  which  had  been  constructed  by  the  Admiralty  themselves, 
in  respect  of  each  of  which  a  substantial  sum  was  ])avablc"  to  them.  It 
was  fair  to  assume  that  where  they  had  not  had  the  opportunity  of 
making  the  manufacturing  profit  the  royalty  to  which  they  should  be 
entitled  should  not  be  less  than  in  cases  where  it  was  accompanied  by  a 
manufacturing  profit.  They  had  a  .similar  claim  upon  the  War  Office. 
They  had  never  had  any  agreement  with  the  War  Office  in  respect  of  tlie 
use  of  the  company's  patents,  and  up  to  the  time  of  the  war  there  had 
been  some  use  of  their  patents,  but  not  on  a  large  .scale.  An  offer  was 
made  to  the  company  in  1912  which  was  less  per  installation  than  what 


they  had  since  l>cen  receiving  from  th  •  A'imijaliy.  and  whioh  th'^y  did  not 
feel  justified  in  accepting.  Sinc<-  th<-n  there  had  Uen  an  inimtn-<- 
number  of  installations  supplied  to  th'-  War  Offiri-  frf^m  out«d*-  Kouroeo, 
and  a  very  large  number  also  manufar  tund  in  the  factories  of  the  War 
Office,  all  of  which  came  under  their  pat-'-nts.  The  fourth  item  had 
reference  to  the  claim  on  the  Post  Office  for  comjK-nvation  in  respect  of  iu 
withdrawal  from  the  contract  for  the  Imf>erial  chain  of  Ktationn.  It  was 
by  far  the  most  important  matter  of  all,  and  he  had  hofjed  th  ild 

have  been  [)Ossible  to  have  arrived  at  satisfactory  term.*  which  ■.  ve 

avoided  the  necessity  of  his  saying  more  than  a  few  wordw  upon  the 
subject.  On  .Jan.  21,  1915,  they  were  informed  that  the  PoHtmaster- 
General  was  wiUing  to  proceed  with  the  construction  of  all  the  »ix  original 
stations.  But  he  would  remind  them  that  they  had  !><  en  informed  ju»ft 
before  that  the  Government  had  decided  not  to  proetfd  with  the  ron- 
struction  of  the  stations  of  the  Imperial  chain  owing  to  the  alu-nd  cir- 
cumstances resulting  from  the  war.  They  flechned  the  po'-imaster- 
General's  offer  to  reinstate  the  contract,  notwithstanding  ail  the  im- 
portance which  they  had  always  attached  to  it.  In  Februarj-,  1915,  a.s 
Mr.  Marconi  told  them  last  year,  new  negotiations  were  entered  into 
with  H.M.  Government.     On  that  occasion,  however,  tho,-,e  t;  ■•n< 

were  not  with  the  Post  Office,  but  with  the  Admiralty,  and  in  <  .i<.e 

of  its  being  represented  to  them  that  four  of  the  original  stations  were 
urgently  needed,  and  although  the  conditions  offered  to  them  were  (in 
his  view)  less  favourable  than  tho.se  of  the  1913  contract,  the  number  of 
stations  being  reduced  from  six  to  four  and  the  duration  of  the  contract 
shortened,  he  felt  himself  constrained,  in  view  of  its  national  imi>ortanee, 
to  undertake  to  recommend  his  colleagues  to  accept  the  basis  proposed 
for  the  new  agreement.  The  draft  agreement  was  to  be  submitted  to 
them  promptly,  and  the  stations  were  to  be  proceeded  with  immediately. 
No  draft  agreement  had  ever  been  received.  The  company  had  never 
yet  been  officially  informed  why  the  draft  had  never  been  submitted  to 
them.  After  several  inquiries  without  result,  and  many  more  months 
of  patient  waiting,  they  realised  that  there  was  no  alternative  but  to 
proceed  with  their  claim  for  compensation.  They  were  of  opinion  that 
they  were  entitled  to  a  very  large  sum  under  each  of  those  heads.  There 
was  but  one  other  matter  to  which  he  wanted  to  make  reference.  They 
would  remember  that  on  April  3  last  they  were  informed  by  circular  that 
Mr.  Marconi  had  been  engaged  in  research  work  in  Italy,  where  he  had 
been  able  to  carry  out  some  important  improvements  and  tests.  The 
results  obtained  were  far  reaching  and  directh*  concerneel  the  future 
practice  of  the  entire  science  of  wireless  telegraphy  and  wireless  tele- 
phony over  both  long  and  short  distances,  no  matter  whether  conducted 
by  means  of  ordinary  sparks,  quenched  sparks  or  continuous  waves,  and 
that  by  that  means  results  hitherto  impossible  would  be  obtained.  Since 
then  Ml'.  Marconi  has  been  able  to  pay  a  visit  to  this  country,  and  had 
described  to  him  the  nature  of  his  new  work.  He  announced  at  the 
meeting  of  the  Marconi  International  Co.  that  in  the  verj-  near  future 
Mr.  Marconi  would  introduce  a  new.  independent  and  very  simple 
installation,  to  be  worked  from  the  bridge  of  a  ship,  which  would  ])ut  an 
end  to  all  clanger  of  collision  at  sea  in  darkness  or  in  fog.  That  repre- 
sented but  a  part  of  Mr.  Marconi's  latest  work.  It  was  his  behef  that  his 
new  inventions  would  prove  as  epoch  making  in  the  progress  of  the  art 
of  wireless  telegraphy  as  was  in  1900  the  now  world-famous  patent  known 
as  the  four  sevens. 

TROWBRIDGE  ELECTRIC  SUPPLY  CO.  (LTD.)— The  chairman  (Mr.  .J.  H. 
Blake)  presided  at  the  recent  annual  meeting,  and  stated  that  the 
profit  for  the  year  was  only  £348.  4s.  7\d..  against  £436  in  1915.  The 
decrease  was  not  because  the  company  had  had  a  reduction  in  sales,  but 
because  they  were  generous  to  consumer.^  and  did  not  increase  the  price 
as  early  as  they  ought  to  have  done.  They  delayed  putting  the  price  up 
because  they  hoped  the  war  \\ould  end  and  things  become  normal.  The 
cost  of  the  maintenance  of  the  works  hael  enormously  increased,  and  in 
view  of  that  he  thought  they  could  congratulate  the  managing  director 
on  keeping  the  expenses  as  low  as  he  had.  aiul  that  they  v.ere  able  to  pay 
the  same  dividend  as  last  year.  Up  to  the  present  the  directoi-s  had 
given  their  services  free,  but  he  hoped  the  time  would  come  when 
they  would  be  warranted  in  having  some  small  acknowledgment  for 
services  rendered.  They  were  still  prohibited  by  the  Council  from 
erecting  overhead  wires  in  the  Bradley-road  district.  It  was  quite 
impossible  to  give  an  underground  supph', :'    the  price  was  prohibitive. 

J.   G.  WHITE   &    CO.    (LTD.)— ]^Ir.  W.  C.  Burton,  who  presided  at  the 

meeting  layt  week,  said  that  the  eft'oct  of  the  war  had  Uen  largely  to 
stop  all  business  of  the  character  which  they  were  equipped  to  eariy  on 
— .namely,  engineering  constructional  works  in  all  parts  of  the  world. 
On  the  whole,'a  company  in  their  pcsition  was  fortunate  in  having  been 
able  to  meet  all  its  expenses  and  to  show  a  net  profit  sufficient  to  cover 
6  per  cent,  on  its  capital,  with  a  comfoitable  margin,  even  thonsh  that 
figure  was  small  compared  with  what  the  company  had  done  in  the  ]K»st, 
and  what  it  should  do  again  und>r  approximately  similar  conditions. 
The  profit  for  the  year  to  (tate  amounted  to  £17,3S0,  against  £19.772  last 
year,  a  small  and  not  serious  reduction  under  the  ciicuinstanoes.  \\  ith 
the  amount  brought  forward  there  was  £46.939  to  \yo  dealt  with,  out  of 
which  the  directors  were  i-ecommendinsr  a  dividend  of  6  per  cent,  upon 
both  classes  of  shaiv-s.  The  f  utui-e  development  of  the  business  depended 
upon  there  being  a  supplv  of  ca])ital  available  for  new  constructional 
enterprises,  and  that  could  onlv  be  expected  aftc-  the  n->i-toration  of  nor- 
mal peace  conditions.  In  the  meantime  they  must  husbuui  their  re- 
sources and  keep  together  as  far  as  possible  ^he  essential  elements  of  their 
staff,  and  be  in  a  position  to  take  promp;  advantage  of  the  first  opportu- 
nities. Thev  were  also  endeavouring  to  develop  new  channels  in  which 
their  e\-perienee  could  be  utilised,  more  particularly  by  incivnsing  ard 
broadening  the  scope  of  their  commission  purchasing  department,  and. 
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in  connection  w'.  I  h  J.  G.  Wh-  tc  &  Co. .  of  New  York,  f  c  curing  bu.im ' ;;  wli  h 
thor.o  American  intercst.;  who  were  for  the  fin  t  time  giving  rcriour.  cUcn- 
tion  to  foreign  busincrc  in  South  America  and  ch ewhc  re 


ELECTRICAL  C0XIPANIE3'  SHARE  LIST. —Oominuet 


CITY  NOTES. 


HEUORANDA  ( Jul  r'  ~>i. — Bank  rate  5  per  cent,  (since  Ang.  8,  1914). 
Consoia  01  [.  Consols  Pay  Day,  Aug.  2.  Stocks  and  Shares  Ticket 
Days,  July  12  and  27.    Pay  Days,  July  13  and  28.    Price  of  silver,  30^d. 

EASTERN  EXTENSION,  AUSTR.4LASIA  &  CHINA  TELEGRAPH  CO.  (LTD.) 


The  (lirector.s  L  -ve  declaed  an  inl'iiin  cliv-<lei.d  Tor 


quai 


ler  ci.'lcd 
The 


March  31  Ir/it  of  3s.  per  share  (tix  free),  payable  on  the  15th  inst. 

share  register  will  h"  closed  from  July  7  to  14  inclusive. 

HART  ACCJMULATOR  CO.  (LTD.)— Tiie  net  p.ofit  for  191.3,  includ-ng 
£1 1,394  brought  forward,  wiir;  i'2 1,72.5.     A  dividend  of  5  per  cnt.  is  pro- 

])0!cd,  carrying;  ."oiw.ir'!  i;in.f'4S. 

INDIA  RUBBER,  GUTTA  PERCHA  &  TELEGRAPH  WORKS  CO.  (LTD.)— 
The  directors  have  declared  en  interim  dividend  of  5s.  per  share  (tax  free) 

on  1 1;!^  ordinp.ry  shares. 

ST.  JAMSS'  &  P^L'.,  MALL  ELECTRIC  LIGHT  CO.  (LTD.)— Tho  directors 
have  declP/ri. d  en  interim  divid: )id  nt  rate  of  7  per  o'-nt.  per  r.nnum  on  the 
preference  .".nd  5  ]Kr  c^nt.  yxr  !\nnun\  ( n  the  crdinr.iy  rhr.rcn  fcr  the  half  ■ 
j-e?T  ended  .June  30,  ]??.yab!c  on  Ang.  .5  next. 

TELEPRAPHC0NSTRUCTION& MAINTENANCE  CO.  (LTD.)— The  trmsfc:- 
books  of  this  conip  n  y  ;.!■■  chm.  1  Tr. iin  1 1'  ■  .'ird  Ic.  U:  ■  13t!i  inrA.,  inclusive, 
preparatory  to  tl.'j  payment  of  an  interim  divitx'rd  of  5  per  ccr.t.  (12s. 
per  shire)  to  shareho!f!ers  on  the  icgister  on  the  3rd  ir.'.t. 


METAL  PRICES. 

Messrs.  J.  B.  Girnhini  &  Sin;,  132,  U3p;r  ThiTieo-strast,  Lonio.i,  E.G.,  quota  under 


date  Jul/  4,  thsfollov/ins  as  ths  pressnt  basis  pricssof 
Nsvv  MzrALS.  psr  lb. 

Solid  Drawn  Brass  Tub33 16d. 

Solid  Drawn  Coppsr  Tubsj 1  f'Jd. 

Brazed  Copper  Tuba; 13U. 

Brazed  Brass  Tuba: lad. 

Brass  Wire \'j\i. 

Copper  Wire 19d. 

Rolled  Brass 1 5i  j. 

Brass  Shssts 16}d. 


par  to.T. 

English  L'sad E2;  ID    0 

Antimony No.-ninal. 


O.D  Mjtai-S. 

Clsm  C)p?ar  S;.-ap 

Clean  B.ass  S;rao 

Braziery  Csppjr  S;rap 


par  ton. 
£,^3   0    0 
0 
0 


£61 
£31 


per  ton. 

Coppar  Sheets    £152    0    0 

Spelter £jl     0    0 


O'd  Lead £>3  10 

Old  Zin; £3!     0 

Hollow  Pawtar £121    0 

Black  Pavter £n    0 

Gjt  Matal £63    0 


Mr.  A.  Joseph,  Earl-street.  Ljndon-road.  Southvark,  London,  S.E.,  quotes  under  date 
July  4,  the  following  approximate  prices  of  S^.tAP  MarAi.s: — 


Aluminium  C'ittings £95 

Clean  Mixed  Brass £57 

Clean  Cooper £33 

Braziery  Copper £73 

Gun  Metal £78 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

par  ton. 


Old  Lead £25  0 

Tea  Lead £23  0 

Old  Zinc £35  0 

Holbw  Pevte.- £125  0 

Shaped  Black  Pewter £30  0 


0 
0 
0 
0 
0 


Mr.  Joseoh  can  supply  solder  at  the  fcllowing  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip).  £86  ;  Commercial  Tinman's  Solder,  £1 12  ;   Blowpipe  Solder,  £122. 


ELECTRICAU  C9.YIPAN1ES'  SHARE  LIST. 

What  were  kaowa  ai  "  o!B3ial  quotatioai  "  ara  nob  no»  isjaai,  bit 
we  give  below  the  latest  prioaj  at  wnioh  actual  traiaaotions  took  pla33 
on  Of  before  Tuesday,  July    ^.     Tas  greatajt    care  is  taken  in  oompilia^ 
hese  figurei.  but  the  dilEoulty  of  veriQoatiua  is  now  mioh  iaoreasei. 


Last 

Divi- 

OBNC 


10 

10 

10 

5 

5 

St. 

bt. 

5 

5 

5 

St 
10 
10 

St. 

St. 
10 
10 

St. 

St. 

St. 
5 

St. 
5 

St 
5 

St. 

St. 

St 


NAME, 


6% 

4i% 

10*" 
7°/ 

il 

2,'3 

5% 

4i% 

4% 

4i% 

6/0 
5% 
4i% 

a 

4t% 

4»% 

7% 

4% 

67, 

^'° 
3% 

44% 
5' 


6Vo 
5% 


Electricity  Supply. 

Bournemouth  &  Poole  E.L.  0;d 

Do.     41%  Cum.Pref 

Do.     6%  Cum  2  Id  Pref 

Brompton  &  Kensin  jton  Ord 

Do.    7%  Prof 

Central  Eloc.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  DjbJ... 

Do.     4i%Pref 

Do.     Ord 

Do.    City  P.ef 

Chelsea  Elec.  Siipp.  Co.  Ord 

Do.  do.  Djb 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.     5%  Deb.  St 

Do.     4i"i  Debs 

Coi'nty  of  London  Ord 

Do.     6%  Pre! 

Do.     1st  Deb 

Do.    2nd  Deb 

Edmundson's  Elec.  S'.ipp.  41%  D»bj... 
Kensington  and  Knightsbridge  Ord.  .. 

Do.    Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mort.  D:b3 

Metropclitan  E.  Supp.  Ord 

Do.     1st  Morf.  Deb 

Midland  Elec.  Corpn.,lst  Mort.  Deb.  St 
Newcastle  &  Dist.  E.L.  6%  2nd  Dbj  . . 
Newcastle- ■on-TyneE.S.5%2dMt.Db.St. 
North  Metropolitan  E.  P.  Supp.  6%  Pref 

South  London  E.&  Ord     


PriM, 

TU9«., 

July  4. 


9.', 
8A 

lOA 
6. 

80 

m 

3i 

2* 

2'.  It 

2ii 
87t 

!^* 
lOi 

97* 

Sit 

lot 

10» 

87lt 

831 

S 

m 

J) 

2|t 

eot 

9)t 

92 
1 
2\ 


Rath 

VlBLDBO. 


e  I. 

6  10 
S  11 
5  19 

7  12 

4  19 

5  0  0 
5  0  8 
7  4  0 
7  0  4 
7  18  3 
7  3  10 

5  3    5 

6  II 
5  14 

4  17 

5  11 

7  0 
5  IS  8 
5  4  2 
5  7  4 
5  18  10 
7    0    0 

5  1 

6  13 

4  1? 
6    6 

5  U 

5  I 

6  0 

5  8    8 

6  0    0 

7  5    5 


DlV^IDSSO 

Dub. 


Mar,  Sspt 
Feb,  Auj 
Feb  Aug 
Mar,  Sipt 
Mar,  Aug 

J  an,"  July 

Aug,  Feb 
Jun,  Dae 
Mar,  Sept 
J  an ,  J  uly 
Feb,  Au; 
Mar,  July 

iun,  D3C 
un,  Dae 
Mir.  S5pt 
Feb,  A  J ; 
Jan,  July 
Mv,  No/ 

July 
F»b,  Au? 
Jan,  July 

Jan,  July 

Mar,  Aug 

Jan,  July 

J4n,  J  ;ly 

Mar,  Sept 

Mar,  Sept 

Apl.  Oct 

Mar,  Sapt 


•J  Last  I 
S  Div:-1 

M    DEND 


5   8% 

5   7% 

St    3i% 

St  4i%  : 

5  4*% 

St-  '  5%  ' 

St  6% 

St.  4-i 

St  4% 

id  i  \ 

ft-  ^% 

|t    31% 

St 

.  St 

St 

St. 
St. 
St. 
St. 
St. 
St. 

1 
1 
1 
10 : 
1 


NAME. 


Electricity  Suiply— con/. 

St  James' &  Pall  Mall  Ord 

Do.  do.  Pref 

Do,  do.  Debs 

Urban  Elec.  Sjpp.  4J%  Do.  St    

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
V/estmiaster  E.S.  C;rp.  O.'d 

Do.     4}%  Cam.  P.-ef 

Electric  Railways  &  Tra-Hivay!. 

Britisn  Else  Traction  5%  Dabs 

Do.     6%  Cam.  Pref 

Central  London  Gaar.  Assented  O.-d... 

Do.        do.        Assented  Daf.  Ori.  .. 

Do.    4i%  Pref 

Do      4%  Deb.  St 

City  it  S.  London  Deb 

D  0.     Praf.  1396    

London  Electric  Ry.  Ord 

[>o.     4%  Pref 

Do.     4%  Debs 

MetropkoUtan  Ry.  Con.  O.'d 


S 

1 
St. 

2 
lOD 
St. 

5 


St 


3t% 
31%' 
31% 

4% 

41% 

6% 

4»/« 

ISJs, 
6% 

ri 

,,    6% 
5  17}% 
3/0 
6%  I 

41% 
71% 
6%  I 
4%  i 
,  20 /„ 
5    5% 


3l',iPra 


Sl-^^Oonyartible  Pief. 


Do. 
Do. 
Do.    31%  A  Dabs. 

Do.     31%  Dabs 

Metropolitar,  Dist  Ry.  Ord. 
Do.     4%  Prior  Lien    

41%  First  Pref 

6%  Perp.  Dab.: 

4%  Dabs 

4%  Dabs.  (19J3-5J.. 


4'52Gua'.  Stock. 


St 


41% 
6% 


4% 
7j"o 

\l\ 

••/I  10%! 

»0|  6%  I 
5|  20%' 
.5    2/3 

'.'«    **"'» 
•0  10%  ! 

10    5% 

12  20%  I 


St 


100 
1 
1 

St. 

•11 

St. 
St. 


4% 

71% 

6d. 

4% 

41% 

41% 

4%  ! 


St    30/0  ' 

lo'  5"i 
1^1  10% 

5    5/0 

lO!  4% 
St  i   8  'i 

St  I  3r'o 
St      4% 

^\:    ^"^ 

10    8% 

10    2f% 

2fl  13% 

1    10% 


t 

10 
10 


7% 

10'  8'i 
St     4*S 

♦i% 


Do. 
Do. 
Do. 
Do. 
Do. 

Electric  IV1anufa:turiii^,  &:. 

Babcock  &  Wilcox  0.-  i 

Do.    e%  Pref 

Brit.  Alu.minium  Ord 

Do.     Prior  Lien  Dabs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Do.    6%  Cam.  Praf 

B.'itishL.M.Ericssion  M'g.Cm.6%  Pref 

British  Tnomxsn-Hourton  Do 

Brit  Wastinghouse  Pref 

Do.     6%  Prior  L'.en  Dabs 

Do.     4%  Mort  Dab.  St 

C  allenders  Cable,  Stc.,  Co.  Ord 

Do.     5%Pref 

Do.       41%  Dabs 

Dick,  Karr  «c  Co.  6%  Pref 

Elison&S van  U.Eiec.LtA.  £3  pi 

Do.     4%Deb 

Elec.  Construction  O.'d 

Do.    7%  Cum.  Pref 

Do.  4%  Oaos 

General  Electric  O.d 

Do,    6%  Pref 

W.  T.  He.ile/'s  Te'.e^h.  Wis.  Co.  OrJ. 

Do.      41%  Cum.  Pref 

Do.     41%  Do 

India  Rubber,  G.  P.  it;.,  Ord 

Do.  Prof 

Telegh.  Con.  &  Main.  Co 

Do.     4%Dsb3 

Vickers  O.d 

Do.     5%  Pref 

Do.     1st  Debs 

Do.    41%2idDsb3 

Willans  &  Robins:n  B.  Cm.  Pref.   ... 

Do.     1st  Mt.  D;o.  S: 

Telegraphs. 

Anglo  American  6%  Pref.  Or  J 

Do.     Daf.  O.-d 

Commercial  Cable  4  %  Dabs 

Cuba  Subnirine  Ord 

Do.     10?i  Pref 

Direct  S-)jnish  lO'i  Pref 

DiracI  U.iited  State: 

Eastern  Tel.  Co.  O.d 

Do.    31%  Pref 

Do.    4%  Debs 

Eastern  Extension  Tel.  Co.,  4%  Dabs.. 

Do.    Ord » 

Gt  Northern  Tel.  Co.  E<.  Coup.  10. . . 

Indo-European    

Marconi's  Wireless  Tel.  Co 

D'o.     7%  Pref 

Wojt  India  &  Panama  Ord 

Do.     1st  Pref 

Weitern  Telegh.  Co 

Do.     4%  Dab.  St. 


1    1\A. 
1    10% 

i^  <** 

St    41% 

5i  6% 

St   4i  ; 

lol  6% 

10!    fov 

10)    5', 

..    4i 

>v>3|  6% 

5    3/0 

St     5% 

10      6/- 

Sti41% 

5    9% 

5   5^ 


5» 
5tt 

74 

711 
14 
6* 

41  r 

82 
8) 
73 
72 
82 
76 
72 
70i 
2^. 
681' 
74 
27i 
651 
611 
671 
701 

\n 

761 
74 
110 
76 
771 
70 

3 

la 
1^ 

95  Vt 

M 

11-V 

91 
3  J'. 
1001 
fc61t 
12* 

4ir 

81t 

i 

59 
I 

I ; 
7IJ 

ntt 
9ii 

15i 
41 
871 
12,^  + 

8.';t 
3n 

951t 

iti 

m 

991 

40i 
56 

105 
23,V 

70t 

7i 

131 
7» 

149* 
661 
771 
731 
15 

37  }1 
4|1 

21 

IV, 

7| 

I4»t 
78it 
991 


e  9.  d. 

6  17  8 

6    0  5 

4  14  8 
6  5  10 
6  14  9 

5  15  6 
5    5  11 


6  1  11 

7  10  0 
5    9  7 

15    7  6 

15    9  9 

5    5  3 

3  13  11 

7     I  4 

5  16  I 

5  16  7 

5    7  6 

3  12  9 

5    6  10 

5  13  4 

5    4  7 

5    0  10 


5  14 


5    0 

4  9 

5  6 

5  4 

6  8 

7  14  8 

5  15  8 

6  12  5 

4  18  11 
6    4  8 

5  19  5 

6  0  9 

8  5  10 

6  1  3 
5    7  2 

7  7  8 


5    4 

,10    0 
'  7    4 

5  11 
8  11 

6  2 
6  12 

4  14 

5  2 
8 
6 
6 
4 
4 
5 
5 


4 

1 

2 

6 

1 

6 

0 

4  10  8 
10  5  6 
7    2  10 


16  10 
7    2 


10 
3 
3 
8 
9 
0 
6 
4 


10  II 

17    5 


10  10 


W«st.rn  Union  50  yr.  Bis 

Teleptianss. 

Monte  VHeoTelephn.  Ord 1}  7  13 

O.lenul  Telephone  Ord 2  5    0 

Da.     Do.  St „ 7nt 

Telep'in.  Co.  of  E^ypt  Db.  St 8)t 

United  River  Plate  O.d 61 

Do.    5%  Cum.  Pref ;  4ttt 

Do.     Dsb.  St< B5lt 

Finaticial  anJ  Mvdst,ii)it 

Globe  Tele.:h.   &   Tr--t !  131 

Do.     6%  Pi IIA 

Mackay  C^mpmlea' Com-non 03| 

Do.     $100  Pref     '  67 

Sub-narine Cable  Trust  Carts 12? 

CMonial  and  For^ifn  Eiactric   Supply.  &c. 

Adelaide  Elec.  Supply  6%  Pref 5 

Do.    5%DsbJ 931 

Bombay  E  S  AT  6%  Pref 10# 

Do.     4l%Deb:- SSIt 

Calcutta  E.  S.  Corp.  Ord   61 

Qy.     5%  Pref  41 


Feb,  Aug 
Feb,  Aug 
Jan,  Dec 

Apl,  Oct 
Mar,  Aug 

Mar,  Sept 
Jan.  Julr 

Apl,  Oct 
Feb.  Aug 

•  • 

Jan,  July 

Jan,  July 
May.  Nov 
Feb,  Aug 
Jan,  July 
Mar.  Sept. 
Jan,  July 
Feb,  Aug 
Feo,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Feb,  Aug 
May,  Not 
Feb,  Au? 
Jan,  July 
Jan,  July 
Jan,  July 
Mar,  Sept 

Apl.  Oct 

Apl,  Oct 

Mar 
Jan,  July 
Jan.  July 
Aug,  Feb 
Jan,  July 
Mar,  Sep 
Feb,  Aug 

April 
Apl,  Oct 
Jan,  July 
Jan,  July 
Feb,  Aug 
Jun,  Dec 

Sept 
Feb.  Aug 
Jun.  Dec 

May 
Jan,  July 
Jan,  luly 

Jui/ 
Jun,  Dec 
Feb,  Aug 

Jun,  Dec 
Fob,  Aug 
Apl,  Oct 
Mir,  July 
Jan,  July 
May,  Aug 
May,  Aug 
Jon,  Dec 
Jan,  D»: 


Fb,My,Aug,N 
Fb,My.Aug,N 
la.Ap.Jly.O 
May,  Nor 


Ja.Ap.Jly.O 

la,My.Jly,0 

Ja,My,Jly,0 

May,  Nov 

Feb,  Aug 

Ja.  Ao.Jly.O 

Ja,  My,  Jly 

Mav*  Not 

April 

July 

May   Not 

May,  Nov 

Mr,Jiy,0.D»: 

Jun,  Dec 

May,  Nov. 

Not. 
Apl.  Oct 
Jan,  July 
Jan,  July 
Apl,  Oct 
Jan,  July 
Jan.  J  illy 


4  10     7    Sp.DcMr,  In 

5  8    2  jSo.Dc.Mr,Jn 
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Uneconomical  Plant  v.  Capital  Expenditure. 

We  recently  referred  to  the  state  of  affairs  at  Stoke-on-Trent, 
where  some  of  the  interconnected  stations  are  using  very  old 
and  uneconomical  plant  for  the  generation  of  electrical  energy. 
Another  case  of  the  same  kind  is  to  be  foimd  at  Bury,  where 
there  is  a  small  station  of  1,500  kw.,  and  also  a  more  modern 
station  of  7,200  kw.  Owing  to  the  fact  that  the  borrowing  of 
capital  has  not  been  permissible,  it  has  been  found  necessary 
to  utilise  the  older  plant  to  meet  the  demand,  with  the  result 
that  2,564  tons  of  fuel  have  been  used  during  the  past  year, 
whereas  the  same  quantity  o*  electrical  energy  could  have  been 
generated  by  more  modem  plant  using  only  1,300  tons  of  fuel. 
It  is,  of  course,  undesirable  to  permit  the  wholesale  expenditure 
cf  capital  in  carrying  out  extensions  of  electricity  works  at  the 
present  time  ;  but,  nevertheless,  it  would  be  well  for  the  Local 
Government  Board  to  consider  the  other  side  of  the  question, 
and  to  determine  whether  in  certain  cases  it  would  not  be 
preferable  to  allow  extensions  with  modern  plant  to  be  carried 
out,  so  as  to  conserve  our  national  supplies  of  fuel  as  far  as 
possible.  Unfortunately,  there  are  numbers  of  generating 
stations  about  the  country  using  coal  in  most  uneconomical 
fashion.  This  cannot  very  well  be  remedied  except  by  a 
process  of  evolution,  but  there  is  no  reason  why  a  better  state 
of  affairs  should  not  be  ob  ained  in  those  cases  where  extensions 
are  necessary,  and  where  the  use  of  modern  plant  would 
result  in  material  economy. 


Obsolescence  at  Sheffield. 

Mr.  S.  E.  Feddex  has  recently  submitted  a  report  to  the 
Electricity  Committee  of  Sheffield  which  de-sei-ves  the  serious 
attention  of  electricity  supply  engineers.     There  is  often  a 
tendency  to  assume  that,  so  long  as  the  capital  charges  are 
being  met  on  a  municipal  undertaking  according  to  the  terms 
of  the  loan,  all  is  well,  and  that  the  greater  part  of  any  sui-plus 
can  be  used  for  the  relief  of  rates.     This  is  a  dangerous  policy 
to  follow.     From  the  brief  abstract  which  we  give  elsewhere 
it  will  be  seen  that,  while  the  undertaking  at  Sheffield  is  com- 
plying with  legal  requirements  as  regards  repayment  of  loans, 
Mr.  Fedden  feels  that  the  reduction  of  capital  indebtedness 
is  not  taking  place  fast  enough  to  keep  the  undertaking  in  a 
finaQcially  sound  position.     In  his  opinion,  the  undertaking 
should  be  able  to  put  away  enough  money  to  bring  the  reserve 
fund  up  to  10  per  cent,  of  the  indebtedness,  and  to  build  up 
a  strong  fund  to  deal  with  renewals  and  obsolescence.      The 
question  has  been  brought  to  the  front,  partly  because  it  is 
felt  that  when  trade  conditions  become  normal  once  again  the 
largest  consumers  will  agitate  for  lower  tenns,  and  that  if  the 
department  is  not  in  a  position  to  supply  at  the  cheapest  rates 
some  of  its  consumers  will  be  lost.     But  there  are  further  very 
important  facts.      The  plant  at  Sheaf-street  station  is  entirely 
out  of  date,  and  yet,  on  the  present  method  of  repa^nnent,  it 
will  take  another  23  years  to  pay  ofi  the  capital  there  involved  ; 
the  plant  is  also  out  of  date  at  Kelham  Island,  and  yet  con- 
tributions to  the  sinking  fund  must  continue  for  another  14 
years.     Further,  although  Neepsend  station  was  not  opened 
until  1904,  the  first  four  turbines  are  also  obsolete  when  com- 
pared with  the  efficiency  of  present-day  plant. 

It  is  obvious  from  these  statements  that  there  is  good  groui.d 
for  the  view  expressed  by  Mr.  Feddex,  and  we  do  not  suppose 
that  this  state  of  affairs  is  limited  entirely  to  Sheffield.  In  fact, 
we  believe  that  few  electric  supply  undertakers  have  formed 
substantial  reserve  funds,  as  there  is  no  statutory  obligation 
upon  them  to  do  so,  and  in  the  past  the  practice  of  the  Local 
Government  Board  'n  regard  to  loans  has  permitted  local 
authorities  to  borrow  for  periods  longer  than  the  life  of  the 
plant,  thus  aggravating  the  situation.  In  on-  opinion,  all 
electricity  undertakings  should  have  both  a  reserve  fund  for 
contingencies  and  a  fund  to  provide  for  oboolescence.  Con- 
sidering the  great  advance  that  has  been  made  in  recent  years 
in  the  efficiency  of  steam  plant  and  in  the  reduction  of  capital 
cost  per  kilowatt,  it  is  clear  that  every  electricity  undertaking 
should  err  on  the  side  of  providing  for  obsolescence  rather 
than  run  on  a  basis  which  may  in  a  few  years  turn  out  to  be 
financially  unsound.  As  the  result  of  Mr.  Feddex's  report, 
the  Electricity  Committee  recommends  the  City  Council  to 
increase  all  accounts  for  the  supply  of  current  by  10  per  cent. 
where  the  pricp  is  more  than  2d.  per  imit,  and  by  20  per  cent, 
where  the  present  price  is  2d.  per  unit  or  less.  ^^  e  do  not 
much  like  this  precise  method  of  dealing  with  a  matter  of  this 
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kind,  as  it  involves  what  mathematicians  would  call  a  dis- 
continuity. Suppose,  for  example,  that  a  consumer  is  obtain- 
ing his  electrical  energy  at  2^d.  per  unit,  then  a  10  per  cent, 
advance  will  bring  his  price  to  2-337d.  ;  on  the  other  hand,  if 
a  consumer  is  obtaining  his  energy  at  2d.  per  unit  he  will  be 
subject  to  20  per  cent,  advance,  which  will  bring  his  price  to 
2-4d.  In  other  words,  the  consumer  who  ought  to  be  getting 
his  electrical  energy  at  the  cheaper  rate  is  charged  at  a  higher 
I'ate  than  the  con.sumer  who  i.s.  presumably,  less  profitable. 


Unco-ordinated  Committees. 

Since  the  outbreak  of  war  committees  innumerable  have 
been  appointed  to  investigate  and  report  upon  practically 
every  sphere  of  human  activity.  During  the  last  two  years 
scarcely  a  week  has  passed  that  has  not  seen  the  formation 
of  one  or  more  committees  having  as  their  primary  object  the 
doing  of  something  to  help  the  country.  The  past  week  has 
seen  the  birth  of  several  such  committees.  Were  our  faith 
less  strong  we  should  begin  to  think  that  our  country  must 
have  been  in  an  exceedingly  bad  way  two  years  ago.  The  fact 
that  for  several  years  prior  to  the  outbreak  of  war  our  industries 
enjoyed  unparalleled  prosperity  may  be  taken  as  an  indication 
that  there  is  nothing  fundamentally  wrong  with  our  methods. 
Beyond  question,  some  of  our  institutions  are  archaic,  but 
rather  tlian  do  as  the  fool  does,  and  pull  down  everything 
before  we  know  for  certain  that  we  have  something  better  to 
take  their  place,  we  would  endeavour  so  to  modify  existing 
institutions  as  to  bring  them  into  line  with  twentieth  century 
requirements.  For  this  reason  we  are  of  the  opinion  that 
many  of  the  new  committees  are  a  source  of  weakness  rather 
than  of  strength.  But  the  outstanding  characteristic  is  that 
there  is  no  proper  co-ordination  between  one  committee  and 
another,  and  each  is  ploughing  its  lonely  furrow  alone.  The 
inevitable  result  must  be  patchwork,  and  we  have  yet  to  learn 
that  enterprise  founded  on  such  work  is  good  either  for  the 
State  or  for  the  individual. 


thus  treated  on  an  experimental  basis,  and  the  purely  lecturing 
part  of  the  instruction  being  reduced  to  a  minimum.  Bv  so 
doing,  powers  of  obseixation  are  cultivated.  With  regard  to 
the  vexed  question  of  science  v.  classics,  the  very  practical 
suggestion  has  recently  been  put  forward  that  science  should 
be  made  a  subject  of  capital  importance  in  the  Civil  Service 
and  Army  entrance  examinations,  and  a  meeting  was  held, 
under  the  chairmanship  of  Lord  Kayleigh,  at  which  resolu- 
tions were  passed  urging  this  course.  AVe  hope  that  these 
resolutions  will  prove  effective,  for  it  is  only  by  some  such 
means  that  the  idea  of  the  supreme  importance  of  classics  as 
against  science  will  be  removed  from  the  position  which  it  at 
present  holds. 


Science  in  Education. 

Prof.  J.  A.  Fleming  iui,-,  contributed  to  t!ie  "  Journal  "  oi 
the  Royal  Society  of  Arts  an    interesting   article,  which  we 
reproduce  at  some  length  on  another  page,  the  subject  being 
"The   Place  of  Science  in   Education."     As  is  well  known, 
Prof.  Fleming  holds  very  decided  views  on  the  subject,  and 
we  make  no  apology  for  devoting  space  to  the  question,  as  it 
is  only  by  dealing  continually  with  a  sul>ject  of  this  kind  that  a 
suitable  impression  can  be  made  U])on  the  public  and  upon 
those  in  autliority.     There  are  a  few  points  in  Prof.  Flemings 
Paper  to  which  we  may  call  attention.     One  of  these  is  the 
great  use   to  which  the  ciiiematograph  might  be  put  as  an 
instrument  of  education.     Unfortunately,  it  is  very  rarely  so 
used.     It  can.  for  cxainjjlc.  1)(>  used  to  show  a  V(>ry  slow  pheno- 
menon carried  out  (juickly,  or  for  showing  how  a  very  quick 
phenomenon  is  actually  effected  by  running  the  film  very 
slowly.     As  an  example  of  the  first  we  may  take  the  growth  of 
plants,  and  of  the  scuuul  the  progress  of  explosive  phenomena. 
We  think  it  would  be  an  excellent   ihing  if  the  authorities 
Would  make  it   a  stipulation  that  exhil)iti(>ns  of  moving  pic- 
tures should  include  certain  educational  subjects.     They  need 
not  all  be  of  the  character  to  which  we  have  referred,  but  might 
also  very  well  deal  with  all  kinds  of  industrial  topics.     By  so 
doing  some  of  the  objectionable  features  of  prcsent-diiv  ]iicture 
palaces  would  be  reduced.     A  great  deal  of  Prof.  Fleming's 
Paper  deals  with  the  subject  of  instructing  the  very  youthful 
miml.     Education  in  the  early  stages  is.  no  doubt,  important, 
for  the  mind  at  that  time  is  much  more  receptive  than  later  on. 
We  ({uite  agree  that  boys  should  be  allowed  to  perfoim  ex]>ori- 
meuts  themselves,  and  not  merely  the  teacher,  science  being 


Selective  Telephones. — A  Paper  was  read  recently  by  Mr. 
G.  Edmondson  before  the  "  Institution  of  Railway  Signal 
Engineers  '"  on  "  Faults  on  Telegraph  and  Telephone  Circuits." 
The  Midland  Railway  Co.  prefers  the  ordinary  telephone 
system,  whereby  any  station  can  call  up  the  train  controller, 
or  aiiy  other  station.  The  "  Engineer  "  points  out  that  on  the 
Taft"  Vale  <t  Rhvmnev  Railwavs,  where  the  traffic  is  verv 
dense,  selective  telephones  are  used  with  great  success.  The 
same  is  the  case  with  both  the  Great  Northern  and  Great 
Central  Railways. 

The  Safety  Lamp.— Profs.  F.  W.  Haidwick,  M.A.,  and  L.  T. 
O'Sliea.  -M.Sc.  read  a  Paper  before  the  Institution  of 
Mining  Engineers  on  "  The  History  of  the  Safety  Lamp.'" 
During  the  period  1888-li)13  the  most  strikiiig  feature  was  the 
large  number  of  stations  for  testing  lamps.  Among  the  more 
important  lamps  of  this  period  are  the  "  Howat  "  lamp, 
the  "  Ashworth-Hepplewhite-Gray,"'  the  "  Thornbury,"  the 
''  Fumat."'  and  the  Haihvood  "  Combustion  Tube  '"  lamp.  As 
the  resulf  of  investigation  there  has  been  a  tendency  to  restrict 
the  use  to  "  permitted  "  lamps. 

Power  Plant  for  Australian  Dockyard. — It  is  announced 
that  oji  the  advice  of  the  British  Admiralty  the  Australian 
Naval  Board  has  decided  to  install  geared  turbo-generator  .sets 
in  the  power  station  which  will  serve  the  needs  of  the  dock- 
yard at  Cockatoo  Island.  Tenders  had  been  originally 
invited  for  geared  turbo-generator  sets,  reciprocating  sets  with 
exhaust  turbines,  reciprocating  sets  with  exhaust  geared  turbo- 
generators and  Diesel  engine  sets.  Only  one  Australian  tender 
was  received.  This  was  for  a  reciprocating  engine  installation, 
ajvdthe  price  quoted  is  said  to  have  been  70  per  cent,  in  excess 
of  other  tenders  on  the  same  lines. 

Two-Speed  Alternating  Current  Elevator  Motor.— Ii\^t  he 
"  Eh'ctric  Journal  ""  there  is  an  article  on  the  above  by  .Mr. 
W.  II.  Paterson.  The  distinctive  feature  of  the  motor  is  the 
use  of  two  windings  on  both  the  stator  and  rotor.  These 
windings  on  a  t)0-cycle  circuit  give  speeds  of  250  and  840  revs, 
per  niin.  res])ectively.  On  starting,  the  lower  speed  winding  is 
connected  to  the  cinniit.  and  when  the  motor  attains  its  maxi- 
mum speed  which  corresj)OJids  to  a  car  s])eed  of  120  ft.  per 
minute,  the  connections  are  automatically  changed  to  the 
higher  speed  winding,  with  a  resistance  in  the  rotor  circuit. 
Finally,  t'is  resistance  is  cut  out,  bringing  the  car  to  its  ni;i\i- 
mnni  speed  of  100  ft.  per  minute. 

Electric  Sub-Station  Attendants.  A  Committee  of  the 
Institution  «•(  Electrical  Engineers,  in  co-operation  with  the 
Education  Department  of  the  London  County  Council,  liave 
arranged  a  four-weeks"  couree  at  the  Northampton  Polytechnic 
In8titut4',  Clerkenwell,  E.C.,  to  enable  disabled  sailors  and 
soldiers  to  qualify  for  training  assub-station  attendants.  A  first 
batch  of  1 1  men  will  coini»lete  their  course  about  the  third 
week  in  July,  and  successive  batches  will  be  available  inm\ 
time  to  time,  if  it  is  ioxind  that  there  is  a  demand  for  their 
services.  Central  statio)i  engineei-s  having  vacancies  in  their 
8ul>-stations  whi*  h  could  be  offered  to  these  men  are  requested 
to  comnuuiicate  with  Dr.  R.  M.  Walmsley,  Principal,  North- 
amjiton  Polytechnic  Institute.  St.  Jolm-strect.  Clerkenwell. 
London.  E.C. 
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Women   in   Electric    Supply    Service.— The    "  Municipal 

Journal  "  states  that  the  Electric  Supply  Committee  of  St. 
Maiylebone  Borough  Council  has  engaged  women  to  replace 
men  who  have  joined  the  Foi'ces  wherever  possible.  A  store- 
woman  is  now  in  charge  of  the  generating  station  stores.  With 
the  exception  of  the  chief  technical  clerk,  all  clerical  work  at 
the  station  is  now  done  by  girls.  The  committee  is  engaging 
girls  for  the  switchboard  galleries  at  the  generating  station 
and  the  su!)-stations.  A  woman  district  representative  has 
been  engaged  in  the  sales  department,  and  the  committee  is 
making  arrangements  at  Aybrook-street  for  the  employment  of 
women  as  lamplighters,  meter  readers,  testers,  and  in  any 
other  capacity  where  they  can  replace  men. 


OBITUARY. 


Sydney  T.  Dobson. — We  regret  to  have  to  record  the  death  of 
Mr.  Sydney  Thornton  Dobson,  chief  engineer  to  the  St.  James'  & 
Pall  Mall  Electric  Light  Co.  (Ltd.),  who  was  accidentally  drowned  in 
Poole  Harbour  on  July  3.  Mr.  Dobson  was  bom  in  London  in  ]8()6, 
and  was  educated  at  St.  Paul's  College,  Stoney  Stratford,  and  at 
King's  College,  London.  He  entered  the  service  of  Messrs.  Edmunds 
&  Coolden  as  an  improver,  and  was  engaged  for  some  time  on  instal- 
lation work,  and  in  running  the  Hochhausen  plant  exhibited  by  that 
firm  at  the  Health  Exhibition.  In  September,  1884,  he  was  ajjpren- 
ticed  to  Messrs.  R.  E.  Crompton  &  Co.,  and  during  the  latter  portion 
of  his  time  he  carried  out  experimental  work  under  Mr.  James  Swin- 
burne. In  March,  1887,  he  was  sent  by  Messrs.  Crompton  to  their 
installation  at  the  Tilbury  Docks  as  second  engineer.  In  September, 
1887,  he  left  for  Vienna  to  take  up  a  position  on  the  electrical  staff 
of  the  Imperial  Contmental  Gas  Association,  and  as  senior  assistant 
had  charge  of  the  large  central  station  employed  in  lighting  the  Court 
Theatres.  At  the  time  this  station  was  the  largest  example  of  supply 
by  means  of  low-pressure  currents  and  storage  batteries,  the  distri- 
bution being  effected  on  a  four-wire  system.  In  September,  1889, 
Mr.  Dobson  returned  to  England  to  take  up  his  appointment  as  chief 
engineer  to  the  St.  James'  &  Pall  Mall  Electric  Light  Co.  (Ltd.),  a 
position  he  occupied  at  the  time  of  his  death.  He  designed  and 
carried  out  all  the  works  and  plant  of  the  comjiany  ;  in  1900,  when 
the  St.  James'  &  Pall  Mall  Electric  Light  Co.  joined  the  Westminster 
Electric  Supply  Corpn.  (Ltd.)  in  obtaining  Parliamentary  powers 
for  the  construction  of  large  power  works  bj'  the  Central  Electric 
Supph-  Co.  for  bulk  supply  to  the  two  companies,  he  was  associated 
with  Sir  Alexander  Kennedy  p.s  joint  engineer  of  the  scheme.  Mr. 
Dobson  was  a  member  of  the  Institutions  of  Civil,  Mechanical  and 
Electrical  Engmeers. 

W.  H.  Ash. — We  also  regret  to  record  the  death,  which  took  place 
on  the  9th  inst.   at  Wallington  of  Mr.   William  Henry  Ash,  late 
superintendent    of    the    Eastern    Telegraph    Co.    at    Porthcurnow. 
Mr.  Ash  was  born  at  Torquay,  and  began  his  telegraph  career  with 
the  old  Electric  Co.   there  in   1861.     After  serving  at  Plxtuouth, 
Bristol  and  Haverfordwest,  in  1869  he  accepted  an  appointment  in 
the  Falmouth,  Gibraltar  &  Malta  Telegraph  Co.  (which,  with  other 
cable  companies,  was  amalgamated  into  the  Eastern  Telegraph  Co. 
in  1872).    In  June,  1870,  Mr.  Ash  was  appointed  to  open  the  London 
Cable   Station  at   74,   Old  Broad-street.     At  that  time  some  200 
messages  a  day  represented  the  traffic,  while  a  total  of  17,000  mes- 
sages in  24  hours  is  now  sometimes  reached.     It  soon  became  neces- 
sary to  remove  the  chief  operating  office  to  11,  Old  Broad-street  as 
the  chief  London  station.     In  July,  1877,  he  was  appointed  Superin- 
tendent at  Porthcurnow,  where  he  remained  for  36  years,  and  took 
his  part  in  the  growth  of  the  great  system  of  the  Associated  Com- 
panies, both  in  regard  to  the  large  increase  in  the  number  of  cables, 
the  increased  speed  of  working  and  the  training  there  of  the  large 
staff  of  operators,  who,  after  passing  through  the  London  training 
school,  go  to  Porthcurnow   before   being  transferred   to   the  com- 
panies' stations  in  Europe,  Asia,  Australasia  and  Africa.     Hence 
the  name  of  Mr.  Ash  is  known  as  well  in  the  furthermost  corners  of 
the  earth  as  at  home.     He  retired  from  active  work  in  1912.     In  this 
country  and  abroad  his  loss  will  be  greatly  regretted  by  a  very  wide 
circle  of  friends. 

Capt.  Rene  Chasseriand. — We  regret  to  learn  of  the  death  of 
Capt.  Rene  Chasseriand,  chief  editor  of  "  La  Lumiere  Electriciue," 
who  was  recently  killed  by  a  shell  at  Verdun  while  in  command  of  a 
field  battery. 

Killed  in  Action.— With  regret  we  record  the  death  of  Captain 
J.  S.  Davidson  (formerly  of  the  1st  County  Down  Volunteers),  only 
surviving  son  of  Mr.  C.  S.  Davidson,  and  a  director  of  Davidson  & 
Co.  (Ltd.),  of  Sirocco  Engineering  Works,  Belfast.  He  was  38  years 
of  age,  and  at  the  time  of  his  death  was  an  Infantry  Brigade  Captain 
of  the  Ulster  Division,  and  was  in  charge  of  a  machine  gun  company. 


We  regret  t(;  announce  that  Capt.  Alfred  L.  Wood,  of  the  Lan- 
cashire Fusiliers,  was  killed  in  action  on  July  2.  C'ajit.  W  ood,  who 
was  30  years  of  age,  was  a  B.Sc.  of  the  Manchester  University.  He 
was  associated  in  business  with  the  Lancashire  I)\Tiamo  &  Motor  Co., 
Trafford  Park,  and  had  acted  as  the  company's  representative  in 
India.  He  joined  the  Fusiliers  in  October,  1914  and  went  to  France 
in  November  last. 

Capt.  John  Griffiths,  B.Sc,  of  the  R.I.R.,  has  fallen  in  battle.  He 
was  science  master  of  Lame  Grammar  School  and  Lame  Technical 
School. 

Second- Lieutenant  Claude  S.  Coombs,  of  the  Queen's  0\»n  Roval 
West  Kent  Regiment,  has  died  in  hospital  from  wounds  received  in 
action.  He  was  educated  at  the  City  of  London  School  and  the  ('itv 
aiid  Guilds  Technical  College,  Finsbury,  and  was  a  student -member 
of  the  Institution  of  Electrical  Engineers. 

Lieut.  James  L.  Goav,  K.O.S.B.,  nho  has  fallen  in  battle,  was 
educated  at  the  Heriot  Watt  College,  Edinburgh.  He  was  an 
engineer-draughtsman  by  profession. 


PERSONAL. 


The  Right  Hon.  E.  S.  Montagu  has  been  appointed  Minister  of 
Munitions  in  succession  to  the  Right  Hon.  D.  Lloyd  George,  who 
becomes  Secretary  of  State  for  War. 

Major  W.  A.  Vignoles,  borough  electrical  engineer  of  Grimsby,  who 
has  been  on  active  service  with  the  10th  Lincolns  since  the  formation 
of  the  battalion,  has  been  wounded.  We  are  informed  that  he  is 
now  in  hospital  in  London,  and  our  readers  will  be  glad  to  leam  that 
he  is  making  good  progress  and  is  able  to  get  about  a  little.  Major 
Vignoles  had  two  or  three  fingers  of  the  left  hand  badly  smashed. 

It  is  announced  that  Col.  H.  A.  Johnson  (a  member  of  the  firm  of 
R.  Johnson  &  Nephew),  commanding  a  battalion  of  the  Manchester 
Regiment,  has  been  wounded. 

Royal  Engineers  (T.F.) — The  following  appointments  have 
been  made  : — 

Tyne  Electrical  Engineers  :  Cadet  D.  S.  Anderson  (from  Durham 
University  O.T.C.),  F.  L.  Adendorff  and  T.  S.  Rea  to  be  second  heu- 
tenants  (on  probation).     Lieut,  (temp.  Captain)  C.  M.  Forster  is  seconded. 


APPOINTMENTS  VACANT  AND  FILLED. 


A  capable  electrician  is  wanted,  able  to  do  repairs  and  familiar 
with  upkeep  and  repairs  of  d.c.  motors  and  generators.  See  adver- 
tisement. 

An  advertiser  requires  two  expert  male  shorthand  typists,  used  to 
electrical  engineering  terms. 

Loughborough  Electricity  Committee  invite  applications  for  the 
post  of  engineer  and  manager  of  their  undertaking.  Salary  £300  per 
annum.     Applications  to  the  Town  Clerk  bj-  July  24. 


Mr.  R.  C.  Carter  has  been  appointed  mains  assistant  in  the  Eexhill 
electricity  department. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 
Commanding  Officer,  Lt.-Col.  C.  B.  Clay,  V.D. 
Orders  for  the  Week. 
Officer  for  the  Week. — Platoon  Connuander  J  R.  G.  Williamson. 
Next  for  Duty. — Platoon  Commander  A.  Gerard. 

Saturday,  July  15. — Parade  3  sharp,  Golder's  Green  Station.    Uniforms. 
Monday,  July  17. — Technical  for  Platoon  No.  9,  46,  Regency-street,  S.  W. 

Squad  and  Platoon  Driff,   Platoon  No.   10.     Signalling  Class  and 

Recruits. 
Tuesday,  July  IS. — Officer's  Instructional  Class  (5 — 7.     Recruits  7 — 8. 

Lecture  7.1.). 
Wednesday,  July  19. — Platoon  Drill  for  No.  1  Platoon. 
Thursday,  July  20. — Platoon  Drill,  No.  5  Platoon.     Recruits  5.45 — 7.45. 

Instructional  Class  5.45. 
Friday,  July  21. — Technical  for  No.  10  Platoon,  40.  Regency-street,  S.W. 

Squad  aiid  Platoon  Drill.  No.  9  Platoon. 
Saturday,   July  22. — Instruction   Parade.   2.30,  Company  Commander 

Fleming. 
Sunday.  July  23. — Entrenching  at  Otford.     Parade  Victoria  (S.E.  and  C. 

Rly.    Booking    Office),    8.35  a.m.     Uniform,    Haversacks,    Water 

bottles.     Jlidday  rations  to  be  carried.     Railway  vouchers  will  be 

])rovided. 
Otford  Camp. — For  the  Standing  Camp  at  Otford,  see  Monthly  Orders. 
Musketry. — Foi  all  Companies  see  Notice  and  Tables  A  and  B  at  Head- 
quarters. 
Note. — Unless  otherwise  indicated,  all   Drill,    &c.,    will   take   place  at 
Chester  House. 
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GRAPHIC  DETERMINATION  OF  HYSTERESIS  LOSS. 

BY  A.  CASTEX. 

Summary. — A  description  is  given  of  an  abac  for  rapidly  estimating 
hysteresis  losses.  

%  The  following  is  an  abstract  of  a  Paper  entitled  "  Calcul  des  Pertes 
par  Hysteresis  au  moyen  d'un  abaque  a  points  alignes,"  which 
appeared  recently  in  "  L'Jndustrie  Electrique." 

It  is  pointed  out  that  the  ordinary  Steinmetz  formula  for  hysteresis 
loss  when  iron  is  subjected  to  cyclic  magnetic  changes,  may  be 
written  : — 

where  P  represents  the  loss  in  watts  per  cubic  centimetre,  /  the  fre- 
quency in  cycles  per  second,  Bq  the  maximum  value  of  the  induction 
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which  occurs  in  the  category  of  equations  represented  by  a  nomo- 
gram of  double  alignment,  and  with  parallel  rectUineal  scales. 

One  is  aware  that  such  a  nomogram  is  composed  of  four  scales, 
and  a  non-graduated  axis,  called  line  of  pivots,  or  simply  hinge,  on 
which  the  offsets  are  made. 

The  moduli  of  the  scales  ni,  yL^,  fj-s,  y-i  ought  to  be  chosen  in  such  a 
fashion  as  to  satisfy'  the  relation — 

1>i+1/."2=1,V3+1/M4 

and  their  axes  ought  to  be  placed  at  distances  S^,  Sg.  S3,  8^,  from  the 
hinge,  so  that — 

8j/a2=— /xiVa,  83/84=— ^3//t4. 

These  three  relations  determine  only  imperfectly  the  eight  quan- 
tities re])rcsented.     Xeveitheless,  practicallj'  their  choice  is  limited 
by  the  necessity  of  giving  to  the  scales  dimen- 
^  sions  compatible    with   the  size   one  gives  the 

nomogram. 

In  order  to  obtain  sufficient  precision  it  is  con- 
venient to  give  the  moduli  suitable  values  for 
easy  interpolation  of  all  extended  values  of  the 
gracuations,  and  one  ought  to  choose  the  dis- 
tances between  supports  and  hinge,  so  that  the 
c  itting  of  the  scales  are  not  made  at  too  small 
angles,  so  as  to  render  readings  imcertain.  The 
following  method  of  construction  assures  a  good 
practical  arrangement  of  the  abac  : — 
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/xi=25  cm. 

fjLi—\2-o  cm 

/x2=12-5  cm. 

/i4=25  cm. 

81= -10  cm. 
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The  logarithmic  equation  above  is  then  repre- 
sented bv  the  four  functions — 


/i=0-2o0  log/, 
/2=-0125logP, 


/,= -0-125  log  r;, 

/4  =  -0-400  log  ^olO-*, 


Method  of  usm^  the  Abac. 

Abac  for  Deteumimno  Hysteresis  Losse?. 

in  C.n.S.  units,  and  r;  the  Sl(>ininc(/.  coclVKinit.  Owiug  to  the  fnu  ■ 
tional  judex  it  is  necessary  to  use  logaritliins  in  caleulafing  tlie  loss. 
and  this  rendcre  the  calculation  .somewhat  tedious. 

A  lU'w  a|)plii'ii.ti()u  of  uouiognipliie  njetliods  of  groat  generality  has 
recently  been  given  by  I'rof.  M.  dOcagne.  of  which  there  is  no  iuhhI 
to  recall  here  the  advantages,  many  of  tliein  being  well  known  to 
engineers. 

W'e  may  write  the  above  equation  in  the  form  : — 
'og/-log  P=  l-0/>'„U'-*-log  7, 
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wiiich    determine   completely  the   nomograpliic 
abac. 

In  order  to  construct  the  abac  successive  values 
of  /,  J5o,  T)  and  P  are  calculated,  and  marked  on 
the  lines.  The  first  three  start  from  the  origin 
chosen  arbitrarily,  and  the  fourth  is  put  in  place 
by  means  of  two  alignments  corresponding  to 
the  values  given  of  /,  B,  rj,  for  which  one  has 
previously  calculated  the  value  of  P.  In  this 
^^■ay  the  scales  shown  in  the  figure  have  been 
obtained,  the  range  of  scales  being  such  that 
they  apph'  to  practical  cases  occurring  in  manu- 
facture. 

We  have  already  stated  that  in  a  nomo- 
grajjliic  representation  with  double  line.*,  tiie 
points  satisfying  simultaneously  the  equation  re- 
|)resentcd  by  the  alignment  on  two  upright  lines, 
cut  themselves  on  the  hinged  axis. 

SupiK)se,  for  example,  one  wishes  to  find  the 
lo.ss  corresjionding  to  a  given  frequency  and  in- 
duction. On  the  abac  is  placed  a  piece  of  trac- 
ing ]ia]x>r  or  trausjiarent  sheet,  on  which  has  ]>re- 
viously  been  drawn  a  line  which  pas-'^cs  through 
the  jxiint-s  of  the  scales  corresjxmding  to  t]  and 
Bq.  The  hinge  is  thus  cut  by  the  line  at  a  certain 
jHjint  which  serves  as  pivot,  and  one  ]>laces  the 
ix)int  of  a  jioncil  there ;  for  a  second  alignment 
file  |Kisition  is  detormined  by  turning  the  line 
until  it  passes  through  the  ligun^  /  of  the  fre- 
quency scale,  the  reading  on  P  giving  the  value 
of  the  lo.ss.  These  oix-rations  an^  indicated  dia- 
gram mat  "cally  In  the  small  ligun*  in  the  bottom 
of  the  left-hand  comer  in  the  diagram. 

It  is  evident  that  the  abac  is   reversible,  ar.d 
]K«rmits  the  detormination   of    any   one   of  the 
ilUt-intities  in  the  Stcinmetz  formula  in  terms  of 
In  jiartienlar,  it  has  been  tised  to  find  the  maximum 
ignetie  induction  for  which  a  limit  has  Ixhmi  fixe<l  by 
This  determination  can  be  made  with  great  facility, 
bac  is  used  with  a  little  care  there  is  practically  vcr>- 
c  lH*tween  the  results  obtained  by  it.  and    those  ob- 
culation.     Thi.s  accuracy  is  uniform  over  the  whole 
scale,  and  <|uite  sufficient  for  practical  requirem<- *- 
accuracy  ne<'d   not    Ix*  looked   for.  since  the  ii 
is  only  .Tpproximate. 
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HIGH-VOLTAGE  D.C.  RAILWAY  PRACTICE.* 

BY    C.    RENSHAW. 

Summary. — The  Paper  deals  first  with  the  fundamental  differences  in 
apparatus  for  1,200  or  1,500  volts  as  compared  with  the  former  OOO-volt 
standards,  and  indicates  the  apparent  tendency  of  general  practice  with 
regard  to  a  numl)cr  of  alternative  constructions  which  must  usually  he 
considered  in  each  specific  application  of  these  systems.  Referring,  then, 
to  the  use  of  higher  direct-current  voltages  which  is  just  beginning,  it 
points  out  the  tendency  to  reach  an  ultimate  maximum  by  employing 
a  multiplicity  of  voltages  diflering  but  slightly  from  each  other  for  suc- 
cessive installations.  It  recommends,  in  order  to  avoid  the  confusion 
which  must  surely  result  from  tliis,  that  efforts  be  made  to  establish  at 
once  a  single  standard  for  high-voltage  lines.  The  Paper  shows  that 
final  standards  in  voltage  arc  usually  fixed  by  broad  economic  considera- 
tions rather  than  by  physical  lim.itations,  and  suggests  that  5,000  volts 
direct  current  would  offer  a  very  satisfactory  voltage  for  such  a  standard 
if  commercial  apparatus  for  this  voltage  were  available.  Finally,  it 
touches  briefly  upon  the  oijeration  of  the  experimental  5,000-volt  line 
at  Jackson,  Michigan,  which  has  been  so  successful  as  to  give  great  hope 
that  the  system  will  be  commercially  developed. 


» 


Ten  years  ago  the  idea  that  approximately  600  volts  Avas  the 
maximum  potential  to  be  hoped  for  in  the  operation  of  direct-current 
railways  was  a  firmly  established  belief.  Then  suddenly  the  plan 
was  suggested  of  coupling  the  four  COO- volt  motors  in  pairs  of  two 
in  series,  instead  of  two  in  parallel,  and  of  coimecting  the  generators 
in  the  stations  in  a  similar  manner,  so  as  to  employ  1,200  instead  of 
600  volts.  The  plan  was  successful,  and  the  use  of  voltages  of  1,200 
to  1,500  has  become  so  common  that  we  are  able  to  discuss  details 
of  high-voltage  direct-current  equipment. 

Motors. — The  requirements  for  motors  to  operate  two  in  series 
on  high  voltages  differ  from  the  designs  for  low- voltage  service  only 
in  the  fact  that  slipping  of  the  wheels  may  interfere  with  the  normal 
voltage  distribution  between  them  and  concentrate  a  large  part 
of  the  total  voltage  at  the  terminals  of  one  machine.  Experience, 
however,  showed  that  special  precautions  were  unnecessary.  Insula- 
tion and  creeping  distances  on  motors  must,  of  course,  be  made 
suitable  for  the  full  potential.  The  extra  insulation  required  for 
1,200- volt  operation  is  now  obtained  by  the  use  of  better  quality 
rather  than  greater  quantity  of  material,  and  the  extra  distances  by 
improved  shaping  and  arrangement  of  parts.  Generally  speaking, 
therefore,  motors  for  use  in  series  on  1 ,200  or  1,500  volts  have  the  same 
dimensions  and  weights  as  if  made  for  use  on  only  600  or  750  volts. 

There  have  been  one  or  two  instances  where  motors  have  been 
wound  directly  for  the  full  line  potential.  Speaking  generally,  such 
motors  are  heavier  and  depart  more  radically  from  standard  low- 
voltage  designs  than  motors  for  operating  two  in  series,  and,  more- 
over, they  do  not  lend  themselves  as  well  to  the  operation  of  the  cars 
partly  on  600  and  partly  on  1,200  volts,  as  is  so  often  required.  In 
general  they  seem  to  offer  no  particular  advantages,  and  are  hence 
but  little  employed.  High-voltage  direct-current  railway  practice  in 
the  matter  of  motors  may  be  said  to  consist  in  the  use  of  two  machines 
in  series,  these  being  identical  in  construction  with  standard  motors 
for  low-voltage  service,  except  in  the  comparatively  minor  details 
of  quality  of  insulation  and  length  of  creeping  distances. 

Control. — In  control  apparatus  for  high-voltage  direct-current 
railway  equipments  the  fundamental  requirements  are  to  provide 
sufficient  circuit-opening  capacity  to  overcome  the  greater  tendency 
to  hang  which  the  liigh-voltage  arcs  possess,  together  with  the 
necessary  means  to  confine  these  arcs  within  proper  bounds. 

Our  first  1,200  and  1,500-volt  car  equipments  emploj^ed  13  pneu- 
matically-operated switches,  where,  with  the  same  current  at  600 
volts,  eight  would  have  been  sufficient.  Experience  led  to  a  reduc- 
tion of  these  differences  in  the  fundamental  parts.  Improvements 
in  interlocking  the  work  of  opening  the  circuit  atthis  time  was  trans- 
ferred to  another  point,  so  that  these  extra  switches  could  be  omitted. 
Another  switch  had  been  employed,  because  it  was  feared  that  the 
high-voltage  motors  might  require  more  careful  handling,  and  hence 
more  resistance  notches  than  standard  600- volt  motors.  It  was 
found  later  that  such  was  not  the  case,  and  this  switch  also  was 
omitted  in  later  equipments.  In  these  ways,  in  the  types  of  equip- 
ment most  generally  employed,  the  additional  switches  necessary  on 
account  of  the  increased  voltage  have  now  been  cut  dowii  to  two  for 
small  equipments  and  three  for  large  ones.  In  dimensions,  also,  it 
has  been  possible  to  work  out  designs  for  1,200- volt  switch  groups 
■with  the  same  cross-sectional  area  and  the  same  weight  per  switch 
as  those  for  600  volts. 

Auxiliary  Control  Devices. — In  the  first  equipments  for  use  on 
1,200  volts  it  was  considered  undesirable  to  employ  this  voltage  for 
the  auxiliary  circuits,  and  so  a  djmamotor  was  included  as  a  part 
of  the  equipment  to  provide  a  600-volt  supply.     To  reduce  the  size 

*  Ab.stract  of  a  Paper  read  before  the  American  Inst.  Electrical 
Engineers. 


of  the  dynamotor  the  compressor  motor  was  next  wound  for  operating 
at  full  line  potential,  and  later  the  two  machines  were  combined  in  a 
dynamotor-compressor,  the  air  compressor  l>eing  connected  to  or 
disconnectefl  from  the  dynamotor  when  required  by  a  Buitahile  clutch 
controlled  by  the  pressure  governor.  In  locomotives  or  other  equip- 
ments where  forced  ventilation  is  required  the  blower  fan  is  mounted 
on  the  sh.ift  of  the  dynamotor. 

On  motor  coaches  of  small  or  moderate  size  the  above  arrangement 
is  handicapped  in  the  matter  of  cost  and  .simpUcity  as  compared  with 
600-volt  equipment,  so  the  next  step  was  to  arrange  the  lighting 
and  control  circuits  for  operation  directly  from  the  line  voltage. 
ThesL  two  general  arrangements  constitute  a  dual  standard,  and 
one  of  the  first  decisions  to  be  made  in  planning  any  given  iiLstallation 
is  between  these  two  schemes. 

Operation  on  Tivo  Voltages. — The  most  prolific  source  of  vexatious 
problems  is  the  use  of  equipment.s,  part  of  the  time  on  low  voltage 
and  part  of  the  time  on  high.  As  far  as  the  main  circuit  apparatus 
is  concerned,  any  high-voltage  equipment  will,  of  course,  run  on  half 
voltage  with  a  corresponding  reduction  in  speed.  In  order  that  such 
operation  may  be  satisfactory,  however,  special  arrangements  must 
be  made  to  care  for  the  auxiliary  circuits. 

Many  high-speed  interurban  lines  enter  towns  over  the  tracks  of 
local  600-volt  systems.  High  speed  in  the  towns  is  not  permissible, 
and  so  half  normal  speed  on  600  volts  is  sufficient.  Under  such 
circumstances,  it  is  common  to  provide  for  re-cormecting  the  fighting 
and  control  circuits  so  that  these  will  receive  full  voltage  when  the 
car  is  in  the  600-volt  section,  but  so  that  the  main  motors  vsUl  remain 
permanently  coupled  in  series.  If  a  djTiamotor  compressor  is 
employed,  the  same  changes  automatically  coimect  it  for  full  speed 
on  both  voltages.  In  cases  where  approximately  half  speed  on  low 
voltage  is  sufficient  for  the  main  motors  the  distances  are  usually 
short,  and  half  speed  of  the  air  compressor  also  is  sufficient.  WTiere 
cars  which  operate  in  this  way  employ  a  high-voltage  compressor 
instead  of  a  dynamotor  compressor  no  change  is  ordinarily  necessary 
in  its  circuits  for  low- voltage  operation. 

Since  the  motors  on  high-voltage  cars  are  in  general  wound  for 
only  600  or  750  volts  each,  the  car  can,  if  desired,  be  arranged  to 
operate  at  full  speed  on  both  high  and  low-  voltage.  WTien  the  proper 
scheme  of  operation  on  the  two  voltages  has  been  decided,  the  next 
point  to  determine  is  the  manner  in  which  the  change-over  should  be 
effected.  The  simplest  method  is  the  use  of  a  manually-operated 
switch  on  each  car.  It  is  sometimes  desirable,  however,  to  have  the 
change-over  switch  located  beneath  the  car  and  arranged  for  opera- 
tion from  the  platform.  In  other  cases  it  is  desirable  to  have  the 
switches  arranged,  not  only  for  distant  control  in  this  way,  but  also 
for  simultaneous  operation  throughout  a  train  of  cars. 

Protective  devices  are  sometimes  desired  to  prevent  or  minimise 
trouble  in  case  a  motor  coach  is  subjected  to  high  voltage  when  its 
change-over  switch  is  arranged  in  the  low-voltage  position.  Such 
devices  ordinarily  consist  of  relays,  which  act  quickly  in  case  a 
voltage  in  excess  of  the  normal  is  applied  and  cut  off  the  circuits 
likely  to  be  damaged. 

While  the  choice  between  automatic  and  non-automatic  accelera- 
tion is  not  influenced  particularly  by  the  use  of  high  voltages,  tliere 
is  a  tendency  to  adhere  to  non-automatic  control  for  simplicity.  The 
same  applies  with  regard  to  field  control. 

Alternatives  in  Control  Apparatus. — The  most  common  questions 
are  :  (1)  Should  the  voltage  be  1,200  or  1,500  ?  (2)  Should  the 
equipment  be  of  the  dvTiamotor  compressor  or  of  the  non-d%niamotor 
type  ?  (3)  Will  it  have  to  operate  on  high  voltage  only  or  on  both 
high  and  low  voltage  ?  (4)  If  required  to  operate  on  low  voltage  as 
well  as  high,  will  half  speed  be  sufficient  on  main  and  compressor 
motors  or  will  full  speed  on  both  voltage^  be  necessary  ?  (5)  Must 
the  change-over  switch  be  arranged  for  indirect  control,  or  will  manual 
operation  be  sufficient  ?  (6)  If  indirect  control  is  required,  can  it  be 
confined  to  the  individual  cars,  or  will  simultaneous  operation 
throughout  the  train  be  required  ?  (7)  Is  a  protective  device 
essential  to  guard  against  damage  by  the  application  of  the  wrong 
voltage,  or  will  this  not  be  required  ? 

As  far  as  the  auihor  can  judge,  current  practice  seems  to  be  tending 
in  the  following  directions  :  \\Tiere  the  high-voltage  cars  must  run 
over  existing  600-volt  lines  to  any  considerable  extent,  the  exact 
ratio  between  600  and  1,200  volts  offers  some  advantages.  Since 
high-voltage  motors  are  made  from  existing  standards  also,  there  is  a 
wider  range  of  choice  for  1,200-voIt  operation  than  there  is  for  1,500 
volts,  especially  where  small  sizes  of  motors  are  required.  So  ffir, 
1,500  volts  has  been  used  in  sections  where  600-volt  lines  have  been 
established  only  to  a  limited  extent — that  is,  in  comparatively  Airgin 
territory — while  1,200  volts  has  been  employed  in  sections  where 
there  has  already  been  considerable  600-volt  development.  It  seems 
probable  that  high-voltage  practice  will  continue  to  follow  these 
lines,  except  in  the  case  of  the  electrification  of  branch  lines  on  steam 
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railways  or  similar  instances  where  connections  with  existing  lines 
will  have  little  bearing. 

The  general  tendency  is  toward  the  use  of  the  dynamotor  com- 
pressor on  large  motor  coaches,  particularly  wliere  full  speed  is 
required  on  half  voltage,  since  this  arrangement  lends  itself  readily 
to  such  operation.  Dynamotor  compressors,  also,  are  particularly 
suitable  for  locomotives  where  forced  ventilation  is  utilised.  For 
smaller  rolling  stock,  non-dynamotor  outfits  are  generally  employed. 
In  the  older  sections  of  the  country',  where  distances  of  four  or  five 
miles  must  sometimes  be  run  on  city  tracks,  and  where  through  cars 
over  600- volt  lines  are  likely  to  be  employed,  equipments  are  usually 
required  to  operate  at  full  speed  on  half  voltage.  Where  large  cars 
are  arranged  for  full  speed  on  both  voltages  the  tendency  is  toward 
the  use  of  full  speed  for  the  air  compressor.  The  general  tendency 
is  to  employ  the  simple  manually-operated  tyjie,  except  where  cars 
are  operated  at  close  headway  or  are  constantly  u.sed  in  trains.  In 
most  cases,  also,  devices  to  protect  against  the  wrong  voltage  are  not 
considered  necessary. 

Equipments  With  Drum  Control. — In  all  of  the  above  the  author 
has  had  in  mind  equipments  using  indirect  or  multiple-unit  types  of 
control,  and  primarily  with  reference  to  those  using  electro-pneu- 
matic control.  While  high-voltage  equipments  are  occasionally 
used  with  drum-type  controllers,  especially  double  equipments  with 
rheostatic  control,  where  cars  for  city  service  are  operated  in  small 
towns  by  interurban  companies,  the  number  of  these  is  too  small  to 
warrant  inclusion  in  any  generalisation  such  as  that  with  which  we 
have  been  dealing. 

Power  Svpjdij. — Direct-current  power  for  high-voltage  lines  is 
generated  in  1,200  or  1,500- volt  machines,  which  usually  employ  a 
compensating  winding  as  well  as  coinmutatiiig  pcjles.  Twenty-five 
cycle  synchronous  converters  producing  1,200  or  1,.500  volts  on  one 
commutator  are  in  successful  use.  With  GO  cycles,  the  maximum 
voltage  so  far  employed  from  a  single  machine  is  750,  so  that  two 
machines  in  series  are  still  required  for  high-voltage  lines.  Common 
sub-station  jiractico  is  to  eiiij)l()y  single  converters  where  power  at 
25  cycles  is  available,  and  to  use  either  motor-generator  sets  or  two 
converters  in  series  on  60  cycles.  A  particularly  efficient  sub- 
station arrangement  on  the  latter  basis  is  secured  by  installing  three 
synchronous  converters  so  arranged  tlwit  any  two  of  them  may  be 
connected  in  series. 

Swilchiiuj. — In  the  matter  of  switching,  the  principal  changes 
which  have  been  made  in  handling  current  at  1,200  or  1,500  volts 
have  been  for  the  jjurpose  of  ensuring  safety.  For  this  purpose 
switchljoard  pani^ls  have  been  made  higher,  and  the  circuit -breakers 
and  knife  switches  are  located  so  as  to  be  out  of  direct  reach.  For 
opening  and  closing  the  breakers,  long  wooden  rods  leading  to 
insulated  bandies  on  tl;e  lower  part  of  the  i)anel  are  provided.  Bar- 
riers are  j)laced  between  the  cinnil -iircakcrs  to  prevent  any  tendency 
to  flash  across. 

Line  Conslriirtion. — Cenerally  s]:eaking,  the  most  common 
practice  is  to  employ  catenary  construction.  .Several  interur!)an 
lines  are  using  1,200- volt  third  rail,  but  the  voltage  surges  to  which 
tliis  may  give  rise,  the  dilTicuity  of  clearing  a  car  in  case  of  accident 
and  tlie  general  safety  ha/.ard  incident  to  the  maintenance  of  a  live 
conductor  so  close  to  the  grf)und  seem  likely  to  limit  the  use  of  this 
form  of  construction.  A  growing  practice  is  tliat  of  carrvins  the 
feeders  for  a  considerable  distance  from  the  station  before  taj)ping 
into  the  trolley,  so  as  to  limit  the  possible  current  flow  in  case  of 
troul)le  of  any  kind  on  the  cars. 

ICconotnir  Sitjiiijiratice. —  In  studying  tl.e  development  of  1.200  and 
1, .500- volt  practice,  the  fundamental  point  which  appeals  to  the 
author  is  the  ea.se,  success  and  speed  w  itli  w  hich  so  radical  a  departure 
from  j)revious  ])ractice  has  hQ.vw  carried  out.  In  most  devcloi)ments 
of  so  far-reaching  a  nature  many  sources  of  diniculty  are  usually 
overlooked  at  lirst,  and  must  be  cared  for  in  later  apparatus  at 
increased  ex|)ense.  .Many  of  the  possible  dilhculties  seem  to  have 
been  over  estimated  in  im|)ortance,  and  much  of  the  trouble  antici- 
pated has  failed  to  appear.  It  has.  thcrcfnn'.  l)e(>n  possil)le  gradually 
to  sim|>lify  and  cheapen  the  various  finidamcntai  jiarts.  instead  of 
having  to  follow  the  opposite  and  more  usual  procedure.  The 
geneial  results  of  tlie  high-voltag(>  direct  (urreiit  system  ha\('  lieen 
to  make  possible  tlie  construction  of  inter-uri)au  lines  or  the  elec- 
trification of  branch  steam  railway  lines  at  considerably  less  expense 
for  a.  given  grade  of  const rncl ion  than  with  60<l  volts,  or  to  reiuler 
])()ssil)lc  for  a.  given  ex|)en(iilnrc  the  construction  of  lines  capable  of 
handling  much  heavier  traffic. 

VoIlirffCft  of  2.100  (tn,I  .'^.OOO  Volts.  Inasnuich  as  (he  I.2<Kl-volt 
8.vstems  have  been  brought  aluiut  by  the  use  of  two  600- volt  motors 
in  series,  and  as  a  few  motors  wound  directly  for  this  voltage  had  been 
])roduc(Hl  with  no  particular  (lifliculty.  flie  obvious  procedure  was  to 
connect  1.200- volt  motors  and  generators  in  series  so  ns  to  operate 
at  2.400  volts.     One  line  installed  on  this  basis  has  had  a  remarkal)lv 


successful  record.  From  a  general  standpoint,  however,  while  the 
results  have  been  welcome  as  a  contribution  to  the  development  of 
the  art,  suitable  appfications  for  this  particular  voltage  are  apparently 
somewhat  la'king.  For  trolley  roads  of  the  usual  interurban  class 
it  has  the  inherent  disadvantage  of  requiring  apparatus  which 
departs  too  wideh*  from  the  existing  standards  with  which  the 
operating  forces  have  become  famiUar,  as  well  as  of  not  lending  itself 
to  interchangeable  oix;ration  over  600-volt  lines.  For  heaA-j-  trac- 
tion, on  the  other  hand,  this  voltage  is  much  too  low  to  solve  the 
problem  in  a  sufficiently  comprehensive  way  to  attract  the  invest- 
ment of  capital  in  electrification.  Even  3,000  volts,  while  over- 
coming the  latter  disadvantage  to  some  extent,  does  not  do  so  com- 
pletely. It  is  regrettable,  also,  that  both  2,400  and  3,000  volts  have 
been  employed,  and  that  in  carrying  on  the  upward  i^rogress  in 
direct-current  voltages  1,500- volt  apparatus  was  not  used  at  once 
for  coupling  in  series  without  the  intermediate  step. 

Ultimnte  Limits  of  Direct -current  Voltage. — The  general  limits  upon 
which  standard  practice  ordinarily  settles  are  usualh'  fixed  by  broad 
economic  considerations  rather  than  by  phj'sical  limitations.  It  is 
possible,  for  instance,  to  operate  trains  at  maximum  speeds  of  90 
miles  ]:er  hour  or  more,  yet  the  maximum  ordinarilj-  attamed  is 
from  60  to  80  miles  per  hour,  and  the  general  average  on  inter- 
urban lines  is  from  50  to  60  miles  per  hour.  These  values  have  been 
established  Ijv  gradual  increases  from  lower  ones  mitil,  without  any 
conscious  effort,  standardisation  has  been  automaticallj-  secured. 

In  tl.e  voltages  which  may  be  employed  with  the  direct-current 
railway  system  there  is  some  tendency  toward  tliis  same  procedure. 
While  ui  a  way  such  a  procedure  would  be  the  conservative  and 
natural  way  for  progress  to  come  about  in  the  use  of  higher  direct- 
current  voltages,  its  disadvantages  are  too  obvious  to  require  men- 
tion. The  apparently  more  radical  plan  of  trying  to  select  in 
advance  the  voltage  at  which  such  increases  would  naturally  stop 
and  of  going  at  once  to  this  voltage  would,  hence,  seem  to  be  the  more 
rational  and  really  the  more  conservative  as  far  as  the  general  good 
of  the  industry  is  concerned.  It  has  been  with  this  idea  in  \-iew  that 
our  efforts  toward  the  u.se  of  direct  current  at  5,000  volts  are  being 
put  forth.  With  practical  apparatus  for  this  voltage  available,  the 
problems  of  distributing  and  collecting  the  necessary  power  for  the 
largest  locomotives  likely  to  be  required  can  be  readily  solved,  so 
that,  although  further  increases  might  be  possible,  they  should  be 
entirely  unneces.sarv. 

Openition  of  5.(JO0-ic»//  Equipment. — The  general  construction  of 
the  5,0t)0-volt  experimental  equipment  on  the  Grass  Lake  line  of 
the  Michigan  United  Traction  Co..  and  the  results  of  its  first  few 
months'  oj)eration,  ha\e  been  so  widely  covered  by  the  technical 
press  that  it  is  mmecessary  to  refer  further  to  them,  except  to  say 
that  the  equijuncnt  is  still  in  o]>eration  on  the  same  successful  basis, 
and  it  has  run  a  little  over  30,000  miles.     During  the  four  months 
which  are  ordinarily  considered  the  worst  in  the  year  the  car  ran 
23..'52n  miles,  or  an  average  of  5,830  per  month.     Only  two  failures 
were  in  any  way  due  to  the  use  of  5.000  volts,  and  these  consisted  of 
grounds  on  the  grid  resistance,  which  took  place  through  the  water- 
soaked  flameproof  covering  on  certain  of  the  leads  where  the  cables 
had  not  been  jtrojK'Wy  insulated  .Jid  sui)ported.     Such  troubles  can 
be  easily  guanled  against  on  new  equijjments. 

C(>uchtsioii.—  T\w  pernicious  flcxiliility  of  the  1.2(K)  and  l,5O0-volt 
systems,  and  the  innumerable  alternatives  which  they  presentUor 
a])plication  to  any  definite  civse  in  interurban  work,  seem  to  give 
timely  warning  of  the  great  desiral>ility  of  early  standardisation  in 
the  matter  of  higher  din-ct -current  voltages.  The  comparative  ease 
with  which  apparatus  for  these  voltages  has  been  develojx'd  gives  a 
most  encouragint:  feeling  for  further  development  along  the  same 
lines.  The  iH)hsiliilities  which  a  direct -current  system  at  5.(KH)  volts 
would  offer  were  the  ap|iaratu8  commercially  available  make  this 
voltage  seem  a  logical  oiu\  and  the  results  obtained  with  the  experi- 
mental equipment  now  in  ojieration  give  great  hoj-c  that  this  voltage 
may  some  day  hv  estal)lished  commercially  as  a  standard  of  liigh- 
voltage  din»ct-eurnMit  railway  practice. 
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POWER  REQUIREMENTS  AND  RESOURCES   OF  NEW 

SOUTH  WALES.* 

BY   WILLIAM   CORIN. 

Sumwary. — This  Paper  is  divided  into  three  parts.  In  Part  T.  an 
inquiry  is  made  as  to  the  present  total  ])ower  in  use  in  the  State,  and  an 
attempt  is  made  to  forecast  the  extent  to  which  power  may  reasonably 
be  anticipated  to  bo  required  in  the  immediate  future.  Part  II.  is  a 
discussion  of  the  resources  available  for  meeting  the  anticipated  demand; 
and  in  Part  III.  the  author  has  attempted  to  indicate  in  what  manner 
these  resources  should  be  developed  in  order  best  to  provide  for  the 
requirements  so  as  to  supply  power  at  the  lowest  rates,  and  in  such 
a  manner  as  to  invite  the  establishment  of  new  industries  in  New  South 
Wales.  — 

I. — Power  Requirements  of  N.S.W. 

It  will  be  convenient  to  discuss  this  subject  under  four  headings, 
subjecting  each  in  turn  to  such  analysis  as  will  show  the  probable 
growth  within  a  period,  which  the  author,  for  the  purpose  of  dis- 
cussion, has  set  at  15  years — i.e.,  until  1930.  These  headings  are 
as  follows  :  (a)  Manufacturing  industries  ;  (6)  Towns  supply  ;  (c) 
Rural  supply  ;   {d)  Locomotion. 

As  regards  the  first  two  headings,  in  attempting  to  forecast  the 
future  requirements,  there  has  been  considerable  progress  up  to  the 
present  date,  of  which  a  careful  scrutiny  enables  valuable  deductions 
to  be  drawn  as  regards  the  future.  As  to  the  second  heading — i.e., 
towns  supply — the  development  in  New  South  Wales  has  been  in- 
significant compared  with  what  has  been  done  in  other  parts  of  the 
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Fig.  1. — Stationary   Industrial   Prime   Movers.     Increase   of 

Horse-power  from  1901  to  1913. 


in  1911,  since  when  the  rate  of  increa.se  shows  retardation  to  have 
commenced,  and  the  curve  may  be  exj;>ected  to  fall  after  a  few  years 
to  a  point  where  it  will  probably  remain  ftirly  .steady  for  some  time, 
representing  the  power  taken  by  tho.se  indu.strie«  for  which  direct 
application  of  steam  engines  ha.s  been  proved  to  form  at  lea.st  one 
satisfactory  solution  of  the  driving  problems  involved,  aft«r  which 
it  is  pos.sible  that  it  may  slowly  ri.se  again. 

In  Fig.  2  the  same  results  are  plotted  to  a  flatter  scale,  and  the 
curves  are  continued  in  an  upward  direction  until  19.30.  Two 
metho  Is  suggested  them.selves  for  continuing  these  curves  ;  one  the 
strictly  synthetic  method  of  attempting  to  evaluate  the  respective 
influences  of  increase  of  mechanical  application,  initiation  of  new 
industries,  rise  of  wages  and  growth  of  population — a  difficult  though 
interesting  task,  and,  though  considered,  not  adopted  by  the  author. 
The  other,  to  find  the  equation  to  a  curve  approximating  to  that 
plotted  and  then  simply  to  continue  it. 

The  net  result  is  that  for  the  next  15  years  the  increa.sed  power 
demand  for  stationary  industrial  uses  may  be  anticipated  to  amount 
for  the  whole  of  the  State  to  a  total  of  479,.500  h.p. — i.e.,  381,VXJ  h.p. 
in  addition  to  that  in  u.se  in  1913.  Of  this  total,  416,000  h.p.  may 
be  anticipated  to  be  supplied  electrically,  and  the  balance,  81,500  h.p., 
may  be  regarded  as  non-electric.  Allowing  for  diversity  factor  and 
losses,  the  416,000  h.p.  will  require  300,000  kw.,  and  will  use,  with 
a  load-factor  of  23  per  cent.,  600-million  units  per  annum. 

Various  industries,  including  calcium  carbide,  alkalies,  copper, 
iron,  steel  and  aluminium,  are  then  dealt  with,  and  the  author  then  dis- 
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Fig.  2. — Stationary  Industrial  Prime  Movers.     Probable  Increase 
OF  Horse-power  from  1913  to  1930. 


world,  and  with  what  might  have  been  expected  in  this  State  ;  whilst 
rural  supply  is  in  a  still  more  backward  position. 

Manufacturing  Industries. — As  above  hinted.  New  South  Wales 
has  been  notoriously  backward  in  connection  with  electrical  applica- 
tions, but  the  State  Statistical  Register  shows  that  since  the  begin- 
ning of  the  present  century  a  notable  advance  has  been  made,  and 
electricity  now  bids  fair  to  take  its  proper  place  in  manufacturing  in 
New  South  Wales,  just  as  it  has  so  established  itself  in  other  parts 
of  the  world. 

The  curves  in  Fig.  1,  deduced  from  the  State  Statistical  Register, 
show  the  average  horse-power  in  the  State  in  use  for  industrial 
manufactures  of  all  classes,  excepting,  of  course,  electrical  power 
stations,  from  the  begiiming  of  this  century.  These  curves  show, 
inter  alia — 

That,  as  might  be  expected  from  the  considerations  set  forth  above, 
the  curve  of  total  power  has  a  decided  upward  tendency.  Dividing 
the  period  from  1901  to  1913  into  three  intervals  of  four  years  each, 
the  increases  for  the  successive  intervals  are  :  10,648,  22,511  and 
45,954  H.p.  respectively. 

That  whereas  at  the  beginning  of  the  century  the  horse-power 
supplied  from  other  forms  of  prime  mover  was  1 12  times  that  supplied 
by  electric  motors,  at  the  close  of  1913  this  ratio  had  been  reduced 
from  112  to  2^. 

That  whilst  the  total  horse-power  (average  used)  had  increased 
3-12  times  during  this  period,  that  supplied  by  electric  motors  had 
increased  108-7  times,  as  against  only  2-2  times  for  other  forms  of 
prime  mover. 

That  whereas  the  electric  motor  curve  shows  an  accelerating 
upward  tendency,  the  non-electric  curve  reached  a  point  of  inflection 

*  Abstract  of  a  Paper  read  before  the  Electrical  Association  of  Aus- 
tralia. 


MiUions 
of  units. 
.     6(X» 


cusses  the  question  of  towns  supply,  rural  and  suburban  tramways, 
and  eventually  arrives  at  the  following  estimate  as  to  the  pro- 
bable requirements  for  1930  : — 

Manufacturing  industries  requiring —  Kw. 

(i.)  Mechanical  power  300.000 

(ii.)   Power  for  electrochemical  and  elec- 

trothermic  processes,  say  100.000     T(H^ 

Towns  supply,  exclusive  of  manuf  acturins;      1 5.000     1  •> 

Rural  supply  !.    100.000     100 

(i.)  Tramways     35.000     145 

(ii.)  Urban  and  suburban  railways    150.000     3CX) 


(iii.)  ]\Iain  line  railways 


Not  included 


Totalforl930 700.000     l.SlKl 

Mr.  H.  R.  Forbes  Mackay,  general  manager  of  *^he  City  Council's 
electric  light  department,  Mr.  J.  E.  Donoghue,  geneniJ  manager  and 
chief  engineer  of  the  Electric  Lighting  &  Power  Supply  Corpn..  Mr. 
Guy  Allbut,  city  olectrical  engineer  of  Newcastle,  and  a  number  of 
the  town  clerks  and  managers  connected  with  the  various  electric 
supply  stations  throughout  the  State,  have  favoured  the  author  with 
data  dealing  with,  the  gro^\i:h  of  their  respective  imdertakings,  wliich 
show  the  very  rapid  rise  in  the  demand  since  the  comniencement^of 
the  century. 

Figures  are  plotted  in  Fig.  3,  the  intervening  j-ears  between  1913 
and  1930  being  filled  in  by  a  dotted  Une,  showing  approximately 
in  what  way,  from  year  to  >  ear,  the  curves  may  be  expected  to  rise, 
though  it  is  to  be  noted  that  the  irregularities  which  may  be  expected 
from  three  to  five  years  hence  from  the  sudden  increases,  owing  to 
the  electrification  of  the  city  and  suburban  railways,  are  smoothed  out. 

The  forecast  for  the  five  years  from  1915  to  1920  thus  shows  a 
probable  increase  of  106,000  kw.,  with  an  output  of  312  million  luiits. 
Preparation  for  this  increase  needs  to  be  taken  in  hand  immediately. 
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Jf  all  the  units  under  the  curve  from  1916-30  inclusive  were  pro- 
vided by  the  most  efficient  steam  plant  obtainable  (allowing  the 
extreme  figure  of  1,000  units  per  ton  of  coal),  no  less  a  quantity  than 
14-3  millions  of  tons  would  be  used  for  this  purpose.  Adding  the 
2I'8-million  tons  for  main  line  passenger  and  goods  locomotives, 
it  is  seen  that  the  total  coal  that  may  be  expected  to  be  used  for 
power  purposes,  if  all  the  power  is  so  derived  for  the  years  1016  to 
1930,  is  36-1  millions  of  tons. 

II. — Power  Resources  of  New  South  Wales. 

There  are  supplies  of  wood  in  some  parts  of  the  country  which  can 
be  either  burnt  in  boilers  or  carbonised,  and  the  charcoal  used  for 
suction  gas  engines.  The  author  considers  that  small  suction  gas 
plants  could  not  compete  successfully  with  a  comprehensive  supph- 
system. 

Of  natural  gas,  in  the  Pittsburg  sease  of  the  term,  there  is  none. 
Kerosene  shale  of  very  high  quality  exists,  and  if  the  Federal  Customs 
tariff  were  so  proportioned  as  to  allow  of  the  successful  commercial 
development  of  this  mineral,  and  if  railway  freights  for  the  resulting 
fuel  were  reduced,  it  is  possible  that  a  fair  quantity  of  comparatively 
cheap  crude  oil  would  be  marketed  at  a  price  low  enough  to  allow  for 
power  from  engines  of  the  Diesel  type  to  compete  with  steam.  But 
the  knowTi  deposits  of  kerosene  shale  are  extremely  limited  when 
compared  with  the  vastness  of  the  coal  fields  of  the  State,  and  at 
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Fio.  3. — Ei.ECTKifAi.  Sii'Pi.v  Stations  ok  X.S.  W.     Power  and  Output  from 

inol  TO  1913  AND  Antku'ated  IIf.qlirements  to  19.30. 

present  the  industry  is  practically  at  a  standstill.  Crude  petroleum. 
as  a  native  product,  is  luiknown  in  this  State,  iuid.  omitting  con- 
sideration of  those  natural  resources  which  are  common  to  most  parts 
of  the  globe,  and  the  ])roposed  use  of  sewer  gas,  as  to  which  the  author 
has  no  rclial)!c  data,  tliere  remain  but  the  two  chief  sources  of  jxiwer 
mentioned  to  consider 

A.— Coal 

Mr.  E.  F.  Pittnian,  in  his  "Coal  Hesourccs  of  X.S.W.."  gives 
estimates  showing  the  total  coal  in  the  State,  within  a  de})th  of 
4,000  ft..  to  be  probably  in  excess  of  1 17.0(>0-niillion  tons.  The 
annual  coal  jirodnction  of  the  State  was  10^,  million  tons  in  1913.  If 
the  production  of  the  State  were  increa.sed  lOO  limes,  so  as  to  equal 
the  world's  production.  1.2.'}OxlO  tons,  there  would  be  still  about 
100  years'  supi)ly  witliin  4.0(Mi  ft.  of  the  surface. 

It  must  be  recognised  tiiat  at  present  tiie  mining  companies  are 
of  necessity  utilising  the  best  and  most  eivsily  won  of  this  store. 
Comiietitiou  demands  that  (lie  best  loal  available  be  offered  at  the 
lowest  jtrice.  Tlierc  are  many  didicvilties  involved  in  the  u.se  of 
inferior  qualities,  and  indeed  in  the  mining  of  some  of  tho  better 
classes.  \\her(>  Nature  has  been  so  prtKlieal  of  her  resources  jus  to 
I-rovide  a  .30  ft.  seam.  Tim  majority  ol  tlie  |>ri)b|eni8  pix'sented  will 
probably  be  loft  for  ])osterity  to  solve.  With  increasing  wages  and 
increasing  distance  from  the  surface,  the  eo.st  nf  winning  will  surely 
rise  ;  but  at  tlie  same  time  we  m.iy  look  forward  to  moi"e  economical 
methods  of  use.  so  that  a  eorrespinding  ri.se  in  the  price  of  jxnver 
does  not  n(>cessarily  follow. 

The  locality  of  coal  mensiuvs  is  then  dealt  with  and  tlie  various 
coal  are  stated  to  have  calorilic  vrIucs  l>etween  Ki.tUtO  and  13.(M)0. 

The  jioorer  classes  of  coal  referred  to  will  a,ssume  greater  imixjrt- 
anee  as  tlie  price  of  the  better  chuss.  tor  the  ren-joi"^-  n<forre(l  to  above, 
increases. 


B. — Water  Power 

It  need  scarcely  be  pointed  out  that  there  are  few  water-power 
developments  in  which  the  cost  of  the  hydraulic  work  is  not  so  heavy 
that  it  becomes  a  question  whether  the  interest  on  capital  cost  will 
not  more  than  counterbalance  the  advantages  of  machinerA-  needing 
less  attendance  and  upkeep  generally,  and  requiring  no  fuel.  The 
question  as  to  whether  water-power  is  worth  developing  is  almost 
entirely  a  financial  matter,  the  considerations  governing  the  decision 
being  the  relative  cost  of  power  derived  from  water  and  from  anv 
other  competing  .source  at  the  point  where  used.  If  in  any  localitv 
the  price  as  above  determined  A^ere  so  nearly  balanced  that  a  slight 
preponderance  one  way  or  the  other  in  the  calculated  cost  is  within 
the  limit  of  probable  error  of  the  calculation,  the  decision  should  l^e 
in  favour  of  water  power.  For  the  choice  lies  between,  on  the  one 
hand,  making  use  of  kinetic  energy,  derived  from  water  raised  by  the 
sun  and  drawn  down  by  gravitation,  which  would  otherwise  be 
absolutely  wasted  in  heat,  noise  and  rock  erosion,  and  on  the  other, 
of  using  uj)  part  of  the  national  store  of  bottled  energy  in  the  form 
of  coal,  which  once  u.sed  can  never  be  replaced. 

Cotter  River. — A  concrete  example,  now  outside  the  limits  of  the 
State,  will  serve  as  an  illustration.  One  of  the  most  favourable 
scheme.^  examined  by  the  author  since  his  connection  with  the  Public 
Works  Department  was  that  first  suggested,  he  believes,  by  Mr. 
E.  M.  de  Hurgh  (now  chief  engineer  for  water  supply  and  sewerage 
in  the  Public  Works  Department),  of  a  combined  water  supply  and 
hj'dro-electric  power  scheme  from  the  Cotter  River  for  the  Federal 
capital. 

One  of  the  proposals  previously  reported  on  in  connection  with 
the  water  supply  involved  a  high-level  dam  from  the  Cotter  River, 
with  a  pipe-line  delivering  water  by  gravitation  to  the  capital,  and 
a  suggestion  had  been  made  that  this  pipe-line  might  be  broken  at 
two  or  three  intervals  where  power  stations  would  be  situated.  At 
this  stage,  as  the  result  of  Mr.  de  Burgh's  recommendation,  the  author 
was  instructed  to  examine  and  report  on  the  possibilities,  and  after 
a  careful  investigation,  he  advocated  a  dam  somewhat  higher  up  the 
Cotter  River  than  the  one  previously  proposed  for  the  gravitation 
scheme,  a  race  or  fluming  thence  with  inverted  syphon  over  an 
intervening  gap  for  a  distance  of  20  miles  to  the  summit  of  Mount 
Macdonald,  whence  a  fall  of  880  ft.  is  available  to  the  Murrumbidgee 
River.  The  author's  proposals  consist  of  a  150  ft.  dam  on  the  Cotter 
River,  with  a  draw-off,  whence  a  race  and  pipe-line  with  a  total  fall 
of  65  ft.,  20  miles  long,  terminating  at  a  balance  reservoir  on  the 
summit  of  .Mount  Macdonald  with  top  water  level  2,390.  whence  a 
pipe-line  in  du])licatc  would  lead  down  the  hillside  to  the  Murnnn- 
bidpee.  the  reduced  level  of  which,  at  this  point,  is  1,504  ft.,  giving  a 
total  working  head,  after  allo\\ing  for  pipe  friction  and  keeping  the 
station  well  above  Hood  level,  of  830  ft. 

A  preliminary  report  embodying  these  pro|X)sals  was  communi- 
cated to  the  Federal  authorities,  but  it  received  criticism  at  the  hands 
ofoneof  their  technical  advisers,  who,  in  spite  of  some  pains  taken  to 
ex{)lain  the  point,  did  not  appear  to  understand  the  function  of  the 
balance  nvservoir.  and  .seemed  to  think  that  it  was  essential  to  a 
hydro-electric  ,s(  heme  for  the  maximum  demand  to  be  maintained 
continuously. 

If  the  initial  expense  be  an  objection  to  the  hydro-electric  scheme 
it  may  lie  uri;ed  in  reply  that  tlie  work  can  be  carried  out  in  three 
divisions  as  the  ])opulation  increases.  By  suitably  damming  two 
small  feedei-s  fmm  the  Brindal.ella  Mountain,  some  7|  miles  from 
Mount  .Maidunald.  that  end  of  the  race  could  be  first  construct<Hl, 
and  the  water  and  electric  supply  would  be  sufficient  for  an  initial 
IM>]>uIatiou  of  fmm  10(MM»  to  15.000.  As  the  ]vi]iulation  grew,  the 
race  wnuld  be  extended  liack  to  a  small  dam  alH)ve  the  main  dam  .site. 
It  is  jKiinted  out  that  20  years'  working  of  the  complete  steam 
scheme  for  iVi.lMMt  jwople  would  result  in  the  waste  of  310.(XK)  tons 
of  coal,  with  the  doubtful  i>cnetit  of  a  smaller  cajiital  exjK'nditure.. 

By  the  din'ction  of  the  Hon.  Arthur  Griflith.  then  Minister  for 
Public  W. •  ■  itiination  was  made  l>v  the  author  of  the  Tumber- 

umlia,  Hud  id  tiilmorc  Creeks,  and  of  the  Shualhaven  River, 

the  investigation  Ix'ing  more  complete  in  this  instance.     The  author 
has  been  ciitu         "       Mi  an  in\estigation  into  the  total  v  v.  r 

of  this  Stat<'.  ii  1 1  ving  it  «»ut  on  the  following  lines  :    i  .ui; 

250  miles  as  tho  preaent  commercial  limit  of  jwwer  transmission,  the 
pre'  nation  ^    "  '      >  ;   illy  with  ma])  and  anen>id. 

In  I  of  the  ;  i      I'ions  indicat<'d.  the  i.itch- 

ment  area."?  alxive  such  positions  .-vud  probable  nni-olT,  the  e,stin>ated 
flow  and  the  .t     •   '  '     ;  m  <  •    >     ued.  and  suitable  sites 

haviiitr  lxM>n 
est 
gaiiL. 

Two  of  water-power  have  generally  to  be  exanune<I.  vi/.. 

those  where  there  is  a  small  volume  of  water  with  a  large  fall,  and 


ill,  where  ]>ossible.  l>e 
!.  and  arrangements  made  for  the  regular  reading  of  tl  ■ 


! 


THE  ELECTRICIAN,  JULY  14,  1916. 


493 


those  where  the  fall  is  small  and  the  volume  large.  A  list  of  the  cliief 
rivers  to  be  examined  is  given  in  the  Paper. 

Since  instructions  were  received  a  commencement  has  been  made, 
and  an  interim  rei)ort  on  the  Tumut  River  has  been  presented,  and 
reports  on  other  rivers  are  in  course  of  preparation  ;  progress,  how- 
ever, being  necessarily  slow  because  of  the  fewness  of  officers  on 
account  of  the  war. 

The  following  figures  have  been  taken  from  reports  which  have 
been  furnished  in  the  past  for  the  Avater  continuously  available,  the 
working  head,  and  the  consequent  available  continuous  power  and 
total  energy  per  annum  respectively  : — 


Name  of  River. 


Flow. 
Sec.  ft. 


Head. 
Ft. 


TumberumbaCreek  andTributaries 

SnowA'  River  

Shoalhaven  River 


30 
300 
123 


1,600 
1,200 
1,010 


Totals 


Power. 
Kw. 


Energy. 
:Millions 
of  imits. 


3,000    I 

22,500 
7,500 


33,000 


23 

172 

57 


252 


With  a  30  per  cent,  load-factor,  100,000  kw.  is  seen  to  be  available 
from  these  few  streams. 

The  possibility  of  shortage  of  water  during  drought  years  is  one 
objection  often  raised  against  water-power  schemes.  This  objection 
disappears  if  the  hydro-electric  stations  are  tied  in  with  a  general 
power  scheme,  including  coal  stations.  If  the  power  of  the  few 
streams  mentioned  above  were  developed  and  tied  in  with  a  general 
power  scheme  for  the  State,  the  33,000  kw.  available  continuously 
would,  making  full  allowance  for  losses,  provide  252,000,000  units 
each  year,  thus  saving  the  coal  resources  to  the  extent  of  about 
250,000  tons  per  annum.  The  figures  for  the  Snowy  River  are  to  be 
taken  as  tentative  only,  the  present  investigation  not  being  completed. 

Again,  if  the  Shoalhaven  River  alone  were  developed  and  con- 
nected with  the  Sydney  tramways  and  municipal  supply  systems, 
being  worked  continuously  so  as  to  utilise  all  the  available  water  in 
normal  seasons,  the  investigation  already  carried  out  shows  that  it 
w"ould  be  possible  for  the  two  systems  to  be  supplied  with  power  for 
considerably  less  than  -|d.  a  unit,  and  for  all  three  power  stations. 
Ultimo,  White  Bay  and  PjTmont,  to  be  closed  down  during  the 
night  shift,  so  that  only  morning  and  afternoon  shifts  would  have  to 
be  worked. 

{To  be  concluded.) 


NOTES  ON  DESIGN  OF  ELECTROMAGNETIC  MACfflNES. 

I.  CONTINUOUS-CUREENT  MACHINES. 

BY  STANLEY  PARKER  SMITH,  D.SC. 

{Continued  from  page  463.) 

Summary. — In  the  first  part  of  the  article  the  author  deals  with  tie 
principles  underlying  the  design  of  continuous-current  machines,  and  i  n 
the  second  part  he  appHes  these  principles  to  the  design  of  a  350  k-n ., 
500 -volt  generator  running  at  200  revs,  per  min. 


We  now  come  to  the  armature  slot,  on  the  design  of  which 
depends  the  fiux-density  in  the  teeth,  and  the  copper  and  iron 
losses  in  the  armature  that  are  permissible. 

Armature  Slots. 

Each  conductor  carries  a  current  of  //2a= 700/4= 175 
amperes.  In  a  large,  well-ventilated  machine  we  ought  to 
be  able  to  work  the  copper  at  a  density  of  about  4  amperes 
per  mm^,  which  gives  a  cross-section  A=  175/4=44  mm'-.  For 
this  cross-section  a  copper  strip  is  doubtless  best.  Tlie 
dimensions  of  the  strip  depend  on  the  width  and  depth 
of  the  slot.  Practically  all  continuous-current  machines 
have  open  slots  with  parallel  sides,  in  large  types  the 
conductors  being  held  in  the  slots  by  means  of  wood  wedges 
about  3  mm.  to  5  mm.  in  thickness.  There  is  some  difference 
of  opinion  as  to  the  best  relation  between  the  slot-depth  and 
slot-width,  owing  to  the  varying  practice  of  using  few  slots 
with  several  conductors  per  slot  or  many  slots  with  few  con- 
ductors per  slot.  Generally  speaking,  the  former  is  cheaper 
whilst  the  latter  is  better  for  commutation.  The  ratio  of  slot- 
depth  to  slot-width  usually  lies  between  2  and  4.  With  the 
experience  on  which  we  are  basing  our  design  a  ratio  of  about 
3  will  be  found  satisfactory. 


A  bare  copper  strip,  3x15  mm.  with  rounded  edges,  has* 
approximately  a  section  of  44  mm^.  To  insulate,  the  con- 
duct<;rs  can  bo  taped  half-lap  and  dipped  in  varnish,  making 
the  overall  dimensions  3-7/ 15-7  mrn.     The  width  and  depth 

of  slot  necaed  are  then  as  f<jllows  : — 

Slot' width : 

Conductors   3x3-7=ll-l  mm. 

Slot  insulation 2x1=  2-0    „ 

Slack =  0-9     „ 

Total =  14-0  „ 

Slot-depth  : 

Conductors 2xl5-7=31-4  „ 

Slot  insulation 3x1=  3-0  ,, 

Insulation  between  layers =  1-0  „ 

Insulation  at  bottom  of  slot =  1-0  ,, 

Slack =  1-6  ,, 

W^edge  =  4-0  „ 

Total =42-0    „ 

The  slot  insulation  can  be  presspahn,  leatheroid,  or  other 
suitable  substance.  Some  firms  use  mica  paper,  but  this  is 
scarcely  necessary  at  this  pressure. 

Thus  we  find  a  slot  14x42  mm.  is  needed,  and  this  agrees 
well  with  the  remarks  made  concerning  the  ratio  of  slot-depth 
to  slot-width.  '  A  section  through  the  slots  is  shown  in  the 
drawing  of  the  machine. 

Check  on  Flux-density  in  Teeth. — We  must  now  check  whether 
the  density  of  the  flux  in  the  teeth  with  these  slot  dimensions 
is  permissible.  The  maximum  density  occurs  at  the  root  of 
the  teeth,  where  the  area  of  the  magnetic  path  is  least. 

In  salient-pole  machines  practically  the  whole  of  the  flux 

goes  through  the  teeth   directly  under  the  pole-shoe.     The 

,         .         ,         ,  .       .  ,        pole-arc       b 

number  of  teeth  under  a  shoe  is  equal  to  -r : — r=~  • 

slot-pitch     ijs 

The  slot-pitch  ?/,=7rZ)/^=408/114=3-58  cm. 

Teeth  per  pole     =b/ys    =37-0/3-58=10-3. 

There  are  different  ways  of  taking  fringing  into  account,  but 
it  is  sufficient  as  a  rule  to  estimate  this  from  experience.  We 
shall  round  off  the  teeth  per  pole=ll,  to  allow  for  fringing. 

At  root  of  teeth,  the  slot-pitch  =.-t(130— 8-4)  n4=3-34  cm. 
Then  maximum  width  of  tooth  (top)  =3-58— r4=2-18  cm. 
and  minimum  width  of  tooth  (bottom)  =3-34— r4=l-94  cm. 

The  iron-length  of  the  core  Li=28  cm.,  hence  we  have 
maximum  area  of  teeth— A,       =11  x  28x2-18=670  cm.'^ 

max. 

minimum  area  of  teeth  =A '  .    =  1 1  X  28  X 1  -94=600  cm.^. 

min. 

Taking  the  full-load  flux,  minimum  flux-density  in  the  teeth 

(D       11-5  xlO« 

max. 

maximum  flux-density  in  the  teeth, 

ma^-     At   .  600 

miD. 

This  is  not  too  high  with  respect  to  the  requisite  ampere-tums. 
On  the  other  hand,  in  an  interpole  machine,  there  is  no  object 
in  expending  too  many  ampere-turns  in  the  teeth  in  order  to 
increase  the  ratio  of  field  to  armature  ampere-turns. 

With  respect  to  the  loss  in  the  teeth,  there  will  be  nothing 
to  fear  in  this  slow'-speed  machine  where  the  frequency  is  only 
/,.=^» =4x200/60=13-3  cycles  ;  for  with  a  frequency  of  .5(1 
cycles  bhe  teeth  can  be  worked  at  a  density  of  17.000-18,000. 
We  now  proceed  to  calculate  the  iron  loss  in  the  teeth  and  core. 

Irox  Loss. 

It  is  not  easy  to  estimate  the  iron  loss  in  a  machine  cor- 
rectly for  many  reasons.  If  a  formula  were  used  containing 
the  constants  for  the  loss  due  to  hysteresis  and  eddy  cur- 
rents as  derived  from  laboratory  tests  taken  on  prepared 
samples,  it  would  be  found  to  give  losses  far  below  those 
measured  when  the  machine  is  built.  It  is  hard  to  enumerate 
all  the  reasons  for  this  great  discrepancy,  but  many  of  them 
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are  quite  obvious.  Thus  the  actual  flux-densities  are  probably- 
different  from  the  mean  densities  for  which  the  losses  are 
calculated.  Also  the  grade  of  iron,  punching  the  plates,  filing 
the  slots,  imperfect  insulation  between  plates,  all  have  their 
effects  on  the  iron  loss.  Then  there  are  additional  losses  due 
to  flux  pulsations,  thick  end  plates,  through  bolts,  &c.,  which, 
on  test,  are  measured  with  the  iron  loss  proper. 

It  is  not  at  all  infrequent  to  find  the  measured  loss  double 
the  loss  calculated  from  practical  formulae  (such  as  that  given 
below),  though  these  formulae  give  values  well  in  excess  of 
laboratory  tests.  At  the  same  time,  it  is  often  found  that  by 
dismantling  the  core  and  grinding  off  all  burrs  and  then  insu- 
lating and  annealing  the  plates  before  assembling  will  halve 
the  measured  loss.  The  following  formula  gives  results  which 
may  be  expected  when  every  care  is  taken  to  reduce  avoidable 
losses  to  a  minimum. 

Iron  loss=2-5/5i-^10-8-f  0-0lB2/y-10-8  watts  per  kg. ;  where 
/  denotes  the  frequency  and  I  the  thickness  of  the  plates  in 
millimetres. 

If  this  formula  is  used  for  ordinary  worked  plates,  where  no 
precautions  are  taken  to  reduce  the  avoidable  losses,  the 
measured  loss  may  be  double  the  calculated  proper  iron  loss. 

Iron  Loss  in  the  Teeth.— The  volume  of  the  teeth  can  be 
found  at  once.     Thus  : — 

2-l8-l-l*94 
Volume  of  teeth=lU  X 28  x 4-2 j =27,600  cm.^. 

Weight  of  teeth = volume  of  teeth  X  density, 

Applying  the  above  formula,  we  estimate  that  in  the  teeth  the 
iron  loss  per  kilogramme =4-0  watts,  making  a  total  iron  loss  in 
the  teeth=4-0  x21G-=864  watts. 

Iron  Loss  in  the  Core. — We  must  first  settle  the  core  depth  h. 
The  core  segments  are  built  up  on  a  cast-iron  spider,  the  dia- 
meter of  which  depends  on  the  ])ermissil)le  flux  density  in  the 
core.  At  the  low  frequency  of  13-3  cycles,  we  can  safely  allow 
a  density  in  the  core  of  Ba  —  lb,(M)  on  full-load.  Dcjioting  the 
iron  area  of  the  core  by  aa=h  .  h,  we  have  for  a  flux  of  11-5 
jnegalines  : — 

aa=ll-5xl0''/15,000x2=385cm.2. 

(We  divide  by  2  because  half  the  flux  goes  to  the  right  and  half 
to  the  left.) 

Hence,  core-depth  /i=a„/L,=385/28=13-8  cm. 

The  inside  diameter  of  the  core  (or  the  diameter  of  the  spider) 
is  then  Z>,- 130-2  X 4-2-2  Xl3-8-<M  cm. 

The  volume  of  iroji  in  the  core  is  then 

.-7//(/>>.+/0/^,=.^13-B(94  +  13-8)28  =  131,OOOcm.3, 

7*8 
hence  the  weight  of  iron  in  the  c()re-=131.000—— =1,020  kg. 

At  a  density  of  IH.OOO,  the  loss  per  kilogramme  from  the 
above  formula  =^2-7  watts,  making  a  total  iron  loss  in  the  core 
=1,020x2-7=2,754  watts. 

ToUd  Iron  Loss.—  Iron  loss  i)i  core +teeth  =2,754 +864 
=3,618  watts. 

TiiK  WiNiiiNo  Pitches. 

To  obtain  the  weight  of  copper  on  the  armature  and  the 
c()])])er  loss,  we  must  lirst  settle  the  wiuding  pitches  in  order  to 
find  the  length  of  a  conductor. 

We  chose  the  commutator  ])itch  (/r  85  segnxents  in  order  to 
ol)taiii  a  single  winding.  In  a  wave  winding,  the  resultant 
winding  jtitch  '/»■  ^/A  coil-sides  is  eipial  to  the  sum  of  the  l)ack- 
winding  pit(  h  (or  coil-span)  iji,  and  the  front -winding  pitch  .y. . 
Hence,  y^  =  2^^  =J/6-f  ?/(,=- 170  coil-sides.  This  must  now  be 
split  up  into  ?/(,  and  ijr.  Since  ijr  is  even,  iju  and  //•  must  be  both 
odd,  in  order  to  include  all  the  coil-sides  when  connecting  up 

the  winding. 

In  order  to  obtaiu  straight.-line  commutation  with  the  mini- 
mum width  of  interpole.  the  coil-span  is  made  as  nearly  eijual 
to  a  pole-i)it.c.h  as  possible.  With  the  total  number  of  coil- 
sides^OHl,  the  number  of  coil-sides  in  a  pole-pitch  =  684/8 
=85-5.     The  nearest,  odd  numbers  to  this  are  85  and  87.     If 


we  choose  2/b=85,  the  three  top  coil-sides  of  slot  1  belong  to 
the  three  bottom  coil-sides  of  slot  15,  so  that  all  coils  have  a 
constant  span  of  14  slot-pitches.  Arranged  in  this  way,  the 
three  coils  can  be  taped  together  and,  in  winding,  inserted  in  the 
slots  as  one  coil — a  great  convenience  from  a  mechanical  stand- 
point and  cheap  to  wind.  On  the  other  hand,  if  we  choose 
?/j,=87,  two  of  the  top  coil-sides  of  slot  1  belong  to  bottom  coil- 
sides  in  slot  15,  while  the  third  top  coil-side  in  slot  1  belong.?  to 
a  bottom  coil-side  in  slot  16.  The  mean  span  of  the  coils  in  this 
case  is  14^  slot-pitches,  and  the  three  coils  must  be  wound 
separately.  Since  there  are  114/8=14J  slot-pitches  per  pole- 
pitch,  the  mean  coil-span  with  ?/i=87  is  more  nearly  equal  to  a 
pole-pitch  than  with  ?/6=85,  consequently  a  narrower  commu- 
tating  zone  is  obtained  by  having  "  split  "  coils  ;  but  the 
difference  is  so  small  (14;^— 14j,  instead  of  14^— 14  slot-pitches), 
that  it  is  not  worth  the  extra  expense  of  splitting  the  coils. 
Many  designers  make  a  practice  of  never  splitting  the  coils  at 
all,  but  the  author's  experience  has  taught  him  that  making 
the  coil-span  as  nearly  equal  to  a  pole-pitch  as  possible  and 
designing  the  interpole  to  give  straight-line  commutation  is 
very  sound  practice,  and  fully  justifies  splitting  the  coils  where 
neces.sary.  Also  with  a  large  number  of  coil-sides  per  slot, 
splitting  the  coils  often  prevents  blackening  of  certain  bars. 

Making  ^(,=85,  then,  in  the  present  case,  the  front  pitch 
yj=y, — //6= 170— 85=85. 

Resistaxce  of  Armature  Wixdixg. 

To  find  the  length  of  a  conductor,  the  coil  is  laid  out  as 
shown  in  the  drawing.  This  diagram  is  also  needed  for  obtain- 
ing particulars  for  the  winding  former.  In  this  way  we  measure 
the  length  of  a  conductor  to  be  100  cm.,  so  that  the  total  length 
of  copper  in  the  armature  winding  is 

L=684  .  100  .  10-2=684  metres. 
The  section  of  the  armature  conductor  ^=44  mm. 2. 
Now,  the  total  length  L  is  divided  into  2a  parts,  which  are 
joined  in  parallel  to  make  2a  circuits,  hence  we  have  : — 
Length  of  an  ainiature  circuit=Zr/2«  metres. 
Total  area  of  2«  circuits  in  parallel=2a  .  A  mm. 2. 
The  resistance  of  the  whole  aiiuature  winding  is  then  : — 
L 


Ra=e, 


27 


684x0-02 


'2a.  A       (2«)M       16x44 
where  £=002  for  copper  at  55°C. 


-00195  ohm, 


Pressure  Drop  and  Copper  Loss  ix  Armature  Wixdixg. 
At  full-load  the  pressure  drop  in  the  winding  is : — 
V„=I .  /?„  =  700x0-0195= 13-7  volts  : 
and  the  (•o])j)er  loss  : — 

Pa ^PRa = 7002  X 0-0 1 95 =9,550  watts. 

Check  nil  Aniiatitre  Hentiiiq. — Having  calculated  the  copper 
and  iron  lo.s.ses  in  the  armature,  we  must  now  see  whether  the 
temperature  rise  falls  within  the  guaranteed  figure.  There  are 
different  ways  of  estimating  the  temperature  rise,  nearly  all  of 
which  are  based  on  em])incal  formuhw  Such  rules  are  only 
reliable  when  the  mode  of  construction  is  known  and  a  fairly 
wide  acquaintance-ship  with  the  cooling  properties  of  the  type 
of  machine  in  question  is  available.  In  calculating  the  cooling 
surface,  soiwe  designers  take  into  account  as  far  as  possible  all 
surfaces  from  whi<h  heat  is  carried  away,  apportioning  to  each 
part  the  cooling  value  they  consider  appropriat-e.  Others  pre- 
fer to  disjiense  with  all  such  refinements  in  connection  with  any 
given  class  of  machine,  and  merely  work  with  a  comjjarative 
figure,  based  on  the  cylindrical  surface  of  the  armature. 

In  the  present  design  we  shall  adopt  the  latter  method, 
though  when  sufficient  test  dat-a  is  available  it  is  doubtless 
advisable  to  go  into  the  matter  more  closely  to  ensure  a  reliable 
commercial  design. 

Fn>m  the  drawing,  the  overall  length  of  the  armature  is 
68  cm..  so  that  with  a  periphery  of  408  cm.  the  cylindrical 
surface  of  the  armature  =  40-8  X 6-8 =280  dm.^. 

The  total  annature  Ios8=3,6184-9,.5.50  =  13.168  watts. 

The  .specific  loss  is  then  i  =  13.168 '280  =  47  watts/dm.^. 
This  is  quite  a  common  value  for  machiues  of  this  class. 
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To  estimate  the  temperature  rise  we  can  use  a  formula 
similar  in  form  to  that  given  by  Kapp — namely, 


t°=k- 


"C. 


1+0-lv 

where  v=peripheral  speed  in  metres  per  second,  and  ^  is  a  con- 
stant varying  from  1-5  to  2  for  large  open  machines. 

The  peripheral  speed  v=7rZ).nl0-2=408.200/6,000=13-6 
metres  per  second.     Taking  A;=r8,  we  get  for  the  temperature 

We  are,  therefore,  well  within  the  permitted  limit. 
Weight  of  Armature  Copper. — The  weight  of  copper  on  the 
armature  is 

W—8-9V  gm.,  where  F=volume  of  copper  in  cm.^. 
=8-9  X  68,400  X  044  x  lO'^  kg. 
=268kg.=5901b.  (nett). 

Equalising  Rings. 

In  the  prelude  to  the  design  it  was  pointed  out  that  the 
consensus  of  opinion  is  in  favour  of  using  equalising  rings  in 
all  lap  or  wave  windings  with  more  than  two  circuits. 

Equipotential  coils  in  a  symmetrical  winding  are  a  potential 
pitch  apart.  Thus,  ^p=C/a=342/2=171 ;  so  that  any  two 
bars  171  bars  apart  can  be  joined  together.  In  the  present 
case,  where  there  is  only  one  turn  per  coil,  the  equalisers  can  be 
connected  to  the  back  of  the  winding — an  arrangement  which  is 
often  more  convenient  for  the  shops. 

Regarding  the  number  of  equalising  rings  to  be  used,  since 
i/p=171=9xl9,  we  could  have  nine  rings  19  bars  apart,  or  19 
rings  nine  bars  apart. 

The  latter  number  of  rings  is  rather  large,  though  the  former 
number  errs  on  the  other  side.  Since,  however,  it  is  somewhat 
inconvenient  to  accommodate  so  large  a  number  of  rings  as  19, 
we  shall  only  use  nine,  three  of  which  can  be  used  for  three- 
phase  tappings  if  needed.  The  nine  equalising  rings  must  be 
connected  to  the  following  bars  or  joints  : — 
Equalisingring:    12  3  4  5  6  7  8         0 

ri     r2o    r39    r58    r'^''    r9<j    rii5  r^si  ri.53 

Join  barto  bar 

Ll72    L19I    L2IO    L229   L248   L267    L28fi    L305   L32-t 
Phase:  I.  II.  III. 

There  is  no  need  to  choose  a  number  of  rings  equidistant  from 
one  another,  but  it  is  usual  to  do  so  where  practicable. 

Regarding  the  section  of  the  equalising  rings  different  opinions 
prevail.  To  completely  neutralise  all  inequalities  and  dis- 
symmetry, they  should  be  of  ample  section  ;  but  if  it  is  merely 
desired  to  provide  an  alternative  path  for  the  equalising  cur- 
rents, and  so  relieve  the  commutator  brushes,  no  such  expen- 
diture of  copper  is  needful.  The  author  has  obtained  quite 
satisfactory  results  with  equalising  rings  of  half  the  section  of 
the  armature  conductors.  In  the  present  instance  we  shall 
make  the  equalisers  of  copper  strip  of  20  mm.^  cross-section. 

Three-phase  Tappings. 

To  get  a  symmetrical  W^-phase  pressure  from  a  winding, 
the  potential  pitch  y^,  must  be  exactly  divisible  by  N,  so  that 
successive  phases  are  1/iVth  of  a  cycle  or  27i/N  radians  apart. 

With  N=3,  t/p/iV=C/aiV=171/3=57,  so  that  successive 
phases  are  57  bars  apart.  Thus,  we  can  use  equalising  rings  1, 
4  and  7  (as  marked  above)  for  this  purpose. 

It  is,  further,  interesting  to  note  that  the  number  of  slots 
>S7a=114/2=57  between  two  equipotential  points  is  exactly 
divisible  by  3,  so  that  successive  phases  are  exactly  19  slot- 
pitches,  or  120  elec.  deg.  apart.  Hence  the  three-phase  pres- 
sure obtained  in  this  way  is  quite  symmetrical. 

The  section  of  these  three  rings  must  be  designed  in  accord- 
ance with  the  load  to  be  taken  oE  the  three-phase  slip-rings. 

It  is  seen  that  it  is  not  possible  to  obtain  a  symmetrical  four- 
or  six-phase  pressure  from  this  winding. 

Commutator  and  Brushgear. 
The  diameter  of  the  commutator  can  be  made  about  70  to 
75  per  cent,  of  the  armature  diameter,  or  Z)c=0-73Z)=95  cm. 
The  commutator  periphery  is  then  7iDc—29S  cm. 

TtD 

The  pitch  of  the  commutator  segments  ?/i=''-— -=8-7  mm. 

0 


This  is  a  very  convenient  width  for  the  segments ;  we  shall 
make  the  .segments  8  mm.  and  the  mica  0-7  mm. 

The  peripheral  speed  of  the  commutator  Vc=7iDcnl()'^=lO 
metres  per  second,  which  is  quite  moderate  and  call.s  for  no 
special  construction. 

Brushes. 

For  the  bru.sh  gear  we  shall  use  as  many  spindles  as  there 
are  poles.  This  is  now  .standard  practice  on  all  large  machines, 
and,  indeed,  on  mo.st  continuou.s-current  machines,  except 
where  special  conditions  prevail,  as  in  traction  motors.  The 
chief  advantage  in  using  as  many  brush  spindles  as  there  are 
poles  with  a  wave  winding  is  the  .shortening  of  the  commutator 
which  is  thereby  effected. 

With  four  Uke  spindles,  the  current  per  spindle =700/4 
=175  amperes.  Using  a  medium  hard  carbon  brush,  which 
we  can  work  at  about  5-8  amperes  per  cm."^,  we  shall  need  a 
briLsh  surface  of,  say,  175/7=25  cm.^.  Settling  the  dimension.^ 
of  the  carbons  is  largely  a  matter  of  taste.  Taking  substantial 
holders  of  the  box  type,  and  three  boxes  per  spindle,  each 
carbon  mu.st  have  a  surface  of  25/3=8-3  cm. 2.  With  a  brush 
width  hi=20  mm.,  the  carbon  will  cover  20/8-7=2-3  segments, 
which  is  quite  suitable.  Taking  the  axial  length  of  the  carbon 
=40  mm.,  the  brush  surface  per  .spindle  will  be  3(40x20) 
=24  cm.^,  thus  giving  a  density  under  the  brushes  of  175  24 
=7-3  amperes  per  cm.^. 

Allowing  1  cm.  for  each  box  with  slack,  the  active  length  of 
the  commutator  will  be  3(4+l)=15  cm.  It  is  true  that  by 
using  a  wider  brush  it  is  often  possible  to  shorten  the  com- 
mutator, but  usually  at  the  expense  of  the  commutation, 
because  of  the  increased  circulating  currents  due  to  the  higher 
diflerence  of  potential  between  the  brush  tips.  It  is  not  at  all 
uncommon  to  find  wide  brushes  used  to  decrease  the  current- 
density  under  the  brush  when  this  is  specified  very  low  and  it 
is  desired  to  use  a  standard  commutator — a  very  undersirable 
practice. 

Check  on  Commutator  Heating. — In  machines  running  at 
ordinary  speeds  with  carbon  brushes,  the  contact  resistance 
loss  forms  a  useful  and  simple  check  on  the  commutator  heating, 
without  troubling  about  the  effect  of  the  brush  friction  loss. 
Considering  only  the  contact  resistance  loss,  the  commutator 
can  dissipate  about  40  watts  per  dm.^  without  exceeding  a 
temperature  rise  of  40°C.  Taking  1  volt  drop  per  brush — a 
good  average  value — the  contact  resistance  loss =700. 2  =  1,400 
watts.  The  active  surface  of  the  commutator=29'8xl-5 
=45  dm.2,  whence  the  specific  loss=l,400/45=31  watts  per 
dm.^,  which  is  quite  satisfactory. 

Commutating  Poles. 

It  is  desirable  to  have  i'lterpoles  on  machines  of  this  class, 
for  not  only  do  these  raise  the  sparking  limit  to  the  heating 
limit,  but  also  enable  the  designer  practically  to  disregard  com- 
mutation in  setthng  the  main  points  of  the  design,  and  thereby 
to  utilise  his  material  much  better. 

Density  of  Commutating  Flux. — To  .save  copper  and  improve 
ventilation,  it  is  usual  to  make  the  axial  length  of  the  interpole 
shorter  than  the  core  length,  and  to  make  the  interpole  narrower 
than  the  shoe  when  circtnnstances  make  this  advisable.  The 
decrease  in  length  is  really  limited  by  the  saturation  at  the  top 
of  the  pole,  because  it  is  needful  to  have  the  magnetisation 
curve  of  the  interpole  circuit  a  straight  line  tc  make  the  com- 
mutating fluy  directly  proportional  to  the  load.  Measure- 
ments show  that  the  leakage  of  commutating  poles  is  very  high, 
and  it  is  not  uncommon  to  find  a  leakage  coefficient  of  300  per 
cent.  This  is  due  to  the  fact  that  the'uesful  interpole  tlux  is 
very  small,  whilst  the  ampere-tums  on  the  intei-poles  are  very 
high.  It  is,  therefore,  not  desirable  to  have  the  density  in  the 
pole  behind  the  shoe,  or  in  the  gap  when  no  shoe  is  used,  much 
greater  than  5,000. 

Taking  the  length  of  the  commutating  poles  L,=20  cm.,  and 
;.=6  for  a  brush  covering  about  2|  segments,  we  get  the 
density  of  the  commutating  flux  from  equation  (21)  as  follows  : 


Bc=^  acX- 


35 

'20 


294-6=3,100. 
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Width  of  Commutatinfj  Poles. — We  shall  design  the  shoes  to 
be  wide  enough  to  keep  the  coil  in  the  cominutating  field  so  long 
as  the  reversal  of  the  current  is  taking  place,  in  accordance  with 
equation  (23)  : — 

6c=|{6x+2/.(i-;-)}+^. 

=^|J'|2-0+0-87(l-|)|+3-6=7-0  cm. 

This  is  a  fairly  wide  shoe,  and  it  is  advisable  to  use  a  narrower 
pole.  If  we  make  the  interpole  4  cm.  wide,  the  density  in  the 
pole  behind  the  shoe  will  be  3,100  X  7/4=5,400.  If  the  leakage 
coefficient  were  3,  the  density  in  the  pole  near  the  yoke  would  be 
about  16,000,  which  is  permissible.  The  pole-shoe  will  also 
serve  as  a  support  for  the  coil. 

Ampere-turns  on  the  Commutating  Poles. — From  equation  (22) 
the  ampere-tums  per  pole-pair  on  the  intei-poles  are  : — 

ATcp=Yac+ATc, 
where  Facial •294=15,000=:armature  ampere-turns  per  pole- 
pair. 

The  chief  item  in  the  ampere-turns  ATc  needed  to  drive  the 
commutating  flux  through  the  magnetic  circuit  is  the  gap.  It 
is  well  to  have  a  fairly  long  gap  for  the  interjwle  both  to  stiffen 
the  commutating  field  and  to  make  it  less  susceptible  to  pulsa- 
tions arising  from  the  teeth.  Taking  a  gap  of  gcp—^  cm.,  the 
ampere-turns  required  for  two  gaps=2x0-8  X5'cp-B<;=l-6x  1-0 
X  3,100=5,000.  Adding  1,(J00  ampere-turns  for  the  iron  part 
of  the  circuit,  we  get  ^7^=5,000  +  1,000=6,000.     Hence, 

^rc;,=  15,000+6,000=21,000. 

With  a  full-load  current  of  700  amperes,  the  series  winding 
on  a  pair  of  interpoles  will  need  21,000/700=30  turns,  so'that 
eacli  pole  must  have  a  coil  of  15  turns  to  carry  a  current  of  700 
amperes. 

{To  he  concluded.) 


THE  PLACE  OF  SCIENCE  IN  EDUCATION.* 

UV    rUOF.    J.    A.    FLEMING,    M.A.,    D.SC,    F.R.S. 

On  all  Hides  we  see  evidence  of  a  widespread  feeling  that  we  sliall 
not  be  able  to  .securt'  our  national  position  after  the  sacTificos  of  the 
war  unless  attention  is  at  once  given  to  the  more  systematic  develop- 
ment and  apiilieation  of  scicntiiic  knowledge  and  a  radical  improve- 
ment cfTected  in  its  position  in  our  ('(incationa!  sclipmes. 

This  oj)inion  is  showing  itself  in  the  establishment  of  numerous 
committees,  boards  and  conferences  of  various  kinds.  These  dis- 
cussions may  he  necessary  to  dear  the  ground  and  awaken  interest, 
hut  they  will  Ik-  futile  if  they  have  no  other  result  than  mere  asser- 
tions of  national  inefficiency  or  neglect. 

The  need  of  the  moment  is  a  careful  and  searching  analysis  of  the 
causes  of  this  failure  to  cultivate  sulhciently  scientilic  knowledge,  and 
of  the  small  pojjular  appreciation  of  it,  and  we  shall  then  ])erhaps  be 
ahle  (o  agree  on  the  practicahle  renu'dies.  Ai)ove  all,  we  must 
estimate  and  deline  its  proper  place  and  function  in  |w])ular  educa- 
tion, so  that  we  may  not  err  in  midervaluing  or  in  overstating  its 
iniportance. 

The  authiH-  refers  to  the  enormous  progress  during  the  last  half 
century.  We  are  conqielled  to  pursue  knowledge  not  only  for  its 
inlrinsic  advantages,  hut  in  order  to  combat  its  misai)plieations.  A 
too  exclusive  slud\  of  the  sui)ject  has  its  sjH'cial  dangeix  and  dis- 
advantages. 

lrri|)ortant  questions  arise  as  to  the  |>lac(>  and  character  of  scientilic 
irustniclion  in  primary  and  secondary  education  ;  methods  for  stimu- 
lating puhlic  opinion,  and  steps  to  encourage  and  assist  scientilie 
investigation. 

As  regards  elementary  education,  our  first  duty  to  the  child  is  to 
teach  him  or  her  something  of  the  laws  aiul  ]>henomena  of  the 
])hysical  universe  into  which  it  luis  hoen  honi,  something  eonceniing 
its  own  hodily  structure  and  ]M)Wors,  so  that  it  may  leani  to  live  well 
and  in  right  relations  to  its  fellows,  and  also  to  other  forms  of  life 
around  it. 

The  author  refers  to  the  ecbieation  of  the  cliild.  and  is  of  the  opinion 
that  the  majority  of  children  are  educated  into  stupidity  l)y  the 
grcat<5r  studidity  of  the  adults  arouml  them.     Heading  aiuj  leanung 
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strings  of  words  bv-  heart  are  strongly  condemned,  and  the  danger 
done  by  picture  palaces  to  town-bred  children  is  mentioned. 

Consider  for  one  moment  the  great  service  the  "  moving  picture  " 
could  render  to  education.  It  can,  in  the  first  place,  represent  to  the 
eye  moving  animal  life,  the  habits  of  animals  and  their  ways  of  life. 
By  taking  photographs  of  growing  plants  at  intervals  of  a  few  hours 
and  then  uniting  them  sequentlj-  on  the  film  it  can  repre-sent  the 
growth  and  development  of  a  chestnut  blossom  or  a  blade  of  wheat 
in  a  few  seconds,  which  in  Nature  takes  days  or  months.  It  can  thus 
bring  to  the  eye  the  facts  of  botany  and  the  perpetually  repeated 
miracle  of  the  spring  or  summer,  and  this  apjjeal  to  the  eye  can  be 
interspersed  with  short  instructional  remarks  or  explanations.  It 
can  give  ocular  demonstrations  of  facts  in  physics,  mechanics  or 
astrononn-  which  no  stationary  pictures  can  do.  The  progress  of  a 
solar  eclipse,  with  all  its  impressive  phenomena,  can  be  shown  to  a 
class,  and  the  action  of  a  steam-hammer  or  petrol  engine  explained 
in  detail  by  motion  pictures,  which  are  under  complete  control. 
Instead  of  this  we  allow  the  whole  of  this  invaluable  means  of 
scientific  education  to  be  enlisted  in  the  service  of  frivolity  and  the 
demoralisation  of  children  by  cheap  exhibitions,  which  more  than 
one  police-court  magistrate  has  described  as  an  unmitigated  evil. 

Then  as  regards  school  instruction  in  scientific  knowledge,  this 
should  lx?gin  with  elementary  facts  of  astronomy  and  natural 
phenomeiui,  such  as  the  properties  of  air,  water  and  common  sub- 
stances, the  effects  of  heat  and  cold,  the  simplest  facts,  light  and 
sound,  and  the  growth  and  structure  of  familiar  plants  and  trees. 
All  this  should  be  taught  by  appeal  to  the  eye  and  by  motion  pic- 
tures or  models,  the  principal  aim  being  to  train  the  child's  jwwers 
of  observation,  description  and  logical  inference. 

It  will  require  a  greater  national  expenditure  than  at  present,  but 
the  nation  has  to  learn  the  truth  that  there  is  no  economj'  so  false 
as  economj'  in  national  primarj'^  education. 

Coincidentlv  with  this  Nature  study,  the  child  should  be  taught 
reading,  writing,  elementary  arithmetic,  and  drawing  ;  but  beyond 
this  the  training  of  eye  and  hand,  the  practical  arts  of  life,  co- 
operative action  in  drill  and  dancing  with  the  aid  of  music  should 
take  precedence  of  books  and  words. 

Tlie  main  thing  is  that  the  child  shall  be  taught  to  do  things,  or 
effect  practical  achievements,  and  not  simply  to  store  memory  with 
words  or  the  analysis  of  them.  The  right  use  of  language  and  its 
employment  to  describe  experience,  should  be  conveyed  by  example 
and  imitation  from  the  hving  teacher  and  not  the  dead  book. 

Turning,  then,  to  a  more  advanced  stage  of  education,  we  find  at 
present  a  strong  consensus  of  opinion  that  radical  changes  are  neces- 
sary in  the  curricula  of  public  schools.  The  large  amount  of  time 
sj)ent  at  jiresent  over  the  grammar  and  literature  of  Latin  and  Greek 
brings  no  return  at  all  j)roiK)rtional  to  the  effort  and  exjx'nse  sjx'nt 
over  it.  The  mental  disciplme  can  be  obtained  more  usefully  in 
other  ways. 

There  are  four  great  groups  of  educational  suhjects  which  should 
be  put  on  aii  exactly  equal  footing,  and  claim  each  a  quarter  of  the 
whole  working  time  of  the  .schoolboy.  These  are:  (I)  Language 
and  lit«'r.iture,  considered  chiefiy  as  a  means  of  expre.ssing  thought 
and  experience  :  (2)  science,  or  a  knowledge  of  the  facts  and  laws  of 
tile  physical  universe  ;  (3)  mathematics  and  grajjhics,  or  the  study  of 
numher  and  form,  including  arithmetic,  geometry  and  algebra,  and 
drawing  in  various  forms,  geometrical  and  freehand  ;  (4)  civics,  or 
the  preparation  for  eitizensliip,  which  includes  Ivistorv,  both  of  the 
world  and  of  the  native  country,  elementary  ]xilitieal  economy, 
religions  or  ethical  instruction,  elocution  and  miUtary  drill  or  exercises. 

Assuming  a  total  of  working  hours  of  about  40  per  week,  tliis 
would  give  l(t  hours  a  week.  or.  say,  360  a  year,  for  the  study  of 
scientific  sul)jects.  In  the  next  place  we  have  to  consider  what  these 
subjects  should  l>e.  When  science- teaching  was  first  introduced 
ijito  schools,  chemistry  seems  genet  ally  to  have  Ix'cn  ."ielected,  and 
under  its  schoolhoy  designation  of  "stinks"'  has  l>een  the  princijwl 
subject  always  taught.  Chemistry,  iiowever.  is  not  regarded  by  the 
author  as  the  most  suit  ahle  for  initial  instruction.  Mechanics  is 
nuich  U'tter  as  .a  starting  jxtint. 

It  is  a  great  mistake  to  lecture  too  much  to  Ixiys  as  if  they  were 
adults.  This  typ«'  of  oral  teaching  is  easy  to  give.  I)ut  most  iiiefTec- 
tive  in  n*sults.  The  students  should  jx'rform  the  exiieriments  and 
not  the  teacher,  and  the  work  should  consist  in  making  can>ful 
oh.'jervations  or  measurements,  which  are  then  as  carefully  descril)ed 
l)V  the  Imu-  in  his  own  language  in  writing.  The  jjrojxr  description 
of  exiH'riments  or  ohservations  in  good,  simple,  lucid  English  should 
i>e  strongly  insisted  ujvui.  and  marks  given  for  this  as  well  as  for 
accuracy  in  results. 

It  is  advi.-jahle  to  |xtst]>one  the  study  of  chemistry  until  after  the 
elementiirv  physics  and  mechanics,  and  until  a  little  training  in 
exj^'ri mental  work  has  i>een  acquired.  In  some  schools  a  great  show 
is  made  with  cari>enters'  or  engineering  workshoj^s.  This  impresses 
parents  and  attracts  boys  with  a  mechanical  tuni  of  mind  ;    l>ut 
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there  is  little  or  no  real  scientific  training  in  it.  The  making  of  a 
model  steam  engine  is  an  amusement  for  leisure  hours  or  wet  half- 
holidays,  but  is  perfectly  useless  as  a  means  of  scientific  education  for 
boys. 

Here  as  elsewhere  the  man  counts  for  more  than  the  machine  or 
apparatus.  Nevertheless,  the  good  teacher  is  wasted  unless  lie  has 
the  necessary  appliances.  For  this  reason  every  public  school  should 
be  adequately  provided  with  museums  containing  geological, 
mineralogical,  botanical  and  zoological  specimens,  and  these  should 
be  continually  increased  and  well  arranged.  The  physical  and 
chemical  laboratory  accommodation  should  be  ample  and  well 
equipped.  Every  school  should  also  have  a  small  astronomical 
observatory  with  an  equatorial  telescope,  clock  and  transit  instru- 
ment, and  an  outfit  of  surveying  instruments,  such  as  a  theodolite, 
chain,  level,  and  surveying  staffs.  Trigonometry  as  a  mathematical 
subject  should  be  taught  in  a  practical  manner  by  the  aid  of  these 
last-named  appliances,  and  not  merely  made  to  consist  in  the 
memorising  of  formulae. 

Instruction  in  elementary  astronomy,  comprising  a  practical 
knowledge  of  the  constellations  and  movements  of  the  sun  and  moon, 
should  form  part  of  all  school  education.  It  is  lamentable  to  notice 
how  few  adults  even  in  the  educated  classes  have  the  smallest  know- 
ledge of  these  things,  or  the  faintest  conception  of  the  reasons  for  the 
tidal  movements  of  the  sea,  the  changes  in  the  seasonal  appearances 
of  the  starry  heavens,  the  phases  of  the  moon,  or  the  phenomena  of 
eclipses. 

A  classical  scholar,  on  being  told  that  on  a  certain  night  an  eclipse 
of  the  moon  would  be  visible,  observed  to  the  writer  of  this  article 
that  it  was  "  fortunate  "  that  the  moon  would  be  full  on  that  night, 
as  the  eclipse  would  be  better  seen.  It  is  a  most  elementary  fact  of 
astronomy  that  it  cannot  occur  at  any  other  time  except  at  full  moon. 
One  of  the  essential  things  is  to  give  proper  dignity  and  importance 
to  scientific  knowledge  and  teaching.  It  has  been  far  too  long  con- 
sidered as  the  Cinderella  of  school  subjects. 

An  influential  meeting  was,  however,  held  lately,  under  the  chair- 
manship of  Lord  Rayleigh,  at  which  important  resolutions  were 
passed,  urging  (1)  that  the  study  of  Nature  sciences  should  form  an 
integral  part  of  the  educational  course  at  all  the  great  schools  of  the 
country  and  of  the  entrance  examinations  of  the  universities,  old  and 
new  ;  (2)  that  the  Government  should  encourage  this  study  by 
assigning  capital  importance  to  scientific  knowledge  in  the  com- 
petitive examinations  for  the  home  and  Indian  Civil  Service,  and  for 
admission  to  Sandhurst.  If  these  resolutions  are  acted  upon  by  the 
authorities,  pressure  would  at  once  be  put  upon  the  public  schools 
to  reform  and  augment  their  scientific  teaching.  We  should  not  then 
in  the  future  run  the  risk  of  our  legislators  in  Parliament  exhibiting, 
as  they  have  done  recently,  the  most  astonishing  ignorance  of  simple 
facts  of  chemistry. 

The  revision  of  the  relative  value  of  the  scholarships  in  classics  and 
science  is  urged.  What  is  required  is,  not  merely  to  produce  scientific 
specialists,  but  even  more  to  create  appreciation  of,  and  sympathy 
with,  scientific  work  and  aims  in  the  mind  of  the  general  public. 

Assuming,  however,  that  a  reform  in  the  public  school  methods 
will  lay  the  foundations  for  this  increased  sympathy,  it  is  then 
essential  that  scientific  men  should  continually  endeavour  to  place 
the  results  and  methods  of  their  work  in  such  form  as  to  encourage 
and  justif}^  public  interest.  The  chief  method  by  which  this  can  be 
done  is  by  public  lecturing  and  also  by  written  communications  to 
the  public  press,  chiefly  the  great  daily  newspapers  and  the  more 
widely  circulated  general  magazines.  The  public  lecturing  is  by  far 
the  most  important,  because  this  can  be  illustrated  by  actual  ex- 
periments, diagrams,  lantern  slides,  projections  or  specimens. 

Faraday,  Tyndall  and  Huxley  were  past  masters  in  it.  It  de- 
mands not  only  trained  elocution,  but  the  power  of  marshalling  ideas 
and  uttering  them  in  apt  and  forceful  phrases  with  attention  to  time 
limits  and  public  capacity  to  assimilate  new  ideas.  Lecture  experi- 
ments and  demonstration  need  also  special  abilities  and  ingenuity. 

The  Friday  evening  discourses  at  the  Royal  Institution,  or  the 
afternoon  lectures  in  the  same  place,  may  be  taken  to  represent 
generally  the  highest  achievements  in  this  form  of  public  teaching, 
as  also  do  the  similar  lectures  at  the  Royal  Society  of  Arts.  Most 
large  cities  have  institutions  at  which  similar  public  scientific  dis- 
courses are  given  at  frequent  intervals.  The  Gilchrist  Educational 
Trust  has  also  done  a  great  and  usefiJ  work  in  the  last  30  years  in 
enabling  large  popular  audiences  all  over  the  country  to  receive  such 
instruction  in  scientific  matters  from  the  most  eminent  exponents 
and  lecturers.  The  discussions  and  popular  lectures  at  the  British 
Association  meetings  are  also  of  ser\'ice  in  the  same  sense. 

Of  late  years  the  ancient  as  well  as  the  modem  universities  have 
added  greatly  to  their  equipment  in  laboratories  and  museums,  with 
all  the  appliances  of  scientific  study.  Nevertheless,  too  much  of  it 
has  been  devoted  to  the  purpose  of  making  graduates  rather  than 
investigators. 


The  chief  function  of  a  xmivensity  is  to  increase  our  knowledge,  and 
not  merely  to  put  the  hall-mark  of  a  degree  on  young  men  who  have 
acquired  a  certain  store  of  learning  concerning  the  a<:hievements  of 
others.  The  obsession  of  the  written  examination  paper  and  degree 
still  holds  us  in  its  grip.  Whilst  it  is  e«.sential  to  inmKt  on  a  certain 
breadth  of  acquaintance  with  knowTi  things  to  prevent  the  creation 
of  narrow  specialists,  the  university  does  not  accompli.sh  its  final 
purpose  if  it  fails  to  animate  its  students  with  an  inten,se  zeal  and 
some  ability  to  push  forward  the  confines  of  knowledge.  Hence  the 
main  duty  of  a  university  is  research.  The  duty  of  advancing  pure 
scientific  research  is  the  particular  responsibility  of  the  science 
teachers  and  advanced  students  and  graduates  in  it.  No  one  is  fit 
to  fill  the  post  of  a  university  teacher  who  is  not  activ.  ly  engaged 
in  research  in  his  outi  special  department  of  knowledge.  His  success 
ought  largely  to  be  gauged  by  the  degree  to  which  he  gathers  round 
him  students  who  can  take  part  in  and  assist  in  new  investigations. 

The  value  of  this  work  has  to  be  measured  by  its  quaUty  as  well  as 
its  quantity.  There  is  at  the  present  time  an  enormous  output  of 
published  researches,  but  a  great  deal  of  this  is  work  which  is  con- 
cerned with  minor  questions,  quantitative  measurements,  and  with 
the  gleaning  of  comers  of  the  scientific  field. ^  The  really  great 
investigations  are  those  which  open  for  the  first  time  some  novel  and 
rich  mine  of  scientific  truth.  Such,  for  instance,  were  the  epoch- 
making  investigations  of  Sir  J.  J.  Thomson  on  masses  smaller  than 
atoms  ;  those  of  Hertz  on  the  creation  of  electromagnetic  waves  ;  of 
M.  and  Mme.  Curie  and  Sir  E.  Rutherford  on  radioactivity ;  of  Sir 
William  Huggins  on  stellar  spectroscopy;  and  of  Rontgen  on  the 
X-rays. 

A  most  important  matter  is  the  consideration  of  the  conditions 
under  which  this  stimulative  originality  can  be  fostered  and  increased. 
One  thing  is  certain,  that  too  much  devotion  to  the  study  of  what 
others  have  done  is  apt  to  diminish  original  powers.  The  great 
inventors  and  discoverers  instinctively  tum  to  new  fields  of  research. 
When  a  man  has  this  notable  originative  power,  everything  should 
be  done  to  facilitate  his  possession  of  every  material  means  necessan:. 
It  is  the  most  wanton  waste  of  rare  gifts  if  an  experimental  genius 
is  allowed  to  spend  much  of  his  life  in  a  heart-breaking  struggle  to 
acquire  merely  the  implements  of  research.  The  British  nation 
has  yet  to  learn  the  immense  resources  which  in  Germany,  and  also 
in  the  United  States,  are  being  put  at  the  disposal  of  those  who  have 
proved  powers  of  scientific  investigation. 

The  Kaiser  Wilhelm  Institute  is  referred  to,  which  is  devoted  to  the 
highest  class  of  research  work. 

It  is  not  a  day  too  soon,  therefore,  that  the  Government  has 
created  a  Committee  of  the  Privy  Council  to  deal  with  scientific  and 
industrial  research,  and  an  Organising  Coimcil  to  direct  the  disposal 
of  the  funds  which  will  be  administered. 

There  are  indications  that  this  will  be  done  by  grants  to  learned 
scientific  societies  for  special  researches,  by  grants  to  universities  and 
colleges,  and  to  individuals  and  committees  for  definite  research 
work.  By  the  assistance  of  research  scholarships  and  fellowships 
it  will  be  possible  to  give  the  necessary  financial  assistance  to  trained 
men  who  have  exhibited  the  necessary  qualities  of  mind.  ^^  e  have 
to  search  diligently  for  tlais  capacity  and  cultivate  it,  not  simply  to 
wait  for  it  to  turn  up,  and  we  may  then  hope  to  increase  greatly  the 
systemtitic  pursuit  of  advances  in  scientific  knowledge. 
"  One  great  difficulty  which  presents  itself  is  the  small  faith  wliich 
so  many  British  manufacturers  have  at  present  in  the  utility  of 
scientific  research.  This  shows  itself  in  the  unwilUngness  to  make 
the  necessary  investment  of  money  in  it. 

The  technical  problems  are  often  insoluble  unless  very  considerable 
expenditure  is  made  on  the  preliminary  research.  To  make  a  large 
effective  improvement  in  a  d\Tiamo.  an  optical  glass  or  a  dye.  an 
expenditure  of  anjthing  from  £20,000  to  £100,000  may  be  necessary-. 
It  is,  therefore,  necessary  to  have  a  strong  confidence  in  the  abilitv 
of  research  to  justify  the  expenditure.  ■■ 

Again,  if  our  educational  methods  are  directed  sufficiently  to  the 
production  of  men  who  can  do  new  things,  and  not  merely  know  about 
old  ones,  we  shall  provide  the  manufacturer  with  the  men  who  can 
give  him  the  efficient  assistance.  We  have,  therefore,  to  make 
science  an  integral  part  of  our  national  education.  We  have  to 
create  conviction  in  the  public  mind  that  only  in  this  manner  can 
we  forge  the  weapon  which  shall  give  us  the  ability  to  ivtam  our 
place  as  a  world  power.  We  have,therefore,to  reconstruct  the  biisis 
on  which  our  educational  svstems  rest  and  make  a  study  of  the  la^^-s, 
phenomena  and  processes  of  Nature  of  primary  importance  to  them. 
It  has  to  be  cleariv  realised  that,  great  as  are  the  victones  ot 
science  in  the  past,  tliere  are  revolutionising  discoveries  and  mven- 
tions  yet  to  be  made  which  will  affect  human  life  in  every  w-ay.  U  e 
cannot  afford  to  be  and  remain  content  to  have  no  part  m  them,  but 
they  will  onlvcome  as  the  reward  for  strenuous  labour  on  our  part. 
We  may  not  be  able  to  effect  all  the  reforms  in  education  winch  are  an 
essential  precureor,  but  we  can  do  sometliing,  and  we  can  do  it  at  once 
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THE  MIGRATION  OF  THE  IONS.* 

BY   S.    W.    J.    SMITH,    M.A.,   D.SC,    F.R.S. 

Summary. — The  difficulties  inherent  in  the  usual  explanatory  diagram 
are  first  dealt  with,  and  a  better  explanation  is  given.  Some  illustrative 
experiments  arc  referred  to,  and  a  new  diagram  of  ionic  migration  is 
proposed. 


The  object  of  this  note  is  to  attempt  to  remove  an  imperfection 
from  a  much-used  graphical  "  explanation  "  of  the  phenomenon 
known  as  the  migration  of  the  ions. 

The  explanation  in  question  proceeds  briefly  as  follows  :  It  is 
supposed  that  a  solution  of  a  salt,  MX,  is  being  electrolysed,  that  M 
is  depositing  upon  the  cathode  (',  while  X  is  similarly  escaping  from 
solution  at  the  anode  A,  and  it  is  desired  to  show  that  the  rate  of 
imjjoverishment  of  the  solution  round  C  is  to  that  round  A  in  the 
ratio  v.uoi  the  ionic  velocities  of  X  and  M.  For  this  purpose  a 
diagram  of  the  following  kind  is  drawn  to  represent  (i.)  the  initial 
state  of  the  electrolyte  and  (ii.)  its  state  after  a  time,  t. 
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Fig.  1. 
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For  purposes  of  illustration  a  simple  ratio  of  u  to  v  is  chosen — 
e.g.,  2  :  3,  as  in  the  figure.  It  is  ])ointed  out  that  the  number  of 
molecules  to  the  left  of  the  median  line  is  fewer  by  two  than  the  initial 
number,  while  the  number  to  the  right  is  fewer  by  three.  Then  it  is 
said  that  it  is  seen  in  this  way  that  three  molecules  are  lost  at  the 
cathode,  while  two  molecules  arc  lost  at  the  anode,  and  that,  there- 
fore, the  cathode  loss  is  to  the  anode  loss  as  3  :  2. 

It  is  pointed  out  that  the  same  diagram  can  be  illustrated  as  any 
thick  and  thin  lines  to  represent  the  movements  of  ions.  The  truth 
of  the  matter  is  that  no  explanation  of  the  relation  between  the 
electrode  losses  can  be  satisfactory  if  it  does  not  emphasise  the 
diil'crencc  between  the  way  in  which  the  current  is  conveyed  from 
one  layer  of  the  liquid  to  the  next,  and  that  in  which  it  is  conveyed 
from  the  lif|iii(l  to  eitlier  electrode. 

In  the  liquid  the  transference  is  partly  by  positive  ions  travelling 
in  one  direction,  and  partly  by  negative  ions  travelling  in  the  opposite. 
At  the  electrodes  the  transference  is  by  ions  of  one  kind  only — by 
positive  ions  at  the  cathode  and  (in  the  simple  case  su^iposcd)  by 
negative  ions  at  the  anode. 

[n  coiiscciiK^iicc  of  this,  more  cations  arc  deposited  at  the  cathode, 
and  more  anions  at  tiic  anode,  than  those  for  wliicli  tlio  ionic  streams, 
due  to  the  applied  potential  gradient,  are  res]X)nsil)lc. 

What  happens  may  be  represented  symbolically  in  tlic  following 
way  :— 


//  /• 


\S 


V 


Fi<:.   2. 

In  the  liguio  lot  A  and  C  represent  sections  of  the  electrodes,  and 
let  the  curves  extending  between  them  rej)re.sent  the  section  of  a 
tube  i)()undcd  by  current  stream  lines  at  any  time.  /.  Sup])ose.  for 
simi)licity,  that  the  ions  M  and  X  are  of  e<|ual  valency,  and  carry 
]esi)ectively  the  charges  +e.  I>et  the  jiotential  graclicnt  at  any 
cross-section  of  tlie  tulic.  of  aica  S.  be  such  that  tli<'  ionic  velocities 
are  n  and  r  respectively,  and  let  A'  be  tiie  innnber  of  ions  of  each 
kind  ])er  unit  volume  near  S.  Ix>t  S',  u',  v',  N'  and  S",  u",  v',  A"  be 
corics|)()ii(liiig  ((iiantities  for  the  sections  S'  and  .S"  in  the  immediate 
neighbourhoods  of  the  electrodes. 

Then  the  condition  that  there  should  be  no  accumulation  of  free 
electricity  in  any  element  of  volume  of  the  tube  while  the  current 
Hows  gives 

N{u-^v)=N'{ii'+v')  =  N'(u'-^v') (1) 

*  Abstract  of  Paper  read  before  tlic  PJiysical  (Society. 


The  ratio  of  the  ionic  velocities  is  constant,  since  these  varj-  in  the 
same  way  with  the  potential  gradient.* 

Hence,  u/v=u'/v'=^u"/v'', 

and,  therefore,  from  (1) 

A-m=A"m'=A"V', 
and  A^i-=A"i;'=A"V'. 

The  current  acro.ss  an\-  section  of  the  tube  at  the  time  con-sidered 
is  N(u~v)e,  and  the  quantity  of  electricitv'  conveyed  through  the 
solution  in  the  time  dt  is  X(u~ri')fdt.  During  this  time  the  numl>er  of 
cations  deposited  upon  the  cathode  is,  by  Faraday's  law,  N{u~v)dt 
=X'(u'~v')dt.  Similarly,  the  number  of  anions  deposited  upon 
the  anode  is  y(u~v)dt=N"(u''+v")dt.  The  number  of  cations 
brought  by  the  current  to  the  cathode  in  the  same  time  is  X'u'dt, 
and  of  anions  to  the  anode  X"v"dt. 

Thus  we  see  that  the  number  of  cations  deposited  upon  the  cathode 
exceeds  the  number  brought  up  by  the  current  by  y(u'^v')dt 
—X'u'dt=Xvdt,  and  the  number  of  anions  deposited  ujwn  the  aonde 
exceeds  the  number  brought  up  by  the  current  by  X"{u''-^v'')dt 
-N''v"di  =  Nudt. 

In  seeking  for  the  source  of  supply-  of  these  excess  cations  and 
anions  deposited  upon  the  electrodes,  we  notice  that,  in  order  to 
satisfj'  the  equation  (1),  X'v'dt=Nvdt  anions  must  pass  outwards 
through  S'  and  that  X"u"dt=Nudt  cations  must  pass  outwards 
through  S'. 

Therefore,  equation  (1)  will  be  satisfied  if  the  following  processes 
occur  : — 

During  the  deposition  of  N'{u'-\-v')dt  cations  upon  the  cathode, 
y'v'dl  molecules  dissociate  (ionise)  in  the  immediate  neighbourhood 
of  this  electrode.  The  X'v'dt  cations  of  the.se  molecules  are  dejxjsited 
along  with  the  y'u'dt  cations  carried  in  by  the  cationic  stream,  while 
their  X'v'dt  anions  pass  away  from  the  electrode  to  maintain  the 
anionic  stream. 

During  the  deposition,  contemporaneous  with  that  above,  of 
N"{ii"~-v'')dl  anions  upon  the  anode,  X"u"dt  molecules  dissociate  in 
the  solution  in  contact  with  this  electrode  and  deposit  their  X''u''dt 
anions  along  with  the  N''v"di  anions  carried  to  the  anode  in  the 
anionic  stream,  while  their  X"u''dt  cations  pass  away  from  the  elec- 
trode to  maintain  the  cationic  stream. 

In  this  way  during  the  passage  of  N(u-\-v)fdt  units  of  electricity 
through  the  solution,  X(u  +  v)df  cations  are  deposited  ujKjn  the 
cathode,  and  X(u-rv)dl  anions  are  deposited  at  the  anode.  The 
cathode  space  loses  Nvdt  molecules,  and  the  anode  space  loses  Xudl. 

Hence,  we  see  at  once  that  the  ratio  of  the  cathode  loss  to  the 
anode  loss,  in  any  given  element  of  time,  is  v :  u,  and  we  see  also  at 
once  where  the  "  lost  "  molecules  have  gone. 

A  glass  tube  of  any  convenient  length  and  diameter  is  taken, 
together  with  two  corks,  through  wliich  pieces  of  stout  copj^er  wire 
are  inserted  centrally  to  act  as  electrodes.  The  tube  is  fixed  in  a 
vertical  position  with  one  of  the  corks  fitted  tightly  into  its  lower 
end.  The  tube  is  nearly  tilled  with  a  concentrated  solution  of  copper 
sulphate  ;  it  adds  to  the  instructiveness  of  the  exi)eriment  if  a 
saturated  solution  is  used.  The  other  cork,  which  is  fitted  rather 
loosely,  is  then  inserted  into  the  upper  end,  so  that  a  centimetre  or 
two  of  the  wire  which  ])asses  through  it  is  immersed  in  the  solution. 
A  current  from  a  2- volt  accumulator  is  then  passed  through  the 
solution  for  some  hours,  the  lower  wire  being  the  anode  and  the  upper 
the  cat  Iiode.  The  colour  of  tlie  solution  round  the  cathode  gradually 
disapjXMrs.     The  manner  of  its  disapjx>arance  is  insignificant. 

It  i.s  easily  seen  that  the  loss  of  colour  is  not  confined  to  the  imme- 
diate neighi)ourh()()(l  of  the  wire,  but  extends  over  the  whole  of  the 
li()ui(i  alM)ve  a  horizontal  ))Iane  lying  near  the  lower  end  of  the  wire. 
The  inferences  from  this  are  that  convection  currents  are  circulating 
continuously  in  flic  ujiiht  part  of  the  tube,  tliat  one  ]virt  after  another 
of  the  liquid  lontained  in  this  sjjace  comes  into  the  region  where  the 
main  jK)rtion  of  the  current  is  flowing,  and  that  this  liquid  gets  con- 
tinuously ]»<)orer  in  co]i])er  sulphate,  because  each  part  loses  a 
fraction  of  its  salt  content  as  it  moves  over  the  electrode.  There  is, 
therefore,  no  difficulty  in  this  case  in  seeing  where  the  bulk  of  the 
additional  molecules  are  obtained.  It  may  l>e  infenysfing  to  add 
tliat,  when  saturated  s(»lutions  are  used,  crystAls  of  copiH«r  sulphate 
can  be  obst-rved  irnmd  the  anode  at  the  conclusion  of  the  exix»riiucnt. 
Thcs<'  nqirr-sent  the  "  anode  gain,"  just  as  the  destruction  of  colour 
in  the  upjuir  jwrt  of  the  tulK»  represents  the  (equal)  "  cathode  '*  loss. 

Tliis  exixrinionlal  illustration  can  be  made  a<lditionally  instruc- 
tive, fnnn  the  jioinf  of  view  of  this  note,  if  a  second  tulx^  of  identical 
construction  is  arranged  in  series  with  the  first.  The  two  ful)es  aro 
placed  side  by  side,  and  the  upjior  electrode  is  the  cathode  in  each. 
The  solution  in  the  second  f  tibe.  J)e8ides  l>eing  saturated  with  eopjier 
sulphate,    contains    (for   example)   an    equivalent    amoinit   of   zinc 

•  For  the  present  ptiqio**  the  fact  that  u/v  may  vary  with  .Y  can  be 
ignored. 
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sulphate.  By  comparing  the  colours  of  the  two  cathode  spaces 
from  time  to  time  after  the  current  has  begun  it  appears  that  the 
solution  round  the  cathode  in  the  second  tube  loses  copper  at  the 
greater  rate.  In  this  tube  the  cationic  stream  consists  partly  of 
zinc  ions,  and  the  amount  of  copper  carried  to  the  cathode  per 
second  by  the  current  is,  therefore,  less  than  in  the  first  tube.  Hence, 
since  the  rate  of  deposition  of  cojjper  on  the  two  cathodes  is  the  same, 
the  solution  round  the  cathode  in  the  second  tube  has  the  greater 
demand  made  upon  its  supply  of  copper.  The  rates  of  loss  will  be, 
approximately,  in  the  ratio  (v+^u)  :  v,  if  we  suppose  the  zinc  and 
copper  ions  to  be  equally  concentrated  in  the  second  tube,  and  to 
have  approximately  the  same  velocity. 
The  following  diagram  makes  the  action  more  intelligible. 


»      •      •      • 

o     o      o      o 


o      o     c> 


G        ©        •        • 

o     o     o     o 


•     •     «     • 

o      o      o      o 


o 


©       © 


Figs.  3  and  4. 

^t  The^molecules  contained  within  the  bracket  near  C  in  each  figure 
are  those  which  actually  disappear  from  the  cathode  space,  while 
those  contained  within  the  bracket  near  A  are  those  lost  by  the 
anode  liquid.  The  ions  to  the  right  of  C  and  to  the  left  of  A  are  those 
removed  from  the  solution  at  the  same  time. 

These  diagrams  show  explicity  that  ionised  molecules  of  salt  have 
to  be  fed  into  the  current  stream  at  the  electrodes  in  order  to  keep 
it  going,  and  it  is  just  this  essential  feature  of  the  phenomenon  that 
the  usual  diagram  omits. 


INSTRUMENT  TRANSFORMERS.* 

BY  CHAS.   C.   GARRARD. 

Current  Transformers.^Current  transformers  are  at  the 
present  time  indispensable  to  the  best  practice  of  electrical 
engineering.  Some  years  ago  it  was  usual  to  connect  measuring 
instruments  directly  in  high-tension  circuits.  This  often  led 
to  trouble  for  several  reasons.  One  difficulty,  of  which  the 
effects  were  much  more  apparent  than  the  cause,  was  electro- 
static attraction  between  the  moving  parts  of  soft  iron  am- 
meters and  the  fixed  parts  of  the  instrument.  This  led  to 
"  sticking  "  and  inaccurate  readings.  A  method  of  obviating 
this  and  which  was  used  in  Ferranti  "  box  type  "  ammeters  is 
illustrated  in  Fig.  1.  As  there  are  still  numbers  of  these 
instruments  in  use  this  description  may  be  of  general  interest. 
It  will  be  seen  that  the  plunger  hole  is  lined  with  tin  foil, 
taking  care  not  to  form  an  entirely  closed  circuit,  and  this  is 
metalhcally  connected  to  the  soft-iron  plunger.  The  side  of 
the  plunger  hole  and  the  plunger  are  thus  at  equal  potentials 
and  electrostatic  attraction  between  the  two  cannot  occur. 

The  advantages  that  the  use  of  current  transformers  entails 
can  be  summarised  as  follows  : — 

1.  Instruments  are  safe  to  handle  and  can  be  situated  at 
considerable  distances  from  the  high-tension  circuits.  For 
remote  control,  therefore,  series  transformers  must  be  used. 

2.  With    large    low-tension    currents    owing    to    the    non- 

*  From  a  forthcoming  book  on  "Electric  Switch  and  Controlling 
Gear."'     Copyright.     All  rights  reserved. 


necessity  of  taking  cuirent  through  the  instrument,  a  great 
saving  in  cost  is  attained. 

3.  A  considerable  number  of  instruments  can  be  fed  by  one 
transformer. 

4.  Electrostatic  and  similar  troubles  are  obviated. 

There  can  be  no  doubt  that  series  transformers  have  received 
inadequate  attention  from  manufacturers.  This  is  evidenced 
by  the  extreme  variety  of  designs  which  are  on  the  market,  the 
difference  in  cost  of  such  transformers  put  forward  by  different 
makers  for  similar  purposes  being  sometimes  in  the  ratio  of 
5  to  X.  These  transformers  are  labelled  as  10  watt,  oOVatt, 
&c.,  in  a  very  haphazard  manner,  and  it  would  aj>pear  very 
desirable  to  lay  down  some  standard  method  of  rating  of 
current  transformers. 
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Fig.  1. — Plunger  and  Coke  of  Box  Type  Ammeter.      Method  of 
OBVIATING  Electrostatic  A-i  traction  in  High-tension  Ammeters. 

Vector  Diagram  of  Current  Transformer. — The  vector  dia- 
gram of  the  series  transformer  is  similar  to  the  ordinary  trans- 
former diagram  in  general  character.     The  interpretation  of  the 
various  vectors,  however,  requires  some  care.     For  ease  of 
consideration  we  will  assume  a  nominal  ratio  of  1/1.     Let  OE, 
(Fig.  2)  be  the  voltage  induced  in  the  secondary;  therefore 
OE^,  will  be  the  appHed  voltage  necessary  to  overcome  the  back 
E.M.F.  in  the  primary  and  OE,=OE^.     Let  the  secondary 
current  which  is  driven  through  the  secondary  circuit  by  OE^ 
be  OIs  lagging  by  the  angle  0  behind  the  driving  voltage.     If 
the  current  transformer  were  a  perfect  one  the  primary  current 
would  be  exactly  equal  and  opposite  in  phase  to  Oli.     As  the 
transformer  is,  necessarily,  not  perfect,  we  will  represent  the 
primary  current  by  01^.     Now  the  primary  current  does  three 
things  :   (a)  it  produces  the  secondary  current  01^,  (&)  it  pro- 
\4des  a  magnetising  current  to  produce  the  magnetism  which 
produces  the  voltage    OE,,  (c)  it  provides  a  watt  cun-ent  to 
make  up  the  losses  entailed  in  producing  the  said  magnetism. 
The  components  under  (6)  and  (c)  refer  only  to  those  magnetic 
lines  which  actually  embrace  the  secondary  winding  and  pro- 
duce the  voltage  OE,.     Thus  ohmic  loss  in  the  primary  does 
not  affect  the  watt  component  in  the  diagram  ;    in  fact,  the 
efficiency,  or  goodness,  of  a  current  transformer  is  independent 
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of  the  resistance  of  the  primary.  Losses  due  to  magnetisation 
other  than  that  magnetisation  which  produces  OE,  are  also 
without  effect.  Thus  the  transformer  may  have  an  iron  case 
in  which  there  is  considerable  loss.  If  this  loss  be  only  due  to 
leakage  from  the  primary  it  is  without  effect  on  the  current 
transformer.  If,  however,  it  be  due  to  leakage  from  the 
secondary,  it  is  a  different  matter,  as  will  be  explained  later. 

The  magnetising  component  (6)  must  evidently  be  at  right 
angles  to  OE^  and  90  deg.  behind  it  in  phase.  The  watt 
component  must  be  in  phase  with  OE;,.  The  magnetising  and 
loss  currents  are,  therefore,  represented  by  the  vectors  01  m  and 
OIh-  The  primary  current  is,  therefore,  the  vectorial  sum  of 
OIm,  OIh,  and  OIs  reversed.  This  is  shown  in  Fig.  2.  It  will 
be  seen  that  OIp  differs  both  in  length  and  phase  from  01^,,  and 
we  have  1,^^^^^^ 

where  N  is  always  a  positive  quantity.  The  primary  current 
lags  by  the  angle  a  on  the  secondary  current.  It  is  the  object 
of  the  design  of  the  current  transformer  to  keep  N  and  a  as 
small  as  possible.  It  is  evident  from  the  diagram  that  a 
depends  on  d. 

In  order  to  compare  the  transformer  angles  of  two  current 
transformers  it  is  necessary  to  specify  the  angle  of  lag  of  the 
secondary  cui'rent  at  which  the  measurement  is  made.  The 
standard  condition  should  be  with  the  secondary  ciirrent  in 
phase   with   the  secondary   terminal  voltage ;   this  does   not 


obtainable  b}'  regularity  in  the  construction  of  the  traasformers. 
The  modas  operandi  is  then  simply  to  adjust  the  ratios,  by 
manipulating  the  primary  and  secondary  turns,  so  that  they 
are  all  equal  and  each  equal  to  the  nominal  at  the  full  load. 
The  scales  of  the  instruments  can  then  be  marked  off  when  fed 
by  one  of  the  transformers. 

When  the  traasformers  are  used  for  feeding  relays  the 
variation  of  X  with  large  overloads  is  of  paramoimt  impor- 
tance. In  most  cases,  however,  the  loads  to  be  borne  bv 
the  various  current  transformers  are  not  equal.  It  is  at  the 
present  time  considered  the  best  practice  to  have  a  single 
traasformer  per  panel  and  let  that  feed  all  the  instruments  on 
that  panel.  But  the  number  of  instruments  per  panel  varies 
considerably.  To  get  interchangeability  under  these  circum- 
stances is  naturally  more  difficult  and  can  be  done  only  by 
using  a  transformer  with  small  variations  of  N,  say,  1  per  cent. 
The  error,  therefore,  caused  by  interchanging  the  instruments 
and  transformers  would  not  exceed  1  per  cent.,  which  for 
"  current  "  instruments  should  not  be  considered  too 
great. 

Wattmeters,  d-c. — With  this  type  of  instrument  not  only  is 
the  "  N  "  of  the  transformer  of  importance,  but  also  the  angle 
"  a.''     Tiie  "  X  "  effect  can  be  allowed  for  as  described  above. 


Fia.  2. — Vector  Diaoji am  of  Cukrent  Transformer. 


Fro.  .3. — Diagram  iLLUSTRATrxo  Current  in  Wattmeter  fed  by 
Current  Transformer. 


necessarily  mean  that  d=0.  With  this  proviso  the  values  of 
N  (or  rather  the  variation  of  N  with  load)  and  a  for  a  cm-rent 
transformer  afford  a  criterion  enabling  one  to  judge  of  the 
quality  of  the  transformer.  The  three  terms  to  be  stated  are 
the  value  of  a  at  full  load  (i.e.,  with  full  load  current  and  full 
load  rated  volt-ampere  outi)ut),  the  value  of  X  at  full  load  (as 
above)  and  the  value  of  N  at  1/lU  rated  full  current,  but  with 
the  transformer  secondary  closed  through  the  same  resistance 
which  gives  full  load  volt-amperes  at  full  load  current.  It  is 
neressary  to  give  the  value  of  N  at  two  ])oints  as  it  is  the 
variation  of  X  which  matters.  All  figures  apply  to  a  non- 
inductive  load.  The  Autlior  would  suggest  that  it  is  upon  these 
lines  that  standardisation  of  current  transformers  should 
proceed. 

Lifluence  oi.  N  and  <i  on  Instrument  Readmfiis.— Am  meters, 
Maximum  Current  Hvlaijs  and  other  Currenl  Ikviees.—On  these 
only  the  variation  of  N  is  of  effect.  If  the  instruments  are 
calibrated  togetluT  with  flic  transformers,  of  course  the 
variation  from  nominal  ratio  does  not  matter.  It  is  now  usual, 
however,  to  specify  that  current  transformers  should  be 
interchangeable  one  with  another.  This  is,  of  couise, 
regarded  from  the  practical  standpoint,  a  highly  desirable 
thing,  and  for  commercial  accuracy  does  not  present  any 
great  difficulty.  If  the  transformers  wliich  are  to  be  inter- 
changeable are  all  equally  loaded,  then  even  a  large  variation 
of  N  is  of  no  great  imiiortance  provided  the  X  of  each  trans- 
former is  the  same  iind  the  variation  of  X  with  current  is  similar 
in  each  transformer.     These  latter  two  conditions  are  easily 


The  error  caused  by  the  angle  "  a  "  however,  cannot  be  ob- 
viated by  this  method  but  has  to  be  corrected  for  within  the 
wattmeter  itself.  We  will,  therefore,  consider  the  effect  of 
''  a  "  alone,  neglecting  "  X  "  on  wattmeter  accuracies  in 
general.  We  shall  then  have  to  distinguish  between  the  two 
diffeiTut  types  of  wattmeters,  viz.,  (a)  dynamometer  type 
wattmetei-s  and  (b)  induction  type  wattmeters. 

Calculation  of  the  Effect  of  the  Traiisfomier  Angle  a  on  the 
Accuracy  of  a  Perfect  Wattmeter. — We  will  consider  a  single- 
phase  circuit.  In  the  diagram,  Fig.  3,  let  OE  equal  the 
voltage  of  the  circuit  in  which  the  wattmeter  is  connected,  and 
01,,  the  main  (primary)  current  lagging  behind  the  main  volts 
by  the  angle  9.  Then  the  true  watts  =IE  cos  9.  Owing  to 
the  interposition  of  the  current  transformer  instead  of  the 
current  Ol^  flowing  through  the  meter,  we  have  the  current 
01,  flowing  through,  which  is  equal  in  magnitude  to  OIp 
(neglecting  "  X  "  and  assuming  1/1  ratio),  but  is  inclined  to  it 
at  the  angle  180-}-a.  The  instrument  therefore  indicates 
El.  cos  (180-i-a— 9)  =— EI,,  cos  (9— a).  As  9— a  is  a  smaller 
angle  than  9  it  means  that  the  wattmeter  will  indicate  higher 
than  the  true  watts.  The  minus  sign  in  the  equation  simply 
means  that  the  wattmeter  reading  is  reversed,  which  is  got  over 
by  suitably  crossing  either  the  current  or  volt  leads.  The 
percentage  error  introduced  by 

/©  cos  (9— a)— cos\  , ,^ 

a={-^ ^ '- 1 100  per  cent. 

\  cos  9         / 

=(cos  a-f  tan  9  sin  a— 1)  100  per  cent. 
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Now  a  is  a  small  angle  generally  of  the  order  of  one  or  two 
degress  or  less,  therefore,  cos  a=l  (approximately). 

Therefore,  percentage  error  =sin  a  tan  9  100  per  cent. 

If  a  be  1  deg.  we  get  from  the  above  the  following  table  : — 


Power  factor  of  main 

Tan  4, 

Percentage  error  in  watt- 

circuit.    Cos  0. 

meter  reading  due  to  a  =  l°. 

1 

0 

0 

0-75 

0-887 

1-55 

0-5 

1-73 

302 

0-25 

3-92 

6-85 

0 

(X. 

oc 

Correction  of  Wattmeter  for  Transformer  Angle. — As  stated 
above,  the  transformer  angle  can  only  be  corrected  for  within 
the  wattmeter  itself.  The  principle  of  the  correction  is  to 
make  the  wattmeter  itself  slightly  wrong  {i.e.,  low,  on  inductive 
load),  with  the  error  in  the  opposite  direction  to  that  caused 
by  a.  The  transformer  angle  causes  the  combination  of  meter 
and  current  transformer  to  read  high  on  inductive  load  if  not 
corrected  for.  We  have  to  distinguish,  however,  between  the 
two  different  types  of  wattmeters,  the  induction  and  the 
dynamometer  type.     Considering  the  latter  first : — 

Dynamometer  Type  Wattmeter. — Probably  the  majority  of 
wattmeters  work  on  this  principle— viz.,  the  electro-dynamic 
action  of  one  current-carrying  coil  upon  another.  The 
criterion  of  accuracy  of  a  dynamometer  wattmeter  on 
inductive  load  is  that  the  shunt  coil  should  have  neghgible 
self-induction.  Should,  however,  the  shunt 
coil  current  lag  by  the  angle  ^  behind  the 
impressed  volts,  then  the  wattmeter  only 
indicates  true  watts  when  the  power  factor 
of  the  main  circuit  is  cosine  ^.  In  all 
dynamometer  wattmeters  made  by  reputable 
makers  /5  is  extremely  small,  and  very  much 
smaller  than  the  angle  a,  which  will  be 
introduced  by  even  a  good  current  trans- 
former. 

Considering  the  diagram  in  Fig.  4,  let  OB 
represent  the  shunt  flux  in  the  wattmeter 
and  let  OA  represent  the  series  flux  when 
the  meter  without  current  transformer  is  on  Fig.  4. 

non-inductive  load.  Under  these  conditions  Series  and  Shunt 
the  meter  will,  ceteris  paribus,  read  cor-  Fluxes  in  Dyna- 
rectly  on  inductive  load.  The  current 
transformer,  however,  displaces  the  series 
flux  to  the  position  OC,  where  the  angle 
COB  is  equal  to  a.  In  order  to  render 
the  combination  accurate  on  inductive  loads  it  is  necessary 
now  to  shift  the  phase  of  OB  by  the  angle  a  forward  ;  that  is 
to  say,  on  non-inductive  load,  with  the  meter  alone  the  shunt 
flux  should  lead  on  the  series  flux  by  the  angle  a.  With 
dynamometer  wattmeters  this  is  a  very  difficult  thing  to 
arrange.  It  could  only  be  done  by  inserting  a  condenser  in 
the  shunt  circuit,  which  would  be  awkward  and  costly.  It  is 
for  this  reason  that  dynamometer  wattmeters  are  not  so 
suitable  for  use  w^th  current  transformers  as  are  induction- 
type  meters.  Most  manufacturers  of  dynamometer  watt- 
meters specify  that  when  used  with  current  transformers  the 
power  factor  of  the  main  circuit  should  not  fall  below  0-6. 
As  dynamometer  wattmeters  are  often  put  forward  in  con- 
junction with  very  poor  (magnetically  leaky)  current  trans- 
formers as  "  standard  "  instruments,  it  is  necessary  to  re- 
member that  it  is  quite  impossible  for  such  combinations  to 
indicate  correctly  on  inductive  loads. 

Induction  Type  Wattmeters. — In  this  type  of  instrument 
we  have  two  magnetic  fluxes  reacting  together  on  a  metal 
rotor,  causing  the  same  to  rotate  by  virtue  of  the  eddy  currents 
induced  in  it.  The  chief  condition  for  accuracy  is  that  on 
non-inductive  loads  the  shunt  flux  must  lag  exactly  90  deg. 
behind  the  series  flux.  In  Fig.  5  let  OF^  be  the  series  flux  and 
OF,  be  the  shunt  flux ;  on  non-inductive  load  the  angle 
between  these  two  vectors  must  be  90  deg.  If,  now,  the  main 
current  lags,  then  OF^;,  approaches  OF,,  until  at  zero  power 


MOMETER     Watt- 
meter WHEN    FBO 
BY  Current 
Transformer. 


factor  they  both  lie  in  the  same  straight  line,  and  there  is  not 
any  torque  exerted  on  the  meter  rotor.     If,  now,  a  current 
transformer   be   interposed   the   current   vector  is   caused   to 
advance  a  to  the  position  OF'^.    In  order  to  render  the  com- 
bination accurate  on  inductive  load  it  is  still  necessary  that 
the  main  flux  and  shunt  flux  should  be  in  quadrature  on  non- 
inductive  load,  which  result  can  be  obtained  by  shifting  OF,  to 
the  position  OF', — i.e.,  advancing  it  by  the  angle  a.     This 
can  be  attained  at  once  by  simply  altering  the  time  constant 
of  the  shunt  coil  of  the  meter  ;  that  is  to  say,  simply  increasing 
its  oj-mic  resistance  or  decreasing  its  inductance  in  the  right 
proportion.     Thus,  the  combination  of  induction  wattmeter 
and  current  transformer  can  be  rendered  perfectly  accurate, 
even  down  to  the  lowest  power  factors.     It  is  for  this  reason 
that  the  induction  type  wattmeter  is  the  better  instrument  to 
use  on  all  commercial  installations  where  the  meters  have  to  be 
used  in  conjunction  with  current  transformers.     For  all  com- 
mercial  tests  of   alternator   efficiencies,  &c.,  a  good  type  of 
induction  watthour  meter  and  current  transformer  is  to  be 
preferred  to  any  other  system  of  measurement.     For  accurate 
standardising  work,  if  possible,  current  transformers  should 
not  be  used,  but  dynamometer  wattmeters  arranged  to  carry 
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Fig.  5. — Diagram  illustrating  Correction  of  Induction  Type 
Wattmeter  for  Transformer  Angle. 

large  currents  without  the  interposition  of  transformers.  As 
such  work  can  nearly  always  be  done  with  low-tension  cm-rent, 
this  procedure  presents  no  difficulty  ;  for  high-tension  measure- 
ments, however,  current  transformers  are  generally  in- 
dispensable. 

{To  he  concluded.) 


Coating  Metals  with  Zinc.— According  to  the  •"  Iron  Trade 
Review,"  an  interesting  instance  of  adopting  a  process  to 
changed  conditions  is  found  in  a  new  apparatus  for  coating 
metals  with  zinc  film.      The  Metals  Coating  Co.  of  America 
has  developed  the   Schoop  metal  spraying  process  in  which 
zinc  wire  or  other  metal  wire  is  melted  in  a  gas  flame  and  pro- 
jected under  pressure  on  the  surface  to  be  coated.     Under 
present  conditions  in  the  metal  market  this  wire  has  become 
exceedingly  expensive.     To  fill  the  need  for  a  less  costly  pro- 
cess, the  apparatus  has  been  modified  to  permit  the  employ- 
ment of  zinc  in  the  less  costly  form  of  dust.     It  consists  of  a 
conical  receptacle  which  has  another  similarly-shaped  recep- 
tacle inside,  with  a  small  space  between.     Zinc  dust  is  placed 
in  the  inner  cone  and  compressed  air  is  admitted  through  a 
hose  at  the  top  of  the  space  between  the  two  cones.     A  valve 
at  the  bottom  of  the  iniier  compartment  allows  the  zinc  dust 
to  be  caught  up  by  the  air  current  and  carried  through  a 
discharge  tube  to  a  spraying  device.     The  z'uc  dust  is  there 
blown  from  i\n  inner  nozzle  through  an  acetvlene  gas  flame, 
the  heat  of  which  is  sufficient  to  melt  the  zinc.     In  the  melted 
condition  the  partioles  of  zinc  are  projected  at  high  velocity 
upon  the  surface  to  be  coated  by  the  action  of  the  blast. 
Adjustable  valves  regulate  the  quantity  of  zinc  dust  allowed  to 
pass  into  the  air  current  and  also  the  qucvutity  of  gas  used  to 
melt  the  metal.    The  apparatus  is  said  to  weigh  about  20  lb.  and 
uses  air  at  a  pressure  of  about  5  lb.  per  square  inch.  Acetylene 
gas,  the  heating  agent,  is  easily  available,  and  has  been  found 
to  give  good  results  with  zinc  dust.     The  present  cost  of  zinc 
wire  is  about  5s.  per  pound,  while  zinc  dust,  which  is  a  by- 
product of  the  zmc  smelter,  may  be  obtained  at  about  Is.  3d. 
per  pound. 
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GRAPHICAL  CHARTS. 

Many  theoretical  investigations  lose  much  of  their  prac- 
tical importance  because  the  results  are  not  presented  in  a 
form  such  as  the  busy  engineer  can  apply  at  once  to  the 
work  on  which  he  happens  to  be  engaged.  The  fault,  if  it  be 
a  fault,  is  more  that  of  the  investigator  than  of  the  practi- 
tioner, as  it  is  only  in  exceptional  cases  that  the  latter  can 
find  the  time  either  for  extended  study  or  for  making  com- 
plex calculations.  This  is  a  matter  that  is  sometimes  over- 
looked bv  the  investigator. 

From  the  point  of  view  of  the  pure  mathematician  it  is 
folly  to  plot  curves  and  to  have  recourse  to  graphical  con- 
structions, seeing  that  in  the  one  case  the  equation  itself 
gives  all  the  information  required,  and  in  the  other  that  the 
answer  is  only  approximate.  We  know  of  wranglers  who 
are  so  completelv  the  slaves  of  their  subject  as  to  find  the 
use  of  squared  paper  methods  abhorrent  to  them.  The 
work  of  the  technologist,  and  more  particularly  of  the  engi- 
neer, consi.sts  of  approximations,  and  the  rigid  accuracy 
demanded  by  the  mathematician  does  not  enter  into  any 
of  the  problems  which  have  to  be  solved.  An  engineer  uses 
mathematics  in  much  the  same  way  as  the  limit-system  is 
used  in  the  workshop,  and  the  artisan  of  experience  knows 
when  to  use  a  two-foot  rule  and  when  to  use  a  micrometer 
for  measuring  a  length. 

It  is  more  than  a  coincidence  that  graphical  methods  of 
solving  problems  and  of  recording  facts  are  largely  used  in 
those  countries  in  which  one  finds  science  the  handmaiden 
of  practice.  Of  the  graphical  methods  of  presenting  facts 
some  form  of  chart  is  probablv  the  most  convenient, since 
such  charts  are  found  to  save  a  good  deal  of  time  in  the  works, 
in  the  drawing  office  or  in  the  engineer's  office.  Foremost 
amongst  graphical  charts  is  that  which  is  plotted  to  rect- 
angular co-ordinates.  So  common  is  the  use  of  squared 
paper  to-day  that  it  is  difficult  to  realise  such  paper  costing 
8d.  per  sheet  40  years  ago  when  Prof.  Perry  and  the  late 
Proi.  Ayrton  began  to  use  it  extensively  in  Japan  in  teach- 
ing mathematics  and  mechanical  and  electrical  engineering 
and  lalioratorv  work. 

The   u.sc  of  logarithmic  divided  paper  is  to  be  recom- 
mended for  the  study  and  determination  of  some  law,  of  the 
relation  between  certain  numbers,  or  during  an  experiment. 
Many  of  the  diagrams  emploved  in  technical  investigations 
are  more  ca.sily  plotted  out  on  logarithmic  paper  than  on 
ordinary    s(juared    paper,    because    the    more    commonly 
occurring  curves  are  readilv  obtained  as  regular  lines  on 
logarithmic  divided  paper.     Prior  to  the  outbreak  of  war 
such    paper   came    horn    German  v.  and   sheets   12  in.   by 
S  in.    of    good    (|ualitv.  accurately    ruled,   cost    about   J^s. 
per    !«►(».     Pohir   co-ordinate    ])aper    of    excellent    quality 
came    from    the    same   fiim  and  co.st  (;s.  per  no-sluet  pad. 
For  both  papei-s  there  is  likely  to  be  a  big  ilemand  in  the 
future,  and  there  is  no  reason  whvthev  shouUl  not  be  ruled 
in  this  countrv. 

.\lt  hough  diagrams  plotted  to  rectangular  co-ordinates  are 
most  widely  used,  for  some  purposes,  and  particularly  when 
there  ace  many  variables,  the  svstem  is  less  convenient  than 
the  alignment  chart  or  abac,  as  it  is  called.  Other  useful 
methods  are  the  hexagonal  index  chart,  the  proportional 
chart,  the  stereographic  chart  and  solid  model.  An  excel- 
lent example  of  the  latter  is  the  tri-axial  model  which  makes 
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it  possible  to  take  into  account  iour  vaiiables,  three  of  whicii 
add  up  to  100  per  cent.  As  an  illustration  of  the  utility  of 
this  model  may  be  mentioned  the  recording  of  one  of  the 
physical  properties  of  an  alloy  composed  of  three  metals. 
jSngineers  will  call  to  mind  the  extensive  use  made  of  solid 
models  bv  Herr  Lasche  in  his  important  researcli  on 
high-speed  bearings. 

In  recent  years  the  alignment  chart,  which  is  said  to  be  of 
French  origin,  has  been  successfully  applied  to  the  solution 
of  engineering  problems,  thanks  largely  to  the  efforts  of 
Prof.  J.  B.  Peddlk,  whose  little  book  can  be  recommended 
to  those  in  search  of  information  on  the  subject.  An 
interesting  application  of  the  alignment  chart  to  a  familiar 
problem  in  electrical  engineering  is  given  elsewhere,  and 
although  it  would  be  idle  to  pretend  that  the  determination 
Ol  hysteresis  loss  by  means  of  the  well-known  Steinmetz 
formula  is  of  much  practical  importance,  it  will  be  under- 
stood that  any  formula  of  the  same  kind  lends  itself  admir- 
ably to  solution  by  graphical  methods.  The  convenience 
of  being  able  to  obtain  commercially  accurate  solutions  to 
complicated  expressions  containing  many  variables  by 
drawing  two  or  three  straight  lines  on  a  chart  will  be  appre- 
ciated by  the  busy  man,  and  we  venture  to  think  that  the 
subject  is  one  to  which  many  of  our  readers  can  profitably 
give  attention. 

Not  only  is  the  alignment  chart  applicable  to  the  solution 
of  given  equations,  but,  as  Prof.  Peddle  has  shown,  it  may 
be  used  for  the  derivation  of  equations  to  fit  a  given  set  of 
empirical  data.  Up  to  the  present,  with  relatively  few 
exceptions,  such  charts  have  been  most  used  in  mechanical 
engineering,  but  there  is  no  reason  why  they  should  not  be 
equally  usc^'ul  in  other  branches  of  engineering. 
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The  Mechanical  Handling  and  Storing  of  Material,    By  G.  J''. 

ZiMMEH.      (London  :     ('rci;bv    Lixkwood    it    Son.)     Pp.    xiv.-f752. 
42^.  net. 

It  is  fortunate  for  us  tliat  authors  are  tu  be  found  who  write 
books  without  hope  or  thought  of  monetary  reward,  and  that 
there  are  still  some  publishers  who  are  prepared  to  handle  such 
books,  notwithstanding  the  fact  that  it  would,  on  the  face  of  it, 
be  more  profitable  for  them  to  invest  their  money  either  in 
cinema  palaces  or  in  pier  companies. 

An  inspection  of  the  book  under  review  leads  us  to  the  con- 
clusion that  Mr.  G.  F.  Zimmer  is  entitled  to  be  regarded  as  a 
man  who  writes  without  hope  of  monetary  reward.  A  con- 
servative estimate  of  the  time  expended  and  of  the  probable 
return  will  quickly  reveal  the  truth  of  this,  for  he  is  unlikely  to 
secure  even  the  remuneration  that  an  engineering  apprentice 
can  command.  Nor  are  the  publishers  likely  to  secure  a  return 
commensurate  with  the  outlay.  But,  as  we  have  said,  it  is 
fortunate  for  us  that  some  men  find  work  itself  a  sufficient 
reward,  and  that  pubhshers  still  live  who  do  things  for  the 
"  cred't  of  the  house."  Were  it  otherwise,  in  all  probability 
this  two-guinea  book  would  never  have  been  written. 

In  excusing  himself  for  venturing  again  before  the  technical 
world,  the  author  pomts  out  that  the  importance  of  the 
mechanical  handhng  and  storing  of  material  increases  daily,  as 
technical  progress  is,  and  has  been,  increasing  by  leaps' and 
bounds  in  the  last  decade.  "  There  is  no  factory  now," 
continues  Mr.  Zimmer,  "  that  can  afford  to  do  without  machinery 
for  handling  and  storing  its  raw  materials  and  finished  products 
if  it  is  to  be  a  commercial  success.  The  national  economy  of  the 
civiHsed  world  cannot  do  without  the  mechanical  handling  and 
storing  of  material,  and  .  .  .  the  toll  claimed  from  the 
ranks  of  labour  by  the  European  War  and  the  consequent 


shortage  of  hands  will  force  even  tho.se  who  are  slowest  U) 
adopt  modern  means  to  replace  the  man  by  the  machine 
wherever  possible."  To  this  we  would  add  that  the  labour 
troubles,  which  assuredly  lie  before  us,  imperativflvdfmand  the 
storage  and  rapid  handling  of  huge  aiiu»unts  of  roal  bv  railway 
companies,  gas  works  and  power  stations. 

The  sub-title, '"  Being  a  Treatise  on  the  Handling  and  Storing 
of  Material  such  as  Grain,  Coal,  Ore,  Timber,  kc,  bv  Automatic 
or  8emi-Automatic  Machinery,  together  with  the  Variou.s 
Accessories  used  in  the  Manipulation  of  such  Plant,"  gives  a 
clear  idea  of  the  scope  of  the  work  which,  we  should  imafi'^e,  is 
intended  more  for  the  user  than  for  the  designer,  although  the 
latter  will  find  plenty  to  interest  him  on  the  particular  branch 
of  the  subject  in  which  he  has  spef:ialised.  The  book  is  divided 
into  six  parts,  namely,  Continuors  Handling  of  Material, 
Continuous  Handling  of  Material  by  Pneumatic  and  Hydraulic 
Means,  Intermittent  Handling  of  Material,  Unloading  andLoad- 
ing  Appliances,  Miscellaneous  Installations  and  Automatic 
Weighting  of  Material. 

Elevators  and  conveyors  are  dealt  with  in  the  first  part, 
which  consists  of  18  chapters.  Somewhat  fuller  treatment  of 
the  chapter  devoted  to  elevators  seems  to  be  called  for  in  order 
to  obtain  a  better  balance.  The  chapters  on  convevors  eive 
probably  the  most  complete  account  in  the  language  of  this 
important  class  of  machinery,  and  the  many  types  are  described 
at  considerable  length.  In  the  second  part,  in  addition  to 
chapters  on  handling  by  pneumatic  means  and  conveyinf-' 
material  by  hydraulic  means,  there  is  a  useful  chapter  on 
disposal  of  ashes  from  steamers,  in  which  the  author  traces  the 
development  of  ash  ejection,  and  describes  the  ash  hoist, 
hydro-ejectors  and  eje  tor  pipee,  besides  givirg  an  account 
of  the  latest  developments. 

To  the  intermittent  handling  of  material  eight  chapters  are 
given,  and  in  addition  to  haulage  systems,  ropeways  and  cable- 
ways,  the  author  describes  the  coaling  of  vessels  at  sea,  mono- 
rails and  telphers,  and  deals  with  the  handling  of  raw  material 
in  connection  with  blast-furnaces,  and  with  the  mechanical 
handling  of  coke  from  coke  ovens.  The  chapter  on  t  he  handling 
of  raw  material  at  blast-furnaces  is  insufficientlv  complete  to 
make  a  strong  appeal  to  ironmasters,  and  particulars  of  a 
number  of  modern  equipments  would  be  welcomed  by  many. 

Chapters  XXX.  to  XXXVIII.  are  devoted  to  the  description 
of  unloading  and  loading  appliances,  and  the  matter  in  this 
section  of  the  book  is  well  found.  An  opportunity  was  missed 
in  not  emphasising  the  advantages  of  the  electric  drive,  in  so 
far  as  hydraulic  machinery  is  still  used,  and,  in  our  opinion, 
improperly  used  to  a  considerable  extent  for  the  driving  of 
loading  appliances.  It  would  have  been  well  to  describe  some 
of  the  notable  coal  and  ore  dumpers  of  American  manufacture 
which  hold  the  record  for  quick  loading  ;  the  more  so  since 
many  engineers  in  this  country  incline  to  the  view  that  for  this 
purpose  the  hydraulic  machine  is  unrivalled.  It  is  now 
generally  admitted  that  the  rapid  technical  progress  in  the 
mechanical  handling  of  material,  to  which  the  author  refere  in 
the  Preface,  is  due  in  large  measure  to  the  introduction  of 
electrical  energy  as  a  motive  power.  Some  idea  of  the  ground 
covered  in  this  important  section  will  be  gathered  from  the 
following  :  After  describing  the  various  kinds  of  skips  and 
grabs  in  use,  a  chapter  is  given  on  transportei-s,  bridge  or 
cantilever  cranes.  This  is  followed  by  chapters  on  barge  or 
ship  elevators  and  marine  legs  ;  on  floating  loading  devices, 
including  self-emptying  barges ;  on  self-emptying  hopper 
wagons  ;  on  tips  or  hoists  and  on  colliery  tips  or  tipplers.  To 
loading  coal  into  ships  otherwise  than  by  tips,  and  to  mis- 
cellaneous loading  and  unloading  devices  separate  chapters  are 
given,  and  these  bring  the  section  to  a  close.  An  account  of  the 
very  extensive  coal-handling  appliances  installed  at  Cristobal 
and  Balboa  on  the  Panama  Canal  ought  surely  to  have  been 
included.  Although  descriptions  were  published  but  a  short 
time  ago,  it  is  probable  that  the  makere  would  have  supplied 
the  author  with  full  particulars  beforehand. 

In  the  section  on  miscellaneous  installations  there  is  com- 
pressed into  50  pages  a  large  amount  of  material,  divided  into 
four  chapters,  on  the  coaling  of  railway  engines  ;  coal,  coke  and 
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a«]i  liandlinj^  plants  for  Ijoiler  liouscs  and  fjasworks  ;  tlie 
HtoiiiiK  ^>^  <■"'»'  "Ji'l  <JtluM-  niiiicials  in  stock  heaps  and  sild.-,,  and 
tlie  wai chousing  of  grain.  To  the  descriptions  of  the  many 
granaries  one  would  like  to  sec  added  an  account  of  the 
recently  constructed  granary  at  Glasgow,  which  is  probably  one 
of  the  most  up-to-date  granaries  in  existence. 

Chapter  XLllI.  on  automatic  weighing  is  a  useful  one, 
containing  as  it  does  descriptions  of  the  principal  weighing 
appliances  and  machines.  This  is  followed  by  a  very  full  table 
giving  the  weights  of  various  materials.  After  the  Index,  which 
is  well  arranged  and  very  complete,  is  given  a  Trade  Directory 
of  films  of  repute  who  are  makers  of  the  difTerent  machines  for 
the  mechanical  handling  and  storing  of  material.  We  like  this 
feature  least  of  all,  for,  if  incomplete  (and  the  list  here  given  is 
incomplete)  an  injustice  is  done  to  those  firms  of  repute  whose 
names  do  not  appear  in  the  list. 

The  suggestions  made  above  lefer  more  to  matters  of  detail 
than  to  arrangement  or  faulty  treatment.  Practically  the  ouly 
criticism  we  have  to  offer  is  that  the  author  has  not  laid  due 
stress  on  the  importance  of  adopting  the  electric  drive  for  most 
of  the  appliances  he  so  ably  describes.  This  is  fundamental, 
and  it  is  a  vital  matter  for  the  user  to  know  that  it  is  only  by 
adopting  the  electric  drive  that  full  advantage  can  be  derived 
from   the  use  of  these  lab(»ur-saving  devices. 

In  criticising  the  conclusions  arrived  at  by  Messrs.  Baxter 
and  Dixon  as  the  result  of  their  experience  with  the  electric- 
alIy-op(!rated  coal  hoists  at  Glasgow,  the  author  states  : 
'■  With  rega  rd  to  cost  .  .  .  ,  this  was  based  on  the  cost  of 
yd.  per  1,')()0  gallons  of  pressure  water.  This  estimate  is  con- 
sidered excessive  by  hydraulic  experts,  and  it  is  asserted  that 
hydraulic  power  can  be  produced  at  from  2d.  to  3d.  per  1,000 
gallons." 

The  reviewer  asks  :  "  By  whom  is  it  asserted  that  pressure 
water  can  be  produced  at  2d.  per  1,000  gallons  ?  "  This  figure 
corresponds  to  a  total  works-cost  for  electrical  energy  of  0-3d. 
per  B.O.T.  unit.  Electrical  engineers  know  that  it  is  in  only 
the  largest  generating  stations  working  at  very  high  load- 
factors  that  such  low  works-costs  can  be  obtained. 

From  carefully-kept  records  it  appears  that  the  absolute 
cost  of  water,  at  7D0  lb.  per  square  inch,  varies  from  14yd.  to 
20d.  pel'  1,000  gallons.  The  former  figuie,  which  is  taken  from 
Mr.  Macaulays  contribution  to  the  discussion  on  Messrs. 
Baxter  and  Dix»»n's  Paper  on  "  Electrical  Dock  Equipment."'  is 
for  a  mi;dern  installation  (at  Newport)  pumping  about  170 
millif)n  gallons  per  annum.  At  Swansea  the  average  quantity 
of  water  pumped  during  the  three  years  1006-8  was  21  1  million 
gallon?*  per  annum,  and  the  average  cost,  including  working 
costs,  capital  (  hargcs  ami  atlminist ration  allowance  was  8-22d. 
per  1,000  gallons  at  a  pressure  of  T.'jO  lb.  per  square  inch. 
Notwithstanding  the  adverse  conditions  under  which  the 
Glasgow  hoists  were  working  (an  average  load  of  T-y  ions  on  a 
32-ton  hoist)  at  the  time  IMessrs.  Baxter  and  Dixon's  Paper  was 
read,  it  is  ib.nbt  fnl  whether  a  lower  energy  cost  per  ton  has  ever 
been  recorded  by  a  fully-loaded  and  modern  hydraulic  lip.  If 
lower  costs  have  i)een  obtained  they  have  not  been  published 
so  far  as  the  reviewer  is  aware. 

'i'lic  <\rluSion  o[  the  many  sjx'cial  types  of  crane  used  in  the 
heavy  iiulustries  is  clearly  intentional  on  the  ])artof  the  author. 
They  are  nevertheless  at  least  as  important  and  numerous  as 
the  many  systems  described,  but  to  have  included  them  w<ndd 
have  doubled  the  size  of  the  book.  As  it  is.  there  are  over  750 
pages  and  more  than  1,00<>  illustrations. 

To  those  who  wish  to  be  (onversant  with  th<'  |)art  played  by 
the  machine  in  the  handling  and  storing  of  material,  and  to 
those  who,  having  to  handle  either  large  or  small  <iuantities  of 
material,  are  faced  at  the  present  time,  or  will  be  faced  in  the 
future,  w'ith  shortage  of  so-called  inexpensive  labour.  Mr. 
Zimmer  s  great  book  Is  unreservedly  recommended.  More- 
over, designers  and  manufacturers  will  turn  to  its  pages  time 
after  tin\c  for  inspiration. 

Having  given  due  (-redit  to  the  author,  it  only  remains  for  us 
to  add  a  word  of  praise  to  the  publisher,  the  printer  and  the 
draughtsman.  Both  of  the  get-up  of  the  book  and  of  th<» 
illustrations  it  may  be  .said  thaf  they  are  worthy  of  the  text. 


From  an  insjjection  of  many  of  the  illustratioiis  it  is  evident 
that  both  the  author  and  his  publishers  know  the  value  of  a 
good  drawing,  and  only  tho.se  who  have  made  or  have  paid  for 
the  making  of  such  drawijigs  can  form  an  accurate  idea  of  the 
amount  of  laliour  involved  in  their  production,  and  it  is  for  this 
reason  we  believe  the  author  finds  his  reward  in  the  knowledge 
that  the  job  has  been  well  done.  In  an  age  when,  probably 
more  than  at  any  other  period  in  our  hi.story,  men  work 
principally  or  solely  for  money  it  is  refreshing  to  come  across  a 
man  who  attaches  greater  importance  to  performance  than  to 
profit.  H.  H.  Broughton. 

Aeroplanes  and  Airships.  HyW.  E.  Dommett.  (London.  Whittaker 
i  Co.)      I'll.  lot).      ]^.  int. 

This  little  book  contains  nine  chapters,  dealing  with  early 

investigations,  general   principles,  descriptions   of    machines, 

propelling   plant,    steering    and    manceuvring,    ofTensive     and 

defensive  duties,  bombs  and  automatic  rifles,  searchlights  and 

the  various  forms  of  dirigibles.     In  addition,  there  are  12  plates, 

some  of  them  being  from  photographs  taken  on  the  spot.     The 

book  contains  a  considerable  amount  of  information,  both  as 

regards  the  machines  and  apparatus  described,  and  their  use 

in  actual  warfare. 


THE   DESIGN    OF    THE    AUDIO-FREQUENCY  CIRCUIT 
OF  QUENCHED  SPARK  TRANSMITTERS.' 

BY   JITLIUS   WEINBERGER. 

Snmniartf. — The  Paper  discusses  the  thf^ory  ta  the  power  circuit  tran^;- 
former  and  alternator  circuit  of  generated  s^park  transmitters. 

In  a-tnal  pra-jtiee,  such  as  in  the  operation  of  quenched  gap  set.-, 
the  requirement  of  a  clear  note  involves  the  discharge  of  the  secondary 
condenser  at  the  peak  of  the  w?ve  ea"h  lialf  cycle.  It  would  .seem, 
therefore,  that  the  transient  phenomena  in  the  circuit  would  be  the 
determining  factors  of  voltage  and  current,  rather  than  those  of  the 
steadv  state  of  affairs. 


L 


lL-     '     i  Spark 


Fiu.  1. — RESON.4NCE  CiRcrir. 

We  ran  reduce  the  whole  resonance  transformer  circuit  to  that  of  a 
.simple  inductan':e.  capa.ity  and  reji'tance  in  series  (Fig.  1),  s.~,  h&s 
been  shown  l>y  Mr.  Hallhorg.  The  inductance  L  includes  a'.I  the 
inducta'Kfs  in  the  cinnit — genera'.'jr  inductance,  transformer 
h-akagr  induitanc*",  iiKbictance  of  any  scries  choke  coils,  and  so  <m. 
The  condenser  ('  is  the  .secondary  condenser  roducrd  to  the  primary 
<in  nit  by  nuiltiplication  by  the  sqti.tre  of  the  ratio  c»f  transformer 
voltajies.  The  ifsistancc  1?  includes  resistances  in  the  primary 
circuit  and  resistances  in  the  secondary  circuit  rc<luced  to  the 
]»rim.i!y  l>y  division  by  t  he  sipiarc  of  the  ratio  of  transformer  vojtr.gcs. 

The  dillcrential  e([uation  f<n-  such  a  circuit  is 

di         t 
F^.E^1^s{fi~0„)=--Ri-^.r-  +  .r^  /  idfi, 

fiff        , 

whore  /v     maximum  ^teneratedt  volt.'.::e,  .r,. ^^ condenser  reartanco. 
.1-     inductive  reactance,  B     W,  ^o"**'"  ''».«lo  to  be  subtracted  from 


6  if  I  is  not  Ai'ro  for  / 
can  l>c  foun<l  from 


U.     The  P.D.  ;•-  TOSS  the  c<m«lensor  tormina!.- 


y  ^.r  jid3 


when  equ.it  ion  ( i )  li  ii  been  sohi'd  f<ir  /. 

-    SuKo  we  aiv  mainly  concerned  with  this  I  .  v*e  will  omit  writing 

the  solution  for  i,  but  give  that  for  I'  immediately: 

V   ^}%\n{fi~fl„-y)-h -^'t -f:«n^  j  sin  ( "„ ^ y)eo8 J  <9 

ri:  2.J  1      <i     I 

-'I    -  sm  (0,  i  y)—    cos  (^o+yljsiiig/  I 
(  2.r  2q  2.r    j 


from  the   "  Pn 


■'  of  the   lju>ititute  of  Radi« 


•  Abb 
Eiiguieers. 

♦  Thi-:  i«   n*^  tbo   mhage  acroM  the   genefator   terminalr..     If   th«- 

■ppr»o'able  induct«iK*  the  c«»n?r«te<!  volt?  will 
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wliere  ^^irajjcdancc,  y= phase  (iifferciicc  between  gciiioratcd 
E.M.F.  and  i,  q—y/ixxt—M'',  e„= value  of  IM).  across  coudt^nstu- 
tcniiiiiiils  at  the  time  /=;0,  /,,-^vaIuo  of  current  through  tlic;  circuit 
at  the  time  <=0. 

Immediately  the  condenser  has  discharged  then  l~{).  The  im- 
portant thing  to  be  determined  is,  Wh;it  will  be  <he  voltage  across  th') 
condenser  for  6  ^n  (that  is,  at  the  next  peak  of  the  cycle)  V  Will  it 
rise  so  a  sufficient  value  to  cause  another  discharge  ?  Ot:  rather, 
will  it  rise  to  a  value  equal  to  that,  at  \evM,  at  which  the  previous 
discharge  took  place  '! 

Taking  the  equation  given  for  V,  we  can  introduce  the  following 
simplifications:  (1)  ISince  Aie  will  consider  the  circuit  as  being 
resonant,  we  have  Xc—x,  and  shall  substitute  x  for  x^  accordingly 
throughout.  (2)  .Since  the  circuit  is  resonant,  the  current  and  gen;> 
rated  voltage  are  in  phase,  hence  y=0.  (.'5)  When  the  condenser 
discharges,  the  P.D.  between  its  plates  is  reduced  to  zero.     Hence, 
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Fig.  2. — Voltage  across  Condenser  after  Time.     <=0. 

at  the  moment  we  are  considering,  eo=0.  (4)  The  spark  occurs  when 
the  generated  voltage  is  zero.  Since  i^  is  in  phase  with  Cq,  «'o=0. 
(5)  Since  the  circuit  is  resonant,  Z  =  R.  (6)  R-  can  usually  be 
neglected  as  compared  with  4a..r . 

Hence  q~2's/ xxc.  0T,smcex=Xc,q—2x;  (7)  in  our  case,  ^0=277. 
Substituting  these  conditions,  we  obtain 

Ex  Ex      ^       {  R  \ 

F=-— (-cos  ^)+  -e-^e/2^-^  cos  e^-~  sin  ^i. 
R  R  y  'Ix  ] 

To  show  the  general  shape  of  this  curve,  which  gives  the  voltage 
across  the  condenser  at  any  moment  after  the  time  ^=0,  it  has  been 
calculated  for  a  specific  case  (C=20  microfarads  and  i?=l  ohms), 
and  is  shown  in  Fig.  2,  and  the  curve  of  generated  voltage  (a  sine 
wave)  is  given  for  conniarison. 

This  condenser  voltage  V  will  reach  its  maximum  for  ^— tt.  It 
will  then  be 


max.- 


Ex, 


This,  then,  is  the  potential  at  which  our  "  reduced  "  condenser  will 
discharge.  The  actual  condenser  across  the  transformer  secondary 
will,  of  course,  discharge  at  a  voltage  which  is  simply  this  F,„ax.  niul- 
tiplied  by  the  transformer  ratio.  In  Fig.  3  curves  are  given  for 
Fmax.  in  terms  of  E  (the  maximum  generated  voltage).  It  will  be 
seen  that  foj  ordinary  conditions  of  resistance  (that  is,  R  between 
zero  and  1  ohm)  V=\-5E  is  a  good  average  value. 

To  iind  the  R.M.S.  or  effective  value  of  V  is  desirable,  since  this 
is  the  voltage  that  a  voltmeter  placed  across  the  transformer  prim.uy 
will  read,  aiid  this  is  also  the  voltage  for  which  the  transformer 
primary  must  be  designed  when  the  equation 

Feft. =4-44^1  .B?(/X  10-8 

is  used,  where  Fcff-  — R-M.S.  volts  across  ti'ansformer  primary,  .1 
= cross-sectional  area  of  core  in  square  centimetres,  ^=flux  density 
in  lines  per  square  centimetre,  iV=number  of  turns  of  jirimary 
winding, /^^  supply  frequency.  This  effective  value  of  V  is  given  in 
the  Paper,  and  it  is  found*  that  Feff.= 0-504 Fmnx- 

The  design  of  a  quenched  gap  set  to  operate  under  resonance  con- 
ditions becomes  a  relatively  simple  matter.  Let  us  take  a  numerical 
example  for  a  500-cyele  1  kw.  set,  operating  with  a  110-volt  gene- 
rator (154  volts  maximum). 

We  shall   flrst  iind  the  equivalent  primary  condenser  {i.e.,  the 

*  This  Value  was  determined  graphically,  the  integiaticn  being  dcxie  bv 
measuring  the  area  of  the  squared  curve  with  a  planimeter. 


se(;ondary  condenser  reduced  to  the  priniary  einuit)  re<iuiretl  to 
absorb  1^ WO  watts  from  \V-n('V^.     Since 

F- :l-5^---(l-5)nio)\/2    2:;:{  volt.s. 

Hence  f  .'}7  microfarads.  To  tunc  to  500  eyclea  with  thi.s  cajja-it^' 
an  inductance  of  2-5  nlillihenrvH  is  required. 

The  value  of  the  equivalent  primary  conden.^er  (or  rather  the 
"  reduced  "  secondary  condenser,  as  1  have  called  it)  l»eing  noiv 
fixed,  the  actual  secondary  condenser  is  determined  by  deciding  on  r« 
suitable  transformer  ratio.  The  value  of  this  .secondary  conden-^T 
is  usually  limited  by  conditions  of  wave  length  and  al.so  by  th'»  di.s- 
eharge  current  which  the  quenched  gap  in  use  will  stand.  A  large 
condenser  means  heavy  currents  anrl  considerable  heating  in  the  g<-p. 
while  a  high  discharge  voltage  and  a  small  condenser  would  require 
many  gap  sections  and  cause  insulation  difficulties. 

Having  thus  determined  the  ratio  of  primary  to  secondiiry  Ciijia- 
cities,  the  transformer  ratio  is  of  course  fixed  ;  and  it  is  only  neces- 
sary to  design  a  transformer  of  the  raiio  desired — a  simple  matter 
with  a  closed  core  ttr/.isformer  of  negligible  leakage.     Note  .should  be 
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Secondary  Capacity  reduced  to  Primary  Circuit. 

Fig.  3. — Fm:ix  is  Terms  of  E. 

taken  of  the  fa:t  prfevibusly  mentioned  that  when  the  usual  trans- 
former formula  ore  used  the  effective  value  of  F(that  is  0-504  Fmax.) 
should  be  used  r/j  the  voltage  across  the  primary. 

Practically,  the  operation  of  quenched  gap  sets  is  at  a  po-nt  slightly 
"  off  "  resonance.  However,  it  is  hardly  necessary  to  operate  with  i:, 
condenser  a ;  niitch  as  20  per  cent,  larger  than  the  resonance  capacity. 
The  foregoing  resulto  can  be  applied  as  very  go-jd  appro ximr.tions 
to  actual  practice. 

The  author  states  that,  since  the  above  was  written,  he  is  aware 
that  an  article  appeared  in  The  Electrician,  Vol.  FXIX.,  1912, 
p.  694,  by  L.  B.  Turner,  on  the  same  subject.  Turner,  however, 
neglects  R  and  obtains  V=hTE.  This,  the  author  state?,  would  load 
to  errors  for  large  values  of  R. 


CORRESPONDENCE. 


ENGINEERING  EDUCATION  AND  RESEARCH. 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

Everyone  w^ho  has  the  future  welfare  of  the  eigirecriiig 
industry  at  heart  should  welcome  the  timely  appearance  of  the 
report  of  the  Committee  of  the  Council  for  Organising  Briti;^]] 
Engineering  Industry,  of  which  you  publish  a  comprehensive 
abstract  in  your  current  issue. 

The  report  should  be  given  the  widest  publicity,  as  it  con- 
tains a  number  of  concise  practical  suggestions  for  preparing 
the  industry  for  the  commercial  war  which  is  expected  to  follow- 
the  present  war. 

The  signatories  ^0  the  report  are  to  be  cinnplimentod  on  thoir 
practical  ])r(>])ositions,  out  of  the  rut  (»f  tradition  wiiu-h  tnuu- 
niels  tlie  educational  svstem  in  this  country,  and  on  their  oft'ort 
to  break  down  the  walls  of  the  water-tight  compartments  in 
which  the  various  stages  of  English  education  are  at  prc::;nt 
housed. 

The  kevnotc  of  the  whole  matter  is  "  co-ordination  "  and 
"  continuity-"  One  of  the  most  important  points  in  the  report 
is  the  proposition  for  bridging  the  gap  between  the  secondary 
schools  and  the  universities,  the  need  for  which  any  of  us  who 
have  been  taken  straight  from  the  one  to  the  other  will  appre- 
ciate', and  which  his  been^  solved  in  general  on  the  CoHtineiit. 
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Wliilc  il'.cic  Ih  little  in  the  rep(jrt  to  w^iIpIi  exception  can  he 
taken,  ii  ai)i)cai!;  to  me  that  there  is  ojic  class  oi  technical  man 
Avho  i.'i  not  directly  catered  for.  While  th^  mechanic  and  the 
higMy-trai}ied  engineer  have  full  consideration,  there  is  a  large 
body  conoifjting  chiefly  of  draugh.tsmen,  test  assistants,  &c., 
for  whom  no  specific  course  is  suggested.  I  have  recently 
i-etur]icd  from  several  years  spent  on  the  Continent,  where  such 
positions  are  filled  by  men  designated  as  "  Technikcr."  These 
men  are  usually  drawn  from  the  more  intelligent  artisans  and 
trade  apprentices,  who  then  spend  two  complete  years  at  a 
technical  school,  the  "  Technikum."'  This  school  is  not  of 
university  rank,  and  men  who  have  taken  its  courses  do  not 
rank  as  engineer,';,  though  a  certain,  number  attai.n  to  positions 
usually  filled  by  university  trained  men. 

8o  far  as  I  have  seen,  the  average  level  of  capability  and 
intelligence  of  draughtsmen  and  th.e  like  is  thereby  greatly 
cnli.anfed,  and  s(»methirg  on  ihe;;e  lines  might  well  be  inr-or- 
porated  i.n  tlie  proposals  made  ))y  the  rc^portcrs. 

I  underfitand  from  Mr.  Flemij'g  tliat  this  class  would  be 

recruited  largely  from  the  brigliter   trade  apprentices  by  a 

process  of  weeding  out  in  the  works  trade  school  ;  but  although 

this  is  on  the  right  li?\es,  it  would  hardly  suffice  in  the  course 

.  of  time  to  supply  the  whole  demand. 

Still  any  progress  on  the  riglit  lisies  is  to  be  welcomed,  and 
it  is  to  be  hoped  that  the  efforts  of  the  Council  for  Organising 
British  Kngineering  Industry  will  be  strongly  backed  by  the 
c?iginecriug  ])ress  and  the  Institutions,  as  the  future,  not  only  of 
e:agineering  industry  but,  to  a  large  extent,  of  England  is 
involved. 

Manchester,  Jiiiv  8.  A.  G.  Ellis. 


unless  the  methods  of  tuition  are  radically  overhauled  before- 
hand, there  will  not  be  any  more  grist  for  the  mill  than  there 
has  been  hitherto. 

As  the  P^lectrical  Contractors'  Association  is  so  closely  con- 
cerned with  the  matter,  they  should  certainly  make  themselves 
and  their  wants  known  to  those  in  charge  at  our  Technical 
Institutes  all  over  the  country,  some  of  whom  hardlv  recognise 
the  cxistenre  of  the  subject  of  Electric  Wiremen"s  work. 

London,  July  7.  A.  P.  Luxdberg  &  Sons. 


S.  P.  THOMPSON. 

TO  THK  EDITOKo  OF  THE  ELECTRKIAN. 

The  admirable  suggestion  made  by  Mr.  Charles  Bright  in 
your  last  issue  in  respect  to  the  creation  of  a  substantial 
memorial  to  the  iat<>  Dr.  TIionij)soi'  will  cerlaijily  meet  with 
the  ap])ioval  of  all  who  were  j)rivilegod  to  work  under  or  with 
o)ie  of  the  m(»st  al)lo  and  far-seeing  men  of  our  time.  Moreover, 
the  clcf'trical  industry  as  a  wliole  will,  without  doubt,  desire 
to  mark  iii;  great  a])preciatio-.'  of  one  who  took  a  great,  although 
uncjl)i.rusive,  part  in  its  devclopmeiit. 

In  the  crcaticm  of  research  or  other  scholarshi])s  we  have  a 
ready  means  of  giviiig  eflfect  to  the  suggestion  in  a  form  in 
kee])i''g  with  th.e  views  so  o<"ten  expressed  by  Dr.  Thompso". 
and  with  ihc  spirit  of  the  [inies.  1  siiicerely  trust  that  .Mr. 
Bright  will  ;((  hi;i  way  id  (aiiy  tiic  matter  further,  and  that 
Ik'  will  give  u;;  ail  the  |)rivilege  of  supporting  him  in  his  elTorts. 

Weotmii'Lter.  .luly  Hi.  .\.  C.  Kijokali,. 

[We  are  in  full  :;\  m(»athv  with  .Mi.  Blights  suggestion. — 
Eds. /i'.|  ■ 

ELK<Ti;ic  WlinNC   KX.\MIN.\TiONS. 

TO    IIIK   KDIIOKS  Ol'    IIIE  KLECTKK'IAN. 

We  uoti((>  that,  at  the  amuial  ;:eneral  meeting  o[  the  Klee- 
trir.al  Contractors"  Association  Mr.  W.  H.  Pvawlings  referred  to 
his  appoiiitment  as  examiner  in  Electric  Wiremen's  Work  for 
the  ('ity  and  Guilds  of  London  Institute,  and  to  the  fact  that 
at  ])resejit  no  more  than  25  ])cr  cent,  of  the  enrolled  students 
attend  t  he  e.xaminat  io'is. 

We  do  not  think  this  is  so  much  the  fault  of  the  examinations 
as  of  lack  o^  pro])er  tuition  and  of  faeilit ies  for  the  same.  There 
is  ])roof  (»f  this  \n  the  fact  that  com  pared  with  the  electrical 
engineering  subjects—  a  mere  handful  of  people  take  up  electric 
wiring.     The  reverse  ought.  '>^  (oursc,  to  be  the  case. 

Whatever  views  one  may  have  on  the  seo|)e  of  past  exam- 
ination ])apers,  it  must  not  be  forgotten  that  the  inclusion  o^ 
the  subject,  Electric  Wiremen's  Work  in  tlie  C.G.  syllabus  was 
largelv  due  to  the  efforts  of  the  resigning  examiner,  Mr.  Krank 
Hroacibcnt  :  and  the  profession  and  trade  are  heavilv  indilited 
to  iiim  foi'  that,  and  for  his  sultsecpien.t  work. 

We  gather  from  the  report  of  the  meeting  that  I^Ir.  Kawlings 
is  going  to  give  us  something  fresh  in  the  way  of  examination 
(piestions.  and  that  the  latter  will  tend  more  to  the  practical 
than  to  the  theoretical  side  of  the  subject. 

While  that  is  good  news,  we  rhould  like  to  point   out  that, 


"PARTURirNT  MONTES  NASCETUR  RIDICULUSMUS.' 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

This  moiiiing  I  received  a  card  from  the  Institution  of 
Electrical  Engineers  a.sking  me  to  answer  a  number  of  imperti- 
nent questions.  I  liave  already  torn  up  th.e  card  and  thrown 
it  into  the  waste-paper  basket,  and  now  I  am  wondering  what 
action  th.e  Council  will  take  against  me  when  it  discover  that 
1  have  dared  to  refuse  to  make  "'  the  return  *"  for  which  it  asks. 
Will  it  resolve  itself  into  a  court  of  summary  jurisdiction  (as  the 
lawycre  say),  or  arrogate  to  itself  the  powers  of  the  Star 
Ch.amber,  and  endeavour  to  extort  the  information  by  adminis- 
tering some  modern  form  of  '"  thumbscrew,""  such  as  the 
application  of  electric  shocks  with  high-tension  current  ? 

is  this  ridiculous  card  the  outcome  of  the  great  meetings  and 
fiery  speeches  ?  If  so,  could  anything  more  absurd  be  im- 
agined than  that  the  Institution  will  be  cleansed  of  Gennaii 
spies  by  the  futile  method  of  sending  out  these  cards  ?  It 
would  be  interesting  to  know  how  much,  of  the  Institution 
money  has  been  spent  on  this  puerile  campaign. 

Will  not  several  leading  lights  of  the  piofession  form  a  new 
society,  which  some  of  us  who  are  very  dis-satisficd  with  the 
I.E.F).  could  join,  and  elect  a  council  that  at  any  rate  would 
have  a  sense  of  humour  { 

London,  July  6.  "  Civis  Romakus  Sum." 


THE  MEASUREMENT  OF  VERY  HIGH  INSULATION 
RESISTANCES  IN  CABLES/^ 

BY    J.    FISCHER-HINNEN. 

Tlic.so  lines  arc  intended  to  explain  a  very  niniple  method  of 
nieasurinp  tlie  insuhition  re.si.stanccs  of  cables,  especially  in  cjuscj 
where  the  galvanometer  i.s  not  sufficiently  sen.sitivc.  The  idea  is 
(ierived  from  Siemen.s"  well-known  inctliod.  Let  us  su])jx>sc  an 
electrometer  to  i>e  connected  to  the  coatings  of  a  cable  of  cajiacity^ — 
that  is.  charged  to  a  voltage  Ej  ;  the  iharge  tliea  falls  away  a.cordiug 
to  (he  law 

Q=Qi,^~' (1) 

where  Qo  is  the  original  charge;  p=2-718.  the  logarithmic  base; 
/  is  the  time  in  .>*econ(ls  from  the  stopping  of  the  charge  :  r  — the 
insnlatidu  resistance. 

'riurefore  E=Eo.e~,c (2) 

At  the  time  /,  the  voltage  is  given  by  the  equation 

/?!  —  Eg  .  e    re (3) 

Ti-.e.ofore  r=-  '  > (4) 

C.log(E,E,) 

The  otijection  to  this  jiroccdure  is  that  a  preliminary  test  is 
mnessarv  (o  <leterinine  the  capacity  ('.  which  at  the  moment  is 
unknown.  In  order  to  meet  this  iKJint  one  can  pnxeed  as  follows: 
\a'1  the  hIkjvc  exjx»rimcnt  l)c  rp})eated  with  the  addition  of  a  shunt 
of  know'i  iTsislance  {r„)  (n  the  electmmoter.  Then  the  voltage  will 
naturally  fall  olT  mor»'  (piickly  at  a  rate  corresj>ondin^  to  the  increased 
concluctivity.  Ix*t  us  su])|x)se  the  voltage  after  an  interval  {tm)  to 
be  Ej  volts.  I^^t  us  denote  the  initial  voltage  by  /•-'„'  and  the  com- 
bined n>sistance  by  r'.  Then  we  have  the  following  ei|uations  con- 
necting these  quantities  :- 

l/r'=l/r-|-l/r,. 

*"      l/r-fl/r,~r„-Hr' 

•  Aliitmrt  of  an  article  in  the  **  Ek-ktrotcthni; i-hc  Zcitischrift," 
Heft  8.  IPIti. 
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and  from  equation  (4)  we  can  deduce  the  following  equation — viz., 

Generally  speaking,  E2'  will  be  equal  to  E'.  These  voltcages  can, 
hoM  ever,  differ  if  the  charging  takes  place  with  alternate  current,  and 
not  with  direct  current,  seeing  that  in  this  case  the  precise  instant 
of  interruption  determines  the  matter.  From  equations  (4)  and  (6) 
we  get 

U+rJ,    \og{E,'/E.^ 

Tn        t.-  log  (EJE,)' 


or 


^    r/i  iog(^„7^2)_j~l  m 

'"L',-  log (^0/^1)   J 


If  pcijsible,  it  is  well  to  choose  the  voltages  so  that 

Eo'^E, 

E,  e; 


or 


(8) 


Then  it  is  only  necessary  to  measure  the  time  1^  till  the  voltage  has 
fallen  by  the  requisite  amount,  and  the  insulation  resistance  is  then 
given  by  the  equation 


r=r„ 


to 


1 


(9) 


As  for  r,„  its  order  of  magnitude  can  be  determined  somewhat  as 
follows  :  Let  us  suppof^e  we  require  to  determine  the  insulation 
resistance  of  a  cable  5  km.  long,  having  a  nominal  insulation  resistance 
of  30  megohms  and  a  capacity  of  1  microfarad.  We  determine  the 
time  which  is  necessary  for  the  voltage  to  fall  to  one  quarter  of  its 
original  value.     Then  from  equation  (4)  we  have 

ti  =  r  .  Cx2-3xlog  {y\  =  30  X  10«X  -  gX2-3  .  log  4, 

and  this  works  out  to  about  42  seconds.  If  we  suppose,  for  example, 
that  /«  — 14  seconds,  then  we  obtain  from  equation  (9) 

=  15  megohms. 


Silit  is  probably  the  best  material  to  use  for  the  resistance,  because 
these  resistances  take  up  little  space,  and  also  because  their  values  are 
fairly  constant  when  such  extraordinarily  small  currents  are  allowed 
to  pass. 


PARLIAMENTARY  INTELLIGENCE. 


DEFENCE  OF  THE  REALM  (ACQUISITION  OF  LAND)  BILL. 

This  bill  was  read  a  second  time  in  the  House  of  Commons  last  week. 

In  explaining  the  measure.  Dr.  Addison  said  that  large  sums  had  been 
spent  by  Government  departments  in  building  huts,  sheds,  factoi'ies  and 
storehouses  on  land  for  purposes  connected  with  the  war.  The  work  had 
to  be  proceeded  with  rapidly  under  emergency  conditions,  and  there 
was  no  time  to  investigate  and  settle  qiiestions  of  title  or  questions  of 
purchase  price.  These  things  had  to  be  left  to  be  dealt  with  afterwards. 
The  general  object  of  the  bill  was  to  place  the  State,  as  far  as  possible  in  a 
.secure  position  in  respect  of  the  expenditure  which  it  had  incurred  in 
that  work,  and  to  safeguard  it  against  unreasonable  and  avoidable  loss. 
Millions  of  money  had  been  spent  upon  land  which  had  been  taken  under 
the  Defence  of  the  Realm  Act  or  the  Royal  prerogative,  and  it  was  ob- 
viously in  the  national  interest  that  there  should  be  power  to  acquire  that 
land.  Oddly  enough,  in  many  cases  the  price  of  the  land  bore  a  very  small 
relation  to  the  total  expenditure  incuircd  in  the  erection  of  factories  and 
buildings  upon  it.  As  much  as  £2,000,000  had  been  expended  in  build- 
ings upon  a  relatively  small  piece  of  ground,  and  it  was  right  to  guard 
against  the  emergency  which  might  arise  at  the  end  of  the  war,  when  the 
Defence  of  the  Realm  Act  lapsed,  that  these  buildings  and  plant,  which 
had  been  provided  at  so  great  a  co.st,  should  becom.c  forfeited  to  the 
owners  of  the  sites.  The  first  clause  enabled  the  Crown  to  continue  for  a 
limited  time  after  the  war  in  possession  of  land  occupied  during  the  war 
for  purposes  of  the  defence  of  the  realm.  Under  the  clause  the  occupa- 
tion might  be  extended  to  four  years  with  the  consent  of  the  Tribunal  to 
be  set  up  under  the  bill.  A  number  of  public  buildings  had  been  taken, 
and  everyone  would  wish  tiiat  they  should  revert  to  their  proper  use  with 
as  little  delay  as  ])ossible.  Whilst  land  had  been  occupied  dimng  the 
war,  compensation  had  been  granted  ex  gratia,  but  if  the  occupation  was 
continued  after  the  war,  a  right  to  compensation  was  conferred  under  the 
bilL  The  basis  of  compensation  was  to  be  the  direct  loss  suffered  by  the 
claimant  by  reason  of  the  exercise  by  the  Crown  of  its  powers.  The 
second  clause  dealt  with  the  power  to  remove  buildings,  machinery  and 
plant  which  had  been  erected.  The  Government  would  cither  restore  the 
land  to  its  original  condition  or  pay  compensation  for  disturbance.  The 
third  clause  was  perhaps  the  most  necessary  one.  It  dealt  with  the  class 
of  cases  in  which  it  might  be  necessary  to  acquire  land  permanently 


Ik  cau.sc  of  the  great  exjwnsc  that  ha<l  lyen  incurred  in  erecting  facU>r'.c  n 
on  it — fa':tori(s  which  it  would  be  a  ;;r(-at  waste  of  money  to  pull  to 
pieces.  That  power  would  also  relate  to  casf-s  when;  the  fJuvemment 
had  borne  the  co.st  of  extending  other  pcople'.s  buildings.  .Sometimes 
they  had  had  to  rlo  very  drastic  things  in  connection  with  ra'lway.s,  ar.<'- 
clause  0  provided  for  the  continuance  of  the  use  of  certain  lijjht  railway.'; 
and  sidings  .subject  to  apjiropriatc  orders  h»y  the  IV.>ard  of  Trade.  Th-V 
also  had  to  deal  with  cases  where  they  had  arranged  for  the  supply  of 
light  and  power  outside  the  area  of  axir.t'mu  supy>ly  authoriticj.  It  had 
been  decided  that  the  Railway  and  Canal  Commission  was  the  most  .suit- 
able body  for  dealing  with  the  question.s  arising  under  the  bill.  They 
would  i.avp  the  .assi.stance  of  asses.sors  aid  would  Ik-  authori.s<:d  to  make 
local  inijuiries.     That  would  sim])lify  ])r<)ce(lun-  and  limit  i-xyf-n-se. 


GAS  (STANDARD  OF  CALORIFIC  POWER   BILL 

This  bill  was  read  a :  ccor.d  time  in  the  Hou^e  of  (Jommons  la  t  wceL 
Mr.  PuKTy.M.\N  explained  that  the  main  object  of  the  bill  wan  to  en- 
courage i^as  compa-iics  to  increarc  sup]tlies  of  benzol  and  toluol.  It  wa  ; 
(|Uite  out-of-date  to  insist  upon  the  quality  of  gas  being  <^au(i>:il  by  th'- 
illuminant  power,  and  many  gas  undertaking:;  had  already  obtained 
from  Parliament  power  to  change  the  standard  to  one  of  calorific  iKjwcr. 
It  was  not  intended  to  make  the  change  of  general  application  during  tho 
war,  except  upon  condition  that  the  gas  companies  shouhl  erect  plant  for 
the  manufacture  of  toluol  and  benzol.  The  question  whether  they  i^houid 
require  gas  companies  to  reduce  the  price  of  gas  to  consumer,  would  be 
considered  in  connection  with  the  irsue  of  ord'Ts  un<ler  the  bill. 


EDUCATIONAL. 


Manchester  School  of  Technology.— In  tlic  Faculty  of  Technology 
there  are  comjjlete  courses  of  instruction  in  m.echanical,  c!cctr.'cal 
and  sanitary  engineering,  the  chemical  and  textile  industries,  mLning, 
architecture,  &c.  First-year  courses  will  be  specially  adapted  to  tl.c 
requirements  of  students  who  may  wish  to  take  commis.sions  in  H.M. 
Forces.  Prospectu.':es  (free)  and  partieidars  will  be  forvv.ardcd  on 
application. 

ShefTield  University. — It  is  proposed  to  adopt  new  crdinr-nccn 
relating  to  the  granting  of  a  diploma  in  glass  technology. 

The  first  examination  for  the  diploma  will  be  i;i  chemistn,-,  glr.rs 
technology,  physics  and  mathematics,  and  the  subjects  for  the  Eccor.d 
will  be  glass  manufacture  and  practical  glars  technology  ;  rcfractcn,- 
materials,  fuels  and  pyrometry  ;  geology  and  mineralogy  of  glars- 
making  materials  ;  physical  chemistry  of  glass  ;  engineering  principkr, 
including  applied  mechanics,  heat  engines  and  electrotcchnolcgy  ; 
mechanicnl  drawing. 

City  and  Guilds  Technical  College,  Finsbury.— The  training  at  thic 
College  is  adapted  to  the  needs  of  various  students,  including  pupil:; 
above  15  from  seccndary  schools,  who  desire  a  practical  and  scientific 
trainmg  bearing  upon  their  future  mdustry  or  profession,  r.nd  young 
men  who  having  previously  served  a  pupdage  or  apprenticeship  in 
works  desire  a  more  systematic  trainirig  in  enguieerhig  and  applied 
chemistry.  The  College  has  well-equipped  laboratories  and  work- 
shops for  practical  work.  'I''he  entrance  examination  will  be  held  on 
Sept.  19.  The  programme  of  the  College  her,  just  been  issued,  and 
gives  full  partieidars  of  the  courses  of  instruction,  fees,  time-tables. 
&c.  Further  particulars,  syllabuses  of  instruction,  &c.,  may  be 
obt;v.ncd  from  the  Registrar  of  the  College,  Leonard-street.  Finsbu^^^ 
London,  E.C. 

City  and  Guilds  of  London  Institute.— The  thirty-sixth  annnr.l 
report  of  tho  Coimcil  (for  the  year  1915)  has  been  issued. 

The  report  states  that  the  gradual  elimi.iation  of  the  older  students 
continued  to  the  end  of  the  session.  The  absence  of  many  members  of  the 
staff  threw  considerable  extra  work  upon  those  left  behind  and  upon 
heads  of  departments.  The  staff,  and  to  some  extent  tlio  senior  studtMits. 
have  undertaken  much  new  and  original  work  in  tho  design  and  manu- 
facture of  munitions  of  war  of  various  kind,  a-.ul  in  the  investigation  of 
con^^^tructionai  problems,  especially  those  connected  with  aeronautical 
and  submarine  services.  The  Institute's  laboratories  and  worksliops 
are  beins  utilised  to  their  full  extent  in  these  directions.  The  nport 
refers  to  the  delav  in  completine;  the  Goldsmiths"  Company's  Extension 
of  the  City  and  Guilds  (Engineering  College),  to  the  death  of  Prof.  MeUlola 
and  to  the  changes  in  the  staff.  &c. 

The  Delec;acy  of  the  Citv  and  Guilds  (Engineering)  College  reports  that 
during  the  session  1914-15,  382  students  were  in  attendance,  exclusive  of 
131  students  who  were  on  the  register  of  the  College  as  due  to  return,  but 
had  joined  the  Forces.  During  the  session.  102  students  went  on  active 
service,  making  a  total  of  233  on  military  service,  exclusive  of  past 
students.  Thirty  more  had  entered  mimition  work  outside  the  College, 
and  31  members  of  the  staff  had  joined  the  Forces.  The  Roll  of  Honour 
totalled  811  names  (to  Xov.  10,  1915),  514  being  commissioned  officers 
.and  297  N.C.O.'s  and  ]>rivatcs.  Very  important  work  was  being  done 
by  Profs.  Dalbv  and  Mather  in  connection  with  war  problems.  Of  a 
total  of  382  students  (compared  with  532  in  1913-14,  and  570  in  1911-12), 
202  were  engaged  in  Civil  and  Mechanical  Engineering,  71  in  Electrical 
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Engineering,  and  56  in  special  courses,  while  44  students  of  the  Royal 
College  of  Scicncf  wore  attending  th*^-  Collegv?  for  Applied  Electricity. 
The  Siemens  Jlemorial  Mtdal  and  premium  for  the  student  of  greatest 
merit  in  electrical  engineering  were  awarded  to  B.  Hague.  Last  year  13 
.students  of  the  College  obtained  the  degree  of  B.8c.  (engineering)  in  the 
r^niversity  of  London. 

Out  of  .59  secorid  a::d  third  year  students  attending  the  City  and 
(Uiilds  Technical  College,  Finsbury,  40  joined  the  Forces.  Important 
work  in  connection  with  the  war  had  been  carried  on  at  the  College.  The 
number  of  day  students  attending  the  College  in  the  winter  of  191  o  was 
121,  of  whom  48  were  in  electrical  engineering.  The  evening  clas-ses  were 
suspended. 

In  the  Departnu-nt  of  Technology  the  number  of  candidates  for 
examination  fell  from  23,119  to  ir),(i23  for  the  United  Kingdom.  The 
total  niinil'T  examined  was  18,327. 

King's  College,  University  of  London.  In  |)ie«iitiug  a  report  on 
the  past  _\car's  worjc  on  Coipmomoralion  Day  last  week,  the  Princij)al 
(Dr.  R.  M.  Burrows)  said  the  regular  men  students  of  Knglish  l)irth 
bad  fallen  from  over  800  in  the  ye;:r  previous  to  the  war  to  a  little 
over  100. 

The  college  had  contributed  51 2  officers  to  the  Army  and  Navy,  eight  of 
whom  had  won  the  Militaiy  Crosa,  and  one  the  \'.C.  Fifty-seven  students 
had  lost  their  lives.  Twentj'-one  members  of  the  staff  were  on  war  or 
military  cervice,  three  of  whom  held  the  rank  of  lieutenant-colonel.  On 
the  science  side  everj' laboratory  in  the  college  was  being  worked  in  the 
i-ervice  of  the  Government.  Frof.  Jackson,  in  the  medical  de])artment, 
had  :-olvcd  the  formula?  for  making  the  deliiate  kinds  of  glass,  including 
miners'  safety  lamps,  which  had  hitherto  been  made  In  Germany  and 
Austria.  The  depaitment  of  "ngineering  had  in  tlie  absence  of  its  regular 
students  devoted  itself  to  training  unskilled  labour  for  munition  factories. 
It  har;  turn-^d  out  over  300  skilled  artisans  and  over  100  inspeecors  of  aero- 
planes. 

Teaching  of  Science. — At  a  meeting  of  the  Ooveming  Body  of  the 
Tmperia!  (A)llege  of  Science  and  Technology,  last  week,  the  Marquess 
of  Crewe  announced  that  the  Govemment  hr.d  decided  to  appoint  a 
apecial  Comtnitlee  to  inquire  into  the  question  of  r;c:cntific  teaching. 

His  lord.ship  mentioned  that  memorials  had  been  received  from  pro- 
fessors of  the  College  on  th(>  subject  of  the  teaching  of  science  in  our 
national  .system  of  education,  and  also  a  protest  again.st  our  past  neglect 
of  such  teaching.  It  was  th  ■  intention  of  the  Government  to  appoint  a 
spec;ial  Committee;  to  inquire  into  the  question  of  .scientific  teaching,  and 
there  might  be  other  Committees.  That  particular  Committee  would  act 
in  {-lose  concert  with  the  President  of  the  Depa'Iment  of  Education.  It 
would  not  be  a  departmental  Committee,  but  would  be  comi)Osed  of 
.scientific  men  in  whom  the  country  could  have  confidence.  The  Com- 
mittee woidd  have  a  close  connection  with  tho  (iovernment,  broufiht 
about  to  .some  extent  by  the  fact  that  the  Government  had  chosen  him 
(Lord  Crewe)  to  preside  over  it.  The  general  objects  of  the  Committee 
would  be,  broadly  s])eaking — 

To  inquire  into  the  position  of  national  science  in  our  educational  system,  especially  in 
universities  and  secondary  schools.  Its  duty  will  be  to  advise  the  authorities  hew  to 
promote  the  advancement  of  pure  science,  and  also  the  interest  of  trades.  Industrie.-.,  and 
professions  dependent  on  the  application  of  science,  bearing  in  mind,  of  courie,  the  whole 
time  the  needs  of  what  i:  described  as  a  liberal  education. 

The  investigation  would  be  made  as  wide  as  jiossibic,  having  regai'd  to 
1  lie  urgent  tu'cd  of  .some  action  as  early  as  po.s.sible.  ile  thought  the  world 
of  science  woidd  agree  that  the  ste])  taken  by  the  Government  was  as 
reasonable  a  methrd  of  proccduie  ;i>;  could  b'-  devised. 


PATENT   RECORD. 


BPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  b*en 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London.  W.C. 

Whenever  the  date  applied  for  difjers  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1915  Sriicii-iCATiONS. 
4.080  Just.     Refractory  materials  applicable  also  as  electric  resistances.    (23/3/14.) 
8.651  Moore  &  Berry.     Railway  signalling  systems. 
8,748  B.T,-H,  Co.  &  Martin.     Electrical  motor-controlsystcms. 

CDiisists  in  arrangements  for  operating  induction  motors,  so  that  two  or  more  of 
the;e  motors  may  be  run  at  exactly  the  same  speed  or  the  same  proportional  speed 
without  beingmechanicallyCDupled  together. said  arrangementsconsist  in  conneclinc 
cjrreipanding  slip-rings  in  parallel  to  the  starting  and  can  trolling  resistance  through 
reactances  in  series.  In  the  case  of  two  motors.  CDrrespanding  slip-rings  are  con- 
nected tDgether  through  reactance  coils  ^nd  the  regulating  resistance  Is  tapped  from 
the  miJdle  of  the  reactances. 
8,850  ZENAKY&  Oilman.  Electric  meter. 
9,012  Electrical  Power  Storage  Co.  (in  liquidation)  &  Schqfibid.    .Secondity 

battery  plates, 
9,113  International  El  BCTRic  Co.  &  Lr  NoiR.    Telephone  transmitters 
9.900  B.T,-ri,  Co.    (G.  E,Co.)    Vapour  electric  devices. 

The  insulating  material  arranged  between  the  va|X)risable  cathode  and  the  main 
inet.illii-  wallet  the  device  is  provided  with  ridges  extending  tiansversely  to  the 
vapour  bhist  so  that  in  the  recesses  separating  the  ridge.s  conducting  material  will 
not  be  deposited,  thus  insuring  clean  bands  or  zones  on  t  he  .tur  faced  thein'>ulatlon. 
10.837  DowNBS.     Flexible  electric  conductors. 
13,441  CuTiiBERT.    Clumping  devices  for  electrically  conducting  wires. 

1916  SpEriPicATioNS. 
198  fRiTisu  Westinghouse  Elkctku   &  Mk..  Co.    Starling  mechanism  for  auto- 
mobiles.   (5/1/15.     100.006.) 
1,707  KiBLL,  .I.SjStow,  A.  A.     Electric  heat-i«guUtlngswitch,    (4 '2/16.     lOO.ObO.) 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  {except  those  marked  t)  are  not  open  lo 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  *  are 
open  to  inspection  12  months  after  the  dale  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventions.  When  complete  Specificaiion  accompanies  application  an  asterisk  is  affixed. 

May  31,  1916. 
7.689  Pedler.    Electr  icalswitchgear  for  operation  of  reverse  current  relays.  &c. 
7.694  Cox&Thorne.     Electric  switches. 

7,708  Crompton  &  Co.  &  Pensabene.    Dynamo-electric  machines. 
7,730  Davey.     Electrical  signalling  systems. 

June  1.  1916. 
7,750  Inrig&Inrio.    Electric  fuses. 
7,796  C  A  bot.    Electric  con  version . 

June  2,  1916. 
7,844  OuAiN.    Metallic  filament  lamps. 

7,848  Wood.    Devices  for  stripping  insulated  wire.    (22/6/15,  U.S.) 
7.859  O'Gdrman  &  Whiddington.    Transformer  condenser  combinations. 
7,856  Andrews.     Electric  light  switches. 


7,832  Hamilton. 


June  3.  1916. 
Four-line  field  telephone  exchange. 


Junes,  1916. 
7.934  Gjest&  Merrimah.     Electric  transmission  and  control  of  motion. 
7.936  Sandrini.     Portable  electric  battery.     (5  6  15,  Italy.) 
7,942  aT.-H.Co.    (G.E.  Co..  U.S.)    Systems  of  ship  propulsion. 
7,963  Decker.     Electric  switches. 

June  6,  1916. 
7,995  Heurtley.    Telegraphy. 
8.008  Khioht  &  Myers.    Alarm  apparatus,  &c. 
8,011  B.T.-H.Cd.    (G.E.  Co..  U.S.)    Wireless  signalling  systems. 
8,021  S-iAR:,^AN.    Synchronizing  unconnected  periodic  actions. 

June  7.  1916. 
8,042  Trim.     Ear-protector  for  telephone  and  wireless  telegraphy  head  receivers. 
8,056  Barr.     Electrical  water-heaters. 

Junes.  1916. 
8,091  Kluijtmans.    Combined  electric  iron  and  heating  apparatus. 
8,103  Thompson.     Field  telephones. 

8.111  Siemens  &  Halske  Akt.-Ges.    Electrolytic  apparatus.    (24  6/15,  Germany.) 

8.112  &  8,127  Jones.     Fire  alarms. 

8,128  B.T.-H.  Co.    (G.E.  Co..  U.S.)     Electric  motor  control  systems. 
8,150  KE33ELRIUG,    Con tinuous-current  dynamos. 

June  9,  1916. 

8.178  Herink  &  Relay  Automatic  Telephone  Co.    Telephony. 

8.179  Herink  &  Relay  Automatic  Telephone  Co.    Telephone  systems. 

8,166  S'-)c.  Anon,  dite  Ateliers  de  Constructions  Electriques  du  Nord  et  de 

l'Est.     Electric  traction  systems.    (21, 12  15,  France.) 
8,191  Cutler-Hammer  Mfg.,  Co.  &  Igranic  Electric  Co.    Electromagnetic  switches 

or  contact  makers. 
8.199  Decker.     Electric  trucks.    (9/6/15,  U.S.) 
8.211  Chadwell.    Printing  telegraph  systems. 

June  10.  1916. 
8,216  Johnson.    Sparking  plugs  for  internal-combustion  engines. 
8,232  Evans.     Electric  generators  for  road  vehicles. 
8,238  &  8,239  Linzell.    Manufacture  of  galvanic  batteries. 
8,240  G.^EviLLE.    Device  for  passing  through  the  human  body  currents  derived  from 

ordinary  town  main  electricalsupply. 
8,245  Ireland  &  Siemens  Bros.  &Co.     Electric  ignition  or  sparking  arrangements. 

June  12,  1916. 
8,274  RoELS.    Variable-ratio  power-tranjmissicn  systems. 
8.278  Beyncn.     Electric  incandescent  lamps. 
8,285  Sanders.     Portable  electric  liehters  for  gas. 
8,291  B.T.-H.  Co.    (G.  E.  Co..  U.S.)    Recording  and  reproducing  audible  and  visual 

indications. 
8.303  Dixon.  Transforming  motion  into  electrical  waves  and  impulses.  (19/7/15.  U.S.) 
8.305  Porter.    Telephone  transmitter.     (12,6  15.  U.S.) 
8.310  British  Westinohouse  Electric  &  Mfc...  Co.    (Westinghoure  Electric  t  Mfg.. 

Co.)     Electric  meters  or  r^ays. 

June  13,  1916. 

8.320  RoDWAY  &  Switchgear  &  Ck)WANs.     Electrical  regulators  or  rheostats. 

8.321  Trentham.     Holders  for  electric  lamps. 
8,334  Dknnis(u      Electric  detonators  or  fuses. 
8.339  Benjamin.     Lamp  sockets.    (6/7  15,  U.S.) 

8.359  British  Westinghouse  Electric  &  Mfg,,  Co.     (Westinghouse  Electric  &  Mfg. 

Co.)    Arc  lamps, 

8.360  British  Westinghouse  Electric  &  Mfg.,  Co.    (Westinghoure  Electric  fc  Mfg. 

Co.)    Ccntiol  syrtems  for  electric  meters. 


8.393  Jenkins,  Pa" 

8.394  Harris      E'. 
8,416  Snovi  I  N,     L, 

6,430  St  "    ' 

8,433  Ca. 


June  14,  1916. 
Welleslev.    Electrolytic  cells. 
^ard  transmitting  apparatus, 
istances. 

June  15,  1916. 
1=  for  magnetos.  &c. 
&  Rbeves.     Electric  heaters, 
c ...  Q^_    Ammeters  and  vollmeters. 


:    ^       -    ■  '-L  L  i;  devices. 

U.40/'  Bark.     Attact.meni  tor  electric  torches. 

8.470  Lamkin.     Device  It  ,-:•-,  hment  to  sparking  plugs  of  petrol.  4c.  engines  for 
automatically  cU  >:coling  sparking  points  of  such  plugs. 

8.473  PoLiNKcwsKV  t  V.  :  ;srTRicCo.     Machinoswitching  telephcncexchinfe 

systems, 

8.474  4  8  476  Ruths  Electtlc  and  steam  power  generating  systems.  (14/6/15. Cern^any. 

June  16.  1916. 
8.488  LiviN.ifTOHB.    Eyp  magnet. 
8.499  Rc)iii-Rt  vce  &  RcYCE.    Electrical  turning  gear  for  starting  internal  ccmt)us- 

ticn  Bn^:ine^  * 

8  509  Chlofidb  Electiiical  Storaob  Co.  &  Dban.    SeooRdary  batteries  or  accimu- 

latcrs. 
8.521  Harrington.    Fittings  for  preventing  theft  of  electric incinderccntlan-ps. 
8  533  Balmfo«th  &  Co.  4  Kitchbh.     Electric  furnaces,  4c 

June  17.  1916. 
8.536  CoMBEN.     Electric  bell  actuated  by  sound  waves. 
8,550  C>--      r  -,,.,..  . 

eSx-^l  Cn  V 


8.558  L* 
8.567  Hi.' 

^r'\  bt  H 

B591   Ham  c-       h 
8  <?4  M",  •!      If- 


.  ..  .al'l*  rate  elrctricity  meter:  v,  itl  Ivo  ccunter: 

i.,.11i!>i'  .ii  ;  ..T.'.tiif. 

.<tUB. 

...it^n.img  llui^  curranhf 
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COMMERCIAL    TOPICS. 


Engineering  Trades  "^^^  ^°^'"''  ^*  ^^^^^  announce  that,  in  view  of  the 
Af^r  thp  War  wide  range  of  the  industries  included  within  the 

scope  of  the  Committee  ajjpointed  to  deal  with 
the  position  of  the  iron,  steel  and  engineering  trades  after  the  war, 
and  in  order  to  expedite  the  inquiry,  the  President  has  decided  to 
subdivide  the  work  of  the  Committee  between  two  committees,  deal- 
ing with  the  engineering  trades  and  the  iron  and  steel  trades  respec- 
tivel,y.     Ho  has  accordingly  appointed  the  two  following  Committees  : 

For  the  Engineering  Trarhs  :  Sir  Clarendon  Hvde  (Chairman),  Mr. 
Arthur  Balfour  (Sheffield).  Mr.  A.  J.  Hobson,  Mr.  W.  B.  Lang,  Sir  Halle- 
wcll  Rogers,  Mr.  H.  B.  Rowell  and  Mr.  Douglas  Vickers.  Mr.  A.  F. 
Ilsley  will  act  as  secretary  to  the  Committee. 

For  the  Iron  and  Steel  Trades  :  Mr.  G.  Scoby  Smith  (Chairman),  Sir 
Hugh  Bell,  Bt.,  Mr.  Archibald  Colville,  Mr.  James  Cox,  Mr.  James 
Gavin,  Mr.  George  Mure  Ritchie,  Mr.  Henry  Summers  and  Mr.  Benjamin 
Talbot.  Mr.  C.  R.  Woods,  of  the  Board  of  Trade,  will  act  as  secretary  to 
the  Committee. 

*  *  *  * 

The  Pre.s8  Bureau  has  made  an  announcement, 
in  which  it  is  pointed  out  that  in  March  last  the 
Prime  Minister  appointed  a  Committee  of  the 
Cabinet,  of  which  he  is  chairman,  to  consider  and  advise  upon  the 
problems  that  will  arise  on  the  conclusion  of  peace,  and  to  co-ordi- 
nate the  work  which  has  already  been  done  by  the  departments  in 
this  direction. 

Any  suggestions  or  other  communications  from  individuals  or  organisa- 
tions bearing  upon  these  questions  should  be  addressed  to  Mr.  Vaughan 
Nash,  C.V.O.,  C.B.,  Secretary  of  the  Reconstruction  Committee,  6a, 
Dean's-yard,  Westminster,  S.W.  They  will  be  considered  and  referred 
in  suitable  cases  to  the  department  concerned,  or  to  one  of  the  sub-com- 
mittees to  which  particular  subjects  or  groups  of  subjects  have  been 
referred  by  the  Reconstruction  Committee.  It  is  not  expedient  in  the 
public  interest  to  specify  the  nature  of  many  of  the  inquiries  which  are 
being  undertaken,  and  no  announcement  will  be  made  concerning  them  ;. 
but  it  is  hoped  that  the  entire  range  of  subjects  which  will  call  for  imme- 
diate treatment  at  the  close  of  the  war  mav  be  covered. 


Grey  to  inform  you  that  there  is  nothing  in  the  Tfa<ling  with  thf*  Enemy 
Acts  or  Proclamations  to  prevent  your  receiving  money  from  firms  in 
neutral  countries  not  on  the  .statutorv'  list  is-(ued  in  a/'cordanee  with  the 
Tra/ling   with  the   Enemy   (Exten.sion   of   Powers)  Art.    101."),  and   the 
Proclamations   thereunder  or   treated   as  encmii-s   und-r   the    previous 
Trading  with  the  Enemy  Proclamations  or  Acts;  but  licences,  for  whi<h 
applications  should  be  made  to  this  Department,  are  nece.s.sar\'  with 
regard  to  any  persons  or  firms  who.se  names  appear  on  the  statutor}-  list." 
On  .lunc  10,  in  a  further  communication,  received  in  reply  to  further 
letters  addressed  to  th^'  Controller  on  the  point  of  making  application  to 
enemy  debtors  in  neutral  countries,  it  was  stated  that  so  far  as  th- 
DcpaVtment  was  concerned,  there  was  no  objection  to  making  apjjlica- 
tion  to  any  debtors  estabhshcd  in  neutral  countries  for  payment  by  them 
of  sums  of  Tnoney  owing,  provided  that  the  names  of  such  debtors  do  not 
appear  on  the  .statutory  li.st  of  firms  with  whom  trading  is  prohibited. 

*  *  *  * 

,  p,  .  Xotwithstandhig  the  uidustrial  difficidtie.s.  the 
General  t-lectriC  ^^^^^^^^^  Electric  Co.  appears  to  have  had  a  very 
CO.  s  Report.  successful  year.     The  total  net  profit  for  the 

year  ended  March  31  was  £190,27.5,  which  creater,  a  record.  With 
£.56,701  brought  forward,  and  after  deductmg  debenture  and  depre- 
ciation amounting  to  £27,259,  the  available  balance  is  £205,716.  The 
dividend,  however,  remains  at  10  per  cent.  ;  the  bulk  of  the  extra 
profit  being  placed  to  reserve,  which  is  increased  by  £40,000,  com- 
pared with  an  appropriation  of  £20,000  last  year,  while  the  balance 
carried  forward  is  increased  from  £36,701  to  £48,053.  Employes' 
bonuses  absorb  £12,701,  and  allowances  to  dependents  of  men  in  the 
Forces  £12,962.  Attention  is  drawn  to  the  steady  increase  in  the 
trade  mvestments  (valued  in  the  balance-sheet  at  £357,835)..  These 
investments  comprise  five  manufacturing  companiers  seven  trading 
companies  in  the  Argentine,  South  Africa,  Belgium,  France,  China, 
Australia  and  India,  and  seven  electricity  supply  companies  openting 
at  home  and  abroad.  The  position  of  the  company  is  undoubtedly 
a  strong  one,  goodwill  and  patents  being  valued  at  £1. 


After-war 
Problems. 


Trading  With 
Firms  in  Neutral 
Countries. 


Doubts  arise  from  time  to  time  with  regard  to 
the  position  of  British  exporters  and  firms 
who  have  trade  relations  with  persons  in  neutral 
countries. 

An  interesting  article  on  this  subject  was  recently  contributed  to  the 
"  Sheffield  Daily  Telegraph  "  by  Mr.  P.  A.  Reuss,  who  asked  the  Con- 
troller of  the  Foreign  Trade  Department  for  a  ruling  on  the  matter.  He 
put  the  case  before  the  f'ontroller,  pointing  out  that  on  the  one  hand  it 
was  the  patriotic  duty  of  firms  or  individuals  to  facilitate  the  ingress  of 
moneys  owing  to  anyone  in  this  country,  yet,  on  the  other  hand,  by  so 
doing  films  or  individuals  might  render  themselves  liable  to  severe 
penalties  in  simply  asking  for  the  payment  of  moneys  lawfully  due  from 
neutral  countries  for  debts  contracted  prior  to  the  war.  On  May  13  Mr. 
Reuss  received  a  reply  as  follows  :    '•  I  am  directed  by  Secretary  Sir  E^ 


ThejBritish  Thomson-Houston  Co.,  who?e  report 
The  B.T.-H.  appeared  in  our  last  issue,  also  appear  to  have 
Report.  ^^^T^  ^  ^,pj.y  sueeessful  year.     The  total  profit 

was  £262,361,  after  deducting "^all  expenses  and  charges  other  than 
interest  on  debentures  and  loans,  or  a  sum  somewhat  more  than 
double  the  profit  of  the  previous  year.  Very  substantial  sums 
have  been  written  off  for  depreciation  of  the  assets,  including 
£30,718  off  goodwill,  patents  and  licences,  and  £60,000  off  plvnt 
account,  and  £11,290  off  shares  and  debentures.  A  sum  of  £25.tKX) 
has  been  reserved  m  respect  of  raw  materials,  and  in  the  balance- 
sheet  has  been  written  off  the  book-value  of  that  asset.  A  balance 
of  £73,358  is  carried  forward,  this  sum  including  a  reserve  for  the 
amount  payable  to  the  Government  in  respect  of  excess  profits. 

*         *         *         * 

The  figures  of  the  imports  and  exports  for  June 
The  June  indicate  that,  notwithstanding  the  labour  and 

Exports.  freight  difiiculties,  British  ti-ade  and  commerce 

are  maintainmg  their  position  very  well.  Tiie  value  of  the  total 
exports  for  June  was  £56,147,267,  agauist  £42.583.907  m  June.  191o 
and  £48,626.410  in  1914.  In  comparing  the  figures  for  the  month  ot 
June  in  each  of  the  past  three  years  account  must  be  taken  of  the 
higher  value  of  goods  now  compared  with  the  pre-war  period,  but 
even  so  the  record  for  the  past  month  is  quite  good. 

The  value  of  the  electrical  goods  and  apparatus  (other  than  machinery 
and  uninsulated  wire)  was  £476,054.  against  £293.806  a"^/-/ i-.f ''  '" 
Jure  1915  and  1914  respectively  ;  machinery  represented  il. ..  i.»m. 
acrainst  £1,856.202  and  £3.098.382;  cutlery,  hardware,  implements 
(e^xcept  machine  tools)  and  instruments.  £518.150.  'J?^!"fL-i^,\'-\^- l^^:] 
£645.984  :  iron  and  steel  and  manufactures  thereof  *^*^--";^'^  \&nf 
£3  427,487  and  £3.743,429  :  and  other  metals  and  manufacture  tlieieoi, 
£1,210,211,  against  £899.877  and  £958.888  respectively. 

*         *  *         * 

The  Minister  of  Munitions  has  issued  an  order 
under  Regulation  .30  (\)  of  the  Defence  of  the 
Realm  ((\msoliilation)  Regulations.  1914.  that 
the  war  material  to  which  the  Regulation  applies  shall  mclude  : 

Metallurgical  coke  and  pig  iron  of  ^•'^'•t^>\'\^'''^'';Vti';"^- /|';';|-^"-J;^^^^^^ 
^f  certain  dasses  and  descriptions,  joists,  ship  and  boiler  plate.,  radw^aj 


Metal  for 
Munitions. 
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rails,  sheet  and  tin  plate  bars,  blooms  a::(l  h)illcts,  &c.,  and  high-speed  tool 
steel.'    KlMt|l>-»t|^  k.it|t|">«i  >hHi» 

Notice  is  also  given  that  persons  arc  permitted  to  buy,  sell  or  deal 
in  the  war  material  referred  to  on  certain  conditions.  Maximum  prices 
of  materials  are  also  sot  out  in  the  order.  Communications  should  be 
addressed  to  the  Minister  of  Munitions,  Armament-buildings,  Whitehall- 
jjlace,  S.W. 

AKen  Enemv       ^^  ^^  announced  i!.at  the  Advisory  Committee 
p.  appointed  under  tie  Trading  With  the  Enemy 

(Ainondmcnt)  Act,  lit  Hi,  have  investigated  "tlie 
buoinosKCS  of  415  companies  and  firms,  a.:id  it  is  anticipated  that 
there  mjiy  te  over  200  additional  catjcs  for  their  consideration. 
Mont  of  the  imixjrtant  ca:co  have  already  l:cen  considered  by  the 
Committee,  and  in  view  of  the  progress  which  has  been  made  and  the 
desirability  of  uniformit}'  of  treatm.cnt,  it  is  not  considered  necessary 
to  i'vppohit  any  further  coiuuiittees. 


T  n  n'   T    H  ^^"  authority  in   tl  e  .Ja])ane£C  Department   of 

th  rv    ^^     H      Agriculture  and  Comnerce  is  credited  with  an 

Th    E     t"^  announcement  tliat  Japan's  electrical  industry 

lias  recently  undergone  a  marked  development. 

Kfforts  are  l)eing  nuuk-  to  further  national  interests  Ity  promoting  the 
export  of  the  various  pr<  ducts  of  the  ii-.dustiy.  The  (Jovcrnment  is, 
therefore,  considering  means  to  encourage  the  ex])Ort  of  ek(-trical 
machinery  and  ai)paratus  to  China,  India  and  other  accessible  places. 
A  new  item  of  ex])f'niiiture  is  to  be  ])rovidtd  in  the  next  Budget  for 
subsidising  this  ex])ort.  It  is  rejxjrti  d  that  this  .scheme  has  not,  however, 
been  considered  by  the  Cabinet  in  detail.  Owing  to  the  war,  Euro])ean 
comiH'tition  has  ceased,  and  the  ])n'sent  tim*'  is  looked  ujjon  as  ])resenting 
th(!  best  opi)ortunity  for  consolidating  the  foundation  of  Japan's  business 
and  industrial  ])ot('ntialities  abroad. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  July  3,  1910,  to  Juy  7,  1918. 

IMPORTS. 

Cool:;:.— Sweden  :  Elec.  machinery,  92  pkes. 

HouTHAMPTOU.—  Fronc': :   Elec.  cable,  cases,  £66. 

Liverpool— t/.5.>l.  .•  Electrodes,  71  pkgs. ;  uncnumeratod,  42  pkgs. 

LotiDOU.— U.S.  A..-  Carbon  electrodes,  t42  ;  carbcn  candles,  £464  ;  wire  and  cable 
£50;  telephone  material,  £57  ;  uncnumeratcd,  4.247- 212  pkgs.  Holland:  Elec.  lamps, 
£2,860  67  pkes.  ;  wire  and  cable,  £965  ;  unenumerated,  £270.  Japan:  Elec.  lamps, 
tl,067;  unenumeratcd,  £1,092-  17  pkgs.  trance:  Elec.  cable,  9  pkgs.  ;  carbon  candles, 
£638;  Elec.  lamps,  £150;  unenumeratcd,  42  pkgs.  Canada:  Unenumeratcd,  £164, 
Norway  :  Uncnunr.eralcd,  £679. 

EXPORTS. 

To  Austra:-asia. — Auckland:  Uncnumcr.iitd,  £226.  Melbourne:  Wire  and  cable* 
£550;  unenumeratcd,  £130.  Sydney:  Unenumeratcd,  £47.  Wellington:  Elec.  machi- 
nery, £130  ;  unenumeratcd,  £488.  Chrntchurch  :  Elec.  machinery,  £160  ;  unenumeratcd, 
£40/.  Lyltelton  :  Elec.  machinery,  £61  ;  unenumeratcd,  £28.  Dunedin  :  Elec.  machi- 
nery, £22;  wire  and  cable,  £44;  uncnumerated,  £100.  Brisbane:  Elec.  machinery, 
£70;  uncnumerated,  £59.    Kockhampton  :  Elec  machinery,  £80. 

Af  RICA.— Cape  Town  :  Unenumeratcd,  £80.    Fort  Elizabeth  :  Unenurr.crated, £1,137. 
Beira  ■  Telegraph  material,  £144.     Zamibar  :  Wire  and  cable,  £27. 

Egypt.  -Alexandria  :  Telegraph  material,  £10  ;  unenumeratcd,  £20. 

i>T.  Helena.— Telegraph  material,  £25. 

India,  Ceylon,  Indo-China  and  Straits  Settlements.— Bomfcoy  .•  Unenumerated, 
£7yl.  :>ingaporc:  Unenumeratcd,  £15.  Calcutta:  Wire  and  cable,  £27;  telegraph 
material,  £12;  uncnumerated,  £774.  Madras:  Elec.  machinery,  £654.  Karachi: 
Unenumerated,  £678.  Colombo:  Wire  and  cable,  £167  ;  unenumerated,  £223.  Bankok : 
Elec.  lamps,  1,500  no.  ;   unenumerated,  £41. 

China.  Shanghai:  Unenumerated.  £344.  Hone  Kong:  Elec.  machinery,  £140; 
unenumerated,  £112.  Hankow:  Uncnumer.Tied,  £154.  Tientsin:  Unenumeratcd,  £22. 
Hoxhow:  Elec.  machinery,  £244.     Saigon:   Elec.  lamps,  1,000  no. 

South  and  Central  America.— fli/r/ici  Aires :  Wire  and  cable,  £348 ;  uncnumerated, 
£9S0. 

Holland.— .4  wj/<r</flm.-  Unenumerated,  £146.    Rotterdam:  Uncnumerated,  £488. 

France.  -  Dieppe :  Elec.  machinery,  £220:  uncnumerated,  £71.  Bordeaux:  Wire 
and  c.iblc,  £162  ;  unenumeratcd,  £170.     Marseilles:  EIcc.  machinery,  £60. 

East  lunms.—  Sumatra  :   Uncnumerated,  £28. 

tiORWAV.    Christiana :  Unenumeratcd,  £59. 

Malta.     Tcle^-raph  material,  £106. 

Dp-hmakk.— Copenhagen  :  Uncnumerated,  £160. 

Si'AiN.~A/a/aga.'  Wire  and  c.ible,  £17.    Cadiz:  Unenumeratcd.  £120. 

Portugal. -Z..'5io«.-  TeleEraphmatertal,E226  ;  wire  and  cable,  £1,183  ;  uncnumerated 
£112. 

Italy. -Cf'iofl.-  Unenumeratcd,  £385. 

FOREIGN   GOODS   duty  paid  and  free). 

Calcutta:  Unenumerated.  £17.  Cape  Town  :  Unenumerated,  £82.  I  isbon  :  Ur.entJ- 
merated,  £115.  Amsterdam:  Unenumerated.  £210.  Brisbane:  Uncnumerated,  £18. 
Copenhagen:  Uncnumerated,  £22.  Wellington:  Uncnumerated,  £63.  SiMsopote: 
Unenumerctcd,  £96. 

IN    TRANSIT. 

HongKonc:  Elec.  hmps.  £365.  WcllinitoH:  Elec.  lamps,  £744.  Mclbcurne:  Elec. 
lamps,  £1,606.    Sydney:  Elec.  l.-imps,  £1,392. 

Note. — The  largo  number  of  items  in  these  oflici.il returns  under  (ho 
mi.slending  hea<liiig  "  un(MHimorat<Hi  "  relate  to  what  is  deseriltod  as 
f  olcotrical  goods  "  and  "electrical  materials." 


LEGAL  INTELLIGENCE. 


Pritchett  &  Gold  and  Electrical  Power  Storage  Co.  v.  Currie  and 
The  Hamble  River  Luke  Co.  (Ltd.; 

This  case  came  before  the  Court  of  Appeal  (the  Master  of  the  Rolls  and 
Lords  Ju.stices  Pickf  ord  and  Warrington)  on  Friday  upon  the  appeal  of  the 
liquidator  of  defendant  company  from  a  judgment  of  Mr.  Justice  Sargant. 

Mr.  M.\RK  RoMER,  K.C.,  in  support  of  the  appeal,  said  his  clicntii  (the 
Hamble  River  Luke  f'o.)  were  in  voluntaiy  liquidation,  and  the  question 
rai.sed  by  the  case  was  whether  the  ])roperty  in  an  electrical  stora'^e 
batteiy  whiih  ha<l  Incn  ordered  by  defendant  company  before  their 
liquidation  from  plaintiffs  pa.s.scd  to  defendant  company  before  the 
liquidation.  If  it  did  then  ])lainti£Es  had  to  prove  in  the  liquidation 
with  the  other  creditors  for  the  price  of  the  batter}',  and  if  the  property 
did  not  pass  then  in  the  e\ents  which  had  happened  plaintiffs  were  en- 
titled to  be  paid  in  full  for  what  they  had  .supphed.  Mr.  Justice  Sargant 
held  that  the  ])roperty  in  the  batteri-  had  not  pas.scd  and  ordered  the  .stim 
of  £25'),  which  had  been  ])aid  into  Court  by  Mrs.  Currie,  who  ha<l  inter- 
pleaded, to  Ix'  ])aid  out  to  jJaintiff  company.  Defendant  com])aiy  were 
a  firm  of  contra<;tors,  and  they  entered  into  a  contract  for  the  sujiply  of 
an  electric  installation  at  a  house  belonging  to  Mrs.  Currie.  That  elec- 
trical in.stallation  involved  the  supply  of  a  .storage  batter}-,  and  that  they 
ordered  themselves  from  plaintiffs  as  .sub-contractors,  ar.d  the  batu>r}'  was 
delivered  by  jjlaintiffs  to  defendant.s.  It  was  said  that  the  ]jr;ce  which 
defendants  agreed  to  ])ay  plaintiffs  ft)r  the  batter}'  iniludtd  the  erection 
of  the  battery  at  Mrs.  Currie's  hou.se.  Having  been  deUvercd  to  defen- 
dants the  defendants  called  upon  plantiffs  to  proceed  with  the  election 
of  the  batter}-  at  I'pham  Hou.se.  Ph-  ntitfs,  however,  rofu.sed  to  procc<  d 
with  the  erection  except  uj)on  the  terms  that  they  were  guaranteed  tiie 
price  under  the  contract.  Thereupon  defendants  erected  the  batter}-  at 
5lrs.  Currie's  house  themselves,  and  coini)leted  the  contra-t  with  Mrs. 
('urrie.  Then  plaintiffs  alleged  that  the  property  in  the  batter}'  had 
n(!ver  pa.s.scd  from  themselves,  and  they  ultimately  sued  the  lady,  not 
for  the  return  of  the  batter}',  but  for  a  declaration  that  the  property  in 
the  batter}-  was  .still  in  themselves,  and  that  they  were  entitled  tt>  a  lien 
for  the  value  of  the  battel-}'  uj)on  the  contract  ])rice  paid  by  the  lady  to 
<lefendants  under  the  contra<;t  Ix-tween  them.  Mrs.  Currie  then  is.>iuetl  an 
interj)leader  .Miinmons,  and  the  Ma.ster  ordered  the  ap])ellants  to  Ik>  a<lde<l 
as  defendants,  and  ordered  ilr.s.  Currie  to  ])ay  into  Court  the  H^'m.  which 
was  due  from  her  to  the  defendant  company,  and  that  being  done  the 
proceedings  a-.'ainst  Mrs,  Currie  were  stayed,  and  the  action  went  on  .as 
Ix'tween  plaintiffs  and  defendant  company.  The  residt  of  Mr.  .Fustict^ 
iSargant's  decision  was  that  jjlaintiffs  had  been  ])aid  in  full  for  the  battery, 
and  did  not  have  to  prove  in  the  Hquidation  of  defendant  company  in 
comj)etition  with  the  other  creditors,  which  he  (counsel)  contended  was 
their  only  right.  He  then  dealt  at  length  with  the  evidence  given  in  the 
Court  Ix'low. 

At  the  conclusion  of  the  argument  of  coun.sel,  their  Lordships  held 
that  the  ])ro))ert}'  in  question  did  pass  to  appellants,  and  that  jilaintiffs, 
as  the  sub-contractors,  were  not  entitled  to  a  hen  for  things  which  only 
formed  part  of  a  hea<l  contract. 

The  appeal  was  acicordingly  allowed. 

Publication  of  Military  Information. 

At  the  North  London  Sessions  on  Friday  last  Mr.  Clarence  Edgar  Allen, 
editor  of  "  Machiner},"  ap]>ealed  against  a  sentence  of  thix'e  months 
imjjrisonnient  in  the  second  divisinn  for  j)ublishing  information  ea!eulat»d 
(()  be  useful  to  the  eneniv,  in  an  article  entitled  "The  Manufacture  of 
Trench  Howitzer  Shells."" 

A  number  of  witnesses  were  called,  and  the  assistant  Judgr  (Mr.  Lawrie) 
said  that  it  seemed  to  him  that  it  would  be  impossible  to  contest  the 
contention  that  the  information  might  be  calculated  to  be  of  a.ssi.stancv 
to  tin-  enemy,  hut  if  Coun.M-l  for  the  ajq^llant  thought  that  mon-  evidence 
would  ha\e  a  n-asonable  chance  of  success  on  those  lines,  he  was  iin'jjan-d 
to  listen  to  it.  On  the  other  hand,  .said  the  Judge.  ha\-ing  clearly  taken 
the  view  that  apix'llant's  motives  wen"  in  all  pn)bability  ]>atriotie  and 
obviously  not  unpatriotic,  he  .should  certainly  think  that  the  justice  of 
the  case  woidd  \n'  met  by  withdrawing  the  term  of  imprisonment  and 
sulistittiting  a  fine. 

.Mr.  ItiiDKiN  (for  the  pro.seeutit»n)  said  he  cert.ainly  should  not  .say  that 
that  \va-  t'  "  wort  e.iie  of  its  kinil.  but  the  n>guiation  was  so  utterly 
efwential  to  the  countrv'  (hat  it  .should  reoei\-e  implicit  obedience.  He 
ho]H  d  that  the  risk  a]>]N>llant  had  run  would  show  editors  that  they  mu.st 
err  on  the  side  of  e;uit:on. 

.Mr.  LvwiiiK  .Kaid  (he  nal  purjiose  of  the  ))n>seeti(ion  had  U  en  ob(ained. 
.\s  ai>i><liants  intention  was  to  assist  the  country  an«l  not  the  revere,  he 
felt  justitird  in  taking  a  lenient  \'iew.  The  ap|>eal  would  l»e  dismissed, 
wi(h  en.s(s.  l)u(  the  Ken(ence  would  l>e  reduced  to  a  fiiv  of  £KK). 


Comins  v.  Weld-.Blundell. 

Tjist  Week  Mr.  Justice  Darling  and  a  special  jur>-  heanl  an  action  in 
which  Mr.  Charles  (^imins.  C.A.,  wa*  awanlod  £.'VK>  damajes  azainst 
Mr.  C.  J.  Weld-lilundeli.  director  of  (he  Float  Elce(rie  Co.  'Ltd.).  who  did 
not  ajuwnr  and  was  not  n"]>ri    <iit«d. 

Mr.  Lkwis  Thomas  (for  plamtifT)  said  (he  action  was  brought  in  respect 
of  a  le((rr  Mr.  W<  Id  Mluiidell  wro(e  to  another  a<-eoun(an(.  Mr.  J.  H. 
St<  phens.  Mr.  Weld  IJIundell  had  considerable  means,  but  he  put  hi.s 
numey  into  comp.\nie8  sonn-what  n-cklessly,  and.  wlun  (he  money  w.os 
Jo.'»(.  he  turned  nnuid  oad  said  things  aU'Ut  i>cople.     The  Float  Co.  was 
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incorporated  in  1910  for  developing  an  electric  lamp.  Mr.  IJiundell  was 
chairman  of  the  company  ;  he  held  all  the  shares  except  seven,  and  all 
the  debentures  except  one.  On  May  3,  1911,  Mr.  Low  was  ai)pointed 
manager,  and  continued  in  that  position  until  he  resigned  in  October, 
1912.  He  was  succcod(d  by  a  Mr.  Hurst,  who  had  been  his  assistant 
manager.  In  1915  apparently  Mr.  Hurst  required,  further  capital,  and 
he  wrote  to  defendant  about  guaranteeing  an  overdraft  at  tlu^  bank. 
Instead  of  replying  merely  assenting  or  refusing,  Mr.  Blundcll,  who  had 
invested  £13,000  or  £14,000  in  the  company,  wrote  a  letter  of  the  most 
intemperate  descrii)tion  to  Mr.  Stephens.  In  the  letter  he  said  :  '"  P.nt 
my  expecienee  with  woiUmen  is  tliat  they  all  follow  exactly  th.^  tricks  ami 
rogueries  of  their  predecessors,  and  his  predecessor,  with  thi'  hel|>  of  tlif 

icst  of  the  gang and  (!omins  managed,  by  just  the  same  nuiiionivre 

and  })retext,  to  get  £2,000  or  £3,000,  and  (Jomins  sheltered  him  com- 
pletely ar.d  pretended  that  the  money  had  been  fairly  used  in  trade 
transactions."  Counsel  added  that  Mr.  Comins  did  not  know  of  the  letter 
at  the  time,  and  a  few  weeks  afterwards  was  reappointed  auditor  of  the 
Float  Co. 

After  plaintiff  had  given  evidence  judgment  was  entered  for  plaintiff 
with  costs. 


L.  H.  Cumberland  v.  Newport  Corporation. 

This  action,  which  was  brought  by  a  former  engincer-in-charge  of  the 
Ni^wport  (Mon.)  eleetriciity  department  against  the  ('or])oration  for  an 
alleged  breach  of  agreement  in  regard  to  terms  of  service,  was  down  for 
hearing  at  the  Bristol  Assizes  on  Monday.  As  ])laintiff  did  not  appear, 
the  jury  returned  a  verdict  for  defendants,  for  whom  judgment  was 
entered,  with  costs. 


Munitions  Tribunal  Case. 


Last  wiek  a  parcel  messenger  of  the  Manchester  tramways  department 
asked  the  Local  Munitions  Tribunal  for  a  leaving  certificate,  which  he 
alleged  the  department  had  unreasonably  refused  or  neglected  to  issue 
to  him.  He  wished  to  take  advantage  of  an  opportunity  he  had  of 
becoming  a  fitter's  apprentice  in  a  munitions  works.  He  would  be  1(> 
years  in  December,  and  after  that  age  it  would  be  too  late  to  get  an 
apprenticeship. 

The  General  Manager  of  the  tramways  (Mr.  J.  M.  McElroy)  said  that 
was  a  test  case,  and  should  complainant  succeed  many  other  boys  would 
leave  the  service.  The  Manchester  tramways  department  was  certified 
as  being  a  munition  works,  and  the  parcel  department  was  an  important 
branch  of  the  concern  largely  used  for  the  transport  of  small  parts  of 
munitions.  At  present  it  would  be  a  very  serious  matter  to  be  deprived 
of  the  services  of  those  boys.  The  parcel  department  had  to  be  run 
almost  entirely  by  boys,  as  practically  the  whole  of  the  adult  male  staff 
had  joined  the  Colours. 

The  Chairman  (Mr.  P.  W.  Atkin)  asked  Mr.  McElroy  if  he  would  under- 
take to  release  the  complainant  in  November.  The  war  would  not  go  on 
for  ever,  and  it  might  be  the  department  would  not  need  him  as  much  in 
November  as  now. 

Mr.  McElroy  agreed  to  the  course  suggested  and  the  complainant 
withdrew  his  claim. 


LIQUIDATIONS.  BANKRUPTCIES,  &c. 

Claims  against  Wm.  D.  Birkett,  factor  of  electrical  goods,  Amside, 
Windsor-avenue,  Whitley  Bay,  Northumberland,  are  to  be  sent  to 
Mr.  C.  Woollett,  30,  Mosley-street,  Newcastle-on-Tyne,  by  July  27, 
preparatory  to  the  payment  of  a  dividend. 

Fredk.  Wm.  a.nd  Chas.  Wm.  Owens,  electric  lighting  engineers, 
&c.,  Pontardawe,  Glam.,  have  dissolved  partnership.  Debts  by  Mr. 
C.  W.  Owens,  who  continues  the  business  as  W.  T.  Owens  &  Sons. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Bristol. — The  Electricity  Committee  reports  that  they  have 
reluctantly  adopted  the  suggestion  of  the  L.G.  Board,  that,  in  view 
of  the  desirability  of  spending  as  little  money  as  possible  during  the 
present  crisis,  a  3,000  kw.  turbo -alternator  should  be  put  down  for 
present  use,  instead  of  a  G,000  kw.  machine  suggested  by  the  com- 
mittee, and  agreed  to  by  the  Council  in  April,  1915. 

Haslingden. — Hitherto  Haslingden  has  been  supplied  with  elec- 
trical energy  exclusively  by  Accrington,  but  the  increased  demand 
in  both  towns  has  made  it  diflficult  for  Accrington  to  keep  pace 
with  customers'  requirements.  Under  the  circumstances,  Accrington 
has  concurred  in  Haslingden  entering  into  an  arrangement  to  obtain 
a  supplementary  sup[)ly  from  Rawtenstall,  and  the  L.G.  Board  have 


sanctioned  an  expenditure  by  Hadingdea  of  nearly  £2,000  for  cables 
and  switchgear,  the  charges  for  which  will,  however,  be  largely  borne 
by  Rawtenstall. 

Kirkcaldy.^ At  the  meeting  of  the  Coimcil  on  Monday  the  Tcc.rr.- 
Wci,ys  and  Electric  Lighting  Committee  recommended  thr.t  cxjcrt 
advice  be  got  on  a  report  by  the  borough  electrical  engineer  and 
tramways  m.anager  (Mr.  O.  F.  Fra.ncifi)  that  it  was  advisable  to  build 
new  electricity  works  immediately,  a^  the  pre::cnt  worka  vrerc  quite 
unable  to  cope  with  the  demand. 

As  it  was  considered  inadvisable  to  go  in  for  new  undertakings 
at  present,  the  report  was  referred  back. 

Sheflield. — Mains  extensions  estimated  to  cost  £299  hr.ve  Icon 
authorised. 

The  formal  sanctions  of  the  L.G.  Board  have  been  recciv.-'d  to  the 
borrowing  of  £42,926  for  turbo-alternator  and  switehgcar ;  £:J7,20l  for 
boilers  and  foundations;  £324  for  coal  shoots  (total  £8(>,4.jl,  b'-inji  j»art 
of  €137,104  applied  for)  ;  £.")1,000  for  four  boilers  and  acccs.<ior;C8  at  Nctps- 
end  and  £10,000  for  buildings  in  connection  with  above. 

The  Electricity  Committee  has  resolved  that  the  c.xpcnditurj  on  ma-ns 
extensions  during  last  year  and  the  ])resent  year,  other  than  mains  for 
special  power  purposes,  should  be  defrayed  out  of  the  renewals  ar.d 
special  expenditure  fund. 

Walsall. — D.c.  mainr>  are  to  he  extended  from  Charlotte  .';trco'  to 
the  works  of  Messrs.  SatcliwcU  &  Gittmgs. 

The  existing  e.h.t.  feeders  to  Sandwell-strect  sub-station  via  Darwa'.l- 
street  are  overloaded,  and,  as  a  temporary  measure  of  relief,  cable  for 
connecting  up  Wolverhampton-street  generating  and  sub-stations  hai 
been  ordered. 

Wigan. — The  Corporation  have  applied  to  the  L.G.  Bcr.rd  for 
sanction  to  borrow  £535  for  a  centrifugal  pump,  valves,  &c.,  £325  for 
cable  to  give  a  supply  of  electricity  to  the  workr;  of  Messrs.  Gi'-llr-ghcr 
Bros.,  and  £1,163  for  pipe  work,  foundations,  &c. 

Worcester, — The  Council  have  entered  into  an  agreement  with  the 
King's  Norton  Metal  Co.  to  supply  electrical  energy  for  power  and 
lighting  at  their  factory  at  Blackpole,  and  application  ha",  been  rrr.de 
to  the  L.G.  Board  for  sanction  to  borrow  £14,000  for  extensions  cf 
mains  and  plant. 

GENERAL. 

Battersea  (London). — The  Electricity  Committee  recommends  the 
Comicil  to  re-open  negotiations  for  linking-up  the  electricity  under- 
taking with  those  of  Fulham  and  Hammersmith,  in  accordance  with 
the  Board  of  Trade's  letter. 

Bray.— The  Council  have  decided  to  procure  and  fix  tar  oil  apparatus 
to  the  Diesel  e  ngine  at  a  cost  of  £128.  10s. 

Derby. — The  Corporation  have  agreed  to  give  a  supply  of  electrics.! 
energy  to  new  works  in  the  Osmaston  Park-road. 

Edinburgh. — There  is  a  deficiency  of  £8,075  on  the  pc^st  years 

working  of  the  electric  supply  deiiartment. 

Increase  of  Charges  for  Electrical  Energy. — Durmg  the  week  n-.any 
additional  electric  supply  com.panies  and  local  authorities  have 
increased  their  charges  for  the  supply  of  electrical  energ\'. 

At  Dalkeith  the  Electric  Supply  Corporation  proposes  to  charge  5fd. 
per  unit  for  all  lighting  and  2d.  per  unit  for  domestic  heating  and  jxjwer, 
and  for  industrial  power  supply  will  be  charged  aecoiding  to  tie  aggre- 
gate B.H.p.  of  motors  supplied  through  each  meter  and  the  number  of 
units  used  per  quarter. 

Rathmines  Urban  Council  have  increased  the  charges  for  private 
lighting  from  4id.  to  5d.  per  unit  ;  for  places  of  worship,  public  ard 
eharitable  institutions,  shops  and  places  of  amusement,  from  4d.  to  4Ad. 
per  unit,  and  for  power  and  heating  from  l?d.  to  IJd.  per  unit. 

St.  Helens  Corporation  have  increased  their  charges  for  elcctricr.I 
energy  for  lighting  and  power  by  10  per  cent. 

Salford.— 71  of  the  employes  of  the  electricity  departm.ent  have 
joined  the  Colours,  and  of  these  five  have  been  killed  and  four  dis- 
charged owing  to  womids  or  ill-health,  the  remamder  being  on  r.etivc 


set  v'ice 


The  clerical  b-anch  supplied  13,  the  stores  three,  the  power  station  29 
and  the  mains  and  motor  branehes  2G.  Two  members  of  the  staff.  Mr. 
T.  E.  Dransfield,  first  assistant  mains  engineer,  ar.d  Mr.  F.  B:rch.  super- 
intendent of  the  motor  department,  have  recently  been  granted  coi.i- 
missions  as  temporarv  lieutenants  in  the  Roval  Navy,  and  are  now  on 
active  service  with  the  Fleet  in  the  North  Sea.  The  five  men  who  have 
lost  their  lives  are  E.  A.  Greenhaluh,  draughtsman,  who  served  as  a  sapper 
in  the  Royal  Engineers  and  was^kified  in  action  in  CaUipoh  on  Aug.  7, 
1915 ;  H.  F.  Andrews,  switchboard  attendant.  Sergeant  m  Lancashire 
Fusiliers,  was  killed  in  action  in  Gallipoli  on  Juno  G,  1915  ;  C.  Cooper, 
fireman,  went  to  Gallipoli  with  the  Naval  Brigade  where  he  was  severely 
wounded  and  he  died  in  Netlev  Hospital  on  Sept.  5,  191o  ;  H.  Foulkes, 
labourer,  an  acting  petty  officer  on  H.M.S.  "  Cressy,"  and  lost  his  life 
when  that  boat  was  lost  on  Sept.  2.  1914  ;  N.  Higgins,  labourer,  a  private 
in  the  King's  Royal  Rifles,  was  killed  in  action  in  France  on  Dee.  S,  191;j. 

Three  of  the  men  :    E.  Oddie,  boiler  cleaner  in  power  station  ;    A. 
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Quinney,  testing  assistant  ;  and  C.  Gray,  labourer  in  mains  department, 
have  been  severely  v/ounded.  E.  Oddie,  v.hose  right  leg  has  been 
iirnputated  ,  is  now  back  in  the  dpfjartmcnt  as  a  motor  lorry  driver. 

'J'hf  02  men  now  serving  are  represented  in  the  iService  as  follov.s  : 
Royal  Navy,  two  ;  mine  sweeping,  one  ;  infantry,  38  ;  Royal  Engineers, 
six  ;  Army  Service  (.'orps,  four  ;  Royal  Field  Artillery,  three  ;  Royal 
Horse  Artillery,  two  ;  Royal  Garrison  Aitillery,  two  ;  Royal  Army 
.M(<li(ai  Corps,  two  ;  Army  Ordnanre  Corps,  one  ;  Royal  Flying  Corps, 
ore  ;  tfjtal,  ()2.  Hevcral  men  have  al:-r)  bec-n  released  from  tiie  <lei)art- 
ment  for  munition  work.  Female  labour  is  nc)W  largely  em])loyed  for 
clerical  work,  also  for  meter  reading  and  as  sv.itchbcjard  attendants. 
Mr.  J.  A.  Robertson,  borough  electrical  engineer,  shows  great  intercut 
in  the  men  who  have  joined  the  Colours. 

Sheffield. — The  general  manager  of  the  electricity  undertaking 
(Mr.  S.  E.  Fodden)  has  reported  np<,n  the  advisability  of  revising  the 
existing  charges  for  tiie  Kup|>ly  of  electric  current. 

In  thf  report  Mr.  Fcdden  states  that  he  feels  grave  anxiety  both  as 
regards  the.  financial  stability  of  the  (hpartment  and  for  its  ability  to 
supply  cheap  units  in  the  future  if  tin?  charges  ginerally  are  tut  fixed  as  to 
yield  a  very  small  available-  sur])lus.  Whilst  tiic  undertaking  was  coni- 
])lying  with  legal  reepiirements  as  regards  rcpayni  -nt  of  loans  in  the  shap" 
of  sinking  fund,  they  svcrc  not  rciiucinu  capital  iiid'btcdness  fast  enough 
to  kceji  the  undertaking  linanr'ially  souiui.  The  undci'taking  ought  to  Ij'* 
able  to  put  by  enough  money  to  bring  the  reserve  fund  up  to  10  per  cent, 
of  th;»  caj)itai  indebtcdncs.s,  ai«l  to  build  up  a  strong  renewals  and  sj)ecial 
expenditure  fund  to  deal  with  edjsolescenc"  ;  this  sum  should  not  fail 
below  t<;(),0(K»,  and  .-h(/uld  ()i(  f(  rably  amount  to  K\()()  WO  on  the  pres.-nt 
size  of  1h"  uiKlcrtaking.  Mr.  I'"(  (hlen  is  of  opinion  tliat  on  the  irturn  to 
normal  trade  r:onditions  many  of  the  largest  cfMLxumers  would  be  agi- 
tating for  lower  terms,  and  if  the  department  was  not  in  a  position  to 
supply  at  the  cheapest  possible  rates,  it  would  imdoubtedly  lo.se  some  of 
those  consum'rs  either  to  an  outside  undertaking  or  by  the  firms  jjuttiiig 
down  their  own  j)lant.  Tiie  following  facts  an-  cited  in  "xplanation  of  his 
views:  The  large  amount  of  e-ajjital  re']ircs'-n1erl  by  Sheaf-street  station 
plant,  which  is  e-ntirc|y  emt  eif  elate-,  and  on  which  the  capita!  repaynumt 
has  still  another  2:5  years  to  run  ;  the  same  rcmai  ks  ai)ply  to  the  j)la-it  at 
Kelham  Island,  in  this  case  sinking  fund  repayment  has  to  continue  for  a 
furth'-r  14  years.  The  Xee|isend  station  was  not  fjpened  till  Hl04.  yet 
the  first  feiur  turbines  are  obsi>lete  when  <-on'i])ared  witii  the  efli'icncy  of 
present -ela\  plant,  but  the  sinking  fund  payments  on  tiles'^  plants  will  not 
be  extinyuishcd  till  lU'll.  In  eoniiiision,  the  rejmrt  stated  that  tlie  pn^- 
sent  power  taiitl  was  framrel  many  yars ago,  and  had  enabh d  the  dcjiart- 
ment  to  builel  up  a  huge  power  load.  It  was  based  on  the  price  of  coal 
beinc  pure  base  el  at  2.),  tim'-s  le.ss  tha'i  the-  existing  |iiic<-.  but  not  with - 
star.tling  Ih'-  gradual  increa.'-e  in  the  e-ost  of  fuel  that  has  taken  plae-e  in 
recent  ye-ais,  Mk  re-  was  still  a  suHic'  nt  margin  Iv-twecn  the  <  ost  and  sale 
price  (jf  the  unit  to  ])rodue-(-  a  small  sur|>":us  owing  to  the  r>  duccel  cost  of 
prnductiem  in  other  directions.  Now.  howev.^r,  owing  to  the  abnormal 
conditie)ns  ])revailiiig  on  account  of  the  war  anel  the  general  increase  in 
the  prie-e  e)f  ail  materials  nnel  labe)Hr,  the  charges  for  current  should  bf' 
revis<  d  to  enable  the  und'rtaking  to  attain  th*^  abeive'-mentioned  objects. 

The  Kl'-ctiicity  Ce»mmittce  ncomnier.ds  tlu-  City  ('(.nr.cil  to  incrca-e 
all  accounts  fe)r  the-  supply  of  current  by  l<>  per  cent,  where  the  present 
price  is  mem-  tha-i  2d.  per  unit,  and  by  20  ))er  cent,  where  the  present 
price  is  2d.  per  unit  or  lens. 

Wimbledon.  'I'lu-  L.(.'.  Hoard  has  sane-fioned  the  borrowing  of 
.tr),l)20,  Icnig  cxpcndiliin'  in  excess  of  loans  already  sanctioned  and 
the  CHlinuited  (ixpeiidit  ure  of  the  electricity  department  t<j  .Maie-h  'M. 
lOKi.  in  respect  of  mains,  house  s(-r\i;-es.  &.<■. 

As  n-gards  the  remaiiuler  of  th"  ajiplication.  however,  th-  Board  saw 
no  reason  why  H»inctie)n  she>uld  be  give-n,  having  regard  to  the  need  for 
economy  in  the  capital  expenditure  of  local  authorities.  The  ceimmittre- 
recomm  -I'.ds  that  the  prii-e  eif  current  to  ordinary  lighting  eemsumors  l>e 
incrt-ased  to  a  sum  not  (-xcnding  <><l.  jn-r  unit,  aul  for  power  eir  heating 
to  a  sum  ne>t  exe'crdinu  2i!,  per  unit. 

Wolvorhmpton.  TIk-  Kloetricity  Conimlttee  has  approved  tlie 
agreement  with  the  Mielland  Kleetrie  ('orim.  for  Power  Distribution 
for  the  :iupp]y  eif  current  in  bulk  by  the  (-on>)»anv  feu-  consumers  eif 
the  rorpor-Mieui  in  tlir-  I'.ushbury  area. 

YeDvii  Electric  Lighting  Order,  1914.  Ti.e  Heard  of  Trade  ha\i- 
extinded  fcir  one  year  from  duly  «  the  jvriods  of  (wo  years  and  IS 
monliis.  ivspectively.  mentioned  in  sec.  21  of  Iho  Mchedule  to  the 
Fle<^trie  Lighting  ('lanses  Act.  I89H.  anel  ineor|M,r.-i'ef5  in  this  order. 


Elickburn.-    Tiie  Tramways  rommittee  in  paying  allowanres  eif 
£1.  <M(  a  yea-  to  men  who  liave  joined  the  Colours.     Other  expen 
ditun-  li.i  ■.  also  iuereased.  but   the  n-eeipts  have  rleelined.  and  the 
question  of  increasing  faivs  is  under  cemsideration. 

Electric  Vehicles  for  IVIunicipal  Purposes.  The  Rorough  Kngineer 
ed  tlu-  Senitlnvark  (London)  liormigli  (  ouneij  Ji.-m  re|iorfed  u|Hin  tlie 
use  of  pjeetrie  veliieles  feir  traction  pur|K)ses. 

The  rnpurl  s(.,|,.s  \U,u  ,-loctrieity  had  ap)>eale<i  to  him  as  hkely  to  Ix- 


TRACTION   NOTES. 


the  most  useful  for  municipal  purposes,  but  upon  investigation  the  time 
had  always  appeared  to  be  unripe  for  its  adoption,  although  there  was  no 
doubt  that  eventually  the  difficulties  staneling  in  the  way  would  be  over- 
come. At  present  most  of  the  electrical  vehicles  are  of  American  design  : 
electric  pow.?i  is  moiT  in  general  use  thero  tha  i  in  any  other  country-,  and 
even  there  the  question  is  very  much  debated  and  trials  are  being  made 
to  get  over  .some  of  the  difficulties  by  the  combination  of  petrol  and  elec- 
tricity. No  doubt  ekctii<  ity  will  become^  adaptable  for  our  general  us? 
probably  in  s<mie  five  or  ten  years,  but  the  charges  of  one  or  two  vehicles 
would  ill-  eif  no  assi.stance  to  the  Councils  electricity  works,  anel  working 
them  would  lie  mo-c  exiwnsive  than  petrol  plant.  At  the  Ijeginning  of 
this  year  municipalities  liael  in  use  1,. 539  motor  vehicles,  of  whieh  8.')  were 
electric.  Out  eif  tlic  feirmcr  number,  tramways  having  electric-  generating 
])lant  hael  in  use  228  (th<isc  having  elee-tricity  as  motive  power  numlx>ring 
32)  and  electricity  dei>artmcnts  had  83  (22  electric).  Some  of  these 
electric  vehicles  liad  been  aelopted  with  the  object  of  aelvertising  the 
station  anel  trying  to  ailvance  the  design  of  electric  vehicles.  One  of  the 
difficulties  in  connection  with  ve-hicles  for  municipal  ])urposes  is  that 
manufactur -rs  do  not  i-ealise  the  great  dilTerence  between  municipal  and 
coninurrial  jiuriiusi  s.  wiiicli  may  Ik-  jiut  as  follows  :  A  commercial 
vehicle  is  generally  loaded  at  one  ])la((-  from  a  ])latform,  and  may  l>e 
unloaded  at  sev  ral  jilaces.  the  level  of  the  vehicle  Ix-ing  at  a  suitable 
height,  whereas  a  municapa".  vehicle  is  loaded  at  many  places,  and  not 
from  a  jiiatform.  and  is  unloaded  almost  always  at  the  same  place. 
Another  cpi--.stion  to  whieh  the  report  draws  attention  is  the  difficulty 
of  getting  advice  from  outside  authorities  on  electricity  who  arc  not  fully 
ae-cjuaintcd  with  the  eletaiis  of  the  work  to  1k>  carried  out.  which  cannot 
in  aiy  way  be  considered  parallel  with  ordinary-  traction  purposes. 
Tiie  U'orks  Committee  ai)proved  the  report  of  the  engineer. 

Glasgow.— L.'.st  week  the  Finance  Sub-committee  of  the  Tramways 
Committee  considered  the  application  In'  tramcar  drivers  and  con- 
ductors (both  sexes)  for  a  war  bonus  of  6s.  per  week  to  date  from 
March  1.  and  tlie  i-.pplication  of  the  truckmen  and  controller  men  for 
a  similar  war  bonus  of  (is.  per  week. 

The  gene-ral  manager  (Mr.  .1.  Dalrymjile)  stated  that  there  were  3,Ofi7 
elrivers  and  cetndiictors.  and  tc>  grant  eacii  of  those  a  bonus  of  fis.  would 
represent  an  additional  annuil  expenditure  of  £47.845.  The  net  balance 
of  revenue  over  expenditure  at  the  close  of  tiie  la>t  financial  year  was 
£43,548.  .■\ftir  considerable  discussion,  it  was  decided  by  the  casting 
vote  of  tlie  (convener  (IX-jiuty  River  Bailie  Macnaughton)  not  to  grant  a 
bonus  to  the  drivers,  conductors,  truckmen  or  controller  men. 

Halifax.  The  f'or|)oration  are  to  make  another  attempt  (o  come  to 
teriiH  v\ith  Helidcn  Bridge  Council  on  the  tramway  question. 

The  Tramways  Pommitt  c  have,  therefore,  appointed  a  sub-committee 
to  considc-  th-  whole  matter  with  full  power  to  olitain  expert  advice. 
Over  three  years  auo  when  the  C'cjrporation  first  .«ought  to  extend  their 
leases  to  run  tianis  in  districts  outside  the  borougli.  Hebd.-n  Bridge  was 
the  only  local  authority  which  declined  to  accept  any  arrangement,  as  the 
Corporation  re  fu.sed  to  extend  the  tramways  from  the  present  terminus  at 
Hebd-n  R  idge  to  UTiiteley  Arches. 

Kirkcaldy.-  It  is  proposed  to  aboliirh  ha]f-|;euny  fares,  except  on 
w.jrkn'en'B  cars. 

Manchester. — The  new  double  tramway  line  in  Cros.s-stree(. 
Let  wet  II  King-street  anel  Albert -scpiare.  was  opened  for  traffic  on  the 
Cith  inst. 

Rotherhani. —  The  Corporation  has  been  recommended  to  lay  a 
doulile  line  nf  raib  in  n  |Hirtion  of  \Ve?itgate. 

IIIIIIIIIIIIIIIIIl 

EMPIRE   NOTES. 

Australasia.— It  ia  stated  that  the  construction  of  the  first  two 
wet  ions  of  the  imderground  tunnels  of  tiie  Sydney  city  railway 
system,  the  Wynyard  sipiairanc!  tlie  (j)uay.  will  shortly  be  eoinnienced 
by  MeHsrs.  Norton.  (Jriffiths  &  Co. 

A  n-eent  n  perl  en  the  city  railway  sche-me  shows  that  th<-  total  co.-t 
will  !«•  «1i"iil  r'-'o.tMMl.tMm.  "  Tlie  ini'u<r  /.erne  railways  to  Parramatta. 
•^^lrn^ily.  nd  anel   Hank-town  and   the  outer  zone  railways  to 

IVnrith.  «  ,  ..inwn.  \Vatci-fall,  the  Hawkcslury  river,  and  various 
brnnehp*  in  the  nuburlmn  area  are  to  be  electrified,  and  new  fines  to  the 
t-nstern.  wrste-rn  and  niithern  suburlis  an"  to  be  com-tructcd. 

The  Snowy  Itiver  (NSW.)  h>^iro. electric  scheme  is  estimated  to  cost 
t.-,  oOO.'MMt.  and  it  is  <  al.  iilatcnl  that  elcvlric  j>ower  v,  ill  be  supplienl  in 
S\-lney  frc  m  the  Snowy  Hivf^r  nt  {t\.  jior  unit. 

Pn.ix  fid--  for  the  ni-t!! Il.it ion  of  an  electricity  supply  system  for  the 
Hirivcnhend  and  Norihcotc  districts  (suburbs  of  .\uckUnd)  are  beirg 
discuMeel  by  the  roppective  Councils.  A  rejxjrt  has  lieen  prepared  shov- 
II      •'     ■  •'  ■  ■  ■  :      tlO.OOtt. 

in  the  Victorian  railway  receipts  dv.e 
'"  '''•  'lit-  K  ilxr-roail  and  MaribvTnoiit;  River  (Ksseuidon) 
trainv  -  i  J'.u  during  last  year,  and  the  lieirease  in  the  radw.-iy 
rect'ipts  tliiring  the  name  period  in  eimsoquencf  of  the  etjiening  of  the 
l*rahr«n  MaI\<T '';??>. 774. 

In  onler  to  ,.  ,,f  niah  telejtrn^ih  operators  thmuirh 

e''  'I  t  ,i.v.  rnnient  is  eonim<  ;n  ine  in  W'ellinBton 

'1'  i--   with  tliH  intention  of  exteneiing  the  .•«henie 

to  other  centres  i«ter. 
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Geelong  (Victoria)  City  Council  is  considering  a  proposal  to  munici- 
paliso  the  local  electric  lighting  and  tramway  nnflertakings,  Ixtth  of 
wliicli  undertakings  arc  owned  and  opcM-atcd  l)y  t\w  Mclbourni!  Elc'etri(; 
Supply  Co.  The  tramways  are  equivalent  to  .5-(J7  miles  single  track,  the 
suburbs  served  being  East,  West  and  South  Geelong  and  Newtown. 

Owing  to  the  shortage  of  coal  from  the  Vit-torian  State  colliery  at 
A\'onthaggi.  MelbouriK^  City  f'ouncirs  contrait  for  su])]ilies  foi'  the 
elci-tricity  dc])artmont  (hithcrtf)  4(),(»00  tons)  has  had  to  be  cut  down  to 
11,500  tons. 

The  "  (chamber  of  ('onnuercc  .louinal  "  says  the  Australian  Minister  of 
Customs  has  been  asked  to  move  in  the  matter  of  the  duty  on  electrical 
goods,  whicsh,  it  is  alleged,  penalise  the  British  manufacturers  and  grants 
a  ])referen(!e  to  the  foreigner. 

British  goods  are  sold  in  England  for  ex])ort  at  a  lower  ])rice  than  for 
home  consum])tion,  and  do  not  carry  the  royalty  which  is  or  was  paid 
to  the  German  patentees.  The  Customs  Department  levies  the  duty  on 
the  market  price  in  the  port  of  shipment  for  home  consumption.  Wheie 
extra  discounts  are  given  for  large  quantities  for  export  it  is  stated  that 
the  price  for  home  use  is  almost  twice  the  export  price.  Thus  the  ])re- 
ferential  duty  of  20  jier  (lent.  on  the  home  eonsumption  pric^e  is  ecpial  to 
40  per  cent,  on  the  export  price.  The  foreign  article  pays  only  25  jycr 
cent.,  so  that  it  has  an  advantage  of  15  per  cent. 

India. —  "Indian  Engineering"  says  the  Mysore  Ciovemment  is 
to  be  allowed  to  complete  the  great  reservoir  which  will  retain  for 
electric  purposes  a  great  deal  of  the  water  which  would  otherwise 
have  flowed  down  the  Cauvery. 

When  the  Mysore  project  was  started  the  matter  was  referred  to  an 
arbitration  board,  and  the  board  judged  in  favour  of  Mysore  being 
allowed  to  carry  out  its  project.  An  appeal  was  made  to  the  Govern- 
ment of  India,  v,ho  confirmed  the  board's  decision.  It  remains  to  lie 
shown  that  theie  will  really  be  any  deficiency  of  water  for  agrieultur:d 
purposes. 

Tlie  Government  of  Madras  are  examining  the  financial  aspects  of  the 
Siruvani  hydro-electric  scheme,  in  the  Coimbatore  district,  from  which 
it  is  proposed  to  supply  power  to  work  railway  workshops  to  be  estab- 
lished by  the  South  Indian  Railway  at  Podanur,and  also  about  3,000  h. p. 
for  Coimbatore  mills,  in  addition  to  providing  an  adequate  water  sxipply 
for  Coimbatore  and  Podanur. 

Newfoundland. — An  Act  to  incorporate  the  Union  Electric  Light 
&  Power  Co.  has  been  passed. 

The  capital  of  the  company  will  be  £20,550,  and  the  company  is 
authorised  to  generate  and  supply  electricity  for  motive  power  and 
heating,  and  to  install  an  electric  hghting  system  and  operate  electric 
tramway;',  in  the  towns  of  Trinity,  Catahna,  Bona  vista,  &c.,  and  to  use 
the  waters  of  certain  lakes  and  streams.  All  plant,  machinciy  and 
materials  required  Ly  the  company  for  construction  work  will  be  admitted 
into  Newfoundland  duty  free. 


FOREIGN  NOTES. 


Brazil. — Mr.  Bremner,  British  Vice-Consul  at  Panx,  has  compiled 
tlic  following  information  as  to  German  methods  of  business  in  his 
district  : — 

The  prices  of  goods  were  the  prices  at  the  factory  in  Germany,  with 
packing,  carriage,  insurance,  &c.,  added,  and  a  commission  of  2k  (or  5) 
per  cent,  was  charged  on  the  total  value  of  the  invoice.  Interest  was 
charged  on  the  whole  amoimt,  generally  1  per  cent,  above  current 
banking  discount  rate  for  the  number  of  months  of  credit  given  plus  two 
months,  which  extra  two  months'  interest  was  charged  for  the  time 
occupied  in  transporting  the  goods  to  Brazil  and  the  time  required  for  the 
remittance  to  reach  Europe.  The  average  credit  given  by  German 
exjjorters  was  80  days.  Collection  was  made  by  draft  drawn  by  the 
exporter  on  the  customer.  The  bill  of  lading  and  consular  invoice  were 
sent  direct  to  the  customer,  but  the  draft  was  generally  sent  to  a  local 
banking  firm,  which  obtained  the  acceptance  and  made  the  collection 
when  due,  the  customary  chai-ge  of  the  banks  for  this  service  being  from 
^  to  I  per  cent.  In  the  case  of  firms  of  first-class  credit,  German  ex- 
portejs  introduced  the  custom  of  sending  the  draft  direct  with  the  docu- 
ments, with  a  letter  instructing  the  customer  to  whom  payment  should 
be  made  when  due.  This  system  was  flattering  to  the  customer  and  was 
doHl)tless  influential  in  diverting  trade  to  Germany.  In  the  case  of  non- 
trading  bu3'ers  with  special  orders,  such  as  machinery,  launches,  ire., 
c.i.f.  quotations  were  generally  made.  If  desired  the  local  agent  con- 
verted the  quotation  into  Brazihan  currency,  and  by  adding  the  cal- 
culated costs  of  duties  and  other  expenses  at  the  Brazilian  end  the 
contract  would  be  closed  in  Brazilian  ciu'rency  for  the  goods  landed  and 
duty  paid.  Mr.  Bremner  advises  that  no  contract  should  be  undertaken 
by  British  merchants  or  exporters  in  which  payment  is  to  be  made  in 
Brazilian  currency  or  promissory  notes. 

Cjlombia. — Carmen  Municipal  Council  (Department  of  Antioquia) 
and  Anori  Municipalitj',  both  in  the  Department  of  Antioquia,  have 
been  empowered  to  borrow  up  to  5,000  pesos  gold  (£1,000)  and  8,000 
pesos  (£1,600),  respectively,  for  establishing  electric  power  plants. 

Manizales  Municipal  Cf)uncil  (Department  of  Caldas)  has  been  author- 
ised to  borrow  30,000  pesos  gold  (£6,000)  for  an  electrical  plant  and  the 
repair  of  an  aqueduct.  For  similar  purpo.ses  the  Municipality  of  Fila- 
delfia,  in  the  same  department,  is  permitted  to  borrow  15,000  pesos  gold 
(£3,000).  >      f         ^ 


Finland.— A  report  from  Mr.  Kestell-Comish  (British  Consul  at 
Helsingfors)  says  German}',  Sweden  and  Switzerland  have  hitherto 
held  tlir-  market  there  in  electrical  machinery,  and  in  thiis  line  there 
should  be  an  opening  for  British  enterpriwe. 

In  the  case  of  large  orders  for  machinery,  the  usual  German  t*-rm8  are 
one-third  of  the;  price  with  order,  one-third  upon  deliver>-  and  one-third 
after  three  months.  The  Biitish  terms  are  usually  '-aHh  against  doeu- 
nients.  The  (ierman  manufacturers  allow  clrafts  at  three  and  six 
months'  acceptance  as  jiayment,  and  they  will  always  turn  out  fret*h 
types  of  machine  when  required.  The  machines  ini|)orted  include  elec- 
trical i.iachines,  steam  engines  and  turbines,  Ixjilers,  lathes,  planing, 
shaping  and  all  kinds  of  machinery  for  workshops.  Most  of  the  tur- 
bines have  hitherto  come  from  German}-  and  Switzerland,  principally 
the  former  ;  steam  engines  from  the  United  Kingdom,  Germany,  Sweden 
and  Denmark  ;  boilers  from  Germany  ;  lathes,  planing,  &c.,  machiner}' 
eepially  from  the  United  Kingdom,  the  United  States,  Germany  and 
Sweden.  The  American  machines  are  usually  cheap,  though  not  s^> 
solid  as  those  of  the  United  Kingdom  or  Germany.  The  United  States 
manufacturers,  like  those  of  the  United  Kingdom,  do  not  readily  adafit 
themselves  to  local  requirements. 


MISCELLANEOUS  NOTES. 


Controlled  Establishments. — At  a  recent  meeting  of  representatives 
of  Governnient-controlled  iron  and  stael  and  allied  establishments 
in  Scotland  it  vv'as  agreed  to  fonn  the  '"  Controlled  Establislunents 
Association,"  for  dealing  with  certain  tpiestions  wliich  had  arisen 
since  Government  control  began,  and  for  protecting  the  interests  of 
the  firms  concerned. 

Enemy  Firms  Wound  Up. — The  Board  of  Trade  has  ordered  the 
windmg  up  of  228  firms  controlled  by  alien  enemies. 

The  latest  lists  include  :  Hermann  Rudolph,  9,  Wood-street  square, 
London,  E.C.,  manufacturers'  agent  and  importer  (Controller  :  H.  E. 
Sier,  99,  Cheapside,  E.G.);  E.  Merck,  66,  Crutched  Friars,  London,  E.C., 
chemical  manufacturer  (Controller :  B.  D.  Holroyd,  6,  Great  Winchester- 
street,  E.C.);  Austrian  Daimler  Motor  Co.,  112,  Great  Portland-street, 
London,  W.,  agent;;  for  the  sale  of  motor  cars  (Controller:  R.  E.  Smith, 
53,  New  Broad^street,  E.G.);  A.  Hurst  &  Co.,  28,  Gamage -buildings.  118, 
Holborn,  London,  E.C.,  glassware  merchants  (Controller:  J.  H.  Stephens, 
6,  Clement's-lane,  E.C.,  to  whom  claims  by  Aug.  8.);  A.E.G.  Electric 
Co.  (Ltd.).  Caxton  House.  Westminster,  S.W.,  manufacturers  of  electric 
equipments  (Controller:  M.  Jenks,  6.  Old  Jewiy,  E.C.);  A.E.G.  Electrical 
Ct).  of  South  Africa  (Ltd.),  Caxton  House,  Westminster,  S.W.  (Con- 
troller: M.  Jcnks,  6,  Old  Jewrj%  E.C.). 

Claims  against  the  London  Electron  AVorks  Co.  (Ltd.)  are  to  be  sent  by 
Aug.  15  to  the  controller,  Arthur  Taylor,  Thames  House,  Queen  Street- 
place,  London,  E.C. 

Claims  against  the  Berndorff  Metal  Works.  231,  Regent-street,  London, 
W.,  are  to  be  sent  to  the  controller,  Wm.  Strachan,  50,  Gresham-street, 
E.C,  by  July  22. 

Claims  against  Griesheim  Elcktron  (Ltd.)  are  to  be  sent  by  Aug.  19  to 
Wm.  Eaves,  15,  Fountain-street,  IVIanchester. 

Claims  against  Th.  Goldschmidt  (Ltd.)  are  to  be  sent  to  Arthur  Taylor, 
Thames  House,  Queen -street-place,  E.G.,  by  Aug.  15. 

Exports  to  Siam.— The  '^  I.;))Klon  Gazette  "  of  July  11  contains  a 
further  list  of  persons  and  firms  ui  Siam  to  whom  goods  may  be  con- 
signed from  the  United  Kingdom. 

Memorandum  on  the  Electricity  Regulations.— Members  of  the 
BEAMA  have  been  notified  that  the  new  issue  (second  edition) 
of  this  Memorandum,  just  published,  contains  certain  additions  to 
and  alterations  of  the  text  agreed  between  the  Association  and  Mr. 
Scott  Ran,  H.M.  Electrical  Lispector  of  Factories. 

Military  Tribunal  Case.— At  XcwcastIe-oii-T\-ne  last  week  appli- 
cation was  made  for  exemption  of  three  employees  of  the  A.E.G. 
Electric  Co. 

Tlie  general  manager  stated  that  an  official  of  the  Board  of  Trade 
controlled  the  company.  The  business,  which  had  its  headquarters  in 
London,  was  carried  on  solely  in  the  national  interest.  The  company 
was  c<  mposed  uf  British  directors,  and  they  had  an  entirely  British 
staff.  The  onlv  thing  that  might  b<?  against  them  was  that  the  capital 
was  provided  "bv  (^eVmans  a  "good  many  years  ago.  A  considerable 
number  of  the  einplovees  had  joined  other  firms,  and  over  50  had  gone 
into  the  Armv.  Some  had  gone  back  to  Germany,  but  not  since  the  war 
broke  out.  Badges  had  been  applied  for,  but  wei-e  i-efused  as  the  firm  was 
not  doing  Government  work.  It  was  working  for  Government  contrac- 
tors, however,  many  of  whom  depended  on  the  A.E.G.  plant. 

The  superintendent  engineer  was  given  conditional  exemption,  one  was 
given  two  months,  and  the  other  was  ordered  to  join  up. 

Plant  for  Sale.— Messrs.  Iliffe  &  Sons,  Ltd.,  19.  Hertford -street. 
Coventry,  advertise  for  sale  a  400  amp.  dynamo,  switchboard,  40h.p. 
d.c.  motor,  &c. 

Telegrams  by  Telephone.— Tlie  Post  Office  has  drawn  the  attention 
of  its  telephone  subscribers  to  the  facilities  offered  for  the  delivery 
of  telegrams  bv  telephone. 

There  is  a  ditficultv  in  obtaining  boye  for  messenger  duties,  and  the 
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employment  of  girls  is  not  always  practicable,  especially  after  dark,  in 
niral  districts.  Moreover,  the  telegraph  service  has  to  deal  witli  a  large 
number  of  telegrams  of  urgent  Government  business,  and  the  prompt 
delivery  of  telegrams  is  made  difficult.  Proposals  are  under  considera- 
tion for  the  suspension  of  telegrams  except  urgent  ones  after  dark  in 
outlying  districts,  and  there  is  an  advantage  to  subscribers  in  being  able 
to  obtain  telegrams  by  telephone  in  such  circumstances. 

Imports. — The  following  iirc  oflicial  values  of  electrical  machinery, 
material  and  apparatus  imported  into  this  coiintrv  (o)  during  .June, 
1916,  and  (/>)  the  aggrcgalo  figures  from  .Jan.  I  lo  .lune  30,  with  in- 
croare  cr  deereafe  coinpi'jed  with  eorres|)(jiH!ing  j-criods  of  IMI.'j  : — 

J-:iectricai  maeliiiiery,  (")  £ir)7,t;f-0  (in(■^•a^(•  ill,2l2),  (h)  £(i.':0,(  0()  (dc- 
crcare  £2('0,.'j.'3G)  ;  including  generators  ar.d  motors  other  than  for 
aeroplanes,  motor  cars  ar.d  cycles,  (a.)  £24.821  (increafc  £9,r,02),  (b) 
£102,349  (<lecreaf:e  £39,298)  ;  and  electrical  machinery  unenumeratcd, 
(«)  £1.32,H.")9  (inereai-e  £7,310),  {h)  £;148.2r)7  (deercare  £221,2.'-)8)  ;  telo- 
grajih  aid  Icleijlione  cables  otlier  than  ^ubiiuirinr,  {n)  £8,r)2r)  (increafc 
£(),112),  (/;)  £.")2,]8(i  (increase  £37,248);  lelcgrapli  and  telepluny.  appa- 
ratus, (a)  £41,012  (increa.-e  £37,323).  {h)  £194.719  (ineri-aho  £ir,9,o44)  ; 
other  electrical  wires  ar.d  cables,  rubier  iii.-niatt  d,  (a)  £1.'"),1()2  (incrca.'^e 
£13,(!42),  (h)  £()4,8;"0  (increatc  .£22,(il4)  ;  witii  (jther  insulations,  (a)  £497 
(decrciafc  £4,729),  ih)  £3,711  (dcerea.'e  £12,829);  carbons,  (")  .£o,399 
(deeroaf  (•  £10,02()),  (/>)  £48,433  ((!eereare  £I0.'i.-j8)  ;  glow  lamp.--:,  (t:)  £22,781 
(incrcai-e  £8,08.")),  (h)  £134,07<)  (ineieare  £(;o,934)  ;  .'ire  lamps  arc!  electric 
Gcarehlights,  (r )  nil  (tloci-jare  £433).  (/>)  nil  (;lc>crea:  e  £l,rim)  ;  jtmia  of  arc 
lamp:  ai.d  .-earehlights  (other  than  carbons),  (a)  £ll>,244  (in .rea.'c  £9..'!49), 
(h)  £48,|()(;  (increa:  (•  £(1,294)  ;  priniiiry  ai.d  secondary  batteries,  (c.)£14,933 
(inereaic  £8,075),  {!>)  tl(l.'i.908  (inena>c  £39.779)  ;  meters  ar.d  measuring 
instruments,  (<i)  £2,()I8  (drcicatc!  £7!0).  (//)  £18.012  (increase  £3.()()2)  ; 
switchboards,  (a)  nil  (decrea.-e  £310).  (/>)  £2r)7  (decrease  £3,199);  elec- 
trical goods  and  a])j>aralus  uiieiiumeratcd,  («)  £20,741  (increase  £4,4.'j<)), 
(/>)  £ir)4,4()3  (increa:e  £.'>7,170).     Tcttal  of  electrical  goods  and  apparatus 


cjther  than    machinery   and   uninsulated   wire,   (a)   £153,912   (increase 
£70,004),  (b)  £819,781  (inercaEe  £364,573). 

Exports. — The  exiwrts  of  electrical  machinery,  material,  &c.,  (a) 
during  .June,  191(5,  and  (6)  from  Jan.  1  to  June  30,  with  increase  or 
decrease  compared  with  corresponding  periods  of  1915,  were  as 
follows  ; — 

Electrical  machinery,   (n)  £137,707   (incrcaee  £13,849),  (b)  £648,227 
(decrease  £68,639) ;   including  railway  and  tramway  motors,  (a)  £1,725 
(decrease  £9.769).  (fc)  £17.027  (decrease  £64,974) ;  other  generators  and 
motcjrs  excejit  for  aeroplanes,  motor  cars  and  cycles,  (a)  £81,295  (increafe 
£24,465),  ih)  £343.924  (increase  £2(i,290)  ;  and  electrical  machinery  une-nu- 
nu-rated,  (a)  £.->4.t),S7  (decrease  £847),  (b)  £287,276  (decr-a,;e  £29,9.55). 
te!egrai)li  and  telephone  cables,  submarine,  (a)  £121,700  (increase  £85,975), 
(/>)  £222,477  (increase  £37,098)  ;  other  than  submarine,  (a)  £21,487  (de- 
crease £21,802),  (b)  £282,688  (increase  £.55.434)  ;  telegraph  and  telephone 
apparatus,  («)  £24.746  (increase  £12,480),  (b)  £132,221  (increase  £32,814) ; 
other  electrical  wires  ard  cables,  rubber  insulated,  («)  £68,121  (increase 
£44,095.   {b)  £253,793   (increa.-c   £112.684);    with  other  insulation,  (o) 
£93,942  (incrca.-^e  £4(i,:U,0),  (b)  £428,;{12  (increase  £222,()70) ;  carbons,  (a) 
£.596  (decrease  £234),  (b)  £4,739   (increase  £1,369) ;    glow  lamps,  (a) 
£18,102  (increase  £4,095),  (fe)  £87,980  (increase  £19,565)  ;  arc  lamps  and 
icarchlights,    (a)    £361    (increase    £16),    (b)    £5,659    (increase    £3,618); 
parts  of  arc  lamps  and  searchlights  (other  than  carbons),  («)  £5.193  (in- 
(rea.'c  £4,538),  (b)  £10,181   (increase  £2,009)  ;    primarv  and  .■^^^econd.ary 
batteries,  (a)  £20,842   (incre.a::c   £354),  (b)  £129.()42  (increase  £26.711)"; 
meters  and   measuring  implements,   (a)  £21,693   (increase  £9,021),   (6) 
£9(),673  (incr<-a:e  £19.()16)  ;  transformers,  (a)  £17^,470  (increase  £428).  (fc) 
£47,713  (inc  i-.a-c  £8.425)  ;  switchboards,  (a)  £1.();I0  (decrease  £6,542). (?») 
£31.377  (increase  £615)  ;   electrical  goods  ai  d  a])paratus  unenumeratcd, 
(a)  £61.011  (increase  £3.9(i5).  (b)  £304,668  (increase  £8,497).     Total  of 
electrical  goods  ar.d  apiiaratus,  other  than  machinery  ar.d  uninsulated 
wire,  ((I)  £476,9.54  (increise  £183,148),  (';)  £2,038,123  (increase  £.'551,125). 


TENDERS    INVITED. 


Telegraph  and  Telephone  Material. 

'renders  are  invited  up  to  Aug.  10  for  the  supply  to  tho 
Australian  Ccj.mmonwkai.tii  Postmastcr-Ccnoral's  Dopt.  (State 
of  Western  Australia)  of  {a)  Distilling  A;)p.aratus  (schedule  502), 
(/>)  Instrunuiuts  (Telegraph  aiui  Measuring),  various  and  parts 
(schedule  498).  Tender  forms  aiul  specifications  can  Lc  obtained 
at  tl'.c  Conimcjn wealth  Offices,  72,  Victoria-street,  London,  S.W. 

T(:e  Dejnily  I*o:itinaster-( General,  Melbourne,  rerpiires  tenders 
by  3  ii.ni.  Aug.  8  for  the  8U])ply  U!id  delivery  in  Melbourne, 
Sydney,  I>risb;iiu>,  Adelaide.  IVrth  and  Hobart  of  Standard 
IJattery  Matcirial,  including  Pots,  i'orous  .Jars,  Zhie,  Carbon 
Rods,  Chemicals,  &e.,  for  tho  Australian  Co.m.monwealth, 
Poiitniiwter-d'erierars  dejiarlinent.  (Schedule  I, .327.)  Specifi- 
ci'.lions,  &•(•.,  from  (he  Dc^iuly  Postni.ister-Ceneriv'. 

The  I)e|)uty  I'ostniastor-Cicneral,  Perth  (W.  Australia), 
nxpiire  lenders  by  3  p.m.  Aug.  Hi  for  the  Kup])ly  of  Kesistanee 
JJoxes,  Morso  Sijiuulers,  Switciies,  c\:c.,  for  tho  Australian 
Ce)MMON\VEALTii  I'ostniastor-CioncrarH  dej)arimcnt.  Specifica- 
tions, Sec.  (schedule  KiS,  \V..\.),  from  the  Deputy  Postmaster- 
Cenoral,  I'ertli  (U'.A.). 

Tondors  are  invited  up  to  .July  .31  for  (he  supply  and  oroclion 
at  (I. P.O..  Prisbai\e,  of  Power  Bo.ird  and  Ac-cuniulators  (Stores' 
Schedule  3SI).  Speeilic.ations  and  tender  forms  from  Cominon- 
weailh  OrtiecH,  72,  Victoria-street,  We'stminstejr,  London,  S.W. 

Rotary  or  Motor  Converter  and  Switchgcar. 

Waltiiamstow  Urban  Comieil  recpn're  tender.'^  by  nr,(,n 
July  26  for  supjJy  and  ere<tion  of  .500  kw.  Ii«»ti;ry  or  Motor 
(Vnvorter,  e.li.t.  I.t.  Swifebgear.  SpeeilicationN  from  .Mr.  (i.  H. 
Sjiurr,  Klcctricily  D'pt..  Priory-avenue.  Waltharrstow. 

Signal  Lighting  Transformers. 

'J'i-.e   \'i(Ti>i!iAN    H\ii.WAV  Commi^-i<im;us  want   tencien;  by 

11  a..ni.  .luly  2()  for  4(tO  Signal  flighting  Transformers  (contract 
No.   29,997).     S|-e(ifieation«  from  tho  Commissioners'  Oftices, 

Spc'.ncr  street,  Molbounie.  Victoria. 

Motors,  Starters,  <S:c. 

The  \'i(  ToiuAN  Railway  Commissioner.'?,  Sponcer-slrcot. 
Melbourne,  require  tonden?  by  11  r..m.  Sept.  (5  for  the  supply  of 

12  Tbree-i)hase  Crane  Motors  and  Controller.,  and  11  Ore-ph."-fe 
\V.  rksbop  Motor:  and  St.-.rtors  (Confnot  Xo.  30.110).  SpM-i- 
lic.vtitms  from  ti.e  (dlico!:  of  the  Commis.niemors. 


Meters. 

DriiiiN    Klectricity  Supply  Committee  require  tenders  by 

iloon  .luly  2o  for  the  :  upply  of  .'"..c.  Slot  Meters.     Specifications, 

&(•..  fr,)in  fl'.e  City  Electricrl  Engineer. 
Steam  Turbo-Alternator,  Condenser,  &c. 

The  Town  Clerk,  Inverc^vrgill  (N.Z.)  will  rcceiN-e  tenders 
until  4  p.m.  on  Sept.  28  for  the  supply  and  erection  of  a  Steam 
Turl»oAltcrn;-.tor,  with  Condenser,  Fittings,  &c.  (Contn'.ct  No. 
40).     Specification,  &e.,  from  the  Town  Clerk. 


TENDERS  RECEIVED  AND  ACCEPTED. 


\VoLVEi:iiAMlT(iN.-Mc:-sn;.  Wilii-.ns  &  Robinsc  n  have  reeeived  r.n 
order  from  the  Cori>onvticn  for  a  .'),(KH)  kw.  Zcelly  type  of  turbine, 
running  r.t  3,0tM)  revs,  j.cr  min..  with  Siemens'  generator,  also  for  a 
surface  condensing  ]>l.".nt  of  their  own  mr.nufacture  with  Roes 
HoturiN)  punipa  for  use  in  conjiuntion  with  the  turbine. 

Abkroxrk. — The  Urban  Council  have  accepted  the  tender  of -J.  .\. 
B  )  dior  f(jr  the  supply  r,nd  laying  of  cablos. 

RoTHKRHAM. — The  Coinicil  hr.ve  arranged  for  the  pureh.".^fe  from 
Sleel.  Poi-eh  *  Tozer  of  40  tons  of  rails,  at  £1(5.  10;-..  per  ton. 

Rristol.— The  tender  of  Fnuer  &  Chahr.err.  has  Lccn  accepted 
for  a  3.(KK»  kw.  turl)iiu\  eouiiied  to  a  Vickers  rIleni.".tor  (with  cxn- 
densing  ph'.nt  by  the  l^ritish  Wcstinghoutc  Co.),  for  £1 1,(K)8. 

Rattkr.ska  (London).— The  Rorough  Council  hr.ve  on^erod  a 
3.50  kw.  rot.^ry  eon\ertor  from  Hnn  e.  Peebles  &  Co.,  at  £1.330,  r.nd 
motor  converter  switchger-r  from  iLe  Hritiish  Thon'.son- Houston  Co., 
a*  £:128.  Hb. 

School  Liuhtinc— The  Ix>ndon  Edi:c.".tion  Committee  ha.n  re- 
ceived H\o  renders  for  wiring  the  County  Secondary  School.  F 
Hill.  p.nd  tho  lowest,  that  of  .Mex.  J^rwkins  i^-  Sons,  h.os  Lcc:i 
ccptcd,  ct  £572.  5». 

SiiEFFiRLn.^-Thc  Electricity  Coir.:nittco  hr^  .-.ccopted  the  following 
tendorr.  .— 

Steel  IUjtcI  Co.,  petrol  .-(torapo  installation.  £105;  Willans  &  Robin- 
son, n  ]<l»«:inp  spare  turbiu'-  blacling  materi.-il.  £28.1. 

The  (Vnined  is  nconnm mb d  to  accept  Misers.  Hadtields"  offer  to 
n^ncw  the  Fit»a!An-f»<]U,'vtv  tramway  junction. 
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MUNICIPAL  ACCOUNTS. 
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Bolton. —  On  the  tramways  department  at  March  31  the  UAul 
capital  exjienditure  was  £570,5.'54,  of  which  £324,094  is  outstanding. 

Year's  revenue  war,  £142,090  (compared  with  £141,409  in  191415), 
working  expense;',  were  £7.3, .589  (acrainist  £7(i.l30).  interest  and  income 
tax  required  £13,.518  (£12,237),  sinkini;  fund  £17,()71  (£17, .'iH))  and 
parliamentary  charges,  &c.,  £2,332  (£981),  and  of  the  remaiixk  r 
£18,.'544  (£18,339)  hai;  been  ;:et  aside  for  renewals,  £17,000  (as  in  ])revious 
year)  voted  to  relief  of  rates,  and  £397  (f.'jS)  carried  forward.  Average; 
total  revenue  per  car-mile  was  13-097d.,and  working  cxpcnrcR(inchiding 
power)  were  ()-783d.  Avcrf.ge  fare  cliargcd  per  mik'  was  0-633d.  I'as- 
icngers  carried  were  31.839,150  (31,370.16()),  c\ar-mikv;  run  2,()03,7(jl- 
(2,886,180),  units  used  4,247,198  (4,.'514,010)  =  l-()3  (l-5(i)  per  car-mik-. 

The  Tramways  Committee  say  in  tlieir  re])ort  tliat  there  were  25 
female  conductors  acting  at  March  31.  Certain  track  reconstruction 
work  will  be  carried  out  in  the  current  year,  as  the  tracks  arc  in  a  veiy 
bad  condition,  although  the  cost  will  exceed  considerably  the  amount 
l)rovided  in  the  depreciation  fund,  owing  to  inci'cased  cost  of  labour  and 
materials.  Kails  which  could  be  bought  early  last  year  at  £ti.  5s.  to 
£6.  lOs.  per  ton  now  cost  £13  to  £14.  lOt;.  The  Committee  have  decided 
to  place  a  contract  with  the  Woods-Gilbert  Rail-Planer  Co.  (Ltd.)  for 
re-grooving  various  rections  of  rails,  taking  out  coiTugation,  &c.,  at  an 
estimated  cost  of  £5,797. 

Bradford. — At  the  meeting  of  the  Electricity  Committee  on 
Friday  the  balance-sheet  of  the  department  for  the  year  ended  March 
WHS  presented. 

The  profit  for  the  year  was  £15,989.  compared  with  £18,955  in  1914-15. 
With  the  exception  of  the  item  for  fuel  all  the  works  costs  were  lower, 
notwithstanding  the  increased  output  of  five  million  units.  The  cost  of 
coal  increased  by  £12,055,  but  a  substantial  proportion  of  this  was  met  by 
the  arrangement  of  a  percentage  addition  to  the  charges  for  bulk  supply  of 
power  according  to  the  increases  from  time  to  time  in  the  price  of  fuel. 
The  rates  increased  by  £2,040,  but  other  charges  of  management  showed  a 
decrease.  The  income  from  the  sale  of  electricity  was  £156,806  (increase 
of  £18,000),  and  total  income  was  £167,022.  After  payment  of  all  work- 
ing expenses  the  gross  profit  was  £79,958  (increase  of  £3,961 ).  Allowances 
to  dependents  of  men  who  joined  the  Forces  were  £1,610,  compared  with 
£593.  Interest  and  sinking  fund  charges  were  £63,969  (increase  £6,928), 
leaving  a  net  profit  of  nearly  £1 6,000.  On  capital  account  there  was  sjjcnt 
during  the  year  £56,580,  making  a  total  to  date  of  £990,865,  against 
which  there  had  been  ])rovidcd  l)y  means  of  sinking  fund  £469,606, 
leaving  a  net  capital  outstanding  of  £521,2.59. 

Burnley. — Tlie  accounts  of  the  tramways  departnu>nt  for  tlie  year 
ended  March  31  show  capital  expenditure  £232,996  (increase  £416). 
The  total  amount  placed  to  sinking  fund  is  £81,161,  the  reserve  fund 
invested  amomits  to  £20,756,  and  suspense  accounts  to  £12,850. 

Revenue  was  £83,238  (compared  with  £78,467  in  previous  year),  and 
working  expenses  were  £53,572  (£55,835),  interest  required  £6,552 
(£6,797),  and  sinking  fund  £8,497  (£8,284).  After  paying  rent  of  tram- 
ways owned  by  outside  authorities,  £1,752  (against  £1,899),  and  income 
tax,  £2,542,  the  balance  was  £6,010,  which  is  to  be  devoted  to  relief  of 
rates.  Average  revenue  ])er  car-mile  was  12-92d.  (ll-45d.)  and  expendi- 
ture was  8-31d.  (8-15d.).  Passengers  carried  were  16,946,677 
(15.867,699),  car-miles  run  1,546,389  (1,644,712),  and  units  used  3,367,869 
(3,621,567)  =2-16  (2-19)  per  car-mile. 

Glasgow. — The  accounts  of  the  tramways  dei)artment  for  the  year 
ended  May  31  show  gross  capital  expenditure  £3,835,156  (increase 
£83,448),  of  which  £1,391,889  has  been  repaid.  Reserve  funds 
amount  to  £31,106  and  depreciation,  &c.,  fund,  to  £2,447,94.5. 

Revenue  was  £1,157,336  (against  £1,076,877  in  previous  year),  and 
working  expenses  were  £693,004  (£684,170),  or  £773,442  (£735,987),  in- 
cluding European  War  expenses  (allowances  to  dependants,  dfec.)  Interest 
required  £90,473  (£78,797)  and  sinking  fund  £109,614  (£105,491),  leaving 
net  profit  £43,.548  (£12,951),  which  has  been  handed  ov;'r  to  the  common 
good.  Average  total  revenue  per  car-mile  was  lld27d.  (10-674d.)  and 
working  expenses,  including  cost  of  power  and  permanent  way  renewals, 
were  8-304d.  (8-478d.).  Average  fare  charged  per  mile  was  0-44d. 
Passengers  carried  were  362,371.464  (336,260.758),  car-miles  run 
24,963,309  (24,214,460),  and  units  used  for  traction  and  car  fighting 
36,611,255  (33,848,947).  Average  length  of  (equivalent)  single  track  in 
use  was  196^-  miles,  in  addition  to  141  in  Paisley,  over  which  the  Cor- 
poration have  running  powers.    Average  number  of  cars  in  use  651  (628). 

The  Committee's  report  states  that  claims  and  expenses  paid  for  thircl- 
party  risks  amounted  to  £31,715.  The  department  has  carried  its  own 
third-party  risks  .since  .June,  1914.  The  department  has  also  undertaken 
its  own  employer  sfiabiUty  and  workmen's  compensation  risk  since  May, 
1915.     Claims  and  expenses  for  the  year  were  £798. 


Launceston  (Tasmania).— The  accounts  of  the  electricity  depart- 
ment for  the  year  curled  June  .30,  1915,  show  total  capital  expendi- 
ture £165,281,  in  addition  to  £30,976  taken  from  reserve.  Sinking 
funds  ai.ioimt  to  £.33,819,  and  reserve  fund  to  £7,940. 

I{evenu<!  was  £22,867,  and  working  and  general  expenses  were  £9.212 
(  -()-771<l.  ])er  unit  sokl),  leaving  gro.ss  profit  £13,6")4.  Interest  p-quirr-d 
t6,024,  and  sinking  fund  £1,560,  the  surplus  Ix-ing  £6,070  (compared  with 
£5.368  in  previous  year).  £1,800  (£2,500)  has  been  transferred  to  the 
city  funds  in  aid  of  rates,  and  £4,270  (t2,868)  to  reserve.  Mr.  K.  -J. 
Sti'ike  (city  electrical  engineer)  says  in  his  report  unit.s  generated  were 
3,307,4.50  (increase  76,772)  and  sold  2,866,-543.  Steam  wa.s  u.scd  to 
reinforce  the  hydraulic  works  on  95  days.  Heating  devices  =777  kw. 
are  connected. 

The  capital  cx])cnditure  on  the  tramwaj's  to  .June,  1915,  was  £86,214 
(increase  £10,875).  Contributions  to  sinking  fund  amount  to  £2,818, 
and  reserve  fund  is  £4,590.  Revenue  was  £19,316  (13042d.  per  car- 
mile),  and  working  expenses,  including  power,  were  £11, .599  (=7-831d.), 
gross  profit  being  £7,717  (=5-21  Id.).  Interest  required  £3,190,  and 
sinking  fund  £801,  surplus  being  £453  (£1,777),  of  whijh  £:}37  (£1,.5.56) 
has  been  transferred  to  reserve.  Mr.  Strike  reports  that  2,385,86<) 
passengers  were  carried  (increase  35,049),  car-miles  run  were  3.55,421 
(incrca.sc  15,793). 

Loughborough. — The  electricity  department's  accounts  for  the 
year  ended  March  31  show  total  capital  expenditure  £47,929  (in- 
crease £2,651),  of  whicii  £3,2.50  has  been  repaid,  while  investment  on 
account  of  sinking  fund  amounts  to  £10, .541. 

Revenue  was  £8,291  (compared  with  £6,503  in  previous  year),  ar.d 
working  expenses  and  special  charges  amounted  to  £4,496  (£3,511), 
leaving  gro.?s  profit  £3,794  (£2,992),  to  which  is  added  balance  from 
previous  year,  £104.  After  meeting  capital  charges  and  writing  £59  off 
free  v/iring  account  and  £1.  13s.  5d.  for  bad  debts,  the  balance  was  £301. 
Coal  cost  0-276d.  (0-237d.)  per  unit  sold,  and  total  working  costs  were 
0-774d.  (0-836d.).  Units  generated  were  1,667.400  (1,194,310)  and  sold 
1,303,341  (929,051).  Maximum  load  on  feeders  was  772  kw.  (550  kw.). 
Total  connections  are  equal  to  1,694  kw.  (1,505  kw.).  Motors  connected 
arc  186(171)=  1,100  H.r.  940  h.p. 

Luton. — The  electric  lighting  department's  accounts  for  the  year 
ended  Maich  31  show  total  capital  expenditure  £154,650  (increase 
£2,497),  of  which  £124,414  was  borrowed  and  £100,993  is  outstanding. 

Revenue  was  £44,366  (compared  with  £32,822  in  provious  year),  and 
working  expenses  were  £27,639  (£19,048).  leaving  gross  protit  £16.727 
(£13,773).  Interest  required  £3,850  (£3,613),  instalments  of  principal  and 
sinking  fund  £5,872  (£5,()30),  and  other  charges  £777  (£100)  leaving  net 
im^lit  £().228  (£4,430).  Units  generated  were  14,146.120  (9.399.'750). 
and  sold  1 2,254,529  (8,380.731 ).  Motoi's  connected  are  cqua'  to  6,632  h.  r. 
(5,996  HP.)  and  heating  devices  equal  to  1.576  kw.  (1.465  kw.).  Total 
maximum  supply  demanded  was  4,208  kw.  (3.189  kw. ). 

The  borough  electrical  engineer  (Mr.  W.  H.  Cooke)  informs  us  that  the 
works  cost  per  unit  remains  at  0-54d.,  in  spite  of  the  price  of  coal  having 
advanced  40  per  cent.,  the  output  having  increased  by  nearly  four  million 
imits.  Average  price  received  per  iniit  dropped  to  0-86d.  (against  0-91d.). 
but  tho  net  profit  rose  to  £6,227,  after  reserving  £700  for  excess  profits 
duty.  The  Council  has  decided  to  charge  against  the:  e  profits  vadous 
items  of  capital  expenditure  .such  as  hou.se  services  and  meters,  radway 
wagons,  &c.,  amounting  to  £2,155,  and  to  allocate  the  remainder  to 
working  balance. 

Stockton-on-Tees. — The  accounts  of  the  electricity  department  for 
the  year  ended  March  31  show  total  capital  expenditure  £64,719 
(increase  £1,405),  of  which  £62,617  was  borrowed  and  £.30,1)01  has 
been  repaid. 

Revenue  was  £9,651,  and  working  expenses  a.ul  special  charges 
amounted  to  £6,320,  leaving  gross  profit  £3,331.  Interest  and  redemp- 
tion required  £3,828,  and  income  tax  £212,  the  net  deficit,  charged  on 
district  rate  fund,  being  £814.  Units  generated  and  purcliascd  were 
1,840,1.50,  and  -sold  1,668,773. 

Sunderland.— For  the  year  ended  March  31  last  the  revenue  of 
the  Corporation  tramways  was  £79,389. 

Working  expenses  were  £44.455.  interest  required  £6,277  and  repay- 
ment of  capital  £10,708.  leaving  net  balance  £17.949.  Average  tctal 
revenue  per  car-mile  was  13-ld.  (compared  with  12-2d.).  and  working 
expenses,  including  power,  were  7-3d.  (compared  with  6-7d.).  Average 
fare  charged  per  mile  was  0-68d.  Passengers  carried  were  19.908,911 
(compared  with  18.619.364),  ear-miles  run  1,447.177  (1.486.201).  and 
units  used  1,839,671.     The  outstanding  capital  expenditure  is  £164.120. 

Mr.  A.  R.  Dayson  (general  manager  and  engineer)  says  in  liis  i-cport 
the  work  of  rejpairing  the  track  has  been  severely  handicapped  by 
shortage  of  labour.  The  electric  welding  plant  has  been  of  great  value, 
and  has  more  than  justified  its  purchase.    There  arc  65  female  conductors. 
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F  Walsall.— Tlio  accounts  of  the  electricity  dcjuutment  for  the  year 
ended  ]\rarch  .'}]  kHow  total  capital  expenditure  t208,948  (increase 
£40,880),  of  Avhich  £I7(),77!)  was  borrowed,  and  the  sinking  funds 
amount  to  £54,073,  less  amounts  jjaid  off  (£23,871). 

Revenue  was  £29,573  (compared  with  £25,87'*  in  previous  year),  and 
■working  expenditure  and  special  charges  amounted  to  £18,789  (£14,203), 
leaving  gross  profit  £10,784  (£11,58(>),  tiie  net  dclicit  for  the  year,  after 
meeting  capital  chaigcs,  &c.,  being  £899  (compared  with  £1.385  net  profit 
for  previous  year).  Total  co.sts,  exclusive  o?  capital  charges,  were  l-17d. 
per  unit  sold,  and  interest  and  sinking  fund  charges  were  0-73d.  Units 
generated  were  5,348,621  and  sold  3,8«)2.260.  Total  maximum  demand 
was  1,786  kw. 

The  tramway  accounts  show  gross  capital  expenditure  £189,814.  Tli.' 
total  amoiint  (jf  the  sinking  fund  is  £38,013  and  <jf  the  reserve  fund 
£30,138.  Revenue  was  £40,291,  working  cxpcni-cs  were  £22,955,  interest 
Hiquired  £4,82t).  and  sinking  fund  £4,088,  the  net  balance  being  £2,372, 
of  which  £2,000  has  fjcen  devoted  to  relief  of  rales.  Total  revenue  m  r 
car-mile  was  i3-217d.  (against  ll-353d.  in  previous  year),  and  working 
cxpen.'?es,  including  power,  were  7-5.3d.  (7-2t)7d.).  Average  fare  charged 
per  mile  wa.s  0-79d.  Passengers  carried  wcic  7.880,190,  car-miles  run 
731,040  and  units  used  882,078. 

The  income  of  the  mot(jr  services  from  May  23  to  Dec.  31.  1915.  was 
£4,099  (13-837<1.  per  'bus-mile),  and  the  working  expenses  were  £2.239 
(7-558d.),  leaving  £1,800  to  carry  to  net  revenue  account. 

-  West  Hartlepool.  The  total  capital  ex|,enditure  of  the  tramwavb 
undertaking  at  .March  31  was  £83,702  (increase  t2,<t31).  of  \vhi<'h 
£5,.599  has  been  redeemed. 

Year';<  revenue  was  £19,482  (against  tl!l.5(l5  in  1914-15)  and  working.' 
exftenscK  (including;  ))Owcr)  were  £1.3,120  (tl  1.574).  leaving  gross  ]in)fit 
£0.3.55  (t;7,931 ).  Interest  on  loam;  was  £2.304  (l'2.509)  net.  and  £.")00  (as 
in  previous  y(ar)  was  ]»aid  as  rent  for  section  of  line  in  Hartlepool.  Sinking 
fund  re()uired  £1,480  (£1,059),  repayment  of  loans  £810  (£787),  and  the 
sur])lus  for  the  year  (placed  (o  reserve  or  renewal  fund)  was  £1,278 
(£3,018).  Pvevenue  was  e<(ual  to  9-97d.  (9-77<l.)  per  car-mile  and  working 
expenses  were  0-72d.  (5-80d.). 

The  electricity  de])artnieiit  accounts  show  gross  capital  expenditure 
£145,423  (increase  £2.290).  £44.251  of  debt  has  been  extingui.shed,  and 
thr;  sinking  fund  amounts  to  £9.()21.  Revenue  was  £18,939  (against 
£17,552  in  previous  year)  and  working  expenses  were  £8,747  (£7,851), 
leaving  gross  profit  £10,192  (£9,701),  and  the  Kurplus.  after  providing  for 
interest,  in(-ome  tax  and  redemptif)n,  was  £310  (£44). 

York.  -The  accounts  of  the  electricit}'  department  for  the  year 
ended  Manh  31  show  gross  capital  expenditure  £210,888  (increase 
£4,786),  of  which  £70,018  has  been  repaid. 

Revenue  was  £37,8tK(  (compared  with  £29,343  in  previous  year),  and 
working  expen.ses  and  special  charges  (iii(  luditiL;  11.275  for  allowances  to 
men  on  military  service)  ainountfd  tf>  £21,300  (£18,702),  leaving  gr.'.ss 
prf)fit .  £1(>.5.")9  (£15.(t90).  Intx  rest  and  sinking  fund  required  £14,085 
(£12..".49),  aid  tax  on  profits  £418  (£281 ),  and  tic  suri)lus  £1,4.")0  (£2.205) 
has  been  tran.sfcrrcd  to  reverve  and  renewals  fund.  Units  generated 
were  11,044.029  (8.051.478),  a?ul  sold  9.3tW.0O9  (7,417,089).  Total 
maximum  su[)i)ly  demanded  was  3  487  (3,310)  kw. 

The  capital  expendif urc  on  the  tramways  and  motor  omnibuses  is 
£1!)4,892  (ii)creas.'  £31.008).  of  which  £K, 779"  has  been  repaid,  and  £3.3.")0 
is  in  sinking  funil.  To  this  expenditure  tlun'c  has  to  be  added  £20,151 
for  yiunhase  of  land  and  property  and  .street  works,  the  amiual  charge 
for  \\lii(  h  is  £1,393.  Rev<  iiue  was  £35.7.35  (ayainst  £3(t,l20).  including 
motor  "buvcs  £2,0(19,  anil  working;  e\|«'nses  w-re  £24, .532  (£21.0."»J). 
including  "buses  £1 .301 .  and  ailnwanc's  to  men  oji  military  .service  £1 ,1)74 
(£910),  t  he  gross  profit  being  £1 1.2(!2  (£S.471 ).  Interest Ve(|uircd  £(i,138 
(£.">. I  7(>).  and  sinking  fuu<l  £3.272  (£2,OS4).  the  balance,  carried  to  reserve 
and  reni'wals  account,  being  £1.792  (£1,211).  Tramcar  miles  were 
7t>;{.(»27  (704. .>tO).  and  bus  miles  04.49(».  The  "buses commenceil  ru  iiiing 
un  l'''-b.  l.->,  1915. 


COMPANIES'  MEETINGS  AND    REPORTS. 


CHILI  TELEPHONE  CO  (LTD.)  -Th.  n  port  of  the  <liiei,tor8  for  the  year 
cuib  d  .\Iar(  h  31  .-.t.itc.s  that,  the  agflmcafe  nundier  of  .stdis(  ril>ers  at  all 
centres  at.  the  end  of  the  year  wa.s  13,307.  eonipar<-d  with  13.095  at  the 
begitniing,  an  increase  of  212  for  the  year.  The  gross  reviniuo  from  all 
sources  was  £121,97:5.  against  £ll2.3oi  in  1914-1.">,  an  in«.rea.se  of  £9.012. 
Th(>  total  c\|)eiidit!n'e  was  £72.3SS.  iii:ainst  £04.390,  an  increase  of 
£7,992.  The  net  revenu  •  from  all  sounes  was  £49..">85.  ai;ainst  £47.90.'>. 
an  increase  of  £1.020.  The  bal.inco  to  credit  of  n*veinie  account  (in- 
eluding  £4.339  brought  forward)  is  C.'i3,924.  of  which  £2.044  has  Wen 
ex])ende(l  on  n  ijlaecments.  i^e.,  of  plant.  An  int<Tim  ibvidend  of  3s. 
]wr  .share,  tax  five,  was  )iaid  in  .Fanuary  I.Tst.  a-nl  after  earryiiig  C1S..">77 
to  gmieral  res(n'v>^  and  abiding  £2.(I0(>  to  ri'>(n\  -  a.';,inis|.  |t>ss  oi»  invest- 
ments the  directors  now  recommend  a  final  dividend  of  6s.  per  share,  tax 
free,  leaving  £1.302  to  be  carried  forward. 

CUBAN  TELEPHONE  CO. —  The  gross  increase  in  rentals  and  i-crvice 
during  1915  w  is  Sl>l,2(i3,  ind  wa.s  hamlled  with  an  increat-e  in  operating 
oxf-tmses  of  only  S4,013.  the  tiet  gam  beini:  .<l.">(Mno.  This  g.*in  was 
pactiftily  ofiset  h\  heavier  expvmditure.s  for  nitevobl.  and  the  net  .surplus 
.shows  an  increase  of  $105,426.  comp"red  with  1914.     Xesrly  S450.000 


of  the  accumulated  net  cash  surplus  has  been  used  for  carr\  ing  on  the 
construction  work  required  to  be  doiif  under  its  concession  and  to  pro- 
vide for  the  cfmstantly  i  icrc.^-sing  additions  to  both  the  loctl  and  long- 
distance systems. 

EDMUNDSONS'  ELECTRICITY  CORPORATION  (LTD.)— The  net  i)rofit 
f<jr  til'  _\'  a.  (  ndcd  Ma  .  'i  31,  aft(n  |noviding  for  mortgag''  and  debenture 
.stock,  interest  and  r'"demption.  amounts  to  £13,2.59.  10s.  3d.  After 
adding  £3,36.5.  12s.  3d.  brought  forward  and  deducting  the  interim  half- 
yearly  dividend  paid  in  .lanuary  last  on  the  cumulative  preference  .shares, 
there  remains  £10.025.  2.s.  fid.,  which  the  directors  are  applying  in  paving 
the  final  half-yearly  dividend  for  the  year  ended  March  31  last  on  the 
(umulative  jtrefercnee  shares  (£0,000),  leaving  to  be  carried  forward 
£4,625.  2s.  0(1.  The  20  .subsitliary  and  other  comjianie.s  in  wliich  the 
company  is  interested  had  the  equivalent  of  2.14.5,220  33-watt  lamps 
connected  at  March  31,  1915,  against  1,994,930  33-watt  lamps  in  1914: 

GENERAL  ELECTRIC  CO.  (LTD.)— The  net  profits  for  the-  year  ending 
Maieji  :;i  .iiiioiiii  tip  £l!Mi.274.  RJ.s.  2d.,  to  which  ha*--  to  b?  added 
£30,701.  9s.  (mI.  brought  forward,  making  a  total  sum  of  £232.976.  2s.  8d. 
After  deducting  flebcnture  interest  and  de])reciation  amounting  to 
.£27,2.59.  15s.  7ci.,  the  available  balance  is  £20.5.710.  7.s.  Id.,  which  the 
flircctors  rccommcTtd  .should  be  appropriated  as  follows  :  Dividend  at 
rate  of  (>  jcr  cent.  ]ier  annum  on  ])reference  .share  ca}>ita'.  for  year 
(£42.000).  mariagim.'  directors'  and  emplove.s"  Ixmus  (£12.701.  9s.  9d.), 
dividend  at  rate  of  10  per  cent.  ])er  annum  on  ordinary  shar?  capital  for 
the  year  (£.50,(H»0),  reserve  account  £40.000,  grants  to  dependants  of  men 
on  aetive  service  £12.901.  I3.s.  2d.,  balance  to  be  carried  forward 
£48.0.53.  4s.  2d.  The  result  of  the  past  year  has  been  generallv  satis- 
factory. All  th-  (  ompany's  works  have  been  fully  oc(rupicd  throughout 
the  year.  a!id  have  lx'(ni  nuiinly  employed  in  the  jiroduction  of  materia! 
c.ssential  for  j)ur|)o.ses  of  war.  Although  the  demands  on  the  company 
were  mo.stly  i  ontined  If)  the  electrical  field,  many  requisitions  were  made 
for  appliances  of  entirely  new  types  and  pattern.s.  and  great  difhfulties 
had  to  be  overcome.  Some  1..500  experienced  memlx'rs  of  the  staff  an<l 
workjK'ople  now  serving  at  the  front  had  to  be  replaced  by  untrained 
substitutes.  New  workshops  had  to  be  erected  for  s]Kcia!  work.  The 
.sc;arc:ity  of  lalxjur.  the  ditliculty  in  obtaining  new  machinery  or  of 
adapting  existing  plant  to  the  production  of  new  articles  and  the  occa-. 
sional  dearth  of  raw  material  cau.sed  temporary  delaj'  and  disorganisation. 
If  the  pr-.sinit  results  are  .satisfactory,  they  are  entirely  due  to  tho 
un.se!fi.sh  devotion,  initiative  and  unremitting  energy  of  the  staff  and 
•.vorkpcople.  The  ca]>ital  cxiienditure  on  new  works  at  Witton  during 
the  past  j'ear  amount  .d  to  approximately  €70,000.  The  extensions 
I)lanned  and  referred  to  in  previous  reports  have  been  suspended  until 
the  advent  of  a  more  favourable  moment  for  carrying  out  .«uch  construc- 
tiora!  work.  For  the  .-ame  reasons,  no  further  progress  has  been  made 
with  the  Kingsway  building.  The  various  .'telling  branch-s  of  the  com- 
pa '.y  have  all  done  well.  In  .•-pitc  of  the  nduerd  <mtput  of  the  works 
avadable  for  private  ad  ordinarv'  industrial  purposes,  thjr  company's 
large  reserve  stocks  have  been  heljdul  in  the  past  to  make  good  the 
deficiency.  The  e\p  irt  business  of  the  company  records  very  large 
in(|uirics.  but.  owing  to  well-known  cau.sfs  common  to  all  exjwrters  in 
this  country'  at  the  jires -nt  moment,  only  a  small  pro]>ortion  of  the 
dcnnand  could  be  filled.  The  directors  draw  attention  to  the  increasing 
investment  account.  Particulars  of  the  company's  investments  are 
given.  a"d  these  are  subdivided  into — 

(.\)  Mniiufarinrinij  ('oiiij)nnirs.  for  which  the  comi»any  is  the  di.stribut- 
iiig  agency  for  nearly  the  whol"  of  the  outjuit  of  tli  -ir  works,  and  has  the 
control  both  as  to  fitiancial  inttnx'st  and  manag<nnent.  The  Pirelli- 
(Jciuial  Cable  \\'orks  (Ltd.)  is  al.so  a  manufacturing  < ompany.  in  which 
the  (Jencral  Kleetric  Co.  holds  at  present  half  the  capital,  the  other  half 
being  held  by  Mcs-srs.  Pirelli  jI*  Co..  of  .Milan.  No  jirofit  has  as  yet  lieen 
made,  nor  was  it  anticipated,  as  the  works  have  oidy  l^-en  running  f>  r 
a  part  of  the  year.  The  works  Iwith  in  construction  anl  e(|ui]mient  are 
most  compli'tc  a-'il  up  to  ilate.  and  the  dinv  tors  are  w^^ll  satisfied  with 
the  prngres.i  mafic  \inder  jirevailing  conclitions.  (b)  Trading  Comjxinus. 
whose  object  is  to  sell  in  their  respective  territories  the  products  of  the 
l?ritish  \rorks.  (r)  KhrtrirUy  S-ippli/  CowpnnieA  .ind  (D)  Sundr;/ 
liiifsiiiuiil^.  Mr.  Montagu  V.  Armstrong.  Mr.  fJeorce  H.  Ide  and  Mr. 
Maurice  Sdomon  have  joined  the  lK)ard.  a n<l  their  api)ointnient  will  Ik- 
.  iilunitti  (I  to  the  slianliolders  for  confirmation. 

MONTREAL  LIGHT  HEAT  &  POWER  CO.  (LTD.)  The  gross  n-venue  for 
yearciuh'il  .\pril  3()  was  Sti.S77.1 1>7.  of  which  e\(RMisefi  f>f  operation  and 
maintenance-  absorltcd  $2.f<.50.798.  and  S075.000  was  placed  to  depre- 
ciation and  n  ncwal  rewrxe.  leaving  $^{.34.>.3<{9.  I)edu(  ting  fixed  ehargcn 
(S4S7.IS1)  and  dividends  paid  and  payabl  •  ( SI  .870.940).  the  surphi.<> 
e.irnin;ii«  were  .t9.S7.21.S.  and  .ifter  making  provision  for  <  ertain  jiaymc  nt« 
thelwd.i'  -  ^       IS  lioen  carried  forward.      It  is  stated  that  in  the 

city  th—  upward:   of  S.<MK»  xaeant  honMs  and  stores  ilue 

to  the  war  and  recruit mu  amonu  hou^-eliolders.  The  inercascfl  earnings 
wvre  in  larjr"  monsun"  due  to  eleetrieal  energy*  antl  gas  .sales  for  power 
]^u^po^•^!«. 

SOUTHERN  BRAZIL  ELECTRIC  CO  LTD.)— The  report  for  the  half 
viar  to  1»'  I.  31  -  of  the  various  n     '         "  in 

which  th'  >  omp  «  i  >Mtisfa(  to, y  t  '■  1h 

net  lio\v>  ,^•l  inijirovenicnt  km  r  that  of  the  pn*- 

viou  .  »  deniands  for  electric  light  and  i>owc  r.     The 

tramway  n  c  eipt^  wpiv  aff-  ct<d  by  t  ni|»oraiy  c  au.se s  m  th'-  early  months 
of  the  year,  but  have  n'  !  th  ■  lo«-    '  ''      .1.  and  .show  a 

steady  improvement.     '1  ue  from  r  i , Iw av  diow s  aa 

improvement,  but  the  full  Ixnetit  of  the  service  will  not  l>e  fejt  until  the 
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rlcctriticalion  of  tlu^  line  is  comidct^'.  Owinf^  to  llio  very  Iii<;li  price  of 
coal,  tin"  results  from  the  f^asworksooiitimio  unsatisfactory,  and  arraii<.';e. 
nionts  arc  bcinj^  made  to  introduce  electric  cookinj;  stoves  in  place  i>\  the 
existing  gas  stoves,  as  practically  all  the  out()ut  is  utilised  for  cooking 
])urposcs  only.  Tin;  returns  for  th;;  six  months  from  Piracicaba  show  a 
sliglit  impioveinent.  The  revenue  from  the  trara  service  is  very  satisfac- 
tory, and  will  continue  to  imjuove  as  more  mileage  is  put  into  operation. 
The  new  tiH.i  ilp.  turbine  has  been  put  to  work  with  satisfactory  results, 
and  the  old  turbine  and  generator  have  been  thoroughly  overhauled. 
Work  is  in  progress  on  the  distribution  network  of  cables  in  the  city, 
separating  the  public  from  the  private  lighting,  which  will  tend  to  greater 
efficiency.  Contracts  for  the  supply  of  power  to  several  large  industrial 
concerns  have  been  made.  Under  the  termsof  the  concession  granted  in 
September  last  permission  was  given  to  sup])ly  current  to  several  out- 
lying towns  and  villages,  one  of  which  (Rio  das  Pedras)  is  now  connected, 
thus  permitting  of  the  costly  steam  installation  in  that  town  being  shut 
down.  The  revenue  from  electric  power  at  Amparo  remained  normal, 
but  recently  rcijuests  for  supply  have  been  received  from  several  planta- 
tions in  the  district,  and  transmission  lines  are  being  erected,  some  of 
whiefi  will  be  in  operation  this  yeai-.  The  balance  to  the  credit  of  profit 
and  loss  account,  after  dedui^tion  of  a.ll  charges  in  Brazil  and  London  ;i  id 
of  interest  on  debentures  to  Jan.  1, 1916,  is  £945,  to  which  fias  to  be  added 
the  amount  remaining  to  credit  of  this  account  (£2,127),  making  a  total 
of  £3,072,  which  the  directors  propose  to  carry  forward. 

VENTURE  TRUST  (LTD. ) — The  report  for  the  year  ended  June  30  states 
that  the  trust  has  formed  the  British  Electrolytic  Zinc  Co.  (Isherwood 
Process),  Ltd.,  with  a  share  capital  of  £62,500  and  a  debenture  issue  of 
£25,000.  The  electrolytic  treatment  of  zinc  ores  has  for  some  time  past 
occupied  the  attention  of  the  producers  of  spelter,  and  it  is  claimed  tiiat 
the  Isherwood  process,  which  the  new  company  has  agreed  to  acquire, 
presents  a  means  of  treating  complex  zinc  lead  ore  far  sujierior  to  the 
smelting  methods  now  in  general  use.  At  the  R-aritan  works  (New 
Jersey)  of  the  Amalgamated  Co])per  Co.,  of  New  '^'ork,  a  single-unit  plant 
was  kept  in  continuous  operation  for  nine  mouths,  with  the  result  that 
their  experts  reported  that  the  process  did  what  was  claimed  for  it,  and 
produced  electrolytic  zinc  of  high  purity  at  a  cost  that  compared  favour- 
ably with  fire  smelting.  Premises  and  plant,  which  were  secured  at 
Widnes,  should  in  a  few  weeks  be  pi'oducing  electrolytic  zinc. 

WELSBACH  LIGHT  CO.  (LTD.)— For  the  year  ended  March  31  the  net 
profit  was  £18,949,  and  with  the  balance  carried  forv/ard  the  total  is 
£24,658.  The  directors  recommend  a  dividend  of  2i-  per  cent,  per  annum 
on  the  share  capital  (less  tax),  carrying  forward  £18,033,  subject  to  any 
liability  for  excess  profits  duty.  No  dividend  has  been  received  in  respect 
of  the  company's  shareholding  in  the  Austrian  company  since  the  yeai- 
ended  Marcli  31,  1913.  It  is  proposed  to  alter  the  articles  of  association 
so  as  to  provide  (inter  alia)  that  no  one  but  a  British  subject  shall  be 
qualified  to  act  as  a  director  of  the  company. 

WESTERN  CANADA  POWER  CO.  (LTD.)— The  gross  earnings  for  1915 
were  §316,554  and  expenses  $89,626,  leaving  $226,927,  which  was 
insufficient  to  meet  interest  on  the  fii'st  mortgage  bonds,  while  interest 
on  the  refunding  mortgage  bonds  and  interest  payable  on  current  account 
were  not  eained.  Apart  from  loans  of  nearly  $550,000,  the  company  will 
require  $100,000  to  install  the  third  generating  unit.  They  failed  to  get 
permission  to  make  a  public  issue  of  securities  in  London,  but  a  coni- 
l^romise  with  the  Committee  representing  the  holders  of  the  first  mort- 
gage bonds  has  been  effected,  whereby  it  is  proposed  (among  other  things) 
to  provide  sufficient  funds  for  tin;  installation  of  a  third  generating  unit 
ill  the  power  house  at  Sta\e  Falls.  To  carry  out  the  terms  of  the  com- 
promise and  to  avoid  the  sale  of  the  properties  in  foreclosure  jiro- 
ceedings,  it  is  necei^sary  that  the  holders  <i  the  $2,495,000  par 
value  of  the  shares  should  sub.sci'ibe  for  a  sufficient  number  of  the 
})roposed  new  issue  of  preferred  shares  to  rcahsc  $374,240  in  cash. 
The  Noteholders'  Protective  Committee  have  procured  the  formation  in 
New  York  of  a  syndicate  which  will  underwrite  an  issue  of  at  least 
$850,000  of  preferred  .shares.  The  company,  which  now  has  $9  000,000 
of  mortgage  bonds  of  both  classes  outstanding,  will,  after  its  proposed 
reconstruction,  have  only  $5,000,000  fii'st  mortgage  bonds  outstanding, 
the  refunding  mortgage  bonds  being  converted  into  ordinary  shares.  If 
the  plan  of  reconstruction  is  successfully  carried  out,  the  company  will 
liave  funds  sufficient  to  oonii)lete  the  installation  of  a  third  generating 
unit  and  to  carry  on  the  business  for  two  years. 


NEW  COMPANIES,   MORTGAGES  AND 
CHARGES. 


NEW  COMPANIES, 

ALBERTA  ENGINEERING  CO.  (LTD.)  (144,231.)— Reg.  June  30, 
capital  £10,000  in  £1  shares,  to  acquire  the  Alberta  Ammunition  and 
Alummium  Works  and  the  Premier  Mfg.  Co.,  and  to  adopt  certain  agree- 
ments. Private  company.  First  directors  are  L.  Chisoane  and  J.  B. 
Garbe.     Reg.  office,  4,  Copthall-chambers,  E.C. 

.ionn"^^!^^°^^^N^  ^°-  (^T^)  (144,165)-Reg.  June  23.  capital 
i:iU,UUU  in  £1  shares,  to  carry  on  in  Great  Britain  or  elsewhere  the  busi- 
ness indicated  by  the  title  and  that  of  boiler  makers,  engineers,  manufac- 


turers of  and  dealcni  in   ricctricai  and  other  appliaiice«$,  &c.      Private 

compan>'. 

BRITISH  ELECTRO  CHEMISTS  (LTD.)  (144.181).  — Rf^.  June  24,  rapifal 
of  tlO.OOO  in  £l  shares  (<»,000  pr-ference),  to  adopt  an  agreement  with 
(,'hina  and  .Metal  Platers  (I^td. ),  and  to  cany  on  the  bu.«inei-s  of  engineers 
and  contractors,  chemietH,  galvanisers,  electroplater»  and  refiners.  &e. 
Private  company.  First  directors  are  B.  G.  Clark,  C.  Bow?n,  E.  D. 
Taylor  and  B.  P.  Crawshaw.  The  two  first  named  have  the  right  to 
appoint  an  additional  director.     Reg.  office :  7,  Ely-place,  E.C. 

BRITISH  TUNGSTEN  MINES  (LTD.)  (9,61.5.) -Reg.  in  Edinburgh  on 
June  7,  capital  £40,000  in  £1  shares,  to  take  over,  work  and  develop  any 
mines,  mining  rights  and  metalliferous  land  in  the  U.K.,  and  to  adopt  an 
agreeni  nt  with  King  Bros.  First  directors  are  U.  D.  Binnie,  <i. 
McPherson  and  R.  A.  Murray.     Reg.  office,  175,  W.  Gcorge-st.,  Glasgow. 

CHASE  BROS.  (LTD.)  (144,107)— Reg.  .June  16,  capital  £2.f)(X)  in  £1 
sharci>,  t(j  adopt  an  agreement  with  A.  A.  Chase,  to  carry  on  the  busincrs 
of  motor,  electrical  and  general  engineers,  hardware  merchants,  d*>a!erB 
in  motor  and  cycle  accessories,  &c.  Private  company.  A.  A.  Cha>e  io 
first  managing  director.     Reg.  office  :    12a,  Station-road,  W>3t  Croydon. 

ELECTRIC    CONSULTING    &    SUPPLY    CO.    (LTD.)     (9,631.)— Reg.  in 

Edinburgh  un  June  26,  capital  £1,000  in  £1  shares,  to  carry  on  the  busi- 
ness of  consulting  electrical  engineers,  &c.  Private  coniijany.  First 
directors  are  J.  S.  A.  Primrose  and  R.  S.  Smith.  Reg.  office,  199,  Bath- 
street,  Glasgow. 

FILBAR  ELECTRIC  HEATER  (LTD.)  (144,2.37.)— Reg.  June  .30.  capital 
£20,000  in  £1  shares,  to  acquire  from  J.  Fillans  Barr,  of  Toronto,  the 
benefit  of  certain  invention.s  and  patent  rights  relating  to  electric  heaters, 
&c.  Private  company.  First  directors  are  J.  W.  M.  Fry,  F.  Petersen 
and  J.  Fillans  Barr.     Reg.  office,  24,  Coleman-street,  E.C. 

JOSEPH   R.   HENSON   (LTD.)     (144.270.)— Reg.  July  4,  capital  £.500  in 

£1  shares,  to  take  over  the  business  of  a  general  ironmonger,  builder.s" 
merchant,  electrical,  gas  and  general  engineer  carried  on  by  Joseph  R. 
Henson.  Private  company.  Fir.st  directors  are  Capt.  Heywood,  W. 
Seton  Karr,  J.  R.  Henson  (man.  director),  H.  George  Bowles  and  X.  A. 
Heywood  (all  permanent). 

L.  WEEKES  (LTD.)  (144,093)— Reg.  June  14,  capital  £10.000  in  £1 
shares  (1,000  founders),  to  take  over  the  businesses  (1)  of  an  electric  fuse 
manufacturer  carried  on  by  A.  L.  AVeekes  as  the  British  Electric  Cah- 
brated  Fuse  Co.,  and  of  electric  switch  manufacturers  carried  on  by  the 
"  Safetee  "  Controlling  Appliances  Co.  (Ltd.).  Private  company.  First 
directors  are  A.  L.  Weekes  (permanent  chairman  and  sole  governing 
director)  and  W.  J.  Coom.     Reg.  office  :   Langley -street,  Lutcp. 

ROBIN    HOOD    ENGINEERING   WORKS  (LTD.)     (144,205.)— Reg.  Jute 

27,  capital  £10,000  m  £1  shares,  to  carry  on  the  business  of  manufacturers 
of  and  dealers  in  sparking  plugs  and  other  ignition  apparatus  for  use  in 
internal  combustion  engines,  electrical  mechanical  and  general  engi- 
neers, machinists,  manufacturers  of  and  dealers  in  aeroplanes,  motor 
cars,  cycles,  &c.,  and  to  adopt  an  agreement  with  K.  E.  L.  Guinness. 
Private  company.     Reg.  office,  Newlands,  Putney  Vale,  Srarey 

STEVENS  PETROL-ELECTRIC  VEHICLES  (LTD.)  (144,206.)— Reg. 
June  27,  capital  £3,000  in  £1  shares  (1,500  "  A  "  and  1,500  "  B  "),  to 
carry  into  effect  an  agreement  dated  Aug.  19.  1915.  between  W.  A. 
Stevens  and  Joseph  Sankey  &'  Sons  (Ltd.),  and  to  carry  on  the  business 
indicated  by  the  title,  and  that  of  agents  for  the  sale  oi  motor  and  other 
vehicles,  &e.  Private  company,  p^irst  directors  are  W.  A.  Stevens 
(managing  director)  and  two  others  to  be  nominated  by  the  holders  of 
"  A  "shares. 

VOLTA  MAGNETO  CO.  (LTD.)  (144,230.)— Reg.  June  29.  capital 
£5,000  in  £1  shares,  to  carry  on  the  business  of  manufacturers  of  ar.d 
dealers  in  magnetos,  sparking  plugs  and  oil  kinds  of  machinery,  appli- 
ances, accessories  and  fittings  for  ignition  purposes,  or  capable  of  being 
used  in  connection  with  electric  light,  heat  and  power,  manufacturers  of 
and  dealers  in  motor  ears,  motor  boats,  airships,  aeroplanes,  &c.  Pi'ivate 
company.     First  directors  are  C.  T.  B.  Sangster  and  H.  Jelley. 

WEY    ENGINEERING    CO.    (LTD.)     (144.207.)— Reg.  June   27.  capital 

£6,000  in  £1  shares,  to  cany  on  the  business  uf  electrical,  consulting  and 
electrical  engineers,  electrical  experts,  technical  advisers,  manufacturei-s, 
contractors,  &c.,  and  to  adopt  three  agreements.  Private  company. 
First  directors  are  H.  J.  Banister,  R.  P.  Creagh  and  H.  B.  Ewbank  (all 
licrmanent,  and  the  two  last  nametl  are  joint  managing  directors).  Reg. 
office,  Baker-street,  Wcybridge,  Surrey. 

WILLIAM  WARD  &  SON  (SHEFFIELD)  (LTD.)  (144,146)— Reg.  June 
21,  capital  £2,000  in  £1  shares,  to  take  over  the  business  carried  on 
at  Sheffield  by  J.  Ward  as  Wm.  Ward  it  Son.  to  carry  on  the  business  of 
mechanical,  electrical,  contructional,  motor  and  general  engineei-s,  tool 
makers,  machinists,  &c.  Private  company.  First  directoi-s  are  J. 
Ward  (permanent  managing-  director),  Clement  Waixl,  S.  Ward  and 
Clifford  Ward.  Secretary  :  Clement  Ward.  Reg.  office  :  Surrey  Works, 
1S2,  Broadlicld-road,  Sheffield. 

MORTGAGES  AND   CHARGES. 
ORFORD   ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)— Particulars  of  £750 
debentures,  created  June  5,  1916,  have  been  tiled,  amount  of  present 
issue  being  £GoO.     Property  charged,  company's  undertaking  aid  pro- 
perty, present  and  future.     No  trustees. 
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RECEIVERSHIP. 

ELECTRO-FLEX  STEEL  CO.  (LTD.)— Notice  of  apijointmoiit  of  W.  Swan, 
.'{J,  A1'>k)( y-Hticet,  Nf-wcastlc-on-I'viip,  as  receiver  and  manager  on  June 
22,  I!)  16,  under  powers  contained  in  debenture  dated  Aug.  20,  1915,  has 
been  filed. 


ELECTRICAL  COWPANIES'  SHARE  USJ.^Oominuei. 


CITY   NOTES. 


MEMORANDA  (July  12).— Bank  rate  ',  per  cent,  (since  Aug.  8,1914). 
Consoia  (JO^.  ConsoLs  Pay  Day,  Auj:  2.  Stocks  and  Shares  Ticket 
Days,  July  27  and  Aug.  15.  Pay  Days,  July  28  and  Aug.  16.  Price  of 
BJlver.  20.1(1.  

ANGLO  AMERICAN  TELEGRAPH  CO.  (LTD.)-  The  directors  have  de- 
elan  d  ail  interim  dividend  for  ihv  (juavter  ended  .lune  'M)  of  1.5s.  ])er  cent, 
on  th"  ordinary^  stock  and  tl.  10s.  per  cent,  on  the  preferred  .stock  (le.ss 
tax),  ])ayable  on  Auis.  1. 

DIRECT  UNITED  STATES  CABLE  CO.  (LTD.)— The  board  Jiavc  resolved 
U|)on  the  ])aytnent  of  a-i  iiitciiin  dividcnil  of  2s.  ])er  share  (less  tax  at 
.'js.),  being  at  rate  of  4  j)er  cent.  ])er  annum  for  the  (juarter  ended  30th  ult., 
such  dividend  to  be  payable  on  and  after  the  :{lst  inst. 

DUBLIN  UNITED  TRAMWAYS  CO.  (LTD.)— The  directors  announce  an 
interim  dividend  for  the  lialf-year  end"d  June  30  of  4  per  cent,  on  the 
ordinary  .shares.  The;  reduction  by  1  per  cent,  per  a-inum  on  the  ordinary 
shares  is  caused  l)y  the  loss  of  over  £1 3,000  in  receipts,  due  to  the  rebellion 

MADRAS  ELECTRIC  SUPPLY  CORPN.  (LTD.  &  REDUCED.)— A  petition 
for  confirming  the  i)n.j)<)sed  reduction  of  the  eajjital  from  .CoOOjOOO  to 
j;3KO,0;)0  will  be  h-ard  by  Mr.  Justice  A:4bury  on  July  18. 

J.  STONE  &  CO.  (LTD.)  -The  net  profit  for  the  ])a.st  year  was  £133,1.")7. 
A  dividend  of  10  ])er  cent,  and  a  bonus  of  15  percent,  are  proposed  on 
the  onlinary  shares,  leaving  £207,147  to  be  carried  forward. 


METAL  PRICES. 


Messrs.  J.  B.  Garnham  &  Sons,  132,  Upp' 
date  July  II,  the  following  as  the  present  b 
New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes l5d. 

Solid  Drawn  Copper  Tubes l?ld. 

Brazed  Copper  Tubes 18ld. 

Brazed  Brass  Tubes 17d. 

Br.is£  Wire 16|d. 

Copper  Wire 181d. 

Rolled  Brass ISJa. 

Brass  Sheets Ibid. 

per  ton. 

Copper  Sheets    CHS    0    0 

Spelter £44    0    0 

Mr.  A.  Joseph,  Earl-street,  London-road, 
July  11,  the  following  approximate  prices o 

per  ton. 

Aluminium  Cuttings £95    0    0 

Clean  Mixed  Brass £54     0    0 

Clean  Cooper £82    0    0 

Braziory  Copper £70    0    0 

Gun  Metal £72    0    0 


3r  Thames-streat,  London,  E.G.,  quote  under 
a>is  prices  of 

per  ton. 

English  Lead £23  15    0 

Antimony Nominal. 


Old  Mbtals. 


per  ton. 


Clean  Copper  Scrap -Jo 

Clean  Brass  Scrap £50 

Braziery  Copper  Scrap £70 

Old  Load £22 

Old  Zinc £3J 

Hollow  Pewter £118 

Black  Pawter £70 

Gun  Mstal £67 

Siuthwark,  London,  S.E.,  quotes  under  date 

f  Scrap  Metais  :— 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

per  ton. 


Old  Lead £24  0 

Tea  Lead £22  0 

Old  Zinc £33  Q 

Hollow  Pewter £l20  0 

Shaped  Black  Pewter £85  0 


Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  ;  Plumber's  Solder  (in  bar 
or  strip),  £86  ;  Commercial  Tinman's  Solder.  £112;   Blowpipe  Solder,  £122. 


ELECTRICAL  COIVIPANIES'  SHARE  LIST. 

What  were  known  as  "  offioial  quotations  "  are  not  now  issued,  but 
we  give  below  the  latest  prioos  at  which  actual  transactions  took  pla0  3 
on  01  before  Tuesilay,  July  1  1  The  greatest  care  is  taken  in  compiling 
these  6gurei,  but  the  difficulty  of  verification  is  now  much  inoro.vsed. 


NAME, 


Priet, 

TUM., 

July  11. 


Electricity  Supply. 

Bournemouth  &  Poole  E.L.  Ord 

Do.    41";,  Cum.  Pref 

Do.    6%Cum.2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Dsbs... 

Do.    4|%  Pref 

Do.    Ord 

Do.    City  Pref 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Dab 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pref 

Do.     5%  Deb.  St 

Do.     44%  Debs 

County  of  London  Ord 

Do.     6%  Pref 

Do.     1st  Deb 

Do.    2nd  Deb 

Edmundson's  Elec.  Supp.  44%  Deb3... 
Kensington  and  Knlghtsbrldge  Ord.  .. 

Do.     Deb.  Si 

London  Elec.  Supp.  6?^  Pref 

Do.     4"i  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

MidUnd  Eloc.  Corpn..l.';t  Mort.  Deb.  St. 
Newca-.tle&  DM.  EL.  b"„  2nd  Dbs  .. 
NeACistle-'on-TvneE  S.5"„2dMt.Db.Sl. 
North  Metropolitan  E.  P.  Supp.  6%  Prel 
South  London  E.&  Ord     


9,', 
8,V 

6. 

83 
794 

3J 

3J 

2«t 

31 
87 1 
12,1, 

104 

974t 

3lt 

101 

lOJ 

B71t 

834 

75i 

5 

794 

•»■; 

804 

2J 
80 1 
99t 
994 
92 

1 

217 
It 


Rath 

PBR  CSKT 

YlBLDBD. 

e     S.   d. 

6    10      2 

5   11     8 

5  19    3 

7  12    5 

4  19    5 

5     0    0 

5    0     8 

7     4     0 

7     2  10 

7  13     2 

6     8    0 

5    3     5 

6    9   U 

5  14    3 

4   17     b 

5  11      1 

6  11     9 

5  It     1 

5    4     2 

5    7     4 

5  18   10 

7    0    0 

5     1     0 

6  15     b 

4  19     9 

6    0    0 

5  11     b 

5     I     0 

6    0     6 

5     8     8 

6    0    0 

7    0    8 

DiVIDSSO 

Dub. 


Mar,  Sept 
Feb,  Aug 
Feb  Au? 
Mar,  Seot 
Mar,  Aug 

Jan,  July 

Aug.  Feb 
Jun,  Dec 
Mar,  Sept 
Jan,  July 
Feo,  Au^ 
Mar,  July 
Jun,  Dec 
Jii:i,  Dec 
Mar.  Sept 
Feb,  Au< 
Jan,  July 
My,  No» 

July 
Feb,  Au? 
Jan,  July 

Jan,  July 
Mar,  Aug 

Ian,  luly 
Jan,  July 
Mar.  Sept 
Mar,  Sspt 

Apl,  Oct 
Mar,  Sept 


5 1  Last  I 
X  Divi- 
w|dend' 


NAME. 


5  8%  1 

i^    34% 
St  44% 

5  7?2 
5  44% 

i^     5% 

St-     4»i 
St     4% 

St.    4% 

A' 4 

it » 

St;    34% 


July  11.         YtBLDKD.  I^"«- 


Do. 
Do. 
Do. 
Do. 


100   6% 


10  10% 
10  5% 
12  20% 
100    4% 


St. 
St 


44%  I 


30/0 

1*%; 

4%  ' 
10,  5-!i  I 
10    10%' 

5'  5/0    ] 
10    4%   I 
St.       H- 

St,  aiJ^o 

St  4%  I 

St  4^  I 

10  8%   I 

10  2H 

25  13%  i 

I  10*4  I 

.i    ^%   I 
10    1% 

10    b" 

10    8}i   I 

••  4»% 

I  74d. 

I  10% 

St.  4% 

St.  44% 

5  8".i 

o^  '■';<' 

St,  44^ 

10    6% 

10    b% 
103    5", 
4" 

i65  6*^^ 

S   3A) 
SL     5% 

10      b/- 
SL   44% 
5    »% 

5,  5% 


Electricity  Supply— w/U. 

St  James' &  Pall  Mall  Ord 

Do.  do.  Pref 

Doi  do.  Debs 

Urban  Elec.  Supp.  44%  Db.  St    

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord i 

Do.     44%  Cum.  Pref i 

Electric  Railways  &  Tramways.  | 

British  Elec.  Traction  5%  Debs 

Do.    6%  Cum.  Pref ■ 

Central  London  Guar.  Assented  Ord.  . . 

Do.        do.        Assented  Def.  Ord.   .. 

Do.    44%  Pref 

Do.    4%  Deb.  St 

City  Si  S.  London  Deb 

Do.     Pref.  1396    

London  Electric  Ry.  Ord 

Do.    4%  Pref 

Do.    4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     34%  Pref 

Do.    34%  Convertible  Pref 

Do.    34%  A  Debs 

Do.     34%  Debs 

Metropolitar.  Dist  Ry.  Ord 

Do.    4%  Prior  Lien    

Do.    44%  First  Pref 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.    6%  Pref 

Brit  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.  Cm.6%  Praf. 

British  Thomson-Houston  Db 

Brit  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs 

Do.    4%  Mort  Deb.  St 

Callender's Cable,  Stc,  Co.  Ord 

Do.     5%Pref 

Do.       44%  Debs 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  &  Swan  U.EIec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.     7%  Cum.  Pref 

Do.  4%  Debs 

General  Electric  Ord 

Do.    6%  Pref 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. . 

Do.      44%  Cum.  Pref 

Do.     44%  Db 

India  Rubber,  G.  P.  Itc..  Ord 

Do.  Pref 

Tele?h.  Con.  &  Main.  Co 

Do.     4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    44%  2nd  Debs 

Willans  &  Robinson  B.  Cm.  Prof 

Do.     IstMt.  Deb.  St 

Telegraphs. 

Anglo  Ameri>:an  6%  Pref.  Or  J 

Do.     Def.  O.-d 

Commercial  Cable  4%  Debs 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Dirsct  Spanish  10%  Pref 

Direct  United  States 

Eastern  Tel.  Co.  Ord 

Do.    34%  Pref 

Do.     4%  Dobs 

Eastern  Entonsion Tel. Co.,  4%  Dsbs... 

Do.    Ord .- , 

Gt  N">rthem  TeL  Co.  Ex.  Coup.  10. . . . 

Indo-European    , 

Marconi's  Wireless  Tol.  Co 

Do.     7?i  Pref 

Wast  India  &  Panama  Ord 

Do.     1st  Pref , 

W«»t»m  Tele<th.  Co ..., 


W«t*m  Union  5J  yr.  Bds 

Telephones. 

M^nlr-  Video  Telephn.  Ord  

Oriental  Telephone  Ord 

Do.     Dti  St « 

Telephn.  C->  of  E?ypl  Db.  St 

Unltei  '  .  eOrd 

Do.  I'lef 

D^     .        .     

Financial  and  Investment. 

Globe  Telo^n.  &  Trust 

Do.     6%  PI 

Mackav '",  nit.r,  lej'Comnxi 

Do.      '  

SubTi..  TrustCerts 

Colonial  and  Foreign  Electric 

A'leui ;«  (-:'«;.  Suri'ly  e  ,,  P.el 

Do.     --'o  H'  •    , 

Bomb*v  1-    ;;   «iT6%Pr«l , 

D-->.     St  .,  I>-        

Calcutta  r    :-       Tp.Ori".'... '.'.'.'.'.'.'.. 

Da.     i^PfeJ  


5» 
5» 

74 1 

714 
I,', 
6* 
44 1 

83 
79t 
731 
72. V 
81 
76 
72 
70  i 

2A 
'-.9 
76 
271 
66 
62} 
70i 
71 

\9i 
764 
744 

no 

77 

77il 

70' 

2» 

144 

1  '., 
92it 
\i 
Wi 

5A 

"a 

91t 

^i 

10j4 
65Jt 
124 

4t 
8_lt 

'i 
59 1 

i 

»• 

7<i 
lift 

lot 

154 

4t 
874 
12.  t 

8?,t 

40 
954t 

Hi 

t» 
79i 
994 
40i 
56 

1054 

23 

70t 

34 
I3i 

74 

fcl 
\5il 
67 
78J 
734 
15* 
374 

3| 

2H 

U'i 

71 

I4«t 
774t 
994 

i; 

2 
794 1 

83t 
6*: 
4ttt 

85Jt 

134 
11 
«»34 
67 
125 


fi    8.  d. 

6  17  8 
6    0    5 

4  14  8 
6  5  10 
6  113 

5  13    2 

5  5  11 

6  0    6 

7  U  11 
5  9  4 
5  10  4 
5  7  2 
5  5  3 
5  13  11 
7  1  4 
5  14  3 
5  16  1 
5    5    3 

3  13 
5  6 
5  12 

4  19 
4  18 


5  4    7 

6  1  3 
5  9  1 
5  3  11 
5  3  3 
5  14    4 


2 
4 
3 
0 
0 

7  10    0 

5  15    8 

6  12    5 

4  18  11 
6    0    0 

5  19    5 

6  2    2 

8  5  10  i 

6  5    0 
5     7     2 

7  2     3 


5     4 
10    0 

7  4 

5  11 

8  11 

6  0 
6  12 

4  14 

5  2 
8 
6 
6 
4 
4 
5 
5 


3 
0 
6 
6 
1 
0 
3 
9 
9 
4  6 
1     8 


0 
6 
1 
6 
0 

4  10     8 
10    5    6 

7     2  10 

5  14     2 

6  17  10 

5  14     3 

6  1     3 

7  5    5 

6  13    4 

7  16  10 

6     2 

4 

1 

2 

6 


Feb,  Aug 
Feb,  Aug 
Jan,  Doc 
Apt,  Oct 
Mar,  Aug 
Mar,  Sept 
Jan.  July 

Apl,  Oct 
Fib,  Au« 


Jan.  July 
Jan,  July 
May.  Not 
Fib.  Aug 
Jan.  July 
Mar.  Sepl. 
Jan,  July 
Feb,  Aug 
Fob,  Aug 
Fob.  Aug 
Jan,  July 
Jan.  July 
Feb,  Aug 
May,  Not 
Fob,  Au« 
Jan,  July 
Jan.  July 
Jan,  July 
Mar.  Sopt 

Apl,  Oct 
Apl,  Oct 

Mar 
Ian,  July 
Jan.  July 
Aug,  Fob 
Jan,  July 
Mar,  S«p 
Fob,  Aug 

April 
ApTOct 
Jan,  July 
Jan,  July 
Fob,  Aug 
Jun,  Doc 

Sept 
Feb.  Aug 
Jun,  Doc 

May 
Jan,  July 
Jan,  luly 

Jul/ 
Jun.  Doc 
Fob,  Aug 

Jun,  Doc 
Fjb,  Aug 
Apl,  Oct 
Mar.  July 
Jan.  July 
May,  Aug 
May,  Aug 
Jun.  Dec 
Jun.  Doc 


Fb,My.Aug.N 
Fb,Mv,Aug,N 
Ja.A?  Jiy.O 
May.  Not 


6 
7 
3 
3 

5  16     7 

6  16  10 
2  19    3 

9 


8  19 
7  17 
5  a 
5    3 


4  lU  10 

7  13     7 

5  0    0 

son 

5  8    5 

5  18    0 

5  6    8 

S  5    3 


4  11 

5  9 
5  19 
5  19 
4  16 


Supply,  &C. 

6     0 


U.Ap.Jly.O 

Ja.My.Jly.O 

Ja,My,Jly.O 

May,  Nov 

Fob,  Aug 

Ja.  Ao.Jly.O 

Ja,  My,  Jly 

Mayi  Not 

April 

July 

May.  Not 

May,  Nov 

Mr,Jly,O.D»: 

Jun,  Doc 

May,  Not, 

Not. 
Apl,  Oct 
Jan,  July 
Jan,  July 
Apl.  Oct 
Ian.  July 
Jan.  July 

Sp,Dc.Mr,In 

Sp.Dc.Mr.Jn 

9     Ja.Apl.Jly.O 

J«,Ap.Jiy,0 

Apl.  Oct 


94* 
4ft 


0 

5    5  10 
5  14     3 

5    4   11 
7     6  11 

597 


Mar,  Sept 
Jun,  Dk 

Jan.  July 
May.  Not 
Mar,  Sopt 


t  Ei  dividend  or  IntarMti 


t  Ei  diTtdond  or  tntarart< 
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NOT  e:  s. 


Save  Us  From  Our  Friends. 

Lord  Haldane's  advocacy  of  a  more  efficient  system  of 
English,  education  must  raise  serious  misgivings  in  the  minds 
of  persons  really  concerned  with  the  preparation  cf  oiu'  young 
people  for  their  life  work.  Lord  Haldane's  action  is  likely 
to  be  extremely  harmful  for  two  reasons — firstly,  because  if  he 
speaks  of  education  at  the  present  moment,  edi<cation  becomes 
automatically  discredited  with  a  considerable  section  of  the 
public,  and,  secondly,  because  what  he  wants  is  likely  to  be 
bad  in  itself.  The  Report  of  the  Royal  Commission  on  London 
University,  over  which  Lord  Haldane  presided,  shows  the  sort 
of  system  that  he  wants,  and,  just  as  the  adoption  of  the 
recommendations  of  that  Report  would  have  a  disastrous  effect 
on  the  University,  the  putting  into  effect  of  his  suggestions  in 
the  House  of  Lords  would  perpetuate  the  worst  and  destroy 
the  best  parts  of  our  present  system.  What  Lord  Haldane 
appears  to  want  is  a  very  limited  number  of  special  schools, 
both  for  the  University  and  the  Country,  fortified  with  privilege, 
responsible  to  nobody  except  themselves,  removed  from  the 
trouble  of  competition  and  accepted  as  perfect  without  test. 
AVhat  the  public  needs  is  a  large  number  of  schools,  responsible 
for  their  work  to  a  general  directing  organisatioi  ,  working  to  a 
definite  minimum  standard,  proved  before  being  approved, 
and  putting  the  best  educational  facilities  within  reach  of  all 
classes. 


Lord  Haldane  and  those  who  think  vvith  him  begin  by  .suppos- 
ing that  only  a  particular  type  of  school  can  produce  a  man 
whose  opinion  is  valuable.  They  then  ask  the  men,  whose 
opinions  they  value,  what  is  the  best  type  of  school,  and  are 
confirmed  in  their  original  belief.  Let  us  get  back  to  proved 
facts,  of  which  there  are  very  few  in  English  education.  Lord 
Haldane's  schemes  for  the  University  remove  the  Internal 
student  from  rude  competition  with  men  who  are  not  Internal 
students.  Sometimes  one  wonders  whether  he  reahses  this, 
whether  he  understands  how  much  the  wind  of  the  examination 
room  is  tempered  for  the  Interral,  whether  he  has  taken  the 
trouble  to  compare  the  searching  test  to  which  the  External 
student  is  subjected  with  the  lighter  ordeal  of  that  favoured 
candidate  Avho  is  supposed  to  have  had  better  teaching. 
Probably  he  has,  as  he  seems  to  approve  a  similar  system  for  all 
England.  Before  legislating  for  the  schools  let  our  masters 
ask  whether  a  system  of  Internal  and  External  students  for  the 
whole  country  is  desirable.  Whether  it  is  desirable  that  there 
should  be  a  limited  number  of  schools  from  which  the  majority 
of  public  servants  must  come,  or  whether  we  need  a  system  of 
schools  in  which  the  results  are  fairly  tried,  and  the  best 
material  that  can  be  obtained  from  every  class  is  sorted  out  and 
hall-marked  as  being  the  best. 


Lord  Haldane  gives  one  the  idea  that  the  Secondary  Schools 
are  enough  to  make  one  weep.  What  does  he  mean  ?  Are 
tliey  inefficient  ?  Do  they  produce  the  wrong  type  of  man  ? 
Have  they  been  given  a  reasonable  chance  ?  The  method  of 
assessing   Enghsh  Schools  is   a   vicious  circle   of   argument. 


Vacuum  Treatment  of  Iron. 

From  time  to  time  we  have  given  some  account  of  the 
remarkable  work  of  Prof.  T.  D.  Yensen  upon  the  effect  of 
vacuum  fusion  on  the  magnetic  properties  of  iron.  So  far, 
these  investigations  have  been  carried  out  upon  the  purest 
iron,  obtained  by  electrolysis,  and  they  have  been  looked 
upon  rather  as  of  theoretical  than  of  practical  importance.  In 
our  present  issue,  however,  we  publish  an  ar+icle  by  Prof. 
Yensen  on  the  effect  of  this  treatment  on  pure  open-hearth 
iron,  and  it  is  interesting  to  note  that  a  permeability  exceeding 
20,000  was  obtained.  Briefly,  it  may  be  said  that  by  this 
treatment  the  maximum  permeability  was  increased  from 
two  to  three  times,  and  the  hysteresis  loss  was  decreased  by  a 
corresponding  amount.  The  conclusion  is  reached  that 
nearly  as  good  results  are  obtainable  by  the  treatment  of 
pure  open-hearth  iron  as  with  pure  electrolytic  iron.  There 
seems  to  be  very  little  difference  between  the  treated  and  un- 
treated iron  in  other  respects,  though  the  treated  iron  was 
found  to  be  slightly  more  de^.se  and  the  crystals  appeared  to 
be  larger.  It  cannot  be  said,  however,  that  large  crystals 
necessarily  occur  with  high  pevmeability.  The  present  investi- 
gation is  of  great  interest,  as  it  serves  to  show  that  it  may  be 
worth  while  to  apply  vacuum  fusion  to  the  best  grades  of 
commercially  pure  iron,  as  distinct  from  iron  which  has  been 
purified  by  special  means,  and  consequently  it  may  be  that  very 
high  permeabilities  so  obtained  will  become  of  commercial 
impouance. 
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"  The  Electrician  "  Monographs 

Earlier  in  the  year  when  the  last  instalment  of  3Ir.  E.  A. 
Biedermaxn's  article  on  the  "  Dispersion  of  Induction  Motors  " 
was  published,  we  announced  that  it  was  our  intention  to 
reprint  the  article  as  a  pamphlet.  In  this  issue  Dr.  Smith 
concludes  the  first  of  the  important  series  of  articles  on  the 
"  Design  of  Electromagnetic  Machinery."  The  article  on 
"  Continuous-current  Machines,"  which  has  run  through 
seven  issues,  will  be  re-issued  shortly  in  pamphlet  foim  for  the 
benefit  of  students,  as  well  as  of  those  who  are  engaged  in  the 
design  of  such  machinery.  Our  readers  will  remember  that  in 
this  article  an  attempt  has  been  made  to  illustrate  the  principles 
underlying  the  working  of  continuous-current  machines,  and 
the  application  of  these  principles  to  tlie  design  of  continuous- 
current  generators.  The  great  importance  of  obtaining  a  good 
armature  winding  on  till  commutator  machines  has  been 
emphasised,  and  rules  have  been  given  to  enable  the  designer 
to  obtain  the  best  winding  in  a  given  case.  In  the  illustrative 
design  Dr.  Smith  cliotie  an  example  wliere  it  was  found  best  to 
use  a  four-circuit  wave  winding,  and  he  applied  the  rules  of 
symmetry  to  show  how  simple  a  problem  it  is  to  obtain  the  best 
winding  in  such  cases.  It  has  been  decided  to  call  these 
reprinted  Papers  "  ]\Ionograplis,"  in  order  that  they  shall  not 
be  confused  either  with  the  "  Primers  "  we  publish  or  with 
The  Electrician  Series  of  Books. 


output,  will  convince  dear-minded  people  that  a  holiday  in  the 
near  future  will  be  necessary  to  carry  the  munition  worker  over 
the  winter.  Failing  this,  it  is  likely  that  increasing  the  working 
time  will  reduce  the  output. 


>   ^ 


The  L.C  C.  Tramways. 

i'"KO.M  tlu;  statement  which  has  l)een  issued  by  the  Highways 
Committee  upon  the  working  of  the  London  County  Council 
Tramways  during  the  past  financial  year,  it  appears  that  there 
is  a  net  deficit  of  £73,795.  Considering  that  the  estimated 
deficit  was  £64,160,  and  that  during  the  year  there  was  a  very 
regrettable  tramway  strike  which  caused  a  loss  amounting  to 
over  £1U0,U00,  it  may  be  said  that  the  result  is  more  satis- 
factory than  might  have  been  expected.  We  need  scarcely 
remark  that  the  whole  position  is  entirely  abnoimal,  and  for 
this  reason  it  is  difficult  -o  criticise  the  figures.  For  example, 
war  allowances  have  risen  from  £42,209  to  £95,364.  But 
among  the  most  disquieting  features  of  the  position  we  may 
mention  that  the  reserve  fund  now  only  amounts  to  £70,119. 
and  in  all  ])robab'lity  at  the  end  of  the  present  financial  year 
this  fund  will  be  completely  wi])ed  out  by  the  estimated 
dcficioK^'  of  £74,092.  Moreover,  the  renewals  fund  has  been 
stationary  since  the  year  1912-13.  and  considering  the  fact  that 
renewals  cannot  be  fully  carried  out  at  the  i)resent  time,  the 
cost  on  this  account  is  likely  to  be  very  heavy  during  the  next 
few  years.  Having  regard  to  the  whole  ])osition,  we  are  not 
sur])ri»e(l  that  both  the  Fiiiance  Committee  and  the  Highwayt; 
Committee  view  the  .situr.tion  with  conniderable  anxictv . 


The  Postponement  of  the  Holidays. 

\Vk  iniiigiuc  that  the  people  at  heme  will  forego  the  August 
holiday  with  .i  good  grace.  All  hough  it  is  relatively  easy  for 
us  to  foreg<»  iiclidays  in  face  of  the  good  lu'ws  of  the  past 
fortnight,  we  jtope  that  no  m<»re  ])romises  will  be  broken.  Iji 
the  ])ast,  lov  reasons  that  are  not  clear  to  us,  a  gooil  deal  oi 
mud  has  been  thrown  at  the  munition  worker,  anil  it  would  be 
well  Ini  those  who  criticise  to  remember  that  the  munition 
Worker  is  neither  better  nor  worse  than  themselves.  Our 
reason  tor  ho])iiig  that  )>romi.ses  made  by  the  Minister  (<f 
Munitions  will  he  kejjt  is  l)ecause  many  of  our  workers  have 
reached  the  part  of  the  curve  close  to  the  breakdown  point. 
W'f  know  ot  munition  fact.ories  in  which  men  toil  from  7  a.m. 
to  10  p.m..  with  a  15-mile  jounu'y  to  and  from  work.  Cases, 
of  which  tlu>  Ministry  of  iMuiUtions  surely  have  knowledge,  of 
men  working  from  7  a.m.  on  Friday  till  1  ]).m.  on  Saturday, 
with  the  customary  breaks  for  meals,  in  order  to  increase  the 


Nobel  Prizes. — It  is  stated  that  the  Swedish  Government  has 
decided  to  postpone  the  distribution  of  the  Xobel  prizes  for 
physics,  chemistry,  medicine,  and  literature  for  1916,  together 
with  those  reserved  from  last  year,  until  June  1.  1917. 

Australian  Commonwealth  Traders'  Commission.-The 
Commonwealth  Government  has  agreed  to  the  ajipointmeat  of  a 
Commission  representing  manufacturers  and  employes  to 
investigate  and  report  in  six  months  upon  various  trades  in 
America,  including  the  engineering  and  iron  trades. 

Tasmanian  Government  Undertakings. — A  Launceston 
syndicate  has  made  an  offer  to  the  Government  to  construct  a 
railway  down  the  west  bank  of  the  Tamar  to  the  cement  and 
steel  works,  and  to  provide  a  main  to  transmit  electrical 
energv  from  the  Great  Lake  at  a  cost  of  £500,000. 

Manufacture  of  Zinc. — At  Drammen,  Norway,  new  zinc 
works  are  about  to  be  started  for  the  extraction  of  zinc  by  an 
electric  wet  process,  invented  by  a  Belgian  engineer,  M. 
Sturbelle.  Raw  materials  for  the  first  year,  about  10,000  tons, 
have  been  secured,  and  special  attention  will  be  paid  to  ores 
containing  from  8  to  30  per  cent,  zinc,  which  have  hitherto 
been  considered  as  really  worthless. 

Electric  Ranges.  —An  article  by  Mr.  H.  C.  Hopkins  in  the 
"  Electric  Journal  "  on  the  above  subject  gives  a  table  showing 
the  v.-eight  of  meat  saved  by  electric  cooking.  Ribs  of  beet 
cooked  l)y  coal  lose  21  per  cent.,  as  against  18-6  per  cent,  when 
cooked  electrically.  Mutton,  31-7  for  coal,  as  against  15-8 
electric.  Shoulder  of  mutton,  25-7  by  coal,  as  against  11-1  per 
cent,  by  electricity.  A  series  of  illustrations  of  ranges  are 
given  in  the  article,  one  of  which  is  a  combination  Westing- 
house  gas  and  electric  range. 

Critical  Shaft  Speeds.— There  has  lately  appeared  in  the 
"  Engineer  several  instructive  articles  on  the  above  bv  Mr. 
W.  M.  Wallace.  A.R.C.Sc.  In  the  third  of  the  articles  Dr. 
Chree's  a)ul  Dr.  Stodola's  theories  are  discussed,  and  a  simple 
theory  of  gyroscopic  action  is  worked  out.  As  the  articles  are 
amply  illustrated,  this  most  difficult  subject  is  made  clearer 
than  is  usually  the  case.  Fonnuloe  are  arrived  at  by  means  of  a 
new  and  .sim])ler  method,which  should  be  of  interest  to  students. 
Electric  Railways  in  Sydney.  The  "  Engineer "  states 
that  the  report  oji  the  new  electric  railways  has  now  been 
published.  The  inner  zone  railways  to  Parramatta,  Hornsby, 
Sutherland  and  Bankstown  are  to  be  changed  from  steam  to 
ele' trie  traction,  the  city  line  is  to  be  rebuilt,  and  lines  laid  to 
the  eastern,  western  and  northern  suburbs.  Two  cantilever 
bridges  are  to  be  erected  across  the  harbour,  small  branches 
electrifiwl  and  an  underground  railway  constructed.  The 
total  cost  will  lie  r2(k(tit().(t<ll). 

Trade  After  the  War.  A  committee  has  been  ajipointed  by 
the  Prime  Minister  to  consider  the  commercial  and  industrial 
])()licy  to  be  followed  after  the  war.  and  with  special  reference 
to  the  following  (juestions  :- 

(ii)  Wlint  iii(lu>tries  an-  e.^sential  to  the  future  .<»afoty  of  tho  nation  : 
ami  wiml  st<j<.s  sliould  Ik-  tukm  to  maintain  or  ostaMish  tliom  ? 

(h)  Wliat  sti  p.s  should  Ix-  taken  to  n^ruvor  home  and  foreign  trade  lost 
during;  the  war,  and  to  secure  now  markets  ? 

(r)  To  what  extent  anci  l>v  what  means  the  resourees  of  the  Empire 
.■^hoidd  ami  can  Ik-  (UvcIoimmI  ? 

{d)  To  what  extent  and  l>y  what  means  tho  soun-es  of  supply  within 
till-  Kmpiro  ean  Im>  i>reventoJ  from  failinp  under  fon-ifrn  eontrol  ?  -i  •  «i 
The  Comnnttee  is  eompoMMl  as  follows  :  The  Hiiiht  Hon.  Lord  H.-iUour 
of  Hurleinh.  K.T..  (J.C.M.t;.  (chairman)  :  Mr.  .Arthur  Uaifour.  Mr.  H. 
(u.slinn.  Mr.  W.  A.  S.  Hewins.  M.P..  Mr.  A.  H.  Illinuworth.  M.P.,  Sir 
.1.  r.  Mael.iy.  l'.art..The  Uivht  Hon.  Sir  A.  Mend.  H.irt..  M.I'..  Mr.  Arthur 
PesM'.  .Mr.  i{.  K.  rn.lhoroe.  M.I'..  Sir  Fre<leriek  H.  Smith.  Hart..  Mr.  tJ.  .1. 
W  ardle.  .M.I'.,  topther  with  tho  following  gentlemen,  who  an'  presiding 
over  Hoanl  of  Tr.ide  CommitttH^s  on  tho  position  of  iniport.ant  iiulustries 
after  the  war  :  Sir  H.  Hirchenough.  K.C.M.G..  Lord  Faringdon.  Sir 
C.  C;.  Hyde.  The  Hon.  .Sir  C.  A.  Parsons.  K.C.B..  F.H.S..  Lord  Hhondda 
and  Mr.  (J.  .Scohy  Smith.  Mr.  I'erey  Ashley,  of  the  Hoard  of  Trade,  and 
Mr.  C  ('.  I'l^ott.  of  the  Treasury,  have  \xcn  appointed  secretaries  to 
the  Committee. 
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OBITUARY. 

C'  LiJCEY. — We  regret  to  record  the  death  of  Mr.  C.  Lucey,  who 
for  seme  years  was  ))ublicity  manager  of  Crompton  &  Co.,  from  wliom 
he  went  to  the  Manchester  office  of  the  General  Electric  Co.  He  was 
M'ith  the  latter  iirm  at  the  time  of  his  death,  which  took  place  at  the 
Parkhill  Sanatorium,  near  Liverpool,  on  the  9th  inst.  For  many 
years  Mr.  Lucey  was  a  sufferer  from  tuberculosis,  to  which  he  finally 
succumbed.  We  extend  our  sincere  sympathies  to  his  widow  and 
children. 

Killed  in  Action. — j^mongst  the  deaths  in  action  or  as  the  re.sult 
of  wounds,  or  otherwise  while  on  military  service,  which  have  been 
recorded  during  the  past  week,  are  the  following  : — 

Lieut.  W.  C.  M'Conncll  (Roval  Irish  Rifles),  aged  36,  who  was  killed  on 
July  8.  He  was  a  partner  in  the  firm  of  M'Connell  &  Bailey,  mechanical 
and  electrical  engineers. 

liieut.  R.  P.  Eason  (Lincolnshire  Regt.),  aged  21,  who  was  killed  on 
July  1.  Just  before  the  outbreak  of  the  war  he  passed  the  Inter  B.Sc. 
Engineering)  Exam,  at  University  College,  London. 

Second-Lieut.  C.  W.  Ellis  (Yorkshire  L.  I.),  aged  19,  killed  on  July  2, 
was  articled  to  Messrs.  Marriott,  Son  &  Shaw,  civil  engineers,  Dewsbury. 

Capt.  R.  D.  Johnson  (R.  F.),  aged  3.5,  killed  on  July  7,  was  an  inspecting 
engineer  for  the  National  Boiler  &  General  Insurance  Co. 

Capt.  N.  Vaudrey  (Manchester  Regt.),  aged  31,  died  on  May  2,  when 
with  the  Eastern  Expeditionary  Force.  He  was  a  civil  engineer  with 
Messrs.  Edmund  Nuttall  &  Co. 

Capt.  W.  M.  Johnson,  M.A.  (Manchester  Regt.),  killed  in  action  on 
July  1,  was  formerly  a  member  of  the  firm  of  Richard  Johnson, 
Clapham  &  Morris. 

Companj^  Sergt.  Major  H.  Gill  (West  Yorkshire  Regt.),  who  was 
wounded  a  few  days  ago  and  died  two  days  later,  was  an  electrical 
engineer,  of  Leeds. 

Capt.  A.  Lee  Wood  (Lancashii-e  Fusiliers),  aged  30,  killed,  was  a  B.Sc. 
of  Manchester  Universit}^  and  was  connected  with  the  Lancashire  Dynamo 
&  Motor  Co.,  whom  he  had  represented  in  India. 

Second-Lieut.  G.  B.  Hasler  (Bedfordshire  Regt.),  aged  19,  killed  on 
June  26,  was  an  engineering  student  at  the  City  &  Guilds  Technical 
College. 

Lieut.  C.  W.  Fitch  (Queen's  W.  Surrey  Regt.),  aged  20,  who  has  been 
killed,  was  proceeding  with  his  engineering  diplomas  at  the  City  &  Guilds 
Engineering  College  when  the  war  broke  out. 

Second-Lieut.  P.  F.  Murphy  (R.  E.)  was  killed  recently.  He  was  an 
Associate  Member  of  the  Institution  of  Civil  Engineers  and  gave  up  an 
appointment  in  Canada  when  the  war  broke  out. 

Lieut.  H.  Lomas  (Manchester  Regt.),  killed  on  July  1,  was  an  engineer 
of  Baltimore,  U.S.A.,  and  a  graduate  of  Manchester  University. 

Lieut.  H.  M.  McLellan  (Manchester  Regt.),  killed  on  July  9,  was  an 
engineering  student  at  the  Manchester  School  of  Technology  and  a  pupil 
at  Mather  &  Piatt's  works. 

Gunner  R.  Wood  and  Gunner  J.  Riding  (Lancashire  County  Palatine 
Artillery),  formerly  Burnley  municipal  tramwaymen,  have  been  killed 
in  action. 

Capt.  D.  Home  (Northumberland  Fusiliers),  aged  40,  has  been  killed 
in  action.  He  was  formerly  assistant  to  his  father,  who  was  manager  of 
Messrs.  Cowans,  Sheldon  &  Co.'s  works  at  Carlisle,  and  subsequently  he 
was  the  representative  at  Newcastle  of  Crompton  &  Co. 

Private  A.  Meeson,  of  Leeds  Gas,  Water  &  Electric  Light  department, 
is  reported  killed. 

Lieut.  E.  B.  R.  Scott  (R.E.),  aged  20,  who  was  killed  on  July  11,  joined 
the  I,ondon  Electrical  Engineers  at  the  outbreak  of  the  war,  and  at  the 
Front  he  acted  as  brigade  signalling  officer. 

Second-Lieut.  N.  D.  Edinborough  (Middlesex  Regt.),  aged  22,  was 
killed  on  July  1.  He  was  an  Associate  of  the  Institution  of  Electrical 
Engineers. 

Lance-Corporal  P.  J.  Eldridge,  who  was  recently  killed  in  action,  was 
24  years,  and  a  B.Sc.  (Eng.)  of  the  University  of  London.  He  graduated 
with  first-class  honours  in  physics  in  1912.  He  went  to  the  front  in 
March  last,  and  had  been  recommended  for  a  commission. 

The  death  of  Lieut.  Trevor  Wilkins,  of  the  Northumberland  Fusiliers, 
is  announced.  Deceased  graduated  B.Sc.  degree  in  mechanical  engineer- 
ing at  Biimingham  University,  and  was  awarded  a  Bowen  scholarship, 
time  which  he  devoted  to  a  research  on  the  Diesel  oil  engine.  He  is 
reported  to  have  obtained  important  results,  which  have  not  yet  been 
published. 

The  death  is  announced  of  Capt.  H.  F.  L.  Sillars  (A.  &  S.H.),  a  former 
student  of  electrical  engineering  in  the  Royal  Technical  College,  Glasgow. 
The  deceased  officer  was  21  j'ears  of  age. 


PERSONAL. 


Mr.  C.  W.  Shepherd,  late  general  manager  of  the  Edinburgh  & 
District  Tramways  Co.,  and  who  has  recently  been  acting  as  secretary, 
has  been  compelled  by  ill-health  to  resign  his  position  with  the  com- 
pany, and  Mr.  John  Wiseman  has  been  appointed  secretary.  Mr. 
Shepherd  was  appointed  general  manager  in  1906. 

At  Sheffield  Corporation  Electric  Power  Station,  Kelham  Island, 
last  week,  Mr.  J.  R.  Williams,  power  station  superintendent,  was 


presented  with  a  silver  flower  stand  and  entree  dish  by  the  staff  and 
employes  of  the  electric  supfiiy  department  on  the  occasion  of  his 
marriage. 

Two  sons  of  -Mr.  W.  0.  T.  (ioodiiuui,  chief  engineer  and  general 
manager  of  the  -Adelaide  Municijjal  Tramwavs  Trust,  liave  enlisted 
for  active  service.  The  elder,  Mr.  C.  W.  Goodman,  B.E.,  enlisted  in 
December,  and  is  now  a  Lieutenant  in  the  Engineers.  The  younger, 
Mr.  R.  (L  (ioodman,  medical  student,  went  to  Egypt  as  a  jjrivate  in 
the  A.M.C.  in  November,  and  is  now  a  Lieutenant  in  the  50th 
Battalion  A.LF. 

Woi'NDEU. — We  regret  that  during  the  past  week  tlie  following 
officers  and  men  have  been  reported  wounded  : — 

Second -Lieut.  R.  S.  Robertson  (K.O.S.B.),  aged  22,  is  reported  wounded. 
He  was  an  engineering  student,  is  a  B  Sc.  of  Glasgow  University  and  an 
Associate  of  the  Royal  Technical  College. 

Corp.  W.  Hutchinson  (18th  W.  Yorkshire  Regt.),  who  was  assistant 
engineer  at  Batley  electricity  wo'ks  before  the  war,  is  reported  wounded. 

Private  C.  H.  Long  (W.  Yorkshire  Regt.),  formerly  employed  at  Brad- 
ford electricity  works,  has  also  been  woimded. 

Amongst  others  reported  wounded  are  Privates  H.  H.  .1.  ^Mason,  G.  \V. 
Atkinson,  N.  Haddon  and  Lance-Corp.  A.  Hague,  of  the  Leeds  Gas,  Water 
&  Electric  Light  department. 

Royal  Engineers  (T.F.) — The  following  appointments  have  been 
made  : — 

London  Electrical  Engineers  :  Sergt.  C.  L.  Palmer  (from  R.E.)  to  be 
Second  Lieutenant  (on  probation). 

Tyne  Electrical  Engineers  :  Corpl.  W.  Dixon  (from  a  Divisional  Signal 
Company,  R.E.)  to  be  Second  Lieutenant  (on  probation). 


APPOINTMENTS  VACANT. 


An  Assistant  for  junior  technical  work  is  required  on  the  Editorial 
Staff  of  The  Electrician. 

A  capable  electrician  is  wanted,  able  to  do  repairs  and  familiar 
with  upkeep  and  repairs  of  d.c.  motors  and  generators.  See  adver- 
tisement. 

Applications  are  invited  for  the  position  of  senior  shift  engineer  at 
the  temporary  station,  Nechells,  Birmingham.  Commencing  salary 
£130,  rising  to  £200  per  annum.  Applications  to  the  city  electrical 
engineer,  Mr.  R.  A.  Chattack,  14,  Dale-end,  Birmingham,  by  July  29. 
See  also  an  advertisement. 

A  firm  of  dry-cell  manufacturers  near  London  require  a  battery 
chemist.     See  advertisement. 

A  mechanic,  used  to  microphone  adjustments,  is  required  by  the 

Stolz  Electrophone  Co.  (Ltd.).     See  advertisement. 

Loughborough  Electricity  Committee  invite  applications  for  the 
post  of  engineer  and  manager  of  their  undertaking.  Salary  £300  per 
annum.     Applications  to  the  Town  Clerk  by  July  24. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

Officer  Commanding,  Lieut.-Col.  C.  B.  Clay,  V.D. 

Orders  for  the  week. 

Officer  for  the  week. — Platoon  Commander  A.  Gerard. 

Next  for  duty. — Platoon  Commander  W.  J.  A.  Watkins. 

Saturday,  July  22nd. — ^Instructional  Class,  2.30,  Company  t'ommandcr 

Fleming. 
Monday,  July  24th. — Technical  for  Platoon  No.  9,  46,  Regenc}--street, 

S.W.     Squad  and  Platoon  Drill,  Platoon  No.  10.     Signalling  Class 

and  Recruits. 
Tuesday,  July  25th. — ^Officcrs'  Instructional  Class.  6 — 7.     Recruits  7 — 8. 

Lecture  7.15.     Lantern  Lecture  bv  Mr.  W.  Aitken  :   "Telephones." 
Wednesday,  July  26th.— Platoon  Drilf  for  No.  2  Platoon. 
Thm.-,day,  July "27th. — Platoon  Drill,  No.  6  Platoon.     Recruits  6.45 — 

7.45.     Instrurtional  Class,  5.45. 
Friday,  July  28th. — Technical  for  No.   10  Platoon,  46,  Regenc3--street, 

SAV.     Squad  and  Platoon  Drill,  No.  9  Platoon. 
Saturday,  July  29th. — Parade  Headquarters,  2.45,  for  Company  Drill. 

Uniform. 
Sunday,  July  30th.— Entrenching  at  Otford.     Farads  Victoria  (S.E.  &  C. 

Rly.  Booking  Office)  8.40  a.m.     Uniform,  haversacks,  water  bottles. 

Midday  rations  to  be  carried.     Railwaj-  vouchers  will  be  provided. 
August  Camp. — A  Camp  will  be  held  under  canvas  or  in  billets  at  Otford 

from   July  29th  to   August   31st.      For  particulars,  see  notice  at 

Headquarters. 
Musketry. — For  all  Companies,  see  notice  and  Tables  A  and  B,  at  Head- 
quarters 
Note. — Unless  otherv.isc  indicated,  all  drill,   &c.,  will  take  place  at 

Chester  House. 
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POWER  REQUIREMENTS  AND  RESOURCES   OF  NEW 

SOUTH  WALES.* 

BY  WILLIAil   COBIN. 

{Concluded  from  page  493.) 

Summary. — ^This  Paper  is  divided  into  three  parts.  In  Part  I.  an 
inquiry  is  made  as  to  the  present  total  jjower  in  use  in  the  State,  and  an 
attempt  is  made  to  forecast  the  extent  to  which  power  may  reasonably 
be  anticipated  to  be  required  in  the  immediate  future.  Part  II.  is  a 
discussion  of  the  resources  available  for  meetinjr  the  anticipated  demand  ; 
and  in  Part  III.  the  author  has  attempted  to  indicate  in  what  manner 
these  resources  should  be  developed  in  order  best  to  provide  for  the 
requirements  so  as  to  supply  power  at  the  lowest  rates,  and  in  such 
a  manner  as  to  invite  the  establishment  of  new  industries  in  New  Suuth 
Wales.  

III. — Adaptation  of  thk  Powkr  REsouRrES  of  the  State  to 
Meet  the  Keqiire.ment.s. 

Consideration  of  the  requirements  set  forth  in  Part  I.  of  this  Paper 
added  to  the  constantly  increasing  iiKjiiiries  for  power  for  j,uni))ing, 
for  water  Hupj)ly,  for  sewage  disposal  and  for  lighting  and  manufac- 
turing purjjoses  from  various  parts  of  the  State,  suggest  the  question 
as  to  whether  the  catering  for  these  reriuirements  Khould  be  spasmodic 
or  whether  a  well-con.sidered,  comprehensive  schciue  should  be 
initiated. 

That  the  resources  of  the  State  are  amj)le  for  such  a  compre- 
hensive scheme  has  been  sufHciently  shown  in  Part  II.  The  autiior 
now  wishes  definitely  to  submit  for  discussion  the  consideration  of 
the  jirojjriety  of  establishing  a  system  or  systems  of  power  stations' 
in  suitable  positions,  interconnected  wliere  jiracticable  by  means  of 
transmission  mains,  serving,  firstly,  those  districts,  including  the 
larger  cities  and  the  South  Coast,  which  are  more  particularly  de- 
vote({  to  manufacturing  industries  ;  seccmdly,  the  larger  towns  ; 
and  thirdly,  the  intervening  agricultural  and  pastoral  areas.  In  the 
original  Paper  such  a  scheme  is  ])artially  suggested  and  a  jKiwer 
station  on  each  of  the  northern,  southern  and  western  coal  areas, 
with  water  ])ower  stations  in  some  positions. 

Assuming  for  sucli  a  system  electrical  transmission  as  a  postulate 
— how  to  use  to  best  advantage  the  availalile  power  resources; 
whether  the  coal  should  be  borne  to  the  locality  where  power  is 
recjuired  or  burnt  at  the  mine  ;  whether  it  should  be  burnt  under 
boilers  or  distilled  and  the  gas  used  under  boilers  or  burnt  direct  in 
gas  engines  ;  if  used  for  steam  raising,  the  best  class  of  prime  mover 
to  adoj)t  ;  if  distilled,  whether  the  coke  shoultl  be  saved  or  consumed 
in  the  |)roductifin  of  gas  ;  and  how  best  to  develop  a  water-jxjwer, 
the  most  economical  storage,  the  correct  location  and  dimensions  of 
race  or  pij)e-line — these  are  (piestions  of  which  consequently-  only 
the  more  imjKirtant  ones  and  bearing  on  the  subject  being  con- 
sidered an;  touched  on. 

A. — Development  of  the  Cf)AL  Resources  of  the  State  fob 

Power  Prodiction. 

(i.)  Orcnill  iSlcdni  Pnver  Sfntion  Efficiencies. — The  efliciency  of 
steam  boilers  at  present  in  general  use  does  not  ordinarily  exceed 
80  |irr  cent.  Using  boilers  of  this  efticiency.  and  the  best  steam 
tuii);nes  of  large  si/e  of  ordniary  construction,  in  a  large  po«er 
station  with  coal  of  14. .')(•()  H.Th.l'.  per  poimd.  the  actual  consump- 
tion under  favourable  conditioTis  is  as  low  as  1-8  II).  per  luiit  '■ent  oiit. 
Willi  co.il  (>lilain.il>le  in  .New  South  Wales  of  calorilii-  value  of  1  I. add 
I'..  I'll. r.  the  best  eonsumptinn  obtainabh-.  under  present  conditions 
is  probably  not  less  than  2-2 J  lb.  ])er  unit  sent  out.  whence  is  deriviul 
the  ligure  of  l.dfK)  units  jier  ton  of  coal  used  in  Part  I  of  this  I'nper. 
Taking  1  kw.-hour  as  erpiivalent  to  ."{.41;}  H.Th.l'.,  it  is  seen  that  the 
omtmII  eniciency  of  the  jM)\\cr  station  >ui<lcr  these  conditions  is 
:{4i:{  2.")7()0.  or  i:{j  per  cent. 

Tlie  increased  efTi<ieni'V  aln«ady  attained  with  the  Ljirngstnim 
turl)ine.  and  the  jwissible  arlded  enicieney  from  Mr.  W.  C.  R.  Kmmot's 
mercury  turbine,  may  result  in  a  eonsidernbie  bettering  of  thesi' 
figures  in  the  future  ;  and  if  gas-lired  Imilers  on  the  surface-com- 
bustion principle  are  used,  a  still  further  increase  of  efliciency  is 
likely. 

lM)r  the  several  cases  n>ferre(i  to,  the  overall  jxiwer  station 
etiiciencies  and  the  available  units  per  ton  of  eoal  of  average  calorific 
value  of  1  l.oOO  H.Th.l'.  per  pound  are  gi\pn  m  the  Table. 

(ii.)  GV/.s  Engines. — Tests  of  large  ga,s  engines  have  shown  I  kw-.- 
luun-  to  be  produced  with  an  expenditun<  of  lO.JMK)  B.Th.U.  in  the. 
gas  used,  whicli  averaged  about  .">»><►  H.Th.l'.  ix-r  cubic  foot.  Allow- 
ing for  these  results  to  rejm'sent  tost  conditions,  and  adding  10  i>er 
cent,  for  losses  in  normal  everyday  working,  the  R.Th.r.  jx»r  kilowatt- 
hour   sent   o\it    would    amount   to    I2.<M10.    (riving   »ii    pf^icicncv   of 


Overall 
eflSciency. 
Per  cent. 


Units  sent 

out  per  ton 

of  N.S.W. 

coal. 


Best  modem  practice 

Probably  obtainable  with  steam  turbines  ... 

Possibly  obtainable  with  mercurv  turbines... 

Possibly  obtainable  with  mercun,-  turbines 

and  surface  combustion  boilers 


13-2 
150 

18-8 

20-0 


1 .000 
1,130 
1.420 


1 


•  Abstract  of  a  Paper  read  before  the  1 
trnlirt. 


of  Aus- 


3413/12,000,  or  28-4  per  cent.  Thus,  in  present-day  practice,  the 
large  gas  engine  is  more  than  twice  as  efficient  as  the  steam  e;igine, 
and  without  im]>rovement  it  would  still  be  40  per  cent,  better  even 
if  the  improved  economy  promLsed  by  the  surface-combustion  boiler 
and  mercury  turbine  became  an  accomplished  fact. 

The  i)resent  difficulty  as  regards  the  gas  engine  is  its  enormou.s 
size  for  a  given  output.  Whereas  steam  turbines  of  3.5.0O(t  kw. 
capacity  in  a  single  unit  are  at  work,  and  up  to  100,000  kw.  con- 
templated, .5,fK)0  kw.  is  about  the  largest  gas  engine  plant  that  is 
manufactured,  and  this  involves  duj)licate  tandem  double-acting 
horizontal  sets  requiring  excessive  floor  space.  This  type  'has  its 
home  in  Belgium  and  Germany.  British  makers  are  now  manufac- 
turing high-siK-ed  gas  engines  which  are  more  promi.sing  ;  .  but  at 
present  these  are  unobtainable  beyond  1,500  b.h.p.  ^  •?  ^ 

In  the  Newcastle  district,  where  coke-oven  gas  is  largely  used  for 
power,  the  practice,  so  far  as  the  Newcastle  Electric  Supply  Co.  is 
concerned,  is  to  bum  the  gas,  and,  where  available,  to  utilise  waste 
heat  under  boilers,  the  steam  turbine  in  this  instance  is  preferred  to 
the  gas  engine  in  spite  of  its  lower  efficiency.  ,  ^-C  v^  -^ 

If  a  successful  gas  turbine  is  at  any  time  placed  on  the  market,  the 
chief  hope  for  it  lies  less  in  the  increase  of  range  of  temperature 
(which  i.s  an  es.sential  feature  of  the  superiority  of  the  steam 
turbine  over  the  reciprocating  steam  engine),  but  rather  in  the 
possibility  of  the  eventual  provision  of  large  high-speed  units  com- 
parable with  the  present  development  of  the  steam  turbine.  This 
question  is  intimately  connected  with  that  of  the  utilisation  of  coke- 
oven  gas,  to  which  attention  may  next  be  directed. 

(iii.)  Coke-oven  Gas. — In  New  South  Wales  .304,800  tons  of  coke 
were  manufactured  last  year,  of  which  2.")2.409  were  made  on  the 
southern  coallields.  At  the  new  iron  and  steel  works  belonging  to 
t!ie  Broken  Hill  Proprietary  (Ltd.),  at  Port  Waratah,  66  by-product 
ovens  have  been  erected,  and  other  examples  of  by-product  recoverv' 
exist  in  the  northern  district  ;  but  so  far  as  the  south  is  concerned, 
with  one  excej)tion.  viz.,  the  Corrimal  mine,  the  whole  of  the  coke- 
oven  gas  is  wasted,  and  in  no  case  is  any  attempt  made  to  recover  the 
valuable  by-products.  If  coke-ovens  were  erected  on  a  suitable  site, 
with  ]»lant  for  tlie  recovery  of  ammonia  and  tar,  and  jxjssibly  benzine, 
toluol,  cyanide  and  other  by-products,  the  whole  of  the  South  Cbast 
coke  could  be  produced  therefrom,  and  in  addition,  there  would  be 
available  from  the  gas  no  les.s  than  1 40.0fK1.(X)0  units,  which,  if  the 
iiulustrv  l>e  regarded  as  a  whole,  and  the  by-products  be  sold  at 
market  rates,  could  be  supplied  for  less  than  }d.  per  unit  delivered. 
It  need  .scarcely  l»e  jxHutecl  out  that  ammonia  is  being  increasingly 
requin^d  for  refrigeration,  that  sulphate  of  ammonia  is  a  valuable 
fertihser.  isnd  though  more  would  be  produced  than  is  required  at 
])re8ent  in  this  country,  its  ex}x>rt  would  add  to  the  material  wealth 
of  the  State  ;  that  the  large  (|uantity  of  tar  resulting  would  enable 
a  supply  to  be  furnished  at  low  rates  for  improving  the  roads  of  the 
State  :  and  that  there  is  likely  to  be  a  large  demand  for  toluol  for 
the  nuiuufactun-  of  tri  iiitro-toluol  (T.N.T.).  if.  as  seems  pmbable. 
.Xuftralia  relies  ujxin  herself  for  her  future  supplies  of  e\plo.sives. 

The  figures  given  above  are  the  result  of  careful  con.sideration  of 
the  fact,s.  and  >\rv  bused  on  actual  quotations  for  coke  ovens  and 
subsidiary  plant,  with  liberal  estimates  for  generating  machinery, 
transmission  line,  transformers  and  switehgear.  the  detail  of  which, 
however,  is  to«i  eonsi«Ierable  to  allow  of  inclusion  in  this  Pa|x*r. 
Sunie(>  it  to  say  that  the  author  vi.sited  three  works  in  (ireat  Britain 
and  three  in  (Jennany,  where  coke-oven  ga.s  was  l>eing  successfully 
used  forflriv  i:     '  ine  units  for  the  generation  of  electricity. 

Conlident  u].j)iicd  to  the  author  by  several  British 

eoke-ovon  owiiere.  showing  conclusively  the  great  profits  which  are 
lioing  made  from  this  industry 

B.-  Utiu.sation  of  the  Water  Power  Rksocrce-s  of  the  State. 

If  the  hydm-cloetrie  stations  are  to  be  self-contained  conservation 
is  necessary,  and  it  l>ecomes  a  question  whether  the  high  initial 
capital  ex|ien'»c  of  such  con.servation  is  justified,  or  whether  the 
"<**"'  <'v<T  ]x«rio<ls  of  shortage  should  lx»  ]>rovide<l 

'"   "  t  .    .  .   iial   generators  iii  the  coal   jiower  stations. 

Ea^'h  case  arising  will  rvquire  »c]wirate  investigation,  and  contracts 
may  lie  arrangwl,  aA  is  frequent  in  America,  so  that  consumers  will 
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take  the  risk  of  shortage,  say,  once  in  10  years,  and  have  the  power 
at  the  lowest  possible  rate. 

If,  however,  power  stations  are  provided  in  connection  with  water 
conservation  for  irrigation  purposes,  such  as  the  Buriinjuck  scheme, 
I  it  must  be  rememl)ered  that  in  ordinary  years  the  reservoir  will  only 
be  dra\vn  upon  for  irrigation  purjwses  for  perhaps  five  or  six  months 
out  of  the  ]  2  ;  but  in  tliose  years  when  tliere  is  a  shortage  of  water, 
the  greatest  demand  will  be  made  upon  the  conserved  waters,  so  that 
the  irrigation  reservoir  power  stations  would  in  such  case  be,  during 
the  time  of  drought,  working  up  to  their  maximum  capacity,  tluis 
relieving  the  other  power  stations,  and  reducing  the  amount  of  reserve 
required  in  coal  power  stations. 

Again,  seeing  that  the  hydraulic  works  which  form  so  great  a 
proportion  of  hydro-electric  developments  have  already  been  con- 
structed, the  capital  cost  of  the  electric  development  of  the  available 
power  in  such  a  case  is  unusually  low. 

The  question  as  to  what  projoortion  of  the  maximum  fall  available 
shall  be  utilised,  and  the  amount  of  storage  which  shall  be  provided, 
requires  special  investigation  in  each  case.  As  regards  the  height 
of  off-take  from  dam^  when  an  open  canal  is  used,  it  is  in  general 
economical  to  sacrifice  part  of  the  storage  in  order  to  gain  additional 
head,  the  economical  height,  ceteris  paribus,  being  usually  some- 
where above  the  position  where  the  ratio  of  increase  of  head  to  total 
head  with  off-let  at  bottom  of  dam  is  equal  to  the  ratio  of  loss  of 
storage  capacity  to  total  storage  at  off-let  chosen.  This  is  a  point 
to  which  the  author  has  not  seen  attention  called  previously,  and 
examples  have  come  under  his  notice  where,  owing  to  its  not  being 
attended  to,  increased  cost  has  been  incurred.  The  smaller  water 
flow,  and  consequent  smaller  canal  and  pipes,  favour  the  highest 
location,  and  the  canals  are  generally  more  cheaply  constructed  at 
the  higher  levels. 

C. — Electrical  Transmission  v.  Railway  Haulage. 

(i.)  Influence  of  Transmission  Line  Design. — In  New  South  Wales 
wooden  poles  of  good  lasting  quality  are  obtainable  at  reasonable 
prices,  and  where  white  ants  are  not  specially  to  be  j^rovided  against, 
their  use  is  advisable.  The  cost  of  such  a  line  to-day,  using  4-chain 
spacing  anci  7/14  wire,  may  be  roughly  put  at  £250  per  mile,  though 
in  at  least  one  case  the  cost  has  been  little  more  than  half  this  iigure. 

The  use  of  flexible  poles  was  first  advocated  by  Mr.  Guido  Semenza, 
now  of  Milan,  in  a  Paper  communicated  to  the  Am.Inst.E.E.,  in  1904, 
wherein  it  was  shown  that  the  cost  of  a  transmission  line  can  be  very 
materially  reduced  by  designing  the  poles  according  to  the  direction 
of  the  stresses. 

(ii.)  Large  v.  Small  Power  Stations. — It  is  to  be  observed  that  the 
higher  the  class  of  coal  and  the  more  efficient  the  means  of  extracting 
the  energy,  the  more  effective  is  the  argument  in  favour  of  railway 
haulage  of  coal  as  against  electrical  transmission.  But,  on  the  other 
hand,  the  energy  can  only  be  efficiently  extracted  in  large  power 
stations,  and  consequently,  when  a  large  power  station  has  been 
constructed  within  reasonable  distance  of  a  town,  it  is  in  general 
cheaper  to  make  use  of  power  from  this  station  than  to  construct  a 
separate  small  station. 

Although  in  Part  II.  of  this  Paper  suction  gas  has  been  dismissed, 
as  not  to  be  seriously  taken  into  consideration  for  large  stations,  yet 
it  has  a  legitimate  application  for  small  power  stations.  Thus,  in 
isolated  districts  far  from  a  coalfield  where  wood  is  abundant  and 
cheap,  there  will  be  a  field  for  suction  gas.  The  excessive  cost  of 
labour  and  stores  at  the  small  power  station  will  inevitably  bring 
the  generating  cost  up  to  2|d.  or  3d.  per  unit  under  the  most  favour- 
able circumstances. 

(iii.)  Influence  of  Electrical  System  of  Transmission. — Reference 
is  due  here  to  the  Thury  system  of  high-tension  continuous-current 
transmission,  which  has  been  described  by  Mr.  J.  S.  Highfield  in 
three  Papers  read  before  the  Institution  of  Electrical  Engineers 
("  Proc."  I.E.E.,  Vol.  XXXVIIL,  p.  471  ;  Vol.  XLIX.,  p.  848  ; 
Vol.  LL,  p.  640),  in  one  of  which  he  has  asserted  that  in  certain  cases 
he  has  foimd  the  cost  of  underground  mains  for  the  Thury  system  not 
to  exceed  the  cost  of  a  three-phase  overhead  system  of  similar  capacity. 

During  his  recent  tour  the  author  made  a  special  point  of  in- 
specting the  system  in  operation,  first  in  London  at  the  Metropolitan 
Electric  Supply  Co.'s  Willesden  works,  and  later  Mr.  Thury  himself 
was  good  enough  to  meet  him  at  St.  Maurice  and  show  him  over  the 
power  station  there  supplying  power  to  Lausanne,  and  later  took 
him  to  the  St.  Bridoire  station,  which  is  connected  in  series  on  the 
Lyon-Moutiers  line.  The  beautiful  simplicity  of  the  system,  the 
ease  of  regulation,  together  with  the  absence  of  those  complications 
which  characterise  the  three-phase  syetem,  cannot  fail  to  excite 
admiration. 

This  method  of  transmission  is  not,  of  course,  to  be  used  indis- 
criminately ;  but  there  are  instances  in  this  State  where  its  use 
would  tend  to  considerable  economy. 


(iv.)  Use  of  Inferior  Coals.— The  author  has  had  occasion  to  in- 
vestigate several  cases  in  which  it  has  been  proved  beyond  doubt 
that  electrical  transmission  is  cheaper  than  haulage  bv  rail.  Xot 
only  is  this  so  in  transmitting  verj-  large  quantities  of  energj-  in  bulk, 
say,  for  the  supply  of  the  metropolis  from  the  southern  coalfields, 
but  also  for  more  moderate  powers  there  are  town.s  situated  a  few 
miles  back  fnjm  the  sea  coast  to  which  the  direct  line  is  very  much 
shorter  than  the  route  taken  by  the  railway  ;  and  in  such  case  the 
advantage  of  electric  transmission  is  still  more  strongly  evident. 

If  the  inferior  coals  of  the  State  of  lower  calorific  value  than  those 
assumed  in  these  investigations  be  utilised  the  superior  advantage 
of  electric  il  transmission  as  against  railway  haulage  is  still  accen- 
tuated. 

D. — Examples  from  Other  Countries. 

During  hJs  tour  the  author  visited  a  large  numfier  of  power  stations, 
including  miiny  of  the  chief  ones  in  Great  Britain,  and  many  on  the 
Continent  and  in  America.  Reference  is  made  below,  however,  only 
to  those  inspected  which  have  a  distinct  bearing  on  the  subject  of 
power  supply  in  bulk.     These  are  as  follows  : — 

(i. )  Company-owned  Schemes. — The  author  deals  next  with  various 
well-known  British  schemes. 

The  South  Swedish  Power  Co.  has  four  power  stations,  totalling 
20,000  kw.,  and  supplies  a  large  district  from  Engleholm  to  TroUe- 
borg.  Fifty-one  million  units  were  sold  in  191 3,  the  average  price 
being  0-3d.  per  unit. 

At  the  two  mines  visited  near  Aix-la-Chapelle,  belonging  to  the 
Eschweiler  Bergwerks  Verein,  were  some  of  the  large  gas  engines 
supplied  with  coke-oven  gas  referred  to  above  in  Part  II.  In 
October,  1913,  the  gas  engines,  totalling  14,200  h.p.,  produced 
3,746,000,000  kw. -hours,  at  a  cost  of  0-26d.  per  unit,  largely  used  for 
mining  purposes,  but  partly  sold  as  buik  supply  for  all  use. 

The  Rheinisch-Wesphalisches  Station  at  Essen  was  one  of  four 
totalling  127,500  kw^,  belonging  to  the  company  which  supplies  the 
whole  of  the  jirovinces  of  Rhineland  and  Westphalia,  about  2,200 
square  miles,  with  a  total  connection  of  225,000  kw.,  the  tariff  being 
3-6d.  per  unit  for  light,  and  l-7d.  for  power,  with  rebates  up  to  25  per 
cent,  for  large  consumers. 

Both  the  Bonifacius  and  Prinz  Regent  Mines  \isited,  in  the 
neighbourhood  of  Essen,  had  gas-engine  stations,  the  former  of 
6,000  kw.  and  the  latter  16,000  kw.  They  supply  power  for  their 
own  uses,  including  winding  machinery,  and  sell  for  local  tramways  at 
0-6d.per  unit,surplus  energy  being  sold  to  the  Rheinisch-WesDhalisches 
Electricitats  Gesellschaft  at  0-3d.  per  unit,  or  in  case  of  need  they  buy 
from  this  company  at  an  enhanced  price. 

These  gas-engine  stations  are  all  in  connection  with  coke  ovens, 
having  complete  recovery  plants,  benzol,  and  toluol  being  amongst 
the  valuable  by-products. 

The  Lauchhammer  transmission  is  noteworthy  in  that  the  fuel 
used  is  peat,  and  the  power  is  transmitted  at  110,000  volts  (the 
highest  pressure  in  use  in  Europe)  to  Groditz  (20  miles),  and  to  Riesa 
(31  miles),  where  two  of  the  company's  works  are  respectively 
situated. 

Power  stations  visited  at  Wyhlen  and  Rheinfelden.  and  another  in 
construction  at  Lauft'enburg  on  the  Rhine,  just  across  the  boundary 
from  Switzerland,  are  controlled  by  German  banks,  who  construct 
new  works  and  get  them  on  to  a  paying  footing  before  forming 
subsidiary  companies  to  take  them  over  and  work  them,  a  methoc?  of 
financing  new  schemes  which  has  its  advantages,  but  which  is  mi- 
known  in  Australia. 

The  Loentsch  Station  in  SAritzerland,  -with  1,180  ft.  head  of  water, 
supplies  25,000  kw.,  is  tied  in  with  another  station  of  14.000  kw.  at 
Beznau,  and  transmits  at  45,000  volts  a  maximum  distance  of  So 
miles  to  the  Canton  of  Aargau,  and  a  number  ^f  large  manufacturing 
cities. 

Robbia  and  Campo  Cologno  are  in  Italian  Switzerland,  the  Robbia 
Po^ver  Station  being  notable  on  account  of  the  high  head,  no  less 
than  1,968  ft.  being  used  for  dri\nng  the  turbines.  This,  with  the 
stations  at  Cam})o  Cologno  and  at  ]Malero.  in  Xorthern  Italy,  are  fine 
examples  of  water  power  work. 

jMalero  Power  Station  in  Italy,  in  conjunction  with  the  two  stations 
just  referred  to  in  Switzerland,  and  a  number  of  othci-s  in  Xorthern 
Italy,  supplies  the  Societa  Lombarda  per  Distribuzione  di  Enerpa 
Elettrica,  whose  system  is  indicated  on  the  map  of  Xorthern  Italy, 
which  also  shows  how  very  dense  is  the  network  supply  the  coxnitrv 
to  tl'.c  north-east  of  ^lilan.  The  prices  charged  over  this  area  are  for 
lighting  from  4d.  to  6d.,  for  power  to  small  usere  2d.  to  4d  .  whilst  for 
bulk  supply  to  large  customers  from  id.  to  Id.  is  charged.  ^Ir. 
Semenza,  whom  the  author  mot  at  Milan,  stated  that  30  years  ago 
this  district  was  as  noted  for  its  poverty  as  it  is  now  for  the  well- 
being  of  its  inhabitants,  the  improvements  being  entirely  due  to  the 
people  being  noA\  provided  with  an  abundant  and  cheap  supply  of 
power. 
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Keokuk  Power  Station  in  the  United  States,  is  designed  to  be  the 
largest  in  the  world.  It  is  intended  ultimately  that  230,000  kw. 
shall  be  lodged  under  one  roof.  Plant  to  half  this  capacity  is  alraady 
at  work,  and  power  is  transmitted  144  miles  to  St.  Louis.  The 
station  is  a  fine  example  of  work  of  the  highest  class. 

In  the  neighbourhood  of  Denver, steam  and  water  power  stations 
are  tied  together.  As  a  contra.st  to  Keokuk,  the  Boulder  Water 
Power  Station  was  an  example  of  how  100,000  volts  maj'  lie  handled 
in  an  inexpensive  and  rough-and-ready  fashion,  though  all  essential 
requirements  had  been  cared  for. 

(ii.)  State  and  Municipally-Ouved  Schemes. — At  Trollhattan,  in 
Sweden,  the  government  have  72,000  kw.  developed,  and  sell  in  the 
immediate  neiglibourhood  1 8,000  kw.  for  the  electrical  smelting  of 
Australian  zinc  ores,  8,000  kw.  for  iron  smelting  and  6,000  k^v.  for 
the  manufacture  of  ferro-silicon,  a  fixed  price  of  from  £2.  lOs.  to 
£2.  16s.  per  kilowatt-year  being  charged.  Power  is  also  transmitted 
to  Gotlienburg  at  50,000  volts,  where  the  bulk  charges  are  £2.  16s. 
per  kilowatt -year,  based  on  the  four  maximum  weekly  readings, 
plus  0-07d.  per  unit  :  120,000,000  units  were  supplied  from  Troll- 
hattan in  1912. 

At  Elfkarleby,  North  of  Stockholm,  the  government  is  developing 
65,000  H.P.,  the  works  when  visited  being  under  construction. 

The  State  Coal  Mines  at  Heerlen,  in  Holland,  are  extremely 
interesting,  especially  on  account  of  the  care  taken  in  providing  for 
the  comfort  of  the  workmen,  who  change  completely  and  bathe  in 
well-appointed  bathrooms  before  proceeding  to  their  homes. 

At  Nymegen  is  a  station  owned  by  the  municipality,  which  supplies 
parts  of  the  three  Provinces  of  Limburg,  X.  Brabant  and  S.  Gelder- 
land,  9,000  kw.  being  in  use,  and  the  charges  varying  from  £4.  8s. 
to  £.3  per  kilowatt-year,  plus  0-.5d.  per  unit. 

The  State  Coal  Mines  near  Gladbeck,  in  Germany,  were  interesting 
for  the  use  of  waste  heat  from  coke  ovens  for  raising  steam,  and  of 
exhaust  steam  from  winding  engines  for  low-pressure  turbines.  The 
usual  by-products  were  being  collected. 

The  Albula  Station  belonging  to  the  Zurich  municipality  was  a 
beautiful  example  of  well-designed  work,  20,000  kw.  being  trans- 
mitted 90  miles  at  40,000  volts. 

This  Paper  would  be  incomplete  without  reference  to  the  opera- 
tions of  the  Hydro- Klectric  Power  Commission  of  Ontario,  the  most 
notaljle  example  of  State  enterprise  in  the  direction  referred  to  yet 
attempted  in  the  world's  history.  The  Commission,  which  started 
operations  in  1908,  has  its  hcadciuartcrs  in  Toronto,  and  the  author 
had  an  opi)ortunity  of  seeing  something  of  its  work  at  both  ends  of 
the  transmission  line.  Power  is  bought  at  Niagara  from  the  Electrical 
Devc]()])mcnt  Co.,  of  Ontario,  and  delivered  thence  over  a  large 
portion  of  the  j)rovince  of  Ontario,  the  contract  being  for  100,000  H.r. 
at  £2.  3s.  per  horse-power  year. 

Tu  1913  no  less  than  52  municipalities  were  served  at  rates  varying 
from  £3  to  £8  i)er  horse- power  year  for  jiower,  the  smallest  township 
served  having  a  population  of  only  400  inhabitants.  The  rates 
devised  by  I  Ik-  Commission  for  charging  individual  consumers  are 
interest  ill !.'.  I'dt  domestic  Jigliting  they  induce  a  charge  of  2d.  per 
iiioiiili  per  |(M)s(|.  ft.  of  floor  area,  coimting  all  the  rooms  in  the  house, 
wiictlicr  they  an-  litjhtcd  or  not,  ])lus  a  charge  varvins  from  \h\.  to 
.3d.  per  kilowatt-lmur.  Commercial  n'.tcs  vary  from  3d.  to  6d.  per 
unit  for  the  first  30  hours'  u.se  per  month  of  the  installed  capacity, 
and  for  each  U!iit  thereafter  from  Ud.  to  2^,d.  in  most  instances  (in 
two  instances  to  3d.,  and  in  one  instance  .Id.).  Discoinits  of  from 
Ki  jiir  cent,  to  25  per  cent,  ivre  allowed  fr)r  prompt  payment.  For 
street  lighting,  the  munici])al"ties  are  charged  from  tl  to  £3  |)er 
aiuuim  for  ordinary  lamps  of  from  (U)  to  100  watts,  and  proportion- 
ately higher  charges  for  larger  incandescent  lamps  or  arc  lamps. 

-Apart  from  the  52  miuiicipalitics  actually  sii|)|)lic(I.  invest iirat ions 
.Were  in  ])rogress  in  19>3  with  reference  to  the  siij)])|y  of  more  than 
100  other  municipalities,  townships,  or  di.stricts.  many  of  which  were, 
no  doul)t.  sup])Iicd  during  1914. 

Work  in  connection  with  rural  distribution  is  next  referred  (o.  and 
it  is  stated  that  near  Toronto  there  are  no  less  than  200  farms 
connefted  with  the  mains. 

A  detail  as  regards  the  transmission  nuiins  is  that  the  Commission 
lias  been  usintr  aluminiiim  cal»le  jirovided  with  a  central  steel  core, 
which  enables  aluminium  to  be  used  on  long  spans  with  consideral)l\ 
lens  sags  than  would  otherwi.se  be  ]wssible. 

E.— Solution  oi'  the  Powkk  Siitlv  Pijuule.m  in   New  Sovtii 

Walks. 

Dr.  Ferranti  has  recently  .said  that  electricity  su])ply  is  a  matter  of 
national  economy,  iiiid  lli.'t  properly  carried  out  to  il.s  logical  issue,  it 
IS  the  gre;vt(>st  lal)our-sa\ ing  factor  with  whicli  \\c  have  any  prospect 
of  dealing. 

In  Part  1.  of  this  Paper  it  has  been  shown  that  the  anti(i|)atcd 
re(juiremeuts  within  tlie  next  five  vears  of  the  State  are  an  incix-ase 


of  106,000  kw.,  and  312,000,000  of  units  per  annum.  In  Part  II. 
it  is  proved  that  the  coal  and  water  power  resources  of  the  State  are 
ample  for  all  requirements,  and  in  Part  III.  an  attempt  has  been  made 
to  indicate  the  best  method  of  proceeding  to  provide  for  the  State's 
requirements. 

The  analysis  of  the  problem  leads  one  to  the  inevitable  conclusion 
that  the  initial  step  to  be  taken  in  the  solution  of  the  power  problem 
to-day  Ls  the  establishment  of  a  larger  power  station  on  the  southern 
coalfield,  in  conjunction  with  coke  ovens,  and  recover}'  plant  for  tar, 
ammonia,  and  possibly  benzol,  toluol  and  cyanide,  this  station  to  be 
tied  in  wth  a  water-power  station  established  on  the  Shoalhaven  or 
Snowy  Rivers. 

Coming  to  the  question  of  ownership,  the  tendency  in  Austialia 
has  been  for  such  schemes  to  be  nationally  o\^Tied  ;  and  it  would 
seem  probable  that  under  e.xisting  conditions  the  venture  is  not  one 
such  as  a  private  company  would  undertake. 

Consequently,  the  author  submits  that  it  is  quite  within  the  bounds 
of  legitimate  State  enterprise  for  tliis  important  matter  to  be  taken 
up  by  the  Goveniment,  and  as  the  demand  is  increasing  at  such  a 
considerable  rate,  it  needs  to  be  taken  in  hand  at  once.  There  is  no 
doubt  that  the  conclusion  of  the  war  will  find  Australia  verj-  much 
more  self-contained  in  the  future  than  in  the  past  in  respect  of  all 
those  supplies  wliich  her  natural  resources  enable  her  to  produce,  and 
in  the  economic  struggle  for  existence  the  universal  pro^"ision  of 
cheap  power  will  be  one  of  the  factore  enabling  her  to  succeed  in  that 
struggle. 


OIL  ENGINES  AND  STEAM  ENGINES  IN  COMBINATION.* 


BY  GEOFFREY  PORTER. 


Summartj. — The  author  gives  figures  from  his  own  experience  showing 
the  econoniy  that  can  be  etiected  by  runniag  Diesel  plant  in  combination 
with  steam  plant  in  existing  stations. 


^lay  I,  in  the  first  place,  ask  you  to  accejit  this  Paper  with  a 
generous  allowance  for  the  difficulties  under  which  it  has  been  pre- 
pared. Time  has  been  extremeh'  short,  and  though  some  of  my 
friends  have  been  most  kind  in  furnishing  a  good  deal  of  the  necessary 
data,  I  should  have  preferred  a  longer  time  for  criticism  and  com- 
parison of  the  figures  than  has  been  at  ray  disposal. 

My  object  is  to  discu.ss  some  of  the  problems  met  with  in  extendmg 
a  comparatively — and  in  some  instances,  an  extremely — inefficient 
generating  station  of  the  "  lighting  load  "  order  with  a  plant  capacity 
round  about  1. .")()( I  kw.,  and  equipped  with  steam  engines,  some  with 
conden.sers  and  some  without.  There  are  dozens  of  such  stations 
dotted  about  the  countrj-,  from  12  to  20  years  old,  none  of  them  with 
any  great  future  .so  far  as  can  be  seen  at  present,  and  most  of  them 
having  difficulty  to  make  ends  meet  financially. 

In  Table  I.  I  set  out  various  data  relating  to  three  generating 
stations.  A.  B.  and  C  ;  A  being  my  own.  a  small  one  on  the  South 
Coast ;  B  a  London  station  of  considerable  capacity ;  and  C  a  riversid" 
station  in  the  provinces. 

It  is  not  ])ro])o,-<ed  to  (elaborate  an  ideal  situation  in  this  Pajx^r.  but 
to  deal  with  est;'.i)lished  facts  and  to  leave  out  of  account  all  methods 
of  providing  additional  plant  except  that  of  Diesel  engines.  The 
combination  of  steam  and  Diesel  engines  is  now  pretty  well  estab- 
lished, and  reliable  data  are  available. 

Some  five  or  six  years  ago  several  Papers  were  read  before  Societies 
of  .standing  in  the  engineerin;:  world,  in  which  were  discussed  the 
advantages  to  be  gained  by  the  use  of  the  Diesel  engine.  Some  of 
the  writers.  I  think,  rather  over-stated  their  claims,  and  ftll  con- 
clusions were  base<l  chieHy  (m  n>sults  obtained  on  the  Continent  with 
])lant  manufartund  by  Continental  firms.  This  was  natural  under 
the  then  eireumsfanees.  as  few  .sources  of  information  were  available 
at  the  tim.'  in  this  coimtry.  Tlie  arguments,  good  as  they  were  on 
the  whole,  fell  on  somewhat  stonv  ground,  for.  with  the  Englishman's 
native  scepticism  of  things  foreign,  engineers  waited  cautiou.sly  for 
an  object  le.s.son  in  their  o\m  laud. 

Ajmrt  fn>m  this  asjH'ct  of  the  case.it  was  felt  rather  strongly  tha*. 
the  l>e,«it  coal  in  the  world  is  mined  in  the  British  Islands,  while  ii 
re.sidual  ivtmleum  fuel  oil  (with  the  exception  of  a  limited  supply 
of  shale  oil)  Ls  an  imjKirted  commodity  :  hence,  with  a  growing  de- 
mand, the  price  of  fuel  oil  would  rise  in  a  greater  degree  than  wotihl 
the  price  ni  coal.  Further,  from  a  business  m.-vn's  jioint  of  view,  the 
Diesel  engine  requires  a  greater  cajutal  exjienditun^  |ier  unit  of  ]x>wer 
than  d        an  equivalent  steam  plant. 

The  question  of  reliability  in  o]vration  arose  also,  though  I  think 
it  w.'vs  u.sed  rather  as  an  excu.se  than  as  a  genuine  argument  in  dis- 
favour of  th<>  Diesel  engine;  for  engineers  cheerfully  bought  steam 
turbine.s  in  the  early  and  middle  stages  of  their  fleveloi>inent  and 

*  Paper  n>a<l  U-fon'  »ho  Diesel  Engine  Users'  Association. 
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experienced  a  good  deal  of 
trouble  with  them — thu.s  re- 
peating the  former  experiences 
with  electrical  machinery. 

Xow,  however,  the  Diese' 
engine  is  making  good  head- 
way ;  manuf aoturers  and  asers 
have  gained  experience ;  the 
fuel  oil  question  is  in  a  fair 
way  of  being  solved  by  utilis- 
ing the  products  of  the  distil- 
lation of  coal ;  and  though 
the  capital  cost  is  and  will 
probably  continue  to  be  high, 
the  essence  of  the  problem, 
i.e.,  the  balance  in  hand  to 
credit  of  net  revenue  account 
in  the  annual  balance-sheet  is 
found  to  improve  in  propor- 
tion to  the  use  of  the  Diesel 
engine.  The  mixed  stations 
have  justified  the  wisdom  of 
their  engineers  during  the 
present  extremely  difficult 
times  ;  but  for  their  efficient 
oil  engines  many  of  them 
would  be  in  a  bankrupt  con- 
dition to-day. 

In  Table  I.  will  be  found 
the  figures  of  the  capital  out- 
lay on  generating  plant  of  the 
three  stations  already  men- 
tioned. The  Diesel  figures 
(capital  costs)  are  stated  in 
some  detail,  but  time  has  not 
pennitted  the  division  of  the 
steam  plant  costs  under  separ- 
ate heads;  they  have,  there- 
fore, been  taken  a3  a  gross 
total.  (In  my  own  station, 
A,  such  sub-division  has  been 
possible,  as  the  figures  were 
got  out  for  another  purpose 
some  time  ago).  The  items 
taken  into  consideration  are 
engines  and  their  draamos, 
foundations,  boilers,  boiler 
settings,  flues,  cliimney  shafts, 
condensing  plants,  exhaust 
steam  and  other  feed-water 
heaters,  feed  pumps,  oil  sepa- 
rators and  the  like.  Left  out 
of  account  are  storage  batter- 
ies, boosters,  balancere,  and 
all  plant  outside  the  works,  as 
a  comparison  is  sought  onlv 
in  the  generating  depart- 
ment. 

It  will  be  seen  that  the 
capital  cost  per  kilowatt  is 
high.  This  is  due  not  only  to 
the  hightr  cost  of  plant  at  the 
beginning  of  the  centiu-y  and 
even  earlier,  than  in  more 
recent  years,  but  also  to  the 
piecemeal  \\ay  in  which  gen- 
erating plant  has  been  added 
to  from  time  to  time.  The 
engineer  has  always  been  over- 
weighted with  the  bidk  of 
annual  payments  of  interest 
and  principal,  and  was  com- 
pelled to  arrange  them  in  such 
a  manner  that  the  annual  in- 
crements of  such  charges  did 
not  grow  too  disproportion- 
ately to  the  amuial  incre- 
ments of  income,  which  he 
could  estimate  fairly  closely. 
Tlie  result  has  been  the 
pursuit  of  a  rather  hand-to- 
mouth  policy.    When  making 
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extensions  it  would  have  been  preferable  in  the  long  run  to  put  down 
additional  plant  sufficient  to  supply  the  requirements  of  10  years 
or  so,  from  the  ultimate  financial  point  of  view.  However  desirous 
one  may  be  of  taking  and  adopting  long  views,  circumstances  are 
often  too  strong  for  us.  The  progress  of  an  electric  lighting  under- 
taking lies  along  a  strait  and  narrow  way. 

The  capital  expenditure  on  the  three  stations  up  to  the  time  when 
Diesel  engines  were  put  down  was  (for  generating  plant  only)  as 
follows,  viz.  : — 

Station  A  £291  per  kilowatt. 

„       B £280 

„       C  £39-8 

Stations  A  and  C  condense  the  exhaust  steam  ;  station  B  is  a 
non-condensing  station. 

As  the  result  of  this  large  outlay  the  overall  thermal  efficiency  of 
the  three  steam  plants  in  the  year  prior  to  the  adoption  of  Diesel 
engines  was  : — 

Station  A  -^"^S  per  cent. 

„       B 61 

::       C  2-6         „ 

These  results  are  not  verj-  encouraging  when  one  considers  the 
money  that  has  been  put  into  the  plant  in  each  case.  Nevertheless, 
the  figures  are  typical  in  stations  of  their  class. 

This  themiaf  efficiency  is  arrived  at  by  calculating  the*^  British 
Thermal  Units  equivalent  to  the  units  generated  at  the  d>-namo 
terminals  (taking  3,412  B.Th.U.s  per  B.O.T.  unit)  and  working  out 
the  total  as  a  percentage  of  the  B.Th.U.s  in  the  quantity  of  coal 
consumed.  The  figures  given  are  not  absolutely  accurate  owing  to 
the  heat  values  of  the  coals  used  not  being  certain,  but  I  do  not  think 
they  are  ver\-  far  wrong. 

As  one  can  speak  most  fully  from  one's  own  experience,  I  trust  I 
may  be  forgiven  if  I  analyse  the  various  figures  tabulated  for  station 


Tab!e  Jl.— Station    '  A.' 


30         40         50         to        70         80        90  ICO 

Running  Plant  Load  Factor  per  cent. 


A.  In  1911  extensions  of  plant  became  imperative;  what  had 
been  done  in  the  past  and  the  jwssibilities  of  the  future  were  ver\- 
carefully  considered. 

The  capital  expcneliture  on  generating  plant  up  to  the  end  of  the 
financial  vear  1910-1 1  was  as  under  :— 


'■}" 


Engine  Room  Plant. 
Encincs.  dynamos  and  foundations     £4,()90 
Con(ionsin<r  l)lant  and  pipework  ....    i;3..jOli 

BoiLEn  HovsE  Plant. 
Boilers  and  their  brick  sottinps £3.r)()2"^ 

(nominal  evaporation  3t).(KMl  lb.  ]>or  hour)  { 
Feed  pump,  injectors  and  iiijnwork  £l.")t>0  ( 
Chimney,  cconnmisor  and  flues £2,400 J 

Gross  Cai)ital  Expenditure £291 


0-2  per  kilowatt. 


£1.3-9  per  kilowatt. 


On  this  outlay  the  annnal  cliarjzes  for  interest  and  redemjUion  of 
capital  amounted  to  approximately  tl.2(>0,  or  £2-23  per  kilowatt 
installed. 

(^n  the  other  side  of  the  account  I  kw.  of  maximum  load  on  fe(  ders 
])rcduced  (in  I9I0-II)  l.24;5  units,  efpiivalent  tt>  about  £21.  Hence 
the  capital  charges  on  the  steam  raising  and  using  plant  alone  ab- 
sorbed as  much  as  10  ])(>r  ei-nt.  of  the  eanungs.  (.\iuiual  load-factor 
14-2  per  cent.)  Table  11.,  line  18.  .show.s  a  .series  of  these  figJires. 
All  the  figures  (except  fuel  figures)  for  191.")- 16  are  abnormal  owing 
to  tlie  various  restrictions  in  force  dtic  to  the  state  of  war  on  which 
we  find  oui-selves.  The  sanu^  remark  would  apply  in  a  le.'is  degree 
to  those  of  1914-1.5. 

After  very  careful  consideration  it  was  decidt  d  to  extend  the  j>lant 
witii  Diesel  engines.  At  the  time  an  addition  of  2."><l  kw.  wjvs  required. 
1  decided  to  divide  this  cajwcity  between  two  engines:  firstly, 
because  a  better  "  ruiuiinp  i^Iant  "  load-factor  could  be  obtained  in 
this  way  :  and.  secondly,  from  motive.^  of  caution.  The  type  of 
engiiu^  was  new  to  the  staflf.  and  I  argued  that  it  would  l>e  very  un- 
likely for  both  engines  to  collapse  at  the  .same  time  should  they  prove 


Item. 


1910-  1912-  j  1913-      1915-  Estm. 

11.  13.     I      14.  16.  steam 

Steam  Steam  !  Steam     Steam  exten- 

only.  and  oil.  and  oQ.  and  oil  sion.* 


1.   Fuel  0-570d.   0-454d.    0-42d.     0-29tid.    0-46d. 

2.  Wages  (running  staff) 0-206d.   0-134d.    0-12i     O-lSiki    0-20d. 

3.   Lubricating     oil,     waste:  0-092d.   0-074d. 

0-06d. 

0-106d.    0-09d. 

stores,  water 

4.  Repairs.maint'n'nce.plant  OlOodLi  0041d. 

007d. 

0-073d.   0-lOd. 

5.  Proportion  of  salaries 0.068d.  005.5d. 

0.05d. 

0-069d.   O.Oed. 

6.  Total  cost  per  unit  2en.  ... 

l-041d.   0-758d. 

0-72d 

0-683d.   0-91d. 

7.  Percentage  of  total  units 

100% 

17-80o 

20% 

2%    1  100«o 

by  steam  plant 

8.   Percentage  of  total  unit.s 

■  •• 

82-2o„ 

80% 

98% 

bv  Diesel  plant 

9.  Units  ixr  ton  of  coal  

388 

248 

3.34 

176     !     500 

10.         ..           ..         fuel  oil... 

3.350 

3.180      3.200 

11.  Thermal  efficiencv.  °o    ... 

4-93 

12-34 

12-78  1     22-6       6-5t 

12.  Fuel  per  unit  generated 

Coal    5-8  lb. 

7-9  lb. 

6-7  lb. 

12-8  lb.       ... 

1.3.             „                Oil ...      ;  0-67  lb. 

0-70  lb. 

0-69  lb.       ... 

VSa            „                Combined        ...      '1-94  lb. 

1-84  lb. 

0-89  lb.       ... 

14.   Price  of  coal  per  ton  (av.)     18/3 

23  6 

23  0 

29,8 

15.         ..       oil  fuel         ,,      

69/0 

80/0 

64/0 

16.  Water    consumption    per 

451b. 

•  •• 

•  •• 

•  •• 

36  1b. 

unit  generated 

17.   ^^atcr    consumption    per 

8-5  lb. 

from  an 

d  at  212 

°F.             10  lb. 

1  lb.  coal 

18.   Units  sold  jior  an.  per  kw,     1,243 

1.270 

1.331 

1..363 

of  max.   oad  on  feeders    =£22 

=£21 

=£21-8 

=  £19-5       ... 

19.  Running  plant  load  factor 

1 

Steam  

66-20o 

62-2O0 
71-0o„| 

56-70^ 
66-40„ 

69-4%'      ... 

Diesel 

56-9o„    65«'„ 

20.  Annual  load  factor 1419% 

15-19%  i 

15-30%  15-580o 

imreliable  in  operation.  I  am  glad  to  say  that  my  caution  turned 
out  to  be  superfluous.  Better  and  more  consistent  nmning  coiUd  not 
be  desired. 

Station  B  has  provided  me  with  figures  relating  to  the  hours  lost 
through  defects  in  the  year  1914-15  as  follows  : — 

No.  1  engine     ...     12  hours     ...     piston  trouble. 

Xo.  2  engine     ...     12  hours     ...     high -pressure  cooling  coil  worn. 

Xo.  3  engine     ...     36  hours     ...     compressor  trouble. 

The  capital  cost  of  the  extension  worked  out  at  £16-95  per  kilowatt. 
Two  years  later  a  third  engine  was  obtained  coupled  to  a  260  kw. 
dynamo  at  a  capital  cost  of  £19-27  per  kilowatt.  In  all.  a  capital 
exjienditure  of  £18-13  jjer  kilowatt  for  510  kw.  cajmcity. 

If  you  turn  again  to  Table  I.  you  will  see  that  station  B  spent 
£26-7  |x>r  kilowatt  for  GOO  kw.  ;  and  station  C  a  sum  of  £18-66 
I)er  kilowatt  for  .540  kw.  of  plant.  Local  circumstances  entaileel  ;; 
very  heavy  exjjense  for  foimdations  in  the  ca.se  of  B,  while  plant 
was  more  exjiensive  in  first  cost  than  at  the  time  when  1  was  in  the 
market.  B  profiteel  by  other  people's  experience  in  the  matter 
of  *'  a-?ces!*ories,"  and  wisely  spent  rather  more  money  on  them — 
notably  on  fuel  oil  storage  tanks.  C  adopted  engines  and  dNTiamos 
which  nMjuin'd  large  foundations,  with  the  result  that  the  gross 
capital  outlay  was  rather  greater  than  it  was  in  station  A. 

An  efjinvalent  steam  plant  for  A  would  have  necessitateel  an 
outlay  of  £7.450.  equivalent  to  £14-8  jier  kilowatt.  The  annual 
cha-ges  for  interest  and  repayment  of  ]>rincijwl  would  have  been 
£177  less  for  a  steam  plant  than  for  a  Die-sel  plant. 

On  a  "  nmning  plant  "  load  factor  of  6.>  per  cent.,  and  with  coal 
at  alxuif  13,(KHt  B.T.U.s  per  jwund,  1  ex|x^etcd  to  product^  ,^>0  unit.s. 
more  or  le.>vs.  to  a  ton  of  coal,  taking  the  whole  steam  plant  into  con- 
sideration. ln(]uiries  in  several  quarters  lead  me  to  expect  con- 
fidently that  a  Diesel  engine  mider  the  .same  load  factor  conditions 
would  deliver  3.2(H»  unit.s  per  ton  of  fuel  oil  of  17.5tK>  B.T.U.s  j^er 
pound.  As8uniing  a  price  ratio  of  2J  to  I  between  oil  and  coal  (as 
it  wjis  appmximately  for  A  in  1910  to  1911).  theiv  was  a  largo 
margin  in  the  earning  capiibilities  of  the  two  tyix*s  of  plant  to  cover 
the  difference  in  the  annual  charges. 

The  figtires  .shown  in  lines  9  and  10  in  Table  IT.  give  a  .series  of 
actual  results  for  A.  The  figures  in  lines  25  and  26  in  Table  1. 
show  the  actual  results  obtained  in  stations  B  and  C  as  well.  The 
low  figiire  in  the  re«-<irds  of  ('  is  accounted  for  by  the  fact  that  one 
of  the  jMir  of  engines  put  down  was  a  two-stroke  cycle  machine. 
.•Ml  engines  in  A  and  B  were  vertical  four-stroke  cycle  engines. 

So  murh  for  a  direct  comparison  between  steam  and  oil. 

The  problem  wjvs.  however,  complicateel  by  the  existence  of  the 

•  The  l»pt  column  of  thts  table  is  an  estimate  of  the  probable  results 

hwl  >^t(  am  pl.i-  •  '  >]itod  in-^tead  of  oil  plant. 

t  Maximum  i  «ith<>il  pl.'^nt  alone — 28-73'',,  over  one  \\T«'k. 
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original  steam  plant,  in  conjunction  with  which  the  Diesel  engines 
would  be  required  to  work.  Undoubtedly  the  boldest  course  to 
adopt  would  have  been  to  write  off  a  part  at  least  of  the  steam  equip- 
ment. This  plan  was  considered,  but.  in  view  of  the  very  long  loan 
period  (which  had  still  15  years  to  run),  the  sum  required  for  the 
purpose  was  too  great  for  the  finances  of  the  imdertaking  to  bear. 

Had  more  steam  plant  been  added  to  the  old,  and  allowing  for  a 
much  shorter  load  period  and  a  higher  rate  of  interest,  the  annual 
combined  capital  charges  would  have  amounted  to  £1-62  per  kilowatt 
of  plant.  The  earning  powers  of  1  kw.  were  not  expected  to  increase. 
The  total  capital  cost  would  have  become  £22-1  per  kilowatt. 

The  following  returns  give  some  important  figures  for  A  : — 


Revenue 

Gross  profit 

Year. 

per  kw.  of 

per  kw.  of 

max.  load. 

max.  load. 

1910-11 

£21-2 

£11-3 

Steam  plant  only. 

1011-12 

20-4 

10-4 

Part  Diesel  about  two  months. 

1912-13 

191 

11-1 

Diesel  plant  82  -2  per  cent,  of  out  put. 

1913-14 

200 

11-8 

,»                      >)              ^^                          J)                           5» 

1914-15 

27-3 

14-9 

,,                      ,,              y  ^  *  '                    ,J                           9» 

1915-16 

23-2 

141 

,,         ,,      98           ,,           ,, 

the  "  wages  "  item  the  proportion  of  "  salaries  "  of  the  engineering 
staff  which  is  stated  separately  in  line  19  of  Table  I.  for  station  A. 

I  refer  you  at  this  point  to  Table  III.,  which  shows  the  cost  ot  fuel 
per  unit  generated  for  station  A  at  various  load  factors  for  the 
steam  and  oil  sections  of  the  plant.  A  pair  of  curves  below  the  table 
shows  the  comparison  graphically.  Coal  cost  18s.  3d.  per  ton,  fuel 
oil  was  64s.  per  ton.  The  figures  are  taken  from  the  ordinary  weekly 
records,  and  are  the  result  of  ev^eryday  running  condition-s. 

From  approximately  full  load  do^vn  to  half  load  there  is  a  drop  of 
6-3  per  cent,  in  the  steam  figures,  and  over  a  corresponding  series 
there  is  one  of  20  per  cent,  in  the  oil  figures. 

A  statement  of  some  of  the  "  vital  .statistics  "  of  eight  generating 
stations  having  both  steam  and  oil  plants  may  be  of  interest  ;  it 
shows  a  general  tendency  towards  improvement  in  the  financial 
position  since  the  Diesel  engine  was  adopted. 


In  the  first  column  the  revenue  per  kilowatt  of  maximum  demand 
on  feeders  was  artificially  mcreased  by  the  fact  of  the  maximum 
output  falling  off  during  the  last  two  periods  owing  to  restrictions 
more  rapidly  than  did  the  number  of  units  sold.  In  the  second 
column  the  figures  of  gross  profit  were  adversely  affected  by  the 
steam  "  stand-by  "  charges,  two  boilers  being  kept  up  for  the  greater 
part  of  the  time  in  case  of  Diesel  engine  failures.  During  the  last 
two  years  in  the  table  the  boiler  house  was  entirely  shut  up,  except 
for  a  month  or  so.  There  is  no  doubt  that  the  efficient  working  of 
the  Diesel  engines  effected  a  marked  increase  in  the  gross  profit  per 
kilowatt  of  maximum  demand  on  the  plant.  In  the  year  1912-13 
the  tendency  of  the  gross  profit  had  begun  to  counteract  the  down- 
ward trend  of  the  revenue  curve. 

An  examination  of  the  figures  quoted  show  that  the  lower  cost  of 
ojDcrating  a  Diesel  engine  plant  quickly  extinguishes  the  higher 
annual  charges  for  capital,  although  in  the  case  of  A  the  steam 
plant  has  an  advantage  of  £0-33  per  kilowatt  in  respect  of  capital 
charges. 

Five  years  ago  opinions  differed  as  to  the  functions  of  a  Diesel 
engine  in  a  "  mixed  "  station.  Some  said  "  work  it  for  all  it  is  worth 
and  use  the  steam  plant  for  peak  load  and  emergencies  "  ;  others 
said  "  run  your  steam  plant  all  the  time  in  order  to  keep  down  the 
preparation  charge  proportion  and  use  your  oil  plant  for  the  peaks 
and  emergencies,  when  its  quick  starting  and  high  efficiency  charac- 
teristics will  be  of  the  greatest  advantage."  I  think  it  is  now  the 
general  practice  to  work  the  Diesel  engines  "  for  all  they  are  worth," 
and  to  keep  the  steam  engines  in  reserve.  At  any  rate,  that  is  my 
own  practice.  In  Table  II.,  lines  6,  7  and  8  illustrate  the  pomt  fairly 
clearly,  and  may  be  read  in  conjunction  with  the  thermal  efficiencies 
given  in  line  11.  Lines  12  and  13r/  indicate  the  effect  of  keeping 
boilers  under  steam  for  stand-by  purposes. 

In  Table  I.  a  comparison  of  the  generating  costs  of  the  three 
stations  before  and  after  adopting  Diesel  engines  is  instructive. 

A  shows  a  reduction  of  0-358d.  per  unit  generated  ; 
B        .,  „  0046d. 

C         „  „  0-276d. 

these  figures  being  obtained  in  the  face  of  rising  fuel  prices.  Similarly 
the  overall  thermal  efficiencies  have  improved  as  under  : — 

A — Thermal  efficiency  rose  from  4-93  per  cent,  to  22-6  per  cent. 
B  „  „  „  6-1  „  10-5 

G  ,,  ,,  ,,  2-6  ,,  6-5       ,, 

These  figures  depend,  of  course,  on  the  proportion  of  the  units 
generated  by  oil  as  a  percentage  of  the  total  units  generated.  B 
having  a  steam  plant  of  five  times  the  capacity  of  its  oil  installation 
was  obviously  unable  to  make  so  great  a  reduction  as  was  A, 
where  the  proportion  was  roughly  1  to  1  ;  and  C  1-6  to  1.  The 
greatest  reductions  are  in  the  items  fuel,  wages  and  repairs. 

It   should    be  pointed  out  that    stations    B    and   C   include    in 


Table  III. — Comparative  Fuel  Costs  per  Unit  Generated  on  a  Load  Factor 
Basis,   extracted  from  the    Weekly  Records — Station  A. 


Running   plant 
load  factor  % 

38-9    40-0    50-1 

1 
62-5  1  64-5 

1 
70-3    76-8 

91-5 

98-0 

Steam  plant  (d.) 

...    10-625     ...      0-48      ...    1    ...      0-45 

Diesel  plant  (d.) 

0-332     ...     0-260     ...     0-255  0-223  0-220  0-208     ... 

Reduction 

Gross  profit  per 

Gross  profit  per 

Station. 

in  fuel  cost  per 

kw.  of  max.  load 

kw.  max.  load  after 

unit  sold. 

before  oil  plant. 

adopting  oil  plant. 

1 

0-31d. 

£11-3 

£141 

2 

0-23d. 

9-9 

10-5 

3 

0-20d. 

8-8 

14-3 

4 

0-18d. 

111 

1.5-2 

5 

0-20d. 

3-37 

6-9 

6 

0-21d. 

8-4 

10-2 

7 

Olid. 

9-8 

11-5 

8 

0-06d. 

13-4 

151 

Coal  at  18s.  3d.  per  ton  ;  fuel  oil  at  64s.  per  ton. 


I  regret  that  the  figures  in  this  table  are  not  arranged  on  quite  the 
same  lines  as  are  the  figures  in  the  other  tables.  In  the  time  available 
I  was  unable  to  obtain  the  number  of  units  generated  in  each  case, 
hence  the  unit  "  sold  "  is  here  the  basis  of  the  calculation. 

The  Diesel  engine  has  this  important  advantage  over  the  steam 
equipment.  If  valves  are  leaking  and  adjustments  are  not  in  order 
the  fact  becomes  quickly  obvious.  The  indications  on  the  gauges 
(and  there  are  not  many  of  them)  draw  one's  attention  to  irregu- 
larities. 

But  a  steam  engine  may  run  beautifully  to  the  outward  eye  and 
ear,  although  piston  valves  and  piston  rings  may  leak,  and  the  valve 
settings  may  be  wrong  owing  to  eccentric  strap  wear ;  the  boiler 
settings  may  be  drawing  many  cubic  feet  ot  air  into  the  flues ;  the 
fires  may  be  too  thick  or  too  thin.  In  very  many  cases,  provided 
the  main  steam  gauge  is  showing  about  the  correct  steam  pressure, 
there  is  a  general  feeling  of  satisfaction  with  the  aspect  of  affairs. 

Personally,  I  managed  to  improve  the  steam  costs  of  A  by  20 
per  cent,  or  so  by  the  aid  of  flue  thermometers,  draught  gauges,  flue 
gas  analysers  and  graduated  staffs  in  the  boiler  feed  water  tanks  ;  but 
even  at  that  the  benefit  was  but  a  fraction  of  that  gained  by  purchas- 
ing plant  that  was  inherently  more  efficient  from  the  thermal  point  of 
view.  Putting  the  three  things  together,  capital  charges,  rimning 
costs  and  gross  profits,  the  advantage  accruing  from  the  use  of  the 
Diesel  engine  for  installations  within  the  limits  of  those  indicated 
in  this  Paper  is  manifest.  The  figures  quoted  for  A  showed  the 
combined  amiual  capital  charges  for  interest  and  redemption  to  be 
£1-95  for  a  mixed  steam  and  oil  plant,  and  £1-62  for  a  steam  plant 
only.  The  difference  being  one  of  20  per  cent.  Taking  the  riuming 
costs  for  the  last  completed  financial  year,  the  reduction  in  riuming 
costs  from  those  obtained  in  pre-oil  days  was  no  less  than  34-4  per 
cent. 

In  concluding  this  section  of  the  Paper  I  should  like  to  urge  on  all 
Diesel  engine  users  the  great  value  of  the  indicator  diagram  as  a  quick 
and  ready  means  of  testing  the  condition  of  an  engine.  The  "  hand- 
drawn  "  cards  are  particularly  valuable  as  showing  the  distribution  of 
the  fuel  oil  among  the  cylinders.  If  cards  are  taken  and  filed  for 
reference  and  comparison,  it  is  not  difficult  to  keep  an  engine  well 
up  to  its  test  results.  The  outlay  of  £10  to  £15  on  an  indicator  set  is  a 
small  matter  in  comparison  with  the  losses  that  may  occur  if  an 
engine  is  not  periodically  checked. 

The  choice  of  the  most  suitable  Diesel  engine  to  accept  when  con- 
fronted with  a  number  of  them  is  not  easy.  All  members  of  this 
Association  are  now  acquainted  with  the  features  which  are  and  are 
not  desirable  in  an  engine.  But  when  taking  the  plunge  in  the  first 
instance  the  choice  was  difficult.  Some  enguieers  embraced  the 
lowest  tender  with  the  affection  frequently  accorded  to  that  inter- 
esting hybrid,  others  did  not.  JManufacturers'  representatives  were 
very  kind,  but  exhibited  a  considerable  admiration  for  the  merits  of 
their  owii  particular  variety  of  Diesel  engme,  and  in  this  respect  no 
other  attitude  could  be  looked  for. 

The  attractions  of  the  lowest  tender  are,  of  course,  almost  irresistible. 
In  my  judgment  the  lowest  tender  is  suspect  if  it  be  more  than  5  per 
cent,  below  the  average  of  the  other  tenders.  Being  certain  that  this 
difficulty  would  surely  arise  I  attached  a  schedule  to  my  specifica- 
tions in  which  the  manufacturer  filled  in  sundry  dimensions  and  other 
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Table  IV.- — Schf.dule  of  Particulars   Ohiniitcrl  from    Manufacturers   in 
Submitting  Tenders  for  Diesel  Engines. 
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c 
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b          r 

1 

•' 

a 

O  05 

d 

PM  .s 

£ 

a. 

X 

o 
P5 

C  d 

2  .^ 
1^ 

i'S  i  ^ 

1 

c 

A 

400 

3 

133^ 

187 

82 

20  !28-4  |885 

1-42 

1-64 

B 

400 

4 

100 

175 

!>9 

18  '260  '758 

1-44 

1-26 

C 

375 

3 

125 

200 

95 

18 

260  866 

1-44 

1-20 

D 

375 

3 

125 

200 

84 

20 

240  800 

1-20 

1-20 

E 

400 

4 

100 

175 

72 

17| 

24-75  721 

1-40 

118 

F 

400 

4 

100 

187 

72 

17   25-25  786 

1-48 

M8 

G 

400 

4 

100 

180 

92 

17f  26   780 

1-46 

1-04 

H 

385-8 

3 

128-6 

175 

95 

18f  28   815 

1-49 

1  00 

I 

400 

4 

100 

175 

95 

17J  26  J   773 

1-51 

1-04 

Ave  i  rage 

798-2 

dcr 

Oh' 

^.t 

=  ^ 

X 

*  S 

H 

h-l 

4 

-^ 

A 

256 

64 

250 

100 

12 

181 

755 

1-51 

ICH) 

B 

260 

4 

65 

2.'>0 

100 

12 

18-25 

761 

1-52 

1-159 

0 

266 

4 

66-5 

250 

88-8 

13* 

16J 

700 

1-26 

1165 

D 

296-1 

3 

98-7 

300 

98-7 

13| 

16| 

842 

1-36 

100 

E 

266-1 

3 

88-7 

190 

104-7 

IH 

22* 

700 

1-55 

1-186 

F 

210 

3 

70 

210 

82 

13| 

Avej 

rage 

661 
735 

1-36 

1-294 

particulars  of  the  engine  offered.  Table  IV.  gives  a  list  of  such 
particulars  for  engines  of  two  capacities  and  may  interest  you.  You 
will  notice  a  good  manj'  differences  in  corresjwnding  items.  I  do 
not  venture  to  lay  down  any  rule  for  the  guidance  of  anyone  in  this 
matter,  but  1  will  go  so  far  as  to  say  that  my  own  preference  is  for 
(1)  a  low  piston  speed,  (2)  a  low  mean  effective  pressure  from  the 
full  load  card,  and  (3)  a  low  j)iston  and  crank-pin  loading.  The 
general  design  of  the  crankshaft  and  its  bearings,  the  gudgeon-pins 
and  the  lubricating  arrangements  througliout  must,  of  course,  be 
examined  also.  A  .sclicdujc  of  this  sort  ('iial)l('s  one  to  discover  a 
"  specded-up  "  engine,  of  wliicli  scxciaj  lia\'c  j)roved  to  l)e  unfor- 
tunate s])eculations. 

The  transit ioji  from  tlie  paper  stage  to  the  practical  one  of  oper- 
ating the  Diesel  eui^ine  n  it  unnaturally  brought  to  light  a  number  of 
occurrences  with  which  engineers  were  not  familiar.  Many  were 
trivial  in  their  nature,  others  were  serious.  Many  engineers  solved 
their  problems  l)y  means  of  their  own  skill,  others  grumbkd  and  lost 
heart  and  interest.  In  course  of  time  it  was  felt  that  a  central  body 
comiK-tciit  to  collect  and  compile  records  and  to  act  as  a  standard- 
ising authority  to  some  c.\t«'nt  was  a  necessity.  In  this  way  the 
Diesel  Engine  Users  Association  came  into  being.  From  a  very 
modest  and  (juite  informal  i)eginning  this  Association  is  growing 
.steadily,  and  will.  I  trust,  one  day  assume  a  very  im|X)rtant  position 
in  the  domiiin  of  the  internal-combustion  engine. 

1  notice  that,  in  some  (juarters.  our  Association  is  regarded  as  being 
a  species  of  coroners  in|ucst  with  a  permanent  jury  It  is  delicately 
insinuat<'d  that  a  number  of  di.sgruntird  and  disheartened  individuals 
meet  once  a  mmiili  lo  weep  in  eomjiany  over  the  latest  smash-uj). 

That  tJiis  view,  where  it  is  held,  is  a  misrejiresentation  of  our 
activities  goes  almo.st  without  raying,  it  is  a  fact  that  we  di.scuss 
breakdowns.  Of  cour.se  we  do  ;  we  want  to  learn  how  to  avoid  them 
in  future:  Iml  tlieir  niimiu-r  is  not  large  enough  to  prevent  our 
attention  Ik  iuu  taken  up  by  many  other  and  more  imiwrtaiit  matters 
of  general  interest  to  the  industry.  .As  a  whole,  I  can  .say  with  eon- 
lidcnce  th.it  we  do  oi>tain  the  greatest  satisfaction  in  the  working  of 
our  Diesel  enizines. 

The  til  quoqne  type  of  retort  is  po.ssilily  an  exhibition  of  bad 
manners,  but  at  times  it  is  pcrmissil>lc  and  iicressarv.  \  stiuly  of 
accident  insiuan-e  com|)any  reports  leads  one  to  wonder  if  all  is  as 
well  as  it  is  said  (o  be  with  our  old  and  tried  friend  the  steani  plant. 

A  reca.i)itul;itinii  of  ;ill  the  sul)jeits  we  have  discuss(-d  at  our 
meetings  would  lie  wearisome,  and  iiulecd  imjKi.ssible.  witliin  the 
.scojxi  of  this  PajM'!-.  I  should  like,  however,  to  draw  your  attention 
to  three  sul)jc(ts  wliich  have  l>een  of  great  interest  and  which  are 
far  from  being  e.\ha\ist(>d.  Tlie  lirst  is  (he  i>roi>lein  of  the  luluication 
of  Diesel  engines.  We  collected  a  large  amount  of  information  and 
data  on  tliis  subject  and  discovered  a  series  of  rem.irkable  discre- 
pancies in  the  course  of  our  investigations.  .\n  ( ndcavour  to  lav 
down  any  definite  pnmouncement  in  {\\v  matter  of  how  much  or  how 
little  oil  shoiild  W  nsi d  for  various  emjincs  w;is  found  to  be  iinixi.ssible 
at  the  time.      Mr.  ('.  ().  Milton,  t>ne  of  our  most  energetic  members, 


gave  us  a  communication  on  the  subject  and  contrived  to  establish 
some  relations  between  the  lubrication  of  engines  and  the  conditions 
under  which  they  are  used  ;  but  even  here  he  lighted  upon  two  series 
which  did  not  agree  and  for  whose  disagreement  there  did  not  appear 
to  be  any  reason.  We  had  hoped  that  ]Mr.  G.  E.  Windeler  would  have 
given  us  some  useful  hints  on  the  subject  this  evening,  and  doubtless 
he  would  have  done  so  had  he  been  able  to  read  his  Paper  on 
"  Methods  and  Difficulties  of  Lubrication  in  Diesel  Engines."  The 
actual  rate  of  the  destruction  of  lubricating  oil  in  the  cylinder  of  a 
Diesel  engine  is  a  matter  which  would,  I  am  sure,  well  repay  a  careful 
investigation.  I  trust  we  shall  return  to  this  subject  in  the  not  too 
distant  future.  f 

We  are  at  present  engaged  in  investigating  the  vagaries  of  air 
compressors.  In  general  they  work  well  ;  but  occasionally  they 
show  bad  habits.  The  Committee  of  the  As.sociation  have  a  report 
on  the  subject  in  hand  and  hope  to  bring  it  before  the  Association 
before  long.  There  are  differences  of  opinion  among  our  members, 
and  not  imnaturally  .so.  We  are  not  a  "  mutual  admiration  society," 
and  the  happy  mean  will  doubtless  be  struck.  One  feature,  however, 
emerges  as  being  of  paramount  importance,  and  that  is  the  behaviour 
of  oil-impreganted  vapours  imder  the  influence  of  high  pre.ssures  and 
temperatures.  I  think  it  is  a  line  of  investigation  eminently  suited 
to  the  labours  and  talents  of  the  National  Phj-sical  Laboratorj-.  I 
trust  that  Institution  may  be  persuaded  to  take  it  up  in  the  future. 
Users,  manufacturers  and  Government  officers  imite  in  recognising 
the  necessity  for  the  discovery  of  the  real  properties  of  these 
vapours. 

Last,  and  perhaps  of  the  greatest  importance,  is  the  question  of 
fuel  oil  supplies.  This  is  a  matter  of  vital  importance  to  the  whole 
industry-.  The  present  state  of  war  has  opened  our  eyes  in  many 
instances  to  the  manner  in  which  this  great  and  rich  country  has 
become  dejiendent  on  other  communities  for  absolute  necessities. 
The  fuel  oil  question  can  be  and  will  be  solved  by  our  own  chemists 
and  engineers.  The  matter  is  of  more  than  a  sectional  interest  ;  it 
is  a  national  interest. 

Our  engines  will  work  well  on  the  products  of  the  distillation  of 
coal — British  coal — that  coal  which  is  used  to-day  so  uneconomicallj' 
that  at  the  best  but  15  per  cent,  to  20  per  cent,  of  its  available  energj' 
value  is  actually  utilised.  Continental  users  and  manufacturers  have 
u.sed  tar  oils  and  tars  with  the  greatest  success  for  manv  years  in 
their  Diesel  engines,  and  we  can  do  so  too.  The  cost  of  adapting  an 
existin'^  engine  for  the  purpose  is  not  excessive,  and  under  present 
conditions,  at  any  rate,  such  cost  will  be  abundantly  repaid. 

There  is  an  opening  for  a  new  market  for  the  bj'-produets  of  gas 
wor?<s.  l)last  funia  PS,  gas  producers  a-id  low-temixrature  coal 
distillers  which  should  be  well  worth  cultivating.  When  that  is 
established  we  shall  be,  in  one  direction  at  least,  an  independent 
j)eoplo. 

P'nslamrs  greatest  commercial  asset  is  her  coal  ;  her  jx)sition  in 
the  trade  of  the  world  is  chiefly  due  to  this  gift  of  the  gods.  It  is  the 
business  of  manifa  turers  and  users  of  jxiwer  jilants  in  jmrticuiar 
that  it  should  be  a(le(|uately  conserved,  hi  working  our  coa!  de- 
posits we  arc  indeed  living  on  our  capital ;  the  greater  the  reAson, 
then,  to  use  it  to  the  best  advantage. 

With  these  remarks  I  will  bring  this  Pa]x?r  to  a  close,  and  trust  that 
the  figures  I  have  put  before  you  have  been  sufficiently  interesting 
to  merit  vour  attention. 


NOTES  ON  DESIGN  OF  FJ.ECTROMAGNETIC  MACHINES. 
I.  CONTINUOUS-CURRENT  MACHINES. 

BY  STANLKY  r.\RKER  SMITH,  D.SC. 
(Concluded  from  page  496.) 

.S'l/m mar//.— In  tlio  first  jmrt  of  the  article  the  .luthor  dcils  with  the 
priuri|>le8  underlyinjf  th<-  ilcpiini  of  rontinuoue-ciUTont  machinoe.  and  in 
the  wcond  part  he  ai>piic8  the(«>  principles  to  the  design  of  a  350  kw., 
500-volt  penoratnr  running  at  200  ro\Ts.  jh  r  min. 


Thk  Fiklp  System. 

The  Mnqnetic  Circuit. — Before  the  magnetisation  can  be 
r.ilculated.  the  dimcn.sion.s  of  the  field  system  must  be 
settled,  and  we  must  now  decide  h(»w  the  poles  and  yoke  are 
to  be  made.  It  is  certainly  good  practi«u\  with  regard 
to  economy  in  copper,  to  use  round  poles,  since  for  a  given 
ai-oa  a  circle  ha.s  the  loa,st  perimeter.  On  the  other  hand, 
the  available  .npace  does  not  always  pennit  of  this  constnic- 
tion,   especially   when    there   an?   interixile.s,   and   it  becomes 
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necessary  to  use  rectangular  poles.  Nevertheless,  it  is  best 
to  use  round  poles,  where  possible,  even  if  the  coils  have 
to  be  tapered  somewhat.  Another  advantage  of  using  round 
poles,  when  the  poles  are  made  separate  from  the  yoke,  is 
that  they  can  be  cut  from  standard  bar,  which  usually  is 
cheap,  and  can  be  delivered  quickly.  Rectangular  poles  can 
be  made  either  solid  or  laminated  ;  in  the  latter  case,  no  extra 
shoes  are  needed. 

For  the  yoke,  we  can  use  either  cast  iron  or  cast  steel.  Since 
steel  can  be  worked  up  to  densities  of  the  order  of  14,000  lines 
per  cm.^,  whilst  iron  is  seldom  pushed  beyond  6,000,  the  weight 
of  steel  required  is  less  than  one-half  that  of  iron,  and  with  the 
densities  given,  the  steel  only  needs  some  75  per  cent,  of  the 
ampere-turns  taken  by  the  iron.  Also  the  price  of  cast  steel  is 
by  no  means  double  that  of  cast  iron,  so  that  taken  all  in  all  it 
would  seem  preferable  to  use  the  former  from  a  commercial 
standpoint.  The  cost  of  transport  also  favours  the  use  of  steel. 
The  objections  to  steel,  however,  are  often  important  to  the 
competing  manufacturer.  Chief  among  these  is  the  question 
of  delivery,  for  he  has  almost  invariably  to  rely  on  outside 
firms,  and  experience  has  shown  this  to  be  serious,  whatever 
the  reason  may  be.  Then  again,  steel  castings  are  not  so 
reliably  uniform  as  iron  castings  and  usually  need  more  atten- 
tion. Nevertheless,  most  of  the  objections  to  cast  steel  are 
remediable,  and  modern  tendencies  certainly  point  to  the 
increased  use  of  steel  for  yokes. 

In  the  present  case,  the  yoke  will  be  made  of  steel  and  the 
poles  will  be  cast  with  the  yoke,  facings  being  left  for  the  inter- 
poles.  The  main  pole-shoes  are  laminated,  and  serve  as  a  sup- 
port for  the  exciting  coils.  The  dimensions  of  the  yoke  and 
poles  are  shown  in  the  drawing,  and  have  been  found  suitable 
by  trial.  The  poles  are  33  cm.  diameter,  and  the  yoke  is 
12x45  cm. 

The  length  and  cross-section  of  the  different  parts  of  the 
magnetic  path  can  now  be  found.  These  have  already  been 
determined  for  the  core  and  teeth,  in  connection  with  the  iron 
losses.  The  length  of  a  pole  lp=33  cm.,  and  its  cross-section 
ap=0-785  X  33^=855  cm^.  The  cross-section  of  the  yoke 
ay=12  X  45=540  cm. ^  whilst  the  mean  length  of  the  path 
through  the  yoke  is  estimated  at  ly=15  cm. 

There  only  remains  the  air-gap,  and  this  is  the  most  important 
of  all,  since  most  of  the  ampere-turns  in  the  circuit  are  expended 
here.  Owing  to  the  presence  of  the  slots  and  ventilating  ducts, 
the  reluctance  of  the  air-gap  is  increased  due  to  the  contraction 
of  the  flux.  In  the  case  of  continuous-current  machines,  the 
curve  is  usually  flat-topped  over  a  wide  range  of  arc.  This 
uniform  density  Bg  is  greater  than  it  would  be  if  there  were  no 
slots  and  ducts,  and  we  must  now  see  how  its  value  can  be 
calculated.  With  a  smooth  core  and  concentric  air-gap,  the 
flux-density  in  the  gap,  ignoring  fringing,  would  be  simply 
O/feL;  actually  the  effective  arc  6^  is  less  than  pole-arc  b, 
owing  to  the  slots,  and  the  effective  length  Lg  is  less  than  the 
core-length  L,  owing  to  ducts.  Thus  Bg=^(^jhgLg,  so  that 
we  must  now  find  hg  and  Lg. 

The  reduction  of  the  pole-arc  or  core-length  is  a  function 
of  the  ratio  of  the  width  of  the  opening  of  the  slot  or  duct  to  the 
length  of  the  gap.    If  we  denote  this  function  opening /gap  by  y  : 

y'=f  (slot-opening /gap)  and  y"=f  (duct /gap) 
then  we  have 

effective  polar-arc  :  ^g=& — ^o~y' 

effective  core-length  :        Lg  ^L—nldv  .  y" 

where  So&/2/s=total  slot-openings  under  one  pole  (So=slot-open- 
ing)  and  nyC?y=total  width  of  vent  ducts  (n^  ducts  each  dp  wide). 
The  function  y  is  called  the  contraction  coefficient,  and 
can  be  calculated  mathematically.  This  has  been  done  by 
Carter— see  "  Electrical  World,"  1901,  Vol.  XXXVIIL,  p.  884 
— and  the  coefficient  is  therefore  often  referred  to  by  his  name. 
Carter's  results  are  usually  plotted  in  the  form  of  a  curve  with 
?/  as  a  function  of  the  opening/air-gap.  The  figures  for  this 
curve  are  given  in  the  following  table  : — 

2/=0     0-16    0-28    0-37     044    0-55    0-64    0-70      0-75     0-78 


Some  designers  prefer  to  apply  Carter's  results  to  increa.se  the 
length  of  the  gap  instead  of  reducing  its  area,  but  this  is  chiefly 
a  matter  of  taste. 

Before  applying  this  to  the  present  case,  we  have  to  choose 
a  length  for  the  air-gap.  In  an  interpole  machine  the  length 
of  the  gap  largely  depends  on  mechanical  considerations,  for 
there  is  no  need  to  make  the  field  ampere-turns  greater  than  the 
aimature  ampere-turns.  A  gap  of  6  mm.  will  be  quite  suitable 
for  the  present  machine. 

With  a  slot-opening  of  14  mm.  and  a  gap  Zj=6  mm.,  Sollg=li/6 

=2-34  ;   whence  we  get  from  Carter's  curve  y'=()-31,  so  that 

37 
6„=37-l-4  --  0-31=37-4-5=32-5  cm. 

Similarly  with  10  mm.  ventilation  ducts,  (Zy/Zg=  10/6 =1-67, 
for  which  ratio,   ^"=0-24,   and   the  effective   core-length  Is 

Lg=35-4  X 1-0  X 0-24=35-0-96=34  cm. 

Hence  the  effective  gap  area  6gLg=32-5x34=l,100  cm.^ 
This  is  85  per  cent,  of  the  area  hL — a  very  average  figure  for 
machines  with  open  slots. 

To  find  the  densities  in  the  poles  and  yoke  we  must  know  the 
leakage  flux  which  these  parts  have  to  carry  in  addition  to  the 
main  flux.  There  are  various  ways  of  estimating  this,  and  it  is 
usually  found  that  the  leakage  flux  is  from  10-25  per  cent,  of  the 
useful  flux.  Many  designers  are  contented  to  add  a  percentage 
which  they  know  by  experience  is  sufficient  to  cover  leakage, 
and  this  rough  method  is  often  quite  good  enough  in  normal 
machines  provided  the  poles  and  yoke  are  not  highly  saturated. 
It  is  not  an  easy  matter,  on  the  other  hand,  to  calculate  accu- 
rately the  amount  and  distribution  of  the  leakage  flux,  especially 
in  machines  with  interpoles,  and  we  do  not  intend  to  attempt 
such  a  calculation,  as  the  matter  is  of  no  particular  interest  or 
importance  in  the  present  design.  We  shall  simply  add  a  safe 
figure  of  20  per  cent,  on  to  the  useful  flux  and  assume  that  this 
flux  passes  through  the  yoke  and  the  whole  length  of  the  poles — 
an  assumption  which  certainly  gives  us  a  result  on  the  safe  side. 

Magnetisation. — Since  there  are  no  particular  requirements 
to  be  fulfilled  by  the  machine  there  is  no  need  to  calculate  the 
whole  of  the  magnetisation  curve,  and  we  shall  only  work  out 
the  ampere-turns  needed  on  no-load  and  on  full-load. 

The  no-load  flux  to  produce  500  volts  at  no-load  speed  is 
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At  full-load  the  induced  pressure  E  must  be  increased  to 
maintain  F=500  volts  at  the  terminals,  owing  to  the  drop  in 
the  windings.  Summing  up  the  different  drops,  we  find  the 
pressure  induce  on  load  must  be  about  520  volts.  At  a  speed  of 
200  revs,  per  min.  this  requires  a  flux  of  11-4  lines. 

The  magnetisation  is  best  entered  up  in  the  form  of  a  table, 
as  shown  below.  For  the  ampere-turns  for  the  teeth  where  the 
density  varies  on  account  of  the  taper,  it  is  sufficient  to  take 
the  maximum,  mean  and  minimum  densities,  provided  -Bmax. 
does  not  exceed  20,000.  Wlien  the  density  exceeds  this  value, 
[.I  becomes  fairly  small — of  the  order  of  50 — so  that  an  appreci- 
able amount  of  flux  goes  through  air,  and  this  must  be  taken 
into  account.  Calculating  the  ampere-turns  for  the  teeth 
when  the  machine  is  on  load,  the  maximum  and  minimum 
areas  for  the  teeth  are  670  cm.^  and  600  cm.^  respectively. 
Corresponding  with  these  for  a  flux  of  11-4x10®,  5min. =17.000 
and  5max.=19,000,  whence  5mean=18,000.  For  5=19.000, 
the  ampere-turns  per  centimetre  .iT/c»i=160  ;  for  5=18.000, 
^r/cm=100;  fcr  5=17,000,  JlT/cw=62.  Applpng  Simp- 
son's rule  under  the  assumption  that  these  points  lie  on  a 
parabola,  we  get  the  mean  ampere-turns  per  centimetre  needed 
for  the  teeth=(160+4xl00+62)/6=104.  The  iron  cui-ves 
used  are  those  given  by  Prof.  Walker  in  his  book  on  "  The 
Design  and  Specification  of  Electrical  Machinery."  The 
curve  used  for  sheet  steel  is  on  p.  42,  and  for  cast  steel  on  p.  37 
(marked  "  average  cast  steel  "). 

In  addition  to  the  ampere-turns  needed  for  the  iron  and  air, 
the  eft"ect  of  armature  reaction  has  to  be  compensated.  This 
depends  on  the  brush  position — with  a  backward  shift  arma- 
ture reaction  strengthens  the  main  flux,  with  a  forward  shift  it 
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weakens  it.  With  the  brushes  in  the  geometrical  neutral 
zone,  10  to  15  per  cent,  of  the  armature  ampere-turns  have  to 
be  added  to  the  field  ampere-turns  to  make  up  for  weakening 
due  to  distortion,  &c.  The  exact  percentage  is  not  important 
in  an  interpole  machine,  becau.se  the  brushes  can  be  rocked 
slightly  if  necessary,  and  the  interpoles  then  act  on  the  main 
field  in  the  same  sense  as  the  armature  ampere-turns. 


Hence,  we  can  express  the  section  a  in  terms  of  the  known 


quantities  : — 


No-loa  d  AT 

Full -load  AT 

Part  of 
circuit. 

Area. 

Length. 

B. 

cm.        ^^ 

B. 

^Tper 
cm. 

AT 

Core 

TeethBmax. 
Air-gap  .... 

Polos 

Yoke  

2x385 

600 

1,100 

855 

2  X  540 

35 

2x4-2 
2x0-6 
2X.33 
75 

13,700 
17,700 
9,6.50 
14,900 
ll.HOO 

10-5        370 
57     1     480 
...      9,2.50 
29       1,900 
12          900 

14,700 
19,000 
10,350 
16.000 
12,700 

17          600 

104          870 

...       9.9.50 

45      2.970 

14     1  1,050 

1 

Total  4 Ton  no-load 12,C00        Total 15,440 

Arm.  reaction  (11  %)  1,660 


Total  ^r  on  full-load =17,100 

It  will  be  seen  that  the  ampere-turns  are  calculated  for  a 
complete  magnetic  path,  that  is,  for  a  pole-pair,  and  not  for 
one  pole,  as  preferred  by  some  designers. 


0Q2/,_0-02(p .T  .1.  10-2)7, 

"^   i2,    ~  Ve 

I. p.  AT 

~5,000  Fe' 

where  T .  /e=^r=ampere- turns  per  pole-pair,  and  is  taken  for 
full-load. 

The  exciting  pressure  Vg  is  usually  70  to  80  per  cent,  of  the 
terminal  prcs.sure  V.  We  shall  assume  Fe=0-75  X  F=3T5  volts. 
To  find  the  length  of  mean  turn  we  can  assume  a  winding 
depth  of  3-5  mm.  and  the  inside  diameter  of  the  coil  34-5  cm. 
(increased  from  33  cm.,  to  allow  for  slack  and  insulation),  so 
that  /=.-z(34-.5-3-5)  =  120  cm. 

The  required  section  of  wire  is  then  : — 

120.4  .  17,100     ,  , 

The  neare.st  S.W.G.  to  this  is  Xo.  13,  for  which  a =4-3  mm.^, 
with  a  diameter  2-7  mm.  when  in.sulated  with  14  mils  d.c.c. 

If,  now,  we  assume  a  figure  for  the  current  density  in  the 
shunt  winding  we  get  the  exciting  current  If.  The  current 
density  in   shunt   windings  usually  lies  between   1-5  and   2 


/        0       ICm. 
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C.  I.  -  Cast  Iron 
C.S.  -     "     Steel. 
M.S.-  Mild     " 
Br  -Brass. 
W.M.-  White  Metal. 

C.  ~  Cop/per. 

S.  -  String. 

W.  -  Hard  Wood. 

l.'i,:.   10.  — (iKNKHAi.  AuHANtiKMKNT  OF  .350  KW.  GeIiKUator.     700  anipn..  500  volts,  200  r.p.m.     Dimensions  in  millimetres. 


For  the  benefit  of  students  it  may  bo  as  well  to  remark  that  it 
is  no  use  trying  to  calculate  a  niagnetisatii)n  curve  with  the 
accuracy  demanded  in  a  balance-sheet.  Judicious  guessing 
and  correct  arithmetic  arc  mudi  more  important  for  the 
designer  tlian  bbnd  faitli  in  empirical  data. 

6hunl  Windini/.  Knowing  the  ampere-turns  ro<juired 
per  pole,  the  shunt  winding  can  be  calculated  as  follows  : 
Let  Vf  denote  the  exciting  pressure  and  h  the  exciting  current, 
then  from  Ohm's  law,  the  resistance  of  the  exritin-j  winding 
R,=:VelK,  where  /^«  0-02  /</(  :  //  i.s  the  total  length  in  metres 
of  wire  in  the  shunt  winding,  and  a  its  section  in  mm.*. 

Now,  the  total  length  It^p  .T  .1  .  lO'^  m(>tres.  where  T  is  the 
lunnber  of  turns  ])er  pole-pair,  and  /  the  length  of  a  mean  turn 
in  ceulinietres.     /  can  be  estimated  pretty  accurately. 


amperes  jier  mni.'-' ;  taking  1-7  amperes  mm.*  as  a  suit.;ible 
figure,  we  get  7,^1-7  x  l-3  =  7-3  ampere>.  Hence,  for  17. KM 
ampere-turns  per  pole-pair  the  turns  needed  per  pole  will  be 
17.1(X);2x7-3=l,170. 

We  must  now  arrange  these  on  the  pole.  From  the 
drawing  we  see  that  the  available  winding  length.  aft<*r  allow- 
ing for  spool  and  insulation,  is  265  mm.  It  is  possible  to  fill 
about  y5  per  cent,  of  this,  or  25<i  mm.,  with  wire,  so  that  in 
each  layer  there  will  be  25t)  2-7=92  turns.  To  get  F17(»  turns 
per  pole  we  then  newl  nearly  13  layers  ;  taking  13  fuH  layers 
of  92  turns  per  layer,  the  turns  per  pole  will  be  92  x  13=1.196. 
which  is  quite  near  enough  to  the  figure  1.170  we  stjirted  from. 
The  dej)th  of  13  layers  is  13  x2-7=3-5  cm.,  which  agrees  with 
what  we  assumed  in  estimating  the  length  of  mean  turn. 
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With  1,196  turns  per  pole  having  a  mean  length  of  120  cm., 
the  total  length  of  wire  /(=8(l,196x  1-2)=11,500  metres,  and 
the  weight  of  copper  in  the  shunt  winding=970  lb.  net. 

The  resistance  of  the  shunt  winding  (hot) : 

/?e=0-02xl  1,500 /4-3=53-5  ohms. 

The  exciting  current  at  full-load : 

/,=17,100/2  X  1,196=7-15  amperes. 

The  exciting  pressure : 

F.=J?./.=53-5x  7-15=383  volts  (77  per  cent.). 

The  loss  in  the  shunt  winding  : 

/,F,=7-15X  383=2,740  watts. 

To  check  whether  this  loss  can  be  dissipated  without  the 
pennissible  temperature  rise  being  exceeded  there  are  various 
factors  to  help  us,  but  actual  experience  is  the  only  safe  guide. 
From  the  current  density,  which  is  quite  normal,  we  should 
expect  the  temperature  rise  to  be  all  right  provided  the  venti- 
lation is  satisfactory.  Another  simple  check  is  the  loss  per 
unit  surface  of  the  outside  part  of  the  coil.  The  cylindrical 
surface  of  all  the  coils=8x2-65X7T415=277  dm.^.  Hence, 
the  watts  per  dm. ^=2, 740/277=9-9.  For  normal  temperature 
rise  a  safe  limit  for  this  figure  is  10  watts/dm.^,  so  that  the 
present  machine  should  be  all  right.  For  the  effect  of  the  speed 
on  cooling,  and  on  heating  of  machines  in  general,  the  reader 
can  consult  the  books  by  Mr.  Hawkins  and  Prof.  Walker, 
already  referred  to. 

The  Interpole  Winding. — For  the  commutating  flux  the  cal- 
culated ampere-turns  per  magnetic  circuit  were  21,000,  or 
10,500  ampere-turns  per  pole.  With  an  exciting  current  of 
700  amperes  (the  full-load  current  of  the  machine)  there  will 
be  15  turns  per  pole.  For  the  interpole  winding,  the  writer 
prefers,  if  possible,  to  use  a  spiral  of  bare  copper,  leaving  a 
-cooUng  space  between  adjacent  turns.  The  cooling  properties 
of  such  coils  are  very  good,  and  it  is  safe  to  work  at  densities 
of  2-3  amperes  per  mm.^  for  a  temperature  rise  of  45°C.  Allow- 
ing about  2-3  amperes  per  mm."^,  we  need  a  copper  section  of 
700/2-3=300  mm.^.  The  winding  length  on  the  interpole, 
after  deducting  for  the  shoe  and  insulation  {see  drawing),  is 
275mm.,  so  that  for  each  turn  there  is  a  space  of  275/16=17mm. 
(allowing  one  extra  turn  for  the  spiral).  With  a  cooling  space 
of  5  mm.  between  turns  we  have  12  mm.  for  copper,  so  that 
the  depth  of  copper  needed  will  be  300/12=25  mm.  It  is 
possible  to  use  a  solid  strip  12x25,  but  it  is  much  easier  to 
wind  the  coil  if  we  split  up  the  section  into,  say,  5  parts.  We, 
therefore,  use  5  strips  12  x  5  mm.  in  parallel.  Since  there  is  no 
insulation  between  the  strips  the  cooling  is  about  the  same  as 
if  the  section  were  solid. 

Using  rounded  ends  for  the  interpoles,  and  allowing  1  cm. 
for  the  pole  insulation,  the  inside  dimensions  of  the  coil  will 
be  5x21  cm.,  so  that  the  length  of  mean  turn=2(21— 5) 
+7r(5+2-5)=55-5  cm. 

The  total  length  of  copper  is  then  8  x  15  X  0-555=67  m. 

The  weight  of  copper  on  the  interpoles  is  400  lb.  net. 

The  resistance  of  the  interpole  winding  (hot)=0-02x  67/300 
=0-0045  ohm,  and  the  pressure  drop=700x0-0045=3-15 
volts. 

The  loss  in  the  interpole  winding  is  then=700x  3-15=2,200 
watts. 

Efficiency. 

It  only  remains  now  to  calculate  the  efficiency  of  the  gene- 
rator we  have  just  designed.  Most  of  the  losses  have  been 
-calculated  already  for  full  load,  and  it  is  a  simple  matter  to 
estimate  them  at  other  loads.  We  need  only  work  in  round 
numbers.  The  iron  loss  in  the  core  and  teeth  at  full  load  was 
found  to  be  3,600  watts.  This  falls  oft'  slightly  with  the  load, 
owing  to  the  decrease  in  the  flux.  The  loss  in  the  armature 
oopper  varies  as  the  square  of  the  load,  except  for  the  changes 
in  the  temperature  rise.  The  loss  due  to  shunt  excitation  falls 
from  2,750  watts  at  full  load  to  about  1,500  watts  at  no-load. 
The  copper  loss  in  the  interpole  winding  follows  the  same  law 
■as  the  copper  loss  in  the  armature  winding. 

On  the  commutator  the  losses  are  of  two  kinds,  the  electrical 
loss  due  to  the  contact  resistance  between  the  carbons  and  the 
copper  and  the  mechanical  loss  due  to  rubbing  friction  between 


carbon  and  copper.  If  we  assume  a  P.D.  of  1  volt  between  the 
biTjshes  and  the  commutator  at  all  loads,  then  at  any  load  this 
loss  will  be  2/  watts.  The  con  mutator  loss  due  to  friction 
can  be  calculated  from  the  formula — 

Brush  friction  loss  =9-81ju  .p.Ub.Ve  watts, 
where  ya=coefficient  of  friction=0-l— 0-2  for  carbon  bru.shes, 

p=specific  pressure  of  brushes  on  commutator  in  kilo- 
grammes per  cm.^.  This  usually  lies  between  0-1 
and  0-2,  or,  say,  1|  lb.  to  2|  lb.  per  square  inch. 

a{,=total  brush  surface  in  cra.^. 

Vc=p<-ripheral  speed  of  commutator  in  metres  per  second. 

Taking   /f=0-15,    p=0-15    kg.    per    cm.^ ;     06=8x3x8-0 
=  192  cm.'^ ;    and  Vc=10  m./sec,  then 

Brush  friction  loss=9-81  X0-I5x0-I5x  192x10, 
=500  watts,  say. 
The  only  remaining  loss  we  shall  take  into  account  is  windage 
and  friction.  At  ordinary  speeds  this  loss  might  amount  to 
1  per  cent,  or  more  of  the  output,  but  in  the  present  low-.speed 
machine  it  is  not  likely  to  exceed  one-half  of  1  per  cent.,  or, 
say,  2,000  watts. 

Table  of  Efficiencies. 


Load  

5/4 

4/4 

3  4 

2/4 

1  4 

Iron  loss,  core-f  teeth 

Copper  loss,  armature 

,,           shunt    

3,800 
16,000 
3,150 
3,500 
1,750 
500 
2,000 

3,600 
9,550 
2,750 
2,200 
1,400 
500 
2,000 

3,400 
5,350 
2,400 
1,200 
1,050 
500 
2,000 

3,200 

2,200 

2,100 

500 

700 

500 

2,000 

3,000 

550 

1,800 

,,           interpole    

,,           commutator 
Mech.  loss,  commutator... 
,,        wind.  &  friction 

100 

350 

500 

2,000 

Total  losses  

30,700 
437,500 

22,000 
350,000 

15.900 
262,500 

11,300 
175,000 

8.300 

Output  

87.500 

Input 

468,200 

1  372,000 

278,400 

186,300 

95,800 

Efficiency  in  per  cent 

93o 

i      941 

94-2 

93-8 

91-3 

It  is  seen  that  the  maximum  efficiency  is  reached  somewhat 
below  full-load.  This  is  due  to  the  fact  that  the  constant 
losses  are  relatively  small  owing  to  the  low  speed,  maximum 
efficiency  being  reached  of  course  when  the  variable  and  con- 
stant losses  are  equal. 

SCHEDULE  OF  LEADING  PARTICULARS  OF  DESIGN. 
SLOW-SPEED   CONTINUOUS-CURRENT   GENERATOR. 

Shunt -wound,  with  Commutating  Poles. 

Output 350  kw. 

Pressure,  V 500  volts,  constant  at  all  loads. 

Current  / 700  amperes 

Speed,  no-load  »<,    206  R.P.iL 

„     full-load,  n  200      „ 

Temperature  rise  not  to  exceed  45°C.  after  con- 
tinuous run  on  fuU-Ioad. 

Main  Dimensions. 

Number  of  poles,  2p  8 

Armature  diameter,  D     130  cm. 

,,  periphery    408     ,. 

Pole -pitch,  Y  51     „ 

Air-gap  0-6     ,. 

Total  core -length,  L  35     „ 

Vent,  ducts      4,  ench  of  1     ,, 

Net  core -length,  ij  28     „ 

Thickness  of  plates 0-5  mm. 

Diameter  of  spider 94  cm. 

Peripheral  speed  of  armature 13-6  m.  per  sec. 

Frequency, /r  13-3  cycles  per  sec. 

350  X 10" 

Output  coefficient  C= — 17-S 

^  1302x35x3-33 

Yoke. 
Cast  steel 12x45  cm. 

Main  Poles. 

Cast  steel,  cast  with  yoke    33  cm.  diam. 

Shoes:  Arcxlength  37x35  cm.,  laminated. 

Commutating  Poles. 

Poles  20  X  4  cm.  rounded  ends. 

Shoes 20x7cm.,  laminated. 

Armature  Slots. 

Number  of  slots 114 

Slot-pitch 3-58  cm. 

Size  of  slot     42x14  mm,,  open 
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Specific  Loading. 

Total  ampere-conductors,  Z.Ia 120,000 

Ampere-conductors  per  slot,  u.  la 1,050 

Specific  electric  loading,  ac     294 

Armature  ampere-turns  per  pole-pair,  Y .ac 15,000 

Flux  per  pole  when  J?  =  500  and  n=200 110  x  10^ 

Specific  magnetic  loading,  Bmenn 6,150 

Output  coefficient  6' =7r2.  6,150.294. 10"  =  17-8 

Armature  Winding. 

Type  of  winding 4-circuit  wave  (or =2) 

Current  per  circuit,  /«    175  amperes 

Number  of  active  conductors,  Z    684 

,,  idle  ,,  None. 

Turns  per  coil,  Tc  1 

Number  of  coils  or  com.  bars,  C 342 

„  slots,  5 114 

Segments  per  slot  ,3 

Coil-sides  per  slot,  u  6 

Commutator  pitch,  yc    85  bars. 

Coil-span  (back  pitch),  y^    85  coil-sides. 

Front  piteh,  y/    85 

Slot  insulation  1  mm. 

Conductor,  section  A 44mm-. 

„  made  of  strip 3x15  mm. 

taped  to    3-7xl5-7mm. 

Current  density  4  amp.  per  mm^ 

Length  of  conductor 100  cm. 

Resistance  of  winding,  cold 0017  ohm. 

hot 00195ohm. 

Ohmic  drop I3.7  volts. 

Copper  loss  9,550  watts. 

Cominutator. 

Diameter,  Dc  95  cm. 

Periphery,  irDc    298cni. 

Peripheral  speed  of  commutator    10  m.  per  sec. 

Active  length  15cm. 

Number  of  segments,  C  .342 

Pitch  of  segments,  yj  8-7  mm. 

Mean  pressure  between  bars  11"  volte. 

Equalising  Rings. 

Potential  pitch,  7/j,    171  segments 

Number  of  rings 9 

Section  of  rings  20  mm.^ 

Brushes. 

Number  of  spindles    8 

Carbons  per  spindle    3 

Size  of  carbon 20x40  mm. 

Quality  of  carbon     Medium  hard. 

Brush  surface  per  spindle    24  cm.* 

Current  per  spindle 175  amperes. 

Current  density  7-3  amp.  per  cm.* 

Segments  per  i)rush 2-3 

Shunt  Winding. 

Ampere-turns  per  pole-pair  17.100 

Diameter  (if  ])<)!e,  insulat<'d  34-5  em. 

Deptii  of  roil 26-5cm. 

Thickness  of  coil 3.5 

Length  of  mean  turn,  Z    120 

Coii'liictcir,  section  a  4.3  mm.* 

insulated  to  2-7  mm. 

made  of  No.  13  S.W.G. 

Number  of  layers 13 

Turns  per  layer     92 

pole i,ior, 

Exciting  current.  I^ 7.15  amiieros. 

Current  density  1  fili  amj).  i>er  mm.* 

Resistance,  tnld    41;. 3  (,l„ns 

hot.;!", 53.5     _, 

E.xeiting  pressure.  IV  383  volts  (77  <^o). 

Loss  in  exciting  winding 2.740  watts. 

Conimulating  Pole  Winding. 

Type  of  windiuL' Spiral. 

Am])ere-turnN  ])cr  ])oIe-]iair  21.000 

Lcnulli  of  nicjin  turn 55'."(  cm. 

('(inductor,  section    3(K(  nini.* 

made  of  5  strips    5x12  mm. 

Number  of  layers    1 

Turns  per  layer     15 

pole  ir, 

Exciting  current  7(10  n„ip. 

Current  (h^isity  2-33  nni]..  per  mm.* 

Resistance,  cold    0  (»039  ohm. 

hot    0-0045     .. 

Ohmic  drop  in  inter]»o|e  winding  31.")  volts. 

l'"*^"*  ..  ..  2.200  wntt,"*. 

This  arlicio  was  written  at  tlio  Cityajid  (Juilds  (Kngiiiooring) 
College,  and  the  drawing  was  made  liy  .Mr.  .).  W.  Sims. 


NATIONAL  PHYSICAL  LABORATORY. 


The  annual  report  of  the  Executive  Committee  of  the 
National  Physical  Laboratory  was  submitted  to  the  General 
Board  last  month.  In  what  follows  we  reproduce  those  parts 
of  the  report  which  are  of  general  physical  and  electrical 
interest  : — 

Reference  is  first  made  to  the  death  of  Sir  Andrew  Noble  and  of  Sir 
Arthur  Riicker,  and  to  losses  sustained  by  the  Laboratorj-  staff  through, 
casualties  in  the  war.  Since  a  large  amount  of  Government  work  is  now 
carried  out  at  the  Laboratorj-,  war  badges  have  been  issued  to  the  staff 
by  the  Ministry  of  Munitions. 

Owing  to  the  great  increase  in  the  work  during  the  past  12  njonths,  it 
has  been  nccessari-  temporarily  to  augment  the  staff  considerably.  The 
work  in  practically  all  departments  of  the  Laboratori-  has  been  very 
hea\">'  throughout  the  year,  and  the  committee  are  indebted  to  the  staff 
for  the  readiness  with  which  the  additional  burdens  imposed  on  them  by 
the  circumstances  prevailing  have  been  undertaken.  The  committee  are 
satisfied  that  in  many  ways  the  work  done  has  been  of  great  value  and 
importance  to  the  nation. 

A  large  amount  of  work  has  been  done  during  the  year  for  the  Ministry 
of  Munition.s  including  the  Munitions  Inventions  Department,  and  for 
the  Board  of  Invention  and  Research.  On  the  formation  of  the  Ministry 
of  Munitions,  the  Director  was  appointed  .scientific  adviser  on  ])hysical 
questions  to  the  Minist^^^  He  has  also  acted  on  the  advi.sory  panel  of  the 
Munitions  Inventions  Department,  has  served  on  a  number  of  com- 
mittees and  sub-committees  of  this  department,  as  well  as  of  the  B.I.R., 
and  has  acted  as  chairman  of  the  Instruments  Committee.  By  request 
of  the  Ministrj',  the  Laboratory,-  undertook  the  testing  of  gauges  required 
in  the  manufaf;ture  of  fuses  and  shells,  for  which  it  has  been  necessarj'  to 
organise  a  .special  staff,  under  the  superintendence  of  Mr.  Sears,  the  head 
of  the  Metrology  Division.  The  Director  has  acted  as  chairman  of  the 
Gauges  Subcommittee  of  the  Committee  on  Munitions  Supply. 

By  desire  of  the  Committee  of  the  Pri\y  Council  for  Scientific  and 
Industrial  Research,  particulars  have  been  laid  before  them  as  to  various 
researches  in  which  the  Laboratory'  could  be  of  a.ssistance  to  British 
industries.  The  equipment  of  the  Laboratorj-  has  been  provided  with 
special  reference  to  such  work,  and  during  the  past  year  help  has  been 
given  to  a  number  of  firms  who  have  undertaken  the  manufacture  of 
goods  formerly  only  obtainable  from  German  sources.  It  is  gratifying 
to  be  able  to  record  that  in  several  directions  the  efforts  of  these  firms  have 
been  successful.  A  grant  has  been  received  from  the  Pri\y  Council 
Committee  for  the  research  on  optical  glass,  which  is  now  in  progress. 
The  Laboratorj'  has  also  been  asked  to  give  assistance  in  connection  with 
one  or  two  researches  undertaken  by  the  great  technical  institutions  under 
grants  from  the  Pri\y  Council  Committee.  It  is  probable  that  the 
Laborator%-  will  be  asked  by  the  committee  to  undertake  other  work  of 
similar  character. 

Additional  buildings  have  been  provided  during  the  year  in  connection 
with  the  a<'ronautics  research  carried  out  under  the  control  of  the  Ad\-i- 
sory  Committee  for  Aeronautics.  Provision  has  also  been  made  for  an 
extension  of  the  work  carried  out  in  the  Tank  for  the  Advisork"  Com- 
mittee for  Aeronautics.  The  additions  to  the  staff  necessary  for  the  above 
])ur]>()se.s  have  been  sanctioned  by  the  TreasurA',  and  the  appointments 
were  made  early  in  the  year. 

In  the  Physics  De])artment,  the  electrical  standards  division  has  been 
largely  occujiied  with  the  investigation  for  the  Admiralty  and  the  War 
Office  of  some  sjx-cial  ])roblems  in  connection  with  wireless  telegraphy. 
In  the  division  for  general  electrical  measurements  a  number  of  .sjK-cial 
(jue.stions  have  been  investigated,  and  at  the  sfime  time  it  has  been  found 
po.s.>jibie  to  continue  some  of  the  research  work,  which  has  a,s.<umed  in- 
cn-ased  imjxirtanee  during  the  war.  The  research  on  magnet  steels  for 
the  Institution  of  Electrical  Engineers  hius  been  continued,  and  methods 
of  magnet  testing  have  been  improved. 

In  the  Electrotechnics  I)i\ision.  Mr.  Paterson  has  made  arrangements 
for  a  new  briin(  h  of  test  work,  and  has  given  a.ssistance  in  various  .sj>ccial 
matters.  .Mr.  Rayners  service.>;  have  during  the  past  few  months  Ix^en 
lent  to  the  Inventions  Dejiartment  of  the  Ministry*  of  Munitions,  where 
his  detailed  knowledge  of  instruments  and  instrument  design  has  l^een 
found  of  gn  at  value.  Mr.  Melsoni  has  Ix-cn  largely  occupied  with  the 
testing  of  instruments  for  the  .Admiralty,  the  numln-rs  dealt  witli.  with  a 
weakened  stall.  l«ing  more  than  treble  those  tested  in  the  year  ])n'vious 
to  the  war. 

In  the  Heat  IVpartment,  the  absence  of  Dr.  Kaye  and  Mr.  Blackie  has 
l)e«*n  seven'ly  felt,  but  progress  has  Ix-en  made  with  some  of  the  investiga- 
tions of  most  immediate  importance.  These  relate  chiefly  to  heat  loss 
from  surfftc(  s  and  heat  transmission  through  refractorA-  and  non-eondurt- 
ing  materials.  Investigatory-  work  has  In-en  in  progress  with  regani  to 
optical  i)yn'meters  for  high-tem]>erature  furnace  measun-ments.  and 
assi.-ttaiire  ha.s  boon  gi>-en  to  manufactun>rs  in  the  investigation  of  jwroe- 
lains  fvT  the  sheathing  of  pyrometer  t\ilH>s. 

In  the  absen(-e  of  Dr.  Kaye.  Mr.  Higgins  has  succe.s.sfully  taken  charge 
of  the  thermometer  testing,  and  of  the  ra<lium  tests.  .\rra!it:''iuent8 
an'  iK-ing  made,  at  the  re(piest  of  the  Rontgen  Society,  for  the  cxaniina- 
tion  of  materials  employed  for  the  pnjtection  of  X-ray  workers.  The 
e(piipnient  has  Ixn-n  installed  and  the  conditions  of  tvaX  are  lieing  deter- 
mined in  conjunction  with  the  Council  of  the  Rontgen  Society. 

The  Metndoj'y  Division  has  Iioimi  mainly  occu]>ied  with  the  work  of 
gaucT-  testing,  undertaken  for  the  Ministry-  of  Munitions. 

The  0|>tics  Division  has  dealt  with  a  largely  in<  n^aso*!  volume  of  test 
work  for  the  .Admiralty,  while  special  arrangements  were  made  for  the 


THE  ELECTRICIAN,  JULY  21,  1916. 


533 


examination  for  the  Ministry  of  Munitions  of  instruments  collected  under 
an  order  in  Council.  By  dcHirc  of  the  Ministry  also  tables  have  I  een 
prepared  giving  the  curvatures  required  in  achromatic  lenses  for  small 
telescopes  made  from  various  glasses.  These  have  been  published,  and 
have  been  found  of  good  service.  A  considerable  number  of  special 
questions  have  been  investigated,  and  some  useful  Papers  have  been 
contributed  to  the  Physical  Society  and  other  bodies. 

In  the  Engineering  Department,  Dr.  Stanton  has  been  able  to  continue 
some  of  the  research  work  which  had  already  been  undertaken.  The 
work  on  the  fatigue  resistance  of  materials  under  combined  torsion  and 
bending,  carried  out  for  the  B.A.  Committee  on  Complex  Stress,  has  been 
advanced,  and  some  interesting  results  obtained.  The  examination  for 
the  Engineering  Standards  Committee  into  the  application  of  the  methods 
of  notched  bar  impact  testing  recommended  by  the  International  Asso- 
ciation for  Testing  Materials  has  made  good  progress.  In  connection 
with  the  Hardness  Tests  Research  Committee  of  the  Institution  of 
Mechanical  Engineers,  improved  methods  of  determining  the  resistance 
to  wear  of  various  materials  have  been  developed,  which  avoid  some  of 
the  difficulties  experienced  earlier.  A  standard  tensile  impact  test  of 
railway  carriage  couplings  has  been  arranged.  Some  interesting  fatigue 
tests  of  timber  for  aeroplane  construction,  and  of  wires  subjected  to 
vibration  have  been  made.  The  measurements  of  the  growth  of  cracks 
in  the  buildings  of  the  Tower  of  London,  mentioned  last  year,  have  been 
continued. 

The  Metallurgy  Department  has  been  greatly  occupied  with  .special 
questions.  The  alloys  research  has  been  continued,  and  special  attention 
has  been  given  to  the  production  of  light  alloys  under  manufacturing 
conditions,  in  which  considerable  success  has  been  attained. 

The  following  table  gives  a  summary  of  the  tests  carried  out  at  the 
Laboratory  during  the  last  three  years  : — 

1914.  1915.                1916. 

Electrical  measurements...  259  ...  191  ...       140 

Electrotechnics 3,828  ...  5,080  ...  10,444 

Photometry  1,142  ...  410  ...        3,053 

Heat 28,136  ...  24,017  ...  20,289 

Radium    7  ...  72  ...             68 

Optics  7,846  ...  10,579  ...  19,542 

Metrology 4,799  ...  5,797  ...        8,214 

Taximeter  Testing    18,184  ...  15,539  ...  12,957 

Engineering  Department  .  453  ...  617  ...           640 
William  Froude  National 

Tank 67  ...  61  ...             18 

The  accounts  have  been  audited,  and  will  be  presented  to  the  Treasury 
in  due  course.  They  show  a  credit  balance  on  the  year's  working  of 
£1,568.  2s.  3d.  Both  the  expenditure  and  receipts  have  increased  by 
large  amounts,  due  to  the  work  done  for  Government  departments, 
mainly  the  Ministry  of  Munitions.  The  rise  in  income  has  been 
£ll,7i8.  15s.  Id.  from  £39,653.  5s.  6d.  in  1914-15,  to  £51,372.  Os.  7d.  in 
1915-16.  This  is  due  mainly  to  an  increase  in  the  Treasuiy  grant  for 
aeronautics,  which  has  risen  from  £7,474.  10s.  8d.  to  £9,175.  8s.  9d.,  and 
''"to  the  payments  from  the  Ministry  of  Munitions.  On  the  other  hand,  the 
receipts  from  fees  for  the  ordinary  test  work  has  fallen  from  £20,01 7.  8s.  5d. 
to  £19,141.  18s.  3d.,  and  the  payments  for  special  investigations  from 
£1,612.  8s.  7d.  to  £1,125.  15s.  9d.  The  number  of  instruments  tested  has 
increased  greatly,  and  the  increase  has  been  specially  marked  in  the 
optical  and  electrical  divisions  ;  the  increase  in  fees  arising  from  this  has, 
however,  been  counterbalanced  by  a  fall  in  the  work  done  for  the  India 
Office. 

The  total  expenditure  has  increased  from  £39,572.  lis.  lOd.  to 
£49,803.  18s.  4d.,  the  main  item  of  increase  being  salaries  and  wages, 
which  have  grown  from  £29,623.  Os.  6d.  to  £36,397.  9s.  5d.  This  large 
increase  is  due  practically  entirely  to  the  growth  of  the  staff  rec^uired  to 
carry  out  the  Government  work,  and  to  the  necessity  for  increasmg  the 
salaries  of  the  junior  staff  and  the  weekly  wages.  The  staff  has  grown 
from  217  in  April,  1915,  to  337  in  April,  1916.  The  administration 
expenses  for  coal,  gas,  power  supply,  have  increased  considerably,  partly 
in  consequence  of  the  higher  prices,  partly  as  a  result  of  longer  hours  ; 
the  departmental  expenses,  on  the  other  hand,  are  in  nearly  all  cases 
less  than  usual.     This  is  due  to  the  reduction  in  the  research  work. 

At  the  commencement  of  the  year  the  .sum  to  the  credit  of  the  general 
fund  was  £2,347.  5s.  3d.  Addmg  £1,568.  2s.  3d.,  the  credit  balance  for 
the  year,  it  now  stands  at  £3,915.  7s.  6d.  Against  this  must  be  set  the 
liability  of  £1,660. 14s.  4d.,  balance  on  the  loan  for  the  completion  of  the 
William  Froude  National  Tank. 

{To  be  continued.) 


Grain  Size  in  Metals. — Mr.  Z.  Jeffries,  in  a  Paper  read 
recently  before  the  Faraday  Society,  described  a  method  for 
measuring  grain  size.  This  consisted  of  counting  the  grains 
completely  and  partly  included  in  the  circular  part  of  an  image 
at  standard  magnification  of  the  specimen  ;  and  by  means  of 
an  empirical  formula  finding  the  number  of  whole  grains  in 
the  area.  The  President,  commenting  on  the  method,  men- 
tioned that  a  0-58  carbon  steel  contained  5,540  grains  per 
square  inch  when  forged,  and  if  forged  and  annealed  4,500. 
When  the  steel  was  water  quenched  and  re-heated  the  number 
rose  to  330,000. 


THE  EFFECT  OF  VACUUM-FUSION   UPON   THE  MAG- 
NETIC PROPERTIES  OF  PURE  OPEN-HEARTH  IRON. 

BY   TRYGVE   D.    YEXSEN 
(Research  Assistant  Professor,  University  of  Illinois). 

In  a  number  of  articles*  during  the  last  two  years  the  writer 
has  described  the  remarkable  magnetic  properties  obtained  bv 
melting  electrolytically  refined  iron  in  vacuo.  It  has  been 
shown  that  it  is  possible  by  this  process  to  obtain  magnetic 
pei-meabilities  {ii=BjH)  as  high  as  50,000,  accompanied  by 
hysteresis  losses  of  one-fifth  to  one-eighth  that  of  the  best 
commercial  transfoimer  steels  in  use  at  the  present  time.  The 
question  has  naturally  arisen,  What  effect  will  the  vacuum 
treatment  have  upon  commercial  grades  of  iron  ?  In  order 
to  answer  this  question,  one  of  the  purest  grades  of  com- 
mercial iron  obtainable  was  selected  for  an  investigation. 
The  composition  of  this  iron,  which  was  made  by  the  open- 
hearth  process  according  to  the  most  approved  method,  is  as 
follows!  : — 

S     0025  per  cent 

P 0005 

C     0010 

Mn  0025 

Si    0005 

Cu  0050 

0     0035 

N     0004 

H    0001 

Fe(bydiff.)  99-84 

10000 

Test  pieces  were  prepared  from  this  iron  as  it  was  received 
from  the  manufacturer,  and  others  were  prepared  from  the 
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Fig.  1. — Magnetic  Test  Curves  of  Pure  Open-hearth  Iron  as 

RECEIVED  and  ReMELTED  IN  VaCCO. 

iron  after  being  re-melted  in  vacuo.  The  test  pieces  consist  of 
rods  1  cm.  by  36  cm.,  used  in  connection  with  Burrows'  com- 
pensated double  bar  and  yoke  method,  and  of  rings  4-2  cm. 
outside  diameter  by  3-8  cm.  inside  diameter,  tested  by  the 
ordinary  ballistic  method.  These  test  pieces  before  the  final 
testing  were  annealed  at  1,100  ""C.  in  vacuo  and  cooled  at  the 
rate  of  30°C.  per  hour  to  room  temperature. 

The  results  obtained  are  given  in  the  accompanying  table 
and  in  Fig.  1.  It  is  seen  that  the  vacuum  treatment  has 
increased  tha  maximum  penneability  from  two  to  three  times 
and  decreased  the  hysteresis  loss  by  a  corresponding  amount.! 
For  the  sake  of  comparison  there  has  been  included  in  the  U  ble 
the   results   previously  obtained  with  electrohtic  iron — ^with 

* -Bulletins"  Nos.  72,  77  and  83,  Ens.  Exp.  Sta.,  Univ.  of  111. 
"Transact."  A.I.E.E.,  1914,  Vol.  XXXIII.,  Part  I.,  p.  451.  "  Proc." 
A.I.E.E.,  October,  1915,  p.  2455.  -  Proc."  A.I.M.E.,  Februars",  1916, 
p.  483.[    Abstracts  of  these  have  appeared  in  The  Electkician.— Ed>.] 

t  These  figures  have  been  supplied  by  the  manufacturer,  and  ai-e  said 
to  be  representative  of  the  iron.  AJialysis  made  by  the  chemistrj' 
department  of  the  University  of  Illinois  cheek  these  figures  satisfactorily. 

J  A  similar  improvement  lias  been  obtained  with  Swedish  charcoal  ii'pn. 
See  "Bull."  72,  Eng.  Exp.  Sta.,  Univ.  of  111,  pp.  28  and  33. 


534 


OTHE  ELECTRICIAN,  JULY  21,  1916. 


and  without  additions  of  silicon — melted  in  vacuo.  This 
comparison  shows  plainly  that  nearly  as  good  results  are 
obtainable  using  pure  open-hearth  iron  as  a  base  as  with  the 
pure  electrolytic  iron. 

As  far  as  the  chemical  analysis  is  concerned,  it  is  difficult  to 
point  out  any  material  difference  between  the  open-hearth  iron 


density  of  the  vacuum-treated  iron  was  in  every  case  found 
to  be  higher,  the  average  difference  being  about  0-1  per  cent. 

Figs.  2  and  3  show  the  photomicrographs  obtained  for  the 
two  samples  examined.  In  Figs.  2a  and  2b  it  is  seen  that  in 
the  untreated  iron,  while  it  is  remarkably  free  from  slag  or 
other  impurities,  such  as  are  generally  met  with  in  commercial 


Fig.  2a. — 60  Diameters. 


Fig.  2b. — 360  Diameters. 


Pl're  Iron  Made  in  Open-hearth  Furnace. 


before  and  after  the  vacuum  treatment.     Only,  as  far  as  the  iron,  there  appear  a  large  number  of  minute  spots,  evidently 

CO  and  COg  gases  are  concerned,  it  may  be  stated  that  there  cavities  caused  by  dispelled  gases.     The  vacuum-treated  iron 

has  been  a  material  reduction  by  the  vacuum  treatment.     In  is  practically  free  from  such  cavities,  as  seen  by  Figs.  3a  and 

order  to  obtain  further  information   regarding  possible  dif-  3b.     Furthermore,  the  crystals  of  the  treated  iron  are  much 

ferences,  samples  were  examined  for  density  and  under  the  larger  than  those  of  the  untreated  iron. 


Kid.  ;}a. — 60  Diameters. 


FiQ.  3b.— 360  Diameters 


Open-hkartii  Iron  REMKLTKn  in  Vacuo. 


microscope.     The  density  tests  showed  very  slight  differences  The  rosult,s  thus  far  obtained  seem  to  indicate  that  the  purer 

between  the  treated  and  untreated  iron  ;  but  out  of  a  number      the  iron  the  larger  are  the  crystals.     Previous  results  also  point 
of  tests  uii(l(M  different  conditions  auc^  by  different  pereons,  the      towanls  a  possible  connection  between  high  magnetic   per- 
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A  Compa 

risonbetvKen  the  Magnetic  Proxtcrlies  of  Open-hearth  Iron  Before  and  After  being  Re-melted  in  Vacuo.      ALao  Comjjared  with  Electrolytic  Iron. 

Speci- 
men 

Kind 

of 
speci- 
men. 

Max. 
perm. 

1 

Density 

for 

max. 

perm. 

Permeability. 

Hysteresis  loss,  ergs             Retentivity, 
per  cub.  cm.  per  cycle.                gausses. 

Coercive  force, 
gilbert.s  per  cm. 

Spec. 

elec. 

resist., 

microhms. 

No. 

fi= 10,000. 

£  =  15,000. 

5=10,000. 

S= 1.5,000.  B  =  10,000.  Ib= 15,000. 

B=10,0(J0. 

5=1.5,000. 

1.  AR  ... 

Rod     ... 

7,250 

Open 
10,000 

-hearth   iro 
7,250 

n,  as  purch 
2,710 

ased,  machi 

ned  from  ^  in.  rod,  ann 
5,050             9,000 

ealed  at  1,1 
13,000 

00  ^^C. 
0-85 

10 

1015 

2.4-01    . 
4-01    . 
4-02   . 
4-03   . 
4-03   . 
4-04  . 

Ring    ... 
Rod     ... 
Ring    ... 
Ring   ... 
Rod     ... 
Ring   ... 

14,300 
14,180 
16,500 
17,000 
20,900 
16,300 

8,500 
8,500 
9,500 
9,000 
9,000 
10,000 

Open  -h 
13,700 
13,200 
16,450 
16,700 
20,200 
16,300 

earth  iron  r 
5,700 
5,350 
6,400 
8,250 
7,500 
6,000 

e-meltcd  in 
986 
1,080 
935 
8.52 
865 
870 

vacuo,  ann 
2,063 
2,190 
.\010 
1,755 
1,760 
1,880 

ealed  at  1,1 
8,400 
8,700 
8,700 
8,400 
9,300 
8,400 

00  °C. 
12,300 
12,.300 
13,900 
12,600 
13,600 
13,300 

0-33 
0-37 
0-30 
0-28 
0-30 
030 

0-39 
0-40 
0-35 
0-33 
0-34 
0-35 

10-05 
10-20 

3.  3-54  . 
3-55  . 

Rod     ... 

Rod    ... 

22,800 
25,S00 

8,000 
9,000 

Electr 
21,300 
25,600 

olytic-iron 
1,365 
1,365 

melted  in  v 
665 
707 

acuo,    anne 
1,860 
1,451 

aled  at  1,10 
9,300 
9,300 

0°C. 
13,300 
12,700 

0-20 
0-23 

0-24 
0-28 

9-84 
9-85 

4.  3  Si  06 

Rod     ... 

66,500 

Elect 
6,500 

rolytic-iron 
41,700 

with  0-15  p 
6,000 

ercent.  Si, 
286 

melted  in  v 
916 

acuo,    anne 
9,080 

aled  at  1,10 
12,000 

0°C. 
0  09 

0165 

11-80 

5.  3  Si  40 
3  Si  40 

Ring   ... 
Rod     ... 

36,200 
72,600 

Elec 
8,000 
9,000 

trolytic-  iro 
31,300 
69,500 

n  with  3  pe 
790 
2,500 

r  cent.  Si,  m 
337 
254 

elted  in  va  cuo,  anneal 
757             7,700 
926            9,400 

ed  at  1,100° 
11,000 
13,700 

C. 

0-09 
0  09 

010 
016 

44-75 

meability  and  large  crystals  when  comparing  irons  of  the  same 
general  composition  having  received  the  same  mechanical  and 
heat  treatment.  It  may  be  a  question,  however,  whether 
magnetic  permeability  has  anything  to  do  with  the  crystal  size, 
as  it  may  depend  solely  upon  the  purity  of  the  iron.  In  favour 
of  this  contention  may  be  cited  the  fact  that  when  pure  iron 
has  been  annealed  at  temperatures  above  900°C.,  followed  by 
slow  cooling,  the  resulting  crystals  are  much  smaller  than  after 
annealing  at  or  below  900  deg.,  and  yet  the  magnetic  permea- 
bility is  generally  increased  by  annealing  at  the  higher  tem- 
peratures. 

From  these  facts  and  indications  the  only  safe  conclusion 
that  may  be  drawn  is  that  the  open-hearth  iron  has  been 
purified  by  the  vacuum  treatment  to  a  degree  not  obtainable 
by  any  ordinary  process  of  manufacture,  and,  furthermore, 
that  this  purification  has  resulted  in  marked  improvements 
in  the  magnetic  properties.  Together  with  the  results  pre- 
viously obtained  with  Swedish  charcoal  iron,*  these  results 
show  definitely  that  it  is  possible  to  obtain  magnetic  properties 
with  commercial  grades  of  iron  by  vacuum  fusion  that  are 
comparable  with  those  obtainable  with  electrolytic  iron. 


ELECTRIC  UNDERTAKINGS  IN  JAPAN.f 


The  first  electric  undertaking  in  Japan  was  only  directed  towards 
the  supply  of  electric  lighting  in  Tokyo,  by  the  Tokyo  Electric  Light 
Co.  in  November,  1887,  with  one  home-made  75-lamp  d}^lamo  (after- 
wards replaced  by  two  200-lamp  Edison  dynamos)  installed  at 
Nihonbashi.  In  the  following  year  the  company  constructed  three 
more  power  stations,  while  the  Kobe  Electric  Light  Co.  installed  four 
20  kw.  Edison  djTiamos  and  commenced  the  supply  of  lights  in  Kobe. 
The  aggregate  capacity  of  generating  stations  in  Japan  at  the  end 
of  1888  came  to  about  500  kw. 

In  May,  1889,  the  Osaka  Light  Co.  adopted  the  high-tension 
alternating-current  system  for  the  first  time,  and  opened  its  business 
in  Osaka  with  one  30  kw.  draamo  (1,040  volts)  of  the  Thomson- 
Houston  type. 

In  the  following  year  an  electric  light  supply  business  was  started 
in  Kyoto,  Nagoya  and  Yokohama,  and  thus  the  total  capacity  of 
generating  stations  reached  1,500  kw.  at  the  end  of  1890. 

Thereafter  the  electric  business  made  a  steady  progress,  and  the 
first  electric  traction  imdertaking  in  Japan  was  the  electric  tramway 
which  was  opened  in  Kyoto  in  1895. 

The  electric  undertakings  in  Japan  continued  to  increase  their 
electric  power,  and  at  the  same  time  the  method  of  transmitting 
power  to  a  long  distance  was  considered.  In  1899  an  enterprise  was 
opened  in  the  town  of  Koriyama  for  the  transmission  of  electric 
power  over  a  distance  of  15  miles  at  a  pressure  of  10,000  volts,  the 
electric  power  concerned  being  300  kw.  This  having  proved  a 
success,  the  voltage  was  increased  and  the  distance  of  transmission 
extended. 

*  A  similar  improvement  has  been  obtained  with  Swedish  charcoal 
iron.     See.  "Bull."  72,  Eng.  Exp.  Sta.,  Univ.  of  HI.,  pp.  28  and  33. 

■j-  Statistical  Report  of  Electric  Undertakings  in  Japan,  Department 
of  Communications,  Tokyo. 


Towards  the  end  of  1907  the  Tokyo  Electric  Co.  established  a  hydro- 
electric power  station  at  Komahashi,  Yamanashi,  Prefecture,  the 
ca23acityof  which  is  15,000  kw. ,  transmitting  that  power  at  an  extra- 
high  tension  of  55,000  volts  to  Tokyo  over  a  distance  of  50  miles,  to 
supply  electric  lighting  in  Tokyo.  In  view  of  this  successful  under- 
taking of  the  Tokyo  Electric  Light  Co.,  similar  undertakings  have 
been  contemjilated  at  various  places,  availing  themselves  of  the 
water  power  abmadant  in  this  country.  Among  those  undertakings 
the  enterprise  of  the  Inawashiro  Hydro-Electric  Co.  is  the  largest  one 
established  in  Japan.  In  October,  1914,  the  Company  completed 
the  work  of  the  first  hydro-electric  generating  station  in  the  neigh- 
bourhood of  Lake  Inawashiro,  the  output  of  which  is  14,000  kw., 
transmitting  the  power  to  Tokyo  over  a  distance  of  140  miles  at  an 
extra-high  tension  of  115,000  volts. 

Electric  midertakings  in  Japan  are  showing  a  rapidly  progressive 
tendency  ;  at  the  end  of  1914  the  total  capacity  of  generating  stations 
(exclusive  of  those  under  construction)  amomited  to  608,554  kw.,  and 
the  length  of  tracks  of  the  electric  traction  systems  reached  822  miles 
at  the  end  of  1914,  whereas  it  was  only  72  miles  at  the  end  of  1903. 

In  1910  the  Hydraulic  Power  Investigation  Bureau  which  was 
continued  to  1913,  was  organised  for  the  purpose  of  investigating 
hydraulic  power  suitable  for  generatmg  electric  power.  The  avail- 
able hvdraidic  power  in  Japan  estimated  by  the  said  bureau  reached 
2,295,223  h.p. 

The  report  includes  a  series  of  tables,  from  which  it  appears  that 
there  are  1,940  plants,  1,366  of  them  being  isolated.  There  are  390 
electricity  sujjply  undertakings,  and  24  electric  traction  undertakings. 
Forty-seven  concerns  supply  both  light  and  power  for  traction.  Of 
the  2)lants  mentioned  there  are  695  driven  by  water  and  457  by  gas, 
the  remainder  being  steam  plants.  The  plants  in  question  work  at 
various  voltages,  1,297  being  below  600  volts  continuous-current 
system,  578  at  pressures  below  3,500  volts,  and  the  remaining  125  at 
still  higher  pressures.  The  total  capacity  of  aW  the  above  plants 
in  1914  is  given  above.  In  1903  the  total  horse-power  was  4,107, 
whereas  in  1914  it  was  148,702.  The  rate  of  increase  of  horse-power 
in  1913  was  56  per  cent,  per  annum,  and  in  1914  was  45  per  cent. 
It  is  evident  from  the  tables  that  Japan  is  going  ahead  m  the  electrical 
direction,  the  length  of  electric  lines  havmg  increased  from  1,655  miles 
in  1903  to  22,670  in  1914.  Tramway-  1-nes  in  the  same  period  have 
increased  344  cars  in  1903  to  4,287  cars.  The  report  should  prove 
interesting  to  manufacturers. 


Thermo-Electric  Method  of  Studying  Allotropic  Changes 
in  Iron  or  Other  Metals.— Prof.  C.  Benedicks,  in  a  recent 
Paper  before  ..he  Iron  and  Steel  Institute,  gives  an  experimental 
method  for  determining  an  eft'ect  of  thermo-electrical  hysteresis 
in  metals  characterised  by  allotropy.  The  metal  in  the  fo  m 
of  a  wire  is  moved  at  constant  speed  through  a  small  furnace, 
the  maximum  temperature  T  of  which  is  known  ;  between  the 
free  ends  of  the  wire  an  E.M.F.  may  appear  if  molecular  changes 
occur  in  the  metal  at  temperatures  below  T.  The  effect  shows 
a  marked  discontinuity  at  a  certain  point,  and  is  stronger  in 
iron  with  0-10  per  cent,  carbon  than  with  carbonless  iron.  The 
results  support  the  theory  of  the  allotropy  of  iron  as  expounded 
by  the  author,  but  their  accuracy  is  not  very  high,  and  it  is 
desirable  they  should  be  repeated,  especially  with  pure  iron. 
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THE  INEFFICIENT  STATION. 

In  surveying  the  position  of  electricity  supply  at  the 
present  time  one  comes  to  the  conclusion  that,  although  the 
quite  small  station  may  be  run  on  economical  lines,  and 
though  there  is,  of  course,  no  question  that  the  larger 
station,  if  properly  designed,  sets  the  ideal  in  efficiency, 
there  are  numerous  stations  which  are  neither  large  nor 
small,  and  which  are  yery  distinctly  unsatisfactory  in  their 
working.  We  refer  to  stations  having  a  capacity  of  about 
500  kw.- 1.000  kw.  These  stations  have  probably  been 
working  for  some  12  years  or  so.  Their  prospects  are  not 
good,  there  is  very  little  in  the  way  of  power  load,  and  the 
capital  expenditure  per  kilowatt  is  high. 

Some  excellent  examples  of  this  class  of  station  are  given 
by  Mr.  Geoffrey  Porter  in  a  Paper  on  "  Oil  Engines  and 
8team  Engines  in  Combination,"  which  was  read  recently 
before  the  Diesel  Engine  Users'  Association.  This  Paper  is 
reproduced  elsewhere  in  our  present  issue.  The  first  station 
that  is  cited  has  a  capacity  of  510  kw.,  the  capital  expen- 
diture on  the  station  itself  is  at  the  rate  of  £29- 1  per  kilo- 
watt, the  fuel  consumption  is  12-8  lb.  per  unit,  and  the 
overall  thermal  efficiency  is  only  4-93  per  cent.  Another 
station  has  a  capacity  of  540  kw.,  with  a  capital  expenditure 
of  £39-8  per  kilowatt,  the  fuel  consumption  is  at  the  rate 
of  14-9  lb.  per  unit,  and  the  overall  thermal  efficiency  is  only 
2-6  per  cent.  It  is  a  difficult  problem  to  decide  what  is  the 
best  course  to  follow  in  order  to  improve  these  unsatis- 
factory figures.  From  the  financial  point  of  view  it  is 
impracticable  to  scrap  all  the  plant.  On  the  other  hand, 
such  a  station  is  not  large  enough  to  benefit  by  the  use  of 
steam  turbine  plant,  and  although  further  extension  on 
ordinary  steam  lines  would  doubtless  prove  beneficial,  the 
benefit  would  not  be  such  as  to  bring  about  a  very  marked 
improvement. 

Mr.  Porter,  who  is  President  of  the  Diesel  Engine  Users' 
Association,  shows  the  improvements  which  have  been 
effected  by  the  use  of  Diesel  engines  for  extensions.  The 
method  of  working  that  has  been  adopted  is  to  use  the 
efficient  Diesel  engine  plant  as  much  as  possible,  and  to  use 
the  inefficient  steam  plant  for  taking  the  peak  parts  of  the 
load.  It  ap]>ears  to  us  that  this  is  the  proper  method  to 
adopt  rather  than  the  converse  arrangement.  In  the  case 
of  plant  which  is  u.sed  for  peak  load  work  the  efficiency  is 
comparatively  unimportant,  as  this  part  of  the  load  ac- 
counts for  only  a  small  part  of  the  output.  The  effect  of 
working  the  Die.sel  plant  as  much  as  possible  is  shown  in  a 
marked  way  by  the  improved  overall  thermal  efficiency  of 
the  stations.  In  the  case  of  the  two  stations  which  we  have 
mentioned  this  efficiency  has  risen  from  4-93  per  cent,  to 
22-()per  cent,  in  the  first  case,  and  from  2()  per  cent,  to 
(')-5  per  cent,  in  the  case  of  the  second  station.  It  must  be 
admitted  that  this  is  a  very  marked  improvement. 

Some  emzineers  may  feel  that  it  is  a  somewhat  serious  dis- 
advantage to  be  dei  endent  on  oil  fuel  which  so  far  has  been 
imported  int(»  this  country,  and  which  may  rise  considerably 
in  price  for  one  reason  or  another.  This  objection,  however, 
is  losing  its  weight  through  the  fact  that  oil  obtained  from 
the  di.^tillation  of  coal  in  this  country  is  now  being  used, 
and  is  stated  to  give  quite  satisfactory  results. 

.\  not  her  (juestion  that  should  be  considered  is  the  ultimate 
character  of  stich  stations.  As  they  become  larger  will  they 
continue  with  Diesel  plant,  and  thus  displace  the  original 
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steam  plant?  Or  will  it  bo  worth  while,  when  a  more 
extensive  load  comes  upoii  the  mains,  to  increase  their 
steam  plant  so  as  to  obtain  the  most  efficient  results  in  this 
direction?  The  third  alternative,  which  is  no  doubt  ilic 
ideal  wheic  it  is  feasible,  is  to  take  a  bulk  supply  and  to 
convert  such  stations  into  sub-stations.  Whatever  may  be 
the  ultimate  solution,  thei-e  is  no  doubt  that  Mr.  Porter's 
Paper  forms  a  very  interesting  and  practical  contribution 
to  the  subject  of  economy  in  the  smaller  class  of  electricity 
supply  station,  and  will  be  of  assistance  to  those  engineeis 
who  are  considering  what  steps  they  should  take  to  meet  the 
increasing  load  in  stations  of  this  type. 


INSTRUMENT  TRANSFORMERS.* 

BY  ClIAS.  C.  GARRARD. 

{Conchided  from  page  par/e  501.) 

Data  for  the  Design  of  Current  Transformers. — The  magnetic 
density  used  in  current  transformers  is  very  small,  and  there- 
fore the  usual  particulars  which  are  available  as  to  core  loss, 
permeability,  &c.,  are  not  applicable.  Wild,  however  {see 
Electrician,  Vol.  LVL,  1906,  page  705),  has  gone  into  the 
matter  fully,  and  reference  to  his  article  will  show  how  it  is 
possible  to  secure  a  great  degree  of  accuracy  with  a  properly 
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Fig.  6. — Curves  of  Watts  Lost  per  Kilogramme  and  of  Per- 
meability CALCULATED  FROM  Wu^d's  CuRRENT  TRANSFORMER.  TRANS- 
FORMER Iron  0-013  in.  thick.     Two  Joints  in  the  Magnetic  Circuit. 

designed  series  transformer.  From  Wild's  figures  one  can 
calculate  the  permeability  and  core  loss  of  the  core  used  by 
him,  and  the  figures  are  given  in  Fig.  6,  as  they  will  be  useful 
to  other  designers.  By  using  stalloy,  which  has  a  higher  per- 
meability at  these  low  flux  densities,  and  also  a  lower  watt  loss 
than  ordinary  transformer  iron,  still  better  results  may  be 
obtained. 

It  may  be  remarked  that  Wild's  figures  show  that  between 
i^max.  of  200  and  400  per  square  centimetre  the  core  loss 
mcreases  by  about  the  2-7th  power  of  the  B„„,  ,  instead  of  the 
1  -6th  (Steinmetz  Rule)  power,  which  is  the  case  with  densities 
of  2,000  to  8,000  B,„„^,  . 

Types  and  Characteristics  of  Current  Transformers.— The  first 
consideration  in  the  design  of  current  transformers  is  to  avoid 
magnetic  leakage  between  the  secondary  and  primary.     For 

*  From  a  forthcoming  book  on  "Electric  Switch  and  Controlhnjr 
t-oar.       Copyright.     All  rights  recerved. 


this  reason  those  types  consisting  of  a  core  upon  one  leg  of 
which  the  primary  is  wound,  and  upon  the  other  leg  of  which 
the  secondary  is  wound,  arc,  as  a  rule,  to  l>c  avoided.  The 
best  ariangement  is  to  wind  the  secondary  next  the  core  with 
the  primary  on  top  of  it.  By  this  means  the  length  of  mean 
turn  of  the  secondary  is  kept  as  short  as  possible,  and  therefore 
its  resistance  will  be  a  minimum.  When  cheapness  of  con- 
struction is  all  impoitant,  then  the  primary  and  .secondary 
may  be  wound  side  by  side  upon  the  same  leg  of  the  core.  A 
tiansfoimer  constructed  upon  this  principle  is  illustrated  in 
Fig.  7.  This  only  has  300  ampere-turns  per  winding  at  full 
load,  and  is  suitable  for  working  a  single  ammeter.     A  similar 


Lead  bound  to  moc 
piece  with  tape. 


Fig.  7. — Open  Type,  5,000-volt,  150-ampere  Current  Transformer 
,  having  300  Primary  ampere-turns. 

transformer  with  a  bar  primary  is  shown  in  Fig.  8-  It  will 
be  sfeen  that  this  transformer  has  the  fault  mentioned  in  the 
beginning  of  this  paragraph — viz.,  considerable  magnetic 
leakage.  Everything  has  been  sacrificed  to  cheapness  ; 
nevertheless,  it  is  suitable  for  use  with  a  single  ammeter.  It 
is  necessary  with  this  type  to  determine  the  number  of  turns 
in  tlie  secondary  for  any  particular  ratio,  load  and  periodicity, 
expejimentally.  The  secondary  leads  should  always  be  placed 
comih2  out  as  shown  in  the  fioiure,  and  it  must  be  remembered 
that  the  effective  number  of  turns  is  the  number  crossing  the 
section  AA. 


Secondary  to  be  well 
taped  in,  to  prevent 
it  corning  loose 


Core  wrapped  with  tape, 
until  porcelain  is  a  tight 
fit. 


-5^ ,  ^  ^,^ 

Fig.  8.— Open  Type,  o,000-volt  Current  Transformer,  ."jOO  amperes, 

WITH  Bar  Prmary. 

The  transformers  illustrated  in  Figs.  7  and  8  are  of  the 
core  type.  Fig.  10  illustrates  a  shell  type  which  has  been  used 
extensively.     It  is  somewhat  magnetically  leaky. 

Bar  primaries  as  illustrated  in  Figs.  8  and  9  are  extremely 
convenient  in  switchboard  work,  as  in  many  instances  the 
actual  switchboard  conductor  may  be  used  without  any  special 
primary  at  all.  That  is  to  say,  the  core  with  the  secondary 
winding  is  slipped  over  the  switchboard  connection. 
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Bar  types  of  transformers  are  further  illustrated  in  Figs.  9  is  a  transformer  for  much  larger  currents.     The  upper  portion 

and  11.'    Fig.  11  has  400  amperc-turas  at  full  load  current,  of  the  Hd  should  be  made  of  some  non- magnetic  metal  to  pre- 

Its  core  consists  of  circular  stampings  with  the  secondary  wound  vent  eddy  currents  and  heating  occurring, 
(necessarily  by  hand)  over  it.     The  primary  goes  through  an         A  very  good  form  of  current  transformer  is  illustrated  in 


Fig.  9. — Cukkent  Transformer  h.wing  Single  Turx  Bar  Primary. 

insulating  tube  in  the  centre.  This  method  of  construction 
(circular  core  discs)  is  expensive,  and  does  not  give  any  cor- 
responding advantage.  Built  up  cores  are  to  be  preferred. 
Curves  showing  the  performance  of  this  transformer  (Fig.  11) 


Con  damped 
to  Bracket 


^imary  Turns 
Cq^  Strip. 


Fig.  11. — CiTRREXT  Transformer  (having  400  asipeee-tttrns)  ion 
slipping  over  swrrchbqard  conductoe  and  having  circular  core 
Discs. 

Fig.  14.  It  will  be  seen  that  the  core  is  designed  on  generous 
lines,  and  that  the  size  is  large  compared  with  the  usual  run  of 
series  transformers.  It  has  1,600  ampere-turns  per  winding 
and  the  curves  in  Fig.  1.3  show  the  excellent  result  it  is  possible 
to  attain  with  it.  It  will  be  seen  that  the  ratio  remains  con- 
stant in  spite  of  change  of  frequency  and  very  wide  fluctua- 
tions of  the  primary  current  and  of  the  resistance  in  the 
secondary   circuit.     Fig.  15  shows  the  same  type  of   trans- 
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compared  with  one  constructed  nn  ihf  .same  hues  as  Fig.  II 
are  shown  in  Fig.  12.  The  variations  in  the  lower  curve  fiom 
a  straight  line  are  fo  be  traced  to  experimental  errors.   Fig.  ij 


40  50 

Percentage  Load. 

Fig.  12. — Comp.vrison  of  Current  Transformers  Illfstrated 

IN  Figs.  11  and  14. 

A  — cum-nt  transformer  a.s  in  Fig.  11  (400  ampere-turn.«!). 
B=cumMit  transformer  as  in  Fig.  14  (1,600  ami»re-tums). 

former,  but  for  2,000  amperes,  primary.  In  these  last  two 
types  the  secondary  consists  of  two  coils  in  series,  one  on  each 
limb. 


r  II  I  «l4  l(f^i^"  L'Pe  Curvi?    I    Points  thus  o -n*  =  50  _ 
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The  effect  of  frequency  on  a  current  transformer  of  middling 
quality  is  illustrated  in  Fig.  16. 
The  curves  in  Fig.  17,  taken  from  a  transformer  as  illustrated 


work  it  is  not  advisable  to  use  transfoiiners  which  have  such 
a  variable  ratio  as  this.  It  is  much  better  to  spend  the  extra 
money  (which  is,  after  all,  not  a  gi-eat  deal)  and  have  trans- 
formers which  are  constant  in  ratio  under  all  the  varied  con- 
ditions of  their  use.  The  moral  which  tho  switchboard  designer 
should  extract  from  the  illustrations  given  in  this  section  is  to 
examine  the  current  transformers  offered  him  critically,  and 


Fig.  14. — Cukeent  Tkansfoemer  for  trsE  on  2,000-volt  Circuit,  and 

HAVING  1,600  AMPERE-TTJRNS  PER  WINDING,  WITH  TaNK  EeMOVED. 


?iG.  15. — CtJERENT  Transformer  having  2,000  ampere-turns  per 

WrNDlNG  AXr?  CONSTBUSTED   WITH  MINIMUM  MAGNETIC  LEAKAGE. 

in  Fig.  8,  show  the  variation  in  ratio  with  varying  current. 
This  ti-ansformer  is,  of  course,  a  cheaply  designed  one.  With 
s  uch  a  transformer  it  is  necessary  to  take  the  variation  of  ratio 
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Fig.  16. — Effect  of  Fkkquk.ncv  in  alteiuxu  Ratio  of  Cl'urknt 

thansforjier. 
Variation  of  current  ratio  with  secondary  \  olts  for  constant  full  load 
primary  current.     Secondary  load,  non-inductive. 

into  account  when  marking  off  the  scales  of  the  ammeters. 
It  is,  however,  not  necessary  to  caHbrate  each  ammeter  with  its 
own  transformer  if  the  latter  are  all  made  alike.     For  important 
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Fig.  17. — Current  Tran.sformeb  illustrated  in  Fig.  S,  .300  to 

10   AMPERES. 

Variation  of  current  ratio  from  t\j  to  full  load  with  different  inductive 
resistances  in  secondary.  Curves  marked  A  B  E  :^  25  '^.  Curves  marked 
C!  D  F  ^  50  (\'.  The  secondary  load  was  inductive,  corresponding  to 
the  usual  instrument  and  relay  load. 

by  demanding  curves  of  performance  such  as  herein  illustrated, 
satisfy  himself  that  appreciable  errors  will  not  be  introduced 
into  the  metering  by  the  use  of  the  same. 


INSTITUTION  OF  ELECTRICAL  ENGINEERS. 


TRADE  POLICY. 

In  the  current  issue  of  the  "  Journal  "  of  the  Institution  of 
Electrical  Engineers  the  following  notes  appear,  showing  that 
the  Council  is  taking  up  a  new  attitude  in  regard  to  trade  : — 

A  Committee  of  the  whole  Council  recently  liad  under  consideration 
certain  matters  affecting  the  electrical  engineering  profession,  but  shoi-tly 
before  the  Committee  presented  their  report  to  the  Council  the  attention 
of  the  latter  was  drawn  to  an  announcement  in  the  Press  that  the  Board 
of  Trade  had  decided  to  appoint  Committees  to  consider  the  position  of 
certain  important  British  industi'ies  after  the  war,  especially  in  relation 
to  international  competition,  and  to  report  what  measures,  if  any,  are 
necessaiy  or  desirable  in  order  to  safeguard  that  position.  It  was  also 
announced  that  two  Committees  had  already  been  appointed  for  {a)  the 
iron,  steel  and  engineering  industries,  and  (b)  the  shipping  and  shipbuild- 
mg  industries. 

It  was  thereupon  decided  by  the  Council  that  a  letter  be  sent  to  the 
Board  of  Trade  urging  the  appointment  of  a  separate  Committee  on  the 
above  lines  for  the  electrical  trades,  and  an  announcement  appeared  in 
the  Press  on  April  26,  1916,  to  the  effect  that  such  a  Committee  had  been 
appointed  by  the  Board. 

The  President  of  the  Institution  having  beni  recently  invited  to  give 
evidence  before  tlie  Electrical  Triides  Committee,  it  was  resolved  by  the 
Council  that  the  following  recommendations,  based  upon  the  conclusions 
reached  by  the  above-mentioned  Committee  of  the  whole  Council,  be 
submitted  by  him  to  the  Board  of  Trade  Committee  on  behalf  of  the 
Council : — 

1.  Some  combination  of  British  electrical  firmc,  etpecialiy  with  regard 
to  overseas  trad^,  ir.  dec-irable. 

2.  A  Government  Tribunal  of  the  most  mdcpendent  character  that  can 
be  devised  to  be  appointed  to  control  the  electricity  supply  industiy  of 
the  country,  and  also  to  prevent  indiscrimiinUc  addition  or  extension  of 
power  stations  or  systems  undesirable  from  the  point  of  view  of  size, 
locality  or  system. 

3.  In  view  of  the  necessity  of  securing  the  home  market  and  that  nor.e 
other  than  British  electrical  apparatus  be  purt'hased  in  the  United 
Khigdoni,  a  protective  tariff  to  be  set  up.  notwithstanding  such  benefits 
as  will  in  an}'  case  result  from  patriotism. 

4.  A  permanent  Advisory  Committee  to  be  appomtad  to  ensui-e  that 
as  far  as  possible  raw  materials  and  parts,  as  well  as  whole  app;iratus, 
necessary  to  the  trade  of  the  British  Empire  shall  be  produced  withm  the 
Empire. 

5.  (i.)  Britisli-born  Electrical  Attaches  to  help  in  the  Consular  service  ; 
and  (ii.)  Trade  Commissioners  (scientiiic  and  techniciU  commissioners,  as 
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suKgi'sted  by  Mr.  I'ollanl  Digby,  I.E.E.  -.Journal,"  Vol.  LTIT.,  ],.  7!]9, 
1915),  to  bo  ap])oiiit(  (1. 

6.  liritisli  cnjiiiu'cring  standards  to  be  adopted  tliroujihout  the  Empire. 

7.  The  use  of  the  metric  system  to  be  made  eoni]>ulsory  after  a  reason- 
able period  ;  and  during  this  period  all  trade  catalogues  to  make  use  of 
both  the  British  and  metric  systems. 

8.  The  Institution  to  be  granted  a  charter,  so  as  to  improve  the  status 
avid  training  of  electrical  engineers. 

(i.  A  Central  Engineering  Board,  consisting  of  representatives  nomi- 
nated by  all  the  important  institutions,  to  be  established  whom  all 
engineers  (other  than  mechanics)  would  be  required  to  satisfy  as  to  the 
sufficiency  of  their  technical  training  and  general  education  before  they 
could  be  recognised  as  ])roficient,  so  as  to  ensure  that  every  engineer  shall 
qualify  for  his  profession  in  the  same  manner  as  a  doctor  or  solicitor. 

10.  Closer  co-oj)eration  of  manufacturers  and  other  emjjloyers  of 
electrical  engineers  with  the  technical  colleges  is  desirable  to  ensure  that 
students  arc  trained  to  meet  the  future  need  of  the  industry. 


CORRESPONDENCE. 


S.  p.  TJIOMPSON. 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

Referring  to  Mr.  Eborall's  appreciative  letter,  I  do  not  think 
that  the  practical  realisation  of  a  memorial  to  our  dear  and 
distinf^uished  friend  would  be  suitably  set  afoot  by  myself,  but 
lathcr  by  some  wide  embracing  organisation  with  which  he  was 
prominently  associated — the  Institution  of  Electrical  Engi- 
neers, for  example. 

My  little  effort  was  only  by  way  of  adding  a  ])ersonal  tribute 
of  admiration  and  affecti(m  to  his  memory,  incited,  in  fact,  by 
the  altogether  admirable  article  of  Dr.  Russell. 

Westminster,  July  17.  Charles  Bright. 


TO  the  EDITORS  OF  THE  ELECTRICIAN. 

With  reference  to  the  correspondence  which  has  appeared 
in  your  columns  concerning  a  memorial  to  the  late  Prof. 
Silvanus  P.  Thompson,  T  have  to  inform  you  that  the  Finsbury 
Technical  College  Old  Students'  Association  had  already  taken 
the  matter  up  and  are  now  engaged  on  the  formulation  of  a 
sclicinc  to  enable  all  those  iutcresfed  to  perpetuate  the  memory 
of  tlie  deceased  in  a  suitable  manner. 

Westminster,  July  li).  John  E.  R  a  worth, 

President,  the  Finsbury  Technical  College 
Old  Studcjits'  Association. 

I  We  arc  glad  to  note  that  action  is  being  taken  with  a  view 
to  a  comprehensive  scheme. — Eds.  E.] 


THE  USE  OF  CARBON  TETRACHLORmE  fBENZINO- 
FORM)  WITH  HIGH-TENSION  SWITCHES.  ■ 

m    .M.   ViXiliLS.XNU. 

Altlinugli  it  may  be  |)o.ssili!c  by  i>r(ii)er  design  to  prevent  an  explo- 
sion jn  iiri  oil  switch,  the  jiithuninable  nature  id  tiie  oil  is  a  eonstunt 
source  of  danger.  .Moreover,  if  a  tire  shoultl  !)e  startvd,  the  presence 
of  a  e()nsid(>ralile  <|ii;inli(y  of  1  urning  oil  nnght  eau.se  serious  (rouble. 
The  lirni  of  N'oigt  \  MaelTner  has  lately  made  e.\|H'riincnt.s  with  a 
view  to  |)r(>vj(ling  a  sMlwtjtiit*-  for  the  oil  commonly  used,  and  lias 
invest ignted  the  properties  of  carbon  tetrachloride,  which  is  known 
in  the  trade  under  the  name  of  lien/.inoforin.  'i'he  results  of  the  pre- 
liminary test.H  are  now  known,  and  though  the  new  pro|>o.sed  Hiiid  has 
some  unfortunate  properties  an<l  jK-cuIiarities.  it  inav  be  of  interest 
to  describe  what  li;is  been  done.  The  |M)ssib!e  use  of  ben/.inoform 
WHS  originally  suggested  by  K.  i'eyni.sson.  of  Paris,  in  his  CJerman 
]iatent  21S. :{!»•»,  dated  December.  MXtS.  lint  this  patent  has  since 
o,\pire<l.  I'eyrussoTi  described  the  nature  and  pro|KTties  of  beii/iiio- 
fonn,  jiiid  laid  stress  u|Mm  its  eharac(<«rjstic8  as  an  insulating  medium. 
It  wa-i  pro|)osed  to  prevent  volatilisation  by  covering  it  with  a  laver 
of  water  or  glycerine,  or.  bett<'r  still,  by  a  mixture  of  e(jnal  volumes 
o\  tile  two.  The  author  began  ex|H>riiiients  on  the  subject  in  I'M  1. 
without  any  knowledge  of  the  existi-nce  of  this  jiatent.  This  Wiis 
continued  ;".flt>r  tlu^  war  began,  as  oil  became  very  scan-e  ;  hut  the 
conditions  soon  became  nnersed.  oil  was  fairly  plentiful,  I>en7.inn- 
form  was  hardly  to  be  obtained,  as  the  raw  maleri.ils  wen-  n<it  (n  l>e 
had.  and  there  was  no  glyeerine  (Ui  the  market. 

*  Abstrmit  of  an  article  in  the  "  Elrktn;)tochnische  Zeitsihrift,"  Heft  12, 
191(i. 


As  for  benzinoform  itself,  it  may  be  said  that  carbon  tetracliloride 
is  a  fluid  of  specilic  gravity  1-63,  boiling  at  76-5°C.,  and  sohilifying  at 
— 26-7°C.  It  volatUises  easily  when  exposed  to  the  air.  The  speci- 
fic gravity  of  the  oil,  ordinarily  used  in  switches,  is  0-91  ;  the  difife- 
rence  in  this  respect  is  therefore  very  great.  With  regard  to  vola- 
tilisation, it  was  found  that  an  ordinary  closed  oil-switch  lost  1  mm. 
of  fluid  a  day.  A  packing  of  felt  was  then  introduced,  and  this 
reduced  the  loss  to  0-5  mm.  But  this  plan  would  have  introduced 
other  difficulties.  Another  suggestion  was  to  cover  the  surface  to 
some  extent  with  a  kind  of  float  ;  but  this  produced  practically  no 
effect  at  all.  The  affinity  of  benzinoform  for  other  substances  is  an 
important  matter.  Various  samples  were  immersed  in  the  fluid  for 
more  than  a  year.  Chopper  was  scarcely  attacked  at  all  at  normal 
temperatures  ;  at  45°('.  it  was  gradually  covered  with  a  white  shmy 
layer,  which  sank  deeply  into  the  metal.  Aluminium,  silver,  and 
lead  were  scarcely  attacked  at  all  :  but  the  best  icsults  were  given  by 
tin,  and  the  tinning  of  metallic  parts,  expo.sed  to  the  fluid,  seemed, 
therefore,  the  best  solution.  Rubber,  vulcanite,  pertinax,  and 
micanite  were  found  to  be  completely  useless.  Fibre  and  mica  were 
free  from  any  signs  of  attack.  Tests  were  then  carried  out  as  to  its 
insulating  profXirties,  and  there  was  found  to  be  a  groat  difference 
according  as  the  breakdown  voltage  was  applied  permanently  or 
momentarily.  Tlio  results  are  shown  in  the  Figure.  The  spark  passed 
between  needle-jwints.  One  curve  shows  the  breakdown  voltage 
required  to  break  down  the  medium  at  once — i.e.,  within  two 
seconds  ;  the  other  shows  the  breakdown  voltage  which  just  suffices 
to  produce  the  effect  in  20  minutes.  The  fluid  was  brown,  as  it  had 
been  used  on  short-circuiting  tests,  but  this  scarcely  affected  its 
insulating  proj)erties.  The  tests  were  scarcely  exhaustive,  as  too 
much  time  would  have  been  required,  and  this  in  war-time  was  not 
available,  t  But  .sufficient  was  done  to  estabUsh  the  f-^ct  that  the 
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fluid  was  (piite  suitable  for  use  on  high  voltages.  The  fact  that  it 
behaves  very  wnil  011  momentary  surges  is  very  useful  ;  in  practice, 
surges  of  this  character  constitute  the  real  danger.  Eiectrifiration 
causes  a  consich-rable  commotion  in  the  fluid.  This  is  also  the  case 
with  oil,  but  not  to  the  same  extent,  and  this  may  explain  the  differ- 
ences in  the  bn-akdown  voltages  noticed  above. 

In  Sej)tember.  IJtl4,  a  switch,  tilled  with  lienzinoform,  was  put 
into  steady  use  in  the  test  room.  It  was  covered  with  a  layer  of 
glycerine.  It  Wiis  kept  under  stejwly  oliservation  through  a  glass 
window.  The  lirst  im|K)rtant  fact  that  was  luitod  w.v<  of  a  decidedly 
unsatisfactory  iiatun\  Within  a  month  all  (he  eopixT  i)arl,s  wore 
covered  with  a  slimy  gn>en  layer.  But  this  was  found  to  Ix^  due  to 
the  glycerine,  and  to  have  nothing  to  do  with  the  iii.sulating  fluid 
it.self.  The  onlinary  lyi>e  of  oil  switch  cannot  therefore  l>e  u.sed  with 
benzinoform.  if  a  layer  of  glycerine  is  used.  This  switch  was  used  on 
very  diffen-nt  prpssun>s  up  to  Id.tMK)  volts  ;  the  onlinary  pressure 
was  about  ."i.oOO  volts.  .Vfter  six  weeks,  then'  was  a  flash-over  on 
r).(KK)  volt**,  which  took  jilace  Ix'tween  the  copjx^r  and  the  glycerine. 
The  switch  was  then  n^plaeed  by  another,  in  which  the  insulators 
wen'  diM  jx'r  immerse<I  in  the  fluid.  I'p  to  the  end  of  1!U4.  short- 
circuits  wen-  ni.ide  daily,  and  notliing  happened  till  the  end  of 
March.  I'M.'),  when  another  accident  occurred.  It  was  then  found 
that  the  Icm-I  of  the  fluid  had  fallen  20  mm.  in  consequence  of  a  slight 
leakage  in  the  ea.se.  .inii  it  may  be  remarked  that  such  leakages 
cannot  be  noticed  fmm  (lie  outride,  on  account  of  the  volatility  of  the 
fluid.  This  is  quito  diffenMit  fnuii  oil  :  there  the  leakage  of  a  few 
dn»ps  always  eaiiM-s  an  oily  |Mtch.  which  is  easily  noticed.  The 
feasts  with  this  old  (yi>e  of  oil  switch  were  of  iuterest.  a-s  it  was  very 
frequently  use«I  f>n  very  different  pressures.     It  was  used  in  con- 
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nection  with  a  transformer,  which  took  about  50  k.v.a.,  but  it  was 
not  connected  immediately  to  the  network.  It  was  therefore 
considered  desirable  to  connect  it  to  the  3,000-volt  single-phase 
supply  from  the  central  station  at  Frankfort.  The  works  were 
supplied  with  direct  current  through  a  group  of  converters.  Four 
switches  for  the  converters  were  filled  with  benzinoform  in  the  spring 
of  1915.  The  switch  connected  to  a  220  kw.  transformer  was  most 
frequently  used  ;  and  it  was  also  the  one  with  which  most  of  the 
trouble  took  place.  After  some  days,  it  refused  to  work  ;  this  was 
found  to  be  due  to  defective  lubrication  ;  ordinarily  the  oil  lubricates 
the  contacts.  The  strength  of  the  springs  was  adjusted  ;  but  the 
sp.me  thing  happened  again  soon  after.  The  strength  of  the  cut-out 
coU  WP-.3  increased,  and  the  trouble  ceased.  One  night  the  whole 
room  wr.o  filled  with  vapour,  and  this  was  thought  to  be  due  to  the 
glycerine.  The  switch  was  then  cleaned  out,  but  the  same  thing 
happened  again,  and  was  doubtless  due  to  the  frequent  use  of  tiie 
switch  r.nd  the  consequent  agitation  of  the  layer  of  glycerine. 

It  naturally  seemed  desirable  to  see  how  a  switch  of  this  type  could 
deal  with  a  serious  short  circuit,  and  arrangements  were  made  to 
carry  out  a  test  on  a  machine  giving  1,100  kw.  single-phase  power  at 
3,000  volts  ;  it  was  driven  by  steam  power  with  a  reciprocating 
engine.  The  test  was  made  as  severe  as  possible,  in  view  of  the  fact 
that  the  voltage  w?„s  not  very  high.  The  switch  chamber  contained 
75  litres  of  fluid,  the  distance  from  the  contacts  to  the  surft^ce  of  the 
glycerine  was  195  mm.,  and  the  depth  of  the  layer  of  glycerine  was 
18  mm.  The  precise  nature  of  the  adjustments  and  arrangements 
are  described  by  the  author  in  some  detail.  Suflficc  it  to  say  that  a 
three-pole  switch  was  adapted  unsymmetrically  to  the  purpose,  and 
that  the  tests  were  fairly  satisfactory  in  their  results  up  to  pressures 
of  3,250  volts.  There  was  a  considerable  excess  of  vapour  pressure 
in  the  box  when  the  switch  operated,  and  the  metallic  parts  were  in 
places  attacked  by  the  arc.  The  contact  pieces  were  in  some  measure 
covered  partially  with  a  black  deposit  which  could  be  easily  removed 
by  the  finger.  But  more  particularly  was  there  a  sign  of  defective 
lubrication  of  the  contacts,  which  was  very  noticeable  when  com- 
pared with  oil  ;  and  this  effect  has  been  already  noticed.  It  is 
therefore  necessary  to  increase  the  strength  of  the  springs,  if  the 
switch  is  to  operate  with  certainty  on  a  short-circuit. 

Thus  we  see  that  these  preliminary  tests  do  not  seem  to  indicate 
that  benzinoform  is  in  all  respects  a  satisfactory  substitute  for  oil. 
The  volatile  nature  of  the  fluid  and  the  probable  necessity  of  using 
glycerine  to  prevent  it  seems  likely  to  cause  trouble  in  practice.  A 
closed  type  of  switch  seem  most  suitable,  in  which  the  leading-in 
insulators  arc  at  the  bottom.  This  kind  can  generally  be  so  designed 
that  the  moving  parts,  which  pass  through  the  layer  of  glycerine,  can 
be  limited  to  a  rod  ;  and  this  diminishes  the  difficulties  elue  to  the 
glycerine.  Thus  a,  practical  form  of  switch,  capable  of  being  used 
with  benzinoform,  could  be  supplied,  if  it  were  found  that  there  was 
any  demand  for  it. 

The  question  can,  of  course,  be  dealt  with  in  another  way,  if  the 
requirements  are  not  set  too  high.     Benzinoform  mixes  with  oil  in 
all  proportions  ;    such  a  mixture  of  the  two  can  be  hael,  which 
volatilises  very  slightly,  a.nd  which,  as  compared  with  oil,  inflames 
with  some  difficulty.     Some  preliminary  trials  were  made  with  a  view 
to  getting  a  suitable  mixture,  and  it  was  found  that  a  mixture  of  one 
volume  of  benzinoform  with  three  of  oU  seemed  likely  to  work.     If 
this  mixture  is  kept  at  a  temperature  of  100°C.  for  three  hours,  only 
5  per  cent,  volatilises  ;   this  is  a  great  improvement  on  benzinoform, 
which  boils  at  76-5  deg.     In  such  a  mixture,  the  volatility  of  benzino- 
form may  be  a  positive  advanta.ge  ;   but  lengthy  tests  have  not  yet 
been  carrieel  out.     Such  a  mixture  of  benzinoform  with  oil  may 
constitute  an  improvement  on  the  use  of  oil  alone,  but  it  cannot  bo 
regarded  as  doing  away  with  the  risk  of  fire  entirely,  or  even  more 
than  very  partially.     Some  time  before  the  war  a  "  non-inflammable 
switch  oil  "  was  on  the  market,  and  it  seems  probable  that  this  was  a 
mixture  of  benzinoform  and  oil.     The  whole  problem  is,  perhaps 
largely  a  chemical  one,  and  may  be  recommended  to  those  chemists 
who  have  an  interest  in  such  things.     It  has  long  been  supposed  that 
inflammability  and  insulating  capacity  must  necessarily  go  together 
in  a.n  oil,  and  thus  it  seemed  that  any  oil,  suitable  for  a  high-tension 
switch,  must  expose  the  installation  to  a  certain  fire-risk.     But  the 
above  facts  and  experiments  seem  to  show  that  this  is  not  the  case, 
a.nd  that  a  practical  solution  of  the  problem  is  quite  within  the  bounds 
of  possibility. 


Midland  Railway  (London,  Tilbury  &  Southend  Railway).— The 
Midland  Railway  Co.  has  applied  to  the  Board  of  Trade  for  an  exten- 
f  ion  until  the  1917  session  of  the  period  limited  by  their  Act  of  1914 
for  the  powers  for  working  by  electric  traction  the  company's  railway 
by  the  direct  route  from  Fenchurch-street  to  Southend-on-Sea. 


LONDON  COUNTY  COUNCIL  TRAMWAYS. 

At  the  (.'ouncil  meeting  on  Tuesday  the  annual  report  and 
accounts  of  the  tramways  department  for  the  year  ended 
March  31,  1916,  were  submitted  and  adopted.  The  following 
details  are  taken  from  the  statement  which  appears  in  the 
minutes : — ■ 

The  system  on  March  31, 1916,  extended  over  150^  street  miles,  being 
144i  miles  electric  and  5 J  miles  horse  lines,  but  the  services  on  the  horse 
lines  have  been  withdrawn.  Income  was  £2,339,291  and  workini^  ex- 
penses (including  war  service  allowances)  were  £1,683,6WJ,  surplus  on 
working  being  £655,631.  Interest  (gross)  required  £326,476  and  re- 
demption £425,907,  rent  drawbacks,  &.(■..,  £6,797,  income  tax  (schedule 
D),  in  addition  to  property  tax  included  in  workinji  c xpcnsCH  £40,(KX>, 
rarliamentary  ex[)enses  £2,260  ;  total  £801,442.  Added  to  th"  above- 
mentioned  sur))lus  (£(>55,(i3I)  is  £72,016,  made  up  as  follows  :  Tax  de- 
ducted and  retained  from  interest  on  debt,  £48,971  ;  interest  on  cash 
balances,  &c.,  £5,372;  rents  from  surplus  property,  £11,461;  debt 
charges  on  moneys  advanced  to  London  United  Tramways  for  recon- 
struction of  tracks,  £4,494  ;  debt  charges  on  cars  and  car  sheds  in 
respect  of  excess  mileage  run  by  Council  on  behalf  of  ^Metropolitan  Elc(  - 
trie  Tramways,  £1,704 ;  surplus  on  Drake-buildings  (rc-housing  obligation, 
Greenwich  generating  station),  £11,  so  that  there  was  a  total  of  £729,420 
to  set  against  the  amount  of  total  expenses  (£801,442),  leaving  a  deficiency 
to  be  met  out  of  the  general  reserve  fund  of  £73,795.  Renewals  fund 
amounts  to  £329,967.  There  has  been  no  payment  into  this  fund  since 
1912-13.  General  reserve  fund,  after  meeting  the  deficiency  of  £73,795 
on  the  year's  working,  amounts  to  £70,118.  In  the  case  of  both  funds  the 
balances  stated  take  no  account  of  the  depreciation  of  investment:-,  which 
on  present  prices  amounts  to  about  20  per  cent.  Operating  expenses 
were  £1,588,295  (excluding  war  service  allowances  of  £95,364).  Pas- 
sengers carried  were  545,423,397  ;  car-miles  run  were  47,879,()75.  The 
corresponding  figures  for  1914-15  were  5.50,497,993  and  58,978,792. 

The  tramway  strike,  involving  a  loss  of  over  £100,000,  occurred  in  the 
second  month  of  the  financial  year.     Further,  there  is  the  special  charge 
of  £10,000  for  the  removal  of  the  old  horse  lines  in  Liverpool-road.     It  is 
not  possible  to  draw  conclusions  as  to  the  financial  prospects  of  the 
undertaking  from  the  position  under  the  existing  abnormal  conditions. 
Capital  expenditure   amounts  to  £13,516,576,   an  increase   of  £200,853 
during  the  vcar.     Debt  incurred  to  March  31,  1916,  was  £13,930,659,  and 
net  debt,  less  the  sinking  fund  in  hand,  and  less  £120,216  in  respect  of  the 
value  of  surplus  land,  was  £9,580,991.     Capital  expenditure  becom  n_cj 
obsolete  owing  to  the  electrification  of  horse  tramways  was  £2,024,687. 
Deducting  the  amount  provided  for  the  redemption  of  the  debt  in  respect 
of  such  capital  and  the  proceeds  of  the  sale  of  horses  and  old  materials, 
the  amount  still  to  be  provided  for  in  respect  of  the  debt  under  this  head 
is  £971,877.     Certam  other  expenditure  amounting  to  £84,788,  incurred 
in  connection  with  electric  traction,  has  also  been  rendered  obsolete,  and 
the  amount  still  to  be  provided  in  respect  of  the  debt  thereon  is  £12,094. 
The  sum  pad  as  rates  on  the  permanent  way  was  £82,927.     The  saving 
to  the  road  authorities  in  conscciuence  of  the  obligation  of  the  Council 
to  mamtain  the  paving  along  the  tramway  routes  is  estimated  by  the 
Council's  officers  at  about  £140,000  a  year,  this  estimate  being  based,  of 
course,  on  the  normal  standard  of  maintenance.     The  amount  chargeable 
to  tramways  account  in  respect  of  the  cost  of  effecting  street  improve^ 
ments  carried  out  along  tramway  routes  is  £800,252,  of  which  £689.317 
had  already  been  so  charged,  whilst  in  addition  the  amount  estimated 
to  have  been  paid  to  tramway  eompanies  (as  part  of  the  purchase  money 
for  their  undertakings)  in  resix.  t  of  the  expenditure  incurred  by  them  on 
street  improvements  is  £40,576.     The  whole  of  the  latter  amount  has  been 
charged  to  the  tramways  account.making  a  total  charge  of  £729.893. 9s. 9d. 
With  regard  to  the  steps  taken  to  improve  the  position  of  the  Uiider- 
taking,    the    Highways    Committee    say    they    have    frequently    drawn 
attention  to  the  serious  extent  to  which  the  tramways  suffer  through  not 
being  able  on  many  of  the  routes  to  carry  passengers  to  their  desired 
destination.     The  difficulty  would  be  to  a  large  extent  met  as  regards 
many  routes  if  the  present  termini  could  be  linked  up  with  one  another 
or   the    tramways   extended    to    better    recoj;.used    traffic    points.     On 
Nov.  10,  1914,  the  Committee  submitted  the  first  portion  of  a  compre- 
hensive scheme  of  development  for  submission  to  Parliament.     Having 
regard,  however,  to  difficulties  arising  out  of  the  war,  the  Council  decided 
not  to  proceed  with  any  schemes  to  which  the  road  authorities  otfered 
opposition,  with  the  result  that  Parliamentary  authurity  was  obtained 
only  for  one  shjrt  connecting  line.     The  third  turbo-generator  for  the 
Grc'enwich  generating  station  is  now  in  course  of  manufaotuie.  but  by 
arrangement  with  U.M.  Treasury  no  arrangements  for  the  supply  of  the 
fourth  will  be  made  until  after  the  war.     The  delay  in  the  delivery  of 
the  second  and  third  turbines  owing  to  the  requirements  of  the  Govern- 
ment necessitated  the  purchase  of  power  at  enhanced  rates.     The  tram- 
ways system  has  been  linked  up  with  another  source  of  electTical  supply 
so  as  to  ensure  against  the  complete  stoppage  of  the  tramways  services 
in  the  event  of  a  failure  of  the  Council's  owm  power  supply.     Inquiries 
are  now  being  made  whether  further  steps  can  usefully  be  taken  in  the 
direction  of  inter-connection  for  i  eciprocal  supplies  of  power.     Additional 
cables  have  been  laid,  particularlv  in  the  Woolwich  district,  in  order  to 
augment  the  supply  of  current  and  thus  allow  of  increase  in  the  car 
services.     150  trailers  have  been  ordered  and  120  are  now  m  service. 
Greater  progress  would  have  been  made  with  the  work  of  electrilication 
but  for  the  war.     For  instance,  the  construction  of  the  Lee  Green  to 
Eltham  tramways,  which  wouUl  have  linked  up  two  dead-end  termini, 
was  commenced  in  January,  1915,  but  the  work  had  to  be  stopped  m 
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Consequence  of  the  war.  Through  running  and  through  bookings  are 
in  operation  on  various  routes  partly  within  and  partly  without  the 
Council's  tramways  system. 

Owing  to  .shortage  of  staff,  ear  .scrvi^x-.s  have  had  to  }>e  reduced,  and 
much  overtime  has  had  to  )>c  worked,  including  the  einplo3-ment  of  men 
in  excess  of  th(^  normal  six  days  a  week,  at  overtime  rates.  It  was  not 
until  October,  1915,  that  the  Comniissioiitr  of  I'olice  of  the  Metroi)oU.s 
agreed  to  license  women  asconductor.s  on  tra.'iuars  in  the  metropolitan 
area,  and  since  then  a  large  numlx-r  of  women  have  been  trained  to  act 
in  this  capacity  on  the  CouncilH  cars,  the  numl)er  of  such  women  now 
(inployed  being  1,1.W.  There  is  .still,  however,  a  shortage  in  the  number 
of  motorraen  required  to  enable  a  full  Hcrvice  of  ears  to  be  maintaine<l. 
Again,  the  speed  of  cars  after  dark  has  had  to  Ix;  appreciably  reduced 
r>wing  to  the  lighting  restriction  f>rdcrs.  A  considerable  incrf-as*-  has 
taken  plac(!  in  the  cost  of  materials,  ])articularly  coal.  If  the  jirice  jiaid 
for  coal  hiwl  been  that  quoted  in  the  contracts  entt-red  into  Ix'fore  the  war 
the  expenditure  during  the  year  would  have  Ix^en  £74,2!):i  less. 

The  annual  estimates  of  the  Highways  Committee  in  respect  of  tram- 
ways for  the  financial  year  1910-17  were  also  .submitted  and  adopted  by 
the  (Council.  The;  amount  of  the  capital  estimate  ap])earing  in  the 
volume  of  capital  estimates  was  £i:}2,0.')r),  but  on  June  6,  liMti.  a  revised 
estimate  of  i;l34,8(io  was  .submitted  so  as  to  |)rovide  for  expenditure  of 
£2,750  ])ropose<l  to  be  incurred  in  re.s]K'ct  of  the  doubling  of  further 
sections  of  the  Woolwich  tramways,  and  the  Council  on  that  date  ap- 
proved, for  the  purpos<'  of  obtaining  boiTowing  powers  in  the  lA'.C. 
(Money)  Hill,  KtKi,  the  suj.picmental  cstimat<-  of  £2.7.10.  The  following 
is  a  summary  of  the  r-.stimatcd  results  for  l<M<>-17  :  Surplus  on  working, 
£«55,:{.55  ;  interest  on  baiik  lialanccs  and  ,sun<lr\-  rent,s,  &c.,  £10,110; 
total  working  surplus,  £<)74.4(i5.  Charges  again.st  working  .suqilus : 
Debt  charg<-K  (including  £420,851  for  repayment  of  capital  and  .CJ18.273 
for  intenst  on  «apital  txpendituR>),  £743,124  ;  income  ta.K  (le.ss  tax 
deducted  and  nitaimd  from  interest  jiaid).  expenditure  on  surplus  ]iro- 
|)erty  ami  .sun<lry  items.  £5.4:j:J :  total,  £748,5.^7.  Net  estimated 
deficiency,  £74,002.  Th"  general  reserve  fund  will  in  th<>  fir.st  instance 
be  used  to  meet  the  estimated  deficiency.  J>ass<nger  traffic  receipts  are 
estimated  at  lir)0<l.  per  car-mile,  compared  with  1 1  •42d.  a  car-mile,  the 
actual  receipts  for  1015-l«.  It  is  e.stimat<'d  that  the  total  rates  payable 
in  10H)-17  will  amount  to  £113.7:{5.  Tlu-  estimates  include  a  provision 
of  £2:$.420  for  interest  on  cajiital  outlay  and  £12,4(jl  for  repayment  of 
debt  :  totnl  £;b").H81.  The  estimates  contcm])late  no  sum  beijig  available 
f«)r  a/ldit  ion  to  the  renewals  fund  in  1010-17.  The  balance  of  the  fund  at 
March  31.  1.017.  is  estimated  at  £241,701  :  but  this  figure  takes  no  account 
f)f  the  (hpreciation  (about  20  per  (vnt.  below  ]iureliase  price)  of  invest- 
mi-nts.  The  amount  which  it  is  estimated  will  Ik-  expended  durin" 
1010  17  out  of  this  fund  is  £00.:{()(». 

On  the  basis  of  the  transfer  of  £74,002  referred  to  above  to  meet  the 
est  imatcd  deli.  ie,„  y.  the  l)alanee  of  the  g«'neral  rf-.servefund  at  March  31, 
1017,  is  cstnmUed  at  £0.708.  The  a<M<)unts  for  1015-10  .show  that  the 
actual  deficiency  of  that  year  is  £0.<(35  more  than  appeared  prol>able 
when  the  estimates  for  101017  were  framed.  Taking  this  into  account. 
the  geniral  reserve  fun<l  will  l>e  more  than  absorl)cd  by  the  estimated 
deficiency  of  101017  .-ho;ild  such  !><•  nalised.  in  arriving  at  the  balance 
of  £0.708.  the  value  of  investments  has  been  taken  at  cost  price,  and  if 
these  invest  iu<nls  lia«l  (o  Ik-  reali.sed  at  i)resont  market  prices  the  am<»unt 
left  to  Ik-  found  from  some  other  .source  to  meet  the  estinuited  <leficiency 
on  the  curn*nt  years  working.'  would  bo  still  further  increased. 

The  J-'inance  <'onimill(c  stafetl  that  they  view  with  anxiety  the 
liroiijible  continuation  of  the  riefieit  as  a  result  of  the  current  years 
workiuL'  <if  111.'  tramways,  but  the  undertaking  is  iM'ing  worked  "under 
abnormal  and  adverse  coalitions  arising  out  of  the  war. 

The  estimate*!  ex|KMjditure  on  capital  iM(<mnt  is  £134.805.  including 
reconstruction  f>f  tramways  for  electric  traction  and  con.slniclion  of 
authorised  new  tramways  (£53.l(t5)  a-xl  i)ower  gcneratijig  station, 
(bvetnvieh  (subslitulion  of  reciiirtxnt ing  cngmes  bv  turl)ines  and  inci- 
<lenial  works)  (£Hl.7(Mi):  and  on  revenue  account  £l.014,(i4O.  including 
l)ow<r  expenses  (t338,0(i5),  traffic  cxjK-nses  (£754,800).  advertisement 
ex|M-n.««s  (£.5.4.50).  repairs  (£330.8(M»).  geni-ral  cxiM-n.s.<s  (£100.075), 
8fM-<'ial  charg<rs  (£13.(KMI).  war  s<  rvice  allowances  (i;i2:,'..")(»0).  income  (ax 
(£51.000).  expenses  of  lempor.m-  invrslments  (£50).  renewal  of  sin-cial 
Irackwork.  rail.-*,  tee  rails.  \-e.  (tOO,3(KI). 


PARLIAMENTARY  INTELLIGENCE. 

♦ 

TECHNICAL  EDUCATION. 

In  (he  House  of  LoiTJs  last  wk  k  \  i-.oiint  Haldane  rose  "to  call 
att<ntion  to  the  training  of  the  nation  and  to  (he  neet>H,Mity  of  i)P-p)wing 
for  (he  futun."  He  sjiid  we  hail  l«in  hiekinii  in  (he  ?«  lent i lie  dirt'ction 
of  our  abundan(  energy.  Some  iip(itudes  lay  m  the  n^nUn  of  wience,an<i 
i(  was  neees.sary  to  lake  account  of  ditTrn-nt  aptitudeit  and  traui  men 

according  to  their  a))titudeM.     S<!ienee  and   th- '     ition   of  wienw 

were  incr<>asingly  lieooming  a  mnnvwity  for  the  ,.f  a  verv  larur 

number  of  our  jwople.  but  (hiy  wen>  dl  nJl  the 

scholarships  in  the  univer>itii's  were  jUIi.  h  \»-«s 

not  enough  to  do  aiiythim;  shr)r(  of  reforms  wiiieh  would  improXT  our 
training  .sy.stem  it.s<-lf  -the  (|Urtii(i(y  nn<l  qualKy  of  the  (cjk  hers— and 
ujttke  edu<  ation  mon<  inf en-sting  and  eimipn^hensivc.  so  that  when  bovn 
Mfiahtxl  to  go  forward  to  a  partieidar  industry-  and  s<-ien'-«-.  they  mii-ht  go 
with  their  minds  so  trained  th.i(  they  migh(  Ix-  able  to  fake  uji  and  al)sorb 
the  «-i<-nti(ie  ideas  which  they  wvn'  (o  put  in  prat-tiee. 


We  suffered  in  this  country  from  want  of  experts.  There  were  only 
1,500  trained  chemists  in  this  country,  although  four  German  chemical 
firms  employed  1.000  chemists.  By  propt  r  means  we  could  jjroduc*  in 
this  countrj'  the  whole  of  the  motor  power  which  we  used  from  one -third 
of  the  coal  we  actually  consumed  ia  doing  so.  In  the  various  stages  of  eon- 
sumption  a^d  of  the  making  of  by-products  we  wasted  as  much  coal  as 
woui<l  pay  the  interest  on  500  millions  after  the  war.  We  had  men  of 
the  highest  .science  and  knowledge,  but  we  had  not  enough  to  go  round. 
Since  the  beginning  of  the  eenturj-  10  new  teaching  universities  had 
been  called  into  exist<?nce.  That  was  a  gieat  st^p  forward,  and,  given 
some  ini])ro\-ement  in  the  sy.stom  of  secondary  schools,  we  should  get  an 
immen.se  deal  out  of  it. 

The  Eaki-  of  CKo.-tfEB  .said  it  would  be  deplorable  if  th^  result  of  the 
interest  now  being  taken  in  educational  .subjects  was  that  the  discussion 
degenerated  into  an  undignified  wrangle  between  the  advocates  of  science 
and  the  humanities.  He  agreed  with  Prof.  Freeman  that  the  classics 
should  Ix-  the  oVjjects  of  a  reasonable  homage  and  not  of  an  exclusive 
superstition.  But  wlien  he  observed  that  some  of  the  extreme  advocates 
of  science  wi-n-  prcjtared  to  deny  the  classics  an}'  claim  to  be  formative 
of  character,  he  must  enter  an  earnest  i)rote.st.  He  could  conceive 
nothing  more  disastrous  than  to  place  the  whole  education  of  the  countrj' 
on  a  strictly  utilitarian  basis. 

The  total  moral  collapse  of  Germany  was  one  of  the  most  tragic  events 
recorded  in  history".  He  could  not  help  feeling  that  one  of  the  causes  of 
that  deterioration  was  that  the  atmosphere  created  by  humanistic  .study 
having  lost  its  hold  upon  Geinian  public  opinion,  the  whole  national 
minil  of  (Jerinany  had  apparently  Ix^come  materialisecL  On  the  question 
of  university  re-form  he  thought  the  present  moment  was  singidarly 
oppf)rtune  for  taking  it  ujt.  He  was  told  that  the  governing  btnlies  of 
the  okler  universities  would  be  inclined  to  a<lopt  reasonable  and  liberal 
reforms  but  that  they  would  object  to  drastic  changes.  He  ho))ed  the 
Government  would  introduce  legislation  on  the  subject.  As  to  financial 
considerations,  he  held  that  it  would  be  fal.se  economy  to  stint  education, 
but  he  feared  that  our  financial  situation  at  the  end  of  the  war  would  be 
such  as  wf)uld  K-nder  it  impossible  for  us  to  spend  as  much  money  on 
education  as  many  of  them  would  certainly  like. 

\iscount  Hkyc  K,  agreed  that  this  was  the  time  when,  if  ever,  we  must 
(•onsi<ler  what  should  Ix^  done  to  set  our  hou.se  in  order  in  ev?ry  way.  He 
believed  that  the  English  universities  performed  the  function  of  teaching 
l)eoj)le  to  think  as  well  as  any  universities  in  the  world,  though  he  did  not 
deny  that  they  were  capable  of  imjirovement.  At  present  money  wa.s 
not  .so  much  wanted  in  education  as  its  proix?r  application.  What  did 
need  improving  was  the  teaching;  and  that  could  not  Ix"  done  wnthout 
making  the  tcixhcrs  career  mon^  attractive  The  CJernians  did  not 
exclude  literature  in  favour  of  scienc-e  ;  indee<l,  he  ha<i  often  heard  it 
stated  that  (icrmaji  experience  ha«l  been  that  boys  who  had  gone  through 
the  classical  side  of  their  schools  did  Ixjtter  in  after-life  than  those  who 
had  received  direct  scientific  i^istruction  in  the  schools.  He  did  not 
share  the  view  that  there  was  a  lacjk  of  .scientific  ex])erts  in  this  country. 
There  would  Ix-  mnn^  experts  if  there  v>vrv  mon-  demand  for  them  :  but 
the  business  eommiuiity  in  (ireat  Britain,  unlike  the  business  commu- 
nities in  America  and  Germany,  did  not  apjjreciate  sufficiently  the  im- 
portant eff«-cts  which  .scientific  discover^'  and  the  ap])lioation  of  .science 
to  their  industries  might  ha\e  upon  their  business.  After  some  further 
di.scu.ssion  the  debate  was  ;vdjt)urnC(L 

In  the  course  of  (he  discussion  in  the  House  of  Commons  on  the 
J-"<lucation  \ote  on  Tuesday.  Mr.  A.  Hknokkson,  President  of  the  Board 
of  K<lucation,  said  the  services  rendered  by  the  technical  schools  in 
nnmition  work  and  the  training  of  munition  workers  had  been  of  the 
highest  possible  value,  and  this  apjilied  in  even  greater  mea.sure  to  the 
universities.  Their  services  to  the  State  dining  the  war  had  Ix-en  of 
inealculabU-  \alue.  but  not.  he  thought,  greater  than  the  .services  they 
woidd  n-nder  when  peace  came.  There  was.  he  believed,  a  growing 
recognition  on  the  part  of  manufa<^turcrs  of  the  importance  of  applying 
scien<-e  to  all  industrial  ])roblcms.  and  there  was  a  growing  intimacy 
lM>tween  the  universities  and  the  industrial  workers.  One  of  the  three 
Coutmit(<-<s  appointeil  to  «leal  with  education  would  inquire  into  the 
jiosition  of  s<  ie?ie<-  in  our  system  of  education. 

Sir  I'Hii.ir  .Mu:\i  s  .said  he  regretted  the  (^losing  down  of  some  of  the 
cM-ning  teihnicftl  mIiooIs.  Some  of  tJu-  literary  or  historical  daisses 
might  to  gn-af»'r  a<lvantage  havt-  Ixvi-n  closed  down  than  those  eonnectixi 
with  instruction  in  the  applieition  of  science  to  in<lustry.  He  hojx^d 
that  in  any  nform  of  cdui  ation  it  woidd  Ix-  ])rovided  that  .science  masters 
shotild  Ik-  rcL'jinh-d  as  In-ing  in  an  cipial  position  w  ith  the  chi-ssieal  mast<rs 
and  should  havi>  tin-  same  opportunities  of  advancement  and  l>r  paid 
equal  salaries. 

.Mr.  K.  M  Ai  noNM.n  h<nx>d  the  Board  of  Kducation  w  ould  not  enconrap' 
(hose  Hcientifie  gentlemen  who  demande<l  that  the  humanities  should  lie 
I  leiin-d  out  of  our  schools.  He  was  not  sntistie<l.  however,  with  the 
pn-Miit  position  of  seieatific  training  in  Ibi.s  i;oun(ry.  It  nuist  be  a  |>art 
of  a  lilw-ral  i  ilueation.  Stan<ling  apart  it  could  not  Ix'  < onsidere-d  as  aji 
education.  He  hoj¥-d  the  programme  of  educational  reoon.st ruction 
wovdd  begin  with  a  Hoyal  Couimission  to  inquire  into  uniwrsity  educa- 
tion. 

Sir  H.  HtniiKKT  thought  the  time  n^ees-oary  to  leani  Greek  would  be 
far  Iw'tter  •  uKMleni  s  an<l  science  ko  far  as  the  youth 

inten<ic«l  1  .   was  roil 

Mr.  A.  Hkmmkson  haul  he  had  come  to  the  conclusion  that  a  Royal 
Connui(ssi«>n  would  not  Ix'  the  lx\st  maehinery  to  adopt.  In  additi<Mi  to 
the  three  Committees  ho  had  mentioned  (hen<  would  Ix-  a  fourth  selecttnl 
from  the  Prime  Minister's  r  (         .      •   .       The  others  would 

not  Ix'  Cnbine(  Ci)miiiitto<  •its  appoint<-<l  by  the 

iVime  Minister  in  conmltation  with  the  Boani  of  Education. 
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REGISTRATION    OFj  FIRMS   BILL. 

A  (Select  Committee  of  tlie  House  of  Lords  state  in  tlieir  report  on  this 
Bill  that  it  was  not  thought  neees.sary  to  call  much  evidence  as  to  the 
existenc;e  of  a  ])ublie  demand  for  the  ]>ill,  as  the  commercial  eomniiiruty 
throughout  the  countiy  has  for  a  lonf^  time  made  that  clear.  The  Corii- 
mittcc  invited  observations  from  the  General  Council  of  the  Bar,  and 
received  from  it  valuable  suggestions.  The  Committee  think  the  title 
of  the  iJill  should  be  '"  Registration  of  Business  Names,"  as  the  Bill  is  not 
confined  to  trading  fiims,  but  includes  professional  partnershij)s.  It  is 
projjosed  that  anyone  coming  within  the  Act  who  docs  not  register  shall 
be  disabled  from  suing  on  a  contract  made  while  he  is  in  defavdt.  but  that 
the  Court  in  ])roper  cases  shall  be  able  to  give  relief  from  this  disability. 
The  Committee  anticipate  that  the  Board  of  Trade  will  issue  a  simple 
form  to  be  obtained  and  filled  up  at  any  post  office.  The  proposed  fee 
for  registration  is  5s.  The  Committee  submit  the  Bill  to  the  House  as 
one  which  ought  to  be  pressed  forwaid  without  delay. 


EXCESS  PROFITS  TAX. 

On  the  report  stage  of  the  Finance  Bill  in  the  House  of  Commons  last 
week  Mr.  McKenna  agreed  to  introduce  a  new  clause  making  a  concession 
to  controlled  munition  establishments,  allowing  them  for  the  income-tax 
assessment  to  include  under  the  heading  of  expenses  of  the  business 
sums  spent  on  building  or  plant  provided  for  the  purposes  of  the  Ministry 
of  Munitions.     The  buildings  would  be  assessed  at  the  post-war  value. 


Telegraph  (Construction)  Bill.— In  the  House  of  Commons  on 
Tuesday  the  Postmaster-General  (iSii'  Joseph  Pease)  introduced  this  ]>ill 
to  amend  the  Telegraph  Acts,  1863  to  1915,  with  respect  to  the  con- 
struction and  maintenance  of  telegraph  lines. 


LEGAL  INTELLIGENCE. 


Alien  Enemy  Patents. 

On  the  I3th  inst.  the  Suffolk  Electricity  Supply  Co.  applied  for  a 
licence  imder  Aust's  patent,  No.  4,909  of  1909. 

It  was  stated  that  the  application  was  made  by  the  Suffolk  Electricity 
Co.  (Ltd.)  through  its  secretary'  (Mr.  Napier  Prentice),  and  was  for  a 
licence  to  use  patent  4,908  of  1909  in  the  name  of  Konrad  Aust,  of  Berlin, 
for  a  device  for  employing  tar  oil  instead  of  American  oil  fuel  in  Diesel 
engines.  The  company  desired  to  use  it  especially  in  connection  with 
their  plant  for  supplying  Felixstowe  with  electricity.  The  invention 
provides  for  an  arrangement  whereby  in  an  internal  combustion  engine 
of  the  Diesel  type,  in  which  the  fuel  is  injected  by  a  gas  under  pressure 
through  an  atomiser,  a  small  portion  of  fuel  is  supplied  directly  to  the 
admission  part  of  the  cylinder  without  passing  through  the  atomiser 
through  a  separate  duct,  this  duct  being  cut  off  from  the  chamber  only 
during  the  ignition  period.  The  appliance,  in  substance,  is  an  auxiliary 
pump,  which  injects  oil  of  lower  ignition  temperature  in  advance  of  the 
main  fuel  oil.  It  was  explained  that  by  this  contrivance  the  temi^erature 
of  the  air  is  raised  for  the  ignition  period  by  a  small  injection  of  petrol, 
giving  sufficient  temperature  to  vaporise  the  tar  oil. 

The  application  was  opposed  by  Messrs.  Mirrlees,  Bickerton  &  Day 
(Ltd.),  of  Hazel  Grove,  Stockport,  the  sole  British  licensees,  for  whom 
Mr.  Courtney  Tirrell  appeared. 

Mr.  Napier  Prektice  stated  that  the  SuffoUc  Electricity  Co.  hoped, 
with  the  aid  of  the  device,  to  cut  down  their  fuel  bill  by  half.  He  was 
not  attracted,  however,  by  the  tenders  he  had  received  from  manufac- 
turers whom  he  had  approached  for  making  and  fitting  the  appliance. 
He  had  been  asked  £363  for  fixing  it  to  two  engines.  He  understood  that 
this  was  because  of  the  price  fixed  by  the  British  licensees  from  the 
German,  Mirrlees,  Bickerton  &  Day.  If  the  Board  of  Trade  would  give 
him  a  licence  to  make  that  auxiliary  pump — and  he  asked  for  it  m  the 
public  interest — he  was  confident,  as  an  experienced  engineer,  that  he 
could  fit  the  thing  for  £60  to  two  engines.  For  112  tons  of  oil,  which  the 
company  used  last  year,  at  the  present  price  the  cost  would  be  £960. 
By  using  tar  oil  for  a  similar  amount  of  work  the  cost  would  be  brought 
down  to  £576.  But  if  it  cost  £363  to  fit  this  apparatus  for  470  h.p.  to 
only  two  engines,  it  coxild  hardly  be  worth  while  to  makers  of  electricity, 
unless  it  were  guaranteed  that  the  war  would  last  more  than  another  year. 
The  purchase  of  American  oil  was  against  the  national  interest  to-day  ; 


it  was  to  the  national  hiterest  to  encourage  the  use  of  tar  oils  in  Diesel 
engines.  There  was  no  patent  to  hinder  the  manufacture  of  Diesel 
engines  here,  and  there  was  no  difficulty  in  getting  them.  The  wide  use 
of  that  special  apparatus  would  be  to  the  advantage  of  the  general  elec- 
tricity supply  of  the  country.  Personally  he  should  take  an  ordinary 
engine  and  make  an  alteration  in  it. 

Counsel  for  the  opponents  said  the  firm  paid  a  large  sum  for  the 
licence — £1,500  down.  They  had  the  equipment  and  plans  for  making, 
and  could  meet  the  entu-e  demand.  If  there  was  anything  they  could 
not  cover  they  were  ready  to  issue  licences  to  sub -licensees. 

Mr.  Temple  Franks  :  Legal  opinion  as  to  your  licence  would  be  that 
it  is  suspended  during  the  war.  If  that  is  so  we  may  treat  your  licence 
as  non-existent.  I  am  not  sure  you  ought  not  to  come  here  to  get  a 
licence  yourself. 

Mr.  Tirrell  :  It  may  be  that  is  what  we  ought  to  do.  However,  we 
have  either  supplied  or  contracted  to  supply  22  firms  with  a  total  horse- 
power  of  over  4  000.. 


Mr.  Temple  Fkank.s  :  i  gather  that  electrical  firms  eannot  rr-arllly  get 
the  other  oils.  Tar  oils  they  can  ordy  emj)loy  economically  if  they  usij 
this  improvement.  You  arc  the  only  jK-ople  who  can  supply  this  im- 
provement at  present,  and  you  can  chargi;  what  you  like.  If  you  charg*: 
a  reasonable  price  I  admit  there  i.s  something  to  be  said  for  maintaining 
your  ])osition  ;  but  the  Board  of  Trade  must  supervL>ie,  and  here  come.s 
the  op])ortunity  for  us  to  exercise  that  oversight. 

Mr.  Charle.s  Day,  managing  director  of  the,  opjKjsing  firm,  .said  that 
on  Nov.  29,  1012,  they  entered  into  agreement  with  the  patentee  by  which 
they  paid  £1 ,500  in  cash  and  agreed  to  pay  a  royalty  of  2s.  W.  per  horse- 
])ower  on  all  engines  fitted.     They  experimented  to  ascertain  how  many 
varieties  of  tar  oil  could  be  used  with  these  engines,  and  had  to  set  up  an 
installation  for  distilling  tar  oil.     In  the  beginning  they  found  as  great 
difficulty  in  getting  tair  oil  as  the  Suffolk  Electricity  Supply  Co.  now  found 
in  getting  ])etrol.     They  engaged  a  chemist  who  ha^l  Ix/en  chemist  for  a 
tar  distillery,  and  had  to  use  their  distillery  for  the  supply  of  tar  oil  Uj 
their  customers.     Including  payment  for  the  patent,  their  preliminary 
expenses  came  to  £3,000.     In  their  price  they  added  the  2s.  6d.  royalty 
for  the  patentee  and  2s.  6d.  for  themselves,  to  go  to  a  sinking  fund  to 
recoup  themselves  for  the  preliminary  outlay.     The  price  of  fuel  oil 
began  to  mount  up  a  year  after  the  outbreak  of  the  war.     It  had  been 
from  £3  to  £4  a  ton.     In  January  last  it  was  £8  to  £9.   Tar  oil  cost  Ci  or 
£3.  10s.     Mr.  Prentice  said  he  hoped  to  get  it  at  £4.     It  varied  according 
to  the  district.     That  complicated  and  delicate  piece  of  apparatus  required 
considerable  skill  to  install.     Personally  he  should  object  to  any  stranger 
fitting  it  to  an  engine  he  had  anything  to  do  with.     The  £3<)0  j)rice  ( ited 
was  not  unreasonable.     He  read  a  Paper  before  the  Diesel  Users"  As.socia- 
tion  in  January,  drawing  attention  to  the  apparatus  and  the  national 
importance  of  using  tar  oil.     His  firm  were  pioneers  in  the  matter,  yet 
he  found  the  Suffolk  Electricity  Supply  Co.  proposing,  after  that  interval, 
to  go  into  the  business  without  so  much  as  asking  them  for  an  estimate 
for  manufacture.     They  had  not  had  an  inquiry  from  them.     He  said 
in  the  Paper  that  the  cost  to  the  buyer  would  be  in  the  neighbourhood 
of  £1  per  horse-power.     He  thought  he  could  bring  that  figure  down,  but 
the  thing  required  superior  and  special  workmanship,  and  they  desired 
to  mamtain  the  reputation  of  the  apparatus  and  of  the  Diesel  engine. 
To  everyone  who  made  that  type  of  engine  they  had  offered  a  licence  to 
make  that  special  apparatus,  too,  giving  the  benefit  of  their  experience 
as  to  details  of  manufacture  and  drawings.     Those  auxiliary'  pumps  had 
to  be  watched  after  fitting,  and  taking  into  account  all  the  risks  the 
manufacturer  ran  the  price  was  not  excessive. 

Mr.  Franks  :  You  would  have  been  rather  in  a  hole  with  that  ta''  oil 
apparatus  if  it  had  not  been  for  the  war. 

The  Witness  :  I  had  no  idea  the  war  was  coming,  but  I  was  quite 
convinced  tar  oil  was  coming.  Petrol  prices  were  bound  to  go  up  in  a 
j'ear  or  two,  and  the  Diesel  business  was  likely  to  suffer  unless  we  placed 
ourselves  in  a  position  to  use  other  kinds  of  oil. 

Mr.  Franks  :  If  the  war  had  not  come  and  prices  had  remained  as 
before,  you  would  not  have  had  much  opportunity  of  getting  in.  Do  you 
not  think  that,  like  so  many  more  peojile  in  a  similar  situation,  you  were 
rather  "  done  "  by  this  agreement  with  the  German  firm  ? 

The  Witness  gave  an  emphatic  negative.  For  every  engine  the  firm 
on  the  other  side  sold  in  this  country  his  firm  should  sell  a  hundred  or 
two  hundred. 

Mr.  HuoHES,  of  Messrs.  Willans  &  Robinson,  said  he  thought  Messrs. 
Mirrlees,  Bickerton  &  Day's  prices  were  reasonable  and  fair.  His  own 
firm  at  Rugby  built  the  Suffolk  Company's  engines,  and  thej'  had  prac- 
tically concluded  arrangements  to  receive  a  sub-licence  from  the  Stock- 
port firm,  so  that  they  could  ([uitc  readily  make  the  patented  part. 

Mr.  Temple  Franks  asked  how  Mr.  Prentice  made  up  his  £60  for  fitting 
two  engines. 

Mr.  Prentice  :  It  is  a  simple  affair,  sir — ^£10  for  making  the  pump. 
£10  for  fitting  to  the  engines  and  limning  the  pipes  to  tbe  valves,  and  £10 
for  sundries,  a  small  distributor,  &c.  It  is  nothing  more  than  a  pipe 
conveying  the  tar  oil  to  another  position.  I  simply  want  to  put  in  oil 
in  position  to  enter  in  advance  of  the  main  charge,  and  that  I  ear  quite 
easily  do  for  the  sum  I  have  mentioned. 

Mr.   Day  :    Mr.    Prentice  apparently  proposes  one  pump  for  three 
cylinders.     One  is  needed  for  each  of  the  three,  according  to  our  ex 
perience. 

The  Controller  observed  that  the  Suffolk  Company  might  find  now 
that  they  could  get  what  they  wanted  at  -t  reasonable  price  from  the 
makers  of  their  engines.  He  would  report  on  the  hearing  to  the  Board 
of  Trade,  who  would  communicate  with  the  applicants  in  due  coui'sc. 


Wm.  Bates,  Sons  &  Co.  v.  W.  &  R.  K.  Rea  (Ltd.) 

Last  week  Mr.  Tusticc  Neville  had  before  him  an  action  by  plaintiffs, 
manufacturers  of  cloth  finishing  machinery,  of  Sowerby  Bridge,  against 
W.  &  R.  K.  Rea  (Ltd.),  of  Manchester, 'for  an  injunction  to  restrain 
defendants  from  obstructing  the  ilow  of  the  River  Calder  and  for  damages 
Plaintift's'  case  was  that  defendants  bv  their  new  works  at  Lock  Hall  Mills. 
Sowerby  Bridge,  had  obstructed  the  fiow  of  the  (.'aider  and  thus  reduced 
the  power  obtainable  by  plaintiffs  to  drive  thinr  turbines,  thus  reducing 
the  speed  of  their  electrical  plant  and  materially  reducing  their  output. 
It  was  alleged  by  defendants  that  the  rise  in  the  river  complained  of  was 
not  due  to  defendants'  works  but  to  debris  from  buildings  destroyed  by 
fire  which  had  fallen  into  the  river. 

His  Lordship  said  lu;  was  not  satisfied  by  the  evidence  that  the 
obstruction  complained  of  was  due  to  defendants'  works  and  dismissed 
tlic  action,  with  costs. 
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Damages  for  Electric  Shock. 

At  Swansea  County  Court  recently  William  I'owcr,  hoilcrinakcr, 
clainiffl  £47.  ITs.  (3d:  damages  from  tho  Prince  of  Wales  Dry  Dock  Co.  for 
electric  .shock 

J'or  plaintiff  it  wa.s  sa'd  that  he  was  employed  by  the  Oxy-Acetylonc 
Welding  Co.,  who  had  a  sub-contract  with  defendant  company  to  do 
certain  work  on  the  ss;  "  Lille,"  and  on  March  \'.i  last  he  was  working  in 
the  engine-room  of  the  ship.  While  bringing  a  gas  cylinder  from  the 
stokehold  to  the  engine-room  he  received  a  "'  tremendous  electric  shock  " 
which  rendered  him  unconscious  for  a  time.  He  was  incapacitated  from 
work  for  some  weeks.  A  number  of  the  Prince  of  Wales  Dr\'  Dock  men 
were  working  an  electric  drill  in  the  engine-room  at  the  time,  and  it 
appeared  that  an  electric  cable  which  was  laid  on  to  the  engine-room, 
had  its  insulation  cut  by  the  cylinder,  as  it  was  trundled  along  the  alley- 
way. ■  As  a  ri'.sult  llie  current  escaped  nn  to  the  steel  casing  round  the 
engine   causing  the  shock  to  plaintitT. 

Evid^incc  was  given  by  plaintiff  and  others^  who  said  the  voltage  of  the 
electric  current  used  was  240. 

(Jko.  Dkxni.s,  c'lcctrical  engineer  with  <Iefendants,  said  the  voltage  at  the 
Hpot  when;  ])laintiff  received  the  shock  could  not  have  been  more  than 
17/).     He  had  made  tests,  and  there  was  no  danger  with  that  voltage. 

Davio  l'"ri.'i(i\,  chief  electrical  entrincer  of  tlu^  .Swan.sea  Harbour 
Tru.st,  said  ho  had  never  lieard  of  2'^)  volts  direct  current  having  any 
Hi-rious  effect  u[)on  a  p<;rson  under  circumstances  similar  to  that  case.  If 
a  person  fell  across  the  two  poles  of  a  generator,  then  a  much  less  voltage 
than  that  would  have  .serious  effects.  It  depended  to  some  extent  upon 
the  ]>hysi(iue  of  the  pi'rson. 

His  Honour  gave  judgment  for  ])laintiff  for  £23. 


PATENT   RECORD. 


Electro-Flex  and  Steel  Co.  (Ltd. 


In  the  Chancery  Division  on  Friday  la-it  Mr.  Lavington.  on  behalf  of 
])]aiMtitf  in  the  action  Ni'wall  r.  Elc<tro-Flex  &  Steel  Co.  (Ltd.),  applied  to 
.Mr.  .lustice  Astbury  for  the  a))])oiiitmeiit  of  a  i-cceiver  and  manager  of 
defendant  comjjany.  Counsel  said  the  debentures  had  become  payable, 
the  ccjinjiany  having  passed  a  resolution  for  voluntary'  winding  up.  The 
com])any  consented  to  the  application,  ('ounsel  also  asked  leave  for  the 
receiver  to  boiTow  uj)  to  £.1,000.  The  comjjany  had  to  purchase 
niiicliinery  and  jilant.  and  money  was  also  required  to  pay  wages. 

His  Loi-dslii|)  a|ii)oint(d  a  icceiver  and  maTiager.  but  referred  the 
application  forleavi'  t(»  boii-dw  £.").000  to  cliambr-rs.  In  the  meantime  he 
gave  leave  to  bori'ow  £r)00  for  wa'.'cs. 


EDUCATIONAL. 


City  and  Guilds  Technical  College,  Finsbury.— Tl;c  training  ;vt  this 
College  is  achvpted  to  the  needs  of  various  students,  including  pupils 
above  lo  froir.  .'(•(•(/iidary  schools,  who  desire  <i  practical  and  seienlifii- 
(raining  1  caring  upon  (heir  future  industry  or  profession,  and  young 
men  who,  having  j)reviousIy  served  a  |)upilage  or  apjjronticesjiip  in 
woiks, desire  Ji  nu)r(^  sNsteinatic  training  in  <'ngineering  and  ap|)lie(| 
cluMiiistry.  'i'JK^  College  has  well-efpnpjied  laboratories  and  W()rk- 
Hh(»ps  for  practical  work.  The  entrance  examination  will  be  hold  on 
Sept.  lit.  The  programme  of  the  College  h;;  i  just  bee!i  issued,  and 
gives  full  |';',rti(  iiLirs  of  the  courses  of  inst ruction,  fees,  tiini'-ti'Jih's. 
&e.  FiMtlier  paHieuJars,  sylhibusos  of  in.stnietion,  &c.,  may  be 
obtaniid  fidiM  the  l{egistr:'T  of  the  College,  Lconjvrd-strcct,  Finsbury, 
London.  Iv< '. 

Technical  College  of  Middlcibrough.     Nearly  tTo.tHW)  has  I  een 

collected  foi-  the  |.i<. posed  new  te(linic;il  c(»lleg('  at  .Middlesbrough, 
and  the  Clevflaml  \-  Durham  {''.lectric  I'uwer  Co.  has  olTered  (o 
sii|)|)ly  £10(1  worth  of  electrical  povvcr  pi'r  ainiinu. 

University  of  Birmingham.      At  this  I'nixer.^ity  tliei(>  are  e(,i!i;es  in 

n'erliJiih  j|.  c  i\  d  ;iMd  (Ice  1 1  iral  rngineering.  Tin-  full  courie.'!  exten<l 
over  lour  \ears.  and  studinits  who  enter  after  mat riindation  and 
\>:i>::  the  exaniiiwil  ioii.i  at  the  end  of  e.ich  \(  ar  w  ill  I  e  entitled  to  f  I.e 
(|cgie(>  of  Parhelor  of  Science  in  Kngineerin 4.  The  next  mmsIoi) 
coii'ipruee;!  on  Tuesday.  Oct.  !!.  Syllaiju!!.  with  p.nrtieulam  of 
courses,  fees,  &e..  can  i;e  ol)tainel  from  the  S-cretarv. 

Heriot-Watt  College,  Edinburgh.  -At  (h.'s  College  there  arc  ccnv 
])l(>le  e(Mn:(':'  of  Ir.iining  for  n'echanieal.  eleetrical  and  mining  engi- 
neer;;. The  diphuea  (•our^e  in  engineering  lasts  f(>r  thite  years,  and 
arrangen'.ent!)  exist  for  shortencnl  a|)prentireships  with  K  eal  firms. 
An  entrance  bursary  of  ti'j  is  offered  for  competition  on  Sept.  2(lth. 
Part  i(  ulan.  from  the  i'rincipal.  Information  regarding  (he  new 
sehenuV  for  (Migineeiing  <iegrees  in  ••ivil.  iniMlianical  and  eleetrieal 
engineering  are  given  in  the  Calenrlars  of  K«linl>nrgh  I'niversitx  and 
the  I leriot  Watt  College. 


BPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  been 
specialty  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
TO  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  giuen  in  brackets  after  the  title. 

1914  Specifications. 

7.591  A.B.C.  Sr.HRirTiAMPEN  Ges.    Electricincandescentlamps  (20/1 M3.) 

7,890  Maitrr  &  Martin.    Use  of  interrupted  current  as  method  of  effecting  an  initial 

quivering  in  the  vibration  of  bodies  by  electricity,  more  especially  the  strings  cf 

musical  instruments  such  as  the  piano. 

1915  Specifications. 

1.950  SwYERS.    Sv.itchesfor  uscin  ignition  systems  for  intcmal-ccmbuiticn  engines. 
4,222  Akt.-Ge:.  Brow.'.-.  Bcveri  et  Cie.    Means  for  controlling  electric  ard  other 
motors.     (19'3  14.) 
7.311  LfNDis  &  GvR  Akt.-Ges.    Apparatus  for  measuring  electric  current.    (18  5  14 

addition  to  3.856  15.) 
7,457  Cole.     Electrical  distributing  system. 
8,826  Bardeloni.    Telephone  systems. 

8,926  Marco-m's  Wireless  Telegraph  Co.  &  Wright.    Wireless  telegraph  receivcrr. 
Tne  employment  of  a  vacuous  tube  containing  an  anode,  a  grid  and  a  filament, 
which  is  only  heated  to  such  adoprcc  that  there  is  no  magnificaticn. 
9,054  Pederse'i.     Magnetos. 

9,097  M«iRK-s.    (Walker.  I    Electric  hot  v/aterstorage  installations. 
9,111,9.112  Varley  Duplex  Magnet  Co.  &Varley.    Systems  for  producingelectrical 
discharges  frcm  a  source  of  energy.    (Addition  to  17,607/13.    Convention  date 
not  granted.) 
9,283   Relay  Automatic  Telephone  Co.    (Bitulander.)    Automatic  or  semi-auto- 
matic telephone  systems. 
9,396  Aijtomatic  Telephone  Mfg.  Co.    Telephone  systems.    (27/6/14.) 
10,137  Wilkinson.     Primary  cells. 
10,605  Nrlco:'.     Electrolysis.     (17/8/14.) 
ll,7o8  B.T.-H.Co.    (G.E.Co.)    System.^  of  control  for  electric  motors. 

Consists  in  the  ueo  in  a  series-parallel  system  of  control,  of  a  plurality  of  series- 
motors  and  CDnnections  whereby  the  motors  are  first  connected  in  series  with  full 
field,  a  bridge  connection  across  intermediate  points  in  the  fields  being  subsequently 
established  to  weaken  the  fields,  and  this  connection  finally  broken  when  the  motors 
are  connected  in  parallel. 

14.895  Pedersen.    Magnets    for/of    magnetos.    (Divided    applicaticn    en    9,054/15. 

June21.) 

14.896  Pedsrsen.    Makc-and-break  mechanism  for/of  magnates.    (Divided  applicalicn 

on  9,054/15.     June  21.) 
14,893  PsDERSEN.    Armatures    of    magnetos.    (Divided     applicaticn    on     9,054/15. 

June  21.) 
16,933  PiEFER  &  PiEi^ER.     Electric  rotary  ccn vsrters. 
17,022  Akt:ebclaget  Elrktriska  Ugnar.    Current  regulators  fcr  electric  fumicc:. 

(16/12/14.) 
17,530  N1COLSON&  HuLt.    Electron  emitting  cathodes  and  prccctsof  man u fact uring  the 
same.    (26/12/14.) 
CDnsists  in  applying  to  a  platinum  or  other  suitable  electrical  conductor,  which 
bo:3me:  the  heating  element  of  the  cathode,  a  coating  consisting  of  an  organic  ccm- 
piund  of  a  met.ilot  the  alkiline  earth  group,  and  then  raising  said  coating  to  the 
ijnition  temperatuve. 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  {except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  *  are 
open  to  inspection  1 2  months  after  the  date  attached  to  them,  it  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  ot  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

June  19,  1916. 
8,697  Hancock  &  Wintle.     Electrodes  of  secondary  b::ttcries. 
8.620  Granville.    Electrical  conductors. 

8,625  Holland  &  Morgan  Crucible  Co.    Distributors  for  high-tensien  magnetcf . 
8,633  British  Westinghouse  Electric  &  Mrc.  (^.    Alternating-current  ccmmutatcr 

motors.     (19  6  15,  U.S.) 
8.639  Marks  &  Sdc.  Anon.  Italiana  G.  Ansaldo  &  Co.     Arrangement  of  electric 

stcrase  batteries  in  submarines,  and  construction  of  submarines  for  that  purpoie 

June  20,  1916. 
Mercer.    A-^isting  adjustment  of  trolley  pole  of  tramcar,  &c 
B.T.-H.Co.     (G.E.Co..  U.S.)     Nozzle  plugs. 

Grahn.  Herink  &  Relay  AuTOM^TIc  Telephone  Co.    Telephone  systems. 
Ak-.-Ges.  Brov.'ij.  Boveri  et  Cie.    Varying  pressure  in  electro-magnetically 
operated  cirbon -pressure  regulators.     (25/6. 15.  Germany.) 

June  21.  1916. 
Braver  U  Claremont.     Electric  cable. 
Casotti.     Electric  circuit-breakers. 

Anobrson  &  Ellison.    Protective  devices  for  dynamo-e'.cctric  motors. 
Cutlbk-Hammer  Mfg.  Co.  it  Igranic  Electric  Co.    Controlling  and  regulating 

electric  motors. 
Brooks.    Control  of  alternating  electric  current  inducticn  motors. 

June  22,  1916. 
Bbroonib.    Electrom-ignot  for  localising  foreign  substances  embedded  in  humcn 

body.     (22  6  15.  France.) 
ChrystA  Kkttbking.     Electrical  systems  for  engines.    (16/7/14,  U.S.) 
'~         (U.S.)    Controlling  electric  motors. 
;«. 
•lie  safety  lamps. 


8.669 
8.635 
8.691 
C.693 


8.733 
8. 736 
8,740 
8.75» 

8,756 


8,792 

8.795 
b.7V6 
8.797 
8.810 
8,811 
8,814 
8.815 
8.821 


B.T.-H.O".  ft  '-  ^ 
Hc'LDEN.     F 
Olpham.     V 
Krids.     Ba" 
Morris.     Ei' 
Mi^RKls.     Ele».l::.. 
Hbrink  &  Rkiav 
system."!.  4c. 

M  .■'  1  PI,   ,    •,  !,     .1] 


iluence  machines. 
1 1  icclriiation  of  solid  and  liquid  pirticlcs. 
AiiTvMATic  Tklephone  Co.    Timing  ucviccs  for  tclep.hcr.e 

June  23.  1916. 

IS.     ElectromagTieticrclayt. 
i        -•  K    EiF-iTHic  C«J      Vaivinp   reiiitance  of 


clectrtt  birvuit. 
8.839  Rylah.>.    Magnetic  c> 

June  24.  1916. 
mpaiics. 

8.957  W- 

June  26. 1916. 
^ngcments  for cDnversion  of  functions,  for  use*ith 

8.959  B- 

■JSTRUCTION  Co.     Electrical  bonding 

3.960  W 

ate. 

•i-.-CTION  Co. 

Apparatus  for  indentifying 

8.992  Ffi 

.     :_ -  . 

...,^,,  vjntrollert. 

n  r^'-ii    C 

,,      -- 

C..-.    -  IV.-.- 

&  Walker. 

June  27. 1916. 

■  r.    Dynamo-electricR 

\"        .^'  Taw».-a*.'t         pi,-. 

UBV 

achinr^. 

'..-l.-.yj. 

--Dhone  calls. 
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COMMERCIAL    TOPICS. 


'       Capital  and 
^ '     Labour. 


At  the  Trades  Union  Congroso,  which  will  tc 
held  in  Birmingham  in  ("'eptember,  various  reso- 
lutions  affecting   the   relations   of   capital   and 
labour  will  be  submitted. 

The  London  Society  of  Compositorfi  will  urge  that,  in  view  of  the  im- 
portance of  maintaining  the  trade  and  commerce  of  the  country  in  the 
period  immediately  following  the  declaration  of  peace,  every  effort  should 
be  put  forth  to  ])rctcrvc  industrial  peace  and  thereby  assist  to  i^ccuro 
the  material  prosj)crity  of  the  nation  after  the  war.  That  for  the  purpoi  o 
of  removing  cauies  of  fri(!tion  likely  to  lead  to  industrial  disturbance  the 
Parliamentary  Committf  c  is  hereby  instructed  to  approach  the  Govern- 
ment and  the  Employers'  Parliamentary  Arsoeiation  with  the  object  of 
discussing  terms  that  will  rccurc  the  end  in  \iew  for  a  period  of  three 
years,  such  terms  to  include  the  acceptance  of  the  following  i)ro23osals  : — ■ 

(1 )  Membership  of  a  Trade  Union  to  be  ccmpukory  upcn  all  workers  ;  (2)  ccmpukciy 
48- hour  working  week  in  every  occupation  ;  (3)  compulsory  minimum  wag:e  of  30s.  for  all 
adult  workers  ;  (4)  no  reduction  of  present  wages  or  increase  in  working  hours  ;  (5)  ccm- 
pletc  recognition  by  employers  of  Trade  Unions  and  all  agreements  entered  into  between 
the  Unions  -nnd  employers'  associations;  (6)  State  unemployment  pay  for  men  and 
v/omen  out  of  work  ;  and  (7)settlement  by  the  Unions  ofthe  conditions  of  wcmen's  labour 
after  the  war. 

The  Parhamentary  Committee  will  tubmit  also  a  resolution  to  the 
effect  that  the  war  has  proved  beyond  all  doubt  the  national  weakness 
and  danger  of  our  pre-war  industrial  system  and  the  immediate  need  for 
reform,  and  claims  that  our  vital  industries  should  no  longer  be  left 
in  the  hands  of  capitalists  but  should  be  controlled  by  the  State.  The 
resolution  suggests  the  appointment  of  a  Minister  of  Labour  and  Industry, 
whoce  duties  should  include  :■ — 

(1)  The  provision  of  adequate  housing  for  the  workers  ;  (2)  national  standard  of  sani- 
tation in  all  factories  ensuring  the  safety  of  the  workers  ;  (3)  national  control  of  diteclicn 
of  all  land,  withsecurity  of  tenure  for  tenants  ;  (4)  State  to  have  first  claim  on  all  British 
shipping  at  rates  to  yield  a  fixed  national  standard  of  profit ;  (5)  establishment  of  naticnal 

(  storehouses  for  grain,  frozen  meat,  dried  fish,  and  all  kinds  cf  neceisaiysloiealle  fee  d;  ; 
(6)  complete  national  ownership  and  production  of  all  war  materials  and  ships  of  war; 

I  (7)  nationalownershipand  control  cf  allraiKvays,  water,vays  and  mines. 

The  Parliamentary  Committee  asks  for  authority  to  demand  the  status 
quo  ante  when  peace  is  declared  in  regard  to  Trade  Union  rules  and 
customs. 

With  some  of  the  above  demands  we  have  sympathy,  but  if  tlie 
whole  of  them  are  persisted  in  "we  arc  afraid  that  we  shall  have  a  period 
of  industrial  agitation  and  uncertainty  after  the  war,  instead  of  tlic 
peace  a.nd  co-operation  between  labour  and  capital  which  arc  so  es£cn- 
tial  if  \vc  arc  to  maintain  our  leading  position  as  manufacturers  and  ex- 
])orten!.  Artificial  attcm])ts  to  limit  output,  to  introduce  a  universal 
48-hour  week,  to  enforce  the  payment  of  a,  minimum  wage  to  all 
adults,  &c.,  are  doomed  to  failure,  because  they  seem  to  us  to  he  in 
conflict  with  natural  and  economic  laws  and  to  be  opposed  to  ])r()- 
grcss.  Instead  of  shorter  hours  everyone  will  have  to  work  harder 
and  longer,  and  it  is  a  pity  that  desirable  and  xjossible  dcmand.s  arc 
mixed  up  with  the  impossible. 

*         *         *         * 

At  the  annual  conference  of  the  Miners'  Federa- 
tion last  week  a  resolution  declaring  the  time 
to   be   opiJortunc   for  the   substitution  of   day 
wage  rates  for  p'ece  rates  for  all  coal  getters  was  passed. 

Mr.  J.  E.  Sutton,  M.P.,  who  moved  the  resolution,  said  piecework 
was  a  matter  of  one  man  competing  with  another,  and  he  hoped  some  day 
a  reasonable  day's  wage  would  be  given  to  a  man  for  a  reasonable  day's 
work,  and  the  damnable  piece  sy.stem  would  be  abolished. 

Mr.   Frank  Hodges  (South  Wales)  said  the  introduction  of  coal- 


Day  Wages  V. 
Piece  Work. 


Australian 

Metal  Scheme. 


United  States 
Trade  With 
South  America. 


It  is  announced  that  the  Mount  Morgan  Gold 
Mining,  the  Electrolytic  Reiining  &  Smalting  of 
Australia  and  the  British  Insulated  &  Helsby 
Cables  (Ltd.)  have  formed  a  new  cjmpin/  cilled  Metal  Manufacturora 
(Ltd.),  with  a  cxijital  of  £200,003,  for  the  purpo.se  of  establishing  a 
now  Australia:!  industry,  the  manufacture  of  eopi)cr  wire,  sheets  and 
tubes.  The  new  company  has  received  assurances  of  sujjport  fr.jru 
the  Commonwealth  authorities  to  ju.stify  the  establishment  of  the 
industry.  It  h  stated  that  there  is  an  increa^hig  demand  for  the 
goods  which  it  is  propo.sed  to  manufacture,  and  which  have  hitherto 
been  imported,  largely  from  Germany. 

^  ^  ^  ^ 

At  present  the  capture  of  the  South  American 
trade  forms  one  of  the  most  fruitful  topics  of 
discussion  in  commercial  and  exjwrt  circles  of 
the  United  States.  Various  rej^wrts  have  been 
issued  and  investigations  made  by  mercantile  associations  and  others 
in  the  United  States,  and  at  a  recent  meeting  of  the  Xew  York  State 
Bankers'  Association  at  Atlantic  City  Senor  Carlos  A.  Tomquist 
made  an  interesting  speech  on  the  subject. 

According  to  the  "  Electrical  World,"  Senor  Tomquist  said  there  is  no 
reason  why  the  United  States  should  not  be  placed  on  a  footing  of 
equality  with  Europe  in  relation  to  Argentine  finance  and  business  if  the 
nccessaj-y  modifications  of  yovu-  federal  banking  and  trade  laws  are  n.ade 
along  lines  which  would  more  largely  facilitate  banking  and  commercial 
operations  between  the   United  States  and  tiic   Argentine.     Financial 
credits  naturally  strengthen  the  exchange  of  the  country  which  grants 
them.     The  ex])eriencc  of  the  foreign  banks  in  the  Argentine  Republic 
has  exploded  the   theory  that   "  trade  follows  the  flag.''     The  results 
obtained  there  show  that  trade  follows  cajntal ;  and  even  in  these  early 
days  of  the  investment  of  American  capital  in  Argentine  issues  and 
enterprises  there  is  ample  evidence  of  the  truth  and  soundness  of  the 
latter  theory.     But  in  order  to  convert  this  theoiy  into  practical  form 
there  are  other  essentials  to  be  considered.     There  must  be  closer  per- 
soi'.al  contact  between  Americans  and  Argentines.     I  want  to  see  the 
inauguration  of  the  first  necessity  of  increased  trade  relations,  and  that  is 
the  establishment  of  a  service  of  first-class,  comfortable  and  fast  steam- 
ships that  will  make  the  trip  from  New  York  to  Buenos  Ayres,  and  vice 
versa,  in  12  to  14  days.     Extended  intercourse  between  the  leaders  of 
the  respective  communities^not  of  their  secretaries  and  employes — 
would  do  more  good  to  foster  and  augment  international  commerce  than 
any  number  of  conferences  or  publications.     We  are  seeing  the  extra- 
ordinary   proportions   reached    lately    in    the    trade    between    the    two 
countries  ;    and,  although  much  of  it  doubtless  owes  its  existence  to  war 
conditions,  a  great  part  of  the  advance  has  been  the  result  of  closer 
personal  investigation  and  of  the  exercise  of  more  vigorous  efforts  on  the 
part  of  American  manufacturers  than  were  previously  put  forth.     Still, 
since  my  stay  in  the  United  States  I  have  seen  in  the  columns  of  the  Press 
an  iindercurrent  of  sus})icion  and  mistrust,  with  more  than  open  reference 
to  the  necessity  for  official  protection,  even  by  force,  for  Ameincan  in- 
vestors in  Soiith  American  countries.     Speaking  for  my  own  countrj', 
let  me  say,  gentlemen,  that  the  great  and  close  relations  built  up  by 
Europe  with  the  Argentine  Republic  have  been  established  principally 
on  the  basis  of  mutual  confidence  ;    and  unless  the  Americans  are  pre- 
pared to  show  the  same  confidence  as  has  been  shown  by  the  financial 
and  mercantile  communities  of  Europe — a  confidence  justified  by  long 
experience — they  had  better  not  waste  their  time  or  their  money  i:i  the 
effort  to  capture  a  larger  share  of  our  trade. 
*         *         *         * 

Trado  PritliiPtc  "^'^^  annual  July  Trade  Products  Supplement  of 
f  tho  E    n'r/        *'^^  London  Chamber  of  Commerce  contauis  in- 

01  in.  U.mp.ra.  tcrc3ting  ijiformation  conceniing  the  resource.5 
and  capabilities  of  the  ovcrso:i  countries  of  the  Empire.  Certain 
Empire  products  have  bccom.e  e3pecially  prominent  durmg  the 
hni  tew  months,  and  among  thcic  arc  metals,  oilseeds  and  sugar. 

Arrangements  have  been  com])leted  whereby  the  zinc  production  of 
Australia  shall  be  in  future  under  British  control,  instead  of  being  ex- 
ploited by  the  Germans.  Steps  have  been  taken  also  to  ensure  that  other 
mineral  resources  of  the  Empire,  such  as  the  tungsten  ores  of  Burma  and 
the  silver-lead  production  of  Au.stralia,  .shall  be  worked  primarily  in  the 
interests  of  the  Empire  as  a  whole.  The  aim  and  scope  of  the  annual 
supplement  are  ti  present,  in  a  concise  form  for  ready  and  frequent 
reference,  a  statistical  review  of  the  import  trade  of  the  United  Kingdom 
in  food  products  and  raw  materials  for  indu.stries,  special  attention  being 
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{fivc'ji  to  the  trade  .sources  of  tht.se  iuiport.s  within  thi'  British  Enipire. 
The  extent  and  importance  of  the  production  in  each  ])art  of  the  Empire 
are  indicated  ar^d  the  condition  of  development  in  such  production  is 
mentioned.  Th.^  %ures  relating  to  trade  and  production  in  liritish 
colonics  and  possessions  are  quoted  mainly  from  official  puijlications 
rif  the  countries  concerned.  In  tliis  way  many  opjioiluniti --^  for 
expansion  and  investment  of  capital  in  ])romising  agricultural.  ])iaiting 
and  mining  enterprises  are  revealed,  whilst  attention  is  drawn  to  new 
sources  of  supi)ly  within  the  Empire  of  ])roducts  in  which  British  im- 
porters, merchants  and  manufacturers  are  interested,  and  to  direction.s 
in  which  extension  of  business  may  \n'  ])ossible.  The  annual  "  1"ra«lc 
Produ(-ts  SupplenKmt,"  c(jnsisting  of  40  fools<;ai)  V^c^^>  ''*  published  at 
Is.,  postpaid  Is.  4d. 


illlliiliillillllllllliilllJllllllllliillJIililllilllllilllJIi 

=  ELECTRICITY  SUPPLY.  m 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  July  8,  1916,  to  July  14,  1916. 

IMPORTS. 

HuLl . — Sweden  :  Elec.  machinery,  57  cases. 

London. — U.S.A.:  Elec.  lamps,  £26;  telephone  material,  £78;  carbon  candle;, 
£293  - 1 2  cases  ;  unenumerated,  £5,439  1.189  cases.  Holland.-  Elec.  lamps,  £9,104- 
SUpkgs;  unenumerated,  £1,596.  Japan.-  Elec.  torch  parts,  9  cases  ;  unenumerated, 
£2,116  18  cases.  France:  Elec.  meters,  66  cases  ;  unenumerated,  £22.  Switzerland: 
Unenumerated,  £253.    Denmark:  Unenumerated,  £371. 

Southampton. — France :  Elec.  cable,  23  pkgs. ;  unenumerated,  £527 — 6  cases. 

EXPORTS. 

To  AusTPA! A«^iA. — .Auckland:  Elec.  nr.achir.ery.  £40;  unenumerated,  £716.  Mel- 
bourne: Wire  and  cable,  £1,305;  elec.  glov/  lamps.  £470;  elec.  machinery,  £1,665; 
unenumerated,  £1,937.  Sydney:  Elec.  machinery,  £848  ;  elec.  glow  lamps,  18.350  no. ; 
v/ire  and  caole,  £1,334;  unenun'.erated,  £4.045.  Wellington :  elec.  lamps,  7.756  no.; 
wire  and  cable,  £490;  unenum.erated,  £687.  Chrisickurc'i :  Unenum.erated.  £80; 
Lyllellon  :  Unenumerated,  £246.  Dunedin :  Unenumerated,  £175.  Adelaide:  Unenu- 
merated, £931.  Brisbane:  Wire  and  cable,  £247;  unenumerated,  £404.  Jn'erccrgill: 
Unenumerated,£63.  Bluf' :  Wire  and  cable,  £212  ;  unenumerated,  £160.  Launceston : 
Elec.  machinery,  £72.  Wanpanui :  Unenumerated,  £42.  Newcastle:  Elec.  machinery, 
£876.     Perth:  Unenumerated,  £46. 

A"RicA. — Durban:  Elec.  machinery,  £650;  v.ire  and  cable,  £335;  unenumerated. 
£150.  CapeTown:  Elec.machinery, £403  ;  unenumerated. £271.  Fort  Elizabeth  :  'Wire 
and  cable,  £495;  unenumerated,  £157.  East  London:  Elec.  machinery,  £18;'  unenu- 
merated. £50. 

ErjypJ.- Alexandria :  Unenumeriled.  £39.    Suez:  Unenumerated, £30. 

Indja.  Cevlon,  Indo-China  and  Straits  Settlements. —  Bombay:  Elec.machinery, 
£648;  un'inumerated,  £1,888.  Penang :  Telegraph  material.  £3C0.  Singapore:  Elec. 
machinery,  £160  ;  glow  lamps.  £382  n.o  ;  v;ire  and  cable,  £141  ;  unenumerated,  £7t8. 
Calcutta:  Elec. machinery, £214  ;  v.'ire and  cable, £64  ;  unenumerated, £1,174.  Madrcs: 
Elec.  machir.ery,  £142;  unenumerated,  £1,760.  Colombo:  Elec.  machinery,  £3.^C5; 
wire  and  cable,  £31  ;  unenumerated,  £209.  Port  Swettenham :  Elec.  machinery,  £267; 
telepraph  material,  £26.     Karachi:  Unenumerated.  £23. 

Chiuk.  — Shanghai :  Unenumerated.  £135.  Hong  Kong  :  Wire  and  cable,  £85  ;  unenu- 
merated, £692.     Tientsin:  Ur. :!.£42. 

V.S.fK.-  New  York:  Elec.  n  l127:  unenumerated,  £884. 

Canada.  Wo»i//-eo/ .•  Telegr.., :  ;al,  £50  ;  unenumerated,  £28.  Holiday:  Tele- 
graph material, £54  ;  unenumerated,  £141. 

South  and  Central  AytR'-ic.— Buenos  Ayres:  Telegraph  material,  £150:  unenu- 
merated, £180.  Punia  Arenas:  Unenumerated,  £47.  Rosario:  Unenumerated,  £348. 
Meiillnnf^  •  Um^n  umerated ,  £1 1 9 

H' 1  '  ■■      'dam:  Wi:  ;!e,£?,125;  unenumerated,  £948.    Fotlerdam: 

Wirt-  :   unenur  '53. 

F'  ■■,;•  L. .-.,■:     Elec.    ii..,i.w.:..    £50;     unenumerated,    £64.    Pari:::     Else, 

machinery,  £148;  unenumerated,  £178.  Bordeaux:  Elec.  macliinery.  £195.  Nantes: 
Unenumerated,  £170.  Boulogne:  Wire  and  cable,  £66.  St.  Nazairc:  Elec.  m-.ri  ireiv. 
£133. 

SwFDP'i. — Cothenburgh  :  Wire  and  cable.  £149. 

NoKw A-v. -  Cliristiana :  Wire  and  cable, £168  ;  unenumerated, £3,664. 

Gipralta:?.— Wire  and  cable,  f.84. 

Malta.    Telegraph  material,  £37  ;  unenumerated,  £41. 

Russia.  Petros;rad :  Elec.  machinery,  £40.  Vladi-^ostok :  Wire  and  cable,  ££0 ; 
unenumerated,  £484. 

Finland.     Hrhiny'ors:  Ur  'd.ClSS. 

jAt'A'i.      YokoKama:    Uner  £231.     Tohio:    Unenumerated.  £128.     Kct>: 

Elec.  machinery.  £709  ;  unenui  •.'70. 

C,^>zi"-K.-  PirTw;  :   E'ec.  m  :  ;C-1. 

FOREIGN   GOODS  (duty  paid  and  free). 

Sinfjijorr:    ■  ...  -,£40.    Sydney:    Un- 

enumer.-ited,£l'  Unenumerattd.fi  £6. 

Christiana  :  U:.' . .        ,  ,  .         ..•  .i..,,  ■,  .,,.■,,.  . 

NoTK. — ^Tho  larffo  number  of  items  in  these  official  returns  under  the 
misleadine  bending  "  nnenumerated  "  rel(it<>  to  what  is  described  as 
'•  electrical  goocb;  "  and  "el<>ctrieni  materi.ils." 


BUSINESS  NOTICES. 

'I'be  Doiiiiiii')!!  Kleitrie  Co..  in.'iniifactiinTh'  npcnfs  and  wliolo- 
wilerH  of  eleetrieal  nifilerial,  nnn()iin<c  (liaf  tliev  recently  ooninionii-il 
buBinoss    at    lili,    Hiph-»tn*et.    Walwill.     Telegrams:      "Dominant 

W.Ml^all." 

Commonwealth  Edison  Co.- We  have  reerivoH  from  the  Common- 
wealth l](lis(iii  Co..  of  Cjiicafio.  ,1  booklet  of  Hnles  and  Infonnatinn 
jiiMtaining  to  Kl<'etrie  Service  Melon*.  Wiring  and  Motors.  We 
notice  that  eieetrie  energy  is  Histribiit(vJ  a1  I !."»  to  '2',V)  vol(*<  f<ir  lijrlit 
and  ]Hiwer  Inith  on  nltenmting  enrrrnt  nnti  direct  current,  and  (bn'o- 
])lia.se  .at  2.'^()  volts  for  power,  tlie  fn'(]uene\  Icing  W  per  .«ec<  iirl. 
Knergy  at  440  volts  is  only  supplied  wli(>n  there  is  an  .nggrpgate  rated 
motor  eaj)aeity  of  2.")0  u.v.  or  more.  Tliom  are  a  considerable  numV>er 
of  tables  ill  the  book  giving  sisM's  of  \vin<s  for  connecting  moton*.  »iw» 
of  uju>Li-i-s,  iuid  oilier  n.st>ful  nraetieal  infonuutkui. 


illllllllllilllllllllllllllllllllllllllllilllllllllliilli 

GENERAL. 
Aylesbury. —  An  unojipcsed  L.(i.  Beard  'nquiry  was  1  eld  last  week 
into    the    (  ouneirs   applicaticn   fcr   tj.ncticn   to   bcircw   £€00   fcr 
batter ie,s,  £100  for  hou^e  serviees,  £75  fcr  meters  and  £7S0  fcr  expen- 
eliture  in  excess  of  estimates  for  the  electricity  dej.arlmcnt. 

Evidence  was  given  by  the  engineer  (Mr.  W.  A.  Turnbull)  and  others 
and  the  In.spector  subsequently  visited  the  works. 

Barnes. — The  Council  have  authorised  their  Electrical  Engineer  to 
rej)iet-ent  them  on  the  Joint  Advisory  (Engineers')  Board  w'hich  is 
being  formed  to  consider  the  best  means  of  taking  concerted  action 
regarding  the  future  development  of  the  electric  supply  undertakings 
in  the  \\esteni  ^letropolitan  area. 

A  request  from  a  neighbouring  authority  for  term.s  upon  wliich  the 
Council  would  be  prepared  to  i^upply  current  in  bidk  has  been  referred 
to  thf  Kngineer. 

Belfast. — The  existing  regulations  as  to  "  stand-by  "  supply  of 
electric  current  have  been  eancelled,  and  a  "restricted-hour  st<vnd- 
bj-  suj)]>ly     will  be  given  on  the  following  terms  ; — 

A  person  requiring  a  sujipl}'  of  power  to  any  circuit,  cable  or  current - 
con.'-upiing  device,  while  same  can  be  supplied  as  an  altematrve  from  a 
private  .source,  i^ball  be  charged  a  flat  rate  of  IJd.  per  unit,  and  the 
su])ply  shall  be  <  ut  oif  by  time  swit(  h  between  the  following  hours  : 
4.30  ]).m.  and  l.'.'A)  p.m.  in  (ktober.  3.:iO.]).ni.  and  7.30  p.m.  in  November, 
3.30  )).m.  ar.d  7.30  ]>.m.  in  l)c(  ember,  3.30  p,m.  and  7.30  p.m.  in  .Tan- 
uaiy,  4.30  p.m.  and  7  30  p.m.  in  Fcbruaiy,  and  5.30  p.m.  ai-.d  7.30  p.m.  in 
March.  Tlie  eon.sumcr  must  consume  or,  failing  consumption,  must  pay 
for  a  minimum  quantity  of  electricity  each  quarter,  (determined  by 
multiplyinc  three-fourths  of  his  possible  maximum  demand  in  kilowatts 
by  one-f'urth  <>f  the  number  of  unrestricted  workint!  hours  i)cr  annum — 
namely.  2.2.S8.  The  con.sumcr  shall  not  be  entitled  to  require  or  reeeive  a 
supply  of  electricity  during  the  restricted  hours,  and  in  the  event  of  the 
consumer  forcing  a  supply  during  the  restricted  hour.s.  he  shall  pay  to  the 
Cori)oration  as  and  fr<r  liquidated  damages  a  .«um  to  be  <leterniiiied  by 
mulli|)iying  hi.s  maximum  tlemand  in  kilowatts  by  £5  for  each  oc^-asion 
on  wliich  the  sup|)iy  is  .so  forced. 

The  purchase  of  four  chain -grate  ,stokers.  the  renewal  of  the  funiaecs 
an<l  of  disiiia'illing  old  stokers,  at  a  cost  of  £2.090,  has  been  referred  back. 

Eradf ord. —  At  the  City  Council  meeting  last  week  Mr.  Bajraelough, 
in  submitting  the  minutes  of  the  Gas  Committee,  gave  the  following 
informatitn  in  rejly  to  (ii:esticns  by  Mr.  SntclifTe. 

Th<-  niiiiibi  r  of  (inns  who  hH<l  intrudu<ed  <;as  engines  sniee  July,  UU3. 
was  13.S.  Fifty  tiriiis  had  subst  ituted  electric  motors  for  gas  enirinos.  and 
the  gas  u.s(  d  by  thr>-v  Hrm.s  previou.sly  was  1!).075,7(K)  cubic  ft.  per  annum. 
A  few  had  given  u])  electric  motors  for  gas.  No  efforts  had  Ix-en  made  by 
the  <l<  partnient  to  prevent  a  gas  engine  being  replaced  by  an  electric 
motor  wh<n  the  latti  r  had  Ixen  (jbviously  more  suitaWc  for  the  particular 
])ui|  'iin<l.     The  dutv  of  the  Cfirjioration  was  to  oJ)lige  the  rate- 

pay  I  1    to  supply  them  with  electricity  if  it  suited  their  ]>urpose 

ixtter  than  ga-s.  The  (JavS  C'ommitte<-  had  themselves  instalkd  at  Birk- 
.-liall  ^'asworks  13elcctri<'  motors. 

Carnarvon.— The  Accountant  has  reported  that  his  efforts  to 
obtain  ri'paynient  from  the  Treasury  of  the  income  tax  deducted  from 
the  electricity  works  sijiking  fund  instalnient.s  by  the  National 
Electric  Const  nut  ion  Co.  had  not  been  successful. 

Tile  Surbiton  Irban  Council  bad  only  been  able  to  get  out  of  the 
same  di1H<  ulty  by  .selling  their  works  to  the  company  which  was  running 
them,  but  at  Carnarvon  a  similar  course  «lid  not  meet  with  any  support 
from  the  Kinan<i'  Committee,  nltbouch  the  National  Ele<tric  Con- 
struction Co.  hat!  cxi)n'.ss((l  their  williiiuness  to  consider  such  a  j»ro|K»8aL 

The  n  |>ort  has  1«  eji  handed  to  tlie  Town  Clerk  to  consider,  and  the 
whole  (picstion  will  Ik-  again  considered  at  the  next  meeting  <if  the 
Kinanei-  C<unmitt<H-. 

FInchley.--  It  is  projioted  to  erect  an  overl.eatl  cable,  at  a  cost  of 
£7."»,  lo  Mi|.|ily  (ertain  blocks  of  workniens  dwellings  with  electric 
current. 

Holmllrth.-  On  .Silimlay  hist  the  Hohnbrth  electricity  snjtply  wa«« 
formally  inanguralc<l  by  Coun.  E.  Overejid.  cbairniau  of  the  Elcc- 
trieity  Conuuittee.  Mr.  A.  K  Mountain,  of  Hmldersbcld.  is  ccnsuli- 
inv  '  '.  ajul  Mes.sr8.  T.  W.  Broadl  ent  (Ltd.)  supplied  the 

Th;  aiv  to  le  lighted  electrically,  and  flic--    '"■  'X]   \  -, 

customers  to  start  with. 

Hull.  -The  <  i,,n  an'  r-iqilying  for   an   onler   to   emjKiwer 

(hem  t»i  supply  .  .    , ,  ,  ,  urrent  to  the  new  sanatorium  at  Cottingham. 

Increase  of  Charges  for  Electrical  Energy.—  TI.e  folU.wmg  ha\e 
deeido<l  to  r  .,  during  the  jwist  week  : — 

Tiund.n  •  ■'       '    -      for  current  for  lichtini:  from 

M.  to  '■  ,■  is  incroAM  <1  by  !(•  per  cent. 

T  10  jy-r  cent,  for 

hot:  ,      ,   :,,  :,(. 

I  V  Co.  has  notiiicd  Hodruth  (^uardiajis  thai 

bbc  >.     ;     .  ..^......f^  „  .,.<  n.'iscd  by  10  per  ecu' 
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Hornscy  Council  is  increasing  its  j)rices  by  a  further  10  per  cent.' 
making  25  per  cent,  in  all. 

Helfast  Corporation  lias  increased  the  prices  of  current  for  i)ower  and 
lighting  by  \d.  pei'  unit  as  from  April  1. 

At  Cranlhain  the  Uiban  Electric  Supi)iy  Co.  has  increased  its  charges 
by  10  per  cent.,  making  20  per  cent,  since  the  (unnmencement  of  tlie  war. 

Halifax  Electrit^ity  (.'ommittcc  recommends  the  (,'ouncil  to  increase 
its  charge  for  current  for  power  by  17.1  per  cent,  from  Oct.  1  next. 

Barnstaple  Council  is  increasing  the  maximum  charge  for  current  for 
lighting  from  5d.  to  6(1.  per  unit. 

At  Aberystwyth  the  ( Iliiswick  Electricity  Corpn.  is  increasing  its  charges 
by  a  further  10  per  cent. 

Twickenham  &  Teddington  Electric  Sui)})ly  Co.  is  increasing  its 
charges  for  current  for  all  purposes  by  a  further  10  per  cent.,  making  20 
per  cent,  in  all. 

Lynn  Council  is  increasing  its  charge  for  current  for  lighting  by  gd.  ]kv 
unit,  and  the  increase  in  the  charge  for  current  for  power  is  also  to  be  id. 
per  unit  instead  of  the  10  ])er  cent,  previously  decided  upon. 

Kingstown. — The  Urban  Councd  have  made  arrangements  for 
raising  a  loan  of  £6,000  to  cover  the  preliminary  expenses  of  their 
electric  lighting  scheme. 

Sheffield. — At  its  meeting  last  week  the  Council  discussed  the 
recommendation  of  the  Electric  Supply  Committee  {see  p.  512  of 
our  last  issue)  to  increase  the  charges  for  electrical  energy. 

Mr.  T.  G.  Evans,  chairman  of  the  committee,  moved  the  adoption  of 
the  minutes  of  the  committee,  which  included  the  recommendation 
referred  to.  He  said  in  view  of  the  fact  that  there  was  an  increase  in 
cost  of  coal  and  labour  of  over  £87,000  it  became  a  serious  question  as  to 
whether  they  were  to  increase  the  charges  or  not.  If  they  did  not  the 
department  would  very  likely  make  a  serious  loss,  and  they  would  have 
to  make  up  the  defioit  from  the  rates.  As  they  made  a  very  favourable 
contract  for  coal  they  had  not  made  a  loss  for  the  year  ending  March, 
1916,  but  if  they  did  not  do  something  they  would  have  a  serious  loss  at 
the  end  of  the  next  year.  As  to  the  £62,500  more  for  machinery,  he  had 
great  faith  that  the  Government  would  give  financial  help.  Having  put 
down  machinery  solely  to  provide  current  for  the  GovernnK!nt's  purposes, 
the  department  could  hardly  be  expected  to  pay  the  piper.  He  sug- 
gested that  the  contract  with  the  Tramways  Department  made  in  1914, 
thcmgh  it  was  made  for  three  years,  might  not  be  strictly  adhered  to,  and 
that  that  department  shoidd  be  asked  to  bear  part  of  the  extra  expense 
that  the  department  woidd  be  put  to. 

Mr.  A.  J.  Blanchakd  moved  that  consideration  of  the  matter  .should 
be  deferred  until  the  Council  had  the  full  accounts  before  them.  It  was 
not  a  question  as  to  whether  certain  users  of  electric  current  should  pay  a 
little  more,  but  one  of  determining  the  whole  policy  of  the  committee, 
which  he  had  understood  to  be  that  they  would  supply  current  to  manu- 
facturers at  near  cost  price  as  was  practicable  with  sound  financial 
working. 

Mr.  A.  Neal  said  the  tramways  undertaking  was  the  one  department 
from  which  they  received  funds  in  relief  of  rates,  and  if  the  contract  with 
the  electric  supply  department  was  to  be  altered  it  would  simply  reduce 
the  amount  available  to  relieve  rates,  and  wordd  only  be  another  way  of 
making  ratepayers  pay  for  the  benefit  of  the  users  of  electricity. 

Ultimately  the  discussion  was  adjourned  until  August. 

Woodford. — The  County  of  London  Electric  Supply  Co.  have  given 
notice  of  intention  to  apply  for  a  provisional  electric  lighting  order 
for  Wocdford. 


illll! 
LIGHTING  &.  POWER  NOTES. 


Burton. — The  Coimcil  have  decided  to  resume  a  modified  system  of 
lighting  by  suspended  electric  lamps  on  the  tramway  routes  during 
the  coming  dark  evenings  at  a  cost  of  £350. 

The  Chairman  of  the  Electricity  Committee  (Aid.  Lowe)  said  the  lamps 
would  be  lighted  from  the  tramways  main,  and  would  be  extinguished 
simultaneously  with  the  cutting  off  of  the  traction  current.  A  more 
expensive  scheme  was  rejected,  because  of  the  extended  time  which 
would  be  involved  in  cuttmg  off  the  current. 

Dromore  (Ireland). — ^A  special  meeting  of  the  Council  is  to  be  held 
to  consider  tenders  for  street  lighting  by  electricity  and  gas. 

Electricity  in  Mines.— At  the  annual  conference  of  the  Miners 
Federation  last  week  a  resolution  was  adopted  in  favour  of  amending 
regulation  131  of  the  Coal  Mines  Act  be  so  as  to  make  it  illegal  for  a 
person  in  charge  of  an  electrical  coal-cutter,  whose  wages  depend 
ujwn  the  amount  of  mineral  gotten,  to  be  appointed  as  the  responsible 
person  to  supervise,  examine  or  adjust  the  electrical  apparatus. 

It  is  reported  that  Mr.  G.  W.  Charlwood,  who  was  recently  elected 
chairman  of  Talbot  AUu vials  (Ltd. ),  is  studymg  the  question  of  the  applica- 
tion of  electricity  to  mining  work,  and  particularly  for  pumping. 

Southend. — The  Council  have  asked  the  Highways  and  ^^'o^ks 
Committee  to  consider  the  question  of  substituting  electricity  for  gas 
for  street  lighting. 

Proposals  to  dispense  with  the  services  of  the  tramway  traffic  super- 
iatendcut  and  the  canvasser  for  electric  light  consumers  were  defeated. 


TRACTION   NOTESc 

iiilllllllllllllllllllllllllllllllllllllllllllilllll 

Edgware  and  Hampstead  Railway. — The  London  Electric  RaUway 
Co.  has  aj)[)licrl  to  the  Board  (jf  Trade  for  an  order  to  extend  for  one 
year  from  Nov.  18,  1910,  the  time  limited  by  the  Edgware  and 
Hampstead  Railway  Act,  1912,  for  the  cora[)letion  of  railway  Xo.  1  ; 
to  extend  for  one  year  from  Oct.  20,  1910,  the  time  limited  b\'  the 
same  Act  for  compulsory  purchase  of  lands  and  easements  and  for  the 
completion  of  the  deviation  railway  authorised  bj'  Edgware  and 
Hampstead  Railway  Act,  1909  ;  and  to  extend  for  one  year  from 
Aug.  12  the  time  limited  by  Edgware  and  Hampstead  Railway  Act, 
1912,  for  compulsory  purcha.se  of  lands  and  ea.sement8. 

Middlesex. — The  County  Surveyor  has  reported  to  the  County 
Council  on  the  bad  condition  of  the  track  of  the  lines  of  the  London 
United  Tramways  (Ltd.). 

It  is  stated  that  in  several  places  the  joints  of  the  rails  have  given  way, 
whilst  in  others  portions  of  the  rails  are  missing  altogether,  and  the  track 
paving  is  below  the  surface  level  of  the  roads.  The  attention  of  the 
representatives  of  the  areas  directly  concerned  had  been  called  to  the 
matter,  who  had  informed  him  that  owing  to  the  war  it  was  impossible 
for  the  company  to  proceed  with  a  complete  renewal  of  the  tracks  (which 
is  badly  required),  owing  to  their  inability  to  obtain  new  rails.  He  had 
])ointcd  out  to  the  authorities  concerned  their  obligations  under  sec.  II. 
of  the  Local  Government  Act,  1888,  and  that,  as  they  were  the  authori- 
ties in  whom  the  roads  were  vested  they  were  responsible  for  the  satis- 
factory state  of  same  from  fence  to  fence.  It  was  imperatively  neces- 
sary that  some  steps  should  be  taken  in  connection  with  the  tramways  as 
soon  as  pos  ible.  He  should,  undoubtedly,  be  justified  in  withholding 
his  certificates  for  the  annual  maintenance  of  the  roads  affected,  but  as 
there  were  such  abnormal  conditions  prevailing  he  proposed  t-o  issue 
them  this  year  in  the  usual  way.  It  did  not  follow,  however,  that  the 
same  procedure  would  be  followed  next  year  should  the  present  deplor- 
able state  of  things  continue  in  connection  with  the  tracks.  In  High- 
.street,  Brentford,  there  were  many  places  along  the  tramway  track 
which  required  relaying.  Under  the  Local  Government  Act  the  .super- 
vision of  the  road  throughout  its  width  was  vested  in  the  District  Council, 
and  it  was  their  duty  to  see  that  both  road  and  tramway  tracks  were  kept 
in  a  proper  condition. 


TELEGRAPH  &  TELEPHONE  NOTES. 


Hull  Municipal  Telephone  System.— The  accounts  of  the  working 
01  the  Corporation  telephone  undertakings  for  the  year  ended  March 
31  were  presented  to  the  Telephones  Committee  on  Monday. 

It  will  be  remembered  that  Hull  is  the  only  city  in  the  kingdom  m 
which  the  Municipalitv  controls  the  telephone  service.  Income  on 
revenue  account  for  the  Vear  was  £56,228  and  expenditure  £32,978.  Gross 
profit  was  £23,250,  compared  with  an  estimate  of  £24,000.  The  expen- 
diture included  a  war  bonus  of  £1,300  and  special  charges  for  works  pro- 
tection.    Capital  charges  amounted  to  £18,879  and  the  net  profit  was 

The  Chairman  of  the  Committee  (Aid.  Brown)  said  he  i^oiisidered  the 
balance-sheet  verv  satisfactory,  especially  in  view  of  the  exceptional 
conditions.  The  effect  of  the  war  had  been  to  increase  the  cost  of  main- 
tenance and  to  decrease  the  revenue. 

New  Automatic  Telephone  Exchange  at  Paisley.— The  new  auto- 
matic exchange  at  Paisley  Post  Office  \\-as  opened  on  Saturday.  The 
apparatus  was  made  and  installed  by  the  Automatic  Telephone  Mfg. 

Co.  (Ltd.). 


EMPIRE   NOTES. 


;'! 


Australasia.— A  licence  has  been  granted  to  the  Borough  Council 
of  Wairoa  to  use  water  from  the  \\'airoa  river  (near  Te  Remga  J'ails) 
for  generating  electrical  energy,  and  also  to  erect  electric  Imes  tor 
licrhtmg,  power  and  heating,  purposes.  ,  „,  ,     ,      , 

"The  I'ublic  Works  Committee  of  the  State  of  New  South  Wales  has  bt^en 
requested  to  report  upon  the  expediency  of  cariymg  out  schemes  ot 
hydro-electric  development.  The  estimated  cost  of  thl"^^»>>p'  ^^^^^ 
scheme  is  £5,000,000,  of  the  Shoalhaven  Kiver  scheme  »- ' ' '^••^'^0.  iumuc 
River  scheme  £600,000,  Cataract  Cordeaux  scheme  ^^^Ob.JOO  Bun-enjiuk 
Dam  scheme  £100,000,  Gilmore  Creek  scheme  £44.400  and  ^^'^l^-^'da 
River  scheme  £35,000.  The  power  house  proposed  to  be  ^^"^truaed  in 
connection  with  the  Snowy  River  scheme  is  to  ha^  generators  capable 
of  generating  750,000,000  units  per  annum  (86,758  kw.)  ^"^^'^"^^^tion 
witb  tlie  Gfimore  Creek  scheme  an  electric  railway  f^^i  Gilmoie  to 
Batlow  is  proposed  to  be  constructed  at  an  estimated  cost  of  £1W.i,o<.pu. 
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MISCELLANEOUS  NOTES. 


Colombia. — Tnc  municipality  of  Frontino  (Department  of  Antio- 
quia)  liaK  Leen  authorised  to  raise  a  loan  up  to  10,000  pesos  gold 
(£2,000)  for  the  installation  of  electric  power  plant,  and  Amalfi 
municipality,  in  the  same  Department,  has  been  authorised  to 
borrow  0,000  pesos  gold  (£1,200)  for  a  similar  purpose. 

Electric  Smelting  in  Norway. — A  company  -was  recently  formed  in 
.Stavcngcr  with  a  capital  of  1,000,000  kroner  for  utilising  the  Florli 
waterfall  near  Lysefjordin  for  electrical  smelting. 

The  necessary  capital  is  .said  to  Jiavc  been  .sccurc<l  from  Norwcfjian 
banks,  and  the  conii)any  will  ])roc(( d  with  the  erection  of  works.  The 
waterfall  is  calculated  to  produce  J  2,000  ji.p. 

Holland. — A  rc^wrt  by  the  British  Consul -General  at  Rotterdam 
on  the  trade  of  the  Xethcrlands  in  191.5,  states  that  the  year  was  the 
ii'ost  profitable  the  Xetheriand!;  has  exj  erienced. 

The  increase  in  the  national  wcaltli  since  the  war  commenced  is 
cstiniattd  at  between  £1(^,000,000  an<l  £2(Kt,000,000.  Manufiicturers 
began  early  in  1915  to  mak(!  j^ood  any  lo.sscs  they  had  suffered  in  the 
di.sorjianisation  of  trade  in  1!)14,  while  slii|H)ini;  companies  made  un- 
precedented iMofits.  Th(!  Netherlands  Oversea  Trust  has  been  indis- 
pensable to  Dutch  trade,  inasmuch  as  tlirouffh  its  a<^ency  the  importation 
of  many  articles  which  would  otlierwise  liavc  been  unobtainable;  has  been 
po8sii)Ie.  Imports  of  coal  fell  off  consi(l"ral)ly,  an<l  the  war  brought 
home  to  the  (;f)vernment  and  ))co|ile  of  tlie  Netherlands  that  they  need 
no  lon-icr  be  mainly  dejM'ndi'nt  upon  their  nci<.'libours  for  su])])lics.  The 
coal  fields  of  the  NetherlaiK's,  which  are  all  in  the  ])rovince  of  Limburg, 
have  an  out])Ut  of  2,000,000  tons  ])er  annum  ;  it  is  stated  that  this  can 
be  increa.scd  considerably,  and  that  only  the  unfavourable  position  of 
the  fields  in  relation  to  the  industrial  districts  of  the  country  has  cau.sed 
this  national  source  of  supply  to  b(;  ncf^lectcd.  The  coal  market  in  thi 
Netherlands  has  Ixcn  practically  goverei.d  by  the  (Jerman  Coal  Syn- 
dicate, the  unswerving  j)olicy  of  whic  h  during  the  last  10  years  has 
enabled  it  to  monopolise  more  than  five-sixths  of  the  entire  coal  consump- 
tion of  the  country,  and  British  coal,  in  s))itc  of  its  na  ural  advantages, 
has  been  almost  ousted,  except  from  f;as  works,  where  the  sj)e<ial  quality 
of  i?ritish  L'as  coal  has  made  it  in(lis]>ensal)le.  The  normal  conisumption 
<.f  till-  country  is  al)out  12, ((1)0,000  tons  jier  annum. 

lm|.or1s  i(i"elii(li(l  l,-(2<t. ■><(.-)  tons  of  metal  articles  in  191:},  1.040,073 
in  191  ;  and  299, 1 '.(2  in  191")  ;  metals  (unmanufactured)  im))ortcd  in  the 
same  years  resix-ctively  were  2,719,382.  l,887,(i:{«  and  837,439  tons  ;  and 
rads  imported  39,975,  "49,28(i  and  2(),222  tons.  Exports  of  metal  articles 
were  I,l8(i,(i(i5  tons  in  1913,  K04.(i8H  tons  in  lill4  ai<l  l.")2,479  t(ms  in 
1915  ;  metals  (uiiiiianiiffu  t  un  d)  -xixirtdl  were  2,182,125,  1,410, (K)4  and 
419,1(17  tons.  If  iiritish  firms  ac.'ajit  themselves  to  tlu-  reepiirtnntnits 
of  tlie  market  then-  .should  be  an  o])enint;  for  materials  and  a])pliances 
for  clectricifMis  and  for  asiricultural  miuihinery.  There  is  a  sjood  opening 
in  the  Bois-lo-Duc  district  for  British  ^oods.  and  business  relations  might 
be  opened  up  with  tl-.e  weaving'  and  S|iimun;^  mills  in  Tilburg,  which  at 
))resent  deiils  almost  exclusively  with  d'crmaiy.  There  is  an  increase 
in  the  use  of  motors  oi\  small  farms  in  the  Netherlands,  and  such  motors 
should  find  a  liood  market. 

An  era  of  uniiarallek  d  ]uos])erity  for  the  Netherlands  is  expected 
to  .set  in  after  the  cessation  of  hostilities,  and  there  is  no  reason  why 
British  trade  shoidd  not  .sliare  in  this  pros]>erily  if  Mritish  traders  can 
be  induced  to  cnlen-  inlif  i>rovisional  arraiiL-einents  with  Nethenlanels  firms 
at  once.  Larue  Mrilisli  I'u  nis  woidd  !••  well  advised  to  appeiint  re'sident 
British  a-.-enits  in  the  Xelherlanels,  insteniel  e)f  entrusting;  their  interests 
te»  leie  al  lirm.s.  One  e)f  the-  iirine:i])al  eauscs  of  the-  ce)mme'reial  .success  of 
Cermariy  was  to  be  founel  in  the  faet  that  we-ll-traineel  and  com])etcnt 
ai;enits  eif  derma  i  na' iemality  npn-Mentcd  inipe)rtant  German  firms 
abre)ael. 

Italy.-  A  (lrer(>e  hivi  Icen  issued  api)roving  a  convention  between 
the  It.iliari  (ieive'rnnie-nt  ciiel  the-  Hoina  Xe)rel  Tramway  «.^-  Raihvav 
Co.  feir  the  e'einst  riietiem  anel  working  of  ;m  elect  rie-  railway  hum  Hoiuc 
to  Vilerbe)  via  Civi(;c;;stell.iria. 

Morocco,  'i'lie'  Clieriti.in  '•  Hulle-tin  Ollieiel  "  of  May  15  gives  the 
le'\t  eif  llie  ;;nne-\  lei  the-  l''raiuei  .Me.ori.di  l'e)sl;il  Convendieui  of  (hd.  I. 
I!)i:l  (signeel  on  .March  28  last)  n-laling  to  the  (riegraphie'  service 
between  Meireieeei  anel  .Mge-ria  anej  Tunis.  The  .\el  preivieles  for 
laying  !i  suhmariiu'  c.ible  anel  feir  the  eieetioii  of  a  lane!  line  between 
Tangier  and  Algeria,  whieli  will  pass  Ihreuigh  the  Spanish  zone. 

Platinum  Deposits  in  Spain.— The  Minister  of  Fomonfn  ha.s  been 
aiilheiri.-eel  to  pie-enit  to  the-  Cortes  a  new  Hill  sus|  eneling  feir  Iwei 
_\e'ars  the  right  ed  |)ublie'  hcareh  fe)r  |)latinuni  in  a  eertain  an>a  in  flie 
l<e)nela  elistrict  e)f  th(>  Treivineo  of  .Malag.i.  where  imjHirfanf  platininn 
(le'|>e)sils  hav(^  been  fe)Uiul. 

Tlie'  Miidster  urijed  this  course  in  view  eif  the  importance  of  ])latinum 
in  lemneetiein  with  nieielern  militiny  re'ijuirenne-nt  s.  The-  State-  will  either 
e-\|ileiit  the-  re-senveMl  ele'])osits  eir  se-li  e>r  le-as"  the-  ri^ht  eif  wetrking. 

Portugal. — Tlie>  l.egisl,ituie>  h.is  autheiri-'-eel  the  municipality  eif 
Aniiirante-  to  borreiw  i;iS..")(lO  for  a  hvelreie'le-e'trie-  iii-stallatiem.  w.ite-r 
sujiply.  iV-e'.,  aiiel  t  hei  nuuiie'iliality  e>f  ( .'uinianie-s  l.i  l.nn.iw  t75..5(M> 
for  an  ideetrie-  (ramwiiv  sysfem,  &e. 
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Defence  of  the  Realm  Regulations. — Attention  is  called  to  regula- 
tion 41a  of  tl;e  Uef^encc  of  the  Realm  Regulat'ons  and  D.R.  Form  17 
issued  thereunder,  by  which  lists  of  male  emplojes  between  18  and 
41  must  be  exhibited  in  a  conspicuous  place  on  the  premises  where 
such  men  are  cjuployed. 

The  official  forms  for  this  purpose  can  be  obtained  from  any  post 
office.  The  Militan.'  Representative  for  the  City  of  London  Tribunal 
is  arranging  for  offieers  to  ^o  round  and  inspect  these  lists  during  the 
cour.se  of  the-  next  few  months. 

His  Majesty  in  Council  has  ordered  that  the  Defence  of  the  Realm 
Regulations  be  amenuleel  iiy  the  addition  of  Regulation  8E,  which  pro- 
vides that  the  Minister  eif  Munitions  may  by  order  prohibit  or  restrict  the 
carrying  on  of  building  and  eonstruction  work  other  than  by  licence  from 
the  Minister.  Such  works  ineludc  buildings,  railways,  docks,  harbours, 
canals,  briebjes.  tumiels  anel  other  works  of  construction  or  engineering. 

"  Directory  of  Manufacturers." — Tlie  iucccfk  of  previous  ifsucs  of 
the  Direet<uy  eif  .Manufac tuiers,  &e.,  has  led  the  (  ommereial  Agent 
of  the  North  Fa.steni  Railway  Company  to  iiublish  the  third  (1916) 
edition  of  the  volume,  and  in  view  of  the  new  trade  conditions  which 
are  eertain  to  obtain  after  the  war,  ineluding  no  doubt  much  heavier 
demands  feir  British  jiroducts,  the  book  must  prove  of  great  utility 
alike  to  the  manufacturer  and  the  consumer,  as  well  as  the  exjjorter 
and  the  importer. 

The  Direeteir}-  eemtains  over  3G,000  entries,  sjilit  up  under  more  than 
1,200  se]iarate  trade  headings,  to  which  there  is  a  special  index.  These 
figures  show  a  great  advance  on  the  previous  editions,  whilst  the  value  of 
the  entries  has  been  further  enhanced  by  the  inclusion  of  registered  tele- 
graphic adelresses  in  aeldition  to  amplified  telephonic  information. 
Another  feature  eif  the  new  is.sue  is  a  map  of  the  North  Eastern  Railway 
system,  showing  in  distinctive  colours  the  prineipal  natural  pro<lucts  of 
the  different  elistricts  it  .serves,  also  at  a  glance  the  wide  range  of  Conti- 
nental anel  "  Overseas  "  Sailings  which  in  normal  times  are  maintained 
from  the-  Neirth  East  Coast  Ports.  15,0(X)  ceipies  eif  the  volume  have  Ixxm 
]ire])areel  feir  ]iurely  <;ratinteius  elistributiein,  anel  neit  einly  will  traders 
threiuijheiut  this  eeiuntry  re'e-e-ive  the  beieik,  but  it  will  be  sup]ilie'el  tei  H.M. 
Consuls  all  fiver  the-  weirlel,  tei  British  Ceilemial  and  Feire'ijm  ChamlH'rs  eif 
Commerce,  &c.  The  s.-eurinj;  eif  the  right  markets  for  both  buying  and 
selling,  and  of  the  most  suitable  channels  of  exchange,  is  so  necessary  to 
modern  eomme'reial  suecess,  that  the  great  value  of  a  Directory  con- 
taining the-  names  anel  aelelresses  of  the  prinei])al  manufat;ture.'rs  and 
wheilesalc  im|ieirte'rs  anel  exjieirters,  classifieel  respectively  under  their 
particular  traele-s.  anel  in  teiwn  eirder,  will  be  apparent. 

Enemy  Firms  Wound  Up.— The  Board  of  Trade  have  ordered  the 
winding  up  eif  252  Inisine.s.ses  controlled  by  alien  enemies. 

Ineiluelcel  in  the  latest  list  arc  Plutte  Schecle  &  Co.  (Ltd.),  18-19  Queen- 
hithe.  Lonelon.  E.C.,  merchants  and  agents  for  electrical  poods.  (Con- 
treiUe-r  :  (i.  W.  RolM-rts,  133,  Weiol  Exchange,  E.C..  to  whom  claims  by 
S<-pt.  30.);  (Je-rharel  \-  Hey.  (ireat  St.  Theimas  Apostle,  Queen-strret, 
Lonelon.  E.C..  feirwarelinu  and  shijipinj;  agents.  (Controller:  J.  D. 
I'attullo,  <t5,  Ixi:idon-wall.  E.C.);  A.  Barson  &  Co.,  57,  Scrutton-street, 
London,  E.C..  enjiinee-rs'  tool  manufiicturers.  (Controller:  Adam 
Turepianel  Veiunn.  41.  Co'.eman-stn-et.  E.C.) ;  Briti.sh  Hulm  Metallic 
Tacking;  Ce».  (Ltel.).  Sneiwelems  Wharf,  Millwall.  E..  manufacturers  of 
me-tallie-  itaekintr  feu  .ste-am  e-nj;ine-s.  &c.  (Contreiller  :  .J.  E.  Wil.sem.  2S. 
Basiutihall  stnet.  E.C.);  Peileli  Ste-cl  Works.  Napier-stn-et.  Sheffield, 
ste-el  man)ifa<ture-rs.  (Controller:  A.  Duncan  Barber,  Sheffield  Tele- 
uraph-buileiings,  Hiuh-street,  Sheffield);  Pheneitar,  Co.  (Ltd.).  125,  High 
l!i)|lieirn.  l>one|i>n.  W.C.,  ;  y.teni  feir  cle-aning  teh^phonco. 

Military  Tribunal  Cases.  At  Semthwark  (I.enden)  Tribunal  R.  E. 
\\  hitcele-  (n  al  engi  I'ee-r.  applied  feir  exemption.  He  stated  before 
the  war  lie  em  pleiyeel  Inun  eight  to  12  men.  Init  now  had  only  one 
man  anel  a  boy.  Me  hael  tei  work  ehiulile  time  himself  on  electric 
nuitor  n-pi-'riiiir.  (.'ranti-il  eeuiditional  exemption  on  joining  a 
V.T.C. 

At  the-  .same-  Trd.uu.d  the  Imperial  Li,i;hting  Co.  (Implitieo)  (Ltd.) 
aitpiie'l  feir  tlie-  e-M  iiiption  eif  a  ^;e-ne-rjvl  anel  elcetrieal  enjrinet^r.  Out  eif 
42  hanels  12  luul  jeiineel  up.  They  had  only  one  eniiine«T  left  out  of  eight. 
(;rantcel  «hnM'  ntonths'  extensiem  on  jeiinini;  V.T.C. 

At  Batterse-n  Mr  reijH-  (tnieling  as  V.  Wdliams).  electrician,  apiiealed 
for  e-\em]ilie)n.  He-  sjiiel  he- was  an  e-|e-etrical  cemtr.icteir.  His  partner 
w.»s  in  the-  .Xrmy.  anel  he-  alleiwcel  him  lOs.  a  week,  anel  did  all  the  work 
himself.     <Jrant<  el  a  niemth  s  luial  e.xtensiem. 

At  St.  .Anne's.  Mr  H.  W.  Laing.  manager  of  Blnekpoeil.St.  Anne?  ft 
Lytham  Tr.-imways  Co..  appeale  el  em  lie-half  of  the-  fem-ni.an  of  the  track 
repairing  sfatT  and  twei  nie.teir  me-n.  He  had  lost  110  men  of  the  traffic 
statT  out  of  12."».     ('einelitietnal  cxemptieins  urantetl. 

At  (Josport  Mr.  .1.  Ker  elay  (Jlenn,  manaf^>r  of  C.eispeirt  &  F.anliam 
Tramw.iysCo..  n])jilieel  nn  lieh.df  of  27  me-n  in  theempleiy  eif  the  eeimpany. 
«hein>  he  w»i«l  Mvn>  epiite  indis]M-n sable.  Three  ninths'  exempt ie>n 
j^ranteel  in  six  raso.H,  one  montl)  in  one  case,  and  conditiemal  exem]itiejn 
tor  all  the  eithers,  exe<-pt  erne-,  in  wliiih  exemption  was  refuse  el. 


THE  ELECTKICIAN,  JULY  21,  1910. 


549 


TENDERS    INVITED. 


Batten  Holders,  Ceiling  Roses,  &c. 

The  Commissioners  oj'^  H.M.  Works,  &c.,  invite  tenders  for 
the  sui)ply  of  Batten  Holders,  Ceiling  Roses,  Plugs  and  Cut- 
outs. Forms  of  tender,  conditions  of  contract,  &c.,  from  the 
Controller  of  .Supplies,  H.M.  Office  of  Works,  King  Charles- 
street,  Westminster,  S.W.  Tenders  by  11  a.m.  July  26,  to  the 
Secretary,  H.M.  Office  of  Works,  &c.,  Storey's-gatc,  London, 
S.W.     Sec  advertisement. 

.  elegraph  and  Telephone  Material. 

The  Deputy  Postinaster-Ceneral,  Melbourne,  requires  tenders 
by  3  2).m.  Aug.  8  for  the  supply  and  delivery  in  Melbourne, 
Sydney,  Brisbane,  Adelaide,  Perth  and  Hobart  of  Standard 
Battery  Material,  including  Pots,  Porous  Jars,  Zinc,  Carbon 
Rods,  C'hemicals,  &c.,  for  the  Australian  Commonwealth, 
Postmaster-General's  department.  (Schedule  1,327.)  Sjiecifi- 
cations,  &e.,  from  the  Deputy  Postmaster-General. 

The  Deputy  Postmaster- General,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  16  for  the  supply  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &c.,  for  the  Australian 
Commonwealth  Postmaster-General's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputy  Postmaster- 
General,  Perth  (W.A.). 

Rotary  or  Motor  Converter  and  Switchgear. 

Walthamstow  Urban  Council  require  tenders  by  noon 
July  26  for  supply  and  erection  of  500  kw.  Rotary  or  Motor 
Converter,  e.h.t.  l.t.  Switchgear.  Specifications  from  Mr.  G.  R. 
Spurr,  Electricity  Dept.,  Priory-avenue,  Walthamstow. 

Motors,  Starters,  «&e. 

The  Victorian  Railway  Commissioners,  Spencer-street, 
Melbourne,  require  tenders  by  11  a.m.  Sept.  6  for  the  supply  of 
12  Three-phase  Crane  Motors  and  Controllers  and  11  One-phase 
Workshop  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
fications from  the  offices  of  the  Commissioners. 

The  Town  Clerk,  Invercargill  (N.Z.)  will  receive  tenders 
until  4  p.m.  on  Sejit.  28  for  the  supply  and  erection  of  a  Steam 
Turbo-Alternator,  with  Cbndenser,  Fittings,  &c.  (Contract  No. 
40).     Specification,  &c.,  from  the  Town  Clerk. 

Wiring  and  Fittings. 

Tenders  are  required  by  July  28  for  Wiring  the  Basingstoke 
Conservative  Club.     Particulars  from  the  Secretary. 

rtrcet  Lighting. 

Castlebar  Urban  Council  require  tenders  by  2  ]).m.  Aug.  5 
for  Electric,  Gas  or  other  lighting  from  Sept.  15  to  April  1  next. 


Signal  Lighting  Transformers. 

'"he  Victorian  Railway  Commissioners  want  tenders  by 
11  a.m.  July  26  for  400  Signal  Lighting  Transformers  (contract 
No.  29,997).  Specifications  from  the  Commissioners'  Offices, 
Spencer-street,  Melbourne,  Victoria. 
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TENDERS  RECEIVED  AND  ACCEPTED. 


London  County  CouNcrL. — The  Council  has  accepted  the  tender 
of  the  (^'hloride  Electrical  Storage  Co.  for  the  supply  and  erection  of 
a  storage  battery  at  Woolwich  Tunnel,  at  £122.  7s. 

Stafford. — The  Corporation  has  acceiitcd  the  tenders  of  Siemens 
Bros.  Dynamo  Works  for  500  kw.  d.c.  turbo-generator,  £995  ;  and 
Westinghouse  Electric  &  Mfg.  Co.,  500  kw.  geared  turbine  and  con- 
densing plant,  £4,335. 

Barrowford. — The  Urban  Comicil  have  accepted  the  tender  of 
Adams  Hydraulic  (Ltd.)  for  the  supply  and  erection  of  automatic 
control  electric  screening  gear  for  sewage  disposal  works. 

Manchester.— Tlie  following  tenders  have  been  accepted  by  the 
Corporation  : — 

Pirelli  General  Cable  Works,  Western  Electric  Co.,  W.  T.  Glover  &  Co., 
Callender's  Cable  &  Construction  Co.,  British  Insulated  &  Helsby  Cables 
and  C.  Macintosh  &  Co..  cables  ;  Sir  W.  G.  Armstrong,  Whit  worth  &  Co., 
three  electric  capstans ;  and  Eraser  &  Chalmers,  coal  stacker  with 
420-volt  three-phase  motor. 

SouTHENZ). — The  CoriDoration  is  recommended  by  the  Lighting 
Committee  to  place  contracts  with  Venners'  Time  Switches  (Ltd.) 
for  200  current  limiters,  with  Callender's  Cable  &  Construction  Co. 
for  the  supply  of  cables  during  six  months,  and  with  British  Insulated 
&  Helsby  Cables  for  about  100  pairs  of  cut-outs  (6s.  8d.  per  pair). 

Shipley. — The  Council  has  accepted  tlie  British  Electric  Trans- 
former Co.'s  tender  for  a  50  kw.  transformer. 

Watford. — The  Council  has  accepted  the  tender  of  Marshall  & 
Plumtree  for  the  supply  of  a  motor,  gearing,  &c. ,  at  £755. 

New  Zealand  Government  Contracts. — The  New  Zealand  Public 
Service  Stores  Tender  Board  has  accepted  the  following  tenders: — 
A.  D.  Riley  &  Co.,  3,000  bridle  rings,  £27, 4,000  ditto,  £52,  4,000  ditto, 
£56;  Lawrence  &  Hanson,  35,000  yds.  jumper  wire,  £168. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


I   s 


Hampstead  (London).— On  the  electricity  department  at  March  31 
the  gross  capital  exj^enditure  was  £477,571  (increase  £4,3(52),  of 
which  £207,038  is  outstanding. 

Revenue  was  £69,332,  and  working  and  general  expenses  were  £45,024, 
tavmg  gross  profit  £23,707.  Interest  required  £8,355  and  instalment  of 
loan  f22,0«2.  year's  net  deficit  being  £6,709.  Avcracre  price  obtained 
per  unit  sold  was  2-91d.  (2-88d.).  Fuel  per  unit  .sold  cost  0-79d.  (0-48d.), 
and  total  costs  (exclusive  of  capital  charges)  were  2-08d  (l-59d  )  Units 
generated  were  6,279,680  and  sold  5.069,397  (comparc'd  with 
5,550,0/8  m  previous  year).  Total  maximum  supply  demanded  was 
3,128  kw.  ■' 

In  his  report  Mr.  W.  Wyld  (chief  engineer  and  manager)  says  the  war 
JT"}^^,  "^  ^'^'"•^'  ^^'■'ous  effect  on  the  year's  working.  The  deficit  of 
tb  /09  (compared  with  a  net  profit  of  £2,766  in  previous  year)  is  the  first 
deficit  m  the  history  of  the  undertaking,  except  that  for  the  fiist  15 


months'  working  (ended  Dec,  1895).  Average  price  of  coal  was 
20s.  lOid.  (against  13s.  6id.)  per  ton,  the  decrease  in  receipts  from 
lighting  was  £4,2')2,  the  total  net  income  decreased  £2,205.  and  the 
embargo  placed  by  tlic  Treasury  upon  capital  expenditure  on  mains  and 
services  arrested  the  natural  increase  in  business.  The  ])rice  for  current 
for  private  lighting  was  increased  in  November  last.  With  a  view  to 
greater  reliability  of  supply,  safety  to  the  staff,  and  upon  the  ursjent 
recommendation  of  the  Home  Oftice  electrical  inspector,  it  was  decided 
to  replace  the  existing  h.t.  switchboard  ;  tenders  were  obtained  for 
modern  mechanical  remote  control  cubicle  switchgear,  and  the  contract 
was  given  to  the  British  Thomson-Houston  Co.  Owing  to  stress  of  war 
work,  the  contractors  for  a  1,500  kw.  turbo-alternator  were  not  able  to 
make  delivery  of  the  alternator  to  complete  the  set  during  the  year.  It 
has  been  delivered  since  the  end  of  the  finamial  year,  and  is  now  on  load. 
The  contract  for  condensing  plant,  pipework,  &c.,  has  been  completed  by 
the  Mirrlees,  Watson  Co.  (Ltd.).  A  contract  for  an  additional  cooling 
tower  has  been  entered  into  with  Witting  &  Partners,  and  the  work  is 
now  in  progress.  Motors  connected  are  275  =  1,468  h.p.  (an  increase  of 
192  H.F.).     Appara,tus  on  hire  includes  327  (200)  heaters,  59  (55)  cookers. 
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33  (18)  motors,  and  42  (28)  miscellaneous  (hotplates,  &c.).  52  members 
of  the  staff  (=37- 14  per  cent.)  have  joined  H.M.  Forces,  and  36  members 
of  the  staff  have  war  service  badges. 

Islington  (London). — The  accounts  of  the  electricity  department 
for  the  jear  ended  March  31  show  gross  capital  ex])enditure  £568,432 
(increase  £0,024),  of  which  £409,223  is  outstanding. 

Revenue  was  £69,000  (compared  with  £00,055  in  previous  year),  and 
working  expenses  were  £39,0.51  (£3.5,133),  leaving  gross  profit  £30,fKj!> 
(£30,522).  Interest  required  £14,227  (£14,380)  and  repavment  £13,.5.59 
(£12,898),  the  net  profit  being  £2,117  (£2,807).  Coat  cost  0-44d.  (0-38d.) 
per  unit  sold,  works  costs  were  008d.  (0-6(i<l.),  total  running  co.sts  Id. 
(0-98d.),  and  total  co.sts,  including  capital  charges,  &c.  l-79d.  (l-82d.). 
Units  generated  were  10,0.52,980  (9,.^09,2W))  and  sold  8,552.729  (7,831.593). 
Maximum  load  was  4,989  kw.  (4,429  kw.)  and  load  fa':tor  19-57  (20-19) 
per  cent. 

Mr.  Alb(!rt  Oay  (borough  electrical  engineer)  says  in  his  report 
more  than  half  the  8^  million  units  sold  were  for  power,  the  increased  use 
of  power  having  IxK-n  over  1,000,000  units.  Lighting,  however,  has 
shown  a  further  decrease,  but  with  regard  to  lijiliting  the  rock-bolt(jm 
effect  of  the  war  conditions  upon  this  da-ss  of  t-onsumer  has  probably 
been  reached,  as  the  restrictions  have  become  more  and  more  stringent 
during  the  year.  The  "  Daylight  Saving  "  Act,  it  is  estimated,  will  have 
no  serious  effect  u])on  the  undertaking.  Charges  for  current  were  increased 
15  per  cent,  at  the  end  of  1915.  Owing  to  having  favourable  coal  con- 
tracts up  to  the  end  of  r)ecend)er,  the  serious  increase  in  the  cost  of  coal 
has  not  materially  affected  the  year's  accf)unts,  although  the  effect  can 
be  realised  by  the  fact  that  for  three  months  of  the  j'car  the  cost  of  coal 
per  ton  was  increased  by  about  9s.  to  10s.,  thus  accounting  for  the 
increa.sed  cost  of  coal  jier  unit  generated,  increasing  from  0-3gd.  to0-44d. 
(According  to  the  contracts  for  1910,  tlu-  average  ])rice  is  21s.  8d..  com- 
pared with  12s.  8d.  for  1915.  There  are  1,293  motors  connected  to  the 
mains,  totalling  0,975  u.r.,  and  applications  waiting  for  connection  of 
1,700  H.  p. 

ShefTleld.—  The  accounts  of  the  tramways  department  for  the  year 
ended  .Marcli  25,  show  total  cai)ital  expenditure  £1,554,201  (in- 
crease £9,941)  or  £l,420,()4(),  after  deducting  depreciation  on  horse 
traction  systems,  and  total  amount  of  sinking  fund  is  £5(>2,783.' 

Revenue  was  £455,008  (compared  with  £390,229  in  previous  year), 
working  expenses  were  £270,f»39  (£240,829),  war  allowances  to  employes' 
dependents  £11.209  (£5,700).  inc(mie  tax  was  £13,801  (£5,500),  and 
interest  and  sinking  fund  required  £03,818  (£73,893),  li>aving  net  balance 
£95,779  (£09,939).  After  making  contributions  for  imi)rovements. 
renewals,  spe<:ial  ]>uq)oses,  surjjlus  fund,  capital  outlay,  and  a  grant  of 
£5,000  to  Sheffield  University,  £41,855  (£22,870)  has  been  devoted  to  aid 
of  district  rate.  Average  total  reveime  was  12-230d.,  and  working 
expenses,  including  power,  but  excluding  war  allowa^ices,  were  7-333d. 
(6-508(1.)  Average  fare  clnirgcd  ](er  Tuile  was  0-:$71d.  (as  in  ])revious 
V<!ar).  Passengers  carried  were  123,429,410  (1(17,023,195),  car-mih's  run 
8,807.720  (8,810,252),  and  units  used  19,5(i0,818  (18,329.775)=2173 
(1-979)  i)er  car-mile. 

The  Committee's  report  states  that  the  length  of  (e(juivalent)  single 
track  is  79  miles,  the  number  of  cars  339.  aiul  of  motor  'buses  21.  besides 
water,  stores  and  other  cars  13.     420  of  the  employ I'-s  have  joined  H.M. 
Forces.     The  expenditun-  on   rcrx-wals  of  permanent    way   (track   and 
rails)    was  £ll).S33,  a  ri-diictinn  df  £l2.7:i9.  but  certain  renewals  work, 
which  would  have  been  done  in  the  ordinarA'  (;ourse  of  e\-ents  at  a  <rost  of 
ui)])roxiinately  £10.000,  has  Iwen  ]io,st))one(l  on  account  of  the  war.     The 
saving  is.  therefore,  only  temporary,  as  the  amount  of  track  renewal  to 
Ik"  carried  out  at  the  end  of  the  war  will  be  consi<U-rable.     Totjil  length  of 
trolley  wire  in  use  is  88  miles.      During  the  year  Ml  miles  of  this  has  Ix-cn 
ri'iiewed.      Imprnvemeritshave  been  earried  out  by  altering  the  jxthition  of 
poles,  by  plant  ing  adilitional  poles  and  installing  additional  automatic  jKiint 
controllers  which  are  ojM-rated  from  the  car  without  the  motornum  leaving 
the  platform.      Aulonuitie  trolley  reversershave  been  fitted  at  the  termini 
of  several  of  the  routi's  to  enable  the  trolleys  of  cars  to  be  automatically 
reversed   without   leavini;  the  wire,  arid  thus  obviating  the  necessity  of 
emi)loyis  removing  the  trolley  froni  the  wire  by  meaTis  of  bamboo  canes. 
All  that  is  required  of  the  niolorniaTi  is  that  the  (wvr  shall  Ik-  driven  very 
slowly  •>ver  the  portion  of  the  line  when>  these  an'  fixe«l  so  that  the 
trolley  «loes  not  race.      One  great  advantagi'  of  the  arrangement  is  that 
the  ear  is  nevei'  r<'(|uired  to  he  in  darkness,  which  rcmov.'s  the  cause  of 
eonqilaint  again.^t  an  inipi-tuoiis  niotorinan  or  conductor  who  will  not 
wait  in  the  evenings  until  passeiiyers  hav<'  left  the  car  Ix'fore  removing 
the  trolley  from  the  wire.     The  numlK>r  of  automatic  reversers  will  be 
increased  until  all  terminal  jtoints  are  .so  fitted.     During  the  year  the 
departmi-nt's  resources  have  b<-en  severely  taxed  to  m<'i't  the  demands  for 
increa.ses  in  oar  s(M"viees  rcipnred  in  eotiscqueniM'  of  the  large  numlier  ot 
extra  hands  cMi))|iivcd  in  taiori<  s.      (hi  the  Tni>li  y  s<  rvice  theiT  wa'^  a-i 
increa.se  in  nnleage  of  l.S(l.(l(i(t  miles,  on  the  Firth  Park  (Bright.side  La-ie) 
service  an  increa.se  of  20.0(Mt  miles,  a-id  on  the  Wnlkley  serAnce  an  inereas*^ 
of  28.(UKt  niik's.      On  the  Tin.->ley  ears  alone  1H.44IS.)HH)  passengers  wn' 
carried,  lu-ing  an  in;:rease  of  4.(»77.tKM(  or  4t»  jx-r  ant.  for  the  year       I'o 
enable  the  depart meiit  to  carry  on  in  spite  of  il  ^     .  •  ,   ,-  of  in<'n 

ilwas  neces.sary  to  get  the  a-<>isla;u'e  of  wonv'i  -.andthe 

only  men  remaining  as  conductors  are  tlios>'  initit  tor  inotnrinen  a-ul  not 
eligible  for  the  Army.  Women  are  also  cni>a2t>d  at  the  ear  depots  on  the 
work  of  car  cleaning  and  are  gradual^v  r'  pU  uii;  men  ou  tliis  work  There 
iire  now  700  women  employed  on  the  triunway,-..  The  uross  profit  on  the 
wnrking  of  the  nvtor  'bu.->es  was  £5.ol0.  ami  the  net  surplus  after  paying 
capital  charg<>s,  income  tax.  *c..  was  £3.S16. 


COMPANIES'  MEETINGS  AND   REPORTS. 


Chili  Telephone  Co.    (Ltd.) 

The  twenty-seventh  ordinanv-  general  meeting  was  held  on  Tuesday 
last.  Mr.  Geokoe  Keith,  the  Chairman  and  Managing  Director,  ])residing. 
The  SECRETARY  '.Mr.  W.  G.  Mare)  having  read  the  notice  convening 
the  meeting  a'ld  the  auditors'  certificate. 

The  CHAI  liMAX  said  :  Gentlemen,  I  have  now  to  propose  the  adoption 
of  the  re])ort   and   accounts  for  the  year  ended  March  31   last.     Our 
business  has  again   ])as.sed   through   a  very   abnormal  year,   and,   all 
things  considered.  I  think  you  will  find  the  results  of  the  year's  working 
satisfactory.     Chili  suffered  badly  in  consequence  of  the  war,  closing  her 
princi])al  markets  for  the  export  of  nitrate,  her  chief  source  of  revenue. 
Since  the  commencement  of  the  year  under  review  the  demand,  principallj' 
by  the  United  States,  for  nitrate  to  manufacture  explosives,  has  in  a 
mea.sure  covered  the  loss  of  the  European  markets.     The  ofieinas  which 
were  clo.sed  at  the  end  of  1914  have  been  re-opened,  and  the  output 
.ship])ed  to  the  United  States  and  other  neutral  countries.     High  prices 
also  benefited   mining  and  agriiulture,   increasing   the  export  of  these 
products.     Then  came  the  stopjtage  of  the  Panama  Canal  and  with  it 
lack   of  shi]i|)ing  and  dear  freights,   greatly  delaying  and   restricthig 
Chili's  exports  and   imports,   which  reacted   badly   upon   the  general 
economic  c-rmdition  of  the  country  and  our  business  in  ))articular.     A  large 
number  of  stib.^crilxrs  was  connected   u\>  <luriiig  the  year,   but.   un- 
fortunately, the  net  increase  was  much  reduced  by  those  who  had  to  give 
up  their  telephones  in  con.sequencc  of  nete.s.sary  economy  or  bad  busine.ss. 
The  revenue  increa.se  from  this  source  was  thereby  much  reduced.     There 
was,  however,  a  large  increase  in  fee  message  and  miscellaneous  receipts, 
and  the  whole  sterling  income  was  also  considerably  enhanced  by  the 
higher  value  of  the  Chilian  currency  in  which  it  was  collected  during  the 
year.   Altogether  the  revenue  in  Chili  from  all  sources  .shows  an  increa.se  of 
£9,577,  and  the  total  reveime.  including  interest   on  investments  and 
transfer  fees,  amounts  to  £121,973,  or  £9.012  more  than  it  was  last  year. 
The  working  ex]>enditure  in  Chili  also  shows  an  increase  of  £5,439,  and 
absorbs  52  per  cent,  of  the  revenue,  or  about  the  .same  as  last  year.     The 
high  price  of  materials,  and  the  cost  of  re])airing  the  damage  done  to  the 
overhead  ])lant  by  the  large  fires  which  occurred  in  ConcejK-ion.  Talcahuano 
and  Val])araiso.  added  considerably  to  the  year's  maintenance  expen.ses. 
The  London  exjjenses  are  £174  less,  but  income  tax  .shows  a  large  increase 
of  £2.727.     Altoixether  the  total  expenditure  amounts  to  £72.388.   or 
£7,992  more  than  it  was  last  year.     The  result  of  the  year's  working  is  a 
credit  balance  of  £49.585,  of  whi(-h  the  sum  of  £2.1)44  was  exjiended  in 
Chili  during  t!ie  year  on  re])lacements  of  ]ilant.     An  interim  divi<len<l  of 
3  per  (-ent.  wa-:  paid  in  .Ia'iiiar\-,  and  after  carrying  £18.577  to  the  general 
re.serve  a-i<l  t2.(KK)  to  the  reserve  figain.st  lo.>is  by  de]ireciation  on  invest- 
ments, the  Directors  now  recommend  the  ])ayment  of  a  final  dividend  of 
5  per  cent.,  makin',^.  with  the  interim  payment,  atotal  distribution  for  the 
year  of  8  jier  <-ent.  on  the  .share  ca]>ita!,  fnn'  of  income  tax.  the  same  as 
la.st  year,  a-id  carrvinL;  foi'ward  £4.302.  as  compared  with  £4.338  last  year. 
Amongst  the  new  works  carried  out  during  the  year  1  may  mention 
the  purcha.se  of  a  site  at  Vergara.  in  the  ^'i^a  del  Mar  district,  upon  which 
a  new  exchanire  building  has  been  erected.     A  house  has  also  l>een  pur- 
(hased  for  the  <xchaniie   at   Melijiilla.     New  offices  have  Ix^en   ojX'ned 
an<l   equi|>ped   at    l)ia'_'uitas.  Chanaral.   Alto,   and    Vilcun.   and    several 
inter-town  lin -s  have  been  erected  in  the  Central  and  Southern  ilistricts. 
A  new  switi  hboard  has  l)een  im])orted  for  Santiago,  and  is  Ix-ing  installed. 
Since  the  ( jimmenccment  of  the  current  year  the  demand  for  nitrate 
and  uK'tals  continues,  a'ul  jiroduetion  in  t'hili  is  now  as  large,  if  not 
larL'er.  than  it  was  Ix^forc  the  war.  and  is  now  l)eing  exuorted  principally 
to  the  I'niteo  States,  the  Panama  Canal  being  again  op  •  i.      Our  business 
u])  to  the  pn'sent  is  making  stea<ly  progress,  and  the  outlook  for  the 
current  year  is  ver>'  jiromisiug.     The  Com))aMy  is  Ix'ing  ably  n^presented 
and  managed  in  Chili.     The  jiroperty  ami  pla!it  an."  Ixnng  maintained  in 
a  high  state  of  efiieieney,  and  every  attention  is  pai<l  to  give  a  good  and 
satisfactory  service. 

The  reiiorl  was  adopted  unanimously,  anil  the  divid-.^nd  a|>proved. 
The  ii'tiri'ig  dinctor  (Mr.  Keith)  was  n* -elected,  the  auditors  r«^-appointe<l. 
and  the  pr<)cc«'<lings  terminated  with  a  hearty  vote  of  thanks  to  the 
chairmai.  din-ctors  anil  tlu-  staff  at  home  a  id  abroad. 


CROMPTON  k.  CO.  (LTD.)     The  «lireetors'  n>|)ort    f<ir  the  year  ended 
.Man  h  :i\    ~i.4t»>  ih.il   th-  gms^  pn>fit  was  ttW.117.   I7s.  .5*1."    After  de 
ducting  gi'iieral  charg  s.  de|>n>eiation.  intcn^st  on  iloIx'ntun\s  and  other 
items.  tlK-n-  '  with  the  sura  brought  forwanl  froni  i>n'vious  year, 

an  avadablc  ■  "t  l37.9.'»0.  Ss.  Id.,  which  the  dinctors  reconimen«l 

!«•  di^pivscd  t>f  as  follows  :  (Jeneral  n'servc  fund  tO.500.  s|Hcial  di"]»n  - 
cirtlion  mt^otnit  £l(».00<l.  to  writing  off  balance  of  jireliminary  exjK'nsca 
£l  .»Ht8.  I  s.  2d..  divi«lend  on  the  pix»ference  shares  at  the  rate  of  7  per  eent. 
per  aii:uiu  V  ''  '  '  '  '  ,  ,.  <  arried  forward  (subject  to  excess  profits 
tax    Hit!    a  th'    Ministry    of    Mu  utions    Act.    1915) 

£1(1.1  1  111.      1  ,  \|,  w  of  th'^  rompa  ly'  i"  n  spcct  of  the 

exc  '  -  tax  a- d  u:  der  the  >ti-.i>try  of  M  .\ct.  the  directors 

di»  not  d<^ra  it  pnident  to  recommend  a  dividend  on  the  ordi'iary  shares. 

On  Aut:.  1\  1915.  tli ■■  ys  works  were  deilarcH  a  cnntn>ll(>d  est*b- 

lishment  under  the  ,.i   Munitions  .Act.     Mr.   Thomas  Britten, 

man  »'.?'r  <<f  the  \  tiU"d.  ha-  '     '   •!  t<»  a  f<eat  <»n  the 

Iv.anI      Th.- nM  I      .1.  A.  ':  Ir.  A.  A.  Cam|>bell 

Swuii'>n.  F  H  S  .  <>ri'  r  til  -m.-'lvi-s  lor  n'-«-lection 

ELECTRIC  <i  QEIIERAL  INVESTBIEirT  CO.  (LTD.)-Tbe  directors'  report 
for  thp  yenr  end«»d  M^y  31.  I91t\  «tate>  that  the  gro,-s  profit  for  the  sear 
w»s  £T,33(J.  10^.  lid.     After  deduetmg  geueml  charges  and  interest  on 
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debenture  stock  and  adding  £5,222.  5.s.  7d.,  brought  forward  from  last 
year,  there  remained  a  l)alancc  of  £10,194.  lOs.  Id.,  which  is  carried 
forward.  Mr.  J.  Cecil  Bull  retires  by  rotation  and  offers  himself  for  re- 
clrc^tion  as  a  director. 

GENERAL  ELECTRIC  CO.  (LTD.)— The  annual  general  meeting  of  this 
c()iiii)any  was  lu^ld  on  Monday,  Mr.  H.  Hirst  (chairman  and  managing 
director)  ])resid!ng.  The  chairman  said  the  company  had  made  a  net 
increased  j)rofit  of  nearly  £31, 000,  had  spent  roughly  £80,000  in  works 
extensions,  and  had  hcvn  able  to  ke(!p  £252,000  invested  in  War  Loan 
and  Treasury  bills.  The  proposed  appropriation  provided  for  a-i 
increase  to  the  reserve  fund  of  £40,000  and  an  increased  carry  forward  of 
£11,000.  The  distribution  on  the  ordinary  shares  was  the  same  as  last 
year.  Dividends  absorbed  £92,000  (compared  with  £87,000).  Grants 
to  dependents  of  men  on  active  service  reached  a  total  of  £12,9(i0.  The 
advance  shown  was  all  the  more  remarkable  as  a  great  ])ortion  of  the 
previous  year's  output  was  for  Government  requirements,  and  the  pric^cs 
charged  were,  almost  without  exception,  the  same  as  those  ruling  prior 
to  the  war  ;  only  in  certain  cases  had  they  asked  for  advances,  and  then 
only  in  proportion  to  the  increased  prices  of  raw  material  and  labour. 
The  higher  profits  were  mainly  due  to  the  fact  that  under  present  con- 
ditions they  had  obtained  more  repetition  work  than  one  could  expect 
in  normal  times.  Their  large  reserve  stock  of  standard  lines  had  benefited 
by  the  general  rise  in  prices,  and  this  had  been  a  contributory  factor  to  the 
success  of  the  year.  Above  all,  the  results  were  mainly  due  to  the  loyalty, 
co-operation  and  resource  of  the  staff  and  the  majority  of  the  work- 
people, a  goodly  number  of  whom  would  not  be  lured  away  into  concerns 
started  since  the  war  which  temporarily  were  offering  tempting  and 
abnormal  wages.  Many  of  their  people  had  been  able  to  advise  and  give 
useful  assistance  to  Government  Departments  and  Committees  in  ex- 
periments and  in  the  evolution  of  scientific  problems  which  the  con- 
ditions of  war  had  created.  The  shareholders  would  agree  that  this  was 
not  a  time  for  thinking  of  larger  dividends.  With  the  ever-increasing 
diftlcidty  of  obtaining  raw  material  the  probable  further  dimmution  in 
the  supply  of  labour  and  the  necessary  limitation  to  imports  and  exports, 
it  was  impossible  to  forecast  what  surprises  might  be  ahead  of  them. 
They  must  persevere  in  conserving  their  strength  and  keepmg  their 
assets  liquid.  A  big  task  confronted  the  electrical  industry.  Much  was 
expected  of  them,  and  the  company  were  anxious  to  fulfil  those  expec- 
tations. As  soon  as  they  had  the  slightest  indication  as  to  the  Govern- 
ment policy  after  the  war  they  would  be  willing  to  open  up  in  new  fields 
and  avenues  which  had  hitherto  been  closed  to  the  manufacturers  of  this 
country.  Their  sales  organisations  overseas  were  so  unique  and  firmly 
established  that  they  were  prepared  for  any  challenge.  It  was  just  this 
desire  to  keep  their  oversea  branches  alive  and  well  organised  that  was 
causing  them  anxiety,  as  export  bushicss  was  now  rendered  so  difficult 
due  to  lack  of  tonnage.  If  a  portion  of  the  past  profits  was  always 
available  for  pioneer  work,  for  testing,  sounding  and  studying  new  inven- 
tions, and  investigating  fresh  fields  of  inquiry,  one  had  the  greatest 
chance  of  remaining  at  the  top  of  the  industry.  The  investment  account 
was  likely  to  be  still  further  increased  next  year.  He  presumed,  however, 
that  su  long  as  this  account  showed  a  handsome  yield  the  shareholders 
would  encourage  the  board  to  go  ahead.  Through  one  of  their  associated 
companies,  the  Peel-Conner  Telephone  Works,  they  had  established  a 
magneto  factory  near  Coventry.  Under  the  title  of  the  Conner  Magneto 
Ignition  (Ltd.),  that  company  had  evolved  a  magneto  for  which  Govern- 
ment contracts  had  already  been  secured.  Their  labour  and  resources 
were  bemg  used  to  the  utmost  to  further  the  end  they  all  had  in  view — 
namely,  complete  victory.  Of  their  1,500  people  who  had  laid  aside 
their  tools  in  order  to  fight  for  British  liberty,  52  had  made  the  supreme 
sacrifice,  133  had  been  wounded,  61  invalided  and  four  were  missing  or 
prisoners  of  war.  The  company  had  a  scheme  for  regularly  commu- 
nicating with  and  supplying  comforts  to  those  serving  at  the  Front,  and 
they  fervently  hoped  that,  at  a  not  far  distant  date,  they  might  see  them 
back  again  at  their  old  places  in  the  firm.  He  proposed  that  the  report 
and  accounts  for  the  year  ended  March  31,  1916,  be  approved  and 
adopted. 

Mr.  E.  G.  Byng  (vice-chairman)  seconded  the  resolution. 

Mr.  Frederick  W^^lker  asked  what  was  going  to  happen  in  view 
of  the  fact  that  roughly  £80,000  had  been  expended  m  works  extensions. 
If  capital  was  being  sunk  in  works  extensions  in  order  to  place  a  company 
like  this  in  a  iiosition  to  do  good  work  for  the  Empire,  it  seemed  unreason- 
able that  they  shoidd  be  told  that  losses  made  in  times  of  peace  should 
not  be  made  up  in  times  of  war.  The  Go rernment  said  50  per  cent,  of  the 
profit  was  to  go  into  the  hands  of  the  Chancellor  of  the  Exchequer,  to  be 
increased  to  60  per  cent.,  and,  according  to  gossip,  probably  to  95  per 
cent.  If  the  Government  were  to  so  discourage  companies  and  individuals 
who  placed  at  the  disposal  of  the  Empire  the  means  of  protecting  it  tlie 
effect  would  be  to  drive  those  industries  to  America  and  other  ncutial 
countries. 

The  Chaihman  said  he  sym|)athised  with  the  remarks  of  Mi: 
Walker,  but  the  question  which  he  had  raised  was  not  such  a 
barning  one  for  them  as  for  many  other  companies.  Electrical 
apparatus  and  appliances  were  works  both  of  peace  and  of  war,  and  he 
believed  a,  large  proportion  of  the  amount  they  had  spent  would  again 
be  useful  in  the  natural  development  of  the  conipany's  business  in  peace 
tmic.  The  principle  involved  would  be  fought  out  "by  fii-m.s  which  were 
much  more  affected  than  themselves. 

The  report  and  accounts  were  adopted,  and  the  diviilencl  of  10  per 
cent,  on  the  ordinary  shares  approved. 

The  appointments  of  Mr.  M.  F.  Armstrong,  Mr.  G.  H.  Ide  and  Mr.  M. 
bolomon  as  directors  were  then  confirmed,  and  Mr.  E.  G.  Brng  (vice- 
chapman  of  the  company)  was  re-elected  as  a  director.  A  vote  of  thanks 
to  the  chairman,  directors  and  staff  concluded  the  proceedings. 


ST.  JOHN  DEL  REY  MINING  CO.  (LTD.)— At  the  recent  meeting,  Mr. 
H.  Percy  Harris,  .M.P.,  who  presided,  said  that  they  huped  to  work  the 
mine  profitably  below  horizon  20,  and  in  order  to  <lo  that  the;,-  must 
have  (among  other  things)  an  additional  supply  of  pjwer.  An  regarded 
l)ower,  a  dam  had  been  constructed  by  which  water  was  su<:umuld,Uffi 
which  could  be  used  when  the  River  Peixe,  which  wa.-(  their  mai.n  .--ource 
of  pf)wer,  ran  low.  Then  a  considerable  amount  of  tunnelling  and  other 
w(;rk  had  been  done  in  connection  with  what  wa.s  called  the  Pei.ve  E 
scheme,  by  which  it  was  proposed  to  sujtjjly  themselves  with  a  consider- 
able amount  of  additional  power. 

VENTURE  TRUST  (LTD.) — At  the  meeting  on  Friday  last  the  chairman 
(Mr.  Arthur  Baumann),  in  moving  the  ;wloption  of  the  report  (abstracted 
in  our  last  issue),  said  the  real  point  of  interest  in  the  report  was  the 
formation  of  the  British  Electrolytic  Zinc  Co.  (Isherwood  Process),  (Ltd), 
of  the  capital  of  £62,500  in  shares  and  £25,000  in  del)entures  authorised, 
there  had  been  issued  £42,400  in  shares  and  £21,2(Kj  in  debentures.  The 
Fresh  Issues  Committee  has  .sanctioned  this  issue  which  indicated  that 
the  Treasury  recogni.se  that  this  comjian}'  was  promoting,  or  helpmg  to 
promote,  an  industry  of  national  benefit  and  importance.  The}'  had 
reserved  for  the  Venture  Trust  £12,000  of  the  debentures,  carrying  interest 
at  7  per  cent.,  and  they  had  received  a  bonus  in  shares  of  £14,4<J<).  Th** 
directors  sub.scribed  £2,000  of  the  debentures,  the  vendors  of  the  i)atent 
l)rocess,  the  Refractory  Zinc  Ore  Treatment  Co.,  have  subscrilx-d  £4,(XX) 
of  them,  and  the  •  ther  £3,200  had  been  placed  among  individual  friends. 
The  company  has  acquired  the  Isherwood  process  for  the  electrolytic 
treatment  of  zinc  in  Great  Britain  and  Ireland,  and  it  hafi  al.so  acquired 
an  84  ])er  cent,  interest  in  all  the  foreign  and  Colonial  patents  outside  the 
United  States.  They  had  acquired  a  plant  at  Widnes,  Lancashire,  and 
he  hoped  in  a  few  weeks'  time  they  would  be  ])roducing  electrolytic  zinc. 
If  their  anticipations  were  realised  the  patents  in  Great  Britain  and  the 
Colonies  would  be  very  valuable,  and  the  14,400  shares  which  they  had 
would  also  be  valuable,  and  a  welcome  addition  to  the  company's  assets. 
They  were  entitled  to  assume  that  spelter  and  electrolytic  zinc  would 
range  at  prices  between  £25  and  £40  a  ton  for  some  years  to  come.  The 
annual  production  of  spelter  of  the  worla  was  just  short  of  1,000,000  tons, 
of  which  Great  Britain  consumed  200,000  tons.  About  58,000  tons  of  spelter 
out  of  200,000  tons  were  smelted  within  the  British  Empire.  After  the  war 
the  Australian  Colonies  would  be  turning  out  zinc-lead  ore  to  the  amount 
of  over  500,000  tons  per  annum.  This  would  have  to  go  to  the  United 
States  to  be  smelted  or  treated  electrolytically,  unless  the  British  Colonies 
and  G^eat  Britain  herself  exerted  themselves  to  erect  smelting  plant. 
It  woxild  take  some  £2,000,000  or  £3,000,000  of  capital  to  erect  the  plant 
necessary  to  deal  with  these  concentrates.  That  capital  will  be  forth- 
coming, provided  the  producers  of  spelter  of  electrolytic  zinc  could  be 
assured  that  they  would  be  protected  by  their  Government  from  German 
m<>tho(Js  of  competition.  The  spelter  industry  could  be  protected  by 
a  bounty  on  production,  by  a  prohibitive  import  duty,  or  by  an  exywrt 
duty.  Allowing  the  metal  trade  to  pass  entirely  into  the  hands  of 
German  i^roducers  was  a  great  blunder.     The  report  was  adopted. 


CITY  NOTES. 


MEMORANDA  (July  19).— Bank  rate  6  percent,  (since  July  13,  1916). 
Consois  59.  Consols  Pay  Day,  Aug.  2.  Stocka  and  Shares  Ticket 
Days,  July  27  and  Aug.  15.  Pay  Days,  July  28  and  Aug.  16.  Price  of 
silver,  29^  d.  

AMERICAN  TELEPHONE  &  TELEGRAPH  CO.— This  company's  earning;^, 
(six  months)  to  June  were $25, 184,000,  against .823, 150.000.  the  surplu.s. 
after  pavment   of  interest   and   dividends,   being    $3,746,000,   against 

$2,701,000. 

BRAZILIAN  TRACTION,  LIGHT  &  POWER  CO.— A  dividend  of  1  per  cent, 
on  ordinary  stock  has  been  declared, 

BRITISH  NORTH  BORNEO  CO. — In  the  report  for  1915  it  is  stated  that 
the  year's  net  eajiital  ex])enditure  m  respect  of  railways,  telegraph.s, 
works,  (Src,  was  £133,224. 

COMPANIES  TO  BE  STRUCK  OFF  THE  REGISIER. — The  following  com- 
])anies  will  be  struck  off  the  Register  of  Joint  Stock  Companies  unles.s 
(;ause  to  the  contrary  is  shown  before  Sept.  30  next  :  Australasian 
Vacuum  Cleaner  Synd'.,  BritLsh  Motobloc  Synd.,  British  Tungsten  Lamp 
Co.,  Compagnie  Generale  Electrique  de  la  Champagne.  Doneaster 
Electrical  Co.,  Electra  House  (Belfast)  Electrical  Advertismg  Co.. 
Electri-  Safety  toiler  Cleaner,  Ernest  Scott  &  ^Slountam,  Kevan  Electric 
Co.,  Mica  Mfg.  Co.,  Molybdenite,  National  Lighting  Oorpn.,  Platmum 
C!orpn.,  Signs. 

EASTERN  EXTENSION.  AUSTRALASIA  &  CHINA  TELEGRAPH  CO.  (LTD.) 
The  interest  on  this  company's  4  per  cent,  mortgaiie  dclxnture  stock  for 
the  half-year  endiim  July  31,  due  on  1st  prox.,  will  be  paid  by  warrant  on 
that  date.  The  4'^per  cent,  mortgage  debentui-e  stock  register  will  be 
closed  from  27th  to  31st  inst.,  inclusive. 

HADFIELDS  (LTD.)— The  directors  have  declared  an  interim  dividend 
of  Is.  p^-r  share  (tux  free)  on  the  ordinary  shares. 

LIVERPOOL  OVERHEAD  RAILWAY  CO.— The  directors  have  declared  an 
interim  dividend  to  June  30  on  account  of  the  year  enilmg  Dec.  31.  1916. 
at  the  rate  of  5  per  cent,  per  annum  on  the  preference  shares,  and  2  k  per 
cent,  per  annum  on  the  ordinary  shares  (less  tax). 

MONTREAL  WATER  &  POWER  CO.— The  gross  profits  of  this  company 
for  the  year  ended  April  29  were  §454,340,  against  $444,968,  and  the  net 
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])rofit  was  S204,0()7,  against  8195,727.  This  has  been  disposed  of  by 
providing  for  <lc'prcciation,  S(j0,()()0  ;  bad  debts,  &c.,  $14,159  ;  year's 
proportion  of  discount  on  sales  of  bonds  and  a/ldition  and  interest  for 
premium  at  maturity  on  prior  lien  In^nds,  .S27,!{40,  leaving  to  Ije  carried 
forward,  $102,567,  which,  with  the  balance  brought  forward  from  pre- 
vious year,  makes  a  total  of  ,S415,2U2. 

RIO  DE  JANEIRO  TRAMWAY  LIGHT  &  POWER  CO.— A  dividend  of 
1;!^  ])('r  (■(•nt.  on  capital  sttjik  lia>  b<  (n  d'  i  |ar<  il. 

ST.  JAMES'  &  PALL  MALL  ELECTRIC  LIGHT  CO.  (LTD.)— Th'j  share 
transf(;r  hooks  of  this  company  v/ill  be  closed  from  .July  22  to  Aug.  4, 
inclusive,  preparatory  to  the  payment  of  dividends  for  the  half-j-ear 
ended  June  30. 

SAO   PAULO  TRAMWAY,  LIGHT  &  POWER  CO.— A  dividend  of  21  per 

cent,  on  the  cominoii  .st(jc.k  lias  hccn  drclaicd. 

VERITY'S  (LTD.) — Meetings  of  holders  of  ordinary  and  management 
shares  are  to  be  held  on  .luly  25  at  .'51,  King-street,  ('ovent  (jiarden, 
London,  \V.(J.,  to  consider  a  .scheme  of  arrangement  proposed  to  be 
made  between  the  company  an<l  the  holders  of  such  shares. 

VICKERS  (LTD.)— The  eomi>any  has  i.ssut d  to  the  shareholders  a  circular 
stating  lliat  owing  to  the  time  reipiiicd  for  preparin'.;  th<^  accounts  and 
statements  tocomjjly  with  the  Finance  (Xo.  2)  Ait.  1015  (Kxcess  I'rolits) 
and  of  the  .Munitions  of  War  Act,  it  will  not  be  possible  to  get  the  ac('ounts 
an<l  balance-sheet  ready  to  i)rescnt  at  the  annual  meetmg  that  must  Ix; 
held  within  15  months  from  thv;  date  of  the  last  annual  meeting.  The 
meeting  will  b(^  held  on  2()th  inst.,  and  a  resolution  will  be  propo.sed  tliat 
it  be  adjourned  until  th<'  accounts  are  reiuly. 

WESTERN  UNION  TELEGRAPH  CO.- This  company's  revenue  for  the 
half-year  ended  .liuie  :}0  was  .S2!),125,2()'),  and  expenses,  including  main- 
tenance and  reserve,  were  .S22.27!S,5f|2.  Interest  on  bonds  rec^uired 
8()()5,925,  leaving  net  income  .S(i,l80,752  (increase  82,0(i8,:315). 


ELECTRICAL  C0.VIPANIE8'  SHARE  USl.—Oominued. 


METAL  PRICES. 

Messrs.  J.  B.  Garnham  &  Sons.  132,  Upper  Thames-street,  London,  E.G.,  quote  under 
date  July  18,  the  following  as  the  present  basis  prices  of 
Nev/  Metals.  per  lb 


Solid  Drawn  Brass  Tubes 14  id. 

Solid  Drawn  Copper  Tubes 17Jd. 

Brazed  Copper  Tubes ITJd. 

Brazed  Brass  Tubes Ibjd. 

Brase  Wire I5ld. 

Copper  Wire 18Jd. 

Rolled  Brass 15|d. 

Brass  Sheets l&fd. 


per  ton. 

Copper  Sheets    £146    0    0 

Spelter E48    0    0 

Mr.  A.  Joseph,  Earl-street.  Ljndon-road,  Southwark,  London.  S.E 
July  18,  the  following  approximate  prices  of  Scrap  Metai.s  : — 


per  ton. 

English  Lead £29    5    0 

Antimony Nominal. 


Old  Metals. 


Clean  Copper  Scrap £8Ci 

Clean  Brass  Scrap £5t 

Brazisry  Copper  Scrap £70 

Old  Lead £22 

Old  Zinc £35 

Hollow  Pewter £118 

Black  Pewter £80 

Gun  Metal £72 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

quotes  under  date 


per  ton. 

Aluminium  Cuttings £95    0    0 

Clean  Mi.ted  Brass £50    0    0 

Clean  Conper £84    0    0 

Braziery  Copper £70    0    0 

Gun  Metal £74    0    0 


per  ton. 

Old  Lead j  £3.  lOs.  under  price 

Tea  Lead )      of  En^lisli  leid 

Old  Zinc £37    0    0 

Hollow  Pewter £120    0     0 

Shaped  Black  Pewter £85    0    0 

Mr.  Joseph  can  supply  solder  at  the  following  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip),  £80;  Commercial  Tinman's  Solder.  £97  ;   Blowpipe  Solder,  £107. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

What  were  known  ai  "  ofTioial  quotations  "  are  nob  now  issued,  but 
we  Rive  below  the  latest  prioes  at  which  actual  transactions  took  plaoo 
on  oi  before  Tms.lay,  .Inly  is  The  greatest  oare  is  taken  in  compiling 
these  figures,  but  the  diGSoulty  of  veritioatioa  is  now  much  inoreasad.  ^ 


Last 

Divi- 
dend 


NAME. 


Electricity  Supply. 

Bournemouth  ii  Poole  E.  L.  Ord 

Do.    4i%  Cum.  Prel 

Do.     6%  Cum.  2nd  Prof 

Brompton  ii  Kensington  Ord 

Do.     7%  Pref 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cross  West  End  &  City  Debs... 
Do.    4J%Pr9f 

Do.     C5rd 

Do.    City  Prof 

Chelsea  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt  Ord 

Do.    6%  Pief 

Do.     5%  Deb.  St 

Do.     4i%  Debs 

County  of  London  Ord 

Do.    b%  Pref 

Do.     1st  Deb 

Do.    2nd  Deb 

Edmundson's  Elec.  S'ipp.  4t%  Detn... 
Kensington  and  Knightsbridgo  Ord.  .. 

Do.    Deb.  St 

London  Elec.  Supp.  6%  Prof 

Do.     4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn.l.';!  Mort.  Deb.  St 
Newcastle  &  Dist.  EL.  6%  2m)  Dbs 
Newcastlo-'on-TyneE.S.5%2dMt.Db.St 
North  Metropolitan  E.  P.  Supp.  6%  Pref 

South  London  E.a  Ord     


PriM, 

Ratb 

TUM., 

PBR   CSNT 

July  18. 

YlBLDBD. 

£      S.    d. 

9,', 

6    10       2 

8ik 

5   11     8 

10  A 

5  19    3 

bf, 

7  12     5 

7 

♦  19     5 

80 

5     0    0 

82 1 

4   17     7 

3i 

7    4     0 

3i 

b  13     4 

2*1 

7  13     2 

3» 

6     8    0 

87 

5    3    5 

121 

6    rt    0 

lot 

5  14    3 

974 

4  17     6 

30 

5    2     6 

101 

6  II     9 

104 
871 

5  14     1 

5     4     2 

83 1 

5     7     4 

751 1 

5  18  IC 

5 

7    0    0 

79» 

5     1     0 

4» 

6     1     b 

80} 

4  19     5 

2\ 

7     5  11 

9.3 

5  116 

99 

5     1     0 

9<H 

6    0     6 

92 

5     8     8 

I 

6    0    0 

7     0     6  1 

DlVrDBND 
DUR. 


Mar,  S«pt 
Feb,  Aug 
Feb  Aug 
Mar,  Soot 
Mar,  Aug 

Jan,  July 

Aug,  Fob 
Jul),  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar,  July 

iun,  Dec 
un,  Dec 
Mar.  Sept 
Fob.  Au«{ 
Jan,  July 
My.  Nor 

July 
Feb,  Au? 
Jan,  July 

Jan.  July 

Mar,  Au< 

Jan,  ^ulv 

Jan.  July 

Mar.  Sept 

Mar,  Sept 

Apl,  iDct 

Mar.  Sopt 


■  Last  | 
*  Divi- 

Idend 


NAME. 


=  8% 
5,  7%  I 

ft-    3i% 

Ml 

5   41% 


It '5% 

St 
St 
St. 
St, 
St. 
St 

cJ°l 

St 
St 
St 
St. 


6% 
4% 
4% 
4i% 
4% 
4% 
5% 


1% 
I*  i  3*  4 

St.  zd 


10|  8% 
lO'  22^/o 
2?  13%  I 
10%. 
I:  7%  I 
•0    1% 
10    6^  1 
10    8'/, 
St     4*2 
••   ■»»%  , 

>  ni.\ 

1    10%  ' 
St     4% 
St     4J% 

5    8% 

St    *il^\ 

10    6%  ' 
10    6% 
lOJ   5% 
••    4% 
103   6% 
I 
5    3'J 
St     5% 
to      bl- 
St,4»% 
S    9% 
5.  SX 


Electricity  Supply— con^. 

St,  James"  &  Pall  Mall  Ord 

Do.  do.  Pref 

DOi  do.  Debs 

Urban  Elec.  Supp.  41%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations.. 
Westminster  E.S.  Corp.  Ord 

Do.    4J%  Cum.  Pref 

Electric  Railways  &  Tramways. 

British  Elec.  Traction  5%  Debs 

Do.     6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  .. 

Do.        do.        Assented  Def.  Ord.  .. 

Do.    41%  Pref 

Do.    4%  Deb.  St 

City  it  S.  London  Deb 

Do.     Pref.  1896    

London  Electric  Ry.  Ord 

Do.    4%  Pref 

Do.     4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.     3i%  Pref 

Do.    3i%  Convertible  Pref 

Do.     31%  A  Debs 

Do.     3J%Debs 

Metropolitan  Dist  Ry.  Ord 

Do.     4%  Prior  Lien    

Do.     4i%FirstPref 

Do.    6%  Perp.  Debs 

Do.    4%  Debs 

Do.    4%  Debs.  (1903-5) 

Do.    4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.     6%  Pref 

Brit  Aluminium  Ord 

Do.    Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Dc.    6%  Cum.  Pref 

British  L.M.Ericssion  Mfg.  Cm.6%  Prof. 

British  Thom5on-Hou£ton  Db 

Brit  Westinghouse  Pref 

Do.    6%  Prior  Lien  Debs. 

Do.    4%  Mort  Deb.  St 

Callender's Cable,  &c.,  Co.  Ord 

Do.    5%  Prof 

Do.      4|%Deb3 

Dick,  Kerr  «i  Co.  6°i  Pref 

Elison  &  Swan  U.Elec.Lt  A.  £3  pd 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.     7%  Cum.  Prof 

Do.  4%  Debs 

General  Electric  Ord 

Do,    6%  Pref 

W.  T.  Henley's  Telegh.  Wk3.  Co.  Ord. . 

Do.      4i%  Cum.  Pref 

Do.      4i%Db 

India  Rubber,  G.  P.  &c..  Ord 

Do.  Pref 

Telegh.  Con.  &  Main.  Co 

Do.     4%  Debs 

Vickors  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    4i%  2nd  Debs 

Willans  &  Robinson  B.  Cm.  Pref 

Dj.     1st  Mt.  Deb.  St 

Telegraphs. 

Anglo  A  nerican  6%  Pref.  Ord 

Do.     Def.  Ord 

Commercial  Cable  4%  Debs 

Cuba  Submarine  Ord 

Do.     10%  Prof 

Direct  Spanish  10%  Prof 

Direct  United  Slates 

Eastern  Tel.  Co.  Ord 

Do.     3t%  Prof 

Do.     4%  Dobs . 

EWstom  Exlonilon  Tol.  Co..  4%  Dsbs.. . 

Do.    Ord 

Gt  Northern  ToL  Co.  With  Coup   11  .. 

Indo-Europsan 

Marconi's  Wireless  Tol.  Co 

Do.     7%  Pref 

West  InJu  Si  Panama  OrJ 

Do.     1st  Pref 

Weitorn  TelJgh.  Co 

Do.    4%  Deb.  St 

Wos^rn  Union  53  yr.  BJs 

Telephones. 

Montevideo  Tolep  in.  Ord  

Oriental  Telephone  Ord * 

Do.     Db.St 

Toleph-:    •       ■  -^       1  Do.  Si 

Uiitol  ; 

Do.         ,      .  

D-'        UCLV  5t«.  .  . ,.... 

Financial  and  Iqvettmsnt 

Globe  Tolegh.  h  Trujf. 

Oo.    6%  P     . . 

MJika.  1 

Do.  

SjI^i  TUT  1      »•        ,     !'      ,  ■    ,     •         .     f, 

Colonial  an  J  Fore  ;n  Electric 

Alolai.-'-  ,'ply  6%  Pf»l 

Do.  

Bomb...   I,   -■    ^Tb^oPr*! 

Do.     41%  Deb; 

Calcutta  E.  S  Corp.  OrJ   

Dx    5%Prrt 


Tom., 

July  18. 


6 

74 
73 

M 

ti 

H 

83i 
81 
74 
72J 
81t 
76 1 
74  i 
70  i 
2* 
^9 
76 
25  tt 
65i 
6U 
69it 
63Jt 
19i 
76 
73i 
109 
77 
77i 
70 

3 

Hi 

U 

92i 

ll*..' 
5A 

91 

2' ' 
101  i 
65* 

12A 
4 
8i 

59 

1 1 

4  4 

7Ut 

10 
15i 

4t 
87i 
12 

8,', 

39t 
954 

Ivi 

II 

79| 
99t 

40  .V 
56" 

I04r 

23J 

70 

at 

I3i 

7» 

U\ 
148 
67t 
78i 
78i 
I5t 
37* 
43 

3/ 

*  I   I 

14« 

77i 

99» 

15 

2 

m 

83 
61 

85i 
12ttf 

niT 


e  ».  d. 

6  13  4 

6    0  5 

4  14  8 
6  3  3 
6    8  0 

5  9  10 
5    5  11 


6  0  1 

7  8  2 
5  8  1 
5  10  6 
5  7 
5  5 
5  7 
7  1 
5  14 
5  16  1 
5  5  3 
3  17  1 
5  6  8 
5  14  3 
5  0  9 
5    2  2 


5  5  3 

6  2  4 
5  10  1 
5  3  11 
5  3  3 
5  14  4 

5    0  0 

4  9  4 

5  12  0 

5  7  II 

6  8  0 

7  9  4 

5  15  8 

6  12  5 

4  18  II 

5  13  6 

5  18 

6  2 
a  12 

6  5 
5    7 

7  2 


5     4 

3  17 
7     4 

5  II 

6  11 
6  0 
6    7 

4  14 

5  2 


6 
1 
3 
4 

1 

3 

0 

4  10  8 
10  6  9 
7     2  10 


5  15 

6  17 

5  14 

6  I 

7  5 
6  13 
6     9 


7 
4 

I 
2 
6 

5  16 

6  15 

3  4 
2  14 
8  19 

7  16  I 
5  8  0 
5    3     3 

4  10  10 


7  13  7 

5    0  0 

5    0  11 

5    8  5 

5  I  "J  4 

i  5    6  8 

5    5  3 

4  13  8 

5  11  8 


DiTIDBWO 

Dub. 


Feb,  Aug 
Feb,  Aug 
Jan,  Dec 

Apl,  Oct 
Mar,  Aug 

Mar,  Sept 
Jan.  July 

Apl,  Oct 
Fob,  Au« 

Jan,  juir 
Jan,  July 
May.  Nor 
Fob.  Aug 
Jan,  July 
Mar.  Sept, 
Jan,  July 
Fob.  Aug 
Feb,  Aug 
Fob,  Aug 
Jan,  July 
Jan,  July 
Fob.  Aug 
May,  Not 
Feb,  Au( 
Jan,  July 
Jan,  July 
Jan,  July 
Mar,  Sept 

Apl,  Oct 
Apl.  Oct 

Mar 
Jan,  July 
Jan.  July 
Aug,  Feb 
Jan,  July 
Mar,  Sep 
Feb,  Aug 

Aorii 
Apl,  Oct 
Jan,  July 
Jan,  July 
Feb,  Aug 
Jun,  Doc 

Sept 
Feb.  Aug 
Jun,  Doc 

May 
Jan,  July 
Jan.  July 

Jul/ 
Jun.  Doc 
Fob.  Aug 

Jun,  Dec 
P-Aj,  Aug 
Apl.  Oct 
Mar.  July 
Jan.  July 
May.  Aug 
May,  Aug 
Jun,  Dec 
Jiui,  Dec 


Fb,My,Aug,N 
Fb,My.Aug,N 
Ja.Ap.Jly.O 
May.  Nov 


Ja.Ap,Jly.O 

Ja,My.ny.O 

Ja,My,Jly,0 

May,  Nov 

Feb.  Aug 

Ja,  Ao.Jly.O 

Ja.  My.  Jly 

Mayt  Nov 

April 

July 

May,  Nov 

May,  Nov 

Mr.Jiy.O.D*} 

Jun,  Dec 

May,  Nov. 

Nov. 
Aol  Oct 
Jan,  July 
Jan,  July 
Apl,  Oct 


Ian.  July 
Jan.Juljr 


/ 


(»» 

5  19    9 

70 

5  14    3 

i;"^ 

4  16    0 

Supply,  &. 

c. 

5 

6    0    0 

9*k 

5    5  10 

101 

5  14     3 

83 

5     8     5 

bi 

7     6  11 

4* 

5    9     7 

Sp,Dc,Mr,l* 

Sp.D;.Mr,J< 

(a.Apl.Jlr.O 

|a,Ap.Ji.»'.0 

Apl.  Ott 

Mar,  S»pt 
Jun.  Do: 

Jan.  July 
May.  Nov 
Mar,  Sept 


t  Ei  dividend  or  Intarett 
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i^OTc:s. 


^H      We  are  glad  to  see  that  th.e  St.  Maiylebone  Council  are 
^K  taking  steps  to   facilitate   the  technical  instruction   of  the 
^•-  apprentices  in  their  Electricity  Department.     Arrangements 
have  been  made  with  the  Education  Department  of  the  London 
County  Council,  and  a  special  class  is  to  be  set  up  exclusively 
for  the  instruction  of  these  apprentices  at  the  Marylebone 
Central  Institute,  classes  being  provided  on  three  evenings 
per  week  and  two  hours  per  evening.     The  time  is  divided  up 
so  as  to  give  two  hours  to  practical  science,  two  to  technical 
drawing,  one  to  mathematics  and  one  to  English.     This  first, 
course  covers  two  years  and  costs  quite  a  nominal  fee  of  2s.  if 
the  number  of  attendances  is  75  per  cent,  or  above.     After- 
wards the  apprentice  is  passed  to  the  Senior  Department  at 
the  Polytechnic,  Regent-street,  where  students  showing  an 
average  ability  have  opportunities  at  the  end  of  the  second 
session  of  winning  exhibitions  v/hich  would  provide  them  with 
a  means  of  acquiring  the  necessary  text-books  and  instruments. 
The  senior  part  of  the  tuition  lasts  for  three  years  and   is 
divided  equally  between  electrotechnology,  technical  drawing 
and  mathematics.     This  scheme  is  certainly  a  move  in  the 
right  direction,  and  we  hope  that  it  will  be  copied  by  other 
bodies.    There  is  only  one  point  which  is  a  little  uncertain  in 
the  details  which  have  been  published,  and  that  is  how  far 
tiiese  evening  classes  are  prosaded  in  the  working  hours.     It 
IS  too  much  to  expect  apprentices  to  attend  technical  classes 
for  three  evenings  a  week  if  this  course  is  to  be  taken  as  addi- 
tional to  their  normal  daily  work.     We  hope  that  it  is  other- 
wise, a,s  the  bes.  results  can  only  be  obtained  by  training  the 
mind  when  the  bodv  is  not  fatigued. 


such  general  interest,  as  indeed  would  be  expected  owing  to 
war  conditions.  Nevertheless,  a  good  deal  of  instructive 
information  is  given,  and  the  investigations  are,  perhaps,  of 
a  more  practical  interest  than  is  often  the  case.  As  an  example, 
we  may  take  the  question  of  the  transmission  of  heat  through 
roofing  materials.  During  recent  years  there  has  come  into 
somewhat  extensive  use  a  roofing  material  consisting  of  cement 
made  up  with  fibrous  material.  This  is  a  competitor  of  sheet 
iron  for  certain  classes  of  building,  and  as  its  thermal  con- 
ductivity is  something  like  one-seventieth  that  of  iron,  the  very 
natural  assumption  would  be  that  it  would  prove  superior  from 
the  point  of  view  of  Jceeping  heat  within  a  building,  or  equally 
from  keeping  a  building  from  getting  too  hot  in  summer  time. 
Owing  to  the  fact  that  the  amount  of  heat  to  be  provided  in 
the  heating  of  factories  depends  upon  the  amount  of  heat  that 
is  dissipated  by  the  roof  and  walls  led  to  this  problem  being 
placed  in  the  hands  of  the  National  Physical  Laboratory  by  a 
firm  of  ponsulting  engineers.  It  is  interesting  to  note  that  the 
results  of  actual  tests  on  a  model  building  show  that  precon- 
ceived ideas  were  quite  wrong.  It  appears  that  the  heat  loss 
per  square  foot  of  the  composite  material  is  about  20  per  cent. 
greater  than  it  is  through  galvanised  iron.  The  explanation 
of  this  result  lies  in  the  difference  of  surface  emissivity  of  the 
two  materials.  If  the  surface  of  the  iron  is  painted  black  the 
heat  transmission  becomes  equal  to  that  of  the  composite 
material,  and  conversely  if  the  external  surface  of  the  com- 
posite material  is  coated  with  aluminium  paint  the  trans- 
mission becomes  practically  identical  with  that  obtained  ■vN'ith 
galvanised  iron.  Although  the  fundamental  laws  on  which 
such  phenomena  depend  are  exceedingly  well  known,  it  often 
happens  that  they  are  entirely  disregarded  in  practical  work 
through  the  lack  of  actual  mtasurements. 


The  National  Physical  Laboratory. 

The  Annual  Report  of  the  National  Phybical  Laboratory 
this  year  is  somewhat  shorter  than  usual  aid  is  not  of  quite 


Fas  est  ab  Hoste  doceri. 

The  attitude  of  a  section  of  the  lay  Press  towards  higher 
technical  education  is  to  be  deplored.  Some  of  the  ultra 
patriots  have  now  started  the  cry  that  we  will  not "'  Germau"se"' 
our  system  of  education.  Although  we  are  second  to  none  in 
our  detestation  of  the  methods  of  what  we  hope  to  be  a  small 
section  of  the  Geiman  people,  it  must  not  be  forgotten  that 
most  of  the  social  reforms  that  have  been  introduced  into  this 
country  during  the  last  20  years  were  first  made  in  Germany. 
There  is,  therefore,  no  more  disgrace  in  applying  some  of  the 
German  methods  to  our  educational  system  than  there  is  in 
allowing  certain  of  the  social  reforms  to  remain  on  the  Statute 
Book.  Eurtliermore,  it  is  well  to  remember  that,  had  we  not 
availed  ourselves  during  the  present  war  of  the  advantages 
wiiich  technical  training  and  research  alone  afford,  we  should, 
long  ere  this,  have  been  either  degraded  or  annihilated.  By 
some  it  is  thought  that  the  purpose  of  science  is  to  make  war 
frightful,  but  if  such  people  study  the  question  they  will  find 
that  civilisation  and  science  are  synonymous.  To  argue  that 
because  man  is  base  enough  to  misuse  science,  science  must 
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jier  se  he  had  is  about  as  absurd  as  to  argue  that  a  ban  should  be 
put  on  all  literature  because  degenerates  write  immoral  books. 
It  were  better  for  the  lay  Press  to  stick  to  the  subjects  of  popular 
interest,  and  to  use  their  columns  for  the  discussion  of  the 
idiosyncrasies  of  the  "  flapper  "  rather  than  decry  that  to  which 
they  owe  not  only  their  existence  but  also  their  circulation. 

A  Question  of  Royalties. 

The  application  by  the  Suffolk  Electricity  Co.  for  a  com- 
pulsory licence  to  use  a  German  patent  raises  a  somewhat 
delicate  point  as  to  what  is  and  what  is  not  reasonable  in 
royalties,     in  the  present  instance  it  is  not  a  cpiestion  of 
obtaining  a  compulsory  licence  to  use  a  patent  which  is  not 
already  being  worked  in  this  country.     The  patent  in  question, 
which  is  of  some  importance,  relates  to  the  fitting  of  a  si'bsi- 
diary  pump  to  the  cylinders  of  Diesel  engines,  so  that  a  small 
proportion  of  petrol  may  be  used  for  ignition  pui-poses,  thus 
enabling  tar  oil  to  be  used  for  the  bulk  of  the  work.     A  licence 
is  already  held  by  Messrs.  Mirrlees,  Eickerton  &  Day,  but  the 
contention  is  that  in  a  paiticular  instance  the  cost  of  the  ■ 
apparatus  under  this  licence  would  be  £36.3,  whereas  the  work 
involved  would  only  account  for  £60,  according  to  the  estimate 
of  the  Suffolk  Electricity  Co.     On  the  face  of  it  this  seems  to  be 
a  very  great  difference  between  the  two  prices.     In  the  defence 
it  was  pointed  out  by  Messrs.  ^lirrlees,  Eickerton  &  Day  that 
they  had  paid  a  sum  of  £1.500  for  the  licence,  and  that  in 
addition  to  this  there  was  a  royalty  of  2s.  6d.  per  horse-power 
of  engine  to  which  the  device  was  fitted.     Moreover,  the  actual 
expenses,    owing   to   experimental   work,   had   amounted   to 
£3,000,  and  consequently  the  price  could  not  be  regarded  as 
excessive  for  a  piece  of  apparatus  which  was  actually  con- 
siderably more  costly  to  make  than  had  been  suggested.     The 
matter  has  not  yet  been  corcludtd,  but  it  appears  to  us  that 
there  are  two  points  of  view.     The  first  is  that  it  is  highly 
undesirable  to  arrange  royalty  teniis  on  so  high  a  basis  that 
the  price  at  which  the  piece  of  ap])aratus  must  l)e  sold  is  unduly 
high,  for  high  prices  inevitably  defeat  the  object  in  view.     The 
other  point  is  that  it  is  undesirable  to  interfere  with  a  licensee 
who  has  already  incurred  considerable  expenses,  unless  the 
prices  at  which  he  is  willing  to  supjily  the  product  are  obvioiLsly 
exorbitant.     Very  pof-sibly  the  result  of  the  action,  as  sug- 
gested Ijy  the  Comptroller,  will  be  that  the  applicants  will  be 
able  to  come  to  some  satisfactory  arrangements  with  the 
licensees. 


Wiring  Rules  oJ  the  I.E.E.     Errata.-  We  have  received 

for  publication  the  following  errata  in  the  seventh  edition  of 

the  Wiring  l^ilfs  : 

Hnlc  1 17  (l>)  liiif  1.  for  "  littecl  with  "  rem!  "  controlled  by."  Rule  121 
(b)  iii)i)lie8  to  lighting  circuits  only.     Pago  42,  line  30,  for  "  decks  "  n-nd 

Petrol-Electric  Car.  The  "  Engineer  '  refers  to  a  new  tj-pe  of 
car  used  in  America.  A  four-cylinder  petml  engine  drives  an 
electric  generator  which  charges  arcuniulators.  These  supply 
current  to  a  motor  coupled  to  the  l)a<;k  a.xle.  Control  is  similar 
to  that  of  the  electric  car.  there  being  no  clutch  or  gear  box. 
It  mav  be  used  either  as  an  electri<;  car  for  short  distances,  as 
a  petrol  car  only,  or  as  a  combined  arrangement,  giving  a  direct 

to])  geiir. 

Ignition  of  Petrol  by  Electric  Spark.  The  "  Insurance 
Observer  "'  refers  fo  several  cases  of  ignition  of  petrol  vapour. 

of  which  the  following  is  an  e.\ani]ile  : — 

A  cluuiircur  desiring  t"  till  the  t.mk  "f  r.  large  limnuHine  car,  which  was 
standing  on  a  cement  floor,  took  an  ordinary  .■j-galjnn  can  with  a  wooden 
handle  on  the  luvil.and  hnng  it  hythis  wooden  handle  on  the  hook  of  a 
H'lf  incasurini;  ix'trnl  pnmi>.  connected  with  an  unilcrground  tank  in  the 
viird  outside.  He  had  drawn  <>tT  ahout  one  gallnn  when  he  heard  a 
•jnapping  sunnd  and  na w  t  he  can  hurst  into  (lame.  The  door  of  the  garage 
hapfH-ned  to  be  o^K'n  at  the  time,  nd  thi-  chauffeur  yei/i  <1  the  can  around 
the  l<iwer  part  and  thn'w  it  ont  ui>on  the  concrete  walk  in  front  of  the 
building.  wh<iv  it  upset.     The  burning  llud  ran  down  lo  the  side  walk, 


but  nobody  was  hurt.  The  chauffeur  had  no  other  can.  and  as  this  one  I 
was  intact  he  carefully  •waehed  it  out,  wiped  it  dry,  and  hung  it  on  the 
hook  again  by  the  same  wooden  handlo,  which  wa.s  only  charred  by  +he 
fire.  This  time  he  had  drawn  about  two  gallons  when  tlie  contents  of  the 
can  took  fire  once  more,  whereupon  he  repeated  the  act  of  throwing  it 
out  of  the  door,  and  refund  to  u^e  the  can  a<jain. 

On  account  of  these  accidents  regulations  have  been  framed 
by  the  State  of  Massachusetts  in  regard  to  earthing. 

Electric  Hammer  Drills  — "  Engineering  ''  refers  to  a  bul- 
letin issued  Ijv  the  Chicago  Pneumatic  Tool  Co.  regaiding  the 
Demtley  portable  electric  hammer  drill. 

These  tools  are  suitable  for  drilling  holes  up  to  1  in.  in  diameter  in  stone 
or  concrete,  and  also  for  hght  chipping,  are  operated  by  a  .sfnall  electnc 
motor,  which  runs  equally  well  on  either  continuous  or  single-phase 
current.  The  hammer  blow  is  delivered  on  to  the  drilling-bit.  or  chisel, 
by  a  piston  operated  by  ])neumatic  power  from  the  motor,  which  is  con- 
trolled by  a  thumb-switch  on  the  handle  of  the  tool.  Ball  bearings 
are  used  throughout  for  the  rotating  parts,  and  provision  is  made  for  the 
thorough  lubrication  of  all  moving  parts.  A  special  feature  of  the  toolU 
the  u.sc  of  compressed  air  for  blowing  dust  and  chippings  out  of  the  hole 
during  the  process  of  drilling.  For  this  puqjose  the  drilUngbits  are 
made  hollow,  and  the  air  is  delivered  through  them  close  to  the  cutting 
edges.  This  arrangement  not  onl\'  ensures  the  full  force  of  the  blow 
being  delivered  directly  on  to  the  stone  or  concrete,  but  abso  enables  the 
drilling-bit  to  Ix;  easily  withdrawn,  when  the  hold  is  finished,  by  removing 
the  chippings,  which  might  otherwise  cause  it  to  jam.  The  weight  of  the 
tool  i.s  21  lb.,  and  its  over-all  length  is  17J  in. 

Magnetic  Shielding. — At  a  recent  meeting  of  the  Royal, 
Society  a  Paper  on  ""  The  Magnetic  Shielding  of  Large  Spaces 
and  its  Experimental  Measurement  "  was  read  by  Prof.  E. 
Wilson  and  Prof.  J.  W.  Nicholson.  It  appears  that  (a)  the 
magnetic  shielding  of  a  large  space  is  a  problem  wholly  different 
in  practice  from  that  of  a  small  space,  and  in  view  of  important 
applications  the  efficiency  to  which  such  shielding  can  be  raised 
is  a  matter  of  importance.  Considerations  of  mobility  of  the 
apparatus  and  weight  of  iron  required  necessitate  the  solution 
of  the  problem  of  maximum  shielding  for  a  given  weight  of  iron 
and  more  than  two  shells,  together  with  an  examination  of 
the  limitations  of  utility  of  lamination.  These  problems  are 
discus.sed  in  the  Pajjer.  (b)  A  field  of  order  as  low  as  3x10"' 
has  been  obtained  in  a  space  of  radius  30  cm.  by  the  use  of 
1,273  kilos  of  high  permeability  dynamo  magnetic  steel,  and  an 
accurate  method  designed  for  the  measurement  of  fields  of 
lower  order,  (c)  The  leakage  through  air  spaces  in  a  magnetic 
shield  has  been  studied,  (d)  It  is  now  poR.«!iblo  to  examine  the 
behaviour  of  iron  under  practically  no  magnetic  force. 


OBITUARY. 


Sir  William  Rams.w. — With  great  regret  we  record  the  death  on 
the  2:{nl  inst.  of  Sir  William  Ramsay,  K.C.B.,  F.R.S.,  Sc.D.,  Ac, 
Emeritus   Professor  of  Chemistry  at   University  College,   London. 
Sir  William  Hamsay  was  educated  at  tMasgow  Academy,  and  at  the 
Universities  of  (;la.sgow  and  Tiibingen.     After  acting  for  two  years 
as  assistant  to  the  "  Young  "  Chair  of  Technical  Chemistry  in  Ander- 
win"s  College,  (dasgow,  he  was,  until  1880,  "  tutorial  assistant  "  in  the 
Chemical  l)e|»artmeut  of  (Jlasgow  University.     In  1880  he  was  a])- 
lK)into<l  to  the  Chair  of  Chemistry  in  University  College,  Bristol,  and 
in  18S1  was  made  Principal  of  the  College.     In  1887  he  succeeded 
Prof.   A.   W.   Williamson  as  Professor  of  Chemistry  in   University 
College,  London,  and  in  15>07  was  made  a  Professor  in  the  Uni\-er- 
sify  of  London.      Me  was   President   of  the   Briti.sh   Asso»  iation  in 
1911.  a  past  President  of  tiie  Society  of  Chemical  Industry  and  a 
past  President  «»f  the  Chemical  Society.     He  was  President  of  the 
Intoniational  Congress  of  Ai)plied  Chemistry  at  its  meeting  in  I>^n- 
don  in  P.MIU.     He  was  an  t)f1icer  of  the  Legion  of  Honour  of  Fran(C. 
and  foreign  n\einl)er  of  the  French  Institute,  and  of  the  Royal  A^ 
demies    of    Berlin.    Petmgrj'.d.   Vienna.    Stockholm,    Coiienhag*. 
&c.,  as  well  .18  honorary  fellow  of  the  Chemical  Societies  of  (ienumy 
and  America,     Sir  William  published  the  resulta  of  n urn ercnU  re- 
searches, the  chief  of  which  ndate  to  the  molecular  volumes  of  li(^ndB, 
the  thennal  i>roi>erties  of  alcohols,  ether  and  water,  the  exiH^riuental 
proof  o(  the  exintcnce  of  a  triple  jwint  for  water,  ice  and  ste^Ui.  and 
the  behaviour  of  dissociating   substances:    also  of  tiie  variation  <'t 
capillarity  with  fem|M>rature.  which  affonis  a  means  oi  dctenninmg 
the  molecular  weights  of  liquids  and  the  degree  of  association  ol 
certain  li<piids  ;   the  adialiatios  of  other  .•-.nd  the  condition  of  hydridw 
of  platinum  and  j»all.i<lnnn.     In  18".>4.  in  conjmiction  with  L«>rd  R«.v- 
leigh.  he  disoovereti  "  argon,  a  new  constituent  of  the  atmosphere. 
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and  in  1895,  terrestrial  helium.  These  discoveries  were  followed  in 
1898  by  that  of  neon,  krypton  and  xenon,  in  conjunction  with  Dr. 
M.  W.  Travers  ;  the  properties  of  thes^e  new  elements- were  investi- 
gated and  an  account  of  the  research  published  in  the  "  Phil.  Trans." 
in  1900.  The  existence  of  a  coinplete  group  of  non-active  elements 
was  then  established,  which  form  transition  numbers  between  the 
eleotro-negativc  grouj)  of  chlorine  elements  on  the  one  hand,  and  those 
of  the  electro-positive  sodium  group  on  the  other.  In  conjunction 
witli  Prof.  Fred.  Soddy,  he  investigated  the  nature  of  the  gas  emitted 
by  radium,  and  proved  that  it  decomposes  spontaneously,  giving 
helium  as  a  product,  thus  opening  the  question  of  the  transmutation 
of  elements.  With  Dr.  Gray,  he  determined  the  properties  of 
radium  emanation  ;  and  with  Mr.  Cameron  and  Mr.  Usher,  the  prob- 
ability tliat  in  contact  with  radium  emanation  elements  of  the 
cai'bon  group  are  transmuted  into  carbon.  Sir  William  Ramsay 
sliared  the  Hodgkins  Prize  and  the  Prix  Leconte  with  Lord  Rayleigh 
in  1895  ;  he  was  also  awarded  the  Davy  Medal  of  the  Royal  (Society, 
the  Longstaff  Medal  of  the  Chemical  Society,  the  Le  Blanc  Medal  of 
the  French  Chemical  Society,  the  Hofmann  Medal  of  the  German 
Chemical  Society,  the  Cold  Medal  of  the  French  Association  for  the 
Advancement  of  Science,  and  in  1904  he  was  awarded  the  Nobel  prize 
for  chemistry,  Lord  Rayleigh  being  the  recipient  of  that  for  physics. 
Sir  William  Ramsay  resigned  the  Chair  of  Chemistry  at  University 
College  in  1912.  In  recognition  of  his  scientific  work  he  was  made  a 
K.C.B.  in  1902.  He  was  the  author  of  a  number  of  books,  including 
"  System  of  Inorganic  Chemistry  "  (1891),  "  The  Gases  of  the  Atmo- 
sphere "  (1896),  '-Modem  Chemistry"  (1902),  and  "Essays  Bio- 
graphical and  Chemical  "  (1908).  He  married,  in  1881,  Margaret, 
daughter  of  the  late  G.  S.  Buchanan,  who  survives  him,  together  with 
a  son  and  a  daughter.  The  funeral  took  place  at  Hazlemere  Church 
on  Wednesday. 

Killed  in  Action. — The  following  deaths  in  action  or  of  wounds 
are  reported  : — 

Second-Lieut.  J.  M.  Bain,  M.A.,  B.Sc.  (Scottish  Rifles),  who  was  killed 
recently,  was  a  graduate  of  Edinburgh  University  and  Science  Master  at 
Juniper-street  school,  Hawick. 

Lieut.  N.  J.  Wragg  (S.  Staffs  Regt.),  who  has  died  of  wounds,  was  born 
in  1890.  He  graduated  with  honours  in  the  mechanical  science  tripos 
at  Cambridge  University  in  1912,  and  was  afterwards  engaged  with  John 
Taylor  &  Sons,  civil  engineers.     He  was  an  A.M. Inst. C.E. 

Capt.  H.  K.  Turner"  (Suffolk  Regt.),  was  killed  on  July  16,  after 
returning  to  the  front  following  recover}^  from  a  previous  wound.  He 
was  about  27  years  of  age  and  a  director  of  E.  R.  &  F.  Turner  (Ltd.),  gas 
and  oil  engine  makers. 

Second-Lieut.  C.  R.  Ward  (R.E.),  aged  ,32,  killed  on  July  14,  was  on 
the  staff  of  the  British  Westinghouse  Co  ,  Trafford  Park. 

Second-Lieut.  F.  R.  Hoggett  (Queen's  W.  Surrey  Regt.),  who  has  died 
in  London  of  wounds,  was  an  A.M.I.E.E.,  was  trained  in  engineering  at 
Faraday  House  and  was  subsequently  in  the  service  of  the  Lancashire 
Electric  Power  Co.  and  Callender's  Cable  &  Construction  Co. 

Lieut.  W.  H.  Milburn  (Suffolk  Regt.),  killed  in  action,  was  a  B.A.  of 
Cambridge  and  science  master  at  Framlingham  College,  Suffolk. 

Lieut.  Basil  Withy  (Liverpool  Regt.),  reported  to  have  died  of  wounds 
on  July  2,  was  a  naval  architect  in  the  scientific  department  of  Denny 
&  Bros.,  Dumbarton. 

Second-Lieut.  L.  R.  Davies  (Liverpool  Regt.),  who  has  died  of  wounds, 
was  a  graduate  in  science  of  Liverpool  University  and  a  science-master  at 
Worksop  College. 

Lieut.  Gilbert  Fyfe  (H.L.I. ),  who  has  been  killed  in  action,  was  about 
19  years  of  age,  and  was  an  electrical  engineering  pupil  with  a  Glasgow 
firm. 

Second-Lieut.  C.  S.  Coombes  (W.  Kent  Regt.),  who  died  of  wounds  on 
July  fi,  was  educated  at  the  City  and  Guilds  Technical  College  (Finsbury), 
and  was  a  student  of  the  Institution  of  Electrical  Engineers. 

Private  Harry  Burniston  (W.  Yorks.  Regt.),  26  years  of  age,  killed  on 
July  1,  was  a  draughtsman  at  Leeds  Corporation  electricity  works. 

H.  Noble,  late  of  the  Halifax  &  Bermudas  Cable  C!o.,  and  a  private  in 
the  Bermuda  Rifle  Volunteer  Contingent  (attached  1st  Lincolnshire  Regt.) 
was  killed  in  France  on  the  3rd  July. 

Second  Lieut.  0.  Colin  Harvey  (attached  to  S.  Lanes.  Reg.),  21  years 
of  age,  who  was  kflled  on  July  4,  was  an  engineering  student  at  the 
McGill  University,  Montreal,  prior  to  the  war. 

Second  Lieut.  J.  N.  Pickering-Clarke  (Leicester  Reg.).  22  years  of  age, 
who  was  killed  in  action  on  July  14,  was  a  student  of  marine  electrical 
engineering  at  Glasgow  when  the  war  commenced. 

Capt.  L.  A.  P.  Harris  (AVelsh  Regt.),  24  years  of  age,  who  has  been 
killed,  was  an  engineering  apprentice  in  the  Rhymney  Railway  Co.'s 
Caerphilly  works  and  an  engineering  student  at  Cardiff  College. 


PERSONAL. 

We  are  pleased  to  learn  that  Major  W.  A.   Vignoles  (Borough 
electrical  engineer  of  Grimsby)  is  progressing  satisfactorily.     Major 
Vignoles  was  recently  wounded  in  the  left  hand  while  on  active 
'  service. 

Mr.    S.    R.   MuUard,   A.M.LE.E.,   of   the    Research    Laboratory, 
Edison  &  Swan  United  Electric  Light  Co.,  Ltd.,  Pender's  End,  has 


been  granted  a  temporary  commi.ssion  as  Lieutenant  R.X.V.R. 
attached  to  the  R.X.A.8.  It  will  Ije  remembered  that  Mr.  MuJlard 
has  been  actively  employed  u  onnection  with  research  work  on  the 
Ediswan  '  Pointolite  "  (nitrog  arc  lamp).  Lieut.  Mallard  is  being 
retained  by  the  Ediswan  ConJ  any,  which  will  enable  him  to  keep 
in  touch  with  his  laboratory  ^  ^rk. 

.  Mr.  Francis  H.  Davies,  assistant  engineer,  Weston  Electrical 
Instrument  Co.,  was  gazetted  on  July  21  Lieut,  in  the  Armv  Ordnance 
Dept. 

Mr.  W.  Bell,  electrical  engineer  to  the  Municipal  Board  of  Mussoorie, 
has  been  apjiointed  to  act  as  Electrical  Inspector  to  Government, 
United  Provinces,  India,  vice  3Ir.  H.  C.  C.  Tufnell  on  military  duty. 

War  Casualties. — The  following  casualties  are  announced  : — 
Second-Lieut.   Ralph   X.   Lodge    (Lanes  Fusiliers),  who  is    reported 
issing,  is  a  son  of  Mr.  C.  S.  Lodge  and  a  nephew  of  Sir  Oliver  Lodge,  and 


mi; 


was  in  the  employ  of  the  General  Electric  Co. 

Lieut.  A.  R.  Bcdcy, reported  mis.sing,  believed  killed, on  June  28, went 
to  Cambridge  University  in  1913  as  a  Salomons  engineering  scholar  and 
took  a  first  class  in  the  mathematical  tripos,  part  I.,  the  following  year. 

Royal  Engineers  (T.P.) — The  following  appointments  have  been 
made  : — • 

London  Electrical  Engineers  :  Lieut.  W.  B.  Odham  (from  Seaforth 
Highlanders)  to  be  second-lieutenant.  Petty  officer  C.  S.  Hann  (R.X. 
Div. ),  L.-Corp.  A.  C.  Stace^-  and  L. -Corp.  H.  L.  Mann  to  be  .second-lieu- 
tenants  (on  probation). 

Tyne  Electrical  Engineers  :  Capt.  (temporary  major)  A.  K.  Tasker  to 
be  major.     C.  B.  L.  Fernandes  to  be  second-lieutenant  (on  probation). 


APPOINTMENTS  VACANT  AND  FILLED. 


A  capable  electrician  is  wanted,  able  to  do  repairs  and  familiar 
with  upkeep  and  repairs  of  d.c.  motors  and  generators.  See  adver- 
tisement. 

Applications  are  invited  for  the  position  of  senior  shift  engineer  at 
the  temporary  station,  Nechells,  Birmingham.  Commencing  salarj- 
£130,  rising  to  £200  per  annum.  Applications  to  the  city  electrical 
engineer,  Mr.  R.  A.  Chattock,  14,  Dale-end,  Birmingham,  by  July  29. 


The  Executive  Committee  of  the  City  and  Guilds  of  London 
Institute  have  appointed  Mr.  W.  Eccles,  D.Sc,  A.R.C.S.,  M.I.E.E., 
to  the  Professorship  of  Electrical  Engineering  and  Applied  Physics 
at  the  Institute's  Technical  College,  Finsburj-,  rendered  vacant  by  the 
recent  death  of  the  late  Prof.  Silvanus  P.  Thompson,  F.R.S.  Dr. 
Eccles,  who  was  for  some  time  on  the  editorial  staff  of  The  Elec- 
trician, is  at  present  University  Reader  of  Graphics  at  University 
College,  and  is  the  author  of  "  Wireless  Telegraphy  and  Telephony  " 
in  "  The  Electrician  "  series  of  standard  electrical  books.  He  has 
contributed  numerous  articles  to  the  columns  of  this  and  other 
journals,  and  he  has  read  many  Papers  before  the  Physical  Society, 
of  which  he  is  one  of  the  honorary  secretaries.  He  is  also  the  author 
of  many  inventions  connected  with  electrical  engineering. 

Mr.  James  S.  D.  Moffett,  manager  of  the  West  Ham  Corjxjration 
tramways,  has  been  appointed  general  manager  of  Belfast  Cor- 
poration tramways  at  a  salary  of  £800,  rising  to  £1,000,  per  annum. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

Officer  Commanding,  Lieut. -Col.  C.  B.  Clay,  ^'.D. 

Orders  for  Augu<'. 

Headquarters  and  Range. — The  headquarters  will  be  closed  during 
August,  except  on  Tuesdaj'  evenings.  The  range  will  be  open  on 
Thursday  evenings  only.  On  these  evenings  the  Sergeant -Ms  jor 
will  take  charge  and  be  responsible  for  the  maintenance  of  order  and 
discipline.  Recruits  are  urged  to  take  advantage  of  this  arrang*?- 
ment  for  drill  and  shooting. 

Instruction  Classes. — Instruction  classes  at  Regency-street  will  be  held 
as  usual  for  Platoons  Nos.  9  and  10. 

Camp.— The  camp  at  Otfoid  wiU  be  available  until  Aug.  31.  Members 
wishing  to  attend  should  enter  their  names  at  headquarters  on  the 
sheet  provided  for  the  purpose.  The  cost  will  be  about  3s.  per  day. 
aiembers  should  provide  themselves  with  two  blankets,  knife,  fork 
spoon,  plate,  mug  and  a  spare  pair  of  boots. 

Entrenching.— As  many  members  as  possible  should  endeavour  to  attend 
the  Sunday  entrenching  parades,  in  order  that  ths  work  to  be  done 
may  be  completed  as  expeditiously  as  possiblr.  Parade  in  uniform 
as  usual  at  Victoria  Station  (S.E.  &  C.  Railway)  Booking  Office, 
8.45  a.m.  Members  are  reminded  that  thi  f  Rork  is  of  notional 
importance,  and  therefore  all  who  are  able  to  put  in  Saturdays  or 
occasional  week  days  are  urged  to  do  so.  They  are  reminded  that 
they  can  obtain  railway  vouchers  from  the  booking  clerk  by  showing 
their  cap  badges. 
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SOME  MECHANICAL  ANALOGIES  IN  ELECTRICITY  AND  MAGNETISM.* 

BY  W.  S.  FRANKUX. 

Certain  fundamental  equations  in  the  elementary  theory  of  electricity  and  magnetLsm  are  identical  to  equations  in  mechanics,t 
and  this  identity  of  mathematical  forms  carries  with  it  a  group  of  complete  analogies  between  mechanics  and  electricity  and  mao^netism. 
These  analogies  are  familiar  to  everyone  in  a  vague  and  incomplete  way.  The  object  of  this  article  is  to  show  the  use  of^these'  analogies 
in  their  precise  forms,  especially  in  their  bearing  on  alternating-current  phenomena. 

Consider  a  heavy  body  which  moves  without  friction.     The  Coasider  an  electric  circuit  or  coil  which  has  no  resLstance. 

effect  of  a  force  on  such  a  body  is  to  make  its  velocity  increase      The  effect  of  an  E.M.F.  on  such  a  circuit  would  be  to  make  the 


at  a  certain  rate. 


Indeed— 
F-- 


dv 


(1) 


where  F  is  the  force  (expressed  in  suitable  units),  M  is  the  mass 
of  the  body,  and  dvjdl  is  the  rate  of  increase  of  the  velocity  of  the 
body. 


current  in  the  circuit  increase  at  a  certain  rate.     Indeed — 

di 

^=^^' (2);f 

where  E  is  the  E.M.F.,  L  is  what  is  called  the  inductance  of  the  ^ 
circuit,  and  di^dt  is  the  rate  of  increase  of  the  current  i  in  the 
circuit. 


From  equations  (1)  and  (2)  it  is  evident  that  electricjcurrent  i  corresponds  to  velocity  v  in  mechanics,  and]  that  what  is  called  the 
inductance  L  of  a  circuit  is  exactly  analogous  to  mass  M  in  mechanics.     Also  it  is  evident  that  E.M.F.  E  is  analogous  to  mechanical  force  F. 
Consider  a  helical  spring.     The  effect  of  a  force,  F,  is  to  stretch 


the  spring  ;   and  the  elongation  q'  is  proportional  to  the  stretch- 
ing force  F,  so  that  we  may  write — 

q'=C'F (3) 

where  C  is  a  proportionality  factor  having  a  definite  value  for  a 
given  spring. 


Consider  a  thin  layer  of  insulating  material  between  two  large 
sheets  of  metal.  Such  an  arrangement  is  called  a  condenser. 
The  effect  of  an  E.M.F.  E  on  such  an  arrangement  is  to  draw  a 
certain  amount  of  electric  charge  q  out  of  one  metal  plate  and 
push  it  into  the  other  metal  plate,  and  q  is  proportional  to  E. 
Therefore,  we  mav  write — 

q=CE,        (4) 

where  C  is  a  proiwrtionality  constant  which  is  called  the  capacity 
of  the  conden.ser. 


From  equations  (3)  and  (4)  it  is  evident  that  the  electric  charge  q  which  has  passed  through  a  circuit  is  the'  analogue  of  distance 
moved,  and  that  the  capacity  C  of  a  condenser  is  the  analogue  of  the  elastic  or  yield  constant  C  of  a  spring. 

The  Functions  of  the  Choke  Coil  in  the  Lightning  Arrester. 


The  hammer  exerts  very  large  force  on  the'ball  for  a  very  short 
time,  and  this  force  sets  the  heavy  ball  in  motion  very  quickly. 
The  ball  then  continues  to  move  for  a  relativeh'  long  time, 
slowly  compressing  the  elastic  cushion  and  exerting  a  compara- 
tively small  force  on  the  wall  for  a  comjjaratively  long  time. 


Fig.  1. 

Thus  the  ball  and  cushion  convert  the  very  large  and  shorl- 
tiino  forc((  of  flic  liainuK^r  blow  into  a  comi)jiratively  small  and 
long-time  force  as  oxert<^d  against  the  wall. 

If  the  cushion  is  replaced  by  a  rigifl  block,  and  if  ball  and 
wall  arc  assumed  to  be  entirely  rii;id  then  the  forve  e.xcrted  on 
the  wall  would  be  exactly  Jis  if  f  ho  ball  were  not  there. 


When  lightning  strikes  the  trolley  wire  a  very  large  E.M.F. 
acts  for  a  very  short  time  between  trolley  wire  and  ground. 
This  E.M.F.  sets  up  a  current  through  the  choke  coil  (an  induc- 
tance) and  this  current  continues  to  flow  for  a  relatively  long 
time,  slowly  charging  the  condenser  and  building  up  a  compara- 
tively small  E.M.F.  across  the  condenser  terminals  and  across 
the  generator  terminals.  Thus  the  choke  coil  and  condenser 
convert  the  very  large  and  short-time  E.M.F.  due  to  the  lightning 
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stroke  into  a  comjxaratively  small  E.M.F.  of  long  duration,  as 
acting  atro.ss  the  generator  terminals. 

If  the  condenser  is  disconnected,  if  there  is  no  condenser  effect 
in  the  end  turns  <if  the  generator,  and  if  the  generator  inductance 
is  very  large,  then  the  E.M.F.  exerted  across  the  generator  ter- 
minals would  be  exactiv  as  if  the  choke  coil  were  not  there. 


ANAt>()(ii'K  OF  Lf.ading  Wattless  Citrren't  in  a  Conden.ser. 

\  flat  spring  is  clam])ed  in  a  vice,  ard  the  free  end  of  the  spring  is 
moved  back  and  forth  by  the  hand.  The,  eud  of  the  mprliKj  inove-f  at  ils 
nifi.iinnim  vdorilij  in  (he  pnsilive  direct  inn  nne-qutirter  of  n  njcle  l)efore 
the  ind.iiniiini  )>iill  in  the  pitsitiif  direrlinn  is  exerted  iipnn  it.  tSimi- 
larly.  the  iiiaxiiinim  |M»sitive  value  of  e\irrent  in  a  condenser  occurs 
()ne-(Hi;i.rter  of  a  cycle  t>efore  tlie  maximum  pisitive  value  of  alter- 
natiiitr  K.M.K.  is  exerted  on  the  conden.ser. J 

AnALOGIKoI     1,\i.(;IN(,  W  ATTLK.SS  CcHHKNT  I\  an    lM>r<TIVK 

CiRcriT. 

A  he;ivv  weiizht  is  atlaOied  to  the  free  end  of  a  Hat  spring  the 
other  end  of  which  is  clanipeil  in  a  vice.  The  weight  is  set  oscil- 
liUing  back  and  forth  and  the  siiring  by  its  bcndintr  serves  to  visuali.sc 
tlie  force  (alternating  force)  which  arts  on  ih  '  iting  weight. 

The  ireif/ht  wfjec*  (//  its  maximum  vehtritif  in  the  ;  direction  one- 

quarter  of  a  cijcle  after  the  maximum  force  in  the  jyosHire  direction  iJi 
e.verted  upon  it. 


Receiver  of  High  Power-factor. — A  light  siX)on  is  used  to  stir  stiff 
jmncake  batter  by  u  rapid  to-andfro  motion.  The  force  exerted  on 
the  spoon  by  the  cook's  arm  is  nearly  all  used  in  overcoming  th«> 
resistance  of  the  l>atter  thus  doing  u.seful  work,  and  only  a  negligible 
portion  of  the  force  exerted  by  the  cook's  arm  is  used  to  start  and 
stop  (rtccpjerate  and  decelerate)  the  s)>oon.  |[     fi-^  K 

»  lieceirer  of  '.<m"  Power  fnctor. — Imagine  a  cook  trying  to  stir  ]»an- 
cake  batter  with  a  heavy  iron  coupling  pin  by  a  rajiid  to-»nd-fni 
motion.     The  f<>r<<   .  '         the  n-ceiver  (the  coupling  pin)  would 

lie  nearly  all  used  :  <    and  decelerate  the  \m\.  and  only  a 

small  part  of  the  force  would  lx«  used  to  overcome  the  resistance  of 
the  batter. 

Alternator  with  High  Internal  Inductance. — Tlie  sixxni  (or  coupling 
pin)  i.s  the  receiving  device  in  the  above  examples,  and  the  cook's 
arm  is  the     '  'ir.     If  the  sjKxni  were  to  Hy  out  of  the  cook'* 

hand  we  w^  ■•  the  analogue  of  dead  short-circuit  on  the  aiteff 

nator  (perfect  freedom  of  movement  corresjionds  to  jvrfect  frecdo^ 
of  flow  of  current).     Whv,  under  such  conditions  does  not  the  >      '" 


*  From  the  "General  Klrctric  Heview." 

t  .\  i)iirl  ial  list  of  these  c«|nat  ions  is  ijiven  in  Franklin  aM<l  Willininson's 
"  Klements  of  .Mternatinn  ("urr»Mits."  ])p.  l."».ir». 

}  The  stinlciit  of  physics  who  is  cont<'nt  with  a  verbal  statement  is 


/ 


1  ;    let   the   thing   lie   actually   done.     The   above   st.'\tenu  nl  in 

-  not  to  he  taken  on  aiithority  ;  get  a  sjiring  aid  se<'  for  yourself. 
If  the*  article  i«  to  W  understood  all  of  \]\o  oxi>eriments  must  be  seen,  or, 
what  is  infini''H  t«fter,  done  by  the  n  .vier 
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band  move  back  and  forth  with  indefinitely  large  velocity  values 
corresponding  to  the  very  large  current  values  in  a  short-circuited 
alternator  and  wreck  the  kitchen  ? 

Because,  even  supposing  the  muscular  effort  to  be  entirely  un- 
altered by  the  "  short-circuit  "  condition,  the  mass  of  the  cook's  arm 
limits  the  velocity  values  in  the  same  way  that  the  internal  induc- 
tance of  an  alternator  limits  the  current  values  on  short-circuit  even 
if  the  E.M.F.  induced  in  the  armature  windings  were  to  be  entirely 
unaltered  by  the  short-circuit  condition. 

A  Horse  that  Can  be  Fed  by  Driving  Him  Down  Hill. — One  of  the 
mos<  troublesome  things  in  mechanics  is  to  understand  the  work  or 
energy  aspects  of  the  stirring  of  pancake  batter  with  a  heavy  coup- 
ling pin.  Anyone  can  understand  that  very  little  work  is  done  on 
the  batter,  but  everyone  knows  that  a  great  deal  of  work  is  done  by 
the  cook.  The  case  of  the  alternator,  however,  is  different;  very 
little  work  is  done  by  a  low  power-factor  receiver,  and  correspond- 
ingiy  little  work  is  done  by  the  alternator.  The  important  difference 
between  the  cook  and  the  alternator  is  that  the  cook  is  not  a  pure 
mechanism.  The  cook's  arm  cannot  be  put  into  condition  to  do 
work  by  forcibly  bending  it.  Or,  in  other  words,  forcibly  to  bend  a 
man's  arm  is  not  equivalent  to  giving  the  man  food.  To  understand 
completely  the  energy  relationship  between  an  alternator  and  a  low- 
power-factor  receiver  one  must  get  far  enough  away  from  homely 
experience  to  realise  that  there  is  a  kind  of  horse  that  can  be  fed  by 
driving  him  down  hill.  Let  our  coupling  pin  be  connected  to  a 
spring  of  proper  stiffness  to  accelerate  and  decelerate  the  pin,  and 
let  the  cook  exert  only  the  force  necessary  to  overcome  the  resistance 
of  the  batter,  then  all  forcible  bending  of  the  cook's  arm  is  elimi- 
nated and  taken  care  of  by  the  sjiring,  and  the  spring  can  be  "  fed  "  by 
forcible  bending. 

Inductance  and  Capacity  in  Parallel. 
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Fig.  3. 

An  alternating  force  is  applied 
to  the  rod  ^,  so  as  to  give  to  it  a 
to-aud  fro  velocity  v. 

This  velocity  divides  between 
the  ends  c  and  I  of  the  lever. 


Fig.  4. 

An  alternating  electromotive 
force  produces  an  alternating 
current  i  through  A  and  B. 

This  current  divides  between 
the  two  branches  C  and  L  of  the 
circuit. 


The  following  experiments  can  be  performed  with  the  mechanism 
showTi  m  Fig.  3  : — 

1.  Move  the  rod  .4  back  and  forth  at  low  frequency;  then  the 
weight  L  will  move,  but  the  end  c  of  the  lever  will  not  move  per- 

^P      /:.  ^^'f-/''^?"^"^^  alternating-current  will  flow  almost  whollu 
through  the  mductayice  L  in  Fig.  4. 

2.  Move  the  rod  A  back  and  forth  at  high  frequency;  then  the 
end  c  of  the  lever  will  move,  but  the  weight  will  not  move  percep- 
tibly. High-frequency  alternating-current  will  flow  almost  whollV 
through  the  condenser  C  in  Fig.  4. 

3.  Move  the  rod  A  baok  and  forth  at  a  low  frequency  with  a  hi^h- 
trequency  movement  superposed  thereon.  The  low-frequencv 
movement  will  show  itself  almost  wholly  in  the  movement  of  the 
^^  eight,  and  the  high-frequency  movement  will  show  itself  almost 
wholly  m  the  movement  of  the  end  c  of  the  lever.  This  action 
corresponds  exactly  to  the  action  of  the  arrangement  for  using  a 
taneousl    I'""        ^''''  ^°'  ^^^^^'^^l^'^   ''^"^   telephone   service  simul- 

nnif^^f  *  T^^^  °"*''^'''  f^ei^ency  a  very  small  to-and-fro  move- 
ment ot  rod  ^  sets  up  and  maintains  very  large  rocking  movement 
oi  the  lever,  so  that  the  to-and-fro  velocity  of  end  c  and  the  to-and-fro 

VP  nSv  nf  'f .  ""'!  ^''*^,  ^^'^  "'"''^  ^''^^'  than  the  to-and-fro 
/!%  P-  .  ;"*  *'""^^  alternating-current  of  critical  frequency  at 
A  andB  in  Fig.  4:  divides  between  the  two  branches  C  and  L,  and  the 
current  m  each  branch  is  much  larger  than  the  current  at  A  and  B.  This 
efiect  IS  called  the  multiplication  of  current  by  resonance. 

baot  .n^'^T^'L?^  ^^'  ^uT'"  '''  *h''*  '^  "'''"^°*  "^o^'«'  ^i^d  move  rod  A 
unl.  1  /r  \^P'^^f  ^^'^  ^*  *h^  resonance  frequency  as  described 
under  4,  above).^hen_release  end  c  of  lever  and  note  great  reduc- 


tion  of  motion  of  rod  A  for  given  to-and-fro  movement  of  weight. 
This  experiment  shows  how  the  alternating-current  in  a  traniimi«^ion 
line  (movement  of  rod  A)  can  be  reduced  by  connecting  a  condeaser 
in  parallel  with  a  low  power-factor  (inductive)  receiver. 

Inductance  and  Capacity  in  Serie.s. 
A  weight  attached  to  the  end  of  a  flat  spring,  the  other  end  of  the 
spring  being  clamped  in  a  vice,  is  exactly  analogous  to  inductance 
and  capacity  m  scries.     Take  hold  of  the  weight'and  move  it  back 
and  lorth  thus  bending  the  spring.     Then  : 

1.  At  low  frequency  nearly  the  whole  of  the  force  exerted  by  the 
hand  IS  used  to  bend  the  spring,  the  force  required  to  accelerate  and 
decelerate  the  weight  is  very  small  in  compa-ison. 

2.  At  high  frequency  nearly  the  whole  of  the  force  exerted  by  the 
hand  is  used  to  accelerate  and  decelerate  the  weight,  the  force  re- 
quired to  bend  the  spring  is  very  small  in  comparison. 

3.  If  a  low-frequency  alternator  is  connected  in  series  with  a  high- 
T^i^^'r"^"^-^'  alternator  we  get  from  the  combination  a  high -frequency 
E.M.F.  superposed  on  a  low-frequency  E.M.F.  If  such  an  E  M  F 
be  connected  to  ain  inductance  and  capacity  in  series,  the  low- 
frequency  voltage  will  show  itself  across  the  capacity  and  the 
high-frequency  voltage  will  show  itself  across  the  inductance. 

4.  At  a  certam  critical  frequency  the  force  exerted  by  the  hand 
overcomes  the  resistance  only  ;  the  force  required  to  bend  the  sprincr 
IS  at  each  mstant  supplied  by  the  inertia  reaction  due  to  acceleration 
and  deceleration  of  the  weight,  and  the  force  required  to  produce 
acceleration  and  deceleration  is  at  each  instant  supplied  by  the 
reaction  of  the  bent  spring.  It  is  correct  to  say  that  the  alteniating 
force  exerted  by  the  hand  divides  into  two  parts  (one  acting  on  the 
weight  and  the  other  acting  on  the  spring),  each  of  which°may  be 
much  larger  than  the  whole  force  exerted  by  the  hand.  This 
phenomenon  is  called  the  multiplication  of  E.:\r.F.  by  resonance. 

Use  a  strip  of  window  glass  as  a  spring,  clamp  it  in  a  vice  and  attach 
a  weight  to  Its  free  end.  Touch  the  weight  with  a  feather  repeatedly 
at  a  frequency  equal  to  the  frequency  of  free  oscillation  of  the  weight 
and  a  violent  state  of  oscillation  will  be  slowly  built  up.  EventurUy 
the  force  action  on  the  strip  of  glass  by  the  mertia  reaction  of  the 
weight  will  be  large  enough  to  break  the  glass.  This  is  exactly 
analogous  to  the  building  up  of  a  high  voltage  across  a  capacity  by 
resonance  so  as  to  break  dowi  the  msulation  of  the  condenseV 
(capacity). 

5.  The  use  of  a  stiff  spring  to  accelerate  and  decelerate  a  couplmcr 
pin  which  is  used  to  stir  batter,  so  that  the  cook  need  only  exert  the 
force  necessary  to  overcome  the  resistance  of  the  batter,  is  an  example 
of  power-factor  correction  (reducrion  of  low  power-factor  to  unity 
power-factor)  by  connecting  a  condenser  in  series  with  an  inductance. 
This  arrangement  is  not  used  m.  practice. 

The  Transformer. 
Every  student  of  electrical  engineering  has  no  doubt  wondered 
what  might  possibly  be  the  relation  between  the  familiar  devices  for 
multiplying  force  in  mechanics  and  the  devices  for  midtipl\-ing 
E.M.F.  A  steady  force  of  1101b.  is  easily  "  transformed  "'  into  a 
steady  force  of  1,1001b.  or  11,0001b.  by  means  of  a  lever;  but  a 
steady  E.M.F.  of  110  volts  cannot  be  converted  mto  a  steady  E.M.F. 
of  1,100  or  11,000  volts  by  a  transformer.  Therefore,  it  would  seem 
that  the  lever  and  the  transformer  are  wholly  unrelated.  However, 
a  lever  with  a  heavy  weight  instead  of  a  fixed  fulcrum  is  enurely 
analogous  to  a  transformer  ;  and  the  equations  of  motion  of  such  a 
lever  can  be  reduced  to  forms  identical  to  the  equations  of  a  trans- 
former mcludmg  such  complications  as  magnetising  current  and 
magnetic  leakage. 

An  ideal  lever  consistmg  of  a  weightless  bar  with  an  mdefinitely 
large  mass  as  a  fulcrum  is  the  exact  equivalent  of  the  ideal  simple 
transformer.     The   to-and-fro   velocities   of  the   ends  of  the  lever 
correspond  to  primary  and  secondary    cuixents,  the   force   (alter- 
nating)  applied    to    one    end   of    the    lever   corresponds   to   the 
voltage  applied  to  the  primary  of  a    transformei.  and   the    force 
(alternating)  exerted   by  the   other  end   of   the  lever  corresiionds 
to  the  secondary  terminal  voltage  of  a  transformer.      The  velocity 
values  are  directly  as   the  lengths  of  the  two  arms  of  the  lever 
(this  corresponds  to  the  fact  that  the  primary  and  secondary  curi-ents 
of  an  ideal  transformer  are  mversely  as  the  respective  numbers  of 
turns  of  wii-e),  and  the  two  forces  are  invei-sely  as  the  lengths  of  the 
two  arms  of  the  lever  (this  corresiionds  to  the  fact  that  the  primary 
and  secondary  voltages  of  an  ideal  transformer  are  dii'ectly  as  the 
respective  numbers  of  tunis  of  wre). 

When  the  working  end  of  the  lever  is  rigidly  fixed,  we  have  a 
condition  corresponding  to  open-circuited  secondary.  In  this  case 
the  hand-end  of  the  lever  will  not  move  perceptibly  if  the  fulcrum 
mass  is  very  great ;  but  if  the  fulcrum  mass  is  moderate,  the  hand- 
end  of  the  lever  will  move  as  the  fulcrum  mass  is  accelerated  and 
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decelerated.  ThLs  motion  of  the  hand-end  of  the  lever  corresponds 
exactly  to  the  magnetising  current  of  a  transformer. 

If  the  beam  of  the  lever  were  without  mass  the  forces  at  the  ends 
of  the  lever  would  be  in  exact  inverse  proportion  to  the  lengths  of 
the  arms  of  the  lever ;  but  if  the  mass  of  the  lever  beam  is  consider- 
able or  if  there  are  weights  attached  to  the  ends  of  the  lever  then  the 
lever  acts  like  a  transformer  with  magnetic  leakage.  Part  of  the 
force  exerted  by  the  hand  is  used  to  accelerate  and  decelerate  the 
weight  at  the  hand  end,  the  remainder  of  the  force  exerted  by  the 
hand  is  transmitted  to  the  other  end  of  the  lever  (being  multiplied 
in  exact  inverse  proportion  to  the  lengths  of  arms  of  lever)  ;  a  portion 
of  the  force  so  developed  at  the  working  end  of  the  lever  Is  used  to 
accelerate  and  decelerate  the  weight  at  the  working  end,  and  the 
remainder  is  exerted  on  the  receiving  device. 

in  all  of  the  above  the  lever  is  suj)posed  to  be  frictionless  and  the 
transformer  coils  are  assumed  to  have  zero  resistance.  There  is  no 
need  to  trace  out  the  analogies  between  jnechanical  friction  and 
electrical  resistance,  because,  to  make  the  analogy  complete,  one  has 
to  assume  that  the  force  of  friction  is  proportional  to  the  velocity  of 
the  moving  body. 

Loose  and  Close  CourLiNO. 

Fig.  5  shows  a  mechanism  which  is  exactly  analogous  to  the 
inductively  coupled  (transformer  connected)  circuits  in  Fig.  6.  Two 
cars,  S  and  P,  in  Fig.  5  are  each  tied  by  coiled  springs  C'C"  and  CC 
as  shown,  and  the  cars  are  free  to  oscillate  back  and  forth  on  friction 
rollers.  The  cars  are  connected  by  the  vertical  lever  II'  as  shown. 
Car  P  with  its  connecting  springs  represents  the  primary  circuit  in 
Fig.  6,  and  Car  ,S'  with  its  connecting  springs  represents  the  secondary 
circuit  in  Fig.  <).* 
•|(If  the  weight  (mass)  W  is  large  as  compared  with  the  mass  of  either 
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car  wf  liavo  what  is  calUd  rinse  roupliiifj.  If  the  mass  M'  is  small  a^ 
com|)arc(l  with  ihe  mass  of  either  car  we  have  what  is  celled  loose 
coupling. 

If  either  car  in  Fig.  o  is  licld  fast  .m>  tliat  it  cannot  move,  we  have 
what  is  equivalent  to  open-circuited  jirimary  or  open-cinuitod 
secondary,  as  the  case  may  be. 

Four  modes  of  oscillation  arc  to  lie  distinguished  in  the  mc.hanism 
shown  in  Fig.  o  (or  in  the  electrical  ariangement  in  Fig.  6)  as  follows  : 

Part  of  system  hold  fast — 

(a)  Osciiliilion  of  cir  /'  (primary)  when  car  .S'  is  held  fast  (when 

ppcondarv  is  open). 

{l>)  Oscillation  of  car  iS'  (secondary)  w  hen  car  P  is  held  fast  (when 

])riinarv  is  opm). 

J'jitiri'  system  free — 

(c)  iSteady  o.scillation  of  entire  system  at  high  fre(|uency  c  with 

velocities  of  cars  ojjposite  at  each  instant  (primary  and  .soeondary 

{■iirreiits  opposite  in  piiase). 

(rf)  Steady  oscillation  of  entire  system  M  low  frecpieney  d  with 

velocities  of  ears  in  sante  direction  at  each  instant  (primary  and 

secondary  currents  eoiiicideni  in  phase). 

These  font  modes  of  oscillation  are  easily  shown  l)y  the  mechanism 
of  Fig.  f). 

The  most  general  type  of  motion  of  the  system  consists  of  modes 
r  and  d  together  ;  and  in  this  geni-ral  type  of  motion  the  two  circuits 
oscillate  bv  turns,  and  tlie  energy  is  handed  back  and  forth  from  one 
eircuit  to  the  otlier  rejieatedly.  This  is  easily  shown  by  the  mechan- 
ism of  Fig.  ."). 

In  order  that  ji.li  of  the  energy  of  the  system  m.iv  bo  Inuided  back 
and   forth,   from   primary  to  secondary  and   back  again,  the  two 

*  The  double  peii(iuluin  iirraimcnieiit  whi<  h  is  de-^crilted  h\  Prof. 
F.  R.  Lyle  in  the  "  rhiiosopliical  Mft>;ft7.in<  ".  Vol.  XXV..  pp.  .".<>7-.V.»'i.  is 
the  exact  equivalent  of  two  circuits  imlurtiveiy  cnuplcd.  hut  the  detftil,-* 
of  the  corrcsixiiidciK-c  niv  not  so  siinple.  The  UH,inl  double  ]H'n<lulum 
arrangement  i.s  not  tiu>orotically  exiMt  a.H  a  n-|m\>.ciitation  of  coupled 
''.ircuits. 


frequencies  a  and  h  must  be  equal.  The  adjustment  for  bringing 
these  frequencies  to  equality  is  called  tuning.  Tuning  may  be 
accomplished  in  the  mechanism  of  Fig.  5  b}'  placing  weights  on  car  P 
or  on  car  S.  With  this  adjustment  made,  car  P  may  be  set  oscillating 
and  it  quickly  comes  to  rest  because  it  gives  all  its  energy  to  S  ;  then 
S  quickly  comes  to  rest  because  it  gives  all  its  energj'  back  to  F  ;  and 
so  on. 

If  frequencies  a  and  h  are  not  equal  and  car  P  is  set  oscillating,  it 
quickly  loses  part  of  its  energy  as  it  sets  S  oscillating  ;  then  it  takes 
all  of  the  energy  back  again  and  8  comes  to  rest  ;  and  so  on  repeatedly. 

In  the  coupled  circuits  of  the  older  type  of  wireless  telegrap hv.  it 
is  desired  to  get  all  of  the  energy  from  the  primary  into  the  secoLd'an,-. 
Therefore,  the  primary  and  secondary  should  be  adjusted  ta  make 
frequencies  a  and  h  equal.  When  the  energy  has  been  handed  over 
to  the  secondary  it  must  be  prevented  from  being  handed  back  to  the 
primary  by  open  circuiting  the  priman,-  by  means  of  the  quenched 
spark.  The  effect  of  the  quenched  spark  may  be  shown  by  tuning  the 
system  in  Fig.  .5,  setting  car  P  oscillating,  and  suddenly  grabbing 
car  P  and  holding  it  fast  the  moment  it  loses  all  its  energy  and 
comes  to  rest. 

The  above  discus.sion  takes  no  account  of  friction  and  resistance. 

The  Electric  Doubler. 
Two  tin  cans,  C  and  D  open  at  top,  are  supported  on  insulating 
stands,  as  shown  in  Fig.  7.  Can  C  has  a  small  amount  of  positive 
charge  and  can  IJ  an  equal  amount  of  negative  charge,  as  indicated 
by  the  10  lines  of  force  which  diverge  from  C  and  converge  ujx)n  D. 
Two  metal  balls  A  and  B  with  insulating  handles  are  placed  in  con- 
tact with  each  other  between  C  and  I)  as  shown,  and  a  certain 
fraction  of  the  lines  of  force  from  C  to  D  converge  upon  A  and  diverge 
from  B,  as  shown.     This  fraction  is  equal  to  1/2  in  the  figure. 


Fio.  7. 

The  balls  .-1  and  B  are  separated  from  ea^h  other  and  (I)  ball  .4  is 
carried  to  and  into  can  D  and  touched  to  the  interior  of  D,  and  (2) 
ball  B  is  carried  to  and  into  can  C  and  touched  to  the  interior  of  C. 
The  result  of  o])<Tation(  1)  is  to  string  the  live  lines  of  force  from  C  to  A 
clear  across  from  '^'  to  I),  and  the  result  of  operation  (2)  is  to  string  the 
five  lines  of  force  from  B  to  I)  clear  across  from  C  to  D  :  balls  .4  and 
B  being  left  in  neutral  condition.  The  original  10  lines  of  force  from 
C  to  1)  have  evidently  been  increased  to  15,  that  is.  the  charges  on 
(^  and  /'  have  been  multiplied  by  lo  by  the  above-described  ojiera- 
tion.  and  l>y  rejH-ating  the  operation  over  and  over  again  the  charges 
on  ( '  and  1^  can  he  midtiplied  by  1-5  over  and  over  again  (leakage  on 
at'coimt  of  im|>erfect  insulation  being  ignored).  Therefore,  extremely 
minute  initial  charges  on  ('  and  />  can  be  quickly  brought  up  to  very 
large  values  l)y  .">(•  or  60  repetitions  of  the  above-described  oj>eration. 
because,  if  the  insulation  is  good.  60  repetitions  will  multiply  the 
initial  charges  alK>ut  one  hundred-thousand-million  times,  and.  of 
courw.  the  initial  voltage  between  ( '  and  />  is  midtiplied  to  the  same 
extent. 

This  exi>eriment  must  be  seen  to  be  aiijireciatecl.  Sup]K>rt  the 
two  cans  ('  and  /'  on  <  le.in  l)locks  of  jtaraf^in  in  a  warm  dry  room. 
I'se  i»est  hard  ruliber  or  (piartz  tuln's  (closed  at  one  end)  for  insulating 
handles  for  i>alls  .4  and  B.  Attach  a  vertical  strip  of  metal  to  the 
outer  face  of  earh  can  ( '  and  />.  and  hang  several  strands  of  line  cotton 
thread  over  the  to])  edges  of  these  strijvs  of  metal.  The.se  threads 
will  stand  approximately  vertical  at  Hrst.  but  as  the  charges  on  (' 
and  l>  incn«ase  they  will  stand  out  more  and  more  nearly  horizontal 

There  is.  |KThajis.  no  meciianism  which  multiplies  mechanio^l 
foree  in  a  manner  strictly  analogous  to  the  multiplication  of  E.MF- 
i>y  the  electric  doubler.  .V  slight  modification  of  the  doubler  to  give 
a  .series  <if  increasing  charges  (and  voltages)  which  constitute  a;i 
arithmetical  progression  instead  of  a  geometrical  progre.ssioH  i** 
shown  in  Fig.  *^.  The  o|)ixisite  charges  on  ])late  .1  and  hollow  w*sel 
B  are  to  bo  nudtiplitnl  jand  thus  the  voltAgo  iHMween  .4  and  B  mul- 
tiplied). A  metal  ball  with  an  insulating  handle  is  touched  to  the 
battery  tenninal  as  showni  in  Fig.  1  and  a  certain  number  of  lines  of 
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force  form  from  ball  to  plate.  Four  lines  are  shown  in  the  figure. 
These  lines  are  then  strung  across  from  A  to  B  by  carrying  the  ball 
to  and  into  B  and  touching  it  to  the  interior  of  B  as  shown  in  Figs. 
2,  3  and  4. 
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Fig.  8. 


The  nearest  approach  to  a  mechanical  analogue  of  the  doubler  as 
shown  m  Fig.  8  is  to  produce  an  increasing  compression  on  a  pack  of 
cards  by  winding  around  the  pack  a  string  under  tension. 

Electricity  or  Energy  :  Which  ? 
WTien  water  is  pumped  through  a  pipe  it  is  usually  the  amount  of 
water  delivered  in  a  given  time  that  is  important,  whereas  the  amount 
of  power  represented  by  the  stream  of  water  is  not  important,  except 
that  it  must  be  enough  to  carry  the  water  where  it  is  needed.  But 
one  might  conceivably  use  a  pump  to  drive  water  through  a  pipe  for 
the  sake  of  the  heating  effect  of  the  moving  water  in  the  pipe  or  to 
drive  a  water  motor  placed  somewhere  in  the  circuit  of  pipe.  In 
such  a  case  one  would  be  interested  primarily  in  the  amount  of  power 
represented  by  the  stream  of  water  because  the  desired  effect  (heating 
or  motor  driving)  would  depend  upon  the  amount  of  power. 


Driven 
Wheel 


Fig.  9. 

So  it  is  in  the  use  of  the  electric  current.  It  is  not  electricity 
(whatever  that  is)  that  one  uses,  it  is  work  or  energy  ;  and  the  im- 
portant thing  about  an  electric  generator  (such  as  a  battery  or 
dynamo)  is  its  power  output.  The  almost  universal  misunder- 
standmg  of  the  matter  may  be  beautifully  illustrated  by  considering 
the  mechanism  shown  in  Fig.  9.  A  wheel  .4  drives  another  wheel  B 
by  belt.  A  person  knowing  nothing  at  all  about  machinery,  and 
especially  a  person  having  no  available  ivords  to  use  in  describing  such 
an  arrangement,  might  look  at  the  continuous  stream  of  leather 
commg  off  wheel  .4  at  point  p  and  decide  to  call  wheel  .4  a  leather 
generator,  and  wheel  B  a  leather  motor.  Everyone  knows,  however, 
that  a  driving  wheel  does  not  generate  leather  ;  it  gives  off  work  or 
energy,  and  the  work  is  transmitted  to  the  driven  wheel  by  the  belt. 

It  seems  very  ridiculous  to  speak  of  a  belt  wheel  as  a  generator  of 
leather,  and  it  is  equally  absurd  to  speak  of  a  battery  or  dynamo  as 


a  generator  of  electricity.  One  must  be  careful  not  to  take  electrical 
terms  and  phrases  too  literally.  M 

To  speak  of  a  dynamo  as  an  electric  generator  is  common  usage 
and  it  is  therefore  not  seriously  objectionable,  but  to  speak  of  elec- 
tricity a3  a  motive  power  indicates  a  very  serious  misunderstanding. 
When  it  is  proposed  to  drive  a  machine  by  a  leather  belt  it  is  always 
understood  that  something  must  drive  the  belt,  but  when  it  is  pro- 
posed to  drive  a  machine  by  "  electricity,"  it  is  not  always  under- 
stood that  something  must  drive  the  "  electricity."  Electricity  as 
applied  in  the  arts  is  merely  a  go-between  like  a  leather  belt,  and  no 
one  ever  thinks  of  leather  as  a  motive  power,  at  least  not  in  the  en- 
gineering sense,  however  vivid  our  memories  may  be  of  the  motive 
power  of  leather  in  homely  sense. 

The  discussion  of  mechanical  analogies  is  intended  to  illustrate 
the  important  use  of  sense  material  in  the  building-up  of  physical 
ideas  ;  indeed,  the  understanding  of  any  principle  or  relation  in 
physics  is  a  structure  which  is  built  up  in  the  mind  out  of  just  stuff, 
like  a  house  is  built  of  wood  or  stone.  Many  teachers,  especially 
teachers  of  mathematics,  seem  to  think  that  ideas  can  be  built  up  iiii 
a  young  man's  mind  by  a  sort  of  hocus-pocus,  out  of  nothing  ;  but 
ideas,  like  everything  else  in  this  world  must  be  made  of  something, 
and  the  problem  of  the  science  teacher  is,  by  suggestion  or  by  mani- 
pulation and  experiment,  to  drag  sense  material  into  the  young  man's 
field  of  consciousness  where  it  may  be  organised  into  a  structure  of 
ideas. 


TREATMENT   OF   SILVER   FURNACE   FUME   BY   THE 
COTTRELL  PROCESS.* 

BY  CHARLES  H.  ALDRICH. 

Summanj. — Reference  is  made  to  the  experimental  work  at  the  Raritan 
Copper  Works,  and  the  apparatus  finally  adopted,  and  results  obtained 
with  it  are  described. 


In  the  past  many  tons  of  valuable  materials  have  been  lost  through 
volatilisation  and  dissipation  with  furnace  gases,  and,  although  the 
subject  of  metallurgical  fume  has  received  a  great  deal  of  attention 
of  late,  yet  there  is  no  doubt  that  in  many  instances  fume  losses  are 
occurring  daily  that  are  entirely  unsuspected  by  those  in  charge  of 
the  operations. 

During  the  past  four  years  considerable  work  has  been  done  at 
the  Raritan  Copper  Works  on  treatment  of  gases  from  Dore  refining 
furnaces,  and  we  believe  that  we  are  in  a  position  to  state  that  the 
problem  of  the  recovery  of  practically  all  metal  values  from  these 
gases  has  been  solved  by  the  application  of  the  Cottrell  process. 

Since  this  plant  was  the  first  one  to  use  this  process  in  connection 
with  silver  refining,  a  description  of  the  methods  used  and  results 
obtained  will,  perhaps,  be  of  interest. 

Prior  to  the  year  1907  the  only  method  in  use  for  recovering  values 
from  silver  furnace  gases  was  a  system  of  brick  flues,  about  12  sq.  ft. 
in  cross-section  and  250  ft.  long,  leading  to  a  brick  stack  90  ft.  liigh. 

When  a  large  addition  to  the  plant  was  constructed  in  1906  the 
silver  refinery  was  remodelled  and  enlarged,  and  it  was  decided  to 
install  a  water  scrubber  on  the  end  of  the  flue  system,  based  on 
results  obtained  at  the  Baltimore  Copper  Smelting  &  Rolling  Co. 
with  a  similar  apparatus.  This  consisted  of  a  lead-lined  tank  iilled 
with  water,  into  which  dipped  336  5  in.  lead  pipes,  projecting  about 
5  in.  below  the  surface  and  communicating  with  a  cast-iron  gas 
chamber  above.  The  furnace  gases  were  dra^Mi  from  the  flues  by 
means  of  a  6  ft.  centrifugal  blower  and  forced  through  the  pipes, 
bubbling  through  the  water  and  passing  oat  of  a  lead  stack  con- 
nected to  one  end  of  the  tank. 

The  results  obtained  with,  this  apparatus  amply  justified  the 
considerable  expense  involved  in  its  installation  and  maintenance, 
and  during  its  operation  it  has  saved  values  averaging  about  £10  per 
day. 

It  seemed  evident,  both  from  the  appearance  of  the  gases  passing 
out  and  from  the  nature  of  the  treatment,  that  no  dust  could  be 
escaping,  and  for  some  time  it  was  thought  that  no  values  of  impor- 
tance were  being  lost,  the  escaping  cloud  being  apparently  mostly 
steam.  However,  it  was  observed  that  if  a  metal  sheet  was  sus- 
pended in  the  gases  a  deposit  would  form  upon  it  which  often  carried 
several  hundred  ounces  of  silver  per  ton. 

Early  in  1911  tests  were  started  to  determine  the  advisability  of 
constructing  a  settling  flue  through  which  the  gases  could  be  passed 
after  leaving  the  scrubber  and  not  until  then  was  the  true  nature  of 
the  fume  or  the  importance  of  its  recovery  realised. 

It  was  found  that,  as  had  been  supposed,  practicallj'  all  dust  had 

*  Paper  read  before  the  American  Electrochemical  Society,  slightly 
abbreviated. 
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been  removed  from  the  gases  by  the  scrubber,  the  material  remaining 
all  being  in  the  form  of  particles  so  fine  that  they  formed  a  fog, 
which,  when  placed  in  a  closed  vessel,  required  from  2J  to  3  hours 
to  clear  up.  Obviously,  no  practical  settling  flue  could  be  con- 
structed to  accomplish  this.  Violent  agitation  with  water,  it  was 
found,  would  clear  up  the  gas.  Accordingly,  the  installation  of 
various  mechanical  gas- washers  was  considered.  The  problem  of 
acid  proofing  appeared  serious  and,  as  these  gases  contained  large 
proportions  of  nitric  sulphuric  acids,  it  will  be  seen  that  this  was  of 
importance. 

A  device  in  which  the  gases  were  to  be  forced  through  a  series  of 
lead  screens  in  contact  with  running  water  appeared  to  be  the  most 
practical,  and  some  working  drawings  of  this  were  made.  There 
were  many  points  about  this,  however,  which  were  not  satisfactory. 
Consequently,  when  Dr.  Cottrell's  Paper  upon  "  The  Electrical 
Precipitation  of  Suspended  Particles  "  *  appeared  in  the  "  Journal 
of  Industrial  and  Engineering  Chemistry,"  it  seemed  likely  that 
the  process  described  would  perhaps  accomplish  the  desired  result 
upon  our  gases.  Dr.  Cottrell  was  communicated  with,  and  shortly 
afterwards  arrangements  were  made  with  him  to  conduct  tests 
and,  if  favourable  results  were  obtained,  to  construct  a  treater  of 
sufficient  capacity  to  handle  the  gases. 

Electrical  apparatus  for  converting  220- volt  direct -current  up  to 
about  45,000-volt  direct-current  was  obtained,  and  during  the 
summer  of  ]912aseries  of  tests  wa.s  conducted  by  Mr.  Linn  Bradley,t 
representing  the  Research  Corpn.,  and  the  writer,  which  gave  such 
encouraging  results  that  it  was  decided  to  go  ahead  with  the  con- 
struction of  the  treater. 

With  regard  to  the  details  of  these  tests,  little  need  be  said. 
Briefly,  the  method  used  was  the  aspiration  of  a  deflnite  proportion 
of  the  gases,  measured  by  a  Pitot  tube,  through  a  treater  composed 
of  a  10  ft.  length  of  6  in.  pipe  provided  with  a  central  electrode  of 
No.  20  copper  or  iron  wire.  Clearance  was  determined  by  aspirating 
equal  volumes  of  gases  simultaneously  through  Brady  filters,  located 
at  the  inlet  and  outlet  ends  of  the  treater  pipe,  and  assaying  the  filter 
thimbles  for  silver  and  gold. 

The  electrical  apparatus  used  in  the  preliminary  work  was  far 
from  practical.  It  was  designed  for  X-ray  work,  and  included  a 
multiplicity  of  condensers  and  inductance  coils,  together  with  a  trans- 
former impregnated  with  beeswax  but  without  provision  for  cooling  ; 
consequently,  as  might  l)e  expected,  a  large  proportion  of  time  was 
occupied  in  repairing  punctured  condenser  plates  and  scooping  up  the 
beeswax  that  ran  out  of  the  transformer. 

The  api)aratus  finally  secured  for  the  commercial  treater,  wliich  ha-s 
now  been  running  continuously  for  nearly  two  years,  consisted  of  a 
3-kw.  220- volt  direct -current  to  154-volt  alternating-current  60-cycle 
"  Hill  "  rotary  converter,  a  Tokw.  1 54 -.100,000- volt  American  Trans- 
former Co.  oil-cooled  transformer,  and  a  rotary  rectifying  switch, 
designed  jointly  by  the  Research  Corpn.  and  the  Raritan  Copper 
Works.  Shortly  after  starting  tlie  commercial  treater,  on  account 
of  experiences  at  some  other  ])laiits,  air  choke-coils  were  placed  in 
circuit  with  the  high-tension  terminals  of  the  transformer  to  protect 
the  windings  from  puncture  caused  by  excessive  voltages  due  to 
surges. 

At  that  time  the  plate  treater  was  considered  the  most  practical 
for  our  work,  and  <lcsijriis  were  made  along  these  lines.  Tt  was 
decided  to  use  cast-iron  as  far  as  jK)ssil)k'  in  (he  construction,  but  the 
question  of  the  most  suitable  material  to  use  for  discharge  wires 
fMrnished  a  perplexing  proi)lem.  Finally,  the  solution  of  the  prob- 
lem was  the  employment  of  lead  striijs.  1  in.  wide,  sharpened  on  the 
edges  and  set  transversely  between  each  pair  of  collecting  plates. 
Those  have  been  perfectly  sat isf actorA',  the  original  strijis  still  being 
in  use. 

The  treater,  as  constructed,  consisted  of  a  rect.angular  cast-iron 
clianilier,  8  ft.  wide  by  (i  ft.  high  l)y  10  ft.  long,  set  over  a  lend-lined 
lio|)[)er  connerting  with  a  sludge  tank  thrnuirh  a  launder.  Collecting 
electrodes  consisting  of  <>  in.  Iea<l  stri])s,  were  hunt;  parallel  with  the 
gas  flow,  through  cast-iron  bars,  which  also  carried  (he  cover  plates. 
The  lower  ends  of  the  strips  were  guided  by  slotted  iron  bars  n'sting 
on  llanges  cast  on  (he  lower  edges  of  (he  frame  end  j)la(es.  Cas(-ir(»n 
I-beams,  carried  on  each  side  of  (he  treater  on  high-tension  jiede.stal 
insulators,  formed  (he  high-tensicm  'bus  bars,  and  these  carried  four 
cast-iron  ehaiuiels  running  (ransversely  (hrouj;h  openings  in  (ho 
sides  of  the  (rea(er,  which  supi)or(ed  (he  discharge  electrode  frames. 

As  to  durability,  cast-iron  hius  [>roved  very  witisfaetorv  in  the 
sides  and  top  ;  liowev(>r,  whenncr  (h(>re  h.is  been  an  in(e'ise  elec- 
trical discharge,  as  from  (he  discharge  elei'trode  frames,  (he  iron  has 
been  quickly  corroded.  Ixvvd.  however,  has  proved  entirely 'satis- 
fac(ory  under  all  condi(ions.  and  all  iron  discharne  frames  and  guide 
bars  have  been  replaced  by  lead-covered  wn>uKii(-in>n. 

•  Sre  also  The  Electrician.  July  1(5.  15)16. 
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In  our  operation,  the  gases  leaving  the  Dor6  furnaces  pass  first  into 
a  4  ft.  diameter  sheet-iron  flue  about  40  ft.  long,  then  into  a  brick 
flue  6  ft.  wide  by  7  ft.  6  in.  by  80  ft.  long.  A  centrifugal  fan, 
operated  by  a  40  h.p.  motor,  is  placed  on  the  end  of  this  flue.  This 
draws  the  gases  out  and  forces  them  through  iron  connecting  flues 
tangentiall}-  into  the  base  of  a  circular  brick  settling  chamber,  16  ft. 
in  diameter  by  17  ft.  high.  The  whirling  motion  imparted  to  the 
gases  in  this  chamber  assists  materially  in  depositing  the  particles  of 
dust.  An  iron  flue,  3  ft.  in  diameter,  leads  from  the  centre  of  the 
top  of  this  chamber  into  a  horizontal  brick  flue,  which,  in  turn,  opens 
into  the  scrubbers,  the  treater  being  connected  to  the  scrubber  out- 
let. It  will  thus  be  seen  that  enough  settling  is  secured  in  this 
system  to  remove  practically  all  the  values  that  are  present'in  the 
form  of  dust,  before  the  treater  is  reached,  the  only  material  passing 
to  the  treater  being  true  fume. 

The  average  analysis  of  the  dust  deposited  in  the  treater  shows 
that  there  is  800  oz.  of  silver  per  ton  and  1  oz.  of  gold  per  ton. 

The  total  recovery  averages  29-2  per  cent,  of  the  silver  and  6-6  per 
cent,  of  the  gold  caught  in  the  whole  flue  dust  system.  Of  the  total 
amount  treated  in  the  furnaces,  this  is  0-24  per  cent,  of  the  silver  and 
0-022  per  cent,  of  the  gold. 

All  elements  are  highly  oxidised,  and  silver  and  gold  are  com- 
bined with  the  base  metals  present  in  extremely  insoluble  forms,  all 
attempts  to  remove  them  by  acid  treatment  having  been  unsuccessful. 
It  is  also  interesting  to  note  that  the  silver  in  treater  sludge  runs 
about  twice  as  high  as  in  scrubber  sludge.     Gold  runs  about  the  same. 

The  cost  of  operating  has  been  very  low.  The  volume  of  gas 
treated  will  average  about  6,000  cubic  ft.  per  minute.  The  power 
required  is  about  2o  kw.,  at  a  voltage  of  35,000  to  40,(X>0.  As  to 
labour,  one  man  working  one  or  two  hours  per  day  can  keep  the 
treater  clean  and  in  good  running  condition.  Apart  from  the  sub- 
stitution of  lead-covered  frames  for  the  cast-iron  preWously  men- 
tioned, very  few  repairs  have  been  necessary. 

It  will  be  noted  that  the  gases  having  prcNiouslj-  passed  through 
a  system  of  flues  and  a  water  scrubber,  are  comparatively  cool  and 
saturated  with  moisture.  Attempts  have  been  made  at  times  to 
treat  the  dry  gases  coming  from  the  flues  directly,  cutting  out  the 
scrubber.  The  results  obtained  under  these  conditions  are  much 
poorer  than  when  the  scrubber  is  in  circuit.  The  temperature  is.  of 
course,  much  higher,  being  about  300"F.  in  the  former  case  to  150"F. 
in  the  latter.  The  deposit  is  extremely  dry  and  light,  so  that  jmr- 
ticles  falling  off  the  electrodes  are  carried  out  by  the  moraig  gases. 
The  corona  is  not  so  good  when  dry  gas  is  used,  and  if  the  voltage  is 
raised  there  is  much  more  sparking-over  than  when  wet  gas  is  passing. 

In  our  case  the  ]iresence  of  suspended  moisture  apjiears  to  be  a 
very  desirable  condition  to  satisfactory  precipitation  of  the  fume. 
The  injection  of  steam  has  been  tried,  but  did  not  give  satisfactory 
results. 

Recently  a  system  of  sprays  has  been  placed  transversely  in  the 
lead  flue  leading  to  the  treater  inlet  through  wliich  the  gases  are 
force*!  to  pa.ss,  and  with  this  arrangement  we  have  secured  better 
results  than  with  any  other,  a  number  of  tests  ha^■ing  given  silver 
esca])ing  as  low  as  2  oz.  or  3  oz.  per  day.  This,  however,  is  while 
oiJerating  at  less  than  the  full  furnace  capacity. 

The  results  obtained  with  the  first  installation  have,  on  the  whole, 
been  so  satisfactory  that  it  was  recently  decided  to  build  a  second 
treater  of  sufficient  capacity  to  give  us  practically  complete  precipi- 
tation of  fume  with  additional  furnaces  operating. 

For  a  number  of  roiusons.  among  them  being  better  insvilation, 
more  sulistantial  construction,  greater  economy  of  sjmce  and  ease 
of  cleaning,  it  was  decided  to  build  the  new  treater  of  the  tube  type. 
From  n>sults  ob(ained  in  numerous  tes(s  on  ]>i]ies  of  varying  dimen- 
sions, lead  pipes,  18  in.  in  diameter  by  12  f(.  long,  ccmtnining  a  single 
central  discharge  electrode,  were  found  to  be  the  most  satisfactory. 

The  dischargi-  ele(  (rodes.  to  be  u.sed  in  these  pijies,  are  nnvde  of 
I  in.  steel  fliafting  covered  by  extrusion  with  a  star-shajx'd  layer  of 
leiul.  These  electrodes  are  sui)ix)rted  firmly  over  the  pijies.  and  as 
(hey  are  s(i(T  (hey  n>quiro  no  .steadying  inside  the  tnvitor.  Most  of 
the  discharge  a(  (hes(ar(  takes  place  fmm  the  sharp  ridges  extending 
t  he  lengt  h  of  t he  electrode.  However,  when  they  have  l)econie  coated 
widi  a  (Ie]>osi(  of  (his(  (he  discharge  is  very  uniform  over  (he  whole 
surface.  Wi(h  (lie.>*e  jiijics  and  a  voltage  of  imm  8o,(KM>  (o  !»(i,(.>tM)  it 
has  been  ixMJsibJe  to  get  over  99  per  cent.  preciiiitAtion  cfliciency,  at  a 
g!is  Vi'ioeity  of  4-.1  ft.  |MT  second. 

The  electrical  «p|>iiratus  secured  for  the  new  treater  consists  of 
two  Ki-kw.  Fort  Wa,\nie  direct-connected  rotarj-  converters,  so 
arranged  that  they  can  l>e  used  interchangeably  a,s  a  motor-gene- 
rator set  or  as  mtflrv  converters.  As  a  rule,  they  will  be  ojx^rated  as  a 
motor-generator,  in  whi  h  cwse  the  generator  is  8ej)arately  excited 
by  the  regular  22(t-volt  lighting  current.  Altoniating-current  at 
25  cycles  and  u]>  to  2<^i  volt,s  can  be  obtained  from  the.se  machines. 

TheTtransformer  was '^ made  bv  the  American  Transformer  Co., 
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and  is  of  10  k.v.a.  capacity.  It  is  oil-cooled  and  has  five  taps  giving 
50,000,  62,500,  75,000,  87,500,  100,000  volts  at  a  primary  voltage  of 
200.  By  means  of  these  taps,  together  with  rheostats  in  the  genera- 
tor field  and  in  series  with  the  low-tension  alternating  current,  it  is 
possible  to  secure  extremely  fine  regulation  of  the  high-tension  volt- 
age. An  arm-type  rectifier  of  Research  Corpn.  design  is  used,  and 
has  proved  very  satisfactory  in  all  the  tests  which  have  been  made. 
With  this  complete  installation  we  expect  to  be  able  to  treat  up  to 
12,000  cubic  ft.  per  minute  of  silver  furnace  gases  and  to  recover  99 
per  cent,  of  all  the  silver  and  gold  which  they  contain. 


TWO  NOTABLE  FLOATING  CRANES.* 

BY  H.  H.  BROUGHTON. 

Summary. — Tn  this  article  descriptions  are  given  of  two  150-ton 
electrically-driven  floating  cranes,  one  of  the  non-revolving  bridge  type 
and  the  other  of  the  revolving  type.  The  latter  is  said  to  be  the  first 
heavy  revolving  floating  crane  constructed  in  America,  and  is  an  excel- 
lent example  of  a  modern  crane. 


Floating  cranes  may  be  subdivided  into  two  main  types  : 
(a)  Non-revolving  ;  (6)  revolving.  Such  cranes  are  generally 
used  where  there  is  only  a  short  length  of  quay  for  the  moving 
of  vessels,  or  when  the  form  of  the  quay  is  very  irregular. 
Mr.  K.  Boyle-j-  has  given  the  following  summary  of  the  advan- 
tages and  disadvantages  as  compared  with  giant  cantilever 
cranes. 

The  principal  advantages  of  floating  cranes  are  : — 

(a)  They  are  independent  of  the  difficulty  of  obtaining  a  good  founda- 
tion, except  as  regards  anchorage. 

(b)  They  may  be  used  where  the  wharf  or  quay  space  for  berthing  is 
limited. 

(c)  When  not  in  use  thej  may  be  let  out  on  hire  to  smaller  firms, 
which  do  not  possess  a  crane,  or  to  larger  firms  in  an  emergency. 

id)  They  may  be  propelled  or  towed  to  a  vessel  whether  alongside  the 
quay  or  in  open  water. 

(e)  Ships  are  not  only  served  and  fitted  out,  but  the  material  may  be 
brought  to  them  from  the  qua\,  saving  the  expense  and  difficulty  of 
heavj'-  haulage. 

(/)  The  crane  hooks  can  reach  every  point  of  the  deck  of  the  vessel. 

(q)  The  jib  may  be  derricked  to  a  small  radius,  allowing  masts  and 
other  long  objects  to  be  dealt  with  at  the  extremity  of  the  cantilever  arm. 

(h)  One  floating  crane  can  be  moved  about  to  serve  any  number  of 
vessels  under  construction  at  the  same  time. 

(j)  The  skill  required  to  operate  a  floating  crane  is  no  greater  than  that 
for  any  other  crane. 

(t)  The  cost  of  maintenance  is  moderate,  and  will  not  exceed  that  for  a 
fixed  cantilever  crane. 

The  main  disadvantages  as  compared  with  giant  cantilever 
cranes  are  : — 

(«)  Loads  are  handled  less  rapidly. 

(6)  For  the  largest  loads  at  comparatively  small  radii,  the  range  of 
height  above  water  level  is  more  limited  without  greatly  increasing  the 
height  of  the  crane. 

(c)  When  the  load  is  being  dropped  or  adjusted  to  position,  the 
righting  of  the  pontoon  causes  jerking,  making  adjustment  to  position 
much  more  difficult.     By  many  this  is  considered  a  rather  serious  defect. 

(d)  The  waves  from  a  passing  vessel  may  disturb  the  pontoon  at  an 
important  moment  when  precision  of  movement  is  required. 

(e)  Unless  of  the  self-propelling  type,  tugs  are  required  to  move  the 
crane  about.     Moorings  are  also  necessary. 

(f)  They  may  not  be  so  readily  used  in  rough  weather. 

As  examples  of  non-revolving  floating  cranes  the  derrick 
and  bridge  types  may  be  given.  A  revolving  crane  is  much 
more  costly  than  a  non-revolving  crane,  but  the  advantages 
of  the  former  over  the  latter  are  such  as  to  lead  many  users  to 
pay  the  increased  cost. 

Till  comparatively  recently,  steam  was  generally  used  as  a 
motive  power  for  floating  cranes,  but  during  the  past  five  or 
six  years  a  number  of  heavy  electrically-driven  cranes  have 
been  constructed,  and  it  is  not  unlikely  that  most  new  cranes 
Will  be  electrically  driven,  as  electrical  energy  is  now  generally 
admitted  to  be  the  motive-power  par  excellence  for  operating 
cranes  of  all  types. 

*  Copyright.     All  rights  reserved. 

t  "Transactions,"  Inst,  of  Engineers  and  Shipbuilders  in  Scotland, 
April  18,  1911. 


The  three  methods  of  furnishing  the  motive  power  are  : 
(a)  From  a  flexible  cable  connection  to  the  shore  ;  (6)  from  a 
storage  battery  on  the  pontoon  ;  and  (c)  from  steam,  Diesel  or 
petrol  engine-driven  generators  on  the  pontoon.  Although 
each  method  gives  economical  and  reliable  service,  the  limited 
radius  of  action  of  a  crane  having  a  flexible  cable  connection 
to  the  shore  in  many  cases  outweighs  the  advantage  of  low 
initial  cost.  To  a  certain  extent  this  also  applies  to  the  storage 
battery  equipment,  though  a  charge  of  a  few  hours'  duration 
is  geneuUy  sufficient  for  several  days'  service,  and  batterv 
makers  are  prepared  to  guarantee  the  performance  of  their 
cells.  Most  electrically-driven  floating  cranes  are  provided 
with  an  engine-driven  generator  on  the  pontoon,  and  some 
cranes  are  equipped  with  a  storage  battery  as  a  stand-by. 

It  is  the  purpose  of  this  article  to  describe  heavy  cranes 
used  by  the  United  States  Navy  Department.  One  of  these 
is  of  the  non-revolving  bridge-type  and  the  other  is  of  the 
revolving  type.  Both  are  by  the  Wellman-Seaver-Morgan 
Co.,  of  Cleveland,  Ohio,  the  bridge-type  crane  having  been 
in  operation  since  1912.  The  revolving  crane  is  now  under 
construction,  and  is  the  first  large  crane  of  this  kind  to  be 
built  in  America. 

In   an   informative   article  entitled   "  The   Panama   Crane 

Contract,"  Mr.  F.  H.  Cooke,*  a  member  of  the  Panama  Canal 

staff,  makes  a  comparison  between  the  various  types  of  floating 

cranes.     Oi  the  bridge- type  he  states  that  : — • 

This  type  of  crane  has  the  advantage  of  comparatively  low  cost,  but 
there  are  several  inherent  disadvantages.  It  is  top  heavy  as  to  weight 
and  wind-pressure,  the  movable  counter-weight  usually  provided  would 
probably  capsize  the  crane  by  its  overturning  action  in  its  extreme 
position  at  one  end  of  the  pontoon  should  the  tackle  fail  at  the  opposite 
end  of  the  cantilever,  and  the  size  of  the  load  handled  by  this  type  of 
crane  is  hmited  by  the  space  between  the  legs  which  support  the  bridge. 
The  greatest  disadvantage  is  the  inability  to  plumb  the  lift  (except  as 
provided  by  the  trolley)  without  moving  the  whole  crane,  which  involves 
the  repeated  handling  of  mooring  lines.  This  rigidity  is  eq^ecially 
objectionable  when  working  about  a  ship,  on  account  of  the  interference 
of  the  cantilever  with  the  ship's  masts  and  upper  works.  In  narrow 
waterways  .  .  .  the  use  of  this  type  becomes  virtually  impractic- 
able, since  it  can  only  be  operated  end-on,  with  the  result  that  the  entire 
length  of  the  pontoon  with  the  cantilever  extension  is  placed  across  the 


channel. 


150-ton  Floating  Bridge  Crane. 


The  150-ton  floating  cranes,  Fig.  1,  for  Boston  Navy  Yard 
and  Pearl  Harbour  Naval  Station  consist  essentially  of  a  bridge- 
type  superstructure,  made  up  of  four  trusses  mounted  on  a 
pontoon.  The  latter  is  entirely  of  steel  construction,  having 
a  moulded  length  of  125  ft.,  a  moulded  width  of  70  ft.  and 
a  moulded  depth  of  14  ft  It  is  divided  into  26  water-tight 
comparuiients,  having  collision  bulkheads  running  fore  and 
aft  5  ft.  from  each  side  and  a  water-tight  bulkhead  extending 
its  entire  length,  running  fore  and  aft  through  the  centre. 
Two  machinery  compartments  approximately  43  ft.  long  by 
30  ft.  wide,  with  inner  bottoms  4  ft.  deep,  are  formed  amid- 
ship  by  transverse  bulkheads.  At  each  end  of  the  pontoon 
there  are  also  four  water-tight  compartments  approximately 
15  ft.  square,  which  may  be  filled  and  used  for  counterbalanc- 
ing the  pontoon  when  the  crane  is  lifting  a  maximum  load  at 
the  end  of  the  bridge.  The  centrifugal  pump  for  filling  and 
emptving  th^-se  counterbalance  compartments  is  located  in 
one  of  the  machinery  compartments.  This  pump  has  a  10  in. 
suction  and  discharge  and  is  connected  to  four  8  in.  manifold 
pipes  at  each  end.  The  pump  has  a  capacity  of  2.500  gallons 
per  minute,  and  is  driven  bv  a  25-h.p.  motor.  The  suction 
and  discharge  valves  for  regulating  the  direction  of  flow  into 
or  out  of  the  counterbalance  compartments,  are  controlled 
by  levers  located  in  the  operator's  cab. 

From  the  arrangement  drawing,  Fig.  2,  it  will  be  seen  that 
the  bridge  structure  is  supported  on  sheer  legs,  and  has  a 
centre  span  of  115  ft.     It  is  made  up  of  four  trusses  arranged 

*  "  Engineering  News,"  May  13,  1915. 
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so  that  the  auxiliary  trolley  of  15  tons  capacity  travels  on  rails 
between  the  two  centre  trusses.  Two  75-ton  main  trolleys 
are  carried  on  rails  between  the  centre  and  outside  trusses — 
one  on  each  side.  Each  of  the  two  main  trolleys  carries  a 
75-ton  hook-block  on  a  double  four-part  hoisting  rope  of 
If  in.  diameter.  The  ropes  are  equalised  at  one  end  and  wound 
upon  drums  located  in  the  machinery  compartment  of  the 
pontoon.  The  15-ton  auxiliary  hook-block  is  carried  on  four 
parts  of  rope,  two  of  which  are  wound  on  a  drum  in  the 
machinery  compartment.  The  main  hook-blocks  may  be 
hoisted  to  70  ft.  above  the  top  of  the  deck,  and  may  be  lowered 
to  25  ft.  below  the  deck,  which  gives  a  total  lifting  range  of 
95  ft.  for  the  main  lifting  mechanisms.  The  main  trolleys 
have  a  total  travel  along  the  bridge  of  approximately  251  ft., 
allowing  the  hooks  to  reach  about  62  ft.  beyond  the  ends  of 
the  pontoon. 

Power  for  operating  the  crane  is  obtained  from  a  triple 
cylinder  Diesel  engine,  direct  connected  to  a  220-volt  con- 
tinuous-current generator  rated  at  100  kw.  Each  of  the 
cylinders  is  18  in.  in  diameter,  and  the  engine  has  a  stroke  of 


machinery  compartment.  The  other  machinery  compart- 
ment contains  the  engine-generator  set,  auxiliary-hoist  travel 
mechanism  and  the  counter  balance  pump.  A  60  h.p.  motor, 
identical  with  the  main-hoist  motors,  is  geared  to  the  auxiliarv 
hoist  drum  in  such  a  manner  that  the  15-ton  auxiliarv  load 
may  be  hoisted  at  35  ft.  per  minute.  This  mechanism  is  also 
equipped  with  change-speed  gears,  so  that  the  empty  hook  can 
be  hoisted  at  the  rate  of  100  ft.  per  minute.  The  drum  for 
travelling  the  auxiliary  trolley  is  geared  to  a  37-5-b.h.p.  motor, 
so  that  the  trolley  may  be  traversed  across  the  bridge  at  the 
rate  of  200  ft.  per  minute. 

On  the  deck  of  the  pontoon  there  are  located  four  elec- 
trically-driven capstans,  each  operated  by  25-h.p.  motors 
controlled  by  drum-t^'pe  controllers.  All  of  the  motions  of 
the  crane  are  controlled  from  the  operator's  cab  located  on  one 
of  the  deck  houses. 

We  understand  that  the  cost  of  the  two  150-ton  floating 
bridge  cranes  at  Boston  Navy  Yard  and  Pearl  Harbour  Naval 
Station  amounted  to  £120,000  in  round  figures.  It  is  inter- 
esting to  note  that  the  price  quoted  by  the  Deutsche  Maschinen- 
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24  in.  It  is  rated  at  22.>ii,i',  In  iiddition  to  the  Diesel  engine 
there  is  also  installed  lor  enlcigeiicies  an  Edison  storage 
battery,  having  a  ra])arity  of  6(H)  kw.  hours.  Tiic  two  75-ton 
hook  blocks  arc  oi)eratpd  by  two  s«'])arate  sets  o<!  niechaiii.«ms, 
so  arranged  tlu-t  they  may  be  clutched  together  when  using 
the  two  trolleys  for  lift  in:,'  the  niaxiiuum  load  of  150  tons. 
Each  of  the  75-ton  windiuLi;  drums  is  geared  iij)  to  a  60  h.p. 
motor,  so  as  to  lift  its  load  at  the  rate  of  ,Sft.  per  minute. 
This  mcehanism  is  also  e(Hii])p,  d  with  •hangc-spoed  gears,  so 
that  the  eini)l\  honk  Idork  can  be  hoisted  at  the  rate  of  100  ft. 
))er  minute.  B(»th  of  the  main  trollpys  arp  provided  with 
separate  winding  dnurs,  eaeh  ojHMated  by  a  37'5-H.p.  motor, 
and  are  arranged  so  tluit  thev  can  be  clutrhed  together  when 
lifting  a  n)a.\unum  load.  The  trolley  nipchanism  is  geared 
so  that  the  trolleys  may  be  traversed  across  the  bridge  at  the 
rate  of  50  tl ,  pei-  minute. 

The  main-hoist   mechanism,   main   trolley   meehani,'>m   and 
magnetic-control   boards  for  the  motors  are   located   in   one 


fal)rik  A. (J.,  of  Duisburg,  Germany,  for  two  cranes  of  the 
revolving  t\"|)e  was  £220.000.  The  two  figures  jjerve  \<^  give 
an  approximate  idea  as  to  the  relative  costs  of  the  two  types. 

150-ton  Floating  Revolving  Crane. 

The  floating  crane  which  is  being  built  by  the  Wellman- 
Seaver-Morgan  Co.  for  the  Norfolk  Navy  Yard  (I'.S.A.)  is 
of  a  different  type  to  the  large  floating  cranes  previously  built 
in  .Vmeriea.  in  that  it  is  made  to  revolve  about  a  central  pivot. 
This  crane,  Fig.  3,  is  the  first  large  floating  revolving  crane 
of  American  mantifacture. 

The  crane  is  electrically  operateel.  power  being  sup|>iied  by 
a  st^^am  engine  generator  set.  which  is  placed  in  one  of  the  com- 
partments of  the  pontoon.  The  crane  consists  essentially  of  a 
large  steel  pontoon  upon  which,  equidistant  from  one  end 
and  the  two  sides  is  a  fixed  tower  connected  rigidly  to  the  pon- 
toon structure.  Within  this  tower  revolves  a  pivot  frame, 
on  one  side  of  which  the  machinery  house  is  suspended.     The 
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opposite  side  o£  this  pivot  frame  carries  the  hinge-pins  for  the  below  the  water  to  130  ft.  above  the  water  at  the  maximum 

jib,  which  is  op3rated  by  means  of  links  attached  to  heavy  reach  of  62-5  ft.  beyond  the  fenders.     This  trolley  travels  on 

pins  in  the  back-end  of  the  jib.     These  links  are  connected  to  a  runway  suspended  from  the  underside  of  the  jib,  and  is 

the  cross-head  which  opsrates  between  vertical  guides  at  the  capable   of   travelling  the   entire   length.     The   arrangement 

rear  of  the  rotating  structure.     The  crane  is  capable  of  lifting  of  the  mechanism  is  such  that  the  jib  can  be  luffed  under  load 

150  tons  at  a  minimum  reach  of  62-5  ft.  over  the  side  fenders  from  the  maximum  reach  to  the  highest  position,  giving  a 

and  approximately  the  same  distanca  over  the  end  fenders,  minimum  reach  of  approximately  32  ft.     The  crane  is  also 

Tiie  maximum  lift  of  150  tons  is  accomplished  by  means  of  capable  of  rotating  under  full  load  at  maximum  reach.     All 
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Fio.  3.— 150-TON  Floatino  Revolving  Ckane. 


two  separate  75-ton  hooks  suspoiulrd  by  cables  from  sheaves 
properly  located  in  the  tramcwork  of  the  jib.  These  hooks 
are  capable  of  hoisting  a  load  vertically  from  a  jioint  25  ft. 
below  the  surface  of  the  water  to  90  ft.  above  the  water,  making 
a  total  height  of  lift  of  95  ft . 

In  addition  to  the  two  main  hooks,  an  aiixiliary  hook  of 
25  tons  (•a])acity  is  suspended  from  a  trolley  on  the  liooni  in 
such  a  position  that  it  is  capable  of  hoisting  from  a  point  25  ft. 


tht>  operating  nva(  hinory  for  the  ditTerent  functions  «tf  the  crane 
is  placed  in  the  maehinery  hou.se  on  the  rotating  structure. 

The  operator's  raV>  is  placed  forward  of  the  maehinery 
house,  where  all  of  the  operations  of  the  crane  are  in  clear  view. 
The  pontoon  is  fitted  with  four  electric  capstans  and  two 
anchor  winehes.  These  anchor  winches  are  placed  forward 
and  aft  on  the  pontoon  structure.  The  entire  weight  of  the 
rotating  structure  is  carried  on  a  step-bearing  securely  attached 
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toTthe  pontoon  at  the  centre^of  the  fixed  tower.     The  hori- 
zontal load  on  the  pivot  frame  is  taken  off  close  to  the  deck 
by  means  of  a  circular  bearing  and  at  the  top  of  the  stationary 
tower  by  means  of  a  roller  bearing.     Rotation  of  the  jib  is 
effected  by  means  of  two  heavy  steel  pinions  meshing  with  a 
bevel  gear  ring  secured  to  the  top  of  the  stationary  tower. 
These  pinions  are  geared  to  an  electric  motor  located  in  the 
rotating  structure.     The  machinery  for  luffing  the  jib  is  located 
at  the  rear  of  the   rotating    structure,  and  consists  of  two 
motors  geared  to  the  luffing  screws.     These  screws  are  sup- 
ported on  conical  roller  bearings  and  pass  through  the  heavy 
nuts  in  the  luffing  crosshead  to  which  the  links  attached  to 
the  jib  are  connected.     The  arrangement  of    the  crosshead 
which  operates  the  jib  is  such  that  when  the  jib  is  in  the 
extreme  outer  position  the  greater  part  of  the  load  on  the  jib 
supporting  links  is  taken  as  a  horizontal  load  on  the  vertical 
crosshead    guide,  thus  minimising  the  vertical    load  on  the 
luffing  screws. 

The  machinery  for  operating  the  main-hoist  blocks  is  located 
at  the  bottom  of  the  rotating  framework,  and  consists  of  two 
separate  sets  of  mechanism.  Each  mechanism  consists  of  a 
winding  drum  geared  to  its  motor,  and  arranged  so  that  the 
two  separate  mechanisms  can  be  positively  connected  for 
simultaneous  operation  of  the  two  main  hooks  when  handling 
the  same  load.  Two  ropes  lead  from  each  drum  over  deflecting 
sheaves  in  the  structure,  and  the  reeving  is  such  that  each 
75-ton  block  has  eight  parts  of  cable.  The  main-hoist  mecha- 
nisms are  provided  with  dynamic  braking  controllers  for 
manipulating  the  load.  The  main-hoist  blocks,  two  in  number, 
are  each  provided  with  four  cable  sheaves  45  in.  in  diameter, 
carried  in  a  structural  steel  frame  from  which  is  suspended  a 
75-ton  hook.  This  hook  is  mounted  on  conical  roller  bearings, 
and  is  of  the  anchor  or  ram's-horn  type.  The  auxiliary-hoist 
mechanism  is  located  above  the  main-hoist  mechanism,  and 
consists  of  a  winding  drum  connected  to  the  hoist  motor  by 
means  of  spur  gearing.  The  ropes  from  this  drum  are  led  over 
deflecting  sheaves  in  the  structure  and  arranged  to  form  a 
four-part  hoist  system  for  the  25-ton  auxiliary  block.  This 
block  has  two  sheaves  carried  in  a  structural  steel  frame  from 
the  lower  side  of  which  is  suspended  a  25-ton  hook.  This 
hook  also  is  provided  with  a  conical  roller  bearing  and  is  of  the 
anchor  type. 

An  independent  set  of  mechanism  in  the  machinery  house 
is  provided  for  traversing  the  25-ton  trolley  along  its  runway. 
This  mechanism  consists  of  winding  drums  upon  which  the 
ropes  for  moving  the  trolley  backwards  and  forwards  along 
the  boom  are  wound.  The  ropes  leading  to  the  forward  end 
of  the  trolley  are  of  necessity  larger  than  those  leading  to  the 
back  end  on  account  of  the  incline  of  the  jib  and  the  necessity 
of  moving  the  trolley  along  the  jib  with  the  25-ton  load  hanging 
from  the  hook.  The  two  winding  drums  are  provided  with  the 
necessary  gearing  for  connecting  them  to  the  travel  motor. 
With  this  arrangement  of  mechanism  it  is  possible  to  traverse 
the  trolley  from  one  end  of  the  jib  to  the  other  when  the  jib 
is  in  any  position.  When  the  trolley  is  in  the  extreme  rear 
position  on  the  jib  it  is  possible  to  land  the  material  on  the 
deck  of  the  pontoon  at  a  minimum  radius  of  approximately 
24  ft. 

All  of  the  motors  used  in  connection  with  the  various  mecha- 
nisms are  of  one  size  and  are  provided  with  magnet-switch 
control,  the  master  controllers  being  located  in  the  operator's 
cab.  Continuous  current  at  a  pressure  of  250  volts  is  applied 
to  these  motors  by  means  of  a  steam  generating  set,  which  is 
located  in  one  of  the  compartments  of  the  pontoon.  This  set 
consists  of  a  non-condensing  compound  engine,  direct  con- 
nected to  a  continuous-current  generator  rated  at  150  kw. 

The  boiler  plant  consists  of  a  200- h. p.  marine-type  boiler 
with   feed-water   heaters    and   the   usual   accessories.     It   is 


located  in  the  compartment  of  the  pontoon  adjacent  to  the 
generator  compartment.  A  deck-hou.se  is  built  to  cover  the 
deck  openings  of  the  boiler-hou.se  and  engine-room  compart- 
ments. One  corner  of  this  deck-hou.se  is  finished  off  for  an 
office,  which  is  furnished  with  a  steam-heating  apparatus. 

The  pontoon  is  of  steel  constioiction,  and  has  the  following 
moulded  dimensions  :  W^idth,  85  ft.  ;  length,  140  ft.  ;  depth, 
15  ft.  Watertight  compartments  extend  entirelv  around  the 
outside  of  the  pontoon,  and  in  addition  to  the.se  compart- 
ments the  pontoon  is  also  provided  with  the  nece.s.sarv  full- 
depth  bulkheads  to  secure  the  necessary  strength  and  rigidity. 

We  record  our  indebtedness  to  the  makers,  Messrs.  The 
Wellman-Seaver-Morgan  Co.,  for  kindly  placing  data  at  our 
disposal,  and  for  the  drawings  and  photographs  from  which 
the  illustrations  in  the  text  have  been  prepared. 


NATIONAL  PHYSICAL  LABORATORY. 

{Continued from  p.  532.) 

In  what  follows  we  refer  to  the  work  that  is  proposed  for  the 
year  1916-17,  and  we  give  extracts  from  the  Report  of  the 
Director 

Owing  to  the  large  amount  of  war  work,  the  programme  of  work  which 
appears  in  the  Report  for  last  year  still  stands.  In  the  Physics  Depart- 
ment, Electrotechnics  Division,  it  is  hoped  to  make  good  progress  with 
the  research  into  the  temperature  of  buried  cables,  undertaken  in  con- 
nection with  the  Institution  of  Electrical  Engineers.  For  this  a  grant  has 
been  received  by  the  Institution  from  the  Research  Committee  of  the 
Privy  Council.  In  the  Department  of  Metallurgy  and  Metallurgical 
Chemistry  it  is  hoped,  with  the  assistance  of  the  Pri-\y  Council  Com- 
mittee, to  commence  the  systematic  study  of  steels  described  in  last 
year's  report. 

The  research  on  optical  glass,  for  which  funds  have  been  provided  bv 
the  Pri\y  Council  Research  Committee,  has  important  bearing  on  the 
war,  and  will  be  prosecuted  vigorou-sly,  but  the  work  already  accom- 
plished has  shown  the  need  of  large  extensions  both  in  buildings  and 
apparatus,  in  order  to  cope  with  the  problems  which  present  themselves. 
The  Research  up  to  the  present  has  dealt  in  a  large  degree  with  the 
properties  of  refractory  materials  for  the  pots,  the  construction  of  suit- 
able furnaces,  and  the  application  of  electricity  to  the  industry.  It  has 
become  clear  that  such  work  raises  a  series  of  questions  relating  to  the 
materials  required,  which  need  for  their  solution  a  well-equipped  chemico- 
technological  laboratory. 

For  many  of  our  refractories,  e.g.,  alundum,  carborundum,  g^^aphite, 
zirconia,  we  are  entirely  dependent  on  America  ;  there  is  also  the  question 
of  the  study  of  certain  of  the  rare  metals  and  their  applicability  to 
industrial  purposes,  of  which  the  investigation  of  the  aluminium  alloys 
is  an  example.  Work  of  a  similar  nature  deals  with  materials,  such  as 
tar  and  bitumen,  for  the  Road  Board,  dopes  and  fabrics  for  the  Aero- 
nautical Committee,  oils,  whether  for  fuel  or  for  the  electrical  industry. 

For  nearly  all  this  work  a  technological  laboratory  on  a  large  scale  is 
needed  ;  buildings  and  plant  are  necessary,  capable  of  dealing  with 
materials  in,  say,  hundredweight  lots,  for  such  purposes  as  grinding, 
mixing,  burning,  extracting,  distilling,  washmg,  &c.  \A'hile  it  may  be 
diilicult  under  war  conditions  to  make  much  advance  in  this  direction, 
it  is  desirable  to  prepare,  and  at  any  rate  to  decide  whether  work  of  the 
kind  should  be  undertaken,  and  if  so,  to  consider  ways  and  means,  the 
organisation  of  the  work,  the  nature  of  the  buildings  and  plant,  and  a 
number  of  other  details. 

The  Report  of  the  Director  deals,  as  usual,  with  the  work  of 
the  various  departments. 

PHYSICS  DEPARTMENT.— I.  Electricity. 

Most  of  the  time  of  the  Department  has  been  spent  h\  work  of  a  con- 
fidentiiil  nature.  The  Marine  Department  of  the  Board  of  Trade  desin^d 
the  help  of  the  Laboratoiy  in  preparing  a  specification  for  liquid  com- 
pasaes  for  use  on  lifeb  oats  of  merchants  ships.  Tests  were  also  undertaken 
on  prismatic  compasses  for  the  Inspector,  R.E.  Stores,  Woolwicli.  New 
apparatus  was  designed  to  enable  the  tests  to  be  made  accurately  and 
quickly.  It  was  found  possible  to  test  rather  more  than  1,000  compasses 
per  week.  Advice  on  the  manufacture  of  compasses  has  been  given  to  a 
large  number  of  makers,  and  a  Paper  dealing  with  the  construction  and 
testing  of  prismatic  and  other  compasses  was  read  befoi-e  the  Optical 
Society, 

Maqnetk  Tests. — Chiefly  in  connection  with  the  testing  of  magnet-steel, 
a  considerable  amount  oi'  work  was  done  with  a  view  to  obtaining  im- 
proved methods  of  testing  the  magnetic  i)roperties  of  bars,  the  determina- 
tion of  the  remanence  and  the  coercive  field  being  particularly  considered. 
A  number  of  improvements  were  carried  out,  most  of  them  mvolving 
the  use  of  very  thin  flat  search  coils  for  measuring  H  (following  Madame 
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Curie,  Denso,  Gumlich  and  Rogowski).  A  flat  search  coil  of  this  kind 
placed  very  close  to  the  surface  of  the  iron  bar  affords  a  means  of 
accurately  determining  the  magnetising  field  to  which  that  portion  of  the 
iron  is  subjected ;  even  though  the  field  is  due  to  several  sources  such  as 
magnetising  solenoids,  other  magnets,  or  leakage  from  free  poles  of  the 
rod  itself.  For  rectangular  bars  the  coils  are  wound  on  thin  sheets  of 
insulating  material  such  as  glass.  In  order  to  determine  the  H  for  any 
particular  state  of  magnetisation  without  altering  it,  the  coil  is  arranged 
in  a  very  narrow  frame,  so  that  by  pulling  a  thread  it  is  rotated  in  its  own 
plane  through  180  deg.  In  conjunction  with  a  ballistic  galvanometer  or 
fluxmeter  this  gives  an  immediate  measurement  of  the  existing  H.  It  is 
particularly  convenient  for  determining  the  remanence,  which  is  approxi- 
mately the  value  of  B  when  H  is  reduced  to  zero.  Such  a  turning  coil 
can  be  applied  even  to  curved  bars,  provided  that  the  curvature  is  not 
too  great.  For  round  rods,  tunnel-shaped  search  coils  were  constructed. 
It  is  difficult  to  design  such  tunnel  coils  so  as  to  obtain  good  dynamical 
rigidity  and  permanence  of  form.  Some  of  those  in  use  for  many  months, 
however,  show  satisfactory  constancy.  Curved  bars,  such  as  horseshoe 
permanent  magnets,  are  much  more  difficult  to  test  than  straight  rods, 
as  it  is  not  easy  to  get  a  sufficient  number  of  turns  of  winding  uniformly 
into  the  available  space  if  magnetising  fields  of  300  to  400  are  required. 
For  this  purpose  a  variety  of  sectioned  coils  have  been  constructed 
Tests  of  cast  steel  at  high  magnetisations  (e.g.,  B  =20,000)  are  of  con- 
siderable commercial  importance.  For  such  tests  the  simplest  method  is 
to  7)lace  a  rod  of  the  material  axially  in  a  heavily  wound  wide  solenoid, 
clamping  the  rod  between  the  ends  of  two  soft  iron  rods  in  line  with  it 
and  abutting  against  its  ends.  The  B  is  determined  by  a  coil  of  one 
or  two  turns  round  the  middle  portion  of  the  bar,  and  the  H  by  one  of  the 
search  coils  as  de.scribtd  above.  By  this  method  we  have  recently 
tested  some  of  the  standard  rods  used  for  years  past  in  the  Ewing  Perme- 
ability Bridge.  These  bars  had  been  originally  tested  in  pairs  by  the 
Small  Yoke  Method.  The  values  obtained  by  the  tunnel  .search  coil 
method  are  in  a  very  satisfactorj'  agreement  with  these  earlier  tcst.s. 

Some  investigation  was  made  of  the  use  of  the  Chattock  Magnetic 
J'otentiometer  and  Rogowski's  applications  of  it.  The  instrument 
consists  of  a  flexible  strip  of  uniform  section,  wound  uniformly  with  a 
large  number  of  turns  of  insulated  wire.  It  proved  to  be  very  convenient 
for  the  direct  determination  of  magnetomotive  forces,  number  of  turns  of 
coils,  and  many  other  tests  wanted  practically.  A  fuller  description  of 
the  inai;iietic  test  methods  mentioned  here  lias  been  jjublished.  ('■  Journal  " 
of  the  Institution  of  P^lectrical  Kngine<'rs,  \'o!.  54,  191o).* 

Further  ])rogress  has  been  made  with  the  research  on  magnet-steel, 
whii  h  is  being  carried  out  for  the  Institution  of  Electrical  Engineers. 
Siniill  rods  of  all  the  samples  have  been  tested  for  their  thermomagnetic 
])roperties,  and  curves  have  been  drawn  connecting  the  magnetic  changes 
witli  the  temperature. 

II.  Electrotechnics. 

Several  points,  regarding  the  design  and  construction  of  the  instru- 
ments and  ajujaratus  .sent  in.  have  had  to  be  raised.  This  has  been 
])arti<ularly  the  case  with  lar^e  current  shunts  wliere,  owing  to  the 
restricted  s])ace  for  erection,  the  design  of  the  main  current  terminals  is 
most  ini|)ortant.  In  one  case  it  was  found  that,  owing  to  the  design  of 
the  end  coiuiections,  differences  of  8  per  cent,  could  be  obtained,  depend- 
ing on  the  method  of  leading  in  the  current.  An  interesting  ])oint  in 
this  connection  has  been  the  amount  of  the  tenii)erature  variation  due  to 
I'citicr  effect.  A  number  of  measurements  have  been  made  of  the 
amount  of  the  temi)erat\ire  difTcrence,  but  time  has  not  permitted  of  an 
investigation  sulHcitntly  complete  for  ]nd)lication. 

III.    Hkat. 

With  a  view  to  the  possibility  of  a  more  detailed  study  of  the  difference 
between  the  indications  of  the  kcsistanceThcrnionicteras  reduced  by  the 
method  detailed  in  last  years  report,  and  the  scale  obtained  with  the  aid 
of  •■  run  diir"  thermometers,  ami  also  of  a  study  of  the  individual 
(lilTcnnces  between  resistance  thermometers  of  diverse  ty]>C8,  some 
investigations  have  been  made  as  to  the  influence  of  various  factors  on 
the  l)ehaviour  of  i)latinum  during  its  manufa<ture  into  wire  and  during 
subse(|nent  heat  fieafment. 

Thirwiil  Cnndiirlirilif  i,J  Hrfraclnnj  Malrrial.t.  — In  order  to  be  able  to 
carry  out  measurements  of  the  insulating  properties  for  heat  of  bricks  of 
low  conductivity,  over  various  ranges  uj)  to  4.")0  deg.,  a  sjMTial  apiiaratus 
was  lonstructed.  which  has  |)roved  extremely  satisfactory-.  It  ha-  been 
eni|)loyc(l  in  the  study  r)f  a  rnuiibiT  nf  n.'w  ccinimercial  materials. submitted 
by  a  large  firm  of  boiler  niakirs.  a-xl  these  an-  nnw  being  emi)lovcd  for 
thermal  insulation  on  board  ship.  The  heat  transmitted  is  measured  by 
a  How  calorimeter  in  the  usual  way,  sensitive  diflferential  thermocouples 
being  employed  for  the  temjMTatun-  nieaHurements. 

A  novel  feature  of  the  api)arat)is  is  the  mi-thod  of  obtaining  tfood 
thermal  contact  atid  uniformity  of  tcni|)era(iire  over  tlie  faces  r)f  the 
brieks.  which  being  ordinary  enniiixTcial  sami)les.  are  always  irregular. 
This  <()ntae1  dillicidty  was  surmounted  by  arranging  thi'  api)aratus  so 
that  the  hot  surface  of  the  slab  was  immersed  in  a  shallow  bath  of  molten 
tin  electrically  heated  to  a  uniform  temi)er-atun'. 

.All  investigation  has  been  tarried  out  on  the  thermal  conductivity  of  a 
number  of  various  thicknesses  of  slag  wool,  granulated  cork,  and  >Iab 
cork.  These  tests  were  made  with  tli«  large  hot-))Ialc  aiijiaratus  described 
in  an  (-arlier  re])orl.  This  ecmsisls  of  two  steel  plates.  3  ft.  x3  ft.,  bolted 
togctlur  and  enclosing  a  Hat  resistance  coil.  The  electric  energy  expended 
in   this  coil  can  be  measured  accurately,  as  well  as  the  teiniMratures 
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attained  throughout  the  material.  Considerable  attention  has  been 
given  to  the  determination  of  the  various  corrections  necessitated  by  the 
fact  that  the  flow  lines  of  heat  near  the  edges  of  the  plate  are  distorted 
owing  to  the  boundan.-  effect. 

The  effect  of  these  investigations  has  been  to  render  the  results  obtained 
with  the  apparatus  of  greater  accuracy,  in  so  far  as  the  absolute  values  of 
the  thermal  conductivity  are  concerned  ;  hitherto,  comparative  data 
were  chiefly  desired.  The  work  is  still  in  progress,  and  it  is  probable 
that  the  firm  for  whom  the  present  tests  are  being  made  will  ask  for  a 
considerable  extension  of  the  range  and  scope  of  the  experiments. 

Heat  Transmission  through  Roofing  Materials. — In  recent  years  con- 
siderable attention  has  been  paid  by  manufacturers  to  the  development 
of  a  cheap  roofing  material  which  would  be  free  from  some  of  the  defects 
inherent  in  galvani.sed  sheet  iron.  Some  of  the  substances  are  composed 
of  cement,  to  which  fibrous  material  is  added  to  render  it  less  hard  and 
brittle  ;  sheets  of  any  desired  form  being  made  up  in  thicknesses  of  J  in. 
upwards.  Such  materials  have  certain  obvious  advantages  over  corru- 
gated iron,  and  a  priori  it  would  ap{>ear  that  they  would  in  addition  be 
more  efficient  than  sheet  iron  in  preventing  loss  of  heat  from  the  building 
through  the  roof,  since  the  thermal  conductivity  of  cement-like  materials 
is  of  the  order  of  ^th  that  of  iron. 

In  order  to  obtain  numerical  data  as  to  the  amount  of  radiating 
surface  it  would  be  necessarj'  to  install  in  a  verj'  large  feictorj-  of  which  the 
roof  was  constructed  of  one  of  these  materials,  a  sample  was  sent  for  test 
by  a  firm  of  consulting  engineers.  In  order  to  imitate  practical  conditions 
as  closeh'  as  possible,  an  apparatus  was  constructed  which  was  a  model 
of  a  building  containing  air  warmed  to  a  definite  temperature.  The 
heating  was  supplied  by  large  resistance  nets,  whose  actual  temperature 
elevation  with  the  heating  current  employed  was  very  small.  This  was 
in  order  to  ensure  that  the  heat  transfer  was  effected  by  air  currents  and 
not  by  direct  radiation.  The  walls  were  of  slab  cork  2  in.  thick,  while  the 
roof  was  composed  either  of  the  material  under  test  or  of  galvanised  sheet 
iron.  The  interior  air  of  the  box  was  circulated  by  a  small  electric  fan, 
whose  consumption  of  energj"  was  added  to  that  expended  in  the  net. 
Suitably  disposed  couples  gave  the  temperature  of  the  internal  and  the 
external  air,  the  difference  being  made  SO'^F.  in  accordance  with  the 
conditions  specified. 

The  results  obtained  were  of  a  wholly  unexiiectcd  character.  The 
tests  showed  that  the  heat  loss  per  square  foot  of  the  composite  material 
was  about  20  per  cent,  greater  than  that  through  galvanised  iron.  The 
key  to  the  explanation  of  this  apparent  anomaly  of  a  badly  conducting 
material  transmitting  more  heat  than  a  good  conductor,  was  su]>plied 
by  the  previous  work  on  the  heat  loss  from  surfaces,  and  it  was  concluded 
that  the  explanation  lay  in  the  difference  of  surface  emissivity  of  the  two 
materials. 

The  correctness  of  this  view  was  borne  out  by  further  ex]jeriments. 
The  to])  surface  of  the  iron  was  painted  black.  It  was  then  found  that 
the  heat  transmission  was  increased,  and  became  equal  to  that  of  the 
composite  material.  In  further  support  of  the  explanation  advanced, 
it  was  also  f(nind  jiossible  to  diminish  the  transmission  through  the 
roofing  material  under  test  by  painting  the  external  surfac-e  with  alumi- 
nium paint,  when  its  transmission  became  prjictically  identical  with  that 
found  for  the  sheet  iron  in  the  original  state.  It  is  interesting  to  note 
that  by  exix-rimcnt  with  thermocouples  it  was  ascertained  that  the 
gradient  through  the  material,  about  2-5'^F.,  was  relatively  small  com- 
jiared  with  the  difference  of  30°F.  between  the  internal  and  external  air. 
It  would  be  of  interest  to  know  whether  the  efficiency  of  such  protecting 
materials  would  not  be  considerably  increased  by  constructing  them 
in  a  cellular  form  with  small  air  spaces  between  the  walls.  In  countries 
where  extreme  climatic  changes  are  encountered  these  transmission 
phenomena  would  be  of  considerable  importance. 

Hrtit  Loss  from  Surfnrrs. — The  work  on  heat  loss  from  surfaces  was 
continued  as  occasion  permitted  during  the  year,  (hie  of  the  points 
which  received  special  attention,  was  the  influence  of  orientation  of  the 
emitting  surface  on  the  heat  loss  by  convection.  The  radiation  from  a 
plane  surface  4  ft.  by  3  ft.  was  investigated  in  various  positions.  The 
effects  of  radiation  and  convection  wire  separated  by  observing  the  total 
heat  loss  an<l  the  lossdue  toradiation  ;  the  cimvcction  lo.ss being  obtained 
by  difference. 

To  nieasun*  in  calories  per  square  centimctn-  the  radiation  from  an 
ordinary-  metal  surface  at  a  temjKTatun-  only  slightly  exceeding  that  of 
its  surroundinn  is  a  difficult  matter,  owing  to  the  small  magnitude  of  the 
c|Uaiitities  to  be  nieasund.  After  various  pn-liminary  e.\|>eriments  the 
.Melloni  form  of  thermopile  was  adojitcd  with  various  modifications, 
which  i-xj  .-rienee  with  the  instrument  showed  to  be  desirable.  It  was 
found  that  this  much  discredited  instrument  was  most  useful  for 
this  kin<l  of  work  when  comparatively  large  emitting  surfaces  wore 
available 

The  sensitivity  of  a  ti4-junetion  thermopile  was  amply  sufficient  for  the 
jiurjiose.  a  blaek  painted  surface  at  UHM'.  giving  rise  to  an  K.M.F.  of 
aliout  4.(MM)  microvolts,  which  was  measuriHi  with  a  pot<ntiomet<T 
callable  of  reading  to  Ic.ks  than  1  microvolt.  The  details  of  the  instrument 
employed  and  the  general  features  of  the  ajiparatus  will  be  published 
later.  " 

The  results  showed  the  interesting  and  important  fact  that  the  con- 
\-cction  loss  was  markedly  tle|HMident  <ni  the  orientation  of  the  surfa<<'. 
as  might  have  be<n  anticij>atc«l.  I'olar  diagrams  of  the  emi>sion.  the 
con^*ection  an<i  the  radiation  roiind  a  horizontal  axis,  showing  distribu- 
tion and  magnitude,  wi-re  constnictod.  The  application  of  this  work  to 
practical  engineering  problems  is  obvious. 

( To  be  concluded. ) 
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PROPERTIES  OF  REACTOR  WITH  IRON  CORE  AND 

AIR-GAP.* 

BY   S.    SANO. 

In  designing  a  reactor  for  purposes  of  general  experiments  with 
alternating  currents  it  is  frequently  necessary,  in  order  to  reduce 
the  weight  of  copper  required,  to  use  an  iron  core.  By  providing  an 
air-gap  in  the  iron  circuit  the  reactance  can  be  adjusted  to  any 
desired  value  within  comparatively  wide  limits.  In  this  case  the 
exact  calculation  of  the  reactance  will  be  found  to  be  difficult,  owing 
to  a  number  of  unknown  items  entering  into  the  computation,  the 
chief  of  them  being  difficulty  of  determining  the  exact  path  of  the 
magnetic  flux  and  its  density  along  the  path.  In  particular  cases, 
however,  sufficiently  accurate  results  for  practical  purposes  may  be 
obtained  by  relatively  simple  assumptions. 
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Fig.  1. — General  Design  of 
Reactor    considered. 


Fig.  2. — Distribution  of  Flux 
BETWEEN  Plunger  and  Frame. 


The  author  has  succeeded  in  deriving  a  set  of  rather  simple 
equations  for  the  calculation  of  the  reactance  of  one  form  of  construe  - 
tion,  the  validity  of  which  equations  has  been  repeatedly  proved  by 
actual  experiments.  Fig.  1  shows  the  general  construction  of  the 
reactor.  C  is  a  coil  into  which  fits  a  movable  plunger,  P.  F  is  a 
framework  of  sheet  iron,  which  serves  to  define  the  path  of  the 
magnetic  flux  and  also  to  reduce  the  reluctance.  The  path  of  the 
main  flux  is  shown  by  the  dotted  lines.  Along  with  this  main  flux 
there  will  also  be  a  leakage  flux  between  the  plunger  and  the  frame- 
work.    The  dotted  lines  in  Fig.  2  show  this  leakage  flux. 

Derivation  of  Equations. — The  total  counter  E.M.F.  offered  by  the 
reactance  coil  may  be  considered  as  made  up  of  two  components,  the 
E.M.F.  induced  by  the  alternation  of  main  flux  and  the  E.M.F.  due 


Fig.  3.^ — Construction  referrld  to  in  the  Calculations. 

to  the  alternation  of  the  leakage  flux.  The  two  E.M.F.s  will  be  in 
phase  with  each  other,  and  hence  the  total  counter  E.M.F.  is  the 
simple  arithmetical  sum  of  the  two. 

Referring  to  Fig.  3,  the  leakage  flux  through  the  elementary  area 
is  proportional  to  the  ampere-turns  linking  the  dotted  lines  through 
dx.     These  ampere- turns  are 


X 


(1) 


where  N  is  the  total  turns  of  the  coil.  Hence,  the  leakage  flux 
through  Cdx  from  both  sides  of  the  jjlunger,  neglecting  the  reluctance 
of  the  iron  frame,  is  proportional  to 


x    kC 
2-N~  dx, 
L    B 


(2) 


where  t  is  a  kind  of  "  dispersion  coefficient,"  to  take  care  of  the 
spreading  of  the  section  of  the  flux  path  at  B.  The  E.M.F.  induced 
by  the  alternation  of  this  elementary  flux  will  be  proj>ortional  to 


x    kC    \     /x    \     2kXK'x^ 


/  X    kC    \     /x    \ 


(3) 


Accordingly,  the  total  induced  E.M.F.  due  to  the  leakage  of  flux  is 
proportional  to 


'^'bl^ 


,      2    kCN^ 

:i    BL'  ""  ' 


(4) 


^0 


where  g  is  the  length  of  the  air-gap  between  the  plunger  and  the 
frame. 

The  main  flux  at  the  gap  g  may  be  considered  to  assume  the  dis- 
tribution shown  in  Fig.  2.  In  this  case  the  main  flux  is  proportional 
to 


ivjc 
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(5) 


Hence  the  E.M.F.  induced  by  the  alternation  of  this  flux  is  propor- 
tional to 


-iK^^¥r 


(6) 


Thus  the  total  E.M.F.  induced  in  the  coil  is  proportional  to  the  sum 
of  equations  (4)  and  (6),  that  is,  proportional  to 
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where  Ki  and  Km  stand  for  the  items  in  the  brackets  respectively 
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Fig.  4. — Computed  Exciting  Currents  for  Various  Air-gaps 

COMPARED   with  AcTUAL  VaLUES. 

The  ratio  of  the  E.M.F.  duo  to  main  flux  to  the  total  E.M.F.  is  thus 

KJ{K,+K,„), (8) 

where  K^={{A+P)j2g\  +  \, 

and  K,^2{L-g)^;3BL-. 

After  knowing  this  ratio,  the  calculation  of  the  exciting  current  is  an 
easy  matter. 

As  a  numerical  example,  consider  a  reactor  ha%Tng  the  following 
dimensions,  the  air-gap  being  adjustable  :  -  - 

A^=195.  Z,  =  7ain. 

B=2^m.  P=2iin. 

A=6km.  r=2Hn. 

Impressed  voltage=124  volts.  Frequency=50  cycles. 

The  value  of  k  can  be  determined  experimentally,  and  is  usually 
about  1-15.  The  value  may  be  computed  under  certain  assumptions, 
but  it  seems  to  the  author  that  the  increased  complication  does  not 
warrant  a  slightly  more  exact  result. 

Take  g=2  in.,  then  ir,=l-07  ;   7v,„=3-35, 
and  therefore  K„J{K,  +  K ,„)=0-~Q. 

Hence  the  voltage  available  for  the  main  flux  is 

124x0-76=94  volts. 
The  area  of  the  main  flux  path  is 
A+P 


*  From  the  "  Electrical  World,"  slightly  abbreviated. 


-(jry  =  19-3sq.  in. 
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The  same  value  of  k  is  here  used  as  above  {i.e.,  115).  For  j\'=195 
and  frequency =50  cycles,  the  mean  flux-density  in  the  air-gap  is 

94  X  108 

5= =11,200  lines  per  square  inch. 

4-44  X  19-3x195x50  ^        ^ 

Hence  the  ampere-turns  (effective  value)  are 

11,200x2x0-3132 

7—, =5,000, 

1-41 

and  therefore 

Exciting  current=5,000-^195=25-6  amperes. 

In  Fig.  4  curves  are  given  showing  the  exciting  current  for  various 
air-gaps  calculated  by  the  method  above  described,  and  also  the 
actual  observed  value  of  the  exciting  current.  It  will  be  seen  from 
the  figure  that  the  formulse  are  fairly  accurate  at  least  within  and 
near  the  limits  given  by  the  two  intersections  of  the  "  computed  " 
and  "  actual  "  curves. 

Effect  of  Side  Clearance. — Ordinarily  the  clearance  between  the 
plunger  and  the  entrance  to  the  frame  can  be  made  sufficientlj'  small 
so  that  the  effect  of  this  air-gap  may  safely  be  neglected.  However, 
when  the  main  air-gap  is  small  the  effect  will  be  appreciable.  The 
following  method  of  computing  this  effect  will  be  found  useful  for 
certain  cases  where  accuracy  is  needed  for  small  values  of  g. 

The  total  flux  passing  through  the  -air-gap  forming  the  side 
clearance  is  the  sum  of  the  leakage  flux  and  the  main  flux.  The 
former  is  integral  of  equation  (2)  ;  that  is 

2N    kC  I  N    kC 

Thus  the  total  flux  is,  adding  equation  ^5)  to  the  above, 

y     LB    ^\    2    ^Vgj  ^    ' 

Hence  the  ratio  of  total  flux  to  main  flux  is 

(L-o)-  2g 

1+- ~. (11) 

^     LB       A  +  P+2g  ^     ' 

In  this  way,  if  the  main  flux  is  found,  the  total  flux  can  be  calculated 
from  the  dimensions,  and  the  necessary  amiiere-turns  are  accortUngly 
computed  l)y  the  ordinary  method. 


THE  BETTINGTON  BOILER.^ 


This  type  of  boiler,  which  has  been  installed  at  the  Johannesburg 
Muiiicij)al  Kl('clri(;  Power  Station,  is  essentially  a  coal-dust  fired 
boiler,  and  is  of  relatively  new  design.  The  chief  pioneering  and 
experimental  work  was  carried  out  on  the  Witwatersrand  by  the  late 
Lieut,  ('laiidc  Bcttington  and  Mr.  Robeson.  The  i)articulars  of  the 
boiler  arc  as  follows:  Kvaporative  capacity,  34,000  lb.  per  hour; 
heating  surface,  240  tubes,  3^  in.  diameter,  22  ft.  long,  4,480  sq.  ft.  ; 
heating  siii-face  of  boiler  shell.  400  sq.  ft.  ;  heating  surface  of  super- 
heater tubes,  1,200  s(|.  ft.  ;  heating  surface,  75  economiser  tubes, 
3Jin.  diameter,  22  ft.  long,  1,400  sq.  ft.  ;  heating  surface,  188  air- 
heafor  tubes,  .'{j  in.  diaincter,  10  ft.  10  in.  long.  1,7.30  .s(j.  ft. 

The  ilhistratioii  shows  the  arrangement  of  (he  boiler.  It  consists 
briefly  of  solid  drawn  steel  vertical  tubes  connected  at  the  top  and 
bottom  to  mild  steel  annular  headers.  The  (oj)  header  is  fitted  witli 
doors  for  drawing  out  llic  tubes  whenever  necessary.  The  steam 
drum  is  littt-d  into  the  annular  space  of  the  top  header,  large  holes 
being  made  in  the  iieriphery  of  t!ie  steam  drum  to  form  one  eominon 
water  and  steani  space  at  tlie  top  of  the  boiler.  The  top  aiul  bottom 
headers,  together  wiili  the  vertical  tubes,  form  a  circular  structure 
like  a  huge  cage.  'I'lie  interior  j)arl  of  this  structure  forms  tlie  com- 
bustion chaMiber,  where  tlie  fuel  is  bunu'd.  The  coal  is  ])la"ed  in 
the  coal  bunker,  fed  into  the  coal  hojiper  and  falls  by  gravity  on  to  a 
worm  gear,  which  forces  the  coal  into  a  conibined  ])ulveriser  and 
blower.  This  latter  arrai\gement  is  sim])ly  an  ordinary  centrifugal 
fan  with  heavy  blade  or  i)eater  tips,  and  with  a  con.strieted  space 
between  the  ends  of  the  beaters  and  the  casing.  The  Ixiiler  under 
review  is  fitted  with  two  .sets  of  coml)ination  l)lower  pulveri.sers. 
each  directly  driven  l)y  100  ii.p.  motors  at  ajiproximately  1,4(H»  revs, 
per  mill.  Kach  pulveri.ser  is  capalile  of  giving  the  full-rated  outjMit 
of  the  boiler.  In  thiswaythe  coal  is  driven  outwards  In"  centrifugal 
force,  ami  is  crushed  to  tinedust  and  blown  into  the  dust  chamber. 
The  heavy  particles  fall  i)ack  again  into  the  pulveriser,  to  lie  further 
crushed  to  line  dust.  This  is  carried  ujtwards  to  the  air  and  fuel  jiijic, 
which  terminates  in  a  large  tuyere,  and  tlie  coal  dust  when  ignited 
burns  like  a  large  Bunsen  burner.     The  ignited  coal  dust  forms  a 

♦Abstract  of  a  Pa^xT  read  liefoix*  the  South  African  Institution  of 
Engineers,  from  ilu-  "Colliorv  Guardian." 


mushroom-shaped  flame  within  the  closed  ring  of  vertical  tubes  which 
form  part  of  the  steam-producing  plant.  The  flame  strikes  the 
bottom  of  the  steam  drum,  is  deflected  downwards,  and  jias-ses  over 
the  interior  row  of  tubes,  which  are  protected  from  the  high  tem- 
jDerature  of  the  combustion  chamber  by  speciaUj-  shaped  fire  bricks. 
The  hot  gases  are  then  deflected  upwards  and  pass  over  the  outer 
rows  of  vertical  water  tubes  and  the  superheater  tubes,  and  finally 
round  the  economiser  tubes  through  which  the  boiler  feed  passes 
before  it  gets  to  the  boiler.  There  is  also  another  set  of  tubes 
through  which  the  gases  pass  before  entering  the  chinmey  and  passing 
to  the  atmosphere.  This  latter  set  of  tubes  forms  a  separate  air 
heater,  and  is  connected  to  the  pulveriser  blower,  which  draws  t  he  air 
around  the  hot  tubes,  thus  heating  the  air  before  it  pas.ses  into  the 
bofler  and  enabling  the  pulveriser  to  deal  with  fairly  wet  coal.  'The 
superheater  tubes  are  connected  to  the  upper  part  of  the  steam  space 
of  the  top  header  by  means  of  a  steel  expansion  pipe,  and  the  super- 
heated steam  is  led  away  to  the  mains  in  the  usual  wa^-.  The  firing 
of  the  boiler  when  cold  is  done  at  the  municipal  station  by  inserting 
a  2  in.  gas  pipe  into  a  4  in.  air  pipe  to  form  a  large  Bunsen  burner, 
the  whole  being  placed  inside  the  tuyere,  and  the  boiler  is  started 
up  instantly  by  simply  lighting  up  the  large  gas  jet. 

The  Bettington  boiler  was  installed  in  191 1,  and  a  thermal  efficiency 
of  85  per  cent,  was  guaranteed.     The  boiler,  as  depicted  in  the  figure, 


ri 


had  to  Ix)  sonu'what  modified.  At  first  it  was  fitted  with  a  parallel 
chinmey  60ft.  high  and  4  ft.  Gin.  diameter.  It  was  exjx'cted  that 
the  jiulveriser.  which  acts  as  a  fan  and  produces  a  pre.ssure  of  1  in. 
to  ii  in.  in  the  combustion  chamber,  would  be  suflicient  to  force  the 
hot  gjkses  arouiid  the  boiler  tubes,  the  economi.ser  and  air  heater 
tubes  and  thence  up  the  chinmey.  In  practice,  however,  the  gases 
were  somewhat  choked,  aiul  cooled  to  such  an  extent  that  additional 
draught  had  to  Ih>  ])rovided  to  get  the  full  cajwcity  out  of  the  Ixjiler. 
It  was  impossible  to  modify  the  air  j>re.ssure  at  tlie  iiulveriser.  as  it 
interfered  with  the  combustion  of  the  coal  dust.  The  economiser 
and  air  Inater  were  considorai)ly  reduced,  and  a  more  din«ct  path  for 
the  ga-scR  to  the  ohimney  was  ])rovided  by  rai.sing  the  air  heater  alxmt 
26  ft.  In  addition,  the  boil<T  was  fitted  with  a  Schwabach  indirect 
induced  drauglit  plant,  and  tlie  height  of  the  chimney  in  the  new 
arrangement  is  86  ft..  the  draught  at  the  bottom  of  which  is  about 
^  in.  In  this  way  the  rated  cajMcity  of  the  l>oiler  was  obtained,  but 
its  efliciency  w.u«  soni(>\\  hat  lowered  :  the  figures  below  are  those 
obtained  from  the  modified  boiler.  No  doubt  in  the  future  design 
of  this  Imiler  its  efticieiic\  ran  bo  .somewhat  imjirovod  by  a  ]mi]>er 
relation  In'twixMi  the  jmlveriser  pn>.ssure,  the  ixiiler  tuln^s  and  the 
magnitude  and  arrangement  of  the  economi8er  and  air-heater  8>-stem 
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without  the  necessity  of  an  additional  mechanical  draught  system 
at  the  base  of  the  chimney. 

After  these  alterations  and  certain  adjustments  at  the  pulverisers 
were  made,  the  boiler,  whilst  not  attaining  the  high  efficiency  of  85 
per  cent,  as  guaranteed,  was  considered  thoroughly  reliable  for  the 
purposes  for  which  it  is  used  at  the  municipal  power  station.     Prac- 
tice shows  that  the  water  tubes  are  practically  self-cleaning.     The 
inner  row  of  water  tubes  do  not  appear  to  show  any  unusual  evil 
effects  by  being  close  to  the  combustion  chamber.     During  a  period 
of  four  years  very  few  tubes  have  been  replaced.     The  boiler  can  bo, 
and  is,  usually  put  on  the  steam  mains  from  cold  in  about  20  minutes 
to  half  an  hour  from  lighting  it  up  by  gas.     The  boiler  is  usually  run 
to  take  the  evening  peak  load,  but  has  been  run  regularly  day  and 
night  on  occasions  for  a  period  of  over  a  week,  during  which  time  it  is 
necessary  to  rake  out  the  pebbles  of  slag  every  12  hours,  and  there 
was  no  particular  trouble  experienced  through  slag  depositing  on  the 
brick  lining.     This  boiler  has  been  of  great  service  when  part  of  the 
other  boiler  plant  has  been  suddenly  put  out  of  action.     Its  ability 
to  get  up  steam  quickly  is  regularly  taken  advantage  of,  especially 
during  the  rainy  season,  when  sudden  large  increases  of  load  arise  in 
a  very  short  time.     As  it  is  fitted  with  two  pulverisers,  each  of  which 
can  give  the  fiJl-rated  output,  its  overload  capacity  has  ofttimes 
proved  exceptionally  useful.     Needless  to  say,  the  boiler  was  paid 
for  and  taken  over,  and  it  forms  a  valuable  portion  of  the  boiler  plant, 
working  on  conditions  of  large  and  sudden  power  demands. 

Results  of  Tests. 

Duration  of  te.st,  9-8  hours  ;  gauge  pressure,  17.3-7  lb.  per  square 
inch  ;  feed  temperature,  65-5°r.  ;  steam  temperature,  5I0-3°F.  ; 
water  evaporated  per  hour,  31,561  lb.  ;  coal  consumed  per  hour  (no 
allowance  made  for  carbon  value  of  ashes),  4,477  lb.  ;  lbs.  of  water 
evaporated  per  lb.  coal  (as  fired),  7-050  lb.  ;  gross  calorific  value  of 
coal  as  received,  11-50 ;  net  calorific  value  of  coal  as  received,  11-10; 
heat  transmitted  to  feed  by  boiler  per  1  lb.  dry  coal,  1,240  British 
thermal  units;  evaporative  equivalent  from  and  at  212°r.  (as  fired), 
9-049  ;  evaporative  equivalent  from  and  at  212T.  (dry),  9-464  ; 
efficiency  on  gross  calorific  value,  78-6;  percentage  auxiliary  power, 
3-8  ;  net  efficiency  on  gross  calorific  value,  75-6  ;  efficiency  on  net 
calorific  value,  81-4;  net  efficiency  on  net  calorific  value,  78-3. 


NEW  GALVANOMETER    LAMP  AND  SCALE. 


Two  impor<ant  features  characterise  a  galvanometer  lamp  and 
scale  which  has  recently  been  placed  on  the  market  by  the  Leeds  & 
Xorthrup  Co. ,  of  Philadelphia.      First  it  is  very  easily  read,  secondly  it 


Fig.   1. — Lamp  and  Scale  attached  to  Galvanometer. 

is  compact  and  requires  no  space  on  the  testing  table.     The  spot  is 
brilliant  enough  to  be  seen  in  broad  daylight. 
It  will  be  seen  from  Fig.  1  that  the  lamp  and  scale  are  mounted 


directly  upon  the  front  of  the  galvanometer,  thus  economising  space. 
This  arrangement  obviates  the  necessity  of  placing  the  galvanometer 
away  from  the  other  apparatus  used  in  the  test  and  the  neces.sity  of 
a  separate  lamp  and  scale  being  used.  Having  a  lamp  and  scale 
mounted  directly  upon  the  galvanometer  also  makes  the  adjustment 
easier,  since  the  operator  has  the  lamp,  scale  and  galvanometer  in 
front  of  him,  and  does  not  have  to  move  from  one  to  the  other  during 
the  course  of  adjustment. 

The  lamp  and  scale  con.sists  of  a  frame  upon  which  are  mounted 
a  low-voltage  incandescent  lamp,  a  lens,  two  mirrors  and  a  card- 
board scale.     The  operation  of  the  instrument  will  be  readilv  under- 


FiG.  2. — Dl\grammatic  View  of  Lamp  and  Scale. 

stood  from  the  inspection  of  Fig.  2.  A  single  straight  filament  lamp 
of  high  intrinsic  brilliancy  is  used.  It  operates  at  4  volts  and 
requires  a  current  of  0-5  ampere,  and  can  be  energised  either  from  a 
storage  battery  or  from  an  ordinary  lighting  circuit.  Several  inches 
of  flexible  cord  are  attached  to  the  lamp  socket,  and  on  the  end  of 
this  there  is  a  double  plug  connector.  Thus,  if  it  is  desired  to  move 
the  lamp  and  scale  when  permanent  wiring  has  been  installed,  this 
may  be  done  without  disturbing  the  wiring. 

In  a  pamphlet  issued  by  tne  makers  full  instructions  are  given  for 
setting  up. 


The  "  Biggest  Things  ' '  in  Water- Power  Development.— 

At    a    recent    exhibition   of  water-power  apparatus   held    at 
the  Massachusetts  Institute  of  Technology  some  interesting 
data  on  U.S.  water-power  were  given.     The  largest  high-head 
development  in  the  United  States  and  Canada  is  that  of  the 
Pacific  Power  &  Light  Corpn.  at  Big  Creek,  Cal.     In  the  two 
plants  now  operated  in  connection  with  the  240-mile  trans- 
mission to  Los  Angeles,  the  average  head  is  about  2.000  ft.,  the 
larger  head  being  2,1.50  ft.     The  water-wheels  are  rated  at 
23,000  H.p.  each,  and  the  storage  capacity  of  the  main  reservoir. 
Lake  Huntington,  is  120,000  kw.  continuously  for  eight  months. 
The  largest  producer  of  hydroelectric  power  is  the  Ontario 
Power  Co.,  Niagara  Falls,  Ont.,  which  develops  180.000  h.p.  in 
14  horizontal  units   at   capacity  load   fatcor.     The  Keokuk 
(Iowa)  plant  of  the  Mississippi  River  Power  Co.  is  the  largest 
low-head  development,  having  a  total  rating  of  1-50,000  h.p. 
at  32  ft.     The  most  powerful  turbines  are  machines  of  25.000 
H.p.  rating  under  160  ft.  head,  in  the  Long  Lake  development 
of  the  Washington  Water  Power  Co.,  near  Spokane.     The  most 
powerful  vertical  turbines  are  several  20,000  h.p.  macliines  of 
the  Laurentide  Co.  (Ltd.)  installed  in  a  plant  on  the  St.  Maurice 
River  in  the  Province  of  Quebec.     The  largest  turbines  in  size 
are  those  of  the  Cedars  Rapids  Power  &  Mfg.  Co.,  near  Mon- 
treal,  Quebec.     These   units  have  a  turbine   and   generator 
weight  of  850  tons,  and  a  turbine  runner  diameter  of  17  ft.  8  in. 
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ANALOGIES  AND  MODELS. 

In  trying  to  account  for  new  phenomena  it  is  customary  to 
make  a  comparison  between  such  phenomena  and  some  old- 
estabHshed  and  long-accepted  facts.  Thus,  when  the  electric 
circuit  is  being  studied  it  is  helpful  to  the  beginner  to  put 
side  bv  side  the  comparison  between  the  electric  current 
and  a  stream  or  current  of  water  in  a  pipe.  Without  this 
analogy  the  investigation  and  application  of  the  laws  of  the 
electric  circuit  would  be  exceedingly  difficult,  and  relatively 
few  people  would  have  the  ability  to  undertake  the  work. 

We  are  of  the  opinion  that  the  hydraulic  analogy  is  not 
carried  far  enough  by  teachers  of  electiical  engineering.  The 
fact  that  materials  can  be  classified  under  the  three  headings : 
Conductors,  resistance  materials  and  non-conductors  or 
insulators,  is  readily  grasped  by  the  beginner  if  he  is 
reminded  that  a  vulcanised-rubber  or  paper  covering  is 
provided  round  a  cable  for  the  same  reason  that  cast-iron  is 
used  for  forming  the  boundary  wall  of  a  hydraulic  main. 
From  experience,  and  without  knowing  the  reason,  he  is 
aware  that  cast-iron  is  a  water-insulator.  He  knows  that  a 
free-bore  pipe  is  a  good  conductor  of  water  ;  that  a  pipe 
more  or  less  choked  offers  more  resistance  to  the  passage  of 
water  through  it  than  the  free-bore  pipe,  and  that  a  pipe 
filled  with  sand  offers  enormous  resistance  to  the  passage  of 
water. 

Valuable  as  the  hydraulic  analogy  undoubtedly  is,  it  is 
only  one  of  several  which  have  been  found  to  make  a  strong 
appeal  to  engineers.  In  some  respects  teachers  of  mechanics 
make  the  mistake  of  giving  to  their  students  the  idea  that 
the  theorems  which  they  are  studying  are  peculiar  to  the 
subject.  This  is  not  the  case.  Take,  for  example,  the  foice 
required  to  accelerate  a  heavy  body.  It  is  now  fairly  well 
known  that  in.stead  of  mechanical  force,  acceleration  and 
mass,  we  can  substitute  electromotive -force  current  accelei- 
ation  and  electromagnetic  mass.  Students  who  have 
ac(|uired  a  certain  degree  of  skill  in  the  solution  of  examples 
of  the  one  kind  quickly  become  expert  in  the  solution  of 
examples  of  the  other  kind.  Problems  in  mechanical 
engineering  involving  complex  space-time  curves  aie 
readily  solved  by  graphical  methods  from  first  principles,  as 
also  are  electrical  jMobleins  in  which  the  current-time  curve 
is  complex. 

One  of  the  mo.st  fascinatiiig  problems  in  mechanics, 
namely,  the  swinging  of  a  pendulum,  or  the  motion  of  a 
lluid  in  a  vertical  U-tube.  if  properly  understood,  can 
iminedint<'ly  be  applied  to  the  parallel  problem  in  electrical 
engineering,  namely,  the  charge  and  discharge  of  a  condenser. 
The  grasping  of  the  idea  that  in  one  case  the  discharge  is 
logarithmic,  and  in  another  trigonometric  is  easy,  provided 
that  a  student  has  pi-eviously  made  experiments  with 
different  liquids  in  the  U-tube.  The  making  of  such 
experiments  convinces  one  that  between  the  two  cases 
there  must  be  a  third  which,  although  belonging  to  neither 
of  the  two  extremes,  marks  the  transition  between  them. 
The  prolilem  of  the  conden.ser  charge  and  discharge  is  one  of 
increasim:  imjiortance  not  merely  on  account  of  its  occurrence 
in  a  particular  branch  of  electrical  activity,  but  because  it  is 
a  fundamental  proprty  of  any  electric  circuit  in  which  the 
conditions  are  varying.  The  phenomena,  which.  ()0  }'^ais 
ago,  needed  the  ma.ster-mind  of  Kelvin  to  predict,  are  now 
]>erfectly  understood  by  many  elementary  students. 

Every  engineer  remembers  the  difficulties  he  encountered 
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l)ef()ieacquiringfaniiliaiitv  vvilli  Hit-  principles  of  iilt(!itiutiii;^ 
cuncnts,  ami  we  fear  that  many,  even  to  this  (hiy,  have  the 
liaziest  of  notions  regaidinji^  the  reasons  why  inductance  and 
capacity  have  such  a  profound  efect  on  an  alternatinf^- 
current  circuit.  To  these  we  would  recommend  the  caieful 
studvof  the  everyday  experiences  of  life  in  connection  with 
mechanics,  and  the  construction  of  models  for  the  purpose  of 
facilitating  such  study.  To  this  end  we  give  elsewhere  a 
highly  instructive  article  by  Prof.  W.  8.  Franklin,  on 
"  Some  Mechanical  Analogies  in  Electricity  and  Magnet- 
ism." Tn  a  footnote  the  opinion  is  expressed  that  the 
student  of  physics  who  is  content  with  a  verbal  statement  is 
hopeless.  With  this  we  are  in  entire  agreement.  To  the 
rank  and  file  the  only  way  of  acquiring  knowledge  is  to 
learn  by  doing,  and  we  hope  that  the  interested  reader  will 
make  the  several  simple  experiments  described  by  Prof. 
Franklin. 

If  mechanical  models  of  the  electric  circuit  v^rere  helpful 
to  Maxwell  it  may  be  taken  for  granted  that  students 
generally  will  find  them  useful,  not  in  order  to  make  the 
subject  easy  by  avoiding  thought  and  mathematical 
analysis,  but  as  a  kind  of  sheet  anchor  which  will  prevent 
them  from  drifting  from  the  subject.  Although  it  is 
erroneous  to  suppose  that  the  properties  of  alternating 
currents  can  be  studied  without  the  use  of  mathematics,  it 
is,  nevertheless,  highly  desirable,  if  not  indispensable,  to 
obtain  clear  physical  conceptions  of  the  phenomena  which 
occur  in  order  properly  to  understand  the  true  meaning  of 
the  mathematical  expressions.  There  are  several  books  in 
which,  while  not  avoiding  the  use  of  mathematics,  the 
foundations  of  alternate-current  theory  are  based  upon 
simple  mechanical  analogies,  and  to  these  the  reader,  who 
has  difficulty  in  understanding  the  elementary  facts  of 
alternating-current  engineering,  and  who  is  prepared  to 
take  mathematics  in  much  the  same  way  as  one  takes 
medicine,  can  turn  both  with  pleasure  and  profit. 


The  •■icctrode  2  is  an  uliuiiinuiiii  rod  of  ciifudar  .section  almost 
touc.liii)g  the  disc.  A  felt  pad  4  is  of  help  in  removing  the  exce.s.s 
water.  When  the  gap  is  properly  regulated  a  peculiar  crack- 
ling an;  arises  and  generates  ahuo.st  continuous  trains  of 
oseijlatious  in  tlie  usual  inductance  capacity  shunt  circuit. 

The  form  of  discharge  in  which  the  gap  is  formed  between 
the  face  of  a  rotating  disc  and  the  end  of  a  blast-carrying  tube 
whose  axis  is  perpendicular  to  tlie  plane  of  the  disc,  is  fani'liar 
to  all  and  has  been  used  in  installations  of  more  than  medium 
])0wer.  One  of  its  defects  is  the  rather  rapid  wearing  of  the 
lip  of  the  tube.  This  is  due  to  the  fact  that  the  eooling  action 
of  the  l)last  does  not  extend  fully  over  the  lip  because  a  sort  of 
"  backwater  "  forms  in  the  air  current.  E.  Oirardeau  and  J. 
Bethenod  give  in  specification  No.  14,884/1914  means  of 
removing  this  defect.  The  disc  P  (Fig.  2)  which  faces  the  end 
of  the  tube  is  now  made  of  only  about  the  sam'i  diameter  as  the 


RECENT  PATENTS  IN  RADIOTELEGRAPHY  AND 
RADIOTELEPHONY. 

BY  W.  ECCLES,  D.SC. 

In  the  past  year  or  two  remarkable  progress  has  been 
witnessed  in  radiotelegraphy  and  radiotelephony,  in  both 
generation  and  detection  of  electric  waves.  The  outstanding 
feature  in  both  divisions  of  the  subject  has  been  the  elaboration 
of  instruments  and  methods  based  on  the  experimentally 
discovered  properties  of  thermionic  currents  in  high  vacua. 
For  many  years  the  prospective  value  of  ionic  currents  and. 
cathode  streams,  in  all  domains  of  technology  where  high- 
frequency  currents  are  the  main  subject  of  manipulation,  has 
been  foreseen  ;  but  it  is  only  during  th.e  past  two  or  three  years, 
and  with  unnecessary  and  surprising  dilatoriness,  that  the 
knowledge  gathered  on  these  subjects  in  the  laboratories 
devoted  to  pure  science  has  been  carried  over  into  the  technical 
laboratories  and  successfully  transmuted  into  practical  processes 
of  tangible  benefit  to  mankind. 

The  following  selection  from  recent  published  patent  specifi- 
cations gives  a  fair  summary  of  the  rise  of  thermionic  currents 
into  practical  importance  ;  processes  and  apparatus  utilising 
currents  in  vacuum  will  be  found  to  form  a  large  proportion 
of  the  selection. 

I.  Transmission. 

F.  di  G.  B.  Marzi,  in  specification  No.  12,259/1914,  describes 
a  discharge  gap  for  producing  electrical  oscillations,  of  which 
the  essential  point  is  that  one  electrode  is  kept  wet  and  moving. 
A  way  of  carrying  out  the  invention  is  shown  in  Fig.  i .  The 
rotating  disc  forms  one  electrode  and  is  wetted  by  the  jet  3. 


Fig.  1. 

tube  T\  and  both  tube  and  disc  are  mounted  axially  in  a  larger 
tube  T"^.  The  blast  is  now  passed  along  the  large  tube  and  no 
portion  of  the  arc  can  shelter  from  the  air  current.  The  size 
of  the  distance  marked  x  is  unimportant,  but  the  diameter  d 
is  important.  Each  of  the  electrodes  may  be  rotated  to  make 
the  wear  more  uniform.  Alternatively,  as  is  set  forth  by  the 
inventors  in  No.  15,031/1914,  the  spark  may  be  kept  rotating 
by  a  magnetic  field  perpendicular  to  it.  In  that  case  the  disc 
electrode  is  made  the  end  of  a  cylindrical  magnet  energised  by 
a  winding  on  the  end  remote  from  the  gap.  An  effective  way 
is  to  connect  the  winding  in  series  with  the  excitation  circuit 
of  the  alternator  and  then  the  magnetic  field  attains  its  mixi- 
mum  value  at  the  proper  moment.  Another  method  suggested 
is  to  produce  the  magnetic  field  by  a  coil  traversed  by  the  h.f. 
current. 

The  Poulsen  arc  does  not  appear  so  prominently  in  the  recent 
Patent  Office  records  as  might  be  expected  in  view  of  the  great 
modern  development  of  this  method  of  telegraphy.  A^  con- 
structional simplification   of  the  arc  generator  is,   however, 
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Fig.  2. 

protected  by  J.  A.  Fleming  in  specification  No.  3,963^  1914. 
In  this  the  carbon  electrode  is  held  vertically  in  heavy  mineral 
oil  with  about  f  in.  protruding,  and  a  copper  vessel  is  inverted 
over  it  to  form  the  anode.  When  the  arc  is  burning  between 
the  carbon  and  the  inside  of  the  copper  hat,  oil  evaporates  and 
supplies  the  tiydrogenous  atmosphere.  Excessive  pressure  of 
the  gas  is  reliev_-d  by  escape  through  small  holes  in  the  hat. 
Several  hats  can  be  put  over  carbon  cathodes  in  the  sam?  od 
tank  and  adjusted  simultaneously  by  suitable  gear.  It  is 
stated  that  four  arcs  burn  well  in  "series  on  220-250  volts  and 
eight  arcs  on  450-500  volts.  .  . 

R.  Arno  gives  details  of  a  mode  of  generating  practically 
continuous  trains  of  oscillations  in  No.  11,928/1914.  The  appa- 
ratus is  virtually  fi  cpmbination  of  a  static  phase  transformer 
with  a  static  voltage  transformer,  and  is  arranged  to  produce 
more  than  30,000  sparks  per  second  equally  spaced  in  time  and 
of  equal  damping.     It  is  most  easdy  explained  by  aid  of  the 
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two-phase  example  shown  in  Fig.  3,  where  the  magnetic  ring 
carries  a  continuous  winding  which  is  fed  with  two-phase 
current  at  equi-distant  places  I.,  I.,  II.,  II.  In  this  case  the  P.D. 
between  the  points  4,  4  differs  in  phase  by  one-eighth  of  a  period 
from  that  between  I.,  I.,  and  the  result  is  a  transformation  from 
a  two-phase  to  a  16-phase  system.  Suppose  that  the  frequency 
of  a  polyphase  current  is  n,  that  the  winding  is  fed  with  N  phases 
at  equi-distant  points,  and  that  tliere  are  K  tappings  ;  then 
if  in  each  derived  circuit  there  is  a  spark  gap,  the  total  number 
of  sparks  will  be  2nNK.     In  order  to  make  the  secondary 


voltage   currents   to   nine   corresponding   oscillatory   circuits 
connected  to  one  and  the  same  h.f.  transformer  J. 

The  vacuum  tube  with  three  electrodes  has  lately  become 
prominent  as  a  generator  of  oscillations.  Arco  and  Meissner 
disclose  a  mode  of  operation  in  specification  No.  252, 1914.  An 
example  is  shown  diagrammatically  in  Fig.  5,  in  which  an 
antenna  is  being  excited.  The  closed  oscillation  circuit  31, 
consisting  of  a  capacitance  29,  and  an  inductance  30,  is  con- 
nected on  the  one  hand  with  the  cathode  2  and  the  control 
electrode  4  through  the  circuit  7  by  coupling  the  winding  30 
with  the  winding  8,  and  on  the  other  hand  with  the  cathode  2 


Hi|i|i|i- 


^P^-r' 
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voltage  liigli  enough  for  s])arking,  two  obvious  alternatives  and  the  anode  3  by  the  circuit  9.  If  the  closed  circuit  31  is 
present  themselves:  First,  th"  input  phases  may  be  trans-  excited  in  any  way  in  its. own  frequency,  for  example  by 
formed  beforehand,  or  second,  the  transformer  may  be  built      charging  the  condenser  29  by  the  source  of  energy  10,  these 


with  two  windings,  one  for  the  feeding  phases  the  other  for  the 
secondary  phases,  so  that  the  transformer  is  a  voltage  as  well 


Fio.  4. 

as  a  phase  trajisfoiiiui .  Aftci  nniarking  that  it.  is  best  to  use 
an  odd  iiumbor  of  phases  the  inventor  recommends  the  svstem 
of  Fig.  1.  Tlie  altcniafor  A  of  1.(MM)  <y^  (,.,-ds  flic  primarv  bv 
means  of  three  connected  pha.se.s.  I..  II.,  III.  The  nine-phase 
w^iondary    supplies    nine    single-phase    disconnected    high 


oscillations  act  through  the  circuit  7  on  the  control  electrode, 
cause  stronger  oscillations  in  the  repeat  circuit  9  and  so  furt.her 
strengthen  the  original  oscillations  in  the  circuit  31.  This 
strengthening  process  is  finally  limited  by  the  absorption  of 
energy  in  the  tube.  The  frequency  of  the  oscillations  is  deter- 
mined by  the  electrical  constants  of  the  oscillation  circuit  31 
and  can  be  adjusted  by  altering  the  condenser  29.  The 
power  of  the  oscillations  depends  on  the  voltage  between  the 
anode  3  and  the  cathode  2.  Since  the  tube  passes  current  in 
only  one  direction,  namely  towards  the  cathode,  the  so-called 
oscillations  in  the  circuit  9  are  really  unidirectional  pulses  of 
current.  Moreover,  if  the  source  of  E.M.F.  be  alternating, 
trains  of  oscillations  are  produced  only  by  one-half  wave  of  the 
E.M.F'.,  and  these  are  separated  by  blank  spaces  during  the 
half-wave  of  opposite  sign. 


^~V.A^SV.-j||||| 


H      ti. 


Fiu.  0. 

rhe  prim  qial  application  t»f  the  generator  just  described  is 
not  to  Nt'udiiig  ••{  signals  tir  to  telepininv  but  (.o  beat  reception, 
which  is  described  below.  It  is  to  be  rennrked  that  although 
a  cathode  covered  with  o.xides  gives  more  copious  emission  of 
(•Icctrons.  yol  when  a  tube  is  to  l)e  used  with  rather  high  P.D. 
for  the  productmii  of  as  strong  o.scillations  as  possible,  the 
volatilisation  of  the  oxide  rapidly  reduces  the  efficiency  of  the 
tube. 

A  somewhit  similar  arrangement  is  seen  in  a  jiatent  No. 
13.21'^  1914.  granltnl  to  Man  onis  Wireless  Telegraph  Company 
and  H.  •)  Hound.  A  double  anode  tube  is  connected  so  that 
the  control  circuit  is  inductively  acted  upon  by  currents  in  the 
repeat  or  magnifying  circuit,  as  in  the  ca,ses  ju.st  described. 
There    are.    however,    in    both    circuits    sources    of    E.M.F. 
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with  ballast  resistance,  and  these  constitute  a  principal  feature. 

Fie.  6  shows  the  connections  well.     In  the  control  circuit  S  is 

the  screen,  F  the  hot  filament,  Ri,  a  ballast  resistance,  5^  a 

source  of  adjustable  E.M.F.,  and  K2P2  ^  capacitance  inductance 

circuit  whose   natural   frequency  determines  the  oscillations 

generated.     The  resistance  R^  and  the  battery  B^  are  shunted 

by  a  condenser  K,  the  object  of  this  arrangement  being  to 

ensure  stability  of  the  current  and  yet  to  allow  the  oscillations 

to  pass  without  loss.     The  most  sensitive  adjustment  is  found 

by  trial  variation  of  R^  and  B^     In  the  repeat  circuit  there  is 

an  oscillatory  flywheel  circuit  K^  P^  tuned  to  the  circuit  K2  P^ 

and  coupled  to  it,  a  source  of  high  E.M.F.  G,  and  a  steadying 

resistance  R^  shunted  by  a  condenser  K^.     If  R^  be  sufficiently 

reduced  an  arc  starts  in  the  bulb,  so  R^  is  usually  adjusted  to 

about  double  this  critical  value. 

A  number  of  tubes  can  be  connected  to  co-operate.  The 
anodes  are  connected  to  the  high  E.M.F.  generator  through 
separate  adjusting  resistances  7?2  (each  with  its  condenser  jK'3) ; 
the  screens  *S'  are  connected  each  through  its  own  R^  B^  K  to 
one  terminal  of  the  K^  P^  c'l'cuit ;  and  the  filaments  are  heated 
from  the  battery  5,  each  having  its  own  separate  rheostat,  and 
connected  to  one  end  of  the  K^  P-2  circuit.  An  application  of 
the  above  apparatus  to  telephony  is  described  below. 

An  improved  method  of  generating  sustained  electrical 
oscillations  is  described  by  F.  K.  Vreeland  in  No.  11,555/1915, 
who  has  discovered  that  the  oscillations  produced  in  a  mercury 
arc  can  be  made  much  more  energetic  by  causing  the  arc  to  be 
concentrated  into  an  intense  stream  instead  of  being  diffused 
throughout  the  tube.  This  concentration  may  be  accomplished 
by  admitting  such  gases  as  hydrogen  or  nitrogen  to  the  tube  in 


inductances  and  two  condensers,  so  that  the  central  point  20 
can,  if  desired,  be  connected  to  the  cathode  terminal.  The  two 
arcs  13,  14  and  13, 15,  act  on  the  oscillatory  circuit  in  opposite 
senses,  the  current  increasing  in  one  when  it  is  decreasing  in  the 
other,  and  these  simultaneous  actions  at  opposite  ends  of  the 
oscillating  circuit  produce  a  cumulative  effect.  The  prin- 
cipal advantage  of  this  arrangement  over  a  single  arc  is  that 
the  cathode  is  eliminated  from  the  oscillating  circuit,  and, 
therefore,  the  surface  drop  of  cathode  potential  is  avoided. 

An  interesting  type  of  high-frequency  alternator  is  proposed 
by  A.  Heyland  in  specification  No.  17,331/1914.  The  essence 
of  the  invention  is  that  the  active  stator  and  rotor  surfaces  are 
differently  subdivided  in  the  direction  of  their  movement,  so 
that  when  one  segment  of  the  rotor  iron  is  bridging  the  gap 
between  two  poles  or  teeth  the  next  segment  is  not  bridging 
the  next  gap,-  but  is  facing  one  of  the  poles  or  teeth.  Figs.  8 
and  9  show  two  arrangements  as  examples.  In  Fig.  8  S  is  the 
stator,  R  the  rotor.     The  poles  of  the  stator  are  indicated  by 
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Fig.  7. 


proper  quantity,  and  may  be  assisted  if  desired  by  applying  an 
axial  magnetic  field.  The  inventor  prefers  to  take  a  highly- 
exhausted  quartz  tube  with  mercury  electrodes,  and  then, 
after  establishing  the  arc,  to  admit  a  small  amount  of  the  gas. 
The  arc  concentrates  into  a  bright  hot  stream,  and  the  terminal 
voltage  is  increased.  Soon  the  gas  disappears,  and  the  arc 
becomes  diffused  again.  Another  addition  of  gas  is  then  made 
with  a  similar  result,  and  the  process  is  repeated  until  absorp- 
tion of  gas  ceases,  and  the  arc  remains  concentrated.  The 
intensity  and  temperature  of  the  arc  and  the  voltage  required 
to  maintain  it  depend  upon  the  pressure  of  gas  in  the  tube. 
In  general,  the  arc  becomes  brighter  and  hotter  and  the  ter- 
mmal  voltage  increases  as  the  gas  pressure  rises  ;  but  the  tube 
will  generate  oscillations  in  an  oscillatory  shunt  circuit  over  a . 
wide  range  of  gas  pressures.  As  an  example,  the  inventor 
states  that  tubes  with  from  5  cm.  to  10  cm.  between  anode  and 
cathode  and  containing  hydrogen  at  a  pressure  in  the  cold 
tubes  of  from  |  mm.  to  2  mm.  of  mercury,  operate  very  satis- 
factorily with  an  applied  terminal  voltage  of  from  75  to  500 
volts.  As  a  rule  there  is  a  minimum  value  of  the  current 
below  which  the  tube  does  not  operate  satisfactorily.  A 
quartz  tube  having  a  diameter  of  5  cm.  and  a  length  of  15  cm., 
from  which  the  heat  is  carried  off  by  an  air  blast  or  an  oil 
bath,  will  usually  carry  a  current  of  from  10  to  15  amperes 
in  a  stream  7  cm.  long,  whose  apparent  diameter  is  less  than 
5  mm.  Fig.  7  shows  the  design  recommended  by  the  inventor. 
Here  there  is  a  double  arc  having  a  single  cathode  13  and  two 
anodes  14,  15.  An  oscillatory  circuit  16, 17,  18,  19  is  shunted 
across  the  anodes.     It  is  shown  in  the  sketch  as  containing  two 
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Fig.  8. 

numerals  1,  2,  3,  4,  ....  The  winding  a  a  in  which  the  high- 
frequency  current  is  generated  is  so  connected  that  a  steady 
current  fed  into  it  makes  the  stator  poles  on  which  it  is  wound 
alternately  N  and  S.  In  Fig.  8  the  rotor  teeth  h  h  have  a 
pitch  one  half  the  pole  pitch  of  the  stator.  Thus  the  flux  leav- 
ing pole  3  traverses  the  tips  of  the  rotor  teeth  h  h  and  enters 
poles  2  and  4.  In  another  position  half  the  rotor  pitch  forward, 
a  rotor  slot  is  opposite  a  stator  slot  and,  apart  from  leakage,  the 
only  magnetic  bridging  is  the  path  of  much  greater  reluctance 
offered  by  the  teeth  and  body  of  the  rotor.  By  placing  a 
winding  of  copper  in  the  rotor  slots,  as  indicated  by  d  d  and 
cross-hatching,  the  field  of  the  rotor  is  neutralised  by  the  in- 
duced currents.  Another  arrangement  of  copper  and  iron  is 
shown  on  the  right  of  the  figure,  where  the  iron  bridge  pieces 
c  c  are  inserted  in  a  conducting  body.  In  this  case  the  counter 
ampere-turns  are  produced  in  the  solid  metal. 

Fis:.  9  shows  another  construction.  The  stator  has  alternate 
teeth  of  different  widths,  and  the  rotor  has  a  slot  pitch  equal  to 
the  larger  slot  pitch  of  the  stator  and  doijble  the  smaller  slot 
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pitch.  In  the  position  shown  the  flux  circuit  of  the  pole  4  is 
closed  over  b  b  and  the  poles  3,  5,  while  the  magnetic  circuits 
of  poles  2,  6  ai"'-.  longer,  being  through  the  rotor  body.  Condi- 
tions are  exchanged  on  moving  the  rotor  forward  by  half  of  its 
pitch.  Thus,  the  flux  in  pole  2  pulsates  in  opposite  phase  to 
that  in  pole  4,  while  the  flux  in  poles  1,  3,  5  does  not  pulsate. 
The  winding  a  a  on  poles  2,  4,  6  is  connected  as  if  these  poles 
were  of  alternate  polarity,  and  therefore  the  induced  E.M.F.s  are 
added.  For  excitation  there  is  a  winding,  e  e,  arranged  so  that 
poles  1,  3,  5  become  north  poles,  and  2,  4,  6  south.  No  E.M.F. 
is  induced  in  this  winding,  since  the  flux  pulsations  are  confined 
to  poles  2,  4,  6.  The  inventor  lays  stress  on  the  advantage  his 
design  possesses  of  having  closed  windings  on  the  rotor  ;  these 
counter  ampere-turns  serve  to  reduce  the  rotor  dispersion  and 
to  carry  compensation  currents  corresponding  to  the  load. 

{To  be  concluded.) 
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CORRESPONDENCE. 


ABACS  FOR  ELECTRICAL  CALCULATIONS. 

TO   THE    EDITORS    OF   THE    ELECTRICIAN. 

I  have  read  with  interest,  in  vour  issue  of  the  14th  inst.,  the 
Leading  Article  and  fontrihution  bv  M.  Castex  on  the  use  o' 


A  disadvantage  attached  to  an  alignment  chart  using  an 
unsealed  line  of  pivots  is  that  the  point  of  intersection  must 
be  marked  in  a  definite  manner  for  each  calculation,  and  after 
a  series  of  calculations  the  pivot  line  is  liable  to  be  so  marked 
as  to  be  almost  useless. 

In  the  accompanying  example  this  is  avoided  bv  making 
the  support  or  pivot  line  represent  some  useful  factor  not 
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I.    To  find   Curretll.  Cfl'tH 
BMP.  01  Afotnr'..nnd  VnJiorr 
at   Motors,     i 
edpe  touchi: 
at  the  corn-.  :,,..,  ,  ,i,„. 

The  Int'Tcept  on  Stale  B 
v.ill  pivt  the  orrcct  current. 

I  A.  To  find  B.H.  P.  or  VoH- 
age,  Giiien  Voll%  and  Current, 
or  B.H.  F'.  and  Current.  Pro- 
coed  on  simil.tr  line-,  a?  (or 
current.  reidinK  the  result 
on  thescalcfor  the  quantity 
required^ 


It.  Tofi»dCurrf>^l  Density. 

viuen  Curren'andSUeof  Core. 

a  s'.r.-iiiThtedge  across 

B  and  H  at  thecorrect 

.  . .   ii  values. 

The  Intercept  on  Sc.tIc  D 
will  give  the  correct  CD. 

IIa.  To  find  Current  or  Sue 
of  Core,  given  CD.  and  Size  of 
Core,  or  C.  D   and  Current.  - 

r  '  .inf:  the  I 

to  find 


III.  To  find  Resistance  of        IV. 
Cable,  gii.en  Length  of  Run.     Coble 
and  Size  of   Cable.     Lay    a'  re' 
straight-edge  across  Scales  F     rr 
and   H   at  the  correct  given         1 
values.     The    intercept    on  ' 
ScileCwill  give  the  corroct    Tl. 
resistance  of  1  core.  to- 

IIIa.  Tofird  Length  of  fun  ,  en! 
or  Size  of  Cable,  c  en  Sue  ot 
Cable  and  Total  Resistance, or 
Length  of  Run  and  Total  Re- 
SI  stance.— Proi:ted  a.":  above, 
using  the  tw/o  given  quantitier- 
to  flrd  themissingquantitie^ 


ScllcGrepresents  Resistance  of   1   cable 
in  ohms. 
..     H         „  Size  of  Cable.    SW  a 

and  Sectional  Area. 

To  find  Volt  Dropin  Line, given  B.H  .P.  atMotors,  Voltage  at  Motors. Site  o1 

n-d  I.rngti'  ot  Run.  -(1)   Find   current  as  indicated  in  I.     (2)   Find  total 

indicated  in  III.     (3)  Lay  a  straight-edge  across  current  and  total 

-'  --:  Sc.-\le  E  <;ives  the  VoM  Drop. 

It  is  required  to  transmit  750  h.  P.  for  a  distance  of  2,000  yds 

■T.'itation  is  2.200  volts  three-phase.     Find  the  size  of  cable 

'  motors,  and  check  the  current  density  to  make  sure  the 


Instuittions  ton  Usisd  Caijle  Cii 


MtT. 


I 


Fiom  Si*le  B.     Current     230  .-imperej  per  phare. 
E      Volt  Drop     ?00  volts. 

C.  Resistance  -  0-51  ohms. 
H.     Sizeof  Cable     19'MSW.G. 

D.  Current  Density     2.700  amperes  pfrsqi:   ■-■--'• 
r  -  A  cable  chosen  from  a  Volt  Drop  of  200  volts  will  b' 

:ri- .1  ^-jt  1" -Ai-h  a  curren' '^"'■-■'■■^'    'kO  .T^ircres  riersquarc  .:._...    .. 
'■  me  with  ."  'orr. 

(  n  R  -.  Voltdrop=80. 

Ar.iwt:  -  &0  volti. 


■at 


silignmont  chiirtH  or  almcR  fm  .1. if  Heal  prolOemfl.  and  ench»Rc 
hcifwilh  ail  }il)iir  for  (|iii(k-|y  i  alcnlating  the  correct  size  of 
niltif  to  transmit  |k>wit  ovim-  t<in>paiiitiv»»lv  short  distanrcs 
on  Ihc  t\v»»-wir»'  diient-rurrciit  or  tliifc-wiie  three  fihasf 
l)iiliiii( cd  altcmiitini^-ciirrcnt  8V.><tpni. 
The  chart,  siibiniitcd  leprescnta  the  equation 

»      A     .1     '^'       •  •     <" 

where      I'     \<ilt  diop  in  cabhv 

^  -voltajje  at  load  elul  of  fccdci 
^^powcr  dolivcu'd  to  load-ciid  of  fccdi-r. 
/>— length  of  the  c oiidiictor. 
/l=cro8s-8ectiona!  iiroa  of  the  conductor, 
/^i— constant  dependent  upon  units  selected  for  //.  L 
and  A. 
Till'  value  us.sigii«'d  tt^  A",  is  intli«-{»ted  bnlow. 


indicated  in  the  original  etpiation.     This  is  easily  done  by  con 
structinn  tho  chart  from  first  i)rinciples  thus  :  - 

Volts   drop    (I*)-  current    in    amperes    (C)  \  resistance    {R) 

>  constant  (K.^). 
A?  — tK)tal  resistance  of  one  core  in  (duns. 
A'j-two  for  D.C.  svstem  ".  1-732  for  three-phase 
syst'eni. 
Tins  pcju-ltinn  is  represented  bv  scales  K.  B  and  (i. 

Again. 
«  ^  .  Brake  l»orKe-|)o\ver  x746 

'  Volts  (A')  -.  Kmy.(»/)  X  I*.F.(co8  9)  x  K3 

in  this  etjuation  the 

KtTy      0-H3  f(.r  both  systems. 

Cos^     onrfor  D.C.  nvst^ni;  0•^^l  for  threc-]>hase  system. 
S       oui- forD.C.  nvstem  :  1.732  f<tr  (lure  phase  s\'8t em. 
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The  values  chosen  for  the  efficiencies  and  power  factors  repre- 
sent an  average  motor  load. 

This  equation  is  represented  by  scales  A,  B  and  C. 

Secondly, 

where 

i=length  of  run  in  yards, 
/•^resistance  of  one  conductor  in  ohms  per  1,000  yds. 

=  — J-  where  A  =area  of  cross-section  for  copper  condr. 

This  equation  is  solved  by  means  of  scales  F,  G  and  H,  but 
scale  H  is  graduated  in  cross-.sectional  area  of  copper  eun- 
diictors  instead  of  ohms  per  1,000  yds. 

By  proceeding  through  the  three  sets  of  scales  mentioned 
above  equation  (1)  is  solved,  and  in  addition  the  working 
ciirront  and  conductoi'  resistance  are  also  known.  Using  tlie 
al)ove  symbols  and  units,  the  value  of  A\for  the  direct-current 
svsteni  is  0-045  and  for  the  three-phase  alternating-current 
system  is  0-028. 

An  eighth  scale,  D,  is  also  added,  so  that  the  current  density 
can  be  easily  found  from  the  current  on  scale  B  and  the  area  on 
scale  H. 

Sketty,  Glam.,  July  17.  C.  Howard. 


PATENT  LAW  REFORM. 


ENGINEERING  EDUCATION  AND  RESEARCH. 

TO    THE    EDITORS    OF    THE    ELECTRICIAN. 

My  attention  has  been  drawn  to  a  letter  by  Mr.  A.  G.  Ellis 
in  your  issue  of  July  14th.  Mr.  Ellis  states  that  in  a  report  on 
Engineering  Education  and  Research  recently  issued  by  the 
Council  for  Organising  British  Engineering  Industry  ''  there 
is  one  class  of  technical  man  who  is  not  directly  catered  for." 
Mr.  Ellis  goes  on  to  say  that  on  the  Continent  such  positions 
as  he  has  in  mind  are  filled  by  men  described  as  ''  Techniker," 
who  are  usually  i  en  who  have  spent  two  complete  years  at  a 
technical    school — the    ''  Technikum."     The    technikums    of 


At  the  conference  of  the  Society  of  Chemical  Industry-,  which  was 
helrl  at  E(liiil)iitg!i  hist  week,  the  principal  subject  of  discusHion  at 
one  of  the  sittings  was  j»atent  law. 

Mr.  J.  \V.  fJoROoN,  K.C,  read  the  first  F*aper  on  '"  The  Overhauling  of 
Our  I'afcnt  Law."'      lie  said  that  mir  patent  law  coidd  l)e  family  reduce<l 
to  an  extremely  siniplc  foiin,  in  whicii  the  jiatent  grant  might  be  expe<ted 
to  produce  a  m.aximum  of  i)ublii-.  aflvantage,  by  reducing  the  grant  to  a 
<Hialifi('d  mf)no])o!y  which  would  in  all  cases  (confer  u])on  the  patentee  the 
right  tf)  uraiit  licences,  but  only  in  exceptional  cases  the  right  to  restrain 
by  an  injunction  the  use  of  \hr.  invention.     This  reform  was  urgent,  and 
if  carried  out  it  might  be  accom|)anied  liy  a  repeal  of  the  intricate  legis- 
lation and  vexatious  penalties  of  the  last  i'atent  Act.     The  ])atentee 
would  then  be  in  the  jjosition,  that,  by  promoting  the  use  of  his  invention 
ho  would  be  turning  his  patent  right  to  value,  whcrea.s  he  could  derive 
no  profit  from  it  by  su))])ressing  the  use  of  the  invention  within  the  realm. 
Mr.  W.  K.  Reid  read  a  Paper  on    "  The  InfiueiKc  of  Patent  Laws  upon 
Lulustry."     Accoiding  to  tlu^  author,  the  Patent  Office  was  one  of  the 
greatest  of  the  many  failures  of  the  J'.oard  of  Trade,  and  IJritish  inventors 
could  have  no  chance  in  competition  with  their  foreign  rivals  until  it  was 
coin])letcly  rc-organised.     Our  i^resent  enemies  and  future  trade  rivals 
found  a  most  efficient  weapon  against  us  in  our  own  jiatent  law.      When 
])eace  was  declared  the  old  states  of  affairs  would  continue  if  we  did  not 
sto])  it.      In  his  o])inion,   the  whole  management   of  the  Patent   Office 
should  be  re-organised.     It  should  have  as  its  head  a  man  of  the  highest 
scientific  and  technical  training.  ])referably  one  with  some  knowledge  of 
English  words  and  their  meanings.     If  he  had  some  cxjierience  of  Briti.sh 
industry  so  nnicli  the  better.     A   mere  university  training  was  quite 
insufficient  for  the  head  of  an  establishment  dealing  with  complicated 
technical    and    industiial    matters.     The    inventor    shf)uld    be    treate<l 
sympathetically  and  not  merely  as  an  individual  from  wlumi  exces.sive 
fees  were  to  be  extracted. 

Mr.  W.  P.  Thomson,  in  a  Paper  on  "  Some  of  the  Disadvantages  of  the 
Present  Patent  Law.'  said  the  main  disadvantages  were  that  a  vast 
number  of  patents  suffeied  an  untimely  death  through  the  heavy  annual 
taxes  which  the  inventors  often  found  it  difficult  to  pay  ;  the  tremendous 
law  costs  at  present  necessary  in  fighting  patent  actions ;  the  unsatis- 
factory way  of  assessing  costs  and  damages  in  these  actions  ;  the  opening 
left  to  fraud  and  useless  expense,  caused  by  our  .system  of  provisional 
protection  ;  the  uselessness  and,  indeed,  })ernicious  nature  of  the  com- 
pulsory working  laws  as  at  present  exi.sting  ;  and  the  shortness  of  the 
duration  of  patents.  The  tremendous  costs  of  English  courts  were  pro- 
verbial, and  patent  cases  were  more  costly  than  any,  owing  to  our  judges, 
and  very  frequently  the  lawyers  also,  having  very  little  acquaintance 
with  science.  The  d"iiference,  indeed,  between  the  cost  of  German  patent 
lawandoi  English  was  extraordinary.     In  theGermanCourtof  Appeal  in 


Switzerland  and  Bavaria  correspond  closely  with  the  "  senior 

technical  school  "  referred  to  on  page  6  of  the  Council's  report,      patent  cases  they  picked  from  among  their  body  one  la-nn,'er  and  four 

and  shown  in  the  diagram  on  page  27  of  that  report  as  pro-      scientific  men,  moreor  less  acquainted  with  that  particular  line  of  science, 

viding  a  two  years'  course  for  young  men  between  the  ages  of 
16  and  18.  The  importance  of  the  senior  tecbnical  school  is 
further  emphasised  in  the  "  Interim  Report  of  the  Consultative 
Committee  on  Scholarships  for  Higher  Education,"  recently 
issued  by  the  Board  of  Education.  But,  as  your  correspondent 
indicates,  and  as  is  emphasised  in  the  report  of  the  Council  for 
Organising  British  Engineering  Industry,  as  well  as  in  the 
Government  document  to  which  reference  has  just  been  nnide, 
the  senior  technical  school  is  not  to  be  confused  with  a  univer- 
sity or  college  of  university  rank. 
Manchester,  July  22.  J.  C.  Maxwell  Garnett. 

Principal  of  the  School  of  Technology  and 

Dean  of  the  Faculty  of  Technology  in  the 
University  of  Manchester. 


NEGLECT  OF  SCIENCE. 

TO  THE  EDITORS  OF  THE  ELECTRICIAN. 

At  the  last  meeting  of  the  Committee  on  the  Neglect  of 
Science  it  was  decided  to  collect  well  authenticated  cases  in 
which  the  neglect  of  science  by  officials,  firms  or  individuals 
had  caused  loss  or  damage  to  tlie  nation,  films  or  persons.  If 
you  and  your  readers  can  assist  in  this  matter  it  will  be  much 
appreciated.  Precise  information  is  re({uired  as  it  is  desired 
to  quote  ''  chapter  and  verse  "'  in  each  case.  This  naturally 
makes  it  difficult  to  obtain  the  recpiired  information,  but  it  will 
readily  be  seen  that  without  such  full  particulars  the  examples 
would  be  of  little  value.  The  Simpson  Lever  Chain  is  a  case 
in  point. 

25,  Victoria-street,  Alfred  S.  E.  Ackermann, 

Westminster,  July  20.  Hon.  Treasurer. 

[We  would  ask  our  readers  who  know  of  such  cases  to  com" 
municate  direct  with  Mr.  Aclfermann.— Eds.  E.] 


with  })ower  to  (^all  in  an  assessor.  Neither  side  was  allowed  to  call 
scientific  experts  ((ua  ex]ierts.  The  result  was  that  law  actions  there 
cost  much  less  in  shillings  than  in  England  they  tlid  in  jiounds.  and  the 
decision  was  much  more  satisfat^tory.  Great  Britain  had,  with  the 
exception  of  a  f(>\v  smaller  countiies,  the  .shortest  duration  of  i)atents  of 
any  country  and  the  tendency  in  new  laws  abroad  was  to  extend  the 
time  rather  than  lessen  it. 

Dr.  Kke  said  that  thanks  to  the  quick  perception  of  Mr.  Lloyd  George, 
they  got  (U)mi)ulsory  working.  Works  were  started  in  this  country  to 
carry  out  the  provisions  of  the  1!)07  Act,  ami  in  several  cases  actual 
manufacture  was  commenced.  The  indigo  u.sed  in  this  country  up  to  the 
time  of  the  outbreak  of  the  war  was  almost  exclusively  ])roduced  in  this 
coiuitry  at  the  works  of  Meister,  Lucius  &  Bruning.  a  coruern  which  was 
to  all  intents  and  purposes  a  German  one.  That  was  an  illustration  of 
the  advantages  we  had  secured,  thanks  to  this  compulsory  working  claiise. 
He  thought  the  community  generally  and  professional  men,  and  also  the 
great  body  of  working  men,  sup])orted  compulsory  working  as  against 
compulsory  licensing,  because  they  realised  that  it  woukl  mean  bringing 
intlustry  to  this  country.  Yet  very  few  of  these  important  Cicrman 
patents  ^ere  working  on  a  conunercial  scale  in  this  country.  He  did  not 
think  that  this  conqnUsorv  working  that  was  mtroduccd  in  the  HIOT  Act 
would  have  met  the  difficidties  of  the  case,  but  it  was  nu)st  unfortunate 
that  Lord  Parker  gave  a  decision  which  resulted  practically  in  the  annul- 
ling of  that  section  of  the  Act.  If  they  coukl  not  have  some  satisfactory 
substitute  to  compulsory  working,  especially  of  foreign-owned  ph'ents, 
it  would  be  better  for  us  not  to  have  any  chemical  patents  at  all. 

Prof.  Armstrono  said  it  was  well  known  that  (iermau  manufjicturers 
had  long  ceasul  to  bring  infringement  actions  against  one  ivnother  m  this 
<<)untrv.  If  that  was  the  case  when  they  had  two  or  three  German 
tiroups.  now  when  thev  had  onlv  one,  there  would  be  absolute  unanimity. 
and  the  ipiestion  was  now  whether  there  should  not  be  agreement  ai  long 
manufacturers  that  they  were  not  goiim  to  fight  with  one  another  hut 
to  combine.  One  direction  in  which  they  ought  to  take  some  action  was 
in  the  matter  of  ••  blocking"  i)atents.  blocking  the  siile  tracks  leading  to 
a  primarv  invention.  That  was  the  most  infernal  form  of  interference 
from  whi^h  thev  weresufferinu.  Thev  ought  to  do  justice  to  the  Germans 
who  had  taken  a  hisjh  moral  view  of  tlieir  obligations  under  our  Act  wlien 
t  hey  set  to  work  to^nake  indiuo  in  this  country.  Others  put  up  a  faetor> 
which  never  was  a  factoiv  in  anv  sense  of  the  term.  They  were  mncft 
more  -  cutely"  advised.  "  They  had  English  agents  in  their  employ  who 
understood  the  siluation  much  better. 
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LEGAL  INTELLIGENCE. 

Metropolitan  Railway  Co.  v.  H.M.  Po3tmaster-General. 

On  Monday  the  Kailway  &  Canal  Commission  (.Mr.  Justice  Lush,  Mr. 
A.  E.  Gathorno- Hardy  and  .Sir  James  VVoodhouse)  heard  this  case  which 
arose  out  of  a  difference  between  the  parties  with  reference  to  the  con- 
struction a:id  maintenance  of  teiegraph  wires  alonj^  the  railway. 

Mr.  Harold  Murphy  a])f)o,a:-ed  foi'  the  Postmaster-General;  and  Mr. 
F.  G.  Thomas  for  the  ?ljtropolita:i  liailway  Co. 

By  an  agreement  of  May  30,  1883,  between  the  Aylcsburj'  &  Bucking 
ham  Kailway  Co.  and  I'c  Po.stmaster-General  the  <;ompany  {inler  alia) 
granted  to  the  Postmaster-General,  exclusive  liberty  to  construct  and 
maintain  telegraph  lines  along  the  conijiany's  railway,  with  ))ermission 
to  enter  at  any  timeon  the  rom]iany's  ]ircnii.-c:.  to  do  anything  that 
might  bo  necessary  for  that  purpose.  Clause  8  of  the  agreement  jiro- 
vi(i('d  that  the  com])any  should  o!i  tlu-  request  of  the  Poslmasier-CJenera! 
(or  of  one  of  the  secretaries  or  assistant  secretaries  of  the  Post  (Jlficc  for 
the  time  being  or  of  the  engineer  or  other  <luly  ajthorised  officer  of  the 
Postmastcr-(;eneral)  (-onvey  free  of  charge  over  their  system  of  railways 
all  stores  int(^•!ded  to  be  used  by  or  on  behalf  of  the  I'ostmaster-General 
in  the  consti  iiction,  maintenance,  or  repair  of  the  lines  of  tG'.j'graph  of 
the  Po.stmaster-(ieneral,  including  the  wires  and  instruments  ])rovi(lcd 
frjr  the  use  of  the  comi)any,  and  all  persons  for  the  time  being  engaged  in 
the  construction,  management,  maintenance.  i-e])air.  or  inspection  'jf  the 
said  lines  of  telcgraiih  or  any  of  them.  The  Aylesbury  &  Buckingham 
Mailway  was  absorljcd  by  the  .Metrojiolitan  Comi)any  in  1891,  a::d  the 
Metrojiolitan  Company  contended  that  the  above  clau.se  only  conferred 
a  right  of  free  conveyance  of  men  engaged  on  a-id  stores  recjuired  for  the 
construction,  maintenance  and  supervision  of  the  telegraphs  of  the 
Postmaster-fieneral  on  the  Aylesbury  &  Buckingham  Railway,  and  on 
that  railway  only.  The  !'ostnmster-(Jeneral  maintained  that  the  clau.'c 
was  U'irestrictefl  and  that  he  was  entitled  to  free  conveyance  over  the 
railwaj'  of  all  stores  for  the  construct io!i  an<l  maintenance  of  his  lines  of 
telcgraj)h  wheresoever  situated  an<l  of  all  ]>ersons  engaged  in  the  con- 
struction, maintenance  an<l  inspection  of  a.ny  of  those  lines. 

Mr.  .MiRl'iiY  submitted  that  as  the  wording  of  tlie  clause  was  general 
it  must  havr;  a  wider  meaning  than  the  words  which  ocuurred  in  other 
parts  f)f  the  a','rccmcnt.  whi<li  referred  always  to  "  the  lines  of  telegraph 
on  the  system  of  railwavs  of  the  company." 

Mr.  TiroMAs  argued  that  the  const ruut ion  contended  for  was  unreason- 
able. It  was  never  inte:ided  that  stores  and  men  should  be  conveyed 
by  the  railway  without  jiayment  to  erect  or  re|)air  a  line  of  telegraph  in  a 
difTerent  part  of  the  country  to  which  that  railway  ha<l  no  access. 

.Mr.  .lusticcr  F.isn,  after  stating  the  fa'ts,  said  that  in  his  o])inion  the 
argument  for  the  I'ost master-CJeneral  failed.  He  thought  that  clause  8 
must  only  mean  that  if  it  were  necessary  to  send  stores  and  me:i  over  the 
railway  for  the  jjurposes  of  the  tclegrajih  lines  which  were  the  subject  of 
the  agreement,  such  stores  and  men  should  be  carried  without  charge, 
In  construing  the  clause  they  must  kee])  in  mind  the  subject-matter  of 
the  whol(!  agreement,  and  that  subject-matter  was  the  telegraph  lines 
along  that  ))articular  railway  and  nothing  else.  If  it  luwl  been  intended 
to  give  to  th(!  Postmaster-d'eneral  the  unrestricted  right  which  was  i;ow 
claimed,  clear  language  would  have  been  em])loyed  for  the  purjjose. 

The  other  mcnibcns  of  the  Court  agreed. 


Alien  Enemy  Patents. 

In  the  Patents  Court  last  week  .Miss  E.  J.  Smith,  of  Willesden,  a))])lied 
for  a  licence  t<i  use  patent  1l,(i3<>,  of  lOlO,  granti d  to  Dr.  J.  Milliter, 
of  \'(«iina,  for  an  electrolytic  process  for  obtaining  caustic  ))otash.  It 
was  htatcd  thiit  the  Uillitcr  ]>atent  covered  a  process  for  electrolysing 
li(piids  with  cathodes  arrangi  d  in  strips  and  i)rovidctl  with  covers  for 
carrying  away  ga.s  and  pernn'able  to  current,  the  cover  enclosing  the 
cathrKlc  on  all  sides  like  a  sa<'k.  Modiiications  jirovided  for  membranes 
complctrly  surroun<ling  thf  <.atho<les  in  the  form  of  tubes  so  that  the 
ciitl^idc  ]iroduct  cM'apcd  only  by  dilTiision  (»r  eleitio-ditlusion  ;  tubes  of 
asl)''stos  fibre  and  a  membrane,  |)vriiit'al)|e  to  curnnit,  stretched  ovc  .• 
(he  I  lectrodes  by  weighting  with  heavy  bodies  or  nnnlering  the  cathodes 
resilient  liy  springs  to  pii-vent  the  fomiatiou  of  detrimental  alterations 
of  siiap:"  or  detrimental  ga'«  hj)m'.e8. 

The  applicant  cxplaini'il  that,  she  desirc<I  to  p-.xluce  caustic  jiotivsh 
ell ctrolyt  ically  as  a  stagi-  in  the  ma;iufa<'ture  of  potas.siuui  |Mnnnanga!iate. 
She  expcetid  to  manufiiclurc  witliout  diflirulty.  though  her  work  up  to 
the  present  in  this  dirtction  had  bi'cn  |iriiicipally  exjK'rimental.  S!i" 
did  not  propos'.'  to  put  cauntie  potii-ih  on  the  market.  She  wishe<l  to  use 
the  liillitcr  cell  simjily  to  mannfaiMuii-  potassium  i>ermanganate  for  which 
th  re  was  a  large  .sale  ;  aTid  the  (JuviTjinvnt,  wliini  they  ordi  rcil  it,  issued 
orders  for  '2((  Ions  at  a  time.  It  was  used  in  the  tn-nclies  and  all  (he 
military  hosjiitals  as  a  di';inf(  cfant,  an<l  was  (she  lielieved)  also  used  to 
refine  oil  for  a-n-oplanes.     She  p\irposed  .stiir(ing  with  a  inanufa<ture  of 

half  a  ton  per  w  cU.  a'd  int '■  •'  '"  ^   -•  I'l  a  2  kw.  dynamo  ■'  "1  ■  ' '.  i'  r. 

gas  engine. 

The  CiiNTiuH.i.KU  inipiind  a-  \o  \i\<-  n.yalty. 

Ai'iM.UANr  answered  (hat  (he  ^latetitee  had  nfil  nflnrded  her  r.ny  too 
])reci.se  d.-tails  n  his  s]MMiHca(ion.  and  she  did  not  think  that  anything 
but  a  !;m{'.ll  royalty  sh.ould  lie  paid.  Then*  would  be  a  i  onsi(lerab|e 
amount  of  experimenting  in  several  directions  by  her  eluMnist  and  herself. 

The  CoNTK()i>i.ici{  :  Then  (hen>  an-  not  .sufficient  instructions  ?  That 
is  very  iiossible.  We  know  (hese  s|M'cifiea(ions  do  no(  usually  go  beyon<l 
a  certain  limit. 

The  ,\i  I  i.K  ANT  :  Tiie  patentee  does  not  diseus,«i  the  amount  of  rurrrnt 
nor  the  i-clation  of  oulinil.  'I'lvre  is  nothing  to  base  royalty  upoi.  1 
shall  have  to  i-xperiment,  though  1  have  a  rough  idea  what  (oexjx'ct. 

Sir  CoiiNin.ns  Walton  :  And  what  will  your  elect  rieal  app.tratiis  cost? 


Mi.ss  Smith  readied  that  the  dynamo,  gas  engine  and  accessories  would 
probably  cost  £130.  The  price  of  potassium  permanganate  was  fluctuat- 
ing. At  the  moment  on  the  market  it  was  8s.  a  pound,  but  it  might  come 
down  to  Oi<L  as  it  was  before  the  war. 

On  behalf  of  the  patentee,  Mr.  Tennant,  chartered  patent  agent, 
suggested  that  the  dynamo  would  not  be  installed  for  this  purpose  only, 
but  for  general  u-e  in  the  chemical  works. 

The  Ai'i'LicAXT  :  I  am  not  going  to  use  the  d3'namo  for  aiy thing  else 
than  to  make  caustic  potash. 

The  ("oNTROLi-KK  :  Then  what  do  you  say  the  royalty  should  be  ? 

Miss  Smith  :  I  will  offer  1  per  cent.  In  Germany  the  material  was  a 
by-product  of  the  potash  works.  They  made  the  permanganate  there  on 
the  spot.     It  is  as  cheap  in  Germany  as  salt  :s  m  England. 

The  Controller  :  We  shall  report  to  the  Board  of  Trade  favourably 
to  your  appli'-ation  and  the  Hoard  will  then  communicate  with  you.  Th? 
rovaltv  fitfiirc  mav  be  altered  after  th'-  war.    - 


"  Live  Stud  "  Case  at  Lincoln. 

At  Lincoln  County  Court  last  week.  Judge  Sir  Shcrslon  Baker  and  a 
jury  heard  an  a<tion  brought  by  Mr.  Wm.  Wright,  farmer  and  contractor, 
against  I.,i;!ioln  Corjioration  for  £72.  3s.,  com]>ensation  for  the  loss  of  a 
horse,  which.  ]>laintiff  alleged,  had  been  destroyed  owing  to  the  effects 
of  the  animal  striking  a  live  stud  in  the  G.B.  .surface  contact  .system. 

Mr.  C.  E.  OvKK.  for  ])laintiff,  stated  that  on  Feb.  25  plaintiffs  horse 
and  cart  j)ass< d  along  Hraciltridge  High-street.  Tho  snow  had  been 
cleared  off  the  tram  track,  and  the  only  route  was  along  the  tram  line. 
On  reaching  th'-  tram  shed  the  animal  apparently  .stepix-d  on  a  live  stud 
and  received  a  violent  shock,  which  threw  it  down.  It  was  got  home  but 
had  to  be  destroyed  on  March  2.j.  If  defendants  allowed  a  stud  charged 
with  electricity  to  be  exposed  it  showed  gross  neglect,  and  the  least  they 
could  do  was  to  take  the  precaution  to  keep  people  away  until  it  was  put 
into  ])ro|)<  r  condition. 

Charlks  l)i  xcombe,  the  carter,  corroborated  Mr.  Dyers  statement.s, 
and  sai<l  when  a  man  named  Fletcher  came  and  touched  the  horse  the 
electricity  ran  up  his  arm.  A  boy  came  out  of  the  tram  shed  with  a 
hammer  and  knocked  at  the  stud,  and  told  him  not  to  catch  it  again. 

Flktciier  sta((d  (hat  wh-ni  he  got  hold  of  the  a nimaVs  tail  he  felt  an 
electric  sh(M  k. 

Fredk.  Antcliffe  spoke  as  to  driving  a  d.-ay  along  th"  same  track 
about  8.30  the  .same  morning.  One  of  the  hor.'-es  fell  "'  as  if  it  was  dead," 
and  in  trying  to  rai;  e  it  he  felt  the  electricity  run  up  his  a'm. 

Or.  LiSDi.Ev.  for  defendants,  reminded  the  jury  that  the  traraw.ay 
system  was  apjiroxcd  by  the  Board  of  Trade,  and  if  any  studs  went  wrong 
(he  Cori)ora(ion  was  Ixjund  (o  re])ort  it  to  the  Board  of  Trade.  Although 
the  trams  had  been  in  existence  for  many  years  that  was  practically  the 
only  instance  where  there  had  been  any  claim  against  the  Corporation. 
After  the  ax-cident  Mr.  Jeffrey  went  down  from  the  works  and  found  the 
current  in  the  stud  so  slight  that  he  could  put  his  hand  on  it  and  keep  it 
there.  It  was  submittal  that  there  had  been  no  negligence  on  the  jtart 
f)f  the  Corj)ora(  ion  ami  that  the  death  of  the  horse  was  duo  to  other  causes. 

The  jury  found  for  ]>lai!itiff  for  £.n0.  for  which  judgment  was  given, 
with  costs. 


PARLIAMENTARY  INTELLIGENCE. 

COMPANY  WITH  ALIEN  ENEMY  SHAREHOLDERS. 

In  the  House  f)f  Commons  on  Tuesday  Mr.  Nield  asked  "  whether  the 
business  carried  on  under  the  name  of  the  Armonluct  Mfg.  Co.  (Ltd.), 
having  works  at  Hirmir'gliam  and  offices  in  London,  and  now  under 
su)  ervision  as  an  enemy  finn,  is  a  controlled  establishment  for  the  manu- 
facture of  munitions  ;  whether  the  Mini.ster  has  is.sued  or  authorised  the 
issue,  of  ba«lges  to  the  employes  to  exem])t  them  from  ser^•iee  under  the 
Miliiarv'  Service  .\ets  :  whether,  in  iiarticular.  such  a  badge  has  bix-n 
issue!  to  or  authorisetl  for  one  Wilhelm  Schn.ahl.  or  in  his  aliases  William 
Ka(c,'itT  Small  or  William  Small  ;  and  wha(  is  (he  nw-'on  for  cons(itn(  ing 
the  works  of  (his  <  ..nipany  and  an  alien  enemy,  or  a  jierson  of  alien  enemy 
as.soeia(ion,  a  cnn(rolled  e-(ablishment  when  then-  are  works  wholly 
Englii-h  in  ownersliip  ajid  m«nageme;»t  in  th.e  neighbtmrhood  who  could 
be  so  em]»loy««d  but  an*  not.'' 

In  a  wri(ten  reply.  Dr.  Addison  stated  (ha(  (he  es(ablishment  referred 
(o  was  (on(  roiled  uniler  (he  Muni(ions  «)f  War  .\ct  A  war  .''erviee  badge 
had  luM'n  issued  (<«  Mr.  HatclifT  Small,  anumg  other  employes  of  (he  com- 
[tany.  One  of  (he  principal  effects  of  <on(rol  was  (o  limit  the  profits 
which  might  be  n-(iiined  by  (ho  owners  of  (he  e.stabli.shment.  and.  on  (ho 
other  h,vv>l.  (hat  (he  cbvlarintr  of  an  es(abli.shment  <<)n( rolled  did  not 
imply  (lia(  con(r.»<(s  would  necessarily  be  gran(ed  (o  i(. 

Mr.  Hari oi  itT(.\c(uig  President  oi  the  Hoard  of  Trade)  n-piying  (o  a 
further  «iues(i(.n  by  Mr.  Xield,  sjiid  :  The  case  of  (he  .\rmorduc(  Mfg.  Co. 
(L(d.)  has  been  cLnsidenMl  by  (he  .\dvisor>-  Commi((e<\  who  n^rom- 
mended  (ha(.  having  n>g«nl  to  the  charae(er  of  the  work  which  is  beinp 
carries!  on  by  tho  company,  it  i.s  inexpedient  to  wind  up  (he  businesf!. 
The  righ(  to  (ransfor  (he  shan-s  .nd  deben(un's  held  by  enemy  subj»Ht« 
has  been  ves(e<!  in  (ho  l*nl>li,  Trus(ee.  .Arrangements  an*  b<>ing  ma<le 
for  tho  .s,il<'  <if  t'  ts  t.i  British  purxhasors   of  whom  Mr.  Sm.all  is 

one.     The  I   •ndr  ah- wdl  be  designiMl  to  pm  Imb   tin   nsumptio:i 

of  (Jorman  control  aftor  (he  war. 


GERMAN  INTEREST  IN  .BRITISH  COMPANIES. 
In  (ho  House  n{  ConimiMs  on  Tuovlivy  Mr.  Hnronurt  st«(e<l  that  steps 
we.-e  lH»ing  take  \  to  o!iniina(o  (ho  (Jorman  in(o-es(  in  tho  principal  British 
rogistore*!  eonipa'»io<  whirli  m.onufaeture  filament  lami»9. 
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COMMERCIAL    TOPICS. 


Ancrln  Italian         "^^'^  British  Italian  Corjioration  has  recently  been 

T-  J    r»  I  *•  ».~     formed  by  a  syndicate  of  English  and  Italian 
Trade  Relations.    ,      ,        /    ■ ,  r  i      i     •  ^ 

bankers  lor  the  purpose  oi  developing  end  en- 
couraging Ang'.o-Itali-n  trade  relations.  The  capital  is  £1,000,000  in 
£20  shares,  and  the  company  will  "  carry  on,  assist  or  participate  in 
financial,  commercial,  industrial,  manufacturing,  electrical,  rail- 
wa}',  mining  and  other  businesses,  works  and  undertakings  in 
the  British  Empire,  Italy  and  elsev/here  ;  and  will  undertake 
any  operations  comm.only  carried  out  by  capitalists  or  merchanto, 
including  that  of  a  bank  of  deposit,  agents  for  the  collec- 
tion, receipt,  transmission  or  23ajTE.ent  of  money,  &c."  The  first 
directors  are  Messrs.  Arthur  Hill,  bank  director  ;  Robert  H.  Benson, 
merchant  banker ;  J.  W.  Beaumont  Pease,  bank  director ;  Sir 
Henry  Babington  Smith,  K.C.B.  ;  Joseph  Bum,  actuary  ;  Alberto 
Pirelli,  company  director  ;  Ignatius  G.  Manzi-fe,  manager  of  Credito 
Italiano  ;   and  Riccardo  Bianchi,  director  of  public  companies. 

•t"  1*  •(•  "J* 

The  AuslnKan     ^^  Thursday  laot  Mr.  G.  T.  Milne,  Imperial  Trade 

Tradp  Ontl      k      Commissioner  for  the  Australian  Commonwealth, 

delivered  an  address  on  the  present  position  and 

future  outlook  of  Australian  trade  at  a  meeting  of    business  men, 

convened  by  the  Trade  and  Industry  Committee  of  the  Royal  Colonial 

Institute. 

Mr.  Milne  praised  the  work  of  the  Trade  and  Industry  Committee  and 
gave  advice  as  to  the  methods  hy  which  trade  was  to  be  secured  by 
British  manufacturers  and  traders  in  Australia.  Ho  emphasised  the 
necessity  for  principals,  and  not  "  bag-men,"  visiting  Australia.  The 
home  country's  trade  with  the  Commonwealth,  he  said,  ought  to  be  con- 
siderably increased.  There  were  no  currency  or  language  difficulties, 
and  in  nearly  all  cases  British  goods  were  given  a  preference.  In  regard 
to  imports  of  metals  and  machinery  manufactures,  out  of  a  total  of 
£17,325,592.  £17,290,592  was  of  a  class  subject  to  preferential  treatment. 
The  Australian  people  had  also  departmental  preferences,  and  in  dealing 
with  tenders  for  imported  goods  gave  preferences  of  varying  amount  to 
British  goods,  in  addition  to  the  tariff  advantages.  The  cumulative 
effect  of  this  on  British  trade  was  very  great.  He  thought  the  Australian 
tariff  would  be  so  rc-arrangcd  in  future  as  almost  entirely  to  eliminate 
German  competition. 

^  ^  ^  ^ 

Imperial  Trade      '^'■'^  Governm.ent  have  decided  to   ccnvenc  at 
Policv  After  ^^  early  date  a  conference  which  will  be  repre- 

the  War  tentative  of  the  United  Kingdom.,  the  Domin- 

ions   and    India    to    ccnsic'er    the    commercial 
policy  to  be  adopted  after  the  war. 

In  the  House  of  Commons  on  Monday  Mr.  Asquith  stated  that  in  May 
a  telegram  was  sent  by  the  Government  to  each  of  the  self-governing 
Dominions  inviting  them  to  attend  the  conference.  The  telegram  of 
invitation  also  stated  that  :   "  In  view  of  the  past  fiscal  controversies  in 


this  country,  we  consider  it  essential  as  a  prior  step,  in  order  that  the 
confcrcmcc  may  have  practical  results,  to  :  ct  up  a  committee  here  with  a 
view  of  discovering  how  far  agreement  among  ourselves  may  bo  pos.siblc 
under  the  changed  conditions  brought  about  by  the  v/ar.  But  v.c  wif-h 
to  make  it  clear  that  the  appr)intment  of  this  committee,  v. hatover  may 
be  its  result,  will  not,  as  v,c  hope,  delay  unduly  the  holding  of  the  larger 
conference  or  interfere  in  any  way  with  the  free  and  unprejudiced  discus- 
sion of  the  problems  with  the  oversea  representatives.  I  trust  that  this 
method  of  procedure  will  commend  itself  to  your  ilini.stcrs." 

Mr.  Asquith  further  announced  that  the  Dominion  Governments  con- 
curred in  the  procedure,  and  a  committee  hsd  accordingly  been 
appointed. 

*  *  *  * 


War  Materia! 
Order. 


In  virtue  of  regulation  30.v  of  tlic  Defence  of  the 
Realm  (Consolidation)  Regulations,  1914  [which 
makes  it  an  offence  to  c'eal  in  war  material 
without  a  permit  from  the  Admiralty  or  the  Arm}'  Council  or  the 
Ministry  of  Munitions],  the  Minister  of  Munitions  has  m.ade  an  order 
that  the  war  material  to  which  the  regulation  applies  ;;hall  include  : — 

Aluminium  and  alloys  of  aluminium,  unwrought  and  partly  wTought» 
including  ingots,  notched  bars,  slabs,  billets,  bars,  rods,  tubes,  wire 
strand,  cable,  plates,  sheets,  circles,  strip.  Granulated  aluminium, 
aluminium  powder,  "  bronze,"  "  flake  '   and  "  flitter." 

The  Order  of  Dec.  7,  1915,  relating  to  all  kinds  of  aluminium  and 
alumina,  is  cancelled.  Applications  for  a  permit  in  connection  with 
the  above  Order  should  be  addressed  to  the  Director  of  Materials, 
Ministry  of  Munitions,  Armament-buildings,  Whitehall -place,  S.W. 

^         ^         ^         ^ 

V  DP*        "^'^"^  Inland  Revenue  Repartment  gives  notice 

ijiXcess  irroiits     ^i   ^^  -j^  •    •         \     a.  i_ 

j^   ,  that  it  IS  incumbent  upon  every  person  charge- 

^'  able  with  excess  profits    duty  in  respect  of  the 

excess  over  the  pre-war  standard  of  profits  of  the  profits  arising  from 

any  trade  or  business  to  which  the  duty  applies  in  any  accounting 

period  ended  after  Aug.  4,  1914,  and  before  Aug.   1,  1917,  to  give 

notice  to  the  Com.missioners  of  Inland  Revenue  or  the  Surveyor  of 

Taxes  for  the  district  in  which  the  person  so  chargeable  resides,  or 

carries  on  business,  within  two  months  after  the  termination  of  any 

accounting  period  in  respect  of  which  he  is  chargeable,  or  if  the 

accounting  period  terminated  before  July  19,  1916  (the  date  of  the 

passing  of  the  Finance  Act,  1916)  withhi  one  month  of  the  passing 

of  the  Act. 

*         *         *         * 

During  the  past  month  the  subject  of  the  com- 
mercial battery  vehicle  has  been  given  special 
publicity,  and  to  a  considerable  extent  in  the  lay 
press.  This  r^rises  in  great  measure  out  of  the 
annuel  conference  of  the  Institute  of  Cleansing  Superintendents 
recently  held  at  Cardiff,  and  also  the  rapidly  rising  price  and  growing 
restrictions  upon  the  use  of  petrol.  From  the  reports  of  the  meetmg 
of  the  cleansing  men  at  Cardiff  wc  gather  that  "  electrics  "  were  the 
centre  of  attraction  of  the  conference  itself,  and  the  subject  of  much 
privp.te  discussion  on  the  p?jrt  of  the  members  at  those  unofficial 
gr,thcrings  in  the  hotels,  which,  as  a  rule,  are  more  valur.ble  and 
infoimativc  thr/.i  the  forn^r,,!  Papers  and  discussions.  Mr.  J.  Terry, 
the  Clef^nsing  Supeiiutendent  of  Nottingham,  read  an  mstructive 
Paper  on  the  results  obtr.incd  by  electric  vehicles  in  the  removal  of 
house  refuse.  He  was  able  to  speak  from  an  extended  experience 
a,cquiied  in  his  own  city  with  these  vehicles,  and  he  also  quoted 
figures  which  wc  hp.,ve  already  published,  and  whi?h  were  put  on 
record  by  Mr.  Priestley,  the  Clet-.n«ing  Superintenaent  cA  Sheffield, 
and  ]Mr.  Jackson,  the  Cleansing  Superintendent  r,t  Birmingham. 
The  interest  ;:■  roused  confirms  our  opmion,  so  often  expressed,  that 
the  commercial  battery  vehicle  needed  but  to  receive  a  fair  trial 
under  operating  conditions  in  the  class  of  eervicc  for  which  it  is 
designed,  to  at  once  prove  its  suitability,  economy,  efficiency,  and 
reliability,  in  comparison  with  all  other  forms  of  road  traction. 
Cleansing  Superintendents,  Borough  Surve^-ors,  and  men  of  this 
class  arc,  as  a  rule,  only  convinced  after  trials  of  any  contrivanco 
under  the  operating  conditions  with  which  they  are  daily  familiar. 
Attempts  were  made  some  years  ago  to  bring  to  their  notice  the  merits 
of  the  "electric,"  but  these  could  only  be  accompanied  by  paper  figures, 
which,  as  it  happened,  were  unconvincing.  Now  there  is  every 
indication  that  there  will  be  a  boom,  in  the  commercial  "electric."  At 
any  rate,  v/e  are  convinced  that  it  will  never  look  back  so  far  as  the 
municipal  field  is  concerned,  and  we  have  always  argued  that  the 
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advertisement  which  it  will  secure  in  this  province  will  be  sufficiently 
valuable  to  awaken  public  interest  and  to  produce  in  the  right  class 
of  power  vehicle  users  the  desire  to  put  such  machines  into  service. 
It  will  be  interesting  to  note  to  what  extent  the  sujjpliers  of  these 
vehicles  arrange  to  meet  the  increasing  demand.  If  the  degree  of 
enthusiasm  shown  at  CanlifF  is  displayed  in  other  branches  of  muni- 
cipal work,  and  extends  to  some  of  the  nior*-  imj)ortant  fields  of  trans- 
port service,  there  will  be  some  difficulty  in  kccfiing  up  the  supply  of 
vehicles.  Pcrliaps  when  that  state  of  affairs  arri\cs  wo  shall  witness 
the  fcstablishJiicnt  of  factories  in  this  country  for  the  jjroduction  of 
these  machines  on  an  extensive  scale.  .• 


EDUCATIONAL. 


City  and  Guilds  Technical  College,  Finsbury.— The  training  at  this 

College  is  adapted  t(j  the  needs  of  xarious  students,  including  ))U|)ils 
above  15  from  secoiidaiy  schools,  who  desire  a  jjractical  and  scientific 
training  b(uiring  upon  their  future  industrv  or  profession,  and  youjig 
men  who,  having  j)reviou8ly  served  a  jnipilage  or  a|)prenticeshi|)  in 
works, desire  a  more  systematic  training  in  engineering  and  applied 
chemistry.  The  College  has  well-ecpiipped  laboratories  and  work- 
shops for  practical  work.  The  entrance  examination  will  be  held  on 
Se])t.  10.  The  programme  of  the  College  has  just  been  issued,  and 
gives  full  particulars  of  the  courses  of  instruction,  fees,  time-tables, 
&c.  Further  particulars  may  be  obtained  from  the  Registrar  of 
t  lie  Coljc^'*-,  l,<-oniU(l-sf  icc( ,  l'iiisbiif\',  l>on(|on.  K.C. 

Armstrong  College  (University  ot  Durhamj  Newcastle-on-Tyne. 

The  next  session  commences  on  Sept.  2.").  Full  paiticulars  relating 
to  the  dc|)artments  of  nu-chanical,  marine,  civil  and  electrical 
engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
pure  Kcience.  arts  and  comniprce  inav  be  obtained  from  the  secretary, 
Mr.  F.  If.  IVuen,  M..\. 

University  of  London.-  An  anonynK.ns  donor  has  given  a  sum 
sudii'ient  to  |tro(lucc  t2(l()  a  year.  \\hi<li  is  to  l)e  dcNoted  to  experi- 
mental scientific  research  at  King's  College  by  members  of  the  staff 
and  post-graduate  students  of  the  college. 

University  of  Bristol.— The  following  students  have  ]>asRed  the 
final  examination  for  the  degree  of  li.Sc.  in  engineering  : — 

Wni.  Hoji.  Holland  (with  first-class  honours  in  electrical  cn<;inccriiijr), 
.John  A.  iJcrrv.  Frederick  H.  H.  Kcnislicad.  Donald  (leo.  [Sinitli,  (ionlon 
A.  Stc|)licii>.  Ainbiili-  \'i>\vii!iatli  and  I'obt.  \'.  K.  Woni;. 

Institute  of  Chemistry.  The  results  of  the  .Inly  examinations  have 
now  been  pidilislicd  : — 

Five  ( luididatcs  passed  the  intcriiir  iliatc  examination — viz..  A.  (' 
Francis.  Miss  I'.  I..  <;arl)iitt.  A.  .1.  Hall.  M.Sc.  H.  ,|.  He^jan.  H.Sc..  and 

.1.  SaiKlilaiids.      .N'ine  carididatos  passed  the  final  (A.  I. ('.)  examination 

vi/.,  in  .Mineral  Clicniislry  :  K.  ('•.  .Maeintyre.  H.Sc.  and  A.  S.ewart. 
l{.Se.  ;  in  Organic  ('hcn)istry  :  I'.  .1.  |{raMnif;an.  M.Sc..  T.  Hopkins. 
B.Sc,  I).  Madflen.  A.H.C.S.  I.,  .lames  (»<iilvi<-.  H.Sc..  and  F.  F.  Wells. 
B.Re.  ;  in  Clieinistry  (ii-id  Mii  rosenpy )  of  Fund  a'ld  l)rii;:s,  Fertilisers  and 
Feeding  SI niTs.  Soiis  and  Water -.  fj.  F.  Con.  H.Sc.  and  T.  L.  .McKwan. 
RSe.  One  (Hiididate  ixaniined  for  the  fc||ovvslii|(  also  took  the  ehein- 
istry  of  food  and  dru^H.  &r.,  and  parsed  :   .1.  W 1.  M.A.,  H.Sc. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  July  1...  HUfi,  to  ,iu'y  l>I.  1916. 


IMPORTS. 


Burma. — Ransoon . 

Wire  and  cable.  £208. 
U.S.A.— Nea  York . 
Canada. — Montreal . 


Demerara  : 


Rotterdam  : 


Madras:    Wire  and   cable.  £27.    Colombo:   Unenumerated,  £17.    Port  Swetienkam: 
Unenumerated.£190.    Surabaya:  Elec. machinery. £349;  »nenunierated,£158. 

E;ec.  lamps,  595  n.c;  wire  and  cable,  £49;  unenumerated,  £20. 
Elet.    machinery,  £120;    ur:enumerated.  £151.     Hcr.g  Kcr.g: 
Hankow:  Unenumerated,  £370. 
Unenumerated,  £121. 

Elec.  glow  lamps,  £225;  elec.  nr.achinery,  £121  ;  unenuir.erated, 
£170.     Toronto:  Elec.  machinery, £28. 

South  aud  Cehtpal  Americ..— fiu^ws  Ayres:  Elec.  machinery,  £441  :  wire  and 
cable.  £432;  unenumerated.  £1.809.  Ptinta  Arenas:  Wire  and  cable,  £20.  Rio  de 
Janeiro:  Unenumerated,  £64.  Santos:  Unenumerated,  £29.  Valpara:sc:  Wire  and 
cable.  £12;   unenumerated.  £81.     Monte  Video:  Unenumerated,  £23. 

Wbsj  luoiES.'- Trinidad:    Elec.  machinery,  £33  ;    unenumerated,  £80. 
Unenumerated.  £222. 

East  Inoia  Islai^ds.— Padang :  Unenumerated, £18. 

Java. — Samarane  :  Unenumerated,  £126. 

HoLi-KVt).- Amsterdam :   Wire  and  cable,  £1,307;   unenumerated,  £94. 
Unenumerated .  £92. 

France.  .0/>/;^«.-  Elec.  machinery,  £392;  unenumerated,  £311.  Pans:  'Elec. 
machinery.  £83  :  wire  and  cable.  £63  ;  unenumerated.  £197.  Bordeaux:  Elec.  machi- 
nery, £138;  unenumerated,  £291.  Boulogne:  Elec.  machinery,  £244  ;  unenumerated, 
£50.     Havre:  Wire  and  cable,  £60  :  unenumerated,  £17. 

GiBRALTA"?.— Telegraph  material.  £88;  unenumerated,  £48. 

Malta. — Unen  umerated  .£17. 

Rvs'siK.— Vladivostok :  Unenumerated,  £187. 

DzuuKKV.-Cofie'iha^en :  Wire  and  cable.  £105;  unenumerated,  £71. 

SpAits.  La  Union:  Unenumerated,  £22.  Malaga:  Unenumerated,  £20.  Bilbao: 
Elec.  machinery,  £20. 

Greece.— 5y;'fl  .•  Teleeranh  material,  £23. 

Po-<TocAL.  -/./s/)0«.-  Elec.  machinery.  £76  ;  unenumerated.  £532. 

IT»LY.  -Genoa:  Elec.  m.-ichinery.  £32;  v/ire  and  C'ible,  £383;  teleeraph  malerial, 
£3, 1 78  :  unen  umerated ,  £645. 

FOREIGN  GOODS  (duty  paid  and  free). 

Me'.hourr,/ ■  Unenun  fr  •.!eJ.  £229.  Cu^f  7"oic«  .•  Unenumerated.  £H3.  Valparaiso: 
Elec.  lamps.  £200  :  elec.  machinery.  £647  ;  unenumerated.  £95.  Bordeaux:  Unenu- 
merated. £648.  Boulogne:  Unenumerated.  £1 10.  Perth:  Unenumerated.  £14.  Naga- 
saki: Elec. machinery. £94.  Coronet:  Unenumerated, £140.  Durban:  Unenumerated. 
£200.  /'or/ /=//zfl6rt*.-  Unenumerated,  £328.  Of or/o.- Unenumerated,  £15.  Shanghai: 
Lamps,  1,464  n.o. :  unenumerated,  £16.  Takahudno:  Elec.  lamps,  £240.  Montreal: 
Unenumerated.  £2.816.  Calcutta:  Unenumerated.  £100.  Christ  Church:  Unenu- 
merated.£36.     East  London  :  Unen  umpntpd.  £180.     Madras:  Unenumerated   £17 


CnOLP.     Su'fdfn  .'El' 

L'>np(>M.     U.S.A.:    t 
£32;    unenumerated.  tl'.i  i/i 
lamps,  74  pircs.  ;   unenumerated.  i 
lampis,  £228  ;  carbon  candlcf   »  ''' 
£4,316.     Denmark:  Unenun  ■ 

Southampton.     France  ■   \ 


ly.  leo. 
.  £143: 


tplephrnp  malKrisl.  £105;  carbon  Candle*, 

^  IS.  £5.357;  elec.  ftlow 

.J.145.    France:   Elec. 

■  /.•  Unenumerated, 

ires. 


lai 


n.o. :    unenumerated.  C4. 


Mei 


Ur.cii^mci, 


■  llU- 

od.    £40. 


EXPORTS. 

To  Australaiia.-- /lwi-.V/(;;:(y.-    Elec 
bourne:  V/ire  and  cable,  £388  :  elnr  m., 
Elec.  machinery,  £144  :  wireanl 
machinery,  £59;  Wire  and  cable,  t 
cable.  £58.     Lyttleton :    Elec.  macl.is.ri  v.  t. 
£225.     Dunedin:     Unpnumpr;itcd.    C.V) 
merated.    £5.     Brisbane:    Unpni:: 
Ballarat :  Unenumerated,  £67. 

ArR\CA.'~ Durban  :    Elec.  mad  ,,.   ,  .     ■ 
£860.    Cave  Town  :  Elec.  m.ichinerv.  £16 
Port  Eli:abeth:    Wire  .•«nd   <  .Vt'-    nr^f. 
machinery,  £48;    unenumet 
merated,  £220.     Biera :  Wli 

Br:\Mi'nA.     Unenumeratc  !,  Lt/. 

KiiviT.     Port  Sudan:  Unenumerated.  £80 

iNi'lA,  CKVI.ON.  Inlht-ChINA  ANP  St 

£258;    elec.  plow  lampr,  2.300  no 

Ptnanf :    Wire  ,ind  r.i>>le    C?03  ■    urn  j. 

ri7,1;   unenumeratftl,  E388.    Calcutta:   Elec.  machinery.  CI6;   unenumwatfd,  £1,438 


relegraph  material.  £37;    unenu- 
DairtH  :  UnPtiiimpralprl   f4i 


IN   TRANSIT. 


Melbourne:  Elec. lamps. £878. 


Note. — The  large  number  of  items  in  these  official  returns  under  the 
mislea^linp  lioadinj;  "  unenumerated  "  relate  to  what  is  described  as 
'•  electrical  goods  "  and  "electrical  matcri.als." 


BUSINESS  NOTICES. 


Thermit  Ltd..  075  Commercial-road.  E.,  inform?  us  that  it  hae 
received  an  oflicial  notilication  from  the  Public  Tru.stee  to  the  effect 
thivt  he  has  entered  into  an  agreement  to  sell  the  whole  of  the  enemy 
shareholdiiifi  in  the  company  to  the  Birmingham  Metal  &  Munitions 
Co.  The  company  will,  therefore,  continue  to  tra;le  in  exactly  the 
same  wr.y  j'.s  hitherto. 

Fredk.  .\.  I h  unison  and  Wni.  Silleni.  eleetrieal  engineers,  lid. 
Creat  Port  l.indst  reef.  London.  W..  have  di.ssohed  partnerKhip. 

BANKRUPTCIES,  &c. 

Frodk.  Brown,  electrician,  8,  StafVoi-d-street.  Llaneliy  (fomierly 
a  partner  in  the  firm  of  Hugh  Bros.  &  Brown),  has  been  adjudicated 
bankrupt.  Tiie  first  u'eeting  of  creditors  will  take  place  (U  .\ug.  1 
at  4.  Queen-sfnM'f,  Carmarthen,  and  Hie  jiublic  exaniinati<m  on  the 
sa'iie  dale  at  the  Cnildh.dl.  Carmarthen. 

A  lirsf  and  final  <lividend  of  2s.  •I'll,  is  payalile  at  the  O.K.'s.  14. 
IVdford-row.  Lmdon.  W.C,  to  <reditors  of  Ceo.  Ktlwd.  lionner. 
electried  agent.  III.').  Foxlan(>.  Palmer's  (."n^en.  Middlesex. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Bradford.  The  T*  fj.  lioanl  recently  intimated  that  Ihoy  oonld 
not  .It  present  accede  to  the  application  of  the  City  Comicil  to  Itomiw 
m(»ney  for  extensions  of  plant  at  the  electricity  works,  but  the  Bivirrl 
were  willing,  however,  that  extensions  of  mains  should  proeWHl  as  «t 
|.iesent  without  the  sidnuission  of  a  sjieeial  resolution  in  each  ease. 

riie  Flerlririty  ("onnnitfee  lm\o  invited  the  time  eit\  Menibers  rf 
I'lirhanK-nt  ni  d  the  Member  for  Shipley  t<»  meet  them  in  order  to  con- 
t.i«ler  the  |x»!»iti<.n  with  a  view  to  an  interview  lieiiii:  soujiht  with  the 
Minister  of  the  f>'o\-rrnment  Department  most  interested  in  the  subject 
,,f  i'xtiMi«ions, 

Derby.  The  Cnrjuiration  have  a|)|>lied  for  s.)netion  to  Ixjrrow 
t'.».(H»t»  for  extensions  of  itiains  and  for  eleetrie  motors. 

Edinbllt^h.  Tiie  Kiectric  Lighting  C«»inmitt(>e  has  deride<l  to 
spend   VI.:i(Ht  ii|Nin  additional  plant  for  Mel>onaId  roa«l  station 

Luton.  The  Couneil  han  been  reecimmended  t<i  apply  t<i  the  L<-. 
Hoanf    f«>r  nnnetitin  to  Imrrow  IIHMI.    luring    Udanee  of   amount  ex- 
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pended  for  plant  for  the  electricity  undertaking,  in  excess  of  the 
suras  previously  sanctioned  for  that  jjurpose. 

'The  number  of  units  generated  during  the  four  weeks  ended  July  (i  last 
shows  an  increase  of  27  per  cent,  over  the  corresponding  period  last  yoitr. 
The  total  consumers  are  1,932,  the  lighting  connections  represc-nting 
73,217  Sep.  lamps,  and  there  are  also  1,152  motors  of  R,834  h.p.  and 
heating  devices  of  l,fi4r)|  kw. 

Poplar  (London),     The  Borough  Council  is  to  ajjply  to  the  L.C.C. 

for  sanction  to  a  loan  of  £4,512  in  respect  of  ca])ital  (^xpen<Iitur(>  for 
mains  extensions  and  in  respect  of  the  amount  spent  in  anticipation 
of  loans  at  Mach  31  last. 

The  load  has  devclo])ed  to  sueh  an  extent  in  the  central  area  of  the 
borough  owing  to  many  new  connections  for  ])ower  that  all  feeders  in 
this  area  are  fully  loaded,  and  in  some  ceases  overloaded.  Important 
a])i)lications  have  now  been  received  that  cannot  be  considered  unless 
immediate  steps  are  taken  to  increase  the  capacity  of  the  feeder.s  and 
also  to  extend  the  existing  distributing  network.  The  total  ex])cnditure 
for  this  work  is  estimated  by  the  engineer  (Mr.  .1.  Horace'  Bowden)  at 
£4.531  ;  but  in  order  to  reduce  this  sum  the  reclaiming,  at  a  cost  of  t4()(i. 
of  the  remainder  of  the  original  Old  l^'oi-d  feeder  (which  became  dormant 
when  the  northern  sub-station  took  over  the  su])ply  to  the  noi'thern  area) 
is  suggested  for  use  in  the  ])resent  scheme.  This  will  ultimately  effect 
a  saving  of  £1,814. 

The  Electricity  t-ommittee  proposes  to  ])urchase  a  site  in  the  neigh- 
bourhood of  High-street  for  a  new  sub-station. 

The  Committee  is  advised  by  Mr.  Bowden  that  ))lant  extensions  will 
be  necessary  to  meet  demands  of  the  winter  load  in  1917-8. 

WalthamsiOW.— The  L.C4.  Board  has  sanctioned  the  bon'owing  of 
£2,()35,  the  estimated  cost  of  siipph'ing  electric  control  switches,  &c., 
for  the  street  lamps. 

GENERAL. 

Belturbet  (Ireland). — The  Urban  Council  are  in  negotiation  with 
the  owner  of  the  local  electric  supply  works  for  the  purchase  of  the 
undertaking.  A  meeting  of  ratepayers  is  being  held  to  consider  tlie 
matter. 

Hackney  (London). — The  Electricity  Committee  has  under  con- 
sideration a  conininnication  from  the  secretary  of  the  Cas  Light  & 
Coke  C'O.  as  to  the  scale  of  charges  for  the  supply  of  electricity  in  the 
borough,  and  particularly  to  that  part  of  it  which  provides  tor  a 
reduced  charge  for  energy  supplied  for  lighting  to  consumers  who  also 
use  energy  for  power. 

The  company  stated  that  it  had  taken  counsel's  opinion  on  the  matter, 
and  was  advised  that  the  reduced  charge  constituted  "  undue  preference." 
It  was,  therefore,  a  breach  of  sees.  19  and  20  of  the  Electric  Lighting  Act, 
1882,  and  consequently  illegal.  The  company  contended  that  it  was 
considerably  affected  by  that  system  of  charge,  and  requested  that  an 
undertaking  should  be  given  to  discontinue  it. 

The  committee  states  that  it  has  also  obtained  opinion  of  counsel,  who 
has  advised  that  there  was  no  "  undue  preference,"  and  an  intimation 
to  this  effect  has  been  forwarded  to  the  company.  Subsequently  the 
company's  solicitors  wrote  to  the  effect  that  unless  the  Council  desisted 
from  making  the  charges  complained  of,  their  clients  would  have  no 
alternative  but  to  commence  proceedings.  Thereupon,  the  committee, 
whilst  maintaining  the  position  of  the  Council,  intimated  that  the  present 
was  not  an  o])poitune  time  foi'  litigaticm  upcm  a  subject  which  had  re- 
mained unchallenged  and  undisturbed  for  so  long,  in  view  of  the  pre- 
vailing conditions  and  the  fact  that  a])parently  the  staffs  of  the  comi)any 
and  of  the  Council's  electricity  de])artment  are  working  at  high  ])i-essurc, 
and  suggested  that  the  matter  should  remain  in  abeyance  until  after  the 
conclusion  of  the  war,  but  that  if  jn-oceedings  were  now  commenced,  the 
committee  would  immediately  apply,  under  the  circumstances,  for  a 
"stay." 

In  reply,  the  company's  solicitors  intimated  that  they  were  only  pre- 
pared to  delay  proceedings  upon  an  undertaking  from  the  Council  not  to 
offer  during  the  continuance  of  the  war  to  further  con.sumers,  the  scale  of 
charges  to  which  objection  was  taken.  In  view  of  the  strength  of  the 
Council's  ])osition,  the  committee  does  not  see  its  way  to  recommend 
that  any  such  undertaking  as  that  recjuired  by  the  gas  company  should  be 
given,  and  has  recommended  that  in  the  event  of  legal  i)roeeedings  being 
taken  by  the  company  they  be  authorised  to  defend  the  action  on  behalf 
of  the  Council. 

Hamilton. — The  Corporation  has  asked  Edmundson's  Electricity 
Corpn.  to  forego  its  proposal  to  increase  the  charge  for  electrical 
energy  in  the  town  by  20  per  cent.,  but  the  Council  think  a  15  per 
cent,  hicrease  would  be  justified. 

The  company  state  that  coal,  oils,  wages,  rates  and  taxes  for  the  March 
quarter  increased  £311,  while  the  increase  of  10  per  cent,  only  produced 
£206.  10s.  The  burgh  chamberlain  has  been  instructed  to  take  advan- 
tage of  the  company's  permission  to  examine  its  books. 

Increased  Charges  for  Current.  —The  charges  for  current  are  being 
increased  by  the  following  authorities  :— 

Llandudno  Council  has  decided  to  increase  the  flat  rate  from  4-?d.  to  6d. 
per  unit,  the  differential  rate  from  7d.  and  2d.  to  7d.  and  3d.,  and  the 
power  rate  from  2d.  to  '.Id. 

Londonderry  Corporation  has  increased  its  charges  by  15  per  cent,  to 
all  consumers 

Southampton  Electricity  Committee  has  resolved  to  charge  10  per  cent, 
extra  after  Michaelmas  to  all  consumers,  making  in  all  20  per  cent. 


Marylebone  (London).— The  Electric  Supply  Committee  reports  a 
serious  breakdown  on  the  14th  in.st.  on  the  trunk  feeder  in  A3'brook- 
street  and  Blandford-street,  lasting  for  close  on  five  hours. 

The  Committee  states  that  the  damage  was  so  great  that  the  origin  of 
the  fault  could  not  be  discovered,  but  moisture  probahlv  caused  the 
trouble.  Had  the  feeder  protection  devire  contemplated  just  prior  to 
the  war,  and  abandoned  owing  to  the  difficult}-  of  raising  the  nece.'^.sary 
money,  been  installed,  a  fault  of  that  kind  would  of  course,  have  been 
\ery  improbable.  It  is  quite  impossibh^  to  re-arrange  the  cables,  owing 
to  lack  of  space,  but  the  congestion  can  he  relieved  if  a  number  of  the 
cables  are  turned  into  the  sub-station  thiough  the  old  MetroiMjlitan 
Kle  trie  Su[)ply  tunnel  that  ran  into  Blandford-street,  and  the  general 
manager  (Mr.  A.  H.  Seabrook)  recommended  that  the  above  alternative 
route  should  be  used  for  a  number  of  the  feeders.  Th«  risk  being  so 
great  the  Committee  has  authorised  this  work  being  carried  out  at  an 
estimated  cost  of  £1,100. 

South  London  Linking-up  Scheme.— At  the  meeting  of  Southwark 
liorough  Council  on  Wednesday  the  p]lectric  Light  Committee 
submitted  a  report  on  the  invitation  of  Bermond.sey  Electric  Light 
Committee  to  discuss  terms  for  givinga  bulk  supply  of  electric  current. 

At  a  conference  between  the  parties,  Southwark  intimated  it  was  not 
prepared  to  enter  into  competition  with  a  private  company  for  such  a 
supply,  but  preferred  that  the  Bermondsey  authority  should  co-operate 
with  Southwark  purely  as  a  mutual  arrangement  in  the  interests  of  their 
respective  ratepayers.  On  this  understanding,  Southwark  would  be 
prepared  to  name  a  price  and  discuss  the  basis  of  a  scheme  for  giving 
effect  thereto.  The  chairman  of  the  Bermondsey  Committee  thereupon 
explained  that  they  had  alread}'  rf^eeived  tnders  from  certain  private 
lighting  companies,  and  though  they  were  desirous  of  eozning  to  an 
arrangement  with  Southwark,  yet  they  were  not  prepared  to  forego  the 
right  of  comparing  the  private  companies'  prices  with  that  of  Southwark, 
and  they  declined  to  negotiate  on  those  lines.  It  was  also  stated  that 
Bermondsey  did  not  intend  to  enter  into  a  longer  contract  than  for  a 
three  years'  supply,  but  it  was  necessary  to  obtain  a  bulk  supply  for  the 
coming  winter.  It  bein.g  practically  impossible,  having  regard  to  the 
labour  market  and  other  war  conditions,  to  comply  with  this  suggestion, 
Bermondsey  were  informed  that  it  was  not  possible  to  give  a  bulk  supply 
at  such  an  early  date,  whereupon  the  chairman  of  the  Bermond.se}-  Com- 
mittee stated  that  it  would  be  necessary  for  them  to  accept  one  of  the 
companies'  tenders,  and  asked  that,  in  that  event ,  the  two  engineers  might 
be  instructed  to  confer  together  with  a  view  to  a  joint  agreement  being 
entered  into  between  Southwark  and  Bermondsey  as  to  linking  up  the  two 
undertakings.  Having  regard  to  the  circumstances,  it  was  felt  by  the 
Southwark  deputation  that  there  was  no  alternative  but  to  drop  the  ques- 
tion of  the  proposed  bulk  supply,  but  the  Clerk  has  been  instructed  to 
the  Board  of  Trade  a  copy  of  the  whole  of  the  reports  and  correspondence 
relating  to  the  negotiations. 

Walton-on-Thames. — At  last  week's  meeting  of  the  Urban  Council 
the  Clerk  reported  having  received  letters  urging  the  Comicil  to  secure 
tho  best  terms  possible  from  the  Electric  Supply  Co.,  who  proposed 
to  raise  the  prices  of  current.  He  said  the  Board  of  Trade  had  been 
unable  to  make  any  order  which  would  benefit  consumer-s.  It  was- 
decided  to  wi-ite  to  the  Board  of  Trade  on  the  matter. 

Willesden.^The  Electricity  Committee,  reporting  on  the  sugges- 
tion of  the  Board  of  Trade  re  linkhig-up  of  electricity  xmdertakings. 
is  of  opinion  that  the  matter  is  one  which  should  be  dealt  with  by  the 
power  company  rather  than  by  the  Council. 

The  electrical  engineer  (Mr.  A.  W.  Blake)  is,  however-,  to  report  as  to 
whether  a  saving  can  be  effected  in  the  running  costs  of  the  undertaking 
by  a  re-arrangement  of  the  staff.  Mr.  Blake  reports  that  the  Summer 
Time  Act  will  have  the  effect  of  causing  an  estimated  loss  of  profit  to  the 
undertaking  of  £31  a  week.  Having  regard  to  the  fact  that  the  work  of 
substituting  flame  arc  lamps  for  those  of  the  open  type  has  for  some  time 
been  entirely  suspended  by  reason  of  the  lighting  restrictions,  the  Council 
has  been  reconunended  to  suspend  the  oueration  of  the  i-osolution  agreed 
to  in  May,  1913,  allocating  £500  a  year  lor  carrying  out  the  work. 

To  meet  the  increased  demand  for  current  at  Cricklewood.  the  Council 
is  recommended  to  apply  for  sanction  to  borrow  £828  for  extending  the 
h.t.  main  in  Dollis  Hill-lane  and  for  an  additional  transformer. 


TRACTION   NOTESc 


Cardiff,— Tro»?p«  Tmmicay  EmpIoi/ees.--At  a  recent  meeting  of  the 
Tramwavs  Committee,  Mr.  A.  Ellis  (electrical  engineer  and  manager) 
said  the"  Tramway  and  Vehicle  Workers'  Association  had  made  a 
complaint  to  the  Chief  Industrial  Commissioner  as  to  their  employmg 

women  as  drivers.  , 

The  association  had  expres.sed  their  o])inion  tliat  it  was  not  safe.  The 
women,  Mr.  Ellis  said,  were  driving  as  well  as  the  men,  and  better  than 
most  of  them.  There  were  128  women  drivers  in  Glasgow,  and  there  was 
no  question  of  applying  to  Sir  Oorge  Askwith.     At  Cardiff  they  liad 
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about  fight,  and  they  would  have  to  have  more.  The  object  of  the  Com- 
mittee had  been  to  release  every  available  man.  It  was  only  there  that 
protests  were  made.  They  did  not  get  it  in  Ih-  other  towns.  It  was 
rfsolv(d  that  Ih^  chairman  of  Ihc  Committee  and  :Mr.  Ellis  .'^hould  .sec 
Sir  (jeorge  Askwith  on  the  mattti-. 

Mr.  Ellis  said  he  had  received  a  suggestion  that  .scats  be  provided 
for  the  women  conductors,  but  they  had  complaints  that  conductors  did 
not  look  out  for  the  pa.ssengcrs.  Five  minutes'  rest  was  allowed  at  each 
end  of  the  journey.     No  action  was  taken. 

East  Ham. — The  Corporation  has  under  ccnsideratic.n  letters 
from  the  Leyton  and  West  Ham  authorities  as  to  the  abolition  of  all 
halfpenny  fares,  and  the  revision  of  the  existing  fares  and  stages. 

Edinburgh.— The  lea.'e  of  the  Edinburgh  &  District  Tramways  Co. 
will  cxpiic  (,n  .Iiino  :50,  H)10,and  the  Corporation  have  appointed  the 
J'lirgli  I'.nginecr  and  Mr.  J.  Jl  Hamilton,  I.oeds,  and  Mr.  Brodie, 
Liverj)ool,  to  report  on  the  methods  of  traction  which  should  be 
adopted  for  the  tramways  after  the  expiration  of  the  company's  lease, 
keeping  in  view  piobable  future  extensions,  with  full  information  aa 
to  the  probable  costs  of  installaticm  and  working. 

They  were  asked  to  consider  whetlicr  it  was  ]ira<'ticable  to  arrange  for  a 
sy.stem  of  tra(;tion  other  than  the  cable  being  installed  so  as  to  be  operated 
itniiicdialcly  on  the  expiry  of  th"  present  lease.  In  an  interim  re])ort 
tlicy  have  rcplii  il  in  the  ailirinat  i\e.  'IMicir  vi(  w  is  that  it  is  jiossilile  to 
arrange  f(jr  a:i  electrii'  syste'ni  without  interfering  with  the  cable  cars  u]) 
to  Ihr  e.xpiry  of  th'-  lease.  The  'J'r^wn  Ccnuicil  accordingly  may  ])r(jcccd 
with  their  anangemcnts  for  the  new  system  independently  of  the  tramway 
company.  They  do  not  favejur  the  aeloption  of  a  new  .system  of  traction 
for  some  of  the  routes  e)f  the  city,  retaining  the  (•al)le  for  e)ther  routes. 
It  would  be  possil)le  for  the  electric  .system  t<j  be  o])crated  in  such  a  way 
thiit  till  If  would  b(;  no  overhe-ael  wires  in  the  ( e-ntral  i)arts  e)f  the  city,  but 
it  could  not  ])■•  ])ut  into  opeTatif)n  immediately  on  the  ex])iry  of  the  lease. 
The  tunnelling  for  an  underground  conduit  .system  would  reejuirc  con- 
sidcrabie  ])r(  |)aration,  anei  would  involve  interference  with  the  running 
of  the  cable  ears  u])  to  June  l}(),  I'.IH).  What  is  suggested  as  a  po.ssibility 
is  that  the  overhead  .sy.stcm  might  be  introeluced  all  en'er,  so  that  there 
would  be  no  delay  in  s  -curing  a  sufficient  service,  the  formation  of  under- 
ground electrical  sectiejns  being  proceedeel  with  later,  if  desired.  Alter-' 
luitive  systems  dealt  with  in  th"  report  include  self-preipelled  tramears 
anel  various  type-s  of  'l)uses.  A  full  re])ort  will  be  ])re.se-ntcd  in  Se])tem- 
l,(-r.  The  Tramway  Committee  has  decide  d  to  .submit  the  interim  report 
to  the  'i'own  Co\incii  without  comment. 

Neath.  —The  Town  Council  have  decided  to  take  over  the  tran:- 
way  from  t^kewcn  to  Hrit(jn  J-'erry  from  the  Provincial  f'as  Traction 
Co.  Tne  transfer  will  not  take  j)l;icc  until  after  the  war,  wlien  the 
liii"  will  l)(;  converted  to  c!cctr;c  traction. 


FOREIGN   NOTES. 


EMPIRE   NOTES. 


Australasia.  Tiie  lirst  electric  tramway  to  connect  Melbourne 
city  with  a  series  of  itu  suburbs,  viz.,  that  from  Prince's  Bridge  via 
Swan  street,  Richmond,  and  Hawthorn  to  Rurwood.  has  been  e-om- 
|)Ietc(l.  The  line  i.;  (•ontrolled  by  the  llautlioni  'i'ramways  Trust, 
and  the  engineer  and  gciu-ral  U'auager  ( l  the  ccr\ncc  is  Mr.  F.  A. 
M<-Carly,  of  Mellxturne. 

M'.  .).  J'.  C.lirji(Hic!<l.  chief  engineer  i'ol-  Railway  Condructii  n  in  New 
South  W-ilcH,  in  a  icpoit  on  the  proj-oK  d  Syliicy  ui  dergreurd  electric 
railwi  y.  states  that  if  the  nia.xinium  IrMflic  tfliciency  is  to  le  main- 
tained aiid  I'ir  in  the  subway  kept  as  pure  and  cool  n«  possible,  accommc- 
diition  of  oidy  one  elms  Khould  l:e  ].rov.dtd,  and  no  s|X'(ial  proviMon 
should  Ic  made  for  smokers  on  any  trains.  It  is  estimated  that  the  Una. 
of  rivc'ue  eonK(|i:enl  upon  the  aliolilion  <  f  first  •c1h.>^s  fates  will  be  nioie 
tinn  (-(  mpcnsaldl  for  by  .■*aving  expeuhe  in  wcrking. 

I  II'  Premier  of  N'ietoria,  Sir  Alex.  Peacock,  reeently  staled  that  difli- 
euUy  in:;  arisen  wlh  the  contractorH  in  Knglnnel  reganline  tlie  fidlilmer.l 
of  the  railway  e'l  ctrilieation  contrnels.  Negotiations  ha\e  I  ccn  j^ro- 
i-ecding  for  the  transfer  of  (ertnin  contrads.  The  J{ail\vavs  Cemmis- 
sioners  were  nniling  Mr.  .lore-s  to  Knglai.d  to  e-onfcr  with  the  Agcnt- 
(ieneri'l.  Mr.  Mcrzand  nil  cone  erne  d.  .•iiid  deelde-  (he  eour.'c  e  faction  to  1  e 
followed.      Mr.  .lores  sailed  on  .bine  S. 

The  estimates  .submit  ted  bv  the  Commonwealth  Tre-osurer  l<>  the  Mouse 
of  Repre.sent.atives  include  11  ^..^iOO  for  tidegraph  and  t<>|eplion(>  lines, 
instruments.  &c.  £24.(1(10  for  telephone  exchange  ei|uipments  .and 
11.(10(1  fur  heating  a-id  ventilating  tele  idieme  exeh.T.ngew,  and  C14.(U1()  for 
niatciials  aiul  e(|uipmciii  (motor  vehicles,  engines,  tools,  &c.).  for  the 
Plying  School.  !Ji:r2, 0(1(1  fur  machinery,  machine  shops.  A'e..  for  Cock- 
atoo Island,  and  CIUKl.dOO  for  construction  of  conduits  anH  laving  wire-s 
uneiergroui'.d. 

Canada.  Kxtensiens  aio  Icing  made  (o  the  Cnnadir.n  Niagara 
PowerCo.'s  plant  at  Niagant  Pall;:.  Tliiee  new  units  of  12.."0OH.r. 
are  Icing  ereeted  n  the  scnith  sect  ie  n  of  the  plant,  and  when  tl.e;e 
are  in  operation  the  total  output  e)f  Caiiadijin  Niagara  power  will 
be  appnixiniatelv    |  1l\:,(MI  \t,i\ 


Colombia. — H.M.  Minister  at  Bogota  states  that  the  provincial 
townrj  in  Colombia  are  gradually  being  supplied  with  electricity  supply 
works,  and  cheap  electric  lighting  fittings  are  required  in  many  dis- 
tricts. Hou.se  building  is  proceeding  on  a  considerable  scale  at  Bogota 
and  at  Medellin. 

Japan. — The  British  Consul -General  at  Yokohama  says  an  efficient 
e'.cctric  train  tcrvice  was  established  in  1915  between  Tokio  and 
Yokohama,  in  addition  to  the  ordinary  train  service. 

A  Tokio  journal  state:^  thst  zinc  mining  in  .Japan  has  suddenly  sprung 
into  a  .state  e.f  briskness  in  harmony  with  the  swift  elevelopment  of  the 
zinc  refining  inelustry,  anel  the  output  of  zinc  ore  will  greatly  inereare  at 
no  distant  (late.  A  mine  in  the  Miyagi  Frtfeeturc,  which  in  1915  pro- 
duced some  4.CO0  tons  of  ejre,  is  exi)eetcd  to  more  than  double  its  output 
in  191(5.  Atti^-ntion  has  been  paid  to  a  mine  in  the  Hokkaido,  which 
hael  been  neglected.  It  is  hope-d  that  this  mine  will  yield  3.200  tons  cf 
ore  in  lOKi  anel  .'jjOOO  in  1917.  Mining  fejr  zinc  hascommcnecd  at  a  mine 
formerly  worked  for  copper  in  the  Gumma  Prefecture.  In  1917  the 
monthly  output  is  expecteel  to  reach  2..'00  or  3,000  tons.  The  ore.  how- 
ever, coiitains  enly  12  or  13  ikt  o-nt.  e  f  zinc. 

Prior  lo  the  war.  a  zinc  mine  in  H'eia  Provinee  hr.d  an  e^utput  eJ  lO.CKK) 
tors  a  year.  Eilorts  Inve  been  maeb-  te)  increase  jjrceluetiein.  and  the 
output  will  be  increased  by  ^.0  jjer  cent,  during  191(5.  The  annual  output 
of  another  mine,  in  the  Nagasaki  Prefecture,  was  not  more  than  3,000 
tons  before  the  war.  At  present  it  produces  500  tons  a  month.  Tha 
total  annual  ])ro<luction  eif  zinc  e^re  in  .Tapan  befe  re  the  war  only  amounted 
to  40.000  te)ns,  but  this  year  the  production  will  he  over  rO,(KXl  tons. 


MISCELLANEOUS   NOTES. 

Enemy  Firms  Wound-up. — The  Board  of  Trade  has  ordered  the 
winding-uj)  eif  2.">9  businesses  controlled  by  alien  enemies. 

The  latest  li.st  inclueles  the  Roumanian  Oil  Trading  Co.  (Ltd.).  0, 
Lloyd's-avenue.  Lonelon,  E.C.,  .shipping  agents  of  a  Roumanian  e-om- 
pany  (Cemtrollcr  :  R.  Ste])hens.  31,  Le)mbard-.street,  E.C. );  Baleke  & 
Co.  (Ltd.),  Hroadwav-court,  Broadway,  London,  S.W.,  wate-r-cooling 
cngine'crs  (Controlli-r  :    .1.  W.  Harratt,  19a,  ('oleman-.strcct,  E.C.) 

Por  British  Hulm  .Metallic  Packing  Co.  (Ltd.),  which  appeared  in  a 
previous  list,  read  British  Huhn  Metallic  Packing  Co.  (Ltd.). 

Exports  to  China.— The  "  London  CJazcttc  "  of  .Inly  2,5  ccntainc  a 
further  li;;!  (;f  j  crsonn  and  lir.T.r;  in  China  to  whom  good;;  n:ay  be 
consigned  rom  the  United  Kingdom..  These  include  the  Westing- 
houfc  Electric  Ex|)<)rt  Co.  (.'Shanghai). 

London  Electricians'  Wages. — The  electrician-i  in  the  Lcndon 
elistrict  ha\e  1  ecu  awarded  an  advance  of  ^d.  i>er  hour  by  the  Com- 
mittee on  ProductioiL  Tiie  Committee  have  alr-o  awarded  assist- 
ant:; and  labourers  in  the  industry  i)ro  rata  increase:'.. 

Mine  Electricians.-  At  the  Miners'  Federal iem  Conference  recently, 
a  resolution  was  carried  urging  that  Regulation  131  of  the  Home 
Oflice  Regulations  under  the  Ce)a!  Mines  Act  be  .-.o  amended  as  to 
make  it  illegal  for  a  pennon  in  charge  of  an  electric  coal-cutter,  whose 
wages  depenel  jijHin  the  amount  of  mineral  gotten,  to  be  ap;)ointed 
as  tl'.e  re;'.|)(  n:!ible  |,er:u)n  to  sup.ervi!-.e.  examine  or  adjust  the  electrical 
a|»|)aralus. 

.Sir.  S.  RoKiircK.  who  meived  the  resohition.  .sjvid  there  w.as  a  case  in 
Veirk.sliiri'  when-  to  overhaul  the  electrical  machinery  they  coujiled  up  to  a 
steam  engine,  and  for  20  minutes  the  fan  was  sto])pcd.  then"  was  no 
ventilatiem.  and  an  exi)losie)n  e>e(  urn>d.  Prof.  OShea  found  that  during 
those  2(1  minute's  the-n-  weiulel  be-  an  aceumulaliem  of  gas  em  tihe-  face-  eif 
37  JKT  e-ent..  anel  il  was  alse>  found  that  t he-re  was  a  .sparking  fre)m  the 
eleetric  e-eml-eutter.  The  man  whe)  wius  weirking  the  ceKil-euttrr  was 
employcel  at  picee  rat<-8.  and  had  five  men  weirking  fe)r  him,  ami  he  was 
not  <■;  title-d  to  ee  ;n]>e-|satie)n  for  ste))>imge's  e>f  le>ss  than  twe>heiurs. 

Trading  Witn  the  Enemy.-  Tie  -Lenddi  Cazrtie"  e)f  .luly  18 
fontains  further  li.st.s  of  firms,  and  percons  with  whom  trjMling  by 
firms  anel  person^!  in  the  Tnited  Kingdom  is  prohibiteel. 

These  ircluelo  ih>  feilleiw in:z  :  linizH.  SeM-ieeliMl  Tubos-Mannesmann 
(Rie)  ele  .bine-iro).  Chili.-  Sie-m<ns  Sehuekert.  Ltd.  (Valparaiset  and 
Sa!itiago).  -Ve7A^r/</»rf;«.  -  Nceierlandse  he  Maatfchappy  N.\".  (Re>tter- 
dam).  Ncele-rlanelseh"  Huistelefoon  Maatschappy  (Reitterdam.  Am.st<?r- 
elam  and  The  ilsigue).  Xrihfrlnnti.i  KnJ>t  Indir«. — Teehni^eh  Bureau 
Altmann  (Bandoeng).  r..S., 4. -Electro  Bleaching  (Jas  Ce>.  (Niag.ara 
Palls  and  New  York).  C.olelxhmielt  Chemical  Co.  (New  Ye.rk).  C.old- 
schmidt  DetinningCei.  (N<  w- Vurk).(;e.!d.Mhmidt  Thermit  Co.  (Ne-wYeck). 
Natieinr.1  Zinc  Ceupn.  (New  Ye>rk).  Onmstein  &  Koppel  (Pennsylvania). 

Corrections  are  publishrel  Ui  the  entries  in  previous  lists  of  the  followine 
firms:  Argrnfina  and  Vrugumj. — AllgiMueine  Electricitats  (;esellschaft 
S\:damrrirana  (Buenos  Ayns  si-id  .all  br.inche-s  in  .Vrtsrntina  and  Cniguay ) 
Ca-sini  *  Co.  (Bnmns  Ayns).  (Jasmote>nnfal)rik  IVulz  (Bue-neis  .\yre,i). 
.Veiri/Mi/.-A.  E.  <;.  (Christ  lania.  St. av.angxT  anel  Tre>ndhje-ini).  I'nrluijnI. — 
A.  E.  G.  (Thomse»n-Hei\|..1c.n  Ilx  rial  (Opurlu  and  Lisbon).  Si0fdrn  — 
A.  E.  G.  (Stockholm). 
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I  TENDERS    INVITED.  | 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiy^ 


Telegraph  and  Telephone  Material. 

The  Deputy  Postmaster-dlencnil,  Melbourne,  requires  tenders 
by  3  p.m.  Aug.  8  for  tlic  supply  and  delivery  in  Melbounie, 
Sydney,  Brisbane,  Adelaide,  Perth  and  Hobai-t  of  Standard 
Battery  Material,  including  Pots,  Porous  Jars,  Zinc,  Carbon 
Rods,  Chemicals,  &c.,  for  the  Australian  Commonwealtk, 
Postmaster-Ceneral's  department.  (Schedule  1,327.)  Specifi- 
cations, &c.,  from  the  Deputy  Postmaster-Ceneral. 

The  Deputy  Postmaster-General,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  16  for  the  supply  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &c.,  for  the  Australian 
Commonwealth  Postmaster-General's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputy  Postmaster- 
General,  Perth  (W.A.). 

Tenders  are  invited  up  to  July  31  for  the  supply  and  erection 
at  G.P.O.,  Brisbane,  of  Power  Board  and  Accumulators  (Stores' 
Schedule  381).  Specifications  and  tender  forms  from  Common- 
wealth Offices,  72.  Victoria-street,  Westminster,  London,  S.W. 

Tenders  are  invited  up  to  Aug.  16  for  the  supply  to  the 
Australian  Commonwealth  Postmaster-General's  Dept.  (State 
of  Western  Australia)  of  (a)  Distilling  Apparatus  (schedule  502), 
(6)  Instruments  (Telegraph  and  Measuring),  various  and  parts 
(schedule  498).  Tender  forms  and  specifications  can  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 

Turbo-Alternator,  Condenser,  &c. 

The  Town  Clerk,  Invercargill  (N.Z.)  will  receive  tenders 
until  4  p.m.  on  Sept.  28  for  the  sujjply  and  erection  of  a  Steam 
Turbo-Alternator,  with  Condenser,  Fittings,  &c.  (Contract  No. 
40).     Specification,  &c.,  from' the  Town  Clerk. 

Electric  Crane  and  Air  Compressor,  Crane  Motors,  &c. 

Tl:e  New  South  Wales  Government  Railways  &  Tram- 
ways Department  require  tenders  by  noon  Sept.  20  for  the 
supply  and  erection  of  an  Electric  Overhead  Travelling  50-ton 
Crane  (specification  474)  ;  and  by  noon  Oct.  11  for  a  motor- 
driven  Air  Compressor  (specification  480)  for  Zarra- street  power 
house.  Specifications,  &c.,  from  the  Electrical  Engineer,  61, 
Hunter- street,  Sydney. 

The  Victorian  Railway  Commissioners,  Spencer-street, 
Melbourne,  require  tenders  by  11  a.m.  Sept.  6  for  the  supply  of 
12  Three-phase  Crane  Motors  and  Controllers  and  11  One-phase 
Workshop  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
fications from  the  offices  of  the  Commissioners. 


Street  Lighting. 

Castlebar  Urban  Council  lecjuire  tenders  by  2  j).ra.  Aug.  5 
for  Electric,  Gas  or  other  lighting  from  Sept.  15  to  April  1  next. 


TENDERS  RECEIVED  AND  ACCEPTED. 


iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiili 

Hammersmith  (London).— Tne  Electricity  Committee  recom- 
mends the  Borough  Council  to  enter  into  a  ccntract  with  the  British 
Electric  Transformer  Co.  for  a  12  months'  supply  of  transformerB. 
It  is  projjosed  to  purchase  five  200  kw.  transformers  now  at  £840. 

Southampton. — The  Education  Com^mittee  has  accepted  the 
tender  of  H.  C.  Taplin  (at  £250.  13s.  Gd.)  for  wiring  the  Eastern 
District  School.     Another  tender  was  at  £371.  15s.  3d. 

Westminster. — The  Guardians  have  accepted  the  tender  of 
Matthew  Hall  &  Co.  (at  £45)  for  inspecting  and  maintaining  the  lifts 
at  the  infirmary  for  12  months. 

Buenos  Ayres. — The  Buenos  Ayres  Western  Railway  Co.  has 
placed  an  order  with  the  Leeds  Forge  Co.  for  under-frames  and  bogies 
for  motor  coaches  and  bogies  for  trailer  coaches.  These  materials 
are  for  rolling-stock  now  being  bailt  in  this  country  in  connection 
with  the  electrification  of  a  jjortion  of  the  company's  system.  The 
value  of  the  order  amounts  to  about  £70,000.  .. 

Tyre  Inflators. — The  Metropolitan  Asylums  Board  propotes  to 
install  power-driven  tyre  inflators  at  four  ambulance  stations.  The 
electric  motor  will  be  supplied  by  the  Crypto  Electrical  Co. 

Government  Contracts.— The  following  tenders  were  accepted  by 
the  British  Government  Departments  during  July  : — 

War  Office. — F.  R.  Butt  &  Co.,  X-ray  apparatus;  W.  T.  Henley's 
Telegraph  Works  Co.,  Midland  Electric  Wire  Co.,  Ward  &  Goldstone  and 
Western  Electric  Co.,  electric  cables  and  wires;  Siemens  Bros.  &  Co., 
electric  cells  ;  General  Electric  Co.,  electric  generators  and  motors ; 
C.  Collins  (Ltd.),  Efandem  Co.  and  J.  &  R.  Oldfield,  electric  lamps; 
Automatic  Telephone  Mfg.  Co.,  telephone  .switchboards;  Edmundsons" 
Electricity  Corp.,  electric  light  installation  at  Rendcombc  ;  H.  J.  Cash 
&  Co.,  electric  lighting  at  Wye. 

Post  Office. — Gell  Telegraphic  Appliances  Synd.,  telegraph  apparatus  ; 
British  L.  M.  Ericsson  Mfg.  Co.,  Peel  Conner  Telephone  Works  and 
Western  Electric  Co.,  telephone  apparatus;  Siemens  Bros.  .^  Co.,  iron 
arms;  Telegraph  Construction  &  Maintenance  Co.,  telegraph  cable; 
British  Insulated  &  Helsby  Cables,  W.  T.  Glover  &  Co.,  Union  Cable  Co., 
and  Western  Electric  Co.,  telephone  cable  ;  London  Electric  AVire  Co. 
&Sm  iths  and  Phoenix  Telephone  &  Electric  Works,  telephone  cords ; 
North  Beitish  Rubber  Co.,  telephone  mouthpieces  ;  British  Insulated  & 
Helsby  Cables,  cable  plugs;  Siemens  Bros.  &  Co.,  bronze  wire;  Dorman, 
Long  &  Co.  (Ltd.),  Johnson  &  Nephew,  Rylands  Bros,  and  Whitecross 
Co.,  g.i.  wire;  Eyre  Smelting  Co.  and  Siemens  Bros.  &  Co..  batterj-  zincs. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Carlisle. — The  accounts  of  the  municipal  electricity  dejiartinent 
for  the  year  ended  March  31  show  grosi;  capital  expenditure  £129,638 
(increase  £3,464),  and  £76,073  is  cutstanding. 

Revenue  was  £25,109  (compared  with  £21,404  in  previous  year),  and 
total  costs,  including  special  charges  but  not  capital  charges,  were 
£15,384  (£13,063),  leaving  gross  profit  £9,725  (£8,341).  Interest  required 
£3.388  (£2,963)  and  instalment  of  capital  £6,163  (£5,301),  leaving  net 
profit  £174  (£76).  Average  revenue  ])er  unit  was  l-51d.  (l-48d.),  works 
costs  were  0-53d.  (0-59(1.),  and  total  costs,  including  0-55d.  (0-55d.)  for 
interest  and  sinking  fund,  were  l-5d.  (l-47d.).  Units  generated  were 
5,200,843  (4,282,873)  and  sold  3,973,039  (3,470,492).  Maximum  load 
was  2,210  kw.  (2,108  kw.),  and  load  factor  20-5  (19-6)  per  cent. 

Mr.  F.  W.  Purse  (city  electrical  engineer)  says  in  his  report  the  average 
price  of  coal  was  38  per  cent,  over  that  paid  in  previous  year.     The 


increase  in  net  profit  v/as  obtained  without  anj^  general  increase  in  the 
charges  for  current.  But  for  the  power  load  (which  amounted  to 
3i  million,  compared  with  i  million  for  lighting,  ui  round  figures)  the 
(:ha;ges  for  ligiiting  would  have  liad  to  be  itiereased  at  least  25  jier  cent. 
The  reveiuie  ])er  horse-power  demanded  was  about  50  i)er  cent,  more 
in  the  case  of  })ower  than  in  th(>  case  of  lightijig  supiilies.  although  the 
average  charges  for  lighting  and  power  respectively  are  about  3|d.  and 
Id.  The  154  power  consumers  provide  a  revenue  of  £16.000.  while  't 
takes  711  lighting  consumers  to  produce  £8,000,  with  greater  capital  cost 
of  services,  meter  reading,  &c. 

In  moving  the  adoption  of  the  report  and  accounts  at  the  last  meeting 
of  the  Council,  the  Mayor  said  the  result  of  the  year's  working  refieeted 
the  greatest  credit  on  the  engineer  and  hi  ■.  staff.  He  had  particulars 
before  him  of  over  150  towns  throughout  the  kingdom  showing  that  for 
the  past  year  they  were  uniformly  unprofitable.  He  called  attention 
to  the  benefit  the  Carlisle  undertaking  was  deriving  from  the  last  exten- 
sion of  the  ]ilaat.  The  output  increased  over  half  a  million  units,  while 
the  coal  consumption  was  100  tons  less. 
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Haniineibinith.  -  Tlic  accounts  of  Hit'  electricity  unclertaking  for 
tilt"  year  ended  March  '.i\  have  been  jjiejjaied. 

Hoving  regard  to  the  greatly  increased  cost  <if  fuel  and  to  decreased 
revenue  from  yndjlie  lighting  consequent  ujjon  the  restrict ion.s  imposed, 
the  I'^ledricily  ('oniniitte<!  thinks  that  Uie  net  profit  on  tlie  year  of  ap- 
proximately it.OO.  may  He  considered  very  graiifying.  especially  as  no 
increase  had  heen  made  in  the  charge  to  general  consumers. 

The  Committee  is  in  communication  with  Battersea  and  Fulham 
Borough  Councils  with  the  objccts.ifpor-sihl'^,  of  agreeing  to  the  conditions 
upon  which  the  three  Councils  should  carry  out  the  linking-up  scheme 
approved  in  June,  1915,  so  far  as  it  relates  to  the  Hammersmith  and 
Fulham  stations.  The  Committee  is  also  in  communication  with  the 
Treasury,  the  Board  of  Trade  and  the  L.C'.C.  regarding  the  sanction  for 
the  necessary  (expenditure. 

Hull. —  The  eleetrieity  aceounts  for  the  year  to  March  'U  show  gross 
capital  expenditure  £rj40,01K)  (increase  ku.i'.W),  of  whicii  t212,Hli 
has  heen  repaid  or  jJaced  in  sinking  fund. 

Revenue  was  £89,208  and  working  exix-nses  and  special  charges 
amounted  to  £48,90.'j,  leaving  gro.ss  jjrofit  £40,303,  or  £42,030  before 
deducting  special  charges  (work.s  protection  and  war  allowances).  In- 
terest required  £1.5,049,  loan  instalments  £18,900,  and  income  tax  £2,105, 
the  net  ])rofit  carried  to  reserve  being  £4,247.  Works  co.st  per  unit  was 
0fi4d.  (against  OHfid.  in  previf)Us  year),  total  working  cost  0-79d.  (0-81d.) 
and  ca])ital  charges  were  0-55d.  (0-61  d.).  Units  generated  were 
19,952, «05  (17,729.0f>0)  and  sold  14.795,42B  (12,969,776).  Maximum 
.supply  demanded  was  7,810  kw.  (6.700  kw. ). 

Mr.  .1.  R  Magoris  (acting  city  electrical  engineer)  says,  in  his  re])ort, 
lighting  restrictions  causi-d  a  rh-crease  of  £5,000  in  receipts  for  lighting,  in 
s])ite  of  an  increase  of  307  in  the  innnber  of  lighting  consumers,  but 
inconu'  from  ))owcr  su])ply  increased  by  £9,517.  The  connections  to  the 
niains  are  etjual  to  28,790  kw. 

Mr.  Magoris  also  informs  us  that  the  effect  of  the  lighting  restrictions 
was  to  reduce  the  revenue  from  lighting  ])er  average  kilowatt  connected 
from  £5-13  to  £3'79.  Tin-  gross  i)rofit  rcjtreseiits  7-85  |)er  cent,  on  the 
average  capital  <  inplnyi'il,  or  14-7  per  cent,  on  the  outstaiuliiig  loan  debt 
of  £285,858.  From  tiin<'  to  1im<'  the  committee  have  contributed  large 
sums  towards  the  co.st  of  capital  work  (amounting  to  nearly  £50.0(l(t) 
from  reserve,  which  latti'r  now  staiids  at  £20.500.  or  slightly  over  7  |)cr 
cent,  on  the  outstanding  loan  dcl)t. 

Middieton.  The  eleetrieity  departments  accounts  for  the  \ear 
ended  March  31  show  a  net  deficit  of  £1,066. 

Income  was  £8,593,  in  addition  to  £1,748  paid  1o  Mii  m  liestrr  Cor- 
jiorat  ion  for  <unent.  tiencration  costs  were  £5.011,  distribution  £655, 
and  the  remainder  of  the  costs,  other  than  <  apital  charges,  amounted  to 
£1,277.     Interest  and  sinking  fund  required  £3,315. 

Oldham.  The  eleetri(  ity  de])artments  accounts  for  the  year  ended 
March  25  show  total  capital  expenditure  £383,813  (increase  £26,815). 
of  which  £236,749  is  outstanding. 

Bc\enue  was  £63,920  (aizainst  £52,293  in  previous  year),  and  total 
costs  were  £37.222  (£27.<MMi).  gro.ss  profit  being  £26.098  (£25.2K7). 
Sinking  finid  reipiired  £10,465  (£9,337),  interest  £IO,m)2  (£11,366),  and 
(•xjicndittire  on  meters  £224  (£l.(»34),  and  net  jtrofit  was  £5,107  (£3.550). 
Average  ])rice  obtained  was  l-44d.  (l-54d.).  Total  revenue  costs  weix- 
0H.-.2<1.  (0-812(1.).  I'nits  generated  were  13.288.(;4I  (lt.874.187)  and  sold 
1(1.  tH7,235  (7.9K5,S.".9).  .MaNimiim  loud  was  5.3(Ml  kw.  (t.59l  kw.)  and 
load  fiictor  22-27  (I9-K5)  per  cent. 

The  report  of  tin-  joint  engine('rs  and  managers  (.Mr.  1''.  L.  Ogden  and 
Me.  W.  ChiimlM-rlain)  states  that  there  have  In-en  installed  and  |)ut  into 
ciiinniission  diuMug  the  year  a  3.00()  kw.  Ih'ifish  West  inglioiise  turbo- 
altci'Miitor  :  three  25.000  lb.  lialx-ock  &  Wilcox  water-tube  boilers,  with 
chain  grate  stokers,  (irecn's  economiscrs  and  induced  draught  ])lant  : 
two  wati-r-cooling  towers;  a  new  battery  house,  battery  booster  and 
switehgear  ;  one  250,tlOO  gallons  ])er  hour  motor-driven  centrifugal 
pum|)  :  aTid  two  boiler  feed  ])umps.  Tenders  have  been  aenepted  for 
two  Mabcock  &  Wilcox  22,000  lb.  water-tul)e  boilers  with  chain-grate 
stokers,  fiiiuidations  and  ]ii)"  work.  (Jreen's  economiscrs  and  induced 
draught  jilant  ;  one  1,2.50  kw.  Briti.sh  Westinghouse  rotary  converter, 
transformer  and  switehgear  ;  jind  one  2.50, OtlO  gallon  motor-driven 
centrifugal  cooling  tower  juim)).  Contracts  have  been  arra;)ged  for  the 
.supply  of  energy  to  neveral  cotton  mills  for  driving  purposes,  and  energy 
is  iicing  supplied  to  n  number  of  enginccrinj;  works. 

Stoke-on-Trent,  'i'he  accounts  of  the  electricity  department  for 
the  \eiir  ended  .March  31  shoa  total  capital  ex|K'nfliture  £344.081) 
(increase  £7.382).  of  whicli  £1  11 .4I>."{  is  (Uif  standing. 

He\(niue  was  £tt0.970  (innip.ind  with  154.3(15  in  previous  yi'iir). 
Total  costs  were  £34,1 1 1  (£30.0 lO).  Interest  nijuired  £10.543  (£10.080). 
repayments  £12.t)98  (£11.444).  new  meters  £987  (£1.076)  and  other  items 
of  a  capital  nature  £74  (£29).  leaving  a  .suqilus  of  £I.1S3  (£71).  to  which 
are  added  £278  (£7.S9)  for  steam  .sold  antl  £1.097  (£1.018)  for  street  lamjt 
repairs.  Total  ri"<eipls  were  l-873d.  (1  700d.)  per  uTut  sold,  and  total 
costs  were  1 -067d.  (0  969d.).  or  1  827d.  (1  7tK»d. ).  uuluduig  capital 
charges,  new  meters.  &e. 

Mr,  C.  H,  Yeanuvn  (chief  eleefrieal  engineer)  says  in  his  n'port  units 
sold  were  7,673,381  (7,432,910).  The  incrt>ased  .Mirplus  included  £1.111 
resulting  from  the  extra  reveiuie  of  £6.885.  Cost  of  coal  and  destrurtor 
steam  rose  from  £U),799  to  £14.-582  net. 


COMPANIES'  MEETINGS  AND   REPORTS. 


Electric  &  General  Investment  Co.  (Ltd.) 

The  twenty-seventh  ordinary  general  meeting  was  held  on  Tuesday, 
Mr.  .1.  H.  Hp.AiTHVVMTEin  the  chair. 

The  SECRETAliV  (.Mr.  S.  R.  Shaw)   havmg   read   the  notice  con- 
vening the  meeting  and  the  certificate  of  the  auditor. 

The  CHAIRMAN  .«aid  :  Gentlemen,  with  regard  to  our  balance-sheet, 
the  jea'r,  as  you  know,  has  been  one  of  war,  and.  owing  to  Treasury  restric- 
tions, pract  ically  all  financial  business  such  as  that  which  we  engage  in  has 
been  at  a  standstill, and  we  have  had  to  live  on  our  dividends  and  trustees" 
fee.s.     We  have,  however,  materially  improved  the  Company's  position 
during  the  year.     The  two  items  of  liabilities — .sundrj-  creditors  and  open 
a<(  ounts  and  loans  from  bankers  and  other.s — which  in  the  last  balanee- 
.sheet  stood  at  £120,4tlO,  this  year  stand  at  £101,700,  .so  there  is  an  im- 
])ro\ement    in    thr)se    items    of    £18,700.     That,    of   course,    materially 
.strengthens  our  posit  ion.    With  regard  to  our  ear.dngs,  we  have  received, 
a>  you  .see,  £7,336.  10s.  lid.,  and  had   a  carry  forward  of  £5.222.  5s.  7d., 
making  our  total  receipts  £12,558.   16s.  tid.     On  the  other  hand,  our 
general  charges,  including  directors'  and  auditors'  fee-s,  are  about  the 
same  as  they  were  last  year — £1,473.  12s.  lid.  ;    interest  on  debenture 
stock  is  .slightlv  less,  and  the  balance  carried  to  the  balance-sheet  is 
£10.194.   10s.   Id.,  instead  of  £5,222.  5s.  7d.     We  have,  therefore,  im- 
proved our  carry  forward  by  nearly  £5,000.  which,  of  course,  belongs  to 
our  preference  shareholders,  and  we  .shall  distribute  it  to  them  when 
financial  conditions  arc  more  favourable  than  they  arc  at  ]»resent.     The 
only   other  remark    1    think   1   need   make  is  as  to  our  investments. 
Our  valuation  of  them  at  the  end  of  the  year  showed  an  improve- 
ment f)n  that  of  last  year   of   £15,000.    so   that,   again,    is  in  the  right 
direction.     Rutting   the  £18,700   reduction   of  our   liabilities  and   the 
increase  in  the  valuation  of  our  investments  together  there  is  an  improve- 
ment of  over  £30,000  in  the  position  of  the  Company,  which  1  think  is 
satisfactory  under  the  circumstances.     I  am  a  preference  shareholder, 
and   1  .sym])athise  with  my  brother  shareholders  that  we  do  not  feel  it 
wise  to  make  a  distribution,  but  the  auujunt  is  carried  forward  and  is 
theirs.  an«l  1  am  sure  we  shall  all  agree  that  it  is  bettor  to  .strengthen 
our  financial  position  in  times  like  the  pre.scnt.     I  propo.'-'c  the  ado])tion 
of  the  re|>ort  and  a/-co(nits. 

.Mr.  K.MILK  (i.\RCKP]  seconded  the  motion,  which  was  carried  una-ii- 
mously. 

Mr.  .1.  Cecil  Bull  was  then  unanimously  re clc  ted  a  director,  and  Mr. 
H.  Leigh  Williams.  K.C.A.,  was  re-appointed  auditor,  a  vote  of  thanks 
to  the  chairman,  the  directors  and  staff  terminating  the  prcwecdings. 

COUNTy  OF  DORSET  ELECTRIC  SUPPLY  CO.  (LTD.)— The  report  of  th" 

dirc(  tor>  for  1915  >ta1(  -  that  the  capital  expended  in  the  as.sociatcd 
comi)anic,-  to  date  i.-  £34,450.  Us.  4d.  Revenue  receipts,  exclusive  of  the 
Lyme  Regi.-,  dividend,  were  £2.460.  14s.  Id.,  again.st  £1,062.  .5s.  Id.  last 
year.  Gro.ss  profit  (mduding  dividend  for  the  Lyme  Regis  Co.)  is 
£1.271.  7s.  8d.  Against  this  must  be  placed  interest  on  temporary  loans 
£845.  Ifls.  9d.,  leaving  a  profit  of  £425.  7s.  lid.,  against  a  deficit  of 
£160.  3s.  lOd.  in  1914.  The  .subsidiary  companies,  viz..  the  Lyme  Regis 
Kl<itric  Li:;ht  and  l'nw<  r  Co.,  Ltd..  Blandford  Forum  a".d  District  Electric 
Supply  Co..  Ltd..  and  Swanaue  Klectri*  ity  Supply  Co..  Ltd..  have  each 
shown  satisfactory  progicss.  The  Lyme  Regis  Co.,  in  spite  of  lighlin<: 
restrictions,  shows  a  ])rofit  equivalent  to  a  dividend  of  8  per  cent.  The 
number  of  consumers  in  Dorchester  (m  Dee.  31  was  112.  in  Blandford  (>4, 
in  Lyme  B<gis  133,  and  in  Swanage  8(5,  The  company's  jirogn',ss  ha^ 
been  st«  a<ly  and  sat  i^f;u■t<lry.  es|H(  iiilly  when  the  jMlvcrw  ecindit  l<»ns  due 
to  the  war  arc  taktni  into  co  isidcral  ion. 

CREDENDA  CONDUITS  CO.  (LTD.)  The  piofit  for  the  yew  ended  April 
30  last,  after  pioxiding  for  rcjtair-^,  dcpicciat  ions,  directors"  fees  and 
reserve  for  income  tax  and  excess  profits,  anunnits  to  £6,093.  which,  with 
£8(>2  brought  forward,  gives  an  available  balance  of  £6.955,  The 
directors  have  written  off  the  goodwill  aeccnuit  £2.000.  and  they  recom- 
mend payment  of  a  dividend  at  the  rate  of  8  j>er  cent.  j>er  .innum  (t-ax 
free)  on  till-  cirdinitry  shares,  and  to  carry  forward  £955. 

CROMPTON  &  CO.  (LTD.)  -.\t  the  annual  general  meeting  on  .Monday 
the  chiirman  (.Mr.  (  arleton  F.  Tnfnell).  in  moving  the  adoption  of  the 
report  ami  accounts,  said  th.'»t  the  trading  for  the  year  ended  March  31 
last  hid  been  jtrofitable  The  ye.ir  hiul  been  one  of  diflic ndty  in  many 
ilirections.  but  they  had  managcil  to  do  a  larger  turnover.  The  gross 
profit  increased  fr-.m  £57.tKK)  to  £(>3.100.  and.  after  meeting  various 
charges,  the  disposable  b.tlance  was  £37.950.  against  £28,(i48.  It  was 
proposed  to  put  £6.."00  to  general  reserve,  and  the  hoard  succcstcd  a 
larger  sum  as  a  special  deprec  iivtion  fund.  They  also  propo.'-cd  to  write 
ofT  the  baliUHc-  of  jirehminary  cxienses  (£l.t:Ot)).  The  director-  recoiu- 
meiidcd  ll.e  iwiyment  of  the  full  dividend  of  7  Jht  cent,  on  the  jtrefercncr 
shures.  but  they  felt  euiii|ielk*<i  to  again  ap|N-al  to  the  jvitience  of  tin- 
onlinary  shareholders.  When  he  had  the  pleasure  of  addressing. them 
hi.st  yc-ar  he  rcfcrrcMl  to  the  uchhI  of  husbanding  their  resources,  and  they 
hicl  now  to  fnee  war  taxation  on  a  scale  which  was  altogetheJ  unforeseen 
12  months  ago.  Tl»e  amcnnit  carried  forward  was  £10.479  (ag:viust 
£7.(i04 ).  but  it  was  subject  to  excess  profit  duty  and  assessment  undc-r  the 
Ministry  of  Munitions  .\et  for  the  year  under  review,  and  also  the  previous 
yc-ar.  Their  works  wen-  declared  a  '"  controlled  establishment  ""  in 
August  of  last  \ear.  Dining  the  year  they  had  delivered  a  \ery  large 
amount  of  war  mat<ri«l-  >..  electrical  machinery,  jirojectors.  &c. — for 
the  .\dmiralty.  the  W.ir  Ofli'-e  and  for  our  .VlUcs.  as  well  as  eciuipnient 
fr.r  (".iivernment  ai,.1  -tliir  ninriitir>n  w-rks.  and  the  oHers  in  nand  for 
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these  various  classes  of  work  at  the  eiul  of  the  year  showed  a  coDsiderahlc 
inrrease  over  the  iijruic  at  which  lliey  stood  12  nionths  prtn'iously.  With 
regard  to  th(^  future,  h(^  said  tiiat  tiwy  iiad  iilciity  of  woriv  in  hand  lo 
J<ee|)  tiie!n  husy  for  many  nionths  to  eoirio.  Some  peopU-  anticipated 
eonsiderahle  activity  for  a  period  after  the  war  ended,  hut  the  hoaid  wen- 
taking  steps  to  meet  a  possible  sct-baek  in  the  demand.  He  hopel  the 
results  of  what  they  were  doing  would  enable  them  to  obtain  business 
in  other  directions, "as  and  when  they  required  it,  to  compensate  for  any 
falling  off  in  their  ordinary  trade,  and  that  matter  of  the  futm-e  was 
receiving  their  most  careful  attention. 

The  motion  having  been  seconded,  was  carried  unanim.ously. 

EDMUNDSONS'  ELECTRICITY  COEPN.  (LTD.)— At  the  annual  general 
meeting  of  this  company  last  week  the  chairman,  Mr.  P.  I).  Tuckett, 
in  moving  the  adoption  of  the  report  and  accounts,  said  there  was  a 
shrinkage  of  profit  which  interrupted  the  record  of  steady  progress  which 
they  were  making  year  by  year  prior  to  the  war.  Almost  all  the  under- 
takings with  which  they  were  connected  had  been  adversely  affected, 
their  profits  showing  in  the  aggregate  a  reduction  of  over  £12,000.  Not 
only  had  their  lighting  revenue  been  shrinking  but  the  cost  had  increased. 
Coal  accounted  for  a  difference  of  £13,000,  and  they  had  lost  3G4  men  who 
had  gone  to  the  front,  many  of  them  highly-trained  men  whom  they  could 
not  afford  to  lose.  The  Isle  of  Wight  was  chiefly  responsible  for  the 
reduction  in  dividend  and  interest.  At  Lymington  the  lighting  revenue 
had  dropped  15  per  cent.,  at  Ilfracombe  16  per  cent.,  at  Ramsgate  23 
per  cent.,  and  at  Cromer  29  per  cent.,  following  on  a  drop  of  10  per  cent, 
the  previous  year.  Melton  Mowbray's  hunting  season  and  Newmarket's 
racing  and  training  activities  had  suffered  owing  to  the  war,  and  dividends 
there  had  been  affected,  while  at  Bromley  and  at  Surbiton  lighting  eon- 
sumption  had  decreased.  Save  at  Melton  Mowbray  and  Newmarket,  the 
cost  of  coal  had  been  substantially  higher.  At  Scarborough  the  resident 
population  of  the  town  was  reduced  and  the  town  had  been  deprived  of 
nearly  500,000  of  its  summer  visitors.  The  tramway  revenue  had  shrunk 
by  58  per  cent.,  and  the  iindertaking  presented  a  difficult  problem,  as  it 
was  obvious  it  could  not  be  run  indefinitely  at  a  loss.  On  the  other  hand, 
the  Lancashire  Power  Go.  had  increased  its  profits,  though  the  stage  at 
which  they  could  be  divided  prudently  had  not  yet  been  reached,  while 
a  satisfactory  development  was  the  taking  o\er  from  the  Council  of  the 
Surbiton  unilertaking.  Generally,  they  were  by  no  means  sanguine  of 
their  ability  to  avoid  further  shrinkage  in  })rofits,  but  their  2)osition  was 
wholly  due  to  war  conditions,  and  should  rapidly  improve  as  the  country 
resumed  its  normal  way  of  life. 

The  report  and  accounts  were  adopted. 

SOUTHERN  BRAZIL  ELECTRIC  CO.  (LTD.) — An  ordinary  general  meeting 
of  this  com])any  was  held  last  week.  'Mr.  E.  H.  Tootal  (chairman),  in 
submitting  the  report  and  accounts  (abstracted  in  our  issue  of  14th  inst.), 
said  little  more  than  six  months  had  elapsed  since  their  last  general 
meeting,  so  that  it  was  not  possible  to  make  any  comparison  with  the 
figures  given  in  the  previous  report,  which  covered  a  year.  Steady 
progress  was  being  made,  and  there  was  every  reason  to  look  for  a  satis- 
factory increase  of  revenue  all  round,  but  the  present  stage  was  largely 
one  of  development  and  extension.  The  first  section  of  the  Piracicaba 
tramway  line  was  opened  for  traffic  in  four  months  from  the  grant  of 
the  municipal  concession.  This  line  had  been  received  with  favour  by 
the  jieople  in  the  district,  and  it  was  expected  that  it  would  soon  show  a 
material  development  of  passenger  and  goods  traffic.  Work  was  pro- 
gressing well  with  the  electrification  of  the  Camjtinas  Steam  Railway, 
though  here  some  delay  has  occurred  through  unfavoui-able  weather  and 
the  difficulty  at  times  of  obtaining  the  recjuisite  material.  The  financial 
difficulties  in  Brazil  had  been  appreciably  mitigated,  though  much 
remained  to  be  done  before  they  are  finally  surmounted.  The  Federal 
Government  was  makmg  strenvious  efforts  towai'ds  that  end,  and  it  was 
hoped  that  the  Brazilian  exchange  would  at  length  show  a  more  marked 
improvement.  In  their  i)rincii)al  field  of  action,  the  State  of  Sao  Paulo, 
prosiR'cts  were  very  encouraging. 

YORKSHIRE  ELECTRIC  POWER  CO. — The  rej)ort  of  the  directors  of 
this  comi)any  for  tlie  half-year  ended  June  30  states  that  the  com])any 
has  continued  to  make  satisfactory  progress.  There  has  been  an  increase 
in  revenue  from  sale  of  electricity,  and  notwithstanding  the  very  high 
costs  of  coal  and  labour  the  net  profits,  after  payment  of  bank  and  other  in- 
terest, have  also  increased.  The  net  profits  for  the  half -yearlv  period  ended 
June 30  were £13,549.  lls.Gd.  in  1916,  £9,873.  8s.  9d.  in  1915  and  £10,414. 5s. 
in  1914.  Dividend  for  the  half-year  on  the  6  per  cent,  cumulative  pre- 
ference shares  will  absorb  £4,786.  15s.  5d.  In  view  of  the  financial  con- 
ditions arising  out  of  the  war  and  the  heavy  commitments  which  the 
company  has  had  to  incur  due  to  the  demands  for  munitions,  the  directors 
have  deferred  the  consideration  of  a  dividend  on  the  ordinary  shares  until 
the  end  of  the  year.  An  important  extension  of  the  Thornhill  power 
station  is  being  made  in  consequence  of  the  demands  upon  the  comiiany 
for  additional  supply,  and  as  a  fir.st  instalment  a  turbo-alternator  of  a 
capacity  of  6,000  kw.  will  shortly  be  erected. 


NEW  COMPANIES,   MORTGAGES  AND 
CHARGES. 


COMPANIES  TO  BE  STRUCK  OFF  THE  REGISTER.— The  following  are  to 
be  struck  off'  the  Register  of  Joint  Stock  Companies  unless  cause  to  the 
contrary  is  shown  before  Oct.  14.  :  Aladdin  Lamp  Synd.,  Electric  Ozone 
Synd.,  International  Asbestos  Co.,  Lancashire  &  Yorkshire  General 
Omnibus  Co.  and  County  Borough  Tramways,  Wireless  Electric  Light  Co. 

The  following  will  be  struck  off  unless  cause  to  the  contrary  is  shown 
before  Oct.  21  -.  Anglo-German  Wireless  Synd.,  Bridlington  Electrical 
Engineering  Co.,  British  Metallurgical  Co.,  Houehen  Electro-Plating  Co., 
Improved  Railway  Signals,  Power  Transmission  Synd.,  United  Electric 
Light  &  Power  Co. 


NEW  COMPANIES. 

ARTHUR  ELLIS  &  CO.  (LTD.)  ( 144,348).— Reg.  July  14.  capital  £2  000 
in  £1  shares  (1,000  preferrexl),  to  carry  on  the  business  of  general,  mech- 
anical and  electrical  engineers,  makers  of  electric  lamp.?  and  apparatus, 
electricians,  &c.  Pieferred  shares  entitled  to  cumulative  preferential 
dividend  of  8  per  cent,  per  annum  and  to  a  further  40  per  cent.  (A  any 
surpi  IS  profits  available  for  dividend  after  providing  for  8  per  cent,  on 
ordhiary  shares.  Private  company.  First  directors  are  A.  T.  Ellis  and 
W.  L.  Heald.      Reg.  office  :    201,  Caxton  Tlousr'.  W(stmin.-,ter,  S.W. 

BIRMINGHAM  ELECTRICAL  ACCESSORIES  MFG.  CO.  (LTD.)  (144,386). 
Reg.  July  19,  capital  £1,000  in  £1  shares,  to  carry  on  the  bu.sines8  of 
manufacturers  of  and  dealers  in  electrical  fittings  and  accessories,  elec- 
trical and  mechanical  engineers,  &c.  Private  company.  First  directors 
arc  G.  Garratt,  C.  E.  CJai-ratt,  E-  A.  Welch  and  Alice  Welch.  Secretary  : 
Amy  M.  Garratt.     Reg.  office  :  Whitmore-strcct,  Hockley,  Birmingham. 

BRITISH  ELECTRIC  TRADING  CO.  (LTD.)  (9,641).— Reg.  in  Edinburgh 
July  17,  capital  £2,000  in  £1  shares,  to  carry  on  the  bu.siness  of  manufac- 
turers of  and  dealers  in  all  apparatus  and  articles  connected  with  elec- 
tricity.     Private  company. 

BRITISH  ITALIAN  CORPN.  (LTD.)  (144,404).— Reg.  July  20,  capital 
£1,000,000  in  50,000  shares  of  £20  each,  to  carry  on,  subsidise,  a.ssist  or 
participate  in  financial,  commercial,  industrial,  manufacturing,  electrical 
railway,  navigation,  land  development,  mining  and  other  businesses, 
works,  contracts,  undertakings  and  operations  of  all  kinds  in  the  British 
Empire,  Italy  and  elsewhere,  to  undertake  any  operations  commonly 
carried  out  by  financiers,  company  promoters,  bankers,  underwTiters, 
concessionaires,  contractors  for  public  and  other  works,  eapitalLsts  or 
merchants,  to  establish  and  carry  on  the  business  of  a  bank  of  deposit, 
to  act  as  agents  for  the  collection,  receipt,  transmission  or  pavment  of 
money,  &c.  First  directors  are  Arthur  Hill,  Robert  H.  Benson.  J.  W. 
Beaumont  Pease,  bank  dh'ector;  Sir  Hy.  Babington  Smith,  K.C.B.. 
Joseph  Burn,  actuary  ;  Alberto  Pirelli,  company  director  ;  Ignatius 
(i.  Manzi-fc,  manager  of  Credito  Italiano ;  and  Riceardo  Bianchi,  direc- 
toi-  of  public  companies. 

HIGGINS  &  GRIFFITHS  (LTD.)  (144,330).— Reg.  July  12,  capital  £10,000 
in  £1  shares,  to  take  over  the  business  of  electrical  and  general  engineers, 
carried  on  by  A.  Higgins  and  S.  Griffiths.  Private  company.  First 
directors  are  A.  Higgins  and  S.  Griffiths  (both  permanent,  subject  to 
holding  3.000  shares  each).  Reg.  office  :  21,  Orchaid-street,  Portman- 
square,  W. 

JULIEN  &  GREBERT  ENGINEERING  CO.  (LTD.)  (144,318).— Reg.  July 
11,  capital  £600  in  £1  shares,  to  carry  on  the  business  of  consulting,  civil, 
mechanical,  electrical,  constructional,  chemical,  marine.  ventOatme. 
heating,  refrigerating,  motor  and  inspecting  engineers,  kc.  PVivate 
company.     Reg.  office  :    47,  Victoria  street,  London,  S.W. 

KILMALLOCH  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.)  (4,364)— 
Reg.  in  Dublin  on  July  10,  capital  £2,700  in  £1  shares,  to  '^arry  on  the 
business  indicated  by  the  title.  Private  company.  Secretary  :  D. 
Cussen.     Reg.  office  :   Kilmalloch,  co.  Limerick. 

MORTGAGES  AND  CHARGES. 

EDISON  ACCUMULATORS  (LTD.) — Debenture,  charged  on  the  company's 

undertaking  and  property,  [)re.sent  and  futiu'e,  including  uncalled  capital, 
dated  July  4,  1916,  to  sei  ure  all  moneys  due  or  to  become  due  from 
com])any  to  London  County  &  Westminster  Bank,  not  exceeding  £15,000 
in  addition  to  a  jircvious  aiut)unt  for  not  more  tlian  £5,000. 

M.  HOWLETT  &  CO.  (LTD.)— Mortgage,  dated  May  30,  191G,  as  col- 
lateral security  to  debentures  dated  Nov.  12,  1915,  securing  £10.000 
charged  on  land  and  premi.ses  in  Hockley  Hill,  Birmingham.  Holders : 
A.  Rose  and  W.  Bellamy. 

LAMPLOUGH  &  SON  (LTD.)— Mortgage  dated  June  23.  1916.  created 
by  the  receiver  and  manager  to  secure  not  more  than  £2.500.  charged  on 
the  company's  undertaking  and  property,  present  and  future,  including 
uncalled  capital.     Holders  :  Messrs.  Hoare. 


CITY  NOTES. 


HBHORANDA  (July  26).— Bank  rate  6  percent,  (since  July  13,  1916). 
Consols  59*.  Consols  Pay  Day,  Aug.  2.  Stocks  and  Shares  Ticket 
Days,  Aug.  15  and  30.     Pay  Days,  Aug.  16and  31.    Price  of  silver,  30|d. 


BOURNEMOUTH  &  POOLE  ELECTRICITY  SUPPLY  CO.  (LTD.)— An 
interim  dividend  on  the  ordinary  shares  at  the  rate  of  5  per  cent,  per 
annum  (less  tax)  is  announced. 

CENTRAL  LONDON  RAILWAY  CO.— Interim  dividends  for  the  first  half 
of  the  present  year  on  the  undivided  ordinary  stock  at  the  rate  of  3i  per 
cent,  per  annum  (compared  with  3  per  cent,  a  year  ago)  and  on  the  pre 
ferred  orainary  stock  at  the  rate  of  4  per  cent,  jier  annum  have  been 
declared. 
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CHATHAM  &  DISTRICT  LIGHT  RAILWAY  CO.— An  interim  dividend  at 
the  rate  of .'}  jkt  cent,  (le.ss  tax)  on  th(-  ordinary  share  eapital  for  the  half- 
year  to  June  liO  lias  hcen  declared. 

CITY  &  SOUTH  LONDON  RAILWAY  CO.  —An  interim  dividend  for  the 
first  half  of  lOKi  on  the  ordinary  stock  at  the  rate  of  li  per  cent,  per 

annum  lias  been  deelared. 

COUNTY  OF  LONDON  ELECTRIC  SUPPLY  CO.  (LTD.)— I'he  directors 
have  declared  an  interim  dividend  on  the  ordinary  f^hares  at  the  rate  of 
5  per  cent,  per  annum  (less  ta.x)  for  tlie  half-year  (Glided  June  30. 

LANARKSHIRE  TRAMWAYS  CO.— An  interim  dividend  at  the  rate  of  (ih 
per  cent,  per  annum  (less  tax)  has  been  declared  for  the  half-year  ended 
June  :iO. 

LONDON  ELECTRIC  RAILWAY  CO.— An  interim  dividend  for  the  fin,t 
half  of  1  •.)!()  on  the  (jidinary  .shares  at  the  rate  of  li  per  cent,  per  annum 
has  been  deelared. 

MATHER  &  PLATT  (LTD.) —A dividend  of  ')  per  cent,  actual  (compared 
with  '•>  j>  r  <  ent.  actual  last  year)  has  been  deelared  on  the  ordinary 
shares  for  the  past  half-year. 

METROPOLITAN  DISTRICT  RAILWAY  CO.— An  interim  dividend  for  tho 
first  half  of  IDlfi  has  Ix  <n  (leclared  <j;i  the  .second  preference  .stock  at  the 
rate  of  3  per  cent,  per  annum  (the  same  rate  as  that  for  the  fir.st  half  of 
last  yea"). 

NEWCASTLE  UPON-TYNE  ELECTRIC  SUPPLY  CO.  (LTD.)— Tt  has  been 
dec;ide(l  to  ])ostj)onc  payment  of  the  preference  dividend  until  about  the 
end  of  S"i)tenil)er. 

UNDERGROUND  ELECTRIC  RAILWAYS  CO.  OF  LONDON  (LTD.)— Interest 
on  the  (i  per  cent.  ewniuiat.ive  debenture  Nt(jck  will  be  jiaid  o!i  iSe])t.  1  (less 
ta.x),  aid  eouj)on  No.  17  off  (i  per  cent,  income  bonds  will  be  paid  (tax 
free)  on  the  same  date. 


ELECTRICAL  COMPANIES'  SHARE  USL-^Oontinuei. 


METAL  PRICES. 

Messrs.  J.  B.  Girnham  &  Sons,  132,  Upper  Thamej-streat,  London,  E.G.,  quote  under 
date  July  25,  the  following  as  the  pressnt  ba-.is  prices  of 

New  Metals.  per  lb 


Solid  Drawn  Brasi  Tubes UJd. 

Solid  Drawn  Copper  Tubes 17  jd. 

Brazed  Copper  Tubes 17} d. 

Brazed  Brass  Tubes 16id. 

Brass  Wire HJd. 

Copper  Wire 18d. 

Rolled  Brass HJd. 

Brass  Sheets U'd. 

per  ton. 

Copper  Sheets    £146  0    0 

Spelter £59  0    0 


per  ton. 

English  Lead £28  15    0 

Antimony Nominal. 


Old  Metals. 


Clein  Cspper  Scrap £35 

Clean  Brass  Scrap t58 

Braziery  Copper  Scrap £75 

Old  Lead £23 

OIJ  Zinc £3^ 

Hollow  Pewter £11.'= 

Black  Pewter £75 

Gun  Metal £;2 


per  ton; 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  A.  Joseph,  Eirl-street.  London-road.  Southwark,  London.  S.E..  quotes  under  date 
July  25,  the  following  approximate  pricesof  Scrap  Metals: — 


Aluminium  Cuttings £110 

Clean  Mned  Brass £59 

Clean  Conper £84 

BrazieryCoppcr £72 

Gun  Metal £72 


per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

per  ton. 

Old  Lead  U  ^M°;- "i""^^"" 

(  Eic;li.';h  lead  price. 

Old  Zinc £45    0    0 

HoUo'.v  Pewier £120    0     0 

Shaped  Black  Pewter £85    0    0 


Mr.  Joseph  can  supply  solder  at  the  fcllowini;  prio-s  per  ton  :  Plumber's  Solder  (in  bar 
or  strip).  £80  ;  Commercial  Tinman's  Solder,  £?7  ;  Blowpipe  Solder,  £107. 


ELECTRICAL  COHCPANIES'  SHARE  LIST. 

What  were  known  as  "  o(Boial  quotations  "  are  not  now  issued,  but 
we  give  below  the  latest  prioes  at  which  actual  transactions  took  plaoo 
on  01  before  Tuesday,  .Fulv  2,').  The  greatest  care  is  taken  in  compiling 
these  figures,  but  the  dilTiaulty  of  verification  is  now  much  increased. 

ILast 

NAME, 


2  Divi 

^  DBMD 


PriM, 

Tuit., 

July  25. 


St 


Electricity  Supply. 

Bournemouth  &  Poole  E.  l_  Ord 

Do.    41%  Cum.  Piof 

Do.     6';iCum.  2nd  Pref 

Brompton  &  Kensington  Ord 

Do.     7%  Prof 

Central  Elec.  Supp.  G.  Deb.  St 

Charing  Cros-i  West  End  &  City  Debs... 

Do.     4i"pPref 

Do.     Ord 

Do.     City  Prof 

Chelsea  Else.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  tendon  Elec.  Lt  Ord 

Do.    6%  Prof 

Do.     5%  Deb.  St 

Do.     4J';„  Dobi 

County  of  London  Ord 

Do.     6%  Pret 

Do.     1st  Dob 

Do.    2nd  Deb 

Edmutidson's  Elec.  Supp.  4|%  Deb)... 
Kensington  and  Knlghtsbrldge  Ord.  .. 

Do.     Deb.  St 

London  Elec.  Supp.  6%  Pref 

Do.     4%  Mott.  D?bs 

Metropolitan  E.  Supp.  Ord 

Do.     IstMort.  Deb 

Midl.ind  Elec.  Coipn.,l3t  Morf.  Deh.  SL 
Newcastle  &  Dist.  EL.  b"o  2n  J  Dbj  .. 
N8ACistl8-'on-TyneE.S.5%2dMt.Db.Sl 
North  MetroiKilitan  E.  P.  Supp.  6%  Pre! 
South  London  E.a  Ord    


9,', 

8iV 

lOA 

5* 
80 
82t 
3i 
3i 

i« 

3t 
87 

!^' 

lot 

97» 

3J 

lOl 

iOJ 

871 

83t 

7511 

79t 
*i 

e2j 

8} 
99 
94| 
92 
I 

t  Ef  dividend  or  Intarsit 


Rats 

PBR    CENT 

YlBLDBO. 

C      8.    d. 

6  10     2 

5  11     8 

5  19     3 

7  12    5 

4  19    5 

5     0    0 

4  17    7 

6     4     2 

6  13     4 

7  13     2 

6     8    0 

S    3    S 

6    3     t) 

5  14     3 

4  17     6 

5    2     6 

6     8    9 

5  14     1 

5     4     2 

5    7     4 

S  18  10 

0  13     4 

5     1     0 

6  17     2 

4  17    0 

6     6    4 

6  11     b 

5     1     0 

6    0     6 

5     8    8 

6    0    0 

7    0    8 

Dividend 
Dub. 


Mar,  Sept 
Feb,  Au? 
Feb  Aug 
Mar,  Sept 
Mar,  Aug 

Jan,  July 

Aug,  Heb 
Jun,  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar,  July 

iun.  Doc 
un,  Dec 
Mar.  Sept 
Feb.  Aug 
Jan,  July 
My.  Nov 

July 
Feb,  Au( 
Jan,  July 

Jan,  July 
Mar,  Aui< 

Ian.  luly 
Jan,  July 
Mar,  Sept 
Mar,  Sapt 

Api,  Oct 
Mar,  Sept 


Si  Last 
X  Divi- 
dend' 


Ui 


NAME. 


5  8% 

1^  I  3i% 
St-'4|% 

I  7% 


St 

St 
St 
St 
St. 
St. 
St. 
St 
10 
St 
St 
St 
St 
St. 
St 
St 
St 
St. 
St. 
St. 
St. 
St. 
St. 

1 

1 
1 

IOJ 

1 

5 
5 

1 

St. 

2 

100 

St. 

I 

St 

1 

5 

St. 

I 
1 

S;, 
.0 


5% 

6% 
4% 
4%  t 
4i% 
4% 

4% 

1% 

3*% 

3*% 

3i% 

3i% 

4% 

I!? 

Jl 

15  Jb 
f% 

7| 

6% 

3/0 
6% 

4r/o 

7t7o 

6% 

4% 

2V„ 

5% 

^X 

6'/, 


4% 
7i% 

4% 

5  20  /,! 

c^  ^/•^  ! 

St     4|%1 

0  10% 
•Ol  5% 

1?  M% 


too 
1 
1 

St 
•  -»■) 

St. 
St 


4% 

7*-/o 

61. 

4% 
4i% 

4i% 
4% 


St    30/0 

St     4% 
13;   5'i 
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M  O  T  £:  s. 

^- 

Copyright  in  Examination  Papers. 

The  action  brought  by  the  University  of  London  Press 
(Ltd.)  and  Others  against  the  University  Tutorial  Press  (Ltd.) 
to  restrain  the  hitter  from  publisliing  or  selling  the  examination 
Papers  for  the  matriculation  examination  of  London  University, 
strikes  us  as  being  somewhat  frivolous.     Although  we  do  not 
question  the  soundness  of  the  judgment,we  are  of  the  opinion  that 
it  is  in  the  l)est  interests  of  the  Universit}^  to  allow  of  reproduc- 
tion of  the  questions  by  well-established  firms,  together  with 
answers  thereto,  and  criticism  thereon,  by  competent  persons. 
Pushed  to  a  logical  conclusion,  it  would  appear  to  be  illegal  for 
writers  of  text  books  to  make  use  of  such  questions,  and  for 
teachers  to  produce  mimeograph  copies  of  University  questions 
for  the  use  of  their  students.     The  owners  of  the  copyright  may 
win  actions  in  the  Law  Courts,  but  we  argue  that  the  withhold- 
ing of  permission  enabling  others  to  give  wide  publicity  to 
the  questions  will,  in  the  long  run,  be  detrimental  to  the  Un.i- 
versity.     It  may  very  well  be  that  valid  copyright  can  be 
obtained  for  a  set  of  questions  in  elementary  arithmetic,  but  it 
was  not  till  we  heard  of  the  recent  action  that  we  imagined 
anyone  in  the  twentieth  century  would  set  the  whole  of  the 
machinery  of  the  law  in  motion  in  order  to  uphold  the  copy- 
right of  any  elementary  examination  questions  on  any  subject 
under  the  sun.     Were  it  our  business  to   set  examination 
questions,  and  were  we  in  a  position  so  to  do  more  as  the  result 
of  the  efforts  of  countless  workers  in  the  same  subjects  than 
to  oixr  own  efforts,  as  must  be  the  case  in  practically  every 
examination  that  is  held,  we  would  see  to  it  that  encourage- 
ment was  given  to  others  to  use  such  questions.     We  hold  a 
brief  for  neither  party  in  the  recent  action,  but  we  venture  to 
think  that  the  matter  is  one  which  could  have  been  readily 
adjusted  by  the  parties  themselves. 


Validity  of  Contracts  Under  War  Conditions. 

Ix  the  action  of  the  Metropolitan  Water  Board  v.  Dick, 
Kerr  &  Co.,  the  important  point  has  been  raised  whether  a 
contract  is  terminated  when  the  Ministry  of  Munitions  sus- 
pends it  temporarily  by  enforcing  restrictions.  In  the  present 
instance  the  defendants  had  a  large  contract  for  the  con- 
struction of  reservoirs  and  other  works,  but  at  the  beginning 
of  the  present  year  the  Minister  of  Munitions  gave  notice  that 
they  were  not  to  employ  any  more  workmen  for  the  time  being, 
as  such  men  were  wanted  elsewhere.  Moreover,  certain 
machinery  and  material  were  requisitioned  and  sent  to  various 
parts  of  the  country,  and  for  this  the  defendants  received  the 
sum  of  £-10,000.  As  the  result  of  the  action,  judgment  was 
given  to  the  effect  that  the  contract  was  not  abrogated.  It 
appears  to  us  that  this  is  a  reasonable  view  to  take,  though, 
on  the  other  hand,  it  seems  to  lis  that  the]  original  contract 
price  cannot  now  hold  good.  There  must  be  many  instances 
of  the  same  kind,  and  if  the  action  of  the  Minister  of  Munitions 
led  to  the  termination  of  such  contracts  a  good  deal  of  con- 
fusion would  result.  Nevertheless,  it  cannot  be  supposed  that 
contractors  are  liable  in  such  cases  to  carry  out  the  work 
specified  at  the  original  prices,  as  the  holding  up  of  a  contract 
in  the  middle  of  the  work  necessarily  entails  a  loss  which  may 
be  very  considerable  for  the  contractor.  It  appears  to  us  that 
a  Court  of  Arbitration  will  be  necessary  to  decide  what  is 
reasonable  in  the  form  of  extra  payment  on  account  of  suspen- 
sion of  work  on  contracts  through  the  action  of  the  Government. 


The  Future  of  Wireless  Telephony. 

It  is  well  that  the  investor  should  be  on  his  guard  against 
the  unsoundness  of  the  extravagant  claims  made  for  wireless 
telephony  by  non-technical  people  in  the  non-technical  press. 
To  his  cost,  he  knows  the  value  of  the  wild  claims  made  for 
wireless  telegraphy,  and,  vast  as  the  development  of  the  latter 
has  been  in  certain  directions,  it  should  be  remembered  that 
the  position  of  wired  telegraphy  has,  if  anything,  been 
strengthened  by  the  advent  of  ''  ^^rireless."  In  a  recent 
address  before  the  Franklin  Institute,  Dr.  J.  J.  C.^rty.  the 
chief  engineer  of  the  American  Telephone  &  Telegraph  Co., 
summed  up  the  position  in  the  following  terms  :  "  As  a  result 
of  exhaustive  researches  .  .  .,  it  has  been  ascertained  that  the 
function  of  wireless  telephony  is  not  to  do  away  with  the  use 
of  wires,  but  ro.ther  to  be  employed  in  situations  where  wires 
are  not  available  or  practicable,  such  as  between  ship  and 
ship,  and  ship  and  shore,  and  across  large  bodies  of  water. 
...  In  the  case  of  the  wireless  telegraph,  the  number  of 
messages  which  may  be  sent  simultaneously  is  much  restricted. 
In  the  case  of  the  wireless  telephone,  owing  to  the  thousands 
of  separate  wave-lengths  rec|uired  for  the  transmission  of 
speech,  the  number  of  telephone  conversations  which  may  be 
carried  on  at  the  same  time  is  still  further  restricted,  and  is  so 
small  that  all  who  can  employ  wires  will  find  it  necessary  to 
do  SQ,  leaving  the  ether  available  for  those  who  have  no  other 
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means  of  communication.  Tliis  quality  of  the  ether  which 
thus  restricts  its  use  is  really  a  characteristic  of  the  greatest 
value  to  mankind,  for  it  forms  a  universal  party  line,  so  to 
speak,  connecting  together  all  creation,  so  that  anybody, 
anywhere,  who  connects  with  it  in  the  proper  manner  may  be 
heard  by  everyone  else  so  connected." 


Demountable  Bodies  for  Electric  Vehicles. — "With 
reference  to  the  description  of  these  bodies  in  "  Electric  Vehicle 
Progress  "  in  our  last  issue,  we  are  infoimed  that  similar  bodies 
have  been  in  use  by  Messrs.  Kansomes,  Sims  &  JefEeries,  of 
Ipswich,  for  some  years  past  in  connection  with  their  steam 
wagons.  In  this  case  the  lifting  arrangements  are  worked 
from  the  engine  of  the  steam  wagon. 

Electricity  Supply. — A  confercjue  has  taken  place  between 
tlie  Electricity  Supply  Committee  of  the  Institution  of  Elec- 
trical Engineers  and  the  Joint  Committee  of  the  Incorporated 
Municipal  Electrical  Association  and  the  Incoqjorated  Asso- 
ciation of  Electric  Power  Companies  in  regard  to  co-operation 
between  the  Committees.     These  Committees  are  constituted 

as  follows  : — 

I.E.E.  Committee. 
K.  A.  Chattook  (Chairman).  G.  W.  I'artridge. 

C.  P.  Sparks  (President,  I.E.E.).  T.  Kole.s. 

C.  K.  Merz.  W.  B.  Woodhouse. 

a.  h.  I'earce. 

Joint  Committee  of  the  I.M.E.A.  and  I.A.E.P.C. 


I.M.E.A. 
J.  H.  Jiowflen. 
K.  A.  Chattook. 
W.  W.  Latkie. 
}S.  L.  I'earce. 

H.  Faradav  Proctor  (Ex  Officio). 
T.  Roles. 


I.  A.  E.  P.O. 
W.  A.  Chamen  (Chairman). 
J.  S.  Highfield. 

C.  H.  Mcrz. 

D.  A.  Starr. 

A.  tie  Turckhcim  (Ex  Officio). 
W.  B.  Woodhouse. 


In  order  to  avoid  overlapj)ing  and  to  ensure  co-operation 
and  co-oidinatitm,  two  memlHTs  common  to  both  Committees 
have  boeji  delegated  as  intermediaries,  so  that  the  two  Com- 
mittees will  be  in  continuous  touch  with  each  other's  work. 
It  has  been  agreed  that  the  I.E.E.  Committee  will  devote  its 
attentioji  to  the  (question  of  electricity  supply  from  the  point 
of  view  of  the  requiremeJits  of  the  country  as  a  whole,  and  will 
deal  with  the  engineering  aspect  of  the  matter,  while  the  Joint 
Committee  will  go  into  more  iinmediate  (piestions  of  organi- 
sation and  linking-up  of  existing  undertakings,  &c.  It  will 
be  seen  from  tlie  above  that  the  work  of  both  Committees  is 
of  nati(mal  importance. 

Speeding-Up   in  Factories. — We  reeently  referred  to  a  Bill 
ijit  1(m1ii(((1  III  iJic   I'liiied  Slates  House  of  Kepresentatives  to 
render  illegal  the  timing  of  worknu-n  by  means  of  a  stop  watch, 
thus  ])reventing  the  spread  of  what  is  called  the  "  efficiency" 
system.     .\    correspondent    in    New    York    informs    us    that 
organised  labour  in  America  is  now  generally  opposed  to  such 
tiiuiiig  because  it  has  jjcen  resorted  to  in  many  large  private 
establisluneiits  for  speeding  up,  i.e.,  to  learn  the  maximum 
speed  of  the  most  ellicieiit  workman  and  thus  to  set  a]i])roxi- 
mately  that  speed  as  the  standard  for  all  piece  work  payment, 
the  result  being  that  wages  iji8tca<l  of  being  raised  for  efhciency 
and  improvement  from  the  average  standard  are  in  effect  on 
the  average  reduced,  and  speeding  tip,  whieli  is  already  high 
in  America,  is  yet  further  intensified.     It  may  be  said,  there- 
fore, that  in  private  industries  there  are  two  sides  to  this 
(jueslion  on  its  merits,  but  in  Government  works  there  is  no 
(piest ion  on  the  merits.     Wages  in  such  works  are  exception- 
ally high,  the  hours  are  exceptionally  short  and  the  efliciencv 
is  relatively    Kiw.     The  oflicials  only   wish   to   get    the   work 
carried  out  ni  a  reasoiiabli'  numlter  of  days  with  a  reasonable 
number  of  hands,  and  lor  that  purpose  seek  to  increase  efhciency 
in  every  reasonable  way,  but  for  the  double  reason  that  there 
are  a  relatively  high  proportion  of  employes  in  Government 
service  who  cannot  stand  any  fair  test  of  efhciency  and  that 
the  working  peoi)le  directly  interested  conceive  it  to  be  to  their 
uiterest  to  jnolong  jobs  as  much  as  pos3ii)le  and  to  secure  joI>s 
for  as  many  as  possil)le  by  each  doing  as  little  .is  po,'wible.  all 
methoils  of  increasing  efficiency  are  opposed.     Owing  to  the 


tendencies  and  standard  of  the  present  Congress  such  pro 
visions  as  are  provided  by  the  present  Bill  stand  a  good  chance 
of  receiving  favourable  consideration.  The  Bill  has  been 
reported  upon  favourably  by  the  Committee  on  Labour  of  the 
House  of  Representatives,  but  it  is  very  doubtful  whether  the 
Bill  will  be  passed  by  the  Senate  and  approved  by  the 
President.  In  any  case  the  Bill  can  only  apply  to  Government 
works  and  cannot  interfere  with  private  enterprise.  A  similar 
Bill  relating  solely  to  employes  in  the  Postal  Ser\ice  is  also 
pending. 

Board  of  Trade  Regulations  for  Non-Statutory  Electricity 

Undertakings  — During  the  week  a  revised  set  of  the  regulations 
prescribed  by  the  Board  of  Trade  under  Sec.  4  of  the  Electric 
Lighting  Act,  1888,  was  issued.  We  set  out  in  full  the  modified 
regulations  : — 

10.  (a)  The  owner  on  receipt  of  these  Regulations  shall  forthwith 
serve  upon  the  Postmaster-General  a  statement  containing  full  particulars 
of  ever}-  electric  line  used  for  the  sui)|)ly  of  energj-,  together  with  a  plan 
showing  the  mode  and  ])osition  in  which  such  electric  line  is  laid. 

If),  ^\'llere  alternating  current  at  a  pressure  exceeding  125  volts 
between  any  two  conductors  is  used,  the  middle  point  of  the  winding  of 
the  transformer  on  the  consumer's  side  in  the  case  of  single-phase  supply, 
or  the  neutral  point  in  the  case  of  two  or  three-phase  supply  shall  be  con- 
nected with  earth. 

17.  Where  a  medium  pressure  continuous-current  supply,  or  where 
alternating-current  su])i)ly  at  a  pressure  exceeding  125  volts  between  any 
conductor  and  earth  is  used,  one  conductor  consisting  of  one  or  two 
continuous  earthed  neutral  wires  shall  be  carried  from  pole  to  pole.  The 
other  conductor  or  conductors  shall  be  arranged  in  .such  a  manner  that 
in  the  event  of  breakage  of  one  of  them,  it  must  make  contact  with  the 
earthed  conductor  or  with  wires  connected  thereto. 

Connection  of  Altfrnating-current  Circuits  with  Earth. 

26.  Alternating-current  circuits  shall  be  connected  with  earth  in 
accordance  with  the  following  conditions  : — 

I. — General. 

(a)  The  connection  with  earth  shall  be  made  only  where  energy-  is 
delivered  to  ea<h  circuit,  that  is  to  say,  at  a  generating  station,  sub-station 
or  transfornier,  and  shall  be  made  at  a  neutral  point  in  the  circuit,  and  in 
such  a  maimer  as  will  ensure  at  all  times  an  immediate  and  .safe  discharge 
of  energy. 

(6)  The  connection  with  earth  shall  be  efficiently  maintained,  except 
when  it  is  iiiterrupted  by  means  of  a  switch  or  link  for  the  purpose  of 
periodical  tests  for  ascertaining  whether  any  current  is  passing  by 
means  of  the  connection  with  earth. 

(c)  The  insulation  of  the  mains  .shall  be  efficiently  maintained  at  all 
other  ])arts. 

(d)  Tests  shall  be  iieriotiically  made  to  ascertain  whether  any  current  is 
passing  by  means  of  the  connection  with  earth,  and  if  at  any  time  the 
current  so  ]>assing  exceeds  one-thousandth  ])art  of  the  maximum  sup]>ly 
current  of  the  circuit,  steps  shall  be  immediately  taken  to  improve  the 
in.sulation. 

Cotincction  of  Concentric  Mains  u-ith  Earth. 

27.  Concentric  mains  used  either  for  continuous  or  for  alternating 
current  shall  be  »  onn<^ted  with  earth  by  means  of  the  external  conductor 
in  accordance  with  the  following  conditions  : — 

(a)  The  connection  with  earth  shall  be  made  by  means  of  the  external 
contluctor. 

{b)  Tile  connection  with  earth  shall  be  made  onh*  at  the  point  or  points 
whore  energ^•  is  given  to  ca<^h  distinct  circuit,  namely,  at  a  generating 
station,  substation,  or  transformer. 

(c)  The  insulation  of  the  external  conductor  shall  be  efficiently  main- 
tained at  all  other  i)arts. 

{d)  The  external  conductor  shall  form  a  complete  metal  sheathing 
round  the  inner  coniluctor. 

{>)  The  conne«tion  with  earth  .shall  be  efficiently  maintained  except 
when  it  is  interrujittHl  by  means  of  a  switch  or  link  for  the  ]>urpose  of 
I)eri<Kli(al  test!<  for  as<'ertaining  whether  any  current  is  ]iassing  by  means 
of  the  connwtion  with  earth. 

(/)  Tests  shall  Ite  periodically  made  to  a.scertain  whether  any  current 
is  ]iassing  by  means  of  the  connivtion  with  earth.  an<l  if  at  any  time 
the  current  passing-  l>y  means  of  the  connintion  with  earth  exreo<ls  one- 
thousan<lth  part  of  the  maximum  suj)i)ly  current  of  the  circuit,  steps  shall 
be  immediately  taken  to  improve  the  insulation. 


OBITUARY. 


Killed  in  Action. — Wo  regret  to  aimounce  the  following  deatlis 
ill  action  or  <»f  wounds  :  — 

Comi>any  Sergcant-Major  E.  C  I^atighton.  who  was  rtsently  killed  in 
action,  was  for  nine  year.s  asso<'iatod  with  the  lamp  fittings  department 
of  Sieni'        ''         '  i  Works.      He  joinetl  the  Forces  in  September. 

I'.'U.  ai  c  in  May.  101. '5.     Commencing  as  an  oniinarA- 

private.  'ion  to  ror]>oral   before  leJiving  for  Trance,  and 

gainc<i  1  _      i-p*  in  promotion  while  on  foreign  service.     A 

portrait  of  C*imp:«ny  S<'ige«nt->iajor  Laughton  appears  in  our  Round 
Table  column*. 
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Lieut.  H.  D.  Allon  (West  Yorks.  Regt.),  was  formerly  a  civil  en'.'i- 
necring  student  at  King's  College^  London.  He  returned  home  from  the 
Malay  States  at  (!hristmas,  1914,  to  join  the  Army. 

Ca])t.  John  Chapman  (Manchester  Regt.),  killed  in  action,  was  engaged 
at  the  Partington  Steelworks,  near  Manchester,  at  the  time  the  war 
commenced.  He  took  his  B.Sc.  (Honours)  in  civil  engineering  at  Uni- 
versity College,  London. 

Second-Lieut.  W.  B.  Lycett  (Northampton  Regt.),  killed  in  action  on 
July  24,  was  educated  at  Wolverley  and  at  Dover  Technical  School,  and 
was  an  engineer  at  the  Tilling-Stevens  Works,  Maidstone. 

Second-Lieut.  C.  E.  Pringle  (North  Lanes.  Regt.)  was  formerly  district 
factory  inspector  at  Manchester  and  Hull. 

Sergt.  E.  Shorrocks  (R.F.),  aged  41,  who  has  been  killed  in  action,  was 
an  M.Sc.  of  Manchester  LTnivorsity.  and  science  master  at  Queen's  College, 
Taunton,  and  subsequently  at  Taunton  Grammar  School. 

Second-Lieut.  L.  L.  Vigers  (R.E. ),  aged  25.  who  was  killed  in  action  on 
July  1 ,  was  a  student  of  the  Institution  of  Civil  Engineers.  After  training 
at  the  City  and  Guilds  Engineering  College,  he  was  articled  to  Messrs. 
Mott  &  Hay,  engineers,  Westminster. 


PERSONAL. 


Lieut.  C.  A.  Boraston  received  the  Military  Cross  from  the  hands 
of  H.M.  the  King  at  Buckingham  Palace  on  July  28th.  Lieut. 
Boraston  is  one  of  the  members  of  the  teaching  staff  of  the  depart- 
ment of  electrical  engineering  and  applied  physics  of  the  North- 
ampton Polytechnic  Institute.  He  joined  the  Engineer  Company 
of  the  Officers'  Training  Corps  of  the  University  of  London  in  1911, 
and  when  war  broke  out  held  the  rank  of  cadet  corporal.  In  Sep- 
tember, 1914,  he  obtaiiied  a  commission  as  second  lieutenant  in  the 
R.E.,  and  was  attached  to  the  Lowland  Divisional  Engineers  (T.F.). 
He  was  sent  out  to  Gallipoli  in  May,  1915,  his  Division  remaining  at 
Hellas  until  August  20th.  Under  constant  shell  and  rifle  fire  day 
and  night,  the  Division  lost  officers  very  rapidly,  and  when  a  month 
or  two  later  the  Division  was  ordered  to  Suvla  Bay  Lieut.  Boraston 
found  himself  the  only  surviving  commissioned  officer.  Shortly 
afterwards  he  lost  his  one  remaining  sergeant,  and  was  himself  buried 
and  seriously  injured  by  the  explosion  in  which  his  sergeant  was 
killed.  The  struggle  that  followed  was  so  great  that  when,  a  month 
later,  some  officers  were  able  to  come  to  Lieut.  Boraston's  relief  he 
found  himself  plaj'ed  out,  and,  to  use  his  own  words,  "  a  welcome 
shrapnel  bidlet  enabled  me  to  exchange  the  discomforts  of  field 
service  for  the  idle  luxury  of  a  hospital  ship."  Lieut.  Boraston 
expects  shortly  to  be  well  enough  to  resume  active  service. 

Sapi^er  E.  Jackson,  of  Lytham,  has  been  awarded  a  commission. 
He  is  attached  to  the  12th  Field  Company  Royal  Engineers,  and  last 
year  he  won  the  D.C.M.  Lieut.  Jackson  was  an  electrical  engineering 
student  in  the  Preston  tramways  department  prior  to  the  war. 

It  is  announced  that  Mr.  W.  T.  Hatch  is  retiring  from  the  position 
of  engineer-in-chief  to  the  Metropolitan  Asylums  Board. 

War  Casuai,ties. — The  following  casualties  are  announced  : — 

Capt.  C.  E.  HofEmcister  (S.  Wales  Borderers),  formerly  science  master 
of  Middleton  School,  Bognor,  is  reported  wounded. 

Lieut.  John  Wilson  (Manchester  Regt.),  reported  wounded,  was  an 
electrical  engineer  at  the  British  Thomson-Houston  Works,  Rugby, 
before  the  war. 

Lieut.  H.  L.  Hull  (Canadian  F.  A.),  who  was  reported  mi.ssing  on  June 
2  and  believed  to  have  been  killed  on  that  day,  was  an  engineering 
graduate  of  the  McGill  University,  Montreal. 

Col.  W.  r.  M.  Newall,  who  is  wo\inded  and  in  a  London  hospital, 
practised  as  a  civil  engineer  before  the  war. 


APPOINTMENTS  VACANT  AND  FILLED. 


An  electrician  is  required  for  the  Gold  Coast  Government  Water- 
works. Salary  £300,  rising  to  £350,  per  annum,  with  free  quarters. 
Applications  to  the  Crown  Agents  for  the  Colonies,  4,  Millbank, 
London,  S.W.     See  an  advertisement. 


Mr.  D.  T.  Miles  has  been  appointed  mains  superintendent  at  Bath. 


INSTITUTIONS  AND  SOCIETIES. 


Engineering  Standards  Committee.— At  a  special  mectmg  of  the 
Main  Committee  (Sir  Jolm  Wolfe  Barry,  K.C.B.,  chairman),  held 
on  July  27th  last,  Mr.  Charles  le  Maistre,  A.M.Inst.C.E.,  M.Inst.E.E., 
who  has  been  in  charge  of  the  work  of  the  electrical  section  since 
1903,  was  appointed  Secretary  to  the  Committee  in  succession  to  the 
late  Leslie  S.  Robertson,  M.Inst.C.E.,  who  was  lost  witli  Lord 
Kitchener  in  the  disaster  to  H.M.S.  "  Hampshire  "  whilst  on  an 
important  Government  mission. 

Municipal  Tramways  Association. — The  annual  conference  of 
the  Municijial  Tramways  Association  will  be  held  in  London  on 
September  21st  and  22nd. 


The  Electric  Vehicle  Committee.— Considerable  progress  has  been 
made  during  the  past  two  \fcars  by  the  Electric  Vehicle  Committee 
of  the  Incorporated  Municipal  p]lectrical  Association,  in  the  matter  of 
organising  facilities  for  road  transp<jrt  by  means  of  electric-batterj 
vehicles.  The  constitution  of  the  Committee  is  on  a  broad  basis. 
It  includes  representatives  of  the  parent  Association,  the  ('Mm- 
mercial  Motor  Users'  Association,  the  Royal  Automobile  Club,  the 
Society  of  Motor  Manufacturers  and  Traders,  the  Provincial  Electric 
Supply  Companies,  the  Electrical  Contractors'  Aijsociation,  the 
British  Electrical  and  Allied  Manufacturers'  Association,  the 
Incorporated  Association  of  Electric  Power  Companies,  the  Institu- 
tion of  Municipal  and  Countj-  Engineers,  and  of  the  Tramways  and 
Light  Railways'  Association.  The  Chairman  of  the  Committee  in 
Mr.  R.  H.  Chattock,  City  Electrical  Engineer  of  Birmingham.  The 
hon.  secretary  is  Mr.  F.  Ayton,  Chief  Engineer  and  Manager  of  the 
Ipswich  Corporation  Electric  Supply  and  Tramways  Departments. 
The  electric  vehicle  has  its  own  s^jecial  field  in  goods-deliverv  work  in 
urban  and  suburban  areas,  and  the  excellent  results  that  have,  so  far, 
resulted  from  its  use  by  some  of  the  largest  and  most  up-to-date 
business  firms  would  seem  to  indicate  quite  a  considerable  field  for  its 
extended  emplojinent  in  the  future,  not  only  for  the  delivery  of 
merchandise  but  also  for  passenger-carrying  work  in  and  about 
towns  and  cities.  The  economy  in  operating  cost  and  the  simplicity 
of  the  mechanism  are,  of  course,  the  main  features  of  this  class  of 
vehicle.  While  these  advantages  were  manifest  in  the  period  before 
the  war,  the  present  scarcity  of  horses,  the  high  price  of  fodder  and 
the  rising  cost  of  petrol,  very  greatly  enhance  the  merit  of  economy 
possessed  by  "  the  electric." 

Diesel  Engine  Users'  Association.— At  the  July  meeting  of  the 
Association,  after  further  new  members  had  been  elected,  questions 
in  connection  with  the  use  of  tar  oils  as  fuel  in  Diesel  engines  were 
further  discussed. 

Mr.  Napier  Prentice  (Felixstowe)  gave  his  experience  in  regard  to  the 
use  of  tar  oil  which  he  had  obtained  from  a  local  distiller.  He  had  found 
difficulty  in  obtaining  quotations  and  in  getting  the  work  in  hand  of 
altering  a  Diesel  engine  so  as  to  adapt  it  specially  for  the  use  of  tar  oil 
in  the  manner  which  had  been  successfully  employed  on  the  Continent, 
and  he  therefore  decided  to  try  the  effect  of  using  tar  oil  in  one  engine 
without  any  alteration.  At  about  half-load  he  found  this  was  not 
successful,  as  misfiring  and  a  smoky  exhaust  occurred.  He  was  advised 
to  work  with  a  sharp  edge  on  the  flame  plate,  and  with  this  alteration  and 
a  slightly  different  quality  of  tar  oil  he  obtained  satisfactorj-  results,  so 
long  as  the  engine  was  not  run  below  about  three  quarters  of  full  load. 
The  blast  pressure  at  all  running  loads  was  maintained  at  five  atmospheres 
below  the  normal  pressure  used  when  running  with  petroleum  fuel  oil. 
and  the  cooling  water  outlet  was  restricted  so  as  to  maintain  a  temperature 
of  125°F.,  as  against  110°F.,  which  had  been  maintained  when  using  the 
other  class  of  fuel  oil. 

Mr.  F.  Banks  W.\rner  gave  some  information  as  to  the  general  pos'tion 
in  regard  to  the  question  of  obtaining  suitable  supplies  of  tar  oils,  including 
delivery  on  site.  At  the  present  time  the  high  railway  rates  for  this  class 
of  business  were  a  serious  handicap  to  its  development  in  certain  parts  of 
the  country  where  local  supplies  were  not  available. 

ilr.  P.  H.  Smith  read  a  Paper  on  '"  Crankshaft  Breakages  in  Diesel 
Engmcs."  He  attributed  practically  all  cases  of  shaft  fractures  to  a 
lack  of  alignment  of  the  main  bearings,  due  to  wear,  or  to  negligence 
during  erection,  or  to  defecMve  foundations.  He  stated  his  views  as  to 
the  best  method  of  re-bedding  a  crankshaft,  and  of  securing  perfect 
alignment,  and  as  to  the  be.st  proportions  in  the  design  of  crankshafts  for 
Diesel  engines. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 
Officer  Commanding,  Lieut. -Col.  C.  B.  Cl.vy,  V.D. 
Orders  for  August. 

Headquarters  and  Range. — The  headquarters  will  be  closed  diu-ing 
August,  except  on  Tuesdaj-  evenings.  The  range  will  be  open  on 
Thursday  evenings  only.  On  these  evenings  the  Sorgeant-Major 
will  take  charge  and  be  responsible  for  the  maintenance  of  order  and 
discipline.  Recruits  are  urged  to  take  advantage  of  tliis  arrange- 
ment for  drill  and  shooting. 

Instruction  (^lasses. — Instruction  classes  at  Regency-street  will  be  held 
as  usual  for  Platoons  Nos.  0  and  10. 

Camp. — The  camp  at  Otford  will  be  available  until  Aug.  31.  Members 
v.-ishing  to  attend  should  enter  their  names  at  headquijrtcrs  on  tie 
sheet  provided  for  the  purpose.  The  cost  will  be  about  3s.  per  day. 
Members  should  provide  themselves  with  two  blankets,  knife,  fork 
spoon,  plate,  mug  aid  a  spare  pair  of  boots. 

Entrenching. — As  mar,y  members  r.s  possible  should  er.deavoiT.-  to  attend 
the  Sunday  entrenching  ptiridcs.  in  cider  that  th?  work  to  be  done 
may  be  completed  as  expeditiously  as  possiblr.  Parade  in  uniform 
as  usual  at  Victoria  Station  (S.E.  &  C  Railway)  Booking  Office, 
8.45  a.m.  Members  are  reminded  that  thi  e  Rork  is  of  notional 
importance,  and  therefore  all  who  are  able  to  put  in  Saturdays  or 
occasional  week  days  are  urged  to  do  so.  They  are  reminded  that 
they  can  obtain  railway  vouchers  from  the  booking  clerk  by  showing 
their  cap  badges. 
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TESTS  ON  OIL-SWITCHES.* 

BY  BRrNO  BAUER. 

The  previous  reports  of  the  Commission  were  principally  con- 
cerned with  the  determination  of  the  energj'  developed  in  the  switch 
when  it  is  operated  under  given  load  conditions.  The  present 
report  has  the  object  of  elucidating  the  conditions  that  must  be  ful- 
filled for  the  switch-energy  to  be  a  minimum.  It  has  already  been 
showTi  that  the  switch-energy  depends  mainly  on  the  magnitude  and 
power-factor  of  the  load  and  that  for  a  given  load  the  switch-energy 
increases  with  increasing  angle  of  lag  of  the  load  current,  reaching 
very  high  values  at  a  phase  angle  of  90  deg.  In  further  explanation 
of  this  fact  it  is  necessary  to  note  that  in  the  expression  for  the 
switch-energy  y4=67o/i7,.,t  h^^  i«  tbe  product  of  the  current  and  the 
open-circuit  voltage,  and  does  not  denote  the  load  volt-amperes  I^V, 
in  which  expression  V  is  the  terminal  voltage.  The  reason  for  writing 
E  instead  of  V  in  the  expression  for  the  switch-energy  is  given  by 
the  consideration  that  the  alternating-current  arc  formed  at  the 
switch  contacts  breaks  after  each  half-period,  and  its  re-establishment 
takes  place  at  the  open-circuit  voltage,  whicli  quantity,  therefore, 
governs  the  magnitude  of  the  "  interrupted  load  "  IqE,  which  must 
be  distinguished  from  the  "  switched  load  "  loV.  For  a  similar 
reason  the  phase  angle  of  the  load  must  be  taken  as  the  angle  between 
/o  and  E  when  determining  the  duration  of  the  arc  /,..  It  thus  ap- 
pears that  this  phase  angle  is  in  general  not  zero  on  non-inductive 
load,  and  that  the  condition  of  the  "  purely  ohmic  "  circuit  is  only 
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used  has  the  value  E^/xa—G26  k.v.a.,  the  reactance  of  the  machine 
being  given  by  x.,=o~-i  ohm. 

The  important  influence  of  the  power-factor  of  the  load  suggests 
that  the  switch-energj'  may  be  decreased  by  reducing  the  reactance 
in  circuit  as  far  as  possible,  or  by  introducing  a  resistance  into  the 
circuit  during  the  operation  of  switching.  Both  the-se  methods  are 
fully  considered  below,  and  for  the  moment  it  is  necessarj-  to  point 
out  that  the  apparent  conflict  between  the  first  method  and  the 
common  American  practice  of  using  current -limiting  reactances 
will  be  explained. 

The  switch-energy  is  also  dependent  on  the  values  of  the  quan- 
tities C  and  tf  and  theorj-  and  experiment  show  that  C  lies  within 
close  limits,  but  increases  somewhat  in  value  as  t..  increases.  The 
variation  of  C,  which  takes  place  between  the  limits  0-01  and  0-08,  i- 
related  to  the  power-factor  of  the  load,  and  the  value  api:)ears  to  be 
little  affected  b\-  the  cur-ent  and  voltage.  If  C  is  plotted  as  a 
function  of  the  phase-displacement,  the  curve  starts  at  about  OOi 
for  tan  9=0,  and  rises  asymptotically  to  the  value  of  0-08  for  the 
largo  angles  of  lag  that  occur  at  short-circuit.  The  curves  of  Fig.  2 
are  drawn  with  the  aid  of  the  relation  just  described.  In  the  last 
report  *  it  has  already  been  shown  that  the  duration  of  the  arc 
dejxinds  on  the  phase  lag  of  the  current  according  to  the  relation 

^•,i='r(l+A-itan9+A:2[tan«(p-f...), (1) 

in  which  -v'ls  the  value  of  te  in  the  case  of  the  "  purely  ohmic  "  circuit, 
and  fr,/,  is  the  value  of  i.  when  the  circuit  contains  inductance.  The 
expression  in  brackets  has  not  yet  been  determined  exjwri mentally, 
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F. 
Fio.  1. — "  Interrupted  Load  "  and  Phase  Lag. 
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Fig.  2. — Constant  C. 


obtained  if  (lie  load  is  so  small  in  comparison  with  the  capacity  of 
the  generating  plant  that  the  internal  phase  angle  of  the  latter  is 
negligibly  small.  When  o]:)ening  on  a  short-circuit  the  great  switch- 
energy  (h^vcioiM'd  rcHulfs  from  tlu^  large  value  assumed  by  the  quan- 
tity IqE,  although  the  (|iiantity  /„!'  has  a  zero  value. 

This  fact  is  illustrated  in  Fig.  I,  which  shows  the  relation  between 
the  "  Hwitciu'fl  load"  {P=IoV  ro.<i  r^„)  and  the  corresponding  values 
of  the  "  intcrnipted  load  "  {IqE)  for  two  values  of  tlic  external 
power-factor  at  a  constant  open-circuit  voltage  of  6,000  volts.  The 
maximum  switch-energy  obtained  for  short-circuit  on  the  generator 

♦  Hcin^'  an  alistracf  of  the  Third  i;i'])orl  of  Uic  C'oinini..sif)n  on  Hiph- 
tcnsioii  .\|)iiaiatns  ami  I''in'  Protection.  a])point<'(l  l)y  tlio  Schwcizcr 
Klf'ktrotcciiu.  Vcrciii  imd  Ntrliand  SchwciztT  Klcktrizitiit.swcrko.  Tho 
rc])ort  a])])(ars  in  tlic  "  I'.nilctin  "  (N".  +  of  lOKi)  of  tjio  Scluvcizcr 
Elcktrotcclui.  Wrcin,  known  alHO  as  the  Association  Suisse  dcs  Elek- 
tricicns.  For  previous  reports,  .frr  Tuk  Klectkician,  March  .3.  lOlfi. 
and  Ai)ril  7,  lOK!. 

t  6'firTHE  Electuician,  Vol.  LXXVI.,  ]).  "fiS.  March  ^^.  I'.iKi. 


but  Fig.  3,  obtained  for  non-inductive  load  with'a  variable  current 
limiting  reactance  in  circuit,  shows  that  the  duration  of  the  arc  is 
closely  related  to  the  quantity  tan  9.  The  following  table  compares 
values  of  tr  and  /,,/,  obtained  by  switching  different  loads  off  a  single 
1,(MM)  kw.  generator  and  the  whole  Beznau-Lontsch  station. 

The  table  shows  that  when  switching  off  -400  k.v.a.  from  the  single 
generator  the  duration  of  the  arc  is  7-4  times  as  great  as  when  switch- 
ing the  same  load  off  the  combined  station.  A  reference  Xo  Fig.  3 
shows  that  on  short-circuit  of  the  single  generator,  for  which  condi- 
tion the  calculated  "  interrupted  load  "  is  480  k.v.a..  the  duration 
of  the  arc  would  be  still  further  increased.  Very  long  arcs  will  be 
drawn  at  the  switch,  and  if  the  sjKjed  of  the  switch  is  ao  cm.  a  second, 
the  longest  arc  corrc'sjxmding  to  the  figures  in  the  table  would  be 
()-5  cm. 

Figs.  4  an<l  5  are  drawn  to  show  the  dejx^iulence  of  the  dtiration 
of  arc  and  switch-oncrg^y  on  the  magnitude  of  the  "  switched  load/' 

♦  The  Ei.KCTiiiciAN.  March  3.  1010,  p.  708.  equation  (6). 


Non-inductive  Load,  6,00U  ]'vlt9. 


Single  machine  with  series  reactance. 


Bcuiau-Lontsch  Station  (tan  ^=0  approx.). 
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for  the  same  single  machine  without  series  reactance.  The  parts  of 
the  curves  drawn  in  full  lines  correspond  to  the  normal  range  of  loads, 
whereas  the  dotted  portions  refer  to  exceptional  loads  reaching  into 
the  short-circuit  region. 

The  conditions  under  which  oil-switches  are  expected  to  operate 
may  be  classified  under  three  groups. 

I.  The  switch  has  to  break  a  definite  useful  load  in  kilowatts.  The 
switch -energy  depends  greatly  on  the  power-factor  of  the  load,  and 
from  Fig.  5  it  will  be  seen  that  for  P=155  kw.  the  switch-energy  at 
cos  9,i=0-8  is  about  nine  times  as  great  as  for  cos  9n  =  l.  Thus,  the 
magnitude  of  the  "  switched  load  "  is  no  measure  of  the  loading  of 
the  switch. 
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Fig.  3.- — Switching  Tests  on  a  Single  Generator  with  Protective 
Reactance.     6,000-volt  on  Open  Circuit.     Non-inductive  Load. 


switch,  as  it  will  generally  not  operate  until  several  half  periods  hav® 
elapsed  after  the  passage  of  the  maximum  current  rush.  It  is  no' 
necessary  or  desirable  that  the  switch  should  open  during  the  large 
initial  current  rush,  and  we  may,  therefore,  assume  that  the  condi- 
tions will  be  such  that  the  switch  has  to  deal  only  with  the  normal 
permanent  short-circuit  current.  A  series  reactance  ha.s  the  bene- 
ficial effect  of  reducing  the  value  of  this  short-circuit  current,  and  the 
harmful  effect  of  increasing  the  duration  of  the  arc. 

The  power-factor  and  magnitude  of  the  load  to  be  controlled  may 
be  improved  by  the  use  of  two-step  switches  that  in-sert  resLstance 
on  the  first  step  before  breaking  circuit  on  the  second  step,*  but  the 
limitations  of  this  method  will  be  seen  below  in  the  discussion  of  the 
proportions  in  which  the  total  switch-energy  is  divided  between  the 
two  steps  of  the  switching  operation.  The  main  results  of  the  in- 
vestigations that  follow  may  now  be  stated. 
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II.  More  frequently  the  switch  is  set  to  operate  at  a  definite  cur- 
rent. This  is  equivalent  to  breaking  circuit  at  a  given  value  of  the 
"  interrupted  load  "  IqE.  Reference  to  Fig.  1  shows  that  for 
7^^=510  k.v.a.,  or  a  maximum  current  of  85  amperes,  we  obtain  a 
load  of  295  kw.  at  cos9„  =  l,  and  that  at  cos  cp„=0-8  the  load  is 
decreased  to  110  kw.  This  corresponds  to  a  switch-energy  of 
0-84  kw.  second  at  non-inductive  load  and  of  1-65  kw.  second  at  the 
inductive  load.  Thus,  the  magnitude  of  the  "  interrupted  load  "  is 
no  definite  criterion  of  the  loading  of  the  switch,  the  loading  being 
doubled  in  the  example  quoted  for  a  variation  of  the  power-factor 
from  1  to  0-8.  Even  if  the  power-factor  of  the  load  is  constant  the 
switch-energy  A  depends  greatly  on  the  internal  phase  displacement 
in  the  generators,  as  will  be  seen  from  the  table.  To  show  this  more 
clearly,  Fig.  6  has  been  drawn  for  non-inductive  load  at  6,000  volts 


i^  The  oil-switch  suffers  the  maximum  loading  if  it  has  to  interrupt 
in  one  step  the  greatest  short-circuit  load  that  can  take  place  at  the 
point  where  it  is  installed. 

The  provision  of  a  preliminary  step  on  winch  a  reactance  is  in- 
serted into  the  circuit  does  not  ensure  a  diminution  of  the  switch- 
energy.  It  is  only  possible  to  be  certain  that  the  switch-energy  will 
be  diminished  by  this  device  if  very  large  reactances  are  used,  and  in 
this  event  the  protection  given  is  afforded  onlj'  to  the  second  step 
of  the  switch,  the  first  step  ha\ang  to  break  almost  the  full  short- 
circuit  load.  If,  however,  reactance  is  included  permanently  in  the 
circuit,  a  resistance  inserted  on  the  first  step  will  certainly  afford  a 
protection  and  the  switch-energy  will  be  a  minimum  if  the  resistance 
is  chosen  so  as  to  be  equal  to  the  reactance  of  the  path  traversed  by 
the  short-circuit.     The  "  interrupted  load  "  ^iU  then  be  divided 
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thrown  off  (a)  the  single  machine  with  series  reactance,  giving  a  total 
reactance  of  75  ohms,  (6)  the  single  machine  without  series  reactance, 
giving  a  total  reactance  of  57-4  ohms,  (c)  the  whole  Beznau-Lontsch 
station,  without  series  reactance  giving  a  total  reactance  of  less 
than  3  ohms.  It  may  be  seen  from  the  curves  that  for  switching  off 
at  a  given  limiting  current  no  advantage  to  the  switch  is  gained  by 
the  use  of  current-limiting  reactances. 

III.  The  switch  has  to  open  on  a  siiort-circuit.  In  this  case  the 
provision  of  a  series  reactance  is  a  safeguard  only  in  limiting  the 
transient  maximum  value  of  the  current,  but  does  not  relieve  the 


nearly  equally  between  the  two  steps  of  the  s\^"itch  and  the  power- 
factor  will  be  raised,  on  both  steps,  to  a  value  that  precludes  the 
formation  of  dangerous  arcs.  If  the  oil-switch  breaks  a  circuit  in 
which  the  reactance  is  ap2)reciably  smaller  than  the  resistance 
inserted  by  the  switch,  the  major  portion  of  tlie  load  will  be  thro^^•u 
on  to  the  first  step  and  vice-versa. 

The  Tioo-step  Oil-switch  with  Non-inductive  Protective  Besistance. — 
We  will  assume  that  the  resistance  r^  is  inserted  on  the  first  step,  and 

*  See  Fig.  3,  p.  9,  The  Electrician,  April  17,  1916. 


590 


THE  ELECTRICIAN,  AUGUST  4,  1916. 


the  current  flowing  is  /q,  and  that  after  the  insertion  of  Tz  the  current 
takes  a  new  value  /'  and  the  voltage  across  Tz  is  E'.  The  first  step 
of  the  switch  has,  therefore,  to  interrupt  a  load  of  /o£".  If  the 
second  step  in  the  switching  occurs  after  the  arc  is  extinguished 
between  the  contacts  of  the  first  step,  the  load  remaining  to  be  inter- 
rupted is  I'E,  where  E  is  the  open-circuit  voltage  of  the  generator. 

If  r  and  x  are  the  total  resistance  and  reactance  in  the  circuit  to  be 
broken,  it  is  easily  shown  that 

...     (2) 

...     (3) 


l^E'=EHzl  V  [x^-Yr'^W+ir+Tzf], 


and 


rE=E^]Vx^^{r+rzY 


The  maximum  short-circuit  load  is  given  by  putting  r=0  in  these 

equations. 

We  thus  find  that 

E'^  r, 

the  "interrupted  load"  on  the  first  step=7oi^'= 


the  "interrupted  load"  on  the  second  step=/'JS^=- 


X 

E' 


\/ 


X 


(4) 


X 


Vx^+rz^' 


and 


IoE'+rE= 


E^ 


x+rz. 


X  ■  ^/a;«+r^« 


(5) 


(6) 


As  E'''lx  is  the  maximum  short-circuit  load  to  be  dealt  with,  it 
appears  from  equation  (6)  that  for  finite  values  of  r,  the  total  "  inter- 
rupted load  "  is  greater  than  the  maximum  short-circuit  load.  It 
follows  from  the  above  relations  that  the  maximum  value  of  the  sum 
I^E'-\-rE  is  obtained  when  rz=x,  and  that  in  this  case  I^E'^TE 

=  E'l{V2x). 

If,  for  instance,  the  switch  has  to  open  on  a  short-circuit  of  a  large 
6,0{MJ-voIt  station  of  combined  reactance  2  ohms,  we  have 
^^■'/x=  18,000  k.v.a.,  and  if  rt—x=2,  the  switch  energj'  is  12,750  k.v.a. 
on  each  step  ;  if  rj  =  10  the  energy  is  divided  so  that  17,600  k.v.a. 
and  ;{,500  k.v.a.  fall  respectively  on  to  tiie  first  and  second  contacts. 
An  increase  of  resistance  does  not  greatly  affect  the  division  of  these 
loads,  so  it  apjjears  that  with  resistances  of  the  order  of  100  ohms,  as 
are  commonly  used  with  oil -switches,  practically  the  wiiole  of  the 
work  is  done  on  the  first  step  of  the  switch,  which  is  often  not  con- 
structed to  withstand  the  formation  of  an  arc. 

In  order  to  calculate  the  switch-energy  on   the  two  steps  of  the 

switch  it  is  necessary  to  know  tiie  phase  angles  between  the  currents 

and  open-circuit  voltages.     For  the  first  step  we  are  concerned  with 

the  angle  9,  between  /„  and  E'  after  the  conditions  have  become 

stationary,  and  for  the  second  stcj)  with  the  angle  92  between  /'  and 

E.     If  we  denote  the  angle  between  /q  and  E  by  the  symbol  90  we 

have : — 

X                      X  tan  9o— tan  o, 

tan9o=-  ;  tan  92= 5  tan  91=- 


r+f; 


1+tan  9o  tan  92 


From  these  equations  it  follows  that : — 


cot  9j: cot  9o+ 


xr. 


and 


cot  92=cot  9o-| — . 


(") 


(8) 


Regarding  90,  r  and  x  as  given  and  noting  that  the  additive  frac- 
tions in  the  cf|uationH  (7)  and  (8)  are  jK)sitive  for  all  values  of  r.-.  it 
follows  lliat  the  ])liasc-angles  on  both  steps  are  diminished  for  all 
valiioH  of  the  protective  resistance.  With  increasing  values  of  the 
resistance  9,  tends  to  approach  the  value  9„  and  92  always  has  values 
less  than  90.      Imm  the  case  of  short-circuit  (9o  =  !^'>  deg.)  we  obtain 


r,  X 

tan  9i=-,  and  tan  92=    • 
X  r. 


({») 


If  /       .(,  tlu)  angles  9,  and  9.J  become  e(|ual. 

hi  the  above  if  has  i)(>cn  tacitly  assumed  that  the  angles  9,  and  9, 
an<l  t  ho  voltages  E'  and  E  assume  f  heir  sf  at ioiiary  values  immediately 
after  the  rupture  of  the  arc.  This  is  true  for  the  first  step,  but 
requires  correction  for  the  second  step.  Supi)o.se,  for  instance,  that 
flic  gcMicr.itor  is  shorl -circuited.  The  currc-nt  /„  will  lag  nearly 
1)0  (leg.  bcliind  the  o|)en-cir('uit  voltige,  aiul  when  the  first  contact 
is  opened  it  will  at  first  be  bridged  by  an  arc  carrying  the  current  /q. 
This  arc  will  be  extinguished  nr.ir  the  time  when  the  curi-ent  jvvsses 
through  its  zero  value,  at  wiiicb  time  the  voltage  E  hr»  its  maximum 
value.  Thus,  the  magnitude  of  the  current  7'  is  given  by  the  condi- 
tion that  the  short-circuited  leads  fin'  switched  "U  through  the 
n>sistan('e  t\  at  the  moment  when  the  o}x»n-circuit  voltage  has  its 
luaxinmiii  value.  The  establishment  of  the  current  /'  will  take  an 
ap|)rc('i.il)le  time,  and,  as  far  as  the  ]ihas(>  ivnirle  9,  is  concerned,  we 
may  say  tiiat  it  starts  from  .111  initial  zei-o  value  and  i!icre;vi*es  to  its 
final  value  tan'  (r^Ar)  with  a  six-cd  that  increases  with  the  rate  of 
establishment  of  the  stationary  conditions  in  the  circuit.     Tn  using 


this  value  of  91  in  the  further  calculations  we  are  allowing  for  the 
most  unfavourable  case  that  is  possible. 

We  are  now  in  a  position  to  calculate  the  switch-energy  on  the  two 
steps  from  the  formula — 
At=Ai+Az=hE'Cit\{\^ki  tan  01+...) 

-f7'£C2/r2(l+^itan924-...)  .  (10) 
The  result  of  this  calculation  is  shown  in  Fig.  7  for  a  complete  short- 
circuit  of  the  Beznau-Lontsch  generating  station,  the  combined  react- 
ance being  2  ohms.  For  ver\-  small  resistances  excessive  switch- 
energy  is  developed  on  the  second  step  ;  a  marked  minimum  of  the 
total  switch-energy  appears  at  r2=l-85  ohms,  and  at  r^= 2-2  ohms 
the  energy  is  the  same  on  both  steps  ;  when  rz>  10  the  second  step  is 
practically  inoperative. 

The  minimum  switch-energy  is  seen  to  be  developed  in  the  neigh- 
bourhood of  the  value  r^=x,  and  a  calculation  shows  that  this  is  not 
an  accidental  result  of  the  particular  conditions  chosen,  but  that  for 
anj'  short-circuit  the  minimum  value  will  be  obtained  if  the  pro- 
tective resistance  is  taken  equal  to  the  total  reactance  in  the  circuit. 

The  Tu-o-8tep  Oil-sivitch  With  Protective  Reactance. — If  a  reactance 
Xz  is  inserted  on  the  first  step  we  have 

E^       Xz  ,,^     E^       X 

hE'=~  . — :^and7'i;=— . — — .    .     .     .     (H) 


X, 


E^ 
and  I'E^—  . 

-X  X       Xz-\-X 


The  sum  of  these  quantities  is  E^lx,  and  the  total  "  interrupted 
load  "  is  therefore  always  smaller  than  in  the  case  of  the  use  of  a 
protective  resistance  {see  equation  6).  This  advantage  is  discounted 
if  we  consider  the  values  of  9^  and  92  as  given  by  the  relations — 

x^'+r- 
tan9i=tan9o+ , (12) 


and 


tan  92=tan  90 


r .  Xz 


(13) 


These  equations  show  that  the  reactance  Xz  alwavs  increas  "s   the 
angles  of  lag  9^  and  92,  and  that  for  9,  =90  deg.  both  tan  9,  and 
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Fic.  7. — SwTTCH  WITH  PROTECTr\"E  Resistance. 

Short-circuit  with  £  =  6000  v..  open  circuit  voltage  x= 2. 

tan  9.,  Ijecome  intijvite  for  all  values  of  Xz-  Notwithstanding  this 
harmful  effect  the  switch-energy  will  be  diminished  if  the  reactance 
is  cho.-icn  large  enough  to  reduce  the  siiort -circuit  current  to  a  suffi- 
ciently low  value,  but  it  ap))ears  that  for  such  large  reactances  the 
division  of  the  load  between  the  two  ste]>s  will  Ijecomc  unsatisfactory, 
tiic  first  step  having  to  deal  with  practically  the  whole  of  the  load. 
The  conditions  arc  clearly  shown  in  the  following  table  drawn  up 
for  short -eircuit  (»f  the  generating  .station  that  h.vs  been  ri'ferred  to 
above.  For  this  station  we  have  A'  =6,000.  j=2  giving  a  maximum 
short-circuit  load  of  A'^/x^  18.0(X)  k.v.a.  The  resistance  in  the  cir- 
cuit has  Ihm'Ii  taken  as  0-1  ohm. 

It  will  be  seen  that  for  j-,=a:=2  the  loads  on  the  two  st«>pB  are 
equal,  but  the  value  40  for  tan  9,  and  tan  9j  is  far  too  high  to  promise 
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a  satisfactory  protective  effect  of  the  reactance.  The  load  per  step 
has  been  lialved,  but  there  is  no  less  danger  of  the  production  of  a 
destructive  arc  at  9,000  k.v.a.  with  tan  9=40  than  at  18,000  k.v.a. 
with  tan  (p=20.  The  resistance  of  2  ohms  is  more  satisfactory,  the 
loads  being  broken  at  12,750  k.v.a.  with  tan  (p  =  l.  Increase  of  the 
reactance  above  2  ohms  does  not  reheve  the  first  step  appreciably, 
which  has  to  interrujrt  a  load  of  about  15,000  k.v.a.  at  nearly  90  deg. 
phase-lag.  It  thus  appears  that  no  certain  protection  is  afforded  by 
the  insertion  of  reactance  by  the  first  step  of  an  oil-switch. 

If  reactive  coils  are  inserted  permanently  into  the  circuit  for  any 
object  the  resistance  on  the  first  step  of  the  oil-switch  should  be 
adjusted  so  as  to  be  equal  to  the  total  reactance  in  the  circuit,  if 
the  switch-energy  is  to  be  a  minimum.  The  minimum  values  will 
decrease  as  the  values  of  r^  and  x  increase  together.  It  is,  however, 
not  possible  to  be  sure  that  the  reactance  will  be  equal  to  the  resis- 
tance for  all  the  short-circuits  that  may  have  to  be  cleared  by  the 
switch.  It  is,  therefore,  of  interest  to  examine  the  behaviour  of  a 
switch  protected  by  a  definite  resistance  r^  when  operating  on  a 
short-circuit  of  variable  reactance. 

The  equations  4,  5  and  9  show  that  the  load  interrupted  on  both 
steps  decrease  with  increasing  reactance,  and  that  the  rate  of  de- 
crease is  greater  for  the  first  step  than  for  the  second  step.  At  the 
same  time  tan  cpi  decreases  while  tan  92  increases  linearly  with  x. 
The  "interrupted  load"  preponderates  on  the  first  step  when 
x<r^,  and  on  the  second  step  when  .r>r^.  Using  the  equation  (10) 
we  gather  that  for  low  values  of  x  the  switch-energy  is  mainly  thrown 
on  to  the  first  step,  but  that  for  large  values  of  x  the  energy  on  the 
first  step  sinks  to  negligible  values,  and  the  total  switch-energy  is 
practically  developed  on  the  second  step. 

It  thus  appears  that  the  resistance  r^  should  in  any  particular  case 
be  so  chosen  that  it  is  equal  to  the  smallest  value  of  the  reactance 
that  can  possibly  be  included  in  a  short-circuit.     If  this  is  done  the 
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Fig.  8. 

switch  energy  will  be  a  minimum  and  will  be  equally  divided  between 
the  two  steps  on  the  switch,  and  for  any  short-circuit  of  greater 
reactance  the  loading  of  the  switch  will  be  decreased,  although  it  will 
no  longer  be  divided  equally  between  the  two  steps.  On  account  of 
the  inclusion  of  the  feeders  switches  at  the  end  of  long  feeders  will 
require  greater  resistances  than  the  switches  installed  in  the  gene- 
rating station. 

It  is  common  practice  to  provide  a  resistance,  r^,  of  as  much  as 
several  hundred  ohms  to  diminish  the  current-rush  on  switching  in  a 
large  transformer  or  for  a  similar  purpose.  If  such  values  of  the 
resistance  are  employed  the  effect  of  a  short-circuit  on  the  low- 
tension  side  of  the  transformer  will  be  to  throw  the  whole  load  on  to 
the  first  step  of  the  switch.  In  such  cases  the  arrangement  shown  in 
Fig.  8  may  be  adopted.  The  main  contacts  M  are  used  only  for 
current-carrying  purposes,  and  are  opened  before  the  contacts  / 
and  //  open  in  succession.  The  heavy  load  on  the  contacts  /  is 
divided  between  four  breaks  in  series. 

The  most  perfect  method  of  switching  off  large  loads  would  appear 
to  be  by  successive  insertion  of  resistance-steps  by  a  number  of 
switches  in  series  with  one  another. 


CALCULATION  OF  FLYWHEEL  MOTOR-GENERATOR 

SETS.* 


A  number  of  interesting  Papers  on  the  large  electric  winder, 
recently  installed  by  the  North  Butte  Mining  Co.,  of  Montana,  have 
been  read  before  several  of  the  engineering  institutions  in  America. 
One  of  these,  by  Mr.  W.  Sykes,  describing  the  electric  equipment, 
was  given  in  abstract  in  The  Electrician,  Vol.  LXXV.,  p.  955.  A 
further  description  by  INIr.  F.  Moeller  in  a  Paper  read  before  the 
American  Institute  of  Mining  Engineers  contained  a  note  on  the 
preliminary  calculation  of  flj^wheel  motor-generator  sets,   by  Mr. 

*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Mining 
Engineers. 


C.  D.  Gilpin.     The  conditions  to  be  met  in  this  in.staUation  were  as 
follows  : — 

Weight  of  rock  to  be  raised  per  trip,  7  gross  tons  ...     1.5,680  lb. 

Weight  of  skip S/XX)  lb. 

W^Mght  of  cage    i^jyXJ  lb. 

Maximum  depth  of  hoisting   4.0<X>  lb. 

Diamftcr  of  rope l  5  in. 

Total  weight  suspendcfl  on  one  rope  from  drum     ...     42,W0  lb. 

Normal  hoisting  .speed  per  minute  2,7<X»  ft. 

Maximum  hoisting  speed,  per  minute     .3,(KK)  ft. 

Desired  capacity  :    200  tons  per  hour  from  4,0<X)  ft.  depth. 

The  hoist  con.sists  of  two  12-ft.  drums  fitted  with  a  clutch,  post' 
brake  and  band- brake.     The  drums  are  mounted  on  a  shaft   sup- 
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Fig.  1.^ — Power  Cukve  at  10  pe-^  ce.. t.  below  I^orjial  Speed. 

ported  in  three  bearings,  this  shaft  having  a  flanged  coupling  to 
connect  to  the  motor.  The  clutches  and  post-brakes  are  operated 
by  oil  cylinders,  the  pressure  being  supplied  by  an  accumulator  and 
an  electrically-operated  jaump.  The  band-brakes  are  operated  by 
hand  wheels. 

The  drums  are  12  ft.  in  diameter  by  9  ft.  4  in.  face,  grooved  to 
hold  5,000  ft.  of  1|  in.  rope  in  two  layers.  The  clutches  are  designed 
to  take  a  load  of  50,000  lb.  on  a  12  ft.  diameter,  with  a  factor-of- 
safety  on  all  parts  of  not  less  than  eight.  The  clutches  are  of  the 
flat  friction  type,  consisting  of  two  hea\-ily-ribbed  annular  rings, 
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Fig.  2. — ^Calculated  Hoisting  Speed  and  Power  Curves. 

faced  with  wood,  supported  on  a  six-armed  spider  kej-ed  to  the  shaft. 
These  rings  clamp  a  flat  steel  plate  bolted  to  the  drums,  and  are 
moved  by  six  sets  of  toggle  arms  connected  to  a  shduig  sleeve  and 
rock  shaft  operated  by  an  oil  cylinder. 

The  post -brakes  are  made  of  plates  and  angles  in  the  form  of  a  box 
girder.  They  are  of  the  parallel  tyjie  applied  by  weights  and  re- 
leased by  oil  cylinders.  The  combined  ^^■eight  of  drum  shaft  \nth 
two  drums  and  two  clutches  is  300,0001b.  ;  the  radius  of  gyration 
is  4-86  ft. 

The  electrical  equipment  consists  of  a  1,850  h.p.,  71  revs,  per  mui  , 
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550  volt,  direct-current,  direct-connected  hoist  motor,  directly 
connected  electricallj'  to  a  generator  of  equivalent  capacity,  which 
is  driven  by  a  1,400  H. p.,  505  revs,  per  min.,  alternating-current 
motor.  A  100,000  lb.  flj-wheel  is  mounted  between  the  motor  and 
the  generator  of  the  motor-generator  set.  Both  the  hoist  motor 
and  the  generator  are  designed  to  carrj^  high  overloads.  The  field 
current  of  the  generator  is  not  regulated  directly,  but  by  means  of 
magnetic  switches  operated  b\'  the  master  controller. 

Fig.  1  is  a  power  curve  taken  when  the  operator  was  hoisting  at  a 
speed  about  10  per  cent,  below  normal  from  a  depth  of  approximately 
2,250  ft.  Fig.  2  shows  a  series  of  calculated  curves.  As  a  matter 
of  interest,  the  values  from  the  I,(J(J<Jft.  level  curve  and  3,000  ft. 
level  curve  have  been  applied  to  equation  (4)  in  the  note  appended 
to  the  Paper,  with  the  result  that  a  flywheel  sufficient  to  smooth  out 
all  the  peaks  is  indicated,  based  on  assumed  values  for  demand  j^nd 
meter  charges.  Calculations  made  from  the.se  curves  indicate  for 
the  1,000  ft.  level  that  a  90,000  lb.  wheel  will  be  required,  while  for 
the  3,0(J0  ft.  level  a  lll,0(JOIb.  wheel  will  be  necessary,  a  minimum 
time  of  15  seconds  being  allowed  for  loading  in  each  case.  In  these 
calculations  the  slip  was  taken  at  20  per  cent. 


Flywheel  Friction. 
Fio.  3. — Power  Curve  for  Flywheel  Calculations. 

F'inally,  there  are  many  instances  in  which  a  short  inspection  of 
the  load  cycle  and  the  power  contract  will  make  it  certain  that  a 
flywheel  sy.stem  is  necessary.  .Just  how  much  of  the  ])eak  it  is 
dcsinible  to  cut  off  is  not  so  easily  determined.  The  following 
method  of  calculation  may,  perhaps,  be  of  interest. 

A  curve  should  Ije  j)l()tto<l,  similar  to  the  one  shown  in  solid  lines 
on  Fig.  3,  this  curve  to  rejjrescnt  the  power  at  the  flywheel  shaft. 
The  peak  cost  per  horse-power  per  trip  (Tj)  should  next  be  deter- 
niiiicd  liv  dividing  the  peak  charge  jier  horse-jjower  per  month  by 
the  probable  nunilier  of  trij)s  j;er  month,  allowing  for  the  losses  in 
the  alternating-current  motor.  The  current  charge  (Cj)  per  horse- 
power-.seeond  slK)uId  lie  figured.  It  is  obvious  tliat  the  acceleration 
peak  of  the  curve  «ill  i:e  (oriiparatively  easy  to  do  away  with,  and 
this  j)oint  should  be  first  considered.  Assuming  a  constant  maximum 
slip,  .V,  for  the  flywheel  (expiessed  as  a  decimal  fraction  of  normal 
sjieed),  and  (ailing  the  weight  of  the  flywheel.  11',  energy  from  wheel 
(in  horsc-power-scconds)  equals 

MV(2«-«') 

2f/  y  550 
whore  v  is  the  e(|iiivalenl  linear  velocity  of  the  flj^wheel  in  feet  per 
second  (,v  —  2rr  revolutions  ))er  second     radius  of  gyration  of  •.\heel). 


^ 


-tr 


passes  through  the  motor  generator  set  while  the  latter  is  accelerating 
or  retarding,  the  average  rheostatic  loss  in  power  equals 


The  peak  load,  therefore,  equals 

^.-^/^r^|p,-^/ir^(i-f|)(P„-^/TF). 

nW 
Pj,=P,^— the  power  supplied  by  the  whee\=Pg . 


Fio.  4. — Load  Cirvk. 

This  expression  may  be  more  conveniently  written.  // 11  ;  and  (o 
obliterate  the  acceleration  peak  it  is  only  upcossary  to  equate  this 
value  to  the  energy  in  the  acceleration  yv.yU  above  the  gravity  load. 

l^efening  to  ]''ig.  3,  re-acceleration  would  ii«'  represented  by  the 
area,  a,  Ik  <'■  The  aetiial  jieak  at  the  wheel  is  /'  plus  the  wheel 
friction  and  (he  rheostatic  losses,  and  the  jHiwer  curve  has  assumed 
an  ap|)n)ximately  rectangular  shape.  It  would  not.  then>fore.  be 
far  out  of  the  way  in  figuring  the  desiralulity  of  a  further  incn'a.so  in 
the  llvwheel.  to  assume  tliat  the  load  curve  is  a  rectangle  a,s  shown  in 
F'g.  4,  in  which  /,  is  the  time  of  hoisting  up  to  n'tardation.  P„  the 
average  jMuver  at  the  wheel  re(|uin'(l  by  the  hoist  during  this  jieriod. 
and  l-i  the  time  of  retardation  plus  the  tinii<  of  rest.  /',,  is  the  jxiwer 
delivered  at  the  wheel  shaft  i>y  the  alteniating-eurrcnt  motor,  the 
dilTerence  between  P„  and  /',  being  sui)plie(l  by  the  wheel.  The 
euergy  /'„/,  then  equals  /',,/.  The  negative  jxiwer  has  been  disre- 
garded, as  it  does  not  onlinarily  enter  largely  into  the  final  result. 

l-et  /  etpial  friction  horse  |iower  ]>er  jioinid  of  flywheel,  and  T  - 
total  time  wheel  nms  per  tnp.     fSincc  approximately  all  tlu>  jxnver 


Substituting,  peak  load  equals  ', 

Let  the  i)eak  load  cost  of  power  per  in^=F^. 

/       8\  /  nW  \ 

f.=c.(i+^j(p„--^/ir) 

The  rate  of  change  of  peak  cost  with  regard  to  wheel  weight  is  the 
first  derivative  of  F^,  or  dF^  d\V. 

With  ordinary  values  for  n,  t^,  and  /,  this  rate  of  change  will  be 
negative,  showing  a  decrease  in  peak  cost  for  an  increase  in  wheel 
weight. 

The  energy  consumption  at  the  flywheel  shaft  is  the  sum  of  three 
quantities  :  the  energy  demanded  by  the  hoist,  the  energy  consumed 
by  the  flywheel,  and  the  energy  lost  in  the  slip  regulator  rheostat. 
The  first  of  these  quantities  is  represented  by  P,,ti.  and  the  second 
by  7'/ir,  it  being  remembered  that  T  is  the  total  running  time  of  the 
wheel  j>er  trij)  of  the  hoist. 

The  third  (juantity  (£"3)  is  equal  to  the  energy  lost  when  intro- 
ducing resistance  plus  the  energj'  lost  while  resistance  is  being  cut 
out ;  it  may  be  expressed  as  follows  : — 

The  quantity  /  is  a  variable  dependent  on  W,  and  may  be  expres.sed 
in  terms  of  the  latter  ;  but  for  approximate  calculations  of  this  kind, 
it  is  mnch  simpler  to  equate  /  to  T,  which  is  its  limit.  The  error  so 
introduced,  as  will  be  showni  hereafter,  will  be  small,  when  deter- 
mining the  rate  of  change  of  energy  cost. 

The  total  energy,  E,  may  therefore  be  approximated  as  follows  : — 

E=Pj,+TfW+'^{Pj^+Tf]V). 


L<>t  the  meter-cost  jier  trip  be  F^- 


Then 
s 


ft=Ci[Poti+TfM-+-^(Pj,+Tf]V)'^ 


The  rate  of  change  of  meter  cost=dF2  d]V, 
dF, 


dW 


=C. 


Tf-\-~TF 


)-< 


\' 


i+,)Tf. 


(2) 


(It  will  easily  be  .seen  that  if  /  equals  0  instead  of  7".  the  terms  2  will 
1h>  eliminated  ;  with  15  jx-r  cent.  slip.  .<  2  =  0075.  The  error  is.  there- 
fore. us\ially  much  less  than  "J  percent.). 

dF^  d\\  is  a  positive  exjjre.ssion.  and  shows  Fj  increasing  with  the 
weicht  of  the  wheel.  If  the  derivative  of  F,  is  negative,  and  is 
gn-ater  numerically  that  the  derivative  of  F^.  the  jK>wer  cost  per 
trip  will  decn«H«e  continuously  as  the  wheel  weight  is  increased,  luitil 
the  ])eak«  are  entirely  smoothed  out.  If  the  derivative  of  F,  is  the 
greater,  any  increa.se  in  the  wheel  weight  Nvill  increiv.se  the  cost  of 
j>o\\er.  Tlii"  relation  may  be  exj)re.ssed  as  a  ratio  of  the  two  deriva- 
liv.^s 


dh\  </ll-T-./F,  (/ll  -rfF,  rfF,= 


^<}-^(/-0  ^'■^^^ 


\Tf{l+l) 


<\Tf 


(3) 


If  r,  equals  the  average  efficiency  of  the  altoniating-ourrent  motor: 
7i,  the  po.ik  charge  jut  horse-ixiwer  jH«r  month  ;  H^  the  meter  charge 
per  horsepower  hour  ;  H  the  working  hours  per  month  ;  and  Z  the 
average  trijw  jier  working  hour,  then 

•     />Zf;'      •~3.6tK)e,'  Z      ' 


and 


C,  ^     /»'i3,600e,Z     _  /?! 
r.r  ~ I>Z«,ff,  X  3,600  ~  I>7?, 
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(4) 


Substituting  in  (3), 

dFi_   Ri 

dF~liJjf\ 

If  the  numerical  value  of  dFjdF^  exceeds  unity  and  is  negative, 
all  the  peaks  should  be  removed ;  otherwise  additional  flywheel  weight 
will  only  increase  the  cost  of  power. 

It  may  be  objected  that  a  flywheel  merely  large  enough  to  obliterate 
the  acceleration  peak  will  not  in  every  case  produce  an  approximately 
rectangular-shaped  power  curve.  This  objection  is  met  by  an 
inspection  of  the  typical  load  cycles  shown  in  Fig.  5.  In  both  cases 
h  will  be  the  average  power  for  the  time  <i+^2-  ^-'^t  W^  be  the  wheel 
required  to  reduce  the  triangular  load  to  h,  and  W2  be  a  similar  wheel 
for  the  rectangular  load.  Without  going  into  the  mathematics  on 
this  point,  the  relation  of  the  wheel  weights  is  as  follows  : — 


W^       4<2<i  +  <2) 


When  <2  is  very  large  as  compared  to  t^,  W2  will  be  as  large  as  \]\  ; 
and  since  the  reduction  in  peak  for  the  rectangular  curve  is  much  less 
than  for  the  other,  if  it  is  advantageous  to  reduce  the  rectangular 
peak  it  will  be  still  more  so  to  smooth  out  the  triangular  curve.  The 
other  extreme  is  represented  by  the  value  of  t^,  which  is  large  com- 
pared to  <2  ;  ill  actual  practice  this  ratio  will  hardly  exceed  10  to  1 
in  cases  where  a  flywheel  is  applicable.  W^jW^  then  becomes  equal 
to  l-44<iV0-44<iS  and  W^^-^W^. 

The  rectangular  curve  will  show  a  reduction  in  peak  of  less  than 
one-tenth,  while  the  triangular  curve  will  be  reduced  approximately 
one-half.  Since  the  losses  are  roughly  proportional  to  the  wheel 
weights  the  triangular  load  will  show  a  ratio  of  saving  over  that  of 
the  rectangular  load  in  the  neighbourhood  of  5  to  3-3.  It  would 
appear,  therefore,  that  the  rectangular  form  of  curve,  for  any  ordinary 
conditions,  is  the  limit  of  the  other  forms.  Therefore,  it  may  be 
assumed  that  if  any  hoisting  cycle  shows  by  means  of  equation  (4) 
that  its  input  should  be  made  constant,  a  saving  in  power  bills  will 


Fig.  5. — Typical  Load  Cycles. 

result  by  so  doing.  The  converse  is  not  necessarily  true,  i.e.,  a  curve 
of  markedly  triangular  form,  which  by  the  use  of  equation  (4)  shows 
a  value  of  somewhat  less  than  unity  for  dF-^jdF^,  should  be  further 
investigated  by  means  of  one  or  two  trial  wheel  weights. 

Referring  again  to  the  formula  for  dF^/dF^,  approximate  value 
may  be  placed  on  all  the  constants.  The  expression  R1/R2  would 
probably  lie  between  the  ratios  50/1  and  400/1  with  various  power 
constants  ;  D  (working  hours  per  month)  should  approximate  600  ; 
/  may  be  estimated  roughly  as  0-001  for  ordinary  speeds  of  flywheel 
(1  H.p.  per  1,000  lb.  of  wheel).  Quantity  n  may  be  taken  as  0-4,  and 
the  value  of  0-15  for  s  would  not  be  far  off. 

Substituting  the  greatest  ratio  of  R1/R2  and  the  other  values  as 
stated, 

dFi 


dF,     600  X  0 


400       /  0-4  ,  /  0-4  \ 

{  0-001 \=(ym-l[  0-001 1=0-666' 

)X0-001\  ti  J  \  t^  ) 


266-7 
t. 


Equating  dFJdF2  to  —1,  which  is  the  ratio  at  which  it  will  cease  to 
be  profitable  to  add  a  fljTvheel,  t^  Avill  equal  160  seconds. 

Substituting  the  minimum  ratio  of  R^  and  R2  (50/1),  t^  becomes 
■31  seconds.  Therefore,  when  the  time  of  hoisting,  less  the  time  of 
retardation,  is  less  than  31  seconds,  and  the  working  hours  per  month 
are  about  600,  it  is  extremely  likely  that  a  sufficient  flywheel  should 
be  supplied  to  make  the  power  input  constant ;  if  it  is  more  than  160 
seconds  no  flywheel  should  be  added  over  that  necessary  to  remove 
the  acceleration  peak.  If  20  per  cent,  slip  were  assumed  instead  of 
15  per  cent.,  n  would  have  a  value  of  about  0-5,  and  the  preceding 
time  values  would  be  increased  about  25  per  cent. 

No  attempt  has  been  made  to  discuss  the  question  as  to  the  pro- 
priety of  treating  the  slip,  s,  as  a  constant,  but  the  writer  believes 
that  for  most  cases  this  value  should  be  as  great  as  the  design  of  the 
motor-generator  set  will  allow.  Values  of  n  can  readily  be  worked 
out  for  various  speeds  of  the  fljTvheel. 


NATIONAL  PHYSICAL  LABORATORY. 

(Concluded  from  page  566.) 

Optical  Pyrometers. — During  the  latter  part  of  the  year  considerable 
time  wa.s  spent  on  the  study  of  the  methods  of  calibration  and  the  sources 
of  error  of  optical  pyrometers  of  the  polarising  tyijc.     The  nece.s.sity  for 
this  work  arose  in  connection  with  the  new  typ<;  of  optical  pyrometer, 
which   the  Cambridge   Scientific   Instrument  Company  has  placed  op 
the  market.     A  considerable  number  of  these  instruments  have  pas.se/ 
through  the  Laboratory.     Since,  under  war  conditions,  numbers  of  the-e 
pyrometers  were  urgently  required  for  munition  work,  the  Laboratory 
undertook  to  supply  the  data  neces.sar\-  for  calculation  of  the  temperature 
scale  ,  determining  for  each  instrument  the  position  of  the  fiducial  point 
most  suitable  for  obtaining  the  scale  desired.     The  pyrometers,  which 
were  of  various  ranges,  were  received  in  the  firsrt  instance  provided  with 
an  angular  scale  only.     While  it  is  possible  to  calculate  the  temperature 
scale  of  such  an  instrument  from  observations  at  two  temperatures  on  a 
black  body,  it  has  not  been  deemed  advisabie  to  rely  on  that  procedure, 
and  on  each  scale  a  considerable  number  of  standardising  points,  distri- 
buted throughout  the  range,  were  taken  by  observations  on  a  black  bodj* 
furnace.     The  relation  connecting  log  tan  9  and  IT  was  deduced  from 
these,  whence  a  table  giving  the  corresponding  values  of  the  angle  reading 
and  the  temperature  was  calculated  for  every  50'"C.     Many  of  the  instru- 
ments were  provided  with  more  than  one  range,  the  usual  method  of  a 
neutral  tinted  absorption  glass  being  used  to  obtain  lower  intensities  at 
the  higher  temperatures.     It  was  found  that,  while  most  of  the  instru- 
ments conformed  closely  to  the  simple  theoretical  law  which  postulates 
that   log   tan  9   plotted   against  1  /T  should  give   a   straight   line,  with 
others,   on   the  contrary,   no  simple   relation  could  be   assumed.     Two 
causes  for  this  phenomenon  were  found  to  be  operative.     It  was  observed 
in  some  instruments,  and  in  particular  those  intended  for  work  at  tht 
lowest  temperatures  down  to  700°C.,  that,  in  the  early  pattern,  there  was 
a  slight  scattering  of  the  light  in  the  interior.     Means  for  preventing  this 
and  for  obviating  other  minor  constructional  difficulties  were  discovered. 
In  order  to  check  the  satisfactory  behaviour  of  each  instrument,  and  in 
particular  to  ascertain  whether  satisfactory'  matching  of  the  two  halves 
of  the  field  could  be  attained  at  the  higher  ranges,  each  in.strument  wa 
directly  tested  not  only  on  the  black  body  furnace,  whose  maximun 
temperature  could  not  exceed  1,450°C.,  but  at  some  appropriate  highei 
point.     For  the  attainment  and  control  of  such  temperatures  the  carbon 
tube  type  of  furnace  was  chosen.     A  new  pattern  of  small  furnace,  having 
its  details  very  conveniently  arranged,  was  designed  and  constructed  for 
the  Laboratory  by  Mr.  C.  G.  Eden,  and  this  has  been  in  constant  use  for 
about  five  months  at  temperatures  ranging  to  over  2,000 "C,  without  even 
the  necessity  having  arisen  of  replacing  the  original  tube.     The  details 
of  the  furnace  are  illustrated  in  the  photographs  (Figs.  1  and  2),  which 
show,  respectively,  the  general  construction  and.  in  larger  scale,  the 
water-cooled  clamps  carrying  the  current  to  the  tube.     The  working  of 
the  furnace  requires  only  about  \\  kw.  at  the  highest  temperatures. 

British-made  Porcelain  for  Pyrometer  Tubes. — The  manufacture  of 
porcelain  tubes  for  pyrometer  sheaths  has  been  a  highly  specialised  trade, 
which  before  the  war  was  largely  in  the  hands  of  foreign  manufacturers. 
The  demand  for  this  class  of  goods  has  grown  enormouslv  in  recent  vears, 
and  has  become  abnormally  large,  owing  to  the  war.  It  became  impera- 
tive, therefore,  to  obtain  ware  of  an  appropriate  quality  in  this  country-. 
Such  porcelain  must  possess  special  properties  and  comply  with  require- 
ments totally  different  from  those  demanded  of  an  ordinary  glazed  ware. 
One  of  the  special  tests  carried  out  in  the  Division  was  an  investigation 
for  a  large  user  of  such  tubes  into  the  suitability  of  some  samples  of  hard 
paste  porcelain,  made  by  a  well-known  British  firm,  with  a  view  to 
ascertaining  how  far  thiv  complied  with  the  exacting  requirements 
demanded  by  the  conditions  of  pyrometry  at  high  temperature. 

The  chief  requirements  are  :  (1)  Ability  to  stand  high  temperature 
without  deformation  ;  (2)  ability  to  stand  sudden  changes  of  temperature, 
especially  such  as  occur  when  the  tube  is  plunged  into  hot  molten  metal ; 
(3)  impermeability  to  gases. 

The  first  and  second  requirements  are  governed  chiefly  by  the  nature 
of  the  body  material  of  the  tube,  its  coefficient  of  expansion,  its  thickness 
and  the  method  of  closing  the  lower  end.  The  third  is  determined  mainly 
by  the  nature  and  degree  of  permanence  of  the  glaze.  A  fundamental 
pohit  is  that  no  furnace  gases  should  diffuse  through  the  walls  of  the  tube 
at  high  temperature  and  injure  the  platinum  or  platinum  alloy  of  the 
couple  or  resistance  pyrometer  in  the  interior.  One  of  the  simplest  ways 
of  determining  the  permeability  of  the  tube  would  be  to  exliaust  the 
interior,  and  to  mea.sure  and  analyse  the  gases  which  might  permeate. 
Such  a  test,  however,  would  probably  give  erroneous  results  by  subject- 
ii;g  the  tuoe  to  stresses  greater  than  those  occurring  in  pr<u"tice.  A 
satisfactory  and  expeditious  method  was  found  in  the  use  of  ver^-  simple 
apparatus.  The  tube  to  be  tested,  closed  at  the  lower  end  in  the  usual 
manner  by  a  hemispherical  cap,  was  placed  in  a  suitable  electric  furnace, 
and  heated  to  the  desired  temperature.  Through  the  furnace  a  cur-ent 
of  any  gas  chosen  could  be  passed  during  the  tests.  Hydrogen  was 
employed  in  most  cases,  on  account  of  its  rapid  diffusivity.  The  upper 
end  of  the  porcelain  tube  was  clo.sed  by  a  metal  c;vp.  cemented  on.  through 
which  a  small  bore  porcelain  tube  was  fitted.  By  this  tube  a  curreni:  of 
pure  carbon  dioxide  was  led  into  the  interior.  Any  hydrogen  or  other 
gas  from  the  furnace  diffusing  through  to  the  int<.'rior  of  the  porcelain 
tube  under  test  was  swept  on  by  the  carbon  dioxide  stream,  and  collected 
and  measured  in  a  vessel,  similar  to  a  nitrometer,  containing  potash 
solution.  At  any  moment  blank  tests  could  be  made  of  the  amount  of 
the  impurity  in  the  original  carbon  dioxide,  and  the  whole  apparatus  lent 
itself  very  well  to  indicating  sharply  the  pomtwhenthe  glaze  ceased  tobe 
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impermeable  and  the  general  effect  of  temperature  on  the  properties  of 
the  porcelain. 

In  these  experiments  varieties  of  porcelain  tubes  known  by  pre\'ious 
experience  to  be  satisfactory  as  pyrometer  sheaths,  as  well  as  others  of  a 
less  refractory  character,  were  compared  as  regards  permeability  with  the 
samples  under  test.  Although  the  specimens  submitted  were  only 
regarded  bj'  the  makers  as  early  attempts,  their  behaviour  was  very 
encouraging.  Further  experiments  at  the  works  are  in  progress,  with  a 
view  to  the  improvement  of  the  product  in  certain  details. 

Tungsten  Arc  Ajjjtaratus. — The  recently  described  small  tungsten  arc 
lamp  of  Messrs.  Gimingham  and  Mullard,  made  by  the  Edison-Swan 
Company,   showed   the  possibility   of  applying  some   such   method   of 


Fk;.  1. — L.\BOK.\TORY  Electric  Furnace. 

obtaining  conveniently  in  the  laboratorj*  a  sour<a>  of  considerable  dimcn- 

sifniN  at  till-  hij.'licst  teinjxTatures.      KxjxTiniental  lamiis  of  larger  size 

tliaii  tlie  coiiiiiHTcial  j)attcriis  were  ])laccd  at  our  (lis])osai  by  the  makers. 

'I'll"'  liut   electrode,  instead  of  beiii;.'  a  .'•iiiall  .siiliere,  was  a  fiat  ciri-ujar 

i\\>r  of  about  H  mm.  diamet(  r.     Tliis  ])roved  to  be  an  extremely  u.sefid 

.source  of  radiation  for  optical  jiyrometcr  work,  and  an  a])])aratus  has  been 

constructed  for  use  with  the  new  method,  which  ])rf)mi.ses  to  give  very 

satisfactory' results  with  great  economy  of  time  as  compared  with  the  use 

of  funuices. 

Hcyond  routine  tests  the  fnllowinj.'  special  work  may  be  mentioned  : — 
1.   'J'he  ruling  of  a  lie  can  plat<'  for  star  j)liot(  graphy.     The  sources  of 

su]i]ily  of  these  plates  in  both  France  anil 

Germany  lieing  cut  off  l)y   the   war.    the 

Laborator\-     was     ai)proa«hed     with     a 

view   to  assist iiiir  in    the  matter,   and  a 

ndiuji    was    n'ade     oi    the    Jiiythswood 

marhine.      For  liiis  it   was   necessary    to 

modify  the  nuichine  in  such  a  way  as  to 

lcnv;tlien  the  ruling  stroke,  and  a  grant 

towarils    tile    cost   ot    this,    antl    of    the 

necessary  I'.xf  i  riinents  in  <'onnccti(»n  wilii 

I  lie  work,  was  made  l)y   the  Government 

<  irant  Comnnlt<  e. 

Considerable  diflietilty  was  found  in 
(>l)tainiiii.'.  first,  a  satisfactory  silver 
deposit  frci'  from  ]iiidio!es.  and.  secondly, 
ji  tool  whii  h  would  rule  on  the  film  lines 
of  suitable  and  uniform  widtii.  with  cjca-i 
edges.  It\  the  rujirig  as  ultinuitely  nui<le 
it  wiis  found  nei-essary  to  lU'cept  a  width 
I.I  line  rather  jjreater  than  wns  desired, 
a-ul  :-tlic  accuracy  of  the  sjuw'in^'  was 
found  on  nu-asurement  to  be  consider- 
ably less  than  liad  been  atit  ieipaled. 
This  may  i)robi'.bly  l)e  attributi-d  to 
sliuht  varialiiliiy  in  the  thickn<'ss  of  tlu* 
lines  (alTect  in u  o'.eeili;c  of  a  line  nu>i'e  tlnni 
the  other)  and  to  the  fact  tliat  it  was 
necessary  lo  rule  each  line  sejiarately  by 
lian«l.  instead  of  allowini;  flie  nuveliine  to 

operate  atitomatieally.  Further  jilate.s  wvrv  toha^•cbeon  ruled,  but  this 
again  was  slo])))!*!  by  the  urgent  work  for  the  .Ministry  of  .Munitions 
ref(>rrcd  to  above, 

2.  .\n  invest  illation,  made  at  tlic  instariee  of  the  Kni;i'ii  erin^  St.-indards 
Connnittee.  into  the  sizes  of  comnu  reial  sparking  l>lu^>.  a  id  tap|>ed  holes 
for  n\ot or  engines.  Ditlicidty  iiaving  been  ex)x'ricnoed  in  securing  inter- 
changer.Viility  between   si>nrki;ig   plugs  a".<l  en^ri  t  s  of   Eng'ish,  ronti- 


nental  and  American  makes,  it  was  desired  to  ascertain  whether  the  stan- 
dard recenth-  laid  down  by  the  E.S.C.  really  represented  current  practice. 
For  this  purpose  a  number  of  .sparking  plugs  were  obtained  commer- 
cially, and  tried,  together  with  a  screw  plug  gauge  representing  the  E.S.C. 
standard,  into  a  number  of  engines  on  the  premises  of  various  firms  who 
were  visited.     The  analysis  of  the  results  is  not  j-et  completed. 

y.  Optics. 
The  department  gave  assistance  to  the  Admiralty  in  the  preparation  of 
a  book  of  instructions  on  the  correct  use  of  telescopic  sights  and  other 
instruments   for   gunlayers.      Special    tests   have    been    made    for   the 
Admiraltj-  on  new  designs  of  sextants  mado  to  laboratory'  specifications. 

The  division  calculat<>d.  at  the  request 
of  the  Director-General  of  Munitions 
Supplies,  the  curves  to  be  used  in  making 
cemented  telesco'pe  objectives  with  stan- 
dard glas.ses,  manufactured  by  Messrs. 
Chance  Bros.  These  arepubli-shed  in  pam- 
|)hlet  form.  Additions  have  since  been 
made  for  .special  glasses.  Further  tables 
showing  the  results  of  tracingVaystrigo- 
nometrically  through  the  various  objec- 
tives, which  number  between  200  and  .300, 
and  others  giving  means  of  int  rpolating 
when  the  glasses  to  be  em])loyed  differ 
somewhat  from  the  standard  (rla.s.ses  for 
which  the  first  tables  give  the  curves, 
will  shortly  be  published. 

An  investigation  has  been  made  of  the 
way  in  which  the  kinds  of  glass  to  be  em- 
])loyed  .should  vary  when  an  objective  is 
not  to  be  corrected  for  an  object  at  in- 
finity, assuming  that  verA*  good  correc- 
tion is  required.  The  results  of  this  in- 
vestigation have  been  presented  to  the 
PhA'sical  Society. 

VI.  R.\DirM  .AND  X-R.\v  Work. 

The     comparison     of     radium      pre- 
parations    with     the     British     ra<lium 
standard    has  been  continued    throu;.'h. 
out    the    year.       The     apparatus     has 
been    maintained    in    good    order,    a-id 
the  work   has  proceeded  in   a  satisfac- 
tory manner. 
The  question  of  the  adequate  protection  of  X-ray  workers  has  been 
considered  in  detail  by  the  Cotincil  of  the  Rcintgen  Society  durintr  the 
l)ast  year.      It  was  felt  that  very  considerable  hel])  would  be  afforded  in 
this  connection,  if  meais  were  available  for  users  and  makers  of  X-ra\- 
a])])aratus  to  obtain  the  absorjjt  ion -coefficients  of  the  materials  used  for 
])rotective   ])urposes.    under   conditions    of  use.     The    Laborator>'    was 
accordingly  invited  to  undertake  .such  work,  and  arrangements  have  now 
been  made  to  do  so.     An  installation  has  been  purchased,  which  should 
enable  this  aid  o'licr  branches  of  X-ray  work  to  be  dealt  with  efficiently. 
The  apfiaratus  has.  for  the  present  time,  been  accommodated  in  the  room 
employed  fur  tlie  raiium  tests;    this  must,  howevci.  be  regarded  as  a 


Fn;.  2. — W.\TEr,-Coui.]i.i'  i:.i  lc  inui>ts  .wn  Resist.\nce  Tibe. 


temporary-  oxpedient.  until  other  and  more  adequate  space  can  be  allotted 
to  the  work. 

The  ei|uipmrnt  with  which  a  start  is  to  be  made  consists  of  a  IGin. 
roil,   with   a  nvri  ■'  it'-rrunter.   and   a  selection   of   X-ray   tubes. 

These  include,  in    ■  lo  the  ordinary  ty]»es    a  Coolidp'  tube  with 

«eees.sorj-   «]>parat»is.    an<l    a   Snook    hydrop-n    tube.     This   latter,    the 
latest  tyjK"  of  X-ray  tube,  was  prt>!«>ntod  to  tl»o  LaboratorA-  V)y  Dr.  Kaye^ 
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It  is  greatly  regretted  that  Dr.  Kaye  is  at  present  unable,  by  reason  of 
his  absence  on  military  duties,  to  take  active  part  in  the  formation  of  this 
new  section.  The  remaining  equipment  includes  the  necessary  measuring 
apparatus  and  protected  tube-holders.  A  control  switchboard  for  regu- 
lating the  output  of  the  coil  was  designed  and  constructed  at  the 
Laboratory. 

Engineering  Department. 

A  new  fatigue  testing  machine  for  testing  the  endurance  of  specimens 
under  combined  bending  and  twisting  has  been  constructed,  and  a  con- 
siderable number  of  tests  have  been  caiTied  out  on  specimens  pre])ared 
from  the  special  mild  steel  supplied  by  the  Briti-sh  Association  Com- 
mittee on  Complex  Stress,  and  from  a  sample  of  harder  steel  in  the 
possession  of  the  Laboratory. 

The  three  testing  machines  referred  to  in  last  year's  report  for  making 
impact  tests  on  geometrically  similar  specimens  have  been  completed, 
and  a  considerable  number  of  tests  on  the  two  samples  of  .steel  obtained 
from  the  Engineering  Standards  Committee  for  the  purpose  have  been 
made.  In  the  design  of  the  machines,  the  geometrical  form  of  the  striker 
and  knife  edges  recommended  by  M.  Charpy,  have  been  adopted,  so  that 
the  complete  system  of  specimen,  striker  and  knife  edges  is  geometrically 
similar  in  each  machine. 

Work  has  also  been  carried  out  on  the  hardness  and  wear  of  materials, 
resistance  of  railway  couplings  to  tensile  impact,  resistance  of  wood  to 
reversals  of  stress,  and  resistance  of  tension  members  of  a  structure  to 
lateral  vibrations.  There  were  a  number  of  investigations  in  aero- 
nautics. 

Steam  Joint  Packings. — Most  of  the  packings  used  for  steam  jointings 
have  been  in  the  past  made  abroad,  and,  in  consequence  of  the  difficulty 
of  obtaining  supplies,  several  British  firms  have  been  endeavouring  to 
make  in  this  country  packings  of  equally  good  quality.  The  chief  diffi- 
culty has  been  to  obtain  packings  which  can  be  used  for  joints  in  super- 
heated steam  pipes.  Several  samples  have  been  tested  in  the  apparatus 
for  testing  the  blowing-out  pressure  of  joints.  The  makers  have  been  so 
far  successful  in  producing  joint  rings  varying  from  ^  in.  to  |^  in.  in 
thickness  which  will  stand  a  pressure  of  250  lb.  per  square  inch  at  a  tem- 
perature of  1,000°F.  to  1,100°F.,  without  any  signs  of  breaking  down. 
The  apparatus  used  for  these  tests  was  described  in  the  annual  report  for 
1912. 


RECENT  PATENTS  IN  RADIOTELEGRAPHY  AND 
RADIOTELEPHONY. 

BY  W.  ECCLES,  D.SC. 

{Concluded  from  page  573.) 

II.  Eeception. 

The  patents  dealing  with  detectors  relate  almost  entirely 
to  the  vacuum  tube  type.  In  some  the  currents  are  carried  to 
perhaps  a  large  extent  by  charged  ions  ol  molecular  order  of 
magnitude  ;  in  others  the  currents  are  carried  by  electrons  or 
negative  corpuscles.  Both  kinds  are  used  as  relays  as  well  as 
for  detecting  oscillations — in  fact,  there  is  often  difficulty  in 
deciding  whether  a  tube  is  being  used  as  an  amplifier  or  as  a 
detector  in  a  particular  set  of  connections.  Nearly  all  the 
tubes  mentioned  below  have  three  electrodes,  of  which  one, 
the  cathode,  is  kept  at  a  high  temperature,  so  that  there  is 
continuous  evolution  of  electrons  by  the  process  called  ther- 
mionic emission.  The  main  anode,  which  in  the  earlier  form 
of  tube  was  a  metal  plate,  is  connected  with  the  circuit  in  which 
the  amplified  current  is  to  flow,  and  in  consequence  this  circuit 
may  be  called  the  plate  circuit  or  the  repeat  circuit.  The 
repeat  circuit  is  closed  through  the  tube  by  its  other  terminal 
being  connected"  to  the  glowing  cathode.  The  third  electrode 
is  sometimes  spoken  of  as  the  auxiliary  anode,  but  in  some 
modes  of  using  the  tubes  it  is  kept  at  negative  potential  on  the 
whole,  and  therefore  this  name  is  not  always  appropriate. 
Since  this  electrode  appeared  as  a  grid  of  wires  or  a  perforated 
plate  in  the  early  foims  of  apparatus  it  is  often  called  the  grid  ; 
but  it  may  also  be  called  the  control  electrode,  for  the  reason 
that  minute  variations  of  its  potential  relative  to  the  cathode, 
affect  and  control  the  relatively  large  currents  flowing  to  the 
main  anode,  though  the  current  flowing  from  the  grid  is  inappre- 
ciable. The  control  electrode  and  the  cathode  are  generally 
connected  between  two  points  of  the  high-frequency  receiving 
circuit  between  which  a  large  voltage  arises  during  the  recep- 
tion of  signals. 

The  properties  of  these  tubes,  so  far  as  they  find  employ- 
ment in  wireless  telegraphy,  may  here  be  briefly  mentioned. 
Though  there  are  many  obscurities,  it  is  clear  that  much  must 
depend  on  the  amount  of  residual  gas  left  in  the  so-called 


vacuum  tube.  In  an  ordinary  tube  with  a  fairly  high  vacuum 
a  current  of  about  10  microamperes  may  be  pa.ssed  from  a  hot 
cathode  to  an  anode  under  a  voltage  of  about  30  volts,  with  onlv 
negligible  ionisation  of  the  residual  gas.  At  a  higher  voltage 
the  velocity  acquired  by  the  electrons  in  the  larger  electric  field 
may  reach  a  value  sufficient  to  enable  an  electron  to  split  a 
gas  molecule  with  which  it  collides  into  a  negative  electron 
and  a  positively  charged  ion  of  molecular  size.  Such  "  ionisa- 
tion by  collision  "  is  the  cause  of  the  blue  glow  that  marks  the 
track  of  the  cathode  rays  in  a  Crookes  tube.  These  new  ions 
take  part  in  carrying  the  current  immediately  they  are  formed. 
With  higher  voltages  and  more  complete  ionisation  the  cathode 
becomes  the  target  of  a  bombardment  by  positive  molecular 
ions,  which  heat  it  and  rapidly  disintegrate  it.  Moreover,  the 
bombardment  releases  occluded  gas  from  the  electrodes,  which 
tends  to  spoil  the  vacuum.  If,  however,  the  origiaal  vacuum 
is  extremely  good  and  the  electrodes  are  initiallv  free  from 
occluded  gas,  there  is  no  ionisation  by  collision,  no  disintegra- 
tion of  the  cathode,  and  greater  permanence  of  the  vacuum. 

The  precise  modes  of  operation  of  the  tubes  in  all  the  cir- 
cumstances in  which  they  are  now  employed  are  not  vet  fuUv 
understood.  According  to  Langmuir,  the  space  charge 
between  cathode  and  anode — a  sort  of  cloud  of  electrons — ■ 
once  it  is  set  up  limits  the  current  flowing  through  the  tube. 
Now  the  grid  or  control  electrode  is  so  placed  in  these  devices 
that  its  electric  field  may  have  as  great  an  effect  as  possible 
on  that  of  the  space  charge.  If  the  grid  be  made  negative, 
the  escape  of  electrons  from  the  cathode  is  made  still  more 
difficult ;  if  the  grid  be  made  positive,  the  escape  of  electrons 
s  facilitated,  because  the  field  of  the  space  charge  is  cancelled 
to  a  greater  or  less  extent.  If  the  current  between  the  cathode 
and  the  repeat  electrode  is  mainly  carried  by  electrons,  it  is 
evident  that  pulses  of  current  will  be  created  in  response  to 
variations  of  the  control  electrode  potential.  ^Mien,  on  the 
other  hand,  residual  gas  is  present,  the  high  external  voltage 
always  applied  in  the  repeat  circuit  promotes  ionisation  by 
collision,  which  may  be  expected  to  assist  the  magnifying 
process.  This  explanation  of  the  action  of  the  control  electrode 
is,  however,  only  a  partial  one.  It  neglects  the  fact  that 
slow-moving  electrons  may  be  liberated  from  the  anode  and 
collected  by  the  cathode — a  circumstance  that  may  become  of 
paramount  importance  in  some  designs  of  tube. 

The  General  Electric  Company  of  America  communicate  in 
No.  15,788/1914,  a  description  of  the  main  constructional 
features  of  the  nearly  gasless  three-electrode  tubes  which  have 
been  developed  chiefly  by  Irving  Langmuir.  These  tubes,  in 
their  various  forms,  are  employed  for  detecting  and  amplifying 
high-frequency  or  low-frequency  current,  for  generating 
oscillations,  and  for  rectifying  current  of  high  voltage  and  any 
frequency.  The  principal  distinction  between  most  of  the 
tubes  here  described  and  the  older  double-anode  tubes  lies  in 
the  extremely  high  vacuum — only  a  few  hmidredths  of  a  micron 
of  mercury — which  is  an  essential  feature.  In  such  a  tube  the 
current  is  conveyed  almost  wholly  by  electrons,  for  there  is 
insufficient  gas  present  to  afford  an  appreciable  number  of 
positive  ions  by  the  process  of  ionisa.tion  by  collision.  Thus 
the  blue  glow  seen  in  a  cathode  ray  tube  and  the  glass  fluores- 
cence are  absent  at  even  very  high  voltages.  Moreover,  there 
is  no  bombardment  of  the  cathode  by  heavy  positi^'e  ions,  and 
therefore  the  disintegration  of  the  cathode  io  almost  negligible. 
The  operation  of  the  tube  is  also  more  regular  and  reproducible 
than  in  the  tubes  containing  gas. 

The  chief  aim  in  the  evacuating  process  is,  as  in  the  pre- 
paration of  the  Coolidge  X-ray  tubes,  the  expulsion  of  occlud'^d 
gas  from  the  electrodes.  During  the  evacuation  the  glass  is 
heated  as  much  as  possible  without  softening,  and  the  most  ap- 
proved methods  of  incandescent  lamp  exhaustion  are  adopted. 
Then,  while  the  tube  is  still  hot,  a  Gaede  molecular  pump  is 
employed  to.  remove  the  residual  vapour  and  gases ;  or 
chemical  evacuating  means  such  as  the  electrical  vap6risati6n" 
of  calcium  or  magnesium  may  be  employed.  Either  before 
or  during  evacuation  the  anode  is  heated,  especially  when  the 
electrodes  are  to  be  run  at  an  elevated  temperature  during  the 
normal  operation  of  the  finished  tube,  in  which  case  their 
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temperature  is  carried  to  brilliant  incandescence  during  evacua- 
tion. When  the  exhaustion  has  reached  an  advanced  stage  a 
suitable  voltage  is  applied  between  two  of  the  electrodes  so  as 
to  bombard  the  metals  by  electrons.  Care  must  be  taken  not 
to  produce  the  blue  glow,  or  sputtering  and  disintegration  of 
the  cathode  will  result.  Meanwhile  the  pump  is  constantly 
operated,  the  voltage  is  gradually  increased,  and  so  on,  step  by 
step,  till  a  higher  voltage  is  reached  than  that  for  which  the 
apparatus  is  designed.  If  the  tube  is  intended  for  heavy  currents 
the  bombardment  should  be  vigorous  enough  to  heat  the  elec- 
trode. Metals  so  treated  may  be  exposed  to  the  atmosphere 
at  ordinary  pressure  without  re-absorbing  gas,  and  may,  there- 
fore, be  removed  to  other  tubes. 

Figs.  10  and  11  represent  a  tube  designed  to  operate  as  an 


Fio.  10. 


Fig.  11. 


amplifier.  There  is  a  hot  cathode,  seen  plainly  in  Fig.  11,  held 
taut  by  a  spring,  7,  which  takes  up  sag  on  heating  ;  a  control 
electrode  10  in  the  shape  of  a  grid  of  fine  wire  wound  on  the 
glass  or  quartz  frame  9,  i>',  that  carries  the  cathode  ;  and  there 
is  an  anode,  ]2,  forming  a  zig-zag  running  over  hooks.  Both 
the  anode  and  the  grid  are  tantalum  or  similar  refractory 
metal.  The  anode  has  two  leads  16, 17,  and  the  grid  has  the 
leads,  ]f<,  19,  so  that  they  can  he  heated  electrically  during  the 
evacuation  ;  but  only  one  lead  in  each  case  is  necessary  for  the 
work  of  the  tube.  Many  other  details  of  construction  are 
given  in  the  specification. 

For  use  as  a  detector,  a  tube  should  contain  a  trace  of  gas  of 
rather  definite  amount.  With  the  correct  pressure  of  vapour 
or  gas  in  the  tube  the  variation  of  current  in  the  repeat  circuit 


pressure,  there  is  placed  in  the  bulb,  before  seaHng  off,  a  small 
amount  of  vaporisable  material — for  example,  an  amalgam,  or 
sulphur,  or  phosphorous  pentoxide.  Mercury  itself  gives  too 
high  a  vapour  pressure.  When  an  amalgam  is  used,  the  metal 
to  be  amalgamated — for  example,  silver — is  placed  in  the 
envelope  before  evacuation,  and  some  mercury  in  a  side  tube. 
After  exhaustion  the  mercury  vapour  is  allowed  to  diffuse 
through  the  tube.  At  room  temperature  one  or  two  days  are 
required  for  the  amalgamation.  The  excess  vapour  is  con- 
densed in  the  side  tube  by  a  freezing  mixture  and  the  tube 
sealed  off.  It  is  stated  that  the  device  so  prepared  will  give  &t 
ordinary  room  temperature  a  substantially  pure  electron  dis- 
charge between  anode  and  cathode  without  gaseous  ionisation, 
even  when  the  impressed  voltage  is  raised  to  400  volts. 

The  constructional  details  of  thermionic  amplifiers  are  the 
main  consideration  of  specification  No.  1,694/1915,  by  the 
Western  Electric  Co.,  and  the  type  known  as  the  Audion  is 
specially  dealt  with.  The  principal  feature  of  the  mode  of 
construction  described  is  the  placing  very  close  together  of  the 
control  electrode  and  the  hot  cathode,  actual  electrical  contact 
being,  of  course,  avoided.  The  nearer  these  two  electrodes  are 
to  each  other  the  more  effective,  it  is  stated,  is  the  amplifying 
action  of  the  device.  In  practice  it  has  been  found  that  a  thin 
coating  of  such  a  substance  as  nickelous  oxide  may  be  relied 
upon  to  separate  the  two  electrodes.  Another  important 
feature  is  the  proper  placing  of  the  main  anode  with  respect  to 
the  other  two  electrodes,  due  regard  being  paid  to  the  use  to 
which  the  particular  instrument  is  to  be  put.  One  broad  rule 
in  this  connection  is  that  the  further  the  anode  is  from  the 
cathode  and  control  electrode,  these  two  being  supposed  close 
together,  the  greater  is  the  voltage  required  in  the  repeat  cir- 
cuit. This  is  to  be  explained  by  the  well-known  fact  that  in 
such  an  arrangement  as  that  of  the  Audion  the  chief  effect  of 
the  control  electrode  is  electrostatic.  Stress  is  laid,  throughout 
the  specification,  on  the  fact  that  the  control  electrode  should 
have  a  large  surface  area. 

An  idea  of  the  way  in  which  the  above  conditions  are  fulfilled 
may  be  gained  from  Figs.  12,  1.3,  14  and  15.  In  Figs.  12  and  13, 
where  Fig.  13  is  a  plan,  the  control  electrode  consists  of  a  wire, 
1&,  shaped  like  an  inverted  V,  and  on  it  is  wound  the  filament 
2^.  which  su])plies  the  electron  discharge  when  heated.  The 
repeat  electrodes  are  the  plates  3b.  It  will  be  seen  that  the 
"  grid  ""  of  the  Audion  is  represented  here  by  a  V-shaped  wire, 
which  does  not  intervene  between  the  cathode  and  the  mam 
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follows  the  variation  of  jiotential  imposed  on  the  control  clec- 
liode  verv  much  as  in  (lit>  case  of  the  pure  electron  discharge  : 
but  at  a  ceitain  vollagi-  between  tlu-  control  electrode  and  the 
cathod''.  and  within  a  small  range,  there  exists  a  condition  of 
lability  such  that  wheji  high-frequency  <<srillations  are  im- 
pres.seil  on  the  control  electrode  there  follows  a  sudden  decrease 
of  current  in  the  re})eat  circuit.  It  is  stated  that  the  cause  of 
this  ))henomenon  "  is  decidedly  obscure,  but  the  exi.stence  of 
the  phenoni(M\oi>  is  verv  real."  The  r>sult  is  that  a  very  sensi- 
tive detector  is  ol)tained.    To  ensure  cXiu  tlv  ll>e  necessary  gas 


anode.  In  Fig.  14,  again,  the  control  electrode,  which  may 
consist  of  any  number  of  arms  or  branches,  is  over-wound  by 
the  cathode,  the  insulation  betwet'ii  these  two  electrodes  l)eing 
usually  nirkcious  oxide,  as  stated  before.  By  placing  the 
anode  plate  .V  near  the  other  electrodes  a  low  voltage  high 
cun-eut  amplifier  is  obtaiued.  Fig.  15  shows  a  ditTerent 
type.  The  control  electrode  1,7  is  a  shell  with  a  helical 
groove,  in  which  the  filamentary  cathode  2g  is  wound. 
The  rei>eat  electrode  3g  is  a  large  concentric  spherical  shell. 
Finally,  Fig,  16  shows  an  elaboration  of  this  last  type  intended 
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for  use  with  large  currents.  The  new  feature  is  a  tube  down 
the  middle  of  the  vacuum  tube,  and  passing  through  both 
cyhndrical  electrodes.  Down  this  channel  cooling  liquid  can 
be  passed,  or  the  whole  tube  can  be  put  in  a  tank  of  liquid. 
Efficient  cooling  allows  of  the  tube  being  worked  energetically. 
In  specification  No.  13,636,  1913,  Marconi's  Wireless  Tele- 
graph Co.  and  W.  C.  S.  Franklin  show  a  method  of  reception 
of  signals  in  which  a  three-electrode  tube  amplifies  the  high- 
frequency  oscillation  received  on  an  antenna,  whether  damped 
or  undamped.  The  circuits  are  seen  in  Fig.  17,  where  the 
vacuum  tube  v  has  the  usual  hot  cathode  Tc,  control  electrode  a, 
and  repeat  anode  a' .  The  circuit  dm  is  tuned  to  the  antenna, 
and  is  arranged  so  that  the  oscillatory  voltage  at  the  terminals 
of  condenser  c  acts,  after  addition  of  a  steady  voltage  from 
battery  jo,  on  the  control  screen  a.  The  figure  shows  coils  m 
and  n  coupled,  but  even  without  this  coupling  the  pulses  of 
current  in  the  magnifying  circuit  on  the  right  of  the  tube  set 


process  are  seen  applied  to  the  reception  of  .signals  in  Fig.  19. 
The  circuit  15,  with  detector  19,  block  condenser  20  and 
telephone  21,  constitute  an  ordinary  receiving  set.  When  a 
wave-train  arrives  transformer  8  applies  an  E..M.F.  to  the  path 
4-2  in  the  amplifying  tube  ;  the  magnified  di.sturbance  acts 
through  transformer  12  and  augments  the  o.scillation  in  circuit 
15  ;  and  thus  an  amplified  oscillation  is  quickly  V>uilt  up  at  the 
expense  of  the  generator  10,  and  only  dies  away  when  the  wave- 
train  ceases. 

Much  the  same  sequence  of  events  takes  place  in  the  scheme 
of  Fig.  20,  where,  instead  of  employing  a  separate  detector 
such  as  19  of  Fig.  9,  the  tube  is  made  to  function  as  both 
detector  and  amplifier.  The  rectifying  action  of  the.se  tubes 
arises  because,  as  in  the  Fleming  valve,  the  cathode  2  emits 
negative  coi-puscles  almost  entirely,  and  the  current  in  the 
repeat  circuit  therefore  consists  of  unidirectional  pulses  when 
alternating  E.M.F.  is  applied  in  the  control  circuit  7.     The 
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Fig.  16. 

the  tuned  circuit  fno  into  oscillation  with  augmented  vigour 
when  the  voltage  of  the  battery  s  is  fairly  large,  say  about  200 
volts.  When  the  coupling  m  n  is  made  appreciable  the  retro- 
action of  the  repeat  circuit  on  the  control  circuit  builds  up  still 
greater  magnification.  If  the  coupling  were  made  close  enough 
the  tube  would  generate  oscillations  continuously  ;  but  if  it  be 
made  just  less  than  this  critical  value  the  circuit  behaves  as 
if  the  effective  damping  of  the  whole  system  has  been  made 
very  small.  In  consequence,  when  the  antenna  is  set  into 
oscillation  by  external  agency,  the  disturbance  subsides 
relatively  slowly,  and  during  this  prolonged  period  D.C. 
energy  is  drawn  from  the  cells  s  and  passes  as  A.C.  energy  to 
the  detector.  The  detector  q,  potential  divider  p',  and  tele- 
phone t  are  connected  in  the  customary  way  for  the  indication 
of  oscillations  in  the  circuit /mo. 

Arco  and  Meissner,  in  No.  252/1914,  give  a  method  of  ampli- 
fying received  signals,  which  shows  resemblances  to  the  last 
described.     In  Fig.  18  are  seen  the  connections  for  amplifying 
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scheme  of  Fig.  20  operates  thus  :  A  train  of  oscillations  received 
on  the  antenna  affects,  via  transformer  14-8,  the  control 
electrode  4,  with  the  result  that  pulses  of  current  pass  from 
3  to  2  across  the  bulb.  These  pulses  react  by  means  of  trans- 
former 12  on  the  control  circuit  7,  and  tend  to  augment  the 
oscillation  there.  In  this  way  the  pulsating  current  in  9  is 
worked  up  to  a  maximum,  and  the  train  of  oscillations  becomes 
translated  into  the  passage  of  a  jet  of  current  in  one  direction 
through  the  primary  26  of  the  telephone  transformer.  The  vari- 
able condenser  28  is  not  used  for  tuning  to  the  waves  received 
but  for  the  double  purpose  of  passing  the  high-fre(|«iency  pulses 
by  the  transformer  26-27  and  of  regulating  the  rate  of  handing 
of  energy  to  the  telephone. 

Arco  and  Meissner,  in  specification  No.  252/1914,  apply  the 
vacuum  tube  oscillation  generator  described  above  to  the 
method  of  reception  in  vvhich  the  oscillations  excited  in  the 
antenna  by  the  incoming  waves  are  caused  to  beat  with  slightly 
mistuned    locally    generated    oscillations.     In    Fig.    21    the 
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any  variable  current  running  in  circuit  6.  There  are  the  usual 
hot  cathode  2,  control  electrode  4,  and  main  anode  3.  The 
circuit  9  contains  a  source  10  of  high  E.M.F. ,  so  that  current 
flows  from  3  to  2  inside  the  bulb.  The  essential  feature  of  the 
invention  is  that  the  amplifying  circuit  9  is  caused  to  react  on 
the  control  circuit  7,  and  this  increases  the  amplitude  of  the 
disturbance  in  7.  The  increase  exerts  in  turn  magnified  effects 
on  circuit  9,  and  thus  a  reinforcing  process  is  set  going  which 
is  only  limited  by  the  properties  of  the  tube  and  by  the  amount 
of  energy  that  can  be  drawn  from  11.     These  circuits  and  this 


retroactive  circuits  are  connected  to  the  vacuum  tube  1  seen 
at  the  right-hand  side  ;  and  circuit  31  is  slightly  out  of  tune 
with  the  signal  waves.  These  waves  excite  the  antenna  13, 
and  this  acts,  through  the  filtering  circuit  37,  upon  a  circuit 
containing  a  detector  19  and  telephone  21.  This  last  circuit 
is  coupled  to  the  local  generating  circuit  by  the  coil  43  of  the 
non-oscillatory  circuit  41.  Thus  beats  arise  in  the  detector- 
telephone  circuit.  If  the  beats  are  slow  enough  they  give  rise 
to  a  musical  tone  of  frequency  equal  to  the  difference  between 
that  of  the  incoming  waves  and  that  of  the  local  oscillations. 
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The   inventors    state   that    the  arrangement   possesses  high 
selectivity  and  also  great  freedom  from  strays. 

In  Fig.  22,  from  the  same  specification,  is  shown  a  highly 
magnifying  arrangement  for  use  with  damped  or  undamped 
oscillations.  The  retroactive  circuits  shown  in  Figs.  18  and  21 
are  again  employed.  The  antenna  13  is  coupled  by  windings 
14,  40  with  the  oscillatory  circuit  31,  which  is  slightlv  out  of 
tune  with  the  antenna.  The  forced  oscillations  in  circuit  31 
act  by  means  of  windings  30,  8  on  the  control  electrode  4,  and 
the  juagnified  result  in  the  repeat  circuit  9  fuither  enhances 
the  cunent  in  31.  The  tube  thus  acts  as  a  relay.  But  if  the 
coupling  between  windings  30  and  8  is  made  sufficiently  close 
the  tube  acts  at  the  same  time  as  a  retroactive  generator,  and 
free  oscillations  arise  in  circuit  31.  Therefore,  beats  are  pro- 
duced, and  a  pulsating  current  of  much  lower  frequency  than 
the  other  frequencies  may  be  made  to  flow  in  circuit  9.  Now 
the  telephone  receiver  21  is  coupled  to  the  circuit  9  by  the 
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Fig.  21. 

transfonner  26,  27,  and,  further,  the  inductance  coil  26  is 
short-circuited  by  the  conden.ser  28.  The  low  Irequency 
oscillatoiy  system  thus  fonned  is  easily  started  into  vil^ration, 
and  tli«'  vibration  is  sustained  at  a  certain  intensity  by  the  tube 
and  llic  retioaf'tive  circuits  ;  and  thus  a  musical  note  is  per- 
manently produced  in  the  telc])hone.  This  note  may  or  may 
not  have  the  same  frequency  as  the  pulsating  current  men- 
liouf'd  ten  lines  above  ;  but  this  matter  is  easily  arranged  by 
adjust iiieiit  of  condenser  29.  H  these  two  low  frequencies 
dilTer  slightly  the  permanent  sountl  will  vary  considerably 
when  signal  waves  arrive.  The  specification  states  that  the 
contrast  between  the  ])ennanent  sound  and  the  sound  as 
changed  by  the  arrival  of  waves  can  be  heightened  l)y  arranging 
the  sending  station  to  emit  one  wave-length  for  a  mark  and 
another  for  a  pause.     The  rather  complicated  ])rocesses  just 


connected  to  the  tube,  and  is  coupled  to  the  control  circuit  by 
condenser  C^  and  inductance  R.  In  this  particular  sketch  the 
inductance  of  the  telephone  receivers  is  used  for  coupling.  The 
condenser  C^  is  varied  till  the  oscillations  generated  by  retro- 
action between  the  circuits  has  a  frequency  sUghtly  different 
from  that  of  the  resonant  circuit,  and  beats  of  audible  frequency 
can  thus  be  produced.  These  low-frequency  vibratory  currents 
are  amplified  in  their  turn  by  the  tube  and  its  circuits,  and. 
therefore,  become  evident  as  loud  signals. 

For  beat  reception  of  sustained  waves  the  Marconi  Company 
and  H.  J .  Round  give  in  No.  28,413/1913  the  methods  sketched  in 
Figs.  24,  25,  26.  In  Fig.  24  the  circuit  a  is  timed  to  the  antenna 
and  to  the  signals,  and  by  connection  with  the  control  electrode 
6  produces  forced  oscillations  in  circuit  e  on  the  magnifying 
side  of  the  tube.  At  the  same  time  oscillations  of  the  frequency 
natural  to  circuit  e  are  generated  by  retroaction  through  the 
coupling  between  e  and  a,  the  energy  being  supplied  from  the 
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battery  in  series  with  the  telephone.  At  both  frequencies,  it 
would  appear  that  the  accidental  capacitance  of  the  telephone 
leads  is  trusted  to  pass  the  high-frequency  pulses  that  keep  c 
in  vibration.  Since  the  frequencies  of  the  two  currents  in  e 
are  diffeient,  beats  are  produced  ;  and  then  the  rectifying 
action  of  the  tube  causes  unidirectional  pulses  of  the  beat 
frequency  to  be  delivered  to  the  telephone.  If  the  beat  fre- 
quency is  low  enough  the  pulsating  current  through  the  tele- 
phone receiver  is  audi))le.  By  varying  the  coupling  between  a 
and  e  the  effective  inductance  and  the  co-operation  of  the 
circuits  is  varied,  and  the  pitch  and  intensity  of  the  beat  note 
adjusted. 

Fig.  25  shows  a  sin\ilar  arrangement,  except  that  the  fila- 
ment and  grid  are  connected  directly  to  the  aerial  instead  of  to 
an   oscillatory   circuit  coupled   indirectl}',   and,   besides,   the 
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described  coiii|)rise,  it  will  be  seen.  (I)  aniplilicat ion  ot  tlie 
received  oscillations  at  radio  frequency,  (2)  generation  of  local 
radio  oscillations,  (3)  interfereiico  of  tlie  radio  oscillations  and 
ain])lilication  o[  the  resulting  audio  current,  (4)  generation  of 
an  audio  current  in  tlu'  telc]>lione  cinMjits,  (5)  interference 
between  these  last  two  ;  and  all  with  one  vacuum  tul»e. 

A  noteworthy  design  for  l)eat  reception  of  continuous-wave 
signals  is  given  by  E.  II.  .Vnusfong  in  No.  24,231,1911.  and 
is  rejtroduced  in  Fig.  23.  Here  the  usinil  resonant  receiving 
circuit  li.  (',  S,  where  8  is  tbe  secondary  of  the  coupling  trans- 
former, is  connected  to  the  control  side  of  the  vacuun\  tube 
thro\igh  condensei's  (".  t''.     The  repea*  circuit  L',  C*.  C*  is  also 
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inductance  <f  the  cir(uit  «  is  linked  inductively  with  the  coil/ 
in  the  aerial  to  obtain  the  necessiry  retroaction.  A  rectifying 
detector,  g.  18  rcquinnl  in  the  telephone  branch.  In  Fig.  26  a 
choke  coil  h  shunted  l»y  a  variable  condenser,  »",  is  inserted  in 
series  with  the  thinl  electrode,  and  in  this  case  magnetic 
coupling  between  circuits  a  and  c  is  not  necessary.  The  con- 
denser^ is  sometimes  desirable,  it  is  stat-ed,  in  order  X/o  *'  nega- 
tive the  ctTect  of  the  capacity  i  between  a  and  h."  It  is  meii- 
tioiunl  that  in  vacuum  tubes  of  this  type  the  glass  becomes 
electrified  through  exjxjsure  to  the  cathode  stream,  which 
introduces  effects  similar  to  polarisation.  To  oliviate  this, 
both  control  and  rej>eat  electrodes  are  made  in  the  form  of 
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closed  cylinders  completely  surrounding  the  filament.  The 
rapacitance  between  the  cylinder  may  be  sufficient  to  brin<^ 
about  the  linkage  between  control  and  repeat  circuit  necessary 
for  the  generation  of  oscillations,  thus  allowing  the  magnetic 
coupling  to  be  dispensed  with. 

A  telephone  relay  or  magnifier  of  the  dynamo-electric  type 
appears  in  specification  No.  8,903/1915,  the  inventors  being 
V.  Tedeschi  and  A.  G.  Rossi,  of  Turin.  The  fundamental 
principle  of  the  invention  may  be  understood  from  the  dia- 
gram of  Fig.  27.  Here  R  is  a  copper  disc  capable  of  rapid 
rotation.  A,  B  are  fixed  coils  connected  as  shown  and  placed 
in  series  with  a  circuit,  I,  carrying  the  alternating  current  to 


Fig.  27. 


Fig.  28. 


be  magnified.  Coils  C,  D  are  fixed  coils  connected  similarly  in 
circuit  II.,  and  placed  relatively  to  coils  A,  B,  so  that  the  pairs 
possess  no  mutual  inductance.  The  iron  cores  a,  b,  c,  d  of  the 
coils  are  perpendicular  to  the  disc.  When  the  copper  disc  is 
stationary  the  alternating  current  in  circuit  I.  produces  no 
effect  in  II.,  for  the  eddy  currents  generated  in  the  copper  by 
coils  A,  B,  are  centred  under  the  cores  a,  b,  but  when  the  disc 
is  rotated  an  alternating  E.M.F.  is  generated  in  II.  by  the 
system  of  eddy  currents  indicated  diagrammatically  in  Fig.  28, 
which  are  centred  under  coils  C,  D.     These  latter  eddv  currents 


Fig.  29. 

are  generated  by  the  copper  cutting  the  magnetic  flux  induced 
on  the  line  Aa,  6B  of  Fig.  28  by  small  circles,  of  which  those  with 
crosses  represent  downward  flux  and  the  blank  circles  repre- 
sent upward  flux.  The  intensity  of  the  motional  currents  is 
proportional  to  the  speed  of  rotation,  and,  therefore,  so  is  the 
E.M.F.  in  circuit  II.  on  open  circuit ;  at  constant  speeds  the 
E.M.F.  is  also  proportional  to  the  currents  in  I.  The  magni- 
fied current  that  flows  in  circuit  II.  draws  its  increase  of  energy 
from  the  mechanical  work  done  in  rotating  the  disc.     The 


Fig.  30. 

above  figures  are  merely  diagrammatic  ;  the  specification 
describes  a  multiple  apparatus  in  which  the  rotor  has  nine 
parallel  copper  discs,  diameter  110  mm.,  thickness  1-5  mm., 
secured  at  equal  distances  of  13  mm.  on  the  same  shaft,  which 
a  direct-current  motor  drives  by  friction  gearing  up  to  8,000 
revs,  per  min.  Between  the  nine  rotor  discs  eight  groups  of 
windings  are  held,  each  containing  a  pair  of  primary  and  a  pair 
of  secondary  coils. 

The  number  of  pairs  of  coils  may  be  increased  from  the  two 


pairs  seen  in  Fig.  27  up  to  a  large  even  number,  and  the  copper 
disc  may  be  replaced  by  an  annulus.  This  is  indicated  in 
Fig.  29,  where  the  coils,  cores  and  eddy  currents  are  represented 
as  in  Figs.  27  and  28.  In  such  a  relay  it  is  advantageous  to  have 
a  copper  annulus  at  each  face  of  the  windings,  and  this  is  shown 
in  the  sectional  view  of  Fig.  30,  where  A  is  a  roil,  either  primary 
or  secondary,  R  indicates  the  copper  annuli  and  M  a  non- 
magnetic rotating  member.  An  obvious  modification  of  the 
last  foim  is  made  by  using  one  rotating  conductor  with  a  coil 
on  ea.  h  side  of  it. 

Wireless  Telephoxy. 

In  specification  13,248/1914.  Marconi's  Wireless  Telegraph 
Co.  (Ltd.)  and  H.  J.  Round  disclose  suitable  connections  for 
effecting  telephony  by  aid  of  oscillations  generated  by  vacuum 
tubes.     These  are  shown  in  Fig.  31.     The  microphone  M  is  in 


Fig.  31. 

an  intermediate  oscillatory  circuit,  which  is  excited  by  a 
generating  tube,  V,  operating  in  the  manner  described  pre- 
viously. The  intermediate  circuit  is  also  coupled  inductively 
with  a  three-electrode  tube  of  large  dimensions  arranged  for 
amplifying  the  oscillations  in  the  microphone  circuit.  By 
adjusting  the  steady  potential  acting  at  the  control  electrode 
of  the  second  tube,  it  is  possible  to  arrange  that  uniform 
oscillations  applied  to  it  have  no  effect  in  the  anode  circuit, 
and  then  only  the  microphonic  variations  are  magnified.  If 
this  be  done,  it  is  said  that  the  second  tube  may  be  made  the 
same  size  as  the  first.  Alternatively,  the  microphone  circuit 
may  be  arranged  between  the  two  coupled  inductances  belong- 
ing to  the  generating  circuits  of  tube  V  and  the  second  tube 
omitted. 


Fig.  32. 

In  specification  No.  21,388/1914,  an  application  of  the 
pliotron  to  wireless  telephonv  is  communicated  by  the  General 
Electric  Co.  of  America.  A  mode  of  carrying  out  the  mvention 
is  seen  in  Fig.  32.  The  electron  discharge  tube  6  has  a  hot-, 
filament  cathode  7,  heated  bv  a  battery  8,  a  control  grid  9,  and 
two  anodes  5.  The  control  circuit  includes  the  secondary  of  a 
transformer  12,  whose  primary  is  supplied  with  the  soimd- 
varied  current.  The  repeat  circuit  includes  a  large  part  4  ot 
the  antenna  inductance,  so  that  when  the  antenna  is  excited 
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by  the  high-frequency  generator  2,  via  transformer  3,  a  large 
alternating  P.D.  exists  between  the  ends  of  coil  4.  On  account 
of  the  unilateral  conductivity  of  these  tubes,  this  special  scheme 
of  connections  is  advantageous.  The  middle  of  coil  4  is  con- 
nected to  the  cathode  7,  and  thus  the  alternating  P.D.  in  4 
tends  to  cause  current  to  flow  from  alternate  anodes  to  the 
cathode.  In  the  figure  resistances  15  are  included  in  the  repeat 
circuit,  and  a  potential  divider  13  in  the  control  circuit.  The 
action  of  the  apparatus  is  as  follows  :  The  microphone  currents 
impose  variations  on  the  electric  field  which  is  maintained 
near  the  cathode  by  the  potential  divider,  and  the  flow  of 
current  varies  in  the  repeat  circuits  in  accord  and  in  augmented 
degree  ;  the  antenna  coil  4  thus  finds  itself  in  shunt  with  a 
variable  resistance,  and  thus  the  radiated  energy  of  the  wave- 
length normal  to  the  aerial  varies  in  accordance  with  the 
original  microphone  currents. 


GERMAN  BOUNTY-FED  STEEL. 


NOTES    PREPARED    BY    .SIR    ROBERT   HADFIELD,    F.K.S. 

The  importance  of  the  following  statements  is  emphasi.'-ed  by  the 
fact  that  they  were  written  in  June,  1911 — that  is,  three  years  before 
the  war — and  are  based  on  remarks  by  a  naturalised  G'erman  who 
held  an  official  and  diplomatic  position  on  behalf  of  Germany  in  this 
country.  In  other  words,  there  were  tho.se  in  this  coimtry  who 
knew  and  understood  the  subtle  lines  uj)on  which  the  German  export 
trade  to  Great  Britain  was  conducted,  and  who,  although  not 
English  bom,  were  prepared  to  show  this  country  what  the  now 
(iniO)  enemy  was  then  doing. 

The  manufacturers  connected  with  the  various  branches  of  the 
German  steel  trade  are  combined  to  form  a  syndicate,  and  about  93 
per  cent,  of  (German  steel  nianufa 'turcrs  are  members  of  it.  The 
whole  organisation  of  the  industry,  including  selling  and  fixing  of 
prices  in  the  home  and  foreign  ma-kets,  is  regulated  and  directed  by 
the  syndicate.  There  is  al.so  an  understanding  between  the  German 
syndicates  and  similar  combinations  in  Belgium. 

The  influence  of  these  combinations,  as  far  as  England  is  con- 
cerned, is  as  follows  : — 

In  order  to  increase  the  German  exjjort  trade  to  this  country,  the 
steel  syndicate  undersell  the  British  steel  maker  by  invoicing  steel 
billets  to  English  buyers  at  below  the  market  price.  To  enal)le  them  to 
do  Ibis  tlic  syndicate  pays  to  the  exporter  a  sum  of  money  for  each 
ton  exported  varying  from  12s.  to  20s.  a  ton,  according  to  the  slate  of 
trade. 

To  illustrate  this,  steel  billets  are  sold,  say,  for  £4.  lOs.  a  ton,  and 
are  invoiced  at  this  price  to  the  English  consumer,  while  the  cheapest 
market  price  here  for  English  steels  is  10s.  to  15s.  ];cr  ton  higher. 
In  this  trade  a  profit  of  froui  .Is.  to  10s.  jier  ton  is  considered  a  good 
profit.  In  order,  therefore,  to  compete  with  the  German  invoice 
price  the  English  manufacturer  would  liavc  to  work  for  nothing,  or 
more  pr()l)al)ly  at  a  considcralilc  loss.  But  the  German  exporter, 
receiving  bounty  of  from  12s.  to  20s.  a  ton  repaid  by  the  syndicate, 
in  addition  to  his  invoice  price,  is  able  to  thrive  on  tliis  kind  of 
trading,  while  the  Hritish  stcci  manufacturer  is  rendered  lu•lple.•^s. 

it  i)ays  the  (U-rman  to  do  this,  because  by  doing  so  he  is  able,  even 
when  trade  is  l)ad,  to  keep  his  furnaces  fully  going  and  his  W()rk])cople 
and  machinery  fully  employed.  His  costs  al.so  jx-r  ton  of  outj>ut  are 
redufcd  to  the  lowest  |)oint.  The  English  manufacturer,  on  the 
other  baud,  n\ust  let  tlic  orders  pass,  while  his  works  costs  rajiidly 
increase  and  his  workmen  walk  tlic  stn-els. 

It  conies  especially  hard,  of  course,  in  times  of  l)ad  trade.  It  al.so 
tends  seriously  to  di.scourage  the  outlay  of  c  ii]>ital  in  many  important 
branches  of  the  British  ste(>l  trade. 

To  the  extent  that  British  tnule  is  injured  by  these  methods  the 
British  nation  is  that  muih  the  poorer,  and  the  boimty  received  by 
the  German  steel  maker  is  practically  iteing  paid  by  the  Britisli  steel 
Tiiakcr.  whose  resources  a-e  crijiijled.  anri  by  the  British  workman, 
who  is  liuown  out  of  employment.  The  contenti(m  of  this  memo- 
randum is  thai  this  is  not  Krec  Trade,  but  a  gross  and  disastrous 
al>use  of  I'^rce  Trade 

It  is  not  desired  (o  limit  freedom  of  trade.  l)Ut  the  objection  is  to 
the  unfair  nidliod  of  selling  below  cost  by  the  aid  of  bounty.  If  the 
surplus  steel  >v\\\  to  this  country  were  only  the  ex<epli<inal  result 
of  bad  trade  and  low  jiriccs  the  matter  would  not  be  .serious,  but  it 
ai)pears  to  be  jiart  of  the  fixed  jwliey  of  the  syndicate  to  produce  for 
exjiort  (.n  thest>  terms  so  as  to  increase  and  maintain  their  hold  u|Kin 
th(>  British  steel  market. 

The  efTeit  on  the  English  steel  trade  must  necessarily  be  a  serious 
one.  as  ilhislratcd  by  fhe  growth  of  ;he  German  steel  trade,  which 


shows  an  increase  of  1,500,000  tons  during  the  last  12  months  as 
comf ared  with  the  British  increase,  which  amounts  to  probably  less 
than  one-cpiarter  of  this  amount.  Formerly  we  made  considerably 
more  steel  than  Germany.  Last  year  our  output  was  something  over 
5,000,000  tons,  while  the  output  in  Germany  was  over  11,0C>0,000 
tons. 

There  are,  of  course,  certain  consumers  who,  for  their  own  purposes, 
support  the  present  .system  of  bounty-fed  Gennan  steel,  but  it  must 
be  remembered  that  this  system  is  endangering  the  position  of  the 
British  steel  industry,  and  is  every  year  bringing  about  more  and 
more  a  condition  of  dependence  upon  bounty-fed  foreign  steel,  a 
condition  which  is  reached  as  .soon  a3  the  British  manufacturer  ceases 
to  be  able  to  supply  all  the  requirements  of  the  home  ma-ket.  It'is 
believed  tliat  a  .state  of  absolute  independence  in  the  matter  of  steel 
production  is  es.sential  to  the  well-being  of  this  countn,-,  and  that  no 
greater  disaster  could  befall  us  than  that  we  should  be  at  the  mercy 
of  the  German  steel  syndicate  for  the  supply  of  steel  required  to 
maintain  our  staple  industries. 

There  is  a  further  danger  ahead.  A  movement  is  on  foot  in 
Germanv  to  form  syndicates  in  other  important  trades — for  instance, 
the  textile  trade — and  a  probability,  therefore,  that  the  introduction 
of  bounty-fed  goods  will  start  in  other  directions. 

It  now  remains  to  inquire  what  ways  and  means  can  be  found  to 
prevent  a  continuation  of  the  above  unsatisfactory  method  of 
trading. 

It  is  suggested  that  the  foreign  exporter  should  be  compelled  to 
invoice  his  steel  to  the  English  consumer  at  the  full  price  realised. 
Already  this  country  is  bound  by  law  to  give,  for  statistical  purposes 
at  the  shipping  jwrt,  the  full  value  on  the  invoice  of  the  goods  ex- 
ported, and  failure  to  do  this  means  being  threatened  with  penalty. 
It  is  thought  po.ssible,  therefore,  to  require  of  importers  of  steel  to 
this  country  the  same  conditions.  In  other  countries,  where  duties 
on  valuation  exist.  l)ounty-fed  goods  are  excluded  from  importation, 
or  otherAvise  valuation  is  fixed  by  the  authorities.  Cannot,  there- 
fore, the  very  reasonable  condition  be  imposed  that  goods  entering 
this  country  shall  be  invoiced  at  their  true  and  proper  value  ? 

Free  Traders  desire  no  duties  of  anv  kind,  neither  duties  for  us  nor 
duties  against  us,  neither  duties  positive  nor  duties  negative,  and  in 
this  case  the  duties  negative,  in  the  form  of  bounties,  are  even  more 
objectionable  than  the  duties  positive. 

It  is  felt  confident  that  the  British  steel  maker  is  able  to  hold  his 
own  against  all  comers  when  the  conditions  of  competition  are  fair, 
but  it  is  impossible  for  him  to  do  so  in  competition  with  bounty-fed 
goods,  and  it  has.  therefore,  become  urgent  that  some  serious  step 
should  f)e  taken  to  prevent  the  present  .system  of  invoicing. 

There  is  much  more  that  could  be  said  in  explanation  of  this  point 
that  cannot  well  be  said  in  wTiting,  but  it  is  hoped  to  have  the 
honour  of  a  personal  interview  in  order  that  further  views  may  be 
exjilained  on  this  matter  of  the  under-priced  invoicing  of  imported 
goods.* 


(The  following  remarks  were  prepared  at  a  later  period — namely, 

June,   1914.) 

Some  little  time  ago  attention  was  called  to  the  system  prevailing 
in  the  (Jerm.in  iron  and  coal  industries  of  giving  exjxtrt  bounties. 
From  a  reliable  .soun  e  the  Board  of  Trade  "  Journal  "  has  now 
rec(>ived  informati')n  summarising  the  bonuses  granted  by  various 
syndicates  during  the  last  year.     From  this  it  appea-s  that — 

1.  Tlie  Bhenish-\Vesti)halian  Coal  Synd.  granted  a  bonus  (Ixjunty) 
in  .Inly  of  !..">(»  marks  j-er  metric  ton  on  fuel  obtained  from  the 
syndicate  for  which  jiroof  was  jiroduced  that  it  had  been  used  in  the 
nianufa "ture  .>f  iron  for  exjiort.  In  October  this  bonus  was  raised 
to  2..">0  marks  for  blast  funiace  coke  and  coke  coal.  During  Novem- 
ber-Decemlicr  the  export  bonus  was  rediu  ed  again  to  L.'iO  marks,  and 
at  the  same  time  tlie  sale  ]>rices  for  the  first  half  of  1914  w.tc  reduced. 

2.  The  I'ig  Iron  Synd.  granted  an  export  bonus  of  4.7.">  marks  jier 
metric  ton  in  July  on  pig  iron  bought  from  the  syndicate  for  the 
nianufa  ture  of  goods  subsequently  exjxjrted  ;  this  rate  included 
the  1.50  marks  granted  i)y  the  coal  syndicate.  In  October  the  Imnus 
was  ta'sed  to  6.25  marks,  to  include  fhe  increased  late  granted  by 
the  c<ial  syndi'.ate.  a!ui  in  January  last  was  reduced  to  4.7.5  marks 
a.'ain  in  \  iew  of  the  fact  that  tl.e  coal  syndicate  had  reduced  its  Ixjnus. 

3.  With  regard  to  the  steel  works  syndicate,  an  increase  in  the 
amount  of  the  existing  exjxirt  Ixmus  has  been  refu.se<i  in  March.  l>ut 
it  was  grante<I  ujion  the  exjiort  of  half-finished  goods  as  from  .June  1st. 
The  incn-ase  amounted  to  5  marks  per  metric  ton.  thus  bringing  the 
total  amount  of  exiK>rt  bonus  granted  by  the  sjTidi'^ate  to  15  marks 
per  metric  ton. 

•  The  above  memorandum  was  drawn  tip  for  submission  to  His 
Majesty's  (Jovemnient.  but  as  stronu  hints  were  given  that  it  was  u.seless 
to  bring  up  the  matter  this  went  no  further. 
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4.  The  rolled  wire  syndicate  increased  its  bonus  in  July  by  5  marks 
per  metric  ton,  so  tiiat  the  export  bounties  amounted  to  11.50  marks 
per  ton  of  raw  material  used  in  the  case  of  iron  wire  and  wire  goods, 
and  16.50  marks  in  the  case  of  wire  tacks. 

Metric  ton 2,204  1b. 

Mark  ll-8d. 

Another  point  may  be  added  for  consideration.  By  law  we  are 
bound  to  giv^e  at  every  shipping  port  the  exaot  full  value  of  our 
shipments,  for  statistical  purposes  presumably.  The  Germans  give 
as  the  value  of  their  shipments  the  invoice  value,  which  is  not  the 
proper  value,  for  in  the  case  of  this  bounty-fed  steel  it  is  about 
18  to  20  per  cent.  more.  Isitnot  possible  for  the  Crown  solicitors  to 
find  such  instances  and  insist  upon  proper  declarations  ?  What  do  the 
Americans  do  in  respect  to  bounty-fed  goods  ?  They  accept  7io  invoice 
values,  but  assess  the  value  of  Custom  House  purposes  themselves 
and  some  bounty-fed  goods  are  not  allowed  at  all  to  be  imported. 

It  can  only  be  repeated  what  has  been  stated  above.  If  our  Free 
Trade  system  is  in  danger,  it  is  brought  on  by  this  miserable  sub- 
sidising business.  It  is  astonishing  to  read  in  the  paper  published 
recently  by  the  Board  of  Trade  (1914)  what  are  the  figures. 


THE  WILE  ELECTRIC  FURNACE. 


A  new  type  of  arc  electric  furnace  has  recently  been  introduced. 
The  three-phase  type  of  construction  has  been  adopted,  because 
electric  supply  systems  generally  are  three  phase.  The  only  other 
prominent  arc  furnaces  using  this  current  are  the  Stassano  and  the 
Heroult.  The  Stassano  has  three  horizontal  electrodes,  but  is  limited 
to  a  capacity  of  5  tons  ;  the  Heroult  has  three  electrodes  inserted 
through  the  roof  with  no  bottom  electrode  ;  while  the  Wile  furnace 
has  two  electrodes  at  the  top  and  one  electrode  at  the  bottom. 

It  is  claimed  that  this  latter  connection  has  a  number  of  advan- 
tages. In  all  steel-refining  one  of  the  most  essential  points  is  to 
eliminate  gases  in  order  to  make  sound  castings  or  ingots.     In  the 


it  is  necessary  to  bum  a  hole  thro'igh  the  pile  of  steel  clear  to  the 
bottom  in  order  to  form  pools  of  metal  to  do  away  with  violent 
fluctuations.  These  occur  al.so  in  the  furnace  with  the  two  top 
electrodes  and  one  bottom  electrode,  but  to  a  smaller  extent,  owing 
partly  to  the  absence  of  one  top  electrode,  but  more  particularly 
because  of  the  melting  of  the  steel  on  the  bottom  at  the  same  time 
it  is  melting  at  the  top,  in  that  manner  forming  the  pool  more 
quickly  and  with  fewer  surges.  In  the  Wile  furnace  the  bottom 
electrode  is  made  of  graphite,  but  it  stops  short  of  the  rnetal  bath, 
the  actual  furnace  bottom  being  made  of  a  conducting  compound  of 
magm  site  and  tar,  which  causes  no  more  trouble  in  operating  than 
does  the  bottom  in  any  furnace. 

It  is  preferable,  of  course,  to  use  molten  materials.  A  large 
number  of  furnaces  are  thus  operated,  but  it  is  often  expedient  to 
use  cold  stock  where  there  is  no  open-hearth  plant  to  furnish  steel 
in  the  molten  .state.  It  is  not  prohibitive  to  melt  it  cold,  but  the 
demand  on  the  source  of  power  is  greater  and  the  installation  more 
elaborate,  owing  to  the  greater  amount  of  current  needed  if  the  same 
tonnage  is  required  that  is  obtained  from  the  furnace  refining  molten 
stock.  It  is  not  claimed  that  the  current  consumption  in  the  Wile 
furnace  is  any  less  than  in  the  furnace  with  three  top  or  horizontal 
electrodes,  as  this  factor  depends  largely  upon  furnace  design  and 
insulation  ;  but  it  does  enable  the  furnace  to  be  worked  with  fewer 
abnormal  variations  of  the  load,  and  it  can  be  more  easily  regvdated 
by  hand  where  there  are  only  two  electrodes  to  manipulate,  though 
automatic  regulators  are  supplied  to  this  furnace  where  desired,  as 
they  usually  are.  It  uses  less  current  than  a  single  or  two-phase 
furnace  in  instances  where  these  take  the  supply  from  a  three-phase 
system,  when  the  heat  insulation  of  the  furnace  is  not  the  sole  factor, 
but  the  losses  in  transforming  enter  as  well.  |^ 

Violent  fluctuations  of  the  load  occur  only  when  melting  cold  stock. 
All  furnaces  are  uniformly  quiet  when  running  on  molten  material, 
and  the  number  of  furnaces  refining  molten  steel  is  probably  in  excess 
of  those  starting  with  cold  stock.  The  time  consumed  in  refining 
the  molten  steel  depends  upon  the  impurities  to  be  removed,  though 
this  is  also  true  when  cold  material  is  used  ;  but  in  this  latter  case 
the  practices  in  different  furnaces  vary,  and  design  also  enters  here. 
Some  furnaces  require  a  longer  time  than  others,  the  variation  of 
sizes  and  input  of  current  being  the  chief  factors.  This  is  important 
when  comparing  furnaces. 


Sections  of  the  Wile  Electric  Fuknace,  SHowrsre  Positions  of  Electrodes  and  Tilting  Mechanism. 


furnace  with  the  three  top  electrodes,  or  those  entirely  above  the 
charge,  it  is  necessary  to  superheat  the  steel  or  cause  it  to  boil  to 
free  it  of  gases.  This  temperature  is  much  higher  than  the  pouring 
temperature,  hence  it  is  necessary  to  cool  the  steel  before  pouring. 
This  causes  imdue  wear  upon  the  furnace  linings.  This  is  not  the 
case  in  the  three-phase  furnace  with  the  bottom  electrodes,  as  the 
circulation  of  the  steel  is  plainly  visible  and  the  superheating  is 
unnecessary. 

Again,  it  is  often  imperative  that  the  furnace  be  started  on  cold 
stock.  In  loading  the  furnace  the  heavier  pieces  are  placed  on  the 
bottom,  and  the  lighter  and  smaller  pieces  are  placed  on  top,  so  that 
the  top  presents  a  fairly  smooth  appearance,  without  ragged  pro- 
jections to  cause  unnecessary  fluctuation  in  the  line. 

In  starting  a  furnace  with  three  top  and  no  bottom  electrodes 

*  Abstracted  from  the  "  Iron  i\ge." 


Most  readers  a»'e  familiar  ^ith  the  possibilities  of  steel  refining,  but 
a  few  figures  are  oftered  to  show  the  current  consumption  in  a  Wile 
furnace  of  2  tons  capacity,  starting  -with  cold  scrap  having  the 
following  fairly  uniform  analj^sis  : —       Cold  scrap.    Finished  product. 

per  cent. 

Sulphur 0061 

Phosphorus    0-04 

Silicon    009 

Carbon    0-28 

Manganese 0-31 

Time  of  melting  and  refining    4  hrs.  20  min. 

Kilowatt-hours  per  ton     S6S 

Electrode  consumption  per  ton 2s. 

These  figures  are  given,  not  to  prove  superior  practice,  but  as'an 
idea  of  one  operation.  They  will  vary  for  dift'erent  requirements, 
and  will  give  a  fair  average  in  this  one  installation. 


per  cent. 
0  0  IS 
0  024 
0-110 
012 
0-31 
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BOUNTIES  AND  DUMPING. 

We  have  often  heard  vague  statements  in  regard  to  dump- 
ing, the  nature  of  the  .statements  generally  depending  upon 
the  political  views  held  by  the  speaker.  Thus  dumping  is 
sometimes  said  to  be  the  cause  of  all  our  periods  of  depres- 
sion ;  equallv,  the  evil  is  often  said  to  be  non-existent.  '  If 
by  dumping  is  meant  the  selling  of  an  article  so  as  to  give  no 
profit  to  the  seller,  this  may  perhaps  be  rare,  and  it  mav  be 
difficult  to  give  specific  instances  ;  but  if  we  class  with 
dumping  the  export  of  goods  at  prices  which  are  made 
artificialh'  low  by  means  of  bounties,  then  it  becomes  po.ssible 
to  produce  some  evidence  of  the  practice. 

In  this  connection  we  are  glad  to  give  publicity  to  certain 
.statements  which  have  been  prepared  by  Sir  Robert 
Hadfif.i.d.  F.R.S.,  partly  because  they  come  from  a  reliable 
source  and  partly  because  they  deal  to  a  large  extent  with 
the  st-eel  indu.stry,  in  which  Sir  Robert  holds  a  prominent 
poiiition.  Suipri.se  is  sometimes  expressed  at  the  rapid 
growth  of  German-made  steel  during  the  last  few  vears,  as 
compared  with  British-made  .steel.  We  think  that  this 
may  be  explained  to  some  extent  by  the  practice  adopted  in 
Germany  of  gi^^ng  bounties.  It  appears  that  the  German 
steel  manufacturers  are  mostly  combined  in  a  s\ndicate. 
which  not  only  fixes  prices  in  their  home  market,  but  takes 
.steps  to  encourage  export.  In  order  to  increase  the  export 
trade,  the  syndicate  pays  to  the  exporter  a  sum  varving 
from  12s.  to  20s.  per  ton  exported,  according  to  the  state  of 
trade,  so  that  steel  billets  can  be  invoiced  to  English  buveis 
at  prices  below  the  market  price.  Thus  tliese  .steel  billets 
may  be  sold  at  £4.  10s.  per  ton,  and  are  invoiced  at  this 
price  to  the  English  consumer,  while  the  cheaj^est  market 
price  for  English  steels  is  10s.  to  15s.  a  ton  higher.  Since 
the  oidinai\-  ])rofit  is  5s.  to  10s.  per  ton,  the  PiUglish  manu- 
facturer would  have  to  forego  his  profit,  or  even  to  .sell  at  a 
loss,  in  order  to  compete  with  the  German  steel  so  sold.  We 
refer,  of  course,  to  pre-war  conditions. 

If  this  practice  is  adopted  in  the  selling  of  steel  there  is 
no  rea.son  why  it  should  not  be  extended  to  other  products, 
and  from  the  notes  wliich  we  give  elsewhere  it  will  be  seen 
that  the  practice  has  been  so  extended  to  some  extent.  For 
example,  bonuses  have  been  granted  on  fuel  in  Germanv 
when  proof  was  given  that  the  fuel  has  been  used  in  the 
manufacture  of  iron  for  e.xport. 

At  Hist  sight  it  may  seem  that  the  German  trader  is  doing 
something  which  is  verv  l>eneficial  to  us.  and  of  no  u."<e  to 
them.selves.  This,  however,  is  scarcely  to  be  ex|x^cted. 
The  efTect  is  to  hamjjer  the  British  steel  producer  and  t-o 
onablr  the  (^icrman  producer  to  keep  his  furnaces  going  to 
the  fullest  pos,siblc  extent.  The  Free  Trader  will  replv  that 
this  d(H\s  not  matter,  and  that  if  the  Germans  are  >'()od 
enough  to  ,s(mu1  us  over  steel  for  nothing  we  ought  to  be 
grateful.  lint  in  looking  at  the  matter  from  this  point  of 
vii'w  some  iiujuiry  should  be  nuide  as  to  the  motive  under- 
lying the  transaction.  'J'he  (Jerman  trader  is  not  likelv  to 
ronsider  the  good  of  the  British  nation,  or  of  the  British 
producer,  but  will  meirly  consider  his  own  advantag*'. 
Sujipose  we  take  the  extreme  case  that  the  British  producer 
finds  it  n«»  longer  worth  while  to  continue  in  business. 
Is  it  then  to  Ix^  supptxsed  that  when  British  sterl  ctMvsed  to 
be  produced  the  price  of  German  steel  would  continue  at. 
say,  10s.  below  the  British  market  price,  or  even  at  a  figun' 
as  low  as  the  British  market  price  then  ruling  '.'  We  tliink 
we  may.  without  hesitation,  say  that  the  German  producer 
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would  not  be  so  phi  Ian  th  topic  as  to  maintain  a  low  price  if 
he  could  equally  well  obtain  a  price  that  was  higher. 

The  motive  of  the  German  producer  is  simply  to  dama^^e 
British  trade  as  far  as  possible  to  the  advantage  of  his 
own.  Although  it  may  be  a  temporary  advantage  to  the 
British  buyer  to  be  able  to  purchase  steel  at  a  price  of  10s. 
per  ton  less  than  the  British  market  prices,  the  advantage 
in  the  long  run  cannot  be  to  this  country. 

Unfortunately,  questions  of  this  kind  are  always  tainted 
with  pohtics,  and  it  is  interesting  to  notice  the  consequence 
of  this — that  the  notes  to  which  we  have  referred,  although 
they  were  prepared  in  1911  with  a  view  to  submitting  them 
to  the  Govermnent,  were  not  pressed  home,  as  strong  hints 
were  given  that  it  was  useless  to  bring  up  the  matter. 

Free  Trade  on  a  true  Free  Trade  basis  is  one  thing,  but 
Free  Trade  on  an  artificial  basis  is  quite  another.    Although 
Sir  Robert  Hadfield  is  himself  a  Free  Trader  he  feels 
strongly   that   this   country   should   not   permit   what   is 
equivalent  to  a  negative  tariff,  and  it  is  suggested  that  we 
should  follow  the  lead  of  some  other  countries  in  matters  of 
this  kind.     In  America,  for  example,  no  invoice  values  are 
accepted  for  bounty-fed  goods,  and  some  bounty-fed  goods 
are   not   allowed  to  be   importeci  under   any  conditions. 
Considering  that  the  Council  of  the  Institution  of  Electrical 
Engineers  is  now  favouring  Protection  as  against  Free  Trade, 
we  think  it  would  be  well  if  they  would  give  attention  to 
this  question  of  bounties.     Wholesale  protection  may  be 
regarded  by  many  people  as  a  disastrous  course  to  adopt, 
but  the  most  pronounced  Free  Trader  will  surely  see  that  it  is 
not  in  the  best  interests  of  the  manufacturers  of  this  country 
to  permit  Free  Trade  on  a  purely  artificial  basis. 


REVIEWS. 


sphere.  There  are  08  tables  oL  constantH  and  summaries  of 
results,  and  78  diagrams  and  giaplis  as.si.st  in  explaining  the 
text,  while  a  comprehensive  index  ('i  pages)  mat<'rially  adds 
tr)  the  value  of  the  book.  B.  W  C. 

The  Universe  and  the  Atom.     By  M.  Ekwiv.     (L/jndon  :  Constable 

&  Co.)     I'p.  i\-.-;-:514.     8.S.  Gd.  net. 

Those  of  our  readers  who  are  tired  o!  the  war  and  everything 
connected  therewith,  provided  they  be  of  a  studious  turn  of 
mind  and  possessed  of  some  kncjwledge  of  natural  phil(^sophy, 
are  ad"ised  to  read  Mr.  Erwin's  book. 

By  so  doing,  both  higli  and  low  will  conclude  that  theirs  is 
l)ut  a  minor  part  in  the  order  of  things.  It  is  well  that  man 
should  come  to  such  a  conclusion,  for,  as  the  author  reminds 
us,  "  Arrhenius,  in  his  '  Worlds  in  the  Making,'  has  pointed  out 
that,  however  long  the  time,  the  final  catastrophe  mu.st  come 
to  every  sun,  when  it  will  collide  with  some  otlier  sun,  and  by 
that  collision  the  energy  represented  by  the  rectilinear  velocity 
of  the  masses  bowling  through  space  will  be  converted  into 
vibratory  motion  of  the  atoms  of  which  tliey  are  comjjosed, 
and  those  atoms  will  be  scattered  through  millions  of  miles  of 
space  as  a  great  nebula." 

One  of  the  most  striking  passages  in  the  book  is  the  con- 
cluding paragraph  which  reads  as  follows  :  ''  We  must  there- 
fore conceive  that  in  the  universe,  matter  is  being  created  by 
radiations  from  other  matter  all  the  time  ;  that  there  is  going 
on  all  the  time  the  gathering  up  of  this  new-born  matter  by 
gravitation  into  clusters  and  suns  ;  that  in  time  these  suns  go 
to  a  kinetic  death,  and  finally  the  matter  of  which  they  are 
composed  is  converted  again  into  ether  substance.  Thus  we 
have  an  endless  cycle  of  births,  lives,  deaths  and  resurrections 
in  the  material  universe." 

Practical  readers  will  be  interested  in  the  author's  descrip- 
tion of  the  operation  of  a  simple  magneto-electrical  machine, 
which  is  "  an  apparatus  for  turning  mechanical  energy  into 
an  electric  current,"  in  the  chapter  on  ""  The  Birth  of  the 
Electron  or  Corpuscle." 

"  Let  MNPS,  Fig.  48,  be  an  iron  plate  or  armature  mounted  on  an 
insulated  platform  or  table  JJ.     EOF  is  a  bar  of  magnetic  iron  bent  in 


Copies  of  the  undermentioned  works  can  be  had  from  The  Electrician  Offices,  post 
free,  on  receipt  of  published  price,  adding  3d.  for  books  published  under  2s.  Add 
10  per  cent  for  abroad  or  for  foreign  bocks.] 

A  Meteorological  Treatise  on  the  Circulation  and  Radiation  in 
the  Atmospheres  of  the  Earth  and  of  the  Sun.    Bv  F.  H. 

BiGELOw,M.A..L.H.D.     (London:  Chapman&  Hall.)     Fp.  xi.-f431. 
21s.  net. 

The  author  considers  that  the  usual  treatment  of  the  funda- 
mental gas  equations  in  text-books  on  meteorology  is  incom- 
plete and  inexact,  on  account  of  the  fact  that  adiabatic  con- 
ditions are  assumed,  which  do  not  actually  obtain  in  the  atino- 
pheres  of  the  earth  and  of  the  sun.  As  an  example,  he  mentions 
that  in  an  adiabatic  system  there  would  be  no  circulatiou  and 
no  radiation.  The  facts  of  observation,  however,  imply  that 
both,  occur  and  the  author  whilst  Professor  of  Meteorology  in 
the  United  States  Weather  Bureau  (1891-1910),  and  later  in 
the  Argentine  Meteorological  Office,  extended  the  theniio- 
dynamic  adiabatic  equations  so  as  to  adapt  them  to  the  actual 
conditions  prevaiUng  in  the  atmosphere. 

This  new  method  of  treatment  imphes  that  the  character- 
istic gas  constant  R[=pvlT]  and  also  the  specific  heat  of  air 
Cp  depend  on  the  height  of  the  layer  of  gas  considered  above 
the  sea  level. 

The  book  is  entirely  of  a  mathematical  character,  the  subject 
being  dealt  with  under  the  following  heads  :  Meteorological 
constants  and  elementary  formulae  ;  thermodynamic  meteoro- 
logy ;  theimodynamics  of  the  atmosphere  ;  examples  of  the 
construction  of  vortices  in  the  earth's  atmosphere  ;  radiation, 
ionisation  and  magnetic  vectors  in  the  earth's  atmosphere  ; 
terrestrial  and  solar  relations  ;  extension  of  the  thermodynamic 
computations  tc  the  top  of  the  atmosphere  ;  and  it  contains 
the  solution  of  a  number  of  problems  which  have  hitherto  been 
intractable  along  the  old  lines  of  procedure,  such  as  e.^^.,  the 
diurnal  convection,  and  semi-diurnal  barometric  waves,  with 
the  radiation  ;  the  thermodynamics  of  the  general  circulation  ; 
and  electric  and  magnetic  problems  connected  with  the  atmo- 


tho  shape  of  a  honseshoe,  the  bend  of  the  horseshoe  being  fastened  to  the 
a\l"  GK,  which  is  mounted  perpendicular  to  the  iron  plate.  To  the  end 
of  the  axle  is  fastened  an  insulated  crank,  KL-H.  When  the  crank  is 
turned  th?  ends  of  the  horseshoe  are  revolve^l  in  front  of  the  iron  plate  or 
armature  as  it  is  called.  The  surfaces  of  the  two  ends  of  th'.>  magnet  are 
made  smooth  and  true  so  that  when  the  magnet  is  mounted  in  the  frame 
the  ends  come  very  near  but  not  quite  to  touching  the  irov.  plate.  The 
support  Q  is  a  conductor  connected  with  tho  axle.  jM  and  Q  have  wires 
attached  so  that  when  desired  they  may  be  joined  to  form  a  circuit.  At 
first  we  will  consider  them  as  disconnected. 

■'  Now,  as  is  well  known,  when  a  magnet  is  so  mounted,  by  induction 
it  immediately  magnetises  the  iron  plate  or  armatui-e  or  sets  up  induction 
currents  in  the  surface  of  the  plate,  and  this  induced  magnetism  reacts 
back  and  makes  the  magn  tism  in  the  poles  E  and  F  still  stronger.  The 
poles  E  and  F  being  positive  and  negative,  there  are  corresponding 
negative  and  positive  poles  created  in  the  surface  of  the  plate. 

••  It  is  fully  established  that  tho  whole  space  between  the  poles  of  the 
masnet  and  plate  becomes  tilled  with  lines  of  force  or  "  tlows  '  of  energy 
passing  from  polo  to  pole,  and  there  is  created  in  the  space  between  tho 
poles  of  tho  magnet  a  field  of  high  magnetic  pressure. 

"  If  now  the  wires  are  joined  to  make  the  circuit,  and  the  crank  is 
rapidly  turned,  a  current  of  electricity  is  sent  through  the  wire,  and  the 
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intensity  of  the  currr  nt,  and  therefore  its  capacity  to  do  work,  is  in  pro- 
portion to  the  speed  with  which  the  crank  is  turned.  In  turning  the 
crank  it  is  found  that  '  something '  opposes  a  powerful  resistance,  and 
this  resistance  increases  witli  the  speed.  If  the  iron  plat©  or  armature 
is  remo\ed,  the  resistance  disapjiears.  The  electrical  current  produced 
in  such  a  machine  constructed  with  a  little  more  of  detail  than  we  have 
found  it  necessary  to  describe,  can  be  made  Ut  lif^ht  a  burner,  run  a  small 
sewing  machine  or  do  other  wf>rk,  and  yet  whwi  the  turning  of  the 
crank  is  stopped  nothing  ap])arontIy  has  been  consumed  or  used  up 
except  the  energy  represented  by  the  turning  of  the  crank." 

In  such  terms  does  the  Author  refer  to  one  of  the  greatest 

discoveries  of  the  age  and  liis  description  would  have  been 

even  happier  had  it  been  more  accurate.     Pressure  on  our 

space  prevents  us  dealing  with  the  book  at  greater  length. 


TOTALLY-ENCLOSED  BRAKE  SOLENOIDS. 


Particulars  of  the  new  range  of  series  and  shunt-wound  brake- 
releasing  electroniagncts,  made  by  Mr.  G.  f'llison,  of  Birmingham, 
have  recently  been  i.ssued.  The  magnets  described  are  suitable  for 
operating  the  mechanical  brakes  in  cranes,  hoists  and  winches,  and 
for  any  purpo.se  requiring  a  deJinite  pull  through  a  limited  stroke. 
The  salient  features  of  the  design  are  set  out  below,  and  extracts  are 
taken  from  the  sections  of  the  list  devoted  to  rating,  cycle  ounces  and 
sjiecilicatious. 


inertia,  and  will  occur  no  matter  what  amount  of  current  is  passed 
on  the  first  notch  of  the  controller. 

In  such  cases  it  is  usual  to  specify  that  the  magnet  shall  pull  with  a 
certain  percentage  of  the  full-load  current,  while  being  capable  of 
carrying  full-load  current  w  itliout  overheating.  If  this  percentage  is 
low,  the  magnet  becomes  extremely  costly  and  large,  and  on  top 
load  it  pulls  the  brake  off  very  abruptlj'.  If  it  is  not  low,  the  magnet 
will  not  pull  off  or  remain  off  when  the  motor  is  lowering  a  loa^  a 
little  less  than  the  friction  of  the  crane,  or  is  lifting  the  empty  hook. 
In  such  cases  it  is  eas}'  to  specify  that  the  magnet  shall  pidl  with  a 
moderate  percentage  of  full-load.  Ac-tually  the  series-wound 
magnet  is  rarely  required  to  carry  full-load  current,  because  the 
maximum  load  to  be  handled  is  generally  well  witliin  the  rated 
capacity  of  the  motor,  and  advantage  maj'  be  taken  of  this  to  use  a 
magnet  of  smaller  size  with  normal  heating  at  usual  loads. 

A  shunt  winding  is  inherently  safer  than  a  series  winding,  because 
the  current  decreases  as  the  magnet  heats,  and  the  maximum 
temperature  rise  is  far  lower  than  for  a  series  winding  of  the  same 
rating. 

Balinfjo. — The  ratings  that  have  been  adoi)ted  are  15-mmute, 
30-minute,  60-minute  and  continuous,  and  represent  the  time  tho 
magnet  may  be  kept  in  circuit  to  anive  at  IOO°F.  temperature-rise. 


Fig.  1,- — Rancje  of  Totally-kncloskd  Bkaki;  Solenoids. 


Th(!  frauH!  consists  of  two  massive  iron  castings,  bolted  together  at 
an  a((  inatcly  machined  joint  to  form  vw  outer  yoke,  which  encloses 
tlur  coil.  A  HuilabJN  -tajicriril  iiiild-stc^i  lixcd  coic  of  circular  section 
is  soiurcd  t<)  the  to|t  frame  ciistijig,  and  {hv  moving  core,  or  plunger, 
of  mild  t^leei  la|)on'd  to  suit  the  fixed  coic  besides  foiiniiig  the  core  of 
the  .solenoid,  also  acts  us  a  |)islon  to  gi\c  an  adcMpiate  dash-pot  ell'tct. 
A  groovo  ill  llit^  movable  core  serves  to  retain  the  lubricant,  and  to 
aeeonnnoclate  a  steel  packing  ring  where  the  maxinuim  dash-|)ol 
cITect  is  re(|uire(l. 

A  brass  tulie  expanded  into  two  cast-iron  cheeks  forms  the  coil 
s|)ool,  which  is  stove  ejiamelled  to  ])revent  the  format i(n  of  oxide,  and 
its  injurious  reaction  on  the  wijidings.  Liberal  oiled-cloth  insulation 
ajjplicd  to  llie  s|  ool  precludes  any  jKissibility  of  breakdown  due  to 
the  high  inductive  pressure  rises  which  occur  when  the  circuit  is 
interrupted.  rnproteet«'d  wouiul  sjjools  insulated  in  tliis  manner 
lia\c  lieen  sMl)jr<ted  lo  tests  of  I  hi'  utmost  severity,  and  sliuut -wound 
magnets  have  lieen  excited  with  more  than  twice  the  normal  j)ressure, 
and  the  circuit  opened  and  closed  as  rapidly  as  po.ssible  for  extended 
])eri()ds  without  signs  of  trouine.  The  shunt  coils  are  womid  for 
any  lint'  i)ressure  up  to  (mII  volts,  the  winding  being  of  enamelled 
wire  with  oiled-paper  insulati«»n  so  applii^l  between  layers  thai 
moisture  cMiiiHit   penetrate  further  than  the  top  la\cr. 

To  one  sidf  <<l  I  be  m  igiief  frame  is  bolted  a  substaiit  lal  box  .  lia|H'd 
ca.sting.  which  totally  encloses  the  terminals.  These  consist  of  heavy 
brass  b|oi  ks  boltrd  to  micanitrd  rods.  Sbeli  <  hmps  aic  inounted 
on  the  blocks  to  t.ikc  the  .'-mall  cables  i-ei|iiiii-d  (or  .sjiiint  iiiHgnets. 
and  heavy  sockets  of  llir  Adniiralty  pnttern  arc  iised  for  ceries 
ma.gnets. 

\  smi',11  adjustable  \al\e  lilted  to  I  br  lop  i  Itcek  of  I  be  (oil  Ixdtbin 
])ermits  the  free  exit  of  air  from  the  spiu  e  l)rtwren  the  cores  as  the 
pbimier  rises,  ItuI  prevents  itsentr.iiiie.  The  partial  vacuum  formed  ;is 
the  plunger  falls  retards  the  moxemeiit  and  piexcnls  siidih'ii  applii  a- 
t ion  of  the  brake. 

(hiniu'lcnst  irs  i^f  Srrx  ■<  mid  Shunt  II  luiliinj.*.  .Smu  s  windings  are 
aiTiuiged  to  take  I h(>  full  load  current  of  the  moioi  for  a  specified 
time  without  overheating.  'I"he  weight  they  will  lift  varies  with  tlie 
eurrenf.  and  thei(>fore  with  tho  lond  on  the  motor,  nnd  thi.'s  lo.^d  nisiy 
1)0  so  low  that  fho  m.iguof  fail.>  to  pull,  or  having  p'liled  it  fails  to 
complete  the  stroke.  This  hnppens  frequently  when  the  motor  ij>  mi 
the  fffting  U)otion  of  a  crane  which  Sas  efficient  gearing,  with  low 


It  is  very  little  use  telling  a  user  that  a  piece  of  a])paratiis  will 
heal  to  a  given  tem))eiature  in  a  given  tiiue  iinle.'<s  this  information  is 
accompanied  b\  a  stiitemeiit  (U-lining  the  e(pii\alent  time  in  Mrvico 
ami  tinui  out  of  .service  rcnpiired  to  maintain  the  temperatun^-ri.'-c. 
This  is  (me  of  the  prinrijuil  difliculties  in  rating  »'lectrie;d  marhirHTV, 
and  it  lu-s  been  solved  for  the  m;ignets  m;'dc  by  .Mr.  Kllis(Hi  by  tho 
preparation  of  evele  iiirves  embodied  in  the  list  and  descril>e<l 
lielow. 
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'//r/e  ('Mrt>c.s.-  Tin-  eur\es  given  in  tlio  atHoni|»Jinyiiig  illustration 
show  prrei.'M'ly  the  minutes  "  on '"  .iiid  minute.'*  "oil"  to  tn.iinlHiiu 
the  teniper.attire  rise  l<tr  cMeb  rating  for  each  magnet  under  seiie.s  and 
shunt  londitions.  They  also  show  tlie  equivalent  cycle  n^juin^l  to 
maintain  .'iOprrrrnt.  eTco.s,*!  tpm]iorntnre.  nnd  the  fiffureson  the  latter 
curves  show  llir  number  of  times  the  rxrr?ts  cycle  must  be  rep^'ated 
to  raise  the  temprrwtiire  from  the  n<*rm=tl  to  50  pfT  cent,  excess,  in 
lhw«  rase  from  l«Nt"F.  ri.«e  to  l.Vi  K.  rise. 


THE  ELECTRICIAN,  AUGUST  4,  1916. 


005 


Their  utility  i.s  obvious  ;  thoy  tell  the  user  what  rating  to  adopt 
to  suit  his  coTuiitions  ;  tliey  toll  him  how  much  he  can  increase  his 
fe<iuircments  on  emergency,  ami  they  tell  him  how  often  he  can  meet 
that  emergency  consecutively  to  arrive  at  the  increased  femjjer- 
ftture. 

Increasing  the  time  a  magnet  is  in  use  is  much  the  same  thing  as 
increasing  the  watts  at  the  old  time,  so  these  curves  also  show  to 
what  extent  a  scries  magnet  may  be  overloaded  with  safety  as 
regards  current,  although  they  are  drawn  to  show  how  it  can  be  over- 
run as  regards  time.  For  example,  the  curve  for  No.  3  series  magnet 
30-minuto  rating  gives  1  minute  "  on,"  4  minutes  "  off,"  f  ()(J  per 
cent,  heating;  and 3-4  minutes  "  on,"  4  minutes  "  off,"  150  per  cent, 
heating,  with  100  per  cent,  current.  Therefore  a  magnet  ordered  for 
100\/(  1/3-4)  =  54-4  per  cent,  of  full-load  current  will  heat  100  per 
cent,  with  this  current,  and  150  per  cent,  with  full-load  current  in  a 
cycle  of  1  minute  "  on,"  4  minutes  "  off,"  and  if  specified  to  pull  with 
40  per  cent,  current  it  will  really  pull  with  54-4x0-40=21-7G  per 
cent,  of  the  true  full-load  current  of  the  motor. 

It  should  be  remembered  that  the  magnet  must  be  rated  for  the 
time  the  motor  is  in  service,  and  in  this  respect  the  magnet  rating 
differs  from  the  resistance  or  controller  rating,  which  is  based  on  the 
time  the  motor  is  accelerating  or  running  at  reduced  speed. 

Magnet  Fitted  with  Switch. — The  duty  obtainable  from  the  magnet 
decreases  very  rapidly  on  the  longer  ratings,  a.nd  becomes  less  than 
half  on  continuous  rating.  This  state  of  affairs  may  be  remedied  by 
using  a  double  winding  and  a  switch  arranged  so  that  one  winding 
is  in  circuit  momentarily  and  lifts  the  load  while  the  other  is  in  circuit 
continuously  and  retains  the  load.  Pulls  up  to  two  or  three  times  the 
normal  for  15-minute  rating  arc  obtainable  by  this  method  on  a 
continuously-rated  solenoid.  Tlie  method  is  of  special  interest  in 
connection  with  shunt  magnets,  but  it  may  also  be  applied  to  series 
magnets,  and  it  has  a  special  application  to  hoisting  motors  fitted  with 
rheostatic  braking  controllers. 

Typical  Specifications. — The  service  must  be  clearly  and  accurately 
stated,  and  the  following  infoimation  must  be  given  :  The  pull  in 
pounds  ;  stroke  in  inches  ;  brake  horse-power  of  motor  and  rating  ; 
pressure  of  supply  for  shunt  coils  ;  maximum  current  to  be  carried  ; 
minimum  lifting  current  and  minimum  current  to  hold  the  loa,d  for 
series  magnets. 

A  typical  specification  for  a  scries  magnet  would  be  a3  follows  : 
The  magnet  is  for  use  on  a  hoisting  motor,  and  is  to  pull  50  lb 
including  the  plunger,  4  in.  stroke.  The  motor  takes  100  amperes  on 
'  full  load,  but  the  general  load  to  be  handled  is  65  amperes,  and  the 
controller  passes  40  per  cent,  current  on  the  first  notch.  There  is  no 
automatic  brake  and  tV.c  maximum  current  when  hoisting  the  empty 
hook  is  25  amperes  ;  on  lowering  full  load  it  may  be  nearly  zero,  but 
the  magnet  has  to  release  when  the  speed  is  2i  times  normal  full-load 
speed,  to  prevent  the  motor  racing,  and  the  current  corresponding 
to  this  speed  is  15  amperes. 

The  heating  with  65  amperes  on  a  cycle  of  30  seconds  "  on  "  and 
68  seconds  "  off  "  repeated  continuously  must  not  exceed  100°F., 
and  the  heating  on  full  load  on  the  same  cycle  repeated  six  times 
after  the  magnet  has  atta-ncd  100°F.  rise  must  not  exceed  150°F. 

The  dash-pot  effect  must  be  sufficient  to  cause  the  plunger  to 
perform  its  outward  stroke  in  two  seconds. 

A  similar  specification  for  a  shunt  magnet  is  :  The  magnet  is  to 
pull  50  lb.  including  the  plunger  at  4  in.  stroke.  The  pressure  of 
supply  is  440  volts,  but  it  may  vary  from  420  volts  to  450  volts.  The 
normal  duty  is  a  cycle  of  30  seconds  "  on,"  68  seconds  "  off  "  con- 
tinuously, and  on  this  cycle  the  temperature-rise  must  not  exceed 
100°F.,  but  on  emergency  the  duty  uuiy  be  increased  to  45  seconds 
"  on  "  and  68  seconds  "  off,"  and  on  this  cycle  the  temperature-rise 
must  not  be  sufficient  to  injure  the  insulating  materials  used. 

The  magnet  must  pull  the  specified  load  after  the  temperature  has 
arrived  at  a  steady  state  on  the  more  severe  cycle  at  the  highest 
pressure. 

A  discharge  resistance,  ventilated  pattern,  must  be  supplied  to 
limit  the  momentary  pressure  rise  at  break  to  500  volts,  and  its 
temperature-rise  must  not  exceed  200°F.  on  a  cycle  of  30  seconds 
"  on,"  68  seconds  "  off,"  or  350°F.  on  a  cycle  of  45  seconds  "'  on,"  68 
seconds  "  off."  The  insulation  of  the  magnet  must  be  sufficient  to 
stand  the  maximum  pressure  rise  when  not  shunted  by  the  resistance 
and  when  the  circuit  is  broken  on  a  double-pole  quick- break  knife 
switch. 

As  regards  pull,  stroke  and  exciting  voltage,  the  magnets  listed 
cover  most  of  the  cases  likely  to  occur,  and  full  particulars  and 
dimensions  of  each  magnet  in  the  range  are  given.  Notes  on  the 
several  methods  of  mounting  the  magnets  bring  to  a  conclusion  a 
list  which  is  more  a  work  of  reference  than  a  mere  catalogue,  and 
which  will  be  found  invaluable  by  users  of  such  magnets. 


CORRESPONDENCE. 


KLK(/rKK;  DIBCHARGE.S  IN  8UB-STAT10N8. 

TO    THR    BI)ITOR.S    OP    TtlE    KLE<TRICIAX. 

I  <;nfIos<;  a  ))liotogiapli  takeii  at  tlie  Dudley  sub-.statio!i  of 
tile  .Shropshire,  Worcestershire  &  .Staffordshire  Eloctric  Power 
Co.  So  far  there  is  no  explanation  of  the  appearance  of  electric 
flashes  to  the  riglit  of  the  photograph.  The  negative  could  not 
have  been  previously  exposed,  as  a  new  film  pack  was  opened 
and  three  exposures  were  made  before  this  one  and  one  exposure 
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was  made  after.  Tlic  time  of  exposiire  was  one  second.  Tiie 
discharge  in  the  exact  centre  of  the  photograph  is  over  a  light- 
ing wire  which  was  discovered  afterwards  to  be  alive,  and  the 
huge  discluirgo  beneath  is  just  over  an  iron  plate. 

Tl'e  girl  is  operatijig  one  of  the  oil  iwitchts. 

Birmingham,  July  2(5.  SvvircHBO.^Rn. 


Colliery  Electrification ;  Existing  Plant  Problems.  Writing 
in  tlie  ■■  iruu  and  Coal  Trades  Keview  "'  on  the  production  and 
economical  use  of  power,  Mr.  G.  Stanley  Cooper  utters  a  word 
of  warning  against  a  too  optimistic  view  of  electrification.  He 
says  :  "  Too  fre([Uently  we  find  tliat  when  manufacturers  are 
advocating  the  installation  of  new  and  up-to-date  plant  they 
entirely  omit  to  take  the  existing  plant  into  consideration.  At 
many  collieries  it  would  be  impossible  to  make  the  wholesale 
change  to  electrical  working  wliich  electrical  egnineers  frc- 
questly  advise.  Existing  winding  cjigines  represent  in  most 
cases  a  considerable  capital  outlay,  and  the  change  could  only 
be  made  at  great  loss  and  expense.  With  new  collieries,  of 
course,  the  position  is  somewhat  different,  and  no  such  restric- 
tions apply." 
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AN  ABSOLUTE  THERMOPILE,* 

BY    W.    W.    COBLENTZ   AXI>    W.    V.    KMI;RH0X. 

Suiiiiii'ir//. — The  results  of  invf!»ti  gat  ions  of  a  bismuth-silvtr  tlicrnio- 
jiilr-  Kiiiliilily  aiTaii;;<(l  to  iiu  asiirc  radiant  ( ncrtf\'  absolutely  arc  i^ivcn. 
The  in(  i(l<  lit  radiation  fell  on  a  Idackf  nrd  metal  striji  instead  of  directly 
on  the  thernioi)ilc.  This  nn  tal  strip  acts  as  a  receiver  for  rarliant  tncr<;y, 
also  iKH  a  source  of  radiation  )jy  electrically  h<'atinfx  it,  and  finally  as  a 
standard  (source  of  radiation  for  testinj;  the  sensitivity  of  the  radiometer. 
Insults  of  ( ,\|;( r.jnentH  on  l.'J  differ' nt  rcteivtrH  are  referred  to  in  the 
Taper. 


'i'uK  Radium KTER. 

The  nulioinelrie  n;:(:iv(;r  .shown  in  Fi{^.  I  "s  ;i  simple  dovieo,  eon- 
liisting  of  a  thin  strip  of  inelid  hlackened  to  j'hsorh  radiation.  J^ehiiid 
this  motal  strip,  at  a  distance  of  2  mm.  to  'i  mm.  is  phiced  a  thermo- 
pile of  bismuth-silver  having  a  continuous  receiving  surface  of  tin. 
The  thf!rnio])ile  is  connected  with  ii  dAisoiivrJ  guivanometcr,  which 
serves  to  indiciUc  the  rising  temjierature  of  tlic  metal  strip.  This 
strip  of  mcta!  ^erve;;  tliree  purjioses  :  («)  As  a  receiver  for  radiant 
energy,  (h)  as  a  souree;  of  radiaticni.  and  (c)  as  a  standaid  of  radiation 


Section  at  A  A. 
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covered  permanently  with  a  piece  of  copper  about  0-4  mm.  in 
thickness,  having  an  opening  2-5  mm.  wide  and  20  mm.  in  length,  to 
admit  radiations  from  the  receiver.  This  coppered  sliield  is  used 
to  exclude  radiations  coming  from  that  part  of  the  receiver  which 
extends  from  the  potential  terminals  to  the  copper  electrodes.  In 
addition,  each  receiver  mounting  is  covered  on  the  back  with  strips 
of  copper  0-8  mm.  thick,  or  sheet  iron,  to  protect  the  thermopile 
from  jKjssibh^  stray  radiations  which  might  not  be  intercepted  by  the 
receiver.  These  strips  of  metal  are  painted  on  both  sides  with  lamp 
blao'k,  then  blackened  by  holding  them  in  the  flame  of  a  siierm  candle. 
This  method  of  construction  reduces  the  sensitivity  of  the  thermo- 
pile greatly,  but  it  eUminates  the  question  of  convection  currents. 
The  method  of  blackening  the  plates  was  as  follows  :  A  sheet-iron 
cone  about  8  cm.  long  and  4  cm.  at  its  base,  flattened  at  the  top,  had 
an  oi;eniiig  of  l-o  mm.  to  Hi  mm.  for  the  escape  of  soot.  When  the 
candle  is  burning  projierly  this  funnel  is  held  over  the  flame,  and  the 
object  to  receive  a  coating  of  soot  is  pas.scd  backward  and  forward  a 
distance  of  2  cm.  to  5  cm.  over  the  top  of  the  metal  cone,  which  is  not 
pcrmittetl  to  become  hot.  The  thickness  of  the  de{X)sit  of  lamp  black 
seems  to  be  a  matter  of  guess  work,  some  of  them  lx?ing  as  much  as 
01  mm.  thick.  The  receivers  made  of  manganin  do  not  have  an 
appreciable  temperature  coefficient  of  resistance,  but  the  temperature 
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Vui.   1.— TiiK  Radiometer. 


End  Section  through  A  A 
Fig.  2. — CoNSTRrcxioN  of  the  Receiver. 


to  test  \ho  galvanometer  by  lie;i(ing  tiie  slriji  electrically.  By  u.sing 
a  thermojiile  f-eparated  from  ihe  receiver  it  is  |M»ssil»lc  to  Uhe  various 
recei\eis,  r.iid  the  a|)paratiis  was  designed  so  f  hat  the  receivers  i-ould 
be  mounted  oxer  the  theimopile,  as  shown  in  i<'ig.  2. 

1 1  will  be  seen  on  referring  to  Kig.  2  that  each  recifiver  is  a  com- 
plete unit,  consisting  of  an  insulated  base  of  slate  (7^)  .'t  nun.  in  thick- 
ness, to  which  an;  attached  the  euipper  electrodes  l-JK  (l-O.")  mm.  in 
thickne.ss,  the  receiver  7^  ]>otential  terminals  7^7',  the  knife-edge 
slots  SS  at  Ihe  front,  and  the  strips  of  cr>|)|)er  ('( '  at  the  back,  which 
are  u.'-ed  for  the  pnr|M>se  of  preventing  radiations  not  intercepted 
liy  the  receiver  from  fulling  n|M>n  flic  thermopile.  The  ])latinuin 
used  for  receiveis  was  "  |ilatinuin  silver."  the  metal  used  for  bolo- 
meters. This  m.iterial  is  cut  into  strips  by  means  of  a  special  cutting 
device,  and  soldered  to  the  electrode.^,  which  were  then  covered  with 
('hatlerton  compound  in  order  to  protect  them  from  the  nitric  acid 
which  was  used  for  removing  the  sil\cr  from  the  platinum,  'the 
platinum  strip  is  then  cleaned  elect rolytieally  by  dipping  it  in 
hydrochloric  acid,  a'ld  linally  the  strip  was  <'oalcd  elect  rolytieally 
with  pl.itunim  black.  The  opening  in  front  of  the  platiniiiii  iecei\er 
is  delined  li\  means  of  knife-edge  strips  of  metal  along  the  sides  and 
across  the  eini-.  The  latter  were  phu  cil  dilctlv  over  the  |Mitellt';!l 
terminals.  W'licii  it  was  hmml  im|Mis-il>le  to  delc!  I  the  dilfeieine 
in  the  radiation  constant  as  measured  with  and  without  the  slits 
(which  wcie  made  of  thin  « upper)  across  the  ends,  they  weie  d's 
cardefl,  and  the  entire  length  of  the  receiv(>rA\a'<  e\|Hi,>-rd  to  ra<iiation. 
The  knife-edge  slils  in  u.se  aio  of  tw(»  kinds  ln.i  ones  O-.'t  mm.  in 
thirknes,';  and  abiminiiim  ones  IlK"!  mm.  in  thi'kno^s.  They  wore 
both  bright  for  a  ibstam  e  of  about  I  i-m.  along  Ihe  knife  edge  on  the 
side  exp<ised  to  the  radiator.  Owing  to  the  tuieertainty  of  the  exact 
area  exjxised.  when  a  hemisplnMieal  mirn»r  is  placed  in  front  of  Ihe 
receiver,  as  in  piwious  work,  this  is  not  done.  The  receiver  of  Ihe 
thermopile  had  an  area  of  1-8  nun.  to  19  mm.     The  theimopUc  is 

♦  Bnspd  on  Seientitir  Vnper  No.  2r.l  »  f  tin-  B«irpnn  <>f  Stnndnrdd. 


coefficient  of  resistance  of  platinum  which  i.s  jwsitive  when  nn- 
blackem-d  becomes  negative  after  it  is  coated  with  platinum  black. 
This  is  illustrated  in  tie  I'aper. 

Thkumoi'ii.k  and  (Jakvanomktkk. 
The  thermoi>ile,  with  its  auxiliary  receiver,  n'quires  from  12  to  15 
sceoiHls  to  jiroduce  a  maximum  galvanometer  deflection.  This  long 
];eriod  rci|uiii's  uniform  i onditions  in  order  to  <d»tain  accural*'  results. 
No  (dtservalions  were  made  on  very  windy  days  when  tlie  thermopile 
wiis  affeeled  by  air  currents.  The  dWrsonval  galvanometer  i.s  used 
as  a  eheek  «in  the  ol>servations  made  with  an  inmclad  Thomson 
galvanometer  of  *>•.'{  ohms,  which  is  ojK'rated  on  a  single  swing  of 
lA  to  2  seconds,  an  external  resistance  of  60  to  120  ohms  being  kept 
constantly  in  the  circuit.  The  galvanometer  deflections  are  then 
from  li"»0  nun.  to  2(Kt  nun.  The  galvanometer  is  comj^letely  shielded 
magnetically,  and  any  imsteaeliness  is  due  to  air  cnrnMils  acting  on 
Ihe  thermopile. 

Watkh-coolkd  SniTTKn  and  Di.m'Hkaijm. 
,\s  show II  in  Kig.  ',\,  (his  consists  of  a  tank  25  cm.  in  diameter  and 
I  ."» (111.  ill  lhi<  kiiess.  whi(  h  fares  the  radiator  and  Ihe  ta'ik  H.  20  em. 
in  diainel.-r  and  ."{ (in.  in  thickness,  which  fares  the  radiometer.  The 
water-c«>«»le«i  shull<T  shown  in  the  figure  consists  of  a  thin  metal 
box  .'$-.'>  by  .'{.">  by  OS  i  ni..  and  n|>era(ed  in  vertical  ways  In-twecn 
llie,s«^  two  shields.  A  thermometer.  7',  having  its  bulb  in  Ihe  wat?r 
flowing  from  (he  shntler  is  used  to  measure  the  temperature  T  used 
in  the  ,;••■••  M  below.  The  side  of  the  shutter  facing  the  radio- 
meter \\  kod  in  a  sperm  c.indle.  and  in  connection  with  the 
conical -shajxMl  n|>eninp  in  the  water-cooled  diajihragm  B  it  forms 
a  miniature  black  lH>dy.  tl»o  lemperalure  of  which  remains  constant 
Ihroughoul  (he  wrics  of  nieiisun«ments.  The  temperature  of  the 
water  v-tried.  sometimes  being  as  low  as  IOC.  in  the  winter  and  over 
15"r.   during  the  invej^tig-ation.     The  temp*»rature  of  the  shutter 
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is  easily  kept  constant  to  within  0-5°0.  Tlie  opening  of  the  diaphraj^iii 
B,  which  must  be  accurately  known,  is  defined  l)y  a  series  of  small 
perforated  discs  of  brass  8  mm.  in  diameter  and  1-5  mm.  in  thickness, 
which  are  mounted  in  a  recess  provided  for  the  purpose.  These  brass 
discs  had  accurately  cut  knife-edge  holes  ha^'ing  various  diameters. 
This  enables  one  easily  to  change  tlic  size  of  the  opening  which  admits 
radiation  upon  receiver,  and  thus  study  the  effect  upon  the  radiation 
constant.  The  size  of  the  water-cooled  diaphragm  has  no  appre- 
ciable effect  upon  the  radiation  constant,  as  was  shown  by  sub- 
sidiary experiments  given  in  the  Paper. 

The  Radiator. — This  so-called  black  body  is  one  (painted  Mar- 
quardt  porcelain)  u^ed  in  a  previous  investigation,  and  the  tem- 
perature measurements  were  made  with  thermo-couples,  the  radiator 
being  operated  at  a  high  temperature  (1,000°C.)  to  produce  sufficient 
energy  for  measuiemcnt  without  affecting  the  calibration  of  the 
thermo-couple.  At  this  temperature  the  radiator  is  easily  kept 
constant  to  0-l°C.,  and  it  is  painted  with  a  mixture  of  cobalt  anrl 
chromium  oxides.  A  siinilar  series  of  measurements  were  carried 
out  on  a  white  porcelain  radiator,  which  gave  a  value  of  the  radiation 
constant  about  1  per  C(>nt.  less  than  that  obtained  with  the  painted 
tube.     The  whole  apparatus  is  shown  in  Figs.  4  and  5  below. 

A  section  of  the  apparatus  is  shown  in  Fig.  4  and  the  general 
arrangement  in  Fig.  5.     To  keej)  the  apparatus  in  alignment  the 
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Vertical    Section. 
Fig.  3. — Water-Cooled  Shutter  .\nd  DiArHa.vcMS. 


Method  of  Operation. 

Thi.s  is  very  simfjie.  The  receiver  is  expf>sed  to  a  Beries  of  radia- 
tion. A  so-called  black  body  is  heated  to  a  defmite  temperature, 
and  its  rising  temperature  is  noted  by  reading  the  deflection  produced 
by  the  galvanometer.  The  galvanometer  sen.sitivity  having  been 
detorminefl,  an  electric  current  of  sufficient  strength  i.s  pa.ssed 
through  this  strip  to  heat  it,  and  this  causes  a  deflection  of  the  same 
magnitude  as  that  obtained  when  the  strip  was  exfwned  to  radiation. 
The  energy  exj  enderl  in  heating  the  rc^eiver  is  determined  by 
measuring  the  droj)  in  ])ot(!ntial  between  two  terminals,  which  define 


optical  path  is  operated  by  means  of  a  scries  of  telescoping  brass 
tubes,  I)E,  shown  in  the  figures.  For  this  apparatus  the  collar  C 
is  permanently  attached  to  the  water-cooled  diaphragm  B,  over 
which  one  end  of  the  brass  tube  E  was  slipped,  making  a  tight-fitting 
junction.  This  tube  had  diaphragms  in  order  to  prevent  further 
reflections.  The  inside  surface  was  smoked  in  an  acetylene  flame. 
A  small  aluminium  box  containing  phosphorescent  oxide  was  placed 
inside  the  collar  to  absorb  any  moistuie,  and  the  whole  was  kept 
quite  airtight,  the  outer  brass  tube  D  having  a  guard  ring  permitting 
tele.scoping  the  radiometer  tube  shown  in  Fig.  1  into  the  brass  tube  E 
without  injuring  the  lampblack  surface  of  the  latter.  The  v/ide 
ring  E,  which  was  permanently  attached  to  the  radiometer  tube, 
ensured  accurate  alignment  by  always  bringing  it  in  contact  with  the 
ring  on  the  tube  D.  The  length  of  the  receivers  and  the  areas  of  the 
opening  of  the  water-cooled  diaphragm  were  such  that  when  the 
distance  between  the  receiver  and  the  diaphragm  wa,s  less  than 
.30  cm.  there  was  a  possibility  that  radiations  coming  from  the  edges 
of  the  opening  in  the  first  diaphragm  within  the  radiator  might  fall 
upon  the  receiver.  The  whole  interior,  however,  for  a  distance  of 
8- 10  cm.  from  the  radiator  wall  is  uniformly  heated,  and  no  marked 
difference  is  found  in  the  values  of  the  radiation  constant  as  deter- 
mined at  very  short  distances  from  the  water-cooled  diaphragm. 


Horizontal    Section. 


Fig.  4.  — Assembled  AprARATU.s. 


\t-3-^Z^^i-5 


the  length  of  strip  exposed  to  radiation  and  the  electric  current 
through  the  strip.  Current  is  determined  by  measuring  the  drop 
of  potential  across  a  standard  resistance  of  1  ohm,  shown  a.s  0, 
Fig.  5.  These  E.M.F.s  were  measured  by  means  of  a  potentiometer 
having  shunts  in  suitable  ratios.  The  exact  amount  of  energy 
necessary  to  cause  the  same  deflection  as  that  produced  by  the 
absorbed  radiant  energy  is  obtained  by  multiplying  the  observetl 
energy  input  by  the  ratio  of  the  galvanometer  deflection.  This  give.", 
the  "  constant  "  of  each  receiver.  To  reduce  all  the  measurement.? 
to  a  common  basis,  and  at  the  same  time  obta-n  ?.,  value  of  the 


Ftfi.  5. — Photograph  of  the  AssEMBr.yD  Appakaius  ised  in 
Evaluating  Radiant  Energy  in  Absjlut:;:  Mf.vs.te. 

coefficient  or  so-called  Stefan-Boltzmann  constant  of  total  radiation, 
the  data  is  reduced.  If  A  ^  is  the  area  of  the  water-cooled  diaphragm. 
Ao  the  area  of  the  receiver  which  is  exposed  to  the  nxdiation  coming 
from  Jj,  D  the  distance  between  these  two  services.  Ti  the  absolute 
temperature  of  the  shutter,  T.,  the  absolute  temperature  of  the 
radiator,  the  electrical  energy  per  second  equal  to  EI,  then  we  liave 

EI=''iTJ-T^')AiAJD'-, 

IT 

where  a  is  the  coefficient  of  total  radiation,  E  the  voltige.  and  /  the 
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eiincnt.     This  expression  generally  requires  correction,   the  short 
conootion  factor  being 

In  any  cane,  this  second  correct ina  term  i«  quite  negligible  in  the 
present  inve.stigPvtion,  since  it  usually  amounts  to  less  than  two  parts 
in  l,(m. 

In  carrying  out  the  experiment  on  ]'.i  fliffcrcnt  receivers  various 
correc;tions  had  to  I  e  kept  in  view.  Some  i>f  these  are  as  follows  : 
Incorrer-t  leadings  of  the  galvanometer  deflcftions,  incorrect  measure- 
ments of  current,  variations  in  reflecting  jKJwers  of  the  absorbing 
surfaces,  the  effect  of  the  potential  terminals,  errors  in  the  width  of 
receiver  expof;ed  to  radiation,  extraneous  radiation  affecting  the 
re'civer,  errors  in  measurements  between  distance  of  the  water- 
cooled  diaphragm  and  the  receiver,  and  absorption  of  radiation  of 
water  vapour.  With  a  receiver  having  a  length  of  3-09o  mm.,  width 
of  strip  2-545  and  width  of  slip  2- 150  the  va'ue  of  <r  ■'  10'-  was  5-60, 
the  receiver  I  eing  re-painted  and  smoked  and  the  slips  being  of 
aluminium.  Thirteen  different  sets  of  experiments  are  given,  the 
vali:e  of  the  radiation  constant  difTering  from  the  main  value  of  each 
f-et  l^y  about  1  -5  to  2  per  cent.  The  difference  appears  to  be  indepen- 
dent of  the  length  and  "width  of  the  receiver,  and  of  the  kind  of  slits 
u.'cd,  and  the  departun;  of  individual  determinations  from  the  mean 
value  appears  to  be  of  the  oider  of  1  per  cent. 

As  the  instrument  appears  to  be  applicable  for  precise  measure- 
ments, the  whole  ontih  has  been  placed  in  an  evacuated  enclosure, 
and  radii'.tion  measurements  will  be  made  at  fixed  temperatures 
as  defined  by  the  melting  points  of  such  metals  as  gold,  silver  and 
jilatinum.  In  this  way  it  is  hojjcd  to  eliminate  the  effect  of  atmos- 
j)hcric  aij.sorption  and  otherwise  improve  the  rcliai)ility  of  the 
measurements. 


LEGAL  INTELLIGENCE. 


Assessment  of  Electricity  Works. 

At  the  County  of  I.oikIo!!  (Quarter  Session.'^  \:i<{  week,  the  Rronii)ton  & 
KcMsiiijjton  Klc(:tri(i(y  Su|)|»iy  <"o.  (I>td.)  ii|)|)cal((l  a<iain.-st  tlic  afise.-js- 
ini-:it  of  their  works  aiiiJ  niain.s  at  £22.S(l(l  gross  and  i;l2,()()()  rateable  Ijy 
the  Ke!isiii;;ton  J5orouj.'h  Conncil.     Tl)c  hearing  took  three  day.s, 

Mr.  A.  Maernorran,  K.C,  a'ld  Mr.  K.  M.  Konslam  ajjpear'ed  for  aji- 
jKllaiils  ;   a-i(l  .Mr.  \V.  Kyde,  K.('.,  and  Mr.  (Veil  Whiteloy  for  res])on(lent.s. 

On  behalf  of  a|)[)ellan1s  evi<!eneo  was  fjiven  by  Mr.  H.  M.  ('ar])enter  (of 
Messrs.  Hiirnitini  ys-Davies  fc  Co.),  Mr.  (i.  W."  Sjieneer  Uawes  (Messrs. 
May  iV  ilawes),  .Mr.  K.  T.  liulliven  Murray.  .Mr.  ){.  S.  Downe  (general 
niana^'cr  a-id  en^'ineer  of  the  coinimny)  and  .Mr.  .1.  T.  Owens  (the  sec- 
retary). On  behalf  of  the  Conneil,  Mr".  \V.  i4aroId  Eve  (Messrs.  William 
Eve  &•  Sons)  sul)niitte«l  a  vahiation,  on  whii  li  he  found  a  rateable  value 
of  ilti.lUO. 

The  valuation  put  before  the  court  by  Mr.  Carpenter  was  as  follows  : 
(;rosH  reeeijits  £."(i.  tfi'i,  workinjjr  expendiltire  i;2(i.(l2S.  Iea\  i)i^r  t"!().4:i7. 
Thr-  tenant's  share  of  the  profits  was  i;s,:{."i5.  and  f:ross  value  plus  rates 
i;32,0K2.  Statut.il.le  fleduetions  were  £10. 2(10.  and  the  rateable  value 
j»ius  rates  was  il  l.SS2.  |{ales  n.t  7s.  'M\.  in  tlie  f  came  to  tiJ.KIl.  leaving 
rateable  value  of  tl»e  mitire  undertaking  IS, 721. 

Tlw  valuation  of  .Mr.  Spi-neer  Uawes  wa  <  on  inm  li  the  same  lities  av.d 
prf.ilnreij  a  -iniiliir  re>nll.  'I'lie  evidenie  of  .Mr.  Hiitlivt-n  Mnrrav  was 
cliielly  njioii  the  projter  allowanie  from  the  gross  value  in  resi)eet  of  the 
still  III  able  (lediKlions  for  rejiairs.  renewals  and  insnranee,  and  he  con- 
lirnied  the  evideinc  given  by  Mr.  Carpenter  and  Mr.  Hawe.s  that  a  sum 
of  about  £10.2(10  to  £l0.ri(lO  shoidd  be  allowed. 

Evidenee  was  given  for  (lie  Kensington  AHspuHment  Conimidee  bv 
Mr.  \V.  Ilarolrl  l';ve.  who  prodnred  r.  vcluation  ("howing  r.  rafenble  vah"e 
for  the  nnderlakini;  of  £1(1. :!".'.(•.  or  £4, :$:{<»  mor.-  than  the  .-nm  which  was 
appealed  against.  He  w.is  ^\l)ll)<»rll■<l  by  Sir  John  Snell.  who  rnntended 
that  (he  jijant  at  the  comi)any  s  generating  Htntion  at  Wes(  Urompton 
oould  bo  replaced  at  nu:c'i  les«  than  the  original  cost,  an<l  that  the  uinnial 
provision  for  a  renewal  fund  hhonid  be  esiima'cd  upon  the  present- 
day  re|)lncenient  cost  rather  (ban  the  original  idst.  In  the  eonr.'^e 
(if  cross-exaniination  by  Mr.  M.'icin>>i  i  a-i.  Sir  .I.hn  i-onlei.dcd  that  he 
had  don(>  tlie  riuht  thing  in  biv-ing  his  tabhs  for  renewals  on  a  figure  of 
£(;,S.(I(UI.  allliun^ih  the  ]>rinu>  eoHt  wtt-s  ilOll.OOO.  He  almi  expre.<vtHi  the 
opinion  tliat  there  wouhl  i)e  a  eonsidenible  drop  in  jjrice.s  iift«'r  (he  war. 
lie  hap)>encil  to  be  connected  with  n  large  nnndicr  of  imjioriant  eon- 
tiucls.  and  lie  had  it  from  most  emincit  ma-mf  m  this  eonntrv 

that  there  woilld  b(<  a  very  I'onsiiierable  droji,  c-i  |„  metnls.      He 

also  antici|>aled  a  ilr>ii>  in  wanes,  as  tin-  wnr  bonun  woidd  have  gone. 
Sir  .loiiii  admitted  that  in  a  certain  i^alciilntion  in  >«'"  ''  '>  Iia<l  taken 
the  ;i.J  ]ter  cent,  table  it  wan  eustoniary  until  n  few  }  ■  to  take  (ho 

2,J  or  :i  per  <en(.  The  price  of  money  h.id  in<re»Mil  n,  dh.  ii)<'an(inie. 
and  it  was  now  euslomiuy  (o  take  .T.J  jicr  cent.  Hut  on  (hi»(  )>ar*iculnr 
point  th(>  dilTer<>nce  bclwceii  the  '.\  and  '.\k  ]»cr  cent,  table  wnnld  be  very 
small  ahoiil  £S0,  certainly  under  £1(10.  That  d.iy  he  should  take  it 
cciljiinly  at  4.J  jier  cent. 

Mr.  UvDi;.  K.C..  then  addrcsxsi  the  Court,  and  •■nbniil1e<l  that  the 
»98e.s.smen  t  was  amply  juslilitHl.      Ah  ri>g<ird«Ml  Kir  .lol«i\  Snells  (ahUw  (or 


renewals,  counst-1  argued  that  the  povsition  depended,  not  on  prime  cost, 
but  the  co.st  of  prijdueiiia  an  efficient  substitute. 

Mr.  Macmobrak,  K.C.  (for  the  company),  said  that  whereas  the  gross 
receipts  of  the  company  were  .substantially  the  same,  the  expenditure 
had  incrcas4-<l,  and  that  made  a  difference  of  £3,876  in  1915.  That  loss 
accrued  to  the  comiian}',  despite  that  increased  charges  were  operating 
for  nine  months  of  the  year.  He  .submitted  that  the  a.sses.sment  which 
it  was  sought  to  inijiose  on  the  appellants  was  excessive,  and  not  in 
accordance  with  the  true  ])rinci}»les  of  asse.ssment.  He  urged  that  it 
should  be  remembered  that  in  the  case  of  electricity  companies  there 
were  serious  ])ossibilitics  of  litigation  from  time  to  time.  Mr.  Eve's 
gro.ss  value  worked  out  at  £22,995,  which  was  £195  more  than  the 
Assessment  Committee's  valuation.  As  regarded  Sir  John  Snells  figure 
of  £68,()(J0,  instead  of  the  prime  cost,  counsel  contended  that  they  could 
not  ignore  conditions  as  they  existed. 

The  DEPrTv-("HAiKMAN,  in  announcing  the  decision  of  the  Court,  said 
he  had  gone  into  all  the  Hgures  connected  with  the  case  with  considerable 
care.  The  dtfision  he  had  come  to  was  that  the  gro.ss  value  should  be 
reduced  to  £19,778  and  the  rateable  to  £11,378,  and  as  that  was  a  sub- 
stantial reduction — a  very  considerable  reduction — and  as  the  appellants 
could  not  get  it  reduced  without  coming  there,  respondents  should  pay 
half  the  appellants'  costs. 


University  of  London  Press  and  others  v.  University  Tutorial 

Press. 
Last  week  Mr.  Justice  Peterson  gave  judgment  in  this  action,  which 
rai.sed  a  point  as  to  eo]>yright  in  examination  questions.  Plaintiffs 
claimed  an  injunction  to  restrain  defendants  from  continuing  to  publish 
or  sell  or  offer  for  sale  the  examination  papers  for  the  matriculation 
examination  held  in  Januray,  191(5,  and  from  publishing  or  selling  or 
offering  for  sale  the  examination  papers  for  the  matriculation  examination 
to  be  he'd  in  .June  and  Sej)tember,  191(),  or  otherwise  producing  or  repro- 
ducing them  or  any  substantial  part  or  parts  thereof,  and  from  otherwi.-e 
infringing  ])laintiff  company's  copj'right  in  .such  examination  paper.s. 

In  1915  the  Senate  of  the  I'niver.sity  of  London  made  it  a  condition  of 
the  appointment  of  everv'  examiner  that  any  copyright  possessed  by  him 
in  examination  pa])ers  prepare<l  by  him  for  the  L'niversity  should  be 
vesttnl  in  the  L'niversity.     Examiners  (including  ])laintiffs.  I'rof.  Lodge 
and  Mr.  Jackson)  were  <a])i)ointed  in  1915  for  the  three  en-suing  examina- 
tions in  September,  1915.  and  January  and  June,  1916.     On  July  26, 
1915,  the  L'niversity  entered  into  an  agreement  with  plaintiff  comj)any 
by  whiih  they  agree<l  to  assign,  as  from  Aug.  31,  1915,  their  copyright 
a'ld  rights  of  jniblication  in  examination  papers  for  six  years  from  the 
date  of  ])ublication.     On  .lanuary  13,  191<i,  there  wa*  an  assignment  by 
the  l'niversity  to  the  i)laintiff  company  of  their  copjnight  in  accordance 
with  the  agreement,  jiarticulars  of  which  v/ere  contained  in  a  .schedule. 
The  sche<hile  contained  among  other  things  the  matriculation  examina- 
tion pajiers  for  .bmuary.  191(i.      Plaintiff  comjiany  published  in  January, 
191(),  the  examination  pajiers  for  the  examination  of  that  month.      In 
the  same  month  defciida-its  ]iublis]ied  their  jjublication,  and  in  it  they 
include<l    1(J   of  the   matriculation   papers   for   January,    1916.     These 
])ai)ers  were  not  co])ied  from  plaintiff  company's  ])ublication,  but  were 
taken    from   eo]>ies   of  the  examination   jiajiers   sup])lied   by   students. 
Among  the  1(>  pajx-rs  taken  were  three  ])a])ers  set  by  Prof.  I>odge  and  Mr. 
Jiwkson.  one  in  arithmetic  a!id  algebra,  another  in  geometry-,  and  a  thinl 
in  mathematics  more  adva-iccil.     In  addition  to  those  papers  the  dcfcn- 
<lants  in  the  same  book  ])ul)lished  the  answers  to  the  (piestions  in  some  of 
the  papers.  in<luding  (be  arithmetic  and  algebra  pa])ers  and  the  geo- 
metry i>apers,  but  they  did  not  ]nililish  any  answers  to  the  quc-stions  in 
?nore    ad\jviced    mathematics.      In     February    last    jilaintili    comi>any 
eojnnie:>c<'<l  priH'eediii'js,  hut  objection  was  nia^le  that  plaintiff  tonqiany 
was  not  entitletl  to  sue.  an<l  in  the  cour.se  of  the  prcjceedings  I'rof.  L<Kigc 
and  Mr  .lackson  were  joined  as  eo-jilaintiffs. 

For  plaintiffs  it  was  contended  that  the  examiners  were  inider  contra<^t 
of  service  with  (he  l'niversity.  and  (ha(  (hertfore  the  copyright  in  the 
)ia]ters  set  by  them  was  in  tlie  Iniversity.  and  that  under  the  a.>*sigu. 
»u>nt  it  paxfMKl  til  the  jilaintiff  c<ini))a')y. 

For  defcixlanti'  it  was  maintaini-d  that  there  was  no  eojnright  in  thoee 
jtapi-rs.  liut  that  if  there  were  it  was  not  in  the  ])laintiff  company,  as  the 
ex.imin«'rs  w«Te  not  under  «-oiitraet  of  .service. 

Mr.   Justii'e   r  "V.  in  delivering  a  WTi((en  ju<1gmen(.  said  (hat 

l)apers  se(  by  <  '  •*  were,  in  his  o]iinion.  literarv-  works  within  the 

menninp  of  the  (  ..py.i^ht  Act.  As.>-umintr  they  were  literary  work,  (he 
riu«>«t>on  (hen  wa- whet  her  they  wen>  original.  'J'hewordoriginahlidnot  in 
that  oonn««e(i«in  mc«n(hat  the  work  muHt  be  the  expression  of  original 
or  inventive  (h>>ugh(.  Copyrigh(  Act*  were  no(  ronceme*!  wi(h  the 
orijiinality  of  ideas,  but  with  the  expression  of  (houglU,  an<l,  in  (he  case  of 
liiernry  work,  with  (he  expre--ion  of  thought  in  jirint  or  wri(ing.  In  the 
|ir<>sen(  otse  i(  was  tio(  siij-ijcsUmI  that  any  of  the  papers  were  rojiiod. 
Prof.  I/xlge  nn<l  Mr.  J.n  kson  prove<l  that  they  had  thought  of  the 
<luestion.swhichMheyfet.aiid  (h.at  they  moilo  notes  or  memoranda  for 
ftiture  qnc!«tionp.  and  cirow  tm  those  notes  for  the  (|uesti<His  set.  In  his 
I/ord-hip's  judgniont.  the  papcrti  by  Prof.  I»<lge  and  Mr.  Jackson  were 
nricinal  li(<•^,^rv  works.  an«l  a  jtrojter  t-ubject  for  eoi>vright  under  the 
Act  of  1911. 

The  nest  que.i(iiNi  was,  in  whom  di»l  the  coj>yright  in  the  pajiers  vest 
when  they  ha«l  ••ecu  preparin!  ?  The  author  was  the  first  own<'r  of  the 
oopyrigh(,  subje«'(  onlv  (•>  the  exeeptions  c<intaine<l  in  the  ,\ct.  Suh- 
see.  I  (h)  of  .seo,  5  provi<U>d  (hn(  where  the  author  wa."«  in  (he  employment 
of  some  other  jier-'iin  under  n  cimtrnct  of  scrvi<e  or  appronliccsliip  and 
the  work  was  m««il<>  in  the  i  uiirao  <if  hit*  employniont  by  that  perMin    the 


THE  ELECTRICIAN,  AUGUST  4,  1916. 


609 


person  by  whom  the  author  was  oinjJoyed  slioiihl,  in  llic  absence  of  any 
ajj^cemcnt  to  the  contrary,  be  the  first  owner  of  the  'oityrijiht.  'I'lie 
examiners  were,  no  doubt,  emi)loyc<l  by  the  University  of  London,  and 
the  papers  wore  prei)arod  l)y  tliom  in  tlie  (;(jurse  of  their  cmj)loymcnt. 
But  in  order  tliat  sec.  •')(!)  (I))  should  be  a])plicable,  tlic  examiners  must 
have  been  under  a  contract  of  service.  U'he  examiner  was  em])loyed  to 
prepare  the  papers  on  the  subject  in  respect  of  which  ho  was  elected  or 
a})pointed  examiner.  He  had  to  set  papers,  and  his  duty  also  comprised 
the  perusal  of  the  students'  answers,  and  the  consideration  of  the  marks 
to  be  awarded  for  the  answers.  For  that  he  was  to  be  paid  a  lump  sum. 
He  was,  liowever,  to  prcpai'e  his  questions  at  his  convenience  so  long  as 
they  were  ready  by  the  time  apjiointcd  for  the  examination,  and  it  was 
left  to  his  skill  and  judgment  to  decide  what  questions  should  be  asked, 
having  regard  to  the  syllabus,  the  book  work,  and  the  standard  to  be 
expected  at  the  matriculation  examination.  Prof.  Lodge  and  Mr. 
Jackson  were  regularly  employed  on  other  educational  establishments, 
and  were  not  part  of  the  staff  of  the  London  University,  and  it  was  not 
suggested  that  the  other  examiners  were  on  the  staff  of  the  L^niversity. 
It  was  impossible  to  say  that  the  examiners  in  such  circumstances  could 
be  appropriately  described  as  the  servants  of  the  University,  or  that  they 
prepared  these  papers  under  a  contract  of  .service.  The  examiner  was 
the  first  owier  of  the  copyright,  and  he  had  not  assigned  it  in  writing 
signed  ly  hinself  or  his  agent.  The  copyright  therefore  remained  in 
the  examiners,  subject  to  the  obligation  under  the  contract  of  employ- 
me  it  to  assign  it  to  the  University  or  as  it  might  direct.  The  University 
assigned  its  rights  to  plaintiff  company,  which  was  not  equitably  entitled 
to  the  copyright.  In  order  to  sue  for  infringement  of  the  copyright 
plaintiff  company  had  either  to  obtain  a  proper  assignment  of  the  copy- 
right or  join  the  examiners,  who  were  the  legal  owners  as  parties.  Plain- 
tiffs had  joined  Prof.  Lodge  and  Mr.  Jackson  as  co-plaintiffs.  They 
cculd,  therefore,  sue  for  infringement  of  the  copyright  in  the  papers  pre- 
pared by  Prof.  Lodge  and  Mr.  Jackson,  but  in  the  absence  of  the  other 
examiners  the  action  failed  in  respect  of  the  copyright  in  the  papers 
whcih  were  composed  by  them.  Defendants  must  pay  the  costs,  except 
so  far  as  they  were  increased  by  the  claim  in  respect  of  the  papers  set  by 
the  examiners  other  than  Prof.  Lodge  and  Mr.  Jackson. 


(ircat  Heal  of  Newfounilland,  dated  Feb.  18,  HOft,  to  which  the  parties 
were  tJie  a|)|)ellants  and   the  Governor  of  Newfoundland   in   Council. 
Prior  to  1905  the  company  owned  and  worke<l  five  Hubmarino  cables  laid 
between  Waterville  (in  Ireland)  and  Canso  (in  Nova  Scotia).     None  of 
those  cables  touched  Newfoundland,  but  by  a  f:ontract  of  Aug.  20,  1905, 
made  between  the  same  parties  and  subscfjuently  ratified  by  a  Newfound- 
land Statute,  the  Government  agreed  to  grant  to  the  compan}',  on  cr-rtain 
conditions,  the  right  to  land  any  of  its  through  cable  at  Newfoundland. 
In  September,  1906,  a  cable  from  Port  aux  Basques,  on  the  south  coast 
of  Newfoundland,  constructed  by  the  plaintiff  company  for  the  defendant, 
was  completed  and  opened  for  business.     That  cable  was  the  property 
of  and  was  worked  V)y  the  Newfoundland  Government.     A  contract  of 
Feb.  18,  1W9,  provided  for  the  cutting  of  one  of  the  trans-Atlantic  sub- 
marine cables  and  the  joining  up  with  it  of  a  cable  so  as  to  estaldbh 
communication  between  Newfoundland  and  New  ^'ork.     The  contract 
was  to  have  been  for  25  years  and  $4,000  annually  was  to  be  paid  the 
company.     The  laying  of  the  cable  was  completed,  and  the  import  duties 
claimed  had  in  fact  been  paid  by  the  company,  amounting  to  $10,910, 
and  the  goods  whereon  they  were  paid  wee  such  as  were  contemplated 
by  the  agreement,  but  no  part  of  the  annual  payment  or  subsidy  of  ^,000 
had  been  paid  for  any  year.     The  company's  application  for  a  grant  of 
Crown  lands  was  alsj  refused,  and  they  thereupon  lodged  a  petition  of 
right.     The  order  appealed  from  held  that  the  contract  was  not  binding, 
and,  therefore,  the  claim  of  the  company  was  dismi.ssed.     His  Lordship 
said  that  the  Committee  were  of  opinion  that  the  order  was  right.     The 
agreement  in  question  had  not  been  approved  by  a  resolution  of  the 
House  of  Assembly,  and  the  position  of  a  governor  of  the  colony  wa.s  not 
that  of  a  Viceroy  in  the  sense  that  he  was  the  person  to  whom  the  full 
prerogative  power  of  the  Crown  had  been  delegated ^     No  damages  could 
be  recoverd  for  breach  of  an  implied  term  to  make  a  grant  of  public  money 
unless  the  discretion  of  the  Legislature  to  make  the  grant  had  been 
exercised  in  some  sufficient  fashion.     The  appeal,  therefore,  failed. 


Metropolitan  Water  Board  v.  Dick,  Kerr  &  Co. 

On  Monday  Mr.  Justice  Bray  was  asked  for  a  declaration  that  a  con- 
tract made  between  plaintiffs  and  defendants  for  the  consti'uction  of 
new  reservoirs  near  Staines  was  still  in  existence,  and  had  not  been 
determined  by  certain  action  of  the  Minister  of  Munitions  in  the  tem- 
porary stoppage  of  works  and  the  diversion  of  labour  to  Government 
work  during  the  period  of  the  war.  Plaintiffs  also  asked  for  a  declaration 
that  the  Board  were  entitled  to  the  plant,  tools  and  materials  on  the 
works,  and  to  the  proceeds  of  the  sale  of  the  plant. 

Mr.  Holman  Gregory,  K.C.,  and  Mr.  Goodland  appeared  for  plaintiffs  ; 
and  Mr.  A.  A.  Hudson,  K.C.,  and  Mr.  D.  Hogg  for  defendants. 

It  appeared  that  in  July,  1914,  Messrs.  Dick,  Kerr  &  Co.  entered  into  a 
contract  for  the  construction  of  two  new  reservoirs  and  contingent  works 
in  the  riverside  parishes  of  Littleton,  L'lchara,  Shepperton  and  Sunbury 
for  £673.811.  On  Feb.  21,  1916,  the  Minister  of  Munitions  gave  notice 
to  defendants  that  they  were  not  to  employ  any  more  workmen  for  the 
time  being,  as  they  were  wanted  elsewhere.  Certain  machinery  and 
material  were  also  requisitioned  and  sent  to  various  parts  of  the  country, 
for  which  £40,000  was  received.  Clause  10  of  the  contract  provided  that 
the  plant,  tools  and  materials  provided  by  the  contractor  on  the  site  of 
the  works  should  become  the  property  of  the  Board  until  the  completion 
of  the  contract.  Counsel  pointed  out  that  several  other  large  works 
which  the  Board  had  in  hand,  and  which  had  been  stopped  under  similar 
circumstances  would  be  governed  by  the  decision  in  the  present  appli- 
cation. 

For  the  defence  it  was  contended  that  the  notice  from  the  Minister  of 
Munitions  requii'ing  defendants  to  cease  work  on  their  contract,  made 
further  work  impossible,  and  both  parties  were  excused  from  the  con- 
tinuance of  the  contract.  Defendants  also  denied  that  the  material  and 
plant  were  the  property  of  the  Board. 

His  Lordship  decided  that  the  contract  was  not  abrogated,  that  under 
clause  10  all  the  plant  which  came  upon  the  site  became  the  limited  pro- 
perty of  the  Board,  and  that  defendants  were  not  bound  to  repay  the 
money  already  received  from  the  Ministry  of  Munitions.  He  granted  an 
injunction  against  Messrs.  Dick,  Kerr  &  Co.  removing  any  machinery  or 
receiving  the  proceeds  of  the  sale  of  any  machinery  removed,  or  which 
might  hereafter  be  removed,  except  so  far  as  they  were  acting  under  the 
order  of  the  Ministry  of  Munitions. 

The  costs  would  follow  the  event. 


Commercial  Cable  Co.  v.  Government  of  Newfoundland. 

On  July  31  the  Judicial  Committee  of  the  Privy  Council  gave  judgment 
in  the  appeal  of  the  Commercial  Cable  Co.  from  a  judgment  by  the 
majority  of  the  judges  of  the  Supreme  Court  of  the  Colony  of  Newfound- 
land, holding  that  the  company  were  entitled  to  recover  nothing  against 
the  Governor  of  Newfoundland  in  Council. 

Sir  Robert  Finlay,  K.C.,  and  the  Hon.  M.  M.  Macnaghten  appeared 
for  appellant  company  ;  Mr.  Gordon  Hewart,  K.C.,  and  Mr.  Bairington 
Ward  for  respondent. 

Viscount  Haldane,  in  giving  judgment,  said  what  had  to  be  deter- 
mined was  whether  the  a])])ellants,  who  were  an  American  comi)any 
incorporated  in  the  State  of  Nt  w  York,  were  entitled  to  receive  two  sums 
of  ^12,000  and  $10,916,  alleged  to  be  due  under  an  agreement  of  the 


Re  Madras  Electric  Supply  Corpn.  (Ltd.) 
Last  week,  Mr.  Justice  Astbury  confirmed  a  reduction  of  the  capital  by 
writing  off  £2  per  share  from  the  ordinary  shares.  The  preference  share- 
holders, Mr.  Whinney  stated, were  to  give  up  last  year's  dividend  and 
were  to  take  it  in  fully -paid  shares.  In  an  affidavit  the  chairman  said 
the  installation  in  Madras  became  very  defective.  New  plant  had  been 
erected.  The  plant  was  now  in  full  working  order,  and  last  year  thej' 
made  a  substantial  profit.  The  company  wished  towTite  off  the  balance 
of  loss. 


PARLIAMENTARY  INTELLIGENCE. 


INTERCONNECTION  OF  ELECTRIC  SUPPLY  UNDER- 
TAKINGS. 

In  the  House  of  Commons  last  week  Mr.  T.  ^l  Healy  asked  whether 
a  circular  had  been  issued  by  the  Board  of  Trade  Department  urging  an 
arrangement  to  merge  electrical  supplies  with  a  view  to  savuig  coal ; 
had  he  considered  that  new  cables  and  other  expense  might  be  necessaiy 
to  enable  such  plans  to  be  carried  out,  involving  capital  expenditure  ? 
And  would  enabling  legislation  be  introduced  to  render  possible  the 
desirable  economies  which  the  Board  of  Trade  wished  to  effect  in  cases 
where  statutory  authority  would  bo  required  ? 

In  reply,  Mr.  Harcourt  said  the  answer  to  the  first  two  portions  of  the 
cpiestion  was  in  the  aftirmativf.  In  issuing  the  circular  the  Board  of 
Trade  had  not  in  mind  any  large  schemes  of  inter-connection  involving 
heavy  capital  expenditure  and  a  large  use  of  material,  Init  rather  con- 
templated arrangements  between  undertakings  whose  arejvs  of  srpply 
adjoua  or  nearly  so.  He  did  not  think  that  legislation  for  that  purpose 
was  requisite  ;  but  should  the  necessity  for  it  appear  to  arise  he  should 
be  prepared  to  give  the  matter  full  consideration. 

Royal  Assent.— On  July  19  the  Royal  Assent  to  the  following  Acts  of 
Parliament  wivs  read  :  Electric  Lighting  Orde.-  Confii-mation  Act,  Metro- 
politan Electric  Tramways  Act,  London  County  Council  (Money)  Act. 


EDUCATIONAL. 


Armstrong  College  (University  of  Durham)  Newcastle-on-Tyne.— 
The  next  session  commences  on  Sept.  25.  Full  particulars  relatmg 
to  the  departments  of  mechanical,  maruie,  civil  and  electrical 
engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
pure  science,  arts  and  commerce  may  be  obtained  from  the  secretary, 
Mr.  F.  H.  Pruen,  M.A. 

University  of  Edinburgh.— The  next  session  of  the  engineering 
department  commences  on  Oct.  10th.  The  preliminary  or  entrance 
examination  is  held  in  September.  Complete  courses  of  n\struction 
in  civil,  mechanical  and  electrical  engineering  ai-e  provided ;  they 
qualify  for  the  degree  of  B.Sc.  in  engineering  and  extend  over  a 
periocf   of    tliree    j-ears.     Particulars    of    entrance    examinations. 
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KcliolarsliipK,  &c.,  may  be  obtained  from  the  Matriculation  Gfifices, 
the  Univereit}'  of  Edinburgh. 

University  of  Birmingham. —  At  this  University  there  are  courses  in 
mechanical,  civil  and  electrical  engineering.  The  full  courses  extend 
over  four  years,  and  students  who  enter  after  matriculation  and 
pass  the  examinations  at  the  end  of  each  year  will  be  entitled  to  the 
degree  of  Bachelor  of  Science  in  Engineering.  The  next  session 
commences  on  Tuesday,  Cct.  3.  Syllabus,  with  particulars  of 
courses,  fees,  &c.,  can  be  obt;;ined  from  the  Secretary. 

University  of  Manchester. — In  the  physics  department  the  lecture 
and  laboratory  courses  prepare  for  both  the  ordinary  and  honours 
degrees  of  the  university.  Particulars  can  he  obtained  on  applica- 
tion to  the  Registrar,  and  Prof.  Sir  E.  Rutherford  will  meet  intending 
student.s  on  Thursday,  Oct.  5. 

City  and  Guilds  Technical  College,  Finsbury.— The  training  at  this 
Coiiogfi  is  adapted  to  tlie  needs  of  varicjus  students,  including  pupils 
above  1  .*)  from  secondary  schools,  who  desire  a  practical  and  scientific 
training  bearing  upon  tlieir  future;  industry  or  j)rofession,  and  young 
men  who,  having  previously  served  a  j)U])iIage  or  apprenticeship  in 
works, desire  a  more  systematic  (raining  in  engineering  and  ajjplied 
cluimislry.  The  College  has  well-e(juipi)cd  laburatories  and  work- 
shops for  j)ractical  work.  The  entrance  examination  will  be  held  on 
Sept.  ]!).  The  programme  of  the  College  has  just  been  issued,  and 
gives  full  particulars  of  the  courees  of  instruction,  fees,  time-tables, 
(fee.  Furl  her  ])articulars  nuiy  be  obtained  from  the  Registrar  of 
the  College,  Leonard-street,  Finsbury,  Ix)ndon,  E.C. 

Northampton  Polytechnic,  London. — In  the  daj-  engineering  college 
fiill-da\'  courf-es  in  the  theory  and  practice  of  civil,  mechanical  and 
(ilcctricaj  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  specialisation  in  auto- 
mobile and  aeronautical  engineering,  and  those  in  electrical  engineer- 
ing include  radiograj)hy.  The  entrance  examination  takes  place 
on  Se])t.  2()th  and  27th.  Three  entrance  scholarships  of  the  value 
of  £.')2  each  will  he  offered  for  conijjetition  at  the  entrance  examina- 
1  i<in.  The  courses  include  periods  sjjent  in  commercial  workshops 
and  extend  over  four  yearn.  They  also  prepare  for  the  degree  of 
M.Sc.  in  Engineering  at  the  University  of  I>ondon.  In  the  technical 
ojitics  deparlmcnt  tliere  are  full  and  part  time  coun:es  in  all  branches 
in  sjjecially  e(|uij)jie(l  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (vahu;  £")())  will  he  offered  in  this  dejjartment  at  the 
entrance  exaiuinalion.  Particulars  as  to  feen,  dates,  &c.,  can  he 
obtained  at  (h(i  Instidite  or  on  apjjlicalinn  fo  the  Principal,  Dr.  R. 
Mnlliiifiix  W'alnisley. 


PATENT   RECORD. 


BPECIFICATIONS  PUBLISHED. 

The  toUowing  abstract  from  some  ol  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  tor  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  lormer  is  given  in  brackets  alter  the  title. 

1915  SpECII  ICATIONS. 

7,979  Berry  &MARKHAM.    Protected  or  armour-clad  electricswitches. 
8,712  B.-^iTisH  1NSULATEO&  Helsby  Cadles  &  Harrison.    Telegraph  systems  and 
I   dl        apparatus  therefor. 

J .  Thedistributorsaredriver.isochronously  or  synchronously  by  impulses  sent  to  line 

at  one  station,  the  impulses  beinf;sent  d urine  the  siEnalling  intervals,  esch  impukc 

forminfoneof  tho  impulses  used  in  t  he  code  of  sign  allin  rim  pulsus,  the  said  impukts 

driving  the  distributor  at  the  other  end  of  the  line. 

9,282  Langdom-Davies,  Soames  &  Naamlooze  Vshnootschap  de  Nbderlandsche 

Thermo-Telbphoon    Maatschappij.    Means    for    driving    dynamc-ckclric 

machines. 

9,345  Relay  Automatic  Telephone  Co.  &  Bygravb.    Electricahelectcrs  crimpu!:e 

responders.    (Cognate  Application,  17,956/15.) 
9,527  Shortt.     Electric  clocks. 
9,557  BritishThomson-HoustonCo.    (CeneralElectrlcCo.)   Mcthcdofand  apparatus 

forcastingsquirrelcaees  in  themagneticcoresof  induction  motor". 
9,634  Bronsted  &  Hellesens  Enke  &  V.  Ludviosbn  (firm  of).    Galvanic  battery  cell 
of  the  mercuric  oxide  type. 
Agalvanicbattery  cellof  the  type  in  which  the  anode  is  of  zinc,  the  electrolyte  is 
alkaline, and  thedepolari/crconsislsof  amixtureofm'-rrMrirrxi'lPwithanindififrf  r.t 


hlyconcentratfd 
■  r  litre, 
trie  motor-ccr.lid 


c:)nductorsuchasKr.iphite,in  which  an  electrol 

alkalilyccDntainingat  leastsixorsevene-|uiv 

9,836  British  Thomson-Houston  Co.    (General  h 

systems. 
10,330  Hari.ow.    Protective  reactance  ccilr. 

A  reactance  coil  is  provided  with  two  magnetically  linked  or  co-axial  windinjs.c  re 
b?ing connected  in  scries  with  the  feeder  or  other  rl^-tri"  rircui!.  and  the  other  being 
shDrt-circulted,  and  provision  is  made  for  rel.T'  ]sce  between  tt  c 

two  windings.     By  this  arrangement  when  an  ■  ,:;ies  through  the 

circuit  themntualrepuliion  ot  t!  ''o  llicn   to  ^c^.!:  .»te  by  whichmear.s 

t  he  choking  effec  t  o' the  CTi  lis  i-  "  heavy  current  flow  reduced. 

12.994  Mackay.     Electric-arc  lam  i-.     ,..    -.. 
13.733  JoL\.     Sparking  pluRs. 

15,460  General  Accessories  Co.    (Roscnthall  &  Seymourl.    Electric  adap.ers. 
15,539  Automatic  Telephone  Manufacturing  Co..  Savin  &  Smith. 

Alarm  fuses  for  telephone,  telegraph  and  like  systems. 
15.681  RAn.iNc,  &  GARRARr>.    Operating  rotary  converts  .ind  other  altematine-current 

machinery.    (Addition  to  10,841,13.) 
15.863  Dr.-Ing.    Schneider    &    Co.,    Elektrizitats-Gps.     Electric    porket    lam^'^. 

(3/12/14.) 
15,922  Bkoo.    Combination  electriclurn  switch  and  wall  plug. 
16,349  Bennett.    Electric  incandescent  lampholders. 


1916  Specifications. 

1,248  Igranic  Electp.ic  Co.  (Cutler -Hammer  Manufacturing  Co.)  Means  for  con- 
trolling electric  motor  circuits.    (26/1/16, 100,703.) 

1,390  Graham  &  Ric.<ets.  Apparatus  for  the  observation  of  azimuth  angles  and 
the  simultaneous  electrical  tranimission  of  tlie  value  of  such  angles  to  remote 
indicators.    (28/1/16,  100,704.) 

4,688  Ketterihg  &  Ckkyst.  Electrical  systems  for  engines.  (167/14)  (Divided 
application  on  7,758/15,  100,228.) 

5,035  Miller  &COLLARD.    Magneto-electric  machines.     (6/4/16,100.713) 

6,042  Bau'^akn.     Dry  battery.     (4/2/16.     Addition  to  100,086.     (100,714.) 


APPLICATIONS  FOR  PATENTS 

Note.— 7"^e  undermentioned  Applications  [except  those  marked  t)  are  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  ot  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

June  27, 1916. 
9,055  Steinberg.     Electric  furnace  for  steel  melting. 
9.062  McLachlaj!.     Shade-holders  for  gas  or  electric  light  fittings. 
9,050  Watkins.     Sparking-plugs. 

June  28,  1916. 
9,079  McGregor.    Sparking  plugs  for  intern al-ccmbusticn  enginer. 
9,099  Igranic  Electric  Co.    (Cutler-Hammer  Mfg.  Co.)    Controlling  electric  motors. 
9,105  Simpson.     Electric  spark-gap.    (20/3/15.  U.S.) 
9,112  Westinghouse  Machine  Co.    Power-developing  apparatus.    (30/6/15,  U.S.) 

June  29,  1916. 
9,127    DoDD  &  HoRSTMANN  GEAR  Co.     Automatic  trolley  alarm  for  electric  tramcars. 
9,137  Johnson.    Sparking  plugs  for  internal-combustion  engines. 
9,139, 9,140  Barraclough.    Switch-operating   mechanirm  "for    electric    transfcrir.er 

starters,  &c. 
9,152  Herwin.    Portable  apparatus  for  producing  and  transmitting  waves  in  wireless 

telegraphy. 
9,165  Marconi's  Wireless  Telegraph  Co.  &  Wright. 

electric  motor. 
9,171 ,  9,172  Thomas  &  Thomas  Transmission  (Ltd.). 

mechanical  variable-speed  mechanism. 

9.179  Merriman.    Telephone  sy:lcms. 

9.180  Vernier.     Joints  for  electiical  conductors. 
9,185  Treherne.     Electrical  switches. 
9,193  Mellersh- Jackson.    (Western  Union  Telegraph  Co.) 

June  30,  1916. 
9,206  Ball  &  Parsons.     Electric  clocks. 
9,212  Cov/per-Coles.     Process  for  refining  zinc. 
9,232  Marden.     Dynamo-electric  machinery. 
9,246  MarconTs  Wireless  Telegraph  Co.    Measuring  instruments,  extensiometers, 

ammeters,  &c. 
9,249  Igranic  Electric  Co.    (Cutler-Hammer  Mfg.  (ki.)    Controlling  electric  motors. 
9,263  Vickers(Ltd.)&  Halstead.     Electric  regulators  or  rheostats. 

July  3,  1916.  1 

9,277  Firth  &  Rhodes.    Driving  and  controlling  dynamc-clectric  ger.eratcrs. 
9,279  Pellowe,   Trickett   &    Electromotors   (Ltd.).    Field-regulating   rheostats, 

motor-starters,  &c. 
9,310  Hall.    Combined  pocket  and  suspension  electric  lamp. 
9.318  Linneker.     Miners' safety  lamps. 
9,332  Steward.    Magnetic  compass. 

9.335  Murgatroyd.    Continuous-currentdynamc-electiicmachines. 

9.336  Dale.     Electrical  replacement  indicators. 

9,339  Hatton.    Double-deck  tramcars,  motor-cmnibuies,  &c. 

9.349  Deforest.    Automatic  switching  devices  for  telephone  systems.     (7/7/15,  U.S.) 


Means  for  controlling  speed  of 
Differential  gearing  for  electro- 


Telegraph  apparatus. 


July  4.  1916. 

9.370  St.  Helens  Cable  &  Rubber  Co.  &.  White.     Electric  lamp,  &c.,  guards. 

9.371  St.  Helens  Cable  &  Rubber  Co.  &  White.     Devices  for  gripping  or  securing 

electric  cables,  &c. 
9,408  Manley.     Electric  handlamps. 

Julys,  1916. 
9,447  W.  Chadburn  &  W.  R.  Chadburn.    Ships'  telegraphic  apparatus. 


Measurement  of  frequency 
Electric  rotary  converters. 


Evacuating  bulbs  of  electric 
Electric  incanderoent  lamps 


July  6,  1916. 
9,539  Marconi's  Wireless  Telegraph  Co.  &  Shoenperc. 

of  electrical  currents. 
9,541  British   Westinghouse   Electric  &  Mfg.   Co. 
(6/7/15,  U.S.) 

July  7.  1916. 
9.589  Inrig.     Firingordnance  by  electricity. 

9.607  Dehn.     (Martens.)    Code  telegraphy. 

9.608  Deutsche  Gasgluhlicht  Akt.-Hes.    (Auergcs.) 

ir-  •  '■     •■-!  lamps, &c.    (27/8/15.  Get  many.) 

9.609  Df  \soluhlicht  Akt.-Gbs.    (Auerges.) 

uL- ,  'icnofsame.    (27/9/15,  Germany.) 

July  «,  1916. 
9,635  MacCallum.    Producing  electricity. 
9.64r.  9.643  Train.    Sitjnallinp  apparatus  'or  miner. 

9.646  Anderson  &  Ellison.     Electric switchc*. 

9.647  Andersc  n  &  En  ison.     Electric  contacts. 

9.649  CiNSTANTiNEscu  it  Hadi^on.    Transmission  of  energy  by  wave  motion. 

9,655  Bell.  Davey  &  Sterling  TELBp;iONE  &   Electric  Co.    Electric  signalling 

systems. 
9.660  Taylor.     Lifhtn in g conductors. 
9,667  Martin.     Motor  ploughs,  cultivating  implements,  cable  laying  machines,  ice. 


BOOKS  RECEIVED. 

[Copies  of  the  undermentioned  works  can  be  had  from  Thb  Electrician  Offices,  post 
free  (un less  otherwL-e  stated),  on  receipt  of  published  price,  adding  3d.  for  bocks  published 
i.nder  2s.  and  -S  per  cent,  for  books  published  net  Add  10  per  cent  for  abroad  or  for 
foreign  books.) 

"  Eniiss-oii  of  Klwtricity  from  Hot  Bwlics."     By  O.  W.  Hii'hardson. 
F.R.S.     (Loiulon  :    I.,on]cnian.«.  Gn>on  &  Co.)     Pp.  vii.-.  3^^!.     *>.-.  not. 

"The    Klwtriral  Coiitrartor :     rrinriplc.>»  of  Cost-kecpinjj   and    F.sti- 
matinf!.  Wirinp    and    Illumination    t'akulation.s   and    (ithi-r   Te<-hnical 

Louis   W.   Moxley.   jtin. 
6s.  3d.  net.     1  si  Wit  ion. 
J.   r.    Brion.     {I/imlon  : 


( lyondon  : 
.JaiTold   & 


rroMciiis   of  the    Business."     By 
Hill  ruhlishinjz  Co.)     1^-  vii.+St"). 

"  Trade  «.<«  a  Soionco."     By   K. 
Sons.)     Pp.  184.     28.  ChI.  net. ' 

"  Air  Snppiv  to  Boiler-rooms  of  McHlcni  Ships  of  War." 
.Allen.  M.lnst.C.E..  >».1.N.A.     Pp.  •'>". 

"  Test  Quentions  in  .lunior  .Msehra."     F,«lito«l  hy  F.  Rosonherp.  M..\., 
B.Sr.     (I/indon  :    rnivrrsity  Tutorial    Pn\s,«.)     Pp.    113.      Is.    M.  ; 
without  answers. 


r.v  R.  \V. 


Is. 
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COMMERCIAL    TOPICS. 


Controlled 
Establishments 


Claims  on  Alien 
Enemy  Property. 


A  Government 
Subsidy  for 
Foreign  Trading. 


It  is  announced  that  further  orders  have  been 
made  under  the  Munitions  of  War  Act,  1916, 
under  which  124  additional  establishments  have 
been  declared  controlled  establishments.  The  total  number  of  con- 
trolled establishments  under  the  Act  is  now  4,052. 

^F  ^r  ^  ^ 

It  is  announced  that  the  Public  Trustee  is  pre- 
paring a  statement  showing  the  amount  of  claims 
made  by  British  creditors  against  the  property 
of  enemies  which  has  been  vested  in  him,  but  it  will  take  some  time 
to   complete   this   statement.     The    claims   already   paid    by   him 

amount  to  £149,838.  lis.  4d. 

*         *      '  *         * 

In  our  last  issue  we  referred  to  the  formation  of 
the  British  Italian  Corpn.  (Ltd.)  for  the  purpose 
of  promoting  commercial  intercourse  between  this 
country  and  Italy,  &c.  In  the  House  of  Com- 
mons this  week  Mr.  McKenna  (Chancellor  of  the  Exchequer)  made  tho 
interesting  announcement  that  the  British  Government  had  agreed 
to  contribute  to  the  company  by  way  of  subsidy  during  each  of  tho 
first  10  years  after  its  incorporation  an  annual  sum  of  £50,000,  or 
the  equivalent  of  5  per  cent,  upon  its  paid-up  capital,  if  loss  than 
£1,000,000.  The  decision  of  the  Government  would  seem  to  show 
that  greater  attention  is  to  be  paid  to  the  foreign  trade  and  com- 
merce of  the  country  in  future,  and  from  that  point  of  view  we 
welcome  the  new  departure. 

In  consideration  of  the  subsidy  Mr.  McKenna  said  the  company  had 
agreed  to  pay  to  the  Government  amoimts  equal  to  any  dividend  above  a 
cumulative  dividend  of  5  per  cent,  per  annum  until  by  such  means  the 
Government  had  been  repaid  (without  interest)  the  amount  so  received 
by  the  company  by  way  of  subsidy.  He  proposed  to  ask  Parliament  to 
give  authority  for  the  subsidy  in  the  next  Government  Wa,r  Obligations 
Bill.  A  company  under  the  style  of  the  Compagnia  Italo-Britannica 
would  forthwith  be  formed  under  Italian  law  with  a  capital  of  10,000,000 
lire  (£400,000),  one-half  of  which  was  to  be  taken  by  the  British-Italian 
Corpn.,  and  the  other  half  by  the  Credito-Italiano  and  their  friends. 
The  two  companies  would  work  in  close  collaboration.  The  i)rimary 
object  of  the  two  companies  was  the  development  of  the  economic  rela- 
tions between  the  British  Empire  and  Italy,  and  the  promotion  of  undei- 
takings  in  the  commercial  and  industrial  field  in  Italy.  They  would  carry 
on  the  banking  and  financial  operations  which  did  not  necessarily  fall 
within  the  strict  definition  of  banking  as  understood  in  this  country. 


Alien  Enemy 
Companies. 


A  report  of  the  work  of  the  Advisory  Commit- 
tee appointed  by  the  Board  of  Trade  under  the 
Trading  with  the  Enemy  Amendment  Act,  I9IG, 
has  been  issued. 

Under  the  Act  the  Board  of  Trade  were  directed  to  order  the  dis- 
contii  uar.ce  or  wir.dirg-up  of  busincF.'^cs  owned  or  controlled  wholly  or 
mainly  by  enemy  .<u))jfcts,  unless  in  ar.y  ca'e  for  special  reasons  it 
appeared  to  them  inexpedient  to  do  .«o.     Under  the  earlier  Acts  the 


Board  had  no  power  to  make  winding-up  orders,  but  were  authorised 
in  c  ^rtain  specified  circumstances  to  appoint  inspectors  and  :  upcrvisora 
of  businesses  with  a  view  to  the  detection  or  prevention  of  offences 
against  the  Trading  with  the  Enemy  Acts  and  Prof-lamalion<.  Special 
investigation  of  each  of  the  cases  was  neccssarj'  in  order  to  determine 
whether  they  came  within  the  scope  of  sec.  1  of  the  Act,  and  whether  any 
special  reasons  existed  rendering  its  enforcement  inexpedient. 

The  Committee  was  appointed  on  Feb.  9,  1910,  and  consisted  of  Mr 
Ernest  Moon,  KG,  O.B.  (chairman),  the  Hon.  J.  I).  FitzgeraM,  K.C., 
Mr.  Gershf)m  Stewart,  M.P.  and  Sir  Geo.  Croydon  Marks,  >LP.  The 
last  named  was  succeeded  by  Sir  Edwin  Cornwall,  M.P.,  on  the  Feb.  22, 
who  was  in  turn  succeeded  b}^  Mr.  Arthur  Acland  Allen,  M.  P.,  on  .June  1. 
It  is  the  practice  of  the  Committee,  in  addition  to  considering  the  reports 
obtained  from  inspectors  (who  also  generally  attend  before  the  Com- 
mittee) and  any  communications  received  from  the  Board  of  Trade  or 
other  Government  departments,  to  give  the  owners  or  managers  of  the 
businesses  in  question  an  opportunity  of  appearing  before  them.  The 
recommendations  of  the  Committee  have  been  (or  are  being)  carried  out 
in  all  cases  by  the  Board  of  Trade. 

The  chairman  has  prepared  the  following  summary  of  cases  dealt  with 
by  the  Advisory  Committee  up  to  June  2,  1916,  and  of  the  recommenda- 
tions made  therein. 

Total  number  of  cases  considered  by  the  Committee  353,  and  the 
recommendations  made  by  the  Committee  were  : — 

(1)  For  orders  to  wind  up  or  prohibit,  204  ;  (2)  for  orders  to  vest  enemy 

interests  for  sale  to  Britislx  subjects  imder  sec.  4  in  lieu  of  winding  up, 

50  ;  (3)  cases  found  not  to  be  withm  the  Act,  34  (Xole.  In  three  of  these 

cases  orders  have  been  recommended  vesting  enemy  subjects"  interests 

for  sale  to  British  subjects  under  sec.  4)  ;  (4)  cases  in  which,  owing  to  one 

of  the  War  Departments  having  notified  that  the  business  was  meeting 

some  of  its  requirements,  no  recommendation  has  as  yet  been  made,  9  ; 

(5)  cases. in  which  for  .s^pecial  reasons  no  order  was  recommended,  37  ; 

(0)  for  orders  cancelling  contracts,  10  ;    and  cases  the  consideration  of 

which  stands  postponed,  9. 

*         *         *         * 


Extension  of 
Patents. 


The  Patents,  Trade  Marks  and  Desig-ns  Com- 
mittee of  the  Birmingham  Chamber  of  Com- 
merce recently  reported  that  they  had  considered 
the  position  of  inventors  and  manufacturers  of  patented  articlc3 
which,  owing  to  circumstances  arising  out  of  the  war,  it  had  been 
wholly  or  partially  impossible  to  manufacture,  with  tho  result  that 
they  had  been  deprived  of  an  appreciable  portion  of  their  jxissiblo 
term  of  protection,  viz.,  14  years. 

The  committee  recommended  that  a  representation  be  addressed  to 
the  Board  of  Trade  urging  that,  on  proof  of  non-user  or  only  partial  u.«er 
owing  to  the  war^  of  any  patent  or  registered  design,  the  terms  for  which 
the  patent  or  copyright  respectively  were  granted  should  be  extended  for 
a  commensurate  period,  and  that  the  renewal  fees  be  suspended  or 
reduced  for  the  period  of  sui  i\  non-user  or  partial  user. 
The  Chamber  concurs  in  this  recommendation. 
*  *  *  * 

p  There  is  no  mistaking  the  genuine  tone  of  the 

«<F1     1         "  articles  which  are  now^  appearing  in  the  la}' press 

®     ^  ^*  and  certain  motoring  journals  calling  for  the 

battery  vehicle  as  a  means  of  relief  from  the  present  scarcity  and 
high  price  of  petrol.  Now  that  the  license  regulations  have  come 
into  force  in  earnest  the  shoe  is  begiiuiing  to  pinch.  Quite  apart 
from  the  fact  that  it  is  unpatriotic  to  u?e  a  motor  car  for  pleasure, 
the  petrol  regulations  are  clepri%-ing  some  motorists  of  the  privilege, 
let  alone  the  pleasure,  of  motoring  at  all.  Already  the  journals 
which  have  voiced  exclusively  the  merits  of  the  petrol  lorry  and 
commercial  meter,  arc  convinced  that  the  battery  vehicle  can 
adequately  fill  its  particular  nitch  in  the  sphere  of  industrial  and 
trade  transport.  They  have  further  stated  that  it  must  be  given  its 
place  in  this  field  tecaiire  it  is  a  better  machuie  for  the  purpcre  than 
either  petrol  or  steam.  On  the  subject  of  the  passenger  '•  e'ectric  " 
there  is  as  yet  merely  the  idea  that  it  should  again  be  brought  into 
ute,  even  though  it  is  slower,  much  slower  than  petrol,  and  lias  cnly 
a  limited  range.  When  this  idea  is  developed  somewhat  w.  shall 
witness  a  boom— a  small  one,  it  is  true— in  vehicles  which  have  been 
lying  by  some  time,  but  which,  with  a  replated  battery  and  an  ovcr- 
liauled  motor,  will  be  ready  for  several  thousand  miles  ol  fcrvice. 
Of  course,  what  is  really  wanted  is  the  putting  of  a  good  Ime  of 
passenger  "electrics  "on  the  market  by  some  British  builder,  and  at  a 
price  which  wUl  make  the  vehicle  less  of  a  toy  of  tlie  rich  than  it  has 
been  in  tho  past.  The  prerent  scarcity  of  British-made  machines, 
and  the  iiigh  imi)ort  duty  on  American  vehicles,  will  do  little  or 
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nothing  to  check  this  tendency,  hut  it  in  diflRcuit  to  Kee  quite  how  any 
large  (iuantit\-  of  machines  is  to  he  got  togetlier  to  sujjply  the  iiume- 
di.itel^'  jjrosijective  demand.  Some  satis^facticjn  may  he  derived 
from  the  removal  from  the  i)a  Kenger  "  electric  "  of  the  ban  on  the  ])art 
of  |,etrol  motorists  under  which  it  has  suffered  ever  since  there  was  a 
j.etrol  vehicle  industry.  This  recognition  of  the  passenger  machine 
should  also  stimulate  the  financial  interest  of  motor  manufacturing 
firms,  and  it  may  result  in  the  establishment  of  new  factories,  or 
separate  departments  in  existing  works,  in  which  both  passenger  and 
commercial  "electrics"  will  be  built.  The  immediate  outlook,  hoAvever^ 
gives  cause  for  satisfaction,  and  so  kmg  as  tl.e  lay  ])ress  writers 
refrain  from  making  exaggerated  claims  about  the  "  electric,"  and  also 
restrain  their  ardour  in  decrying  it,  jjrogress  will  continue  to  be  good. 


Foreign  Trade  of 
the  U.S.A. 


Tt  is  re])orted  tliat  the  foreigii  trade  of  the  United 
States  ior  the  .year  ended  June,  totalled 
Sn,525,fMKJ,(KjO,  which  is  stated  to  be  a  record. 
Kxi)orts  amounted  to  S4,:J4.'"),()()0,(!(J()  u'ul  imports  S2, 1 80.f)C0.0(J(), 
Icavinfi  an  excess  in  exports  of  ,S2,l()r),(:(lO,LGO.  The  ])rincipal  articles 
of  exports  were  steel  products,  ()18  millions,  nearly  treble  la.st  year; 
ex[)losives,  478  millions,  a  tenfold  pain  ;  cotton,  370  millions ;  bread- 
stuffs,  314  millions  ;  meats,  270  millions  ;  cofEco,  170  millions  ;  minerals 
oils,  Ki")  millions  ;  bi'ass,  ]2()  nnllions  :  autos,  123  millions:  chemicals. 
123  millions  ;  and  horses,  73  millions.  In  im])orts  the  principal  amounts 
were:  i''ibres,  131  millions:  r(,|ipcr,  ri2  millions;  wood  manufactures, 
51  millionH  ;   tin,  4S  millions  ;   and  cotton  manufactures,  42  millions. 


IMIORIS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  July  22,  1916,  to  Jn!y  2.S.  1916. 

IMPORTS. 

CmusbV. —Prance :  Unenumerated,  20  pkfs:. 

LivFRFCOL.— J/.5./1..-  Elec.  motors,  5  pkgs. ;  electrodes,  144  pkgs.  Spain:  Elec. 
carbons,  49  pkgs. 

London.-  U.S.A.  :  Elec.  lamps,  £250  ;  unenurr.eraled.  £9,368— 52  cares.  Hclland: 
Elec.  lamps,  £705-  39  pkgs. ;  elec.  glow  lamps,  £2,177  ;  elec.  wire,  19  cates  ;  wire  and 
cable,  £1,505;  unenumerated,  £938.  Japan:  Electro  copper,  10,750  pkgs  ;  elec.  bulbs, 
4  cases;  unenumerated,  £1,942-54  cases.  France:  Carbon  candles,  £391  ;  unenu- 
merated, £250.  Sw/ZzeWawrf.- Unenumerated,  £911.  Denmark:  Unenumerated,  £602 
India:  Unenumerated,  22  caLe.";.  Norway:  Telephone  material,  £7;  unenumerated 
£337.     Cowarfa.-  Unenumerated,  £423. 

Manchester.— //o//a«rf.-  Elec.  lamps,  4  cases.  U.S.A.:  Elec.  motors,  13  cates- 
electrodes,  64  cases  ;  elec.  carbons,  150  carts.  ' 

Southampton.— /=;-a««.-  Elec.  cable,  16  pkgs. ;  unenumerated,  £31. 

EXPORTS. 

To  k\3S^K^\.hSls.~ Auckland :  Elec.  n...^:..i.cry,  £199;  unenumerated,  £299  Mel- 
bourne: Wire  and  cable,  £1,360;  elec.  machinery,  £204;  unenumerated  £1432 
Sydney:  Elec.  machinery,  £948  ;  wire  and  cable.  £27  :  elec.  lamps,  4,1 16 n  o  •  telep'raDli 
material.  £300  ;  unenumerated,  £256.  Wellington:  Elec.  machinery,  £1 15 '■  wire  and 
c.ible,  £518;  unenumerated,  £1,222.  Lyilelton :  Unenumerated,  £171  '  Dunedin  ■ 
Wire  and  cable,  £1.875;  unenumerated.  £210.  Adelaide:  Unenumerated.  £268  Bris- 
bane: Unenumerated,  £34.  Invercargill :  Unenumerated,  £98.  Perth-  Wire  and 
cib>.e,  £80;  une.iumcrated.  £20.  Fremantle :  Unenumerated,  £181.  Hastings-  Unenu- 
merated, £950.     A^wca.^/Zc-  Unenumerated.  £15.  "as""f5.    unenu 

Africa.  OwrfcaM.- Elec.  machinery.  £28  ;  wire  and  cible.  £624;  elec.  lamp'  2  850no  ■ 
unenumerated,  £1,195.  Cape  Town:  Elec.  m.ichinery.  £164;  unenumerated  £263 
ran  Elizabeth  :  Unenumerated.  £222.  East  London  :  Elec.  wire  and  cable,  £468  •  unenu- 
merated, £786.     Beira:   Wire  and  cable,  £65  :  cicc.  lamps,  2,7C0n.o 

Egyit.     PortSudan:  Unenumern1ed.£l,013     Suez:  Unenumerated   £13 

India.  Ceylon.  lNtK>CHiNA  and  Strai  ;    -  .•ents.     Bombay :  Elec.  machinery, 

£254;   wire  and  cable.  £1,773  ;   unenumti  Penang :  Elec  lamp<^  4  TOn  c  • 

wire  and  cible,  £130.    Singnrnrr :  Wire  ni tl7:  unenumerated,  £95'    'Calcutta'- 

Elec.  machmery.  £488;  wire  and  c«ble.  £282  ;  ur.enumcrated.  £1,842  Madras-  Elec 
rlow  Lamps  £176;  unenumerated,  £625.  Colombo:  Wire  and  cable,  £379-  unenu- 
merated. £333.  Karachi:  Elec.  lamps.  £50.  Kilindini :  Elec.  machinery  £462  Ban- 
kyk:  U.ie.ium9rateJ.£281.     Raitf^n  :  Wire  and  cable,  £166  ;  unenumerated  £158 

China      5//J/i).'/;a;.-    Elec.  n,  •1.127;    unenumerated.  £966.     Hong  Kong - 

Tcleprarhmatet,.-.l.£200;    un.'  £53.     5a6a«p.-   Unenumerated,  £12      Balik 

/)ap/;am.-  Uncnumeraled.  £56.  ,,,,-,,,,<..  Unenumerated.  £370.  Tientsin-  Telegraph 
mate  i.tI. £66.  ^     * 

U.S.A.     Philadelphia:  Unenumernted.  £15. 

Canada.     Montreal :  Unenumerated,  £32. 

?r"T.^i /^oo"  ^'^^'^''^'-  '^"'^'"'^*'  Burws  Ayres:  Elec.  machinery,  £233 ;  wire  and 
cable.  £3,028;  unenumer,-it.-d.  £964.  Rio  Janeiro:  Wire  and  cible.  £943-  lelerrai  h 
materia,,  £1,134.      5a»)/oj-    Unenumerated,  £717.      Vnlrnmno:  Unenumerated.  C39 

^o.''i?^H'  H-"^?"T''''^''^^^i>-  •^''■''J''''''.',^''  •'7^-     Co<)u,mbo:   Unenu- 

merated,   £57.      Inuinue:  Wne    and    ,  .air,  r  Elec,    machinery.  £728; 

unenumerated,  £38.  /o/ta/;uawo.-  Wireand  cti-ri'i.  /  i/m/-  Wire  and  cable  fU9 
Taltal:  Wire  and  cable,  £63.  Tocopilla:  Unenumerated,  £50.  Tiilatiav'  Elec' 
machinery, £32.  '  *  ' 

West  Indies.     Trinidad:  Elec.  lamps.  800  n.o. ;  unen 

]  Ay  A.     Bataui  a:   Wire  and  ciblc.  £721.     Snmorani; :  ,y   £336-    wire 

and  cable  £115;  unenumerated.  £40.  Surabaya:  Elec  machinery,  £1,328-  wire  and 
cable,  £61  ;    unenumerated. £431    .  /.  i.i.o..o,  win;  ana 

Holland.     Amsterdam :  Unr  .,-.,.,      .,  ...  '  ;-aii|e  C2t4 

PkANCR.     Dieppe :    Elec,   m  Paris-    Wire 

and  cable,  £29  ;   unenumerated.  i,..; ^,,..  ,„h,,,,,-      ,    ,.j      Hnuri- ■  F]rc 

m,achinery.£175.  navre.  ticc. 

Norway.    Christiana:  Unenumerated.  £729. 

Gibraltar      Elec.  machinery,  £29;    dec.  lamps,  975  n.o.;    wire  and  cable.  £(-3; 

unenumerated.  £35. 

Russia.     Vladiunstok :      Unenumerated.     £64.     Archangel: 
Prtrograd :  Unenumerated,  £138. 

Denmark.     Copenhnven  :  W, '      ' '-   ■'  ^'"" 

Spain. — Sanlander :  Unenun 

Portugal.— Z./S/WI  .■    Elec.  ni ,.    lj ;  . 

£230. 

Iai'an.     Kol>e:  Elec. machinery,  £9.143.     Yokohama:  Unenumerated  r6  0r7 
ITALY,— CfHoa.-  Unenumerated.  £306. 


Unenumerated,    £548. 

1. 
i  -  '  .    unenumerafeJ. 


FOREIGN   GOODS  (duty  paid  and  free). 

Amsterdam:  Unenumerated,  £100.  Auckland:  Unenumerated,  £87.  Belawan : 
Unenumerated.  £21.  Bombay:  Unenumerated,  £49.  Neiv  York :  Unenumerated.  £104. 
PortSudan:  Unenumerated,  £65.  Sydney:  Unenumerated,  £119.  We/Z/^p/ow.- Unenu- 
merated, £83.  Port  Elizabeth:  Unenumerated,  £14.  Brisbane:  Unenurf erated,  £32. 
Dieppe:  Unenumerated.  £16.  I.yitelton :  Unenum.erated,  £35.  Paris:  Unenumerated. 
£650.  Singapore:  Unenumerated,  £12.  Yokohama:  Unenumerated,  £17.  Calcutta: 
Unenumerated,  £54.     East  London  :  Unenum.erated,  €36. 

Note. — The  large  number  of  items  in  these  official  returns  under  the 
misleading  heading  "  unenumerated  "  relate  to  what  ia  described  as 
"  electrical  goods  "  and  "  electrical  materials." 


BUSINESS  NOTICES. 


Tho.s.  W.  I)e  La.saux  and  Eme.st  J.  V.  Pueknell  (trading  as  T.  W. 
Thonip.son  &  Co.),  electrical  engineers,  End\ne  Works,  BLLasCtt- 
street,  Greenwich,  London,  8.E.,  have  dissolved  partnership.  Debts 
will  be  ]Kiid  or  received  by  Mr.  De  Lasaux,  at  39,  London-street, 
Greenwich.  i 

Plant  for  Sale. — The  Postmaster-General  invites  tenders  for  the 
purchase  and  removal  from  the  .P.O.  Parcels  Deiwt,  Amiens-street, 
Dublin,  of  certaiji  jilant  and  machinery  which  i,s  no  longer  required. 
Applications  to  tlie  Controller,  Studd-street  Department,  London,  N. 
Tenders  will  be  received  up  to  10  a.m.  Aug.  9.  See  also  an  adver- 
tisemenl. 

Me.«.'<r8.  Wheatley  Kirk.  Price  &  Co.  have  been  iiLstructed  to  sell 
by  auction  at  tlie  ^lart,  Tokcnhouse  Yard,  London,  E.C.,  at  noon  on 
Aug.  22,  the  cent  nil  station  electric  lighting  plant  at  5  &  6,  Bovay- 
strect,  Holloway,  London,  X.,  comprising  two  46  kw.  Willans- 
Crompt<m  d.e.  eets,  two  llokw.  and  one  145  k\A'.  Willans-Siemens 
sets,  two  l>;ilxock-Willcox  boilers,  one  Davey-Paxman  multi-tubular 
boiler  and  40h.1'.  Cro.ssley  gas  engine,  switchboards,  cables,  meters, 
shop  plant  and  tools.  'J'he  ])remises  are  also  for  sale  by  ])rivate 
treaty.  On  view  on  17th  and  18th  inst.,  or  earlier  by  ap];ointment. 
Full  particulars  and  catalogue  may  be  obtained  from  Messrs. 
Guscotte  &  Fowler,  solicitors,  1,  York-place,  Adelphi,  Ixjndon,  W.C. 
or  of  the  auctioneers,  46,  Watling-street,  London,  E.C.,  and  at 
Manchester  and  Xewc;istIe-on-Tync.     See  also  an  advertisement. 

LIQUIDATIONS. 

P Claims  against  (he  .Acbiil  Electric  Co.  (Ltd.)  are  to  be  proved  to  the 
lifpiidator,  Mr.  .1.  H.  Stephens,  6,  Clement 's-lane,  Londtn.  E.C.by 
Aug.  16. 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  Exeelsior 
(.Muminium)  Solder  Co.  (Ltd.)  (in  vol.  liq.)  will  be  held  at  14,  St. 
Anns-square,  Manchester,  on  Sept.  li 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Fulham  (London).  Tiie  iJorough  Council  has  received  siinction 
fniiii  llir  L.C.t  .  to  borrow  i;2.r)(KJ  for  the  electricity  deiKirtment. 

London  County  Council. — On  Tuesday  wmction  was  given  t«» 
MattcrHM  norougb  Coinuil  borrowing  t."K728,  and  to  Hammersmith 
lionmiib  Cntuuii  borrowing  t().">0  for  electrical  pur|K>Hes. 

Wimbledon.-  Tl;e  Horough  Electrical  Engineer  is  to  interview  the 
L.< ;.  iJtianl  respecting  the  hitter's  refusal  to  sjinetion  loans  for  mains, 
house  M-rvices.  &c.,  since  Manh  31.  1915. 

The  (iciiernl  l'tir]ioscs  Conmiittcc  h.is  n]q>rovi>d  the  proposal  that  the 
folltiwin;:  |i!iyinc!its  should  be  made  to  the  undornientioned  staff  of  the 
cicitrii  ity  dcj)artment  in  rcsjicnt  of  their  .services  in  connection  with  the 
laying  of  mnin.s  and  cablc.x  to  Wintblodon  Common  :  Borough  electrical 
enpiueor  (Mr.  H.  Tomlinson-L<>e).  £7.");  assistant  encinocr  (Mr.  W.  J. 
OswaM).  1'1."> .   clerk  to  cleetrieal  engineer  (Mr.  B.  .\.  l^moy).  £20. 

Woolwich.  The  Hiir»)ugli  Electrical  Engineer  has  been  Hu(horisc<l 
fo  itI.i\  llic  distribution  mains  in  Hi-rbert-nuul  at  a  cost  of  £.3(»9. 
Circulating  water  iiijiing  .ind  two  coal  «  hutes  and  valves  are  to  be 
l>unbas«Ml  fmm  lijtbcock  &  Wilcox  (Ltd.)  for  £4(M». 

GENERAL. 

1  .Bcdworth  (Warwickshire).  I  he  l.ei<(slt>rHhin'  and  Warwiikshin? 
EIci  in<  ri.«cr  (  .1.  Ii.is  a>ke«l  the  Parisli  Couneil  (o  renew  for  three 
yean<  further  the  contract  for  the  lighting  of  the  district,  which  ex- 
piixvj  in  .Vupust.  to  agree  to  a  minimum  ]>a\nnent  of  €1  a  Wfvk  for  12 
laiu|»s  during  (be  <«(ntiinianceof  n>(ric(ed  Iigh(ing.  and  to  resume  (he 
existing  lighting  arrangements  when  the  restriction  is  removed.  The 
Conn  il  bi'^  nfenx^.l  tlio  matter  (o  (he  Lighting  Committee. 

Bethnal  Green  (London).-  The  Cotincil.  which  is  (aking  a  bulk 
Bupply  «>f  curn'n(  fixmi  Stepney.  eommen«XMl  the  supply  of  energy  to 
Koine  |K>wer  etinsuniers  on  .Ttuie  19.     The  sub-stations  are  not  jTt 
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properly  comi)Ieted,  and  there  will  bo  a  formal  inauguration  of  (Ik- 
su))ply  at  a  later  date. 

Electric  Lighting  Orders.  -Tlie  Hoard  of  Trade  has  exfciKJcd  foi- 
one  year  from  July  :5I ,  M»I(i,  the  |)oriod.s  of  two  years  and  18  months, 
respectively,  mentioned  in  the  York  Electric  Lighting  (lOxtension) 
Order,  1914,  in  the  Thornton  Electric  Lighting  Order,  ]<J14,  and  in 
the  Kingston-upon-Hull  Electric  Lighting  (Extension)  Order,  1914 
(laying  of  mains,  &c.). 

Eton.— The  Windsor  Electrical  Installation  Co.  have  offered  to 
reduce  by  £G4.  (is.  tlie  charge  to  Eton  Urban  Council  of  £231  jicr 
annum  for  public  lighting.  The  lighting  has  been  reduced  by  40 
per  cent.,  and  the  concession  has  been  accepted  with  thanks. 

Increased  Charges  for  Current. — Tlic  charges  for  electrical 
energy  are  being  increased  at  the  following  places  : — 

Ealing  Corporation  propoio  to  increase  their  charges  by  33 J  per  cent, 
in  September.     The  charges  are  already  20  per  cent,  over  pre-war  rates. 

The  Trowbridge  Electric  Supply  Co.  has  asked  the  Council's  assent 
to  an  increase  of  10  per  cent,  in  their  charges.  The  Council  decided  to 
allow  the  increase  during  war  time. 

At  West  Bromwich  Corporation  meeting  last  week  the  Electricity 
Committee  reported  that  the  allowance  of  15  per  cent,  to  power  con- 
sumers had  been  discontinued. 

London  Electricity  Supply  Scheme.— In  February,  1915,  Middlesex 
County  Council  authorised  their  Parliamentary  Committee  to  obtain 
expert  advice  on  the  proi^osals  of  the  London  &  District  Electricity 
Supply  Bill,  1915,  so  far  as  they  effected  the  county,  and  generaly  as 
to  the  present  electricity  supply  of  the  county.  Sir  John  Snell,  who 
was  engaged  to  report  on  the  matter,  has  now  presented  his  rejiort, 
but  it  has  not  yet  been  considered. 

\    Manchester. — On  Wednesday  Aid.  Ashton  moved  the  following 
resolution  on  the  question  of  the  allocation  of  profits  : — 

That  having  regard  to  the  present  high  rate  of  income  tax  and  to  the 
liability  thereto  of  the  profits  of  the  trading  departments  of  the  Cor- 
poration, a  special  committee  of  this  Council  be  appointed  to  review  the 
basis  on  which  the  Gas,  Electricity,  Tramways  and  Markets  Committees 
respectively,  have  hitherto  made  annual  contributions  out  of  their 
profits  in  aid  of  the  city  rate,  and  to  make  such  recommendations  in 
regard  thereto  as  they  may  consider  desirable. 

Salford.- — An  additional  supply  of  energy  is  to  be  given  to  the  works 
of  the  Broughton  Copper  Co. 

The  Electricity  Committee  has  given  instructions  that  the  two  remain- 
ing reciprocating  engine  sets  at  the  station  should  be  sold,  and  the  money 
realised  credited  to  the  depreciation  and  renewals  fund. 

Tottenham.— The  North  Metropolitan  Electric  Power  Supjily  Co 
has  declined  to  make  the  Council  any  allowance  on  the  account  for 
public  lighting  for  the  December  quarter  last. 

Wolverhampton.- — The  Corporation  is  recommended  to  grant  the 

following  mcreases  of  salary  : — 

E.  Stubbs  chief  assistant  electrical  engineer,  from  £225  to  £2.'iO  a  year  ; 
E.  Forder,  engine  room  su])erintendent  and  C.  Bellhouse,  boiler  houf-e 
superintendent,  both  from  £165  to  £180  ;  J.  H.  Rothwell,  chief  clerk, 
from  £185  to  £200. 


LIGHTING  &  POWER  NOTES. 


Chelmsford. — The  Council  have  come  to  an  agreement  with  tlio 
Electric  Supj)ly  Corporation  on  the  question  of  street  lighting. 

The  Council  will  only  pay  £275  instead  of  £1,375  for  the  ])criod  ex- 
tending from  June  1,  1915,  to  March  31,  191G,  during  which  the  electric 
street  lamps  remain  extinguished.  While  the  street  lamps  remain 
extinguished  during  the  continuance  of  the  new  contract  the  Council  will 
only  be  liable  to  pay  to  the  company  at  the  rate  of  £150  per  annum.  The 
total  amount  payable  by  the  Council  per  annum  under  the  new  contract 
will  amount  to  £1,157.  lOs.,  compared  with  £1,().50  ])er  annum  under  the 
old  contract,  excluding  the  reductions  of  20  ])er  cent,  and  16i  per  cent., 
respectively,  obtainable  if  the  lamps  are  ]mt  out  at  11  ]).m.  or  at  mid 
night.  The  new  contract  is  for  a  period  of  four  years,  and  is  conditional 
upon  the  company  withdrawing  their  opposition  to  the  Council's  ap]i]i- 
cation  to  the  Board  of  Trade  for  an  order  to  extend  for  one  year  their 
option  to  purchase  the  electricity  undertaking. 

With  regard  to  the  Council's  resolution  protesting  against  the  com- 
pany's proposal  to  charge  private  consumers  a  minimum  payment  for 
electricity  at  the  rate  of  8s.  Ud.  (7s.  6d.  net)  per  quarter,  irrespective  of 
the  quantity  consumed  not  exceeding  15  units,  the  comjiany  offer  to 
amend  their  minimum  charges  to  pi-ivate  consumers  to  10s.  net  for  each 
winter  quarter  and  5s.  net  for  each  summer  quarter,  instead  of  7s.  (kl.  net 
per  quarter  all  the  year  round. 

Electric  Power  in  Collieries.— At  the  Garswood  Hall  Collieries,  near 
Wigan,  an  electrically-driven  ])ump  is  to  be  used  m  connection  with 
the  installation  of  a  750  kw.  mixed  pressure  turbo-generator,  which 
is  to  utilise  exhaust  steam  from  the  winding  engines.     The  installa- 


fion  of  a  Keeond  lurljo-generator  of  the  same  ca[j;icity  is  al«o  con- 
templated. 

At  McsHr.s.  Newton,  Chambers  &  Go.'s  new  Ktairidrop  ('ollicry  (eo. 
Durliiini)   last  week    an    elc(-tric   winding    ir.tuhw;   was    startfed.     The 
ma<  bine  is  said  to  be  one  of  the  fir.st  of  its  kind  installed  in  the  dwtrict 
Hi<4h-tcnsion  a.c.  current  is  obtained  by  nvans  of  overhead  wirfs  from  a 
generator  driven  by  an  exhaust  steam  turbine  at  Rrx;kingham  Collierj-. 

Huddersfield.  — The  Corporation  has  decided  that  conBumers  who 
desire  to  purchase  electric  motors  on  hire  can  do  so  at  the  then  cost 
of  a  similar  new  motor  less  5  jier  cent,  per  annum  depreciation, 
reckon-^d  from  the  time  the  hiring  commenced. 

Sheffield. — An  electric  furnace  of  30  cwt.  capacity  for  the  produc- 
tion of  cast  steel,  has  recently  been  installed  at  the  works  of  Henry 
RoKsall  &  Co. 

■IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIO^^ 

m  TRACTION   NOTES.  M 


Ilford.^ — The  manager  of  the  tramways  has  submitted  a  report  in 
favour  of  the  abolition  of  the  halfpenny  fare. 

L.C.C.  Tramways.— On  Tuesday  the  Highways  Committee 
rejjorted  to  the  Council  upon  the  services  rendered  by  the  tramways 
in  connection  with  the  war. 

Since  the  outbreak  of  the  war  the  changes  made  at  .short  notice  in  the 
tramways  services,  owing  to  the  i  edistribution  of  the  centres  of  industrj' 
in  consequence  of  the  development  of  industries  connected  with  the 
su])))ly  of  munitions,  have  been  of  the  greatest  assi.stance  to  the  large 
nuiubeis  of  workers  engaged  in  those  industries.  More  than  1 1 1  millions 
of  ])assengers  arc  being  carried  weekly  by  the  Council's  cars.  The 
majority  of  passengers  use  the  tramcars  for  travellinfj  to  and  from  their 
work  in  connection  with  the  industry  and  commerce  of  London,  whilst 
tens  of  thousands  use  the  cars  to  reach  works  in  various  parts  of  the  areas 
served  by  the  tramways  system.  Of  the  various  passengcr-carrj-ing 
services,  the  Council's  tramways  were  alone  in  a  position  to  expand  the 
normal  services  to  an  extent  at  all  commensurate  with  the  rapidly-growing 
needs  of  Woolwich.  In  July,  1914,  just  before  the  outbreak  of  war, 
the  maxinmm  number  of  the  Council's  tramcars  arriving  at  a  certain 
point  during  the  busiest  half-hour  was  41  ;  this  number  has  now  been 
increased  to  86,  an  addition  of  1 10  per  cent.  The  number  of  cars  arriving 
at  the  same  point  each  day  before  the  war  was  975  ;  the  number  is  now 
1,,595,  an  increase  of  over  63  per  cent.  During  the  busiest  hour  accom- 
modation is  provided  for  13,688  people,  compared  with  4,094  before  the 
war.  The  service  between  Eltham  and  Woolwich  is  still  being  added  to. 
and  further  augmentation  of  the  services  on  the  main  route  through 
Woolwich  fromCUty  termini  to  Abbey  Wood  would  also  be  made  but  for 
the  fact  that  the  section  of  tramway  in  one  of  the  main  Woolwich  thorough- 
fares, which  consists  of  only  a  single  line  with  passing  places,  is  already 
worked  to  its  full  capacity.  The  ('ouncil  has  for  some  time  past  been  in 
comnumication  with  the  Woolwich  ;Metroi)olitan  Borough  Council  with 
a  view  to  sections  of  single  Ime  being  doubled,  and,  although  the  Borough 
Council  has  consented  to  some  of  the  ])rojected  doid)lings,  it  has  declined 
to  agree  to  the  doublings  to  which  the  greatest  importance  is  attached, 
except  on  the  conditions,  which  the  Council  woidd  not  be  justified  in 
accepting  that  costly  street  wideninjis  should  be  undertaken  at  a  proxi- 
mate date.  If  the  consent  of  the  Borough  Council  to  these  <l()ublings 
(^oidd  be  secured  on  the  compromise  terms  which  we  have  submitted  to 
the  Borough  (-ouncil  it  would  be  ])ossible  at  an  early  date  to  ir.crcivse 
a])precial)ly  the  existins;  very  heav\  service  on  the  tramways  in  question. 
To  enable  the  present  additional  services  to  be  lun,  the  tramways  sub- 
station at  Woolwich  has  had  to  be  enlarged  and  additional  plant  installed  : 
new  cables  between  the  (Greenwich  sienerating  station  aiul  the  .sub- 
station, and  between  the  sub-stixtion  ar.d  the  tramway  tracks  have  been 
laid  ;  one  section  of  the  tramway  track  has  been  doubled,  and  at  three 
additional  points  further  doublings  are  in  progress. 

C)ther  changes  have  been  made  enabling  the  iramways  management 
to  meet  altered  reciuirements  arising  out  of  the  war.  The  authoiity 
obtained  to  cany  an  excess  number  of  ))assengers  has  proved  of  con- 
siderable assistance,  and  to  meet  the  shortage  of  men  it  became  necessary 
to  employ  women  on  work  formerly  done  by  men,  more  especuilly  ivs 
condiu^tors.  There  are  now  1,072  women  conductors  ei.iploved.  \\  ith 
the  same  end  in  view,  and  to  increase  as  far  as  practic.ible  the  ivcom- 
modation  required  by  tlie  travelling  pidilic,  the  constnu'tion  of  trader 
cars  has  been  ex])editv.d  as  much  as  possible. 

The  Council's  tramways  have  been  the  principal  means  of  meetmg 
the  very  considerable  expansion  and  redistribution  of  the  passenger 
transit  services  in  various  parts  of  London  owing  to  the  alteriKl  eonditums 
ci'catetl  bv  the  war  ;  and  it  nuxv  be  stated  confidently  that  no  other  form 
of  transit  cindd  have  ])rovided  so  satisfactorily  the  modified  travelling 
facilities  rendered  essential  bv  national  requirements. 

Although  during  the  past  two  years  the  problem  set  before  the  maiuige- 
mcnt  of  meeting  "the  requirements  of  the  travelling  public  ha.s  been  a 
difiicuh  one,  tiie  needs  of  the  couutrv  have  been  borne  m  mmd  ;  the 
.services  of  officers  and  emploves  have  been  lent  to  the  Government  for 
national  work  ;  from  the  beginning  of  the  war  men  have  been  encouraged 
to  join  H.M.  roi>  es  ;  sub.stantial  allowances  have  been  made  to  the  men 
enlisting  or  to  their  dependents,  involving  a  charge  on  the  undertaUing 
of  over  £168,700,  a  sum  which  will  be  increa.*ed  to  over  ^■-''♦^■'|'^'.^y'>'  yi*^ 
end  of  the  current  financial  vear  if  the  war  continues  until  Mtuch  .51,  \.ni. 
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Position  of  the  Trnmicay  Unrhrlahing. — A  special  .sub-ioinmittee,  con- 
sisting of  Messrs.  G.  M.  Gillett,  F.  C.  Harrison,  T.  F.  Hobson,  J.  Little 
and  A.  H.  Scott  ha.s  been  appointed  to  inquire  into  the  organisation  and 
working  of  the  tramway  service. 

Fares. — Communications  having  been  received  from  Leyton  Urban 
Council  and  the  West  Ham  Corporation  with  reference  to  a  revision  of 
fares  on  through  running  routes,  which  raised  the  question  of  the  aboli- 
tion of  id.  fares,  the  Highways  Committee,  for  the  purpose  of  acquaint- 
ing the  Council  with  the  matter,  asked  for  authority  to  enter  into  nego- 
tiations with  the  two  bodies  concerned  with  respe(;t  to  through  running. 

Mr.  Gillett  proposed  an  amendment  to  the  effect  that  the  Council 
was  of  opinion  that  no  sufficient  cause  has  been  shown  for  dej)riving  the 
inhabitants  of  the  countiy  of  those  facilities  for  cheap  transit  which  are 
conferred  by  the  existence  of  half])enny  fares. 

The  amendment  was  seconded  and  carried,  but  subsequently  the  High- 
ways (Committee  were  instructed  to  report,  after  conference  with  Lej'ton, 
West  Ham  and  East  Ham  Councils  as  to  the  desirability  or  otherwise 
of  abolishing  or  suspc-nding  halfpenny  or  other  particular  fares,  or  of 
vaT-ying  fare  .stages  on  through  routes  with  whir;h  those  authorities  are 
conc(!rncd. 

Greenwich  Generntivq  SUilion. — Authority  wa.s  given  for  the  expendi- 
ture of  £5,000  on  capital  a<count  for  alterations  to  four  boilers,  as  an 
experiment  to  enable  a  cheaper  <'lass  of  coal  or  coke  to  be  used. 

7'raniirai/s  r.  ' llii.-i s.  An  re])ly  to  Sir  J.  I'enn,  Mr.  Hume  said  the 
length  of  the  tramway  track  was  141  route  niilcs,  and  there  was  'bus 
eomj)etition  on  111  route  miles.  A.ssuming  the  'buses  ran  120  miles 
daily  and  used  one  gallon  of  ])etrol  for  each  7  miles,  it  would  mean 
20  million  miles  run  ))er  annum  an<l  !5  millions  of  gallons  t)f  ])etrol  used 
annually. 

North  London  Railway. —  On  Sunday  Kuccessful  Iriai  lrii)S  were 
made  over  (ho  lUiwiy  elcctriliccl  line  Lctwccn  Eroad-street  and 
Richrncjnd.  The  electric  train  service  on  this  route  will  commence 
on  Oct.  1,  and  the  time  for  the  complete  journey  will  be  reduced  from 
()0  to  45  minuteH.  The  work  of  converting  the  Kew  and  Acton  line 
is  also  approaching  eompletiim. 

Tramway  Track  Maintenance.-- The  city  engineer  of  XewcaiUle- 
on-Tvne  (.Mr.  \\ .  .1.  Steele)  lia.s  prepared  a  report  on  the  conditioYi  of 
the  CorjKjration  tramway  s^'stem. 

The  length  of  tramway  opened  for  service  measured  as  single  track  is 
fit) J  mil(!S.  The  maintenance  of  the  ])ermanent  way  has  been  t;i),;')45.  9s.  !)d. 
(etpiivalent  to  £143  ])er  mile  of  single  tra<k,  or  o4()(l.  ])cr  <ar-mile)  ;  but 
in  addition  to  ordinary  maintenance,  £1,580.  ISs.  Id.  was  ex])ended  in 
renewals  (equivalent  to  £24  per  mile,  or  00(Jd.  per  car-mile),  .so  that  the 
total  cost  of  th(!  ])ermanent  way  (exclusive  of  capital  charges)  was 
£11,125.  18s.  lOd.  (£107.  (is.  Id.  per  mile,  or  0-4()(l.  ])er  car-mile).  A 
consi<leral)le  length  of  the  ])crmanent  way  is  in  urgent  need  of  renewal, 
but  the  great  dilliculty  in  obtaining  a  sullicient  su]t])ly  of  labour  has 
j>rcv<iitt<l  that  necessaiT  work  being  'uidi-rtakcn.  The  greater  portion 
of  the  track  has  been  in  use  for  lu^arly  15  years,  conse()uently  the  fact 
that  the  ])resent  heavy  service  on  a  ])ermanent  way  having  many  steep 
gradients  is  maintainctl  at  such  a  comi)aratively  small  cost  is  satisfactory, 
Init  it  is  inevitable  that  the  cost  will  be  greatly  increased  as  soon  as 
fi]i])ort unity  will  ])ermit  of  renewals  being  carried  out. 

Wigan.  -  ,\  ferious  f  raincar  accident  occurred  here  on  <lie  2nth  idt., 
^\llen  u  <ar  from  Wigan  to  Xew  Springs  oxcrtnnied  in  Lihrary-.slreet, 
Wigan.  About  25  persons  were  injured  and  one  woman  died  after 
admi.'sicm  (o  the  infirmary. 

Woolwich.  riie  Horough  Council  is  prepared  fo  re-o)ion  nego- 
tiations willi  the  \j.i'.('.  lor  la\ing  a  double  line  of  tramway  track 
between  J^eroKford -square  and  I'arry-place.  IMunistead,  ])rovidod 
the  County  Council  agni;  to  carry  out  the  necessary  street  widcnings 
within  one  _\e,ir  of  the  (-(inclusion  of  j;ea'-e. 


EMPIRE   NOTES. 


Council  on  the  first  year  during  wliich  thej-  have  taken  ciu^rent  from  the 
Lake  Coleridge  hydro-ebctric  system  states  that  the  operations  have  been 
an  unqualified  success  and  beyond  the  expectations  of  the  committee, 
more  ecptcially  in  view  of  the  difiScultics  and  extra  expense  of  obtaining 
supplies  owing  to  war  conditions,  and  the  natural  reluctance  on  the  part 
of  many  to  incur  the  exix-nse  of  installing  electricity  at  present.  P»everiue 
was  £27,807,  working  expenses  were  £14,646,  and  interest  on  overdraft 
required  £365,  and  on  loans  £4,080,  besides  £2,181  for  sinking  funde, 
leaving  £6,535  to  cover  depreciation  and  provide  for  extensions. 

The  consulting  engineer  (Mr.  F.  Black)  estimated  that  there  would  be  a 
probable  loss  of  between  £l,»-;00  and  £1,700  at  the  end  of  two  years,  and 
that  the  undertaking  would  take  from  four  to  five  years  to  become  self- 
supporting.  I.  Owing  to  war  conditions,  the  committee  was  unable  to 
embark  upon  an  active  campaign  to  obtain  new  business,  but  in  spile  of 
this  the  number  of  consumers  increased  during  the  year  from  1,623  to 
2,930.  The  connected  load  estimated  by  Mr.  Black  to  be  3,700  kw.  in 
two  j'ears  is  5,592  kw. 

India. — "  Indian  Engineering  "  says  the  Cauvery  project  has 
already  nuule  progress  sullicient  to  store  water  to  an  extent  that  is  a 
Ruflfieicnt  guarantee  against  the  shortage  of  water  required  for  {x>wer 
generation  at  Sivasamiidram,  the  electric  ]K)wer  works  of  the  Mysore 
State  on  the  banks  of  the  Cauvery.  The  Kannambodi  dam  has  been 
raised  to  the  height  of  51  ft.  on  the  river  bed,  and  from  55  ft.  to  74  ft. 
at  the  Hanks. 

li.  reference  to  proposed  improvements  at  theccoly  canipat  Mar.dapam 
the  .\cting  Dirccic  lof  Public  \\'orks,  Ceylon,  says  in  a  rejKJrt  it  is  {(rojxjscd 
toinstallelectrical  j)l.int  for  lighting  the  camp,  and  also  to  supjdy  power 
for  all  the  pumping  machinery  required  for  the  water  and  drainage 
systems. 

The  Karachi  Electric  Supply  Corpn.  (Ltd.)  has  declaretl  a  dividend  at 
the  rate  of  .5  jicr  cent,  per  annum  as  the  result  of  the  first  complete  year's 
working.  At  the  general  meeting  recenth-  the  Hon.  M.  de  P.  Webb 
stated  that  the  demands  for  electrical  energy  had  exceeded  all  expecta- 
tions.    The  directors  propose  to  raise  a  further  Rs. 2,00.000  of  capital. 

Darjeeling  Municipality  proposes  to  ciiiry  out  Mr.  Stonebridgc's 
hydro-electric  scheme,  which  was  initiated  by  the  late  .Mr.  Holiertson. 
The  power  station  will  le  at  Singla.  The  cost  of  the  scheme  is  estimated 
at  over  R8.4,00,000. 


Australasia.— The  Kirctrolylic  Zine  ('o..of  Australasia  Pjiy.  (Ltd.), 
was  registered  nMcnlly.  will)  a  capita!  of  £1  ,(KI<>.0(K)  in  £1  .'O  ares. 

The  directors  are  .Messrs.  W.  L.  Itaillicu.  M.  Cohen.  A.  .1.  de  Pft\  ay 
a-id  .1.  L.  Wharton,  who  are  also  the  directors  of  the  Amalgama(e<l 
/inc  Co.  The  comiia-iy,  which  is  prinuirily  formed  for  the  production  of 
ziiu-  eleeirolyt  ieally  in  .Australia,  will  be  a  memi)er  of  the  Zinc  i'roduecrs 
Association  Ppv.  (Ltd.).  tov.liidi  all  the  ziMe-j>rodueinir  eonijmnies  of 
Austr.ilia  are  |)arties.  and  a  special  feature  of  its  eon^lilnlion  s  lh;il  •A 
must  remain  entirely  urder  Britinh  control. 

The  Zinc  Pre  ilucers'  Associntiiui  I'ly.  (T^td.)  has  al,>.o  been  ^ev'i^(«•lld 
wilh  an  a\ithorised  eajiitnl  of  £l(t!t,(MHI,  in  shares  of  £1.  which  will  be 
divided  between  the  mining  nr.d  treatment  eomjwiues  intere.vtrd  in  pre- 
piirtion  to  their  output  of  zinc  c<uicentrntes  over  a  term  of  venrs  prior  to 
th(>  formation  of  the  central  organisation.  The  registerrd  hoMers  of 
shar(>s  at  ])n>sent  are  Mr.  M.  Cohen  and  Mr.  .1.  L.  Wharton.  Theassoria- 
tiou  will  act  for  all  .\uslralian  pre  (hncrs  of  zinc  ores  who  belong  to  it 
during  the  next  .M)  years,  on  a  co-ojM'iative  basis,  the  eomjvinies  under- 
taking to  have  ail  their  smelting  do  le  by  it. 

The  report   of  the   Kleelricity  Committee  of  ih.<  (  hrislcluireh  (N.Z.) 


FOREIGN  NOTES. 


Japan.- -An  order  was  published  in  the.Tapan9.se  "  Official  (Jaztitte" 
of  July  17  prohibiting  the  exportation  of  tungsten  and  molybdenum 
from  .laiKin,  as  from  .lul^-  29,  excej)t  luidcr  licence,  granted  by  the 
|)e]>artment  of  Agriculture  and  Commerce. 

Russia. —  \  Husiian  eonteni])orarv  states  that  the  Pazretzky 
waterfalls  c(ndd  be  profitably  utilised  for  the  genenition  of  electrical 
energy. 

The  River  Pa/.a,  (^n  which  the  falls  are  situate<l.  flows  from  Lake  Ennar 
to  the  Northern  ,\rctic  Ocean,  by  way  of  the  (Julf  of  Bek-FiordcMi.  It  is 
SO  miles  in  length,  there  is  a  flow  of  about  400  cubic  metres  of  water  per 
s  (ond.  ]>robably  througho»it  the  length  of  the  river,  and  it  has  alniut  30 
wat(  rfalls  and  weirs.  At  the  two  falls  neart'st  the  .sea,  aliout  24.(XK)  h.p. 
could  be  obtained. 

It  is  also  sta1(d  there  are  nuvny  more  rivers  with  falls  in  Murman  that 
could  be  »ise»l  for  mechanical  powi'r. 


MISCELLANEOUS   NOTES. 


Customs  Duties.  The  -lamaica  Tariff  (Temjturary  Increa-e)  Law. 
I'.Utl  ( No.  ;!  ot  I'.tl(i).  w  hi«h  is  to  ivmain  in  fone  until  March  31,  1917. 
unless  pn'viotisly  reji'aled.  provides  that  the  following  amongst  other 
articles  which  wen>  duty  free  are  now  subject  to  import  duty  of 
lt)i  jier  cent,  ad  val.  :— 

Old  .«crap  brass.  Mritannia  metal  (pigs  and  bars),  eojiper  (pigs),  iron 
(|iiu),  l«M-onu>tives  and  railway  and  tramway  rolling  stotk.  rails,  and  all 
other  materials  and  a|>]ilittnee.>«  for  railway  .and  tramway  construction  and 
e<piipmcnt.  lend  (old  scrap  and  ]>ig).  professional  plans.  &e..  st<^l  (ingots 
and  e\panii<sl  bars),  tin  ( blocks  aTid  itig-^).  wrought  iron  and  steel  work  foi 
buildings.  7inc  (bbn-ks  and  ]>igs). 

Enemy  Firms  Wound-up.  -  The  Roanl  of  Trade  has  ordered  the 
wind'ug  lij"  of  L'T'.t  bu.-nies.H's  controlled  by  alien  enemies. 

The  latent  list  inelude.s  Charlo-'*  A.  Muller.  10.  Arcade.  Westgate. 
Brft<lford.  electrirnl  acce<*sories  merchant.     (Controller  :    W.   Durranco. 
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nianiifjuturcis.     (OontrolU-i  :     Sir    William    riendcr,    5,    Londoii-wall- 
buiiWiii^s,  K.(!.). 

Pacific  Radio  Stations.--lt  is  aiinouiaoil  tlial  with  the  satisfactory 
conclusion  of  the  ofTiciai  tests  I  etween  the  high-power  wireless 
stations  at  Fuiiaha-.slii,  .lapan,  and  Honolulu,  the  Trans- Pacifie 
scheme    of    wireless    intercommunication    is    now    complete,     'i'he 


flistanco  from  fSan  Francosctj  acn^ss  to  Ja^Mu  in  nume  6,3^X)  miles, 

the  station  at  Honolulu  a<'ting  as  a  relay. 

"The  Russian  Press."-  \\<:  have  received  from  Neyroud  &  .Sjns 
(Ltd.),  foreign  advertising  agents.  Regent  House,  Kingsway,  Lfjndon, 
a  hooklet  which  c(,ntains  useful  technical  and  (;ther  clasHiiied  ILsts  of 
ivUKsian  journals,  towns  in  which  ihcy  are  published.  Sec. 


TENDERS    INVITED. 


I 


Telegraph  and  Telephone  Material. 

The  Deputy  Postmaster-Ceneral,  Perth  (W.  Australia), 
require  tenders  by  3  p.m.  Aug.  IG  for  the  supjily  of  Resistance 
Boxes,  Morse  Sounders,  Switches,  &c.,  for  the  Australian 
Commonwealth  Postmaster-Cencral's  department.  Specifica- 
tions, &c.  (schedule  498,  W.A.),  from  the  Deputy  Postmaster- 
General,  Perth  (W.A.). 

Tenders  are  invited  up  to  Aug.  16  for  the  supply  to  the 
AUSTRALL4N  COMMONWEALTH  Postmaster-General's  Dept.  (State 
of  Western  Australia)  of  (a)  Distilling  Apparatus  (schedule  502), 
(6)  Instruments  (Telegraph  and  Measuring),  various  and  parts 
(schedule  498).  Tender  forms  and  specifications  can  be  obtained 
at  the  Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 

The  Deputy  Postmaster-Ceneral,  Perth,  requires  tenders  by 
3  p.m.  Oct.  4  for  the  supply  and  delivery  of  various  Telegrajjh 
and  Telephone  Measuring  Instruments  and  Parts.  (Schedule 
No.  501  W.A.)  for  the  Australian  Commonwealth  Postmaster- 
General's  Dept.  Specification ,  &c. ,  from  the  Deputy  Postmaster- 
General,  Perth,  W.A. 

Turbo-Alternator,  Condenser,  &c. 

The  Town  Clerk,  Invercargill  (N.Z.)  will  receive  tenders 
until  4  p.m.  on  Sept.  28  for  the  supply  and  erection  of  a  Steam 
Turbo-Alternator,  with  Condenser,  Fittmgs,  &e.  (Contract  No. 
40).     Specification,  &c.,  from  the  Town  Clerk. 

Tramcar  Tyres. 

London  County  Council  requires  tenders  by  1  ji.m.  Aug.  22 
for  Supply  of  1,000  Forged  Steel  Driving  VVheel  Tyres,  and 
500  Forged  Steel  Trailing  Wheel  Tjres.  Forms  of  tender  from 
the  Chief  Officer  of  Tramwaj's,  62,  Finsbury-pavement,  E.C. 

Wiring  and  Fitting. 

Crook  Co-operative  Society  (Ltd.),  Crook,  Co.  Durham, 
require  tenders  by  the  morning  of  Aug.  5  for  Electric  Light 
Fittings,  Wires,  &c.,  for  their  Waterhouses  branch.  Specifica- 
tions can  be  seen  at  the  Waterhouses  stores. 

Electric  Crane,  Air  Compressor,  Crane  Motors,  &c. 

The  New  South  Wales  Government  Railways  &  Tram- 
ways Department  require  tenders  by  noon  Sept.  20  for  the 
supply  and  erection  of  an  Electric  Overhead  Travelling  50-ton 
Crane  (specification  474)  ;  and  by  noon  Oct.  11  for  a  motor- 
driven  Ail  Compressor  (specification  480)  for  Zarra-street  power 
house.  Specifications,  &c.,  from  the  Electrical  Engineer,  61, 
Hunter-street,  Sydney. 

The  Victorian  Railway  Commissioners,  Spencer-street, 
Melbourne,  require  tenders  by  11  a.m.  Sept.  6  for  the  supply  of 
12  Three-phase  Crane  Motors  and  Controllers  and  11  One-phase 
Workshop  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
fications from  the  offices  of  the  Commissioners. 

Transformers. 

Sydney  (N.S.W.)  Council  require  tenders  by  3  p.m.  Aug.  7 
for  supply  of  four  10,000/550  volt  Transformers.  (Contract 
No.  459.)  Specification  and  form  of  tender  from  the  (Jity 
Electrical  Engineer. 


TENDERS  RECEIVED  AND  ACCEPTED. 


I 


Wolverhampton. — The  Electricity  Committee  recommends  the 
Corporation  to  accept  the  tender  of  H.  Morris,  Ltd.  (at  £1,450)  for 
the  supply  of  a  40-ton  travelling  crane,  and  that  of  J.  E.  Perry  &  Son 
(at  £540)  for  the  supply  and  erection  of  a  steel  chimney  at  tlie  elec- 
tricity works. 

Leyton. — The  Electric  Lighting  Committee  has  placed  an  order 
with  the  Wellington\Tube  Works  to  supply  a  set  of  boiler  smoke 


tubes,  at  about  £85.  Out  of  nine  firms  invited  to  tender,  only  two 
quotations  were  received. 

Salford. — The  following  tenders  have  been  accepted  by  the  Elec- 
tricity Committee  for  the  supply  of  stores  : — 

Lo  Carbonc,  motor  carbon  brushes,  approximate  value  of  contract 
£100  ;  Reason  Mfg.  Co.,  m.d.  hidicators,  £40  ;  L.  Andrew  &  Co.,  cable 
accessories,  £76;  Dussck  Bitumen  ('o.,  joint  box  conii)ound,  £1*} ; 
Baxondalc  &  Co.,  w.i.  steam  tubes  and  fittings,  £25  ;  J).  Walton  &  Co., 
wood  fittiii<;s,  £40  ;    Job  Holland  &  Co.,  engine  oil,  £3H. 

Tlu:  otter  of  tiic  British  Westmghouse  Co.  to  su])ply  a  1,000  kw.  rotary 
converter  and  transformer,  has  also  been  accepted.  The  committee  has 
niven  ap])rovaI  to  A.  Ratisome  &  Co.,  as  sub-contractors  in  connection 
with  the  contract  of  the  Underfeed  Stoker  Co.,  for  the  stokers  required 
for  the  new  water-tube  boilers. 

The  Tramways  Committee  has  also  accepted  the  tender  of  J.  Russell  & 
Sons  for  the  supply  of  40  tramway  pol?s,  at  £12.  17s.  2d.  per  pole. 

Rosario  (Argentina). — A  Government  decree  has  been  issued 
approving  the  contract  entered  into  between  the  Director  General  de 
Arquitectura  and  the  Sociedad  Anonima  Otis  Elevator  Co.  for  the 
su25ply  and  installation  of  an  electric  elevator  in  the  new  Federal 
Courts  of  Justice  at  Rosario  de  Santa  Fe,  at  §7,990  (paper). 

Commonwealth  Contracts. — The  following  tenders  have  been 
accepted  by  the  Australian  Government  Departments  : — 

Postmasler-GeneraVs  DcpL,  Sydney. — W.  G.  Watson  &  Co.,  3,000  dry 
cells,  3s.  9d.  each;  C.  Glasson,  15  telephonecabinets,  £12.  10s.  each;  and 
25  ditto,  £13.  4s.  each  ;  C.  Monteath  &  Sons,  146  tonsc.i.  pipe,  £11.  Os.  6d. 
per  ton  ;  ¥.  &  A.  Nosworthy,  100  c.i.  covers  and  frames  for  manholes, 
£1.  lis.  each  ;  20  ditto,  £3.  5s.  each  ;  100  split  bends  for  c.i.  pipe,  10s. 
each  ;  Oliver  Co.,  300  plug  testing  switches,  5s.  6d.  each  ;  Chown  Bros* 
&  MulhoUand,  350,000  seal  cups,  7s.  per  1,000. 

Postmaster-General' s  Department,  Adelaide. — T.  K.  Steanes,  increasing 
capacitv  of  storaQ;e  batteries,  Adelaide,  £511.  18s.  lOd.  ;  Western  Electric 
Co.,  3,230  yds.  cable,  £1,510  per  mile  ;  1,060  yds.  ditto,  £1,201  per  mile  ; 
1|^  miles  ditto,  £785  per  mile  ;  3^  ditto,  £440  per  mile  ;  J  mile  ditto.  £15S 
per  mile;  110  yds.  ditto,  £2,800  per  mile;  220  yds.  ditto,  £1.300  per 
mile  ;  220  yds.  ditto,  £665  per  mile  ;  220  yds.  ditto,  £375  per  mile. 

Postmaster-GeneraV s  Department,  Brisbane. — J.  Paton  &  Co.,  4(X) 
micro-telephones,  19s.  2d.  each  ;  25  ditto,  £1.  Os.  2d.  each ;  500  heat  coils, 
3s.  6d.  per  100  ;  Western  Electric  Co.,  50  translators,  25s.  each  ;  150 
cords,  2s.  3d.  each  ;  15  trembling  bells,  5s.  6d.  each  ;  400  condensers. 
2s.  5d.  each  ;  50  telephone  sets,  £1.  Is.  each  ;  British  General  Electric 
Co.  (Agents  :  Norman,  Bell  &  I'o.),  38  trembling  bells,  7s.  6d.  each. 

Postmaster-GeneraV s  Department,  Melbourne. — Ramsav,  Sharp  &-  Co. 
5,000  dry  cells,  2s.  5d.  each  ;  Duncan  &  Co.  Ppy.,  5,000  dry  cells,  3s.  4d. 
each  ;  Weston  Electric  Co.,  four  sections  of  a  lamp  signalling  trunk  hnc 
switchboard,  Central  Exchange,  Melbourne,  £1,414. 

Victorian  Railway  Commissioners. — Australian  General  Electric  Vo., 
relays  for  point  indication  dm'ing  five  years,  at  rates  ;  half- watt  lamps  and 
lanterns  for  same,  at  rates;  lamps,  socket  reflector  holders  and  retlcctors 
for  electric  lighting  of  Jolimont  Car  shop,  at  rates ;  a.c.  lever  locks  for 
Newport  signal  shops,  a.c.  110-volt  25  -^  mag'.ets  £3.  fis.  each,  vulcanite 
rollers  and  springs  17s.  10.\d.  each,  phosphor-bronze  spring  strip  2s    Od. 
pel'  lb.,  commutator  slotting  machines  for  Jolimont  car  shops  £102.  os. 
each  ;  Edison  &  Swan  U.  Electric  Light  Co.,  motor-generator  and  switch- 
board for  Jolimont  car  shop  (15  kw.  motor  generator  and  accessories 
£103.  16s.,  switchboard  and  connections  £29.  ISs.  (kl.;  ,   Wormald  Bros., 
automatic  sprinklers  and  thermostats  for  car  shed,  Jolimont,  £4,318  ; 
Gibson,  Battle  &  Co.,  direct-couiilcd  electrical  rotary  rock  drill  for  State 
coal  mine,  £120;  Cowley's  Eui-eka  Ironworks   I'py.,  mild  steel    masts, 
bridges  and  brackets  for  overhead  equipment  of  Melbourne  suburban 
raihvavs,  at  rates  ;    British  Insulated  &  Helsby  Cables,  thrco-core  cable 
for  Newport  workshops,  £2,865.  lis.  per  mile  ;    Roylc  &  Co..  elements, 
retarders  and  pyrometers  (electrical  or  tension)  for  engines,  at    rates  ; 
Duncan  &  Co.,  caustic  soda  primary  colls  and  renewals  for  caustic  sotla 
primary  cells,  at  rates  ;    John  Miller,  acetylene  welding  of  rail  joints  on 
the  Sandringham-Black  Rock  electric  railway,  £1.  13s.  per  joint. 

iV..S.ir.  Public  Works  Dejur— Standard  Waygood  Hercides.  electric 
passenger  lift  for  acconmiodation  House.  Jenolan  Caves,  £890  ;  J.  E. 
Toole  &  Co.,  two  15-ton  electric  overh(-ad  travelling  cranes,  £2,430,  and 
two  Liddles'  patent  electric  capstans  for  Leichhardt  depot,  £770. 

W.  Australian  Government  Tender  Board.— J.  R.  W.  Gardam,  s^yitch- 
gcar  and  accessories  for  railway  department,  at  rates,  and  copper  feeder 
cable  for  railway  department,  £157  per  mile  ;  Chas.  Atkins  &  Co.,  switch- 
gear  and  accessories  for  railway  department,  at  rates. 
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FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Brighton. —  The  accounts  of  the  Lighting  Committee  for  the  pjaet 
year,  which  wers  adopted  by  the  Council  at  last  week's  meeting, 
show  an  increase  over  the  year  ended  March,  1914,  of  £150  in  revenue 
from  sales  of  current,  and  an  increase  in  total  costs  of  £7,763,  the  net 
result  of  the  year's  working  being  a  deficit  of  £.3,989  (compared  with 
£1,353). 

In  his  report  the  borouch  electrical  engineer,  Mr.  .John  Cliristie,  says 
the  comy)arison  is  made  with  the  year  1!H3-14,  hecaui-c  aconi])arison  with 
the  following  year  would  he  of  little  value.  Units  sold  decreased 
1,370,471,  but  the  increase  of  charijc,  which  averaged  0-28d.,  slightly 
increased  the  revenue,  althoujrh  su])])ly  to  puVilie  lamps  decreased  £7,000. 
Coal  cost  £9,002  more,  which  more  than  countcrba!an(  cd  savings  which 
had  been  made,  in  certain  items.  Average  cost  of  coal  was  32s.  3}d. 
(a^^ainst  17.s.  3d.)  ]»er  ton.     Coal  used  i)er  unit  sold  was  3-83  lb.  (4-0()  lb.) 

(!oun.  LiNToi'i.  in  subniittinji  the  rcixtrt  a'-.d  accounts,  recomn-.cr.dcd 
tliat  tiie  dcHcit  be;  cliargcd  to  reserve  fund.  The  deficit  was  due  to  no 
fault  of  the  managenuint,  (Committee  or  staff,  but  to  conditions  brought 
about  by  the  war.  In  addition  to  extra  cost  of  (-oal,  tluy  li.ad  to  j'ay  v/ar 
allowa-i.-es,  ])lus  income  ta.\  on  ])ro(it.s  to  the  extent  of  £1,(500. 

Coventry.  -The  accounts  of  the  tramways  de])artment  for  the 
year  ended  ]\larch  31  show  total  capita!  ex])enditure  £239,.399 
(increase  t59(i),  of  which  tl<),(>20  1  as  been  repaid,  and  £3().(M)0  has 
been  temj)orarily  })aid  off.  "^I'he  loans  sinking  fund  amounts  to 
£10,033  and  t  lie  reserve  fund  to  £3,<i47. 

Keveiiue  was  £r)2,987  (compared  with  £4r).4(»r)  in  i)revious  year), 
WMikinji  expenses  were  t:53.tlK(l  (t:!0..")2H).  interest  refpiired  £8, '.500 
(i,H,r>2\)  and  sinking  fund  tr).!t88  (t;.").7.")')).  leaving  net  balance  £."),091 
(£344).  Revenue  per  car-mile  was  I2fil2<l.  (9!)02d.),  and  working 
expenses,  includintr  power,  were  7-874d.  ((vCtiyHd.).  Passensrers  carried 
were  n,41!».3C)0  (8.73(1.024).  carmiles  run  1.008,247  (l,10()..")r>:$)  a!;d 
units  used  1.077.143  ( 1.0.")l.<l.-.O). 

The  capitiil  spent  on  motor  fmmilnises  is  El.Oti.'i.  The  omnibus  .service 
lias  been  susi)endcd  since  .Sept.  9.  1914.  when  the  War  Office  impressed 
the  six  chassis. 

Eastbourne.— The  accounts  of  the  electricity  department  for  the 
year  ended  March  31  show  total  ca|iital  ex|Kndituro  £2I(),92()  (in- 
crease £7,220),  and  the  amount  repaid  or  in  siiddng  fund  is  £97,182. 

Ucventw^  wan  i;27.")(i7  (compared  with  t:!<).474  \u  previous  year),  a-.d 
worki'iii  and  j^'cniral  c\|m-mscs  wire  tir>.7(»."»  (tl  .">  2:50).  the  <;i'(»ss  profit 
biint;  til. KOI  (tl.""».24:!).  Capilid  cliar;;cs  a-id  tl,tO(>  tra-isfcni d  to 
mclcr.  micliaMJcal  stokers.  Ac..  sus|K'iise  a<'count  .-vbsorbid  i;l2.922,  so 
that  the  net  result  was  a  delicjt  of  till  I  (compand  with  a  net  profit  of 
£2.228).  Revenue  was  e<puil  to  3-(>2d.  (:$-8(id.)  per  unit  .sold,  works 
costs  were  1-33(1.  (l-3lil.).  total  working  costs  2()l(l.  (l-84d.),  a.d  i-iti  rest 
ftixl  redemption  rcipiin  d  I  7;{d.  ( I  7I<1.).  Cnits  i,'encratcd  were  2,309.1 18 
(2.411(1. 7."i(»)  and  sold  l.77:i.7:J7  (1. 810.007).  Maxinmm  load  was  1,371  kw. 
(1,112  kw.).  and  load  factor  14-77  (I4(i9)  )k  r  (-ent. 

Mr.  .1.  K.  Hrvd)iCH  (borough  electrical  engimer)  .says  in  his  report  the 
nunjber  of  (eipijvalcnt)  IlO-watt  lamps  connected  is  189.829  (1(>.()8(» 
hftvinn  been  iiddcd  during  the  year.  com}>ar(  d  with  13.871  in  ]>rcvinus 
year).  Coal  cost  increas(d  from  t.'i.OIU  to  t(>.397.  It  is  doubtful 
whether  the  increase  in  the  charge  now  ma<le  for  lij:htini;  from  "id.  to  .">Jd. 
j)er  unit  will  cover  the  extra  cost  of  coal  (which  is  exi)eeted  to  be  •l.'i  ]k'T 
cent.  mf»re  for  the  .>*ftme  class  ol  coal  when  a  new  contract  is  ma«le  in 
November).  Imperial  taxes  incn-iv.s(  <l  from  £842  to  tl.089.  and  insur 
ance  ])r<  iiiiums  from  t4(i  (m  tl77.  .Motors  in  use  incrca,sed  fiuni  217 
(772  M.e.)  to  240  (SO.",  n.c). 

Glasgow.       I'lu-  .leconnl^  of  the  elert  ri<'i(y  deparlmcMt  lor  li.e  \e.ir 
(Milled  M  ly  M   lia\e  Inn  appr.>\ed  li\   (he  Kle<'(riei(y  Coinmi(((C. 

The  rcpoit,  which  i^  for  tin  2(tli  year  s  working,  states  that  (he  uros-^ 
reveniu-  for  the  year  amoiinlcil  to  £."i:U».72(».  an  increase  of  tl2."i,347  {'M> 
per  (en(.).  compared  wi(li  (he  |uecediii(r  year,  while  (he  working  ex 
pcnditure  was  tiJ22,(>.'>l .  aii  increase  of  tl(l4.i:i;{,  or  47  per  cent.  Tlie 
gross  balaiu-e  wa--  t2(»S.(l08.  from  which  was  dcducli<<l  ;  Interest  on  loans 
(t72.2:'.:!)  siidsitiu  funil.  ,Vc.  (t;72.li:;)  aid  depreriation  ( t.'iK.Kt."*).  leaving 
a.  surplus  foi-  (he  year  of  t.">.:H  7.  which  |la'^  licen  (raiisferred  to  reserve. 
Of  the  iiurease  of  revenue  t.").">,32."j  is  adributable  to  the  15percent.  added 
to  the  con.sinuers"  accounls.  The  incre.i.se  iif  working  ox])enses  is  ])rin 
eipally  <lue.  apart  from  the  iireater  ou(pu(.  to  the  mui  h  higher  price  paid 
for  coal,  a-i  all  roinid  jidvance  in  (he  co^t  of  material,  increased  rates  and 
(axes.  Iionuses.  Ac,  to  workmen,  itnd  t«i  t.">.970  (or  allow.'rice.s  to  emplovi--^ 
on  active  service.  There  was  also  a  coii.xideralile  ii  irea'*i'  in  ihe  amount 
paid  for  in(eres(  and  (he  con(riliuti<>n  to  (he  sinkiui!  fund.  Contract* 
have  been  eii((>red  in(o  for  (he  supply  of  i-oal  fui  (he  e\uren(  year  a(  a 
sliiihl  increase  in  price  as  <'om|iar(Hl  \M(h  (he  pa.s(  yeai'.  No(wi(lis(andin^ 
this,  in  view  of  (he  fa\ourable  re>id(  of  (he, year's  working,  (hr  Committer 
recomniend  (hat  no  change  be  made  on  the  onlin.iry  charges  for  current 
for  the  year  lOlO  17.  The  maxinuin»  demand  made  upon  the  stations 
last,  winter  occurred  on  J)cc.  29,  and  was  45,880  kw.,  compariHl  with  a 


maximum  demand  of  39,7.50  kw.  in  the  previous  year,  an  increase  of 
15-J2  ])er  ce:it.  A  (X'ntral  showroom  in  .Sauchichall-strcet  was  opened 
on  Oct.  2.  Since  then  good  busines.s  has  been  done,  aided  to  a  certain 
extent  by  the  a<tivc  co-o])cration  of  the  electrical  contractors. 

Hammersmith  (London). — The  accounts  of  the  electricity  depart- 
ment tor  the  year  ended  March  31  show  total  capital  exjcnditure 
£384,932  (increase  £9,310),  of  which  £148,753  has  been  redetm^d. 

Revenue  was  £64,117  (comi)arcd  with  £63,280  in  previous  year), 
workinj;  ex])enses  were  £38.271  (£34,772)  and  .special  expenditure  was 
£1,216  (£1,.->12),  gross  profit  being  £24,029  (£26,994).  Interest  required 
£8,601  (£8..')2I ).  and  redemption  of  capital  £1.").947  (£14.34.5),  leaving  net 
profit  £395  (£3.717).  Average  price  obtained  was  l-2Sd.  (l-44d.)  per 
unit.  Maximum  load  was  5,980  kw.  (4,f)46kw.).  Units  sold  were 
11,178,294  (9.717,2.52).  Motors  connected  are  971  (=9,126  h. p.),  com- 
pared with  711  (=6,907  h.p.). 

Mr.  G.  Ci.  Hki.i..  engineer  and  manager,  saj's  in  his  rejjort  the  rates  for 
electricity  are  maintained  at  pre-war  figures.  The  increase  of  sales  to 
private  consimiers  was  2.(KK),018  units.  The  profit  was  retluced  by 
increased  (tost  of  coal  and  cartage  and  the  reduction  in  the  output  of 
units  at  the  hiyher  rate.  Large  consignments  of  coal  had  to  be  acrcepted 
at  She}>hcrd"s  Hush  and  Hammersmith-grove  sidings.  If  it  had  all  been 
delivered  at  (ham  ellors  Wharf  and  jmmped  from  there  by  the  coal- 
pumpin;i  l)lant.  a  saving  of  £391  would  have  been  effected.  The  expen- 
diture on  the  ( oal  jtumjiing  plant  has,  however,  ab.solutely  justified  itself. 
The  coal  .storage  taiiks  have  more  than  justified  their  existence,  no  trouble 
havintr  been  experienced  from  coal  catching  fire,  which  frer|uently  oc- 
currcd  in  jirevious  years.  The  charge  for  ])ublic  lighting  was  rc<luced  by 
£2..500.  fir  more  than  .50  per  (-ent.  Income  tax  showed  an  increase  of 
£716.  a!id  allowances  to  nic!)  servinfi  with  the  Colours  increasetl  from 
£788  to  £1.2(19.  1'3mi)loy(''S  (jf  the  department  have  been  grant<>d  war 
service  badges  by  the  Ministry  of  Munition.s.  The  two  motor-generators 
at  Olympia  have  been  little  used,  no  exhibitions  having  been  held,  which 
accomits  for  a  considerable  decrease  in  revenue.  Contribnfifjn  for  re- 
])ayment  of  capital  iiureascd  by  neaily  £1,000.  (his  year  being  the  first 
to  bear  the  full  cost  of  the  loan  for  the  coal  storage  and  coal-handlitiu 
plant.  Coal  cost  0-398d.  (0-323d. )  ^ler  unit,  works  cost*  were  0-57ttd. 
(0-52()d.),  and  total  costs  0-811d.  (0-776d.).  Negotiations  were  satis- 
factorily concluded  for  linking-up  the  undertaking  with  the  electric 
.supjily  undertakinjis  of  Fulham  and  Battersea,  but  the  L.C.C.  could  not 
see  their  way  to  L'rant  a  loan  for  carrvnng  out  the  work,  with  the  result 
that  if  anything;  is  done  in  the  matter  at  the  ]»resent  time  the  extra  costs 
of  the  sclunnc  will  be  about  £4,0tK),  due  to  the  price  of  labour  an«l 
niaterials. 

South  Shields.  The  Corporation  tramway  i.ec  lunt.s  Utr  tlie  yeir 
(uded  March  .'11  show  gross  ca^tital  (wjieiidituiv  £ISI.()OCi  (increase 
£.509),  of  which  £32.741  has  been  redeenuHl. 

Reveiuic  was  £41.S2(»  (int  rciuse  £1,981 ),  working  expenses  were  £24,385, 
or  £2().317  includiic  war  services,  the  gross  profit  being  £15. .509.  In- 
terest leipiired  £.5.ori4  and  sinking  fund.  &c..  £3.951.  lea\insr  a  net  balance 
of  t()..504.  of  wliiih  £4.104  has  b(H>  i  ]>hued  to  reserve  and  £2.400  devoti>d 
to  relief  of  rates.  Average  total  I'cvenue  \H't  car-mile  was  12-1 70d. 
(ajzainst  10-308d.),  and  working  expens^es.  including  ))ower.  were  7-(M.5d. 
(6-432(1.).  Tassent-ers  (-arried  were  11.163.378  (lO. 479.421 ).  car-miles 
run  824,888  (;»27.728).  and  uni(s  us(>d  1.1<(7.129     1-347  ))er  (  ar-mile 

.Mr.  .1.  ('.  \N'hi(eley  (ireneral  manager  and  engineer)  s.iys.  in  his  report, 
ncaily  .8»l  emi>loy('s  (aliout  IKt  ]ier  cent,  of  the  staff)  have  joini^d  H.M. 
f(»rcos.  Women  conductors  have  been  engag(Hl.  and  have  adaptcni 
themselves  to  (he  work  .s])lendidly.  Only  30  per  cent,  of  the  men  who 
have  ajiplied  for  motomu-n's  duties  have  ]»ro\'etl  capable  of  doing  the 
work,  and  the  .M-rvice  Iuim  had  to  be  reduced  when  an  increaMsl  .service 
was  iie< cssarv. 

Swanse.l.  The  el('e(rieity  wurks  aceouii(s  bu  (be  year  ended 
.M.ikIi  .51  sIk'nv  gro.ss  capital  expciulilun"  £249.(i97  (ineiva.st»  £10.184). 
of  which  tis;{ji.5,s  (tlS3.(>2:{)  is<.ii(s(anding. 

He\eiiiie  was  £.'18.295  (£:t:i.297).  working  exi>enses  were  £20.190 
(£18.9<»fi).  IntcTest  riMpiired  £7.6(»5  (£7.2'»0)  and  repayment  of  prindpal 
£5..5.5(»  (£.5.287).  leavini-  ne(  profit  £4.944  (£l.7.*«»).  .\vera;;e  price 
obtained  wax  2-4S<l.  (2.2S(1.)  per  unit,  (otal  working;  ex)>ensrs  wcie  1  37d. 
(l-:»:id.)  iind  (api(al  (barges  (I  .SlKl.  (0-88d.).  Cmts  i:(nicra(ed  W(-re 
4.499..57(t  (4.«lfn.7S8)  and  sold   3.523.182  (3.40l,9«il ).      Maximum   hwid 

was  2.:<:u»  kw. 

Mr.  Wm.  RcRR  (hormigh  ehstrical  enjiincvf)  says  in  his  rejKirt  the 
in(  reit-e  of  45»7,7s2  units  ni  (he  output  was  (ibtaine<i  with  a  r(slHe(ion  of 
1.(MMI  tons  (over  2tt  ]ic>r  cent.)  in  the  (pia-it  ity  of  coal  consume*!.  Average 
price  of  coal  wa*  17s.  Id.  (  Pis.  Id.  in  jm-vious  year).  .\  contract  for  nine 
months"  supply  ofco.il  at  2(»s  fid.  per  (o)i  w.xs  (ni(«>red  in(o  in  .bme.  1915. 
hut  (he  rriep  of  Coal  Limitation  Act  rwhicod  the  price  to  18s.  \trr  ton. 
The  showronm  hn«  Ixv^n  « isited  hv  a  laree  ntimlier  of  restdrnts.  and  two 
dom(>ustj-a(  ions  m  (lo  trie  eonking.  ironing  and  heating  have  hfon  fiirca, 
with  pood  '  1  ■  ■  vje  of  having  modern  marhincrj*  ran  be 

stH-n  from  i  ■•cct. 

The  1  apital  exi>enditure  on  the  tramways  is  £119.<').50  (inerea.<e  £720), 
and  the  amount  paid  ofl  or  in  sinking  fund  is  £20..562.     Revenue  was 
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£7,474.  Loan  (charges  amounted  to  £5,746,  management  and  stamp  duty 
charges  £104,  and  other  charges  (bank  interest,  &c.)  £66,  the  surplus  for 
the  year  being  £1,550. 

West  Ham.— The  capital  exjienditure  on  the  electricity  department 
for  the  year  ended  March  31  was  £0,338,  making  a  total  of  £()!)2,8!»l , 
of  which  £373,440  is  expended  and  outstanding. 

Revenue  was  £13<»,1()1  (coiiipaced  with  £12S,73S),  and  after  providing 
for  working  expenses,  gross  i)rolit  was  £2;],U21  (£37,818).  Interest  and 
special  charges  absorbed  £25,241,  including  £4,2 Iti  allowance  to  men  on 
active  service  (£23,093,  including  £1,411  allowance  for  similar  pnr])oses), 
and  sinking  fund  reciuired  £24,8S2  (£23,577),  the  net  result  being  a  deiicit 
of  £20,202  (£8,852).  Average  ])rice  obtained  per  unit  was0-924d.  (0-858(1. ) 
coal  cost  0458d.  (0-328d.),  total  works  cost  was  0-770d.  (0-012d.)  and 
capital  charges  were  0-335d.  (0-314d. ).  Units  generated  were  44,024,200 
(42,505,281)  and  sold  35,895,393  (35,641,945).  Motors  connected  arc 
1,944  (1,815)=21,877h.p.  (20,027  n.p.).  Total  maximum  demand  was 
14,940  k.v.a.  (14,403  k. v. a.),  or  12,225  kw.  (12,160  kw.)  and  load  factor 
33-52  (33-46)  per  cent. 

The  engineer  and  manager  (Mr.  J.  W.  Beauohamp)  says  in  his  report 
the  number  of  electric  vehicles  garaged  in  the  district  and  charged  frf)m 
the  public  supi)ly  has  increased  to  15,  with  an  aggvegate  tonnage  of  lOJ  ; 
also  a  large  amount  of  charging  is  done  for  vehicles  passing  through  the 
borough.  Heating  and  cooking  units  increased  from  355,877  (388,254). 
The  whole  of  the  year  under  review  was  subject  to  war  conditions  (com- 
pared with  only  eight  months  of  the  previous  year),  and  the  sharp  upward 
tendency  of  coal  and  other  costs  occurred  in  the  last  half  of  the  year. 
The  increase  in  average  ])rice  of  coal  reached  20-9  per  cent.  Difficulties 
in  regard  to  fuel  brought  out  clearly  the  advantages  of  centralised  power 
supply,  freeing  consumers  from  the  excessive  cost  of  purchasing  small 
quantities  of  coal  and  from  the  difficulty  of  retaining  skilled  labour  for 
])rivate  power  plants.  The  standard  rate  for  lighting  has  been  increased 
from  3d.  to  3|d.  (16§  per  cent.)  and  for  power  and  heating  from  Id.  to  l,id. 
(12i  per  cent.).  95  members  of  the  staff  and  employes  had  joined  H.M. 
Forces  up  to  March  31. 

The  tramway  accounts  show  total  capital  exj)enditxu-e  £557,802  (in- 
crea'-e  £924).  Revenue  was  £164,557  (£154,037),  working  expenses  were 
£124,920  (£119.935).  interest  required  £18,450  (£20,450),  sinking  fuid, 
(<tc.,  £12,738  (£12,679),  and  special  expenditure  £5,580  (£092),  net  .surplus 
beino-  £2  855  (£272).  Passensjers  carried  were  40,7:^4,440  (42,067,501 ), 
car-miles  run  3,045,165  (3,700,301)  and  u:iits  u.scd  5,800,821  (0,300,731). 
Average  total  traffic  revenue- per  car-mile  was  10-94d.  (9-83d. ),  av.d 
working  expenses,  int^luding  power,  were  8-22d.  (7-05d. ).  The  general 
manager,  Mr.  J.  S.  D.  Moft'et,  says  in  his  report  war  allowances  from 
borough  rate  for  the  year  amounted  to  £13,318,  tlie  total  since  the  com- 
mencement of  the  war  being  £19,349. 


involving  various  conditions.  Many  of  those  had  to  be  considfjred  a«id 
taken  into  account  after  getting  out  the  accounts,  and  it  ha<l  been  an 
absolutely  imi)o.ssible  task  to  get  through  the  work.  They  ha/J  paid  a 
dividend  which  the  shareholders  must  look  ui)on  as  final  for  1915,  bo  that 
it  would  be  possible  to  deal  with  th(!  future  in  spite  of  the  af;count«.  The 
meeting  was  adjourned  until  the  accounts  are  re;uiy  for  presentation. 


COMPANIES'  MEETINGS  AND   REPORTS. 


ALDERSHOT  GAS,  WATER  &  DISTRICT  LIGHTING  CO.  For  the  half- 
year  to  .fnuQ  30  the  total  r(  venue  was  £5(>,542,  a:id  expeiuliture  t44,807, 
leaving  £11,075.  After  provitling  for  divideiids  on  the  consolidated 
preference  stock  and  interest  on  .s])ecial  loan  and  debentuies,  the  ilirectors 
recommend  the  full  statutory  tlividends  of  £5  18-20  ])er  cent,  on  the  "  A  "' 
stock,  £4  8-20  per  cent,  on  the  '  B  "  stock,  and  £5  per  cent,  per  annum 
on  the  "  C  "  consolidated  stock  for  the  half-year,  all  less  tax. 

ELECTRIC  SUPPLY  CORPN.  (LTD.)— Mr.  J.  G.  B.  Stone,  who  presided 
over  the  annual  meeting  last  week,  said  that  the  increase  in  lamp  con- 
nections had  much  exceeded  the  average  growth,  the  increase  being  from 
214,715  to  254,700  during  the  year,  about  75  per  cent,  of  which  was  due 
to  demands  for  power  in  Dumbarton,  leaving  to  their  other  towns 
approximately  their  usual  growth,  which  in  these  times  was  not  unsatis- 
factory. The  Hendon  Company  had  increased  its  dividend  by  2  per 
cent.,  whilst  the  Dumbarton  Tramways  Co.  had  again  paid  them  a  small 
dividend  of  1|  per  cent.  The  war  had  proved  a  very  disturbing  factor 
in  their  revenue  account,  as  it  had  increased  the  demand  for  current 
for  power,  but  it  had  reduced  the  demand  for  lighting,  particularly 
for  street  lighting.  Under  the  terms  of  their  contract  with  (Jhelms- 
ford,  and  in  view  of  a  recent  decision  in  the  Appeal  Court,  the 
directors  understood  that  the  company  were  entitled  to  recover  the  full 
amount  of  the  contract,  antl  that  had  been  imlnded  in  their  accoiuits. 
The  contiact  terminated  in  March,  aiid  they  were  now  negotiating  with 
the  Council  for  a  renewal  on  the  basis  of  their  making  a  considerable 
allowance  in  regard  to  the  j)ayment  due  for  1915.  They  raised  jirices 
generally  for  the  last  half  of  the  year,  and  this  year  they  had  found  it 
necessary  to  make  a  further  increase.  The  net  result  was  that  Chelms- 
ford, Exmoutli  and  Falmouth  showed  inttreased  ])rolits;  those  at  Hitchin, 
St.  Andrews  and  Totnes  were  practically  the  same  as  last  year,  and  Dal- 
keith, Dollar,  Dumbarton,  Jedburgh  and  Melrose  showed  a  decrease. 
The  coal  market  was  a  veiy  difficult  one,  and  he  was  sorry  to  say  that 
the  effect  of  the  Coal  Prices  Limitation  Act  left  much  to  be  desired. 
The  directors  proposed  to  declare  a  dividend  of  2  ])er  cent.,  against  2.^ 
per  ce-it.  last  year. 

VlCKERS  (LTD.)— At  the  meetmg  last  week  Mr.  Douglas  Viekers 
explained  that  the  pressure  of  business  had  been  so  great  that  they  had 
not  yet  been  able  to  get  the  accounts  for  the  past  year  into  a  proper 
state.  The  po.sition  had  been  complicated  by  the  fact  that  they  were 
serving  two  master,?.  The  Munitions  of  War  Act  made  them  a  controlled 
company,  and  the  Finance  No.  2  Act  (1915)  dealt  with  excess  profits. 
X  They  had  had  to  take  a  vast  number  of  orders  from  the  Government 


NEW  COMPANIES,   MORTGAGES  AND 
CHARGES. 


NEW  COMPANIES. 

HENRI  CLAES  &  CO.  (LTD.)  (144,408).— Reg.  July  20,  capital  £10,C00 
in  £1  shares  (5,p00  preference),  to  adopt  an  agreement  with  H.  J.  Claes, 
to  carry  on  the  business  of  baiyta  grinders,  manufacturers  of  lithophonc 
zinc  oxide,  rtd  ar.d  white  lerd  ar.d  other  prcduc-ts  from  mineral  ore, 
metallurgists,  mechanical  r,i  d  electrical  engineers,  machini.«ts,  &c. 
Private  comp.my.     Reg.  office  :   Pinner's  Hall,  Austin  Friars,  E.C. 

JAMES  CARTER  (STALYBRIDGE)  (LTD.)  (144,469.)— Reg.  July  27, 
capita!  £30.000  in  £1  shares,  to  take  over  the  business  of  James  Carter  & 
Soils,  Stalybridge,  to  carry  on  the  business  of  iron  and  brass  fr.unders, 
mechanical  a-id  electrical  engineers,  tool  makers,  metal  workers,  &o. 
Private  company.  First  directors  are  A.  Denton,  A.  ('arter  and  A.  E. 
(Iiadwick.  Secretary  (pro  tern.),  A.  S.  Chadwick.  Reg.  office.  Atlas 
Works,  Stalybridge. 

NEW  PETO  &  RADFORD  ACCUMULATOR  CO.  (LTD.)  (14-;,436)— 
Reg.  July  24,capital  £30,000  in  £1  shares  ( 12,.")00  10  per  cent,  preference), 
to  carry  "on  in  the  U.K.  aid  elsewhere  the  busines.-,  of  electricians,  accu- 
mulator manufacturers,  founders,  elec'rica!  and  water  supply  engineers, 
manufacturers  of  and  dealers  in  electric  meters  and  other  electrical 
instruments,  &c.,  and  to  adopt  three  agreements.     Private  company. 

G.  C.  OGLE  &  SONS  (LTD.)  (144,376),— Reg.  July  18,  capital  £10,000 
in  £10  shares,  to  take  over  the  business  carried  on  by  Wm.  Ogle  at  IJipley. 
and  to  carry  on  the  business  of  engineers,  founders,  boiler  and  agricultural 
iinjilement  makers,  makers  and  repairers  of  ar.d  dealers  in  wagons, 
ck'ctric  cars,  railway  and  tramway'  rolling  stock,  motor,  omnibus  ar.d 
motor  accessories,  &c.  Private  company.  First  directors  are  W.  Ogle 
(i)crnmnent),  A.  Ogle,  J.  H.  Ogle  and  U.  E.  Ogle. 

PHILLIPS'  MAGNETO  (LTD.)  (144,456.)— Reg.  July  26,  capital 
£1,250  in  £1  share*,  to  adoy)t  an  agreement  with  1.  Fhilli|!s  for  the  pur- 
cha'^e  of  the  business  of  a  manufacturer  of  magnetos  a-.id  all  parts  thereof 
carried  on  by  him  at  Alder.shot.  Private  company.  Secretary  (pro 
tem.),  C.  Melton.     Reg.  office,  10,  Birchett-road,  Aldershot. 

MORTGAGES  AND  CHARGES. 

HIGHFJELD  CO.  (LTD.)-  l*arii(-iihus  of  t7.')0  second  debentures, 
tieatcd  June  27,  1916,  have  been  tiled,  whole  amount  being  now  issued. 
rr()|icrty  charged,  company's  undertaking  and  property,  present  and 
futnri'.  No  trustees.  A  debenture  dated  July  19,  1910,  to  .«ecure  not 
iiuiic  tliai  £500,  (charged  on  the  above-ineiit  inncd  |)ri'perty.  Ims  idso 
been  registered.  Holder..!.  H.  Bhuul.  A  meinora-nluni  of  satisfaction 
in  full  on  July  19,  1916,  of  a  debenture  dated  Dec.  4, 1914,  securing  £300, 
has  also  been  notilied. 

JOSEPH  R.  HENSON  (LTD.) — Two  debentures  dated  July  7,  1916.  to 
secure  £2,200  and  £50  respectively,  charged  on  the  company's  under- 
taking and  property,  present  and  future,  including  uncalled  capital. 
Hokkn-s  :   Capt.  H.  W.  Seton  Karr  and  N.  A.  Heywood. 

PARSONS  &  HODGES  (LTD.) — Particulars  uf  £600  debentures,  created 
June  oO,  1910,  have  been  filed,  the  whole  amount  behig  now  issueil. 
P:o])crty  charged,  company's  undertaking  and  property,  present  and 
future.     No  trustees. 

RUSHMORE  LAMPS  (LTD.) — Memorandum  of  satisfaction  in  full  on 
June  27,  1916,  of  a  chai'ge  dated  May  27,  1914,  securing  £2,000  has  been 
fil(-d. 

TROUP,  CURTIS  &  CO.  (LTD.) — Particulars  of  £3  000  debentures 
created  July  5.  19l(),  have  been  tile.l,  the  whole  amount  being  now 
issued.  Projierty  charged,  company's  imdertaking  and  jtroperty.  ]>re- 
sent  a'ld  futun\  including  uncalled  capital.     No  triistces 

VAUGHAN  ENGINEERING  WORKS  (LTD.)  A  mortgage  dated  July  19. 
191(),  to  .-ecure  ll  ,(i(iO  and  £50(1  as  coii.pciun*!  interest,  charged  on  moneys 
U)  be  received  under  a  War  Office  contract,  has  been  registered.  Holder, 
J.  Gee. 


CITY  NOTES. 


MEMORANDA  (Aug.  2).— Bank  rate  0  percent,  (since  July  13,  1916). 
ConsoiB  58^.  Consols  Pay  Day,  Sept.  1.  Stocks  and  Shares  Ticket 
Days,  Aug.  1 5  and  30.     Pay  Days,  Aug.  1 6  and  3 1 .    Price  of  silver,  30  .]d. 

BLACKPOOL  &   FLEETWOOD  TRAMROAD  CO.— Payment  of  the  usual 

interim  dividend  of  4  per  cent,  (tax  free)  is  announced. 

BRISTOL  TRAMWAYS  &  CARRIAGE  CO.— An  interim  dividend  at  the 
rate. of  5  per  cent,  per  annum  for  the  half-year  ended  June  '30  has  been 
declared  on  the  ordinary  shares. 
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CHARING  CROSS,  WEST  END  &  CITf  ELECTRICITY  SUPPLY  CO.  (LTD.) 
— The  directors  liavo  declared  ari  interim  dividend  on  tlie  ordinary 
shares  of  the  West  End  undertakiiifrs  for  the  lialf-year  en<l(d  .June  30  at 
the  rate  of  4  per  cent,  per  annum.  Warrants  will  be  po.sted  on  tlie  l.'jth 
in  St. 

CHELSEA  ELECTRICITV  SUPPLY  CO.  (LTD.) — The  directors  have 
declared  an  interim  dividend  at  the  rate  of  .5  per  cent,  jter  annum  (le.ss 
tax)  on  tlie  ordinary  shares,  payable  loth  ])rox. 

CITY  OF  BUENOS  AYRES  TRAMWAYS  CO.  (1904)  (LTD.)— The  directors 
have  declared  a  dividend  of  Is.  IJd.  ])er  share  (beiiif;  at  rate  of  5  per  cent, 
per  annum),  less  tax,  for  the  three  months  to  June  30. 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— The  company 
announce  an  interim  dividend  at  the  rate  of  (i  j)er  cent,  per  annum  (6s. 
per  share),  le.»s  tax,  on  the  ordinary  shares,  payable  Sept.  25. 

CORDOBA   LIGHT,  POWER  &  TRACTION  CO.    (LTD.)— Payment  of  the 

dividend  on  the  preference  share-  has  been  i)Ostponed. 

HONG  KONG  TRAMWAY  CO.  (LTD.)— An  interim  dividend  of  7  per  cent. 

has  bceii  dcchin  d. 

METROPOLITAN  ELECTRIC  SUPPLY  CO.  (LTD.)— The  directors  have 
de<lared  an  interim  dividend  t>:\  the  ordinary  .'^hares  of  Is.  per  share  for 
the  half-year  to  June  3(1,  ])ayable  on  the  IGth  inst. 

METROPOLITAN  RAILWAY  CO.  -The  directors  recommend  payment  of 
dividends  on  the  several  is.sues  of  ])ref(rence  stock  and  of  an  inte.im 
dividend  at  rate  of  1  ])er  cent,  jier  annum  on  the  ordinary  stock  for  the 
year  ended  June  30. 

TUBES  (LTD.)  Thr-  accounts  to  April  30  cannot  be  jHcparcd  at  the 
usimI  <inic,  but  llic  directors  have  dedarcil  a  fintlier  iiitcrim  dividend  (  f 
15  jXT  tent,  (tax  free),  makinfj  20  per  (cnt.  for  the  year.  It  is  intended 
to  inc  re:-.:  c  1  be  ca  pit  a  1  by  (  be  crcat  ion  of  a  furl  her  ."lO.OOO  shares  of  £1  eat  h. 

WESTMINSTER  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  directors 
recomriKiid  an  interim  divi'leii<l  at  the  rate  of  .">  |>er  cent,  per  annum  (lees 
tax)  for  the  half-year  eiid(;d  June  30,  j)ayal>lc  Sept.  1. 
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METAL  PRICES. 

Messrs.  J.  B.  Carnham  &  Sons,  132, UpperThames-street, London,  E.G.,  quote  unccr 
date  Aug.  I,  the  following  as  the  present  basis  prices  of — 


New  Metalc.  per  lb. 

Solid  Drawn  Brass  Tubes 14Jd. 

Sslid  Drawn  Copper  Tubes  ... .      17id. 

Brazed  Copper  Tubes    PJd. 

Brazed  Brass  Tubes 163d. 

Brass  Wire    Hid. 

Copoer  Wire 18d. 

Rolled  Brass 14|d. 

Brass  Sheets ISfd. 

Per  ton. 

Copper  Sheets £146    0    0 

Spelter 55    0    0 

Mr.  A.  Joseph,  Earl-street,  Lonon -road, Southwarl:. London, S.E 
Aug.  1,  the  following  approximate  prices  of  Scrap  Metals:  — 

Per  Ion .    ■ 

Aluminium  Cuttings   £110    0    0 

Clean  Mixed  Brass 62 

Clean  Copper 92 

Braziery  Copper 80 

Gun  Metal 80 


Per.  ton. 

En  plish  Lead £29    2     6 

Antimony    Nominal. 

Old  Metals.  Per  ton. 

Clean  Copper  Scrap £95    0    0 

Clean  Brass  Scrap     57    0    0 

Brariery  Copper  Scrap   ...  85 

Old  Lead   24 

Old  Zinc 40 

Hollow  Pewter 110 


Black  Pewter 
Gun  Metal 


70 
72 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 


Per  ton. 

Old  Lead       I  p  "r  l^- "■"*^^' 

t  English  lead  price. 

Old  Zinc 40    0    0 

Hollow  Pewtor 120    0    o 

Shaped  Black  Pewter   85    0    0 
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6% 

10 

4.J% 

10 
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4% 

5 

2 'J 
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5% 

5 

4»% 

5 

4% 
4i% 

St. 

10 

8% 

10 

60 

.St. 

5^, 

St. 

4f% 

10 

7"^. 

10 

6"^ 

St. 

4S% 

St. 

4.^';, 

St. 

4',% 

5 

7"., 

St. 

4"„ 

>; 

6>'.. 

St. 
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r 

3% 

S:. 

4(% 

St. 

5";, 

6"„ 

St. 

5"„ 

1 

6"„ 

-1 

5% 

NAME. 


Electricity  Supply. 

Bournciii Ml.;  u  i'i  i'     r   l.  '..  ■  > 

Do.     4J"oCum.  Pic( 

Do.     6%  Cum.  2nd  Pref ; 

Brompfon  &  Kensir.(;ton  Ord 

Do.     7%  Pre! 

Central  Elec.  Supp.  G.  Deb.  St 

Charint;  Cross  West  End  &  City  Dobs 

Do.     4 J  Pref 

Do.    Ord 

Do.    City  Pref 

Cheltci  Elec.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  ol  London  Elec.  Ll.  Ord , 

Do.    6%  Prot 

Do.    5%  Deb.  St 

Do.    4i  Debs 

County  of  London  Ord 

Do.     6%  Pref 

Do.     Isl  Dob 

Do.     2nd  Dch 

Elmunit.'^on'.';  Elec.  Supp.  4J"o  Debs. 
Kmsiiifton  Si  Knightsbtidgc  Ord 

Do.     Dot'.  St 

London  Elec.  Supply  6%  Pref 

Do.    4%  Mort.  Debs 

Metropolitan  E.  Supp.  Ord 

Do.     1st  Mort.  Deb 

Midland  Elec.  Corpn.  1st  Motf.  Deh.  St 

Newcistle&Dist.  E.L.  6",. 

Newc.istle-on-TyneE.S.5'\  .St 

North  Metropolitan  E.P.  C,  ,    o  .,  i'sef 
South  London  E.S.  Ord 


Price, 

R\te 

Tuei., 

'ER   CENT. 

Aue.  1 

YlBLDFD. 

£  r.  d. 

8t 

6  19     2 

OA 

5  118 

10  A 

5  19    3 

6ft 

7  12     5 

7 

4  19     5 

80 

5    0    0 

79» 

5    0     8 

36 

6     4     2 

31 

6  13     4 

2  1J 

7  13     2 

31 

6     8    0 

87 

5    3     5 

12i 

6     8    0 

lOJ 

5  14     3 

971 

4  17    6 

80 

5     2    6 

10  « 

6    9    6 

10 
35 

5  12  11 

5     1      1 

83 

5     7    9 

75 

r 

5  18  10 

6  13     4 

79 

5     1     0 

■1 
82 

6  17    2 

4  17    0 

2 

6  13     4 

80 

5  116 

99 

5     1     0 

991 

6    0     6 

92 

5     8    8 

V 

6    3  10 

2« 

6  16    2 

Dividend 
Dub. 


Mar.,  Sept. 
Fob.  Aug. 
Feb.  Aug. 
Mar,  Sept 
Mar.  Aug 

Jan,  July 

Aug.  Feb 
Jun,  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar.  July 
Jun,  Dec 
Jun, Dec 
Mar,  Sept 
Feb  .  Aug. 
Jm,  July 
Mav.  Nov 

July 
Feb,  Aug 
Jan.  July 

Jan,  July 
Mar,  Aui; 
Jan,  July 
Jan,  July 
Mar.  Sept 
Mir.  Sept 
Apl.OC 
Mar.  Sort 


Last 
Divi- 
dend 


St. 
St. 
St. 
St. 
St. 
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NOT  S  S. 


The  Employment  of  Women. 

As  staunch  advocates  of  the  utilisation  to  the  full  of  all 
classes  of  labour,  we  welcome  the  employment  of  women  in  all 
spheres  of  industrial  activity  It  is  likely  that  the  advent  of 
women  in  engineering  works  will  have  a  refining  influence. 
But  under  certain  conditions  for  a  woman  to  work  12  hours 
a  day,  which  in  many  cases  means  rising  at  5.30  a.m.  and 
retiring  at  10.30  p.m.,  is  an  act  of  folly,  and  the  employment  of 
women  under  the  conditions  we  have  in  mind  is  little  short  of 
criminal.  Those  in  a  position  to  know  tell  us  that  healthy 
male  children  are  indispensable  for  our  future  welfare.  Per- 
haps the  subject  is  one  of  the  many  engaging  the  attention 
of  the  Government  at  the  present  time.  If  not,  we  venture  to 
suggest  that  it  may  be  more  profitable  in  the  long  run  for  the 
State  to  pay  some  women  to  stay  at  home  for  a  time. 


Low-Resistance  Standards. 

In  the  laboratory  and  test-room  accurate  low-resistance 
standards  are  an  indispensable  part  of  the  equipment.  Such 
standards  are  to  the  electrical  engineer  what  the  balance  is  to 
the  chemist.  Like  many  other  things  of  vital  importance  to 
us  in  our  industries  prior  to  August,  1914,  low-resistance 
standards  and  balances  were,  for  the  most  part,  made  in 
Germany.  On  the  outbreak  of  war,  owing  to  lack  of  encourage- 
ment in  the  past,  our  instrument  makers,  although  possessing 
the  ability  to  manufacture  such  resistance  standards,  were 
unable  to  do  so  because  the  materials  suitable  for  the  purpose 
were  likewise  made  in  Germany,  and  therefore  unobtainable. 
Elsewhere  in  this  issue  we  publish  an  article  by  Dr.  C.  V. 
Drysdale  on  "  New  Low-resistance  Standards,"  from  which 
it  appears  that  the  difficulty  as  regards  material  has  been 
overcome  by  the  use  of  a  resistance  alloy  known  as  "  tarnac," 
which  is  shown  to  be  identical  with  manganin,  and  which  is  of 
British  manufacture.  Although  sufficient  time  has  not  yet 
elapsed  for  any  thorough  investigation  of  the  new  standards, 


from  tlie  results  of  observations  extending  over  five  months 
it  seems  that  the  rise  is  fairly  uniform  and  about  equal  to  that 
of  the  Wolft'  manganin  standard.  An  instrument  bearing  Dr. 
Drysdale's  name  needs  no  further  recommendation,  and  his 
work  extending  over  many  years  on  the  design  and  construction 
of  standard  resistances  is  so  well  known  to  many  of  our  readers 
as  to  call  for  no  comment.  We  would  say,  however,  that  in 
this,  his  most  recent  work,  he  has  made  a  careful  and  searching 
examination  of  the  Eeichstanstalt  foim  of  standard  in  order 
to  discover  its  defects,  and  has  set  to  work  to  design  a  fonn  of 
resistance  standard  which  is  free  from  the  defects  of  the  older 
pattern.  Provided  that  we  move  slowly,  in  a  similar  manner 
our  instrument  makers,  assisted  by  our  scientists,  and  assuming 
they  be  given  the  necessary  encouragement,  will  be  able  to 
secure  a  fair  proportion  of  the  trade  in  instruments  of  pre- 
cision. It  is  with  the  greatest  satisfaction  we  note  that  our 
manufacturers  are  now  actually  working  with  this  object  in 
view,  as  distinct  from  sitting  on  committees  and  engaged  in 
considering  what  must  be  done. 


Electric  Signalling  in  Mines. 

In  some  of  our  mines  a  feature  has  been  made  of  using  bare 
wires  for  electric  signalling,  the  advantage  of  the  method  being 
that  a  signal  can  be  given  from  any  point  by  merely  bringing 
the  wires  together.  A  good  deal  of  discussion  has  taken  place 
in  regard  to  this  system  as  it  is  liable  to  give  rise  to  sparks, 
which,  in  their  turn,  may  cause  an  explosion  in  the  presence 
0+'  inflammable  gas.  From  time  to  time  we  have  published 
information  and  reports  upon  this  subject,  and  in  our  present 
issue  we  give  a  further  report  by  Dr.  K.  V.  Wheeler,  of  the 
Home  Office,  and  Prof.  W.  M.  Thornton.  In  this  report  there 
is  a  lot  of  useful  information  and  an  analysis  of  the  principles 
underlying  the  working  of  electric  bells.  Part  of  the  investi- 
gation is  concerned  with  the  limiting  safe  current  that  may  be 
used  with  such  bells.  In  this  connection  we  should  like  to 
know  just  how  the  current  was  measured,  as  it  is  not  obvious 
that  an  ammeter  measurement  of  intermittent  current  would 
necessarily  give  a  measure  of  the  effectiveness  of  such  a  current 
on  break  to  cause  ignition.  It  should  be  mentioned,  however, 
that  the  currents  used  were  tested  with  explosive  mixtures, 
apart  from  ammeter  readings.  The  conclusion  is  reached  that 
safety  can  be  obtained  by  adopting  certain  well-known  con- 
structions, such  as  high  resistance  windings,  parallel  winding, 
copper  sleeves,  and  shunt  resistances.  Nothing,  however,  is 
said  in  regard  to  the  use  of  condensers,  which  seems  an  obvious 
method  of  getting  rid  of  the  trouble,  but  possibly  there  are 
objections  to  the  use  of  capacity. 


It  is  stated  that  the  above-mentioned  systems  with  a  limiting 
voltage  of  25  volts  can  be  made  to  insure  safety  if  wet  Leclanche 
cells  are  used  for  the  battery,  as  the  current  is  then  kept  belov/ 
the  danger  limit.  This  does  not  seem  to  be  a  very  satis- 
factory   way    of    expressing    the    required    conditions 
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Leclanclie  cells  of  the  porous  pot  type  undoubtef31y  have 
comparatively  high  internal  resistance,  and  tlierefore  they  will 
be  effective  in  keeping  down  current.  On  the  other  hand,  the 
tendency  of  Leclanche  cells,  at  least,  of  well-known  makers, 
is  for  the  internal  resistance  to  be  made  smaller  and  smaller, 
and  if  Leclanche  cells  are  taken  having  sack  elements  the 
internal  resistance  is  very  small.  We  think  it  would  be  more 
satisfactory  in  stating  conditions  in  such  a  case  to  base  these 
upon  the  use  of  accumulators,  whose  internal  resistance  is 
negligible,  and  then  to  specify  the  amount  of  series  resistance 
(if  any)  that  is  desirable  with  a  given  bell.  Unfortunately, 
electric  bells  cannot  be  considered  as  being  very  standard  pieces 
of  apparatus,  more  particularly  as  their  properties  vary  with 
their  adjustment,  and,  therefore,  conclusions  can  only  be  stated 
in  very  general  terms  ;  but,  even  so,  the  report  by  Messrs. 
Wheeler  and  Thornton  sliould  do  a  good  deal  to  clear  the 
ground  and  to  put  the  subject  on  a  proper  basis. 


plete.  The  operation  of  lifting  magnets  by  means  of  con- 
tactor-type switches  and  master  controllers,  which  we  beUeve 
is  the  standard  practice  of  one  firm,  shows  that  makers,  and 
more  particularly  users,  are  alive  to  the  manv  advantages  of 
such  control. 


Silly  Posters  and  Silly  Officials. 

Were  we  in  charge  at  the  Ministry  of  ^Munitions  we  should 
make  it  our  lousiness  to  discover  who  was  responsible  for 
sending  out  the  "  No  Holidays  "  posters  to  munition  works. 
We  do  not  presume  to  criticise  the  particular  poster  we  have 
in  mind  as  a  work  of  art,  beyond  stating  that  from  the  acknow- 
ledgment it  appears  to  have  been  a  cartoon  at  one  time  in  a 
halfpenny  newspaper.  W^hat  we  do  consider  to  be  highly 
reprelicnsible  is  that  the  walls  of  our  factories  and  munition 
works  should  be  covered  with  posters  of  a  kind  which  depress 
rather  than  cheer  the  highly  ovei^wrought  men  and  women 
engaged  in  the  manufacture  of  munitions.  We  hesitate  to 
use  our  columns  for  the  puii)ose  of  advertising  the  work  of  any 
individual,  and  we  have  little  experience  as  salesmen,  but  it 
does  seem  to  us  that  posters  in  which  humorous  incidents 
arising  out  of  the  war  are  depicted  would  act  as  a  greater 
inducement  to  keep  men  at  their  work  than  do  the  harrowing 
and  even  revolting  posters  issued  by  the  Ministry  of  Munitions. 
For  this  reason  we  think  that  the  humorous  sketches  by  Capt. 
Bruce  Bairnskather,  such  as  the  '"  Well,  if  you  knows  of  a 
better  'ole,  go  to  it  "  sketch,  the  "  So  Obvious  "  sketch,  or 
"  The  Things  that  Matter  ''  sketch  would  be  more  effective 
than  was  the  awful  cartoon  actually  sent  out  by  the  Ministry. 
Ha^^ng  found  the  indi\  idual  resjxtnsiblo  for  the  outrage  on  the 
feelings  of  dcccjit  mcji  and  women,  we  would  make  it  im- 
possible for  him  to  issue  further  official  posters. 


Lifting  Magnets. 

On  a<count  of  shortage  of  labour  and  of  tlie  necessity  of 
rapid  ])ro(luc.tion  it  looks  as  though  the  lifting  magnet  is 
coming  ijito  its  own  at  last.  An  article  in  this  issue  gives  a 
good  idea  o{  the  ])rogr('ss  that  has  been  made  in  recent  years. 
In  addition  lo  (b-scriptions  of  various  magnets,  other  subjects 
of  practical  interest  are  discussed,  and  reference  is  made  to  an 
ingenious  scnip-loading  ])lan1.  A  small  works,  where  the 
arrangements  are  such  that  the  unloading  of  5  tons  of  steel 
costs  no  less  than  428.,  will  be  seen  to  be  heavily  handica])pcd 
in  conipjirison  wit  li  a  large  works,  whcn^  the  weight  of  material 
handled  is  sunicient  to  warrant  the  inetallatioii  of  a  magnet- 
crajie.  In  such  a  (^ase  the  cost  (»f  liandling  may,  and  often 
does,  ni>t  exceed  one  ])enny  per  ton.  The  record  of  costs 
given  in  the  article  is,  if  anything,  on  the  high  side,  and  recent 
improvements  in  magnet  construction  show  even  more  econo- 
mical results  in  wttrktJig.  Interest  attaches  to  the  several 
safety  and  loading  devices,  and  to  the  crane  crab  ]»rovidcd 
with  a  magnet  for  lifting  cold  metal,  and  with  gra«led  tongs 
tor  the  liiindling  of  hot  metal.  These  are  of  Continental 
origin,  jind  wore  described  in  these  columns  some  years  ago. 
They  are  included  now  .so  as  to  i.iakc  the  article  tolerablv  com- 


WiU.— The  value  of  the  estate  of  the  late  Prof.  Silvanus  P. 
Thompson  is  put  at  £8,444. 

Engineering  Research. — The  North-East  Coast  Institution 
of  Engineers  and  Shipbuilders  has  appointed  a  "  Research 
Committee,"  in  order  to  carry  out  tests  of  apparatus  having 
for  their  object  the  economical  production  of  power  by  marine 
steam  engines. 

Coal  Mine  niumination. — In  a  Paper  before  the  Illuminating 
Engineering  Society  ^h.  R.  E.  Simpson  expresses  the  opinion 
that  the  storage  battery  electric  lamp  has  many  advantages 
over  other  systems  of  coal  mine  illumination.  When  equipped 
with  a  proper  reflector  a  lamp  of  1  c.p.  will  project  a  beam  of 
light  five  to  ten  times  as  great  through  an  angle  of  120  deg. 
As  its  advantages  become  better  known  it  may  be  expected  to 
replace  the  other  t}-pes  now  in  use. 

The  British  Science  Guild. — The  June  issue  and  third 
number  of  the  ""  Journal  "'  of  this  society  comprises  the  10th 
annual  report.  It  is  notable  that  during  the  year  its  Executive 
Committe  has,  beside  continuing  discussion  on  the  "  Mobilisa- 
tion of  Science  "  (the  original  object  of  the  Guild),  referred  a 
fuller  consideration  of  tlie  subject  to  its  "  Technical  Educa- 
tion Committee,"  who  appointed  a  "  Special  committee "'  for 
the  purpose,  and  with  which  were  amalgamated  the  "  Science 
and  the  State  Committee"  and  the  "Special  conference." 
The  api)endix  comprises  a  Paper  by  Prof.  R.  A.  Gregory  on 
"  The  Promotion  of  Scientific  Research  and  Higher  Education.'" 
the  sixth  annual  report  of  the  Canadian  branch  of  the  Guild, 
an  annual  report  of  the  Australian  branch,  and  a  report  of  the 
10th  aimual  meeting  of  the  Guild  held  on  May  17th  last, 
during  which  the  Right  Hon.  Andrew  Fisher  delivered  an 
address  on  '"  The  Establishment  of  a  National  Institute  of 
Science  and  Industry  in  Australia." 

Wireless  Telegraphy  on  British  Ships. — A  new  regulation 
has  been  made  imder  the  Defence  of  the  Realm  Act  specifying 
that  every  British  ship  of  3,000  tons  gross  or  upwards,  ir 
respect  of  which  a  licence  to  instal  wireless  telegraph  apparatus 
has  been  granted  by  the  Postmaster-General,  ami  which  puts 
to  sea  from  a  port  in  the  United  Kingdom  after  a  date  to  be 
specified  in  such  a  licence,  shall  be  pro\'ided  with  a  wireless 
telegraph  installation,  and  shall  maintain  a  wireless  telegraph 
8er\nce.  and  shall  be  provided  with  a  certified  operator,  together 
with  suitable  accommodation  for  the  apparatus  and  operator. 

Ai)i»litation  for  such  a  hcence  for  a  .'^liip  registered  in  the  United 
Kinploni  is  to  be  made  on  or  before  the  21st  inst..  and  the  Postniaster- 
Ciencral  will,  as  and  when  wireless  tclesrajih  apparatus  and  the  .services 
of  ojicrators  become  available  for  the  purpose,  cause  licenee.s  to  be  issuetl 
in  res])wt  of  such  shi])s  as  in  the  opinion  of  the  Admiralty  .should  in  the 
national  intere.sts  be  lilted  with  such  apparatus,  and  the  licences  shall 
Bpeeify  the  «late  as  from  which  the  carryinp  of  such  apparatus  under  this 
regulation  is  to  be  compulsory-,  the  charaeter  of  the  apparatus  and  the 
qualilicatioiLs  of  the  ojuTator.  Failure  to  comply  with  the  terras  of  the 
regulation  may  result  in  the  seizure  and  detention  of  the  shij). 

Channel  Tunnel.  Under  the  heading  "Utilities  of  the 
Channel  Tuuiu-l,'"  Prof.  J.  A.  P'leming  contributed  to  "The 
Times  "  of  the  7th  inst.  a  letter  in  which  the  valuable  sug- 
gestion is  made  that  one  of  the  possible  utilities  of  such  a 
tunnel  is  tlie  increased  facility  it  would  afford  for  direct  tele- 
phonic commuuication  between  Great  Britain.  France.  Switzer- 
land and  Italy.  There  are  at  present  two  English  Channel 
telephone  cables,  each  with  twin  circuits,  which  by  phan- 
tomising  can  be  made  equivalent  to  three  circuits  each.  As 
Prof  FhMning  j)oint8  out.  if  the  Channel  ttmnel  were  con- 
structed with  pro])er  provision  for  it,  a  large  number  of  tele- 
phonic and  telegraphic  cables  could  be  laid  which  would  afford 
greatly  increased  means  of  intercommtmication  at  a  less  cost 
than  by  equivalent  submarine  cables.  If  these  were  extended 
])y  suitable  coil-loaded  aerial  lines,  telephonic  communication 
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could  be  established  between  the  principal  cities  in  Great 
Britain  and  those  of  France,  and  possibly  of  Italy.  In  view 
of  this  Prof.  Fleming  submits  that,  in  any  plans  for  such  a 
tunnel,  ample  provision  should  be  made  for  telephonic  and 
telegraphic  cables  of  the  latest  type  for  long-distance  working. 

Future  of  Coal  Tar  Products.— The  "  Colliery  Guardian  " 
refers  to  a  Paper  read  by  Mr.  J.  H.  Canning  before  the  Mon- 
mouthshire District  GasAssociation  at  Newport.  Mr.  Canning 
stated  that  the  decay  of  the  coal  tar  industry  in  England  was 
due  to  the  apathetic  attitude  of  all  classes  towards  science. 
Scientific  teaching  should  be  added  to  our  too  literary  schemes 
of  study.  The  Hoechst  Chemical  Works,  in  Germany,  had  307 
chemists,  out  of  a  staff  of  9,046  in  1912.  In  1906-10  no  less 
than  561  German  patents  for  synthetic  dyes,  against  30  English 
patents,  had  been  filed.  Germans  had  habitually  filed  patents 
calculated  to  put  research  workers  off  the  correct  lines,  and  to 
prevent  British  subjects  making  any  use  of  the  processes 
described.  After  the  war  we  were  likely  to  be  faced  with 
organised  German  efforts,  besides  other  problems  incidental  to 
the  war.  The  action  of  the  Excise  authorities  in  retarding  the 
provision  of  industrial  alcohol  was  another  obstacle.  Mr. 
(banning  recommended  a  union  of  the  gas  industry  with  other 
industries. 

Automatic  Electric  Hoists. — In  the  "  Bulletin  "  of  the 
American  Institute  of  Mining  Engineers,  Mr.  H.  Kenyon 
Burch  and  Mr.  M.  A.  Whiting  describe  an  automatic  electric 
hoist  used  for  raising  ore  at  the  Inspiration  Copper  Mine, 
Arizona.  The  depth  is  630  ft.,  ore  raised  10,000  tons  per  day 
of  14  hours,  with  a  maximum  of  14,000  tons.  Two  vertical 
shafts  have  been  sunk  lined  with  concrete.  The  hoists  are  of 
the  Nordberg  type,  each  driven  by  a  580  h.p.  direct-current 
shunt-wound  motor  at  575  volts  and  264  revs,  per  min. 
Power  is  supplied  by  a  750  revs,  per  min,  flywheel  generator 
set,  consisting  of  one  850  h.p.  2,300-volt  25-cycle  induction 
motor,  two  500  kw.  575-volt  generators,  one  20  kw.  125-volt 
exciter,  and  a  19,7001b.  112  in.  diameter  steel  plate  flywheel. 
The  two  hoists  are  of  the  same  design,  with  air-operated  brakes 
and  clutches,  and  the  automatic  control  system  is  designed,  so 
that  the  engines  are  of  standard  type.  The  skips  are  loaded 
underground  by  an  automatic  system.  To  start  the  lifts  work- 
ing automatically  a  master  controller  is  used,  and  when  this  is 
thrown  on  to  the  running  position  automatic  working  is 
started.  A  control  switch  can  also  accelerate  the  working  of 
the  hoists,  causing  them  to  "  overlap  "  if  necessary. 

Electric  Discharge   in   a  Transverse  Magnetic  Field. — 

There  is  a  Paper  in  the  "  Philosophical  Magazine,"  by  Prof. 
D.  N.  Mallik,  B.A.,  Sc.D.,  F.R.S.E.,  and  Mr.  A.  B.  Das,  M.Sc, 
on  this  question.     It  had  been  shown  in  a  previous  Paper  by 
Prof.  MalUk  that  when  the  pressure  inside  the  tube  was  equal 
to  that  of  the  atmosphere  the  discharge  at  first  was  of  the  nature 
of  a  shower  of  sparks  ;    when  the  pressure  is  sufficiently  low 
these  combine  into  a  thick  stream  ;   that  only  in  this  case  is 
there  rotation  under  magnetic  influence  as  in  the  usual  De  la 
Rive  apparatus.     As  the  pressure  is  still  further  reduced  the 
bands  gradually  change  into    a    shower  again  and  rotation 
ceases.     The  present  Paper  discusses  in  detail  the  behaviour 
of  the  discharge  when  the  rotatory  stage  is  passed.     The 
phenomena  depends  on  the  primary  voltage  of  the  induction 
coil,  nature  of  the  coil,  difference  of  potential  between  the 
electrodes  of  the  discharge  tube,  their  distance,  pressure  of  gas 
in  the  tube,  nature  of  gas  in  the  tube  and  nature  of  the  elec- 
trodes.    These  questions  are  examined  mathematically,  and 
curves  are  given  showing  the  relations  obtained  under  various 
assumptions.     Owing  to  the  fact  that  the  potential  is  assumed 
to  vary  uniformly  from  cathode  to  anode  and  that  the  angular 
position  of  the  stream  and  another  function  are  assumed  to  be 
constant,  which  is  not  realised  in  practice,  it  is  not  surprising 
that  the  curves  actually  obtained  are  more  complex  than  those 
deduced  theoretically.      It  is  the  intention  of  the  authors  to 
discuss  the  experimental  results  as  to  their  bearing  on  some 
of  the  conclusions  arising  from  Prof.  Sir  J.  J.  Thomson's  theory 
of  conduction  in  gases. 

Colour  Vision. — A  Paper  on  the  "  Theory  of  Colour  Vision  " 
was  read  recently  by  R.  A.  Houston,  M.A.,  Ph.D.,  D.Sc,  before 


the  Royal  Society.     This  theory  may  be  regarded  as  a  mathe- 
matical formulation  of  the  views  of  Dr.  Edridge-Green,  but 
the  author  had  worked  quite  independently,   and  was  not 
aware  of  this  until  his  own  conclusions  were  definitely  formed. 
The   Young-Helmholtz  theory  explains  the   facts  of  colour 
mixing,  but  it  is  very  doubtful  as  to  whether  we  can  from  these 
facts  deduce  the  existence  of  the  three  primary  colour  sensa- 
tions.    As  is  well  known  to  electrical  engineers  in  the  familiar 
equation,   d^xldt^-\-hdx/dt-{-nH=E  coHcot,    x    represents    the 
displa.^ement  of  a  typical  vibrator,  and  in  this  case  E  cos  ojt  is 
the  force  per  unit  mass  exerted  in  it  by  the  incident  light  wave. 
The  solution  consists  of  two  parts,  viz.,  the  free  vibration  and 
the  forced  vibration.     It  is  shown  that  instead  of  three  primary 
sensations  the  reception  of  light  by  the  eye  can  be  represented 
broadly  by  one  class  of  vibrators.     In  this  way  Ive's  visibility 
curve  is  compared  with  a  probability  cur\-e,  and  a  good  agree- 
ment between  theory  and  observation  is  obtained.  The  vibrators 
in  the  eye  are  compared  to  the  diaphragm  in  a  telephone  which 
reproduces  a  note,  the  vibrators  in  the  eye  acting  similarly  only 
imperfectly  reproduce  the  light  sensation.     No  matter  how 
monochromatic  the  incident  light  wave,  the  wave  transmitted 
by  the  optic  nerve  is  not  monochromatic.     In  reply  to  the 
question  how  does  this  theory  explain  the   apparent  trichro- 
matism, we  must  fall  back  on  the  reason  given  by  Dr.  Edridge- 
Green,  viz.,  that  the  brain  is  not  sufficiently  developed  to 
discriminate  between  the  character  of  adjacent  curves.     The 
fact  that  with  monochromatic  incident  light  the  sensation 
becomes  whiter  as  the  intensity  is  increased  supports  his  theory. 
This  is  explained  by  the  fact  that  when  the  intensity  increases 
the  vibrators  are  more  strongly  damped,  and  hence  the  energy 
of  the  Fourier  components  of  its  motion  are  more  widely  dis- 
tributed over  the  spectrum.     The  method  of  discussing  the 
question  is  certainly  strightforward,  and  will  commend  itself 
to  the  practical  physicist. 


OBITUARY. 


Dr.  Curtis. — We  regret  to  record  the  death  of  Dr.  Charles  William 
Curtis,  principal  medical  officer  of  the  Eastern  Telegraph  &  Allied 
Companies,  which  took  place  at  Ashford  on  the  6th  inst. 

Killed  in  Action. — The  following  deaths  in  action  or  of  wounds 
are  reported  : — 

Capt.  John  Henderson-Begg  (Gordon  Highlanders),  who  was  killed  in 
action  on  July  23,  was  25  years  of  age.  He  was  educated  at  the  Robert 
Gordon  College,  Aberdeen,  and  the  Royal  Technical  College,  Glasgow, 
where  he  studied  engineering. 

Cai3t.  F.  R.  Jessing  (Border  Regt.),  who  was  killed  on  July  1,  was  29 
years  of  age  and  formerly  in  the  service  of  the  Eastern  Telegraph  Co. 

Lieut.  J.  H.  Palmer  (Public  Schools  Batt.  R.F.),  who  was  killed  in 
action  on  July  20,  took  his  degree  as  an  electrical  engineer  at  Manchester 
and  was  for  some  years  with  Messrs.  Connolly  Bros.,  Manchester. 

Sergt.  A.  Ross  (Public  Schools  Batt.  R.F.)  went  through  the  electrical 
engineering  course  at  Manchester  School  of  Technology  axid  obtained  th© 
degree  of  B.Sc.(Tech.)  in  19U. 

Private  Julius  Gregory  (Public  Schools  Batt.  R.F.),  who  was  killed  in 
action  on  July  20,  had  served  an  apprenticeship  as  an  electrical  engineer. 

Lieut.  D.  S.  Baker  (R.E.),  aged  26,  who  has  died  of  wounds,  was  a 
former  engineering  student  of  the  City  and  Guilds  Central  Technical 
College,  and  a  B.Sc.  of  McGill  University,  Montreal.  Prior  to  taking  up 
his  commission  he  was  engaged  with  Messrs.  Vickers  (Ltd.). 

Lieut.  F.  L.  Cassels  (R. E  ),  who  has  been  killed,  was  33  years  of  age 
and  a  son  of  Mr.  W.  R.  Cassels,  of  Buenos  Ajrres  and  London.  He  was 
an  engineer  bj'  profession. 

Sec  ond-Lieuv.  jNIichael  Hill  (R.E.),  who  was  killed  on  July  19,  gained 
the  D.C.IM.  at  the  age  of  18  for  bravery  and  devotion  to  duty  in  laying 
and  repairing  telephone  wires  under  fire  from  December,  1914,  to  March, 
1915,  inclusive. 

Lieut.  Arthur  PojTiting  (Machine  Gun  Corps),  killed  in  action  on  July 
25,  was  the  only  son  of  the  late  Prof.  Poj-nting,  of  the  University  of 
Birmingham. 

Lieut.  Stuart  M.  Rawson  (R.F.),  who  was  killed  on  July  20,  was  24 
years  of  age,  had  taken  a  diploma  at  the  Central  Technical  College,  South 
Kensington. 

Second-Lieut.  Chas.  S.  Reed  (Leicester  Regt.),  killed  ui  action  was 
for  some  years  engaged  in  Sir  Oliver  Lodge's  laboratoiy  at  Birmiughaiu 
University.     He  was  28  years  of  age. 

Second-Lieut.  R.  S.  Robertson  (K.O.S.B.),  who  has  died  of  wounds, 
was  22  years  of  age,  was  an  engineermg  student  at  Glasgow  L'niversity, 
where  he  took  his  B.Sc.  degree,  and  an  associate  of  the  Royal  Technical 
College,  Glasgow. 
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Capt.  C.  S.  Wolstenholme  (Durham  L.I.),  aged  43,  who  was  killed  in 
action  on  July  17,  was  assistant  superintendent  engineer  in  the  telei^hone 
department  of  Leeds  Post  Office  before  the  war. 

Lieut.  F.  H.  Talbot  (Sherwood  Foresters),  who  has  been  killed  in  action, 
was  23  years  of  age,  and  was  a  son  of  the  City  Electrical  Engineer  of 
Nottingham. 

,  Lieut.  Thos.  Challoner  (R.  E.),  who  died  of  wounds  on  July  25, 
received  the  Militarj*  Cross  for  services  in  the  present  war.  He  was  an 
electrical  engineer  of  Cardiff. 

Sapper  J.  H.  L.  Callaway  (R.E.),  whose  death  is  reported,  was  in  the 
engineering  department  of  the  Post  Office  Telephone  Department  and 
lived  at  Balsall  Heath  prior  to  the  war. 


PERSONAL. 


The  directors  of  the  St.  James's  &  Pall  :MalI  Electric  Light  Co. 
have  appointed  Sir  Alex.  B.  W.  Kennedy  chief  engineer  in  the  place 
of  the  late  Mr.  S.  T.  IJob.son. 

Lieut.  Dan  Hughes  (Gordon  Highlanders),  who  is  rej)orted  w  ounded 
and  missing,  was  assistant  electrical  engineer  at  Llandudno  elec- 
tricity works  until  he  enlisted  in  tlie  early  days  of  the  war. 

Mr.  W.  C.  Harmer,  a  student  in  the  electrical  engineering  deimrt- 
ment  at  the  Brighton  Technical  College,  has  obtained  a  First  Honours 
in  the  recent  B.Sc.  Eng.  (Lond.)  examination. 

Mr.  Thomas  Bowen,  electrical  engineer  to  Llandilo  Urban  Council, 
has  tendered  his  resignation. 


APPOINTMENTS  VACANT  AND  FILLED. 

An  electrician,  ineligible,  is  required  for  a  seaside  hotel.  Applica- 
tions to  the  Manager,  South  Eastern  Hotel,  Deal.     See  advertisement. 

The  local  education  authority  invite  applications  for  the  position 
of  princijjal  of  the  Barrow  Technical  School.  Candidates  must  be 
qualified  in  engineering  subjects.  Salary  £400.  Particulars  from 
the  Director  of  Education,  Town  Hall,  Barrow-in-Fumess,  to  whom 
applications  by  Sept.  2. 

A  headmaster  with  science  degree  is  required  for  Soham  Grammar 
School.  Salary  about  £300.  Applications  to  Education  Secretary, 
County  Hill),  Cambridge. 

Portsmouth  Education  Committee  invite  applications  for  the 
position  of  hcjul  of  the  mechanical  arid  civil  engineering  department 
at  the  Municipal  College.  Salary  £22.5,  rising  to  £2.50.  Applica- 
tions to  11i(!  Secretary  by  Aug.  23. 

Jiarking  Town  Urban  Council  require  a  station  su])erintendent. 
Applications  to  Cliairnian  of  Electricity  &  Tramways  Committee, 
Puiiiic  ()(li(cs,  Barking,  l)y  -Aug.  I."). 

The  Royal  Flying  Corps  requires  300  men,  from  19  and  22  years 
of  age,  to  train  as  wirele.ss  telegraphists.  A])])li(  ations  to  be  made 
])ersonally  to  the  Director  of  Education,  the  Polytechnic,  309, 
Regent -street,  lx)ndon,  W. 

An  electrician  is  re(|uirod  for  the  Ciold  Coast  Goveniment  Water- 
Works.  Salary  £300,  rising  to  £350,  wr  annum,  with  free  (p'arters. 
Ai)pli<alionH  to  the  Crown  Agents  for  the  Colonies,  4,  Millbank, 
Lcjndcm,  S.VV. 


Mr.  1%.  I'-.  L(ji(li,  linrongb  electrical  engineer  and  tramways 
manager  of  llcywood,  has  been  apjiointcd  borough  electrical  en- 
gijK  cr  of  l.oughljorough,  in  si.<  «cs.>.i<  n  to  Mr.  \\'.  11.  Allen,  at  £300  j.er 
annum. 

Mr.  S.  11.  ]''()wles,  of  Aylesbury,  has  been  appointed  resident  elec- 
trical engineer  at  Leek. 


INSTITUTIONS  AND  SOCIETIES. 

Municipal  Tramways  Association.— The  i)rogramme  for  the  annual 
meeting  of  the  Municipal  Tramways  Association,  to  be  held  at  the 
Surveyors"  Institution.  \\'cst minster,  on  Sept.  2!  and  22  next,  lias 
now  been  i.ssued.  Following  a  meting  of  the  K-wcutive  Council, 
the  conference  will  ojien  at  11  o'clock  on  the  Tnursday  moniing. 
wlicn  Mr.  Peter  Fisher,  gencnd  man.iger  of  the  I)imdce  Corporatit  n 
tramways  undertaking,  will  deliver  his  i)resitlential  addre.ss.  Thi.s 
will  be  followed  by  a  Pajier  entitled  "  Some  Notes  on  Passenger 
Transportation  in  Large  Cities."  by  Mr.  .1.  M.  McElroy,  p«>n<TaI 
manager  of  the  Manchester  Cor]H)rati(  n  tramways  ;  and  aJter  hni<  h 
a  jomt  Pajier  on  "  LUilisation  of  Tramwa\-8  for  Goods  Traffic,"  by 
Messrs.  G.  \\'.  llolford.  geneial  niai\ager  of  tlie  Salfiud  C(U]M'ration 
tran\ways.  and  W  .  (Umgh.  general  manager  of  the  Bury  Cor|Hiration 
tramways,  will  be  discussed.  (h>  I'riday  moniing  there  will  le 
anoth(-r  nu>i<tiug  of  (he  l"'xc('utivc  ( '<  lunil.  and  al.>.o  a  meeting  of  the 


Managers'  Section,  after  which  the  annual  business  meeting  of  the 
as.sociation  will  be  held.  It  has  been  decided  that  no  social  functions 
shall  take  place,  and  therefore  no  arrangements  have  been  made  for 
the  usual  association  dinner  or  excursion. 

The  Electric  Vehicle  Committee. — A  meeting  of  the  Electric  Vehicle 
Committee  was  held  in  London  on  July  28,  1916,  ;Mr.  R.  A.  Chattock 
presiding.  It  was  announced  that  the  Royal  Automobile  Club  had 
nominated  as  their  representative  upon  the  Committee  ^Ir.  W. 
AVorby  Beaumont.  With  reference  to  the  correspondence  that  had 
taken  place  between  the  B.O.T.  and  the  Electric  Vehicle  Committee 
on  '■  Imjx)rt  Restrictions,"  it  was  decided,  as  a  request  had  been 
received  from  one  teclmical  paper,  that  a  copy  of  the  correspondence 
should  be  sent  to  each  technical  journal.  [The  result  of  this  cor- 
respondence does  not  appear  to  be  verj'  conclusive.]  Consideration 
was  again  given  to  insurance  policies  for  electric  vehicles.  Cor- 
respondence with  the  Car  &  General  Insurance  Corpn.  (Ltd.)  was 
submitted,  from  which  it  appeared  that  the  corjx)ration  were  willing 
to  come  into  line  with  the  suggestions  pre\dously  made  by  the 
Committee  that  their  standard  electric  vehicle  policy  should  be 
altered  so  as  to  include  the  risk  on  the  battery  while  the  vehicle  is  in 
transit  by  road,  rail  or  .shijj.  Subject  to  this  alteration,  the  Com- 
mittee considered  that  the  Car  &  General  Insurance  Co.'s  policy 
met  ever}-  reasonable  requirement,  and  they  decided  to  give  their 
approval  to  it.  Arising  out  of  correspondence  that  the  secretary 
had  had  with  the  Clerk  to  the  Urban  District  Coimcil  at  Rugby  in 
the  matter  of  jjroviding  charging  facilities  for  electric  vehicles,  the 
Secretary  was  directed  to  write  and  say  that  the  Committee  regretted 
the  Council's  decision  not  to  provide  such  facilities  at  the  present 
time.  It  should  be  noted  that  the  British  Thomson-Houston  Co. 
are  ])rei)ared,  when  their  own  arrangements  admit  and  at  times 
convenient  to  themselves,  to  charge  electric  vehicles  passing  through 
Rugby. 

North-East  Coast  Institution  of  Engineers  and  Shipbuilders. — 

The  importance  of  industrial  research  is  becoming  more  and  more 
recogiiised  by  our  teclmical  societies.  As  evidence  of  this  fact  it  is 
interesting  to  note  that  the  Xorth-East  Coast  Institution  of  Engi- 
neers and  Shipbuilders  has  recently  appointed  a  Research  Committee, 
and  that  the  latter  has  already  made  a  start  with  its  work  by  acceding 
to  the  request  of  a  well-known  firm  in  the  north  to  investigate  and 
carr}-  out  exhaustive  tests  of  apparatus  having  for  its  object  the  more 
economical  production  of  power  by  marme  steam  engines.  By  its 
action  it  will  be  the  first  of  the  influential  technical  institutions 
actively  to  promote  the  progress  of  the  industries  with  which  its 
members  are  associated  by  officially  making  and  recording  tests  of 
new  apparatus  develojied  by  them,  though  this  course  has  been 
followed  for  many  years  by  the  RoN'al  Automobile  Club.  In  the 
introduction  and  development  of  improved  apparatus  much  dei>ends 
on  an  authoritative  ])ronouncement  concemLiig  the  results  claimed, 
and  this  can  best  be  secured  through  the  verdict  of  independent 
bodies  who  are  not  influenced  by  commercial  considerations.  Through 
such  tests  an  ever  increasing  mass  of  important  data  would  be 
accumulated,  rejiresenting  the  collective  knowledge  of  each  industry, 
and  from  the  ])iil)li<ation  of  tliis  data  would  result  the  mcideutal  but 
highly  important  eiTect  that  much  overlajiping  of  exix'rimental  work 
would  be  avoided. 


ARRANGEMENTS  FOR  THE  WEEK. 


I8t  LONDON  ENGINEER  VOLDNTEERS. 
Officer  ("oiiini.indiii<T.  Lieut. •((>).  '',  H.  (  L.W.  V.D. 

Orders  for  August. 

Heiidqunrtrra  and  R.-uige. — The  hci.dquarters  will  Ik;  clo.'ied  during 
August,  except  on  Tuesday  evenings.  The  range  will  be  open  on 
Thursday  evenings  only.  On  tliese  evenings  the  Serpeant-M»>jor 
w  ill  tnko  fliarpe  aid  1k^  re!*jx)nsible  for  the  niainteiianre  of  order  and 
discipline.  Kerniits  are  urged  to  take  advantage  of  this  arrange' 
iiieiit  for  drill  jiikI  shoofing. 

In.str«ction  ('|ji(->es. — Instruction  classes  at  Regency-strwt  will  be  held 
as  UHual  for  Plat<M>ns  Xos.  9  and  10. 

Cnnip. — The  c.iinp  nt  Otfnrd  will  \>f  available  until  Auc  31.  Mcmliorsi 
wishing  to  .nttcr.d  sliotild  enter  tlieir  names  nt  liendqnartors  on  the 
sheet  jirovidcd  for  the  purjx>se.  The  cost  will  be  about  .3s.  per  d.iv. 
Members  .••hould  ]irovide  theni.'-elves  with  two  blankets,  knife,  fork 
»<]M>on.  plate,  nnig  and  a  sjvire  jviir  of  boots. 

Entrenching. — .\o  many  nicnilxT«  as  i>os.sible  should  endeavour  to  attend 
the  Surday  entrenching  jwriide,*,  in  order  th.^t  th.'^  work  to  be  done 
niny  Iw  coniplete<l  ns  ex]M''htionsly  as  jwssiblr.  Parade  in  uniform 
as  usual  at  Virtoria  Station  (S.  K.  &  C.  Railway)  Booking  Oflice, 
S.-l.'i  n.ni.  Menilirs  are  remindid  that  thi »  ftork  is  of  inMional 
im|¥irtanre.  nt d  therefore  all  who  are  able  to  put  in  Saturdays  or 
occasional  week  day."  are  urged  to  do  so.  They  are  reminded  that 
they  can  obtain  railway  vouchers  from  the  booking  clerk  by  .showing 
their  cap  l>adges. 
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LIFTING  MAGNETS. 


F.  Summary. — In  this  article  detailed  particulars  of  operating  costs  and 
performancc^of  lifting  magnets  are  given.  These  are  followed  by  descrip- 
tions of  various  types  of  lifting  magnets.  Method  of  control  and  connec- 
tion are  next  dealt  with,  and  several  safety  devices  of  Continental  origin 
are  described.  ^Illustrations  are  given  of  a  crab  provided  with  magnet 
and  tongs  for  handling  cold  and  hot  ingots,  and  in  conclusion  reference 
is  made  to  a  magnet  scrap-loading  plant. 


Lifting  magnets  may  be  regarded  as  the  most  valuable  adjunct  to 
an  appliance  intended  for  the  handling  of  large  quantities  of  magnetic 
material.  Experience  shows  that  such  magnets,  when  made  by 
firms  of  repute,  are  at  least  as  reliable  as  lifting  by  means  of  slings, 
and  at  the  same  time  promote  rapid  and  economical  handling  of 
material.  The  more  awkward  the  load  the  greater  is  the  economy. 
Thus,  in  a  certain  works  the  installation  of  a  scrap-handling  magnet- 
crane  enabled  the  owners  to  dispense  with  the  services  of  13  labourers. 
At  25s.  per  week  per  man  this  represents  £845  per  annum,  and  after 
deducting  working  expenses,  interest,  depreciation  and  maintenance 
charges  a  sum  remains^whioh  is  sufficiently  large  to_]pay  for^the'equip- 
mentin'afewyears,.  ;;^^J ,_     _  "  ik'irt^nlS 

Operating  Costs. — The  following  data'give  the  operating  costs  [of  a 
52-in.  "  Igranic "  magnet  ^worked  under^adverse  conditions,  the 
material  being  "covered  with  snow  and  ice.     The  travel  of  the  crane 


In  analysing  the  above  figures  it  should  be  noted  that  the  costs 
refer  to  American  practice,  and  that  almost  one-half  of  the  total  cost 
is  contained  in  the  item  covering  stockers'  wages.  The  makers  point 
out  that  the  cost  of  unloading  pig-iron,  which  used  to  be  contract 
work  at  4d.  per  ton,  would  therefore  be  in  the  neighbourhood  of 
0-5d.  per  ton.  Wages  in  the  United  States  are  greater  than  in  this 
country,  and  the  amount  for  repairs  is  higher  than  one  would  allow 
for  a  small  crane  working  under  the  conditions  naling  at  home.  A 
factor  of  greater  importance  than  the  reduction  of  operating  costs  is 
the  elimination  of  unskilled  labour. 

It  i.  reported  by  the  Inland  Steel  Co.  that  a  cargo  of  1,960  tons  of 
pig-iron  was  unloaded  in  lOJ  hours  by  means  of  two  62-in.  magnets 
and  two  men,  the  average  lift  per  magnet  being  1-53  tons.  Formerly 
it  took  two  days  and  two  nights  to  clear  such  a  load,  and  28  men 
were  required  for  the  work.  The  unloading  of  55  tons  of  pig-iron  in 
half-an-hour  by  a  52-in.  magnet,  with  an^average  load  per  lift  of  about 
0-81  ton«:  is  another  creditable  record.*' 

f-  Eating.— The  lifting  capacity  of^a  magnet  depends  entirely  on  the 
materials  which  it  has  to  handle,  particularly,  however,  on  the  follow- 
ing :  (a)  The  magnetic  quality  of  the  load  ;  (6)  the  temperature  of 
the  material,  wliich  should  not  be  above  black  heat  ;  (c)  the  shape  of 
the  load  and  whether  it  consists  of  one  solid  piece  or  a  number  of 
small  parts  ;  and  (d)  the  manner  in  which  the  material  to  be  lifted  is 
stacked. 

]  Although  the  lifting  capacity  cannot  be  calculated,  it  may  be 
assumed  that  a  well-designed  magnet  is  capable  of  lifting  a  solid 
piece  of  steel,  with  machined  surface,  of  not  less  diameter  than  the 


Fig.  1. — Two  Magnets  and  Hanger  Bar, 


Fig.  2.— Section  of  "  Igranic  "  Lifting  Magnet. 


varied  from  nothing  to  25  ft.,  the  traverse  was  15  ft.  and  the  lift 
about  15  ft.  Material  was  unloaded  from  railway  trucks  into 
charging  boxes,  and  was  trimmed  by  two  stockers,  except  in  the  case 
of  pig-iron,  when  only  one  stocker  was  required. 

Handling  Light  Angles,  Beams  and  Rail  Scrap  about  3  ft.  to  5  ft.  long. 

Total  weight  handled  66,700  lb. 

Weight  per  lift 1,0581b. 

Lifts  per  hour    122 

Weight  per  hour  54-8  tons 

Handling  Q  in.  by  %  in.  by  3  in.  Blowing  mill  Crop  Ends,  Snoiv-covered 

and  Frozen. 

Total  weight  handled  56,6001b. 

Weight  per  lift 1,5301b. 

Lifts  per  hour    106 

Weight  per  hour   75-8  tons 

Handling  Pig-iron,  Sna^w-covered  and  Frozen. 

Total  weight  handled  ' 26,200  lb. 

Weight  per  lift 1,091  lb. 

Lifts  per  h  our    1 20 

Weight  per  hour   56-5  tons 

On  the  assumption  that  the  crane  lan  50  per  cent,  of  the  time  only, 
the  owTiers  gave  the  costs  set  out  below  : — 

Magnet  interest  at  5  per  cent £12  10  0 

Magnet  depreciation  at  10  per  cent 25     0  0 

Electric  energy  for  magnet 24     6  0 

Crane  interest  at  6  per  cent 37  10  0 

Repairs  329     7  6 

Electric  energy  for  crane 37  10  0 

Twocranemen 360     0  0 

Four  stockers    750     0  0 

Total  £1,576     3     6 

The  cost  per  ton,  therefore,  of  handling  the  material  is  :  Light  scrap, 
l-57d.  ;  heavy  scrap,  1-I4d.  ;  and  pig  iron,  l-53d.  This  includes 
labour  for  trimming  the  charging  boxes. 

Rough  figures  obtained  subsequently  showed  that  the  loading  of 
pig-iron  from  a  pile  into  charging  boxes  could  be  carried  out  at  a  cost 
somewhat  less  than  Id.  per  ton,  covering  all  the  irregularities  and 
■disadvantageous  conditions  that  might  arise. 


magnet  itself,  weighing  approximately  15  times  the  weight  of  small 
magnets,  8  to  12  times  the  weight  of  magnets  from  2  ft.  to  3  ft.  in 
diameter,  and  5  to  6  times  the  weight  of  magnets  from  3  ft.  to  5  ft. 
diameter. 

When  dealing  with  materials  such  as  sand-cast  pig-iron  or  heavy 
scrap,  the  lifting  capacity  decreases  considerably,  depending  entirely 
on  the  amount  of  material  covered  by  the  contact  sm-face  of  the 
magnet.  The  larger  the  contact  surface,  the  greater  the  load  at- 
tracted. With  magnets  of  large  diameter,  in  addition  to  the  first 
layer,  further  material  is  in  some  instances  attracted  by  the  centre 
pole.  When  the  load  consists  of  iron  plates  the  load  depends  on  the 
size  of  the  plates,  but  up  to  six  layers  can  be  lifted  according  to  the 
thickness  and  weight  of  each  plate  and  the  t^'pe  of  magnet.  The 
weight  of  loose  materials,  such  as  stampiiigs  and  drop  forgings, 
attracted  by  a  magnet  varies  greatly,  and  is  relatively  small,  in  some 
cases  only  reachmg  up  to  about  one-half  the  weight  of  the  magnet. 

In  order  to  increase  the  weight  of  material  handled  per  lift,  a 
battery  of  two  or  more  magnets  may  be  used,  as  shown  in  Fig.  1. 
In  such  cases  the  magnets  are  so  suspended  from  a  common  bar  or 
frame  as  to  obtain  the  best  results.  This  an-angement  is  ad\'isable 
when  handling  long  pieces  or  sheets,  as  the  overhang  tends  to  pull 
the  load  away  from  a  single  large  magnet. 

Construction. — Lifting  magnets  are  only  constructed  for  dii-ect- 
current,  and  when  the  supply  is  alternating-current  it  is  necessary 
to  have  a  motor-generator  set  or  other  source  from  which  du^ct- 
current  can  bo  obtained.  The  supply  pressure  should  not  exceed 
220  volts. 

In  common  with  most  of  the  electric  equipment  of  cranes,  the 
construction  of  lifting  magnets  is  work  for  specialist  firms,  and  users 
cannot  do  better  than  specify  magnets  by  such  finns.  We  shall  here 
briefly  describe  three  typical  magnets. 

"  Igranic  "  Lifting  Magnet. — A  section  of  this  magnet  is  depicted 
in  Fig.  2.  The  body  or  frame  A,  made  of  magnet  cast -steel,  is 
provided  with  hea^'y'  lugs  cast  integral  with  it  for  the  suspension 

*  Recent  improvements  in  the  design  of  these  lifting  magnets liave 
increased  the  lifting  capacities  from  20  per  cent,  for  some  sizes  up  to  60 
per  cent,  for  others,  without  increasing  their  weight.  Correspondingly 
better  tesUlts  are,  therefore,  to  be  expected. 
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chains,  and  the  terminal  box  is  likewise  part  of  the  casting.  Both 
the  inner  and  outer  pole-shoes  D  are  strong  steel  castings,  and  are 
secured  to  the  frame  by  through  bolts.  The  coil-shield  E  is  a  flanged 
disc  of  manganese-steel,  ribbed  on  the  under  side  as  shown. 

Copper  strip  is  used  for  the  coil  w-inding.  The  spool  C  is  of  steel, 
and  forms  part  of  the  inner  pole.  A  tight  joint  between  spool  and 
magnet  body  is  obtained  in  order  to  eliminate  all  dead  air  spaces  and 
to  facilitate  rapid  radiation  of  heat.  The  coil  is  clamped  tightly 
between  the  body  and  coil-shield.  To  ensure  the  rapid  transference 
of  the  heat  to  the  outside  of  the  magnet  body,  dead-air  heat-insulating 
spaces  are  eliminated,  and  the  number  of  joints  is  reduced  to  a 
minimum.  Sheet-mica  is  used  for  insulation  between  the  various 
layers  of  the  coil  and  for  insulating  the  upper  and  lower  faces  of  the 
coil  from  the  magnet  body  and  shield.  After  assembly  the  coil  [and 
the  whole  interior  of  the  magnet  are  filled  under  vacuum  with  water- 


FiG.  3. — "Wittox-Kramer"  Pig-ILvgxet. 

proof  insulating  compound.  This  not  only  prevents  access  of 
moisture  to  the  coil  from  outside,  but  it  also  eliminates  internal 
sweating,  to  which  breakdowTXS  can  often  be  traced.  A  principle 
followed  by  the  makers  is  that  every  magnet  must  be  capable  of 
withstanding  submersion  without  sustaining  damage,  and,  as  an 
indication  of  the  I'crnianency  of  the  insuhition,  it  is  claimed  that  no 
magnet  supi)licd  since  190!)  has  developed  an  earth  or  short-circuit  in 
its  windings. 

It  is  essential  that  the  terminals  of  a  lifting  magnet  be  so  protected 
as  to  be  aide  to  withsti.nd  rougli  u.^age.  and  that  they  shall  be 
alwoluteiy  watertight.  The  terminiil  block  construction  is  shown  in 
Fig.  2.  The  leads  from  the  magnet  coil  are  brought  up  into  the 
heavy  cast-steel  terminal  box  set  lietween  two  flanges,  whicli  form 
part  of  the  magnet-frame  casting.  In  this  box  the  connection  is 
made  by  means  of  flexible  leads  to  the  terminal  studs  which  emerge 
from  the  side  of  the  box.     Connection  is  here  made  to  (he  lead  wires 


brought  down  through  armoured  ho-se  which  is  clamped  to  the 
magnet  body  by  a  hea\y  casting  formed  as  a  protective  hood  covering 
the  terminal  studs. 

Particulars  as  to  sizes  and  ratings  of  these  magnets  are  set  out  in 
Table  I. 

"  Witton- Kramer  "  Lifting  Magnets. — A  magnet  for  handling  pig- 
iron  is  shown  in  Fig.  3.  Magnet  cast -steel  is  used  for  the  bodv  and 
the  former- wound  coil  Ls  mummified  and  heavilj-  insulated  from  the 
body  by  means  of  mica. 

The  constants  of  the  standard  lifting  magnets  are  given  in  Table  II.  : 

"  Phceniz  "  Lifting  Magnets. — These  were  developed  by  Messrs. 
Steel,  Peech  &  Tozer  for  use  in  their  owti  works,  and  embody  all  the 
improvements  that  have  been  suggested  to  the  manufacturers  in 
consequence  of  their  experience  with  the  use  of  these  magnets  under 
actual  working  conditions. 

The  sectional  drawing,  Fig.  4,  shows  the  design  of  the  latest  tvpe. 
The  casing  A,  C  and  poles  X,  S  are  made  from  high  jDermeability 
cast-steel.  Between  the  central  block  or  pole  and  the  outer  wall  an 
intenuediate  annular  wall,_  D,  is  provided  which  divides  the  wiring 
space  into  two  compartments,  E  and  F,  one  coil  being  round  the 
central  block  and  the  other  round  the  annular  piece.  This  simple 
improvement  extends  the  area  of  the  pole  and  materially  increases 
the  lifting  capacity  of  the  magnet.  The  impregnated  coUs  are  wound 
on  brasf>  formers  to  ensure  the  windings  being  kept  rigid,  as  there  is  a 


Fig.  4. — Section  of  "  Phcenix  "  Liftixg  Magket, 

tendency  for  the  turns  to  move  slightly  on  switching  the  ourrent  on 
and  off.  Such  movement  would  in  time  break  down  the  insulation. 
Hard  phosphor-bronze  bumping  plates  H  protect  the  coils  from 
injury. 

Table  TIT.  gives  the  sizes  of  the  circular  t_\-})e  magnets  with  ap- 
proximate ratings  under  favourable  conditions. 

Method  of  Control. — Since  a  circuit  contaming  an  electromagnet  is 
higlily  inductive,  in  order  to  prevent  the  insulation  from  breaking 
down  i)r()vision  must  be  made  on  switching-off  for  guarding  against 
the  induce  d  voltage  and  for  dissipating  the  energy  stored  in  the  mag- 
netic lield.  The  common  method  is  to  shimt  a  discharge  resistance 
across  the  magnet  terminals  prior  to  the  opening  of  the  circuit  and  to 
discomiect  the  resistance  before  switching-on. 

One  form  of  controller  made  by  the  "  Igranic  "  Co.  is  of  the  drum 
tyiie,  and  is  fitted  with  a  magnetic  blow-out.  It  has  three  positions — 
on,  off  and  reverse.     In  the  off  position  the  magnet  coils  are  discon- 


Table  I. — Dimtnaions,  Current  Con.<iumption  and  Rnlinj:*  of  "  Igranic  "  Lifting  Magnet.8. 


I  I      Dimensions, 

tlircc-poitit  chain 

„  .         V,  ,  Current      Approximate         suspension. 

r"  ■'      1  .    niiiiindat  lifting  

size         wcmht       „.,,,       ,. 
I  ^  220  volts 


lbs. 


amps. 


cnpiicity 
lbs.* 


Ilcad- 
iiioni 

in. 


Outside  I 
dia.  of 
magnet 
in. 


Adaptation. 


18 


350 


2-5 


12  19i        Handling  light  fininhed  partH.  rIho  light  iron  or  steel  castingti.     A  pair  of  these 

niagnctH  will  handle  ocononiically  pijie  up  to  2  in.  diameter. 


24 

750 

7-5 

1 

23 

24 

Similar  to  tho  18  in.     Can  also  handle  skull-cracker  Iwlls  up  to  8.000  lb. 

30 

1 ,800 

1 

2(5 

1.(00  to  1,100 

42 

36 

For  general  service  in  handling  pip-iron,  scrap,  &c.,  whore  a  large  capacity  is  not 
required.     Sometimes  used  with  loco,  cranes. 

43 

3.300 

3.') 

'  1.500  to  1,'00 

1 

45 

432 

Primarily  dotijgned  for  \iHe  with  loco,  cranes.  Handle*  a  fair  average  load  and  >-ct 
18  not  a  ho.-ivy  magnet,  and  dcn-s  not  take  so  much  energy  an  to  cntiso  .an  tinduc 
drain  on  the  crane  l>oiler.  whii-h  mu.vt  Mipply  the  mapnet  engine  penrrator  8et. 

52 

5,200 

ro 

1  2,r00  to  2,800 

50 

62 

For  general  work.  Used  «■  \              ,  v  in  open-hearth  steel  plaat«  for  handling  stock. 

62 


7.500 


72 


4.000  to  i.-^oo      r^r^ 


62  J        Used  where  a  large  tonn*rpe  mu»it  be  handled.     Designed  as  the  larpent  magnet 
which  can  be  used  satinfactorilv  with  a  5ton  crane. 


*  The  lifting  cajmcity  ratings  are'conservative  averagrR|ba8ed  on'handlinp'p'P-'"^"*  Woom  and  axle  butt«.  crop  ends  of  rails  and  billets, mis- 
ocllanemis  srraji  and  similar  inat<'rial.  Witli  l:iri»e  nini;le  pieo-K.  Huch  as  castings  and  skull-craokcr  balls,  the  lifting  capacity  is  many  times  greater 
bvcunting,  for  example,  00,000  lb.  in  the  ct«c  of  the  62  in.  inapnut. 
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Table  II. — Properties  of  "  Wilton- Kramer"  Lifting  Magnets. 


Diameter  of  magnet 


1 


a  m. 


18  in. 


24  in. 


36  in.      42 


48  in. 


60  in. 


Approximate  rating  in  tons  (based  on  favourable  conditions  when  lifting). 


Single  solid  steel  in- 
gots, or  heavy  ar- 
mour plate    

Steel  plates   

Shafting,  bars,  billets, 
rails  and  girders  ... 

Pig-iron 

Cast-iron  scrap 

Sheet  iron  stampings, 
small  forgings,  turn 
ings  and  the  like  ... 

Approx.  weight,  tons. 

Ajjprox.  energy  input, 
kw 


1 
0-3  -0-4 

0-25-0-5 
0  05-0-1 
0-05-0-1 


0-03-0-05 
0-125 

0-8 


2 

0-4  -0-5 

0-5  -0-75 
0-1  -0-15 
0-15-0-2 


005-0-1 
0-188 

1-5 


4 
0-G  -0-9 

0-75-1-0 
0-25-0-3 
0-25-0-4 


0-15-0-25 
0-325 

2-0 


6 
1-0-1-5 

10-1 -25 

0-3-0-4 

0-4-0-6 


1-2.5-1-75 

1-2.5-1-5 
0-4  -0-45 
0-6  -0-75 


0-3-0-4 
0-9 

40 


10-4  -0- 
1-4 

5-0 


8  10 

1  •7.5-2-25  2-5  -3-0 


1-5  -2-0  20 
0-5  -0-75  0-7 
0-75-1-0     1-0 


-2-5 
5-10 
-1-5 


0-6  -0-75 
2-0 

60 


0- 


-1-25 


Table  III. — Properties  of  "  Phaenix  "  Lifting  Magnets. 
Approximate  rating,  in  tons  {based  on  favourable  conditions  when  lifting) 


Diameter  of  magnet 

30  in. 

36  in.            48  in. 

52  in. 

Single  solid  steel  ingots, 
or  heavy  armour  plate . 

Steel  plates  and  tin  plate 
bars    

5-5 

1-0  -1-5 

1-5  -2-0 
0-3  -0-4 

10  -1-5 
0-25-0-5 

8 
1-5-2-0 

11 

2-0  -2-5 

15 
2-5-3-0 

Shafting,     bars,     billets, 
rails  and  girders 

20-2-5     '[     2-5  -3-0 
0-6-0-75       0-75-1-0 

10-30          1-0  -40 

4-0-5-0 

Pig-iron 

1-0-1-5 

Scrap-iron  (broken  cast- 
ings)   or    heavy    steel 
scrap  

1-0-6-0 

Scrap    sheet -iron,    scrap 
stampings,  small  forg- 
ings, bolts,  heavy  turn- 
ings, filings  and  the  like 

0-4-0-6 

0-5  -0-8 

0-5-1-25 

Approx.  weight,  tons 

Current  consumption,  in 
units  per  hour,  allow- 
ing for  60  lifts  each  of 
1  minute  duration 

0-325 
1-5 

0-75 
2-0 

1-3 
4-0 

2-5 
7-0 

nected  from  the  supply  and  the  non-inductive  discharge  resistance  is 
shunted  across  its  terminals  as  described  above.  When  the  con- 
troller handle  is  placed  in  the  working  position  the  magnet  winding  is 


Fig.  5. — Wiring  Diagram  for  Lifting  Magnet  Circtit. 

connected  direct  to  the  supply,  and  in  turning  the  handle  to  the 
reverse  position  a  small  current  flows  through  the  w-inding  in  the 
reverse  direction  in  order  to  make  the  magnet  lose  its  residual  mag- 
netism and  quickly  release  the  load.  The  handle  can  only  remain  in 
this  reverse  position  as  long  as  the  operator  holds  it  there,  and  when 
he  releases  the  handle  it  automatically  returns  to  the  off  position. 

The  most  recent  practice  of  the  "  Igrauic  "  Co.  is  to  use  contactor 
type  controllers  for  magnets  of  32  in.  diameter  and  larger. 

It  takes  time  for  the  magnetic  fiux  to  die  down  after  the  magnetis- 
ing force  has  been  removed,  and  this  is  made  use  of  when  plates  are 
being  handled.  A  number  of  plates  may  be  lifted  at  one  time,  and 
dropped  singly  in  any  place  desired  simply  by  opening  and  closing 
the  control  switch.  Resistances  inserted  in  the  circuit  bring  about 
the  sarrie  result. 

Current  is  supplied  to  the  magnet  through  a  suitably  protected 
plug  connection,  and  the  plug  is  pulled  out  when  it  is  desired  to 
detach  the  magnet  from  the  crane  hook.  A  "  tell-tale  "  or,  prefer- 
ably, a  magnetic  lock  of  some  kind  should  be  fitted  to  the  plug  so  as  to 
make  it  impossible  to  remove  the  latter  while  current  is  passing.  The 
cable  should  be  permanently  secured  to  the  hook-block. 

Connection. — In  one  method  a  spring  drum  is  fitted  on  the  crane 


trolley  for  automatically  coiling  and  un- 
coiling the  flexible  cable  through  which  the 
current  is  transmitted  to  the  magnet. 

Some  u.sers  prefer  to  drive  the  cable  drum 
from  the  main  drum.  Such  an  arrangement 
la  depicted  in  f'ig  5.  The  drum  D,  geared  to 
one  of  the  shafts  of  the  lifting  mechanism 
and  provided  with  two  collector  rings,  Cj,  Cj 
is  mounted  on  the. trolley  The  bru.shes  b^,.  h^ 
are  connected  to  two  cro.ss-wires,  and  it  is 
desirable  to  connect  these  wires  on  the  live 
side  of  the  main  circuit-breaker  or  fuses. 

In  some  cases  the  flexible  cable  is  coiled 
upon  a  motor-driven  drum  in  which  the  series- 
wound  motor  is  made  to  exert  a  pre-deter- 
mined  torque  ju.st  sufficient  to  keep  the  cable 
taut  at  all  times. 

A  further  arrangement  is  to  use  a  counter- 
weight.    The  method  is  depicted  in  Figs.  6 
and   7.     From  Fig.  7  it  will  be  seen  that  the 
twin  conductor  cable  is  passed  over  a  sheave  attached  to  the  trolley 
and  carried  along  the  bridge  over  a  set  of  sheaves  in  the  operator's 
cage,  the  free  end  being  finally  taken  to  the  control  switch. 

Safety  Devices. — In  certain  cases  it  is  advisable  to  provide  safety 
tongs  which  close  under  the  load  at  the  end  of  the  lift.  With  the 
arrangement  depicted  in  Fig.  8  when  the  tongs  are  opened  the 
magnet  raises  the  material  and  the  tongs  then  close  under  the  mag- 
net, thus  preventing  any  of  the  material  being  ac?identp.lly  dropped, 

To  Controller  in  Crane  Cab. 

May  be  secured  to  Crab. 

^\~. 

M 


3-4 

8-0 


Fig.  6. — Method  of  Taking  Charge  of  Slack  Cable. 

even  in  the  event  of  interrruption  of  the  current  supph*.  It  is  evi- 
dent that  the  tongs  may  be  of  such  a  form  as  to  support  the  load,  and 
under  these  conditions  the  magnet  is  required  only  for  lifting  purposes. 
Large  lifting  magnets,  apart  from  their  great  cost,  are  of  consider- 
able size  and  weight.  This  impairs  the  efficiency  of  the  lifting 
mechanism.  The  appliance  sho-\ra  in  Fig.  9  has  been  used  in  order 
to  work  a  crane  at  its  full  capacity,  and  at  the  same  time  employ  a 
comparatively  small  lifting  m.ignet.  To  unload,  the  tongs  are  tilted 
by  means  of  the  second  rope  which  winds  on  to  the  auxiliar^^  drum. 


Wei^nt  to' 
keep  slack 
out  of  cable. 


Fig.  7. — Lifting  Magnet  applied  to  Overhead  Travelling  Crane. 


Handling  Hot  and  Cold  Metal. — Apart  from  the  fact  that  high 
working  temperatures  destroy  the  windmgs  of  lifting  magnets,  it  is 
well-known  that  the  lifting  capacity  of  a  magnet  depends  upon  the 
temperature  of  the  material  that  is  being  lifted.  Up  to  300°C.  the 
lifting  capacity  is  practically  constant,  but  as  the  temperature  in- 
creases the  capacity  dimmishes  rapidly,  until,  at  a  temperature  of 
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about  700°C.,  the  effective  pull  Is  zero.  For  handling  either  hot  or 
cold  ingots  use  has  been  made  of  the  arrangement  depicted  m  Fig.  10. 
Referring  to  the  drawing  it  will  be  seen  that  the  liftmg  motor 
drives  a  shaft  fitted  with  rope  drums  and  a  check  drum,  which  is  half 
the  diameter  of  the  rope  drums.  Two  lifting  ropes,  reeved  double, 
support  the  load,  and  in  the  loops  are  suspended  the  sheaves  which 
carry  the  cross-beam.     The  lifting  magnet  is  controlled  m  the  manner 

described  above.  „  ,    ,  ^        u-  v. 

The  two  arms  of  the  tongs  are  pivoted  on  the  parallel  plates  which 
form  the  steering  beams  and  the  claw-shaped  jaws  are  provided  with 
two  pairs  of  hardened  steel  jxjints,  arranged  step  fashion,  to  enable 
ingots  of  different  lengths  to  be  gripped.  The  upper  straight  arms 
of  the  tongs  rest  on  friction-rollers,  supported  in  the  cross-beam.  One 


of  the  plant  is  to  transfer  scrap  metal  from  railway  trucks  to  steel 
furnaces  in  the  most  expeditioas  manner  and  at  minimum  cost.  In 
the  arrangement  shown,  an  overhead  travelling  crane  is  fitted  with  a 
lifting  magnet  which  imloads  the  scrap  from  trucks  and  drops  it  down 


V 


Fio.  8. — LiFTiNO  Magnet  with  To::g  Att.\cement. 

end  of  the  double  steering-rope  is  passed  over  a  sheave  to  the  check 
drum,  and  is  kept  taut  by  a  weight.  'J'he  other  end  of  the  rope  is 
fixed.  A  hand  rope  from  the  cab  enables  the  operator  to  move  the 
stccring-ropc  sheave  downwards,  and  by  so  doing  the  beam  is  lowered 
to  double  the  extent. 


Fig.  11. — ScBAP-LOADiNo  Plant. 

the  shoot  into  the  charging  boxes.  The  shoot  is  made  of  iron  or  steel, 
and  is  carried  upon  a  portable  travelling  frame  on  rails  laid  outside 
the  track  for  the  bogies  carrying  the  charging  boxes,  so  that  the 
latter  can  pass  under  the  shoot.  The  magnet  in  addition  to  lifting 
the  scraj)  is  used  for  ;  ,djusting  the  position  of  the  shoot  over  the  next 


^^^g^^^ 


Fif,.   9. Smmi    M  \(!nkt   inn    Ldaping.   tookthku   with   Tii/iINO 

Dkvkk  koi;  Inloadino. 

In  Older  Id  griji  ;i.ii  iiii;ol  by  means  of  the  t-ongs.  the  magnet  is 
removed  without  chiMiging  the  leli'tivc  ic^tion  of  t lie  ero.-s  beam  and 
steering  1  earn,  and  the  tongs  jmc  loweud  until  the  pmjeetioius  on  the 
jaws  rest  upon  the  ingot.  Raising  the  cross-beam  and  simulta- 
neously lowering  the  st<>eriiig  beam  ni.ikes  the  gnppiiii:  i>oints  ap- 
proach each  other,  until  they  seize  the  ingot,  and  Ik.I.I  it  uiili  a  force 
that  iiuiva.ses  with  the  weight  of  the  ingot. 

Magnei    Scrap-loading    Plant.— A    typical    arrangeir.ent     of  the 
"  Phoenix  "  scrai)  loading  jilaiit  is  illustrated  in  Fig.  11.     The  object 


Fig.  10. — Crab  PRovinKn  with   Magnet  and  Tongs   f<>i;   Handun<; 

Cold  and  Hot  Ingots. 

charging  Ikix  to  he  filltd.  Thus  the  crane  driver  alone  is  able  to 
accompli>«h  with  rai)idity  all  the  niovenunt.>»  neoe.s«ary  for  tn»ns- 
ferrin?  tlie  scrap  frvim  the  railway  trucks  to  the  row  of  chaniing 
l>oxes.  which  n>sult,'i  in  a  speeding-up  of  the  process  and  eliminates 
shunt iuiz  of  the  truck.s. 
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LONG-DISTANCE   AND   CABLE   TELEPHONY 
GROUND  AND  SUBMARINE),* 


(UNDER- 


BY  B.  S.  COHEN  AND  J.  G.  HILL, 


Part  I, 

1.  It  will  be  convenient  to  deal  with  the  subjects  named  in  the 
title  in  the  order  named. 

2.  As  a  preliminary  observation  it  may  be  remarked  that  the 
distance  over  which  speech  can  be  conducted  on  a  given  uniform 
circuit  having  a  definite  attenuation  constant  per  unit  length,  is 
largely  dependent  upon  the  type  of  telephone  used,  also  upon  whether 
speech  is  conducted  from  a  silent  or  noisy  room,  and  whether  the 
oorresiiondents  making  use  of  the  line  are  able  to  make  efficient  use 
of  the  facilities  placed  at  their  disj^osal,  both  as  regards  transmission 
and  reception. 

3.  Before  entering  upon  the  question  of  the  long-distance  pro- 
perties of  lines  it  will,  therefore,  be  advantageous  to  refer  to  the 
apparatus  to  be  used  in  speaking  over  them.  The  apparatus  used 
in  England  as  a  standard  of  comparison  is  the  Western  Electric 
Company's  common  battery  set  as  cle fined  in  detail  at  a  later  stage. 
It  is  found  that  normal  speakers  in  silence  cabinets  can,  by  means  of 
this  apparatus,  communicate  with  each  other  over  a  standard  cable 
of  a  length  such  that  the  attenuation  constant  mult' plied  by  the 
circuit  length  (the  attenuation  length)  =5-0  ;  or,  alternately,  over 
any  combination  of  line  and  apparatus  where  the  total  attenuation 
does  not  exceed  5-U. 

4.  In  order  to  communicate  satisfactorily  over  the  length  of  line 
tipulated,  favourable  conditions  must  be  assumed  which  are  fre- 
quently not  obtainable  in  practice,  such,  for  example,  as  a  silent  line 
and  efficient  apparatus  in  perfect  condition,  but  a  suitable  allowance 
can  be  made  for  these  This  matter  is  dealt  with  fully  at  a  later 
stage. 

5.  The  standard  of  5-0  as  above  defined  gives  a  basis  of  comparison 
which  is  found  in  practice  to  be  of  great  ser^'ice.  In  applying  the 
standard,  however,  many  factors  must  be  taken  into  account,  among 
the  most  important  being  the  following.  If  the  standard  apparatus 
is  used  on  lines  having  characteristic  impedances  different  from  that 
of  the  standard  cable,  allowance  must  be  made  for  the  resulting  losses 
or  gains,  and  this  can  be  done  by  means  of  curves  such  as  those 
embodied  in  this  Paper.  Effects  of  losses  between  lines  of  different 
impedance,  apparatus,  bridges,  &c.,  must  also  be  allowed  for,  and 
some  details  of  the  losses  to  be  expected  uncer  these  heads  are  also 
given.  On  the  basis  of  the  standard  laid  down,  communication  in 
the  best  conditions  will  only  be  possible  when  the  total  circuit, 
including  all  losses,  has  an  attenuation  length  not  exceeding  5-0. 
The  question  of  distortion  also  requires  consideration.  If  alternating 
currents  of  different  frequencies  are  unequally  attenuated  in  a  given 
circiut,  distortion  of  speech  results.  Now,  speech  on  an  unloaded 
aerial  line  suffers  less  distortion  than  speech  over  an  ordinary  under- 
ground cable,  and  consequently,  although  comparison  between 
similar  lines  is  easy,  a  rigid  comjiarison  between  overhead  and  under- 
ground circuits  by  means  of  speech  tests  is  difficult.  Li  practice, 
however,  if  great  care  is  taken,  such  a  comparison  can  be  made 
sufficiently  close  for  practical  purposes. 

6.  Having  now  defined  the  standard  to  be  used,  and  indicated  a 
few  of  the  important  points  to  be  taken  into  account  in  appljang  it, 

*  A  Paper  prepared  for  presentation  at  the  International  Telegraph 
and  Telephone  Engineers'  Conference,  Eerne,  Sept.,  1914,  abandoned 
owing  to  the  outbreak  of  war.  Reproduced,  with  permission,  from  the 
Post  Office  Electrical  Engineers'  "  Journal." 


we  are  in  a  position  to  study  the  properties  and  limitations  of  open 
lines. 

7.  The  general  properties  of  such  lines  are  \vr;II  known  to  telephone 
engineers,  thanks  to  the  work  of  Heaviside,  Pupin,  BreLsig,  Kennelly 
and  many  others,  and  it  is  therefore  proposed  only  briefly  to  refer 
to  them.  If  it  be  assumed  that  the  electrical  constants  of  a  telephone 
hne  may  be  regarded  as  fixed  and  uniform,  there  is  no  difficulty  in 
calculating  the  attenuation  coastant  and  length,  and  therefore  the 
distance  over  which  speech  is  possible.  In  practice,  however,  the 
efficiency  of  a  line  is  subject  to  fluctuation  on  account  of  variation 
in  leakance,  and  owing  to  disturbances  caused  both  bj-  electrostatic 
and  electnmagnetic  induction,  &c.  These,  in  addition  to  the  trans- 
nussion  losses  already  referred  to,  require  to  be  carefully  con,sidered 
in  determining  the  length  of  line  over  which  speech  is  possible.  This 
aspect  of  the  question  has  been  the  subject  of  considerable  study  in 
England,  and  it  is  proposed  to  give  briefly  the  results  of  .some  tests 
which  have  been  recently  made,  with  a  view  to  elucidating  this 
somewhat  obscure  part  of  the  subject. 

8.  The  following  formulae  are  well  known,  and  are  only  stated  to 
give  precision  to  what  follows  : — 

The  attenuation  constant  of  anv  circuit  is  : 


(1) 


Where  R  is  the  Resistance  per  unit  length, 
L      „       Inductance       „ 
G      „       Leakance  „ 

C     „       Capacity  „  ,, 

6)  is  27rf  where  /  is  the  number  of  cycles  per  second. 

The  characteristic  impedance  of  the  circuit,  i.e.,  the  impedance  of 
a  so-called  infinite  line,  is 


>> 
>> 


(2) 


+  CO-C- 


If  QiL  is  large  compared  with  R  and  ujC  large  compared  with  G, 
this  reduces  to  \/ {L  C). 

In  the  case  of  unloaded  aerial  wires  suitable  for  long-distance  com- 
munication, formula  ( 1 )  may  be  reduced  to  the  simplified  form, 


R 

(3)  Attenuation  constant= -. 

2\ 


fl 


G      I L 

'2V  a 


The  constants  R,  L  and  C  show  only  a  small  variation  with  change 
of  frequency  or  change  of  weather,  but  the  quantity  G  is  subject  to 
considerable  variation  both  with  frequency  and  weather.  It  is 
evident  from  the  formula  that  the  effect  of  this  is  to  cause  variation 
in  the  attenuation  constant,  and  this  must  be  taken  into  account  in 
estimating  the  distance  to  which  communication  is  possible.  The 
distance  will  obviously  be,  to  a  certain  extent,  dependent  upon  the 
climatic  conditions  of  the  country  through  wliich  the  wires  pass. 

9.  A  series  of  observations  on  the  variation  of  the  electrical  con- 
stants of  unloaded  300  lb.  aerial  circuit  lines  at  telephonic  frequencies 
Mas  recentlj'  made  in  England  during  tlie  winter  months,  and  the 
following  results  were  obtained, 

10.  The  mean  attenuation  constant  observed  at  a  frequency  such 
that  2n-/=5,000  was  0-0058.  The  maximum  was  0-00627  and  the 
minimum  0-00522.  The  constant  calcidated  (assuming  1  megohm 
insulation  per  mile)  was  0-0057.  Although  it  will  be  seen  that  the 
mean  figure  obtained  was  very  near  to  that  usually  taken,  it  will  be 
noted  that  in  diffeient  weather  conditions  the  attenuation  constant 
varied  nearly  10  per  cent,  above  and  below  that  figure,  giving  a  total 
variation  of  nearly  20  per  cent.  This  was  due  to  variations  of 
leakance.     It  may  also  be  observed  that  the  leakance  at  alternating- 
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Schedule  Show 

'ng  Mean  Value  of  Electrical  Constants 

of  an  Unloaded  Aerial  Circuit  {Loop)  at  Alternating- 

current  Frequencies,  during  the 

Winter  Months,  in  England. 

Details  of  copper 
conductor. 

r        iu    j:  !      Direct-current  tests. 
Length  of 

Alternating-current  tests. 

W 

lb. 

eight  in 
per  mile 
T  wire.-j- 

Diam. 
in  mm. 

,     .  Pj       1  Resistance 
tested.      1      ^, 

ohme. 

i 

Leakance  l/o 

Fre- 
quency. 
2t/. 

Attenuation 
constant. 

Resistance 

ohms. 

Inductance 

millihenrys. 

Leakance 
micromhos. 

.     Capacity 
microfarads. 

G  C. 

Per 

Per 

Per 

Per 

Per 

Per 

Per     Per      Per 

Per 

Per       Per 

Per       Per 

Miles. 

Km.  mile. 

km. 

mile. 

km. 

mile. 

km. 

mile.;  km.      mile. 

km. 

mile,  i    km. 

mile.       km. 

300       i  3-48 

30 

48    '  6-68 

4-18 

0-8 

0-5 

3,000    0  00.555 

000347 

6-66    4-16    3-79 

2-37 

1-20 

0-75 

0  0098  0-0061 

123 

300 

3-48 

30 

48 

6-68 

4-18 

0-8 

0-5 

4.000    000566 

0-003,54 

6-75    4-22    3-82 

2 -.39 

1-34 

0-84 

0-0098  0-0061 

136 

300 

3-48 

30 

48 

6-68 

4-18 

0-8 

0-5 

.5.000    10-00578 

0  00361 

6-78    4-24 

3-83 

2-39 

1-46 

0-91 

0-0098  0-0061 

149 

300 

3-48 

30 

48 

6-68 

4-18 

0-8 

0-5 

6,000    [0  005(^0 

0  00360 

6-79    4-24 

3-82 

2-39 

1-55    1  0-97    i 

0  0097  0  0061 

l(K) 

300 

3-48 

30 

48 

6-68 

4-18 

0-8 

0-5 

7,000    000640 

0  •00400 

6-84    4-37  i  3-80 

2-38 

1-58    1  0-99 

0-0095  OOOtO 

166 

Note. — The  capacity  measured  with  direct  current  was  0-0098.  The  inductance  measured  with  direct  current  is  not  available.  The  values 
given  above  are  near  to  the  calculated  value. 

■j-  The  principal  weight  of  conductor  was  300  lb.  per  mile  per  wire,  but  the  circuit  contained  some  relatively  short  lengths  of  ccpjx^r  weighing 
1.50  lb.  per  mile  per  wire  (2-46  mm.  diameter). 
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current  frequencies  was  considerably  greater  in  fine  weather  than 
that  obtained  by  direct-current  measurements.  It  is  of  interest  to 
note  that  the  mean  insulation  measured  at  a  frequency  such  that 
27r/=  5,000  was  of  the  order  of  two-thirds  of  a  megohm  per  mile  or 
1  megohm  per  kilometre.  It  is,  however,  some  point  towards  the 
minimum  insulation  which  determines  the  practical  efficiency  to  be 
assigned  to  a  line,  and  therefore  the  efficiency  which  can  be  relied 
upon  in  England  in  winter  weather  is  a  little  less  than  half  a  megohm 
per  mile,  or  f)-8  megohm  per  kilometre.  The  following  Table  and 
curves  (1  and  2)  show  the  results  which  were  obtained  during  the 
experiments.  The  investigation  brings  out  clearly  the  deleterious 
effects  of  leakance  both  on  the  attenuation  constant  and  the  quahty 
of  speech.  Although  good  insulators  are  u.sed  in  England,  the 
relatively  damp  climate  makes  it  very  difficult  to  obtam  insulation 
as  high  as  is  obtained  in  some  countries,  notably  America.  The 
matter  is,  however,  being  specially  investigated.  The  question  is 
important,  because  if  it  be  given  that  relatively  high  insulation  on 
an  aerial  line  can  be  maintained,  this  is  the  most  efficient  type  of 
line  available,  and  it  must  be  relied  upon  for  very  long-distance 
communication. 

11.  The  principal  conductors  u.sed  in  England  for  long-distance 
communication  weigh  400  lb.  (4  mm.  diameter)  and  600  lb.  (4-92  mm. 


already  given  by  formula  (3),  i.e. 
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l.'j(.,    1. Experiments  on  300  lb.   Aeri.\l  Lines.     Relationship 

BETWEEN  Leakance  as  Measuked   by   Fuanke  M.\chine  and  the 
Attenuation   Constant.     Frequencies   ranging   from  3,000/27r  to 

7,000 /27r. 


mile.     In    exceptional     circum.stances 
per  mile  {.l-OH  mm.  (liainctcr)  are  u.sed. 


conductors 
The  wires 


diauu'tcr)     jicr 
weighing  «(»(»  11)    _ 

are  spaced  on  the  [hAvh  12  in.  apart  in  all  cases  (30-5  cm.),  the  arms 
also  lu'inn  12  in.  apart.  The  wires  are  continuously  rcvolved 
together  in  sets  of  four,  each  wire  changing  its  position  on  every 
successive  pole,  the  revolution  being  completed  in  four  spans.  The 
range  of  coimiiiMiication  in  Kngland  is  limited  by  the  necessity  of 
running  wires  iindcrgniUMd  in  large  towns  and  the  near  proximity 
of  towns  to  eacii  other. 

12.  The  i()n'_'<sl  circuits  in  Kngland  are  the  London-Cilasgow  lines, 
4r)0  miles  (720  km.)  in  length.  One  of  these  circuits  has  conductors 
weighing  800  H).  per  mile  per  wire.  The  attenuation  length  is 
I -4;).  This  is  considerably  greater  than  the 
theoretical  attenuation  length  value  of  an  8001b 
circuit,  in  wliiili  no  underground  cable  or  w-rcs 
of  le.sser  gauge  are  included,  but  owing  to  the 
necessity  for  long  length  of  underground  cables  in 
Lcmdon  and  CUa.sgow  the  attenuation  length  is 
that  stated. 

i:{.  The  following  talile  shows  the  electrical  con- 
stants of  the  heavy  gauge  circuits  referred  to  above. 


a  long  period  of  time  and  included  variations  due  to  summer  and 

winter  weather.     The  general  results  are  given  in  the  following  notes. 

15.  The  theory  of  loaded  Unes  is,  of  course,  well  known.     The 

general  formula  for  the  attenuation  constant  of  loaded  lines  is  that 

by  inspection  of  this  formula  that  as  L  is  increased  (i.e.,  the  more 
heavily  a  circuit  is  loaded)  the  greater  will  be  the  increase  in  attenua- 
tion loss.  The  practicability  of  loading,  therefore,  largely  dejiends 
upon  the  insulation  which  can  be  maintained  in  any  country,  and 
this  makes  exjjenments  necessarj'.  Further,  loading  increases  the 
characteristic  impedance  of  such  circuits,  as  is  shown  by  formula  (2), 
and  involves  transmission  lo.sses  as  shown  by  the  curves  in  13  and 
14  (see  Part  II.).     It  is  evident  from  these  curves  that  unless  aerial 
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■Experiments    on    300  lb.   Aerial    Lines.     Variation    of 
Leakance  with  Frequency  on  Various  Dates. 


lines  are  of  sufficient  length,  the  reflection  losses  involved  will 
neutrali.se  the  reduction  in  attenuation  brought  al)out  by  loading. 
Again,  the  distortion  of  unloaded  aerial  lines  is  very  small,  ivs  shown 
by  ;lie  details  alrcjuly  given.  Loading,  however,  involves  an  in- 
crease in  the  distortion,  due  to  the  fact  that  the  resistance  of  loading 
coils  increases  with  fretiuency.  Tlie  jilacing  of  coils  at  fixed  dis- 
tances or  so-called  "  lumped "  loading  also  tends  in  the  «vme 
direction. 

1().  The  lines  selected  for  loading  weighed  300  lb.  ]x>r  mile  (3-48mm- 
diameter),  the  length  loiuled  being  20t)  miles  (320  km.).  Two  circuits 
were  loaded  on  the  .'*ame  jmIcs,  and  these  could  be  doubled  l>ack  to 
give  a  total  length  of  400  miles  (610  km.).     Two  ty-pe*  of  coils  were 


Means  of  Extenptno  the  Kanoe  of  Commini- 
cation  on  Aerial  Lines  by  (Coil)  Loading. 

14.  A  series  of  experiments  on  loaded  aerial  lines 
has  recently  been  made  in  England  to  determine  the 

reduction  in   attenuation,  and  th(>  r(>fleetion  losses 
involved,  in  tliis  type  of  loading.     Tin-  tests  covered 


D\T\  of  Heavy  Gacok  Telephone  Conductors  (Frkqukscy  800  Periods  per 

Second). 
VaiviM  of  Eltclrical  Constanfg  ptr  Mile. 


Weight  in  I    Diam. 

lb.  per  mile;  of  wire 

\x.-v  win\   \  in  mm. 


Constants  |)cr  mile  loop. 


Attonua- 1  h.irat  ton^tic 


R.  ohmn.    L.  hvs.  .    G.  mhos.* 


400  copper 

600 

800        „ 

400        „ 

(K)0 

8t)0 


418 
4 -92 1 
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418 
4  921 

.')-«83 


4-40 
2-93 
2-20 


000344 
000331 
0  00322 


10-« 
10-« 
10-« 


tion 


C.  mfs.  conBtant. 


ini}X"danoc». 
Zo. 


0  0092 
0  0096 
0  0099 


Vnluff  of  EUrtrirnl  Cnn.itiint9  ]>er  kihmttrr. 
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•  The  mean  winter  value  in  England  is  eomowhat  greater. 
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used,  with  the  object  of  finding  the  most  suitable  inductance  for  use 
in  the  somewhat  humid  climate  of  England.  3  shows  how  the  loaded 
and  unloaded  circuits  might  be  expected  theoretically  to  vary  with 
the  weather,  and  this  was  found  to  be  approximately  the  case. 
Extended  observations  indicate  that  in  summer  weather  the  attenua- 
tion constant  of  an  open  line  of  this  type  can  be  reduced  in  England 
to  the  extent  of  oO  per  cent,  by  loading.  In  damp,  but  not  very  wet 
weather,  the  decrease  in  the  attenuation  constant  would  amount  to 
40  per  cent.,  and  in  wet  winter  weather  30  per  cent.  The  reflection 
Josses  were  found  to  correspond  approximately  with  those  indicated 
by  the  curves  13  and  14.  These  losses  were  determined  by  speech 
tests.  Some  degradation  of  articulation  was  observed,  as  might  be 
expected  from  the  considerations  outlined  above,  but  the  quality  of 
speech  on  the  loaded  circuits  was  quite  satisfactory.  As  a  result  of 
the  experiments  the  range  of  loading  is  being  extended  to  some 
London-Glasgow  circuits  having  a  length  of  450  miles  (720  km.). 
These  are  the  longest  circuits  in  the  United  Kingdom,  and  when 
doubled  back  will  give  a  length  of  900  miles  (1,440  km.)  available 
for  further  experimental  observations. 

17.  As  the  result  of  the  previous  experiments  it  was  found  that 
the  260-millihenry  type  of  coil  placed  8  miles  apart,  gave  better 
results  than  the  160-milIihenry  type  spaced  12  miles  apart.  The 
whole  of  the  900  miles  circuit  length  will,  therefore,  be  equipped 
with  coils  of  the  former  type.  Coils  of  a  cheaper  type  than  in  the 
previous  experiment  will  be  used,  the  proposed  i?  X  having  the  value 
35  instead  of  25  as  in  the  previous  case.  The  difference  in  first  cost 
of  the  two  types  is  considerable,  and  out  of  proportion  to  the  benefit 
obtained  in  winter  conditions  in  England  from  the  more  efficient  coil. 
The  chief  point  brought  out  by  the  investigations  on  aerial  lines  is 
the  fact  that  before  a  reliable  attenuation  constant  can  be  applied 
to  any  line,  detailed  observations  of  the  leakance  at  alternating- . 
current  frequencies  covering  winter  as  well  as  summer  conditions  are 
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Fig.  3. — Aerial  300  lb.  Circuit  (3-48  mm.  diameter)  Curves 
SHOWING  Variation  of  Attenuation  Constant  with  Inductance 
AND  Leakance. 

necessary.     The    results    will    be    different    in    different    countries, 
according  to  the  type  of  insulator  used. 

18.  Improvement  in  the  insulation  of  open  lines  is  a  matter  which 
well  repays  careful  study. 

19.  If  the  leakance  to  be  expected  is  known  within  reasonable 
limits  it  will  be  possible  to  determine  the  most  suitable  type  of 
loading  coil  to  be  used  in  any  circuit. 

Extension   of  the  Range   of  Telephonic  Communication  by 
Means  of  Telephone  Relays. 

20.  A  considerable  number  of  experiments  have  been  made  in 
England  with  telephone  relays.  There  are  several  types  of  relay  in 
progress  of  development,  and  two  of  these  types  call  for  special 
mention. 

21.  (i.)  The.  Mechanical  Relay. — This  consists  of  a  combination  of 
a  receiver  and  augmenting  telephone  transmitter,  placed  at  some 
intermediate  point  on  the  line.  The  receiver  acts  on  the  moving 
electrode  of  the  transmitter,  the  latter  being  arranged  to  augment 
the  received  sound  and  a  suitable  arrangement  made  for  transmitting 
it  to  the  receiving  point  (examples  :  Shreeve  relay,  S.  G.  Browii's 
relay).  This  type  of  relay  in  the  most  favourable  conditions  is 
capable  of  augmenting  received  speech  to  a  degree  equivalent  to  an 
attenuation  length  of  3,  the  clearness  of  speech  being  sufficient  for 
commercial  purposes.  (As  explained  below,  however,  the  augmen- 
tation obtained  in  commercial  practice  is  usually  less  than  3.) 

22.  Several  practical  forms  of  mechanical  relay  have  been  pro- 
duced. Difficulty  has,  however,  been  experienced  in  working  the 
relays  in  both  directions.     Two  main  methods  have  been  tried  ;   the 


first  depends  upon  balancing  the  lines  on  each  side  of  the  relay.  The 
second  depends  ujwn  mechanical  switching  arrangements.  The 
balanced  system  renders  the  relay  much  more  stable  in  working,  but 
the  augmentation  obtained  is  then  much  less  than  that  given  above 
(sometimes  not  more  than  half)  owing  to  the  attenuating  effect  of  the 
balancing  devices.  If  the  balance  is  not  sufficiently  good  the  relay 
'■  howls."  The  switching  systems  render  the  communication  liable 
to  interruption  by  disturbances  on  the  line,  by  interference  with  the 
working  of  the  switches.  This  svstem,  however,  is  not  subject  to 
"  howling." 

23.  At  the  present  time  experiments  are  being  made  with  the 
object  of  overcoming  these  difficulties,  but  the  relay  requires  expert 
attention,  and  has  not  passed  the  laboratory  stage. 

24.  (ii.)  Gas  Discharge  Lamps. — The  magnification  obtained  by 
this  device  corresponds  approximately  to  that  produced  by  the  type 
referred  to  above.  The  principal  advantages  and  disadvantages  as 
compared  with  the  mechanical  type  dealt  with  appear  to  be  as 
follows:  (1)  The  principal  advantage  is,  of  course,  the  absence  of 
inertia  in  the  speaking  circuit,  and  this  should  result  in  better  articu- 
lation ;  (2)  the  absence  of  mechanical  adjustments.  The  principal 
disadv^antage  appears  to  be  the  high  voltage  required,  20fJ-240  volts. 

25.  Experience  of  this  lamp  had  not  at  the  time  of  writing  been 
obtained  in  England  sufficient  to  make  a  detailed  criticism  possible. 
Various  types  of  gas  discharge  relays  are,  however,  under  test  by  the 
English  administration. 

26.  The  general  conclusion  as  regards  the  present  po.sition  of  the 
telephone  relay  in  England  is  that  although  it  will  work  satisfactorily 
in  favourable  conditions  on  aerial  lines,  yet  in  bad  weather  conditions 
it  fails  before  the  line  would  otherwise  become  unworkable.  In  the 
case  of  underground  circuits,  however,  there  is  a  much  more  favour- 
able field,  as  the  circuit  conditions  are  decidedly  more  stable  and  less 
liable  to  disturbance.  Usually,  however,  underground  circuits  of 
sufficient  length  are  not  at  present  available. 

Up  to  the  time  of  writing  there  had  been  no  opportunity  of  testing 
Mr.  Van  Kesteren's  method. 

{To  be  continued.) 


NEW   LOW-RESISTANCE  STANDARDS. 

BY  C.  V.  DRYSDALE,  D.SC. 

Summary. — After  stating  the  essential  features  of  a  well-designed  low- 
resistance  standard,  several  such  resistances  having  negligiblv  small  time 

'  COO*. 

constants  are  described.  The  results  of  searching  tests  are  given,  and  it 
appears  that  the  Tarnac  alloy  used  in  the  construction  of  the  resistances 
is  identical  with  nianganin.  In  conclusion  it  is  claimed  that  as  regards 
resistance  alloy,  British  manufacturers  are  now  able  to  rival  German 
products,  and  it  is  hoped  that  in  design  and  construction  the  new  standards 
will  prove  to  be  a  material  advance  upon  the  Reichstanstalt  forms. 


One  important  matter  in  which  Germany  has  almost  secured 
a  monopoly  in  recent  years  has  been  the  supply  of  accurate 
standards  of  low  resistance  for  current  measurement  by  poten- 
tiometer. The  forms  of  manganin  plate  resistances  first 
designed  by  the  Reichsanstalt  in  1893,  and  since  developed  by 
0.  Wolff,  Siemens  &  Halske,  and  other  firms,  were  certainly  a 
great  advance  on  anything  which  had  previously  been  pro- 
duced, and  although  a  good  deal  has  been  recently  done  in 
Great  Britain  as  regards  the  construction  of  shunts  of  modeiate 
accuracy,  portability  and  economical  constmction,  the  German 
forms  are  still  almost  universally  used  wherever  the  highest 
accuracy  is  required.  Nevertheless,  they  have  some  quite 
definite  defects  which  give  scope  for  a  material  advance  in 
design.  No  attempt  has  been  made  to  render  them  suitable 
for  alternating-current  measurements,  nor  have  their  terminals 
been  well  designed  with  a  view  to  facilitating  accurate  stand- 
ardisation by  a  Kelvin  double  bridge.  In  fact,  it  is  only  in  the 
smaller  sizes  thao  mercury  contacts  are  provided,  and  these 
are  actually  wrongly  placed,  as  they  are  fixed  on  the  main 
current  electrodes  instead  of  on  the  potential  terminals.  In 
the  large  resistances,  connection  can  only  be  made  to  the 
standardising  bridge  by  copper  connections  clamped  to  the 
potential  terminals,  which  is  decidedly  objectionable  when 
high  accuracy  is  aimed  at. 

The  essential  features  of  a  well-designed  low-resistance  stan- 
dard are  as  follows  : — 

1.  Permanence.  Secured  by  employing  suitable  alloy  well 
annealed    and    silver-soldered    to    large    copper    lugs    finuly 
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clamped  to  the  terminals  and  sweated  to  them  by  zinc-free 
solder.  The  strip  should  also  be  rigidly  supported  to  avoid 
defonnation  and  be  protected  from  oxidation  or  chemical 
action. 

2.  Low  temperature  variation.)      Best  .secured  by  good 

3.  Low  thermo  E.M.F.  /         quality  manganin. 

4.  Lowest  possible  time  constant  for  alternating-current 
measurements,  and  lowest  external  field  to  avoid  disturbance 
of  adjacent  instmments. 

5.  Large  radiating  surface,  combined  with  oil  cooling,  water 
cooling  and  mechanical  stirring,  in  the  larger  sizes. 


Potential 
Terminal. 


Oil  Stirrer 
Pulley. 


Terminal    (J  "TB 

Potential _*, 

Contact.  " 


Perforated 
Thermometer 
Tube. 


Outer  Cylinder. 

Oil  Stirrer — 

Inner  Cylinder. 
Copper  Pin£. — 


Current 
Terminals. 


Concentric  Resistance 
Alloy  Cylinders. 


Outlet. 


0  t         Z        3  Inches 

1  .  1  ,  i I  .  I  ■  ]  :  I 


Fig.  1. — Section  of  OOOOo-ohm  Concentric  Type  Non-inductive 

Standard. 


6.  Main  current  tcnninals  conveniently  arranged  for  the 
reception  of  heavy  current  loads,  and  so  designed  as  to  avoid 
any  appreciable  variation  of  stream  line  distribution  in  the 
strip. 

7.  Potential  leads  of  low  resistance  attached  at  the  junction 
of  the  main  current  electrodes  with  the  manganin  strips.  Each 
potential  lead  .should  carry  a  potentiometer  tenninal  and  a 
mercury  contact  lor  a  standardising  bridge,  the  distance 
between  the  bridge  contacts  being  of  a  standard  gauge. 


•^ 


->»-_ 


Fm  .   -'•  Fio.  3  • — 1ntkunai>  View. 

0-OOUrj  uii.M,  l.OOO-AMrKiii;  .STANnAiU)  Kesistance,  Type  D. 
(Size,  14in.  xl3in.  xHin.     WVight,  501b.) 

In  Thk  Electrkian  for  Dec.  0,  101(1,  the  writer  gave  a 
doscri])tion  of  a  mnv  form  of  sub-divided  non-inductivo  low 
resistance  whicli  (ulfillcd  tlu'.so  conditions  (aiilv  (■omi)let('ly. 
These  have  since  been  made  by  >bssrs.  II.  Tinsley  &  Co..  and 
various  constructive  improvements  have  beeJi  introduced.  It 
is  difHcidt  to  make  a  thoroughly  satisfactory  jiiece  of  work 
with  straight  or  bent  strips,  as,  even  when  well  made  in  the 
first  instance,  they  are  liable  to  buekle  wheji  silver-soldering 


them  to  the  lugs.  Messrs.  Tinsley,  therefore,  introduced  the 
important  improvement  of  employing  vertical  concentric 
manganin  tubes  screwed  and  soldered  at  the  upper  end  to  plate 
electrodes  and  silver-soldered  together  at  the  lower  end.  This 
made  a  remarkably  robust  and  permanent  resistance  of  ex- 
tremely small  and  easily  calculable  time  constant.  The  tubes 
were  of  about  1  in.  and  1^  in.  diameter  respectively  and  12  in. 
long,  each  section  being  about  0-005  ohm.  Lower  resistances 
were  fonned  by  putting  two  or  more  of  these  element?  in 
parallel. 

This  type,  however,  demanded  rather  too  much  mechanical 
accuracy  for  commercial  construction,  and  the  writej  has, 
therefore,  again  modified  it  by  employing  two  tubes  of  large 
diameter  silver-soldered  above  and  below  to  copper  rings  which 
are  screwed  and  sweated  to  a  series  of  copper  lugs  projecting 
from  the  plate  electrodes.  Fig.  1  shows  a  section  of  one  of 
these  resistances,  usually  made  of  0-001 D  or  0-0005Q,to  carry 
700  or  1,000  amperes  respectively.  The  main  current  terminals 
are  two  large  horizontal  plates  with  a  thin  layer  of  insulation 
between,  thus  being  nearly  non-inductive  in  themselves.  From 
each  of  these  plates  eight  lugs  project  (those  from  the  upper 
plate  passing  through  clearing  holes  in  the  lower  plate).  The 
two  tribes  are  of  6  in.  and  6j  in.  diameter  respectively,  6  in. 
long,  and  of  10  or  20  mils  or  more  in  thickness  as  may  be 
necessary  for  the  required  resistance.  Each  of  them  is  silver- 
soldered  to  two  copper  rings  which  are  thoroughly  tinned  and 
screwed  at  the  top  to  the  faced-off  ends  of  the  copper  lugs.     At 


Bridge 
Contacts. 


Fig.  4. — 0-0005-ohm  I.OOO-ampere  St.vndard. 

(View  from  below,  showing  spaces  between  rings  and  rotary  stirrer. ) 

the  bottom  the  two  rings  are  screwed  together  with  eight  tinned 
copper  distance  pieces  between,  and  the  whole  of  the  cont-acts 
are  then  sweated  up  thoroughly  with  specially  prepared  solder. 
The  .spaces  between  the  copper  distance  pieces  at  the  bt>ttom 
and  between  the  lugs  at  the  top  enable  the  oil  to  enter  freely 
between  the  two  tubes  and  stream  ujiwards  by  convection, 
thus  giving  the  most  effective  possible  cooling.  Two  short, 
potential  leads  of  large  diameter  are  screwed  and  soldered  to 
the  upper  two  rings  and  are  connected  to  two  copper  blocks 
carrying  potential  terminals  and  mercury  bridge  contacts  as 
shown,  the  latter  of  which  can  be  either  of  the  B.A.  gauge 
(IJ  in.)  or  of  the  Reichsanstalt  gauge  (160  mm.).  as  desired. 
A  s])iral  copper  worm  for  water  cooling  is  also  j)rovided,  and 
a  turbiiie  type  stirrer  of  large  diameter.  Fig.  2  is  an  ext<?mal 
view  of  a  .'")(Kl-watt  resistance  of  this  type,  and  Figs.  3  and  4 
show  the  robust  internal  construction.  The  time-constAUt  of 
such  a  resistaiuu'  can  be  readily  calculat<?d  with  a  very  fair 
degree  of  appr()ximation. 

If  dy  and  f/j  are  the  diameters  of  the  inner  and  outer  tubes 
respectively  in  centimetres,  rf=(f/,-j-rf2)/2,  I  their  axial  length, 
/  their  thickne.ss.  and  p  the  specific  resistance  of  the  material, 
then  we  have  approximatclv  : — 

2/p 


Resistance  R 


Wd.t 


ohms. 


If  a  current  /  C.G.S.  units  passes  through  the  arrangement 
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from  which  the  total  flux  N- 


d       2  d 


and    the 


mductance    L=~=2l 


'h 


— ^cin.=2xlO-9Z  ~^\ 
d  a 

■  r  n    •    n       1  •  ^        ^        {d2  —  d^)t 

henries,  from  which  tlie  time-constant  T=-=^-    ^.„ — seconds. 


the  space  is  so  narrow  compared  with  the  diameter  of  the  tubes  magnitude  of  the  P.D.  due  to  the  impedance  would  be  only 

that  the  field  H  may  be  taken  as  uniform  and  ]/r^<i)^  =  \\  X  10'^,  or  11  parts  in  a  million. 

t/_^^  '^'"'  f^apacity  time-constant  can  similarly  be  calculated  from 

ndn—'iTil,  or  H=  ^-,  ^^^  approximate  formula, 

_,  area  Id  Id  ,.,„,, 

C=- — ,.— =Z7^ r\^^-=r^r7 Tx  X  l^      farads. 

4:nr  distance     ^{d^—di)  l-S{d2—dj) 

This    gives    the    time-constant    T=^CR=-——^—-xlO~^^ 

l'o(a2 — tti) 

second.     With  the  same  dimensions  as  above  and  tubes  15  cm. 

long,  this  gives    the    capacity  time-constant   as    1-67x10"^* 

second,  which  is  negligible  under  all  circumstances. 

At  ordinary  supply  frecj^uencies  the  inductive  errors  are,  of 
course,  quite  undetectable,  while  even  at  much  higher  fre- 
quencies than  the  above  they  can  be  made  negligible  either  by 
reducing  the  interval  between  the  tubes  or,  more  simply,  by 
looping  back  one  of  the  potential  teiininals  through  the  tubes 
so  as  to  encircle  the  flux  in  the  reverse  direction.  With  the 
latter  device,  considerable  accuracy  even  at  radiotelegraphic 
frequencies  should  be  attainable. 

For  very  low  resistances  to  carry  the  highest  currents,  the 
design  is  almost  identical  with  the  above,  but  the  top  plates 
are  made  thicker  with  laminated  contacts  for  the  lugs,  and  the 
copper  electrodes  to  the  strips  are  longer  and  are  attached 
alternately  to  the  upper  and  lower  plate  as  shown  diagram- 


FiG.  5. — Concentric  Tube  Resistance  for  10,000  amperes. 


Fig.  7. — 0-01  ohm  Non-inductive  Stand.\rd. 


04  , 


For  example,  if  we  take  the  case  of  dj^=Q"  and  cZg 
t—20  mils=0-05  cm.,  C=  40  microhms  per  centimetre  cube 

then  (/.,— c/i=0-6  cm.  approx.,  and  T=----- — —=0-75x10"' 
seconds.  1,000x40 


Type  A. 
lOv/atts. 


Type  B. 
50  watts. 


Type  C. 
200  watts. 


Type  D. 
500  watts. 

Fig.  6. — Set  of  Non-inductwe  Resistance  Standards. 


This  means  that  even  with  a  frequency  of  1,000  cycles  per 
second  the  phase  displacement  would  be  only  J'a>=0-75 
X  10-«  X  6280=0-0047  radian,  or  0-27  deg.,  and  the  error  in  the 


matically  in  Fig.  5,  so  that  the  current  is  flowing  in  opposite 
directions  in  various  sections  of  a  single  tube,  each  current, 
however,  being  neutralised  by  its  proximity  to  an  opposite 
current  in  the  adjacent  tube.  This  design  lends  itself  to  the 
employment  of  any  number  of  concentric  tubes 
and  thus  to  the  construction  of  the  lowest  pos- 
sible resistances. 

Fig.  6  is  a  photograph  of  the  first  four  types 
of  the  series,  and  showt  the  forms  of  the  cur- 
rent and  potential  terminals  in  each  case.  A 
thermometer  pocket  and  oil-filling  plug  is  pro- 
vided in  each  case,  the  former  being  of  such  a 
depth  that  the  centre  of  the  bulb  of  an  average 
thermometer  is  on  a  level  with  the  centre  of  the 
resistance.  The  whole  of  the  exposed  metal 
and  case  is  heavily  nickelled  and  the  cover  is  of 
metal,  so  as  to  avoid  warping. 

For  resistances  of  0-005  ohm  and  higher 
the  resistance  strip  is  folded  and  bound  on  a 
former  as  shown  in  Fig.  7.  and  for  the  higher 
resistances  it  is  cut  in  grid  foi-m  and  similarly 
mounted. 

Tests. 

The  following  are  some  tests  on  a  few  different  sizes  of  these 
resistances,  which  have  all  been  made  with  the  "  Taruac  " 
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alloy  which  has  been  put  on  the  market  since  the  commence- 
ment of  the  war  by  Messrs.  Wiggins  : — 

Temperature  Variation. — Fig.  8  is  a  collection  of  resistance- 

+950 


14     16     18     20     22 


36    38    40     42    44     46     48     50     52 


24     26    28    30    32    34 

Temperature,  Degrees  C. 

Fig.  8.— Resistance-Temperaturk   Cirves  for  Tarnac  and  Manoanin  Low.Re.si.stasce 

Standards. 
X  Ascending  readings.  9  Descending  readings. 

temperature  curves  for  these  Tarnac  resistances,  the  curves  of 
two  manganin  resistances  being  given  for  comparison.  Altliough 
there  are  certain  variations  in  the  Taniac  alloy  it  is  more 


unifonn  and  of  better  coefficient  than  the  bulk  of  the  manganin 
sheet  supplied  to  the  country  before  the  war,  and  it  is'verv 
clean  and  unifomily  rolled. 

A  good  average  formula  for  the  resistance 
of  this  alloy  is  Rt=R ^^4^20 xlO'^t— 20) — 
0-25x10-^(^-20)2,  the  coefficient,  therefore, 
being  25  millionths  at  20°C. 

From  the  form  of  the  curve  it  appears  that 
the  Tamac  alloy  is  identical  with  manganin 
(as  claimed  by  its  makers)  and  that  its 
maximum  resistance  is  at  about  70°C.  It  is 
certainly  a  very  great  improvement  on  the 
manganin  sheet  recently  obtainable  from 
Germany.*  Its  thermo  E.M.F.  to  copper 
has  been  tested,  and  was  found  to  be  almost 
exactly  2  microvolts  per  1°C.  for  tempera- 
tures up  to  30°C. 

Heating  Tests. — Fig.  9  is  a  collection  of 
heating  curves  on  the  four  sizes  of  resistance 
shown  in  Fig.  6  at  full  load,  but  without  any 
water  cooling.  In  the  two  larger  sizes  the 
rise  of  temperature  at  full  load  is  almost 
exactly  60°C.  in  the  first  hour.  The  obser- 
vations marked  by  rings  are  for  the  type 
D  500  watt  standard  and  are  somewhat 
irregular,  as  no  mechanical  stirring  arrange- 
ments were  available  when  they  were 
taken. 

Resistance  of  Potential  Leads. — Tests  have 
been  made  of  the  resistance  of  the  potential 
leads  in  the  different  resistances,  by  the 
simple  device  of  passing  a  fairly  heavy 
current  through  them  and  finding  the  drop 
of  potential  between  the  contact  and  the 
main  strip.  The  resistance  of  each  potential 
contact  is  approximately  50  microhms  in  all 
the  types,  so  that  it  requires  a  correction  of 
only  5  pai-ts  in  a  million  to  be  added  to  the 
resistance  of  the  standard  when  testing  on  a 
bridge  with  10  ohm  ratio  coils. 

Inductance  Tests. — Rough  tests  have  been 
made  of  the  time  constants  of  the  larger 
sizes  of  these  standards,  by  comparison  with 
a  carefullv  made  non-inductive  resistance 
upon  the  writer's  new  form  of  inductance 
testing  bridge.  The  connections  were  made 
as  in  a  Kelvin  bridge,  using  a  high-froiiuency  alternator 
and  t('l('])h()n('.  and  balance  was  secured  by  shunting  one 
of  the  resistances  with  a  variable  condenser.  In  the  case 
both  (»f  the  0-01  n  and  (K)0lD  standards  the  best  balance  was 
obtained  with  O-I  mfd.  shunting  a  lOQ  ratio  coil,  giving  the 
time-constant  in  each  case  as  1  X  10"*  second,  which  is  as  close 
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5       10     15      20      25     30     35     40      45     50     55     60 
Time  in  minuits  from  Startite  Ctvrft. 
FiQ.  9.— Heating  Curves  for  Non-inductivk  Resistance  Standards. 


1  Feb.  29.  Mar.  31.  Apr.  30.  May  31.         June  30 

Fio.  10. — Increase  of  Resistance  ofO-1  ohm  Tarnac  Standard 
FROM  Date  of  First  Adjcstment. 

as  could  be  expected  to  the  value  calculated  above  for  the 
0-(K)lii  resistance. 

Permanence. — The  coils  are  all  very  carefully  aimealed  on 
alternating  current  l>efore  final  adjustment,  but  like  nearly  all 

•  In  si>m<>  •■anij<|«-t.  of  T»rnnc  a  w-.ll  marked  nft^ii  rcpiti  loop  has 

Iwx-n  obtainrd.  which  H<>nic'tiiiu8  diH.'»ii]Mar>  on  re-«i 
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resistances  when  first  made  they  tend  to  rise  in  value.  For 
example,  the  Wolff  0-001 Q  standard,  for  which  a  temperature 
curve  is  given  in  Fig.  8  was  certified  by  the  N.P.L.  as  having 
a  value  1,800  parts  in  a  million  high  two  or  three  years  after 
it  was  made.  Sufficient  time  has  not  yet  elapsed  for  any 
thorough  investigation  of  the  new  standards  employing  the 
Tarnac  alloy,  but  the  following  curve.  Fig.  10,  represents  the 
results  of  five  months'  observations  of  a  0-lQ.  standard,  from 
which  it  will  be  seen  that  the  rise  is  fairly  uniform  and  at  the 
rate  of  about  2  parts  in  a  miUion  per  day,  or  7  parts  in  10,000 
per  year.  This  is  probably  about  the  same  rate  as  in  the  Wolff 
manganin  standard.  This  shows  the  importance  of  thoroughly 
ageing  to  secure  constancy,  and  the  correct  practice  for  per- 
manent standards  should  be  to  adjust  about  0-1  per  cent,  low, 
and  to  keep  the  coils  at  least  a  year  before  standardising.  It 
also  shows  the  importance  of  a  periodic  checking  of  all  standard 
resistances  against  a  known  constant  standard,  until  they  have 
attained  a  steady  state. 

Further  investigations  on  this  point,  and  on  the  effects  of 
temperature  change  will  be  published  later. 

It  may  be  claimed,  however,  from  the  foregoing  that  as 
regards  the  resistance  alloy,  British  manufacturers  are  now  able 
to  rival  German  products,  and  it  is  hoped  that  in  design  and 
construction  the  new  standards  will  prove  to  be  a  material 
advance  upon  the  Reichstanstalt  forms. 

The  resistance  measurements  given  above  have  been  made 
by  means  of  the  universal  standardising  bridge  on  the  com- 
bined Kelvin  Carey-Foster  principle  described  in  The  Elec- 
trician for  Sept.  25,  1907.  A  complete  bridge  outfit  for  the 
standardisation  and  inter-comparison  of  coils  of  all  values  has 
been  installed  at  the  laboratory  of  Messrs.  H.  Tinshy  &  Co., 
at  South  Norwood,  where  the  above  measurements  have  been 
made. 


INVESTIGATION  AND  TESTING  OF  METALS. 


Materials 
0  45 


Entitled  "  Some  Problems  in  Physical  Metallurgy  at  the 
Bureau  of  Standards,"  an  informative  address  was  presented 
for  Dr.  G.  K.  Burgess  at  a  recent  meeting  of  the  Mining  and 
Metallurgical  Section  of  the  Franklin  Institute  by  Dr.  P.  D. 
Merica. 

Dr.  Burgess  gave  the  following  summary  of  the  various 
activities  relating  to  metals  that  have  been  executed  or  are 
being  carried  out  at  the  Bureau,  and  stated  that  each  of  the 
items  mentioned  has  been  or  now  is  an  object  of  experimental 
study  in  one  or  another  of  the  technical  divisions  of  the  Bureau. 

Investigation  and  Testing  of  Metals  at  Bureau  of  Standards. 

Publications  :  T=Technologic  Paper,  S=Scientific  Paper,  C=Circu- 
lar  of  Information  ;   referred  to  by  number. 

f  1.   Metallic  Elements  :  Iron,  nickel,  copper,  zinc,  &c. 

Alloys :      {a)     Two     components  :      Iron-carbon 

(.steels),  copper-zinc  (brasses),  &c. 

ib)     Three  or  more  components  :    Alloy  steels, 

complex  bronzes  and  brasses,  &c. 

(c)  Commercial  metal  alloy  products. 

Plated  Metals  :  Galvanised  iron,  copper  and  nickel 

plating,  &c. 
Auxiliary  Products  :  Metallurgical  slags,  fire-clays, 

moulding  sands,  deoxidisers,  &c.   C  45  ;   T  10. 
Apparatus  :    Instruments,  manufacturing  acces- 
sories, furnaces,  &c.     S  219. 

'(a)  Production  of  Pure  Metals  :  Examples,  electrotytic 
iron,  gallium,  &c.     S  263. 

(6)  Standards  for  Pyrometry,  electricity,  chemical 
analysis,  metallography,  &c.  S  107,  143,  194, 
195,  256  ;    0  1,  2,' 3,  7,  14,  18,  25,  26. 

(c)  Mixing  Pure  Metals  (in  foundry  and  laboratory)  : 
Examples,  pure  iron-carbon  series,  Goveriiment 
bronze  (88  Cu-10  Sn-2  Zn),  &c.     T  .59. 

{d)  Treatment  of  Alloys  :  Thermal,  chemical,  mecha- 
nical, magnetic,  electric,  &c.     C  6,  17,  42;  T  60. 

(e)  Commercial  Samples,  including  methods  of  samp- 
ling. 

(/)  Co-operative  Production  and  Tests  on  a  Commercial 
Scale  :  Examples,  ingots  for  rails,  structural 
brasses  and  bronzes,  statutory  bronze,  moulding 
sands,  test  ingots  of  steel,  &c. 


-i 


3. 


B.  Methods 


1.  Preparation 
illustrated  bv 


■I 


'(a)  Chemical  Analysis  :  Bureau  is  equipped  for 
chemical  analysi.s  of  all  metal  nrrxlucts :  Example, 
.segregation  in  steel  and  bronze  'ngots,  T  6,  8,  24, 
33,  69  ;  S  161,  186  ;  C  14.  2.5.  2^  42 
(6)  Thermal  Analysis  :  Heating  and  co^jling  curves  for 
location  of  melting  and  critical  points  :  Examples, 
alloy  steels,  new  alloy .s.  fee  S  99,  213  ;  C  7. 
Variation  of  phjsiea!  projteities  with  temp*^^- 
ture. 

1.  Oiemical  composition. 


2.  Constitution 
as         deter- 
mined by  : 
C42 


(c)  Microscopic  Annlysih 
(i.e.,   chara«teri.stic  | 
microstructure      asV 
determined  by) 


L 


2.  Thermal  historj'. 

3.  Mechanical  work,  hot  or 
cold. 

4.  Manufacturing  metbod.s. 

5.  Metallographic  methods 
and  apparatus,  etching 
reagents,    kc.  ;     photo- 

l^     micrographs  furnished. 

(d)  Other  Physical  Methods  of  Examination  :  Examples, 

expansion,  thermo-electric,  magnetic,  spectro- 
scopic, &c      S  19,  108,  109,  117,'120.  251 

1.  Thermo-electric  determination  of  platinum 
purity.     S  254,  280. 

2  Spectroscopic  analysis  for  rare  elements  in  steels. 

(e)  Nomenclature 


fl.  Non-ferrous  alloys. 
\2.  Constituents  of  steel. 


2. 


3.  Properties  ...-s 


3.  Electrical,  mag- 
netic, optical  : 


I 


f{a)  Chemical  and  Physico-chemical  :   Examples,  solu- 
bilities, attack  by  acids,  improvement  of  analv- 
tical  methods,  &c.     S  53,  82. 
(6)  Physical  at  high,  ordinary  and  low  temperatures  : 
TDensity. 
Hardness.     T  11. 
I'atigue. 

1.   Mechanical    ...^  J^"f !«'  *^- 
I  Elastic. 

Torsion,  shear,  &c. 

I  Bending. 

l^Hvdraulic. 

f  Melting-point.  S  62,  143,  205 ; 

I       C35. 

I  Critical  point.  C  7  ;  S  236,  213. 

Thermal ^'  ^'^''^^'Y^^'     »  231. 

Heat  ol  fusion. 

Heat  of  vaporisation. 
j  Conductivity.     S  68. 
(^Expansion,  &c. 
f  Capacitv,  &c.     S  64,  2.52. 

Resistance.   S  73,  94,  124  147, 
148,  236. 

Thermo-electric.     S  229. 

Susceptibility,  &c.     S  2.52. 

Permeability.    S  38,  78,  80. 

Radiation.    S  24,  40,  55,  105, 
121,  128,  131,  156,  191. 

Absorption. 

Emissivitv.     S  97,   152,   106, 
224,  242,  243. 

&c. 

(c)  Miscellaneous.     T2,  15;  C  58  ;  S272. 

(d)  Effect  of  Impurities  :  Examples,  occluded  gases, 
slag,  oxides,  cadmium  in  brass,  &c.  T  6,  8,  24  ; 
S  161. 

(e)  Effects  of  Outside  Agencies,  i.e.,  pressure,  magnetic 
field,  &c. 

Iron  and  steel. 
Brasses,  &c. 
Structures.     T  15. 
Electrolvtic  survevs  of  cities,  &c. 
T  25,  26,  27,  28,  32,  52,  54.  oo. 
""(a)  Built-up  Structures  :  Examples,  bridge  columns. 
T  2. 
.    ■      r     f       J  (^)  Substitutes  for  More  Costly  Metals. 

""  "^1  (c)  Aliscellaneous  Improvements.     C  50,  51,  52. 

I  (d)  Metals  Best  Adapted  for  Given  Purpose. 
\^{e)  Effect  of  Time  in  Testing  Operations. 
5.  M&nuiActuT-  f  Replies   to   innumerable    requests   for   mformation. 
ing  processes  !_         T  38. 

''<a)  Annealing  :  Examples,  ordnance,  bronzes,  cast 
iron. 
(6)  Forging  and  Boiling  :  Examples,  rails,  axles,  &c, 

(c)  Tempering  :   Examples,  springs. 

(d)  Quenchingand Hardening  :Exini\\)\e,v&iioussteels. 

(e)  Cementation  :    Example,  automobile  parts. 
(/)  Cold  and  Hot   Work-ing  :    Examples,  steels  and 

bronzes. 
ig)  Casting  :  Examples,  rail  ingots,  vai'ious  alloys. 
{h)  Plating,    <t-c.   .■      Examples,    copper,    zinc,    tin, 

nickel,  &c. 
(i)  Alternating  Stress. 
(j)   Welding  :  Examples,  castings,  rails. 
(1-)  Miscellaneous  :  Examples,  finishi^ig  temperatures 

of  rails.  T  38.   Coatings  for  metal  structures. 


(/)  Corrosion 


.^  3. 
4. 


6.  Metallurgical 
processes  and 
treatments, 
such  as  theoiy-^ 
and     practice 
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(«)  Ehclric  fuses.     T  74. 

(6)  Bonding  of  Rails.     T  62,  63. 


(c)  Imrjrovement  of  Loco  mot  ire 

I  r^- 

7.  Special  prob- J  i  2. 

lems,  such  as  "^  ((/)  Transverse  Fissures  in  )  3. 
Bails,  investigated  j  4. 
by  (as  example  of«{  5. 
methods  used)  :  6. 

7. 
8. 


Springs. 
Mechanical. 
Thermal. 
Optical, 
('hcmical. 
IMctallographic. 
Magnetic. 
Statistical. 

In   co-operation    with 
railroads. 


8.      Specifica- 
tions for  : 


'(a)  Government  Departments, 
(b)  Cities,  Comynissions,  dbc. 
J  (c)  In  Co-operulion  with  Technical  Societies. 
]  (d)  In  Response  to  Private  Requests. 

(e)  Compilation  of  :   E.xamples,  foreign  specifications 
(^         of  railway  materials.     T  61. 

f{a)  Railu-ay  Materials  :  Rails,  wheels,  axles,  &c. 
I  (6)  Castings  :   Forgings,  &c. 
9  Metal  failures,     (c)  Structural  Bronzes  and  Brasses  :  Examples,  Cats- 
determination J  kill  Aqueduct  bronzes. 

of  causes  such")  (d)  Fusible  Boiler  Plugs,  for  Steamboat-inspection 
as  of  :  Service.     T  53. 

(e)  Miscellaneous  :    Boiler  plates,  tubes,  galvanised 
ware,  &c. 

10.  Testing  :   Includes  items  in  all  of  above  schedule. 

11.  Correspondence  and  advice  given  on  all  of  above  items. 

12.  Comj)ilatjon  of  ])hysical  constants  of  metals. 
Bureau  serves  as  referee  in  disputes  concerning  metals. 

''(«)  American  Chemical  Society. 

(b)  American  Society  for  Testing  Materials. 

(c)  American  Foundry  men  s  Association. 


13 


14 


Co-operation        with 
technical  and  scientific 


...  ."  '{(d)  American  Institute  of  Metals. 

societies,  such  as  com-^  )'    ,„■„,.„   i.,,„,_..„j„.i.v,.;  <•„. 


mi t tees  of  : 


1 5.  Metal  Museum 


(e)  American  Electrochemical  Society. 
(/)  American  Society  of  Civil  Engineers. 
Jig)  American  Institute  of  Mining  Engineers. 

Exhibits  of  Metals. 


IRON  LOSSES  IN  DIRECT  CURRENT  MACfflNES. 


UV  B.  G.  LAMAIK. 

Summary. — The  l'a])cr  discUKHcs  the  various  losses  taking  place  in  the 
rotating  parts  and  magnets  of  a  generator.  It  is  shown  that  it  is  prac- 
tically impossible  to  calculate  the  loss  evcji  at  no-load  with  any  degree  of 
accuracy. 

The  principal  object  of  this  Paper  is  to  show  the  causes  for  some  of 
the  principal  losses.     These  are  generally  related  to  two  sets  of  fre- 
quencies— namely,   the  normal   frequency  (revolutions  per  second 
inultij)lied  by  the  mnnbcrs  of  pairs  of  poles),  and  some  very  high 
frequencies  wliicli  depend  upon  miniber  of  slots,  commutator  bars, 
&c.     The  hysteresis  losses  are  undoubtedly  affected  by  these  higher 
frequenei(!S,  but  apparently  not  to  the  same  extent  as  the  eddy  cur- 
rent losses,     'i'hese  high  frecpiency  losses  are  present  in  most  classes 
of  rotating  machines.     VVlule  in  some  instances  they  may  over- 
shadow all  other  losses,  certain  of  then  are  I'baracteristic  of  ccrtaiji 
tyjM's  of  machine  only,  wliile  otliers  are  liable  to  be  2)resent  in  any 
tyi)e  of  rotating  machine,     in  most  rotating  machines  only  the  no- 
load  ('ore  losses  can  be  measured  with  any  accuracy  by  ordinary 
c(tn\('njent  methods  of  measurements.     However,  if  the  various  com- 
ponents of  the  no-load  loss  can  be  approximately  determined  then 
it  is  j)os.sible  to  indicate  in  what  way  these  same  conij)onents  will  be 
affected   by  load.     The  ([uantitative  determination  of  the  compo- 
nent losses  with  lojul  is,  however,  very  difficult  to  determine,  except 
in  a  very  few  classes  of  machinery.     In  direct  current  macliines  the 
no-load  armature  core  losses  are  the  iiysteresis  loss  in  the  iron,  eddy 
loss  in  the  iron  and  co])[>er  and  e<idy  loss  in  adjacent  conducting 
parts  which  may  bt;  seats  of  Iv.M.K.s.     The  relative  values  of  these 
losses  depend  upon  many  conditions.      In  a  thoroughly  well  designed 
machine  the  ethly  current  h)ss  in  the  eoi)iH'r  and  in  other  jiarts  than 
the  iron  should   be   relatively  sn\all   compared  with   the  iron  lo.ss 
])roper.     Again  the  iKTccntage  of  Iiysteresis  loss  in  tlie  iron  itself 
depends  ujjon  many  conditions,  siuii  as  various  fre(|uencies  in  the 
machine,  the  grade  of  material,  degree  of  lamination,  the  perfection 
of  insulation  of  the  lamina;  from  each  other,  the  distortion  of  the 
material  in  handling  and  building,  the  conditions  of  pmiching  treat- 
ment during  a.ssembly,  gruiding.  tiling.  <S:e.     Here  we  see  so  many 
variables  that  one  cannot  reasonably  expect  any  great  accuracy  in 
any  i)re(letenniiiation  of  eddy   loss  in  the  iron  itself.     Hysteresis 
loss  is  also  affected  by  these  eomlitioiis. 

*Abatraot  of  a  PajM>r  read  hefon-  the  .Vnii'iiiun   Institute  of  Elcctri-; 
cal  Engineers, 


It  is  a  fact  well  kno\^'n  to  designere  that  the  ironposs  tables  used 
by  transformer  enguieers  do  not  apply  directly  to  rotating  machi- 
nerj'^,  but  that  an  increase  of  100  per  cent,  or  more  Ls  necessary 
dependent  upon  the  t^^pe  of  machine.  This  increase  is  due  largely 
to  additional  causes  of  lo.ss  which  do  not  occur  to  any  appreciable 
extent  in  tran-sformers.  Some  of  these  additional  losses  are  as  fol- 
low: — 

(a)  In  handling  iron,  experience  shows  that  an  armature  may 
have  its  losses  materially  increased  by  springing  and  bending.  A 
decided  bend  in  a  laminiition  beyond  the  elastic  limit  causes  a  loss  in 
the  part  that  has  been  bent  100  per  cent,  greater  than  its  normal  loss. 
This  affects  machinerj-  ■with  armatures  which  have  Hght  teeth.  Even 
if  the  iron  is  bent  with  a  small  angle  and  not  beyond  the  elastic  hmit 
the  loss  is  materially  higher  with  the  iron  in  this  strained  condition. 
Also  if  the  iron  Ls  strained  in  building  up  the  armature  the  loss  is 
increased. 

(6)  Another  source  of  loss  in  the  iron  is  due  to  the  burrs  of  punch- 
ing and  in  shearing  iron  small  amoimts  adjacent  to  the  sheared 
part  are  affected  much  in  the  same  way  as  when  iron  is  bent  beyond 
the  elastic  limit.  Consequently,  in  armatures  vith  many  compara- 
tivel}'  long  narrow  teeth  tliis  sheared  part  may  represent  a  relatively 
large  percentage  of  the  whole  plate,  and  in  addition  this  is  a  portion 
which  has  the  largest  losses.  Burrs  should  be  avoided  and  dies  should 
be  kept  sharp  and  in  good  condition  to  keep  the  burring  below  2  mils. 
In  high-speed  macliines  some  means  are  necessarj'  for  removing  the 
burr  before  insulating  individual  armature  plates.  Otherwise  they 
may  cut  through  the  insulation  and  increase  the  eddy  los.ses. 

(c)  Another  source  of  loss  is  due  to  the  filing  of  armature  slots  and 
cores.  In  ideal  armatures  with  perfect  punchmgs  and  assembly, 
there  should  be  no  filing,  but  in  many  cases  in  practice  the  armature 
iron  does  not  build  up  with  a  perfectly  smooth  surface  in  the  slots, 
and  a  limited  amount  of  filing  has  to  be  done.  Filuig  is  most  harmful 
in  machines  having  a  relatively  high  voltage  per  unit  length  of  core. 
A  milling  cutter  for  cleaning  out  slots  is  usually  worse  than  a  file,  as 
it  produces  greater  burring  of  the  edges,  but  the  milling  cutter  may  be 
followed  b}-  filing  with  a  verj'  coarse  file,  and  the  result  may  be  just 
as  satisfactorj'  as  ^nth  filing  alone.  Here  again  no  method  of  calcu- 
lation can  show  readily  the  loss  due  to  such  burring. 

(d)  The  iron  losses  are  affected  by  pressure  to  a  certam  extent, 
such  as  tightness  with  which  the  core  is  clamped,  and  this  lo.ss  is  prob- 
ably related  to  some  of  the  preceding  losses,  such  as  bending  and 
springing  to  plates,  effects  of  burrs,  &c.  The  writer  has  kno\ra  of  a 
ease  where  the  temperature  in  the  end  section  of  the  iron  has  been 
reduced  .30  to  50  per  cent,  by  "  easing  off  "  the  end  plates.  The 
reduction  in  pressure  usually  affects  only  the  end  sections  to  any 
great  extent.  In  connection  with  pressure  the  effect  of  heating  the 
core  may  be  considered.  Cases  have  been  noted  where  the  effect  of 
high  temperature  of  the  core  has  been  to  increase  the  pressure 
between  the  laminations  due  to  expansion.  This,  in  tuni.  increases 
the  loss  and  still  further  increases  the  temj>erature.  Tliis  effect 
has  not  been  uncommon  to  a  minor  extent,  but  a  few  cases  have 
occurred  where  the  combined  pressure  and  temperature  together 
have  resulted  in  excessive  core  temj^erature.  A  large  maclune 
showed  this  effect.  After  two  jears'  working  it  developed  an  exces- 
sive core  temix>rature.  and  on  easing  off  the  end  plates  the  tem- 
])erature  fell  to  its  normal  value.  In  tlus  case  the  armature  teeth  at 
each  end  of  the  core  had  been  breaking  off,  although  stout  brass 
supporting  lingers  had  been  used.  We  notice  here  again  that  no 
great  accuracy  in  calculation  of  such  loss  is  jxissiblc.  In  moderately 
sized  machines,  however,  the  effect  of  pressure  is  not  very  serious 
within  a  reasonable  range. 

(e)  Another  source  of  iron  loss  is  that  of  the  ]xile  face  due  to  the 
tufting,  or  bunching,  of  the  magnetic  fiux  between  the  field  jxile  and 
the  armature  teeth  where  slotted  armatures  are  used.  Obviously 
with  all  other  eoiiditions  the  same,  these  pole-face  losses  will  dejvnd 
ii|><>n  a  number  of  variables  in  the  Iamin.iti(ms  of  the  material  itself. 
The  effect  of  burrs  fi-oin  jninching,  the  burring  over  all  the  surface 
due  to  turning,  the  effect  of  pressure.  &e.,  all  ajijx^ar  in  the  polo-face 
lo.ss.  therefore  it  is  again  evident  that  great  accuracy  in  the  calcula- 
tion of  siieh  losses  is  iin|K).s.sible  in  commereial  ajiparatus.  Sundrj* 
other  conditions  that  affect  this  loss  will  be  considered  later  on. 

Aruuiti.rr  Ring  Loss.  The  true  iron  lo.ss  in  the  armature  ring  is 
dejHMident  uixin  the  total  flux  per  pole,  distribution  of  flux,  rate  of 
change  of  (lux.  iSrc  The  ])n>blem  is  considerably  complicated  by  the 
fact  that  the  distrilmtion  in  the  ring  Ls  not  miiform.  certain  parts  of 
the  core  liaving  higher  maximum  densities  than  other  parts.  In 
onlinarv  jiractice.  however,  tlie  tore  densities  are  relatively  low.  so 
that  the  loss  can  l>e  approximated  by  averaging  the  inductions  in 
certain  jmrts.  The  rate  of  change  of  flux  in  the  ring  depends  to  a 
considerable  extent  on  tlu-  flux  distribution  in  the  air-gap  and  arma- 
ture teeth,  anil  this  induces  increased  losses  and  error. 

The  di-stribution  of  flux  in  the  armature  ring  dejx^nds  on  the  effec- 
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tive  lengths  of  the  various  flux  paths.  These  will  only  depnd  upon 
various  conditions  such  as  the  number  of  poles,  diameter  of  armature, 
flux  distribution  in  the  air  gap  and  teeth,  &c.  For  any  method  which 
does  not  take  this  distribution  into  account  is  necessarily  only  approxi- 
mate. In  practice,  however,  there  are  many  other  variables  as 
already  pointed  out,  in  connection  with  manufacturing  conditions, 
and  empirical  rules  have  been  developed  which  are,  no  doubt,  as 
accurate  as  any  attempt  towards  exact  calculation. 

Armature  Teeth  Loss  at  No  Load. — The  flux  densities  in  the  arma- 
ture teeth  can  be  calculated  with  more  accuracy  than  in  the  various 
parts  of  the  core,  because  in  the  teeth  the  fluxes  are  limited  to  fairly 
definite  paths.  The  tooth  loss  may  be  considered  as  follows  :  The 
flux-density  in  each  tooth  passes  through  a  cycle  indicated  by  the 
shape  of  the  field  formed  {see  Fig.  1). 

In  this  case  the  tooth  density  will  be  a  maximum  at  A  and  remains 
practically  constant  until  the  point  B  is  reached.  It  will  then 
decrease  until  it  reaches  zero  value  at  C.  The  cycle  of  flux  change 
is  not  sinusoidal,  and  therefore  the  actual  tooth  iron  loss  should  not 
agree  with  that  represented  by  the  usual  iron-loss  curves  based  upon 
sinusoidal  changes  in  induction.  This,  however,  may  not  be  very 
great,  and  may  be  corrected  by  some  suitable  correcting  factor. 
The  density  in  the  armature  teeth  is  involved  in  the  iron  loss.  This 
density  is  not  uniform  for  the  entire  depth  of  the  tooth,  because  the 
section  of  the  tooth  tapers  off.  This  difi'erence  in  sections  may  be 
considerable,  and  in  small  machines,  however,  high  density  at  the 
base  of  the  tooth  tending  to  give  higher  iron  loss  is  compensated 
for  to  some  extent  by  the  reduced  volume  of  material.  Consec^uently, 
at  some  point  from  one-half  to  two-thirds  the  way  down  the  tooth 
the  mean  section  may  be  taken,  and  the  mean  density  and  volume  of 
material  based  upon  this  section  may  be  used  in  approximating  to 
the  iron  loss.  The  accuracy  will  be  dependent  upon  the  actual 
densit}^  used. 

Arinature  Copper  Eddy- current  Loss  at  No  Load. — There  are  a 
number  of  these  same  losses  which  are  of  quite  a  minor  nature,  but 
there  are  two  of  them  which  are  relatively  large  losses.  One  of  these 
is  due  to  the  flux  from  the  field  poles  entering  the  armature  slots 
and  cutting  the  conductors.     This  is  to  a  certain  extent  the  function 


of  the  li.M.F.  producing  the  current  and  of  the  dimension  of  the  con. 
ductor,  &c.  Owing  to  the  shape  of  the  permeability  curves  of  steel 
at  very  high  saturation,  the  difference  between  the  ampere-turns  of 
two  adjacent  teeth  may  increase  faster  than  the  square  of  the 
terminal  of  the  E.M.F.  Consequently  the  eddy-current  loss  due  to 
this  cau.se  may  decrease  faster  than  the  fourth  power  of  the  total 
induction  per  pole.  Consequently  it  is  desirable  that  the.se  eddy 
currents  be  kept  at  a  low  value  at  no  load,  becau.se  the  high  tooth 
ampere-turns  under  full  load  conditions  would  tend  to  increase  the 
percentage  of  these  losses  very  greatly.  Fig.  3  illustrates  these. 
Fig  .3  shows  the  characteristic  core  loss  for  a  generator  in  which  the 
coppt  r  loss  due  to  the  above  cause  is  very  large  at  the  higher  E.M.F.8. 
From  data  obtained  several  years  ago  the  following  formula  was 
derived,  but  it  applies  only  to  windings  with  two  conductors  in  the 
depth  of  the  slot.     This  formula  for  the  loss  in  conductors  is 

Watt  loss=180FcJ?,p(1000-a)7108, 
a  is  the  maximum  ampere-turns  for  one  tooth,  Vc  the  total  volume 
of  copper  in  cubic  inches  in  one  slot,  Bs  the  revolutions  per  second, 
p  number  of  poles.  The  values  for  the  eddy-current  watt  loss  in  the 
copper  were  approximated  to  by  taking  the  iron-loss  curves  at  the 
lower  E.M.F.  values  and  then  projecting  them  for  the  higher  values 
according  to  the  loss  which  the  iron  loss  alone  should  follow.  The 
difference  between  this  corrected  iron  loss  and  the  actual  test  curves 
was  assumed  to  consist  largely  of  eddy-current  loss.  As  this  dif- 
ference usually  increased  very  rapidly  at  higher  inductions,  the  above 
assumption  was  in  agreement  with  the  statement  above  that  the 
eddy-current  loss  may  increase  much  more  rajjidly  than  the  square 
of  the  flux.  In  this  case  the  pole-face  loss  would  have  to  be  taken 
into  account.  This  was  taken  care  of  by  tests  with  relatively  large 
air-gaps,  the  pole-face  loss  thus  being  very  small.     Another  formula 
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Fig.  1. 


Fig.  2. 


Fig.  3. 


of  the  saturation  of  the  tops  of  the  armature  teeth,  and  is  also 
dependent  upon  the  width  of  the  slot  opening  compared  with  the 
iron-to-iron  clearance.  At  first  sight  one  would  say  that  the  larger 
the  air-gap  the  more  would  the  lines  from  the  pole  pass  into  the  tooth 
top.  The  opposite  is  the  case,  however.  In  moderate  sized  machines 
with  relatively  small  air-gaps  and  moderate  slot  widths  the  eddy 
loss  from  fringing  into  the  top  of  the  slot  is  comparatively  small. 
This  loss  is  usually  greater  in  higher  voltage  large-capacity  turbo- 
alternators,  where  relatively  wide  slots  up  to  1-5  in.  or  more  are  used, 
and  where  the  air-gaj^s  are  very  large.  In  such  cases  lamination  of 
the  top  conductors  to  avoid  loss  from  this  cause  may  be  desirable. 

The  second  source  of  eddy  loss  in  the  copper  is  due  to  the  pecu- 
liarities of  flux  distribution  in  the  armature  teeth.  Suppose  that 
Fig.  2  represents  the  magnetic  conditions  in  a  given  machine  under 
the  central  flat  part  of  the  field  form,  the  armature  teeth  are  working 
at  the  uniform  induction,  assuming  there  is  no  field  distortion,  but 
at  the  edges  of  the  pole  tooth  density  decreases  slightly.  If  the 
saturation  of  the  tooth  under  the  flat  part  of  the  field  is  very  high, 
say  above  120,000  lines  per  square  inch,  the  ampere-tums  required 
to  magnetise  the  tooth  may  be  very  considerable.  However,  at  the 
edge  of  the  pole  the  small  decrease  in  the  flux  density  (15  to  20  per 
cent.)  will  mean  relatively  enormous  decrease  in  the  ampere-tums 
for  the  tooth.  For  instance,  the  tooth  c  in  Fig.  2  may  require 
2,000  ampere-tums,  while  the  next  tooth,  b,  under  the  pole  edge, 
which  is  worked  at  20  per  cent.  lower  density,  may  require  only 
10  to  20  per  cent,  as  many  ampere-tums.  Under  this  condition  there 
will  be  a  very  considerable  flux  across  the  slot  between  c  and  b. 
Consequently  the  armature  conductors  which  are  cut  by  this  flux 
will  set  up  local  currents,  the  value  of  which  will  be  some  function 


which  agrees  with  the  above  fairly  closely  at  high  saturation,  but 
which  gives  no  loss  at  zero  saturation,  is  as  follows 

Watt  loss= 135  Fci?,p(4000+a)/al08. 

Various  attempts  were  made  to  involve  different  factors,  but  one 
of  the  resulting  formulae  gave  as  consistent  results  as  the  above.  This 
formula  is  an  extremely  crude  one,  but  it  appeared  to  fit  most  of  the 
cases  the  writer  was  able  to  analyse.  The  table  follo\ving  shows  the 
value  of  the  copper  eddy  loss  compared  with  the  calculated  loss  by 
the  first  formula  above  for  a  number  of  machines.  In  these  tests 
old  machines  were  used,  so  that  the  losses  might  be  fairly  liigh  and 
more  or  less  exaggerated  values  obtained.  In  the  newer  machines 
the  losses  are,  of  course,  much  smaller,  and  they  are  less  suitable  for 
use  in  testing  this  way. 


Output, 
kilowatts. 


Terminal 
E.MF. 


340 

500 

750 

1,000 

2,000 


R.P.M. 


No.  of 
poles. 


600 
700 
600 
625 
550 
700 
600 
700 
575 
675 


6 
10 

8 
10 
14 


Eddy  loss 

from 
test  curve. 


Eddy  loss 
calculated. 


3-4 
9-7 
6-15 

12-5 
3-3 

36-5 
4-6 

11-3 
7-1 

28-2 


{To  be  concluded.) 
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PHYSICAL  METALLURGY  AND  OTHER 
PROBLEMS. 

An  address  on  "  Problems  of  Physical  Metallurgv,"  pre- 
sented at  a  recent  meeting  of  the  Mining  and  Metallurgical 
Section  of  the  Franklin  Institute,  serves  to  give  an  excelleht 
idea  of  the  nature  of  certain  of  the  problems  which  confront 
the  metallurgist  and  which  are  engaging  his  attention. 
The  addre.ss,  which  was  delivered  by  proxy  for  Dr.  G.  K. 
Burgess,  has  a  direct  bearing  on  the  subject  of  industrial 
research,  and  indicates  the  thoroughness  with  which  manv 
problems  are  being  systematically  investigated  at  the 
present  time.  Elsewhere  is  given  a  summary  of  the  various 
activities  relating  to  metals  that  have  been  executed  or  aie 
being  carried  out  at  the  Bureau  of  Standards,  and  in  the 
Address  it  is  stated  that  each  of  the  items  mentioned  has 
been  or  now  is  an  object  of  experimental  study  on  the  part 
of  one  or  another  of  the  several  scientific,  and  technical 
divisions  into  which  the  Bureau  is  divided. 

"  In  planning  an  experimental  attack  on  any  compre- 
hensive problem  in  physical  metallurgy,"  states  Dr.  Bur- 
gess, "  it  is  .  .  .  essential  to  keep  constantly  in  the  fore- 
ground the  inter-relations  of  those  various  factors  dependent 
upon  manufacture  and  previous  history  of  the  material 
studied  ;  which  is  another  way  of  saying  that,  while 
physical  metallurgy  may  be  said  to  be  that  branch  of 
science  which  treats  of  metals  in  their  physical  aspects, 
vet  it  takes  cognisance  also  of  chemical  metallurgv — the 
only  metallurgy  of  a  few  years  ago — chemistrv  and  physical 
chemistry,  including  crystallography  and  metallography, 
and  expresses  itself  largely  in  the  language  and  uses  the 
instruments  of  physics." 

A  noteworthy  feature  of  the  Address  is  the  section  in 
which  reference  is  made  to  the  co-operation  with  manufac- 
turers. Such  co-operation  has  a  threefold  efJect  on  re- 
search. In  the  first  place,  it  permits  of  the  utilisation  of 
manufacturing  plants  for  the  carrying  out  of  investigations 
on  a  conimercial  scale  under  commercial  conditions  and  at 
relativolv  little  cost  ;  in  the  second  place,  valuable  ex- 
perience— the  experience  of  the  practical  man— is  brought 
to  light  that  might  otherwise  pass  unnoticed  ;  and  finally 
it  brings  home  to  the  manufacturer  the  value  of  the  syste- 
matic and  .scientific  investigation  of  a  problem.  This  i.s 
confirmed  by  Dr.  Bur(;es.s.  and  we  note  with  pleasure  that 
manufacturers  have  placed  at  the  disposal  of  the  investi- 
gators, without  restriction,  the  facilities  afforded  by  manu- 
facturing ])lant,s.  Another  item  of  interest  is  the  metal 
museum  that  has  been  established.  Such  a  museum,  when 
fullv  dev(>l«ped.  will  be  invaluable  to  those  engaged  in 
metallurgy.  The  people  of  this  countrv  have  yet  to 
learn  the  influence  of  the  technological  museum  on  their 
welfare. 

In  addition  to  the  co-o]>eration  with  manufacturers,  stress 
is  laid  upon  co-operation  with  technical  and  .scientific 
s(Mieties  The  extensive  programme  outlined  by  Dr. 
BiRORS.s  is  being  carried  out  in  co-operation  or  after  con- 
sultation with  committees  lepresenting  the  several  scientific 
or  technical  societies  interested  in  the  particular  subject. 
,\t  the  ]iresent  time,  in  the  work  on  physical  metallurgy, 
there  is  active  co-operation  between  the  Bureau  and  the 
following  societies  and  institutions :  Chemical  Society. 
Society  for  Testing  Materials,  Foundrymen's  Association. 
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Institute   of   Metals,    Electrochemical   Society,   Society   of 
Civil  Engineers  and  the  Institute  of  Mining  Engineers. 

The  results  of  the  investigations  are  published  at  frecjuent 
intervals  in  the  form  of  technological  and  scientific  pajx'is 
and  as  circulars  of  infoimation.  These  papers  and  circulars 
arc  in  reality  authoritative  treatises  on  the  subjects  with 
which  they  deal,  and  they  deservedly  enjoy  a  world-wide 
reputation.  If  we  remember  rightly,  they  are  distributed 
tree  of  charge  to  the  libiaries  and  technical  and  scientific 
institutions  of  the  United  States,  and  are  obtainable  by  the 
general  public  at  a  cost  which  seldom  exceeds  a  few  pence 
per  copy,  as  it  is  a  law  that  all  public  documents  shall  be 
sold  at  cost  price.  This  means  that  paper  and  printing 
alone  are  chaiged  against  the  pui chaser. 

Thoughts  of  the  f  utuie  ciowd  in  on  us  in  writii)g  the  above 
disjointed  paragraphs.  In  the  past  our  metallurgists  have 
succeeded  in  spite  of  faulty  legislation,  and  to  their  credit 
stand  many,  if  not  most,  of  the  fundamental  discoveiies 
that  have  been  made  in  the  metallurgical  arts.  We  applaud 
the  co-operation  between  the  Bureau  of  Standards  and  the 
learned  societies,  not  only  in  connection  with  the  researches 
in  physical  metallurgy,  but  also  in  practically  all  researches 
that  have  been  made  or  contemplated,  and  we  would  have 
the  principle  extended  so  as  to  make  all  research  work  in 
the  future  international  in  character.  The  existence  of 
international  commissions,  such  as  the  International 
Electrotechnical  Commission,  may  be  taken  as  evidence 
that  the  wider  co-operation  is  possible. 

For  nearly  as  long  as  we  can  remember  we  have  allowed 
ourselves  to  be  soothed  and  flattered  by  those  who  pro- 
claim the  loveliness  of  everything  in  the  garden,  and  it  has 
taken  the  bloodiest  war  of  all  time  to  remove  the  scales 
from  our  eyes.  Now  that  our  vision  is  clear,  we  perceive 
that  weeds  characterise  the  garden.  Apart  from  the 
heroism  of  a  section  of  our  people  and  the  profit  derived 
from  patriotism  by  another  section,  the  one  great  fact 
brought  to  light  by  the  war  is  that,  whilst  our  Empire  is 
founded  on  the  rock,  certain  of  the  structural  details  are 
faulty.  With  this  knowledge,  and  aimed  with  the  evidence 
of  our  unpre pared ness  two  years  ago  ;  t^trong  in  our  deter- 
mination to  make  those  responsible  for  a  catastrophe,  second 
only  to  Calvary,  pay  the  penalty  to  the  full,  we  can  continue 
during  this,  the  third  year  of  the  war,  manfully  to  uphold 
with  our  whole  might  the  cause  of  the  weak  and  of  the 
oppressed. 

We  must  see  to  it  that  we  do  not  run  into  the  danger  of 
taking  the  will  for  the  deed.  As  part  of  the  penalty,  it  is 
the  will  of  our  people  that  the  enetaies  of  civilisation  shall 
be  deprived  of  much  of  their  trade  and  of  the  fruits  of  their 
industry.  For  two  years  fatuous  optimists  have  been 
raising  the  cry  "  Captuie  the  trade  oi  the  enemy,"  and  they 
have  urged  the  passing  of  Acts  of  Parliament  intended  to 
secure  for  oui-  traders  a  large  proportion  of  the  trade 
enjoyed,  and  assuredly  earned,  by  our  enemies. 

The  stein  lesson  we  have  to  learn  lies  like  an  open  book 
for  all  who  wish  to  read.  The  lesson  is  that  capturing  the 
trade  of  the  enemy  will  demand  the  same  self-denial  and 
sacrifice  of  our  traders  as  capturing  the  trenches  of  the 
enemy  demands  of  our  soldiers.  After  two  years  of  war 
many  of  our  people  are  beginning  to  realise  that  Acts  of 
Parliament  alone  do  not  suffice  to  deprive  the  enemy  of  his 
trenches.  Just  as  the  capture  of  a  trench  necessitates 
sacrifice  on  the  part  of  our  soldiers  abroad  and  incessant 
toil  on  the  part  of  our  artisans  at  home,  so  will  the  capture 
of  enemy  trade  necessitate  sacrifice  and  incessant  toil,  and 
as  surely  as  in  war  we  beat  the  enemy  by  capturing  trench 
by  trench,  so  in  trade  we  shall  have  to  beat  him  by  cap- 
turing trench  by  trench.     Just  as  in  war  the  wise  general 


pauses  after  capturing  a  trench  in  order  to  consolidate  the 
j)osition,  so  in  trade  our  leaders  in  industry,  after  securing  a 
slight  advantage  over  their  trade  rivals,  will  have  to  pause 
in  order  to  consolidate. 

We  regard  many  of  those  who  would  have  u.s  capture 
the  trade  of  the  enemy  as  "  get-something- for- nothing  ' 
people — as  people  who  waste  their  own  and  other  peoples' 
time  in  looking  for  the  philosopher's  stone  in  the  hope  of 
turning  everything  into  gold.  To  such  people  we  would 
say  that  not  without  reason  was  it  written  "  Be  not  deceived  ; 
.  ,  .  for  whatsoever  a  man  soweth,  that  shall  he  also  reap." 


ELECTRICALLY  HEATED  FURNACES  FOR  THE 
LABORATORY.* 

BY   K.    AKNUT. 

Kcf<istaiuo  furnaces,  employing  platinum,  have  long  been  used  to 
ol)tain  temperatures  up  to  1,400"('.  or  even  l,;^^^".  in  a  eoniined 
space  of  small  dimensions  ;  wire  or  foil  is  generally  used.  The  firm 
of  W.  C  Heraeus,  at  Hanau,  has  constructed  many  fiirnaces  of  this 
type,  both  large  and  small,  and  of  different  shapes.  When  a  heavy 
current  at  low  voltage  is  used,  and  the  cost  of  platinum  is  no  con- 
sideration, a  jjlatinum  tube  is  veiy  convenient ,  r.nd  serves  the  purjio.se 
of  forming  the  wall  of  the  furnace.  The  p;  king  often  consists  of 
burnt  magnesia.  Below  ],000°C.  wire  of  nlci-cl  or  nickel-chrome  is 
often  used,  but  this  necessitates  a  packing  of  carbon  powder  in  order 
to  exclude  the  effects  of  o.xidation.  Above  1,600'('.  platinum 
cannot  be  used,  because  it  volatilises  too  much  ;  it  fuses  at  1,750''C. 
Iridium  tube  furnaces  have  been  used  in  the  Nemst  institute,  and 
haAe  done  very  useful  work  in  the  Reichsanstalt.  But  they  last 
only  a  very  short  time  in  spite  of  all  precautions  ;  working  with  such 
furnaces  is  therefore  a  very  costly  business.  Tungsten  fuses  at 
3,0000".,  and  can  be  used  either  in  the  form  of  wire  or  tube  ;  but  it 
can  only  work  in  a  vacuum,  because  it  oxidises  in  the  air  and  forms 
a  carbide  with  carbon.  For  the  highest  temperatures,  carbon  alone 
is  suitable.  It  can  easily  be  obtained  in  the  form  of  tubes  ;  such 
tubes  are  made  of  the  best  material  for  electro-chemical  purposes, 
especially  of  Acheson  graphite.  The  walls  of  the  tube  must  not  be 
too  thin,  on  account  of  the  lack  of  mechanical  strength.  Arsem  has 
devised  a  method  of  cutting  the  tube  spirally,  which  gives  it  a  very 
desirable  elasticity.  The  oxygen  of  the  atmosphere  is  removed 
by  surrounding  the  furnace  with  a  gr,s-tight  covering,  which  is 
pumped  free  of  air  or  filled  with  an  indifferent  gas.  An  unfortunate 
feature  of  carbon  furnaces  is  that  the  hot  carbon  permanently  gives 
olf  gases,  and  all  bodies,  heated  in  the  furnace,  take  up  carbon.  If 
the  temperatures  are  not  too  high,  some  sort  of  protection  against 
these  impurities  can  be  had  by  inserting  a  quartz  tube  within  the 
carbon  tube.  Still  better  is  it  to  insert  several  concentric  tubes,  and 
to  introduce  a  stream  of  hydrogen  through  the  ring-shaiicd  spaces 
between  them.  But  above  1,600°C.  there  is  no  material  suitable 
for  these  protecting  tubes.  Still  the  carbon-tube  furmico  has  become 
a  part  of  every  properly-equipped  research  laboratory.  Tucker, 
Ruff,  Goecke,  Stabler  and  Elbert  have  all  done  good  work  in  design- 
ing such  furnaces.  (Some  notes  in  the  original  Paper  give  references 
to  their  various  publications.) 

The  carbon-tube  furnace,  constructed  l)y  Stabler  and  Elbert,  is 
intended  for  temperatures  up  to  2,000°C  ,  and  pressures  up  to  50 
atmospiicres.  It  is  shown  in  Fig.  1.  and  consists  of  a  thick  steel 
vessel  A,  closed  by  a  cover  B,  which  is  fixed  by  six  large  hexagonal 
screws  on  a  conical  seating  C.  The  ciuTcnt  enters  the  phosphor- 
bronze  tube  E  at  />,  which  is  insulated  by  the  vulcainsed  Hlire  rings 
F  ;  it  passes  through  the  hot  tube  A',  and  thence  through  the  sides 
of  the  vessel  to  the  other  terminal  L.  The  vulcanised  fibre  rings  are 
pressed  together  by  the  rings  0  and  //,  and  form  a  gas-tight  gland, 
which  also  holds  the  tube  E  in  jwsition.  The  furnace  is  used,  for 
instance,  for  the  preparation  of  boron  nitride  out  of  boracic  acid, 
carbon  and  nitrogen  ;  in  that  case  the  materials  are  introduced  into 
.  the  graphite  receptacle,  J/.  Nitrogen  is  admitted  through  the  valve 
iV,  rill  the  desired  pressure  is  reached,  and  care  must  be  taken,  as 
the  i)ressurc  is  greatly  increased  by  the  heat.  The  lower  part  of  the 
furnace  is  cooled  by  standing  in  water,  which  also  drips  over  the 
upper  part.  A  pyrometer  of  the  Le  Chatelier  type  is  introduced 
through  the  opening  O  in  the  tube  E,  and  made  gas-tight  by  the  plug 
P.  In  order  to  measure  temperatures  above  l.oOOT..  some 
preliminary  curves  must  be  constructed,  and  there  is  no  difficulty  in 

*  Translated  from  the  "  Elektrotechnische  Zeitschrift,"'  Heft  9,  1916. 
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doing  this  up  to  2,000"C.,  iis  the  icliitiou  l)etween  temperature  and 
current  idniost  follows  h  straight-line  law. 

The  vacuum  furnaces  of  Arsem  and  of  Ruff  are  also  upright,  and 
surrounded  by  a  cooled  metallic  \e.ssel.  Huff  also  designed  an 
arrangement  by  which  the  vessel,  containing  the  heated  materials, 
could  be  droijjjed  into  water,  and  so  suddenly  cooled.  This  jjrevented 
any  chemical  change,  which  otherwise  usually  takes  place,  if  the 
substance  is  allowed  to  cool  gradually. 

The  newest  tyjjc  of  furnace  of  this  kind  is  the  vacuum  furnace, 
designed  by  J.  Wolff  and  E.  .Miiller.  Fig.  2  gives  a  longitudinal 
section  of  tlic  furnace.  The  carbon  tube,  e,  is  :H)  cm.  long  ;  it  has  an 
external  diameter  of  5  cm.,  and  an  internal  diameter  of  2  cm.     In 


/ii  and  h.^,  so  tigntly  against  the  walls  of  tiie  containing  chamber, 
that  they  are  able  to  withstand  a  pressure  of  several  atmosphcies! 
The  rubber  is  protected  aga'nst  the  temperature  of  the  furnace  bv 
rings  of  asbestos.  The  water  jajket  is  able  to  .slide  to  one  .side  oil 
rails  ;  this  exposes  the  hot  chamber,  and  it  is  then  possible  to  replace 
a  burnt  tube,  without  running  the  risk  of  breaking  a  delicate  tube 
when  the  ap])ara*us  is  reas.sc milled.  The  materials"  which  are  to  be 
heated,  are  contained  in  a  snuvll  graphite  boat,  w  hich  is  attache<I  to  a 
long  grai)hite  rod  :  this  is  introduced  at  n  and  pushed  through  /", 
into  the  furnace  ;  the  oiK-ning  ii  is  then  screwed  to.  On  the  left-lia:id 
side  is  the  inspection-glass  g,  which  enables  the  operator  to  see  the 
inside  of  the  furna  •-  ;    with  aji  optical  pyrometer,  the  temiJeratunt 
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order  to  increase  the  electrical  resistance,  15  cuts  are  nuide  in  it, 
alternately  from  o])posite  sides,  in  radial  directions,  cutting  through 
two-thirds  of  the  thickness  of  the  walls;  these  cuts  are  H)  mm. 
apart,  and  1  mm.  or  2  jiim.  broad.  This  also  adds  to  the  elasticity  of 
the  tube,  so  that  it  does  not  break  so  easily.  .Short  pieces  of  graphite 
tube,/,  and/.,  serve  to  introduce  the  current ;  one  of  them  is  screwed 
into  the  hot  tube,  wlule  ^the  other  is  very  carefully  bored  so  that  it 
makes  a  good  :it  of  such  a  kind  that  a  small  amount  of  longitudinal 
movement  can  take  place,  thereby  allowing  for  expansion.  In 
order  to  conserve  the  heat,  the  hot  tube  is  concentrically  surrounchd 
by  two  other  carbon  tubes,  o,  and  o.^,  which  at  the  outer  ends  are 
in.?ulatcd  by  quartz  beaiers.  Tt  is  necessaiy  at  times  to  remove 
these  outer  carbon   tuhes,   r.nd   c 'nvenient  arnviigcjuents  for  llii.s 
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purpose  have  liecn  d<-viMd.  'I  lu-y  arc  divided  lougiluilinally  inlo 
two  half  cylinders,  and  iirc  held  (ogctlu-r  bv  two  griipliilc  nng.s, 
2«,  slipped  over  Ihcin.  which  an-  inteiiially  turned  oiil  uf  conical 
section.  Knd-motion  is  limited  by  the  graphite  discs.  //,  //a-  The 
outer  covering  of  the  fuiimce  has  tloulile  walls,  and  cooling  water  \^ 
])asM'(|  itelwccn  tliciii.  The  "  Wi'ler  pi.slon.s."  »/,  n.^,  ;ire  inscrtxl 
within  (he  (ylindrical  water  jacket,  v.  Tlie.>e  water  pistons  arc 
pa  ked  with  I'ligs  of  "steam  rubber":  the  nngs.  which  allow  a 
Caitiin  amount  of  play,  are  Ix  lil  on  the  one  si<le  by  rings  of  vulcanised 
iibre.  ;vn(l  on  the  otli^r  side  they  »'e  presvrd  Iv"  the  hsndwheels. 


can  be  determined.      -\n  arrangement  is  also  ix>s.sible  by  which  the 
boat   can   be  introduced  into  the  vacuum,  the  space  having.  \nxn 
ain-ady  heated  to  liic  desiied  teni|Krature  ;    this  makes  continuous 
working  jK^ssiblc.     If  the  tubes,  jj.  are  closed,  two  oil  vacuum  puni])s 
can  be  coinieeted  to  i.,,  and  in  iseven  nrnutcs  can  create  a  vacuum 
coriisporuling  to  a  pressure  oi  3  mm.  of  mercury.     When  the  furnace 
is  heated  fm   the  .irst  time,  the  tubes  mu.st  be  heated  verv  slowlv. 
so  that  thi-  volatile  impuritie.;,  such  as  tar  products,  silicon.  &c.,  are 
not  distilled  too  (|uickly.  which  might  crack  the  tidies.     At  a  later 
sta„'c,  it  is  jMjssililc  to  jiroceed  nio:i'  quickly,     if  used  for  a  long  time  at 
liigh  temperatuies.  the  carbon  tube  is  converted  into  graphite  .H.nd 
lost  s  in  st  rength.     Tubes  of  Acheson  graphite  are,  of  course,  fix'c  from 
this  jtcculia.ity,  but  on  account  of  tluir  higher  conductivity  they 
require  miuh  heavier  currents  to  produce  the  same  temperature.     If 
the  boat  is  lOcm.  long  it  can  be  kept  iit  a  imiform  temperature  of 
2,.'J0()  C".  throughout  its  length.     The  furnace  is  able  to  withstand 
temperatures   from   2,40UC\   to  2,5000''.   for  hours  together.      At 
2,(HH»  (\  it  takes  aijout   200  amperes  ,at  .'30  volts  ;   at  2,500T.   it 
takes   380  amperes,  and   at    2.8511'.  it    requires    500   amjierejj;.     It 
requires  two  hours  to  cool  dowii  from   2,800°C.  before   it  can    be 
conveni(Mitlv  handled. 


ELECTRICAL  SIGNALLING  WITH  BARE  WIRES.* 

A  rei)urt,  of  wliieli  we  give  an  abstract  below,  lias  been 
prei>ared  on  this  subject  by  Dr.  K.  V.  Wliwh-r  ((»f  the  Home 
Olli.c  K.\j)crinienUl  Station,  Eskiueals)  and  IVof.  W.  .M. 
Tliorjitou  (ol  Ann.sironi;  C'ollcffe). 

,\  |ircviuus  ri'pitrt.  tleaiing  with  batlcry-bcll  signalling  .sysl<'ni><.  hju^ 
sliowa  that,  co.itrary  to  general  e.xpi-ctation,  the  break-lliu*l«  that  occur.N 
al  uiicovcri'd  signal-wiivs  when  a  signal  is  given  can.  in  the  majority  of 
cases,  i'/nite  v  "  ''Ic  L'as  a'ld  mn.st  thi-rcfore  In-  rcgar<lo<l  «-•<  "  open 

s])arkin.i;.'"     '1'  of  the  present  report  is  to  tlctine  the  {trei  aulion.s 

neccssarv  in  oixlei  tiiai  tlu'  bare-wire  signalling  system  shall  be  rcnderctl 
safe. 

l'i!Ksi;\T  l*i:A<Ticr.. 

lltilliri/  Hills,  I'Ikm  <)!ichisionsrearli(H)  resi>e(tn)g  batterv  IhII  >ysteiiu> 
of  .signalling;  .vi  a  result  of  the  i'lve.-liLat  ions  «le.-i  ril»e<l  in  ilic  report 
aln-ady  referre<l  to.  Iiavi   been  ;nn|ily  confirmed  by  further  i  >ls. 

Further  exanipies  of  Im-11s  have  l>eeu  rceeivinl  at  tin-  I,  ,  •  ,t»l 
}S  Nation  from  ditferent  mak«>r8  tutd  t<<st4il.  and  it  is  clear  that  the  onlinary 
type  of  bell  « anses  it  tla  inermis  break-lhush   at    iJie  .signal  wire.s  «liei   n 

battery   of  eitllei    <lr\    o,'    \m  I  I^eela  lelie  eelis.   of   Voila.L.'e   in    some  ras«"5 

jws  low  as   r."».  '     •      ••    •      li  I    •!    •  '                                   ,.'-le 

reeeivi-*!  wliicli  ,i      •   iti.  •;  •  i  ■                             •■  lis. 

Following  the  m  |ireviousiy  a«lop)<'<i.   uhai    may   l>e 

fcriiK"*!  the"  balto.  \ ..1  all  tbelM'll.sn"oei\e»l  wore«iel<-i  mi'ioiL 

The  nieaHun*  of  tile  battery  ertieieney  adoptcil  was  the  res.-  .«,;i« c  (in 

ohms)  that  had  !<•  '                '  '                                       '   r  to  rtndcr  the  l>ell 

onlv  just  ei5»il»!f  I   witli   liatteries  of 

25  and  !•'>  >d  *5  and  15  vuU«  wrt 

-ncd  bj  the  Ho.nie  <  Mtiee.     Price  :W 
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Leclanohc  colls  (((uait  kIzo).  The  results  aiu  recorded  in  a  table  in  the 
rcpi)i't,  where  are  shown  also  the;  niaxinnnn  currents  obtained  in  each  case 
wlien  the  resistance  of  the  bell  only  was  included  in  the  circuit;  the 
currents  required  to  cause  the  ignition  of  an  8  per  cent,  methane -aii' 
mixture  by  the  break-flash  at  the  signal  wires ;  and  tlie  inductances  of 
the  bells  at  these  igniting  currents.  From  these  results  several  conclu- 
sions can  be  <lrawn. 

As  was  shown  in  the  ])revious  report,  the  usual  types  of  bells  arc  all 
ca])able  of  giving  a  dangerous  break-flash  at  bare  signal  wires.  The  fact 
must  be  em|)hasised  that  nearly  every  flash  that  occurs  when  tln^  bare 
wires  are  separated  after  a  signal  has  been  given  would  ignite  a  firedam])- 
air  mixture,  that  contained  bctweeii  7-5  and  9-5  ])er  cent,  of  methane  were; 
such  a  mixture  accidentally  to  surround  i]w.  wires  at  the  time.  With  a 
givcni  bell  in  the  circuit,  tlu^  only  break-Hashes  that  caimot  ignite  such 
mixtur(^s  are  those  that  occur  so  far  along  the  signal  wires  that  the 
resistance  of  the  wires  reduces  the  current  available  at  the  flash  below 
the  mininnim  igniting  current.  With  many  bells  the  minimum  igniting 
current  is  but  little  greater  or  is  even  less  than  the  minimum  ringing  current. 

The  battery  efficien<;ics  of  the  bells  vary  considerably  and  are  de])endent 
largely  on  their  mechanical  construction.  The  maximum  battery  power 
j)erinissible  under  the  Coal  Mines  Act  is  25  volts.  The  battery  efliciency 
at  this  i)ressuro  wheii  dry  cells  are  us(;d  varies  from  400  to  72  ohms,  the 
mean  value  for  all  the  bells  being  200  ohms  ;  that  is  to  say,  200  ohms 
resistance  can  be  inc'luded  in  the  (■ircuit  before  the  bell  ceases  to  ring.  Jf 
a  battery  of  diy  cells  at  15  volts  is  used,  the  mean  efficiency  drops  to  about 
120  ohms,  with  a  nn'ninuuu  of  40  ohms  ;  while  with  wet  Leclanche  cells 
at  15  volts  it  dr()])s  to  about  !I0  ohms  with  a  ni.inimum  of  25  ohms. 

Inquiries  as  to  present  ])ractice  as  regards  the  type  of  battery  usually 
employed  show  that  wet  Leclanche  <!ells  are  generally  favoured.  llej)orts 
from  H.  M.  lns])e(;tors  of  Mines  are  agreed  in  statitig  that,  except  in  Noilh 
Staffordshire  where  10  per  cent,  of  the  battery  bells  used  arc^  actuate<l  by 
dry  cells,  the  use  of  wet  ]jeclanche  ci-lls  is  jiractically  universal.  Tln're 
should,  therefore,  be  no  great  inconvenience  caused  if  tlu^  use  of  wet 
Leclanche  cells  were  made  compulsory.  The  tests  show  the  desirability 
of  such  a  restriction. 

It  is  questionable,  however,  whether  it  would  be  wise  to  reduce  the 
voltage  allowable  from  25  to  1 5  or  less.  Even  w'th  15  or  4  volts  some  tyi)es 
of  bells  at  j)resent  in  use  arc  uiisafe,  whereas  the  intvcxUiction  of  "  anti- 
sparking  "  devices  would  allow  a  battery  at  25  volts  safely  to  be  used. 
While,  therefore,  no  gain  in  safety  would  be  experienced  by  stipulating  a 
maximum  voltage  of,  say,  15,  the  ringing  efficiency  of  most  of  the  bells 
would  be  seriously  atfected  thereby.  On  the  other  hand,  a  battery  of  wet 
Leclanche  cells  at  25  volts  has  little  greater  danger  than  any  batteiy 
necessary  to  give  a  reasonable  working  current. 

The  bells  examined  were  of  a  variety  of  patterns.  There  are  thiee 
eonamon  types.  In  bell  tyiie  A,  the  commonest  type,  the  hammer  is  a 
continuation  of  the  armature,  the  whole  being  attached  by  means  of  a 
flat  spring  to  a  jiillar  near  the  magnet.  In  bell  tyjie  B,  the  jtivot  of  the 
armature,  which  is  hekl  back  by  a  s])iral  spring,  is  formed  by  a  revolving 
pin  which  passes  through  a  flame-tight  joint  in  the  bottom  of  the  casing. 
Bell  type  C  consists  of  two  separate  parts,  the  electrical  portion  ard  the 
gong  portion.  The  electrical  portion  is  completely  enclosed  and  the 
casing  is  flame-proof.  The  hammer,  actuated  by  the  armature,  is  within 
the  casing  and  strikes  one  end  of  a  steel  stud  which  passes  through  a  flame- 
tight  joint  in  the  casing  and  nearly  touches  the  rim  of  the  gong.  The 
impulses  of  the  hammer  are  transmitted  by  the  steel  stud  to  the  gong. 

Relays. — As  a  considerable  amount  of  mechanical  work  is  expended  in 
ringing  a  bell,  a  corresponding  amount  of  additional  battery  power  is 
required  bev'ond  that  necessary  to  overcome  the  total  resistance  of  the 
circuit.  A  relay  introduced  into  the  main  signalling  circuit  reduces  the 
battery  power  required  to  give  a  signal  by  reducing  the  mechanical 
work  that  has  to  be  jjerformed  on  that  cii'cuit,  a  usual  practice  being  to 
cause  a  subsidiary  circuit,  containing  the  bell  and  a  se])arate  battery,  to 
be  closed  by  the  action  of  the  relay. 

yince  relays  contain  i;lectio-inag!u-t  coils,  often  highly  self-in<!uctive, 
the  same  consideration  res])ecting  the  ])ossible  danger  of  the  break-flash 
at  the  signal-wires  a))])ly  as  with  bells.  A  number  of  I'elays  obtained 
from  different  makers  have  been  examined,  the  mode  of  procedure  being 
similar  to  that  adopted  for  bells.  The  main  results  of  the  tests  are  given 
in  the  original  report. 

The  battery  efficiencies  with  relays  are  greatly  superior  to  those  of  most 
bells,  a  battery  ])ower  of  10  volts  in  most  cfises  allowing  amiile  mai'gin 
for  the  resistance  of  bad  connections  on  the  signal  wires.  This  s)i])erior 
battery  efficiency  is  unfortu'iately  discounted  by  the  higher  inductances 
of  relays  compared  with  bells,  du(>  to  the  larger  number  of  turns  of  wire 
with  which  the  relay  magnets  are  wound.  It  thus  results  that  though 
relays  can  be  worked  wMth  a  smaller  battery  than  most  bells,  they  have, 
in  general,  a  lower  "  igniting  current "'  at  which  the  break-flash  on  the 
signal  wires  becomes  dangerous. 

As  regards  present  jnactice  in  respect  of  the  use  of  relays,  mojc^ 
])articidarly  as  regards  the  l)attt>ry  power  usually  em])loyed,  it  would 
appear  from  re])orts  obtained  from  H.M.  Inspectors  of  Mines  that  although 
in  the  majority  of  mines  smaller  batteries  are  employed  to  actuate  relays 
than  would  be  used  for  bells  over  the  same  length  of  line,  vet,  with  few 
exceptions,  the  battei y  power  is  in  excess  of  what  is  sufficient  to  give  a 
dangerous  break-flash  at  the  signal  wires.  The  commonest  types  of 
relays  arc  dangerf)us  when  used  with  a  battery  of  more  than  foui'  wet 
Leclanche  cells,  while  the  re])orts  of  H.M.  Inspectors  of  Mines  show  that  a 
battery  of  less  than  six  such  cells  is  u.-<ed  comparatively  rarely. 

After  a  section  on  the  theory  of  bells  the  subject  of  safety  is  con- 
sidered. 

SafcOj. — The  degice  of  "  safety  '  of  a  bell  can  be  measured  by  its 
liability  when  used  with  a  given  battery  of  causing,  through  self-induct  on. 


a  dangerous  break-flash  either  at  the  trembler  contacts  or  at  the  signal- 
ling ])oint.  As  already  stated,  the  break-fla^h  tliat  <*ccurij  at  the  .signalling 
wires  can  be  as  intcise  as  that  at  the  trembler  ctjntacts ;  viewed  in  a 
rotating  mirror  the  flashes  that  occur  at  the  trembler  contacts  have  the 
same  nature?  as  bresak-flashes  at  the  signal  wires,  their  diuation  being  short 
com7>ared  with  the  ]ieri(jd  of  the  bell.  The  eluration  of  any  break-flash 
ile|i(mds  upon  the  voltage  of  the  circuit  and  the  voltage  added  by  sclf- 
iiiduetion. 

Experiments  show  that  ignition  by  a  rapid  brcak-fla-sh  at  a  low  circuit 
voltage  dei)ends  on  the  inductance  voltage  at  which  the  flash  is  formed, 
aid  the  igniting  power  of  the  flash  is  proportional  to  the  pre^luct  Li. 
When  the  break  of  circuit  is  made?  slowly,  the  igniting  power  of  the  fla.sh 
lias  b -en  found  to  depenel  ui)r)n  its  energy,  },Li-.  There  are  thus  two 
limiting  conditions  for  the-  igniting  power  of  the  flash  ;  at  the  one  the 
inductance  voltage  is  of  importance,  at  the  other  the  energj'.  For  any 
given  gaseous  mixture  there  is  a  range  of  rapidity  of  break  over  which  the 
two  types  of  ignition  blend,  so  that  under  certain  conditions  the  igniting 
power  of  the  flash  may  be  ]iro])ortioiia!  neither  directly  to  i  nor  to  i-,  but 
to  some  intermediate  v-alue  of  /.  Thus  in  the  previous  report  the  relation 
between  L  and  /  was  determined  when  L  varied  between  0-008  henrj'  and 
0-09  henry  and  the  current  was  at  90  volts  ])ressure.  In  this  ea.se  Li''-*  =A', 
so  that  the  igniting  yiower  of  the  break-flash  fell  between  the  conditions 
uneler  which  it  would  be  proportional  to  the  inductancx-  voltage  (Ldi/dt), 
and  thus  pro])ortional  to  Li,  and  the  conditions  under  which  it  would  be 
projjortional  to  its  energy  {\Li-). 

The?  ineluctance  voltiige  E g=  LtU  jdl  =  kLi ,  where  /.■  is  a  constant.  Since 
i  =  E/r,  therefore,  lJg  =  lcL.lj/r.  The  inductance  voltage;  is  thus  inversely 
prope)rtional  to  the  resistance  of  the  circuit  when,  as  can  be  considered 
roughly  the  case  in  practice,  the  battery  voltage  and  indue^tance  are 
e;e)nstant.  In  so  far,  theMcfore, as  the  ignitiem  of  inflannnablc  mixture»s  is 
ele'pcnele-nt  e)n  the  produet  Li,  ignitieHi  e^an  be  pre'venteel  by  the;  use  of  high 
re'sistance  winelings  anel  high  resistane'e  batteiies.  The  energy  of  the 
bre-ak-flash,  hLi'^  or  kLK'^/r'^,  is  even  more  elepenelent  on  the  circuit 
resistance,  licing  inverse-ly  jirojjortion.al  te)  its  sepiaie. 

Mechanic.vl  and  Electbicai.  Efficiency. 

The  efficiency  of  a  bell-signalling  system  can  be  estimated  in  two  «  ays  : 

(1 )  by  the  magnitude  of  current  recpiireel  just  to  actuate  the  bell ;  and  (2) 
by  the  loudness  of  setund  or  rate  of  ringing  for  a  given  current.  When 
the  circuit  is  sini))le,  without  relays,  both  of  these  criteria  of  efficiency 
depend  u|M)n  the  mechanical  and  electrical  characteristics  of  the  bell  and 
line.  , 

Mfchdiiicdl  Effitioici/. — The  cuirent  at  whieh  ringing  just  ceases 
elepends  u])on  the  adjustment  e)f  the  nice  hanical  tensions  (of  the  armature 
spring,  and,  in  most  bells,  of  the  lighter  spring  control  elerived  from  the 
e;ontact  strip  on  the  armature),  and  upem  the  length  of  air-gap,  as  well  as 
U|)e>n  the  electre)-magnetic  ]iull. 

.\i  attein|)t  was  made  tei  eletermine  experimentally  the  most  etReient 
setting  foi'  bells,  havi:ig  rcgarel  to  (1)  the  te';sie)n  e)n  the  armature  sj)ring  ; 

(2)  the  mass  of  the  movi:-'g  parts  ;  (."5)  the  length  e)f  the  air-ga]> ;  and  (4) 
the  setting  e)f  the  hammer  relative  to  the  gojig.  The  residts  bore  refer- 
ence particularly  to  bells  of  type  B,  but  many  of  them  are  of  general 
application. 

It  can  be  stated  generally  that  so  far  as  the  minimum  ringing  current 
is  a  measure  of  the  efficiency  of  a  signalling  bell,  the  best  results  are 
obtained  with  a  low  tension  on  the  armature  spring.  For  example,  with 
an  experimental  bell  of  type  B,  a  tension  equal  to  7  oz.  or  8  oz.  was 
found  to  be  ample,  tensions  ranging  from  2  oz.  to  36  oz.  having  been 
trietl.  The  rate  of  ringing  for  a  given  current  is  over  a  long  range 
independent  of  the  tensiem  on  the  armature  spring  or  the  length  of  the 
air-gaj),  though  the  me)st  rapid  rates  of  ringing  are  obtained  with  very 
low  (2  oz.)  or  very  high  (.'52  e)z.)  tensions.  The  lingmg  force,  as  estimated 
by  measuring  ballistically  the  energy  e)f  the  blows  given  by  the  hammer, 
is  practietally  inelei)enelent  e)f  the  tension  e)n.  the  armatin-e  sprhig  jr  the 
length  of  the  air-gap,  and  is  most  affe^cted  by  the  distance  of  the  hammer 
frejui  the  gong. 

On  the  whe)le,  therefore,  it  vve)ulel  ajjpear  to  be  advisable  te)  use  as  light 
a  s])ring  on  the  armature  as  will  suffice  to  nraintain  good  contact  at  the 
trembler  in  readiness  to'  ring  anel  to  return  the  armature  to  its  first 
position  after  the  ringing  blow  has  been  given.  Ativ  .<light  sacrifice  in  the 
rate  of  ringing  or  louelness  e)f  .seumd  that  may  be  etaused  by  using  a  light 
spring  on  the  arinature>  is  more  tha!i  eemipensated  for  by  the  fiw^t  that  tlie 
bell  can  be  actuated  bj'  a  small  current. 

Electrical  Efficicvcii. — Reverting  to  the  effects  produccnl  by  a  current  iji 
passing  roundel  the  bell  coils.  The  chief  effect  is  the  magnetisation  of  the 
cores.  This  mngnetisatie)n  grows  with  the  current  and  is  pro]»ortional  to 
the  ampeve-turns  of  the  winelings. 

The  number  of  b^ows  per  second  made  upon  the  gong  de])ends  upon  the 
eluratie)n  e)f  the  current  at  eaeih  make  of  circuit  (that  is.  ui)on  the  point 
in  the  curve  of  growth  of  enurent  at  which  the  eircuit  is  bioken  by  the 
trembler).  From  actual  rceuirels  taken  freuu  a  number  of  bells  an  average 
perie)el  whei!  the  bell  is  actuated  by  a  battel y  e>f  10  wet  Le-clanvhe^  cells 
may  be  taken  as  three  times  /v/r.  The  number  eif  blows  per  secontl  weiuld 
thus  be  li-jL.  Let  this  equal  ii.  The  iirejeliict  l^n  may  be  taken  as  a 
meivsuie  of  the  total  mechanical  energy  of  continuous  ringing.  From  the 
foregoing  Pn  varies  as  E'T-ir-.r/L.'  The  inelue-tance,  L,  is  ce^ual  to 
^irf-jR,  where  R  is  the  reluctance  of  the  magnetic  circuit ;  so  that, 
omitting  cemstants.  Pn  varies  as  /;-'//•.  (Here  /'-magnetic  pull  r.nd 
7'=number  of  turns.) 

Ceinsequently,  with  a  given  bctterv  voltage,  the  rinsruig  power  of  a 
bell  varies  inversely  with  the  resistane;c  of  the  circuit.  It  is  not  possible, 
however,  to  work  with  a  very  low  resistqjicc  in  circuit,  since  the  current 
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is  limited  l)oth  by  tin;  kirnlof  battery  used  and  by  (  on.-^idcration.s  of  danj^ci' 
(liio  to  s])arking  at  the  bell  or  point  of  signalling. 

Safety  Combined  with  Efficiency. 

It  is  neccs-saiy  now  to  consider  together  the  conditions  requisite  to 
obtain  the  niaxiifnum  ringing  power  of  the  bell  and  the  minimum  igniting 
power  of  the  break-flash. 

Number  of  Turns. — The  authors  rcaeh  the  conclusion  that  a  bell  with 
many  turns  of  wire  gives  the  greatest  ringing  power  per  igniting-current 
amppi-e— is,  in  fact,  the  '"  safest-efficient "'  bell  (apart  from  the  use  of 
:  pe(ial  flevices)—  on  a  circuit  of  given  voltage  and  constant  resistance. 

To  test  this  conclusion  a  series  of  exj)eriments  was  made  to  see  how  the 
ringing  power  and  mitiimum  igniting-current  were  affected  by  the  number 
of  turns  of  wire  in  the  magnet  windings.  The  bell  was  of  ty])e  B  and  hafl 
i\  single  bobbin  wound  with  :i2-gauge  silk-covered  copper  wire,  1 12  turns 
))cr  layer.  To  obtain  a  measure  of  the  ringing  power  a  method  similar  to 
the  j)hotometric  meth(Kl  of  com])aring  the  intensities  of  lights  was  used. 
A  bell  of  the  same  ])attern  and  tone  of  gong  as  the  experimental  bell  was 
ke|)t  ringing  under  constant  conditions,  and  the  exi)erimental  bell  moved 
until  it  was  judged  by  observers  at  a  fixed  ])oint  to  have  the  same  in  tensity 
of  sound  as  the  standard.  The  result  showed  that  for  every  bell  and  size 
of  win<ling  wire  there  is  a  definite  number  of  turns  at  which  efficiency  of 
J  inv'ing  combined  with  "  safety  "  of  the  self-induction  break-flash  reaches 
a  maximum. 

Diameter  of  Core. — Throughout  this  rei)ort  the  value  recorded  for  L, 
the  coeflicient  of  s(!lf-induction  of  the  circuit,  has  been  that  obtained  at 
the  minimum  igniting  current — the  least  current  at  which  the  break-flash 
at  tlu!  signal  wires  causes  ignition  of  an  S  ])er  cent,  methane-air  mixture. 
In  the  -ase  of  bells,  the  armature  of  the  magnet  during  the  measurement 
of  inductance  has  been  held  in  such  a  position  that  electrical  circuit  at 
the  trembler  was  just  established  ;  an<l  in  the  case  of  relays  the  armature 
has  also  been  held  in  its  nearest  workinji  jiosition  to  the  magnet. 

These  determinations  of  inductance  give  a  measure  of  the  magnetic 
state  of  the  circuit  at  tlu;  moment  of  formation  of  a  break-flash  that  is 
just  capable  of  igniting  the  most  sensitive  methane-air  mixture.  At 
other  times,  as  the  current  j)assing  through  the  bell  changes  during  the 
ringing,  or  as  the  resistance  of  the  circuit  is  changed,  the  inductance  does 
not  necessarily  have  the  same  value. 

('hant;es  in  the  position  of  the  armature  vary  the  magnetic  resistance 
or  "  reluctance,"  l{,  of  the  circuit,  so  that,  since  L  Itt?'-;/?,  L  also 
varies.  This  reluctance  is  comj)osed  of  that  of  the  air-gap  between  the 
armature  and  the  magnet  and  that  of  the  iron  parts  of  the  bell,  in  series, 
and,  when  the  intensity  of  magnetism  is  low,  the  magnetic  permeability 
of  irttii  issohii^h  that  its  reluctan<c  is  negligible  com  pare<l  with  that  of  the 
air-^ap.  The  determinations  of  inductance  given  in  Table  1.  in  the  case 
of  bell  No.  1  illustrate  the  effects  of  altering  the  air-gap  V)etwpen  the 
armatunr  and  the  mca^net.  'I'he  I'urrent  passing  through  the  bell  was 
()-2((  ampere  in  each  case  : — 

Table  I. 

< 'oeflicicnl  <if 


Air-gap.  M-lf-induct  ion,  A. 

O-.'i  mm (I-4H  henry. 

1-.",     (»i:?     „   ■ 

;}0    (»•:{•»    ., 


Air  ga|). 
<>•(!  mm. 
5)0     „ 


CoefFieient  of 
self-induction.  A. 
...      0:if)  henry. 


Afiart  from  changt's  in  the  iiidinLinii- due  to  (•hanges  in  the  pn^ilion  of 
the  arniatui'e.  it  would  a|>|)ear  that  niiniii;;  bells  and  relays  have  iron 
corj's  (if  siieli  small  rross-seet  ion  I  hat.  I  he  iron  beeonu-s  saturated  at  (piite 
low  currents,  and  the  consefjuent  fall  in  ]Krmeability  as  the  current  is 
increased  reduces  the  coelhcient  of  self-indu(^tion.  The  values  of  the 
coelJicient  for  bell  No.  I  at  different  currents,  as  given  in  Tiible  11.,  the 
air-gap  being  kej)!  constant,  are  ty|)ical  :-  - 


Table  II. 

Coellicieiil    of 

CoeHi<icnl  iif 

<'urrcn(. 

self. 

indurt 

ion.  />. 

Current. 

self  induction.  /, 

0  02  ampere 

0  .V) 

Iicnrv. 

0-25 

amjK  re 

0-:{»i  lienr\. 

(>o:{      .. 

0-70 

„ 

o:{o 

o:;:}    ,. 

0()» 

OHS 

o:{.^. 

o:?o    ., 

OK) 

O-.^..-) 

0  40 

0-2H     .. 

0-1  r.     „ 

017 

04.". 

0-2(5     „ 

0-20       „ 

040 

,, 

These  re-sults  are  shown  jilottcil  as  a  cur\c  in  Fig.  1.  an<l  for  comj>'irison 
the  ('urvc  represent  ini;  the  clian(!e  of  peinieability.  n  of  iron  with  magnetic 
field  //  (  tjr  10  times  the  ampere-turns  jicr  lentimetre  of  nuignetie 
circuit).  The  two  curves  are  identical  in  form,  and  it  is  clear  tliat  the 
magni'tisat  io!i  of  I  lie  iron  eores  of  minin}.;  bells  and  relays  dominates 
their  iiidiirtance,  and  i  hat .  etintrary  to  expcclat  ion.  t  he  reluctance  of  the 
air-gaji  is  m it  the  eon t  lollnii:  f.irlor  of  t  he  m.i^nef  ic  eirciiit . 

l'"rom  this  it  can  b(>  con<liided  that,  piobably  for  economy  in  winding;, 
the  iron  magnet  eores  of  mining  bells  (in  jiart iiidtir)  and  relays  are  loo 
small,  being  satm'atcfi  too  easily.  For  auiven  outsidediameter  of  bobbin 
there  is  i-vidently  one  tliam<'ter  of  core  wliirh  wdl  L;i\e  the  best  effect. 
Consider  (he  influence  of  the  dianu-ter.  </,  of  the  core  on  the  magnetic 
pull  /'on  the  arniat  ure.  It  (iin  be  shown  that  /' is  proportional  to  .l/i-'. 
where  A  is  the  area  of  the  field  betw<-en  the  ])oles  luid  armatur(<  and  />' 
the  nu-an  flux  density  in  the  gap.  \a'\  /u  be  the  average  permeability  of 
the  circuit,  and  as  a  first.  a]iproximation  a."Jsnmo  no  niagnetic  leakage, 
and  that  all  the  turns  are  equally  effective.  Then,  sinrc  A=ird*/4  and 
.«  =  /u47r/10   .    iT  I   :    /'     {nri-  i   .  'u^  l^  .    1fi7r=;l00)   .    f»7'». 

The  ampere-turns,  i"/',  are  proportional  to  the  \\  indinc-siia.e  on  the 
bobbm,thatisto  say  to(i)    rf),so  that  P~k'd\D    rf)».  where  k'  includes 


all  the  constant  terms.     (Jn  differentiation  it  is  found  that  P  is  greatest 
when  d  is  one-half  of  ]). 

The  best  diameter  of  core  to  give  the  maximum  pull  on  the  armature 
for  the  least  igniting-<  urrent  is  given  by  the  relation 

Pli=k'd^D-d)^li=K(dH)-d^)l(D-Vd). 

The  ratio  Pi  has  a  maximum  value  when  '/=0-62/>. 

Approximately,  therefore,  it  would  .seem  that  in  order  to  obtain  the 
maximum  efficiency  the  diameter  of  the  core  should  be  between  0-5  and 
0-6  times  that  of  the  bobbin.  It  has  been  assumed,  however,  that  the 
mean  value  of  /x  is  not  affect^  by  change  of  area  of  the  core,  whereas  in 
realit}'  /z  increases  with  the  area.  Further,  the  calculations  make  no 
allowance  for  eddy  <  urrcnts  in  the  core,  flxperiments  show  that  the-se 
factors  crjmbine  to  reduce  the  diameter  of  core  requisite  to  give  the 
maximum  efficiency.  Cores  of  soft  irtm  of  tlifferent  diameters  were 
wound  with  26-gauge  silk-covered  copper  wire  until  the  diameters  of  the 
bobbins   measured    1-2.5  in.     Determinations   were   then    made   of  the 
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igniting-currents  when  a  bell  fitted  with  each  of  the  bobbins  in  turn  was 
included  in  a  circuit  with  a  battery  at  2.5  volts  :  and  of  the  "  sounding- 
powers  ■■  of  the  bells  at  the  igniting  currents.  The  results  are  eiven  in 
Tabh.  111. 

Table  III. 


Igniting  current. 

Relative.soundinc 

Diameter 

of  core. 

power.  S. 

Sli. 

(Measured  at  i.) 

Ampere. 

0-2.%0  in. 

021) 

0-12 

007 

0-.%S 

0-:{7.")  in. 

o-:M) 

01 4 

o-:52 

2-2S 

0-500  in. 

0-41) 

oir. 

IfK) 

«25 

0-t)2.'>  in. 

0-.">l) 

018 

0  tt:< 

ii-no 

0-72.')  in. 

O-tiD 

0-21 

0..">ti 

2-6fi 

Taking  all  the  fa<^t<irs  into  eonsideration.  the  general  i;onelusion  «'an  be 
tirawn  that  the  most  cflieicnt  mining  b(>lls  .shoidd  have  bobbins  wound 
with  from  2.')  to  :{0  hiyers  of  fine  wire,  and  that  the  <Hameter  of  the  core 
should  be  between  0  1  iuid  0  .'i  times  that  of  the  bobbin. 

Methods  ok  Hkndkiuno  Hei.i.s  and  Relays  Sake. 

It  is  possible  to  <'onstrHct  good  ringing  bells  and  efficient  relays  without 
having  rec-ourst*  to  s|iecial  devices  for  ov»>rcoming  the  effe<-ts  of  self- 
induction.  The  <hief  factor  in  rendering  the  break-tlivsh  at  the  signal 
wires  dangerous  im  the  amount  of  current  available.  IJiveii  a  definite 
battery  jiower  tliat  is  not  to  be  exceeded,  the  resistance  tif  the  bell  or 
relay  can  be  ,i>  proportioned  that  the  maximum  mirrent  obtainable  on 
short  circuit  does  not  exceed  the  "  minimum  igniting  current"  for  the 
.system. 

Hi<}h  Rfsistanrr  Winding. — The  required  resistance  can  W  obtained 
either  by  means  of  anon -inductively  w<Mind  coil  in  series  with  the  magnet 
coils.  i>r  by  windmt:  tite  coils  with  a  hich  resistance  wire.  The  latter  is 
the  simplest  methiMl  of  dealing  with  the  problem. 

There  arc  seviral  ways  of  oven  muing  tlie  effects  of  self  induction. 
.Vny  device,  therefore,  which  retards  the  chanpe  of  magnetism  on  break 
of  circuit  le.H.scns  (he  break  Hash  voltage.  In  (his  respect  parallel- 
winding,  copper  sleeves,  shunt  resistances,  and  tin-foil  layers  are  identical 
,11  (heir  act  ion. 

PnntH'l  Windin-j.  Two  windings  on  the  bobbins  are  carried  m  parallel 
throughout,  only  one  winding  is  used  as  the  e.xciting  winding  for  the 
magnet,  the  other  is  short-circuited  on  itself.  When  a  current  is  passed 
thiou^-h  (he  excitinj;  winding  a  i  urrent  is  indiu  ed  in  the  short-circuited 
windui/.  and  when  the  main  curriMit  is  broken  the  indmed  current 
rtpposes  the  change  of  magnetism  which  causes  the  E.M.F.  of  self-induction 
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of  the  exciting  winding,  so  that  the  intensity  of  the  break-flash  is  {.;ieatly 
reduced. 

Copper  Sleeved. — A  copper  sleeve  is,  in  ett'ijct,  a  short-circuited  secondary 
winding.  The  core-flux  is  always  proportional  to  the  total  ampere-turns 
of  both  the  magnetising  coil  and  the  sleeve,  and  the  sum  of  these  can  be 
made  to  suit  any  desired  rate  of  decay  of  magnetism.  A  calculation  is 
given  of  the  proper  thickness  of  such  a  sleeve. 

Shunt  Hcsistancrs. — A  simple  method  of  suppressing  the  break-flash  at 
any  point  at  which  the  circuit  is  to  be  broken  consists  in  shunting  the 
magnet-coils  by  a  high  resistance.  The  break-flash  either  at  the  bell-  or 
relay-contacts  or  at  the  signalling  jjoint  has  now  much  less  igniting  |)o\\(M\ 
The  shunt  lesistance  provides  a  path  for  the  extra  cui'rent  from  the  roil:; 
without  that  current  having  to  cross  the  break. 

Let  r  be  the  resistance  of  the  magnet  coils,  r'  that  of  the  shunt.  When 
the  circuit  is  broken  at  C  the  curient  in  the  magnet  (ioils  circulates 
through  r'  and  falls  according  to  the  law  i  —  E/r.  <—('  +  '')'//',  L  being 
assumed  to  be  constant.  When  /  (the  time)  is  zero  «'  =  /,  the  maximum 
steady  current  in  the  windings;  but  di jdi=—l{r^r')IL,  so  that 
e,  =  Ldi/(lt  =  E(l+r'/r). 

By  increasing  the  value  of  r'  the  inductance  voltage  is  increased,  but 
its  duration  is  shortened,  as  the  following  considerations  show.  When 
r'=0,  the  current  falls  at  its  slowest  possible  unaided  rate ;  that  is  to  say, 
according  to  th(>  law  i  =  I.c-  >t.  When  r'^r  (the  resistance  of  the  bell) 
the  (  ui'rent  falls  to  //tth  or  1  /2-7th  of  its  initial  value  in  one-half  the  time 
that  it  took  when  r'  was  0  ;  when  r'  =  2r  in  a  thiril  of  the  time  ;  and  when 
r'  =  l()r  in  one-eleventh  of  the  time. 

To  form  an  arc  at  break  between  metal  or  carbon  poles  takes  a  p(>r- 
ceptible  time  wlien  the  voltage  across  th(!  break  is  not  disru])tive,  and 
the  spark,  or  arc,  staits  by  the  heating  of  the  ))oles  to  a  tem])cratuic  at 
which  the  elcitric  discharge  forming  the  arc  begins.  The  higher  the 
voltage  the  more  ra])idly  does  this  tak(^  place  ;  but,  on  the  other  hand, 
if  the  voltage  across  the  spavk-gap  is  not  maintained,  there  may  not  be 
suflficient  time  for  the  arc  to  be  formed. 

The  formation  of  the  s])ark  at  the  break  C  does  not,  however,  de))en(l 
only  on  the  magnitude  and  duration  of  the  voltage,  for  the  lower  the 
resistance  /'  the  smallei'  the  fraction  of  the  initial  current  that  will 
attempt  1o  cross  the  break.  The  (Uirrent  in  the  magnet  coils  when  the 
circuit  is  broken  divides  between  the  resistance  r'  and  the  resistance  of 
the  cmniit,  consisting  of  the  line,  the  battery,  and  the  spark  at  C.  The 
smaller  th.c  spr.rk  the  higher  it.s  resistance,  and  in  the  limit  when  the  spark 
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Fig.  2. 


is  negligibly  small  its  resistance  can  be  regarded  as  infinite.  The  mag- 
nitude of  the  s])ark  at  C  can,  therefore,  be  greatly  reduced  by  shunting 
the  magnet  coils. 

Oscillograph  records  of  the  current  in  a  shunt  fitted  across  the  magnet 
coils  of  a  bell  have  the  form  shown  in  Fig.  2,  the  current  in  the  bell  coils 
at  the  same  time  being  intlicatcd  in  dotted  line.  If  at  the  end  of  time  \.^ 
of  break  of  the  ringing  circuit  by  the  ti'emblcr,  the  current  in  the  circuit 
r+r'  has  not  fallen  to  zero,  the  remaining  current  i^  has  to  be  neutralised 
before  the  ringing  current  can  begin  to  rise.  This  delays  the  ringing 
stroke.  It  is  best  to  arrange  that  the  cui'rent  in  the  circuit  r+r'  shall 
fall  to  some  small  proportion  of  theringingcurrent,  say,  one-twentieth,  at 
the  momentthat  contact  is  made  at  the  trembler  at  the  end  oftime^,.  In 
such  aca?e,since///  =  e-(»--)-»')t/Z/,e-(r-f  »•')■«„/£  =20, and(r+r')<a=L log  e20. 
The  resistance  r'  necessary  to  give  the  desired  ratio  is  thus  dependent  on 
the  inducta.ice  L,  of  the  circuit,  and  upon  the  time  I;  that  is  to  say,  upon  the 
mechanical  setting  of  the  bell.  If  the  resistance  r'  is  chosen  to  suit  the 
largest  value  of  t.y  that  the  construction  of  the  bell  allows  it  will  have  a 
suitable  value  for  other  settings,  and  the  rate  of  ringing  of  the  bell  can  be 
adjusted  by  regulation  of  the  armature  springs  without  affecting  the  safety 
of  the  arrangement. 

In  choosing  the  value  of  r'  requisite  to  render  the  break-flash  harmless 
it  must  be  borne  in  mind  that  the  resistance  of  the  magnet  coils  is  pro- 
portional to  the  number  of  turns  of  wire,  whereas  the  inductance,  which 
mainly  determines  the  value  to  be  given  to/',  i.sproj)ortional  to  their  square. 
The  most  satisfactory  method  of  determining  whether  a  suitable  value 
has  been  given  to  the  shunt  resistance,  as  it  is  also  the  best  method  of 
determining  the  efficiency  of  any  anti-sparking  arrangement,  is  to  test 
the  igniting  power  of  the  break-flash  in  an  explosion  chamber  with  th.e 
circuit  arranged  as  in  practice. 

Another  method  of  reducing  a  break-flash  is  to  shunt  the  break  itself 
by  means  of  a  resistance  high  enough  to  reduce  the  circuit  current,  which 
is  never  completely  broken,  to  the  desired  minimum.  In  the  case  of 
signalling  bells  or  relays  actuated  by  short-circuiting  bare  wires  at  any 
point  along  a  roadway  this  arrangement  is  not  to  be  recommended,  for, 
although  .sparking  at  the  trembler  of  the  bell  or  at  tile  contacts  of  the  relay 
can  be  reduced  in  this  way,  the  inductan(te  voltage  is  transmitted  through 
the  shunt  to  the  signalling  ])oint,  and  a  dangerous  break-flash  may  be 
produced  there. 


Oscillograph  records  show  clearly  the  efficacy  of  the  «everal  methods  of 
suppressing  influctance  voltage  just  dc^cribwl.  In  Fig.  3  are  rei>roduced 
oscillograms  taken  during  the  ringing  of  bells  fittf<l  with  the  following 
"anti-sparking"  devices:  (A)  parallel  winding,  (B)  copper  sleeve,  (C) 
tinfoil  layers,  and  (D)  shunt  across  the  magnet-coils.  The  ribotograph? 
were  taken  on  plates  moving  at  a  uniform  speed  of  1.50  cm.  per  second,  and 
in  each  case  the  changes  in  the  current  passing  in  the  bell,  and  the  changes 
in  pressure  across  the  spark-gap  arc  shown  above  and  below  a  common 
zero-line.  The  battery  voltage  was  15  in  each  case,  a'-.d  the  current 
about  0-5  ampere.  It  will  be  seen  that  the  inductance  voltage  is  either 
suppressed  entirely  or  reduced  to  neglible  proportions. 

CURKEST  SVPIM.V. 

Hitherto  avc  ha\e  considered  mainly  the  signalling  instruments,  l.ells 
and  rclavs,  a-id  the  methods  by  whiili  such  instruments  can  be  rendered 
incapable  of  causing  a  dangerous  break-flash  at  the  signal  wires,  a  source 
of  current  of  limited  strength  being  assumed.  The  means  of  supply  of 
electric  current  also  )-equire  consideration. 

The  following  methods  are  in  use  for  the  supply  of  current  to  signalling 
circuits  :  (1)  Primary  batteries  of  wet  or  dry  cells,  used  chiefly  on  local 
circuits  ringing  one  or  more  bells.  (2)  Storage  cells,  used  either  in  the 
same  way  as  primary  batteries  or  as  a  central  battery  actuating  the  bellr. 
and  relays  throughcmt  the  pit,  and  sometimes  in  addition  actuating  the 
shaft  signalling  system.  (3)  Continuous  or  alternating  current  motor- 
genci'ators,  acting  in  the  same  manner  as  a  centra!  batteiy.  (4)  Trans- 
formers, having  a  medium  voltage  primaiy  su])ply  and  a  low  secondary 
voltage. 

Primary  batteries  consisting  of  wet  I.cclanche  cells  form  the  usual 
source  of  current.     Such  cells  have  a  voltage  about  l-.j  and  a  resista:ice 


Fig.  3. 

of  about  3  ohms.  Dry  cells  of  the  I.cclanche  type  also  have  a  voltage 
about  1-5,  but  their  resistance  may  be  less  than  0-1  ohm.  Secondaiy 
batteries  liave  a  voltage  on  open  circuit  of  a  little  over  2,  and  their 
resistance  may  be  as  low  as  0-01  ohm.  Generators  and  transformers 
differ  from  secondary  cells  chiefly  in  having  self-induction  ;  their 
resistance  may  be  even  lower  than  that  of  a  central  battery  of  secondaiy 
cells  of  the  same  terminal  voltage.  An  objection  to  the  use  of  trans- 
formers is  that,  in  the  event  of  faihire  of  the  insulation  between  the 
primary  and  secondary  windings,  the  pressure  of  the  power  circuit  might 
be  ti-ansmitted  to  the  signalling  circuit. 

A  central  battery  or  generator  system  is  advantageous  from  the  point 
of  view  of  simplicity  of  subdivision  for  dilf erent  circuits,  but  .'^uch  .system-s 
reqiiire  precautions  to  be  taken  to  avoid  heavy  currents  being  obtamed 
on  giving  a  signal  ;  and,  from  what  has  been  said  regarding  the  necessity 
of  liniitinii  both  the  amount  of  current  in  the  circuit  and  its  inductance, 
if  the  danger  of  ignition  of  inflammable  gases  at  the  signal-wires  is  tc  be 
eliminated,  it  will  be  realised  tiiat  the  advantage  so  far  as  safety  is  con- 
cerned lies  with  the  wet  Lecla:iche  primary  battery  as  the  source  of 
current. 

CoxcLrsiONS. 

1.  As  a  result  of  our  investigations  we  arc  satisfied  that  the  bare-wire 
system  of  electrical  signalling  as  commonly  employed  can  be  rendered 
quite  secure  from  anv  danger^of  the  ignition  of  inflammable  gases  by  the 
break-flash  at  the  signal  wires  or  at  the  contacts  of  the  signalling  instru- 
ments. 1      -i 

2.  In  order  to  procure  safety  it  is  nece.ssaiy,  in  the  first  place,  to  limit 
the  batteiy  power  that  is  to  be  employed  on  any  one  circuit ;  and,  in  the 


642 


THE  ELECTRICIAN,  AUGUST  11,  1916. 


second  [ilai  c,  to  ensure  that  the  sij£iialliii<f  instrument,  whether  bell  or 
relay,  shall  comply  with  rertain  re(|uirements. 

3.  The  present  statutory  voltajrc.  25,  sets  a  reasonalik-  limit  to  the 
battery  j)o\ver  provided  that  wet  J.ecjanrhe  rells  be  u^ed.  Systems  in 
wliifh  the  battery  used  consists  of  <lry  primary  cells  or  of  secondary  cells, 
'.r  in  which  continuous  fir  alternating-current  generators  are  employed, 
could  be  rendered  safe  if,  in  addition  to  the  use  of  "  anti-sj)arking  " 
devi(tes  embodied  in  the  signalling  instruments,  sufficient  non-inductive 
resistance  were  permanently  included  in  the  bell  circuit. 

4.  The  signalling  instruments,  bells  or  relays,  should  have  flame-tight 
covers,  and  must  be  so  consti-ucted  that  when  included  in  a  circuitwith  a 
batt(!ry  at  25  volts  the  break-flash  produced  when  bare  signal  wires  are 
separatefl  after  giving  a  signal  is  in.ra])able  of  igniting  an  8  jier  cent, 
methane-air  mixture.  There  is  no  <lifliculty  in  constructing  cither  bells 
or  relays  to  conform  with  these  requirements. 


PRECAUTIONARY  MEASURES  TO  ADOPT  TO  PROLONG 
THE  LIFE  OF  DIESEL  ENGINE  CRANKSHAFTS.* 

BY    J".    II.    .SMITH. 

The  object  of  this  Paper  is  to  shovs-  th.-it  the  life  of  a  Diesel  engine 
cniiiksliaft  is  mainly  dependent  upon  the  cngineer-iii-eharge,  who 
may  take  ceitaiii  prccaiif  icnis  lo  prolong  its  life. 


B 


C_ r 


?\g.\ 


I 


I 


D 


rig.2. 


ma 


All  such  shaft  failures  investignlcfl  by  the.  aiitlinr  owe  tli(<ir  origin 
to  lack  of  alignincnl  of  llie  main  bearings,  ivnd  generally  rennlt  from 
niKMpial  rates  of  we.ir  in  the  learinLM  supporting  the  sliaft. 

'I'Ik^  Paper  relates  only  to  four-(ycle  vertical  engiiu-s.  Kngin<<s 
dii\  ing  Ihroiigh  a  belt  ajjpear  to  be  Jess  liable  to  fnictme  Hum  when 
coupled  (lirecl.  beeaiise  (he  revri.-al  of  Ibinst  on  the  shaft  tluii 
takes  place  without  ^luM-k.  'I'lio  engine  least  liable  to  shaft  frac(ni(> 
is  the  (luce  (xiind'r.  and  (lie  woist  is  (he  foiir-eylinder  iioimallv. 
though  (be  (wo  lylinder  runs  i(  a  ejiw  secon«l  if  li(tei[  widi  a  vei\ 
heavy  Hywlu'el. 

.Alinosl  widioul  e\((>p(ion  Diesel  shafts  Itavc  faihd  (hrf)Ugli  (hp 
AV(d)s.  the  crack  starling  a(  (be  <  endv  and  gradually  working  «)U(- 
wai-ds  during  many  weeks.  /\s  reganis  locadon  of  f nature,  either 
w««l)  may  fail  in  (be  single-c  yliiuhM-  uui(s.  In  two-cylinder  engines, 
well  four  fails  most  fre(|Uen(ly.  (The  webs  being  numbered  con- 
secutively com  nu<iuing  from  the  end  fur(hes(  from  the  Hywheel). 
An  absii.K  (  (if  a  Paper  rend  liefore  (he  Diesel  Knginr  r>.rs"  As.socin- 
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In  three-cylinder  uiii(s  the  fracture  occurs  either  in  web  one  or  six, 
and  sometimes  lioth  biil  simultaneously.  In  four-cylinder  units,  it  is 
an  almost  invariabk'  rule  that  web  four  fractures.  On  account  of  its 
extra  susceptibility  lo  failure,  and  particularly  because  it  always 
appears  to  fail  in  tlir-  samc^  jilace,  most  attention  has  lieen  ])aid  to 
obtaining  data  from  four-cylinder  engines,  and  they  e.xtend  over  four 
years  of  continual  observation  on  two  engines  of  the  four-cylinder 
type. 

Desrriplion  of  (he  Diesel  Engine  Plant. — Tlie  plant  was  installed 
about  nine  years  ago,  and  comprised  two  Continental  engines  of  four 
cylinders  each,  the  cranks  being  arranged  as  shown  iji  Fig.  4.  vi?,.,  uj». 
down,  down,  up,  as  contrasted  with  the  usual  arrangement  in  this 
country,  up.  dowTi,  up,  do\»Ti.  The  cylinder  dimensions  were 
41.5  mm.  ^(KMI  mm.,  and  the  engines  ran  at  170  revs,  per  niin., 
developing  320  h.ii.p.  each.  The  flyw  heels  weigh  about  8  tons  each, 
and  a  b-earing  is  interposed  between  the  flywheel  and  a  dii"eet-eurrent 
generator.  K.xpressed  in  relation  to  the  cjlinder  bore  (D),  the 
main  dimensioiLs  of  the  .shaft  are  : — 

Diameter  of  journals  and  crank  pins 0-.J.3D. 

Thickness  of  crank  v.ebs 0-2(i.5D. 

J^cniitli  of  jiin    0-.53D. 

Jjength  «if  main  bearing 1-IJ). 

The  slijift  is  theicfore  on  the  weak  side.  Xo  analysis  of  the  steel  is 
obtaii.able,  but  andysis  of  a  similar  shaft  which  failed  aliout  1 1  veal's 
ago  was  made,  and  is  as  follows  : — 

Carbon 0-327  jK-r  eent. 

Silicon 01  (HI 

Manganese 0-7(>7 

Phos])li(irus   0057 

Sulphur (J080 

Cop|xr  Trace. 

Ten-sile  strength  was  32-H8  tons  per  ssp  in.,  elongation  on  3  in. 
in-3  per  cent.,  ami  r(>duction  in  area  20-i  per  cent.,  so  that  the  metal 
was  quit"  good  of  its  class. 


0 

0-2 

0-4 

0-6 

0-8 

10 

1-2 

1-4 

1-6 

1-8 

20 

Cranksha/I  Bearing  Wear. 
Flo.  0. — Ckanksiivft  Hkaiunc-wkak  DiA«:nAM. 

As  reganis  I  he  history  of  the  ])lant,  the  engines  ran  for  the  first 
four  or  !ive  years  on  a  very  iri-egular  load,  and  tlien  a  buller  battory  was 
introduced  which  had  bene'icial  results;  .smoothing  out  the  irregu- 
larities usually  aceompanving  a  compar-itivelysmall  tramway  load. 

One  eiMtine  broke  it.s  shaft  alxuit  four  years  after  it**  installation, 
and  the  other  after  about  live  years.  In  l)oth  ea.'ses  web  Xo.  4  failed. 
These  shafts  were  replaced  by  othei-s  obtained  in  Knglanfl.  Tlie 
tensile  strength  of  that  now  in  Xo.  2  is  alM)Ut  32  tons  \\hile  that  in 
Xo.  1  is4(l  tons  |:er8<|.  in.  After  the  newshafts  had  been  Ik  <ldtHl  in.  the 
(>ngineerto«»k  lui.  (he  under  halvt^of  the  bearinvrs.  and  iik  isun-ddowni 
from  (he  facings  (<>  tln>  whi(«>  metal  in  tlu>  manner  simwn  in  Fig.  .5. 

Then>af(er.  th««  beariuus  were  nieasun^d  every  _\e.ir.  and  thus  the 
actual  wear  has  Imtu  regularly  re<'orded  for  three  and  ahalf  years 
Ml  the  one  ease,  and  for  four  years  in  (ho  other;  (he  nsults  l>eing 
subniided  in  Fig  fi.  for  your  eonsithnation.  A  c.jsual  glance  at 
the  lower  curve  taken  fmm  No.  1  engine  explains  why  (he  foui- 
cyliuder  i  nuine  with  (his  ;in.ingement  of  cranks  fra<  tuics  (hmugh 
(he  webs  of  (he  second  cylinder,  and  (his  curve  is  charai  teristic  of 
four-erank  encine»*.  Tlie  upp«>r  curve  relates  to  No.  2  encine.  and 
instead  of  lua'ini;  •  i;  the  gn  ivtest  wenr.  (he  >v<  '  iiidly 

I' ss  than  in  the  a^lj  (.rings  H  or  I).  en«l  it  was  in  '>le  to 

understand  this  until  the  .nhaft  was  rpeently  re-aligned.  Then  it  was 
noticed  th.it  l»earinp  C  is  nppnci.ibly  tM'centric  to  beariiu's  P  and  I). 
Hence,  in  the  usual  v.iy  of  l>rdding  in  a  shaft  the  imiliability  is 
largely  in  favour  of  licaring  C  having  been  s<T)1|xhI  too  low.  and  (liu.s. 
for  some  time.  l»oaring  C  was  not  submitted  lo  its  fair  share  of  the 
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load,  aiul  llier('f<)i<>  ditl  not  wear  {t'Aay  .vs  fast  as  the  adjacent  hcar- 
iTijis.  It  may  bo  asked  wliy  the  rate  of  wear  is  so  niiieh  greatRr  in  the 
one  engine  tlian  in  the  other,  and  the  only  explanation  which  c:in  le 
given  is  that  one  engin(^  is  situated  liglit  opposite  double  doors  leading 
into  a  dusty  yard  pii.ved  witii  ashes.  A  similar  case  where  bearing 
troubles  have  been  oxj)erienced  was  encountered  in  the  South  of 
England,  only  in  iFiis  case  sand  replaces  ashes. 

As  regards  precautions  to  be  taken  to  prevent  a  sliaft  from  bicak- 
ing.  it  was  first  explained  how  the  shafts  of  the  two  engines,  under 
cojisideration  were  ro-bcdded  in  order  that  the  application  of  the 
principle  might  be  mad?  general.  The  engine  was  stripped  right 
down,  excepting  only  that  the  flywluiel  was  not  taken  off  the  shaft 
until  it  was  dclinitely  proved  that  its  weight  distoiied  the  shaft. 
Then  it  also  was  removed.  The  bearings  were  found  to  have  the 
metal  loose  and  cracked,  and  the  spp.re  set  was  substituted,  care 
being  taken  to  employ  one  grade  only  of  wliite  metal  throughout. 
The  shaft  was  bedded  in  the  usual  way  up  to  a  certain  pomt,  buv  to 
complete  the  work,  bearing  C  was  left  a  shade  higli  and  bearing  A  was 
left  a  shade  low.  Finally  (and  this  is  very  important)  the  top  (>aps 
were  filed  down  so  that  the  journal  ran  in  the  bearing  with  running 
clearance  only,  so  that  correct  alignment  of  the  shaft  was  assured. 
Before  rcasseml)ling  the  engine  the  thickness  of  metal  between  the 
shaft  and  bedplate  in.  each  bearing  was  niicrometered  and  recorded, 
and  now  from  year  to  year  is  remeasnred  and  the  relative  rates  of 
wear  in  e;i.ch  bearing  obtained.  Tiiat  which  is  worn  most  will 
constitute  the  datum,  and  the  data  will  show  exactly  how  nnicli 
must  be  scraped  off  the  "  high  "  bearings  in  order  to  reintroduce 
conditions  of  minimum  stress  on  the  shafts. 

The  micrometer  method  is  recommended  as  being  less  liable  to 
error  than  the  otlier  method  described,  but  care  must  be  exercised 
even  with  the  micrometer  method,  because  loose  white  metal  falsilies 
the  reading,  which  woukl  then  appear  too  large.  This  system  of 
aligning  the  shaft  will  appeal  especially  to  those  engineers  who  have 
no  reserve  jilant  and  who  must  get  rejiairs  done  during  the  week-end. 
Thus,  if  the  engine  were  a  four-cylinder,  one  would  take  out  bearing 
C  tirst  and  micrometer  it,  and  look  up  the  log-book  and  ascertain 
how  much  it  has  worn  since  the  sliaft  was  last  realigned.  Then  take 
out  bearing  A,  niicrometer  it,  and  ascertain  the  extent  of  wear  in  the 
same  period.  If  it  has  worn  down  8/1,000  in.  and  bearing  (^  has  worn 
down  12/1,000  in.,  then  scrape  down  bearing  A  4/1,000  in.  more, 
re-bed  it  to  the  shaft  or,  prefciably  to  a  special  dummy  journal,  and 
then  replace  it,  treathig  all  the  bearings  in  like  manner. 

If  the  engine  is  a  two-cylinder,  or  a  single-cylinder  unit,  then 
probably  the  bearing  adjacent  to  the  Hywlicel  is  most  worn.  It 
therefore  should  he  taken  out  iirst,  measured  and  replaced,  scrajiing 
only  if  found  "  high  "  at  one  end,  then  taking  out  the  other  bearings 
and  scrai)ing  them  in  accordance  with  the  data  obtained.  In  the 
case  of  a  three-cylinder  engine,  the  probability  is  largely  in  favour  of 
bearing  B  being  the  lowest  and  this  therefore  should  be  taken  out 
iirst.  Thus,  where  ])la,nt  is  not  in  excess,  the  engineer  can  readjust  a 
bearing  each  week-end  until  the  whole  set  is  completel.y  put  in  order, 
and  he  runs  very  little  risk  of  lieated  bearings  if  lie  is  careful.  The 
system  has  its  limits;  it  would  not  do  to  apply  it  in  this  manner  if 
rate  of  wear  were;  \ovy  variable. 

As  regards  subsequent  adjustment  it  is  not  usually  feasible  to 
measure  running  clearance  of  main  bearings  with  feelers,  so  one  has  to 
have  recourse  to  other  methods.  Where  possible  feel  the  lift  iii  each 
bearing,  and  let  the  cap  closer  and  closer  until  the  bearing  either 
heats  (in  which  case  scrape  out  the  cap),  or  until  the  lift  just  dis- 
appears. However,  one  may  have  recourse  to  leads  so  long  as  they 
are  considered  only  as  a  means  of  obtaining  the  relative,  and  not  the 
absolute  cleararnce  in  a  bearing.  In  the  ordinary  way,  if  one  use  20  or 
21  gauge  lead  wire,  running  clearance  will  be  right  if  the  lead  squeezes 
out  to  8  or  9/l,000Jn.  thick.  If  one  uses  16  gauge  then  this  may 
squeeze  to  about  10  or  12/1,000  in.  thick.  The  actual  clearance  is 
probably  only  4  to  6/1,000  in.  The  difference  between  real  and 
apparent  clearance  depends  upon  a  multitude  of  factors,  but  it  must 
be  borne  in  mind  that  leads  do  not  show  the  true  clearance  in  a  white 
metal  bearing. 

Regarding  the  best  proportioji  of  shafts,  the  cylinder  bore  being 
expressed  as  D,  tlie  most  amply  proportioned  shafts  yet  measured 
are  as  follows  : — 

Diameter  of  journals  and  jhus O-OD. 

Length  of  main  bearing O-OD. 

Length  of  big  end  pin    O-OJ). 

Thickness  of  web    0  XiV. 

At  least  two  of  tliese  have  broken  through  bad  initial  erection. 
The  original  Diesel  shafts  were  made  in  :52-ton  steel  to  the  follow- 
ing proportion  : — 

Diameter  of  pins  and  journals 0-51  to  0-52r)D. 

Length  of  main  bearings   1-1    to  I -21). 

Length  of  big-end  pin    0-51  to  Or)2r)l). 

Thickness  of  web 0-2;")  to  0-27D. 


The  shaft  propo.M;d  i:;  as  follo\i-, ; — 

Tensile  streuL'th,  not  less  than  34  tuns. 

DiKtility,  not  less  than  2~)  per  cent,  in  2  in. 

Diameter  f)f  pins  and  journals 0-.j2.1  to  0-.'»4D. 

Length  of  main  bearings   ii~n    toOHl). 

Length  of  l)ig-en<l  pin    0-.'>2.'j  to  0.54D. 

Thickness  of  wclis  not  less  than  ()-.'52D,  but  rentrc  to  centre  of 
(•\-lin(Ier  made  the  mininiiini  po.csible,  ami  anv  excess  over  the 
proposed  length  of  pin  and  journal  to  he  j)ut  into  the  weljs. 

Fillets  to  be  not  less  than  one-tenth  the  diameter  of  the  fihaft. 
Such  a  shaft  is  comparatively  light,  but  in  the  opinion  of  the  author 
po.sscsses  the  following  advantages  : — 

1.  The  fuel  consum])tion  of  the  engine  is  reduced. 

2.  Initial  cost  and  cost  of  upkeej)  are  reduced. 

3.  The  bearings  will  run  cooler,  other  things  (excepting  pressure 
per  square  inch)  being  equal. 

4.  Lubrication  costs  are  reduced. 

However,  the  success  or  failure  of  such  a  shaft  dejx-nds  upon 
projjcr  attention  being  given  to  its  adjustment  from  time  to  time,  and 
if  this  is  not  given,  then  it  is  merely  a  question  of  time  before  even  the 
heaviest  shaft  will  fail. 


CORRESPONDENCE. 


ELECTRIC  DISCHARGES  IN  SUB-STATIONS. 

TO   THE   EDITORS    OF   THE   ELEC^TRICIAN. 

Referring  to  tlic  letter  on  tlie  above  subject  in  your  last 
issue,  I  am  of  tlie  opinion  that  tlu^  flaslies  sliown  in  tlie  photo- 
grapli  are  not  due  to  any  veal  discharges  between  the  lighting 
wire  and  the  ir(»n  plate,  for,  if  they  were,  how  could  one 
account  tor  the  discharge  i)eneatli  the  one  immediately  above 
the  iron  plate  ?  The  following  experience  might  account  for 
the  discharge. 

About  15  years  ago  I  had  a  film  roll  of  12  exposures,  on  most 
of  which  discharges  appeared  similar  to  the  ones  shown  in 
the  photograph  on  page  605,  although  the  exposures  were  of 
groups  of  men  in  an  open  field,  there  being  no  electric  power 
in  the  neiglibourhood.  The  film  dealer  gave  the  explanation 
that  such  flashes  may  occur  when  the  film  is  jiulled  up  quickly 
(when  after  one  exposure  has  been  made  a  new  film  is  being 
brouglit  into  position),  owing  to  the  friction  between  the  film 
and  tlie  metal  rollers  giving  rise  to  frictional  electricity. 

The  likeliiiood  of  this  being  the  correct  explanation  is 
increased  by  the  fact  that  the  single  ra3's  of  the  flashes  diverge 
in  a  direction  opposite  to  the  movement  of  the  film,  and  never 
in  a  direction  perpendicular  to  this  movement. 


London,  August  7. 


H.  Erichsex. 


[Discharges  of  the  kind  referred  to  by  our  correspondent 
are  frequently  observed  in  the  manufacturing  of  paper  and 
from  quick-moving  leather  belts. — Eds.  E.] 


DEMOUNTABLE  BODIES  FOR  ELECTRIC  VEHICLES. 

TO    THE    EDITORS    OF    THE    ELECTRICIAX. 

With  reference  to  the  description  of  a  demountable  body  for 
electric  vehicles,  illustrated  on  p.  27  of  the  Supplement  to  your 
issue  of  the  28th  ult.,  I  write  to  say  that  similar  bodies  have 
been  in  use  by  Messrs.  Ransomes,  Sims  &  Jefteries  of  this  town 
for  years  past  in  connection  with  the  steam  wagons  that  they 
use.  In  this  case  the  liftin"'  arrangements  are  worked  from  the 
engine  of  the  steam  wason. 


Ipswich,  Aug.  2. 


Demountable. 


PHYSICAL  SOCIETY. 


At  a  meeting  h<>ld  on  the  :50th  ult.,  at  the  rmi)erial  College  of 
Science,  I'rof.  ('.  V.  Boys,  RK.S  ,  President,  in  the  Chair,  a  Paper, 
entitled 

"A  Sensitive  Magnetometer," 
by  Dr.  P.  E.  SnAW  and  Mr.  C.  Haves,  wa^^  reail  by  the  former. 

A  torsion  balance  of  extreme  delicacy  carries  a  pair  of  piu-est  silver 
balls,  each  3  gm.  weight.  A  solenoid  with  liorizontal  axis  passing 
through  one  of  the  silver  balls,  is  brought  close  to  the  balance.  On 
exciting  the  solenoid,  ilivergent  iields  of  known  strength  are  obtained 
in  the  region  of  the  ball.  The  residting  attraction  of  the  ball  to  the 
solenoid  is  show.i  by  a  mirror  retl(>cting  a  distant  scale  to  a 
telescope.     The  couple  on   the  torsion   beam   rec^uired^to  produce 


644 


THE  ELECTRICIAN,  AUGUST  11,  1916. 


]  mm.  scale  deflection  is  4.5  x  10"'  dyne  cm.,  and  this  torsion  balance 
is  10®  times  as  sensitive  as  any  known  to  have  been  used  previously 
in  this  kind  of  work. 

The  results  of  these  experiments  are  : — 

1.  The  magnetic  properties  of  the  silver  are  ascertained  even  for 
weak  fields  of  1  —  10  gauss. 

2.  The  silver  has  a  pronounced  retentivity  ;  this  effect  being  pre- 
sumably due  to  the  small  trace  of  iron  impurity. 

3.  The  relation  of  susceptibility  of  the  silver  to  the  field  used  is 
found.  The  susceptibility  of  each  of  the  constituent  materials  (a) 
pure  silver,  (b)  residua!  pure  iron,  appears  to  l)e  greatly  modified 
by  the  presence  of  the  other  material. 

Dr.  S.  W.  J.  Smi'iii  thought  that  the  results  obtained  by  the  authors, 
s))()wing  the  susceptibility  of  nearly  pure  silver  in  weak  fields,  were  both 
interesting  and  instructive.     He  thought  the  authors,  in  disuuss'ng  th;ir 
significance,  had  overlooked  the  fact  that  the  minute  amount  of  iron 
(not  exceeding  .'50  ])arts  per  million)  .shown  to  be  present  by  chemical 
a  laiysis,  would  not  have  the  same  effective  susceptibility  as  iron  in  the 
form,  for  example,  of  long  rods  magnetised  in  the  direction  of  their 
ii'nglh.     It  was  tine  that  iron,  when  alloyed  with  other  sub.stances, 
could  lose  its  charaf;teristic  ferromagnetic  properties  ;   but  thore  wa«  no 
reason  to  sup])ose  that  it  would  do  so  when  ])resent  in  silver,  except  in  so 
far  as  the  pri>])ei'ties  of  a  veiy  minutely  divided  substance  might  differ 
from  tlios.'  of  the  samt;  siihstaiiee  in  bulk.      So  far  as  he  knew,   iron   and 
silver  were  mutually  insoluble      In  that  event  the  im)»uiity  found  to  be 
pcesent  should  be  r-garded  as  minute  ])artieles  of  iron  scatt'retl  about  in  a 
matrix  of  silver.     To  obtain  an  a])proximate  itlea  of  the  effect  of  these 
])aitieles  u])on  the  susceptibility  of  tiie  material  as  a  whole,  it  would  be 
suilici  Mit  to  icgard  them  as  sjjlieres.     Since  the  api)arent  su.s(;e])(ibili1y 
of  a  s])hcre  is  e(jual  tf)  A' /(I  -[  ;',7rA'),  where  K  is  the  tiue  suscept  il)ility. 
aTi<l  since  the  trui-  suscejitihility  of  ii'on  in  weak  fields  is  consi(leral)K-,  the 
ajjparent  su.sce])tibility  of  such  sj)lieres  would  Ix-  ])ra(;tieall_v  ('onstant  in 
weak  fields  and  equal  to  3/4jr^0'24.     Hence,  if  the  fraction  of  the  total 
vfilume  oecu])ie(l  bv  the  iron  were  jfxlO",  the  ol)serve(l  s\isce|)tibility 
f.f  1  he  material  w<.uid  he  f.f  f  he  order  Ka=  (0-24«  -2)10-  '•.  where  —2  X  lO-« 
ir|)rcsen(s  the  susr.  pt ibility  of  the  silver.     Jt  was  found  by  the  authors 
that  the  suscptihility  was  ])ra(:tically  constant  over  the  range  // =-  4  to 
//      12  e.g.s.,  a-id  a])])roxiinately  ecjual  to  0-2.')  X  10-".     This  would  agree 
with  /( ■;  !)-4.      In  other  words,  tli"  results  would  indicate  that  the  amoiint 
of  iron  jiresent  as  impurity  was  oi  the  order  10  ])arts  per  million  (by 
volume).      The  curves  given   by  the  authors  seemed  to  show  that  the 
aj)]iarent  susceptihility  varied  considerably  in  fields  lower  than  //— 4; 
but  ]iart  of  the  apjx'arancc^  of  variabilitv  was  tiue  to  the  faot  that,  by 
iiuidvertence,  the  curves  ha'.l  been  made  to  ])ass  tlu-ough  Ka~0  at  II —0. 
A  possible  .source  of  uncertainty  in  the  measurements  in  the  weaker  fields 
was  the  relatively  great  importance,  under  these  circumstances,  of  P, 
the  (assumed)  ])er)iuinent  magnetism  of  the  sj)here.     It  seemed  luilikely 
that  the  \alue  of  K  for  the  iron  in  the  weaker  fields  would  be  su(;h  as  to 
make  the  elfective  susceptibility  nuich  less  than  3/47r,  although  there 
would  Ik!  some  tendency  in  this  <lirection.     The  conclusion  which  he 
would  draw  frtun  the  data  would  be  that  the  magnetic  analysis  of  the 
material  agreed  with  the  chemical  analysis  and  su])ported  the  inference, 
from   other  exiserimeiits,   that  iron   and  silver  are   nnitualh-  insoluble. 
The  result.s  ot)taiiied  in  strong  fiehls  (l)y  Hon<la  and  others)  did  not,  as 
the  authors  sugge.sted,  conflict  with  this  conclusion    but  (confirmed  it. 
The  diamagnetic  susceptibility  of  silver  ])robably  remains  constant  as 
the  field  strength  is  increased  (within  e.xi)erimental  limits) ;    but,  in  in- 
tense fiehls,  the  susceptibility  of  irf>n  is  small  eomiiared  with  'MAw.      For 
instaice.  in  fields  of  the  oid   r  2.'>,(((K)  c.g.s.,  the  Aahie  of  K  may  be  of  tin' 
or(l"i'0-l  toOOf).      Taking  the  latter  figure,  the  ellective  su.scept ibility  of 
the  iro!i  sphei'es  woui<l  be  appioximately  (Itl4.      The  observed  susce])ti- 
bility  of  the  material  as  a  whole  would  be  ot  the  order  K„  =(004h— 2)10-*. 
Hence,  assuming  the  value  of  n  already  deduced,  we  should  expect  Kn  to 
be   (if   the   order     -l-OxlO-".     Therefore,   we   should   exjiect   that   the 
material    used    by    fh"    authors    would    become    diaimignetic    in    strong 
fields.      That   it  would,  in    fact,   beha\c  in  HUeh  fields  like  the  silver,  of 
similar  purity,  examined  by  Honda. 

Dr.  CnnKK  said  it  was  of  the  utmost  imi)ortanco  in  working  with  weak 
fii'lds  lo  get  rid  of  effects  due  to  electric  tram  and  railway  sy;jtenr.-. 
Thi;<  wii  ■.  not  an  (a:.y  matter  nowadays.  Ih?  would  like  to  know  if  the 
magnetic  experiments  had  caused  any  modification  in  Dr.  Shaw's  con- 
clusions on  th  ■  ciTect  of  temperature  on  gravity. 

I'rof.  Uovs  sa'd  that  in  his  own  experiments  on  gi-avitat  ion  an('  also 
in  the  design  nf  the  radio-mierometer,  thc>  magnetism  of  imi)urities  had 
always  to  be  considered.  In  the  case  of  his  gravitation  rx]teriments,  he 
had  used  gold  ba'ls,  of  tlu-greatcst  purity  IIk-  Mint,  could  siipply.  cleancil 
with  i<ilrii:  acid,  aid  no  consistent  magnetic  dislurbaTic<'s  were  dctcct<'d. 
I)i'.  SuAW,  replying  f«ir  the  authors,  was  gratified  thai  Dr.  Smith's 
caliidat  ions  had  confirmed  their  numerical  results.  In  rejily  toDr.  ("hn'e. 
he  .said  that  in  order  to  test  whether  1li(>  magnetic  f(ucc  would  vaiy 
a])pri  (iably  with  temperature  in  the  gravitational  experiments  he  luul 
inserted  an  iron  bar  in  one  of  the  lead  si)hei'eH,  Init  cv(M1  then  he  had 
been  unabletodetccti  any  variation  in  the  foice  exerted  onthe  silvi-r  when 
the   !•  ad   jind   its  contained  r< d  were  heatetl  to  2(M)  ('. 

A  I'iiper,  entitled 

"The  Latent  Heat  of  Fusion  of  a  Metal,  and  the  Quantum- 
Theory," 
was  read  by  Dr.  H.  8.  Allkn. 

A  eritieism  is  given  of  a.  Ihecuy  of  the  proross  of  fusion  recently  |»ut 
forward    bv    Hafnowskv.     'i'he    aiilhor   of    (he    iheorv    oittains    an 


expres.sion  on  certain  assumptions  for  the  entropy  of  a  substance  in 
the  solid  state.  He  then  proceeds  to  deduce  a  simple  formula 
suitable  for  use  at  high  temperatures.  It  is  shown  that  this  formula 
is  incorrect  in  consequence  of  the  omission  of  a  tenn  in  the  expansion. 
Assuming,  with  Ratnowsky,  that  the  entropy  of  the  liquid  state  can 
be  calculated  in  the  same  way  as  that  of  the  solid,  a  corrected 
expression  is  deduced  for  the  atomic  heat  of  fusion  which  is  equal  to 
.  the  difference  between  the  entropies  multiplied  b3'  the  temperature  of 
the  melting  fKiint.  Ratnowsky,  taking  the  values  of  the  atomic  heat 
of  fusion  determined  exjx-rimentally,  calculated  the  ratio  of  the 
"characteristic  temperatures"  for  a  number  of  metals,  and  came  to 
the  conclusion  that  the  ratio  is  approximately  constant.  The  values 
have  been  recalculated  by  the  corrected  formula,  and  it  is  found  that 
they  are  far  from  constant.  The  ratio  calculated  for  mercury  by  an  in- 
dependent method  does  not  agree  with  the  conclusion  of  Ratnowsky. 

Some  Experiments  on  the 

Thermoelectric  Properties  of  Fused  Metals 
were  shown  by  ("ii.vs.  K.  Darling,  A.R.C.S. 

The  exj)eriments  shown  related  to  observations  made  during  the 
progress  of  a  research,  having  for  its  object  the  ])roduction  of  a 
thernu)electric  jiyrometer  with  a  liquid  element.  If  such  a  pyrometer 
could  be  made  of  suitable  materials  such  c-;  graphite  and  molten 
copper — it  might  be  possible  to  extend  the  n.seful  range  of  base-metal 
pyrometers  uj)  to  or  beyond  the  melting  jxijnf  of  platinum,  as  the 
boiling  ]»oint  of  copj)cr  is  2,.'}10"{'. 

In  seeking  a  satisfactory  couple,  experiments  were  first  made  with 
molten  tin  in  the  following  inanner  :  An  iron  crueible  wa-;  inserted 
in  a  hole  in  a  sheet  of  uralile,  so  that  its  rim  was  flush  with  the 
u])per  surface  of  the  sheet.  A  groove  was  made  in  the  uralite, 
eonuneming  at  the  crucible,  and  the  molten  nieta!  was  then  jxtured 
into  the  crucible  until  it  overflowed,  and  then  along  the  groove,  at 
the  end  of  which  a  cold  junction  was  formed  with  the  second  metal. 
A  wire  dip])ing  into  the  crucible  formed  the  hot  junction  :  and  by 
this  arrangement  a  continuous  circuit  wa^  maintaiiUMl  between  the 
liquid  in  the  crueible  and  the  solid  in  the  groove.  Advantage  was 
taken  of  this  arrangement  to  ob.scrve  the  effect  of  fusion  on  the 
K..M.F.  developed,  about  which  little  information  appears  to  exist.* 
It  was  noted  that  when  tin  was  jiartnered  by  iron,  nickel,  eopi)er, 
eonstantan  or  graphite,  no  abru})t  change  occurred  at  fusion,  the 
E.M.P\-temj)erature  curves  showing  no  break.  I'sing  iron  and  tin 
in  this  numner  forms  an  instructive  lecture  experiment.  Starting 
from  the  cold,  the  E.M.F.  rises  steadily;  remains  constant  during 
fusion  at  2."}2  (leg.,  aiul  then  rises  to  a  maximum  at  340  deg.,  after 
which  inversion  takes  place — the  whole  change  occupying  only  two  or 
three  minutes.  Avhen  a  small  crucible  is  used. 

On  substituting  lead,  zinc  and  bismuth  in  turn  for  tin,  and  using  a 
variety  of  wires,  it  was  again  found  that  the  change  of  state  caused  no 
alteration  in  thermoelectric  properties.  In  the  case  of  b'smuth, 
however,  three  instances  of  thermoelectric  "  halt  "  were  noticed,  the 
E.M.F.  attaining  a  maximum  and  then  remaining  unchanged  over  a 
considerable  range  of  temperature.  An  iron-bismuth  couple  reaches 
a  maximum  of  about  IS  millivolts  at  about  2.')0  (".  (M.  l*t.  of  Bi  2G5»). 
which  remains  e(uistant  to  within  3  percent,  up  to  r).>0«leg..  U'vond 
which  it  has  not  be(>n  investigated.  Copper  and  bismuth  Udiave  in 
the  sauu'  manner,  the  E.M.F.  being  ])ra;tieally  the  same  a<  in  the 
fornu-r  ease  ;  whilst  ahiminium  and  bismuth  furnish  a  thirti  exann»le. 
the  K..M.F.  (about  1.")  millivolts)  lieiiig  remarkably  constant  over  a 
range  of  30(1  dcg.  .\  ])revious  instance  of  this  kind  was  observed  by 
Barrett  with  a  c»niple  of  pure  iron  and  an  Fe-Xi-Mn  alloy. 

A  suggested  form  of  licjuid-element  pyrometer  was  de.scril>ed.  and 
it  was  suggested  that  the  experimental  methods  shown  might  i)rove 
u.seful  in  the  thermal  invest igaticm  of  alloys,  m  the  formation  ot 
delinite  eomiKiunds  would  ])robabiy  be  aeeompanied  by  a  notable 
change  in  E.M.F.  The  steady  E..m!f.  furnished  J)y  the  Bi-Al  conjAc 
might  also  be  used  in  work  in  wh'ch  a  eon>«tant.  low  E.M.F.  wr,"? 
required. 

Dr.  S.  W.  .'.  Smith  a^^ked  if  theie  was  niy  possibility  of  a  chemical 
action  occurring  b<'(wc<'n  the  ek-ments  as  (hi-  tenijx'rature  incn-ased,  and 
.sii  motlifying  the  pro|hTtie,s  of  the  junction  as  (n  bring  alwut  (he  (hermo. 
>-lec(ric  haK  obsiTveil  in  .some  of  the  couples  t 

I'rof.  <'.  V.  B<ns  (liought  tha(  the  proiK-rty  must  be  |K<euliar  to  the 
Itisnuith.  otherwiKC  thi»  same  rlass  of  ph.-nonienon  sliould  b^  obtainable 
witli  condnnations  of  tin-  other  <4emeTi(s.  iron,  ('oiijxt  and  aluminium. 
This,  fif  rournn.  is  not  the  cas.». 

I»r.  Su  \w  asked  if  Mr.  Darling  had  usmI  the  s;»me  <|na-itity  of  bisnuith 
ov.  r  ajid  o\er  aj«in  to  .sec  wh  (her  the  r\'s\dts  wn'  atTeit<'il  by  con- 
tamination ? 

Dr.  H(»KNsask<  il  ifthe  n-.sults  were  n>|>eated  exaetly  oncver>"  occasion. 

Mr.  Wnirri-K  thought  these  bisnnith  junctions  might  prove  ven*  u.st^ful 
sources  of  small  constant  E.M.K.  for  enlibration  jinrposcs  in  work.-*.  &c. 

Mr.  D  M«i.iN<;  did  not  think  the  thcrmoebctric  halt  w.^s  <lue  to  chemical 
.■»<(ion.  He  would  like  (o  «|o  much  nion-  work  on  the  .-ubject  befop- 
a1(en>pting  an  explanation.  ^ 

♦  Sw  Pajier  by  IVirter  &  iSimi><in,  "  ProctHMllngis"   June,  1916. 
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COMMERCIAL    TOPICS. 

— ^ — 

_     .        .  An    important    conference    of    engineers    and 

fi     ih    W  manufacturers  was  lield  in   the  City  Hall,  (jJkis- 

gow,   on   Friday  last   in   order  to   con.sider  the 
position  of  tlic  engineering  industry  after  the  war. 

It  is  stated  that  over  250  firms  connected  with  engineering  in  different 
parts  of  Scotland  have  accepted  the  invitation  to  attend  the  conference 
over  which  the  Lord  Provost  of  Glasgow  will  preside.  It  is  anticipated 
that  the  meeting  will  be  thoroughly  representative  of  every  branch  of 
the  industry.  Committees  charged  with  the  mobilisation  of  British 
manufacturing  engineers  have  been  formed  or  are  in  process  of  formation 
in  Edinburgh,  Manchester,  Sheffield,  Leeds  and  other  important  engineer- 
ing centres,  but  the  meeting  on  Friday  next  is  the  first  one  on  a  large  scale. 

Among  those  present  were  Mr.  Wilfrid  Stokes,  Mr.  John  Thornycroft, 
Sir  John  Cowan,  Messrs.  Hugh  Reid,  W.  Rowan  Thomson,  Noel  E.  Peck, 
James  Steven,  Joho  Leckie,  Archibald  Colville,  Alex.  Eraser,  Sam.  Mavor 
(chairman,  British  Electrical  &  Allied  Manufacturers'  Association),  &c. 

The  Lord  Provost,  who  explained  the  objects  of  the  meeting,  said 
the  present  great  war  was  not  being  settled  in  the  trenches  alone,  or  in  the 
North  Sea  alone ;  the  heroism  and  the  blood  of  our  soldiers  and  oiu' 
sailors  would  have  been  spent  in  vain  if  the  German,  after  the  war,  were 
to  be  allowed  to  resume  the  place  he  lately  held  in  the  commerce  of  the 
British  Empire.  There  were  some  i)eop]e  who  said  that  organisation 
was  a  German  virtue.  He  did  not  believe  it.  What  the  Germans 
had  learnt  they  had  taught  them.  It  seemed  clear  to  him  that 
the  natural  way  to  organise  their  national  industry  was  trade  by  trade. 
In  the  })ast  there  had  been  an  unhappy  state  of  things  :  trades  had 
dividcfl  themselves  into  two  halves,  each  half  with  the  idea  of  fighting 
the  other  half — that  was  to  say,  the  men  had  organised  to  fight  the 
masters  and  the  masters  to  fight  the  men.  That  suited  the  German  very 
well,  for  when  they  were  fighting  together  the  Germans  were  pushing  their 
way  in  unobserved  and  unopposed.  Now  it  seemed  to  many  of  them  in 
the  light  of  this  war  that  there  should  be  a  defensive  organisation  for 
each  trade  as  a  whole.  They  must  make  a  beginning  somewhere,  and 
where  could  they  make  a  better  besinning  than  with  the  engineers  ? 
This  was  an  engineer's  war,  and  it  was  upon  their  skill,  ingenuity,  science 
and  enterprise  that  our  victoiy,  under  the  providence  of  God,  most 
depended.  The  engineers  of  Scotland,  in  war  as  in  peace,  had  no  cause 
to  be  ashamed  of  themselves  and  their  work  ;  they  had  done  great  things. 
But  latterly  they  had  felt  the  great  and  organised  force  of  the  German 
engineering  trade  with  the  whole  sti'cngth  of  the  German  ])olitical  and 
industrial  .system  behind  it.  When  the  Germans  gave  a  loan  they  were 
thinking  of  the  German  engineer ;  when  the  (iJerman  Government 
inflicted  upon  Turkey  the  great  misfortune  of  taking  it  under  the  wing 
of  the  German  eagle  the  German  engineer  was  not  forgotten.  The 
Turkish  railway  and  tramway  .systems  had  all  to  be  built  by  German 
engineers  and  supplied  with  German  ph'.nt.  The  tramway  system  of 
Buenos  Ayres  was  built  and  owned  by  a  British  company.  When  it 
came  to  be  electrified,  German  agents  offered  to  guarantee  the  British 
company  good  interest  on  their  money  in  perpetuity  upon  two  conditions 
only,  that  the  tramwaj-  system  should  be  electrified  by  the  Allgeincine 
Elektricitats  Gessellschaft,  and  should  for  ever  after  be  supplied  with 
German  material.  The  British  engineer  and  British  material  were  driven 
out  of  that  great  system  at  one  stroke.  If  they  remained  disorganised 
it  might  be  to  the  benefit  of  the  ])olitician,  it  was  certainly  to  tlie  benefit 
of  the  German,  but  he  was  .sure  it  was  not  to  the  benefit  of  the  country. 

Mr.  W.  R.  Thomson  said  it  was  their  imperative  duty  .so  to  organise 
their  industries  as  to  develop  stillfurlher  their  existing  and  potential 


sources  of  wealth  a<  rapidly  sii  possible.  They  could  only  afihieve  that 
object  by  elijninating  internal  rivalry  and  jeahju.sy,  persona!  dislikes,  and 
what  wa<  called  class  war.  They  were  threatened  with  a  Ministry  of 
Labour  and  a  Ministry  of  Industry.  Personally  he  viewed  that  with 
alarm  aid  distrust,  and  profoundly  hoj)ed  that  they  would  take  .such 
steps  as  woidd  ])revent  these  threats  being  fulfille<l.  What  they  wanted 
to  do  was  to  organise  them.selves  to  assist  the  existing  Go\ernment 
dci)artments  in  leaving  them  alone  to  manage  their  busine.s.«,  whicli  they 
naturally  understood  better  than  any  politician  or  any  jjcrmancnt  official. 
The  producers  of  this  country  were  far  too  much  under  the  heel  of  the 
permanent  official  and  the  politician,  and  unless  they  saw  to  it  at  once 
they  would  be  still  more  so  in  the  near  futuie.  Why  should  all  these 
Dci)artmcntal  C!ommittces,  chosen  ({uite  at  haphazard,  and  very  often 
unrepro?e:ita,tive,  be  sitting  to  decide  their  fate  ?  The  function  of  a 
(Jcnernment  department  in  dealing  with  business  should  be  paternal  and 
reasonable  obstruction,  yielding  in  the  e.nd  when  the  course  propo.sed 
was  provel  to  be  obviou.sly  sound.  The  process  of  mobilisation  .-hould 
anto:nati(ta!ly  produce  a  practi.-al  working  plan — not  pious  resolutions 
and  vague  aspirations — of  what  the  industry  wanted  frtmi  a  national 
)>oint  of  view.  Their  patriotism  had  been  exploited  by  the  politician 
— thinking  oidy  of  his  own  commf)dity,  votes — in  a  way  which  had 
hindered  rather  than  helped  out]>ut,  and  whieh  had  benefited  nobody 
exicpt  pcrha])s  the  ({ermans  and  neutrals.  He  proposed  the  following 
resolution  : — 

That,  in  view  of  the  unprecedented  situation  created  by  the  war  and  the  uncertainty 
of  the  future,  this  meeting  is  of  opinion  that  all  iron. steel,  engineering,  shipbuilding  and 
allied  industries  in  thiscountryshould  endeavour  to  come  together  in  some  strong  central 
organisation  capableofdealingin  acomprehensiveand  imperialmannerwithallimportant 
qu'J-.tions  affecting  these  and  allied  industries  which  will  certainly  arise  in  the  near  future. 

Tlic  resolution  was  seconded  by  Sir  John  Cowan  and  adopted. 

A  preliminary  committee  was  then  appointed,  with  instructions  to 
report  at  an  earlj'  date  as  to  the  nature,  scope  and  object  of  an  organisa- 
tion which  could  deal  with  the  conditions  governing  the  industries, 
representetl  at  the  meeting  and  with  the  Government  regarding  any 
measure  (old  or  new)  which  might  affect  those  industries  after  the  war. 
The  following  names  were  submitted  as  the  nucleus  of  the  committee, 
with  power  to  add  to  their  number  :  Messrs.  Archibald  Colville  (David 
Colville  &  Sons),  W.  Rowan  Thomson  (David  Rowan  &  Cc).  Noel  E. 
Peck  (Barclay,  Curie  &  Co.),  Sir  John  Cowan,  Hugh  Reid  (North  British 
Locomotive  Co.),  A.  W.  Anderson  (Urquhart,  Lindsay  &  Co.),  Ale.x. 
Gracie  (Fairfield  Shipbuilding  &  Engineering  Co.),  —  M'Kinnon,  J.  R. 
Richmond  (G.  &  J.  Weir),  Alex.  Lamberton,  J.  H.  Mathesoa  (H. 
Matheson  &  Sons),  T.  F.  Cuthbcrt  (Stewarts  &  Lloyds),  J.  K.  M'Cosh 
(Messrs.  Wm.  Baird  &  Co.),  Andrew  S.  Biggart  (Sir  Wm.  Arrol  &  Co.), 
Prof.  Barr  (Barr  &  Stroud),  and  Councillor  Thomas  Young. 

*  *  *  * 

„       A     f    r  '^'^^  Sydney  office  of  H.M.  Trade  Commi-ssioner 

EniT       •  ^^     "      in  Australia  reports  under  date  June  9  that  a 
^       '  company  has  been  registered  in  the  Common- 

wealth with  a  capital  of  £1,000,000  for  the  production  of  zinc  by 
the  electrolytic  process  and  for  the  manufacture  of  high-grade 
spelter.  The  company  proposes  to  erect  works  in  Tasmania,  and 
negotiations  are  in  hand  for  the  supply  of  power  from  the  Tasmanian 
Governnient's  lately  completed  hydro-electric  plant  at  Great  Lake. 
The  articles  of  association  of  this  company  provide  for  its  reinaining 
entirely  under  British  control.  British  firms  interested  may  obtain 
the  name  of  the  above-mentioned  company  on  application  to  the 
Commercial  Intelligence  Branch  of  the  Board  of  Trade,  73,  B.asmg- 

hall-street,  London,  E.C. 

*  *         *         * 


U.S.A.  Exports  to 
South  America. 


The  value  of  the  electrical  ex^wrts  from   the 
Port  of  New  York  to  the  principal  countric3  of 
South  America  was  higher  in  June  than  in  any 
month  shice  December,  I9I5. 

The  total  value  of  electrical  goods  and  machinery  exported  from  New- 
York  in  that  month  was  §341,139,  the  figures  for  Brazil.  Argentina, 
Colombia  and  Venezuela  showing  healthy  increases.  The  exports  from 
New  York  represent  over  80  per  cent,  of  the  total  for  the  whole  of  the 
United  States. 

***** 

T^  i-  CI  i  •  In  a  recent  report  the  United  States  Consul  at 
?°"!'.'nL  -n  "^^  Christiania  (General  E.  H.  Dennison)  states  that. 
Appliances  in  ^^^.^^  ^^  ^j^^  j.^^^^  increase  m  the  price  of  coal  m 
Worway.  Norway  the  demand  for  electrical  appliances  is 

heavy,  and  American  manufacturers  are  notified  that  they  have  an 

opportunity  to  develop  there  an  extensive  trade. 

Coal  which  formerly  cost  S7.i50  per  ton  now  sells  for  $23.50,  and  the 

people  are  turning  to  electricity  for  donu-stic  puri)o.ses,  and  the  sales  of 
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electric  cooking;  a"<l  lioatint;  Htf»ve.«.  ra^j^ps,  wo>^1iin</  inachirtcs,  irons, 
rings,  &c.,  have  never  been  so  large  as  at  present.  Tin-  denia'i'l  for  these 
articles  is  said  to  be  iini)rered«'>)t("<l.  a'-d  AnuTirap  n)a-iufa<turers  eoiild 
with  little  fitort  imi)rove  their  ])o.-;ition  in  1  hal  market.  It  i.s  thought  that 
coal  will  l)e  exfu^nsive  for  a  Ir.ng  time  to  come,  and  perhajis  never  return 
to  its  original  ])ri'e,  for  Norway  cle]K-ids  c-:itirely  cjn  outside-  .source-;  for 
it.s  su])plies.  In  any  evcsnt,  the  sale  of  eleetrieal  a]i)jlianres  is  hound  to 
exj)and,  a'ld,  when  once  installed  and  their  many  advantages  iccr'/!  !.-<  d. 
jt  i.s  thought  that  few  will  care  to  return  to  the  use  of  coal. 


IMPORTS    AND    EXPORTS  OF  ELECTRICAL 

MANUFACTURES. 

J^rom  July  2'.),  1910,  tn  Aug.  \,  1916. 

IMPORTS. 

Liverpool- -5pa/«.-  Elec.  carbons,  27  pkgs.  Buenos  Ayres:  Elec.  lamps  and  parts, 
14  pkgs. 

hoKDOu.  -U.S.A.:  Carbon  candles.  £23;  wire  and  cable.  £131;  unenumeraled, 
£16,470  7,379case2.  Holland:  Elec.  lamps.  877  pkgs. ;  elec.  glow  lamps,  £1.8^fc"9C4 
pkgs.;  wire  and  cable,  £29;  unenumeratfd.  £988.  Japan:  Unenumeraled.  £1.37C— 30 
cases.  France:  Unenumeraled,  £172.  Switzrrland :  Unenumeraled.  £233.  Denmark: 
Unenumeraled,  £204.     Italy:  Unenumeraled.  £5C0. 

Manchester.     U.S.A.:  Elec.  fittings.  69  cases. 

EXPORTS. 

To  A\i-^rp ALASi A.  -Auckland :    Wi;e  i'  ,  £464:    unenumeraled.  £583.     Mel- 

bourne:   Wire  and  cable.  £1.646:    ele^  •;/,  £4.754;    elec.  glow  lamps.  £420: 

unenumeraled.  £2,371.     Sydney:    El'c.  .£962:   v/ire  and  cable,  £844  :   elec. 

lamps.  27.200 n.o. ;  glow  lamps.  19.802 n.o.  :  unenumerated.  £3.251.  Wellington:  Elec. 
machinery.  £598;  wire  and  cable.  £30  :  pio<v  lamps.  3.6C0  n.o.  :  unenumeraled.  £1.646. 
Lyttelton  :  Elec.  machinery.  £121  :  unrri  £67.     Dunrdin :  Unenumeraled.  £48, 

Adelaide:   Wire  and  cable.  £5,974  ;    ur  I    £426.     Brisbane:   Wire  and  cable 

£386;  urjenumerated.  £463.  Christchun  r .  on-numerated.  £223.  Hoharl:  Wire  and 
cable,  £1.7.39:  unenumerr.ted.  £20.  Fremantle:  Elec.  machinery.  £164.  Nelson: 
Unenumeraled,  £32.  Grcymouth:  Elec.  machinery.  £270.  Launceston:  Unenumeraled. 
£28. 

ArnicA.— Durban  :  Elec.  machinery.  £106 ;  telegraph  material.  £275;  unenumeraled. 
£595.  Cape  Town  :  Unenumeraled.  £1.028.  Port  Blizaheth:  Elec.  machinery.  £607  : 
wire  and  cable.  £240  ;  unenumeraled.  £199.  East  London  :  Elec.  wire  and  cable.  £84  ; 
unenumeraled.  £227.     Napier:  Unenumeraled,  £10. 

India,  Ceylon,  hirJo-CniNA  and  Straits  Settlements.  Bombay:  Elec.  machinery. 
£554;  unenumeraled,  £1,581.  Fenang :  Elec.  machinery.  £90  :  wire  and  cable.  £69  ; 
telegraph  material.  £20.  Singapore:  Wire  and  cable,  £218:  unenumeraled.  £301. 
Calcutta:  Elec.  machinery,  £279  ;  wire  and  cable, £204  ;  unenumeraled,  £1.633.  Madras: 
Unenumeraled. £185.  Colombo:  Elec.machinery, £127  ;  unenumeraled. £592.  Karachi: 
Elec.  machinery.  £80  ;  unenumeraled,  £20.  Bankok:  Elec.  machinery.  £26  :  unenu- 
meraled, £97.  Saigon:  Unenumeraled,  £41.  /'o;75;</f?/eH/ffl/>! .- Elec.  machinery.  £346  ; 
•telegraph  material.  £249. 

Chivia.— Shanghai :  Elec.  lamps, 2.6C0n.o.  :  wire  and  cable.  £440  ;  unenumeraled,  £84. 
Hong  Kong  :  Unenumeraled,  £246.     Hankow:  Unenumeraled,  £37. 

U.S.A.   -New  York :   Elec.  machinery.  £372  ;  unenumeraled.  £455. 

South  and  Central  America.  Rio  Janeiro:  Wire  and  cable.  £232. ;  unenumeraled. 
£682.  Santos:  Elec.  machinery.  £495.  Valparaiso:  Unenumeraled,  £428.  Felotas: 
Unenumeraled,  £77.    Rosario :  Unenumeraled,  £23.    Bahia:  Unenumeraled,  £20. 

West  Indies.-  Barbadoes :  Unenumeraled,  £109. 

HoLLAUD.— Amsterdam :  Wire  and  cable,  £120;  unenumeraled,  £95.  Rotterdam: 
Wire  and  cable,  £41. 

Frauce.-  Dieppe :  Telegraph  material,  £1 10  ;  unenumeraled,  £259.  Paris:  Wire 
and  cable,  £295  ;  unenumeraled,  £265.  Boulogne:  Unenumernled,  £787.  St.Nazaire: 
Elec.  machinery ,  £495. 

Malta.     Elec.  machinery.  £49  :  wire  and  cable,  £55  :  unenumeraled,  £27. 

Russia.—  Vladivostok :  E'.ec.  machinery.  £307. 

De^uark.     Copenhagen  :  Wire  and  cable,  £411  ;  unenumeraled,  £50. 

Spaiu.  Barcelona:  Elec.  machinery,  £48  ;  unenumeraled,  £619.  Carlhagena :  Elec. 
machinery.  £230  ;  unenumeraled,  £40. 

Portugal.  -  Z./'s*o;r-  Elec.  machinery,  £342  :  wire  and  cable,  £887  :  unenumerated. 
£550. 

Japan.— Kobe:  Telegraph  material, £102.     Yokohama:  Unenumeraled.  £549. 

FOREIGN   GOODS  fduty  yiaid  and  free). 

Amsterdam:  UncnunK  i..t(u.  ('':  .;;.;,,.,■  Unenumeraled.  £75.  Archangel: 
Unenumeraled, £482.     Bombay:  il  101.     A'cm' /oM/  Unenumeraled. £93. 

Sydney:    Elec.  lamps.  2,000 n.o.  :  130  n-    ;   unenumeraled.  £41.     Barce- 

lona:    Unenumerated,    £248.     BarbaJocs:     Urn  £20.     Boulogne:     Unenu- 

merated.  £16.     Dieppe:    Unenumerated.   £50.     .  ..,,...    Unenumerated.   £96. 

Ceylon:  Elec.  machinery. £1.1 14  ;  unenumer.itpii.  C2t.  ■  Unenumerated, £36. 

Copenhagen:  Unenumer.-ited,  £28.     Calcutta .-  XJnexwin  '. 

IN   TRANSIT. 

Mellnurne :  Elec.  lamps,  CI  .244. 

Note. — The  large  number  o*  items  in  these  offieinl  returns  under  the 
misle.iding  heading  "  unenunn-rated  "  relate  to  what  is  described  as 
"  electrical  goods  "  and  "  <•!■•'.(  i;,.„i  materials." 


LEGAL  INTELLIGENCE. 


Worknien*s  Compensation. 

At  Laiiil.cth  (London)  Cnmily  (tnul  t.n  Iwidny  ,\iis.  Ktliel  M.  .Jewell, 
widow  of  tile  late  h'tcderiek  Seymour  .lewell.  snuj/lil  »«>  recover  damages 
for  tli(>  loss  of  her  liiish)i"<l.  the  ic-^imndot'l  s  licii-  (11114)  (Ltd.). 

Mr.  Jewell  was  eiii|i|oyed  liy  tlic  roinpany  as  ]. .al  coiiimeri  i.il 

traveller,  a  id  on  May   I")  lie  ww  travelling  by  an  onmibns.  and  he  v 
sec^n  by  a  witness  (who  wa'^  ^fi  ,.i;.  ..  „,,  On-  |ili\(.|iu-nt  at  tht-  junetio-i  ■•■ 
IVntonville  and    Kivj.r  (•,■.■  nn  the  footboard  of  the  omnibus, 

with  his  right  Innid  held  up  to  i  n^  i„.ll  ,.,,,,1.  whi'  liis  left  ai  m  he 

had  a  case  containing  the  tirm'-s  cafnloinies.  wii  ,  :dy  he  fell  o.f 

the  "bus  into  the  r<md.  Me  died  .soon  aflcrwards  {n»n  conriVs.^ion  of  the 
brain.  .Icw(>ll  had  also  wilii  liim  ^oiiic  licaA\  br^i-s  (H'l  ...  wrai)pe«l  in 
papei-. 

Mr.  Sc'.VNi.AN  (for  resjiond.  , -)  >,i.d  (liedelm.  c  «;i-  ui.u  ilie  accident 
did  nol  oeeur  in  the  course  of  hi.s  business,  thoimh  thev  acknow!.>«lL'cd 


that  it  aro-e  out  of  )>*=;  employment.  The  car  was  in  motion  at  the  time 
of  the  accident,  and  therefore  he  had  not  exercised  sufficient  care  in 
getting  '  ■• 

Evidi  given  by  an  inside  pa,«.senger  that  Mr.  .Jewell  ."stepped 

on  the  pi  '  l(.i  m  .<■  d  did  not  atteni]it  to  pull  the  bell,  but  appe.ared  to  step 
straight  O.I  int.!  t  !ic  roiwl.  where  he  stumbled  .i-id  fell 

•Judge  I'.'.ijRv  found  that  the  omnibus  was  gojnjr  at  a  fast  rate  do\ra 
the  incline,  and  that  deceased  attc-m]>ted  to  puli  the  bell.  No  evidence 
would  c(,  nince  him  tJiat  he  was  jumpmg  oH  the  oninibuK  in  order  to 
commit  what  was  suicide.  He  might  have  bee^i  giddy  a-^d  fell  oif.  He 
found  that  the  accident  arose  out  of  and  in  the  course  of  his  em]>loyment. 
and  awarded  applicant  £300  and  eo.sts  on  the  C  scale. 


PARLIAMENTARY  INTELLIGENCE. 

TELEGRAPH  (CONSTRUCTION)  BILL. 

The  House  of  Commons  concluded  the  eonimittee  stage  of  this  bill  on 
Monday.  The  bill  amends  the  Telegraph  Acts,  iStiS  tc)  llM.'j.  v.ith  respect 
to  the  construction  and  jnaintenance  of  telegraphic  lines. 

On  clause  1  (User  of  Land  and  l^uildings  for  Telegraph  Lines),  an 
amendment  v.as  nio\<'d  to  substitule  three  months  for  one  month  as  the 
peric.d  within  which  consent  shcnild  Ite  signified  by  the  owner,  lessee  or 
occupier  of  anj-  land  or  building  affcx-.t^-d  '■»  *'•'•  placing  of  a  telegraphic 
line. 

The  I'oslmaster-tieneral  (Mr.  J.  .\.  Pk.v.-^i:)  a;.'ieed  to  the  iK-riod  lieing 
twc)  mor.lhs.  and  this  coniidomise  was  accepted. 

Th#  Solicitor  (J'lieral  (Sir  (J.  Cavk)  iiroposcd  the  .addition  of  a  pro- 
vision I  h:ii  the  li  ibiin.il  to  which  a  difTerenee  is  referred  under  the  .section 
shall  nol  -i  c  i^s  consent  to  the  placing  of  a  telegraph  line  unless  sat  Lsfie<l 
that  the  refusal  or  failure  of  the  ownc-r.  lessee,  or  occupier  to  consent  is 
contrary  to  tin-  ]iidjlic  interest.  This  was  agreed  to.  as  v.as  al.«o  anotlier 
amenrmcnt.  moved  by  iMr.  .1.  Pease,  enstn-ing  to  ov.iicrs.  lessees  and 
oecujiicrs  the  benelils  of  the  provisions  of  the  'i'elegraph  A<  t.  ISli.'i. 

The  bill  was  then  read  a  third  time. 


AGENTS  FOR  PURCHASE  OF  INDIAN  MICA. 
In  the  House  of  (  (mimons  on  .Monday.  Mr.  A.  (  hambeklain  .<tat«l,  in 
reply  to  a  (piestion.  That  the  exjKirt  of  mica  from  India  to  countric-s  other 
than  the  United  Kingdom  and  British  Possessions,  was  prohibited  save 
under  special  licence.  At  Ihe  request  of  the  ^linister  of  Munitions. 
Messrs.  ('hristien  &  Co.  had  been  appointed  Coverntncnt  agents  for  the 
purchase  in  India  of  such  grades  as  v,-ere  specially  recpiire<l  for  the  manu- 
facture of  munitions.  So  f:ir  as  he  was  av.arc.  Ihcrc  v.as  no  (Jerman 
element  in  the  firm. 


Trading  With  the  Enemy  (Copyright)  (No.  2.)  Bill  also  passed 

throii^'h  (dnmiitlcc  v,  itliout  amendment  .and  was  read  a  third  time  in  the 
House  of  ('oimii(>ns  on  iMonday. 

Boyal  Assent. — <>n  Aug.  .3  the  Tioya'.  Assent  to  the  following  Acts 
of  FiM  liaiiii'it  wi^-^  read  :  fJas  (Standard  of  C.alorifte  Power)  Act.  I'nblie 
Wo''ks  l,(>a-is  :\t\ ,  Fxpirinj;  l.nivs  Co-'tini:;r-ce  Act. 


EDUCATIONAL. 


Arnistrong  College  (University  of  Durham)  Newcaslle-on-Tyne.— 
The  nexl  session  coniineaees  on  Sejtt.  2.">.  Full  ]>articiilars  relating 
to  the  deiiarlinents  of  nieehanieal.  marine,  civil  and  electrical 
engineering,  naval  arehitecturo,  mining,  metallurgy,  ngrieultnre. 
jnirc  science,  .arts  .iml  <(»nimeree  m.i\'  be  obtained  from  tiie  seen^tarv. 
Mr.  F.  H.  I'rnen.  .M.A. 

University  of  Edinburgh. — ^^Thc  ne.xt  session  of  the  engiucoriug 
dc})artmen(  eoinnences  on  Oct.  lOtli.     The  jireliminarv  «  '  iie 

examination  is  liclcl  in  Scjitcmber.     ('om]>lele  eonr.H>s  of  :■  <«n 

in  civil,  mcehnnical  and  eleetrical  engineering  are  ]>rovided  :  they 
C|uaiify  for  the  degree  of  l>.Se.  in  engineering  and  exfetid  over  a 
period  of  three  years.  Tartieulars  of  entrance  examinations, 
Rcholai-shiin'.  &e.,  may  be  obtained  fnim  the  Matriculation  OfliecR, 
the  Uni\ersi(y  of  IMiiibnrgh. 

University  of  Birmingham.-  .\t  t  liis  Inivei-sity  l  hen-  are  courfea  in 
mechanical,  civil  and  electrical  engineering.  The  full  cMiurpes  extend 
over  four  years,  and  students  who  enter  after  tnatrieuhilion  and 
pass  the  examinations  at  the  end  of  each  vear  will  lie  entitled  to  tl;e 
degree  of  ItneheJor  of  Science  in  Engineerinp.  The  next  Bewion 
commences  on  Tuesday,  Oct.  'X  Syllabus,  wifli  iw^rlienlnrs  of 
curses,  fees,  &e..  can  be  obt.iined  from  the  Secit'tary. 

University  of  Manchester.     In  tlie  physiej*  deimrtment  the  leetuie 

M'  for  both  the  \   and  honours 

....      1  .irticnlars  e.in  l«   » ;i'd  on  appliea- 

nt\  Prof.  Sir  K.  Kntherfonl  vill  meet  intending 


and  ■■ 
degHM-,   ■ 
tion  to  th< 
students  on   I 
In  thcd..  ii 
tieal  trainr 
ele<-tric!\l  I 
studc-nts   I 


"Icpartment  complete  thi  ontical  and  Jirae- 

-  j)rci>arini:  foi  tln'  IiiliIki  po>it  ions  in  the 

!'.i\.  and  at  the  end  «>f  a  Ihicc  years"  cour.«c 

the   ordinarx'    or   hcmours  dc"r«>«-    of  H.Sc. 
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in  olcctrii^al  onoinooiiiijx.  There  is  a  .special  coiiiso  exti-ndin.u;  over  tliii'c 
yoars  which  prepaKsw  for  the  certifitate  in  electrical  enKineerinj;.  The 
John  flcipkinson  Lahoratorios  ha\c  been  reccijtly  oxtonfled  ami  tlicy  arc 
i>(piippcil  with  modern  electrical  iua<;hinpry  and  te^itiniij;  ap])liancc.s,  while 
irood  facilities  are  t;iven  for  research  work,  &<:  Th<!  luwt  sessioir 
cotnmciM cs  on  Oct.  5.  I'nrtlier  ])aiti(nlars  inay  he  obtained  from  Ihe 
Registrar. 

City  and  Guilds  Technical  College,  Finsbury.— The  training  at  tJiis 
College  is  adapted  to  the  needs  of  various  students,  including  pupils 
above  15  from  secondary  schools,  who  desire  a  j^ractical  and  scionlilic 
training  bearing  upon  their  future  industry  or  profession,  and  young 
men  who,  having  previously  served  a  pujulage  or  apprenticeship  in 
works,  desire  a  more  systematic  training  in  engineering  and  applied 
chemistry.  The  College  lias  we]l-equip[)ed  laboratories  and  work- 
shops for  i)ractical  work.  The  entrance  examination  will  be  held  on 
Sept.  19.  The  programme  of  the  College  has  just  been  i.ssued,  and 
gives  full  particulars  of  the  cour.=cs  of  instruction,  fees,  time-tables, 
&c.  Further  particulars  may  be  obtained  from  the  Registrar  of 
the  College,  Leonard-street,  Finsbur\',  London,  E.G. 

Northampton  Polytechnic,  London. — In  the  day  engineering  college 
full-day  courses  in  the  theory  and  practice  of  civil,  mechanical  and 
electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineci-ing  include  s^iocialisatkm  in  auto- 
mobile and  aeronautical  engineering,  and  those  in  electrical  engineer- 
ing include  radiography.  The  entrance  examination  takes  ])lace 
on  Sept.  2()th  aiul  27th.  Three  enfraiice  scholarships  of  the  value 
t)f  £52  each  will  be  offered  for  comi>efition  at  the  entrance  examina- 
tion. The  courses  include  periods  spent  in  commercial  workshops 
aiifl  extend  over  foiu-  years.  They  also  ]irepare  for  the  degrees  of 
B.Sc.  in  Engineering  at  the  LTnivci-sity  of  London.  In  the  technical 
optics  department  there  are  full  and  ]jart  tune  courses  in  all  branches 
in  s])ecially  efpiip])ed  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (value  £.50)  will  be  offered  in  this  department  at  the 
entrance  examination.  Particulars  as  to  fees,  dates,  &c.,  can  be 
obtained  at  the  Institute  or  on  application  to  the  Principal,  Dr.  R. 
Mullincux  Walmslev. 


BUSINESS  NOTICES. 

H.M.  Office  of  Works  has  removed  to  the  new  Government  build- 
ings in  Great  George-street,  Westminster. 

The  .Statistical  Section  of  the  Labour  Ue[)artment  of  the  Board  of 
Trade  is  to  be  removed  from  GwydvT  House,  Whitehall,  to  Albe- 
marle-street,  wiiere  offices  have  been  vacated  by  the  Armj?  Aircraft 
Dejiartment. 

Sale  by  Tender. — Messrs.  Wheatley  Kirk,  Price  &  Co.  have  also 
been  instructed  to  sell  by  public  teruler,  in  lots  to  suit  ])urchaisers,  the 
entire  stock  of  electric  lam])s,  cable,  sheds,  electric  fans,  electric 
cooking  utensils  and  accessories,  office  furniture,  &c.,  upon  the 
premises  (39,  Victoria-street,  London,  S.W.)  of  Kru])ka  &  Jacoby 
(Ltd.),  Avhich  is  being  wound  up  under  the  Trading  with  the  Enemy 
Act,  1916.  Catalogues  may  he  obtained  gratis  on  application  to  tlie 
Agents  for  the  Controller,  Messrs.  Wheatley  Kirk,  Price  &  Co.,  40. 
Watling-street,  London,  E.C.,  and  at  Miuichester  and  Newca-sllc^- 
on-Tj'ne.  On  view  Aug.  23,  24,  25  and  20,  and  tenders  must  reach 
IMessrs.  Wheatley  Kirk,  Price  &  Co.,  40,  Watling-street,  l>ondon, 
E.C.,  by  Aug.  28.     See  also  an  advertisement. 

Sale  by  Auction. — By  order  of  the  Controller  (Mr.  G.  S.  Pitt, 
F.S.A.A.)  to  conduct  the  winding  up  of  Jsaria  (Ltd.),  Mr.  Ernest 
Owers  will  sell  by  auction  the  whole  of  the  stock-in-trade  of  the 
company,  including  about  1,200  electricity  meters,  100  prepayment 
meters,  750  electric  fans,  some  starters,  rheostats,  90  motors  and  d.c. 
djmamos,  &c.  ;  also  the  office  furniture.  On  view  Aug.  28  and  29,' 
and  catalogues  of  Messrs.  Bolton,  Pitt  &  Breden,  Incorporated 
Accountants,  200,  Finchley-road,  N.W..  and  at  West  Hami)stead 
and  Goldcr's  Green.     See  also  an  advertisement. 

"'Plant'~for~Sale.— Messrs.  Wheatley  Kirk,  Price  &  Co.  will  sell 
by  auction  at  the  Mart,  Tokenhouse  Yard,  London,  E.C.,  at  noon  on 
Aug.  22.  tlie  central  station  electric  lighting  plant  at  5  &  6,  Bovay- 
street,  Holloway,  London,  N.,  comprising  two  40  kw.  Willans- 
Crompton  d.c.  sets,  two  115  kw.  and  one  145  kw.  Willans-Siemens 
sets,  two  Babcock-Willcox  boilers,  one  Davey-Paxman  multi-tubular 
boiler  and  40  ii.p.  Crosslcy  gas  engine,  switchboards,  cables,  meters, 
shop  plant  and  tools.  The  premises  are  also  for  sale  by  private 
treaty.  On  view  on  1 7th  and  18th  inst.,  or  earlier  by  appointment. 
Full  particulars  and  catalogue  may  be  obtained  from  Messrs. 
Guseotte  &  Fowler,  solicitors,  1,  York-place,  Adelphi,  London,  W.C. 
or  of  the  auctioneers,  46,  Watling-street,  London,  E.G.,  and  at 
Manchester  and  New'castle-on-Tyne.     See  also  an  advertisement. 

Plant  Wanted.  Messrs.  H  K.  Foster  &  Grace,  land  agents,  Here- 
ford, advertise  for  a  5  h.p.  enclosed  motor  with  .starting  rheostat 
for  250  volts.  »'«  _  ,,. 


Catalogues  Wanted.-  -Advertisers  who  have  a  large  opon  order  for 
electrical  goods  for  exjiort  notify  that  they  desire  catHluguOK  from 
maiuifuturers  of  fjomcstic  ;ind  iiirlnstri  d  r-Iectrical  applianwH. 

LIQUIDATIONS,  &c. 

Th'>  Rachelet  Levit^it'd  Railway  ':<y\\(\.  (Lt<l.)  and  the  Bachelet 
hiving  Train  Synd.  (Ltd.)  are  being  wound  u(>  voIunt'iril\,  and  Sir 
W.  B.  Peat,  II,  Ironmonger-lane,  London,  E.G.,  has  been  appointed 
li(]uidator. 

The  Institute  of  Industry  (of  Great  Britain  and  Ireland)  (Ltd.)  is 
iicing  wound  uj)  voluntarily,  and  Mr.  L.  W.  Hawkins,  Basildon 
Hou.sc,  Lindon,  K.C,  has  been  ai)pointed  liciuidator. 

A  meeting  to  receive  an  account  of  the  winding  up  of  the  Bidrlle 
Automatic  Signal  (Ltd.)  will  be  held  on  Sept.  8  at  25,  Victoria-street, 
London,  S.W. 

A  first  dividend  of  3s.  4d.  will  be  |>ayablc  on  Aug.  23,  at  the  offices 
(jf  Messrs.  (Jorfield  &  Grii)well,  119,  Finsbuiy-iiavemcnt,  Ixnd(m, 
E.G.,  to  creditors  of  Russell  Kmest  Connold,  formerly  electrician  of 
CiA,  The  Parade,  Canterbury. 


ELEGTRIGITY  SUPPLY. 


EXTENSIONS. 

Barrow. — It  has  been  decided  to  give  a  supply  of  electrical  energy 
to  90  new  workmen's  houses  at  \Valne\'. 

Burton-on-Trent. — A  main  is  to  be  lakl  at  an  estimated  cost  of 
£4,000  to  supply  energy  for  power  and  lighting  to  the  India  Rubber 
&  ( lutta  Percha  Co.'s  new  factory  at  Horninglow. 

Derby. — At  the  meeting  of  the  Goimcil  last  week  Aid.  Wilkins 
moved  that  aj)|)Iication  be  made  to  the  L.G.  Board  for  sanction  to 
borrow  £9,(K)0  for  mains  and  motors  for  jjower  i)urpo.«es. 

Aid.  Wii-KiNS  said  the  sum  included  £5,000  which  it  had  been  suggested 
would  b(^  recpiired,  and  had  been  passed  by  that  Council  in  committee 
for  the  new  company  which  was  ex])ccted  shortly  to  erect  works  in  Derby. 
They  were  having  still  a  great  demand  for  mains  and  motors  from  works 
and  factories,  and  it  was  necessary  for  them  to  spend  £4,000  during  the 
next  eight  months.  Their  net  profit  for  the  past  year  had  been  £2,472 
a!i(l  foi^the  previous  year  it  was  £2,982,  a  decrease  of  £510.  The  in- 
creased cost  of  coal  had  been  £5,766,  the  increase  in  insurance  and  the 
allowance  to  dependents  and  others  had  been  £725.  and  their  standing 
charges  for  interest  and  sinking  fund  had  increased  by  £2,128  making 
£8,6 in.  On  the  other  hand  they  had  decreased  the  expenditure  by  £670, 
althoiisxh  they  had  turned  out  17  per  cent,  more  electricity  than  in  the 
previous  year.  The  committee  had  to  find,  in  order  to  make  up  the  lo.ss, 
the  sum  of  £7,549.  The  Council  granted  them  10  per  cent,  increase,  a^^d 
thathadresultedin  the  consumer  paying  £987  more,  the  tramway-s,  hire 
of  motors,  £852,  and  ])ower  increase  represented  £6,405,  a  total  increase  of 
£9,031.  Agai!ist  tliat  there  had  been  the  curtailment,  almost  di.-con- 
tiiiua-.ce,  oF])ublic  lighting  (£1,592),  so  that  they  had  had  a  net  increase  in 
their  in(;ome  of  £7,439,  and  an  increase  in  their  expenditure  of  £7,949. 

The  report  and  recommendation  were  adopte<l. 

Sheffield.— Mains  are  to  be  extended  at  a  total  estimated  cost  of 
£1,019  to  su])|)Iy  current  to  ncw^  consumers. 

The  contract  with  the  British  Electi-ic  Transformer  Co.  for  the  .^suiinly 
and  delivery  of  transformers  and  series  gear  is  to  be  extended  for  a  further 
period  of  two  years  in  accordance  with  a  revised  schedule  of  ]>rices. 

GENERAL. 

Bermondsey  (London).— The  Council  have  decided  to  take  a  bulk 
su[)ply  of  electricity  from  the  London  Electric  Supply  Gorpn. 

Increased   Charges   for   Current.— The  following    increases  are 

announced  : — 

Dawlish  Council  has  assented  to  the  Dawlish  Electric  Light  &  Power 
Oo."s  ]n-oposal  to  increase  its  charges  to  private  consumers  by  U)  per  cent. 

Rexhill  Council  has  made  a  further  increase  of  5  per  cent,  in  its  charges 
for  (•nrrent,  in  addition  to  the  increase  of  10  per  cent,  made  in  Sept.  last. 

Luton.— Last  vveck  the  Council  applied  for  sanction  to  borrow 
£900,  being  balance  of  amount  expended  for  electrical  machinery  in 
excess  of  sum  sanctioned  in  August,  1913. 

Malvern.— The  Urban  Council  has  increased  the  salary  of  the  gas 
and  electrical  engineer  (Mr.  S.  Trow  Smith)  by  £50  ])er  annum. 

Municipal  Contract  with  Austro-Geiman  Controlled  Company.— 
At  last  week's  meeting  of  I\lanchcstcr  Corporation  the  chaninan  of 
the  Electricity  Committee  (Mr.  Daguall)  referred  to  the  awkward 
dilemma  in  which  the  Committee  was  placed. 

Its  niinutes  contained  a  recommendation  that  a  tender  for  the  supplv 
of  boiler  tubes  he  acceptetl  from  a  certain  firm.  it9  i)er  cent,  and  over  of 
whose  canital  was  (Jerman.  The  difViculty  was  that  the  firm  m  question 
were  theonlv  manufacturers  of  those  tubes,  which  were  es.sential  to  the 
(tanyinu;  on  of  the  electricity  department.  The  Committee,  therefore, 
waited  the  Coimcil  to  say  what  w:us  to  be  done  in  the  matter  1  he 
Kiiudish  works  of  the  company  were  a  controlled  establishment  under  the 
Munitions  of  War  Act.  ,    ,      ^      /-<  •** 

Aid.  Kav  (chairman  of  the  Gas  Committee)  said  the  Gas  Committee 
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was  in  exactly  the  same  difficulty,  all  due  to  the  lack  of  backbone  of  the 
Government  in  not  taking  the  works  over,  lock,  stock  and  barrel. 

The  Council  in  the  exceptional  circumstances  suspended  the  Standing 
Orders  and  agreed  to  accept  the  tender. 

Oldham. — It  was  reported  to  the  Council  last  week  that,  in  spite 
of  the  "  Daylight  "  Savings  Act,  there  was  an  increase  in  the  number 
of  units  consumed  of  over  21,000,  which  was  very  satisfactory. 

Mr.  Dixox  said  he  had  been  asked  several  times  why  the  Elec 
tricity  Committee  was  not  carrying  out  the  Act.  He  thought  it 
was  a  bit  of  a  joke  at  first,  becaiii«-  he  <lid  not  think  such  an  intelligent 
committee  such  as  the  Electricity  Coniiiiitlcc.  and  a  chairman  such  as 
Counciildr  Haidmaii,  would  not  carry  out  llu-  Act  ;  but  he  found  that 
the  Electricity  Committee  had  failed"  to  put  their  clocks  forward.  He 
had  some  .sympathy  with  them,  .seeing  that  they  ha<l  over  2,000  clocks, 
but  there  was  a  great  deal  oi  dissatisfaction  among  the  consumers  who 
were  on  the  two-rate  system,  as  they  were  charged  two  different  scales, 
and  they  comjjlaincfl  that  they  were  "  done  "  out  of  an  hour  at  the  lower 
rate.  'I'he  people  could  not  understand  v,hy  the  clocks  had  not  been  put 
forward,  and  thought  that  if  it  was  impossible  to  put  them  forward  they 
should  have  .some  rebate.  He  did  not  know  if  there  was  any  ])enalty 
for  not  observing  the  Act,  but  if  there  was  he  hojx'd  the  .Mayor  would  see 
it  was  inflicte<l  on  the  Electricity  Committee. 

Councillor  Hahuma.n,  chairman  of  the  Commiltee,  said  the  question 
was  di.scusKed,  atid  it  was  felt  that,  having  over  2,<iOO  clocks,  they  could 
not  jxissibly  in  th"  limited  time  allowed  alter  the  clocks.  If  it  was  a 
permanency  sonulliing  would  have  to  be  done,  but  it  would  not  have  to 
be  a  changing  at  the  clocks.  Some  other  means  woiddhave  to  be 
arranged.  Although  there  was  an  increase  of  units  consumed,  they  had 
a  (Ircrease  of  10  |)er  cent,  in  the  units  for  lighting  ;  the  increase  was  in 
altiTd.'iting  cinreiit  for  power.  He  thought  the  dissat  i.sfaclion  was  more 
apparent  than  real.  'I'liey  ha<l  not  had  a  single  ajijilieation  to  change 
from  the  two-rate  meter  to  the  Hat  meter,  and  they  would  be  ])lea.sed  if 
those  not  sat  isfi<-(l  with  the  two-rate  meters  wfMihl  have  a  flat  meter. 

Stockton-on-Tees. — The  electricity  works  staff  if,  to  he  re-organised 
owinsf  to  the  |)arlial  shutting  down  of  the  steam  j)lant  until  Novein- 
her  conseciuent  u|Hm  an  agrcenieni  with  the  jiowr  company- 

The  e!e<lri<al  engineer  (.Mr.  .1.  .1.  Smith)  reports  that  by  the  terms  of 
the  bulk  suii|)ly  a;.'reement.  the  Corporation  is  boimd  to  jiay  for  a  mini- 
mum of  1,< )(!(). (10(1  units  per  annum,  with  a  reduced  charge  on  itll  units 
taken  over  this  l.OdO.Odd,  and  a  further  reduced  charge-  on  all  units  taken 
over  a  total  of  1 .7 oO.OOO.  nroviding  that  the  maximum  demand  of  1  .OdOkw. 
is  not  exceeded  during  the  year,  or  500  kw.  is  not  exceeded  during  the 
restricted  hours  duriiiL'  the  year.     To  make  a  success  of  this  arrangement, 
it  is  es.sential  that  the  Corjioration  steam  jjlant  be  nm  only  during  the 
restricted   hours,   to  jirevent    the  demand  of  5(10  kw.    being  exceeded. 
L'luler  the  j)roi)o.sed  new  methoil  of  runnini;,  the  engines  and  boiler  will 
be  under  steam  for  782  hours  jteryear,  against  ap]troximately  7,500  hours 
before  introducing  the  bulk  supply.     Therefore,  the  labour  re((uired  for 
o])eration  and  repair  of  the  steam  plant  can  be  much  re<luced,  whereas, 
on  the  other  hanil.  the  work  a;id  responsibility  of  the  electrical  staff  has 
been  conside-rably  incrccased  owing  to  the  fa<-t  that  the  works  now  contain 
rotary  converters  of  a  capacity  e(pial  to  the  steam  jiiant  anil  that  it  is 
intendefl  to  run  these  for  long  iKjiirs  togethiT  in<lepen<lent  of  any  engines 
and  boilers.     The  new  ina(  hinerv  is  of  an  intricate  character,  using  three- 
jiha-e  a.c.   at    I  I ,ddO  volts  anil  transforming  same  to  d.c.  at  4(i<t  volts. 
l'"or  tlu!  operation  an<l  repair  of  the  plant  only  three  shift  engiiu-ers,  two 
driver-stokers  and  one  coal  trimmer  (employed  for  four  months  in  tin- 
year)  will  be  rc-tainc.-d.  tlnis  tlu-  .servi<<-s  of  one  litler-drivcr  and  one  stoki-r 
will  lie  dis))ensed  with.      As  the  ruiming  hours  are  short,  repairs  to  tlu- 
steam  plant  can  bi-  more  cheaply  done  by  obtaininu  outside  assistan<'(-  when 
such  repairs  are  great(-r  than  can  be  copi-<l  with  by  the  ]iropos(-d  staff. 

The  Corporation  ha  <  apjirovcd  the  suggest<'d  arrang<-ment. 

ShefTleld.  The  lOlectncity  Committee  again  rec(iniMien<l  the 
Council  to  iii(i\-as<-  the  charges  for  the  sujiply  of  eieetriial  t-nergy. 
The  recommendation  was  submitted  to  the  Counei!  (ii  Wednesday. 

Torquay.  Last  we:-k  the  Coinicil  wen-  informal  by  the  Dejiuty 
Klc(  lri<al  Engineer  that  sin-e  tin-  "  Daylight  "  Saving  Act  came  into 
force  the  daij-  kilowatt  denumd  decrea.'-ed  from  U50  to  275,  witii  a 
t!e<"r.'as(-d  daily  out|iui  from  2,S20  lujits  to  2.010. 

The  units  g(-!)erate<l  for  the  j)a^t  six  months  showed  an  increiuse  of 
l:i-2t  per  cent,  against  an  increase  of  3-7  for  the  corresponding  periml  in 
I'.MI  I").  The  figures  were  satisfactory  iMxl  t(>nd«-d  to  show  that  the 
niunber  of  ]irivati-  connections  (115)  that  had  bec-n  made  were  making 
good  the  losses  due  tn  the  Act  and  jtublic  la<n]i  e\t  itu'lioiis. 


two  horse-drawn  water  carts,  a  vehicle  would  save  at  least  10s.  for  every 
two  horse-drawn  water  cart.  With  regard  to  a  proposal  that  one  vehicle 
should  be  fitted  w  ith  a  machine  broom,  he  stated  that  from  an  experiment 
he  had  found  that  the  cost  of  current  was  just  over  3d.  per  mile  of  street, 
and  he  believed  that  from  four  to  six  sv.eepers  could  be  dispensed  with. 
Although  during  the  last  18  years  only  four  extra  street  orderlies  had  been 
engaged,  from  30  to  40  extra  streets  had  been  taken  over,  the  result  being 
that  manv  streets  were  only  swept  once  per  week,  which  was  quite  in- 
sufficient for  keeping  them  thoroughly  cleansed.  The  question  of  making 
a  savin?  in  the  emptying  of  the  catchpits  was  somewhat  difficult  to  esti- 
mate, liu'i  one  vehicle  would  flisplace  two  or  three  horse-drawn  vehicles, 
whi<  h  at  present  cost  23s.  4d.  or  35s.  per  day,  according  to  the  number 
hired.  In  order  to  carry  out  the  suggested  alterations,  it  wctuUl  bo 
necessarv  to  havi-  a  night  foreman,  experienewl  in  the  upkeep  of  electric 
vehicles,  to  train  the  neces.sarv  extra  drivers.  There  would  also  Ik- 
greater  consunipti(jii  of  current  and  more  wear  and  tear,  but,  taking  into 
consideration  tiie  sums  j)reviously  spent,  he  thought  the  adoption  of  his 
siKjL'cstioMs  w<,uld  .save  from  £500  to  £700  a  year. 

Manchester. — The  Tramways  Committee  has  relaxed  the  rules 
against  fare-collecting  on  the  platforms  of  tramcars  and  the  provi- 
sion of  .seats. 

A  notice  has  been  affixed  to  the  cars  directing  intending  oustide 
ytassengers  t-o  ha-id  th(-  exact  amount  of  the  fare  to  the  guard  on  the 
(ilatform  before  |)ro(<-cding  u]istairs.  This  method  of  jiayment  i: . 
however,  not  to  be  ri-sorted  to  at  bu.sy  loa^ling  plac(-s. 

Middlesbrough.  -  Tiu  Couneil  has  appointed  a  subcommittee  to 
'onsi  !  r  tin-  ([U  -stion  of  taking  ov.t  the  local  electric  trani»vay.s.  The 
( V)iuicil  will  have  the  right  to  fake  over  the  system  in  its  di.striet  after 
six  montiis'  notice,  in  liH8. 

Norway.  It  is  stated  that  the  Railway  Committee  of  the  Nor- 
wegian Storthing  has  approved  a  projxjsal  for  the  electrification  of 
the  DriMiinen  railway  at  a  cost  estimated  at  21,3»)9.500  kroner. 

Rotherham.  Last  week  the  Corporation  decided,  on  the  lecom- 
mcnditi(.n  of  the  Tramways  Committee,  to  proceed  with  certain 
"  linking  ii|i  "■  work.  I)ut  the  ]K)rtion  from  Frederiek-stroet  to 
Effingham-stieet  has  been  postpone  1. 

The  engineer  ( .Mr.  E.  Cro.s.s)  rejiorted  that  he  was  not  prepare<l  to  advi.sc 
the  (-mployment  of  women  tramcar  drivers  in  a  town  like  Rotherham,  as 
it  was  not  likely  to  conduce  to  the  safety  of  the  ])ublic. 


TRACTION   NOTESc 


Dover.  The  Comicil  have  adopted  ft  rejwrt  of  the  deputy  borough 
cngiii'M-r  (Mr.  U.  H.  Crnmmdk)  nTommcnding  that  the  live  Edison 
electric  vehicles  be  used  for  i>tlu'r  work  beside.;  bouse  rt'fu.we  «ollection. 

If  house  eoll(>ction  work  weie  conimeiictsl  at  miilnighl,  by  •'.  (tVlork 
in  tlu-  morning  three  \<'hicles  c<»uld  be  stot  ready  for  other  woik.  and  by 
10  o'clock  the  refuse  collection  would  l>e  finished  ami  the  remaining 
vehicles  reh-ascd.  Where  necessary,  one  or  nmn-  could  be  utilised  as 
street   watering  (arts,  and  as  each  vehicle  equallcil  in  tarrying  ea|uicity 


I  _ 

TELEGRAPH  &  TELEPHONE  NOTES.    = 


I 

Radiotelegraph  Notes. — A  telegram  from  Malmo  states  that  wireless 
traffic  between  the  United  States  and  Germany,  which  has  Lean 
interrupted  during  the  past  month  owmg  to  atmospheric  disturbance*, 
has  been  reopeneil. 

The  Indian  (Jovernment  Telegraph  Department  is  making  good  pro- 
gress with  the  erection  of  the  wireless  station  at  Mayinyo.  ar'd  it  i-  c\- 
](«-ted  t<i  be  rca<ly  for  traffic  soon. 

The  .Xustralian  Coinmcmwealtb  Minister  for  the  Navy  (Mr.  .Icnstm) 
has  announced  that  the  Commonwealth  (Jovemment  will  mt'ct  all 
win>le«H  rpi|uirements  in  Australia,  and  that  it  is  no»v  negotiating  for 
tl>i-  |(urchaye  of  thv'  Shaw  Wireless  Works  in  Sydne\. 

m         LIGHTING  &  POWER  NOTES.  m 


Electric  Cranes  on  the  Clyde.  -Tiie  Clyde  Xavigaticn  Trust  have 
decided  to  puri  ha.-*-  three  electric  cranes  with  the  necessary  grabs 
at   a   total  cost   of  £12.000.     Thete  cranes  will   be  erected  at   tl.. 
Rotbesjiy    Dock.  Chusgow.   and   will   be  mainly  uf-ed   for  handling 
cnrg    -s  (if  iron  invv 

Electricity  in  Petroleum  Oilllelds.  .Mr.  .1.  Annan  Bryce,  M.T..  who 
preim'od  at  the  recent  meeting  of  the  Spies  I'etroleura  Co.  (Lt<l.). 
stated  tl.at  the  item  '"  Electric  jtower  station  *"  showed  a  eon.siderable 
iiicnMie  (.wing  t<t  the  additional  ex|  eiidifure  as  it  approaches  coiu- 
pleti(  n  There  ha«l  I  wn  dtdaya  in  the  delivery  of  motors  owing  to 
their  having  I  e\>n  eommaii'ieen^d  by  the  Ru.ssian  (ioveninient.  but 
they  wen^  now  eoining  forw.ird.  and  it  was  exjei  fed  that  they  would 
shortly  le  working  entin"!y  with  electricity  as  regarded  baling,  and 
pooii  1  e  able  to  make  a  start  in  its  use  for  drilling. 

Cntil  the  electric  power  had  b(«en  in  full  workmg  onler  for  all  purpose* 
it  woiiM.  of  course,  not  be  ]»iissible  to  judge  of  the  savings  from  its  UM. 
Hut  even  with  its  present  comparatively  limited  use  the  saving  in  furf 
alone  ha«i  <unount«>d  to  about  12 ^  per  cent,  on  the  eajiital  expenditure, 
without  nvkomnu  the  .--Aving  in  labour,  and.  moreover,  as  there  wa»  k 
ronsidorably  diminishe<l  supply  (»f  gan  in  1915  the  a4  tual  saving  in  ^vt^ 
was  a  gtxid  d(-al  larger  than  aiipears  from  the  figures  of  niluctioii  in  coo- 
sunipti(Ht  of  oil. 
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London  Dock  Improvcuients,  AnK.ng  (lu^  rcccnl  works  of  cxtdi- 
sioii  and  improvcnicnts  at  the  J^oudon  docl.s  is  the  provi.siMi  at  tJio 
Albert  Deck  of  43  clcclric  craiios,  each  cajjablG  of  lifting  3  tons  at 
(jO  ft.  radius. 

Nearly  all  the  ci'ancs  have  now  lice  i  delivered  by  tlic  contiaelors.  Tlie 
dry  dock,  whicii  is  neaiinii  coni|)U>tioii,  will  add  considerably  to  the 
facilities  of  the  port  for  repairing  the  large.st  type  of  vessel.  The  existing 
graving  docks  arc  being  utilised  for  repairing  and  fitting  out  ships. 

lllllllllllllllilllllllllllllllllllllllllllllllllllllllliy^^ 

=  EMPIRE   NOTES. 


MISCELLANEOUS  NOTES. 


Australasia. — Dunedin  (N.Z.)  (  ity  Council  has  received  tcnder.s 
for  tho  su])ply  of  six  electric  tramcars  and  fcetions  of  cars,  but  in 
view  of  the  present  unsatisfactory  conditions  as  regards  ])ri(os  and 
shipnicnt  of  material,  none  of  the  tenders  has  been  accepted. 

The  l<]lcctrie  Jjight  &  Power  Supply  Corpn.  (Ltd.),  of  Sydney,  earned  a 
net  profit  of  £S,822  in  the  half-year  e'ndrd  April  :iO,  compared  with  £8,82fi 
£ov  []w  (■ovi'espon<liiig  terni  r,f  191.'").  A  divider.d  at  rate  of  8  per  cent,  per 
ai  num  (tlu-  same,  as  that  for  the  previous  term)  has  been  paid,  absorbing 
£f>,177.  ,£1,800  has  been  allocated  to  reserve,  and  £4,000  for  depreciation 
of  assets,  leaving  £67  to  be  carried  forward,  against  £3,222  forward  from 
jirevious  year.  The  revenue  for  the  half-year  showed  an  increase  of 
£1,737  (jver  tliat  of  the  corresponding  half-year  in  lOlT). 

Canada. — It  is  reported  that  the  Ontario  Government  has  found 
an  economical  process  of  rcHning  nickel  within  the  province  through 
the  medium  of  the  Nickel  Commission.  Tr.c  process  is  said  to  be  an 
electrical  one  and  it  is  claimed  to  I  c  a  nuich  cheaper  method  than 
that  at  present  in  use.  The  use  of  liydro-electric  powder  will  prove 
one  of  the  big  factors  in  reducing  the  cost. 

India.— At  a  recent  meeting  of  Madura  Council  Mr.  K.  T.  B.  Tressler, 
Director  of  Industries  of  Madras,  addres^ed  the  Council,  and  said 
that  at  present  it  would  not  le  possible  for  the  Government  to  take  up 
tho  Periyar  Electric  Supply  scheme.  It  was,  therefore,  necessary 
that  the  Madura  Council  should  have  its  own  tcheme.  The  suggestion 
that  a  private  company  might  le  asked  to  work  out  a  scheme  would 
not  find  favour  with  Government.  The  total  cost  would  be  nearly 
R.  1,00,(300.  The  chairman  said  the  Municipality  had  2,500  lights 
costing  about  Rs.  26,000  and  the  lighting  was  insufficient.  Mr. 
Tressler  said  that  the  scheme  would  provide  for  2,500  lights  of 
25  c.  p.  and  200  fans.  They  could  not  know  exactly  what  the 
demand  would  be  from  private  individuals,  but  "a  small  scheme 
would  always  be  the  best  at  the  beginning,"  and  the  Governm_ent 
would  view  w  ith  favour  only  a  modest  scheme.  It  would  be  possible 
to  supply  the  town  with  electric  light  within  six  mcnthe. 

The  "  Financier  "  states  that  in  addition  to  the  existing  hydro-electiic 
company  (the  Tata  Hydro-Electric  Power  Co.),  which  undertook  to 
supply  40,000  H.p.  in  Bombay,  and  is  already  supplying  30,000  h.p., 
there  is  to  be  another  Tata  undertakirig  started  which  is  also  inteneled  to 
supply  40,000  K. r.  in  Bombay.  It  iw  estimated  that  if  all  the  mills  were 
electrifieel  Bombay  could  emph)y  100. OOO  h.p.,  and  the  e'cctrifieation  of 
the  local  lines  of  the  (Jrcat  Indian  Pe;iinsula  &  Bombr.;,  Baroda  and 
Central  India  Railways  is  contemplated.  Tho  new  hydro-electric 
concern  will,  like  the  one  now  working,  em])loy  running  water  of  the 
Ghats  for  its  power,  anel  the  head  works  will  be  10  miles  from  those  of  the 
existing  system,  the  current  being  transmitted  59  miles  to  Bombay. 

1  FOREIGN  NOTES. 


Russia. — The  British  Vice-consul  at  Ekaterinburg  states  that  the 
outlook  for  platinum  mining  in  the  Urals  seems  to  foreshadcvv  an 
even  smaller  prcducticn  this  year  than  in  1915. 

Recent  mobilisations  in  the  district  have  greatly  curtailed  the  output 
from  hand  washings,  and  the  production  from  the  larger  companies  by 
means  of  dredging  is  likely  to  be  similarly  affected  by  the  scarcity  of 
labour.  The  price  ruling  (at  .Tune  22)  was  r)7..'50O  roubles  (£7,125)  per 
poud  (301b.)  for  quantities  up  to  JO  lb.,  and  from  08,000  roubles  (£7.178) 
to  68,500  roubles  (£7,230)  per  jioud  for  larger  quantities.  The  future 
prices  will  de])end  largely  on  the  quantity  allowed  to  be  exported. 

United  States. — Bauxite  and  Aluminium. — According  to  a  state- 
ment issued  by  the  United  States  Geological  Surve}-,  the  bauxite  and 
aluminium  industries  bad  a  flourishing  year  in  1915. 

The  production  of  bauxite  was  207,011  tejns,  valued  at  .§1, 514. 834 
(increa.se  77,723  tons  and  .1$445,640).  This  huge  increase  was  due  to 
greatly  increa-cd  activity  in  the  aluminium  industry.  The  foreign 
bauxite  used  was  only  slightly  over  1  per  i^ent.  of  the  total  consumption 
of  more  than  300,000  tons.  Arkansas  produced  more  than  90  per  cent, 
of  the  domestic  production,  and  Georgia,  Alabama  and  Tennt^ssee  the 
remainder.  In  spite  of  the  fact  that  90,806,000  lb.  of  metallic  aluminium 
were  consumed  in  the  United  States  in  1915,  there  was  a  great  scarcity 
of  the  metal  in  the  country,  especially  during  the  later  part  of  the  v-ear. 
the  chief  causes  being  the  greatly  increased  demand  and  the  curtailment 
of  imports. 


Appliances  for  the  Wounded.  \Vc  have  reived  the  following 
communication  from  Mr.  H.  F.  Simon,  managing  director  of  Elec- 
trical Installations  (Ltd.),  27  and  28,  Martins-lane,  London,  E.C. 

]May  T  ask  you  through  the  medium  of  your  valuable  journal  to  appeal 
to  all  electrical  manufacturers  and  contractors  who  have  any  form  of 
woj'k.shop,  whether  la^rge  or  small,  to  help  me  in  the  following  excellent 
caiise.  A  very  large  number  of  metal  leg  and  arm  rest.-?  are  required  for 
those  of  our  woundeel  heroes  returned  from  the  front  with  fra'-tured 
limbs.  I  have  taken  it  upon  myself,  on  behalf  of  a  branch  of  the  Red 
(Voss  Society,  to  offer  to  supply  a  certain  number  of  the  necessary  j.-art.s 
lecpui'cd  in  making  up  th(^  above;  frames,  'j'bis  form  of  apjiaratus 
relieves  the  wouneled  of  much  suffering  and  hel])s  to  hasten  the  mending 
of  the  fractures.  Anybody  with  an  oi'dinary  lathe  can  bend  and  <lrill 
certain  sim])lc  parts  of  the  ai)paratus  made  up  of  ordinary  jiieces  of  flat 
ii'on  stii]i  a!id  galvanisc<l  rod,  and  if  contractors  would  kindlv  help  to 
siij)|>ly  even  a,  small  number  of  these  ])arts  ])er  week  I  should  then  be  in 
the  i)osition  to  kee])  this  branch  of  the  Red  Cross  ('(piipped  with  suffii-ient 
material  |)cr  week  to  enable  the  amateur  workers  who  put  the  frames 
together  to  com]ilete  a  considerable  number  per  week.  At  the  present 
time  thousands  of  these  frames  are  required,  a,nd  as  the  putting  together 
is  all  elono  voluntarily  (nery  small  hel|)  is  of  valuable  assistance.  There- 
fore, again  I  appeal  to  all  manufacturers  anel  contractors  to  give  me  their 
su])j)ort  in  this  matter.  The  raw  material  will  be  supplied  by  me,  and 
patterns  of  the  parts  required  can  either  be  seen  in  ray  office  or  would 
be  sent  on  application. 

Electrolytic  Disinfecting  Fluid  at  Poplar. — In  the  annual  report 
of  the  medical  officer  of  health  (Dr.  W.  F.  Alexander)  on  the  sanitary 
condition  of  the  borough,  particulars  are  given  of  the  output,  cost, 
&c.,  of  the  electrolytic  disinfecting  fluid  made  and  supplied  by  the 
Borough  Council  in  the  year  1915. 

The  fluid  distributed  to  the  seven  depots,  where  it  is  still  in  great 
elemand,  anel  to  baths,  schools,  libraries,  public  buildings,  &c.,  amounted 
to  73,970  gallons.  The  cost  of  material  for  36,985  gallons  (afterwards 
broken  down  to  73,970  gallons)  was  £84.  lis.  3d.,  including  7,776  units 
of  electrical  energy  (£48.  12s.),  3  tons  15  cwt.  2  lb.  of  chloride  of  mag- 
nesium (£19.  3s.  9d.),  55  tons  8  cwt.  of  salt  (£9.  3s.  7d.),  caustic  soda 
(£.5.  8s.)  and  water  (£1.  13s.  lid.).  To  this  mav  be  added  electric  motor 
for  stirring  (210  units),  £1.  6s.  3d.  ;  bottles,  £16.  19s.  :  and  corks,  £9. 
The  total  quantity  manufactured  in  the  10  years  the  plant  has  been  in 
operation  is  418,779  gallons,  at  a  cost  of  under  -|d.  per  gallon.  For 
supplies  to  manufacturers  and  trading  concerns  a  charge  of  8d.  per 
gallon  has  been  made  since  October,  1915,  out  of  which  10  per  cent,  is 
allowed  to  the  electricity  department  for  establishment  charges.  It  is 
stated  that  the  process  has  been  a  success  for  10  years. 

The  cost  has  been  much  reduced  since  August,  1914,  by  manufacturing 
the  fluid  at  greater  strength  and  afterwards  breaking  it  down  to  half 
.strength,  the  cost  of  73,970  gallons  in  1915,  as  stated  above,  being 
£84.  lis.  3d.,  whereas  the  cost  of  66,740  gallons  in  1913  wa-    £133.  8s.  Ud. 

Enemy  Firms  Wound  Up. — The  Board  of  Trade  has  ordered  the 
wineling  up  of  2!)()  businesses  controlled  by  alien  enemies. 

The  latest  lists  include  R.Dolberg,  l]9-125,Finsbury-pavemcnt. London, 
E.C,  portable  railway.s.  ((Controller:  Wm.  Hancock,  90  and  91,  Queen- 
street,  Ohcapside,  EC.)  F.  Prager,  21,  Mmcing-lane.  London  E.G., 
rubber  merchant.  (Controller  :  R.  J.  Knight,  3,  Raymond-buildings, 
Gray's  Inn,  W.C.)  Simon  Menzel,  15,  Scething-lane,  Lemdon.  E.C.  iron 
merchant.  (Controller:  (4.  Boste)ck,  21,  Ironmonger-lane,  E.C.)  Levy 
&  Soichor,  15,  Scething-lane.  London,  E.C,  iron  merchants.  (Gontr')ll(>r  : 
G.  Bostock,  21,  Ironmonger-lane,  E.C'.)  Duron  Co.  (Ltd.).  Bank-build- 
ings, 1,  Manchester-road,  Bradford,  manufacturers  anel  dealers  m  oils, 
fats  and  chemicals.  (Controller  :  W.  E.  Harding,  Central  Bank- 
chambers,  Leeds.)  C  P.  Goerz  Optical  AVorks  (Ltd.),  4  and  5,  Holbemi- 
circus,  London,  E.G.,  opticians,  &c.  (Controller :  C.  Field,  Broad 
Street-avenue,  E.C)  Grimme  Natalis  &  Co.  (Ltd.),  4l>,  Cannon-street, 
London,  E.C,  agents  for  sale  of  calculating  machines.  (Controller  : 
L.  L.  Samuels,  7.  Norfolk-street.  Manchester.) 

Claims  against  C  A.  Muller,  10,  Arcade,  We^tgate,  Bradford,  electrical 
accessories  merchant,  are  to  be  sent  to  ^Ir.  A\.  Durrance,  12,  Duke- 
street,  Braelford. 

Engineers'  Wages. — The  engineering  trades  on  the  north-east 
coast  have  been  awarded  an  advance  of  3s.  a  week,  Clyde  engineere 
3s.  4d.  a  week  an<I  AA'elsh  stcolworkcrs  '10:^  per  cent. 

The  G.E.C.  Cadet  Corps.— Gn  Saturday,  Aug.  5,  an  inspection  of 
this  corps,  which  is  formall\  knoxrn  as  the  1st  Cadet  Battalion 
Sussex  Yeomanry  "  G  "  London  Company,  wa^;  held  on  Hampstead 
Heath.  The  corps  was  under  the  command  of  Capt.  E.  A.  .loycc. 
and  gave  an  excellent  display  of  company  drill  and  iield  munvuvres, 
culniinating  in  an  enveloping  moviniicnt  which  was  carried  out  with 
a  high  degree  of  skill  and  intelligence. 

After  the  manoeuvres  the  corps  marched  to  •"  Springmead,"  the 
residence  of  the  chairman  of  the  General  Electric  Co.  (Ltd.).  where  they 
were  entertained  to  lunch  and  tea.  The  afternoon  was  spent  in  a  variety 
of  sports,  including  several  boxing  matches  which  were  keenly  enjoyed 
by  a  number  of  wounded  soldiers  who  had  also  been  invited.  The  band 
oif  the  19th  Batt.  King's  Royal  Rifles  was  in  attendance. 
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Trading  with  the  Enemy.  Kurtiicr  lists  of  fcrsons  and  firms  with 
wlioni  trading  In  iici.sons  and  fimis  in  t?:-  UniU-d  Kingdom  is  j;ro- 
hil)itcd  have  been  published  :-»- 

Thrsc  include  :  Bnizil  :  ('oni]ia>ihia  Sul-Ariifiicana  dc  Electrif-idadc 
A.KO,  (Hio  de  .Janeiro);  Kivudnr  :  OretiHtein  &  Koppel ;  Liberia: 
Dcuti-chc  Sudaniericanischo  Tclesraphonge'solb-chaft,  A.G.  ;  XcUn  rl/nnh 
En.4  Ivdics :  Tvchnhchc  P.ureau  liehn  Moycr  i'-  <"'"  ^'^(  uiaVjaya) ; 
Hpain  :  r'anipaniaiSevillanad(^  Kkrctr!cida(l(8evill( 

It  is  ainourced  that  it  is  an  ofTcnee  to  trade  witli  u^.y  ju-i-.-onK  or  firms 
of  onfmy  nationality  in  Persia,  Moiwco  or  i'ortui;ue-e  East  Africa,  even 
if  .siu;h  persons  or  firms  iiave  not  been  ineluded  by  name  in  the  statutoiy 
list. 

Imports. — The  following  are  official  values  of  electrical  uuichinery 
material  and  a{)paratuK  inijjortcd  into  this  country  (a)  during  July, 
1910,  and  (b)  the  aggregate  iigurcs  from  Jan.  1  to  July  31,  with  in- 
crease or  deer«ise  coin  pared  with  eorn'sp(<nding  periods  of  J915: — 

Electrical  ma'hinfiry,  (a)  1X4,741)  (decrease  ^2(5,544),  (b)  <H\)r>,\ir,2  (de- 
crease £287,1(10)  ;  including  ge^eratorK  and  motors  other  tfian  for 
aeroplanes,  motor  cars  and  eyeios.  (a)  £l(i,71):{  (<le(;rease  £7,57n),  (b), 
£119,142  (derreasp  £4(i,877)  ;  and  electrical  machi-ierv  nneniimerated 
(n)  £07,'.)-):}  (decrease  tlX.'Ki.l),  {b)  £()1!).210  (de-i ed>e" £240.223)  ;  tele- 
graph aixl  tel(i)lione  eal)les  other  tl)a;i  sul.miMine,  (n)  £1.148  (de<!rea'-c 
£815),  (b)  £r):},:{:54  (increiu^i  £:{l),4:{:j)  :  telemaj)li  axl  telephone  appa- 
ratus, (d)  £4,.'»1U  (decrease  £:5.0(»H).  (b)  £l!«).22!)  (increase  £l;'i«,470); 
other  electiicjd  wires  an«l  cables.  rnbl)er  insulated,  (ii)  £12,.')4()  (decrease 
£2,08:5).  (b)  t77.:V.I(i  (increasi-  £20.5:51 )  :  with  other  iiisnlatifms,  (o)  HAjmS 
(de<;rease  £2.822).  ib)  £5.217  (decrca.M-  £I5.()51):  carbon.s,  (n)  Wi.'MiS 
(deciea.se  £7.41')),  (b)  154. 710  (decrease  £17.477)  ;  glow  lamps,  (ii)  £27,(!2S 
(incre;«j-e  £15.775).  (b)  £l(il,7<M  (increase  £8I.70'.>) ;  a?e  lamps  ;ird  electric 
.■^e.'irehli.L'hf ■••.  (a)  ni',  (/»)  nil  (deciease  £1,5S<)):  parts  of  are  lamps 
ami  seanhliijlits  (other  than  ciubons),  («)  £it.4(i5  (decrease  £2.402),  (6) 
£57,ti:5!  (in<  rease  V:5.Sll2)  :  primaiy  ar<l  hc(oi<laiy  balteiies.  («)  £14,429 
(iiicrea.-e  £7.fi7l ),  (b)  X.\  I5.:5:»7  (iixica-e  £47.450)  ;  meters  aid  measuring 
instriiineiil.-^.  (n)  £(;.8!IH  (increase  f2,l):51),  (/;)  £:M,i'08  (inoea-e  £6,59:i) ; 


switchboards,  (a)  nil  (decrease  £559).  (b)  £257  (decrca-e   £;i,758)  ;    elec- 
trical got.l-  a  .d  ^'.i.n  .ratus  unenumeiated,  (d)  £44,534  (i'crea-e  £2:5,521). 
h)  £198.! '!t7  i:.S0,G91).    Total  of  electrical  goods  and  apparatus 

other  th:ri  jr  ^  .,  ■<  iv  and'  unin.sulated  wire,  (a)  £128.978  (increase 
£30,7:30).  (/>)  L!i-':5.759  (increase  £390,:503). 

Exports,— The  ex[x>rts  of  electrical  machinery,  material,  kc,  (a) 
durhig  July,  19IG,  and  (h)  from  Jan.  1  to  July  ;^1,  with  increase  or 
decr.ia.'e  compared  with  corresponding  periods  of  1915,  were  as  fol- 
lows : —    • 

Electrical  mat^hine-^  '"S  £137,831  (increase  £27,624),  (b)  £785.758 
(der-rea.se  £41.31 5) :    •  -  railway  and  tiamway  motors,  {a)  £;5.59N 

(deirca~c  £S:;.".;.  ■'//)  ...i  -  ;  (decrease  £6.5,809);  other  generator-  a' d 
motoi  <  <  ,.  (  1,1  i  ..  ;  <  .'  i-.  motor  cars  and  cycles,  (//)  £8<>,294  (incr«-;v.-e 
i  'j:iS.5S(i) ;  and  electrical  machinervum-u - 

vl( .!(;;{),  (t)  £:j:{4,915  (deuea-e  £U.0<'..'    ; 
i  :andtelcph(.  .  submarine,  (a)  £31,737  (decrease 'tlO.s  , 

{il   .-.  ,  i'14  '.'•     -■-) ;    other  than  submarine,  (a)  £.39.4()5  .i 

crea-e  .£:!.4li'  "•:>  (increa.<ie  £58.!!0.J)  ;    telegraph  a:id  telepho:  . 

;  .  rease  .£:3,767).  (i!/)  £1.52,7:59  (ii:  rease  £;5G  581 ) ; 

I  ;  cables,  rubber  insulated,  (a)   ,37,555  (increa.sc 

£9.:i;i.">.    "/;  (iierease  £122.019);     with   other   insulation,   (n) 

.£(•,7. ;  5:;  ,       .  ._  .;K)2).  (b)  £495,4!)5  (incvea.«e  £249,272) ;  carbons,  (If) 

£1,4.".4  1:103),  [b)  £(),195  (increase  £1.266);    glow  la7npR,  (n) 

£1 .5.27:;  >:l  .967),  (b)  £103,253  (inerea.se  £21,532) ;  are  lamps  and 

searchli.  £173   (decrea.se  £124),   (b)   £5,8:52   (increase   €5.494 ); 

l)arts  of  arc.  l;iiii(is  and  .search li;.dits  (other  than  (arbims),  (a)  £1.215  (de- 
crca.se  i;l.4(!51.  (/<)  £I1.:59(>  (incicase  £(>0+)  ;  |iriinarv  a.-id  .secondary  bat- 
teries. (,.|  \.ls:l-sry  (in<!rease  £15,018).  (b)  £1,57.867  (i:iereas<.  £4l!729)  ; 
meters  ,  ■!  ;  .iMri-'.r  inipl  emeols,  («)  £24. .536  (in<-reas«>  £11.078)  (/») 
£12  I. :^'''-  ,1  M  :  r  :  ..  .t.')4)  ;  1  ran.sforniers.  (u)  £9.:}69  (increase  £.5.:586). 
(//)  £.".7    >.:  I  SI  J) :   Hwilchboard.s.  ((/)  £.5.4'.>4  (<l  ;. 

(/j)  £:;s.'- !  I  (  .;  elecitrieal  iioods  ;u«i  .-ippaiatiis  I 

(a)  £(i7  sL's  (I  ,  r-ase  £i4.279),  (/*)  £372.49(;  (iiMrea.s<-  t3z.776).  Toi;-! 
«)f  ele-  I    ,     '  '-   '■    ■  atiiuiratus.  «ither  than  machineiA-  and  uuinsulatc  ! 

wire.  ('  '  £87.916).  (6)  £2.388.090  (inerea.se  £6:39.041 ). 


TENDERS    INVITED. 


Cables,  Switchgear,  &c. 

o.MiMNc;  (oiincil  Kinnres  tenders  by  7  p.m.  Aug.  15  for 
e.h.t.  CableB,  Main  and  Sub-station  Switchgear  and  Trans- 
formers. Specifjeatit/n  from  the  A.oting  Engineer  and  Manager, 
Klectricily  Works,  J'aik.'ng. 

Ash-handling  Plant. 

MANc.'iUOSTEK     i'^lectricity    Committee    rccjuiro    tenders     ! 
10  a.m.  Aug.   15  for  Hoist  ('ear.  Motor,  Cage  and  Hoist  \'  v  li 
for   ash-handling    jilant   for   electricity  works.     Specifications 
and  fiirm.s  from  Mr.  F.  E.  Hughes,  Towni  Hall,  Manchester. 

Accumulators. 

St.  .'.sapii  (luardians  want  fenders  by  Aug.  IG  for  renewal  of 
Accumulators  at  the  workhou.'c.     Sj.eeilications  from  Mr.  E.  H. 
Wright.  Kleetrieity  Works,  Kh\l. 
Tramcar  Tyres. 

LoN'DON  County  Council  re<)uires  ten<!(!rs  by  1  p.m.  .\ug.  22 
for  Supply  (if  I, (too  Korg^d  Sleel  Drixing  Wlieel  Tyres,  and 
.5(M»  JMirged  Sleel  'J'railing  W  l;eel  'i'yies.  Forms  of  tciuler  from 
(lie  Chief  Ollieer  of  Tramways,  ()2,  Finshury-pavemcnt,  E.C. 

lelegraph  and  Telephone  Material. 

Tilt!  hejiiiiy  I'dsliiastcu-Ceneral.  Ferth  (W.  Australia), 
require  tenderH  by  3  p.m.  Aug.  I(t  for  the  Huj)ply  of  Resistance 
]3oxes,  Morso  Sonndeis,  Switches,  &e..  fur  the  Austhauan 
CoMMuNWKAi.Tir  FosI niaster-t ieneral's  dejiartnuMit.  Speiitica- 
fions  from  tho  l)e|>uty  F<mtinastor-C!enoral,  Fc^rth  (W.A.). 

T(Miders  are  in\i(ed  u|)  (o  Aug.  1(5  for  (he  sujtply  to  (he 
Al'.sTKAi.IAN  CnMMciNWKAl.Tii  Fost masler-t lennral's  Dopt.  (State 
of  Wostem  Atistralia)  of  (n)  Distilling  Apparatus  (sehodule  5(12). 
(/))  Inst  rnmonts  (Telegraph  and  V'  ■),  various  and  part^i 

(schedule  498).     Tender  forms  an<l  lions  can  be  obtained 

at  the  Conimoiiwealth  Olliees,  72,  Viet,oria-str(*et,  L«indon.  S.W 

The  iNputy  I'oslniasttT  ( Jeneral.  iVrth.  re<piii-e«  fen<lers  li\ 
:5  p.m.  (fd.  4  for  tlii'  supply  and  delixery  of  \ari(ius  TeU-grapb 
and  'I'elephuiie  Me.i.suring  Instruments  and   Farls  for  the  .Ai'.s- 

TRAI.IAN    CuMAfONWrAITII    FdStm.M    '        '   '  ::  I  lept.      S]x'eifi- 

(alion.iVe  .from  the  Deputy  Fostm  I.  Ferth.  W.A. 

iMrbo-Alternator,  Condenser,  &c. 

'I'lie  'i'own  Clerk.  1nvi;u<  Ait(;n.i.  (N.Z.)  will  receive  tendei-s 
until  1  p.m.  on  Sept.  2S  for  the  supply  and  ere(  tion  of  a  Steam 
Turbo-.AIternalor.  with  Coiulenser.  Filtingn,  &e.  (Contract  No. 
40).     Speeilieation.  <!te..  from  the  Town  Clerk. 


Electric  Crane.  Air  Compressor,  Crane  Motors,  &c. 

The  Nkthkian  1!.\ii.way  Co.ai.missionkks,  Spemer-street. 
Alel bourne,  require  tenders  by  11  a.m.  Sejit.  G  for  the  supiJy  t>f 
12  Three-] ill.; se  Crane  I\Iotors  and  Controllers  and  1 1  One-i)hase 
Wurksliup  iMotors  and  Starters  (Contr.H.et  No.  .'50.]  10).  Speci- 
fications from  the  ofhees  of  tho  C'ommispioner.s. 

The  Nicw  SorTH  Wales  Government  Raiiwavs  &  Tram- 
ways Dri-AUTMENT  require  tenders  by  noon  Sept.  20  for  the 
supply  and  erection  of  an  Electric  Overhead  Travelling  50-ton 
Crane  (-  ,i  474);    and  by  noon  Oct.   11  for  a  motor- 

driven  -sor  (sjiecilication  4S0)  for  Zarra-slrect  in.wer 

house.  S|)eeitieations,  &c.,  from  the  Electrical  Engineer.  <»1. 
Hunter-street,  Sydney. 


llllllli! 
TENDERS  RECEIVED  AND  ACCEPTED. 


'!!lll{ 


Jllllllllllll! 


Tiainv  ■    ptcd  the  temli  ' 

..nieering  Co.    for  the  supply  of   15 


of    i 

IV.-  ..   .^  .-■■  .  .       II. 

\\\  The  CiiMiiil   b.ue    iili.ed    ui    i.rder  with   Ih^'   Hritish 

\'.'c-t  iii'^'Ii.iii  .  ;   '  . 

■  irieily  Committee  havo  aee<  pied  the  tendci 
I  u>  lu^  iv     ".  for  tho  supply  of  a  tnrlHi-gcnerator  s"     ' 

I  . .;  by  Mesxrs.  Daniel  Ad:ims«tn  &  (  o..  BeUisn 

'  'I     ■  '..i»   Co..    IJril''''    \\'-i   '     ^..ii-.    f'.. 

k.Kerr&  ( 

ill!:.  ii    lai  I  ;!■    <  '<  i  nk""' 


con 

\  I  '  .1.1  J'JMll  1 


uncil    liiis    acrcpte<l    tl.o    lenr>r   of    F 
c'MHluctor  At  it«  refufc  dent  motor. 

,   ;         '       ;    ,  t   with  J.  .1. 

,1  r.  '.'11  yua\. 

Tl?r  Kleetrie  I  <•<  ured  a 

.    light.  tele]>h<  ne.s,  inv.,  (or  Mr. 
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FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Brighton. — Tie  iiccuiint.s  of  (iie  e.'octiicity  t'ei;ar(n'tnt  yhow  total 
capital  exi;euclitiiio  ,i;cS42,.S(i7  (an  iTicieafe  of  £2,(;09  for  the  year 
ended  March  :3I),  and  the  total  anunint  provided  for  ietlem])ticn  of 
loans  is  £.']!)(), i!!5. 

llcvcniie  v.iis  £9n,()4n  (compared  with  £93,809  in  previous  year), 
v/oikins  and  special  expenses  were  £5(),;i0.'}  (£;"(', r)7(>),  an<l  <^ross  profit 
was  £-l6,34a  (£i2,9()()).  Interest  required  £17,7(iU  (£17,«98),  sinking  fund 
contribution  £2-t,0O7  (£2().448)  and  income  tax  £I,()()7  (£.320),  the  net 
result  bcimv  a  deficit  of  £3,!!!iO  (£1 ,3-^)4).  Fuel  cost  O-n.nd.  (0  !  Id.)  ]!er  unit 
sold,  total  costs  were  l-3(;d.  (l-O(id.)exchisiveaii(l  2-4(:d.  (2-10d.)inclusi\e 
of  loan  charges.  Units  generated  were  1 1,,3()!),()()4  (]2,342,172)  and  sold 
9,33(5,(539  (10,214,43(5).  Maximum  load  was  4,280  kw.  (4,!;(i0  kw.),  and 
load  factor  24-9  (23-5)  per  cent. 

Croydon, — The  tramway  acoounts  for  the  u-ar  ondod  March  ,'il 
show  gross  capital  expenditure  £28(),7{i4,  and  £ll(>,;>7()  has  been 
a])plicd  to  reduction  of  debt,  whih;  the  reserve  and  renewals  fund 
amonnts  to  £43,824. 

Revenue  was  £94,41(5  (compared  with  £88,(514  in  previous  year), 
working  expenses  v/ere  £72,.5()9  (against  £70,307),  allowam  cs  to' staff 
in  H.fti.  Fortes  absorbed  £4,!)82  and  v,ai-  bonus  £92.'5,  the  iict  balance 
after  payment  of  interest  and  income  tax  (€9.978)  and  sinking  fund  and 
instalment  of  loan  (£7.4o.3)  being  £814.  ^.  liieli  lias  bi^en  j-laci  <1  to  renewals 
fund.  Total  revenue  per  car-mil(>  was  8(S32d.,  and  working  expenses, 
including  power,  were  tioS.ld.  Passengers  carrietl  were  21,0.30.075,  car- 
miles  run  2.6(53,195,  and  units  u.sed  2,925,807  (^  1099  per  car  mile). 

Dundee. — The  accounts  of  the  electricity  department  for  the  year 
ended  May  15  show  total  capital  exjjonfliture  £2(52,01.3  (increase 
£1(5,958),  of  which  £3()9,422  is  outstanding. 

Reveaue  was  £78,295  (com])arcd  with  t()5,.")29  in  previous  year)  and 
working  and  general  expenses  were  £4S.<i5()  (£38,(517),  leaving  gross  profit 
£29,638  (£26,912),  to  which  is  added  £2,835  balance  from  previous  year. 
Interest  required  £13,(535  (£12,0()0),  sinking  fund  £12,971  (£10,385), 
military  service  allowances  £1,0(55  (£788),  and  war  bonus  £784  (£71),  the 
balance  carried  to  next  year's  account  being  £3,244  (£2,835).  Units 
generated  were  21,687,392  and  sold  18,35(5,957.      Max.  load  7,793  kw. 

The  tramway  accounts  for  the  year  ended  I\Iay  15,  1916,  show  total 
capital  expenditure  £.'>83,480,  of  which  £1 03,(542  has  been  redeemed.  The 
Vear's  revenue  was  £7  l,940(compared  with  £(58,273),working  expenses  were 
£48,431  (£43,358),  interest  required  £9,852  and  sinking  fiwd  £6,880 
leaving  ret  ])rofit  £6.777  (£8,902),  of  which  £3,050  has  been  placed  to 
renewals  fund,  £2,095  to  de]>reciation,  £1,000  to  common  good  fund,  and 
£32  to  reserve.  Average  traffic  revenue  per  ear-mile  was  ll-942d.,  and 
working  expenses,  inchiding  power,  were  8-209d.  Passensers  carried 
were  19,026,640,  car-miles  run  1,415,887  and  units  used  2,767,958. 

Gloucester. — Accounts  of  the  electricity  de))artment  for  year  ended 
March  31  show  total  capital  expenditure  £106,947  (increase  £2,417), 
and  £40,419  has  been  repaid  or  contribixted  to  sinking  fund. 

Revenue  was  £15,879  (compared  with  £15,501  in  ])revious  year). 
Workhig  and  general  expe-ises  were  £10,649  (£7,539),  and  gross  profit 
was  £5,229  (£8,021).  (Japital  charges  were  £7,285  (£7,118),  the  jiet  j'esult 
being  a  deficit  of  £2,056  (against  a  net  profit  of  £904).  Units  sold  were 
1,910,205  (1,993,510).  Maximum  load  was  975  kw.  (995  kw.)  for  lighting 
and  jiower  and  310  kw.  (342  kw.)  for  traction. 

Mr.  F.  H.  Corson  (city  electrical  (!:igiueer),  in  bis  rei)oit,  atti-ibutes  the 
deficit  to  enforced  restriction  of  lighting  and  the  further  retluction  of 
lighting  in  consequence  of  the  altered  summer  time,  the  increase  of  70  per 
cent,  in  the  price  of  coal,  the  ])ayment  of  war  bonuses  and  allowances,  and 
the  increase  of  £757  in  rates,  and  he  advocates  an  increase  of  20  per  cent, 
in  the  charges  for  current  for  all  ])urposes. 

Lowestoft. — At  the  Council  meeting  recently  the  Tramways  Com- 
mittee reported  traffic  receipts  from  Oct.  1,  1915,  to  July  1,  191(5. 
£5,084,  against  £6,561  in  the  corrcspoiuling  period,  1914-15. 

Mr.  F.  Spa.shett,  Chairman  of  the  Committee,  .said  tlu^  decrease  from 
Oct.  1  to  date  was  £1,435,  but  there  had  been  a  decrease  in  working 
expenses  of  £935.  There  were  several  reasons  why  the  trams  should  nol 
cease  running  during  the  war  ;  one  v/as  that  to  the  end  of  June  the  ui<..>^s 
income  was  £5,230,  the  working  expenses  £4,()50,  v/hit  h  left  a  cicdit 
balance  of  £580  to  go  tov.ards  j^aymeJit  of  interest  and  .si, iking  fund. 
That  proved  v/hat  a  serious  loss  to  the  ratepayers  they  would  incur  by 
stopping  iho  f-crvicp. 

Maryiebone  (London).— The  accounts  of  the  electricity  department 
for  the  year  ended  March  31  show  total  capital  expendittire  £2,141,917 
(increase  £5,295),  of  which  £1,755,004  is  outstanding. 

Revenue  was  £202,040  (comj)arcd  with  £185,330  in  previous  vear), 
u'Ti  I'-f  '"^P^^^es  were  £7(5,081  (£69,598),  leaving.'  gross  profit  £122.192 
(ilil,<19).  Capital  and  special  charges  were  £119,821  (£118,777),  and 
net  proht  was  £2,37 1  (c  ompared  with  a  deficit  of  £7,057).  Total  working 
^°-Io7''m  I'^A^"^-  ^l'^49d.)  per  unit  sold,  and  capital  and  special  charges 
l-/89d.   (l-,90d.).     Units  generated  were  22,251,773  (22.'547,17i)  and 


sold  10,0i;9,S70  (15,920, 1()7).  Plant  capacity  was  19,0<)0  kw.  (a.s  in 
j»rcvious  y(!ar),  maximum  load  on  f<<deis  was  8,98(5  kw.  (8,514  kw.), 
and  load  fact«)r  21-3  (21-4)  per  cent. 

The  Electric  .Supply  Committee  .state;  in  their  n[^jri  that  a  new  source 
of  income,  which  will  bo  of  imjiortance  to  the  <lepartment  in  the  near 
future,  is  the  sale  of  ener<ry  for  electric  vehieles.  (>f  income  colh-ctabie 
v/illiin  the  year,  99-54  per  cent,  has  been  collected.  .Spc(  iai  (war)  ex- 
penses were  £4,297  (t2,.'}OI).  Fuel  cost  0-405«l.  ]xr  unit  sold  (againrt 
0-318d.),  representing  £9,840  increase,  which  would  have  been  much 
greater  but  for  the  ncv/  plant.  The  higher  rate  of  income  tax  accounted 
for  £1,45(5.  In  all,  the  extra  costs  arising  from  the  v/ar  amount  to 
£18,450.  1'he  sales  and  publicity  departmcmt  shows  a  credit  balance 
of  £479  (against  a  debit  balance  of  £2,339).  Adfling  the  net  profit 
(£2,371)  to  the  apjjropriatiem  account  brought  the  latter  to  £17,968,- of 
which  £13,91(5  is  left  aftoi"  providing  £4,051  for  service  lines,  mains, 
machinery  and  depreciation  of  apparatus  on  hire. 


GOMPANBES'  MEETINGS  AND   REPORTS. 


ELECTRIC   LIGHT  &  POWER  SUPPLY  CORPN.  (OF  SYDNEY)  (LTD.^  — 

The  directors'  rcjiort  for  the  six  montiis  ending  April  3(i.  1916,  siate<l  that 
the  number  of  new  consumers  connected  during  the  half-year  constitut«-d 
a  record.  The  total  consnineis  on  April  30  vvas  3.()48,  an  increase  of  380. 
The  coal  conveyor  Inul  been  delayed  aivaiting  tleli\ery  of  the  mechanical 
portions  from  America,  but  the  contractors  expected  to  complete  the 
erection  in  June,  when  a  substantial  reduction  was  anticiiiated  in  the 
cost  of  fuel.  The  lighting  of  I'arramatta-road  between  the  municijjalities 
of  Annandale  and  Petersham  hail  been  completed,  and  had  given  general 
satisfaction.  The  increaseil  cost  of  fuel,  stoics  and  other  material, 
together  with  the  increases  in  wages  giantcd  to  the  employes  by  the  State 
Wages  Bo.ard,  had  considerably  increased  the  total  working  expenses. 
The  total  revenue  was  £23,185,  against  £21,448  in  1915,  an  increase  of 
£1,737,  which  v.as  considcied  very  satisfactory.  The  profit  for  the  six 
months  was  £11,106,  and,  v/ith  £3,222.  13s.  lid.  brought  foi-\varvl  from 
last  (Jctober,  and  after  deducting  £2,344.  l(5.s.  8d.  for  debenture  interest, 
the  cretLit  balance  was  £12,044.  Pis.  3d.  A  sum  of  £4,000  was  placed  to 
reserve  for  depreciation  of  assets,  and  £1,800  to  reserve  fund.  A  divi- 
dend for  the  half-year  at  rate  of  8  per  cent,  per  annum  (£0,170.  IGs.  2d.) 
was  paid  and  £07.  14s.  Id.  carried  forward.  During  the  half-year  one  nev.' 
sub-station  was  erected  and  completed.  In  obtaining  supplies  difficulty 
is  being  experienced,  especially  copper  vsire  and  meters  antl  if  the  cost  of 
these  increase  much  more,  it  is  possible  that  extensions  of  the  recticula- 
tion  sy.stem  and  the  supply  to  nev/  consumers  may  have  to  be  withheld 
until  conditions  become  normal  again.  The  capital  expended  during  the 
half-year  on  land,  sub-station,  services  and  extensions  of  mains,  &c.,  v.as 
£11,740.     The  number  of  units  generated  v.-as  (5,008,539. 

NORTH  MELBOURNE  ELECTRIC  TRAMWAYS  &  LIGHTING  CO,  (LTD.)— 
The  net  rev(^aue  for  the  year  eadc^d  Sept  28  v,as  £11,732,  compared  with 
£10,717  for  the  ))revions  year.  The  amounts  written  off  in  exchange  for 
income  certificates  were  £37,575  in  resjioct  of  arrears  of  debenture 
interest  and  £16,525  iii  respect  of  bills  payable,  an  I  a  further  £5.433 
has  been  written  off  for  interest  waived  by  the  holders  of  the  bills.  The 
total  aniouiit  writte;i  off  is  £59,534-,  out  of  wliicls  the  directors  have  applied 
£23,000  for  dej)re(;iation  and  thi-  balance  in  extinguishing  the  debit  to 
])rofit  aid  loss;  a  credit  balance  of  £3,220  is  now  shown  in  the  latter 
account. 


NEW  COMPANiES,   MORTGAGES  AND 
CHARGES. 

NEW  COMPANIES. 

GRINYER  &  CO.  (LTD.)  (I44,.">31.)— Reg.  Aug.  4,  capital  £5,000  in  £1 
shares,  to  take  over  tiie  business  of  electrical  and  uu-chanieal  engineers 
formerly  carried  on  as  (Jrinjer  &  ("o.  Private  company.  First  directors 
are  J.  McLaren  (permanent  chairman)  and  W.  R.  Germain.  Reg.  office, 
14(5,  Bishopsgate.  F.C. 

LAMILOUGH  itADIATOR  &  ENGINEERING  CO.  (LTD.)  (144.434.)— 
Reg.  Jtdy  24,  capital  lild.OOO  in  £1  .shares,  lu  <  arry  on  the  business  of 
mechanical,  electrical,  hydraulic  a!id  general  engineers-  nnvchuiists,  tube 
makers,  manufacturers  of  and  dealers  in  engines,  motor  eais,  airships, 
steam  generators,  dynamos  a",-!  motors,  I've.      l'i-ivate  oonii>a-iv 

MORTGAGES   AND  CHARGES. 

COMPANIA  DE  ELECTRICIDAD  DE  LA  PROVINCIA  DE  BUENOS  AIRES 
(LTD.)-  A  trust  deeil  dated  Jiilv  19.  I9l(i.  supplemental  to  a  trust  ih-t-d 
dated  Nov.  24.  1911.  to  secure  "an  increased  rate  of  interest  jwyable  on 
amount  secured  by  the  principal  dccil  (£1100,0011),  charged  on  the  power 
distributing  and  tiansfinming  stations  in  the  Argentnie  Republic  and  the 
company's  undertaking  and  property. including  uncalled  capital  and  all 
existing  and  future  concessions  and  contracts,  has  been  registered. 
Trustees,  City  Safe  Deposit  tic  Agency  Co. 
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MANDER  &  CO.  (LTD.)  -A  first  niortira^rc  debeiituro  dated  July  24 
lylO,  to  .'-(■I me  not  more  than  £300,  charged  on  (;omi)anj".s  undertaking 
and  property,  present  and  future,  has  been  registered.  Holder,  J.  E. 
Bendeli. 

SMALL  ELECTRIC  MOTORS  (LTD.)— Particulars  of  £3,000  debentures, 
created  July  10,  lUll),  have  been  file<J,  whole  amount  being  now  issued. 
Property  charged,  comijany's  undertaking  and  property,  present  and 
future.     No  trustees. 


ELECTRICAL  COMPANIES'  SHARE  LIST.— Continued. 


CITY   NOTES. 

MEMOllAJSDA  (Aug.  !)).— Bank  rate  ti  per  cent,  (iinoe  Jidy  13,  1916). 
ConsoJB  'A}.  Consols  Pay  Day,  Sept.  I.  Stocks  and  Shares  Ticket 
Days,  Aug.  15  and  30.    Pay  Days,  Aug.  lUand  31.    Price  of  silver,  31  j^d. 

ELMOKES    GERMAN  &  AUSTRO  HUNGARIAN     METAL    CO.    (LTD.)— 

The  a'T(, lints  fo:'  l!tl.").  aflcr  \ir<i\i<^\uu  f'H'  <iilie!il  me  interest.  &e..  show 
a  loss  of  n,Kl  5   ii!c  I'ca-iiii:  a;i  ad  \  'T.-c  halaiiic  of  1:2 1 ..")!  7  to  t2(i,332. 

KENSINGTON  &  KNIGHTSBRIDGE  ELECTRIC  UGHTING  CO.  (LTD.)— 
The  directors  have  declared  an  interim  dividend  on  the  f)rdinary  .'•hares 
for  the  half  year  ended  .Iiiiie  30  at  the  rate  of  .">  ])ei-  cent,  per  annum. 

OLDHAM,  ASHTON  &  HYDE  ELECTRIC  TRAMWAY  'LTD.)  An  interim 
dividend  at  rate  of  ">  per  <:ent.  |)er  amintn  (IhI.  ])er  share)  has  been  <le- 
clared  an  the  oi'dinarv  ,'^hai-es  for  the  ])ast  half-year. 

PAISLEY  DISTRICT  TRAMWAYS  CO.— Th.;  directors  have  det;lared  an 
interim  dividend  at  rat<;  of  o  j)er  (cnt.  jkt  annum  on  the  preference 
hhai-es  for  the  half-year  to  .luiie  30. 

WESTERN  CANADA  POWER  CO.— The  First  Mortgage  Bondholders' 
('  jmmittee  has  apjirovfd  the  scheme  of  reorganisation  formulated  by 
the  protective  committee  for  noteholders  of  Western  Canada  Public 
Utilities  (Ltd.). 


METAL   PRICES. 

Meisrs.  J.  B.  Cirnham  &  Sons.  132,UipciTh^nics-sticct, London,  E.G.,  quote  under 
date  Aug.  8,  the  following  as  the  present  basis  priccscf — 


New  Metalc.  per  lb.  ' 

Solid  Drawn  Brars  Tubes 14  Jd. 

Solid  Drawn  Copper  Tubes 17jd. 

Brazed  Copper  Tubes    17Jd.  ^ 

Brazed  Brass  Tubes Ibjd. 

Erase  V/ire    Ujd. 

Copticr  Wire 18d. 

Rolled  Bra.ss I4td. 

Brass  Sheete isjd. 

Per  ton. 

Copper  Sheets £146    0    0 

Spelter 44    0    0 


Per  ton- 

English  Lead £29  10    0 

Antimony    Ncininal. 

Old  Metals.  Per  ton. 

Clean  Copper  Scrap £V2 

Clean  Brass  Scrap     59 

Bra:iery  Copper  Scrap   ...       60 

Old  Lead  25 

Old  Zinc 30 

Hollov/ Pewter 115 

Black  Pewter   70 

Gun  Metal 72 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Per  ton. 

Aluminium  Cuttings  £110    0    0 
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is  a  class  of  work  which  may  not  appeal  to  those  responsible 
for  our  examination  systems  which  do  so  much  to  efiace  the 
desirable  qualities  of  the  student,  but  such  systems  must  be 
modified  so  that  the  required  product  is  obtained  ;  for  there 
is  little  doubt  that  if  we  are  to  hold  our  own  with  Germany  in 
the  future  in  chemical  manufactures  we  mu.st  evolve  chemical 
engineers  capable  of  understanding  and  appreciating  the  various 
problems  of  industrial  chemistry  in  all  its  aspects. 


NOTc:  s. 


Chemical  Engineers. 

We  fear  that  the  chemical  engineer,  probably  so  called,  is 
very  deficient  in  numbers  in  this  country  at  the  present  time, 
and  that  there  is  not  such  a  close  co-operation  between  engi- 
neering and  chemistry  as  there  should  be.  In  our  technical 
colleges  there  is  a  tendency  for  the  engineering  student  to  wash 
his  hands  of  chemical  mess  and  "  stinks."  On  the  other  hand, 
the  chemical  student  probably  feels  that  he  is  superior  to  the 
purely  engineering  student  in  theoretical  knowledge.  Con- 
sequently there  is  not  much  sympathy  between  these  two 
sections  of  study.  In  practice,  however,  this  combination  is 
essential.  An  engineer  in  a  chemical  works  should  know  what 
is  going  on  in  all  the  chemical  operations  from  the  chemical 
point  of  view,  and  ec^ually  the  chemist  should  know  what 
makes  for  efficiency  in  working  in  ail  the  various  items  of  plant, 
otherwise  the  best  results  cannot  be  obtained.  In  the  current 
issue  of  "  The  Times  Engineering  Supplement,"  Prof.  F.  G. 
DoNNAN,  F.R.S.,  deals  with  this  subject  at  some  length,  and 
expresses  the  view  that  our  lack  of  chemical  engineers  is  largely 
due  to  the  fact  that  we  merely  train  chemists  wlio  are  expert 
"  molecule-jugglers."  There  is  a  good  deal  of  truth  in  this. 
A  molecule-juggler  is  very  useful  for  purely  scientific  investi- 
gations, and  we  cannot  dispense  with  him,  but  that  is  no  reason 
why  we  should  not  turn  out  chemists  and  engineers  who  are 
capable  of  taking  a  broad  and  practical  view  of  industrial 
chemical  problems.  For  this  purpose  a  different  type  of 
college  laboratory  is  required,  one  in  which  the  efficiency  of 
chemical  operations  can  be  tested,  apart  altogether  from  the 
purely  chemical  view  of  the  various  processes  concerned.   This 


Truth  is  Stranger  than  Fiction. 

Rightly  or  wrongly,  by  many  the  view  is  held  that  this  is 
an  engineers'  war.  Mr.  Hard  Worker,  a  student  in  the 
electrical  engineering  department  at  one  of  the  smaller  tech- 
nical colleges,  recently  took  a  First  Honours  in  the  B.Sc.Eng. 
(Loud.)  examination,  as  Avell  as  one  of  the  much-coveted 
medals  and  prizes  in  electrical  engineering,  awarded  by  the  City 
and  Guilds  of  London  Institute.  Being  of  military  age.  he  is 
now  Private  Hard  Worker  in  the  Army.  Much  of  his  time  is 
now  spent  in  listening  to  elementary  lectures  on  Ohm's  law,  and 
the  war,  "  hke  a  wounded  snake,  drags  its  slow  length  along." 
Later,  we  have  no  doubt,  this  same  honours  graduate  in 
engineering  will  be  helping  to  win  the  war  by  scrubbing 
barrack-room  floors.  If  those  who  attach  more  impoitance 
to  performance  than  to  pedigree,  if  there  be  such,  will  com- 
municate with  us  direct  we  shall  have  pleasure  in  forwarding 
full  particulars  on  receiving  Avritten  assurance  that  there  shall 
be  no  reprisals.  The  man  referred  to  has  neither  written  to 
us  nor  have  we  seen  him  since  he  joined  the  Army. 


We  offer  no  comment  on  the  above,  beyond  stating  that  it 
is  not  an  isolated  case.  Wireless  telegraph  experts — not  mere 
operators — are  said  to  be  urgently  required.  Another  graduate 
of  our  acquaintance,  au  fait  with  wireless  and  a  good  engineer 
in  addition,  as  well  as  a  public  school  man,  with  a  pedigree 
as  long  as  or  longer  than  that  of  his  colonel,  is  and  has  been  for 
two  years,  a  '"  Tommy  "  in  an  infantry  regiment.  He  is  now 
a  round  peg  in  a  square  hole  "'  somewhere  in  France.  Every 
attempt  to  move  the  authorities  has  bem  unsuccessful.  For 
such  reasons  are  wireless  experts  urge  itly  required  in  the  Army. 


The  men  whose  privilege  it  was  to  train  such  students  are 
now  doing  anything  and  everything  except  this  work  of 
national  importance.  Neither  they  nor  their  students— who 
should  be  the  leaders  to-morrow  in  engineering — will  be  in  a 
condition  to  resume  their  normal  work  for  some  time  after 
peace  is  proclaimed.  When  everything  has  settled  down  our 
people  will  be  rudely  awakened  to  the  fact  that  there  is  another 
side  to  warfare  beyond  the  carrving  of  a  rifle.  And  in  the  days 
to  come  our  masters  will  declare  that  we  are  agam  "  too  late. 


Illumination  of  "Warships. 

Specialists  will  read  with  interest  the  abstract,  given  else- 
where, of  a  Paper  on  "'  Illumination  in  the  Navy  "  which  was 
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presented  to  the  New  York  Section  of  the  lUuminaiing 
Engineering  Society  by  Lieut.  C.  S.  McDowell.  As  an 
Appendix  is  given  a  useful  table  showing  the  intensities  of 
illumination  adopted  as  the  result  of  an  investigation  carried 
out  by  the  U.S.  Navy  Department  iu  1912.  The  section  of  the 
Paper  devoted  to  searchlights  seiA'es  to  give  some  idea  of  the 
enomious  amount  of  work  that  has  recently  been  carried  out 
with  the  object  of  improving  the  efficiency  and  increasing  the 
utility  of  the  projector.  Such  improvement  has  demanded  a 
close  study  of  tlie  properties  of  tlie  arc,  and  the  endeavour  to 
approximate  to  a  point  of  bglit  lias  necessitated  tlie  practical 
solution  of  a  number  of  difficult  problems.  Reference  is  made 
to  the  work  of  Mr.  H.  Beck,  to  whom  is  said  to  belong  the 
principal  credit  for  the  development  of  the  modem  projector. 
To  enable  those  interested  in  tlie  subject  to  study  the  improve- 
ments made  by  ^Ir.  Beck  we  give,  in  the  form  of  a  note  at  the 
end  of  the  article,  extracts  from  one  of  his  recent  patent 
specifications,  as  well  as  references  to  patents  applied  for  in  the 
United  Kingdom  by  Mr.  E.  G.  Sperkv,  another  active  worker 
on  the  projector. 

Liability  for  Incomplete  Tramcar  Journey. 

Ax  action  of  some  importance  to  owners  of  tramways  and  to 
persons  who  use  the  tramcar  as  a  means  of  conveyance,  is 
repoited  in  our  columns  this  week.  As  frequently  happens, 
the  amount  in  dispute  was  fjuall,  V)ut  the  principle  involved  is 
of  wide  application.  It  appears  that  the  Edinburgh  cable 
system  of  tramways  is  in  a  bad  state  of  repair,  and  breakdowns 
have  been  somewhat  frequent,  resulting  in  passengers  being 
unable  to  coni])lete  journeys  for  which  they  had  paid.  We 
can  imagine  iiothing  more  exasperating  to  business  people  than 
frequent  failures  of  a  means  of  public  conveyance  such  as 
a  tramway,  andw^e  are  not  surprised  that  a  passenger  invoked 
the  aid  of  the  law,  and  sued  the  company  for  the  recovery  of 
2s.,  the  cost  of  two  cab  fares  expended  by  him  on  two  separate 
occaf>ions,  when,  being  tlie  lioldoi  (»f  a  thiee-lialf])enny  transfer 
ticket,  the  car  on  the  secojid  ])()ition  of  the  jnuiney  had  bioken 
down.  After  taking  time  lo  consider  his  judgment,  the 
Sheriff  found  that  the  passenger  did  not  act  unreasonably  in 
taking  a  cab  to  complete  his  journey,  and  that  no  easier  or 
more  reasoniible  way  of  doing  so  had  been  suggested.  On  the 
facts  we  think  that  this  decision  is  not  inequitable,  though 
there,  is  little  analogy  between  the  railway  decisions  cited  in  the 
course  of  argument  and  the  present  case.  Railway  travellijig 
involves  long  distances,  and  there  is  usually  no  alten\ative 
<heaj)  method  of  transit  availal)l<'.  On  the  other  hand,  tram- 
way traffic  is  ])invly  local;  it  involves  oiily  short-distan«e 
travelling,  and  ijj  niost  cases  there  art  alternative  modes  of 
cheaj)  locomotioi. .  HrcakdowiiM  occur  sometimes  on  the 
London  and  other  tramway  systems,  and.  on  the  principle  (»f 
the  K<lijiliuigli  ease,  we  fo'm  vi.sions  of  difla])]»()inted  tramcar 
passengers  demanding  payment  of  their  taxicab  fares.  How- 
ever, the  position  in  London  is  imi«|ue  ;  usually  there  is  aji 
alternative  mode  of  conveyance  cheaper  than  a  taxioab.  and 
we  think  it  is  seldom  that  sunh  a  claim  would  l)e  successful. 


Power-line  Poles  in  South  Africa.  In  refen-nce  to  the 
electrical  plant  on  a  Swaziland  tin  mine.  .Mr.  W.  El.sd(»n-Dew 
(])ast  jiresident),  speaking  before  the  South  African  Institute 
of  Filectrical  Kiigijieers.  .said  that  no  trouble  had  been  e.\- 
perienced  from  attacks  by  white  ants  on  the  power-line  poles 
when  these  had  been  creosoted.  and  if  paraffin  were  perit»dically 
introduced  ijilo  a  hole  bored  into  tiie  wood  near  the  base  of  the 
])ole.  Jiut  blue-gum  j)oles  cut  from  trees  that  have  been 
growing  less  than  Wvf^  years  have  a  very  short  life  through  dry 
rot  setting  in.  Mlack  wattle  of  more  than  five  years"  growth 
would  now  bo  used,  and  much  better  results  were  expected. 


Wireless  on  Aeroplanes. — In  the  recently  pubUshed  report 
of  the  Advisory  Committee  for  Aeronautics,  over  which  Lord 
Rayleigh  presides,  and  in  reference  to  the  Royal  Aircraft 
Factory,  it  is  stated  that  two  wirele-ss  telegraphy  sets  of  very 
light  weijrht  have  been  designed  and  tested. 

Forced  Ventilation. — In  a  discussion  on  "  Modern  Electric 
Mine  Locomotives."  at  San  Francisco,  Mr.  "W.  M.  Hoen,  after 
referring  to  the  high  temperatures  sometimes  attained  in 
motor  aixnatures,  states  :  ""  The  addition  of  a  blower  giving 
forced  ventilation  increases  the  radiating  capacity  of  the 
motors,  giving  much  lower  temperatures  for  the  same  service." 
The  increa.sed  capacity  greatly  overbalances  the  disadvantages, 
especially  on  the  larger  engines. 

Clamp  Joints  on  Aluminium  Power  Lines.— Mr.  W. 
Elsdon-Dew  exhibited  at  a  recent  meeting  of  the  South  African 
Institute  of  Electrical  Engineers  some  samples  of  stranded 
aluminium  air  line  with  attached  aluminium  clamp  and  cut 
from  a  conductor  at  a  tapping-off  point.  Although  apparently 
still  tight,  the  joint  bad  proved  so  imperfect  electrically  as  to 
cause  arcing  and  fusing,  necessitating  its  replacement.  Mr. 
Dew  mentioned  that  both  wire  and  clamp  came  from  the  same 
finn,  and  that  in  his  opinion  clamped  joints  on  almuinium 
cables  of  stranded  fonnation  should  have  a  very  large  area. 

Electric  Railway  Progress  in  U.S.A. — The  conversion  to 
electric  traction  of  the  Rocky  Moimtain  section  of  the  Chicago, 
^lilwaukee  and  St.  Paul  Railway  has  just  been  completed. 
The  equipment  of  440  miles  of  line  has  been  finished,  but 
only  115  miles  are  in  operation.  The  electrical  hn.e  I'uns  across 
the  three  principal  mountain  ranges.  Under  normal  con- 
ditions 42  electrical  locomotives  are  required  to  operate  over 
the  electrified  portion  of  the  railway.  Each  of  these  cost 
nearly  £25.000,  and  each  will  haul  an  800-ton  passenger  train 
on  a  level  stretch  at  60  miles  an  hour.  The  electrical  energy 
required  is  obtained  by  water-power  from  mountain  waterfalls. 
The  work  of  electrification  cost  nearly  £2,500,000,  and  occupied 
three  years. 

Canadian  Radio  Service. — We  are  inffirmed  that  Mr. 
Pliilip  K.  Kdehuan.  of  St.  Paul  (Minn.,  U.S.A.),  has  been 
engaged  by  the  Canadian  Government  as  electrical  engineer 
to  prepare  plans  for  wireless  telephony  and  telegraphy  instal- 
lations in  the  7,000  sq.  miles  embraced  by  the  Dominion  parks 
of  Western  Canada.  The  installation  will  be  of  a  new  design, 
specially  adapted  to  the  diflficult  momitain  service.  The 
installation  will  be  the  first  of  its  kind,  and  a  new  application 
of  radio-communication.  The  object  of  the  installation  is  to 
prevent  forest  fires  and  game  trespassing  by  affording  an 
instant  means  of  commimication  for  reporting  and  calling  for 
aid  in  territory  where  ordinarv  means  of  commmiication  are 
our  of  the  (jiiestion. 

Osmotic  Pressure. — A  Paper  on  "  Determinations  of  Direct 
Osmotic  Pressures,"  was  read  recently  by  the  Earl  of  Berkeley, 
F.R.S.,  and  Mr.  E.  G.  ,T,  Hartley  before  the  Royal  Society. 

Tlie  osiiiolic  jires-^ure.s  of  the  following  sub.-^t iuices  were  measured 
directly  :  Caiie-8ugar  and  methyl  glucoside.  a  number  of  ferro-  and  ferri- 
cy.Tnides.  and  one  or  two  other  s^alt.-;.  The  cane-sugar  dcteniiinationf- 
were  made  on  a  somewhat  purer  .•<upar  than  was  the  ease  in  the  author>" 
previous  work  :  tlie  results  extend  over  the  range  already  covere<l  )>y 
I'rof.  .Mors*-  anil  hi*  eo-wnrkers.  and  the  two  sets  of  numWrs  are  fotind  to 
ditTer  slif-htly  at  the  lower  eonecntrations.  For  the  ionise*!  suhstanfe> 
nxaminiil  it  may  he  stated  that,  with  the  exception  of  one  salt,  all  thosr 
having  a  .nolccule  made  up  of  a  dyad  base  combined  with  a  dyad  arid 
railicle  .Ti  I  ited  in  aqueous  solution.     The  "  dynamic  '"  method  ><'. 

measurii  ..  pressures  is  dcveloixni  soas  toaflfonl  a  means  of  rapid  1\ 

CHtimntiii^:  luciii  ular  weights  to  a  considerable  degnn?  of  accuracy  evei. 
in  \rrv  diluic  solutinne. 

Lifting  Magnets.— According  to  the  '"  Mechanical  Engineer.' 
Messrs.  Steel.  Peech  and  Tozer.  Sheffield,  have  de.signed  a 
lifting  magnet,  in  which  the  whole  of  the  magnetic  flux  i- 
utilised  for  lifting  effect,  there  being  no  diversion  of  the  Une.- 
through  the  chains  or  suspension  gear.  There  are  two  rect- 
angular soft-iron  jHde-pieces  with  a  cylindrical  core  between 
them  :  two  annular  coils  are  wotmd  on  the  core  and  con- 
nected to  a  convenient  source  of  supply.  Between  the  coil.» 
and  equiilistant  from  the  pole-pieces  is  a  central  rectanvrular 
plat<?.  to  the  top  comers  of  which  are  attached  two  shackle 
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chains  united  by  a  common  ring  thiougli  whicli  the  chain  hook  and  charged  to  the  same  potential,  was  discharged  through  a 

passes.     This  central  plate  does  not  become  magnetised  when  second  galvanometer.     It  was  found  that  the  ratio  of  the 

the  current  is  turned  on,  consequently  the  attachment  to  it  of  throws  of  the  two  galvanometers  was  almost  independeni,  of 

the  lifting  chains  does  not  divert  the  magnetic  flux  from  the  the  time  of  charge  if  this  was  not  less  than  20  seconds.     The 

main  work  of  lifting  the  load.  results  obtained  showed  that  there  was  no  variation  in  the 

Damping  Factor  in  Moving  Coil  Ballistic  Galvanometer.—  dielectric  constant  up  to  gradients  of  3  x  10«  volts  per  centi- 

Mr.  Paul  E.  Klopsteg  has  a  note  in  the  "  Physical  Review  "  on  ^^*^®-     ^he  conduction  current  increases  very  rapidly  when 

'•  The  Damping  Factor  Used  in  BaUistic  Constants  of  Moving  the  gradient  is  large.     The  formula 

Coil  Galvanometers."     After  referring  to  the  solution  of  the  C—A-'rBx^logx 

well-known  differential  equation,  it  is  pointed  out  that  for  small  represents  the  current  over  a  wide  range,  where  x  is  the  poten- 

values  of  damping  tial  gradient,  A  and  B  being  constants. 

K=i/(^r/27c^p  Contact  Potentials  and  Electrochemical  Action.— 
the  degree  of  approximation  being  0-3  per  cent,  when  the  Before  the  American  Electrochemical  Societv  recentlv.  Dr. 
logarithmic  decrement  is  as  high  as  0-184.  As  is  well  known  Langmuir  read  a  Paper  on  this  subject.  The  progress  of 
^/cp  is  the  current  constant  of  the  instrument,  and  p  is  the  ratio  electrochemistry  has  been  marked  by  a  centurv-lonf  conflict 
of  two  consecutive  swings.  For  higher  values  of  the  logarithmic  between  the  contact  theory  and  the  chemical  theorv  of  electro- 
decrement  the  correct  value  of  the  damping  factor  should  be  chemical  action.  The  modern  electrochemist  usuallv  con- 
used,  and  it  is  pointed  out  that  it  is  preferable  to  use  tables  siders  that  this  conflict  has  long  been  brought  to  a  close  bv  the 
rather  than  a  curve  to  obtain  the  value  of  61/62.  The  author  victory  of  the  chemical  theory.  He  believes  that  contact 
refers  to  an  article  by  Mr.  Lindley  Pile  in  the  same  Paper,  which  potentials  between  metals  are  entirely  unappreciable.  Xo 
was  dealt  with  in  our  issue  of  January  28  last,  page  587.  such   uniformity  of   opinion   has   existed   among  phvsicists. 

Portable  Transformers  in  FUm  Productions.— In  Southern  Within  the  last  few  years  very  remarkable  woil  in  physics 

Calif  ornia  an  important  industry  has  arisen  in  the  manufacture  ^^^  demonstrated  that  the  contact  potentials  of  large  mag- 

of  films,  and  this  work  calls  for  special  lamps  and  illumination  ^^*^^®  ^^  ^^^^^  ®^'®^  between  pure  metals  in  a  practically 

at  different  points  in  the  open   country-     The  local  power  P^^r^^*  vacuum.                          ,  ,     ^ 

f.             II    1                J.               1                        j_     1      ^  This  evidence,  wmcn  is  reviewed  by  Dr.  Langmuir  in  some  detail 

companies   are   often   called  upon   to   supply  energy  at  short  has  been  obtained  by  a  study  of  (a)  electron  emission  from  heat^  met ak 

notice,  and  m  considerable  quantities  for  perhaps  only  a  few  (6)photo-electric  phenomena,  (c)  contact  potentials.    Several  independent 

minutes  or  hours  service.       To  meet  this  class  of  demand  a  methods  leid  to  values  of  contact  potentials  which  are  in  substantial 

transformer  wagon  was  fitted  up  and  equipped  with  two  25  kw.  agreement      Much  of  the  difficulty  which  the  electrochemist  has  had 

l,100/2.200,110/220-volttransJoi™eis,coupledupwithathree-  retr„°SicltaSr»U^Tel„:heMS  p\3m™^ 

Wire  secondary.    Under  the  wagon  seat  are  two  2,200  volt  fuses,  to    failure    properly   to  define   "  potential  difference  "  and   '•  electro- 

and  a  6  in.  diameter  pine  pole  20  ft.  long  is  used  for  the  support  magnetic  force."     Definitions  of  these  are  given,  and  a  theory  that  the 

of  the  incoming  primary  leads.     All  metal  parts  of  the  wagon  mechanism  of  the  effect  is  developed     It  is  not  necessary  to"  take  into 

J.1,    J      T.    ^1              ■            J.  ■     •              ■            4.   ,T                   p  account  contact  potentials  when  only  the  E.M.F.s  of   reversible    cf^U 

are  earthed  when  the  equipment  is  m  service.     At  the  rear  of  are  considered  ;   but  in  dealing  with  the  kinetic  phenomena    such  as 

the   wagon   is   a   wooden   reel    carrying   200  ft.    of   three-wire  over  voltage   and    passivity,  or   with  effects   due  to  single  potential 

secondary  cable,  for  connecting  up  to  the  lights  of  the  cinema  differences,  the  contact  potential  must  be  an  essential  factor, 

company.    The  wagon  has  been  moved  a  distance  of  2  miles  Volume  Effect  in  a  Silver  Voltameter.— Scientific   Paper 

and  completely  connected  up  m  an  hour's  time,  an  operation  No.  283  of  the  Bureau  of  Standards  on  ■•  The  Volume  Effect  in 

for  which,  under  former  conditions,  12  hours  would  have  been  the  Silver  Voltameter,"  by  Messrs.  E.  B.  Rosa  and  G.  W.  Vinal, 

needed.  I^^g   j^g^  -^gg^   pubhshed.     Some   years   ago   the   Bureau   of 

Crystal  Detectors. — To  the  "'  Physical  Review,"  Messrs.  Standards  discovered  that  the  silver  deposits  in  lar^e  size 
V.  A.  Hume  and  L.  E.  Whittemore  contribute  an  illustrated  voltameters  were  heavier  than  the  deposits  in  small  voltameters 
account  of  tests  of  various  crystal  detectors  used  in  radio-  connected  in  series  with  them.  The  cause  of  this  effect  was 
telegraphy  when  subjected  to  varying  conditions  of  tern-  attributed  to  impurities  in  the  solution,  but  this  explanation 
perature,  pressure  and  humidity.  From  tests  on  galena,  was  not  accepted  by  all  the  observers  who  worked  with  the 
perikon,  silicon  and  carborundum  detectors  it  appears  that  voltameter.  Jaeger  and  von  Steinwehr  thought  that  because 
change  in  air  pressure  has  no  efiect  upon  rectifiers,  and  the  the  evidence  rested  principally  upon  the  results  with  the 
effect  of  temperature  is  shown  in  a  number  of  diagrams.  One  porous-cup  form  of  voltameter  the  effect  was  due  to  the 
of  the  peculiarities  noticed  was  that  certain  crystals  do  not  porous-cup,  but  Richards,  on  the  contrary,  thought  that  the 
always  rectify  the  oscillating  current  in  the  same  direction,  greater  surface  of  the  large  cathodes  permitted  greater  in- 
With  one  adjustment  the  rectified  current  would  flow  from  elusions  and,  therefore,  the  deposit  appeared  hea\^er.  The 
crystal  to  point,  and  another  would  flow  in  the  opposite  direc-  recent  experiments  of  Vinal  and  Bovard  have  shown  that 
tion.  Once  during  a  test  on  the  effect  of  change  of  tem-  Richards's  theory  is  not  correct,  but  further  experiments  were 
perature  upon  carborundum,  the  rectification  actually  reversed  necessary  in  order  to  answer  Jaeger  and  von  Steinwehr's 
although  no  change  had  occurred  in  the  adjustment.  The  contention.  The  authors  have  analysed  all  their  former 
most  common  direction  of  rectification  for  silicon  and  for  observations  with  reference  to  the  volume  of  the  electrolyte,  the 
galena,  was  from  the  crystal  to  the  brass  point  which  was  used.  weight  of  the  deposit  and  the  purity  of  the  solution.  Thev 
In  the  case  of  carborundum  the  ordinary  course  of  rectification  have  also  made  some  further  experiments  with  specially  impure 
was  from  needle  to  crystal.  The  perikon  detector  was  the  solutions,  and  with  other  forms  of  voltameter  than  the  porous- 
only  one  of  the  four  which  showed  no  reversal,  always  rec-  cup  foim.  All  these  observations  have  been  treated  by 
tifying  from  chalcopyrite  to  zincite.  statistical  methods,   and  the   authors   show,   first,   that   the 

Mica  in  Intense  Fields.— Mr.  H.  H.  Poole,  in  a  Paper  in  the  ^^olume  effect  is  not  confined  to  the  porous-cup  form  of  volt- 
■•  Philosophical  Magazine  "  on  "  The  Dielectric  Constant  and  ^meter,  but  that  it  is  common  to  all  fonns  of  voltameter; 
Electrical  Conductivity  of  Mica  in  Intense  Fields,"  considers  ^^^'  second,  that  it  is  caused  by  impurities  in  the 
that,  in  view  of  the  analogy  between  electric  polarisation  and  electrolyte.  The  authors  give  a  theory  for  the  mechamsm  of 
magnetisation,  it  is  not  unreasonable  to  suppose  that  some  ^^^^  ^^^^*'  ^^^  ^^^^^  believe  that  the  evidence  proves  con- 
variation  in  the  dielectric  constant  might  be  observed  as  the  cl^si^'ely  that  it  is  a  valuable  criterion  for  the  purity  of  the 
potential  gradient  approaches  the  sparking  value.     The  method  silver  nitrate. 

used  consisted  in  charging  a  small  mica  condenser  to  a  known  Ernolith :      A    New    Celluloid    Substitute. — According  to 

voltage  by  means  of  a  Wimshurst  machine,  and  then  discharg-  the  "  Scientific  American  "  it  is  only  in  recent  years  that  the 

ing  it  through  a  ballistic  galvanometer,  suitable  precautions  very  remarkable  properties  of  yeast  have  been  realised.     Xot 

being  taken  to  avoid  piercing  the  insulation  of  the  latter,  only  can  valuable  extracts  be  obtained  from  it,  but  it  contains  a 

Simultaneously  another  condenser  of  nearly  equal  capacity,  relatively  large  percentage  of  albuminous    matter.     Finally 
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the  mass  of  cellulose,  its  remaining  constituent,  is  capable  of 
various  reactions  with  other  substances.  This  latter  j)roperty 
has  been  taken  advantage  of  for  the  formation  of  plastic 
masses  by  combination  with  aldehydes.  When  these  masses 
are  subjected  to  heat  under  pressure,  a  hard  solid,  known  as 
"  Emolith,''"  is  obtained.  This  inakes  an  excellent  substitute 
for  celluloid,  ebonite,  galalith,  bakelite  and  resinite.  Two 
chemists,  Messrs.  H.  B.  Bliicher  and  E.  Krause,  have  been  able 
to  vary  tlie  hardness  and  elasticity  of  this  product  within 
certain  limits.  The  colour,  which  is  originally  black,  can  also 
be  varied  by  the  incoi"poration  of  mineral  or  vegetable  dyes, 
so  that  many  shades  of  colour,  as  well  as  marble  or  veined 
effects,  can  be  obtained.  To  the  fundamental  components  of 
ErnoUth,  yeast  and  aldehyde  (particularly  f oiinaldehyde )  are 
added,  which  cause  a  modification  of  the  chemical  and 
mechanical  properties.  It  appears  that  the  process  of  manu- 
facture consists  of  two  phases  :  First,  the  union  of  the  yeast 
and  aldehyde  (with  various  '"  fillers  "  and  subsidiary  reactions). 
The  mass  thus  obtained  is  dried  and  ground,  and  in  this  form  is 
indefinitely  durable.  The  next  step  is  its  compression  in  heated 
hydraulic  presses,  and  the  articles  reproduce  on  their  surface 
the  most  delicate  details  of  fonn.  In  addition  to  this,  Eniolith 
machines  well.  It  has  an  exceedingly  close,  dense  stnicture, 
and  a  conchoidal  fracture.  As  remarked,  the  process  may  be 
80  varied  as  to  make  the  product  very  hard  and  brittle,  or 
softer  and  more  elastic  as  may  be  required.  It  possesses  a  very 
decided  advantage  over  celluloid  in  being  i)racticaUy  non- 
inflammable.  Another  valuable  property  lies  in  the  economy  of 
production.  Its  specific  gravity  when  pure,  i.e.,  without 
"  fillers,"'  is  about  1-33.  Ernolith  has  also  the  quality  of 
adhering  very  tightly  to  metal  parts  pressed  into  it.  This 
property  makes  the  material  suitable  for  the  manufacture  of 
articles  with  a  metal  surface  or  core.  As  primary  material  it  is 
possible  to  employ  not  only  the  ordinary  waste  yeast  of 
brewers,  but  also  the  "  air-made  "  yeast  of  the  Delbriick 
process. 

OBITUARY. 


Killed  in  Action. — Peccnd-Licut.  Joseph  R.  Holden,  of  thi  West 
Lancashire  Field  Com])any,  Roj-al  Kngiiieer.s,  was  educated  at  Stony- 
hurst  f'ollege,  and  sub.'-ec|uently  worked  at  tl;o  .Andior  Cable  Works, 
Li'igli.  Later  lie  ol)tained  an  ajijjointnient  with  the  Homsey 
electricity  works,  and  at  the  outljreak  of  the  war  joined  the  Royal 
Engineers.  Last  October  he  obtained  his  conimi.«si(  n  and  went  to 
the  front  at  the  end  of  ISIarch. 

Sccond-Liout.  Dennis  was  151  ycai's  of  apo.  and  for  17  years  he  liad  been 
on  the  eiifiineerinR  staff  of  the  Nottingham  Corporation  Eleetrieity 
Department.  In  December,  1914,  he  joined  the  University  O.T.C.,  and 
he  secured  his  commission  in  April,  1915.     He  went  to  France  in  JIay. 

Private  (ieorgc  A.  fSwain,  of  tJie  Koyal  Warwickshire  Regiment,  who 
has  l)ccn  killed  in  action, was  in  tlie  ei'i])loymcnt  (»f  the  (Jeneral  Electric 
Co..  of  W'itloM,  before  he  joined  the  .Army  in  Seiitcmbcr.   1914. 

Cnpt.  Carlton  Collingwood,  of  the  South  Lnnca:.hirc  Regiment,  was  an 
engineer,  and  before  the  war  he  was  engaged  at  Is'ewt on -le- Willows. 

Second-Lieut.  C.  De  Frcce,  who  was  recently  killed  as  the  result  of  an 
aviation  accident,  was  19  years  of  age,  and  had  lieen  an  electrical  engineer- 
ing ])upii  at  the  I'insbury  1'ecluiicnl  College. 

Private  Roland  Clnyton.  foniicrly  employed  in  the  Burnley  electricity 
dej)artnient,  li;is  die«l  of  wounds. 

SecoiulLicut.  (Jeolfrey  Clogstoun  Martin.  Royal  Dublin  I'usiliers. 
enterefl  the  Kastern  Tclepra])h  Co."s  training  school  for  sulimarine 
telegra|)hy,  but  afterwards  joined  the  Army.      He  was  24  years  of  age. 


An  assistant  telegraph  engineer  is  required  for  Government  Posts 
and  Telegraphs  Dept.,  Gold  Coast.  Salary  £350,  rising  by  £10 
increments  to  £400,  with  free  quarters  and  first-class  passages. 
Apijlications  to  Messrs.  Preece,  Cardew,  Snell  &  Rider.  8,  Queen 
Anne's-gate,  London,  S.W.     See  an  advertisement. 

An  electrician  accustomed  to  a.c.  plant  is  wanted  for  abroad.  See 
an  advertisement. 

West  Ham  Council  require  a  manager  of  their  electric  tramways 
system.  Salary  £600,  rising  by  annual  increments  of  £50  to  £750  per 
annimi.     Applications  to  the  To'wn  Clerk  by  Aug.  31. 

A  lecturer  in  engineering  is  required  at  Rutherford  Municijial 
Technical  College.  Salary  £250  per  aimum.  Applications  (on  forms 
to  be  obtained  from  the  Director  of  Education,  Xorthumberland- 
road,  Xewcastle-on-T\-ne)  by  Aug.  25. 

The  local  education  authority  invite  applications  for  the  position 
of  principal  of  the  Barrow  Technical  School.  Salary  £400.  Par- 
ticiilars  from  the  Director  of  Education,  Town  Hall,  Barrow-in- 
Furness,  to  whom  applications  by  Sej^t.  2. 

Portsmouth  Education  Committee  invite  applications  for  the 
position  of  head  of  the  mechanical  and  civil  engineering  department 
at  the  Municipal  College.  Salary  £225,  rising  to  £250.  Ajjplica- 
tions  to  the  Secretary  h\  Aug.  23. 

An  electrician  is  required  for  the  Gold  Coast  Government  Water- 
works. Salary  £300,  rising  to  £350,  per  annum,  with  free  ciuarters. 
Applications  to  the  Crown  Agents  for  the  Colonies,  4,  ilillbank, 
London,  S.W. 


PERSONAL. 

Capt.  dames  Hendry.  Royal  Scots,  who  lias  been  dangerou.^Iy 
wounded,  was  trained  in  (dasgow  as  an  electrical  engineer,  and  at 
the  outbreak  of  the  war  be  was  engaged  in  LiveriH)ol. 


APPOINTMENTS  VACANT. 


INSTITUTIONS  AND  SOCIETIES. 


Board  of  Scientific  Societies. — On  the  initiative  of  the  Royal 
Society  a  Board  of  Scientific  Societies  has  now  been  established  for 
the  furtherance  of  the  following  objects  :  Promoting  the  co-ojjera- 
tion  of  tho.«e  interested  in  pure  or  applied  science  ;  supplying  a 
means  by  which  the  scientific  opinion  of  the  country  may,  on  matters 
relating  to  science,  industry  and  education,  find  effective  expression  : 
taking  such  action  as  may  be  necessary  to  promote  the  a])plication 
of  science  to  our  mdustries  and  to  the  ser\-ice  of  the  nation  ;  and 
discussing  .scientific  questions  in  which  international  co-oijeration 
seems  advisable. 

The  board  at  ])rescnt  consists  of  representatives  of  27  scientific,  in- 
cluding technical,  societies.     The  regulations  give  power  to  add  to  this 
number  and  to  appoint  as  members  of  sub-committees  individuals  who 
are  not  necessarily  connected  with  any  of  the  constituent  societies.     An 
Executive  Committee  hivs  been  ap]>ointed  consisting  of  the  followin;; 
members:    Sir  .Joseph  Thomson.  O.M..  P.R.S.  (Chairman).  Dr.  Dusald 
Clerk.  F.R.S..  Sir  Robert  Hadfield.  F.R.S..  Mr.  A.  D.  Hall.  F.R.S..  Prof. 
Herbert  .Jackson  (Hon.  Secretary).  Sir  Alfred  Keogh.  K.C. B..  Sir  Ray 
Lankester.  K.C.R.  F.R.S.,  Prof.  A.  Schuster.  See.  R.S..  Sir  .John  Snell, 
Prof.  E.  H.  Starlinc.  F.R.S..  Lord  Sydenham.  G.C.S.I..  F.R.vS..  Mr.  R. 
Tlirelfall.  RR.S.     The  first  meeting  of  the  board  was  held  on  July  20. 
when  im])ortant  <|nestions  relating  to  .scientific,  educational  and  industrial 
matters  were  under  ( onsideration.  with  a  view  to  taking  eilective  stej).*  for 
co-ordinatinj!  the  work  carriini  out  at  ])re.sent  by  a  number  of  independent 
bodies,  or  initiating  action  in  the  case  of  other  matters  of  national  imjior- 
tance. 


An  advertiser  reijuircs  a  wireless  telpgrapli  engineer  for  the  East. 

.\n  rdvertiscr  re(|uires  a  eaj'.nble  clectritr-l  engineer  for  works 
abroid.  citpiible  of  running  tliree-j)lii;so  a.c.  gcncrc-tors.  transfoinu-rs 
and  njotors. 


ARRANGEMENTS  FOR  THE  WEEK. 

I8t  LONDON  ENGINEER  VOLUNTEERS. 
Officer  Commandmi:.  Lieut. -Col.  C.  11.  CL.iV,  V.D. 

Orders  for  August. 

HeadquartcrH  and  Range. — The  headquarters  will  be  closed  during 
.Viipust,  except  on  Tuesday  evenings.  The  ranpe  will  be  open  on 
ThurMbiy  evenings  only.  On  these  evenings  the  Sergeant- Major 
will  1ak<"  charge  and  l>e  responsible  for  the  maintenance  of  order  and 
discipline.  Recruits  are  urg*^!  to  take  adv.intage  of  this  arrange- 
nuMit  for  drill  nn<l  shooting. 

Instruction  ("la.'vses. — Instruction  classes  at  RegiMicy -street  will  be  held 
as  usual  for  Platoons  Nos.  9  and  10. 

Camp. — The  cimp  at  Olford  will  be  available  until  Auc.  .31.  Members 
wis'unp  to  attend  should  enter  their  names  at  headquarters  on  the 
sheet  jirovidcd  for  the  pur)>ose.  The  cost  will  Ix'  about  .'Is.  per  day. 
Meml«'rs  shonlil  provide  themselves  with  two  blankets,  knife,  fork 
sjKHin.  plate,  mug  and  a  spare  pair  of  boots. 

EntnMiching. — .\«  many  memlnTs  as  possible  should  endeavour  to  attend 
the  Sunday  entn>nrhing  jvirades.  in  onler  that  \h^  work  to  be  done 
may  W  comjili'ti-d  as  e.>i]>editiouslv  as  possiblr.  Parade  in  uniform 
ns  usu.tI  at  Virtona  Station  (S.E.  &  C  Railway  i  liooking  Office. 
S  4."»  a.m.  Members  are  reminded  that  thi  »  hork  is  of  national 
inii-irlanre.  ar.d  therefore  all  who  are  able  to  put  in  Satunlays  or 
-lonal  week  da\T«  are  tirgeil  to  do  so.  They  .ire  reminded  that 
t  n.  y  can  obt;(ni  r.iilway  vouchers  from  the  booknig  clerk  by  showing 
their  cap  badge;". 
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ADAPTING  DIRECT-CURRENT  MOTORS  TO  CHANGED 

CONDITIONS* 

BY  H.  L.  SMITH. 

^Summary. — The  author  briefly  considers  the  theory  of  continuous- 
current  motors,  and  points  out  how  motors  constructed  for  working 
under  one  set  of  conditions  may  be  altered  so  as  to  give  satisfactory 
performance  under  other  conditions.  These  are  :  Operation  at  various 
speeds,  adjustment  of  regulation,  change  of  voltage,  speed  reduction  by 
resistance  in  the  armature-circuit,  reconnecting  the  armature,  and 
operation  of  the  motor  as  a  generator. 


It  is  frequently  desirable  to  change  a  direct-current  motor  so  that 
it  may  be  operated  under  different  conditions,  and  many  of  the 
changes  may  be  made  with  little  trouble  and  expense. 

The  theory  encountered  is  relatively  simple.  First  consider  some 
fundamental  principles  in  the  operation  of  a  direct-current  generator. 
The  field  poles  supply  a  stationary  magnetic  field,  cut  by  the  con- 
ductors on  the  revolving  armature  and  having  E.M.F.  generated  in 
them  directly  proportional  to  the  magnetic  flux  and  the  rate  of 
cutting,  and  which  may  cause  a  current  to  flow  through  the  armature 
and  external  circuit.  Whenever  a  current  flows  through  a  con- 
ductor in  a  magnetic  field,  a  force  is  exerted  tending  to  move  it  to 
one  side  or  the  other,  depending  upon  the  direction  in  which  the 
current  is  flowing,  relative  to  the  flux  and  directly  proportional  to 
the  flux  and  the  current  flowing.  When  conductors  in  the  slots  of 
an  armature  are  acted  upon  by  such  a  force,  a  turning  moment  or 
torque  is  produced.  In  a  generator  the  current  flows  in  the  same 
direction  as  the  E.M.F.  generated  by  the  armature  and  due  to  this 
a  torque  is  produced  which  opposes  rotation  ;  thus  external  power  is 


directly  as  the  flux  and  the  equivalent  air-gap  length,  and  is  plotted 
for  two  lengths  of  air-gap  in  Fig.  1.  The  m;igneti.sing  force  for  the 
iron  part  of  the  circuit  follows  no  direct  law,  but  defjend.s  on  the 
magnetic  density  and  material  and  is  represented  in  Fig.  1  as  added 
to  the  air-gap  line,  giving  the  solid  curved  line,  or  the  no-load 
saturation  curve.  When  operating  under  load,  the  armature  teeth 
and  pole  tips  become  more  or  less  saturated,  due  to  armature  re- 
action, and  the  flux  is  slightly  reduced.  To  get  an  idea  of  the  effect  of 
changing  the  air-gap  on  the  flux  and  excitation  consider  the  relation 
expressed  in  Fig.  1.  With  a  0-2.5  in.  air-gap  a  magnetising  force  of  oa 
ampere-turns  will  be  required  to  produce  the  flux  Oj,  while  with  a 
()-I25  in.  .-^ap,  only  ob  ampere-turns  will  be  needed  to  produce  the  .same 
flux.  Again,  keeping  the  excitation  constant  and  equal  to  oa  ampere- 
turns,  a  0-125  in.  air-gap  will  give  a  flux  equal  to  Oj- 

It  is  obvious  that  for  a  given  motor  operating  at  any  given  load, 
equation  (2)  reduces  to 


^m=  ^ 


i{E-IRi)W  x60] 


W. 


? 


l_K 

9      9 


By  this  equ-ation  the  flux  for  any  given  field  excitation  can  be 
reduced  to  speed,  and  plotted  as  such  against  field  ampere-turns. 
This  gives  the  curves  in  Fig.  2,  better  adapted  for  showing  the 
relations  of  speed  and  regulation,  readily  taken  by  test,  and  known 
as  the  shunt  regulation  curves.  From  the  equation  one  would 
expect  the  full-load  curve  to  fall  below  the  no-load.  It  may  or  may 
not.  depending  upon  the  relation  between  the  resistance  drop  in  the 
motor  and  the  reduction  in  the  flux  due  to  armature  reaction. 
Usually  the  full-load  curve  is  the  higher,  as  in  Fig.  2,  except  in  high 
voltage,  or  small  size  machines,  where  it  may  coincide  or  fall  lower. 
It  will  be  obvious  the  speed  can  be  changed  by  varying  the  field 


O  A  mpere  -  turns  per  Pole . 

Fro.  1. — Typical  Magnetisation  Curves. 


Arr.pere-turns  per  Pole. 
Fig.  2. — ^Typical  Shunt  Regulation  Curves. 


required  to  drive  the  armature  and  overcome  this  force.X  Since  the 
current  flows  in  the  same  direction  as  the  generator  E.M.F.,  the 
internal  resistance  drop  opposes  the  flow,  thus  the  terminal  E.M.F. 
is  equal  to  the  generated  E.M.F.  minus  the  resistance  drop.  In  the 
case  of^a  motor  the  line  E.M.F.  drives  the  current  through  the  arma- 
ture, •!  and  a  torque  is  produced  causing  rotation,  and  E.M.F.  is 
generated  in  the  same  waj?^  as  that  produced  in  a  generator.  In  this 
case  the  E.M.F.  opposes  the  flow  of  current.  Stability  is  reached 
when  the  difference  between  the  generated  voltage  or  counter  E.M.F. 
and  the  applied  E.M.F.  is  just  sufficient  to  allow  a  current  which  will 
produce  the  required  torque  to  flow  through  the  internal  resistance, 
i.e.,  internal  resistance  drop  plus  the  counter  E.M.F.  always  equals 
the^applied  E.M.F.     The  following  equations  show  this  : — 

in  a  generator  jE'=——- — -— - (1) 


In  a  motor,  i?„= 


60x108 
(.E-/i?i)108x60 


(2) 


Where  E=  terminal  E.M.F.,  /=armature  current,  .Ri= resistance 
of  armature,  commutating  and  series  coils,  ir,=series  conductors  on 
the  armature,  ^= number  of  poles,  9= magnetic  flux  issuing  from  one 
pole,  and  .R,„==revs.  per  min. 

The  fimction  of  the  field  coils,  both  shunt  and  series,  is  to  supply 
the  magnetising  force  necessary  to  produce  the  required  flux.  The 
magnetising  force  is  made  up  of  two  parts,  by  far  the  larger  being 
that  rec£uired  to  drive  the  flux  across  the  air-gap  and  which  varies 

*  From  the  "  Electric  Joumal,"  slightly  abbreviated. 


excitation,  the  air-gap  length,  or  both.  In  practice  the  field  ex- 
citation may  be  reduced  by  adding  resistance  in  the  shimt  field 
circuit,  but  can  only  be  increased  by  using  new  shimt  coils,  or  by 
increasing  the  E.M.F.  impressed  ujDon  them.  In  modem  machines, 
built  with  the  poles  bolted  to  the  frame,  a  considerable  adjustment 
in  the  aii--gap  is  possible.  The  poles  are  made  short  so  that  by 
inserting  steel  liners  next  to  the  frame,  different  air-gap  lengths  can 
be  obtained.  According  to  Fig.  2,  one  might  think  the  speed  could 
be  increased  to  the  desired  point  b)'  shmit  resistance  alone  and  the 
desired  speed  certainly  could  be  obtained,  but  speed  regulation  would 
probably  be  bad.  Speed  ratios  as  high  as  4:1  are  obtained  by  shunt 
field  control,  but  in  the  design  of  these  motors  special  attention  is 
given  to  the  regulation  at  high  speeds.  A  const  ant -speed  motor 
having  practically  a  flat  speed  curve  at  its  rated  speed  may  have  a 
decidedly  rising  characteristic  on  weak  field,  thus  it  is  imsafe  to 
depend  on  this  method. 

It  is  not  always  possible  to  distinguish  a  compoimd  from  a  shunt 
motor  by  its  series  coils,  for  it  is  the  practice  of  some  manufactm-ers 
to  supply  series  coils  on  the  shimt  machines  also,  except  in  the  case 
of  small  sizes  and  high-voltage  machines.  The  function  of  the  series 
coil  on  a  shunt  motor  is  to  ensure  stability  and  give  a  more  nearly 
flat  speed  curve.  In  Fig.  2  oa  represents  the  ampere-turns  supplied 
by  the  shunt  coil.  At  no-load  the  speed  will  be  x.  If  there  is  no 
series  coil,  the  full-load  speed  will  be  equal  to  z.  Plotting  these 
values  as  speed  curves,  as  in  Fig.  3,  it  is  found  that  the  speed  actually 
rises  with  the  loa,d  and  tends  to  produce  an  unstable  condition. 
Now,  if  a  series  coil  be  added  which  will  supply  ah  ampere-turns, 
there  is  a  total  of  oh  ampere-tm-ns  acting  on  the  pole,  which  will  give 
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a  speed  at  full-load  equal  to  y,  which  is  also  equal  to  .r  ;  thus  we  have 
a  flat  speed  curve  xy  in  Fig.  3,  which  is  desirable  for  a  shunt  motor. 
By  using  a  .series  coil  which  will  supplj'  ac  ampere-turns,  a  full-load 
speed  equal  to  v  is  obtained.  This  gives  a  drooping  characteristic 
{XV  in  Fig.  2)  desirable  in  a  compound  motor. 

Operation  at  Various  Speeds. — Next  to  be  considered  is  the  range 
over  which  the  speed  may  be  changed,  and  the  way  to  effect  this. 
Roughly,  the  change  in  the  air-gap  should  be  from  three  to  four 
times  the  percentage  oi  the  change  in  speed.  It  is  usually  possible 
to  change  a  speed  from  10  to  15  per  cent,  by  manipulation  of  the  air- 
gap  alone  where  the  iron  is  not  liighly  saturated.  When  a  higher 
speed  than  can  be  obtained  by  increasing  the  gap  alone  is  desired, 
it  may  be  permissible  to  add  such  a  resistance  to  the  shunt  circuit 
as  will  give  the  right  speed.  In  this  case  the  regulation  should  be 
checked  carefully  and  adjusted,  if  necessarj',  as  explained  below. 

Adjustment  of  Regulation. ^Yov  line-shaft  driving,  practically 
constant  speed  is  required  and  a  shunt  motor  should  be  used.  Other 
classes  of  work  require  drooping  speed  characteristics,  varjing  from 
the  standard  20  per  cent,  regulation  to  the  heavily  compounded 
bending  roll  motors,  which  have  only  enough  shunt  ampere-turns 
to  keep  them  from  running  away  at  no-load. 

Referring  again  to  Fig.  2,  it  is  obvious  that  if  there  are  oa  ampere- 
turns  at  no-load,  and  ob  ampere-turns  at  full-load  and  a  01 25  in. 
air-gap,  the  speed  curve  will  be  flat,  as  xy  in  Fig.  3.  Changing  the 
air-gap  to  0-25  in.  gives  a  no-load  speed  equal  to  u.  By  adding  series 
tuma  until  the  full-load  ampere-turns  equal  od,  a  speed  w  will  be 
obtained,  which  is  the  same  as  that  obtained  at  full-load  with  the 
smaller  gaj).  This  condition  gives  speed  curve  uy  in  Fig.  3,  a  com- 
pound characteristic. 

From  the  above  it  is  obvious  that  to  obtain  a  compound  charac- 
teri.stic  from  a  shunt  motor  the  air-gap  should  be  increased,  then  series 
turns  added  until  the  full-load  speed  is  the  same  as  it  was  before. 
Flexible  copper  cable  wound  over  the  shunt  coil,  and  tied  in  place, 
makes  a  very  good  series  coil.  It  is  easily  wound,  and  requires  no 
extra  insulation.     The  copper  section  should  be  about  the  same  as 
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that  of  the  old  (oils,  .so  as  to  ensure  no  overheat  ing.  When  changing 
from  a  componnd  to  a  shunt  characteristic,  a  smaller  gap  should  be 
Ufed,  and  then  ciuTent  .Hhuntod  out  of  the  series  coil  until  flat  speed 
curves  are  ol)tain< d. 

'ffprrntinv  III  Other  Vnlln<jps.—Vnvr\,\\\  a,  motor  is  guaranteed  to 
ojicrate  su<(  e-sfully  on  voltages  10  per  cent,  over  that  for  whicli  it 
is  rat^d.  It  has  been  «!iown  that  the  speed  varies  directly  as  the 
impressed  voltage  an«l  inversely  as  the  flu.x  ;  but  the  flu.\  also  chnn'.'es 
with  the  voltage,  although  it  i.s  not  a  direct  relation.  The  shunt 
ani]  eretums  do  vary  ditrctly  with  the  voltage,  but  the  flux  does  not 
follow  the  excitation  on  a<(i>u;it  of  the  .satunition  in  the  imn.  It  is 
obvious  that  if  the  flux  shoulrl  follow  a  'lirect  n>lati(»n.  as  in  the  case 
when  o]ienitinL'  on  a  weak  field,  where  practically  all  the  magnetising 
force  is  re()uire(l  for  the  air  gap  [.•<rF  air-gap  line  in  Fig.  I),  the  sjieoil 
shotild  remain  praetirally  constant  over  a  eonsid(>rabIe  range.  How- 
ever, motors  an-  tisually  operated  Well  \ip  on  the  curve  for  reasons 
of  stability  and  economy.  .«<>  this  direct  relation  of  exciting  voltage 
to  tlux  does  not  hold.  In  most  coses  the  flux  lags  considerably,  thus 
the  speed  \\\\\  follow  the  appliecl  voltage  more  or  les.^.  When  the 
voltage  is  not  to  exceed  2ti  to  2.")  p-r  cent,  over  or  un<ier  the  rattnl 
vahie.  it  Is  usuftUy  possible  to  change  the  nir-gap  and  obtain  the 
correct  speed.  Care  should  be  exorcised  when  o|iornting  at  an  over- 
voltage  to  note  the  tenijierature  of  the  shunt  coil  ;  it  will  vary 
approximately  as  the  square  of  the  voI1,age  so  it  may  not  be  |)o.<viihle 
to  operate  on  full  volt.vg(<  without  prohibitive  heating.  By  making 
a  full-I()ad  heal  nin  one  can  deterniiue  the  aiiioiMit  of  resistance 
necpsBary  to  keep  the  tempemtim'  down  to  a  safe  |»oint.  Take  WC 
tetnperature  rise  as  an  up]M'r  limit.  Wlu-n  a  machine  has  the  mini- 
mum air-gap.  and  the  shunt  coils  are  W)»rk(Hl  uj)  to  the  maximum 
allowable  temperature,  nothing  can  be  done  to  rediice  the  sjieoH 
except  to  \i.se  new  coils.  In  cawe  of  oprt-ating  at  a  voltage  htwer  than 
the  rated,   the   maximum  air-gap  should   lie  tised  and   shunt    lield 


resistance  inserted  until  the  rated  speed  is  obtained.     In  either  case 
it  may  be  necessary  to  re-adjust  the  series  coiJ. 

The  question  may  arise  how  to  change  a  motor  built  for  one  voltage 
so  as  to  operate  on  either  one  of  the  others.  A  230-volt  motor  may 
have  its  shunt  coils  connected  in  two  groups  and  paralleled,  then 
connected  across  a  115-volt  circuit.  In  this  case  the  voltage  per 
coil  has  not  been  changed,  thus  the  flux  will  remain  constant,  but 
the  speed  will  only  be  half  what  it  was  before.  This  can  be  brought 
up  to  the  normal  again  by  using  the  maximum  air-gap  and  reducing 
the  shunt  held  by  resistance.  When  operating  a  115-volt  motor  on 
a  230-volt  circuit  the  minimum  gap  should  be  used  and  the  shunt 
coil  worked  at  the  maximum  temperature.  This  probably  will  not 
bring  the  speed  down  to  the  rated  one,  but  it  is  the  best  that  can  be 
done  without  new  coils.  The  same  procedure  follows  when  changing 
from  one  circuit  to  another.  WTien  going  to  a  higher  voltage  use 
the  minimum  air-gap  and  shunt  field  resistance,  but  working  the 
coils  as  hard  as  possible.  When  going  to  a  lower  voltage  use  the 
maximum  gap  and  parallel  the  coils. 

ArmatureC'onditions. — At  low  speeds  the  ventilation  is  not  so  good, 
and  the  current  may  have  to  be  reduced.  If  a  115-volt  motor  be 
operated  on  a  230-volt  circuit  the  horse-power  will  be  doubled, 
although  the  sj.ecd  has  been  kept  nearly  the  same.  The  reverse  is 
true  of  a  230-volt  motor  on  a  115-volt  circuit. 

Speed  Reduction  by  Means  of  Resistance  in  the  Armature  Circuit. — 
Equation  (2)  shows  that  the  speed  still  depends  on  three  terms  : 
(E—IRi).  W,  and  p.  The  number  of  poles  caimot  be  changed,  and 
W,  is  a  function  of  the  armature  winding  and  not  very  readily 
changed.  The  line  voltage  is  also  a  constant.  From  the  equation 
it  is  obvious  that  by  increasing  R^  the  speed  at  any  load  will  be 
decreased,  but  that  the  no-load  speed  will  remain  the  same.  Since 
i?i  is  internal  resistance,  or  the  resistance  of  the  armature,  com- 
mutating  and  series  coils,  it  camaot  be  increased  ;  but  an  external 
resistance  /fo  can  be  connected  in  series,  which  has  the  same  effect ; 
thus  the  term  becomes  £■— /(/?i-J-i?2).  Since  the  speed  varies  as 
(E—IR)  or  the  counter  E.M.F.,  the  ratio  can  be  obtained  as  in 
equation  (3) — 


R 


"I. 


E-I,R, 


R,„,     E-I^(R,+R^)' 


whence 


/?.,= 


(3) 


(4) 


Where  /f,„,  =  present  full-load  speed,  i?„2=  desired  full-load  speed, 
i?2=necessarv  resistance  to  be  put  in  the  armature  circuit,  I^= 
annature  amperes  at  full  load,  and  /2=armature  amperes  at  desired 
load. 

Equation  (4)  gives  an  expression  for  determinmg  the  amount  of 
external  resi.-itance,  to  be  added  to  the  armature  circuit  to  give  a 
desired  sj)eed  reduction.  Besides  poor  regulation,  there  is  a  con- 
siderable loss  in  the  e.xtemal  resistance,  which  lowers  the  efficiency. 
In  sjjite  of  these  drawbacks  it  is  often  profitable  to  use  this  method 
of  s|K*ed  reduction  where  the  load  is  practically  constant  and  the  low 
speed  is  only  needed  at  intervals.  About  the  only  requirement  for 
this  external  resistance  is  to  be  able  to  radiate  the  heat  generated 
without  exce,ssive  rL^e  of  temperature. 

Reronnefting  the  Armature. — To  get  the  best  economy  of  material 
and  the  most  eni<ient  ojieration.  the  flux  should  be  kept  constant 
and  the  series  coiuluctors  on  the  armature  changed,  so  as  to  meet 
the  various  nM|uirement8  [see  equation  (2)].  For  example,  take  the 
question  of  open'tJug  a  115-volt  motor  on  a  230-volt  circuit.  If  the 
armatuie  conductors  lie  doubled  and  the  copper  section  made  half 
that  uw»«l  before,  the  spee<l  and  horse-power  output  will  remain  the 
SJimv      n  '  II  only  carry  half  as  much  curn-nt  as  iK'fore. 

but  the  iiM  IS  doubled,  so  the  watts  input  will  remain 

constant. 

.Ath<ui(;h  chautuig  the  numiier  of  conductors  on  an  armature  is 
the  ideiil  method,  it  is  also  the  most  difficult  to  accomplish.  It  is 
only  in  a  few  ver\-  special  ca.ses  that  an  armature  can  be  reconnected. 
Sometime."  it  is  ]ossil)|e  to  obtain  new  coils  fn>in  the  manufacturer, 
but  it  is  mori'  often  the  case  that  the  desired  number  of  conductors 
con  only  be  i>bf  aine<l  with  a  difi^erent  number  of  slots  and  commuta- 
tor bars.  With  thi'  u.'-e  <  f  (xmmutatin'i  jjole.s  another  complication 
enters.*  For  any  chiuige  in  a  numlier  of  armature  <  onductors  there 
must  be  a  com»sp«mding  change  in  the  commutating  ix>le  coil.  Thi« 
usually  mpflnn  new  coils.  Tliere  are  a  number  of  other  considerations 
that  also  enter,  such  as  brush  density,  maximum  voltage  per  com- 
mutator bar.  .^c.  For  instance,  to  maintain  the  .same  bni.sh  density 
in  chflniina  «  ra*"huie  from  230  to  ll.'i  volt.s.  twice  .■vs  mi>ny  brushes 
must  l»r  use<l.  which  moaru*  twice  as  long  a  commutator  ;  whereas 
chani:  '  m  volts  with  the  same  maximum  voltatre 

•  .sv,  ■■'1"li.oT\  •  ;  I  'MumntAtioii  an*!  Its  .\ppliratioii  to  Iutor|>ole 
Murhine--. 'by  Mr.  IV  i;.  Ijtmmp.  \n  "  Transactions,"  Am.  Inst.  E.E.,  I'-'H- 
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between  bars  requires  twice  as  many  commutator  bars.  It  is  best 
to  refer  to  the  manufacturer  when  any  change  to  the  armature  is 
contemplated. 

Operation  of  the  Motor  as  a  Generator. — When  the  attempt  is  made 
to  operate  a  motor  as  a  generator  trouble  is  encountered  in  obtaining 
the  required  voltage  at  full  load.  This  is  not  a  fault  of  the  machine, 
but  is  an  inherent  quality  in  the  design.  In  the  case  of  a  generator 
the  line  E.M.F.  is  equal  to  the  E.M.F.  generated  by  the  armature 
minus  the  resistance  drop,  while  in  a  motor  the  line  E.M.F.  equals  the 
armature  E.M.F.  plus  the  resistance  drop.  According  to  this,  one 
would  e.xpect  the  terminal  voltage  at  full  load,  of  the  motor  operating 
as  a  generator,  to  be  lower  than  the  rated  motor  voltage  by  twice  the 
resistance  drop,  assuming  the  speed,  armature  current  and  flux  as 
remaining  the  same.  The  flu.x  will  not  remain  constant  on  account 
of  the  reduction  of  the  voltage  over  the  shunt  coil,  so  that  the  terminal 
E.M.F.  will  fall  still  lower.  In  order  to  raise  this  voltage  the  first 
thing  to  do  is  to  obtain  the  minimum  air-gap  ;  the  speed  at  full  load 
should  then  be  noted  running  as  a  motor  with  the  series  coils  cut  out. 
The  following  equation  will  then  determine  the  speed  at  which  it  will 
be  necessary  to  operate,  so  as  to  obtain  the  desired  voltage  at  full 
load,  running  as  a  shunt  generator.  It  is  well  to  increase  this  speed 
slightly  so  as  to  have  some  latitude  for  overloads. 


^"'3     ^"'\E^-IR,) 


(5) 


Where  i?„,j=speed  when  oj^erating  as  a  generator,  i?,„j=speed  when 
operatijig  as  a  motor  with  the  series  field  cut  out,  £'3= terminal 
voltage  at  full  load,  operating  as  a  generator,  jE'i=line  voltage  as  a 
motor,  /=armature  current,  and  i?i  =  internal  resistance. 

When  operating  as  a  compound  generator  the  series  coils  should  be 
adjusted  so  as  to  give  the  required  compounding. 

The  changes  as  just  considered  apply  to  cases  where  the  generator 
voltage  is  to  be  equal  to  or  higher  than  the  voltage  as  a  motor.  For 
instance,  a  115-volt  motor  operating  as  a  125-volt  generator,  or  a 
230-volt  motor  as  a  250-volt  generator.  Equation  (5)  is  based  on  the 
assumption  that  the  shunt  excitation  remains  the  same.  This  will 
only  be  true  when  a  shunt  field  rheostat  is  used.  Since  it  is  not 
necessary  that  the  shunt  excitation  be  increased  beyond  what  it  was 
as  a  motor,  the  temperatures  should  not  change.  When  it  is  wished 
to  operate  a  230-volt  motor  as  a  125-volt  generator  it  is  usually 
sufficient  to  keep  the  same  speed  and  air-gap,  for  the  flux  will  not 
decrease  as  fast  as  the  shunt  excitation,  on  account  of  saturation. 
The  output  as  a  generator  will  be  equal  to  the  ampere  rating  as  a 
motor  multiplied  by  the  voltage  rating  as  a  generator. 

It  may  thus  be  taken  as  a  general  rule  that  for  successful  operation 
of  a  motor  as  a  generator  the  speed  must  be  increased.  In  certain 
cases  this  may  not  be  necessary,  for  the  decrease  in  the  air-gap  may 
compensate  for  the  difference.  This  should  be  no  very  great  draw- 
back, however,  for  with  belted  machines  the  speed  can  be  easily 
varied  by  use  of  different  pulley  ratios. 

Mechanical  Limitations. — When  increasing  the  speed  of  any  motor 
or  generator  great  care  should  be  exercised  not  to  allow  the  speed  to 
exceed  the  limit  of  sa.fe  o}:eration.  It  is  not  merely  a  question  of 
the  band  wires  or  wedges  withstanding  the  stresses  due  to  centrifugal 
force,  but  also  the  rigidity  of  the  coils.  The  insulation  is  more  or  less 
plastic,  and  when  imder  stress  the  coils  will  shift  slightly,  which  will 
throw  the  armature  out  of  balance.  An  armature  designed  for  high 
speed  will  not  only  have  heavier  banding,  but  the  coils  will  be  braced 
by  coil  supports.  At  high  overspeeds  it  is  also  found  that  the  com- 
mutator bars  will  deflect  a  certa.in  amount.  This  distortion  will 
reduce  the  brush  contact  and  cause  bad  commutation.  Usually  the 
factor-of-safety  is  so  large  that  a  25  per  cent,  increase  in  speed  will 
be  perfectly  safe.  Any  greater  increase  should  be  discussed  with  the 
manufacturer. 


IRON  LOSSES  IN  DIRECT  CURRENT  MACHINES.* 

BY   B.    G.    LAMME. 

[Concluded  from  page  635.) 

Summary. — The  Paper  discusses  the  various  losses  taking  place  in  the 
rotating  parts  and  magnets  of  a  generator.  It  is  shown  that  it  is  prac- 
tically impossible  to  calculate  the  loss  even  at  no-load  with  any  degree  of 
accuracy. 


Pole-face  Losses  at  No  Load. — It  is  weU  known  that  with  open-slot 
armatures  there  are  considerable  losses  in  the  field  pole -faces,  due 
to  the  bunching  of  the  magnetic  flux  from  the  armature  teeth  to  the 
pole  face,  the  action  of  the  armature  teeth  thus  resembling  the  small 
poles  of  an  inductor-type  alternator  in  which  the  pole-face  to  a  small 

*  Abstract  of  a  Paper  read  before  the  American  Institute  of  Electri- 
cal Engineers. 


depth  serves  the  function  of  the  armature  core.  The  amount  of  this 
loss  has  often  been  under-estimated,  especially  in  machines  with  rela- 
tively small  air-gaps  compared  with  the  width  of  the  armature  slots.  In 
Fig.  4,  a  represents  the  width  of  one  armiture  tooth,  h  represents  the 
width  of  one  armature  slot,  g  represents  the  single  air-gap  iron  to 
iron.  In  the  lower  diagram,  which  repre.sents  the  flux  distribution  in 
the  air-gap,  B,,  represents  the  flux  density  in  the  armature  teeth, 
and  Bb  the  minimum  flux  density  op7»osite  the  centre  of  the  .slot. 

Then  a  X  6a = the  total  flux  under  one  tooth  fwir  unit  width  of  core, 
and  b{Ba—Bi,)c=the  total  decrease  in  flux  over  the  space  covered 
by  one  slot,  c  represents  the  average  height  of  the  curve  def  in  Fig.  4. 
If  the  curve  w^as  sine-shaped  the  value  of  this  would  be  0-636,  and  in 
practice  this  does  not  differ  greatly  from  the  figures  oVjtained.  For 
instance,  in  a  V-shaped  curve  this  would  be  equal  to  c-5,  and  a 
circular  shape  would  give  at  the  other  extreme  c=0-784,  conse- 
quently the  value  would  lie  somewhere  between  these  two.  In 
calculating  the  effective  gap  from  the  above  diagram  and  assumptions 
the  following  equation  would  be  obtained : 

Increased  gap  g'=g-{-l/{l—bc(Ba—Bb)l{a-\-b)Ba]. 
Carter's  equation  is  g'=gx  l/{l—bk/(a-rb)'^. 
Comparing  these  two  formulae,  it  is  evident  that 

]c=(Ba-Bb)c/Ba. 

An  extremely  close  approximation  to  k  can  be  obtained  from  the 
empirical  formula, 

k=b/g/5+b!g. 

This  agrees  closely  with  Carter's  ec^uation  over  almost  the  entire 
range.     Consequently  we  obtain  the  equation, 
Bb/Ba=l-b/c{5g+b). 

This  gives  a  ratio  of  the  flux  density  at  the  middle  of  the  slot  to  the 
flux  density  under  the  tooth.  As  an  example  of  what  this  value  may 
be,  assume  that  a=b,  and  that  g  is  equal  to  0-25  times  b  (which  is  not 
unusual  for  induction  motors),  let  c=0-635,  then  the  ratio  of  b  to  ba 
=0-3  of  the  density  in  the  middle  of  the  slot  is  only  0-3  of  that  under 


Fig.  4. 

the  tooth.  This  analysis  is  only  given  to  furnish  a  means  for  deter- 
mining the  possible  variations  in  the  flux  density  which  may  be 
obtained  with  open  slots,  but  the  difficulty  in  determining  a  workable 
formula  is  very  considerable.  For  instance,  the  thickness  of  the 
lamination  or  material  of  the  pole-face  may  have  an  influence.  One 
formula  for  this  loss  given  by  Prof.  C.  A.  Adams  is  very  complex,  but 
a  simple  formula  for  laminated  pole-faces  is  as  follows  — 
Watts  loss={15bE'/CfWs-gL)xVSc/Rsg, 
E  the  generating  voltage,  b  width  of  slot,  g  single  air  gap,  Ws  arma- 
ture wires  in  series,  L  the  wdth  of  pole-face,  Cf  field  form  of  constant 
and  Sc  total  slots  space  equal  to  the  width  of  slot  by  number  of  slots. 
This  formula  is  necessarily  approximate  and  applies  only  to  lam- 
inated pole-pieces  where  the  laminations  are  0-031  in.  In  the  follow- 
ing table  are  given  some  losses  in  various  machines,  ;  nd  although 
some  of  the  calculated  values  appear  to  agree  fairly  closelv  ^"ith  the 
test  totals  these  are  purely  accidental  and  must  not  be  taken  as  proof 
of  any  great  accuracy  in  the  methods.  It  is  ob\ious  from  the  table 
that  the  pole-face  loss  may  be  comparatively  high  in  some  cases. 
If  this  loss  could  be  calculated  with  any  great  accaracy  the  design 
of  the  machine  might  bo  considerably  modified,  compared  ^^■ith  more 
recent  practice,  w'th  advantageous  results.  They  are  greatly  in 
creased  with  load,  and  eddy  currents  in  the  copjier  are  also  affected 
by  field  distortion,  corrected  methods  of  calcidation  for  tliis  loss 
would  mean  a  considerable  modification  in  the  proportioning  of 
direct-current  machines  in  general. 


Kw. 


E.M.F. 


200 
750 

1,000 


250 
550 
600  \ 
700/ 


Rcv.=. 
per  min. 


No.  of 
poles. 


No.  of 
slots. 


1,150 
514 

514 


6 
10 

10 


64 
200 

140 


Calculated 
total  losses 


9,420 
14.290 
930 
300 


\61,3( 


Test  total 
losses. 


S.oOO 
14,000 
30.800 
62,500 


660 


THE  ELECTRICIAN,  AUGUST  18,  1916. 


Strmj  Losses.— Theae  may  include  secondary  losses  in  the  armature 
windings  due  to  unsymmetrica!  cross-connections  or  unbalanced 
\oltages  in  parts  of  the  winding  which  are  connected.  It  is  always 
advisable  to  use  windings  which  are  as  symmetrical  as  possible. 
Another  source  of  loss  is  short-circuiting  of  tlie  coils  and  the  arma- 
ture winding  under  an  active  lield.  The  third  condition  which  may 
occur  is  when  there  are  considerable  pulsations  in  the  reluctance  in 
the  air-gap  under  the  main  poles  as  the  armature  teeth  move  under 
the  poles.  Armature  coils  short-circuited  by  the  brushes  will  act 
as  secondaries  to  these  pulsating  fluxes.  In  consequence  there  may 
be  some  loss  in  the  short-circuited  coils  due  to  this  cause.  Any  solid 
parts  of  the  yoke  or  poles  may  al.so  have  losses  due  to  this  cause.  The 
fourth  source  of  loss  may  rise  from  stray  flux  from  the  main  fields  to 
the  armature  which  do  not  pass  from  well-laminated  parts  of  the 
armature  core.  For  instance,  ventilating  spacers  may  be  so  dimen- 
sioned and  shaped  that  eddies  can  be  set  up  in  them.     The  finger 


Fig.  5. 

plates  at  each  end  of  the  core  and  end-i)lates  may  jjroduce  some  loss. 
Hands  on  the  armature  or  at  the  ends  may  also  be  the  seat  of  E.M.F. 
and  will  have  some  loss  in  them. 

Full  Loftd  Losses. — The  effects  of  flux  distortion  by  the  armature 
magnetomotive-force  exaggerate  the  pole-face  losses  as  well  as  those 
in  the  armature  copper.  These  are  the  two  relatively  large  losses 
most  difficult  to  calculate  at  no  load.  ALso  commutation  and  brush 
losses  (hie  to  load  now  enter  into  the  problem. 

Armature  Ring  Loss  Willi  Load. — It  is  evident  from  Fig.  5  that  the 
flux  is  crowded  towards  one  j>ole  edge,  and  therefore,  for  the  most 
jiart  concentrated  in  a  narrow  space.  The  average  length  of  the 
flux  path  may  be  greater  than  at  no  load,  but  in  some  cases  this  tends 
to  (listritditc  the  flux  more  uniformly  through  the  dejith  of  the  ring 
where  the  flux  enters  the  core  at  the  ba.sc  of  the  tootii.  There  will 
be  slightly  more  crowding  and,  therefore,  somewhat  increased  lo.ss. 
Taking  everything  into  consideration,  it  would  ajijiear  that  the  arma- 
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turc  ring  ins.**  is  j)racticftlly  indei»Midcnl  of  variation  in  load.  I)ut  in 
varial)Ie-siM'cd  machines  it  IH  difHcult  to  calculate  the  loss  with  any 
degree  of  accuracy. 

AniKilinr  Toolh  Losses  \\  illi  Lornl.-  The  inen^ised  den.sity  in  the 
arn\ature  tooth  mean.s  increased  in»n  loss, and  if  the  distortion  is  vorj* 
great  the  increase  in  tooth  hiss  u\i\\  W  very  large,  nonietimes  being 
three  times  as  great  as  the  no-load  tooth  loss.  No  direct  rule  can  be 
given  for  tlie  ealeiilation  of  thi.M  lo.ss  except  that  it  may  be  deter- 
mined jipproxiniatelv  by  eal.ulating  the  flux  di.-trilMition  with  loail 
(Mid  tlius  deteiiiuniug  the  tlux  densities  in  the  t'".th.  In  variable- 
sp<<(  d  inaeliines  the  tooth  loss  with  load  will  beafTe<  tod  very  con.sider- 
alilv  I'V  changes  in  both  sju'ed  and  total  thixo.  With  low  field 
luiigiietomotive-foree  tiie  distortion  may  Im>  so  great  astogivea  double 
]H>ak  as  indicated  in  Fig.  «.  This  doul>le  ix<ak  gives  the  efTcct  of  a 
<ioublo  frequency  and  thus  further  increases  the  loss. 


Eddy  Losses  in  Copper. — xTie  amount  of  loss  may  be  calcidated 
approximately  by  using  the  formula  already  given  for  no-load  con- 
ditions, but  witli  the  ampere-turns  in  the  teeth  based  on  the  new- 
conditions.  The  results  are  startling  when  applied  to  some  of  the 
old  type  machines.  Calculations  show  that  in  .some  cases  the  eddy 
current  lo.ss  on  heavy  load  was  .several  times  greater  than  at  no  load. 
This  is  true,  but  to  a  less  extent,  in  more  modem  tyjjes  of  macliines. 
The  practice  of  cutting  off  pole  comers  without  regard  to  lield  form 
on  load  was  largely  for  the  purpose  of  correcting  commutation  and 
not  to  obtain  best  lield  form,  but  the  best  result  would  be  obtained 
by  reducing  distortions  as  much  as  po.ssible. 

Pole  face  Losses  With  Load. — A  rough  approximation  for  the  m- 
creased  iron  loss  can  be  obtained  bj'  comparing  the  squares  of  the 
densities  at  .several  jjoints  along  the  distorted  field  form,  with  the 
squares  of  the  densities  of  the  no-load  field  form  corresix>nding  to 
the  total  induction. 

Strai/  Losses. — The  lo.s.ses  at  no  load  may  be  much  exaggerated  by 
load.  Also  other  lo.s.ses  may  appear  which  are  not  found  at  no  load. 
Copper  lo.ss  due  to  short-circuiting  would  be  more  pronounced, 
particularly  in  non-commutating  pole  machines.  Also  the  effect 
of  variable  reluctance  in  the  air-gap  is  greater  than  at  no  load  and 
consequently  pulsations  of  the  main  field  flux  may  cause  more  loss 
in  the  short-circuited  armature  coils.  Stray  fluxes  from  the  main  ix)les 
will  be  distributed  adversely  from  the  no-load  condition,  and  the 
densities  of  these  stray  fields  may  be  considerablj-  higher  and  thus 
give  increased  lo.sses.  Bands  or  supporting  parts  or  other  .sofid 
metal  rotating  with  the  end  Avinding  may  cut  these  stationary  fields 
of  flux  and  thus  lasses  may  be  set  up  which  are  a  function  of  the  load. 
Another  source  of  loss  may  be  found  in  the  operation  of  commutatio:i 
itself.  At  the  ix)int  of  commutation  the  flux  is  reversed  in  direction 
with  resjiect  to  the  armature  conductors,  and,  therefore,  there  will 
be  local  currents  set  up  in  the  armature  copi^er  itself  due  to  this 
action. 

The  above  dissertation  has  somewhat  complex  conditions,  such  as 
the  effect  of  j)ulsations  in  flux  sujierposed  on  high  densities,  displaced 
minor  hysteresis  loops,  &c.,  wliich  mean  additional  losses. 


LONG-DISTANCE   AND   CABLE   TELEPHONY   (UNDER- 
GROUND AND  SUBMARINE).* 

BY  B.  S.  COHEN  AND  J.  G.  HILL. 

(Continued  fro)n  p.  629.) 

Loxci-DisTAXCE  Underground  Telephony. 

27.  It  may  be  remarked  at  once  that  unloaded  conductors  in  air- 
space jiajjcr  cal)les  are  in  the  present  state  of  our  knowledge  quite 
unsuital)le  for  long-distance  telephony.  The  com])arative  sjieaking 
range  of  such  caliles  is  only  of  the  order  of  a  quarter  of  that  of  wires 
of  equal  gauge  in  atrial  lines,  .'-o  that  they  may  be  left  out  of  con- 
sideration for  this  pur|K)se. 

28.  In  recent  years,  however,  the  efficiency  and  reliability  of 
loading  coils  have  l>een  so  much  improved  that  it  becomes  a  question 
of  interest  and  utility  to  compare  the  advantages  and  d  sadvantages 
of  underground  cables  and  aerial  lines  from  the  }X)int  of  view  of  loi\g- 
distance  telephone  c(uiimunication.  The  question  can  with  advan- 
tage be  viewed  from  the  following  jwints  : — 

(fi)  A  comparison  of  the  transmi.s.sion  efficiency  of  conductors  of 
the  same  gauge  in  iU'rial  lines  and  underground  cables;  {l>)  the 
ix)ssibility  of  obtaining  relial)le  su|)er]>osed  or  phantom  circuits  in 
the  two  eases  ;  (r)  n  coni])a-ison  of  the  reliability  of  service,  and 
degri'c  of  fni  dom  fn>m  extraneous  sources  of  inductive  disturbance. 

2it.  .\s  n-ganls  (n)  the  minimum  attenuation  constant  which  can 
l)e  ol)tJiined  in  the  case  of  Ixith  underground  and  overhead  circuits  is 


\crv  Ilea 


rh 


a/  f'fi(  ,'+7;)  per  u"it  lengtl 


Where  ('  is  the  Cajiacity  of  the  circuit  per  unit  length. 
,.      /?      ,.       Re.sjstance  „  „  „ 

,.      G      ..       l>'akan(>c  „  „  ,. 

,.      L,     ..       Inductance  of  loading  coil. 

..      liy     ..       KfTective  resistance  of  loading  coil  at  a  frequency 
of  8(Xt  ]>eriods  jxr  second. 
30.  Tlic  HBtural  induetance  of  the  circuit  is  neglected  to  make  the 
comparison   simple,   and   this   involves  only  a   small   error.     The 

•  .\  P.ii*r  prp]nrixl  for  prc«ont!»tion  at  the  International  Telecraph 
and  Triephonr  F.ii(:iiicrr<»"  ('onfcrence.  Berne,  ."^cpt..  15tl4.  ahandoLotl 
owing  to  the  ontliff.ik  of  war.  Reproducefi,  with  jiormission,  from  the 
Post  Office  Bectriral  Engircer»"  "  Journal." 
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capacity  in  an  overhead  licavv  gauge  line  is  approximately  0-01  mfd. 
per  mile.  In  an  underground  air-spaje  cable  it  may  be  taken  as 
0-065  mfd.  per  mile. 

31.  For  underground  work  a  coil  having  a  resistance  of  3.3  ohms  per 
henry,  or  Bi/Li  =  35  is  available  and  a  value  of  C/G=20  can  be 
obtained.  The  best  value  for  an  aerial  coil  in  England  is  7^j/Lj  =  2;'3. 
Adopting  these  values  as  practical  figures  and  comparing  the  formula; 
for  the  minimum  attenuation  constants  we  have 


Underground\/i?  X  0-065  X  10-6  35 4. 20 


Open  (approx.)     / RxQ-Ol  X  10-«(^25+- 


^      /6-5  X  55  /  357- 

V    25+-      V  25+ 


357-5 
G 
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32.  From  this  it  will  be  seen  that  if  the  value  of  G/C  in  the  aerial  line 
becomes  332-5  (0-3  megohm  per  mile,  or  0-18  megohm  per  kilometre) 
the  underground  line  is  theoretically  as  efficient  as  the  overhead  line, 
even  when  the  latter  is  loaded,  if  coils  of  the  type  supposed  are  used. 

33.  These  figures  have,  however,  merely  been  given  as  an  approxi- 
mate illustration,  as  the  figures  given  for  the  coils  are  purely 
arbitrary.  In  many  cases  overhead  lines  having  a  much  higher 
insulation  than  half  a  megohm  per  kilometre  are  available,  but  other 
factors  require  to  be  taken  into  account  in  favour  of  underground 
lines.  It  should  here  be  emphasised  that  the  winter  insulation  of  an 
open  line  should  be  selected  for  comparison. 

34.  Superposed  circuits  on  long  overhead  lines  are  not  found  to 
be  satisfactory  in  England  owing  to  difficulties  in  maintaining  an 
electric  balance  of  the  four  wires  making  up  the  superposed  group, 
especially  in  winter  weather.  Extraneous  sources  of  disturbance 
on  such  circuits  are  also  much  more  difficult  to  eliminate  than  on 
ordinary  direct  telephone  loops. 

35.  In  underground  circuits  the  position  is  quite  different.  If  the 
four  wires  making  up  the  superposed  or  phantom  group  can  be 

'  electrically  balanced  in  the  first  instance,  there  is  a  favourable  jjros- 
pect  of  satisfactorily  maintaining  the  balance,  and  also  of  excluding 
extraneous  sources  of  disturbance.  Moreover,  although  superposing 
involves  an  increase  of  resistance  in  the  direct  or  "  side  "  circuits, 
owing  to  the  introduction  of  the  additional  coils  required  to  load  the 
superposed  circuit,  this  may  be  more  than  counterbalanced  bj^  the 
fact  that  the  capacity  of  the  superposed  circuit  is  materially  less  than 
that  of  the  side  circuits. 

36.  Experiments  made  on  underground  air-space  paper  cables  laid 
and  jointed  without  special  precautions  being  taken,  have  shown  that 

I  loaded  superposed  circuits  pro\ided  in  this  way  are  subject  to  marked 
[overhearing,  and  are  not  commercially  workable. 

37.  In  view  of  the  imijortance   of  this  subject,   an  exhaustive 
[investigation  has  been  made  by  the  British  Post  Office  into  the 

conditions  necessary  to  ensure  satisfactory  phantom  working  in  such 
I  cables.  (-See  article  by  Mr.  S.  A.  Pollock  in  the  Post  Office  Electrical 
I  Engineers'  "  Journal  "  for  April,  1914,  entitled  "  Balancing  of  Tele- 
I  phone  Cables  which  Require  to  be  Loaded  for  Superimposed  Working.") 

38.  It  is  necessary  that  the  insulation  of  such  cables  shall  be  of  a 
high  order,  and  that  the  resistance  of  the  conductors  in  a  given 

j  loading  combination  of  four  wires  shall  be  well  balanced.  The 
I  inductance  of  the  loading  coils  must  also  be  carefully  balanced  in  all 
the  combinations  in  which  they  are  to  be  used,  and  they  must  be 
practically  free  from  cross-talk.  These  matters  can  be  attended  to 
in  the  process  of  manufacture  by  reliable  contractors,  but  it  has  not 
been  found  possible  to  obtain  during  manufacture  a  sufficiently  close 
capacity  bala,nce  among  the  four  wires  forming  the  superposed  group 
to  permit  of  superposed  loaded  circuits  being  provided.  Special 
capacity  tests  are,  therefore,  made  before  the  jointing  of  the  different 
lengths  of  cable  to  each  other  after  they  are  laid. 

39.  The  method  adopted  in  England  is  to  measure  the  effective 
capacity  of  the  wires  to  each  other  in  all  the  combinations  in  which 
they  can  be  connected,  and  in  every  length  laid  (one-tenth  of  a  mile). 
Afterwards,  by  inspection  of  the  measured  capacities,  those  wires  arc 
selected  for  jointing  which  will  give  the  best  balance  among  the  three 
circuits  in  the  superposed  group,  on  a  section  half  a  mile  in  length. 
These  sections  are  then  similarly  retested,  and  ultimately  the  neces- 
sary number  are  jointed  together  to  form  a  loading  coil  section,  i.e., 
the  length  of  cable  between  two  consecutive  loading  coils.  The 
testing  apparatus  used  must  be  of  high  accuracy,  and  as  it  is  used  in 
the  open  air  the  question  of  insulating  the  apparatus  necessitates 
special  precautions. 

40.  Finally,  speech  tests  are  made  to  verify  that  the  required 
-absence  of  cross-talk  has  been  attained. 

41.  The  capacity  tests  can  be  made  much  more  quickly  than  would 
appear  at  first  sight,  indeed  almost  as  quickly  as  they  can  be  written 
down. 


42.  The  result  of  the.se  precautions  is  that  phantom  working  on 
loaded  circuits  is  now  prac-tic-abJc. 

43.  From  the  point  of  view  of  reliability  and  continuity  of  senice, 
and  also  freedom  from  external  .sources  of  disturbance,  underpround 
conductors  are  enormously  superior  to  overhead  lines,  and  indeed 
this  asjiect  of  the  question  may  be  a  powerful  factor  in  deciding  ad- 
ministrations to  place  telephone  circuits  underground  in  the  future 
.  s  far  as  po.ssible. 

44.  In  England  a  loaded  and  superposed  cal^le  is,  at  the  time  of 
writing,  being  laid  between  London  and  Binningham,  a  distance  of 
113  miles  (181  km.),  and  thence  to  Liverpool,  a  further  distance  of 
90  miles  (144  km.),  the  circuits  are  for  the  mo.st  part  provided  for 
service  between  the  cities  of  London,  Birmingham  and  Liveryxjol, 
but  the  cable  between  London  and  Liverpool  contains  two  pairs  of 
300  lb.  conductors  (3-49  mm.  diameter).  These  circuits  will,  it  is 
confidently  expected,  be  quite  as  efficient  as  300  lb.  aerial  conductors* 

45.  There  can  be  no  doubt  that  a  large  part  of  the  trunk  telephone 
traffic  over  moderate  distances  will  in  the  future  be  conductetl  on 
loaded  underground  conductors. 

LoNG-DlSTANCE  AND  CaBLE  TeLEPHONY. 

46.  Submarine  Telephone  Cables. — Unloaded  telephone  circuits 
in  submarine  cables  are  much  less  efficient  than  such  circuits  in 
underground  air-space  paper  cables  ;  and  are,  of  course,  inferior  in 
a  much  greater  degree  to  unloaded  aerial  circuits.  The  reason  is  at 
once  apparent  if  the  four  constants  of  the  cable  are  examined  and 
comjiared  with  those  of  underground  and  aerial  lines.  The  resist- 
ance is  the  same  in  all  cases.  The  inductances  of  the  submarine 
cable  and  underground  cable  are  similar,  but  both  are  materially 
less  than  that  of  open  lines.  This  point  is  not,  however,  very  im- 
portant, as  will  appear  later.  The  value  G/C  in  pure  gutta-percha 
cables  is,  however,  of  the  order  of  120  at  a  frequency  such  that 
27r/=5,000,  whereas  in  paper  cables  it  can  be  reduced  to  G;C=20  or 
less.  The  inferiority  of  gutta-percha  in  this  important  respect  has 
led  expert  manufacturers  to  make  researches  with  the  view  of  finding 
a  material  having  a  lower  value  of  G/C.  Messrs.  Siemens  Brothers 
&  Co.,  London,  have  succeeded  in  producing  a  dielectric  consisting 
of  a  variety  of  gutta-percha  which  has  a  value  of  G/C  not  exceeding 
20,  and  the  British  Post  Office  has  at  the  present  time  three  sub- 
marine cables  insulated  by  means  of  this  dielectric,  and  a  fourth  in 
process  of  construction.  The  capacity  of  a  submarine  cable  is,  how- 
ever, much  greater  than  that  of  air-space  paper  cables,  and  very 
much  greater  than  that  of  open  lines.  In  this  fact  its  relative 
inefficiency  lies.  Moreover,  owing  to  the  fact  that  gutta-percha  is 
the  most  expensive  material  in  the  cable,  the  greatest  transmis.sion 
efficiency  for  a  given  sum  of  money  is  obtained  by  making  the  gutta- 
percha insulation  of  a  given  copper  conductor  as  thin  as  practicable, 
compensating  for  any  increase  in  capacity  by  increase  in  copper  so 
far  as  this  can  be  safely  done.  Cables  manufactured  on  these  Lnes 
have  not  a  uniform  capacit}',  however,  i.e.,  the  capacity  of  the  con- 
ductors increases  somewhat  rajjidly  as  their  gauge  is  increased,  at 
any  rate  much  more  so  than  is  the  case  in  undergromid  cables,  so  that 
a  simple  ratio  between  the  capacity  of  a  submarine  and  an  under- 
ground cable  does  not  exist.  For  a  heavy  gauge  submarine  cable, 
however,  the  capacity  would  approximate  to  0-2  mfd.  per  naut  or 
0-173  mfd.  per  mile  (0-106  per  kilometre),  against,  say.  0-065  mfd. 
(0-04  per  kilometre)  in  the  case  of  air-space  underground  cables  and 
0-01  (0-0062  per  kilometre)  in  the  case  of  aerial  lines. 

47.  Submarine  cables  can  with  great  advantage  be  loaded,  and  it 
is  of  interest  to  compare  the  efficiency  of  a  loaded  submarine  cable 
with  a  loaded  underground  cable. 

Let  the  capacity  of  the  submarine  cable  be  taken  at  0-17  mfd.  Y>er 
mile,  and  that  of  the  imderground  cable  at  0-065  mfd.  It  is  known 
that  a  value  of  G;C =20  can  be  obtained  in  each  ca?e.  The  values 
Ri/Li  are  somewhat  arbitrary.  The  value  to  be  used  in  the  sub- 
marine cable  is  limited  by  the  fact  that  the  coil  must  not  be  too  large 
for  insertion  in  the  cable.  As  a  matter  of  fact  a  value  of  R^  Ii=40 
can  actually  be  done  at  the  time  of  writing.  For  midergrouud  work 
the  best  coil  used  up  to  the  present  in  England  has  a  value  i?i;Xi=35. 
and  for  the  purp^.ses  of  comparison  this  value  will  be  taken,  although 
obviously  the  value  is  not  a  final  one.  In  comparing  the  two  tyjies 
of  cable  we  then  have 

Submarine  cable     =  \  CR(  — ^  + 


Li     CJ     \/0-17x(40-r20) 


L^nderground  cable = 


-J<t-1) 


V0-65X  (35+20) 


=  1-7  nearly. 
So  that  the  range  of  speech  in  an  underground  loaded  cable  is  ap- 
proximately 1-7  times  as  great  as  that  in  a  submarine  cable  with  the 
type  of  loading  coil  supposed. 

*  These  circuits  are  now  completed  and  working,  and  the  expectation 
s  more  than  realised. 
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ii(j48.  The  submarine  cable,  by  comparison  with  the  underground 
cable,  has  the  disadvantage  that,  if  superposed,  the  capacitj-  of  the 
phantom  or  superposed  circuit  is  double  that  of  the  direct  or  side 
circuit,  whereas  in  multiple  twin  underground  cables  such  is  not  the 
case.  In  very  heavy  gauge  submarine  cables  the  addition  of  coils 
for  superimposing  would  materially  increase  the  attenuation  of  the 
cables.  A  submarine  cable  having  an  attentuation  constant  of 
0-0064  per  naut  (0-0396  per  kilometre)  can  now  be  obtained,  so  that 
with  an  attenuation  length  of  .3  neariy  400  nauts  (7.50  km.)  of  cable 
could  be  spoken  through.  This  represents  a  great  advance  in  recent 
years.  In  considering  the  question  of  long-distance  submarine  cable 
telephony,  the  claims  of  continuously  loaded  cables  call  for  examina- 
tion (for  the  theory  of  this  cable  see  Prof.  Breisig's  "  Theoretische 
Telegraphie  ").  The  requirements  in  the  case  of  this  ty-pe  of  loading 
and|of  coil-loading  are  fundamentally  the  same,  i.e.,  to  add  the 
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required  amount  of  inductance  to  the  cable  to  give  any  desired  degree 
of  loading  with  the  minimum  addition  of  resistance,  or  of  addition 
to  any  other  electrical  constant  {i.e.,  G  and  C)  at  the  lowest  cost,  it 
being  understood  that  tiie  con.struction  of  the  cable  must  be  mechani- 
cally sound  and  such  as  can  be  satisfactorily  maintained.  Loaded 
submarine  <  al)les  can  l;e  nuide  of  any  weight  uj)  to,  say,  800  lb.  per 
naut  (.')-2S  min.)  at  present.  The  amount  of  inductance  required  to 
fully  load  a  cable,  as  is  well  known,  is  determined  l)v  the  formula 
R 


selected  for  loading  purposes, 
the  following  formula  is  valid  : 


Attenuation  constant  = 


This  formula  holds  good  so  long  as 
R-(Ri  L^+G  C)L 


2 


\/C  L- 


■  -  -  - '  y-~  •  ■*      — 
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L  = 


.  where  L  is  the  amount  of  inductance  required  for 
RJL^^GIC 

maximum  loading.      If  cables  varying  between  3fi  per  naut  and  2012 

per  naut  be  taken  as  within  the  practicable  range,  then  the  amount 

(if  iiuluctance  re(|uired  by  the  above  foimula  v.-iries  from  ")0  to  330 

iiiillili<nn-H  per  naut.     In  practice  so  high  a  value  as  3.3(t  millihenrys 

would  not  be  inserted,  but  any  required  amount  of  inductance  can 


49.  From  this  it  may  be  seen  that  continuous  loading  never  attains 
the  minimum  attenuation  constant,  and  only  approaches  it  in  the 
ca.se  of  veri-  heavy  cables.  A  further  important  consideration  is  the 
amount  of  effective  resistance  added  to  the  cable  by  loading.  At  the 
present  time  a  loading  coil  ha%-ing  a  value  such  that  R^  Xi=40  can 
be  obtained  as  already  showii.  Xo  continuou.sl3-  loaded  cable 
appears  to  have  given  so  favourable  a  figure  up  to  the  present  ; 
probably  a  xery  good  result  would  be  Ri/Li=60  at  a  frequency 
27r/=  .5.0(>0.  If.  however,  the  coil-loaded  cable  be  superimposed,  the 
advantage  under  this  head  is  materially  reduced  (but  not  neu- 
tralised), owing  to  the  necessity  of  introducing  additional  coils  in  the 
cable  for  this  purjicse.  It  must  not  be  overlooked  that  the  iron 
winding  in  a  continuou.sly  loaded  cable  increases  the  capacity, 
assuming  equal  thickne.sses  of  gutta-percha  in  the  coil  and  the  con- 
tinuously loaded  cables,  as  well  as  adding  to  the  quantity  of  gutta- 
percha used.  In  practice,  moreover,  the  thickness  of  gutta-percha 
should  be  increased  as  the  diameter  of  the  copper  strand  or  copper 
-^iron  wire  thickness.  Data  have  been  obtained  showmg  the 
necessary  thickness  of  gutta-percha  to  ensure  sound  mechanical 
construction.  From  these  data  the  Post  Office  has  recently  deve- 
loped the  empirical  equation  : 

T=A  .  \T^- 

Where  T  is  the  thickness  of  the  dielectric, 

d    „       overall  diameter  of  the  copper  conductor  strand, 
t     „       total  thickness  of  the  iron  winding  (if  any), 
A  is  a  constant  at  present  taken  as  8. 

From  this  it  appears  that  some  increase  in  the  thickness  of  the 
dielectric  is  necessitated  by  the  iron  winding.  It  may  be  shown  that 
the  relation  of  weight  of  gutta-percha  for  equal  capacities  in  the  two 
tvpes  of  cable  is  as  given  in  the  following  equation  : 

Where  H'j  is  the  weight  of  gutta-percha  required  to  give  the  same 
capacity  in  a  continuously  loadeel  cable  as  the  weight  of  gutta- 
percha ir  gives  in  a  coil-loaded  cable  (the  assumption  being  that 
circuits  of  equal  ohmic  resistance  are  being  dealt  with). 

50.  From  the  foregoing  considerations  it  appears  that  from  the 
electrical  and  first-cost  points  of  view,  coil-loaded  cables  are  at 
present  .^ujicrior  to  continuously  loaded  cables.  The  question  '  ' 
maintenance  remains,  but  sufficient  time  has  not  yet  elap.sed  siiui 
the  first  submarine  coil-loaded  cable  (the  Anglo-French,  1910)  was 
laid  to  jiut  the  matter  to  a  practical  test.  It  has  not  yet  been  inter- 
rupted, however. 

51.  For  very  short  lengths  continuously  loaded  cables  possess 
decided  advantages,  anel  tho,se  who  prefer  them  for  longer  cables 


Fio.  5. — Scheme  ron  Wor.KiNO  Fovr  Loaded  Scbmakixe  Cable  Circitts  in  a  Foi-r-wirk  Cable  from  Two  Pairs  ok  Wires. 


Ill-  ohtaimd  «>n  the  i oil  loaduij;  luctlmd.  in  the  liWic  of  the  con- 
tinuously loaded  cai)le.  however,  a  very  good  result  would  be  20  to 
25  millilicurys  yvr  naut  ;is  a  |inutiral  niaxinuini.  Tho  jH-n-entftge 
by  which  any  given  amount  of  loaihng  falls  short  of  producing  the 
minimum  attiMUiation  constant  is  given  by  the  formula. 


Pv=oO\ 


1/      /L^      //-M_ol 


WluMi"  /"r  is  the  rccnund  percentage.  L  is  the  inductance  re^quind 
to  prcdi'ce  tlie  minimum  attenufltion  constr.ut.  r.nd  Li  any  indtictance 


In-lit  ve  their  construction  to  be  more  reliable.  ,  The  English  adminis 
tration  ha.s  not,  up  to  the  time  of  writing,  seen  any  reason  to  think 
that  the  coil  loaded  cables  are  not  satisfactory  in  the  waters  in  which 
they  an*  u.-nd. 

52.  It  niftv  bp  mentioned  that  some  difficulty  has  l)een  exi)erienced 
in  obtaining  the  desired  degree  of  frrcddin  from  overhearing  in  sujier- 
jm|NiM>d  (inuit!«  m  roil-loaded  >iubniarine  calile.s.  although  such 
circuits  are  at  present  working  satisfactorily  in  practice.  The 
diftii'ulty  is  believMl  to  be  ]iartly  due  to  the  fart  that  some  time  is 
nnjuirtd  alter  laying  for  seawater  to  jK-rfectly  surnnmd  the  con- 
ductors.     To  ovetxxinie  this  difficulty  the  cores  are  now  being  covered 
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with   brass  tapes.     Experiment   has  showii   tha'    the   increase   in 
effective  resistance  is  very  small. 

53.  Experiments  on  single  wire  submarine  cables  have  recently 
been  made  in  England,  to  ascertain  whether  the  effectiv^e  resistance 
and  other  constants  of  such  circuits  are  the  same  as  those  of  loop 
circuits,  and,  secondly,  whether  such  circuits  are  sufficiently  silent 
for  commercial  service.  The  results  of  tests  on  a  single  wire  cable 
16  nauts  in  length,  connecting  the  mainland  of  England  with  Lundy 
Island,  are  shown  in  4.  It  will  be  seen  that  the  effective  resistance 
increases  with  frequency.  At  a  frequency  27r/=  5,000  the  increase 
was  a  little  over  20  per  cent.  A  loop  circuit  of  exactly  similar  cable 
was  found  not  to  vary  in  resistance  over  the  same  range  of  frequency 
to  an  appreciable  extent.  The  increase  of  resistance  in  the  case  of 
the  single  wire  is  probably  due  in  large  part  to  the  effect  of  the  iron 
sheath.  The  other  constants  varied  slightly,  but  do  not  call  for  any 
special  comment.  Some  inductive  disturbance  on  single-wire  tele- 
phone circuits  in  cable  huts  into  which  telegraph  cables  are  also  led 
was  found  to  exist.  The  amount  observed  was  not  serious,  and  it 
apparently  arose  from  the  fact  that  the  telegi'aph  and  telephone  cables 
are  rmi  in  the  same  trench  down  to  the  sea.  Special  experimental 
earth  wires,  run  out  half  a  naut  to  sea,  have  been  provided  in  the 
new  Anglo-Irish  loaded  telephone  cable  for  experimental  purposes, 
and  these  are  quite  successful  in  eliminating  inductive  disturbance. 

54.  A  practical  application  of  the  use  of  single  wires  in  submarine 
cables  has  recently  been  proposed,  which  has  the  effect  of  enabling 
a  fourth  loaded  telephone  circuit  to  be  obtained  in  a  four- wire  loaded 
cable  as  shown  in  5.  Circuits  AAj,  BBj,  and  CCj  are  worked  on  the 
usual  phantom  scheme,  and  are  all  loaded  in  the  regular  manner. 
Circuit  DDj  is  obtained  by  working  in  parallel  through  all  the  four 
■wares.  In  that  case  the  currents  split  through  the  transformers 
AAi,  BBj  and  CC^  without  affecting  them,  but  transformer  D  is 
operative.  (This  principle  is  well  known.)  As  the  phantom  coil 
combination  at  each  loading  point  consists  of  two  separate  loading 
coils  in  Messrs.  Siemens  Brothers'  construction  (which  is  the  one 
used) — one  coil  being  in  each  pair  of  wires  and  two  windings  on  each 
coil — it  follows  that  all  the  phantom  coil  windings  in  circuit  DD^ 
tvill  be  inductive,  and,  therefore,  the  fourth  circuit  will  be  loaded. 
The  scheme  also  applies  to  a  continuously  loaded  cable.  Some 
experiments  with  this  system  are  now  being  made. 

{To  be  continued.) 
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I.  Introduction. 
The  purpose  of  this  Paper  is  to  investigate  the  effects  of  the 
reaction  of  the  rotor  currents,  and  of  the  saturatiou  of  the  mag- 


netic circuit,  on  the  distribution  of  the  field  in  the  air-gap  of 
tlie  induction  motor.  From  the  data  obtained,  formulae  are 
developed  for  the  calculation  of  the  air-gap  di.sper.sion  and  of 
the  no-load  current. 

In  studying  the  theory  of  the  motor  we  .shall  emplov  the 
circle  coefficient,  a  quantity  which  is  much  u.sed  by  designers 
in  estimating  the  results  to  be  expected  from  a  machine,  and  i.s 
in  itself  an  indication  of  the  quality  of  a  design.  Its  accurate 
calculation  is  a  matter  of  importance,  and,  to  make  this  po.s- 
.sible,  fomiulso  for  the  determination  of  the  air-gap  dispersion, 
the  slot  leakage  and  the  end -winding  or  flank  leakage  are 
necessary.  For  the  last  two  quantities  rigorous  mathematical 
expressions  cannot  be  given,  and  empirical  formulae  must  be 
used.  These  are  computed  from  data  derived  from  machines  of 
different  sizes  and  proportions,*  but  the  interpretation  of  such 
data  will  be  erroneous  unless  correct  allowances  are  made  in 
the  first  place  for  air-gap  dispersion. 

We  shall  endeavour  to  place  the  calculation  of  the  air-gap 
dispersion  on  a  sound  basis,  and  shall  deal  especially  with  the 
difiiculties  introduced  by  the  rotor  reactions  and  bv  the  vari- 
able permeability  of  the  iron.  Most  of  the  fonuulse  and  tables 
are  believed  to  be  novel,  but  the  author  has  employed  them  (or 
others  closely  related  to  them)  in  the  interpretation  of  data 
obtained  in  the  ordinary  course  of  commercial  practice,  and 
their  application  to  widely  different  designs  has  given  complete 
satisfaction.  It  is  hoped  they  may  be  similarly  useful  to  other 
designers. 

In  the  first  part  of  the  Paper  we  study  the  nature  of  the 
air-gap  produced  by  a  single  winding,  and  formulae  are  developed 
for  the  inductance  of  various  kinds  of  windings,  on  the  assump- 
tions that  the  permeability  of  the  iron  is  constant  and  that  the 
path  of  every  line  of  force  which  crosses  the  air-gap  has  the 
same  permeance.  The  resolution  of  the  complete  field  into 
fundamental  and  multiple  fields  has  been  given  already  by 
several  writers, f  and  it  is,  therefore,  only  reproduced  fully  in 
the  case  of  squirrel-cage  windings.  An  attempt  has  been  made 
to  simplify  the  expression  of  the  results  of  this  analysis  by  the 
introduction  of  the  idea  of  positive  and  negative  fields.  This 
method  of  studying  the  field  is  adopted  because  of  its  special 
suitabifity  when  dealing  with  the  reaction  of  the  rotor  currents. 

This  reaction  is  next  examined  on  the  same  assumptions  as 
before,  the  circle  diagram  is  derived  by  means  of  the  functions 
developed  in  the  first  part  of  the  Paper  and  a  new  analysis  of 
the  expression  for  the  circle  coefficient  is  given.  We  shall 
find  that  the  reaction  of  the  rotor  currents  on  the  multiple 
fields  is  negligible,  except  in  the  squirrel-cage  machine,  and 
that  the  only  link  between  the  stator  and  rotor  windings  by 
which  useful  work  is  transferred  from  one  to  the  other  is  the 
fundamental  air-gap  field.  The  multiple  fields  themselves 
combine  to  produce  the  air-gap  dispersion,  which  is  here  taken 
to  include  those  leakage  fluxes  sometimes  referred  to  as 
"  zigzag  "  and  "  differential  "  respectively. 

Saturation  of  the  magnetic  circuit  modifies  profoundly  the 
distribution  of  the  air-gap  field,  introducing  a  fresh  group  of 
multiple  fields  and  changing  the  relative  importance  of  the 
original  fields.  The  treatment  given  in  part  IV.  is  based  on 
the  assumption  that  the  time-flux  wave,  produced  in  a  magnetic 
circuit  containing  iron  by  a  sine-shaped  ame  M.M.F.  wave, 
consists  of  a  fundamental  and  a  third  harmonic,  together  with 
other  siaall  terms  which  are  negligible.  The  presence  cf  ■.•ther 
terms  of  importance,  however,  would  not  affect  the  conclusions 
drawn  by  means  of  this  assumption. 

Oscillograms  illustrating  these  points  are  reproduced,  and 
the  main  conclusions  drawn  from  the  arguments  of  the  Paper 
are  embodied  in  the  numerical  tables  with  which  it  closes. 

II.  The  Field  Produced  by  a  Single  Winding. 

1.  We  shall  first  make  the  assumption  that  the  permeance 
of  the  path  of  every  group  of  the  magnetic  fluxes  is  constant 

*  Behn-Eschenberg,  "  Journal  "  I.E.E.,  Vol.  XXXIII.,  p.  239,  1904  : 
Goldscnmidt,  The  Electrician,  Vol.  LX.,  p.  236,  1907. 

t  See,  for  instance,  0.  S.  Bragstad,  '"  Mehrphasigen  Asynchron- 
motoren,"  Stuttgart,  1902;  A.  Russell,  "Alternating  Currents."'  Vol  II., 
CIl  xiv.,  1906;  und  M.  B.  Field,  "On  Oscillatorv and  Rotatorv  Magnetic 
Fields,  &c.,"  Electrical  Review  Vol  XLIV.,  p.  194,  1899. 
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at  every  instant,  and  that  it  has  the  same  value  for  every 
group.  The  density  at  any  point  in  a  particular  path  will  then 
be  proportional  to  the  ampere-tunis  acting  on  that  path.  We 
sjiall  also  assume  that  the  .stator  and  rotor  cores  behind  the 
teeth  are  at  the  same  magnetic  potential,  and  that  P  is  the 
permeance  of  a  path  connecting  one  core  with  the  other,  which 
has  unit  area  of  cross-section  where  it  lies  in  the  air-gap, 
P  is  supposed  to  include  an  allowance  for  the_reluctance  of 
the  cores.  Then  if  any  line  of  force  encloses  A  ampere-con- 
ductors tjie  density  at  the  points  where  it  crosses  the  air-gap 
will  be  ^AJP,  P  being  measured  in  suitable  units. 

With  this  assumption  the  field  produced  by  the  independent 
sets  of  magnetomotive  forces  acting  simultaneously  may  be 
regarded  as  the  resultant,  obtaired  by  the  superposition 
of  the  two  fields  which  the.se  magnetomotive  forces  would 
have  produced  separatel}  ;  in  fact,  it  will  be  clear  that  we 
may  go  still  further,  and  regard  the  E.M.F.  produced  by  the 
actual  field  as  being  the  resultant  of  two  E.M.F.s,  due 
respectively  to  the  hypothetical  component  fields. 

The  currents  in  the  windings  of  induction  motors  produce 
magnetic  fluxes  which  may  be  divided  into  the  following 
groups  : — 

(1.)  Fluxes  cros.sing  the  air-gap. 

(2.)  Fluxes  passing  from  one  tooth  to  its  neighbour  across  the 
intervening  slot. 

(3.)  Fluxes  linked  with  the  end  connections  only. 

The  power  is  tran.sferred  from  the  primary  to  the  secondary 
member  through  the  medium  of  the  first  group  of  fluxes,  though 
the  fluxes  of  this  group  are  not  all  equally  effective  ;  indeed, 
as  we  shall  see  on  analysis,  a  ccmsiderable  proportion  of  them 
are  quite  ineffective,  and  constitute  the  so-called  "  zigzag  " 
and  ■■  differential  "  leakage.  This  Paper  is  occupied  exclu- 
sively with  fluxes  of  group  (1). 

2.  In  all  the  commonest  induction  motor  windings  the  con- 
ductors of  any  one  phase  are  arranged  in  p  exactly  similar 
groups,  p  being  the  number  of  poles.  It  is  true  that  windings 
with  dissimilar  groups  are  sometimes  employed,  but  designers 
only  resort  to  them  when  compelled  to  do  so  by  unusual  con- 
ditions, for  the  irregular  fields  which  they  produce  tend  to 
reduce  the  good  qualities  of  the  machine. 

List  of  Symbols. 

Suffixes  1  and  2  j;onorall\  denote  stator  and  rotor  quantities  respec- 
tively. 

^o  =  No-load  stator  current  per  phase  (effective  value). 
.(4  =  Effective  current  per  phase. 
rt=  Fractional  nduction  in  the  span  of  a  winding. 
,1  =Ami>«'re-turns. 
A  ir/3=Ani]icre-turns  at  points  60  dep.  from  the  zero  point  of  a  flux  wave. 
6  =  Actuai  reduction  in  the  span  of  a  winding;  (stated  in  terms  of  slots). 
C'=Anii>litude  of  the  cosine  conijioncnt  of  a  wave. 

C'c  =  An)i)htV(lc  of  the  cc.sino  coniiKinent  of  the  cth  harmonic  of  a  wave. 
c  =  Order  of  a  harmonic  or  of  a  multiple  field. 
d,  d',  rf,,  rf2=  Integers. 

^,  =  Primary  apjilicd  Iv.M.  I',  per  I'hnsc  (ctTc<tive  value). 
A'e  =  Anii>litii<lc  of  K..M.F.  due  to  a  multiple  held  of  the  cth  order. 
ec=  Instantaneous  value  of  the  E.M.F.  due  to  the  cth  multiple  field.  , 
F,  F^,  F,„  — Ami)litudcs  of  mnfnetic  density  oppr)sitc  various  teeth. 
/,  =  Fref|uencv  of  n])]ilicd  F,. M.F. 
/2=Peri]ilicrnl  s]>cc(i  of  rot<ir  divided  hy  2r. 

/,=--Fn'(iucn(  y  of  rotor  c\irrcnts  dur  to  the  first  field  (slip  frequency). 
/ic  =  F  e(|i  vn  y  of  rotor  ( u    ents  di  e  to  the  cth  field. 
0  =Number  of  slots  in  a  s(piirn>l-cago  rotor. 
/  =  Current  amplitude. 
/o  =  Curr<'nt  nnijilitude  in  hars  of  Sijuirrel-caire  winding. 
/iri  — Ani]ilitii(lc  (if  rotor  curn'nt  ])ro<iuccd  hy  the  r,th  rotor  field. 

I  =  Instantaneous  value  of  a  current. 
A'mr  =  A  winding  coefficient  n-ferring  to  a  winding  with  w  slots,  per  pole, 
per  phase,  and  to  the  cth  multiple  field.     When  <;=1,  it  is 
sometin>es  omitted. 
w=^Numlicr  of  slots  ])er  j>ole  per  i>liase. 
«  =  A  numeral. 
P=Numlicr  of  pha.ses. 
P.  P,.  Pj     Magnetic  ]>ermeance  (wc  Figs.  2a  and  2b). 
/;>-- Number  of  |)oles. 
Q  =  A  winding  coefficient. 
g=Numlier  of  slots  ]>cr  iiole. 
r  =  A  ratio. 

'■,  =  Rcsivti\n(C  of  rotor  windini;  per  ]>li.Tse. 
S,  S,.  =  Ani)ilitU(le  of  sine  comjionent  of  a  wave. 
7'  =  Numher  of  turns  in  series  ]>er  piiase. 
<  =  Duration  of  time. 


Fi  r3  =  E.>LF.s  due  to  multiple  fields  of  corresponding  orders  (effective 
values). 
f<.= Linear  velocity  of  the  cth  multiple  field. 
fcG  =  Linea-  velocity  of  the  cth  multiple  field  due  to  currents    in    a 
squirrel-cage  winding. 
Tr=277'P  7>:r. 

Jf  =Total  reactance  of  a  winding. 

X'  =  Reactance  of  a  winding  due  to  air-gap  fluxes  only. 
z=A  variable  distance  measured  along  the  air-gap  from  a  point  fixed 

on  the  .stator. 
x'=A  variable  distance  measured  from  a  point  fixed  on  the  rotor. 
11  =  A  fixed  distance. 

y  =  Mutual  reactance  between  two  windings. 
y=;  Ordinate  of  magnetic  density  curve  at  any  point. 
yj/=  Amplitude  of  a  density  curve. 

y  =  Magnetic  density  at  any  point  due  to  the  cth  field.  ■ 

y(.p=Density  at  any  point  due  to  the  cth  field  produced  by  P  phase-     f 
windings  acting  together, 
j/cjci  =Density  at  any  point  of  the  Cjth  field  produced  by  currents  excited 
in  the  rotor  by  the  c^th  stator  field. 
2^  =  Impedance  of  rotor  winding  per  pha.se. 
o,  ttj,  a.,  =  Phase  angles  of  fluxes  in  various  teeth. 

j3  =  Ratio,  width  to  pitch  of  depressions  in  density  curve  of  Fig.  2b. 

7  =  Angle  through  which  rotor  slots  are  skewed. 

A=The  ratio  between  the  linkages  with  any  winding  due  to  the  slot 

and  end-winding  fluxes  and  those  due  to  the  air-gap  fluxes. 
\'=The  ratio  between  the  linkages  in  a  winding,  due  to  the  higher 

multiple  fields,  and  those  due  to  the  first  field. 
<r= Circle  coefficient. 
T  =  Pole  pitch. 
$,.=  Flux  per  pole  of  first  field. 

C>T=Maximum  flux  per  tooth  in  squirrel-cage  rotors. 
9  =  An  angle  of  phase  displacement. 
\j/  =  An  angle. 

Fig.  1  represents  three  such  groups  of  conductors,  at  (■^) 
for  a  full-pitch  winding  with  three  slots  per  pole  per  phase, 
and  at  (n)  for  a  similar  winding  but  with  fractional  pitch. 
Each  conductor  is  separated  by  a  distance,  t,  equal  to  the  pole- 
pitch,  from  the  corresponding  conductor  in  the  next  group, 
and  the  conductors  fall  naturally  into  a  number  of  sets,  each 
comprising  p  similar  conductors.  If  the  number  of  turns  in 
series  per  phase  be  T,  the  number  of  such  sets  in  the  winding 
of  one  pha.se  will  be  2T-^p. 


-t 


niMRMMMlMJUlMMlM 

Fig.  1.\. — Three-phase,  Full  Span  Wisdixg,  Three  Slots  per  Pole 

PER  Phase. 

The  field  produced  by  the  winding  as  a  whole,  in  the  case  we 
are  now  considering,  can  be  built  up  conveniently  from  the 
field  produced  by  a  single  set  of  /)  conductors. 

Let  the  number  of  slots  per  pole  be  q,  and  the  instantaneous 
value  of  the  current  per  conductor  be  i.  The  field  produced  by 
a  set  of  p  conductors  will  have  the  rectangular  form  shown  in 
Fig.  2a,  the  magnetic  density  at  any  point  being  /P.  Fig.  2b 
shows  the  density  curve  when  the  variations  in  permeance  due 
to  the  stator  slot  openings  are  taken  into  account,  the  rotor 


Fio.  1b. — Tiiree-phase  Fr.vctional  Pitch  Winding. 

slots  being  suppo.«od  closed  or  equivalent  to  closed.  The 
actual  variations  in  density  in  the  latter  case  will  not  follow  a 
rectangular  law,  but  a  law  of  this  form  is  adopted  for  discus 
sion  in  order  to  simplify  analysis,  and  the  general  conclusions  as 
to  the  effects  of  the  sh)t  apertures  are  not  invalidated  thereby. 
The  density  in  the  case  of  Fig.  2a  can  be  expressed  as  a 
Fourier  series,  thus  : — 


2jP'^«1      .        X 
y= —    2*   -  .  sm  c:i-. 


(1) 


where  r  is  the  order  of  a  harmonic,  and  is  always  odd.     The 
series  corre.sj>unding  to  Fig.  2b  is  easilv  shown  to  be 


P,--(P,-P,) 


sill  c:x{\—^)j2q 
sin  o.T  2^ 


] 


sm  CTx- , 


(2) 
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where  P^  is  the  greater  and  Pg  the  smaller  value  of  the  per- 
meance, and  j3  is  the  ratio  of  the  width  of  the  depressions  in  the 
density  curve  to  the  pitch  of  the  teeth  {see  Fig.  2b). 

The  mean  permeance  in  the  last  case  is  P=[Pj(l— /5)+P2/?]. 

The  effect  of  the  slot  openings  can  be  illustrated  most  con- 
veniently by  means  of  a  numerical  example.  A  machine  with 
wide  open  slots  on  the  stator  and  a  continuous  surface  on  the 
rotor,  the  wadth  of  both  slots  and  teeth  being  equal  to  eight 
times  the  mechanical  clearance  would  have,  roughly,  /5=0-5, 
Pj=l-4P,  and  P2=U-6P,  where  P  is  the    mean    permeance 


The  effect  of  the  complete  phase-winding  i.s  obtained  by 
adding  together  q/P^  sets  of  sine  curves,  the  cth  harmonic  in 
one  set  being  displaced  from  the  cth  haimonic  in  the  next  by 
C7i/q.  Referred  to  the  origin  at  the  centre  of  a  phase  group  the 
re.sultant  cth  harmonic  is 

HTP    1    P,     sin  (c.'r/2P,)     .        x 

yc= ■  -  .  .  —. — -. j^r~  .  sm  C71-, 

pTC      c     q       sm  (c.-t/2^)  t 


^ 


i'P 

_i 


o_ 


r 


or,  writing  i=I  sin  27zft  and  expanding  : — 
_2/rP    1    Pj    sin  {C7t/2P^)  r 


IJc 


pjt 


cos 


sin(c.-T/27)   y_-^\^^fi-^\) 
—cos  (2::ift-^cn-\ 


(3) 


Fig.  2a. — M.4gnetic  Field  due  to  Single-slot  Winding. 

Openings  Neglected. 


Slot 


estimated  by  Carter's  formula.*     Let  us  suppose  ^=9.     The 
series  for  this  case  would  be  : — 


n    ,=1  cL 


O+0-4  see—;     sm  en-. 
36  J  X 


For  the  fundamental  the  amplitude  is  : — 

2/P 


For  a  winding  with  a  pitch  equal  to  t(1— a),  as  in  Fig.  1b,  the 
expression  requires  to  be  multiplied  by  cos  acn. 

4.  In  a  machine  with  P^  phases  we  have  P^  times  p  groups 
of  conductors.  The  distance  from  the  centre  of  one  group  to  that 
of  the  next  is  TJP-y,  and  the  currents  in  the  several  phases  are 
-i^=I  sin  27ift,  i.^=I  sin  {2:ift-7tlP^),  {^=1  sin  (2.t/<-2.t/Pi), 
&c.  For  the  nth  phase  /„=/  sin  {2^ft—n7i/Pi)  ^^^^  ^^  equation 
(3)  we  must  write  x—nxlP^  for  x. 

The  field  intensity  due  to  the  nth  phase  is  thus,  for  any 
harmonic 


n 


X 1-0015. 


Hence,  in  dealing  with  the  fundamental  we  may  without 
appreciable  error  take  the  mean  permeance  P  and  proceed  as 
for  closed  slots.     The  greatest  differences  between  the  two 


2/TP    ]    P,    sin(c7r/2P,) 

ycn.= .  -  .    -  .   —. — -. — '-i^r  .  cos  aCTl 

PTz      c     q       sm  (c,-t/25') 


X      COS-j  27ljt 5"  — CTT  [  - 


/      .  _n7t 


-C0SJ2.-T/i( 


^ T- 


y—j-     p     -"v^    pj J     .^.p.,.    p^ 
^W.K,„,c.  [cosl27r/<-c.^^+(c-l)^| 


M^f)  }] 


MMIIIM 


X 


— cosi  2:7r/if+C77;-— (c+1) 


.  n.T 


PJ-^ 


(3a) 


Fig.  2b. — ^Diagram  Showing  Effect  of  Slot  Openings  on  Magnetic 
Field  due  to  Single-slot  Winding. 

cases  occur  when  C7ij2q  approximates  to  n,  Sji,  &c.,  particu- 
larly when  c=2d'q-i2l,  where  d'  is  any  odd  integer.  Table  I. 
below  gives  r  the  ratio  between  the  amplitude  of  a  given  har- 
monic in  case  (6)  to  that  of  the  same  harmonic  in  case  (a)  : — 

Table  I. 


c        1           3 

5 

7 

9 

11 

13        15 

17 

19 

53 

55 

r    10015  1018  1041 

1-087 

M66  1-297 

1-547 

2-145 

5-59 

-3-99 

... 

-3-99 

+  5-59 

2/TP  IP,    sin  (aT/2Pi) 

where  TF= and  K„uc=~  .  —  .     .   \    '^  ,    .  cos  acn. 

fit  ^      1       sm  {C7ij2q) 

Adding  together  the  intensities  due  to  P,  phases  we  get  for  the 
cth  harmonic  of  the  resultant  field 

.  c-1 

ycP,=W.  Z,„,o  [_cos|2.T/<-C7r^+(Pi-l){c-l)  .  ^\—^ 


In  practice  the  most  obvious  effects  of  these  harmonics  are 
met  with  in  squirrel-cage  motors  during  the  starting  period, 
and  result  in  the  tendency  to  "crawl"  which  such  motors 
exhibit  at  certain  low  speeds. 

In  a  three-phase  motor,  with  q=^,  as  in  the  case  just  cited, 
the  most  important  harmonics,  as  regards  the  "  crawling  " 
effect,  are  the  thirteenth  and  nineteenth.  It  is  clear  from  the 
table  that  motors  with  large  slot  openings  will  exhibit  these 
effects  to  a  much  larger  extent  than  those  with  practically  closed 
slots.  It  may  be  observed  here  that  in  this  case  the  sign  of 
the  harmonics  between  the  nineteenth  and  fifty-third,  inclusive, 
is  reversed. 

This  will  be  referred  to  later  {see  §  12). 

3.  We  will  next  investigate  the  combined  effects  of  the 
groups  of  conductors  w^hich  make  up  the  windings  of  one  phase. 
Let  Pj  be  the  number  of  phases,  m=q-^P^,  the  number  of 
slots  per  pole  per  phase,  and  T  the  number  of  turns  in  series 
per  phase.  Then  2TPi/pq  is  the  number  of  conductors  per 
slot  and  the  Fourier  series  corresponding  to  the  density  curve 
produced  by  the  conductors  in  p  slots  separated  from  one 
another  by  the  distance  t,  is  obtained  by  multiplying  equation 
(1)  by  2rP,/H,  giving 

l^TP^P  -=  "  1 


cos|27r/i-fcyr^-(P,-l)(c-fl)^} 


.   c+1 
sm-^.T 

.   c+1 


2Pi  J 


(1) 


The  first  temi  in  square  brackets  will  be  zero,  unless  c— 1 
=2P^d,  where  d  is  an  integer,  while  the  second  term  wiL  be 
zero,  unless  c-\-l—2P.^d.  The  only  case  in  which  both  expres- 
sions exist  together  is  that  of  a  single-phase  machine,  for 
which  Pi=l. 

Case  1.—  c—l=2P^d,  or  c=2P-f/+l, 

ycP,=W.K„„cCos[2nft-cn^-+{P^-l)d.:i  ]  -  "'""^^f 
=  WK,.,  coshnft-cn"}  .  oos  {P,-l)d..  sin P^d.n 

"^  T  J  Sin  d  .  rr 


=P^W.K 


mje 


cos 


2nft- 


X 
-C7l- 


2frt 


y-- 


sin  cn~ . 

71  c=l  C  T 


♦  "  Electrical  World  and  Engineer,"  Vol.   XXXVIII.,  pp.   834-888, 
November  30,  1901. 


If  wewritea;=a;i4-"''—  we  get 
c  ° 

ycPi=Pi  WKm^c  cos  CTix-^ir  ...     a  constant. 

We  are  therefore  dealing  with  a  rotating  field,  ghding  along 
the  air-gap  with  a  linear  velocity  2/t/c. 

Case  2.—  c-\=2P^d,  or  c=2Pir?— 1, 

//cp,  =  — PjTF  /ir,„icCos  {2nft-\-cn-j, 
which  represents  a  field  rotating  with  linear  velocity— 2/r/c. 
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Case  3. — Wlien  I\=^l  we  can  consider  either  that  we  are 
dealing  with  equal  fields  moving  with  equal  velocities  in  oppo- 
site directions  or  that  we  have  simple  alternating  fields.  This 
case  is  not  within  the  scope  of  the  present  Paper. 

5.  In  the  last  section  we  have  considered  c  to  have  only 
positive  values  which  are  given  by  the  series  c=2Pid+l,  where 
d  is  any  positive  integer.  It  is  convenient,  however,  to  merge 
cases  1  and  2  together  by  writing  c=2Pd-rl  and  assigning  to 
d  any  positive  or  negative  value.  Case  1  then  includes  those 
fields  for  which  c  and  d  are  positive,  case  2  those  for  which  c 
and  ciare  negative. 

We  shall  write,  then,  in  general 

c=2/^d-l (5) 

and       ycPi=/'iWKm,c  cos  (  2-ft-c-_y 


_       2ITPrl   I\    sin  (c"-/2Pi) 
■~    1  •    „-  I  « ■  ,,   *  sin  'c-,2q) 


cos  acT 


(6) 


p-  Lc    q 

XCOS   (2:rft  — C-^j, 

and  also  for  tlie  vclocitv  of  anv  field 

-(2fT,c) (7) 

It  will  be  observed  that  the  sign  of  Kmic  and,  therefore,  that 
of  ycPj  changes  with  the  sign  of  c.  The  sign  of  Vc  is  affected  in 
the  same  way. 

We  shall  refer  to  the  field  for  which  c=l  as  the  first  or  funda- 
mental fit-id,  and  to  the  others  as  multiple  rotating  fields.     For 
a  three-phase  machine  c  will  have  the  following  series  of  values  : 
1,  -5,  +7,  -11,  -f  13,  -17,  +19,  &c. 

For  a  two-phase  machine  the  po.ssible  values  for  c  are  : — 
1,  -3,  +5,  -7,  +9,  -11,  +13,  -15,  &c. 

G.  If  we  take  the  slot  openings  into  account  we  shall  find  the 
same  relative  changes  in  the  amplitudes  of  the  various  multiple 
fields  as  we  found  in  section  2  for  the  corresponding  hamionics 
when  discussing  tlio  field  of  a  single-slot  winding. 

7.  Since  the  s})eed  of  each  of  these  multiple  fields  is  inverselv 
pro])oitional  to  the  number  of  its  poles,  each  field  will  induce 
in  any  stationary  winding  K.!M.F.s  of  the  same  frequencv. 

The  E.M.F.  induced  iji  a  stationary  conductor  at  a  distance 
X  froni  the  centre  of  the  slator  phase  group  iji  which  the  current 
is  /  sin  27ift  by  tlie  cth  multiple  field  is 


2/t 
c 


I  .  l\  .  \\  .  A',„,c  CO 


s  ^2.t//-c:t^): 


X  10-8  volts  (8) 


where  Z=^axiul  length  of  stampings  in  stator  and  rotor. 

Let  there  be  a  second  statiojiary  winding  having  7*2  jihases. 
Tj  tim'«  in  series  per  jdiase,  </o  slots  per  pule  and  awindiug 
8])an  of  7(1—02).  t'le  distance  of  the  centre  of  a  certain  grouj) 
of  conductors  of  oiu'  jiliase  from  the  centre  of  the  above  stator 
group  heing  x.  The  K.M.F.  induced  in  this  ])hase  In-  the  rth 
multiple  field  will  he 


centre  of  a  certain  phase-group  of  conductors  from  the  origin 
on  the  stator  at  the  instant  <=0,  then  at  any  other  time  the 
position  of  the  same  point  is  given  by 

x^x^-2f^xt (10) 

The  relative  velocity  of  the  cth  field  with  respect  to  the  rotor 
conductor  is 

'4^-2/,r=^f(A-/,c) (11) 

The  E.M.F.  induced  by  this  field  in  a  rotor  phase  is 


ec=  -iT2{fi-f2C)TlPiW  K,n,cK,n,c 


cos  -2rr/i«— y(a:i+2/2T0}  X 


10 


-8 


S(A-f2c)hPlP^T,T,,. 


A))(jC-ft-»n2C 


COS     2.-t(/i-/2C)<-^^^  \  X  10-8.      (12) 


K 


r    ) 


The  frequencies  of  the  E.M.F.s  are  {fi—JiC).     If  the  rotor  be 
running  at  synchronous  speed /2=/i  and  the  frequency  due  to 


I/, 


/, 


— >*  » 


ih.)  X  =  T>g 


y,,  v. 


r/ 


U, 


\r 


Fio.  3. — Phase  Relations  of  E.M.F.s  due  to  Mvltiple  Fields. 

FOR  VARIOrS  REL.ATrVE  PoSITIOXS  OF  IxDCCED  AND  IxDCCIXG  WrSDIXCJS. 

the  cth  field  is/j(l— c).  The  following  Table  (II.)  gives  some  of 
the  rotor  frequencies  for  certain  values  of  c  in  a  three-phase 
motor  :  — 

Table  II. 


Cc- 


■\TJi 


II,  II  /.-            /o   n        •'^\    ^2    si"  (c.t'2P,) 
'/  1 II  A  HI, c  COS  I  2-rJI—c:i      .    -  .  -: — ^ — ^' 

V     •'  t/     ^2     s!n(c.T,2y.,) 


t=     I 

/,(l-r)«l    0 


—o 
6/. 


-<'/i 


-11 
12/, 


+13 
-12/, 


-17 
18/, 


4-19 
-18/, 


sin  (c.T,2y2) 

cosOjCTXlO  * 
mPIP'I\l\     ,,       „  /      ,         a-\ 

=  —^ '  ■  Am.f  A,M,cCOH  {2:7fl-c7T   )  xlO  S-oits.  (9) 

If  x=0,  i.e.,  if  the  centre  of  the  indu(  ed  i)hasc-gr(»up  is  opposite 
to  the  centre  of  a  stator  phase  group,  the  Iv.M.F.s  due  to  all 
the  multiple  firlds  will  be  in  j)hase  with  one  another,  or  will 
diiTer  l»y  .t,  and  will  have  the  same  fnvpK'ncy.  If  .r  is  not  zero 
the  various  K.M.K.s  will  diib-r  in  phase,  and  their  resultant 
will  vary  both  in  magnitude  and  in  i)hase  as  x  changes  ;  the 
change  in  the  phase  of  the  resultant  will  not  be  proportional 
to  the  change  in  x.  This  explains  why.  in  a  motor  with  ))hase- 
wound  rotor,  the  standstill  <  urrent  varies  as  the  rotor  is  turned 
slowly  round  when  its  circuits  are  closed.  The  effect  is  illus- 
trated by  Fig.  3.  in  which  the  vect(ti-s  T,  ]\,  &^c..  represent 
the  ivM.F.s  induced  by  the  multiple  fields  of  a  three-pliase 
winding  for  various  values  of  J". 

H.  Su])]iose  the  second  winding  is  carried  bv  a  rotor  rotating 
with  a  surface  velocity  of  2f^r      Let  .r,  l)e  the  distance  of  the 


Hence  in  tin-  lotor  windijig  there  will  be  two  set*  of  E.M.F.." 
of  each  frequejicy  arising  from  different  sources.  If  for  one 
phase  of  tlie  rotor  winding  1^=0  then  for  that  phase  both  the 
E.M.F.s  of  any  one  frequency  are  in  phase  with  each  other  or 

are  in  opposition,  but  for  another  phase  winding  cn-^  is  different 

for  the  two  values  of  c  and  the  resultant  E.M.F.  has  a  value 
different  from  that  obtaining  in  the  first  phase.  If  the  rotor 
of  an  in<luction  motor  be  driven  svnchronously.  the  form  of  the 
resultant  K.M.F.  wave  will  be  dillerent  for  all  the  rotor  circuits, 
and  it  can  l>e  varied  by  altering  the  relative  positions  of  the 
rotor  conductoi>  and  the  fundamental  field.* 

9.  The  total  E.M.F.  per  pha.se  in  a  stator  winding  is  Ze^ 
which  is  equal  to 

-»^'"^;>^^'  T{a-..cos(2.V,-c.-);,.(12.) 

*For  o«ciUogr.ini!>  iUuf>tr!iting  this  point  w  Simons  A  Vcllmcr. 
"Elcktrot.  ZHt<«..'  Vol.  XXIX..  pp.  93-96.  1908. 
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an  expression  obtained  from  equation  (12)  by  writing  /2=0, 
1  i=J-  2)  ^m2c^^^^mic,  and.  Xi=X. 

We  shall  see  in  later  sections  that  when  the  rotor  has  squirrel- 
cage  windings  certain  terms  of  this  series  are  considerably 
reduced  and  their  phase  relations  are  disturbed  by  the  reaction 
of  the  rotor  currents.  When  the  rotor  windings  have  two  or 
three  phases  only,  the  effects  of  rotor  currents  on  the  multiple 
field  are  practically  neghgible. 

In  any  case,  however,  the  series  given  above  does  not  form 
a  convenient  basis  for  the  practical  calculation  of  the  total 
back  E.M.F.  due  to  the  air-gap  fluxes.  A  more  useful  method, 
applicable  to  those  cases  in  which  the  reaction  of  the  rotor 
currents  is  neghgible,  and  by  which  we  can  determine  the  total 
inductance  per  phase  of  the  winding,  is  given  in  the  following 
section. 

Consider  first  a  single-slot  winding.  The  conductors  per 
slot  will  be  2T/p,  the  flux  density  in  the  air-gap  will  be  iTP/p, 
and  the  total  flux  per  pole  iT'Plxj-p.  The  total  number  of  line- 
linkages  in  the  whole  winding  will  be 

iT^nx 


The  inductance  of  the  winding  will  thus  be  T^Phlp  X  10~^  henry. 
In  the  case  of  a  winding  which  is  distributed  in  m^qjP  slots 
per  pole  the  self-induced  linkages  will  be  less  than  the  above, 
and  in  single  and  two-phase  windings  the  inductance  will  be 
less  in  consequence.  When  the  winding  has  more  than  two 
phases  a  current  in  one  phase  will  cause  linkages  in  the  remain- 
ing phases,  and  if  we  define  the  inductance  per  phase  of  the 
winding  as  the  maximum  number  of  hne-linkages  per  phase, 
divided  by  10^  which  are  produced  when  every  phase  carries 
a  sine-shaped  current  with  a  maximum  value  of  1  ampere, 
it  is  evident  that  mutual  inductance  between  the  phases  in- 
creases this  quantity. 

In  general,  we  may  write  for  the  inductance  per  phase  of  any 
winding,  due  to  the  air-gap  fluxes, 

L'=-^^  .QxlO-\ (13) 

where  Q  is  a  coefficient,  the  value  of  which  depends  on  the 
nature  and  distribution  of  the  windings.  Formulae  for  Q  will 
now  be  developed. 

10.  When  the  winding  is  constructed  with  a  full  pitch  the 
conductors  of  each  phase  will  occupy  m=qjP  slots  per  pole. 
Fractional  pitch  windings  will  have  coils  with  a  span  of  q—b 
slots  (where  b^aq),  or  something  equivalent  to  it. 

{To  be  continued.) 


ILLUMINATION  IN  THE  NAVY  (U.S.A.).* 

BY  LIECT.  C.  S.  MCDOWELL. 

Summary. — This  Paper  concerns  the  use  of  incandescent  and  arc 
lamps  for  general  illumination  on  shipboard,  for  searchlights  and  for 
signalling  purposes  The  design  of  reflectors,  size  of  carbons  and  colour 
of  light  are  given  as  important  features  in  seai'chlight  efficiency.  The 
u.se  of  searchlights,  illuminated  semaphores  and  flashing  lights  are  con- 
sidered from  the  standpoint  of  visibility  for  day  and  night  signalling. 


The  art  of  illumination  in  the  navy  has  followed  the  development 
and  progress  of  illumination  on  shore.  The  conditions  existing  on 
board  ship,  however,  are  so  different  from  those  on  shore  that  special 
apparatus  is  required  in  most  cases.  Illumination  on  a  naval  vessel 
may  be  divided  in  the  following  classes,  some  of  which  are  purely 
military  and  others  not :  Illumination  of  spaces  on  shipboard  ; 
illumination  of  distant  objects  by  projected  light  from  searchlights  ; 
signalling  by  means  of  light  ;  special  illumination,  such  as  gun 
sights,  compass  cards,  &c. 

Illumination  of  Spaces  includes  the  lighting  of  officers'  and  crews' 
living  spaces,  machinery  spaces,  firerooms,  turrets  and  gun  com- 
partments, shell  rooms,  powder  magazines,  sick  bays,  coal  bunkers, 
upper-deck  spaces,   gangways,   &c.      The  requirements  on  naval 

*  Abstract  of  a  Paper  read  before  the  New  York  Section  of  the 
Illuminating  Engineering  Society. 


vessels  where  the  numerous  compartments  have  low  head-room  and 
are  assigned  for  special  uses,  liability  to  damage  due  to  .shock  from 
gun  fire,  and  the  necessity  of  maintainmg  the  integrity  of  the  water- 
tight compartments  all  make  it  necessan,-  to  provide  special  type** 
of  fixtures  and  methods  of  installation.  In  1912  the  Xavy  Depart- 
ment started  a  special  investigation  on  this  subject  which  led  to  the 
adoption  of  an  ideal  table  of  intensities  of  illumination  which  should 
be  obtained  in  the  various  compartments  and  spaces  and  here  given  as 
an  appendix.  It  has,  of  course,  been  necessarjto  varj-  the.se  figures 
to  a  certain  extent,  but  a  great  improvement  has  been  made  in  illu- 
mination of  spaces  on  shipboard,  especially  on  new  ships  which  have 
been  bui't  since  this  investigation  was  made.  Standard  tyj;es  of 
fixtures,  globes  and  shades  have  been  developed  to  gst  the  desired 
results.  On  account  of  the  low  ceilings  and  white  wall  surfaces  the 
fixtures  are  mostly  of  the  indirect  or  .semi- indirect  type.  Incan- 
descent lamps  are  used  entirely  in  the  newer  installations  ;  tungsten 
lamps  of  25,  40,  60  and  250  watts  are  installed  in  most  places  except 
for  portables,  where,  on  account  of  breakage,  carbon  lamps  are 
used.  The  2.50-watt  units  are  installed  in  the  engine  room.s,  fire 
rooms,  djTiamo  rooms,  &c.,  where  high  head-room  is  available.  The 
standard  voltage  until  the  last  two  years  has  been  12o.  On  the 
newer  battleships  240-volt  generators  are  installed  with  a  three-wire 
system  to  the  di.stribution  boards.  The  lighting  circuits  from  the 
distribution  boards  are  120  volts. 

On  board  battleships  there  are  two  regular  lighting  circuits  known 
battle"  and  "lighting."     The  battle  circuit  includes  all  circuits 


as 


below  the  protective  deck,  circuits  to  guns,  searchlights,  signalling 
apparatus,  running  lights  and  in  general  all  the  lights  which  would  be 
absolutely  necessary  in  action.  The  lighting  circuit  includes  those 
which  may  be  dispensed  with  in  action. 

In  addition  to  the  above  there  is  installed  an  auxiliary-  for  emer- 
gency) lighting  circuit  which  is  of  20  volts,  supplied  by  storage 
batteries,  with  the  minimum  number  of  lights  installed  at  the  various 
necessary  locations;  this  circuit  is  automatically  energised  when  the 
main  circuit  breakers  on  the  regular  lighting  circuits  pull  out. 

Searchlights  have  been  in  use  for  about  50  years.  Until  the  last 
couple  of  years  their  development  has  been  practically  stationarv* 
for  about  25  years.  The  great  increase  in  range  and  reliability  of 
the  modem  torpedo  increased  the  demand  for  greater  range  for  the 
searchlight.  As  the  searchlight  is  a  defensive  weapon  agamst  night 
torpedo  attack,  engineers  and  scientists  have  been  and  are  working 
on  this  problem  and  development  has  been  accelerated  by  the  war, 
for  searchlights  are  used  on  land  for  military  purposes  as  well  as  at  sea. 

Although  a  number  of  others  have  made  certain  advancements 
lately  in  searchlights  it  is  believed  that  the  principal  credit  for  the 
modern  searchlight,  which  in  some  form  has  been  adopted  during 
the  past  year  by  most  countries,  is  due  to  the  researches  of  !Mr. 
Heinrich  Beck. 

The  searchlight  considered  solely  from  an  illuminating  standpoint 
consists  of  a  source  of  light  and  a  reflectmg  mirror.  The  most 
efficient  reflecting  surface  is  a  glass  mirror  with  silver  surface  and 
the  best  source  of  light  is  the  carbon  arc.  The  military  pinpose  of 
the  searchlight  is  to  throw  as  uatense  a  beam  of  light  as  possible  on 
the  target  and,  therefore,  the  angle  of  dispersion  of  the  projected 
beam  should  be  a  mmimum  so  as  to  decrease  the  zone  of  light  and 
increase  the  zonal  candle-power.  To  accomplish  this  the  mirror  is 
made  in  a  true  parabolic  form,  the  source  of  light  is  made  a  minimum 
and  the  focal  length  made  a  maximum,  consistent  with  obtaunng 
the  greater  part  of  the  light  given  off  by  the  source,  on  the  mirror. 
On  shipboard  the  size  of  the  mirror  and  searchlight  drum  is  restricted 
bj'  the  necessity  that  it  must  not  be  too  cumbersome  for  handling  in 
a  rough  sea  and  in  the  space  available.  The  focal  length  depends 
upon  the  diameter  of  the  mirror.  Therefore,  to  decrease  the  angle 
of  dispersion  and  increase  the  illumination  on  the  target  it  becomes 
necessary  to  decrease  the  diameter  of  the  source  of  light  without 
decreasing  the  candle-power.  In  the  latest  searchlights  the  diameter 
of  the  positive  carbon  has  been  decreased  to  one-half  the  diameter 
formerly  used,  although  the  amperage  has  been  increased  so  that 
with  a  crater  of  |  in.  (15-87  mm.)  diameter  there  is  obtained  a  maxi- 
mum luminous  intensity  of  90,000  c. p.  and  a  zonal  caudle-power 
throughout  70  deg.  of  very  nearly  the  same  amomit. 

The  36-in.  (0-91  meter)  diameter  mirror  is  the  standard  for  large 
ship  installations  in  this  country;  in  the  new  type  of  searchlight  the 
maximum  candle-power  of  the'  arc  has  been  mcreased  from  about 
50,000  to  90,000,  and  the  area  of  the  beam  reduced  to  one-fourth  that 
formerly  obtained,  so  that  the  iliummation  received  on  the  target  is 
more  than  six  times  as  great  as  that  from  the  older  type.  This  has 
been  accomplished  principally  by  putting  150  amperes  through  a 
positive  carbon  only  fin.  (15-87  mm.)  m  diameter  and  providing 
means  for  caiTving  off  the  heat.  The  composition  of  the  positive 
electrode  is  very  important.  It  contains  a  fairly  large  core  of  white 
flaming  material.     The  negative  carbon  is  set  at  an  angle  to  the 
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positive,  as  is  frequent  practice  in  projector  lamps,  so  that  the  nega- 
tive flame  impinges  on  the  positive  in  such  a  manner  as  to  hold  the 
luminous  flame  confined  within  the  positive  crater.  This  effect 
heems  to  require  a  certain  minimum  current  which  is  approximately 
90  amperes.  If  the  current  goes  below  this  amount  the  velocity  of 
the  negative  flame  is  reduced  to  such  an  extent  as  to  allow  the 
positive  stream  to  emerge  from  the  crater  and  intermingle  with  the 
negative  flame  ;  whereupon  the  arc  takes  on  the  characteristics  of 
the  ordinary  flaming  arc. 

The  size  of  the  negative  carbon  has  also  been  reduced  so  that  it  is 
now  for  1.50  amperes  but  -\  in.  (11  mm.)  in  diameter  compared  with 
1  in.  in  the  older  type.  This  reduction  in  size  of  the  negative  carbon 
had  been  made  by  others,  however,  before  Mr.  Beck's  lamp  was 
produced.  The  advantages  of  the  small  negative  electrode  are  that 
the  shadow  cast  on  the  mirror  is  reduced,  which  feature  is  especially 
important  from  the  fact  that  the  candle-power  of  the  arc  crater 
increases  as  the  angle  from  the  normal  decreases.  The  centralising 
of  the  arc  by  means  of  the  small  negative  keeps  the  light  much 
steadier  and  at  the  focus  of  the  mirror.  The  positive  carbon  is 
rotated  to  increase  the  steadiness  of  the  arc  and  to  keep  the  crater 
edges  even.  In  the  Beck  lamp  this  rotation  also  jjrovides  for  the 
bathing  of  the  carbon  in  an  indifferent  gas  to  prevent  oxidation  and 
increase  the  cooling  of  the  carbon  shell. 

.Some  tests  have  been  carried  out  by  the  navy  and  by  others  on 
nitrogen-filled  tungsten  lamps  as  a  source  of  light  for  searchlights. 
It  is  evident,  however,  that  these  lamps  cannot  compare  in  intrinsic 
brilliancy  with  the  carbon  arc,  although  they  contain  the  desirable 
features  of  fixed  position  of  source  of  light  and  steadiness,  and 
without  the  necessity  of  loss  of  power  in  stabilising  rheostats.  The 
concentrated  tungsten-filament  .searchlight  will  probably  be  deve- 
loped so  as  to  be  satisfactory  for  such  searchlights  as  are  required  for 
navigational  purposes  where  it  is  not  necessary  to  ijluminafe  objects 
at  great  flistances. 

The  gold-backed  mirror  has  been  extensively  used  by  certain 
countries  ;  but  it  would  seem  that  for  normal  conditions  it  would 
not  be  advisable  to  u.se  it  with  the  later  type  of  arc  light  which  gives 
off  a  light  strong  in  blue  and  violet  rays. 

The  modem  searchlight  is  trained  and  elevated  from  a  distance 
by  either  mechanical  or  electrical  control  apparatus  so  that  the  person 
controlling  the  movement  of  the  light  may  observe  the  target  without 
being  blinded  by  the  glare  of  the  stray  and  refracted  light.  Search- 
lights are  usually  fitted  with  a  shutter  so  that  the  light  may  be  kept 
burning  ready  for  use  Ijut  darkened  until  such  time  as  it  is  desired 
to  illuminate  the  target.  The  name  searchlight  is  somewhat  a 
misnomer  in  a  military  sense,  for  a  searchlight  is  not  as  a  rule  used 
for  searching,  but  principally  for  illuminiiting  the  target  after  it  has 
been  discovert  d  by  pickets  or  other  means.  The  use  of  a  searchlight 
in  the  first  instance  betrays  the  position  of  the  ship  using  it  to  the 
enemy  before  the  enemy  itself  can  be  discerned. 

Metal  mirrors  of  various  compositions  and  colours  have  been  used 
to  a  certain  extent,  principally  to  prevent  breakage  due  to  rifle  fire 
a.nd  the  shock  of  gunfire.  They  have,  however,  been  found  to  possess 
a  low  coefficient  of  reflection  and  to  tarnish  very  quickly.  They 
re(|nire  much  care  to  keep  proj  eriy  polished  and  are  not  a,s  true  to 
parabolic  form  as  the  glass  mirror. 

Si(j)i(illlng  hi/  Means  of  Light. — This  subject  may  le  divided  into 
two  general  clas.ses  :  interior  communication  signalling  on  board 
ship  and  distant  signalling. 

Interior  comnuinication  light  signals  comprii^e  i.inncrous  different 
circuits  and  systems  for  giving  definite  and  fixed  indications  or 
me.s.sages  by  illuminating  a  glass  or  other  translucent  dial  which 
contains  the  message  or  indication,  and  thus  being  similar  to  many 
uses  of  light  signals  on  land. 

Distant  signalling  consists  jjrincipally  of  the  following  systems: 
Ardois,  night  s'-maphore.  lilinkcr  light,  searchlight. 

The  ardois  consi.sts  of  four  liim|>s  mounted  in  a  vertical  line,  one 
above  the  other,  as  high  up  as  possil>le  in  the  rigging.  E»'.<h  lamp 
is  double,  containing  a  red  and  a  white  light,  and  these  lights  arc 
controlled  from  a  keylioard  arninged  similarly  to  th.rt  of  ,•■,  tyjewriter. 
The  continental  Morse  code  is  used.  A  red  light  indicates  a  dot  and 
a  white  one  a  dash.  This  gives  a  very  simi)lc  signal  system,  as  the 
keys  are  lettered  and  numliered  so  that  anyone  may  transmit  a 
signal  with  it.  This  system,  however,  cannot  be  us-ed  for  any  con- 
siderable distance  and  it  is  comparatively  slow  in  operation.  More- 
over, it  is  available  only  at  night  and  is  Ufed  mostly  for  tactical 
signi'ils. 

The  semaphore  system  of  signals  consists  of  a  different  position 
of  two  arms  for  each  letter  an(i  numernl.  It  was  r>ripinr.llv  used  by 
the  British  rnd  tic  French  for  signalling  with  a  flrg  in  each  hand  ; 
la.ter  it  was  adojited  by  this  country.  While  it  has  been  used  to  a 
certain  extent  with  liand  flags,  r.  machine  hm  been  developed  con- 
taining two  swinging  arms  which  were  made  about  6  ft.  (1-7  metre) 


long  and  could  be  seen  distinctly  at  much  greater  distances  than  the 
flags.  Furthermore,  these  swinging  arms  are  equipped  with  tungsten 
lamps  and  a  reflector  so  that  they  m^y  be  u.sed  a.t  night. 

The  flashing  signal  system  u.ses  a  pulsating  single  light,  in  some 
cases  mechanically  occulted.  It  is  controlled  by  a  telegraph  key 
and  the  continental  Morse  code  is  u-sed.  Rapid  signalling  may  be 
effected  by  its  use,  but  it  is  available  only  for  night  work. 

The  use  of  the  searchlight  for  signalling  gives  a  visual  means  of 
signalling  at  great  distances.  Signals  have  been  sent  by  this  means 
at  least  50  miles,  and  before  the  advent  of  radiotelegraphy  this 
promised  important  developments.  The  introduction  of  radio 
apparatus  on  board  ships  obscured  the  real  field  of  searchlight 
signalling  for  a  number  of  years,  and  it  is  only  lately  that  it  has 
again  been  taken  up. 

In  the  present  system  of  searchlight  signalling  the  Morse  code  is 
used  and  the  emission  of  light  controlled  generally  by  a  quick  acting 
shutter,  either  hand  operated  or  electrically  operated  by  hand  key 
a.nd  relay  control.  There  has  been  developed  more  recently,  how- 
ever, a  system  of  controlling  the  light  il^self  by  means  of  a  telegraph 
key  without  requiring  the  mechr-nical  striking  of  the  arc.  A  number 
of  different  means  have  been  developed  for  accomplishing  this.  By 
striking  the  arc  with  high-frequency  high  voltage,  the  arc  once  struck 
may  be  maintained  h)y  low  voltage.  By  shunting  the  arc  with  a 
resistance,  the  current  in  the  mrjn  line  ma.y  be  m^.intp-ined  constant 
and  the  current  across  the  arc  reduced  to  about  one-tenth  of  its 
normal  value,  the  variation  in  light  given  out  producing  the  same 
effect  a.s  if  the  light  wa,s  actually  shut  off. 

The  searchlight  can  be  used  equally  well  in  the  daytime  and  is 
generally  so  used,  acting  in  this  case  as  a  heliograph.  It  po.ssesses 
the  additional  pxlvantage  in  daytime  of  selectiveness  in  that  ships  at 
a  few  degrees  from  the  object  on  which  it  is  trained  ce.nnot  see  the 
flashes.  In  daytime  small  searchlights  have  been  used  successfully 
for  over  eight  miles.  For  long-dista,nce  night  work  the  searchlight  is 
trained  on  some  dark  cloud  in  the  genereJ  direction  of  the  receiving 
ship. 

There  are  a  number  of  specie,!  uses  of  illumination  on  shipboard. 
Among  such  special  uses  is  the  illumination  of  the  compass  cards. 
With  the  use  of  a  dimmer  the  markings  of  the  compass  are  distinct, 
but  no  glare  is  produced  to  dazzle  ihe  eyes  of  the  man  at  the  wheel. 
The  illumination  of  the  cross  wires  of  the  telescopic  gun  sights  is 
another  example. 

APPENDIX. 

Table  showing  Intensities  of  Illumination  adopted  by  the  U.S. 
Navy  Department: — 

FOOT-C.VNDLE  INTENSITIES. 


Ammunition  passages     2-0 

Armourj-.  plus  metal  reflectors 

at  bench      20 

Battle  dressing  station     20 

Battle  dressing  stores  2-0 

Baker>' 20 

Bath  room      20 

Barber's  shop     2-5 

Boik-r  rooms,   plus  250-watt 

units    1-5 

Butcher's  shn])  15 

Bftinl  room     10 

Hiower  room  (special)     — 

Blower  space      1-0 

Cabins     30 

Carpenter's  shop 3-0 

Chart  house    5-0 

Chief  I'.O.  quarters  (K'rthinp)  1-5 

Chief  P.O  quarters  (messing)  2-0 

Crew's  space    1-5 

Countrk"  (officers')  1-5 

Crew's  wa.«h  room     2-0 

Crew's  water  closets    2-0 

Conning  tower  (sjK-cial)    — 

Chain  looker  1-5 

Coal  bunkers    0-7 

Coaling  ship  (opociai)    — 

r)isi>ensarj"    3-0 

Desk     ...'. 4-0 

Distribution  room   2-0 

Dynamo  room,  plus  250-watt 

units    1-5 

Decks.  out«dc  (spoojal)    — 

Engine  room,  plus  2.10. watt 

units  (troato<l  as  sjiecial)    .  1-5 

Evaporator  rtH»m     1-5 

Firemen's  wa»h  ro<im   2-0 

Foundrv-    30 

Fire  room  (trpatr<l  as  sf>ooial)  — 

Fuel  oil  relay  tank  rcH^m  20 

General  condiment  and  issuing 

room    20 


General  mess  pantry- 20 

Galleys 20 

Handling  room    2  5 

Interior  com.  room   20 

Ice  machine  room 2  0 

Isolation  room  20 

Issuing  and  store  room 2  0 

Laundry   1-5 

Lamp  room    1-5 

Machine  shop  (general)    10 

Magazine    1-5 

Mess  room  (officers')  2-5 

Mess  attendants'  wash  room  20 

Offices   40 

Operating  table 150  to  250 

Paint  room     1-5 

Paint -mixing  room   1-5 

Pantries    20 

Printing  office    40 

Pump  room    1-5 

Post  office    4-0 

Prison  (special)    — 

Reception  room     3-0 

Sur>;con"s  examining  room  ...  2-0 

Staterooms   30 

Sub    4-0 

Sub  central    40 

Shell  room    2-0 

Store  rooms  (fixed  stores) 0-7 

Store  rooms  (stock  for  issue).  10 

Sick  bay   2-0 

Storage  battery  chg.  sta. 2-0 

Ship's  store    .'. 2-0 

Tor]>edo  room    2-0 

Turrets  (s]>ecial)    — 

Water  closets   1-0 

Wireless  room    3-5 

Workshop  (additional  special 
illumination     to     Ije     pro- 

videil  at  machines)  1-5 

Wintlla*s  space    1-5 
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During  the  discussion  following  the  reading  of  the  Paper  it  was 
claimed  that  the  Spcrry  projector  was  in  many  respects  superior  to 
the  Beck,  giving  less  shadow  from  the  carbon  supports,  having  a 
smaller  crater  area  for  the  same  current,  and  needing  no  supply  of 
gas.  Mr.  Sperrj'  pointed  out  that  when  in  Berlin  he  had  had  an 
opportunity  of  observing  a  very  powerful  arc  lamp  made  in  Germany, 
and  that  whilst  he  had  been  working  with  "  effect  "  carbons,  the 
CJermans  were  working  along  quite  different  lines.  Mr.  Beck  com- 
pared the  craters  of  hard  carbons  and  flame  carbons.  A  suggestion 
was  made  that  by  using  focus  type  incandescence  lamps  suitably 
silvered,  for  ardois  signalling,  the  effective  range  might  be  greatly 
increased. 


ELECTRICITY  SUPPLY  IN  GREATER  LONDON. 


In  reference  to  the  foregoing  it  is  of  interest  to  note  that  Mr.  E.  G. 
Sperry  has  applied  for  two  U.K.  patents,  numbered  12,999  of  1915 
and  6,129  of  1916,  and  also  that  Mr.  Heinrich  Beck  has  two  U.S.A. 
patents,  Nos.  1,029,787  and  1,086,-311.  The  latter  was  filed  at 
Washington  on  Nov.  29,  1913,  Mr.  Beck's  place  of  residence  being 
given  as  Meiningen,  Germany.  It  concerns  projector  arc  lamps, 
refers  to  his  former  patent  No.  1,029,787,  and  evinces  a,n  apparently 
clearer  understanding  of  the  principles  involved  in  obtaining  those 
specially  high-current  density  arcs  the^t  by  reason  of  their  great 
intrinsic  brilliance  per  unit  area  of  crater  are  of  the  greatest  value 
when  searchlight  beams  of  parallel  characteristic  are  desired. 


^      Fig.  1. 


Fig.  2. 


.-^^^^^       Fig.  3, 


Fig.  4. 
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Fig.  5. 


The  inventor  points  out  that  when  (and  as  in  ordinary  working 
with  small  carbons  and  big  currents)  the  vigorously  projected  nega- 
tive flame  envelops  the  end  of  the  positive  carbon,  current  is  able 
to  leave  the  positive  carbon  over  a  large  portion  of  its  surface  other 
than  the  crater.  The  voltage  and  crater  luminosity  under  these 
conditions  both  remain  low.  Also  that  when  the  apex  of  the  central 
blue  "  tongue  "  or  cone-like  core  of  the  negative  flame  produced 
under  these  special  conditions  (small  carbons  and  large  current) 
strikes  against  any  part  of  the  positive  crater  the  positive  flame,  ot 
less  vigour,  is  spread  or  repressed,  and  the  crater  is  of  insufficient 
concavity  and  luminosity. 

In  order  to  prevent  these  difficulties  Mr.  Beck  in  one  case  sets  the 
carbons  in  horizontal  line,  the  negative  being  coaxial  with  the  posi- 
tive or  on  a  slightly  higher  axial  line  or  inclined  upwardly  towards 
the  point  of  the  horizontal  positive.  The  positive  flame  may  be 
given  greater  vigour  by  the  use  of  a  rapidly  burning  flame  carbon, 
and  the  flame  of  the  arc  may  also  be  controlled  by  gas  jet  action  or 
other  means. 

In  the  above  drawings  from  the  patent  specification  Fig.  1  shows 
the  arc  as  it  should  not  be  allowed  to  burn,  and  Fig.  2  its  production 
under  conditions  suitable  for  parallel  beam  projections.  Figs.  3 
and  4  show  other  settings  of  the  electrodes,  and  Fig.  5  is  a  diagram 
illustrating  the  disposition  of  parts  for  deflection  of  the  arc  by  gaseous 
pressure.  The  first  of  three  cla,ims  is  for  :  "  The  method  of  operating 
arc  lamps  which  consists  in  employing  a  high  current  density  which 
produces  a  tongue  in  the  negative  flame  and  deflecting  cf/d  tongue 
from  the  centre  of  the  positive  electrode." 


At  the  last  meeting  of  the  Conference  of  Metropolitan  Borough 
Councils  owning  electricity  undertakings,  which  was  held  on  July 
21,  it  was  re.solved  : — 

That  the  conference  of  Metropolitan  Borough  Councils  owning  elec- 
tricity undertakings  authorises  the  committee  of  engineers  to  invite  a 
technical  representative  of  every  electrical  undertaking  in  Greater 
London  area,  whether  owne<l  by  local  authorities,  electricity  supply 
companies,  railway  companies,  or  the  London  County  Council,  to  attend 
future  meetings  of  the  Engineers'  Committee  to  a.ssist  in  preparing,  a.s 
completely  as  possible,  a  report  on  linking-up  generating  stations  in 
Greater  London  area ; 

That  the  area  of  the  conference's  operations  shall  include  the  areas  of 
such  local  authorities  owning  electricity  supply  undertakings  as  are  within 
or  cut  by  a  circle  having  a  radius  of  20  miles  with  its  centre  at  East  Ham 
Town  Hall,  including  the  Urban  District  of  Watford,  and  that  such  local 
authorities  be  invited  to  appoint  two  representatives,  together  with  their 
respective  town  clerks  and  electrical  engineers,  as  members  of  the  con- 
ference ; 

That  the  title  of  the  conference  be  amended  to  read  as  follows  :  "  Con- 
ference of  Local  Authorities  in  Greater  London  owning  Electricity  Under- 
takings." 

The  Engineers'  Committee  referred  to  was  appointed  to  consider 
taking  immediate  steps  to  link  up  the  whole  of  the  generating  stations 
in  Greater  London  area  in  order  to  comply  with  the  request  made  by  the 
Board  of  Trade  in  their  circular  letter  of  May  2.5,  1916,  on  the  subject  of 
economy  of  fuel.  Up  to  the  present  the  companies  which  have  appointed 
representatives  to  the  Engineers'  Committee  are  as  follows  :  — ■ 

North  Metropolitan  Electric  Power  Supply  Co.  (Mr.  E.  T.  Ruthven 
Murray),  Charing  Cross,  West  End  &  City  Electricity  Supply  Co.  Oil. 
H.  W.  Kingston),  Brompton  &  Kensington  Electricity  Supply  Co.  (Mr. 
R.  S.  Downe),  Twickenham  &  Teddington  Electric  Supply  Co.  (Mr. 
M.  Farrer),  London  Electric  Supply  f'orpn.  (Mr.  G.  W.  Partridge),  City 
of  London  Electric  Lighting  Co.  (Mr.  F.  Bailev),  Great  Eastern  Railway 
Co.  (Mr.  H.  W.  Firth),  Chelsea  Electricity  Supply  Co.  (Mr.  P.  Still), 
Hendon  Electric  Supply  Co.  (Mr.  R.  G.  Drummond),  London  &  South 
Western  Railway  Co.  (Mr.  C.  Jones),  Kensington  &  Knightsbridge  Elec- 
tric Lighting  Co.  (Mr.  H.  Miller),  Netting  Hill  Electric  Lightning  Co. 
(Mr.  A.P.  McDouall),  Metropolitan  Electric  Supply  Co.  (Mr.  J.  S.  High- 
field),  Harrow  Electric  Light  &  Power  Co.  (Mr.  G.  W.  Spencer  Hawes), 
and  Richmond  (Surrey)  Electric  Light  &  Power  Co.  (Mj-.  H.  G.  Alger). 

Owing  to  the  autumn  recess  few  of  the  local  councils  have  held  meetings 
subsequent  to  the  issue  of  the  invitation  to  join  the  conference,  but  up  to 
the  time  of  writing  the  following  have  complied — viz.,  Ealing,  East  Ham, 
Bexley  Heath,  Ley  ton,  Finchley,  Baraes  and  Beckenham,  and  the  follow- 
ing have  signified  their  intention  not  to  come  in  at  present — viz.,  Willes- 
den  and  Grays.  At  a  meeting  of  the  Metropolitan  Municipal  Authorities 
held  on  March  26,  1915,  the  following  resolutions  were  adopted  : — 

That,  in  the  opinion  of  this  committee,  subject  to  the  adoption  of  the 
following  conditions,  a  central  autority  should  be  established  to  deal  with 
the  supply  of  electricity  for  London,  viz  : — 

1.  The  central  authority  shall  include  representatives  of  the  London 
County  Council  and  adequate  representation  of  Borough  Councils  being 
authorised  distributors. 

2.  No  attempt  shall  be  made  by  the  central  authority  to  hamper  or 
restrict  the  economic  development  of  any  existing  Borough  Council 
generating  station,  and  for  this  purpose  all  existing  and  future  powers 
shall  be  conserved  for  the  purpose  of  this  clause.  The  London  County 
Council  shall  sanction  loans  to  the  Borough  Council  on  terms  which  shall 
not  be  more  onerous  than  an>  it  imposes  upon  any  undertaking. 

3.  The  purposes  for  which  the  central  authority  shall  be  established 
shall  be  : — 

(1)  The  supply  of  electricity  in  bulk  to  authorised  distributors. 

(2)  The  supply  of  electricity  for  traction  purposes. 

(3)  The  standardisation  of  the  London  Supply  by  a  scheme  and  on 
terras  to  be  jointly  formulated  by  the  County  and  Borough  Councils. 

4.  The  central  authority  shall  not  compete  in  distribution  with  the 
Borough  Councils  who  are  authorised  distributors. 

5.  If  the  London  County  Council  purchase  the  undertakings  of  the 
companies,  it  shall  transfer  to  the  various  Borough  Councils  the  distribu- 
tion of  electricity  within  each  area. 

6.  Deficiency  rate  shall  be  levied  on  any  Borough  Council  which  does 
not  take  a  supply  under  any  scheme  formulated  by  the  central  authority. 

7.  No  attempt  shall  be  made  to  purchase  compulsorily  any  Borough 
Council  undertaking,  and  no  Borough  Council  shall  be  prejudiced  by 
reason  of  its  refusal  to  sell. 

8.  The  provisions  of  the  London  Electric  Supply  Acts  (1908  and  1909) 
for  closer  co-operation  between  existing  undertakings  shall,  with  suitable 
safeguards,  be  made  compulsory. 
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REFORM  OF  OUR  PATENT  LAWS. 

At  a  recent  conference  of  the  Society  of  Chemical  Industry 
attention  was  drawn  to  the  urgency  of  reform  in  our  patent 
laws.  There  is  no  question  that  this  is  a  subject  which 
should  be  taken  up  energetically  when  our  legislators  have 
time  once  more  for  their  normal  activities  ;  indeed,  some- 
thing in  a  preliminary  way  should  be  done  before  that  time, 
with  a  view  to  clearing  the  ground  and  forming  an  opinion 
as  to  what  is  desirable  to  place  patentees  in  this  country 
in  a  satisfactory  position.  Patent  law  should  be  for  the 
actual,  not  nominal,  benefit  of  the  patentee,  it  should 
give  our  manufacturers  proper  means  of  maintaining  their 
position  in  the  international  industrial  struggle  which  will 
shortly  come  upon  us,  but  above  all  it  should  be  so 
framed  as  to  maintain  our  pre-eminent  position  as  a  manu- 
facturing and  indu.strial  countiy. 

One  of  the  hardships  that  bears  most  heavily  upon  the 
English  inventor  is  the  high  cost  of  a  patent  in  this  country. 
It  is  quite  true  that  the  first  cost  is  low  ;  but  actually,  if 
a  patent  is  to  run  for  14  years,  the  total  cost  in  fees  alone 
is  £99.  This  compares  very  unfavourably  with  many  other 
countries.  Take,  for  example,  the  United  States,  where 
the  Government  fee  is  £7  for  protection  which  lasts  for 
17  yeai-s.  There  is,  of  course,  a  good  deal  to  be  said  in 
favour  of  the  fees  being  comparatively  small  for  the  initial 
protection,  but  the  continual  payment  of  an  increasing  fee 
each  year  may  in  many  cases  be  a  serious  burden. 

Moreover,  in  the  United  States  the  search  which  is  made 
by  the  Patent  Office  authorities  is  more  rigorous  than  in 
this  country,  and  consequentlv  the  patent,  although  very 
much  cheaper,  is  valued  at  a  higher  figure.  The  same  may 
be  said  of  Germany.  The  question  of  search  is  one  that  is 
important,  and  it  would  do  much  to  smooth  the  path  of  the 
patentee  if  information  were  made  available  of  a  thorough 
character  on  not  only  patent  literature,  but  "  common 
knowledge."  Perhaps  it  is  too  much  to  expect  such  a  co.stly 
task  to  be  undertaken. 

The  suggestion  was  made  by  Mr.  J.  W.  Gordon*  that  a 
]>atent  grant  would  produce  a  maximum  public  advantage 
if  only  a  (jualitied  monopolv  were  given,  such  that  the 
patentee  had  a  right  to  grant  licences,  but  only  in  excep- 
tional cases  the  right  to  restrain  bv  an  injunction  the  use 
of  his  invention.  The  effect  of  this  would  be  that  anyone 
who  so  desired  would  be  able  to  obtain  a  licence  ;  in  other 
words,  an  inventor  might  be  forced  to  give  any  number  of 
licences.  Then*  is.  however,  a  verv  strong  objection  to 
such  a  policy.  It  must  not  be  forgotten  that  some  patents 
require  a  con.sideral)le  exjK^nditui-e  of  time  and  money  for 
their  development,  and  manufacturers  will  not  incur  this 
risk  if  they  are  liable  to  open  comj^etition  by  licensees. 
Again,  the  idea  that  an  article  of  value  would  be  made 
readily  if  anyone  were  free  to  make  it  is  quite  false  unless  the 
cost  involved  is  nominal.  Actually  an  article  is  usually 
inanufacturtHl  })v  .some  particular  firm  simply  l>ecause  other 
tirms  have  not  the  risiht  to  nuinufacture.  In  suggesting  that 
licences  should  bo  cranted  wholesale,  it  is  forgotten  tiiat  the 
cost  of  s<'lling.  apart  from  manufacturing,  is  considerable. 
In  fact,  in  some  cases  the  cost  of  selling  mav  be  the  largest 
cost  incurred.  .V  manufacturer,  therefore,  is  usually 
uinvillini!  to  un<lt'rtake  the  manufacture  of  an  article  unless 
he  has  the  exchisivo  handling  of  the  particular  article  for 
some    time,   otherwise    his    expenditure    in    obtaining    a 
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market  would  be  largely  incurred  for  the  benefit  of  his 
competitors. 

A  number  of  other  interesting  points  were  raised  at  this 
Conference.  Thus  attention  was  drawn  to  the  great  cost  f)f 
patent  actions  in  this  country.  It  is  undoubtedly  the  case 
that  no  firm  is  willing  to  go  into  the  Law  Courts  to  fight 
a  patent  action  unless  ample  funds  are  at  hand  for  the 
purpose,  and  that  the  gain  by  so  doing  is  likely  to  be  con- 
siderable. From  this  point  of  view  we  might  do  well  to 
follow  German  practice,  where  judges  are  assisted  by  a 
certain  number  of  scientific  or  technical  assessors,  as  distinct 
from  expert  witnesses,  with  the  result  that  the  procedure 
is  much  shorter  and  the  cost  correspondingly  less.  A  point 
raised  by  Prof.  Armstrong  referred  to  what  are  termed 
"blocking"  patents — namely,  patents  on  side  lines — such 
patents  not  being  used  except  for  the  purpose  of  preventing 
investigators  working  along  those  particular  lines.  Prof. 
Armstrong  described  this  as  "an  infernal  form  of  inter- 
ference." It  is  difficult  to  see,  however,  that  any  action  can 
be  taken  in  a  matter  of  this  kind.  Anyone  is  free  to  invent, 
and  if  he  wishes  to  protect  any  particular  line,  to  the  dis- 
advantage of  a  competitor,  he  must  be  free  to  do  so  ;  other- 
wise our  whole  patent  fabric  would  fall  to  the  ground.  It 
might,  however,  be  advisable  to  set  up  some  form  of  tribunal 
to  investigate  the  effect  of  a  blocking  patent  upon  complaint 
being  made  by  an  interested  manufacturer  or  dealer,  for 
any  national  system  of  patent  law  should  have  the  general 
good  of  the  country  always  in  view. 

Perhaps  one  of  the  most  keenly  debated  provisions  of  our 
patent  law  at  the  present  time  is  that  which  necessitates 
compulsory  working  of  patents.  Some  people  hold  that 
this  is  good,  others  that  it  is  bad.  From  the  point  of  view 
of  employment  in  this  country,  we  think  it  must  be  ad- 
mitted that  the  provision  is  good,  as  it  has  led  to  the 
building  of  factories  over  here  and  the  employment  of 
British  labour.  On  the  other  hand,  it  has  necessarily  led 
to  the  introduction  of  aliens  in  our  industries  who  may  be 
more  or  less  undesirable.  Kccent  experience  has  shown 
that  these  people  certainly  are  undesirable  from  the  point  of 
view  of  interfering  with  our  industries  for  political  purposes. 
Therefore  it  might  be  better  to  provide  for  compulsory 
licences  in  this  country,  the  working  of  these  to  be  carried 
out  by  British  firms.  With  the  licences  there  should  be 
complete  disclosure  of  methods  of  working,  &c.  This  is 
important  in  most  cases,  especially  in  chemical  patents. 
There  are,  however,  many  difficulties  in  securing  the  desired 
end,  and  it  might  be  advisable  to  have  discretionary  power  to 
insist  upon  compulsory  working  in  this  country  or,  alterna- 
tively, to  call  upon  the  patentee  to  grant  licences. 

Although  many  so-called  inventors  may  well  be  dis- 
couraged, it  is  time  to  realise  that  the  true  inventor  is  a 
national  asset,  and  his  path,  which  at  best  is  thorny,  should 
be  made  as  easy  as  possible.  The  whole  question  should  be 
discussed  on  a  broad  basis  in  the  near  future.  A  point  which 
was  not  discussed  at  the  Conference,  and  which  we  consider 
of  some  importance,  is  the  desirability  of  having  a  uniform 
imperial  patent  law.  In  the  future  it  is  to  be  hoped  there 
will  be  closer  political  and  commercial  relations  between 
the  various  parts  of  the  Empire;  and  although  it  may  not 
be  possible,  in  the  first  instance,  to  have  one  patent  which 
would  be  valid  in  every  dominion  and  colony,  yet  much 
might  be  done  to  improve  and  simphfy  our  present  system. 

The  endeavour  should  be  made  so  to  frame  the  patent 
laws  as  to  ensure  that  the  community  and  individual 
benefit  by  the  granting  of  a  patent.  Under  existing  con- 
ditions an  inventor,  particularly  a  poor  or  timid  inventor, 
rims  the  risk  of  being  involved  in  costly  legal  actions  ;  and 
an  effort  should  be  made  to  improve  his  position. 


REVIEWS. 

Copies  of  the  undermenttoned  works  can  b«  had  from  The  Electriciam  OCc«,  post 
free,  on  receipt  of  published  price,  adding  3d.  for  book*  publishad  under  2s.  Add 
10  per  cent  for  abroad  or  for  foreign  books.] 


The  Engineers'  Year  Book  of  Formulae,  Rules,  Tables,  Data  and 
Memoranda  for  1916.  ('ompilcd  ;ir:(i  iditid  in-  n.  k.  Klmi-e. 
(Ix)ndon  :    Crosby  Lockwood  &  Son.)     tp.  1967.     15b.  net. 

This  book,  which  is  a  compendium  of  modern  practice  of  all 
branches  of  engineering,  has  now  been  published  annually  for 
23  yearfc  In  its  preparation  the  author  has  received  as.sistanc6 
from  a  large  number  of  specialists,  who  have  subjected  their 
respective  sections  to  a  careful  revision,  making  important 
alterations  to  bring  them  into  line  with  present  requirements. 

First  published  in  1894  with  586  pages,  the  book  has  grown 
year  by  year  till  the  text  matter  has  now  reached  a  total  of 
1,866  pages,  and  the  work  calls  for  more  than  1,5W  figures  for 
its  illustration. 

Prominent  among  the  new  features  in  this  issue  are  authori- 
tative contributions  on  the  Catenary  Curve,  Hyperbohc 
Functions,  Astronomy  in  Field  Work,  Engineering  Drawings, 
Properties  of  Beams,  Steel  Roof  Framing  and  Covering, 
Railway  Signals,  Reinforced  Concrete  Roads,  Ropeways, 
Clutches,  Blast  Furnace  Prac  tice,  Compressors,  Hydro-electric 
Plants,  Pumps,  Engine  Desire,  Forced  Draught,  Materials  of 
Construction,  Workshop  Ventilation  and  Metallurgy. 

The  section  on  Coal  and  General  Mining  has  been  consider- 
ably improved,  while  the  sections  deahng  with  Cranes,  Power 
Transmission,  Machine  Tools,  Bearings,  Steam  Practice  and 
Mechanical  Engineering  have  been  amplified,  and  a  consider- 
able amount  of  valuable  data  added. 

A  former  edition  of  the  book  was  called  by  a  reviewer  "  A 
veritable  encyclopaedia  of  engineering  knowledge/'  and  another 
reviewer  said  :  "  Among  the  most  useful  books  of  reference  of 
its  class  which  exists,  if,  indeed,  it  is  not  actually  the  most 
useful."  Of  the  present  edition  it  may  be  said  that  besides 
containing  all  the  useful  parts  of  former  editions  on  which  time 
and  money  have  been  spent  to  keep  them  useful,  it  contains  a 
large  amount  of  new  matter,  in  the  choice  of  which  the  author 
has  shown  rare  judgment.  Praise  is  due  to  all  those  who  have 
been  concerned  in  the  handling  of  the  book,  which,  notwith- 
standing the  many  difficulties  on  account  of  the  war,  fully 
maintains  the  very  high  level  reached  by  former  editions. 

Continuous- Current  Engineering.  Bv  Alfred  Hay.  (licndon : 
Constable  &  Co.)     Pix  xii.  4-360.     6s.6d.net.     2nd  edition. 

The  first  edition  of  this  book  was  reviewed  in  these  columns 
about  eight  years  ago.  It  was  reprinted  in  1912.  Owing  to 
important  advances  in  various  directions  since  the  appearance 
of  the  first  edition,  many  of  the  sections  in  the  present  edition 
have  been  largely  re-wrivten.  In  common  with  everything 
else  that  is  for  sale  at  the  present  time  the  price  of  the  book  has 
been  increased  by  25  per  cent.,  but  this  is  not  the  author's 
fault ;  maybe  the  price  has  been  advanced  in  spite  of  the 
author,  for  publishers,  like  all  other  traders,  have  to  endeavour 
to  work  for  a  profit. 

We  have  used  "  Hay  "  during  the  last  eight  years,  not 
because  it  gave  every  satisfaction,  but  because  it  gave  more 
satisfaction  than  other  elementary  works  on  the  same  subject. 
In  fact,  the  book  falls  far  short  of  our  ideal.  We  had  hoped 
that  in  preparing  the  new  edition  the  author  would  use  as  a 
model  his  book  on  alternating  currents,  in  order  to  get  a  well- 
balanced  whcle.  To  arc  lamps  of  different  makes  22  pages  are 
given,  and  no  less  than  16  pages  are  devoted  to  the  description 
of  electricity  meters,  and  a  like  number  of  pages  is  given  to  a 
very  sketchy  account  of  conductors  and  insulators. 

Had  some  of  these  pages  been  given  to  considering  the  effect 
of  inductance,  to  calculating  the  energy  stored  in  magnetic 
fields,  to  the  design  of  electromagnets  for  a  given  duty,  to  the 
winding  of  coils  for  a  specified  i)erformance,  to  the  rating  of 
machinery,  and  to  the  many  highly  important  problems  con- 
nected with  motor  starting  and  control,  we  venture  to  think 
that  a  stiU  more  useful  volume  would  have  been  the  result. 
Having  used  the  book  for  so  long  it  is  hkely  that  the  omissions 
are  the  more  noticeable.  As  it  stands,  the  book  is  still  the 
best  of  its  kind,  and  anv  studeix^  who  works  conscientiously 
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througli  tlie  book,  and  tackles  the  exercises  at  the  end  of  each 
diapter,  will  undoubtedly  do  well  in  any  examination,  the 
.syllabus  of  which  is  covered  by  "  Hay/'  In  addition  to  enab- 
ling a  student  to  pass  examinations,  the  book  is  full  of  useful 
information,  and  paves  the  way  to  a  thorough  understanding 
of  more  ambitious  works. 

Mechanical  Engineers' Pocket  Book.    By  AV.  Kent.      (London: 

('lia]Hiiaii  &  JIall.)     J-'ji.   xiiv.  ^  l..")2(i.     21s.  net. 

This  volume  is  the  ninth  edition  of  a  work  that  is  probably  as 
well  known  in  this  country  as  in  America.  In  its  preparation 
Prof.  Kent  has  had  the  assistance  of  his  son,  who  has  been 
](,'sj)onsible  for  the  revision  of  many  of  the  tables,  as  well  as  for 
pra<;tically  the  whole  of  the  jcvising  of  several  of  the  subjects. 
That  the  work  is  to  be  found  on  the  engineer's  bookshelf  is 
evident  from  the  fac-t  that  the  total  issue  now  reaches  one 
hundred  and  eight  thousand  a  figure  of  which  even  the  writer 
of  a  popular  novel  need  lutt  be  ashamed. 

A  book  having  such  an  enonnouR  circulaticm  needs  jio 
fiirflicr  recoinnu'iidatioii.  It  will  sii(li(c  i[  we  briefly  set  out 
the  seveial  changes  and  additions  that  have  been  made  in  the 
present  edition.  The  revision  has  necessitated  changes  in  over 
100  pages,  and  the  addition  of  over  150  pages  of  new  matter. 
Kxtensive  revision  lias  been  made  in  the  subjects  of  materials, 
mechajiics,  fans  and  bloweis,  iu-ating  and  ventilation,  fuel, 
steam-boilers  and  engines,  and  steam-turbines.  The  new 
matter  in  the  rewritten  and  enlarged  chapter  on  machine-shop 
practice  includes  an  elaborate  tieatment  of  the  subject  of 
macliinc-tcjol  driving,  together  with  extensive  data  on  planing, 
milling,  diilling  and  grinding.  The  chapters  on  electrical 
engiiicci  iiig  liave  been  completely  rewritten  and  brought  into 
agreeni(-nt  with  modern  practice. 

In  looking  through  tin;  bo<»k  it  is  evident  that  the  author  has 
endeavoured  to  bring  the  matter  up  to  date.  His  treatment  of 
jiiiinv  of  tjic  sections  is  suiprisingly  complete,  and  the  verv  full 
index  will  be  welcomed  by  the  many  who  icijuire  information 
in  a  hurry.  In  the  next  edition  we  should  like  to  see  more  space 
devoted  to  references.  Reference  libraries  of  technical  books 
are  the  excei)tion  in  this  country,  and  it  is  necessary  for  an 
engineer  in  any  of  our  large  manufacturing  towns  to  have  a 
search  made  at  one  of  the  libraries  in  London  for  references  on 
a  given  subject.  Foi-  the  results  to  be  of  value,  the  making  of  a 
search  recjuires  considerable  time,  and  is  an  expensive  business. 
No  doubt  Prof.  Kent  has  a  useful  list  of  references  in  connec- 
tion with  each  chapter. 

As  it  stan<ls.  however,  the  Ixtok  is  invaluable  to  the  engineer, 
irres])e(  tive  of  the  branch  iji  which  he  practises,  and  the  whole 
<»(  the  press  work  is  excellent. 


EARTH  CONNECTIONS  FOR  TELEPHONE  EXCHANGES. 

Iiv    w.    M.   <;iu.\STKl),  A.r'.c.i. 

The  systems  of  eailh  (oMnections  in  a  well-designed  modem 
centrii!  battery  exchange  are  two  in  number,  juimely,  that  used 
for  piotiMtion  againsi  Iiigli-tensi<»n  currents  and  that  in  con- 
]\ection  with  the  central  battery.  The  (wo  systen\s  should 
preferably  hv  distijict.  so  that  in  the  event  of  a  failure  of  the 
earth  c(ninr(  i  k.m.  ri>k  ,,\  \\'\<^]\  tcnsidn  being  connected  to  the 
teleplidiie  |)laiil  is  niuiiniised .  Kiiitlier,  since  the  first,  or 
jjiolecl  i\  (-.  systeii!  must  be  i)i  connection  with  the  building 
St  ru(  t  inc.  1  here  is  a  possibility  of  fairly  large  currents  flowing  in 
cable  racks  and  in  |)arls  of  the  building  framework,  if  tlie 
systems  Mie  interconnected.  However,  the  two  svstcms  are 
ollen  combined  willmul  giving  rise  to  serious  dillieultics,  so 
these  (ilijei  liuus  are  |Kissibly  of  little  prailical  importance. 

I*n)tirfirf  Sifsli  in.  This  .system  is  tised  for  the  protection  of 
tbe  t(>leplion(>  circuits  and  ajiparatus  against  excessive  pressures, 
and  currents  due  to  lightning  or  contacts  with  power  wire.H,  Arc, 
and  also  |<i  protect  the  stall  against  shocks  in  the  event  of  a 
Itveakdown  of  the  insulation  of  the  motors  or  their  contr«dling 
gear.  The  ap])aratUs  earthed  by  this  .system  usuallv  com]iri.srs 
the  main  frnnie.  I  lie  frames,  couplings  and  sjiafts  of  the  charging 
machines  and  li      ing  tnachines.  the  frames  and  cases  of  the 


controlling  switches  and  starters,  the  framework  of  the  power 
board,  the  lead-covering  of  the  power  cables  and  the  conduits 
for  the  latter.  The  main  frame  carriejs  the  ''  protectoi-s," 
which  include  arresters,  heat  coils  and  fuses  protecting  the 
exchange  apparatus  from  high-tension  or  excessive  currents. 
The  operation  of  the  arrester  or  of  the  heat  coil  connects  the 
line  to  the  frame  plate  of  the  protector  strip,  which  is  earthed 
partly  through  the  frame  itself,  but  mainly  through  a  copper 
strip  soldered  to  a  bare  copper  wire  which  passes  up  behind 
each  vertical  row  of  protector  strips  and  terminates  in  a  bare 
copper  bar  miming  the  length  of  the  frame.  This  bar  is  in 
turn  c(mnected  to  the  earthing  'bus  bar.  The  shafts  and 
couplings  of  the  machines  are  connected  to  the  frame  by  means 
of  brushes  sjiecially  fitted  and  running  on  the  coupling  or  on  the 
end  of  the  shaft.  The  frame  of  the  power  board  and  the 
apparatus  mounted  on  it  are  usually  connected  to  the  earthing 
'bus  bar  by  means  of  bare  copper  wire  of  the  cross  section 
re(piiied  by  the  wiring  rules  of  the  undertaking,  from  which  the 
power  supply  is  drawn. 

Since  the  earth  lead  from  the  main  frame  is  in  reality  a 
lightning  conductor  its  route  to  the  earth  connection  should  be 
as  direct  as  possible.  It  is  usual  to  connect  the  other  points 
to  be  earthed  by  separate  cables  or  wires  to  an  earthing  "bus  bar 
situated  on  the  power  board,  from  which  a  common  earthing 
cable  runs  to  the  earth  connection.  In  many  causes  the  main 
frame  cable  is  also  connected  via  this  "bus  bar.  Since  this  is 
generally  an  indirect  route  for  the  cable  this  practice  is  not 
good.  It  is  preferable  to  run  a  separate  lead  by  as  direct  a 
route  as  })ossible  to  the  earth  connection. 

The  water-main  or  hydrant  system  is  best  used  for  the  earth 
connection  for  the  protective  system,  as  the  currents  are  not 
permanent  and  are  not  likely  to  affect  the  building  fabric. 
The  connection  to  the  water  system  should  be  made  on  the 
main  side  of  any  water  meter  or  apparatus  likely  to  present 
a  high  resistance,  or  to  be  temporarily  disconnected.  If  this  is 
not  possible  such  apparatus  must  be  pennanently  bonded 
across. 

Insulated  cable  should  be  used  for  the  connections,  except  for 
those  local  to  the  power  board.  Bare  connections  might 
possibly  be  in  contact  with  gas-pipes  or  with  parts  of  the  build- 
ing to  which  the  lightning  flash  or  high-tension  cross  might 
strike  through,  causing  damage  at  some  distant  point  in  the 
building,  e.specially  if  the  earth  connection  had  deteriorated. 
As  far  as  ])ossible.  too.  individual  cables  should  be  run  for  con- 
necting each  machine  frame,  &c.,  to  the  earthing  bar,  and  in 
any  case  where  one  lead  serves  two  pieces  of  apj)aratus  it 
should  be  loojted  in  to  one  lug  at  the  finst  connection.  If,  then, 
the  eaith  connection  at  this  j)oint  is  removixL  for  instance, 
during  rephu cment  or  repairs,  the  second  piece  of  apparatus  is 
not  disc-onnected  from  earth. 

Sifsfnii  in  CoiiiiedioH  uitli  t/ic  Cciifnd  BaUcry.  The  uses  of 
the  connection  to  earth  of  one  pcde  of  the  central  battery  are  not 
generally  reali.sed.  It  is  usually  looked  upon  as  ])roviding  a 
return  circuit  f(»r  signalling  currents.  In  this  connec^titui  it  is 
u.sed  chiefly  for  (M)mj)leting  signalling  circuits  on  junction  lines, 
and  in  some  almost  <d)solete  svstems  for  calling  or  clearing  on 
subscribers"  lines.  It  is  also  largelv  used  to  .serve  as  the  return 
for  the  current  supply  to  sub.sciibers"  private  brancii  exchange 
switchboiinls  of  the  common  battery  type.  On  large  exchanges 
the  current  .supplied  over  eiirth  ciiruit  power  leads  for  this 
purpo.se  may  amount  to  as  mu<  h  as  .■}(»  to  oO  amperes. 

TlicR'  are,  however,  other  important  reasons  for  earthing  the 
battery.     They  are  briefly  :- 

1.  i'o  letluce  (he  number  of  fuses  re(|uired,  anil  to  avoid  the 
need  for  insulating  .some  of  the  return  conductors.  Kor  these 
riMUsous  the  earth  is  ronnecte«i  to  one  pole  «»f  the  battery  and 
not  to  the  rentle. 

2.  To  prevent  rmss  talk  and  other  disturbances  due  to 
h'rtknge  and  cflpacity  currents  between  the  cin^iits  connectini 
to  the  central  battery.  As  far  as  telephone  currents  are 
concerned,  the  connecting  orronrl  circuits  can  be  re«luce<i  to  the 
elements"  .shown  in  Kip.  1.  The  central  battery,  connected  at 
points  /»,  and  /»«  can  be  regarded  as  a  short-circuit  for  speech 
current**,   and    is   not    shown.     Suppo.<ie    the    out-of-balance 
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capacity  and  insulation  of  circuit  1  can  be  represented  by  an 
equivalent  fault  at  r,,  ajid  those  of  circuit  2  by  an  equivalent 
fault  at  e^-  Points  />,  ami  1)2  on  the  two  circuits  are  common, 
being  connected  together  at  the  central  battery.  Between 
points  a.^  and  &2  there  exists  half  the  potential  difference  created 
by  the  transmitter  T2.  This  will  cause  a  current  to  flow 
through  the  two  faults  as  follows  :  From  flg  through  e^,  earth, 
gj,  d,  61,  to  62-  The  circuit  ftj,  a^,  R^,  e^  forms  a  shunt  to  the 
part  of  the  previous  circuit  h^,  d,  e^,  so  that  the  receiver  R^  on 
circuit  1  receives  part  of  the  current  from  the  transmitter  T2, 
and  is  disturbed  by  speaking,  ringing  or  tone  signals  passing 
on  circuit  2.  If,  liowever,  the  common  points  b^  and  62  are 
connected  to  earth  the  cui'rent  is  shunted  out  of  circuit  h^,  a,  7?j, 
e^,  by  the  earth  connection  between  the  equivalent  fault  e^  and 
the  common  points  i^,  &2-  This  connection  amounts  practically 
to  a  short-circuit,  so  that  the  disturbance  of  circuit  2  is  prevented. 
When  the  number  of  circuits  between  which  such  inter-action 

a, 


a 


Fig.  1. — Circuit  Illustrating  Cross-talk. 

is  possible  is  considered  it  will  be  seen  that  the  earth  connection 
plays  a  very  important  part  in  securing  a  "  quiet  "  exchange 
system.  These  considerations  show  also  one  reason  why  the 
earth  connection  should  be  of  as  low  resistance  as  possible. 

3.  To  ensure  prompt  indication  of  faults  and  assist  in 
locating  them.  If  the  insulation  to  earth  of  any  part  of 
the  system  fails  a  circuit  is  completed  via  the  earth  con- 
nection on  the  battery,  and  thus  perhaps  the  fuse  serving 
that  part  is  blown,  or  relays  are  operated,  drawing  attention 
to  the  fault  at  once.  Without  the  earth  connection  the  circuit 
would  only  be  completed  via  some  other  faulty  section.  In 
this  way  most  peculiar  effects  may  be  caused  ;  the  fault  only 
shows  up  when  both  faulty  sections  happen  to  be  taken  into  use 
together,  so  that  great  difficulty  in  locating  the  trouble  is 
caused.  To  assist  in  preventing  troubles  of  this  sort  all  the 
mounting  plates,  racks,  frameworks,  &c.,  in  the  exchange  are 
specially  connected  to  the  earthed  pole  of  the  central  battery, 
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Fig.  2. — Circuit  Illustrating  False  Engaged  Test. 

the  chance  connection  to  earth  through  cable  racks,  fixing 
bolts,  &c.,  not  being  relied  upon. 

4.  To  ensure  a  reliable  engaged  test  on  the  multiple  jacks. 
The  wiring  and  apparatus  in  circuit  with  the  operator's 
receiver,  and  that  in  circuit  with  the  multiple  jacks,  each  have 
a  certain,  not  inconsiderable  capacity,  and  a  certain  leakage  or 
insulation  resistance  to  earth.  Other  circuits  connected  to  the 
opposite  pole  of  the  battery  have  also  similar  capacities  and 
leakage  resistances  to  earth.  With  an  unearthed  battery 
each  side  of  the  system  tlius  takes  up  a  potential  relative  to  the 
earth  determined  by  the  respective  capacities  and  leakage 
resistances  of  the  a|)))aratus,  wiring  and  lines  connected  to 
either  pole  of  the  battery.  The  amount  of  apparatus,  wiring 
and  lines  connected  up  is  constantly  varying  so  that  the 
potential  of  the  poles  of  the  battery  relative  to  the  earth  will  be 
continually  changing.     Included  in  the  apparatus  and  wiring 


on  the  positive  side  are  the  operator's  testing  circuits,  as  shown 
in  Fig.  2.  The  wiring  of  these  f^irruils  will  possess  a  certain 
capacity  to  eailh,  c,  the  charge  in  which  will  depend  upon  the 
potential  of  tlie  positive  pole  of  the  battery  relative  to  earth. 
As  this  fluctuates,  the  capacity  c  will  charge  and  discharge 
through  the  operator's  receiver,  giving  ri.se  to  clicks  which  will 
tend  to  invalidate  the  real  engaged  clicks.  By  connecting 
the  battery  to  earth  all  disconnected  circuits  are  caiLsed  to 
take  up  a  definite  potential  with  respect  to  earth,  namely, 
that  of  that  battery  pole  to  which  they  are  connected  (provided 
their  in.;ulation  resistance  is  reasonably  high)  .so  that  no 
fluctuations  in  the  charge  on  the  testing  circuit,  wiring,  &c., 
can  be  caused. 

5.  To  assist  in  identifying  wnres  in  outside  lines  or  in  distant 
exchanges.  Jn  some  cases  it  is  necessary  to  distinguish 
between  the  two  wires  of  one  circuit,  for  example  when  each 
side  of  the  line  is  employed  sejiarately  for  signalling.  If,  as  i.s 
usually  the  case,  the  wires  are  connected  at  the  outgoing  end 
to  the  two  poles  of  an  earthed  battery,  they  are  readily  dis- 
tinguished by  noting  their  potential  against  earth  by  means  of 
a  galvanometer  or  voltmeter. 

In  telephone  exchanges,  contrary  to  the  practice  on  traction 
systems,  the  earthed  pole  is  almost  always  the  positive.  This 
ensures  that  the  whole  of  the  lines  and  apparatus  which  differ 
in  potential  from  the  earth  are  negative  to  the  latter,  so  that 
any  leakage  currents  that  exist  flow  from  earth  towards  the 
apparatus.  Were  the  opposite  the  case,  the  line  wires,  and 
particularly  the  coil  windings  connected  to  the  free  pole  of  the 
battery,  would  be  positive  to  the  earth,  and  so  suffer  corrosion 
from  leakage  currents.  This  effect  is  inappreciable  with  the 
large  conductors  and  high  insulation  employed  in  heavy  current 
engineering.  On  telephone  systems,  however,  serious  trouble 
can  arise  from  this  cause.  Even  although  the  insulation  were 
not  abnormally  low,  an  extremely  small  leakage  current, 
flowing,  say,  from  the  winding  of  a  relay  to  its  core,  and  thence 
to  the  rack  and  the  negative  pole  of  the  battery,  would  corrode 
the  fine  wire  sufficientl}'  in  the  course  of  a  few  weeks  to  cause  a 
disconnection.  The  instrument  wiring  and  coil  windings  of 
subscribers'  instruments  are  particularly  liable  to  trouble  of 
this  kind.  By  earthing  the  positive  pole  of  the  battery 
instead  of  the  negative,  the  effect  is  practically  eliminated.  In 
cases  where  a  winding  connected  to  the  positive  pole  is  in  close 
proximity  to  another  connected  to  the  negative  pole,  so  that 
direct  leakage  can  take  place  apart  from  any  connection  with 
earth,  similar  trouble  can  still  occur,  especially  with  unfavour- 
able atmospheric  conditions. 

A  second  reason  for  earthing  the  positive  pole  is  that  partial 
earth  faults  show  up  more  definitely  on  test  when  the  conductor 
is  negative  to  the  surroundings.  When  its  potential  is  positive, 
the  fault  is  liable  to  seal  up  owing  to  oxidation  of  the  conductor. 

It  is  the  usual  practice  to  employ  an  earth  plate  for  earthing 
the  battery.  The  value  of  this  earth  connection,  as  it  is  usi^ally 
installed,  is  open  to  considerable  doubt.  It  generally  happens, 
owing  to  the  use  of  uninsulated  earth  bars  on  frames  and  racks, 
that  the  frame  of  the  building,  the  main  frame  earth  and  the 
battery  earth  are  all  interconnected.  Added  to  this,  the 
sheathings  of  the  cables  entering  tht  exi^hange  are  often 
bonded  together,  and  connected  to  the  water  main.  The 
current  has,  therefore,  the  choice  of  .seveial  path-^.  of  which 
the  earth  plate  is  often  not  the  most  favourable.  Its  resistance 
to  eai-th  is  often  higher  than  that,  of  the  building  frame  work, 
or  that  of  the  water  system.  An  E.M.F.  up  to  about  half  a  volt 
can  usually  be  observed  between  the  copper  earth  plate 
surrounded  by  carbon  and  the  iron  water  ])ipe  or  building 
framework,  before  they  are  connected  up  (o  the  battery,  the 
earth  plate  being  positive.  This  E.M.F.  th<nefore  tends  to 
decrease  the  current  flowing  via  the  earth  plate.  Further,  it 
seems  reasonable  that  the  earth  plate  itself,  being  connected  to 
the  positive  pole  of  the  battery,  is  subject  to  corrosion  in  the 
same  way  as  wiring  and  coil  windings  when  the  negative 
pole  is  earthed.  If  so,  one  wonders  whether  anything  remains 
of  it  a  few  years  after  its  installatit)n.  it  would  be  very 
interesting  to  hear  of  any  examination  that  has  been  made  of  a 
plate  some  year*  aftei-  the  exchange  has  been  brought  into  use. 
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On  the  wliole,  tlierefoie,  it  is  very  doubtful  wliether  the 
eailli  ])late  acts  in  the  way  in  wliicli  it  is  supposed  to  act.  The 
followinj^  proposals  would  secure  a  more  definite  return  path 
for  the  current,  and  a  more  efficient  and  less  expensive  system 
of  earth  connections.  It  will  be  noticed  that  of  the  various 
purposes  served  by  the  earth  on  the  central  battery,  only  one 
involves  any  appreciable  currents-  namely,  its  use  as  a  return 
for  private  branch  exchange  power  currents.  It  is  desirable, 
in  order  to  avoid  damage  to  water  pipes,  &c.,  that  a  metallic 
return  conductor  should  be  provided  for  these  currents.  Such 
a  conductor  is  available  in  modern  systems  with  complete 
undergiound  distribution,  in  the  shape  of  the  lead  sheathing 
of  the  cables.  The  common  return  conductor  for  the  power 
leads  at  the  private  branch  exchange  would  be  connected  to  the 
sheathing  of  the  cables  entering  the  building,  and  at  the  exchange 
the  sheathing  of  the  cables  would  be  bonded  together  and  con- 
nected to  the  positive  pole  of  the  battery.  To  provide  for 
the  few  subsf-ribers'  switchboards,  for  which  the  return  could 
not  be  ])rovided  in  this  way,  the  water  main  would  also  be 
connected  in  parallel  at  the  exchange.  The  proposed  arrange- 
ment has  the  further  advantage  that  the  current  through  the 
cable  sheath  would  tend  to  keep  the  latter  at  a  potential 
negative  to  earth,  and  so  reduce  the  risk  of  electrolytic  corrosion. 


level  being  at  least  GO  ft.  below  the  surface.  The  excavation 
was  carried  to  a  depth  of  21  ft.  6  in.  without  any  signs  of 
sufficient  moisture  being  found,  hut  the  earth  plate,  8  ft.  X2  ft., 
was  installed  in  the  usual  way,  horizontally  between  two  layers 
of  coke.  The  resistance  measured  between  the  plate  and  the 
water-main  system  was  55-9  ohms.  On  installing  the  same 
plate  vertically,  in  the  centre  of  a  column  of  coke  3  ft.  to  4  ft. 
square  and  extending  a  foot  above  and  below  the  plate,  the 
resistance  fell  to  13-3  ohms.  Even  this  figure,  of  course,  is  far 
too  high  to  be  satisfactory.  The  resistances  usually  attained 
vary  from  0-01  ohm  to  1-6-ohm.,  when  the  plate  can  be  installed 
below  ground-water  level,  and  from  about  2  ohms  up  to  as 
much  as  15  ohms  when  ground-water  level  cannot  be  reached. 
Kesistances  above  2  ohms  cannot  be  looked  on  as  satisfactory. 
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TIh"  |)ri'(((  live  or  main  frame  earth  .systeni  would  l)p  entirely 
separate,  aiid  would  be  earthed  by  means  <»f  a  ]»late  or  ])refer- 
ably  by  means  of  a  group  of  iron  pipes  in  tlie  well-kn(»wn  wav. 

Con.siderable  diHicnlly  is  often  t-xperieueed  in  securing  a 
sudieieiitly  low  resistance  with  an  earth  of  the  ])late  tvpe. 
Till-  iiietliod  sliown  in  Kig.  '.\  lias  l)een  used  with  success,  and 
in  dry  liigli  resistance  soils  it  gives  very  much  lower  resistances 
liiaii  llie  usual  metliod  of  laying  tlie  plate  flat,  surrouiuled 
iili(i\e  ami  liclov,  with  beds  of  coke.  The  excavation  is  made 
111  (lie  shape  of  a  well.  '.)  ft.  to  1  ft.  in  diameter,  and  is  filled  in 
with  (olcc.  well  rammed  around  a  narrow  ])late,  Itilt.  long  Itv 
I  M  wide,  of  Ki  S.W.G.  copper  sheet,  placed  vertically  in  the 
cent  re.  Instead  of  this  copjier  plate  a  l^in.  cast-iron  jiipo  might 
be  used.  An  earthenware  ])ipe  is  provided  for  the  cable,  aiul  a 
second  pipe,  reacliitig  to  the  upper  surfaie  ot  the  coke  only,  is 
taken  to  a  water  gully,  if  possible  «ine  which  will  be  in  constant 
use.  .so  that  the  soil  in  the  neiglil>oiirliood  of  the  plate  is  kept 
njoist.  In  one  case  where  a  direct  con)])arison  with  the  usual 
method  was  jio.ssible  the  imi)rovement  effected  by  this  nu-thod 
was  most  marked.  The  exchange  wa.s  situated  on  the  top  of 
a  hill  which  consisted  almost  entirely  of  sand,  the  ground  water 


GERMAN  BOUNTY-FED  STEEL. 

TO    THE    EDITORS    OF    THE    ELECTRICIAN. 

This  matter  wants  further  ventilation,  as  until  a  definition  of 
"  fair  trade  "*  has  been  arrived  at,  the  necessity  or  otherwise  of 
"  protection  "  cannot  be  settled,  as  we  want  to  know  exactly 
what  we  are  to  be  protected  from.  I  enclose  some  notes  on 
one  view  of  the  subject.  The  other  side  of  the  case  has 
purposely  been  omitted.  H.  Gurxey  Wood. 

[The  notes  referred  to  by  our  correspondent  are  given  below. 
—Eds.  E.] 

The  notes  published  in  this  journal  under  the  above  heading 
are  interesting,  but  as  published  give  a  rather  one-sided  view 
of  the  position.  Did  Sir  Robert  Hadfield  not  know  of  combines 
in  this  country  with  similar  methods  and  yet  he  calls  the 
competition  the  English  manufacturer  has  to  meet  "  an 
unfair  method  of  selling  below  cost  by  the  aid  of  bounty.'' 
Why  unfair  ?  When  it  is  admitted  that  the  so-called  below 
cost  "  pays  the  German,  because  by  doing  so  he  is  able  to  keep 
his  funiaces  fully  going."  On  the  face  of  it,  therefore,  the 
notes  are  contradictory,  and  can  only  be  made  a  plea  for  pro- 
tection, and  it  is  hardly  surprising  that  no  Government  action 
was  taken.  Let  us  examine  this  unfair  method  and  find  where 
the  unfairness  lies.  A  combine  has  been  formed  including 
practically  tlie  whole  of  the  steel  furnaces  in  a  country  with  the 
result  that,  having  elintinated  internal  competition,  the 
recpiirements  of  the  country  can  be  evenly  divided  among  all 
the  members  of  the  combine  in,  sav,  ])ro])ortion  to  their  t(»tal 
possible  output.  Ilence  all  tiie  finus  find  that  their  now  steady 
out])Ut  is  below  the  maximum  po.ssible,  and  that  njore  profits 
could  be  made  if  their  furnaces  were  all  working  continuously. 

The  selling  ])rice  of  any  material  may  be  taken  as  the  sum  of 
four  items. 

1.  Haw  materials,  including  fuel. 

2.  Wages. 

'.\.   Establishment  charges  or  on  costs. 

I.  I'ndit  or  ilividend.  calculated  as  a  percentage  of  the 
caj>ital  invested  or  on  the  value  of  the  order. 

We  will  assume  that,  the  conibine  has  fixed  the  price  at  a 
figUH'  which  albiws  a  definite  profit,  and  that  each  firm  on  its 
nonnal  output-  will  be  able  to  recover  the  ttital  estaitlishment 
<harges  each  year,  the  normal  outjiut  representing  the 
internal  trade  of  the  count rv.  It  is  therefore  evident  that,  for 
any  e.\i  ra  orders  t  hat  can  be  obtained,  say.  export  ord«'rs,  t  here 
need  be  made  no  allowance  or  only  a  small  one  for  establish- 
ment charges.  This  will  mean  that  a  lower  figure  can  be 
ipioted.  and  vet  the  profit  on  the  order  will  remain  the  same. 
This  is  so  because  items  I.  2  and  1  are  roughly  proportional  to 
the  tonnage  output,  while  item  3  is  almo.st  a  fixed  charge 
independent  of  output,  and  can  only  be  kept  at  a  minimum 
when  the  maximum  output  is  continuous.  This  method  of 
estimating  i>rices  is  not  confined  to  trusts,  but  ai)]tlies  jtist 
the  same  to  any  competitive  business,  and  no  one  would  think 
of  calling  it  unfair.     In  the  assumed  combine  then,  what  more 


THE  ELECTRICIAN,  AUGUST  18,  1916. 


675 


natural  and  reasonable  policy  can  there  be  adopted  under  the 
circumstances  but  to  agree  to  treat  export  orders  on  this  basis, 
i.e.,  that,  for  export,  prices  shall  be  quoted  which  do  not  carry 
full  establishment  charges. 

At  this  point  the  advantage  of  the  combine  is  apparent. 
The  export  orders  could  be  divided  among  the  members  of  the 
combine  in  their  correct  proportion.  As  probably  some  firms 
are  more  favourably  situated  either  by  existing  trade  with 
foreign  firms  or  freightage  facilities,  it  will  be  obvious  that  they 
could  secure  a  larger  proportion  of  these  export  orders  than 
other  firms,  so  much  so  that  their  whole  output  might  go  abroad. 
If  this  was  so  they  would  be  unable  to  recover  their  establish- 
ment charges,  and  hence  the  bounty  scheme  is  adopted, 
simply  as  an  internal  adjustment  among  the  firms  of  the 
combine.  A  business  proceeding  perfectly  well  understood 
among  the  many  combines  in  this  country.  Now  where  does 
the  unfairness  come  in  ?  The  scheme  if  not  the  method  is  so 
common  in  this  country  that  no  one  in  sending  out  enquiries 
for  almost  any  contract  abroad  would  fail  to  specify  that  the 
goods  were  required  for  export  in  the  expectation  of  getting 
more  favourable  prices.  H.  Gee. 


THE  METALLURGY  OF  THE  RARER  METALS.* 

BY  JOSEPH  W.  BICHAEDS. 

There  are  many  metals  which  may  be  called  "  the  rarer  metals." 
Among  them  the  most  interesting  are  those  whose  compounds  are 
relatively  cheap,  but  which  now  command  a  high  price  because  of 
the  difficulty  of  their  reduction.  Aluminium  is  now  out  of  that 
class,  but  in  1886  it  was  selling  at  £2  per  pound,  although  its  ores 
were  common.  The  genius  of  the  profession  then  expended  its 
best  talents  on  the  problem  of  the  cheap  reduction  of  the  metal,  with 
the  result,  in  10  years,  of  reducing  the  market  price  to  less  than 
one-tenth  its  former  figure. 

Silicon  furnishes  another  example  in  point.  Silica  is  the  most 
abundant  material  in  nature,  yet  silicon  was  selling  in  1900  as  a 
chemical  curiosity  at  over  £20  an  ounce.  At  the  present  time, 
10  cents  per  pound  is  a  good  market  price  for  silicon,  which  is  often 
sold  by  the  carload. 

Among  the  metals  at  present  of  high  price,  but  which  by  improved 
metallurgical  processes  might  be  made  very  cheaply,  are  the  follow- 
ing :— 

Beryllium. 

A  light,  alkaline-earth  metal,  its  ore  is  not  as  rare  as  is  ordinarily 
supposed.  Massive  beryl,  looking  like  green  quartz,  is  common, 
and  ever  abundant  in  some  localities.  The  beryl  crystals  of  Acworth, 
N.H.,  are  sometimes  as  large  as  a  barrel,  and  contain  14  per  cent,  of 
BeO.  When  chemically  treated,  both  the  AI2O3  and  the  BeO  which 
it  contains  could  be  separately  obtained. 

Up  to  the  present,  no  one  has  succeeded  in  isolating  the  metal 
except  by  reducing  a  haloid  salt  of  beryllium  by  potassium  or 
sodium,  or  by  electrolysis  of  double  chloride,  bromide  or 
fluoride  of  beryllium  and  sodium  or  ammonium.  These  methods 
are  tedious  and  costly,  but  it  is  not  to  be  expected  that 
beryllium  can  be  made  cheaply  until  someone  masters  the 
direct  electrolysis  of  the  oxide,  dissolved  or  suspended  in  a  more 
stable  melted  salt.  This  is  by  no  means  an  impossibility  ;  a  similar 
solution  was  found  for  the  aluminium  problem,  and  systematic, 
determined  search  would  in  all  probability  find  the  answer  for 
beryllium.  In  such  a  case,  the  cost  of  the  metal  should  not  exceed 
2s.  Id.  a  pound.     At  present  the  pri^e  is  about  £60  an  ounce. 

Lebeau  has  produced  beryllium  bronzes  by  reducing  in  the  electric 
furnace  a  mixture  of  beryllium  oxide,  copper  oxide  and  carbon  ; 
0-5  per  cent,  of  beryllium  makes  copper  hard  and  sonorous  ;  1-5  per 
cent,  makes  it  yellow,  and  5  per  cent,  makes  a  fine  golden  yellow 
bronze. 

Beryllium,  like  any  other  rare  metal,  must  find  uses  which  justify 
its  cost.  Being  white,  malleable  and  unchanged  in  air,  its  specific 
gravity,  1-64,  would  make  it  particularly  useful  for  objects  where 
great  lightness  and  permanence  in  air  are  the  first  consideration  and 
cost  secondary.  So  far  we  practically  know  nothing  about  its  tensile' 
strength  or  rigidity,  about  how  it  might  be  strengthened  or  stiffened 
by  small  additions  of  magnesium  or  aluminium,  or  even  of  zinc,  or 
copper,  or  manganese,  or  some  other  metal.  We  do  not  yet  know  the 
mechanical  properties  of  its  fine  bronzes,  except  that  they  are  some- 
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what  similar  to  aluminium  bronze,  but  in  what  respects  they  might  be 
superior  or  perhaps  unique  is  unknown.  Finally,  the  metal  may 
easily  possess  special  jjroperties,  now  unknowTi,  which  may  render  it 
particularly  useful  for  some  specific  piirpo.sc.  Its  specific  heat,  for 
instance,  is  the  highest  of  any  useful  metal,  and  its  latent  heat  of 
fusion  must  be  abnormally  high,  po.ssibly  3(J(J  calories,  and  its  latent 
heat  of  vaporisation  probably  higher  than  that  of  any  known  ele- 
ment, except  carbon  or  boron.  Such  charcteri.stics  might  give  it 
special  uses  in  electrical  instruments,  or  for  physical  apparatus, 
where  its  cost  would  not  exclude  its  use.  Berjilium  is,  therefore,  a 
metal  which,  in  the  opinion  of  the  writer,  is  likely  to  repay  extended 
metallurgical  research  and  minute  physical  and  chemical  study  of  its 
many  u.  ique  properties. 

Magnesium. 

We  prepare  by  tedious  methods  the  anhydrous  double  chloride, 
and  then  electrolyse  it  in  much  the  same  way  as  Matthiesen  did  50 
years  ago.  Using  magnesium  oxide  costing  a  few  pence  per  poimd, 
the  metal  sells  for  about  four  times  as  many  shillings,  and  is  scarce. 

Dr.  W.  M.  Grosvenor  places  the  actual  cost  of  the  metal  at  4s.  per 
pound,  3s.  9d.  bcmg,  in  his  opinion,  the  cost  of  its  extraction.  In 
the  opinion  of  the  author  a  modem,  up-to-date  attack  on  this  prob- 
lem ought  to  result  in  producing  magnesium  at  2s.  per  pound. 

The  first  endeavour  should  be  to  reduce  the  oxide  directly.  The 
halogen  salts  ars  hygroscopic,  and  the  halogen  is  destructive  to  the 
reducing  apparatus.  Research  might  enable  the  electrometal- 
lurgist  to  feed  MgO  directly  into  an  electrolytic  bath  of  fused  salts, 
and  take  magnesium  or  magnesium  alloy  from  it.  The  pure  metal 
will  float  on  almost  any  fused  salts,  but  its  alloy  with  heavier  metals 
may  be  made  such  as  to  suik,  and  many  of  its  alloj's  have  immediate 
useful  applications. 

The  possibilities  held  out  to  the  metal  industry'  by  rcasonably 
cheap  magnesium  are  extremely  interestmg.  The  stiffening  of 
magnesium  to  produce  strong  alloys  with  specific  gravity  not  over  2 
has  not  been  properly  studied.  It  is  quite  possible  that  £,lloys 
analogous  to  duralumin  may  be  discovered,  as  strong  as  soft  steel 
and  only  30  per  cent,  of  its  weight,  which  will  find  extensive  use  ui 
aeroplanes  and  dirigibles.  Such  alloys  may  also  largely  displace 
aluminium  alloys,  which  are  used  by  thousands  of  tons  annually  in 
the  automobile  industry,  with  a  saving  of  one-third  in  weight,  which 
will  compensate  for  a  higher  first  cost. 

Calcium,  Steo^j^tium,  Barium. 

These  are  highly  interesting  elements,  common  enough  in  na,ture, 
but  all  scarce  and  of  high  price  because  of  the  metallurgist's  lack  of 
efficient  and  cheap  methods  of  reduction.  With  burnt  lime,  one  of 
the  cheapest  of  common  materials,  strontium  sulphate,  a  mineral 
found  in  considerable  abundance,  and  barium  sulphate,  so  common 
as  heavy-spar  that  it  is  used  as  an  adulterant  for  some  cheap  paints, 
the  metallurgist  is  again  faced  with  the  demand  for  cheap  methods  of 
reduction.  Calcium  is  sold  at  a  few  dollars  a  pound,  and  strontium 
and  barium  cost  several  dollars  an  ounce. 

The  method  of  electrolysing  the  fused  chloride  of  calcium  and 
lifting  the  metal  away  from  the  surface,  as  an  irregular  stick,  has  been 
fairly  successful,  and  since  the  chloride  is  not  difficult  to  dehydrate, 
the  whole  operation  is  not  very  expensive.  With  a  specific  gravity 
of  1-85  the  possible  alloys  of  :alcium  isith  other  light  metals  should  be 
exhaustively  studied  ;  some  of  them  may  be  strong,  resistant  to 
air  and  water,  perhaps  even  to  acids.  Calcium  tarnishes  easily  ]n 
the  air,  and  magnesium  also,  but  it  is  quite  possible  that  some  alloy 
of  the  two  does  nob  tarnish  and  may  have  valuable  mechanical 
properties.  Calcium-silicon-aluminium  alloy  has  already  found 
application  as  a  deoxidising  agent  in  steel,  because  while  alumuuura 
oxide  and  silicon  oxide  and  theu-  combination  with  each  other  are 
infusib'e  at  steel-meltmg  temperature,  anc'  therefore  are  elimmated 
slowly  from  the  metal,  calcium  oxide  forms  with  these  an  easily 
fusible  slag,  which  rises  out  of  the  molten  metal.  It  is  quite  possible 
that  a  small  addition  of  metallic  calcium  may  in  a  similar  manner 
reduce  the  amount  of  sulphur  and  phosphorus  m  steel,  because  it  is 
either  as  calcium  sulphide  or  calcium  phosphate  that  these  elements 
are  eliminated  in  refining  steel.  Many  alloys  of  calcium  have  not 
been  studied  ;  mitU  they  are,  no  one  knows  how  many  useful  mix- 
tures may  exist  with  particular  properties  of  industrial  value.  The 
question  of  adding  calcium  to  the  light  stiff  alummium  alloys,  for 
instance,  is  worthy  of  attention,  but  has  not  been  touched. 

Strontium,  a  silvery-white,  soft  metal,  with  properties  similar  to 
calcium,  density  2-54,  is  a  rare  metal  only  because  of  the  difficulty  of 
its  isolation.  It  is  chenrically  very  active,  and  electrochemically 
extremely  hard  to  manage.  It  has  about  the  same  specific  gravity 
as  its  fused  salts,  so  that  it  neither  rises  nor  smks  m  any  of  them 
quickly  ;  it  seems  also  to  redissolve  in  its  melted  salts  with  great 
velocity,  so  that  very  high  current  density  is  required  to  obtam  any 
metal  at  all.     Its  surface  tension  appinirs  to  be  abnormally  high,  so 
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that  it  separates  out  in  moro  or  less  minute  globules  whieh  are  highly 
indisposed  to  running  together  into  one  mass.  In  the  innumerable 
possible  eombinations  of  metals  strontium  might  have  properties 
difiP^rent  from  any  other  element,  and  whieh  woald  le.'id  to  its  employ- 
ment on  ;v  large  scale. 

Fiarium  is  common  in  its  compounds,  and  almost  unknown  in 
itself.  Under  cloctiolytie  conditions  whore  calcium  comes  out  en 
ma.'ise,  and  strontium  separates  as  small  globules,  barium  is  obtained 
only  as  a  fine  powder.  Its  density  is  3-7.5,  but  its  salts  are  heavier 
than  the  corresponding  strontium  and  calcium  salts,  so  that  the  line 
powder  may  sink  or  swim,  largely  according  to  the  temperature. 
Fused  barium  salts  are  manageable,  easily  obtained  anhydrous  and 
melting  clearly.  Their  electrolysis,  however,  is  nearly  the  most 
difficult  task  that  the  eleetrometallurgist  can  take  up.  But  it  should 
be  taken  uj)and  mastered,  becau.se  a  metal  so  common  in  its  com- 
jiounds  could  be  obtained  in  large  quantities  if  uses  for  it  were 
developed. 

Boron. 

A  temi-metal,  cheap  and  abundant  in  its  comjjounds,  and  jet 
almost  unknown  as  an  clement.  Although  quoted  at  several  dollars 
ivn  oun(X',  there  are  possibilities  of  it  being  made  for  Is.  per 
l-'oiuid. 

IJoron  occurs  in  nature  as  its  oxide,  sa,ssolite  (31  per  cent,  boron), 
as  bora.x  (11-5  per  cent,  boron),  and  as  colemanite  (18-9  per  cent. 
tnctal).  Th(!se  sources  are  comparatively  abundant,  the  oxide  being 
f(ju:id  in  volcanic  districts,  borax  near  dried-up  lakes,  and  colemanite 
(calcium  borate)  being  literally  a  waste  protluct  of  the  borax  mining 
for  which  no  use  has  yet  developed. 

(^litc  recently,  Weintraub  has  decomposed  boron  chloride  by 
liydrogen  in  a  high-tension  arc,  and  obtained  purer  boron  and  in 
larger  ((Uiiitity  than  any  jHevious  investigator  ("Transactions"  of 
the  .Amcricj'.n  Electrochemical  .Society,  I'JOl),  XVi.,  165). 

The  properties  of  pure  boron  are  fusing  point  between  2,000°C. 
and  2,500 '('.  (it  was  fused  in  a  boron  nitrite  crucible  under  the  pres- 
sure of  its  own  vapour) ;  boiling  jioint  near  to  its  fusing  point;  and  it 
has  considerable  vapour  tension  as  low  as  I,600°C.  It  has  a  con- 
ehoidal  fnicture,  and  is  nearly  as  hard  as  the  diamond.  At  room 
lem/jcrature  it  is  eleclrimlly  almusl  a  non-conductor,  but  at  500°C.  its 
coudnclivitii  has  incresed  2,000.000  times  ;  at  1,000°C.  its  conductivity 
is  of  the  order  of  that  of  the  metals.  A  ppli/ing  ntoderate  rollages  to  a  cold 
piece,  it  .soon  warms  up  and  makes  itself  a  good  conductor.  Such 
extraordinary  properties  suggest  its  use  for  many  interesting  electrical 
rontriritnces. 

Moron,  or  even  boron  sub-oxide  (B^O,  or,  perhaps,  boron  satu- 
rated with  B0O3),  added  to  melted  copper  enables  a  perfect  copper 
easting  to  be  obtainerl  of  j)ra;ti(ally  100  per  cent,  electrical  conduc- 
tivity ;  a  tn'dc  product  sold  r,s  l)()nuii.--c(l  copp.er  liiis  similar  effects 
in  |)r()du(ing  sound  copper  castings. 

Kr»r  u,s(!  iti  steel,  a  good  uniform  (jualify  of  fcrpo  boron  is  needed, 
and  (he  tu.  iiufacture  of  (his  in  .sat i.sfai  to ry  uniform  qujility  has  not 
yet  been  mastered.  Some  years  ago,  (he  Pacific  Coast  Borax  Co. 
ofT(!rcd  a  prize  of  Jt ]()(»,  (o  le  awarded  by  (he  American  Klcctro- 
chcmical  Society,  for  a  j)racti<-al  electric  fuiniKc  juethod  of  pro- 
ducing ferro  boron  directly  from  cfilciiim  bor.ate  (colemanite).  a 
waste  product  of  (h(«  bor.ix  mines.  A  few  years  later  th.'  prize 
moiK^y  was  returned  by  the  society  to  the  company  as  nol  having 
been  earned,  alt  hough  several  attem]>ts  were  made. 

ClIUiiMU  M. 

This  cluiient  '\s\  rbo  (onimop  as  a  compound,  but  rare  and  expen- 
Bivc  as  a  metal.  I'uro  chromium,  carbon  free,  is  ))roduced  onlv  bv 
rcduci  ion  (if  ehronnnni  oxide  by  aluniiniuin,  ;Mid  < Diiun.inds  3s.  Id. 
per  pound.  ('Iironiiwm  elecln>plating  is  white  and  durable,  aiul  for 
many  purposes  may  bo  superior  to  nickel  ;md  almost  equal  to 
pliidnum  i)l.!ting.  bn(  the  (e.hnii|iie  of  .Tlways  get(ing  perfee(  plating 
has  not  lieen  sat i.sfictorily  ni;'st<Tc<l.  Cobalt -(hromium  alloys  have 
been  made  which  have  some  of  the  rem.nrkable  jtroperties  and  u.'-es  of 
high-s|)ec(l  tool  steel,  .'inrl  are  an  excellent  example  of  unexpected 
and  valu.il>le  physical  juoperties  beinc  dis.  ,)\,.|,.,|  |,y  systematic 
investigation. 

.As  for  the  methods  of  reduction,  ferro  (lironuuin  allov  carrving 
high  ei!.ri)on  (tiS  per  cent.)  is  prodneed  quite  cheaply  ui  crucibles. 
cu|K)la  furnaces,  blast  furnaces,  or  ehvtric  fumaees.  I/owearbon' 
ferrochromium  eonimaruls  three  to  live  times  as  Inch  a  i)rice.  becau.se 
of  the  diOit  nlty  of  dei  arlionising  the  nw  product.  It  is  very  nuich 
to  be  hoped  that  tests  will  be  made  in  the  electric  shaft  furnace  to 
see  if  it  is  not  possible  to  produce  directly  frinn  the  ore  a  lowcarb(»n 
product.  Tii(>  thing  has  been  done  in  the  case  of  pig  iron,  producing 
a  low  carbon  j^iroduct  which  is  lalled  i)ig  steel  ;  (here  is  no  inherent 
im|K)ssibility  m  similarly  ni.istering  the  conditions  for  pmducing 
(hrecth   (he  low-carbon  ferro  chromium.     The  i)reM>nt  pn'<es  of  the 


two  products,  £20  and  £100  per  ton   respectively,  would   warrant 
great  elforts  in  that  direction. 

If  electroiy.si8  of  aqueous  solutions  of  chromium  salts  could  be 
controlled,  so  as  to  produce  heavy  deiwsits,  this  might  give  us  cheap 
and  jiure  chromium.  Electrolysis  of  molten  relatively-fixed  salts 
in  which  chromium  oxides  are  dis,solved  (similar  to  the  Hall  alu- 
minium bath)  is  not  a  hopeless  proposition.  The  working  tempera- 
ture would  \m  below  the  melting  point  of  chromium. 

Titanium. 
With  titanic  iron  ore  carrying  10  to  15  per  cent,  of  titanium  as 
cheap  as  iron  ore,  and  iron  free  material  rutile  (60  per  cent,  titanium), 
at  5  to  7  cents  per  pound,  there  is  no  lack  of  cheap  raw  material.  If 
uses  are  found  for  pure  titanium,  however,  some  other  than  the  elec- 
tric furnace  must  be  used  to  reduce  it,  because,  in  ab.sence  of  iron, 
titanium  carbide  would  result.  The  methods  for  producing  pure 
titanium  are,  like  its  prospective  uses,  still  in  the  future,  but  they 
neveitheless  are  worth  study  and  work.  One  can  buy  titanium 
metal  at  about  the  jjrice  of  silver,  but  if  the  problem  were  properly 
faced  it  could  probably  be  made  as  cheaply  as  chromium. 

Molybdenum. 

Molybdenum  sulphide,  MoSj,  60  per  cent,  moh'bdenum,  looks 
almost  exactly  like  graphite,  and  is  about  as  widely  distributed. 
Normally,  it  can  be  purchased  as  90  per  cent,  concentrates  at  Is. 
jier  j)ound.  This  would  make  the  raw  material  for  1  lb.  of  molj'b- 
denura  cost  nearly  2s.  ;  the  selling  price  of  the  metal  is  about 
8s.  This  leaves  ;;,  large  margui  to  pay  for  reduction.  In  fact,  4s.  per 
pound  of  contained  molybdenum  ought  to  return  the  reduction  works 
a  good  ))ro:it. 

If  molybdenite  were  sold  cheaper,  there  is  little  doubt  that  ferro- 
molybdenum,  50  to  85  per  cent,  molybdenum,  could  be  sold  at  half  its 
present  price,  and  the  uses  of  molybdenum  in  steel  correspondingly 
increased.  Xew  uses  have  also  been  found,  such  as  the  molybdenum 
wire  so  useful  in  electric  resistance  furnaces.  This  wire  is  very  use- 
ful in  that  it  resists  the  alloj'ing  action  of  many  liquid  metals 
even  at  very  high  temperatures.  See  Dr.  C.  G.  Fink's  Paper  in  the 
"  Transa,ctions  "  of  the  American  Electrochemical  Society  (Vol.  XVII., 
p.  229,  1910.) 

Zirconium. 

Zirconium  oxide  has  recently  been  found  in  considerable  abimdance 
in  Minas  C!eraes,Brazil,75  to  95  per  cent.  pure.  It  sells  at  2d.  to  2^d.  per 
pound,  and  is  i)eijig  used  in  large  quantities  as  a  refractory  material, 
on  account  of  its  high  melting  jwint  (2,0(X('~(\),  high  resistance  to  all 
kinds  of  slags,  low  thermal  conductivity  and  low  coefficient  of  expan- 
sion. The  metal,  however,  is  almost  unkno\m.  Fused,  it  is  white, 
density  6-4.  melting  ])oint  1,500°C.,  hard  enough  to  scratch  (juartz. 
Ferro-zirconium  has  been  made  in  the  electric  furnace,  and  used  in 
small  amounts  in  steel  with  rather  indefinite  rcsult.s.  And  yet,  if 
some  very  useful  ])roportions  of  zirconium  were  discovered,  the 
metal  should  undoubtedly  be  ])rc])ared  at  a  reasonable  price  only  a 
fraction  of  the  £1  per  ounce  now  asked  for  it  as  a  chemical  curiosity. 

Cerium. 

Hundreds  of  tons  of  fairly  rich  cerium  material  an*  lying  on  the 
Waste  heaps  outside  tiie  incandescent  gas-mantle  factories.  The 
thorium  ore  used  by  these  factories  is  monazito — a  phosphate  of  the 
cerium  earths  plus  thorium  silicate.  On  extracting  the  thoria.  the 
residue  is  worthless  for  mantle  fabrication.  It  Ls  known  as  '"com- 
mercial cerium  carbonate,"  and  contains  cerium,  lanthanum,  neo- 
dymium.  pra»sodymium.  .>jamarium.  gadolinium,  yttrium,  ytter- 
bium, H  little  thorium,  and  considerai)le  alkalies,  iron,  phosphoric 
acid  and  siliia.  By  tn>atment  with  acids,  precipitatioji  of  the  rare 
oarths,  and  ignitiim.  a  chocolate-brown  mixture  of  oxides  of  the  rare 
earths  is  ol)(ained.  in  which  cerium  oxide  i)redominatos.  and  which 
contain.s  m-arly  50  |x»r  cent,  of  metallic  cerium.  When  this  mixture 
is  reduce«l  «lin'ctly.  without  further  .«ei)aration.  to  the  metallic  stAte, 
an  alloy  of  the  rare  earth  metals  is  ol)tainod  which  is  known  iis  mixed 
met^d  (mi-'chmotal)  or  impure  or  commercial  cerium.  The  comjxwi- 
ticm  of  mi.-^ebmet.d  naturally  varies,  but  may  be  taken  as  approxi- 
mately .10  to  50  iM>r  cent,  of  cerium,  15  to  25  \^x  cent,  of  lanthanum. 
10  l<i  15  per  cent,  of  the  didymiums.  up  to  20  iier  cent,  of  the  yttrium 
metals,  and  1  to  5  per  c-ent.  of  thorium. 

Dr.  Auer  von  Welsbach  was  the  pioneer  in  the  commercial  manu- 
faeturr  antl  u.se  of  niiselimetal.  .\nnoyed  by  the  si'zht  of  heap.s  of 
the  ccrnim  nvsidues  annnul  his  mantle  factories,  he  exiH-rimented 
with  their  reduction  to  mischmetal  and  with  the  |)08siitle  uses  of  the 
latter.  Finding  that  it  gave  otT  spjuks  when  scratched  he  o«in- 
coivi'd  the  idea  of  using  it  in  automatic  lighters,  but  found  it  sparked 
far  too  feebly  and  tnireliably  to  he  pr.ictical.  He  then  thought  that 
if  he  jiurificd  the  <^rium  it  might  give  sparks  more  fn>cty.  but  on 
making  the  jturest  <  inum  ho  found  it  to  spark  less  than  the  impure 
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metal.  Turning  in  the  opposite  direction,  he  took  mischmetal  and 
added  to  it  alloying  metals  not  of  the  rare  earth  class,  and  found  that 
they  increased  the  sparking  property.  Iron,  for  instance,  when 
increased  to  30  per  cent,  gave  an  alloy  with  remarkable  spark-giving 
properties,  such  as  to  make  it  most  efficient  and  reliable  in  automatic 
lighters.  This  has  fotuu-d  the-  basis  of  the  "  pyro|)!iori<^  alloy" 
industry,  since  although  other  met-ils  have  similar  (>(Tects,  the  30  per 
cent,  iron  alloy  is  probably  the  best  sparking  alloy  for  general  use  so 
far  made. 


be  likely  to  respond  to  such  a  proposition  if  a  bonu.s  or  a  fixed  »calo 
for  all  work  turned  out  above  '/  (jcvfral  iiif-r'ifif.  were  given  ;  the  rate 
to  bo  fixed  by  a  committee  of  all  parties  interested.  The  article 
concludes  with  an  i.ppeal  to  the  progre.-:.sive  lahtour  party,  pointing 
out  that  the  process  of  decreasing  output  and  increasing  wages 
caiuiot  go  on  indelinitely,  and  asking  that  legislation  Hhall  in  the 
future  encourage  cHicieny  in  the  conjoint  interest  of  the  workers, 
the  employer  and  the  State. 


BALL  BEARINGS  FOR  MOTOR  GENERATOR  SETS. 


'  The  motor-generator  set  of  the  282-ton  electric  locomotives  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  consists  of  a  3,()00-volt 
direct-current  series  motor,  having  a  double  winding  and  two  com- 
mutators for  operating  in  series  at  3,000  volts,  a  small  generator  for 
furnishing  control  current  at  125  volts,  a  120-volt  motor-generator 
furnishing  current  for  regeneration  and  for  charging  storage  bat- 
teries, and  a  blower  of  13,000  cubic  ft.  capacity  for  ventilating  the 
main  driving  motors. 

The  shaft  upon  which  the  revolving  element  of  the  motor-generator 
is  carried  is  supported  by  two  S.K.F.  radial  ball-bearings,  and  is  pro- 
tected from  shocks  due  to  end  thrust  by  a  double-thrust  ball-bearing, 
as  shown  in  the  accompanying  illustrations.     The  set  is  installed 


Ball  Beabings  for  Motok  Genekatoe  Set. 

longitudinally  in  the  locomotive  cab  and  the  thrust  bearing  takes 
up  shocks  incident  to  switching  and  train  handling.  According  to 
"  Machinery  "  this  bearing  has  a  capacity  of  over  5,000  lb.  at  the 
normal  speed  of  the  set.  The  outside  diameter  of  the  radial  bearing 
.s  a  little  over  10  in.,  the  bore  is  4-7  in.,  and  the  weight  33-5  lb. 


EFFICIENCY  OF  LABOUR. 


The  "  Commonwealth  Engineer  "  of  Melbourne,  Australia,  in  its 
issue  of  June  1  last,  and  referring  to  the  progress  of  the  engineering 
industry  in  America  during  the  past  three  decades,  considers  it 
has  been  largely  helped  in  that  country  by  the  premium  and  bonus 
system  and  other  labour  encouraging  devices  there  commonly  in  use. 
It  goes  on  to  suggest  that,  good  as  may  be  protection  as  an  encourage- 
ment to  home  production,  the  only  real  way  to  benefit  the  country 
as  a  whole  is  to  increase  the  efficiency  of  the  machine,  the  works  and 
the  worker.  There  is  universal  complaint  that  the  efficiency  of  the 
worker  in  Australia  is  decreasing,  and  the  gospel  of  limitation  of 
output  is  being  generally  preached,  practised  and  enforced,  and  that 
it  holds  sway,  not  only  in  private  undertakings,  but  also  in  socialistic 
institutions,  such  as  the  State  railways.  Until  labour  recognises 
that  limitation  of  output  means  in  the  long  run  loss  of  work,  and 
until  the  general  body  of  workers  is  prepared  to  give  the  employer  a 
square  deal,  the  prospect  of  establishing  a  sound  engineering  in- 
dustry in  Australia  is  remote.  Only  recently  a  caucus  member  of 
the  present  Commonwealth  labour  Ministry  felt  compelled  to 
protest  publicly  against  the  exorbitant  cost  of  building  warships  at 
the  naval  dockyard,  and  he  threatened  the  employees  that  if  the 
present  state  of  things  continued  the  building  of  warships  in  Aus- 
tralia would  cease. 

There  is  no  reason  why  the  fast  worker  should  slow  down  to  the 
speed  of  the  slowest  man  in  the  shop,  but  that  is  the  tendency  of  the 
minimum  wage  that  is  also  a  maximum.  Employers  would  welcome 
a  chance  to  pay  higher  wages  to  the  better  men,  and  by  instructing 
men  in  the  best  methods  and  by  providing  the  best  tools  the  output 
of  most  shops  could  be  considerably  increased.  The  Australian 
workers  as  a  body  would,  in  the  opinion  of  the  writer  of  the  article. 


LEGAL  INTELLIGENCE. 

Liabilities  of  Tramcar  Companies. 

Tn  the  Edinburgh  Shisritl  (.'ouit.  Sheriff  (juy  has  given  his  reserved 
judgment  in  an  action  by  Mr.  John  Hendry  against  the  Edinbur^ih  Tram- 
way Co.  It  appeared  that  on  two  occasions  Mr.  flondr\'  took  a  tramcar 
and  ])aid  his  fare.  The  car  broke  down  each  time,  and  he  ha*l  to  take  a 
cab  to  his  destination  at  a  fare  in  each  case  of  Is.  The  company  main- 
tained that  there  was  no  breach  of  contract,  as  the  stoppages  were  not 
duo  to  the  fault  of  the  company. 

In  his  judgment.  Sheriff  Guy  found  that  there  was  breaf-h  of  contract. 
The  contract  was  for  a  continuous  journey  on  the  day  of  issue  of  the 
ticket  and  only  available  between  the  stations  opposite  the  punch  hole 
on  the  ticket.  Defenders,  who  were  unable  to  fulfil  their  contract, 
conceded  that  they  were  not  entitled  to  retain  the  fare  paid  by  the 
passenger,  which  they  tendered  back  to  him.  Pursuer,  however, 
said  that  he  was  entitled  to  more  than  his  money  back,  because  by  takin? 
a  cab  he  completed  for  himself  the  journey  which  defenders  \\aA  con- 
tracted to  perform  for  him.  In  a  railway  case  cited,  a  passenticr  took  a 
spc.(nal  train  to  carry  him  to  hi.s  destination,  but  the  ("ourt  of  Appeal  did 
not  allow  that  expense.  The  rule,  however,  was  laid  dowii  in  that  case 
that  if  one  ))arty  did  not  perform  his  contract  the  other  may  do  .so  for 
him  as  reasonably  near  as  may  be  and  charge  him  for  the  rciusc)n<al)le 
expense  incurred  in  so  doing.  He  coulo  see  nothinjr  unreasonable  in  the 
pursuer  taking  a  cab  to  complete  the  journey.  Had  any  person  been 
present  at  the  foot  of  the  Mound  when  pursuer  took  his  cab  who  could 
have  acted  for  or  bound  defenders,  and  if  that  person  had  been  asked  then 
to  provide  accommodation  to  pursuer  for  the  completion  of  his  joiu-ncy  he 
could  conceive  of  no  easier  or  more  reasonable  way  than  for  him  to  have 
hired  a  cab  for  the  pursuer.  Certainly  no  easier  or  more  reasonable 
way  had  been  suggested.  It  was  said  pursuer  might  have  gone  round  to 
the  Tron  Chm'ch  by  a  different  route,  but  that  would  have  been  to  carrj- 
him  away  from  his  destination,  and  his  Lordship  felt  certain  that  the 
conductors  on  that  route  woidd  not  have  allowed  him  to  travel  with  the 
ticket  which  he  had.  Defenders  did  not  admit  that  the  piu-suer  actually 
did  incur  the  expenditure  for  which  he  sued,  and  therefore  there  must  be 
proof  or  parties  should  ascertain  that  smaU  matter  of  fact.  It  would 
be  obvious  that  passengers  who  did  not  take  cabs  in  such  circumstances 
would  not  be  entitled  to  recover  the  expense  as  if  they  did. 


Breach  of  Mining  Regulations.  "^' 

At  Alfreton  Police  Court  last  week  John  Askew  was  charged  with  a 
breach  of  the  Home  Office  special  rules  for  the  use  of  electricitj-  in  mines. 

Mr.  SWANWICK,  in  prosecuting  for  the  owners  (the  Babington  Coal  Co.). 
said  Askew  was  the  deputy,  and  the  authorised  sbot-tirer  at  Xo.  3  Tib- 
shelf  Colliery.  They  were  engaged  in  driving  a  stone-head  out  of  the 
main  road,  necessitating  blasting  operations.  It  was  the  duty  of  Askew 
to  make  the  inspection  of  the  face  in  the  stone-heading,  and  himself 
attach  the  electric  cable,  and  sec  that  all  was  rendy  for  tiring.  Instwid  of 
doing  that  he  allowed  a  man  lU'med  Chapman,  who  was  helping  him,  to 
go  into  the  stone-head  and  attach  the  cable.  A  third  man  was  plact-il 
in  an  opposite  direction  in  the  main  road  to  prevent  any  person  from 
approaching  the  vicinity  of  the  stone-head.  The  result  of  some  mis- 
understanding was  that  a  second  shot  was  fired  while  Chapman  was 
attaching  the  cable.  The  third  man  came  from  his  look-out  towards 
Askew,  and  the  latter,  thinking  that  it  was  Chapman,  attache!  the 
battery,  and  discharged  the  second  shot.  FortunateU'  the  shot  was  high 
up  above  Chapman's  head,  and  much  of  the  debris  was  blown  over  his 
head.  However,  Chapman  was  struck  on  the  face,  eyes  and  head,  and 
he  was  damaged  about  the  face. 

Defendant  said  he  was  misled  by  Marshall,  the  look-out  man,  who 
should  have  stopped  in  his  place. 

Defendant,  who  was  given  an  excellent  character,  was  fined  30s. 


PARLIAMENTARY  INTELLIGENCE. 


TRADING  WITH  THE  ENEMY. 

In  the  House  of  Commons  last  week  Mr.  Hudson  asked  the  President 
of  the  Hoard  of  Trade  if  he  was  aware  that  a  winding-up  order  was  made 
bv  the  Court  on  Julv  30,  1015.  ncarlv  VI  months  after  war  was  declared, 
in  the  case  of  the  Adiiil  Electric  Co.  (Ltd. ).  the  bulk  of  the  eajjital  being  of 
German  origin  :  whether  that  company  was  practically  the  English 
branch  of  the  Bergmenn  Company  ;  and  could  he  say  in  what  pos  tion 
the  creditors  of  Hritish,  neutral  and  enemy  coimtries  stood  with  regard  to 
])rioritv  of  claim  on  the  assets. 

In  rc])ly,  Mr.  Harcourt  said  the  facts  stated  with  regard  to  the  Adnil 
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Co.  were  correct.  As  the  liquidation  w<as  not  bein^  carried  out  under  the 
Trading  with  the  Enemy  Amendment  Act,  191(),  but  under  the  ordinary 
law,  claims  of  British,  neutral  and  enemy  creditors  ranked  equally  against 
the  assets,  but  any  amount  due  to  an  enemy  creditor  would  be  paid  to  the 
Board  of  Trade. 

Mr.  Hudson  asked  also  if  it  was  intended  to  bring  in  a  further  amending 
Bill  to  the  Trading  With  the  Enemy  Amendment  Act,  1916,  in  order  to 
.safeguard  that  in  the  winding-up  of  all  enemy  alien  companies  British  and 
neutral  creditors  should  have  first  claim. 

Mr.  Harcourt  said  that  as  at  present  advised  he  did  not  think  is 
desirable  to  extend  the  priority  given  to  creditors  who  were  not  enemies 
in  a  winding-up  under  the  Trading  with  the  Enemy  Amendment  Act, 
1910,  to  liquidations  carried  out  under  the  ordinarj-  law. 


WOMEN  MUNITION  WORKERS'  WAGES. 

In  the  House  of  (Commons  last  week  Mr.  Andkksox  asked  the  Minister 
of  Munitions  whether  an  Order  had  been  issued  under  sec.  6  of  the 
Munitions  of  War  (Amendment)  Act,  1910,  prescribing  the  wages  for 
women  and  girls  on  munition  work  not  recognised  as  men's  work ; 
whether  that  Order  was  to  be  applied  forthwith  to  controlled  firms  in  the 
main  munition  area  engaged  in  the  ])roduction  of  the  armaments, 
ammunition  and  ordnance  and  in  all  bran<-hes  of  mechanical  engineering 
and  shipbuilding  ;  the  reason  for  excluding  certain  areas  ;  why  con- 
trolled firms  engaged  in  electrical  engineering,  rubber,  miscellaneous 
metal  goods,  and  the  other  trades  coming  within  the  scope  of  the  National 
Insurance  (Part  II.)  (Munition  Workers)  Act,  had  not  been  dealt  with 
under  the  Order. 

In  a  written  reply.  Dr.  Addison  stated  the  answer  to  the  first  two  parts 
of  the  qu(!stion  was  in  the;  affirmative.  The  Order  applies  practically  to 
the  whol(!  of  the  United  Kingdom,  with  the  exception  of  a  limited 
number  of  small  towns  and  country  districts,  the  ease  of  which  was  being 
b'pecially  considered,  having  regard  to  the  special  conditions  of  those 
districts.  The  reason  why  the  Order  had  not  been  applied  forthwith  to 
certain  clas.ses  of  muniticjn  work  was  that  it  was  desired  to  consider  the 
applicability  of  the  Order  to  tho.se  classes  of  work  more  closely.  The 
])osition  of  all  those  classes  of  work  was  under  careful  consideration,  and 
the  application  of  the  Order  was  being  pressed  forward. 


NITRATES  AND  WELSH  WATER  POWER. 

In  the  House  of  (Commons  on  Tucfiday,  Mr.  H.\ydn  Jones  asked 
whether  the  attention  of  the  Government  had  been  called  to  the  fact  that 
the  United  States  jjroposed  to  a])j)ropriat(!  .S2U,000,000  for  the  purpose  of 
determining  the  best  j)rocess,  securing  the  necessary  water-power,  and 
erecting  suitable  plant  for  the  i)r(xluction  of  nitrates;  and  whether  the 
Governnuuit  would  ai)])oint  a  committee  to  ascertain  the  possibility  of 
utilising  the  water  ])owcr  of  Wales  for  this  and  kindred  purposes. 

In  rejjly,  .Mr.  Aci.and  ( I'arliamentary  Secretary  to  the  Board  of  Agri- 
culture) said  tlu!  (juestion  of  increasing  su])))lies  of  nitrate  was  being- 
actively  considered.  It, however,  appeared  doubtful  whether  our  avail- 
able water  su))j)lies  were  sufficient  to  make  production  by  water  power 
the  nu-ans  best  suited  for  this  country.  If  his  hon.  friend  would  come 
to  the  i^oard's  oflice  and  talk  over  the  matter  he  should  be  obliged.  He 
hail  not  nccivcfl  any  ])ar!i(  iilars  of  the  ])ro]ios(Kl  action  liy  the  Govcrn- 
numt  of  the  United  States  of  America  wliich  he  mentioned. 


PATENT   RECORD. 


BPECIFICATIONS  PUBLISHED. 

Thi  toUowing  abitraci  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mbwburn.  Ellis  &  Pryor,  Chartered  Patent  Agents. 
70  and  72.  Chancery-lane.  London.  W.C. 

Whenever  the  date  applied  tor  difjers  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  OOke  the  former  is  given  in  brackets  alter  the  title. 

1913  Sl'ECIKlCATlONS. 

26,934  Soc.  Marios  LatouretCie.    Transformation  of  the  frequency  of  high-frequency 

a  tern  a  tint'  currents  for  wirclcs  telegraphy  and  telephony  by  means  of  dynamc- 

olectric  machines.    (22/11/12.) 

Relates  to  the  transformation  of  frequency  of  .iltcrnating  currents  for  the  direct 

feeding  of  radio-tclegraphy  antenna:  by  means  of  a  machine  having  a  monophafc 

windingon  itoioforand  a  polyphase  windingon  itsstator.thcstator  beingconnected 

to  the  antenna  by  asclf-induclivc  coupling  and  by  a  capacity  situated  respectively 

incachof  the  phases  and  cicatinga  watflo&soridlecurrent.in  advanceinone  pha^e 

and  lagging  with  respect  to  the  other  phiso.  and  havinc  approximately  the  sani'e 

intensity  in  both  phaies. 

1914  r 

.530  Ai-DENDORFF.    Telephone  cxcl.  which  the  connecficns  are  ectat- 

lished  through electro-mechati. ....,,  .-  noswitches 

9,908  Nbuland.    Combined  lighting  and  ignition  systems  for  uro  with  internal  ccm- 

buslion  engines. 
9,934  Trautmann.    Small    or    pocket    electric    fli:hlamps.    (Cognate    application 

9,981   Reao.     Electric  clock. 

10.067  HoKSTMANN  &  HoRSTMANN  Gkar  Co.    Eicctric  time  switches. 
10,121  Casotti.    Incandescent  electric  lamps  and  holders  therefor 

10.453  SiBMENs-ScHUCKKKTWERKK  Ces.    Electncal  driving  of  spindles  for  soinnlne 

twistingand  likemachinc.-..    (20  7/14.) 

10.454  B.T.-H.Co.    (G.E.Co.)    X-ray  tubes. 

An  electron  discharge  tube  having  extending  from  the  ancde  over  the  face  thereof 

and  olcctncallyconnccted  thereto  a  hood  of  conductivomaterialallowinp  free  Dassaifc 
of  thoc.jfhodeano  X-ray  beams.  «.         k        t 

10,938  House.     Electricalswitch  controlling  device. 

A  switch  controlling  device  (or  main  control  electric  switches,  conslstinr  Of  a  Dalr 

^.,^J!      ''!''f">"'."'".'"^^^'°*''°"''*-'''^V,''' •  htoranumlerof 

mrWin^'u      "•  ''^^'"'?V'  Permanent  "of!     ;  .uble  quadrant  or 

,°nte^^'''°""■^'''*'^J*'°''P°^''^''."'^^*°^'■      •         • --and  an  insulated 

iinKconnectingsaid  quadrant  or  rocking  lever  to  the  main  switch  arm. 


11,201  Burt.    Mounting  of  switches  and  other  electrical  apparatus  in  wall  boxes. 

11,322  Stri pp.    Cord  grips  for  electrical  purposes. 

14,382  CoDD.    Contact  breakers  of  induction  coils. 

11,425  BoNARD.     Safety  apparatus  for  submarines. 

14,496  W.  T.  Henley's  Telegraph  Works  Cf;.  &  Harris.  Filling  with  insulating  com- 
pound of  electric  cable  junction  boxes. 

16,797  Narks.  (Interstate  Electric  Novelty  Co.)  Casings  for  portable  electric  flash- 
lights. 

17.022  Julius  Pintsch  Akt.-Ges.    Filament  supports  for  electric  incar.dacent  lamps. 

(11/2/14.) 

17.023  Julius  PihtschAkt.-Ges.     Incandescent  electric  lamp  filaments  sr.d  themethcd 

of  mounting  the  same.  (16/2/14.) 
17,328  Jones.  Anodes  for  electro-plating. 
18,222  Haddan.    (Soc.  Franraise  des  Electrodes.)    Method  for  connecting  together 

carbon  electrodes  used  in  electro-chemical  and  electro-metailurgicalprccecses. 

1915  Specifications. 
6,486  De  Forest.    Wireless  telegraph  and  telephone  systems. 

Comprises  the  use  in  a  high-frequency  oscillating  system  for  wiretes  telegraphic 
or  telephonic  transmission  work  of  an  oscillation  generator  provided  with  a  hot 
electrode  and  two  cold  electrodes,  the  latter  having  an  oscillaling  circuit  gcnnccted 
between  them. 
9,496  United  Telegraph  &  Cable  Co.  &  Bruce.    Telegraph  relay:. 

The  support  for  the  mercury  contact  consists  in  a  metallic  support  which  has  an 
affinity  for  mercury,  mean->  being  provided  for  ad  justing  said  support  ud  that  the  side 
vail  of  the  mercury  is  exposed  tothe  needle  point  of  the  vibrating  arm  for  closing  the 
local  circuit. 
9,690  B.T.-H.Co.  (G.E.Co.,  U.S.)     Electron  discharge  apparatur  and  ir.ethcd  of  operat- 
ing the  same. 
An  electrostatic  field  is  established  radially  about  the  cathcdc  in  synchrcniim 
with  the  periodicityof  the  impressed  voltage,  this  field  having  an  clectrcstaiic  charge 
over  any  desired  range  of  voltage  values  suitable  in  polarity  and  potential  to  reduce 
or  even  entirely  suppress  the  electron  discharge.    During  the  intervals  that  current 
flow  is  desired — for  example,  near  the  voltage  peaks  of  each  current  wave — the 
intensity,  and  if  desired  also  the  polarity,  of  the  field  is  changed  to  promote  the  elec- 
tron discharge. 
9,828  Dowsing  &  Huntley.    Manufacture  of  electric  heating  elements. 
9  852  Relay  Automatic  Telephone  Co.  &  Bygrave.     Impulse  transmitters  for  tele- 
phone systems  and  the  like. 
9,921  Harlow.     Electrical  transformers. 
9,964  ScHOLES.     Electric  joint. 
11,776  Dahl.    Telegraph  transmitting  apparatus. 

11,831  Marconi's   Wireless  Telegraph  Co.   &  Trost.    Transmitters  for  wirelers 
telephony. 
Means  are  provided  for  setting  up  in  an  aerial  two  or  more  sets  of  oscillations,  the 
phases  thereof  being  such  that  the  oscillations  normally  neutralise  each  other,  the 
phaseof  one  set  being  controlled  by  a  microphone  or  the  like.    When  the  microphone 
is  in  action  it  alters  the  phase  of  one  or  more  of  the  sets  of  oscillations,  so  that  they 
no  longer  neutralise  each  other,  and  oscillations  corresponding  to  those  of  the  micro- 
phone are  consequently  emitted.     Preferably  the  oscillations  are  controlled  by  a 
circuit  of  small  power,  which  in  its  turn  is  controlled  by  the  microphone. 
12,276  BuLLEKS   Li.vited  &  Daonall.    Attachment  of  insulator  carrying  arms 

telegraph  and  like  poles. 
13,807  Bellamy.     Miners'  electric  lamps. 

13,943  Hunter.     Method  of  manufacturing  the  caps  for  electric  incandescent  lamps. 
14,783  Crary.     Electric  stoves. 
15,459  General  Accessories  Co.     (Rosenthal  &  Seymour.)     Electric  lamf-hclders. 

1916  Specification. 
100,800  Bachelet.     Electromagnetic  therapeutic  apparatus.    (11 '1/16,469.) 


to 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  Applications  (except  those  marked  t)  ere  not  open  to 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  •  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

July  10,  1916. 

9.701  Hasler  Akt.-Ges.  vorm.  Telegraphen-Werkstatte  von.  G.  Hasler.    Speed 

indicators.    (4/8/15,  Switzerland.) 

9.702  Elieson  &  Payne.     Electric  controllers. 

9,714  Chemische  Fabrik  Griesiieim-Elektron.  Process  for  production  of  alloy 
containing  magnesium  and  serving  for  deoxydization  of  cast  ircn  or  steel. 
(28/4/15,  Germany.) 

9.696  Harrison  &  Russell.    Incandescent  electric  lamps. 

9.697  Fawley.     Shades  or  screens  for  electric  lames. 

July  11,  1916. 
MiLLiGAN.    Mine  signalling  apparatus. 
Fawcbtt.     Stage  arcs,  search  lights,  &c. 

Macintosh  Cable  Co.  &  Sankey.    Machines  for  making  electric  cables,  &c. 
Westwood.     Portable  electric  lamps. 
Allmanna  Svenska  Elektrisk.\  Aktiebolaget.    Electric  couplings.    (21/7/15. 

Sweden.) 
Baysdorfer  &  Baysdorfer.    Spark  plugs. 
McLeod.     Electrical  signalling  or  telegraphing  systems. 
Hastinos,  Madoick  &  Robinson.     Iransmitting-gear  of  ships' telegraphic,  &c., 

apparatus. 
Martinez.    Selenium  cell. 

Martinez  &  Salerni.    Device  for  electric  or  magnetic  regbtration  of  images. 
B.T.-H.    (G.E.C.)    Regulatorsfor  polypha.se  transmission  systems. 
Jane,     Automatic  method  of  electrical  heating. 


9.728 
9,730 
9,738 
9,742 
9,745 

9.749 
9,750 
9,753 

9.762 
9.763 
9,766 
9,776 

9.790 
9.797 
9.804 
9.812 
9,817 

9.819 
9.825 
•J,  826 


July  12.  1916. 
Moore.     Arc-light  stand. 
Davis  &  Dbarlb.    Mine  signalling. 
GuLSTuN.     Electric  lamp. 

B.T.-H.Co.    (G.E.Co..  U.S.)    Regulators  for  polyphase  transmission  sjrstems. 
CmbmischitFaprik  Griesheim-Elektron.    Process  for  producing  azo-dye-stuffs 

from  nitroyaminp'-olcursin  multi-colour  printing. 
Allisc^n.     "■  'l.i:s  tubes  for  electric  lamps. 

D.P.  Tat-  ■  Drakb.     Electric  accumulator  containcrr. 

P .   M>  USB    Electric   &.   Mfg.   Co.    Time-limit  electric  relays. 

Electric  oscillating 


9,833  \-  -      -  Tblkgraph  Co.,  Rivers-Moof.e  &  Mcksb 

or  wireless  systems  and  apparatus. 

July  13,  1916.  ^       , 

9,848  Cov^pbr-Cclbs.    Electrolytic  prc>ccrs  for  manufacture  of  metallic  *tre  and  strip, 
9,850  C   ^TR:      Electric  time  switch<». 
9,860!  '.  KiFK.    Method  of  electric  hell  alarm. 

9.865  I         F'-'H  t-'T>^rr? 

9.866  •■ 
9.8!<5  ( 
9,892  Bi  «KF 


Irrcr;.-  o!  ,i:i 


or  controlling  apparatus. 
::n.;c:ition  for  brazingcr  welding  aluminium  or  its  alloys. 


Jvlv  14.  1916. 
•icn. 
■  systems. 


9 

9 

9  ,\    o,r  ,      .  t- 

9  -  MiBK.     Dvnsmo-ol' 

9.^..    -.     .M.     ;G.E.C..U.S.)     1..;.,, 

9.942  Dawk.    Electrical  resistance  apparatus. 

July  15.1916 
9,966  BsKRETTi.    Wave  motor*. 


polar  type.    (10/7/14,  Germany.) 
.V  tranrmirslcn  systems. 
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COMMERCIAL    TOPICS. 


.  Under  the  new  Insurance  Act  the  provisions  of 

insurance  ^^^  National  Insurance  Act  (Part  II.)  has  been 

extended  to  several  trades  and    employments 
in  connection  with  the  war. 

The  Act  is  only  five  clauses,  but  it  passed  through  Parliament  without 
discussion,  and  according  to  the  Board  of  Trade  estimate  nearly  2,000,000 
workers  and  their  employers  will  be  affected.  The  system  of  compulsory 
insurance  against  unemployment  is  extended  to  the  following  additional 
trades,  whether  the  worker  is  engaged  on  munitions  work  or  not : — 

The  manufacture  of  ammunition,  fireworks  and  explosives. 

The  manufacture  of  chemicals,  including  oils,  lubricants,  soap,  candles,  paints,  cclcur 
and  varnish. 

The  manufacture  of  metals  and  the  manufacture  or  repair  of  metal  gccds. 

The  manufacture  of  rubber  and  goods  made  therefrcm. 

The  manufacture  of  leather  and  leather  gcods. 

The  manufacture  of  bricks,  cement,  and  artificial  stone  and  other  artificial  builc.'r.g 
materials. 

Sav/  milling,  including  machine  woodwork,  and  the  manufacture  of  wcoden  caics. 

All  workpeople,  whether  men  or  women,  over  16  years  of  age  employed 
wholly  or  mainly  by  way  of  manual  labour  are  included.  All  these 
additional  classes  of  workmen  are  to  be  insured  as  from  the  4th  prox. 
Under  the  principal  Act  of  1912  the  trades  requiring  to  be  compulsorily 
insured  against  unemployment  were  :  Building,  construction  of  works, 
shipbuilding,  engineering,  construction  of  vehicles,  ironfounding.  The 
Board  of  Trade  are  making  arrangements  to  meet  the  new  heavy  burden 
imposed  on  them,  and  it  has  been  decided  to  withdraw  the  various  pro- 
vincial offices  that  certify  for  unemployment  benefits  and  centralise  the 
whole  staff  at  Kew. 


Company 
Returns. 


A  memorial  is  in  preparation  by  the  Institute 
of  Directors  for  presentation  to  the  Board  of 
Trade  in  order  to  get  their  sanction  to  the  sus- 
pension of  the  obligation  upon  companies  to  file  the  annual 
summary  and  make  returns  of  names  and  addresses  of  shareholders 
during  the  period  of  war.  The  Council  of  the  Institute  of  Directors 
has  been  in  communication  with  the  Registrar  of  Joint  Stock 
Companies,  but,  as  the  latter  is  bound  by  statute,  the  Council  now 
hope  that  the  Board  of  Trade  may  be  induced  to  grant  the  relief 
sought  for  as  a  war  measure. 


Trade  with 
Russia. 


In  reply  to  a  question  in  the  House  of  Commcns 
last  week,  as  to  what  steps  were  being  taken  to 
form  a  corporation,  with  Government  support, 
to  encourage  and  develop  the  trade  between  Great  Britain  and 
Russia  on  the  lines  recently  adopted  in  the  formation  of  a  corjioration 
for  developing  trade  between  Great  Britain  and  Italy,  the  Chancellor 
of  the  Exchequer  (Mr.  R.  McKenna)  said  that  no  proposal  had  at 
present  been  received,  but  he  should  be  prepared  to  consider  further 
suggestions  if  suitable  arrangements  were  proposed.  In  that  matter 
the  Treasury  was  bound  to  act  in  the  first  instance  on  the  recom- 
mendation of  the  Board  of  Trade. 


Exports  to  the 
United  States. 


As  will  be  seen  from  our  list  of  new  companies 
formed  the  "  Association  for  the  Protection  of 
British  Capital  and  Property  in  Knem.y  Coun- 
tries (Ltd.)"  was  registered  on  the  11th  in.st.  as  a  company  limited 
by  guarantee  for  the  purpose  of  advising  and  assisting  m.embcr:;  and 
others  by  all  lawful  means  in  ])rotecling  and  rccf)\  ering  the  proceeds 
of  any  business,  &c.,  in  ensmy  territory.  There  arc  a  number  of 
electricity  supply  and  gas  works,  engineering  undertakings,  &c.,  in 
enemy  territory,  and  the  Association  should  ha\c  plenty  of  .':coj,c  for 

its  operations. 

*         *         *         * 

The  Board  of  Trade  states  that  its  attention  has 
been  called  by  the  Foreign  Office  to  cases  in 
which  British  firms  have  consigned  to  one  of 
H.M.  Consular  Officers  in  the  United  States  of  America  (en  account 
of  certain  United  States  approved  importers)  materials  in  connection 
with  which  the  importers  are  required  to  sign  (and  in  the  case  of  any 
previous  shipments  received  have  signed)  guarantees  before  a 
British  Consular  Officer  to  the  effect  that  they  will  take  certain 
precautions  to  prevent  the  materials  from  reaching  the  enemy. 

On  arrival  of  the  particular  shiiDments  in  question,  however,  the 
importers  have  in  certain  cases  refused  to  sign  the  requisite  guarantees 
in  respect  of  them,  and  the  British  exporters  have  been  compelled  to 
store  the  goods,  with  little  prospect  o'  selling  them  to  other  importers 
prepared  to  sign  the  guarantees.  The  Board  of  Trade  suggest  that,  with 
a  view  to  obviating  such  difficulties,  exporters  of  such  materials  should 
include  in  their  contracts  with  United  States  importers  a  condition  that 
the  necessary  guarantees  will  not  be  withhold  in  the  case  of  any  of  the 
goods  covered  by  them. 

*  ^L  *  * 

At  the  meeting  of  the  South  Metropolitan  Gas 
Co.  last  week  the  chairman  (Dr.  Chas.  Carpen- 
ter), after  explainting  the  report  and  accounts, 
said  there  was  little  doubt  that  the  gas  under- 
talcings  should  be  the  fuel  suppliers  of  the  future,  not  only  gaseous 
but  solid. 

In  other  words,  the  raw  coal  should  pass  through  their  hands  for  the 
extraction  of  the  valuable  residuals,  and  the  solid  fuel  jiassed  on  to  the 
steam  raiser.  It  might  well  be  considered  whether  the  policy  adopted  by 
Parliament  of  putting  the  suppliers  of  gaseous  and  electrical  energy-  into 
competition  had  not  had  its  day.  Both  industries  stood  firm  to-day  as 
necessities  of  life.  When  the  war  was  over  no  one  could  foresee  what 
might  happen.  But  it  was  perfectly  certain  that  British  manufac- 
turers would  have  to  work  together  in  much  greater  harmony  than  was 
the  case  in  the  past,  both  to  avoid  waste  and  reduce  cost  of  production. 

^i         *         *         * 

The  Canadian  Manufacturers'  Association  has 
recently    protested    against    the    Alberta    Cor- 
poration  Tax   Act.     A   somewhat   similar   but 
less  comprehensive  Act  is  projected  in  the  province  of  Ontario. 

It  is  stated  that  manufacturing  and  commercial  companies  in  Ontario 
will  not  be  taxed  as  in  Alberta,  and  no  company  will  be  taxed  on  any 
business  except  that  done  witliin  the  province.  The  Ontario  Act  con- 
fines the  taxation  to  banks,  insurance,  loan  and  trust  companies,  gas 
and  electric  supply,  telegraph  and  telephone  companies,  steam  and  elec- 
tric railways,  express  companies,  &c. 

*         *         *  * 

IT  c  A   iri    ♦  •     I    "^^^  exports  of  electrical  goods  and  apparatus 
i;:._„:-        "*^^     in   May  was   of   the   value  of    S3,5C0,CO0,   or 


Gas  and 

Electricity 

Supply. 


Company  Tax 
in  Canada. 


§500,000  more  than   in  February-,  the  pre\nous 


Exports. 

highest  record. 

Excepting  insulated  wire  and  cable  and  interior  wiring  supplies, 
exports  were  higher  than  those  during  the  preceding  jMay  in  every  item. 
The  most  marked  increases  were  in  metal  filament  lamps  (SICO.CCO), 
motors  ($220,000),  telephones  ($300,000).  transformers  (§173,088)  and 
miscellaneous  equipment  ($1,372,175).  The  total  exports  for  the  first 
five  months  of  1910  were  $14,214,080,  against  $8,977,060  for  the  cor- 
responding period  of  1915,  and  it  is  expected  that  the  aggregate  for  this 
year  will  be  $34,000,000,  which  will  break  all  records. 

*         *         *         * 

At  the  recent  meeting  of  Bradford  Corporation, 
the  chairman  of  the  (-"as  Committee  (Mr.  J.  H. 
Barraclough)  stated  that  the  number  of  firms 
who  had  taken  advantage  of  the  reduced  price 
of  gas  for  power  and  had  adopted  gas  engines  since  July.  1913,  was 
138.     The  number  of  firms  who  had  during  the  same  period  employed 


Electric  Motors 
Displace  Gas 
Engines. 
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the,  electric  drive  as  a  substitute  for  gas  was  50,  and  the  gas  used  by 
these  firms  previoush'  was  19,075,7<XJ  cubic  ft.  yjer  anniuii.  Tn  the 
same  jjoriod  121  new  gas-engine  customers  had  been  obtained. 

No  efforts  ha<J  (he  said)  been  marJc  by  the  de])artnient  to  prevent  a  gas 
engine  being  rc])la<;e(l  l)y  an  electric  motor  when  the  latter  had  been 
obviously  more  suitaVjlo  for  the  ])articular  j)ur|io.se  reijuircd.  He  took 
it  that  the  duty  of  the  Corporation  was  to  oblige  the  ratepayers,  and  to 
supply  ttiem  with  electricity  if  it  suited  their  ]iuq)ose  better  than  gas. 
Indeed,  the  Gas  Committee  had  themselves  already  installed  on  their  new 
plant  at  Birkshall  gasworks  13  electric  motors. 


IMPORTS 


AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 


From  Aug.  r,,  1916,  to  Aug.  1 1.  1916. 

IMPORTS. 

Folkestone. — France:  Unenumeraied,  27  pkgs. 

Hull.— y..S./l..-  Elec.  cable,  21  C.L.S.    Sweden:  Electrodes,  122  ca^es. 

Liverpool. —  U.S.A.:  Unenumerated.  42  ca;es. 

LotiDOU.— U.S.A.:  Carbon  candles,  £205;  wire  and  cable,  £381;  insulating  tape, 
344pkgs.  ;  elec.  carbons,  19  pkgs. ;  glow  lamps,  £543  ;  unenumeraied.  £5.31  l—194caief. 
Holland:  Elec.  lamps,  1,291  pkgs. ;  elec.  glow  lamps, £3.849  ;  capselec.  lamps, 290ca£es  ; 
unenumerated,  £494.  Japan:  Electrolyte  cathodes.  £4,996:  electro-copper  ingot:. 
13,883  n.o.  ;  elec.  copper.  13,305  pkgs.;  unenumerated.  £985-89  cajes.  France: 
Carbon  candles,  £359;  elec.  glow  lamps,  £360  ;  elec.  lamps,  4 cases  :  unenumerated, £160. 
Switzerland:  Carbon  candles.  £686:  unenumeraied.  £2.447.  Italy:  Elec.  machiner, 
ilO  cases;   unenumerated,  £3,672.     Swdfn:  Unenumeraied,  £777. 

EXPORTS. 

To  Australasia.  Auckland :  Unenumerated.  £708.  Melbourne:  Wire  and  cable. 
£2.746;  elec.  machinery.  £115;  telegraph  material.  £148;  unenumerated.  £1.285- 
Sydney:  Elec.  machinery.  £1,179;  wire  and  cable,  £3.859;  elec.  lamps,  1.650  n.o.  : 
telegraph  material,  £280;  unenumerated.  £41 1.  Wellington:  Elec.  machinery,  £1,C38  : 
wire  and  cable.  £1,328;  unenumeraied,  £325.  Lyttellon :  Telegraph  material,  £85; 
unenumerated,  £16.  Dunedin:  Wire  and  cable,  £18:  unenumeraied,  £44.  Adelaide: 
Wire  and  cable,  £131  ;  unenumeraied,  £481.  Brisbane:  Elec.  machinery.  £58;  wire 
and  cable.  £76;  unenumerated.  £11.  Christchurch:  Elec.  machinery,  £70;  wire  and 
cable,  £554;  unenumerated,  £148.  Frenianlle:  Unenumerated,  £20.  Townsvitle: 
Unenumerated.  £243.  Perth:  Unenumerated,  £188.  Newcastle:  Elec.  machinery, 
£317.     Napier:  Unenumerated,  £34. 

Africa.— Durban  :  Elec.  m.ichinery,  £176  ;  wire  and  cable.  £1.609  ;  unenumeraied, 
£604.  Cape  Town:  Telegraph  material.  £224  ;  unenumerated.  £463.  Port  Elizabeth: 
Elec.  machinery.  £34;  wire  and  cable,  £29;  unenumerated,  £309.  East  London  :  Un 
enumerated,  £186.     Beira:  Unenumerated,  £31. 

Egypt.  Alexandria:  Wire  and  cable,  £367;  unenumerated,  £165.  Port  Sudan: 
Unenumerated,  £19. 

India.  Ceylon,  Indo-China  and  Straits  Settlements.— Sowfcoy.-  Wire  and  cable, 
£558;  unenumerated,  £1.154.  Singapore:  Unenumerated.  £34.  Calcutta:  Wire  and 
cable.  £3,180  :  unenumerated,  £2,625.  Madras:  Wire  and  cable,  £652  ;  unenumerated, 
£558.  Colombo:  Unenumerated,  £37.  Karachi:  Unenumeraied,  £15.  Bankok : 
Unenumerated,  £144. 
■'Canada. — St.  Johns:  Unenumerated.  £102.    Halifax:  Elec.  machinery,  £20. 

China. — Hankow:  Unenumeraied,  £97. 

U.S.A.     New  York:  Telegraph  material.  £35  ;   unenumeraied,  £33. 

Smuth  and  Central  America.  Rio  Janeiro:  Elec.  lamps.  1,350  n.o.;  telegraph 
material.  £467  ;  unenumeraied, £650.  Santos:  Elec. lam ps.2,0C0 n.o.  ;  unenumeraied. £65. 
Valparaiso:  Unenumerated.  £40.  Rnsario:  Unenumerated,  £84.  Buenos  Ayres:  Wire 
and  cable.  £5.008:  unenumeraied.  £605.  Gwoyai?!/;/.-  Telegraph  material.  £224.  Monte 
Video:  Unenumerated.  £80.  Punta  Arenas:  Unenumerated,  £135.  Callao:  Wire 
and  cable.  £191.     Puerto:  Unenumerated.  £20. 

West  Indies.     Barbadoes:   Unenumerated.  £105. 

HfiLLAND.  Amsterdam:  Wire  and  cable.  £2,401  ;  unenumeraied,  £96.  Rotierdcm: 
Wire  and  c.ible.  £1.601  ;  unenumerated.  £165. 

France.  Dieppe:  Elec.  machinery.  £260  :  wire  and  cable,  £132  :  unenumerated.  £22. 
Paris:  Elec. machinery, £175  ;  telegraphmaterial,£300  ;  unenumerated. £788.  Bow/ogw.- 
Wire  and  calile,  £90  :  elec.  machinery,  £1 12  ;  unenumerated.  £90.  Calais:  Wire  and 
cable,  £176;  unenumerated,  £416.  Havre:  Telerr.iph  m^tPri.il.  £349  ;  uneiiunicr.ded, 
£287. 

Malta.     Elec.  machinery,  £140. 

Russia.     Vladiunstnk:   Elec.  machinery.  £187. 

SwEt5EN.     Stockholm:  Un'-numerated.  £50. 

PORTUGAI  /■    '     '•   ■     F''        -,       Vt'-v    rl2.'^. 

FOREIGN  GOODS  (duty  paid  and  free). 
Amsirrdam :    Unenumerated.  £52.    Bombay:    Unenumerated,  £59.    Sydney:    Un- 

enumeratej,  £265.     Dieppe:   Elec.  n      ' £617.     C/im/;aMo.-  Unenumerated.  £48. 

I.VtIilton :    Unenumerated.   £21.     /  th :    Unenumeraied,   £10.     Valparaiso: 

Urionumcrate  I.  £377.     Wcllineton  :  '  ir.l.  £48. 

IN    TRANSIT. 

Melhournf:  Elec.  lam pr,,  £1.318.  Napier:  Elec.  lamps,  £130.  Hongkong-  Elec 
lamps,  £2.967;  clow  lamp-.  f.?4R  Slun:rl,.„  ■  Glow  lamps,  £605.  Wellington-  Elec 
lamps.  £630. 

NoTK  ---The  large  tuuuIxT  of  items  in  these  ofTirinlroturna  under  the 
mislendiiiR  liendinc  "  iiiietmmerafed  "  relftf<>  to  what  is  dercriU'd  as 
"  electrical  goods  "  and  "  electrical  materials." 


EDUCATIONAL. 

University  of  Bristol,     in  ihc  faeully  of  enginooring  complele 
coui>os  of  instnielioii  arc  |irovi(led   in  i-ivil.  nieeh;uii»  al.  cieetrieal 
.  and  aiiloiiKibilc  ciiginecring. 

The  autiiiiiM  term  cDniinenee.^  on  Sept.  ',\.  but  in  tiip  fmMiltirn  of  nrls. 
.science  anil  medicine  it  bei;in.s  on  Oct.  '.\.  There  are  bI.-^i  complete 
courses  of  instniefion  in  the  evenni;  elasNi"*.  I'artieular.s  from  llie 
registrar,  .Mr.  .lames  Rafter.  M.A. 

University  of  Edinburgh.  Tiw  next  session  of  the  enginwring 
dei)arlii\eiit  eominen<(<H  on  Oel.  U)lh.     'l'ln>  pn>liminary  or  entrance 


examination  is  held  in  September.  Complete  courses  of  instruction 
in  civil,  mechanical  and  electrical  engineering  are  provided  ;  they 
qualifj'  for  the  degree  of  B.Kc.  in  engineering  and  extend  over  a 
period  of  three  years.  Particulars  of  entrance  examinations, 
scholarships,  &c.,  may  he  obtained  from  the  Matriculation  OflBces, 
the  University  of  Kdinlturgh. 

University  of  Birmingham. — At  this  University  there  are  courses  in 
mechanical,  civil  and  electrical  engineering.  The  full  courses  extend 
over  four  years,  and  students  who  enter  after  matriculation  and 
pass  the  examinations  at  the  end  of  each  year  will  be  entitled  to  the 
degree  of  Bachelor  of  Science  in  Engineering.  The  next  session 
commences  on  Tuesday,  Oct.  3.  Syllabus,  with  particulars  of 
courses,  fees,  &c.,  can  be  obtained  from  the  Secretarj'. 

University  of  Manchester. — In  the  physics  department  the  lecture 
and  lalxtratory  courses  prej^are  for  both  the  ordinary  and  honours 
degrees  of  the  university.  Particulars  can  be  obtained  on  applica- 
tion to  the  Registrar,  and  Prof.  Sir  E.  Rutherford  will  meet  intending 
student.s  on  TJiursday,  Oct.  5. 

In  the  electrical  engmccring  department  complete  theoretical  and  prac- 
tical training  i.s  given  to  students  preparing  for  the  higher  positions  in  the 
electrical  engineering  profession,  and  at  the  end  of  a  three  jcars'  course 
students  may  obtain  either  the  ordinary  or  honours  degree  of  B.Sc 
in  electrical  engineering.  There  is  a  special  cour.se  extending  over  three 
years  which  })rei)ares  for  the  certificate  in  electrical  engineering.  The 
John  Hopkin.son  Laboratories  have  been  recently  extended  and  the}'  are 
equip])ed  with  modem  electrical  machinery  and  testing  appliances,  while 
good  fiuilitie.s  are  given  for  research  work,  &c.  The  next  ses.«ion 
connuenees  on  (Kt.  5.  Further  jiarticulars  may  be  obtained  from  the 
Rcifistrar. 

Armstrong  College  (University  of  Durham)  Newcastle-on-Tyne. — 
The  next  session  commences  on  Sept.  25.  Eull  jjarticulars  relating 
to  the  departments  of  mechanical,  marine,  civil  and  electrical 
engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
pure  science,  arts  and  commerce  maj'  be  obtained  from  the  secretary, 
Mr.  V.  H.  Pnien,  M.A. 

Northampton  Polytechnic,  London. — In  the  day  engijieering  college 
full-day  courses  in  the  theory  and  practice  of  civil,  mechanical  and 
electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  sj)ecialisation  in  auto- 
mobile and  a(>r()nautical  engineering,  and  those  in  electrical  engineer- 
ing include  radiography.  The  entrance  examination  takes  place 
on  Sept.  2()th  and  27th.  Three  entrance  scholarships  of  the  value 
of  £52  each  Mill  be  offered  for  eomj^etition  at  the  entrance  examina- 
tion. The  cour,<cs  include  periods  sjient  in  commercial  workshops 
and  extend  over  four  years.  They  also  prejiare  for  the  degree  of 
B.Sc.  in  Engineering  at  the  University  of  London.  In  the  leclmieal 
optics  (lei)aifment  there  am  full  and  part  tune  courses  in  all  branches 
in  specially  e(|uipi)od  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (value  UTA))  will  be  offered  in  this  dejHirtnient  at  the 
entrance  examination.  Parti<ulars  as  to  fees,  dates,  Ac,  can  l>e 
obtained  at  the  Institute  or  on  apjilication  to  the  Princi|>;d,  Dr.  R. 
Mullineux  Walmsley. 

City  and  Guilds  of  London  Institute.— On  the  rejxrrtof  the  Delegacy 
of  the  City  and  (Miild.-^  ( l"]iigineering)  ( "ollegi>.  (be  Council  of  the  City 
and  <  iuildsof  l^^mdon  Institute  have  awarded  thediphtma  of  "  .Associ- 
ate of  the  Institute  "'  to  the  follow  ing  matrieiilated  third  year  8tu<lents 
who  ha\(>  eomiileted  a  full  course  of  instructiim  as  preserilied  by  llie 
Council  : — 

In  Cifil  and  Mrchaniml  Enginrrrinq. — A.  H.  Ailloud  y  Pwn.  K.  H.  N. 
Autfier.  11.  Hateniaii  (Henriei  Medal).  A.  N.  A.  Calderon  v  Klorcs.  F. 
Dy.son  (lirainwell  .Medal).  11.  K.  K.  Finch.  IJ.  M  .MiCann.  K.  Mars.lcn. 
K.  V.  Miiller.  y\.  C.  ItajiKla.  L.  Hatner.  K.  Siennicki,  F.  A.  Swaiuj,  J. 
Swayiu  y  Vu\.  I).  Watson  und  .\.  (\.  A.  Winter. 

In  Kliririi-iil  Entjnurring.—F.  de  Arana  y  Bcngoechea,  C.  A  l\ocT. 
A.  L.  d<«  Cliilheiros  e  Meney.cs.  0.  ('hagaloff.  W.  On'cnwood.  W.  (I.  Mosucr. 
K.  K.  Kaniaswaini.  A.  H.  K.  Roiicrs  and  H.  .1.  Tai)sell. 

South-Western  Polytechnic— This  Pol\iechnic  will  reojion  on 
S«>pt.  2."i  for  day  and  evening  clas.ses.  The  Engineering  Courses 
include  lectures  in  elect ri<-al  and  mechanical  engineering,  jihysics. 
ehemiHtry  aiid  mathematics,  and  jiracticul  instruction  in  the 
laboratoric!*. 

Sttulcnts  are  prepared  by  rococni.<ed  teacher*  of  the  University  of 
I»ndon  for  the  H.Se.  tb'jirw  in  engineering,  for  the  cxaiuination.o  at  the 
FnL'ineering  Institutions  and  of  the  City  and  Guilds  of  I^ondon  InstituU'. 
The  cvenini;  courses  also  in(  lti<le  clivs.ses  in  cK<ctric  wiring  .and  other  trade 
suhji^ets.  In  the  elei  trie  \virinmlc]»art nieiit  an  a<lv.anrc<l  rotirsc  h.-ts  hecn 
nrranni-*!  for  the  pre|iaration  of  c.mdid.atcs  for  the  final  wiremens  exami- 
nation of  Ihc  City  ft:nl  (Jnilds  of  I><indon  Tnstituto.  Arranpementp  have 
Ikm-h  made  f<»r  plwitiu'  Htudcnts  who  have  pasj^ecl  !witisfa*'torilv  through 
the  three  yeari«'  day  course  in  positions  with  large  encineorinj:  firms,  and 
hitherto  Mich  firin.s  liuve  olTcriMl  more  v.-tcancies  than  the  In^tiluto  has 
biH-n  ahle  to  fill  with  its  .•students.  ProRpe<tus«\s  n  ay  I  u  ubt.ainiMl  fro|n 
the  Secretary,  .Maaresa-roa^l.  Chelsea.  lAmdon,  S.\^ 
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BUSINESS  NOTICES. 

Owing  <(»  the  conijjlotion  of  the  extensioiiH  to  the  works  of  Pritchef  t 
<fe  (Jolcl  and  Electrical  Power  Storage  Co.,  Ltfl.,  at  [)agpnhani  Dock 
the  coni|)any  has  now  dosed  its  works  at  Millwall,  fonneri\'  the  works 
of  the  Electrical  Power  Storage  Co.,  Ltd.,  with  which  com  pan  v' 
Mes.sr.s.  Prit('hett  &  (lold  ainalganialed  last  year.  All  conminni- 
cations  previously  addressed  to  Millwall  should  now  he  addres.sed  to 
the  company  at  Dagenham  Dock,  Romford,  Essex.  The  closing  of 
what  is  one  of  the  oldest  electrical  works  in  this  country  is  a  matter  of 
considerable  interest  to  the  industry.  The  Millwall  works  were 
opened  by  the  Electrical  Power  Storage  Co.  in  1881,  and  they  have 
been  continuously  occupied  in  the  manufacture  of  storage  batteries 
during  the  last  35  years. 

The  registered  offices  of  New  Transport  Co.  (Ltd.)  have  been 
removed  to  27,  Queen  Victoria-street,  London,  E.C. 

Sale  by  Tender.— Messrs.  Wheatley  Kirk,  Price  &  Co.  have  also 
been  instructed  to  sell  by  public  tender,  in  lots  to  suit  purchasers,  the 
entire  stock  of  electric  lamps,  cable,  sheds,  electric  fans,  electric 
cooking  utensils  and  accessories,  office  furniture,  &c.,  upon  the 
premises  (39,  Victoria-street,  London,  S.W.)  of  Krupka  &  Jacoby 
(Ltd.),  which  is  being  wound  up  under  the  Trading  with  the  Enemy 
Act,  1916.  Catalogues  may  be  obtained  gratis  on  application  to  the 
Agents  for  the  Controller,  Messrs.  Wheatley  Kirk,  Price  &  Co.,  46, 
Watling-street,  London,  E.C,  and  at  Manchester  and  Newcastle- 
on-Tyne.  On  view  Aug.  23,  24,  25  and  26,  and  tenders  must  reach 
Messrs.  Wheatley  Kirk,  .Price  &  Co.,  46,  Watling-street,  London, 
E.C,  by  Aug.  28.     See  also  a7i  adverlisement. 

Sale  by  Auction.— By  order  of  the  Controller  (Mr.  G.  S.  Pitt, 
F.S.A.A.)  to  conduct  the  winding  up  of  Isaria  (Ltd.),  Mr.  Ernest 
Owers  will  sell  by  auction  the  whole  of  the  stock-in-trade  of  the 
company,  including  about  1,200  electricity  meters,  100  prepayment 
meters,  750  electric  fans,  some  starters,  rheostats,  90  motors  and  d.e. 
dynamos,  &c.  ;  also  the  office  furniture.  On  view  Aug.  28  and  29,' 
and  catalogues  of  Messrs.  Bolton,  Pitt  &  Breden,  Incorporated 
Accountants,  200,  Finchley-road,  N.W.,  and  at  West  Hampstcad 
and  Golder's  Green.     See  also  an  advertisement. 

Increase  of  Prices. — Ozon  air  Ltd. ,  96,  Victoria-street,  London,  S.W. , 
notifies  that,  owing  to  the  increased  cost  of  all  materials,  metals  and 
labour,  in  addition  to  the  ordinary  cost  of  production,  it  is  compelled 
to  increaf^c  its  list  prices  temporarily  by  15  per  cent,  advance,  dis- 
counts remaining  the  same.  All  estiniates  which  have  been  priced 
nett  will  also  be  increased  by  15  per  cent.  The  increases  will  date 
from  the  20th  inst.         |^  h  '■ 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Ashton-under-Lyne. — The  Chairman  of  the  Electricity  Committee 
and  the  Boi'ough  Electrical  Engineer  have  been  authorised  to  nego- 
tiate with  the  apfjropriate  Government  deiiartment  for  sancticn  to 
a  loan  for  additional  generating  plant. 

Burton-on-Trent. — At  the  last  meeting  of  the  Council  it  was 
reported  that  ari-angements  had  been  made  for  giving  a  supply  of 
electricity  to  the  new  works  of  the  India  R\ibl:er,  Gutta  Percha  & 
Telegraph  Works  Co.  at  Hominglow.  Tiie  estimated  cost  of  laying 
cables,  &c.,  is  £4,000,  but  £1,000  will  be  repaid  by  the  company. 

Leek. — Last  week  the  Council  adojjted  Prof.  Watkinson's  rejiort 
recommending  the  acceptance  of  Messrs.  Crossley  Brothers'  tender 
for  new  gas  producer  plant  for  the  electricity  works,  and  it  was 
decided  to  apjily  for  sanction  to  borrow  the  necessary  money,  and  for 
authority  to  carry  out  the  work. 

Stafford. — The  Council  has  authorised  the  laying  of  an  electric 
cable  at  the  north  end  of  the  town  at  an  estimated  cost  of  £1,000. 
Sanction  has  been  received  to  borrow  £6,280  for  a  500  kw.  turbo- 
generator, condenser,  &c. 

GENERAL. 

Alnwick. — Mr.  F.  Scott,  a  resident  of  the  town,  is  erecting  hydro- 
electric works  on  the  Linn,  and  he  projjoses  to  supply  electric  current 
for  public  and  private  lighting. 

Callington. — A  town's  meeting  has  been  held  in  order  to  discuss  a 
question  as  to  the  purcha.'^e  of  Frogwell  Mills,  with  the  view  of 
utilising  the  water  power  for  the  generation  of  electric  current  for 
public  and  private  lighting.  The  result  of  the  meeting  was  to  refer 
the  matter  back  to  the  Council  in  order  to  collect  information  about 
electricity  schemes  in  similar  districts. 

P  Chepstow. — The  Urban  Council  have  authorised  the  Chepstow 
Electric  Light  Co.  to  use  overhead  wires  in  the  Cattle  Market-road  for 
supplying  electrical  energy  to  new  works.  ,  .. 


Dundee.— On  Monday  the  Electricity  Committee  decided  to  apply 
for  permission  to  increase  the  borrowing  [xjwers  of  the  de[iartment 
by  £27,000. 

Treasurer  S(m;tak  stated  that  the  amount  authorised  to  be  borrowed 
was  €t87,0()(»,  and  the  caiiital  cxiicnditunr  to  May  15  la<it  was  £40'J,17."), 
Icavinj,'  tl7,S25,  and  the  'I'own  ('ounii!  were  aircwly  committf<i  to  the 
c.\|)onditiu('  of  tiiat  amount,  contra<;ts  havinj;  been  pla<-ctl  for  maihinen', 
cabl(;s,  &c.  The  general  manaj^er  (Mr.  Richardson)  ha/J  e.stimate<l  that 
a<l(litionaI  borrowinf;  powers  w(juld  be  required  to  cover  the  co.st  of  works 
to  the  amount  of  £27,000.  Application  had  been  receivwl  for  power  from 
the  Caledon  Shipbuilding  Co.,  and  taking  into  af-count  the  power  which 
would  he  required  in  the  imraodiate  vicinity  for  King  George  Wharf  and 
other  large  consumers,  it  was  suggested  it  would  be  better  to  build  a  new 
sub-stati  >n  on  the  spot,  and  thu.s  reduce  the  length  of  heavy  cables  to  a 
minimum. 

Edinburgh. — The  question  of  the  inspection  of  alterations  made  to 
the  electrical  stage  fittings  of  theatres  in  Edintnirgh  was  considered 
at  a  recent  meeting  of  Edinburgh  Magistrates. 

Hitherto  the  city  electrical  engineer  (Mr.  F.  A.  Newington)  has  under- 
taken the  inspection  of  such  fittings  where  alterations  have  been  made, 
and  no  performance  is  allowed  to  take  place  until  such  an  inspection  has 
been  carried  through.  The  Electric  Light  Committee  now  claim  pay- 
ment for  this  service,  and  the  magistrates  have  postpone<'l  the  matter, 
in  order  that  a  report  might  be  made  as  to  the  practice  in  other  town  . 

Extension  of  Provisional  Electric  Lighting  Orders. — The  Board 

of  Trade  has  extended  by  one  year  from  July  31,  1916,  the  periods 
of  two  years  and  18  months  respectively  mentioned  in  Gelligaer 
(Bedlinog  and  Fochriw),  the  Rickmansworth  and  Chorleywood  and 
the  Aberearn  Electric  Lighting  Orders  of  1914  (laying  of  mains,  &e.). 

Glasgow. — Work  at  the  new  Dalmamock  jjower  station  is  still 
j)rocecding,  although  progress  is  somewhat  slow,  owing  to  the 
scarcity  of  men  and  the  difiicultyof  procuring  the  necessary  material. 

Up  to  the  present  500  ton^  of  steel  have  been  recjuircd  on  the  founda- 
tion and  digger  work,  but  when  this  section  of  the  contractt  will  have  been 
completed  it  is  estimated  that  another  2.50  tons  will  be  enca.^ed  in  the 
concrete  walls  and  foundation  piers.  Certain  of  the  cables  wliich  will 
eventually  be  linked  n\)  with  the  new  ])ower  station  are  being  laid  in  the 
east  end  and  also  in  the  Govan  and  Partick  areas.  These  cables  are 
required  before  the  coming  winter  to  improve  the  distribution  of  elec- 
tricity to  the  outlying  districts  where  most  of  the  new  works  are  situated. 
The  requirements  along  these  lines  arc  so  urgent  that  it  may  be  necessary 
to  obtain  the  services  of  outside  working  parties,  and  it  has  even  been 
suggested  that  German  prisoners  should  be  used  for  this  work. 

Loughborough. — The  Corporation  have  agreed  to  release  the 
borough  electrical  engineer  (Mr.  W.  H.  Allen)  as  and  from  the  31st 
inst.  During  the  period  that  elapses  before  Mr.  R.  B.  Leach,  the 
new  electrical  engineer,  takes  up  the  duties  Mr.  J.  H.  Dent,  the  chief 
assistant,  will  have  control  of  the  electricity  department  and  a  special 
honorarium  will  be  paid  for  the  services  rendered. 

Sheffield. — The  renewed  recommendation  of  the  Electric  Supply 
Connuittee  to  revise  the  scale  of  charges  for  the  suppl\-  of  electrical 
energy  caused  considerable  discussion  at  the  Corporation  meeting 
last  week. 

Councillor   Evaks,   Chairman    of  the  Committee,   said   it  was    qiu'te 
evident  that  theCommittee  could  not  jiriKluce  electric  ])ower  when  coal 
was  costing  15s.  fid.  per  ton  atthesanu'])rieeas  when  it  cost  only  7s.  Cxi.     It 
meant  an  incrciiscd  charge  to  the  de])artment  of  over  £87,000  in  tiiat  one 
item  alone.     It  seemed  to  him  that  the  increase  in  the  charges  Wiis  only 
a  ])lain  business  proposal,  and  if  the  undertaking  were  in  private  hands 
there  woi'ld  not  be  the  slightest  hesitation  about  increasing  the  charges 
com])atib]y    with    the   increased   cost   of   production.     There   was   also 
another  item  of  £32,000  which  would  have  to  be  provided  for  year  by 
year,  an  item  which  went  against  the  Electric  Supply  Committee  in  tlie 
way  of  increased  charges.     In  addition  to  that,  there  w^s  no  doubt  in 
his  mind  that  further  increased  charges  woidd  have  to  be  met.     If  they 
were  not  going  to  increase  the  charges  to  the  consumer  they  were  going 
to  have  a  very  serious  lo.ss.     He  was  quite  aware  that  it  was  their  duty, 
and  it  always  had  been  the  policy  of  the  Committee,  to  provide  power 
and  also  electricity  for  lighting  at  the  very  lowest  possible  charge,  and 
he  did  not  think  anybody  in  Sheffield  could  have  a  word  of  complaint  as 
to  the  way  the  (\immittee  had  treated  its  customers.     He  produced  a  list 
of  109  electric  power  stations,  every  one  of  which  had  increased  its  charges 
for  electricity  since  the  war  began  owing  to  the  extra  charges  for  coal. 
In  their  own  case  there  would  be  an  increase  during  the  next  six  months 
of  £35,891.     That  was  estimated  on  a  sale  of  120.000,000  units,  which 
was  making  a  very  'iberal  aillowance  for  a  large  increase.     Excluding  the 
tramways,  the  increase  would  amount  to  £28,891.  but  he  could  not  think 
the  Tramways  Committee  would  object  to  such  a  small  increase.      He 
()fte:i  wonderetl  what  would  have  hajjpened  to  the  tramways  had  it  not 
been  for  the  fact  that  some  time  ago  the  Electric  Sui)ply  Committee  had 
sufficient  foresight  to  couple  up  the  Neepsend  and  Kclham  Island  stat  ions. 
It  would  have  meant  a  verv  laroe  increa.se  in  the  plant  there,  probably 
at  a  cost  of  £70,000  or  £80,000.  to  enable  them  to  drive  the  cars  which 
were  being  used  at  ])resent.     The  power  they  were  now  taking  was  very 
much  in  excess  of  what  it  was  in  pre-war  days,  and  they  still  had  some- 
thing to  fall  back  upon.     They  made  a  ])rotit  last  year  of  about  £33.000. 
They  commenced  the  last  financial  year  with  £30.000  more  than  they  hiul 
when  they  sta-fed  this.     They  had  made  favourable  contracts,  and  but 
for  tho.se  they  would  have  iome  out  with  a  very  serious  loss.     The 
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Bituation  was  altogether  different  this  year,  and  with  an  item  of  £87,000 
.starin;^  thorn  in  the  face  as  an  increased  charge,  they  could  not  possibly 
supply  electricity  at  pre-war  rates. 

It  was  moved  by  Aid.  Hobsox  and  seconded  by  Councillor  Smith,  that 
the  accounts  be  not  confirmed,  but  that  the  matter  be  referred  back  to 
the  Committee  for  further  consideration. 

Aid.  HoBSON  said  he  believed  the  increase  of  price  was  necessary,  and 
he  was  prepared  to  vote  for  a  general  increase  of  charges.  On  the  ques- 
tion of  the  special  bargain  between  the  Electric  Supply  and  Tramways 
Committees  he  had  not  had  any  particulars  before  him  and  so  he  reserved 
his  opinion.  On  the  r^uestion  of  the  accounts  he  took  the  course  he  did 
because  they  were  the  accounts  of  a  verj'  important  department  in  a  verj' 
critical  position.  It  was  in  a  very  rritiral  ])osition  liecauso  it  suffered 
more  than  any  f)ther  department  from  the  increased  ])ri(es  of  fuel  and  the 
increased  cost  generally  which  followed  on  the  war.  It  was  h.aving  to  be 
enormously  ex])anded  at  a  timer  when  caiiital  exjx-nditure  was  carried 
out  at  very  inflated  7)rices,  and  the  money  now  being  spent  would  be 
doubtfully  rejuesented  by  good  assets  when  peace-time  came.  The 
ai)j)ropriation  of  the  ])rofits  had  been  carried  out  in  such  a  manner  that 
thc!  (j'ommittee  could  s])end  them  entirely  as  they  liked.  He  was  de- 
cidedly of  the  opinion  that  money  should  not  be  ])ut  into  a  fund  where 
it  could  be  jilaycd  with  exjictly  as  any  Commitlee  liked.  In  an  under- 
taking of  that  magnitude,  with  a  million  and  a-half  of  capital,  the  amount 
of  the  reserve  fund  was  much  too  small. 

Col.  Htouks  did  not  see  that  they  could  tlirow  any  blanu;  whatever 
on  th(!  Klectric  Sujjjily  (.'ommittee,  who  had  the  hardest  task  of  anybody 
during  the  war  ])eriod.  In  his  ojtinion  it  was  absolutely  uneconomical 
not  to  raise  the  rates.  He  criticised  thc  smallncss  of  the  reserve  fund, 
but  he  hoped  nothing  would  be  done  to  hinder  thc  operation  of  the  in- 
creased charges. 

Coun(;illor  Nioal  was  not  satisfied  either  with  thc  form  or  substance  of 
the  ac(!ounts.  He  was  satisfied  that  two  items  of  thc  ca])ital  value  did 
not  a])|)ear  in  the  accounts,  and  he  was  also  satisfied  that  the  suggested 
apj)ro|)riation  of  £;J(),(J(JO  to  the  renewal  and  special  purposes  fund  was 
one  which  could  not  be  justified.  He  was  strongly  in  favour  of  building 
U])  a  strong  reserve  fund  for  the  electricity  undertaking  which  .'•hould  not 
hv  subject  to  being  voted  away  or  a])])licd  exce))t  for  purposes  defined  by 
statute.  He  understood  the  difficulty  of  the  Committee  in  dealing  with 
extensions  when  borrowing  ])owers  were  susi)endcd,  and  if  it  were  sug- 
gested that  a  reasonable  amount,  say,  ,£.'),(J0(),  should  be  specifically  taken 
out  of  the  accounts  and  earmarked  for  extensions  during  the  year,  lie 
would  be  i)rc))arcd  to  supj)ort  that  rather  than  close  down  all  extensions 
exc(!|it  for  ))ower. 

Aid.  Stvkinc  objectwl  to  thc  disparaging  remarks  which  had  been 
made  with  regard  to  the  undertaking.  The  accounts  were  presented  in 
])rc(tiseiy  the  condition  that  i\u-  (,'ommittce  recommended  and  thc  Council 
api)roved.  They  could  not  compare  a  statutor>'  undertaking  with  a 
Hunted  company,  for  the  conditions  of  the  two  were  absolutely  different. 
In  the  case  of  the  former,  it  was  ])rovided  that  the  entire  cost  of  the 
undertaking  should  be  li(|ui(latcd  out  of  revenue.  They  had  ])aid  the 
inlercst  year  by  year,  and  had  also  ])aid  into  sinking  fund  £:}83,88r),  in 
a<liliti(in  to  whi(-h  they  had  to  the  credit  of  renewals  and  expen.ses  fund 
£.'>:{,()()(),  outstanding  book  debts,  stock  on  hand,  &c.,  £53,98(5,  and  other 
items  which  brought  up  the  total  accumulated  assets  out  of  revenue,  to 
£.')<)4.r)28,  or  0!ie-third  of  the  total  cajjital  cxix'nditurc.  In  the  case  of  a 
limited  <()m])a:iy,  the  ca])ital  cost  would  Juive  been  written  down  from 
time  to  time,  but  a  statutory  undertaking  must  keep  U])  its  original 
capital  outlay,  and  must  show  that  it  had  a  sinking  fund  which  would 
at  th(!  ai)pointcd  time  be  sufficient  to  meet  the  obligations.  In  those 
ciri'umstanccs,  any  criticism  as  to  the  financial  status  of  the  undertaking 
wa^  beside  thc  mark.  Having  regard  to  the  lines  on  which  they  had  to 
(wirry  on,  the  acciinuiiat  ion  of  a  reserve  fund  would  be  a  ver\'  great  mis- 
take, particularly  at  a  t  inic  like  this,  when  it  was  imiiortant  to  have  fresh 
eajiital  available  for  what  might  hap])en.  He  strongly  advised  that  they 
sliould  keep  the  money  loose,  so  that  they  might  have  it  for  whatever 
jiurposes  were  re(|uired.  They  had  heard  a  lot  about  un])ro(lu(tive 
assets,  but  he  regarded  these  in  the  light  of  goodwill.  If  they  had  to  sell 
the  undertaking  now,  he  had  no  (loiibt  that,  they  woiikl  get  back  e\ery 
sliilling  of  this  capital. 

Councillor  IJi.ANCHAiti)  rife: red  to  an  item  of  £2,200  for  motors  pro- 
vided out  of  reveniu".  That  apjx-ared  at  exactly  the  sanu-  figure  last 
year,  and  he  conteniled  Ihat  it  ought  to  be  de])rec"ialeil.  He  thought  the 
increased  charges  were  justified,  but  was  not  suri;  that  it  was  good  ]>oliey 
to  attenqit  to  bring  about  those  increases  in  the  way  now  propo.sed. 

Sir  Wji.i.ia.m  Ci.iuk;  was  against  the  idea  that  any  account  must  receive 
the  imprimatur  of  the  Finance  Committee  before  it  was  submitte<l 
to  the  f!ouncil,  but  he  had  no  objection  to  thc  anuMidment,  as  it  allo\ve<l 
the  Klectric  Supjjly  Committee  io  )>lease  themselves  whe'her  theyenlled 
in  the  assistanc(!  of  experts  from  the  Financi-  Committee  or  not! 

'I'he  amendment  was  defcatcil,  as  wjvs  another  to  exempi  the  tramways 
depart  nu-nt ,  and  t  lie  accounts  were  t hen  approved. 

Southend-on-Sea.-Tlic  Elcelrieity  f'oinniittoc  jjroposo  to  retain 
the  i)reseut  can\asser  (Mr.  W.  Huggolt).  and  lie  is  to  Io  paid  a 
Hlanding  wage  of  £1  ].er  week  with  ii  commission  of  hi.  for  each 
30-watt  himp  (or  its  equivalent),  including  all  lamps  and  motors, 
hnf  excluding  radiators.  wlii<li  have  been  connected  Io  thc  mains 
as  a  direct  result  of  his  (< (Tort. s. 

StOCkporf.  Siibjcct  to  Iho  consent  of  the  Hoard  of  Trade  it  has 
lw>en  decided  Id  jmrcliasc  pro]icr(y  in  Millgitc  for  £2,(MK>  (o  .•^ervc  as  a 
Bile  for  a  g««ncrating  stafion. 


Weybridge. — The  Council  and  the  local  electric  supply  company 
have  come  to  an  agreement  as  to  the  maximum  charge  to  be  made 
for  electrical  energy  during  the  war. 

The  parties  have  now  fixed  upon  a  flat  rate  o£  7d.  per  unit,  but  the  old 
rate  of  6d.  will  be  lesumed  within  six  months  after  the  end  of  the  war, 
unless  it  is  obviously  necessar}-  to  keep  up  the  price,  in  which  case  thc 
Council  will  not  unreasonably  withhold  their  consent. 


LIGHTING  &  POWER  NOTES. 


Hill 

Church  Lighting.  The  Chester  Consistory  Court  has  authorised 
thc  introduction  of  electric  lighting  and  electric  organ  blowing  in  St. 
Anne's  CImi'ch,  Hirkenhead. 

Electric  Driving  of  Rolling  Mills. — It  is  rejwrted  that  the  Sociedad 
Metalurgiea  Duro-Felguera  has  placed  a  contract  with  the  Sociedad 
Espanola  dc  Klectricidad,  of  Madrid,  for  the  electrical  equipment 
of  a  large  rolling  mill.  Thc  latter  will  be  driven  by  a  direct-coupled 
motor  of  2,(X)()  H.I'. 

Electricity  in  Ironworks. — At  the  annual  meeting  of  the  Ccntctt 
Iron  (,<j.  (Ltil.)  last  week  the  chairman,  Mr.  Mark  Fenwick,  referred 
to  thc  electrical  developments  of  the  compan\'  during  the  last  10 
years,  and  said  they  had  now  one  of  the  largest  electrical  installa- 
tions in  thc  country,  which  had  enabled  them  to  use  coal  cutters  and 
conveyors  to  work  seams  which  it  would  otherwise  have  cost  too 
much  to  work,  and  generally  to  reduce  costs,  thus  contributing  to 
the  financial  stability  of  thc  eomjjany. 

Electricity  in  Petroleum  Works. — In  the  re^wrt  of  the  Baku 
Russian  Petroleum  Co.  for  the  past  year  it  is  said  that  the  con- 
sumption of  oil  for  fuel  purpo.'^cs  has  been  further  reduced  by  nearly 
.50  per  cent.  The  reduction  has  been  effected  by  the  extended  use  of 
electric  power,  the  net  saving  from  which  is  computed  at  not  less  than 
Ks.KKt.OCM). 

Oldham. — The  Electricity  Committee  has  agreed  to  give  a  supply 
of  electrical  energy  to  the  Lancashire  and  Yorkshire  Railway  Co. 
for  the  Shaw  goods  yard. 


TRACTION   NOTESe 


Aldershot. — At  the  Council  meeting  la.st  Mcck  thc  Clerk  rej)orfe<l 
on  thc  (juestion  of  a  traction  scheme  between  Aldershot,  Fani- 
borough  and  Karnham. 

Of  the  metluxls  Mdiieh  might  be  considered — viz.,  (1)  tramways  or 
light  railways,  (2)  ])etrol -driven  motor  omnibuses,  and  (3)  clectrically- 
pro])elled  railless  tract icm  car.* — the  clerk  stated  that  the  first  metho<l 
had  for  its  great  iwlvantage  the  fact  that  once  the  tra<k  was  laid  the 
annual  cost  of  u])kee])  and  maintenance  was  considerably  less  than  in  the 
other  schemes,  Mhile.  in  addition,  the  upkeep  of  roads  was  very  materially 
reduced,  and  there  was  nothing  like  so  great  a  nuisance  from  dust  in  the 
.summer  and  nnid  in  the  winter.  The  initial  ca]>ital  cost  of  a  tramway 
sehemcwas  considerably  nu)re  than  that  of  omnibu.ses  or  rail-less  cars,  and 
vehicles  of  the  latter  descrii)tion  being  of  a  more  mobile  character, 
there  wtus  not  so  nuuh  diflicidty  in  pa.ssing  through  erowdiHl  thorough- 
fares. For  such  a  district  jus  AUlershot.  however,  he  would  most  strongly 
recommend  a  tramway  or  light  railway  scheme.  With  the  particularly 
heavy  traflic  on  the  Aldershot  and  <listrict  main  roa<ls.  due  to  the  exieji- 
tional  rei|Uiremcnts  of  the  military  the  ro.ads  must  of  necessity  suffer 
consideralile  deterioration,  and  conse<|Uently  the  cost  of  upkee]>  of  .iny 
systi'iu  of  triM  tion  without  permanent  way,  whether  driven  by  ju'trol  or 
electricity,  must  l)e  imuu'usely  heavy,  while  the  comfort  of  travelling 
would  not  be  assisted  by  the  inevitable  <lusty  condition  of  the  roads. 
It  was  im  undisp\ited  fact  and  a«'knowlcdge<l  by  all  engineers  that  no 
vehicular  trallie  had  such  a  ba<l  effect  «in  the  roatls  :us  onmibuscs.  owing 
l<i  their  hea\y  weight  and  high  s])e(Ml.  \\'hcn  there  was  .idded  the  extra- 
ordinary Irafhi-  rc((uir«><l  by  the  military  it  w.os  easy  to  a]»])reciat<»  that  it 
was  almost  an  impossibility  to  keep  the  roa<ls  in  gocxl  tonditiun.  To 
that  must  be  adde<l  the  cost  «>f  ])etrol,  which  t>f  recent  years  had  consider- 
ably in<Teas)><l.  Tramway  construction  in  th(>  Aldershot  distiict  should, 
aid  could  bi-  of  a  ]iart ieularly  elu>ap  char.icter,  as  pr.ictically  the  whole 
h-ngth  of  the  track  through  the  camp  woul<l  be  on  the  waste  at  the  si<le 
of  the  road,  the  result  bemg  that  there  would  be  mt>rely  the  cost  of  a 
sleeper  tr«4-k  without  any  charge  for  foundation  or  pa\nng.  So  far  a.s 
the  remnintler  of  the  roiite  was  concenuHl  that,  in  all  ]irobability.  wouUi 
have  ti>  be  the  onlinarv  ty]>e  of  tramway  construrt ion.  but  a  tramw.iy 
l>etween  .XMershot  and  Farnborough  Mduld.  he  thought,  be  of  a  rom- 
])aratively  mc\|>ensive  ch.iracter.  When  one  realised  also  that  alonft 
the  whole  fi{  that  route  would  be  "  pick-iqi  "  traflic  it  could  be  at  once 
nj'prfH'iat^nl  that  a  sihen)e  such  a«  that  should  of  necessity  l>e  financ  ially 
succc.^sful.  A  traction  w-heme  in  connection  with  Ft-vmham  was  of  a 
dilTerent  chara<'ter.  !><•<  nuse  it  woul<l  mean  that  for  )>r.ictically  the  whole 
of  the  route  it  wo»dd  Ik-  nt-ces.s.arA'  to  <i>nstruct  th(>  usual  tramways,  and 
not  light   railways.   nmX  there  wouM    Ih>  little   "pick-up"'   traffic.      It 
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Roeniod  to  liim,  thei'cfort!,  tliat.  in  (he  first  iiistanco,  the  schcmo  .should  bo 
considered  only  between  Alib^rsliot  and  Farnborough. 

The  ('ouiuil  decided,  after  discussing  tlie  report,  to  defer  tlie  pro])osa  1 
for  six  months. 

Gateshead. — The  Gateshead  and  DLstrict  Tramways  Co.  has  1  een 
authorLsod  to  double  the  track  on  the  Bensham  route  between  St. 
Cuthbert's  Church  and  Ravensworth-terrace. 

Glasgow. — The  consideration  of  the  question  of  giving  extra 
remuneration  to  the  traific  staff  of  the  tramways  department  for  their 
work  in  war  time  has  been  adjourned  by  the  Council,  as  the  Tram- 
ways Committee  has  taken  its  report  recommending  that  the  war 
bonus  of  6s.  per  week  recently  applied  for  by  the  drivers  and  con- 
ductors be  not  granted. 


FOREIGN  NOTES. 


i 


Bolivia. — A  special  agent  of  the  United  States  Department  o^ 
Commerce  reports  that  there  is  a  regular  demand  for  electrical 
supplies  in  this  country. 

Danish  West  Indies. — The  United  States  Vice-Consul  at  St. 
Thomas,  Danish  West  Indies,  reports  that  the  recent  completion 
of  electricity  sujjply  works  in  St.  Thomas  has  opened  up  a  new 
market  for  electrical  supplies,  and  there  should  be  an  especially 
attractive  field  there  for  good  but  moderately- priced  electric  fans. 

The  principal  town  (Charlotte  Anialie)  of  the  Island  lies  on  the  southern 
slope  of  a  high  ridge  of  mountains,  where  refreshing  bi'eczcs  arc  lacking 
most  of  the  time,  and  the  employment  of  electric  fans  would  be  appreci- 
ated everywhere.  At  the  cinema  shows  a  number  of  large  hand-made 
fans  (punkahs)  are  suspended  from  the  ceiling  and  are  operated  by  cords 
pulled  from  behind  the  screens.  In  hotels,  business  offices  and  private 
houses,  there  are  no  such  appliances,  and  it  is  believed  that  immediately 
after  the  electric  fan  has  been  introduced  those  goods  will  become  popular. 
Correspondence  with  St.  Thomas  traders  should  be  in  English. 

Electric  Furnace  Development  in  America. — It  is  announced  that  the 
United  States  Steel  Corporation  has  durmg  the  past  six  months 
granted  licences  for  28  Heroult  electric  furnaces  for  the  manufacture 
of  steel  in  the  United  States  and  Canada. 

This  number  is  said  to  be  four  more  than  the  total  licences  granted 
during  1915.  At  present  there  are  72  Heroult  units  either  in  operation, 
in  the  course  of  building,  or  authorised  in  the  United  States  and  Canada, 
and  arrangements  for  a  large  number  of  additional  furnaces  have  been 
made  by  various  companies. 

Electricity  in  U.S.A.  Coal  Mines. — In  an  article  in  the  "  Electrical 
World  "  of  July  22  some  jiarticulars  of  the  jjrogress  in  the  use  of 
electricity  in  coal  mining  is  given.  It  is  stated  that  in  the  central 
district  of  West  Virginia  the  Virginian  Power  Co.  supplies  electrical 
energy  to  about  75  mining  companies  (each  operating  from  one  to 
18  mines)  from  its  station  at  Cabin  Creek  Junction  on  the  Kanawha 
River.  The  generating  plant  at  the  station  consists  of  two  10,000  kw. 
steam-driven  units,  but  provision  is  made  for  two  additional  units 
of  20,000  kw.  The  comjwiny  is  operating  about  300  miles  of  trans- 
mission line,  of  which  200  miles  at  44,000  volts  is  in  mine  service. 

In  the  northern  mining  counties  of  West  Virginia  the  Consolidation 
Coal  Co.  has  a  central  station  which  .su])plies  electric  current  to  some  30 
of  its  plants,  and  the  Davis  Coal  &  Coke  Co.  also  operates  its  24  miles 
electrically  from  its  own  generating  station.  In  the  southern  counties  of 
West  Virginia  there  are  three  electric  power  companies  which  supply 
energy  for  mining.  At  New  River  the  hydro-electric  station  of  the 
Appalachian  Power  Co.  there  is  plant  of  29,000  h.p.,  with  provision  for 
future  developments  for  6,000  h.p.  additional.  The  company  has  also 
three  reserve  steam  plants  of  over  10,000  kw.  Power  is  transmitted 
from  these  to  the  coal  fields  of  West  Virginia  and  in  some  of  the  Vir- 
ginian mining  counties  at  88,000  volts ;  but  this  voltage  is  reduced  to 
13,000  at  sub-stations  for  local  distribution.  At  present  there  are  500 
miles  of  transmission  line,  237  of  which  is  at  88,000  volts,  and  the  com- 
pany is  serving  70  coal  mining  companies,  which  operate  from  five  to 
15  mines  each.  The  Logan  County  Light  &  Power  Co.  has  a  new  y)ower 
station  in  the  centre  of  the  Guyan  Valley  coal  field,  and  1 9  of  the  05  mines 
are  operated  from  the  station.  The  Tug  River  Power  Co.  supplies 
ele(!trical  energy  to  about  20  mines  in  the  Thacker  and  Pocahontas  coal 
fields,  and  the  Black  Mountain  Power  Co.  supplies  electricity  to  15  mines 
in  the  Wise  and  Leo  county  mining  district.  In  Kentucky  the  Con- 
solidation Coal  Co.  supplies  energy  to  its  great  new  mining  plants  at 
Jenkins  and  McRoberts,  and  to  the  mines  of  the  Elkhorn  Mining  Corpn. 
at  Fleming.  The  Kentucky  Public  Utilities  Co.  has  electric  power  plants 
in  the  Harlan  and  Bell  county  mining  districts  and  in  the  New  Hazard 
field. 

It  is  stated  that  practically  all  new  mines  are  being  equipped  for 
electric  operation,  and  power  is  purchased  where  available  ;  while  a  large 
number  of  companies  are  discarding  their  own  power  plants  in  order  to 
purchase  energy  from  central  stations.  The  reasons  for  the  change  are 
stated  to  be  (1)  lower  costs  of  operation  :  (2)  enables  mine  o])erator  to 
"stick  to  his  business" — mining  and  shipping  coal;  (3)  reliability  of 
service  ;  (4)  reduced  expense  when  mine  is  shut  down  ;  (5)  leaves  capital 


fre(!  for  n(!W  develojmient  and  iniprovemf-nts  (0)  increasefl  output  and 
atlditiotial  power  can  be  obtained  with  but  small  iri<Tca.-e  in  capital  ; 
(7)  no  change  in  spewl  of  ventilating  fan  <>r  piini|)s  «liu;  t<j  falling  steam 
l)ressure ;  (8)  ab.senco  of  danger  from  high -pressure  boiler.s ;  (9)  easy 
comparison  of  power  expense  per  month;  and  (10)  con.servation  of 
labour  siijiply. 

Norway. — "  Engineering  "  reports  that  the  Noiwegian  Motor  & 
Dynamo  Factory,  Hasle,  near  Christiania,  and  the  old  fiim  of  Per 
Kurc  have  been  amalgamated  under  the  style  of  Per  Kure,  Nor- 
wegi{!.n  Motor  &  Dynamo  Factorj-,  with  a  capital  of  £1 10,(XX).  The 
new  company  has  taken  over  the  representation  of  the  General 
Swedish  Electric  Co. 


MISCELLANEOUS   NOTES. 


British  Westinghouse  War  Relief  Fund.— The  balance-sheet  of  the 
British  Westinghouse  Employes  War  Relief  Fund  for  the  period 
ended  Jmie  30  has  been  issued.  The  number  of  employes  who  have 
joined  H.M.  Forces  is  over  2,100. 

The  receipts  from  Aug.  22,  1914,  to  June  30  last,  amounted  to 
£27,96.5.  15s.  8d.,  including  £18,942.  2.s.  4d.  contributed  by  employees, 
and  £8,790.  18s.  3d.  by  the  Company,  donations,  bank  interest,  &c., 
making  up  the  balance.  The  payments  to  dependents  amounted  to 
£15,647.  18s.  3d.,  Christmas  gifts  to  £885.  6s.  7d.,  and  donations  to  local 
and  national  funds  £780.  The  amount  transferred  to  disablement  and 
dependents'  fund  is  £6,089.  15s.,  leaving  a  balance  in  hand  of  £4,390. 

Cuba-U.S.A.  Telephone  Communication. — It  is  announced  that 
President  Menocal,  the  President  of  Cuba,  has  granted  a  concession 
to  the  International  Telejjhone  &  Telegraph  Co.  to  establish  public 
telephone  service  between  Cuba  and  the  United  States  of  America. 

Employment  of  Disabled  Men  as  Tramcar  Drivers. — Some  time  ago 
the  Home  Office  appointed  a  Departmental  Committee  to  consider 
the  advisability  of  licensing  men  partly  disabled  as  drivers  of  motor 
cabs,  motor  omnibuses,  or  tramcars. 

The  Committee  has  now  issued  its  report.  It  is  stated  that  though 
the  members  entered  on  the  inquiry  with  a  strong  sympathy  for  the  men 
who  are  handicapped  in  earning  a  living  by  having  .sutfered  some  serious 
physical  disability  in  the  service  of  their  country,  the}'  are  anxious  that 
the  public  should  not  be  exposed  to  undue  risks  of  street  accidents,  and 
they  report : — 

There  is  no  margin  of  safety  at  present,  and  the  Licensing  Authority  is  not.  in  our  view, 
justified  in  talcing  any  steps  which  may  increase  the  number  of  accidents  and  fatalities 
.  .  .  .  We  are  not  prepared  to  take  the  responsibility  of  reccmmending  that  less 
efficient  drivers  should   be  admitted. 

Returns  show  that  in  London  7,157  drivers  (5,149  omnibus  and  tramcar 
and  just  under  2,000  cab)  had  entered  the  Army,  mostly  as  transport 
drivers,  and  it  is  hoped  that  the  great  majority  will  retiu'n  to  their  occu- 
pations as  licensed  vehicle  workers.^  With  regard  to  loss  of  hand,  or  arm, 
or  foot,  the  Committee  cannot  recommend  that  a  licence  to  drive  a  motor 
cab,  bus,  or  tramcar  in  the  London  police  district  should  be  granted. 

On  the  question  of  lost  sight,  it  is  pointed  out  that  the  right  eye  is  more 
important  than  the  left  in  the  case  of  motor-car  driving,  and  with  tram- 
cars  the  possession  of  the  left  eye  is  more  important.  The  licensing  of 
a  mati  with  only  one  eye  would  not  bo  altogether  without  precedent,  as 
the  Commissioner  of  Police,  some  years  ago,  in  sympathy  with  men 
already  licensed  who  met  with  accidents  and  lost  an  eye,  decided  to 
continue  their  licences.  But  the  Committee  say  they  are  doubtful 
whether  such  a  decision  would  have  been  arrived  at  imder  present  traffic 
conditions.     The  members  conclude  : — 

We  arc  of  opinion  that  every  man  licensed  should  have  two  eyes,  and 
that  one  of  them,  at  least,  should  be  a  good  and  nornuil  one.  If  the  other 
eye  were  to  some  extent  defective,  but  the  vision  fair,  and  the  field  of 
vision  good,  we  do  not  feel  that  this  defect  need  be  a  bar,  but  we  would 
not  recommend  any  concession  beyond  that. 

As  to  minor  disabilities — loss  of  fingers,  stiff  joints,  or  a  short  limt — 
the  Committee  recommend  that  the  existing  practice  should  continue, 
and  that,  in  arriving  at  a  decision,  the  safety  of  the  public  should  be  the 
first  consideration. 

Enemy  Firms  Wound  Up. — The  Board  of  Trade  has  ordered  the 
winding  up  of  309  businesses  controlled  by  alien  enemies.  The 
latest  additions  to  the  list  are  : — ■ 

Bohier  Bros.  &  Co.,  Stvrian  Steel  Works,  Renton-street,  Sheffield, 
steel  manufacturers  &c.  (Controller  :  G.  Colin  Webster.  6.  Orchard- 
street,  Sheffield.)  S.  Reich  &  Co.,  15.  Clerkenwell-road.  B.C..  gliu*s 
manufac^turers.  (Controller  :  Wm.  Alfred  Slade.  9.  Old  Jewry-chambers, 
B.C.)  International  Metal  Co.  (Ltd.),  1  &  2.  Bueklersbury.  B.C..  metal 
merchants.     (Controller  :  W.  Hardy  King.  13,  Basinghall-strcet,  E.C.) 

Tribunal  Cases.  At  Blackjwol  last  m  eek  :Mr.  C.  Funiess.  engineer 
and  manager  of  the  electricity  department,  in  applying  fcr  the 
exemption  of  anumberof  skilled'men,  said  he  had  advertised  through^ 
out  the  country  Avithout  success. 

It  was  with  considerable  reluctance  he  applied  for  two  of  the  men  who 
had  not  attested,  but  circumstaiues  comiielled  him  to  do  so.  because  they 
were  in  certified  occupations.  Conditional  exemption  was  allowed  to 
two  men,  and  the  remainder  were  exempted  to  the  end  of  September. 
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TENDERS    INVITED. 


Telephone  and  Telegraph  Material,  Instruments,  &.c. 

TcmlcTKiiiv  iii\  iU:<l  iur  the  i.u|;ply  to  tl;c  PoKtinastcr-GcnciTvl's 
iJept.,  State  of  South  Au.stnilia,  of  Tok-phonc  Material  in 
accordance  with  schedule  Xo.  428,  and  tenders  arc  invited  (up 
to  Oct.  4)  for  tl'.e  .su])j)ly  to  the  Posfmaster-Ceneral's  Dept., 
.State  of  VVcKtern  Australia,  of  'I'elepjione  aiul  Telegraj)}!  Instru- 
ments in  accordance  with  schedule  .No.  o(ll.  Tender  fornis, 
specifications,  &c.,  may  be  o))tained  at  the  Commonwealth 
Offices,  72,  Victoria-street,  Umdon,  S.W.  See  also  advertise- 
menl. 

The  Deputy  Postmaster-General.  Perth,  retjuires  tenders  by 
:{  \).m.  Oct.  4  for  the  sup|)ly  and  delivery  of  variijus  Telegraph 
and  Tele))h()ne  Measuring  Instrununts  and  Parts  for  the  Ars- 
TRAMAN  CoMMONWKAi.TH  Post inaster-Oencrars  Dept.  S))eciti- 
cation,  &«•.,  from  the  Dejmty  Postmaster-fieneral,  Perth.  W.A. 

Tramcar  Tyres. 

J^oNijoN  Coiuity  Council  recjuires  tenders  by  1  p.m.  Aug.  22 
for  Su]))»ly  of  1,000  Forged  Steel  Driving  Wheel  Tyres,  and 
.5(M)  Forg<'d  Steel  Trailing  Wheel  1'yres.  Forms  of  tender  from 
the  Chief  Otticer  nf  'i'raniways,  <)2,  Finsbury-pavement,  V..V. 

Transformers. 

KornDAi.i';  Kledricity  Committee  invite  tenders  for  snp|)l\ 
and  delivery  of  Static  TranKfornicrs  for  12  niontlis.  Parti<ulai.s 
from  Mr.  C.  C.  Atchison,  Electricity  Works,  Rochdale. 

[  team  and  Feed  Pipes,  &c. 

MANCiiKSTKli  l';iectncity  (,'onimitfce  invite  tenders  for  supply 
and  erection  at  Stuart-street  station  of  high  and  low-pressure 
Steam  and  Vvci\  Pipes,  &c.  Specifications,  «S:c.,  from  Mr.  F.  E. 
Hughes,  secretary,  F]lectri<ity  Department,  and  further 
particulars  can  be  obtained  from  the  chief  electrical  engineer 
(Mr.  S.  L.  Pearce),  Dickinson-street,  Manchester.  Tenders 
to  Chairman  of  Electricity  Committee  by  10  a.m.  Aug.  25. 

Trolley  Wire. 

Mancuksticr  Tramways  Committee  invite  tenders  for  supply 
and  delivery  of  Hard-drawn  Copper  Trolley  Wire.  Si)ecifica- 
tions  from  the  general  manager  (Mr.  .1.  M.  McElroy)  and  ten- 
ders to  the  Chairman  of  the  Tramways  Committee,  55,  Picca- 
dillv.  Manchester,  by  10  a.m.  .A\ig.  22. 

Turbo-Alternator,  Condenser,  «&c. 

The  Town  (Jlcrk,  Invercakgill  (N.Z.)  will  receive  tenders 
until  4  ]).ni.  on  Sept.  28  for  the  supply  and  erection  of  a  Steam 
Turho-Alteniator,  with  Condenser,  Fittings,  &e.  (Contract  No. 
10).     SpcciHcation,  &e.,  from  the  Town  Clerk. 
Tramway  Stores. 

PdirrN.MiM  Til  Tramways  t'ommittee  rcipiire  tenders  (by  .Aug. 
2n)  for  Ston-s.  inchxling  Overliead  M.itn  i;ils.  Lamps,  Oils,  fif. 
T(iidci>  to  To«n  ( 'Icrk. 

Meters. 

DunuN  Corporation  rcipiir-  tenders  (by  noon  .Aug.  20)  for 
v<'ar's  supply  of  Kli-tricity  Mi'((<rs.  Tenders  to  Chairman  of 
l-'Jcclririlv  Snjiply  Commildr.  I^ird  Ed  ward  street,  l)nl)liu. 


Metallic  Filament  Lamps,  Wire,  Tramcar  Spares,  &c. 

Tenders  are  invited  (until  Sept.  4)  by  Johannesburg 
Municipal  Council  for  supi)ly  and  delivery  of  lO.C/OO  drawn-wire 
Metallic  i-'ilament  Traction  Lamps  and  10  miles  of  19, 14  "  Under 
writer's"  Wire  (lightly  insulated  wire  for  outdoor  u.se) ;  and 
(until  Se])t.  21)  for  Tramcar  Spares.  Speeificatk>ns,  &c.,  from 
the  Town  Ck-rk.  .Tohanneslairg. 

Electric  Crane,  Air  Compressor,  Crane  Motors,  &c. 

The  Victorian  Railway  Commi.s-sioners,  S]»encer-street, 
Melbourne,  require  tenders  by  11  a.m.  Sejit.  6  for  the  supply  of 
12  Three-phase  Cianc  Motors  and  Controllers  and  11  (Me-jihase 
Worksho))  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
fications frojn  the  offices  of  the  Commissioners. 

Electrical  Goods,  &c. 

The  directors  of  the  Powell  Duffryn  Steam  Coal  Co.  require 
tenders  U)T  Stores  (including  Electrical  Goods,  Indiarubher.  &e. ) 
fiom  Oct.  1.  Particulars  from  Stores  Manager,  Aleramaa 
Offices,  near  Aberdare,  and  tenders  to  the  directors  of  the  com- 
panv.  101.  Leadenhall-street,  Ixmdon,  E.C.,  by  Sept.  6. 


TENDERS  RECEIVED  AND  ACCEPTED. 


AIanciie.stkk.  -The  Corporation  has  accepted  the  following 
tenders  :■ — 

Liv(r]>()ol  EIc(tric  Cable  Co.,  cable;  Fcrranti  (Ltd.).  transformers; 
L.  Andrew  &  Co.,  asl)fst()s  goods;  Bell's  United  Asbestos  Co.,  a.^l)csto.« 
metallic  sheeting  ;  W.  T.  (ilovcr  &  Co..  pa])cr-insulated  ( able,*  ;  General 
Electric  Co..  dec.  accessories;  British  Thonv -in -Houston  Co..  metal, 
carbon  and  radiator  lamj)s  ;  Dowsing  Radiant  Heat  Co..  radiator  lamps  ; 
Bullers  (F>td.),  insidators  ;  Doulton  &  Co..  cable  protectors  ;  L.  Andrew 
&  ('().,  armature  tape  :  W.  T.  (ilover  &  Co..  diatrine  sleeves  and  paper 
tape;  W.  T.  Henlcys  Tcleurajjh  Works  Co.,  bitumen  aid  linen  tape; 
C.  Macinto.sh  &  Co.,  rubber  strip  ;  British  Elcc.  Transformer  Co..  trans- 
formers;  W.  Lucy  &  Co.,  l.t.  trifurcating  boxe.s ;  British  Insulated  & 
Helsby  Cables,  tinned  fu.^e  wire  and  h,t.  trifurcating  boxes;  Liverpool 
Ele<;.  Cable  Co..  rul)ber  covered  wire;  C.  Alacintosh  &  Co..  flexible 
cables;  A.  F.  (Joodwin  k  Co..  binding  and  fuse  wire,  &c.  ;  A.  H.  Hunt. 
Hellesen  dry  cells;  H.  Wiggin  &  Co.,  nickel  chrome  wire  and  strip; 
W.  N.  Brunton  &  Co..  steel  and  armature  wire  ;  Connolly  Bros.,  enamelled 
wire  a  id  Bln<klcy  tajjc  ;  Callenders  Cable  &  Construction  t'o. ,  box  com- 
jiound,  bittite  tape  and  resin  oil. 

Barrow-in-Furness. — The  Cor|)oration  has  aeecpted  the  follow- 
ing tenders  :   - 

Fcrranti  (Ltd.).  .'iwitchgear.  1185;  Hriti.>-h  Thcn-.Kn-Hou.ston  Co. 
sub-station  swit<  hiic.ir,  £470  and  t'illO  ;  British  West  ini;lious<«  EIch'.  & 
Mfg.  Co..  rotary  ronvfrter,  ViW'^  ;    H.  -Morris  ( Ltd. ).  <rane,  itiS. 

Lk.kk.  The  ("onncil  have  accej)led  the  tender  of  (  rossley  Hroa 
for  a  ■  <•  "'  type  gas  producer  with  motor-driven  exhaust ing  fan  at 
il()8  ;  an  "  S.  E.  22S  "  engine  with  acces.sories  at  il.H'.'T  ;  a  Mather 
dvnamo  at  K.~T^  ;   and  imlieator  gear  tl(i. 


FINANCIAL    MATTERS. 


MUNICIPAL   ACCOUNTS. 


Aber^iecn.       I  lie  ?(\(  nnc  of  the  tramways  d<i  art  menl  for  the  \«a'" 
rndcil  May  i'.l  was  £<.M..T28.  an  in<  na.se  of  Ki.IWtt  over  IHH  15. 

\\  nikmi:  <\|i(iises  were  t.^S.l'.ts.  an  inerea.-e  of  i')i.(w2.  17s.  '.td..  mumly 
owin;.:  to  inro?iic  la\.  war  bnntis.  pirniiiMi  iit  wa\  rejiair  and  .iljowanees 
to  dependents  of  soldiers,  (lie  lii-t  item  beinj;  t2.r»<.t.'».  Uls.  Tlie  years 
])rotit  was  t<.t,«i'.*7.  wliii'b;  nlthonuli  n<'i  <pM(e  so  larjie  a,><  in  previous  year, 
was  (leditable  considerinu  the  riniimstames.  Out  of  that  protil  th"> 
Cm  )>(  nation  had  power  (i>  dispose  of  t;:t,2H2.  and  they  were  rrcom 
iiuiuled  to  alloeali'  t'J.OdO  to  the  Common  Cooil  anil  t;l,-:<2.  "Is.  2d.  in 
eariying  out  city  inipro\  cnients.  The  a<cninnl,iled  funds  <if  (he  d(>]);irt- 
meiit  were  r2(l"f.r)(i7.  while  (he  (otdl  lajMtal  eNjienditMre  wa-  t:«»S.7l><.». 
The  cars  had  ran  .W.HOfi  additional  miles,  ami  (hey  were  now  nmninff 
pra(  tieally  the  whole  of  their  stoe'-.  at  rush  times  and  on  Saturdays, 
rnfortvinatdy  they  could  not  at  present  time  obtain  any  more  cars,  but 


a*  soon  as  the  war  was  over  the  deiiartment  would  require  a  large  numln^r 
of  extra  ear.**  in  onler  to  cope  with  the  growing  traffic.  The  tramways 
d.partment  had  carried  their  own  thin!  p.arty risks. an<l  the  results  had 
jii-dtiel  (h<-  jioliiyof  (akin-.;  over  (ha(  risk.  They  enq»ioy«<H  118  women, 
of  whom  107  were  i  ..n.lii.  (ors.  lit  «lerks.  ;ind  one  an  ii)spe«(4>r.  They 
were  \ery  w<JI  jileaseil  \M(h  (he  work  of  the  wonie  V  Of  (heir  tramway 
cmph>yc.*  Hi"!  had  joined  (he  Serviee.«.  and  si\  of  th<m  had  dii-<l  while 
serving.  The  .sueee.^  of  the  nndertakinj:  w.is  enl  irely  dm  (<.  t  he  manage 
inen(  of  tlieir  neueral  manager  (Mr.  I'lh  her).  supporl<<<l  by  a  loyal  staff. 

Grwnock.  Th»-  I  dan<  e-sheel  <»f  \\v^  <Meetrieity  undertaking  sho^rs 
a  lu'l  sin  (this  of  t7.(KM»  for  the  year  ended  M.v_\  '.\\. 

Total  revenue  was  tK."».«»."iO,  inerejwe  of  l'22.H4'»  over  1>»14-15.  and 
gro-'s  expenditure  t."i2.<d2  (avainst  l'."i2.'>12).  leaxinu  a  jjross  protit  of 
f.lH.n'.^S.  Ilebts  ri><leemeii  wei.  til. 211.  «>s.  8d  ;  <  api(al  expended  was 
€4:t.S7»':  amount  s^f  aside  foi  depie<nation  £4.<>'»7.  The  lesprve  fund 
amounts  t4»  i:2.\389.  The  number  of  units  generated  was  over  23.(tOtM  «•«.•. 
against  an  estimate  of  lt»,(ltKt.ntH».  and  of  1 7.lKH\(XKt  in  the  year  preceding. 


THE  ELECTRICIAN,  AUGUST  18,  1916. 


I 


Hove. — I-rfist  wcok  tlic  Council  discussed  the  accounts  of  tlio 
Electric  Supply  J)ej);iitiiient. 

AUl.  Clark  said  that  they  liad  all  antici])ated  that  llu;  result  of  the 
year's  workiiij^  would  b(!  unsatisfactfjry.  TIh^  rtuioipts  had  f;i,IIcn  off.  and 
ih(^  ('Xi)t'n8os  had  incroascd.  lie,  cisti mated  tliat  they  oii^^ht  to  liavc  about, 
i::5,00()  over  the  amount  rc(piircd  for  intcuui.st  in  order  to  cover  <h"))rc(i;i- 
tiou.  He  did  not  tliink  it  fair  that  tho  ratei)ayer.s  .should  suffer  by  llu; 
reduction  of  receipts,  and  he  thouj^ht  the  (!ommittec  should  have  some 
means  of  increasing  the  income  to  cover  the  in(;reased  cost.  He  did  not 
think  it  advisable  to  carry  on  at  the  expense  of  the  ratepayers.  There 
were  a  number  of  small  consuuu'rs  who  wer(^  a  positive  loss  to  tlic  under- 
taking, and  ho  thought  there  should  be  a  limit  ])ut  on  the  price  paid  for 
the  supply  of  current  to  them.  That  limit  was  suggestc^d  by  tlu-  (Jom- 
mittee  at  10s. 

Aid.  B.  Marks  thought  they  ought  to  congratulate  themselves  that  they 
were  able  to  get  the  elcctrii;  light  at  the  ])rice  they  wore  paying.  H  the 
un<lertaking  had  been  in  the  hands  of  a  ('omi)any  they  would  have  had  to 
pay  considerably  more  than  the  Corporation  were  charging.  They  had 
only  a  surplus  of  £1:58.  15s.  lid.,  but  they  all  knew  that  they  had  to  ])ay 
bonuses  and  increases  in  salaries,  while  there  was  also  the  tremendous 
outlay  on  coal.  He  dif.agreed  with  the  suggestion  to  put  £3.000  away  for 
depreciation,  as  the  instalment  of  jjrituipal  re|)aid  was  £3,70().  and  he  di<l 
not  think  they  should  have  both  items.  There  was  no  leason  why 
posterity  should  not  have  to  pay  for  the  benefit  of  the  undertaking.  He 
hoped  that  in  the  future  the  Lighting  Committee  would  not  aim  at  putting 
£3,000  on  one  side  for  that  purpose.  As  to  the  proposed  minimum  of  lOs., 
he  did  not  agree  with  that  either.  He  thought  the  man  with  one  lamp 
should  have  just  as  much  right  to  use  it  as  the  man  with  fifty  or  fifty 
thousand.  It  might  be  a  loss  to  the  undertaking,  but  they  had  to  take 
the  good  with  the  bad.  He  looked  forward  to  the  near  future,  when  the 
whole  of  Hove  would  be  lit  by  electricity.  On  the  whole,  he  did  not 
think  they  should  take  a  pessimistic  view  of  the  balance-sheet. 

The  accounts  were  approved,  but  the  recommendation  to  make  a 
minimum  charge  of  10s.  a  quarter  was  referred  back. 

Newcastle-under-Lynie. —  The  net  debt  on  the  electric  supply 
department  at  March  31  was  £13,143.  18s.  9d.,  amount  paid  off  being 
£7,534.  3s.  lOd. 

The  annual  income  from  sale  of  current,  meter  rental,  &c.,  was 
£3,475.  10s.  3d.  and  total  expenses  (including  cost  of  generation  and 
distribution,  management  expenses,  &c. )  were  £921.  19s.  4d.,  leaving 
£1,553.  10s.  lid.  to  meet  interest  (£568.  5s.  9d.),  instalments  of  loans 
(£1,038.  13s.  lid.),  .sinking  fund  (£15.  5s.  9d.)  and  income  tax  (£47.5s.3d.), 
so  that  the  nett  deficit  was  £115.  19s.  9d.  351,877  units  were  generated 
against  270,783  in  previous  year.  Units  sold  were  257,210  (against 
200,064),  including  151,635  (again.st  91,571)  for  power  and  105,581 
(against  108,493)  for  lighting.  The  maximum  load  was  210  kw.  (against 
182  kw.),  the  cost  of  fuel  per  unit  generated  was  0-33d.,  against  0-29d. 

In  his  report  the  borough  electrical  engineer  (Mr.  A.  J.  C.  de  Renzi) 
states  that  the  units  sold  increased  by  over  57,000,  due  to  the  large 
increase  in  the  sale  of  current  for  power.  The  total  working  costs  per 
unit  generated  were  reduced  from  l-45d.  to  l-31d.,  and  for  the  first  time 
in  the  history  of  the  undertaking  the  units  sold  for  power  exceeded  those 
sold  for  lighting.  To  show  the  great  advantage  of  the  largely  increased 
power  supply  Mr.  de  Renzi  points  out  that  the  total  revenue  expenditure 
for  the  year  was  only  £345  more  than  for  the  year  ended  March  31,  1914, 
but  the  output  had  nearly  doubled,  and  the  increased  income  from  power 
su])])ly  was  over  £000,  thus  ))roving  conclusivelj^  that  it  was  a  paying 
proposit  ion  to  sup|>ly  power  at  very  low  rates  in  order  to  securer  aday  load. 
There  was  a  further  increases  in  the.  nuxins  losses  due  to  the  fact  that  with 
the  present  staff  it  has  been  impossible  to  give  consumers'  meters  any 
attention  whatever.  There  is  no  fitter,  outside  assistant  or  .shift  engineer. 
the  only  remaining  assistant  engineer  being  the  chief  assistant,  Mr.  Candy. 
Under  tliese  circumstances  it  is  imi^ossible  to  give  aderpiate  attention  U> 
anything  except  the  machinery  in  the  works.  Fuel  is  now  costing  doubles 
the  price  ])aid  last  year,  and  it  seems  ])robable  if  the  war  continues  through 
the  winter  that  the  output  for  the  year  will  be  reduced  at  least  20  ]>vr 
cent.  It  is  hoped  to  make  certain  alterations  in  the  Diesel  engines  so  as 
to  be  able  to  use  tar  od  instead  of  Americian  fuel  oil.  The  loss  of  £ll(i 
on  the  year's  working  is  due  to  several  causes,  chiefly  the  resti'ic^tc;! 
lighting  order  which  came  into  force  early  in  the  New  Year.  Nearly 
£'300  extra  has  been  paid  in  interest  and  repayment  of  loans,  and  £80  has 
been  paid  out  of  revenue  on  the  new  switchboard. 

It  should,  however,  be  remembered  that  the  department  has  made  no 
advance  in  their  charges  since  the  commencement  of  the  war. 

South  Shields. — The  accoimts  of  the  tramways  department  were 
passed  by  the  Coimcil  last  week. 

The  chairman  of  the  Tramways  Committee  (Aid.  W.  G.  Wylie)  said 
that  the  past  year  had  been  a  very  strenuous  one,  beset  with  difficulties 
that  were  almost  unsurmouiitable.  Notwithstanding  that,  there  had 
been  a  greater  revenue  than  in  any  ])revious  year.  The  expenses  showed 
an  increase  of  £800,  and  £1,900  had  been  paid  to  make  up  the  wages  of 
men  who  had  joined  the  colours.  After  paying  interest  and  sinking  fund 
charges,  the  surplus  was  £6,500,  which  was  a  very  creditable  performance. 
Of  that  sum  £2,400  had  been  earmarked  for  relief  of  rates,  and  the  balance 
would  b(>  placed  to  reserve,  which  would  in  con.serpience  amount  to 
£35,600,  or  19-6  per  cent,  of  the  capital  outlay.  As  tliey  were  only 
allowed  to  accumulate  an  amount  equal  to  20  pei'  cent,  of  their  expendi- 
ture as  reserve,  they  could  only  place  another  £700  to  that  fund. 

Wniesden.^— The  accounts  of  the  electricity  department  for  the 


year  ended  March  31  slicjw  total  capital  «;x|»en«liture  £235,715 
(increase  £3,281),  of  vvhieli  £144,025  in  outstanding. 

Revenue  was  £37,<)4<i,  working  expenses  and  Ki>c-cial  charge8  amountofl 
to  £26,4<)3,  l(!aving  gros.s  jirofit  £11,182  (£!»,2(;S).  Interest  on  loans 
required  £4,174  and  instalments  of  loans  £7,937,  cost  of  works  e.xw.-ute*! 
on  (-apifal  a<;count  £.")0,  interest  on  bank  overdrafts  £104  and  on  depfjcsit.s 
£1,  and  jiurchase  of  motors  £631.  Tlu;  n(!t  debit  on  the  year's  working 
was  £l,27<i  (£3,094).      Units  s<;ld  were  4,820.979  (3.992,.-)80). 

The  (Jouneil's  accountant  rejiorts  that,  although  revenue  from  sales 
of  current  other  than  for  public  lighting  increa-sed  considerably,  little 
benefit  was  derived  from  this,  as  the  cost  of  purchase  of  electricity  in 
bulk  incr<!ascd  by  ru-arly  a  similar  amount.  The  increases  of  charges 
which  were  to  come  into  force  at  the  end  of  the  .Tune  quarter  were 
ex|)c<  ted  to  considerably  increase  the  revenue,  and  the  electrical  engineer 
estimated  that  the  surplus  for  the  vcar  ending  March  31,  1917,  would  be 
£1,618. 


NEW  COMPANIES. 


ASCOG  METAL  PRODUCTS  (GLASGO"Wr)  (LTD.)  (9,6.il.)_Rcg.  in 
Eduiburgh  on  Aug.  9.  capital  of  £i,(MlO  in  tl  shares  (2.10  5  per  cent,  cumu- 
lative preference  and  7.50  ordinary),  to  carry  on  the  business  of  electrical 
engineers  and  dealers  in  electrical  gotxls  as  carried  on  by  A.  SchrjnHcld  & 
Co.  Private  company.  First  directors  are  Herman  Schonfield.  .1.  C. 
Samuel,  E.  Samuel.  (J.  Samuel  and  W.  Samuel.  Secretary,  H.  Schon- 
field.     Reg.  office.  57,  Hope-street.  Glasgow. 

ASSOCIATION  FOR  THE  PROTECTION  OF  BRITISH  CAPITAL  AND  PRO- 
PERTY IN  ENEMY  COUNTRIES  (LTD.)  (144.578.)— Reg.  Aug.  II.  a.s 
conii)any  limited  by  guarantee,  with  an  unlimited  number  of  members. 
each  liable  foi'  £100  in  event  of  winding-up,  to  advise  and  assist  members 
and  others  by  all  lawftd  means  {u)  in  protecting  and  recovering  the  pro- 
ceeds of  the  sale  of  any  business  or  of  the  sale  of  any  shares  or  interests  in 
any  company  incorjiorated  or  trading  ui  enemy  territory,  or  in  protecting 
and  recovering  loans  made  to  any  company  or  individual  in  such  terri- 
tory, and  (h)  in  protecting,  recovering,  realising  or  obtaining  com])ensa- 
tion  for  loss  of  or  injury  to  property,  rights  or  interests  of  any  kind  what- 
ever and  wheresoever  situate,  domit:ileil  or  enforceable  (including  stock 
of  and  shares  in  companies,  capital  in  partnership  concerns,  bills  of 
exchange,  mortgages  and  securities,  trade  marks  and  patent  rights 
belonging  to  or  vested  in  any  member  or  members,  &c. ),  or  in  subsidiary 
com])anics  of  which  the  member  or  members  is  or  are  the  majority 
shareholder,  which  has  been  seized,  attached  , requisitioned.  ai)pr()])riatcci, 
made  use  of,  forfeited,  destroyed,  lost  or  injured  by  or  at  the  instigation, 
or  with  the  connivance  or  neglect  of  anj^  enemy  country  or  state,  or  by 
any  public  body  or  authority  (military  or  otherwise)  situate  in  or  acting 
or  purporting  to  act  by  the  authority  or  in  the  name  of  any  such  countiy 
or  state,  or  by  any  firm,  company  or  person  domiciled,  establishecl, 
trading  or  residing  in  any  enemy  country  or  in  a  country  invaded  or 
occupied  by  the  miltiary  forces  of  any  enemy  country.  &c.  The  manage- 
ment is  vested  in  a  council,  the  first  members  of  which  are  Sir  Arthur  P. 
Du  Cros,  Bart.,  M.P.,  Right  Hon.  Thos.  R.  Ferens,  M.P.,  Joseph  Hood. 
Sir  Charles  J.  .Jessel,  W.  Huhne  Lever,  John  ^IcDowell.  and  Sir  William 
E.  B.  Priestley,  M.P.  The  original  members  and  all  British  subjects, 
companies  and  firms  who  shall  be  duly  nominated  and  elected  to  member- 
ship shall  be  members  until  death,  dissolution  or  retirement.  No  fixed 
annual  subscription  is  payable,  but  the  ex])en.ses  aie  to  be  borne  by 
members  for  the  time  being  in  such  i)roportion  as  (in  the  absence  of 
agr(>ement)  the  council  may  decide.  The  "  original  members  "  include 
tiie  Dunly  Rubber(V)..the  lm]>(  rial  Continental  (Jas  Association.  London, 
and  the  first  members  of  the  council.  Sir  William  Piiestley.  M.  P.. 
represents  the  Bradford  (!hand)ers  of  Commerce. 

BUTLER  JONES  (NAMEPLATES)  (LTD.)  (144,499.)— Reg.  Au.;.  1, 
capital  £5,000  in  £1  shares  (1.200  7.1  l)er  cent,  eunnilative  preference)  to 
adopt  an  agreement  with  (J.  Butlci'  .loues.  and  to  carry  on  the  bnsiness 
of  manufacturers  of  and  dealers  in  nauu'j)lates.  instructi(ui  {dates  and 
similar  articles,  bronzes,  gas  and  electrical  fittings,  metal  workers.  &c. 
Private  company.  First  directors  are  (}.  Butler  Jones  (ix^rmanent 
(joverning  director,  subject  to  holding  500  shares)  and  others  to  be 
appointed  by  subscribers.  Reg.  oifice,  Dartmouth  Works,  47,  Dart- 
mouth-road,"Forest  Hill,  S.E. 

JAMES  TAYLOR  &  BATES  (LTD.)  (144,455.)  -Reg.  July  26,  capital 
£10,000  in  £5  shares,  to  eaiiy  on  tlie  business  of  civil  and  mechanical 
engineers,  electricians,  founders,  machinists,  tube  makers,  wire  drawers. 
&c.  Private  c.impany.  First  directors  are  W.  B.  Bates  and  J.  C. 
Taylor  (both  permanent).     Reg.  oifice,  Bridge  Wharf.  Chertsey.  Surrey. 


CITY  NOTES. 


MEMORANDA  (Ausr.  16). — Bank  rate  6  percent,  (since  JiUy  13,  1916). 
Consols  59}.  Consols  Pay  Day,  Sept.  I.  Stocks  and  Shares  Ticket 
Day,  Aug.  30.    Pay  Day,  Aug.  31.    Price  of  silver,  31  ^^d. 

ASCOT  DISTRICT  GAS&ELECTRICITY CO.— An  interimdividend  at  rate 

of  5  per  cent,  per  annum  (le-s  taxi  has  been  declared. 

ELECTRO-BLEACH  &  BF-PRODUCTS  CO.  (LTD.)— An  interim  dividend 
of  3|  per  cent,  on  the  7  per  cent,  preference  shares  is  announced. 
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W.  T.  HENLEY'S  TELEGRAPH  WORKS  CO.  (LTD. )— The  directors  have 
declared  ai  interim  <lividend  on  the  ])referenec  sliares  at  the  rate  of  4J 
I)cr  cent.  ])er  annum  (less  tax),  and  on  the  ordinary  shares  at  the  rate  of  10 
])er  c.v.nt.  yier  annum  (less  tax)  for  the  half-year  ending  June  30  last,  both 
})ayablo  S(  pt.  1  next. 

NAIROBI  ELECTRIC  POWER  &  LIGHTING  CO.  (LTD.)— The  directors 
have  dfcli.rcd  a  final  dividend  at  rate  of  4  per  cent,  jjcr  annum  on  the 
ordinary  shares  (less  tax)  for  the  year  191.5. 

NEW  TRANSPORT  CO.  (LTD.) — The  directors,  in  their  rejxjrt  for  the 
year  101;>  state  that  a  considerable  amount  of  work  has  been  done. 
Demonstr.-'.tions  and  lectures  had  taken  place  constantly,  and  it  is  felt 
that  these,  operating  together  with  the  new  spirit  created  by  the  war, 
have  done  much  to  leaven  the  general  ignorance  of  the  public  on  the 
important  question  of  economic  transport.  The  influence  of  the  Press 
has  been  ireeh'  invoked  and  has  been  as  freely  given.  The  Board  has 
been  materially  strengthened  by  the  acquisition  of  the  services  of  Lord 
Headley,  Mr.  R.  H.  Jackson  and  Mr.  Roy  Horniman ;  Captain  Louis 
Rotten  buig  and  Captain  \'crnon  (iattic  having  retired  for  military  reasons. 
The  staff  has  also  been  materially  strengthened  by  the  acquisition  of  the 
services  of  Mr.  John  Riekie  in  the  capacity  of  mechanical  engineer.  The 
diroctors  are  of  opinion  that  the  prospects  of  the  Company  have  never 
been  better  than  at  present,  and  the  adoption  of  its  policy  has  beccroe  a 
matter  of  urgent  national  necessity. 

TYNESIDE  TRAMWAYS  &  TRAMROADS  CO.— The  half-yearly  accounts 
show  a  divi.sible  balance  of  .tlJ,741,  and  a  <lividend  at  the  rate  of  If  per 
cent,  per  annum  is  propo.sed,  adding  £938  to  reserve,  writing  £330  off 
formal  ion  cxjienses.  and  canying  £7(10  forward. 

UNDERGROUND  ELECTRIC  RAILWAYS  CO.  OF  LONDON  (LTD.)— The 
interest  on  the  6  per  cent.  1st  cumulative  income  debenture  stock  and 
income  l)o:!ds  for  half-year  ended  .Iiipc  30  is  ])ayable  on  Sept.  1. 

WASTE  HEAT  &  GAS  ELECTRICAL  GENERATING  STATIONS  (LTD.)— 
An  interim  dividend  of  2^  per  cent,  has  been  declared. 


ELECTRICAL  COMPANIES'  SHARE  USl.— Continued. 


METAL   PRICES. 

Messrs.  J.  R.  Carnham  &  Sons,  132, UpperThames-street, London,  E.G.,  quote  under 
dateAuy   15,  the  folicwinEas  the  present  ba:is  pricesof — 


Ni:v,'  Metals.  per  lb.  i 

Solid  Drawn  Brass  Tubes \4ii.  ' 

Solid  Dra^n  Copper  Tubes 17Jd. 

Brazed  Copper  Tubes   17Jd. 

Brazed  B.-.irs  Tubes 16Jd. 

Brass  Wire    Hjd. 

Copner  V'ire 18d. 

Rolled  Brass HJd. 

Brass  Sheets 15Jd. 

Per  ton. 

Copper  Sheets £146    0    0 

Spelter 49    0    0 


Per  ton- 

English  Lead £30  10    0 

Antimony   Nominal. 

Old  Metals.  Per  ton. 

Clean  Copper  Scrap £95    0    0 

Clean  Brass  Scrap     58    0     0 

Bra:iery  Copper  Scrap   ...  84    0    0 

Old  Lead 25  10    0 

Old  Zinc 38    0    0 

Hollov/ Pewter 115    0    0 

Black  Pewter   70    0    0 

Gun  Metal 74    0    0 


Mr.  A.  Jcsoph,  Earl-street,  London-road, Southw.irl:, London, S.E.,  quotes  underdate 
Aug.  15,  the  followinc  approximate  prices  of  Sckai'  Metals:  — 


Per  ton. 

Alumir.ium  Cuttings  £110    0    0 

Cle.in  Mi  xed  Brass 66    0    0 

Clean  Copper 102    0    0 

Br.iriery  Copper 86    0    0 

Gun  Met.Tl 84    0    0 


Per  ton 

Old  Lead 

Old  Zinc ...."..       38    0 

Hollow  Pewter 125    0 

Shaped  Black  Pewter   85    0 


{£4.  under 
English  lead  price 


ELtCTRICAL  COMPANIES' SHARE  LIST. 

What  were  known  an  "  oflieial  quotations"  arc  not  now  is.sued,  but 
we  give  liclr.w  the  latest  i)ri(es  at  wliich  actual  transactions  took  ])lace 
on  or  before  Tuesday,  Aug.  1  .">.  The  greatest  care  is  taken  in  com]iiling 
these  figures,  but  the  dilliculty  of  verification  is  now  much  increased. 


.J5 


La.>t 
Divi- 
dend 


10 

10 

10 
5 
5 

St. 

St. 
5 
5 
5 
5 

St. 
10 
10 

St. 

St. 
10 
10 

St. 

St. 

SI. 
5 

St. 
5 

St 
5 

St. 

St. 

St', 

1 

4 


NAME. 


4^ 
6% 

40/ 

Vl 

2/3 

4% 
4ro 

8% 
6  0 
5% 
4J% 
7"/ 

6% 

41% 

4V'., 

■'1% 

7",. 

4"„ 

6"„ 

3% 

4*% 

5% 

(.% 

ro/ 

6"„ 
"J  ,0 


Electricity  Supply. 

Bournemouth  &  Hi  olc  E.L.  Ord.    ... 

Do.    44%Cum.Prc( 

Do.    6%Cum.  2nd  Pref 

Brompton  &  Kcnsii.gton  Ord 

Do.     7%  Pref 

Central  Elcc.  Supp.  C.  Deb.  St 

Charinr  Cross  West  End  &  City  Debs. 

Do.     4 1  Prof 

Do.    Ord 

Do.    City  Pref 

Chelsea  Elcc.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elcc.  Lt.  Ord 

Do.    6%  Pref 

Do.    5%  Deb.  St. 


Price, 

Tue»., 

Au|.  16 


PER  CENT. 
YiEUDFD. 


Do.    4j  Debs 

County  of  London  Ord 

Do.    6%  Pref 

Do.     lsl  Deb 

Do.     2n,i  Deb 

Edmundson'sElec.Supp.4J%Deb3.   . . 
KcnsinRtcn  &  KnightsbiidEcOrd 

Do.     Deb.  St 

London  Elcc.  Supply  6%  Prof 

Do.     4"„  Mort.  Dcb.s 

Metropolitan  E.  Supp.  Ord 

Do.     Is*  Mort.  Deb 

Midland  Eire.  Corpn.  1st  Mort.  Deb.  St 
Nrwoastle  &  Dist.  EL.  6",.  2nd  DpK-; 
Newcistlr-on-TvnrE.S.5%2d  Mt.Db  St 
North  Metropolitan  E.P.  Supp.  6%  Pref 
South  London  E.S.  Ord 


81 

8A 

lOA 

6* 

80 
19\ 

3l 

3 

3 

3 
84 
12 
10 
97i 
80 
JOH 
10! 
?^] 


791 

4* 
82) 
2i 

80 
99 
09J 
92 
1 


£s.  d 

6  19 

2 

5  11 

8 

5  19 

3 

7  12 

5 

4  19 

5 

5  0 

0 

5  0 

8 

6  4 

2 

6  17 

7 

6  18 

6 

6  8 

0 

5  6 

4 

6  6 

9 

5  14 

3 

4  17 

6 

5  2 

6 

6  8 

0 

5  11 

7 

5  4 

0 

5  7 

9 

5  18 

10 

6  11 

9 

5  1 

0 

6  II 

6 

4  17 

0 

6  b 

* 

5  11 

6 

5  1 

0 

6  0 

6 

5  8 

8 

6  0 

0 

6  16 

2 

Dividend 
Due. 


Mar.,  Sept. 
Feb.  Aug. 
Feb,  Aug. 
Mar.  Sept 
Mar,  Aug 

Jan,  July 

Aug,  Feb 
Jun, Dec 
Mar,  Sept 
Jan.  July 
Feb,  Aug 
Mar.  July 
Jun,  Dec 
Jun.  Dec 
Mar,  Sept 
Feb.,  Aug. 
Jan,  July 
May,  Nov 

July 
Feb,  Aug 
Jan,  July 

Jan,  July 

.  Mar.  Aug 

J. in, -July 

Jan.  July 

Mar.S*^' 
Mar.  Sf )  t 
Apl.Oct 
Mar.  Sept 


Last 
Divi- 
dend 


Mr.  Joseph  can  supply  solder  at  the  followinr  prices  per  ton  :  Plumber's  Solder  (in  bar 
or  strip',  £80  ;  Commerci.il  Tinman's  Solder,  £97,  Blowpipe  Solder,  £107. 


NAME. 


Price 

Tue»., 

Aug.  15 


St. 

St. 

1 


07o 
7% 
3i% 
4i% 
8% 
5;  7% 
5'   410/« 


St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
10 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 

1 


1 
1 

100 

1 


5% 
6% 

4% 

4i% 

4% 

^7o 

5% 

li% 

4% 

4% 

1% 

3r/o 

3}% 

31% 

3i% 

4% 

41% 

6% 

4% 

4% 

^% 


St 

2 

100 

St. 

5 

5 

St. 

1 

5 

St. 

1 

1 

St. 

10 

10 

5 

5 

St. 

10 

10 

12 

100 
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The  Awakening. 

Last  week  it  was  announced  that,  on  tlie  initiative  of  the 
Eoyal  Society,  a  Board  of  Scientific  Societies  had  been  estab- 
lished for  the  furtherance  of  the  following  objects  :  Promoting 
the  co-operation  of  those  interested  in  pure  or  applied  science  ; 
supplying  the  means  by  which  the  scientific  opinion  of  the 
country  may  on  matters  relating  to  science,  industry  and 
education  find  effective  expression  ;  taking  such  action  as 
may  be  deemed  necessary  to  promote  the  application  of 
science  to  our  industries  and  to  the  service  of  the  nation  ; 
and  discussing  scientific  questions  in  which  international 
co-operation  seems  advisable.  The  Board  at  present  con- 
sists of  representatives  of  27  scientific,  including  technical, 
societies,  and  the  regulations  give  power  to  add  to  this  number. 
We  need  not  tell  our  readers  that  we  applaud  this  vigorous 
and  effective  action  of  the  Royal  Society.  For  many  months, 
in  fact,  for  so  long  that  we  were  almost  beginning  to  weary  of 
so  doing,  we  have  urged  the  formation  of  such  a  Board,  free 
from  the  fetters  of  the  State.  If  we  may  venture  to  offer  a 
criticism  we  would  advise  the  Board  at  once  to  add  to  the 
number  of  societies  by  including  Labour,  for  without  the 
co-operation  of  Labour  all  schemes  intended  to  promote 
industrial  prosperity  in  the  future  must  be  futile.  Notwith- 
standing two  years  of  war  our  people,  or,  rather,  sections  of 
oar  people,  still  vainly  imagine  that  they  can  do  useful 
work  by  ignoring  the  opinions  of  other  sections.  To  the  thinking 
it  is  plain  as  the  day  that  unless  we  see  to  it,  and  the  sooner 
the  better.  Labour  is  the  rock  on  which  we  are  going  to  split. 

The  Outlook  in  South  Africa. 

As  a  result  of  the  war,  the  prospects  of  electrical  trade  in 
South  Africa  should  be  considerably  improved,  for  the  British 


market  will  now  be  larger  in  that  part  of  the  world  than  it  has 
been  in  the  past.  We  hope  that  British  engineers  will  keep 
this  fact  in  view.  It  may  be  remembered  that  after  the  Boer 
War  the  Germans  stepped  in  and  obtained  a  large  proportion 
of  the  trade  which  ought  to  have  fallen  to  our  own  people. 
Any  mistake  of  this  kind  should  not  be  repeated.  Apart, 
however,  from  securing  the  actual  trade,  it  is  well  to  bear  in 
mind  that  the  conditions  so  far  existing  are  not  all  they  might 
be.  This  fact  is  emphasised  by  some  notes  which  we  publish 
in  another  column,  these  notes  being  based  on  a  discussion 
with  Mr.  John  Roberts,  the  borough  electrical  engineer  of 
Durban,  during  his  recent  visit  to  this  country.  We  would 
refer  particularly  to  the  question  of  the  standardisation  of 
electrical  supplies.  In  this  country  every  engineer  responsible 
for  an  electricity  undertaking  is  free  to  go  his  own  sweet  way 
and  to  use  those  supplies  which  appear  to  him  to  be  best. 
There  is  no  objection  to  such  a  course  when  the  supplies  are 
ample  and  are  easily  obtainable.  In  South  Africa,  however, 
the  case  is  quite  different.  The  stocks  that  can  there  be  held 
are  much  smaller,  and  if,  for  example,  a  large  number  of  sizes 
of  cable  are  to  be  stocked,  then  the  quantity  that  is  held  of  each 
si^e  must  be  much  smaller  than  if  the  number  of  sizes  that  are 
used  can  be  kept  within  some  narrower  limits.  There  is  no 
reason  why  cables  for  all  practical  purposes  should  not  be 
limited  to  a  comparatively  few  sizes.  Not  only  would  this 
enable  a  larger  stock  to  be  carried,  but  it  would  obviously  tend 
to  cut  down  costs.  The  same  remark  applies  to  many  other 
electrical  supplies.  It  would  be  well,  therefore,  if  electrical 
engineers  in  South  Africa  would  come  together  and  decide,  as 
far  as  possible,  what  supplies  should  be  stocked.  In  taking 
any  such  steps  care  must  be  taken  not  to  render  it  difficult  for 
new  devices  to  find  their  way  on  the  market ;  but  we  think 
that  any  such  difficulty  can  be  avoided,  and  at  the  same  time 
the  industry  placed  upon  a  more  sati?factory  footing. 


False  Economy. 

At  the  present  time  we  are  confronted  on  all  sides  with 
appeals  to  economise,  to  avoid  unnecessary  expenditure,  and  to 
invest  the  money  saved  in  War  Loauc.  We  frankly  own — nay, 
we  have  repeatedly  urged,  and  we  still  urge — that  it  is  the  duty 
of  citizens  to  practise  economy  in  every  legitimate  way  and  to 
assist  the  Government  in  the  present  crisis.  It  is  not,  however, 
every  postponed  liability,  every  deferred  expenditure,  that  is 
an  economy.  Frequently,  false  attempts  to  economise  have 
disastrous  results  and  lead  to  the  Bankniptcy  Court.  One  of 
these  spurious  economical  steps  has  recently  been  taken  by 
the  Government.  With  the  view  no  doubt  of  giving  the  public 
a  lead  in  methods  of  saving,  the  Government  appt^uted  a 
Retrenchment  Committee  in  order  to  consider  and  report  upon 
possible  economies  in  public  expenditure,  and  as  the  result 
of  this  Committee's  recommendation  the  Government  decided 
some  time  ago  not  to  publish  any  more  consular  reports  during 
the  period  of  the  war.  Our  readers  will  readily  believe  us 
when  we  say  that  there  is  ample  room  for  the  practice  of 
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economy  in  public  expenditure,  but  one  of  the  last  things  to 
economise  upon  should  have  been  the  reports  of  our  consular 
service.  It  is  true  that  these  repoits  are  somewhat  belated 
when  published  ;  they  are  badly  edited,  and  in  many  cases 
they  compare  unfavourably  with  the  reports  of  the  consular 
officials  cf  the  United  States  and  other  commercial  rivals. 
There  is  no  more  urgent  question  at  the  present  time  than  the 
reform  and  reorganisation  of  our  consular  senice,  and  yet 
the  Government  think  it  an  opportune  time  to  deprive  the  com- 
mercial and  trading  community  of  the  information  they  may 
be  able  to  get  from  these  reports  about  the  activities  of  our 
commercial  rivals,  and  more  particularly  of  our  enemies. 
Indeed,  wtJ  are  urged  to  capture  the  trade  of  the  enemy,  but  the 
Government  appears  to  have  peculiar  ideas  of  how  to  encourage 
the  efforts  of  our  exporters  and  manufacturers  to  open  up  new 
markets.  The  actual  economy  effected  by  suppressing  the 
publication  of  consular  reports  must  be  very  slight,  while 
the  loss  to  exporters  and  the  commercial  community  must 
he  great.  Indeed,  our  consular  officials  are  still  paid  and  are 
presumed  to  be  carrying  on  their  normal  work,  but  the  results 
of  their  activities  on  our  behalf  are  to  be  suppressed.  We 
would  strongly  urge  the  Government  department  concerned 
to  reconsider  the  matter,  and,  at  least,  to  issue  tlie  reports 
from  the  more  important  commercial  centres,  especiallv  those 
relating  to  South  America,  China  and  the  Far  East,  &c. 


After- War  Higher  Technical  Education. 

In  the  House  of  Commons  last  Tuesday,  Sir  Joseph  Larmor 
asked  tl  e  Pr  me  Minister  whether,  having  legaid  to  the  active 
steps  now  being  taken  l)y  neutral  nations  to  organise  their 
agencies  lor  higher  educatior.  with  a  view  to  national  scientific 
development  and  to  meet  the  conditions  that  will  arise  after 
the  war,  he  could  sale  what  we^e  the  steps,  other  than  depart- 
mental, the  Government  had  iaken  in  that  direction  ;  whether 
he  could  give  the  names  and  scientific  (pialifications  of  the 
secretarial  staf.s  attached  to  the  committees  that  had  been 
appointed  ;    it  l.c  would  state  whether  any  reports  would  be 
made    public    for    the    (onsideration    ol   persons   interested, 
including  membeis  of  the  House  ot  Ccmmons,  and  how  soon 
the   first  reixnts  might   be  ex])ected.     In   commenting  upon 
this,  the  Birmingham  '"  Daily  I'ost  "  gives  the  pronouncement 
ex   cathvdin    on    behalf   of   the    Incoqiorated   Association   of 
Assistant  Masters  in  Secondary  Schools  :    "•  We  shall  never 
have  an  ade(|uate  educational  system  in  this  country     .     .     . 
unless  we  realise  that  the  only  expert  in  this  matter  is  the 
teacher  a<tually  engaged  in  teaching  ;  he  alone  is  fully  qualified 
to  apiii.M  laic  the  various  and  complex  problems  that  arise 
out  (tl  the  liusiness  of  teaching,  and  to  determine  under  what 
conditions  tliis  business  can  best  be  carried  on."     Our  con- 
tein])oraiy  jxiinted  «»ut  tiiat  h"ad  masters  of  secondary  schools 
and  th(>  National  I'nion  uf  Teachers  had  vet  to  be  heard  on 
the  point,  and  hit  the  nail  on  the  head  by  obser\-ing  that  in 
the  end  it  will  be  for  J'arliaineut,  the  tax-paying  public,  iind 
the   parents  to  decide,  and  the  decision  is  not  to  be  expected 
to  give  over  to  the  school  teachers  the  rights  and  privileges  of 
these  Ixidies.     To  the   Inciujioiated  Assdciation  ot  Assistant 
Masters  in  Secondary  Schools,  to  the  head  masters  of  secondary 
sohools,  and  to  the  National   I'nion  of  Teachers,  we   would 
observe  tiiat  the  organising  of  the  agencies  for  higher  educa- 
tion with  a  view  to  national  scientific  development  is  none  of 
their  business.    Even  if  it  were,  they  luivo  not  the  qualitications, 
technical  or  Itusiness,  for  organising  such  agencies.     The  work, 
manifestly,  is  work  for  the  universities,  university  colleges  and 
technical  colleges,  and  for  the  large  employers  ol  labour,  and 
we   grow    a    little    tired   of    outsifU'is   and    "schoolmasters" 
meddling  in  bu.siuess  which  does  not  concern  them.     In  the 
past  they  have  been  tried  and  found  wanting.     Now  let  some- 
one else  trv. 


The  Chaffee  Gap.— Entitled  '"  Some  Small  Direct-Current 
Sets,"  by  Mr.  B.  AVa.shington,  an  article  appears  in  the  current 
issue  of  the  "  Proceedings  "  of  the  Institute  of  Radio  Engineers 
in  which  the  construction  of  the  commercial  Chaffee  gap  (copper 
and  aluminium  electrodes  in  hydrogen)  is  described.  The  use 
of  such  gaps  in  connection  with  "  starting  "  and  "  tone  " 
circuits  for  the  production  of  sustained  waves  modified  into 
groups  of  audio  frequency  are  considered.  The  phenomena 
are  illustrated  by  Braun  tube  oscillograms.  Impulse  excita- 
tion is  obtained.  The  con.^tiuction  and  operation  of  a  \  kw. 
panel  set  and  a  \  kw.  aeroplane  set  of  this  type  are  given  in 
detail,  together  with  performance  data. 

Five-ton  Shipyard  Tower  Cranes. — A  description  was  given 
in  a  recent  is.sue  ol  "  Engineering  "  of  a  number  of  5-ton  elec- 
trically-driven cranes  by  the  Officine  Elettro-Meccaniche 
installed  at  Genoa.  The  cranes  were  designed  to  lift  a  load 
of  5  tons  at  a  maximum  radius  of  11.5  ft.  and  were  tested  with 
a  load  of  6  tons  at  that  radius.  Each  crane  has  a  total  height 
of  141  ft.  Under  full  load  the  lifting  speed  is  39  ft.  4  in.  per 
minute,  traversing  speed  82  It.  per  minute,  and  the  slewing 
speed  allows  one  complete  revolution  of  the  crane  to  be  made 
in  two  minutes.  The  crane  is  operated  by  continuous-current 
at  240  volts,  and  separate  motors  are  used  for  each  motion. 
The  lifting  motor  is  rated  at  20  h.p.,  the  slewing  motor  at  10  H. P., 
and  traversing  motor  at  4  h.p.  Each  crane  complete  weighs  105 
tons.  The  whole  of  the  electrical  and  mechanical  equipment 
was  designed  and  built  by  the  Officine  Elettro-Meccaniche, 
Rivarolo,  Ligure. 

Watts  versus  Wallpaper. — In  an  article  having  this  title 
in  the  current  ib.-^uc  of  the  "'  Electric  Journal,"  Mr.  S.  G- 
Hibben  deals  with  the  effects  of  interior  colours  and  iinishee 
on  the  lighting  of  rooms.  A  number  of  useful  tables  are  em- 
bodied in  the  article. 

Difference  in  Longitude. — In  the  "  Wireless  World  "'  it  is 
stated  that  the  determination  of  the  difference  in  longitude 
between  Paris  and  Washington  with  the  aid  of  wireless  tele- 
graphy, which  has  been  in  progress  since  October.  1913,  has 
been  completed.  The  distanc-e  between  the  stations  is  6,175  km. 
The  result,  expressed  in  terms  of  time,  is  5  hours  17  minutes 
35-67  seconds,  and  has  a  probable  accuracy  of  the  order  of 
0-01  second. 

An  Aluminium  Industry  for  India.— In  the  June  issue  of 
the  "  Indian  and  Eastern  Engineer  "  a  leading  article  gives 
many  interesting  particulars  in  reference  to  the  production  of 
aluminium,  and  calls  atteiiticm  to  the  fact  that  the  bauxite 
necessary  is  obtainable  in  India,  as  is  also  ample  water  power 
for  the  genera.'ion  of  electricity,'  and  it,  therefore,  strongly 
urges  that  India  should  not  be  dependent  upon  foreign,  and 
possibly  enemy,  countries  for  a  supply  of  such  an  essential 
commodity  as  this  metal. 

Electrically-driven  Coke  Oven  Chargers.— In  a  recejit 
issue  of  the  "  Journal  "  of  the  American  Society  of  Mechanical 
Engineers,  a  descrijuion  ap])ears  of  a  charging  machine  or 
truck  for  coke  ovens,  driven  electrically.  It  appeare  that 
fonnerly  at  the  plant  in  question  small  hand-pushed  V-shaped 
hopper  trucks  were  used  ;  then,  without  changing  their  design, 
two  of  them  weie  connected  in  tandem  and  a  motor  fixed  in 
the  angle  spate  b©iWeeu  them.  The  nuitor  is  of  the  totally- 
enclo.sed  di'^ct-current  type  running  at  110  or  220  volts  and 
rated  at  5  h.p.  to  6  H.p.  The  power  is  transmitted  through 
gearing  and  a  chain  to  the  axle  of  thetnick.  The  operation  of 
the  tnick  is  so  simple  that  \mskilled  labour  can  manage  it 
without  previous  training.  As  soon  as  three  trucks  have  been 
filled  from  the  coal  bunker  and  switched  in  one  after  another, 
two  of  them  are  sent  forward  by  themselves  to  the  ]»roi)er  oven, 
while  the  operator  follows  in  the  thinl  truck.  In  this  maimer  a 
battery  t»f  60  to  80  ovens  is  looked  after  by  a  single  man,  so 
that  there  is  a  large  saving  in  attendance  in  additiiui  to  which 
the  safety  of  «>per.ition  is  materially  inci-eased. 

Battery-Propelled  Fire  Engines.  Mr.  A.  J.  Marshall, 
secretary  of  the  Electric  Vehicle  Section  of  the  National  Elec- 
tric Light  Association  (•!  New  York  City,  in  "  Motor  Traction," 
calls  attention  to  the  fact  that  in  the  United  Stales  a  number 
of  municipalities  have  changed  their  horse-drawn  fire  engines 
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for  electrically-propelled  apparatus.  In  additiou  to  the  usual 
advantages  accruing  from  getting  rid  of  the  horse,  in  these 
cases  there  is  tlie  valuable  advantage  of  a  reduced  "  fire 
hazard,"  on  account  of  the  speed  with  which  the  engine  reaches 
the  fire.  The  engines  prove  so  simple  in  working  that  the  old 
horse-vehicle  drivers  are  employed  to  control  them.  In  tlie 
cold  American  winter,  too,  it  is  a  great  advantage  to  have  an 
outfit  not  affected  by  cold,  as  horses  and  petrol-driven  vehicles 
are.  One  of  the  recent  examples  is  that  of  Camden,  N.J., 
where  the  entire  equipment  has  been  modernised,  it  is  stated, 
with  results  far  in  excess  of  expectation,  and  recently  a  parade 
of  the  new  vehicles  was  held.  At  Peterson,  N.J.,  too,  recently 
there  was  held  a  hill-climbing  test,  and  it  is  stated  all  previous 
records  of  such  vehicles  were  considerably  lowered.  A  motion 
picture  showing  the  engines  in  use  is  now  in  preparation. 

Sensitivity  and  Shielding  Galvanometers. — A  Scientific 
Paper  by  Mr.  W.  W.  Coblentz  entitled  "  The  Sensitivity  and 
Magnetic  Shielding  Tests  of  a  Thompson  Galvanometer  in 
Use  for  Kadiometry  "  has  recently  been  issued  by  the  Bureau 

of  Standards. 

The  Paper  gives  the  results  of  an  investigation  of  the  force  exerted  by 
various  galvanometer  coils  when  operated  under  standard  conditions. 
Some  of  the  coils  were  wound  according  to  theoretical  requirements 
while  others  were  wound  empirically.  Numerical  data  are  given  relating 
to  coils  having  various  resistances.  A  sample  coil  is  described  wound 
with  a  single  size  of  wire  which  is  as  efficient  as  a  compound  coil  wound  in 
three  sections  of  graded  wire  upon  the  same  mandrel,  and  a  9-ohm  coil  of 
graded  wire  is  described  which  is  very  efficient  and  is  M'ell  adapted  to  be 
used  with  the  bismuth  silver  thermopiles  described  in  an  earlier  Paper.  A 
comparison  is  made  of  various  astatic  magnet  systems,  and  data  are  given 
showing  the  importance  of  using  small  mirrors  in  order  to  increase  the 
sensitivity.  Experiments  are  described  on  shielding  the  galvanometer 
from  external  magnetic  disturbances.  The  galvanometer  coils  are 
mounted  in  cavities  cut  in  blocks  of  Swedish  iron,  which  reduce  the  air 
space  and  act  as  a  magnetic  shield.  This  elimination  of  convection 
currents  greatly  improves  the  steadiness  of  the  needle  system.  Various 
shields  are  described  consisting  of  laminated  cylinders  made  from  trans- 
former iron  and  solid  cylindrical  shells  cut  from  wrought-iron  pipe.  By 
embedding  the  galvanometer  coils  in  blocks  of  Swedish  iron  which  are 
surrounded  by  cylindrical  shells  rf  transformer  iron  and  of  wrought-iron, 
the  effect  of  the  external  magnetic  perturbations  upon  the  astatic  needle 
system  is  easily  reduced  to  one  two-thousandth  of  its  original  value. 
Experiments  on  a  vacuum  galvanometer  are  described  in  which  a 
sensitivity  was  attained  which  is  more  than  tenfold  that  used  in  Mr. 
Coblentz's  previous  work  on  stellar  radiation. 

Palladium  and  Hydrogen. — Mr.  H.  F.  Briggs,  B.A.,  has  a 
Paper  in  the  "  Philosophical  Magazine "  entitled  "  The 
Decrease  in  the  Paramagnetism  of  Palladium  caused  by 
Absorbed  Hydrogen."  A  preliminary  experiment  seemed  to 
contradict  Graham's  results,  and  indicated  that  palladium 
when  saturated  with  hydrogen  was  practically  neutral.  To 
test  this  a  disc  of  palladium  foil  was  placed  so  that  it  fitted 
within  a  small  coil  carried  in  the  arm  of  a  torsion  balance 
swinging  in  a  non-uniform  magnetic  field.  A  current  was  then 
passed  through  the  coil  so  that  the  force,  exerted  by  the  field 
on  the  current,  balanced  the  force  in  the  palladium  and  in  the 
matter  of  the  arm  itself.  This  was  repeated  with  the  palladium 
removed.  The  difierence  of  the  balancing  currents  multiplied 
by  the  total  area  of  the  coil  gave  directly  the  magnetic  moment 
of  the  palladium.  The  field  intensity  was  measured  by  the 
throw  of  a  galvanometer  connected  to  the  same  coil  when  the 
circuit  of  the  electromagnet  was  broken.  The  results  of  the 
experiment  showed  that  the  susceptibility  gradient  had  no 
systematic  variation,  although  palladium  itself  showed  a ' 
marked  decrease  with  increase  of  field.  This  effect  was  pro- 
bably due  to  some  interaction  of  the  hydrogen  and  palladium, 
whereby  the  paramagnetism  of  the  latter  was  reduced.  So  far 
as  the  experiments  went,  the  susceptibility  gradient  was 
independent  of  the  field  impressed  and  the  hydrogen  contents. 

OBITUARY. 


George  Keith. — As  we  go  to  press  we  learn,  with  regret,  that 
Mr.  George  Keith,  chairman  and  managing  director  of  the  Amazon 
Telegraph  Co.  and  the  Chili  Telephone  Co.,  chairman  of  the  Cuba 
Submarine  Telegraph  Co.,  and  a  director  of  the  United  River  Plate 
Telephone  Co.,  died  en  the  22nd  inst. 

Killed  in  Action. — With  deep  regret  we  record  the  death  in 
France  on  August  1,  from  woimds  received  on  July  30,  of  Lieut. 
Harold  Ashcombe  Chamen,  Bedfordshire  Regiment,  younger  son  of 
Mr.  W.  A.  Chamen,  engineer  and  general  manager  of  the  South  Wales 


Electrical    Power  Distribution  Co.     Lieut.   Chamen,   who  was  22 

years  of  age,  was  educated  at  Wells  House  .School  (Malvern  Wells), 
Lancing  College,  Aspatria  Agricultural  College  in  CumLerland,  and 
before  the  outbreak  of  the  war  was  a  student  at  Reading  L'niversity 
College,  in  the  agricultural  department.  He  was  a  member  of  the 
Officers  Training  Corps  throughout.  On  the  outbreak  of  war  he 
volunteered  for  service,  and  after  a  month's  special  training  in  camp 
at  the  Queen's  University,  Belfast,  was  gazetterl  to  the  S<juth  ^^'.  !  - 
Borderers  as  2nd  lieutenant.  After  two  or  three  months  he  de«  lu'  •; 
to  make  the  army  his  j.'ermanent  profession,  and  proceeded  to  the 
Royal  Military  College,  Sandhurst,  from  which  he  was  given  a  com- 
missi n  in  the  Bedfordshire  Regiment,  and  went  out  to  France  in 
May,  1915.  He  came  home  accidentally  wounded  at  the  end  of 
July,  1915,  but  returned  to  France  in  January.  1916.  He  was  in  the 
heavy  fighting  at  Trones  Wood  on  July  12  and  13,  and  came 
through  without  injury  ;  but  in  an  attack  on  the  German  position 
south  of  (;;uiilemont  on  July  .30  his  battalion  was  heavily  shelled 
and  young  Chamen  was  badl}'  wounded  by  a  shell. 

Second  Lieut.  Albert  .J.  Brockman,  King's  Own  Royal  Lancaster 
Regt.,  was  educated  at  the  City  of  London  College,  and  was  formerly 
with  the  Eastern  Telegraph  Co. 

Second  Lieut.  Albert  Armitage  Xuttall,  West  Riding  Regt..  who  has 
died  of  wounds  received  in  action  on  Aug,  15,  was  for  two  years  with  the 
National  Gas  Engine  Co.  when  he  secured  a  scholarship  tenable  at  the 
Manchester  School  of  Technology,  and  he  was  taking  the  full  three  years' 
course  in  engineering  when  he  joined  the  Colours. 


PERSONAL. 


Lieut.  A.  C.  Gilling  (R.F.C.),  electrical  engineer  to  Epsom  Urban 
Council,  has  been  promoted  to  the  rank  of  Captain. 

Another  member  of  the  Western  Electric  Co.'s  stafi  has  gained 
military  distinction.  On  this  occasion  we  are  pleased  to  record  that 
Second-Lieut.  A.  J.  Pearson,  telephone  engineer,  has  been  awarded  the 
Military  Cross.  Second-Lieut.  Pearson  is  attached  to  a  machine-gun 
section. 

APPOINTMENTS  VACANT  AND  FILLED. 


An  assistant  is  wanted  for  the  patent  department  of  a  telephone 
company.     See  advertisement. 

The  Western  Electric  Co.  advertise  for  draughtsmen  for  their 
automatic  department,  34,  Norfolk-street,  Strand,  London,  W.C. 

Heywood  Corporation  require  an  electrical  engineer  to  take  charge 
of  their  electricity  undertaking.     Salary  £200  a  year.     Applications 

to  Towii  Clerk  by  Aug.  28. 

West  Ham  Coimcil  require  a  manager  of  their  electric  tramways 
system.  Salary  £600,  rising  by  annual  increments  of  £50  to  £750  per 
annum.     Applications  to  the  Town  Clerk  by  Aug.  31. 

The  local  education  authority  invite  applications  for  the  position 
of  principal  of  the  Barrow  Technical  School.  Salary  £400.  Par- 
ticulars from  the  Director  of  Education,  Town  Hall,  Barrow-in- 
Fumess,  to  whom  applications  by  Sept.  2. 


The  Borough  Electrical  Engineer  of  Newport  (Mon. )  has  ap}X)inted 
Mr.  R.  D.  Sheppard  a  Jimior  Engineer-in-Charge,  at  a  commencing 
salarv  of  £2.  5s.  a  week. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LOKDON  ENGINEER  VOLUNTEERS. 
Officer  Commanding,  Lieut. -Col.  C.  B.  t'L.w.  V.D. 

Orders  for  August. 

Headquarters  and  Range. — ^The  headquarters  will  be  closed  during 
August,  except  on  Tuesday  evenings.  The  ranee  will  be  ojien  on 
Thursday  evenings  only.  On  these  evenings  the  Sergeant-Major 
will  take  charge  ai:d  be  responsible  for  the  maintenance  of  order  and 
discipline.  Recruits  are  urged  to  take  advantage  of  this  arrange- 
ment for  drill  ard  shooting. 

Instruction  Classes. — Instruction  classes  at  Regency-street  will  be  held 
as  usual  for  Platoons  Nos.  9  and  10. 

Camp. — The  camp  at  Otford  will  be  available  until  Aug.  31.  :Members 
wishing  to  attord  should  enter  their  names  at  headquarters  on  *he 
sheet  provided  for  the  ])urpose.  The  cost  will  be  about  3s.  per  day. 
Members  should  provide  themselves  with  two  blankets,  knife,  fork 
spoon,  plate,  mug  ard  a  spare  pair  of  boots. 

Entrenching. — As  many  members  as  possible  should  endeavour  to  attend 
the  Sunday  entrenching  parades,  in  order  that  the  work  to  be  done 
mav  be  completed  as  exjjeditiously  as  possiblr.  Parade  in  uniform 
as  usual  at  Victoria  Station  (S.E.  &  0.  Railway)  Booking  Office, 
8.45  a.m.  Members  are  reminded  that  thl  t  hork  is  of  notional 
importance,  ard  therefore  all  who  are  able  to  put  in  Saturdays  or 
occasional  week  days  are  urged  to  do  so.  They  are  reminded  that 
they  can  obtain  railway  vouchers  from  the  booking  clerk  by  showing 
their  cap  badges. 
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30,000-KW.  TURBO-ALTERNATOR  UNIT. 

A  30,000-kw.   turbo-altemator  unit  has  recently  been  put  into 
service  by  the  Commonwealth  Edison  Co.,  of  Chicago,  and  the  follow- 
ing details  of  the  unit  are  taken  from  an  article  in  "  Power." 
Principal  Data  of  30,000.kw.  Tubbo-Alterxator  Unit. 

Turbine. 

Maker General  Electric  Co.  (U.S.A.) 

Type Horizontal  compound 

Capacity,  horse-power 45,000 

Number  single  stages,  high-7)ressure  element  10 

Number  of  double  stages,  low-pressure  element ^  2 

Speed,  revs,  per  min 1,500 

Covdenser. 

Maker Wheeler  Condenser  &  Engineering  Co. 

Number  of  tubes 11,000 

Size  of  tubes,  inch 1 

Surface  in  conden.ser,  square  feet 50,000 

Surface  per  kilowatt  of  generator  rating,  square  feet  .... 

Capacity,  lb.  of  steam  per  hour 

Steam  condensed  per  square  foot  of  .surface,  lb 

Weight  of  comlenser,  empty,  tons 

Weight  of  cooling  water  in  condenser,  tons 

Circulating-immp  capacit}-,  gallons  per  minute  

Circulating-pump  cai)acity,  lb.  per  hour 26,000,000 

Cooling  water  per  lb.  of  steam,  lb 72 

Conden.sate  pump,  gallons  per  minute 1,200 

Oeneralor. 

Maker General  Electric  Co.  (U.S.A.) 

Capacity,  rated  k.w 30,000 

Voltage  9,000 

Frequency,  cycles  per  second 25 

Speed,  revs,  per  min 1,500 

Number  of  field  ])oles 2 

Length  of  com])lete  unit,  overall,  ft 59-5 

Width,  ft 18-33 

Floor  area  covered,  sq.  ft 1,091 

Area  per  kilowatt  of  generator  rating,  sq.  ft 0036 

Exciter  voltage  220 

Boilers. 

Maker Babcock  &  Wilcox  Co. 

Tvne  Cross-drum,  water-tube 

230 

200 

600 

5 

588 

4 

18 

12,200 

2 


Pressure,  lb.  per  sq.  in.  gauge 

Superheat,  deg.  F 

Temperature  of  steam,  deg.  F 

Number  f)f  boik-rs  in  unit 

Number  of  tubes  ])er  boiler 

Diameter  of  tubes,  in 

Length  of  tubes,  ft 

Steam-making  surface  in  boiler,  sq.  ft. 
Stokers  ]ier  boiler. 


Type  of  stoker  B.  &  W.  chain-gate 

Active  area  of  two  stokers,  s(|.  ft 273 

Ratio  grate  area  to  boiler-heating  surfa<;e 1  to  45 

Per  1,000  sq.  ft.  of  boiler-heating  surface  : 

Connected  grate  area,  sq.  ft 22-3 

Stack  area,  s(|.  ft 417 

Eeonomiser  surface,  sq.  ft .");5S-2 

(!a]ia<ity  of  each  boiler,  lb.  sttiam  per  hour., Hr).(KK) 

Evajioration  iier  s().  ft.  of  heating  surface,  lb 7 

Coal  capacity  of  ea<;h  boiler,  lb.  per  hour i2,<K)0 

Coal  per  sq.  ft.  of  grate,  lb 46 

Size  of  steam  main  to  turbine,  in 20 

Boiler-feed  ])Uiu])s  : 

Milker  li.  K.  Worthington 

Type Turbine  driven,  three-stage,  double-suction   inii)eller 

C"ai)acity.  lb.  ])er  hour 450.000 

Si)eed,  revs.  ]>er  min 2,500 

Water  tem])eratures  : 

In  feed-water  heater,  deg.  F 100-120 

1^'aving  econoiniser  and  entering  boiler,  deg.  F 270 


Economisers. 

Maker  B.  F.  Sturtevant  Co. 

Type High-pressure 

Number  of  economisers  5 

Numljer  of  tubes  in  each  456 

Length  of  tubes,  ft 12 

Heating  surface  in  tubes 6,566 

Maker B.  F.  Sturtevant  Co. 

Tj-pe Multivane 

Capacit}-,  cubic  feet  hot  gases  per  minute   90,000 

Horse-power  of  motor 100 

Draft  in  boiler  uptake,  in.  of  water  2-4 

Height  of  stack  above  boiler-room  floor,  ft 250 

Diameter  of  stack,  inside,  ft 18 

This  machine  has  high-  and  low-pressure  turbine  elements  on  one 
shaft  with  the  generator  rotor.  Steam  is  carried  in  a  20-in.  header 
from  a  battery  of  live  boilers  ;  in  the  high-pressure  chest  there  are  14 
admission  valves  all  under  control  of  the  governor.  There  are  also 
four  overload  valves  discharging  into  the  fourth  stage.  In  passing 
through  the  high-pressure  element  the  steam  is  expanded  to  7  lb. 
below  atmospheric  pressure  ;    it  then  enters  the  centre  of  the  low- 
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Fig.  2. — Diaoramjlvtic  Sketch  of  Steam  and  Water  Circuits. 

pressure  element  and  flows  in  opixtsite  directions  through  double 
stages  on  eitlier  side,  and  finally  goes  to  the  condensers.  The  steam 
and  water  circuits  are  showii  diagranimatically  in  Fig.  2. 

The  shaft  has  a  maximum  diameter  of  24  in.,  and  is  supported  by 
four  bearings.  The  latter  are  water-cooled  by  pijJes  embedded  in  the 
"  Babbitt  "  ;  oil  is  sup])lied  by  forced  circulation.  The  generator  is 
a  tliixe-phase  2.")-cycle  !».tK»0-volt  nuichine  rated  for  3(>.(MH»  kw.  at 
1(K)  per  cent,  power-factor,  but  it  has  carried  35,(KK»  kw.  with  moderate 
temperature  ri.«e.  A  220-voIt  exciter  is  mounted  on  the  end  of  the 
main  shaft. 

The  (ondensor  is  a  two-pass  surface  type  maintaining  vacuum 
within  \  lb.  of  absolute.  It  will  take  3(M).(MK>  lb.  of  steam  per  hour, 
or  7-2  lb.  jHT  s(]uare  foot  normally  :  the  maximum  steam -condensing 
capacity  is  4tK».(MMl  II).  The  circulating  water  is  drawn  from  an 
intake  tunnel  by  h  4S  in.  tlouble-suction  tri-rotor  i)ump  driven  bvja 
().")()  M.r.  noneondensing  turbine.  The  normal  hourly  quantity  of 
circulating  water  is  3.12(t.(KtO  gallons.  '  On  Hrst  entering  the  con- 
denser the  steam  comes  in  contact  with  the  preheating  feed-water 
tubes.     Air  and  condensate  are  taken  from  the  eonden.«!er  through  a 


Y\c.    1. — Part  Sectional  View  of  3t\00()  kw.  Turbo-.Xltkrnator  Unit. 


THE  ELECTRICIAN,  AUGUST  25,  1916. 


691 


single  outlet  by  a  turbo  air  pump  on  the  shaft  with  the  circulating 
pump.  In  a  separating  chamber  the  air  turns  off  into  a  separate 
compartment,  and  is  discharged  by  separate  impellers.  From  Fig.  2 
it  is  seen  that  the  condensate  passes  from  the  heater  to  two  turbijie- 
driven  boiler-feed  pumps,  thence  to  the  economiscrs  above  the  boiler 
and  to  the  boilers.  The  accompanying  table  shows  the  principal 
data  of  turbines,  condenser,  generator  and  boilers. 


LONG-DISTANCE   AND  CABLE   TELEPHONY   (UNDER- 
GROUND AND  SUBMARINE)  * 

BY  B.  S.   COHEN  AND  J.   G.  HILL. 

{Continued  from  p.  663.) 
Pakt  II. 

Efficiency  of  the  Speaking  Apparatus  in  Long-Distance 

Transmission. 

55.  The  eflficiency  of  the  speaking  apparatus  naturally  plays  a 
very  important  part  in  long-distance  telephony.  In  considering  this 
question  it  is  necessary  to  study  the  volume  output  and  articulation 
of  the  transmitter,  receiver  and  transforming  apparatus,  if  any,  also 
the  amount  of  side  tone  and  frying,  sensitiveness  to  external  noises, 
inherent  variability,  amount  of  packing,  and,  lastly,  ageing.  In  the 
case  of  local  battery  apjaaratus,  an  additional  factor  of  importance  is 
the  direct-current  consumption. 

56.  All  these  factors  are  now  made  the  subject  of  special  study, 
and  no  apparatus  should  be  generally  utilised  unless  of  proved 
eflficiency  in  the  above  respects.  A  few  remarks  on  these  factors 
may  prove  of  interest. 

I.  Volume  Output  and  Articulation  of  Speaking  Apparatus. 

57.  The  volume  output  of  a  transmitter  or  receiver  is  not  the  only 
factor  of  very  great  importance.  This  applies  particularly  to 
transmitters.  Articulation  is  of  prime  importance,  and,  as  is  to  be 
expected,  apparatus,  which,  to  some  extent,  tends  to  exaggerate  the 
higher  harmonics  of  the  voice  generally  proves  the  most  efficient  in 
respect  of  articulation,  as  it  to  some  extent  thus  compensates  for  the 
selective  action  of  the  lines. 

58.  The  testing  for  articulation  eflficiency  is  at  present  a  some- 
what slow  and  laborious  process  if  a  reliable  quantitative  result  is 
required,  but  recently  a  more  rapid  quantitative  method  has  been 
tried,  which  it  is  hoped  will  ultimately  prove  of  considerable  value. 
The  method  in  brief  as  applied  to  a  transmitter  is  to  measure  the 
current  output  over  a  range  of  frequencies  and  plot  a  curve  which 
can  be  compared  with  a  similar  curve  given  by  apparatus  of  proved 
articulation  eflficiency. 

II.  Side  Tone. 
By  side  tone  is  understood  the  speech  interaction  of  the  sending 
transmitter  on  its  own  receiver. 

59.  It  is  unfortunate  that  some  of  the  most  eflficient  circuit 
arrangements  of  speaking  apparatus  from  the  volume  standpoint 
suffer  from  an  excess  of  side  tone.  With  anj''  particular  circuit,  the 
side  tone  will,  of  course,  depend  to  some  extent  on  the  volume 
eflficiency  of  the  transmitter  and  receiver,  although  the  exact  rela- 
tionship has  not  been  determined,  and  there  are  cases  known  where 
the  side  tone  has  been  found  to  depend  more  on  the  quality  of  the 
transmitter  output  than  on  its  volume. 

It  is  unnecessary  to  say  anything  with  respect  to  variability, 
fr\"ing  and  packing  of  transmitters,  as  these  defects  are  generally 
inherent,  and  caused  hy  faulty  design. 

III.  Sensitiveness  to  Extraneous  Noises. 

60.  Sensitiveness  to  extraneous  noises  is  occasionally  met  with 
to  such  an  extent  that  othenvise  satisfactory  apparatus  is  incapable 
of  being  used  for  conversation  over  even  comparatively  short  lines 
when  the  apparatus  is  installed  in  a  moderately  noisy  office. 

61.  Generally,  transmitters  Avith  the  lighter  types  of  diaphragm 
are  the  worst  offenders  in  this  respect.  The  design  and  material  of 
the  mouthpiece  and  shell  has,  however,  considerable  bearing  on  this 
factor,  and,  in  the  case  of  receivers,  even  the  method  of  affixmg  the 
cords  has  some  effect. 

IV.  Ageing. 

62.  With  respect  to  ageing  much  still  remains  to  be  studied. 
Some  types  of  transmitters,  notably  those  with  heavy  diaphragms, 

*  A  Paper  prepared  for  presentation  at  the  International  Telegraph 
and  Telephone  Engineers'  Conference,  Berne,  Sept.,  1914,  abandoned 
owing  to  the  outbreak  of  war.  Reproduced,  with  permission,  from  the 
Post  Office  Electrical  Engineers'  "  Journal." 


have  been  found  to  actually  improve  in  eflficiency  with  use.  In  one 
particular  case  some  transmitters  recovered  after  working  for  about 
10  years  in  the  first  common  battery  exchange  in  the  United  King- 
dom  were  found  to  be  in  a  condition  of  abnormally  high  eflficiency. 
Many  types  of  transmitter,  on  the  other  hand,  show  signs  of  rapid 
deterioration  in  eflficiency  with  age. 

6.'i.  Receivers,  on  the  other  hand,  deteriorate  at  a  somewhat  rapid 
rate,  and  it  can  be  readily  proved  that  demagnetisation  is  mainly 
responsible  for  this  loss.  Fig.  6  illustrates  this.  The  investigation 
was  carried  out  on  12  common  battery  60-ohm  Bell  receivers,  which 
were  put  into  normal  use  for  a  period  of  two  years  and  tested  at 
interva,.->  of  six  months.  At  the  end  of  the  period,  after  testing  and 
obtaining  the  last  point  of  curve  A,  the  receiver  caps  which  had 
been  sealed  were  unscrewed  for  the  first  time  since  being  put  into 
service  and  the  particles  of  dust  and  magnetic  filings  which  had 
collected  on  the  poles  brushed  off. 

64.  The  receivers  were  then  retested  and  curve  B  thus  obtained. 

65.  The  conclusion  to  be  drawn  from  this  and  other  investigations 
is  that  the  deterioration  in  eflficiency  of  speaking  apparatus  with  age 
requires  careful  consideration,  and  some  allowance  must  be  made  for 
this  when  studying  long-distance  transmission. 

*  Note. — Hereafter,  transmission  values  are  expressed  in  terras  of 
miles  of  standard  cable,  followed  by  the  equivalent  value  in  attenua- 
tion length,  often  termed  attenuation  factor,  this  value  being  placed 
in  brackets. 
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Fig.  6. — Ageing  of  Common  Battery  Receivers. 

.4=Receivers  tested  without  being  opened. 

5=         ,,  „        after  opening  and  rennoving  filings  from  poles. 

66.  The  following  table  for  standard  cable  values  may  be  of 
interest.  The  values  are  all  based  on  a  mean  speech  frequency  of 
800  periods. 

*  Standard  Cable  Value. 


Factor. 


Constants  per  mile  t  Constants  per 
of  loop.  kilometre  loop. 


Resistance !  88  ohms. 

Capacity j  0-054  mfd. 

Inductance  1-0  millihenrys. 

Leakance 1-0  niicromhos. 

Com])lex  attenuation  constant  orH  „  ,  .    ,  „^  ^, 

Pi-opagation  constant  !j-Ulo4/4b   b. 

Simple  attenuation  constant   I  0-106 

Wave-length  constant i  0-111 

Wave  length  !  56-()  miles. 

Wave  velocity 44,900  mi'os  per  see.  72.300  km.  nersec. 


55  ohms. 
0-0337  mfd. 
0-621  millihenrys. 
0-621  micromhos. 

00956/46°  6'. 


0  0662 
00689 
9 11  km. 


Characteristic  impedance  j  571\42'' 50'. 


571\42'  oU'. 


Standard  Talking  Circuit. 

67.  The  standard  adopted  is  a  common  battery  telephone  instru- 
ment with  6v)-ohm  Bell  receiver  and  solid-back  transmitter  and  in- 
duction coil  with  17-ohm  and  26-ohm  windings. 

This  instrument  is  comiected  to  a  toroidal  repeating  coil  with 
four  22-5-ohm  windings,  a  supervisory  relay  of  70-ohm  resistance 
shunted  by  a  30-ohm  non-inductive  resistance  coil,  and  22  volts. 

The  Effect  of  Speaking  at  a  Distance  from  the  Transmitter. 

68.  The  distance  at  which  the  subscriber  speaks  to  the  transmitter 
has,  of  course,  a  decided  effect  on  the  transmission  efficiency.  Gene- 
rally, transmitters  with  the  lighter  pattern  of  diaphragm  show  less 
falHng  off  in  volume  with  distance  than  those  with  the  lieavier  and 
slitter  movuig  parts,  but,  on  the  other  hand,  they  naturally  give  more 
trouble  from  sensitiveness  to  extraneous  noises.  The  former  are 
also  likely  to  possess  more  mherent  variability  than  the  latter. 
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69.  Fig.  7  includes  two  curves,  one  for  a  solid-back  common 
battery  transmitter  and  the  other  for  a  light  diaphragm  local 
battery  transmitter  of  the  type  fitted  to  the  hand  microtelephone 
combination.  The  importance  of  speaking  close  to  the  transmitter 
is  emphasised  by  these  curves. 

COMMEECIAL  SPEECH  LiMIT  AND  THE  EFFECT  OF  EXTRANEOfS  XoiSE 

AND  Disturbance  on  Long-distance  Speaking. 

70.  In  determining  suitable  commercial  limits  for  long-distance 
transmission  it  is  necessary  carefully  to  consider  the  conditions 
under  which  it  is  intended  that  the  limit  should  apply.  With  the 
most  efficient  types  of  speaking  ajjparatu.s  and  lines,  the  commercial 
limit  will  be  greatly  reduced  directly  the  receiving  oi  sending  end  is 
subjected  to  extraneous  noises  or  the  lines  subjected  to  any  form  of 
disturbance.  .Some  figures  obtained  in  investigating  the  effect  of 
extraneous  noise  on  the  commercial  limit  of  transmission  may  prove 
of  interest.  With  common  batterj-  s])eaking  apparatus  in  first-class 
condition  installed  m  absolutely  quiet  offices,  conversation  could  be 
carried  out  by  expert  telephone  users  over  55  miles  of  standard  cable 
(attenuation  length  of  5-9),  it  being  necessary  to  repeat  about  4  per 
cent,  of  the  words  spoken.  This  is  above  the  value  of  5-0  given  for 
normal  speakers  in  Part  I.,  paragraph  3. 

71.  The  limit  was,  however,  reduced  to  44  miles  of  standard  cable 
(4-7)  immediately  the  usual  noises  of  a  rather  quiet  office,  such  as 
turning  over  papers,  &c.,  were  allowed  ;  and,  even  with  this  reduc- 
tion, it  was  necessary  to  repeat  8  per  cent,  of  the  words. 
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Allowances  in  Miles  of  Standard  Cable  and  Attenuation  Lengthfor  Speaking  at  Different 
Distances  from  Common  Battery  and  Local  Battery  Instruments. 

Fio.  7. — Effect  of  Speakinu  away  from  Instrument. 

72.  The  miUiages  given  represent  the  total  line  in  circuit,  as  the 
8ub.s(rii)ers'  lines  were  of  neglipililo  length. 

7:j.  Ising  local  battery  hand  microtelephone  apparatus  and 
rcpiating  the  tests,  the  limit  for  a  quiet  office  was  found  to  be  46 
miles  of  sfaiidard  cable  (4!»).  words  rc(|uiriiig  rcjicfition  being  5  JXT 
cent.  ;  and  in  ordinary  noise  3U  miles  i:\-2)  with  2U  per  cent,  of  words 
requiring  reiu-tif ion. 

74.  All  these  values  were, of  ((iiiix,  obtained  with  absolutely  quiet 
Unes  and  a])]  aratiis.  Directiv  the  slightest  distiubanee  is  .evident  in 
the  luu'S  or  transmitter  the  limit  imdergoes  rapid  diminution. 

Effects  of  Line  Dlstuubances  on  Tuan.smission. 

75.  It  is  natiirallv  extremely  difficult  to  obtain  any  very  definite 
quantitative  result  with  regard  ttt  tin-  eiTeets  of  line  disturbance  on 
transmisinion.  The  di-sturbances  usually  met  with  are  indelinite  and 
verv  varial)le.  A  few  values  wliich  may  l»e  taken  as  a  rough  guide 
hiive,  however,  l)een  obtained  in  the  lalioratory.  A  delinite  volume 
of  disturbance  was  applied  to  a  long  cable  line  terminated  l>y  common 
batt<My  s|M'aking  apparatus. 

7().   Five  kinds  of  tlisturbances  have  been  tried  : — 

(n)  Ordinary  cross  talk. 

(h)   Ilimd-sent  Morse  signals. 

(r)   IMionopore  signalling. 

(d)  Variable  frequency  alternating-eurn>nt  di-turbancc  as  pro- 
duced l)y  tramway  or  electric  railway  indueticm. 

(r)  Scraping  noise  often  heard  on  liiii-s  due  to  dry  joints  or  inter- 
mittent earthing. 

77.  Rv  means  of  a  ])otenf iometer  each  of  these  disturbances  was 
sluinted  down  until  in  the  general  opinion  of  the  ob.servers  the  loud- 
ness was  about  equal  to  that  oft».n   exix>rieneed    in  practice.     The 


efiEect  of  each  disturbance  on  conversations  over  various  limiting 
standards  was  then  ascertained.  Four  overall  limiting  standards 
were  tested,  viz.,  40,  45,  50  and  55  miles  of  standard  cable,  or  attenua- 
tion length  values  of  4-3,  4-8,  5-3  and  5-9.  It  should  be  borne  in 
mind  that  these  overall  values  include  the  subscribers'  local  Ime  at 
either  end,  and  if  the  latter  were  300  ohms  in  resistance  and  not 
ice  uded,  the  standard  tested  would  be  reduced  to  the  following 
va  I  es  in  miles  of  standard  cable,  28,  33,  38  and  43,  or  expres.sed  in 
atienuation  lengtlis,  3,  3-5,  4  and  4-6.  With  the  40  miles  standard, 
cro.-s-talk  disturbance  (a)  had  an  inappreciable  effect,  and  so  had 
orrijnani-  Morse  signals  (6),  phonopore  (c)  and  railway  induction  (d). 
S-iaping  noise  (e),  hoAvever,  caused  a  small  percentage  of  the  received 
conversation  to  be  lost.  With  45  miles  standard  (a),  (b)  andtc)  had 
an  inappreciable  effect,  whilst  (d)  caused  about  50  per  cent,  loss, 
and  (e)  about  20  per  cent. 
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Fio.  8. — Sending  Allowance  for  Local  Lines  on  Various  Cokmon 

Battery  Exchanges. 

jji  With  50  miles  standard  (a),  (6)  and  (c)  had  agaui  no  appreciable 
effect,  but  (d)  caused  nearly  75  per  cent,  loss,  and  (e)  stopped  prac- 
tically everything.  With  the  55  miles  standard  (a)  and  (b)  again 
had  no  effect,  (c)  caused  a  loss  of  about  25  per  cent.,  whilst  {d)  prac- 
tically stopped,  and  (e)  entirely  stopped  all  conversation. 

78.  These  results  contiiin  that  scraping  noises  and  alternating- 
current  induction  arc  the  most  serious  disturbing  factors.  It  should 
be  mentioned  that,  although  the  effect  on  conversation  of  these  two 
forms  of  disturbance  are  more  .serious  than  cross-talk,  yet  the  latter 
is  likely  to  be  far  more  objected  to  by  the  telephone  user,  as  its  effects 


Bf:ter. 
RtcewiHg  Allowance  m  Milts  of  StandJid  Cable. 
on         0        Oil         0-21         0-32      0-43 
Attenuation  Length. 

Fu;. '.). — BKCKiviNti  Allow  \NrE  for  Local  Lines  ox  Various  Common 

HaTTEHY  SvsTV  M>i. 

are  deeidodly  more  annoying.     It  may  ix"  mentioned  that  the  limr 
standard  which  it  is  jmtpoM'd  to  adopt  in  Great  Britain  is  47  n...<  - 
of  standard  cable  overall,  or  an  attenuation  of  5. 

Common  Battf.rv.  I^>cal  Lines  of  Various  Tvpes. 

70.  The  transmi.'ision  value  of  the  local  line  in  a  common  l>atterv 
system  is  of  such  fundamental  imi>ort«nce  for  the  calcuUtion  of  the 
talking  efficiency  ov«>r  any  cinMiit  that  it  has  l>een  exhaustively 
studie<i  for  all  the  nysteniH  in  use,  and  the  final  re-MiIts  are  emlx>died 
in  the  curves  sh<nvn  in  Figs.  S  and  9. 

80.  Fig.  8  chows  the  value  for  sending  corresponding  to  various 
rpsistanccs  of  the  local  lino  from  0  to  500  ohms  for  three  different 
systems  now  in  use.  denoted  respectively  A,  B  and  C, 
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A  LS  a  manual  system  with  repeating  coils. 
B  is  a  manual  system  without  repeating  coils. 
C  is  an  automatic  system  without  repeating  coils. 

81.  By  "  sending  allowance  "  is  mea-nt  the  allowance  necessary 
to  be  made  in  consequence  of  the  decreased  efficiency  relative  to 
the  standard,  resulting  from  having  the  given  resistance  in  the 
sending  end  of  the  line.  The  standard  is  a  local  line  of  zero  resis- 
tance, and  the  sending  allowance  is  expressed  in  miles  of  standard 
cable. 

82.  The  sending  allowance  is  expressed  relatively  to  the  resis- 
tance of  the  local  line.  The  reason  for  this  is,  of  course,  that  it  is 
mainly  dependent  upon  the  feeding  current  through  the  transmitter, 
and  this  current  is  governed  by  the  resistance  of  the  local  line.  But 
it  has  also  been  found  tha,t  a  considerable  variation  arises  from  the 
particular  transmitter  used,  ftnd  Fig.  10  shows  some  observations 
made  with  seven  different  transmitters,  the  local  line  being  in  cable 
with  conductors  weighing  10  lb.  per  mile  (0-62  mm.  diameter). 
Curves  have  been  drawn  for  the  two  trp^nsmitters  which  have  extreme 
values,  and  it  will  be  seen  that  the  variation  in  allowance  due  to  the 
particular  transmitter  may  be  as  much  as  4  standard  miles  (0-43) 
on  a  local  line  of  500  ohms.  There  is  a  further  variq,tion  due  to  the 
particular  type  of  line  employed  in  the  local  line,  that  is  to  say, 
whether  it  is  10  lb.  cable,  20  lb.  cable,  open  wire,  &c.  The  allow- 
ance is  increased  in  proportion  as  the  capacity  is  greater  relatively 
to  the  resistance,  but  the  range  of  variation  in  this  case  is  smaller 
than  that  caused  by  the  tra,nsmitter  and  only  amounts  to  about 
0-5  standard  miles  (0-16)  on  a  500-ohm  local  line.  In  the  cirrves 
shown  in  Fig.  8  both  the  variations  referred  to  have  been  taken  into 
account ;  they  embody  the  results  obtained  with  local  lines  of  20  lb. 
cable,  10  lb.  cable,  and  pure  ohmic  resistance,  and  the  transmitters 
used  are  considered  to  cover  the  range  which  is  met  with  in  practice. 
The  curves,  therefore,  may  be  taken  to  represent  average  conditions. 
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Worse. 

Sending  Allowance  in  Miles  of  Standard  Cable. 

0-21       0-43       0-64      0-86       I'O?       1-28      I'SO       171 

Attenuation  Length. 

-Sending  Allowance  Curves,  showing  the  Variations  due 
to  the  particular  transmitter. 


83.  Fig.  9  shows  the  receiving  allowances  for  the  same  three  com- 
mon battery  systems  as  the  sending  allowances  of  Fig.  8.  It  will  be 
noticed  that  the  allowance  is  given  relative  to  the  "  equated  length  " 
of  the  local  line — the  term  ec[uated  length  denoting  the  transmission 
value  of  any  particular  line,  expressed  in  mUes  of  standard  cable. 
This  is  due  to  the  fact  that  the  allowance  is,  in  this  case,  a  function 
of  the  attenuation  caused  by  the  local  line,  diminished  by  some  gain 
due  to  the  tapering  effect  of  the  apparatus  m  the  cord  circuit.  ■  Thus 
it  will  be  seen  from  curve  A  that  the  receivmg  allowance  of  4  miles 
of  standard  cable  is  not  its  attenuation — viz.,  4-0  S.M.  (0-43),  but 
3-0  S.M.  (0-32),  there  being  a  gam  of  1-0  S.M.  (0-11),  due  to  the 
tapering  effect  of  the  apparatus. 

84.  In  making  both  the  sendmg  and  receiving  allowance  curves, 
the  results  obtained  by  eight  to  twelve  different  observers  have  been 
incorporated,  as,  of  course,  in  all  transmission  tests  the  value  depends 
to  a  greater  or  less  extent  on  the  particular  combination  of  speaker 
and  listener.  In  the  present  case,  the  variation  due  to  this  was 
not  very  large,  varying  according  to  the  resistance  of  the  local  line, 
up  to  a  maximum  of  2  standard  miles  (0-21)  at  500  ohms. 

Losses  in  Bridging  Apparatus. 

85.  On  all  telephone  circuits  the  presence  of  a  certain  amount  of 
apparatus  necessary  for  signalling  or  other  purposes,  but  not  required 
for  the  subscriber's  talking,  is  an  unfortunate  necessity.  Such  things, 
for  example,  as  supervisory  apparatus  in  the  exchanges,  exchange 
multiple  wiring  and  fuses,  the  presence  of  party  line  instruments, 
main  and  distribution  frame  wiring,  all  introduce  losses  in  trans- 
mission, each  item,  though  small  in  itself,  helping  to  form  an  appre- 
ciable total.  Some  idea  of  the  amount  of  loss  to  be  expected  from 
these  various  items  is  given  in  the  following  notes. 


Exchange  Supervisory  Appabatts. 

86.  This  may  be  divided  into  two  clahes.s,  viz.,  series  apparatus  in 
the  line,  such  as  the  supervisory  relay  with  non-inductive  winding 
shunting  the  active  coil  as  used  in  one  form  of  manual  common 
battery  system  ;  and  shunting  apparatus  acro.ss  the  line,  such  as  is 
u.sed  in  "  Stone  "  type  cord  circuits  ;  and  the  shunting  indicators 
occurring  in  magneto  sy.stems. 

87.  The  series  apparatus  is  always  designed  with  some  low  im- 
pedance such  as  a  condenser  or  non-inductive  resistance  across  the 
active  coil,  but  even  so  the  amount  of  loss  introduced  by  this  super- 
visory ct  il  is  seldom  less  than  0-4  miles  of  standard  cable  (0-043). 
In  any  talk  between  two  subscribers  on  different  common  battery 
exchanges,  there  will  always  be  two  and  generally  three  of  these 
relays  in  circuit,  making  a  total  loss  of  1-2  miles  oi  .standard  cable 
(0-13).  In  one  form  of  manual  common  batterj-  circuit  largely  u.sed, 
in  addition  to  the  three  relays  mentioned  above,  is  another  bridging 
relay  (also  introducing  a  loss  of  about  0-5  miles  of  .standard  cable) 
to  keep  the  originating  operator  advised  as  to  when  the  called  sub- 
scriber clears.  The  series  supervising  apparatus  in  a  connection 
between  two  common  battery  exchanges  thus  accounts  for  between 
1-5  and  2-0  miles  of  standard  cable  (0-16  to  0-21). 

88.  These  series  shunted  relays  are  not  very  .sensitive  in  action, 
and  in  those  cases  in  which  the  junction  between  exchanges  is  of 
high  resistance  it  is  often  necessary  to  add  apparatus  at  the  out- 
going end  to  enable  the  supervisory  relay  on  the  junction  side  of  the 
repeater  to  operate.  This  additional  apparatus  introduces  a  loss 
of  from  1-0  to  1-5  miles  of  standard  cable  (Oil  to  016).  The  super- 
visory apparatus  on  a  connection  between  two  common  batterj- 
exchanges  may  thus  introduce  a  loss  of  3-5.  miles  of  standard  cable 
(0-37).  If  the  call  is  passed  via  any  intermediate  exchanges  the  loss 
is,  of  course,  still  greater. 

89.  In  "  Stone  "  type  cord  circuits,  the  supervisory  relays  occur 
as  shunts  across  the  line,  and  are  used  to  feed  current  to  the  .sub- 
scribers' instruments.  To  introduce  little  loss,  the  impedance  of 
those  shunts  to  alternating  current  must  be  high,  while  the  ohm 
resistance  must  be  low,  or  the  battery  voltage  necessary-  to  supply 
the  required  current  to  the  transmitter  becomes  dangerously  high. 
A  high  resistance  coil  also  means  large  energy  losses  in  the  coU  itself. 
For  22-volt  working,  battery  current  is  fed  to  A  and  B  lines  through 
two  50-ohm  coils,  and  for  48-volt  working  through  two  200-ohm 
coils.  At  800  periods  the  impedance  of  a  200-ohm  coil,  such  as  is 
used  for  this  purpose,  varies  from  about^2,000  /45  to  5,000  /45  ohms, 
depending  upon  the  conditions  of  test.  In  an~\  cord  circuit  there 
will  be  four  of  these  coils  arranged  in  series  parallel,  thus  giving  the 
same  impedance  as  one  coil.  The  loss  due  to  this  supervisorv'  and 
feeding  apparatus,  if  one  neglects  differences  due  to  the  different 
feeding  currents,  is  about  0-5  miles  of  standard  cable  (0-053)  less 
than  that  of  the  corresponding  series  supervisor\'^  circuit.  These 
relays  placed  across  the  line  can  also  be  made  more  sensitive  than 
series  relays,  so  that  in  many  cases  it  is  not  necessary  to  use  the 
special  equipment  previously  mentioned  for  long  junctions. 

90.  The  great  objection  to  the  "  Stone  "  t^^De  of  circuit  lies  in  its 
liability  to  unbalance.  By  careful  construction,  however,  and 
arrangement  of  coils  forming  one  component  of  the  cord  circuit  in 
balanced  pairs,  this  trouble  can  be  considerably  minimised. 

91.  The  loss  introduced  by  the  ordinar\'  magneto  circuit  ring-off 
mdicator  is  about  0-5  mile  of  standard  cable  (0053).  but  it  should 
be  noted  that  the  losses  when  two  or  more  occur  in  the  same  circuit 
are  not  usually  additive.  The  loss  per  indicator  generally  decreases 
with  the  number  in  circuit. 

Party  Line  Losses. 

92.  Party  lines  with  long-distance  facilities  require  careful  con- 
sideration from  the  transmission  standpoint,  and  it  may  be  of  uiterest 
to  investigate  the  losses  occurring  on  these  lines. 

93.  To  begin  with,  the  presence  of  party  lines  on  magneto 
exchanges  usually  necessitates  the  provision  of  a  special  cord  circuit 
at  ^he  exchange  and  introduces  a  loss  of  the  order  of  1  mile  of 
standard  cable  (0-11).  To  this  must  be  added  the  losses  due  to  the 
additional  instruments  permanently  shmited  across  the  Ime  and  also 
losses  due  to  the  fact  that,  unless  the  parties  on  the  line  are  placed 
close  together,  there  Avill  be  tapped  across  the  line  various  length,; 
of  circuit,  most  of  which  will  be  open  wire. 

94.  So  long  as  the  branch  lines  are  short,  i.e..  the  capacity  does 
not  exceed  003  mfd.,  the  loss  may  be  taken  as  005  miles  of  standard 
cable  per  station  (0-0053).  As  the  branch  lines  become  longer  the 
effect  of  the  bells  becomes  less  and  that  of  the  lines  more,  and  it  may 
then  be  taken  that  the  loss  can  be  given  as  a  fimction  of  the  total 
additional  capacity  bridged  across  the  talkmg  Ime.  This  loss  in 
miles  of  siandard  cable  is  approximately  equal  to  10  times  the 
additional  capacity  in  microfa'ads.  or  the  value  of  the  latter  ap- 
proximately equals  the  attenuation  length. 
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Exchange  Wiring  Losses. 

95.  This  same  figure  may  be  used  in  determining  the  losses 
occurring  in  the  multiple  wiring  in  exchanges.  Taking  a  10,000 
line  exchange  the  subscribers'  multiple  wiring  may  be  500  ft.  in 
length  and  the  junction  400  ft.  Assuming  a  call  answered  on  the 
first  subscriber's  position,  the  whole  of  this  multiple  will  be  tapped 
across  the  line.  The  capacity  will  be  about  002  mfd.,  corresponding 
to  a  loss  of  about  0-2  (0-021)  miles  standard  cable.  Should  the  call 
be  answered  on  the  end  position  the  multiple  wiring  will  occur  in 
the  subscriber's  local  line  and  will  add  about  20  ohms  to  it,  corre- 
sponding to  a  loss  of  about  0-4  miles  standard  cable  (0042)  instead 
of  0-2  (0021 ).  Jn  addition  to  this,  there  is  the  loss  due  to  the  wiring 
between  distribution  frames  and  switchboard.  This  may  amount 
to  a  total  of  400  ft.  (200  ft.  ea-h  ^^•ay).  200  ft.  occurs  in  the  junction 
and  introduces  a  loss  of  about  01  mile  of  standard  cable  and  20<}it. 
in  the  subscriber's  local  line,  thus  adding  with  the  heat  coils  and 
fuses  about  15-20  olims  to  the  circuit.  This  corresponds  to  a  lo.ss 
of  about  0-4  miles  standard  cable  (0-042). 

96.  No  figures  are  at  present  available  for  the  losses  due  to  the 
insulation  of  the  circuits  in  the  exchange,  but  there  is  reason  to 
supjK)se  that  in  many  cases  it  is  not  light,  and  in  fact  is  ijitroducing 
a  further  loss,  especially  on  high  impedance  loaded  lines. 

97.  The  total  wiring  losses  in  a  large  exchange  may  thus  be  at 
least  0-7  miles  standard  cable  (0-075)  and  very  ])rol'ably  more. 

{To  be  concluded.) 


ELECTRICAL  PROSPECTS  IN  SOUTH  AFRICA. 


The  following  notes  are  based  on  remarks  by  IMr.  John  Roberts, 
Borough  Electrical  P^ngineer  of  Durban,  who  recently  paid  a  visit 
to  this  count  ry.  They  are  of  interest  as  showing  the  trend  of  progress 
in  .South  Africa  and  the  ])rospects  in  the  near  future,  and  the  im- 
pression formed  on  ])rogress  in  this  country. 

In  regard  to  the  electrical  ])rospects  for  business  in  South  Africa, 
and  in  fact  for  business  generally,  things  in  Durban  are  very  much  in 
the  same  condition  as  in  England.  The  state  of  trade  is  what  would 
bo  called  "  good,"  though  brought  about  to  a  great  extent  by  the 
amount  of  money  the  (ioveniment  has  been  spending  in  the  countrj' 
in  its  prosecution  of  the  tJerman  South  West  and  Cerman  East 
Africa  campaigns,  but  there  is  the  same  difficulty  as  is  experienced  in 
England,  namely,  siiortage  of  lal)our  and  materials.  Merchants  and 
dealers  of  all  kinds  (ould  sell  a  great  deal  more  stuff  than  they  can 
procure  from  England.  Another  factor  which  is  tending  to  make 
things  very  brisk  is  that  in  the  engineering  line  a  good  deal  of  stuff  is 
Ixjing  madC  locally  owing  to  the  difhculiy  of  getting  it  imported,  and 
sovc^ral  large  engineering  woiks  in  Durban  are  extremely  busy.  The 
number  of  men  who  are  at  the  front  is,  of  course,  responsible  for  the 
shortage  of  labour,  and  skilled  engineers  are  almo.st  unobtainal)le. 

In  regartl  to  the  prosjHH-ts  of  electrical  development,  so  far  as  Durban 
is  eoncenu'd.  Mr.  Roberts  looks  upon  them  as  good.  Everyone 
there  is  verA-  inncli  alive  to  the  advantages  of  ele(-tricity.  l)<,tli  for 
domestic  and  industrial  puriK>ses.  For  any  new  pr()p()>*ition  nothing 
but  electric  motive  power  is  even  considered,  but,  of  course,  this  is 
l)rought  about  by  the  low  ])rices  charged  for  current.  I^irge  con- 
sumers at  Durlian  are  charged  Jd.  per  unit,  and  the  output  more 
than  doublecl  during  the  last  six  years.  The  sales  at  Durban  at  the 
end  of  the  (  iirreiit  year  will  be  ji.-act ically  20-iiiillion  units,  which,  for 
a  total  |M)pulati()n  of  less  than  S(>.(MMI.  is  ii  very  good  sh()wing. 

When  Mr.  Roberts  was  homo  in  England  last,  he  returned  to  Africa 
with  a  fi'cling  that  electrical  development  in  this  country  was 
i)cguuiing  to  make  a  groove  for  itself,  and  that  startling  develop- 
ments were  not  to  lie  exjMHted  for  the  next  few  years  at  any  rate. 
This  was,  howcxer.  a  mistaken  idea,  for  although  there  have  been  no 
revolutionarv  discoveries,  he  linds  that  great  strides  luive  been  ni.ule 
in  extending  the  u.ses  of  electricity,  and  there  have  been  wonderful 
i!n|trovements  in  the  efiiciency  of  generating  stations.  In  Durban  a 
little  less  than  '.\\  \h.  of  coal  of  aliout  I2.IMH»  B.T.l'.s  is  iieing  used 
per  UMil  delivered  fnun  the  works.  This  figure  apjiears  to  compare 
<|uite  favour.ibly  with  those  ol)taine<l  in  similar  sized  stations  in 
England,  but  with  sets  of  moderate  size.  .«av.  '^^H\^)  kw.  lo  5.<MHl  kw.. 
and  with  a  good  load-factor,  neariy  one-third  can  i)e  taken  olT  this 
coal  cost,  and  it  will  be  (|uito  a  commercial  ]iro{wsition  to  .scrap  ruth- 
lessly some  of  the  Durban  station  i)lant.  although  it  has  not  been 
running  for  many  yeai-s  yet.  There  have  also  been  great  strides  in 
this  country  in  tiu'  distriimtion  side  of  modern  high  tension  systems. 
The  new  jmitective  systems  whicii  have  develoi)ed  during  tiie  i)ast 
two  or  three  years  h.ive  gone  a  long  way  towirds  the  simplifying  of 
the  control  of  liigh  tension  systems.  They  have  not  only  prtunoted 
ef^eiency  in  mains  and  ivduoed  the  number  of  stand-by  feeders 
vantod,  but  have  gone  a  long  way  in  heliiing  us  to  give  ab.'solute 


continuity  of  service,  which  is  .so  essential  to  large  industrial  under- 
takings and  consumers,  ilr.  Roberts  feels  so  much  impressed  by  the 
advantages  made  in  this  direction  that  he  believes  his  trip  to  England 
would  have  been  worth  while  if  he  had  confined  himself  to  gathering 
information  on  this  one  point. 

Regarding  the  supply  of  current  for  domestic  purposes,  ^Ii.  Roberts 
does  not  find  such  rapid  progress,  although  taking  all  the  circumstances 
into  account  he  is  not  surprised.  The  conditions  of  manufacture 
brought  about  by  the  war  are  such  as  practically  to  shelve  all 
development  of  electric  heating,  which  is  probably  looked  upon  as  a 
luxury,  especially  in  view  of  the  perfect  system  of  gas  heating  which 
is  almost  universal  among  English  householders,  but  in  Durban, 
electric  heating,  at  id.  per  unit,  has  proved  that  electricit}-  can  be  used 
as  extensively  in  South  African  towTis  as  gas  is  now  used  here,  and  if 
it  had  not  been  that  ^\  hen  the  war  broke  out  two  years  ago  the  supply 
of  stoves  was  almost  cut  off,  the  heating  bu.siness  would  have  been 
booming  by  now.  As  it  is,  the  demand  exceeds  the  supply,  and  Mr. 
Roberts  is  verj'  confident  that  the  electric  stove  will  give  better 
results  than  the  gas  stove,  and  on  the  question  of  water  heating,  there 
are  quite  sufficient  people  in  Durban  having  their  morning  bath  in 
water  heated  by  electricity  to  prove  that  this  problem  has  been 
solved. 

One  of  the  great  needs  in  South  Africa  is  the  proper  standardisation 
of  electrical  su])j)lies.  Although  Mr.  Roberts  is  anxious  to  avoid 
over-standardisation,  he  feels  that  there  is  a  veri'  pressing  need  for  a 
certain  uniformity  among  electricity  supplies  in  South  Africa,  the 
need  being  greater  than  would  be  felt  in  England,  owing  to  the  great 
distance  from  the  seat  of  supply.  One  of  the  great  handicaps  arises 
from  the  time  taken  hi  procuring  plant  and  materials,  because  the 
local  electrical  stocks  are  small.  The  suppliers  cannot  lay  in  large 
stocks  owing  to  the  great  diversity  of  the  requirements.  If  there  were 
greater  uniformity,  larger  stocks  could  be  laid  in  of  certain  standard 
sizes,  which  would  be  a  great  advantage  to  everyone  concerned.  The 
Durljan  C'orix»ration  has  already  approached  the  Union  Government 
with  a  request  to  appoint  a  small  Commission  to  report  and  make 
some  representations,  with  the  object  of  compelling  those  responsible 
for  new  electric  plants  to  adopt  some  standards.  As  an  exam])le  we 
may  take  electric  cable.  Cables  bemg  expensive  are  not  stocked  in 
South  Africa  to  any  extent  worth  mentioning.  The  supply  com- 
panies a])j)ear  to  fix  the  sizes  for  u.se  without  any  regard  to  what  is 
being  adopted  in  other  towns,  and  therefore  it  is  imix>ssible  to  lay 
down  stocks  to  suit  ever5'one.  There  should  be  no  difficulty  for 
supply  authorities  to  come  to  some  agreement  as  to  the  t\iies  and 
sizes  of  underground  cables,  so  as  to  limit  them  to  quite  a  .small 
number.  Another  example  is  overhead  conductors.  The  con- 
sumption of  such  conductors  in  South  Africa  is  large,  and  a  few  sizes 
could  be  selected  which  would  meet  all  reasonable  needs.  Attention 
to  a  few  of  these  joints  would  make  all  the  difference  to  rapid  progre.ss 
in  electricity  supply  in  South  Africa,  and  probably  in  other  pjirts  of 
the  Empire  also. 


APPROXIMATE  SOLUTION  OF  SHORT-CIRCUn 
PROBLEMS.* 


BV  E.  G.  MERRICK; 


Siimmnti/. — The  author  siiows.by  cxamplt>s.tho  method  of  dotormining 
short-circuit  values  in  various  circuits  with  widely  ilitfering  character- 
istics. 'J"lu'  solutions  are  approximate,  but  arc  typical  of  artual  practice, 
and  arc  aoconii>anied  Ijy  results  derived  from  actual  test  values.  The 
objectionable  features  of  reactance  coils  arc  emphasised. 


At  the  instant  of  short  circuit,  the  armature  current  rises  to  many 
times  its  normal  value.  lx«ing  limited  only  by  the  self -inductive 
reactance  of  the  armature  cinniit.  Gradually  the  field  flux  is  reduced 
by  the  op|)osing  armature  Hux  and  the  arinatun^  current  diminishes 
to  a  constant  value,  determined  l)y  the  combined  reactance,  resist- 
ance and  armaluri"  reactions,  or  what  is  termed  "  s>nichronou8  im- 
pedance." giving  the  condition  of  sjistjwned  short  circuit. 

Fig.  1  is  an  oscillogram  of  a  typical  three-jihase  short  circuit,  the 
generator  U'ing  short-circuited  at  the  terminals  of  the  armature 
winding.  Referring  to  the  middle  curve,  the  short  circuit  occurred 
when  tl)e  phase  voltage  was  near  its  maximum  value,  giving  an 
ai)i)roximately  symmetrical  relation  of  the  current  crcst.s  with  resi>oct 
to  the  7A>ro  axis  :  for  the  upjx>r  curve,  the  short  circuit  occurri'd  when 
the  phase  volt.-ige  was  near  its  zem  value,  giving  an  unsymmetrical 
current  wave  a.<  the  n\sult  For  Ixtth  ca.ses.  the  total  amplitudes  of 
the  current  waves  at  the  instant  of  short  circuit  are  the  .same  and  are 
equid  to  /o  =  2\  L'/.  where  /  is  the  effective  value  of  the  riirrent.  If 
we  take  into  account  the  damping  action  of  the  field  circuit,  the  total 
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amplitude  will  be  reduced  approximately  10  per  cent,  and  the  maxi- 
mum'tpossible  value  of  the  instantaneous  current  is,  therefore,  equal 

1-8  effective  volts  per  phase  X  y/l 

to  ■/o= '^''^ 7^ • 

reactance  XV'* 

In  calculating  the  instantaneous  value  of  the  short-circuit  current 
which  may  occur  under  the  worst  possible  conditions,  one  should, 
therefore,  assume  the  case  of  an  unsymmetrical  current  wave.  For 
example,  if  the  reactance  of  an  alternator  based  on  normal  voltage 
and  current  is  10  per  cent.,  and  the  short  circuit  occurs  when  the 
machine  is  operating  at  normal  voltage,  the  maximum  jjossible 
instantaneous  current  equals  (100/10)  X  l-S/nXV^  ;  where  /„  = 
effective  value  of  rated  full-load  current. 


Fig.  1. — Oscillogram  or  a  Theee-phaSe  Short-circuit  on  a  10,000- 

K.V.A.,  6,fi00-VOLT  63-CYCLE  GEXERATOR. 


63,500  volts  highjtension.  The  per  cent,  impedance  ba.sed  on  the 
test  voltage  is,  therefore. 

23x70,000  63,o00=25-3  per  cent. 

The  normal  high-ten.sion  current  is  82  o  amperes  per  phase.  The 
maximum  possible  instantaneous  value  of  the  current  from  the  above 
equation  equals  (100/25-3)  X  1-8  X  82-5  X  -v/2=8.35  amperes. 

The  oscillogram  of  Fig.  4,  taken  on  this  test,  gives  an  average 
maximum  possible  value  for  the  three  phases  of  803  amperes. 

Sustained  Short  Circuit. — The  armature  current  has  now  reached 
a  cons'^ant  value  which  is  determined  by  the  combined  effect  of 
armature  impedance  and  armature  reaction  ;  this  quantitv,  which 
is  termed  "  synchronous  impedance  "  can  be  dealt  with  the  .same  as 
armature  impedance  and  can,  therefore,  be  combined  directly  with 
any  external  impedance. 

Taking  again  the  case  of  the  10,000  k.v.a.  alternator  jast  men 
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Fig.    3  — Tracing   of  an   Oscillogram  of  a  Three-phase    Short 
Circuit  on  a  10 ,000 -k.v.a.,  11,000-volt,  25-cycle  Generator. 


If  any  external  impedance  is  included  between  the  alternator  and 
the  point  of  short  circuit,  the  internal  and  external  impedances  add 
directly  to  limit  the  flow  of  current. 

Fig.  2  shows  the  no-load  saturation  and  synchronous  impedance 
curves  of  a  10,000  k.v.a.  three-phase  11,000-volt  25-cycle  alternator. 
This  machine  was  short  circuited  at  its  terminals  when  operating  at 
no  load  and  with  a  field  excitation  of  115  amperes  which  gave  6,000 
volts  per  phase.  Fig.  3  is  the  oscillogram  taken  for  this  condition 
and  indicates  an  average  maximum  possible  instantaneous  current 
for  two  of  the  phases  of  11,150  amperes.  From  the  given  formula 
the  impedance  per  leg  equals  0-792  ohm. 


'      1 
1 

/ 

Z,^ 

1 2,000 

rac^^ 

lO.OOJ 

- 

U-o4^^ 

^y 

/j& 

AY  > 

4/ 

8,000 

x"^!^ 

^f 

A/ 

// 

6,000 

- 

\. 

V  / 

L^^ 

^/ 

'  4^^ 

4,000 

/ 

/  '• 

/  / 

/ 

V 

2,000 

-  A 

/ 

// 

/ 

1,000 


800 


600     I 


400     I 

5 

200     ^ 


0 


0 


50 


350 


100         150         200       250        300 
Field  Amperes. 

Fig.  2. — ^The  No-load  Saturation  and  Synchronous  Lmpedance 
Curves  for  a  10,000-k.v.a.,  11,000-volt,  25-cycle  Generator. 


tioned  ;  the  synchronous  impedance  equals  the  no-load  voltage 
divided  by  the  corresponding  short-circuit  current  for  the  same  value 
of  field  current.  As  the  resultant  field  flux  is  that  corresponding  to 
the  voltage  necessary  to  force  the  current  through  the  impedance  of 
the  circuit,  there  is  no  saturation  of  the  magnetic  paths  within  the 
usual  limits  of  excitation,  and  the  no-load  voltage  corresponding  to 
any  value  of  field  current  should,  therefore,  be  taken  from  the 
straight  line  portion  of  the  saturation  curve  or  a  continuation  of  this 
straight  line.  From  Fig.  2,  the  short-circuit  current  corresponding 
to  275  amperes  excitation =1,405  amperes  or  2-68  X  normal  current ; 
the  synchronous  impedance  based  on  normal  voltage  is,  therefore, 
100/2-68=37-4  per  cent. 

With  the  same  field  excitation  the  sustained  short-circuit  current 
was  then  measured  with  reactance  coils,  transformer  and  transmission 
line  in  the  circuit ;  the  external  impedance  based  on  normal  voltage 
and  "current  equals  16-2  per  cent.  As  the  excitation  at  no  load  for 
normaljvoltage  is  211  amperes  (straight  line  saturation),  the  cor- 
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Fig.  4. — Tracing  of  an  Oscillogram  of  a  Three-phase  Short- 
circuit  ON  A  10,000-K.V.A.  Il.OOO-VOLT  2o-C\"CLE  GENERATOR.  INCLUD- 
ING Impedance  of  Transformers,  Reactance  Coils  and  Line. 


The  rated  full-load  current  of  the  generator  is  525  amperes  and 
the  per  cent,  reactance  based  on  normal  voltage  and  current  is 
therefore 

525x0-792x  V3  11,000=6-55  per  cent. 

The  alternator  was  then  connected  to  an  external  circuit  consisting 
of  reactance  coils,  step-up  transformer  with  a  voltage  ratio  of  11,000: 
70,000  and  transmission  line  ;  the  total  actual  external,  impedance 
being  equal  to  16-4  per  cent,  based  on  normal  current  and  voltage. 
The  total  impedance  was,  therefore,  equal  to  16-45-f6-55=23-0  per 
cent.  The  short-circuit  test  for  this  case  was  made  at  no-load  with 
190  amperes  field  current.  As  the  impedance  is  practically  constant 
with  the  usual  range  of  excitation,  a  straight  line  saturation  should 
be  assumed,  tangent  to  the  lower  portion  of  the  magnetisation  curve  ; 
for  the  given  excitation,  we  then  have  10,000  volts  low  tension  equals 


rected  value  of  external  impedance  =  16-2x211/275= 12-4  per  cent. 
The  total  imix  dance  =  37-4  — 12-4=49-8  per  cent. 

Therefore,  the  short-circuit  current  =  100  49-8=2-01  \  normal 
current. 

The  normal  high-tension  current  =  82-5  amperes,  therefore. 
2-01x82-5  =  165  amperes.  The  actual  measured  current  was  160 
amperes. 

With  an  external  impedance  of  22-3  per  cent,  based  on  normal 
voltage  and  current  or  22-3x211/275  =  17-1  per  cent,  based  on 
excitation  of  275  amperes,  the  totjil  impedance=37-4— 17-l=54-5 
per  cent.,  or  100/54-5=  1-83  X  normal  current,  therefore,  1-83x82-5 
=  151  amperes.     The  observed  value  in  this  case  was  145  amperes. 

Fig.  5  indicates  diagrammaticaUy  a  large  generating  station  con- 
taining six  30.000  k.v.a.  11. 000- volt  turbo-alternators,  operating  on 
a  "ring"  'bus  and  with  reactoi-s  between  each  two  generators  having 
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a  reactance  of  10  per  cent,  based  on  the  normal  current  and  voltage 
of  one  machine.  Each  generator  is  equipped  with  an  automatic 
voltage  regulator,  and  the  maximum  excitation  obtainable  is  30 X 
the  excitation  for  normal  voltage,  no  load  (straight  line  saturation 
curve).  The  sustained  short-circuit  current  with  maximum  ex- 
citation is  2-5  X  normal,  or  the  sjiichronous  impedance= 100/2-5=04 
per  cent.  The  per  cent,  'bus  reactance  corrected  for  the  increased 
excitation  =  10/3-0=3-33  per  cent. 
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Fio.  5. — A  One-line  Dugr.am  of  a  Station  Layout,  showing  the 
Generators  Connected  to  a  Ring  'Bus. 

For  a  short  circuit  occurring  at  "  x  "  the  total  impedance  of  the 
station  is  obtained  by  combining  the  individual  impedances  as 
follows  : — 

^-^  I    J",  |=40+(3-33/2)  =  41-67percent (1) 

^'^■"D'G^oT^^^^^T^         ^'^ 

(2)-Pn  =  13o+(3-33/2)  =  I517  per  cent (3) 

(3)4rf„  ]=— ^ =8-64  per  cent (4) 

L/=^  J     (I/15-17)-f(2/40)  ^  ^   ' 

(4)  •  I    M-8-64  +  (3-33/2)  =  10-31  percent (5) 

(5)+     (J     = — ; =8-2  per  cent. 

(l/I0-31)  +  (l/40)  ' 

100/8'2=  12-2  X  normal  current  of  one  generator,  i.e.,  the  current 
corresponding  to  12-2  X  30,000=360,000  k.v.a. 
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.As  the  current  divides  aiuoup  the  parallel  circuits  inversely  as  their 
impcdanoes.  we  obtain  tlic  following  results: — 

GoiuTiUor.  Current  x  normal. 

A   1-70 

C(  =  C')    l-8» 

Ki'^K')  2-08 

(; 2-5 


Reactance.  Current  X  Normal.        Per  cent,  volts  drop. 

6(  =  ?/')    0-89     8-9 

d(=d')    2-77     27-7 

/{  =  /') 4-8.5     48-5 

Therefore  the  voltages  of  the  different  generators  will  be  : — 

Generator  A 9,360  volts 

Generator  C(  =  C') 8,380  volts 

Generator  e\  =  E')  5,340  volts 

Generator  G 00  volts 

On  sustained  short  circuit,  the  individual  generators  will,  therefore, 
operate  approximateh'  imder  the  conditions  of  voltage  and  current 
as  indicated. 

Fig.  6  shows  the  decrease  of  the  short-circuit  current  at  different 
time  intervals  with  constant  field  excitation.  These  results  were 
obtained  from  oscillograph  records  of  tests  on  different  machines. 
The  ordinate  at  any  time  (  indicates  the  ratio  of 

effective  value  of  current  at  time  t 

effective  value  of  current  at  first  crest 
For  symmetrical  waves,  the  same  curves  would  also  show  the  ratio 
of  instantaneous  values  of  the  current. 

An  analysis  of  many  oscillograms  of  short  circuits  taken  on  both 
25-  and  60-cvcle  generators  indicates  that  even  when  the  current  wave 
is  uns^  mmetrical  at  the  start  it  becomes  approximately  sj'inmetrical 
from  0-2  to  0.5  seconds ;  therefore,  the  current  which  the  switch 
must  rupture  becomes  a  more  definite  quantity  and  has  a  fairly 
definite  relation  to  the  sustained  short-circuit  current,  providing 
the  excitation  remains  constant. 

An  interesting  comparison  is  obtained  from  curves  No.  1  and  No.  3  ; 
curve  Xo.  1  is  for  a  generator  alone  and  curve  Xo.  3  for  the  same 
generator  with  external  impedance.  The  slow  decay  of  current  in 
the  latter  case  emphasises  the  objectionable  featuie  of  reactance  coils 
in  relation  to  instantaneous  switch  operation,  namely,  that  although 
the  instantaneous  and  sustained  currents  are  reduced  by  the  added 
reactance,  yet  the  values  of  current  for  the  two  ca^es,  at  the  instant 
of  opening  of  the  switch  contacts,  may  possiblj"  be  approximately 
the  same.  As  far  as  the  switch  is  concerned  no  gain  would  have  been 
made  in  such  a  case,  and  a  new  element  of  danger  would  have  been 
added  on  account  of  the  possibility  of  high  voltage  discharge  due  to 
the  reactive  effect  of  the  coil. 


AN  APPROXIMATE  METHOD  OF  CALCULATING  SHORT- 
CIRCUIT  CURRENT  IN  AN  ALTERNATING-CURRENT 
SYSTEM.* 

BY  H.  R.  W^LSON. 

Sunnnarif. — The  author  first  points  out  the  importance  of  determining 
the  short-circuit  current  values  in  an  alternating-current  system,  and 
then  (litTcnntiatcs  Ix-twcen  the  instantaneous  and  the  sustained  valu(  s. 
From  this  ])nint  on.  the  article  consists  of  a  detailed  diapranimatu  and 
matlKMiintical  work-u]>  of  a  ty]iical  set  of  calculations  for  reactance, 
current.  \c.,  as  aj>])lie(i  to  a  rejiresentative  large  alternating-current 
system. 

Since  probably  the  most  lucid  form  of  an  explanation  of  the 
practical  inetiind  for  calculating  short-circuit  factors  is  an  examjile, 
a  tyiMcul  installation  has  been  selected  for  tliis  article  and  the  cal- 
culations a])])lied  to  it  are  worked  out  in  detail  in  the  following. 

Consider  a  (Ul-cycle  three-phase  system  as  shown  by  the  one-line 
diagram  in  Fig.  1.  The  groinidwork  was  laid  down  several  years 
ago.  As  time  w-ent  on,  the  system  grew'  and  considerable  equipment 
was  (vddcd.  In  acrrirdance  with  the  modern  desipi  tendency,  the 
more  recently  installed  iipjNiratus  has  the  higher  uvictame. 

The  inM(inl(ni€nu/>  jK>r  cent,  reactance  of  each  generator  and  each 
transf<irM)(»r.  Iiascd  «n  its  rale«l  capacity  and  the  ]iot  cent,  of  each 
ba,sed  nn  an  arbitrary  value  of  4.(KK»  k.v.a.  will  be  as  in  Table  I. 

Table  I. 


station 

Pf  r  cent,  reactance 

l\  T  oent.  reactance 

No. 

based  on 

Iwist'd  on 

rated  ca]>acity. 

4.(HKt  k.v.a. 

1 

4.000  k.v.a.  generator 

12-0 

12  0 

2 

2.300  k.v.a. 

12-0 

22rt 

3 

6.000  k.v.«.  tranisformer 

fiO 

4  0 

4 

I.-WOk-va. 

11-4 

30-4 

a 

l.oOOk.v.R. 

1 1  t> 

3 10 

fi 

«.t10<1k.v.«. 

7-3 

4'.t 

6 

2,«XH)k.r.n.  grnorntor 

4  0 

S-0 

a 

2.2.Wk.v.a.  transformer 

3  0 

7-0 

6 

9.37.5  k-v.a.  Rrncrator 

22-0 

0-4 

1 

♦.."jWI  k. v.a.  transformer 

.15 

4  0 

8 

l..V10k.v.«. 

11-7 

31-2 

'  d  from  the  "General  Electric  Re^^ew"  (of  America). 


THE  ELECTRICIAN,  AUGUST  25,  1916. 


691 


r   The  single-phase  reactance  in  ohms  per  1,000  ft.  of  a  three-phase 
circuit  is 

|2X7rX/x(0-1411og-+0-0576)| 

1,000  1,000  ' 

in  which  Z)=interaxial  spacing  of  conductors, 
and  d= diameter  of  conductor. 

The  per  cent,  reactance  is 

k.v.a.  X  reactance  ohms 
(kv.yxlO  • 

V  The  hnes  from  station  No.  1  to  station  No.  3  and  from  station 
No.  2  to  station  No.  3  consist  of  500,000  circular  mil.  cable  with 
3  ft.  spacing. 
*  The  reactance  per  1,000  ft.  is 

{2X7rX60x(0-141xl-64+0-0576)'     ^,,     , 
J ^ '=0-ll  ohms, 

1,000 
or,f  based^on  4,000  k.v.a.,  is 

4,000x0-11     ^^^^ 

— =0-025  per  cent. 

(13-2)^x10  ^ 


Now,  for  a  specific  example  of  what  will  occur  when  a  short-circuit 
takes  place,  consider  a  fault  on  the  13,200- volt  'bus  of  station  No.  6 
— all  the  apparatus  being  in  service  and  all  switches  closed.  The 
instantaneous  reactance  to  the  fault  may  be  diagrammatically  ex- 
pressed as  in  Fig.  2. 

The  total  per  cent,  reactance  to  the  fault  will  be  as  follows 

Station  No.  1 


Station  No.  2 


Four  generators  in  parallel 
12-0  per  cent./4=3-0  i)er  cent. 

Three  generators  in  parallel 

22-6  i>eT  cent. /3= 7 -5  per  cent. 

Stations  No.  1  and  2  :   In  parallel 

1 
=2-1  per  cent 

(l/3-0)+(l/7-5)  "^ 

Station  No.  3  :   Four  transformers  in  parallel 

4-0  per  cent. /4=  1-0  per  cent. 
Two  lines  :   In  parallel 

=  1-2  per  cent. 


Station  No.  6 


(l/2-l)x(l/3-2) 
Three  transformers  in  parallel 
4-9  per  cent. /3= 1-6  per  cent. 


STATION  N°  7. 


STATION    N?  6. 


13200  V.  Bus. 


4500  kva. Trans  f^ 
nWip-  9575 k.v.a. 

0-2%  1R 
16-5  Miles. 


0-68%  tjc. 
0-607o  1R. 


1500  k.v.a.  Transformer. 
I    31-2%  tJC. 
/      2-3Vo1R. 


n  "^^^^^mM  x#ij 


L    i    iii    Li 


■^^^TT"^,  6000  kv. 


bOOOkva. 
Transf'rs 

49%  1x. 
^  0-5%1R. 


5Z  Miles. 


2-14%  1x.. 
1-907o1R.. 


STATION  N°  8. 


Fig.  1. — One-line  Diagram  of  an 
Extensive  Alternating  -  current 
System, 


2250  k.v A. 
Transfr? 

T0%  Ijc. 

1QV.  1R. 


-2300  V.  Bus. 


2000 k.v.a.  Generators 
—   8-0%  1-c 
1-0%  1R. 


47-1  Miles. 
1-96%  /x. 


11-7  Miles 


0-46%  ix. 
0-40%  1R. 


39-5Miles 
1-6Z°/o1x. 
1-40°/o1R. 


1-70°U  1R. 


STATION 


STATION 
N?3. 


1500  k.v.a.  Transformer 
31-0%  1x 
2-3%  //f. 


31  Miles. 


1-27%  lx 
1-10X1R 


36000  V.  Bus 

6000  k.v.a.  Transformer 
4  07.,  1x 
0-57o  1R 

13200  V  Bus 


1-5  Miles. 
0-2%  lx. 
0-2°L  1R. 


STATI0NN?1. 


4000  k.v.a.  Generators. 
■Ht— ^    120%  lx. 
0- 267.1  R. 


1500  k.v.a.  Transformer 
\30-4X1x. 
\  2-3%  1R. 


13200  V.  Bus 


STATION  N°  4. 


13200  V.  Bus 


STATION  N"?  2. 


2300 k.v.a.  Generators ^ 
22-0°/.  lx 


22 -6% 


As  these  lines  are  of  such  short  length,  the  reactance  is  compara- 
tively small  and  will  be  neglected  in  the  further  calculations. 

The  lines  for  transmission  at  88,000  volts  consist  of  No.  0  con- 
ductor with  96-in.  spacing. 

The  reactance  of  this  conductor  per  mile  is 

5-28{2  x  TT  x  60  x  (0-141  x  2-41  +0-0576)|. 

Tooo  ' 

or,  based  on  4,000  k.v.a.,  is 

4,000x0-8/ {(88)^X10}  =0-041  per  cent. 

The  several  88,000-volt  lines  will,  therefore,  have  reactances  as 
shown  in  Table  II. 
Table  II. 


=0-8  ohms, 


Miles. 

Per  cent. 

Station  No.  3  to  stationNo.  4    

310 
47-7 
16-5 
39-5 
11-7 
52  0 

1-27 

.,      No.  4         , 

No.  6    

1-96 

„      No.  6 

No.  7    

0-68 

„      No.  3"       , 

No.  5    

1-62 

„      No.  5 

No.  6    

1-48 

,,      No.  3 

No.  8    

214 

The  total  reactance  from  station  No.  1  and  No.  2  to  the  low 
voltage  'bus  of  station  No.  6  is  2-l+l-0+l-2-|-l-6=5-9  per  cent. 

Station  No.  6  :   Two  generators  in  parallel 

8-0  per  cent./2=4-0  per  cent. 
Two  transformers  in  parallel 

7-0  per  cent./2=3-5  per  cent. 
Generators  and  transformers  in  series=7-5  per  cent. 
One  generator  9-4  per  cent. 

Therefore,  at  station  No.  6  there  are  in  parallel  5-9,  7-5  and  9-4 
per  cent,  reactances  which  give 

=2-4  per  cent,  total  reactance. 

(l/5-9)+(l/7-5)+(l/9-4)  ^ 

The  instantaneous  current  at  the  fault  is  equivalent  to 

{100/2-4}  X 4,000=167,000  k.v.a.,  or  7,300  amperes. 

The  total  resistance  to  the  fault,  determined  by  the  same  method 
as  just  described  for  total  reactance,  is  0-16  per  cent,  and  if  the  total 
reactance  is  2-4  per  cent.,  the  total  impedance  isV  {(2-4)*-f  (0-16)-}or 
2-405  per  cent., "so,  for  all  practical  purposes,  simply  the  reactance 
values  need  be  used. 
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Calculations  to  determine  the  sustained  short-circuit  current  will 
be  sufficiently  accurate  if  the  synchronous  reactance  of  the  generators 
is  added  directly  to  the  reactance  of  the  remainder  of  the  system. 

Table  III.  


Station 
No. 


[Per  cent.  reactancciPer  cent,  reactance 
'  baf*d  on  I  ba^ed  on 

rated  capacity.     I        4,000  k.v.a. 


1  4,000  k.v.a.  generator 

2  I  2,300  k.v.a. 
6  |2,000k.v.a. 
6  9,375  k.v.a. 


17-3 
18o 
250 
510 


17-3 
32-2 
50  0 
21-8 


The  synchronous  reactances  of  the  generators  in  this  system  are 
as  given  in  Table  III.,  it  being  assumed  that  all  the  generators  are 
provided  with   voltage  regulators  which  will  increase  the^exciter 


Station  **§ 
N96.     II 


1 L 


J^§ 

f«s 

(;>c 

S^o 

^a 

NO 
C3 

1 

^ 

"OS 

^^g 

r 

r 

Station 
NO  3 


11(1 

station  N?1. 


r  r 

Station  N?  2. 


Fifi.  2. — A  Di.\GR.\M.MATic  Kepkesextation  of  Instantaneous 
Reactance  when  a  Fault  Occurs  on  the  13,200-volt  'Bus  of  Station 
No.  6,  Fir:.  1.     ' 

voltage  above  nonnal  voltage.  Substituting  these  synchronous 
reactance  values  for  the  instantaneou.s  values  in  the  previous  calcu- 
lations, the  sustained  short-circuit  current  will  be  found  to  be 
ecjuivalcnt  to  !)I,0()0  k.v.a.,  or  4,()(M)  amperes. 

The  switcli  in  this  feeder  would  be  re<|uired  to  rujiture  the  in- 
stantaneous short-circuit  current  of  7,300  amperes  if  it  operated  at  the 
exact  moment  the  fault  occurred  ;  but,  as  there  is  an  element  of  lag 
in  even  the  fastest  moving  automatic  switcli  and  as  the  short-circuit 
current  decreases  very  rapidly,  the  current  wliich  the  switch  will 
break  is  mf)re  likely  to  Ije  nearer  to  the  sustained  value,  i.e.,  4,000 
amjieres.  ^' , 


•^■^o  ^^stion  A/0.6. 


Stations  fiosL 
Z  and  3. 


Fio.  3. — A  DiAiiKAVMMii  Hfi'uksentation  (IF  Instantaneoi  s 
Rkactancl  when  a  Failt  <)ccur.s  on  the  T1j(;h -tension  *IU's  of 
Station  No.  4,  Fio.  I. 

The  reactance  of  the  system  when  a  fault  occurs  in  the  transformer 
at  .-talion  No.  4  may  be  diagranimatically  represented  by  Fig.  3.  in 
which  .ii.  reaotante  of  line  froiu  station  No.  3  to  station  No.  4,  is  1-2 
per  cent. ;  Vj.  total  effective  reactance  of  station  Nos.  1.  2  and  3.  is  3-1 
percent. ;  .r.,.  reactance  of  line  from  station  No.  3  to  station  No.  6.  is  21 
per  cent.;  .i\,.  total  etTective  reactance  of  station  No.  6,  is  .5-8  ix>r 
cent.;  .r  5,  reactance  of  line  from  station  No.  6  to  station  No.  4.  is  1-U 
jier  cent. 


By  KirchoiFs  law  :— Ig-^  |  ^!^ 

X2=\K{Xi—X2)—x-^X2,{Xi—x^)]  /(Z-^aria-4)=4-3  per  cent. 

K=XiXi^X3X'^-rXiX^=2~~i  per^cent. 

Xi^ijij /(.rj— X2)=-4-5  perjcent. 

Xi=XyX^J  {Xi(a;2— X3)— Z2X3;  =7-8  per  cent. 
The  total  effective  reactance  to  the  fault 


=2-77jper  cent. 


'   {\jx,n{\ix^) 

The  instantaneous  equivalent  short-circuit  current 
=(100/2-77)  X  4,000 
"^  =145  000  k.v.a.,  or  GoO'amperes. 

Substituting  the  sjTichronous  reactance  of  the  generators,  the 
total  effective  reactance  to  the  fault  A\ill  be  3-17  per  cent,  and  the 
sustained  short-circuit  current  will  be  830  amperes. 

Now,  if  a  fault  occurs  on  the  feeder  side  of  the  transformer  at 
station  No.  4,  the  reactance  of  the  transformer  (30-4  per  cent.)  will 
be  added  to  the  instantaneous  reactance  of  2-77  per  cent.,  giving 
33-17  per  cent,  and  the  instantaneous  equivalent  short-circuit  current 
\\-ill  be  equivalent  to  121,000  k.v.a.  The  inherent  reactance  of  the 
transformer  would  limit  the  equivalent  short-circuit  current  to  the 
value  of  13.200  k.v.a.,  so  that  the  transformer  should  be  designed  to 
withstand  the  strains  due  to  practically-  full  short-circuit  current 
with  sustained  voltage,  as  the  additional  effective  reactance  in  the 
system  reduces  the  short-circuit  current  ordy  8  per  cent. 

Similar  calculations  will  give  the  short-circuit  current  at  the  other 
stations  and  the  requirements  of  the  apparatus  can  thus  be  deter- 
mined. 


PAISLEY  AUTOMATIC  TELEPHONE  EXCHANGE. 

BY  J.  HEDLEY. 

• 

An  important  stage  in  the  progress  and  development  ol 
automatic  telepliony  was  reached  when  the  above  exchange 
was  brought  into  use  on  July  15th  last. 

Automatic  excliange  working  for  public  ser\-ice  was  fii'st 
introduced  in  this  country  in  1912,  wlien  the  Epsom  exchange 
was  opened  witli  a  capacity  of  500  lines,  and  since  that  date 
exchanges  have  been  opened  at  Hereford  (500  lines)  and 
Darlington  (800  lines)  in  1914.  Accrington  (700  lines),  Chep- 
stow (65  lines),  and  Xowpoit,  Mon.  (2,000  lines)  in  1915.  and 
Portsmoutli  (5.2U0  lines)  in  April  last.  Equipment  for  1.200 
lines  has  been  provided  at  Paisley,  and  some  details  of  tlie  plant 
will  prove  of  interest.  The  installation  is  the  first  of  its  kind 
in  Scotland,  and  embodies  the  latest  developments  in  auto- 
matic telephone  exchange  working. 

1.  Facilities  are  available  on  primary  line  switch  units  for 
cross-connecting  subscribers'  lines  to  any  line  switch,  thus 
affording  means  for  distributing  the  originating  traffic  equally 
throughout  the  exchange. 

2.  NVIien  the  called  subscriber  is  engaged,  a  "  busy  back  " 
tone  is  given  to  tlie  originating  subscriber;  if  the  engaged 
subscriber  is  called  from  the  manual  board,  a  "  busy  ""  flash 
signal  is  transmitted  to  the  operator's  cord  circuit. 

3.  Wlien  a  called  subscriber  replies,  the  ringing  current  is 
tripped  immediately. 

4.  The  number  of  routes  incoming  to  any  unit  of  100  lines 
can  be  varied  without  altering  the  permanent  wiring.  In- 
creases in  load  incoming  to  any  unifcan  thus  be  dealt  with  by 
merely  inserting  a  coniu'ctor  swit(  h  on  one  of  the  spare  mul- 
tiple banks  ]»rovided. 

5.  The  meter  ol  the  originating  sui»s<riber  is  operated  for 
completed  calls  l)etween  two  automatic  subscribers  only.  The 
meters  rre  mounted  on  racks  in  such  a  position  that  the 
reconls  are  readable  from  the  manual  switchroom. 

6.  In  the  ca.se  of  tnmk  and  junction  calls  via  the  manual 
board,  talkmg  current  is  supplied  to  the  subscribers  telephone 
direct  from  tiie  manual  board  cord  circuit,  thus  iini>roving 
transmi-ssion.  In  order  to  effect  this,  the  connector  circuit  is 
arranged  to  switcli  the  feeding  coils  of  the  automatic  plant 
out  of  circuit  when  the  sul>scril)er  replies. 

7.  The  operators  at  the  outlying  manual  exchanges  "  dial "' 
the  Paisley  subscribers  direct  over  the  junction  circuits. 
Standard  .super\ision  is  affonled  to  the  sub-exchange  operator. 
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8.  Eacli  switch  and  tlie  outgoing  and  incoming  routes  for  with  each  primary  line  switch  unit  can  be    removed  without 
each  switch  are  so  designated  as  to  enable  calls  to  be  traced  dis])lacing  the  subscriber's  line  switches. 

backwards  or  forwards  to  tlie  next  switch  without  difficulty.  The  whoh;  of  the  equipment  is  fitted  on  thf;  first  floor  of  the 

9.  An  alarm  circuit  is  extended  to  the  manual  board  during  head  post  office,  and  from  a  maintenanff  standpoint  the  lay- 


Primary 
Line 

Switch 
Units 

Connec- 
tor 
Side. 


M  D.F. 


Test 
Desk. 


Fig.    1. — Main   Frame   and   Peimaey  Line   Switch   Units. 


Fig.    2. — View   of   First   and   Second   Selector  Boards. 


the  night  and  on  Sundays,  when  no  engineering  staf!  is  on  duty  out  of  the  plant  may  be  considered  to  be  ideal.     The  under- 

m  the  automatic  exchanges.     The  alarm  is  associated  only  ground  cables  are  led  \aa  a  cable  chute  to  the  main  frame  on 

with  those  circuits  which  actually  affect  the  working  of  the  which  fuses  for  2,400  circuits  are  provided.     The  lines  are  then 

exchange,  such  as  fuses  blown  and  failure  of  ringing.  cross-connected  to  the  protector  side  of  the  main  frame  accord- 

10.  The  master  switch  controlling  the  line  switches  associated  ing  to  the  aumbers  allocated  to  the  subscribers  ;    pemianent 
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switchboard  cabling  is  provided '  between  the  subscriber's 
protectors  and  the  primary  line  switch  units.  Figs.  1  and  4 
show  the  respective  location  of  the  main  frame  and  primarj- 
hne  switch  units.     The  latter  are  shown  on  tlie  left. 

Fig.  3  shows  a  detailed  view  of  the  line  switch  side  of  a  100 
line  unit.  The  line  switch  is  operated  immediately  the  sub- 
scriber takes  his  receiver  off,  and  connects  the  subscriber  with 
a  free  switch  ready  to  receive  the  impulses  from  the  calling  dial. 


The  four  ceihng  lamps  are  for  the  purpose  of  indicating 
faults  requiring  prompt  attention — e.g.,  "  M.S."  is  a  blue  lamp, 
which  glows  when  the  master  switch  rotates  due  to  all  tininks 
being  engaged. 

There  are  12  primary  line  switch  units,  two  for  private 
branch  exchange  subscribers  and  10  for  ordinary  subscribers, 
numbered  2,0<J0  to  3,199  inclusive  ;  each  unit  is  wired  for  20 
outgoing  trunks  and  equipped  with  apparatus  for  10  outgoing 


Second 

Selector 

Board. 


( 


Fig.  4. — M.vrx  Frame  ls  Re.\r.     Primary  LrsE  Switch  Units  at  Left. 


Fio.  3. — Detam.^View.  showino 
Phimahv  Link  JSwitches  for  Indi- 
vinrAL  SiuscRiBEUs.  Terminai.  Stiups 
FOR  Cross  Connectin(;.  C'EUiMi 
Alarm  Lampsfor  Uroent  Favlt.s. 


Fin.  i'. — View  of  Sk(<im>akv  ( 


ell*". 


The  t(Mininal  strips  at  the  top  of  the  unit  are  for  tiio  purpose 
of  fullilliii!:;  tho  cross-connocting  condition  outlined  under  (1). 
Tlic  two  strii),s  at  the  sides  each  acconimodsUe  2.")  subscribers" 
line  s\vit<'lH»s  -  /.c,  .')()  for  cacli  side.  Two  of  the  centre  strips 
are  associated  with  the  trunks  outgoing  to  the  first  selectors. 
10  per  strip.  The  li'iiiaining  strij)  accommodates  tl'.e  cables 
incoming  to  c«iuncctors  innw  second  selectors. 


trunks.  The  two  r.H.X.  units  are  wired  for  19  incoming 
rotary  connector  switche.s  and  fitted  with  10.  The  remaining 
units  are  wired  (or  13  in<  oining  straight  connector  switclies 
and  fitted  with  1<».  Tiie  12tt  outgoing  truiJ<s  are  cabled  from 
the  12  primary  line  .switch  units  to  an  intennediatedistributijig 
frame,  where  they  are  cross-connected  to  120  first  selectors. 
Fig.  2  shows  the  first  selector  board  in  the  centre.     The 
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first  selector  switches  deal  with  the  first  number  dialled  by  the  conversation,  prevents  interference  during  conversation  from 

calling  subscriber.     One  hundred  and  ninety  first  selectors  are  other  calling  subscribers,  and  releases  the  switches  when  the 

provided,  70  of  which  are  directly  associated  with  jacks  on  the  originating  subscriber  restores  his  receiver, 

manual  board  for  trunk  and  junction  service,  and  the  banks  of  Fig.  6  shows  the  manual  switchboard  of  12  positions — four 

these  190  first  selectors  are  cabled  to  140  second  selectors  fitted  spare,  two  for  enquiries,  one  for  party  line  subscribers,  one  for 


Fig.  6. — Manual  Switchboakd  for  Enquiries.     Trunk  and  Junction  Service. 

on  the  board  shown  to  the  left  of  Fig.  2.     The  second  selector  coin  box  subscribers,  and  four  for  the  completion  of  originated 

switches  deal  with  the  second  figure  dialled  by  the  subscriber.  and  incoming  trunk  and  junction  calls. 

The  banks  of  these  switches  are  cabled  to  the  120  connectors  The  power  plant  consists  of  a  power  board,  two  motor- 
distributed  over  the  12  primary  line  switch  units.  generators,  two  ringing  machines  and  two  sets  of  accumulators 


Fig.  7. — View  of  Power  Plant. 


The  connectors  can  be  seen  clearly  from  Figs.  1  and  4.  The 
connector  switch  responds  to  the  last  two  figures  dialled  by  the 
subscriber,  and  in  addition  to  fulfilling  the  conditions  referred 
to  under  2,  3,  5  and  6,  tests  the  line  of  the  called  subscriber 


of  the  Chloride  Electrical  Storage  Co.'s  t^-pe,  with  a  capacity 
of  272  ampere-hours  at  the  nine-hour  rate  of  discharge.  The 
machines  are  of  the  shunt-wound  t}T)e  with  an  output  of  80 
amperes   at   35   volts,   and   were   manufactured   by  Messrs. 


supphes  talking  current  to  the  subscriber's  telephone  durijig      Crompton  &  Co.,  Chelmsford.     Fig.  7  shows  the  two  charging 
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sets,  two  ringers,  power  board  and  fuse  panel,  and  Fig.  5  shows 
the  secondary  cells  with  the  counter  E.M.F.  cells  at  the  right, 
for  maintaining  the  voltage  for  the  automatic  plant  constant. 

The  subscribers  now  joined  to  the  automatic  exchange  were 
previously  connected  to  a  magneto  exchange  of  the  multiple 
type.  There  are  915  direct  lines  working,  including  22  coin 
box  circuits,  and  20  party  line  subscinbers.  The  42  latter 
circuits  are  arranged  to  operate  as  standard  common  battery 
manual  telephone  circuits  on  two  positions  on  the  manual 
board.  The  coin  box  circuits  are  arranged  so  that  calls  in- 
coming to  these  subscribers  are  obtained  automatically. 

In  connection  with  the  transfer  of  the  subscribers'  lines, 
ti-unk  and  junction  circuits  to  the  new  exchange,  extensive 
underground  and  overhead  construction  work  was  carried  out 
by  the  Post  Office  engineers. 

The  whole  of  the  automatic  plant  was  manufactured  and 
installed  by  the  Automatic  Telephojio  Mlg.  ('o.  (Ltd.),  Liver- 
pool, according  to  a  specification  prepared  by  the  engineer-in- 
chief  to  the  Post  Office  (Sir  William  Slingo).  and  from  the 
results  of  the  working  of  the  exchange,  and  the  satisfactory 
reports  received  from  subscribers,  the  transfer  from  manual  to 
automatic  service  may  be  claimed  to  be  a  complete  success. 


CONSTRUCTION  OF  AN  ELECTROSTATIC  VOLTMETER.* 

BY  E.  R.  WOLCOTT. 

An  electrostatic  voltmeter  for  measuring  root-raean-square  values 
of  either  direct  or  alternating-current  voltages  up  to  75,000  volts  is 
Bhown  in  the  accompanying  illustrations.  The  voltmeter  has  been 
constructed  on  the  principle  of  the  Kehin  guard-ring  electrometer, 
wliich  can  be  readily  calibrated  as  the. force  of  electrostatic  attrac- 
tion is  balanced  by  a  known  weight  and  the  reading  is  taken  in  abso- 
lute C.G.S.  units. 


from  the  plate  B,  then  the  E.M.F.  in  volts  that  must  be  applied  to  A 
again  to  bring  P  into  the  plane  of  G  equals  e—kd\'(9,jrf);p,  where  k 
is  the  constant  of  transformation  from  electrostatic  units  into  volts 
and  is  approximately  equal  to  300. 

This  relation  holds  only  when  the  diameter  G  is  large  compared 
with  that  of  P,  and  when  the  distance  d  is  not  too  large  as  compared 
with  P.  An  experimental  determination  of  these  hmitations  may  be 
expressed  as  follows  : — 

/?     :     r     :     (i     :  :  •  8     :     3     :     12,     ■ 
where  i?  is  the  diameter  of  the  plate  G,  r  is  the  diameter  of  the  disc  P 
and  d  the  distance  between  A  and  B. 


Fig.  1. — Electkostatk  Voltmetei',.  showing  High-i'otential  and 

Gkoinded  Plates. 

As  shown  iu  Fig.  1,  A  and  B  arc  two  conducting  surfaces,  A  being 
coniiorrc^n  to  tim  source  of  hifjii  iK)tcntial  and  B  to  ground.  M  is  a 
micronioter  screw  for  adjusting  tlie  di.stance  d  Ijctwecn  A  and  i^. 
Tho  surface  A  consists  of  two  jwvrts.  the  rigid  guard  ring  and  tlic 
uioviiltic  plate  P.  which  is  lunig  from  sjiring  S  {see  Fig.  2)  mounted 
in  tlic  tulio  T.     Tiicsc  twci  jtiutcs  arc  normally  in  tho  .same  plane. 

If  the  s]iiing  S  be  so  adjusted  that  a  certain  u]>ward  force  F  be 
exerted  on  the  plate  P,  having  an  area  p.  which  is  at  a  distance  d 

*  From  the  "  Electrical  World,"  slightly  abbreviatcti. 


Figs.  2,  3,  4  axd  6. — Details  of  High-potential  ElemexiI,  showing 

SrRiNO  AND  Weights. 

The  instrument  is  calibrated  by  means  of  a  known  mass,  that  is 
the  platinum  spiral  u\  which  may  be  added  to  or  removed  from  the 
plate  P  by  the  knurled  head  K,  which  lifts  the  hollow  cylinder  Y.  so 
that  the  mass  ic  rests  on  it,  as  showTi  in  Fig.  4,  instead  of  on  the 
shoulder  F,  as  shown  in  Fig.  3. 

Referring  to  Fig.  1,  R  is  a  small  rod  from  wliich  is  suspended  a 
spring,  S,  and  which  is  securely  held  by  the  clamp  C.  The  knurled 
head  H  permits  of  fine  adjustment  in  raising  and  lowering  the  plate 
P,  w  Inch  is  su.sponded  from  the  spring  S  (see  Fig.  2).  The  brass  tube 
T  encloses  spring  8  and  has  tw'o  opposite  windows.  0.  near  its  lower 
end,  through  which  a  beam  of  light  from  the  lamp  L  passes.  By 
means  of  the  microsco])c  supported  at  U  and  U'  a  magnitied  shadow 
of  the  tip  of  the  loop  X  is  focussed  on  the  translucent  screen,  as 


Fig.  5.— Rack-axd-Pixiox  Elkvatixo  Mechanism  for  Adjvstiso 

Plate  B. 

show  n  in  Fig.  6.  X  is  a  Iiollow  cylinder  of  hard  rubber  to  darken  the 
transbu-ent  screen  and  at  the  same  time  ]irevent  the  ol>server  from 
g«'tting  t<M)  close  t<i  the  highly  charged  upi)er  jxirt  of  the  instrument: 
The  insulating  sup]xirt.s  I  are  of  hard  rublier.  E  is  a  rixed  plate 
which  supiMirt,"  the  movable  plate  B.  J  is  a  knurled  he.Td  for  rapid 
adjustment  of  the  jilate  B.  ivs  shown  in  Fig.  5.  Fine  adjustment  may 
l>e  obt.iined  by  turning  the  micrometor  screw  at  M.  1)  is  graduated 
disc  which  incJicatos  the  distance  E  Ix^twoen  plates  A  and  B  on  the 
scale  \'.  and  may  be  calibrated  to  read  dire(  tly  in  volts.  (J,  Q,  Q  are 
levelling  screws. 
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The  method  of  operation  is  as  follows  :  The  instrument  is  levelled 
so  that  the  plate  P  swings  freely.  B  is  then  moved  up  to  make  con- 
tact with  A  and  the  disc  D  and  scale  V  set  to  read  zero.  The  micro- 
scope is  adjusted  so  that  the  tip  of  the  shadow  of  X  touches  the  line 
L  on  the  translucent  screen,  as  shown  in  Fig.  6. 

The  plate  B  is  then  lowered  and  the  mass  W  (in  this  case  514  mg.) 
allowed  to  rest  on  the  shoulder  F  by  lowering  the  hollow  cylinder  Y 
by  means  of  the  knurled  head  K,  as  shown  in  Fig.  3.  The  tension  of 
the  spring  S  is  adjusted  at  H,  so  that  the  tip  of  the  shadow  of  X  again 
touches  the  line  L,  Fig.  6.  The  knurled  head  K  is  then  turned  so  as 
to  lift  the  spiral  from  S,  as  shown  in  Fig.  4.  The  plate  P  ascends  a 
short  distance  and  the  instrument  is  ready  to  use.  The  upper  part 
of  the  instrument  is  then  connected  to  the  high-tension  source,  and 
B  is  grounded  or  connected  to  the  opposite  terminal  of  the  high- 
tension  source,  if  so  desired,  as  E  is  also  insulated. 

The  electrostatic  attraction  causes  plate  P  to  move  towards  B.  B 
is  then  adjusted  so  that  the  tip  of  the  image  of  X  again  touches  the 
line  L.  The  electrostatic  attraction  between  the  discs  P  and  B  is 
then  equal  to  the  attraction  exerted  by  gravity  on  the  mass  W.  By 
substituting  the  values  d,  /  and  p  in  C.G.S.  units  in  the  formula,  the 
reading  in  volts  is  determined  or  the  scale  may  be  calibrated  to  read 
volts  directly.  Repeated  tests  of  this  instrument  have  demon- 
strated its  accuracy  to  one-tenth  of  1  per  cent. 


OCCURRENCE  AND  UTILISATION  OF  ZINC. 

A  recent  "  Bulletin  "  of  the  Imperial  Institute  refers  to  the 

occurrence  of  zinc  ores. 

The  most  important  deposits  are  situated  in  Southern  Corinthia, 
Styria  and  the  Tyrol.  In  Bulgaria  zinc  ore  has  been  raised  from  a  mine 
six  miles  south-west  of  Vratza.  In  France  the  most  important  mines  are 
those  of  Malines  (Gard),  Pierreflitte  Bulard  de  Sentein  St.  Lang,  Planioles, 
Bleymard  and  Bormettes.  The  production  of  zinc  was  commenced  about 
1870,  and  was  then  mostly  carbonate,  from  the  Alps  or  Pyrenees.  At 
Malines  the  ores  occur  in  a  deposit  of  the  middle  Jurassic  period.  The  out- 
put from  the  French  mines  in  1912  was  about  43,000  tons  in  all.  Germany 
ranks  as  second  only  to  the  United  States  as  a  producer  of  zinc  ores,  her 
most  important  deposits  occurring  in  Upper  Silesia,  while  smaller  quan- 
tities are  obtamed  from  Rhineland,  Westphalia,  Nassau  and  the  Hartz. 
Greece  has  her  most  important  mines  in  the  Laurium  district.  In  Italy 
the  most  important  mines  occur  in  Saixlinia,  others  in  Lombaidy, 
Piedmont  and  Tuscany  ;  they  are  amongst  the  most  productive  in 
Europe.  In  Norway  zinc  ore  has  been  mined  at  Hadeland,  Modum  and 
Ranen,  besides  low-grade  ores  near  Ghristiania.  The  most  important 
deposits  in  Russia  are  those  of  Poland,  the  chief  mines  being  near  Olkusch. 
Near  Bolishaw  the  deposits  form  a  mass  2,000  ft.  in  diameter  and  50  ft. 
thick.  Rich  deposits  also  occur  in  the  Caucasus.  In  Spain  80  per  cent, 
of  the  output  comes  from  mines  in  the  provinces  of  Murcia  and  Santander. 
China  has  mines  in  the  Hiiman  Province  which  in  1914  produced  22,875 
tons  of  zinc  ore  concentrates.  Zinc  also  occurs  in  Indo-China,  the  total 
output  being  36,400  tons  of  ore.  The  Japanese  mines  have  turned  out 
10,000  tons  of  crude  ore,  irrespective  of  minor  quantities  from  smaller 
mines,  most  of  the  ore  being  obtained  from  the  Kamioka  mines.  In 
Siberia  it  has  been  estimated  that  ore  reserves  amounting  to  2,000,000 
tons  have  been  developed,  particularly  in  the  Ridder  Mine,  Altai  Moun- 
tains. This  mine  has  been  taken  over  by  the  Irtysh  Corporation,  which 
is  building  both  lead  and  zinc  smelteries  at  Ekibastus.  Little  informa- 
tion is  available  about  Turkey  in  Asia,  but  the  chief  source  appears  to  be 
Karsasu,  on  the  Black  Sea.  Zinc  ores  are  worked  in  Algeria  in  the  Con- 
stantine  Department,  and  numerous  deposits  occur  in  Sonk-Ahras  and 
Tebessa.  Tunis  has  an  annual  output  of  about  30,000  tons  ;  these 
come  from  concessions  about  25  miles  from  Beja,  north  of  the  Sidi-Ahmet 
Mountains.  Several  other  localities  have  deposits  of  zmc  ores.  In 
America  the  United  States  holds  the  premier  position  as  producer  of  zinc 
ore  and  spelter,  there  being  important  mines  in  about  13  different  States. 
Missouri,  Wisconsin,  Kansas  and  Oklahama  are  responsible  for  about 
11,000,000  short  tons  (2,000  lb.)  in  1913,  and  accounting  for  over  50  per 
cent,  of  the  total  spelter  produced  in  the  world.  The  following  are  the 
quantities  of  spelter  produced  in  1913  in  the  chief  countries  : — 

Metric  Tons. 

United  States    320.283 

Germany    283,113 

Belgium 197,703 

United  Kingdom 59,146 

France  and  Spain 71.023 

Russia    7,610 

Norway 9,287 

Australia    ' 3,724 

And  the  world's  consumption  of  spelter  in  1913  was  1,012,700  metric 
tons.  In  Belgium,  since  1856,  the  production  has  been  insignificant,  but 
a  considerable  amount  of  ore  is  smelted  there. 

Probably  the  most  sticcessful  electric  method  of  smelting  zinc  ore  is 
the  De  Laval  process,  which  has  been  employed  in  Sweden.  In  this  case 
tne  roasted  ores  are  mixed  with  coal  and  a  flux  and  smelted  in  an  arc 
furnace.  The  product  contains  zinc,  lead  and  other  metals,  and  has  to 
be  refined  by  distillation.  About  half  the  cost  of  smelting  is  for  electric 
energy,  so  that  cheap  electric  power  is  essential  for  the  process.  In  the 
Snyder  process,  as  applied  to  zinc-lead  ores,  the  ore  is  roasted  to  oxide 


and  fluxes  are  added,  so  that  the  mixture  will  melt  at  about  1,000'C. 
This  is  then  treated  in  an  electric  furnace,  and  results  in  the  colle<;tion  of 
lead,  which  falls  below  the  slag  and  zinc  o.xide,  which  volatilises  and  is 
condensed  in  brick  chambers.  Electric  smelting  of  zinc  has  not  come 
into  general  use.  Regarding  the  commercial  spelter,  the  chief  impurities 
are  lead,  iron,  cadmium  and  arsenic.  If  the  spelter  is  u.sed  for  galvanirsing, 
lead  causes  it  to  peel  badly,  and  if  over  7  per  cent,  it  causf^s  bra.ss  castings 
to  crack.  Iron  renders  spelter  hard  and  brittle,  and  cadmium  is  objec- 
tionable, as  in  brass  it  acts  like  lead.  Arsenic  is  only  objectionaVjle  when 
the  spelter  is  being  used  to  form  hydrogen  for  use  in  lead  burning,  in 
which  case  it  is  impossible  when  arsenic  is  present  to  bum  a  strong  seam. 
Regarding  the  uses  of  zinc,  there  is,  of  course,  galvanising,  and  the  i>ro- 
cess  called  "  sherardising."  In  the  latter  case  volatile  zinc  enters  into 
combination  with  the  iron  surfac-e,  giving  a  protective  coating.  Another 
use  is  in  the  desilverisation  of  leawl,  chiefly  by  the  Parkes  process.  Finally 
it  is  used  to  extract  gold  by  the  cyanide  process.  Here  5  oz.  to  1  lb.  of 
zinc  is  used  for  each  ounce  of  gold  recovered.  In  South  Africa  the  con- 
sumption of  zinc  for  this  purpose  amounted  to  4,867  tons  in  1914.  Zinc 
pigments,  of  which  the  most  widely  used  are  zinc  white  and  lithopone, 
others  being  of  less  importance.  Lithopone  is  used  as  a  pigment  and 
filler  for  rubber  goods.  It  is  a  mixture  of  barium  and  zinc  sulphates, 
with  0-5  to  1  per  cent,  of  magnesia.  In  the  United  States  29,685  short 
tons  (2,000  lb.)  of  this  material  were  produced  in  1913. 


THOMSON  METERS  AND  THEIR  MAINTENANCE.* 


This  meter  is  well  kno^Mi.  A  field  winding  traversed 'by  j  the 
metered  current  and  the  armature  through  a  commutator  and 
brushes  are  supplied  with  a  small  current  from  a  high  resistance 
across  the  mains.  Any  sparking  resulting  from  imperfect  contact 
between  the  brushes  and  commutator  will  occur  imder  the  full 
voltage  and,  therefore,  will  be  destructive.  Risk  of  damage  must 
not  be  incurred  by  rimning  with  too  light  a  pressure  on  the  brushes. 
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Thomson  Meter. 

A  fine  wire  auxiliary  winding  to  compensate  brush  friction  is  con- 
nected in  series  with  the  armature,  but  by  this  means  constant  com- 
pensating torque  caimot  be  provided  (5  per  cent,  voltage  increase 
raises  the  compounding  torque  10  per  cent.),  and,  since  approxi- 
mate compensation  is  possible  merely  by  this  means,  the  total  fric- 
tional  torque  should  be  as  Ion'  as  possible.  The  figure  shows  that  a 
non-compounded  watt-hour  meter  only  starts  at  1/75-1  50  load,  and 
is  inaccurate  at  low  loads,  so  that  the  use  of  oscillating  brush  gear  is 
advantageous,  because  by  its  aid  the  error  curve  may  be  improved, 
as  shown  by  the  dotted  line. 

The  greatest  defect  of  direct-current  watt-hoiu:  meters  is  the 
influence  on  their  accuracy  of  the  earth's  magnetic  field.  This  is 
the  less  felt  the  stronger  the  field  of  the  current  winding,  but  even 
the  best  instruments  of  this  type  are  subje'^';  to  -r4-6  per  cent,  error 
at  1/20  load,  according  to  their  orientation.  Therefore  a  Thomson 
meter,  accurately  adjusted  in  the  workshop,  may  give  incorrect 
results  in  service.  Simple  ''control"  tests  in  situ  are  advisable, 
and  persons  working  this  type  of  meter  must  reckon  Avith  the  possible 
sources  of  error  and  must  pay  special  attention  to  the  effect  of  the 
earth  s  field. 

Temperature  changes  also  affect  the  acciu'acy  of  these  meters,  the 
resistance  in  series  with  the  armature  being  generally  of  constant 
resistance  metal  and  the  braking  disc  being  of  copper  or  aluminium, 
the  meter  runs  fast  with  rise  m  temperature. 

Standard  types  of  Thomson  meters  are  independent  of  voltage  ivnd 
frequency  changes  when  used  in  alternating-current  circuits,  but  the 
practical  advantages  of  mduction  meters  are  such  that  the  latter 
type  is  generally  used  in  alternating-current  work. 

Thomson  meters  should  be  cleaned  and  tested  thrice  a  year  for 
starting  load,  and  a  complete  test  up  to  nearly  fidl  load  shoidd  be 
carried  out  yearly  with  a  portable  resistance  frame  and  standard 
wattmeter. 

*  Abstract  from  the  "  Schweiz  Elekt.  Verein  Bui." 
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THE  ANOMALOUS  POSITION  OF  THE 
SKILLED  MUNITION  WORKER. 

Not  without  reason  there  has  been  a  good  deal  of  discus- 
sion with  reference  to  the  high  wages  that  are  being  paid  to 
unskilled  munition  workers  in  various  parts  of  the  country. 
The  idea  that  such  workers  are  being  overpaid  is  so  deeply 
rooted  in  the  public  mind  that  it  is  well  to  direct  attention 
to   an  auomalv   in   connection  with  the   employment   of 
skilled  men  such  as  foremen,  charge  hands  and  time  workers 
in  munition  factories.     By  so  doing  it  is  possible  that  our 
readers  will  look  at  the  matter  in  a  different  light  to  that  in 
which  manv  oi  the  men  we  have  in  mind  appear  to  be 
"  slackers."     In  our  opinion  so  sound  is  the  men's  argument 
and  so  genuine  their  grievance  that  it  is  a  matter  for  surprise 
that  decisive  action  has  not  been  taken  ere  this  by  the  Ministry 
of  Munitions,  in  order  to  make  more  equitable  the  conditions 
under  which  the  skilled  worker  follows  his  employment. 

In  order  to  make  our  meaning  clear  we  will  take  the  case 
of  a  vouth  of  19  years  of  age,  who  is  classed  in  the  works 
register  as  semi-skilled.  Let  us  suppose  that  he  works  a 
milling  machine,  and  that  he  is  employed  on  repetition  work 
of  a  kind  which  calls  for  no  special  skill  in  its  execution. 
Such  a  vouth  can,  and  often  does,  earn  as  much  as  £G  per 
week,  and  beyond  his  mere  keep  he  has  no  other  expenses. 
He  is,  therefore,  able  to  save  about  £4.  10s.  per  week.  In 
order  to  make  the  tools,  jigs  and  gauges  to  enable  this 
semi-skilled  vouth — who  need  not  be  an  engineering  artisan 
— to  follow  his  employment  the  part-time  services  of  several 
highly-skilled  engineering  artisans  are  necessary.  From 
the  nature  of  the  job  it  is  imperative  that  the  latter  should  be 
employed  on  time  work,  and  that  they  should  be  experts  in 
their  particular  line.  The  work  on  which  they  are  engaged 
imperatively  demands  a  training  extending  over  many 
years.  Such  men  are  getting  on  towards  middle  age,  the 
average  age  being  nearer  40  than  30  \-ears ;  they  have 
families  to  maintain  and  a  certain  degree  of  respectabiUty 
to  uphold.  Notwithstanding  their  financial  obligations 
and  their  skill  as  craftsmen  they  find  themselves  faced  with 
the  rising  prices  of  commodities  and  a  weekly  wage  half  that 
received  by  the  unskilled  j-outh  engaged  on  piece-work, 
and  whose  work,  as  we  have  said,  depends  absolutely  upon 
their  labour. 

it  might !)»'  argued  that  such  skilled  men  can  engage  upon 
the  work  which  the  unskilled  find  so  profitable,  but  a 
moment's  thought  will  show  such  argument  to  be  erroneous. 
The  skilled  men  are  indispensable  to  their  employer,  for 
without  them  the  production  of  munitions  would  auto- 
matically come  to  au  end.  It  follows,  therefore,  that  the 
sk'lN'd  men — the  bmii  fide  engineering  artisans — must  of 
necessity  keep  to  their  jobs.  Nor  is  it  possible  for  them  to 
seek  employment  in  other  works  where  higher  prices  are 
paid  for  the  work  to  which  thev  are  accustomed.  Should 
they  endeavour  to  do  so  their  emplovers  have  the  right  to 
prosecute,  and  the  magistrates  invariably  decide,  and,  in 
our  <ipinion.  in  the  majoritv  of  cases,  rightly  decide,  in 
favour  of  the  employer,  because  it  must  be  remembered  that 
the.<<'  mtm  are  rcalhj  iudispt  usobk  in  the  muniti(Mi  factory. 

Equally  unenviable  is  the  lot  of  a  group  of  skilled  work- 
men f*upplying  tools  to  another  group  of  skilled  men.  Take 
the  case  ot  the  dicmaker  and  the  smith.  If  the  latter  be 
employed  on  rej)etition  work  he  is  usually  put  on  piece- 
work. The  diemaker  i.s  invariablv  paid  a  fixed  sum  per 
hour,  and  his  work  calls  for  the  highest  skill.     It  may. 
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and  often  does,  happen  that  the  smith's  labourer  earns  more, 
and  in  some  cases  considerably  more,  than  the  highly-skilled 
and  indispensable  diemaker,  although  it  would  be  impossible 
for  the  smith  to  do  his  work  economically  were  it  not  for 
the  tools  and  dies  supplied  by  the  diemaker. 

Of  even  greater  hardship  is  the  case  of  the  leading  hand. 
Men  of  this  kind  are  selected  partly  on  account  of  special 
ability  in  their  several  callings,  and  partly  on  account  of 
their  ability  to  control  men.  They  are  not  of  mushroom 
growth.  With  the  advent  of  women  into  munition  works 
it  may,  and  does,  happen  that  a  woman,  after  a  training 
extending  over  a  period  of  three  weeks  to  a  month,  can  com- 
mand more  on  piece-work  than  the  leading  hand  can  com- 
mand on  time-work.  It  must  not  be  forgotten  that  the  lead- 
ing hand  is  able  and  willing  to  engage  on  piece-work,  but  he  is 
prevented  from  so  doing  on  the  ground  of  indispensability. 

Of  much  the  same  kind  is  the  case  of  the  foreman  and  the 
semi-skilled  artisan.  The  foreman,  on  account  of  his 
being  foreman,  knows  his  work,  is  able  to  control  men,  and 
is  invariablv  a  good  timekeeper.  Were  it  otherwise  he 
would  not  be  a  foreman.  Nevertheless,  and  notwithstand- 
ing his  qualifications,  he  finds  himself  in  receipt  of  a  wage 
which  may  be  one-third  or  thereabouts  of  that  earned  by 
one  oi  the  semi-skilled  men  under  him.  Such  examples  as 
these  give  one  some  idea  of  the  patriotism  of  these  men  and  of 
the  true  meaning  of  the  removal,  for  the  time  being,  of  trade 
union  regulations  and  restrictions.  But  we  are  strongly  of 
opinion  that  the  patriotism  of  a  desirable  section  of  the  com- 
munity should  not  be  exploited  by  others  for  purposes  of 
profit,  and  we  look  to  the  Minister  of  Munitions  to  put  the 
skilled  men  in  munition  works  on  a  more  equitable  footing. 
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Elementary  Applied  Mechanics.    By  T.  Alexander  an<i  A.  W. 

Thomson.     (London:    Macmillan  &  Co.)     Pp.  xx. +512.     15s.net. 

This  book,  dedicated  to  the  memory  of  Rankine,  is  now  in  its 
third  edition,  and  is  deservedly  included  in  the  Dublin  Uni- 
versity Press  Series.  The  scope  is  set  out  in  the  Preface, 
from  which  we  take  the  following  extract  :  "  The  work  forms 
an  elementary  consecutive  treatise  on  the  subject  of  internal 
stress  and  strain,  based  on  the  late  Prof.  Rankine's  treatment  of 
the  subject.  .  .  .  The  end  kept  in  view  is  the  scientific 
and  practical  design  of  earthworks,  of  Hnkwork  structures  and 
of  blockwork  structures.  ...  At  every  point  graphical 
methods  are  combined  with  the  analytical,  and  a  feature  of  the 
work  is  that  the  diagrams  are  to  scale,  and,  besides  illustrating 
the  text,  each  diagram  suits  some  of  the  numerical  examples." 

From  the  title  it  must  not  be  inferred  that  the  book  is  suit- 
able for  beginners.  It  is  elementary  in  the  sense  that  it  deals 
with  difficult  branches  of  the  subject  from  fundamental 
principles.  Students  who  are  properly  grounded,  say,  those 
who  are  taking  a  three-year  course  at  an  engineering  college, 
will  Uke  a  delight  in  reading  the  book,  which  covers  in  a 
scholarly  manner  a  few  of  the  many  subjects  that  are  classed 
under  the  heading  of  Applied  Mechanics. 

The  first  two  chapters  are  introductory.  They  deal  with 
hneal  stress  and  strain,  and  with  simple  and  compound  internal 
stress  and  strain. ,  Those  who  have  experienced  difficulty  in 
gettmg  clear  ideas  on  the  important  subject  of  compound 
stress  will  find  this  book  helpful.  In  reading  Chapter  II.  it 
occurs  to  us  that  many  authors  of  smaller  works  have  followed 
the  hnes  laid  down  more  than  30  years  ago  by  these  old  pupils 
of  Rankine.  Chapters  III.  and  IV.  are  devoted  to  the  applica- 
tion of  the  ellipse  of  stress  to  the  stability  of  earthwork,  and  to 
the  scientific  design  of  masonry  retaining  walls.  In  some 
respects  it  is  to  he  regretted  that  the  authors  have  not  dealt 
with  reinforced  concrete  walls,  as  these  are  plaving  an  increas- 
ingly important  part  in  the  works  of  the  civil  engineer,  but 


their  masterly  treatment  of  the  masonry  wall  leaves  Uttle  to  be 
said  on  the  theorems  which  they  investigate. 

The  next  14  chapters,  namely,  Chapters  V.  to  XVIII.,  deal 
with  the  problems  entering  into  the  design  of  members  subjected 
to  bending,  and  the  many  examples  are  well  chosen.  Of 
particular  merit  are  the  sections  dealing  with  roUing  loads. 
A  little  more  infomaation  on  the  drawing-office  side  of  design 
would  help  to  strengthen  these  chapters.  As  they  stand, 
liowever,  they  are  particularly  good  on  the  purely  theoretical 
side,  and  it  may  be  that  the  authors  recognise  that. there  are 
already  several  impoi-tant  Iwoks  on  structural  design.  The 
same  remark  apphes  to  Chapters  XIX.  to  XXL,  which  deal 
respectively  with  the  design  of  long  steel  struts,  the  steel 
arched  girder  and  the  analysis  of  triangular  trussing.  The 
arched  girder  is  treated  by  Levy's  graphical  methods,  and  the 
two  numerical  examples,  worked  out  in  detail,  which  .serve  to 
illustrate  the  section  add  materially  to  the  value  of  the  rhapter. 
The  essay  on  "  Triangular  Trussing  "'  follows  the  analytical 
method  devised  by  Levy,  and  will  he  read  with  interest  by 
those  who  are  in  search  of  information  on  a  subject  about 
which  little  has  been  written. 

Chapter  XXII.  deals  with  the  scientific  design  of  masonry 
arches.  The  authors  develop  in  this  chapter  the  method  of 
conjugate  load  areas  to  the  equilibrium  of  arches.  A  semi- 
graphical  method  of  constructing  the  load  areas  is  given,  and 
this  is  applied  to  the  design  of  segmental,  semi-circular  and 
semi-elliptic  arches.  A  discussion  of  the  method  of  reci»procal 
figures  brings  the  treatise  to  a  clope.  The  book  will  go  a  long 
way  towards  keeping  alive  the  work  of  a  man  who  laboured 
for  many  years  with  the  object  of  introducing  scientific  methods 
into  the  solution  of  engineering  problems,  and  whose  writings 
have  had  a  profound  eft'ect  on  the  works  of  the  engineer. 


THE  AIR-GAP  FIELD  OF  THE  POLYPHASE  INDUCTION 

MOTOR. 

BY  F.  T.  CHAPMAN,  D.SC. 

{Continued  from  page  667.) 

SUMMARY  OF  CONTENTS. 
I.— Introduction. 

II. — The  Field  Produced  by  Stator  or  Rotor  Windings  Acting 
Alone,  the  Permeability  being  Constant. 
Sections   1   to  6.— Analysis  of  magnetic  field  due  to  polyphase 

currents  in  stationary  windings. 
Section  7.— The  E.M.F.  induced  by  any  component  field  in  a 

stationary  winding. 
Section  8. — ^The  E.M.F.  induced  by  any  component  field  in  a 

moving  winding. 
Sections  9  to  13. — The  E.M.F.  in  a  stationary  winding  due  to  all 
the  fields  acting  collectively.     The  inductance  of  any  winding 
due  to  the  air-gap  fluxps. 
Section  14. — Analysis  of  field  due  to  sine -distributed  currents  in  a 

squirrel-cage  winding. 
Section  15. — The  inductance  of  a  squirrel-cage  winding. 
III. —The    Reaction  of  Rotor  Currents  on   Stator  Field   (Per- 
meability Constant). 
Sections  16  to  18.— Analysis  of  field  due  to  rotor  currents.  E.M.F.8 

induced  by  these  fields  in  stator  windings. 
Sections  19  and  20.— The  circle  diagram,  circle  coefficient  and  air- 

gap  dispersion. 
Sections  21  and  22.— Superposition  of  rotor  multiple  fields  on 
those  of  stator.     The  effects  in  the  case  of  two-  or  three-phase 
rotors  and  of  squirrel-cage  rotors. 
Sections  23  and  24.—"  Crawling.;'     Effects  of  skewed  slots. 
IV. — ^The  Effects  of  Magnetic  Saturation. 

Section    25.-,Tho    saturation    curve.     Fundamental    and    third 

harmonic  of  time-flux  wave. 
Sections  26  .o  2S. —.Effect  of  saturation  on  multiple  fields. 
Section  29.— Effect  of  saturation  on  air-gap  dispersion. 
Section  30. — Calculation  of  no-load  current. 
Section  31. — ^The  actual  form  of  the  current  locus. 
V. —Oscillograms  Illustrating  Parts  II.,  Ill-  and  IV. 
VI.— Conclusion  and  Table  of  Air-gap  Dispersion  Coefficients. 

Two-Phase  Wijtdings. 
(a)  Full  Pitch.— Fig.  4  represents  the  distribution  of  the 
field  produced  by  one  phase  of  sucli  a  winding.     The  number 
of  conductors  per  slot  is  2T/P)n.     If  the  instantaneous  value 
of  the  current  is  i  the  maximum  density  is 

F,=-  .  P, .    (U) 

P 
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and  this  density  is  maintained  at  each  pole  over  a  surface  equal 
— ^^—  .  h.     Tie  total  flux  per  pole  in  this  central  portion  is 


to 

iTPlr     m+1 


^      ,  which  links  itself  in  part  with  2Tlp  conductors 
p         2)11  '  ^ 

on  one  side,  and  for  the  remainder  with  2T.'p  cnnductoi-s  on 

the  other  side  of  it.     The  total  number  of  line-linkages  due  to 

this  portion  of  the  fluxes  for  all  the  poles  is 

iTPh     VI  + 1     2T    V 

»  »    « 

f  2m       p      2 

~     p  2m 

The  density  op{  ositc  the  two  teeth  adjacent  to  this  central 
portion  is 

^      if?    m-2 

Fz=-- , 

p         in 

the  fltix  rairied  by  the  two  teeth  together  is 

iTP    m-2     h 

p  m       2i» 


duced  by  the  current  flowing  in  that  phase,  and  in  part  to  the 
fluxes  arising  froni  the  currents  in  the  other  two  phases. 

Empkjying  the  methods  of  the  last  section  we  find  the  self- 
produced  linkages  per  phase  to  be 


[m2(2»;-6+l)+2{(»*-iy4-(m-2)2 

b  t^nns,  or  to  (1)^ 
-f  (/»-fe-2)2+(»*-&-4)2  .  •  •  to  (2)2or(l)2}] 

ir-Ph  rl     2m~3mb^-^b^-b- 


V 


9m3 


']■ 


(20) 


(15) 


2, 


7'  O 

ami  each  line  of  this  flux  encloses       •  conductors. 

jt        ni 

These  fluxes  and  those  (•()rres]jonding  to  tlioni  in  the   re- 
maining poles  contribute  altogether 

iT-Ph     (o<     2)-,.      ,.   . 

,,      iine-linkriges. 
p  iir 

Similarly  the  next  pair  of  teeth  contributes 
iT-Ph     (m-4)2 


(16) 


the   number   of  linkages   which  each  phase  produces  in  the 
others  is 

't^  •  3b[""+t-"f +«'»-"(*--"+*"'-2'<'-^> 

+  .  .  (b—l)  term&'i  ] 
irPhrl     b^-b-i 
=  ^S~-is^^ ^21) 

In  Fig.  4a  the  vectors  OA,  OB  and  OC  represent  respectively 
the  self-pntdiircd  linkages  in  one  phase,  and  the  linkages  due 
to  the  other  two  phases.  The  resultant  of  OB  and  OC  ie  an 
equal  vector  in  phase  with  OA.  The  total  inductance  per  phase 
is  thus  obtained  by  adding  together  (20)  and  (21).  The  com- 
plete value  of  Q  is  therefore 

1 


3Hf' 


line-linkages 


(1") 


Tlio  folal  )uini1)er  of  linkages  in  the  coni])lcte  winding  is  ob- 
taim'd  by  adding  «'X)>ression  (If))  to  (16),  (17).  and  the  remaining 
corres})ondijig  quantities.     Thus  we  obtaiji 

"■--     ,.  l2«+m»i<"'-2'^+""~*''+   ....}J. 

The  number  of  terms  in  the  series  in  brackets  { }  depends  on 
will  ther  m  is  odd  or  even  ;  the  last  term  is  (1)^  if  m  is  odd  or 


or 


'«ft(m-24-^)+2:(»«-l)H("i-2)24-  .... 

b  terms  or  to  (I)^ 
-f(m-i!)-2)2-f(»i-6-4)^+  .  .  •  to  (2)2  or  (1)2 
-f  {(w?-l)(ft-l)4-(w»-2)(6-2)+  .  .  (6-1)  terms}] 

10    4«i-6*h6H6^-6 

9"^ 


Q- 


wlien  6=0  this  becomes  Q- 


10 


18?n3 
2 


(22) 


9  '  9w2" 


(22a) 


12.  When  slot  openings  are  to  be  taken  into  account  the 
value  to  be  taken  for  P  is  the  mean  permeance  (see  section  2), 


Fia.  4.-  -DrsTKiiii HON  of  Field  due  to  Onk-puase  or  a  Two-phase 
WiNPiNii  WITH  Five  Slots  vt.w  Poi-b  per  Phase. 

(2)^  if  m  i.H  even.    Tin-  series  reduces  conveniently,  and  we  thus 
get  for  a  full  sj)an  two-pluse  winding 

Q    "■■'■Ij!;;^,,',;!".-  2)"1(.«    4)''f  ....  1 
Forexnmjtle.  in  w  two  phas.-  marhine  with  10  slots  per  polo 

(/>)  Fradunml  fitch.  In  t.he  case  of  a  machine  with  a 
fractional  pitch  winding  a  similar  pnuess  to  the  «1h)\o  .nhows 
the  value  of  0  'o  be 

n     n«..-  ,  >     •'^"'6M6'     /' 

This  foiuiulii  may  be  lOiiarded  as  the  general  f^irin.  the  previous 
one  (18)  repri'senting  the  spemal  case  of  h^  U. 

11.  Threk-Phask  Windings.  -In  a  three-jdiase  machine  the 
nkages  in  any  one  phase  are  due  in  pirt  to  the  fluxes  pro- 


FiQ.  4a.— E.M.F.S  OF  Self  and  Mutual  Induction  in  Thkee-pbasr 

WrNDINQS. 

for  althouiih  all  the  multiple  fields  aiv  magnified  by  the 
])ri'.seiice  of  the  slots  some  of  them  are  reversetl  in  sign,  as  we 
have  alreatly  noticed,  and  their  combined  effect  is  the  same  as 
for  a  snuMith  surface  stator  with  the  same  permeance. 

13.  Hotor  winding.-^  with  tw(»  or  three  phases  may  be  treated 
just  ns  easily  as  stattn  windings  by  the  foregoing  method.^  with 
respect  bnth  to  their  total  inductance  and  to  the  analysis  of 
their  fields. 

The  case  of  the  siiuinel-eage  winding  (though  this  is  only  a 
special  f(»rm  of  polvphase  winding)  ileserves  separate  treat- 
ment, and  we  shall  now  analvse  the  field  produced  and  find  the 
value  of  the  tof4<l  inductance  jiev  conductor  when  stne-shaped 
currents  of  polvpha.^^e  character  flow  in  the  conductors. 

14.  Let  the  number  of  the  rotor  conductors  be  G,  and  let  a 
sine-shaped  current  of  aini>litude  la  flow  in  each  bar.  the  phase 
difference  between  the  currents  in  succes.sive  bars  being 
.Tpiif^i.  Such  curriMits  would  be  induced  by  movement  of  the 
rotor  in  an  external  field  of  ;)j  poles. 

The  current*  in  successive  conductors  may  be  represented 
by  equal  vectors  sejv^rated  by  equal  angles,  each  of  which  equals 
,t;)j  t».  The  maximum  value  ot  the  flux  issuing  from  any  one 
tooth  i!i  obviouslv  the  &ame  a^  for  all  the  reSt— the  tooth  fluxe* 
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differ  only  in  phase  ;  and,  since  we  may  regard  the  cores  of 
stator  and  rotor  as  being  at  zero  niaifuetic  potential,  the 
M.M.F.  acting  on  any  Yma  of  force  passing  from  one  core  to  the 
other  via  the  teeth  and  air-gap,  has  the  same  maximum  value 
for  each  of  the  rotor  tgeth.  If  this  M.M.F.  be  expressed  in 
ampere-turns,  the  difference  at  any  instant  between  the  M.M.F. 
acting  on  the  lines  of  force  issuing  from  one  tooth,  and  the 
M.M.F.  acting  on  those  issuing  from  the  U(!xt  tooth,  is  equal  to 
the  instantaneous  value  of  the  current  in  the  interposed  con- 
ductor. Hence,  if  the  M.M.F.  acting  at  any  one  tooth  is 
represented  by  the  vector  OA  in  Fig.  5,  and  that  dieting  at  the 
next  tooth  by  OB,  the  vector  AB  will  represent  the  current 
in  the  conductor  between  these  two  teeth.  The  vectors  cor- 
responding to  tlie  other  teeth  will  be  obtained  by  drawing  the 
current  polygon  and  drawing  lines  from  0  to  the  successive 
corners. 

In  general,  the  current  polygon  will  be  a  re-entrant  figure, 
and  if  G  is  not  divisi})le  by  Pjj2  it  will  finally  close  itself  after 
'p-y/2  revolutions.  The  polygon  is  equilateral  and  equi- 
angular, so  that  the  circumscribing  circle  passes  through  all  its 
corners.  Fig.  5  shows  the  polygon  for  a  four-pole  case  with 
6^=15.  Since  the  vectors  OA,  OB,  &c.,  are  all  equal,  the  point 
0  must  be  the  centre  of  the  circumscribing  circle,  and  the 
lengths  of  the  vectors  are  equal  to  the  radius  of  it^ — i.e., 

lo 

2  sin  {T[pJ2Gy 

The  permeance  of  the  path  on  which  this  M.M.F.  acts  is 

(Pi^i  being  equal  to  the  circumference=pT),  andthe  maximum 
flux  per  tooth  is  therefore 

'^'-^2sm{npJ2G)-      G     '    '     '     '    ^^'^^ 
wliile  the  maximum  flux  density  is 

y'"'=^2~^npJ2G)-'^ ^^^^^ 

We  next  proceed  to  analyse  the  field  thus  produced  into 
its  harmonics  and  multiples. 


refers  to  the  same  conditions  as  Fig.  5.  We  will  take  our  origin 
between  the  (?th  tooth  and  the  first,  and  denote  bv  6  the  dis- 
tance of  any  point  on  the  rotor  circumference  from  this  oiigin  ; 
the  length  of  the  circumference  will  hrt  f^TZ  radians.  If  we 
write  y  for  the  instantaneous  density  at  any  point,  0,  we  have 
as  the  amplitude  of  the  sine  component  of  the  cth  harmonic 
of  the  density  curve  at  any  instant 

-S=-        yamcOfW, 

P^TlJo 

and  for  the  amplitude  of  the  cosine  component  of  the  same, 

2     r'^i 
C-     -      y  cos  cddO. 

TtpiJo'' 

Substituting  for  y  we  obtain  for  S 


WPl 


^=-.'1/.'^""™  ('"■^•'"21') -''«<'« 


+  j    y.u  COS  [27ifJ.-^^P,')  sin  cO  dO 
+ 


+ 


r  ()i  — l)n-ri 


2j^ 1 

u  COS  ( 2nfd „"  .  Txpy )  sin  cB  dd 


-^  .  .  .  io  G  terms, (25) 

which  reduces  to 
cnpi 


S-- 


2y^i  sin 


2G 


r 


•       U      r,AG-l)iC-l)  ] 

m^y27TfJi-       ^^--.:iPi^ 


.    c-1 
sm-     :tPi 


sml  2(nfJ- 


2G 


(G^-l)(c+l)       1 


sin  -^jjcp. 


sm     ^  -.Ty>, 


2G        "^M  •    .    r+l 

sin 


2G''PiJ 


(26) 


Now,  6^  is  a  whole  number  and  c  is  an  odd  number  ;  hence,  bv 


f.^af 


Fig.  5. 


f(B> 


-M.M.F.  DiAGEAM  FOR  SqUIEREL-CAGE  WlNDING  WITH  SiNE 

Distributed  Current.s.     15  Slots,  i  Poles. 


/  \2\314- 


5  6  7  8 


9a10\11 


12  13  14  15 


Fig.  6. — Distribution  of  Magnetic  Field  due  to  Sine  Distributed 
Currents  in  15-Slot  Squirkel-cage  Winding — i  Poles. 


Let  the  rotor  teeth  be  numbered  1,  2,  3,  &c.,  up  to  G,  the 
numbers  increasing  in  the  direction  of  motion  of  the  im])ressed 
field  with  respect  to  the  rotor,  and  let  the  current  in  the  con- 
ductor preceding  tooth  No.  1  be  la  sin  2jTfj,  where  fs  is  the 
frequency  of  the  rotor  currents.  The  flux  density  opposite 
teeth  Nos.  1,  2,  .  .  .  n  .  .  .  will  be 

Ul=U^r^os(27rf4-^), 

S:n:pi 
"^G 


?/2=?/,^ros(27t/s< 


e- 


l/u^yjt  cos  \^^U-~"2g'  •  ^Pi 


The  distribution  of  the  flux-density  in  the  air-gap  at  any 
instant  will  be  somewhat  of  the  form  shown  in  Fig.  6,  which 


comparing  this  equation   with  equation  (4)  we  see  that  it 
reduces  to 

2y^f  G  sin  '^ 
S=  '  ...^^1,.^[sin  2TTfit],  if  p^(c—})  is   a  positive  mul- 

tiple  of  2G,  and  to 

2^,,Gsin'^^^ 
S—  ■    [—sin  2.ifj]  iip^{c-\-l)  is  a  positive  mul- 

tipleof  2G. 

By  the  same  process  we  find 

2y_„  G  sin'^^ 
C=  [cos  2nfj]  if  cither  (c— 1)  or  (c+1)  is  a 

^^J^i  positive  multiple  of  2Glpy 

d2 
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The  density  at  any  point  in  the  air-gap  due  to  the  cth  harmonic 
field  at  any  instant  is 

y^g—S  sin  cO-j-C  cos  cd, 
1 


or  if  we  write  —  for  0  we  have 
r 


cnx 


-.,     .      C7ZX         -  CTZjO 

yco=>^  sin \-C  cos 

Substituting  for  *S  and  C  we  obtain 

•^■"^     ^'^  2G  r    .    ^    .       .    cnx'  ,        .    .,       cnx 

yco=  '       sin  2nf^t .  sin hcos  2nf,t  cos 

cnj)]^  L  -^  Tj  Tj 

.    cnx'                .            cnx'~\ 
or— sm  2nf,t .  sin hcos  2njst .  cos J 

Jn  the  same  way  as  before  wo  may  write 

2Gd 


c-        i  1    .    . 

.^  Pi 

wliere  d  is  any  positive  or  negative  integer 

2y„Gsin(C7rp,  2G) 

CTrpj 


(28) 


ViU  — 


COS  (^2:rf,t-^^      (29) 


20 


QlIO 


O.IO 


10 


1      1 
1      1 
1     1 

1 

1 

1    1 

1     1 

1    1 

1 

1 

M- 
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\ 
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1                  1 
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1              t 
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The  upper  scale  of  abscissae  applies  to  the  full  line  curve  which  is  drawn  to  jcale. 
Thelower       ,,  ,,  „  ,,       dotted     „  ,,       approximate  only 

Fio.  7. 

vehjcity  ol  (.tii  iuulu])lt'  tielcl  with  respect  to  rotor 

2Lt, 


"^(0= 


(30) 


/r,P^'-sin(r.-7w,/2G') 

yio— ~'  — ^  -,    -  ,o/,\  .  cos 

c:tj9,  8in  (.t;)i/2(t) 


If  we  substitute  in  (29)  tlie  value  of  j/u  given  in  (24)  we  obtain 

It  will  be  clt'ar  lliat  if  the  current  in  the  sk)t  at  the  origin  liad 
been  /«  sin  (2.t/,<— cp),  instead  of  /,,- sin  2.t/,<.  equation  (31) 
would  b;ivf>  been 

/,,P(/ sin  (c.-T»,/2G)  I      ,  cnx'\ 

^'0=  — -\    ^'_^   .  cos    In^i-^ .     (32) 

CTrpj  .  sm  (:;rp,/2(r)  \     •        ^      t,  / 

In  ordinary  squirrel-cage  windings  the  possible  \  alues  of  c  form 
a  very  limited  series,  aa  an  example  will  .show. 
Suppose  ;»i=  4.  f?:^  41.     By  equation  (28) 

_f     1,  21-5  12.     ^2-5.     &r. 

"""l-r.i-o  -40.     -  (i(»-.5.     \'c. 

The  iinnibor  of  ])olos  in  the  corresponding  multiple  lu'lds  are 

I         1,  »S(i.  l«iS.     250.     ,<cc. 

^^^''-\     78,  180,  242,     .to. 

None  of  these  fields  except  the  first  is  of  any  importance.     If 


we  take  as  the  impressed  field  the  fifth  multiple  stator  field— 
i.e.,  ^>j=20 — the  .series  for  ^^^c  becomes 

_  f     20,  102,  184,     &c. 

^i^-\  62,  144,     &c. 

In  such  a  case  the  higher  multiple  fields  are  more  important 
with  respect  to  the  lowest  than  when  _pj  has  a  smaller  value. 

15.  The  maximum  number  of  lines  which  link  themselves 
with  a  conductor  is  the  .same  for  every  conductor.  At  anv 
instant  the  difference  between  the  number  linking  any  one 
conductor  and  the  number  linking  its  neighbour  is  equal  to 
the  number  issuing  from  the  intervening  tooth,  hence  the  vector 
difference  between  the  two  linkages  is  the  vector  of  the  tooth 
flux.  If,  then,  we  build  up  a  vector  polygon  with  sides  equal 
to  the  flux  per  tooth,  lines  draAvn  from  the  centre  of  the  cir- 
cumscribing circle  to  .successive  corners  of  the  polygon  will  be 
the  vectors  of  the  linkages  in  successive  conductors.  The 
length  of  these  vectors  is  obviously 

2  sin  (7r;ji/2(?)      4  sin^  (7r;ji72^  "      G     ' 
The  inductance  per  bar  is,  therefore, 


h 


1 


A  X 10'*  henry 


(33) 


4  sin2  {nj)^l2G). 

The  value  of  the  factor  in  square  brackets  is  given  in  Table  III. 
below  for  various  values  of  Gjj).^,  and  its  relation  to  Gjp^  is 
shown  by  the  curves  of  Fig.  7. 

Table  III. 


1 


4sin2(T;)j/2(7) 


.] 


G 

Pi 


\!i 


4  sin'  (np^f2G) 


] 


20  0 

2  028 

1-5 

0-222 

150 

1-.527 

10 

0-250 

100 

1022 

0-75 

0  445 

50 

0-.523 

0-5 

00 

4  0 

0-427 

0-4 

125 

.3  0 

0-333 

0-25 

00 

25 

0-290 

0-2 

125 

20 

0-250 

{To  be  continued.) 


A  SENSITIVE  MAGNETOMETER.* 

BY  r.   E.  SHAW,  B.A.,  D.SC,   AND  C.  HAYES,  B.SC. 

In  a  rcsfiirc-li  ro<  eiitly  published  by  one  of  u.s  there  is  a  description 
of  -A  torsion  balance  of  special  delicacy  for  gravitation  research.  A 
diagrammatic  representation  of  this  apparatus  is  showni  in  Fig.  1. 
A  Hbrc,  FF.  600  mm.  long.  15^  diameter,  carries  a  beam.  B.  3.^  mm. 
long,  from  the  ends  of  which  are  hung,  by  line  wires  of  length  150  mm. 
and  3.50  mm.  resiiectivcly.  two  small  spheres  of  silver,  each  \\  ' 
iibout  3  gm.  This  torsion  system  is  hung  in  a  low  vacuum  <■ 
l.'>mm.  pressure.  The  movements  of  the  torsion  beam,  carrying  a 
mirror  which  reflects  a  distant  scale,  arc  ob.«crved  through  the 
window  11  iiy  a  jjowerfiil  tele.'jcope  di.st.ant  about  4i  metres.  The 
vacuum"tube  I'  i.s  wrapped  by  several  layers  of  cotton  wool,  and  this 
latter  is  snrroniided  by  a  helix  of  lead  "  comjio  "  tubinp.  The 
cylindrical  «'iivelope  ('  encloses  the  cotton-wool  and  tul)ing.  and  all 
the  vacuum  tuSe  except  the  extreme  upper  portion.  The  lead  helix 
contains  cold  water.  Further  details  of  this  apparatus  are  given  in 
the  I'aper  quoted. 

!n  the  course  of  the  research  mentioned  it  was  necessary  to  heat 
tiie  va-Mium  tube.  Thi."*  was  attained  by  the  pas.'yige  of  a  current 
fhronph  a  oil  of  wire  wrapivd  on  the  out.'-ide  of  the  vaf^uum  tube. 
It  was  found  later  that  on  account  of  the  Held  thus  produced  the 
siher  sphen\s  had  become  permanently  but  weakly  mapiietised  with 
vert  ii  a  I  axes. 

-After  ."iearching  for  authorities  on  the  siibjecl  of  the  .•.u.^ceptibility 
of  the  less  magnet i.'^able  elements,  the  work  of  Hondat  was  taken  to 
be  the  best  on  silver  np  to  date.  The  method  employed  by  Honda 
was  to  place  a  small  quantity  of  the  silver  in  a  capsule  carried  by  a 
tontiou  beam  and  to  observe  the  couple  produced  on  the  beam  when 

•  Abstract  of  n  Pivppr  rf  aH  bpforp  th*>  Phv^ical  Society. 
+  "  .\nn.  d^T  PhvMk  ."  XXXII..  pp.  1027  10«3. 
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a  very  powerful  field  was  applied  by  an  eloctro-magnet  near  tlie 
capsule.  He  then  deduced  that  the  susceptibility  of  silver  is 
A'  =  -2xl0-6c.g.s. 

^  In  order  to  observe  the  effects  of  a  field  on  our  suspended  silver 
spheres,  we  brought  up  a  solenoid,  ZZ,  of  length  38-5  cm.,  outside 
diameter  10-8  cm.  <ind  having  528  turns  of  about  16  S.W.G.  copper 
wire,  clo.%e  to  the  vacuum  tube,  opposite  to  the  upper  sphere  H,  so 
that  the  axis  of  the  solenoid  was  horizontal,  and  passed  through  the 
centre  of  the  sphere.  On  passing  currents  through  the  solenoid  and 
an  ammeter,  the  field  developed  at  the  sphere  was  varied  from  1-3 
gauss  to  12-0  gauss.  The  silver  sphere  being  in  a  divergent  field, 
was  urged  along  the  axis  of  the  solenoid  and  a  scale  deflection  was 
read  by  the  telescope.  As  silver  is  diamagnetic  we  expected  that 
the  sphere  would  be  repelled.  But,  on  the  contrary,  there  was  an 
attraction  to  the  solenoid.  Thus,  there  must  be,  apparently, 
sufficient  iron  impurity  present  to  give  it  a  preponderating  effect 
over  the  diamagnetic  silver. 

Supposing  silver  and  iron  to  act  independently  of  one  another  in 
a  magnetic  field,  the  proportion  of  iron  to  silver  in  one  si)here  must 
exceed  the  ratio  of  1  to  80,000,000.  But  we  have  no  authority  for 
supposing  that  this  ])riiici]ile  of  pjoportionality  holds  good.  The 
experimental  evidence  is,  in  fact,  that  the  iron  loses  some  or  all  of  its 


^ 
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Fig.  1. — Front  .and  Side  Views  of  the  Magnetometer. 

The  axis  of  the  solenoid  is,  as  shown,  in  the  first  case  perpendicular  to 
the  plar.c  of  the  paper  and  in  the  eecond  case  in  the  plane  of  the  paper. 


magnetic  power  when  melted   into  other  metals.      To   quote  two 
examples  of  this  principle  : — 

1.  A  certain  alloy  of  iron  and  nickel  can  be  made,  which  has 
practically  no  ferromagnetic  qualities.  Thus  each  of  these  strongly 
magnetic  metals  loses  magnetism  through  the  presence  of  the  other. 

2.  Honda  found  that  for  vtry  large,  fields  the  magnetic  influence 
of  the  iron  impurity  is  never  more  than  50  per  cent.,  and  sometimes 
as  little  as  5  per  cent.,  of  that  which  it  would  be  on  the  basis  of  pro- 
portionality. 

After  obtaining  the  above  preliminary  result,  the  current  in  the 
solenoid  was  varied  from  2  to  9  amperes  and  the  scale  deflections 
noted.  Next,  the  solenoid  was  moved  along  its  axis  nearer  to  the 
silver  sphere,  and  the  experiment  repeated  with  the  currents  1  to  9 
amperes.  The  results  are  shown  in  Fig.  2.  Details  as  to  the  form 
and  use  of  the  torsion  balance  will  be  f6und  in  the  gravitation  re- 
search, as  quoted. 

It  should  be  observed  that  care  was  taken  throughout  to  have  the 
silver  sphere  in  a  cyclic  state. 


Tu  Find  a  Value  for  the  Su-iceptihilih/  of  the  Silver  Used — 
Let  Ar=8usceptibility  of  absolutely  pure  silver;  A^a  =  suscepti- 
bility of  the  (impure)  silver  used  ;  V=  volume  of  tho  sphere  ;  a  = 
arm  of  the  torsion  balance  ;  6'=coupIe  required  to  produce  a  de- 
flection of  1  mm.  on  the  .scale.  (In  this  apparatus  G  has  tho  .frnall 
value  4-5x10"^  dyne  cm.) ;  P=permanent  magnetism  (this  is  a 
magnetic  moment). 

Then  the  sphere  is  in  a  divergent  field  whose  gradient  along  the 
axis  of  the  solenoid  is  8H/8x  ;  and  we  have  then — 

For  a  Direct  Current — 

Couple  acting  on  torsion  balance 

=  (VKaH-^P)8H/8x  .  a=G  .  dy,  .....     (1) 
where  d^=aca.le  deflection. 

For  n  Reverse  Current —  "  •> 

Couple^-iV Kaf I ~ P)8H j8x  .  a^G  .  d 2, (2) 

whore  d2=scale  deflection. 
Whence 

G{di+d,) 


Ka- 


^•$) 


2VH8HI8x.a 

'J'hc  value  of  H  is  calculated  from  the  usual  expression — 

H=2irni{co&pi-~coii  a), 

and  8H/8x  is  calculated  from  a  graph  for  H/x,  specially  drawn  for 
the  purpose. 

The  results  for  H—Ka  are  shown  in  Fig.  2.  It  will  be  seen  that 
the  value  of  /C„  rises  with  an  increasing  field,  and  attains  a  maximum 
for  a  field  //=3-0  gauss.  This  is  the  field  which  gives  the  maximum 
susceptibility  for  pure  soft  iron,  anu  we  might  expect  that,  since  the 
value  of  K  for  iron  drops  rapidly  as  the  field  increases  thereafter,  the 
curves  in  Fig.  2  would  also  drop  rapidly.     But,  in  fact,  the  value  of 
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Fig.  2. — Curve  showing  the  Rel.\tiox  of  Field  in  G.au.sses  to  App.^rent 

SuSCErTIBII.ITYX  10*'. 

Ka.  is  practically  constant  with  increasing  field.  This  means  that, 
at  least  for  fields  of  3-0  to  9-0  gauss,  either  the  values  of  A'  for  iron 
and  for  silver  vary  together,  or  neither  of  them  changes.  Supposing 
(as  is  generally  done)  that  tho  susceptibility  of  jmre  silver  is  constant, 
then  that  for  the;  iron  impurity  is  also  constant  over  this  range. 

The  proportion  of  iron  to  silver  in  Honda's  specimens  was  about 
6/1,000,000  (as  shown  by  chemical  analysis).  For  these  fields  the 
effect  was  diamagnetic,  i.e.,  the  silver  effect  preponderates  over  that 
of  the  iron.  This  again  is  another  disproof  of  any  simple  super- 
position theory,  as  the  figures  for  purity  and  susceptibility  siuw. 

For  the  very  large  fields  used,  Honda  found  a  hyperbolic  relation — 

X=X*  +«^/'^' 
where  ;;^=specific  susceptibility  for  the  silver  specimen  in  a  field  H  ; 
;^^=specific  susceptibility  for  an  infinite  field  ;   (T  =  a  constant,  the 
specific  intensity  of  magnetisation  for  thi.  iron  impiu-ity. 

In  our  experiments  there  is  no  trace  of  a  hj-perbolic  relation  ;  in 
which  case  o",  in  the  above  expression,  is  not  constant,  but  variable. 

The  researches  of  Wills  and  Flemhig  and  Dewar  are  referred  to. 

The  torsion  balance  being  required  for  other  work  the  authors 
we'-e  forced  'o  leave  the  problem  at  this  stage.  It  is  suggested  that 
further  investigations  would  open  up  untrodden  ground. 
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THE  BATING  OF  INCANDESCENT  LAMPS  ACCORDING 
TO  THEIR  WATTS.* 

BY    R.    NAUJOKZ. 

For  some  time  past  it  has  been  common  to  (ind  inc;:iuk'3cent  lamps 
rated  according  to  their  watts  instead  of  tlieir  candle-power  ;  the 
older  forms  of  rating  were  said  to  lead  to  misunderstandings.  In 
statements  published  by  the  makers  it  is  stated  that  the  buyer  is 
mainly  interested  in  the  effective  illumination  given  b}--  a  lamp,  and 
that  for  this  the  mean  spherical  candle-jjower  is  the  projicr  mcasuie. 
One  would,  therefore,  expect  to  find  this  marked  on  the  socket  of  the 
iaiiip,  but  as  a  matter  of  fact  this  is  not  done.  No  information  is 
given  a.s  to  candle-power.  A  statement  as  to  the  watts  con.-junud 
is  considered  sufficient.  But  in  j)ractice  it  is  much  easier  for  the 
buyer  to  determine  the  current  taken  I)y  a  lamp  than  to  ascertain 
the  candle-power,  though  the  latter  is  the  more  important.  An 
ammeter  or  a  wattmeter,  or  even  the  bill  to  be  paid,  tell  all  about  the 
(•urront.  But  an  examination  on  exact  lines  of  the  candle-power  is 
only  ])ossible  in  very  rare  cases.  The  makers'  lists  probably  give 
tiie  desired  information,  but  they  very  rarely  reach  the  hands  of  the 
consumer. 

The  trouble  would  be  less  serious  if  all  lamps  of  the  same  kind  but 
of  diffeient  makes  had  the  same  efhciencics.  The  efficiency  cer- 
tainly differs  with  the  size  and  voltage  of  the  lamp,  but  it  also  differs 
with  flic  make,  though  in  other  respects  the  lamps  are  similar.  The 
following  iigures  show  how  great  these  differences  may  be.  The 
values  given  in  the  apperuled  table  are  taken  from  the  price  lists  of 
four  of  the  best  makers,  and  these  nuikei's  are  lienotcd  by  the  letters 
A,  Ji,  ('  and  1>.  The  list  prices  are  the  sanje  in  all  ca.ses,  except  for 
the  fact  that  the  1.50- Watt  lamps  of  the  firm  B  are  about  40  jKjr  cent. 
cliea|)cr  than  those  of  the  other  makers.  If  we  compare  the  illuminii- 
tion.s  (cither  tlu!  mean  si)herical  candle-power  or  the  maximum 
candle-ix>wer  in  any  direction)  we  (ind  things  are  no  longer  on  an 
equal  footing.  'I'h(^  differences  between  the  candle-powers  of  lamps 
of  the  various  makers  amount  soniefime.t  lo  mon;  than  25  ])er  cent. 
They  are  noticeable  both  with  low  and  high  candle-powers,  and  are, 
generally  speaking,  greater  with  regard  to  the  spherical  candle- 
jjower  than  the  maximum  candle-|x>wer. 

Naturally,  this  matter  of  candle-power  is  not  of  indifference  to  the 
buyer.  A  man  who  has  five  lamps  of  40  watts  of  nuike  D  in  his  sho]i 
window  will  have  the  siime  amount  of  light  as  if  he  had  four  of 
make  A.  The  difference  in  the  cost  of  current  may  be  considerable. 
It  may  be  admitted  that  the  ordinary  consumer  has  very  little  ide;v 
of  the  value  of  candle-])owcr,  and  that  he  has  no  knowledge  of  the 
meaning  of  a  watt.  It  is  probal)ly  suflici-nt  for  him  to  know  that 
the  candle-power  means  in  general  terms  the  illumination,  and  the 
number  of  watts  is  in  piojutrticm  to  tlu^  amount  of  the  bill. 

If  this  method  of  ratuig  lamps  is  not  altogether  in  the  interest  of 
the  consumer,  it  tan  also  be  f-aid  that  it  gives  the  contractor  a  lot 
of  trouble.  The  first  tliirig  he  wants  to  kn')W  is  the  candle-power; 
the  watts  are  of  secondary  interest.  When  lamjjs  were  nited  accord- 
ing to  candle-pow(!r  things  were  simi)le  ;  with  carbon  lamps  or 
with  one-watt  lamps  the  eHieieney  was  well  known,  and  led  to  verv 
simple  calculations;  but  nowadays  it  is  almost  impossible  to 
remember  th<!  ellieiencies  of  all  the  different  types  and  sizes  of  lamj) 
on  the  nuirket.  It  is  no  longer  |)osKible  to  calculate  on  the  ba'^is  of 
the  watts  being  in  pro|M»rtion  to  the  size  of  the  room  to  be  lighted. 
As  things  now  are,  for  each  kind  of  lamp  and  for  each  make,  the 
contractor  requires  to  know  the  caiulle-|iower  p«T  watt,  and  luus  then 
to  calculiile  the  camll.'  power  from  the  watts.  The  curves  in  figure 
show  how  confusing  such  calculitions  become,  and  how  the  factors 
vary  ;   these  curves  are  constructed  from  the  stated  spherical  candle- 

*  Abstriu'tof  an  artieji-  in  the  '  Klekfmteohnisehe  ZeilMhrift,"  Heft  1.! 
lOlC). 


powers  of  the  lamps  of  the  firms  A  and  D.  The  curves  show  the 
spherical  candle- jjowtr  corresponding  to  the  cousumjjtion  of  one 
watt  for  incandescent  lamps,  taking  between  25  and  100  watts. 
-Another  set  of  curves,  not  here  reproduced,  shows  similar  results 
for  lamps  taking  between  100  and  1,.500  watts.  The  full-line 
curves  relate  to  lamps  taking  about  l.'iO  watts,  and  the  dotted  curves 
to  lami).s  taking  about  250  volts.  The  curves  marked  Dj  relate  to 
lamps  which  are  sold  under  the  name  of  spiral  lamps.  Now  the 
figures  which  show  the  ratio  of  candle-power  to  watts  are  the  factors 
by  which  the  watts,  as  stated  on  the  sockets,  must  be  multiplied  in 
order  to  obtain  the  mean  spherical  candle-jxjwer  of  the  lamp.  As 
can  be  seen  at  a  glance,  this  ratio  varies  by  120  per  cent,  for  lamps 
between  25  and  100  watts  ;  for  lamps  Ijetween  1(K)  and  1,500  watts 
it  varies  by  85  per  cent.  The  contractor,  therefore,  does  well  to 
confine  his  estimates  to  the  assumption  that  lamps  of  .some  particular 
maker  are  used.  His  figures  would  be  incorrect  for  any  other 
maker.  Supjxjse  he  .substitutes  750-watt  lamps  of  make  D  for  those 
of  make  A  ;  if  the  voltage  is  240  the  candle-power  would  be  reduced 
by  20  per  cent.,  if  the  difference  is  calculated  on  the  basis  of  mean 
spherical  candle-power.  It  would  be  still  worse  if  it  were  the  case 
of  Ughting  the  floor  of  a  room,  and  reckoning  that  the  maximum 
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The  data  are  taken  from  the  spherical  candle-power  given  in  the  price  lists  of  firms 
A.  and  D.  The  fuJl-line  curves  relate  to  lamps  taking  about  130  volts  :  the  dotted-line 
curves  relate  to  lamps  taking  about  250  volts. 

candle-power  Wiis  in  a  vertical  direction,  it  was  then  found  that 
the  lamps  gave  their  maximum  illumination  in  a  horizontal  direction  ; 
the  differences  might  then  be  very  marked.  It  seems,  therefore,  very 
necessary  that  ]iarticulars  as  to  candlc-])ower  should  be  given  as 
well  as  the  number  of  the  watts  taken.  If  these  things  were  stated 
on  the  socket  the  consumer  could  probably  choo.sc  for  himself  among 
the  differe?it  makes,  and  the  ecmtractor  would  not  have  to  bind  the 
buyer  to  a  jiarticulav  iirm. 

The  new  !<ystem  of  niting  lamjJs  provides  no  method  of  distinguish- 
ing between  them.  It  is  not  possil)le  to  say  how  the  average  con- 
sumer \f  to  choose  the  lamp  w  Inch  is  best  .suited  to  his  requinMnent.s. 
All  himjjs  look  very  much  alike,  and  it  is  not  very  easy  at  a  glance  to 
distinguish  between  them.  And  if.  as  is  very  likely.  lamjJs  of  higher 
clliciency  should  be  introdncctl.  the  confusion  will  become  gn>ater 
still.  The  rating  according  to  watts  leads  to  wrong  values  being 
placed  on  the  lighting  capacity  of  a  hnnp.  and  just  as  a  man  has 
every  right  to  know  the  output  of  a  machine  wluch  he  is  proiX).sing 
to  buy,  .so  he  ought  als(j  to  be  pnnided  with  information  as  to  the 
light  wliich  may  be  expected  from  a  given  lamp. 
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PARLIAMENTARY  INTELLIGENCE. 


TELEGRAPH  (CONSTRUCTION)  BILL. 

This  Bill  has  now  passed  both  Houses  of  I'ailiiiinent. 

In  th(i  House;  of  Lords  last  vvcuik  the  Conunittec  stajio  was  taken,  when, 
on  clause  1,  Visoount  Miolkton  moved  an  amendment  to  give  the; 
County  Court  judge  power  to  order  the  proposed  telegraphic  wire  to  be 
carried  underground  in  any  case  in  which  the  "anionitios  or  value  of  any 
land  may  bo  affected. 

Lord  Allkndalk,  on  bc^half  of  the  (Jovornment,  opposed  tlie  amen<l- 
mcnt,  as,  in  the  O])inion  of  the  I'ostmaster-CJeneral,  the  interests  of  land- 
owners were  already  adei^uately  protected  by  the  setting  up  of  a  tribunal 
to  settle  disputes. 

The  Mar(juess  of  .SALiSBiriiY  pointed  out  that  all  the  tribunal  had  to 
consider,  according  to  the  clause,  was  tlie  public  interest.  It  was  not 
likely  that  amenities  would  be  regarded  as  things  essential  to  the  publico 
interest.  The  consequence  might  be  that  telegraphic  wires — which  had 
increased  enormously  of  late — would  be  carried  right  across  private; 
houses,  parks  and  gai  dens,  when  they  could  be  just  as  well  placed  under- 
ground or  carried  by  road. 

After  further  discussion  the  Government  agreed  to  acce])t  words 
empowering  the  tribunal  to  stipulate  for  the  carrying  of  a  portion  of  the 
telegraph  wire  underground  if  necessary. 

The  Bill  passed  through  Committee,  and  the  Bill  has  since  been  road  a 
third  time. 


Boiler  Tubes. — Tn  the  House  of  ('ommons  last  week  the  President 
of  the  Board  of  Trade  was  asked  if  he  was  aware  that  the  ])ractical 
monopoly  of  the  supply  of  boiler  tubes  suitable  for  water-tube  boilers 
in  this  country  was  in  the  hands  of  the  British  Mannesman  Tube  Co.. 
and  that  on  Juno  30,  \{)\5.  of  15,000  ordinary  shares  and  10.000  pre- 
ference shares  in  the  com])any  14,830  ordinary  shares  and  18,873  ])re- 
ference  shares  were  held  by  enemy  aliens  resident  in  CSermany  ;  if  that 
firm  was  a  controlloil  establishment  under  the  Munitions  of  War  Act; 
and  if  any  steps  had  been  taken  under  the  Trading  with  the  Enemy 
(No.  2)  Act,  1916,  to  transfer  the  enemy  interests  in  the  concern  to 
British  shareholders. 

In  reply,  Mr.  H.\rcourt  said  the  Briti-sh  Mannesman  Tube  Co.  (Ltd.) 
was  a  controlled  establishment  under  the  Munitions  of  War  Act.  The 
right  to  transfer  the  shares  belonging  to  enemies  had  been  vested  in  the 
Public  Triistee,  who  informed  him  that  he  had  now  completed  negotia- 
tions for  their  sale. 


LEGAL  INTELLIGENCE. 


Tramcars  and  Lighting  Regulations. 

At  Blackpool  last  week  Charles  Beckett,  a  Corporation  tramcar  driver, 
was  summoned  for  a  breach  of  the  lighting  regulations.  The  defence 
was  that  the  conductor  had  charge  of  the  car  slighting  arrangements  and 
not  the  driver,  and  this  view  was  corroborated  by  the  Chief  Inspector. 

The  magistrates'  clerk  held  that  both  were  resjwnsible  and  he  advised 
the  Chief  Constable  to  proceed  against  both  on  the  next  occasion. 

The  driver  was  fined  20s. 


EDUCATIONAL. 


University  of  Bristol. — In  the  faculty  of  engineering  complete 
courses  of  instruction  are  provided  in  civil,  meeh<anical,  electrical 
and  automobile  engineering. 

The  autumn  term  commences  on  Sept.  3,  bxit  in  the  faculties  of  arts, 
science  and  medicine  it  begins  on  Oct.  3.  There  are  also  complete 
courses  of  instruction  in  the  evening  classes.  Particulars  from  the 
registrar,  Mr.  James  Rafter,  M.A. 

University  of  Edinburgh. — The  next  session  of  the  engineering 
department  commences  on  Oct.  10th.  The  preliminary  or  entrance 
examination  is  held  in  September.  Complete  courses  of  instruction 
in  civil,  mechanical  and  electrical  engineering  are  provided  ;  they 
qualify  for  the  degree  of  B.Sc.  in  engineering  and  extend  over  a 
period  of  three  jears.  Particulars  of  entrance  examinations, 
scholarships,  &c.,  may  be  obtained  from  the  Matriculation  Offices, 
the  University  of  Edinburgh. 

University  College,  University  of  London.— The  Goldsmid  engineer- 
ing entrance  scholarship,  of  the  value  of  £30  a  year,  tenable  for  three 
years,  will  bo  competed  for  at  University  College  in  September.  Par- 
ticulars of  the  seliolarship  examination  can  be  obtained  from  the 
Secretary  of  the  (.'ollege  (Ciower-.street,  W.C.),  to  whom  application 
should  be  made  before  Sept.  1. 

Armstrong  College  (University  of  Durham)  Newcastle-on-Tyne.— 

The  next  session  commences  on  Sept.  25.     I'ull  particulars  relating 


to  the  departments  of  mechanical,  marine,  civil  and  electrica' 
engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
pure  science,  arts  and  commerce  may  be  obtained  from  the  secretary, 
Mr.  F.  H.  Pruen,  M.A. 

Royal  Technical  College,  Glasgow.— The  sessicn  1910-17  begins 

on  Sej)t.  2(). 

The  di])]oma  of  the  college  is  granted  in  civil,  mechanical  and  elef;trical 
(engineering,  mining,  naval  architecture,  chemistrj-,  metallurgy',  &c. 
There  arc;  also  full  courses  of  instruction  in  the  schools  of  navigation  and 
wireless  telegraphy,  and  both  day  and  evening  clawses  arc  held.  The 
diploma  courses  extend  over  three  or  four  sessions,  and  the  average  fee 
is  £12.  12s.  per  session.  The  college  is  affiliated  to  the  University  of 
(Jlasgow,  and  the  degrees  of  the  universit3'  in  engineering  and  a|)plicd 
chemistry  are  o])en  to  its  students.  Prospectuses  may  be  obtained  from 
the  Director-,  and  the  calendar  is  published  at  Is.  (post  free  is.  4d.). 

Northampton  Polytechnic,  London. — In  the  day  engineering  college 
full-day  courses  in  the  theory  and  practice  of  civil,  mechanical  and 
electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  specialisation  in  auto- 
mobile and  aeronautical  engineering,  and  thoee  in  electrical  engineer- 
ing include  racUography.  The  entrance  examination  takes  place 
on  Sept.  26th  and  27th.  Three  entrance  scholarships  of  the  value 
of  £52  each  will  be  offered  for  competition  at  the  entrance  examina- 
tion. The  courses  include  periods  spent  in  commercial  workshops 
and  extend  over  four  years.  They  also  prepare  for  the  degree  of 
B.Sc.  in  Engmeering  at  the  University  of  London.  In  the  technical 
optics  department  there  are  full  and  part  time  courses  in  all  branches 
in  specially  equipped  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (value  £50)  will  be  offered  in  this  department  at  the 
entrance  examination.  Particidars  as  to  fees,  dates,  &c.,  can  be 
obtained  at  the  Institute  or  on  application  to  the  Principal,  Dr.  R. 
Mullmeux  Walmsley. 
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SPECIFICATIONS  PUBLISHED. 

The  following  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  for  differs  from  the  date  on  which  the  appUccdion  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  after  the  title. 

1915  Specifications. 
,758  Kettering  &  Chryst.    Electrical  ignition  systems  for  internal  combustion' 

engines.     (16/7/14.) 
.711  MoND.    (MaschinenfabrikOerlikon.)    Cooling  or  ventilatingdevices fordynamo- 

electric  machines. 
,726  Bachelet.     Electromagnetic  levitating  apparatus. 
,752  Schattner,Travis&  Walton.    Electric  motorstarters  and  controllers.  (Cognate 

application,  661/16.) 
,755  Wade.    (Leeson.)    Coilfor  electrical  purposes  and  method  of  winding  same. 
,785  Lane  &  HoNEYMAN.     Rumblers  and  like  for  electrolytic  purposes. 
,01 1  Marino.     Process  for  electrolyticallydepcsiting  a  strongly  adherent  and  malleable 

layer  of  tin  on  iron  and  other  metallic  surfaces. 
,172  British  Insulated  &  Helsby  Cables  (Ltd.)  &  Astley.    Means  for  suspending 

and  adjuslingelectricity  overhead  conductors. 
,263  B.T.-H.Co.     (G.E.  Co.).     Electrical  windings. 
,603  Broadbent  &  Sons.  B.T.-H.  Co.  &  Wise.    Control  of  electric  motors  for  driving 

hydro-extractors. 
,658  B.T.-H.Co.    (G.E.  Co.)      Electric  motor  control  systems  and  pneumatically 
operated  controllers  employed  therein. 
Consists  in  a  controller  for  trs  motor  circuits  com  prising  a  pluralityof  unit  switches, 
each  having  a  normally  open  movable  contact  arm  and  a  stationary  contact  arranged 
to  be  engaged  thereby,  a  pneumatically  operated  cam  shaft  provided  w,ith  cams  so 
arranged  as  to  close  said  switches  in  a  predetermined  order,  the  motion  of  the  cam 
shaft  being  in  the  same  direction  for  either  direction  of  rotation  of  the  motors,  and  a 
master  controller  provided  with  connections  adapted  to  cause  a  step-oy-step  move- 
ment of  the  cam  shaft  to  close  the  switches  in  response  to  movement  of  the  master 
controller. 
723  Guth.     Lampholders  for  electric  lamps.    (21/1/15.) 
379  Wilkinson.     Electromagnetically  operated  sv.-itches. 
666  B.T.-H.  Co.     (G.E.Co.)     Rectifiers  for  electric  currents. 

The  rectifier  com  prises  a  refractory  cathode,  such  as  tungsten  filament,  adapted  to 
be  heated  to  incandescence  so  as  to  emit  elec+ions,  and  an  anode  of  volatilisable 
reconstructing  material, such  as  mercury,  the  arrangement  beingsuch  that  the  anode 
is  heated  during  operation  so  as  to  maintain  sufficient  pressure  of  vapour  to  suppress 
electrical  disintegration  of  the  cathode. 
747  B.T.-H.  Co.    (G.E.Co.)    Protective  devices  for  electric  systems. 
,679  Lewis.     Electro-magnetically  operated  brake  or  other  mechanisms. 
799  North.    Conductors  for  the  ignition  system  of  motor  vehicles  and  other  purposes. 
407  Redman.     Apparatus  for  receiving  or  detecting  subm.j.vine  sounds. 
•19  Maschi.ienfabrik  Oerlikon.     Braking  electric  motors  actuating  lifting,  lower- 
ing, hiuling.  winding  and  like  apparatus.     (11  12  14.) 

1916  Specifications. 
100,056  Kawakami.  Electric  motor  pump.  (1.526.) 
100,361  Kettering  &  Chryst.    Electrical  systems  (or  internal-ccmbusticn  engines. 

(Divided  application  on  7,757/15.)     (5,841.) 
100,533  Siemens-Schuckert-.verke  Ges.     Electrical  connecting  devices.    (6,977.) 
100,739  Siemens  &  Halske  Akt.  Ges.    Electrolytic  apparatus.    (8.111.) 
100,859  Aldendorff,  F.     Switching  apparatus  for  interconnecting  telephone  lints  by 
electro-mechanically  controlled  switches.    (301. 14.  addition  to  28.502/13  and 
divided  apolication  on  2.530/14.)    (4.699.) 
100.363  Mander.J.W.    Pocket  and  otherelectricflashlight  batteries.    (3/5/16,  addition 

to  7.079/14.)    (6,302.) 
100,872  Igranic  Electric  Co.    (Cutler-Hammer  Mfg.  Co.)    Electric  motor  control 
systems.    (3'2/16.)    (1,643.) 
Relates  to  means  for  con  trolling  an  electricmctorcom  prising  a  push-buttcn  control 
st  ation. adapted  to  be  set, so  that  withonesef  ting  theoperation  of  asingle  push-button 
switch  will  effect  starting  and  stopping  to  inch  the  motor,  and  so  that  with  a  further 
setting  theoperalion  of  thesamesinglepush-buttonswitchv/illeffectstarting,  accel- 
erating and  deceleration  of  the  motor. 


11 
12, 
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100,879  Woods,  R.  S.     Electriclightingtneans.    (7/1/16.)    (286.) 

100,916  Clarke.     Safety  devices  for  electrically  operated  lifts  and  other  vehicles.  (1,175) 

100,933  Mej-lersh- Jackson.    (Champion  Igniticn  (x>.)    Sparking  plugs  and  the  method 

of  making  same.     (2,020.) 
100,994  Mellepsh- Jackson.    (India-Rubber  Co.)    Separators  for  secondary  batteries 

(7,567.) 


APPLICATIONS  FOR  PATENTS 


NmB.—The  undermentioned  /■  r plications  {except  those  marked  t)  are  not  open  to 
public  inspection  until  a/ttr  accent. r.ce  of  Complete  Specifications.  Those  marlied  '  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  it  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

July  17,  1916. 
9,985  Shone  &  Sho.ve.    Sound  Iransmittinj^,  recording  and  rep'-oducinginstruir.ent£. 
10,008  Chgrtik.    Method  of  producing  high-frequency  oscillations. 
10,016  Rosso.     Interruptersormake-and-breakdevicesformagneto-igniticn  ininterrcl- 

combustion  engines. 
10,029  Meek.     Electric  incandescence  lamps. 
10,03fe  Bell  &  Sterling  Telephone  &  Electric  Co.    Electrically-driven  vibrate  ry 

apparatus. 
10,037  &  10,038  Elektucmekaniska  Aktieeolaget.    Pcrtable  dustsucficn  apparatur- 

(16; 7/ 15,  Sweden.) 

July  18.  1916. 
10,047  LiiiR.     Mirror  reflector  to  be  applied  to  electrical  generating-apparaluc  for  in- 

s|K;ctJon  purposes. 
10,070  British  InsulatedA  Helsby  Cables.  Ltd.  &Ve."niek.     Electric  cable  junction 

or  terminal  boxes  or  apparatus. 
10.072  NirwiTT.     Ek-ctric  fuses  or  cut-outs. 

' '■  F.hanks,  Read  &  Walsall  Hardwafe  Mi-g..  Co.     Elcclric  j.wilch<r. 

o&GiRARDKAu.    Sp.'irk-gapsforwirelejitelegraphy.  (21 '7, 15,  France.) 
..../,  ^r  .    .^ts.   Brown,   Boveri  et  Cie.    Multiple  control  apparatus  for  electric 

r.-iih.'Ayr..    (29/7/15,  Germany.) 

10.100  British  Westinohouse  Electric  Si  Mfg.  Co.      (Westinghousc  Electric  &  Mfg. 

Co.)    Circuit-inttrruptinp  devices. 

10.101  British  Westinghouse  Electric  &  Mfg.  Co.      (Westinghouse  Electric  &  Mfg. 

(xi.)     Protective  relays  for  electric  circuits. 
10,103  Chortik.     <3eneration  of  hiph-frequency  currents. 
10,1 16  Cutler-Hammer  Mfg.,  Co.  8t  Icranic  Electric  Co.    Circuit  controllers. 

10.125  Crump,     Manufacture  of  linc,  and  obtainment  of  by-products  from  said  manu- 

facture. 

10.126  Watkins.    Sparking  plugs  for  internal  ccmburlicn  engines.. 

July  19.  1916. 
10. H2  Parsons.    Pendulum  indicators  for  electric  tell  systems. 
10.162  Haldeh  &  Halden.     Electric  pholoi'raphit  printing  or  copvinp  frame- 
10,174  B.T.-H.O..     (CE.Cf...  U.S.I     Dyniinio-kctric  machines.'      ' 
10,176  MXkconi";;  WikelessTei  egraih  C<j.  &,  White.     Means  for  opening  and  cicsinp 

electrical  circuits. 
10,178  Bennitt.    Controllers  for  electric  motors. 

10.182  Bikks  &  Trmh.in.    Differentially  metering  electricity  for  lighting  ar.d  hoa'.irp. 

(2/3/16,  New  ;?ealand.) 

10.183  Braid.     Apparatus  for  electro-deposition  of  metals. 

10.184  Haefely^  et  Cie  Akt.-Crs.     Insulation   for  electrical  apparatus.    (20/10/15, 

10,193  Ma  Irolytic  process  for  removingsulphide  or  sulphide  ccmpourdsfrcm 

"'■  rticle;  of  copper  or  copper  alloys. 

July  20,  1916. 

•  lit  electric  systems, 
.'.on-conducting  subflar.ccr, 
...,■•  .  I. r.in.,1.  .,,:,;  Lounterr. 

Inly  21,  1916. 

M.  EnginbbrinoCij.     Electrical  trar.i.'ciirfi: 
.r. 

I  Mii'Mtosparkingiilugsforautomatically  cleaning  ard 
Mfo.  Co.,  Smith  li  Woodland.    Telegraph  systfmt. 
July  22.  1oi»> 

ric  induction  coils. 
Thermionic  devicer. 
i«l' ..I,,  ■Mi.tniiii  i'trol-electric  vehicle;. 

julv?4.  I9ir 

'  tion  piecfs. 
circuits,  chiefly  fc  r  vu   v.ith 

•.1  for  accumulator;, 

\blstofaktibsbl3kab.   Manuiac'.urcolammcniLm 

.and  automatic  laying  of  anti-aircraft  puns. 
July25.  |0|6. 

is  In  prime-mcvcrr. 


10.227  M..C.  i 

10.228  Unmo. 
10.267  r*    .K 

1  .      i  ; 
M<-tt, 
-'I  Tel 

10.274  :. 

vi.nv/  lf 

in, 277  Lai.' 

10.308  All 

' 

10,388  Ba 
10,33.',  Wr 
10.361  TiLii.. 

10.366  C<.LI  INS  &  C<.LLINS.       E 
10,40?  WxK.in.      Inteirui.lor 

10.41. 
13,422  1. 

nr 
10.428  Va:.  l 


1'^ 


10.491  Crocmat.    Electrical  driving  lorn 


10.519  Lyon  itWRKNcH&ToDMAN 
10.535  Pom  ■•      ""        >^-  -n.  do*  Ei 

Cci; 


I 


1" 

I" 

I" 

ll 

I 

ll 

10. 


.iMr 


■.  •  1  . 


;,MiLL. 
INS.       Sir 


>s,4c.    (9  5, 16.  France.) 

•sand  dyntmcs. 
rn  riir.  L.  Bl*rk>t.)    Electrlc  retlstar.cce  ftr 


R. 

Co.)    Circuit  conlrollert. 
<!.  fitments. 


.  .w,...    ..,,,....■,  .-.,.:,,  -.  ,  i  tcirpnony.   (lU.H/ 1.5.  France.) 

July  27.  1916. 
:  SALL  ELBCTmcAL  Co.    Attachment  of  ammetm  end  volt- 


Anmotwaand  voltmitari. 
rhone    call    distrtbutins    systems. 


10,588  Dull  -.  ■.-■ 

mi 
:0.589  r^' 
10.627  : 
10.611  V 

(19/12/14.  U.S.) 
I0,64«  IcwANic   Elbctric  Co.    (Cutler-Hammer    Mfc.   Co.)    Cntroller*   for   electric 

motor  circuits.  eiectnc 

,„^„  -  July2fl.  191b. 

o'tos  5h^"lS^^''*T'"?'-'l-^f'  >*  Ellbfsbn.    CDntrolkri  lor  tiectric  itiototi.  ««:. 
1 1 -jn     c  Magneto-ignition  devices. 

IJ.706  Ei.BcTRicAUlMrRovBMBNTs(LTO.).    Treatment o«  lumac« tA,«. 


NEW  BOOKS  AND  NEW  EDITIONS. 

[Copies  of  the  new  books  mentioned  below  can  be  obtained  post  fret  from  The  Elec- 
trician Offices  on  payment  of  the  prices  indicated  in  parentheses.  It  is  only  necessary 
to  specify  the  number  when  sending  remittance.] 

719.  ■'  Muiiiiipiil  l.iff  and  (Jovernnient  in  Germany."  By  W.  H. 
l);iwscin.      T.-i.  tkl.  net  (S.s. ) 

720.  •'  Fra«ti(al  .Math«-mati(s  for  Technical  Students."  Part  II.  By 
T.  S.  UshiTwodd.     7s.  (id.  (8s.) 

721.  "  Kii^'li>li  a;id  .Am.'ri.an Tool  Builders."  By  .1.  \V.  Koe.  12s.  6d. 
n«a  (13.S.  U.l.) 

722.  "Treiitisfon  the  Theory  (.f  Alternating  Currents."  Vol.  II.  By 
Dr.  Alix  Hii.s.-<fll.     Sei:<iiid  Kdiiit.n.      l.^is.  net  ( 1  r».s.  M.) 

72:{.  ■"  Klcitrical  Kngincering  :  First  Course."  By  .1.  E.  Berg  and 
W.  I...  l'p«on.      17.S.  net  (17s.  ild.) 

724.  "  Eini.><.sii)n  of  EUitricitv  from  Hot  Bodies."  By  t).  W.  Richard- 
.son.     ys.  net  ('.ts.  (kl.) 

72.').  "The  Elcitriial  Contnw^tor :  Principle-^  of  Cost-keeping  iuid 
Kstimatinn.  Wiring  and  Illumination  CaUulations,  &c."  By  1>.  \V. 
.Moxley,  jun.     fis.  M.  net  (Bs.  J»d. ) 

726."  "  Trmle  as  a  Srionee."     By  E.  J.  P.  Brien.     2s.  6d.  net  (2s.  Hd.) 

727.  "Te.st  yue.-^tions  in  Junior  Algebra."  By  B.  F.  Ri>senberg. 
Is.  3d.  (Is,  (kl.)  ;    Is.  (Is.  :U1.)  without  an.swers. 

728.  "  Longman    Modern    Mathematical    Series 
pa.s,<es."      By  P.  H\i(l.>;on.     5s.  net  (5s.  (kl.) 

72».   "  Ivoctures  on  Ten   British   Mathematicians  of  the  Nineteenth 


Rules    and    Com- 


Bv 


Century."     By  A.  Macfarlane.     5s.  (id.  net  (6s.) 

7:K>.    "  Pole  and  Towtr  Lines  for  Eleetrie  l*owiT  Transmission. 

\\.  1).  Conmh.s.      lOs.  tkl.  net  (lis.  M.) 

'I'.W.   "  Nitrogen  Compounds  and  Explo-sivcs."     By  Dr.  G.  Martin  and 

\Vm.  Barbour.     7s.  (id.  net  (8.s.) 

732.  "  ('hlorinc  and  Chlorine  lYoducU"     By  Dr.  G.  Martin.     7s.  Od. 
net(8e.) 

733.  "  Sulphuric  Acid  and  Suljihur  Product*."     By  Dr.  G.  Martin. 
78.  M.  net  (Ss.) 

734.  "The  Salt  and  Alkali  Industry."     By  Dr.  G.  Martin.     7s.  Oti. 

MPt(H.H.) 

736.  "  Arithmetic    for    Engineers. 
net(fi8.) 

736.  "  Gas.  Oil  a;><l  I'ltrol  Engines. 

737.  "The    AlK'brni.     Theory    of    Modular    Systnns.  '       By 
.M.ic.iulay.     4s.  lid.  m  t  (."»-.) 

738.  "  Lathe DeMgn.(V«ibtnutiui»ujul  Operation.  '     Jiy  U.  E.  IVrrJL'o. 
12».  M.  net  (13«.  3«l.) 


By    C.    B.    Clapham.     5s.    6d. 

Kv  .\.  Garrard.     5s.  not  (S-s  6d.) 

F.    S. 


10,713  Clarke  &  Mullard  &  Edison  &  Sv/an  United  Electric  Light  Ck5.    Valves  for 

receiving  or  prod ucingv/ireless  current. 

10.720  Midgley&Vandervell&Co.    Combined  starter  and  lighting  dynamos. 

10.721  Kenhincton.    Magnetos,  &c.  •  ' 

10.722  Chorti.'c.    Method  for  producing  high-frequency  oscillaticr.s. 

July  29, 1916. 
10,734  Lyon  &  Wrench  &  Ml'rphy.     Field  magnets  for  electric  dynamcs  and  motors. 
10,745  Jones.    Anodes  for  electrc-plating. 

10,750  Allgemei.-je  Elektricitats-Ges.    Time  meter  for  alternating  current.  (25/4/15, 
(jermany.) 

July  31,  1916. 
10,767  Masters.     Electrical.telephones  for  field  telegraphs.  &c. 

10,774  Garner.    Apparatus  for  testing  electrical  ignition  plugs.  ] 

10,783  Compare  &P1ZZI.     Electric sv/itches.  f, 

10,795  B.T.-H.  Co.  &  Ycung.    Magneto-electricmachines.  ' 

10,809  Stacev  iSTACEY.    Sparking  plugs  forinteraal-combusticn  engines. 

August  1,  1916. 
10,835  Firth  &  Rhodes.    Driving  and  controllingdynamo-electric  generators. 
10,850  B.T.-H.  Co.    (G.E.Co.)    Electron  discharge  apparatus. 
10,855  Vidal.    Electric  lighting  and  heating  of  railway,  &c.,  vehicles. 
10,858  Woodland.    Ignition  devices  forintemal-ccmbuslicnengines. 

August  2, 1916. 
10,875  Williams.    Ammeter  for  alternating  currents  and  electric  oscillations. 

10.882  Creenhalgh,  Longbottom  &   Electromotors  (Ltd.).    Dynamo-eleclricma- 

chinery. 

10.883  Cunewardene.    Life-saving  electrical  warmer. 
10.905  B.T.-H.  Co.  &  Clinker.    Wireless  transmitting syi'.cn-.s. 
10,923  Mallinscn  &CCLLEN.    Sparking  plugs. 

10.938  Fritsch.     Switch  controls. 

10.939  Newtcn  Brcs.  &Newton.     Motor-startingswitches,contrcllerr.&c. 

Augusta,  1916. 
10.950  Donovan  &  Donovan.     Electric  switches. 
10,973  loPANic   Electric  Co.    (Cutler-Hammer   Mfg.  (k.)    &5ntrol  mechaniim   for 

doors  of  lifts. 
10,9/9  B.T.-H.  Co.  &  Young.    Magneto-electric  machines. 
10,985  Fessenden.    Apparatus  for  transmitting  and  receiving  scur.d  waves  through  the 

ground.    (7,10/ 15,  U.S.) 
10,996  Perry.     Gyro-ccmpa::(r. 

10.998  Perry.     Repeaters  fcr  gyro-ccm passes. 

10.999  Cross.    (Svenska  Aktieoolaget  Gasaccumulatcr.)    Detectcrs  for  wireless  tele- 

graphy. 

11.001  Davison.     Electrical  means  fcr  Iccking  railwcy,  Lc,  carriage  dccrs. 

August  4,  1916. 

11.002  Ellis.    Automatic  transmission. 

11,014  Mack,  Nash  &  Western  Electric  Co.     Electricslscreeningor  jammingsystems. 
11,043  B.T.-H. Co.    (G.E.Co.)     Electric  motor  control. 
11.047  Marks.    (Kuntriger.)    Cut-out  for  electric  circuits. 

11.052  Graham.    Electric  signalling  or  indicating  apparatus  for  signalling  orders  and 

numerical  data. 
11,055  Indo-European  Telegraph   Co.   &   Morse.     Electric  oscillating  or  wirele: 
systems  and  apparatus. 

11.053  Cooper.    Electrical conductingcloths.&c. 

August  5, 1916. 
11,064  Jones.    Magneticseparators. 
11.083  Jblley&Stelfox.    Contact  breakers  for  magnetct,&c. 
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COMMERCIAL    TOPICS. 


Minister  of 
Commerce. 


In  the  House  of  Commons  last  week  a  question 
was  asked  as  to  whether  it  was  the  intention 
of  the  Government  to  appoint  a  Minister  of 
Tommerce  and  whether  any  steps  were  being  taken  to  reorganif-jo 
and  lodistribute  the  duties  and  work  of  the  Board  of  Trade  so  as  to 
place  the  country  in  a  better  position  to  deal  at  once  with  the  new 
economic  conditions  created  by  the  war.  In  reply,  Mr.  Asquith 
.stated  that  active  steps  were  being  taken  with  a  view  to  placing  the 
Board  of  Trade  in  a  position  to  deal  effectively  witli  post-wai-  econo- 
mic and  commercial  problems,  but  he  was  not  in  a  position  to  go  into 
details.  No  good  object  would  be  attained  by  the  multiplication 
of  Ministers. 

With  great  respect  we  submit  that  the  time  has  arrived  when  the  work 
of  the  Board  of  Trade  should  be  sub-divided,  and  the  whole  department 
modernised.  Part  of  the  duties  of  the  present  Board  L-hould  be  entrusted 
to  a  Ministry  of  Commerce,  which  is,  in  our  opinion,  badly  needed,  and 
this  is  the  view  of  every  Chamber  of  Commerce  in  the  country.  The 
answer  of  the  Prime  Minister  is  disappointing,  and  no  tinkering  witii  the 
present  Board  of  Trade  will  satisfy  the  commercial  interests  of  this 
countrj'. 


Preventing  Trade 
With  the  Enemy. 


It  is  announced  that  for  the  purjiose  of  ascer- 
tainmg  whether  goods  of  an}^  description  are 
held  on  account  of  or  for  future  account  or  for 
the  benetit  or  future  benefit  (direct  or  indirect)  of  any  person  resident 
or  in  business  in  any  hostile  country  or  any  person  of  enemy  nation- 
ality, or  are  held  otherwise  to  the  prejudice  of  the  national  interest, 
the  Board  of  Trade  are  authorised  to  require  of  all  jjersons  concerned 
information  as  to  the  nature,  quantity,  use,  origin  and  destination 
of  goods,  and  the  purpose  for  which  they  are  held  or  as  to  the  actual 
ownership  and  conditions  under  which  goods  are  held,  or  information 
to  establish  whether  the  goods  held  are  in  excess  of  normal  requiie- 
ments  of  the  owners'  trade  and  the  reasons  for  any  excess.  The 
Board  of  Trade  may  make  arrangements  with  any  other  department 
fcr  exercise  of  these  powers  if  necessary,  and  the  Board  may,  where 
the  goods  do  not  satisfy  these  requirements,  oblige  the  owner  to 
dispose  of  them  in  a  manner  and  within  such  time  as  arc  subsequently 
sptcified. 

•I*  •!*  1*  I* 

An  interesting  statement,  which  has  been  issued 
by  the  company,  setting  out  the  progress  made, 
appears  in  another  column. 
The  units  sold  in  the  first  six  months  of  each  of  the  years  from  1913  to 
191G  inclusive,  and  also  the  amount  available  for  dividend,  &c.,  are 
given,  and  it  is  clear  that,  notwithstanding  the  lighting  restrictions,  the 
high  price  of  coal,  labour  difficulties,  &c.,  very  substantial  progressj  has 
been  made.  In  the  half-year  ended  June  last  11,600,918  units  were  sold 
compared  with  9,536,691  in  the  corresponding  period  of  1915,  and  the 
amount  available  for  dividend  is  £35,308,  against  £31,751.  It  is  evident 
that  there  is  a  greatly  increased  demand  for  electrical  energy  for  power, 
and  the  directors  consider  the  past  half-year's  trading  satisfactory, 
especially  as  the  costs  of  production  have  largely  increased,  the  price  of 
coal  alone  being  50  per  cent,  higher  than  in  1914. 


Metropolitan 
Electric  Supply 
Company. 


Exports  to 
Sweden. 


Import  of 
American 
Electric  Vehicles. 


It  is  aiuiounccd  that,  in  ccut-Cjueuca  ot  the 

refusal  of  the  Swedish  Covcmment  to  allow 

Swedish  merchants  to  give  guarantees  that 

goods  imported  from  Britain  shall  not  reach  G'erm.any,  the  British 

(;lovemmi,nt  have  prohibited  all  exports  to  Swed?n,  except  under 

a  licence  which  will  only  be  given  en  production  of  a  guarantee  of 

destination. 

*         *         *         ♦ 

In  reply  to  a  request  that,  notwithstanding  the 
new  import  restriction,  American  electric 
cha.ssis  should  be  specially  considered,  the 
Board  of  Trade  promises  that  if  a  statutory 
declaration  is  made  to  the  effect  that  the  chassis  are  to  be  used  .solely 
for  commercial  purposes,  the  matter  of  their  importation  will  have 
consideration. 

4:  *  *  4*- 

In  reply  to  a  question  in  the  House  of  Conimon.s, 
Mr.  Asquith  recently  stated  that  the  Govern- 
ment hope  to  give  facilities  after  the  recess  for 
the  passing  in  the  House  of  Commons  of  the  Registration  of  Busi- 
ness Names  Bill,  which  had  already  been  passed  by  the  House  of 
Lords.  We  welcome  this  announcement,  and  we  hope  that  this 
year  will  see  an  important  and  much  needed  alteration  in  the  law 
relating  to  the  names  of  firms  trading  in  this  country. 


Registration  of 
Business  Names. 


Australian  Zinc 
Concentrates. 


American 

Profit-sharing 

Scheme. 


The  Commonwealth  Premier  (Mr.  Hughes)  re- 
cently announced  that  the  Imperial  Ciovemment 
had  agreed  to  take  a  large  proportion  of  Aus- 
tralian zinc  concentrates  during  the  war,  and  1U0,00U  tons  yearly 
for  10  years  after. 

Mr.  Hughes  said  the  Imperial  Government  had  also  agreed  to  advance 
£500,000  on  War  Loan  terms  for  the  erection  of  plants  in  Australia,  and 
to  take  45,000  tons  per  annum  of  Australian  spelter.  Negotiations  were 
proceeding  with  France  and  Belgium  to  take  the  remainder  of  the  con- 
centrated ]n-oduce  in  the  Commonwealth. 

Mr.  Hughes  has  also  stated  that  he  proposed  to  introduce  new  regula- 
tions, designed  to  ensure  the  ])ermanency  of  the  steps  to  be  taken  to 
eradicate  all  enemy  influence  f-rom  the  Aiistralian  metal  industn,-. 

^  ^  ^  ^ 

Some  time  ago  we  gave  some  particulars  of 
the  scheme  of  profit-sharing  introduced  by  the 
G'eneral  Electric  Co.  of  America,  and  in  making 
the  payment  recently  the  directors  of  the  com- 
pany issued  the  following  statement  to  employes  participating  in 
the  bonus  :  — 

In  m.aking  this  extra  payment  to  those  who  have  been  in  the  company's 
employ  five  years  or  longer,  we  desire  to  emphasise  the  value  of  mutual 
co-operation  and  loyalty  between  the  company  and  its  employes,  and 
trust  that  by  thus  working  togt  thcr  we  may  make  the  future  so  successful 
as  to  permit  the  continuaiuc  oi  tiiis  general  ])hvn,  with  sudi  changes  in 
•  letail  as  experience  may  siiow  to  be  desirable.  .As  you  have  been 
informed,  the  present  plan  applies  to  all  employes  (excepting  directors 
and  executive  officers)  whether  in  the  shops  or  offices.  The  objec  t  in 
adopting  a  five  year  limit  is  to  encourage  stability  of  service.  We  recog- 
nise the  fact  that  there  are  many  employes,  who  have  been  less  than  five 
years  in  the  service  of  the  company  whose  loyalty  and  devotion  are  of 
the  highest  character,  and  we  hope  that  from  year  to  year  most  of  these 
employes  by  continiiitj^  of  serving  will  become  participants  in  the  present 
plan  or  such  other  plan  as  may  be  developed. 

In  all  the  General  Electric  Co.  has  paid  out  in  extra  compensation  more 
than  §550,000  to  19,000  of  its  employes.  We  commend  the  terms  of 
this  communication  to  the  manufacturers  and  capitalists  of  this  country. 
In  the  past  the  relations  between  capital  and  labour  have  not  been 
satisfactory,  and  in  future  it  will  be  absolutely  essential  to  avoid  labour 
disputes,  otherwi.se  our  enemies  will  take  advantage  of  the  po-^ition  and 
recapture  some  of  their  lost  trade. 

*  *  *  * 

In  the  Revenue  Bill  which  passed  the  House  of 
Representatives  on  July  10th  it  is  provided  that 
it  is  unlawful  for  any  person  importing  articles 
from  foreign  countries  systematically  to  sell 
such  articles  at  a  price  substantially  less  than  the  market  value  or 
wholesale  price  of  such  articles  in"^  the  markets  of  the  producing 
coimtry  or  other  countries  to  which  such  articles  are  commonly 
exported  after  adding  freight  duty  and  other  charges  and  expenses 
incidental  to  the  importation  and  sale  in  the  United  States.  The 
penalty  is  $5,000  fine  or  imprisonment  for  not  more  than  a  year,  and 
the  injured  person  may  sue  for  tiueefold  damages. 


United  Stales 

Anti-Dumpin§ 

Legislation. 
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IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  Aug.  12,  191G,  to  Aug.  IH,  1916. 

IMPORTS. 

Folkestone. — France:  Elec.  carbons,  28  pki;:. 

GooLU.-  Sweden  :  Elec.  machinery,  108  cases. 

Liverpool. — U.S.A. :  Insulating  cloth,  57  ca:es. 

London.— i/.5./l..-  Insulated  wire.  137brls. ;  carbcn  electrodes,  12  pkgs. ;  elec. 
lamps,  £658;  unenumerated,  £10,280  61  cases.  Holland:  Elec.  lamps,  £3,452 -619 
pkgs.;  elec.  glow  lamps,  £163  ;  elec.  bulbs.  224  cares  ;  unenumerated,  £23.  Japan: 
Electro-copper  ingots,  28,846  n.o.;  unenumerated.  £861—65  cases.  France:  Elec. 
meters,  123cases.    Switzerland:  Unenumerated, £3.967.    Sweden:  Unenumerated, £393. 

Southampton. — France:  Unenumerated,  35  pkg;. 

EXPORTS. 

To  Australasia.  Auckland:  Wireand  cable,  £40  ;  unenumerated,  £79.  Melbourne' 
Wire  and  cable,  £345 :  elec.  machinery,  £990 ;  unenumerated,  £320.  Sydney:  Elec 
machinery,  £1.644;  wire  and  cable,  £528  ;  elec.  lamps,  18,774  n.o.  ;  unenumerated, 
£1,154.  Wellington:  Elec.  machinery,  £560  ;  wire  and  cable.  £147  ;  elec.  lamps.  5,519 
n.o.;  unenumerated,  £306.  Lyitelton :  Unenumerated,  £34.  Dunedin:  Unenumerated. 
£594.  Adelaide:  Elec.  machinery,  £43 :  unenumerated,  £590.  Brisbane:  Wireand 
cable,  £10;  unenumerated,  £368.  Christchurch:  Unenumerated,  £81.  Perth:  Unenu- 
merated, £270.  Newcastle:  Elec.  machinery,  £62.  New  Plymouth:  Unenumerated, 
£14. 

AFftiCA.— Durban  :  Elec.  machinery,  £266  ;  wireand  cable,  £29  ;  unenumerated, £156. 
Cape  Town:  Wire  and  cable,  £90;  unenumerated,  £1,072.  Pert  Elizabeth:  Elec. 
machinery,  £255;  unenumerated,  £477.  East  London  :  Unenumerated,  £10.  Zanzibar: 
Unenumerated,  £22. 

EavFT.- Alexandria:  Unenumerated,  £39.  Port  Sudan:  Elec.  machinery,  £644; 
wire  and  cable,  £17;  unenumerated,  £36.  Port  Said :  Elec.  machinery,  £1,237.  Suez: 
Unenumerated,  £95. 

India,  Ceylon,  Indo-Ckina  and  Straits  Settlements. — Bombay:  Wire  and  cable. 
£237;  telegr.-iph  material.  £250  :  unenumerated,  £140.  Singapore:  Telegraph  cable, 
£3,000;  unenumerated, £322.  Calcutta:  Wireand  cable.  £1.609  ;  elec.  machinery,  £2C0  ; 
unenumerated, £1,172.  Afadro^  .•  Wireand  cable,  £667;  unenumerated. £963.  Colombo: 
Elec.  machinery.  £1,282;  unenumerated.  £390.  Karachi:  Unenumerated.  £70.  Port 
Swcttenham  :  Elec. machinery, £96.     Prnang :  Wireand  cable.  £184  ;  unenumerated, £70 

China.     Hong  Kong :  Wire  and  cable,  £350.    Shanghai:  Unenumerated,  £18. 

CANAt;A.     Halt/ax:  Telegraph  material.  £80. 

U.S.A.  Philadelphia:  Wire  and  cable.  £18  ;  elec.  machinery,  £257 ;  unenumerated, 
£28. 

South  and  Central  America.  /?;o  Janeiro:  Unenumerated,  £349.  Valparaiso: 
Wire  and  cable.  £25.  Buenos  Ayres :  Wire  and  cable,  £105  elec.  machinery,  £13: 
unenumerated.  £642. 

Japan.     Nagasaki:  Wire  and  cable.  £93. 

West   \ndies.     Demerara :    Unenumerated,   £12.     Trinidad:    Unenumerated,   £30. 

Samdv/ich  Islands. — Figi :  Telegraph  material,  £15  ;  unenumerated,  £10. 

Hou.MiD."  Amsterdam :  Wire  and  cable,  £362;  .elec.  machinery,  £260.  Rotterdam: 
Elec.  machinery,  £1 19  ;   unenumerated.  £1.366. 

Fkaucb.  — Dieppe :  Elec.  machinery,  £123;  v/ire  and  cable,  £213;  submarine  tele- 
graph material,  £9,600  ;  unenumerated.  £55.  Paris:  Elec.  machinery ,  £240  :  unenu- 
merated, £542.  Boulogne:  Elec.  machinery,  £74;  unenumerated,  £10.  Havre:  Elec. 
machinery.  £20. 

Deuuark.-  Copenhagen :  Wire  and  cab'e.  £315;  elec.  machinery,  £90;  unenu- 
merated, £60. 

Malta.— Unenumerated.  £81. 

Norway. — Christiana:   Unenumerated,  £297. 

SviEDEU.  —  Golhenburgh :  Wire  and  cable,  £53. 

Portugal.- Z./sfto«.-  Wire  and  cable.  £376  ;  unenumerated,  £301. 

SpAiU.  -Barcelona  :  Unenumerated.  £250. 

FOREIGN   GOODS  (diity  paid  and  free). 

Sydney:  Unenumerated,  £335.  Melbourne:  Elec.  meters,  £529:  unenumerated. 
£20.  Paris:  Unenumerated,  £23.  Adelaide:  Unenumerated.  £121.  Barcelona: 
Unenumerated,  £110.  Calais:  Unenumerated,  £44.  Calcutta:  Unenumerated.  £iC. 
Colombo:  Unenumerated,  £48.  East  London:  Unenumerated.  £32.  Helsingfcrs : 
Unnoumorat'-d.f.l.SOS.     l/5io»/ .•  Unenumerated,  £13.     Petro^rad :  Uncnumerr.1ed.  f219. 

NoTK. — Tho  large  number  of  itemB  in  these  official  returns  under  the 
raislc'iding  licmling  "  unonunifrnt^d  "  relate  to  what  is  described  as 
"  electrical  (i;no(lH  "  and  "electrical  materials." 


BUSINESS  NOTICES. 


'rite  ii;iMie  (if  Ihi"  Ivli.st.ii  iV  ,Sw  in  rmtcii  lllccliic  Light  (\i.  (Ltd.). 
of  I2:M2.">,  (^iiccii  N'icloriii  street,  K.C,  I'ondcrs  Had.  &e..  li.is  ln-cti 
ivKonMl  to  tlie  Kdi.son  Swan  Kleetrie  (k).  (Ltd.). 

The  odiees  of  th  •  Kl'-ctrie  »V  Ceiicnil  Works  (Lt<l.)  will  be  reinovid 
on  ,S-|)t.  I  to  lL*H,  Stamford  .-*t'Tct.  l/nidon,  S.  K. 

Waller  .lolin  iJarker  iiiul  Kdwd.  M.  Har\oy  (trading  as  Harkor";^), 
cleetrieians,  iVc.  II.  I  )<'aii  street,  Oxford -street,  J^rndon.  W..  and 
II,  .Art ilier\ -lane.  London.  IvC.  have  dissolved  ii,irti\ersbi|i.  Debts 
by  I\Ir.  i'arker. 

Sale  by  Auction.  Hy  order  of  the  Conlrolier  (Mr.  (3.  S.  I'itt. 
F.S.;\.;\.)  to  ((induct  the  winding  ii|)  of  l.saria  (Ltd),,  Mr.  Kiiu^st 
Owers  will  .sell  by  auction  the  whole  of  the  stock-in  trade  of  tlie 
eoTniiany.  inelnding  about  L2(M)  eh-ctrieily  motors,  1(10  prepayment 
nielcis.  7.'"»0  electric  fans,  ^ome  start«'rs,  rheostats.  !t(l  motors  and 
dynamos  ((I.e.  and  a.c).  tVe.  ;  also  the  ollirc  fiimiinre.  [On  view 
Aug.  2H  and  2!t.  and  cal;ilogn(<s  of  Messrs.  Bolton,  I'itt  iV  Rrcdcii. 
Incorjioniled  .\cconnlants.  2(M».  Kinchley  ixiad,  X.W.,  and  at.  West 
Jl.unpsteid  and  ( Uilders  (Jreeii.     .SVi  iil"n  an  ti<iiTrti.-iciiir>it. 

Sale  by  Tender.— Tne  oujrineering  |»lant  .ind  machinery  in  the 
)lrelni^es  of  the  McKen/Io  l-ngincering  Co..  lioridwash.nirir  !)(Mb\ . 
ai(>  ollVrcd  for  s;de  b\  tender.  The  plant  includes  a  numiter  of 
lathes,  planers,  milling.  |>laning  and  drilling  machines.  &e.  :  alw)  a 
number  of  Sin.  c.ipstan  litln's  in  coui>e  of  construction.  sp<'<Mally 
suitable  for  Ooventmint  work.  The  ma(  h'liery  is  in  excellent 
conditi.  M.  .Old  iit.ix  I  c  inspcM'led  by  ap|K)intm  'iit.  Forms  of  tender 
and  dclnlv'd  p  nl  i.nl  ir-*  from  the  ""rnslc.-.  Mr    Wm    Mait.  ("A..   I.'b 


Wardwick,  Derb\',  to   whom  tenders  are  to  be  sent  b}-  Sept.   8. 
Further  particulars  are  given  in  an  adverti.sement. 

Plant  for  Sale.— Me.ssi-s.  H.  K.  Fo.ster  &  (iraee.  land  agents.  Hei-e- 
ford,  adxcitise  for  ,«ale  a  o  H.P.  .semi-endo.scd  motor  with  .starting 
rheostat  for  250  volts. 

Messrs.  Cross,  electricians,  Tunbridge  Wells,  advertise  for  sale  a 
Hindley  suction  gas  plant,  with  10-h.p.  engine  and  comiwund 
wound  djTiamo  (160  volts,  40  amps). 

Increase  of  Prices. — Messrs.  Belling  &  Co.  announce  that,  owing 
to  the  licavy  and  ccjntiuued  increase  in  the  cost  of  both  material  and 
labour,  they  are  compelled  to  increase  the  advance  on  their  1915/1916 
Fire  Catalogue  (whicii  still  holds  good  for  the  coming  season)  from 
10  to  20  jier  cent,  as  from  Sept.  1  next.  The  trade  di.scount  on  tires 
remains  the  same- — namely ,'33J  ])er  cent. — except  for  the  "  Boudoir  " 
series,  which  now  stands  at  25  per  cent.  onlj'. 

BANKRUPTCIES.  LIQUIDATIONS,  &c. 

A  first  and  final  dividend  of  8s.  will  be  jjayable  on  Sept.  11  at  2. 
Bixtcth-streot,  Li\erpool,  to  creditors  of  John  Boult  and  John  Hugh 
Bolt  (trading  as  John  Boult),  electricians,  3,  (Jrosvenor-stroet, 
Chester.  A  first  and  final  dividend  of  5s.  will  be  payable  on  sjime  date 
and  at  same  jJace  to  creditors  of  the  sejmrate  estate  of  John  Boult. 

Tltp  trustee  in  the  baiikruiitcy  of  James  Wm.  Tattersall  and  Tom 
Whitakcr  Tatter.-^all,  trading  as  Tatteiv>all  (S:  Tattersjdl.  electrical 
engineers,  at  Kiniberley-road,  Willesden-lane,  London.  X.W.,  has 
been  relea.'-ed. 

A  first  dividend  of  Itls.  is  jiayable  on  Aug.  30  at  0.  ("lojnent's-lane. 
London,  K.C..  to  creditors  of  the  .Adnil  l^lectric  Co.  (Ltd.),  Artillery- 
lane,  Bishojisgate.  L<,ndon,  E.C. 

High-Tension  Insulators  (Ltd.)  is  being  wound  up  voluntarily, 
and  Mr.  (■'eoige  Thomas  Broadbridge  has  been  ajijxtinted  li(iuitlator 
A  meeting  of  creditors  will  be  held  at  the  office,  32,  Sackville-street, 
London,  W.,  on  Monday,  Aug.  28,  at  1 1  a.m. 


ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Battersea  (London).-  The  i^orough  Council  recently  received 
sanction  from  the  Treasury  to  borrow  0,728  for  electricity  supply 

purposes. 

Chesterfield.  The  Corporati<,n.  who  are  ccnsi(!ering  a  .'^eb.enie 
for  the  extension  of  the  electric  supply  works,  have  calle«l  in  .Mr. 
S.  L.  I'ciirce,  of  Manchester,  to  advise  them  on  the  question. 

Ilford.  Tlie  I'rl  ;m  Council  have  authoriKHl  the  electrical  (Ugi- 
jieer  (.Mr.  A.  H.  Shaw)  to  jirepare  specilicaticiis  for  jnitting  (h.wn 
ulternating-currenf  plant  with  a  view- to  utilising  the  steam  nt  the 
refuse  destructor.     The  estimated  cost  is  jnit  at  tT.lKIO. 

Newport  (Men.)  The  Council  is  to  apply  to  the  L  <;.  lioard  f<ir 
s;inrlioii  lo  liiiiriiw  nunev  fiir  cables,  Ac,  to  ui\c  a  bidk  snjiplx  of 
energy  to  a  new  consumer. 

The  Electricity  and  Tramways  (oniiiiillcc  lias  ;i|i|ini\i>«l  of  tlie  wage.* 
(if  litters,  electricians,  and  coadi  Itiiild'-rs.  iH-iiig  advaiice<l  .'Is.  a  week,  and 
of  ciij^iiic  drivers  from  .'ITs.  ;jd.  to  4t>s.  a  week,  stokers  from  35s.  .'td.  to  388. 
a  week,  and  L'reasers  from  '.V2s.  Sd.  to  '\\s.  a  week. 

GENERAL. 

Aldcrshot.  The  Lighting  Committee  rrcc.mnunded  tl.e  Council 
not  to  ucfede  to  applientic  ns  for  the  supply  of  electric  current  for 
lighting  as  extensicns  of  mains  wei-e  involved. 

Councillor  SNr<a;s  thoiiL'ht  the  recommendation  sho\re«l  n  retrograde 
jMilicy.  csjM'eiallv  :is  lln  y  wjinled  to  ])romote  tlie  growth  of  the  ehvtrieity 
department.  l'nilinl>ly  outside  lighting  would  lie  more  ciirt^iltil  this 
winter  than  last,  and  when  applicalitms  for  inside  extension  wen'  sci-urcd 
it  was  a  short -sightetl  j>olicy  not  lo  push  them  for  all  they  wer«'  worth. 

('oiini'illor  ,\i\(ii;i!  s,ii»l  the  ('ommitlce  .arrived  al  its  decision  lie«-.'»nse 
tlicre  was  great  (lith<  nil  y  in  getting  liboiir.  :ind  gre;it«r  difli(  iiltv  in  getting 
l,'il>iiiir  til  lay  iiiaiiis.  w  liiii'  1  he  c\l  rii  ( ost  of  material  ,'iii(l  1,'ihoiii  would  not 
be  met  by  the  income.  Nothing  from  the  existing  niiniis  «as  refuse*!,  but 
to  lay  new  mniiiH  was  trwi  c\|ienKiye  at  pn-sent.  Siii<  e  the  Coniinittee 
met  one  applicant  had  agretxl  to  lind  the  JalHnir  if  the  Council  would  put 
on  the  electric  light,  mid  that  jwirticular  rtttn'  would  go  ba(  k  for  recon- 
sideration. 

Ilie  (pie^lioti  w.is  ri-fern-d  back  to  the  (  iminiittce  for  farther  r<»n- 
siderat  ion. 

The  Clerk  snhniitte<l  a  demand  from  the  Inland  Hevenue  Coni- 
missionep<  f«»r  £73  in  resjiert  of  cvcess  profit'*  duty  on  the  electric  light 
uiKh'rt.sking.and  hewas  in'<tiu(  ted  to  make  all  jHw^siblc  iiupiii  ies  thennin, 
ami  ap|M'«l,  i(  necessary. 
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Bedford. —The  13oard  of  Trade  lias  made  an  order  ijemiittiiiif 
Bedford  Corporation  to  supply  electricity  to  the  premisea  of  Mcssrsi 
W.  It.  Allen,  Son  &  Co.,  in  iiiddenhain. 

Hove. — A  special  meeting  of  tlu;  Council  is  to  be  held  to  consider  a 
projjosal  by  Aid.  J.  J.  Clark  that  a  depreciation  fund  should  bo 
established  in  connection  with  the  electricity  undertaking  in  order  to 
meet  the  financial  situation  created  b\'  war  time  conditions.  The 
meeting  will  be  a  private  one. 

The  scheme  for  modernising  the  ])laiit,  whicli  would  have  iiroduccd 
economies  in  working,  lias  been  su.s])(^!idcd  dui-ing  the  war,  and  it  is  con- 
sidered ))o.ssible  that  a  further  iucreasc  in  the  charges  to  consumers  will 
bo  necessary. 

Huddersfield. — At  the  last  meeting  of  the  Corporation,  Councillor 
T.  Shires,  in  moving  the  adoption  of  the  minutes  of  the  Electricity 
Committee,  referred  to  the  change  which  would  take  place  at  the  end 
of  the  month  in  the  management  of  the  electricity  department. 

He  said  tlieir  manager  (Mr.  A.  B.  Mountain),  who  had  been  with  them 
ever  since  the  inception  of  the  department,  would  leave  them,  and  he  was 
sure  they  were  all  sorry  that  he  was  going  to  modify  his  connection  with 
them  at  the  jn'csent  time.  However,  their  good  wishes  went  with  him. 
Mr.  Mountain  had  been  a  very  good  and  faithful  servant  of  the  Corj)ora- 
tion,  and  had  engineered  the  works  in  a  way  that  could  have  been  sur- 
passed by  no  man.  In  Mr.  Turner  they  had  a  good  successor,  who  had 
been  brought  up  under  Mr.  Mountain's  direction.  They  had  every  con- 
fidence in  Mr.  Turner,  and  that  ho  would  merit  the  good  feelings  of  the 
Corporation. 

Other  speakers  s))oke  in  similar  terms  of  Mr.  Mountain,  and  the 
minutes  were  confirmed. 

Councillor  Woffendkn  hope<l  that  the  (piestion  of  the  conveyance 
of  coal  to  the  electricity  and  gasworks  would  be  properly  settlecl  once 
and  for  all,  so  that  at  the  end  of  the  war  they  would  be  able  t<>  juit  the 
scheme  into  onei'ation. 


TRACTION   NOTES. 


iniiiiiiii 


liiiiiiiiiii 


m         LIGHTING  &  POWER  NOTES. 


I 


!:i 


Electricity  in  Coal  Mining.— An  electric  generating  station,  re- 
cently comjileted  at  Lord  EUesmere's  Mosley  Common  Collieries, 
Boothstown,  near  Manchester,  and,  in  addition  to  supplying  current 
to  the  Mosley  Common  pits,  power  and  lighting  current  is  also  sup- 
plied for  various  purposes  to  his- lordship's  other  collieries  in  the 
Walkden  district. 

Electricity  in  Collieries. — Last  week  a  deputation  from  the  execu- 
tive of  the  Miners'  Federation  of  Creat  Britain  waited  upon  Mr. 
H.  Samuel,  at  the  Home  Office,  in  order  to  submit  proposals  designed 
to  pre  mote  the  greater  safety  of  work  in  coal  mines. 

The  deputation  asked  the  Home  Oflice  to  (1)  appoint  a  largely  in- 
creased number  of  sub-ins])ectois  from  the  ranks  of  cpialified  working 
miner?  ;  (2)  that  Regulation  131  («)  of  the  Coal  Mines  Act  be  so  amendcnl 
as  to  make  it  illegal  for  a  person  in  charge  of  an  electrical  coal-cutter, 
whose  wages  depend  upon  the  amount  of  mineral  gotten,  to  be  a])pointe<l 
as  the  responsible  person  to  supervise,  examine,  or  adjust  the  electrical 
apparatus  ;  (3)  with  reference  to  coal-dust  danger,  that  a  copy  of  the 
analyses  of  the  various  districts  be  sent  to  the  Home  Office,  and  that 
expert  views  thereon  be  given  by  the  deputation,  and  that  experiments 
in  regard  to  the  Bulger-Colloid  system  of  coal  dust  laying  be  carried  out, 
also  that,  in  view  of  the  serious  danger  which  exists  in  mines  on  account 
of  the  presence  of  coal  dust,  and  as  one  of  the  chief  causes  of  dust  being 
deposited  is  the  use  of  open  or  faulty  tubes  o7'  trams  in  which  the  coal  is 
conveyed  along  the  roadways  uiidergrounil,  the  (government  introduce 
a  Bill  for  dust-proof  trams  to  be  used  in  all  dry  and  du.sty  mines.  Other 
requests  related  to  insufficient  illuminating  power  of  certain  safety  lam])s, 
and  the  duty  of  H.M.  inspectors  to  give  evidence  at  inquests  and  inquiries. 

Mr.  Samuel,  in  repl}%  pointed  out  that  some  of  the  proposals  might 
require  new  legislation,  and  Parliament  at  a  time  like  the  present  would 
be  Ibth  to  deal  with  any  new  legislation.  He  personally  and  the  Home 
Office  would  give  earnest  and  sympathetic  consideration  to  the  different 
matters.  With  respect  to  the  suggested  appointment  of  sub-inspectors 
from  the  ranks  of  the  miners,  he  said  nothing  could  be  done  during  the 
war.  Many  qualified  men  were  away  on  acitive  service  and  nothing  ought 
to  be  done  in  that  direction  during  their  absence.  He  agreed  as  to  the 
desirability  of  having  electrical  coal-cutting  a:ul  conveying  machinery, 
under  (he  supervision  of  persons  whose  wages  did  not  dei)end  on  results. 
With  reference  to  dust-))roof  trams,  Mr.  Sanuiei,  while  generally  sym- 
pathetic, considered  the  South  Wales  suggestion  of  covered  trams  to  be 
impracticable. 

Leigh  (LaLCS.).— The  Corporation  have  declined  to  allow  the  West 
Leigh  Colliery  Co.  (Ltd.)  to  obtain  a  supply  of  electrical  energy  for 
power  from  the  Lancashire  Electric  PoAver'Co.,  but  the  Corporation 
are  jirc  pared  to  supply  the  neces.sarv  ]Knver  at  agreed  terms,  or  at 
rates  to  be  an-anged  by  the  lioard  of  Trade. 

Pateley  Bridge.— Mr.  Chas.  TuUas  has  informed  the  Bishopside 
Parish  Council  that  as  soon  as  possible  he  will  devote  his  attention 
to  the  qne.stion  of  providing  electricity  for  public  and  privat<>  light  ing 
for  Pateley  Bridge.     No  opposition  will  be  offered  by  the  Council. 


Croydon. — A  recent  re])ort  b\'  the  Tramways  Committee  recom- 
mended an  increa.se  of  wages  and  the  revision  of  stages. 

The  (Jouncil  adopted  the  report  and  a.s  a  result  motormen's  and  con- 
ductors' commencing  and  maximum  wages  have  been  incrca.sf<l  by  Jd. 
per  hour,  and  the  pcriotl  required  f(jr  reaching  the  maxinnim  has  l>ecn 
rc(hic('d  from  three  years  t(j  IS  months.  It  had  been  found  that  men 
becanu;  fuby  efficient  in  18  months.  Provision  is  made  for  the  jiaymcnt 
of  time  and  a-quarter  on  Bank  Holidays  and  Oood  Fridays,  also  for  all 
overtiiiu!  in  cxce.ss  of  1 1  hours  a  day  and  for  work  on  the  seventh  day  in 
a!iy  week  other  than  a  change-over  day.  Pay  on  Christmas  Day  remains 
at  time  and  a-haif.  A  sum  not  exceeding  £3.50  is  to  be  distributed 
amongst  the  motormen  and  conductors  who  remained  at  work  and  the 
insjiectors  and  other  members  of  the  staff  «ho  remained  at  work  during 
the  strike  in  April,  May  and  June  last.  The  less  in  revenue  during  the 
strike  was  compensated  for  by  decreased  expenditure  on  labour  and 
clec^tricity. 

In  view  of  the  advance  in  prices  of  stores  and  materials  and  the  in- 
( reased  cost  of  labour,  it  has  been  decided,  in  order  to  secure  increaswl 
additions  to  the  reserve  and  renewals  fund,  to  revise  the  fare  stages.  The 
average  Id.  stage  has  hitherto  been  2  miles  290  yds.,  but  under  the  revised 
scheme  it  will  be  1  mile  1,410  yds.  The  average  2d.  stage  is  reduced 
from  4  miles  030  yds.  to  3  milcs'848  yds.,  and  the  average  3d.  stage  from 
rt  miles  1,320  yds.  to  5  miles  1,010  yds. 

York. — A  report  on  the  working  of  the  municipal  electric  omni- 
buses during  the  year  ended  March  31  has  been  issued. 

The  onuiibuses  only  run  in  districts  in  which  there  is  not  sufficient 
traffic  for  tramways.  Dining  the  year  the  three  onmibuses  ran  05,470 
miles,  and  the  units  used  for  charging  (includiiig  all  losses)  w(>re  SO,0(il, 
or  1-23  units  per  mile.  The  working  costs  per  'bus-mile  (excluding 
interest  and  sinking  fund)  were  4|d.,  but  in  this  figure  very  little  is 
included  ftn-  tyre  maintenance.  It  is  estimated  that  there  will  be  about 
|d.  per  mile  to  add  during  the  second  year,  making  a  total  estimated 
working  cost  of  5:|d.  ])er  'bus-mile.  So  far  the  vehicles  have  been  very 
satisfactory  and  there  has  been  no  trouble  with  the  batteries.  The 
electrical  equipment  generally  has  given  entire  satisfaction,  and  the 
omnibuses  are  quite  useful  means  of  tran.sport.  Apart  from  the  low 
working  costs,  it  must  be  remembered  that  the  revenue  derived  by  the 
electricity  department  from  the  sale  of  energy  for  working  the  omnibuses 
amounted  to  £420  during  the  year. 


EMPIRE  NOTES. 


Australasia.— The  Town  Board  of  Hampstead,  Ashbnrton  (X.Z.) 
has  been  granted  a  licence  for  the  erection  of  electricity  supply  works 
.  and  the  supply  of  electrical  energy  for  all  purposes. 

Townsville  (Queensland)  Harbour  Boaid  are  considering  the  question 
of  ])urchasing  electric  generating  plant  for  supplying  lighting  and  power 
on  the  jetty  and  wharves. 

The  Scone  (N.S.W.)  Municipal  Council  recently  invitwl  tendei-s  for 
public  electric  lighting  plant,  mains,  &c. 

Kihnorc  (N'ictoria)  arc  applying  for  a  loan  to  purchase  the  undertaking 
of  the  Kilmore  Electric  Supply  Co. 

British  New  Guinea.— At  the  meeting  of  the  British  Xew  Guinea 
Develoi)ment  Co.  last  week  the  chairman  (Mr.  W.  A.  Horn)  said  that 
it  would  not  be  many  3ears  before  the  primitive  townsiiip  of  Port 
Moresby  would  be  replaced  by  a  substantial  city,  lighted  by  elec- 
tricity generated  at  the  Rona  Falls,  and  with  an  electric  railway 
running  from  Port  Moresby  through  a  large  area  of  fertile  country 
and  to  the  neighbourhood  of  the  copper  fields,  and  then  the  Com- 
monwealth would  be  deriving  a  largo  and  increasing  revenue  from 
that  pearl  of  the  Pacifies. 

Niagara  Falls  Power.- A  developnu'nt  scheme,  which  will  entail 
an  expenditure  of  S100,000.{)()U  and  will  give  about  2,000.(KH1  u.i\ 
of  electrical  energy  has  been  submitted  to  the  Dominion  (Jo  vcrnment 
A  commission  of  De|)artmental  engineers  will  rei)ort  on  it. 

The  scheme  is  pron\oted  bv  the  Thomson-Porter  Cataract  Co.,. headed 
by  two  Americans  (Mr.  T.  "Kernard  Thomson  and  the  Hon.  Peter  A. 
Porter).  The  company  ap])lies  for  a  Doniinion  charter,  with  rights  to 
construct  in  the  Rapids  of  the  Niagara  River,  below  the  Falls,  rhe 
Canadian  half  of  an  international  dam  to  raise  the  water  100  ft  ami 
develop  2.000,000  n. p.,  one-half  of  which  would  go  to  Ontarui  and  the 
other  half  to  New  York.  The  companv  will  submit  i)lans  for  t he  ai>proval 
of  the  Dominion  and  Ontario  Oovernments,  and  it  offers  to  negotiate  with 
the  two  (iovcrr.ments  as  to  the  amount  to  be  paid  per  horse-power,  and 
it  would  lonsent  to  sell  the  Canadian  half  of  the  ilam  to  the  Domuuon  or 
Ontario  at  any  time  at  original  cost,  plus  a  percentage. 
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FOREIGN  NOTES. 


China.— H.M.  Consul-Genoral  at  Yunnan -fu  {Mr.  H.  Goffe,  C.M.G.) 
reports  that  the  local  representative  ot  a  British  firm  in  Hong  Kcng 
desires  to  obtain  catalogues  and  ])rice  lists  from  British  manufacturers 
of  (inter  alia)  antimony  smelting  jjlant  capable  of  an  output  of  10  to 
50  tcjns  per  month,  water  turbines  of  small  power  for  high  and  low 
falls,  fire  aj)pliancos  and  extinguishers,  high  speed  steam  generating 
sets,  direct  coupled  three-phase  alternators  of  2,200  volts,  50  h.p.  to 
500  ii.r.,  boilers,  portable  railway  rolling  stock,  narrow-gauge 
locomotives  (20  tons),  mono  i ail  trucks,  diaphragm  pumps,  general 
mining  and  ore-washing  |)lant,  aerial  railway  equipment  for  trans- 
portal  ion  of  coal,  teleplK  n''  exchanges  (for  50  to  5(M»  subserifcers), 
blasdiig  powdci's,  &c. 

Portuguese  India.^ — The  '•  Diario  do  fJovemo  "  (jf  Aug.  5  contains  a 
Decree  (No.  2,5.55)  authorising  the  municipality  of  Goa  to  instal 
electric  sufiply  works  in  the  town  of  Nova  (!oa.  A  contract  has 
been  awarded  to  a  Mom  bay  (irm,  whi'h  will  l,e  allowed  to  im|M)rt  free 
of  duty  material  required  for  the  instailaticn.  The  name  of  the  firm 
may  beobtaihed  i)y  United  Kingdou'  manufacturers  and  by  exporters 
of  electrical  material  t  n  a|)plication  to  the  Board  of  Trade,  73, 
Basinghall -street,  L<jndon,  I'l.C. 


MISCELLANEOUS   NOTES. 


Enemy  Firms  Wound  Up. — Additional  enemy  firms  are  to  be 
Wound  u|)  by  order  of  tlic  Hoard  of  Trade.  To  date  321  firms  have 
iu'cn  affected.     The  latest  list  includes  :  — 

Hurchanl  &  do.,  .'{2,  Fcncliurch-strcot,  E.C.,  general  mercliants.  (Con- 
t  roller  :  .John  Kclday  (iarioc  li.  KJ,  Kin;;-.strcet,  Chfapsidi,',  K.C.)  Surrey 
Vaniisli  Works,  4.'{,  City-road,  K.C.,  dealers  in  varnish.  (( 'ontroUer  : 
.b.hti  Durie  I'atullo.  tl").  "l^ondori-wali.  K.C.)  F.  Tiirpil/.  &  Co.,  150  and 
151,  Keiicimreli  street,  London,  K.C.,  iiou  and  steel  merchants.  (Con- 
troller: I'.  VVoodthorpe,  Ix-adenliall-buildings,  E.O.)  ;  and  Habereeht  & 
Co.,  75,  'I'lie  Parade,  |{irniiii;.'liam,  hardware  niereluvits,  &(•.  (Con- 
troller :    \V.  S.  Aston,  45,  Xewlialistrcet.  liirinin^liani.) 

Fire.  .A  linj  occurred  last  week  at  the  premises  of  Messr.s.  F.  J. 
■  lones  <fe  S<>n,  electrical  engineers,  of  Love-street,  Chester,  causing 
damage  cstimat<'d  at  i:i,(»(M). 

Inquest.  Last  week  an  iiniuest  was  held  at  Newcastle-on-T\Tie  on 
•lohn  !>od<ls,  a  er.ineinaii  eiiiploxed  by  .Messrs.  .\rm.strong,  VVIiit- 
wortli  iV  Co. 

.Joseph  .Miller,  aehargeman  eraneniau.  stated  thiit  on  Mmulay.  Aug.  14, 
iJodds  was  driving'  an  elerlric  erane.  The  (  radle  in  wliii  li  Dodds  sat  wa; 
24  ft.  from  the  ground.  .At  midniL'lit  Dodds  roiniilained  that  Ms  crane 
.was  not  working'  properiy,  m  In  liad  nreived  a  slight  i-hoek.  anl  theelec- 
trician  vim  fi-tihed.  A  liltle  lain  Dodds  a'^ain  st.irtcd  work,  but  at 
4.55  a.m.  on  '^ue^day  he  found  Dodils  lyinn  at  his  |c(  I.  the  cram-  lieini; 
a  few  yards  away.  lie  wa  i  takc.i  to  the  andndc  m  .•  looni  aid  later 
removed  to  the  infii'mary. 

II  Aiioi.i)  (Ir.NTKH,  ai  electrician,  saiil  that  a  liltle  after  nndin.<rht  the 
cram-  was  reported  to  him  as  beinn  fwdly.  He  found  that  a  wire  wa< 
rubbinji  against  tho  .side  of  the  controller.  He  |)laeed  it  in  jxisition  and 
renuiined  with  deceased  for  about  2(1  minute;.  Next  mor.iinj;  he  wa^ 
aLiain  called  to  examine  the  crane,  r.  id  found  that  tin-  wire  was  rubliing 
(he  (ontrollcr  a'.'ain.  and  thai  one  of  the  jirotcctinj;  bars  was  mis.sing. 
There  was  no  possibdit  v  of  receivintr  a  .•'hock  likely  to  jiaralyse. 

Di.   II  i.wrrsoN  stated  ih;it  wlien  Dodds  was  admitted  to  the  iidirmarv 


he  was  .sullcning  from  a  fracture  at  the  base  of  the  skull.     There  was  no 
sign  of  electric  shrxk. 

A  verdict  of  accidental  death  was  returned. 

Munitions  Tribunal  Case.—  At  the  Newcastle  Munitions  Tribunal 
last  week  an  assistant  engineer,  named  Albert  E.  Pr\ke  (22),  applied 
for  a  leaving  certificate  en  the  ground  that  he  had  entered  into  a 
local  electric  supply  company  as  a  junior  a.ssistant  engineer,  and  he 
was  now  a  qualified  .senior  assistant  engineer. 

Applicant  said  he  had  served  since  August,  1913,  receiving  15s.  per 
week  for  the  first  year  and  20s.  per  week  for  the  second  year,  ant^.ie  was 
now  receiving  only  30.-?.  per  week.  On  several  occasions  he  had  applied 
for  a  leaving  certificate,  but  had  been  refused.  On  one  occasion  the 
corn]jany  said  that  if  he  left  they  would  bring  him  back  between  two 
soldiers.  At  that  time  the  company  was  not  certified,  and  they  had 
retained  his  services  by  deliberate  and  wilful  misrejjresentations  and 
threats.  The  wages  paid  to  him  were  not  in  accord  with  his  qualifica- 
tions. If  he  was  jjranttd  a  leaving  certificate  he  would  have  no  diftic  ulty 
in  obtaining;  a  j»osition  at  t'2.  lOs.  to  £3  jjer  week. 

In  rc))ly,  the  manager  said  it  was  true  he  had  told  aj)i)licant  that  he 
could  not  leave,  but  at  the  time  they  were  under  the  imjiression  that  they 
had  the  ]iower  to  refuse  him,  a^,  by  the  Order  of  1914,  they  were  not 
covered.  The  decision  about  that  time  of  the  tribunal  was  that  elec- 
tricity was  not  a  "  .substance."  Immediately  they  ai)])lie<l  to  be<ome 
certified,  and  in  May,  19U),  they  were  certified  as  a  controlled  works. 
He  strontily  objected  to  the  iillejiation  that  tluy  lia<l  ""  <lelibcrate!y  a  u' 
wilfully  ""  misled  ap]>licant.  who  had  come  to  pick  up  all  the  information 
he  CO. lid  in  order  to  better  his  po-ition  a->  an  ekrtrical  eiifiineer. 

A])plicant  on  oath,  stated  that  he  would  become  a  wireman  at  the  rate 
of  £2.  .5s.  per  week  for  the  duration  of  the  war.  or,  rather  than  continue 
at  his  prese.nt  rate  of  wage,  he  would  join  the  Army. 

The  manager  said  he  wished  to  keep  applicant,  becau.se  there  were 
numbers  of  other  men  in  a  similar  position  who  would  be  affected. 

The  Chairman,  in  refusing  a  leaving  certificate,  said  that,  in  ordinary 
times,  such  young  men  as  applicant  would  be  only  too  glad  to  be  serving 
there  in  order  to  gain  experience. 

Military  Tribunal  Cases.— At  Accrington  on  Aug.  18  .Mr.  Lupton 
ajjpoaled  on  behalf  of  an  c'ectrician  (single,  aged  24),  who  .vas  the  only 
armature  winder  available. 

It  was  said  that  it  took  several  years  to  make  a  man  eom|K't<.'nt  to  do 
that  class  of  work.     The  man  was  granted  until  Oct.  31.  final. 

The  tramways  department  ajjpealed  for  two  motor  men  and  an 
electrician,  and  conditional  e.xcmption  was  granted. 

Mr.  Furness,  electrical  engineer  and  tramwaj-s  man.ager,  was  8ucce.s.sful 
ill  his  appeal  for  conditional  extnnption  until  the  end  of  the  season  for  12 
motoriiKMi,  one  track  superviser,  and  a  skilleil  mechanic  in  the  electricity 
department.  He  said  20  motor  liien  were  going  from  the  dejxirtment 
within  14  days,  and  if  tho.sc  men  for  whom  he  aski-d  wero  also  taken  it 
would  mean  withdrawing  15  or  18  cars  from  a  service  which  it  was  taking 
the  department  all  their  tinu"  to  maintain. 

Conditional  e.xemption  was  also  allowitl  to  a  working  foreman  and  an 
electrical  engineer  on  condition  of  joining  the  V.T.C. 

.\t     Bermondsey    (London)    l^nioit    l.A'jeune,    Ltd..   electric    welder-, 
applied  for  the  exemption  of  an  electric  welder  and  factory  manager,  aii'l 
for  an  eiiiiim-er  and  workshop  manager.     The  latter  was  24  years  t>f  aL;i 
ami  was  a  "  barber  "  when  reui-stered.      He  has  alreatly  hatl  two  month- 
extension  at  Soiitliwark  as  a  "  barber." 

The  M  \^ oi:  :    How  did  he  learn  this  trade — by  singeing  hair  ? 

Ai'i'i.if wr  :  I  sujipose  at  the  lime  he  resxisten-d  lie  was  a  "  barber," 
bu(  he  cami-  to  nie  after.  He  is  a  very  •.mkxI  man.  an<l  has  pre\  i"ic1v 
been  in  the  tratle. 

One  inniitir-.  liiial  exempt  ion  w.is  ;;ranted  in  both  cases. 

Trading  with  the  Enemy.  Further  li.sts  of  persons  and  (irm.<« 
with  whom  trading  by  p?r.sons  and  firms  in  the  Unitetl  Kingtlom  is 
iirohil  ited  ap|ear  in  the  "  I^ndon  (la/.ette  "'  of  .Aug.  22. 

These  include:  .\i  i/k  rlmuls  Kiisf  liulic:  (iumnii  Kabrick  Harburg- 
Wien  (Sourabaya).  Tedniisch  Hun-au  Sunda  (Ban<loong):  Stinratj  : 
Clirjstianssands  Klekt roihennske  A  S  (Fiskar.  near  Christ ianssands). 

Will.  -The  late  Mr.  H.  M.  (Jill,  electrical  engineer,  who  died  on 
Nov.  28  last,  left  tl 4.371  gross,  with  £2.497  net  j)crsona!ty. 

illllll! 


TENDERS    INVITED. 


I 
Telephone  and  Telegraph  Matorird.  Instruments.  &c. 

'renders  ate  iin  iicd  Im  tlic  -opplv  ii.  the  rostmaster-Generars 
lje|)l..  State  of  South  .Australia,  of  Telephone  Material  in 
accordance  with  scl.edule  No.  42S,  and  t<'nders  are  invited  (up 
to  Oct.  4)  for  tb.e  supply  to  tl.e  Fostmaster-d'enerals  Dept., 
State  of  Western  .Australia,  of  Telephone  and  Telegraph  In.stru- 
inents  in  aec(U(lance  with  schedule  No.  .")()|.  Tenders  aix' also 
invited  (up  to  Get.  II)  for  the  supply  and  erection  at  the  tele- 
phone exchanges  of  (denelg  and  Brighton.  State 'of  South 
Au.stralia.  of  .Autoni.itie  Switchboards  and  all  as.soeiated  a]>j>a- 
ratus  (as  )>er  schedule  .No.  42G).  Tender  forms,  specilications. 
&e..  may  be  obtained  at  the  v'onimonwealth  Offices,  72,  Victoria- 
slivet.  liOtiildu.  SAW      Srv  also  tin  niinrtls,  nn  iil. 


Telegraph  and  Telephone  Material,  Instruments,  &c. 

The  hepuiy  rnstn)aster-(;(ni(>ral,  Perth,  irquii-es  tenders  by 
:{  p.m.  t)ct.  4  for  the  sujiply  and  delivery  of  various  Telegraph 
and  Telejjhone  Measuring  Instruments  and  Parts  for  the  Atrs- 
TKAt.iAN  CoMMONWEAi.TH  Post iuaster-( JeneraPs  Dept.  Specifi- 
cation. &c..  from  the  Deputy  Postmaster-ticneral,  Perth.  W.-A. 

Ten<ler»  arc  invited  by  the  Deputy  Post master-( General. 
.Adelaide,  for  the  su]tpiy  and  deliver\  of  Telephones.  Telephone 
Material.  Instruments  and  Parts.  (Schedule  No.s.  42J»  to  4.37). 
Specilicatiiuis.  A'c..  an«l  sealed  {mtlenis  may  l:e  inspected  at  the 
Office  of  the  High  (\>mmissioner  in  London  for  the  Gomnion- 
wealth  of  .Australia.  72.  Victoria-street,  S.W.  Tenders  by 
2  i>.m.  Sept.  27. 
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Turbo-Alternator,  Condenser,  &c. 

The  Town  Clerk,  Invercaruill  (N.Z.)  will  receive  tenders 
until  4  p.m.  on  Sept.  28  for  the  supply  and  erection  of  a  fSteani 
Turbo-Alternator,  with  Condenser,  Fittings,  &c.  (Contract  No. 
40).     Specification,  &c.,  from  the  Town  Clerk. 

Tramway  Track  Work,  Stores  &c. 

Manchester  Tramways  Committee  invite  tenders  for  the 
supply  of  Permanent  Way  Special  Track  Work,  Point  Tongues 
and  Crossings.  Specifications  from  Mr.  J.  M.  McElroy,  general 
manager,  and  tenders  to  the  chairman  of  the  Tramways  Com- 
mittee, 55,  Piccadilly,  Manchester,  by  10  a.m.  Sept.  12. 

P0RT.SMOUTH  Tramways  Committee  require  tenders  (by  Aug. 
29)  for  Stores,  including  Overhead  Matei'ials,  Lamps,  Oils,  &c. 
Tenders  to  Town  Clerk. 

Tramway  Material. 

The  Madrid  "  Claceta  "  of  Aug.  4  notifies  that  tenders  will  be 
opened  on  Oct.  7  for  the  Construction  and  Working  of  an 
Electric  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lines  of  the  Cia  Nacicnal  de  Tranvias  de  Barcelona,  Avliich  holds 
an  option  on  the  proposed  concession.  Minimum  rolling  stock 
required  will  be  Two  Motor  Tramcars  and  Two  Traih^rs. 

Tenders  will  be  opened  on  Oct.  1 1  for  (Jonstrui^tion  ami  Work- 
ing an  Electric  Tramway  in  Madrid,  from  the  Calle  de  Alcala 
to  the  Calle  de  Diego  de  Leon.  Minimum  rolling  stock  required 
will  be  Four  Cars. 

In  both  cases  constructicn  work  must  be  commenced  within 
three  months  and  completed  within  10  months  and  a  year 
respectively  from  dates  of  concession.  An  option  on  the  con- 
cession is  held  by  the  Sociedad  Tranvia  del  Este,  Madrid. 

Electrical  Goods,  &c. 

The  directors  of  the  Powell  DuffrynvSteam  Coal  Co.  require 
tenders  for  Stores  (including  P^lectrical  Goods,  Indiarubber,  &c.) 
from  Oct.  1.  Particulars  from  Stores  Manager,  Aberaman 
Offices,  near  Aberdarc,  and  tenders  to  the  directors  of  the  com- 
pany, 101.  Leadenhall-street,  London,  E.C.,  by  Sept.  6. 

Edmonton  Guardians  invite  tenders  (by  Sept.  20)  for  six 
months'  supply  of  Electric  Lamps.  Tenders  to  the  Clerk, 
Lower  Edmonton,  London,  N. 

Metallic  Filament  Lamps,  Wire,  Tramcar  Spares,  &c. 

Tenders    are    invited    (until     Sept.    4)    by    Johannesburg 
Municipal  Council  for  supply  and  delivery  of  10,000  drawn-wire 
Metallic  Filament  Traction  Lamps  and  10  miles  of  19/14  "  Under 
writer's  "  Wire  (lightly  insulated  wire  for  outdoor  use)  ;    and 
(until  Sept.  21)  for  Tramcar  Spares.     Specifications,  &c.,  from 

j";      the  Town  Clerk,  Johannesburg. 


Electricity  Meters. 

Dublin  Corjxjration  rcfpiiro  tenders  (by  noon  Aug.  29)  for 
year's  supply  of  Electricity  Meters.  Tenflers  to  Chairman  of 
Electricity  Supply  Committee,  Ixjrd  I'Mward-street,  Dublin. 

Electric  Crane,  Air  Compressor,  Crane  Motors,  &c. 

The  Victorian  Railway  Commi.ssioners,  Spx^ncer-street, 
Melbourne,  require  tenders  by  11  a.m.  Sept.  G  for  the  supply  of 
12  Three-phase  Crane  Motors  and  Controllers  and  11  One-phaee 
Workshop  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
fications from  the  offices  of  the  Commissioners. 

The  New  South  Wales  Government  Railways  &  Tba3I- 
WAYS  Department  require  tenders  by  noon  Sept.  20  for  the 
supply  and  erection  of  an  Electric  Overhead  Travelling  50-tou 
Crane  (specification  474);  and  by  noon  Oct.  11  for  a  motor- 
driven  Air  Compressor  (specification  480)  for  Zarra-street  power 
house.  Specifications,  &c.,  from  the  Electrical  Engineer,  61, 
Hunter-street,  Sydney. 

Electric  Time-releasing  Mechanisms. 

The  Victf)rian  Railway  Commissioners,  Spencer-street,  Mel- 
bourne, invite  tenders  (by  11  a.nu  Oct.  18)  ff)r  the  su|)ply  and 
delivery  of  Klectric  Time-releasing  Mechanisms  (\(H)  witli  two 
normal  and  two  reverse  contacts,  and  50  Avith  four  normal  and 
four  reverse  contacts)  for  automatic  signalling.  Specifications 
from  the  Commissioners,  Spencer-street,  i\Ielboume. 


TENDERS  RECEIVED  AND  ACCEPTED,  m 


Batley. — The  Corporation  have  pla'^ed  an  order  with  the  Brush 
Co.  for  supplying  spare  annature  and  spare  condenser  tubes. 

Sunderland. — For  the  supply  of  cables,  the  tender  of  the  British 
Insulated  &  Helsby  Cables  (Ltd.)  has  been  accepted. 

Bolton. — The  Tramways  Committee  has  accepted  the  tender  of 
Hadfield's  (Ltd.)  for  points  and  crossings. 

Oswestry. — The  tender  of  W.  H.  Kay  has  been  accepted  for 
electrical  installation  work  at  the  Arcade  Theatre. 

Marylebone  (London). — The  Electricity  Supply  Committee  has 
accepted  the  quotation  from  Babcock  &  Wilcox  (£144.  10s.)  for 
renewing  old  links,  rods,  bucket  pins  and  runners  of  the  coal  elevator 
at  the  generating  station. 

Albury  (N.S.W.) — For  the  installation  of  electric  light  plant  at 
Albury-  Hospital,  for  the  N.S.W.  Public  W^orks  Department,  the 
tender  of  the  Globe  Electrical  Co.  (at  £895)  has  been  accepted. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Aldershot. — The  accounts  of  the  electricity  department  for  the 
year  ended  March  31,  1916,  show  gross  capital  expenditure  £32,889 
(increase  £422),  of  which  £14,287  has  been  repaid. 

Revenue  was  £8,128  (compared  with  £7,742  in  previous  year),  and  total 
costs  were  £6,153  (£4,666),  leaving  gross  profit  £1,975  (£3,075).  Interest 
required  £629  (£730)  and  sinking  fund  £1,550  (£1,394),  the  net  result 
being  a  deficit  of  £204  (compared  with  a  proiit  of  £950).  Average  price 
obtained  was  3»4d.  for  private  supply  and  2-27d.  for  public  lighting  ;  and 
total  costs  were  2-57d.  (compared  with  lOld.  in  previous  year),  of  which 
fuel  and  cartage  accounted  for  0-99d.  (0-82d.).  Units  generated  were 
676,220  (617,836)  and  sold  556,379  (517,189).  Total  maximum  supply 
demanded  was  451  kw.  (407  kw.)  and  the  load  factor  11  7  per  cent. 

Glasgow.— The  24th  annual  report  of  the  Electricity  Committee 
for  the  year  ended  May  31  has  been  issued. 

The  gross  revenue  was'£530,720.  2s.  3d.  (against  £405,373),  and  workin'^ 
expenditure  £322,651.  6s.  7d.  (£218,518),  leaving  £208,068.  15s.  8d.,  out 
of  which  the  Committee  had  to  meet  interest  on  loans  (£72,232),  sinking 
fund,  &c.  (£72,413),  leaving  a  balance  on  the  year's  working  of'  £63,423 
(£o2,286).  Deducting  depreciation  written  off  capital  account,  which, 
together  with  the  contribution  to  the  sinking  fund,  is  ecpial  to  a  rate  of 
rather  more  than  4  per  cent,  upon  tlie  gross  capital  expenditure  (£58, 105), 
the  surplus  on  the  year's  operations  was  £5,317.  17s.  4d.,  which  has  been 
transferred  to  reserve  fund.  This  fund  now  amounts  to  £55,896.  17s.  8d. 
The  revenue  account  continues  to  show  favourable  results  and  an 
increase  of  income  from  all  sources  of  £125,347.  5s.  9d.  is  considered  a 
particularly  gratifying  feature.  Of  the  increase.  £5.5,325.  10s.  6d.  is 
attributable  to  the  15  per  cent,  added  to  consumers'  accounts  for  the  year 

l^^A  ?'o°Q^"'     ^"  *^®  '^^^^^  '^*"^-   ^^^  working  expenses  increased  by 
£104,133.  7s.  9d.,  principally  due,  apart  from  the  greater  output,  to  the 


much  higher  jirice  paid  for  coal,  an  all-round  advance  in  the  cost  of 
material,  increased  rates  and  taxes,  bonuses,  &c.,  to  workmen,  and  to 
£5,976.  lis.  Id.  charged  against  management  expenses,  being  allowances 
granted  to  employes  on  active  service  with  H.M.  forces.  A  considerable 
increase  in  the  amount  paid  for  interest  and  the  contribution  to  the 
sinking  fund  has  also  to  be  noted.  The  average  price  received  from 
consumers  for  the  year  was  l-108d.  per  unit,  compared  with  1074d.  per 
unit  for  the  previous  year.  The  rate  of  interest  payable  to  the  Corpora- 
tion Loans  J"und  in  respect  of  money  borrowed  was  £3.  10s.  per  cent., 
compared  with  £3..5s.  per  cent.,  and  the  rate  of  interest  payable  to  bond- 
holders in  the  former  burghs  of  Govan  and  Parrick  varied  from  3  to  3^ 
per  cent. 

The  capital  expenditure  during  the  year  amounted  to  £1 17,069.  Ss.  1  Id. 
and  the  total  capital  expenditure  at  May  31,  less  depreciation  written  off, 
was  £2,635,152.  Os.  2d.  The  total  depreciation  written  off  capital 
account  amounts  to  £711,308.  17s.  9d.  Contracts  have  been  entered  into 
for  the  supply  of  coal  for  the  coming  year  at  an  increase  in  price  a^  com- 
pared with  the  3'ear  just  closed.  Notwithstanding  this,  the  Committee 
recommend  that  no  change  be  made  meantime  on  the  ordinary  charges 
for  current,  which  will,  therefore,  continue  to  be  as  before,  plus  the  15  per 
cent,  added  a  year  ago.  The  number  of  consumers  at  May  31  was  33,605, 
against  32,030  in  1915,  an  increase  of  1,575  (4-92  per  cent.).  The  quan- 
tity of  electricity  sold  to  private  consumers  was  110,488,622  units 
(20,358.906  for  lighting;  and  90,129.716  for  power),  compared  with 
85,718,795  units,  increase  of  24,769,827  (28-90  per  cent.).  The  total 
number  of  motors  in  use  and  supplied  from  the  Corporation  mains  was 
11,472  (against  10,681)  of  84,744  h.p.  (77,305  h.p.),  and  the  units  con- 
sumed amounted  to  88,596,457  (64,747,371).  The  number  of  electric 
street  lamps  is  1,856,  of  which  1,472  are  arc  lamps  and  384  pillars  with 
metal  filament  Icmps.  In  compliance  with  the  new  regulations  regarding 
street  lighting,  most  of  the  arc  lamps  have  Icen  substituted  by  metal 
filament  lamps  and  the  globes  obscured.  The  total  maximum  demand 
of  lamps  or  other  current-consuming  apparatus  connected  at  ilay  31 
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was  109,:i7()  kw.,  compared  with  101,148  kw.,  an  increase  of  8,222  kw., 
(812  \>cr  cent.).  The  niunber  of  units  consumed  l>y  l)rivate  consumers 
]Kr  lam])  fixed,  averaged  out  nior.th  by  moiilli  from  tlie  date  of  eon - 
nretinK  uj).  was  :;i-2.  Tlie  maximum  load  or  demand  )iiade  ui)on  the 
station.s  durinj;  t!ic  winter  occurred  on  ])ec.  2i»  last,  when  tlie  demand  was 
45,880  kw.,  compared  with  39  750  kw.  htstyear,  an  inereasc  of  i\l'.'A)  kw.. 
or  1 042  per  cent.  In  ace«rdan<e  with  arran^iemeiit  with  the  e]e<  tri'  al 
contra<tors  in  the  <ity,  a  central  .slii-wroom,  located  in  iSauchiehall- 
Btreet,  was  formally  opened  on  .Sept.  '.'A),  and  to  tlic  ger.cial  public  on 
Oct..  2.  Since  the  (Jjtening  good  hiisiness  ha;-;  been  done,  aided  to  a  ec  rtain 
extent  by  the  active  co-operation  of  the  electrical  «(intra(  tors,  and,  while 
the  appendfxl  statement  of  the;  result  of  the  trading  for  the  short  ])e.;od 
invf)lved  shows  a  deficit,  the  real  measure  of  success  should  be  gauged 
by  the  in<rea.sc<l  use  of  electriiit  \  by  the  H<.'cn<  y  of  a]tplianees.  It  is  now 
six  years  since  tin;  .system  was  intriKluied  whcriby  <  onsumers  had  the 
atlvanta'.'(^  of  a  chea))  rate  for  <;ooking.  heating.  &•(•.,  and  during  that 
period  l,(iOOkw.  of  aiijiaratus  w.us  installeil  in  consumers"  ])remises. 
As  the  result  of  the  showroom  operations  for  only  eight  nuniths,  1 ,4C0  kw. 
of  ai)|)aratus  ha^  been  installed,  whi.h,  from  the  dei)artnu-ntal  i)oint 
of  view,  is  highly  satisfactory. 

At  I'ort-Dundas  station  the  gas  ]»ro<lucer  tests  referred  to  in  last  rejiort 
an;  still  Ixing  c-ontinued.     Another  8,000  ii.i'.  turbine  is  on  order,  and 
it  is  ho])ed  that  this  itlant  will  be  ready  for  the  coming  winter'.s  load.   The 
capaeitv  of  the  station  will  then  be" 43,000  n.r.     At  Pollokshaws-road 
station  the  Howden  turbo-alternator  has  not  yet  been  tested  owing  to 
tro»d)le  with  the  alternator,   l)iit  the  b(iilers  have  had  to  be  removed. 
Other  four  Habcock  and  Wilcox  l)oilers  are  on  order,  and  will  be  cre(  ted 
on  the  sit.(^  of  the  Howden  boilers.     These  boilers  will  be  steaming  this 
winter.      An  H.OOO  ii.r.  turbo-alternator  is  on  order  fnmi  Messis.  ^\  illans 
&  Kobinson,  and  it  is  ho])ed  that  this  ]»lant  will  be  in  use  before  the  en<l 
of  (he  year.     'I'he  capacity  of  the  station  will  tlnn  be  37,(100  i\.y.     At 
(iovan  rt'»d  rarti<i<  stations  theie  is  no  ( liaMge  since  last  rejiorl.  with  tho 
exeei)tion  that  the  1o;m1  has  grown  in  both  i)laces.  paiti(  ularlv  (iovan,  and 
that  tho  street  refuse  at  1  'artick  has  been  transferred  to  another  destructor 
by  the  cleansing  de])artment.     The  crushing  ))lant  is,  therefore,  for  the 
])resent  shut  downi.     The  capacity  of  the  plant  at  flovan  is  4,450  H.r.  and 
at  I'artick  2.()'>0  ii.r.     At  Kelvinside  .sub-station  all  the  .steam  ])lant  has 
been  iemove<l.  and  two  rotary  converters  deal  with  the  whole  load,      (hie 
1.00(»  kw.  r()tary  converter  is  being  erected  at  Osborne-strcet  sub-station, 
an<l  when  this  work  is  eomplete<l  the  [dant  eapacrity  will  be  4,000  kw. 
Another  500  kw.  rotary  lias  just  been  started  u]i  at  ])en!iistoun  sub- 
Htation.  increasing  the  plant  caiiar  ity  to  2,000  kw.     No  additional  plant, 
with  the  e\c(|)lion  of  swil<  h^zear  ami  other  details,  has  been  ijistalled  in 
any   other  sMl)-sta(ion   run   by   the  electricity  <leparlment's  own   .'^tall. 
Transformers  in  eonsumer.«"  ])remises  now  number  34,   an  aildition  of 
Feven  to  last  year's  total.     There  are  other  three  large  jobs  going  through 
at  Fairfield,  P.  &  W.  M'Lellan"s  and  A.  &  J.  Main's  Germiston  works. 
In  rcgaril  to  the  new  Dalmarnock  works,  there  is  not  much  to  add  to  what 
was  sai<l  in  the  last  report.     The  foundation  contract  and  the  river  work 
is  now  ])raclic:illy  comi)lcted.  but  no  fre.sh  dcvelo])m(-nts  arr  likely  to 
take  place  until  ])eace  conditions  are  re-established.      During  the  year 
1 'I  miles  of  low-tcnsi<m  feeders  and  5}  miles  of  high-tension  feeders,  in 
addition  to  '.\\  miles  of  distrdnitors,  were  laid  on  the  north  side  of  the 
liver,  and    .',   mile  of  low-tension  feeders  and  3.1  miles  of  high-tension 
feeders   in  adflition  to  5.\  miles  of  distributors,  were  laid  on  the  .south  side 
of  the  riv<;r. 

'J'lie  total  cost  of  generation,  distiibution  and  maniiu'em(>nt  wasO-5842d. 
]ier  unit  .sold  (against  0-4700d.),  but  tost  of  fuel  was  0-31 73d.  (against 
(t-2l4!ld.).  and  the  total  cost  (including  deiir(!ciation)  was  l-1178d. 
(against  l(Hl(;4d.).  the  gross  receipts  being  1  •1202(1.  (1  0952^),  leaving  a 
balance  of  tKtl  1  Id.  (against  0(1012(1.)  per  unit. 

Heywood.  The  aceounts  of  the  electricity  dejiartnient  for  the  year 
ended  March  ill  .show  total  ea|)i(al  expenditure  .i42,7(i(l  (ijierease 
£(l,r)(t2),  of  which  £I4.:{52  has-Luun  ri'dccmcd  and  £1,138  is  in  the 
mortgage  sinking  fund. 

Kevennc  was  i;8.5()5  (compared  with  £7.121  in  previous  year),  working 
c\))enses  wer(>  ifi.SSi  (i;5.3'.tr),  and  .tlt(fl7)  was  allowtil  to  emjjloyees, 
on  army  8ervl<e.  gross  juofit  being  £1.(')(>S  (£1.704).  Interest,  income  ta\. 
tVc..  re(piired  £1,727  (£l.54:j)  and  sinking  fluid  contributions  £004 
(£1,08S).  the  net  re.sidt  being  a  delicit  of  £l,l).''>2  for  the  vear  (c<.uipared 
with  £027). 

Mr.   K.   I'..  I, each  (engineer)  says  in  his  reporl  the  char^^cs  for  current 


were  incrcMsed  by  1(1  ]'er  cent,  from  May  1,  1015.  and  by  a  further  5  per 
cent,  for  lighting  and  l(i  jier  cent,  for  power  from  Jan.  1.  101  li..  and  con- 
sumers  must    now   guarantee  a  minimum   ]>ayment    of  £1    per  antiui 
Avcraiic  prii  (■  oltnimd  w  .us  I  :i4d.  ( I  33d.  hu^t  year),  tot.il  works  cost  w 


I'on 

Mil. 

_    , , vas 

1  UHd.  (lOTd  ).  jind  to(:il  rf>s( .  inrhidini;  lajiital  chiM%'<s.  1  5ld.  I'nits 
ge>iern((Ml  were  078.015  .-ind  puri  hii'-i'd  from  l?inv  707.882 -total 
1.770.407:  .i-il  void  l.5'JO.M77  (.igninst  1.287.n(Mi).  ("osl  of  fuel  rose 
43  per  eiMit.  The  tiikiin:  of  bulk  supjily  from  Bury  Corporation  wa." 
coninienced  on  NovciuIkm  5.  and  (he  saving  in  favour  of  the  bulk  -supply 
scheme  ii>;aitist  the  Coriiorations  own  steam  ]ilaut  was  about  44 
]>er   cent. 

The  tnimwny  nccoun(^  show  total  <  apitnl  expenditure  £08.272  (in- 
crease £I7;{).  of  which  I'l 8.527  h;is  been  redeemed  and  £4215  is  in  sinkintr 
fund.  Heveniie  was  £11.085  (£IJ,(12(>)  and  expenses,  including  £38  (£S) 
army  allow  iince.  were  £8.188  (£7.044).  leaving  gro.ss  prollt  £3.700  (£3.()S1). 
bitiMcst  a'ld  -inking  fiimls  rcipiired  £4.314  (£4,723).  the  net  deficit  for 
1h(>  year  being  i;5l8. 

In  his  report  on  1  he  traniw  nys  Mi',  l.cai  h  says  ))ow(>r  e\)ienses  increas<Nl 

214.  W'orkini:  e\]ienses  charged  by  Hury  Corporation  ate  4020ti. 
against  3  7nil.)   per  earr mile,  nwi   by   Rochdale  Corporation   4  183d 


.1214. 


(4045d.).  Pas.songers  carried  were  2,3(>fi,55l  (2,268.331).  car-miles  run 
2(>3,534  (269.088),  and  units  u.sed  387,787  (376,726)  =  1-46  (1-40)  per  car- 
mile.     Recei]ith  per  car-mile  were  lO-SOd.  (]0-37d.). 

Oldham. — TJie  gross  capital  expenditure  of  the  tramways  depart- 
ment is  £4C0.831. 

Traffic  revenue  duriii!.'  vear  ended  March  31  was  £118,338.  15.s.  4d.  and 
total  revenue  £121.128.  It.-.  Id.  (against  £113.814.  l.s.  (id.;.  Working 
e.\pen.-es  (includiuL'  cost  of  energy)  were  £81,o<!0.  2s.  4d.  (£85.083.1 7s. 8d.), 
rent  of  lea-ed  lines  (less  tax)  was  £4,614.  2s.  4d.  (£4,902.  lis.  HA),  interest 
on  capital  £0,4(>0.  10s.  4d.  (£10.251.  l(>.s.  «>d.),  and  sinkins  fund  was 
£17.15:,'.  13s.  7(1.  (£10.301.  12.s.  Id.),  income  tax  £;i.l50.  l.s.  (£2.31 1.  17.s.  7d. 
Capital  ex]>endituic  jiaid  r>ut  of  revenue  wa.s  £1,(>30.  14,s.  2d.,  and  net 
surplus  was  £4.112.  His.  4d..  atrainst  a  deficiency  of  15.217.  14.s.  3d.  The 
ear-miles  run  were  1.08:>,6(I7  (2.045,840),  and  passengers  23.477,0(>6 
(22,171.712) :  total  number  of  units  u.sed  was  3.110.622  (3,158,752),  and 
number  of  units  used  per  car-inilc  was  l-.5(>8  (1-544).  The  percentage  of 
working  exi)cnscs  to  receipts  was  (»7-35  (74-75) ;  average  traffic  revenue 
]>er  ear-mile  14-318(1.  (13-lOld.).  and  average  total  revenue  per  ear-mile 
14-655(1.  ( 13-351(1. ).  The  average  working  expenses  (including  jiower)  jier 
ear-mile  were  9-871d.  (against  9-98ld.),  average  number  of  pa>;sengers 
per  car-mile  was  11-835  (10-837),  and  number  of  cars  in  stork  108  (97). 
Theanuaintof  sinking  fund  applied  in  reduction  of  debt  is  £152  247.15s.  2d. 
(against  £135.777.  15s.  2d.). 

Rugby. — The  a<;countB  of  the  Urban  Council's  electricity  depart- 
ment for  the  \ear  ended  ]\Iareh  31  sliow  gro.ss  eajiital  expenciture 
£18,646  {increa^:e  £550),  of  which  £8,305  has  been  redeemed. 

Revenue  was  £6.480.  including  £77  balance  from  previou.s  year,  and 
working  ex)ienses  and  s])eeial  charges  amounted  to  £4.215.  gr(»ss  urotit 
being  £1.0(i-f.  after  carrying  £300  to  next  account  lo  ])rovide  for  bail  <"ebts. 
Interest  re(iuired  £387  and  instalments  of  loans  £6S0.  and  £386  ha~s  been 
transferred  to  cajtital  account,  while  £2.346  is  carricnl  forward.  I'nits 
bought  in  bulk  were  445,788  and  sold  404.270. 

Sheffield. — In  the  amiual  report  of  the  Eiectrieity  Committee  it  is 
stated  that  the  suri)lus  on  the  j)ast  year's  working  was  o^er  £4t).(»(>0, 
and  this  is  to  he  transferred  to  renewals  and  sjieeial  expenditure  fund, 
with  the  excei)tion  of  £5(10.  wliich  is  to  go  to  the  motors  fc.r  hire  fund. 
The  surplus  at  the  end  of  the  hnancial  year  1914-15  wa>  £32.725.  of 
whi(  h  tl4.000  was  transferrer!  to  renewals  and  sjieeial  exi>ei.di(ure  fund. 
£10.(!(t0  to  reserve.  £500  to  motors  for  hire  fund,  and  £1.243  to  «"epre- 
(iation  of  emergency  coal,  leaving  £6.081.  19s.  (id.  to  lK>cariie<l  forward. 
DuriiiL.'    the   year    ended    .Martli    last    new    capit.vl    to    (he    .imou  it    of 
£1(>9.020.  7.s."ll(l.  was  expend(>d,  making  (he  t(jtal  £1.513.377.  lis    lOd. 
The  income  from   eiectrieity   su])]ily   for  the  jiast  year  riuount  h1   to 
.£277,579.  16s.  4d..  and  from  installation  and  motors  to  £3(  .857.  lOs..  a 
total  of  £314.437.   (i.s.   4d.     The  charges  amounted   to  £181.027.    19s.. 
leaving  a  gro.ss  ])rofit  of  £133.409.  7s.  4(1.     Interest  and  -inking  fund 
charges  (m  jiroductive  ca])i(al  amoun(e(l  to  £iHt.083.  7s.  Id.  and  on  un- 
])roductiveca)ii(al  to£i0.030.  4s.  3d.,  leaving  a  net  surjilus  of  £:}3.29.").  lO.s. 
to    which    mu.-t    be    added    the    aie(  umulatcd    surplus    from    1915    of 
£6.981.   19.S.  (kl..  making  a  total  of  £40.277.  15s.  6d.     The  amount  paid 
into  sinking  fund  (with  accumulations)  for  redemption  of  debt  to  March 
25,  1016,  is  £383.885.  3s.  5(1.     The  rejiyrt  states  that  probrbly  in  some 
measure  due  (o  the  present  abnormal  attivity  throUL'hout  ihe  city,  the 
growth  ill  all  departments  of  the  undertaking  during  the  jieriod  ■.iiider 
review  has  b«>en  beyond  all  preciKlent.     The  number  of  lU'its  sold  was 
greater  by  32.994. ()85  (73-5  iier  cent.)  than  the  numlxT  sold  durirg  the 
previous   year;     records   for   output   have    been    made   almost   weekly 
throughout  the  year.     The  revenue  increased  from  £IS4.65S;  to  £277.580 
— by  .50  ]ier  cent.      As  the  whole  of  the  increased  outinit  rej  resent-  sales 
for  power  and  traction  ])ur]>oses  at  low  rates,  the  growth  in  revenre  was 
not  in  the  same  |)ro]i()rt  ion  as  the  growth  in  the  number  of  uiits  sold,  (he 
total  average  jirice  per  unit  having  fallen  from  0-97d.  to  O-S.'id.     Thv- 
|)erceiitage  of  working  expenses  in   ]>roi)ortion   to  total  revenue  is  .53. 
eomiianvl  w  itii  4:?  for  the  jtrcvious  y(  ir.  the  whole  of  such  ii'(  rease  iN-int' 
due  to  the  lii',:her  cost  of  coal  :    all  other  items  in  the  cost  of  l:' 
and  distribution  showing  a  decrease  in  the  cost  jier  unit.     Th' 
price  obtained  durim:  the  last  live  vears  is  as  follows  : 

1916.         1915.         1914.         1913. 

Light  and  heat    2  17d.       2  34.1.       2-51(1.       2  7««1. 

Power  o71d.       O  72d.       (I  73d.       0-76d. 

To(al  averajre  piKc  .  0  8.5d.  0  97d.  l-13d.  1  21d. 
I.Arge  eviensions  (o  buildings  and  machinery  and  )»lant  at  Nei  pseud 
station  have  biMMi  put  in  hard  during  the  year.  28.(itK)  kw.  of  .•wid  tional 
generating  plant  is  under  ((instruction  or  completed.  Th(>  total  nunibrr 
of  eonsuiuer"  is  7.318.  an  increa-e  of  4419  durinu  (he  >  ear.  and  (ho  total 
coniic'dons  aiuou<i(  to  98.S34  kw..  an  iiu  rea^e  of  I7.ti9l  kw  .  or  26-6 
per  eeM(  .\ppbci»(ions  in  hand  now  «wni(iiig  con!ie<(ion  nmount  (o 
18.(MHI  k«.  .\  re(  ord  year  has  also  been  exp«>rie"(  e<l  in  (he  work  of  (he 
in'<(alln(ioii  and  motor  depar(nienl,  Ihe  turnover  for  th.-  year  bring 
£36.8.57.  Thin  department  hns  Won  r(\*ponsible  for  the  installalion  of 
10.4S0  H.r.  of  mo(ors.  eoiupared  with  3.339  h.i.  the  previous  year,  which 
eons(i(ut«Hl  a  ret  ord  h(  (h:i(  time  Tlie  total  number  of  t-mployees  on 
active  service  is  1U5.  of  whom  ti\e  have  In-en  repor(«><l  kill(>d  The 
allowa'uc  niJMle  to  the-e  men  and  (heir  dependan(s  amounted  («' 
£2.246.  14s,  Ikl.  during  (liey<svr.  Female  labour  has  l>een  adopted  l>olh 
on  the  s(«fT  and  in  (he  generating  Ht«(i()ns.  the  numWr  of  women  »t 
pr«"sent  employed  beinj:  49. 

,\s  from  the  September  meter  rea<lings  the  price  of  eloctrieit.v  will  W 
m<  reasr^d  a*-  follow...  :  1(1  per  ceu(.  where  (he  prps<>n(  pri<  e  i»  more  than 
2(1,  per  unit.  20  per  cent,  where  (h*  ]iresen(  price  is  2tl.  per  unit  or  le«s  ; 
and  theincreasetl  charges  are  to  apply  to  current  Rupplie<l  for  the  (ram  ways 


1912. 
2«H»(1. 

0  78d. 
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Wolverhampton. — The  income  of  the  Corporation  tramways  for 
the  vcar  cndc.l  Maich  was  f-W,]  1 1  (against  £55,32:$  in  1915). 

'I'lallic  r('(Mi)(s  were  £58,531  (12-1 15  per  car-mile),  a'^ainst  £54,503 
(11-(M»1(I.)  ;  total  cxpcnsi's  were  £34.2 18  (7- 1(1.),  against  £35,()()()  (7-124(1.), 
a'ld  sro.ss  jjrolit  wan  I24,8'.)4  (£20,257).  To  this  sum  should  Ix^  added  t  h<; 
balance  of  £1,459  on  motor  char-a-bano  aeeount,  a  total  of  £2(i,:553. 
Interest  on  eapita!  absorbed  €6,066.  Income  tax  £511)  and  repayment  of 
loans  £5,816.  A  sum  of  £5,141  has  been  appropiiatod  to  iTiiewals 
account,  tl,6S5  to  additions  and  ini])i'ovemen1s,  and  £2,478  t(i  eo.st  of 
re))air  woik  in  I'.tl<>-I7  (work  sn.sj)endeil  during  l'.)15-16),  and  £4.018  hiis 
been  ap])lied  in  aid  of  borough  rate.  £56,.5S>8  now  stands  to  credit  <)f 
reserve  and  renewals  fund.  Owing  toshorta<^eof  male  labour,  women  liaxc 
been  emi)loyed  as  conductors  on  the  traincars  from  September  last.  At  1  he 
c  id  of  the  year  44  were  so  employed,  and  their  servi((>s  have  proved 
satisfactory.  A  consideiable  amount  of  maintenance  and  renewals  work 
has  be(Mi  held  in  abeyance.  13,29*),  146  ])assenjJ[ers  were  CHiiicd  (against 
12,236,785),  and  1,156,501  car-miles  were  run  (against  1,181,300). 


COMPANIES'  MEETINGS  AND   REPORTS. 


ABERDEEN  SUBURBAN  TRAMWAYS  CO.— The  jirotit  earned  durin^;  the 
half-year  to  ,]uiy  31  anunints  to  £1,054,  and  the  balance  at  creditof  profit 
and   loss  aiu^ount  is  £3,209.     The  directors  pro])oso  to  add  £l.200   to 
renewal  a^id  de])reciation  account,  which  will  then  stand  at  £16,700,  and 
to  declare  a  dividend  of  5  per  cent,  fcr  past  year,  carrying  forwiT|rd  £415. 
BRITISH  DYES  (LTD.)— The  first  annual  report  states  that  the  board 
will  not  be  in  a  position  to  adjust  t\w  accounts  for  the  year  ended  April 
30  until  lliey  have  arrived  at  a  settlein(>nt  with  the  Pvcvenue  au(horiti(>s 
in   regard   to  the  duties   payable   under  the    Finance   Act,    19]6.     The 
issued  share  and  loan  capital  consisted  as  at  Aug.    1  of  share)  capital 
subscribed  (864,179  shares  of  £1  each,  10s.  per  share  called  up),  ;Q^64,179, 
and  loan  from  Government  £1,064,179,  or  a  total  of  £l,928,358f     Since 
the  date  of  the  report  submitted  to  the  statutory  meeting  in  Ju)y,  1915, 
the  subscribed  share  capital  has  increased  by  £208,080  and  thcj  loan  to 
which  the  company  is  entitled  from  the  Government  has  iner(jased  by 
£209,629,  an  increase  of  £417,709.     The  Board  have  ostablished  a  coni- 
mittec  of  directors,  which  gives  continuous  attention  to  the  aft'aiji's  of  the 
company,  a  t(>chnical  committee,  which  combines  the  heads  of  the  tech- 
nical and  scientiiic  de])artments,  with  Dr.    Forster  as  chairman  ;    a  re- 
search department,  of  which  Prof.  W.  H.  Perkin  is  the  head  ;   and  an 
advisory  (.ounoil,  which  consists  of  12  eminent  professors  of  chemistry 
connected  with  different  universities,  in  addition  to  the  membeis  of  the 
technical  committee.     It  has  been  formed  for    increasing  the  number 
of  chemists  and/  promoting  research  in  organic  chemistry  and  particu- 
larly in  that  branch  of  it  which  relates  to  coal  tar  colours.     iSotwith- 
standing  the  restriction  caused  by  the  shortage  of  certain  miterials, 
the  supply  of  dyes  from  the  company's  works  has  been  greatly  increased. 
New  plant  has  been  erected  and  is  in  course  of  erection  for  further  in- 
creasing the  supply  of  those  dyes  which  are  most  in  demand,  and  which 
can  be  made  in  large  quantities  from  the  materials  available.     In  the 
near  future  the  supply  v/ill  be  further  substantially  augmented.     The 
company  has  also  sent  to  the  Swiss  manufacturers  considerable  quan- 
tities of  raw  materials  and  intermediate  products,  without  which  the}^ 
would  not  have  been  able  to  continue  their  supplies  to  the  British  mar- 
kets.    After  conferring  with  a  number  of  the  leading  users  of  dyes,  the 
directors  decided,  so  far  as  the  new  works  are  concerned,  to  provide,  in 
the  first  place,  mainly  for  manufacturing  on  a  large  scale  raw  materials 
and  intermediate  products.     Tliey  desire  to  call  attention  to  two  impor- 
tant considerations  :   (1)  In  order  to  secure  a  jx^rmanent  national  supply 
of  dyes  it  is  imperative  that  the  manufacture  of  the  intermediates  from 
which  dyes  arc  made  should  be  successfully  established  in  this  country. 
(2)  The  production  of  these  intermedials  requires  the  operation  of  "a 
scries  of  j)roccsscs  not  hitherto  worked  on  a  commercial  scale  in  this 
country,  and  it  also  requires  complicated  and  expensive  plant.     A  large 
amount  of  research  and  experimental  work  has  been  done,  and  a  con- 
siderable quantity  of  plant  has  already  been  erected  for  the  production 
of  intermediates.     Other  important  plants  arc  in  course  of  construction, 
and  as  regards  raw  materials,  the  benzol  and   ])henol   plant  has   been 
largely  increas-ed.     An  acid  plant  sufficient  for  the, requirements  of  the 
company  is  approaching  completion,  and  a  large  part  of  it  is  in  operation. 
When  the  Turnbridge  works  of  Read,  Ho'liday  &  Sons  were  acquired,  con- 
siderable extensions  were  in   course  of  construction   by  that  company, 
and  these  have  been  completed.     An  additional  freehold  site  exiendiiig 
to  ,343  acies  was  acquired  at  Huddersfield.     Buildings  for  the  accommo- 
dation of  a  large  amount  of  plant  have  been  completed  at  Turnbridge 
works,  and  on  the  new  site.     A  portion  of  the  new  plant  has  been  installed 
in  these  buildings,  and  important  materials  ami  products  for  making 
dyes  are  being  obtained  from  it,  including  a  supply  of  the  acids  required. 
The  total  contents  of  the  new  buildings  erected  at  the  old  and  new  works 
are  not  less  than  25,000,000  cubic  ft.,  and  the  floor  area  covered  1,200.000 
superficial  ft.  (about  27  acres).     The  board  have  adjusted  a  provisional 
agreement  with  Le  Syndicat  National  dcs  Maticres  Colorantes  (a  national 
ci^mpany  formed  in  Fi-ance  with  the  support  of  the  French  (government), 
which  provides  for  a  complete  exchange  of  knowledge  and  processes  and 
for  the  formation  of  an  inter-allicd  company  to  establish  co-operation 
between  the  two  companies  in  regard  to  production  of  intermediates,  etc. 
^^i^^^^P^TAN  ELECTRIC  SUPPLY  CO.  (LTD.)— The  directors   liave 
issued  the  followiilg  statement  of  the  accounts  for  the  first  sjx  mouths  of 
the  years  1913,  1914.  1915  and  1916  . 


1913 
1914 
1915 
1916 


Units 

sold. 


[Increase  or 

cltK^rcase  on 

])rcvious 

year. 


8. 847,  .58 1 

9,638,755 

9,536,691 

11,600,918 


Appro.v. 

gross 
revenue. 


Incrca.sc  ' 

or 
decjfeasc.  | 


Approx. 

net 
revenue. 


1,399,510 

791.510 

-102,064 

2,064,227 


I 

|£11 1,688  |£I0,313  i  £57.014 

<   114,635       2.917  i    58.220 

114.312 1     -323  54,475 

I   132,960     18.648  j  55,611 


Amount 
available  for 

reserve 
dividend,  &c. 


£:J6,470 
35.801 
31,751 
35,368 


The  above  table  shows  that,  except  for  a  slight  de<irea.se  in  the  first  six 
months  of  1915,  there  has  been  a  steady  increase  in  the  number  of  units 
sold  in  c;  '-h  succeeding  half-year.  The  increase  is  most  marked  in  the  la.st 
half  veai'  (1916)  ntil withstanding  the  adverse  effect  pro<luced  upon  the 
iigliting  load  by  the  "  Daylight"  Saving  Act  and  by  the  restrictive 
regulations  under  the  Defence  of  the  Realm  Act.  The<lirectors  consi<ler 
the  half-year's  trading  satisfactory,esi)ecially  as  the  costs  of  production 
hav(!  largely  increased  owinj;  to  the  war.  the  i>rice  of  coal  alone  being  50 
])er  cent,  higher  than  in  1914.  The  boar'l  has  declared  ;in  interim  divi- 
dend of  Is.  ])er  shar(r  (being  at  rate,  of  2  ]icr  cent,  per  a.'inum)  on  the 
ordina.ry  shares,  payable  on  tlu;  15th  inst.,  less  tax.  This  will  ab.sorb 
tlO.OOO,  aiid  leave  a!i  iinai)pr(i])riated  balance  of  £25,368. 

NATIONAL  ELECTRIC  CONSTRUCTION  CO.  (LTO.)— The  directors' 
report  for  1915  states  that  the  year's  operations  resulted  in  a  loss  of 
£3.650,  after  providing  £3,7.50  for  debenture  interest  and  £1,550  for 
debenture  redemption.  It  is  stated  that  the  profit  on  contracts  com- 
])!etcd  and  in  progrcsj?  was  £2,6.52  against  £4,324.  that  the  revenue  from 
investments  dec^reascd,  such  revenue  (less  interest  i)ai<l)  being  £3.392 
against  £4,386,  and  that  there  was  a  heavy  loss  in  connection  with  an 
unfortunate  a(x:ident  on  the  Dewsbury  and  Ossett  tramway  undertaking 
in  November  last.  Of  this  loss  (over  £2,000)  the  past  year  is  bearing 
o'K-half.  But  for  the  accident,  the  ])rofit  from  the  Dewsbury.  O.ssctt 
cS:  Soothill  Nether  Tramways  would  have  been  a  record.  In  the  case  of 
several  of  the  undertakings  in  which  the  company  is  interested,  par- 
ticularly those  at  Rhondda,  Mexborough,  Swinton  and  Musselburgh,  the 
shortage  of  labour  has  been  acute.  The  price  of  fuel  and  of  materials 
required  for  repairs  has  increased  enormously. 

TYNESIDE  TRAMWAYS  &  TRAMROADS  CO.— Dr.  .T.  T.  Merz,  who  pre- 
sided ov(>r  the  meeting  last  week,  said  that  for  the  first  time  they  had  to 
report  a  considerable  decrease  in  revenue.  The  receipts  were  £1,018  less 
than  in  the  (corresponding  half-year  of  1915,  and  to  that  they  had  to  add 
a-i  increase  in  cost  of  .£267,  so  that  they  had  £1,285  less  to  deal  with  in 
de(;laring  a  dividend  and  providing  for  de])reciation.  A  reduction  in 
dividend  from  3  to  1 J  ])er  cent,  meant  £837  ;  the  reduction  of  the  amount 
to  reserve,  £261  ;  aud  the  reduction  in  the  cany  forwa,r(l  £291.  They 
need  not  be  di.scouraged  by  the  reduction  of  the  divider.d.  because  it  was 
largely  explained  by  the  fact  that  the  holiday  traflic.  which  in  former 
years  always  showed  up  well,  had  practically  disappeared  for  the  present. 
It  was  quite  possible  that  in  the  .second  half-year  they  would  have  an 
increase  in  the  receipts,  and  to  date  the  traffics  had  increased. 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 


NEW  COMPANIES. 

BRITISH  AERO  MAGNETO  MANUFACTURERS  ASSOCIATION  (LTD.) 
(144,598.) — Reg.  Aug.  14,  as  company  limited  by  guarantee,  with  20 
members,  each  liable  for  £1  in  the  event  of  winding  up,  to  promote  and 
protect  the  interests  of  manufacturers  of  aeroplane  and  airship  mag- 
netos in  the  United  Kingdom,  to  promote  the  consideration  and  discus- 
sion of  subjects  affecting  such  manufacturers,  to  conduct  and  assist  in 
experiments  and  researches  for  the  jnirpijse  of  improving  aero  magnetos 
or  of  producing  improved  machines  or  contrivances  capable  of  producing 
the  electric  spark  in  aero  combustion  engines,  &c.  The  subscribers  are 
W.  C.  Lusk,  D.  K.  Morris,  C.  H.  Kirby,  D.  Steeley,  P.  V.  Bennett.  E. 
Garton,  V.  A.  Lister  and  R.  B.  North.  Members  must  be  bona  tide 
British  manufacturers  of  a(>ro  magnetos  or  (heir  authorised  represcn- 
tati\es.  l<'irst  members  are  the  British  Thom.ion- Houston  Co..  tlie  M.L. 
Magneto  Sviid  (Ltd.),  Nicole  Nielsen  &  Co.,  the  Thomson-Bennett  Mag- 
netos (Ltd!).  P.  P.  Bennett,  E.  Garton,  C.  A.  Lister  and  H.  B.  Nortli. 
All  other  candidates  are  to  be  elected  by  the  company.  Subscription  for 
fiisf  year  is  t:25  ]icr  member;  aftcrwaidsasthecompanyshall  decide. 

BRITISH  REVIVAL  MFG.  CO.  (LTD.)  (14i..")01.)- lUg.  Aug.  I,  capital 
£1,500  in  1.000  preferred  shares  of  f  1  each  and  10,000  (ieferred  shares  of 
Is.  each,  to  manufacture  electrical  accessories  previously  made  and 
supplied  by  enemy  countries,  and  to  carry  on  busiut^ss  in  connection 
therewith.  Piivate  company.  Secretary  (pro  tem.).  P.  H.  Robinson. 
Reg.  office,  160,  High-road.  Chiswick. 

MORTGAGES  AND  CHARGES. 

S.  BILL  &  CO.  (LTD.)— Particulars  of  £t)00  debentures,  created  June 
14,  1916,  have  been  lilcd,  whole  amount  being  now  issucnl.  Property 
charged,  company's  undertaking  and  property,  present  and  future.  No 
trustees. 

BRILLIANT  ARC  LAMP  &  ENGINEERING  CO.  (LTD.)— Memoranda  of 
satisfaction  {a)  in  full  on  July  27,  19Ui.  of  debenture  dated  June  IS,  1915, 
securing  £1,200  ;  and  (6)  to  "extent  of  £50  on  Juno  17.  191 6.  of  debenture 
dated  June  22,  1915,  securing  £90,  have  been  filed. 
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FITTERS  VENTILATING  &  ENGINEERING  CO.  (LTD.)— Memoranda  of 
BatjLsfactJon  in  full  on  Aug.  4,  IliKi,  of  a  Land  J{f;;i.strj'  charge,  and 
memorandum  of  charge,  both  dated  Aug.  0,  191  ">,  Kecuring  moneys  from 
time  to  time  owing  to  the  London  k  Provinc  ial  Bank,  liave  been  filed. 

VENNER  TIME  SWITCHES  (LTD.)— Memorandum  of  satisfaction  to 
further  extent  of  £;>oO  on  Aug.  2,  lOHJ,  of  debentures  dated  July  10, 1911, 
securing  £5,000,  has  been  filed.     Amount  outstanding,  £2,950. 


ELECTRICAL  COMPANIES'  SHARE  LIS! —Continued. 


CITY   NOTES. 


MEMORANDA  (Aug.  2:5).— Bank  rate  «  per  cent,  (iinoe  July  13,  1916). 
CoDsois  .i9.  Consols  Pay  Day,  .Srjtt.  1.  Stocks  and  Shares  Ticket 
Days  Aug.  30  and  Sept.  );{.  Pay  Day-,  Aug.  31  and  S<  ]>t.  14.  Prioe  of 
•ilver,  3i§. 

CITY  OF  LONDON  ELECTRIC  LIGHTING  CO.  (LTD.)— The  transfer  books 
and  icgi-tcrs  of  nifnilxis  of  I  hi-  <  niii|i;iny  will  lie  closed  from  the  28th 
jnst.  to  the  9th  Sept.  jnc:lusivc. 

CROSSLEY  BROS.  (LTD.)  'Ilie  dir(<  tors  have  derlared  an  interim 
di\  jiliiid  of  .")  |i(  r  I  lilt.  pfT  annum  on  the  oi'ditiar>'  shares. 

CUBAN  TELEPHJNE  CO.  The  directors  Jiave  declared  a  dividend  of 
1.1,  |(<r  ((III,,  on  the  prcfcncd  share-;  for  tin;  quarter  ended  June  30. 

MONTREAL  TRAMWAYS  CO.  (LTD.)— A  (piarterly  dividend  of  21  per 
cent,  has  been  <lcclarcil. 

SPANISH  TELEPHONE  CO.  (LTD.)  The  directors  reconinicnd  adividend 
of  .")  per  cent.  (Ics-  t:i\)  for  the  year  ended  ,\Iay  31.  leaving  £1.2S1  to  be 
carried  f'nward. 

STEWARTS  &  LLOYDS  (LTD.)  Interim  dividends  of  <>  i)er  cent,  on  the 
preference  shares  and  10  per  cent,  on  the  preferred  ordinary  shares  have 
been  «leclared. 


METAL   PRICES. 

Messrs.  J.  B.  Cirri  ham  &  iionc,  132,  Up|icrThame;.-street,  London,  E.G.,  quote  under 
date  Aug.  22,  the  following  as  the  present  basis  pric«sof — 


Ne'.v  Metals.  per  lb.  i 

Solid  Dr.T.vn  Brass  Tubes ISd.  ' 

Solirl  Dr.iwn  Copper  Tubes 1 8d .  | 

Bra/ed  Copper  Tul.es    t8d.  1 

Brazed  Brass  Tubes 17d. 

Bra.-,s  Wire    14Jd. 

Copner  Wire 18d. 

Rolled  Brass Mjjd. 

Brass  Sheets 15Jd. 

Per  ton. 

Copper  Sheets £148    0    0 

Spelter 55    0    0 


Per  ton- 

EnglishLead £30  15    0 

Antimony   Nominal. 

Old  Metals.  Per  ton. 

Clean  Copper  Scrap £95    0    0 

Clean  Brasr,  Scrap     60    0 

Braricry  Copper  Scrap   ...       82    0 

Old  Lead  25  1 0 

Old  Zinc 38  10 

Hollow  Pewter 125    0 

Black  Pewter   85    0 

Gun  Metal 76    0 


Mr.  A.  Joseph,  Earl-street,  London-road, Southwark, London, S.E.,  quotes  underdate 
Aug.  22,  thefollowingapproximatepricesof  Scrap  Metals:  — 


Aluminium  Cuttings   £110 

Clean  Mixed  Brass 65 

Clean  Copper 94 

Brazicry  Copper 82 

Gun  Metal 34 


Per  ton. 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Per  ton. 

Old  Lead       I  p '^^  V^i  "'i'^^''- 

(.  English  lead  price 

Old  Zinc 40    0    0 

Hollow  Pewter 125    0    0 

Shaped  Black  Pewter   85    0    0 


Mr.  Joseph  c.in  supply  solder  at  the  followlnr  prices  per  ton  :  Plumber".-;  Solder  (in  bar 
or  Strip',  £60  ,  CommerrialTinman's  Solder,  £97,   Blowpipe  Solder,  £107. 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

Wo  give  below  the  latest  prices  ot  which  actual  transactions  took  place 
on  or  before  Tuesday,  Aug.  22. 


<n    1 

Last 

5 

Divi- 

A 

dend 

10 

10 

^h 

10 
5 

6% 
10"^„ 

5 

7".. 

St. 

4";, 

St. 

4% 

5 

2 '3 

5 

5% 

4J*; 

5 

5 
St. 

10 

8?/„ 

10 

6  0 

St. 
St. 

10 
10 

St. 

4  " 

St. 

4  0 

St. 

40 

5 

7% 

St. 

A% 

5 

6% 

St. 

4% 

5 

3",. 

St. 

4V' 

.St. 

r,0' 

<'"., 

St. 

5'„ 

1 

6"„ 

4 

5% 

Eledricity  Supply. 

BourppT'-  '•  >.■  }•  -  !'•  E  L.  Oi> 

Do.  

Do.    •  i'ref 

B-    -  II  1  ton  Ord.  , 


( 


i  ■ 

Do. 

Do. 


r.  Deb.  St 

•id&Clty  Dok.. 


Old 

City  Pre! 

Chel:c4  El«c.  Supp.  Co.  Otd 

Do.  do.  Deb 

Cityo<  I    ■  I  ..  l-:iec.  Lt.  Ord 

D.T.  

Do.  ot 

Do.     4S  Ueb: 

County  of  London  Ord 

D 1.    0%  Prpf 

Do.     Ir,t  Deb 

Do.      ■    ■  •■  ■     

Elmii                   '■c.i;npp.4}''oD«!bs.   .. 
Kon;ii.i  .   ;.  .'.  KriiKhtsbrldgeOrd 

Do.     Dob.  St 

London  Elec.  Supply  6%  Pref 

Do.     4%  Mort.  Debs 

Metropoiit,in  E.  Supp.  Ord 

Do.     Irt  Mort.  Deb 

Miil.ir.d  EIt  C/irpn.  1st  Mort.  Deb.  St 

r:  ■ 

N                 .    ,  -  .:....  L.:  .  -..,  ,..i    ,.  ;  .. 
South  London  E.S.  Otxl 


PriM,  R^TE 

Tun.,       'rER  CENT. 
Aug.  22     |YlELDFD. 


81 

9i 

6ft 

7 

80 
791 

3f, 

3 

3 

2 
84 
12 
10 
97 
80 
10  « 
ini- 

83 
751 

»S» 

21 

80 
09 
99J 
92 

:l 


t  Exdividend  -rlnttt^st. 


£  5.  d. 
6  19    2 

5  11 

6  3 

7  12 

4  19 

5  0 

5  0 

6  10  II 
0  17    7 

6  16 

7  5 

5  6 

6  6 
5  14 

4  17 

5  2 

6  8 
5  16 
5  4 
h    8 

5  18  10 

6  119 
5     I 
t  11 

4  16 
t    6 

5  n 
.S     1 

6  0  6 
t.  8  8 
'  3  10 
6  16     2 


Dividend 
Dl-e. 


Mar..  Sept. 
Feb.  Aug. 
Feb,  Aug. 
Mar,  Sept 
Mar,  Aug 

Jan,  July 

Aug.  Fob 
Jun, Dec 
Mar.  Sept 
Jan,  July 
Feb.  Aug 
Mar,  July 

iun ,  Dec 
un ,  Dec 
Mar,  Sept 
Feb..  Aug. 
Jan,  July 
Mav,  Nov 

iulv 
Feb.  Aug 
Jan,  July 

Jan,  July 
Mar,  Aug 
Jan,  luly 
I. in,  )iily 
Mar,  Sept 
Mar,  Sept 
Apl,  Oct 
Mar.  Sept 


^ 


5 
5 

St. 

St. 


St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
10 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 

1 
1 
1 

100 

1 


NAME. 


Prict 

TUM., 
Aug.  22 


Rate 

per  CENT. 

Yielded. 


8% 

7% 

3i% 

41% 

8% 

7% 

4i°A 

5% 

6% 

4% 

4% 

4J% 

4% 

4% 

5% 

U% 

4% 

4% 

1% 

35°/. 

3{°/i 

3J% 

3J% 

4% 

6% 
4% 
4% 
4% 

15% 
6% 
7% 
5% 
6% 
17.1% 
3/0 
6%  I 


Electricity  Supply — cont. 


St. 

4  % 

2 

7  % 
6% 

100 

St. 

4% 

5 
5 

207. 
5% 

St. 

4.r/r 

1 

6% 

5 

St. 

4% 

1 

7h% 

1 

7% 

St. 

4% 

10 

10% 

10 

6% 

5 

20% 

5 

2/3 

St. 

4*% 

10 

10% 

10 

5% 

12 

20% 

100 

4% 

1 

7i% 

1 

6d. 

St. 

4% 

100 

4.>% 

St. 

4»% 

St. 

4% 

St. 

30 '0 

St. 

U% 

St. 

54o 
10% 

10 

10 

5 

5'0 

10 

4% 

St. 

3J% 

St. 

St. 

4% 

St. 

4% 

10 

8".', 

St.  James' &  Pall  Mall  Ord. 

Do.  do.  Pref 

Do.  do.  Debs     

Urban  Elec.  Supp.  4J%  Do.  St 

Waste  Heat  &  Gas  Elec.  Gen.  Stations. . 
Westminster  E.S.  Corp.  Ord 

Do.     4?rCuT..  P.-ef 

Electric  Railways  and  Tramways. 

British  E.ec.  Trar.tion  5%  Debs 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  . . 

Do.        do.        Assented  Def.  Ord.  . . . 

Do.    4J%  Pref 

Dd.     4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896 

London  Electric  Ry.  Ord 

Do.    4%  Pref 

Do.    4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.    3J%  Pref 

Do.    3 i?b  Convertible  Pref 

Do.     3{%  A  Debs 

t)o.     3i%  Debs 

Metropolitan  Diet.  Ry.  Ord 

Do.     4%  Prior  Lien    

Do.     4 ',  First  Pref 

Do.    6%  Perp.  Debs 

Do.    4%  Debs 

Do.     4%  Debs.  (1903-5) 

Do.    4%  Guar.  Stock 

Electric  Manufacturing,  &c. 

Babcock  &  Wilcox  Ord 

Do.     6%  Pref 

Brit.  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6?;,  Pref 

Brit.  Insulated  &  Helsby  Ord 

Do.    6%  Cum.  Pref 

British  L.M.Erics!:onMf^. Cm.  6%  Pref 

British  Thomson-Houston  Db 

Brit.  Westinrhouse  Pref 

Do.    b%  Prior  Lien  Debs 

Do.     4%  Mort.  Deb.  St 

Callenders  Cable,  &c.,  Co.  Ord 

Do.     5%  Pref 

Do.     4.'.%  Debs 

Dick,  K';rr  &  Co.  6%  Pref 

Edison  &  Swan  U.  Elec.  Lt.  A.  £3  pd.. . 

Do.     4?o  Deb 

Elec.  Construction  Ord 

Do.     7%Cuii:.Fref 

Do.     4%  Debs 

General  Electric  Ord 

Do.     6%  Pref , 

W.  T.  Henley's  Telegh.  Wks.  Co.  Ord. 

Do.    4J%Cum.  Pref 

Do.    4J%Db 

India  Rubber,  G.P.  &c.,  Ord 

Do.     Pref 

Telegh.Con.&Main.Co 

Do.    4"o  Debr 

VickersOrd 

Do.    5%  Pref 

Do.     1st  Debs 

Do.    4J%  2nd  Debs 

Willans  &  Robinson  B.  Cm.  Pref 

Do.     1st  Mf.  Deb.  S* 

Telegraphs. 

Anglo  American  6%  Pref.  Ord 

Do.     Def.  Ord 

Comm 
Cuba  : 

Dr 
D 
D 
E.v:-: 

Do. 

P 


ir-.i.V4%Debs. 
Ord 


.ililO%Pref 

d  States 

'  i  "i.Co.Ord.   

3}%Pref 

•'     Debs 

ensionTel.  Co.,4%  Debs. 


Co.WithCoup.il... 


1 

10"n 

1 

7".. 

10 

1% 

in 

«'".. 

10 

8% 

St. 

4"„ 

•• 

41% 

1 

75d 

1 

1,- 

St. 

i^ 

V. 
V. 
V. 

M- 


s  Tel.  Co. 
■am  a  Ord. 


itr  v: 


Telephones. 

I,  ;.         0,J 

neOrd. ., 


St 


str 

41% 

10 
10 
100 

166 

•'% 

5 

St 

1  ~ 

3'0 
.1% 

S' 

.^ 

i.n- 

Db.  St. 
■d 


Dr      fi'i    :  'i    

rinnncial  and  Investment 

I  ''.K  TtXKA 


ei'Comtnon 


Sutr-,,-.    - 

Colonial  and  Foreign  Electric  S 

A  rply6%  Pref 


T.  6%  Pref. 
l.Ord'.'.'.'. 


6i 

51 
74 
73 

1;, 

41 

84i 
80 
74  i 
72 
81f 
751 
74* 
70i 
2i 
66* 
751 
24i 
62J 
58 
671 
691 
181 
75i 
72 
108J 
77 
78 
70 

2|i 
l',l 
1m 
931 

li 

12A 
5  A 
ii 
91 

2j; 
102 

66} 

121 

41 

87_ 

I 

1 

68 

13i 

10 

16J 
4 

87* 

12,i 
8 
39 

951 

801 
991 
40 
56 

104 

231 

71 

81 

13! 

71 

t>l 

1481 

67* 

78i 

78* 

14i 

i 

it 

15« 

77 

99i 


2\ 
761 
83 

6« 

41* 

12* 

lOlt 

85i 

^70l 

upply,  & 

5 

941 
101 
83 
feiS 


s. 

8 
19 
14 

3 
11 


Dividend 
Due. 


10  11 
4     1 


5  18  0 
7  10  0 
5  7 
5  11 
5  10 
5  6 
5  7 
7     1 

5  11 

6  0 
5    6 

4  0 

5  11 

6  0  8 
5  3  8 
5     1     1 


5  6     4 

6  5  0 
5  10  4 
5  3  11 
5  2  7 
5  14     4 


1 

9 
9 
7 
8 
3 

5  15     8 

6  8    0 

4  18  11 
6     1     6 

5  17    8 


6  0-4 
8  1  7 
5  17    8 

5  3     5 

7  2    3 

6  13  11 

8  5    8 

7  0    0 

5  17  8 
7  10  11 

6  0    0 
6    3 
5  12 
5    2 

5 
3 
3 
4 
2 
6 


4  19 
4  10 
10     6 


7    2  10 

5  15    5 

6  17  1 
5  12    8 

5  17    8 

7  5 

6  13 
6    5 

7 
3 
2 
2 
8 
6 

6  16     1 

3  I  6 
2  12  8 
9  10    3 

7  12  .^ 
5  5  4 
5    3  11 

4  10  10 


7  13  7 

4  18  6 

5  I  11 
5  8  5 
5  15  4 
5  6  8 
5    5  3 


Feb,  Aug 
Feb,  Aug  j 
Jan,  Dec  t* 
Apl,  Oct  „ 
Mar,  Aug  f 
Mar,  Sept  ;j 
Jan,  July 

Apl,  Oct 
Feb,  Aug 


Jan,  July  ^ 
Jan,  July  L, 
May,  Nov  j 
Feb,  Aug 
Jan,  July 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Feb,  Aug 
Feb,  Aug 
Jan,  July 
Jan,  July 
Feb,  Aug 
May,  Nov 
Feb,  Aug 
Jan,  July 
Jan,  July 
Jan,  July 
Mar,  Sept 

Apl,  Oct 
Apl.  Oct 

Mar 
Jan,  July 
Jan,  July 
Aug,  Feb 
Jan.  July 
Mar,  Sept 
Feb.  Aug 

Apiil 
Apl.  Oct 
Jan.  July 
Jan.  July 
Feb.  Aug 
June.  Dec 

Sept. 

Pab,  Aug 

Jun,  Dec 

May 
Jan,  July 
Jan.  July 

July 
June.  Dec 
Feb,  Aug 

Jun,  Dec 
Feb.  Aug 
Anl.Oct 
Mar,  July 
Jan,  July 
May.  Aug 
May,  Aug 
June.  Dec 
June,  Dec 


FV  M.    Aug.N 
P.N 
,0 
Mi> .  Nov 


Ja.Ar.Jly.O 

1-    K'        Ilv.O 
.,0 

-     V 

Feu.  Aug 
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Effect  of  High  Continuous  Voltages. 

The  literature  on  electrical  engineering  has  been  enriched  by 
many  contributions  dealing  with  the  eSect  of  high  alternating 
voltages  on  insulating  materials.  Up  to  the  present  little 
has  been  written  concerning  the  effect  of  high  continuous 
voltages  upon  dielectrics.  The  reason  for  this  is  that  it  is  a 
relatively  easy  matter  to  obtain  a  suitable  supply  in  the  one 
case,  and,  till  recently,  a  matter  of  considerable  difficulty  in  the 
other.  From  the  account  given  elsewhere  of  an  important 
research  by  a  prolific  worker  in  high-voltage  engineering — Mr. 
F.  >y.  Peek — it  will  be  noticed  that  continuous  voltages  up  to 
150,000  volts  were  obtained  from  an  alternating  supply  by 
means  of  a  Kenotron  rectifier  in  combination  with  condensers 
and  inductance  coils.  The  workmanlike  method  adopted  by 
Mr.  Peek  is  one  which  can  be  commended  to  other  investigators, 
and  which  is  likely  to  have  many  applications  in  the  research 
laboratory.  From  the  research  it  appears  that  the  dielectric 
strength  of  water-free  oil  is  the  same  for  both  alternating  and 
continuous  voltages,  while  the  puncture  voltage  of  solid 
insulations  in  good  condition  is  generally  higher  with  con- 
tmuous  voltages  than  with  the  maximum  alternating  voltages. 
This  seems  to  indicate  a  change  in  the  structure  of  the  solid 
dielectric,  and  the  subject  is  one  which  opens  up  a  wide  field 
for  iurther  investigation  and  discussion. 

Maintenance  of  Electric  Tramways- 

DuRiXG  the  last  few  months  there  has  been  a  regrettable 
number  of  serious  accidents  on  electrictramways.  For  example, 
accidents  to  tramcars  have  occurred  at  Birmingham,  Crickle- 


wood,  Harrow,  Abbey  Wood,  Wigan,  Woolwich  and  Croydon, 
and  some  of  these  have   been   attended  with   fatal  results. 
As  a  rule  such  accidents  are  due  to  one  of  three  causes.     There 
is  either  negligence  in  taking  curves  or  points  at  too  high  a 
speed,  or   the    car  equipment   is  in  such  bad  condition  that 
proper  control  of  the  car  is  lost,  notwithstanding  judicious 
driving,  or,  lastly,  the    track   becomes  so  badly  worn    that 
normal  speeds  are  no  longer  safe.     Although  there  is  likely  to 
be  negligence  from  time  to  time,  we  think  that  recent  accidents 
have  been  too  frequent  fortius  to  be  the  cause.  In  that  case,  the 
accidents  must  be  due  either  to  defective  equipment  or  exces- 
sively worn  track.     In  either  case  this  is  probably  due  to 
present  war  conditions.     If  undue  inroads  are  made  on  the 
staff  of  a  tramway  undertaking,  the  car  equipment  cajinot  be 
properly  overhauled ,  and  must  inevitably  become  defective  as 
time  goes  on.     The  only  other  course  in  such  cases  is  to  reduce 
the  number  of  cars  in  service  and  for  the  public  to  suffer  the 
resulting   inconvenience      The    question    of    defective    track 
arises  from  another  cause.     Here  the  spending  of  money  is 
undesirable  for  public  reasons,  and  apart  from  this  it  is  ex- 
tremely difficult  to  obtain  new  rails  when  steel  is  required  on 
such  a  large  scale  for  military  purposes.     Moreover,  the  labour 
for  such  work  is  not  easily  obtainable.     Under  the  circum- 
stances we  must  look  forward  to  a  certain  amount  of  defective 
track,  and  on  that  account  the  public  must  expect  to  suffer 
the  inconvenience  of  lower  speeds  if  safety  in  travelling  is  to  be 
assured. 


Long-Distance  and  Cable  Telephony. 

In  this  issue  is  concluded  Messrs.  B.  S.  Cohex  and  J.  G. 
Hill's  important  Paper,  w  Idch  was  to  have  been  presented  two 
years  ago  at  the  International  Telegraph  and  Telephone 
Engineers'  Conference  had  the  latter  not  been  abandoned 
owiig  to  the  outbreak  of  war.  The  Paper  is  characterised  by 
its  thoroughness,  and  is  a  highly  creditable  one.  We  cannot 
help  feeling  that  the  absence  of  discussion  is  a  loss  of  some 
importance  to  the  telephone  world,  and  it  is  to  be  hoped  that 
in  happier  times  an  opportunity  will  be  made  to  discuss  such  a 
Paper  as  this.  It  is  evident  that  the  most  reliable  and  effective 
method  of  promoting  the  transmission  of  speech  over  con- 
siderable distances  is  by  loading  of  the  line,  and  this  furnishes 
an  excellent  illustration  of  the  value  of  theory  to  industry.  In 
these  days  it  is  possible  to  predict  with  remarkable  accuracy 
the  speaking  qualities  of  a  telephone  line  and  to  improve  such 
qualities  to  an  extent  that  is  almost  startling.  The  problem 
is  one  of  the  most  fascinating  in  applied  mathematics,  and  is 
complicated  by  the  fact  that  the  frequency  varies  over  an 
exceedingly  wide  range  in  addition  to  the  superimposition  of 
higher  harmonics  on  a  fundamental. 


The  effect  of  the  line  is  two-fold.  In  the  first  place,  the 
speech  losep  its  character  owing  to  the  displacement  and 
alteration  of  the  amplitudes  of  the  harmonics  ;    and  in  the 
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second  place,  there  is  a  loss  of  ''  volume."  An  instructive 
exercise  is  to  consider  what  happens  where  a  sinusoidal  alter- 
nating-current is  sent  along  a  line  having  resistance,  leakance, 
inductance  and  capacity,  each  of  the  constants  being  altered  in 
turn.  Diagrams  and  models  facilitate  the  solution  of  such  a 
problem.  Having  done  this,  a  further  example  can  be  taken 
in  which  the  transmitted  wave  consists  of  a  fundamental  and 
a  third  harmonic  in  phase  with  it.  Students  who  take  the 
trouble  to  master  the  problems  set  out  above,  and  such  mastery 
may  involve  months  of  work,  will  bt  in  a  position  to  appre- 
ciate what  transmission  of  speech,  as  distinct  from  jargon, 
across  a  continent  really  means,  and  to  realise  to  some  extent 
the  amount  of  work  involved  in  the  problems,  the  solution  of 
which  made  sufh  transmission  possible. 

The  "Crawling"  of  Induction  Motors. 

At  one  time  or  another  most  designers  of  induction  motors 
will  have  been  annoyed  to  find  that  certain  of  their  machines 
"  crawl."  The  rea.sons  for  crawling  have  been  given  by  many 
writers,  and  are  now  fairly  well  known.  As  Dr.  F.  T.  Chapman 
rightly  points  out  in  his  article  in  this  issue,  the  crawling  ten- 
dency may  be  reduced  by  skewing  the  rotor  slots.  Such 
skewing  has  the  further  advantage  of  lessening  the  liability  to 
humming  when  the  motor  is  loaded.  In  the  case  of  an  existing 
motor  of  normal  const niction  the  tendency  to  crawl  may  be 
reduced  by  cutting  through  the  end  rings  of  the  squirrel-cage. 
This  is  the  method  generally  adopted.  It  has  the  advantage  of 
being  easily  carried  out,  and  will  be  found  to  get  rid  of  the 
tr(»ul)l('  in  most  cases. 


Electric  Coupling  of  Oscillating  Circuits.  To  "  La  Lumiere 
Elect  iKjuc  Dr.  iv  lifliini  contributes  a  l'a])er  on  the  above. 
The  theory  of  electric  coupling  is  given  and  the  author  examines 
a  number  of  interesting  cases. 

Education  After  the  War.  The  Prime  Minister  has  ap- 
jxiiiited  two  (  (iiiiiiiittees  tu  iiMjuire  into  the  position  of  science 
and  modern  languages  respectively  in  the  .system  of  education 
in  Great  Britain.  The  terms  of  reference  and  constitution  of 
the  Science  Committee  are  as  follows  : — 

To  iii((uire  into  tlic  position  occii])i('«l  V)y  natural  .science  in  the  educa- 
tional .system  fif  fireat  Britain,  e.speeially  in  .fceondaiy  .schools  and 
universities,  and  to  mlvise  what  measures  are  needed  to  promote  its  study, 
regard  heiny  hud  to  the  rccjuirements  of  a  liberal  education,  to  the 
iwlvanccnicnt  of  pure  scicnii'.  and  to  the  interests  of  the  trades,  industries 
and  jirofes>ioiis  which  particularly  de]M-nd  u]ion  applie<l  science. 

The  nieiulicrs  r)f  the  ('mnniittee  are  : — 

Sir  .1.  .1.  Thomson,  (l.-M..  D.Sc.  (chairman).  Ripht  Hon.  1".  J>.  Adand, 
M.P.,  Prof.  H.  R  Baker.  D.Sc.  F.R.S..  .Mr.  (iraham  Balfour.  Sir  Wni. 
Beardmore.  liart..  Sir  (J.  If.  Clatitrhfon.  Bart..  Mr.  ('.  W.  Crook.  Miss 
E.  B.  (Iw.Ukin.  Sir  Hmry  llil.t.crt.  M.!'..  Mr.  William  Xea^le.  Mr.  K.  C. 
O^rilvie.  CI'...  Dr.  Miclui.l  .Sadl.r.  < '  I',  .  I'r..f.  K.  H.  Starling.  M.l).. 
F.B.S..  Mr.  \V.  W.  Nanijliim. 

Mr.  I".  I'..  Stead.  IIM.  ln-p<-ctor  of  Schools,  will  act  as  secretary. 

Committee  of  the  Privy  Council  for  Scientific  and  Indus- 
trial  Research.      Tlie   l;c|M.rt   n|   th,-  (  oimmttee  of  the  Privy 
Coiiiicil   Jul    Scientific   aiul    industrial    Heseaich   for  the  year 
11(15-1(5   has  just  been   issued.     .After  referring  to  previous 
CJovernmeii't  iicti<»n  of  a  kimlred  nature,  the  Report  describes 
the  ])resent  («(»verninenf   scheme  and  outlines  the  procedure 
which  the  Council  decided  to  ad<ipt.     Conferences  were  held 
wit  h  professional  and  other  societies  so  as  to  obtain  their  views 
on  research,  and  a  r«\nister  of  researclu's  was  ronijuled  so  as  tit 
gain  some  idea  of  the  directions  in  whirli  assistance  should  be 
given.  The  view  is  expressed  that  research  in  pure  science  should 
be  as  much  a  care  of  the  Committee  an  researcli  in  a]>plied 
science,  but  it  is  impossible  to  do  much  in  this  direction  during 
the  war.     So  far,   three  standing  Coniinittees  have  lieeii  set. 
iil>  to  deal  with  s])ecial  Itranrhes  of  industry,  and  other  standing 
Committees  are  in  contemplation,  so  that  speciali.sed  researches 
can   receive  jiroper  consideration.     Reference  is  made  to  the 
dilliculties    e.\])erienced    in    the    prosecution    of    research    by 
British  industrial  firms  and  the  great  necessity  for  a  new  out- 
look on  such  matters.     In  eor^-lusion,  the  Report  deals  with 


the  possible  sphere  of  research  institutes,  with  research  and 
Government  departments,  and  with  research  as  it  affects  the 
Empire  as  a  whole.  AVe  hope  to  deal  further  with  the  Report 
next  week. 

Commercial  Competition  After  the  War. — In  a  recent  issue 
of  the  ■■  Frankfurter  Zeitung  "  there  appeared  an  interesting 
note  on  a  meeting  in  Frankfurt  of  the  Association  for  the 
Advancement  of  German  Economic  Interests  in  Foreign 
Countries,  when  Prof.  Jastrow,  of  Berlin,  lectured  on  Ger- 
many's future  commercial  policy. 

Taking  as  his  text  the  Paris  Conference,  the  speaker  urged  that 
Germany  must  be  on  her  guard  against  being  too  much  influenced  hy  the 
di.sgust  naturally  felt  at  the  declaration  of  "  war  after  the  war."  Com- 
mercial policy  must  be  determined  dispassionately.  Germans  should 
bear  in  mind  that,  after  tne  war.  they  wull  have  to  work  more  and  enjoy 
less  than  before.  Thej*  must  not  add  to  their  labours  unnecessarily,  and, 
as  foreign  trade  means  a  more  rational  divi.sion  of  labour,  there  must  be 
no  idea  of  giving  up  foreign  trade.  It  is  utsterly  chimerical  to  regard 
Germany  as  a  self-suflficing.  self-contained  economic  unit.  The  catch- 
words ■■  Central  Europe  ""  and  "  Hamburg  to  Bagdad  "  are  all  ver^-  well, 
but  it  should  not  be  forgotten  that  Germany's  exports  to  the  countries 
allied  with  her  are  of  no  great  dimensions  ;  and  while  in  the  distant 
future  possibilities  will  undoubtedly  arise  in  that  quarter,  for  the  period 
immediately  in  question  no  great  expectations  .should  be  entertained. 
()n  the  other  hand,  Germany  need  not  fear  the  paper  resolutions  of  the 
Paris  Conference ;  already  they  have  called  forth  opposition  in  all  the 
Enknle  countries.  The  truth  is  that,  directly  pea<e  is  established,  the 
universal  hunger  for  goods  will  leatl  to  their  being  bought  wherever  they 
can  be  found.  It  must,  however,  be  one  of  the  conditions  of  peaee  that 
all  bojx-ott  of  foreign  goods  is  prohibited.  The  various  Governments 
must  be  made  liable  to  pay  comj)ensation  for  damage  caused  by  boycott 
agitations  within  their  borders,  whether  inspircnl  by  statesmen  or  news- 
pa])ers.  No  hindrances  nmst  be  placed  in  the  way  of  the  recijirocal 
sup])ly  of  raw  materials.  Germany  must  give  up  the  practice  of  durajiing. 
It  appears,  therefore,  that  the  Germans  themselves  admit 
some  kmtwledge  cf  dumping,  and  are  beginning  to  see  that 
such  a  practice  may  lead  tc  retaliation. 

Resistance  of  a  Sputtered  Film.- -Miss  E.  AV.  Hobbs.  B.Sc, 
contributes   a    PajK'r   to   the    "'  Philosophical   Magazine  "'   on 
■'  The  Change  in  the  Resistance  of  a  Sputtered  Film  aft«r 
Deposition."     A  considerable  amount  of  work  has  been  done 
by  various  investigators  on  the  electrical  resistance  of  metallic 
films  obtained  by  cathodic  sputtering.     Kohlschiitter  and  Noll 
published  sonu'  results  in  1912  on  thin  films  of  silver  deposited 
in  hydrogen,  nitrogen  and  argon.     lu  this  case  measurements 
were  made  i»  situ  of  the  changes  of  resistance  with  time  when 
the  film  was  left  in  vacuo,  and  in  various  gases  after  deposition. 
The  ])resent  Paper  is  an  account  of  experiments  on  thin  films 
of  platinum  and  palladium,  carried  out  on  similar  hnes.  and 
the  effect  of  admitting  gas  into  the  discharge  vessel  was  inves- 
tigated in  detail.     It  is  well  known  that  films  deposited  in  this 
way  undergo  a  process  of  ageing,  entailing  a  change  in  the 
])roperties  of  the  film.     Fawcett  in  1898  showed  that  this 
change  may  continue  for  months,  being  hastened  by  rise  of 
temperature.     Curves  showing  the  rate  of  increase  of  resistance 
with  time  are  given  in  the  Paper.     The  efTect  of  admitting  air 
into  a  vessel  containing  a  film  which  had  been  ageing  for  .some 
time,  in  each  case  showed  a  considerable  increase  of  resistance, 
rajnd  at  first  aiul  gradually  diminishing  with  time.    Admitting 
hydrogen  to  films  of  palladium  and  platinum  which  had  pre- 
viously been  dejxtsited  in  air.  resulted  in  a  small  rise  at  first 
in  resistaiue.  and  then  a  considerable  drop  in  one  ca«e  and 
small  changes  in  others.     Evidence  is  given  in  the  Paper  that 
the  chief  cause  is  coiuiected  with  the  absorption  of  gas  bv  the 
film.  

OBITUARY. 


(  Jko.  Kkitu. — Mr,  ( .'eiirgt^  Keith,  whose  death  occurred  at  a  Nursing 
Home  at  Hove  on  the  2'2nd  inst..  following  an  <iperation.  had  for 
many  years  been  prominently  connected  with  the  develojmient  of  the 
telegraj>h  and  telejihone  enter])rises  in  tlie  West  Indies  and  Stnith 
America.  He  wa.-*  tlie  foiuth  son  of  the  late  James  Keith,  of  ( 'hap,'!- 
hall,  Elhtn.  Aberdeenshire,  and  was  bom  in  184li.  He  was  e<fueate(J 
at  the  Aberdeen  (Grammar  School  and  Aberdeen  University,  after 
wliieh  he  served  a.s  .in  eniehneering  apprentice  and  went  through 
the  engin«*«'rinjr  c<iurs»'  of  stiidy  at  (Jlasjfow  University  under  the 
late  Prof.  Kankuio.  For  .-everal  years  ho  wa.s  on  the  staff  of  Sir  W  m. 
Thomson  (afterwards  Lord  Kelvin)  and  Prof.  .Tenkin.  ctmsulting 
engmeers  for  constructing  and  laying  suhuiarine  cables  on  the  ctiant 
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■of  Brazil,  and  received  from  the  Emperor  Pedro  II.  the  order  of 
''  Cavalliero  da  Ordin  da  Rosa."  He  was  afterwards  for  a  consider- 
able time  resident  in  Cuba,  where  he  occupied  the  jwsition  of  manager 
and  engineer  of  the  Cuba  Submarine  Telegraph  Co.  iSince  185)2  he 
had  been  director  and  engineer  of  the  company  in  this  countr\-,  and 
latterly  its  chaimian.  He  was  chairman  of  the  Chili  Teleijhone 
Comj)anv,  also  chairman  and  managing  director  of  the  Amazon 
Telegraph  Co.,  and  a  director  of  the  River  Plate  Tele|)hone  Co.  He 
was  also  a  member  of  the  Institution  of  Electrical  Engineers.  Mr. 
Keith  married  in  1893,  Felicie,  eldest  daughter  of  the  late  Charles 
Alex.  Pierce,  who  survives  him,  and  he  also  leaves  three  sons  and  two 
daughters.  Mr.  Keith's  genial  personality  and  transparent  sincerity 
had  endeared  him  to  all  with  whom  he  came  in  contact,  and  he  will  be 
greatly  missed  by  a  large  circle  of  friends  and  acquaintances. 

Frederick  Wm.  Brock. — The  death  is  annoimced  of  Mr.  Fred- 
erick William  Brock,  director  of  Messrs.  Brumier,  Mond  &  Co.,  and 
of  the  Northwich  Electric  Supjjly  Co.  (Ltd.). 

Prof.  Wm.  Esson. — The  death  is  announced  of  Prof.  William 
Esson,  M.A.,  F.R.S.,  Savilian  Professor  of  Geometry,  and  Fellow  of 
New  College,  Oxford.     The  deceased  professor  was  78  years. 

Harold  Bille. — We  regret  to  record  the  death  of  Mr.  Harold 
Bille,  M.I.E.E.,  joint  managing  director  of  Creed,  Bille  &  Co.,  tele- 
graph instrument  makers,  of  Croydon.  Mr.  Bille,  who  was  37  years 
of  age,  died  on  Aug.  19  as  the  result  of  a  railway  accident. 

Killed  in  Action. — The  following  deaths  in  action  or  as  the  result 
of  wounds  have  been  reported  during  the  past  week  :— 

Second-Lieut.  S.  L.  Faithfull  (R.E.),  who  was  accidentally  killed  while 
in  action  on  Aug.  15,  was  40  years  of  age,  was  trained  as  an  electrical 
engineer  prior  to  serving  in  the  Boer  War.  In  1911  he  was  selected  from 
200  candidates  to  be  inspector  of  electrical  plant  of  gold  mines  on  the  Rand. 

Second-Lieut.  Cecil  G.  Shaddick  (Dorset  Regt.)  was  killed  in  action  on 
Aug.  8.  Deceased,  who  was  23  years  of  age,  was  in  the  service  of  the 
Western  Telegraph  Co.  at  Cape  Verde  Islands  prior  to  the  war. 

Lieut.  F.  W.  R.  Turner  (R.E.),  who  was  killed  in  action  on  Aug.  5,  was 
educated  at  University  College,  Cardiff,  where  he  obtained  diplomas  in 
the  Faculty  of  Civil  and  Mechanical  Engineering.  He  joined  the  Army 
at  the  beginning  of  the  war  and  obtained  a  commission  in  May,  1915. 

Lieut.  0.  H.  Crowther  (R.N.V.R.)  was  killed  while  on  active  service 
as  an  aviator  on  Aug.  20,  at  the  age  of  21.  He  obtained  the  degree  of 
M.Sc.  at  Birmingham  Univer.sity  when  only  19  years  of  age. 

Capt.  J.  A.  Rutherford  (M.G.C.)  who  has  been  killed  in  action,  was 
27  years  of  age,  and  held  the  degree  of  Master  of  Engineering  of  Liverpool 
University.  Prior  to  the  war  he  was  an  electrical  engineer  in  the  service 
of  the  Rangoon  Electric  Tramway  &  Supply  Co. 


A  firm  of  consulting  engineers  rerjuire  an  assistant  engineer. 
Duties  to  be  fulfilled  include  acting  as  resident  engineer  on  the  con- 
struction of  power  stations,  boiler  hoases,  buildings,  foundation.s  of 
all  forms  of  mechanical,  electrical  and  engineering  work,  also  carrjing 
out  of  tests  on  plant  at  makers'  works  and  during  ofjeration  on  .site. 
Salary  £200  for  first  12  months,  with  an  increase  of  £2.3  for  second 
and  third  respectively  in  event  of  applicant  proving  suitable,  in  which 
ca.se  the  situation  would  become  of  a  permanent  charar-ter.  See  an 
advertisement. 

The  (Tovemors  of  ths  Borough  Polytechnic  Institute,  London. 
S.E.,  invite  applications  for  the  full-time  aijjxjintment  of  an  engineer 
to  superintend  Herold's  Institute,  Bermondsey,  and  to  teach  general 
engineering  in  the  Polytechnic's  technical  .school  for  bovs.  Salarv 
£250. 

A  switchboard  attendant  is  wanted  at  Stoke-on-Trent  electricitv 
works  for  the  duration  of  war.  Wages  30s.  per  week,  with  4s.  war 
bonus  if  married.  Api^lications  to  the  Borough  Electrical  Engineer, 
St.  Peter's-chambers,  Glebe-street,  Stoke-on-Trent.  See  advertise- 
rnevt. 

The  local  education  authority  invite  appjlications  for  the  position 
of  principal  of  the  Barrow  Technical  School.  Salary  £iOO.  Par- 
ticulars from  the  Director  of  Education,  Town  Hall,  Barrow-in- 
Furness,  to  whom  applications  hx  Sept.  2. 


Worksop   Council    has   aj^jjointed   Mr.    T. 
electrical  engineer  at  30s.  per  week. 


R.    Skinner  assistant 


mSTITTJTIONS  AND  SOCIETIES. 


Federation  of  British  Industries  Association. — Mr.  F.  Dudley 
Docker  has  been  appointed  president  and  Sir  William  Peat  chairman 
of  this  Association,  which  has  been  established  as  a  central  organisa- 
tion of  manufacturing  interests.  Mr.  R.  T.  Nugent,  who  is  stated 
to  be  connected  with  the  Trade  Department  of  the  Foreign  Office, 
has  been  appointed  director  and  secretary. 

Verband  Deutscher  Elektrotechniker. — At  the  recent  annual  meet- 
ing of  this  Association  at  Frankfort -on-Main  the  Secretary-,  Herr 
Dettmar,  announced  that  the  membership  had  decreased  from 
6,011  to  5,867.     Seventy  members  have  been  killed  in  the  war. 


PERSONAL. 

The  Council  of  the  Association  of  British  Chemical  Manufacturers 
has  appointed  as  general  secretary  Sir  Charles  H.  Bedford,  LL.D., 
D.Sc.  The  business  of  the  association  is  temporaril}'  being  carried 
on  at  the  offices  of  the  Society  of  Chemical  Industry,  Broadway 
Chambers,  Westminster,  S.W. 

It  is  announced  that  the  Distinguished  Service  Order  has  been 
conferred  upon  Second-Lieut,  (temp.  Captain)  Hubert  Conrad 
Sparks  (London  Regt.),  brother  of  Mr.  C.  P.  Sparks,  for  conspicuous 
gallantry  in  action  during  an  assault  on  the  enemy's  trenches. 

Royal  Engineers  (T.F.) — The  following  appointments  have  been 
made  : — 

London  Electrical  Engineers  :  Second-Lieutenant  (temp.  Lieutenant) 
B.  C.  Bayley  (from  North  Mid.  Div.  Engineers)  to  be  Second-Lieutenant 
and  teni]).  Lieutenant.  Sgt.  W.  Collins  to  be  Second -Lieutenant  (on 
probation). 

Tyne  Electrical  Engineers:  Second-Lieutenants (teni]).  Lieutenants)  W. 
Mali,  R.  W.  Anderson,  M.  G.  James,  K.  S.  M.  Scott,  J.  F.  S.  Hunter,  A.  B. 
Williamson,  F.  H.  Bowers  to  be  temp.  Captains  ;  Second-Lieutenants  W. 
H.  James,  J.  Lawther,  G.  A.  C.  Aitkiiis  (since  died  of  wounds),  R.  H. 
Rooksby.  H.  S.  Riplev,  J.  O.  Baird,  E.  F.  Rendell,  R.  L.  Hunter,  R.  P. 
Winter,  R.  R  Findlav,  W.  G.  Edwards,  C.  Russell,  T.  W.  Crawford,  R.  G. 
Ellis.  C.  W.  Erksine,  A.  G.  Dickson,  C.  G.  Huntlev,  J.  A.  Power,  W. 
Watson,  A.  J.  L.  Plunkett,  C.  B.  Williamson,  C.  H.  R.  E.  Ravert.  J. 
Robinson  and  E.  H.  White  to  be  temp.  Lieutenants  ;  Staff -Sergt.  H.  V. 
Owen,  Company  Sgt.-Maj.  C.  A.  Stephens  (from  H.Q.  Signal  Co.,  R.N., 
Div.  Engrs.),  Company  Sgt.-Maj.  A.  Howell,  Sec.  Cpl.  R.  E.  Jardine 
and  Spr.  F.  S.  Corby  to  be  Second-Lieutenants  (on  probation). 


ARRANGEMENTS  FOR  THE  WEEK. 


APPOINTMENTS  VACANT  AND  FILLED. 


r  The  Western  Electric  Co.   advertise  for  draughtsmen  for  their 
■  automatic  department,  34,  Norfolk-street,  Strand,  London,  W.C. 

A  capable  telephone  exchange  manager  is  required  for  service  in 
.the  East.     See  advertisement. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

Officer  Commanding.  Lieut. -Col.  C.  B.  Clay,  \".D. 
Orders  for  September  : — 

General  Parade. — A  general  parade  will  be  held  on  Saturday,  Sept.  30, 
at  2.45,  at  Headquarters.     Uniform. 

Lectures. — W.  Eyles,  Esq.  (late  R.E.)  has  kindly  consented  to  give  four 
lectures  as  follows  :  Wednesday,  Sept.  6  and  13,  "■  Bridging  ""  ; 
Wednesday,  Sept.  20  and  27,  ■"Demolitions.""  Members  are 
requested  to  take  special  note  that  during  this  month  the  lectures 
will  be  on  Wednesdays  in  place  of  Tuesdays. 

Drills. — Drills   will   be   held   under    the    Sergeant-Major    on    Tuesday 
evenings,  as  during  August. 

Musketry. — The  Range  will  be  open  on  Thursday  evenings,  as  durmg 
August. 

Instruction  Classes. — Instruction  classes  at  Regency-street  will  be  held 
as  usual  for  Platoons  Xos.  9  and  10. 

Entrenching. — Every  Sunday  at  ^■ictoria  Station  (S.E.  &  C.  Rl.v.) 
Booking-office  8.45  a.m.  Uniform,  haversacks  and* water  bottles. 
Midday  rations  to  be  carried.  The  importance  of  a  steady  con- 
tinuance of  this  work  cannot  be  over  estimated.  It  has  been 
pointed  out  by  ^lajor-General  Dickie  that  the  work  is  best  done  by 
moderate  working  parties  tvenj  Sunday.  ""  Half  the  number  on 
cDnsecutivo  Sundays  is  much  better  than  double  the  number  every 
other  Sunday." 

The  Commandant  desires  to  draw  attention  to  the  report  on  work 
done  on  South  London  Defences  in  July.  191().  in  which  the  para- 
gra})h  referring  to  the  Corps  says  :  "■  The  work  h<is  been  very  well 
done  and  the  task  completed,"  and  to  express  his  gratification  at  the 
support  he  has  received. 

A  precis  of  this  report  and  the  General  Order  recently  issued  is 
posted  at  Headquarters. 

Otford  Camp. — A  most  successful  Camp  was  held  during  the  early  part 
of  August,  and  some  20  men  are  still  under  canvsts. 

Special  Note. — Ordinary  drills  will  bo  resumeil  on  and  after  Sept.  15. 
Supplementary  orders  will  be  issued  later. 

Corps  Meet  ins. — A  general  meeting  will,  if  possible,  be  held  at  the  end  of 
September. 
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LONG-DISTANCE   AND   CABLE   TELEPHONY   (UNDER- 
GROUND AND  SUBMARINE),* 

BY  B.  S.  COHEN  AND  J.  G.  HILX. 

{Condvded  from  p.  663.) 
Terminal  and  Transition  Effect  with  Loaded  Lines. 

98.  As  is  well  known,  the  losses  occurring  between  a  terminating 
instrument  and  a  loaded  line  of  high  cliara'teristic  impedance  and 
also  at  the  junction  of  two  lines  of  widely  differing,'  impedance  may 
reach  a  high  value.  The  following  curves  summarLse  the  results 
obtained  in  connection  with  various  loading  schemes  and  laboratory 
tests,  and,  whilst  being  actual  measurements,  can  be  conlirmed  very 
satisfactorily  by  theoretical  calculation. 

99.  As  tlie  terminal  effect  is  a  function  of  the  ratio  of  the  im- 
pedances of  the  speaking  apjjaratus  and  the  line,  it  is  necessan.'  to 
study  the  impedance  of  the  former  under  all  the  varying  conditions 
of  practical  usage. 

100.  A  series  of  curves  is  given  for  the  effective  resistance,  in- 
ductance and  impedance  of  the  Western  Electric  Co.'s  t37je  of 
common  battery  instrument  much  used  in  Great  Britain  with  solid 
back  transmitter,  60-ohm  bell  receiver,  &c.  This  instrument  is 
comiected  to  a  repeating  coil  circuit,  see  paragraph  67. 
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are  now  in  a  position  to  consider  the  actual  terminal  losses  when 
connected  to  loaded  lines  of  various  characteristic  impedance  values. 

107.  Fig.  13  gives  the  actual  losses  in  miles  of  standard  cable  for 
the  above  t\-pe  of  common  battery  termination  when  connected  to 
loaded  lines  varjing  iji  impedance  from  800  ohms  to  3,000  ohms.  It 
will  be  observed  that  the  impedance  angular  values  are  omitted. 
This  has  been  found  to  be  quite  satisfactory-  in  practice,  as  these 
angular  values  are  ven.-  small  and  approximately  the  same  for  any 
type  of  loaded  line.  Four  curves  are  given  for  the  common  battery 
termination  with  local  lines  of  0,  2,  4,  and  6  miles  of  standard  cable 
respectively. 

108.  These  curves  give  the  losses  at  both  ends  of  the  loaded  line, 
and  the  value  can  be  lialved  if  only  one  termination  Ls  under  con- 
sideration. They  will  be  found  to  apply  over  a  wide  range  of  con- 
ditions for  loaded  cable,  and  open  ^\'ire  lines.  It  has  been  proved 
to  hold  for  some  loaded  cable  lines  •with  equated  lengths  as  short  as 
5  miles  of  standard  cable  before  loading.  The  curves  will  also  applj' 
if  part  of  the  terminal  loop  is  the  subscriber's  line  on  the  local  side 
of  the  repeating  coil  and  the  remainder  is  on  the  loaded  line  side  of 
the  repeater. 

109.  It  will  be  noticed  that  reflection  is  an  extremely  important 
factor  in  the  case  of  fairly  heavily  loaded  lines  connected  to  short 
subscriber's  lines.     Tims,  the  loss  at  both  ends  with  1   mile  sub- 
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VVMKS    OF    Al.TKKNWTIXO    CtRRKNT.       (S<'pt..   1912.) 


lOl.   l*'ig.  11  <urvc,s  ((/)  shnw  variation  in  (•lUciivi- reM.-^taiueforall 
vahie.'t  of  fre(|iiciuy  u|)  to  1,(500,  and  for  subscribers"  local  lines  from 
0  to  2-5  miles  long  in  two  types  of  cable. 
^  102.  CiirvcH  (b)  are  for  rnrics|)onrIin(Jt  reactance  values. 

103.  Curves  (r)  and  ('/)  give  the  clfei  live  resistance  aiul  reactance 
in  terms  of  (he  equated  length  of  the  subscriber's  line  in  miles  of 
Hlan<lar(l  cal)|('. 

lot.  Tlie  polar  ( luvcs.  Fig.  12.  give  the  values  of  the  vector  imjie- 
dance  for  dilTereiit  fre(|ucncics  and  ecpiated  lengths. 

lOf).  It  will  be  seen  from  these  curves  that  under  the  varying 
conditions  ol)lainal)le  in  practice  the  vector  impedance  of  the  sul)- 
scribers  (crmiiial  CM.  speaking  a|>]a~atUM  nuiy  van"  from  12.'»  46 
(o  MIO'.K 

l(t('>.  Taking  an  average  subscribers  line  with  an  equated  length 
of  2  miles  of  standard  cable  (0-21).  the  value  is  alK>ut  6.30/30.     We 

*  .A  Paper  prepared  for  presentation  at  tlie  Inttrnntinnal  Telegraph 
and  Telephone  Kngiiieers"  Conference.  Perno.  Sei)t..  1914.  ahamIone<l 
owinn  to  the  outl)renk  of  war.  Reproduced,  with  permission,  from  the 
Post  Oflice  Klectrieal  Knginrers'  "  Journal." 


scribcr's  lines  on  a  line  loaded  to  2,000  ohms  characteii.-tu  i  .  c 

is  6-8  miles  of  standard  caltle.     The  i)roblem  of  redueijig  tl  ms 

becomes  m  conwcjuence  one  of  great  imi>ortance. 

110.  One  method  for  reiiucing  the  termimd  loss  is  to  u.**  terminal 
tran-sformers,  which  are  tnuisformers  of  the  kind  used  in  the  common 
battery  con!  circuit*  but  with  windings  having  imjjetlanco  of  the 
ratios  1  :  2or  1  :  4.  The  effect  of  inserting  such  transfoimers  l^etween 
the  terminal  ap]mratUK  and  the  ends  of  loaded  lines  is  to  reduce  the 
terminal  losses  to  a  considerable  extent,  and  the  curves  in  Fig.  14 
show  tlie  reiluc«Ml  terminal  losses  for  loadetl  liiuv  of  all  values  of 
imjiedance.  The  n-sults  are  obtained  with  the  terminal  transformer 
taking  the  place  of  the  repeating  coil,  and  if  the  circuit  is  such  that 
it  is  necessary  to  lit  the  transformer  in  additicm  to  the  n»pcatiiig  coil, 
there  will  U"  the  loss  in  the  transformer  to  deduct  from  tlie  improve- 
ment ;  under  certain  conditions  this  loss  may  annul  the  improve- 
ment and  there  would  be  no  advantage  in  fitting  the  t ran.sf ormer. 
It  will  l>e  noticed  that  6-mile  terminal  loops  with  tran.sforiners  give 
no  temiinal  io8»»es.     The  local  lines  are  in  standard  cable.  ^   n^- 

111.  The  cur>-es  were  obtaine<i  by  utilising  that  one  of  the  two 
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types  of  transformer  which  gave  the  best  result  for  the  particular 
combination  of  terminal  loop  and  characteristic  impedance  under 
consideration. 

112.  It  was  found  that  the  1  :  4  type  of  transformer  is  the  better 
for  lines  with  impedance  of  1,100  ohms  and  upwards  with  z(mo 
terminal  loop  and  also  for  lines  of  1,.300  ohms  and  upwards  with 
terminal  loops  up  to  2  miles. 
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two  loaded  lines  is  plotted  against  the  loss  in  miles  of  standard  cable. 
For  example,  a  loaded  line  with  an  imfK;dance  value  of  8W  ohm, 
when  connected  to  another  loaded  line  of  2,4tX}  ohm  imf^edance.  will 
have  a  transition  loss  of  1-2  miles  of  standard  cable  ^0-18)  as  the 
impedance  ratio  will  be  3-0. 

Losses  in  Private  Branx-h  Exckange. 

118.  The  apparatus  used  for  signalling  and  current  feeding'pur- 

poses  in  connection  with  subscriber's  switchboards  is  a  fruitful  source 

of  transmission  loss.     Many  switchboards  in  general  u-se  introduce 

losses  of  the  order  of  4  miles  of  standard  cable  (0-4.3).     Generally, 


■10 


-20 


1  0-107 

-§ 

0 

! 
.    1 

1 — 1 — 
1 

1 

i      1      ,     . 

^^^^-^ 

^ 

^ 

■ 

^ 

'      '           1 

-30 


800 


900 


^^^  Impedance  (ohms). 

^L      Fig.    12. — Impedance   of   C.B.    Terminal   for   all   Alternating 
^■Currents,  Points  Marked  for  400,  800,  1,200  and  1,600  ^.     Local 
Line,  20  lb.  Cable  (Sept.,  1912). 

Terjunal  Losses  Between  Loaded  and  Long  Unloaded  Cable 

Lines. 
114.  The  case  of  unloaded  lines  of  fair  length,  say,  of  the  order  of 
15  miles  of  standard  cable  (1-6)  in  equated  length,  joined  to  a  loaded 
line  has  been  investigated,  and  Fig.  15  gives  the  results. 
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by  a  judicious  use  of  condensers  to  shunt  series'apparatus  and  the 
employment  of  high  impedance  low  ohmic  resistance  bridging 
devices,  these  losses  can  be  considerably  reduced.  There  are,  how- 
ever, many  types  of  private  branch  exchange  service  which  it  is 
impossible  to  provide  without  the  use  of  apparatus,  introducing  a 
loss  of  the  order  of  2  miles  of  standard  cable  (0-21).  WTien  such 
subscriber's  exchanges  are  used  in  conjunction  with  loaded  junction 
lines,  it  is  necessary  to  study  the  transmission  losses  ven,-  carefully, 
particularly  in  cases  where  no  terminal-reflection-reducing  devices 
are  in  operation.  By  combining  receiving  value  local  line  curve, 
Fig.  9,  with  terminal  loss  curve.  Fig.  13,  some  interesting  results  are 
obtained. 

119.  Fig.  17  shows  such  a  combination.  The  curves  marked  a,  6 
and  c  are  resultant  curves  obtained  by  adding  reflection  loss  curves 
for  three  values  of  characteristic  impedance,  viz.,  1,000  ohm,  1,600 
ohm  and  2,000  ohm  to  the  local  line  reception  losses. 

120.  It  will  be  observed  that  these  resultant  curves  are'practically 
vertical. 

121.  The  practical  application  of  this  is  somewhat  remarkable. 
Take  a  case  where  the  maximum  allowable  subscriber's  line  is  to  be 
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115.  The  losses  at  the  point  of  junction  are  given  in  miles  of 
standard  cable  for  loaded  lines  ranging  in  characteristic  impedance 
from  1,000  ohms  up  to  2,000  ohms.  This  curve  only  applies  to 
unloaded  cable  lines  of  the  lighter  gauge. 
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116.  The  transition  loss,  when  passing  from  a  loaded  line  of  one 
impedance  to  a  loaded  line  of  a  different  impedance  value,  has  also 
been  investigated,  see  Fig.  16. 

117.  In  this  curve  the  ratio  of  the  characteristic  impedance  of  the 


300  ohms  in  resistance,  in,  say,  101b.  cable.     This  represents  1-7 
miles  of  this  type  of  cable  equalling  2-8  miles  of  standard  cable  (0-3). 

122.  From  the  curves  plotted  in  Fig.  17  it  will  be  noted  that  the 
reception  loss  for  this  Ime  is  2-1  miles  of  standard  cable  (0-22),  or 
rather  less  than  the  equated  length. 

123.  If  the  heaviest  loaded  line  to  which  this  local  line  may  be 
connected  has  a  characteristic  impedance  of,  oay.  1,600  ohms,  "then 
the  terminal  loss  of  the  line  under  consideration  will  be  1-6  miles  of 
standard  cable  (0-17)  and  the  addition  of  the  receiving  and  terminal 
losses  give  2-l  +  l-6=3-7  miles  of  standard  cable  (0-4).  This  value 
is  plotted  as  a  dotted  vertical  line,  Fig.  17.  Now,  m  the  ordinary 
way,  if  this  is  the  maximum  allowable  value,  any  extra  losses  due 
to  extra  apparatus  in  private  bninch  exchanges,  &c.,  must  be  com- 
pensated for  by  a  reuuction  in  the  allowable  equated  length  of  the 
subscriber's  line,  either  by  increasing  the  weight  of  copper  or  re- 
ducing the  permissible  length. 

124.  It  will,  however,  be  noted  that  this  dotted  line  limit  is  so 
close  to  the  curve  for  combined  receiving  and  terminal  losses  marked 
(6)  that  we  arrive  at  the  important  result  that  no  alteration  in  type  or 
length  of  subscriber's  local  line  will  compensate  for  any  additional 
apparatus  loss  of  even  such  a  small  amount  as  half-a-mile  of  standard 
cable  (0-05). 

125.  This  is  a  pomt  worthy  of  serious  consideration,  and  indicates 
the  necessity  of  adopting  terminal  loss  reducing  deWced. 
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126.  The  local  line  receiving  loss  is  the  only  one  considered  here, 
as  it  will  be  found  on  examination  that  this  is  the  controlling  factor 
in  such  cases. 

CoKCLrsiox. 

127.  In  this  Paper,  the  present  position  of  long-distance  com- 
munication in  England  is  reviewed,  and  the  various  factors  which 
make  for  its  improvement,  on  the  one  hand,  and  determine  the  losses 
which  are  at  present  incidental  to  it  on  the  other,  are. examined  and 
illustrated.  It  is  clear  that  the  mo.st  reliable  and  effective  method 
of  increasing  the  range  of  long-distance  telephone  communication, 
whether  overhead,  underground,  or  submarine,  is  by  loading.  This 
device  has  now  been  tested,  and  proved  to  be  advantageous  and 
reliable  in  the  leading  countries  of  the  world,  and  its  rapid  extension 
is  confidently  anticipated.  Other  means  of  extending  the  range  of 
communication,  notably  telephone  relays  and  more  efficient  trans- 
mitting apparatus,  are  being  closely  studied  and  give  promising 
results,  but  are  not  in  such  an  advanced  stage  of  development.  It 
is  also  recognised  that  the  reduction  of  transmission  losses  in  ex- 
changes, and  subscribers'  lines  and  stations,  and  the  elimination  of 
reflection,  may  be  made  to  play  a  most  important  part  in  the  exten- 
sionjof^the  range  of  long-distance  communication. 
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Transmission  loss.    Miles  of  Standard  Cable. 
Fio.  17. — CoMBrsED  Reception  and  TERMrsAL  Loss  Curve  for 
Subscribers'  Lines. 

128.  There  can  bo  no  doubt  that  the  combmed  effect  of  the  various 
factors  we  have  reviewed  will  in  the  not-di«tant  future  result  in  a 
material  increase  m  the  range  of  long-distance  communication.  To 
acliiove  that  end  in  Europe,  it  becomes  more  and  more  desirable 
that  the  closest  co-operation  between  the  various  administrations 
should  take  i)lare,  and  that  technical  terms  and  standards  should, 
as  far  as  possible,  be  the  same. 


AN  AUTOMATIC  EARTHING  PROTECTIVE  DEVICE  * 

m     I'AII.  TMIK.Mi:. 

The  lircakauc  of  insulators  and  coniluctors  on  overhead  \\\^\\- 
ten.sion  wires  nuiy  lead  to  serious  disturbances  of  the  supply.  Among 
the  many  forms  these  disturbances  may  take  is  the  arcing  between 
the  (ftnduclor  and  (he  supporting  structure.  The  .Americans  have 
for  somi"  time  used  "arcing  ground  suppress-ors.  "  of  whieli  the 
followintf  explains  the  ground  idea.  If  there  is  an  earth  on  any 
sei'tiou  this  forms  ji  resistanie  in  par.illel  witli  one  of  three  trans- 
forniers.  joined  lo;;ether  in  star  with  the  neutral  j.oint  eonneeted  to 
earth.  The  voltage  over  these,  therefore,  falls,  and  a  kind  of  no- 
voltage  rela\  coiucs  into  o|H'ration.  This  works  an  eartliing  oil 
switch,  wliich  at  once  eonnetis  tlie  i orresjMMiding  jihase  to  earth. 
Further,  it  can  be  arranged  that  this  earthing  is  only  momentary, 
and  does  not  interfere  with  the  continuity  of  the  supply.  l)Ut  if  the 
earth  is  found  not  (o  have  disappeared  the  eiirthinij;  becomes  yvr- 
manciit. 

The  .Miycniciuc  I\lektri7.it.its  (lesellschaft  has  worked  further  on 
this  idea,  usintj  only  the  ^n^und  |>rinciple.  but  \arying  th<>  nu*thods 
of  applyint;  it.  The  range  of  action  of  the  a]>paratU8  was  also  ex- 
tended. If  there  is  an  earth  on  a  conductor,  the  earthing  switch  is 
made  t(»  close  as  (juickly  as  |)ossib|e  an<l  then  tu  open  again.  If  the 
earth  lias  disapjieared  the  switch  riMuains  ojkmi.  The  almve  process 
is  reiK'ated.  if.  on  closing,  there  is  foiuul  to  be  .in  e.irth  still  on  the 
wire.      If  the  arc  is  f^und  to  Ih>  still  in  existence  the  thin!  time,  the 

•  Ab.<«tract  of  an  article  in  the  "  Elcktrotechnisrhe  Zoitsohrift."  Heft 
14,  IftlC. 


switch  closes  again  and  remains  closed.  If  there  is  an  earth  on  several 
phases  at  the  same  time  the  earthing  device  comes  into  operation, 
but  only  one  of  the  earthing  switches  clo.ses,  otherwise  there  would  be 
a  "  short  "  on  the  'l)us  bars.  The  apparatus  is  perfectly  automatic, 
and  onh'  requires  attention  when  a  conductor  is  perma'  ently  earthed. 
Any  operation  of  the  switch  is  announced  by  a  visible  signal.  Anj* 
marketable  apparatus  of  this  kind  ought  to  work  .500  times  without 
visible  deterioration. 

On  the  opposite  page  is  shown  the  automatic  earthing  apparatus 
for  a  three-phase  network.  It  consists  of  single-pole  oil  switches, 
(S'l,  S,,,  S3 ;  thej'  must  be  suitably  insulated  and  capable  of  carrying 
the  charging  current  of  the  network.  They  are  so  arranged 
that  they  close  under  the  action  of  a  spring,  but  are  kept  open  by 
a  catch.  A  magnet,  A,  releases  the  catch,  whereupon  the  switch 
closes.  By  means  of  the  contact  /.',  on  closing  it  brings  the  magnet  E 
into  operation,  which  immediately  opens  the  switch  again.  Other 
contacts  /,  »,  and  .r  serve  for  working  signals  and  facilitating  the 
automatic  oiJeration  of  the  apparatus.  This  arrangement  is  pre- 
ferable to  the  use  of  motors,  in  that  it  acts  more  quickly.  A  magnet, 
which  releases  a  catch,  can  be  worked  by  a  small  relay,  and  acts  very 
quickly,  while  a  magnet  which  works  a  large  oil  switch,  requires  a 
considerable  time  for  its  excitation ;  it,  moreover,  takes  so  much 
current  that  other  auxiliary  accessories  are  needed.  ^lotors  act 
still  more  slowly,  as  they  are  geared  down  to  a  considerable  extent. 
It  is,  however,  very  important  that  the  first  closing  of  the  switch 
should  take  place  very  quickly,  as  this  determines  the  amount  of  the 
disturbances.     The  closing  of  the  switch  is  a  very  simple  affair. 

The  second  important  part  of  the  apparatus  is  the  automatic 
control.  For  each  phase  there  is  a  relay  group.  This  consists  of  a 
no-voltage  relay,  ^V,  an  intermediate  relay,  C,  and  a  permanently- 
closing  rela}-,  Z ;  there  is  also  an  electromagnetically-controlled 
auxiliary  switch,  D.  In  addition  there  are  fuses  for  the  working 
current  of  the  control,  signal  lamps,  and  lever  switches  for  cuttmg  out 
the  various  circuits.  The  no-voltage  relay  is  of  the  simplest  kind. 
It  consists  solely  of  a  solenoid  in  which  a  tube  of  iron  acts  as  a  core, 
which  on  full  excitation  hangs  freely  in  the  solenoid.  If  the  voltage 
falls  the  core  falls  slowly  down  to  a  certain  point,  when  it  falls  sud- 
denly and  closes  the  contact  a.  The  core  is  adju.>ted  to  fall  when  the 
voltage  decreases  to  half  its  normal  value.  The  no- voltage  relay  is 
the  main  part  of  the  apparatus,  and  the  simplicity  of  its  construction 
is  of  imjxirtance.  It  will  be  remembered  that  in  case  of  a  simul- 
taneous disturbance  on  two  or  three  no-voltage  relays,  only  one  earth 
switch  is  to  be  closed.  There  are.  therefore,  special  intermediate 
relays,  which  affect  the  cut-out  coil  A  of  the  earthmg  switch.  The 
intermediate  relays  C'  are  simple  direct-current  magnets,  the  arma- 
tures of  which  are  carried  by  a  contact  bridge,  which  in  the  position 
of  rest  kee])s  the  contacts  c  c  closed  ;  when  the  magnet  is  excited  it 
oi)ens  them,  and  Jhen  closes  the  contacts  b  h  for  the  magnet  of  the 
earthing  switch.  A  photograph  (not  here  reproduced)  shows  the 
details  of  the  apjiaiatu.*,  and  other  ])iiotographs  show  other  jwrts. 
All  these  relays  work  very  quickly.  It  remaiiLs  to  describe  the  U'lay 
Z  for  iiermanently  closing  the  earthing  switch.  This  must,  of 
course,  jirevent  the  oil  switch  from  opening  again.  This  is  effected 
as  follows:  .\t  the  right  moment,  the  auxiliary  switch  />  opens,  and 
t  his  cuts  off  the  current  to  the  magnet  E.  For  this  purjxjse  the  relay 
Z  closes  the  contact  r,  wiiich  connects  the  magnet  of  the  auxiliary 
switch  d  to  the  contacts  of  the  intermediate  n^lavT.  Tlie  relay  Z 
consists  of  a  magnet  n,  which  receives  current  together  with  tlic 
magnet  A  of  the  earthing  oil  switch.  The  relay  Z  comes 
into  operation  as  .soon  as  one  of  the  earthing  oil  switches 
closes.  an<l  remains  in  activity  for  a  certain  definite  jieriod.  deter- 
minefl  l)y  the  method  of  its  action.  If  the  closing  and  oix-ning  of  the 
earlliin^:  switch  lasts  till  the  contact  r  clo.ses,  the  auxiliary  switch  D 
is  cut  out  and  the  f(n-thero|»'ning  of  the  earthing  .switch  is  prevented. 
A  phototrraph  of  the  relay  Z,  is  given,  showing  mj\ny  of  the  details. 
The  auxiliary  switch  1>  is  an  ordinary  direct -current  ojX'ratod  switch. 
Its  cut-out  <oil  n  is  controlled  by  the  relay  Z  :  its  cut-in  coil  is  con- 
trolle*!  by  the  press-button  d.  If  the  eartliing  .switch  is  jxTmanently 
elo.sed,  and  the  auxiliary  switch  consequently  ojien,  then  by  pressing 
the  button  <i  it  can  1h'  closed  again.  The  apparatus  is  then  again 
n-ady  for  work. 

I>»t  u.s  now  descrilx"  its  method  of  oi>eration.  The  no-voltage 
relay  may  l>e  su]>|x>sed  to  have  clo-sed  the  contacts  r,.  The  relays 
y^  ami  A',  have  attracted  their  armatures  :  the  intermediate  relay's 
(\  (^,  have  no  curn>nt,  and  the  contacts  r,  r,  are  therefore  closed. 
Further,  the  switch  J>  and  the  contacts  /,  /j  /,  are  closed,  so  that 
curn-nt  Hows  from  (\  thmugh  M  a,,  c,.  r,.  f,,  /j.  /,.  The  contacts  Cj 
o^x-n.  and  separate  the  n^l.-us  Tj  and  C^  from  the  current.  The 
relays  A'j  and  .V,  are  thim  put  out  of  action.  The  contact  6,  is  then 
e|ose<l.  Then  the  coil  .4,  of  the  earthing  .switch  5]  receives  current 
thmugh  D.  6,.  w,.  Z,,  /,.  /j.  /,.  The  catch  F,  of  the  earthing  switch 
is  sot  free,  and  the  spring  F,  closes  the  switch.     The  licginning  of  this 
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movement  opens  the  contact  li  and  stops  the  current  to  the  three 
coils  A^,  A2,  A3,  and  the  three  intermediate  relays  C\,  C<^,  (\.  From 
this  moment  no  kind  of  switching  can  take  place  in  the  other  phases. 
For  the  proper  working  of  the  apparatus  the  contact  ly  in  the  earth- 
ing switch  is  of  great  importance.  The  no-voltage  relay  jN'j  receives 
the  full  pressure  when  the  earthing  switch  is  opened.  If  there  were 
no  contact  l-^,  then  the  following  would  be  the  couise  of  events  : 
The  relay  i\"j  would  be  excited,  its  armature  would  be  lifted  and  ojien 
the  contact  h,  the  magnetism  in  A^  would  disappear,  and  its  arma- 
ture would  be  set  free,  the  catch-mechanism  \\  would  fall  back  into 
the  position  in  which  it  holds  the  earth-switch  6'i  oi^en.  'i  his 
switch  opens  so  suddenly  that  the  catch  would  not  be  ready  for  a  new 
series  of  operations.  Therefore,  the  switch  would  continuously 
open  and  close.  The  function  of  the  contact  l-^  is  to  arrange  that  the 
magnet  A-^  shall  not  have  current  as  soon  as  the  earthing  switch 
begins  to  close,  and  thus  the  catch-mechanism  is  ready  for  work. 

'J'his  explains  the  action  of  the  apparatus  very  briefly.  Tlie 
author,  however,  in  his  original  communication,  adds  many  other 
details  and  explanations,  which  are  not  reproduced  here.     There  are 


no-voltage  relays  measuring  transformers  must  be  provided  with  110 
volts  on  the  low-tension  side.  They  are  to  be  joined  together  in 
star  with  the  neutral  point  earthed.  A  simplification  of  the  appa- 
ratus is  in  view,  whereby  one  magnet  shall  suffice  for  opening  the 
three  oil  switches.  Seeing  that  only  one  switch  is  opened  at  a  time, 
this  magnet  would  be  of  the  same  size  as  any  one  of  the  three  at  pre- 
sent provided.  ^ 
Several  pieces  of  apparatus  of  the  kind  already  descriWd  are  in 
actual  service,  but  as  it  is  called  on  to  work  so  .seldom,  it  Ls  not  easy 
to  report  very  definitely.  Therefore,  it  is  thought  that  it  should  be 
satisfactory  if  it  can  be  stated  that  the  design  is  such  that  after  500 
operation?-  of  the  switch  no  deterioration  is  visible.  This  is  the 
case  with  the  present  apparatus.  Some  tests  were  made  on  a  line 
]  00  km.  long,  working  at  a  pressure  of  30,000  volts.  Here  it  was 
found  that  an  artificially-produced  arc  caused  the  horn  protectors 
to  act  in  the  absence  of  the  earthing  apparatus,  but  there  were  no 
discharges  between  the  horns  when  the  apparatus  was  used.  The 
automatic  earthing  apparatus  is  also  a  protection  against  surges  of  a 
secondary  character.     Further,   the   apparatus   is   ver\-   important 

when  a  permanent  earth  ari.ses  through 
an  accident  on  the  line.  It  is  to  be 
hoped  that  this  form  of  protection  will 
justify  itself,  and  that  its  u.se  on  high- 
tension  lines  will  lead  to  greater 
security  and  continuity  in  supph*. 


THE   OPEN  DELTA   CONNEC- 
TION FOR  TRANSFORMERS.* 

BY  J.  B.  GIBBS. 

It  is  well  known  that  two  trans- 
formers may  be  connected  in  oijen 
delta  to  a  three-phase  system  to 
deliver  three-phase  power.  The 
characteristics  of  this  connection 
may  be   understood   by   considering 
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Diagram  of  Connections  of  Automatic  Earthing  Device 
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also  other  sections,  dealing  with  the  cases  of  the  suppression  of  a 
repeated  arcing  ground,  or  of  a  permanent  earth  on  one  phase.  The 
case  is  also  considered  of  a  simultaneous  earth  on  different  phases. 
We  cannot  find  space  for  the  consideration  of  these  cases,  and  must 
refer  those  interested  in  the  matter  to  the  original  article. 

A  few  words  may  be  added  as  to  the  installation  of  the  apjsaratus. 
Most  of  the  connections  are  already  made  inside  the  apparatus,  but 
the  author  gives  a  diagram  showing  the  connections  to  be  made  in  an 
ordinary  case.  Direct-current  is  necessary,  preferably  at  110  or  220 
volts.  Higher  voltages  would  need  special  insulation  and  precau- 
tions against  sparking  ;  lower  voltages  would  mean  inconveniently 
-heavy  currents.  This  direct-current  power  can  be  easily  provided 
in  three-phase  stations,  and  is  only  required  occasionally.  At  the 
instants  when  the  magnets  for  opening  the  earthing  oil  switches  are 
working,  about  20  kw.  or  30  kw.  are  required.  The  consumption  of 
power  by  the  other  accessories  is  very  small.  This  energy  can  be 
taken  from  a  part  of  a  buffer  battery  without  any  inequalities  result- 
ing. In  those  rare  cases  where  direct  current  is  not  available  some 
sort  of  a  motor-generator  must  be  provided ;  it  should  have  a  con- 
siderable fljTv'heel,  and  a  permanent  output  of  about  5  kw.     For  the 


Fig.   1. — Delta  Connected  Bank  of 
Transformers. 

three  transformers  connected  in 
closed  delta  and  then  noting  the 
changes  which  occur  when  one  of  the 
transformers  is  disconnected. 

Such  a  bank  is  shown  in  Fig.  1. 
with   high-tension   delta    1-2-3.    low- 
tension  delta  a-b-c,  and  low-tension 
lines  a  A,  bB    and  cC.     The  arrows 
indicate    the    positive    direction     of 
currents.        The      vector      diagram. 
Fig.    2,    shows    the    relation   of    the 
currents  in  the  bindings   and  lines. 
The  currents  in  the  three  transformers  are  respectively  /„&,  ibc  :^nd  /ci, 
120  deg.  apart.     The  current  in  the  line  aA  is  the  vector  sum  of  the 
currents  flowing  from  c  to  a  and  from  b  to  a,  i.e., 

JaA^^fca      1ba^=ica       'aft- 

Similarly  the  line  currents  /&s  and  Icc  are  found  as  shown. 

If  the  power-factor  of  the  load  be  assumed  as  100  per  cent.,  the 
voltages  from  a  to  b,  b  to  c  and  c  to  a  will  be  respectively  in  phase 
with  the  currents  iab,  ibc  and  ('co,  'i-s  sho\ni  in  Fig.  2.  That  is.  the 
load  carried  by  each  transformer  has  the  same  power-factor  as  the 
load  on  the  bank.  It  should  be  noted,  however,  that  the  Une  currents 
^aA,  hn  and  Icc  are  not  in  phase  with  the  voltages  between  lines 
Eab,  Ebc,  and  Eca- 

Now  suppose  that  the  transformer  2-'i-b-c  is  removed,  leaxing  the 
arrangement  shown  in  Fig.  3.  Since  the  load  is  unchanged,  the  line 
currents  and  voltages  are  the  same  as  before,  neglecting  the  effect  of 
the  regulation,  which  will  be  discussed  later.  Fig.  4  shows  these  Une 
currents  and  voltages,  which  are  the  same  as  in  Fig.  2.  Xow,  how- 
ever, all  the  current  which  flows  out  on  the  line  bB  must  flow  through 


*  From  the  "  Electric  Jouraal,"  somewhat  abbreviated. 
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the  tran-fornuT  A^inding  ab,  and  consequently,  if  the  load  has  a 
power-factor  of  anity,  the  current  and  voltage  in  the  transformer 
winding  are  30  deg.  apart,  as  sho'ft-n  in  Fig.  4,  and  the  transformer 
JH,  in  effect,  operating  at  86-6  per  cent,  power-factor. 

In  the  closed  delta  bank  with  a  balanced  load,  the  power  of  each 
transformer  is  inbEa.'.  and  the  total  power  of  the  bank  is 

P=ZiabEal, 

but  iab=hB/V^' 


P=Z^Eab=V^hnEah, 


and  therefore, 

which  is  the  same  as  the  total  rating  of  the  three  transformers. 


Fin.  2.— Vector  Diagram  of  Delta  Connected  Bank. 

In  the  open  delta  bank,  to  deliver  the  same  amoimt  of  power  as 
Ix-forc,  the  size  of  the  transformers  must  be  increased  .so  as  to  carry 
the  line  current  h/i,  and  since  there  are  now  two  transformers,  their 
combined  rating  must  be  total  rating==2/bB£'ai-  This  is  about  1.5 
jK-r  cent,  greater  than  the  total  rating  for  the  equivalent  closed  delta 
b.-mk,  l)ut,  as  shown  below,  this  is  not  necessarily  a  disadvantage. 

Regulfilioti.— The  regulation  for  a  closed  delta  bank  carrying  a  load 
at  unity  power-factor  is  shown  in  Fig.  ').     The  no-load  voltages  are 


I-',,;.  :}._urEN-DELTA  Connected  Bank  of  Transformers. 

Eat,  Ebe  ft»<l  Ecn.  120  deg.  apart,  and  the  drop  in  eadi  transformer 
consiBtw  of  a  resistance  eomi^neiit.  »r,  in  phase  with  tlie  current  and 
a  reactance  component.  i.r.  jKriK-ndicular  to  the  current.  These 
drops  subtDiitcd  from  tlie  no-load  voltages  give  the  full-load  voltages 

E'al.,  E'be  ii'xl  E'c... 

The  regulation  for  an  o|K'n  delta  bank  with  a  unity  jKUver-factor 
load  is  sliowii  in  Fig.  tl.  The  no-load  voltages  are  Eab-  Ei,e  and  Eca, 
as  before  ;   the  current  /{,/;  flows  in  the  line  hliam\  in  the  transformer 


f'.ih 


'IcC 


'^ftc 


',iA 


^he^current  Icc^  and  the  reactance  drop  is  perpendicular  to  this 
current,  but  the  resultant  drop  must  be  added  to  the  no-load 
voltage  Eca  to  give  the  full-load  voltage  E'ca,  because  the  current  Uc 
flows  through  the  transformer  in  a  negative  direction,  i.e.,  opposite 
to  the  arrow.  Fig.  1,  and  opposite  to  the  voltage  Eca-  The  fuU-load 
voltage,  E'hc,  is  the  vector  sum  of  the  voltages  E'la  and  E'ae  and  is 
found  as  indicated  in  Fig.  6.  Thus  there  is  an  unbalancing  in  the 
full-load  voltages  of  transformers  connected  in  open  delta.  The 
unbalance,  however,  is  small  in  amount  and  does  not  introduce 
practical  difficulties. 

For  the  sake  of  .simplicity,  the  assumption  has  been  made,  thus 
far,  that  the  power-factor  of  the  load  is  unity.  Bj'  the  same  process 
of  reasoning,  however,  the  diagram  may  be  constructed  for  any 
power-factor.  Thus,  Fig.  7  is  a  diagram  for  three  transformers  in 
delta  carrying  a  load  of  any  power  factor.  Vectors  tab,  ihc  and  iea, 
represent  the  currents  in  the  windings  of  the  three  transformers  and 
they  lag  behind  the  full-load  voltages  in  the  same  windings  by  the 
angle 2^,  whose  cosine  is  the  power-factor  of  the  load.     The  voltage 


Eab 


Fig.  5. — Reovlation  for  Closed-        Fig.  6. — Regulation  for  Open 
Delta  Bank.  Delta  Bank. 


drop  is  each  transformer  consists  of  the  same  triangle  as  before. 
Fig.  5,  witli  the  resistance  component,  ir,  in  pha.se  with  the  current 
and  the  reactance  component,  ix,  at  right  angles  to  the  current.  The 
vector  sum  of  these  two  comixjuents,  added  to  the  full-load  voltages, 
gives  the  no-load  voltages. 

The  corresixniding  diagram  for  two  transformers  in  open  delta  is 
shown  in  Fig.  8.  Since  the  jxtwer-factor  of  the  load  is  the  same  as 
in  Fig.  7.  the  angular  relations  of  the  line  currents  and  the  full-load 
voltages  will  be  the  same.  The  voltage  drop  in  the  transformer  ah 
is  the  .same  triangle  Jks  in  Fig.  6,  with  %r  in  phiise  with  the  line  current 
l\,ii  and  xx  ju'rpenicular  to  IhB-  Likewise,  the  voltage  drop  in  the 
transformer  c-a  consists  of  ir  in  phase  with  the  current  IcC  and  xx 
I)er]X'ndicular  to  Iec\  and  the  full-load  voltage  E'h  is  the  result-ant 
of  E'ha  and  £"„c. 

It  must  be  understood,  of  course,  that  the  drops  shovni  in  these 
diagrams  are  ver^'  much  magnitied.  In  commercial  transformers 
the  resistance  drop  may  be  Oo  to  2  per  cent,  of  the  voltage  and  the 


].-,ij.  4. — Vector  Diaokam  of  Open-Delta  Connected  Bank. 


Fio.  7. — Vector  Diagram  of 
Delta   Bank,  carrying   Load 

of  ANY  T'oWKii  r  v(  T(n. 


Fio.  8. — Vector  Diagram  or 
Opf-N-Delta  Bank,  carrying 
Load  of  any  Tow f.r- factor. 


from  a  to  h  (Fig.  3).  and  the  current  Icc  flows  m  the  line  cC  and  in 
the  transformer  from  a  to  r.  The  dri>p  in  the  tnmsformer  nh  consist* 
of  a  resistance  comixment.  ir.  in  ph.ise  with  the  current  hn  and  a 
reactance  coiniHinent.  i.r.  ix'rjHMidicular  to  /b/?.  aiul  this  total  drop, 
subtracted  from  the  no-load  voltage  £■„^.  gives  the  full  load  voltage 
E'ah.     In  the  transformer  ca,  the  resistance  drop  is  m   phtvse  with 


reactance  drop,  jierhajv*.  1  to  5  jier  cent.  The  vector  diagram  is  not 
.adapted  to  the  ^r.iphic  solution  of  i)mbleins  of  this  kind,  where  there 
is  a  large  difleit'iuc  i!i  the  magnitude  of  the  quantitiej>  com<idered, 
but  it  is  valuable  as  a  guide  in  working  them  out  either  by  the 
symlxilic  or  by  the  trigonometric  method.  An  example  will  make 
this  clear. 
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Example. — Find  the  full -load  voltages  for  the  following  case  : — 

Given  : — 

Two  transformers  connected  in  open  delta. 

Transformer  rating  Sk.v.a.  each 

Full-load  output  of  the  bank    8-66  k.  v. a. 

Resistance    1-66  per  cent. 

Reactance    2-325  per  cent. 

Power-factor  of  load  80  per  cent. 

No-load  voltage 100  per  cent. 

Referring  to  Fig.  9,  the  full-load  voltage  is  drawn  at  an  angle  6 
from  the  vertical  such  that  cos  ^=the  power-factor  of  the  load.  The 
current  IbD  is  30  deg.  from  the  vertical.  Therefore  a=^— 30deg., 
where  a  is  the  angle  by  which  the  current  in  the  transformer  lags 
behind  the  voltage.     Now  the  voltage  drop  in  a  transformer  is 

Drop*  =  iV  cos  a-\-ix  sin  a+(l/200)  {ix  cos  a—ir  sin  a)-. 

The  solution  may  be  simplified,  and  will  give  appioximately  correct 
residts  if  the  last  term  of  the  expression  for  voltage  drop  be  disre- 
garded. This  gives  drop=iV  cos  a+ia;sin  a.  And  the  resulting 
full-load  voltages  are 

^'„b=98-07 

^'c„  =  97-21 

£"fcc =95-28 

Table  I.  shows  the  full-load  voltages  of  these  two  transformers  for 
loads  of  various  power-factor. 

Table  I. — Two  5  k.v.a.  Transformers  in  Open  Delta. 
Resistance  =  1-66  per  cent.     Reactance  =2-325  per  cent. 


Per  cent, 
no-load 
voltage. 

Per  cent,  full -load  voltage. 

100  per  cent, 
power-factor. 

90  per  cent. 
power-fa.ctor. 

80  per  cent, 
power-factor. 

Eah 
Ebe 
Eca 

100 
100 
100 

99-68 
97-09 
97-36 

98-48 
95-63 
97-15 

98-05 
95-26 
97-23 

Table  II.  shows  the  full-load  voltages  for  three  of  the  above  trans- 
formers in  delta. 

Table  II. — Three  5  k.v.a.  Transformers  in  Delta. 
Resistance  =  1-66  per  cent.     Reactance  =2-325  per  cent. 


Per  cent. 

Per  cent,  full-load  voltage. 

no-load 
voltage. 

100  per  cent, 
power-factor. 

90  per  cent, 
power-factor. 

80  per  cent, 
power-factor. 

100 

98-31 

97-48 

97-27 

An  emergency  condition  sometimes  occurs  due  to  an  accident  to 
one  transformer  of  a  closed  delta  bank,  and  the  question  arises,  how 


Fig.  9. — Partictjlab  Example  of  General  Diagram  shown  in  Fig.  8. 

much  load  the  remaining  two  transformers  will  be  able  to  carry  in 
open  delta.  For  the  same  heating,  the  same  current  should  flow  in 
the  transformers  as  before  ;  but,  as  the  full -line  current  now  flows 
through  each  transformer,  the  line  current  must  be  reduced  from  its 
former  value  in  the  ratio  1:1/^3,  i.e.,  the  two  remaining  transformers 
will  carry  58  per  cent,  of  the  load  of  the  original  bank.  An  idea  of 
the  effect  on  the  regulation  may  be  had  by  comparing  Tables  I  and  II. 
The  actual  values  in  any  particular  case  will,  of  course,  depend  on 
the  characteristics  of  the  transformers  involved. 

*  This  equation  is  general  if  the  angle  of  a  lagging  current  be  regarded 
as  positive  end  the  angle  of  a  leading  current  as  negative. 


Frequently  it  is  desired  to  carry  a  load  with  two  transformers 
insteafl  of  three.  In  this  case  transformers  of  sufficient  size  are 
installed  and  a  comparison  between  the  regulations  of  the  open  delta 
bank  and  the  closed  delta  bank  is  less  unfavourable  to  the  open  delta 
connection  than  the  comparison  above,  becaase  the  larger  trans- 
formers have,  in  general,  better  regulation  than  the  smaller,  espe- 
cially at  high  power-factors. 

Table  III.  shows  the  full-load  voltages  of  a  cloned  delta  bank  of 
3  k.v.a.  transformers  of  the  same  type  as  the  two  5  k.v.a.  trans- 
formers considered  in  Table  I.  A  comparison  of  these  two  tables 
gives  an  idea  of  the  results  of  the  two  methods  of  cormection  for  the 
same  load. 

Table  III. — Three  3  k.v.a.  Transforrmrs  in  Delta. 
Resistance  =  1-99  per  cent.     Reactance  =1-56  per  cent. 


Per  cent. 

Per  cent,  full-load  volts^. 

1 

no-load 

voltage. 

100  per  cent, 
power-factor. 

90  per  cent.             80  per  cent, 
power-factor.          power-factor. 

100 

9800 

97-54                       97-48 

Table  IV, — Comparison  of  Closed  Delta  with  Op^n  Delta  Connection- 
Distribu ting  Transformers. 


Closed  delta 
Three  3  kv.a. 


Ojjen  delta 
Two  5  k.v.a. 


Capacity  of  bank 

Losses  per  k.v.a.  per  cent. 
Cost  per  k.v.a.  per  cent.  .. 
Weight  per  k.v.a.  per  cent. 


9  k.v.a. 

8-66  k.v.a. 

100 

88 

100 

974^ 

100 

108 

Table  V. — Comparison  of  Closed  Delta  with  Open  Delta  Connection — 

Power  Transformers. 

;    Closed  delta    i      Open  delta 
3-300  k.v.a.     \     2 -.500  k. v. a. 


Capacity  of  bank 

Losses  per  k.v.a.  per  cent. 
Cost  per  k.v.a.  per  cent.  .. 
Weight  per  k.v.a.  per  cent, 


900  k.v.a. 
100 
100 
100 


866  kv.a. 
101 
86-3 
100 


Comparing  the  efficiencies  of  two  V-connected  transformers  and 
three  delta  connected  transformers  for  the  same  output,  it  is  found 
that  they  are  practically  the  same.  Thus,  the  total  loss  in  a  bank 
of  three  3  k.v.a.  transformers  of  standard  design  is  291  watts  at  full 
load,  or  32  watts  per  kilovolt-ampere  output ;  while  in  a  bank  of  two 
5  k.v.a.  transformers  the  total  loss  is  248  watts,  or  28-6  watts  per 
kilovolt-ampere  of  output.  Similarly,  in  a  bank  of  three  300  k.v.a. 
transformers  the  total  loss  amounts  to  16-77  watts  per  kilovolt- 
ampere  output,  while  in  a  bank  of  two  500  k.v.a.  transformers  the 
total  loss  is  16-98  watts  per  kdovolt-ampere. 

The  total  cost  and  weight  are  also  nearly  the  same  for  the  two 
schemes.  Table  IV.  shows  a  comparison  of  the  losses,  weights  and 
costs  for  a  bank  of  small  distril-uting  transformere,  and  Table  V. 
makes  the  same  co    parisons  for  a  bank  of  jx)wer  transformers. 

One  advantage  of  the  open  delta  connection  which  may  be  im- 
portant in  some  cases  is  that  only  two  units  are  required  instead  of 
three.  This  means  less  floor  space,  and  in  the  case  of  distributing 
transformers  mounted  on  poles  it  means  a  neater  and  simpler 
arrangement. 

Summary. 

The  foregoing  points  may  be  summarised  as  follows  : — 

1.  The  total  transformer  capacity  required  for  an  open  delta  bank 
to  carry  a  given  load  is  15  per  cent,  greater  than  for  a  closed  delta. 
This  total  capacity  is  in  two  units  instead  of  three. 

2.  The  voltage  drop  in  the  open  delta  bank  is  unsymmetricid.  and 
this  causes  a  slight  unbalance  in  the  three  fidl-load  voltages.  This 
unbalance  is  negligible  in  most  cases. 

3.  Wlien  one  transformer  of  a  closed  delta  bank  is  injured  the  two 
remaining  transformers  will  carry  58  p.-  cent,  of  the  load  with  the 
same  heating,  but  with  a  somewhat  poorer  regidation  on  two  phases. 

4.  When  transformers  are  chosen  for  a  given  load  the  above 
advantage  of  the  closed  delta  connection  partially  disappears,  on 
account  of  the  larger  size  of  the  transformers  for  the  open  delta  bank. 

5.  In  efficiency  and  weight  the  open  delta  bank  is  approximately 
on  a  bar  Avith  the  closed  delta,  wliile  in  cost  it  shows  a  sHght  ad- 
vantage. 

6.  The  open  delta  connection  involves  two  units  instead  of  threex 
and  requires  less  floor  space  than  the  closed  delta  arrangement. 

c2 
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THE  Am-GAP  FIELD  OF  THE  POLYPHASE  INDUCTION 

MOTOR. 

BY  F.  T.  CHAPMAX,  D.SC. 
{Continued  from  page  708.) 

SUimARY  OF  CONTEXTS. 

III. —The  Reactiox  of  Rotob  Cukeekts  on  Stator  Field  (Per- 
MEAiiiLiTy  Constant). 

Sections  IC  to  18.— Analysis  of  field  clue  to  rotor  currents.  E.M.F.s 
induced  bv  these  fields  in  stator  windings. 

Sections  19  and  20. — ^The  circle  diagram,  circle  coefficient  and  air- 
gap  dispersion. 

Sections  21  and  22.— Superposition  of  rotor  multiple  fields  on 
those  of  stator.  The  effects  in  the  case  of  two-  or  three-phase 
rotors  and  of  squirrel-cage  rotors. 

Sections  23  and  24.—"  Crawling."     Effects  of  skewed  slots. 

III.  Reaction  of  Rotor  Circuits.— The  Circle  Diagram. 

16.  Wlieii  the  rotor  circuits  are  closed,  each  of  the  multiple 
fields  i)roduced  by  the  stator  currents  will  induce  currents  in 
the  rotor  windings,  the  frequency  of  these  currents  depending 
on  the  number  of  poles  in  the  multiple  field,  and  on  its  speed 
1  dative  to  the  rotor.  The  rotor  currents  of  this  frequency 
produce  an  infijiite  number  of  multiple  fields  corresponding  to 
the  analyses  already  discussed,  and  each  of  these  induces 
currents  in  the  stator  circuits,  which  must  be  regarded  as  more 
or  less  effectively  closed  by  the  network  to  which  they  are 
connected.  We  therefore  have  an  infinite  number  of  actions 
and  reactions  between  the  stator  and  rotor  circuits.  The 
importance  of  tliese  reactions  diminishes  rapidly  as  their 
remoteness  increases,  in  fact,  it  is  one  of  the  objects  of  this 
Paper  to  show  that  the  only  medium  of  action  and  reaction 
between  the  stator  and  rotor,  which  need  be  considered  in 
practice,  is  the  fundamental  or  ;j-po!e  field  ;  and  that,  in  the 
case  of  motors  with  two  or  three-pha.se  windings  on  both 
members,  the  action  on  one  member  of  even  the  first  series  of 
multij)l<'  fields  pnjduced  by  the  other  member  may  be  neglected. 
In  the  s(|uirn'l-(age  motor  this  is  not  quite  true,  but  we  shall 
Ht*e  that  its  winding  tends  to  diminish  the  importance  of  the 
first  series  of  multiple  fields,  and  hence  to  simplify  the  problem 
still  further. 

17.  Case  ((i).—Machi)ie  Hitritxj  RoU.rs  with  Tiro  or  Tltree- 
jihane  Wi)idiv(/.s.  Let  I\  re])re.seiit  the  number  of  phases  in 
the  rotor  windiiig.  The  E.M.F.  in  one  phase  due  to  the  Cjth 
stator  field  is  given  by  the  ecpiatioii  (12),  and  the  E.M.F.  in 
sucrPHsivejihaseH  is  obtained  by  writing(./j-i-T//"'2).{f ^-f 2r,P^), 
&c.,  f.t)r  J  J  in  this  expression.  We  will  also  Avrite  f,ci  for 
(/,— /jr,);  thus /,c,  is  the  frequency  of  the  rotor  E.M.F.s 
induced  by  the  Cjth  stator  field. 

Tlu'  currents  in  all  the  phases  will  be  ecpuil.  and  will  lag 
behind  the  im])ressed  E.M.F.  by  a  certain  aiigle  ^g.  The 
current  in  the  lii.'^l  phase  (position  as  defined  in  section  8)  is 


The  induction  density  at  any  point  due  to  any  field  is  given 


/2C1=-/ 


2'"l 


COS 


2jiJ,cit- 


r,.TJi 


—98 


-Un  Bin  { 2.V.c,<-  -'/'- 2"V2 , 
which  may  be  written  for  convenience  as 

For  succeeding  phases  we  have 

ijfj^/jf,  sin  (y— 2r,.'7T  P,)  and  so  on. 

Let  x'  be  the  distance  of  any  point  on  the  rotor  surface  from 
the  centre  of  the  first  pliase  group  ;  tlien,  proceeding  as  in 
sections  3.  1  and  .').  we  liiul  that  the.se  currents  give  rise  to  a 
series  of  multiple  fields,  and  il  the  nunjber  of  pole."  in  any  one 
of  these  fields  be  pc^  the  possible  values  for  Cj  are  given  by 


where  (/j  is  any  positive  or  negative  integer. 


(34) 


by 

2P2I2  lT2PK»,2C2  f 


2*t.it- 


CiT^Xi        Co'^ 


-«+</>= 


(35) 


(36) 


The  velocity  of  any  field  is 

v'c2Ci=2f«ciT;C2- 

The   speed   of  one   of  these  fields  with  respect  to  the  stator 
windings  will  be  given  by 

,'  or  _ 

\ 
c. 


=  2'(4-+A; 


=-u.- 


-CJ2) 


2t 


/i+/2(c2-Ci); (37) 


The   frequencv   of  the   E.IM.F.s  induced  by  this  field  in  the 
staiior  windings  is 

/l+/2(C.2-Ci) (38) 

If  C2=Ci,  a  condition  which  equation  (SI)  shows  to  lie 
possible  in  every  case,  except  when  the  rotor  phases  are  star 
connected  (wc  Ex.  ii..  below),  the  E.M.F.s  induced  in  the 
stator  are  of  fundamental  frequency. 

A  few  examples  will  serve  to  make  these  relations  clearer. 

(i.)  Suppose  both  stator  and  rotor  have  three-phase  windings 
i.e..  Pj=p2=3. 

•, ,        1  r  (  +1,  +7.  +13,  +17,  &c. 

The  possible  values  of  c^  are  \  _g-  _jj'  _jg'  ^^ 

Consider  the  effects  of  the  S^J-pole  field  on  the  rotor  ;    ihe 

•,  1        1         t  f^,     'i,      13.  <kc. 

pos.sible  values  of  C2  are    <     _,.    _,•■    c 

The  field  for  which  0.2=— 5  rotates  at  the  same  speed  as  the 
stator  field  which  is  the  prime  cause  of  it.  The  resultant 
5/)-pole  field  is  the  combination  of  the  two,  and  is  less  than 
the  original  stator  field  ;  in  the  limiting  case  the  resultant  is 
the  difference  between  the  two. 

Over  the  most  important  part  of  the  working  range  of  the 
motor  we  liave/2=/i  a})prox.,  and  the  frequency  of  the  E.M.F.s 
induced  by  the  Cjth  rotor  field  in  the  stator  windings  is  approxi- 
matelv 


V.=^/i+/i(<^2-Ci)=/i(l+C2-ri). 


(31») 


If 


C2=l  and  Ci=— 5, 

As  the  source  of  sujiply  offers  no  E.M.F.  counter  to  thi>.  aii.i 
as  the  networks  to  which  motors  are  u.sually  connected  have 
very  low  impedances,  currents  of  frequency  7/j*  will  be  pr»i- 
duced  in  the  stator  circuits,  and  their  effect  is  to  damp  partially 
the  rotor  field  for  which  0.^=].  and  thereby  to  reduce  the  total 
inducta)ice  of  the  rotor  windings  to  currents  of  frequency /,fj. 
The  frequency  of  the  rotor  currents  themselves  is/i(l— c,)=6/i. 
On  account  of  tlie  liigli  reactance  of  the  circuits  at  these 
frequencies  the  currents  will  be  small,  and  the  field  for  which 
C2=— 5  will  not  affect  to  any  large  extent  the  value  of  the 
field  for  which  Ci=— 5. 


Table  Ilia. 

^ 

>"» 

/.^. 

/l^. 

-6 

7 
-11 

13 

1 
I 
1 
1 

6/, 

-12/, 

7/, 
13r, 

Table  IIIa.,  giving  values  of  /,ci  aud/jr,  at  synchronism  for 
various  values  of  Cj  and  Cj  is  interesting.  A  negative  frequency 
is  to  be  interpreted  as  indicating  that  the  order  in  which  the 
currents  in  successi*.  e  ]iha.ses  follow  each  other  is  opposite  to 
that  which  was  asMinied  in  »lrawing  up  the  early  equations. 

•  S(f  Simons  and  Vollmer  loc  cit. 
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6(/2 — 3  the  possible  values  of  c^  are 


(ii.)  Let  Pi=2,  ^2=3. 

The  possible  values  ot  c^  are  \     _'x   _i    ^\\   ^(^ 

The  5p-pole  stator  field  will  give  rise  to  multiple  rotor 
fields  for  which  the  following  are  the  possible  values  of  c^ 

5,      11,      17,  &c. 
-1,  -7,  -13,  -19,  &c. 
The  5j>pole  rotor  field  thus  moves  forward  in  this  case,  and 
as  the  stator  field  does  the  same,  the  consequences  are  similar 
to  those  in  Ex.  (i.).    Special  relations,  which  have  no  counter- 
part in  Ex.  (i.),  occur  when  0^=- 3,  +9,  &c.,  for  when  c^— 

I  3,  9,  15,  &c. 
-3,  -9,  -15,  &c. 
corresponding  to  alternating  fields  of  3j9,  9]?,  &c.,  poles.  It 
should  be  noticed,  however,  that  the  currents  which  give  rise 
to  these  fields  can  circulate  in  the  rotor  windings  only  when 
the  phases  are  separately  closed  or  delta-connected,  and  not 
when  they  are  star-connected  with  insulated  neutral. 

From  the  results  given  in  later  sections  of  this  Paper  it  will 
be  seen  that  slightly  better  performance  may  be  expected  irom 
a  two-phase  motor  with  delta- connected  three-phase  rotor,  than 
from  the  same  motor  with  star  connected  rotor  windings. 

(iii.)  Another  important  case  occurs  when  P^=^\. 

Suppose  Ci=7,  the  possible  values  for  Cg  are 

1,      3,      5,      7,      9,  &c. 
—1,  -3,  —5,  —7,  —9,  &c. 

The  same  is  true  for  all  values  of  c^. 

A  well-known  effect  is  the  tendency  of  a  motor  with  only 
one  closed  phase  in  the  rotor  to  run  at  half  its  normal  speed. 
This  is  due  to  the  fact  that  if /2=-2-/i,  c^^l  and  C2=  — 1,  the 
value  of /j^co  is  f 


=0. 


/l 


(-1-1) 


medium  of  the  fundamental,  or  p-pole,  field  only.  We  shall 
see  later  that  this  assumption  may  be  allowed  to  stand  for 
motors  with  two  or  three-phase  windinc^s,  but  that  it  requires 
modification  for  the  squirrel-cage  motor. 

Under  these  circumstances  the  stator  winding  can  be  supposed 
to  experience  (i.)  a  self-induced  back  E.M.F.  which  is  given  by 
equation  (12a),  or  is  obtained  by  the  aid  of  formula  (13).  and 
(ii.)  an  E.M.F.  induced  by  the  first  rotor  field  ;  E.M.F.s  (i.)  and 
(ii.)  must  be  balanced  by  the  applied  E.M.F.  (We  shall 
neglect  the  resistance  of  the  stator-windings.)  In  the  rotor 
circuit  the  self-induced  E.M.F.s  of  equation  (12a)  mu-st  be 
counterbalai  ced,  and  the  E.M.F.s  necessary  to  overcome  the 
resistance  of  the  windings  must  be  supplied,  through  the 
medium  of  the  first  stator  field,  by  induction. 

We  may  thus  suppose  the  stator  winding  to  possess  a  react- 
ance due  to  its  air-gap  fluxes  equal  to 

T  Wlr 
Xj;=27ifiQ.—' X 10-8  ohms   ...     (40) 

and  AjXj'  due  to  end  winding  and  slot  leakage  fluxes  ;  /.j  is  a 
coefficient  which  we  take  for  granted  in  the  present  Paper. 
The  total  reactance  per  stator  phase  is  thus 

Z,=Z/(1  +  /,) (41) 

If  the  fractional  slip  be  s  the  frequency  of  the  rotor  currents 
will  be  /?=s/i,  and  we  may  write  as  for  the  stator  circuits  the 
rotor  reactance  per  phase. 

SZ2=(1  +  A2).SX2' 

r,2pk 


=  (1  +  ^2)  .  27tsf,Q, 


X 10-8  ohms. 


(42) 


For  a  squirrel-cage  winding  the  reactance  per  conductor  is 

^P         1 

G'  .    .  ,np 
4sm^^ 


sZ2=(l-f-A2)  .  2jisf^Ph 


X  10~8  ohms. 


(43) 


The  —C:)th  rotor  field  will  produce  low  frequency  stator 
currents  of  comparatively  large  value  which  give  rise  to  a 
driving  torque  or  a  retarding  torque  according  as  the  speed 
is  below  or  above  half -speed. 

(iv.)  In  a  squirrel-cage  motor  P^  is  large,  and  the  series  of 
possible  values  of  Cg  is  limited  in  consequence. 

Suppose  we  have,  for  instance,  jo=4,  6r=41  then  P2=10-25, 
and  if  we  assume  the  formula  (34)  to  be  true  for  fractional 
values  of  P2,  we  find  for  0^=1 

_  j  1,      21-5,      42,  &G. 
2-  ]       -19-5,  -40,  &c. 
and  for  Ci=— 5 

_  j  15-5,      36,  &c. 

^^2-  \  _5^  -25-5,  -46,  &c. 

It  will  be  seen  that  this  analysis  agrees  with  that  of  section  14. 

18.  Examination  of  the  formula  (35)  shows  that  the  amplitude 

of  the  field  diminishes  rapidly  as  Cg  increases  (see  Tables  X.  and 

XL,  giving  values  of  Kmc),  and  in  any  series  the  most  important 

field  is  that  one  for  which  0^=1 .     When  the  number  of  phases  is 

small  {i.e.,  2  or  3)  this  value  of  C2  is  always  possible,  with  the 

single  exception  that  when  ^2=3  and  0^=3,  9,  &c.,  the  lowest 

value  of  Cg  is  3.     But  when  the  number  of  phases  is  large,  as  in 

squirrel-cage  windings,  the  lowest  value  of  c^  is  equal  to  c^  for 

all  values  of  c^  less  than  Pj-  ^•^•>  ^^^^  than  Gjp  ;   consequently 

for  all  the  most  important  values  of  c^  the  strongest  rotor  field 

of  the  corresponding  series  is  directly  opposed  to  the  multiple 

stator  field  to  which  its  origin  is  due.     For  this  reason  there  is  a 

much  greater  tendency  to  the  reduction  of  the  stator  multiple 

fields  when  a  squirrel- cage  rotor  is  employed,  and  it  is  to  this 

circumstance  that  the  superiority  of  the  squirrel-cage  machine 

is  ultimately  due. 

19.  We  shall  now  assume  as  a  first  approximation  that  the 
stator  fields  beyond  the  first  one  induce  negligible  currents  in 
the  rotor  windings,  and  therefore  remain  undamped,  the  same 
being  true  of  the  multiple  rotor  fields.  The  two  members  are 
thus  assumed  to  act  and  react  on   each  other   through   the 


We  may  further  suppose  that  an  effective  current  Aj^  per 
phase  in  the  stator  winding  will  induce  in  the  rotor  an  effective 
E.M.F.  per  phase,  equal  to  A^y^^s  through  the  medium  of  the 
first  field. 

Sf^Ty^T2PiPKmiKn 
Tip 

{See  equation  (12.) 

Similarly  an  effective  rotor  current  of  ^2  amperes  per  phase 
induces  in  the  stator  winding  an  E.M.F.  ^2/2  '^liere 


Where    Y'^- 


'-0!2^7 


XlO'^ohms. 


(44) 


OJ-jTiT2P<i^H-m-^K-m2'''^ 
Tip 


X  10*8  ohms  . 


(45) 


Yi- 


and 


X 10-8  ohms (46) 

X 10-8  ohms (47) 


For  squirrel-cage  windings  a  single  conductor  is  taken  to  con- 
stitute a  complete  phase,  and  we  have,  therefore, 

4^i2VPiRff^T, 

Tip 
Tip 

Let  the  resistance  of  the  rotor  winding  per  phase  be  fo,  the 
impedance  per  phase  is  then 

The  rotor  current  per  phase  is  thus 

A2=A^Y^s/Z2,        {m 

and  the  angle  by  which  this  current  lags  behind  the  E.M.F. 
A^Y^s  is 

cp2=tan-H«^2/'"2) (^^'> 

In  sections  3,  4  and  5,  v.e  have  seen  that  a  stator  current  repre- 
sented by  /i  sin  2r/i  t  produces  a  jj-pole  field  represented  by 

2IiTiP /,     ,.      TT-X^ 


y^- 


.P,K 


'"1 


cos 


2Trft- 


(51) 


pTi  "      -        \    -       r 

and  in  equation  (35)  we  have  an  expressioii  for  the  field  pro- 
duced by  the  resulting  rotor  currents.  Writing  the  amplitude 
of  the  rotor  current  per  phase  as  /,  and  replacing  {.Vi-\-x -^2/^x1) 
by  X,  we  see  that  the  value  of  the  first  rotor  field  is 

y=    IS    •  Pi^">z  cos  1 2.-7/1' — - — \^?2-f  2J  J  •    •  ^^^' 


pTl 
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Comparing  equations  (51)  and  (52)  we  observe  that  the  stator 
E.M.F.  due  to  the  first  rotor  field  lags  behind  the  self-induced 
E.M.F.  in  the  same  winding  by  the  angle  (92+-'^/2)-  ^^'e  may, 
therefore,  draw  for  the  stator  circuits  the  vector  diagram  of 
Fig.  8,  the  angle  between  A^X^  and  ^2  ^2  being  9+|^. 


Fig.  8. — Component  E.M.F.S,  &c.,  in  Primary  Windings. 

E^  is  the  applied  E.M.F.  per  phase  and  is  supposed  constant. 
The  triangle  Oab  is  drawn  by  making  ah  parallel  to  .4 2^2  and 
Oh  parallel  to  E^  ;  Oa  being  equal  to  A^X^  it  follows  that  ab 
and  bO  are  respectively  equal  to  ^2^2  ^'^^  Ey 

If  we  take  this  triangle,  divide  the  lengths  of  all  the  sides  by 
Xj^,  redraw  it  to  the  current  scale,  and  turn  it  counter-clockwise 
through  ,-7/2,  we  get  the  new  triangle  OAB  of  Fig.  9  in  which, 


Fig.  9. — Circle  Di.vukam. 


OA  represents  A^  in  magnitude  and  phase, 

AB         „         A^\\!X^ 

oB  „         EjXy 

Since  E^  and  ^1  are  both  independent  of  the  load  and  speed, 
0/^frc)) resents  a  constant  current— the  no-load  or  mat^netisiuo 
current,     u 

The  angle  OAB  is  equal  to  Onh  in  Fig.  8,  hence 

OJfi=.-T/2-92. 
Draw  OC  perpendicular  to  AB  produced  cutting  XB  in  C. 

The  angle  ^dc=(p2. 

IC=OZco8  92=^^jJ^. 


and 
But 


Art—  A      ^  2    ^1^^  1    ^2 


AB=A 


'X,- 


BC={AC-AB)=AB  (  -- - 


'2         ^1 

'AC 
^AB 


or  if  we  write 


=AB&^-\ 


A'lA', 


-1=0-, 


(53) 


BC=AB  .  <T. 

Now.  whatever  the  conditions  may  be  as  to  load  and  sliji.  the 
angle  at  C  is  a  right  angle  and  OB  is  a  constant  length,  hence 
point  C  always  lies  on  a  circle  described  on  OB  as  diameter,  and 
point  A  always  lies  on  a  circle  described  fni  a  diameter  BD. 
where  Z)  is  a  point  in  OB  produced  determined  by  the  relation 

AB!BD=<T. 
In  this  way  wo  have  derived  the  usual  form  of  current  circle. 


20.  Let  us  now  examine  the  exp region  for  cr  in  formula  (53). 
Substituting  for  X-^  and  X^,  and  for  Y^  and  Y^, 

cr=^i^  (l-i-;.^)(l+;.^)_l 


Y,Y, 


(l-f/.l)(l-/.2)-l. 


71^0 

If  we  write  (1+/./)  for     '       g—  (see  also  equation  (61)  below) 
and  (I+/2')  for     '    Jl — for  a  wound  rotor, 


or  (1-f  Vj  for 


for  a  squirrel-cage  rotor. 


we  obtain  o-=(l  +  ;./)(l+/.2')(l+/i)(l  +  ;.2)-l.  .  .  (54) 
(l-|-/.j')  is  the  ratio  of  the  E.M.F.  induced  in  the  stator  wind- 
ing by  the  combined  action  of  all  its  own  multiple  fields  to  the 
E.M.F.  induced  by  the  first  field  alone.  A/  is  thus  a  measure 
of  the  air-gap  dispersion  of  the  stator  winding,  '/-z  is  a  similar 
measure  for  the  rotor  winding. 

It  will  be  seen  that  the  calculation  of  these  quantities  is 
readily  carried  out,  imder  the  conditions  assumed,  by  means  of 
tables  of  Q  and  ii",  such  as  those  given  at  the  end  of  Part  VI. 
Since  //,  &c.,  are  small  quantities,  equation  (5-t)  may  be  re- 
placed with  sufficient  accuracy  for  practical  work  by 


cr=;.;+;.2'+/.i-f/. 


2- 


(55) 


21.  We  are  now  in  a  position  to  examine  more  closely  the 
reaction  of  the  rotor  currents  on  the  multiple  fields  of  the  .stator. 
For  this  pui-jjo-se  we  shallneglect  the  resistance  of  both  stator 
and  rotor  windings,  and  shall  regard  the  network  as  short- 
circuiting  the  stator  winding  for  all  E.M.F.s  of  frequencies 
other  than  /j.  In  this  way  we  shall  obtain  a  value  for  the 
damping  which  cannot  be  exceeded  in  practice. 

The  c-yth  stator  field  will  induce  in  the  rotor  an  E.M.F.  per 
phase  which  is  given  1)y  equation  (12).  We  can  regard  the 
rotor  circuits  as  primaries  with  this  E.M.F.  impres.sed  on  them 
while  the  stator  circuits  act  as  short-circuited  secondaries. 
The  value  for  o-  is  the  same  as  for  the  main  currents  and  E.M.F.s. 
The  slip  is  very  great,  and  may  be  either  positive  or  negative, 
according  to  the  value  of  c^. 

If  we  call  the  E.M.F.  £cj,  the  reactance  of  the  rotor  circuits 
at  the  frequency  of  Eci  would  be 

J1-/2C 


A'gX- 


A 


and.  were  it  not  for  the  action  of  the  short-circuited  stator 
winding,  the  current  would  be 

^A<L\Ja 

A2(A-/2C)' 

But  we  know  from  the  theory  of  the  circle  diagram  that  the 
effective  reactance  of  the  primary  circuit  is  reduced  in  the  ratio 
OBOD  (Fig.  9)  when  the  secondary  circuits  are  closed  and  the 
sli]i  is  large. 
The  ratio  qb       o- 


l+o- 
The  actual  rotor  current  is  therefore 


EcJ, 


rr 


A'2(A-/20)   o-(i+;.,)-Xj'(A-/jc)- 

The  instantaneous  value  of  the  current  is  obtained  by  writing 
Tr,  of  equation  (12)  in  ]ilare  of  Ef^  and  changing  the  phase  angle 
bv— .T  2.     Sultstitutiui:  (or  A''„  at  the  same  time  wo  obtain 


►n 


i-t-(r  il,TJ\K„r.Km.Ct,  I  o     /  /■         /•     V* 


a-{\4-L)  ' 


y%r,T.. 


(56) 
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The  value  of  the  c^th  field  due  to  this  current  is  obtained  by 
substituting  the  amplitude  of  igci  in  the  last  equation  for  I^c^  in 
equation  (35)  and    at  the  same  time  inserting  (^2=^/2  ^^^ 

We  thus  obtain 


ycic^- 


.cos(27tfit 


o-(l+A2) 


The  Cjth  field  due  directly  to  the  stator  current  I^  is  given  by 
equation  (6),  and  is 


yci — .  cos  I  27ifjt—C7i     . 


p7C 

It  is  clear  that  the  sura  of  yci  and  ycic^  is  less  than  yc^.    The 
ratio  between  the  strength  of  the  two  fields  is 


phase  winding.     Equation  (32)  gives  the  value  of  the  cth  field 
produced  by  a  current  per  bar  equal  to 

lo  sin  (2,'t/,<— 9). 

The  density  due  to  the  first  field  produced  by  the  current  i^ci 
is  therefore 

y'^^''-     (1+A,).tP  U^  •*''''    26'J-:toj, 

{2.'r(A-/2C).-^fi-£ifl'|. 

(In  section  14  the  number  of  poles  in  the  impressed  field  was 
Pi  which  must  now  be  replaced  by  c^jj,  and  the  pole-pitch  t^  in 
that  section  must  be  replaced  by  t/Cj.  Also  the  cth  field  in  that 
section  has  cp^  poles ;  for  our  present  purpose,  therefore,  c=l.) 

Writing  x=x'-\-Xi+2f2Z  we  have 


Xcos 


ycici 


4:-i    2-'*-    '»2Cl 


l+o- 


2/ci  n^Q2      ■o-(l  +  A2)' 

For  example,  let  P2=3,  ^2=4,  a-=0-07,  ^2=0-02,  values  often 
met  with  in  practice.  Consider  the  reaction  of  such  a  rotor 
winding  on  the  5th  stator  field  ;  we  shall  have 

jS'»i2Ci=0"041>  and  ^2=1'125,  hence 


yc,G-- 


P,WK„,,,,  r 


1  +  /. 


2^ 


.    Cip7i-y 


cos  (  2.t/i<- 


■°-fJ- 


The  ratio  between  y^G  and  ycy  is 

1      ,-  2G 


yciG 


[ 


C^pTl 


i/5i5        4  X3x  (0-041)2 


2/5 


X, 


1-07 


Ti^x  1-125         0-07  X 1-02 
=  -0-0276. 

The  ratio  in  the  case  of  higher  multiple  fields  is  still  smaller. 
We  may  safely  conclude  that,  in  machines  tvith  two  or  three- 
phase  rotors  the  reaction  of  the  rotor  on  the  multiple  fields  of  the 
stator,  and  of  the  stator  on  the  multiple  fields  of  the  rotor  may  be 
neglected,  for  purposes  of  practical  calculation.  In  other  words, 
the  air-gap  dispersion  is  correctly  accounted  for  by  the  co-^ 
efficient  Aj^'  and  ^2'  as  defined  in  section  20. 

22.  The  case  of  the  squirrel  cage  machine  differs  somewhat 
from  the  last. 

Let  the  stator  multiple  field  to  be  considered  be  represented  by 

2/c,=PiTfZ„„,,  cos  (277/1;-^),    .     .     .     (57) 

as  in  equation  (6). 

The  linear  velocity  of  the  rotor  conductors  being  2/2T  the 
velocity  of  this  field  with  respect  to  them  is 

and  the  E.M.F.  per  conductor  at  any  point  x  will  be 


yci  l+'?^2 

The  ratio  between  the  resultant  field  yciG-\-yci,  and  yc^ 


IS 


yci 


-i- 


r_2^  sin  ^-i2?t 
1+^2  LciTJ-T         2G-i 


m 


(59) 


(60) 


The  following  table  (IV.)  gives  values  of  these  two  ratios  for 
G/p=10-25,  representing  a  four-pole  rotor  with  41  slots  or  an 
8-pole  rotor  with  82,  neglecting  /g 

On  comparing  equation  (12a)  with  equation  (13)  it  will  be 
seen  that 


1  +  V= 


""i^i 


or 


X^= 


K\ 


HIjCl 


-K^ 


Olil 


K- 


(61) 


(62) 


»iii 


e=- 


2^T 

c 


{fi-U^)PiWK,n,c,  COS  (27rA«-'-l^'^)xlO-«. 


€=- 


If  Xj  is  the  position  of  the  conductor  at  time  i=0,  a;=.ri+2/2r< 
and 

-f^  (/l-/2C)PlF^»»lc,  cos  {2.T(A-/2C,)i-^l}xlO-8 

The  reactance  per  bar  will  be 


To  investigate  the  effect  of  the  squirrel-cage  winding  on  the 
value  of  /j'  we  must  consider  its  effect  on  the  separate  multiple 
fields.  The  value  of  the  c^th  field  and  of  the  E.M.F.  it  produces 
in  the  stator  winding,  is  reduced  by  a  fraction  of  its  own  value, 
equal  to  ycio/yci-  This  is  equivalent  to  a  reduction  of  the 
corresponding  term  in  the  series  HK-mc  by  the  same  proportion. 
Table  V.  gives  the  values  of  the  second  to  the  eleventh  tei-ms  of 
this  series  for  three-phase  windings  with  three,  four  and  five 
slots  per  pole  per  phase,  and  also  the  values  of  the  reduction 
caused  by  a  squirrel-cage  winding  with  10-25  slots  per  pole. 
The  totals  of  these  and  the  values  of  {ZK\tic)—i^''mi  are 
given  for  comparison. 

It  may  be  doubted  whether  it  is  legitimate  to  carry  these 
calculations  as  far  as  the  thirty-first  field,  especially  as  the 
effects  of  resistance  and  slou  and  end-ring-leakage  are  neglected  ; 
it  certainly  is  not  advisable  to  take  them  beyond  this  point. 

Table  IV. 


(1-f  22)  .  2ji{f,-f,c,)ljp[f 


■  4  sialic jp)7ij2G) 


] 


X 10"^  ohms, 


see  equation  (33),  where  Pi=Ci^p  and  ri=r/c^. 
The  current  per  conductor  will  be — 


t^Ci- 


C-tTTX^ 


-M^  [,^-^-^^1f  ]-Ha-m)^ 


2J 


Ci 

yciG 

ycjG+yci 

^1 

ycxG 

yciG—yci 

!/ci 

yci 

U<^i 

!/^-i 

3 

0-9.32 

0-078 

19 

0-006 

0-994 

5 

0-82 

0-180 

21 

0  0053 

0-995 

7 

0-68 

0-320 

23 

00133 

0-987 

9 

0-51 

0-490 

25 

0  0276 

0-972 

11 

0-35 

0-650 

27 

0  0413 

0-969 

13 

0-21 

0-790 

29 

0-0472 

0-953 

15 

0-102 

0-898        ! 

31 

0-04m2 

0-956 

17 

0039 

0-961 

Consideration  of  the  series  for  C2,  given  in  section  14,  shows 
that  the  short-circuited  stator  winding  will  not  have  a  damping 
effect,  tending  to  reduce  the  reactance  of  the  rotor  windings 
in  this  case,  such  as  exists  when  the  rotor  has  a  two  or  three- 


Consideration  of  Tables  IV.  and  V.  shows  that  a  larger  niunber 
of  rotor  conductors  would  have  produced  a  more  favourable 
reduction  in  all  three  cases,  but  especially  in  the  fii'st  one. 
Unfortunately,  however,  the  more  favourably  a  winding  reacts 
on  the  multiple  fields  the  more  trouble  these  fields  will  give 
during  the  starting  period,  it  is  therefore  a  better  policy  to 
reduce  the  multiple  fields  by  other  means  such  as  the  employ- 
ment of  fractional-pitch  windings,  where  practicable,  and  a 
large  number  of  slots  per  pole. 
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Where  the  stator  slot  openings  are  important  the  effects  of 
the  reaction  of  squirrel-cage  windings  are  not  easy  to  predict, 
but  they  are  unquestionably  less  than  where  the  slot  openings 
are  negligible.  At  the  same  time,  the  tendency  to  '"  crawl '"' 
will  be  greater  on  account  of  the  accentuation  of  the  multiple 
fields  of  the  orders  2q^l. 

23.  A  good  method  of  reducing  the  crawling  tendency,  and 
one  which  is  adopted  by  many  manufacturers,  is  to  skew  the 
rotor  slots.  The  amount  of  the  skewing  is  usually  such  that 
the  projection  of  a  rotor  conductor  on  a  plane  perpendicular  to 
the  axis  of  rotation  extends  over  an  arc  equivalent  to  the  pitch 
of  the  stator  teeth.  Incidentally,  this  construction  lessens  the 
liability  to  humming  when  the  machine  is  loaded. 

The  value  of  the  inductance  per  bar  is  not  changed  by  this 
arrangement  of  the  conductors,  but  i\  and  F2  ^^^  both  reduced, 
and  o"  is  therefore  slightly  increased.  The  series  of  values  for 
ycio/yci  is  also  considerably  modified. 

Let  y  be  the  angle  through  which  the  slots  are  skewed  reckon- 
ing the  normal  pole  pitch  as  180  deg.  As  regards  the  mutual 
actions  between  stator  and  rotor  currents,  the  rotor  current  in 
each  bar  may  be  supposed  to  be  unifoimly  distributed  over  the 
angle  y,  and  the  E.M.F.  induced  in  it  by  the  c^th  field  is  the 
mean  value  taken  over  the  angle  c^y,  while  the  E.M.F.  which 
one  of  its  own  fields  would  produce  in  any  stator  conductor  is 
reduced  by  the  same  ratio. 

2  sin  c^y 


24.  Skewed    slots    are    sometimes    employed    with    wound 

rotors  in  order  to  avoid  humming,  and  in  this  case,  as  in  the 

case  of  squirrel-cage  motors,  5'^  and  Tg  ^^6  reduced  in  value  in 

2        y 
the  ratio  ~  sin  „.     Hence  where  skewed  slots  are  emploved  we 
y        2  ^     ■ 

must  write  for  the  stator  winding 


(l-/i')= 


Ti'Qr 


for  a  wound  rotor 
(1- 


mil 


Z    .     y 
V  ^^"  2' 


iP^K^mi} 


for  a  squirrel  cage  rotor 


(1 


/. 


)  = 


Tip 

'20 

.      Tip 


2    .    y 
y^^"2' 


2    .    y 

sm  -. 

y        2 


(63) 


(64) 


(65) 


2G 
{To  he  continued.) 


As  is  well  known,  the  value  of  this  r9,tio  is 
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ON 


modify  Table  IV.  to  meet  this  case  the  ratio  ycfilyc^  must  be 


c^y 


sm    ;>- 


c^y 


This    has 


multiplied   by  the  appropriate  value  of 

been  done  for  the  case  of  y=\b  deg.,  and  Gji>—\0-2o,  and  the 
results  are  given  in  Table  VI.  ;  it  will  be  seen  that  the  rotor  has 
now  no  appreciable  reaction  on  the  stator  multiple  fields  of 
higher  order  than  the  thirteenth.  It  is  not  necessary,  however, 
to  modify  the  deductions  made  from  Table  V.  on  this  account. 

Table  V. 


No.  of  slots 

j)er  i)olo  per 

3 

4 

5                        1 

phase  — 

1 

1 

Order  of 

nniltiplc 

K^miCi 

iir^m.CiX^'''^          K\,,c, 

A-=m,<:iX?^^ 

K^me 

field. 

1 

y<i 

t/cr 

6 

1,850  xlO-« 

1,516x10-8    11.680x10-0 

1,377x10-8 

1,600x10-8 

1,312x10-8 

7 

640x10  8 

445x10-8 

610x10-8 

347  X 10  8 

453  X 10-8 

3(»8xl0  8 

11 

269x10  « 

91x10-8 

131x10-8 

46x10  8 

81  X  10  8 

28x10  8 

13 

281x10  8 

69x10-8 

97x10-8 

20x10  8 

61x10-8 

13x10-8 

17 

3,190  x]0-« 

126x10-8 

86x10-8 

3x10-8 

36x10-8 

1  xlO  8 

19 

2,550  x 10-6 

16x10-8        117x10-8 

1x10-8 

33x10  8 

0x10  8 

23 

89xl0-» 

1x10-8   11,750x10  8 

23x10-8 

.51x10-" 

1x10-8 

25 

r.o  X  io-» 

1x10-8     1,483x10  8 

41x10-8 

64x10  8 

2x10  8 

29 

37  X 10-8 

2x10-8          60x10-8 

2x10  8 

1,087x10  8 

61x10  8 

31 

61x10-8 

2x10-8          26x10  8 

1x10-8 

950x10-8 

42  .,  10-8 

Totals 

8,997  X  10-8 

2,2^7x10-8   16,930x10-8 

1,861x10  8 

4,416x10-8 

1,758x10-8 

(-/l^miiCi) 

13,000x10-8 

8,170x10-8 

5,960x10-8 

Sumtnary. — The  dielectric  strength  of  air,  oil  and  solid  inpulations  was 
determined  for  direct -current  voltages  up  to  150  kv.  The  direct-current 
visual  corona  voltage  i.s  equal  to  the  maximum  alternating-current 
corona  voltage  for  wires  varying  in  radius  from  0"013  cm.  to  the  largest 
sizes.  The  spark-over  of  gaps  is  the  same  on  alternating  current  and 
direct-current  for  equal  maximum  voltages  when  the  gap  is  such  that 
spark-over  i)recedes  corona.  When  corona  precedes  spark-over  there  is 
generally  a  differenqp  in  alternating-current  and  direct -current  spark- 
over  voltages.  Insulatorsspark-overatthelowest  voltage  when  the  cap,  or 
electrode  surrounded  by  the  denser  field,  is  ( -f- ).  The  direct -current  sjMirk- 
over  voltages  in  oil  generally  correspond  closely  to  the  maximum  alter- 
nating-current spark -over  voltages.  In  wet  oil  the  direct -current  spark- 
over  voltage  is  lower  than  the  alternating 
current.  The  direct-current  breakdown  volt- 
ages of  solid  insulations  in  good  condition 
are  generally  higher  than  the  maximum  alter- 
nating-current voltages.  When  the  insulation 
is  moist,  the  direct -current  and  maximum 
alternating-current  breakdown  voltages  are 
generally  apjiroximately  the  same.  It  apix-ars 
that  high-voltage  direct  current  would  be 
useful  in  certain  high  voltage  cable  testing. 


Table  VI. 


2       .    c,7 

Cl- 

--.sin  ., 
c,7          2 

^1 

1 

0-996 

:\ 

()!)76 

n 

0  !i:m 

1 

UStiti 

!) 

(••7S4 

11 

(i-tiSS 

1:! 

()r.s3 

1.-. 

0-470 

17 

(>3.-)7 

1!) 

0-2  4."". 

1!1 

oi:?!t 

2.T 

(1  043 

26 

0  013 

yri(?/yc,x —-.sin-. 


0-909 
0-762 
0-589 
n.4(Mt 
0-241 
0-122 
n(»4S 
0014 
I)  (till 
0001 
0  000 
0  001 
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High  continuous-  or  "  direct -current  "* 
voltages  were  obtained  from  the  60  cycles 
alternating  by  means  of  a  kenotron  recti- 
fier in  combination  with  condensers  and 
inductance  coils.  A  sketch  of  the  connec- 
tions used  is  given  in  Fig.  1.  The  con- 
densers are  charged  up  to  tlie  maximuiu 
of  the  alternating  voltage  wave.  They 
remain  at  this  voltage  if  there  is  no  leakage, 
and  no  IX) wer  is  being  taken  at  A.  If  cur- 
rent Hows  at  A  the  condensers  l>econie 
partly  discharged  between  the  maxinunus 
of  two  waves,  and  there  is  a  double  fre- 
quency ripple  on  top  of  the  "  direct- 
current "  voltage  across  A.  With  a 
given  current  taken  at  A  the  .amplitude  of  this  ripple  do- 
creases  with  inrrea-sing  condenser  cap.'vcity  and  increasing  induc- 
tance. With  u  given  ca]wcity  and  inductance  the  ripple  decrea,ses 
with  deca-asing  current  at  A.  With  a  given  condenser  and  induc- 
tance the  amplitude  of  the  ripi)le  decreases  with  incre.i.sinp  supply 
frequency.  Tiie  variation  is  less  for  connection  In  than  \h.  Since 
in  the  following  tests,  the  current  flowing  up  to  breakdowii  was 
jiractically  negligjble.  there  was  no  ap)>reciable  ripple  on  the  voltage 
wave.  \'oltage  wa,s  first  nieasuretl  with  a  static  voltmeter,  and  by 
luaxinunn  of  the  wave  on  the  voltmeter  coil.  When  no  jxiwer  wa.s 
taken  the  static  voltmeter  checked  with  the  maximum  of  the  alter- 
nating wave,  and  later,  with  sphere  gap  moasuremcnta. 
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{    Air. 

Sphere  Gaps. — Sphere-gap  curves  were  taken  on  6-25  cm.  and 
12-5  cm.  spheres.  The  continuous,  or  direct-current,  voltage  re- 
quired to  spark  over  a  given  gap  was  found  to  be  -\/2  times  the 
required  effective  sine  wave  alternating  or  alternating-current 
voltage — that  is,  the  direct-current  spark-over  voltage  and  the 
alternating-current  maximum  voltage  are  equal  {see  Fig.  2).  This 
is  true  for  various  air  densities  as  shown  in  Fig.  3.  The  direct- 
current  spark-over  voltage  curve  of  a  sphere  may,  therefore,  be  calcu- 
lated from  the  formula  already  given  for  alternating-current  voltages. 

e=gx!f. 

Where  (7=27-2S  {l-f(0-54/v'5^)} ,  a;=spacing  in  centimetres,  S 
=  3-926/(273+/),  6=barometric  pressure  in  centimetres,  <=tempera- 
ture,  deg.  Centigrade  /?=sphere  radius  in  centimetres,  f=^{xlR). 
This  voltage  may  also  be  found  by  multiplying  voltage  value  in 
standard  curve  by  ^^2. 
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X 


L 
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direct-current  corona  voltages  are  equal  for  wires  over  a  large  range 
of  sizes.  The  spark-over  voltages  are  equal  when  Rjk,  e,  or  where 
corona  does  not  precede  spark-over.  Where  corona  precedes  spark- 
over  the  direct-current  voltage  is  higher  than  the  alternating-current. 
The  direct-current  spark-over  voltage  is  higher  when  the  wire  or 
conductor  of  the  greatest  field  intensity  is  (  — ).  This  is  shown  in 
Fig.  4. 

EfferA  of  Air  Density  on  Corona  and  Spark-over  of  Wires. — The 
visual  corona  and  spark-over  voltages  were  measured  for  concentric 
cylinders  at  various  air  densities.  An  outer  cylinder  of  glass 
coated  with  the  foil  was  used  for  these  tests.  The  air  was  e.xhaasted 
and  the  corona  and  spark-over  voltages  measured  art;  different  air 
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Fig.  1. — Condenser  Capacity=0-06-1:  mfd. 


Fig.  4. — Alternating -current  and  Direct-current  Corona  and 
Spark-over  for  Various  Sizes  of  Wire  (Concentric  Cylinders  at 
Normal  Air  Density). 


Needle  Gaps. — The  direct-current  needle  gap  spark-over  voltage 
corresponds  approximately  to  the  maximum  alternating-current 
spark-over  voltage  over  a  considerable  range.  At  the  higher  values 
the  continuous  spark-over  voltage  seems  to  be  less  than  the  maximum 
alternating. 

Table  I. — Alternating-current  and  Direct-current  Spark-over  Voltages  of 

2/0  Xcedles  in  Air. 
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Kilovolts, 
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Fig.  3. — Spark-over  Volt- 
ages of  2-54  CM.  Spheres  at 
Various  Air  Densities. 


Corona. — Visual  corona  and  spark-over  tests  were  made  on  con- 
centric cylinders.  Typical  data  are  plotted  in  Fig.  4.  In  this  test 
the  outer  cylinder  was  3-81  cm.  in  radius.  The  polished  inner 
cylinders  or  wres  and  tubes  varied  from  0-0038  cm.  to  Ml  cm.  radii. 

The  data  shows  that  the  maximum  alternating-current  and  the 


pressures...  The  apparatus  was  the  same  as  that  used  in  altemating- 
cuiTcnt  tests  and  already  described.  Some  results  are  plotted  in 
Fig.  5. 

The  data  shows  that  the  maximum  alternating-current  and  the 
direct-current  visual  corona  voltages  correspond  down  to  S=0-3. 
The  difference  is  not  great  even  at  S=0-08.  The  difference  at  the 
lower  values  of  S  may  be  due  to  the  difficulty  in  determining  the 
exact  starting  point  in  these  cases.  A  table  of  spark-over  data  is 
given  in  the  .Paper. 

At  the  higher  values  of  S  the  positive  spark-over  voltage  is  lower 
than  the  negative  and  closely  follows  the  maximum  alternating 
current.  The  positive  seems  to  be  slightly  higher  than  the  negative 
for  very  low  values  of  S. 
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Fig.  5. — Variation  of  Alternating -current  and  Direct-current 
Visual  Corona  Voltages  with  Air  Density. 

The  tests  show  that  the  formula  already  given  for  alternating 
current  corona  may  also  be  used  for  direct -current  corona  over  a 
wide  range  of  wire  diameter,  air  density,  &c.     The  direct -current 
corona  voltage  is  equfil  to  the  maximum  alternating-current  corona 
voltage. 

The  direct  -  current  visual  corona  voltage  i\\  kilovolts  is 
^v=grr  loge  {R  r)  vare  in  a  cylinder,  e^.=2g^.r  log^  (i?  r)  parallel  wires. 

Where  (/..^yo^  {l  +  (0-3/v'Sr)}  kv.  per  centimetre,  where  j7o=31 
(concentric  cylinders),  ^0=30  (parallel  wires).  5=3-926/(273-i-/), 
&=barometric  pressure  centimetres,  /=degrees  Centigrade. 

Surface  Spark-over  of  Insulators. — Spark-over  tests  were  made  on 
several  standard  insulators.  The  results  are  plotted  in  Table  II. 
The  spark-over  voltage  is  highest  when  the  cap  or  electrode  aromid 
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which  the  field  intensity  is  highest  is  (-).  This  checks  with  the 
impulse  tests.  When  the  cap  is  (  +  )  the  direct -current  spark-over 
voltage  generally  very  nearly  coincides  with  the  maximum  alter- 
nating-current spark-over. 

Table  II. — Surface  Spark-over  of  Suspension  Insulators. 


Insulator 

60-cycle, 

kilovolts 

(max.). 

Direct-current,  kilovolts. 

number. 

Cap  +  .                       Cap-. 

1 
2 
3 
4 
5 

1160 
990 
1260 
111-5 
119-0 

117-5 
99-0 
132-0 
1280 
128-0 

127-5 
1060 
1390 
1350 
135-0 

Oil. 
The   "  corona "   and   spark-over  characteristics   of  oil   are   very 
similar  to  those  of  air.     Practically  the  same  laws  are  followed  for 
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Solid  Insulations. 

In  air  and  in  oil  there  is  no  appreciable  loss  untU  local  breakdown 
occurs  in  the  form  of  corona  or  brushes.  In  soUd  insulations  loss 
starts  as  soon  as  voltage  is  applied  and  generally  increases  as  the 
square  of  the  voltage.  The  heating  which  results  increases  the  loss 
and  weakens  the  insulation.  Practically  aU  solid  insulations  absorb 
moisture.  The  interstices  in  the  non- homogeneous  structure  become 
filled  with  moisture  and  gases.  This  makes,  in  effect,  not  only  a 
complicated  arrangement  of  resistances,  but  also  of  resistances  and 
capacities  in  series  throughout  the  material.  Where  the  conducting 
paths  extend  through  from  terminal  to  terminal,  either  alternating 
or  direct  current  can  flow.  But  where  the  conducting  paths  extend 
partly  through  the  structure  they  are,  in  effect,  resistances  in  .series 
with  capacities  ;  only  alternating  current  can  flow  through  these 
pathtS.  The  effective  resistances  as  measured  by  alternating  current 
and  hy  direct  current  are  quite  different  except  in  tho.se  soUd  insula- 
tions in  which  the  "'  conducting  "  paths  are  arranged  from  terminal 
to  terminal.  The  voltage  distriV ution,  heating,  &c.,  will  generally 
not  be  the  same  for  alternating-current  and  direct -current  voltages. 
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Fig.  8. — Vari.\tiox  of  Direct-current  and  Alternating -cur- 
rent Puncture  \"oltages  with  Time  of  Application — Varnished 
Cambric. 


alternating-current  voltages  in  both  oil  and  air.     This  apparently 
also  holds  for  direct  current. 

Needle  gap  spark-over  voltages  for  oil  are  given  in  Table  III.  The 
direct-current  voltages  correspond  to  the  alternating-current  maxi- 
mum. 

Table  III. — Direct -mrrent  and  AUcrnatiug-cnrrent  Spark-over  Tests  on 
2/0  iYfierf/e«  in  No.  8  Transil  Oil  at  25°C. 


Nc'cdlo  gap, 

GO-cycle, 

Direct -currpnt. 

centimetrcB. 

kilovolts  (max.). 

kilovolts  (max.). 

0-317 

21-2 

21-7 

0-635 

34-7 

33-5 

1-27 

.50-5 

50-2 

1-ni 

650 

66-0 

2-54 

86-5 

82-5 

The  effect  of  moisture  on  the  strenstth  of  oil  for  alternating-current 
and  direct-current  voltages  is  j)lotte<l  in  Fig.  7. 
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When  the  oil  is  wet  llu>  direct curn'nt  breakdowii  voltage  is  lower 
than  tile  alternating-iurreiit  i)reakd()wn  voltage.  This  is  prolial>ly 
duo  to  lining  up  of  water  particles  under  direct  current. 


In  the  homogeneous  materials,  air  and  oil,  direct -current  breakdown 
voltages  corresjxjnd  to  the  maximum  60-cycle  alternating-current 
breakdown!  voltages.  In  most  soUd  insulations  relatively  liigher 
direct-current  values  should  be  exjjccted.  especially  in  insulations 
where  the  alternating-current  and  direct-current  "  resistances  "  are 
decidedly  different. 

Varnished  Caiiihric. — Because  of  the  effects  of  heating  due  to 
losses,  voltage-time  curves  are  necessary  in  order  to  comj>are  the 
strengths  of  soUd  insulations.  Alternating-current  and  direct - 
current  voltage-time  curves  were  taken  on  vanushed  cambric.  The 
insulation  under  test  was  ])laced  in  transil  oil  between  5  cm.  diameter 
brass  jjlates  with  rounded  edges.     A  given  voltage  was  applied  and 
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Fn;.  9. — Effect  of  Temperature  on  the  Alteknating-cukkent  and 
Direct-current  Disriptive  Strength  of  Varnished  Cambric. 

time  noted  luitil  breakdown  occurred.  The  break-down  voltage* 
for  various  thicknesses  of  varnished  cambric  in  the  approximately 
uniform  field  between  jwirallel  plates  is  plotted  in  Figs.  S  and  9. 

Fig.  8  shows  that  the  direct -current  i)imcture  voltage  for  a  given 
thickness  of  camltric  and  f<^ra  given  time  of  application  is  higher  than 
the  maximuni  alti-niating-cura'iit  pimcture  volt.ige.  Fig.  9  shows 
that  both  the  altematmg-current  and  direct -current  puncture  volt- 
ages decrea,se  with  increasing  tomivriiture.  (The  t<'ni]X'rature 
referrtMl  to  is  that  of  the  oil  bath  in  which  the  insulation  is  iiinners«><i.) 

The  curves  l>etweon  puncture  voltage  and  time  are  closely  approxi- 
mated by  the  equation — 

f=rf„  .;i-t-(a  ^'f))  kilovolts, 

or  the  unit  strength  by 

9=3*  ;!+("  '^T)]  kilovolte  jier  niillimetre. 
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Where  e=puncture  voltage  in  time  T,  kilovolts  (max.) ;  7'=time in 
seconds  ;  eo=puncture  voltage  for  7'=  as,  kilovolts  (max.) ;  5r=break- 
dowii  gradient  in  time  T,  kilovolts  per  millimetre  ;  g^o^  breakdown 
gradient  in  7'=  co,  kilovolts  per  millimetre  ;  a=depends  upon  the 
kind  and  tliickness  of  the  insulation  and  frequency. 

This  equation  seems  to  hold  well  for  a  range  of  time  between 
T=\  and  T=  co.  The  breakdown  voltage  is  plotted  with  Ij^^T  in 
Fig.  10.  The  result  is  a  straight  line  from  which  the  above  relation 
is*obtained. 

'in  Fig.  11  the  alternating-current  and  direct -current  breakdown 
voltages  of  varnished  cambric  for  the  time,  T=  co,  are  plotted  with 
thickness.     As|T=  ca,  this  is  the  highest  voltage  that  the  insulation 
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Fig.  10. — Variation  of  Alternating-cxjreent  and  Direct-current 
Puncture  Voltages  with  Time. 

4  sheets  (1-20  mm.)  Varnished  Cambric  Voltage  plotted  with  \l\''l. 


will  withstand  indefinitely  without  puncture.  For  this  material,  at 
thicknesses  from  0-3  mm.  to  1-2  mm.,  the  puncture  voltage  increases 
directly  with  the  thicluiess — that  is,  the  direct-current  luiit  break- 
down strength  or  gradient  is  constant.  The  unit  strength  of  solid 
insulations  under  alternating-current  voltages  decreases  \\\\\\ 
increasing  thickness.     For  alternating-current  voltages — 


or. 


S'=5'o{l  +  (a/V')}. 


For  direct-current  voltages  apparenth^  9'=5'o  and  e=g(f,  where 
e= breakdown  voltages  of  thickness  t ;  /= thickness  in  millimetres  ; 
gr=unit  strength  for  thickness  t,  in  kilovolts  per  millimetre  ;  gro=con- 
stant ;  a=depends  upon  the  kind  of  insulation,  time  and  frequency. 
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Fig.  U. — Variation  of  Alternating-current  and  Direct-current 
Breakdown  Voltage  with  Constant  Time. 
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The  curves  in  Fig.  12  correspond  to  those  in  Fig.   11  for  T  = 
seconds. 

It  can  be  seen  from  the  above  relations  that  the  ratio  betw^een  the 
direct-current  and  alternating-current  puncture  voltages  for  solid 
insulations  cannot  be  constant,  but  must  increase  ^vith  increasing 
thickness  of  insulation,  especially  where  the  time  of  ajiplication  is 
long.  This  is  shown  graphically  in  the  ratio  curves  in  Figs.  11  and 
12.  Thus,  in  Fig.  12,  where  the  time  is  2  seconds,  or  relatively 
short,  the  direct-current  puncture  voltage  very  nearly  corresponds 


to  the  alternating-current  maximum  puncture  %'oltage  where  the 
thickness  is  not  great.  In  Fig.  11,  where  the  time  i.s  a  maximum,  the 
direct-current  puncture  voltage  is  2-5  times  the  alternating-current 
maximum  puncture  voltage  or  3-o  times  the  alternating-current 
effective  voltage  for  a  thickness  of  1-2  mm. 

Some  of  the  direct-current  puncture  values  for  single  sheets  of 
cambric  apparently  have  a  lower  unit  strength  than  a  greater  number 
of  sheets.  This  is  undoubtedly  due  to  a  greater  probability  of  weak 
spots  on  a  single  sheet.  Results  of  the  same  consistency  cannot  be 
expected  or  obtained  on  solid  insulations  as  on  gaseous  and  liquid 
insulations. 

The  thickness  range  of  the  insulation  in  the  above  tests  was  not 
great  ;  it  was  limited  by  the  available  voltage  ( 150  kv.  direct  current ). 
It  is  possible  that  the  direct-current  unit  strength  will  not  remain 
approximately  constant  over  a  wide  range. 

Wet  Insulations. — Some  2-4  mm.  (3/32  in.)  treated  pressboard 
was  soaked  in  water  and  then  partly  dried  out.  Alternating-current 
and  direct -current  tests  were  made  on  this  poor  insulation. 

5  kv.  was  thrown  on  the  insulation,  after  the  first  minute  the 
voltage  was  increased  to  7-5,  then  to  10,  &c.,  until  breakdown 
occurred.  If  breakdowii  occurred  before  the  end  of  the  minute  the 
time  was  recorded  in  seconds.  For  example,  in  the  first  alternating- 
current  test,  insulation  No.  6  withstood  60  seconds  at  o  kv.,  60 
seconds  at  7-5  kv.  and  5  seconds  at  10  kv.  when  breakdown  occurred.  It 
will  be  noted  that  the  direct-current  and  alternating-current  maximum 
breakdown  voltage  average  about  the  same  in  this  insulation  which 
was  conducting  from  terminal  to  terminal.     In  some  of  the  tests,  in 
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FiG.  12. — Variation  of  Alpernating-cuerent  and  Direct-current 
Breakdown  Voltage  with  Constant  Time. 


fact,  breakdowTi  takes  place  at  a  lower  voltage  on  direct  current  than 
alternating  current.  This  is,  jDerhaps,  due  to  a  better  lining  up  of 
moisture  hy  direct  current.  Some  of  this  insulation,  dry  and  in 
perfectly  good  condition,  was  then  tested  in  the  same  way.  Siarting 
at  5  kv.  the  voltage  was  increased  every  60  seconds  in  2-5  kv.  steps 
until  breakdo\^ii  occurred ;  breakdoA^ni  resulted  on  alternating- 
current  when  70  kv.  (max.)  was  reached;  on  direct  current  when 
130  kv.  was  reached. 

Similar  tests  were  made  on  sections  of  paper-insulated  cables  that 
had  absorbed  varying  amoimts  of  moisture.  In  those  sections  in  the 
worst  condition  as  indicated  by  low  pmicture  voltages,  the  direct- 
current  and  alternating-current  maximum  puncture  voltages  aver- 
aged about  the  same.  In  the  sections  in  the  best  condition  the 
direct-current  puncture  voltage  was  somewhat  lugher  than  the 
maximum  alternating-current  voltage. 

There  is  considerable  difficulty  in  practice  in  making  alternating- 
current  voltage  tests  on  long  lengths  of  cables,  due  to  the  size  of  the 
apparatus,  which  is  necessarily  large  on  account  of  charging  curren'". 
The  necessary  kilovolt-amperes  often  amoimt  to  several  hundred. 
The  wave  shape  is  often  distorted  by  the  leading  current,  the  appa- 
ratus is  difficult  to  move  about.  &c.  Direct -current  tests  would 
eliminate  these  difficulties,  as  very  small  apparatus  would  be  re- 
quired, providing  such  tests  would  detect  faulty  sections,  &c.  It 
cannot  be  said  that  a  given  direct -current  voltage  is  equivalent  to  a 
given  alternating-current  voltage.  The  above  tests  indicate,  how- 
ever, that  faulty  sections  of  cable  could  be  as  equally  well  located  by 
direct-current  tests  as  by  alternating-current  tests. 
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THE  LAY  PRESS  AND  TECHNICAL 
EDUCATION. 

Till  such  time  as  the  meaning  and  purpose  of  higher 
technical  education  is  better  understood  and  more  highly 
appreciated  bv  the  lay  Press  it  is  doubtful  whether  live  and 
intelligent  interest  will  be  shown  by  those  who  are  most 
likely  to  benefit  by  such  education.  "^ 

The  truth  of  this  was  brought  home  to  us  recently  in  the 
course  of  correspondence  with  the  editor  of  an  old-estab- 
lished provincial  weekly.     It  appears  that  an  important 
success  was  secured  by  the  local  technical  college,  and, 
apparently,   the   only  space   available   for  recording  this 
success — a  success  of  which  any  town  really  interested  in 
technical  education  might  well  be  proud — was  that  required 
by  a  tour-line  note.     To  show  his  appreciation,  the  editor 
allowed  the  note  to  be  sandwiched  between  "  Police  News  " 
and  "  Hints  on  Jam  Making,"  the  latter  being  one  of  the 
humorous  compositions  we  are  beginning  to  expect  from 
the  Board  of  Agriculture  in  reply  to  requests  by  the  people 
of  the  country  for  bread  and  meat.     It  warned  people 
against  using  benzoate  of  soda  as  a  substitute  for  sugar  in 
the  making  of  jam,  and  in  passing  we  would  observe  that 
anvone  suificientlv  foolish  to  use  the  abomination  named 
for  the  manufacture  of  anything  as  homely  as  jam  deserves 
to  learn  by  personal  experience. 

A  brief  protest  brought  forth  an  article  of  some  length, 
which  was  characterised  not  so  much  by  the  knowledge  it 
imparted  as  by  the  abuse  it  contained.  Further  corre- 
spondence, in  which  it  was  suggested  that  had  the  student 
committed  a  petty  theft  prominence  would  have  been  given 
to  the  fact  without  any  prompting  by  the  person  whom  he 
had  robbed,  brought  more  abuse  of  a  kind  bordering  on  the 
vulgar,  and  which  gave  one  the  idea  that  the  editor  was 
angry  with  his  correspondent  for  directing  his  attention  to 
a  matter  of  national  importance,  which  he,  intent  on 
praising  the  parish  pump,  had  overlooked. 

If  local  opinion  be  influenced,  as  it  should  be  influenced, 
bv  the  local  Press,  we  are  of  the  opinion  that  something 
more  than  attendance  at  prize  distributions  and  annual 
sports,  to  say  nothing  of  reports  of  education  committee 
meetings  and  four-line  paragraphs  recording  important 
successes,  are  necos.sarv  before  newspapers  can  claim  to 
speak  with  authority  on  the  subject  of  technical  education. 
CoMMOH  Battkry  tblkfhony  Simplifibd.    By  w.  Atkins.   Third  issue    3s.  nett,  No  woiidcr  our  people  are  iguoraut  wlicu  the  food  pro- 

Elbctromaonbtic  Thbory.    By  oiivw  Heaviside.   VoL  I.    Pric«  12s.  ed.    Vol  II      vidcd  bv  the  lav  Press  fof  the  cousumptiou  of  the  rising 

Price  1 2s  6d.     Vol.111.     21s.  nett.  ."  "  i     f        xi.  j.  a.      t  4.       ^(    ♦!.,, 

generation  consists  for  the  most  part  of  accounts  oi  thea- 
trical ]>erfnrniiincos.  kinema  shows  and  music-hall  enter- 
tainments (witli  accompanying  advertisements  in  another 
column),  together  witli  a  goodly  supply  of  information 
concernir.g  the  evil  that  men  do.  It  is  not  to  be  wondered 
at,  we  say.  that  our  traders  fear  foreign  competition  when 
a  football  match,  a  boxing  contest  or  a  race  meeting  receives 
tuller  tn'atinent  at  the  hands  of  the  lay  Press  than  does  an 
epoch  making  tli.xcoverv.  which,  as  a  rule,  is  written-up  by 
.some  badly  informed  journalist. 

Notwithstanding  the  big  and  ever-increasing  demand  for 
technologists,  we  ask  :  "  Is  it  a  matter  for  surprise  to  find 
that  th<'  institutions  in  which  such  men  are  trained  are 
practically  empty  at  the  present  time,  seeing  that  the  lay 
Press  .sounded  no  warning  note.*'  Such  is  the  support  they 
give  to  technical  education  that  one  finds  in  their  columns 
articles  in  which  encouragement  is  given  to  ill-considered 
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"  Thb  Electrician  "  Electrical  Trades'  Directory  and  Handbook.  Published 
annually  In  February,  corrected  to  mid-February,  1916.  Established  1882.  A  very 
valuable  advertising  medium,  covering  the  entire  Industry.  Subscription  price 
which  is  received  in  advance  up  to  Jan.  31st  In  each  year  for  the  next  following 
•dition)  10s.  6d.  nett,  postage  (U.K.)  9d.  extra.  Price,  after  Jan.  31st,15s.  nett,  postage 
(U.K.)  9d.  extra.  After  Oct  30th  in  any  year  the  price  is  reduced  to  10s.  6d.  nett 
Postage  of  all  copies  to  (Continent  of  Europe,  Is.  8d. ;  Canada  and  India,  2s. ;  Austra- 
lasia and  South  Africa.  3s. ;  United  States  of  America  and  other  Countries,  2s.  6d- 
The  NEW  (1916)  EDITION  of  the  Directory  &  Handbook  Is  now  available. 

WiiBLBsa  Telegraphy  and  Telephony.  Handbook  of  Formulae,  Data  and  Informa- 
tion. By  W.  H.  Eccles,  D.Sc.  Now  Ready.  Price  12s,  6d.  nett.  by  post  13s.  New 
Edition  in  preparation. 

The  Principles  of  Automatic  Telephony.  By  W.  Atkins.  New  Edition  Now  Ready. 
Price  2s.  6d.,  post  free  2s.  8d. 

Theory  of  THE  Submarine  Telegraph  Cable.     By  H.  W.  Malcolm.  D.Sc.   Nearly  Ready. 

Submarine  Cable  Laying  and  Repairing.  By  H.  D.  Wilkinson.  M.I.E.E.  New 
Edition  in  preparation. 

Tne  Localisation  of  Faults  in  Elbctkic  Light  Mains.  By  F.  C.  Raphael  New 
Edition  Now  Ready.     Bs.  6d.  nett,  post  free  9a. 

Pbimary  Batteries  :  Their  Construction  and  Manufacture.  By  W.  R.  Cooper. 
Price  lOs.  6d.  nett     New  Edition  Nearly  Ready. 

Electric  Blasting  Apparatus  and  Explosives  :  With  Special  Reference  to  Colliery 
Practice.     By  W.  Maurice.     Price  8s.  6d.  nett 

The  Shot-Fireh's  Guide  :  A  Practical  Manual  on  Blasting  and  the  Prevention  of  Blast- 
ing Accidents  in  Mines,  Quarries,  &c.     By  W.  Maurice.     Price  3s.  6d.  nett 

The  Elbctkic  Furnace  in  Iron  and  Steel  Production.  By  John  B.  C.  Kershaw, 
F.l.C.     Piice3s.  6d.  nett 

The  Practical  Wireless  Slide  Rulr.  By  Dr.  H.  R.  Belcher  Hickman.  Priie  2s.  6d. 
nett     Reduction  on  quantity. 

Light.  Radiation  and  illumination.  From  the  German  of  Paul  Hogner,  translated 
by  Justus  Eck.     Price  6s.  nett,  post  free  65.  6d. 

Elembntary  Tmbofy  of  Alternate-Current  Working.  By  Capt.  C.  L.  Hall,  R.E. 
3c.  6d.  nett. 


Electric   Cranbs  :    Thbir    Dbsion.   Construction   and   Application.     By    H.    H. 

Broughton,  M.I.E.E.     Pi  Ice  25s.  nett,  postage  9d.  (abroad.  Is.  8d.) 
Electrical  Testing  for  Telegraph  Engineers.     By  J.  Elton  Young.     Price  IDs.  6d. 

nett,  post  free  1  Is 
Students'  Guide  to  Submarine  Cable  Testing.      By  H.  K.  C.  Fkher  and  J.  C.  H. 

Darby.     Price  7s.  fed  nett 
Electric  Mains  and  Distributimo  Systems.     By  J.  R.  Dick,  B.Sc.,  and  F.  Fernle. 

A.M.InstC.E.    New  Edition  in  preparation. 


ELECTRIC  SHOCK  PRECAUTIONS  (in  Hanging  Card.  Shebt,  and  Pocket  Book 
Form):  A  complete  set  of  Electric  Shock  Rules  and  Precautions.  In  sheet  form, 
also  as  a  h«nging  card,  also  (ulde-i  in  envelope  for  thp  pocket  Sheets:  id.  each, 
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schemes  for  the  training  of  war  workers.  We  .say  de- 
liberately that,  as  a  result  of  this  encouragement,  the  State 
allows  public  money  to  be  spent  unwisely  by  many  of  our 
colleges  at  the  present  time. 

Vitally  important  as  higher  technical  education  is  to  us 
if  we  wish  to  maintain  our  position  in  the  struggle  for 
industrial  supremacy,  there  is  another  and,  in  many 
respects,  equally  important  side.  Jn  the  words  of  Herbert 
Spencer,  whose  essay  on  "  Education,"  by  the  way,  has  a 
special  significance  at  the  present  time,  "  Sad  indeed  it  is 
to  see  that  men  occupy  themselves  with  trivialities,  and  are 
indifferent  to  the  grandest  phenomena  ;  care  not  to  under- 
stand the  architecture  of  the  heavens,  but  are  deeply 
interested  in  some  contemptible  controversy  about  the 
intrigues  of  Mary  Queen  of  Scots  ;  are  learnedly  critical 
over  a  Greek  ode  and  pass,  without  a  glance,  that  grand 
epic  written  by  the  finger  of  Clod  on  the  strata  of  the  earth.  ' 


REVIEWS. 

Copies  of  the  undermentioned  works  can  be  had  from  The  Electrician  Offices,  post 
free,  on  receipt  of  published  price,  adding  3d.  for  books  published  under  2s.  Add 
10  per  cent  for  abroad  or  for  foreign  books.] 


An  Intermediate  Text  Book  of  Magnetism  and  Electricity.    By 

G.  F.  WoODHOUSE.  (Scdbcrgh  :  Jackson  &  Son.)  Pp.  x. -f2(54. 
6s.  net. 
The  only  novelty  possessed  by  this  book  is  that  it  appears 
to  have  been  written  for  nobody  in  particular.  We  have 
searched  through  the  three  parts — namely,  Magnetism,  Elec- 
tricity and  Electrostatics — for  new  features  and  have  found 
none. 

If  the  author  really  feels  that,  "  since  electricity  plays  so 
important  a  part  in  everyday  life,  a  student  should  know 
something  of  the  technical  side  of  it,"  and  if  he  hopes  that  his 
treatment  of  "  dynamos,  telegraphs,  &c.,"  is  sufficient  to  arouse 
a  student's  interest  and  to  encourage  him  to  further  study,  his 
feelings  agree  with  our  own  ;  but  his  hopes  and  ours  are  very 
different,  and  for  close  upon  a  quarter  of  a  century  we  have 
been  studying  and  teaching  electrical  engineering.  During 
this  time  we  have  found  that  by  scrapping  tangent  galvano- 
meters and  Daniell  cells,  by  telling  students  nothing  of  right 
and  left-hand  rules,  and  forgetting  about  men  swimming  with 
currents,  by  throwing  all  cat-skins  into  the  dust  bin,  by 
making  the  most  of  simple  apparatus  and  looking  at  the 
subject  from  an  engineering,  and  therefore  scientific,  standpoint 
the  subject  can  be  made  electrical  in  its  interest. 

We  are  strongly  of  the  opinion  that  the  spending  of  a  certain 
period  in  the  works  and  in  the  test  room  should  be  one  of  the 
conditions  of  the  appointment  of  any  man  who  is  expected  to 
teach  magnetism  and  electricity.  If  this  were  done,  motor 
starters  of  the  kind  depicted  in  this  book  would  gradually 
disappear  from  text  books,  and  laboratory  work  would  be 
practical  and  workmanlike. 

Speaking  of  the  rotating  field,  the  author  states  that  "  This 
is  turned  to  account  in  the  construction  of  .  .  .  the  squirrel- 
cage  motor."  This,  of  course,  is  strictly  in  accordance  with 
fact ;  but  in  the  brief  description  of  this  motor  we  are  told  that 
"  The  rotor  consists  of  two  discs  or  rings  mounted  on  a  shaft 
a  short  distance  aj^art.  Many  bars  of  copper  are  fixed  across 
frym  one  circumference  to  the  other.  The  stator  is  similar 
to  that  in  Fig.  148,  but  has  many  more  poles."  In  these  words 
is  one  of  the  greatest  discoveries  of  our  time  described.  The 
illustration  referred  to  is  a  spider-line  diagram,  which  we  do 
not  pretend  to  understand.  On  j).  143  the  student  is  recom- 
mended to  construct  a  commutator,  of  which  drawings  are 
given.  Our  advice  to  the  author  is  that  he  should  endeavour 
to  construct  a  commutator  to  the  same  drawings. 

We  have  little  space  at  our  disposal  to  notice  the  many  other 
instances,  such  as  "  These  (arc)  lamps  are  very  efiicient,  and 
give  about  1  c.p.  per  watt  "  ;  and  the  example  on  p.  109,  in 
which,  in  drawing  a  comparison  between  continuous-current 
and  alternating-current  transmission,  the  author  shows  that 


the  latter  is  a  "  much  more  conomical  arrangement  '  bv 
spending  ten  times  as  much  on  copper  for  the  alternating- 
current  line  as  need  be  spent.  The  subject-matter  on  rite  pure 
magnetism  and  electricity  side  is  no  Ixitter  than  that  to  be 
found  in  a  large  number  of  books,  and  the  author's  treatment 
on  the  technology  side  could  not  easily  be  worse  than  it  i.s. 
To  two  students  credit  is  given  for  the  diagrams,  "  which  form 
an  important  feature  of  the  work."  One  of  these  men  is  a  good 
draughtsman. 

Alternating  Currents :  Their  Elements  Explained,  and  their 
Calculation  Effected  without  the  Use  of  Hyperbolic  Func- 
tions. y>\  H.  K.  Kemfe.  (London:  Crosby  Lockwood  ic  Son.) 
I')).  vii.+8.3.     .3s.  fid.  net. 

This  useful  and  well  got  up  little  book,  by  a  man  who  knows 
his  subject,  will  be  welcomed  by  those  for  whom  the  book  has 
been  written,  namely,  those  who  wish  to  know  by  what  pro- 
cesses formuko  given  in  existing  text-books  are  obtained. 

Of  the  nine  chapters,  the  first  is  introductory.  The  next 
four  deal  with  the  effects  of  inductance  and  capacity  ;  effect 
of  angle  of  lag  ;  joint  resistances  and  elementary  combinations 
of  resistance,  inductance  and  capacity.  Telephonic  tran.s- 
mission  is  considered  in  Chapters  VI.  and  VII.,  and  brief  notes 
oil  reflection  and  alternating  current  measurements  are  given 
in  the  remaining  chapters. 

We  are  of  the  opinion  that  in  places  the  author  unduly 
lengthens  the  elementary  algebra,  and  we  do  not  like  his  use 
of  the  word  resistance  for  the  combined  effect  of  R  and  L.  In 
some  respects,  however,  the  setting  out  at  length  of  algebraic 
transformations  is  helpful  to  the  student  working  without  a 
teacher,  and  it  is  possible  that  the  author  had  these  men  in 
view  in  compiling  the  sections  to  which  we  have  referred. 
Students  of  telephony  will  be  grateful  for  the  well-written 
chapters  dealing  with  telephonic  transmission,  and  those  who 
wish  to  know  how  elementary  diagrams  should  be  drawn  and 
lettered,  and  how  mathematics  should  be  set  up  in  type  cannot 
turn  to  a  better  authority  than  this  book. 

Every  Boy's  Book  of  Electricity  (Pereival,  Marshall  &  Co.) 
63  pages.     Price  Id. 

This  pamphlet  contains  definitions,  descriptions  of  primary 
and  other  batteries,  dynamos  and  motors,  electric  lighting, 
''  X  "  rays,  wireless  telegraphy,  besides  information  on  how 
to  become  an  electrical  engineer,  with  details  of  salaries  paid 
according  to  the  post.  The  figures  showing  a  storage  cell  and 
a  bichromate  battery,  apparently  short-circuited  through  an 
electromagnet,  might  be  improved.  The  latter,  for  instance, 
has  a  large  number  of  quite  unnecessary  spirals  of  connecting 
wire.  The  pamphlet  will  probably  serve  as  a  popular  intro- 
duction to  more  detailed  works. 


THE   APPLICATION   OF    TELEPHONE    TRANSMISSION 
FORMULAE  TO  SKIN-EFFECT  PROBLEMS.  =^ 


BY   PROF.    G.    W.    O.    HOWE,    D.SC. 


I, 


Summary. — The  problem  of  the  distribution  of  euiTent,  and  de})th  of 
penetration,  is  regarded  more  from  an  engineering  point  of  view  to  that 
generally  adopted. 


lu  the  introduction  it  is  pointed  out  tlutt  inside  the  materiiil.  of 
wliich  the  wire  is  made,  there  is  a  transmission  of  energy  at  right 
angles  to  the  direction  of  the  m.iin  trausiiii.ssion,  and  governed  by 
the  same  hiws. 

A  transmission  line  has  foiu*  fundamental  properties,  viz.,  resist- 
iinco,  inductau 'e,  capacity  and  l.'akance.  the  values  of  which  per  luiit 
length  may  be  represented  by  A',  L,  C  and  G  respectively.  If  Z  is  the 
impedance  of  unit  length  of  the  liiie,  Z=R+j(oL,  where  j=  y/—l  and 
a)=27r/;  similarly  if  Y  is  the  admittance  of  luiit  length,  Y=G+jwC. 
If  the  transmission  line  is  so  long,  or  the  losses  so  great,  that  the 
values  of  the  current  and  P.D.  at  any  point  are  not  affected  by 
reflection  from  the  receiving  end  when  an  alternating  P.D.  is  mam- 
tamed  at  the  sendmg  end,  then  the  P.D.  or  current  at  a  pomt  distant 
X  from  the  sending  end  is  equal  to  that  at  the  sending  end  multipUed 
by  f>.-»^,  where  a-=ZY. 

*  Abstract  of  a  Paper  in  the  "  Journal '"  of  the  Institution  of  Electrical 
Engineers. 
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ZY={R+j(oL){G+jojC)  and  is  a  complex  or  vector  quantity, and 
g-«x  gives  botli  i\ve  amplitudie  and  the  phase  of  the  current  or  P.t). 
at  thr  given  point.  Tf  the  complex  quantity  v'(ZY)  be  split  up  into 
its  real  and  imaginary  parts,  we  have  y'{Zy)=(i''^ja,  and  e-"^ 
=e-fi^xe-J'"^.  Now  e-/3^  18  a  proper  fraction  and  gives  the  ampli- 
tude of  the  current  or  voltage  at  the  point  x  in  terms  of  the  amplitude 
at  the'sending  end,  while  e->^,  which  is  equal  to  cos  T.r—j  sin  «:<;, 
represents  a  vector  of  unit  length  rotated  through  an  angle  —ax.  At 
a  distance  x  from  the  sending  end,  the  phase  of  the  P.D.  or  current 
lags  behind  that  at  the  sending  end  l)y  the  angle  nx. 

The  problem  of  "  the  slabs  "  dealt  with  in  "  Recent  Researches," 
p.  206  is  reconsidered,  and  it  is  shown  that 

10». 


2n\/\j)^)' 


Therefore 


where  p  is  resistivity,  /  is  frequency,  /i  permeability,  and  t  the  depth 
which,  with  tiniform  distribution,  would  give  equal  losses.  Another 
method  of  arriving  at  (he  satnc  result  is  also  given. 

Conductors  in  which  the  Current  is  confined  to  a  Thin 

SujiFACE  Layer. 

The  same  formula  can  be  applied  to  any  conductor,  not  too  near 
the  return  load,  if  the  value  of  /  is  small  compared  with  the  nu'nimum 
dimension  of  the  <  ro.ss-sectioii.  If,  however,  the  ])enetration  is 
comparable  with  this  minimum  dimension,  the  formula  no  longer 
holds,  bccausn  the  inductance  and  leakance  of  our  lictitious  tr.ans- 
mission  line  into  the  material  change  as  the  centre  of  the  wire  is 
approached. 

if  ifi  ;t  roimd  wire  the  penetration  is  small,  the  ratio  of  the  effective 
to  the  total  cruss-section  is 

27r(r-|0<     2ffr-l 

nr-       "^  3^r^ 

Rr       fi-r^       /3V'(23r-fl) 

where  ft„  is  the  rcr;'::tance  to  steady  currents,  and  /i"/  the  resistance  to 
high  frc(|ucncy  currents. 

Jf  the  penetration  is  small,  as  we  have  assumed.  4fi-r'-  will  be  very 
large  compared  \nth  unity,  so  thcat  we  have  approximately, 

This  fonimlii  is  usually  given  without  the  constant  term  0-25,  and  is 
referred  to  as  Lord  Hitylcigirs  fonnula  for  very  high  frequencies.  As 
given  here  it  can  be  s;ifcly  used  if  the  value  of  R/jlio,  calculated  by  it, 
exceeds  1-7.'),  the  error  in  that  case  not  exceeding  1  per  cent. 

Exnmjth   1 .  — For  cop})er  at  a  frequency  of  10",  wejhave 

1      1       //l()»xl-7\        1 

<=-=—     /(---    A cm. =0066  mm. 

fi     2-nS/  \I()«X10V      ir)2 

R.'IR^     \{ir  f  0-2r)  -1(1  r)2r)  i  (»-2r)  -  7fir  +  0-2r), 

where  r     radius  of  wire  in  centimetre. 

The  formula  is  applicable  at  this  frequency  to  any  cojiper  wire 
with  a  diameter  exceeding  '  mm. 

ICaimjih  '!.-  Steel  r-'ils, /^5(),  ^j  — 20  X  10"  ohms  per  centimetre 
cube.     Assuming  ^     I  .(XW), 

«     «        //  ff^\     ^        l(     "»0x  1,000    \ 

/=l/^=rO-l  cm. 

Knowing  the  etpnvalent  ticptli  of  i)en(>tra1ion  and  the  jieripherv. 
the  etfective  rcsi.stiiiuc  can  Ix-  calculated.  If  tiic  frcqiicncv  be 
rcduit'd  to  2"),  /  becomes  II  mm.,  since  it  is  inversely  proj)ortional 
to  I  lie  square  root  of  the  frc(|ncnry. 

R<»IIND  WlREfl  IN  WIIK  n   TUr,  ClRRKNT  IS  NOT  fViNFINED  TO  A  THIN 

SlIU'ACE    LaVEU. 

Jn  this  case  (lie  (  haracterisli<!«.  ».f..  the  hiductancr  nnd  leakance 
per  eontimetiT  of  the  lictitious  transmission  line.-*  into  the  eonducUir, 
are  not  constant  hut  v.arv  \\\\\\  the  ili.«t,)n<e  from  the  centre,  and  the 
ordinary  telephone  transmission  fonmihv  atr  no  longer  appli(  .il>lc. 
Tlie  lictitious  lines  of  infinite  conductivity  are  now  two  panillH 
discs.  1  cm.  apart,  carrying  radial  curi-ent«,  while  the  tnngnetic  flux 
is  concentric  about  the  .i\is.  The  in<luc!rtnre  of  the  "  lilie '"  in 
henries  per  radial  eentirt)etrT»  if* 

2 

or  //.I-  where  i=  (2/10*).  .ind  .<  is  the  distance  from  tlK>  receiving 
end.  that  is.  from  the  centre  of  the  wire.     Tlic  leakance  per  radial 


centimetre  is  gx,  where  g=-2T:lp.     For  t4ie  loss  of  current  due  to 
leakance  we  have 

di 


dx==' 


and  for  the  drop  of  voltage  along  the  "  line  "  we  have 

dv      I    di     .    Z. 

dx     X    dl        X  ' 
assuming  that  the  current  is  a  sine  function  of  the  time. 

dh)     1     dv 


Hence 

where 

and 

where 
Hence 


dx^    X    dx 


-k^v=0. 


P=  -julg=  — Ja)47r/i/10»p, 

0=2rr  Jiffi/Wp). 
k=V20f45°. 


The  current  density  at  any  point  in  the  wire  is  equal  to  the 
potential  difference  between  the  two  parallel  discs  at  that  point 
divided  by  the  si)ecific  resistance  of  the  material,  that  \5,  to  Vx/p. 


20    18      16      14      (2     10      6 


icm 


Fio.  1, 


The  pix>blem  can  Ijc  soh-ed  for  .any  jxirticular  case  without  employ- 
ing higher  »nat hematics,  by  applying  the  graphical  method  so 
commonly  e»ni>loyed  in  telephone  transmission  proWems.     The  line 


12     to     20    ^4    ie    V     36   40 

Fi,=.  2. 

'linnouH  nirn'nt 
If  <f  V  /exeerds  .12  ;  «^/?>=0O38  rf%  /J  0  2S. 


is  (livtdeii  mto  a  definite  nu>nl>er  of  Section!*  by  f> 

and  capacity  to  \m-  (X)nr'entrated  at  A  number  ol     ,        - 

The  current  and  potentj«1  difference  at  the  receiving:  end  arp  A»*umed, 
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and  those  at  any  part  ot  the  hne  determined  by  constructing  a  vector 
diagram  section  by  section,  commencing  at  the  receiving  end  and 
gradually  working  back  along  the  line.  The  accuracy  will  dc^'cnd 
on  the  fineness  of  the  assumed  subdivision  of  the  lino. 

Several  graphical  constructions  are  tlicn  given. 

Although  of  interest  in  showing  clearly  the  variation  in  current 
density  and  phase  (hroiigliout  the  conductor,  the  graphical  con- 
struction is  quite  unnecessary  for  the  determination  of  lir/Jio  for 
such  large  values  of  d\/f.  One  would  not  apply  the  method  to  each 
individual  problem  as  it  arose,  but  merely  to  three  or  four  typical 
cases  lying  between  d\/f=10  and  «?\//=40  ;  the  results  could  then 
be  plotted  and  the  curve  used  to  find  the  value  of  R//Ro  for  any 
other  value  of  rfV/.     This  curve  is  shown  in  Fig.  2. 

Coiled  Conductors. 
As  a  further  illustration  of  the  application  of  the  method,  we  shall 
how  consider  the  case  of  a  solenoid,  closely  wound  With  a  single  layer 
of  rectangular  wire.  If  the  wire  is  of  small  radial  thickness,  or  the 
frequelicy  comparativclj^  low,  or  the  specific  resistance  high,  the 
current  may  extend  with  varying  density  throughout  the  whole 
cross-section.  From  the  point  of  view  of  the  transmission  of  energy 
normally  into  the  conductor,  it  is  analogous  to  a  transmission  line 
of  definite  length,  open  at  the  far  end,  the  far  end  in  tliis  case  being 
the  outer  surface  of  the  conductor,  and  the  length  of  the  transmission 
line  the  ladial  depth  of  the  wire  with  which  the  coil  is  wound.  If,  r^s 
we  are  now  assuming,  the  electromagnetic  energy  is  not  entirely 


ON  A  METHOD  OF   MEASURING    THE  PRESSUUE  OF 
LIGHT  BY  MEANS  OF  THIN  METAL  FOIL.^- 

BY   OFLBKRT   D.    WEST,   B.SC". 

In  a  Paper  to  the  Physical  Society  I  described  the  measurement  of 
the  pressure  of  light  by  a  method  requiring  few  of  the  ela>K)rate 
precautions  generally  necessary  in  such  experiments.  The  esKential 
feature  of  the  apparatus  was  a  strip  of  gold  leaf  suspended  in  the 
mifldle  of  a  test  tube  containing  air  or  hjdrogen  at  reduced  pres-sure. 
Radiation  from  a  32  c.p.  carbon  filament  lamp,  impinging  directly 
on  one  side  of  the  strip,  was  sufficient  to  cause  a  microscopically 
nicasureable  deflection  of  the  end. 

The  pressuie  of  normally  incident  radiation  on  a  perfectly  reflect- 
ing surface  has  been  shown  by  Maxwell  and  others  to  be  numerically 
equal  to  twice  the  energy  content  of  the  radiation  per  unit  volume, 
and  hence,  if  this  quantity  be  measured  in  the  way  described  below, 
a  check  on  the  original  observations  can  be  made.  A  mean  of  the 
results  of  several  successive  experiments  with  the  deflected  strips 
gave  a  value  for  the  pressure  of  radiation  which  only  differed  from 
that  calculated  from  the  energy  density  by  a  small  per  cent.  The 
accuracy  and  constancy  of  the  final  results  seemed  to  preclude  their 
being  seriously  affected  by  gas  action  ;  but,  as  gas  action  had  to  be 
taken  into  consideration,  the  present  research  was  undertaken  with 
a  view  to  its  fuller  investigation,  and  if  possible  to  its  complete 
elimination. 
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Tie.  3. 

dissipateel  before  reaching  the  enel  of  the  line,  the  elect romagne^iic 
wave  is  reflecteel  and  gives  rise  to  a  wave  travelling  back  along  the 
line,  i.e.,  radially  inwaids  in  our  coiled  coneluctor,  this  reflecteel  wave 
being  superposed  upon  the  forwarel  or  outward  wave. 

The  formidse  for  this  ease  are  well  known  to  telephone  engineers 
and  those  concerned  with  long-distance  power  transmission.  The 
remainder  of  the  Paper  deals  with  this  calculation  and  alternative 
method,  the  final  result  for  copper  being  written 

R,  /Ro=  1+47-5  x'10-«(rV/)*. 

Equivalent  formula  have  been  obtaineel  by  Wien  and  Sommerfeld 
by  other  methods. 

The  values  of  Rc/Rg  ealculateel  from  the  accurate  formula  R,/R„ 
=^r/y  for  different  values  of  /3r  are  plotted  in  Fig.  3.  These  results 
are  not  only  applicable  to  single-layer  solenoids  closely  wound  with 
rectangular  wire,  but  also  to  hollow  tubular  straight  coneluctors  with 
a  radial  thickness  r  not  exceeding  about  one-third  of  the  nvdius. 
The>y  are  also  applicable  to  the  case  first  consielered,  viz.,  two  wide 
parallel  strips  or  slabs,  if  the  penetration  is  such  that  the.  current  is 
distributed  throughout  the  whole  tbickness  of  the  strips. 


Protective  Relays. -In  a  recent  issue  of  the  "  Mectric 
Journal  "  there  is  an  article  by  Mv.  N.  N.  Cinchton  on  the 
"Use  ot  Protective  Relays  oh  Altematifi.g-clirre'nt  Trans- 
ririssi^n  Systems."  The  siibjoct  was  discussed  under  tlie 
following  headings  :  The  Sectionalising  of  Transmission  Lines  ; 
Calculation  of  tlie  SliGrt-circuit  Current  ;  Relay  Accuracy  ; 
Effect  of  Unbalanced  Sbort-circuits  ;  Protection  of  Apparatus  ; 
and  Details  oi  Relay  Constnuctio-n, 


F 


Fiei.  1.— Akkangemext  of  Apparatus. 

H  is  hollow  stopper,  E  is  cover  glass  cemented  to  tube,  F  contains  pith  charcoal.  G  is 
tube  which  may  be  connected  to  Galde  pump. 

Measurement  of  the  Energy  Density. — The  methcel  used  was  similar 
to  that  describee!  in  the  previous  Paper.  The  initial  rate  of  rise  of 
temperature  of  a  blackeneel  copper  plate  enclosed  in  the  tube  wa^ 
measureel  by  means  of  an  attacheel  copper  eureka  thermo-junction. 
Due  allowance  was  made  for  cooling  corrections,  and  the  lamp  black 
was  again  assumed  to  absorb  Oo  per  cent,  of  the  incident  raeliation. 
The  colel  junction  was  immerseel  in  oil  contained  in  a  vacuum  flask, 
and  during  an  experiment  a  delicate  indicating  thermometer  in  the 
oil  only  showeel  negligible  variations.  The  calibration  of  the  theiinc- 
junction  was  carried  out  in  the  usual  way,  anel  a  nuudier  of  minor 
matters  received  fuller  consideration  than  was  previously  given. 

When  from  the  n^easurements  thus  taken  the  energy  reaching 
1  sq.  cm.  in  one  second  is  known,  the  energy  per  1  c.c.  ean  be  eal- 
culateel from  a  knowledge  of  the  velocity  of  light. 

The  32  c.p.  lamp  was  enclosed  hi  a  metal  box  Avhose  front  fac^e  luid 
been  replaced  by  a  glass  screen  covered  with  a  few  thin  wires. 
Inasmuch  as  it  is  required  that  the  radiation  should  be  normally 
incident,  the  lamp  was  not  brought  too  close  to  the  tube,  a  calculation 
of  the  limiting  approach  having  been  previously  made.  Ilie  current 
passing  through  the  lamp  was  kept  at  the  same  value  throughout  all 
the  expeiimentg.     The  reflecting  and  transmitting  powers  of  the  foils 

*  AhstrRct  ot  f'fVpet  reafl  before  the  Physical  f?ociety  of  London, 
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used  were  then  tested.     Cold  and  aluminium  reflected  90  per  cent, 
of  incident  radiation. 

Calculation  of  the  Deflection  of  the  Strip.— fiince  the  foil  reflects 
90  per  cent,  of  the  incident  radiation,  and  since  7  per  cent,  is  re- 
flected from  the  glass  of  the  tube,  the  total  pressure  of  the  radiation 
is  given  bv 

i;(  1 +0-07  X  0-9)(  1 +0-9)  or  2-04jE;, 

where  E  is  the  energy  density  of  the  incident  leam. 

A  certain  amount  of  radiation,  however,  strikes  the  back  of  the 
gla^s  tube,  and  some  of  this  is  reflected  lo  the  back  of  the  strip.  For 
a  strip  three-quarters  the  width  of  the  tube  it  is  estimated  that  the 
noimal  component  of  this  radiation  is  about  1  per  cent,  of  all  that  is 
incident  on  the  strip.  Jt  is,  therefore,  necessary  to  substitute 
2i)2E  for  204^. 

It  (j'Ji  be  shown  that  a  uniform  flexible  strip  when  deflected  by  a 
small  unifoim  pressure  still  remains  straight.  To  a  close  degree  of 
ai)j)roximation,  therefore,  we  may  calculate  the  deflection  of  a  strip 
such  as  that  represented  in  P'ig.  1  by  taking  moments  about  the  axis 
of  rotation.  The  details  of  apj  aiatus  used  are  then  given,  the  expan- 
sion of  strip  due  to  lise  of  temperature  is  examined,  as  well  as  the 
ther mo-kinetic  reaction.  A  serie.'s  of  results  taken  in  succession  Is 
given  below. 

Gold  STRrr. 
Liquid  air  vacuum.     Encrgj'  density  of  radiation  when  lanii)  105  cm. 
distant  —  1  ■'.}')  y.  10-'' ergs/cc.     Length  of  stri])  =-7-10  cm.  Length  of  folded 
part  AC  =  102.     Mass  of  1  sq.  cm.  of  gold  leaf =1-82  x  10-*  gm. 


Distance 

Deflections  from  lamp. 

Deflections 

on  W'TilntY'd 

of 
source. 

Lamp  on      '      Lamp  on 
left  side.       1     right  side. 

Mean. 

from  energy 
density. 

lO-.Tcm. 
1 1  r,  cm. 
12-5  cm. 

2-5x10-*  cm.'  :{-2 x  10-»  cm. 
1-9                       2-7 
1-7                     2-2 

2-8x10-3  cm. 

2-3 

2  0 

l-OxlO^  cm. 

1-4 

1-2 

The  reason  why  all  the  preceding  results  are  too  high  has  not  been 
explained,  and  it  is  j)ropo.>-(d  to  undertake  further  investigations  on 
the  matter.  (Jther  results  obtained  with  the  gold  strip  were  also 
too  high,  but  I  etter  results  were  obtained  with  the  aluminium  strip. 

lv\j('riment.s(jn  the  pressure  of  light  may  be  advantageously  carried 
out  as  far  below  tl:e  maximum  as  jjossible,  or  as  far  above  the 
m.".xinuim  rs  convection  <  urrents  will  jiermit.  The  latter  alternative 
is  tilt!  eai-iei-,  and  aj)pears  to  give  more  consistent  results. 


THE   CHARACTERISTICS   OF   TUNGSTEN    FILAMENTS 
AS  FUNCTIONS  OF  TEMPERATURE.* 

BY   IRVINO   LANOMUni. 

Svmmfiri/.—'V\u-  author  discusses  various  functions  for  estimating  the 
tcniixTfiUnc  of  tilaiiunls.  Tlx'  (iiicslion  of  specific  resistance  and  total 
t  niissivity  aic  (!(  alt  with,  and  the  intiiiisic  l)riilinncy  of  a  blar-k  body  as  a 
function  of  the  temju-rature  is  cah  nintcd  by  niean.s Of  Planck's  ec|uiition. 
This  is  then  ((ini]ian(l  willi  (lie  values  obtained  by  Neni.st  and  I'iiani. 

Sc\eial  yeiiisagoadcfailril  sti:dy  of  the  characteristics  of  ttuigsten 
lilanicnis  as  fiincfions  of  the  dimensions  and  ten<peratur(',  was  under- 
laUen  in  this  laboratory.  The  data  thus  obtained  have  been  in 
colli innal  use  ever  since,  and  have  served  ;\h  the  basis  for  the  calcula- 
tion of  Icmperaliires  in  .several  investigations  which  have  been 
published. 

More  r(>((  iilly.  in  ( onncction  with  a  redctennination  of  the  melting- 
jioint  of  tungsten,  an  optical  j)yrometer  w;is  .set  up.  ouitable  for 
measuiing  the  true  temperatures  of  filaments  with  considerable 
accuracy.  With  Ibis  iiislmnient  a  new  study  of  the  charac(«'rislies 
of  lilanicnts  has  been  made,  an<l  the  results  are  now  felt  to  he  of 
suflicient  accuracy  to  warrant  their  publication. 

(JkNKUM,   TnKOUKTK'AI,  ('oNSIl>i;i!ATlC)NS. 

Any  projierty  of  a  lilament  which  varies  with  the  temperature  may 
be  used,  afti-r  jiroper  calibration,  as  a  means  of  estimating  the  lila- 
ment tcmiieralure.  For  example,  the  energy  radia(«'d  ]>er  unit  area 
nnght  be  adopted  for  a  tilament  in  vacuum,  but  would  be  verv  un- 
•satisfju'tory  if  (he  lil.inient  wen^  surrounded  by  a  gas. 

The  various  jiropcrties  (or  methods)  that  may  be  utilised  to 
estiuiat«i  the  temin-rature  of  filaments  may  W  cjivided   into  four 

*  Abstract  of  an  article  in  tlio  "  PhysicBl  Review." 


groups  according  to  the  knowledge  of  filament  dimensions  required," 
as  follows*  : — 

1.  Recj[uiring  no  dimensions:  (a)  Intrinsic  brilliancy;  (6)  colour 
of  light  emitted;  (c)  ratio  of  "  hot "  to  "  cold  "  resistance ;  (d)  watts 
per  candle  ( W/C). 

2.  Requiring  both  length  and  diameter  :  (e)  Resistance,  .R'=i?rf-/Z; 
(J)  Power  radiated  ]V'=Wjld;  (g)  candle-power  6"=C7W;  {h}  voltage 
V'=  V-y/id)  7=  VC  '^''-K') ;  (0  electron  emission  i'=  i/ld. 

3.  Requiring  diameter  only:  (j)  Current  A'=A/dl=^/{W'/R'); 
(k)  C/Vdl^C'/V;  (l)  \;d^\CIR)=^i/{C'jR');  (m)  candle-power 
(u.sing  slit)  Cid. 

4.  Requiring  length  oidy:  (n)  V  l{A)ll^  UW-S)ll=  ^'{(WyR'); 
(o)  ^i{CV'-):i=UC'{Vy);  (P)  CJAU=C'/{A')l  ;  (?)  !^(C'R)ll 
=  \ii^"f^)i  ('■)  thermal  expansion  AZ//. 

(a)  hitrinsir  Brilliancy. — This  is  the  property  utilLfed  in  the 
Holborn-Kurlbaum  p\Tometer  for  the  measurement  of  temperature. 
The  use  of  intrinsic  brilliancy  for  this  purpose  has  the  particular 
advantages  :  (1)  That  measurement  can  be  made  at  any  jxjint  on  a 
surface;  (2)  extremely  rapid  increase  with  temperature ;  (3)  varia- 
tion with  temperature  follows  known  laws. 

Only  relative  measurements  of  intrinsic  brilliancy  are  involved  in 
the  use  of  a  pyrometer.  Since  it  has  been  shown  that  the  emissivity 
of  tungsten  does  not  change  appreciably  with  the  temperature,  the 
variation  of  the  intrin.sic  brilliancy  of  tungsten  with  the  temperature 
is  given  accurately  by  Wien"s  law  (f '2= 1-4392) : 

E      -0-62503/  1        1  \ 


Eo  ^        \j-i) 

(b)  Colmir  of  Light  Emitted.- — The  colour  of  the  light  emitted  by  an 
incandescent  body  may  be  used  to  estimate  its  temperature.  This 
method  is  a  very  old  one,  but  has  only  recently  been  used  for  accurate 
jiyrometry.  Hyde  states,  in  fact,  that  the  colour  match  method 
which  he  developed  "  is  perhaps  more  sensitive  than  the  spectro- 
jihotometric  method,  and  jields  results  in  close  agreement  with  the 
latter.  It  is  conceivable,  of  course,  that  two  lamjis  might  have  the 
.same  colour,  and  yet  show  difTerent  spectral  distributions.  Such  a 
case  has  not  yet  been  ob.served.  On  the  other  hand,  it  has  been  found 
that  in  certain  cases,  e.g.,  with  the  osmium  versus  the  carlxin  lamp,  it 
is  impossil)le  to  obtain  exact  colour  matches,  although  the  spectro- 
photometric  curves  differ  by  an  amount  so  small  that  the  difi^erences 
might  well  be  ascribed  to  experimental  error."  Hyde  showed  that  a 
fllament  could  be  set  at  definite  temperature  as  .iccurately  by  the 
colour-match  method  as  the  usual  pyrometric  methods. 

The  colour-match  method  has  been  u.sed  for  several  years  m  this 
laboratory  for  estimating  the  temi:eratuies  of  fllaments.  It  has 
proved  to  be  of  great  practical  value,  and  appears  to  be  of  more 
imiversal  applicability  than  any  other  pyrometric  method.  The  rela- 
tion between  the  true  temperature  of  a  HIament  and  that  of  a  bla<k 
lx)dy  which  matches  it  in  colour  has  only  recently  been  the  subject  of 
stucly. 

We  shall  see,  from  experiments  to  be  described  later,  that  there  is  a 
distinct  difference  in  temperature  between  tungsten  and  a  black  body 
which  matches  it  in  colour,  and  that  this  diflference  is  in  the  direction 
])iedic(cd  by  Hyde. 

(r)  Ralioof  ""  Hot  "  to  "  Cold  "  Resistance.—'Raiiool  the  resistanc  e 
at  the  temperatureTtothatat  0°C.  orat  room  temjierature  has  often 
been  u.sed  for  estimating  temperature  (v.  Pirani.  ("orl)ino,  Somerville). 

This  ratio  affords  the  simplest  and  most  convenient  e^stimation  of 
the  temperature  of  filajiients,  and  has  the  advantage  that  it  can  lie 
used  when  the  lilament  is  Kurronndcd  by  gas.  or  ext'u  when  its  snrfjwe 
is  tarnished  by  oxidation.  In  practice,  however,  the  method  proves 
to  be  one  of  the  Ica.st  accurate  methods  of  estimating  temperatures 
for  (he  following  reasons  :-  — 

1 .  'J'he  resistance  inerea.ses  relatively  slowly  with  t  he  tem  jvrat  ure  as 
c-ompiin<l  with  most  ot  her  jiro  pert  ies  used  for  temperature  estimation. 

2.  The  resistance  and  its  temperature  coefticient  are  very  sensitive 
to  traces  of  imjiurities  (carbcm). 

;{.  ,\t  rocMii  teni])era(ure  the  resistance  of  the  filament  is  often  .so 
low  th..t  unn'rtainties  in  the  lead  and  contact  re.sistances  are  apt  to 
jilay  a  large  i>art. 

(f/)  Wiilt.i  pir  (  (itidh.-  This  function  ha,s  been  used  more  than  any 
other  for  the  rating  of  tungsten  lanijs.  and  is  thus  n.scd  a.s  the  banis 
of  an  arbitrary  temperature  scale.  Pirani  has  ptdilishedt  fable* 
giving  watts  jxt  <  audio  as  a  function  of  the  (cnip.eratJin\  Consider 
able  eonfu.sion  arises  from  (be  fact  that  the  eandle-jKiwer  may  be 
mea*»iired  in  .several  ways.  For  our  puqw.se  we  shall  measure  the 
candle "iKiwer  of  straight  filaments  in  a  direction  jioqiendicular  to 


•  /     Irnpth.  rf: 
1.ini-c  (ohms).  C 


diameter.  T  =  volts.  ,4  =  amperes.  U- watt*.  i?=rPBi« 
e.indle-po>rer  (measured  jioq>endicular  to  axis  of  fila- 
ment) ;    r  is  thus  cnual  to  the  total  Inmcns  divided  by  it-  or  to  the  mean 
hphcri<  al  randli-  ]<i.«(r  multipli.'d  In   t  ir  ;    1'.  A  '.  &c..  specific  properties 
definrd  aliovi'. 

t  Verh.  d.  D.  Thys.  Gcs.,  14,  213  (\V>\2).  and  rb\d.,  14,;681jl912). 
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their  lengths.     This  corresponds  most  nearly  to  watts  per  mean 
horizontal  candle-power. 

The  advantages  in  the  use  of  watts  per  candle  are  :  (1)  It  requires 
no  knowledge  of  the  dimensions  of  the  filament;  (2)  the  function 
increases  much  more  rapidly  with  temperature  than  does  resistance, 
and  is  not  so  greatly  affected  by  impurities  in  the  metal. 

The  disadvantages  are  :  ( 1 )  Unless  the  mean  spherical  candle 
power  is  measured  the  results  will  depend  on  the  geom.etrical  con- 
figuration of  the  filament;  (2)  the  watts  per  candle  do  not  increase 
nearly  as  rapidly  with  the  temperature  as  the  intrinsic  brilliancy  or 
the  candle-power ;  (3)  watts  per  candle  cannot  be  used  for  estimat- 
ing temperature  when  the  filament  is  surrounded  by  a  gas. 

(e)  Besistance. — If  p  be  the  resistivity  of  tungsten  at  the  temperature 
T,  then  the  resistance  of  a  filament  heated  electrically  to  T  will  be 
R=4pl/TTd-.  For  convenience  let  us  place  R'^Apjiv.  This  equation 
then  becomes  R'=Rd^/l,  where  R'  is  a  function  of  the  temperature 
only  and  is  numerically  equal  to  the  resistance  of  a  filament  of  unit 
length  and  unit  diameter. 

(/)  Power  Radiated. — Since  the  energy  radiated  is  proportional  to 
the  surface  we  may  place  for  a  filament  in  a  vacuum  W'^^W jld, 
where  W  is  numerically  equal  to  the  power  (watts)  radiated  from  a 
filament  of  unit  diameter  and  unit  length. 

From  a  tungsten  surface  the  power  radiated  per  cm. ^  will  be  EaT'^, 
where  E,  the  "  total  emissivity,"  is  also  a  function  cf  the  temperature. 
We  may  thus  place  W'=tvE(tT'^.  H 

(g)  Candle-power. — If  C  is  the  candle-power  of  a  filament  measured 
in  a  direction  perpendicular  to  the  axis  of  the  filament,  then  we  may 
place  C'—Cjld,  where  €'  (a  function  of  the  temperature  only)  is  the 
total  intrinsic  brilliancy  of  the  filament.  This  property  differs, 
however,  from  (a),  the  intrinsic  brilliancy,  in  being  the  calculated 
(mean)  intrinsic  brilliancy  for  the  entire  filament  rather  than  the 
observed  brilliancy  of  a  small  part  of  the  filament. 

The  quantity  C  can  be  theoretically  calculated  from  the  Planck 
equation,  visibility  function,  emissivity  of  tungsten,  and  mechanical 
equivalent  of  light. 

'  The  power  radiated  from  a  black  body  per  square  centimetre  is 


1 


If  E\  is  the  emissivity  of  tungsten  for  the  wave-length  X  then  E^Js. 
will  be  the  energy  of  wave-length  X,  radiated  from  tungsten  per  square 
centimetre.     The  total  light  expressed  in  watts  is  then 


» 


Lw=  I  VkEkJJX. 
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By  dividing  this  by  M,  the  mechanical  equivalent  of  light  (in  watts 
per  lumen)  we  obtain  the  total  lumens  per  square  centimetre  radiated 
by  tungsten.  To  convert  this  to  candles  per  square  centimetre  the 
value  in  lumens  per  square  centimetre  should  be  divided  by  tt.  Thus 
C'  =  L„l7rM. 

The  function  C"  serves  as  a  very  convenient  measure  of  temperature. 
In  common  with  the  pyrometer  method  it  possesses  the  advantage  of 
being  applicable  to  filaments  surrounded  by  gas. 

(h)  Voltage. — If  we  take  the  square  root  of  the  product  of  W  and 
R'  we  obtain  for  a  filament  in  vacuum 

,  V'=x^iW'R')=VV{d)/l. 

Thus  we  see  that  the  voltage  drop  per  centimetre  along  a  heated 
filament  in  vacuum  is  inversely  proportional  to  the  square  root  of  the 
diameter.  This  relation  is  useful  in  determining  what  the  length  of  a 
filament  should  be  in  order  that  it  may  be  heated  to  a  given  tem- 
perature by  a  given  applied  voltage. 

(t)  Electron  Emission. — The  use  of  electron  emission  to  measure 
temperature  was  suggested  by  Eichardson,  but  has  apparently  not 
been  practically  applied. 

(j)  Current.— 'Ey  taking  the  square  root  of  the  quotient  of  IF'  by  R' 
we  obtain 

A'=^y(W'|R)=A;d^. 

In  other  words,  the  current  necessary  to  heat  a  filament  in  vacuum 
to  a  given  temperature  varies  with  the  3/2  power  of  the  diameter. 
This  function  is  especially  convenient  for  estimating  the  temperature 
of  filaments  in  experimental  work,  but  unfortunately  it  cannot  be 
used  when  the  filament  is  surrounded  by  gas. 

{k)  and  (I)  The  two  functions  C/(  Vdl)  and  ^^{C/R)/d  can  be  used  to 
measure  the  temperature  of  filaments  of  unknowii  length,  but  in  most 
cases  (j)  will  be  found  more  convenient.  However,  when  the  filament 
is  surrounded  by  a  gas  (j)  is  not  applicable,  and  in  this  case  ■^^{C/R)ld 
could  be  profitably  used  to  measure  temperature. 

(«)  {V^{A))/l.  This  function  proves  very  useful  in  estimating  the 
temperature  of  filaments  of  varying  diameter.     For  example,  if  it  is 


desired  to  measure  the  rate  of  evaporation  of  a  filament,  or  the  rate  of 
attack  by  a  gas  at  very  low  pressure,  the  filament  can  be  maintained 
at  constant  temperature  by  maintaining  F-i^  ( J )  con.stant,  even  when 
the  diameter  changes  considerably.  This  function  is  not  applicable 
to  filaments  surrounded  by  gas.  »- 

(o)  and  (p)  {y^{CV^))ll,  C/iAU).  These  fun'.lions  have  as  yet  not 
found  any  application. 

(q)  ( Y'(r-ii))//.  This  function  can  be  used  in  place  of  f  V^^/{A  ))!lioT 
filaments  of  varying  diameter  when  surrounded  by  a  gas  at  relatively 
high  pressure.  It  may  also  be  used  for  measuring  the  temperature  of 
filaments  (not  helically  wound)  of  unknown  diameter  in  gases. 

(r)  Thermal  Expansion. — This  function  can  be  used  as  an  approxi- 
mate measure  of  temperature.  The  change  of  length  of  a  single  loop 
filament  can  be  determined  fairly  accurately  by  a  cathetometer,  so 
that  the  temperature  may  be  readily  found  within  .30-50  deg.  at 
2,500  deg. 

Experimental  Measurement  of  Characteristics. 

Specially  constructed  lamps  with  carefully  measured  long  single 
loop  filaments  were  thoroughly  aged  by  running  the  filaments  at 
2,400°K.  for  24  hours  after  which  they  were  set  up  in  front  of  a 
Holborn-Kurlbaum  pyrometer.  The  volts  and  amperes  were  thus 
obtained  as  fimctions  of  the  temperature.  The  lamps  were  then 
measured  on  the  photometer,  and  the  candle  power  per  centimetre  of 
length  was  determined  by  photometering  through  a  measured 
horizontal  slit.  From  these  data  V,  A'  and  C  were  calculated  as 
functions  of  the  temperature  and  from  these  R',  W  and  W/C  were 
obtained. 

Lamps  Used.— Ahont  20  special  lamps  were  constructed  having 
cylindrical  bulbs  7-9  cm.  in  diameter.  The  leads  were  of  very  large 
size  (0-05  cm.  platinum  for  the  smaller  filaments,  and  0-08  cm. 
tungsten  for  the  larger  sizes)  so  that  the  total  lead  resistance,  obtained 
by  subsequently  welding  together  the  two  leads,  averaged  only 
0-017  ohm.  The  filaments,  in  the  form  of  single  hair-pin  loops,  were 
electrically  welded  to  the  leads  in  such  a  way  that  the  filament  close 
to  the  lead  was  straight. 

Tungsten  TFires.— Twelve  different  samples  of  tungsten  wire  were 
used.  Of  these,  six  were  regular  samples  of  commercial  wire,  used  in 
the  manufacture  of  lamps.  Four  out  of  these  six  contained  thorium 
(thoriated  tvmgsten).  _  . 

The  remaining  six  samples  were  special  experimental  lots  of  wire 
drawn  down  from  three  different  rods. 

The  diameter  of  the  wires  ranged  from  0-0028  cm.  to  0-0252  cm. 

Measurement  of  Diameters. — Experience  with  many  ways  of 
measuring  diameter  has  finally  resulted  in  the  adoption  of  calculation 
from  the  density  and  weight  per  unit  length.  The  diameter  m 
centimetre  is  thus  given  by  the  formula  (M;=mg.  per  centimetre). 

d=0-008186V(^«)- 

The  diameters  obtained  this  way  for  wires  which  have  been  run  in 
lamps  agree  within  the  experimental  error. 

Pyrometer. — The  pyrometer  was  the  same  as  that  described  in  con- 
nection with  the  determination  of  the  melting-point  of  tungsten. 
Before  undertaking  the  study  of  the  characteristics  of  tungsten 
filaments  the  pyrometer  was  carefully  recalibrated. 

Photometer  Measurements. — A  Lummer-Brodhun  constant  illumi- 
nation photometer  was  used.  In  most  of  the  work  an  illuminatioi: 
of  57  candle  meters  was  used,  but  with  filament  temperatures  below 
1,900°K.  it  was  necessary  to  use  lower  illummations.  The  trans- 
iriission  coefficient  for  this  screen  was  determined  in  this  laboratory 
by  the  use  of  a  flicker  photometer.  It  was  also  calibrated  for  us 
through  the  kindness  of  Dr.  Ives,  by  the  use  of  his  physical  photo- 
meter.    The  results  by  the  two  methods  were  practically  identical. 

The  object  of  the  photometer  measurements  was  primarily  to 
determine  the  intrinsic  brilliancy  of  the  filaments  in  candles  per 
square  centimetre.  To  avoid  micertain  corrections  due  to  the  cooling 
effects  of  the  leads,  a  slit,  usually  2-5  cm.  wide,  was  placed  horizontally 
in  front  of  and  close  to  the  lamp  to  be  photometered.  Corrections 
were  made  for  instrument  calibration  and  cooling  of  leads  to  filaments. 

Prelim inajij  Treatment  of  Filaments.— WMe  the  lamps  were  being 
exhausted  the  filaments  were  heated  for  one  minute  to  a  temperature 
of  about  1,500  deg.  This  treatment  causes  the  evolution  of  an 
amount  of  gas  (mostly  carbon  monoxide)  which  nreasiu-ed  at  atmos- 
pheric pressure  is  usually  about  three  to  six  times  the  volume  of  the 
filament.  After  sealing  off  from  the  pump,  the  characteristics  of  the 
lamps  were  studied  and  the  temperatures  were  deterramed  by  the 
pyrometer.  The  filaments  were  then  heated  to  2,400"K.  for  24  houi-s 
before  studying  the  characteristics.  This  heating  produced  a  sUght 
further  decrease  in  emissivity  and  a  slight  (2  to  4  per  cent.)  deci-ease  in 
resistance.  The  time  of  24  hours  was  chosen  for  the  heat  treatment 
in  these  experiments,  because  if  the  time  is   extended  beyond  this 
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1lif'  fliaiigfs  diif  to  the  evafKjration  of  tungsten  anfl  the  resulting 
darkening  of  the  bulb,  are  liable  to  more  than  offset  the  changes  in 
resistance  due  to  the  elimination  of  minute  traces  of  impurities. 

Experimental  Re.sults. 

VoU- Ampere  Chararlerisliai.— With  ear-h  L-mp  tested  tlie  readings 
f>f  volts  and  amperes  for  about  'M  to  oO  pyrometer  settings  from 
l.Ood'K.  up  to  li/AOK.  were  obtained.  I'p  to  temperatures  of 
about  :j,(KX)'K.  the  changes  in  the  (ilamcnt  and  the  blackening  of  the 
bulb  occurred  f;o  K.lowly  that  readings  could  be  taken  without  haste. 
For  higher  temperatures  than  this  the  readings  were  taken  at  greater 
intervals  (usually  about  KJOdeg.  apart),  and  were  made  as  cpiickly 
as  possible,  and  after  each  reading  the  volts  and  amperes  were 
redetermined  af  one  or  (wo  lower  temperatures  (about  2.400°K.  and 
2,b0()  K.)  From  these  data  it  was  j;ossible  to  calculate  the  change 
in  diamefer  of  the  filament  (due  to  evaporation)  and  the  amomit 
of  absorption  of  light  by  tiie  bulb.  This  calculation  was  made  by 
the  aid  of  the  function  l'-^  (A,l).  Knowing  the  bulb  absorption  it 
w  as  then  -  j)osfiible  to  determine  the  true  temperature  when  the 
■iltMnent  was  stfbsec^uently   raised   again   to  a  temperature   above 

It  was  found  practicable  to  study  the  characteristics  of  the  lila- 
ments  in.  vacuum  right  uj)  to  the  melting- [loint  of  the  filaments. 
Although  in  some  cases  correcticms  as  large  iis  2.")()  deg.  (at  3,5()0  dog.) 
needed  to  be  apjjlied  for  the  effect  of  bulb  absorption,  yet  it  is  felt 
that  the  iucuracy  with  which  such  corrections  could  be  made  was  .so 
high  that  the  liiicerti'iutv  in  the  linal  result  was  not  over  ;{()  deg.  to 
40  deg.  (at  :{..'■)  10  K.) 

From  the  observed  vidiies  of  volts  aiuJ  amperes  the  values  of  the 
f  mictions  F'and  .1'  w(re  f(»und  from  the  known  lengths  and  dia?neters. 
The.  logarithms  of  tlie;e  functions  were  then  plotted  on  a  large  scale 
against  log  7'.  The  points  from  all  the  lamps  tested  were  found  to 
lie  very  elo.sely  along  a  smooth  curve.  The  average  (h'viation  of  the 
points  from  the  Mm<M»th  curve  was  found  to  Ix^  about  0-2  jx-r  cent,  in 
tcm|)erature.  For  filament  temjieratutes  above  1,200'K.  the 
ma.ximum  dej)arture  of  any  of  the  observations  was  l-2])er  cent,  in 
t(  in|iiratUTe.  The  small  deviations  which  did  occur  were  not  all 
irregular,  for  (crtain  lamps  temled  to  give  low  values  while  others 
g.ive  eousistently  high  values  (within  the  abo\T-mentioned  limits). 

Cnudle-jmwer  JJald.— To  determine  the  relation  between  candl^e- 
y)ower  per  srpiare  centimetre  and  temjicratme,  three  lamps  were 
studied.  Two  of  these  were  nitrogcn-liiied  lamps  with  large  (O-t)  mm. 
diameter)  single  loop,  straight  (not  helically  wound)  lilaments,  an-l 
the  third  was  a  vacinim  lamp  with  a  single  looj)  lilament.  0-2.')  nnn. 
diameter. 

At  low  (ilament  tenij)eratureH  irri'gularities  occur  in  the  convection 
losses  from  the  lilaments  (»f  gas-lilled  lamps.  It  was  to  avoid  these, 
and  to  find  whether  the  nitrogen  c.xerted  any  elfect  on  the  emissivity 
(h.it  the  vacuum  lamp  was  studied. 

The  values  of  log  (  '  obtained  from  the  three  lamps  were  plotted 
rgain.sl  1  '7'.  .\  smooth  curve  (not  far  from  a  straight  line)  was 
jiassed  «s  nearly  as  jKissible  through  the  points. 

The  ralues  of  <  '  taken  from  the  smooth  curve  for  every  hundred 
degrees  from  1,4(:0  deg.  to  3,1(10  deg.  give  an  average  of  2(>2-7  for  the 
ratio  ("Ln-. 

DrsCLiWION  OF  EXI'KR1M>INT.\L  DaTA. 
It  will  Ic  of  interest  t<j  compaie  the  results  of  the  above  expori- 
meut«  with  the  data  of  other  investigators.  The  ratio  of  hot  to  eold 
reHistiinco  for  tungsten  (ilaments  has  hrvn  determined  by  Sumerville. 
I'iraiii  .ind  ( "orl.nio.  I'rom  tlie.xe  ilatn  it  is  possible  to  ealculat*'  R\ 
])rovi(h-d  we  know  the  npecilie  n'sintan<'e  of  timgsten  nt  rtnun  tem- 
jxrature. 

S/Kcijir  l{emH(m\rr  o/  Tutiystrii.-  Fink  has  given  tlie  specific 
resistance  of  timgst<'n  at  2.V('.  as  .■.■0  •  10  "  ohmcm.  units,  and  its 
temperature  coeflicient  belwe«'n  0  deg.  aiul  170  deg.  svh  0(KI.")1. 
Thus  at  0"('..  according  to  Fink,  the  specific  resistance  would  be 
\i:\  ■  10  "  ohm-cm.  More  nvcnt  measurement.s  made  in  this 
laboratory  of  the  specilic  renistan<e  of  well  aged  tungsten  filaments 
Iravegiveuat  Odeg.,fi-0:^  IO-«ohm-cni.  The  tern  p«Tature  coefTicipnt. 
from  Odeg.  to  .'too  dog.  is^onnd  to  ngnn-  well  with  Fink's  value,  i.r.. 
<>(M).-.l.  \\\.  luvve  seen  (liat^ie  funcfimi  /."  \".  cnial  (-.  t,,  -  -.,,  Ibif 
wc  may  place  at  O^C.  J{'  «^-;j#s  In  '•. 

.\l  liigher  tcmperaf arp8\\e  m.ty  now  i.ijinl.j,  y,  iniin  Somer- 
ville's.  Piraui's  and  Corbinos  date  b\  (.impls  inulti|)lying  their 
values  of  the  mtio  of  hot  to  <>o1d  {(r(\)  ivsistanee  bv  the  al\)ve  value 
b.r   ff'  ill   0'(\ 

III  our  own  exjiennu-nls  on  the  eharaeleristit  s  of  tungsten  filaments* 
we  li.ive  nieasuied  A"  fnim  1.:«10  K.  up  to  ;j.r>M)  K.  and  from  27.TK. 
to  tilKI  K.  The  agn'ement  MJth  Somerville's  ivsiilis  at  low  tem|x'ra- 
turos  is  excellent,  whil,-  at  high  tem|»(>ra(un>s  the  ivsiilts  agn-e  with 


Pirani's.  At  lower  temperatures  Pirani's  values  appear  to  be  too 
low.  Corbino's  results  above  1,700  deg.  are  too  low,  probably  due, 
as  Pirani  has  pointed  out,  to  failure  to  correcti  ior  the  cooling  effect 
of  the  lead.s. 

J'olal  A'/// !.s-.sjij7//.— Planck's  law  (equation  7)  gives  J\  the  energy 
of  wave-length  X  radiated  from  a  black  body.  The  total  energy  11' 
radiated  from  a  tungsten  lilameiit  1  cm.  in  diameter  and  1  cm.  long 
is  then 
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On  the  other  hand,  by  the  Steiihen-Boltzman  law  we  may  place 
11'  — 7rAV7'',  where  E  is  the  toUd  ennxf<ivitij  and  the  constant  a  is  equal 
to  5-63:3  <  10-'-  watts  i>er  square  centimetre.  The  values  of  E,  above 
1.2*M>dcg.  have  been  calcidated  from  the  con-espouduig  values  of 
W  by  means  of  this  equation.  For  the  lower  temperatures  (up  to 
COO'^K.)  the  value  of  E  has  been  calculated  by  a  formula  given  by 
Foote,  namely.  E  {)'u'AQ\'(j)T),  where  /j  Ls  the  resistixity  of  ohm-cm. 
The  results  obtained  from  this  equation  for  the  higher  temperatures 
do  not  agree  at  all  well  with  the  values  found  from  our  experiments. 

Piubens,  by  a  study  of  the  emis.sivity  of  platmum,  platinum- 
rhodium,  nickel  and  constantan  at  different  temjieratures,  concludes 
that  for  wave-lengths  below  2/x  the  temperature  coeflficient  of  the 
emissivity  is  negligible  or  at  least  very  small,  whereas  for  wave- 
lengtlis  greater  than  Hfx  the  emissiNitj-  may  be  calculated  accurately 
by  the  Hagen-Rubens  formula, 

J!!;x=0-365\^(p  X). 

For  these  longer  wave-lengths  the  t^mperatuiv  coefticieut  of  the 
emis.sivity  is  thus  one-half  that  of  the  electrical  resistivity. 

From  the  data  on  the  total  emis.sivity  the  values  of  H  '  for  tem- 
peratun-s  below  1.200  deg.  were  calculated  by  means  of  equation 
11'  -^  ttEitT^  At  the  lower  temperatures,  however,  "  back  radiation  " 
was  taken  into  account  so  that  W  was  actually  calculated  from  the 
equation.  ]V'-na(ET*EiTf,'*). 

Here  T^,  is  room  teiiij;erature  which  is  t«ken  to  be  20^0.  (7'o=293). 

^0  is  the  total  absorption  coefficient  of  a  filament  at  a  temperature 
T  for  energy  radiat<-d  by  a  black  body  at  T„.  that  is.  at  2f).*i  deg. 
Since  the  wave-length  of  the  energy  radiated  at  nnim  temjicrature 
is  longer  than  G/i  Hagen  and  Ruben's  formula  should  apply,  and  we 
may  therefore  (onsider  that  /i'oincreases  in  jiroportion  to  \  (p).  For 
T  2!i:{  we  may  place  E^  -E  and  may  thus  calculate  A'^  from  Foote's 
fornnda.  /;„.- 0-0230^/ (p/po), 

where  po  is  the  resistivity  at  293  deg. 

Total  hilriihsir  lirllUtntcy. — It  will  be  of  interest  to  compare  the 
ex])erimcntally  determined  candles  per  square  centimetre  with  the 
results  of  the  calculation  of  this  quantity  from  the  Planck  equation 
and  visibility  function  according  to  equation  (8).  For  this  purjxise 
we  take  the  constants  of  the  Planck  ecjuation  to  be  C'  — 3-721  10  '- 
watts  per  square  centimetre,  C2= 1*4392  cm. 

These  values,  according  to  Planck'«  theory,  eorresjxjnd  to  the 
following  values  of  the  fundamental  constants  /i.  A'  and  <r  :  »  • 

h  =6-580  X  10  "  orgs,  second,  ^'=6062  x  10*3,  o.=5.633  x  10-"  watts 
jier  s()uan'  centimetre. 

.Xuttiiig's  visiliijity  data  has  been  chosen  since  Ives  considers  thi« 
more  accurate  than  his  own.  From  these  data  the  hgkt  (in  watt* 
];er  squaiv  centimetre)  radiated  from  a  black  boily  has  been  calcu- 
l."\tc<l  by  the  cipiation. 


JO 


The  integration  Was  ]>er{ormed  by  the  nid  of  Simpson's  one-third 
rule,  using  35  tirdiiiates  at  each  tiMuperatuix*.  The  calculations  wen- 
carried  out  to  four  signiti(-aiit  figures  and  the  residts  should  he 
accurate  to  02  jK-r  cent.     The  values  of  Lg  obtained  in  thi**  way  are 

pi\eii  III  tl'e  lolii i\\ nig  table  : — 

J.Kjht  liititiHiiil  jriim  n  liliirk  JioHij  nurl  from  Tungsten  in   \\nU/<ciH, 
Ciiliiitni'i!  fioiu  the  Planck  rqudtion  und  Xntlin'j's  vixihUitydaia. 
/  Lb  I'Vr 

K                              Blink  b..dy.  Tlinu^t*!!. 

l.(HKI  O-(MHI(l(»i0<>  (nKKMMH>.%:W 

i.:;o(i  .       iiiKi(iL'(«»  (i(KHti:<2 

l..AKt       U(Mi;;:2<.»  oiKiitilo 

l.T.'^t        M(i:j42«»  tM)lG87 

2.<KK»         02<KMI  (t0ft8G 

•i.-'iiHi      u  t.'w  1 2n; 

3..'i(K»       H'ls  22:u 

•Simitar  raletilations  of  the  light  mdiatod  from  tungsten  were  then 
made  by  the  sjime  method.  Fbr  this  purjxjse  the  emissivity  of 
inntj-'ten  f\  wa-^  taken  to  be  0  IR  for  X  Ot*)t»p  ami  tV.lO  for  X  -O-.'Jo. 
whiK'  for  oth«»r  «ave  l«>nglhs  in  the  visible  sjM'ctrum  the  emissivity 
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was  obtained  by  linear  interpolation  or  extrapolation  from  these 
values.  Thus  the  light  radiated  from  tungsten  was  obtained  by  the 
equation. 


Jo 


ExVJ.dX. 


The  values  of  L^y  have  been  recorded  in  the  table  above. 

The  quantity  L,p-  should  bo  proportional  to  C  the  candles  per 
square  centiiuetre  found  by  experiment.  It  is  seen  that  at  tempera- 
tures above  1 ,1)00  deg.  tlie  ratio  is  very  nearly  constant.  The  absence 
of  any  systematic  error  is  an  excellent  confirmation  of  the  correctness 
of  the  pyrometric  measurements.  At  temperatures  below  1,900  deg. 
the  ratio  of  6"  to  L^y  decreases  considerably.  The  average  of  the 
remaining  values  of  the  ratio  gives 

6'7L^-262-7. 

The  mechanical  equivalent  of  light  may  be  obtained  from  this 
ratio;  thus  iW=L,^/7rC"=0-00121  watt  per  lumen.  This  value  is 
considerably  lower  than  the  latest  value  of  this  constant  given  by 
Ives  and  Kingsbury,  namely,  0-00159.  Nutting  gives  the  value 
66-2  candles  per  watt,  which  corresponds  to  0-00120  lumen  per  watt. 
It  should  be  noted  that  the  value  000121  obtained  from  the  ex- 
jDeriments  described  in  this  Paper  does  not  dejjend  to  any  great 
extent  upon  assumptions  as  to  the  emissivity  of  tungsten. 

In  a  recent  publication  Pirani  calculates  the  intrinsic  brilliancy  by 
a  similar  method  to  that  which  we  have  used.  At  low  temperatures 
Pirani's  values  for  the  brilliancy  are  10  to  20  per  cent,  higher,  and  at 
high  temperatures  as  much  as  15  per  cent,  lower  than  those  we  have 
calculated.  The  discrepancy  cannot  be  accounted  for  by  the  slightly 
different  values  chosen  for  the  constant  C^,  nor  does  the  fact  that 
Pirani  chose  the  Ives  instead  of  the  Nutting  visibility  curve  account 
for  the  difference. 

The  difference  between  the  Pirani  and  Langmuir  values  for  C^j' 
would  seem  to  be  caused  by  insufficient  accuracy  in  the  graphical 
methods  used  by  Pirani  in  determining  the  area  of  his  curves. 

Nernst  has  given  the  following  relation  between  the  temperature 
and  the  brilliancy  of  a  black  body  : — 

11,230 

A" 


T- 


5-367 


-log  10 


where  K  is  the  brilliancy  in  Hefnerkerzen  per  square  millimetre. 
If  we  express  the  brilliancy  in  international  candles  per  square  centi- 
metre this  becomes 

7-321 -log  10  C^/ 

Colour  of  Light  Radiateb  by  Tungsten. 

A  series  of  experiments  was  undertaken  to  determine  whether  the 
light  radiated  from  tungsten  differs  materially  in  colour  from  that 
radiated  by  a  black  body.  A  helix  was  formed  by  winding  a  tungsten 
wire  on  a  mandrel.  This  filament  was  sealed  into  a  bulb  which  was 
then  filled  with  nitrogen.  A  very  much  enlarged  image  of  the 
heated  filament  was  thrown  on  a  white  screen,  and  by  means  of  a 
Weber  portable  photometer  the  intensity  and  colour  of  various  parts 
of  the  image  were  determined. 

The  intensity  of  the  light  coming  from  the  interior  of  the  helix  was 
from  1-5  to  1-8  times  as  great  as  that  coming  from  the  outer  portions. 
The  colour  of  the  light  frojn  the  interior  was  distinctly  redder  than 
that  from  the  outside.  By  first  cok»ur- matching  the  interior  of  the 
helix  against  the  photometer  lamp  and  then  increasing  the  current- 
through  the  helix  until  the  outer  portions  gave  a  colour- match  with 
the  photometer,  it  was  possible  to  determine  the  difference  in  colour 
quantitatively. 

If  we  take  the  emissivity  of  tungsten  for  white  light  to  be  0-50  and 
assume  that  the  inner  portion  radiates  like  a  black  body,  then  the 
ratio  of  the  brilliancy  of  the  inner  and  outer  portions  should  be  2-0, 
Actually  the  observed  ratio  as  found  by  the  photometer  was  less  than 
this  (1-5  to  1-8)  showing  that  strictly  black-body  conditions  did  not 
obtain.  The  observed  difference  in  colour  between  the  inner  and 
outer  portions  was  therefore  corrected  for  this  lack  of  blackness  as. 
measured  by  the  ratio  of  brilliances. 

Two  methods  of  making  this  correction  are  then  referred  to. 
Tungsten,  even  in  the  visible  region  of  the  spectrum,  is  a  selective- 
radiator  giving  a  larger  proportion  of  blue  light  than  a  black  body. 
The  energy  distribution  in  the  visible  spectrum  of  a  black  body  is^ 
given  by  Wien's  equation.  If  E^  be  the  emissivity  of  tungsten  for 
the  wave-length  X,  the  energy  distribution  of  the  light  emitted  by  a, 
tungsten  filament  will,  therefore,  be 

Jfy=CiE^-K'^e       yTjy,  \  . 


Experimentally  it  has  been  found  that  the  colour  of  the  light 
emitted  by  tungsten  is  the  same  as  that  emitted  by  a  black  bfxly  at  a 
slightly  different  temperature  7"^.  The  energy  distribution  from  the 
black  body  is 

_  ''^ 

Since  the  -tungsten  filament  and  the  black  Ixtdy  are  of  the  same 
colour,  although  not  of  the  same  brilliancy,  the  ratio  of  ./„r  to  Jg 
must  be  constant  for  all  wave-lengths  in  the  visible  sjioctrum.  It  is 
thus  possible  to  obtain  from  the  two  preceding  equations  the  relation 

d(lnEx)_C2(} J_\ 

d\    '^xAts   tJ' 

We  have  seen  that  Tg-T,^  is  small  compared  to  T,^,  so  that  we 
may  place  approximately 

dlnEK_Ci{Tjy-TB) 
dX  \^T^ 

From  this  equation,  with  the  data  of  the  Paper  we  may  calculate 
the  emissivity  of  tungsten  for  one  wave-length  if  we  know  it  for 
another  wave-length.  Let  us  place  Cg^  1-439,  X=5o0x  10-"  cm. 
and  take  T^r—Tg. 

Since  this  quantity  varies  with  the  temperature  it  must  follow  that 
the  emissivity  of  tungsten  varies  with  the  temperature.  How  large 
must  this  variation  be  in  order  to  account  for  the  figures  obtained  ? 
If  we  assume  that  ^;,=0-46for  X=0-664  ,i  at  2,40O=K.,then  we  may 
calculate  the  value  of  E),  at  2,400  K.  for  other  wave-lengths  by 
integrating  (29). 

It  is  probable  from  Rubens'  work  that  the  variation  of  the  emis- 
sivity with  temperature  occurs  mostly  in  the  region  of  longer  wave- 
lengths ;  so  that  we  may  safely  consider  that  the  temperature  coeffi- 
cient of  Ex  for  X=0-4  micron  is  negligible.  We  thus  obtain  £a=0-525 
at  X=0-4  for  all  temperatuies.  Then  by  (29)  we  may  calciUate  Ey^ 
at  these  temperatures  for  other  wave-lengths. 

The  change  in  emissivity  with  wave-length  is  in  fairly  good  accord 
with  the  measurements  of  Coblentz. 

The  variation  of  ^;^^with  temperature  indicated  in  the  table  is  so 
slight  that  it  does  not  materially  affect  our  temperature  scale,  which 
has  been  based  on  the  assumption  of  constant  emissivity.  Finally, 
a  formula  is  given  for  the  thermal  expansion  of  tungsten. 


where  T,^  is  the  true  temperature  of  tbe  tungsten. 


til 


LEGAL  INTELLIGENCE. 

Prize  Court  Case. 

In  the  Prize  Court,  on  Aug.  23,  the  President  (Sir  S.  Evans)  had  before 
him  a  suit  by  the  Crown  asking  for  condemnation  of  a  case  of  hard- 
ware "  on  the  ground  that  it  belonged  to  enemies  of  this  country. 

Mr  M  W  Slade,  for  the  Crown,  said  that  the  goods  consisted  of  a  ca^e 
of  electrical  meters  and  other  machinery,  and  were  shipped  on  board  tne 
ss  "Michigan"  by  Isaria  (Ltd.),  a  company  incorporated  m  this 
country,  to  customers  in  Canada,  shortly  before  the  war  Ihey  were 
reiected  by  the  customers  in  Canada,  and  were  seized  on  theu  return  to 
Liverpool  as  being  enemy  property.  Isaria  (Ltd.).  who  claimed  tiie 
«oods  stated  that  they  were  manufactured  in  Bavaria,  the  order  tor 
them  being  placed  in  April,  1914.  Accepting  their  statements,  counsel 
asked  for  condemnation  on  the  ground  that  Isaria  (Ltd.)  was  an  enemy 
firm  The  facts  with  regard  to  Isoi-ia  (Ltd.)  were  set  out  lu  his  lord- 
ship's judgment  in  May  of  last  year  in  the  case  of  the  s.s.  -  Pooua.  tii^ 
lordship  had  decided  "that  Isaria  (Ltd.)  must  be  taken  to  be  a  British 
firm  but,  following  upon  the  decision  of  the  House  of  Lords  m  the 
Continental  Tyre  case,  the  company  must  be  regarded  as  an  enemy  hrm. 

The  President,  in  giving  judgment,  said  that  that  case  of  hardware, 
consisting  of  certain  electrical  machinery  or  parts  of  machmery,  was. 
seized  in  tliis  coimtry  upon  its  return  from  Canada,  where  its  reception 
had  been  refused  by  the  people  to  whom  it  was  sent.  The  foundation 
of  the  Crown's  claim  was  that  the  goods  belonged  at  all  material  times 
to  Isaria  (Ltd.),  a  company  formerly  registered  iu  London,  but  whose 
shi.ieholdeis  were  all  foreigners.  There  was  not  a  single  British  share- 
holder in  the  company.  In  the  case  of  the  -  Poona.'  he  ^^f  ^^"^ed  fxa^J  > 
the  construction  of  the  company,  and  he  need  not  repeat  what  he  here 
;said  The  company  had  n ot  put  forward  auy  claim  to  the  goods  in  these 
proceedings,  although  they  sent  a  letter  to  the  ^'•--"•'^t^^-G^"^'-'^^^ 
.alk-ing  that  they  were  the  o\TOers,  and  tliat  as  a  company  registered  .u 
tl  s^'ountry  thev  were  entitlKl  to  have  the  goods  released  to  them,  as 
t  ley  were  in  the^case  of  the  "  Poona."'  In  that  case  he  (the  R-e*|dentO 
aid  that  if  the  judgment  of  the  Court  of  Appeal  in  the  C'^J^t"^^"**}  Jyie 
.Co.'s  case  was  unsound,  it  must  be  so  pronoimccd  by  the  House  of  Lord. 
It  had  been  pronounced  to  be  unsound  by  the  House  of  Lord.,  .ui 
following  that  decision  and  his  ewn  inclination,  as  already  expressed 
n  the  "Poena  "  case,  he  must  hold  that  Isaria  (Ltd.),  for  all  purposes 
affecting  this  case,  must  be  regarded  as  an  eneniv  company,  although 
carrying  on  business  here,  and  accordingly  the  goods  u^  question  muat  be 
condemned  as  enemy  property. 
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Wm.  Cook  V.  W.  A.  Jennings. 

At  Leicester  County  Court  last  wM-k  jWaintif!  sued  defendant,  the 
principal  shareholder  of  the  Evington  Cinema,  for  £~).  5.s.  for  professional 
advice  given. 

Plaintiff  stated  that  when  he  asked  defendant  to  be  allowed  to  tender 
for  the  electrical  installation  of  the  new  cinema  he  was  referred  to  the 
architect  (Mr.  Smith),  who  askeJ  plaintiff  to  prepare  a  jieneral  .scheme 
for  the  installation.  Plaintiff  replied  that  if  he  did  that  he  wou'.d  expect 
to  be  paid.  }i(;  had  several  interviews  with  the  Corporation  officials 
and  with  defendant  at  the  latter's  request.  He  also  drew  uj)  a  scheme, 
which  was  not  in  accordance  with  his  tender,  and  his  charge  of  £5.  5s. 
was  reasonable. 

JJkfendant  said  plaintiff,  a  stranger,  asked  about  tendering.'  for  the 
electrical  sujiply,  and  saw  him  at  various  times.  Whatever  plaintiff  did 
was  df)ne  on  his  own  initiative,  and  not  at  defendant's  re<juest. 

.Mr.  Kr.skst  Hv.  S.mitii,  architect  for  the  cinema,  denied  that  plaintiff 
told  him  that  if  he  i)re[)ared  a  scheme  he  should  expect  payment.  He 
trrated  plaintiff  in  the  same  way  as  the  f)tlier  engineers  wln)  were  seekipg 
nformation  for  tendering. 

-Mr.  Hii.TON  ./oun.son,  electrical  engineer,  who  contracted  for  the 
electrical  insfallatifin,  stated  that  lu^liad  a  number  of  interviews  with  the 
an;hitect  on  the  same  question  its  plaintiff  in  order  to  give  him  the 
necessarj'  information  for  tendering. 

His  Honour  saifl  defendant  wius  the  managing  director  of  a  limited 
company,  against  wlujin  there  w;i.'<  no  case,  as  the  action  ought  to  have 
been  taken  against  the  conipany,  and  dismisycd  the  action,  with  costs. 


Trading  With  the  Enemy. 

At  the  Mansion  Hou.se,  London,  on  the  24th  ult.  Geo.  De  G.  Hill  &  Co. 
were  .-iurninoned  for  (on  .luly  2."))  offering  and  ])ro])osing  to  trade  with 
Joseph  de  Poortcrr,  of  Itottcrdam.  a  ])erson  mentioned  in  the  statutory 
list  publi.shed  in  accordance  with  the  Trailing  with  the  Enemy  (p]xtension 
of  Pow(  rn)  Act,  1915,  and  the  Trading  with  the^i^nemy  (Neutral  Countries) 
Pro(;lamation,  H)H). 

f'ounsel  for  the  Director  of  Public  Prosecutions  said  that  the  pro- 
clamation issued  on  J-V-l).  2!)  last  announf'cd  that  it  was  desirable  to  ])laec 
all  the  )ier>ons  inentionc<i  in  a  list  attiuhed  to  it  in  the  ]iosition  of  enemies, 
and  that  from  that  moment  it  became  illegal  to  tr.ade,  in  any  of  the  wide 
s(!nses  in  which  the  word  was  used  in  the  Trading  With  the  J<]nemy  Act, 
with  a:iy  ])crson  whose  name  api)eared  in  lh(^  statutory  list.  He  said 
thill  on  the  first  list  a|)])cared  the  name  of  Mr.  Jose])h  de  Poorter,  of 
P.ottcrdani.  .Mr.  Hill  wrote  a  lett(T  to  .Mr.  de  I'oorter,  on  July  25,  in 
wliicli  he  invitcil  liini  to  trade,  offering  freight  on  a  ])articular  steamer. 
Tlic  letter  was  stopped  by  the  (Vnsor  an<l  forwar<led  to  the  War  Trade 
liitelligenci-  Mepartment,  who  thereujjfm  wrote  to  clefcndants.  The 
latter  r(|)lie<l  that  they  were  not  aware  that  Mr.  de  Poorters  name  had 
been  pliM  I'd  in  \\n'  list,  otherwise  they  would  not  have  attem])ted  to 
loninuMiiialc  with  him. 

Aft<-r  healing  llie  dcfcTice,  Aid.  Sir  (ir.d.  TiuscoTTsaid  as  it  wjis  merely 
an  act  of  negligence  he  should  take  a  very  lenient  view  of  the  case.  He 
fined  defr^ndants  £25  and  £10.  10s.  costs.' 


EDUCATIONAL. 

University  College,  University  of  London.  We  have  leecixed  a 
copy  of  tlie  handbook  of  the  Faculty  of  Knginecring  of  this  Collogo. 
wliicb  gi\cs  p.irt  i(  I  da  rs  of  the  eon  is<'s  of  instruction  iiieivil.iiiccliaiiit  al, 
electrical  and  nmiiicipal  engineering,  eheinistry,  niatlKMuatie.s  iVe. 
The  coufHCH  lead  to  the  degree  B.Sc.  (Eng.)  of  the  University. 
The  dean  of  the  Fa<  iiify  is  I'rof.  K.  (;.  Coker,  and  the  vi<e  dean  is 
Prof.  .1.  A.  Kleming,  who  is  also  the  Pender  Professor  of  Kketrieal 
Engineering.  1'ho  laboratories  are  well  a|)poiiited,  and  good 
facilities  are  jjrovided  for  practical  work.  The  paiiijdilet,  which 
iimtaiiis  details  of  the  fees,  classes,  examinations.  iVe..  can  be 
obtaini'd  frnni  the  iSeerctary,  (Jower-strcct.  W.C. 

University  of  Manchester.  Tiie  .'essi<in  will  1  egin  on  Oct.  5. 
(oiuplcic  Ihcoiclical  and  |iractical  traijinig  is  jirovided  for  students 
]ireparing  for  the  higher  positions  in  the  electrical  engineering  jiro- 
fessinii.  .\t  the  end  of  a  thre  •  years'  <onr.se  students  may  obtain 
either  an  ordinary  or  an  honours  <legree  of  B.Se.  in  electrical  engi. leer- 
ing. A  S]iceial  course,  also  extending  over  three  years,  pre|)ares  for 
a  <'ertifieafe  in  electrical  engineering.  The  .lohn  Hojikinson  I/»i)ora- 
tories  itre  lilted  Avith  modern  eleetrie:d  machinery  and  testing 
appliances,  and  exedlent  facilities  are  offered  for  educational  nml 
rescMidi  \M>rk.      Pnlii  idars  may  be  obtained  from  the  Registrar. 

University  of  Bristol.  Tn  the  faculty  of  engineering  complete 
courses  of  instruction  are  |)rovided  in  civil,  nieebanieal.  'eleetri<'al 
and  ;nit(iniol)il(^  engineering. 

The  aiitiiinn  term  conunenees  on  Sej)!.  3.  lull  in  the  f;u"ulties  of  arts. 
seien(H>  and  uKHlicino  it  begins  on  Oct.  3.  There  arc  also  complete 
courses  of  instruction  in  the  evening  cla'*.'«es.  Particulivrs  from  the 
registrar.  Mr.  .lames  P.after,  M.A. 

University  College  of  North  Wales  (Bangor).— The  new  ses-sion  will 
ctunmeim-  in  ()<  tolier.  w  In  n  a  .systematic  ( onrse  of  instnu'ticm  Mill 
be  given  in  electrical  nu-asuirmcnt.  and  |)ractical  electricity  for 
students  proposing  l<»  ent(>r  the  profession  of  electrical  engineer  will 
b(>  commenccil.  >  Tin-  )>bysieal  luburatory  is  well  eipiipped  for  prac- 


tical work.  Prospectus  and  further  information  from  Mr.  J.  E. 
LloA'd,  M.A.,  Secretary  and  Registrar. 

Armstrong  College  (University  of  Durham)  Newcastle-on-Tyne.— 
Tlie  next  session  commences  on  i^ept.  2.5.  Full  particulars  relating 
to  the  departments  of  mechanica  marine,  civil  and  electrical 
engineering,  naval  architecture,  n-  <ng,  metallurgy,  agriculture, 
pure  science,  arts  and  commerce  may  be  obtained  from  the  secretarv, 
Mr.  F.  H.  Pruen,  M.A. 

Royal  Technical  College,  Glasgow.— The  session  1916-17  begins 
tn  ^cpt.  2ti. 

The  dijiloma  of  the  college  is  granted  in  civil,  mechanical  and  electrical 
engineering,  mining,  naval  architecture,  chemistry-,  metallurgy,  &c. 
There  are  also  full  courses  of  instruction  in  the  schools  of  navigation  and 
wireless  telegraphy,  and  both  day  and  evening  classes  axe  held.  The 
diploma  courses  extend  over  three  or  four  sessions,  and  the  average  fee 
is  £12.  12s.  ])er  session.  The  college  is  afbliated  to  the  University  of 
fJlasgow.  an(l  the  <legrees  of  the  univer.sity  in  engineering  and  ai)])lied 
chemistrj-  are  o])en  to  its  students.  Prospectu.ses  may  be  obtaineil  from 
the  Director,  and  the  calendar  is  published  at  Is.  (post  free  Is.  4d.). 

Northampton  Polytechnic,  London. — In  the  day  engineering  college 
full-day  courses  iji  the  theory  and  practice  of  civil,  mechanical  and 
electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  specialisation  in  auto- 
mobile and  aeronautical  engineerhig,  and  those  in  electrical  engineer- 
ing include  radiograph}'.  The  entrance  examination  takes  place 
on  Sept.  2Gth  and  27th.  Three  entrance  scholarships  of  the  value 
of  £52  each  will  be  offered  for  competition  at  the  entrance  examina- 
tion. The  courses  include  periods  spent  in  commercial  workshops 
and  extend  over  four  years.  Thej'  also  prepare  for  the  degree  of 
B.Sc.  in  Engineering  at  the  Universit}'  of  London.  In  the  technical 
optics  department  there  are  full  and  part  time  courses  in  all  branches 
in  specially  equipped  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (value  £.50)  will  be  offered  in  this  department  at  the 
entrance  examination.  Particulars  as  to  fees,  dates,  &c.,  can  be 
obtained  at  the  Institute  or  on  application  to  the  I*rincipal,  Dr.  R. 
Mullincux  Walmsley. 

South- Western  Polytechnic. — This  Polytechnic  will  reopen  en 
Sept.  25  for  day  and  evening  classes.  The  Engineering  Courses 
include  lectures  in  electrical  and  mechanical  engineering,  physics, 
chemist r}'  and  mathematics,  and  practical  instruction  in  the 
laboratories.  There  is  a  complete  three  year.s' day  eour.se  (leading 
to  a  diploma  or  University  i)egree  in  electrical  engineering),  and 
also  a  four  years'  evening  course  suitable  for  electrical  engineering 
and  wiremen's  examinations  of  the  ("ity  and  d'uilds  In.stitute. 

Students  .ire  ])re])ared  by  recognised  teachers  of  the  University  of 
London  for  thcH.Sc.  degree  in  engineering,  for  the  examinations  at  the 
Engineering  Institutions  and  of  the  City  and  Guilds  of  London  Institute. 
The  evening  courses  also  include  classes  in  electric  wiring  and  other  trade 
subjects.  In  the  electric  wiring  department  an  advanced  course  has  been 
arranged  for  the  i)reparation  of  candidates  for  the  final  wiremens  exami- 
nation of  the  City  and  Guilds  oi  London  Institute.  Arrangements  have 
been  made  for  pliuing  students  who  have  passed  satisfactorily  through 
the  three  years"  day  course  in  ]iositions  with  large  engineering  firms,  and 
hitherto  such  firms  have  offered  more  v.aca-icies  than  the  Institute  has 
been  able  to  till  with  its  students.  I*rospectuses  may  be  obtained  from 
the  Secretary,  .Manrcsa-road,  Chelsea,  London.  S.W. 


PATENT   RECORD. 


■PECIFICATIONS  PUBLISHED. 

Tht  folloifing  abstract  from  some  of  the  specifications  recently  published  halt  been 
speciollv  compilfd  fiv  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70.. •/  ""     ■  'London.  W.C. 

U  rj  for  difjers  from  the  date  on  which  the  application  was  lodged 

at  tht  I  ui.'.iw„.i<  I 'It  I  ^mer  IS  given  in  brackets  a/let  the  litte. 

1914  SrEClKICATION. 

15.690  BiNO.     ElectromarriFiictnciion  clutches. 

1915  SrEClFlCATIONS. 

fc,40eBT-H.r        "    »--  (-'   .    '~''--.-nd  regulating  ot  talking  machines. 
e.,S37  Kfvk      I  i.S) 

11.32'  BT.-H    '  ^   .lUng  and  synchrcniiing  of  dynamo-electric 

machines. 
C'>nr'''"^  »n  »»Tap(>*nn»nt  fcr  ylarlinp  and  self-synchrpririnr  a  •ynchroncvs 


d. 

»' 

r 

ri 
t- 

n-i 

V 

r 


■  motor  nr 
pole  or  I 


LB.    tlJnlvereal  Hiph-Powrr  Ti'VphoneCo.)    Telephone  tranimitlers. 

*•  '"  "  •  converters  and  other  altemaling  micti- 


obtained. 
1 4.9M  CoMHKR.  Magneto-electric  msr'ifnr'  fnr  i^nitton  in  intemal-ccmbuiticn  engir.er . 
15.873  Irblahd.    Sparking  an  ignition  device;. 
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COMMERCIAL    TOPICS. 


_      ,        It  is  announced  that  Mr.  Mahon,  the  Common' 
H  T  ^H  k    wealth  Minister  of  External  Affairs,  has  ordered 

and  irade-marKs  ^j^^  suspension  of  an  additional  SOOenemy  trade- 
in  Australia.  j^^,^^.j^^/ 

The  Commonwealth  Government  has  decided  that  after  Sept.  30 
wholesale  houses  must  not  sell  enemy  goods  which  were  imported 
before  the  war  and  retail  houses  must  not  sell  such  goods  after 
Nov.  30  next. 

^  H:  H:  4: 


British  Capital 
in  Ontario. 


Of  late   there   has  been  a  revival  of   criticism 
of  the  Government  of  Ontario  in  regard  to  its 
attitude   towards   certain   electric   power   com- 
panies in  which  much  British  capital  has  been  invested. 

The  present  controversy,  however,  goes  back  for  at  least  13  years, 
when  the  Executive  Government  entered  into  agreements  with  certain 
electrical  companies  which  permitted  them  to  take  specified  quantities 
of  water  from  the  Niagara  or  Welland  rivers  at  certain  rentals,  payable  to 
the  Hydro-electric  Commissioners,  the  latter  binding  themselves  not  to 
lease  similar  powers  to  any  other  company  or  persons  at  less  rentals  than 
those  payable  under  the  agreements  by  the  companies  in  question.  On 
the  faith  of  these  agreements,  funds  were  obtained,  largely  from  in- 
vestors in  this  country,  to  carry  out  the  enterprises.  Scarcely,  however, 
had  the  promoters  begun  to  carry  out  their  scheme  of  distribution  when 
there  arose  an  agitation  amongst  the  municipalities  of  Ontario  for  cheap 
electric  power,  and  ever  since  there  has  been  a  growing  disposition  on  the 
part  of  the  i^rovince  to  interpret  the  contract  with  these  private  concerns 
in  a  manner  very  different  from  that  which  was  understood  when  the 
capital  was  jaised  in  this  country.  Of  course,  it  is  open  to  the  Ontario 
Government  to  adopt  whatever  arrangements  it  considers  best  with 
regard  to  the  obtaining  of  electrical  power  of  every  kind  in  the  country, 
always  so  long  as  it  observes,  both  in  the  letter  and  in  the  spirit,  its 
agreement  with  the  jjower  companies  from  whom  it  accepted  payment 
in  consideration  of  certain  concessions  ;  but  there  must  be  no  question 
of  infringing  the  rights  which  have  been  acquired  by  private  enter- 
prises for  valuable  consideration,  and  it  is  on  that  point  that  a  clear 
statement  is  desired.  It  is  also  stated  that  not  only  is  the  Hydro- 
Electric  Commission  endowed  with  authority  to  put  a  stop  to  the  genera- 
tion of  power  by  companies  holding  licences  from  the  Government,  but 
its  power  is  almost  unassailable  by  reason  of  the  fact  that  it  has  been 
.specially  provided  tliat  the  Commission  is  to  be  immune  from  process  by 
law,  excepting  through  a  fiat  of  the  Provincial  Attorney-General.  The 
statements  call  for  some  explanation  from  the  Government  of  Ontario,  as 
its  good  faith  and  credit  are  at  stake. 


_,.     -  -1-  u  On  the  22nd  ult.  a  numler  cf  qiicntions  v.ero 

The  iiritisn  11-     ii^  Tj  ,  ,^     t  n  J     /I 

p         1      c      •        asked   in   the   Houtc   of   Ccramons   as   to    the 

tonsuiar  service,  nationality  of  British  consular  officials,  &c. 

Lord  Robert  Cecil,  who  replied,  stated  that  all  salaried  consular 
officials  were  British-born  subjects.  A  considerable  number  of  the 
unsalarie-d  consuls  and  vice-consuls  were  foreigners,  but  he  feared  that 
was  to  some  extent  inevitable  if  we  were  to  have  rei)resentatives  in  towns 
where  there  were  few  or  no  suitable  British  residents.  It  was  entirely 
misleading  to  discuss  salaried  and  unsalaried  posts  together.    Unsalaried 


consuls  \i  foreign  nationality  were,  as  a  rule,  appointed  where  it  was  a 

ohoieo  of  having  an  unsalaried  foreign  consular  officer  or  none  at  all,  an'l 
not  where  there  was  a  possibility  of  having  an  efficient  British  consular 
officer.  The  subject  was  exhaustively  examinwl  by  the  Royal  Cora- 
mission  that  reported  after  full  consideration  :  ""  Upon  a  full  considera- 
tion of  the  facts,  we  think  that  no  criticism  can  be  pa^se-d  upon  the  policy 
now  pursued  by  the  Ff)reign  Office  in  respect  to  the  whole  question.  We 
think  the  appointment  of  whole-time  salaried  officers  is  not  only  un- 
necessary and  extravagant,  but  would  prove  actuallj-  prejudicial.  On 
tho  other  hand,  we  have  received  a  considerable  amount  of  evidence 
testifying  to  the  value  of  the  services  which  unpaid  consuls  of  foreign 
nationality  can  render  to  British  trade." 

Lord  \l.  C!ecil  added  that  tho  whole  matter  was  being  carefully  con- 
sidered, but  no  foreigner  would  be  appointed  in  future  to  any  consular 
office  without  the  express  authority  of  the  Foreign  Office. 


A  Yipr'     n  n  it  f  "^  summary  of   the  census   of   products  of  the 

» C11     4  '•     1  electrical    machinery   industry    of   tho    United 

of  Electrical  ox  ^     i      u       •       j      r    .^u-                     *  •„ 

„     ,  .  btates  has  been  issued.     In  this  summarv  it  is 

Machinery.  ^^^^^^^ 

The  total  value  increased  by  about  50  per  cent,  between  1909  and  1914. 
The  number  of  establishments  decreased  from  1,151  to  1,121  ;  but, 
eliminating  these  which  make  electrical  machmery  as  a  subsidiary 
product,  the  total  number  of  establishments  engaged  primarily  in  that 
inilustry  increased  by  21.  The  values  in  dollars  of  the  produces  of  the 
electrical  machinery  industry  in  1909  and  1914  respectively  were  as  under : 

Dynamos .§17,231,804  ...  823,233.437 

Transformers 8,801,019  ...  13,120,065 

Motors    32,087,482  ...  44.176.235 

Batteries  (parts  and  supplies). .  10,612,470  ...  23,402,455 
Carbons      (furnace,      lighting, 

brushes,  battery,  &c.) 1,934,804  ...  3,602,741 

Arc  lamps 1,706,959  ...  742,142 

Searchlights,     projectors     and 

focussing  lamps  935,874  ...  2,081,545 

Incandescent  lamps 15,714,809  ...  17,350,385 

Sockets,  receptacles,  bases,  &c.  4,521,729  ...  5,512.609 

Electric  lighting  fixtures 2,200,668  ...  3,383.955 

Telegraph  apparatus    1.957,432  ...  2,248  375 

Telephone  apparatus 14.259,357  ...  22,815.640 

Electric  heating  apparatus 1,954,112  ...  v,034,436 

Electric  measuring  instruments  7,800,010  ...  8,786,506 

Insulated  wire  and  cables 51,624,737  ...  69,505,573 

Other  products 66,694,153  ...  115,416,577 

Total  $240,037,479  §359,412,676 

Under  the  head  of  dynamos  are  included  dynamotors,  motor  generators, . 
boosters,  rotary  converters,  double  current  generators,  &c.  (8,393  in 
number)  of  an  aggregate  capacity  of  780,009  kw.,  and  valued  at 
$5,367,895,  representing  increases  of  266-3  per  cent,  in  number,  164-3  per 
cent,  in  capacity  and  70-2  per  cent,  in  value,  compared  with  1909.  Under 
d.c.  dynamos  there  were  reported  208,548  small  dynamos  and  automobile 
starter  generator  sets  of  the  value  of  §5,933.273,  but  some  of  these  devices 
are  also  included  under  the  heading  motors  for  automobiles,  &c.  There 
were  115,843  transformers  manufactuied  in  1^)14  of  2.644,794  kw.,  and 
valueel  at  §13,120,065,increasesof  51,  61-7  and  49-1  per  cent.,  respectively. 
The  output  of  motors  for  industrial  power  and  railway  use  was  417,992  of 
an  aggregate  capacity  of  2,882,795  h.p.,  and  of  §32.286,149  in  value, 
ncreases  of  62-5,  19-6  and  31  -2  per  cent,  over  1909.  The  value  of  switch- 
boards, panel  boards  and  cut-out  cabinets  was  §8,989.111,  an  increase  of 
50-5  per  cent,  over  1909.  The  increase  in  the  value  of  the  output  of 
primary  and  storage  batteries  was  120-5  per  cent.,  of  incandest en t  lamps 
10-4  per  cent.,  and  of  arc  lamps,  &c.,  6-8  per  cent.  In  telegraph  (ii.cludiiig 
wireless  telegiaph)  api^aratus,  the  increase  was  14-9  per  cent.,  and  in 
telephones  60  per  cent.,  while  there  was  an  advance  of  106-5  p.^r  cent, 
in  the  output  of  electric  heaters,  cooldng  devices,  flat  irons  and  welding 
apparatus,  an  increase  of  12-6  per  cent,  in  electric  measuring  instruments, 
and  of  34-6  per  cent,  in  insulated  wires  and  cables  ;  but  electric  c  ond>iits 
decreased  by  4-4  per  cent.  There  was  a  record  increase  of  2r5-4  per 
cent,  in  tlio  value  of  magneto-ignition  apparatus,  spaik  plugs,  coils,  &c, 
(§22,260,847),  electro  thcrapeiitic  apparatus  (§2.653,098)  showeel  the 
substantial  increase  of  139-5  per  cent.,  a-.ul  carbons  86-2  per  cent.  There 
were  also  substantial  in('rcases  in  the  values  of  the  output  of  electric 
clocks,  signals  and  attachments,  electric  lighting  fixtures,  &c.  There 
were  900  electric  locomotives  (of  §3,720,914)  under  unclassified  electrical 
machinerj%  &c. 
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IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 
From  Aug.  19,  1916,  to  Aug.  2.>.  1916. 

IMPORTS. 

Folkestone.-  /=rfl«ce.-  Elec.  carbons. 3^^^.^.,. ;  unenumerated,9cases. 

Ckiusby.— France  .■  Unenumerated.  10  cases. 

Liverpool.-  i/. 5. /I..-  Electrodes,  51  cases  ;  elec.  light  carbons,  26  cases. 

HvLL. ^ Swede n :   Elec.  machinery.  98  caces. 

LoNDoii.  U.S.A.;  Insulated  wire,  18  brls..  33  cases  ;  carbon  candles,  405  pkgs. ; 
wire  and  cable.  £99;  telephone  material.  £44;  unenumeraled,  £4.834  657  cares. 
Holland.-  Elec. lamps. £3.676  433 pkrr,. ;  elec. blowlamps. £2.371  :  unenumerated.£t80. 
Japan:  Unenumeralod,  £685.  France:  Unenumeraled,  £52 -leases.  Switzerland: 
Unenumeraled,  £331.  Denmark:  Unenumeraled,  £22.  Italy:  Elec.  wire,  40  cases; 
wire  and  cable.  £1 .107. 

Southampton.  France:  Elec.  lamps,  4  pkgs. ;  elec  cable,  £20  ;  insulators,  2  cases ; 
unenumeratcd,35pkf;s. 

EXPORTS. 

To  Australasia. -/4i/tWa«(/.-  Untnurrierir'^j,  £749.  Melbourne:  Wire  and  cable, 
£109;  elec.  machinery,  £118;  unenumeraled,  £904.  Sydney:  Elec.  lamps.  1,CC0  n.o.  ; 
telegraph  material,  £190  ;  unenumeraled,  £752.  WelUnglon:  Elec.  machinery,  £200  ; 
wire  and  cable,  £44  ;  unenumeraled,  £866.  Lyttelton  :  Wire  and  cable,  £42  ;  unenu- 
meraled,£37.  Dunedin  :  Wire  and  cable,  £122  ;  unenumeraled,  £26.  Adelaide:  Unenu- 
meraled,£43.  Chrhlchurch:  Elec.  machinery.  £23  ;  unenumeraled.  £40.  Perth:  Wire 
and  cable,  £121  ;  unenumerated,  £168.  Hobart :  Unenumerated,  £764.  Fremantle : 
Unenumeraled,  £146.     Banff:   Elec.  machinery,  £1,050. 

Africa.  -Durban:  Elec.  machinery.  £791;  wire  and  cable,  £4,446;  glow  lamps, 
£702;  unenumerated.  £2,337.  Care  Town:  Wire  and  cable,  £2,379;  unenumerated, 
£1,263.  Port  Elizabeth:  Elec.  miichiriery.  £35;  wire  cable,  £1,727;  unenumerated, 
£305.  ^ail  London  :  Wire  and  cable.  £13  ;  unenumerated.  £81.  Delagoa  Bay :  Elec. 
machinery,  £150;  unenumerated,  £172.  Beiro :  Unenumerated,  £75.  St.  Helena: 
Telegraph  material,  £40.   • 

Eo-iVT.'  Alexandria:  Wire  and  cable,  £46;  elec.  machinery.  £45;  unenumerated, 
£1,202.  Port  Sudan:  Wire  and  cible,  £49 ;  unenumeraled,  £212.  Suez:  Telegraph 
material,  £25. 

ArjRN.     Telefraph  material,  £1 10  ;  unenumerated,  £65. 

Ini<ia. Ceylon,  Ihik^-China  AND  Straits  Setti.kments.  Bombay:  Wire  and  cable 
£3,009;  olec.  machineiy.  £3,147;  unenumerated,  £905.  Singdf'Ore:  Wire  and  cable, 
£55;  eiec.  m.ifhinery.  £516;  uncnunier.itej.  £333.  Calcutta:  Wire  and  cable,  £584; 
elec.  machinery.  £24  :  unenumerated.  £1.. 588.  Madras:  Elec.  machinery, £321  ;  unenu- 
merated. £301.  Colombo:  Unenumeraled,  £3£0.  Port  Swettenham :  Unenumerattd. 
£21.  Penang :  Wire  and  cable.  £197;  lelekjraph  material.  £18;  unenumeraled.  £33 
Bankok:  Elec.  machinery.  £159  ;   urionumeraled.  £288.     5o;go«  .■  Unenumeraled.  £38. 

CHiHft.  '  Hong  Kong :  Wire  and  cable,  £980  ;  elec.  machinery,  £550  ;  unenumerated, 
£331.  Shanghai  ■  Wire  and  cable,  £621  ;  telegraph  material,  £24  ;  unenumerated,  £1.4/0. 
Tientsin  :  Wire  and  cable,  £300. 

Cm*ada.-' Toronto :  Unenumerated.  £21. 

U.S.A.  -A/*!*/  York:  Wire  and  cable,  £20 ;  elec.  machinery,  £174  ;  unenumerated, 
£374. 

South  aho  Central  America.- PoZ/jo/.-  Wire  and  cable.  £76.  Valparaiso:  Wire 
and  '?  336  ;    unenumerated,  £29.     Buenos  Ayres:    Telegraph  material.  £261  ; 

un<-  .    £111.     Monte    Video:     Unenumeraled,    £170.    Antofagasta:     Unenu- 

mei.i;-  i.  ■-.-.. 

Japan.  Yokohama:  Elec.  machinery,  £785.  Osaka:  Unenumerated,  £90.  Tokio: 
Unenumerated,  £1.509. 

East  Indies.     Sumatra:  Unenumerated,  £50. 

West  Indies.  Demerara:  Unenumeraled,  £20.  Trinidad:  Unenumerated,  £20. 
Barbados:  Unenumerated,  £11. 

Holland.  Amsterdam:  Wire  and  cable.  £3,631  ;  unenumerated,  £310.  Rotterdam: 
Elec.  m.-jchinery,  £14  ;  wire  and  cable,  £248  ;  unenumeraled,  £92. 

Russia.  Vladivostock :  Unenumeraled,  £12;  Archangel:  Wire  and  cable,  £86; 
Petrograd  :  Elec.  machinery,  £749. 

France.  Dieppe:  Elec.  machinery,  £160  ;  unenumeraled,  £189.  Paris:  Wire  and 
cable,  £29  ;  telegraph  material.  £480  ;  unenumeraled,  £439.  Boulogne:  Unenumerated, 
£19.    Bordeaux:  Unenumerated,  £29.    Marseilles:  Unenumerated,  £34. 

Gibraltar      Unenumerated,  £1 1 1 

Malta.    T' '  lec.  machinery,  £278;  unenumeraled,  £1 17. 

Sweden.  •erial,£35. 

Portugal,     i,  ,„v„.    .'■  .,c  .,,  ,     .l  ,f.  £578. 

Spain.  -Barcelona:  Unenumerated, £745. 

FOREIGN  GOODS  fduty  paid  and  free). 


Sydney:   Ele;.   i.n.i    .i.v"ui..'i      i/elltiuine,  uncii: 
meraled,  £29.     PelrcKrad :   Unenumoral.-J.  £286.     P' 
New  YofK:    Unenumeratci.  £116.     Maric'.U       U' » 
morated,   £36.     Tokio:    Unenumerated,   t. 
Kong:    Unenumerated.  £150.     Durhnn  ■    I  j 


mer«le.1.  S44.     Cape  Town:    Ur  • 
E-liiabrlh-  Unenumerated.  £58 
mer»tej,£104.     /I  ' 

Rilltrdam:   El«i; 
£13.     B'lsb'inr     U  .         .      «  r , 


i'34.     Color.ho :  Unenu- 

Unenumer.ted.  £120. 

-...^..£30.     Malt<2:    Unenu- 

:e:    Unenumeraled.   £17.     Hont 
ted,  £24.     Port  Sudan:    Unenu- 


;.  ««i7.     Kurt:    Unenumeraled,  £61.     Port 

■  Uneniimerate.1  f,20     AucKlaod .   Unenu- 

"        lamps.  9,482  n.o. 

>".■  Ur.tnumerated. 

■. t •.  <ii.    ,  I  'lO. 


NoTi.— TliB  IftfRo  numlxT  of  itcniB  in  those  oiBcialretiirnfl  under  tb» 
mialcixliii);  hi-mlifiK  "  uiKiiiiiiirratod  '  n-Uto  to  what  ii  U(>acriljod  at 
*'  •U'ctriral  jjoodii '    and  "  clii  t.rical  niatcriala." 


BUSINESS  NOTICES. 


Th««  purtihiHliip  lu'lWAcn  .\i(liur  ('.  Ii(-ii|i  and  W.  Pollard  Digliv. 
rurriod  on  al  l«.  WoKtmiiisli  r  I'uliicc  ganleiiH,  Virtorift-Ktreel,  S.\V.. 
Itrminatcd  »  n  )uk,  -ll'  Mr.  A.  ('.  Hca|i  haw  nn(«|it('d  an  inifKirtaiit 
a|i|MiiutnHM)(  wliiol/  i'«>^i)i'd.H  liiru  to  ii-liiii|iiiHh  all  ptivatc  cnn.siiitiii^ 
.iiul  ins| crtiiin  *s»^«, /  -^'i'-  W-  '*•  i)inl>y  will  continue  to  carry  on  the 
imifr.ssiond  wt/t*  ititlnTlo  cnlnistt'd  to  Ifcap  A*  Di^^y.  and  will  W 
joined  l)V  iVfr.  \V,i1It  Hylcv.  who  lia.n  liron  with  tlu>  lirni  for  s»-v«Tal 
year.**.     Th"-  tillc  of  the  new  linn  will  he  Dinghy  &  H\lr\. 

It  is  .stirtVd  tint  th<»  sharc.s  fd  tho  Hritish  Manncsniann  Tnlic  Co. 
(Ltd.)  ha/r  Ikcm  sold  by  tin*  IMdtlic  Tru'-lK'  in  n  Hiitish  ^rronj).  in- 
clndinij  Sir  liuf^h  IVIl.  Mr.  k.  .1.  Doim^ui,  Mi-isr-.  Ualfour.  Williani 
.son  \'  Co.  and  .MivsHr.s.  Hi^einson  »l-  Co..  all  <;<'rnian  intcn-st  in  the 
company  lK>in>;  thus  oliininattnl.  'I'ht*  ronrorn  owns  largo  works  at 
.*^\vansi<;i.  and  it  is  intcndrd  to  onvt  additional  niill.1  at  Newjjort 
(Moll),  whili-  oiluT  di>\clopnu<nls  an*  also  proiH).si'd. 

Arc  Lamps  for  Sale.  .Mc.s,srs.  Thos.  UroadUm  ,v  .Suis  (Ltd.). 
(Vntiid  Iron  Works,  ffuddorsliidil.  a«lvt»rti«*e  tmnt*"  Kxcelk)  .irr  lanipH 

for  sail'. 


ELECTRICITY  SUPPLY. 


Application  for  Restoration  of  Lapsed  Patent. — John  Conrad 
l^i'dford  liitrJcin-  lias  a|)jjli  -d  for  the  restoration  of  the  Patent  (Xo. 
1.3,719  uf  1908),  granted  to  hun  for  "  Improvements  in  or  relating  to 
.squirrel -cage  rotors  for  •  induction  motors  or  alternators,"  which 
expired  on  .June  29,  191.5. 

BANKRUPTCIES.  LIQUIDATIONS,  &c. 

Mr.  E.  A.  Hadlonl,  :i,  York-street,  Manchester,  has  been  apj)ointe<l 
trustee  in  the  bankruptcy  of  -las.  Fredk.  Coates  (trading  as  .J.  F. 
Coates  &  Co.,  electric  motor  manufacturers,  &c.),  52,  King  "William- 
street,  Loiuhjn,  E.C.,  and  Ij4,  Mosley-street,  ]\Ianchester. 

A  meeting  of  the  creditors  of  the  Re.si.sto-Electrical  Mfg.  Co.  ^Ltd.) 
will  be  held  at  the  offices  of  Me.s.sr8.  Lowe,  Bingham  &  Matthews,  167, 
Fenchurch -street,  L(jndon,  E.G.,  on  .^ept.  6. 

A  first  and  final  dividend  of  2s.  8^.  will  be  payable  on  Sept.  4  at 
.'10,  Mosley-street,  Newcastle-on-T,\Tie,  to  creditors  of  Wni.  D. 
Birkett,  factor  of  electrical  goods,  Amside,  Windsor-avenue,  Whitley 
Bay,  Xorthinnberland. 

A  meeting  to  receive  an  accoimt  of  the  winding  up  of  the  Pho'nii 
Electric  Heating  Co.,  1914  (Ltd.),  will  be  held  at  8,  .Staple  Inn, 
London,  W.C.,  on  Oct.  2. 


GENERAL. 

Bradford-Shipley  Linking-up  Scheme. — At  the  meethigof  .Shijiley 
Urban  CoiiiM  il  on  Tuesday  it  was  re])orted  that  the  sub-committee 
authorised  to  deal  with  the  pro|>osal  to  link-up  the  Bradford  and 
Shiplev  electricity  .s\ stems  had  ha<i  before  them  the  detailed  rejKJrt 
of  the  engineer,  who  found  that  (jnly  a  comparatively  small  .saving  in 
coal  would  be  elTectcd,  but  considered  that  there  Avere  serious  di.s- 
advantagi's  in  the  scheme.  • 

The  sub-foiniuitlcc  directed  that  a  communication  be  addressed  to 
|{radfor<l  f"<ir|i(iratioii  .<ii)iac>t  inj;  that  before  a  dcfijiitc  stalcnu-nt  was 
siibiiiittcd  to  the  l^)n,ud  of  Trade  there  should  be  a  further  iiit<rvicw 
lietweeil  the  two  fVlltllorit  ies. 

Mr.  T.  F.  DovUK  ur^'Cil  that  it  would  have  been  better  from  the  out.-ct 
to  have  ha<l  nothing  to  do  with  the  scheme.  Any  benefit  arising  ont  of  it 
niustbeat  asatritic  etoShipley.  Hecouldnotimagino  Bradford  Corpora- 
tion shtittinp  <l<iwn  any  of  their  generating  plant  for  the  convenience  of 
Shipley.      Hra<lford  eould  sujiply  the  district  much  cheaper  than  Shipley. 

Mr.  K.  Hkvnoi.os.  chainnan  of  the  Electricity  Committee,  pointed  out 
that  in  conferrins;  with  Brmiford  (V.rj)oration  they  had  only  been  obeying 
the  behest  of  t  he  Board  of  Trade.  It  had  been  agreed  that  each  authority 
.•should  have  a  re]iort  from  its  '-nginecr  before  proceeding  further. 

The  ret'oinniiiidal  ion  to  attend  a  further  conference  wa«  then  ajiproved. 

l{e.si(h-iits  of  liaiWon  having  ai)]>!ied  for  a  .«!up|>ly  of  ele<"tricity.  the 
<-oniiiiittee  liad  direi  te<l  that  the  jv])|iliea!jts  be  informed  that  the  .supply 
conid  only  be  jL'ranted  throujili  Haildon  I)istri«t  Council. 

Amesbiiry.-  The  Rural  Council  have  received  a  letter  from  Mr. 
lianulton  Kullon  in  rcganl  Xo  a  prosp.xtive  electric  supply  scheme. 

lu<|Ulrich  (-hoWed  that  the  War  Oflico  would  be  willing  to  grj^i^t  a  suppij 
<if  electricity  from  their  ^mwcr  station  on  t*-jm.s  wiiick  >rere  conisi<l«-r«ii 
risatoinulile,  but  before  pro4.-eetling  to  carry  out  a  schemo  M  a  ]irivat« 
niidertikkiiiK  the  promoU-rs  wieliml  to  asccvlain  whether  the  Couucil  w<.uM 
undertak"  it.  or.  if  lliey  di-citl**!  not  to  <lo  so.  whether  they  would  -.^iy 
tho  private  uuthitaking  the  f{u:ilitiei>  ueccjssary  for  placiiig  po!.  .  ;»wd 
(iverhea<l  wire*. 

Tho  Couiv  il  decide<l  to  ask  for  plans  showing  the  i)ositions  of  the  pole!', 
Hiul  tointpiire  whetlier  Mr.  FiiUou  li.ad  obtaiui-«l  the  consent  of  t  he  Count. t 

(  'dllMl'll. 

Dublin.  -The  electric  supply  dopartmeiit  are  sulxstitutiug  mot.iUlic 
lilainent  lam|>H  lor  an-  lamps  for  street  lighting.  The  alterati(ui  has 
,dn'.t<ly  1  ecu  mad  •  in  Merrion-square  with  very  satisfactory  results. 

Glasgow.  -The  jpie.stion  vif  coal  purchases  by  the  Electricity 
(  oniniillee  was  <<otiKi<|envl  at  last  weeks  meeting  (d  the  C<ir|Kiratitiu. 

.\  inenilM-r  smd  th,-»t  ;!■<  Mipplie.'J  cotd<l  not  bo  pot  from  coal  own«Ts  the 
Coninntt<-<>  ha<l  to  make  purcha.Hi«  from  middlemen  whose  chargo-s  were 
al>ove  the  rates  lived  by  the  Prices  of  Coal  ( Limitatioti)  .Vl .  It  had  Iteen 
diseovcre<l  that  thi>  middlemen  were  exenii>t  from  the  .\et.  ami  an  a^n^e- 
nient.  he  alleve<l.  h.id  biM-n  come  to  between  owners  .ind  men  hants 
whereby  a  portion  of  the  (%ir)>oration's  sup])lieii  had  to  come  through  the 
hitter. 

Bnilie  H,\NN.\v  said  that  the  increaJKnl  cost  »%.■»  entirely  «lue  to  tho 
liincer  di-t.\!»oe  some  of  the  eoi\|  ha<l  to  bo  transported. 

Hinckley.-  The  Rural  Council  has  given  p<?nni.s.sion  to  the  Lei<e8- 
terslure  &  WapAviekshirc  Electric  Power  Co.  to  lay  mains  to  Burbage 

MotUT'. 

Morecambe.— The  B<w«rd  <d  Trade  have  ma<le  an  onler  under 
wo.  «  of  thr  Electrir  Lighting  Act,  l«n.>9.  .luthorising  the  Cor|H)ration 
to  supply  olei  triciU  energy  to  pif  nuMcs  in  Heysham. 
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Oimskirk  — On  tie  icooniUiendation  of  the  Building  &  Electricity 
Oommiltec  tlie  Board  of  (jiuardiaus  have  accepted  the  offer  of  (ho 
Oriuskirk  Electric  Supi)ly  Co.  to  sui)ply  electrical  energy  for  hotli 
lighting  and  power. 

Reigate. — At  a  meeting  of  the  (Iiiardians  last  week  a  re|)ort  was 
consideied  from  a  LAL  Board  inspector  on  the  proposed  laundry 
extension. 

In  his  report  the  iiis])cctor  said,  with  regard  to  motive  power  for  new 
api)hances,  that  lie  did  not,  rcfjard  the  installaticn  of  electricity  as  ■m\ 
ceoiKiniical  system,  s(!eiiiii  that  steam  pow<r  was  alreatly  in  sei'vice, 
aithoiigli  that  the  steam  ])ressiu'e  was  stated  to  be  insufH(^icnt  for  drivintj; 
huuidry  machinery.  Thou<fh  (he  ])rovision  of  further  boiler  power  would 
involve  a  larger  initial  out  hiy  than  the  introduction  of  electric  power,  the 
current  expenses  would  be  h^ss  unless  very  favourable  terms  could  be 
obtained  for  the  sup])ly  of  eletitiic  (uirj-ent.  lie  thought  the  Ciuardians 
would  well  advise  to  call  in  ari  inde])eatlcnt  consultiijg  enghieer  to  report 
as  to  the  working  economy  of  steam  compared  with  electricitv. 

The  views  of  the  {jjuardians'  architects  (Messrs.  T.  R.  &  V.  Hoo])er) 
differed  from  tliose  of  the  L.G.  Board  inspector.  They  thought  electricity 
should  be  the  motive  power  and  the  cost  on  installation  would  be  far  less. 

The  matter  was  ultimately  referred  to  the  Works  Committee. 

Rochdale. — The  works  yub-comnxittee  is  considering  a  report 
recommending  the  Corporation  to  apply  for  sanction  to  borrow 
£•50,000  for  electricity  supply  extensions. 

Stalybridge. — The  Stalybridgc,  Hyde,  Mossley  &  Dukhitield 
Tramways  and  Electricity  Board  have  agreed  to  give  a  supply  of 
electric  current  to  a  number  of  consumers  outside  the  present  area 
of  supply. 

Stirling. — The  Council  have  decided  to  install  an  electric  elevator 
in  the  new  municipal  buildings  in  Corn  Exchange-road  at  au  esti- 
mated cost  of  £427.  10s. 

Worksop. — At  the  meeting  of  the  Council  on  Monday  the  Lighting 
Committee  recommended  the  appointment  of  Mr.  T.  R.  Skuuier  as 
general  assistant  electrical  engineer  at  a  salary  of  30s.  a  week. 

Coun.  Saxton,  who  moved  an  amendment  that  the  appointment  be  not 
confirmed,  said  that  the  Council  allowed  Mr.  J.  P.  Crowther  to  join  H.M. 
forces  and  agreed  to  pay  him  half  his  salary,  and  was  given  to  understand 
that  the  acting  engineer  (Mr.  Fletcher),  whose  salary  was  increased  at  the 
time,  would  be  al)le  to  manaoe  without  extra  assistance. 

Coun.  Hartland  remarked  that  if  the  staff  Was  depleted,  the  demands 
on  the  works  were  decreased.  '• 

The  Chairman  said  that  Mr.  Crowther  had  personally  told  him  that  if 
the  Council  would  let  him  go  they  could  manage  with  Mr.  Fletcher  without 
further  assistanc'c. 

Despite  considerable  opposition,  the  recommendation  was  eventually 
agreed  to. 


Ill 


]ihone  conver.sations  of  all  kinds  numtjercd  7:5,739,22 1  (decreaHfc2,777,24<>). 
Income  was  21,878,385  fr.  (aj^ainst  23,3 14. 102  fr.  in  1914),  and  expen- 
diture   18,993,192  fr.    (against    20,500,153  fr.) ;     surplus    2,885,192  fr. 

2,804,948  fr.). 

IIIIIIIIII 


TRACTION  NOTES. 


Croydon. — Two  tramcars  collided,  at  interlacing  lines  on  Monday, 
reeulting  in  injuries  to  1 1  persons. 

Glasgow. — The  Tramways  Committee  proiwse  to  curtail  the  tram- 
cur  service  at  night  by  an  hour,  owing  to  scarcity  of  labour  and  the 
consequent  strain  on  the  department.  At  present  nearly  600  of  the 
traffic  gtaff  are  working  seven  days  per  week. 


Illilllilllllliltllllllllllillllillltlllllll 

TELEGRAPH  AND  TELEPHONE  NOTES,  m 


Australian  Wireless  Service.— The  "  Australian  Mining  Standard  " 
savs  the  proposal  of  the  Australian  Commonwealth  Ciovernment  to 
reorganise  its  wireless  telegraph  service  on  naval  Inaes  has  caused  a 
flutter  in  the  staff. 

The  Minister  for  the  Navy  (Mr.  J.  A.  Jensen)  assured  a  deputation 
recently  that  the  men  could  rely  upon  being  treated  fairly,  and  that  he 
believed  the  department  would  be  generous  and  reasonable.  The  im- 
pression seemed  to  have  been  formed  that  wireless  operators  had  only 
signed  on  for  three  years,  and  that  when  the  war  was  over  those  on  duty  on 
coastal  stations  would  be  dismissed,  men  on  the  warships  taking  their 
places.     Nothing  like  that  was  intended. 

Swiss  Government  Telegraphs  and  Telephones.— The  report  on  the 
working  of  the  Swiss  State  telegraph  ancl  telephone  department  for 
1915  contains  the  following  information  : — 

The  number  of  telephone  subscribers  is  79,709  (decrease  344  per  cent.). 
Telegrams  to  and  from  prisoners  of  war  in  Austria-Hungary  and  Italy 
were  7.381  outward  (from  Switzerland)  and  1,187  inward."^  The  total 
number  of  telegrams  transmitted  was  17,301,728,  including  3,181,285 
inland,  3,621,945  international,  310,021  official,  244,383  military,  and 
944,094  inland  and  international  combined  (counted  double). '  Tele- 
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Australasia. — The  "  Australiiwi  Mining  Standard  '  .su\s  it  in 
])rui)Oscd  to  light  VVarragul,  (;i})psland  (Victoria),  by  electricity, 
utilising  the  waterpower  of  the  Tanjil  River  (36  miles  di.stant)  for 
generating  purjioses.  It  is  calculated  that  current  could  be  .supplied 
at  Id.  a  unit.  A  company  i.s  being  fomicfl  for  carrying  out  the 
scheme,  the  promoters  being  Messrs.  H.  Copcland,  S.  J.  Gay  and  V.  J. 

Crowley. 

Sir  Joseph  Ward,  Postmaster-General  for  New  Zealand,  expres.sed  the 
hope  at  a  recent  meeting  that  after  the  war  the  post  office  departments  of 
Australia  and  New  Zealand  would  direct  their  combined  energies  to  secure 
the  ideal  of  6d.  per  word  cablegrams  to  Great  Britain. 

Edison  k  Swan  meters  are  to  be  used>on  consumers'  premises  in  con- 
nection with  Nunawading  (Victoria)  Shire  Council's  electricity  scheme. 
A  fairly  successful  trial  was  made  recently  of  a  generator  to  be  installetl 
on  the  '■  dummy  "  of  the  Melbourne  cable  tramways  for  j;cnerating 
electrical  energy  for  lighting  the  cars.  The  dynamo  is  chain  driven  from 
one  wheel  of  the  "  dummy,"  and  a  storage  battery  is  jirovided  to  supply 
litjht  when  the  car  is  stationary.  .     _ 

The  Hawthorn  (Victoria)  Tramways  Trust  having  sought  the  sanction 
of  the  State  Government  to  a  Bill  extending  its  borrowing  powers  to 
enable  it  to  borrow  £50,000  for  extensions,  the  Cabinet  has  decided  that, 
while  the  general  question  of  tramway  control  is  under  consideration,  it 
cannot  agree  to  the  })roposal  so  far  as  it  affects  extension  of  Imcs,  but  it  has 
approved  a  Bill  authorising  the  Trust  to  raise  money  for  additional  cars 
and  equipment. 

On  June  30  the  lea«e  under  which  the  Melbourne  cable  tramways  were 
controlled  by  the  Melbourne  Tramway  and  Omnibus  Co.  expired,  the 
system  cam.e  under  the  control  of  the  Tramway  Board  appointed  by  the 
Government  for  that  purpose,  under  the  temporary  Act  passed  last 
December.  The  Act  will  remain  in  force  until  the  end  of  1917,  but  it  may 
be  terminated  earlier  if  an  agreement  is  arrived  at  between  the  Govera- 
mcnt  and  the  municipalities'interestcd  as  to  the  constitution  of  a  single 
authority  to  take  control  of  the  whole  of  the  city  and  suburban  tramways. 
The  new  boa,rd  consists  of  Mr.  Colin  Tem])leton  (chairman).  Sir  David 
Hennessy  and  Sir  Henry  Wcedon  (Melbourne  City  Council),  'Sis.  4- 
Renfrew"  (Fitzroy  City  Council),  and  Mr.  F.  T.  Hickford  (Brunswick  City 
("ouncil).  The  board  is  empowered  to  obtain  a  bank  overdraft  not 
exceeding  £500,000,  and  it  may  borrow  £500,000,  the  Government 
guaranteeing  repayment  of  the  moiiey  overdra\vn  or  bon'owexl,  and  it 
may  advance  the  board  sums  not  exceeding  £500,000.  ilx.  Justice 
Cus'sen  will  act  as  assessor  in  fixing  the  valuation  at  which  such  of  the 
company's  assets  as  may  be  recpiired  shall  be  purchased.  Mr.  H.  A. 
Wilcox,  managing  director  of  the  com])any.  will  continue  to  act  as  general 
manager  under  the  board,  and  will  be  paid  £2,500  a  year,  or  £500  more 
than  he  formerly  received. 

Canada.— The  introduction  of  machiner\-  in  Ontario  is  proceeding 
apace  and  is  revolutionising  farm  labour. 

For  many  years  span  ploughs,  haiTows  and  cultivators,  reaping, 
binding  and  threshing  machines  a,nd  other  laboiir-savers  have  beea 
employed,  but  of  late  electrie  motors  and  other  machinery  have  beea 
rapidly  coming  into  use. 

South  Africa. — The  fir  al  Government  estimates  of  expenditure  o« 
the  South  African  railways  and  harbours  for  the  year  ending 
March  31,  1917,  include  £55,098  for  telegraphs  and  telephones,  and 
£27,624  for  signals. 

The  following  are  items  of  expenditure  from  Loan  Funds  for  whick 
provision  is  made  in  the  estimates  of  the  South  African  Goverumont  for 
1917._Additions  to  telegraph  and  telephone  systems  and  new  works, 
£150,000;  telephone  exchange  buildings,  £14,800. 

Johannesburg  Municipal  Council  coutemplato  an  extraordinary 
expenditure  of  about  £100.000  per  annum  on  certain  rennmerative  and 
unrenuinerative  undertakings  imtU  such  time  as  they  have  reached 
completion.  The  works  include  electric  power  supply,  tramways  and 
watci'  supply. 

Water  Power  of  Canada.— The  i^tential  water  poA\er  of  Canada. 
as  at  present  known,  is  estimated  at  17,OtK),000  h.p.,  of  which  only 
1,590,500  H.p.  is  developed.  The  outstanduig  feature  of  the  power 
situation  in  Canada  is  that,  close  to  all  present  commercial  centres, 
with  the  exception  of  some  of  those  m  the  Middle  Praii-ies,  there  is 
abundance  of  dependable  water  ])ower. 

Within  70  miles  of  Winnipeg  there  is  about  500,000  H.r.  avadable 
energy,  of  which  (JO.Ot)O  h.p.  is  now  developed.  Withm  50  miles  of 
Calvary  there  is  48,100  of  dependable  24-hour  horse-power,  of  which 
15  000  continuous  horse-power  is  now  utilised  The  Western  Canada 
Power  Co.  is  developiny  at  its  pla:it  on  Slave  River  (35  miles  from 
Vancouver)  25,000  h.p.,' which  is  transmitted  for  use  in  the  coast  dis- 
trict. This  company's  present  plant  and  a  further  power  site  on  the 
same  river  can  be  increased  to  allow  of  a  maximum  development  of 
100,000  H.  V.  The  presence  of  so  much  available  water  power  means 
much  for  the  young  industries  of  the  Dominion. 
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Argentina.— Stat  JKtics  of  imiKjrts  whioh  have  Keen  i»rejiared  by  the 
Dircctor-Ocneral  of  Commerce  and  Jndustry  of  the  Argentine 
Ministry  of  Agriculture  include  the  folio-wing;"  the  figures  leing  in 
each  cafe  for  191 3,  1914  and  19 Jo  resjx-ctively  :— 

Slf.d  litiilH :  'lota!  imports,  S(J,2(j:},t>8<J,  '  S.3..397,440.  853o,G40 ; 
from  th';  United  Kinj.nioni,  §1,995,720,  81,734.300,  S!iO,320 ;  Ger- 
many, .SI,Sr,«,280,  S72(>,080,  SH4,7<XJ ;  U.S.A..  S1.W0.080.  Sfi2.3..320, 
83.30,.-)fi0.  Marhim.ry :  Total,  S«.210,4.38,  83.470.  S1.44.-..120 :  Ger- 
many, .82,880.02.-.,  8I,2.->2.070,  81. ".3.984  :  V.K..  1.3.-;.-..3.-..3.  .89.^9.19.5, 
8-t-)O.OI7.  liailirini         Mnlirinl:      T<,t,i|.         ."^.-.,((4 1 .4 1 ."..     .$4,110,022. 

81.090.780:  C.K.,  .S:{.038,H«W,  S3.2:js.:{7(».  S1..513..-,74:  Germany. 
.S.-.30,788,  8r.00,323.  nil  :  r.S.A..  .820-.,!  Is.  8224.<:(tO.  8131.200.  EUrti-ir 
WirfHftjiiKJrthlfji :  Total,  S4,94.'>,031,  .83.394.481.  .<;1.089.2r.l  :  Germany, 
82,308,394,  Sl..'>.'>8,07.3.  nil;  I'.K..  .82.((23.!;(»0.  89(13.339.  .88fi0.2.iO; 
U.S.A.,  8120,789.  8.'.2,I07.  8241.2.-.3.  Sf,an-  I'nrls  <,f  Murbimry  :  Total*, 
«2.7:{4..i08,  81,070.147.  81.222.3(1(1:  I'.S.A..  .S79(i.073.  844^1.873, 
S43l.43!t;  (^rm.Miy,  .S(i98.(i7l.  .S3!IO.tH7.  88.3..390 ;  U.K.,  .8r.9.{.787 
S43^048.  8421.08(1.  (!,il.  Iron  Wire:  Total.  82.12.5..'-.38.  $1,227,144, 
80l7,.''.ir, ;  Germany.  81.31 1. .544.  8894..'".90.  nil:  U.S.A.,  .8495,807 
$I09,.378.  .8.582,427:    U.K..  .82.34.481.  S128.10(t.  nil. 

The  (led  rie  siihiirban  hcrvite  of  the  (  entral  Argentine  Itailway  hctwocn 
I^etiro  i'i:<l  Ti^re  has  heen  cfjmir.enecd. 

TIk;  Inspeeeion  Ceneral  (!«•  Henta.s  has  lioon  authorised  to  make 
arran^'cmentK  with  the  Luz  y  Fuerza  ai.d  Anplo- Argentina  Companies 
for  the  suj.j.Iy  of  electric  light  at  the  ports  ard  dependencies  of  r.iranii 
an<l  Coniepeion  del  Uruguay  resiK-etively.  The  monthly  cost  of  the 
Kuj.ply  at  each  (,f  the.s'-  |K.rtH  will  not  excee<l  87;-:o  paj  er,  whcreaH  tho 
official  estimate  of  the  .Ministry  of  Public  Works  involved  an  expenditure 
of  82,5(M)  monlhly. 

It  wa<  cxpect<-d  that  the  oloctrieity  sup].ly  at  Bahia  Blanca  would 
cease  (..n  .July  Hi  owinn  to  lack  of  coal.  Tho  comjianv  owning  the  works 
was  unablo  to  procure  petr<ileum  from  the  Minislrv  of  A-:rieidture  at  the 
current  priee.  ajid  trials  of  wood  fuel  had  not  L'iveii  satisfactoir  results. 

The  "  Review  of  the  Hiver  I'late  "  states  that  f.wing  to  a  dispute  with 
the  .Munieii>alityast(.  jiaymcnts  for  services  and  the  difficulty  of  getting 
<oal  supplies,  the  Hosario  (ias  Company  suspended  its  public  service  on 
.July  1.5.  The  Municii)al  Intendcnt  at  once  ordered  electric  lighting 
instidlations  to  be  put  in  the  streets  where  the  jras  had  been  suspended 
and  hisaeti«.n  haHsineebeen  cut  husiastic.illy  c-onlirnied  by  tlieeity  council 
and  by  the  inliabit.ints  of  the  htre«-ts  affi'eted.  825.(»("lO  m/n."is  to  be 
s|Hnt   u|K>n  (lie  pur.h.iH-  of  electrical  material  for  the  purixjse.     Subsc- 

<|uently.  however,  the  elect  ricHUpply  company  made  it  plain  that  alt  h<iufrh 
it  was  ulad  of  t  he  new  business,  it  would  have  to  bccf.me  the  subject  of  a 
formal  and  binding  contract,  and  i)rofiting  by  the  sad  exiierience  of  its 
gas  rival  it  is  askin;;  that  certain  municipal  revenues  should  be  specifically 
affet  terl  to  the  payment  of  the  current  it  is  to  su|)ply. 

Colombia.— The  Muni<i|»ai  Council  of  Unao,  ])ci»artment  of 
Anti.Mpiia.  has  bc.-n  aulhoriscd  to  Ixjrrow  4(MMM)  pesos  (£8,000)  for 
elc«lric  lightin'.;aml  arpicduct  work.s.  and  the  nuuiicipalitv  of  Auiaga. 
DeparlMicnt  of  Anfio(piia,  has  been  autlioris<(l  to  Uirrow  an  amount 
not  exco<«diiig  (l.(KH>  pcso.s  (£I,2(M))  for  electric  jjowcr  i)lant. 

Electric  Traction   in   Argentina.    The   lirst   electric   railway   in 

.\tgciilnia  was  oflici  lily  iiiaugur.ilcd  uv  J-Viday  bv  JVi'sidcnt  J'laza. 
when  the  Central  Argentine  Co.'s  route  from  Mueiios  Axrcs  to  Tigre 
was  opened.  The  work  of  elect rificat ion  was  carried  out  by  British 
••on  tractors. 

Iceland.  Tlw  De  Forvnde  Igcniorkcml^irvr.  ..(  Christ iania.  is 
j.reparing  plans  for  oleetrieity  8U|.ply  works  for  Hc>kjavik  Municii)al 

CnlliM'il. 

Lyons  Municipal  Contracts.  MM.  ( ..nsul  at  i^vons  n-|H.rts  that 
111.-  lA<ms  Mmiici|Ml  Council  have  deeidtnl  that,  in  future,  conlnicts 
for  supplies  re.|nin-d  by  the  town  shouhl  be  concluded  <.nlv  with 
linns  piirticip;itiiiL,'  in  ll-.>-  annual  Lyons  J-'air. 

MeliilaiN.  Africa).— A  eoncpssion  for  the  const  met  ion  .ind  working 
of  an  electric  tramway  in  .Melilla.  for  which  lenders  were  invited  in 
.April   last,  has  I  .<en  gnmtotl   to   Don    H.nuon    I'rtMides  Rodriguez. 
Construction  work  must  Ik-  lonipleted  within  two  vciirs. 

Patents  in  Aiistria-Hi.ngary.~- The  Austn.Hmigarian  Goventmrnt 
bus  issurd  a  rcg(da(ion  legarding  retaliatory  measures  for  the  pro- 
tection of  lrad.<  against  Kn-nch.  British  and  KiHsian  subjcefs,  and 
regarding  i>afents  and  trade  marks  against   llali.o>  subject.-*. 

The  revulation   deci.les   that.  ]K»tenls   ntul   Ir  .  „f  sulijcct.s  of 

l-rjiii.  (>  and  Great.  lUitain  viva,  on  ri'ipiest.  bore--  ;»bolishi-<l  in  the 

l>iil)li.  interest  l.v  (ho  Minister  of  |»ublie  WVrks  or  .  harc-l  with  royaltiet-. 
l>Mt  patents  of  Bii.ssian  subjixts  cmi  be  restricte*!  or  aboli.-hed  without 
regard  to  the  publie  interest. 

Applications  for  patents  and  trft«le  marks  bv  subjects  of  enemy  States 
will  be  accepted,  but  not  ^'rjuited. 

Russia.  The  Bu.^sian  Minister  of  Commcreo  hn.-*  i.s,mio<l  a  IVcrec 
dated  July  .5  (.lune  22.  ().,S.)  giving,,  I,s(  of  mnehiue«.  np,«ralu«,  &e., 


w  hich  are  to  be  admitted,  for  10  years,  free  of  customs  duties,  for  the 
requirements  of  the  Siberian  and  Ural  gold-mining  industries. 

These  include  drc-dgcs,  with  all  machinas,  boilers,  engines,  &c.  ; 
dynamos,  electric  motor.s  for  driving  electric  dredges,  with  cables  and 
distributing  arrangements ;  protecting  and  measuring  appliances ; 
transformers  ;  and  everything  necessary  for  the  fitting  up  of  the  station 
for  supply  cuircnt  for  same.  Parts  of  dredges  ;  electrical  ecjuipment  for 
electrical  dredges  ;  electric  stations  on  the  bank  or  on  a  barge  for  serving 
the  dredge  (engines,  dynamos,  switchboards,  &c.) ;  excavators  complete 
with  boilers,  washinf;  arrangements,  electric  and  steam  locomotives,  and 
]>arts  of  same  ;  ap])urtenances  and  mechanism  for  prospecting  dredging 
areas  (drillinc  a]>])aratus — steam,  electric,  &c.,  with  accessories) ;  and 
parts  of  same ;  apparatus,  machines,  &c.,  for  crushing  gold  ores  and 
extracting  from  them  gold  by  chemical  ])rocesses  (including  vacuum 
])umps,  motors  and  appurtenances  for  smelting  residues) ;    and  parts  of 


ime. 


The  Aetint'  British  Con  si.  1 -General  at  Odessa  reports  that  electric 
lam])s  a:id  aj.i.lianccs.  formerly  sup]»licd  by  Germany  to  the  local  market, 
arc  now  beinjr  su])plicd  in  large  quantities  by  ,Ia])an.  Japan  is  also 
.supplying  many  classes  of  rubber  goods  in  large  quantities. 

iJuring  191.5,  the  import  and  export  trade  of  the  Odessa  district  was 
dc])cndent  on  extremely  limited  and  uncertain  transport  bj-  way  of 
\'liMlivostf.ek  an<l  Archangel.  In  noimal  times  Odessa  is  the  emi)orium 
for  nudtitudinous  (ommoditics  brought  from  Southern  and  Western 
Euroj.c,  s,-m\  is  one  of  the  jrrcat  centres  of  Russian  foreign  trade.  Im- 
mense quantities  of  av:ri(  ultural  miuhinery  and  inq.lements  of  all  sorts 
.are  annually  inq.orted  from  the  United  Kingdom,  Germany,  Canada  and 
America.  Umlcr  the  rondit  ions  imposed  by  the  European  war,  and  more 
])articularly  by  the  war  with  Turkey,  the  discussion  of  general  trade  is 
of  small  interest. 

It  will  be  of  more  a<lv.antage  to  insist  once  again  on  the  almost  limitless 
))otcntialities  of  the  Russian  market,  and  on  the  imperative  necessity  for 
the  British  merchant  to  avail  himself  without  delay  of  the  unique 
opportunity  now  offered  him  for  supplanting  the  German  in  Russian 
trade.  The  symi)athies  of  the  Russian  ]>coplc  are  sincerely  British,  and 
British  jjoikIs  will,  whenever  possible,  be  given  a  preference.  But  it 
wouM  be  ])uerile.  a:i<l  even  suicidal,  to  foster  the  idea  that  after  the  war 
the  Russian  merchant  will  iiurchase  British  goods  for  the  simple  reason 
that  they  are  British.  After  the  conclusion  of  peace  the  German  will 
make  a  des])eratc  effort  to  regain  his  footing  in  the  Russian  market,  and 
in  so  doing  will  no  <loubt  be  well  ba''ked  by  his  Government  and  banks, 
and  the  metluxls  ado])tcd  will  be  well  thought  out,  and  the  camj.aign  well 
organised.  Co-operation  in  the  matter  of  organisation  and  in  the  plan  of 
eamj.aign  to  be  a(lo])te(i  is  neccssarA'.  A  group  of  firms  of  allied  trades, 
the  demand  for  the  prrKlucts  of  each  of  which  does  not  justify  a  separate 
org.anisation.  could  join  totjether  to  form  an  agency  cr  branch  in  Russia. 
.an<l  of  far  f:reater  and  more  jieneral  imj.ortance  is  the  co-operatif>n  of  all 
British  nu-rchants  tiadinjx  with  Russia.  By  means  of  this  a  standard  of 
terms  (»f  credit  and  conditions  could  be  set  uj).  and  a  system  of  reliable 
information  as  to  the  financial  standing  and  commercial  morality  of 
Russian  tra/lers  could  be  established,  and  a  trading  bank  founded  in 
which  British  merchants  cngjvged  in  Russian  trade  might  be  mutually 
interested.  Sonu-  linancial  institutions  must  also  si)cciali.-e  in  the 
Russian  tragic,  and  be  willing  to  give  facilities  to  merchants  so  as  to 
enable  them  to  irrant  the  four  to  six  months"  credit  rcquinnl.  It  has  come 
to  light  how  German  traelc  in  Russia  was  financed  through  I^ndon. 
These  facilities  must  in  the  future  be  withdrawn  from  the  Germans,  and 
extended  to  British  merchants.  The  giving  of  credit  is  necessary,  but 
no  cr(><lit  should  be  given  without  in.piiry.  Such  inquiries  can  only  be 
iniMie  on  the  spot. 

The  Usual  Hritish  condition  of  cash  against  documents  is  an  effective 
bar  to  business  with  Russia  in  normal  times.  The  general  custom  is  to 
give  from  four  to  six  months'  credit,  and  ludess  the  British  merchant 
<!omi>lies  with  this  c\istom.  he  will  have  great  difficulty  in  selling  his  goo<ls. 
The  Russian  merchants  of  good  stantling  are  very  honest.  In  order  to 
^.'ct  at  these,  howevi-r.  a  kni>wlc<l!zu  of  th"  Russian  language  is  generally 
nece.sHarv'.  As  repanls  aijcnts.  many  of  the  so-called  agents  who  write 
i'xtr(>inely  ]»lausible  letters  to  British  firms  offering  to  represent  them  arc 
not  dj'siiable  representatives.  British  firms  nnist  be  loially  rcpresente<l 
either  by  resident  apeuts  or  by  travellers  chosen  for  their  btisin«'ss 
eajiacity.  and  for  tait  and  i»bility  to  ada])t  themselves  to  clients"  re<iuire- 
ments.  l"he  av'''"*  should  make  himself  aurec.iblc  to  his  jirospective 
client,  and  try  to  make  a  inisonal  friend  of  him.  Establish  good  personal 
relatirinw,  an«l  rocmI  businesM  will  follow.  It  is  futile  to  endeavour  to 
establi.Hh  tt  tr««le  by  correspon<lence  only,  and  to  run  the  business  direct 
from  the  I'niti-^l  Kingdom.  Wiiat<'ver  eorres])ondonce  is  nece.ssar>-  .should 
1'  '         .'         1  ftii  catalogues  and  circulars  jirinfcHl.  in  the  Russian 

'  ■  should   be  jiiven   in   roubles.   an<l   (pioted   c.i.f.    at    a 

I'.ussinn  piTt  or  ev<  n  the  buyer"s  rtiilway  station.  The  weights  .and 
me.^.surc»  chould  be  Ru.s»ian.  When  cpioiing.  if  the  price  c.i.f.  is  not 
ineluNiveof  Ru!t«iiui  CuKtoms duties,  tlu-n  the  British  ex))orter  should  give 
his  buyer  an  estimate,  as  nearly  .apj.roximatc  .as  possible,  of  the  .amount 
of  the  duties  to  Ik-  p.iid.  In  the  c.ise  of  iroods  of  doubtful  Customs 
;'  'lid  do  well  to  get  an  .authoritative  ruling  on  a 

-  department  at  IVtrograd.  Cierman  firms 
pave  this  great  f.a.iiiiy.  and  Russian  merch.anfs  arc  accustomed  to  it. 
fJoodji  shouM  W  well  an<l  carefully  packed,  so  t  hat  they  .arrive  und.amage<i. 
It  is  important  that  no  time  be  lost  in  entering  into  business  relations 
with  Ru!isi.a.  The  initial  .^p.adc  work  should  be  clone  now.  As  it  is 
probable  tbnf  not  ».i,..iv  men  ran  K-  found  at  the  presc-nt  time  with  an 
a'b><|uatc  „i.  it  wo«ild  be  well  to  send  .such  as  have 

someknoi*       ^      :  i.       pe.an  l.aiigiiages.     Thegreath.andieap  to  be 

overcome  at  \hv  o«t«>t  by  British  tr.a<lers  will  be  the  Language  difficulty. 
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Tho  supply  of  British  subjects  who  at  present  know  Russian,  will  not  he 
equal  to  tho  demand.  Until  this  necessary  link  is  forged,  British  trade 
cannot  bo  properly  ])ushcd.  However  honest  a  Russian  merchant  may 
be,  he  cannot  hav(>,  tho  same  interest  as  the  British  merchant  in  furthering 
the  interests  of  British  trade  as  opposed  to  that  of  other  nations.  Agents 
should  be  appointed  in  Petrograd,  Moscow,  Warsaw,  Kiev,  Odessa, 
Kharkov  and  Jlostov,  (jacii  with  his  defined  sphere.  From  these  centres 
the  districts  dependent  upon  them  could  bo  pro])erly  organised  and 
controlled.  Tho  necessary  corollary  of  a  IJritish  (export  trade  to  Ru.ssia 
is  an  import  trade  from  Russia  into  the  United  Kingdom.  This  would 
naturally  consist  for  tho  most  ])art  in  agricultural  i)ro<lucts,  timber,  and 
oro.  As  regards  the  grain  export  trade  of  Russia,  before  the  war  Germany 
was  by  far  the  largest  buyer.  British  importers  fought  shy  of  Russian 
grain  on  account  of  the  uncertain  quality  and  often  of  tho  quantity  they 
might  receive,  whereas  German  importers  were  less  particular. 

Prof.  M.  Lauwick,  of  Ghent,  in  an  article  in  "  Tho  Times  "  Russian 
Section,  mentions  that  in  1913  Russia  imported  from  German  physical 
and  chemical  instruments  valued  at  £440,000  and  telegraph  and  tele- 
phone apparatus  valued  at  £23,000. 

Switzerland. — Prohibition  of  Exports. — The  exportation  of  various 
articles  from  Switzerland,  including  electrodes  (mounted  or  other- 
wise), and  insulating  tubes  of  jiaper  with  sheet-iron  euveloj^.es,  is 
prohibited  as  from  July  28. 


MISCELLANEOUS  NOTES. 


Alien  Enemy  Patent. — The  application  of  the  Suffolk  Electricity 
Supply  Co.  (Ltd.)  for  a  licence  under  Aust's  patent  No.  4,908  of  1909, 
relating  to  the  fitting  of  subsidiary  pumps  to  the  cylinders  of  Diesel 
engines,  has  not  been  proceeded  with.  The  proceedings  before  the 
Comptroller-General  of  Patents  were  reported  in  our  issue  of  July  21. 

British  Firms  in  Germany. — As  a  reprisal  for  the  liquidation  of 
German  businesses  the  Federal  Council  has  empoweTed  the  Imperial 
Chancellor  to  arrange  for  the  compulsory  lic[uidation  of  busmesses, 
the  capital  of  which  is  mainly  in  the  hands  of  British  subjects  or 
which  are  managed  or  supervised  from  British  territory. 

Already  11  companies  or  firms,  including  the  Imperial  Continental  Gas 
Association,  which  owns  several  Continental  gas  and  electricity  works, 
have  been  ordered  to  be  wound  up. 

Enemy  Firms  Wound  Up. — The  Board  of  Trade  has  ordered  the 
winding  up  of  330  businesses  controlled  by  alien  enemies.  The 
latest  list  includes  the  British  Pyrophor  Metal  Co.,  G.m.b.H.,  39, 
Victoria- street,  London,  S.W.,  production  and  sale  of  cerium  iron 
stones  (avermetal).  (Controller :  F.  J.  Saffery,  14,  Old  Jewry- 
chambers,   E.C.) 

Engineering  School  for  Boys. — On  the  initiative  of  the  Leyton 
Higher  Education  Committee  Essex  County  Council  are  opening  this 


month  a  new  engineering  and  trade  school  in  Leyton  for  boys  between 
13  and  10  years  of  age. 

A  practical  engineer  with  a  first-cla'is  Iy>ndon  degree  ha.s  been  appointr<l 
hea<lmaster,  and  a  training  is  to  be  (riven  suitable  for  la'is  who  wish  to 
enter  (engineering  oi'  cliemical  industries  at  the  age  of  10.  The  Draper's 
Company  have  voted  £100  a  year  for  three  years  in  aid  of  the  Scheme. 
A])plications  for  admission  to  the  new  school  should  be  a^ldressc-d  to  tho 
Town  Hall,  Leyton. 

Exports  to  China. — The  "  L<jndon  Gazette  '  contain.s  a  further 
list  of  firms  and  persons  in  China  to  whom  goods  may  be  consigned 
from  the  United  Kingdom,  including  the  Yurmanfu  Electric  Light  Co. 

Military  Tribunal  Case. — At  Newport  (Mon)la.st  week  the  borough 
electrical  engineer  (Mr.  A.  Nichols  Moore)  applied  for  the  exemption 
of  nim  men  in  his  department. 

Mr.  MooRK  explained  that  his  department  was  down  to  its  minimum. 
Tho  men  included  men  from  the  permanent-way  department,  night  car 
repairer,  brake  fitters,  coaf:h-builder,  motor  tramways  inspector,  over- 
head linesman,  &c.     All  the  men  were  absolutely  necessary. 

Three  months'  exemption  in  each  case  was  granted. 

Munitions  Tribunal  Case.  -At  Nc.vport  (Mc-n)  recently  Reginald 
Victor  Powell  complained  that  Newport  Corporation  tramways 
department  mireasonably  refused  to  issue  a  certificate  in  his  favour 
on  July  31. 

L'owKLL  alleged  that  he  had  been  superseded  as  senior  switchman  by  a 
man  who  had  only  been  in  the  Corporations  em))loyment  about  three 
weeks,  whereas  he  was  a  capable  man,  and  had  been  a  servant  cf  the 
Corporation  for  about  18  months.  His  apj)lication  was  based  wholly 
upon  the  fact  that  the  new  man  had  been  described  as  "  senior  switchboard 
attendant." 

Mr.  A.  Nichols  Moore,  borough  electrical  engineer,  said  that  the 
explanation  was  that  both  men  were  senior  switchboard  attendants, 

The  application  was  refused. 

Royal  Assent. — On  Aug.  23  the  Royal  Astent  was  read  to  new  Acts 
of  Parliament,  including  the  Telcgra^jh  (Construction)  and  the 
Shropshire,  Worcestershire  and  Staffordshire  Electric  Power  Acts. 

Secretaries'  Association. — We  have  received  a  copy  of  Vol.  VII.  of 
the  lectures  delivered  before  the  members  of  this  association  during 
the  session  1915-16. 

Verbatim  reports  of  the  lectures,  together  with  a  resume  of  the  most 
interesting  points  in  the  discussion,  are  given.  The  lectures  were, 
with  one  exception,  on  topical  commercial  subjects,  and  as  they  were 
delivered  by  experts  on  the  particular  subjects  treated,  the  volume  pos- 
sesses considerable  interest,  not  only  for  secretaries  of  companies,  but  for 
all  engaged  in  trade  or  commerce.  The  lectures  were  :  "'  The  Secretary 
and  his  Directors,"  by  Herbert  W.  Jordan  ;  '"  The  War  :  Its  Effect  on 
Commerce  and  Finance,"  by  Emil  Davies ;  "  National  Health  Insur- 
ance :  Its  Present  and  Future,"  by  Frank  G.  Harris ;  "  Foreign  Ex- 
changes, the  Part  they  Play  in  International  Trade,"  by  A.  Lester  Bod- 
dington  ;  "  Curious  Cases  in  Company  Law,"  by  R.  R.  Formoy  ;  '"  An 
iVncient  Order  of  Chivalry  "  (The  Order  of  the  Hospital  of  St.  John  of 
Jerusalem),  by  H.  W.  Fincham.  The  volume  is  published  at  Is.  net.  and  can 
be  obtained  from  the  Association  at  70a,  Basinghall-street,  London,  E.C. 


TENDERS    INVITED. 


rurbo-Alternator,  Condenser,  &c. 

The  Town  Clerk,  Invekcaeuill  (N.Z.)  will  receive  tenders 
until  4  p.m.  on  Sejjt.  28  for  the  supply  and  erection  of  a  Steam 
Turbo-Alternator,  with  Condenser,  Fittings,  &c.  (Contract  No. 
40).     Specification,  &c.,  from  the  Town  Clerk. 
C.L  Pipes,  &c. 

Sheffield  Electric  Supply  Committee  require  tenders  by 
10  a.m.  Sept.  1 1  for  the  supply  and  laying  of  48  in.  c.i.  Water 
Pipe  and  Construction  of  Chambers. 

Tramway  Material. 

The  Madrid  "  Gaceta  "  of  Aug.  4  notifies  that  tenders  will  be 
opened  on  Oct.  7  for  the  Construction  and  Working  of  an 
Electric  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lines  of  the  Cia  Nacional  de  Tranvias  de  Barcelona,  which  holds 
an  option  on  the  pro])osed  concession.  Minimum  rolling  stock 
required  will  be  Two  Motor  Tramcars  and  Two  Trailers. 

Tenders  will  be  opened  on  Oct.  11  for  Construction  and  Work 
ing  an  Electric  Tramw^ay  in  Madrid,  from  the  Calle  de  Alcala 
to  the  Calle  de  Diego  de  Leon.     Minimum  rolling  stock  required 
will  be  Four  Cars. 

In  both  cases  construction  work  must  be  commenced  within 
three  months  and  completed  within  10  months  and  a  yeav 
respectively  from  dates  of  concession.  An  option  on  the  con- 
cession is  held  by  the  Sociedad  Tranvia  del  Este,  Madrid.  :.. 


Carriage  Lighting. 

Th?i  Great  Northern  Railway  Co.  (Ireland)  require 
tenders  by  10  a.m.  Sept.  6  for  Electric  Batterj'  Materials  for 
Carriage  Lighting.     Specification  from  the  Seeretar\\ 

Electrical  Goods,  Fittings,  &c. 

The  directors  of  the  Powell  Duffryn  Steam  Coax  Co.  require 
tenders  for  Stores  (including  Electric-.l  Goods,  Indiarubber,  &c.) 
from  Oct.  1.  Particulars  from  Stores  Manager,  Aberaman 
Offices,  near  Aberdare,  and  tenders  to  the  directors  of  the  com- 
pany, 101.  Leadenhall-street,  London,  E.C,  by  Sept.  G. 

Edmonton  Guardians  invite  tenders  (by  Sept.  20)  for  six 
months'  supply  of  Electric  Lamps.  Tenders  to  the  Clerk, 
Lower  Edmonton,  London,  N. 

West  Ha.n  Ciuarilians  retpiire  tenders  by  10  a.m.  Sept.  14 
for  three  months'  supply  of  Electrical  Fitthigs,  Oils,  &c.  Ftirms 
of  tender  from  the  Clerk,  Union-road,  Lcytonstone,  N.E. 

Tenders  are  required  for  the  manufacture  and  supply  of 
Electric  Light  Fittings  for  Avste.uja  House,  London.  Forms 
of  tender,  &c.,  from  Mr.  H.  H.  Turner,  48,  Broadwaj-,  West- 
minster, S-W. 

Crane  Gantry  and  Rooflng. 

)\'olver  HAMPTON  Corporation  require  tenders  by  Sept.  8  for  a 
Steel  Crane  Gantry  and  Steel  .Roofing  for  the  electricity 
department. 
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Telephone  and  Telegraph  Material,  iBstruments,  &e. 

Tetiders  are  inritf(J  for  the  nupjJy  to  the  PoslraastrrOneral  s 
J)e])t.,  State  of  .'vjuth  Australia",  of  Tclephtme  Material  in 
accordance  with  schedule  No.  428,  and  tenders  are  invited  (up 
to  Oct.  4)  for  the  supply  to  the  Pristmastor-CJencral's  T.'cpt., 
•State  of  Western  Australia,  of  Telej)hone  and  Telegraph  Instru- 
ments in  accordance  with  schedule  \o.  5()1.  Tenders  are  also 
invited  (up  to  Nov.  l."))  for  the  supply  and  erection  at  the  tele 
plione  exchanges  of  (ilenclg  anfl  Brighton,  State  of  South 
Australia,  of  Automatic  Switchhoards  and  all  associated  appa- 
ratus (as  per  schedule  No.  426).  Tenrler  forms,  spcciHcations, 
&c.,  may  he  obtained  at  the  (onmion wealth  Offices,  72,  Victoria, 
street,  Lfjndon,  S.W.     See  also  an  advertisement. 

'i'lie  Deputy  Postmaster-Oeneral,  Perth,  requires  tenders  by 
:i  p.iri.  Oct.  4  for  the  sujiply  and  delivery  of  various  Telegraph 
and  Telephone  Measuring  instruments  and  Parts  for  the  Aus- 
tralian- C'oMMoxwKAi.TH  I'ostmaster-Cieneral's  J>ept.  Sjiecifi- 
cation,  &c.,  from  the  Deputy  Postmaster-Ceneral,  J'erth,  W.A. 

Tenders  are  invited  by'  the  l>eput\'  Postmaster-Cieneral, 
Adelaide,  for  the  supjily  and  deli\Try  of  Telephones.  TeIe])hone 
Material,  Instruments  and  Part.s.  (Schediile  Nos.  42n  to  4'M). 
S|)ecificati(mH,  &c.,  and  pealed  patterns  may  he  insj)ectx-d  at  the 
Oflice  of  the  High  Commissioner  in  I»ndon  for  the  Commim- 
wcallh,  72,  N'ictoria-street,  S.\\'.     Tenders  by  2  p.m.  Sept.  27. 

The    Deparlamento   de    Fomento   de   la   Mancomunidid   de 
Cataliina,   IJanelona,  refpiire  teuflers  by  noon  Sept.   II  for  the 
jirovision    of   a    telephone   system    for   the    towns  of    Lkrida, 
'     JiALAfM'KR,  Tkkmp  and  Sort  at  an  estimated  cost  of  £r),OfK). 

Iramway  Track  Work,  &c. 

.Mancukstkh  Ttaniways  Committre  invite  tenders  for  the 
sujiply  of  Permanent  Way  Special  Track  Work.  Point  T<  ngues 
and  CVossingH.  Sjiecitications  from  Mr.  .1.  M.  McFJroy.  general 
manager,  and  tenders  to  the  chairman  of  the  Tramways  Com- 
niitlee.  .■)."».  Pi<<adil1y.  .Maiichesler,  by  10  a.m.  Sept.  12. 

Electric  Crane,  Air  Compressor,  Crane  Motors,  &c. 

The  Victorian  Railway  Commission er.s,  S]x>neer-street, 
Melbourne,  require  tenders  by  11  a.m.  S<'i)t.  G  for  the  supply  of 
12  Tlnce  ]>hasc  Crane  Motors  and  Controllers  and  11  One-))hasc 
WoJ-lvsho))  Motors  and  Starters  (Contract  No.  30,110).  Speci- 
ti<ations  from  the  offices  of  the  Commissioners. 

The  Ni;\v  SoiTii  Walks  Covkrnmknt  Railways  &  Tram- 
ways IJkpartmknt  require  tenders  by  noon  Sept.  20  for  the 
siijqily  and  erection  of  an  Eiectrif!  Overhead  Travelling  .W-ton 
Crane  (specilication  474);  and  by  noon  Oct.  11  for  a  motor- 
driven  .\ir  Coni])ressor  (sjR'ci)ication  480)  for  Zarrastreet  power 
house.  Specitications,  &e.,  from  the  Klcctrical  Engineer,  01, 
Hnnter-street,  Sydney. 

Electric  Time-releasing  Mechanisms. 

'I'he  Victorian  Hailwa\  Comniissi(  iier?'.  S|.(ncerstreet,  Mel- 
udiKNK.  invite  tenders  (by  II  a.m.  Oct.  18)  for  the  supply  and 
delivery  of  Electric  Time-releasing  Mechanisms  (l(K)  with  two 
normal  and  two  rever.'-e  eontact.s.  and  'lO  with  four  normal  and 
four  rever.se  contacts)  for  automatic  signalling.  S|  c(ifi(  ations 
from  the  CommiHsioners.  Sjiencer-streot.  .Meliiounie. 

Aerial  Ropeway,  Power  Plant,  &c. 

TIm-  N.S.W.  I>i.i\i<tmi.nt  hi  Pi  iu.k  Works  require  («'nders 
bv  2  p.m.  Sept.  IS  bir  Power  Plant.  'J'ransmission  Eim  and 
Aerial  Ropewa\  for  Chifhester  River  Sl«rag«>  Reservoir. 
S|H'eifieHtion.  &e. ,  from  the  offici-s  ol  the  1)c|M«rti.)ent,  Sydney. 


m  TENDERS  RECEIVED  AND  ACCEPTED.  1 
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Walthamstow. — The  Council  have  accepted  the  following 
tenr lers  :  — 

British  Thomson-Houston  Co..  e.h.t..switohgear,  £984;  General  Electric 
Co.,  l.t.  switchgear.  £135  :  Bruce  Peebles  &  Co.,  motor  converter,  £1,825. 

Aberdeen. The  Tramways  Committee  has  accepted  the  tender  of 

the  British  Thomson-Houston  Co.  for  two  traction  motorsat  £1  loeach. 
Melbourn-k  (Victoria).— The  Citv-Coimcil  has  accepted  the  tenders 
of  Beacon  Carbons  (Ltd.)  for  carbons,  £2.040  ;  Edison  Swan  Electric 
Co.  for  metal  filament,  lamps,  £642  ;  and  the  Reason  Mfg.  Co.,  and 
British  Westinghouse  Electric  &  Mfg.  Co.  for  meters. 

Sydney  (X.S.W.) — The  Electric  Supplj'  Committee  has  recom- 
mended the  Council  to  accept  the  following  tenders  in  connection 
wth  the  laying  of  a  cable  across  Darling  Harbour : — 

W.  T.  Henlcys  Tclc^rraph  Works  Co.,  cable.  £4.124  (based  on  copper  at 
£8.">,  and  leaf!  at  £22.  Ids.  per  ton)  ;  Australian  (Jeneral  Electric  Co.,  two 
1,000  k.v.a.  transformers.  £1.680,  and  12  10,000  volt  switches  and  ex- 
pulsion fuses,  £.')(»ft ;  and  W.  (J.  Wat.son  &  Co.,  20  three-pole  di.sconnecting 
switches  and  fuses,  £420. 

Government  Contracts.  The  following  tenders  were  accepted  by 
the  British  (M.veniriieijt  departments  during  July  :— 

Wrr  Offie. — A.  E.  Dean.  X-ray  apjjaratus  ;  Liverpool  Elec.  Cable  Co. 
and  Siemens  Bros.  &  Co..  dec.  cable  ;  British  L.M.  Ericsson  Mfg.  Co.  and 
Siemens  Bros.  &  Co..  li^'liting  discharger.';  and  parts;  Ceneral  Klectric 
Co.,  elec.  liirht  and  pf)\ver  simdries  ;  Aster  Enaineerin?  Co..  Day  Motor 
Co.,  W.  H.  Dornian  &  Co..  Fyfe,  \\ilson  &  Co.,  Morris.  Henty  &  Gardners, 
and  Petters  (Ltd.),  electric  lijjhting  sets;  Butters  Bros.  &  Co..  electric 
jjantrv  cranes  ;  W.  H.  Dornian  &  Co.,  generating  sets  ;  British  Thomson- 
Houston  Co.  .and  City  Eicctiical  Co..  electric  generators  and  motors  and 
jiarts  ;  l^gc  Sparking  Plug  Co..  sparking  plugs;  General  Electric  Co., 
rotarv  converter  at  Woolwich. 

Itt/lia  Offer. — Peel-Conner  Telephone  Works,  carbon  cnps  ;  General 
Elhctric  Co.,  ••ells ;  Automatic  Telephcwie  Mfg.  Co.,  extension  of  switch- 
board. 

Post  ()(fir,. — Automatic  Telei>hone  Mfg.  Co.,  telegraph  apparatus; 
British  L..M.  Ericsson  Mfji.  Co.  and  Western  Elc(-.  Co.,  telci>hone  appa- 
ratu.s  ;  (Taitpark  Kl<'<'.  Cal)le  (.'o.,  W.  T.  Henleys  Telegraph  Works  Co.. 
India  Uiublxr.  (Jutta  Pcrcha  &  Tclegraj)h  Works  Co..  awl  Teletrraph 
(^on.struction  &  .Maintenance  ('o..  telegraph  cable;  British  ln.sulat»*d  & 
Helsby  Cables.  I'ullers  Wire  &  Cable  Co..  London  Electric  Wire  Co.  *: 
Smith's.  Siemens  Bros"  &  C"o.,  Union  ('able  Co..  and  West<Tn  Electric  V.o., 
telei)hone  cable  ;  India  Buhbcr.  (^utta  Percha  &  Telegraph  Works  Co.. 
])orous  cells :  L<Didon  Klectric  Wire  Co.  &  Smiths.  Peel-<"onner  Tele- 
j)hone  Works.  an<l  Phu-nix  Telephone  &  Electric  Works,  telephone  cords  : 
Edison  &  Swan  I'nited  Electric  Light  Co.,  W.  (i.  IVe  &  Co..  and  Record 
Klcctrical  Co..  L'alvaiiometcrs  ;  Telegra])h  Con.struction  &  Maintenance 
Co..  tackle  for  cable  ship:  Western  Elec.  Co..  telephones;  Siemens 
Bros.  A-  Co.,  lole|)lione  exchange  equi])ment  extension  at  I^eeds. 

Meter  Contracts. — Messrs.  Chamberlain  &  Hookham  have  secured 
c-oiitracts  for  the  supj)ly  of  electricity  -^fers  from  Cardiff  and  Man- 
<bestcr  Corporal  inns  for  the  eiisuin^r  12  month.s. 

Monometer  Furnaces.  -The  Monometer  Mfg.  Co.  (Ltd.).  Aston. 
Birmingham,  have  received  a  number  of  orders  for  monometer 
tilting,  white  uu'tal  and  other  furnaces. 

Amonn  the  firms  ordering  are: — The  Daimler  Co..  Birminjrhara  Small 
.\rms  Co..  Wolscley  Motors  (Ltd.)  (repeat  order).  India  Rubl)er.  (iutta 
pen  ha  ,V  Telegraph  Works  Co.  (for  France  an<l  l>on<lon).  Waltham  Iron 
Work*.  Sir  Dounlas  Fn\  \-  I'artncrs,  Martindalcs  &  Co.,  Sntcbffe.  Speak- 
man  *  C<i..  Blackwoll  s  MetaUurgical  Work.s.  Brit.  Bronze  (Ltd. ).  Ches- 
wriplit  &  Nicholls.  .Ia.s.  Hinks  *  ('o..  Tozer.  Kelmsley  &  Fisher.  Charle* 
Franci.s  i'rcss  (New  York).  l>ondon  Eleetric  Wire  t^o..  &c. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Aberdeen.     The  accounts  of  the  C<irjM>r.'ition   tramways  dejiarl 
ment   for  the  year  ended   Mny   ."H    show  total  capital  expenditure 
£H(>S.7(i!>  (iucre:ise  C?,inb),  and  the  total  amount  oT  -inking  fund  is 
f.*)7.100.  of  dcprec  i;)lion  .uid  rtMU"«als  Tvnid  CPiO.7""'  !«nd  of  icsei\e 
fund  £4:i.270. 

Bevoniic  was  £<)4.n2S  (■  ..inpii.d  with  fHS.OnS  in  prr>\ion»  year),  and 
■•rorkirin  erpensrs  were  f.^S.107  (C'iLf'S.M.  1en\'in6  CroM  V''^^'  £:ifi.l30 
(£S»>.4:':),      lntere«;t    r.^quivcfl   t-J.2»»  (£4.'^-  id   £^..M9 

(£5,178).  .-vn.l  ..f  ilie  h.-vlanco  £i:».T'.t»»  (Cirt.i  .      i  t..  <<opre- 

oiMiou  and  renewals  fund,  £2.8K.1  (£Lil;2(^)  devoieti   to  si>ecial  ex]>en. 


diturr.  £«.'<H4  (£7..%W)  plm-ed  \,t  reserve.  £2,000  (a.s  in  pre\ions  year) 
eontTil>ut<'d  to  common  jrond,  and  £1,2S2  (£I,6»W»)  to  city  impro\-r.ments. 
The  net  ptolil  for  the  M-nr  was  £f>.ti97.  l^nits  «se<l  were  2.4SL384 
(2.:U7.2'll)  and  the  our 'mdenv--  w.ts  l.lXiS.rd.'i  ( HlO!».tM»0),  The  total 
ninid'i  r  .f  1:  1it»  sold  wa.^  2."<.2s'.t.srtO  (22.S(>r).7rd ).  passenj:ers  carrii-d 
heui  '      Total  revenue  per  car-mile  was  lT5d.  and  working 

r\p'  .  n?»r1. 

Crwtlock.  —  l^f  Corporalton  ncpntly  adopted  the  yiaat  \-ear"R 
accounts  of  the  eh.  irn  supply  dei>arln)ent, 

Tho  «  hftirmvi  .  '  -i  v\,.,  ui(  ily  lommiMee  (Mr.  M  Callum)  ^tate<l  that 
t^1^  net  !>t»rT»hi»  "  ^      ^^^1en  the  npw  machinery  w.1*  installed  the 

1  I  '<   Pr  ah*e  to  ccift  'with  all  n?a.««<nisMe  detnani^^  for  a 

I  he  l*rovo(»t,  on  Wialf  o(,thc  other  members,  coiigTatulated  the  con- 
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vencr,  the  mlfiliaffcr  alnl  C'oTnniittp««  on  the  rpry  handsome  result.  Tlic 
diflii;iiltk-s  of  the  department,  especially  as  to  the  price  of  coal,  had  hem 
well  known,  and  it  was  therefore  wonderful  how  they  hail  bcon  able  to 
come  out  with  such  a  balance. 

King's  Lynn.— The  electricity  -(^orks  accounts  for  the  year  ended 
March  31  shew  total  capital  expenditure  £57,190  (increase  £427),  of 
whieh  £;>(), 321  has  been  redeemed. 

Revenue  was  £8,008  (comiiared  with  £7,n02  in  previous  year)  and 
working  exi)enses  wore  £4,02.5  (£3,489),  attcndant'e  and  renewals  of  «treot 
lami)s  required  £55  (£20'.)),  interest  £820  (£853),  .sinking  fund  .£2,017 
(£2,017)  and  war  service  allowances  £118  (£«6),  the  net  profit  being  £1 ,018 
(£1,350).  Average  price  obtained  was  2-75d.  (2-76d.)  per  unit.  Coal 
cost0.735d.  (0-543d.)  i)er  unit,  total  works  cost  was  l-824d.  (l-358d.)_and 
total,  including  capital  charges,  war  allowances,  &c.,  3-l94d.  (2-587<l.). 
Units  generated  were  572,333  (656,340)  and  sold  529,610  (615,803). 
Maximum  .supply  demanded  was  396  kw.  (515  kw.)  and  load  factor  16-93 
(14-55)  per  cent.     . 

Southwark. — At  March  31  the  gross  capital  expended  on  the 
supply  department  was  £1 52,018,  of  which  £107,278  was  outstanding. 

The'  total  revenue  for  the  vear  ended  March  was  £22,174  (against 
£21,753),  including  £21,542  (£.21,105)  net  from  .sale  of  electricity  meter 
rents,  &c.  Working  expenses  were  £17,859  (£17,750)  and  war  allowances 
£681  (£228),  leaving  gross  profit  of  £3,684  (against  £3,755).  Interest 
required  £4,391  (£3,908)  and  repayment  of  loans  £6.052  (£5,.'726).  leaving 
a  net  deficit  of  £6,()79,  an  increase  of  £208  over  1915.  l^nits  generated 
were  3,653,043  (against  3,346,280),  and  sold  2,661,966  (2,657,345). 
There  are  197  (197)  arc  and  182  (84)  public  incandescent  lamps. 

Winchester. — The  accounts  of  the  electricity  department  for  the 
3ear  ended  March  31  show  gross  capital  expenditure  £103,287  (in- 
crease £1,385),  of  which  £5,010  has  been  re})aid. 

Revenue  was  £14,408  (compared  with  £14.649  in  previous  year), 
'working  expen.ses  were  £8.582  (£8.047),  leavinggross  profit  £5.826 (£6,601). 
Loan  redemption  and  interest  on  loans  required  £5,015  (£5,015),  and  bank 
intere.st,  depreciation  of  stock  and  expenditure  in  the  nature  of  capital 
(£50)  accoilnted  for  £235,  leaving  net  profit  £575  (£1,317).  Coal  cost 
0-575d.  (0-41.5d.)  per  unit  and  total  costs,  including  special  charges,  were 
l-71.5d.  (l-523d.).  Units  generated  were  1,307,030  (1,221,470)  and  sold 
988,366  (965,622).     Maximum  load  was  616  kw.  (639  kw.) 


COMPANIES'  MEETINGS  AND   REPORTS. 


\ 


ALDERSHOT  GAS,  WATER  &  DISTRICT   LIGHTING   CO.— At  the  ret  en t 

half-yearly  meeting  the  chairman  (Mr.  W.  T.  Kobeitson)  said  the  o])cn 
fire  was  doomed,  and  he  was  confident  that  the  day  was  not  far  of?  when 
coal  gas  would  form  the  staple  lighting  and  heating  agent  in  the  majority 
of  houses.  At  their  Farnborougli  electric  light  works  gas  was  the  motive 
power  for  the  generation  of  electricity.  All  three  departments  of  their 
busines.s — gas,  water  and  electricity — were  progressing  satisfactorily, 
in  .spite  of  the  difficulty  of  obtaining  raw  materials. 

BOMBAY  ELECTRIC  SUPPLY  &  TRAMWAYS  CO.  (LTD.)— The  annual 
general  meeting  of  thi.s  company  was  held  on  July  19  at  Bombay.  The 
chairman  (Sir  Sassoon  David),  in  moving  the  adoption  of  the  report, 
said  that  was  the  first  occasion  upon  which  a  general  meeting  of  the 
company  had  been  held  at  Bombay.  After  meeting  all  fixed  charges 
and  defraying  all  operating  expenses  and  maintenance  charges  and 
making  various  appropriations,  the  net  profit  justified  them  in  recom- 
mending the  declaration  of  a  dividend  at  rate  of  7  per  cent,  per  annum 
on  the  ordinary  shares.  That  would  leave  £9,602  to  be  carried  forward, 
against  £8,326  brought  forward.  The  creation  of  the  Indian  board  was 
the  result  of  the  action  recently  taken  by  a  very  large  majority  of  the 
shareholders  to  so  change  its  constitution  as  to  free  it  from  liability  to 
pay  English  income  tax  in  addition  to  the  Indian  income  tax.  The  tirice 
of  materials  had  in  many  cases  doubled  or  trebled,  and  there  were  great 
difficulties  in  obtaining  many  articles  on  any  terms  whatever.  For 
example,  they  were  anxious  to  place  an  additional  20  two-car  trains  on 
the  lines,  but  it  was  quite  impos.sible  to  .say  when  they  would  obtain  that 
|>ort)on  of  the  material  for  the  construction  of  that  rolling  stock  which 
was  on  order  from  England. 

HAVANA  ELECTRIC  RAILWAY,  LIGHT  &  POWER  CO.  (LTD.)— During 
1915  the  output  was  42,186,102  units  against  39,()68,427  in  1914.  Earn- 
ings ini^reased  15i  per  cent.,  but  02)erating  expenses  decreased  Hi  per 
cent.,  so  that  net  earnings  advanced  26-8  per  ceilt.  The  growth  of  the 
number  of  private  consumers  of  electricity  had  been  accom])anied  by  a 
decrease  in  the  number  of  gas  meters  in  use,  but  though  gro.ss  rcceijits  from 
gas  fell,  the  decline  was  exceeded  by  the  reduction  in  working  expenses. 
and  net  earnings  rose  10-6  per  cent.  The  elcctrio  railway  undertaking 
has  felt  the  deleterious  effects  of  the  European  war,  which  has  greatly 
depressed  the  tobacco  trade,  many  of  the  workers  in  that  industiy  being 
i>ut  of  employment.  The  number  «f  pa.ssengers  and  gross  earnings  fell 
2-&4  per  cent.,  but  operating  expen.ses  dropped  8-11  per  cent.  Net 
earnings  improved  S98,000.  The  gross  earnings  of  the  whole  undertak- 
mg  fcr  1915  were  $.5,541,302,  compared  M'ith  S5,396,713  in  1914  :  net 
income  was  $3,203,796,  against  $2,801,392.  After  payihg  dividend 
of  5|  pel  cent,  on  the  common  stock,  transferring  $101,535  to  sinking 
fund  reserve,  and  applying  $178,000  to  redemption  of  theHavana  Elec- 
tric Railway  l^o.  eohsoliflated  mortgage  bohds,  the  surplus  is  $234,560. 

MALACCA  fetfeictRlC  LIGHTING  CO.  {LT6.)— At  the  recent  meeting.  Mr 
P.  M.  Robinson,  who  presided,  .*tatK«d  that  after  making  provision  for 
depreciation,  writing  off  $1,000  from  the  consideration  to  vendors,  and 


preliminary  expenses  amounting  to  $2,058.88  which  would  not  rrcur.  also 
the  debit  balance  brought  forward  ( .$3,868.09),  in  all  a  total  of  $19,779.06, 
the  directors  were  able  to  recommend  a  dividrmd  of  5  per  cent,  and  that 
notwithstanding  that  the  price  of  fud  during  th<  pa.«ityear  had  ii.<--m  verj- 
considerably.     They  were  informed  last  y<-ar  that  in  order  to  deal  with 
the  increasing  demand  for  electricity  the  directors  had  decide<l  to  instal 
anf  ther  140  n.H.P.  engine  and  dynamo.     That  plant  was  didy  installed/ 
and  had  (proved  of  considerablf!  benefit.      At  thr- close  of  thf- year  the  total 
length  of  stre(!ts  along  which  mains  wert;  erected  was  8.059yds.  against 
6,117  yd.s.      In  .'-ome  cases  extensions  were  delayed  owing  to  unavoidable 
delay  in  obtaining  material  froni  Europe.     A  new  fwier  wa.s  installed 
during  the  year  on  account  of  the  largelj'  increased  load  and  another 
would   be  installed  during  the  next  few  months.      Further  extensions 
would  be  carried  out  during  the' current  year  as  conditirns  permitted. 
On  March  31,  1916,  they  had  628  consumers  against  367  in  1915),  and 
the  consumers  were  now  701.      One  of  the  most  satisfa^.tory  features  of 
the  past  year's  business  had  been  the  great  increase  in  the  units  sold  for 
power,  and  the  directors  hoped  that  the  revised  rates  under  contemplation 
for  ])ower  .supplied  during  non-])eak  hours  would  lead  to  a  still  further 
increase  in  the  day  load  and  enable  electric  motors  to  be  used  through- 
out their  area  in  place  of  engines.     The  directors  also  hoped  that  in  course 
of  time  the  U-se  of  electricity  for  cooking  an<l  heating  purposes,  heating 
flat  ii'ons,  &c.,  would  increase,  and  they  were  prepared  to  consider  .sp«-<-ial 
terms  for  large  installations  of  that  kind.     Their  consumers  had  provcl 
for  themselves  that  electricity  jirovided  the  cheapest  light  obtainable  in 
.Malacca   and   many   consumers   had    told    them   that   previously    their 
monthly    bill  for  oil   for  lighting  only   wa^  greater  thaii   their  present 
monthly  lull  for  electricity,  notwithstanding  that  now  they  also  had  fans 
installed  throughout  their  premise.s.     In  order  to  avoid  having  to  refu.se 
business  the  directors  had  recently  decided  to  purchase  locally  a  140b.h.p. 
engine  which  was  offered  to  them,  and  they  were  fortunate  in  getting  the 
promise  of  quick  delivery  of  a  new  dynamo  from  the  makers  in  England, 
and   latest  advices  indicate   that  it  would   be  delivered   by   the   time 
promised.     The  building  extensions  had  been  completed,  and  the  engine 
foundations  were  ready.     They  might  expect  to  have  the  new  plant 
running  at  an  early  date.     They  believed  they  had  a  good  business  which, 
with  good  management,  should  yield  satisfactory  returns. 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 

— -♦• — 

NEW  COMPANIES. 

FELLOWS  MAGNETO  CO.  (LTD.)  (144,()65).— Reg.  Aug.  23.  capital 
£75.000  in  50,000  preferred  shares  of  £1  each  and  50,000  ordinaiy  shares 
of  lOs.  each,  to  carry  on  the  business  of  manufacturers  and  repairers  of 
and  dealers  in  machinery  and  ])lant,  tools,  motor  cars,  airships,  ;un-o- 
planes,  dynamos,  magnetos,  accumulators,  coils,  carburetters,  &c.; 
mechanical  and  electrical  engineers,  machinists,  &c.  First  directors  are 
V.  L.  Fellows.  D.  V.  L.  Fellows,  S.  L.  Fellows  and  H.  M.  Alleyn  (vendors 
to  company).     Reg.  office  :  Cumberland-avenue,  Park  Royal.  Willesden. 

HADON  (LTD.)  (144,685).— Reg.  Aug.  25.  capital  £500  in  £1  shares. 
to  take  over  an  invention  for  electrically-operated  clocks,  to  carry  on  the 
business  of  clock  manufacturers,  dealers  and  importers,  &c..  and  to  enter 
into  an  agreement  with  W.  Alldis.     Private  company. 

HILL  BROS.  MAGNETOS  (LTD.)  (144,612.)— Reg.  Aug.  15,  capital 
£50,000  in  £1  shares  (20,000  6  per  cent,  cumulative  preferred)  to  take 
over  the  business  carried  on  by  W.  A.  Hill  at  Bedminster,  Bristol,  as 
Hill  Bros.,  and  to  carry  on  the  business  of  manufactui-ers  of  and  dealers 
in  magneto.s,  engineers,  electricians,  machinists,  manufacturers  of  elec- 
trical or  other  machinery,  smiths,  wire  drawers,  metallurgists,  &c. 
Private  company. 

INTERNATIONAL  M.P.  SUPERHEATER  CO.  (LTD.)  (144,687).— Reg. 
Aug.  25,  capital  £400,000  in  £1  shares,  to  acquire  any  patents,  rights, 
licences  and  concessions  relating  to  the  manufacture  or  construction  of 
superheaters,  locomotives,  engines  or  other  similar  apparatus;  to  earn- 
on  the  business  of  engineers,  machinists,  manufacturers  of  superheaters 
or  other  apparatus  for  heating  water  or  air.  locomotives,  engines.  &c.;  a:}d 
to  adopt  an  agreement  with  Miecislas  Poki'zy'wnicki.  First  director.^ 
are  Pol  Mouton  and  E.  Petersson.      Reg.  office:  14-15,  Coleman-st..  E.C. 

MORTGAGES  AND  CHARGES. 

BARFORD  ELECTRIC  SUPPLY  CO.  (LTD.)— Debenture  dateil  Aug.  11, 
191(),  to  secure  £700,  charged  on  company's  undertaking  and  property, 
including  uncalled  capital,  has  1>een  registered.  Holders,  J.  B.  Carslake, 
Major  gTW.  Richard,  and  H.  I).  SmithRyland- 

BRILLIANT  ARC  LAMP  &  ENGINEERING  CO.  (LTD.)— Memorandum 
of  satisfaction  to  extent  oi  £40  on  Aug.  12.  1916,  of  debenture  dated 
June  22.  1915,  securing  £90,  has  been  filed. 

HOLS  WORTHY  GAS  k  ELECTRIC  SUPPLY  CO.  (LTD.)— Particulars  of 
£750  debentures,  created  .lulv  22.  1916.  have  been  filed,  amount  of 
present  issue  being  £500.  Property  charged  :  Co.'s  undert^iking  and 
property,  subject  to  certain  prior  mortgages  and  debentures.  No 
trustees. 

NEW  PETO  &  RADFORD  ACCUMULATOR  CO.  (LTD.)— Mortgage  on 
Victoria  Works  and  Greville  Works,  Ashtead,  to  secure  £2,000.  Holders  ; 
C.  Cr.  Howard  and  C.  R.  Mayo. 

RESISTO  ELECTRIC  MtG.  CO.  (LtD.)— Is.sue on  Aug.  4.  I91fx  of  £1.900 
debentures,  part  of  a  series  of  ^\hich  jiarticulars  have  already  been  filed. 

RECEIVERSmi*. 

BROWN  &  PARSONS  (1913)  (LTD.)— A.  E.  Mason,  193,  Wolverhampton- 
street,  Dudley,  ceased  to  act  as  receiver  or  manager  on  Aug.  18,  1916, 
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CITY  NOTES. 


ELECTRICAL  COMPANIES'  SHARE  LIST,— Continued. 


MEMORAHDA  (Aujr.  :50).— Bank  rate  0  percent,  (since  July  13,  1916). 
CoDBoia  ."»'.»:;■.  Consols  Pay  Day,  Sept.  1.  Stocks  and  Sharea  Ticket 
Days  S'  pi.  1,'}  an(128.     Pay  Day; ,  S'pt.  14  and  2'.K     Price  of  Bilver,  32. 


m    Last 

K       DlVI- 
W      DEND 


BRITISH  EMPIRE  TRUST  CO.  (LTD.)— The  report  for  the  year  to  April 
29  htattM  that  of  the  investments  at  th<!  end  of  the  year  over  79  per  cent, 
wero  in  railways,  electric  railways,  eh'trif:  lij-'ht,  ga.s  or  water  power 
corr  panics. 

BIOMPTON  &  KEWSINGTON  ELECTRICITY  SUPPLY  CO.  (LTD.)— An 
inti  .-i:.'!  dividf-nd  at  lat.  <ii  8  jjcr  <  f-nt.  ]ki  iiiniiim  '  )-.  ]><v  .-hare)  has  been 
deflare'   on  the  ordinary  shares  for  the  past  half-year. 

CLYDE  VALLEY  ELECTRICAL  CO.  -The  directors  have  declared  a 
dividend  of  I }  per  cent.,  tax  free. 

DWIS  &  TIMMINS  (LTD.)  Interim  dividend  at  rate  of  (»  per  cent, 
per  anj.uni  (ta.\  free)  has  been  declared  on  the  ordinary  .-^haics  for  the 
past  half-year. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  number  of 
units  .sold  to  eonsuniers  dnriii;^  llic  Iim-  vvceks  e)id<d  dune  TiO,  amounted 
to  2,3r>4,014,  com])ared  with  2,3r>5,478  units  in  the  eorresi/ondinj^  five 
weeks  nf   J91."». 

KALGOOBLIE  ELECTRIC  TRAMWAYS  (LTD.)— Tlie  su;eounts  for  1915, 
after  in<  ludin;^  debit  baiaiK c  of  i;l2,."»2(»  brout;lit  forward  and  ehar<.'inj: 
£!,()(J0  lor  dejtreciation  and  I9.2()t)  for  d(l,(^iiturc  .••(•ivite,  ^liow  a  debit 
balance  of  £18,520  to  be  earrie<l  forward. 

NEWCASTLE-ON-TYNE  ELECTRIC  SUPPLY  CO.  (LTD.)  The  dir.etors 
have  <li  I  id.  (1  io  j,a\-  an  inli  run  di\  idciid  of  21  ]nv  ((lit.  on  the  ])referencc 
and  ordinary  .•■liarcs  ropeel  i  vely  on  the  29th  inst.,  Icfs  tax. 

OXFORD  ELECTRIC  CO.  (LTD.) — An  interim  dividend  at  rate  of  5  ])cT 
cent.  ])er  jiiinurn  (2s.  (mI.  jxr  .--hare)  has  been  declared  on  the  ordinary 
bharcs  for  the  past  half-year. 


METAL   PRICES. 

Messrs.  J.  B.  Carnh.im  StSunz,  132,  UpperThames-street,  London,  E.G.,  quote  under 
date  Aug  29,  the  following  as  the  preicnt  basis  prices  of — 


1040. 

leid.; 

17id. 


New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes ISjd. 

Solid  Dr.iwn  Copper  Tubes  . 

Brazed  C«pper  Tubes    

Brazed  Bro:^  Tubes 

Br.i5sWire    14Jd. 

CoppcrWire 18d. 

Rolled  Brass Mid. 

Brass  Sheets 15jd. 

Per  ton. 

Copper  Sheets £150    0    0 

Spelter 58    0    0 


Per  ton ■ 

English  Uad £31   10    0 

Antimony   Nominal. 

Old  Metals.     •  Per  ton. 

Clean  Copper  Scrap £99    0    0 

Clean  Brass  Scrap     62    0    0 

Bra.'iery  Copper  Scrap   ...  86    0    0 

Old  Lead 25  10    0 

Old  Zinc 38    0    0 

Hollov/ Pewter 120    0    0 

Black  Pewter   80     0    0 

Gun  Metal 60    0    0 


Mr.  A.  Joseph,  Earl-street,  London-road, Southward, London, S.E.,  quotes  underdate 
Aug.  29,  the  following  approximate  prices  of  Sc^ap  Metals:  — 


Per  ton. 

Aluminium  Cuttings   £110    0    0 

Clean  Mixed  Brass 64    0    0 

Clean  Copper 98    0    0 

Braziery  Copper 84    0    0 

Gun  Metal 85    0    0 


Per  ton. 


/      £3  15.  under 
\  English  lead  price 


Old  Lead       . . 

Old  Zinc 42  0 

Hollow  Pewter 130  0 

Shaped  Black  Pewter   90  0 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

We  (five  below  the  latest  prices  at  wliieh  actual  transactions  took  place 
on  or  before  Tuesday,  Aug.  2'J. 


5% 


St. 


Electricity  Supply. 

Boumemr.uii.  &  Pcoic  h.L.  Ord 

Do.    41"oCum.Pref 

Do.    t"    '" •  F'-rf 

Bromp!  a  Ord 

n ..    ■/  

::t 

•  tyOebs... 

U».    4J  I'scf 

Do.    Ord 

Do.    City  Pref 

Chelsea  Elec  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elcc.  Lt.  Ord 

Do.    6%  Prof 

Do.    5%  Deb.  St 

Do.     4fDfb«     

Countv       ;  :.  Ord 

Do.    '  

Do.     1  

Do.  

Edmuii  :       . Supp. 4|% Debt.   .. 

KonsinRton  &  KnightsbiidgeOrd 

Do.    D'•^  .S*    

Londot    '  '  "t  Pref 

Do.     ■.  .. 

Mftinp'    •   •   i-    ;■•,;.  Ord 

!rt  Mort.  D.'b 


D 

M!  ''   ■■ 

N' 

N, 

North  • 
South  1 


-t. 


P.  iiupp.  ti%  Pref 


8|t 

If 

7.'. 
80 
79i 

3  A 

3|t 

3^ 

21 
85 
121 
JO 
97] 
80 
II 

10  A 
861 
83 
751 

4f 
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l^OTE  S. 


"Justice  Needs  That  Both  Be  Heard." 

It  is  seldom  one  fiiids  such  a  fearless  and  unbiassed  state- 
ment of  unpleasant  truths  in  a  Presidential  Address  as  that 
contained  in  Mr.  Gerald  Stoney's  address  on  Wednesday  last 
to  the  Engineering  Section  of  the  British  Association.  Such 
truths  in  plenty  have  been  given  in  the  past  from  the  point  of 
view  either  of  the  employer  or  employe,  but  not  to  cur  know- 
ledge have  both  sides  of  the  cjuestion  been  considered  in  the 
same  address.  Our  readers  will  remember  tlie  great  outcry 
against  the  policy  of  "  Ca'canny"  by  several  large  employers 
and  by  the  politicians.  Less  has  been  heard  of  the  point- 
blank  refusal  by  many  of  the  armameat  firms  to  allow  hundreds 
of  firms  anxious  and  willing  to  do  so  to  help  in  the  production 
of  munitions.  "  And  when,"  says  Mr.  Stonevt,  "  under  pres- 
sure from  the  Government,  the  Ring  accepted  outside  help,  in 
many  cases  the  conditions  imposed  on  the  sub-contractors 
were  unfair  in  the  extreme,  apparently  the  whole  idea  of  the 
Ring  being  to  make  all  the  profit  they  could  out  of  the  troubles 
of  the  Empire."  This  serves  to  support  our  contention  that 
justice  needs  that  both  sides  be  heard  before  passing  judg- 
ment. We  have  never  understood  the  real  motive  for  the 
vilifying  of  a  large  section  of  the  community,  since  such 
methods  tend  rather  to  retard  than  to  accelerate  the  rate  of 
production.  The  engaging  of  vast  numbers  of  unskilled  workers 
were  to  little  purpose  unless  those  most  likely  to  suffer  made 
a  sacrifice  by  agreeing  to  "  Dilution  of  Labour."  Little  has  been 
Avritten  concerning  the  difficulty  of  effecting  what  Mr.  Stoney 
aptly  terms  "  Dilution  of  Works."  It  is  of  interest  to  note 
that  Mr.  Stoney,  himself  a  hard  worker,  is  of  the  opinion  (and 
does  not  hesitate  to  express  it)  that  laziness  is  inherent  in  man, 
irrespective  of  his  station,  and  that  men  work  because  they  are 
compelled  to  do  so,  the  best  work  being  done  when  the  induce- 
ment is  greatest.     If  to  this  be  added  the  accepted  fact  that  the 


more  a  man  has  the  more  does  he  wish  to  have,  we  get  a  good 
idea  of  things  as  they  are.  The  address,  which  is  a  re%new  of 
some  errors  committed  in  tha.  past  in  the  engineering  and 
allied  industries,  can  be  recommended  to  all  sorts  and  condi- 
tions of  men,  and  the  appeal  for  combination  and  unity  in  the 
future  is  one  which  we  hearoilv  endorse. 


German  Plant. 

The  condition  of  affairs  at  Shanghai  Electricity  Works  is 
far  from  satisfactory,  and  must  cause  much  anxiety  to  the 
engineer,  Mr.  T.  U.  H.  Aldridge.  On  June  17th  last  a 
5,000  kw.  turbo-alternator  by  the  A. E.G.  broke  down.  It 
appears  that  the  insulation  of  the  stator  conductors  failed, 
with  the  result  that  there  was  a  serious  arc  to  earth,  the  copper 
conductors  and  the  iron  laminations  being  fused  into  one  mass 
and  the  insulation  of  the  end  windings  being  entirely  destroyed. 
It  need  scarcely  be  remarked  that  a  breakdown  of  this  kind  at 
the  present  time  introduces  many  difficulties.  Local  facilities 
are  insi^fficient  to  deal  with  serious  repairs  to  a  large  machine, 
and,  of  course,  communication  with  the  makers  is  out  of  the 
cjuestion.  This,  however,  is  not  the  only  difficulty.  One  of 
the  other  5,000  kw.  machines  is  incapable  of  giving  its  full 
output  owing  to  trouble  with  the  turbine.  This  does  not  seem 
to  have  been  the  first  experience  of  the  kind,  as  serious  defects 
developed  in  both  the  2,000  kw.  turbines  and  in  one  of  the 
smaller  alternators  supplied  by  the  A. E.G.  In  his  report,  Mr. 
Aldridge  remarks  that  the  electricity  department  equipped 
the  station  with  14,000  kw.  of  A. E.G.  turbine  machinery,  with 
results  which  can  only  be  described  us  unfortunate.  So  much 
has  been  said  in  the  past  in  regard  to  the  excellence  and  the 
superiority  of  German  plant  that  it  is  interesting  to  note  that 
such  plant,  even  by  the  A.E.G.,  is  not  always  what  it  might  be. 


"Unto  Him  That  Hath  Shall  Be  Given." 

That  low  salaries  are  not  peculiar  to  the  servancs  of  Educa- 
tion Committees  is  evident  from  the  folhnving  : — 

Clerk  required  immediately,  must  possess  good  knowledge  of  short- 
hand, typewriting  and  modern  oflSce  roi'tine,  as  well  as  keeping  of 
store  and  cash  books  ;   previous  experience  with  an  electricity  works 
an  advantage.     Salary  £80  per  annum.     Application,  in  candidate's 
own  handwriting,  stating  age,  experience  and  qualifications,  together 
with  copies  of  not  less  than  two  recent  testimonials,  to  the  Electrical 
Engineer  and  Manager,  Electricity  Works  .  .  . 
In   commenting  on   this,   che  '"  ilunicipal  Journal  "■   rightly 
points   out   that   a   clerk   really  fulfilling   the   qualifications 
enumerated  in  the  advertisement  is  undoubtedly  worth  more 
than  £80  a  year  to  his  employers,  and  clinches  the  matter  by 
observing  that  people  who  are  prepared  to  pay  £80  for  a  clerk 
deserve  an  £80  clerk.     Were  the  above  an  isolated  example 
one  could  leave  the  electrical  engineer  and  manager  to  sweat 
the  man  fojlish  enough  to  work  under  him.  but  last  week  a 
discussion   of  some  length  on  the  appointment  of   general 
assistant  plectrical  en2;ineer  at  a  salary  of  30s.  per  week  was 
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indulged  in  by  the  Worksop  Council.  We  have  neither  the 
time  nor  the  inclination  to  ascertain  what  marner  of  man  it  is 
that  sits  on  the  august  body  referred  to,  but  we  will  take  a  leaf 
from  the  book  of  our  contemporary,  and  ohaeTve  that  we 
.«incertly  hope  the  Workvop  Council  will  succeed  in  obtaining 
a  general  assistant  electrical  engineer  a-orlh  30s.  per  week.  To 
our  knowledge,  wages  of  40s.  to  60-5.  per  week  are  being  offered 
at  the  present  time  for  supervisers  of  country-house  lighting 
plants.  Our  advice  to  general  as.sistani  electrical  engineers 
in  search  of  employment  is  "  Beware  of  Worksop." 


Standard  Radio  Sets.  -  In  an  infonnative  Paper  read  by 
Mr.  C.  H.  Shoemaker  before  the  Institute  of  Radio  Engineers, 
the  most  recent  standard  2  kw.  and  h  kw.  sets  of  the  Marconi 
Company  are  descril>ed  fully.  Details  are  given  of  the  design 
of  the  switchboards,  gaps,  condensers,  radiation  thermo- 
animeter,  motor-generator,  transformer,  automatic  starter, 
overload  relay,  wave-chauger  and  receiver.  The  adju.stment 
of  these  sets  is  carefully  considered. 

Detectors  in  Wireless  Telegraphy.^ A  Paper  by  Mr.  W.  D. 
Bancroft  on  this  subject  apjieared  recently  in  the  "  Journal  of 
Physical  Chemistry."  The  author  discussed  the  meehani.sm 
by  which  the  electrolytic  detectors,  crystal  rectifiers  and 
coherers  are  operated,  and  expressed  the  opinion  that  the 
fundamental  feature  iji  all  three  cases  is  an  absorbed  gas  film 
un  the  surface.  The  action  of  the  three. detectors  when  sub- 
ject to  waves  is  due  to  the  fact  that  electrical  stress  decreases 
the  thickness  of  the  abs«jrbedgas  film,  and,  therefore,  decreases 
its  rcsistuucc. 

Economical  Load  of  Boilers.  In  an  article  in  *'  Puwer  *' 
.Mr.  11.  ()  Nnll  (lis(  u.sscd,  .viji  curves  plotted  from  the  results 
of  numerous  experiments,  the  relaiionship  of  boiler  efficiency 
and  rate  <if  evaporation.  The  losses  were  grouped  as  "'  no 
load  "  and  "  load  ""  losses,  the  latter  including  those  which 
increase  with  rate  of  evaporation.  It  was  deduced  that, 
generally,  the  advantage  of  working  boilers  above  the  builders' 
rating  is  in  saving  capital  cost  «if  new  plant  required  to  deal 
with  increased  htad  ;  but  for  working  efficiency  the  best  result 
is  obtained  at.  or  slighily  imder.  the  buildere'  rating. 

Protected  Thermo  Elements.  -In  a  Scientific  Paper  on  this 
sulijeci  l»y  .\lr.  .\.  \\ .  (iray,  a  detailed  descri])(io]i  is  given  (»f  a 
convenient  mounting  for  i>rotecting  laboraKity  thtinio- 
elements  from  damage  by  contamination  or  by  mechanical 
strains.  This  mounting  was  developed  in  the  Thermal 
Kxpansion  Laboratory  of  tiie  Btireau  of  Standards,  and  has 
long  beeji  in  regular  use  there.  Since  thermo-eiements  are  so 
useful  in  determining  temjjeratures  the  Pai)er  ought  to  be  use- 
ful both  to  physicists  and  chemis;s.  Those  interested  in  the 
sul)ject  may  olitaiji  a  cojiv  fn-i.  by  addressing  a  request  to  the 
Bureau  of  Standards. 

Arc  Oscillations  in  Coupled  Circuits.  \n  infonnative 
raper  (li'.iliiig  wilh  tlie  above  siilij.-t  t  was  read  early  in  the 
year  i)efore  the  Institute  of  Radio  Eugmeers  by  Prof.  H.  Yagi. 
The  following  is  a  summary  : — 

1.  Wluii  II  f-(Mi)ii(lftry  rip  nit  i-t  doHcly  cohjiIihI.  its  reaction  causes 
variation  in  tlu-  iiriniary  ascillationtt  anil  rnnM«H|n<-ntly  in  the  (secondary 
oscillations  tlicnisclvpn. 

2.  The  ryclir  mrrent  diam'amx  aflfoni  n  i  f  •.tiidvinir  the  variation 
of  I'lirrent  with  time,  wliidi  cannot  l»c  c^.  .  I.v  the  dvnaniic  cliar- 
actcrist  ics. 

^.  Tlicre  arc  favnnral)lc  conHitidnn  for  nia.vininni  (urrenf  cfTect  in  the 
sccon<!ary.  They  (le|)enil  on  the  ratio  of  the  frequency  of  the  separate 
dischar^tes  to  that  of  the  siMondarv  n<«rillation. 

4.  A  spark  creates  more  powerful  oscillations  than  an  arc  of  the  .«ftnie 
current  streTiL'lh.  fhonuh  the  fo  not  <piite  as  steady,  owing  to 

tlic  necessnrily  liiuher  cli«-char>;e  j 

Tlic-i<  i)riM(  iplc^  arc  fully  ilhi«trat<sl  by  n  mnnher  of  experimcnfAlly 
ol>(;nncil  <l\  iKiniii  <  !iiirncteri.st ics  ajul  cyclic  current  diaKrani.<«. 

Prime  Movers.  Kxtrarts  from  the  Report  of  the  Com- 
mittee (Ml  Prinu'  Movers  to  the  National  Electric  Light  Associa- 
tion were  given  recently  in  the  *'  Electric  Light  Journal." 
The  eutstaiuling  feature  is  the  phenomenal  iii<  rease  in  the  size 
of  turbines  and  condensers  and  the  laige  iiuml)er  onlered. 
The  General  Electric  Co.,  of  America,  are  cnnstnicting  turbines 


for  steam  pre.s.sures  of  300  lb.  gauge,  and  plans  are  being  con- 
sidered for  using  500  lb.  pressure.  A  single-flow  turbine  and 
single  generator  of  50,000  kw.  output  is  on  order.  Any 
practical  requirements  as  to  size  is  made  by  the  Westinghouse 
Co.,  by  dividing  the  set  into  two  or  mere  elements,  and  a 
60,000  lew.  three-cylinder  two-stage  turbine  set  with  three 
generators  is  being  built  for  the  Interborough  Co.,  of  New  York. 
Typical  de^signs  of  condensers  and  auxiliary  plant  are  reviewed. 
For  condenser  tubes  the  Detroit  Edison  Co.  has  fomid  the  best 
life  is  to  be  obtained  from  the  following  mixture  :  Copper, 
70  per  cent. ;  zinc,  3ii  per  cent. ;  tin,  none  ;  lead,  under  0-01 
per  cent.  ;  and  iron,  luider  0-075  per  cent.  The  size  and  pres- 
sure of  boilers  is  increasing,  and  the  Babcock  &  Wilcox  CV.-are 
constructing  large  boilers  for  350  lb.  working  pressure  and 

2')()  deg.  superheat. 

Bakelite  Gear  Wheels. — Entitled  '  Bakelite  Micarta-D 
Gears  and  Pinions,"  an  article  by  Messrs.  T.  D.  L}-nch  and 
R.  E.  Talley  appears  in  the  current  issue  of  the  "  Electric 
Journal. ""  Tlie  material  is  a  product  of  heavy  duck  bonded 
together  with  Bakelite  by  heatmg  while  under  heavy  pressure. 
It  is  said  to  be  as  strong  as  cast-iron,  unaffected  by  atmospheric 
chailges.  vennin  proof  and  may  be  stored  indefinitely  without 
shrinkage  or  withotit  deterioration.  The  following  are  the 
physical  properties  of  the  material  : — 

1.  Tensile  .strength.  ])arallel  to  laminations,  10,000  lb.  per  .square  inch. 

2.  Compre.ssjon  strength,  perpendicular  to  laminations,  35,000  lb.  per 
square  inch. 

3.  Compression  strengtli,  parallel  to  laminations,  17,CC01b.  per  square 
inch. 

4.  Tran>ver.<e  strength,  maximum  fibre  stress  parallel  to  laminations, 
17.000  |b.  per  .-jquare  inch. 

5.  Transverse  strenath.  niaxiraunj  fibre  stress  perpendicular  to 
laminations,  17.000  lb.  per  square  inch. 

6.  Coeflicient  of  expansion  ])cr  inch  per  degree  Centigrade.  0-00(!02  in. 
in  the  diiettion  ])araliel  to  the  laminations  and  00C0085  in.  in  the 
direction  jicriicndicular  to  the  laminations. 

7.  Specific  gravity.  14. 

8.  Weight  per  cubic  inch,  0-O.j  lb. 

9.  Shrinkage  is  practically  zero  up  to  a  temperature  of  ICO'^C. 

10.  Oil  al  -  I.  practically  zero. 

11.  Wat"  '  ion,  0-2.")  to  2  per  cent,  by  weight  depending  on  the 
relative  amount  of  edge  surface  exposed  (with  50  horns'  immersion  in 
M-ater  at  2!  (\). 

Corrosion  Investigation.— The  need  for  accurate  scientific 
work  on  the  corrosion  of  condenser  tubes  has  long  been  recog- 
nised by  engineers,  and  it  resulted  six  years  ago  in  the  estab- 
lishment of  ihe  Corrosion  Research  Committee  of  the  Institute 
of  Metals,  iunul  work  has  been  done  under  the  committee  s 
guidance,  and  three  reports  have  been  issued,  the  experimental 
])lani  meanwhile  remaining  installed  in  the  University  of 
Liverpool.  Recently  a  change  of  venue  became  possible  as  a 
result,  first,  of  the  action  of  the  Government  Research  Council 
in  making  a  substantial  grant  in  aid  of  the  corrosion  research  ; 
and.  sectindly,  because  of  the  offer  made  by  the  Brighton 
Corporation  at  the  instigation  of  Mr.  John  Christie,  the 
nmnicipal  electrical  engineer,  to  give  house  room  and  other 
facilities  to  the  Corrosion  Research  Committee  within  the 
Southwick  power  station. 

In  clTe<t  we  >hall  now  have  a  State-aided  corrosion  research  station 
working  under  alini»t  ideal  conditions  as  regards  supplies  of  water  and 
jHiwer.  an<l  atnlo^phe^c.  The  action  of  the  Brighton  authorities  in  thus 
a«.so<-iat  ing  them.-<'h(>s  with  this  work  .should  .«et  an  example  to  municipal 
ami  other  IxKliej.  <if  the  possibility  of  a.s,sisting  in  that  co-ordination  of 
scientitie  and  imbistrial  research  that  it  is  one  of  the  main  functions  of  the 
Research  ruuiu  il  to  i-lTtrt. 

Further  c .•. operation  in  the  work  is  being  arrange<l  with  the  Imixrial 
College  of  .*seien«e  and  Te<  linolojjy.  South  Kensington,  where  certain 
scientific  a.si>ects  of  the  corrc».ion  problem  will  be  able  to  be  investigated 
with  every  faeility  at  hand.  The  work,  both  at  Brighton  and  South 
KensinRton.  will  be  in  tin-  .  harce  of  ("apt,  (;.  D.  Henpoutrh.  D.Sc..  the 
Invest  iii^toi  ti>  the  Corrosion  Research  Commit  toe.  who  ha>  been  tom- 
]M»rarily  relievMl  of  his  military  duties  in  order  to  devote  himself  to  this 
extremely  importnTit  national  problem.  As  ikssistant  he  will  have  the 
well  known  metallnrKist.  Dr.  ().  F.  Hudson,  who  has  just  relinquished 
his  position  »»  Iivturer  in  met,illurg>-  in  the  University  of  Birmincham. 
in  onler  to  join  for.  .-^  with  Cnpt.  j^engough.  With  these  two  hmhly- 
qUAlifie<J   inve-f  Under   the  direction    of   a   i  -d 

conuvilieo.   ^^■\.  Msenlatives  of  the  various  (..  nt 

*y  '  <  lentific  and  twhnical  institutions  interesttnl 

•»  ...;,    further,    under   such   ideal   conditions   as 

rojiards  rrwarch  station*  the  otitlook  may  be  regarde*!  as  very  promising 

for  the  rvcT '   •  '    '         inystcrioua  corrosion  problems  that 

have  baffli 
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Feeder  Voltage  Regulators.— Messrs.  E.  E.  Lehr  and 
I.  C.  .Mijiick  contribute  to  a  recent  number  of  the  "  Electric 
Journal  "  an  illustrated  article  on  "  Feeder  Voltage  Regula- 
tors of  the  Induction  Type,"  and  discuss  tlieir  advantages 
and  methods  of  operation.  The  latest  regulators  are  auto- 
matically controlled  })y  means  of  a  voltage-regulating  primary 
relay  and  an  electrically-operated  motor  switch,  commonly 
called  an  auxiliary  or  secondary  lelay.  The  line-type  com- 
pensator, with  the  necessary  current  transformer  and  a  voltage 
transformer  for  reducing  the  line  voltage  to  a  value  suitable 
for  the  primary  relay,  are  normally  required  for  automatic 
operation.  Several  diagrams  of  connections  of  automatic 
regulators  are  given. 

OBITUARY. 


Killed  in  Action. — The  following  deaths  in  action  or  as  the 
result  of  wounds  are  reported  : — 

Capt.  W.  A.  Douglas  (Royal  Scots),  who  has  been  killed,  was  2C  years 
of  age,  was  an  electrical  engineer  and  a  partner  in  James  Gray  5:  Sons, 
Edinburgh. 

Sec. -Lieut.  A.  J.  Brockman  (Royal  Lancaster  Regt.)  was  in  the  service 
of  the  Eastern  Telegraph  Co.  abroad  prior  to  the  war. 

Capt.  H.  G.  Baker  (Gloucester  Regt.),  who  was  killed  on  Aug.  10,  was 
in  his  22nd  year.  He  was  an  old  student  of  the  City  and  Guilds  College, 
Finsbury,  and  was  in  the  service  of  the  British  Westinghouse  Co.  until 
the  outbieak  of  the  war. 

Lieut.  Jas.  D.  Simpson  (Canadian  R.E.),  killed  in  action,  was  28  years 
of  age.  He  had  served  an  apprenticeship  as  an  electrical  engineer  with 
Messrs.  Mavor  &  Coulson. 

Lieut.  F.  G.  D.  Stoney  (R.E.),  who  died  of  wounds  on  Aug.  25,  earned 
the  diploma  of  the  City  and  Guilds  Engmeering  College  and  the  B.Sc. 
(Lond.)  with  honours  in  1013.  He  was  in  the  service  of  Messrs.  Ran- 
somes  cl'  Ra])icr  when  the  war  commenced. 

The  following  are  also  re])orted  killed  :  Pte.  B.  Jephcott  (Australian 
Imperial  Infantry)  was  an  electrical  engineer  in  Sydney  prior  to  the  war.. 
Pte.  R.  Massey  ( Ist  County  of  London ),  aged  1 9.  who  was  employed  by  the 
Electrical  Apparatus  Co.  prior  to  enlisting.  Lance-Corp.  Wood  (Loyal 
North  Lanes.),  who  was  formerly  a  Bolton  tramway  employe.  Pte. 
Cecil  Lloyd  (K.R.R.),  aged  21,  who  was  in  the  employ  of  the  Birmingbam 
and  Midland  Tramways  Joint  Committee  at  their  power  station,  Smeth- 
wick. 


PERSONAL. 


Mr.  E.  J.  Fox  is  resigning  the  position  of  London  manager  of 
Messrs.  Stewarts  &  Lloyds  (Ltd.)  in  order  to  take  up  the  position 
of  general  manager  of  the  Stanton  Iron  Works  Co.  (Ltd.),  near 
Nottingham,  with  a  seat  on  the  board  as  managing  director.  Mr. 
Fox  succeeds  in  March  next  Mr.  J.  A.  Longden,  whose  services  will, 
however,  be  available  to  the  company,  as  he  remains  a  member  of 
the  board  of  directors. 

Mr.  J.  N.  Stephens,  manager  of  the  wiring  supplies  department  of 
the  British  Thomson-Houston  Co.,  has  joined  the  Royal  Flying 
Corps  as  second  lieutenant  (Asst.  Equipment  Officer). 

Senor  John  Antonio  Ibargaray  has  been  appointed  chief  of  the 
Argentine  State  Telegraph  Department. 

Royal  Engineers  (T.F.). — The  following  appointments  have  been 
made  : — 

London  Electrical  Engineers  :  Sergt.  C.  S.  Knight  (R.E.),  Spr.  P. 
Foulger  and  Pte.  W.  C.  Anderson  (from  Inns  of  Court  O.T.C.)  to  be 
second  lieutenants  (on  probation). 

Tyne  Electrical  Engineers  :  Gunner  H.  J.  Ingman  (R.G.A.)  to  be 
second  lieutenant  (on  probation).  Sec-Lieut,  (temp,  lieutenant)  J.  R. 
Abbott  to  be  temp,  captain. 


APPOINTMENTS  VACANT  AND  FILLED. 


An  assistant  master  in  electrical  engineering  is  required  at  the 
Polytechnic  (Regent-street,  London,  W.)  for  part  or  whole  of  next 
session.  Applications  to  the  Director  of  Education.  See  an 
advertisement. 

An  advertiser  requires  a  telegraph  engineer  for  service  in  the  East. 

A  switchboard  attendant  is  wanted  at  Stoke-on-Trent  electricity 
works  for  the  duration  of  war.  Wages  30s.  per  week,  with  4s.  war 
bonus  if  married.  Applications  to  Borough  Electrical  Engineer,  St. 
Peter's-chambers,  Glebe-street,  Stoke-on-Trent.     See  advertisement 

The  Governors  of  the  Borough  Polytechnic  Listitute,  London, 
S.E.,  invite  applications  for  the  full-time  apjjointment  of  an  enguieer 
to  superintend  Herold's  Listitute,  Eermondsey,  and  to  teach  general 
engineering  in  the  Polytechnic's  technical  school  for  boys.  Salary 
£250. 


The  Western  Electric  Co.  advertise  for  draught.smen  for  their 
automatic  department,  34,  Xorfolk-street,  Strand,  London,  W.C. 

Mr.  D.  H.  Davies,  chief  a.ssistant  electrical  engineer  at  Stockton- 
on-Tees,  ha.«  been  appointed  electrical  engineer  and  tramways 
manager  to  Henvood  Corporation,  at  £200  per  annum.  There  were 
about  50  applicants. 

Mr.  E.  Grimes,  generating  engineer  of  Hackney  electricity  works, 
has  been  appointed  station  superintendent  of  the  Barking  works. 

Mr.  Mark  Whittle,  of  Horwich,  has  been  apjicinted  assistant 
electrical  engineer  at  Aylesbury. 

Consequent  upon  rearrangements,  the  following  appointments 
have  been  made  in  Bolton  Tramways  Dept.  :  Chief  clerk  C.  Omircd, 
to  be  chief  traffic  a.s.si.stant  ;  Inspector  Salkeld,  to  be  depot  inspector  ; 
Inspector  Bumey  to  be  timekeeper;  and  Inspector  Hade  to  be 
special  insjjector. 


INSTITUTIONS  AND  SOCIETIES. 

Birmingham  and  District  Electric  Club.— The  next  monthly  meeting 
will  be  held  at  the  Swan  Hotel,  Xew-street,  Birmingham,  on  Satur- 
day evening,  September  9, 1916,  at  7  p.m.  The  chair  will  be  taken 
by  the  president,  Mr.  W.  G.  L.  Riddle,  and  a  Paper  on  "  Sand 
Blasting  and  Sand  Blast  Machinery  "  will  be  read  by  Mr.  J.  J. 
Richardson. 

Institute  of  Metals. — The  annual  autumn  meeting  of  the  Institute 
of  Metals  will  be  held  on  ^Vednesday,  September  20th,  commencing 
at  4  p.m.,  in  the  rooms  of  the  Chemical  Society,  Burlingtcn  House, 
Piccadilly,  London.  Sir  George  T.  Eeilby,  'F.R.S.,  LL.D.,  will 
preside,  and  a  number  of  important  metallurgical  Papers  wUl  be 
presented  and  discussed.  The  GJcvemment  Research  Council  having 
made  a  gi-ant  of  £1,000  jjer  annum  towards  the  cost  of  carrying  on  the 
research  inaugurated  by  the  Institute  of  Metals  Corrosion  Committee 
into  the  causes  of  the  corrosion  of  marine  condenser  tubes,  it  has  been 
found  possible  by  the  Corrosion  Research  Committee,  which  has 
recently  been  reconstituted  .so  as  to  include  representatives  of  all 
bodies  interested  in  the  subject,  greatly  to  extend  their  sphere  of 
activities. 

Nottingham  Society  of  Engineers.— The  first  meeting  of  the  session 
will  be  held  at  the  Welbeck  Hotel  on  Vrechiesday,  October  18th,  at 
7.30  p.m.  The  council  have  apjjointed,  subject  to  the  confirmation 
of  the  society,  Mr.  J.  F.  Chambers  to  the  post  of  secretary,  rendered 
vacant  by  the  resignation  of  Mr.  H.  G.  Price,  and  all  communications, 
subscriptions,  &c.,  should  be  forwarded  to  ]\Ir.  Chambers,  The  Elms, 
Daybrook,  Nottingham. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

Officer  Commanding.  Lieut. -Col.  C.  B.  Clav,  V.D. 

Orders  for  September  : — 

General  Parade. — A  general  parade  will  be  held  on  Saturday.  Sept.  30, 
at  2.45,  at  Headquarters.     Uniform. 

Lectures. — W.  Eyles,  Esq.  (late  R.E.)  has  kindly  consented  to  give  four 
lectiu-es  as  follows  :  Wednesday,  Sept.  6  and  13,  "  Bridging  "  ; 
Wednesday,  Sept.  20  and  27,  '•  Demolitions."'  Members '  are 
requested  to  take  special  note  that  during  this  month  the  lectures 
will  be  on  Wednesdays  in  place  of  Tuesdays. 

Drills. ^ — Drills  will  be  held  under  the  Sergeant-Major  on  Tuesday 
evenings,  as  during  August. 

Musketry. — The  Range  will  be  open  on  Thursday  evenings,  as  during 
August. 

Instruction  Classes. — Instruction  classes  at  Regency-street  will  be  held 
as  usual  for  Platoons  Nos.  9  and  10. 

Entrenching. — Every  Sunday  at  Victoria  Station  (S.E.  &  C.  Rly.) 
Booking-office  8.45  a.m.  t'nifonu.  haver^^acks  and  water  bottles. 
Midday  ration.5  to  be  carried.  The  importance  of  a  steady  con- 
tinuance of  this  work  cannot  be  over  estimated.  It  has  been 
pointed  out  by  Major-General  Dickie  that  ihe  work  is  best  done  by 
moderate  working  parties  every  Sunday.  "  Half  the  number  on 
consecutive  Sundays  is  much  better  than  double  the  number  every 
other  Sunday." 

The  Commandant  desires  to  draw  attention  to  the  report  on  work 
done  on  South  London  Defences  in  July.  1910.  in  which  the  para- 
graph referring  to  the  Corps  says  :  *"  The  work  has  been  very  well 
done  and  the  task  completed,"  and  to  express  liis  gratification  at  the 
su})port  he  has  received. 

A  precis  of  this  report  and  the  General  Order  recently  issued  is 
posted  at  Headquarters. 

Otford  Camp. — A  nrost  successful  Caniji  was  held  during  the  early  part 
of  August,  and  some  20  men  are  still  under  canvas. 

Special  Note. — Ordinary  drills  will  be  resumed  on  and  after  Sept.  15. 
Supplementary  orders  will  be  issued  later. 

Corps  Meeting. — A  general  meeting  will,  if  possible,  be  held  at  the  end  of 
September. 
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THE  HYDROELECTRIC  STATION  ON  THE  PESCARA 

RIVER.* 

There  are  two  hydroelectric  stations  on  the  River  Pescara,  which 
are  used  for  electr  )chemical  purposes.  Of  these,  one,  which  utilises 
a  fall  of  76  metres  in  height,  is  described  in  the  present  article,  the 
minimum  flow  being  .'iO  cubic  metres  per  second.  The  power  is 
transmitted  to  Naples,  a  distance  of  385  km.,  at  88,(X)0  volts,  and 
amounts  to  about  18,.j(J(Jkw.  The  arrangements  are  such  that  a 
flow  of  40  cubic  metres  can  be  utilised,  whicli  gives  {;nother  0,000  kw. 
The  water  is  not  taken  directly  from  the  river,  but  is  led,  partly 
through  a  tunnel  and  j)artly  through  an  open  diannel,  from  the  sits 
cf  the  other  j.ower  station.  The  total  iengtii  of  this  (onnection  is 
about  9  km.,  of  which  about  3-5  km.  are  through  tunnels  and  5o  km. 
is  tlirough  open  channels.  The  oj.en  channel  is  of  trapeze-shaped 
section/ and  is  2-7  metres  bioad  at  the  bottom.  Theie  is  a  small 
depresflion  in  the  reservoir  before  the  water  passes  to  the  intake 
pijjcs,  and  here  the  hOJid  matter  in  suspension  is  collected.  Ths 
pressure  pipes  are  built  uj)  out  of  sections  lo  metres  long;  their 
diameter  in  the  upper  portions  is  2-3  metres,  and  in  the  lower  portion 
2-1  metres. 

The  wall-thickness  increases  correspondingly  from  o  mm.  to 
14  mm.  At  the  lower  end  there  is  a  conical  piece,  tapering  from 
a  diameter  of  2!  metres  to  one  of  1-7.5  metre-!.  The  gradient 
of  the  lirst  section  is  21-4  per  cent.,  of  the  .'-•etondjl4-4  per  cent.,  and 
of  the  conical  piece  50-5  per  cent.  In  order  to  allow  for  the  effects  of 
tenijierature,  there  is  an  expansion  jjiece  at  the  toj)  of  earh  length  of 
jirosure  tube  at  a  point  near  the  reservoir,  and  there  is  a  second 
expansion  piece  lower  down  at  the  point  on  each  tube  where  the 
gnidifut  changes.  The  power  station  is  .somewhat  sunk  into  the 
ground,  and  the  level  of  the  generator  room  is  71  metres  below  that 
of  the  surrounding  soil.  Beneath  the  floor  of  the  generator  room  are 
two  j;assages,  one  of  which  is  used  for  cal'les  and  the  other  for  tur- 
bine piping  and  <oiniections. 

The  switch  room  is  constructed  on  three  floors.  The  ground  floor 
is  divided  into  four  jiarallel  sections.  Two  of  the.'^e  contain  the 
switching  apjiaratus  and  the  low-tension  'bus-bars;  the  other  two 
are  set  apart  to  uses  in  eomiection  with  the  transformers,  and  contain 
the  oil  pumps,  cooling  coils.  &c.  On  the  first  floor,  the  transformers 
arc  ariiingid  in  l.">  ( (■lliilar  (  ompiutincnts,  and  lu-liind  tiieni  arc  placed 
the  respective  switches.  Nine  transformers  are  at  i)resent  in  posi- 
tion, and  six  will  be  added  later.  The  second  floor  contains  the  high- 
tcnsiciu  wires  ;  the  middle  jiortion  is  divided  into  two  passages.  One 
of  these  adjoins  the  generator  room,  and  has  the  lightning  protectors  ; 
on  the  other  side  are  placed  the  oil  switches  and  bus-bars  for  88,(K)0 
vnlts.  These  two  jia-ssages  end  in  two  rooms  in  which  the  earthing 
deviees  are  jilaced.  There  is  a  flat  roof  overhead,  in  which  there  are 
two  towers.  1.")  metres  high  ;  these  contain  the  terminals  from  which 
the  overhea<l  wires  start  with  a  voltage  of  8H.(MI0.  There  is  also  a 
connection  to  the  railway  of  normal  gauge  with  a  gradient  of  13  per 
rent.  It  is  |,o.ssib|c  to  draw  railway  tnieks  uj)  this  incline  l>y  an 
eleetricallyojjerate  d  capstan,  and  in  this  way  mr.ehinery  or  pr.its  of 
the  same  can  be  brought  direetly  from  the  railway  into  the  power 
house. 

The  generator  room  < ontains  four  turl)ines,  each  directly  connfctcd 
to  a  genenilor  with  a  lapacity  of  O.tS.'iO  kw.  There  are  two  exciting 
sets,  each  nf  J 10  kw.,  and  nine  Hingle-jiln'.sc  transformers,  each  with  a 
capacity  of  3.(HM>  k.v.a.  The  tHrbines  are  double  Francis  turbines, 
(•npaiilc  of  utilising  a  fill  of  70  metres.  Their  sj  ee<l  is  420  revs,  j  er 
min.  ;  an  overlimd  of  7.!{(in  kv .  eiin  be  dealt  with.  They  arc  elec- 
trically <ont rolled  from  the  8witchboP.rd  by  means  of  oii-preasure 
regulators.  Tb.e  exciter  fetH  are  <|riven  by  two  simple  Francis 
turliines  at  sj.eeds  of  030  revs,  per  min.  The  eflieieney  of  the  large 
turbines  at  full  lord  ((b4<Hikw.)  is  87  per  cent.  The  controlling 
jipi'Hiatu.H  is  .">«>  desijiued  thrt  tl',esje<d    i  >     '      "       r  rent,  if  the 

Io.'mI  is  suddenly  nilixed  fioin  full  In  tl  c|,  |iy  ,~)  or  (S 

per  cent,  if  it  falls  to  half-load,  and  l>y  l(t  or  12  per  rent,  if  the  whole 
iif  llie  loiid  is  suddenly  leinoved.  In  the  «  ntin*  ahhent  o  of  controlling 
regiiiatuis  tlie  sj cnl  would  ri^e  (o  7."0  levs.  j  er  min.  if  the  full  lof.d 
were  suddenly  .switrhed  oil.  Tiie  eflieiency  of  the  i>mallrr  turbine^ 
at  full  load  is  about  7!»  jer  cent.  '\'\v  alternators  have  an  outi>ut  of 
7.20<>  k.v.;i.  with  a  jiowor  factor  of  (t-8.  at  (».tMKI  to  O.tUMt  \o|ts.  with  a 
fret|Uenev  of  42.  Fig.  I  gives  drawings  showing  the  construction  of 
flu*  uui 'hines.  Fig.  2  gives  the  elmraeteristies.  It  was  guarantee<I 
l)y  the  makers  that  the  teui|.erature  ri^e  should  not  ex(  eed  .3.*>  f'.. 
with  .",  room  temperature  of  .30  < '.  If  the  maehine  were  rini  con- 
tinuously with  a  lond  of  O.-VM*  kw.  the  temjierature  rise  wa,s  not  to 
exceed  40°t'..  if  it  was  run  eontinuouslv  with  a  lo.id  of  fi.StMt  kw.  the 


temperature  rise  was  not  to  exceed  45"C.,  if  it  was  nm  for  two  hoiurs 
with  a  load  of  7,360  kw.  the  temperature  ri,se  was  not  to  exceed  oO'^C. 
The  efficiency  at  full  load  with  a  power  factor  of  unity  was  guaranteed 
to  be  97  per  cent.  The  voltage  drop  with  a  power  factor  of  unity  was 
10  per  cent.,  and  with  a  power  factor  of  0-8  was  25  per  cent.  The 
machines  can  deliver  the  short-circuit  current  for  two  minutes 
without  damage.     The  exciters  furnish  400  kw.  at  200  volts. 

The  transformers  are  of  the  single-phase  tj'pe,  and  are  cooled  bv 
oil.  The  voltage  is  transformed  from  6,000  to  46,200  volts,  the  fre- 
quency being  42.  The  transformers  are  grouped  in  sets  of  three,  the 
primaries  being  joined  in  delta  and  the  secondaries  in  star.  The 
neutral  point  of  the  star  is  not  earthed.  For  cooling  purposes,  oil 
has  been  chosen  instead  of  water,  partly  because  the  cooling  bv  eil  is 
more  effective  and  j;artly  because  the  risk  to  the  insulation  of  the 
transformer  by  leak}'  coils  is  avoided.  The  oil  is  circulated  by  a 
sn)all  pump,  and  the  wann  oil  is  cooled  by  passing  the  coil  through 
flowing  watfr  ;  very  small  quantities  of  water  are  required.  If  the 
circulation  of  the  oil  is  stopped  and  the  transformer  is  worked  at 
full  load,  the  temperature  rise  will  be  40*^0.  above  the  normal  at  the 
end  of  four  hours,  and  this  is  well  within  permissible  limits.  Thus 
any  accident  to  the  pump  is  not  of  vital  importance,  as  there  is  a 
considerable  interval  within  which  to  effect  repairs.  Fig.  3  gives  the 
details  of  the  construction  of  the  transformer. 

The  switches  are  arranged  in  cellular  chambers  for  6,000  volts, 
but  this  princijde  is  not  applied  to  the  80,000-volt  system,  because 
the  distance  between  the  conductors  is  in  itself  a  sufficient  safeguard. 
The  design  has  been  .so  arranged  that  everything  shall  be  as  simple  as 
possible  and  easily  open  to  inspection  ;    signal  lamps  are  used  for 
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Fio.  2.— Characteki.sticCcrves  of  the  Polyphase  Generator 

SHOWS  IN  Fio.  1. 

1  =N3-load  curve.  2  =  Short-circuit  current  (single-phase). 

3  =  Short-circuit  current  (three-phase). 

4.5and6»Characteristi«forcos0=O.       Sand  9=Characteristicstor  cos  ?)=1 . 


switches  that  are  operated  from  a  distance.  The  instruments  are 
arranged  on  two  sepan'te  boards;  the  one  set  is  connected  to  tlie 
main  generators  and  exciters,  and  the  other  to  the  transformers 
and  O.tHMi-volt  coinieetions.  The  switches  are  workwl  at  2(K> 
volts  with  the  dire(  t  current  given  by  the  exeiters ;  there 
is  ejgo  another  0  kw.  dyanmo  that  can  be  used  in  an  emer- 
gency. 

The  bare  copper  condtictors.  eonnected  to  the  machines,  arc 
led  to  a  ring 'bus- bar.  on  which  are  the  connections  to  the  trans- 
formers and  0,(MXtvoIt  eonduetors.  A  second  group  of  "bus-bars  is 
l)rovide«l.  to  wiiuh  test  connections  can  be  made  without  inter- 
fering with  the  working  of  the  .station.  An  art  ilicial  liquid  n-sistance. 
.a]  able  of  absorbjni:  KMhVi  kw..  is  provided  in  the  .station.  The 
t  ntnsfoinurs  have  no  switches  on  the  8S.0(MI-volt  side:  the  Iward  on- 
tains instrununt*  showing  the  state  of  the  load,  and  controlling  the 
'^"♦l       '       '  ive  devices.     The  lie.«t  i)rotection  .icninst 

>*'""w>  arges  consists  in  the  ti.'ie  of  honi  arresters 

and   water  earthing  devices.     Kach   outgoing   conductor   has   two 
'P**  "^ ''"  ^ter«i.  tlie  one  in  the  towers  and  the  other 

'  '-volt  r.  '  lie  water  earthing  devices  are  connected 

to  the  »8.00l»-volt  lase-s.  Kach  outgoing  conductor  ha.s  six  choking 
coils  for  200  aniper.  •'  w;:ter  resistances  for  the  hom  arresters 
(not   earthed),  r.nd  w  p.ho  devices   in   connection   with   the 

arresters  to  protect  agamst  slight  surges. 
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Fi<..  :>.— Dktail->  of  Single-Phase  Tr.\nsf.>rjikk 

VoK   :}.t>(KI  K.V.A.    TRANSFORMIXO     FROM    TlOOO     VOLTS 
Ti>  4l>  '2lM»  VOLTS. 
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THE  CALCULATION  OF  THE  CAPACITY  OF  RADIO- 
TELEGRAPH ANTENNiE,  INCLUDING  THE  EFFECTS 
OF  MASTS  AND  BUILDINGS.* 

BY   PROF.    G.    W.    O.    HOWE,  D.SC,   M.I.E.E. 

Until  quite  recently  the  calculation  of  the  capacity  of  radio- 
telegraph antennae,  except  in  the  simplest  cases,  was  looked  upon 
as  an  impossibility,  and  one  of  the  leading  text-books  on  the  subject 
stated  that,  "  In  the  case  of  multiple-wire  aerials,  the  only  way  to 
determine  the  capacity  is  to  measure  it."  This  is  no  longer  the  ca«e, 
however,  and  it  is  showTi  in  this  Paper  that,  even  for  aerials  of 
complicated  design,  it  is  a  relatively  simple  matter  to  pre-determine 
the  capacity  and  to  calculate  the  effects  of  the  earth,  the  masts  and 
anything  else  in  close  proximity  to  the  aerial.  The  accuracy 
obtainable  is  more  than  sufficient  for  all  practical  purposes. 

The  principle  of  the  method  employed  by  the  author  has  already 
been  described,!  and  in  the  present  Paper  the  method  is  extended 
and  applied  to  a  number  of  concrete  examples.  Some  tests  are  also 
described,  the  results  of  which  indicate  the  accuracy  of  the  calculated 
values. 

The  principle  of  the  method  is  briefly  as  follows  :  It  is  assumed 
that  the  charge  is  uniformly  distributed  over  the  surface  of  the  whole 
antenna,  and  the  average  potential  of  the  antenna  imder  this  fictitious 
condition  is  then  calculated.  Formulae  have  been  worked  out  by 
means  of  which  the  average  potential  can  be  easily  determined  even 
in  the  case  of  complicated  antennae.  The  assumption  is  then  made 
that  this  average  potential  differs  but  little  from  the  actual  potential 
which  the  antenna  would  have  at  every  point  if  the  same  total  charge 
were  no  longer  uniformly  distributed,  but  allowed  to  have  its  own 
natural  distribution. 

In  the  original  Paper,  read  before  the  British  Association  at 
Sydney,  formulae  and  curves  were  given  for  flat  multiple-wire 
antennae  with  any  number  of  wires  from  1  to  12,  and  also  for  four- 
wire  aerials  with  the  four  wires  at  the  corners  of  a  square.  Formulae 
and  curves  M^ere  given  for  wires  meeting  at  various  angles,  and  it 
was  shown  that  two  equal  wires  meeting  at  an  acute  angle,  like  the 
sides  of  a  letter  V,  have  the  same  average  effect  on  each  other  as  if 
they  were  parallel  at  a  distance  equal  to  0-36  of  the  perpendicular 
dropped  on  one  wire  from  the  end  of  the  other.  The  effect  of  the 
earth  on  both  horizontal  and  vertical  wires  was  considered,  and  some 
numerical  examples  of  the  application  of  the  method  to  actual 
antennae  were  given.  It  was  shown  that,  when  applied  to  an 
example  quoted  by  Dr.  Louis  Cohen  (The  Electrician,  February  21, 
1913),  the  method  gave  results  in  good  agreement  with  the  measured 
value,  whereas  the  faiethod  described  by  Cohen  himself  gave  an  error 
of  20  per  cent.  In  September,  1915,  the  author  published  formulae 
and  curves  by  means  of  which  aerials  of  the  umbrella  type  can  be 
readily  calculated. 

In  his  "  Principles  of  Electric  Wave  Telegraphy,"  Prof.  Fleming 
gives  a  number  of  measured  capacities  of  actual  aerials  of  various 
tyi^es  to  serve  as  a  guide  in  estimating  the  capacity  of  any  other 
aerial.  Some  of  these  measured  values  agree  fairly  well  with  the 
calculated  values,  but  others  show  a  wide  divergence  ;  it  was  in 
seeking  to  explain  these  discrepancies  that  the  author  was  led  to 
devise  a  method  of  calculating  the  effect  of  masts  and  buildings. 
Although  the  data  given  with  regard  to  the  method  of  supporting 
the  aerials  are  too  meagre  in  most  cases  to  allow  of  accurate  calcu- 
lation, it  will  be  seen  that  the  assumption  of  probable  data  leads  in 
some  cases  to  calculated  results  differing  but  little  from  the  measured 
values.  The  discrepancies  are  most  marked  when  the  aerial  consists 
of  a  very  large  number  of  wires  ;  for  instance,  "  25  vertical  (?)  wires 
0-1  in.  diameter,  200  ft.  long,  arranged  fan  shape  with  top  ends  about 
2  ft.  apart= 1,640  micro-microfarads."  Now,  this  is  considerably 
greater  than  the  calculated  value,  even  if  the  wires  were  everywhere 
2  ft.  apart  and  not  brought  together  at  the  lower  end.  Unless  there 
is  some  error  in  the  data,  this  can  only  be  due  to  masts  or  buildings, 
or  some  factor  which  is  not  mentioned. 

In  the  original  Paper  the  curves  and  formulae  were  not  carried 
beyond  12  wires,  and  we  shall  now  extend  them  so  as  to  include  this 
multiple  antenna  of  25  wires.  It  was  shown  on  page  859  of  The 
Electrician  (September  4.  1914)  that  the  capacity  of  a  multiple- 
wire  antenna  with  n  parallel  wires  in  one  plane  is  given  by  the 

formula,                            ,  „  ^a 
'  ^                         16-94?? 
C=  — ; \ r X  10-^  mfd.  per  foot. 


log«--0-31 
a 


loge 


-B 


*  Abstract  of  a  Paper  read  before  Section  G  of  the  British  Association 
at  Newcastle. 

fThe  capacity  of  radiotelegraphic  Antennae."  Brit.  Assoc,  Svdnev  ; 
The  Electrician,  Vol.  LXXIII.,  p.  829,  1914.  "The  Capacity  "of 
Aerials  of  the  Umbrella  Tvpe,"  Brit.  Assoc,  Manchester ;  The  Elec- 
trician, Vol.  LXXV.,  p.  870,  1915. 


where  I  is  the  length  of  the  antenna,  d  the  distance  between  adjacent 
wires  and  r  the  radius  of  the  wire.  The  constant  B  is  the  average 
value  of  log«  Jln—m  ///i—  1)  for  all  values  of  m  from  1  to  n.  The  work 
of  finding  this  average  value  is  considerably  lightened  by  remember- 
ing that  log  /x  is  equal  to  log  r(x-\-\),  the  values  of  which  are 
tabulated  in  Dale's  Mathematical  Tables,  p.  77.  For  n  =  2o  we  get 
5=44-75.  The  values  of  B  for  any  number  of  wires  up  to  25  can 
be  read  off  the  curve  (Fig.  1),  which  is  an  extension  of  Fig.  6  in  the 
original  Paper.  For  any  value  of  n  greater  than  15  it  is  .seen  that 
£=2-44  (ri— 6-7).     If,  in.stead  of  the  capacity,  we  wish  to  find  the 
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average  potential  of  the  antenna  when  imiformly  charged  with  unit 
quantity  per  centimetre  of  wire,  we  have 

Fav.=2H(  log.  -;-0-31  V2  log,  —25, 


or  if  n  is  greater  than  15 

Fav.  =  2« 


^&e 


d 


loge 


-4-88(H-6-7). 


I  \  d 

--0-31  H-2  log.  - 
d  J  r 

Now,  in  the  example  quoted  above,  if  the  25  wires  had  been 

parallel  and  2  ft.  apart,  we  should  have 

Z     200  I  d      24:  d         ^ 

_^=-Uog-=4.6;^=— ;log-=0.16. 

Fav.  due  to  its  own  charge=n4-5-[-12-3— 89-5=137-3.    Thetotal 

charge  is  25x200x30-5=152,500,  and  were  it  not  for  the  earth  the 

capacitv  Mould  be  1,234 x  10-®  mfd.     The  negative  potential  of  the 

152,500 
aerial  due  to  its  image  in  the  earth  will  be  approximately  rrr — r— _ 

=25,  thus  lowering  its  resultant  potential  from  137-3  to  112-3,  and 
increasing  the  capacity  to  1,510  X 10-®  mfd. 

It  was  shoMni  in  the  original  Paper  that  fan-shaped  aerials  could 
be  calculated  as  parallel  wires  with  a  value  of  d  equal  to  0-365  of  the 
actual  distance  at  the  widest  point  (strictly,  of  the  perpendicular 
dropped  from  the  end  of  one  wire  on  to  the  other)  ;  hence  /  d  and  d  r 
should  be  taken  as  274  and  175  respectively.  Repeating  the  calcula- 
tion with  these  values,  we  get  a  resultant  capacity  of  '  ,054  \  10"®mfd . 
whereas  that  given  as  the  measured  value  is  1,640  X  10"®  mfd. 

Another  actual  example  for  which  the  measured  capacity  is  given 
is  that  of  '■  160  wires,  each  0-1  in.  diameter  and  100  ft.  long,  arranged 
conically  with  bottom  ends  together  10  ft.  above  the  ground,  and 
top  ends  2  ft.  apart=2,685  micro-microfarads."  The  circumference 
of  the  circle  formed  by  the  upper  ends  of  the  wires  is  320  ft.,  giving 
a  radius  of  51  ft.,  and  since  each  wire  is  100  ft.  long  it  must  make  an 
angle  of  30  deg.  with  the  vertical.  If  we  assume  each  wire  to  have 
unit  chargepercentimetreof  length,  the  average  potential  of  an\-wire 

due  to  its  oMii  charge      =  19-55 
„      the  next  wire         =  9-3 
„      the  40th  wire         =  2-695 
„      the  opposite  wire  =  2-2 
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Bj-  plotting  these  values,  the  potential  due  to  any  wire  can  be  found, 
and  thus  the  average  value,  which  is  found  to  be  3-28.  Hence,  the 
potential 

due  to  its  own  charge      =       19-55 

„      the  other  wires     =     521  (  =  159;: 3*28) 
„      the  earth  image    =  — 160  (approx.) 


Hence 


The  total  potential  =     381 
160x100x30-5 


_.. .  ^^  =,].423x  10-«  mfd. 

381x0-9 
which  is  only  0-53  of  the  measured  value  given  for  this  ajitenna. 

It  has  been  assumed  that  each  wire  is  insulated  at  its  upper  end. 
This  is  improbable,  and  it  is  interesting  to  consider  the  effect  on  the 
capacity  of  sujjporting  the  160  wires  from  a  horizontal  cable  of,  say, 
0-5  in.  diameter.  This  cable  will  form  a  circle  with  a  circumference 
of  320  ft.,  and  since  it  has  five  times  the  diameter  of  the  antenna 
wires,  and  is  more  ad\antageously  jtlaced,  it  will  require  a  much 
greater  charge  j-er  centimetre  of  length  to  raise  it  to  the  same 
potential.  We  shall  assume  that  it  has  a  charge  of  12  units  per 
centimetre. 

It  is  necessary  now  to  find  the  potential  of  this  cable  due  to  the 
various  charges. 

1.  The  Potential  of  a  Circle  of  Wire  Die  to  Its  Owk  Charge 
OF  1  Unit  per  Centimetre. 

The  potential  at  any  point  P  on  the  axis  of  the  wire  is  due  (a)  to 
the  charge  on  the  wire  in  its  immediate  vicinity  which  may  be 
considered  linear,  and  (6)  to  the  charge  on  the  remainder  of  the 
circle. 

(a)  This  may  be  confined  to  the  wire  subtending  a  small  angle  6i 
on  each  side  of  P  (see  Fig.  5),  and  may  be  calculated  as  a  cylindrical 
conductor  of  length  l~2dyli.  In  the  present  example  i?=51  ft., 
and  if  5,  be  taken  as  4  deg.,  Z/r= 342.  The  potential  at  the  mid- 
point P- 2  log, //r=  1 1 -67. 

(I)  The  I  otential  at  P  due  to  the  remainder  of  the  circle 


=  2 =2    log  tan  , 

2/^  sin  6/2       I     ^        4 

=  -2  log  tan  1°  =  8-1. 


=  —2  log  tan  - 


6i 


Hence  the  total  j, otential  at  /'  due  to  the  charge  on  the  ring 
=  11-67-  81  =  19-77.  This  ajjjilies  to  JUiy  circle  with  ii',r=245(i, 
and  a  charge  of  1  unit  jjcr  centimetre.  It  is  interesting  to  note  that 
if  this  wire  were  straight  its  average  j  otential  would  be  6  j  er  cent, 
lower,  so  that  its  caj)aeily  is  decreased  this  amount  by  being  bent 
into  a  circle. 

In  our  examj)le.  with  a  charge  of  12  units  per  centimetre,  the 
potential  will  !>«•  2."17. 

2.  The    Avi;h.\(,k    Potential   of   the    Horizontal   Svspension 
\\  ii:!.  I)i  i:  to  the  Antenna  Wires. 

From  Kig.  24  iii  the  <trij:iiial  Pap'-r  it  is  found  that  the  potential 
at  F,  due  to  the  dianietncally  opjtosite  wire  OP  of  the  coue,  is  1-0, 
at  E  1-05.  at  I>  1-2,  at  V  1-7  ;  thus  the  average  over  EF  is  1025, 
over  I)E  \  \2.(  1>  1-4.  whiir-  from  Fig.  23.  the  average  over  PC=2%. 
HeiKO  the  HVerugi-  j  otential  <»\er  the  whole  <  ircle  due  to  the  charge 
on  one  antenna  wire=  1-54.  and  tliat  <lue  to  the  whole  160  wires,  246. 

Hence  the  potential  of  the  tuspension  wire 

due  to  its  own  charge  --     237 

„       ant<  mm  \\  ms  =     246 

„       its  own  image  =  —  20  , 

„       image  of  16(1  wires  =  —  106 


Total  =     3; 


>< 


The  J  otential  previously  calctilaled  for  the  160  antenna  wires  will 
be  iiuiililicd  liy  the  ]  res«'n<e  of  the  <  hnrpe  on  the  sus]  ensinn  wire. 

We  will  here  make  u.'-e  of  an  ini]  (irtant  theorem:  The  average 
]iotential  ov»>r  a  Kurfat-e  of  area  .1.  due  to  a  charge  uniformly  distri- 
buted over  anotlier  surface  of  area  li.  is  eriral  1(-  the  average  j  otential 
,iver  the  second  suiface  due  to  the  fame  elmrt'e  iMiifoimly  distiiliutrd 
over  the  first  surface.  If  the  charges  are  not  e«|tial  in  the  two  ca.'e."», 
the  I  olentials  vjiry  in  din'ct  jiroportion  to  the  charge.  To  prove  this 
theorem  let  /  be  the  distance  between  two  oKments  hA  and  f'B  of 
the  surfaces;    then   if  the  area  B  have,  a  uniform  densitv  a},  the 

potential  of  the  eletnent  ^.1  will  be  ah  \    .  ■  nnd  the  averr.ge )  otential 


over  the  whole  of  the  surface  A  will  be  obtained  bv  integrating  over 

^    /■  idBdA      Q^  i  idBdA 
the  surface  and  dividing  by  its  area  thus  (o-j/^)/  | — —  =— -|  | — — 

where  Ql  is  the  total  charge  on  the  area  B.     Similarlv  the  average 

[  I'dAdB      Q„  I  idAdB 
potential  of  .B,  due  to  the  charge  on -4 =o-a,-B  I  I — — -=-—  I  I — —  . 

.  .        I         AB.'  J       I 

If  Qa  —Qb,  the  average  potentials  are  equal. 

Xow  since  we  have  calculated  the  average  potential  of  the  circular 

cable,  due  to  one  wire  of  the  cone,  we  can  write  dowTi  at  once  the 

potential  of  the  latter  due  to  the  charge  on  the  former.     It  is 

320  X  12 

1-54X =59. 

100 

The  average  potential  of  any  wire  of  the  cone  which  was  previously 
calculated  to  be  381,  will  therefore  be  increased  to  381—59  by  the 
presence  of  the  charged  suspension  cable  ;  the  earth  image  of  the 
latter  will,  however,  reduce  this  by  25.  giving  a  resultant  of  415. 

On  the  cone  we  have  16,000x30-5  units  at  a  potential  of  415,  and 

on  the  suspension  cable  3,840x30-5  units  at  a  potential  of  357, 

giving  a  total  charge  of  19,840x30-5  units  at  an  average  potential 

of  404. 

19.840x30-5 
The  <iapacity= — =  1,500  cm. 

=  1,670  xl0-«  mfd. 

This  is  an  increase  of  17  per  cent,  due  to  the  suspension  cable,  but 
the  actual  increase  will  be  greater,  since,  the  calculated  potential  of 
the  cable  being  less  than  that  of  the  wires  of  the  cone,  it  is  evident 
that  the  density  on  the  cable  is  greater  than  has  been  assumed.  All 
faulty  assumptions  as  to  the  distribution  of  the  charge  give  values 
below  the  true  capacity.  A  recalculation  shows  that  to  give  the 
same  potential  in  all  the  wires,  the  charge  on  the  cable  should  be 
16  imits  per  centimetre  of  length,  and  not  12,  as  has  been  assumed  ; 
this  increases  the  capacity  to  1,680  X  10"*  mfd.,  which  is  18  per  centi 
greater  than  that  calculated  without  the  suspension  cable. 

Again,  another  example  consists  of  "  four  vertical  parallel  wires 
110  ft.  long  and  01  in.  diameter,  spaced  6  ft.  apart  at  the  angles  of  a 
square  =  583  micro-microfarads.''  This  tj'pe  of  antemia  was  con- 
sidered in  the  original  Paper  (see  Fig.  18),  and  smce  /  Z>=18-3  and 
rf/r=  1,44(1.  the  capacity  will  be  about  3-85  per  foot,  or  424  x  10"*  mfd. 
in  total.  This  neglects  the  effect  of  the  earth,  which  is  determined 
as  follows  :   The  potential  of  the  antenna 

due  to  its  own  charge       =     35-2 

.,      its  earth  image     =  —  4-0  approx. 


The  resultant  potential  =     31-2 

Hence  the  capacity  will  be  increased  in  the  ratio  of  35-2  to  31-2 — i.e., 
13  per  cent.^which  gives  a  total  capacity  of  478  micro-microfarads, 
which  is  only  82  jier  cent  of  the  measured  value.  That  these  dis- 
crepancies are  due  to  such  disturbing  factors  as  masts  and  buildings, 
particulars  of  which  are  not  given,  is  proved  by  the  fact  that  the 
calculated  and  measured  values  agree  very  well  even  in  the  case  of 
very  (omjilex  arrangements  of  wires,  if  the  disturbing  factors  are 
carefully  eliminated  or  calculated  and  allowed  for. 

(To  be  continued.) 


ELECTRIC  WATER  HEATING  AS  APPLIED  TO 
DOMESTIC  SERVICE. 

BY  C.  W.  CROt^BlE. 

SutMmary, — A  dcM-ription  is  given  of  some  of  the  systems  that  have 
Inen  develojH  d  fcr  .>.u]>plyinv'  «loniestic  hot  water  electrically.  The  load- 
fartor  and  the  «-on>uin]iti<>ii  i.f  viwryy  an-  dixuss  d  in  tlie  liclit  of  the 
author's  cx'K"riene< . 


Hot  wat4'r  in  tliese  days  is  considered  a  common  necessity, 
and  tlie  problem  o£  providing  it  to  meet  the  requirements  of 
dome.'^tir  supply,  by  electrical  means,  assumes  an  imjiortance 
not  yet  fully  realised  by  engineers.  There  is  no  doubt  that  a 
more  extensive  adoption  ol  electric  hot  water  apparatus  will 
ctinsiderably  strengthen  the  position  of  electric  cooking  and 
heating.  t«»  say  nothing  of  tlie  material  benefits  which  must 
acciue  to  supply  authorities  Irom  tliis  source,  consequent  upon 
the  improvement  of  the  load-factor  and  reduction  in  generating 
costs.  Tliis  will  i-eadily  be  appreciated  when  it  is  considered 
that  the  domestic  coiisumer  is  the  gtTatest  potential  user  of 
elertriritv.  and  at  pr<  >int   tlie  avi  rage  annual  consumption 
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per  head  of  population,  including  the  supply  of  power,  is  ex- 
tremely low,  i.e.,  approximately  36  units  ;  while  in  the  case 
of  purely  residential  districts,  where  power  for  industrial  pur- 
poses is  more  or  less  non-existent,  the  average  consumption 
probably  would  not  exceed  18  units  per  annum. 

Unfortunately  the  solution  of  the  problem  is  not  entirely 
dependent  on  the  apparatus  available,  much  of  which  has 
already  attained  a  degree  of  conversion  efficiency  hitherto 
unapproached  by  other  methods.  Electric  supply  under- 
takings have  it  in  their  power,  if  only  they  will  view  the  pro- 
blein  broadly  and  attack  it  boldly,  by  the  framing  of  suitable 
tariffs.  It  is  purely  a  question  of  competition  and  economics  : 
competition  so  far  as  the  consumer  is  concerned  as  regards 
price,  convenience,  and  the  service  of  his  existing  system  ;  and 
of  economics  from  the  point  of  view  of  electric  supply. 

The  author  is  convinced  both  propositions  can  be  satisfied 
by  the  adoption  of  a  constant  load  thermal  storage  system. 
Before  entering  into  the  matter  fully  it  would  be  as  well  to 
make  a  brief  survey  of  the  systems  that  are  available.  These 
are  numerous  and  interesting,  both  as  regards  design  and  the 
means  by  which  a  solution  of  the  problem  is  sought.  To  name 
at  random  but  a  few  :  Belenus  boiler,  Belling  geyser,  British 
electric  geyser,  Cooper  water  heater,  Ferranti  water  heater, 
Losles  water  heater,  and  Therol  water  heater ;  and  these  may 
be  classified  under  one  or  other  of  the  three  main  headings  : — 

1.  Boilers, 

2.  Geysers,  and 

3.  Thermal  storage  systems. 

\.  Boilers. — The  term  is  applied  to  apparatus  used  for 
heating  water  in  bulk,  such  as  urns  and  so-called  rapid  boilers, 
generally  consisting  of  utensils  fitted  with  heating  elements 
partially  or  wholly  immersed.  For  domestic  purposes  other 
than  for  kitchen  use  they  are  not  to  be  recommended  for  the 
following  reasons  :    (a)  they  are  independent,  self-contained 


Fig.  1. — Belenus  Electric  Boiler. 

and  usually  bulky  and  not  being  connected  to  the  service, 
require  to  be  filled  by  hand  and  the  water  carried  to  the  point 
at  which  it  is  to  be  used  ;  (6)  for  large  quantities  of  water  the 
time  required  to  bring  it  to  the  requisite  temperature  is  too 
long  ;  (c)  the  maximum  demand  heavy  and,  in  consequence 
[d)  a  bad  load-factor  is  given  prohibiting  the  supply  of  elec- 
tricity on  the  most  favourable  terms. 

The  Belenus  is  not  a  boiler  in  the  above  sense,  but  is  probably 
so-called  by  reason  of  the  fact  that  it  is  arranged  to  take  the 
place  of  the  ordinary  saddle-back  boiler  fitted  to  kitchen  ranges 
and  is  installed  in  a  like  manner.  It  consists  of  a  cast-iron 
cylinder  having  a  longitudinally  corrugated  bore  to  furnish  as 
large  a  heating  surface  in  contact  with  the  water  as  possible. 
The  exterior  is  slotted  for  the  reception  of  the  heating  elements. 
Each  slot  takes  a  500-watt  element;  and  there  are  18 such  ele- 
ments which  may  be  connected  in  any  desired  combination. 
For  heat  control  four  or  five  switches  are  provided,  making 
possible  a  variation  from  \  kw.  to  9  kw.  This  heater  suffers 
under  the  same  disadvantage  enumerated  above  under  (c)  and 
[d),  but  when  connected  to  the  water  system  of  the  house  and 
a  storage  tank,  would  in  every  way  meet  the  requirements  of 
the  domestic  consumer.     This  boiler  is  shown  in  Fig.  1. 

2.  Geysers. — These  are  designed  for  a  rapid  production  of 
hot  water,  and  their  chief  advantage  is  that  a  supply  is  instantly 
available  on  the  operation  of  the  control  handle.  They  have 
serious  drawbacks,  inasmuch  (a)  as  it  is  necessary  to  install 
one  at  every  point  at  which  water  is  to  be  used;  {b)  the 
loading  being  kept  down  from  considerations  of  the  demand 
on  the  mains  does  not  allow  of  a  sufficiently  rapid  flow  of  water 
to  fill,  say,  a  bath  in  a  reasonable  time ;  (c)  the  maximum  de- 


mand is  exceedingly  high ;  and  (d)  the  poorest  of  load-factors 
conceivable  is  given. 

The  Belling  consists  of  a  cast-iron  body  in  which  are  em- 
bedded the  heating  elements,  the  water  flowing  through  a  system 
of  passages  in  the  iron  and  taking  up  the  heat  on  its  way.  It 
is  provided  with  a  switch  interlocked  with  the  water  tap  so  that 
the  electric  current  cannot  be  switched  on  before  the  water,  or 
the  water  turned  off,  without  first  switching  off  the  current.  It 
is  loaded  to  10  kw.  and  has  an  efficiency  of  98  per  cent. 

The  British  Electric  Geyser  may  be  described  in  greater 
detail  in  view  of  its  novel  construction,  and  the  claims  which 
are  maae  for  it  in  regard  to  the  filtration  and  sterilisation  of 
the  water  in  its  passage  through  the  heater.  It  consists  of  a 
porcelain  tube  packed  with  carbon  granules  through  which  the 
water  passes,  and  which  also  constitutes  the  heating  element. 
The  heater  is  provided,  as  in  the  case  of  the  Belling,  with  an 
interlocked  switch  and  tap.  The  water  in  its  pas.sage  through 
the  carbon  is  sterilised  by  the  electrochemical  action  set  up, 
and  delivered  pure  at  the  nozzle.  Hot  or  cold  water  may  be 
drawn  at  will  according  to  the  position  of  the  control  handle, 
and  for  any  length  of  time ;  the  cold  water  being  filtered  by 
the  carbon  granules.     Geysers  on  this  principle^are  built  for 
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Fig.  2. — British  Electric  Geyser. 

a  delivery  of  from  22  to  40  gallons  of  water  per  hour  with  a  rise 
in  temperature  of  60°F.  to  100°F.,  the  consimiption  being 
approximately  200  watts  per  gallon.  The  usual  loading  is 
about  7|  kw.  for  lavatory  basins,  and  for  baths  two  such  heatera 
are  connected  hydraulically  and  electrically  in  parallel,  the 
loading  then  being  15  kw.  The  efficiency  of  the  apparatus  is 
about  98  per  cent,  at  the  nozzle.  Fig.  2  shows  the  general 
arrangement. 

3.  Thermal  Storage  Systems. — No  one,  more  than  the  elec- 
trical engineer,  realises  the  handicap  and  disadvantage  under 
which  he  labours  for  the  want  of  a  cheap  and  reliable  method 
of  storage  in  his  business  of  electrical  supply,  and  it  is  for  this 
reason  that  the  thermal  storage  of  water  will  appeal  to  him, 
oft'ering  as  it  does  the  only  solution  to  what  is  and  always  has  been 
the  greatest  difficulty  he  has  had  to  contend  with,  in  the  matter 
of  meeting  irregular  and  variable  demands  for  energy.  Even 
were  it  practicable  for  electrical  storage,  on  a  commercially 
large  scale,  at  the  source  of  generation,  it  would  not  entirely 
overcome  the  difficulty  of  maximum  demands ;  for  there  still 

g2 
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remains  the  question  of  copper  in.  his  distributors  ;  while 
storage  in  some  foim  on  the  consumer's  premises  would  greatly 
reduce  his  difficulties. 

Arguments  are  sometimes  advanced  against  thermal  storage 
on  the  score  that  it  is  inefficient  because  of  the  retention  of  the 
storage  tank  and  long  lengths  of  piping,  but  it  must  be  bome 
in  mind  that  the  losses  thus  incurred  are  insignificant  in  com- 
parison with  the  material  advantages  to  be  gained  in  the  low 
maximum  demand  and  high  load-factors  which  become  possible 
on  its  adoption.  Moreover,  these  losses  are  not  so  high  as  is 
imagined  in  a  properly  lagged  system.  Apart  from  the  con- 
sideration of  electrical  supply  there  is,  also,  the  consumer's 
point  of  view ;  namely,  his  ability  to  obtain  hot  water  at  all 
points  where  he  has  become  accustomed  to  use  it. 

Thei-mal  storage  systems  may  be  designed  by  the  application 
of  accelerators  or  thermostatic  control,  or  both,  to  meet  almost 
any  conceivable  demand.  Thus,  in  the  case  of  a  service  where 
the  demand  is  likely  to  be  irregular  due  to  the  temporary  in- 
crease in  the  household  by  the  visit  of  friends  and  relations,  the 
provision  of  a  secondaiy  heater  or  accelerator  with  hand  or 
thei-mostatic  control  would  meet  the  requirements.  These 
secondary  heaters  or  accelerators  can  be  arranged  with  any 
num))er  of  varying  heats  ;  and  the  thermostatic  control  arranged 
to  bring  them  into  operation,  either  by  the  fall  in  temperature 
of  the  water ;  or  when  any  given  predetennined  minimum  quan- 


storage  in  the  surrounding  water  jacket  when  no  demand  is 
made  on  the  apparatus.  The  heater  is  rated  at  750  watts  and 
is  capable  of  heating,  daily,  100  gallons  of  water  from  60"F.  to 
110^F.,and  being  left  on  circuit  continuously  has  a  load-factor 
of  100  per  cent,  and  efficiency  of  80  to  87  per  cent.  The 
construction  is  shown  in  Fig.  3. 

The  Ferranti  ]ya(er  Heater  is  probably  the  simplest  of  the 
thennal  storage  systems ;  consisting  of  a  cylindrical  storage 
tank  similar  to  those  used  with  kitchen  ranges,  a  pipe  con- 
nection being  made  at  the  bottom  of  the  tank,  carried  up  and 
re-inseited  at  the  top.  This  circulating  pipe  connection  carries 
the  heater  consisting  of  a  cast-iron  tube  with  heating  elements 
clamped  thereto.  The  whole  ai)paratus  is  thoroughly  lagged 
to  prevent  loss  by  radiation.  The  chief  and  most  important 
feature  of  this  apparatus  consists  in  its  ability  to  supply  a  small 
quantity  of  water  at  a  high  temperature  within  a  short  period 
of  switching  on  the  current,  or  of  drawing  oS  the  whole  of  the 
contents  of  the  storage  tank  of  the  heated  water.  This  is 
attained  by  the  utilisation  of  the  low  thermal  conductivity  of 
water,  for,  when  heat  is  supplied  at  the  upper  surfaces  of  a 
liquid,  the  flow  of  heat  downwards  is  exceedingly  slow,  and  thus 
when  the  water  in  the  circulator  has  been  heated  it  is  thrown 
into  the  top  of  the  tank  Avhere  it  lies  ready  to  be  drawn  off  ; 
this  process  continues  so  long  as  the  electric  current  is  on,  fresh 
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Fig.  a. — LosLE.s  Water  Heater. 


tity  of  hot  water,  is  reached  in  the  cistern.  The  load-factor 
will  necessarily  vary  with  the  loading  and  arrangement  of  the 
s)^stem. 

In  the  following  description  four  examples  of  apparatus 
working  on  the  theimal  storage  principle  are  given  : — 

The  Coo])er  WcUer  Heater  consists  of  a  water-tank  within  a 
water-tank,  the  essential  feature  being  that  oidy  a  portit)n  of 
the  water  contained  is  heated  directly  by  the  immersion 
element,  the  remainder  being  heated  indirectly'.  The  immer- 
sion heater  is  fitted  to  the  iimer  or  small  tank  by  in.se rtion  from 
the  top.  The  inner  tank  draws  iji  water  at  the  bottom  through 
two  tubes  which  project  into  the  water  jacket,  and  are  carried 
up  nearly  to  the  top.  The  cold  water  supply  is  connected  to 
the  bottom  of  the  water  jacket,  and  tlu'  draw-ctff  connection  at 
the  top  of  the  inner  or  heating  chaml»er.  Thus  the  water 
(about  one-third  of  the  total  contents)  in  the  heating  chamber 
is  rapidly  raised  in  temperature  and  with  its  rise,  heat  is  trans- 
mitted, across  the  small  annular  air  s]>ace.  at  an  increasingly 
greater  rate  to  the  water  jacket .  In  t his  manner  it  will  bo  seen 
that  when  hot  water  is  drawn  from  the  ajiparatus.  the  heating 
chamber  is  su])])lied  with  water  from  the  jacket  at  a  con- 
siderably higher  temperature  than  would  have  l)een  the  case 
had  th(>  cold  siipi)ly  been  coniU'cted  thereto.  The  object  of 
this  construction  is  to  obtain  a  small  quantity  of  water  rai)idly 
raised  to  temperature,  and  further,  to  allow  for  additional  heat 


cold  water  being  taken  from  the  bottom,  heated,  and  thrown 
on  the  to]),  until  the  whole  cimtents  of  the  stttrage  tank  i.-* 
heated  throughout.  In  this  respect  it  has  a  great  advantage 
over  systems  wherein  immersion  heatere  are  introduced  directly 
into  the  mass  of  water,  particularly  if  these  be  at  the  bottom, 
for  it  is  well  known  that  when  the  lower  .strata  of  a  liquid  are 
heated  jtortions  of  the  licjuid  ri.se  to  the  surface  while  the  colder 
portions  sink  to  the  bottom,  and  in  this  manner  convection 
currents  are  set  uj)  which  transport  heat  from  one  part  of  a 
licpiid  to  another  and  tend  to  l)ring  about  a  uniformity  of 
teniperature  throughout  the  ma.ss.  such  temperature  directly 
depending  upon  the  mass  of  water  and  the  quantity  and 
duration  of  heat  ajtjilied.  The  rating  i.s  35(l.  5(K)  or  7.")(»  watts 
on  continuous  load  according  to  size  and  reijuirements  of 
household.  The  maxinuim  demand  is  low.  efficiency  about 
8.")  per  ceiit.  and  load-factor  100  per  cent. 

The  Thrrol  W'nirr  Hcnicr  was  the  fii"st  (»f  the  thermal  storage 
svstems  to  bo  placed  «»u  the  market  and  consists  of  a  lagged 
tank  in  which.  .soi)arated  by  a  jacket,  is  a  block  of  cast-iron 
housing  the  heating  elements.  The  iron  block  is  pierced  by  a 
lUMubov  of  tubes  which  communicate  with  the  water  in  the 
.surrounding  jacket.  Upon  tirst  switching  on  the  current  the 
temperature  of  the  whole  mass  of  iron  is  gradually  raised  to 
about  5(XI  P..  and  a.s  soon  as  tlie  water  is  admitted  to  the  block 
from  the  surrounding  jacket  it  is  heated  uistantaneously  and 
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vaporised.  The  temperature  of  the  water  is  controlled  by  a 
three-way  tap  by  the  admixture  of  cold  water  with  the  steam, 
or  boiling  water,  produced  in  the  heating  block.  With  a  rating 
of  200  watts  on  continuous  load  from  20  to  30  gallons  of  water 
can  be  produced  per  day,  at  a  temperature  of  110°F.  The 
maximum  demand  is  low  and  the  load-factor  100  per  cent. 

The  Losles  Water  Heater  consists  of  a  lagged  cylindrical  tank 
with  an  immersion  heater  introduced  through  the  bottom  of 
the  tank  (Fig.  4).  A  thermostat  is  fitted  to  the  apparatus  for  the 
purpose  of  controlling  the  heater  and  maintaining  the  water 
at  a  prescribed  temperature  ;  when  this  temperature  is  reached 
the  heater  is  automatically  switched  off,  and  as  soon  as  the 
temperature  of  the  water  falls  a  few  degrees  due  to  the  with- 
drawal of  hot  water  or  the  cumulative  effect  of  radiation,  the 
thermostat  puts  the  heater  again  into  action  and  it  remains  in 
circuit  until  the  predetermined  temperature  is  again  reached, 
when  it  is  switched  off.  The  cold  water  supply  and  the  hot 
water  draw-off  connections  are  made  at  the  bottom  of  the  tank, 
the  latter  rising  through  the  mass  of  water  and  terminating 
very  near  the  top  of  the  tank  with  a  view  to  reducing  the  losses 
to  a  minimum.     The  apparatus  is  rated  at  1,000  watts  for  a 


requirements.     The  following  figures  have  been  tabulated  from 
actual  measurements  with  a  meter  in  the  cold  water  supplv: — 


Time. 

1    Water  drawn 
from  heater. 

Purpose. 

Equiva- 
lent    ! 
quantity 
in  galls.  1 

at  llO'Fi 

1 

Electrical 
equivalent 
in  Kelvins 

at  100% 
efficiency. 

Quantity 
in  galls. 

Temp. 

0.30  a.m. 

7 

'       2  00 

1 

20  00 

0-50 

0-50 

[       1-76 

;      OoO 

i       1-76 

1       0-88 

1-76 

:    20  00 

110 

85 
110 
110 
132 
110 
132 
132 
132 

95 

Washing  pas.sages,  door- 
steps, &c. 
Tepid  bath     

200    ' 

13fK) 

0-50 

0-.50 

218 

0-.50 

218 

109 

218 
1615 

0-352 
2-395 

7.15  „ 
7.30  „ 
9.30  „ 
11.30,, 
1.30  p.m. 
5.30  „ 

Shaving  washbasins,  &c. 

Brcakfa.st  washup    

Washing  sundries 

Lunch  washup  

Tea             „           

0-088 
0-088 
0-384 
0-088 
0-384 
0192 

8.30  „ 

Dinner       ,,           

0-3f4 

10      „ 

Warm  bath    

Total 

2-84^J 

40-88 

7-195 

The  last  column  of  the  Table  gives  the  energy  demand  for 
the  quantity  of  water  raised  through  60°F.,  the  sum  of  these 

demands  divided  by  the  efficiency  of 
any  particular  water  heater  gives  the 
daily  consumption  of  that  heater.  On 
this  basis  and  an  equivalent  wat«r  ser- 
vice the  characteristic  load  curves  and 
load-factors  in  Fig.  5  have  been  cal- 
culated for  the  low  current  constant 
loaded  thermal  storage,  thermostati- 
cally-controlled thermal  storage  and 
geyser  systems  as  being  representative 
of  their  respective  kinds  and  are  as 
therein  shown. 

A  few  words  of  explanation  may  here 
be  added  with  respect  to  the  loading  of 
the  geyser.  This  is  detennined  by  the 
time  required  to  furnish  the  largest 
quantity  of  water  drawn,  and  if  we 
were  to  base  this  on  the  rate  of  flow 
through  the  taps  ordinarily  provided 
on  baths,  i.e.,  25  gallons  in  10  minutes, 
or  150  gallons  per  hour,  we  should  have 
to  provide  for  nothing  less  than  20  kw., 
and  thus  in  the  case  of  some  electric 
geysers  they  would  apparently  require 
four  heaters,  due  to  the  limitation  in 
loading  of  a  single  unit  on  110  volts  and 
under ;  and  since  it  would  obviously 
be  unfair  to  the  storage  systems  not  to 
take  their  equivalent  in  the  rate  of 
filling  a  bath,  we  have  taken  ior  the 
purpose  of  a  true  electrical  comparison 
the  loading  above  determined  ;  and  the 
ordinates  in  the  load  curve  are  drawn 
storage  capacity  of  10  gallons  of  water  and  is  capable  of  pro-      to  half  scale  with  respect  to  the  other  two.     The  following 
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Fig.  5. — ^Diagram  showing  Loads  trom  the  Three  Systems  of  Water  Heating 


viding  84  gallons  of  water  per  24  hours  raised  through  38°F., 
or  20  gallons  per  24  hours  through  150°F.  The  maximum 
demand  is  higher  than  that  of  a  continuously-rated  heater  of  * 
the  same  thermal  storage  capacity  and  the  load  being  inter- 
mittent the  load-factor  is  approximately  50  per  cent.,  and  the 
efficiency  from  87  per  cent,  to  90  per  cent. 

Having  discussed  the  details  of  various  heaters,  our  next 
consideration  will  be  the  actual  requirements  of  domestic 
service  and  the  manner  in  which  this  can  be  met  by  the  appli- 
cation of  the  three  classes  of  heaters  and  showing  their  effect 
on  the  problem  of  electrical  supply.  Quite  erroneous  ideas  are 
prevalent  as  to  the  quantity  of  water  required  ;  generally  it 
will  be  found  that  no  consideration  has  been  given  as  to  the 
temperature  at  which  such  water  is  to  be  used.  We  have  found 
from  actual  experience  that  an  allowance  of  1\  gallons  at  an 
average  temperature  of  110°F.  per  person  per  day  to  be  ample 
for  families  of  four  persons  and  under,  and  for  a  larger  number 
of  persons  an  allowance  of  5  gallons  would  probably  meet  all 


Table  summarises  the  load  curves  : — 


Heater. 


Maximum 
demand. 


Load-factor. 


Constant  loaded  thermal  storage 

Thormostatically -controlled  thermal  storage 


I 


0-35  kw. 
1-OOkw. 


100  percent. 
50     „ 
1-53     „ 


Electric  geysers    i  20-00  kw. 

It  is  obvious  from  a  consideration  of  the  above  Table  and 
curves  that  the  thermal  storage  system  is  the  only  one  which 
can  seriously  be  considered  on  a  large  scale  ;  the  maximum 
demand  is  so  low  as  not  to  aggravate  the  difficulty  of  mains  ; 
further,  the  storage  taking  place  on  the  consumer's  premises 
furnishes  an  ideal  system  in  respect  to  distribution  excelling 
even  that  of  water  and  gas  supply;  and  the  best  possible  load- 
factor,  i.e.,  100  per  cent.,  should  enable  electric  iindertakings 
to  offer  current  at  ^d.  per  unit  for  this  ptirpose  with  excellent 
financial  results  to  themselves,  as  will  be  seen  from  the  following 
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Table  which  is  the  result  of  actual  experience  in  a  town 
furnishing  power  and  light  in  the  proportions  and  rates  indi- 
cated : — 

Domestic  Service  in  an  Individual  House. 


Service. 


I      Units 
'  per  annum 


Price 

per  unit. 


Annual 
Load -factor. 


Lighting 97 

Cooking  and  heating 3,834 

Water  heating 3,066 

Total  service  !  6,997 


I  .5d.  5-28  per  cent. 

I  Id.  6-78       „ 

£11.  10s.  per  kw.  10000       ,, 
pfT  annum. 
0-7.3fkl.  11-40       „ 


Characteristics  of  Electric  Supply  in  which  Above  House  is  Situated. 


Service. 


Power  

Private  lighting 
Public  lighting.., 


Percentage  A^^'''>g^P""^P"''""^^|  Annual  load- 


of  total 
units  sold. 


Particular        Total 
suj)]>ly.         .supply. 


factor  of 
total  supply. 


69 

22 

9 


l-09d. 
603d. 
3-74d. 


►2  02d.        16-9  per  cent. 


It  has  been  a  matter  of  considerable  suqirise  to  find  engineers 
fighting  shy  of  low  tariffs  for  loads  of  100  per  cent,  power-factor, 
and  in  the  face  of  the  above  figures  it  is  difficult  to  see  wherein 
lies  their  justification,  particularly  in  cases  where  the  districts 
are  purely  residential,  bearing  in  mind  the  fact  that  the  average 
price  per  unit  for  total  domestic  supply,  i.e..  0-756d.  per  unit, 
at  11 -i  per  cent,  load-factor  for  an  individual  house,  is  ex- 
ceedingly good  when  due  consideration  is  given  to  the  improve- 
ment of  the  load-factor  at  the  consumer's  tenninals,  to  the  fact 
that  nearly  half  of  the  total  consumption  is  taken  at  an  un- 
varying load-factor  of  100  per  cent,  throughout  the  year,  and 
that  approximately  95  per  cent,  of  tlie  total  energy  consumed 
is  taken  during  the  off-])eak  periods. 

In  conclusion,  the  writer  hopes  the  results  here  shown  will 
attract  the  attention  of  central  station  engineers  and  induce 
them  to  give  the  matter  closer  consideration  with  a  view  to 
])ringin<,'  about  an  all-electric  service  for  domestic  puiposes 
and  the  reali.sation  of  a  uuivenial  adoption  of  electricity  in  the 
home. 


POWER  GENERATION  FOR  ELECTRIC  RAILWAYS.* 


BY  HENKY  Ci.  .STOTT. 


Tho  Hiihject  of  jKiwcr  geiientfioii  i.s  ii  very  brojid  one  M-liich  must 
\)0  Htnrljed  from  both  the  tiiiHiniiii  iiiid  ecouoinic  viewpoiutis.  A 
IiroiK)hitioii  cun  Ijo  jjorfecfly  HUccesHfui  from  an  engineering  iKtiiit  of 
view,  bill  U'  (iiiile  foolish  from  nn  economic  one. 

'I'he  (irKt  (|ue.siion  whidi  ari.'.es  in  imy  jKiwer  generation  prol)lem 
in  the  cost  of  |K)wer,  w  hich  is  made  tip  of  two  main  items,  fixed  charges 
and  ojxTHting  cluirgeH.  Tbe.se,  in  many  cjikSo.s.  are  very  nearly  etjual 
for  hteani  ])hint.s.  Fixed  chiirpe.s  conipri.xe  interest  on  cajiital, 
amortisation  of  capital,  fnriclional  depreciation,  taxes  and  a  j)orliou 
of  administration  e.\|H>n.Hes  or  running  ex|M>n,ses.  Ojterafion  and 
maintenance  cost*"  include  all  costs  involved  in  operating  tho  j»Iant 
ami  m  maintaining  it  at  original  edi.iency.  rnfortnnately  the  eio- 
ment  of  lixed  charges  is  often  neglected  or  ignored  in  comjuitinp  and 
eonipivring  Iho  cost  of  iK)wer. 

The  first  item  to  be  determined  in  lixed  eharg«'s  is  what  the  nionov 
will  cost,  consideruig  niteresl  and  providing  for  the  n-tum  of  the 
money  to  llio  owners.  Tho  latter  is  called  an  amortisation  charge 
and  is  usually  inclnded  in  with  iiitcrc>.«.  resulting  in  a  total  cost  for  the 
money  of  about  (\  jn-r  cent.  Taxes  form  a  larger  ]H*rcentage  of  the 
total  cost  of  jKiwer  than  is  often  malised.  a?nounting  to  .■$•.'5  jxr  cent, 
on  the  total  investment  on  the  average,  and  var\-ing  between  2  jkt 
cent,  and  :>  jx-r  cent.  When  all  the  items  in  hxed  charges  are  in- 
clnd(>d  the  total  cost  of  the  money  invested  will  Ik;  found  to  l»e  not 
less  than  Ml  per  cent,  and  ])rob;il>ly  12  'or  more. 

In  bvdraiiiic  j)lant«  the  operating  ._      .in>  so  small  as  to  be 

negligible,  while  the  fixed  cliargivt  are  ver>-  higli. 

Some  rouf)  rosl  Grnphirs. ~Thv  diagrams  repp>duced  herewith 
iliu.strato  many  ])oiuts  regarding  the  co.st  of  jxiwer.  Fig.  7  shows 
typical  railway  load  curves,  the  lower  one  l>ejng  (he  summer  curve 
and  tho  uptxr  one  the  winter  curve.     Due  to  the  heating  load  and 

•  Abstract  of  an  addn'ss  Wtorr  the  Amcriran  Kl.-.  Uw  P.iilwav  As«ocia. 
tion:  .ind  fnun  the  "  Electric  Uailwny  J.-unirtl  '  .(  N.  „  N  ..ik* 


the  heavier  schedule  run,  the  waiter  load  goes  up  to  about  100,000  kw. 
and  down,  with  a  corresponding  peak  in.  the  summer,  to  about 
55,000  kw.  The  heating  load  in  this  particular  case  is  about  20  per 
cent,  of  the  schedule  load. 

Fig.  1  is  based  upon  Fig.  7,  and  illastrates  the  varying  cost  of 
power  during  24  hours,  and  with  varying  amounts  of  power,  supplied 
from  a  hydraulic  plant,  and  a  steam  plant  respectively.  The  total 
load  Ls  divided  between  the  hydraulic  plant  and  the  steam  plant,  as 
indicated  by  the  scales. 

Figs.  2  and  3  show  the  costs  with  different  sources  of  power.  In 
all  cases  the  cost  of  power  during  the  small  hours  of  the  morning 
when  the  load  is  light,  goes  up  to  a  high  figure.  The  difiference 
between  the  cost  at  3  a.m.  and  9  a.m.  is  very  marked. 

The  first  curve,  A.  is  for  hydroelectric  power  only.  It  shows  how 
the  cost  is  prohibitive  at  light  loads.  Curve  B  is  for  75  per  cent, 
hydroelectric  jjower  and  25  per  cent,  steam  power,  curve  C  is  for  half 
of  each,  and  curve  D  is  for  all  steam  power.  A  combination  of  steam 
and  hydroelectric  power  for  certain  load  curves  almost  invariably 
provides  a  lower  cost  of  power  for  railway  work  than  power  from 
either  a  straight  steam  or  hydroelectric  plant. 

Fig.  4  shows  the  variation  of  cost  of  jxtwer  with  load  factor,  in  a 
plant  costing  S60  per  kilowatt.  The  lower  curve  plotted  below  the 
zero  line  shows  the  operating  and  maintenance  costs,  and  the  first 
curve  alxjve  the  zero  line  shows  the  fixed  charges  or  investment 
costs.  The  latter  curve  indicates  how  important  these  charges 
Ijecome  at  light  load.  As  the  load  factor  increases  the  fixed  charges 
become  less,  and  there  is  also  a  decrease  in  operation  and  main- 
tenance cost.  At  any  load  factor  the  total  cost  of  power  can  be 
obtained  by  adding  the  two  ordinates,  as  Ls  done  in  the  upper  curve 
above  the  zero  line.  This  curve  indicates  the  importance  of  building 
up  the  load  factor  in  any  plant.  Fig.  5  gives  similar  data  for  a 
plant  costuig  S80  j)er  kilowatt.  Referring  to  the  upper  curve  it  will 
be  seen  that  at  50  jjer  cent,  load  factor  the  total  cost  of  power  is 
about  one-half  of  what  it  is  at  20  per  cent,  load  factor. 

In  Fig.  6  the  curves  of  Figs.  4  and  5  are  suj:)erimix)sed  to  empha- 
sise the  difference  in  costs  of  plants  A  and  B  {see  Fig.  8)  when 
operating  at  45  ])er  cent,  and  25  per  cent,  load  factors. 

Diversity  Factor  or  Time  Differential. — Fig.  8  shows  a  tj'pical  load 
curve  with  a  load  curve  of  a  small  plant  added  for  pm-{X)ses  of  com- 
parison. Let  us  assume  that  a  small  direct-current  station  is  shut 
doMii  and  that  its  load  is  added  to  that  of  another  plant  which 
already  had  a  fairly  large  load.  This  introduces  another  factor, 
which  is  sometimes  called  the  "  diversity  factor."  I  do  not  think 
that  this  name  describes  the  factor  very  well.  "  Time  differential  "* 
is  a  Ijetter  description.  It  simply  means  that  if  one  can  find  a  load 
to  add  on  to  hLs  other  load,  in  which  the  peak  load  or  liigh  jxjint  does 
not  come  at  the  .same  time  as  it  does  in  the  other  load,  then  the  second 
load  can  be  carried  with  advantage  without  adding  much  to  the  capa- 
city of  the  ])lant.  In  other  words,  the  fixed  charges  will  not  be  in- 
creased l)y  adding  the  load  in  the  valleys  showii  in  Fig.  8,  as  long 
as  it  is  not  added  also  to  the  higher  peak.  The  difference  l^etween 
the  broken  line  and  comliined  curve  at  tlie  jx'ak  in  this  figure  repre- 
sents the  time  diffcreutial.  and  5,01K)  kw.  in  the  total  capacity  of  the 
plant  would  l>e  saved  by  having  this  small  load  added. 

The  question  of  disjxi.sing  of  small  ]ilants  and  installing  a  new- 
central  j)lant  i.s  purely  an  economic  jiroblem.  The  question  arises  as 
to  the  money  l)orrowed  for  the  old  ]ilant.s.  and  whether  it  has  been 
written  off  in  the  shafX"  of  dei>reciated  capital.  It  is  very  imjxirtant 
that  the  new  plant  with  high-tension  transmission  shoidd  make  up  in 
higher  eflifiency  for  any  loss  in  ca])ital  and  at  the  same  time  slunv 
a  net  gain  and  su|)(>rior  oin-ration  over  the  previous  installation. 

In  all  i>i-ol.iibility  the  service  from  the  central  ]>lant  with  long- 
distance high-tension  transmis.sion  will  not  lie  as  reliable  as  that  from 
the  small  |»lant  on  a  count  of  lightning  disturbances,  which  break  the 
insulators  and  disrupt  the  transformers.  That  is.  the  "reliability 
factor  ■'  will  not  Ik-  as  great.  However,  this  objection  is  at  lutvsent 
not  very  grave  iH^ause  the  ajijiaratus  is  lieing  improved  and  made 
moif  eapalile  of  withstanding  lightning  shock. 

Poutr  Cwtts  in  Jjirgt  P//i>i/.<.— The  size  of  i>Iant  has  quite  an  ajijire- 
ciable  eflfeet  on  the  cost  of  jiower.  Below  certain  si/.es.  say.  below 
1.<K)(1  kv..  the  efliciencv  of  the  steam  turbine  goes  down  \ery  rapidly 
w  ith  the  siw.  In  plants  where  such  sizes  of  unit  ai^e  needed  it  would 
Ik>  l>et(er  to  buy  recijtror.iting  engines  direct -connected  to  (he 
generators  than  to  jmt  in  turbines.  As  (he  size  goes  up.  however, 
(he  turliine  shows  oon,siderablc  improvement  o\-erwha(  the  recipro- 
ca(ing  engine  can  do.  and  in  units  r»f  ."W.OtKlkw.  <,n>acit\  or  more 
(here  is  a  very  marked  improvement.  The  unit  purchased  not  long 
ago  by  (he  InterUirough  Rajiid  Transit  Company  is  to  generate 
7tt.00(l  kw.  on  10  5  lb.  of  .^team  ix>r  kilowatt -hour. 

Further,  (here  nuist  he  a  eetnain  numlier  of  men  (o  ojierate  sta- 
tions :  engineers.  tinMuen.  oilers.  &c.  A  man  can  take  charge  of  a 
l.-irpp  unit  as  ea«jly  .-vs  a  small  one.  so  that  the  cost  of  lalx>ur  does 
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not  go  up  in  proportion  to  the  size  of  the  plant.  That  is  anotlier 
factor  which  makes  a  large  plant  cheaper  proportionately.  In  a 
very  large  plant,  however,  the  cost  of  these  items  is  almost  negli- 
gible, whereas  the  costs  of  coal  and  water  are  very  important  items, 
especially  the  former. 

For  illustration,  when  we  started  developing  power  for  the  electri- 
fication of  the  Manhattan  Elevated  Railroad  system  in  New  York, 
^bout  15  years  ago,  it  took  almost  3  lb.  of  coal  per  kilowatt-hour,  and 
to-day  we  are  using  but  1-5  lb.  with  modern  turbines.     When  the 


The  flatter  the  load  curve  the  cheaper  the  power.  That  is  the 
main  incentive  for  the  general  power  company  to  get  loads  from  all 
sources,  various  kinds  of  loads,  and  especially  night  loads.  If  the 
railway  can  build  up  a  load  factor  as  good  as  the  power  company  can, 
then  there  is  no  reason  whj'  the  railroad  company  should  not  make  the 
power  and  sell  some  of  it  to  someone  else.  If  the  power  compan}' 
can  build  up  a  better  load  factor  than  the  railway  can,  for  any  reason, 
then  the  railway  can  make  power  cheaper  than  the  power  company 
can  make  it. 
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Fig.  2. — Cost  of  Power  during  Day —  Fig.  3. 

Summer  Load. 


-Cost  of  Power  during  Day — 
Winter  Load. 


older  units  were  put  in  they  were  the  finest  ever  built,  and  cost  about 
,£50,000  each.  But  owing  to  the  progress  of  the  steam  turbine  it 
;seemed  advisable  to  take  out  the  engines  and  replace  them  with 
turbines,  although  their  scrap  value  was  only  about  £2,000  each. 
The  problem  of  writing  off  this  difference  is  a  real  one.  It  touches 
|the  question  of  what  we  might  call  the  effect  of  obsolescence  upon 
sconomy  of  production. 

Shall  Railways  Generate  or  Purchase  Poiver  ? — The  general  question 
IS  to  whether  the  railway  company  should  manufacture  its  own  power 
)r  buy  it  is  a  very  interesting  one.  If  we  look  at  the  question  in  its 
jroadest  aspect  there  is  no  reason  why  a  railroad  company  cannot 


Steam  versus  Water  Power. — In  the  hydroelectric  plant  the  first 
cost  is  probably  two  to  three  times  what  it  would  be  for  a  first-class 
modern  steam  plant.  The  average  installation  of  hj-droelectric 
plants  at  the  present  time  in  first  cost  will  amovmt  to  not  less  than 
£30  per  kilowatt  of  capacity.  A  first-class  steam  plant  can  be  put 
up  to-day  for  an  amount  varying  from  about  £11  to  £15  per  kilowatt 
of  capacity  depending  on  the  size.  If  a  big  dam  must  be  built  for  a 
large  water  storage,  then  the  hydroelectric  plant  may  run  from  £40 
to  £50  per  kilowatt  of  capacity. 

Another  difficulty  with  the  hydroelectric  plant  is  that  there  are 
usually  certain  dry  seasons  when  the  hydroelectric  power  will  be^cut 


16 

1 

1 

14 

j 

^12 

^10 

\ 

i 

\ 

\ 

■^    0 

] 

<?-- 

<  " 

\ 

V- 

k 

! 

1 

^' 

\ 

'<?.- 

^/^ 

^ 

\    .    \ 

j    1 

!^ 

1 

t^r. 

'^^St^6 

1^ 

V    ? 

V->A 

1     1 

st^. 

N;"^.v 

i  i 

'^^^    !^ 

SZ'^c 

^.    _  '  ...:<S)r^ 

r/. 

t 

--T--ii/^  /-Jem.  iv 

\ 

I    1 

\ 

1    1 
1    1 

%   2 

1 

\  .  '  1  •  i 

^aluk  Pro 

dtJCtion  tiepaifs. 

1 

d 

oc 

uc 

tlOII 

r, 

1 — ' 

-r- 

1 

6 

1 

1 

0      10      20     30     40     50     60     70    80     90    100 
Per  Cent  Load  Factor  of  Load. 

Fig.  4. — Variation  in  Cost  of  Power 
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l)uild  just  as  economical  plants  as  any  power  company  can  build.  The 
only  difference  is  the  one  pointed  out  in  Fig.  8,  that  is  in  the  time  differ- 
■ential.  Suppose  that  there  was  a  capacity  of  50,000  kw.  %\hich  the 
railway  required  only  at  certain  times.  If  power  could  be  sold  to  some 
consumer  who  would  come  in  and  fill  up  the  "valley  "  in  the  railway 
load,  power  could  be  sold  for  practically  nothing  but  the  oi^erating 
•cost.  It  would,  at  the  same  time,  cut  down  the  cost  to  the  railway, 
"which  would  certainly  expect  to  make  a  profit  on  what  was  sold. 


down  largely,  if  not  stopped  altogether.  The  water  supply  is  very 
uncertain  miless  enormous  expense  for  dams  and  storage  is  incurred. 
The  financial  question  exists  even  in  such  water  supplies  as  that 
furnished  by  the  Niagara  River.  Some  months  ago  in  a  consulting 
capacity  I  came  in  contact  with  a  case  where  a  large  company,  not 
very  far  from  the  Falls,  was  confronted  by  two  conditionii.  First  of 
all,  it  was  not  allowed  to  get  any  more  power  from  the  Falls.  The 
Governments  of  the  United  States  and  Canada  had  established  a 
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certain  maximum  number  of  cubic  feet  per  second  which  they  would 
allow  to  be  diverted  from  the  Falls,  in  order  to  i)reserve  its  scenic 
beauty.  That  point  has  now  been  reached.  After  making  a 
thorough  investigation  of  the  shape  of  the  load  curve,  and  an  anah'sis 
of  the  whole  situation,  and  taking  into  consideration  what  power  is 
costing  now,  it  developed  that  the  company  could  afford  to  put  in  a 
large  steam  plant  of  its  omti  and  make  power  at  least  as  cheaply  as 
it  could  buy  power  at  ^'iaga^a  Falls.  That,  of  course,  is  condi- 
tioned on  the  load  factor.  If  the  full  load  would  continue  more  than 
12  hours  a  day  the  hydroelectric  power  would  be  cheaper.     This 


REPORT  OF  THE  COMMITTEE  OF  THE  PRIVY  COUNCIL 
FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 


As  mentioned  briefly  in  our  last  issue,  the  report  of  the 
Committee  of  the  Privy  Council  for  Scientific  and  Industrial 
Research  has  been  issued  for  the  year  1915-16.  The  report 
of  the  Committee  itself  occupies  merely  a  single  page,  and 
states  that  of  the  £25,000  placed  at  their  disposal  by  Parlia- 
company  is  now  building  a  plant  which  will  cost  £800,000  so  as  to  ment  in  the  financial  year  1915-16,  £12,241,  including  a  special 
make  the  greater  part  of  its  own  power,  grant  of  £4,250  to  the  Royal  Society,  was  expended  in  the  last 

If  such  a  condition  exists  at  Niagara  Falls,  one  can  imagine  what      months  of  that  year.     For  the  cun'ent  financial  vear  the  vote 


tlie  cond  tion  is  in  the  average  watcr-ixjwer  plant,  which  runs  dry 
half  the  time.  When  we  talk  of  cheap  hydroelectric  power,  there  is  a 
string  attached  to  it.  It  is  cheap,  of  course,  when  you  consider  only 
the  cost  of  ojxjrating  the  water-jwiwer  i)lant.  But,  as  pointed  out 
before,  the  money  spent  in  building  the  plant  must  be  paid  for. 
Instead  of  paying  for  coal  or  other  supplies  as  in  a  steam  power 
jWant,  interest,  &c.,  mu.st  be  paid  for  the  money  in  this  case.     For 


was  £40,000. 

The  report  of  the  Committee  is  followed  by  the  report  of  the 
Advisory  Council,  covering  40  pages.  Further,  the  names  of 
members  of  the  Standing  Committees  are  given,  and  at  the 
end  of  tlie  pamphlet  are  a  number  of  appendixes.  Appendix  I. 
is  the  Older  in  Council,  Appendix  II.  gives  the  scheme  for  the 


practically  all  cases  where  the  load  is  that  of  a  lighting  or  railway      organisation    and    development    of    scientific    and    industrial 
company,  which  means  that  its  load  factor  is  not  more  than  50  per 
cent,  at  the  very  outside  (and  in  some  cases  it  goes  down  to  30  per 
cent.)  water  jKjwer  is  a  very  questionable  investment. 

In  connection  with  the  operation  of  combined  water-power  and 
steam  plants  the  following  ]K»int  should  be  noted.  In  order  to  make 
a  iiydroelectric  projx)sition  jiay,  and  at  the  same  time  sell  power  at  a 
low  cost,  the  jKjwer  must  be  used  for  a  considerable  number  of  hours 
in  a  day,  or  otlierw'se  it  must  be  sold  at  a  high  price  or  it  will  not  be  a 
j)ayiiig  j)roi)osi(ion.  The  steam  power  ])lant,  with  its  low  fixed 
charges  f<jr  a  short  number  of  hours  per  day  (10  or  12,  as  the  case 
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may  l)o),  iiiul  for  even  a  shorter  time  over  the  peak  load,  helps  out  by 
(iittiiig  down  the  lixed  charg«'s  on  fiie  hydroelectric  ix)wer,  and  in 
allowing  these  lixed  charges  to  Ix-  distributed  over  24  hours  ijistead  of 
six  or  seven. 

Direct  or  AUcrnitiinrf  ^HrrrH/.— Among  other  questions  involved  in 
the  subject  of  |k)w«t  for  «'le(tric  railways  is  that  as  to  wiicther  it  is 
be(t<T  to  ()jx'raf<«  a  iiumlMT  of  isolu(<-d  plants  or  to  give  uj)  the  direct- 
current  systeni,  and  extenci  with  the  alteni.iling-current  generation 
Hysteni.  in  turn,  converting  the  alternating  current  by  means  of 
rotary  convcrtj-rs  into  liin-ct  •iirrcnt.  The  an.swcr  to  that  question, 
it  seems  to  me.  wouM  necessarily  (lc|)<>nd  to  a  very  large  extent  on  the 
size  of  the  plant  and  the  uinoinit  of  loiwl.  This  come.s  back  again  to 
the  question  of  cost  of  ]K>«(r  ])rodii(lion. 

j'he  high  tension  alteniatnig  current  is  ciieain-r  to  make.  a.s  a  rule, 
but  if  the  location  of  an  exiKting  piwer  j)lant  is  far  away  and  the  load 
is  small,  then  in  all  probability  direct -current  ]X)wer  is  as  cheaji  as 
aiternating-<  inrent  ])ow(>r.  WIkmi  new  units  are  to  be  put  in.  how- 
ever, it  would  in  general  be  a  mistake  to  buy  any  more  direct-current 
iniifs.  unless  it  may  be  simply  a  small  addition,  the  n^ason  being  tli.tf 
it  is  necessary  in  practically  every  ca.se  to  have  engine-driven  imits 
for  the  small  Hize^.  As  aliv.'wly  ixmit««<l  out,  if  the  unit*  an?  pmall. 
better  (>conomy  will  be  obt.'.incd  fmm  the  <i  '  .r  in  small  size.** 

the  economy  of  the  steam  turbine  is  |xx^r.  ,  the  tmbine  re- 

(piires  a  large  amount  of  condensing  water  in  order  to  get  a  good 
vacuinu.  inid  in  some  cases  tliis  may  In-  not  obt.-iinable.  (1n  the 
other  hand,  if  a  new  jilant  is  being  b\nlt  then,  where  the  traiLsmi.ssion 
distance  is  not  too  great,  it  will  prol>ably  ]>ay  to  jMit  in  one  central 
]xnver  jilant  to  generate  silteniating  current  and  transmit  it  at  the 
required  higli  tension. 


research,  which  was  issued  last  year.  Appendix  III.  gives  a 
list  of  researches  aided  by  the  Committee.  Appendix  lY.  is 
a  report  of  the  Committee  of  the  Privy  Cotmcil  for  Canada,  and 
Appendix  V.  is  a  memorandum  of  the^ Committee**  of  the 
Council  on  the  proposed  extension  of  the  research  scheme  to 
the  Empire  as  a  whole.  In  what  follows  we  give  an  abstract  of 
the  rei)ort  of  the  Advisory  Council. 

The  first  few  pajre^^  of  the  report  deal  with  ])revious  Govemmcnt'^tTon 
in  the  support  of  .-cience,  such  as  the  creation  of  the  National  Physical 

LaboratorA-.  In  regard  to  the 
present  scheme,  it  was  felt  by  the 
Government  that  the  encourage- 
ment of  scientific  work  could  not  be 
left  until  after  the  war.  but  existing 
conditions  render  it  difficult  to  deal 
effectively  with  purely  scientific 
matters.  Accordingly,  the  Council 
decided  to  give  science  initsap])li- 
cation  to  industrv*  precedence  over 
pure  science  in  their  deliberations. 
Inquiry  showed  that  there  were 
certain  researches  already  being 
conducted  or  directed  by  pro- 
fessional associations  in  the  periotl 
])rcce<ling  the  war  which  stood  in 
grave  jeopardy  of  enforced  aban- 
donment. The  Council  decided, 
therefore,  to  save  as  many  of  these 
derelict  researches  as  possible, 
^lany  conferences  have  been  held 
with  scientific  and  engineering: 
societies  throughout  the  coxmtrA\ 
and  Prof.  McClelland  has  had 
similar  interviews  with  corres- 
pondinp  iv-scK'iations  in  Ireland.  A  register  of  researches  which  were, 
or  are.  beiii;:  crtrrie<l  out  at  universities  or  technical  colleges  has  been 
made,  and  n  survey  is  beinj;  niivde  of  tiie  arranccnients  for  such  reswvrches. 
It  is  h()i>iKl  that  the  register  will  enable  suitable  workers  to  be  rajndly 
found  when  tho  proposal  for  special  lines  of  inquirj'  come  before  tho 
Council.  The  Council  is  also  considering  the  possibility  of  inducing 
lirnis  to  assist  the  )>r()j;rcss  of  research  by  stating,  in  confidence,  the 
]iroh|cnix  they  have  in  hand  or  in  contemjilation.  There  are  indications 
of  a  chan>:e  of  view  ainonii!  certani  tirnis  which  would  render  co-o|>eration 
of  this  kind  more  jiossiblc.  A  spirit  of  co-operation  is  growing  u]»  and 
a  willin>mej»»  to  accept  the  suggestions  of  the  Council  for  the  initiation 
of  research  (or  the  benefit  of  tratle  as  a  whole.  The  depletion  of  the  staff 
an<l  pfudents  of  universities  and  t«'chnical  eolleces  has  cut  down  research 
to  a  mininuiiu.  witii  a  result  that  the  Council  have  only  l>cen  aVile  to 
reconuuend  (^nwits  to  some  4t)  iinlividuals  at  such  institutions,  the  total 
sum  so  ttjipropriated  not  excee<linf;  £().(.K.R(.  It  is  the  view  of  the  Council 
that  ro,search  in  juiro  science  should  be  as  much  their  care  as  applied 
science,  and  the  Council  hope  to  come  into  such  close  contact  with 
univcrsitien  and  hij;iier  technical  colleges  as  to  l>e  able  to  call  the  atten- 
tion of  both  -tudcnts  mid  tcivchers  to  many  intorestinp  itroblenis  in 
industr  al  resear<  ii.  It  is  lio]icd  also  to  encour.tgc  int<rcli,xii):e  of  in- 
formation. 

In  the  remainder  of  this  abstract  we  shall  atlopt  the  wording  of  tho 
report. 

f"'       '  '  ^"       '        '  '"■'<. — A  number  of  researches  bearing 

on  ill  ,,^  ^vas  already  in  ]iroeress  before  the 

'  li.  and  a  considerable  number  of  a)>]>lications 

<  was  rcvcived  immediately  wc  ^ot  into  toiuh 

with  tho  professional  l>odie«  connected  with  these  great  tr.ides.     Theso 

facte  and  th«-  ■-■  ■  ' ...,...,  ,,f  ^j^^  societies  urpinp  the  establishment 

of  stronecr  m  :  wy^  with  the  manifold  a>-i>ects  of  engineer- 

i"  '  lOuncil  at  an  early  date  that  they  must  )>ro- 

<•  '■  with  paraj;raph  S  of  the  White  Taper  to  set 
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u])  a  series  of  strong  Standing  Committees  to  assist  them  in  surveying 
the  field  of  research,  in  constructing  panels  of  referees,  and  in  dealing 
with  applications  for  grants.  The  five  great  engineering  societies — the 
Institutions  of  Civil,  Mechanical  and  Electrical  Engineers,  the  Iron  and 
Steel  Institute  and  the  Institution  of  Naval  Architects — submitted  a 
petition  to  the  Privy  Council,  and  were  later  received  by  the  Lord 
Pi-esident  in  deputation,  urging  that  the  Advisory  Council  should  be 
enlarged  by  the  inclusion  of  representatives  of  the  several  branches  of 
engineering  ;  but  steps  had  already  been  taken  to  establish  the  Standing 
Committees  referred  to,  and  the  Lord  President  suggested  in  his  reply 
that  the  present  small  Council,  with  a  number  of  strong  representative 
committees  grouped  round  and  sup])orting  it,  should  be  given  a  fair  trial. 
The  societies  thereupon  submitted  their  nominations  to  the  Advisory 
Council,  and  we  desire  to  express  our  recognition  of  the  promptitude 
and  zeal  with  which  all  the  societies  concerned  have  set  themselves  to 
making  the  new  Standing  Committees  a  success. 

Three  Standing  Committees  have  already  been  set  up  (Metallurgy, 
Engineering  and  Mining).  Each  of  these  consists  of  about  15  members, 
of  whom  api^roximately  half  have  been  nominated  by  the  professional 
societies  concerned,  the  remainder  being  appointed  directly  by  the 
Council. 

The  Council  hope,  with  the  assistance  of  their  Standing  Committees, 
the  professional  societies,  the  Home  Office  and  the  Board  of  Trade 
gradually  to  construct  panels  of  names  which  will  enable  them  to  obtain 
the  very  best  advice  on  the  diiferent  aspects  of  the  problems  they  are 
called  upon  to  solve.  The  advice  they  need  may  be  commercial,  econo- 
mic, financial  or  scientific.  The  best  opinion  in  all  these  spheres  will,  it  is 
hoped,  be  available  on  the  panels  for  the  guidance  of  the  Council  and 
their  Standing  Committees,  and  will  ensure  the  confidence  of  the  indus- 
tries concerned  that  the  steps  proposed  have  been  considered  in  all  their 
aspects. 

The  Council  realise  that  the  number  and  scope  of  the  Standing  Com- 
mittees will  need  extension  from  time  to  time,  but  the  absence  of  strong 
professional  societies  working  in  conjunction  with  the  other  scientific 
industries  in  this  country  makes  it  inadvisable  to  proceed  hastily  in  so 
important  a  matter.  In  particular,  the  organisation  of  the  Council's 
machinery  for  the  manifold  chemical  industries  needs  cautious  handling 
in  the  first  instance.  Up  to  the  present  we  have  dealt  with  such  c^ues- 
tions  as  we  have  been  able  to  approach  by  means  of  small  special  com- 
mittees of  the  Council  itself,  which  have  been  empowered  to  consult 
other  persons  as  occasion  arose  ;  but  at  best  this  must  be  a  temporary 
expedient.  It  seems  unlikely  that  a  single  chemical  committee,  with  the 
large  number  of  special  sections  that  would  be  necessary,  could  usefully 
be  established  at  the  present  moment,  and  we  are  disposed  to  think  that 
a  series  of  standing  committees  dealing  with  jjarticular  branches  of  the 
chemical  trades  may  be  the  better  manner  of  proceeding.  A  standing 
committee  on  fuel  may  be  necessary  ;  possibly  another  for  rubber,  and 
a  third  for  the  chemistry  of  cotton  and  paper.  A  standing  committee 
for  textiles,  with  special  sections  for  cotton,  wool  and  silk,  is  also  likely 
to  be  needed  before  long.  The  amount  of  progress  it  will  be  possible 
to  make  in  the  actual  initiation  of  researches  must  be  severely  limited 
during  the  war,  but  this  is  not  altogether  a  disadvantage,  for  it  will  give 
more  opportunity  and  time  than  would  otherwise  be  possible  for  thinking 
out  a  co-ordinated  jilan  of  campaign  and  taking  steps  to  secure  co- 
operation and  prevent  overlai)ping.  It  is  not  often  in  our  history  that 
the  nation  has  found  time  to  think.  Now,  by  a  curious  paradox,  while 
the  flower  of  her  youth  and  strength  are  fighting  for  her  freedom  and  her 
life,  the  others  have  a  chance  of  thinking  out  the  best  use  to  which  that 
life  and  freedom  can  be  put  when  they  are  safe  once  more. 

Parallel  Movements  in  the  World  of  Science  and  Industry. — Indeed,  at 
the  present  time  activity  is  as  marked  in  the  field  of  ideas  as  it  is  in  the 
field  of  war.  The  useful  work  which  the  Royal  Society  has  done  for  the 
Government  during  the  war  by  means  of  a  series  of  special  committees, 
and  the  attempts  of  societies  such  as  the  Chemical  Society  and  the 
Society  of  Chemical  Industry,  to  arouse  an  interest  in  the  application  of 
science  to  industry  and  the  importance  of  organised  effort,  led  the  Royal 
Society  to  establish  a  board  of  scientific  societies.  The  Briti.sh  Science 
Guild,  which  has  done  much  in  recent  years  to  impress  upon  the  nation 
the  necessity  for  scientific  organisation,  has  put  forth  an  emphatic 
manifesto  on  the  importance  of  science  and  the  need  of  educational 
reform.  The  movement  has  not  beelr  confined  to  professors  and  to 
scientific  men  ;  the  practical  man  of  business,  the  manufacturer  and  the 
trader  have  been  as  anxious  and  interested  as  any.  It  is  not  to  be 
wondered  at,  for  they  were  the  first  upon  whom  the  significance  of  a  state 
of  war  was  forced.  In  the  early  months  of  the  war  the  great  steel  manu- 
facturers were  in  grave  danger  from  the  possible  exliaustion  of  the  supply 
of  chemical  glass  necessary  for  the  testing  of  their  materials  and  pro- 
ducts. The  pottery  manufacturers  were  hit  in  another  way.  The  supply 
of  seger  cones  necessary  as  a  guide  to  the  firing  of  their  china  and  earthen- 
ware was  cut  off  by  the  war,  and  they  were  threatened  with  closure  from 
this  and  other  causes  ;  but  Dr.  Mellor,  the  principal  of  the  Stoke  Pottery 
School,  was  able  rapidly  to  supply  the  need  and  to  manufacture  sufficient 
cones  for  the  whole  pottery  trade.  The  Stoke  local  education  authorities 
appealed  to  the  Board  of  Education  in  June,  1915,  to  assist  them  by  a 
special  grant  for  the  erection  of  research  laboratories  and  workshops 
in  connection  with  the  Stoke  school.  L^ltimately  the  Council  decided 
to  recommend  a  grant  for  the  erection  of  the  necessary  buildmgs  and 
equipment,  and  an  annual  grant  towards  the  maintenance  expentliture, 
which  is  estimated  at  some  £2.000  a  year.  The  necessary  land  adjoining 
the  Pottery  school  has  been  found  by  the  authorities  of  the  school,  an 
annual  subscription  towards  the  cost  of  the  investigation  has  been 
guaranteed  locally,  and  the  governors  of  the  School  of  Pottery  have 
placed  Dr.  Mellor's  services  at  the  disposal  of  a  joint  research  committee 


of  the  manufacturers  and  the  governors.     The  research  will  be  carried 
out  by  Dr.  Mellor  and  Mr.  Bernard  Moore. 

The  Movement  towards  Trade  Association. — It  is  clear,  we  think,  from 
these  examples  that  we  may  expect  in  growing  measure  to  have  the  help 
and  sympathy  of  the  manufacturers  in  the  work  that  lies  ahead.  The 
Council  have  found  that  many  scientific  industrie-s  are  completely 
without  any.  effective  tragic  associations  through  which  their  common 
manufacturing  interests  and  difficulties  can  be  approa<';he<l.  There  are 
few  associations  for  the  various  chemical  trades  which  are  so  well  orga- 
nised and  effective  as  the  British  Electrical  and  Allied  Manufacturers' 
Association  for  the  electrical  engineering  industries,  or  as  the  British 
Engineers'  Association  for  the  whole  industry.  The  Bradford  Dyers' 
Associi  tion,  the  Calico  Printers'  Association  and  several  similar  as.socia- 
tions  are,  of  course,  trading  companies.*  The  Society  of  Dyers  and 
Colourists,  like  the  Textile  Institute,  is  a  professional  rather  than  a  trade 
association,  and  there  appear  to  be  as  yet  no  national  trade  associations 
for  the  organic  chemical  industries  or  for  the  hea\'y  chemicals  or  for 
textiles,  whether  cotton  or  wool.  The  Federation  of  Master  Cotton 
Spinners'  Associations  is  almost  exclusively  interested  in  questions 
affecting  the  relations  of  capital  and  labour.  There  are  local  textile 
associations  which  are  beginning  to  be  interested  in  questions  of  research, 
and  reference  has  already  been  made  to  the  Silk  Association — a  national 
trade  association.  But,  broadly  speaking,  it  may  be  said  that  the 
fimctions  of  trade  associations  in  this  country  are  not  as  •nnde  as  those 
of  similar  associations  in  Germany.  The  movements  going  on  around  us 
make  it  evident,  however,  that  the  difficulties  of  tradition,  trade  orga- 
nisation and  national  temperament  which  stand  in  the  way  of  combina- 
tion and  which  extend  far  beyond  the  actual  .sphere  of  the  Council's 
activities,  must  be  squarely  faced  if  progi'ess  is  to  be  made,  and  must  be 
dealt  with  as  part  of  a  comprehensive  plan. 

Even  those  trade  associations  which  exist  have  hitherto  .shown  but  a 
moderate  appreciation  of  the  necessity  for  research  as  a  means  of  keeping 
command  of  the  market.  The  council  have  sometimes  found  that  manu- 
facturers were  unwilling  to  try  new  developments  because  they  appeared 
to  lack  any  ambition  for  extension  so  long  as  their  existing  plant  was 
fully  occupied.  We  think  a  good  deal  of  the  inertia  which  British  manu- 
facturers have  showai  towards  research  may  have  been  due  to  a  realisa- 
tion, partly  instinctive  perhaps,  but  i^artly  based  on  exiJcrience,  that 
research  on  the  small  scale  they  could  afford,  was  at  best  a  doubtful  pro- 
position. 

Imjiediments  to  Industrial  Research. — Our  experience  up  to  the  present 
leads  us  indeed  to  think  that  the  small  scale  on  which  most  British 
industrial  firms  have  been  planned  is  one  of  the  principal  impediments 
in  the  way  of  the  organisation  of  research.  The  Paper  Makers"  Associa- 
tion of  Great  Britain  and  Ireland  pointed  otit  last  year  to  the  Advisory 
Committee  on  Commercial  Intelligence  under  the  Board  of  Trade  that 
"  as  matters  stand  at  present,  the  paper  maker  who  desires  scientific 
investigation  in  new  lines  of  research,  suffers  from  two  disadvantages. 
He  must  personally  bear  the  whole  burden  of  the  high  fees  of  the  scien- 
tific expert,  and  he  receives  the  benefit  of  the  skill  and  knowledge  of  a 
single  investigator  only,"  and  they  used  this  as  an  argument  for  the 
establishment  of  a  great  central  institute  ""  akin  to  the  Charlottenburg 
Institute  of  Berlin." 

The  Council  are  not  unaware,  however,  that  there  are  substantial 
considerations  in  the  minds  of  many  manufacturers,  which  lead  them  to 
hesitate  in  expending  large  sums  for  research  of  a  comprehensive  kind. 
They  have  complained  to  us  that  the  recent  substitution  of  the  joint 
stock  bank  for  private  banks  has  hampered  enterprise  because  the  modem 
bank  authorities  are  not  acquainted  with  the  personnel  and  policy  of 
local  firms,  and  are  not  prepared  to  finance  new  undertakings  and  develop- 
ments in  the  same  way  that  the  private  banks  did.  We  do  not  presume  to 
offer  any  opinion  upon  this  important  and  difficult  question  of  finance, 
but  we  are  specially  glad  to  note  the  recent  establishment  by  the  Board 
of  Trade  of  a  committee  under  the  chairmanship  of  Lord  Faringdon  ""  to 
consider  the  best  means  of  meeting  the  needs  of  British  firms  a'ter  the 
war  as  regards  financial  facilities  for  trade,  particularly  with  reference 
to  the  financing  of  large  overseas  contracts,  and  to  prepare  a  detailed 
scheme  for  the  purpose." 

The  Council  have  also  repeatedly  been  told,  when  they  have  urged  the 
necessity  for  expenditure  upon  research  with  a  view  to  improvements 
and  developments,  that  there  is  no  security  Ihat  new  ventures  will  not  be 
left,  when  peace  comes,  to  shift  for  themselves  as  best  they  may  in  face 
of  the  highly  organised  competition  of  our  enemies.  We  do  not  need  to 
be  convinced  of  the  reality  of  the  danger,  but  we  are  inclined  to  doubt 
the  efficacy  of  any  single  device  for  removing  it.  Organisation  can 
only  be  fought  by  counter  organisation. 

It  appears  *o  be  incontrovertible,  however,  that  for  those  industries  at 
least  which  are  essential  to  the  conduct  of  other  important  national 
activities  and  which  are  both  scientific  in  their  character  and  relatively 
small  in  bulk,  there  is  very  little  chance  of  survival  unless  special  means 
are  taken  by  the  State  to  safeguard  them.  We  are  tliinkuig  of  those 
scientific  industries — sometimes  called  key  or  pivotal  or  master  indiu- 
trics — which  can  never  employ  a  large  in-oportion  of  the  population 
because  the  bulk  of  their  prodiicts  needed  for  the  world  trade  is  iiu^on- 
siderablc  ;  and  yet  without  them  many  other  trades  would  languish  or 
die.  Such  industries  are  the  magneto  industry,  the  watchmaker's  lathe 
industry,  the  optical  glass  indu.«try,  the  chemical  glass  and  porcelain 
industries,  the  fine  chejuical  industry,  the  dye-stuff,  sjTithetic  drug  and 


*  Cf.  J.  H.  Clapham,  "  The  Woollen  and  Worsted  Industries,"  1907, 
p.  151  ;  and  H.  W.  Macrosty,  "  The  Trust  Movement  in  British  Industry," 
1907,  pp.  145  ft". 
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high  explosive  industries.  This  last  group  of  industries  is  relatively 
large.  Our  annual  consumption  of  dye-stuffs  before  the  war  is  said  to 
have  been  about  two  millions  sterling.'  But  if  this  is  compared  with  the 
200-  or  300-million  pounds'  worth  of  textiles  produced  annually  in  the 
United  Kingdom,  the  dye-stuff  industrj'  is  seen  after  all  to  fall  within 
our  definition.  We  do  not  necessarily  endorse  the  view  sometimes 
expressed  that  all  key  or  pivotal  industries  should  be  artificially  encour- 
aged, by  research  grants  or  otherwise,  to  establish  themselves  in  this 
countrj-  irrespective  altogether  of  the  natural  disadvantages  under  which 
they  might  be  carried  on^  The  question  is  one  of  balancing  the  various 
considerations  that  arise.  If  a  particular  profluct  is  essential  to  the 
national  .safety  the  case  for  State  action  will  be  stronger  than  if  it  is  not. 
If  the  trade  to  which  the  product  is  a  •  key  "  is  relatively  unimportant 
the  case  will  be  relatively  weak.  On  this  principle  the  case  for  watch- 
maker's lathe-making  in  this  country  is  weaker  than  that  for  dye-stuffs. 
On  the  other  hand,  the  argument  based  on  natural  disadvantages  must  not 
be  pressed  too  hard  in  dealing  with  scientific  industries,  for  these  indus- 
tries undoubtedly  .show  a  tendency  to  arise  and  flourish  in  those  places  m 
which  the  processes  used  in  the  industry-  were  developed.  Moreover,  it 
is  undoubtedly  a  misfortune  for  the  industrial  life  of  a  country'  as  a  whole 
if  a  fair  proportion  of  the  most  highly  scientific  trades  is  not  included 
among  its  industries.  The  general  tone  and  spirit  of  its  manufacture 
is  liable  thereby  to  be  lowered,  for  the  best  scientific  men  will  not  find 
openings  in  manufacture,  and  the  status  of  the  industrial  man  of  science 
will  tend  to  fall.  We  think,  therefore,  that  it  may  be  desirable  for  the 
State  to  take  special  pains  to  encourage  those  scientific  indu.stries  which 
are  recognised  to  bo  essential  to  the  national  well-being,  and  that  accord- 
ingly the  State  may  be  well-advi.sed  to  assume  a  greater  responsibility 
for  the  cost  of  the  necessary  research  for  these  industries  than  would  in 
ordinary'  ca.ses  be  atlmissable. 

Other  industries,  though  not  so-called  "  key  "  industries,  may  at  the 
moment  need  special  support  or  encouragement  either  because  they  are 
languishing  or  because  they  arc  struggling  to  establish  themselves  for  the 
first  time  with  a  reasonable  prospect  of  success,  but  the  question  of  assist- 
ing these  will  in  normal  times  undoubtedly  rai.se  con.siderations  of  some 
difficulty. 

The  Council  arc  also  persuaded  that  if  a  healthy  condition  of  inquiry 
is  to  be  fostered  in  the  scientific  industries,  they  must  for  some  time  to 
come  expend  a  goinl  deal  of  attention  and  money  upon  convincing  the 
manufacturing  world  in  general  that  scientific  research  is  a  paying 
proposition.  They  believe  that  the  shortest  means  to  this  end  is  an 
attack  u])on  the  pressing  problems  of  manufa<ture  which  arise  in  the 
course  of  the  ordinarA-  routine — jiroblems  which  the  manufacturers 
ought,  no  doubt,  to  solve  by  means  of  their  own  scientific  staffs,  but 
which  their  present  staffs  are  too  small  to  undertake?  often  because  the 
firms  arc  too  small  to  bear  the  necessarA-  cost.  It  was  in  this  way  that 
the  universities  of  the  middle  States  of  America  convinccnl  the  farmers 
that  .science  was  useful  to  agriculture.* 

Indeed,  we  recognise  fully  that  unless  the  generality  of  British  firms 
can  be  induced  to  alter  ihcir  ])resent  attittide  we  shall  have  failed  pro- 
foundly in  f)ne  of  our  a])]iointcd  tasks.      In  the  I'nitcd  States  of  America 
there  has  in  certain  industries  been  an  earlier  realisation  than  in  this 
country  of  the  large  ])art  which  the  systematic  ap])lication  of  science  has 
played  in  tlu-  ra))id  ])rogress  of  Oerman  trade.     In  a  I'jiper  on  "  Science 
and  huluslry."  which  the  Council  intend  to  issue.  Dr.  Mees.  of  the  East- 
man Kodak  Co.,  points  out  that  three  grrt<les  of  laburatorA-  are  needed 
by  (-very  manufacturer  who  wishes  to  get  the  best  results  from  the  a]>i>li- 
cation  of  science  to  his  business.     First  he  needs  the  ordinarA*  routine 
or  "  works  "  laboratory'  for  controlling  the  cjuality  of  raw  materials, 
finished  j)rfMlu(ts  an«l  i)roee«sca.     Next  he  should  have  what  Dr.  Mees 
calls  an  "  in<lustrial  "  laboratorA"  or,  a.s  it  might  ])erhaj)s  be  describetl.  an 
"  eflicieney  "    laboratory    where    "  imi)rove?uents    in    ]>roduets    and    in 
processes  ten<ling  to  lessen  cost  of  procluct i<in  an<l  to  introduce  new  yiro- 
ducts  on  the  market  "  are  worke<l  out.     \'aluable  us  this  tyjie  of  work 
is,  it  d(K's  not  go  to  the  root  of  things  :   the  results  it  can  give  are  strictly 
limited.     "  Fundanu-ntal  «leveh)]iment^  in  the  whole  subject."  in  which  a 
firm  is  intrreste<l  reqiiiro  "something  verA'different  from  the  usual  works 
laboratory'     ...      In   ever^-  case  where  tlie  effert   of  research  work 
has  i>eeii  verA' marked,  that  work  ha-- been  din-cti-d  not  towards  the  super- 
ticial  |)roeesses  of  in<lustrv.  but  t<iwards  the  fundamental  and  luiderlying 
theory  of  the  sul)j«'<t."     The  function  of  the  third  type  of  laboratory — 
the  tnie  re.seardi  laboraton' — is  to  formulate  this  underlying  theorj-. 
Without  it  Abbes  works  on  lense.o.  Abbe's  and  Schotts  work  <in  glasses, 
or  the  establishment  by  a  firm  in  this  eountrj*  of  tlu-  three  alkaloids  that 
go  to  mak(>  up  ergot  and  the  synthet  i>-ing  of  two  of  them  could  never 
have   lieen    a<'eon)]>lished.     This   kind    of  resj-an-h    work   involves.    Dr. 
Mees  tells  us.  "  a  laboratory  very  <lifferent  from  the  usual  works  labora- 
tory, and  also  investigators  of  a  diff<«rent  tyjie  from  those  em|>|oved  in  n 
purely  industrial  laboratory.      It  means  «  large  elaborately  e<)uippe<l  and 
heavily  stalled  laboratory  eniraued  largely  on  work  which  for  mnnv  years 
will  In-  uiireinniierative.  and   which,   for  a  eon-iderable  time  after  its 
foun<la1i<in.   will  (tbtain  no  results  at   all  which  can  be  apiilied  by  the 
maniifactAircr."     Tln>  shortest  pericwl  in  whic-h  any  considerable  results 
<'an  be  expected  is  five  years,  while  results  so  considerable  as  to  afleot 
the  whole  industry  "  cannot  bi-  looke<l  for  in  less  than  1<^  years'  con.oecu- 
tive  work." 

If  then,  in  the  early  stages  of  the  ••cheme.  we  are  prepare*!  to  recr)m- 
in(>n(l  assistance  to  certain  industries  for  the  solution  of  sMine  of  the  pres- 
sing problems  with  which  they  are  for  the  nuunent  confronted,  we  do  so 
under  no  mi^:"''""l"'Msions. 

If  n  manir  has  the  nccessarj'  rnpitAl  and  has  once  realisefl 

*  <(.  Heports  of  the  Mutely  Kdueational  Commission  to  the  Unite*! 
Slates  of  Anicii.-:i.  I'.MKl.  pp.   litS  u-d  '2*X\.S. 


the  value  of  research,  he  needs  no  encouragement  to  continue.  L'appetit 
vient  tn  mangtant.  But  in  other  cases  we  believe  the  best  procedure 
will  be  to  demonstrate  the  value  of  research  to  industry-  by  carefully 
selected  object-lessons,  and  by  the  periodical  issue  of  the  pamphlets 
which  will  contain  accounts  of  what  has  actually  been  accomplished  and 
what  needs  doing  in  this  field.  In  course  of  time  we  may  hope  to  be 
able  to  abandon  these  missionary  efforts  and  leave  more  time  and  money 
available  for  the  big  national  problems  that  lie  ahead. 

American  and  German  Practice.— It  must  not  be  supposed  that  all 
American  industries  or  firms  are  as  progressive  as  the  Eastman  Kodak 
Co.,  the  General  Electric  Co.,  or  the  National  Electric  Lamp  Association, 
which  purchased  a  i)ark  of  over  70  acres  in  which  to  build  a  series  of  re- 
search institutes  for  the  service  of  the  20  odd  factories  included  in  their 
combine.     America  is  still  in  the  stage  of  experiment  in  this  matter,  and 
the  experiments  are  worth  watching.     One  such  experiment  is  described 
in  a  pamphlet  issued  last  year  by  the  Director  of  Special  Inquiries  under 
the  Board  of  Education.  •     It  is  interesting  because  it  is  a  frank  attempt 
to  establish  a  connection  between  individual  manufacturers  and  a  uni- 
versity in  a  manner  which  will  bring  the  advanced  student,  the  univer- 
sity organisation  and  the  individual  firm  into  co-operation  for  research 
without  hampering  the  a<.ademic  freedom  of  the  university  professor 
or  endangering  the  property  in  any  results  of  the  research  which  may 
belong  to  the  manufacturer.     A  similar  experiment  has  recently  been 
started  at  Yale  University,  with  the  assistance  of  the  brass  and  bronze 
manufacturers  of  the  district,  under  which  the  trade  pays  the  expenses 
of  one  or  two  years'   post-graduate  study   and  research  for  .selected 
students  under  an  agreement  that  half  their  time  shall  be  devoted  to 
the  investigation  of  some  jiroblem  in  which  the  firms  are  interested,  and 
which  may  in  part  form  the  basis  of  a  research  for  the  doctor's  degree. 
Both  .schemes  are  said  to  be  working  well,  though  it  is  too  soon  to  draw 
any  certain  conclusions.     Research  undertaken  exclusively  for  the  bene- 
fit of  one  among  a  number  of  competing  firms  either  by  a  public  institu- 
tion  or  at  the  cost  of  the  State  is  indeed  always  likely  to  give  rise  to 
difficulties.     Universities  and  public  research  institutes  are  maintained 
by  endowments  and  ])ublic  funds  for  the  common  good,  and  any  arrange- 
ment which  gives  exclusive  rights  or  benefits  to  a  single  firm  as  against 
others  in  the  same  industry  is  not  ea.sy  to  reconcile  with  the  public 
advantage.     Even  more  true  is  this,  as  a  general  principle,  of  the  use  of 
the  rates  or  taxes  for  such  a  purpose.     It  is  often  said  that  other  coun- 
tries, and  Germany  in  })articular,  have  made  grants  to  firms  for  research, 
but  so  far  as  we  can  a-scertain  there  is  only  one  authenticated  instance  of 
a  grant  from  jiublic  funds  in  Germany  to  an  indi\idual  manufacturer  for 
research  or  any  allied  ])ur])ose.     The  Prussian  Government  made  a  grant 
of,  we  believe.  £10.000  to  the  firm  of  Schott  in  Jena  to  enable  them  to 
work  out  with  I*rof.  Abbe  on  a  practical  scale  the  researches  he  had 
initiated  into  ojUical  glasses.     But  Schott  was  at  that  time  the  only  firm 
in  Germany  which  ma<Ie  optical  glasses — i.e.,  it  represented  the  whole 
industry — and  this  is  a  material  point.     The  German  Governments  no 
doubt  frequently  assist  a  whole  industry  by  .suitable  tariffs,  preferential 
railway  and  canal  rates  and  harbour  due^  ;    and.  most  important  of  all, 
the  German  States  s])end  lavishly  upon  education,  and  es]>ecially  ui>on 
their  universities,  their  great  technical  and  commercial  high  .schools, 
and  their  national  research  laboratories  such  as  the  Physikali.seh-tcch- 
nische  Reichsanstalt  in  Chariot tenburg  and  the  Chemische  Reichsanstalt 
at  Dahlem.     They  have  not.  however,  save  in  the  single  case  referred  to. 
us«h1  the  taxes,  either  local  or  Imiierial.to  ]iay  for  research  in  the  interest 
of  a  single  firm  ;   nor.  so  far  as  we  are  aware,  have  their  universities  and 
technical  luL'h  schools  ever  given  exclusive  pri\ilege8  to  an  individua 
nmnufacturer. 

{To  be  concluded.) 


THE  CONNECTION  OF  ARMATURE  COILS  TO 
COMMUTATOR  SEGMENTS." 

ItV  lUDULr  KNOLL. 

If  wc  lake  a  commutator  machine,  and  determine  the  jwsifions  of 
tlu>  I'oles  and  lirushes.  then  a  given  iuniature  coil  must  have  its  ends 
ennnecl«'<l  to  fiivon  m-gments  on  the  commtitator.  The  author  has 
frequently  noticed  how  much  time  and  trouble  is  in  practice  devoted 
to  tinding  the  n-quisite  .s«'gmeiits.  The  workman  often  makes  a 
mistake  alout  this,  which  is  only  delected  when  the  finished  ni.ichine 
is  t«'stod.  Sometimes  it  is  fts.serted  that  the  whole  thing  is  a  ni.itter  of 
iiidilTennro.  Text -books  are  qnot«  d  in  which  the  jioint  is  altogether 
neglected,  or  in  which  it  is  stated  that  the  connections  can  1k>  made 
in  any  fashion.  Hut  this  latter  statement  is  only  true  if  one  is  at 
liln-rfy  to  j»laer  the  brushcH  in  any  jKisition.  But  with  a  given  design 
of  machine,  the  position  of  the  ]iole  and  the  setting  of  the  bru.shes  ar? 
delinitely  tix***!  from  the  first.  In  this  case  the  connection  of  the 
armatutv  coils  to  the  ronunutafor  must  l>e  made  on  certain  definite 
principh  c  n>lation  to  the  qtiestion  of  commutation.     This 

•  EducRtinnni  lamphlet  No.  30.  "An  Experiment  in  Industrial 
Kesean'h."  \  full  tiesiription  is  also  given  in  a  publication  entitled 
"The  Object  and  Work  of  the  Mellon  Institute."  by  Dr.  R.  F.  Bacon, 
reprinted  in  the  "  .Touninl  of  Industrial  and  F^ngineering  Chemistrv." 
Vol.  \  11  .  No.  4.  April.  IIM.-.. 

t  Abstract  of  an  article  in  the  "  Elektrotechnischc  Zeitschrift."  Heft 
14,  l«M(i. 
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is  particularly  the  case  with  alternate-current  machines,  which  are 

very  sensitive  to  the  correctness  of  the  setting  of  the  brushes. 

The  following  notes  are  intended  to  explain  the  use  of  a  simple 

formula  by  which  the  required  segment  on  the  commutator  can  be 

found. 

a +6+1     y„+b     , 
L,„=— — —='^ — +1 (1) 

'"2  2 

This  formula  holds  good  for  wave,  lap  and  spiral  windings,  on  the 
assumjition  that  with  the  completed  machine,  the  middle  of  the 


that  the  middle  of  the  brush  coincides  with  the  middle  of  the  main 
pole.  It  makes  no  difference  to  the  calculation.s  if  we  re-arrange  the 
positions  of  the  conductors,  so  as  to  get  the  conditions  shown  in 
Fig.  .0.  The  formula  shows  that,  putting  n=2,  b=()-'i,  we  get 
L„  =  l-lo.  Therefore,  the  insulation  between  the  .segments  1  and  2 
must  be  one  quarter  of  the  width  of  a  commutator  .segment  to  the 
right  of  the  middle  of  slot  6.  For  many  tvfies  of  machine,  it  is 
advisable  on  constructive  grounds  to  displace  the  brushes  with 
regard  to  the  main  poles  by  a  definite  angle.  This  is  the  ca.se  with 
direct-current  railway  motors,  when  the  main  poles  are  put  vertically 


^^ 


(< sc5/ots--^--xS/ots  -->^ 


'-Segment  1 


-m\ 
Fig.  1. 


Segment  <x' 


y  Centre  ofMainPofe. 


e^mentl  Segment  30^\M^A  5eg.-nent55 

^-^Centre  of  Brush. 

Fig.  2. 


brush-position  coincides  with  the  middle  of  the  main  pole.  L,„  is 
that  segment  which  is  on  the  line  AB  in  Fig.  1,  on  the  assumption 
that  AB  is  equidistant  from  the  two  slots;  a=y^-\-\  where  y^^  is  the 
spacing  reckoned  in  commutator  segments  ;  b  is  the  number  of  con- 
ductors required  to  fill  out  the  slot  shown  on  the  right  in  Fig.  1.  (In 
this  case,  6=2.) 

^Fig.  2  shows  diagrammatical ly  a  I2-pole  motor  with  series-parallel 
winding.  The  number  of  the  slots  is  117,  the  number  of  the  commu- 
tator segments  is  351,  the  number  of  the  armature  currents  is  2a ; 
6.     Each  slot  has  six  conductors.     The  thickly-drawn  conduc- 


i.e 


tors    belong 
6=0  and  L„ 


to    the    winding    under    consideration.     Here    a =59, 
=30  ;     that  is  to  say,  the  middle  of  segment  30  must 


and  horizontallj^  while  the  brushes  are  put  45  deg.  to  the  right  and 
left  of  the  upper  main  pole.  This  must  be  allowed  for  either  by 
adding  or  subtracting  the  proper  numbers  to  the  values  given  by  the 
formula.     The  formula  then  becomes 


Lm— 


a +6+1 


F= 


VK+b 


\±V, 


where  V  is  the  displacement  of  the  b'-ush  position  with  regard  to  the 
middle  of  the  main  pole,  expressed  in  segments  of  the  commutator. 

Fig.  6  is  a  diagram  of  a  four-pole  railway  motor.  The  brushes  are 
displaced  with  regard  to  the  middle  of  the  main  pole  by  an  angle  of 
45  deg.  in  the  clockwise  direction  (looked  at  from  the  commutator 
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i 
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^Centre  of  Brush. 

Fig.  3. 
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Slot  n 


Slot  7 


Segment  2  7 
Fig.  4. 


Slot 


Sef'ment 2'..  Segment/ 

^Width  of  Segment 
Fig.  5. 


coincide  with  the  middle  of  the  tooth  between  the  slots  5  and  6, 
because  the  line  AB  is  4-5  slots  distant  from  slots  1  and  10.  The 
drawings  for  the  armature  and  commutator  ought,  therefore,  to  show 
that  in  this  case  the  middle  of  the  tooth  ought  to  correspond  with  the 
middle  of  the  commutator  segment.  On  the  drawing  showing  the 
armature  winding  it  should  be  stated  that  segment  30  coincides  with 
the  middle  of  the  tooth  5-6.  If  the  slots  do  not  run  straight  across 
the  armature  in  a  direction  parallel  to  the  spindle,  then  the  middle 
of  a  tooth  must  have  reference  to  the  mean  position  of  the  tooth, 
half  way  along  the  length  of  the  armature.  It  is  only  if  these  points 
are  taken  into  consideration  in  the  design  of  the  machine  that  it  is 

-  Centre  of  Tooth  5-6 
Slot  70 


^Se^ment  7 


Jf'p^  Width  of  Segment 
Fig.  6. 


Segment  730 


possible  to  be  certain  that  the  motor  will  commutate  properly  in 
both  directions  of  rotation.  In  case  the  machine  is  so  designed  as  to 
allow  the  brushes  to  be  disj)laced,  this  may  help  to  adjust  matters, 
but  it  is  not  always  possible. 

For  Fig.  3,  a=57,  6=1,  and  L,„=29-5;  that  is  to  say,  the  middle 
of  slot  5  coincides  with  the  middle  of  the  insulation  separating  the 
segments  29  and  30.  A  more  complicated  case  is  shown  in  Fig.  4. 
In  each  slot  there  are  four  rows,  each  containing  three  conductors. 
Let  us  suppose  it  is  required  to  know  with  which  segment  the  middle 
of  slot  6  corresponds,  it  being  supposed,  as  in  the  previous  cases. 


side).  The  number  of  the  slots  is  37,  and  of  the  commutator  seg- 
ments 259.  Each  slot  contains  4x7;  i.e..,  28  conductors.  There- 
fore, F  is  32-375  segments,  ajid  we  have 

130+6+1 
Z/,„= — 32-3/o=36-12o. 

Therefore,  the  middle  of  segment  36  must  be  displaced  to  the  left 
of  the  tooth  5-6  by  one  eightli  of  a  commutator  segment. 


Testing  Accumulator  Electrodes  Individually. — Accord- 
iug  to  a  writer  in  the  '"  Electric  Jouiual  ' :  ""  Cadmiimi 
readings  "  are  taken  on  storage  batteries  by  using  cadmium 
as  a  neutral  electrode  to  enable  determination  to  be  made  of 
the  relative  capacities  of  the  positive  and  negative  plates. 
Voltage  readings  are  taken  between  the  positive  and  negative 
respectively,  and  the  cadmium  electrode.  In  a  normal  cell 
the  +  to  cadmium  reading  is  much  larger  than  tiie  —  to 
cadmium  reading.  For  example,  if  the  +  reading  be  2-12 
volts,  the  cell  voltage  will  be  about  2,  because  the  negative 
reading  would  be  about  0-12.  As  a  cell  discharges  the  +  read- 
ing decreases,  while  the  —  increases.  Readings  for  a  ceU 
discharged  to  1-7  volts  should  be  about  1-95  for  the  positive 
electrode  and  0-25  for  the  negative.  On  charge  the  +  cadmium 
reading  is  at  first  greater  than  the  cell  voltage,  but  during  the 
charge  the  latter  becomes  equal  to  and  subsequently  greater 
than  the  former  until  when  completely  charged  the  cell  is  from 
0-05  to  0-10  greater.  The  cadmium  test  electrode  may  be  a  J  in. 
rod  of  the  metal  6  in.  long,  and  protected  by  some  porous  sheath 
to  prevent  it  from  causing  short  circuits.  The  cadmium  should 
remain  in  the  solution  for  a  short  time  before  tests  are  taken. 


772 


THE  ELECTRICIAN,  SEPTEMBER  8,  1916. 


THE  ELECTRICIAN: 

THE  OLDEST  WEEKLY  JOURNAL  OF  ELECTRICAL  ENGINEERING.  INOUSTRV.SCENCE  4  FINANCE. 

Published  every  Friday,  Price  Sixpence.  Post  Free,  Sevenpence. 

Editorial,  Publishing  and  Printing  Offices, 

1,  2  &  3,  SALISBURY  COURT,  FLEET  ST.,  LONDON,  ENGLAND. 

Phone  :  City  4698  &  4699.     Tels.  :    Electeiciax  Xewspapek  Loxdox. 


All  Letters  relating  to  Subscriptions,  Advertisements  and  other  business 
mutters  to  be  addressed  Publisher,  "  The  Electkicl\>-,"  Salisbury, 
court,  Fleet-st.,  London.   Cheques  and  P.O.s  to  be  crossed  "  Coutts  &  Co." 

All  Editorial  communications  to  be  addressed  to  The  Editors.  Letters 
for  insertion  in  "  The  Electrician,"  or  containing  questions,  to  be 
accompanied  by  name  and  address  of  the  writer  as  evidence  of  good  faith. 
No  notice  is  taken  of  anonymous  communications. 

"  The  Electrician  "  offersexceptional  advantagesto  Advertisers2Ji6.  has  an 
influential  and  a  World  wide  circulation.    This  statement  is  guaranteed. 

Advert is/.meiit  Jiales,  <i:r.,  fonnirflrtl  on  ajij/lication. 

Trade  Advertisements  intended  for  the  current  issue  must  reach  the 
Office  at  latest  by  noon  Wednesday. 

Contracts  and  other  Official  Announcements,  Auctions,  Appoint- 
ments Vacant  and  Wantki>,  and  all  lind.^  of  Sm-MX  Advertise- 
ments are  accepted  up  to  First  Post  THURSDAY.  /.'  is  requested  that 
these  be  sent  in,  whenever  possible,  not  later  than  Wednesday. 


The  Rates  for  Subscription  to  "  The  Electrician  "  are  as  under  : — 

year.  half-year,     quarter. 

United  Kingdom  ...  28.s.  Od.     ...     14.s.  fid.     ...     T.s.  (id.^  Post  free, 

Canada 29.s.  Od.     ...     15s.  Od.     ...     T.s.  fxl.  )>  payable 

Postal  Union :?()>.  Od.      ...     lOs.  Od.     ...     8s.  Od.  J  in  advance 

(This  Charge  includes  all  the  numerous  Supplements.) 

New  volumes  of  "The  Electrician"  commence  in  April  and  October. 

Vols.  I.  to  LXXVI.  can  now  be  supplied.     Price  on  application. 

"THE  ELECTRICIAN"  SERIES  OF 

Standard  Electrical  Books 

can  be  obtained  of  all  Booksellers  at  Home,  in  the  Colonies,  and  Abroad. 

"  Thb  Electrician  "  Electrical  Trades'  Directory  and  Handbook.  Published 
annually  in  February,  corrected  to  mid-February,  1916.  Established  1682.  A  very 
valuable  advertising  medium,  covering  the  entire  Industry.  Subscription  price 
which  Is  received  tn  aduance  up  to  Jan.  31st  in  each  year  for  the  next  following 
edition)  10s.  6d.  nett,  postage  (U.K.)  9d.  extra.  Pries,  after  Jan.  31st,15s.  nett,  postage 
(U.K.)  9d.  extra.  After  Oct  30th  In  any  year  the  price  is  reduced  to  10s.  6d.  nett 
Postage  of  all  copies  to  Continent  of  Europe,  Is.  Sd  ;  Canada  and  India,  2s. ;  Austra- 
lasia and  South  Africa.  3s. ;  United  States  of  America  and  other  Countries,  2s.  6d. 
The  NEW  (1916)  EDITION  of  the  Directory  &  Handbook  is  now  available. 

WiiBLBM  Telegraphy  and  Telephony.  Handboolc  of  Formulae,  Data  and  Informa- 
tion. By  W.  H.  Eccles,  D.Sc.  Now  Ready,  Price  12s.  6d.  nett.  by  post  13s.  New 
Edition  in  preparation. 

Turn  Localisation  of  Faults  in  Electric  Light  Mains.  By  F.  C.  Raphael  Nei* 
Edition  Now  Ready.     Bs.  6d.  nett,  post  free  9s. 

Tmb  Principles  op  Automatic  Tblbphony.  By  W.  Atkins.  New  Edition  Now  Ready. 
Prios  2o.  6d.,  post  free  2s.  8d. 

"  The  Electrician  "  Primers  (84  Primers  In  all,  and  a  Glossary).  Single  Primers 
3d.  each  post  free.  Jn  One  Complete  Vol.,  10s.  6d.  nett.  or  Three  Separate  Vols.  ( Vol.  1. 
3»i  6d.  nett:  Vol.  II..  6s.  nett;  Vol.  111..  4s.  6d.  nett).  Prospectus  free.  The 
Primers  are  revised  or  re-written  as  new  printings  are  called  for,  and  new  Primers 
ar0  added  from  time  to  time.  Five  New  Mmers  :  Gas  Engines  (No.  52),  Oil 
Englnea  (No.  52a).  Common  Battery  Telegraphs  (No.  60a),  Electric  Clocks  (No.  79), 
Electric  Impulse  Dlab  (No.79a),  now  ready.  Revised  Primers,  1914  and  1915: 
No.  29  (Management  of  Dynamos  and  Electric  Machinery);  No.  46  (House 
Wiring  for  Electric  Light)!  No.  63  (Repairing  Submarine  Telegraph  Cables); 
No.  42  (Electric  Ignition)  |  No.  49  (Steam  Engines)  |  No.  54  (Comparative  Advan- 
tages of  Steam  and  Producer  Caa  for  Power  Production)  |  No.  59  (Diplex  and  Quad- 
ruplex  Telegraphy) ;  No.  61  (Autom.itic  Telegraphic  Apparatus). 

Electric  Traction  ON  Railways.  By  Philip  Dawson,  M.I. C.E.,  M. I.E. E.,  &c.  Hand- 
somely bound  ;  fully  Illustrated.  Price  258.  nett  postage  6d.  U.K.,  abroad.  Is.  6d. 

Elbctrical  Ladoratory  Notbs  and  Forms.  Arranged  by  Dr.  J.  A.  Fleml-.g,  M.A., 
F.R.&  Sinirle  copies  4d.  nett,  or  In  dozens  at  3s.  6d.  nett  Complete  SeU  of  50 
Notes  and  Forms,  12s.  6d.  nett,  or  In  strong  portfolio,  14s.  nett ;  or  bound  In  strong 
cloth,  ISs.  nett  Spare  Copies  of  Tabular  Sheeto,  Is.  per  dozen.  Portfolios,  Is.  6d. 
each.  Sectional  paper,  Is.  per  dozen  sheets.  Complete  Prospectus  post  free  on  request. 
These  Notes  and  Forms  are  kept  -evlsed  as  new  printings  are  required. 

Handbook  of  thr  Electrical  Laboratory  U  TaanHO  Room.  Very  fully  Illustrated.  By 
Dr.  J.  A.  Flemlnif.    Ret'isrd  Editions.     Vol  I. .  12s.  6d.  nett     Vol.  II..  14s.  nett 

SfcCONDARY     BaTTHRIBS  :      TMBIR    CONSTRUCTION    AMD    MaNOFACTURB.       By    E.    I.   WadO. 

Price  10s.  6<i.  nett 
The  Electric  Arc     By  Mrs.  Ayrton,  M.I.E.E.     Price  12s.  6d.  nett 
Intsrnationai.  Wirribss  Telboraph  Conpbrbncb,  Berlin  (1903),  Full  Report  of  Pro- 
ceedings at,  Br.,  bd. ;   post  free.  Bs.  9d. :  abroad,  9s. 
International    Wirblbss    Telboraph    Convention    and    Service      Rboulations 
IBbrmn,  1906).     With  complete  report  oi  Proceedings.    Price  15s.  nett 

ELECTRIC  SHOCK  PRECAUTIONS  (in  Hahoino  Card.  Sheet,  and  Pocket  Book 
Form):  A  complete  net  of  Electric  Shock  Rules  and  Precautions.  In  sheet  form, 
also  as  a  h#npine  card,  also  folde'J  In  envelope  for  the  pocket  Sheets:  4<1  each, 
post  free.  h;.r.eing  Cards  :  1/-  eac^i  post  free.  Pock't  Books,  complete  In  envelope, 
2s.  6d..  ooJit  free. 


Now  Ready. 

ELECTRIC  S\M  I  CH  .VND  CONTROLLING  GEAR 
By  C.  C.  GARRAKH.  Ph.D.,  .M.LE.t 

FiKST  Edition:   Price  15s.  nett.  pos-t  frco  15s.  6d. 


A  COMl'LKli;  CAIAI.OCI  1-:  of      The  Electr.cian      Scries  and 
other  Standard  Electrical  Books  will  be  gladly  mailed  on  request 


I^Ol&r    READY. 

Vol.  LXXVI.  of  "  The  Electeician."     Bound  in  Publisher's  covere, 
Price  17s.  6d.     Postage  U.K.  Is.  extra,  abroad  2s.  6d. 

Cases  for  binding  Vol.  LXXVI.,  price  2s.  ;  post  free,  28.  4d. 


THE  PRIVY  COUNCIL  AND  RESEARCH. 

It  was  in  Julv,  101-3,  that  the  Government  took  the  im- 
portant .step  of  appointing  a  Committee  of  the  Privy  Council, 
along  with  an  Advi.sorv  Council  to  the  Committee,  to  direct 
■'  the  application  of  any  sums  of  money  provided  by  Par- 
liament for  the  organisation  and  development  of  scientific 
and  industrial  research.''     We  now  have  before  us  the  first 
annual  report  of  thi.s  body,  and  our  readers  will  find  an 
abstract  of  it  in  another  column  of  the  present  issue.     It 
is  onlv  to  be  expected  that  work  of  this  kind,  which  is 
necessarily  novel  and  rather  of  a  pioneering  character, 
should  take  time  to  get  into  full  swing  and  that  not  very 
much  information  should  yet  be  given  as  to  the  final  results 
to  be  expected.     Actually  the  report   of  the   Committee 
it.self  is  particularly  brief.     On  the  other  hand,  the  report 
of  the  Advisory  Council  is  probably  much  longer  than  most 
of  us  expected  to  see,  but  it  is  very  general  in  its  character. 
The  report  starts  by  dealing  with  previous  Government 
action  on  behalf  of  science  in  the  present  century  ;    but 
considering  the  meagre  support  that  has  been  given  in  this 
direction  we  cannot  help  thinking  that  it  would  have  been 
advisable  to  omit  this  introductory  section.     The  state- 
ments that  are  made  can  only  be  read  as  a  sort  of  apology. 
It  is  true  that  the  National  Physical  Laboratory  has  been 
founded,  but  surely  the  first  capital  grant  of  £13,0(K>  and 
the  annual  allowance  of  £4,000  for  five  3'ears  were  so  modest 
as  to  show  a  lack  of  appreciation  of  what  was  being  done, 
or  likely  to  be  done,  by  other  countries  ;   in  fact  the  report 
admits  that  the  work  of  the  Laboratory  might  have  been 
much  greater  had  it  been  endowed  with  anything  like  the 
annual  subvention  of  nearly  £100,000  which  the  American 
Bureau  of  Standards  receives  for  development  and  main- 
tenance frc^m  the  Government  of  the  United  States.     Among 
the  other  .steps  taken  bv  our  Government  is  mentioned  the 
support  given  to  the  Engineering  Standards  Committee. 
Surely  this  also  has  been  of  a  parsimonious  character  and 
accounts  for  the  high  price  at  which  the  publications  of  this 
Committee  are  sold,  thus  defeating  to  a  considerable  extent, 
the  object  the  Committee  has  in  view.     Perhaps,  however, 
it  is  well  that  these  small  efforts,  along  with  the  Imperial 
Institute  and  grants  to   the  Imperial  College  of  Science, 
should  be  mentioned  as  an  inducement  to  those  in  autho- 
rity to  sptMid  more  in  the  future. 

rndoubtodly  the  weak  point  in  the  con.^titution  of  the 
Advisory  Couiuil  was  the  comparatively  small  number  of 
its  members  and  the  largeness  of  the  field  over  which  it  was 
to   havt'   control.     It  is  quite   impossible  for  eight   men, 
however  eminent,  to  have  a  thorough  knowledge  of  all  the 
branches  of  .<»riontific  and  indii.strial  effort,  and.  therefore, 
fears  naturally  arose  that  ap})lications  for  grants  in  par- 
ticular directions  would  not  receive  that  consideration  which 
was  de.-^irable.     We  are  glad  to  see  that  this  objection  is 
being  overcome  by  the  establishment  of  strong  Standing 
("<»mmittees  for  various  subjects.     Onlv  bv  such  means  can 
anything  like  satisfactory  results  be  obtained,  for  work  in 
the.se  days  is  necessarily  so  specialised  in  many  dcpart- 
ment.s  that  only  Committees  of  specialists  can  decide  in 
which  direction  researches  will  be  of  the  greatest  utility. 

W  •  note  that  the  Council  takes  the  view  that  research 
in  piire  .'science  shrmld  be  as  much  their  care  as  research  in 
applied  .science.  It  is  well  that  it  should  be  so.  The  view 
may,  perhaps,  bo  held  that  public  money  should  not  be  spent 
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to  any  great  extent  upon  the  encouragement  of  puie  science, 
that  this  branch  of  knowledge  should  be  allowed  to  develop 
in  other  countries  where  such  encouragement  is  given,  and 
that  we  in  this  country  should  take  advantage  of  the  results 
obtained  thus  cheaply,  as  and  when  we  like.  We  do  not 
think,  howevei',  that  this  is  the  best  course  to  take.  Un- 
doubtedly, scientific  results  are  free  to  the  world  over,  but 
there  is  likely  to  be  a  very  considerable  gain  to  thj  country 
that  cultivates  such  work,  even  at  a  cost  to  the  taxpayer. 
The  industrial  application  of  scientific  ideas,  we  think,  is 
more  likely  to  be  carried  out  in  the  land  of  their  birth  than 
elsewhere.  We  refrain,  however,  from  saying  more  on  this 
point  at  the  moment,  as  we  hope  to  publish  an  article  next 
week  dealing  with  the  whole  question. 

A  good  deal  is  said  in  the  report  about  the  difficulties 
that  are  encountered  in  fostering  industrial  research  in  this 
country,  but  we  doubt  if  the  Council  have  gone  to  the  root 
of  the  matter — at  least,  the  point  we  have  in  mind  is  not 
sufficiently  emphasised.     On  the  one  hand,  many  of  our 
firms  have  not  much  money  to  spend  in  research,  and,  on 
the  other  hand,  secrecy  is  essential  to  such  work.     It  is  the 
secrecy  which  is  the  real  difficulty.     We  imagine  that  almost 
any  manufacturer  would  be  willing  to  carry  on  research  at 
the  expense  of  the  State,  but  he  would  wish  to  keep  the 
results  so  obtained  to  himself.     That  is  just  the  condition 
that  the  State  cannot  accept.     With  few  exceptions,  such 
exceptions  being  broad  fundamental  problems,  the  manu- 
facturer wishes  to  benefit  himself  without  benefiting  his 
competitors.     Suppose,  for  example,  that  he  experiences 
difficulty  with  some  of  his  productions.     He  is  certainly  not 
going  to  tell  his  competitors  about  his  difficulties,   and 
although  it  would  be  exceedingly  helpful  to  have  State  aid 
in  his  troubles,  the  State  obviously  cannot  fall  in  with  such 
an  idea.     We  cannot  imagine,  for  instance,  that  the  General 
Electric  Co.  of  America,  when  starting  their  researches  upon 
metal  filament  lamps,  which  researches  culminated  in  the 
production    of    the    extremely    efficient    gas-filled   lamp, 
would  have  been  willing  to  allow  their  competitors  to  know 
the  results  obtained  as  the  work  progressed.     It  was  only 
after  the  advantages  had  been  fully  secured  for  the  com- 
pany itself  that  publication  of  the  results  took  place,  which, 
after  all,  is  the  course  dictated  by  commercial  common 
sense.     The  conclusion  is  forced  upon  us  that  the  manu- 
facturer must  himself  undertake  specialised  researches,  and 
before  he  can  do  so  he  must  be  trading  on  a  sufficiently  large 
scale  to  carry  the  accompanying  burden. 

Although  the  report  is  only  in  the  nature  of  a  general 
discourse,  we  are  devoting  a  good  deal  of  space  to  its  repro- 
duction, "or  we  hope  that  our  manufacturers  will  give  it 
their  carei'ul  attention.  If  any  national  good  is  to  come  of 
this  movement,  it  is  essential  that  the  facts  should  first  of 
all  be  well  understood. 


MR.  GERALD  STONEY'S  ADDRESS  TO  THE  ENGINEER- 
ING SECTION  OF  THE  BRITISH  ASSOCIATION. 


In  considering  the  problems  to  be  considered,  both  at  the  present 
time  and  after  the  war,  a  review  of  some  of  the  errors  committed  in 
the  past  is  most  necessary. 

As  this  is  an  address  to  the  Engineering  .Section  of  the  British 
Association  for  the  Advancement  of  Science,  onlv  such  problems  will 
be  considered  as  affect  engineering  and  its  allied  industries. 

One  thing  which  has  handicapped  our  industries  is  the  reluctance 
of  firms  to  utilise  highly  educated  labour  or  to  adopt  scientific 
methods.  One  is  struck  by  the  small  number  of  men  who  have 
undergone  a  thorough  scientific  training  at  one  of  the  universities 
or  at  one  of  the  leading  technical  colleges  and  who  occupy  a  promi- 
nent place  in  the  firms  in  this  district. 


1"he  general  comi>laint  is  that  university  and  college  men  are  too 
tl.ocjretical  and  not  practical.  It  is  the  usual  thing  for  a  bad  work- 
man to  blame  his  tools,  and  is  it  not  because  employers  do  not  know 
how  to  make  use  of  such  labour  that  thc\  utili.'x-  it  to  .such  a  small  and 
imperfect  extent  ?  In  some  countries  with  which  we  have  comj.etcd 
in  the  past,  and  with  which  there  may  l,e  still  fiercer  competition  in 
the  future,  we  find  the  fullest  use  made  of  highl}  educated  scientific 
labour. 

How  many  engineering  firms  in  (his  district  have  a  skilled  chemist 
cu  their  Siafl',  and  what  percentage  of  these  pay  him  a  decent  salary  ? 
And  how  many  heads  of  firms  have  sufficient  chemical  knowledge  to 
appreciate  the  work  of  and  utilise  the  (services  of  such  a  man,  !,ecau.se 
unless  there  is  apjjreciation  of  the  work  dtnc  by  such  a  man  his 
services  arc  useless  and  he  becomes  discouraged,  generally  finding 
himself  up  against  the  blank  stone  wall  of  there  being  no  appreciation 
of  his  services,  and  yet  chemical  problems  are  continually  cropping 
up  in  engineering  work.  Apart  from  the  question  of  the  analysis  of 
raw  or  partly  manufactured  materials  received,  there  is  the  chronic 
question  as  to  the  mixtures  of  the  metals,  and  large  economies  can  be 
efiected  by  systematic  analyses. 

Another  direction  in  which  scientific  labour  is  invaluable  is  in 
seeing  that  instruments  are  in  proper  order  and  that  tests  are 
accurately  carried  out.  Tests  carried  out  with  inaccurate  instru- 
ments and  without  proper  scientific  precautions  to  see  that  they  are 
accurate  and  reliable  are  most  misleading  and  dangerous,  as  entirely 
unreliable  inferences  may  be  drawn  from  them  and  far-reaching 
troubles  caused  in  the  future.  How  many  firms  using  steam  have 
any  arrangements  for  testing  vacuum  and  pressure  gauges  ?  and  yet 
there  are  no  instruments  more  liablo  to  error  than  these  gauges. 
When  one  tries  to  analyse  the  results  of  steam  tests  one  is  constantly 
U])  against  the  elementary  question,  "  Were  the  gauges,  &c.,  ac- 
curate ?  What  a  misfortune  it  is  that  there  were  no  means  of  testing 
their  accuracy."  Under  scientific  supervision  arrangements  are 
naade  to  avoid  such  troubles  and  get  reliable  results  which  can  be 
depended  on  for  future  designs. 

What  has  been  said  about  pressure  gauges  and  the  measurement  of 
pressure  ajjplies,  of  course,  to  all  other  instruments  and  measure- 
ments. In  most  works,  it  may  be  said  with  sorrow,  that  the  only 
moderately  accurate  measurements  that  can  be  made  are  those  of 
dimensions  and  weight.  It  is  only  by  accurate  testing  of  existing 
plant  that  reliable  deductions  can  be  dra^Ti  enabling  safe  progress 
to  be  made  in  future  designs. 

One  of  the  great  things  which  heljied  forward  the  steam  turbine  in 
the  early  days  was  accurate  and  full  testing  of  each  plant  as  soon  as 
it  was  com])leted  and  before  it  left  the  works.  The  late  Mr.  Willans 
was  probably  the  first,  or  one  of  the  first,  to  recognise  the  imix>rtance 
of  accurate  testing  of  steam  plant,  and  the  success  his  well-known 
engine  had  was  largely  due  to  this.  From  the  earliest  days  of  the 
steam  turbine  Sir  Charles  Parsons  recogiiised  the  necessity  of  such 
testing,  and  the  test  house  has  alwaj's  been  a  prominent  feature  of 
Heaton  Works.  Such  methods  have  enabled  the  steam  turbine 
to  grow  from  50-h.p.  to  some  4/),000-h.p.  or  more  in  each  unit,  and  the 
steam  consumption  to  be  reduced  to  less  than  one-fifth. 

And  closely  allied  to  such  work  in  engineering  works  is  the  general 
question  of  scientific  research,  and  here  a  trained  scientific  mind  is 
of  the  utmost  importance  to  see  that  reliable  results  are  obtained  and 
to  make  true  logical  deductions  from  these  results.  Without  suitable 
training  a  man  is  liable  to  be  unable  to  grasp  all  the  conditions  of  an 
experiment  and  to  make  deductions  from  the  data  obtained  which 
are  totalljr  unjustified  and  often  lead  to  most  disastrous  results  in  the 
future. 

Such  research  is  generally  carried  out  in  four  places — engineering 
works,  private  laboratories,  engineering  colleges  and  national 
laboratories. 

The  fiist  has  already  been  dealt  with,  and  the  second  is  of  com- 
paratively small  importance  in  practice.  As  regards  the  thu-d,  a 
great  deal  of  good  work  has  been  done  in  engineering  colleges,  often 
under  great  difticuhies  for  want  of  plant  and  money,  and  it  is  greatly 
to  the  credit  of  our  professors  and  others  that  they  have  succeeded 
in  doing  so  much  with  the  very  inadequate  appliances  at  their  dis- 
])osaI  and  handicapped  for  want  of  funds.  How  inadequate  their 
income  is  can  be  understood  when  it  is  remembered  that  Leipzig 
University  alone  has  an  annual  income  from  the  German  Government 
of  £100,000,  as  against  a  total  Government  grant  to  all  the  universi- 
ties here  of  about  £45,000,  or  less  than  half. 

Of  national  laboratories  we  have  only  one,  the  National  Physical 
Laboratory  at  Teddington,  and  here  again  the  support  given  to  it  is 
totally  inadequate.  The  total  income  from  all  sources  last  year  w-as 
only  £40,000,  and  of  this  £23,000  was  charges  for  work  done  ;  the 
Government  grant  is  only  £7,000  a  year,  and  besides  this  £7,500  was 
received  for  experiments  in  connection  with  war  work.  Compare 
this  with  the  Reichsanstalt  of  Berlin,  which  has  an  income  of  £70,000 
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a  Mill  irom  the  (Government,  or  with  tJie  Bureau  of  Standards,  the 
.similar  institution  iii  U.S.A.,  which  has  a  Government  grant  of 
£1 4(>,(XJ0.  Jn  the  Civil  Serviee  estimates  of  over  £20,000,000,  iess 
than  one  iifth  jx^r  cent.  Is  allotted  to  research. 

It  i.s  diflieult  to  realise  what  benefits  might  he  gained  by  inves- 
tigations which  could  l:e  carried  on  by  the  N.l'.L.  if  only  sufficient 
funds  were  available.  One  example  may  suffice.  Some  time  ago 
the  Keichsanstalt  carried  out  a  most  complete  set  of  tests  on  a  certain 
macliine  at  a  cost  of  several  tliout-ands  of  jx)unds  sterling,  apart  from 
the  time  it  occupied.  The  results  of-  liiis  investigation  are  available 
to  German  manufacturers,  and  before  the  war  preparations  were 
being  made  to  take  advantage  of  this,  and  from  iiirures  stated  a  large 
extra  economy  was  expected.  The  Institution  of  Mechanical 
Engineers  saw  the  importance  of  this  problem,  and  appointed  a 
Research  (,'ommittee  to  deal  with  the  rjuestion,  but  the  first  question 
met  with  is  that  of  linancc.  .Should  this  \>c  thf>  case  in  a  wealthy 
country  such  as  this,  that  depends  on  its  manufactures  for  its  very 
existence  ? 

Investigations  in  engineering  shops  do  not  nice  t  such  a  case.  The 
question  of  Hnance  has  to  be  carefully  watched,  and  as  soon  as  results 
sufficiently  good  are  ol)taiiicd  they  are  generally  accepted,  and  in 
any  case  the  jtroblcm  is  rarely  thrashed  out  to  tlh-  bottom,  an  almost 
universal  defect  in  commercial  research  work.  Without  the  help  of 
the  National  IMiysic-al  Laboi;itorv  the  ]K)sition  of  the  aeroplane  in 
this  country  would  Le  very  dillc  nnf  from  what  it  is.  and  what  lian 
been  done  for  the  aeroplane  requires  to  be  done  in  many  other 
directii^ns. 

Jiut  what  tiriu  here  would  do  what  has  been  done  in  the  commercial 
synlhesis  of  indigo,  <;n  which  it  is  said  that  17  years'  work  and  over 
£I.(KM(,(MM(  has  lieen  spent  by  one  linn  alone  abroad  ?  Here  in 
ehemical  investigations  and  manufactures  the  (J(»vcrnmcnt  refii>c 
firu  to  give  the  help  of  allowing  cheap  alcohol  to  be  .obtainable. 
Hecciitly.  under  pressure,  the  restrict  inns  have  b(*en  somewluft 
relaxes!  by  the  (•overnment,  but  the;  privileges  granted  are  so  tied 
up  in  red  tape  that  th(^  eonc-essions  an-  prftcti'-all'   UM-le.'-s. 

There  is  als«»  niiuh  to  be  don'?  in  thi?  wav  of  putting  the  manag  • 
nient  and  commercial  sides  of  engineering  and  other  allied  works 
in  a  po.siliou  to  coni|.etc.  The  growth  of  cMgineering  works  and  tlu  ir 
being  form.-d  into  limited  liability  companies  has  not  been  without 
its  drawbacks.  In  tin-  old  dnys  au  engineering  works  was  com- 
paraiivly  :nt  ill,  aricl  ;i;;  ii  rule?  «»ne  man  was  at  thc!  head.  .After  his 
de;'4h.  and  often  before,  tin  place  gradually  f'-ll  into  the  liiirids  of  a 
ImicIv  of  men,  many  of  them  not  technical,  who  had  no  fuiiher 
interest  in  (he  lirm  than  to  draw  their  salaries  as  directors  and 
iniinagers,  and  who  had  no  liiumeial  st-ike  in  tlic  concern  beyond 
the  shares  necessiiry  to  f|ualify  them  as  directors.  The  result  is  that 
the  place  gradually  gets  to  ;•.  stage  of  not  paying  any  dividends,  and 
being  kc^pl  going  for  the  sake  of  the  directors  and  other  officials. 

Such  a  lirm  as  a  rule  <loes  not  put  enough' asido  for  depreciation, 
and  thus  its  machinery  and  buildings  degenerate  and  become 
obsolete,  whicii  inakes  it  still  less  able  tc»  eom|)ete  with  more  mcxlern 
(innH.  At  the  same  time  it  is  not  able  to  nfTord  the  money  necessary 
to  carry  on  '  I  .md  n-s<anh  work  which  is  a  necessity 

for  any  proj:.  >i  thus  its  manufacturers  cease  to  progress 

with  till)  times,  A»  Sir  Charles  Parsons  truly  said,  a  man  or  lirm  in 
the  fare  of  I  diflic  iilf  ii-s  cannot  carry  on  research  work,  and, 

fiiMher.  lli.t  iiiimiim  ,'-|K'nt  on  i. search  work  should  be  at  least 

1  per  cent,  of  the  turnover,  and  that  tho  amount  it  is  advisable  to 
H|M-nd  is:{  pemnt.     \<r  .rolils  it  emuvt  keep 

up  to  date,  <»nd  M  ill  sctiii  i||. 

lint   the  workman  (wiVH  that  Id  havc^  his  shftre.     \Vhftf  i- 

his  share  under  the  proseut  Klale  ■  >     The  average  rapit'd 

expv'uded  ui  an  eMyuiceruig  works  j iuduid  ^inpl<»yed  is  alH)Ut 

£2tM).  An  iin  ■sligalion  the  wriliT  nnide  some  N'mps  ago  gave  iIun 
ligure,  and  it  was  re  iiliim  d  by  an  in  .mi  of  shi|il'iiildiiig  ^ 

which  gave  £IS."».  and  of  the  e  •n^  ;  ,    ...In.  i  ;.,n.   whit  h  gi\.      .. 

capital  of  tl..'j(M(.«MM).()(M»  for  7.tMHi.(KH(  w,  ,   £214  per  man. 

.\n  invest  igii)  ion  of  the  dividi 'idf  !  .in  to  i»e  about  4  jit 

cent,  on  the  capital  employed.      II  I.-  i,  n,  ml     i,,I  that 

lirniH  i)aying  10  to  I.")  jer  cvnt.  on  .ften 

n  laiiie  pr,>fen>uce  .ind  "t  '■■  '  mii.  Ii  i 

of  intere.si   is  |i;iid.    imi  ..nlinai      ...■■'.: 

WHS  i.ssued  at  a  premium.      .Mm  i  of  the  Inr; 

nund^er  of  companies  (hat  do  If  i\cii\i,: 

stock,  and  ofieii  n<<ii"  tn  their  I  .•.    I.iltl 

the  linances  of  such  com|)jinic>s  :  it  i.<*  the  once  paying  go<Ml  dividends 
that   public  attention  is  drawn  to.     It  i\v  'a  the  shnn' 

holders  gel  alxnil  tS  |  cr  year  per  iniiividu.  ' 

th»  the  other  hand,  the  aventRe  wagi's  for  m.  "  and  boys,  skilled 
and  unskill«>d.  isalH»ut  t7(»  per  This  means 

lliat  (he  worker  gits  between  .  nnieh  as  tin 

iapitrtli»t,  .^nd  shows  on  what  u  verj*  •mall  nint^in  the  cnpitaiiet 


works.  And  without  the  capitalist,  under  our  present  system  of 
individualism,  there  would  be  no  factories  erected  and  nui.  and  there- 
fore no  work  for  the  working  man,  a  thing  it  is  veil  for  him  to  re- 
memlxjr,  and  also  that  without  profits  the  capitalist  will  not  invest 
in  engineering  and  other  works  in  this  country,  but  will  seek  for  a 
more  profitable  field  for  his  caj^ital  eLsewhere.  Every  £200  invested 
in  this  coiuitr\-  in  a  factory  means  work  and  livelihood  for  one  British 
working  man. 

At  the  same  time,  I  am  sorry  to  saj-  the  employer  does  not  look 
after  the  welfare  of  his  workmen  as  he  might.  In  a  .small  factory  the 
head  of  the  tirm,  as  a  rule,  knows  all  the  leading  men  among  the 
workjnen,  many  of  them  having  been  with  liim  for  jears.  As  the 
p>lace  grows  he  loses  touch  with  liis  men.  The  result  is  that  a  most 
deplorable  state  of  things  has  come  to  pass.  The  workman  .says, 
'■  Put  not  thy  trust  in  employers  "  ;  the  master  says,  '"  Put  not  thy 
trust  in  workmen  "  ;  and  the  official  who  is  between  the  master  and 
the  workman  says,  "  Put  not  thy  trust  in  either." 

It  is  difficult  to  say  what  is  to  be  done  to  remedy  this  .state  of 
things,  but  on'j  cannot  help  feeling  much  might  have  been  done  in  the 
past  to  have  prevented  such  a  regrettable  .state  of  affairs  as  there  is 
a(  jircsenl.  Much  of  this  trouble  might  have  been  avoided  if  em- 
plo\irs  had  sliown  more  consideration  for  the  welfare  of  their  work- 
men. Of  course,  there  are  some  notable  exceptions,  but  they  are 
few  and  far  between.  -An  example  is  the  necessity  of  the  Factory 
Acts  to  ensure  proper  light  and  air  and  other  arrangements  necessary 
for  the  health  of  the  workmen.  But  much  more  should  be  done. 
Why  is  it  that  canteens  are  being  rushed  up  all  over  the  country,  and 
why  were  there  so  few  before  ?  In  many  works  to  this  day  the  j)ro- 
visions  for  getting  food  and  drink  warmed  are  most  j)rimitive  and 
inefficient,  and  as  to  getting  anything  to  eat  if  one  has  to  work 
oveitiine  uiicxpc  c  icdly.  it  is  in  mo.st  works  impossible.  As  a  rule 
the  oidy  thing  available  was  a  drink  at  the  jiiiblic  house  outside  the 
gatc-s.  and  even  this  is  now  closed  at  live  o'clock.  Why  if  a  man 
works  overtime  should  he  also  starve  ?  And  how  can  efficient  work 
be  expected  under  such  conditions  ?  ^^'hv,  also,  should  there  not  be 
provision  for  drying  clothes  after  walking  to  work  on  a  wet  morning, 
and  each  man  be;  jirox  ided  witli  a  cupboard  where  he  could  keep  a 
change  of  boc»ts  ?  Wliy  are  not  sanitary  arrangements  decently 
private,  and  why  arc  they  not  kept  clean  and  wholesome?  They  are 
often  in  a  cli.sgra(cfiil  state.  These  are  only  a  few  samples  of  the 
direct icuis  in  which  much  might  be  done. 

The  ailjiistmcnt  of  the  wages  to  be  ])iiid  to  the  workman  is  a  iiinst 
dithciilt  one.  There  arc  three  principal  wav.s  of  paying  workmen  :  on 
time,  on  piece  and  on  bonus. 

On  time  is  the  only  way  of  paying  a  n;in  who  is  on  various  classes 
of  work.  This  results  often  in  the  highly  skilled  man  making  less 
mon^'V  than  the  iess  .skilled  man  who  is  working  cm  piece  or  bonus, 
and  this  is  obviou.sly  unfair.  Again,  highly  skillc^l  erectors  who  go 
outsid.-  the  works  to  erect  machinery,  often  worth  thousands  of 
]K)unds,  and  set  it  to  work  are  only  paid  on  time,  and  often  make  less 
money  than  their  fellows  who  are  on  piece  inside  the  work.s. 

The  adjusting  of  piece  prices  is  a  most  difficult  one.  They  should 
lie  ndjust'cl  HO  ns  to  be  fair  both  to  master  and  man,  but  too  often 
such  lixing  of  prices  is  left  to  sul)ordin;ite  officials.  TV  t  tire  of 
cutting  prices  by  the  masters  in  the  pa.st  is  largely  respo  ir  the 

present  limitation  of  output  by  the  m.?u  aixiut  which  we  hear  .so 
much.  Then"  is  •:  r»|.>  that  if  a  man  makes  more  than  time  and  half 
or  tim«»  »<nd  third  the  price  of  the  job  is  to  be  cut.  If  the  price  has 
l>ec  I.  why  should  it  be  reduced  bee.iuse  the  man  m<tke8 

larj-.  ..  )_.  ^  .....  to  hi."*  skill  and  indn.stry  t  The  larger  the  output 
fniin  his  \  ice  or  hthe  the  better  for  ihv  ma.ster.  as  he  is  getting  a 
larger  out  put  from  his  ]i|ant  with  a  certain  capital  expenditure,  and 
then-by  estabiiMhrncnt  charges  are  reduced.  This  is  especi.dly  the 
easi>  in  mnehiue  work,  as  the  hourly  value  of  the  machine  cmpIoyiMl 
iiflc-n  fare\<eeds  tlie  wages  of  the  workman  cm|ilo\ed.  The  result 
of  this  "  linu-  .md  half"  rule  is  that  a  good  man  tiy  working  up  to 
the  limit  of  hin  ea|>fieity  "  s|x>ils  the  j(>b '"  for  the  next  man  who 
coic  id  may  not  be  of  the  same  calibre  .is  the  lirst  Juan. 

It  I. I.e.  Wen  found  advisable  and  neeessjiry  by  the  work- 
men to  limit  the  oiitpnt  of  e-ll  men  to  a  c-ertain  standard,  and  this 
in  the  end  by  the  pace  being  set  l»y  the  slowest  n«an  on  a 
l.ir  job. 
\  fnir  bontiji  sy8tom  is  pf-rhaps  the  ich>al  way  of  ]>a\ing  m<»n.  but 
I'l  too  I,  .  s  ti,(,  tiniv's  for  a  job  h,i\c  lei  ii  4"It-^r<d. 

•lithe-  l<x)ked  on  with  suspicion  ))y 'ho  vorkmci). 

tJradnr.lly.  bit  by  bit,  the  pernicious  dcx-trine  that  the  less  wet 
done  by  .1  man  the  more  employment  there  will  Ix-  Ii.i-  grown  up.  he 
not  .Ms-ing  that  the  c|ua|>rr  an  article  can  be  pn>ducvd  the  lan:er  will 
1h-  the  mIp  for  it  and  the  better  it  will  l>e  able  to  rtmnw^te  with  th« 
prtxliii  ts.  1  '  other  producers  in  this  eoiintry,  but  of  those 

abntad.      Ai  i  very  cheapnes.".  combined  with  gooil  tj'i-d'tx . 

induce*  the  sale  for  ench  artichs  to  be  lai^. 
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Laziness  is  inherent  in  man,  and  on  an  average  no  man  will  work 
unless  c'onipcllofi  to  do  so,  and  still  loss  will  work  his  best  unless  there 
is  a  great  inducement.  This  is  true  not  ojiiy  of  the  working  man  but 
of  all  other  classes.  The  writer  has  very  reluctantly  come  to  the 
conclusion  that  the  workman  of  to-day  is  not  doing  as  much  work 
as  was  done  some  30  years  ago,  .uid  not  only  this,  but  that  item- 
keeping  is  not  as  good.  In  this  connection,  however,  it  must  be 
remembered  that  excessive  overtime  inevitably  leads  to  bad  time- 
keeping. 

With  the  growth  in  strength  of  the  trades  unions  has  grovni  up  a 
system  of  trades  union  officials  who  live  by  agitation.  These  men 
keep  the  labour  world  in  a  constant  state  of  agitation,  and  make  the 
employers'  and  officials'  existence  a  burden  to  them  by  constant 
demands  of  all  sorts,  many  of  them  utterly  impracticable  and  unfair. 
When  they  cannot  agitate  against  the  em])loyer  they  agitate  against 
another  trades  union.  Soms  of  the  worst  strikes  in  the  past  have  been 
due  to  disputes  between  two  trades  unions. 

Unless  something  can  be  done  to  bring  master  and  man  together 
and  make  both  work  for  the  common  good  the  supremacy  that 
England  has  in  the  engineering  of  the  world  v,-ill  come  to  an  end. 
Nothing  ever  was  a  truer  statement  than  that  recently  made  by  Lord 
Joieey  that  this  country,  unless  it  produces  as  cheap  or  cheaper  than 
other  countries  cannot  in  the  long  run  keep  her  trade,  and  this  is  true 
in  spite  of  any  tariff  walls  which  may  be  set  ujj.  And  if  the  pio^.cnt 
state  of  affairs  is  maintained  of  unscicntifie  management  and  obsolete 
machinery,  combined  with  limitation  of  output  and  high  Avages,  we 
must  sooner  or  later  go  to  the  w;iJI.  What  is  really  wanted  is  common 
honesty  and  common  sense  on  both  sides,  for  one  side  is  as  bad  as  the 
other  at  present. 

And  now  about  the  official  who  comes  between  the  master  and  the 
man.  Unless  he  is  treated  fa,irlybythe  master,  and  unless  he  treats 
his  men  fairly,  there  is  sure  to  Ik;  friction  and  loss  of  efficiency.  He 
must  also  work  with  his  fellow-officials,  ;ind  to  prevent  jealousies 
and  to  prevent  the  more  unscrupulous  taking  unfair  advantages, 
denuircation  of  each  official's  duties  and  work  is  most  im]iortant. 
The  duties  of  each  man  should  he  clearly  delined  by  the  master,  and 
no  interference  Avith  those  of  others  tolerated.  Much  more  could  be 
said  about  the  rehitions  of  the  official  both  with  his  fellow-ofticial 
who  is  on  the  same  level  as  himself,  with  liis  master  who  is  above  him, 
and  the  workman  who  is  under  him,  but  lime  forbids.  On  all  three 
sides  much  improvement  could  be  effected.  The  fact  remains, 
however,  that  for  success  it  is  essential  that  all,  from  the  apprentice 
to  the  head  of  the  firm,  should  work  as  one  homogeneous  whole. 

Apart  from  the  considerations  >sct  out  above,  combinations  among 
the  lirms  employed  in  any  one  trade  are  most  essential  for  the  well- 
being  of  that  trade.  It  is  by  such  combination  that  much  of  the  ■ 
progress  made  of  late  years  by  our  competitors  has  been  effected. 
Such  combinations,  to  be  successful,  must  be  worked  fairly  to  all 
members,  and  the  larger  firms  must  not  override  the  smaller. 

If  the  Armament  Ring  in  this  country  had  taken  such  a  view  when 
it  was  found  what  an  enormous  supply  of  munitions  was  required  it  is 
doubtful  if  there  would  have  been  such  a  shortage  as  there  has  been. 
Under  pressure  from  the  Government,  the  Ring  accepted  outside 
help,  and  in  many  eases  tlie  conditions  impose'd  on  the  sub-con- 
tractors were  unfair  in  the  extreme,  apparently  the  whole  idea  of  the 
Ring  being  to  make  all  the  profit  they  could  out  of  the  troubles  of 
the  Empire.  It  has  been  just  as  difficult  to  persuade  the  Armament 
Ring  to  give  up  what  they  thought  was  their  monopoly  and  to  bring 
in  outside  works  to  help  in  the  production  of  munitions  as  it  has  been 
to  persuade  the  trades  unions  to  forego  trade  customs  and,  to  enable 
outside  sources  of  labour  to  be  employed.  But  both  have  had  to  do 
it.  In  other  words,  "  dilution  of  works  "  has  been  as  difficult  to 
effect  as  "  dilution  of  labour." 

Combination  among  workmen  is  admittedly  a-  necessity  if  they 
are  to  have  fair  play,  but  combination  among  employers  has  come 
later  and  is  equally  a  necessity. 

At  present  most  of  the  princij)al  federations  of  employers  deal  only 
with  wages  questions  and  questions  affecting  labour,  but  thej'^  roquii'o 
to  be  extended  so  as  to  take  in  all  branches  of  the  business  of  engineer- 
ing. Labour  has  long  seen  the  importance  of  federation  ;  it  is  pow 
for  capital  to  do  the  same.  One  of  the  great  difficulti(>s  has  been  that 
certain  firms  would  not  join,  aufl  a  very  .^niull  |)roportion  ;icting  thus 
weakens  the  whole  to  a  much  greater  extent  than  the  actual  ratio 
of  this  small  proportion  of  the  whole.  Such  combinations  are  not 
only  for  labour  questions,  but  also  for  all  other  subjects  affecting  the 
engineering  industry  at  large,  and  more  especially  the  special  in- 
dustries in  which  any  one  firm  deals.  Thus  they  resolve  themselves 
into  general  federations  of  all  engineering  industries  and  minor  ones 
dealing  with  particular  trades.  The  former  deal  chiefly  with  labour 
questions  and  questions  affecting  the  industry  as  a  whole,  the  latter 
with  those  affecting  any  particular  trade.  Among  the  questions 
coming  up  to  be  considered  hy  the  latter  class  is  the  standardisation 


of  specifications  and  conditions  of  contracts,  as  well  as  in  some  cases 
the  adjusting  of  prices  to  avoid  unfair  com[>etition,  and  to  put  the 
whole  trade  on  a  paying  basis.  Much  has  been  done  in  this  direction, 
with  most  advantageous  results  in  certain  ca.ses,  but  much  more 
remains  to  be  done  if  this  country  is  going  to  hold  its  place  in  the 
world. 

The  necessities  of  research  work  have  already  been  dealt  with,  and 
by  the  pooling  of  such  research  work  enormous  advantages  in  any  one 
trade  could  be  obtained.  Such  pooling  of  information  has  been 
effected  with  most  beneflcial  results,  especially  in  the  chemical  trade 
abroad.  Any  workable  scheme  which  would  enable  this  to  be  done 
and  get  over  the  jealousies  between  one  firm  and  another  would  be 
of  enormous  benefit  to  the  trade  in  general. 

Another  thing  that  must  not  be  lost  sight  of  is  the  urgent  need  of 
improving  our  educational  system.  It  is  little  .short  of  a  disgrace 
that  the  older  universities  are  closed  to  those  without  a  knowledge 
of  Latin  and  (ireek.  Languages  are  of  the  greatest  imjxjrtance  to  an 
engineer,  but  not  dead  languages,  but  live  ones.  And  it  is  only  in 
live  languages  that  a  man  is  trained  to  speak  and  understand  a 
language.  At  the  same  time,  no  education  is  complete  unless 
science  is  combined  with  languages  and  also  literature,  and  here  lies 
one  great  danger  of  modeni  technical  education. 

After  the  boy  has  left  school  and  enters  the  shops  more  facilities 
should  be  given  to  enable  him  to  continue  his  education.  In  the 
shops  and  drawing  ofKce,  too  often  the  boy  is  left  to  pick  up  a  know- 
ledge of  his  trade  as  best  he  can.  The  apprentice  who  asks  cjuastions 
is  often  looked  on  as  a  nuisance,  and  requests  for  information  arc 
generally  met  by  a  blank  refusal  or  worse.  Often  the  f(ji'eman  or 
chief  draughtsman  is  afraid  to  answer  questions  for  fear  of  being 
chaiged  with  giving  away  so-called  "  trade  secrets,"  but  an  immense 
deal  of  information  can  be  given  to  an  apjjrentice  without  doing  so. 

Evening  classes  are  all  very  good  in  their  way,  but  more  facilities 
should  be  given  for  the  diligent  apprentice  to  attend  day  classes,  and 
this  can  be  arranged  in  various  ways  if  the  emi^loyer  has  a  will  to 
do  it.  A  thing  'hat  at  present  often  prevents  boys  desirous  of 
educating  themselves  getting  on  is  the  fact  that  overtime  is  allowed 
as  soon  as  a  boy  is  18,  and  often  he  is  compelled  to  work  overtime 
regaT'dlcss  of  classes  that  he  ought  to  be  attending. 

One  c()mj)laint  is  that  after  a  lot  of  trouble  is  taken  about  a  boy  he 
leaves  after  a  few  years  and  goes  to  another  employer.  The  good  of 
the  trade  in  general  must  be  considered,  and  a  man  who  has  had 
experience  of  various  classes  of  work  is  generally  a  much  more 
valuable  man  than  one  whose  knowledge  is  confined  to  one  class  only. 
In  any  case,  the  other  employer  gets  the  benefit  of  what  has  been  done 
by  the  first,  and  thus  the  trade  in  general  benefits. 

It  is  felt  that  this  is  a  very  imperfect  review  of  things  as  they  are  at 
present,  but  if  this  Address  induces  all  classes  engaged  in  engineering 
to  consider  how  things  can  be  bettered  the  author  feels  that  a  part, 
at  all  events,  of  his  object  has  been  attained. 


THE  INFLUENCE  OF  PRESSURE  ON  THE  ELECTRICAL 
IGNITION  OF  METHANE.* 

BY  W.  M.  THORNTON,  D.SC,  D.ENG. 

(Professor  of  Electrical  Engineering  in  Armstrong  College,  Newcastle-on-Tyne.) 

1.  The  Gas  Methane. 

Methane,  CH^,  is  the  lightest  and  simplest  of  the  paraffin  series 
hydrocarbons,  having  a  density  0-55  that  of  air.  At  atmospheric 
pressure  it  ignites  between  650°C.  and  750°C.^  Its  limits  of  inflam- 
mability are  5-6  and  13-8  per  cent,  of  the  gas  in  air  -  when  ignited 
at  the  open  end  of  a  horizontal  tube.  If  the  temperatiu'e  is  raised 
before  ignition  mixtures  as  weak  as  3  per  cent,  are  in  flammable.* 
It  has  at  high  ])ressures  a  remaikable  affinity  for  oxygen,  much 
higlier  than  has  hydrogen,'*  and  there  is  some  evidence  of  this  at 
atmospheric  pressure.^  It  is  nevertheless  nxore  difficult  to  ignite  by 
electric;  spar!-.s.  ";  ".  Pit  g;is  in  England  derives  its  inflammability 
from  methane.  Ordpiary  house  gas  contains  from  30  to  40  per  cent, 
of  methane,  together  with  hydrogen,  carbon  monoxide  and  smaller 
quantities  of  UTisaturated  hydrocarbons.  Because  of  its  extreme 
practical  imi'.orliuue  and  of  its  relative  inertness  the  present  experi- 
ments on  the  influence  of  pressuvp  on  gaseous  ignition  have  been 
made  with  methane,  in  the  mixture  9-5  per  cent,  in  air.  which  just 
gives  perfect  combustion. 

2.  The  Electrical  Sparks  I'sed. 
The  limits  of  inflammability  of  gases  have  been  measured  mostly 
at  atmospheric   pressure  and   by  streaming  spark  discharge.     At 
lower  pressures  ignition  is  more  difficult,  and  fails  at  some  definite 

*  Paper  read  before  Section  G  of  the  Biitish  Association  at  Newcastle. 
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pressure,  whieli  depends  on  the  kind  of  igniting  spark.  A  stream  of 
Imparks  or  one  drawn  out  slowly  has  all  the  tliermal  properties  of  a 
steady  flame,  but  in  modem  practice  ignition  is  usually  by  single 
electrical  impulses. 

'J'here  arc  four  kinds  of  single  spark  which  may  be  used  for  experi- 
mental ignition,  each  of  which  has  characteristic  features,  and  all 
but  one  of  which  is  in  practical  use.  These  are:  (1)  A  transient 
clct.tromagnetic  impulse,  (2)  the  discharge  of  a  condenser  i)laccd 
across  the  gap,  (3)  the  short  arc  formed  at  the  jjoint  of  breaking  a 
continuous  current  circuit,  (4)  the  same  with  alternating  current. 
The  last  two  differ  so  much  in  some  of  their  effects  «  that  they  have 
been  examined  separately.  In  each  of  these  groups  there  are  sparks 
which  do  not  ignite  the  most  inflammable  mixtures  of  highly  com- 
bustible gi.',ses  and  air. 

Although  an  impulsive  or  jumj)  spark  starts  by  ionisation,  usually 
across  a  lixor!  givp,  its  igniting  power  lias  been  shown  to  follow  a 
different  law  from  that  of  rujiturc  alone*  Condenser  discharge 
I)asse8  just  before  metallic  cont-.ct  of  two  terminals  which  are  being 
brought  togcth(!r,  ;ind  when  the  charging  voltage  and  the  iwles  are 
the  same  throughout  occurs  at  the  same  spark  length.  It  is,  how- 
ever, an  exceedingly  rapid  effect,  and  it  is  probable  that  the  ionisation 
with  which  it  starts  is  maske<l  by  the  intense  activity  of  the  dis- 
charge, HO  that  the  ultimate  ignition  is  proj.ortional  to  its  energy  or 
p(jwcr. 

The  two  circuit-break  sjjarks  are  less  simple.  They  arc 
streams  of  electrons  following  a  path  which  becomes  more  diffi- 
cult i:»  the  gap  opens.  The  momentum  of  the  electrons  of 
this  stream  is  comjiarable  with  that  of  the  molecules  of  gas  around 
it.  Th(!  latter,  therefore,  penetrate  the  arc,  and  are  exposed  to  the 
dissociating  inliucncc^  of  its  high  temperature.  The  conditions  of 
ignition  ari.-e  from  t!  '■  collision  of  the  gas  with  the  ions  in  the  arc. 
'I'hc  action  is  no  douijt  partly  thermal  and  partly  ionic  ;  in  some 
(iiHcs  ignition  is  prop-  tional  to  the  current,  in  others,  its  change  is 
])rop()rtional  to  the  cirrent  squared.  The  extraordinary  variety  of 
the  reaction  between  gas  and  sj)ark,  indicated  by  the  limiting  elce- 
tric.il  conditions  of  ignition,  is  not  to  be  accounted  for  on  a  simple 
lliennal  b.'si.s. 

.'}.    loNITION  »V   iMIM'USrVE  CoiL-DLSrHAROE. 

Ignition  at  atmospheric  pressure  has  been  shown  to  have  steps  ' 
which  appear,  as  tlu;  percentage  of  gas  is  varied,  in  certiiin  well- 
dclincd  mixtures.  Tlie  jireci.se  origin  of  these  steps  is  still  obscure, 
but  lliirc  can  be  no  doubt  that  they  are  exam|)les  of  selective  taction 
which  occurs  at  c(rrtain  fre(|uen<ies  of  collisi(;n  between  the  mole- 
cules of  comliustible  gas  and  fixygt'U.  The  evidence  for  this  is  two- 
fojrl.  Ill  the  first  i>lace  the  steps,  eitlicr  up  or  down,  occur  in  mix- 
tures in  wiiic  h  tlu!  proportions  of  the  atomi<-  volumes  of  the  two  gji-scs 
can  be  representcil  iiy  whole  numbers.  In  methane,'  hydrogen  '  and 
cyanogen,'^  for  ex.iniple,  there  are  distinct  steps,  as  in  Table  I.,  the 
limits  being  regarded  as  steps. 

Table  I. 
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'rh«>Me  Mcic.  liiiwcNer.  not  all  (ibtaincd  Willi  the  .'•anic  kind  of 
ignition.  Tiie  oeeurn*nre  of  the  Hlepn  in  some  ga«o»  with  one  kiid  of 
spark,  in  olliccs  with  aiKithcr.  cjeiirly  dcjx-ncls  on  an  intiiiiate.  but  at 
present  luiKiiowii  lelftioii  I'etween  the  pliyf<ical  or  chemical  pnt 
jierties  of  the  molecule,  possiltly  on  it«  Htniettirv,*  and  the  nature  or 
duration  of  tlie  spark. 

Sccoiullv,  diiiM  t  cvidenre  that  the  steps  are  due  to  selective 
ubhorplioii  I-  ^t\rn  liy  the  ignition  i>f  hydrogen  with  .*>ltoniating- 
currrnl  lncaU  .sparks.  In  a  iniNfun-  of  2.">  |;er  cent,  of  gax  in  air  and 
at  a  pics.siiic  a|iproaclinm  Id  lb.  to  tlie  .square  Mich  a  step  i,s  obtained 
lia\  ing  the  well  known  (oim  of  Fig.  I. 

This  type  of  change  occun*  in  natun*  wlicrc\(>r  tluie  is  .scjci  tnc 
aii.sorption.  In  spectra  it  is  known  experimentally  as  Kiindts 
Law.  iiUvl  is  there  repre.seiit<>«l  mathematically  by  a  dinpersitm 
formula  of  the  tvpe 

M,  M. 

**      f^  ^X»-X,»^  X'-X,« 


each  of  the  variable  terms  making  the  refractive  index  fx  pass  through 
an  infinite  value  as  the  wave-length  X  coincides  with  X^,  X,,  .... 

In  the  present  experiments  with  methane,  r.t  pressures  lower  than 
atmospheric,  the  least  igniting  impulsive  spark  is  measured  by  the 
primary  current  of  the  induction  coil,  which,  when  broken,  causes  a 
single  secondary  spark  just  giving  ignition.  This  varies  with  the 
l^ressure,  as  in  Fig.  2. 

The  two  cur\  es  given  are  with  gas  prepared  by  different  methods 
and  are  seen  to  agree  singularly  well  when  the  difficulties  of  obtaining 
the  same  conditions  for  every  sp.'irk  and  precisely  the  same  gas  mix- 
ture are  known.     The  fact  that  the  steps  arc  so  clear  is  a  proof  tlrat 
the  selective  action  is  definite  and  capable  of  quantitative  determina 
tion.     If  it  is  to  be  admitted  that  the  primary'  difficulty  in  ignition 
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Fio.  1. — Chanoe  with  Pressure  of  Least  Alternating  Ccrrent 
loNiTiNo  AT  Break  a  25  per  cent.  Mixture  of  Hydrogen  in  Air. 

is  the  finding  liy  each  combustible  molecule  of  oxygen  atoms  with 
which  to  comi)ine,  the  steps  of  Fig.  2  may  be  explained  as  follows  : 
The  collision  frequency  between  combining  molecules,  or  atoms  when 
there  is  dissociation,  can  be  changed  by  varying  either  the  total  or 
the  i)artial  pressures,  that  is,  either  the  pressure  in  the  explosion 
vessel  or  the  jjercentage  of  combustible  gas  in  the  mixture.  The 
latter  has  been  showii  to  give  ri.'-e  to  steps, "  and  in  Fig.  ."}  of  the  present 
I'ajier  they  are  also  found  by  change  of  total  j)ressurc.  The  ri'duc- 
tion  of  the  total  j.ressure  by  one-half  has  the  s«ime  effect  on  collision 
freiiuency  as  lnvh  ing  the  percentage  of  gas  in  a  mixture  at  atmo- 
spheric pressure.  The  mixture  used  in  the  j)resent  work  being 
CHj+O,,  or  9-35  per  cent.,  a  change  to  CH^-f  O3,  or  12  per  cent., 
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name  vttvvt  on  the  number  of  collisions  r.s  a  change  of  pres- 

the  ratio  Mlk'i  12.  that  is.  0-78.     The  JJ-.T)  mixture  being  at 

.ttmospheric  ]in'SMin>  (and  the  electrical  conditi«>ns  suitable  for 
.-eletti\e  ab(»orption  to  occur),  a  step  might  le  expected  at  U-78 
atmi>spherp.     Tliere  it*  a  step  at  0-8  atmosphere. 

Th«  next  step.  eorrej<ixinding  to  CH,  rt';.  or  171  ]  er  cent,  in  air. 
would  lie  at  9'.\r>  171.  or  0-."»4  atmosphere.  There  is  a  small  .step  at 
(Hi  and  .-1  large  one  at  O-.').  In  Fig.  3  it  is  .shown  that  steps  arise  from 
change  of  prp^surc  at  su«x^ssive  multiples  of  an  atmosphere.  In 
the  same  way  they  an?  to  be  expected  at  sub-multiples  of  an  atmo- 
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sphere,  ^,  i,  ^...,  and  there  is  evidence  for  each  of  these,  which  will  be 
f^iven  cilsowhere.  By  a  well-known,  thoorem  an  osc-illation  of  any 
frequency  can  be  replaced  by  two,  of  liighcr  and  lovvci'  frequency 
approximately  equidistant  from  it.  Thus,  if  by  nearness  to  the 
strong  effect  at  Iialf  pressur'e  tlic  ()-/)4  stop  is  suppressed  one  should 
ai)pear  at  about  0-(il  atniospliorc,  and  this  is  found  to  be  the  case. 

At  pressures  higher  than  an  alinosphere  the  collisions  with  oxygen 
are  increased.  Thus,  ("H^l  O.,,  or  1-5  per  cent.,  should  on  the  present 
view  give  rise  to  a  step  at  d'.idp-r),  or  I  -24  atmosphere,  and,  as  shown 
in  Fig.  2,  such  a  step  is  found. 

The  interpretation  of  these  steps  must  by  the  nature  of  the  case 
be  tentative.  After  consideration  of  every  possible  cause  this 
appears  to  be  the  only  one  capable  of  explaining  the  facts. 

When  the  mixtures  are  compressed  before  ignition  there  are  also 
steps  in  the  least  igniting  current  curve  which  are  very  suggestive. 
The  jiressures  at  which  they  occur  are  1,  2,  3,  4  and  5  atmospheres, 
absolute,  as  shown  in  Fig..  3,  the  abscissae  of  which  are,  however, 
pressures  above  atmospheric. 

From  this  there  can  be  no  doubt  that  the  steps  are  caused  by  the 
collision  frequency  reaching  successive  multiples  of  that  at  atmos- 
pheric pressure.  It  is,  therefore,  a  physical  effect,  and  will  be  shown 
to  support  the  conclusion,  which  has  been  given  elsewhere  on  other 
evidence,  *,  ^°  that  in  gaseous  explosion  collision  mechanics  of  the 
simplest  kind  arc  of  importance. 
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Fig.  3. — Impclsive  Spaeks,  Nickel  Points. 


The  pressure  most  favourable  to  ignition  by  impulsive  sparks  is 
between  two  and  three  atmospheres  absolute.  There  is  reason  to 
believe  that  the  steps  continue  to  much  higher  pressures,  and  this  is 
now  being  investigated. 

The  ignition  of  methane  by  impulsive  discharge,  therefore  pro- 
ceeds per  salt  urn  as  the  pressure  is  changed,  this  being  an  example  of 
selective  absorption  of  a  kind  to  be  considered  later.  The  step  is 
not  to  be  regarded  as  discontinuous  but  to  follow  the  usual  laws  of 
dispersion  by  a  resonating  system. 

-i-.  Ignition  by  Condensee  Discharge. 

This  differs  from  the  above  in  two  important  features.  (1)  The 
best  igniting  spark  is  independent  of  the  jyressure  from  the  lower  limit 
at  half  an  atmosphere  to  just  above  one  atmosphere  and  so  forms 
one  step.  (The  value  of  the  least  igniting  capacity  was  6  mfd. 
charged  to  150  volts,  at  every  pressure  down  to  0-5  atmosphere 
below  which  ignition  by  condenser  sparks  failed  completely.)  (2) 
As  the  pressure  is  raised  ignition  becomes  easier  and  there  are  steps, 
but  now  down,  as  30  lb.,  60  lb.  and  85  lb.  per  square  inch  are  ap- 


proached.     In  Fig.  4  there  are  steps  at  1,3,  5  and  7  atmo.spheres,  but 
not  in  this  case  at  2,  4  or  6. 

A{)art  from  their  ph3'sical  interest  these  results  arc  of  .some  prac- 
tical importance.  The  curve  of  Fig.  3  is  for  ordinary  magneto 
ignition  ;  those  of  Fig.  4  correspond  to  the  T>r»dge  ignition  by  con- 
dcns(;r  rlischarge,  the  high  effectiveness  of  which  is  well  known, 
especially  in  poor  mixtures  highly  compressed,  which  cannot  be 
readily  ignited  by  magneto  sparks.  Electromagnetic  jump  sparks 
and  condenser  discharge,  therefore,  proceed  in  opposite  directions, 
one  becoming  easier  as  the  pressure  is  raised,  the  other  more  difficult. 
The  former  are  examples  of  the  relatively  slow  process  of  ionisation 
by  collision,  which  is  more  difficult  at   high  pressure.     Condcser 
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Fig.  4. — Conoenser  Discharge,  150  volts,  Platinum  Points. 

discharge,  on  the  other  hand,  is  one  of  the  most  sudden  phenomena 
in  nature,  and  the  spark  is,  in  addition,  of  high  enough  temperature 
to  pit  platinum  freely.  Most  of  the  energy  of  charge  is  dissipated 
in  the  spark.  This  is  equivalent  to  the  combustion  of  a  de.Hnite  mass 
of  the  gas,  and  the  heat  of  the  spark  is  rapidly  communicated  to  the 
gas  around.  If  the  mass  of  the  latter  heated  to  ignition  temperature 
is  equal  to  or  greater  than  that  whose  combustion  would  set  free  as 
much  heat  as  there  is  in  the  spark,  self -ignition  can  proceed.  A  short 
calculation  from  the  observed  least  igniting  capacity  will  serve  to 
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Fig.  5.— CoNTiNuous-crRRENT,  100  volts,  Crossed  Platinum  Rods. 

show  that  there  is  more  than  sufficient  energy  for  the  purpose,  the 
remainder  being  absorbed  by  the  poles  or  radiated,  but  the  ratio  of 
division  cannot  at  present  be  measured. 

Compression  increases  the  mass  of  gas  in  contact  with  a  spaT-k  of 
a  given  magnitude.  It  follows  that  at  the  higher  pressures  a  smaller 
spark,  provided  that  its  energy  is  given  to  the  gas  as  heat,  should 
cause  ignition. 

;  On  this  view  the  product  of  least  igniting  capacity  and  gas  pressure 
would  be  constant  as  a  first  approximation.  The  occurrence  of 
steps  rising  as  the  pressure  is  lowered  is  a  modification  of  this  by 
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selective   collision.     The   next   two   kinds   of   ignition   illustrate   a 
smoother  tyjie  of  charge. 

5.  Ignition  by  Continuous-Cctirent  CiEcrrr  Break  Sparks, 
Below  atmospheric  pressure  the  least  igniting  current  is  found  to 
increase,  so  that  the  product  of  the  current  and  pressure  is  approxi- 
mately constant,  until  at  half  an  atmosphere  there  is  a  sudden  and 
most  remarkable  increase  of  inflammability.  The  curve  of  Fig.  5 
dij)s  sharpl}'  and  rises  to  the  lower  limit  i't  a  tliird  of  an  atmos])liere. 
The  simplest  explamition  of  this  is  that  it  is  a  continuation  of  the 
selective  action  which  gives  rise  to  the  steps  at  higher  pressures. 
Every  gas  examined,  tliat  is,  hydrogen,  methane,  ethane,  projjane, 
carbon  monoxide  and  coal  gas,  exhibits  this  effect ;  in  hydrogen  it 
is  so  great  that  at  the  dip  the  igniting  current  falls  almost  to  zero, 
the  mixture  I)eing  those  for  perfect  combustion.  If,  however,  the 
break  of  circuit  is  made  Kloirly  the  dip  is  entirely  wiped  out  and  the 
curve  is  hyperbolic. 

In  order  to  examine  the  influence  of  rate  of  break,  which  could  not 
lie  done  with  certainty  wit!)  hand,  the  electromagnetic  arrangement 
of  Fig.  6  was  used.  The  current  to  be  broken  was  led  through  a 
brass  tube  containing  an  iron  j)Iunacr  carrying  at  its  lower  end  a 
platinum  head.  The  explosion  tul)e  being  set  at  45  deg.  the  rod 
rested  on  the  lower  platinum  point,  making  contact,  and  was  drawn 
uj)  by  a  sej)arately  excited  solenoid,  the  current  of  which  could  be 
varir-d  to  gi\e  any  desired  sjieed  of  break.  When  the  break  was 
relatively  slow  the  lowest  of  the  three  curves  of  Fig.  7  was  obtained  ; 
increasing  the  speed  of  break  caused  the  least  igniting  current  to 
take  the  form  of  the  M|)pcr  curves  each  of  these  hi;\  ing  the  .same  rate 
of  break  throughout. 
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There  is.  therefore,  a  critical  relation  between  the  collision  frc- 
fjuency  and  the  sjmrk  duration  neees,sary  for  the  observance  of  this 
elTeet.  .\lM)ve  atmosplwric  j)ressuix!  there  is  the  singular  result  that 
the  least  ignitiuK  current  is  almost  indep(>ndent  of  prc.s.sure.  falling 
slightly  at  the  highest  pressures.  1'his  is  obtained  at  all  voltages 
from  '>(»  to  ISO,  as  showTi  in  Kig.  8. 

Continuous-current  spark  ignition  is.  therefore,  midway  Mween 
impulsive  and  condenser  ignition;  that  is.  it  is  not  a  simple  energj- 
offeet.  for  this  would  cau.se  a  falling  curve  with  or  without  steps,  nor 
does  it  work  by  ionisatiou  aloiw.  It  would  apjiear  to  be  a  very  fair 
mean  between  ionic  and  thermal  ignition. 

6.    luNITION   HY    Al.TERNATINO-CrnRF.NT    BrKAK   SpARKS. 

Since  these  have  hoen  shown  elsewhere  to  have  some  of  the 
fe.itures  of  condenser  sparks  as  regards  the  onlcr  of  difficulty  of 
ignition  iiy  jmiIcs  of  different  metals,"  it  might  be  expected  that  the 
eiirreni  curve  would  resemble  Fig.  5.  At  the  lower  pn-ssures 
(Fig.  !))  it  follows  the  type  of  contitnious-current  .slow-speed  ignition  ; 
that  is.  the  t hernial  a<-tiori  of  the  spark  preflomin.U«>s.  anri  .at  the 
higher  pressures  it  remains  nearly  .oiisfant  m  value  up  to  pres.';ures 
approaching  SO  lb.  per  .s<|u;ire  inch,  when  it  stuldcniv  lieeomes 
easier,  ,'is  shown  in  Fig.  10. 

This  kind  of  spark  has  not  been  used  in  practice,  imt  whem  break 
spark  ignition  by  a  movalilr-  tonijue  is  still  in  tjse  it  might  have  some 
advantage.  The  best  voltage  (of  !.->(»)  is  rtNulily  obtained  bv  trans- 
forniiition.  It  is.  however,  bettor,  if  possii>le!  to  u.<e  continuo\is- 
eiMTiMif  Ignition  with  somtj  indu<-tan<  e  .added  to  the  circuit.  Fig.  10 
is  of  further  inteivst  fi-om  tin-  f.tct  that  there  is  no  step  found  until 
th..    pressure  of   80  lb.    is   nMched.     At    this    point    the   sinnlaritv 


l)etween  alteniating-current  break  sparks  and  condenser  ignition, 
which  is  also  alternating,  begins  to  be  evident.  Pressure  shortens 
the  duration  of  any  break  sjiark,  and  brings  it  more  into  line  with, 
though  still  longer  than,  condenser  discharge. 

7.  Stepped  IcNrnoN. 

To  start  combustion  in  a  gaseous  mixture  one  or  both  of  the  com- 
bining molecules  must  be  ''  activated."  Recent  work  on  the  for- 
mation of  oxides  of  nitrogen  by  electric  arcs'-  has  shown  that 
previous  ioni.^ation  of  the  oxygen  by  expo.sme  to  streams  of  sparks 
greatly  increases  the  yield,  wliile  a  similar  treatment  of  the  nitrogen 
has  less  effect.  This  has  not  yet  lxH?n  tried  with  mflammable 
mixtures  ;  but  sijice  almost  all  the  critical  ignition  data  of  gases  in 
air,  such  as  the  limits  of  inflammability,  points  of  formation  of 
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Fig.  7. — Coxrixcous  Gurrext,  240  volts,  Platint-m  Points. 

steps,  mo^t  easily  ignited  mixture,  depend  directly  on  the  pro- 
portions of  oxygen  present,  it  is  probable  that  ignition  starts  by 
activation  of  the  oxygen  molecule. 

The  resonance  that  gives  ri.se  to  the  selective  absorption  of  energy 
which  occurs  at  a  st?p  is  clearly  between  the  number  of  collisions  in 
unit  time,  to  which  the  pressure  is  proiK)rtional,  and  the  number  of 
molectiles  fonned  in  that  time  imder  tlie  influence  of  the  spark,  that 
is  to  the  jirojwrtion  of  oxygen  to  combustible  gas.  Varying  either 
of  the.sc,  keeping  the  other  constant,  gives  rise  to  steps  when  the 
gas  j)rossure  or  the  projxjrtion  of  oxygen  is  a  multiple  of  that  in  the 
mixture  for  jx-rfect  combustion  at  atmospheric  pressure. 
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In  tile  formation  of  «lisruptive  sjKirks  there  is  always  a  perio<l  of 
r<Marilation  duruig  which  ioni.sjition  by  collision  is  reaching  .sjitun*- 
tion.  This  |x>riod  inrrejises  with  the  pre.<!sure  and  delay.s  ignition, 
which  '  more  difficult  as  the  pressure  is  raise<l. 

If.  >'!  her  hand,  the  spark  gap  is  so  short,  as  it  is  with  con- 

denser dinohargp.  th.-it  the  i»eriod  of  retardation  is  negligibly  small 
an«I  the  sjvirk  is  of  so  sudden  a  nature  th.at  it  m -ts  immediately  as  a 
Hotirce  of  heat,  there  is  a  .series  of  steps  descending  as  the  jiressure 
is  niiwd.  for  the  more  inolreules  there  are  then  formed  by  contact 
with  the  spark  the  moiv  heat  is  set  free  and  the  less  is  required  in 
the  spark  to  start  iL'nition. 
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8.  Summary. 

The  influence  of  small  changes  of  gas  pressure  upon  electrical 
ignition  is  important  in  coal  mining.  Apart  from  the  effect  of  pres- 
sure on  the  presence  of  gas  or  the;  (hyness  of  the  mine,  a  change  from 
a  low  barometer  of  28  in.  to  a  normal  30  in.  somewhat  increases 
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inflammability  by  impulsive  sparks,  as  shown  in  Fig.  2,  but  has  little 
efi'ect  on  that  by  condenser  or  circuit  break  sparks. 

The  compression  of  an  explosive  mixture  increases  its  inflamma- 
bility by  condenser  sparks,  and  lowers  it  when  the  sparks  are  im- 
pulsive.    Circuit  break  sparks  have  the  same  igniting  power  over  a 
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Fig.  10.— Alternating  Current,  100  volt?,  SO  n,. 

long  range  of  pressure.  In  every  case  there  are  mixtures  in  which 
ignition  is  abnormal,  giving  rise  to  steps  or  sudden  changes  in  the 
icrm  of  the  curves  of  observatiolis- 

The  ])resent  work  was  carried  out  by  the  aid  of  a  Government 
Royal  JSociet}'  grant. 
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Prevention  of  Corruption  Act  Prosecution. 

At  the  Atherstone  (Warwickshire)  police  Court  on  the  29th  ult.,  W.  H. 
Moore,  of  the  Atherstone  Motor  Co.,  appeared  in  answer  to  throe  charges 
hroujrht  by  .Mr.  Arthur  Goodwin,  i)resident  of  the  .Motr>r  Trade  A.ssocia- 
tion,  uiiflcr  the  Prevention  of  Corruption  Act  for  giving  a  falf-e  invoice 
on  April  (i  last  to  A.  A.  Goodyear,  a  chauffeur  dri\inG;  a  car  for  a  firm  of 
motor  car  Tuaiiufacturcrs  with  intent  to  cheat  the  employers. 

Mr.  A.  C.  (!kank  (jirosecutinjf)  said  the  attention  of  the  Association 
had  been  drawn  to  a  widcsi)read  priictice  over  the  country-  whereby 
owners  of  motor  cars  were  d(>fraude<l  by  inv(jices  being  made  out  for  their 
chauffeurs  for  greater  quantities  of  petrol  than  were  actually  )»urcha*ed, 
and  it  havijig  come  to  the  knowledge  of  the  A.ssociation  that  the  Ather- 
.stone  Motor  Co.  was  a  place  at  which  such  invoices  were  obtainable,  the 
present  case  was  instituted  in  order  that  it  might  be  made  known  that 
such  practices  must  be  sto])])ed. 

It  appc^ared  from  the  evidence  that  on  April  6  Goodyear,  bein;;  in 
charge  of  a  car  for  his  em))loyer,  called  and  spent  .5s.  for  2  gallons  of 
petrol,  and  was  asked  by  Moore  whether  he  should  make  out  the  invoice 
for  three,  to  which  Goodyear  assented,  and  the  invoice  produced  in  ooin-t 
receipted  for  7s.  Gd.  was  then  jiiven  him  although  5s.  only  was  paid. 

Defendant  admitted  the  charge,  but  understood  from  the  chauffeur 
that  nothing  would  ever  be  said  about  it. 

In  fining  defendant  £10  the  chairman  remarked  that  the  Bench  dealt 
leniently  because  it  was  the  first  offence,  and  possibly  it.s  nature  not  fully 
realised,  but  it  must  be  understood  that  other  offenders  of  this  kind 
would  not  bo  so  leniently  dealt  with  ;  indeed,  if  it  had  not  been  for  the 
leniency  of  the  ])rosecution  in  giving  evidence  on  one  summons  only,  and 
withdrawiiig  the  others  upon  his  ailmi.ssion,  he  might  in  the  present  in- 
stance have  been  sent  to  jjrison  without  the  option  of  a  fine. 


EDQCATIONAL. 


University  of  Manchester.— The  session  will  begin  on  Oct.  5. 

Complete  theoretical  and  [)ractical  training  is  pro\'ided  for  students 
preparing  for  the  higher  positions  in  the  electrical  engineering  pro- 
fession. At  the  end  of  a  three  years'  course  students  may  obtain 
either  an  ordinary  or  an  honours  degree  of  B.Sc.  in  electrical  engineer- 
ing. A  special  course,  also  extending  over  three  years,  prepares  for 
a  certificate  in  electrical  engineering.  The  John  Hopkinson  Labora- 
tories are  fitted  with  modem  electrical  machinery  and  testmg 
ap2)liances,  and  excellent  facilities  are  offered  for  educational  and 
research  M'ork.     Particulars  may  be  obtained  from  the  Registrar. 

King's  College  (Univereity  of  London). — The  new  term  begins  on 
Wednesday,  Oct.  4th.  The  Faculty  of  Engineering  have  an-anged 
courses  of  study  extending  over  three  or  four  years  in  civil,  mech- 
anical and  electrical  engineering  for  the  engineering  degrees  of  the 
University  of  London  and  for  the  diploma  and  certificate  of  the 
College. 

The  four  years'  course  provides,  in  addition  to  the  academic  training. 
opportunities  for  practical  training  in  works.  Additions  t('  the  en.sinecr- 
ing  department  include  a  large  drawing  office  ar.d  lecture  rooms  for  the 
mechanical  and  civil  engineering  departments  and  a  lecture  theatre  and 
rooms  for  research,  including  wireless  telgraphy,  for  the  electrical  en- 
gineering department.  There  are  m'cU  appointed  laboratories  for  tea4.'hing 
and  research  work.  Full  information  may  be  obtamed  from  the  Dean 
or  the  Secretary-,  King's  College,  London,  W.C. 

Aberdeen  University.  —By  the  death  of  Mrs.  Wm.  Jackson  a  large 
sum  v/ill  become  available  for  the  establishment  of  a  Chair  of  Engi- 
neering at  this  university. 

Armstrong  College  (University  of  Durham)  Newcastle-on-Tyne.— 
The  next  session  commences  on  Sept.  25.  Full  particulars  relating 
to  the  departments  of  mechanical,  marine,  civil  and  electrical 
engineering,  naval  architecture,  mining,  metallurg}',  agriculture, 
pure  science,  arts  and  commerce  mav  be  obtained  from  the  secretary, 
Mr.  F.  H.  Prnen,  M.A. 

Royal  Technical  College,  Glasgow. — The  session  191 G- 17  begins 
on  Sept.  2(). 

The  di])loma  of  the  college  is  granted  in  civil,  mechanical  and  electrical 
enginceriniz,  mining,  naval  architecture,  chouiistry,  metallurgy,  &c 
There  are  also  full  courses  of  instruction  in  the  schooKs  of  navigation  and 
wireless  tclcui  ai)liy,  and  both  day  and  evening  classes  are  held.  The 
diploma  cou.ses  extend  over  three  or  four  sessions,  and  the  average  feo 
is  £12.  12s.  per  session.  The  college  is  affiliated  to  the  University  of 
Glasgow,  and  the  degrees  of  the  university  in  ensineering  and  applied 
chemistry  are  open  to  its  students.     Piospectuses  from  the  Direct  ">r. 

The  calendar  for  the  session  1910-17  has  been  issued  and  contains  full 
particulars  of  the  courses  of  instruction  fees,  elasses  (day  and  evening), 
examinations,  &{•.  The  head  of  the  electrical  engineering  department  is 
Prof.  Magnus  Maclean,  M.A.,  D.Sc,  and  the  laboratories  are  well  equipped 
for  piactical  work.  The  calendar  is  published  at  Is.  (post  free  Is.  Jd.), 
and  copies  may  be  obtained  horn  the  College. 

Northampton  Polytechnic,  London.— In  the  day  engineermg  college 
fuU-diiy  courses  ui  the  theory  and  practice  of  civil,  mechanical  and 
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electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  fij;ecia]iKation  in  auto- 
mobile and  aeronautical  engineering,  and  thoKe  in  electrical  engineer- 
ing include  radiography.  The  entrance  examination  takes  place 
on  Sept.  20th  and  27th.  Three  entrance  BcholarKhips  of  the  value 
of  £.'52  each  will  be  offered  for  comfjetition  at  the  entrance  examina- 
tion. The  courKcs  include  periods  spent  in  commercial  workshops 
and  extend  over  four  years.  They  also  prefjare  for  the  degree  of 
B.Hc.  in  Engineering  at' the  University  of  Lcjndon.  In  the  technical 
optics  department  there  are  full  and  ]>art  time  courses  in  all  branchts 
in  specially  equipped  laboratories  and  lecture  rooms.  An  Aitchison 
scholarsliip  (value  £.00)  will  be  offered  in  this  dej>artment  at  the 
entrance  examination.  Particulars  as  to  fees,  dates,  &c.,  can  be 
obtained  at  the  Institute  or  on  application  to  the  Principal,  Dr.  K. 
MuUineux  VValmsley. 

Manchester  School  of  Technology.— Full  courses,  leading  to  the 
Man<  |]<sl(r  Liiivci.Ml  \  <i(grc<-  in  iIk-  faculty  of  technology,  are  pro- 
vider! in  mechanical,  electrical  and  sanitary  enginex'ring  (including 
municijjal  engineering),  the  chemical  and  textile  industries,  mining, 
architecture,  &c.  During  the  wssion  IMlG-liMT,  first  year  courses 
will  be  sjjccially  adapted  to  the  requirements  of  students  who  may 
wish  to  take  (ommi.Hnions  in  H.AI.  Kones. 

'Ihe  pr<)Kp<-ctuH  of  the  I'nivcrxily  courwH  in  the  1910-17  session  has 
been  ixKucd  and  jrivcn  full  jwirticulnrs  of  the  iii'-triiction,  fees,  conditions  of 
admiHt^iun  to  cliijiscs,  &c.  'J'lic  school  of  tftlinoioj.'y  alTunl.^  a  (systomatic 
training  in  all  branches  of  engineerinfi,  the  chemical  and  textile  industries, 
&c.  There  are  part-time  day  courses  for  enginwrs'  and  other  appren- 
tices, and  there  arc  also  jMirt-tinic  evening  courses,  the  latter  course 
extendin;^  <iver  five  yc;irs.  There  are  well  equiiiix-d  laboratories  for 
practical  and  rc«;carch  work. 

City  and  Guilds  of  London  Instilule.— We  have  received  a  copy  of 
the  pru;.'r;iinnie  for  the  hcssK^n  l'.tl()-17,  containing  the  regulations 
for  the  registrati</n,  conduct  ami  ns|;(etion  of  <las.H*8  and  examina- 
tion of  candidates  in  fcrhnologieal  subjects,  &o.  Among  the  altera- 
tions may  I c  inentione«|  tlie  revision  of  the  syllabuses  in  electrical 
installation  work  iind  in  heating  and  ventilating  engineering  ;  the 
examination  fees  in  many  subjects  have  been  altered  and  the  lists  of 
works  of  reference  have  been  revis<'d. 

The  cMiMiinalioiiH  in  wirenien's  work  will  lie  held  in  two  grades, 
'fill'  cMiniinut ion  in  (Irade  I.  will  lie  :idii|itcd  to  the  re(Hiirenients  <if 
joiirncvinen  and  the  final  examination  to  iIm-  r<'(|iiircinents  of  those  who 
may  be  enf{iM{<'<l  a-s  foremen.  First  an<l  secon<l  <-la''S  certificates  will  be 
grant<'d  on  the  result  of  the  examinations,  f'antiidates  for  the  final 
examination  must  hohl  a  certilicate  in  (Irwie  l..or  have  pa.«se<l  an  exami- 
nation in  (Iradf  I.  of  elect ricul  en^.'ineerin^^  The  course  of  construction 
with  a  view  to  the  final  e\aminati<in  should  cover  at  least  two  years. 

The  works  of  reference  for  some  of  llie  subjc<-ts  re<|uire  revision.  In 
tin-  prr-sent  e<lition  we  notice  several  iiooks  which  liave  been  out  of  ])rint 
for  some  time,  and  in  some  subjects  a  nimiber  of  Cerman  technical  books 
an<i  |Miblii'at ions,  which  are  at  jiresent  unavailable,  art;  f;iven.  The 
jiroi^raiiiine  I?,  published  liv  Mr.  .bihn  Murrav.  Albcniarle-street,  Lond<'n, 
\V..  at  H<l.  ni-t. 

Merchant  Venturers'  Technical  College. The  calendar  for  the 
(list  (I'.tK)  17)  session  has  been  issued,  and  contains  full  jiarticulars 
of  the  courses  of  instruction,  fees,  classes,  &e. 

Theheail  of  the  elect  rieal«"n>5in«'erinjj«le|virt  ment  In  Prof.  David  Robert  - 
son. and  he  is  asHisted  by  a  fully-(|Ualilic<l  statf  of  assistants.  'J'heeours(>s 
lea<l  to  the  \i.Sf.  in  e!ijiine<'nnj{  of  the  I'mversity  of  Hristol.  and  the 
curriciduui  for  the  <lej;rce  exten<l  fiver  at  least  three  yi-ars.  or.  if  jiursuctl 
in  evening;  cIiikmcm.  over  live  yi'ars.  Copies  of  the  calendai  (tkl.,  jKist 
fref>  7<l.)  niny  1m-  olitiiiti<H|  fr'-m  tlii-  I',c;.'is»rar. 

West  Ham  Municipal  Technical  Institute.- The  topsion  lUlb  17 
will  (onimence  on  the  2<Mh  Septenilwr. 

In  the  eie4'trical  en^iueerinK  <ic|iartment  there  aie  full  day  (ui<l  evening 
eourscM  in  nle«'tricftl  enKine«TinK  in  pre|iarati*in  for  the  K.Sc  decree  of 
London  I'inversily  atid  for  the  City  tuid  (Jnilds  tcchnolo^ici.l  examination 
in  r-leiMrical  eni/ineerin^',  te|ei;ra)ihy.  tcli|ihony  ii'id  wirema!)"s  work. 
There  t\rv  also  n  shortcnid  two  year  day  •  ourw  and  part-time  day  clivsse!* 
in  electrical  ennineeruiK  arriMU{<"<l  with  the  co  <>|K.>ration  of  local  engineer- 
ing employers,  t/>  enable  Htudf<nts  to  ohiAin  a  training  in  clwtrioal 
engineering  undi-r  more  fnvouralile  conditions  than  is  j>ossib1e  in  evening 
elasse-.      Particulars  may  Iw  olitainc«l  from  the  I'rincipiil. 
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11  336  Tawtc.v.     Electrolytic  recovery  of  metals  from  their  soluMcns  and  apparatus 

therefor.  ,    ,  .  ,  .  ,,,,„,,,, 

1 1 .510  US  Light  &  Heat  CoRP.K.    Dynamo-electricmachines.     (14/8/14.) 

Corrrprise-  having  a  ring  wound  armatuie,  a  co-operating  f.eld  po!c  f  re  - 

vided -Aitk  I  :  v.'inding  and  a  pair  of  field  poles  on  opposite  sices  11-euc  i. 

the  fiu.x  ^  "rsequent  upcn  that  due  to  the  shi;nt-wcurd  po'e  ai  c  lo 

the  arr.  -/  armature  current  will  afiect  the  distributicn  cf  f  i  x 

throup'.  ■-.--,...;--- ■"  for  regulating  purposes  at  various  sftccs. 

11  512  K»ET2      ElKtnc  connections  for  electrically-heated  irons  and  like  utensils. 

'  1  514  B  T  -H   Co      (G.E.  Co.)     Manufacture  of  incandescent  electric  lamps. 

1 1,566  Soc.  Asoji.  des  Etablissemekts  L.  Bleriot.     Explosicn  engines  ccuplcd  to 

dynamo-electric  machines.     (16/9, 14.) 
11.566  Sch/jvNnisg&Harlcw.     E'ectrical  transxoimers  ^^         .      .  . 

11,790  Lajjcaskife  Dynamo  &  Motor  Co.,  Whitmore  &  Roberts.     £hort-c!rci.i..rg 

a'd  brui'-' ••  '  °  ^?ar  for  altemating-curtent  motors. 
13,901  Bjst,  &  !-  Limited.     Fittings  for  electric  incandescent  car.dls  krr.pr. 

14.214  Fc^TER.     b  measuring  instruments. 

14  819  F-JROUSSON.     internal-ccmbustion  engines  having  electrical  accessciics. 
14^995  dcnriER.    Contact  making  and  breaking  devices  of  magneto-electric  mtcl  '.:  cs 
for  ignition  ir.  internsl-ccmbusticn  engines. 

16  185  MuLLER      Electric  insulators.     (Patent  of  addition,  27,738/12.) 
16!540  Marks.    (Interstate  Electric  Novelty  Co.)     Electric  batteries. 

17  921  R'bert  Bosch  (Firm  of).    Rotary  interrupter  for  electric  ignilicn  ceviccr. 

Il8'2, 15.) 

1916  Specifications. 
5.398  Soberg  &  Andersen.     Electric  insulating  ccmpcsiticns.     (12/4/16.)     101,Ct7 
5,680  Kennihgton.     lenition  controllers  for  intemal-ccmbusticn  engines.    (18/4  If.) 

101,070. 


APPLICATIONS  FOR  PATENTS 

Note. — The  undermentioned  App'.icalions  (except  those  marked  t)  are  not  open  lo 
public  inspection  until  after  acceptance  of  Complete  Specifications.  Those  marked  '  are 
open  to  inspection  12  months  after  the  date  attached  to  them,  if  they  have  not  been  published 
previously  in  the  ordinary  course.  Names  within  parentheses  are  those  of  communicators 
of  inventions.  When  complete  Specification  accompanies  application  an  asterisk  is  affixed. 

August  7,  1916. 

11.099  McGregor.    Sparkingplugsforintemal-ccmbusticnengineE. 

11.100  PARSCNS&  Waddi.ngton.    Electricalsign ailing  apparatus  for  mines.  &c. 
11.114  Fairweather.     < Lake  Torpedo  Boat  (3o.)     Battery  cellsor  tanks. 
11.125  Ccle.     System  of  electricaldistribution.     (12,8/15,  U.S.) 

11.130  Chortik.    Method  for  producing  high-frequency  oscillations. 

August  8.  1916. 
11,169  Huntington.    Suspenders  for  electric  cables,  &c. 
11,175  MiLiF"      M'-'-^ury  interrupter  and  induction  coil. 
11,189  Arm  Vhitworth&Co.  &Cheetham.    Meansfor  applying  heat  produced 

by ;  electricity. 

11.191  I  GRAM  ic  Electric  Co.    (Cutler-Hammer  Mfe.Oi.)    Motor  con  trollert. 

August  9,  1916. 
1 1.212  Beaumont&Havix-h.    Renewalpointsparkingplugand  high-tension  connection. 
11.214  HoDGKiNSON  &  Kennedy-McGregor.    Sparking  plugs  for  internal-ccmbusticn 

eneines. 
11.229  HuTCHisc'N  &  Hutton.    Production  of  electric  incandescent  lamps. 
11.238  Best.     Miners' safety  lamps. 
11.240  Ufe!.-.     Me.in.' forconnectingelectricalconduits. 
11.242  1-        "^    '    (ean  Telegraph  (^o.  &  Morse.    (Controlling  electric  circuits  frcm  a 


11,254 
1 1 ,267 


11.286 
1 1 .326 
11,327 


11,337 

1 1 .348 
11.356 

11,360 
1 1 .361 
11.362 

11.363 

11.368 
1 1 .372 
11.381 
11.382 

11,397 

11.425 
11.428 
11.429 
11,435 


1 1 ,430 

11    ■ 
11 
11  -.". 


L.    .  .   .  .    Generation  of  electric  energy. 

Mayor.  Apparatus  for  medical  treatment  by  electricity.  (25'9/15,  Sv;it:cr- 
land.) 

August  10, 1916. 

Crosbee  &  Sons  ti  Wilks.    Sparking  plugs  for  internal-ccmbusticn  engines. 

Schr'  EI  RR.     Dynamo-electricmachines. 

British  Westu;  ,h'  use  Electric  &  Mfg.  Co.  (Westinghouse  Electric  &  Mfg. 
Cx).(  Alteinating-cunentdynamo-electricmachincEofthcccmpensatedccrr  mu- 
tator type. 

August  11,  1916. 

Williams.  Ammeter  for  measurement  cf  alternating  cunents  and  c".cctiic 
oscillations. 

Nert  4iSwitchgeaf  &  Cowans.     Starters  for  electric  motors. 

Siemens  i  Halske  Akt.-Ges.  Automatic  selecting  devices  for  telephcr.c  sys- 
tems. 

Allenspy  &  Bbsham  &  Sons.    Electric  heaters  for  water,  &c. 

Allison  &  Morris  &  Whitham.    Spooling  filament  for  m.etal-filament  lamp:. 

KiNGSLAND.  Electrical  apparatus  for  obtaining  synchrcnous  motions  at  a  cii- 
tance. 

Creville.  Apparatus  for  passing  through  the  hum  an  body  currents  derived  frcm 
town  mai"  'iTTicTlfupply. 

MArKiE.      '  ■  high  frequencies. 

Jf'HNS'  N  .ttachmentforintemal-ccmtuiticn engines. 

Lister.     L-     :;^  •.T..;rs,>. itches. 

Berry.     Electric  transformers. 

August  12,  1916. 

Warfvihob  ii  Werner.  Means  for  telephonic  ccmmunicaticn  to  and  frcm 
moving  railway  trains,  &c.     (71  ?  t  ^^  Sweden.) 

SuiLivAN.    Use  of  relays  for  ti  &c.. purposes. 

B.T.-H.Co.    (G.E.  Co.)     EK  ■  :icswitches. 

Hepburn.     Bi-polar  electrode  eltctrolysers. 

Alloemeine  ElektficitatsGes.     Electrical  machines.    (6.'8/15,CeMnar.y.) 

August  14.  1916. 
BA!!!ir      A'liijrtaby  rest  for  telephone  receiver. 
'.  power. 
:.s. 


11.503   P:  *•  "-■   *    Rk! 

1 1  .^r^ 

11 

II 

II 

II 


ll..%4 
11.569 
11.604 


Turner. 

K  n  r  ,.'  i 


11.617 

1 1 .623  Cam:  eell  fli.  i.e.  Elict 


August  15.  1916. 
M.  I.;-   t.T..-.    J,  u,  ,.-,,,.  Cables  (Ltd.)    Electric  cable  ccn- 

xe.^.  &c. 
■  i.-.cs.&c.l'vpyclTicnlmeaPr. 
iLtu.).    Selenium  cell. 

11. 

•  Iling  or  telegraphinE. 

'   IS. 

1(\  1916. 
tic  furnace, 
ics.  &c. 
IC  Telephcne  Co.    Autcmatic  and  jenii- 

KiNo  Signal  Co.  &  Tarrant.    Electrically-operated  indicttcr 


J  oth«riinc-btarineinat«ri«U. 


i; 

11.656 


:  vE  Frakcaisb.    Electric  furnaces. 

nkjcroilccntaincir.ic, 

-nic  ccmmunicaticn  to  and  frcm 

U.S.) 
;  paratus. 
V.    (16,3/15,  Geimany.) 
>steirw  c 
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COMMERCIAL    TOPICS. 


Controlled 
Establishments. 


Tlie  Minister  of  Munitions  has  announced  th<at 
ho  had  made  a  further  order  under  the  Munitionf. 
of  War  Acts,  1915  and  lOKi,  under  which  Kil 
additional  establishments  have  been  declared  controlled  establish- 
ments.    The  total  number  of  controlled  establishments  is  now  4,212. 

•t*  '1*  'P  •1' 


Machine  Tools 
as  War 
MateriaL 


in  pursuanco  of  the  powers  conferred  upon  liim 
by  Regulation  30  (A)  of  the  Defence  of  the 
Realm  (Consolidation)  Regulations,  1914,  the 
Minister  of  Munitions  has  ordered  that  the 
war  material  to  which  the  regulation  applies  shall  include  war 
material  of  the  following  classes  and  description,  namely  : — 

All  machine  tools  and  machinery  driven  by  power  and  suitable  for  u.so 
in  cutting,  stamping  or  working  metal,  including  :  Lathes,  milling  and 
drilling  machines,  })iancrs,  shapers,  screw,  chucking,  boring,  slotting  and 
grinding  machines,  boring  and  turning  mills,  power  presses,  punching 
and  shearing  machines,  forging,  cutting-off,  gear-cutting  and  centring 
machines. 

The  Minister  of  Munitions  also  gives  notice  (1)  that  he  permits  all 
persons,  until  further  notice,  to  purchase  or  enter  into  negotiations  for 
the  purchase  of  the  war  material  referred  to  in  the  above  Order,  provided 
that  such  purchase  or  negotiations  are  from  or  with  persons  holding  a 
special  permit  from  the  Minister  to  sell  such  war  material  and  not  other- 
wise ;  (2)  that  he  permits  the  insurance  of  any  such  war  material.  Appli- 
cations for  a  special  permit  in  connection  v/ith  the  Order  should  bo  ad- 
dressed to  the  Director  of  Machine  Tools,  Armament-buildings,  White- 
hall-place, London,  S.W. 


By  the  National  Insurance  (Part  IL)  (Munition 
Workers)   Act,    191{),   which   comes   into   force 


Unemployment 

this  week,  the  compulsory  scheme  of  unemploy- 
ment insurance  is  extended  to  certain  scheduled  trades  and  to  all 
workpeople  engaged  in  munitions  work. 

Under  power  conferred  by  the  Act  x.ho  Board  of  Trade  have  now,  by 
order,  excluded  various  classes  of  munitions  work  from  insurance, 
including  work  on  buildings,  docks  or  harbours,  the  supply  of  light,  heat, 
water  or  power,  or  tramway  facilities,  when  these  arc  certified  as  neces- 
sary in  the  national  interest. 

If  any  class  of  work  is  insuVable  otherwise  than  as  munitions  work, 
the  order  does  not  have  the  effect  of  excluding  it  from  insurance. 


In  a  recent  report  by  U.S.A.  Consul -General 
in  Spain  (Mr.  C.  B.  Hurst)  it  is  slated  that 
demestic  electric  manufacturing  companies 
'nereased  their  output  in  191.5,  and  a  profitable 
business  was  being  done  by  firms  at  Sabadell  and  Cornelia,  near 
Barcelona,  where  transformers,  generators  and  motors  up  to  200  h.p. 
and  electrotechnical  apparatus  of  a  superior  grade  are  manufactured. 


Electrical 
Manufactures 
in  Spain. 


In  Baicelcna  firms  employing  large  numbers  of  wot',  in 

the  maiviifacture  of  electric  cables  and  electric  Iamp.s.     <  re 

also  extensively  manufactured  there  and  much  electric  i.  ;  .  :  A 
the  SI  allcr  kinds.  Domestic  j)roduction  is  not  yet  able  to  doininalc 
the  market,  however,  and  Spain  is  still  dependent  on  foreign  su|.jjlies. 
There  are  992  public  electric  supj^ly  jjlants  in  fbf  ^oin  frv  978 
private  j^Iants  and  12.5  electric  |X)wer  works. 

4:  ^  ^  ^ 


British  Trade  in 
South  America. 


The   Trade   ana   Indu>try   Committee   of   the 
Royal  Colonial  Institute  have  received  a  state- 
ment as  to  the  possible  extension  of  British 
trade  in  Latin  America,  from  which  we  extract  the  following  : 

British  trade  has  lost  ground  in  Latin  American  countries,  or  i'»  ptii 
it  in  another  way,  British  people  have  not  had  as  much  trade  as  they 
ought   to  have   had,  for  one  main  leason,  viz.,  there  are  too  rely 

Biitish    importing   houses   in    Latin    American    (;ountrics.  ual 

America  and  in  Mexico  and  South  American  countries  also,  the  stores 
are  largely  in  the  hands  of  Germans.  These  firms,  jiur.Mii-  ■/  -i  "^^.tional 
idea,  such  an  idea  being  practically  unkn()wn  to  Biiti.Oi  a'tways 

})rcfer  to  im])ort  from  Ocrmany,  and  they  have  a  dffinitr  p  'iiLV  of  pro- 
moting (Jerman  trade.  This  is  a  iauflable  olijeet  or.  their  i)art,  and 
British  people  should  take  the  lesson  to  heart,  have  a  definite  policy  also 
and  try  to  "go  them  one  better."  Most  of  tlic  Ocrinan  fii-ms  are  of 
mushroom  growth,  young  men  have  (.omc  out  fov  a  small  salary  of  about 
Mks.20(),  or  even  less  per  month.  They  were  serious,  hard-working  young 
fellows,  of  great  ada])tal)ility,  got  very  few  plea-ures,  but  V>y  di:!t  of  r-lose 
attention  to  business  they  were  soon  able  to  make  iliemselvc-  \ ;'  li.ible 
to  their  employers  and  were  admitted  as  ])aitner.;.  They  are  a  rc:iai)le 
class  of  people,  and  all  credit  is  due  to  them.  The  head  of  the  fii'ms  go 
home,  often  opens  a  house  in  Hamburg,  makes  an  occasional  trio  abroad, 
and  so  the  process  of  development  goes  on.  The  same  thing  cppMes  to 
the  agricultural  part  of  Latin  America,  where  large  numbtns  of  coSee  and 
sugar  estates  are  owned  by  the  Germans.  To  increase  British  trade, 
initiative  of  this  character  is  needed.  It  will  do  little  good  to  send  out 
travellers,  catalogues,  samples,  a])])oint  agents  and  spen<l  large  sum.s  on 
propaganda  in  countries  where  such  a  condition  of  affairs  as  indicated 
prevails.  It  was  impossible  to  make  headway  before  the  v. ar.  ?nd  it  will 
be  more  diihcult  after  the  war. 

It  would  be  worth  while  for  some  of  the  Man(  hester.  Birmir-gham  and 
London  cx})orting  firms  or  associations  which  might  'oe  formed  to  cpen 
u])  branches  in  the  principal  towns  of  Latin  America.  It  is  also  sug- 
gested that  the  Board  of  Trade,  Chambers  of  Commerce  and  public- 
spirited  men  should  take  the  matter  u]),  so  that  by  propaganda  the  young 
fellows  at  home  should  become  intt rested,  and  whilst  they  would  do. a 
S])lendid  stroke  fpr  themselves  like  the  you:.g  Germr.ns  do.  tliey  would 
also  do  something  for  their  country.  The  opportunity  exists,  and  a 
ferfible  fellow  alwavs  succeeds. 


Trade  After 
the  War. 


The  British  Empire  Producers"  Organisation  has 
issued  an  "  Appeal  to  British  Workers,'  pointing 
out  the  need  for  a  policy  to  ;  jcure  and  develop 
the  industry  and  2>i'oduction  of  the  Empire. 

After  referring  to  the  conditions  brought  about  by  the  v>ar,  the  mani- 
festo points  out  that  Germany  is  making  gigantic  preparations  for  a 
commercial  war.  To  meet  this  menace  the  organisation  has  been 
formed,  "  to  jjiomote  a  national  policy  for  a  national  peril,  a  defensive 
policy  for  the  whole  of  the  Empire,  which  will  unite  the  British  Dominions 
v.'ith  the  United  Kingdom  for  mutual  defenc'^  and  mutual  support."  The 
organisation  advocates  :  That  the  Empire  shall  produce  and  manufac- 
ture all  its  own  requirements,  that  British  capitad  slmil  be  attracted  to 
British  industries  ;  that  British  merchandise  shall  be  carried  in  British 
ships  ;  that  British  working  men  shall  be  employed  in  preference  to 
foreign  working  men,  and  be  secured  against  conii.etition  by  sweated 
alien  labour.  Eor  the  success  of  this  policy  it  is  pointed  out  that  it  is 
essential  that  the  two  great  factors  in  all  industry,  labo-c.r  and  c-ipital, 
.shall  unite  in  theii  common  interests  for  the  dcveloi-nient  of  t!  e  Erapire 
and  for  the  general  good  of  the  State.  The  association  thinks  \  -.tt  '  as  a 
principle  of  policy  labour  is  entitled  to  its  full  share  of  any  benefit  v.hich 
may  be  obtained  through  preference  being  given  to  anyinclust;y,  and  is 
prepared  to  give  its  support  to  legislation  which  has  for  its  oojecis  the 
mutual  interests  and  harmonious  working  between  capital  ar.d  labour 
with  a  view  to  the  development  and  gcnieral  good  of  the  State."  The 
Organisation,  therefore,  appeals  to  the  great  labour  organisations  "to 
follow  the  lead  of  their  overseas  conu-adcs  in  tho  self-governing  Domin- 
ions, and  to  unite  in  demanding  a  national  policy  for  the  security  of 
industry  and  for  the  future  prosperity  of  the  race." 
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IMPORTS    AND    EXPORTS  OF  ELECTRICAL 
MANUFACTURES. 

From  Aug.  20,  1910,  to  .Sept.  1.  1916. 
IMPORTS. 

FoLKESTOKE — France;  Elec.  carbons.  15  pkgE.;  unenumerated.  13 cases. 

LivBP.foOL.— U.S.A.:  13pkf:  erated.    Spain.-  Elec.  carbons,  156ca£es 

Lr^UDOi!.— U.S.A..-   Carbon-.  ',0C;    flew  lann.ps.  £3C0  ;    telegraph  metc-rial, 

£334;    unenumeraled,  £52,600     .  .-^  ......  .     .Holland.-    Elec.  lamps.  1,129  pkgs. ;   e!ec. 

Plow  lampc,  £11,371  ;  unenumerated,  £1,966.  Jafan:  Elec.  glow  lamps,  £76:  unenu- 
merated,  £1,511  218  cases.  France:  Carbon  f;andiec,  £100;  unenumerated.  £98. 
Switzerland:  Unenumerated,  £1,200.  Denmark:  Unenumerated,  £30.  Sweden:  Up- 
enumerated,  £332. 

SrjtnHhtArroH.- France :  Elec. meters, 20  pkps. ;  elec.  cable,  15 pkgs. ;  unenumerated 
88  pkgs. 

EXPORTS. 

To  Australasia.— /4ttc/t/fl»:£/.-  Un'/numeratcd,  £263.  Melbourne:  Wire  and  cable. 
£1,271;  elec.  machinery,  £352;  unenumerated.  £1.265.  Sydmy:  Wire  and  cable,  £355  ; 
elec.  machinery.  £379;  unenumerated.  £2.651.  V/ellint'ton :  Elec.  machinery,  £523 ; 
v/ire  and  cable.  £41  :  elec.  pIow  lamps.  16.800  n.o. ;  unenumerated.  £1,077.  Lyttclton : 
Unenumerated, £641.  Dunedin:  Elec. machinery.  £38  ;  unenumerated. £192.  Adelaide: 
Unenumerated,  £854.  Chnit:hurch:  V^ ■■  "  — -'od.  £500.  Perth:  Unenumerated, 
£139.     Hobart:     Unenumerated,   £208.  Unenumerated,   £20.     Brisbane: 

Unenumerated,  £504.     Napier:  Unenum'  •  .    New  Plymouth.:  Elec.  machinery, 

£67. 

Africa.  -  Durban :  Elec.  ms':hin»>ry,  £370;  glow  lamps,  12.050  n.o. :  unenumerated. 
£779.    Cope  Town:  Wire  £603;   unenumerated.  £565.     Port  Elizabeth :  VJhe 

cable,  £2,289 ;   unenumer.  Fast  London  :   Unenumerated.  £107.     Mauritius: 

Unenumerated,  £468.    Chn.-..' .    ui, -numerated.  £142.     Zanzibar:   Unenumerated.  £84. 

Er,YPT.  PorlSaid:  Elec. machinery, £40  ;  unenumerated, £75.  PoriSudan:  Unenu- 
merated, £580. 

iNfJiA,  Cevlon,  Indo-China  and  Straits  Settlements.  -  flowZ/oy.-  Wire  and  cable, 
£458:  unenumerated,  £1.593.  Sinr.apore :  Elec.  machinery.  £74  :  unenumerated,  £34. 
Cakulta:  Wire  and  cable.  £12;  elec.  machinery.  £80;  elec.  glcv/  lamps,  1,800  n.o.; 
unenumerated  £2  268  Madras :  Unenumerated, £931.  Colombo:  Unenumerated.  £709. 
Bankoh :  ','■  ■    -.    ■       •.'         •       Elec.  machinery,  £27. 

China.  ^''14. 

CAiiA./A.  ,'....,,.  i  .,,.,,,,,,.,  ,,.il,  £95;  unenumerated.  £240.  Cuctec :  EIcc. 
ilow  lamp:,.  10,.500  n.o. 

U.S.A.     New  York:  Elec.  machinery,  £200  ;  unenumerated,  £120. 

South  AND  Central  America.  Buenos  Ayres:  TeJepraph  material,  £162  ;  wire  and 
cable,  £5,041  ;  iinenumer.Tted,  £4,543.  Montr  Video:  Elec.  machinery,  £126 ;  unenu- 
mer.iled.    £27.  Unenumerated,    £1,124.     Santos:     Unenumeraled.    £267. 

f'l-rnamhuro:  U  ■»d,f51.     Peramaribo:  Uneunmerated.  £43.     Riodc  Janeiro: 

'}.'  '        '     :."•  .  ■I't.  lamps,  1,850  n.o. ;  unenumerated,  £409.    Ptlotas:  Unenu- 

j hanu:  ■  Unenumerated ,  £895.    Tokio:  Unenumerated,  £1,404. 

WhsT    I  :ra:    Unenumerated.   £68.     Trinidad:    Unenumerated,   £42. 

Barbddv. :  £38.     5,'   K;;;rfn/.-  Unenumerated,  £40. 

HoLLANL/.  - /4»ii/t'<yu«(.-  W  le,  £1.610;  unenumerated,  £176.    Rotterdam: 

Wire  and  cable,  £100  ;  unenurr  ■• '. 

Russia.  -  Petrograd  :  V- 

Fkancp..  '  Dieppe:    E!'  unenumerated,  £652.    Paris:    Unenu- 

merated,£236.    Bordeaux.    .■.,..,.      ,,■.  r.-;77.    Ca/a/s.-  Unenumerated.  £105. 

Denmark. — Copenhagen  :  Unenumerated,  £95. 

FOREIGN  GOODS  (duty  paid  and  free). 

<;■,./, •.v-  Unenun,' . ..'.  :.  d..'..  C'.jmbo:  Unenumerated.  £49.  Dieppe:  E'ec. 
I  £215.     Durban:     Unenumerated,   £154.     Cape   Town:     Elec.   wire.   £94; 

■''-!  £91.     /'o/'/£//mMA.'  Unenumerated, £11 9.     .Wour/Y/tti.-  Unentrrerated, 
£29.  Unenumerated,    £32.    Brisbane:     Unenumerated,    £50.    Bordeaux: 

Uner  £11.     Cnr'rha?'n :   UneTnimer.Tt^rl.  f4      Cypnir :   Unenumerated.  £20. 

Adelaide.    tl'-C.  me'.'  '  '  .-,       -  '-res:   Unenumerated. 

£92.     Dunrdin:     U  ed,    £25.     Lytteltcn : 

Unenumerated,    £16,     ,.,/..,„,!  ■.■ ./.      ^ji-    >  n  ■    .i-i..    i..;u.     im-.uHo:     Unenumerated, 
£518.    Wellinfton:   Unenumerated,  £253. 

IN   TRANSIT. 

Durban  :  Elec.  vire.  £950. 

Norr..  Thf>  Inrpr  niimbr-r  of  items  in  Un-sn  nfTiriftl returns  undor  the 
miHlcddin^;  luiKlint;  "  unfrminrTftt*  ti  "  relate  to  what  ia  described  as 
"  olectrical  goods  "  and  "  electrical  materials." 


'  A  meeting  to  receive  an  account  of  the  winding  up  of  the  ilond 
Xickel  Caj.  (Ltd.)  will  Jx'  held  at  39,  Victoria-street,  Lontlon,  S.W., 
on  Oct.  11. 

A  meeting  to  receive  an  account  of  the  winding  up  of  High-Tension 
Insulators  (Ltd.)  will  be  held  on  Oct.  3  at  ':]2,  Sackville-street, 
Piccadilly,  Lcjiidon,  W. 


BUSINESS  NOTICES. 


ELECTRICITY  SUPPLY. 


MoHHrM.  ('.  A.  Vaiidcrvcll  &  Co.  (Ltd.)  iiavp  now  conipleled  all 
arraiinemciils  at  Ih-ir  MandiCKter  (1c|mi1.  12.  Victoria. laijldin^.x. 
St.  .Ma  ry'.H  ( laic.  fni-  till-  4a  n\  \i\\;  <iiil  nl  repair-.:  i,,  ..ctuiiuiiutor.''  uf  all 
(UvsiTiptioM' 

'\'\\v  piirlii(i>i|ii(i  liclwccn  ('liarleH  hales,  (  harles  Dales  the  younjier 
and  TliDH.  Il\.  Dales  (trading  iw  ('.  Dales  &  Sons),  elect riciajts.  Ac. 
1 1.1,  Poole-road.  l^innienKiiith,  has  lii«en  dis.'^olved.  Dcijts  l»\  Cha.s. 
and  T.  M.  Dales,  who  rimtiiiiH'  the  business  tinder  the  .name  style  as 
heretofdre. 

K<d!ert  Walker  and  Thus.  Hy.  L'lrge  ((rn«linK  as  f'alednn  Kleefrieal 
Co.  and  as  I'lwi-ni.v  Klectrical  Co.  )havedi.>'snlved  |>arlnersliip.  Messr;-. 
Thoni.Mon.  .lackson.  (i<inila\  &  Taylor.  24.  (Jeorgc  stn-ct.  (Ilaspiw, 
will  n'crivr  or  pay  di-bls  due  to  or  owinjz  '»>  the  lirni.  .Mr.  WilkiT 
will  trade  in  his  own  name  at  2.  Oswahl-slnH-t.  Clasgow.  and  .M 
Large  will  trade  a><  tin  I'hu-nix  Klrctrieal  Co..  at  l(».  Itroomielaw . 
(Jltsgow , 

\ii   ilcetrieal  and  general  engineering  works  advertise  that  they 
•  iin  imdi'rt:iU  •  additioti.it  niiinitioti  and  other  contract  work. 

Plant  for  Sale.  .Me.'^sr.s.  .M.irsh.'dl.i.  (•ainsltorough.  have  a  2.',  H.P. 
Wilson  Hartn''ll  electric  motor  and  an  K.C.C.  rom|M)nn«l\vound 
d\iiamo  for  sale. 

LIQUIDATIONS.  &c. 

The  lOicctrical  Oil  Kcliniiig  Co.  (  LiiJ  )  in  bouig  Wound  Up  vohui- 
tarily.  and  Mr.  .1.  K.  Fnist  ha*i  been  ap|H.int(Hl  liipiidntor.  .\ 
nieetingof  creditors  will  take  pla«n' at  29.  tiix-at  St.  HclenN  l^.inlon. 
K,C..  today  (S«<pt.  8). 


niiiMiiiiiiiiiiiiiMiiiiiiiill 
EXTENSIONS. 

Leeds, — The  !>.(;.  lioird  havf  .sanctioned  the  b jrrowing  of  £3.5,000 
foi'  ''le(  tricitvsupjjly.  t20,00<)  isforjmainsand  .£15.(X>Ofor.'5ub-.'<tations 

Salford. — The  Council  has  been  recommended  to  .seal  agreemenls 
for  the  supply  of  energy  at  contract  rates  to  the  jiremises  of  the 
Salford  Klectrical  iii^lniments  (Ltd.),  Z:iina  (Ltd.),  and  Erskine. 
Hoaj)  &  Co. 

Sheffield. — Exten.sions  of  the  electric  .su])])ly  mains  are  to  be 
caiiifd  out  at  an  estimated  cost  of  over  £1,(JOO. 

Walthamstow. — The  L.G.  Board  have  sanctioned  a  loan  of 
£9,()H>  for  the  extensio'n  of  the  plant  at  the  electricity  works. 

GENERAL. 

Ballybay  (Ireland). — .\  l<i<iil  dcctrii  supply  comjiany  i.*  being 
fonued  in  order  to  take  over  the  electricity  works,  which  are  being 
erec  fed  by  Mr.  I.esli';'.  a  resident  in  the  district. 

Chiswick.  -Hamnier.smith  Borough  Council  Mill  give  a  snp])ly  of 
ele<tri',Hl  en;-rgy  to  the  Chiswick  Electricity  Sujjply  Corjin.  to  enable 
the  <-or|M)ration  to  give  an  additional  supply  to  a  I  '.rgc  factory  in  their 
area  of  supply.  'Jlic  --sj  iinilcd  cost  of  the  ciibl.  -.  (]iii-i>--,  and  trans- 
formers is  £.3,.50(). 

Dublin. — A  recoiuiiicndatiun  of  the  Electricity  .'^-apply  Committee 
to  grant  an  increai^e  of  wages  to  the  shift  engind^rs  ;ind  .switchlx)ard 
attendants  at  Fleet-street  and  J'igeon  House  stations  has  been  jjost- 
jKined  till  the  beginning  of  the  next  financial  year. 

Dundalk. — The  Urban  Council  have  asked  the  surveyor  and  elec- 
trical engineer  to  re|X)rt  on  a  jaopo-sjil  to  adojit  electric  heating  at 
the  toM  II  hall  and  concert  hall. 

Lanchester.  The  Joint  Hoi-])ital  Board  propi  .-t-  lo  in.«tal  ek»ctric 
washer.-  in  the  laundries  at  Tanrield  Hosj)ilal.  and  at  Maiden  L,;iw 
Sanatorium,  similar  to  the  one  in  use  at  the  Langley  Park  Hospital. 

Plymouth.^ During  the  cpiarter  ended  .Tune  the  Electricitx  and 
Str-el  Lighting  Coiiimillee  .sold  1,3()9.38()  units  of  current,  jiroducing 
estimated  receipts  of  £11,674,  eomjMii-ed  with  1.291,320  imits  and 
£11. .37(1  received  in  the  corres|H>ncling  ])eriod  of  last  year.  The 
J'rince  Kock  works  has  2,091  consumers  and  N'W|.ort -street  1.02(i. 
compannl  with  I,l>44  and  934  res{jectively. 

Ripen. — The  City  Council  has  ap]x)inted  .Mr.  (  eo.  Wilkinson,  at  a 
fee  of  2.")  guineas,  to  pi-epare  ])lans  and  ]>,ut!i ;  '.ms  for  nbt.iinim.'  .i 
jirovisional  electric  lighting  order. 

Worcester.— The  Electricity  Committee  reixiiis  ihal  it  has  Ix-en 
found  ncic.^.xary  to  accinle  to  recpiosts  fnmi  the  s;.ifT  for  extra  pay  for 
overtime  and  for  ir creases  of  salaries  and  wtiges.  The  increases 
will  vary  from  \s.  to  .'i.s.  per  week.  ;ind  .trc  exclusive  of  the  war 
I'omis  of  2*;. 'id.    The  cfTcct  will  he  to  add  fNK  ;i  ■>  ear  to  th'^  w:njes  f>ill. 


mi 


TRACTION   NOTESc 


Bristol  Tramways.  The  lioard  ot  Trade  ha-.e  extended  for  one 
year  from  (t<  t.  31.  I91(i,  the  (K-riod  during  which  Bristol  Corpiration 
are  entitled  to  cxcnise  their  option  to  iiurclia,se  the  Bristol  tramway 
iiiid'-i'taUing. 

Burnley.  I  he  tramways  maujiger  (Mr.  Mozloy)  has  submitted  a 
:  the  capital  expended  and  th.<*  sums  he  ctin- 
;. I  set  aside  annually  for  depreciation  : 

Hm  rails.  « apitnl  ex|H'ndcd  is  £8(».79({ :  annual  depn-ciation.  £2.787: 
l-iviiiK.  £«3.770  ami  CS4.') ;  overhead  c<|nipni<-!it.  Cl.'»..'>49  .T'd  £3^1: 
di'|ii>l  biiildim.'v.  fjiilK,  ,Vr  .  l'44.0(il  iind  il.S.'t  ;  .'«i>i  r.nl  nfliics.  \.;?.(H!tt  ard 
tl  '•  rid  ti?2  :    waitii.  i'>7.ind£7: 

niM  '       t<iwrr  wHgon.    •  house   i"> 

«J"<M«n  .»«n«itl.  IIk.  :   rolling  stwk.  £.'i4.<>47  and  l"l.39M  ;    total 

ainoiit>;      .       -l'-':    1«<tal  annual  depreciation.  £5.<'i72. 

Dublin  and  Blessington  Steam  Tramway.— Th-  undertaking  of  the 
Dublin  &  I  iin  Steam  Tramway  Co.  is  to  i.e  taken  o\-er  by  the 

Dublin  aim  \.  ..  .nIow  County  Council.  The  line  will  prolwbly  '•  ■ 
eonverted  to  eleetrie  traction  after  the  war. 

GlaSfOW. — The  Tramwaj-B  Committee  recorimend  that  for  the 
duration  of  the  war  the  working  h<nirs  of  the  following  employes, 
which  an*  at  piv.H'iit  ."il  j>er  wivk.  lie  as  under:— 

Dnvero  and  conductors,  controllernien  and  truckmen.  «»wyers  and 
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wood  cutters,  54  hours  each  ;  pormanent-way  labourers,  mains  an<l  cables 
(labourers),  and  red-leaders,  f)!!  hours;  and  car  works  (labourers)  an<l 
handymen),  54  hours  per  week.  Time  and  a  half  will  bo  paid  for  the 
extra  hours  vvorkcid,  and  male  employes  efE(H;tcd  by  the  alterations  will 
receive  a  bonus  of  2s.  ])cr  week  and  female  emjiloyes  Is.  per  week. 

A  dei)utation  recently  waittnl  uj)on  the  Tramways  Committee  to  urge 
the  necessity  of  giving  a  limited  all-night  service  of  traraears. 

Liverpool. — The  tramways  general  manager  (Mr.  C.  W.  Mallins) 
reports  that  the  recei[)ts  from  .July  I  to  Aug.  26  were  £107,320,  an 
increase  of  £8,10!)  compared  with  tlio  corresponding  period  f)f  1015. 

The  i)asscngcrs  carried  numbered  22,()97,82(),  an  increase  of  1,415,:515  ; 
the  car-iniicage  (1,715,251)  decreased  by  0,338.  Since  .Jan.  1  the  aggre- 
gate receipts  were  £478,451,  an  increase  of  £23,013  ;  102,321,380  pas- 
sengers  were  carried,  an  increase  of  3,898,851,  aiid  car-mileage  8,322,190, 
a  decrease  of  .58, .53 1. 

Salford. — The  Tramwajs  Committee  propose  to  grant  .a  further 
bonus,  ranging  from  Is.  to  4s.  a  week,  to  the  men  in  their  eni])loy- 
ment,  which  will  represent  £2,774  per  annum  in  wages. 


II 
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TELEGRAPH  AND  TELEPHONE  NOTES. 
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New  Zealand  Telegraphs  and  Telephones. — The  report  on  the 
working  of  the  N.Z.  (Jovernment  Post  and  Telegraph  Department 
for  the  year  ended  March  31,  1916,  states  that  the  telegraph  and 
telephone  revenue  was  £837,174  (increase  27  ])er  cent.),  or  with 
Government  telegrams,  £846,250,  and  expenditure  on  thos-e  services 
was  £658,572  (increase  7|  ]jer  cent.) 

Twenty-seven  new  offices  were;  opened,  making  a  tot.al  of  2,413  (334 
Morse  telegraph  oiHces  and  2,070  te]c])lioiie  offices).  The  number  of 
ordinary  telegi-ams  forwarded  by  the  Pacific  Ocean  cable  route  was 
114,151  (compared  with  100,018  in  previous  year)  or  67  per  cent,  of  the 
total  tratKc.  .against  74  per  cent,  in  previous  year,  the  Eastern  Co.'s  pro- 
ijortion  of  the  total  being  33  per  cent.,  comuarcd  with  26  per  cent.  New 
Zealand's  ])roportion  of  the  deficit  of  £7,915  on  the  i3th  year's  working 
of  the  Pacific  Cable  was  £879. 

Telephone  subscribers  increased  by  3, .542  and  connections  by  4,715. 
The  total  number  of  exchanges  is  259  and  of  connections  58,976.  There 
are  3,437  miles  of  telephone  line  and  128,525  miles  of  wire.  Toll  circuits 
are  available  between  Wellington  and  Napier  and  Napier  and  (lisborne. 
The  o])eniiig  of  automatic  exchanges  has  been  seriously  delayed  on 
account  of  materials  not  coming  to  hand  owing  to  the  war.  The  buildings 
for  automatic  exchanges  have  been  completed  at  Blenheim,  Hamilton, 
Ponsonby,  Mount  Eden  and  Remuera,  and  in  all  these  places  some  of  the 
apparatus  is  to  hand,  as  well  as  for  the  exchange  of  Oamaru.  Plans  have 
been  ap])roved  for  a  building  in  Wellesley-street,  Auckland,  which  will 
provide  accommodation  for  automatic  equipment.  At  Dunedin,  where 
the  switchboard  accommodation  is  practically  exhausted.  Western  Elec- 
tric automatic  equipment  is  to  be  installed  throughout  the  area.  The 
Strowger  automatic  apparatus  at  Wellington  and  Auckland  works 
satisfactorily.  The  whole  1,000  lines  at  Wellington  are  in  operation,  and 
at  Auckland  there  are  747  in  use. 

The  two  high-power  radiotelegraph  stations  at  Awanui  and  Awarua 
and  the  low-power  stations  at  Wellington  and  Chatham  Islands  have 
continued  to  work  satisfactorily.  The  low-power  station  at  Auckland 
was  closed  on  May  8,  1915,  but  not  dismantled.  Ships  continue  to 
exercise  care  not  to  disclose  their  whereabouts,  and,  owing  to  the  re- 
striction placed  since  the  outbreak  of  war  upon  business  of  an  unim- 
portant nature,  a  considerable  decline  in  the  volume  of  wireless  traffic 
has  resulted.  Twenty-four  ship-stations  are  registered  in  New  Zealand. 
Observations  are  being  made  at  Chatham  Islands  and  Awarua  of  atmo- 
spheric electrical  disturbances  which  prevail  in  greater  or  less  degree  at 
all  times.  These  are  despatched  to  the  British  Association  for  the 
Advancement  of  Science.  Wireless  communication  on  long  waves 
between  Awanui  and  Apia,  Samoa,  1,550  knots,  established  shortly  after 
the  seizuie  of  the  Samoan  group  by  the  New  Zealand  Expeditionary 
Force  on  behalf  of  the  Imperial  Government  on  the  outbreak  of  war, 
continues  to  be  satisfactorily  maintained.  Recently  the  wireless  station 
at  Awarua  served  a  useful  pur])ose  that  is  unusual  in  these  waters.  The 
"  Aurora''  was  returning  damaged  and  recjuired  correct  time  to  check 
the  chronometers.  At  11  a.m.,  noon  and  1  p.m.  the  observatory  clock 
at  Wellington  was  connected  direct  to  a  land-line  circuit  to  the  Awarua 
wireless  station.  The  length  of  this  circuit  was  approximately  650  miles. 
The  ship  was  on  the  lookout  for  a  wireless  signal,  which  was  des])atched 
by  preconcei'tcd  arrangement  practically  simultaneously  with  its  receipt 
over  the  land  circuit.     The  result  was  found  to  be  hiulily  satisfactory. 

During  the  ye.ar  the  department  was  asked  to  supply  for  the  N.Z. 
Expeditionary  Force  a  wireless  telegraphy  troop  of  62  with  officers,  and 
the  call  was  ])romptly  met.  The  department  has  also  provided  a  large 
number  of  expei't  telegraphists,  mechanicians  and  linesmen  for  duty  with 
the  Force. 

Women  Wireless  Operators. — At  the  beginning  of  the  year  Mar- 
coni's Wireless  Telegraph  Co.  detemiineci  to  test  the  suitability 
or  otherwise  of  women  as  wireless  operators,  and  established  a  school 
at  one  of  their  stations,  where  instruction  of  a  practical  and  theo- 
retical nature  has  since  been  given  to  women. 

The  school  has  (it  is  reported)  been  well  .attended,  but  applications  for 
admission  were  latterly  refused,  asft  decision  h.ad  been  arrived  at  to  close 
the  establishment  for  the  present  at  the  end  of  this  month.     So  far  as  it 


has  gone  the  e.xperimenfc  is  regarded  as  encour.iging,  and  some  of  the 
})uj)ils  have  been  already  drafted  to  stations,  where  they  are  taking  night 
duty  in  turn  v/ith  men.  Sending  by  female  ofXT.itors  has,  however,  a 
tendency  to  be  too  light.  This  defect  varies  in  individual  cages,  and  with 
some  of  the  v/omen  learners  it  is  thought  that  they  will  J)Ccorae  efficient 
winsless  operators  with  practice. 


EMPIRE  NOTES. 


Australasia. — The  ratepayers  of  Palmerstoii  North  (X.Z.)  have 
a<^'-eed  to  a  proposal  by  the  liorough  Council  to  seek  authority  to 
borrow  £86,000,  of  which  £66/X;0  is  to  he  devoted  to  an  electric 
tramway  and  £20,fK)0  to  e]e<;tricity  sup|)ly  work.s.  The  under- 
takings, however,  will  not  be  commenced  until  after  the  war. 

The  "  Australian  Mining  Standard  "  s.ays  the  directors  of  the  Melbourne 
Electric  Sup])ly  Co.,  which  owns  the  Geelong  electric  tramways  and  the 


mil  electric  supply  works  of  the  city,  has  declined  to  enter  into  nei^otiations 
=  for  the  sale  of  its  business  there  and  in  neighbouring  municipalities  to  the 
local  authorities  concerned. 

The  Premier  of  Tasmania  (Mr.  W.  H.  Lee),  in  outlining  the  agi-eemcnt 
between  the  Tasmanian  Government  and  the  Amalgamated  Zinc  (De 
Baviiy's),  Ltd..  with  respect  to  the  .supply  of  electric  ])ower  to  the  com- 
pany's proposed  new  works,  says  the  company  is  given  a  lea-e  of  50  acres 
at  liisdon  for  smelting  works,  with  the  right  of  obtaining  a  lease  of  .^ 
further  100  acres  if  ref(uired.  Th(!  rent  for  the  first  two  years  is  nominal. 
.and  after  that  5  per  cent,  of  the  unimproved  capital  value.  The  Minister 
agrees  to  supply  the  company  with  4.000  H.r.  from  -Fan.  1,  1918,  the 
company  to  pay  £14,000  in  advance.  A  further  26.000  H.r.  is  to  be  sup- 
])lie(l  in" two  years  from  date  of  demand.  The  i)rice  for  the  30,Cn0  h.p. 
will  be  £00,000  a  year.  A  third  block  of  20,000  u.P.  may  be  demanded 
at  the  same  rate,  but  need  not  be  supplied  unless  available  from  the  Great 
Lake  scheme. 
Str,athalbyn    (S.    Australia)    Council  has   decided    to   adopt   electric 

lighting. 

Mittagong  (N.S.W.)  Council  has  adopted  an  electricity  supply  scheme 
estimated  to  cost  £3,.5C0. 

The  Tasm.anian  Minister  of  Public  Works  recently  stated  that  the  con- 
struction of  the  Huon  Railway  could  not  be  proceeded  with  imme- 
diately owing  to  the  shortage  of  men.  but  its  construction  was  inevitable, 
and  he  presumed  that  electricity  would  be  the  motive  power. 

The  municipal  electric  lighting  ])lant  recently  installed  for  the  Dimboola 
(Victoria)  Shire  Council,  at  a  cost  of  £3,750,  wa>  offixially  started  on 
June  21. 

A  conference  between  representatives  of  electric  lighting  companies 
and  raunici])alities  owning  electrical  plants  in  New  South  Wales  and 
Victoria,  and  the  Engine-drivers  and  Firemen's  Association,  with  ilr. 
Justice  Higgins,  President  of  the  Commonwealth  Court  of  Conciliation,  as 
chairman,  was  held  in  Melbourne  on  June  23,  with  the  object  of  commg 
to  an  agreement  as  to  rates  of  wages  and  conditions  of  labour.  No 
agreement  was  arrived  at,  and  the  points  m  dispute  have  been  referred  to 
the  Court  for  arbitration. 

Canada.— The  undertakings  of  the  Montreal  Light,  Heat  &  Power 
Co.  and  the  Cedars  Rapids  Mfg.  &  Power  Co.  were  amalgamated  on 
Aug.  1,  and  are  now  operated  by  the  Civic  Investment  &  Industrial  Co. 

Federated  Malay  States.— It  is  rei>orted  that  the  Malayan  Collieries 
(Ltd.)  raised  11,523  tons  of  coal  m  Selanger  last  year.  Tiiere  is  an 
electric  power  plant  at  the  colliery,  and  most  of  the  work  is  performed 
electrically. 


FOREIGN  NOTES. 


Chili.— The  United  States  Consul  at  Antofagasta  states  that  there 
is  little  irrigation  by  pumping  in  the  Antofagasta  district.  The 
wells  in  the  pampa  contain  so  much  salt  and  other  alkalis  that  they 
are  not  suitable  for  irrigation  jiurjioses. 

Th(^  market  for  pumps  is  almost  confined  to  retpiirements  of  nitrate 
pl.ants,  of  which  there  are  some  170.  A  nitrate  i)lant  uses  fnun  300  to 
900  tons  of  water  per  day.  obtained  usually  from  wells  several  miles  away. 
The  classes  of  pumps  and  pumping  machinery  "sed  by  the  nitrate  plants 
are  ])owe--driven  deep  well  ])umps  and  surface  pumps,  and  power  is  usually 
furnished  from  a  central  electric  ixiwer  station  some  miles  distant: 
boiler  feed  p..mps  usually  steam  driven,  oil  piiiups,  steam  or  other  power- 
driven  pumps  for  transfen-inu-  !i(|Uors  from  crystallisatuin  tanks  to 
elevated  storage  tanks,  centrifugal  pumps  for  cinail.ating  hot  liquors 
between  the  boiling  tanks,  and  miscell.aneous  internal  combustion  «ngine 
cooling  water  pumiis.  fuel  oil  pumps.  The  general  terms  of  credit  given 
by  American  manufacturers  to  importers  are  ca'^h  .against  shipping 
documents  on  arrival  of  coods  in  Antofagasta.  European  manufacturers 
give  extended  credit  of  (iO  to  90  davs  after  acceptance  of  draft  against 
bill  of  lading  on  arrival  of  goods,  and  in  exce])tional  cases  I'-O  days. 
Prices  .should  be  e.i.f.  Antofagasta,  and  not  f.o.b. 

Colombia.— Amaga  (DeiiartuuMit  of  Antiocpiia)  luiinicipality  haS 
been  nuthori.sod  to  borrow  £1,200  for  the  installation  of  electric 
power  plant.  . 
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Cuba.— The  Trade  and  Industry  Committee  of  the  Royal  Colonial 
luKtitiit'^'  l)a:  yu\t\)]k-(l  the  following  information  ai;  to  various  articles 
imported  into  (  uha  :  — 

Electrical  supplies  come  very  largely  from  thp  States,  although  Ger- 
many sen'lK  a  larcc  amount  of  fjcctric  lamj»<«  and  hulbp. 

Crorkf-rn,  Claisv^ire,  E nnrudlfd  anl  Iroi-  W'lrr. — There  would  appear 
to  he  a  very  go<nl  market  for  the  cheap  and  seconfl  i,'rade  of  cTocicery. 
^lassv/are,  &c.,  which  at  present  crimes  in  large  quantities  from  Holland 
.•iM'i  formerly  from  (iermany  also.  Kn;rlisli  cutlery  and  tools  have  a 
<^itiA  reputation,  hut  have  hc;en  almost  (lrowne<l  in  a  (iood  of  cheap 
(icrmananfl  American  gowls.     Enamellwland  iron  wareitialsoindcmanci. 

iioth  American  and  British  firms  stiM  commit  the  great  error  of  sending 
their  representatives  to  thcKC  countricB  s|<c-aking  only  the  English  lan- 
•^\y.ii<c,  th'e  tJermans  never.  From  both  (Jerniany  and  the  United  States 
com'!  attractive  publications  in  Siwnish,  which  arc  given  away  or  sold 
\cry  cheajjjy.  and  serve  aa  very  active  advertising  mediums,  carr\ing 
well-writtcnarticles  introducing  the  dilTerent  manufacturing  houses  and 
•lesci-ibing  thr-ir  products. 

The  parcel  )>ost  arrangement  pr()|K»sc<l  between  England  and  Cuba 
should  Ik-  ])U-lied  quickly  through  ;  thousands  of  jjounds  go  annually  to 
fierinany  and  the  L'nitc<l  States  which  <oiild  easily  be  diverted  to  the 
I  iiited  kingdom.  Many  American  and  (;crman  houses  include  in  the 
cr)st  of  their  goods  the  probable  |)acking  c«)st,  and  so  a])p<-ar  not  to  charge 
anything  for  jmking  :  the  British  house  generally  makes  a  separate 
charge  for  this,  and.  in  th<-  native  mind  it  is  not  apjiri-ciatcd.  In  every 
town  of  even  medium  ini|>«rtaiu'e  some  (Jcrman  importing  house  wdl  be 
found  which  ser\es  as  an  acti\-e  me<iium  for  the  introduction  of  Cerman 
goods  and  really  is  a  kind  of  unofficial  commercial  consulate. 

Russia.- The  *•  .lounial  of  (ommerce"  i;lalc;i  that  a  (cmmittec 
ehirged  with  industrial  affairs  has  recently  made  an  inquiry  as  to  the 
volume  of  electric  supply  which  will  I.e  available  after  the  war  Tor 
indui:trial  re«|uirementK. 

'I'he  figures  pre|mre4l  by  the  Committee  dhow  that  there  is  need  for  a 
rapid  inen-ase  in  the  means  of  generating  ele<'tric  current  in  Russia.  It 
ap|K-ars  that  in  Kuro|»ean  Russia  the  total  (ajKuity  of  JC}  station;  is 
Tit.-O.'i.'J  kw.  The  12  Siberian  stations  which  have  answered  llie  incpiiry 
nqsirl  a  total  ca|ui<ity  of  n.-IOt)  kv...  and  live  stations  in  the  Caucasus 
:i.02('i  kw.  It  iH  stated  that  some  :{0.(MHl  ii.r.  is  available  for  new  under- 
tidiings  able  lo  take  an  uninterrupted  sup]ily.  and  about  (iO.OUO  n.r.  is 
available  ffir  works  requiring  only  an  intermittent  sujiply  of  current. 

Shargha-.  .\  rfj.rt  on  the  breakd(.\\n  of  the  .'j.COO  kw.  A.E.CJ. 
lurbo  alleniitoi  whi<'h  occurred  <  ii  .lunc  17  last  has  Lcen  jjrojjarcHl 
by  the  elccliieal  (  ngineJT.  Mr.  T.  H.  I',  .\ldridge. 

In  his  report  Mr.  Aldridgc-  states  that  an  examination  of  the  fault 
HHgg<'sts  that  the  caUK-  of  the  trouble  was  due  to  the  insulation  .'•urroui.d- 
ing  the  high  |)resMU'e  coTiduct<irs  (i.vi-*!  in  the  slots  of  the  stator  core, 
breaking  <lown  .■•-•kI  allowing  the  current  to  jiass  to  the  stator  itself. 
This  put  till-  '.(inductors  to  earth,  and  caUK-d  a  serious  arc  to  lie  set  lij) 
l»ctwee-i  them  a'ld  the  iron  laminate<l  core  of  the  stator.  To  such  r.n 
extent  nuist  the  are  have  dev«'!o|M-d  that  both  the  copper  <(>iidu<  tors 
and  r-lie  iron  laminations  wore  funKl  into  one  mass,  and  the  end  windings 
of  the  tnmhine  which  f»rojcct  la-yond  the  stator  frame  were  so  seriously 
bur.'it  that  the  iMsulati^n  wan  entirely  dcstroye<l.  It  will  he  a  difli<  ult 
nni'ter  to  thoroughly  repair  the  generatc»r  in  fa<'t,  it  cannot  be  restore <l 
to  its  orjgini''  stat<'  I  <  ause  there'  are  no  spare  iron  sheets  from  which  to 
fo/m  the  honinations  available  for  rephwing  those  whi<  h  have  been 
burnt  out  ;  r  vc:i  if  such  laminated  slu-ets  w«-re  obtainable  it  wriuld  nu-an 
n  verj'  lengthy  prtKess  to  remove  tin-  undamaginl  sheets  an<l  to  replace 
them  together  with  new  ones.  With  the  limitcfl  a)q>liftr<es  for  ^U(h 
repair  w>>rk  lii-.>'  the  miwhine  woulil  ha\c  to  be  out  of  commission  eon- 
siderub'  t  ha-i  may  be  nef'essiiry  if  the  n-pairs  are  effected  without 

attempt     ^  •  pliirc  the  burnt  out  she«'ts.     An  m-cident  of  this  nature 

is  so  rare  that  nokkers  never  supply  spare  sheets  to  provide  against  sui  h 
eontingen<'ie-<.  The  metlnxi  of  building  up  the  stator  core  in  the  matni- 
fw-ttirers"  workshops  nofsitates  the  employment  «if  a  large  hydraulic 
press.  Nothing  of  that  kind  is  obtainabli'  in  Shanghai,  therefore,  any 
attempts  to  restore  t III'  stator  core  to  it s  original  condil i<in  would  have  to 
becarrii'il  out  entirely  by  improvisiMl  mea-is.  It  is.  therefore,  consielere-*! 
inadvisable  to  iittenipl  to  i<-i..i.  tin  ^t.iii.t  cores  but  instead  lo  trim 
them  up  to  Mueh  an  extent  t  ors  nia.y  he  inserted  in  the 

slots.     The  seri  '  "'  '  '■!■  over  «-stimatcd,  inas. 

much  ax  the  (it  I  Ic  i>f  •lcvr'Io|iiiig  its  full 

output  bee  .lading  ..(  <. (  il,'  of  the  ttirhire 

Htripi>ed  In  -d  hud   to  lie  s«'iit   '  i    ■  pairs,      Co-:te- 

(|Ueiitly.  there  is  a  danger  that  ihi-  ..tions  may  not,  under 

certain  eiretimstanees.  be  able  to  di ....    i..il  output  for  supplying 

till"  rei|uirem<vils  of  Shanghai.  Il  leaves  the  stations  with  no  roj^erve 
plant.  an<l  if  anylhi  us  were  to  h.;  of  the  .•"  «'. 

rators,  it  might  be  i  Ic  to  meet  tl  t's  full  •  s 

The  alternator  is  <if  quite  recinil  design.  '  omplet.d  in  htl4, 

and    the    e\|»ernvii f    ■■:i'iMd   b\    '^I'^ri'    i  •  iiriii"    litui-    wlm 

speeia!in(>  in  tin 

nature  are  cxcn  m  hi-  m- 

eommitt«H»  of  the  n  (e<'ts  wh  \v. 

turbine^,  .".id  i!  of  the 

the  A.K,(;..   to  ihal   tb. 

alt(MMatoi's  was.  r.-<  is  now  proved  in  t  iie  i  i  ■  e.  a  most 

unfortun.",!e  one.     Whilst  the  al(ernat<»i  .     ■  n  has  been 

taken  to  examine  the  steam  ttirbine  of  this  to  have  to 

report,  that   her«>  also  serious  defects  are  <Ii'  '  'he 

high  presstire  wheel,  and  also  that  of  the  in'  ire 

stages  show  signs  of  exlraordinaril.v  rapid  ticterioiatton.     In  the  ca?p 


cf  the  first  named  the  distance  pieces  between  several  of  the  blades  have 
broken  off  and  become  detached  from  the  wheel  ittelf  and  are  loo£ely 
held  between  the  blades  and  blade  shrouding.  The  .■^hioudiro:  in  some 
)laces  has  become  slightly  bent  owing  to  the  broken  distance  ])ieoes  im- 
iiinging  up<m  them.  With  regard  lo  the  intermediate  and  low  pressure 
wheels,  the  blading  of  the  former  is  badly  eaten  away  by  erosion.  The 
condition  of  the  blades  of  the  low  piessure  wheel  may  be  both  due  to 
erosion,  and  also  to  the  action  of  loose  metal  particles  which  may  become 
d?ta"hed  from  the  other  wheels.  The  nature  of  the  defects  which  are 
now  revealed  indicates  that  the  raadiine  may  have  to  be  rebladed  at  no 
distant  date,  but  from  the  fact  that  portions  of  the  distance  pieces 
hetwecn  the  bla<ling  have  already  broken  out,  there  is  the  danger  of 
the  turbine  blades  stripping  so  seriously  as  to  render  the  machir-e  useless. 
Unfortunately,  nothing  can  be  done  in  the  meantime  ar.d  the  machine 
will  have  to  be  jiut  back  into  service  as  soon  as  the  electrical  generator  i ; 
rcpaire<l.  but  the  committee  must  face  the  facts  as  they  are  ar.d  be  pre- 
l)a'-e<l  to  have  to  nnew  the  whole  of  the  blading  in  this  turbine  at  a  com- 
paratively early  date.  This  will  be  a  veiy  expensive  process,  a.id  wHl 
cost  the  department  large  sums  of  inoncv,  not  only  in  the  provision  of 
replaced  blades,  but  by  the  additional  loss  which  will  be  inc  urred  whilst 
the  machine  is  laid  uji  for  repairs,  as  it  represents  so  much  capital  Ijnng 
idle  from  which  no  return  will  be  forthcoming.  The  depavtment  has 
equipped  the  Riverside  Station  with  14.000  kw.  of  A.E.ti.  turbine 
ma/hi'iery.  with  results  which  can  onl.v  be  described  a<  unfortunate. 
The  experience  gained  since  the  installation  C)f  thc'c  machines  inclines 
one  to  the  view  that  further  trouble  is  likely  to  develop,  and  the  fact  has 
to  be  faced  that  the  four  German  machines  at  Riverside  cannot  be  re- 
garded as  reliable  units  of  plants,  and  the  question  of  .setting  aside  a 
special  fund  for  replacing  these  machines  should  be  considered. 

Venezuela. — The  British  Consul  at  Ciudad  Bolivar  (Mr.  R.  Cheney 
Hart)  rcijorts  that  during  191.5  merchants  at  that  j5ort  were  occupied 
in  adapting  themselves  to  the  new  conditions  which  have  ari.sen  in 
consequence  of  the  European  war.  Iinj)orters  have  found  that  the 
generous  credits  they  formerly  enjoyed  in  the  United  Kingdom, 
(.'ennany,  and  to  a  lesser  extent  in  the  United  States,  have  been 
drastically  curtailed. 

The  trr.de  «.f  the  Ciudad  Bolivar  Consular  district  is  carried  on  almost 
exclusively  on  a  credit  basis,  and  any  interruption  in  the  continuotis 
circulation  of  credit  betwc-cn  the  commission  houses  and  the  banks  which 
back  them,  and  the  labourers  in  the  forest,  produces  .nn  immediate 
financial  stringency.  Such  was  the  case  for  a  year  or  more  after  the 
oulbn-ak  of  war.  Merchants  reduced  their  advances  and  used  every 
effort  to  collect  outslanding  accounts,  and,  although  Ihey  have  not  met 
with  much  success,  they  have  managed  to  tide  over  their  difficulties  by 
ri  ducing  their  importations  and  disposing  of  old  slocks. 

Total  imports  in  1!»1.">  were  valued  at  £184,81").  a  reduction  of  £.")7.4riS 
on  19I4,  .iiid  less  than  half  the  value  of  iniports  in  1913.  Kxjxirts  from 
Ciud.nd  Bolivar  increa.sed  from  £-109./j08  in  1914  to  £714.901  in  lOl."!.  No 
failures  <if  im]Mirtance  have  taken  jilaco,  and  the  net  result  has  been  a 
ccnsiilcrable  strengthening  of  the  financial  position.  Merchants  must 
be  getting  near  the  end  of  their  trther  in  disjxising  of  olil  stocks  and 
lestricting  imports,  and  in  the  current  yoar  may  be  expected  t(j  buy  more 
largely.  The  present  would,  therefore,  be  an  excellent  time  for  travellers 
to  visit  Ciudad  Bolivar.  Sevcnal  British  travellers  have  recently  paid 
visits  to  the  district,  and  they  are  believed  to  have  taken  good  orders. 

The  Minister  of  Fomcnto  has  authorised  Senor  T).  Ramirc/.  of  Mattirin. 
to  construct  a  telcjihonc  line  about  12i  miles  in  length  in  the  district  of 
.Maturin.  Senor  L  Merchiin.of  Ocumarechl  Tuy.  has  Ix-en  authori.scd  to 
construe  t  a  te'Ujdione  line  about  111  miles  in  length  connecting  an  estate 
in  the  district  eif  Lander  (Stale  of  Miranela)  with  Allagracia  ele  Oritueo 
(State  of  (luaricd).  A  •■once'.ssion  has  al.so  been  grantcel  to  Sen'ior  F.  R. 
Xaranjo,  of  \  jilcncia.  for  the  construetiem  of  a  telephone  line  alxmt  lOJ 
miles  in  length  between  Valencia  and  estates  in  the  \alle  de  Chirgua. 


MISCELLANEOUS   NOTES. 


Exports  to  Liberia.  Tie  "  Leiuhn  Gazette"  e)f  Sopt.  I  contains 
a  list  of  firms  ami  |  '.Tseuis  to  whom  goods  may  be  consigned  from  the 
United  Kingeloin. 

Imports  into  France  and  Algeria.  It  is  .innounced  that  t!.e  French 
<  ieuernmont  has  sot  up  an  oflice  at  King's  Hou.sc,  King.swa\ .  London, 
W.C..  for  th"  i  '  '  f(ir  the  iiniK>rtalion  into  Kranee  anel 

Alg-^ria  of  Hrr  ],  are  inehulcMl  in  the  list    of  artides 

pre'hibile<l  to  I  e  ini|K)rto<l  mto  thoec  countries. 

Applications  for  lie'.enciw  must,  bo  sent  to  the  Be>arel  of  Trad.>.  Gwydye 
HiHise.  Whiti'hall.  S.W..  and  must  state  the  place  of  manuf)-.  tnre  and 

'  description  of  pack-  marks 

of  the  c(>r.signe>e.  tlii    ,  barge 

aid  a.  ilmctiptiiqi  ed  the  goods  On  French  and  English). 

'  '  '    'd  at  Hri.stol  last  week  into  the  death 

'       ,   '  'irioinn. 

Ivor  A.  U.  I'r.in.r.K.  mains  engineer,  in  the  employ  of  the  Coqioration. 
i>Aid  that  em  th-  '"i  ■'».  he  went  with  deee-aseel  to  the  Deep  Tit.  Kastem. 
to  change  I  wo  1  ,r«  ;   they  went  to  a  sub-slat  iem.      I)e<  ease«d  was 

e'''  'informer  anel  seeniring  two  edhers  in 

*"'  till  for  the  want  of  a  hae  k-saw.  and 

a  man  was  drspntehcd  for  one.     Witness  spoke  to  deceased,  and  was 
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walking  away  wlieii  Iio  heard  a  i^rroan.  He  rushed  baek,  and  found 
deceased  in  an  unconscicjus  eondilioii,  leanin;^  against  th(!  wall  near  the, 
switch  ])anel  door,  wiiii-li  was  widc^  ojien.  Witness  had  prt^viously  closc^d 
this  door,  which  could  not , have  swung  opcji  by  itself.  Witness  tried 
artificial  respiration,  and  medical  aid  and  an  ambulance  wcu'c  soon  on  the 
spot,  but  the  do<:tor  ])ronounc(Ml  life  extinct.  It  was  impossible  to  cut 
off  all  ('urrent  wliile  the  work  was  being  ])c:'formed.  Ho  considered  thai 
adcjuate  precautions  were  made  for  carrying  out  the  work  which  had 
to  be  done.  Deceased,  who  was  an  e.Kpcrt  workman,  was  not  wearing 
rubber  gloves,  though  they  were  there  if  required.  Witness  thought 
that  possibly,  in  a  fit  of  absent-mindodne^s,  deiicascd  haHdlcd  a  po'oclain 
fusc-hokUn-,  whea  ho  received  the;  shock,  aid  po.ssibly,  in  getting  away 
froni  the  first  shojk,  he  brushed  his  hand  against  the  live  contact  of  the 
fuse,  and  so  I'eceivod  the  full  voltage — :},50()  to  earth.  Deceased  had  beftn 
om])loyed  by  the  Corporation  elec;tricity  department  for  23  years. 

Medical  evidence  was  to  the  otlect  that  death  was  due  to  an  eloctrie 
shock,  and  the  jury  returned  a  verdict  of  accidental  death,  by 'electro- 
cution. 

Hard  Paste  Porcelain. — At  the  College  of  Medicine,  Newcastle-on 
Tyne,  during  the  present  week,  in  the  laboratory  of  Physiological 
Chemistry,  an  extremely  interesting  exhibit  of  British-made  white 
hard  paste  porcelain  wa:-!  made. 

Hitherto  this  mateiial  has  been  ai  exclusively  Continental  product 
aid  since  the  war  it  has  been  the  desire  of  British  potters  to  meet  the 
undoubted  demand  which  exists  for  this  article.  The  specimens  shown 
were  indistinguishable  from' the  Continental  vai'iety  in  the  matter  of 
colour,  quality  and  vitrosity.  The  manufacturers  res])onsiblc  for  this 
epoch-making  incident  are  Messrs.  Taylor,  TunniclifE  &  Co.  (Ltd.), 
Eastwood,  Hanley,  .Staffs,  who  have  been  generally  congratulated  upon 
their  achievement  of  a  success,  which  was  at  one  time  considered  extremely 
remote  so  far  as  British  electrical  porcelain  making  is  concerned.  The 
exhibit  was  arranged  by  Mr.  M.  J.  Dark,  the  London  director  of  the 
company,  who  will,  wo  understand,  be  pleased  to  show  specimens  of  this 
product  to  intercstefl  manufacturers  and  engineeis. 

Trade  Union  Congress. — The  annual  Trade  Union  Congress  was 
opened  at  Birmingham  on  Monday,  when  668  delegates  (repre- 
senting nearly  3,000,000  workers)  attended.  This  is  the  third  time 
the  Congress  has  met  in  Birmingham,  and  on  the  last  occasion  (in 
1897)  there  were  only  381  delegates,  representing  1,093,191  workers. 
The  Lord  Mayor  (Aid.  Neville  Chamberlain),  who  welcomed  the 
delegates,  s])oko  of  the  changes  caused  by  the  war.  He  said  he  was  liot 
so  prejudiced  or  fanatical  as  to  su])i)Ose  that  tariffs  would  woi'k  miracles. 
No  matter  what  tariits  we  might  have,  those  nations  which  ))roduced  the 
greatest  outinit  at  the  lowest  cost  were  bound  to  come  to  the  front. 
Workers,  who  now  formed  the  bulk  of  our  armv.  would  w.ant  a  greater 
sharo  in  the  tlistributicin  of  tlie  wealth  they  had  hel])cd  to  produce  ;  they 
would  want  a  wage  which  would  give  them  a  reasonable  margin  over  the 
cost  of  living  ;  they  would  want  regularity  of  employment ;  and  they 
would  want  improved  external  conditions  both  in  factories  and  the 
homes.     If  wo  wore  to  maintain  our  position  against  the  competition  of 


powerful  neutrals,  thoy  must  get  the  last  ounce  out  of  our  ]>lant  and 
machinery'.  Therefore,  h(!  thfjught,  emj)loyers,  in  return  for  shorter 
houis  and  better  wages,  would  want  labour  to  put  forth  its  utnio.st  effort. 
Employers  would  want  reasonabhs  notice  of  any  change  of  wages  in  order 
that  they  might  regulate  prices  and  contra^its  accordingly  ;  thpy  would 
want  some  security  that  labour  would  not  be  unrea.sonably  withdrawn. 
Difficulties  of  detail  must  arise,  I)ut  if  an  agreement  on  thf>sc  lines  could 
be  ome  to  between  the  representatives  of  caintal  and  labour  as  the  result 
of  the  new  spirit  brought  about  by  th^^  war,  then.  indfx;d,  he  thought  they 
would  feel  their  dead  heroes  had  not  shed  their  blood  in  vain. 

In  the  cour.sc  of  his  presidential  address,  Mr.  H.  Gosling  said  many 
institutions  imagined  to  be  proof  a^\inst  change  had  been  thrown  into 
the  melting-pot  of  national  necessity  and  emergency.  I^abour  had  been 
the  ])ersonification  of  real  patriotism  ;  evciy  conceivable  sacrifice  had 
been  made,  and  made  ungrudgingly.  Much  of  the  credit  for  an  afiequate 
su])ply  of  munitions  of  war  was  due  to  Mr.  A.  Hender.son,  who  was  now 
Labour  Adviser  to  the  Government,  and.  they  would  not  be  content  until 
the  Government  had  admitted  the  unanswerable  logic  of  their  ca.se  in 
demanding  the  ci'eation  of  a  Ministiy  cf  Labour.  After-thc-war  pro- 
blems would  be  so  tremendous  in  character  that  a  Labour  Ministry  was 
absolutely  imperative.  They  also  called  for  the  State  to  take  over  the 
mines,  railways,  .shi])ping  services,  and  to  exercise  control  over  the  great 
cold  storage  warehouses  and  granaries,  together  with  their  contents. 
When  tfie  Government,  on  the  resumption  of  peace,  suddenly  les.sened 
its  gigantic  pay-roll,  and  stopped  its  colossal  orders,  when  millions  of 
soldiers  were  disbanded  at  approximately  the  same  time  that  two  or 
three  inillion  munition  workers  were  discharged,  theie  was  bound  to  be  a 
flood  of  men  and  women  seeking  new  situations.  Then  it  was  that  they 
would  see  whether  the  Government  had  been  equal  to  its  task.  Unless 
adequate  preparations  were  made  in  advance,  the  trade  unions  would  find 
their  funds  ra])idly  depleted,  and  their  members  standing  unemployed 
by  hundreds  of  thousands.  It  was  not  to  be  supposed  employers  would 
fail  to  grasp  the  opportunity  piesented  by  millions  of  men  and  women 
looking  for  situations  to  try  to  reduce  the  standard  rates.  Some  people 
were  ?<Iready  counting  gleefully  on  large  reductions  of  wages.  Trade 
unionists  must  let  it  be  known  at  once  that,  whilst  they  did  not  seek 
industrial  war,  they  had  no  intention  of  sidjmitting  quietly  amid  the 
rejoicings  of  peace  to  any  further  attack  u])on  the  stanflard  of  life.  There 
will  be  many  other  difficulties  to  get  over,  but  underlying  all  those  diffi- 
culties would  bo  that  of  the  fear  of  unemployment  and  the  tlireat  .  f  a 
reduction  of  the  standard  rates. 

A  resolution  was  passed  instructing  the  Parliamentary'  Committee  to 
promote  legislation  to  secure  that  sui)crannuation  and  other  trade  union 
and  friendly  society  benefits  should  not  be  taken  into  account  in  assessing 
income  for  the  purposes  of  old-age  pension.s.  A  resolution  was  also 
))asscd  asking  the  Government  to  introduce  a  Bill  to  amend  the  Old  Age 
Pensions  Act  by  increasing  the  amount  to  not  less  than  7s.  Gd.  a  week 
and  reducing  the  age  limit  from  70  to  (55  years.  A  resolution  in  favour 
of  the  nationalisation  of  railways  was  also  carried  with  few  dissentients. 

On  Tuesday  a  resolution  was  passed  in  favour  of  the  creation  of  a 
Ministry  of  Labour. 


TENDERS    INVITED. 


Incandescent  Electric  Lamps. 

The  Commissio:ners  of  H.M.  Works,  &c.,  invite  tenders  for 
the  supply  of  Incandescent  Electric  Lamps.  Forms  of  tender 
and  all  further  particulars  from  the  Controller  of  Supplies,  King 
Charles -street,  S.W.,  and  tenders  must  be  delivered  before 
11  a.m.  of  Friday,  Sept.  8,  to  the  Secretary,  H.M.  Office  of  Works, 
&c.,  Storey's  Gate,  London,  S.W.  See  an  advertisement. 
Telephone  and  Telegraph  Material,  Instruments,  &c. 

Tenders  are  invited  for  the  supply  to  the  Postmaster-General's 
Dept.,  State  of  South  Australia,  of  Telephone  Material  in 
accordance  with  schedide  No.  428,  and  tenders  are  invited  (up 
to  Oct.  4)  for  the  sup]ily  to  the  Postmaster-General's  Dept., 
State  of  Western  Australia,  of  Telephone  and  Telegraph  Instru- 
ments in  accordance  with  schedule  No.  501.  Tenders  are  also 
invited  (up  to  Nov.  15)  for  the  supply  and  erection  at  the  tele 
phone  exchanges  of  Glenelg  and  Brighton,  State  of  South 
Australia,  of  Automatic  Switchboards  and  all  associated  appa- 
ratus (as  per  schedule  No.  426).  Tender  forms,  specifications, 
&c.,  may  be  obtained  at  the  Cbmmonwealth  Offices,  72,  Victoria- 
street,  London,  S.W.     See  also  an  advertisement. 

The  Deputy  Postmaster-General,  Perth,  requires  tenders  by 
3  p.m.  Oct.  4  for  the  supply  and  delivery  of  various  Telegraph 
and  Telephone  Measuring  instruments  and  Parts  for  the  Aus- 
tralian Commonwealth  Postmaster-General's  Dept.  Specifi- 
cation, &c.,  from  the  Deputy  Postmaster-General,  Perth,  W.A. 

The  N.Z.  Public  Service  Store.s  Tender  Board  require 
tenders  by  4  p.m.  Sept.  13  for  supply  of  6,000  Four-conductor 
Telephone  Cords.  Particulars  from  Controller  of  Stores,  Post 
and  Telegraph  Dept.,  Christchurch  (N.Z.),  or  the  Telegraph 
Engineers  at  Auckland  and  Dunedin  (N.Z.). 


Tenders  are  invited  by  the  Deputy  Postmaster-General, 
Adelaide,  for  the  supply  and  delivery  of  Telephones,  Tek  phone 
Material,  Instruments  and  Parts.  (Schedule  Xos.  429  to  437). 
Specifications,  &c.,  and  sealed  patterns  may  be  hispected  at  the 
Office  of  the  High  Commissioner  hi  London  for  the  Common- 
wealth, 72,  Victoria-street,  S.W.     Tenders  by  2  p.m.  Sept.  27. 

The  "  Departamcnto  de  Fomento  de  la  ]Mancomunidad  de 
Cataluna,"  Barcelona,  also  require  tenders  by  noon  Sept.  25  for 
the  installation  of  a  Telephone  Sj'stem  connecting  the  towns  of 
Balaguer,  Artesa,  Pons  and  Calaf,  at  an  estimated  cost  of 
£2,850. 

Electrical  Goods,  Fittings,  &c. 

P^DMONTON  Guardians  invite  tenders  (by  Sept.  20)  for  six 
months'  supply  of  Electric  Lamps.  Tendei-s  to  the  Clerk, 
Lower  Edmoutcu,  Lcndon,  N. 

West  Ham  Guardians  require  tenders  b\-  10  a.m.  Sept.  14 
for  three  montlis'  supply  of  Electrical  Fittings,  Oils,  &c.  Forms 
of  tender  from  the  Clerk,  Union-road,  Leytonstoue,  X.E. 

London  County  Council  Asylums  Committee  want  tenders 
by  1 1  a.m.  Sept.  15  for  the  supply  of  Electric  Lamps.  Forms 
of  tender  from  the  Clerk,  2,  Savoy-hill,  W.C. 

Westminster  (Guardians  require  tenders  by  noon  Sept.  20 
for  six  months'  supply  of  Electric  Lamps,  Fittings.  &e.  Forms 
of  tender  from  the  Clerk,  Princes-row,  Buckingham  Palace- 
road,  London,  W. 

Warrington  Guardians  require  tenders  by  10  a.m.  Sept.  20 
r  for  six  months'  supply  of  Electrical  Goods.  Forms  of  tender 
from  the  Clerk. 
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Cables. 

lenders  are  invitsid  for  the  sujj;>ly  of  various  sizes  of  Insulated 
Co[)per  Cables  and  bare  Harrl  Drawn  Copper  Cables  to  the  City 
of  Mkli5(jukne.  Speeifications,  tender  forms,  &e.,  from  Messrs. 
Jlellwraith,  McEacharn  &  Co.  Ppt.V-  (Lui.),  Agents  for  Mel- 
bourne ('ity  (Jouncil,  Billitcr-squ.irc-huiidings.  London,  E.C.,  to 
whom  tenders  by  noon  Sept.  29.  Further  jmrticulars  are  (jiven 
ill  adverlinements.  f» 

C.I.  Pipes,  &c. 

SiiKiiiKLD  Electric  Supply  Committee  require  tenders  bj' 
10  a.m.  Sept.  11  for  the  supply  and  laying  of  48  in.  c.i.  Water 
I'ipc  and  Coiistniction  of  Chambfrs. 

Tramway  Track  Work,  Material,  Sec. 

Manchester  Tramways  Committee  invite  tenders  for  the 
suj*i»ly  of  PciTOancnt  Way  Special  Track  \\'(irk.  Point  Tongues 
and  CroKsings.  SiKfcilications  from  Mr.  .1.  M.  McElroy,  general 
manager,  and  tenders  to  the  chairman  of  the  Tramways  Com- 
mittee, .").'»,  Piccadilly,  Manchester,  by  10  a.m.  Sept.  12. 

Tiie  ]\Ia(!rid  "  ( Jaceta  "  of  Aug.  4  notifies  that  tenders  will  be 
opened  on  Oct.  7  for  the  Construction  and  Working  of  an 
Eleclrie  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lines  of  the  (  ia  Naci<  ual  dc  Tranvias  de  Barcelona,  whicli.  holds 
un  o])ti(,n  on  llu'  projK)scd  concession.  ^Minimum  rolling  stock 
rc<|uircd  will  I  c  Two  Motor  Tramcars  and  Two  Trailers. 

T' iiilcrs  will  l:c  o|;cncd  on  Oct.  1 1  for  C<.nstniction  and  Work- 
ing an  EIc«'tric  Tramway  In  Manrid,  from  the  Callc  dc  Alcala 
to  t  l:e  ( 'alle  dc  Dicgo  dc  Le(  n.     M  iuimuiii  rolling  stock  Four  (  ars. 

In  lM)(h  casc-s  construction  work  mu.st  Lc  eommemcd  within 
lliifo  months  and  completed  vithin  Hi  nwinths  and  a  year 
rcHj)ecti\('ly  from  dates  of  <<»ji(  «ssion.  .\n  option  on  (he  con- 
cession is  held  b\'  the  Socicdad  Tninvia  del  Este,  Madrid. 

Cooling  Tower. 

<;ismiKNK  (N.Z.)  Council  recjuirc  tenders  by  lufon  0(t.  2  for 
the  supply  and  ereclion  of  i  (Violing  Tower  at  the  municipal- 
(>!«•(  trie  |K)wer  station.  SpeciHcJition  from  the  boroutili  oflices, 
or  from  .Mr.  fv  .1.  Kenn,  ct  utiulting  engino'jr,  AucUIand  (X.Z.). 


Electric  Crane  and  Compressor. 

The  New  South  Wales  Govekxmext  Railways  &  Tkam- 
WAY.S  Department  require  tenders  by  noon  Sept.  20  for  the 
KuppI}'  and  erection  of  an  Electric  Overhead  Travelling  oO-ton 
Crane  (sijecification  474) ;  and  by  noon  Oct.  11  for  a  motor- 
driven  Air  Compressor  (sijecification  480)  for  Zarra-street  power 
house.  Sijecifications,  &c.,  from  the  Electrical  Engineer,  61, 
Hunter-street,  Sydnej'. 

Electric  Time-releasing  Mechanisms. 

TIk-  \i(  toriau  Kaihsay  Commis.sioners,  Spencer-street,  Mel- 
BOUKNE,  invite  tenders  (by  11  a.ra.  Oct.  18)  for  the  supjily  and 
delivery  of  Electric  Time-releasing  Mechanisms  (100  with  twp 
nonnal  and  two  reverse  contacts,  and  .50  with  four  normal  and 
four  reverse  contacts)  for  automatic  signallmg.  Specifications 
from  flie  Coniiuissioncrs,  Spencer-street,  Melbourne. 

Aerial  Ropeway,  Power  Plant,  &c. 

Tiic  N.S.W.  IJkpartment  of  Public  Works  require  tenders 
by  2  p.m.  Sept.  18  tor  Power  Plant,  Transmission  Line  and 
Aerial  Ropeway  for  Chichester  River  Storage  Reservoir. 
Specification,  &c.,  from  the  offices  of  the  Department,  Sydnej-. 
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TENDERS  RECEIVED  AND  ACCEPTED. 


<'r<k)K. — The  Co-oi)erative  Stxiety  have  accepted  the  tender  o^ 
.1.  .1.  SjKKjr  &  Son  for  wiring  their  Watcrhouses  branch  ]iremise,s  at 
nm.  I.'.s. 

Sam'<(RI». — The  lender  of  lladlield's  (Ltd.)  has  been  afcepted  for 
a  supply  of  mangancw  steel  crossings  (for  £220),  that  it  the  Lea 
Recor«ler  Co.  f«)r  a  steam  recorder  (at  £i:U),  and  that  tctider  of 
Roylcs  (Ltd.)  for  a  feed  water-heater  (at  £115). 

Uki. FAST.—  The  ('or|Kjratioii  has  accepted  the  tender  of  Messrs. 
liabcock  &  Wilco.x  for  four  chain-grate  stokers  at  £1,870. 


FINANCIAL    MATTERS. 


MUNICIPAL  ACCOUNTS. 


Exeter.  -The  nceomitH  of  the  electricity  rh-jiartment  for  liie  year 
ended  Mircli  ;{|  show  total  capital  expenditure  £I22.0H.'>  (increase 
£2(1.')),  of  whi'li  £.^>t't.S7;{  has  been  |>ai<l  off  or  provided  for  rodom]ili(m 
of  lonn^. 

HrvcniH"  wiw«  £2(1.472.   woikio^'  (itid  v''»''ral  cx|>fiiHcx  ucri-  £12.7.">3. 
Icnvin^  (jr«m.s  jtrnlil  £7.7111.      li^t4Tont  aid  finking  fund  rcquifMl  £7.144 
and  iiKoinr  (ax  £4.'»2.  (In-  KurpluH  for  tin-  y«nr  Ix-ing  £122.     The  bniancr 
hIu'cI  .hIiovvn  n  Kuri>luM  of  £:i0,24{t  on  l''  '    ^i(^c.      I'nits  ^lencratcd  for 

power  and  liylitimt  wen-  l,r)iri,nHS,  I    1. 127. Kill.     'Hu-  (jiiantity 

Ucncratrd  i-id  ii^rd   fur  I  riitiiwaxi'  \\  1  iinitM.     Total  ina\iiniiin 

Hiipply  <l<'iniiiili  il  Mii^  si>.'»  l\w.   for  1  irid  power  and  lUiO  kw.  fov 

tram  way  M. 

Till-  iiipiiiii  rxpenditiire  «.-  •!,.  t  .,  .  jn  £SH.n7  (incrciwe  £200). 
of  wliiili  £2:i.7ir»  in  repaid  r  iil.      Rrvmiic  wa«  £U).123 

(coiiiparMl  witli   £IH.0IS  in  '  '  .  i,. 

£1I,5»:«K    (tll..V.tS).    Iiaviiv:  ,.•■ 

ipiiriMl  £2,:tl7.  iiK'otiii-  ta\   >  iiiml  iJ,  l.s'.t.  |«<livlll^  l2,4tKi  lo 

transfer   to  rcHcrve  and    f  U<<cjpt»   per  car-inilo    Acrt- 

l(t  lltd,.   workioK  cNprnKON  Itstlljil.      I'aHfH'nKorN  carrie*!   were  r),lir».3H2 
and  I'lii  inilr.-*  nui  4.'>(t.!M»((. 

Penang.  The  annual  rrporfs  of  the  i-Iectrieily  supply  and  tram- 
ways departnu'nl-*  of  the  municipality  of  (Jwirge  T<iwn,  IVnang,  for 
thi'  yc.ir  I '.•]."»  h.'ive  been  i-viue*!. 

Diirini:  tin-  vi'nr  ."i.M  i'i-iiilliit inn.<.  with  an  nii>:r«>i;nto  eipiivalcnt  of 
1 1. OKI  :U).\vall  lanip'-,  wiir  »'iinnii'l«'«l.  n:)i|  h(  (Ik-  end  of  the  year  2,2HK 

inKlullalions  (      7(1.«S1<1    ! ••   i '   •  tpplird.     Thr  total 

capital  cxpiMided  is  Sl.i  J I  -prin  diiritifi  the 

ycur.      I'nit'*  xiijd  «iMi'  l.i'ti  i.'.i."''  '  l.lui.ji;i|.     Total  revcnur  wa.« 

'.S:K»4.H>:1.42    (n!.'!«ii<M    S2SI..".«i7  1    (..Ld   ,,,..t».   were    S124.n.Sl..',l 

(ufiainst  Si2(>.7!t:».:::t).  The  «niv.  proiil  «;«'-  .h|T'.».s1  I..-.I  (or  lS-22  p«-r 
cent.),  a'ld  net  protit  S<(i.Ui;i.42  (7-7>i  per  tcul.).  4U  pnl'li.  .>.  Iimi.- 
Iiav(>  been  roplaciHl  by  half-watt  lanip.>. 

Tlu'    traniwavH    department    cnrr     '        '--^-f 
r».5\t7.1>'.U).  and  thi>  I'arinilcN  ran   u 

T<<lid  r.\.Mni>  wa-    SHI.'.Mt.:'.  ,u. 

wns  $2S '.':<  (aKftinsi  $:h».Hi>>  piM  -     >  (i.'i 

(Again»t  18.38).     Aftor  meeting  capital  oiiargw  ihedcttcit  »«.•>  $5,072.52. 


Better  results  arc  anticipated  after  the  wai,  when  cxtcn.-iuns  can  be 
carried  out. 

Redditch.  -The  accounts  of  the  electricity  dojiartmcnt  ior  the  year 
(  ndcil  .Mirch  ."M  show  total  capital  exi)enditure  £o8.:i2.")  (increajie 
£l(t,<>l>!»).  of  which  £28.297  is  outstanding. 

Rc\enue  was  £10, .587.  against  £9..")H8  in  previous  year,  and  after 
mectiiiir  working;  and  speciid  exix>nses,  gross  jirotit  was  "£l(i:{  Interest, 
instalment  of  loiins.  ;ind  (.1  hor  <a|)it!il  rhargcs  rcquir(><l  £3.r)2.">.  \V<irking 
co.sts  per  unit  .sold  \urc  I(>«<1.  (against  l(i.'M.)iu  previous  y<'ar.  Cnits 
gehera(«-<l  w.rc  1.(14S.773  (agains  i.."):}7.(iS:t)  an<l  solii  1.4,W.2:\2 
(1,2S;{,J»27).     Consumers  (onneeted  are  1,043  (decrease  (i). 

'J'he  engineer  and  niannuer.  Mr.  H.  N.  Mayne,  state's  that  uinongM  the 
enuses  of  the  year's  »nisati.sfa(  tory  results  are  the  increase  '  ' "  r  tent, 
in  the  price  of  fu  •!.  2!»  jH-r  cent,  in  price  of  oil.  and  21  jkti  li-ratc 

of  »'  "f  the  tnrltinc  durinr;  .\pril.  aii<l  't 

•'"'  Also  an  item  of  £2:i(i  excels  <  'ii 

the  old  turbine  |ilai)t  ua.s  nu't  out  of  revenue.  The  small  niargm  Ix't  wivn 
n-cj-iptK  and  tiM»t»  |n«r  unit  justifies  the  incrcHisctl  charge  whi'h  h.is  been 
deciile<l  u|Min. 

Taunton.  Thca«  rounts  of  tlu'  electricity  department  for  the  year 
ended  .March  '.\\  show  total  capital  expenditun^  £S1.41."»  (inciease 
£04(»):  tW.lO')  „f  ,le|,(  has  been  extingui.shed,  ;uid  £i:i.(MtO  i.s  the 
ani'iunt  of  loan  funtls  aviilablc. 

Hrxrniio  wa-  tl:{.o;U.  or  £I:{.IKI2  .vftcr  provitliuLj  for  aliowan-t-s  and 
Iwl  debtn.  and  working  expensos  were  £7.(»4(i.  leaving  gross  protit  £.'>.«.\'>5. 
to  which  iH  aHdr<l  £2n  for  sh1.>  <.f  frei-wirisl  installat  ions.  £2.'i  pmport  ion  of 
pupils"  preiuiiimo.  .\nd  i'M)  from  sal.'  of  hire  niot^.rs.  Intensl  re.(uirr<l 
£l.4nt>.  lo;i  ii;7.  dr|iri-i  iiit inn  cmi  rookinsr  stoves  £.M.  rcnewal.-i 

a"ou;'t  U  ^  «  .1.  (raisfcinHl  to  <  a  pit-id  a mil.  the  balance 

c«rru'«l  forward  i>y  (nits  g»-nerate«l  were  l.l77.:Uu;  ( l.tiS.'».86.'j). 

»nd  f>v»hl  U.^JCATl  ,  .  ..;4)  Total  maMniinn  sunplv  dnuaadid  wa." 
«r»kw.    (ATOkw.V 

Yarmouth.  Tdo  aicoimts  of  the  electricity  stjpply  <lei«\rtment 
foi  th.  \i.tr  cn«lc<!  .M  .i.l,  :J|  .^hox,  t,ital  capital  exiicnditun'  l'127.:t8(i 
(inerea.H-  £l.44i7).  of  which  £*i«i.'.lii:{  is  outstamling. 

I    with    £2:<.4<>l    iu    tirr.i»)us   year). 

'.14.2H2).   intcre,-t.  sinKi- i:   fund  an<l 

in«onir  tax  t-  i  i t8.(iS.">).  the  net  result  beinu  a  dcticit  of 

£rt.l»7«(conip» ,.i..ht  of  UX\).     Units  gr.ncr.ited  wrre  l.64G.l»> 

and  eold  1. 287.130.     Total  maximum  supply  demaaded  wn's  l.(i3t>  kw. 
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COMPANIES'  MEETINGS  AND   REPORTS. 


BRAZILIAN  TRACTION,  LIGHT  &  POWER  CO.  (LTD.)— Tlio  Ihiid  annual 
rf|»!)rt  i'oi'  I'M.")  statis  tliat  tlu^  revenue  in  ('aaadian  currency  was  as 
follows  :  Revenue  fioni  securities  own(;d  and  under  cojitracts  with  sub- 
t;jdiary  coinijanies  .$.'), 339, U)2.7(),  and  interest  on  advances  to  subsidiaiy 
companies  $273,1)83.  U.  Deductinj^  general  and  legal  oxi)enses,  adminis- 
tration charges  and  interest  on  loans  $218,074.43,  the  surjjlus  availabht 
for  dividends  was  $.5,394,801.74.  Four  quarterly  dividends  at  1^  per 
cent,  each  on  preference  shares  ( .S()(!0,000)  and  two  (quarterly  dividends 
of  IJ  i)er  cent,  and  two  quarterly  dividends  of  J  jier  cent,  each  on  the 
ordinary  shares  (S4.249  380)  absuihed  $4,849,380,  leaving  a  surplus  of 
$54.5,421.74.  Although  rigid  economies  have  been  eii'ected,  the  cost  of 
ojjeration  and  maintenance  has  been  adversely  influenced  by  the  ris(!  in 
the  price  of  materials,  and  by  the  enormous  advance  in  ocean  freights. 
Conditions  generally  in  Brazil  are  showing  distinct  signs  of  improvement. 
During  the  year  further  shares  have  been  acquired  in  the  capital  of  the 
Conijianhia  Telcpho-iica  do  Estado  de  Sao  Paulo  and  in  that  of  the 
Com])anhia  Rede  Telephonica  Bragantina,  and  with  those  subsequently 
purchased  the  Brazilian  comi)any  holds  95  per  cent,  of  the  share  ca]>ital 
of  each  company.  This  comj)any  has  also  made  advances  for  the  purpose 
of  carrying  out  necessary  improvements  and  e.Ktensions  to  the  telephone 
systems.  The  president  (Mr.  Alex.  Mackenzie)  has  sjyent  the  last  Ui 
months  in  Brazil  in  connection  with  the  affairs  of  the  com])anics. 

Tn  the  report  of  the  President  (Mr.  Ale.x.  Mackenzie)  it  is  stated  that  the 
gross  earnings  of  the  Kio  de  .Janeiro  division  in  Brazilian  currency  exceeded 
those  of  the  }>revious  year  by  2,923,000  milreis,  there  being  substantial 
increases  in  ail  departments  exce[)t  the  tramways,  the  earnings  of  which 
were  slightly  below  those  of  1914,  the  increase  in  total  net  earnings  was 
1,91  (),000  milreis.  Notwithstanding  the  greatly  increased  cost  of  material, 
freights  and  other  cliarges,  the  ratio  of  o])erating  expenses  was  reduced 
toslightly  below  thiitof  1014.  Klcven  new  13-bench  electric  cars  were  i)ut 
into  service,  and  coirsiderable  ])rogress  was  made  on  the  construction  of 
30  lO-bench  trailer  cars.  The  car-miles  run  were  24,409,259,  against 
24,815,078,  and  the  passengers  carried  191,5.50,302,  against  192, 103,03.5. 
At  the  end  of  the  ye.ir  thei'e  was  connected  to  the  electric  su])ply  system 
93,892  u.i'.  1)1  motors,  an  increase  of  19,171  h.p.  over  that  of  1914. 
There  was  a  large  increase  in  private  lighting,  (5,203  new  customers  being 
aililed,  the  number  of  incandescent  lamps  (on  the  basis  of  .50  watts,  or 
Kic.p.)  being  increased  from  7()(),038  in  1914  to  800,802  at  the  end  of 
1915.  Many  a])pliciitio>!s  for  light  had  been  received  from  Maxam- 
bomba,  Campo  CJramle,  Santa  Cruz  and  other  distant  suburbs  not  luu-c- 
toforc  served,  and  as  the  system  has  already  been  extended  to  those; 
districts,  a  considerable  iiu^rease  may  be  looked  for  during  the  current 
year.  There  was  little  change  in  the  jjublic;  lighting — only  23  arc  lamj)s 
being  added,  making  a  total  of  8,759  at  the  end  of  the  year.  There  are 
also  2,123  ]n'ivate  arc  lamps  on  the  circuits.  The  private  lighting  von- 
sumers  number  40.S(iO  (against  34,663)  and  power  consumers  2,208 
(against  2, 105).  The  output  of  the  power  station  at  Lages  was  increased 
by  6.8  per  cent,  over  1914,  the  maximum  hom'ly  output  being  36,000  kw. 
Notwithstanding  the  record  drought  of  1914  and  the  uicreascd  load,  there 
was  at  all  times  hufficient  water  for  operating  the  hydraulic  installa- 
tions and  it  was  not  necessary  to  make  use  of  the  reserve  steam  plant. 
An  improved  cooling  system  for  one  of  the  12,000  lev. a.  units  at 
Lages  power  station  has  given  excellent  results,  and  it  is  proposed  to 
install  similar  cooling  systems  for  all  the  generators  in  the  station.  There 
lias  been  little  change  in  the  t(>lephono  service  during  the  last  two  years, 
owing  partly  to  the  industrial  depression  and  partly,  no  doubt,  to  the 
increased  rates  that  fin  the  City  of  Rio  de  Janeiro)  automatically  come 
into  force  by  reason  of  lower  exchange.  During  the  year  the  addition 
to  the  Sul  exchange  in  the  City  of  Rio  de  Janeiro  was  completed,  in- 
creasing its  capacity  from  2,000  to  3,500  lines.  The  station  is  ])lanned 
for  an  ultimate  ca])a(ity  of  8,400  lines.  The  service  of  the  City  of  Rio 
de  .Janeiro  is  connected  by  submarine  cable  to  that  of  the  Inter-urban 
company  in  the  adjoining  City  of  Nictheroy  and  is  extended  to  Petrfijiolis 
and  Barra  do  Pirahy  and  other  towns  in  the  vicinity.  In  December  last 
legislation  was  passed  authorising  the  connection  of  the  Inter-urban 
service  with  that  of  the  Braaantina  company  in  the  State  of  Sao  Paido. 

On  Dec.  31,  1915,  th(>  Companhia  Telephonica  do  Estado  de  Sao  Paulo 
liad  6,131  subscribc'i's  in  Sao  Paulo,  1.019  in.  Santos  and  753  in  C'am])ii>as. 
Arriingcmcnts  liave  been  made  for  *lie  use  of  the  })oles  of  the  Sao  Paulo 
Tramway.  Light  &  Power  Co.  and  the  joint  use  of  the  underground  duct 
system  of  that  company,  thereby  materially  reducing  the  cost  of  con- 
struction and  maintenance.  The  Compajihia  Rede  Telephonica  Bragan- 
tina owns  and  oi)erates  a  tele])hone  service  in  99  municipalities  in  the 
States  of  Sao  Paulo,  Miras  Geraes  and  in  Rio  de  Janeiro.  A  regular 
telephone  service  can  now.. be  given  between  Ribcirao  Preto,  one  of  tho 
most  important  cities  in  the  western  ])art  of  the  State,  and  Santos,  a 
distance  of  310  miles,  and  between  Santos  and  Guaratingueta,  a  distance 
of  177  miles  in  the  ojiposite  direction,  the  intermediate  towns  and  cities 
also  .securing  the  benefit  of  this  improved  and  extended  service.  'I'l'e 
circuits  of  the  company  M'ill  be  connected  with  the  new  exchange  now 
under  construction  in  Sao  Paulo.  The  Com])anhia  de  Telephones  In- 
terestadoaes,  which  was  organised  in  1913,  operates  the  telephone  service 
in  Cataguazes,  Sao  Paulo  de  Muriahe  aid  Palma  in  the  State  of  Minas 
Geraes  ;  and  in  the  adjoining  municipality  of  Santo  Antonio  de  Padua 
in  the  State  of  Rio  de  .Janeiro.  For  financial  reasons,  the  construction 
work  has  proceeded  slowly,  but  during  the  year  124  miles  of  lines  were 
built.  Notwithstaridi-.ig  the  extensive  use  of  electricity  for  ])ublic 
lighting,  gas  is  .still  used,  and  there  were  in  service  at  the  end  of  the  ye.ir 
22,080  gas  lamps,  practically  the  same  as  during  the  previous  year.  Gas. 
however,  is  now  little  used  for  private  lighting,  but  there  is  an  immense 


liild  for  the  development  of  the  bu>in(>-,  by  the  further  e.xtension  of  its 
use  for  domestic  jiurposes,  for  bakeric^s  and  other  indu.strius. 

The  total  gro.ss  income  of  the  Rio  de  .Janeiro  division  (not  including 
C(,ii!j)a!)hia  Telephonica  df)  Estado  and  Companhia  Bragantina)  for  tho 
last  four  years  is  given  in  Brazilian  currency  as  follows  : — 

1912.  1913.  1914.  1915. 

Milreis.  Milreis.  Milreis.  Milrei.s. 

Tramway 23,934,427    ...  25,.530.923   ...  24,8.50,432   ...  24,608,003 

Light  and  ])ower  11,262,966   ...  13,842,033   ...  14.752,5.52   ...  16,684,6WJ 

Telephone 1,641,414...     2,248,394...     2..597,679   ...     2,771,143 

Gas   7,73.5,138  ...     8.296,014   ...     8,423,636  ...     9,484,108 


44,573,945  49,917,364  .50,624,299  53,-547,934 
During  the  early  part  of  the  year  the  earnings  of  the  Sao  Paulo  division 
were  maintained  at  about  the  level  reached  during  the  latter  part  of  1914, 
but  lat(>r  there  was  a  marked  im])rovement  which  continued  throughout 
the  year,  especially  in  the  light  and  power  departments,  which  show«>d 
an  incr(?ase  in  their  net  earnings  of  9-6  per  cent,  over  1914.  There  wa.s 
a  slight  decrease  in  tramway  earnings.  The  total  increase  in  gross  and 
net  earnings  in  Brazilian  currency  was  452,000  milreis  and  49,000  milreis 
rcsi)ectively.  There  are  indications  that  there  will  be  a  considerable 
increase  in  earnings  for  the  current  year,  especially  in  tho  tramways. 
The  car-miles  run  were  9,425,231,  against  9,496,091,  and  the  to'tal 
passengers  carried  51,574,145,  against  .53,732,^92.  At  the  end  of  the 
y(!ar  tliere  was  connected  to  the  electric  supply  system  38,896  H.i'.  in 
motors,  an  increase  of  8,6.56  h.p.  over  the  previous  year.  There  wa.s  also 
a  hirg(!  increase  in  lighting,  6,028  new  customers  being  added,  making 
22,414  lighting  consumers  with  1,439  power  efinsumer.s.  There  wa.s  little 
chansie  in  the  ]>ublic  lighting,  but  arrangements  have  recently  been  con- 
t:lu(le<l  with  the  (jlovernment  for  considerable  additions  to  this  .service. 
For  ])ublic  lighting  there  are  497  arc  lamps  (against  472).  The  ])0wcr 
plant  at  Parnahyba  was  shut  down  several  weeks  for  installing  new 
headgates  in  the  three  feeder  ])i])cs  at  the  maiii  dam.  During  the  |)ro- 
giess  of  this  work,  the  plant  of  the  Sao  Paulo  Electric  Co.  at  Sorocaba 
supplit-d  Sao  Paulo  with  all  tho  energy  re(iuired. 

The  Sao  Paulo  Electric  Co.  supplies  power  to  the  Sao  Paulo  Tramway, 
Light  &  Power  Co.  The  connections  include  7,745  ])rivate  incandescent 
and  719  public:  lam))s,  with  3.40(i  m.1'.  in  motors  and   1.247  consumers. 

KALGOORLIE  ELECTRIC  TRAMWAYS  (LTD,)— Mr.  A.  H.  P.  Stoneham, 
who  presided  at  the  annual  meeting  last  week,  said  that  the  ])rofits  of  the 
undertaking  were  about  the  same  as  last  year.  The  board  had  found  it 
necessary  to  allow  for  depreciation  in  order  to  ])rovide  for  the  renewal  of 
machinery,  cars,  &c.,  as  and  when  necessary.  The  outlook  was  not  very 
bright,  and  he  could  see  no  immediate  probability  of  iiui>rovemcnt.  The 
competition  of  motor  cars  still  continued,  but  it  was  i)robable  that  the 
scarcity  of  petroleum  would  be  felt  in  Australia  as  well  as  in  Europe,  and 
so  do  away  with  that  foim  of  competition.  So  many  low-grade  mines 
had  had  to  close  down,  so  many  miners  had  joined  the  fighting  forces  and 
left  Kalgoorlie,  and  those  who  remained  so  strongly  objected  to  work 
with  the  alien  cnmey  (Austrians  chiefly),  formerly  employed  at  the  mines, 
and  to  supply  wood  for  the  mines,  that  the  ])osition  in  Kalgooilie  had 
been  rendered  very  difficult  for  the  tramway  company.  Indeed,  about 
the  only  thing  that  could  restore  prosperity  to  them  was  the  possibility 
of  immigration  on  a  large  scale  into  Australia  after  the  war.  When  the 
company  was  formed  it  had  been  anticipated  that  Kalgoorlie  was  going 
to  become  a  great  mining  town.  That  it  had  not  done  so  was  not  because 
the  mines  had  not  yielded,  but  chiefly  because  the  labour  problem  had 
proved  so  difficult.  Labour,  which  some  years  ago  cost  8s.  to  10s.  per 
day.  was  now  costing  15s.  to  16s.  per  day,  which  made  all  the  difference 
for  low-grade  mines.  Evei  if  a  big  mine  were  discovered  in  Ivalgoorlie 
he  was  (loubtful  whether  capital  would  be  found  in  present  circumstances 
to  develop  it.  because  directly  capital  was  put  into  a  coiicern  wages  began 
to  go  up.  The  question  of  wages  also  arose  in  connection  with  the 
possibility  of  agricultural  develo7)ments,  and  he  forgone  did  not  see  how  a 
man  was  to  cultivate  large  acreages  of  wheat,  employ  labour,  and  ho]ie 
to  sell  the  crop  at  a  profit  alongside  Canadian  wheat.  The  condition  of 
Kalgoorlie  now  was  not  such  a-:  to  attract  business  men  from  other 
States,  as  some  years  ago  they  had  hoped  would  have  been  the  case. 

ROYCE  (LTD.) — The  reiiort  for  the  year  ended  March  states  that 
after  ])aying  or  providing  for  liberal  depreciation.  &(•..  charging  repairs 
anil  i(>placemer.ts  to  revenue,  and  making  provision  for  the  estimateil 
amount  i)ayable  under  the  Finance  a-ul  other  Acts,  the  profit  wivs  i:6.944, 
to  which  is" added  £418.  interest  on  investments,  and  the  balance  brought 
forward  (£1,001),  making  a  total  of  £8.364.  It  is  proposeil  to  pay_5  per 
cent,  on  thf  ordinary  shares  for  the  year  and  carry  forward  £2,956. 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 


FARADAY  &  SON 

hau^s.  to  adopt  an  i 


NEW  COMPANIES. 

N  (LTD.)  ( 144,736.)— Reg.  Aug.  31,  capital  £5.000  in  £1 
.  agreemcTit  with  Rosa  B.  Faraday.  P.  Faraday  and  L.  B. 
Faraday  to  carry  on  tho  busuiess  of  elect ii<al  engineers  a-.u!  manufac- 
turers of  electrical  fittings  as  formerly  carried  on  by  the  saiil  vemlois  as 
Faraday  i«'  Son.  Private  compaiiy.  First  directors  are  P.  Faraday  and 
L.  B.  Faraday  (both  ])erm;i-!cnt). 

HEMEL    HEMPSTEAD    ENGINEERING     CO.    (LTD.)      (144.611.)-- Keg. 
^ug.  15,  capital  £5,000  in  £1  shares,  to  carry  on  the  business  of  hydraulic 
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■  I.-,  iiiakcrs  of  and  dealers  in  lifts,  cranes  and  hoists, 

ty,  liydraulieand  hand  jKJwer, makers  of  and  dealers 

ii,  :ii.<  la.- :.iid  winches, electricians,  &e.    I'rivatc company.    Finst 

<!;,  :e  J.  ('!iiistoi)her,  K.  H.  Klliston,  C.  .M.  Evans,  E.  L.  Price, 

and  (;.  H.  Zalkovitz  (all  permanent).      Reg.  oflicc,  Hcmel  Hempstead. 

MORTGAGES   AND   CHARGES. 

BRILLTANT  ARC  LAMP  &  ENGINEERING  CO.  (LTD.)  I'ai  ticular.s  oi 
£2..^.;  (I  <lr  Iw-.t.iiic  .  rnal.d  Aii^.  !i.  I'.lUi.  Ijave  been  filcl.  whole  amount 
be:  :  d.      \',i,f.v.l_,-  chivrjicd.  company's  undertaking  ar.d  jk-o-/ 

pr  ;•  .<l  flit  UK-.      \o  trustees. 

FARINJDON  ELECTRIC  LIGHT  &  POWER  CO.  (LTD.) -Particulars  of 
£:}(>(•  dcL.ntiires.  <  rcatci  .June-  ;{'),  l!(|!i,  lia\c  hccii  tiled.  Whole  amount 
liein;  jic.v  issuwl.  Proi^rty  char;red.  company's  undertaking  and  pro- 
pert-  ,  pii'»cnt  and  future.     No  trustees. 


ELECTRICAL  COMPANIES'  SHARE  LlSl. -Continued. 


CITY   NOTES. 


MEMORANDA  ;S'  pt.  'i/. — Bank  rate  l>  percent,  (•inoe  July  13.  1916). 
CoDBoiH  ..'.•,'  Btockii  and  Shares  Ticket  Day  ,  S'  j.t.  i:i  and  2S.  Pay 
Day  ,  S  ]>t.  14  end  21).     Price  of  lilver.  32 A. 

COMPANIES  TO  BS  STRUCK  OFF  REGISTER.  -Notice  is  given  that  at 
e.v  I  iiioiiths  from   .\ii^'i:,hI    l.j  the  names  of  the  undcr- 

ni>  ic  s   V,  ill,   unless  cause  is  sh(jwn  to  the  contrary,  be 

sti  i.-ister:     .\cton    Lamp   ("o.,   Carlsliad    Electro-TlK-rmal 

H;,  ,.,ii(.    ]Ju|ili(ntiiiL.'    Picconler    Co.    an<l    Woodhouse    Steel 

(,'.1  l,t«l. 

toAUJi-l^  COMPANIES.  i  ill- re;:ular  <|u;«-ie.iy  dividend  of  1  ])ei<<:it. 
on  I  le  nicfciK-d  -lin.c-  iin<l  the  regular  <|uart<'rly  dividen<I  of  \\  per 
ccMl.  o  •  the  (ominon  hlia.cs  in  the  .Mackay  Companies  will  be  paid  on 
()i  I.  '2.     Th(   tr;'.   "((  T  lii.dks  will  not  be  (closed. 


METAL  PRICES. 

n  &  Sons,  132,  UpptrTh-iiiiej-street, London,  E.G.,  quote  unde'^ 
■It:  as  the  present  basifpricesof — 


per  lb. 
....  i.-^i: 
....    ie;:. 

181d. 

mU. 

....      HM. 

IC/I. 

....      MM. 
....      ISid. 

Per  ton. 
£10)    0    0 


A: 


Clcai 

c-  ■ 


Per  ton\ 

liihLcad £31     5    ^ 

[.nr^r.y    Nominal. 

Per  ton. 
£1C0    0    0 
W     0 
89    0 
26  10 
35    0 


.         ALS. 

rap  ... 
ppcr  Scrap 


49    0     0 


0 
0 
0 
0 
0 
0 
0 


Olil  /mc 

H-ll-.v  Pewter 120  0 

V         '       -cr   80  0 

80  0 
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Our   2000th  Issue. 


The  present  issue  of  The  Electrici.an  bears  the  number 
2000,  and  we  have,  therefore,  mcluded  within  its  pages  a 
number  of  specially  contributed  articles,  some  dealmg  his- 
torically with  the  development  of  various  branches  of  the 
electrical  industry  and  others  with  recent  advances  and  some 
present-day  problems. 

The  first  series  of  The  Electrician  ("  A  Weekly  Journal 
of   Telegraphy,    Electricity   and    Applied    Chemistry ")    was 
started  on  November  9,  1861.     At  that  time  the  field  of  view 
was  restricted  almost  wholly  to  telegraphic  matters,  and  it 
must  have  been  difficult  to  fill  even  the  modest  13  pages  of 
text  then  presented  to  the  reader  whereas  in  these  days  the 
difficulty  is  in  finding  space  for  all  that  should  be  included  in 
five  times  this  number  of  pages.     In  the  introductory  statement 
to  this  first  issue  it  is  recorded  that  the  jouraal  "  is  designed 
to  meet  the  requirements  of  the  student  in  a  field  of  knowledge 
which  is  every  day  being  extended,  and  which  in  all  probability 
is  destmed  to  solve  many  of  the  most  important  problems  con- 
nected with  the   well-being   of   mankind."     This   statement 
speaks  well  for  the  prophetic  intelligence  of  those  days,  when 
little  more  than  the  telegrapli  had  been  accomplished  in  the 
practical  application  of  electricity.     AVe  can  gain  some  insight 
into  the  state  of  knowledge  by  perusing  the  pages  of  this  first 
issue.     For  example,  there  is  an  editorial  note  on  "  Artificial 
Sunlight,"  which  deals  with  the  possibility  of  using  limelight. 


The  Universal  Lime  Light  Co.  (Ltd.)  had  been  formed  for  what 
we  should  now  consider  the  hopeless  task  of  pushing  this  form 
of  light  for  streets  and  large  buildings.     The  idea  of  using 
electricity  had  not  yet  arisen.     On  the  same  page  is  an  historic 
Paper,  read  before  the  British  Association  by  Latimer  Clark 
and  Sir  Charles  Bright  on  the  "  Measurement  of  Electrical 
Quantities  and  Resistance."     In  these  days  it  is  quaint  to  read 
of  the  suggestions  made  by  the  authors  that  the  imit  of  tension 
should  be  the  Ohma,  the  unit  of  electrostatic  quantity  the 
Farad,  the  unit  of  current  the  Galvat  and  the  unit  of  resistance 
the  Volt.     Ideas  have  changed  since  then.     Xevertheless.  this 
Paper  led  to  the  formation  in  that  year  of  the  British  Associa- 
tion Electrical  Standards  Committee,  which  carried  out  such 
extremely  important  work  up  to  the  year  1912-13,  when  it  was 
dissolved.     In  this  first  issue  it  is  also  interesting  to  notice  a 
description  of  Caiselli's  "  pantelegraph.""  which  we  should  now 
call  the  Telewriter.     The  instrument  was  exliibited  at  the 
Italian  Exhibition  in  Florence,  and  the  same  arguments  were 
advanced  in  its  favour  as  are  to  be  heard  to-day. 

The  first  series  of  The  Electrician  was  continued  through 
rather  more  than  five  half-yearly  voli.mes.  and  terminated  on 
May  28,  1864.  Presumably  the  number  of  those  engaged  in 
telegraphy  and  work  of  a  similar  character  was  not  sufl&cient 
TO  support  the  venture.  Or,  perhaps,  the  question,  which  at 
one  time  became  acute,  whether  the  technical  or  the  commer- 
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cial  side  should  predominate  tlie  editorial  policy,  arose 
once  more.  As  described  on  another  page,  the  second  and 
present  series  started  on  May  25,  1878,  a  more  opportune 
moment,  when  the  electrical  field  was  beginning  to  enlarge  its 
bounds  very  vigorously.  How  far  that  field  has  been  enlarged 
we  attempt  to  show  in  a  small  way  in  our  present  issue. 


The  British  Association  Meeting. 

We  think  it  will  be  admitted  that  the  meeting  of  the  British 
Association  this  year  was  in   many  respects  disappointing. 
Ihougl),  of  course,  it  will  l)e  equally  admitted  tliat  the  con- 
ditions under  which  the  meeting  has  necessarily  been   held 
have  rendered  it  diffir  ult  for  many  of  those  who  habitually 
take  pait  in  such  gatherings  to  lie  present,  or  to  contribute 
Papers.     In  the  proceedings  of  Section  A  there  was  very  little 
of  general  electrical  int«'rest.  and  the  programme  of  Section  G 
was  certainly  weak  in  electrical  matters.     Perhaps  this  was 
inevitable,  and  ue  might  indeed  feel  that  it  would  be  disap- 
pointing if  it  were  otherwi.se,  for  the  present  is  not  a  time  for 
ordinary  investigations  by  those  who  can  be  engaged  en  any 
work  of  national  im])ortance.     As  will  be  seen  by  the  accoimt 
which  w(!  pul^lisii  in  an(jtlier  colunm.  by  far  the  most  interesting 
part  of  the  proceedings,  from  tlie  general  engineering  point  of 
view,  was  the  joint  di.scussion  of  the  Engineering  and  Chemical 
Sections  on  the  important  (juestion  of  fuel  economy.     To  tlie 
eh'ctrical  engineer  this  <|ucsi.ion  is  one  of  very  diiect  interest, 
for  it  must  be  realised  that  the  most  easy  means  of  economising 
fuel  is  to  generate  power  electrically,  the  combustion  being 
carried  out  in  such  a  way  as  to  enable  the  most  economical 
results  to    be   obtained   from    by-products.      Therefore    such 
metluHlscan  onl\  be  followed  satisfactorily  on  a  very  large  scale. 
It  is  out  of  the  question  to  KUi)po.S('  that  electrical  engineers  can 
carr}'  out  the  recovery  of  by-products  in  addition  to  gene- 
rating electrical  energy.     The  recovery  i)f  such  produces  can 
<inly  be  handled  ])r<t])erly  by  an  expert  chemical  staff,  and  any 
idea  llmt  tliis  can  be  done  on  a  large  seale  in  ha]>ha/.ard  fashion 
must  ])('.  put  on  one  side,  for  the  su])ply  engineer  is  far  from 
being  a  chemical  manufacturer.     The  whole  question  is  one 
of  the  very  greatest  importance  to  this  country,  and  requires 
most  careful  consideration.     It  is  interesting  to  note  that  Sir 
Hi'<;n  Bki.l  is  putting  to  a  practieal  test  1  he  .suggestion  niade 
a  few  years  ago  by  the  lute  Sir  William  Hamsay  that  thin 
Heams  of  coal  slioiild  be  used  for  power  puq>oses  bv  burning 
them  in  situ.      Tlie  i(l<'a  (bie.s  not  wnind  very  practicable,  but 
we  liojx'  tliat.  the  results,  whatever  they  mav  l»e.  will  be  ]>ul>- 
lislied    in    due   <.(iur.He.     Apart    from    terhiiical    matters,    the 
AsMociatictn  consideretl  the  large  (juestion  of  the  re))lacement 
of  male   l)y  female  labcnii    in  ronse(juence  of  the   war.     We 
nee«l  srnrcely  remark  ujxtn   the  importance  <»f  this  question 
from  more  ]»oint«  of  view  tliun  one.  and  that  it  may  give  rise 
to  .serion.s  diffirjilt ie.s  when  j-eace  conies  once  again. 


we  regard  such  advice  as  dangerous  in  the  extreme.  In  oar 
opinion  it  is  on  a  par  with  that  which,  for  our  sins,  we  blmdly 
followed  in  the  past,  and  for  which  we  are  now  paying  at  the 
rate  of  six  millions  a  day.  Unless  we  see  to  it  now,  when  peace 
Ls  proclaimed  we  shall  find  ourselves  at  least  as  unprepared 
for  peace  as  we  were  unprepared  for  war.  It  is  highly  desirable 
we  should  be  certain  that  the  steps  we  and  our  Allies  are  taking 
to  destrov  Prussian  militarism  does  not  mean  something  worse 
for  us  and  for  tliem.  The  pu  ting  into  practice  of  many  of  the 
resolutions  made  in  haste  while  we  have  the  fever  upon  us  may 
have  an  effect  opposite  to  the  one  intended,  and  instead 
of  breaking  militarism  will  either  break  us  or  enslave  us. 
With  what  is  said  to  be  a  half-hearted  blockade,  with  the  mis- 
handling of  the  food  question,  the  fuel  question,  munitions, 
recruituig,  conscription,  pensions  and  a  score  of  other  questions. 
all  under  consideration  at  the  present  time  :  with  such  examples 
before  us  as  the  enonnous  profits  that  are  being  made  by  every- 
body having  anything  to  sell,  and  the  absurdly  high  wages 
that  are  being  paid  oo  ensure  "  patriotism."  to  say  nothing  of 
the  State's  tolerance  of  our  reckless  and  criminal  extravagance — 
all  these  lead  us  to  believe  that  many  better  understand  how  to 
play  with  words  than  how  to  make  war.  On  the  ultimate  issue 
of  the  war  there  can  be  no  question,  nor  has  there  been  any 
question  as  to  the  i.ssue  since  the  civilian  engineer  lent  his 
brains  and  his  business  to  his  country,  but  it  is  well  that  the 
whole  of  the  Allies  should  look  ahead  lest  the  price  of  victory 
be  the  raising  of  the  cry  "  Sauve  qui  peut  '"  aftei-wards  by  the 
victors. 


Preparedness  for  Peace. 

LiiiLl,  iimie  than  a  yiai  ago  n  .H(rit>e  .showed  tliat  it  wa.s 
less  jiatriotic  to  he  loyal  tiian  tit  be  liostile  to  tiie  (tovemment. 
That  the  truth  of  this  was  tardily  n«ccgnised  was  not  altogether 
our  fault,  for  our  leaders  hu<l  laboured  hard  to  make  us  under- 
stand that  it  wft«  our  duty  to  be  loyal  to  them.  How  near 
disaster  luir  "  loyalty  '  brought  us  and  oiir  Allies  is  now  a 
byword,  and  calls  for  no  comment.  The  hanl  letwon  we  have 
learned,  or  which  we  ought  to  have  learned,  as  the  n\<«ult  of  the 
war  applies  also  to  peace,  and  this  is  not  yet  fullv  realised. 
We  think  that  Mr.  Win.stox  ('mK(HiLi/.s  advice  **  to  look 
after  tiie  war  and  a'ter  the  war  will  look  after  it.*elf  ■"  is  less 
.souiul  tliaii  one  would  exjiect  to  be  the  advice  of  a  clever  and 
far-seeing  statesman.     We  would   go  further,  and  state  that 


Congratulations  from  Prof.  Ehhu  Thomson  and    Prof. 

A.  E.  Kemielly.  In  connection  with  <>ui  "2()(,K)tli  issue 
Prof.  Eliliu  Thomson  cables  as  follows :  "  Congratula- 
tions past  .service,  anticipations  for  future."  We  have 
also  rec<Mved  the  following  cablegram  from  Prof.  Kennelly  : 
'*  Congratulations  .second  kiloissue.  Electriciax  record 
spleiulid  both  quality  and  quantity.  May  Salisbury-court 
long  continue  illumme  electrical  world." 

Capital  and  Labour.--A  leading  article  entitkni  "  The 
FutuK  Utlaiions  ul  (  apital  and  Labour  "  in  the  current  i.s.sue 
of  "  Engineering  "  directs  attention  to  one  of  the  most  pressing 
questions  that  has  ever  faced  the  employer  and  employe.  The 
recent  a(ldre.s,ses  before  tlie  British  Association  at  Newcastle 
and  the  Trade  Union  Congress  at  Birmingham  lead  one  to 
believe  that  the  two  will  come  together,  and  will  work  togetlier 
in  the  future  in  a  spirit  of  "  sweet  reasonableness." 

British  Coal.  In  the  United  Kingdom  the  amount  of  coal 
rai.s«-d  m  I'.tK}-  the  last  pre-war  year-  was  287.(XX».(MK»  tons, 
as  compared  with  23t».O(>0.0tX>"  in  liM)3.  188.0UU.IM,K»  m 
lS«t4.  KKl.tKKl.tKX)  m  1884  and  126.000.000  in  1874.  Havmg 
regard  to  the  character  of  the  new  collieries  recent!}'  established 
and  about  to  be  establishtnl  in  parts  of  (^reat  Britain,  there  is 
every  n-asim  to  .suppose  that  the  next  decade  will  show  a  great 
incre*»e  in  coal  production.  "  It  is.  therefore,  highly  prob- 
able." says  the  "  Engineer."  "that  the  annual  tonnage  raised 
in  this  e<iuntry  will  continue  to  increas*^  until  it  has  reached  the 
figure  of  .TiMiXKi  (KM)  or  even  lOO.tXKt.OOU  tons  a  year.  " 

The  Rubber  Trade  in  Grermany.  In  an  article  in  the 
"  India  Hubber  World."  of  New  York,  the  following  paragraph 
appears  "  Until  a  few  years  ago  the  Imperial  (German) 
(tttveninient  recognised  wliat  was  known  as  secret  patents. 
claims  and  specifications  of  inventions  which  wen*  filwi  with 
the  patent  department,  but  not  publi.shed,  yet  protected  the 
inventors"  rights.  The  growing  of  liberal  business  interest*, 
however,  in  time  di.spo.stHl  of  this  rather  undemocratic  insti- 
tution. But  now  all  are  beginning  to  ivcogni.se  the  advantages 
of  this  di.scarded  system  which  will  pndiably  soon  be  re-estab- 
lished "  Evidently  we  must  look  after  ourselves  more  care- 
fullv  in  the  near  future. 
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American  Electrical  Machinery. — Statistics  gathered  by 
the  United  States  Department  of  Commerce  for  1914  show  that 
the  output  of  electrical  machinery  in  America  in  1914  was 
£72,000,000,  or  50  per  cent,  higher  than  the  output  in  1909. 
The  output  of  dynamos,  including  parts  and  supplies,  in  1914 
was  valued  at  £4,700,000,  representing  an  increase  of  34-8  per 
cent,  over  the  corresponding  value  for  1909.  Under  this  head 
are  included  dynamotors,  motor  generators,  boosters,  rotary 
converters,  double-current  generators,  &c. 

Steel  Testing. — The  "  Daily  Telegraph  "  calls  attention  to 
the  development  of  electromagnetic  methods  of  testmg  steel, 
based  on  the    co-relation    of   the    magnetic   and   mechanical 

properties  of  the  metal. 

It  is  stated  that  recently  experimental  evidence  on  this  important  and 
fascinating  siibject  has  been  ])ut  forward  by  Mr.  Charles  W.  Burrows, 
of  the  Washington  Bureau  of  Standards.  His  evidence  seems  to  point 
to  the  conclusion  that  there  is  one,  and  only  one,  set  of  mechnical  char- 
acteristics corresponding  to  a  given  set  of  magnetic  characteristics,  and 
conversely  there  is  one,  and  only  one,  set  of  magnetic  characteristics 
corresponding  to  a  given  set  of  mechanical  characteristics.  And  it  goes 
on  to  say  that  although  there  is  no  evidence  to  refute  the  preceding 
rather  broad  statement,  the  utility  of  this  generalisation  is  decidedly 
limited  by  the  complexity  of  the  relations  due  to  the  large  number  of 
variables  and  the  lack  of  sufficient  quantitative  data,  but  that  such  data, 
however,  are  gradually  being  obtained  by  Mr.  Burrows  and  others,  who 
g^re  working  on  this  problem. 

Chicago  Generating  Stations. — At  one  time  there  were  25 
separate  electric  power  generating  stations  in  Chicago  under 
many  different  managements.  But  the  result  of  centralisation 
has  been  a  saving  in  coal,  in  the  cost  per  kilowatt,  in  operating 
costs,  and  in  the  charges  to  the  consumer.  The  characteristics 
of  the  peak  load  have  also  changed,  and  the  maximum  railway 
load  is  now  about  three  times  that  of  the  lighting  output. 
Larger  units  are  likely  in  the  future  ;  30,000  kw.  units  will  be 
installed  next  year,  and  larger  ones  the  year  after  ;  higher 
steam  pressures  are  also  likely  and  are  being  used  experi- 
mentally at  the  present  moment  to  some  extent. 

Aluminium  Overhead  Conductors. — A  Paper  was  read  some 
time  ago  before  a  Swiss  technical  society  on  the  use  of  alu- 
minium as  an  overhead  conductor.  As  regards  the  relative 
costs  of  aluminium  and  copper,  the  author,  Mr.  Wyssling,  comes 
to  the  conclusion  that  so  long  as  the  price  of  aluminium  is  less 
than  1-89  times  that  of  copper,  it  is  the  cheaper  of  the  two  as  an 
electrical  conductor  ;  a  table  gives  the  percentage  of  saving  for 
variable  ratios  of  the  prices.  Another  table  gives  the  physical 
constants  of  aluminium  ;  there  are  also  tables  showing  the 
sizes  of  aluminium  conductors  corresponding  to  ordinary  sizes 
of  copper  conductors,  the  minimum  allowable  sections  for 
aluminium  overhead  wires,  and  the  resistance,  mechanical 
strength,  and  weight  of  aluminium  cables  of  different  series. 

Magneto  Testing  Apparatus.— A  method  of  testing  magneto 
apparatus  was  described  recently  in  "  La  Eevue  Electrique." 
The  magneto  to  be  tested  is  caused  to  produce  sparks  between 
Pt-points  in  an  atmosphere  of  nitrogen  enclosed  ui  a  glass  bulb, 
across  which  there  also  extends  a  resistance  wire  in  an  inde- 
pendent circuit.  The  expansion  of  the  enclosed  gas,  due  to 
the  heat  generated  by  the  sparks,  is  measured  by  the  move- 
ment of  a  mercury  column  in  a  U-tube,  one  end  of  which  opens 
into  the  bulb  at  the  bottom.  The  apparatus  is  calibrated  by 
means  of  the  resistance  wire.  The  results  of  experiments  are 
given,  showing  the  variation  in  the  energy  per  spark.  This 
rises  to  a  maximum,  and  then  decreases  as  the  speed  of  rota- 
tion is  increased. 

UtiUsation   of  Engineering  Works  after  the  War.— In 

view  of  the  national  prominence  of  the  engineering  industry, 
the  Lord  Mayor  is  convening  a  public  meeting  at  the  Mansion 
House,  London,  at  3  p.m.  on  Wednesday,  Sept.  20th,  to  discuss 
future  trade  policy  with  special  reference  to  the  economic 
utilisation  of  the  engineering  works  of  the  nation  which  have 
been  so  largely  expanded  in  capacity  and  equipment  during 
the  past  two  years.  The  organisation  of  the  meeting  is  being 
undertakien  by  the  British  Electrical  &  Allied  Manufacturers' 
Association,  with  the  support  of  the  British  Engineers'  Asso- 
ciation, the  British  Empire  Producers'  Organisation  and  the 


Engineering  and  Electrical  Sections  of  the  London  Chamber 
of  Commerce.  Applications  for  tickets  of  admission  should 
be  sent  to  Mr.  T.  C.  Elder,  Organising  Secretary  for  the  meeting, 
B.E.A.M.A.  Offices,  36,  Kingsway,  London,  W.C,  or  to  the 
Secretaries  of  any  of  the  above  organisations. 

Boiler  Explosions. — Comparing  the  boiler  explosions  in 
America  with  those  which  take  place  in  this  countrv,  the 
American  journal  "  Power  "  claims  that  in  the  United  States 
the  number  of  explosions  is  no  higher  than  in  Great  Britain, 
when  the  difference  in  area  of  the  two  countries  and  the  number 
of  boners  is  taken  into  consideration.  ""  Power  '  .states  that 
boiler  explosions  in  the  United  States  are  largely  confined  to 
sawmill  and  similar  plants,  in  which  skilled  engineers  are  not 
employed.  During  the  past  12  months  there  were  in  the 
United  States  265  boiler  explosions  or  failures  of  all  kinds,  in 
which  113  persons  lost  their  lives  and  312  others  were  injured. 
About  one-fifth  of  these  explosions  were  confined  to  low- 
pressure  house-heating  boilers  ;  33  were  sawmill  boilers,  and 
these  killed  28  and  injured  55  others.  Deducting  the  number 
of  house-heating  boilers  from  the  list  of  explosions,  the  total 
of  high-pressure  explosions  is  reduced  to  about  210.  This  is 
about  3|  times  the  number  of  explosions  that  occurred  in  Great 
Britain  during  the  same  period. 

Overhead  Electric  Lines.— The  Board  of  Trade  state  that  a 
considerable  number  of  applications  have  been  made  for  the 
consent  of  the  department  to  the  erection  of  temporary  over- 
head lines  for  the  transmission  of  electrical  energv,  and  the 
Board  desire  to  call  attention  to  their  memorandum  relating 
to  the  particulars  required  by  the  department  in  connection 
with  applications  for  consent  to  the  erection  of  overhead  lines. 
The  memorandum  is  as  follows  : — 

Every  application  for  the  consent  of  the  Board  of  Trade  to  the  placing 
of  electric  lines  above  ground  should  be  accompanied  by  the  following 
particulars  : — 

1.  Where  the  undertakers  are  a  company,  or  a  local  authority  supplying 
outside  their  own  area,  evidence  of  consent  of  the  local  authority*  for 
the  district. 

2.  A  statement  showing  commercial  or  other  considerations  why 
underground  cables  should  not  be  used. 

3.  A  brief  description  of  the  proposed  system,  whether  by  continuous 
or  by  alternating-current,  the  working  voltage  ;  the  kind  of  wire  whether 
copper  or  aluminium  ;  whether  solid  or  stranded  •  the  total  sectional 
area ;  tensile  strength  and  elongation  ;  average  and  maximum  length  of 
span  ;  minimum  height  of  wires  from  the  ground  ;  name  or  description 
of  automatic  protective  device,  if  any.  d ; 

4.  A  statement  whether  the  supply  is  to  from  (1)  an  extension  of  an 
existing  system  of  underground  cables,  or  (2)  of  an  existing  traction 
system,  or  (3)  an  independent  system. 

5.  An  ordnance  map  on  a  .scale  of  6  in.  to  the  mile,  showing  the  pro- 
posed route  of  the  overhead  lines  and  any  existing  overhead  lines.  The 
sheets  of  these  maps  must  not  be  fastened  together. 

6.  In  the  case  of  high  and  extra  high  pressure,  plans  of  construction  of 
poles,  &c.,  on  a  scale  of  about  1  in.  to  the  foot,  or  a  reference  to  pre- 
viously deposited  plans  where  these  are  identical  with  the  proposed  work. 

Notes. — Codes  of  regulations  have  been  made  (1)  for  overhead  lines 
for  low  pressure  and  medium  pressure  continuous-current  supply,  and  for 
low  pressure  alternating-current  supply,  and  (2)  for  pressure  exceeding 
low  or  medium  pressure  continuous-current  and  low  pressure  alternating- 
current.  Regulations  will  be  made  for  each  case  separately,  following 
these  codes  unless  special  alterations  are  sanctioned. 

Attention  is  called  to  the  necessity  for  obtaining  the  approval  by  the 
Postmaster-General  of  plans  and  works  under  sec.  14  of  the  Schedule  to 
the  Electric  Lighting  (Clauses)  Act.  1899. 

Radiotelegraphic  Investigations  by  the  British  Associa- 
tion.— The  following  report  by  the  British  Association  Com- 
mittee for  Eadiotelegraphic  Investigation  h^s  been  isstied  : — 

The  observational  work  done  for  the  Committee  during  the  past  year 
has  been  carried  out  at  about  25  stations  distributed  in  Australia,  the 
United  States  of  America,  Canada.  Xew  Zealand,  Ceylon.  Trmidad. 
Dutch  East  Indies.  Fiji,  and  the  Gold  Coast. 

Of  the  four' kinds  of  Forms  issued  by  the  Committee  for  the  collection 
of  statistics,  the  first,  relating  to  the  number  and  strength  of  the  strays 
at  11  a.m.  and  11  p.m.  Greenwich  mean  time,  ha*!  been  in  most  regular 
use  and  the  stock  is  almost  exhausted.  No  further  edition  of  this  Form 
will  be  issued  during  the  war,  and  thus  the  collection  of  statistics  will 
come  gradually  to  an  end. 

The  difficulty  of  obtaining  clerical  assistance  for  the  work  of  leducing 
the  Forms  has  greatly  impeded  progress  ;   but  a  certain  amount  of  work 

*  The  local  authorities  are  :  («)  In  England  and  Ireland — Borough 
councils,  urban  district  councils,  rural  district  councils  ;  (6)  in  Scotland — 
Police  commissioners,  gas  commissioners,  town  councils,  county  councils. 
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ha«  been  accomplished  and  has  yielded  results  of  interest,     ilo  soon  as 
the  several  sections  of  the  work  are  rounded  of!  the  results  will  he  pub- 

lished.  ,     .         ,  J         1 

The  refluction  of  Form  I  i.-  prwec-ding  by  the  t  oliation  of  records  and 
reports  of  excessive  atmospheric  disturbance  since  August,  1914.  in 
North  America  and  Australia,  and  by  their  examination  in  conjunction 
with  meteorological  data  from  the  corresponding  daily  weather  charts. 

The  reduction  of  J'onn  II  is  jjrocej-ding  by  the  correlation  of  instances 
of  exceptionaliv  fioad  or  bad  transmission  with  meteorological  data,  and 
by  analysis  of  statistics  from  ('o(  os.  Fiji,  Lagos.  Malta  and  Sierra  Leone. 

Several  important  excejitional  j.hcnomena  have  been  reported  which 
will,  after  discussion,  be  published.     These  include  rej.orts  of  :— 

Aurora,  strays  and  signals  in  Alaska  and  Hudson  Bay. 

Severe  atmosi>heric  disturbaiiccs  in  Malta. 

Simultaneous  strays  on  both  sides  of  the  Atlantic. 

Effect  of  tropical  storm  in  the  (Julf  of  Mexico,  Sept.  'MK  1015. 

The  Committee  desire  to  expres.'^  their  cordial  thanks  for  the  favours 
extended  to  them  bv  the  Colonial  OfHce.  the  Governments  of  Austialia. 
Canada  and  New  Zealand,  the  War  Jjejiartment  and  the  Navy  Dei)art- 
mcritof  the  Cnitnl  States  of  America,  the  Telegrai)hic  Department  of  the 
Dutch  f>st  Indies,  the  .Marconi  Compa!lic^  in  the  United  States  of  America 
and  Canada,  the  I'nitcd  Fruit  Company  <»f  New  York,  the  Eastern,  the 
Eastern  Extension  and  African  liirect  Telegra])hii  Comi)anies.  ]'rof>. 
T.  AgiuH,  ]{.  S.  Hayes  and  A.  H<At  Taylor.  The  assistance  of  those  who 
have  taken  part  in  investigations  other  than  those  refened  to  in  this 
report,  will  Ic  <liily  a<  knowli  dtrcd  in  a  future  report. 

High-Vacuum  Mercury  Pump.-  Dr.  Irving  Langmuir.  in  a 
recent  issue  of  the  "  I'liysical  Hcview,"'  gave  an  illustrated 
description  of  a  mercury-vapour  pump  acting  on  a  similar 
jjriiicijdeustlie  "  Oaeda."  bu.  being  of  simpler  construction  and 
more  reliable  than  the  latter.  It  is  (  haracterised  by  its  high 
speed  of  operation.  There  is  also  an  absence  of  lower  limits  to 
which  the  pressure  niay  be  reduced. 

The  construction  is  shown  herewith.  A  l)last  of  mercurj-  vapour 
paMtet  upward  from  the  heate<l  flask  A  through  the  tubes  B  and  C  into 
the  condeiihcr  D.  Surrounding  B  is  an  annular  spa<-e  E  connecting 
throiiiih  I"  and  the  tra))  C,  with  the  vessel  to  be  exhausted.  The  tube  C  is 
iMilarged  into  a  bulb  II  justabovethe 
ujtper  end  of  the  tube  H.  This  en- 
largement is  surrounded  by  a  water 
condenser  .1  from  which  the  water  is 
removwl  at  any  desiretl  height  by 
means  of  tube  K,  which  is  conne<t<'<l 
to  a  water  aspiratur.  The  mercury 
rondiMisjnj.'  in  Dam!  H  relurn>  to  the 
tlask  A  by  means  of  the  tulus  L  and 
M.  The  tube  N  connects  to  the 
"rough"  or"ba<'king"  pump,  which 
Hhould  maintain  a  pressure  consider- 
ably lower  than  the  va])our  ]ire«.surc 
of  the  mei<  iiry  in  .\.  In  this  j>unip 
thi^  mer<ur>'  atoms  esca]>ing  from 
the  upper  end  «if  the  tube  B  radiate 
out  in  all  din^etions.  A  part  of  them 
poHSfH  up  into  C,  but  th<>  larger  ]>art 
Mtrikii  till-  wall«  c)(  the  enlargement 
H.      If  there  is  no  water  in  the  run. 

denwer  ,1  the  mercury' whirh  eundenso 

«>n  the  wails  re-evaporntes  nearly  a* 
(ttwt  OS  it  condi-nsi-M.  The  mol<><Mde» 
juvssing  from  the  end  of  the  IiiIm-  H 
towani  the  wftlln  H  collide  witli  the 
nmleruIeK  which  reevftjxiriite.  and 
may  then  Im  def|e<fe<l  dnwnwanl 
into    the    annular    sjuwe    E.       Thi»< 

bl»«t  of  mercury  vapour  ilown  through  E  jtreventn  the  gaM  from 
V  frimi  paH.Hing  up  into  If,  so  that  iiii  '  '  ■•  conditions  th«'  givs  from  F 
may  )>a.'<t  llinni^'li  llie  juimji  mu>  h  m-  \  thiui  if  no  mercurk-  \a]>our 

wi<ri'  pr<Mlnee«|  m  .\.  On  the  oth«!  I, .tod.  when  < old  water  <  in  tilnt<'s 
through  the  fiirnleiiKer  .1  all  the  fuen  ury  atonin  hlrikinn  tin-  wu'lr-  of  11  are 
eon«lense<l.  so  that  no  nuTcury  poMes  dowii  through  E.  The  ga«  from 
F  thiiH  piKscH  fn-ely  tip  throinjh  E.  anil  when  it  mt'ets  the  nienury 
vapour  blant  at  1'  is  blown  oiitwnni  and  iipwanl  alonu  the  walls  tif  the 
<"ondenser  M.  an<l  linally  (orie»l  into  tlie  niitm  Htream  of  nn-rcury  vai)our 
])aHsing  up  Ihrouuh  ('  ml"  the  londeo-er  l>. 


Killed  is  Actiox. — The  following  deaths  in  action  or  as  the 
re^;uit  of  wounds  are  reported  : — 

Lieut.  W.  C  Carbonell  (S.  Staffs.  Regt.),  who  died  of  wounds  on 
Sc'jt.  1  at  the  age  of  24,  wasat  the  City  and  Guilds  Engineering  College 
when  the  war  broke  out. 

Capt.  .1.  Hendrj-  (Royal  Scots),  who  died  on  Sept.  6  of  wounds  received 
on  Aug.  2,  was  an  electrical  engineer.  He  received  his  early  training  in 
Glasgow  and  Pittsburg,  and  was  subsequently  a  consulting  engineer  in 

Rochdale. 

Lieut.  Victor  C.  D.  Boyd- Carpenter  (R.E.),  who  was  killed  on  Aug.  29, 
was  born  in  1887.  He  studied  engineering  at  Leeds  University  and  at 
Messrs.  Crompton  &  Co.'s  works.  Later  he  wns  engaged  on  construction 
work  on  the  Southern  Railway,  U.S.A. 


OBITUARY. 

Sir  .Iamf.s   SivKwnKJiiT.— The   death  of   Sir  Jamea  Sivcwrighi. 
K.C.M.tJ..  orc\irre<lat  a  nursing  lioinrin  Shropdhim  .m  Sunday. 

Sir  James  was  born  at  KixlinlKT*  in  IHIH.  mid  nft.r  •iA^--ina  through 
Aberdeen  University,  he  s]>ent  "ome  time  in  the  In<b  .  <]^h  fcrviep. 

aiul  went  to  South  Africa  a*  iteneral  mnnaeer  of  the  ■..  ■  ,  :..|.li  system  in 
1877.  He  retire<l  m  iHS.'i.  and  xubHoipientlv  entoreil  ( "ajie  politici*.  He 
held  various  oflices  inclndinu  that  of  t'li  .f  Crown  I/and'-  and 

Public  Works.      He  wa-*  joint  author  ol  ■,,  o(  preore  \-  Sive- 

writhl's  "  Teleiiraj»hy."  antl  he  wa«  al.Mi  rliairiiian  «if  the  Hath  Eleetric 
Tramwavs  (Ltd  ) 


PERSONAL. 


It  is  announced  that  Commendatore  Marconi  has  been  trans- 
ferred from  the  Kngineers"  branch  of  the  Italian  Army  to  the  XavA-, 
with  the  rank  of  temiwrar^-  Captain.  

^Ir.  R.  M.  Bishop,  formerly  associated  with  the  accounts  depart- 
ment staff  of  Mes.srs.  Siemens  Bros.  D\-namo  Works,  38  and  39, 
I'jjper  Thames-street,  E.C.,  has  been  jjromoted  while  on  active 
seiviee  to  the  rank  of  sergeant.  He  was  also  awarded  the  military 
service  medal  for  conspicuous  bravery  at  Pozieres. 

Royal  Engineers  (T.F.) — The  following  appointments  have  been 
made  : — 

Lon'lon  Electrical  Engineers:  Sec.  Lis.  (temp.  Lt.s.)  S.  Mathews, 
R.  C.  Milliken,  J.  Gibson.  J.  R.  Birch,  J.  G.  S.  Gabriel.  H.  F.  G.  Roose, 
R.  Ent'elba<h,  H.  G.  G.  Clarke  and  C.  H.  S.  Evans  to  be  temp,  captains. 
I'te.  H.  F.  Cousins  (from  Artists  Rifles  O.T.C.)  to  be  Sec.  Lt.  (on  pro- 
bation). 


APPOINTMENTS  VACANT. 


.Mes.srs.  John  C.  Fuller  &  Son  (Ltd.),  Woodland  Works.  Chadwell 
Heath.  Lomhin.  E.,  advertise  for  a  traveller  having  connection  with 
mines.  niunici|ialities.  large  electrical  contractors,  &c. 

An  assistant  master  in  electrical  engineering  is  required  at  the 
Polytechnic  (Regent -street,  London.  W. )  for  part  or  whole  of  next 
.•session.  Apj)lications  to  the  Director  of  Education.  See  an 
advetttMineul. 

A  bwitciilx)ard  attendant  is  wanted  at  Stoke-on-Trent  electricity 
works  for  the  duration  of  war.  Wages  30s.  per  week,  with  4s.  war 
l>onus  if  married.  Applications  to  Borough  Electrical  Engineer,  St. 
IVter's-chambers.  Glebe-street,  Stoko-on-Trent.     See  adiertistment . 


ARRANGEMENTS  FOR  THE  WEEK. 


I8t  LONDON  ENGINEER  VOLUNTEERS. 

Officer  ('(.inni.iinliiiL:.   |,u\it.-('ol.  C.  B.  Clay,  V.D. 

Orders  for  the  week  : — 

(Mti.  cr  for  tlie  W<M-k.-   Platoon  Commander  N.  E.  Brown. 

.\cvi  for  Duty.      Platoon  Commander  C.  H.  C.  Bond. 

Resignation.  Major  T.  F.  Hobson  resigns  his  appointment  as  sub- 
( ommaiidiint  (<iat<'d  September  4th). 

Ai>p""i'"Hfit.  Sapi«er  T.  Bax-den  to  be  quarter -master  jicraeant 
(datc'cl  ^  ^ih). 

Moil  .er  18th.— Technical  for  Platoon  No.  9  at  Regency- 

street.  SqHa4(  luid  Platoon  Drill,  Platoon  No.  10.  Signalling  ^Class. 
Re«-ruits'  Drill.  «.2.)  to  S.2.'>. 

Tue<«lay.  SeptemWr  iSUh. — Ranee  Practice. 

We«lne.«la>.  S  •  '  ,  r  20th.— I^nture  by  W.  Eyles.  Esq.  (late  H.E.). 
7  1.".,  on  •    Deni  Plat»H>n  Drill.  Platoon  No.  1.     Range  Practice. 

I  .  Se|.i,iiil.,r  21st.     Instruction  Class.  5.45.     Platoon  Drill. 

PI'  >       .'».      Han;;c  Pra«  tice. 

Friday.  Kepteml>er  22n<l.— Tcnhnical  for  Platoon  No.  10.  Regcnev- 
utreet.  S<iua»l  and  Platiwn  Drill  No.  9.  Siffnalling  Class.  Recruits" 
Drill,  rt.2:.  to  H.2.V 

^  '       Instruction  Cla-ss.  2.3(1.  Coy.  C<lr.  Fleming. 

Kntreiv.'hing  at  Otfonl.  Parade  Vi<-toria 
(.S.K.  A  C.  Hy.  I  |to<iking  Office  S.45.  a.m.  I'niform.  haversacks,  wat^r 
bottW.  Midday  ration  to  be  carried.  Railway  votichers  will  hv 
provided. 

1,1..  1  Y^^  ^jj  Companies  8oe  Notice  and  Tables  A  and    B  at 

M 

'  K  (Jeneral  Meeting  will  be  held  on  Saturflav.  Sep- 

t<  It. 

N->Tiw-    Uniew  otherwise  indicated,  all  drilK  &c..  will  take  place  at 

HeAdqUn'''-""' 
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I  Milestones   on    the   Path    of   Proj^ress.  i 

I  By    W.    R.    COOPER,    M.A.,    B.Sc.  | 


It  is  not  an  easy  task  for  tlie  present  generation  to  form  a 
true  conception  of  what  might  be  termed  the  dark  ages  of  the 
electrical  industry  some  40  years  ago.  Many  fundamental 
laws  had  been  discovered,  and  the  electric  telegraph  was 
firmly  established,  but  the  dynamo  was  only  emerging  from 
the  commercially  experimental  stage  ;  the  value  of  the  electric 
motor  was  scarcely  realised,  and  the  "sub-division"  of  the 
electric  light  was  a  problem  of  the  day.  Of  technical  education 
there  was  nothing,  and  laboratories,  as  we  know  them  now, 
did  not  exist. 

It  was  under  these  conditions  that  the  second  and  present 
series  of  The  Electrician  ("  A  Weekly  Journal  of  Theoretical 
and  Applied  Electricity  and  Chemical  Physics  ")  came  into 
existence  on  Saturday,  May  25,  1878.  The  time  was  oppor- 
tune. Apart  from  land  telegraphy  the  Atlantic  cable  had  been 
in  operation  for  12  years.  The  public  had  become  accus- 
tomed to  the  fact  that  electricity  was  able  to  render  signal 
services  to  mankind,  restricted  though  they  were  at  this  period  ; 
and  during  the  previous  year,  1877,  the  telephone  had  ap- 
peared under  commercial  conditions.  And  in  the  year  1878 
the  scientific  world  was  startled  by  Hughes'  discovery  of  the 
microphone. 

It  is  not  surprising,  therefore,  that  the  want  of  a  weekly 
journal  devoted  to  electrical  subjects  was  experienced,  and  that 
it  was  decided  to  supply  this  want.  The  first  issue  of  The 
Electrician  contains  the  following  interesting  list  of  those 
who  promised  to  support  the  new  venture  : — 


Adams,  Prof.  W.  G.,  F.R.S. 
Anderson,  Sir  James. 
Andrews,  W.  S.,  M.S.T.E. 
Clark,  Latimer,  C.E.,  M.S.T.E. 
Gumming,  L.,  M.A. 
Dewar,  Prof.  J.,  F.R.S. 
EdLson,  Thos.  A..  M.S.T.E. 
Ferguson,  Prof.  R.  M.,  M.A. 
Forde,  H.  C,  M.Inst.C.E. 
Foster,  A.  Le  Neve,  M.S.T.E. 
Garnet.  W.,  M.A. 
Guthrie,  Prof.  F..  F.R.S. 
Higgins,  F.,  M.S.T.E. 
Hocking,  C.,M. A.,  C.E. 
Hughes,  Prof.  D.  E.,  M.S.T.E. 
Jamieson,  A.,  M.S.T.E. 
Jenkin,  Prof.  Fleeming,  F.R.S. 
Langdon,  W.,  M.S.T.E. 
Lodge,  0.,D.Sc. 
Mills,  Prof.  E.  J.,  D.Sc,  F.R.S. 
Moncel,  Count  Theordore  du. 
Muirhead,  A.,  D.Sc,  F.C.S. 


Prescott,  G.  B.,  M.S.T.E. 
Richards,  Admiral  Sir  Geo.,  C.B., 

F.R.S. 
Routledge,  R.,  B.Sc. 
Sabine,  R.,  C.E. 
Schwendler,  L.,  M.S.T.E. 
Smith,  G.,  B.Sc. 
Smith,  Willoughby.  M.S.T.E. 
Spagnoletti,  C,  M.S.T.E. 
Sprague,  T.  J.,  M.S.T.E. 
Stewart,  Prof.  Balfour,  F.R.S. 
Thompson.  Prof.  Silvanus  P.,  D.Sc. 
Thomson,  Prof.  Sir  William,  F.R.S. 

[later  Lord  KelvinJ. 
Thomson,  J.  M.,  F.C.S. 
Tomlinson,  H..  B.A. 
Tribe,  A.,  F.C.S. 
Warren,   Thos.   T.    P.    Bruce, 

M.S.T.E. 
Whipple,  G.M..  D.Sc. 
Wormell.  R.,  M.A.,  D.Sc. 
Wilson,  W.  J..  F.C.S. 


Of  this  distinguished  list  there  are,  unfortunately,  but  few 
who  remain  among  us.  The  letters  M.S.T.E.  are  now  un- 
familiar, and  stand  for  Member  of  the  Society  of  Telegraph 
Engineers,  known  later  as  the  Institution  of  Electrical  Engineers. 

This  first  issue  consisted  of  only  12  pages  of  text,  containing 
articles  on  the  Hughes  microphone,  on  '"  phonophonic  sub- 
stances,"' on  sources  of  error  in  telegraphy,  and  on  the  testing 
of  copper.  The  last  page  included  a  "  Students'  Column," 
brief  abstracts  of  recent  patents,  and  a  share  list  containing 
33  entries,  all  telegraphic.  From  the  Notes  it  is  interesting  to 
learn  that  a  successful  telephone  trial  was  carried  out  in 
Bengal  between  Lucknow  and  Sitapore  with  instruments  made 
and  lent  by  Lieut.  H.  C.  Holden,  R.A.  (now  Col.  Sir  H.  C. 
Holden)  ;  and  that  the  transmission  of  a  33-word  telegram 
from  New  York  to  Sydney  cost  nearly  §65  (the  route  being  via 
London,  Siberia,  Japan,  China,  Singapore  and  Java). 

^\hen  one  peruses  the  writings  of  years  ago  one  soon  comes 


to  the  conclusion  that  the  time  so  spent  is  by  no  means  un- 
profitable. Thus,  in  the  second  issue  of  The  Electrician  is 
given  Clerk  Maxwell's  Rede  Lecture  on  the  Telephone,  the  open- 
ing sentences  of  which  are  of  somewhat  general  application  : — 

When  about  two  years  ago  news  came  from  the  other  side  of  the 
Atlantic  that  a  method  had  been  invented  of  transmitting,  bj- means  of 
electricity,  the  articulate  sounds  of  the  human  voice,  so  as  to  be  heard 
hundreds  of  miles  away  from  the  .speaker,  those  of  us  who  had  reason  to 
believe  that  the  report  had  some  foundation  in  fact  began  to  exerci.se 
our  imaginations  in  i)icturing  some  triumph  of  constructive  skill — 
something  as  far  surpassing  Sir  William  Thomson's  siphon  recorder  in 
delicacy  and  intricacy  as  that  is  beyond  a  common  bell-pull.  WTien  at 
last  this  little  instrument  (the  telephone)  appeared,  consisting,  as  it 
does,  of  parts  every  one  of  which  is  familiar  to  us,  and  capable  of  being 
put  together  by  an  amateur,  the  disappointment  arising  from  its  humble 
appearance  was  only  partially  relieved  on  finding  that  it  was  really  able 
to  talk. 

Who  is  there  that  has  not  felt  similar  feelings  of  disappoint- 
ment at  a  new  discovery  being  so  simple  compared  with  pre- 
conceived ideas  ?  The  fact  is  that  simplicity  in  such  cases  is  a 
reflection  on  one's  own  intelligence,  which  would  be  less 
aggrieved  at  the  sight  of  complication. 

We  must  all  admit  that  the  telephone  is  a  simple  device. 
Yet  how  many  of  us  at  the  present  day,  if  the  telephone  were 
not  yet  in  existence,  would  be  prepared  to  admit  the  pi'oba- 
bility  of  transmission  of  speech  by  such  a  device  ?  What 
chance,  it  would  be  argued,  is  there  that  the  receiving  dia- 
phragm will  be  sufficiently  disturbed  by  weak  sound  waves  to 
cause  any  variations  worth  speaking  of  in  the  electric  current, 
such  that  these  variations  shall  again  react  on  a  diaphragm  at 
the  receiver  and  reproduce  all  tlie  intricacies  of  speech  ?  It 
is  a  mistake  to  know  too  much.  Perhaps  Bell  would  not  have 
done  so  much  had  he  known  more,  and  felt  it  imnecessry  to 
inquire  of  Prof.  Henry  what  he  should  do  for  this  lack  of 
knowledge.     The  historic  reply  was — Get  it. 

These  remarks  apply  equally  to  the  microphone  of  Hughes. 
That  a  microphonic  contact  should  be  capable  of  transmitting 
speech  seems  highly  improbable.  Indeed,  there  is  a  certaia 
mystery  about  contacts — which  is  noticeable  from  time  to 
time — as  witness  coherers,  detectors  and  Mr.  S.  G.  Bro\vn"3 
telephonic  relay — and  there  seems  to  be  still  room  for  investi- 
gation in  this  direction. 

The  disadvantage  of  preconceived  ideas  and  of  knowledge 
which  is  necessarily  often  incomplete  is  that  we  take  too  much 
for  granted.  There  is  a  great  advantage  in  tr^-ing  the  improb- 
able and  in  appealing  to  experiment  as  the  final  arbiter.  It 
may  yet  happen  that  the  investigator  of  perpetual  motion  will 
prove  his  worth  by  some  valuable  discovery,  because  he  will 
try  things  that  no  onf  outside  a  scientific  lunatic  asylum  would 
dream  of  doing.  The  only  thing  against  him  is  that  his  scientific 
equipment  is  probably  too  poor  to  "allow  him  to  recognise  a 
secret  of  Nature  when  he  sees  it,  and  if  his  equipment  were 
better  he  would  not  be  seeking  perpetual  motion.  The  seeker 
after  the  philosopher's  stone  or  the  elixir  of  life  in  days  gone  by 
was  in  less  of  a  predicament. 

But  to  return  to  history.  In  the  present  day  it  is  difficult 
to  realise  the  limitations  of  the  electric  light  as  they  appeared 
in  1880.  The  d\Tiamo  was  in  existence,  it  is  true,  even  though 
small  and  inefficient.  The  Jablochkov  candle  had  been 
invented  (in  1876),  and  was  followed  in  1878  by  the  much  more 
practical  Brush  arc  lamp,  and  others,  with  regulating  mecha- 
nism on  modern  lines.  Thus  arc  lighting  was  making  some 
headway.  But  the  "  sub-division  of  the  electric  light  "*  was  the 
question  that  was  troubling  the  investigator,  for  without  such 
sub-division  domestic  lighting  was  impossible.  Both  Swan  and 
Edison  were  working  at  this  problem,  which  presented  great 


794 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


difficuJties.  Incandescence  provided  a  jjossible  solution. 
Platinuna  was  obviously  a  suitable  material  in  many  respects 
for  the  filament,  but  unfortunately  its  fusing  point  was  not 
sufficiently  high.  The  metallurgist  was  not  yet  ready  to 
provide  the  more  infusihde  metals,  and  the  metal  filament  lamp 
was  destined  to  wait  for  yet  another  25  years.  It  speaks 
volumes  for  the  mental  backbone  of  those  investigators  that 
they  were  not  deterred  from  making  filaments  from  carbon, 
which,  whatever  the  excellency  of  its  electrical  qualities,  was  a 
liopelessly  poor  substance  from  the  mechanical  point  of  view. 
Nevertheless,  patient  and  persistent  work  was  rewarded,  and  in 
1879  Swan  sliowed  his  incandescent  lamp  at  a  meeting  of  the 
Newcastle  Chemical  Society,  Carbonised  paper  and  parch- 
mentised  cotton  thread  served  the  purpo.se  at  first  ;  and  these 
were  followed  by  the  cotton  and  zinc  rjiloride  squirting  process, 
which  still  holds  its  own,  and  which  gives  a  filament  far  stronger 
than  would  have  been  expected  by  the  most  sanguine. 

Thus  the  electrical  industry  arose  largely  from  the  pregnant 
years  of  the  decade  of  1870-1880,  and  more  particularly  in  the 
last  four  years  of  this  period.  If  we  except  Faure's  improve- 
ment in  the  making  of  accumulator  plates  (in  1881)  the  indus- 
try now  continui'd  for  some  years  without  any  discoveries  or 
developments  of  fundamental  importance,  and  .settled  down  to 
the  \\ork  of  steady  development.  Various  applications  of 
electric  power  arose,  the  ino.st  imp<»rtant  of  which  was  electric 
tracti(m.  Both  the  Portrush  and  Brigiiton  electric  railways 
came  into  existence  in  1883,  and  the  Blackpool  electric  tram- 
ways started  operations  in  1887.  It  is  of  interest  to  note  that 
in  Fiehl's  electric  loconiotive  in  the  I'nited  States  (1887)  the 
motor  wa.s  cou]ile(l  to  the  driving  wheels  iiy  means  of  cranks 
and  side  rods,  a  method  which  lias  been  revived  and  has  found 
some  favour  once  again  after  lying  donnant  for  some  20  years. 

In  electricity  supply,  perhaps  Hopkinsons  three-wire 
j)atent  (1882)  was  the  most  important  deveiopment  from  the 
])oint  of  view  of  advance,  and  the  unfortunate  Electric  Lighting 
Act  of  18H2  from  the  i)oint  <»f  view  of  retardati(m.  Also  there 
was  a  remarkable  Pajter  in  1880  by  John  and  Edward  Hopkiu- 
son  which  laid  the  foundation  of  dynamo  design. 

In  1888  there  was  published  one  of  those  fundamental 
researches  which  open  uj)  a  completely  new  outlook,  for  it  was 
in  that  year  tli.il  I'rof.  Ferraris  made  jmldic  his  work  on  rota- 
ting magnetic  fiehk. 

Altiiongh  electrical  discovery  seems  to  have  been  somewiiat 
stagnant  during  the  decade  18MO-1890.  there  was  a  develop- 
nieiil  in  mechanical  engineering,  which,  in  due  time,  was 
destined  t<i  have  a  prof(jund  effect  upon  the  generation  of  elec- 
tric energy.  The  invention  of  the  steam  turbine  by  the  Hon. 
< '.  A.  Parsons  in  If^Hl  placed  a  new  prime  mover  in  the  hands 
of  file  electrical  engineer.  Its  advantages,  however,  were  not 
fpiickly  realist'd.  Except  for  the  desirable  feature  of  the  direct 
]>rodu(  tion  of  rotarv.  as  distinct  from  ret  ipnxating,  motion, 
the  sniall  turbines  which  were  at  first  in<iiiufiictured  showed 
no  saving  in  steam  consumption,  the  «peed  of  rotation  was  very 
high  for  dir«'ct  coupling  to  an  electric  generator,  and  the  rotor 
was  honiewliai  delicate.  With  increa.se  in  size  the  disadvan- 
tages have  (lisa])pean'd,  and  it  i»  now  well  recognised  that 
although  tlu'  Hteam  cctnsumption  of  the  turbine  is  no  lower 
than  that  nbtainable  with  recij)nMating  engines  tlie  cost  ])er 
kilowatt  of  a  turimie  aid  geiieiatur  (oinlMiied  is  far  less.  In 
fact,  this  lowering  of  caj>ital  costs  must  be  htoked  uj)on  an 
on(>  of  the  most  vital  achievements  in  electric  power  supplv. 

Whatever  the  decade  |SS(i-l.s«»o  lacked  in  brilliancy  was 
amply  re])ai«l  in  the  ])eriod  that  followed.  The  Electric  Light 
Aineiidineiit  .\ct  of  1888  had  ])aved  the  way  as  far  as  electricity 
sup])lv  was  concerned,  and  among  the  interesting  develo])nients 
tiiat  followed  was  .Mr.  Ferrantis  ambitiou»  scheme  tor  the 
sui)i)ly  of  a  large  section  of  Lond<»n  by  means  of  electric  trans- 
mission at  lO.(MK)  volts  from  Dejifforrl.  the  distance  being  six 
iiiih's.  This  .scheme  was  particularly  bold,  for  there  was  no 
previous  e.xpcrieTice  of  such  work  on  whit  li  t<»  draw,  and  the 
transmission  line  was  underground  It  is  little  wonder,  there- 
fore, that  many  sur]»rises  were  in  store  for  these  pioneers, 
such,  for  example,  that  8..')(K)  volts  at  DeptfonI  became  10.<Nni 
volts   in    London.     In   time,   however,  all   the  .surprises  an«i 


difficulties  were  overcome,  and  this  early  work  will  certainly 
stand  as  a  monument  to  the  skill  and  foresight  of  Mr.  Ferranti. 

Other  countries  also  began  to  take  an  interest  in  the  electric 
transmission  of  power.  In  1891  the  celebrated  experiment 
was  made  of  transmitting  lOO  h.p.  by  an  overhead  line  from 
Lauffen  to  Frankfort,  at  tlie  time  of  the  exhibition  at  that 
town.  The  distance  was  110  miles,  the  pressure  was  8,000 
volts  three-phase,  and  the  efficiency  was  75  per  cent.  From 
that  time  it  mav  be  said  that  electric  transmission  made  good 
progress.  A  notable  event  in  this  connection  was  the  "  har- 
nessing '"  of  Niagara  in  1894,  which  has  resulted  in  very  large 
industrial  developments  in  Ontario. 

In  this  country  at  least,  the  opening  of  the  South  London 
Electric  Railway  was  an  event  of  no  small  importance,  as  it 
demonstrated  the  commercial  possibilities  of  the  tube  railway, 
and  was  the  starting  point  of  the  "  tubes  "  which  have  done 
so  much  to  facilitate  communication  between  various  parts  of 
London.  The  service  rendered  by  this  particular  railway  is 
a  testimonial  to  the  good  judgment  of  those  who  acted  as 
pioneering  engineers  in  carrying  out  the  project. 

Occasionallv  it  happens  that  an  event  of  importance  stands 
out  in  comparative  isolation,  pregnant  with  possibilities,  yet 
bearing  little  or  no  fruit.  Such  was  the  lecture  given  by  Mr. 
Nikola  Tesia  before  the  Institution  of  Electrical  Engineers  at 
the  Royal  Institution  in  1893.  This  lecture,  entitled  "'  Experi- 
ments with  Alternate  Currents  of  High  Potential  and  High 
Frequency,"  made  an  indelible  impression  on  the  minds  of 
those  who  were  fortunate  enough  to  be  present.  The  experi- 
ments shown  by  the  lecturer  gripped  the  imagination.  At 
last  there  were  lamps  requiring  no  conductors.  The  ether, 
free  to  all,  was  used  instead  of  that  costly  component,  copper, 
which  is  responsible  for  so  much  of  the  capital  expenditure  in 
electricity  undertakings.  The  light  was  cold,  the  heat  rays 
which  cause  all  the  inefficiency  in  incandescent  lamps  being 
absent.  In  short,  Mr.  Tesla's  work  showed  enormous  possi- 
bilities. And  yet,  to  all  intents  and  purposes  the  subject  still 
remains  where  he  left  it  at  that  date.  As  to  the  cause,  per- 
haps, it  is  due  to  the  introduction  of  the  commercial  factor 
£.  8.  d.,  which  converts  the  problem  of  pure  science  into  one  of 
commerce,  and  thereby  makes  it  much  more  difficult.  Un- 
doubtedly "'  cold  light  "  can  be  produced,  but  so  far  it  costs 
far  more  than  light  of  the  usual  inefficient  character.  Perhaps, 
however,  the  path  opened  by  Mr.  Tesla  may  yet  be  explored 
with  success  in  the  near  future. 

The  years  1896  and  1897  were  both  marked  by  discoveries 
of  the  greatest  importance,  opening  up  entirely  new  fields  of 
industry.  In  |S9(;  Prof.  C.  W.  Rontgen  made  the  remarkable 
discovery  of  X-rays.  This  seems  to  have  been  due  to  the  fol- 
lowing up  of  chance  observations  of  effects  caused  by  X-ra\-s 
rather  than  a  search  for  rays  which  were  supposed  to  exist. 

On  the  <»ther  hand,  the  commercial  advent  of  wireless  tele- 
graphy in  1N97  was  due  to  researches  having  a  definite  object 
in  view.  Here  the  fundamental  step  was  taken  by  Hertz  in 
1888.  when  he  sought  to  produce  electromagnetic  waves  which 
had  been  dis(  usM'd  theoretically  bv  Clerk-Maxwell  .some  15 
years  earlier  in  his  *'  Electricity  and  Magnetism."  The 
results  predicted  by  theory  were  found  to  be  true.  Later  the 
subject  was  taken  up  by  Sir  Oliver  Lodge,  Mr.  Rranly  and  others 
with  a  view  to  signalling,  iiut  the  probability  of  signalling  over 
any  considerable  distance  did  not  arise  until  Mr.  Marconi 
earthed  one  end  of  his  aerial  and  adopted  inductive  coupling. 

Hadiography  and  radio-telegiapliv  are  unusual  as  branches  of 
industry,  in  that  they  have  not  merely  conferred  vast  benefits 
on  mankind,  but  have  aroused  great  interest  among  purely 
scientific  workers  who  have  found  it  difficult  to  account  for  all 
the  phenomena.  The  actual  character  of  X-rays,  the  action  of 
«letect<»rj«.  the  bpn<lmg  of  electric  waves  roun<l  the  eart.h 
when  apparently  the  curvature  of  the  earth  should  intercept 
thein.  and  other  kindred  problems  have  given  rise  to  much 
speculation. 

The  last  few  years  of  the  century  saw  the  advent  of  the 
-■.srillograph.  With  the  development  of  which  Mr.  Duddell  has 
•■<••'"  ""  ^  '"  '^  ■  ••fifd.  Before  this  time,  wave  fornis*and 
1 1"«'*"^  «i  .    familiar  enough  on  paper,  but  to  see 
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such  curves  trace  themselves  upon  the. screen  and  have  the  was  to  be  physical  rather  than  naetallurgical.     The  desirability 

effects  of  capacity  and  inductance  appear  as  if  by  magic,  must  of  the  vacuum,  whicli  had  served  us  so  long,  was  questioned  by 

have  reassured  those  who  were  weak  in  faith,  whether  students  Messrs.   Langniuir  and  Orange.     The  idea  that  gas  at  ordi- 

or  an  (>/der  generation  who  fought  shy  of  the  theory  of  alter-  nary  pressures  in  the  bulb  must  lead  to  serious  thennal  ineffi- 

natiuj^  currents.     Apart,  however,  from  the  theoretical  aspect,  ciency  was  shovNTi  in  1913  to  be  wrong  under  certain  conditions, 

the  Z)uddell  oscillograph  provided  a  most  powerful  weapon  of  and  so  the  gas-filled,  or  '"  half-watt,""  lamp   arrived    on    the 

investigation,  showing   the   inner  working  of  dynamo  electric  scene  during  the  last  few  years.     Thus  the  consumption  per 

jaachinery  and  the  transient  phenomena  observed  on  cable  candle  fell  from  4  watts  with  carbon  to  half  a  watt  in  this 

/networks.     The  result  has  been  a  great  inprovement  in  design  latest  t\-pe — certainly  a  remarkable  advance, 

and  a  proper  appreciation  of  working  conditions.  In  the  field  of  radio-telegraphy  Prof.  Fleming"s  valve  re- 

This  work  led  up  to  the  discovery  of  the  musical  arc,  which  ceiver  incroduced  an  important  principle.     An  extension   of 

was  described  by  Mr.  Duddell  in  1900.     The  importance  of  work  in  tliis  direction  by  Dr.  de  Forest  led  to  the  audion 

this  investigation  was  that  it  gave  us  a  generator  of  undamped  receiver,  and  thence  to  the  audion  amplifier.     The  latter  bids 

oscillations,  and  although  the  frec^uency  as  obtained  by  Mr.  fair  to  play  an  impoitant  part  in  telephony,  and  has  already 

Duddell,   was   low,   a   comparatively   small  modification   by  rendered  it  possible  to  transmit  speech  across  the  Atlantic  by 

Messrs.    Poulsen    and    Pedersen    resulted    in    the    undamped  radio-telephony. 

system   of   radio-telegraphy  in    1906.     This  branch   has   ex-  Xot  the  least  of  modern  achievements  have  been  due  to  the 

perienced  a  somewhat  checjuered  career  except  during  the  last  work  of  the  metallurgist  and  the  electrochemist.     It  is  now 

few  years,  but  is  now  fully  proving  its  value.  many  years  since  commercial  aluminium  was  rendered  possible 

In  1900  there  also  appeared  a  Paper  which  was  destined  to  by  the  work,  independently,  of  Heroult  in  Europe  and  Hall  in 
have  a  marked  effect  on  telephonic  transmission,  and  which  was  America.  Considerably  later  Heroult  devised  his  electric  arc 
the  outcome  of  earlier  work  by  Mr.  Oliver  Heaviside.  We  refer  furnace,  and  since  that  time  the  electric  furnace  has  made 
to  the  Paper  by  Prof.  M.  I.  Pupin  before  the  American  Institute  rapid  progress.  Even  electric  iron  smelting  is  making  marked 
of  Electrical  Engineers.  At  that  time  electricians  were  accus-  headway  in  certain  countries,  and  the  latest  furnace  imder  con- 
toured to  the  transmission  of  electrical  energy  over  lines  of  struction  in  Sweden  for  this  purpose  is  said  to  be  of  2.5,000  h.p. 
some  length,  but  telephonic  transmission  presented  special  Less  sensational,  but  none  the  less  important,  has  been  the 
problems.  Although  the  transmission  might  still  be  con-  production  of  certain  alloys.  Among  these  is  Stalloy,  made  of 
sidered  to  be  one  of  alternating  currents,  the  frequency  was  iron,  manganese  and  silicon,  due  to  Sir  Robert  Hadfield,  which 
considerably  higher,  say,  800  on  the  average  instead  of  50  or  is  remarkable  for  its  low  hysteresis  and  eddy  current  loss  as 
100  per  second.  Moreover,  there  was  a  large  number  of  fre-  compared  with  soft  iron,  and  which  Las  thus  been  the  means 
quencies  instead  of  a  single  predominating  frequency,  and  since  of  saving  an  enormous  amount  of  energy  in  the  magnetisation 
the  effect  of  a  line  upon  the  transmitted  wave  depends  on  the  of  transformers.  As  another  example  we  have  "  nichrome," 
frequency,  the  wave  as  a  whole  becomes  distorted  ;  yet,  if  the  the  alloy  of  nickel  and  chromium,  wliich  may  be  said  to  have 
inductance  of  the  line  can  be  sufficiently  increased  the  attenua-  rendered  electric  heating  and  cooking  commercially  possible, 
tion  becomes  independent  of  the  frequency.  In  his  Paper  Lastly,  we  have  the  fixation  of  atmospheric  nitrogen,  an 
Prof.  Pupin  showed  that  if  such  inductance  is  lumped  at  inter-  industry  which  has  arisen  with  extraordinary  rapidity.  It  was 
vals  along  the  line  it  becomes,  within  limits,  practically  equal  only  in  1898  that  Sir  William  Crookes,  in  his  presidential 
to  distributed  inductance,  and,  therefore,  a  great  improvement  adclress  to  the  British  Association,  called  attention  to  the  enor- 
may  result  in  the  speaking  qualities  of  the  line.  Such  a  method  mous  importance  of  obtaining  nitrates  from  the  atmosphere 
was  particularly  desirable  on  submarine  telephone  cables,  for  in  view  of  the  exhaustion  of  the  Chile  deposits  of  nitrate  in  the 
there  the  difficulties  of  transmission  are  emphasised,  but  sub-  near  future.  Yet  only  eight  years  later,  in  1906,  Prof.  Birke- 
marine  cables  are  very  costly  and  those  responsible  for  them  land  was  able  to  read  a  Paper  before  the  Faraday  Society 
require  to  be  very  well  satisfied  that  any  modifications  have  a  describing  the  successful  commercial  operation  of  the  Birke- 
good  probability  of  being  successful.  It  is  not  surprising,  land-Eyde  arc  process  in  Norway.  Since  that  date  this  and 
therefore,  that  nothing  very  much  was  heard  of  Pupin's  other  processes  have  been  worked  on  an  enonnous  scale,  more 
method  until  it  was  tried  on  a  cable  laid  in  Lake  Constance  in  particularly  during  the  present  war.  The  rise  of  this  industry 
1906.  Since  then  it  lias  come  very  materially  to  the  fore,  both  shows  the  importance  of  emphasising  the  needs  of  mankind,  in 
in  long  land  lines  and  in  submarine  cables.  As  an  example  which  case  they  will  probably  be  supplied,  assuming  that  the 
of  the  latter,  mention  may  be  made  of  the  cable  laid  in  1910  reward  appears  sufficiently  substantial. 

between  Dover  and  Cape  Grisnez  for  the  London-Paris  tele-  In  the  above  remarks  we  have  rambled  past  many  of  the  more 

phone  service.  important  milestones  on  the  path  of  progress.     It  is  easier  to 

Returning  to  the  more  ordinary  applications  of  electricity,  judge  of  their  value  when  placed  some  20,  30  or  40  yea.-s  ago. 

it  may  be  said  that  the  introduction  ot  the  multiple  unit  systein  when  they  have  weathered  the  criticism  of  time.     In  recent 

by  Mr.  F.  J.  Sprague  (described  in  a  Paper  before  the  American  years  the   process   becomes  more   difficult.     What   seems   to 

Institute  of  Electrical  Engineers  in  1899)  showed  an  imusual  be  merely  a  molehill  may  eventually  become  a  landmark  when 

appreciation  of  the  conditions  of  suburban  traffic.     Although  time  brings  a  proper  sense  of  perspective  ;   and  conversely,  an 

it  has  not  been  worth  while  to  carry  this  system  to  its  logical  apparent  milestone  may  eventually  uiark  merely  a  blind  alley 

conclusion  it  is  in  general  use  for  the  handling  of  suburban  from  our  main  path. 

traffic,  so  that  the  power  is  applied  to  a  large  proportion  of  the  A  glance  at  the  past  is  sufficient  to  show  that  there  are  two 

train-axles,  and  control  can  be  effected  from  any  of  the  motor  chief  classes  of  investigator — the  qualitative   and   the   quan- 

coaches.     Another  important  event  in  electric  traction  was  the  titative.     It  is  usually  the  qualitative  investigator  who  opens 

iidvent  of  the  single-phase  commutator  motor.  oui  new  fields,  for  he  observes  new  phenomena  :   and  so  from 

In  the  utilisation  of  electric  power  the  flywheel  load  equaliser  time  to  time  we  are  startled  with  such  new  ideas  as  the  tele- 
has  played  a  most  important  part  in  enabling  the  electrical  phone,  the  microphone,  X-rays  and  radio-telegraphy.  The 
engineer  to  draw  for  short  intervals  upon  accumulation  of  quantitative  investigator,  on  the  other  hand,  seeks  for  im- 
mechanical  energy,  and  thus  to  apply  the  electric  drive  to  provenient  on  known  results,  and  so  we  have  the  metal  fila- 
roUing  mills  and  winding  for  mines,  which  would  otherwise  ment  lamp,  the  gas-filled  lamp  and  the  fixation  of  nitrogen, 
have  been  difficult  owing  to  the  great  fluctuations  in  the  power  Of  course,  no  hard  and  fast  line  can  be  drawn  ;  but  the  two 
demanded.  types  of  investigator  are  certainly  distinct  and  both  should  be 

After  the  carbon  glow  lamp  had  been  accepted  for  some  25  encouraged, 

years  as  the  only  practicable  device  of  this  kind  the  metal-  If  any  lessons  are  to  be  drawn  from  the  history  of  electrical 

lurgist  began  to   provide  alternatives  in   the   shape   of  high  progress,  they  are  in  the  main  two.     The  first  is  the  importance 

melting-point  metals.     The  tantalum  lamp  appeared  in  1905  of  avoiding  set  ideas — that  because  a  certain  course  has  been 

and  the  tungsten  lamp  soon  followed.     But  the  next  change  followed  for  years  it  is  necessarily  the  best.     There  is  nothing 
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more  fatal  to  progress  than  this  state  of  mind.  The  second  is 
the  importance  of  breadth  of  view.  In  this  connection  the 
foUowing  words  of  Clerk-Maxwell  may  well  be  quoted  : — 

.  .  .  WTiatever  may  be  said  about  the  importance  of  aiming  at 
depth  rather  than  width  in  our  studies,  and  however  strong  the  demand 
of  thr;  present  a^e  may  be  for  Hjiecialitie-.  there  will  always  be  work, 
not  only  for  those  who  build  up  particular  seiences  and  wTite  mono- 
SSTaphH  on  them,  but  for  tho^e  who  0]jen  uji  t-uch  eommunieations  betwe<-n 
the  different  groups  of  builders  as  will  fa<ilitate  a  healthy  interaction 
between  them.     ...     I  sujjpose  that  when  the  bees  crow<l  round  the 


flowers  it  is  for  the  sake  of  the  honey  that  they  do  so,  never  thinking  that 
it  is  the  dust  which  they  are  carrying  from  flower  to  flower  which  is  to 
render  possible  a  more  .splendid  array  of  flowers  and  a  busier  crowd  of 
bees  in  the  years  to  come. 

In  these  days  of  ever  extending  knowledge  it  is  increasingly 
difficult  to  keep  in  touch  with  branches  other  than  one's  own, 
but  it  is  all  the  more  important  to  carry  on  the  "  cross-fertilisa- 
tion "■  if  the  milestones  are  to  mark  the  greatest  progress  on  th<» 
path  to  the  unknown. 


I      Some   Notes   on    the   Early    Developments    of 
I  J^leetrical    Engineering. 

±  By  Col.  R.  E.  CROMPTON,  C.B.,  R.E. 


Althougli  electrical  engineering  as  a  commercial  proposition 
might  be  said  t<»  c«mnu'nce  with  the  development  of  tele- 
graphy by  C«M»k,  Wheatstone,  Varley  and  others,  my  own 
recollections  only  date  back  to  the  time  when  shortly  after  I 
left  the  Regular  Army  Wilde.  Varley,  Siemens,  and  others 
began  the  manufacture  <»f  machines  to  generate  electricity  by 
mechanical  power. 

About  Id  years  ago.. some  time  in  the  year  ]<S76  or  early  in 
1877,  1  had  ju.st  completed  the  design  and  installation  of  a 
large  pipe  foundry  for  the  Stanton  Ironworks  Company,  in 
which  I  had  introdiued  hydraulic  machinery  for  working  pipe 
pits,  and  I  found  it  necessary,  for  night  working,  to  use  the 
electric  arc  as  a  means  of  lighting  the  foundry.  an<l  had  ordered 
for  this  ])ury)ose  a  (iramme  machine  and  a  Serrin  lamp  frt»m  the 
well-knowji  firm  of  lighthouse  engineers.  Messrs.  Sautter 
Lemoiinier.  of  I'aris.  1  had  been  working  this  ai)j)aratus  for 
some  time  jirevious  to  a  meeting  of  our  Institution  of  Mechanical 
Kngineers  held  in  I'aris  during  the  summer  of  1H78.  and  was, 
therefore,  able  to  take  a  practical  ])ait  in  the  discussion  which 
followed  a  l'aj>er  on  electric  lighting,  and  particularly  on 
(iramnies  inventions,  read  by  Mr.  Hijjpolyte  Fontaine.  I 
then  found  niy.self  almost  the  only  English  engineer  at  the 
meeting  who  had  any  j>ractical  experience  in  electric  lighting. 
This  constituted  me  an  authority  on  the  subject,  and  during 
the  years  following  1  was  fre<juently  consulted,  and  1  iniitorted 
and  installed  (juite  a  number  of  (iramme  dynamcts  and  Serrin 
lamps,  not  ojUy  (or  engine(>rs'  u.se  on  out-(»f-d((or  contracts, 
but  for  the  lighting  of  large  sh<)pK  such  as  Whiteley's. 

At  that  time  practical  knowb-dge  of  electrical  engineering 
was  confined  to  wry  few.  Mes.^rs.  Wilde.  Siemens.  Varley 
and  others  had  already  nnide  dynamo  machines  for  electru- 
jdating  work,  but  all  these  g.ive  rather  too  low  an  E.M.F.  at 
the  terminals  to  enable  a  good  arc  to  be  maintained  through 
anv  length  of  cable.  I.  therefon-.  chose  the  '  A  '  (iranune 
for  my  ptii|»ose  becau.se  of  its  higher  E.M.F..  and  shortly 
after  commenced  manufacturing  dynamos  under  the  I'.iirgin 
jiateiits.  i  had  alrearly  niauufactured  a  little  electrical 
ap|)aratiis  in  the  form  of  arc  lamps,  switches,  and  the 
like  in  my  e.xtensive  (?)  establishment,  consisting  of  three — 
myself.  Mr.  .\.  V.  i.undberg  (.still  alive)  and  Mr.  .Sidney  Baynes 
(still  the  Chief  Kngii'eer  at  St.  I'aiuras).  .My  lamps  were  at 
fii-st  ba.sed  on  the  SMrin  principle,  but  1  altered  the  arrani^e- 
ments  .HO  that  the  are  should  be  below  the  mechanism. 

At  that  time  I  attended  several  ini'etin;;>*  of  the  Instnutiou 
of  Telegraph  Kngineers.  of  which  1  became  a  member,  being 
))roposed  l)v  the  late  Sir  William  I'reece.  In  those  days  our 
knowledge  of  electrical  phenomena  and  laws  was  comically 
small.  We  measured  current  in  webers.  K.M.F.  in  tenns  of 
Ibtniell  cells,  resistance  in  miles  of  telegra]i]i  wire.  or.  if  we 
were  very  advanced,  in  B.A.  unit«.  We  also  had  some  idea  of 
Ohm's  law.     13ut  somehow  or  other  we  bhindered  on  to  suc- 


cessive improvements  in  the  manufacture  of  electrical  appa- 
ratus. At  first  most  of  these  improvements  were  mechanical 
ones. 

Durinu  one  of  mv  tours  on  the  Continent  with  the  Institu- 
tion  of  Mechanical  Engineers  I  had  made  the  acquaintance  of 
the  elder  Brown,  then  superintendent  of  the  Wintherthur 
locomotive  works  in  Switzerland,  who  was  the  father  of  the 
afterwards  well-known  Cliarles  Brown,  head  of  Brown.  Boveri, 
of  Baden.  Brown,  senior,  then  asked  me  why  I  did  not 
manufacture  dynamo  machines  myself  instead  of  importing 
them  from  France — I  had  been  complaining  of  the  shoddiness 
of  the  Ciramme  machines  made  in  France — so  he  introduced 
me  to  a  Swiss  inventor,  a  friend  of  his,  Emil  Biirgin,  of  Basle, 
who  had  designed  a  dynamo  electric-generator  superior  from 
a  mechanical  jtoint  of  view  to  the  Gramme.  I  arranged  with 
Biirgin  to  manufacture  his  macliines  in  England,  and  for  this 
purj)(»se  1  enlarged  my  small  lamp  workshops  by  taking  over  a 
part  of  the  works  of  Messrs.  T.  H.  P.  Dennis  &  Co..  of  Chelms- 
ford, and  this  was  the  foundation  of  the  firm  of  Crompton  &.  Co. 

We  commejiced  by  manufacturing  small  Biirgin  machines 
to  .*4up])ly  one  arc  lamp.  They  were  wound  for  an  output  of 
about  2(1  amperes  at  70  volts,  but  as  I  knew  that  various 
AmericaJi  inventors  were  attempting  to  run  more  than  one  arc 
lamp,  in  series.  I  thought  1  would  also  have  a  try  in  this  direc- 
ti(m.  and  modified  my  own  lamp  by  actuating  the  feed  mecha- 
nism by  an  electro-magnet,  the  circuit  of  which  shunted  the 
arc.  I  soon  found  that  by  running  my  Biirgin  machines 
faster  and  putting  on  more  turns  on  the  annatures  I  could 
greatly  increase  the  output  at  small  cost,  and  within  a  year 
was  producing  machines  which  would  run  four  or  five  lamps 
in  series,  the  output  being  about  20  amperes  at  250  volts. 

My  finst  exhibit  was  at  the  tir-st  International  Electrical 
E.vhibition  held  in  Paris  in  1S80.  It  was  followed  by  one 
held  at  the  (  rystal  Palace,  in  England,  the  .same  or  following 
year.  In  botli  cases  my  main  exhibits  consisted  of  these 
Biirgin  generators  and  the  new  foim  of  arc  lamp. 

At  an  ea.ly  date,  finm  re<'ollection  I  think  ab»tut  1880.  I 
n'meinber  receiving  an  onler  for  an  arc  lamp  from  Messrs. 
Mawson  &  Swan.  ))hotographic  chemical  manufacturers,  of 
Newcastle-on-Tyne.  Shortlv  after  I  had  delivered  this  lamp 
a  gentlenuui  called  u])on  me  at  our  office  at  Mansion  House 
Buildings,  in  London,  telling  me  that  he  was  instructed  by 
Mr.  Swan,  of  Newcastle,  to  bring  me  along  with  hmt  that  very 
evening  Hn<l  without  fail,  as  the  matter  was  very  urgent,  and 
my  visit  could  not  lie  delayed.  Up  to  the  very  last  moment  I 
had  no  idea  that  I  was  to  be  honoured  by  being  the  first  mai: 
to  see  Mr.  .Josejth  Swan's  invention  of  incandescent  electric 
lamps  on  a  cm-  '  -  ilih«  scale.  1  remember  my  introduction 
to  Mr.  Swan  iv  then  an  old  gentleman  with  a  white 

beard — who  asked  me  to  follow  him.  and  without  a  wonl 
suddenly  opened  a  door  into  a  back  laboratory,  and  switched 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


797 


on  20  or  30  incandescent  lamps,  all  burning  evenly  and  brightly. 
Mr.  Swan  then  told  me  that  he  considered  that  this  was  the 
first  time  that  the  division  of  electric  light,  which  had  been  so 
much  hoped  for  and  talked  about,  had  been  practically  accom- 
plished. Up  to  that  time  Mr.  Preece  and  others  had  lectured 
on  the  great  loss  which  must  (?)  theoretically  take  place  if  we 
attempted  to  supply  more  than  one  light  from  one  generator  ; 
even  then,  what  we  had  done  in  producing  several  arc  lamps  to 
burn  in  series  was  considered  very  wasteful  and  uncommercial. 
The  idea  of  burning  arc  lamps  in  parallel  circuit  had  not  then 
occurred  to  us,  but  Mr.  Swan's  experiment  showed  that  there 
was  no  difficulty  in  dividing  a  current  of  30  amperes  or  so 
between  30  of  his  lamps  arranged  in  j^arallel  circuit,  although 
he  showed  me  that  the  circuit  was  only  partially  self-regulating. 
Mr.  Swan  discussed  this  difficulty  with  me,  and  then  and  there 
set  me  to  solve  the  problem  of  making  a  generator  which  when 
feeding  incandescent  lamps  arranged  in  parallel  circuit  w^ould 
keep  its  E.M.F.  constant,  no  matter  how  many  lamps  were 
switched  on  or  ofi.  After  some  months  of  experimenting, 
assisted  by  Gisbert  Kapp,  wiio  was  then  my  manager,  we 
succeeded  in  winding  the  field  magnet  of  our  Biirgin  machines 
with  two  sets  of  windings,  thus  getting  sufficient  regulation  for 
our  purpose,  and  we  used  these  machines  in  1881  or  1882  for 
country  house  lighting  at  Berechurch  Hall,  and  for  a  large 
installation  of  electric  lighting  at  the  Law  Courts.  There  is  no 
doubt  that  at  the  opening  of  the  Law  Courts  we  had  solved  the 
problem  of  banking  a  number  of  compound  wound  Crompton- 
Biirgin  machines,  so  that  the  lamps  supplied  by  them  through- 
out the  Law  Courts,  of  which  there  were  several  thousands, 
could  all  be  switched  of?  and  on  independently  and  with  very 
little  change  in  E.M.F. 

Just  about  the  time  that  we  completed  the  work  on  the  Law 
Courts  the  London  Swan  Company  was  formed,  and  shortly 
afterwards  amalgamated  Avith  the  Edison  Company,  the 
owners  of  the  Edison  rival  patent  for  incandescent  lamps.  I 
became  the  engineer  to  the  new  combination,  but  carried  on  our 
works  at  Chelmsford  as  before,  my  first  partners  being  Harold 
Lyon  Thomson,  who  two  years  ago  became  Mayor  of  West- 
minster, and  W.  A.  Kyle,  of  Belfast,  whose  place  was  after- 
wards taken  by  the  late  J.  F.  Albright.  It  was  not  until  some 
years  later,  in  order  to  increase  our  capital,  that  we  turned  that 
partnership  into  a  limited  company. 

At  an  early  exhibition  of  electrical  apparatus  in  Glasgow, 
held,  I  think,  in  1880,  I  had  been  introduced  to  the  late  Lord 
Kelvin — then  Sir  William  Thomson^ — and  from  the  very  first 
he  gave  me  the  most  valuable  advice  and  assistance.  I  took 
all  my  difficult  problems  to  him,  and  he  ungrudgingly  gave  me 
of  his  best,  and  undoubtedly  led  me  up  to  many  of  the  early 
developments  of  electrical  engineering. 

I,  of  course,  was  greatly  helped  by  my  partners  and  staff. 

Referring  to  the  ordinary  familiar  forms  of  electrical  appa- 
ratus— i.e.,  switchboards,  fuse  boards,  ceiling  roses,  pendants, 
poitable  fittings,  with  which  we  are  all  now  so  familiar — you 
can  hardly  believe  how  many  of  thcfe  were  thought  out  and 
developed  by  Haiold  Thomson  and  Lui.dberg,  and  how  much  of 
the  theory  of  the  magnetic  field  and  of  the  armature  and  mag- 
netic winding  of  modern  dynamos  was  developed  by  the  Cromp- 
ton  staff  of  the  early  days. 

We  were  a  happy  mixture  of  practical  mechanical  engineers 
and  bold  theorists  with  sufficient  mathematical  knowledge,  so 
that  it  was  small  wonder  with  such  men  as  Kapp,  Swinburne 
and  the  late  P.  W.  Willans — all  working  together— that  by 
1885  we  had  gone  a  long  way  towards  developing  the  modern 
electric  generating  station. 

Our  next  large  job  after  the  Law  Courts  was  to  deal  with  the  * 
lighting  of  the  whole  of  the  Viennese  theatres,  and  we  designed 
and  manufactured  the  whole  of  the  machinery  for  quite  a 
large  central  station.  There,  for  the  first  time,  we  put  in 
accumulators  as  a  reserve,  always  to  work  in  parallel  circuit 
with  our  generators,  and  we  had  the  boldness  to  generate  at 
•500  volts  and  distribute  in  the  theatre  at  100  volts  by  a  five- 
wire  system.  The  late  P.  W.  Willans  assisted  me  to  work  out 
the  electrical  governing  for  the  whole  station,  and  the  stafT,  who 


were  trained  in  Vienna,  afterwards  became  the  staff  which 
carried  out  so  much  of  the  work  of  the  lighting  of  the  West 
End  of  London. 

My  friendship  with  Willans  was  even  then  of  old  .standing, 
and  I  think  all  we  who  were  engaged  ojt  electrical  problems  at 
that  time  will  acknowledge  how  much  the  electrical  world 
owed  to  his  advice  and  assistance  and  to  the  fact  that  as  his 
were  almost  the  only  high  speed  engines  which  could  be  coupled 
direct  to  our  dynamos,  we — the  dynamo  makers — were  really 
able  to  compare  our  progress  in  efficiency  by  observing  the  com 
parati\e  net  output  we  were  able  to  obtain  from  our  dynamos 
when  coupled  to  Willans  engines.  I  think  it  was  Willans  himself 
who  suggested  that  his  engine  losses  could  be  accurately  deter- 
mined by  running  the  generator  as  a  motor,  coupling  on  to  it, 
first,  the  Willans  crankshaft  only,  and  then  adding  the  connect- 
ing rods,  pistons  and  the  other  pans  one  by  one  ;  conversely, 
in  a  similar  manner,  we  were  able  to  arrive  at  the  dATiamo 
losses  in  the  armature  cores,  armature  winding,  and  so  on. 
Willans'  sudden  accidental  death  was  undoubtedly  a  great  loss 
to  the  electrical  world. 

The  success  of  the  large  generating  station  at  Vienna  led  us 
to  start  the  Kensington  Touit  Company  in  London  on  similar 
lines — i.e.,  direct  currents  generated  in  parallel  with  accumu- 
lators as  a  reserve,  the  current  being  generated  by  dynamos 
coupled  to  Willans  engines.  About  the  same  time  Ferranti 
started  the  Grosvenor  Gallery  Station  to  distribute  electrical 
energy  for  lighting  by  high-pressure  alternating  currents 
transmitted  through  overhead  wires  and  transformed  on 
the  consumer's  premises  to  a  pressure  usable  on  the  Swan 
lamps  by  Goulard  and  Gibbs"  development  of  induction 
coils  which  began  to  be  called  transformers.  The  electrical 
world  began  to  divide  into  two  camps — those  who  like  myself 
believed  in  direct  currents  and  accumulators,  and  those 
with  Ferranti  who  believed  in  transfonned  high-pressure 
alternating  currents.  The  older  engineers  will  remember  what 
interest  this  controversy  gave  to  the  Papers  and  discussions 
at  the  Institution  of  Electrical  Engineers.  The  discussion  on 
one  of  my  own  Papers  lasted,  I  think,  through  8  or  10  evenings, 
and  the  net  result  was  that  at  that  time,  I  formed  the  impres- 
sion that  we — the  direct-current  people — had  got  the  best  of 
it,  as  the  majority  of  the  lighting  companies  formed  to  carrv 
out  electric  lighting  of  the  West  End  of  London  followed  our 
lead,  and  the  same  was  largely  the  case  in  the  provinces.  It 
was  not  until  John  Hopkinson  showed  that  there  ought  to  be 
no  trouble  in  producing  alternating  motors  that  I  began  to 
change  my  mind,  and,  of  course,  the  discovery  of  three-phase 
generation  and  transmission  materially  altered  the  whole 
question. 

Although  these  recollections  are  necessarily  verv  personal, 
giving  the  views  of  myself  and  my  personal  circle  of  friends 
and  co-workers,  I  think  I  can  state  with  considerable  impar- 
tiality the  relat've  importance  which  the  English  electrical 
industry  had  attained  dur^rg  the  first  10  years  of  its  lite  as 
compared  with  developments  in  other  countries.  I  believe 
that  in  all  branches  we  were  then  ahead  ;  we  had  developed 
direct-coupled  high-speed  generating  sets  (usually  Willans 
engines)  driving  English  d^^lanlos  by  three  or  four  makers  up 
to  a  pitch  of  efficiency — measured  by  low  cost  first,  low  cost  of 
maintenance  and  high  efficiency  of  conversion  of  85  per  cent, 
from  indicated  horse-power  to  the  kw.  dehvered  on  the  switch- 
board— at  the  time  when  our  American  and  Continental 
friends  were  still  using  slow  running  steam  engines  of  the  mill 
engine  type,  driving  by  belt  and  giving  only  60  per  cent,  con- 
version efficienc} . 

I  well  recollect  the  first  attempts  at  direct  driving  made  by 
the  German  engineers  in  their  first  large  generating  station  in 
the  Mauerstrasse,  Berlin.  For  this  station  Eathenau  had  pur- 
chased splendid  and  exceedingly  perfect  steam  engines  made  by 
Van  der  Kirchove,  of  Ghent,  driving  direct  the  most  ineft'ective 
type  of  generator  it  is  possible  to  conceive.  These  generators 
were  huge  Gramme  rings  made  by  Siemens,  revolving  outside 
star-shaped  magnets  ;  I  do  not  think  the  efficiency  of  electric 
output  on  the  terminals  to  the  indicated  horse-power  of  the 
engines  was  greater  than  50  per  cent.,  even  at  three-quarter 
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load.  Of  rourfe,  the  roal  bill  per  unit  deliven-d  was  excessive. 
Again,  in  cables,  hwitchboaids,  tie  use  of  accumulators  and 
the  study  of  high-pressure  plant  and  transformers,  we  were 
distinctly  ahead,  but  whereas  owing  to  the  conservative  nature 
of  the  English  investor  we  were  only  gradually  begmnmg  to 
obtain  financial  assistance  to  carry  out  tl  e  supply  of  electrical 
energy  on  a  large  scale,  having  to  show  dividends  fairlv  earned 
before  the  English  investor  would  come  forward,  during  this 
period  Kathenau  had  initiated  the  German  Gioup  Bank- 
system  of  financii;g  electrical  ui  dertakings.  and  developed  the 
German  manufacturing  businesses  largely  f:om  his  watching 
the  results  of  our  English  work,  fo  that,  sl.oitly  after  the  erd 
of  tlie  first  decade,  just  at  the  time  when  in  England  the  develop- 
ment of  electric  supply  by  the  municipal  authorities  called  for 


the  manufacture  of  plant  on  a  large  scale,  we— the  English 
manufactuieii; — who  had  been  compelled  to  develop  so  slowly, 
were  unable  to  supply  our  home  demand,  and  the  already  well- 
equipped  German  manufacturers  were  able  not  only  to  fill  all 
the  Continental  oideis.  but  in  many  cases  competed  for  and 
obtained  our  English  municipal  orders. 

It  is  not  ^air  to  blame  the  English  investor  alone  for  this 
delaved  development  of  the  English  electrical  injiustry,  but  to 
his  discouragement  caused  by  Chamberlain's  Act  restricting 
the  concession  for  public  supply  companies  to  21  years,  which 
had  much  to  answer  for.  Again,  on  the  other  hand,  the  rapid 
extension  of  electric  lighting  in  our  war  and  mercantile  m'arine 
occupied  the  attention  and  filled  the  order  sheets  of  our  small 
English  films  and  kept  them,  going  on  a  limited  scale. 


The    Story   of    Land    Telegraphy. 

By  H.   H.   HARRISON,  A.M.I.E.E. 


Hark  :  tin-  wnrnintr  need  Us  dick. 
Hitliii-  tliithcr— ( Iciii  ai.d  (juick 
Swin>:iii>i  li>:htly  to  and  fro. 
Tiding'"  from  afar  tluy  .-how. 
While  tlic  j)atient  watcher  rcad.« 
A"  the  rapid  inovcnicnt  load.*. 
He  who  ^'iii<h>-  their  >iteakiiij!  play 
Stainl.s  a  thoiihai.cl  inilec  away. 

Sinn  who  will  of  Orpln-an  lyre. 

OufH  the  wonder-working  wire  ! 

Neglecting  the  elementary  methods  of  signalling  employed 
by  the  ancients,  laiul  telegraphy  may  be  said  to  have  dated 
from  the  invention  of  the  telcM-ope.  Visual  signalling  at  that 
time  was  carried  out  by  means  oi  shutters  or  semaphore  blades 
cajtublc  of  taking  up  seveial  jiositioiis,  the  peimutations  thus 
fonned  being  assigned  to  difTeieiit  letters  and  figuies.  The 
ijinge  of  transmission  dei»endc<l  upon  tlie  distance  at  which 
the  netting  <)f  the  transmitter  could  le  observed  and  long 
distanceH  could,  of  course,  only  be  bridged  by  employing  a  chain 
<»f  HtiitiouH  and  frequent  retransmission.  The  teles(  ope  greatly 
increased  the  range  hi-tween  a  pair  of  stations. and  from  IT'.tl  to 
I7*.»ri  the  adopti(»n  of  aerial  telegiapl's,  as  they  were  called, 
sjMciul  all  uv<M  Europe.  Among  the  several  workeis  in  this 
held.  (  laude  (  liajiix'',  a  Freiu  h  engineer,  stands  out  most 
prominently,  and  he  sulisequently  became  telegraph  engineer 
to  the  Krencli  Government,  probably  the  first  apjjointment  of 
its  kind. 

Tliis  clash  of  telegiaph  suivivcd  the  introduction  of  the 
olectrcmiagnetic  telegiaph,  t!ie  la.st.  that  maintaining  commu- 
nication between  Livei]»ool  and  Holyhead.  dis»])pearing  in 
1802-3.  The  cost  of  maintenance  and  working  was  giVen  as 
about  £l.r)(i(»  per  annum,  while  a  Bimilar  telegraph  sy.stem 
between  London  and  Portsmouth  cost  rather  more  than  double 
this  sum. 

In  all  European  countries,  the  aerial  telegiaph  was  a  Govern- 
ment monopoly  and  appeared  t(»  be  used  entirely  for  official, 
and  not  for  commercial,  traffic.  Thcie  wn»  thus  no  revenue 
derived,  and  also,  as  no  traffic  data  are  available,  it  is  not 
po.s.sible  to  contpare  the  figures  given  above  with  the  costs  for 
a  modern  jtlant .  The  result  would  have  bpen  intere.sting.  One 
or  two  facts  stand  out.  The  aerial  i.r  optical  telegraph  wa.nin- 
varialilv  a  State  monopoly  ;  it  was  a  wireless  system  and 
utili-sed  the  ether  as  the  transmitting  medium  ;  it  had  ith 
telegiaph  engineeis  ju.nt  as  any  Administratior  s  of  to-day.  and 
it  employed  a  wave  length  lar  smaller  than  any  adopted  in 
niodein  wireless  telegraphy.  Optical  telegraphy  survives 
to-day  in  the  semaphore  signalling  of  semaphores  or  flags  by 
the  .\nnv  and  Xavv. 


The  era  of  practicable  electric  telegraphy  commenced  in 
1836  with  the  work  of  Wm..  Fothergill  Cooke,  but  innumerable 
suggestions  and  experiments  were  made  from  1774  up  to  that 
date.  One  of  the  most  interesting  is  that  of  Francis  Ronalds 
of  Hammersmith,  who  employed  two  s^Tichronously  moving 
dials  at  each  end  of  the  line.  The  letters  of  the  alphabet  were 
engraved  on  the  dials,  which  were  mounted  behind  a  shutter 
having  a  window  which  revealed  one  letter  at  a  time.  High- 
tension  electricity  applied  to  the  line  wire  ax  any  moment  caused 
the  divergence  ot  a  pith  ball  which,  taken  with  the  appearance 
of  a  ceita.n  letter  at  the  window,  formed  the  indication  to  the 
receiver.  The  attention  of  the  distant  operator  was  gained  by 
exploding  a  cjuantity  of  gas  by  a  spark  from  a  Leydeu  jar.  On 
receipt  ot  a  preconcerted  signal  both  operators  started  their 
clocks  simultaneously  and  provided  the  going  rates  of  the  clocks 
were  sufficiently  near  to  one  another,  identical  letters  would 
appear  at  b(»lii  ends  of  the  wire  simultaneously.  Thus  as 
early  as  1816.  the  principle  of  division  of  the  line  time  was  put 
into  efTe(  t. 

Numerous  suggestions  were  also  made  for  the  employment 
(»f  space  signals,  using  as  many  wires  as  the  desired  number  ot 
signals,  but  economy  in  line  material  was  secured  by  adopting 
the  priiK  ijtle  of  jieimutation,  ar.d  Cooke  and  Davy  in  1837  and 
1838  adoj)tcd  three  line  wires  which  just  suffice  for  the  for- 
mation ot  26  signals  by  assigning  three  possible  conditions  to 
three  things  taken  singly  or  m  combination.  Cooke's  receiver 
was  three  single  needles  ;  Davy  ic(  ended  his  signals  by  chemical 
action  on  a  tape.  This  telegraph  was  greatly  improved  by 
Highton  who.  in  1848,  invented  an  ingenious  type  bar  trans- 
lator, but  in  sjtite  of  this,  the  cost  of  the  line  wires  killed  the 
class  of  telegraph  cmploving  sjjace  signals,  and  electric  tele- 
graphy settled  down  to  tJie  torm  einpl(>ying  time  signals  only  : 
the  step-bystep  indicator  telegraphs  of  Cooke.  Wheatstone 
and  others  and  single  and  double  needle  telegraphs. 

Whitehou.'-e  invented  in  1853  a  five-wire  recouling  space- 
signal  telegia]»h.  but  converted  it  to  a  time  signal  apparatus, 
using  a  rotary  distributor  in  the  following  year. 

In  1838  the  telegraph  in  this  country  was  almost  entirely  of 
the  galvan<»meter  or  needle  tv]>e  or  else  the  step-by-step  indi- 
cator while  in  .\meiica  the  electromagnet  method  introduced 
by  Samuel  F.  B.  Morse  was  exclusively  used. 

A  great  impetus  was  given  to  telegraphy  at  this  time  by  the 
discovery  of  Steinheil  tliat  the  earth  could  be  used  in  place  of 
the  second  or  return  wire.  Steinheil  did  a  good  deal  of  ex- 
perimental work  at  Munich,  and  his  remarks  on  the  relative 
advantages  of  iron  and  copper  wires  are  interesting  reading. 
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considering  tlie  date.  He  found  that  the  co§t  of  the  two  metals 
worked  out  to  about  the  same  figure,  as  the  iron  required  to  be 
six  times  the  gauge  of  copper  wire  for  equal  conductivity.  He 
preferred  copper  to  iron  owing  to  its  freedom  from  oxidisation 
by  exposure  to  the  atmosphere.  He  pointed  out,  however, 
that  galvanising  the  iron  wire  would  be  a  remedy  for  this 
trouble. 

Subterranean  wires  were  largely  used  in  the  early  days  of 
electric  telegraphy.  The  Prussian  Administration  employed 
insulated  wires  covered  with  gutta-percha  and  enveloped  by  a 
lead  tube,  the  whole  being  buried  in  the  earth  20  m.  deep. 
Owing  to  frequent  interruptions  and  high  cost  of  maintenance 
they  finally  resorted  to  pole  lines. 

The  Magnetic  Company  also  used  gutta-percha  covered  wires 
laid  in  troughs  of  creosoted  wood  covered  with  a  galvanised 
iron  lid.  Usually  six  wires  were  drawn  into  these  troughs,  but 
the  London  to  Manchester  route  consisted  of  10  such  wires. 

The  cost  of  laying  varied  for  six  wires  from  £180  to  £200  per 
mile.     For  10  wires  the  figure  given  was  £220  per  mile. 

The  Electric  Telegraph  Company  used  glazed  earthen  pipes 
of  best  quality  stoneware  for  their  ducts,  the  cost  of  these  being 
given  at  £60  per  mile. 

Although  Morse  claimed  1832  as  the  "  date  of  conception  " 
for  his  apparatus,  it  does  not  appear  to  have  been  put  into 
practice  until  May  27,  1844,  between  Washington  and  Balti- 
more. By  this  time  he  had  invented  one-way  repeaters  for 
extending  the  distance  of  transmission,  but  the  first  two-way 
repeater  was  one  due  to  Ezra  Cornell.  It  was  not  automatic 
in  its  action,  and  the  direction  of  transmission  could  only  be 
reversed  when  the  repeater  attendant  turned  a  switch.  Morse 
supposed  that  the  wires  of  the  electromagnets  should  be  the 
same  size  as  the  line  wires,  and  his  first  electromagnets,  as  a 
result,  weighed  185  lb  ! 

Most  of  the  railway  telegraphs  by  1842  were  using  pole  lines 
with  porcelain  insulators.  Cooke's  insulators  were  porcelain 
tubes  fastened  to  the  poles  by  iron  clips.  The  wires  were 
threaded  through  these  and  at  every  tenth  pole  a  straining 
ratchet  was  introduced.  In  1854  poles  were  generally  pine 
saplings,  sometimes  poplar  or  fir.  The  size  used  ranged  from 
40  (t.  to  20  ft.  in  length  and  the  prices  from  14s.  to  2s. 
each.  The  butt  of  the  pole  was  charred,  and  in  1859  impreg- 
nation in  a  solution  of  sulphate  of  copper  had  become  general. 

By  1850  the  use  of  the  electromagnet  or  Morse  telegraph  had 
spread  to  Europe,  while  the  double  neeedle  or  galvanometer 
telegraph  with  its  two-line  wires  was  beginning  to  feel  the 
rivalry  of  its  simpler  and  cheaper  brother,  the  single  needle, 
requiring  only  one  line  wire.  By  this  time  also  the  electric 
telegraph  had  become  a  public  utility,  the  first  company  being 
foimed  in  England  in  1846. 

In  1851,  1,752  miles  of  railway  were  covered  by  telegraphs, 
the  wire  mileage  being  7,303,  198  stations  in  existence  and  the 
annual  traffic  48,490.  In  1870  the  whole  of  the  company-owned 
telegraphs  were  transferred  to  the  State.  Some  idea  of  the 
immediate  expansion  following  this  step  may  be  gathered  by 
the  following  figures  : — 


Year. 

Line  mileage. 

Stations. 

Messages  per  an: una 

1851    . 

1,752 

198 

48,4£0 

1802    . 

....      12,711 

1,616 

2.676,350 

1872    . 

....      25,CC0 

5,179 

15,5C0,CC0 

The  inland  rate  was  Is.  for  20  words,  the  address  being  sent 
free.  How  far  this  tariff  affected  the  expansion  may  be  left 
to  conjecture,  but  the  following  rates  in  existence  before 
the  acquisition  of  the  telegraph  companies  by  the  State  are 
interesting  :■ — 

London  to  Biimirgham  6s.  ('d. 

„  ,,  Cheltenham       7s.  Cd. 

„  ,,  Glasgow     10s.  Od. 

„  „  Hull    P.'^.  fid. 

,,  „  Liverpool       8.s.  fid. 

„  ,,  Newcastle    10s.  Cd. 

„  „  Southampton    5s.  fid. 

„  „  York  es.  Cd. 

The  foregoing  figures  were  for  messages  of  20  words. 


I  have  said  that  by  1850  the  Morse  system  extended  to 
Europe.  It  received  a  further  impetus  by  the  invention  of 
duplex  telegraphy,  permitting  the  simultaneous  transmission 
of  a  message  in  each  direction  over  a  single-line  wire  and 
also,  later,  by  the  introduction  of  the  Wheatstone  automatic 
system. 

Duplex  working  by  division  of  the  line  time,  rotar}'  switches 
being  employed,  was  first  suggested  and  put  into  practice  by 
Moses  Fanner  in  1853,  but  the  differential  duplex  sy.stem  was 
devised  by  Frischen,  a  telegraph  inspector  at  Hanover  in  1854. 
The  bridge  duplex  system  was  invented  by  Maron  in  1863. 
Stearns  had  added  the  compensating  conden.ser  to  the  differ- 
ential and  bridge  duplex  by  1868.  A  central  battery  duplex 
was  evolved  by  T.  A.  Edison  in  1873,  and  is  sub-stantially  the 
same  as  that  so  widely  used  in  European  and  Colonial  Admin- 
istrations at  the  present  day. 

The  Wheatstone  automatic,  largely  developed  by  the  late 
Augustus  Stroh  and  officers  of  the  British  Post  Office  Admin- 
istration, among  whom  may  be  mentioned  the  late  J.  B. 
Chapman,  has  remained  almost  entirely  a  British  system. 
Some  early  speeds  taken  from  a  Paper  by  Culley  are  given 
below  : — 

London — Manchester   1 20  words  per  minute 

,,          Liverpool  120  „  ,,  ,, 

Cardiff   120  ,.  „  „ 

,,          Aberdeen     60  „  „  „ 

,,         Cork     38  ,,  „  „ 

Dublin 40  „  „  ,, 

Dublin — -London    80  „  „  „ 

The  apparatus  is  capable  of  working  at  300  to  400  words  per 
minute  as  a  result  of  improvements  in  design  and  construction 
effected  from  time  to  time,  and  these  speeds  have  been  fre- 
quently attained  on  actual  circuits. 

Repeaters  were  described  in  the  very  early  days  of  tele- 
graphy. Davy  in  1838  illustrated  a  "'  renewer  ""  and  Morse, 
as  before  mentioned,  used  a  one-way  repeater.  These  were 
necessitated  largely  by  the  poor  character  of  the  line  Insulation. 
Usually  the  insertion  of  a  repeater  of  the  type  prevailing  about 
1871  resulted  in  a  reduction  in  speed  of  the  whole  circuit.  Sir 
John  Gavey  greatly  improved  such  repeaters  by  the  introduc- 
tion of  direct  repeating  from  the  relays.  Previously  the  relays 
had  actuated  electromagnetic  keys  and  the  inertia  of  these 
slowed  down  the  rate  of  working  so  that  a  repeater  was  only 
introduced  when  bad  weather  conditions  prevailed.  As  a 
result  of  Gavey"s  improvement,  the  introduction  of  a  repeater 
actually  increased  the  speed  of  a  circuit,  by  reducing  the 
effective  KR  to  that  of  the  longest  section. 

Probably  the  longest  Wheatstone  circuit  was  that  of  the 
Indo-European  Telegraph  Company  which  worked  directly 
between  London  and  Teheran  with  10  automatic  repeaters 
inserted.  The  direct  working  was  carried  into  eftect  on  Jan.  1, 
1903.  Formerly  there  were  two  retransmissions  between 
London  and  Teheran,  viz.,  at  Emden  and  Odessa.  The  total 
length  of  line  is  3.800  miles,  of  which  200  miles  consists  of 
submarine  cable.     The  circuit  is  at  present  interrupted. 

The  leak  method  of  control  on  automatic  repeaters  was  also 
introduced  by  Gavey. 

T.  A.  Edison  was  the  first  to  produce  a  practical  quadiuplex. 
which  he  did  in  1874.'  This  system  peimits  of  two  messages 
being  transmitted  simultaneously  in  either  direction  or  four  in 
all,  and  is  accomplished  by  adopting  two  strengths  of  current. 
The  quadruplex  has,  thus,  a  fimdamental  defect  which  renders 
its  utility  variable. 

Multiple  Morse  working  by  the  division  of  line  time  was 
carried  out  first  by  the  French  Administration,  the  system 
employed  being  due  to  Bernard  Meyer,  a  Controller  of  tele- 
graphs in  the  French  Service.  This  was  a  letter-by-letter 
system,  and  worked  with  fair  success  from  1871  to  1874.  S^ii- 
chronising  trouble  and  poor  perfoimance  partly  accounted  for 
its  disappearance,  and  tlie  invention  of  the  multiple  type- 
printing  telegraph  of  Baudot  about  1874-75  finished  it  oflt. 
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P.  B.  Delany  introduced  in  1884  a  multiple  morse  system 
on  the  same  general  principle  as  Meyers,  and  this  was  actually 
adopted  by  the  British  Post  Office  and  used  by  them  for  some 
years.  At  the  hands  of  the  Post  Office  engineers  it  under- 
went numerous  improvements,  but  it  had  a  fundamental 
defect  and  the  inexorable  law  stepped  in.  It  has  since  gone 
out  of  use. 

Tv^je-printing  systems  have  always  been  in  use  from  the 
earliest  days  of  commercial  telegraphy.  The  sy.stem  of  David 
Hughes,  invented  in  IHoTj  was  widely  employed  in  America 
and  to  some  extent  in  this  country  in  the  old  company  days. 
Its  adoption  spread  later  to  the  Continent,  and  it  is  to  this  day 
largelv  in  use  all  over  Europe.  One  reason  for  the  remarkable 
success  of  this  apparatus  was  the  principle  introduced  by 
Hughes  of  the  free-iimning  isochronous  type  wheel.  Up  to 
the  time  of  its  appearance  all  printing  systems  were  of  the  step- 
by  step  type  of  rather  delicate  construction  and  generally 
made  by  clockmakers.  The  Hughes  printer  as  originally  made 
was  robust,  and  improvements  in  detail  were  made  by  the  emin- 
ent firms  of  telegra])h  engineers  who.  from  time  to  time,  took 
up  its  construction.  The  early  work  on  the  Baudot  ap- 
paratus was  very  largely  influenced  by  the  construction  of 
the  Hughes. 

In  1H74-.0  the  first  multii)h'  ])rintiiig  telegraph  system 
ap])eared.  It  was  the  work  of  Jean  M.  E.  Baudot,  a  telegra- 
phi.st  employee  of  the  French  Administration.  Baudot 
realised  that  printing  sy-stens.  such  as  the  Hughes,  only  utilised 
a  fraction  of  the  transmitting  capacity  of  inland  telegraph 
lines.  He  therefore  employed  syncliron(»usly  rotating  dis- 
tributors to  divide  up  the  line  time  between  two,  three  or  four 
printing  instiaiments.  The  time  at  which  any  of  the  operators 
may  signal  is  indicatefl  by  a  ""  cadence  tapper."  a  device  used 
Ity  .Meyer  but  first  suggested  in  iJ^fKl  by  W.  H.  Burnett,  an 
Englishman.  Due  to  the  al])habet  employed,  the  five-unit 
co(le  (tf  (Jauss  and  We})er.  and  to  tlie  excellent  constiiiction 
which  has  always  been  a  characteristic  of  Baudot  apparatus, 
the  system  met  with  e.xtraordinary  success  in  France  and  of 
late  years  it  has  spread  to  Germany.  Belgium.  Holland.  Spain. 
Itulv.  Denmark.  Norwav.  Russia.  Switzerland,  the  United 
Kingdom,  .\rgentiiie  Kepublic.  Inrlia  and  Ceylon. 

international  communication  is  nnu  almost  entirely  carried 
(HI  by  liatiddt  circuits,  though  the  Hughes  is  still  very  largely 
emjiloyed. 

Fnim  ]HW  to  ll'<l2  a  nuinber  nf  new  high  capacity  systems 
spuing  into  more  <ir  less  precarious  e.xistence.  The  Rowland 
invented  by  Prof.  Henry  Rowland,  was  an  octople.x  systeni. 
i.e.,  four  channels  each  way.  by  the  combined  use  of  rotary 
disf riliufnrs  and  the  duj)le.x  balance.  It  eini)l(»yed  an  Il-unit 
alplial>et  and  sine-wave  ini])iils«'s.  This  system,  as  arranged 
bv  IJiiwlaiid.  is  no  longer  in  e.xistence.  The  length  of  the 
alphaliet  seriously  reduced  the  t ransmi.ssi(»n  ])o.ssibilitie8  of  the 
system,  liut  it  had  other  fumlaniental  defects. 

The  liiickingham  sy.Htem,  a  single  channel  or  automatic 
liigh-Hi)eed  sy.stem.  had  a  shoit  life.  Slightly  modified  by 
Barclay  it  has  had  some  vogue  in  the  Unitecl  States,  but  it  is 
rapidiv  being  displaced  l»y  nniltijile.x  systems  using  the  five- 
unit  eipial-lct  ter  code. 

Siemens  and  Halske  introduced  a  phiitogra])hic  printer 
Using  the  11-unit  alphabet  «if  Rowland,  it  had  two  funda- 
mental defects,  its  aljdiabet  jMid  the  dam]»  photograjthic  tape, 
and  it  has  jdayed  no  serimis  part  in  carrying  the  telegraphic 
traffic  of  the  world.  Ntunerous  other  systems  have  been  pro- 
po.sed  and  have  languished  for  a  while,  but  two  systems  are 
enieruing  which  seem  like  avoiding  the  printing  telegraph  scrap 
heu|)  :  the  modern  multijdex  of  which  the  nystem  due  to 
Murray  is  the  best  example,  and  the  high-speed  Morse 
code  svstciu.  the  ,-ule  representative  being  that  due  t»>  K.  G. 
Creed. 

The  Creed  Mor.se  code  system  uses  keyboard  perforators  and 
a  standard  Wheatstone  transmitter  at  the  sending  end.  At 
tlie  receiving  («nd  the  line  signals  ]»ass  through  a  reperforator 
which  furnishes  an  (>xart  co]iv  of  the  transmittmg  tape.     The 


received  tape  is  them  made  to  set  permutation  slide  valves 
which  open  an  admission  port  to  a  cylinder  controlling  a  small 
pi.ston  actuating  a  tA-pebar  which  imprints  the  letter  corre- 
sponding to  that  punched  on  the  tape.  This  system  is  exten- 
sivelv  emploved  Ijy  telegraph  administrations,  as  the  translation 
of  the  Morse  signals  is  accomplished  at  high  speed  without 
skilled  intervention. 

The  Murrav  multiplex  is  generally  on  the  same  lines  as 
Baudot,  except  for  some  differences  of  fundamental  importance. 
It  emplovs  s^-nchronously  run  distributors  and  the  five-unit 
code,  but  there  its  re.semblance  ends.  The  Baudot  is  a  tape 
printer  and  the  rape  has  to  be  gummed  to  a  message  form.  The 
Murrav  is  a  page  printer.  The  Baudot  is  a  cadence  controlled 
svstem.  There  is  no  storage  of  signals  between  the  trans- 
mitting operator  and  the  transmitting  distributor  and  any 
pau.ses  on  the  part  of  the  operator  lead  to  loss  of  line  time. 
This  has  been  shown  to  amount  to  about  30  per  cent.  Murray 
emplovs  keyboard  perforators  and  a  transmitter  controlled  by 
the  cadence  current.  Due  to  the  fact  that  with  a  typewriter 
kevboaid  the  instantaneous  rate  of  an  operator  may,  with 
favourable  letter  sequences,  be  double  the  actual  working 
speed  for  v.hich  the  distributors  are  set,  the  loss  of  time  due  to 
intermittent  stoppages  is  largely  obviated,  signals  being  stored 
on  the  loop  of  tape  between  the  transmitter  and  the  keyboard. 
In  the  event  of  the  operator  stopping  for  such  length  of  time 
that  the  perforated  tape  is  reduced  to  a  certain  minimum  length 
an  automatic  device  acts  to  stop  the  transmitter  which  is  auto- 
matically started  again  as  soon  as  the  operator  commences 
reperforating. 

By  the  removal  of  the  nervous  strain  imposed  by  the 
necessity  for  observing  the  cadence  and  also  the  storage  of 
signals  above  described,  speeds  of  40-45  words  per  minute  per 
channel  can  be  attained  on  the  Murray  as  compared  with  a 
theoretical  30  and  actual  20  words  per  minute  on  the  Baudot. 

The  internal  arrangements  of  large  telegraph  offices  have, 
in  recent  years,  undergone  much  alteration  due  to  the  adoption 
of  "  teleplmne  '"  type  test  and  switch  frames.  A  number  of 
circuits  liave  been  concentrated  on  telephone  switchboards 
controlled  by  a  telegmphist  who  distributes  incoming  calls  to 
a  few  operators  located  at  instrument  tables  close  by.  Thus 
the  efjuipment  of  a  comparatively  large  number  of  circuits 
with  telegraph  apparatus  is  saved  and  economy  in  t^ble  space 
effected.  The  traffic  can  also  be  more  efficiently  distributed 
and  with  less  delay. 

The  idea  has  been  extended  to  intercommunication  between 
suburban  offices  through  a  central  switch,  thus  saving  retrans- 
mission at  the  central  office. 

.\t  all  large  offices  secondary  cells  are  used,  and  the  transit 
of  messages  from  floor  to  floor,  at  ore  time  exclusively  effected 
by  ])neumatic  tubes  is  largely  done  by  bar.d  and  cord  carriers. 
The  power  department  of  a  large  telegraph  office  is  now  an 
imp«trtant  branch. 

A  feature  of  the  Briti.sh  service  has  always  been  the  efficient 
distribtition  of  rews.  The  old  companies  maintained  a  news 
distriliuting  agency.  At  the  transfer  this  work  was  done  by 
])rivate  agencies,  the  Post  Office  merely  undertaking  the  tele- 
grajihic  work.  The  di.stribution  telegraphically  is  done  by  the 
Wheatstone  automati<-  system,  several  towns  being  strung  on 
(»ne  wire,  and  a  number  of  .such  wires  radiating  from  the  central 
office.  .Many  of  the  important  provincial  new.spapors  rent  a 
])rivate  wire  fiom  the  Postmaster-General  and  man  it  with 
their  own  stall,  providing  their  own  apparatus  as  well.  These 
wires  were  formerly  worked  manually  at  about  30  words  per 
minute,  bu.  now.  invariably.  Wheatstone  is  used  with  a  Creed 
printer  at  the  receiving  end.  Such  installations  have  been 
ext raordinarily  successful. 

A  few  yean*  ago  it  might  have  been  thought  that  land  tele- 
graphy ha<l  reache<l  finality.  To-dav  it  is  very  different.  The 
era  of  machine  t'  '  '  liv  is  onlv  just  commencing.  In  a  few 
years"  time  we  ^  a  revolution  in  methods  carrying  far- 

reaching  re.sult8.  It  may  be  possible  (who  knows  ?)  for  a 
Postmaster-General  in  h's  annual  report  to  annoimce.  at  least, 
no  loss  on  telegraphs.     So  mav  it  be  I 
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The    Story   of   the   Submarine  Cable.* 

By    CHARLES    BRIGHT,    F.R.S.E.,    M.Inst. C.E. 


When  asked  to  write  on  this  subject  certain  difficulties 
presented  themselves  owing  to  the  prevailing  war,  the  most 
immediately  interesting  part  of  my  story  up  to  date  being 
vetoed  for  strategic  reasons. 

It  happens,  however,  that  the  Atlantic  cable  holds  a  jubilee 
this  year — indeed,  this  month.  That  fact  has  been  probably 
entirely  lost  sight  of,  by  the  general  public  at  any  rate,  due  to 
the  lack  of  any  festivities  which  under  ordinary  conditions  go 
to  mark  such  an  event.  Even  though  conditions  do  not  lend 
themselves  to  any  function  by  way  of  celebration,  it  occurs 
to  me  that  the  2000th  number  of  a  journal  so  closely  asso- 
ciated with  the  pioneering  of  cable  telegraphy  may  suitably 
be  made  a  vehicle  for  briefly  summarising  the  events  in  cable 
history  up  to  that  of  which  we  should,  as  I  say,  by  right,  be 
celebrating  the  jubilee.  To  do  more  than  this — i.e.,  to  enter 
into  any  technical  description  or  particulars — would  be  impos- 
sible within  the  prescribed  limits.  My  theme  is,  therefore, 
largely  composed  of  realistic  history,  which  has  the  advantage 


a  small  Thames  tug  with  a  very  big  name  !  The  line  only 
consisted  of  a  gutta-percha  covered  copper  wire.  This  was 
unwound  across  the  Channel  from  a  huge  reel  on  the  deck 
of  the  vessel,  and  the  further  end  connected  to  a  Cooke  and 
Wheatstone  needle  telegraph  instrument  set  up  in  a  bathing 
machine.  The  carrying  out  of  this  enterprise  excited  little  or 
no  attention  at  the  time.  It  was,  indeed,  looked  upon  as  a 
mad  freak — and  even  as  a  gigantic  swindle — indulged  in  only 
by  wild  minds.  When  accomplished, "'  The  Times  "'  remarked, 
in  the  words  of  Shakespeare,  ""  The  jest  of  yesterday  has 
become  the  fact  of  to-day."  But  a  few  hours  aftei-wards  it 
might  with  equal  truth  have  been  said  :  '"  The  fact  of  yesterday 
has  become  the  jest  of  to-day  !  "'  Messages  were,  however, 
certainly  sent  through  this  insulated  wire. 

Brett  had  a  document,  signed  by  20  Frenchmen,  dated 
September  6,  1850,  who  declared  that  they  had  seen  the 
electric  telegraph  working  between  France  and  England.  The 
signals,  it  must  be  confessed,  were  somewhat  incoherent ;   the 

operators  at  each  end  blamed  those 
at  the  other,  and  tauntingly  suggested 
that  the  excitement,  or  something  else, 
must  have  gone  to  their  heads.  In  any 
case,  the  glory  of  this  telegraph  was,  un- 
fortunately, shoit-lived ;  for  after  the 
first  evening  it  maintained  an  obstinate 


reserve,    and    never    spoke 


again. 


An 


Fig.  1. — Laying  the  First  Channel  Line. 

of  being  a  practical  and  at  the  same  time  interesting  weapon 
of  mstruction,  besides  helping  us  to  follow  in  the  steps  of  those 
that  make  history.     With  this  preamble,  I  will  now  proceed. 

Unquestionably,  the  hric-a-bmc  shopkeepers,  Jacob  and  John 
Watkins  Brett,  were  the  first  to  deal  with  submarine  tele- 
graphy from  a  public  and  commercial  standpoint.  On  June  16, 
184.5,  they  registered  a  company  for  the  purpose  of  telegraphic 
communication  between  this  country  and  France,  and  a  little 
later  they  addressed  themselves  to  the  Prime  Minister,  Sir 
Robert  Peel,  who  did  not,  unfortunately,  share  their  con- 
fidence. This  move,  indeed,  only  involved  the  Bretts  in  a 
departmental  correspondence — more  academic  than  useful — 
m  which  they  were  diplomatically  passed  backwards  and 
forwards  from  one  Government  office  to  another. 

By  184:9,  however,  the  Bretts  had  obtained  consent  from  the 
authorities  of  both  countries  to  lay  a  cable  across  the  Straits 
of  Dover. 

_Fig.  1  illustrates  the  laying  of  this  line  from  the  "  Goliath," 
*  Copyright  reserved  by  the  Author. 


Fig.  2. — 1850  Line  and  Weight. 

attempt  was  then  made  to  raise  th^  wire;  but  as  a  leaden 
weight  had  been  attached  at  every  100  yds.  in  order  that  it 
might  be  successfully  sunk  all  efforts  were  in  vain.  A  con- 
siderable length  was,  however,  brought  up  by  a  fisherman  in 
his  trawl,  who  carried  it  oli"  to  Boulogne  in  triumph  as  a 
'■  piece  of  rare  seaweed  with  a  pith  of  gold." 

Fig.  2  shows  the  line  which  did  such  short  duty,  with  the 
leaden  weights  attached.  It  will  be  observed  that  Mr.  Reid 
(the  contractor)  was  determined  that,  at  any  rate,  the  fishes 
at  the  bottom  should  know  of  him,  and  that  he  made  leaden 
weights. 

Then,  again,  on  December  19,  1850,  a  concession  was 
granted  to  Jacob  Brett  by  the  French  Government,  and  on  the 
strength  of  this  the  Submarine  Telegraph  Co.  was  formed. 
But  £300  was  all  that  the  public  would  subscribe,  because  it 
had  been  proved  that  submarine  telegraphy  was  an  impossi- 
bility !  Yet  these  early  pioneers,  with  that  peculiar  ob- 
stinancy  that  characterises  inventors,  actually  went  on  believing 
in  their  own  ideas. 
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Crampton,  the  well-known  railway  engineer,  came  to  the 
rescue  with  £7,500  of  his  own  and  a  similar  amount  from  his 
friends.  Then  Kiiper,  a  colliery  enjiineer.  came  along  and  said  : 
'■  Why  not  protect  your  gutta-percha  covering  hy  an  iron 
sheathing  ?  "  The  cable  with  its  sheathing  was  duly  made, 
and  on  September  25,  1851.  a  procession,  with  a  man-of-war 
to  lead  tlie  way,  started  from  the  South  Foreland  to  the  shores 
of  France.     All   went   well   until   they   were   in  sight   of  the 


I'll.,  '.i.    -TuK  First  Chanxei.  Cable,  1851. 


Kio.  4. — I'lECK  or  1W51  Channel  Cable  Picked  ip  L.\ter. 


opposite  coast,  when  the  cable  gave  out.  Another  mile  was 
ordiMcfl.  manufactured,  and  laid  ;  and  nn  November  13.  1851, 
the  pulilic  sent  a  message  through  a  submarine  cable,  the  cable 
shown  in  Fig.  3,  for  the  first  time  in  the  history  of  the  world. 
A.s  may  be  observed,  there  were  four  in.sulated  conductors 
cKVfK'd  with  hemp  and  iron  wires  ;  but  in  those  days  tlie  main 
reason  f(»r  condu<toi's  in  mnltiph'  was  that  if  out-  failed  there 
were  others  to  do  the  work. 

The  cable  had  a  very  good  life,  and  this  class  of  armour  has 
been  adliered  to  ever  sin(e.     Fig.   I  illustrates 
how  little  this  cable  was  affected  by  tiim-  uli.n 
])icked  up  a  good  many  years  later. 

The  liielts  then  applied  to  the  CJovernment 
f»»r  a  iMouo]»oly  to  electrically  connect  Fngland 
and  Ireland.  This  time  they  were  not  so  for- 
tunate, for  on  September  lOth  the  Admiralty 
wrote  that  "  they  had  watched  with  interest 
the  progress  of  the  exjieriiuents.  but  had  no 
power  ♦o  grant  a  right."'  On  the  I8th.  the 
■*  Fon-ign  Office  is  directed  by  Viscount  Palnier- 
stoii  t(>  congratulate  you  upon  the  success  «tf 
your  experiment,  and  to  state  that  the  matter 
<b>es  not  relate  to  the  business  of  his  lordships 
depatlment.  "  ( >n  the  same  day  the  Admiralty 
again  wrote  "  that  whatever  privilege.s  «-an  be 
granted  can  ]iroce<'d  only  from  the  Treasury." 
The  ne.xt  day  the  Treasury  "  ac<pu»int  yn»i  tiiat 
it  is  not  in  the  power  <»f  the  I^ords  Cotnmis- 
sioiiers  of  Her  Majesty's  Tri-asurx  .  "  Tliev  got 
the  same  answeron St«pteml>er  'J^lh.  <.)n  Octo- 
ber 18.  1850,  they  received  the  following  letter 
froft)  the  Trea.'iurv  :  *'  Although  .nensible  of  vour  perseverance 
in  iuinging  the  siibmarine  telegraph  about,  and  in  view  «if 
the  great  public  benefit  likely  to  ari.Hc  in  connection  .  .  .  but 
it  is  not  in  their  Lonlship.n"  power,  \'c." 

rabh^H  were  eventually  laid  betwet>n  Knuland  and  Ireland  : 
and    although    the    tii-st     two    were      failures,    in     1853    mv 


islands.  It  was  similar  to  the  Dover-Calais  cable  here  referred 
to,  but  contained  six  insulated  conductors  round  a  heart  of 
hemp. 

Then  followed  a  number  of  lines  laid  across  the  English 
Channel,  in  the  Mediterranean  and  elsewhere.  Many  of  these 
early  attempts  either  resulted  in  breaking  the  cable,  or  in 
paying  it  out  with  so  much  slack  that  it  reposed  in  festoons  at 
the  bottom  of  the  sea,  as  there  were  no  means  then  of  indicating 

what  force  was  being  exerted  by  che 
brake  used  to  restrain  the  running 
out  of  the  line. 

We  now  come  to  the  period  when 
a  much  more  difficult  problem  was 
dealt  with — I  mean  spanning  the 
Atlantic  Ocean  by  laying  and  speak- 
ing through  a  cable  2,000  miles  in 
length,  the  depth  being  upwards  of 
3  miles.  Many  eminent  scientists 
had  .said  it  would  be  impossible  to 
deposit  the  lines  at  all  at  so  grea; 
a  depth  ;  and  that,  even  if  laid,  it 
would  be  a  mathematical  impossi- 
bility to  transmit  electrical  signals 
through  such  a  length.  The  Atlan- 
tic cable  was,  indeed,  considered 
at  tl'.is  time  (1857)  a  wild  freak  of 
people  that  were  to  be  pitied. 

On  the  opposite  page  you    have 

the    portraits    (from    photographs 

taken  at  that   period)  of  some    of 

l       v>  \  those     who    were     the    subject    of 

^^  '  '*  pity."      Brett    had,    as    I    have 

sliown,  already  been  associated  with 

other  pioneer  cables.     Cyrus  F'ield 

was  a  wealthy  American    business 

man  of  far-seeing  and  enormously  active  character,*  and  my 

father  had  already  attracted  attention  as  an  engineer. 

Tiiere  wore  evidently  some  spirits  who  believed  in  the  enter- 
prise, or  in  those  at  the  back  of  it,  for  the  Atlantic  Telegraph 
Co.  was  formed  within  a  few  days,  the  entire  capital  being 
raised  almost  entirely  in  England — by  the  public  issue  of 
35<J  shares  of  £1 .000  eacli. 

The  jiroposed  route  was  surveyed  in  what  we  should  now 
consider  a  somewhat  "  sketchv  "  fashion ;  for  whereas  in  the 


J 


Fro.  6.— U.S.N.S.  "  Niaoara. 


frttlior,   at   the    age    of    21.   successfullv   connected   the   two 


present  day  we  sound  at  inter\als  of  about  10  miles,  at  that 

time  sonv  ' ■-  every  100  miles  were  considered  abundant. 

The  gen-  tractor  of  the  bottom  was,  however,  correctly 

•  Field  h»H  Achievol  a  oonimati'linc  jioFiticn  in  respect  to  any  such 
^honip  hy  Ari|uinns  a  oonoession  fn.m  the  late  F.  X.  (li.'-bome  (a  weli- 
k'  '   viadian  pnttinwr)  for  coninuinication  between   Newfoundland 

ft-  .  ia. 
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CYRUS  WEST  FIELD. 


JOHN  PENDER. 
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Fig.  5. — Some  of  the  Pioneers  in   Submarine  Telegr.\phy. 
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Fr<;.  7.      H.M.S.  "  Acamkmnd.v  '    Ci.Mri.KTP...  mi    Tikst  Ati-antic   Cable. 


Fig.  14. — T.S.    "yiLVEHTow-N. 


Km.   10.— .S.S.   "(;kkat  Kastkun  '     I'n  kin<;  rr  the  Si:(i.M)  .\ti.antig 

CaDI.K  at  0.50  A.M.  ON  SKITKMIIKK  2M).   tH<H'>.       (DkI'TM  2  MlUKS.) 


Flu.  13.     T  ^ 


Fi.;.  1.%.  — T.S.  "Faraoay. 
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arrived  at  from  the  specimens  brought  up,  being,  in  fact,  the 
usual  oceanic  ooze  of  extremely  minute  shells^ — a  perfect  bed 
for  cables. 

The  manufacture  of  the  cable  was  duly  proceeded  with, 
partly  at  Greenwich  and  partly  at  Birkenhead,  near  Liverpool. 
The  iron  sheathing  was  composed  of  several  strands  of  fine  wire. 
Thus  tlie  entire  length  of  wire  employed  was  as  much  as 
340,500  miles — enough  to  engirdle  the  earth  13  times  and 
considerably  more  than  enough  to  extend  from  the  earth  to 
the  moon.  This  stranded  sheathing  had  clearly  certain 
mechanical  advantages  at  the  outset,  but  has  since  been  found 
by  experience  not  to  be  a  durable  type  of  armour. 

The  Governments  of  the  countries  concerned  encouraged 
the  scheme  to  the  extent  of  lending  certain  vessels  for  laying 
the  cable,  as  they  had  done  previously  for  the  survey. 

The  main  contribution  from  the  United  States  was  the 
"  Niagara  "  (Fig.  6),  a  splendid  example  of  the  frigates  at 
that  time.  H.M.S.  "  Agamemnon  "  was  loaned  for  the  pur- 
pose by  the  Admiralty.  A  smaller  vessel  was  also  provided 
by  each  Government  to  land  the  ends,  pilot  the  way,  and  to 
act  as  consort  generally. 

Mishaps  soon  occurred  ;  for  it  was  only  four  miles  that  had 
been  paid  out  when  the  cable  broke.  Another  start  was 
made  ;  but  after  226  miles  had  been  laid,  it  again  broke, 
this  time,  however,  at  a  depth  of  two  miles.  So  ended  the 
first  attempt  to  electrically  connect  America  with  Europe. 
Morse,  who  was  on  board  in  an  honorary  capacity,  recorded 
the  circumstances  as  follows  :  "  The  cable  parted  just  before 
daybreak.  The  machinery  having  stopped,  all  hands  rushed 
on  deck  and  gathered  in  mournful  groups  ;  their  tones  were 
sad,  their  voices  low,  as  if  a  death  had  occurred  on  board." 

The  next  year  (1858)  more  cable  was  made,  and  a  second 
expedition  started  with  3,000  miles.  The  two  vessels  were 
this  time  to  meet  in  mid-ocean  and  make  a  joint,  and  then 
sail  in  opposite  directions,  laying  the  cable  towards  their 
respective  shores.  This  they  did,  but  the  joint  broke.  They 
made  a  second,  and  again  it  broke.  They  made  a  third,  and 
then  one  ship  sailed  towards  Ireland  and  the  other  towards 
America.  On  her  way  the  "  Agamemnon  "  encountered  a 
whale,  and  though  the  ponderous  monster  made  commendable 
attempts  to  carry  off  the  cable,  these  attempts  were  attended 
with  no  evil  result.  The  '"  Niagara,"  however,  had  not  gone 
far  before  another  break  occurred  which  ended  in  the  loss  of 
500  miles  of  cable.  Sufficient  yet  remained  on  board  for  a 
third  trial. 

Meanwhile,  however,  both  ships  had  run  out  of  stores,  and 
it  was  therefore  necessary  to  put  into  Queenstown.  On  the 
way  a  terrific  storm  was  encountered,  and  the  ''  Agamemnon  " 
nearly  "  turned  turtle."  The  boots,  food  and  crockery — 
not  to  mention  the  coals — got  terribly  mixed  up ;  but  so  did 
the  cable  in  the  tanks,  and  that  was  a  much  more  serious  affair. 

Matters  were,  however,  righted  ;  and  after  stores  had  been 
procured  the  telegraph  fleet  again  met  in  mid-ocean  to  make 
the  splice,  and  again  set  forth  on  their  respective  work.  The 
first  expedition  created  considerable  excitement,  but  when  it 
came  to  the  second  and  third,  everyone,  except  the  share- 
holders, merely  pitied  those  that  were  continuing  such  a 
futile  errand.  The  pity  was,  however,  now  beginning  to  be 
misplaced  ;  for  this  time  the  entire  line  was  laid  successfully. 

Though  having  little  to  do  with  the  actual  work,  our  American 
cousms  were,  as  might  be  expected,  more  demonstrative  on 
the  subject,  and  wild  excitement  prevailed  on  the  landing  of 
the  end  at  the  Newfoundland  station.  But  even  "  The 
Times  "  remarked  :  "  Since  the  discovery  of  Columbus  nothing 
has  been  done  in  any  degree'  comparable  to  the  vast  enlarge- 
ment which  has  thus  been  given  to  the  sphere  of  human 
activity." 

It  was  on  August  5,  1858,  that  England  spoke  for  the  first 
time  electrically  with  America.  Formal  and  reverential 
were  the  first  words  of  greeting  between  Her  Majesty  Queen 
Victoria  and  the  President  of  the  United  States. 

The  cable  never  worked  very  satisfactorily  from  the  outset  : 
for  the  message  from  the  United  States  President  to  our  Queen 
occupied  over  30  hours  in  transmission,  though  only  containing 


150  words  !  Moreover,  the  utmost  speed  achieved  was  some 
six  words  a  minute. 

Fig.  8  shows  the  first  public  news  message  that  was  sent 
through  the  cable  ;  and  in  allaying  the  anxiety  of  passengers 
after  collision  between  two  ships  it  ser\'ed  a  most  useful  pur- 
pose. The  line  also  further  illustrated  the  great  utility  of  a 
cable  service,  by  conveying  two  messages  from  the  War  Office 
to  Canada,  the  effect  of  which  was  to  countermand  the  return  of 
two  regiments — thereby  saving  the  expenditure  of  £50,000  ! 

But  though  doing  useful  work  for  some  two  months,  the 
line  was  gasping  under  its  efforts  throughout,  and  gradually 
reached  the  sinking  stage.  It  was  suffering — and  ultimately 
succumbed — from  the  effects  of  the  electrician's  mistaken 
electrical  views,  in  which  even  the  great  Faraday  shared.  The 
line  was,  indeed,  an  electrical  failure,  though  a  complete  engi- 
neering success.  It  had  been  proved  that  such  a  length  of 
cable  could  be  laid  in  really  deep  water  ;  and,  though  various 
mishaps  had  occurred  before  final  engineering  success  was 
achieved,  these  were  only  due  to  unavoidable  accident  on  the 
one  hand,  and  lack  of  perfection  in  manufacture  on  the  other, 
such  as  could  be  improved  on  by  the  experience  gained. 

From  the  next  cable,  however,  that  laid  by  the  Government 
in  the  Red  Sea  in  1859,  nothing  useful  was  learned.  The 
sections  failed  one  after  the  other,  and  it  is  doubtful  whether 


gitlantir  Slftgi^a^h  (![ompjng. 

Received  per  the  A  tlantie  Telegraph  Company, 
the  foUmmr^  Me&mffe,  this /  Y^        day  of 

Coreineticcd    /?    ■'^ 
ftmshtd       ^       .iZ-/ 


ht    A,.<^    ^ri^         4/1^      i>-^    ^    o/ 


Fig.  8. — The  First  Public  News  Message. 

a  message  was  ever  sent  through  the  whole  of  the  cable  ;  but 
it  is  certain  that  the  British  public  continued  to  pav  for  50 
years  £36,000  per  annum  for  the  privilege  of  having  put  some 
copper  wire,  gutta-percha  and  iron  sheathing  at  the  bottom  of 
the  Red  Sea. 

There  were  several  other  cables  laid  soon  after — from  Malta 
to  Alexandria,  to  India  and  elsewhere,  and  these  proved  a 
complete  success.  Indeed,  the  line  to  India,  via  the  Persian 
Gulf,  may  be  said  to  have  been  the  pioneer  in  regard  to  full  and 
satisfactory  arrangements  for  testing  previous  to,  and  during, 
laying.  A  little  later  a  project  was  mooied  for  an  extreme 
North  Atlantic  cable,  with  stepping-stones  at  Iceland  and 
Greenland  ;  but  possibly  the  temperature  there  was  not  thought 
to  be  sufficiently  inviting,  for  certainly  the  scheme  came  to 
nothing. 

It  was  not  until  1865  that  the  question  of  re-spanning  the 
Atlantic  took  active  shape.  My  father  and  the  late  Latimer 
Clark  had,  in  the  intei'val,  persuaded  the  financiers  that  a 
larger  and  more  costly  insulated  conductor  was  essential. 
Moreover,  the  electricians  were  also  better  advised  in  regard  to 
the  generating  power  and  apparatus  for  signalling  purposes  ; 
indeed.  Prof.  William  Thomson  (afterwards  Lord  Kelvin)  had 
not  only  introduced  his  mirror  speaking  insti-ument,  but  was 
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taking  a  more   active  part   in   the   electrical   arrangements  For  13  days  they  alternately  hooked  and  lost  the  cable, 

genfirally.     Tli*?re    is    something    peculiarly    life-like    in    the  Once  they  brought  it  to  the  surface  ;    but  it  slipped  awav 

working  of  the  mirror  apparatus  ;   and  it  certainly  proved  the  from  them  like  a  great  eel.     On  lowering  the  grapnel,  however, 

turning  point  in  ocean  telegraphy,  both  as  regards  signalling  for  the  thirtieth  time  (Fig.  10)  they  succeeded,  thanks  mainly 

and  testing,  though  now  superseded  by  the  ■' Recorder  "  for  the  to  Mr.  (afterwards  Sir  Samuel)  Canning,  the  engineer  to  the 

former  purjjose.*  contractors;    and    thus  two  good  cables  were  laid  be^-weeu 

Then,  again,  at  this  stage  in  the  history  of  submarine  t^le-  England  and  America 


graphy,  the  improvements  in  manufacture,  due  to  experience, 
were  altogether  encouraging,  and  the  late,  highly  esteemed, 
Willougliby  Smith,  as  well  as  (.'.  ¥.  Varley.  and  the  brothers 
Werner  and  William  Siemens,  had  done  much  towards  develop- 


PLan 


..\-r:gijt>-if 


-4-^ 


r^.. 


TVoA.-  •  w  ■'      X"*"^ 


Fl<;.    'J. — S..S.    "  tJKKAT  E.iSTEKN."   COSTAIXING  CaBLE  AND  MaCHI>ERY 


On  this  expedition  a  remarkable  incident  occurred — that  of 
the  "  Great  Eastern."  whilst  in  the  act  of  picking  up  the  cable, 
bumping  against  the  very  mark  buoy  put  down  to  indicate  the 
supposed  line  of  the  cable.     This  was,  indeed,  a  striking  sug- 
gestion   of    accurate    navigation !      For    it   we 
were  indebted  to  the  late  Captain  Henry  Moriaity, 
R.N.,  who  was  lent  by  the  Admiralty  as  navi- 
gator. 

Fig.  11. shows  the  machine  which  ultimately  suc- 
ceeded in  picking  up  a  cable  from  a  greater  dej^th 
than  had  ever  been  achieved  hitheito*  This  was 
the  great  achievement  in  regard  to  the  second  and 
third  Atlantic  cables  ;  and  with  reference  to  this 
machine,  '"  The  Times  "  representative  on  board 
(the  late  Sir  William  Howard  Russell)  said  :  "  So 
delicately  did  she  coil  in  the  film  of  thread-like 
cable  that  she  put  one  in  mind  of  an  elephant 
taking  up  a  straw  in  its  proboscis."' 

Other  cables  to  the  East  and  Far  East  fol- 
lowed in  more  or  less  rapid  succession  ;  and 
these,  thanks  to  the  commercial  foresight  and 
enterprise  of  men  like  the  late  Sir  John  Pender, 
have  all  proved  a  lasting  success. 

Though  not  by  any  means  all  in  operation 
at  the  moment,  there  are  now  as  many  as  18  cables 
across  the  Xdrth  .\tlantic  and  several  different  routes  to 
various  Eastern  points.  Fig.  12  shows  the  different  types 
of  a  modern  .\tlantic  cable,  and  also  the  various  coverings 


.w./-«t 


ing  the  electrical  and  manufacturing  sides  of  submarine  tele- 
graphy. 

The  larger  sized  core  meant  a  larger  sized  cable. t  and  this 
could  not  have  got  into  any  other  vessel  than  the    '"  Great 
Eastern  "  (Capt.,  afterwards  Sir  James,  Anderson),  which,  as  it      of  the  deep  .sea  type.     There  is,  further,  the  much-discussed 
chanced.  hai)pened  to  lie  available.  All-British   Pacific  Cable  to  Australasia,  and    also  the  more 

Fig.   '.»  serves   to   illustrate   the   "  Great   Eastern,"'   with   a      recent    .American    Pacific  Cable    to    Japan.      Both  these  nin 
length  of  6(KHt.,  loaded  up  with  the   186.5  Atlantic  cable.      into  depths  of  4  miles;    and  just  as  the  first   Atlantic  cable 
Here  also  is  presented  a  general  idea  of  the  arrangements  for      was  considered  at  the  time  a  wild  freak  of  people  that    were 
j)aving  out   the  cable   from  the  stem,   or  jiickint,'    u]) 
Iroiii  tli(^  bows,  of  a  tcN'graph  ship. 

In  the  IHG.'j  cable  .several  faults  occurred  ;  and  it  was 
f«'ared  thcv  were  jHuduced  intentionally  by  jicople  on 
board  sticking  ])ins  or  iron  wire  through  the  gutta- 
percha. They  watci'.ed  the  tanks,  but  still  the  faults 
occurred  ;  and  while  attempting  to  haul  the  cable  back 
to  repair  u  fault,  the  (able  siui]>|>e(l.  after  I.IHO  miles 
had  heen  laid.  For  nine  tlaVh  they  ma<le  .'strenuous 
efTortM  to  pick  up  tin-  cable  ;  but  though  they  grap- 
pled it  many  times,  the  rope  broke,  and  thus  the 
lHr»r>  cal»le  had  to  be  abandoned.  .\  new  cable  like 
that  of  l.H(l.")  was  then  made  by  the  Telegrajth  Con- 
struction &  Maijitenanc*-  Co.  This  company  contri- 
l)nfed  £|(Ml.(KM»,  and  iiiiilert(.<tk  to  make  and  lay  the 
chMi'  f»»r  half  a  mdlion  of  money,  whether  it  was  suc- 
cessful or  not,  this  sum  to  be  increased  to  £»>(KI,(MM» 
if  it  were  successful,  and  to  £7.'J7.<MKhf  theyc(»uld  also 
pick  \\y  and  complete  the  l''^<»''')  cable.  So  three-tiuarters 
of  a  mdlion  of  money  was  the  prize  ;  and  it  was  won. 
Nowadays  the  jirize  would  be  only  about  half  a  mil- 
lion for  a  cal)le  giving,  of  course,  far  better  residts. 
\   The  new  cable,  after  a  few  ftirther  misfortunes,  was 

eventually  laid.  From  an  engineering  standpoint,  however,  this  to  be  pitied,  so  also  the  first,Pacific  cable  was  similarly 
was  really  vv<trk  that  had  already  been  effected  eight  years  previ-  spoken  oi  by  some,  mainlv  on  account  of  the  great  length — 
ounly.  with  about  the  same  number  of  nii.xfoiiunes.  though  with  3.158  nautical  miles  of  one  of  the  sections.  It  was.  how- 
no  ajJjilicabUM-.xperience  to  go  upon.  Thewtirk  to  come  that  of 
recovering  the  18().jcalde    was.  indeed,  the  matter  of  the  moment. 

•  One  u(  the  most  muiM-katilo  (cfttureft  of  I.«<nl  Kelvin  »  (trmt  cftrcvr — 
thftt  of  juirsuinp  an  invention,  entirely  hini«rlf.  up  lo  tlir  ]»oiiit  of  prac- 
ticttl  ftp]>liri»tion  w.v"  strikingly  l>rovipht  out  in  connection  willi  hi$  cable 
signallini:  .i|<]inr.'\lnf(. 

t  For  Htnii-'tK  s  .i(  working  <ii>oo«l«  from  «fitTrrcnt  si^ed  cabl'""  corec.  the 
ivmlor  \*  nf('rr«Ml  to  "Tahleo  to  FintI  the  Working  S|>c*cl  of  Cablee."  bv 
.Vvil.ur  T)....,i.  v..    \I.lnst.C.E. 


Flo.  11. —    <;nEAT  Eastekn      Pickinqvp  Machine. 


ever,  lanl  almost  without  a  hitch,  and  will  no  doubt  serve  an 
increasingly  u.seful  puq)ose. 

In  the  present  day,  cables  have  no  history.     Hajtpy  is  the 
cable  without  a  history-  '     It  must  not,  however,  be  supposed 


•  Thrrr  i(>  »uflirient  similarity  between  a  paying  out  a«d  picking  up 
nin<  hinc  (or  either  to  be  uwd,  mnlcr  certain  conditions,  for  each  other's 
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from  this  that  we  do  not  have  occasional  minor  misliaps  now- 
adays. Even  though  our  materials  are  so  vastly  su2)erior  to 
what  the  pioneers  had  at  hand,  there  are  still  the  usual  even- 
tualities, many  of  which — as  we  have  seen — are  scarcely 
under  control ;  and  there  comes  a  time  for  all  cables,  when  the 
iron  wires  are  too  decayed  to  permit  of  profitable  repairs, 
bearing  in  mind  the  fact  that  a  repairing  expedition  often  costs 
as  much  as  £200  a  day. 

As  with  other  branches  of  the  subject,  it  would  be  easy  to 
fill  an  article  by  discussing  the  social,  political,  diplomatic  and 
strategic  value  of  cables  ;  and  it  is  in  the  latter  respect — added 
to  that  of  Imperial  unity — that  tlie  All-British  Pacific  Cable 
may  some  day  prove  of  inestimable  value  to  the  nation.  It 
has  indeed,  to  a  considerable  extent  already. 

Personally,  I  am  not  one  of  those  who  believe  in  the  early 
consignment  of  cables  to  the  region  of  antic[uarian  museums, 
though  having  great  faith  in  the  utility  of  wireless  telegraphy 
for  all  maritime  purposes,  and  as  a  helpmate  to  our  cable 
systems.  Certainly,  so  far,  there  are  no  signs  of  cables  being 
replaced  by  wireless  telegraphy  when  fuither  means  of  com- 
munication are  required. 

In  the  year  1867  the  then  Sir  William  Thomson  introduced 
what  is  known  as  the  Siphon  Kecorder  for  receiving  signals 
through  more  or  less  long  lengths  of  cable,  and  this  is  now  in 
general  use,  one  of  its  main  advantages  over  previous  appa- 
ratus being  that  it  supplies  a  record  of  the  signals  as  received. 

With  this  system,  the  Morse  alphabet  is  turned  to  account, 
by  those  serpentine  caligraphics  that  so  many  are  now  familiar 
with.*  It  might  naturally  be  supposed  that  great  difficulty 
would  be  experienced  in  deciphering  such  a  language.  Skilled 
clerks,  however,  can  make  out  almost  anything  m  these  snake- 
like movements. 

Increased  accuracy  and  speed  are  further  secured  nowadays 
by  automatic  machine  transmission  apparatus  on  the  same 
principle  as  is  in  vogue  for  the  despatch  of  Press  news  on  land 


words  per  minute  can,  with  modern  amplif}-ing  receivers,  be 
worked  up  to  well  over  100  words  a  minute  simplex  working. 
There  is  also  every  likelihood  that  by  means  of  recently  in- 
vented selective  damping  devices  the  said  improvements  will — 
without  sacrifice  to  sensitivenes.s — be  whollv  applicable  to 
duplex  working,  thus  securing  a  consequent  total  output  in  the 
above  case  of  some  200  words  per  minute. 

With  a  view  to  effecting  automatic,  instead  of  manual,  trans- 
lation between  lengths  of  submarine  line,  the  cable  relav  mav 
be  said  to  have  been  the  dream  of  the  cable  manager  for  vears, 
and  one  that  has  seriously  occupied  the  minds  of  manv  an 
electrician.  Only  comparatively  recently,  however,  has 
complete  success  in  this  direction  been  achieved  by  Mr.  S.  G. 
Brown,  Dr.  Muirhead  and  others  ;  but,  though  a  .subject  of  the 
day  in  cable  circles,  anything  more  than  this  passing  allusion 
would  be  impossible  here.  The  same  applies  to  the  apparatus 
for  increasing  the  size  and  clearness  of  signals  due  to  Mr.  E.  S. 
Heurtley  and  others,  which  is  found  in  some  cases  to  render 
possible  an  increase  o'  speed  of  as  much  as  60  per  cent.  Then 
again,  the  OrHng  Jet  Relay  has  been  found  to  increase  the 
speed  for  "  ordinary  "  working  during  an  actual  trans- Atlantic 
trial  by  even  over  100  per  cent.  Of  still  more  recent  date,  too, 
is  the  plan  of  the  late  Mi.  John  Gott  for  applying  to  cable  work 
the  ordinary  Morse  system — with  its  attendant  automatic  trans- 
lating facilities.  By  this  plan,  inverse  currents  are  employed 
for  every  signal  sent  into  the  cable,  the  said  signals  being  recti- 
fied at  the  receiving  end  by  Mr.  Raymond-Barker's  method. 

The  practical  effect  of  submarine  telegraphy  is  further 
achieved  by  the  code  and  cipher  system,  whereby  a  number 
of  words  are  represented,  in  secrecy,  by  a  single  word  or  a 
combination    of    figures.     To    take    an    example,    the    word 


Deep-Sea. 


Light  Intermediate, 


Heavy  Intermediate. 

Fig.  12. — -Modern 

telegraphy— the  tape  at  the  receiving  end  of  the  line  being 
distributed  amongst  various  clerks. 

Duplex  telegraphy  was  first  applied  to  cables  by  Dr.  Alex- 
ander Muirhead  and  the  late  Mr.  Herbert  Taylor  in  1870.  It 
is— as  is,  I  suppose,  now  fairly  generally  known — a  system  in 
which  the  output  is  nearly  doubled,  by  sending  and  receiving 
messages  from  both  ends  at  one  and  the  same  time.  This 
system  is  adopted  on  all  lines  with  a  sufficiently  large  traffic 
to  warrant  application,  thereby  tending  to  save  the  cost  of  an 
additional  cable.  This,  again,  is  a  little  too  complicated  for 
dealing  with  in  detail  here.  The  general  principle  is,  however, 
that — by  means  of  resistance  and  capacities  corresponding  to 
that  of  the  cable  itself — artificial  establishment  of  an  exact 
electrical  balance  at  each  end  of  the  line  is  secured  under 
normal  conditions.  This  balance  is,  then,  only  upset  in  accor- 
dance with  the  transmission  of  signals,  thus  permitting  these 
to  be  despatched  and  received  from  either  end  at  the  same 
moment.  The  application  of  condensers  at  each  end  of  the 
line,  as  well  as  other  methods  for  curbing  the  current,  also 
tend  towards  increased  speed  and  greater  clearness  of  signals. 
Thus,  an  Atlantic  cable  of  to-day  designed  to  give  with  auto- 
transmission  and  ordinary  reception  methods  a  speed  of  50 

*  The  late  Dr.  S.  P.  Thompson".s  "  Life  of  Lord  Kelvin  "  gives  full 
partieulars  of  the  evolution  of  the  Siphon  Recorder,  and  the  same  is  also 
to  be  found  in  the  present  writer's  "  Submarine  Telegraphs  :  Their 
History,  Construction  and  Working." 


Newfoundland  Shore-End. 
Atlantic  Cable. 


Irish  Shore-End. 


''  Elgin  "  in  a  certain  mercantile  code  stands  for  as  much  as 
"  Every  article  is  of  good  quality  that  we  have  shipped  to  vou." 

Though  not  a,t  the  present  time  a  suitable  subj.^ct  for 
material  ventilation,  in  closing  this  article  light  reference  mav, 
at  any  rate,  be  made  to  the  highly  important  and  successful 
war  work  accomplished  by  the  various  modern  telegraph  ships* 
(in  charge  of  highly  skilled  engineers  and  electricians)  some  of 
which  are  illustrated  in  Figs.  13,  1-4  a  id  15  respectivelv. 

The  second  largest— T.S.  -  Silvertown  "—has,  however, 
recently  been  converted  into  an  oil  tank  ship. 

All  those  engaged  in  the  art  of  cable  telegraphy  may  be  said 
to  have  done  their  best  for  the  country  during  this  epoch- 
making  war  imder  the  assiduous  administration  of  Sir  John 
Denison-Pender  and  others. 

Approximate  Statistics. 

Total  length  of  cable  laid.  .300.000  miles. 

Total  cost  of  cable  laid,  £60.000,000. 

Cost  per  mile,  construction  and  laying,  £200. 

Useful  life  of  a  cable,  30  to  -iO  years. 

Messages  conveyed  by  cable  per  day.  20,000. 

Percentage  of  code  and  cypher  messages,  90  per  cent. 

Maximum  cable  tariif,  to  Dutch  Guiana.  6s.  9d.  per  word. 

Minimum  cable  taritf  outside  the  Inhmd  Post  Office  telegraph  system, 
by  Government  cables,  to  the  Contment.  2d.  a  word  :  bv  companies' 
cables,  to  United  States  or  Canada,  Is.  per  word  (originally  £1). 

*  Belonging  resjiectively  to  the  Telegraph  Construction  Company, 
the  Silvertown  Comi)any  and  Messr.s.  Siemens  Brothers  &  Co. 
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The   Speed   of    Submarine   Telegraphy. 


i 

^  A     CLKSOKY     HISTORICAL     SKETCH. 

/,         ■ 

'/  By    EDWARD    RAYMOND-BARKER.  | 


Deference  to  the  Editors  of  The  ELEfTRiciAN,  and  goodwill 
to  thiH  journal  and  all  concerned  with  it,  on  thi.s  occasion  of  the 
publication  of  its  2(XJ(Jth  issue,  compels  the  writer  to  accept 
the  Editors'  in\itation  to  write  on  '  The  Speed  of  Submarine 
Teief^raphy." 

The  writer  accepts  this  honour  the  more  gladly  remembering 
that,  nearly  39  years  ago,  the  arrival  of  the  first  issue  of  th« 
2.000  at  St.  Vincent,  ('.  de  V.,  where  he  then  was.  caused  him, 
on  that  now  far-distant '"  cinder-heap,"  not  a  little  gratification. 

The  writer  is  invited  to  deal  briefly  in  historical  fashion  with 
submarine  cable  speed  as  it  used  to  be  40  years  ago  ;  as  it  is 
at  the  present  day  ;  and  with  what,  perhaps,  it  is  likely  to  be. 
This,  to  a  man  posses.sed  of  a  normal  modicum  of  diffidence, 
seems  a  rather  tall  order,  especially  when — as  is  the  case  at 
present-  he  fincls  himself  away  from  private  notes,  data, 
records,  correspondence,  signal  records  and  all  the  many 
items  HO  convenient  for  reference  on  an  occasion  like  the  present. 

Despite  all  this,  the  writer  will  do  his  best  to  submit  to  our 
Editors,  arul  to  the  readers  of  Thk  Elkctrki.w  whom  it  is  the 
writer  K  honour  to  address,  one  or  two  points  worthy  of  con- 
sideration. 

It  is  impossible  to  deal  historically  with  submarine  cable 
speeds,  tiicir  early  circumstances  in  the  past,  their  gradual 
dcv«'lopment  to  present-day  standards  and  (the  writer  is  con- 
vinced) their  wonderful  future,  without  some  statement  to 
noii-tr'legruph  readers,  as  to  what  exactly  is  meant  by  the  term 
C(il)le  spci'd. 

The  writer,  who  lays  no  claim  to  be  anybody  but  a  mere 
student  in  matters  relating  to  current-propagation  through 
ciiblcH  as  c«(iisidered  in  tin*  light  of  present-dav  advanced 
mathematical  treatment,  salutes  with  respect  the  names  of 
Drysdale,  F'leming,  Kennelly,  Malcolm  and  Squier  for  their 
several  developments  of  the  work  so  brilliantly  conceived  and 
instituted  by  Kelvin. 

Cuble  hpeeds,  then  may  be  stated  in  tenns  of  any  convenient 
unit,  such,  for  instance,  as  : — 

(a)  n-lrftcr  words  per  minute,  {ti  has.  generally,  been  taken 
as  =5,  but.  really.  /*  varies  with  class  of  tralfic.) 

{b)  Lrttrrs  per  minute. 

(r)  Sig»al-cntilnrl.s  per  minute.  (Tantamount  to  automatic- 
transmitter  slip  centre-iioles  per  minute.) 

{<!)  EU-inents  (viz..  contacts  jihtn  spaces),  per  minute. 

The  following  note  is  here  ])ertinent  :  On  tlie  basis  of  inde- 
per.dent  data  respectively  from  the  Eastern  Telegrajth  Com- 
])any,  and  from  the  writer  :-- 

..,,,,    ••       ,         Centre  holes     , 

1  anie     -(  ode  :^ jr^ —letters. 


Morse-code 


3-7 

Centre  holes 
1-7 


= letters.* 


Also,  it  is  impo,s.sible  to  consider  t  he  matter  of  rjiblc  .speeds  — 
historically  or  otiierwine  without  careful  detinition  of  terms 
in  regard  to  modes  of  telegraphi.'  working,  ar.d  methods  of 
current,  t  raiiMinssion. 

Kirstly.  there  is  Morsr  with  its  rectilinear  rei  t»rd  of  short 
(ii}(s  and  long  dashes,  ratio  one  to  three,  or  one  to  two. 

Secondly.  th»>re  is  the  equal-time- vahie-f/o/-rfrt.<(/i  code  com- 
monly called  the  "  cable  "'  code,  a  term  in  view  of  }fn>si- 
sometinies  being  worked  over  long  cab'es     quite  inappropriate. 

•  Full  trefttniont  of  thpso  nmttoro  is  to  Ik-  foiinit  in  "  Memsiirrmpnt  of 
Tcli>mi>]ilnr  ,Spoo«U."'  by  John  Hynipr.Jonc«i.  Publinhril  by  AUbaotor. 
iintoboiiso  &  Co. 


Then,  also,  as  regards  current  transmission.  Will  it  'be 
believed  that  the  following  terms  supposedly  indicative  of 
absolutely  different  methods,  are,  in  reality,  interchangeable  : 

(a)  Double-current, 
(h)  Inverse-current, 
(c)  Current  reversals, 
{(I)  Alternating  current  ? 

All  the  greater  reason  is  there,  therefore,  carefully  to  define 
tenns  before  any  attempt  to  review  speed  products  of  various 
systems  during  the  past  40  or  50  years. 

Douljle-curieid  is  the  customary  term  to  describe  (in  Morse 
work)  a  nutrkuigcnxvenX  of  one  polarity,  and  a  spacing  current 
of  opposite  polarity. 

Inverse-current  means  that  all  transmitted  currents  rigidly 
alternate  in  polarity. 

Tivo-pourr  inrerse-C'irrent  means  that  dot  and  dash  signals 
are  produced  and  differentiated  respectively  by  lower  and 
higher  power  equal-tinie-value  currents  rigidly  alternating  in 
polarity,  whatever  may  be  their  power. 

The  term  current  reversals  indicates  the  transmission  with 
two  keys  (or  the  niecano-electrical  equivalent)  of  the  equal- 
time-value  dots  and  dashes  used  for  the  Kelvin  mirror  or  siphon- 
recorder  code— generally  termed  the  cable  code — one  polarity 
producing  dot  sigaals.  the  opposite  polarity  dash  signals. 

Alternating  current  is  an  expression  as  a  rule  confined  to  the 
Squier  method  of  transmission  with  an  imbroken  current  in 
which  ecpial-time-value  sine-wave  pendular  alternations  of 
three  difTerent  amplitudes  severally  determine  (a)  s])ac€S,  (b) 
dots,  and  (c)  dashes. 

Figs.  1  and  2  show  graphs  illustrative  of  the  v^arious  modes 
and  methods  already  mentioned,  and  of  other  matter  to  be 
referred  to  later. 

Rightly,  the  graphs  A.  B.  H  and  /  (in  Figs.  1  and  2)  of 
current  impuLses  as  transmitted  at  the  sending-end  of  a  cable, 
ought  to  be  siqipleniented  by  sets  of  graphs  showing,  at  a  given 
transmitting  speed,  the  same  signals,  as  these  arrive  at  the 
receiving  end  of  a  t  able  of  given  KR,  where  A'=total  inductive 
capacity,  mul  /^-total  conductor  resistance.  Unfortunately, 
in  the  time  available  this  is  impossible.  Were  the  production 
of  this  secord  set  of  graphs  feasible,  the  current  impulses  in 
their  received  fonn  would  be  found  to  be  distorted  ;  so  much 
so  that  beyoiul  a  certain  given  speed  of  transmission  the  degree 
of  distortion  would  be  such  as  to  render  signals  wholly  illegil>le. 

Kelvin  fotmd  that  current  propagation  along  a  cable  core 
followed  a  rate  of  progress  in  a  curve  similar  to  that  of  the 
passage  «tf  heat  along  un  iron  bar  (as  enunciated  by  Fourier), 
and  he  established  by  calculation  that  figure  so  well  kn«»wn  as 
Kelvin's  curvf  ofarrh^l.  Another  product  of  Kelvins  genius, 
the  siphon-recorder,  if  joined  up  direct  to  a  cable  at  the  far 
end  of  which  n  i>rolongcd  current  is  applied,  will  itself  trace  in 
ink  on  a  pajXT  band  a  pi  if,.,  t  .-iirve  of  arrival  equivalent  to 
that  calrulat«Ml 

This  cirve  is  l»iouglit  about  i)v  the  opposition  the  conductor 
resistance  li  offers  to  any  abrupt  taking-up  of  electrical  charge 
by  the  cable-core  considered  as  an  electrical  condenser  of  capa- 
city A .  and  by  the  consequent  gradual  rise  of  potential  at  the 
receiving  end  <»f  the  cable. 

Between  the  moment  of  voltage-apj^lication  at  the  sending 
end  of  the  line  and  the  initial  rise  of  potential  at  the  receiving 
end.  a  certain  time  elapses.  This  time— interval  a  (alpha)— 
Kelvin  showe«l  to  W  ^-KR  0-fKXXK)OO29  second.     For  example. 
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a  ill  the  case  of  the  Brest-St.  Pierre  cable  would  be  about  0*21 
second. 

The  writer  refers  at  length  to  this  curve  of  arrival  fou  the 
reason  that  the  question  of  working  speed  may  be  said  to  be 
governed  mainly  by  the  degree  of  nearness  to  the  curve  base 
(nearness  to  alpha)  at  which  the  received  potential  is  utilised 
by  the  receiver  apparatus  ;  a  matter  bearing  directly  upon 
cable  speeds. 

Brief  mention  must  here  be  made  of,  at  least,  a  few  main 
factors  involved  in  Kelvin's  so-called  KR  law,  by  means  of 
which — as  long  as  only  telegraphic  speeds  are  concerned,  and 
telephonic-speech  frequencies  are  not  involved — the  signalling 
speed  S  over  a  given  length  of  some  newly-projected  cable  may 
easily  be  calculated  on  the  basis  of  the  known  speed  s  obtained 
over  some  other  cable  already  laid. 

The  comparative  signalling  speeds  over  any  two  cables 
irrespectively  of  core  dimensions,  type,  or  length,  will  be 
inversely  proportional  to  their  respective  KR's. 

If  s=maximum  safe  speed  already  obtained  over  the  laid 
cable  taken  as  standard  ; 

If  >S'=speed  which  will  be  obtained  over  some  new  cable 
projected  ; 


(S.C.) 


To  take  two  extreme  cases  :  Let  two  different  and  separate 
chains  of  cables  be  supposed  to  exist,  covering  approximately 
equal  distances.  On  one  of  these  chains,  the  cables  are  indi- 
vidually and  separately  worked  through  the  medium  of  slip- 
perforating  machines,  and  auto-transmitters  at  maximum 
speed,  with  here  and  there  at  certain  stations  a  cable  relay. 
At  terminal  or  other  stations  messages  are  handed  to  the 
public  in  pencil  hand  writing,  or,  perhaps,  are  manually  t>'pe- 
written.  The  individual  speeds  of  the  several  cables  may  here 
be  vcy  high,  but  strain  and  friction  probably  are  great,  and 
service  efficiency  suffers. 

The  second  of  the  two  cable  chains  is  worked  on  other 
principles.  Transmitted  impulses  genuinely  scientific  in  their 
formation,  coupled  with  the  use  of  receivers  of  high  periodicity 
characteristics,  capable  of  reliable  working  almost  on  the  base 
line  of  the  cable  potential  curve,  enable  some  few  of  the  cables 
to  be  '■  joined  through  '"  direct.  Improved  auto-relays  at 
other  stations,  and  the  use  of  auto-perforators  and  electro- 


H.±. 


(CL.) 


(b.) 


(C.) 


I.± 


■  ■■  ■         ■ 


(C.) 


(a.)  (i.) 


(C.R.) 


(C.R.C.) 


B.±. 


(D.C.) 


J.± 


II. .11 


(M.I.I. CO 


c.±_ 


i 


(I.e.) 


K.± 


I  ■    I  I 


(G.T.P.I.C.) 


n  + 

1      1 

1                              1 

1    1 

1 

1      1            1 

E.^ 



^ 

_l                o  o 

H      b  o  O  O  O  O  O  0  O  0  O  0  O  0 

'  •}                o       o 

o       ooo       o       oo       o          f 

oooooooooooooooooooooooooooooc 
OOOO                oo          OO             l^ 

(M.I.LM.) 


G. 


•    ••  •• 


Fig.  1.     (Morse.) 

>1  =Single  current  transmission  (S.C). 

B  =  Double  current  transmission  (D.C.). 

C=  Inverse  current  transmission  ( I  .C. ) . 

D  =  Inverse  momentary  impulse  transmission  for  Morse  (I.M.I.M.). 

£  =  Morse  record. 

F=Slip  perforated  to  transmit  Wheatstone  Morse. 

G  =  Slipperforatedfor  auto-transmission  of  in  verse  current  Morse.    (Dating  from  1879). 

If  A:r=product  of  inductive  capacity  (microfarads)  and  con- 
ductor resistance  (ohms)  of  the  standard  cable  ; 

If  KR=-pvodnct  of  inductive  capacity  and  conductor  resis- 
tance of  the  new  cable  ; 

the  aforementioned  law  gives  the  inverse  proportion^  :  s  ::  kr  : 
KR,  or  S=sh/KR. 

Or,  again,  the  KR  of  a  new  cable  designed  to  carry  traffic  at 
a  speed  of  *S  will  be  KR=skrjS. 

Naturally  it  is  here  taken  for  granted  that,  in  the  working 
of  both  these  cables,  similar  conditions  obtain  relative  to  (a) 
system  worked  (simplex  or  duplex)  ;  (6)  use  of  '"  sending  "  and 
"  receiving  "  condensers  ;  (c)  use  of  S.  G.  Brown's  magnetic 
shunt  ;  (d)  whether  with  received-current  amplifiers  with 
recorder  worked  on  local  circuit,  or  with  direct  recorder  or 
other  reception  ;  (e)  mode  of  transmission — nature  of  trans- 
mitted impulses,  that  is  to  say,  whether  square-topped,  or 
sinusoidal  as  in  Squier  sine-wave  unbroken  alternating  current ; 
(/)  sending  voltage,  &c. 

Another  point  of  view  from  which  speed  must  be  considered 
is  that  of  the  users  of  the  cables — the  telegraphing  public. 
After  all  it  is  the  effective  speed  of  the  message  between 
expediteur  and  destinataire  that  really  matters. 
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Fig.  2. 


(Equal-time-dot-dasli  or  so-called  siphon-recorder  or  "  cable  "  code.) 

//=Transmission  by  current  reversals  (C.R.) 
/  =  Transmission  by  current  revers.-'ls — curbed  (C.R.C). 

/=Transmission  by  inverse  momei.iary  impulse  for  cable  code  (I. M.I. CO. 

A'=Transmission  by  Gott"s  two-power  inverse-current  method — cable  code  (G.T.P.I.C). 

i=Transmission  by  Squier's  unbroken  alternating-current  in  three  amplitudes. severally 
for  spaces,  dots  and  dashes — cable  code  (S.U.A.C). 

Af  =  Squier's  reception  record. 

A^  =  Approximate  appearance  of  letters  "  A.  B,  C"  registered  on  a  local-circuit  siphon- 
recorder  from  Gott  or  Squier's  received  currents,  by  the  writer's  proposed  system 
of  rectification.* 

0=Corresponding  letters  perforated  on  a  paperslip  from  Gott  or  Squier  received  currents 
(rendered  possible  by  the  writer's  system  of  rectification  ).t 

F=Corresponding  letters  as  printed  ready  for  delivery  to  the  public  ;  a  quite  feasible 
method,  by  means  of  the  rectifier,  for  effecting  final  records  from  Gott  two-pcwer 
inverse  current  or  from  Squier  unbroken  curren''  alternations.! 

magnetic  type-printing  machines  at  terminal  or  other  stations 
serving  the  public,  render  possible  "  through  working  "  between 
terminal  stations  at  both  of  which  messages  reach  the  public 
straight  from  the  instruments  and  in  clear  Romaii  t}'pe. 

In  this  second  instance,  the  actual  speed  of  transmission,  on 
each  separate  cable,  may  not  be  much  higher — if  at  all — than 
in  the  first-mentioned  case,  but  effective  speed  certainly  will 
be  higher,  both  cost  and  friction  will  be  less,  and  the  telegraph- 
ing public  will  be  better  satisfied. 

H.  H.  Harrison,  in  his  recent  very  informative  I.E.E. 
Paper  on  modern  type-printing  telegraphy,  mentioned  (the 
wiiter  quotes  from  memory)  how,  in  multiplex  type-printing 
telegraphy,    several    comparatively    low-speed    "  circuits  "— 

*  See  former  issue  of  The  Electrici.\n". 

t  Creed's  electromagnetic  perforator  and  type  jninter  would  here  be 
controlled  and  utilised  through  the  medium  of  the  writers  rectifier. 


810 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


each  witJi  individual  toudi  between  operators  at  temiinal 
stations — conduce  to  better  working  than  is  the  case  where  all 
traffic  is  confined  to  one  very  Ijigli-speed  system  involving, 
perhaps,  photographic  reception  and  record. 

These  few  instances,  out  of  a  possible  infinite  variety,  are  here 
quoted  merely  to  show  liow  many  points  of  \new  are  involved 
in  any  considered  treatment — historical  or  otherwise— of  cable 
speeds. 

The  suggestion  has  been  made  that  this  article  should  refer 
back  to  cable  speed  matters  as  chey  were  "'  40  years  ago.  That, 
of  course,  goes  back  oiily  to  1876,  whereas  a  great  step  was 
made  regarding  cable  speeds  in  1858 — just  18  years  earlier. 
That  is  to  say  58  yoars  ago. 

Perhaps  the  suggested  limit  of  "  10  years  ago  "  was  in  order 
to  avoid  all  harrowing  rec«»llection8  of  the  1858  Atlantic-cable 
electrical  tragedy.  Tliat  famous  first  ocean  cable — the  laying 
of  which  from  H.M.S.  "  -Agamemnon  ""  and  T.S.  frigate 
'■  Niagara,"  ur.der  the  direction  in  chief  of  Charles  Bright, 
will,  as  a  masterpiece  in  pioneering,  be  held  in  undyirg  remem- 
brance— met  its  fate,  after  much  suffering,  some  1 1  days  after 
its  happy  completion  :  pierced  to  its  very  soul  by  high  voltages 
used  in  ill-considered  electrical  methods.  Incidentally,  the 
expression  xotil  as  applied  to  the  core  of  the  mistakenly-treated 
cable,  is  all  the  more  a])t,  as  French  and  J^pani.^h  renderings 
of  the  English  term  cable-co/e  are  "  1  iime  du  cable  and  ""  el 
alma  del  cable,'  literally  the  soul  of  the  cable.  The  whole  sad 
story  is  given  in  ("hap.  II.  of  "Submarine  Telegraplis,"'  a 
book  the  work  of  Charles  Bright,  a  well-known  son  of  the 
famous  Atlantic  cable  pioneer  and  engineer. 

The  foregoing  remarkable  episode  has  been  mentioned,  as  it 
immediately  preceded  the  trium])liant  vindication  of  other 
electrical  methods  which,  as  far  l»ack  as  1856,  had.  by  Thomson, 
the  future  Kelvin,  been  proclaimed  as  the  <»nly  sane  ones  for 
submarine  cable  purposes.  Too  late  f(»r  the  saving  of  the  1858 
cable  was  Tlmmsctirs  advire  fojldwed.  but  his  electrical  methods 
have  lieeii  adopted  in  all  cable  work  since  then  (arried  out. 

It  may  be  said  that  the  adoption  of  Thomson's  mirror  and 
sipli<ni-recorder  which  readily  responded  to  all  van'alioiis  of 
•piite  low  potentials,  raised  trans-Atlantic  cable  speed— even 
in  tho.se  early  days  fron)  soniethirg  between  thiee  letters  and 
seven  letters  per  minute  to  quite  85  letters  per  minute.  This 
last  figure  r<'j)resents  a  signalling  c(ni>tl(nit  (KRy letters  per 
miuiilc)  of  about  .')4(txl(»*.  The  method  of  transmission  and 
nature  of  current  impulses  here  involved  W(»uld  be  as  shown 
in  //.  Kig.  2. 

To  revert.  f<»r  a  moment,  to  the  1858  eable.  Ajtart  fiom  the 
nnn  due  to  high  voltages,  the  failure  ttt  produce  anv  signalling 
speed  higher  than  from  three  to  seven  letters  \h?t  minute,  was 
because,  with  Mor.se  transmission  <is  shown  in  A.  Fig.  1,  not 
only  had  the  .sending  key  to  be  kejit  down  long  «>nouyh  for 
jiotcntial  at  the  distant  end  of  the  cable  to  ri.se  sutliciently  to 
work  u  Morse  relay,  but,  after  the  comjiletion  of  each  contact 
element,  the  cable  has  to  be  fiilly  di.scharged  before  the 
following  current-impulse  could  be  u.sefully  ajtplied.  Hn  the 
other  ha»i(l.  if  the  transmission  u»«'d  were  as  sli<twn  in  B.  Fig.  1. 
the  cliunges  in  received  polarities  necessary  to  control  a  relav 
would  be  etpnilly  slow  and  laborious  and  still  more  injuri<ius 
to  the  caltle  con?. 

During  ensuing  years  throughotit  the  sixties,  .seventies. 
eighties  and  nineties,  cable  signalling  mustauts  which  Thom.son 
Juethods  brought  as  we  have  seen  from  clow  on  nothing 
at  all  up  to  .'510  •;  lo".  rose  to  .'i<Hl  and  onwards  n]>  to  Coo  and 
"oo.     (.Millions  understood.) 

This  reference  to  the  /'•■<»•  of  <  jldc  speed  (uuslnnts  itM|uireH 
ex]»lanation.  for.  considered  under  similar  (•orditi«ins  as  t(» 
o])erating  methods,  nicety  of  electrical  and  niechaniral  adjust- 
ments and  operating  skill,  the  expression  KR  ^letters  per 
nninite  is  within  certain  limitation,'*-  the  .same  for  all 
cal>les. 

Kxam])le  :  A  certain  North  Atlantic  cable  (A*=886  nifds.. 
//-  (Ut'tSfe))  was  worked  u]»  to  M'i  letters  per  minute,  while  a 
South  .\tlantic  cable  (A"  557.  R  82o2)  gave  a  ssvio  maximum 
of  l.y)  letters  per  minute.  The  respective  r,,,)stoi,i.<  are  7ol 
rtn<l  7(KS  ;   that  is.  practically  the  tame. 


The  afore-menrioned  gradual  improvement  was  due.  then, 
to  a  multiplicity  of  causes.  To  give  a  few  examples,  (a)  The 
better  understanding  of  curbing  methods — electrical  and 
mechanical — causing,  at  the  sending-end  of  a  cable,  every 
transmitted  contact  signal  from  a  point  low  down  on  the  curve 
of  arrival  to  be  followed — before  the  discharge  to  earth  period 
— by  a  short  sharp  reversal,  as  shown  in  /,  Fig.  2.  (b)  The 
proper  adjustment  of  electrical  condensers,  either  at  the  re- 
ceiving end  or  at  both  ends  of  a  cable,  together  with  suitable 
shunting  of  tiie  same  for  the  squaring-up  of  the  recorder 
.signals. 

Also,  any  required  transmitting  speed  was  made  reliable  and 
constant  bv  the  use  of  automatic  transmitters  controlled  by 
perforated  slip.  Many  inventors,  makers  and  cable  superin- 
tendents have  contributed  in  this  matter,  but  this  beautiful 
cla.ss  of  apparatus  is  very  closely  associated  with  the  name  of 
Alexander  Muirhead  in  whose  apparatus  varyingly  relative 
voltage-contact  periods,  curbing  and  earthing  periods,  were 
made  adjustable,  and  so  easily  adaptable  to  any  given  con- 
ditions. Much  excellent  work  of  cognate  nature — yet  by 
different  devices  and  methods — was  effected  on  Atlantic  cables 
by  Patrick  B.  Delany. 

Then,  again,  an  important  factor  in  the  rise  of  speed  con- 
slants  was  the  ever-increasing  experience  of  an  intelligent  staff. 
Indeed,  iMtrmal  working  was  dealt  with  at  speeds  so  high  that 
all  definition  disappeared  from  siphon-recorder  signals,  which, 
however,  were  accurately  read  from  their  general  conformation 
in  groups,  just  as  one  reads  Roman  prnit  in  words  and  groups 
of  words  without  (excepting  complicated  codes)  paying  atten- 
tion to  each  separate  letter. 

The  nineties  saw  still  further  rise  in  speed  constaiits,  this 
being  due  to  S.  C.  Brown's  invention  of  the  "  magnetic  shunt." 
or  ir.ductance  shunt,  which,  placed  across  the  terminals  of  the 
siphfiii-recorder  receiving-coil,  .still  further  scjuared  up  recorded 
signals,  thus  rendering  them  "  safe  "  at  speeds  higher  than  ever 
before. 

Actual  .speeds,  also,  rose  with  the  adoption  of  hea\'ier  cable 
cores  ;  in  one  ca.se  giving  about  250  letters  simplex,  and  nearly 
double  that  figure  under  duplex  conditions,  while  increase  in 
traffic  out])ut  and  general  efficiency  came  with  the  almost 
universal  application  of  duplex  working,  and  the  appearance 
of  .S.  (J.  Brown's  drum  relay  for  auto-retransmission  between 
cable  and  cable. 

With  the  20th  century  the  coming  of  received-current 
iiaKjiiiJxers  or  amplijiers  brought  about  a  further  considerable 
rise  in  cable  signalling  constants.  Much  .splendid  work  on 
many  cables  has  been  done  in  this  direction  by  E.  S.  Heurtley, 
whose  amplifier  has  raised  >peeds  some  50  or  60  per  cent,  on 
previous  .safe  maxima,  and.  as  far  as  the  writer  is  aware,  has 
raised  constants  t(t  8.50,  or  thereabouts. 

In  till-  Heurtley  "hot-wire"  amplifier,  signal-movements 
of  a  freely-suspended  receiving  coil  cause  a  current-traversed 
fine  ])latinum  wire  to  pass  in  or  out  of  a  cold  blast.  Con.se- 
(pient  variations  of  temperature  correspondingly  affect  the 
balance  of  a  Wheatstone  liridge  across  which  is  connected  the 
local  circuit  siphon-recctrder  bv  which  minute  and  conse- 
<juently  rap'd  signals  received  (»n  the  amplifier,  arc  reproduced 
and  magnified  or  amplified. 

Various  other  amjjlifiers  are  in  the  field,  including  one, 
invented  by  Axel  Orling.  which  tried  as  ft  simplex  instrument 
<»n  .Ntlantic  cable  ihiphx  connecti<»ns.  has  rai.sed  previous  safe 
signalling  maxima  over  KMl  per  cent.,  with  cable  c«»nstants  of 
from  1 .2<Hi  \ip  to  over  1  ..5<k)  (the  latter  on  simplex  corinections). 
Over  one  Atlantic  rable  {KR^i\\0^)  an  actual  speed  of  .3<»0 
letters  per  minute  was  obtained,  with  perfectly  defined  separate 
contact-elements  apparent  on  the  recoixl.  These  results  were 
obtainetl  with  an  old  fonn  of  Orling  amplifier,  and  with  an 
auto-transmitter  not  made  to  go  faster  than  .3(^1  :  otherwise 
the  eff«H-tive  signalling  speed  would  have  been  much  greater.* 

Far  higher  figures  than  tho.se  here  quoted  are  confidently 

•  Wo  h»ve  Mvn  the  original  «K?rvice-messages  which  pa«!sed  on  this 
occasion. — Eds.  E. 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


811 


expected  in  the  future  from  the  present  improved  and  greatly 
simplified  Orling  amplifier,  a  brief  description  of  which  may 
here  be  of  interest. 

A  fine  jet  of  current-traver.sed  acidulated  water  issuing  from 
a  glass  nozzle.,  impinges  at  a  distance  of  about  1  cm.  on  to  a 
"lass  knife-edge,  the  two  wet  sides  of  which  form  two  of  the 
four  arms  of  a  Wheatstone  bridge.  A  light  arm  projecting  at 
right  angles  from  the  receiving  coil  tends  to  intersect  the  v»'ater- 
jet.  Coil  movements,  of  high  periodicity,  absolutely  invisible 
eren  under  a  strong  lens,  cause  corresponding  defined  move- 
ments of  the  jet  which,  at  each  succeeding  contact  signal, 
deflects  to  a  minute  degree  without,  however,  leaving  the  glass 
knife-edge.  Yet  these  minute  variations  in  the  position  ot  the 
jet-diameter  astride  the  knife-edge — variations  capable  of 
being  produced  at  very  high  speed — suffice  to  produce,  at 
similar  speed,  perfect  signals  on  the  local-circuit  recorder 
connected  across  the  Wheatstone  bridge.  The  only  difficulty 
is  in  adjusting  cable  duplex-balances  with  sufficient  exactness 
for  the  avoidance  of  amplifier  disturbance  during  simultaneous 
signalling  in  both  directions.  The  writer  has  good  reason  to 
think  that  this  difficulty  has  been  overcome.  AVith  trans- 
mission by  Squier's  unbroken  alternating  current  this  difficulty 
would  disappear. 

As  far  as  one  line  of  practice  is  concerned,  we  have  here,  in 
the  matter  of  cable  speeds,  brought  this  subject  up  to  date. 
We  cannot,  however,  omit  mention  oi  schemes  ior  Morse 
working  over  ocean  cables. 

The  double-current  principle  {E,  Fig.  1)  was  due,  the  writer 
believes,  to  that  prolific  inventor,  Cromwell  Varley.  As 
applied  to  long  overhead  lines  subject  to  vicissitudes  of  our 
dear  country's  uncertain  climate,  it  was  beneficial,  but  it  was 
obviously  unsuitable,  for  long  cables. 

An  attempt  to  make  cable  Morse  practicable  emanated  from 
Foote  and  Randall  in  America,  about  1880.  Graph  C,  Fig.  1, 
shows  their  mode  of  transmission  termed  inverse  current.  As 
a  matter  of  fact,  the  current  duration  of  dashes  and  dots  was 
as  2:1  instead  of  the  customary  3:1.  G,  Fig.  1,  shows  how  the 
Foote  and  Randall  slip  was  perforated  for  the  transmission  of 
I.e.  Morse,  alternate  polarities  being  used  for  successive  contact 
signals.  The  present  illustrations  show  "  International  Code  " 
Morse  instead  of  the  American  code  used  by  Foote. 

In  the  eighties  P.  B.  Delany  w^orked  at  cable  Morse,  first 
using  a  mode  of  transmission  as  shown  in  D,  Fig.  1.  He 
originated  an  extraordinary  number  of  neat  schemes  for 
producing  intervening  "  earth  "  periods,  as  w^ell  as  correction 
devices  working  synchronously  at  both  ends  of  the  cable.  At 
Atlantic  cable  stations,  Delany  had  excellent  opportunities  for 
his  Morse  experiments  during  which  he  reverted,  also,  to  I.C. 
transmission  as  in  C,  Fig.  1,  using  alternately  the  tappers  of  a 
"  mirror  "  key  to  send  Morse. 

But  Delany,  in  his  strivings  after  cable  Morse,  with  very 
promising  results  over  the  cables  due  to  ingenious  Morse  re- 
ception connections,  got  no  encouragement  from  London  head- 
quarters. One  eminent  authority  told  him  he  would  not  for 
a  moment  consider  cable  Morse  even  at  40  words  a  minute 
(200  letters). 

Not  so  many  years  later,  on  other  cables,  John  Gott  revived 
inverse  current  Morse  (C,  Fig.  1)  in  conjunction  with  his  highly 
ingenious  utilisation  of  cable  discharge  to  reverse,  after  each 
contact  signal,  the  battery  polarity  ready  for  the  next  inverse 
signal.  What  really  facilitated  this  revival  of  I.C.  Morse  over 
Atlantic  cables  was  the  use  of  such  receivers  as  Heurtley's 
amplifier,  or  others  of  the  same  order  of  merit.  In  any  case, 
Gott's  organisation  here  described,  resulted  in  the  highly- 
impressive  feat  of  "'  through "  working,  when  required, 
between  Vancouver  or  San  Francisco  and  London,,  not,  per- 
haps, at  any  very  high  speed,  but  with  all  advantages  accruing 
to  individual  touch  between  operators  at  the  two  ends  of  a 
practically  continuous  circuit. 

Judging  from  the  interesting  statements  made  by  Walter 
Judd,  the  Eastern  Telegraph  Co.'s  electrician-in-chief,  during 
a  recent  discussion  at  the  I.E.E.,  cable  Morse  is  used  on  his 
company's  cables  just  as  effectively  as  is  cable-code  working, 
to  control  through  the  medium  of  special  cable  relays,  direct 


working  between  London  and  Alexandria.  In  a  short  time 
similar  working  will  be  effected  from  London  to  Bombay,  a 
truly  magnificent  performance  even  under  present  conditions, 
especially  in  view  of  the  fact  that  all  records  at  terminal 
stations,  or  wherever  required  by  the  public,  are  recorded  in 
type-written  or  Roman  characters.  The  advantages  attending 
this  class  of  working  are  obvious,  even  without  any  exceedingly 
high  speed  of  transmission.  What  this  is  in  practice  the 
Avriter  regrets  he  is  unable  to  state. 

About  1900  a  great  increase  in  efficiency  and  speed  was 
brought  about  on  the  French  Government  Mediterranean 
cables.  Old  methods  gave  place  under  Pierre  Picard's  direc- 
tion, to  fast  Baudot  between  Paris  and  Algiers  with  auto-relays 
at  Marseilles.  All  messages  reached  the  public  straight  from 
the  instruments,  printed.  For  this  Picard  devised  special 
relays,  also  a  mode  of  transmission  as  shown  in  D,  Fig.  1,  due 
to  a  highly  ingenious  condenser-charge  device.  This  caused 
the  "  free-ing  "'  or  insulating  of  the  sending  end  of  the  cable 
during  all  periods  between  the  momentary  inverse-current 
impulses  or  "flicks  "  transmitted.  Under  these  conditions  the 
ichole  energy  of  each  impulse,  at  the  beginning  of  a  contact 
signal  and  during  the  cable-free  period,  is  free  to  go  forward 
and  do  good  work  with  minimum  distortion,  imtil  its  limit  is 
decided  by  the  opposite-polarity  "flick"  which  ends  each 
contact  signal.  A  French  engineer  expressed  these  conditions 
verv  tersely  :  "  0)1  jxirle,  pour  ainsi  dire,  avec  des  silences.'' 

Picard  always  maintained  that  his  methods  for  producing 
absolute  electrical  equilibrium  in  the  cable,  and  for  cancelling 
out  the  two  inverse  polarities  contact  by  contact,  were  appli- 
cable to  Atlantic  cable  conditions.  The  writer  shares  this 
opinion  in  view  of  the  advent  of  the  Orling  jet  amplifier  or 
relay  already  mentioned. 

Lastly  we  are  faced  by  the  endless  possibilities  following  on 
the  cable-signalling  system  invented  by  George  Owen  Squier. 
This  is  based  on  unbroken  alternating-current  sine-wave  trans- 
mission, as  illustrated  in  approximate  fashion  by  graph  L, 
Fig.  2,  and  the  corresponding  received  record,  M,  Fig.  2.* 

Squier"s  novel  departure,  which  is  adaptable  to  Morse  as  well 
as  to  cable  code,  demands  a  treatise  to  itself.  It  here  suffices 
to  give  one  or  two  aspects  directly  connected  with  cable  speeds. 
Squier's  unbroken  alternating-current  signals,  free,  in  their 
transmission,  from  charge  and  discharge  jarring  shocks  at  the 
cable  sending-end,  depend  merely  on  voltage  increase,  to  rise 
to  any  legible  speed  required.  Also,  owing  to  the  unbroken 
nature,  or  continuity,  of  the  current,  and  the  curvilinear  (as 
opposed  to  square  top)  characterics  of  the  sine-wave  alterna- 
tions, transmission  powers  of  hundreds  of  volts  may  safely  be 
employed  with  corresponding  as- yet-unheard-of  cable  speeds  ; 
and  this  without  risk  of  repeating  the  electrical  tragedy  of 
1858,  as  long  as  special  core  is  used  over  a  certain  moderate 
distance  at  the  two  cable  ends. 

On  a  foimer  occasion  in  The  Electrician,  the  writer  has 
described  his  system — which  has  received  the  appreciative 
endorsement  of  Squier  himself — for  local-circuit  rectification 
of  Squier  received  impulses  {L,  Fig.  2)  so  as  to  produce  ordinary 
curvilinear  siphon-recorder  signals  (iV,  Fig.  2).  Xot  only 
would  this  rectification  facilitate  auto-retransmission  of  Squier 
sine  waves,  but  auto-perforation  and  auto-tijpe-printing  with 
Creed  apparatus,  would  become  a  simple  matter  (series  -V,  0,  P, 
Fig.  2). 

Pierre  Picard,  to  the  great  benefit  of  the  cabling  public,  led 
the  way  by  harnessing  the  Baudot  type-printing  telegraph 
system  to  fairly  high  KR  cables.  The  JEastern  Telegraph  Co., 
with  their  own  methods,  have  done  the  same  on  a  bigger  scale 
and  on  higher  KR  cables.  Across  from  Britain  to  America 
type-printing  on  a  cable  has  already  been  tried- 

With  adoption  and  extension  of  methods  here  summarised, 
the  writer  does  not  consider  presumptions  the  foretelling  of 
trans- Atlantic  and  trans-Pacific  telegrams  at  signalling  speeds 
of  hundreds  of  ivords  per  minute. 

*  Vide  Colonel  Squier's  recent  Physical  Society  of  London  Paper,  also 
Colonel  Squier's  contribution  to  the  discussion  following  the  readiiigjof 
Ml-.  H.  H.  Harrison's  Paper  at  the  I.E.E.  (1916). 
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The    Story    of    the    Telephone. 

By  J.   E.   KINGSBURY.  | 


I  gladly  comply  with  the  request  which  the  Editors  have 
conveyed  to  me  to  contiihute  an  aitide  on  the  telephone  to 
their  birthday  number.  The  electrical  field  is  so  wide  that  the 
separate  departments  can  evidently  receive  only  limited  space. 
I  anticipate,  then,  that  the  story  which  is  expected  from  me  is 
not  the  full  story  which  the  title  would  suggest,  but  the  local 
story,  with  more  particular  reference  to  the  period  covered 
between  the  first  and  the  two  thousandth  issues  of  The  P^lec- 
TRICIAX.  May  I  add  that  I  appreciate  the  editorial  hint  that 
a  strictly  impersonal  narrative  is  not  looked  for  ? 

When  the  No.  1  of  the  new  series  of  The  Electriciax  was 
])ut)lished  on  May  2').  1878.  Alexander  Graham  Bell  was  in 
England.  Just  two  months  before— on  March  2-0,  1878 — he 
had  addres.sed  from  Kensington  a  letter  to  a  group  of  financiers 
outlining  the  exchange  system,  admitting  that  it  might  then  be 
regarded  a.s  I'topian.  but  recommending,  nevertheless,  that 
the  private  lines  inunediatfly  in  contemplation  should  be  inin 
through  a  central  office,  so  that  ultimately  intercommunication 
would  be  possible.  Specimens  of  the  Edison  carbon  trans- 
mitter were  in  London  some  time  during  the  summer  of  1878. 
They  were  connected  up  on  a  demonstration  line  which  was 
short,  but  more  ambitious  essays  were  contemplated.  During 
August  arrangements  were  in  progress  for  an  international 
trial,  which  was  finally  fixed  for  Sejjtember  8th,  as  1  find  from 
the  following  memorandum  to  Edison's  London  agent  : — 

Cou  GoCKAUD,  September  7,  1878. 

I  have  l)ccn  over  to  the  Suhmnrino  f'ompany,  but  find  Mr.  Dcsj)ointes 
ho-M  Ic-ft  (or  the  flay.  The  ^'ciitlcninn  wlio  cainf  over  here  this  morning 
Btatf's  that  the  trial  lurtwccn  hcrr-  an«i  Dover  inny  hv  made  after  ten 
o'clock.  Between  I>tn<lon  an<l  ('alai.'<  (shr)ulcl  the  connection  be  made) 
they  cannot  say  anything  aa  to  time.  Mr.  Adams,  who  is  now  here. 
Btate«  they  will  jirobably  experiment  between  Dover  and  Calais  about 
ninrr  o'clock.  1  find  that  neither  Mr.  Dojiointes  nor  the  other  pentleman 
will  be  <in  duty  Ifiniorrow.  >o  that  there  will  be  no  one  there  who  uiidcr- 
Htandn  anythiiij;  about  the  instrument.  I  have  accordingly  arrant.'e<l  to 
delay  my  de]uirture  for  Harin  until  .Monday  evening'  (which  will  bee(|Ual!y 
eonvenient  to  me),  and  will  be  at  the  Siibniarine  ofhce  to-morrow  morning 
between  ei^ht  and  nine  o'clock,  to  eiinne<'t  tejejjhone  and  <lo  whatever 
may  be  ne<'<'.Hsaiy.  I  will  then  wire  y<iu  in  any  case.  wh<-ther  the  con- 
ne<'tion  be  made  with  I/in<l<in  or  not.  and  what  i.s  tin-  result  of  the  trial 
between  I)over  ati<l  Calais.  Should  London  be  connect<-<l.  I  slinll  wait 
at  the  Submarine  oflit'c  unt  il  you  arrive.  Should  it  not  be  so.  1  shall  not 
wait,  an  I  do  not  HU|)poNe  in  that  ea.<«e  you  would  come  in.  Mr.  Adams 
hoM  taken  the  Kxchange  instrument  with  him  to  Dover,  and  1  take  dowii 
tile  one  whii-h  is  hi-re  to-morrow  mc>rnint.'.  which  1  think  you  will  consider 
more  satisfactory  than  to  leave  it  at  I  lie  Submarine  unattendeil  during 
the  night. 

I  trust  these  arrangements  will  meet  with  your  approval. 

.1.     K.     KiNC.SBlRV. 

The  '■  Kxclumge  "  instrument  meant  the  instrument  which 
had  been  c«»nnected  tij)  at  the  Conihill  offices  of  the  Exchange 
Telegrajih  Co..  who  had.  1  think,  also  laid  the  line  across  from 
Cornhill  to  Lombard  street,  whirh  was  then  the  demonstration 
line.  I'resumably  these  were  the  only  two  mstruments  in  l^m- 
(loii.  which  accotints  for  the  soliritinle  indicate<l  in  the  memo- 
rftiidum.  Mr.  .Adams  wa.s  the  expert  sent  over  by  Mr.  Edison. 
and  the  only  technical  man  in  the  establishment.  Mr.  A.T.Tur- 
ney  came  in  later,  but  long  before  the  starting  of  exchatjges. 
1  recall  that  I  had  planned  to  start  on  my  hoIida>-8  to  visit  the 
Exhibition  in  P.-iris.  but  on  discovering  that  no  arrangements 
had  been  completed,  determimnl  to  sttiy  over  and  see  th«*  trial 
through  myself.  To  take  advantage  of  the  arrangements 
niude  for  the  use  of  the  long  lines  seemed  important,  and  I 
cotdd  not  temove  from  my  mind  that  an  instrument  which 
would  talk  as  1  had  heard  this  talk  h.ad  a  ftiture  which  jtistified 
any  pcMsonal  inconvenience  at  the  moment.  But  we  had  dis- 
appointntents.     This  was  one-     I  do  not  recall  all  the  circum- 


stances, but  I  remember  a  long  wait,  some  almost  inarticulate 
words,  and  1  certainly  .sent  no  very  satisfactory  telegram.  -The 
same  instruments.  I  think,  were  used  in  the  London-Norwich 
experiments  on  November  11th.  On  this  occasion  Mr.  Adams 
was  at  Norwich  and  Prof.  (Sir  William)  Barrett  at  London. 
The  line  was  very  noisy,  but  the  talk  quite  intelligible.  The 
instruments  were  the  Edison  carbon  button  transmitter  and  a 
magneto  receiver,  which  was,  without  doubt,  an  infringement 
of  the  Bell  patent.  It  was  this  fact  which  delayed  commercial 
work  and  limited  operations  to  demonstration  and  experiment. 
Early  in  1879  the  loud-speaking  receiver  was  brought  out,  and 
wa'^  no*  only  an  extremely  interesting  scientific  production, 
but  also  a  very  valuable  advertising  medium. 

I  can  only  speak  from  personal  experience  on  the  Edison 
side,  but  I  think  that  the  Teleplione  Co.,  as  the  Bell  interest 
was  called  here.  was.  during  this  time,  also  adopting  a  waiting 
attitude  in  starting  exchanges,  because  the  magneto  telephone 
did  not  transmit  with  sufficient  power.  Precise  information 
as  to  the  starting  of  the  Bell  Exchange  has  hitherto  been 
lacking,  and  I  was  glad  to  fir.d  in  the  July  issue  of  the  "  Tele- 
graph and  Telephone  Journal  "  a  report  from  the  then  Engineer- 
in-Chief  of  the  Post  Office  which  supplies  a  missing  link  in 
telephone  history.  From  this  report  it  appears  that  on 
November  7.  187'.*.  when  the  official  inspection  was  made,  there 
were  some  50  subscribers  connected  to  the  ''  switch  frame."' 
In  a  supplementary  report  Mr.  Preece  stated  that  the  Edison 
Telephone  Co.  had  only  10  wires  connected  with  their  central 
station.  ■■  and  we  cannot  find  out  that  they  have  any  bona  fide 
subscribers.""  The  10  lines  connected  to  the  switchboard  at 
No.  6,  Lombard-street  "were,  in  fact,  demonstration  lines,  and 
there  was  no  capacity  for  increase.  It  was  not  until  the  estab- 
lishment of  the  exchange  at  31.  Queen  Victoria-street  that  real 
business  commenced.  From  this  official  repoit  it  is  also  clear 
that  Blake  transmitters  were  used  at  this  time  by  the  Bell  Co. 
"  The  in.strument  was  introduced  from  America  some  months 
ago  by  (probably)  Mr.  Hubbard,  who  is  a  director  of  the 
Tele])hone  (  ompany  of  New  York,  and  who  appeared  to  have  the 
sale  of  Blake's  instruments  in  his  charge.'" 

The  two  comiianies  set  out  to  give  the  public-  telephonic 
intercommunication,  and  the  prior  delay  was  made  up  for  by 
energy  and  exj)res.sions  of  unlimited  confidence  of  the  great 
superiority  of  each  sv.stem.  The  two  systems  were  happily 
combiiu'd  in  the  following  year.  By  the  time  the  exchanges 
started  technical  assistance  was  of  course  availaV^le-  Mr. 
Fletcher  was  engineer  to  the  Bell  Com])any.  and  Mr.  Phillips 
soon  joined  him.  Mr.  E.  H.  Johnson,  with  a  corps  of  American 
assistants,  was  er.gineer  to  the  Edison  Company.  But  before 
the  actual  starting  of  the  exchanges  technical  as.sistance  was 
scarce.  Mr.  Adainv  was  the  one  expert,  and  he  had  all  Europe 
for  his  pro'iiK  e.  He  .seemed,  moreover,  desirous  of  maintaining 
the  exclusivcness  of  his  information.  The  instruments  had  an 
inconvenient  habit  of  suspending  work  at  critical  periods. 
The  more  important  the  })eople  who  calle<i  to  have  the  privi- 
lege of  talking  over  the  telephone  the  more  prone  the  tele- 
phone was  to  sullen  silence.  I  formed  the  impre.s«ion  that  there 
must  be  8omething  democratic  in  its  constitution  to  account 
f»)r  the  especial  dislike  evinced  to  dukes.  Ajiologies  were 
often  necessary,  and  mv  first  technical  experience  was  xmder- 
taken  with  a  view  t«i  avoid  ie]>eated  contretemps.  By  dint  of 
inquiry  and  n>search  I  had  discovered  the  necessity  of  con- 
tinuity in  conductors,  and  it  will  readily  be  believed  that  the 
receiver  cordti  were  the  most  frequent  source  of  trouble.  If 
our  expert  happened  to  be  in  Paris  and  our  instruments  main- 
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tained  a  tactless  silence  I  was  generally  appealed  to  for  assis- 
tance, and  earned  something  of  a  reputation  as  a  magician.  I 
remember  remarking  to  the  agent  that  if  our  expectations  of 
wide  and  general  use  were  to  be  realised  it  was  necessary  that 
there  should  be  nothing  mysterious  about  the  instruments,  and 
that  anything  in  the  nature  of  excjlusive  information  should  be 
discouraged. 

The  expectations  which  were  formed  as  to  the  extent  of  use 
of  this  new  public  service  are  not  to  be  very  readily  expressed. 
The  promoters  had  every  confidence  that  they  were  inaugu- 
rating a  service  which  must  be  beneficial  and  remunerative. 
The  public  had  every  reason  to  be  satisfied  with  the  efficiency 
of  speech  transmission.     The  scientific  interest  was  continued 
from  1876  when  the  marvellous  results  obtained  by  Bell  were 
related    by    Kelvin,    through    1877,    when    Bell    instruments 
were  perfected,  and  1878,  when  Edison  produced  his  carbon 
transmitter,  and  Hughes  explained  the  microphonic  principle. 
These  were  all  helpful  in  enlisting  public  interest,  and  there 
was  no  want  of  recognition  that  an  era  of  practical  utility  was 
before  the  telephone.     The  optimist  and  the  pessimist  are  not 
confined  to  wartime.     There  were  optimists  and  pessimists 
then.     But  none  was  optimistic  enough  to  foresee  what  has 
resulted.     And  very  reasonably,  too.     Speech  could  be  trans- 
mitted— that  was  clear.     Lines  could  be  interchanged.     That 
was  clear  also.     But  it  was  not  reasonable  to  expect  the  very 
rapid  developments  which  followed.    The  multiple  switchboard 
work  of  Scribner,  Wilson,  and  Kellogg  ;  the  cable  developments 
of  David  Brooks  and  Patterson  had  yet  to  be  made.      The 
endless  improvements  could  not  be  foreseen  because  the  growth 
which  prompted  those  improvements  had  not  yet  developed. 
And  so  it  may  be  said  that  whilst  much  was  expected  ;  whilst 
it  was  believed  that  a  beneficial  and  profitable  field  lay  before 
the  telephone,  the  expectations  fell  far  short  of  the  reality.     I 
think  it  may  be  taken  that  the  expectations  were  that  the 
principal  business  firms  would  become  exchange  subscribers. 
It   was  not  contemplated  that    the    service  would    become 
general.     Looking  forward  one  sees  how  much  was  done  that 
was  not  expected,  and  looking  backward  it  is  inevitable  that 
one  should  see  how  much  greater  still  might  have  been  the 
progress.     The  service  grew  as  its  utility  was  demonstrated, 
and  grew  not  merely  without  external  assistance,  but  in  spite 
of  every  possible  difficulty  put  in  its  way. 

Governments,  both  local  and  national,  interposed  restric- 
tions ;  private  property  owners  desired  its  use  for  their  own 
purposes,  but  refused  any  assistance  for  their  neighbours. 
Having  no  legal  powers  or  public  way  facilities,  the  companies 
were  dependent  upon  way-leaves  over  private  property,  which 
were  difficult  to  obtain  and  very  expensive  to  hold.  Criticisms 
of  the  backwardness  of  English  telephones  were  not  unknown. 
The  Electrician  in  1885  quoted  a  story  to  the  effect  that  a 
merchant  had  asked  "  How  is  it  that  telephony  makes  so  little 
progress  in  London  ?  "'  and  w^as  surprised  at  being  informed 
that  he  himself  had  given  a  practical  reply  by  his  refusal  to 
allow  an  attachment  to  be  made  to  his  residence.  There  was, 
perhaps,  some  lack  of  tact  on  the  part  of  the  management  in 
London,  if  not  in  other  places  in  the  country,  which  partly 
accounted  for  the  want  of  ready  assistance.  But  in  spite  of 
all  drawbacks,  whether  from  without  or  within,  the  telephone 
had  to  progress.  In  1888  "  The  Rise  and  Progress  of  Tele- 
phony in  the  L^nited  Kingdom  ""  formed  the  subject  of  a  series 
of  articles  in  The  Electrician.  On  April  27,  1888,  a  plan 
of  the  London  system  was  given,  showing  the  number  of  wares 
connecting  the  exchanges  in  London  with  each  other  and  with 
the  central  exchange,  which  was  at  Oxford-court,  Cannon- 
street,  in  the  building  now  occupied  by  the  London  Chamber 
of  Commerce.  Some  of  these  exchanges  have  ceased  to  exist, 
and  many  others  have,  of  course,  been  added  ;  but  it  may  be 
of  interest  to  note  the  number  of  junction  lines  from  East 
India-avenue.  There  were  11  to  Mincing-lane,  three  to  the 
■■  Hop,"  six  to  Queen  Victoria-street,  18  to  the  "  Central," 
two  to  Chancery-lane,  six  to  Coleman- street,  eight  to  Cornhill, 
two  to  Smithfield  and  seven  to  Leadenhall-street.  Of  these 
exchanges,  Mincing-lane,  "  Central,"  Coleman-street,  Cornhill, 
Smithfield    and    Leadenhall-street    have    been    amalgamated 


with  neighbouring  exchanges,  Queen  Victoria-street  has 
changed  its  name  to  "  Bank,"  and  Chancery-lane  has  become 
Holbom.  From  the  Avenue  there  were  in  all  63  junction 
lines.  In  the  new  switchboard  installed  in  1912  provision  was 
made  for  1,728.  Further  comparisons  may  be  made  by  the 
number  of  instraments  in  use  in  the  London  area  in  June,  1887 
(13,477)  and  those  in  June,  1916,  which  were  about  268,^XM) 
In  the  whole  of  the  United  Kingdom  there  were  at  the  first 
mentioned  date  52,031,  and  now  about  750,000. 

Thtse  figures  are  indicative  of  growth,  but  any  sati.sfaction 
which  might  be  felt  from  them  is  dissipated  when  we  reflect 
upon  what  they  might  have  been. 

According  to  the  latest  compiled  statistics  (1914),  there  were 
in  Great  Britain  1-7  telephones  per  100  of  the  population, 
against  9-7  in  the  United  States,  6-5  in  Canada,  2-8  in  Aus- 
tralia, 3-5  in  Hawaii  and  4-6  in  New  Zealand. 

In  European  comparisons  Great  Britain  occupies  a  fairly 
average  position,  which  on  the  surface  would  suggest  the 
explanation  that  densely  populated  countries  cannot  expect 
so  high  a  ratio  of  stations  ;  but  density  of  population  implies 
commercial  activity,  and  such  activities  should  justify  the 
expectation  that  any  facilities  should  be  utilised.  The  fact 
is  patent  that  the  facilities  offered  by  the  telephone  have  been 
but  poorly  utilised  in  the  United  Kingdom. 

There  is  a  story  current  which  may  be  true,  though  a  general 
scepticism  as  to  the  reliability  of  the  teacher  and  pupil  variety 
of  story  is  permissible.  This  one  might  be  more  readily 
believed  if  the  poet  whose  name  is  attached  to  it  had  a  reputa- 
tion for  greater  industry  than  had  Thomas  Campbell  ;  but 
the  story  is  : — 

Teacher  :  "'  Now,  children,  listen  to  this  :  Thomas  Camp- 
bell, the  famous  poet,  once  walked  six  miles  to  a  printing  office 
to  have  a  comma  in  one  of  his  poems  changed  to  a  semi-colon. 
Why  did  he  take  all  that  trouble  ■?  " 

Bright  Boy  :   "  Because  he  didn't  have  no  telephone." 

Not  being  punctilious  about  punctuation,  I  have  certainly 
not  had  occasion  to  take  a  long  walk  to  make  an  alteration, 
but  I  have  had  to  expend  much  energy  and  suffer  much  incon- 
venience from  the  absence  of  a  telephone.  And  the  absence 
was  not  due  to  any  neglect  of  mine  or  any  want  of  business 
enterprise  on  the  part  of  the'  Telephone  Company.  It  hap- 
pened that  my  house  was  on  an  estate  which  had  been  left  by 
a  pious  founder  who  was  a  friend  of  Shakespeare,  in  order  that 
the  income  might  be  applied  to  educational  purposes,  for  the 
pious  founder  believed  in  progress  and  advancement  in  the 
arts.  One  of  the  conditions  which  his  successors  enjoin  from 
anyone  building  upon  this  land  is  that  no  telephone  pole  should 
be  allowed  and  no  wire  be  attached  to  a  house  without  their 
permission.  Consequently  no  telephone  was  obtainable  on 
the  estate.  After  a  few  years  the  Telephone  Company  found  it 
possible  to  bring  a  line  to  my  house  from  a  diotant  exciiange, 
and  I  gladly  paid  the  extra  mileage  rate  in  order  that  I  might 
not  suffer  the  ills  which  are  inevitable  where  telephones  are  not. 

We  are  now  all  taking  stock  of  our  national  situation  under 
circumstances  which  behove  us  to  deal  faithfully  with  the 
facts.  We  have  much  to  guide  us  in  a  review  of  the  telephone 
situation  over  the  period  covered  by  The  Electrician 
articles.  Why,  from  start  to  finish,  has  the  telephone  had  almost 
every  mans  hand  against  it  ?  Why  has  it  occurred  only  to  a 
few  to  realise  that  its  use  should  have  been  encouraged  and  not 
thwarted  ?  Why  have  the  many  thought  only  of  some  petty 
detail  and  never  realised  the  national  economy  which  its 
development  implies  '. 

The  Governments  restrictions  are  well  known,  and  I  do  no*"- 
need  and  have  no  desire  to  dwell  upon  them.  Ownership  has 
changed  the  circumstances,  and  the  old-time  restrictive  influ- 
ences no  longer  operate.  Whatever  individual  views  may  be  as  to 
the  most  suitable  authority  for  conducting  telephone  business 
Government  management  here  is  an  accomplished  fact,  and 
it  behoves  everybody  to  render  the  department  such  support 
as  may  serve  to  promote  development,  and  especially  to  take 
care  that  it  is  not  baulked  by  ill-advised  efforts  at  unremunera- 
tive  rates  or  public  misconceptions  as  to  rights  of  way. 

In  early  days  the  private  owner  was  frequently  either  a 
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Shylork  or  a  dog  in  tlie  manger.  Tlie  public  landowner  was 
governed  by  what  was  asKumed  to  be  the  amenities  of  the 
neighbourhood.  But  the  educational  authority  which  I  have 
cited  was  as  a  land-owning  body  by  no  means  alone  in  its 
attitude.  The  telephone  was  never  thought  of  as  an  advantage 
to  its  tenants. 

How  comes  it  that  the  mind  which  is  so  far  cultivated  as  to 
be  able  to  attach  importance  to  the  Jfsthetic  effect  of  an  insu- 
lator on  a  chimney  stack  should  lack  imagination  enough  to 
realise  the  increase  of  efficiency  which  telephonic  communi- 
cation produces  ?  But  let  us  not  deceive  ourselves  on  this 
point.  Such  a  lark,  not  merely  of  imagination  but  of  the 
appreciation  of  realised  facts,  has  characterised  the  attitude 
of  any  men  or  body  of  men  who  had  any  influence  to  exercise. 

With  what  satisfaction  we  can  turn  to  technical  achieve- 
ments. From  day  to  day  new  problems  have  been  presented, 
growtii  t(*  jtrovide  for,  distance  to  be  increased.  Interchange 
of  tens  has  become  interchange  of  tens  of  thousands.  A  talk 
over  20  miles  of  line  has  developed  into  a  talk  from  NewYork 
to  San  Francisco.  Progress  in  Great  Britain  was  never  re- 
tarded by  lack  of  the  necessary  means.  By  the  time  Liverpool 
had  cjutgrown  standard  boards  the  multiple  was  ready,  though 
the  cautious  directors  stipulate<l  that  it  should  be  taken  out 
again  at  the  suppliers  expense  at  the  end  of  three  months  if 
not  satisfactory.  When  the  turn  of  one  of  the  next  important 
towns  came  to  adopt  the  multij)le  the  purchasers  insisted, 
against  the  contractors'  advice,  that  the  ultimate  capacity 
should  not  exceed  2,(KM(.  These  were,  of  course,  single-circuit 
boards  successively  superseded  by  branching  and  common 
l»attcry. 

The  success  which  attended  long-distance  transmission  oyer 
a  conductor  has  l)een  equalled  or  excelled  by  wireless.  It  is 
inevitable  that  some  visionary  ideas  should  find  expression  of 
a  ])(».ssible  futurt-  in  which  one  carries  a  tele])h()ne  in  ones 
pocket  and  makes  a  wireless  call.  Such  ideas  omit  from  con- 
sideration governing  conditions  which  make  their  realisation 
impossible.  A  wireless  teIej)hone  talk  is  a  talk  upon  the  house 
tops  with  the  whole  world  for  an  audience.  The  communi- 
cation sent  from  Washington  to  Paris  was  overheard  at 
Honolulu.  The  single  tone  used  in  telegra])hic  signals  pennits 
<if  tuning  and  selection,  whereas  vocal  articulation  may  require 
so  wide  a  range  of  tones  that  none  can  be  shut  out. 

Another  idea  that  needs  to  be  « ombatted  is  that,  since  the 
telegraph  has  been  superseded  by  the  telephone,  so  the  tele- 
j)hone  may  itsr'If  be  superseded  by  .sonie  other  agency.  It 
only  needs  to  remark  that  when  Bell  succeeded  in  transmitting 
speech  he  achieved  the  highest  possible.  Speech  is  natures 
own  best  method  <»f  transferring  th(»ught,  and  no  medium  of 
transmission  superior  to  the  teIe])lione  can   be  possible  until 


Nature  has  evolved  a  new  method.     Until  telepathy  is  achieved 
telephony  is  finality. 

There  is  a  practical  bearing  even  in  such  apparently  im- 
material points  as  these.  They  serve  to  give  greater  .stability 
to  the  telephone  as  an  investment  than  almost  any  other 
enterprise.  And  as  the  world  has  invested  over  400  millions 
of  pounds  in  telephone  plant  practically  since  the  period 
which  The  Electrician  is  re\'iewing,  and  as,  moreover, 
there  are  some  parts  of  the  world  with  considerable  leeway  to 
make  up,  the  British  investor  might  be  well  ad^^sed  to  take  a 
little  more  interest  in  telephones  than  he  has  done  yet.  Finan- 
ciers are  perhaps  amongst  the  most  pessimistic  of  the  pessi- 
mists of  the  present  day.  But  in  the  great  reconstiniction 
and  reorganisation  of  the  immediate  future  means  will  cer- 
tainly be  found  for  works  of  true  economy.  Electrical  appli- 
cations as  a  whole  must  be  so  classed  and  of  them  therfc  is  none 
which  is  so  clearly  demonstrated  as  a  labour  and  time  saving 
appliance  as  the  telephone.  Its  progress  must  rapidly  increase, 
for  in  the  future  we  cannot  afford  to  ignore  its  beneficent  effects. 

Dealing  faithfully  in  the  spirit  of  the  times  with  the  circum- 
stances and  the  period  reviewed,  one  must,  whilst  recording  a 
ceriain  degree  of  progress,  note  many  lost  opportmiities,  a 
lack  of  the  imaginative  faculty,  and  a  singular  tendency  to 
ignore  logical  results.  The  specialised  engineering  nature  of 
the  industry  was  long  in  attaining  recognition,  and  is  by  no 
means  generally  recognised  even  now.  Of  similar  importance 
is  the  specialised  nature  of  telephone  finance.  The  prudence 
of  other  standards  may  become  impi"udence,  and  lack  of 
enterprise  a  snare.  There  is  no  secret  about  successful  tele- 
phone enterprise.  Examples  are  before  the  world.  Success 
requires  that  its  conductors  should  recognise  that  it  is  a  public 
service,  that  the  public  has  a  right  to  good  ser\-ice,  and  that 
development  must  be  provided  for.  There  is  no  credit  in 
earning  dividends  from  an  unsatisfactory  and  undeveloping 
service,  and  though  the  circumstances  may  render  it  possible 
for  a  time,  Nemesis  will  certainly  overtake  those  having 
control  who  fail  to  recognise  and  give  full  effect  to  the  public 
service  character  of  telephone  enterprises.  It  is  true  that  the 
telephone  public  is  a  difficult  public  to  serve.  It  is  equally 
true  that  no  public  has  ever  refused  to  pay  cheerfully  a  re- 
munerative rate  for  a  good  and  growing  service.  It  is  the 
business  of  the  suppliers  to  study  the  difficulties  and  witii 
their  knowledge  meet  the  general  ignorance. 

We  have  still  some  lessons  to  learn  in  the  development  of 
such  industrial  ent<Mprises.  Amongst  them  is  to  apply  logical 
reasoning  to  practical  facts,  to  give  encouragement  t(t  growth 
at  homewheie  we  are  masters,  and  to  promote  development  in 
the  spheres  of  our  influence  abroad,  where,  if  we  dont,  some- 
bod  v  else  will. 
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Loiiii- Distil  lice    Telo  phony. 

By    B.  S.  COHEN. 
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Kdilif  Ilistnrtf. — The  hi»t(»ry  of  long-distance  telephony  has 
Iteen  a  ncord  of  c«Mnparfttively  gnulual  juid  unifonn  progress 
unmarked  bv  any  revolutionary  strides  iintil  within  the  last 
few  year.H. 

Improvements  iti  the  pntpagation  of  telephone  speech 
broadiv  re.solve  t lieniselvcs  into  two  main  ^xnips  :  Firstly, 
the  development  of  the  sendmg  and  receiving  apparatus  ;  and, 
secondly,  the  development  ot  the  prnpagatuig  medium,  i.e., 
the  line  plant. 

Nolablv  proyicssive  steps  in  the  early  days  m  the  tiist  group 
were  the  intro«luclioi\  of  the  induction  roil.  enal>linf(,  the  tele- 
phonic voltages  to  bo  stepi>ed  np  and  the  i»errentage  resistance 


variation  <»f  the  transmitter  circuit  to  be  greatly  increased. 
The  introduction  of  the  granular  transmitter  and  the  use  of 
double-pole  jH'nuanent  magnet  receivers  can  also  be  included 
as  notalile  steps. 

As  regards  early  progress  in  the  line  plant,  prominent  land 
marks  were  :  the  intro<luction  of  copper  and  bronze  wires  in 
place  of  inm.  the  replacement  of  the  single  wire  or  earth  circuit 
by  the  metallic  circuit  and  the  inductive  balancing  of  lines  by 
means  of  nttation  and  transi>osition.  thus  minimising  the  effects 
of  electn>statir.  electromagnetic  and  leakage  disturbance. 

For  many  yrars  after  the  introduction  of  the.H^  fundamental 
improvements  the  development  in  long-distance  telephony  was 
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extremely  gradual.  Telephone  development  generally  was 
chiefly  concentrated  on  the  pressing  problems  of  providing 
local  telephonic  communication  to  the  increasing  number  of 
subscribers  ;  and  the  large  towms  and  their  suburbs  were 
gradually  provided  with  telephonic  communication  and  formed 
more  or  less  isolated  nuclei  only  interconnected  by  long-distance 
lines  to  a  limited  extent,  and  the  maximum  commercial  limit 
was  reached  at  a  comparatively  short  distance. 

The  increase  in  the  use  of  the  local  telephone,  so  far  from 
assisting  in  the  progress  of  long-distance  telephony,  at  first 
actually  tended  to  retard  it  technically,  although  providing 
sound  financial  reasons  for  the  construction  of  intercom- 
municating lines  between  the  large  cities.  The  replacement 
of  open  wires  on  the  introduction  of  telephone  cables  overhead 
and  underground  firstly  for  junction  lines,  and  then  also  for 
subscribers'  lines,  although  greatly  improving  the  reliability 
of  the  local  service,  resulted  in  increased  difficulty  in  long- 
distance transmission  owing  to  the  lower  speaking  efficiency. 
Traffic  improvement  also,  designed  to  increase  the  speed  and 
reliability  of  connection  was  too  often  obtained  by  the  use  of 
more  complex  signalling  circuits  introducing  unconsidered 
transmission  losses.  Finally,  the  development  in  electric 
tramways,  railways  and  power  schemes,  introduced  further 
problems  with  regard  to  the  more  efficient  protection  from 
inductive  and  leakage  disturbance. 

During  this  transition  period  the  inventor  in  the  domain  of 
long-distance  telephony  appears  to  a  very  great  extent  to  have 
concentrated  on  improvements  in  the  transmitting  and  re- 
ceiving apparatus.  A  notable  exception  was  the  introduction 
of  dry  core  paper  cable  w^hich  at  once  reduced  the  capacity  to 
about  half  and  thus  increased  the  talking  efficiency  about  four 
times.  Even  so,  the  cable  line  still  gave  a  much  lower  trans- 
mission efficiency  than  the  open  wire. 

Early  Limits  of  Long-distance  Telephony. — It  will  be  of 
interest  to  consider  the  limits  of  long-distance  telephony  before 
the  developments  of  the  last  few  years. 

The  high-water  mark  in  long-distance  line  construction  was 
reached  on  the  introduction  of  800  lb.  copper  aerial  lines  care- 
fully insulated,  rotated  and  regulated,  to  reduce  leakage  and 
inductive  losses  and  disturbances  to  a  minimum.  A  length  of 
45  miles  of  800  lb.  line  is  approximately  equal  in  transmission 
efficiency  to  1  mile  of  standard  cable,  and  working  on  the 
assumption  that  the  efficiency  of  a  long-distance  line  cannot 
safely  be  reduced  beyond  that  given  by  20  miles  of  standard 
cable,  having  regard  to  other  losses  in  the  apparatus,  and  sub- 
scribers' and  junction  lines,  &c.,  this  gives  a  maximum  radius 
of  700  miles.  The  cost  of  such  constniction  is  extremely  high, 
amounting  to  about  £88  per  circuit-mile  with  copper  at  £100 
the  ton,  or  a  total  for  the  limiting  value  of  £79,200. 

It  must  also  be  noted  that  the  assumption  is  made  that  there 
are  no  intei-mediate  or  terminal  lengths  of  cable  which,  however, 
become  necessary  when  leading  the  line  into  its  terminating 
cities. 

Modern  Progress. — The  era  of  scientific  long-distance  tele- 
phony may  be  said  to  date  from  1887,  when  Oliver  Heaviside 
published  his  classical  Paper  on  "  Electromagnetic  Induction 
and  its  Propagation.''  This  Paper  was  the  first  that  clearly 
indicated  the  possibility  of  annulling  the  effects  of  distributed 
capacity.  The  late  Prof.  S.  P.  Thompson  appears  to  have  been 
the  first  to  suggest  a  practical  application  for  annulling  capacity 
effects,  and  in  a  British  patent  dated  1891  he  described  methods 
involving  the  use  of  distributed  leakance  or,  alternatively, 
bridged  self  or  mutual  inductance.  Prof.  Thompson's  methods 
have  never  been  practically  worked  out  and  applied,  and  m 
the  light  of  present-day  knowledge  it  can  be  demonstrated  that 
the  leakage  method  would  only  diminish  the  distortion  of  the 
telephonic  waves  at  the  expense  of  considerable  reduction  in 
the  amplitude.  ^..IJ^E  ,     ,j|iig 

Telephone  Line  Loading.— In  1899  the  theory  and  practice 
of  inserting  inductance  coils  in  series  in  telephone  lines  to  aniud 
the  capacity  effects  and  thus  reduce  the  attenuation  was 
described  by  Prof.  M.  I.  Pupin,  and  in  the  next  few  years  this 
fundamental  departure  was  rendered  commercially  applicable 


by  Prof.  Pupin  himself  and  the  engineering  staffs  of  the 
American  Telephone  &  Telegraph  Co.  and  the  Allied  Western 
Electric  Co.  In  this  connection  it  may  be  of  interest  to 
mention  that  the  question  of  inserting  series  and  bridged  in- 
ductances in  telephone  lines  was  considered,  and  inductance 
coils  constructed  and  experimented  with  at  an  early  date  by 
the  British  Post  Office. 

The  telephone  line  inductance  coil,  technically  known  as  the 
loading  coil,  became,  however,  a  practical  proposition  on  the 
introc'uction  of  the  modem  form  with  an  iron  core.  The 
modem  loading  coil  of  the  highest  quality  with  a  very  finely 
divided  iron  core  has  a  ratio  of  R/L,  or  effective  resistance  to 
inductance  at  telephonic  frequencies,  of  25.  It  will  be  of 
interest  to  compare  this  figure  with  the  ratio  of  about  4:,<^KXJ 
for  an  ordinary  solid  core  electromagnet  coil  as  used  for  tele- 
phonic relays,  &c.  The  introduction  of  the  loading  coil  had 
an  immediate  effect  on  long-distance  telephony  not  only 
enabling  open  wire  lines  to  be  considerably  extended,  but 
permitting  of  the  use  of  long-distance  cable  lines  of  not  ex- 
cessive conductor  gauge. 

The  following  table  gives  limiting  lengths  of  -300  lb.  open 
wire  conductors,  loaded  and  unloaded,  on  the  assumption  that 
the  equated  length  should  not  exceed  20  miles  of  standard 
cable  : — 

Table  I, — Limiting  Length  of  300  lb.  Open  Wire  Line  Loaded  and 

Unloaded. 


Inductance  added 
henries  per  mile. 

Effective  leakance 
per  mile  in  micromhos. 

Limiting  length 
in  miles. 

Unloaded  

Unloaded  

Unloaded  

2-5 
10 
0-0 
2-5 
1-0 
0-0 
2-5 
10 
0-0 

340 
372 
392 

0-037  

492 

0-037  

734 

0-037  

1.060 

0-017  

0-017  

492 
642 

0-017  

784 

The  detrimental  effect  of  leakance  on  loaded  lines  will  be  not^d 
from  these  figures. 

The  300  lb.  open  wire  line,  loaded  to  give  an  improvement 
factor  of  2-7  with  infinite  insulation  has  the  factor  reduced  to  0 
when  the  effective  insulation  falls  to  187,000  ohms  per  mile. 
It  will  also  be  noted  that  with  a  leakance  of  2-5  micromhos 
there  is  no  advantage  in  heavy  loading.  The  problem  of 
leakance  with  open  wire  lines  is  probably  more  acute  in  the 
United  Kingdom  than  in  any  other  country  which  has  pro- 
gressed to  the  point  of  having  extensive  long-distance  telephone 
lines,  but  even  here  the  experimental  loading  of  a  300  lb.  open 
wire  conductor  may  be  considered  a  commercial  success. 
Particulars  of  this  case  have  recently  been  given  in  a  Paper  on 
long-distance  and  cable  telephony,  published  in  these  columns, 
and  need  not  be  referred  to  here.  It  is  sufficient  to  mention 
that  a  maximum  leakance  value  of  2  micromhos  per  mile  can 
be  assumed  for  very  wet  wintry  weather. 

The  following  table  of  notable  foreign  loaded  open  wire  lines 
is  not  as  complete  as  it  might  be  owing  to  the  imfoitimate 
difficulty  in  obtaining  definite  figures  for  the  leakance,  which 
can  only  be  inferred  by  calculation  back  from  the  given  at- 
tenuation constants. 

Table  II. — Foreign  Loaded  Open  Wi^e  Lines. 


^  <»' 

Electrical  constants  per  mile. 

i  Eq"  at ed  length 

"2  ii 

, 

in  milpj^  of 

Line 

|s 

Resist. 

Induct 

Capacitv  Attenua- 

standard 

^.B 

ohms. 

henries 

mfds.    1     tion. 

cable. 

New  York  to 

San  Fi-ancisco 

435  lb.  copper 

3,400 

4-95 

0  0365 

0-0091  i  00013 

41 

Berlin  to  Rome 

' 

500  lb.  bronze  1,300 

4-6 

0-0354 

0-009     1  0-00177 

21 

The  attenuation  constant  of  0-0013  for  the  trans-conti- 
nental American  lines  indicates  a  very  high  insulation  resistance 
and  illustrates  the  great  climatic  dift"erence  between  the  United 
States  and  Europe.     The  inferred  insulation  for  the  Berlin- 
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Rome  line  as  deduced  from  the  attenuation  constant  is  con-  siderable  impoitance  is  the  production  of  a  practicable  tele- 
sideiablv  lower.  It  should  be  noted  that  in  both  cases  the  phonic  speech  relay.  From  the  earliest  days  of  telephony 
lines  are  duplexed  and  the  phantom,  as  will  be  mentioned      inventors  have  been  attempting  to  produce  apparatus  capable 


further  on,  loaded.  The  loaded  phantom  would  be  higher  in 
efficiency  than  the  loaded  side  circuit.  In  additi  -n  the  New 
York-8an  Francisco  line  has  telephonic  speech  relays  inserted, 
which  will  considerably  reduce  the  equated  length.  The  rate 
for  a  3-minute  conversation  is  S20.70,  but  it  must  be  remem- 
bered that  plant  valuing  82,(X)(J.O(J(J  is  involved. 

Loaded  CaUe  Liues.— The  advantage  of  long-distarce  under- 
giourd  cable  lines  from  the  point  of  view  of  freedom  from 
disturbance,  boih  electrical  and  storm  produced,  are  obvious, 
and  have  been  well  «'.\eniplified  recently  in  this  country  by  the 
havoc  wrought  during  the  great  storm  in  the  early  part  ot  chis 
year  when  the  underground  main  lines  between  London, 
Birmingham,  Liverpool,  &c.,  may  be  said  to  have  prevented 
tjic  aiiiio.st  entire  temporary  dislocation  of  long-distance  tele- 
phonic conimunicaticMi  in  tjii.s  country. 

It  is  not  loading  alone  that  has  rendered  the  long-distance 
uiidfrgrountl  tele])hone  lines  a  paying  proposition,  but  the 
ad<litional  ])ossibilities  of  du])lpxing. 

The  superimposing  of  u  third  ciifuit  on  two  existing  circuits 
and  the  loading  of  botii  the  existing  and  the  superimposed 
circuits,  or,  as  they  are  technically  tenued.  the  physical  or  side 
circuits  and  the  piiantom  circuit,  is  a  development  of  the 
utmost  importance 


of  efficientlv  relaving  telephonic  speech  waves,  and  until  quite 
recentlv  the  great  majority  of  these  attempts  have  been 
mechanical  contrivances  coupling  some  form  of  receiver  and 
transmitter.  The  electro-mechanical  t}-pe  of  speech  relay  has, 
however,  now  found  a  serious  rival  in  the  gas  discharge  relay, 
of  which  a  number  of  designs  are  available  and  wiiich  is  capable 
of  giving  considerable  improvements  when  used  on  long  lines. 

Submarine  Cable  Telephony. — Submarine  cable  introdjices 
a  difficult  problem  in  long-distance  telephony.  The  objeccion 
to  using  div  core  paper  dielectric  appears  almost  insuperable, 
and  the  addition  of  loading  coils  becomes  a  more  difficult  pro- 
blem than  in  the  case  of  underground  cables.  Coil-loaded 
cables  have,  however,  been  successfully  laid  by  the  British, 
French  and  Belgian  Administrations,  and  are  now  in  satis- 
factory operation. 

An  important  step  in  advance  is  the  use  of  a  special  G.  P. 
dielectric  which  gives  a  ratio  of  leakance /capacity  or  G  C  of 
the  order  of  12.  The  ratio  GjC  is  an  important  factor  in  trans- 
mission efficiency,  and  the  value  of  this  ratio  for  the  old  form 
of  G.  P.  dielectric  is  of  the  order  of  120.  This  value  applies  to 
the  fir.st  Anglo-French  loaded  cable  laid  in  1910. 

Loading  coils  inserted  under  the  cable  sheathing  have  been 
adopted,  and  full  particulars  of  such  cables  as  the  Anglo-French, 


This  application  has  been  rendered  practicable  by  the  use  Anglo-Belgian.  &c..  have  been  published, 

of  multiple  twin  cable  in  which  the  twisted  pairs  of  conductors  Continuous  Londinq. — The  advantages  of  continuous  loading, 

an*  tiienisclves  rotated  with   respect  to  each  other.     This  in  which  has  been  advocated  in  some  quaiters  as  a  general  sub- 

itself  is  insufficient  to  prevent  overhearing,  and  requires  to  be  stitute  for  coil  loading,  appear  more  marked  when  applied  to 

sujtplcniented   by  tiie  accurate  inductive   balancing  of  cable  submarine  cables,  and  a  number  of  continuously  loaded  sub- 

]»airK.     This    balancing   has    been    highly    developed    in    this  marine  cables  are  in  operation,  notably  a  Franco-British.     By 

(fiuiitry.     The  method  adopted  is  to  measure  accuiately  the  contiiiuous  loading  is  understood  the  application  of  inductance 

wire  to  wire  and  wire  to  earth  capacities  of  all  the  conductors  continuously  co  the  conductors  by  means  of  a  wrapping  of  iron 

in  each  short  secti<»n  of  cable  as  laid  aid  to  so  join  up  the  wire  or  tape. 


sectiiii  s  as  to  give  a  capacity  balance  accurate  wiihin  a  few 
micromicrofarads. 

The  following  table  gives  particulars    of  some  important 
loiig-di.stancc  loaded  cable  lines  :  — 

Table  III. — Partkvlars  of  Long-diaUtnct  Loaded  Cable  Lints. 


/.     J..  .   .  Elect neal  constants. 

,        ..     '  <innii(tor  \ 

in  miles..,.        '^    .,     KcsiHtanco.  Inaiictaiuei  C  apacity 


ohms. 


henries. 


Boston  to  Wash.  ' 

int'lon     47r)-0 

I)(i.         phantom 

cirenit     

I><>n«lonLiverj)ool 

j;<. 

Do 

])c. '  2()(i-r) 

J)r».,   plinntoni  «n 

150  11.  Joo  .-, 


475-0 
2(10  •.'. 
2(;(i  "i 
2r,o .-. 


17:1 
:».%o 

IIIO 
l.-iO 

2<io 
:)()() 

300 


17(1 
10:. 

is-:»s 

i:m:{ 

»»2 

C.-.V) 
6-50 


01. J 
01 

o-o.'>:i 
(»-(irj4 

O-OiU 
OO.V) 

(»035 


mfds. 


0-07 

01 

0(t.->(t8 

0-0097 

O-OOS.") 

00508 

01067 


I        A]>i>r<).\. 

E<|uate<l  U-n^'th 

Attenua-      in  milo  of 


tion. 


8tainlanl   calile. 


The  main  disadvantages  not  common  to  the  coil  loading 
system  are  the  comparatively  low  inductance  which  has  been 
attained,  the  additional  capacity  caused  by  the  iron  wrapping 
and  the  increase  in  bulk  and  cost.     The  main  advantages  are 

the  absence  of  loading  coils  at  intervals 
and  the  slight  reflection  caused  by  these 
coils.  The  loading  coil  has  also  to 
l)e  carefully  guarded  against  excess 
currents  which  might  introduce  a 
reduction  in  efficiency  by  magnetisa- 
tion. 

In  connection  with  this  table  it  may 
be  explained  that  the  Anglo-French 
I91u  cable  is  not  phantomed  but,  that 
in  the  case  of  the  Anglo-Belgian  and 
Anglo-Irish  cable,  the  conductois  are 
])hantomed  and  the  phantom  circuit 
loaded.  This  results  in  the  increase 
in  effective  resistance  per  naut  due  to 
TrrniinnI  Hrjicrlum  and  Tntnsition  Losses.-  The  high  the  intr(»duction  of  the  phan.toiu  loading  coil  despite  the  fact 
characteristic    impedance   of    loaded    lines    has    brought    into      that  owing  to  progressive  improvements  in  R,L  loading  coil 


0-0107 
0-C088 
0-0060 
0-0041 

0-0076 


:<2 

211 
22 
10-5 
12'> 
•M 

U-2 


prominence  the  retlrctioii  Iohw.s  caused  by  the  jump  from 
the  ])ropagHting  medium  to  the  tenninal  instrument,  or 
vice  rersn.  and  by  the  tran.Hition  from  a  line  of  one  charac- 
teristic ini|ie<lauce  to  u  type  with  a  much  higher  or  lower 
value. 

Tliese  effect .s  are  readdy  cal- 
culable, and  tapering  methods 
which  minimise  the  abruptness 
of  th(>  change  can  be  utilised  to 
minimise  or  even  totally  annul 
these  losses.  These  methods 
have  been  described  in  a  Pn]»er 
on  long-distance  telephony 
recently  a])pearing  in  these 
columns  and  need  not  be  entered 
into  here. 

Trh'phnttir  Sprrrh    Heiaifs. — A 
further     development     of     con- 


ratios  ihe  effective  resistances  of  the  Anglo-Belgian  and  the 
Anglo-Irish  show  a  progressive  decrease  over  the  unloaded 
conductor  value.  The  greater  efficiency  of  the  Anglo-Irish 
cab.le  over  tiie  Anglo-lielgian  will  be  observed  to  be  entirely 
due  to  lower  effective  resistance  per  naut. 


Table  IV.  firing  Snmr  Data  0/  Loadfd  Submarinr  Cabh, 


EI(H-trip«l  ronstants  pt>r  naut  at  800  r^s 


Cablr 


1 

naut. 

\          1          1    (1«10)    . 
,  An«l                   (inil)  . 
'  I)n    ,.                    

21 

4S 
4S 

21 
(V4 

lao 

lrti> 

320 

Franco.  IJhtixh  (1912) 
1      rontiniiou5>ly    IomIo*! 
Anglo-lhsli  (IPl.l)    .... 

34NI 

( '-ondiirtor 
LonKth  I  woiclit  in  |- 
nauts.   I    lb.*.    |ht     ReniMancp  In(liiotanre|CapacitT|Ratio 


in  ohms,      in  honrics.      mfds.        0/C 


K<iuattHl. 


Attonua-   Lonpth  in 
tion.  M.S.C. 


•  The  rnnst«nts  of  the  Franco- Britiah  rontinuouf>|y  loaded  cable  ha>-e  been  measured  at  1,000  'V. 
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Wireless  Telephony. — Wireless  telepliony  seems  destined  to 
play  an  important  roIe  in  what  may  be  called  ultra  long-dis- 
tance telepliony,  and  the  fine  inter-continental  achievements 
in  this  direction  by  the  American  Telephone  and  Telegraph 
Co.  are  still  quite  recent. 

No  technical  details  of  the  system  adopted  in  the  recent 
transatlantic  telephone  experiments  are  yet  available  for 
publication.  Prior  to  this  achievement  successful  experi- 
ments had  been  carried  out  by  Italian,  French,  American  and 
English  investigators,  and  results  up  to  600  miles  distance  had 
been  successfully  obtained.  In  this  connection  the  residts 
obtained  by  Prof.  Vanni  between  Rome  and  Tripoli  (1,000  km.) 
may  be  mentioned. 

The  principle  generally  adopted  is  to  superimpose  telephonic 
waves  produced  by  telephone  transmitters  on  continuous 
oscillations  produced  by  a  high-frequency  alternator  or  other 
source.  These  oscillations  pass  from  the  receiving  antenna 
through  a  detector  which  may  also  be  a  magnifier  connected 


to  a  telephone  receiver.  The  high-frequency  oscillations  them- 
selves have  no  audible  effect  on  the  receiver,  which,  however, 
responds  to  the  flu.-  tuations  superimposed  bv  the  transmitter. 
An  important  feature  is  the  tran.smitter.  Various  forms  of 
tran.smitter  have  been  used  with  more  or  less  success,  i.e.,  a 
jet  of  liquid,  water-cooled  forms  of  carbon  transmitter,gas 
discharge  relays,  &c.,  capable  of  transfomiing  high  power 
current  into  speech  waves. 

Conclusion. — The  problems  involved  in  long-distance  tele- 
phony are  many  and  complex,  and  the  theoretical  principles 
first  enunciated  by  Maxwell,  Kelvin  and  Heaviside  and  since 
developed  by  Pupin,  G.  A.  Campbell,  Kennelly,  Fleming  and 
others,  supplemented  by  the  research  work  carried  out  by  most 
of  the  big  telegraph  and  telephone  administrations,  has  re- 
sulted in  the  present  advanced  position  of  long-distance  tele- 
phony, which  is  favourable  to  considerable  extension  of  the 
existing  workuig  limits,  not  only  for  inter-city  but  also  for  inter- 
national communication  \\-iien  political  considerations  peraiit. 


Dynamo-Electric    Machinery,    1878-  1916. 

t  By  MILES  WALKER. 

I 


A  review  of  any  branch  of  science  is  of  use  in  so  far  as  it 
indicates  the  lines  along  which  development  may  be  expected 
in  the  future,  and  brings  the  experience  of  the  past  to  enable 
the  present-day  worker  to  avoid  the  mistakes  made  by  those 
who  went  before  him. 

Anyone  who  has  followed  the  progress  of  the  dynamo  from 
its  early  beginnings  to  the  present  time  will  have  observed 
that  at  each  stage  of  development  the  designers  of  the  time 
were  fairly  well  satisfied  with  the  design  as  they  had  it,  and 
believed  that  the  art  of  dynamo  building  in  their  day  was  a 
well-established  and  standardised' art.  Small  improvements 
would,  of  course,  be  made  and  the  demand  for  machinery  would 
increase,  but  an}'  revolutionary  changes  were  not  expected. 
We  all  know  the  picture  of  the  future  central  station  which 
Edison  in  his  foresight  knew  would  come  some  day.  It  shows 
rows  of  small  belted  two-pole  dynamos  of  the  Edison  type. 

During  the  decade  1885-1895  the  introduction  of  direct 
driving  from  the  engine  at  lower  speeds  led  to  multipolar 
designs  with  an  increase  in  the  diameter  of  the  armature,  and 
then  the  output  of  single  units  increased  by  leaps  and  bounds. 
In  a  few  years  the  sizes  of  dyanmos  had  so  increased  that  a 
single  machine  would  give  as  much  output  as  a  whole  acre  of 
the  belted  bi-polars  Having  arrived  at  the  stage  of  a  slow- 
speed  generator  of  enormous  diameter,  manufacturers  were 
quite  prepared  to  regard  this  as  the  last  word,  and  to  lay  down 
enormous  borirg  mills  to  cope  wath  the  supposed  future  demand. 
That  demand  never  came.  The  steam  turbine  ousted  the 
slow-speed  engine,  and  the  turbo-generator  had  to  be  built 
to  run  at  turbine  speeds.  So  the  shape  went  back  to  roller- 
like dimensions.  Then  came  the  march  in  output  of  high- 
speed generators.  At  first  it  was  thought  that  to  help  the 
electrical  designer  it  was  necessary  to  employ  low  turbine 
speeds  for  large  outputs.  Speeds  of  1,000  to  1,500  revs. 
per  min.  were  thought  to  be  the  maximum  for  generators  of 
5,000  kw.  As  50  cycles  became  a  standard  in  this  country,  a 
two-pole  generator  running  at  3,000  revs,  per  min.  was  the 
desideratum  from  the  turbine  builders"  point  of  view,  but  as 
late  as  the  year  1900  it  was  thought  quite  a  good  performance 
to  build  a  generator  running  at  3,000  revs,  per  min.  as  large  as 
500  kw.  Some  bold  spirits  suggested  the  possibility  of 
1,000  kw.  at  that  speed,  but  there  was  much  shaking  of  heads. 
About  the  year  1905,  1,000  kw.  at  3,000  revs,  per  min.  became 


quite  usual,  and  then  the  outputs  still  went  on  rising.  After 
that  5,000  kw.  was  regarded  as  a  goal  which  might  possibly  be 
reached  by  some  very  special  type  of  construction.  When 
5,000  kw.  at  3,000  revs,  per  min.  became  usual,  it  was  only  a 
step  to  make  it  7,500  kw.  and   another  to  make  it  10.000  kw. 

At  this  point  the  electrical  designer  had  not  caught  up  the 
steam  turbine  designer,  for  the  difficulty  of  dealing  with  the 
exhaust  steam  seemed  for  the  moment  to  preclude  the  steam 
turbine  greater  than  10.000  kw.  running  at  3.000  revs,  per 
min.  But  that  difficulty  has  now  been  overcome,  and  units 
much  above  10,000  kw!  at  a  high  speed  will  probably  be 
the  order  of  the  day.  Things  have  changed,  for  when  the 
turbine  designer  looks  back  doubtingly  at  the  electrical  man, 
the  latter  says  assuringly, ''  Go  on,  III  follow  you."" 

It  is  interesting  to  plot  curves  showing  the  sizes  of  single 
units  built  on  various  dates.  In  Fig.  1  are  plotted  five  such 
curves. 

A  relates  to  continuous-current  engine-driven  generators. 

B  relates  to  alternating-current  engine-driven  generators. 

C  relates  to  water  turbine-driven  alternating-current  gene- 
rators. 

D  relates  to  steam  turbo-generators  (any  speed). 

E  relates  to  steam  turbo-generators  3.000  revs,  per  min. 

One  would  have  expected  from  theory  that  the  mechanical 
limitations  would  have  made  some  of  these  curves  (notably 
curve  E)  asymptotic  to  a  horizontal  line,  and  no  doubt  if 
extended  far  enough  the  curves  will  have  that  feature,  but 
curve  E  at  present  has  a  very  decided  upward  slope. 

As  might  be  expected,  the  individual  output  of  d>-namos 
used  as  motors  has  not  increased  to  quite  such  a  great  extent 
as  shown  by  these  curves.  The  most  powerful  continuous- 
current  motors  at  the  present  time  are  those  used  for  driving 
rolling  mills,  some  of  which  are  designed  to  yield  20.000  h.p. 
for  short  intervals  of  time.  No  output  as  large  as  this  has  been 
required  of  the  induction  motor.  Very  powerful  induction 
motors  are  used  for  colliery  winding,  and  as  the  speed  of  this 
work  is  low,  the  motor  sometimes  has  a  very  imposmg  size. 

This  matter  of  the  output  of  the  individual  unit  is^  closely 
associated  with  the  cheap  supply  of  electric  energy.  Not  only 
is  the  capital  cost  of  the  generator,  prime  mover  and  housmg 
accommodation  per  kilowatt  greatly  reduced,  but  much  higher 
efficiencv  is  possible  in  the  large  units.     Some  eight  years  ago 


818 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


the  cost  of  a  large  central  station  at  [Manchester,  including  the 
co.st  of  boilers,  ijrime  movers,  generators,  switchgear,  land  and, 
buildings  might  be  taken  at  about  £12.  The  present  time  is 
not  a  good  one  to  make  a  comparison  of  cost,  because  prices 
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A  relates  to  continuoiis-current  engine-driven  generators. 

B  relates  to  alternating-current  eni?ine-driven  generators. 

C  relates  to  water  turbine-driven  alternating-current  generators. 

D  relates  to  steam  turbo-generators  (any  speed). 

E  relates  to  steam  turbo-eeneratcrs,  3,000  revs,  permin. 


Then  again ,  the  number  of  men  required  to  operate  the  plant  is 

reduced. 

The  capital  cost  per  kilowatt  of  a  generator  has  been  afiected 
by  so  manv  matters  in  the  past  that  it  v\-ould  take  too  long  to 
trace  its  history  in  detail.  While  from  the  first  it  has  always 
been  evident  that  the  velocity  of  the  conductors  was  the  most 
important  factor  controlling  the  weight  of  active  copper,  a 
number  of  practical  considerations  in  the  early  days  induced 
the  designer  to  keep  peripheral  speeds  down  to  what  he 
regarded  as  safe  limits.  The  surface  wound  armatures  of  30 
years  ago  could  not  be  run  at  our  present  turbine  speeds.  But 
there  was  another  consideration  which  made  the  weighf  of 
copper  and  iron  per  kilowatt  very  great.  After  the  good  per- 
formance of  Hopkinson"s  dynamo,  with  its  powerful  two-pole 
field,  designers  laid  great  stress  on  the  importance  of  ha\ang 
large  field  magnets.  As  a  consequence,  we  find  that  the 
machines  built  after  1886  and  up  to  about  1890,  and  even  lat€r, 
had  field  magnets  which  we  should  now  regard  as  being  out  of 
all  proportion  to  the  output. 

The  weight  of  field  copper  in  Hopkinson"s  33-5  kw.  generator 
running  at  750  revs,  per  min.  was  410  lb.,  or  about  12  lb.  per 
kilov.-att,  and  later  designers  increased  this  figure  ujitil  17  1b. 
was  not  uncommon.  Moreover,  the  limbs  of  bipolar  machines 
designed  about  this  time  were  very  long,  and  the  whole  mag- 
netic circuit  very  heavy,  so  that  the  output  per  pound  of 
material  was  low  even  when  the  speed  was  high.  It  was  not 
uncommon  for  a  designer  to  use  150  lb.  to  200  lb.  of  material 
per  kilowatt  in  standard  central-station  djTiamos.  Between 
one-eighth  and  one-tenth  of  this  was  copper. 

The  introduction  of  the  multi-polar  continuous-current 
d\niamo  was  the  first  step  towards  the  reduction  of  weight,  but 
the  early  multi-polars  were  still  very  heavy  for  their  output. 
In  order  to  get  good  commutation,  designers  still  employed 
verv  heavv  field  magnets,  as  seen  from  Hgs.  2  and  3.  which 
illustrate  C.  E.  Brown's  170  kw.  d^Tiamo*  running  at  500  revs, 
per  min..  exhibited  at  the  Paris  Exhibition  of  1889.  This 
machine  had  1  7-7  lb.  of  copper  per  kilowatt  on  the  field  magnet 
and  a  total  weight  of  20l  lb.  per  kilowatt.     Brown,  however,  was 
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Fig.  2.— C.  E.  L.  Brow>s  170  kw.  Dynawi  (18S9).     Scale  1:24. 


Fio.  3. 


E.  L.  Brown!*  170  KW.  Dynamo  (18S0). 


are  iiurcas^'d  liy  the  war.  but  if  the  cost  of  material  and  labour  one  of  the  first  dofigners  to  show  how  to  reduce  weight,  and 

after  the  war  falls  to  nonual  the  cost  of  a  central  stJition  j>er  wa."*  not  long  in  getting  his  weight  down  to  50  lb.  per  kilowatt 

kilowatt  ouj?ht  not  to  bo  much  more  than  tw()-tliir(ls  of  what  on  a  mod'            "n'ed  d>'namo. 

it  was  ni  1".M)8.     This  will  have  quite  an  api>r(Tiablc  pffert  uixtn  ,  „    .              .    ,           ,^              '■             ,    TT       '■    ,  »-  /    •    t^ 

. ,            ^     f    1     ,    •                    1                                                       •  '  I  A'                 .1  thi!»  uiarinne  are  civon  in  tlu-  Histornal  Noton  m  Dr. 

the  cost  of  elertrir  powrr.  because  as  .steam  .nonomv  m.rcases  s.   V.   1        ,     ns      Dynamo  EUxtric  .Madiiner>.-    from  whuh  these 

the  capital  cost  of  the  plant  becomes  more  and  more  imptirtant.  figuresare  taken  by  the  conrt^fj  of  the  publishers,  Slcesro.  E.  &  F.  N.  Si>on. 
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The  decrease  in  the  weight  per  kilowatt  in  modern  con- 
tinuous-current machines  has  been  greatly  aided  hy  improved 
systems  of  ventilation  and  by  the  introduction  of  commu- 
tating  poles.  The  latter  have  not  only  enabled  the  total  field 
copper  to  be  reduced,  but  have  increased  the  permissible 
ampere-wires  per  centimetre  of  periphery  while  maintaining 
good  commutation.  It  is  interesting  to  see  the  change  in  the 
value  of  the  output  coefficient  of  dynamos  during  the  last  30 
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Fig.  4. — -Curves  of  Output  Coefficient. 

years.  Let  us  for  this  purpose  define  output  coefficient  K^  as 
the  output  in  kilovolt-amperes  divided  by  the  product 
-^m"A«^i),«,  where  D,„  is  the  diameter  of  the  armature  in  metres, 
L,„  the  gross  axial  length  of  iron  in  metres,  and  Rpm  the  revolu- 
tions per  minute,  so  that 

We  may  observe  that  this  output  coefficient  is  not  a  com- 
plete index  of  economical  design,  because,  in  the  first  place, 
it  only  relates  to  the  armature,  taking  no  account  of  the  metal 
of  the  field  system  ;  and,  in  the  second  place,  even  when  given 
the  dimensions  of  the  armature,  we  cannot  determine  the  cost, 
unless  we  know  the  ratio  between  the  copper  and  iron  weight... 
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Fig.  5. — Cueve'of  Output^Coefficient  of  Coxtinuous-cuekent 
Generator  (175  cm.  Armature  Diameter),  showing  how  the  Values 
have  Increased. 

For  it  is  well  known  that  we  can  increase  the  output  of  a  given 
frame  by  increasing  copper  and  reducing  the  iron  ;  but  the 
resulting  machine  costs  more  then  an  iron  machine  built 
upon  a  larger  frame.  Nevertheless,  with  machines  of  the  same 
type,  employing  the  best  ratio  of  iron  to  copper,  the  output 


coefficient  does  give  us  a  fair  guide  to  the  progress  that  is  being 
made  in  the  use  of  material.  One  must  remember,  however,  that 
Kq  is  strictly  not  a  constant  for  a  given  mac  ine,  but  varies  with 
the  speed,  being  greater  at  higher  speed.  We  shall  assume  where 
it  is  used  here  that  the  peripheral  speeds  are  sufficient  to  wive 
the  right  ventilation.  The  early  Gramme  armatures  had  verv  low 
output  coefficients,  so  that  writers  on  the  djTiamo  before  19^>J 
gave  values  as  low  as  1  for  the  output  coefficient  of  machines 
less  than  50  cm.  in  diameter  ;  but  this  value  was  too  low  for 
bi-polar  drum  armatures.  As  the  size  of  machine  was 
increased  up  to  2  metres  in  diameter,  the  value  of  output  K^ 
improved  up  to  2-5.  Hobart,  in  his  "  Continuou.s-current 
Dynamo  Design  "  (1906),  gives  curves  showing  values  of 
output  coefficients  at  various  dates.  Two  of  these  curves  are 
reproduced  in  Fig.  4.  The  lowest  of  these,  A,  is  after  FLscher- 
Hinnen  and  relates  to  machines  dating  between  1895  and 
1902,  and  curve  B  gives  good  values  of  output  coefficients  in 
1905.  Curve  C,  which  is  here  added,  shows  somewhat  how 
the  matter  stands  to-day,  when  commutating  poles  and  a  good 
system  of  ventilation  are  employed- 

If  we  take  any  diameter,  say  175  cm.,  and  plot  the  output 
coefficient  for  various  dates,  we  get'  a  curve  like  that  shown  in 
Fig.  5.  The  shape  seems  to  indicate  that  we  are  by  no  means 
at  the  end  of  our  improvements. 

With  smaller  machines,  in  order  to  get  high  outpats,  it  is 
necessary  to  provide  a  fan  on  the  armature,  such  as  that  shown 
in  Fig.  6,  which  show-s  a  modern  continuous-current  armature 
having  an  output  coefficient  as  high  as  24  at  750  revs,  per  min., 
and  2-8  at  1,000  revs,  per  min.  This  rotating  part  is  housed  in  a 
frame  so  arranged  that  it  draws  a  blast  of  air  through  the  arma- 


ms  dmlnsion  must 
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ENDS  OF  KEYWAY  FKlED 
WITH  3A38lTr. 

Fi_;.   6. — 'j-vivLL  Cj.vriNUJus-cuR3E-N'r  Gen'e.iator  Cjjled  bi' Means 
OF  A  Fan.     K^=1-^  at  1,000  revs,  per  min. 

ture  and  field  magnet,  and  throws  it  well  away  from  the  intike. 
Someone  lia?  said  that  in  order  to  become  a  good  dynamo 
designer  one  should  first  iearn  how  to  build  a  good  fan,  and  then 
see  how  it  can  be  converted  into  a  dynamo  without  affecting 
its  efficiency.  The  statement  is  not  far  from  the  truth.  Fans 
are  sometimes  added  to  large  continuous-current  generators, 
but  the  big  diameter  gives  so  much  more  access  to  air  that  it 
is  usually  found  sufficient  to  open  out  the  armature  coils  on 
the  ends  so  that  air  can  pass  easily  between  them.  These 
then  form  their  own  fan.  Fig.  7  ^hows  a  continuous-cur- 
rent machine  of  modern  standard  pattern  of  about  the  same 
D,n^L,„  as  the  machine  in  Figs.  2  and  3.  Its  output  is  600  kw. 
at  500  revs,  per  min.  The  output  coefficient  on  the  basis  of 
the  I.E.E.  standard  rules  as  to  temperatare  rise  is  3-7,  as 
against  Kq^Q-1^  of  the  1889  machine  based  on  its  rated  out- 
put. It  will  also  be  seen  that  the  weight  of  the  yoke  is  very 
much  lighter  on  the  new  machine. 

The  main  changes  which  have  increased  the  output  coeffi- 
cient five  times  can  be  seen  from  inspection  of  the  figures. 
In  the  first  place  we  have  a  drum-woiuid  armature  instead  of  a 
ring-woimd  armature.  This  permits  perfect  ventilation  of  the 
core  by  means  of  radial  air-ducts,  and  also  good  ventilation  at 
the  end  wmdings  when  they  are  arranged  as  an  open  lattice- 
work instead  of  being  packed  closely  together  in  a  ring-wind- 
ing. Then  the  armature  coils  are  placed  in  slots  presenting  a 
large  cooling  surface  to  the  iron.  The  ratio  of  the  diameter  to 
length  is  increased  so  as  to  give  a  higher  peripheral  speed. 
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The  number  of  poles  is  increased  from  four  to  eight,  aud  we 
have  thu»  a  reduction  in  the  weight  of  the  yoke.  In  order  to 
give  good  commutation  on  the  increased  load,  inter-poles  are 
provided.  These  take  copper  for  their  windings,  but  they 
release  a  great  deal  of  the  shunt  copper  which  was  invariably 
heavy  upon  the  old  machines.  The  total  field  copper  does  not 
amount  to  more  than  3  lb.  per  kilowatt,  as  against  17-7  lb.  per 
kilowatt  on  the  old  machii.e.  The  commutator  on  the  new 
machine  is,  of  course,  very  much  bigg»'r  in  order  to  take  the 
increased  load. 

Great  thouglj  tliew  fliai;yt"-  aic  tli*'!-.-  an-  '^tlier  factors 
whi'h  contribute  quit*'  as  mu<  h  to  the  lowcriijg  of  th?  cost  per 
kilowatt.  In  the  old  days  insulation  was  even  more  treacherous 
than  it  is  to-day.  Cotton  braidin>{  saturat^'d  with  shellac  and 
bak«'d  in  an  oven  until  it  was  vitrified,  though  it  .seemed  pretty 
good  at  the  time,  was  not  aryhing  like  good  enough.  The 
prH^erit  methods  of  insulating  with  mica  in  the  slot  and  sealing 
of  the  ready-formed  nf  coils  with  Stirling  varnish  is 

very  much  more  sati.-;.i  .  ...  so  that  the  ma'iutacturer  has 
not  now  to  put  on  to  his  price  quite  such  a  large  sum  for  insur- 
aiire  against  breakdown      Then  the  methods  of  manufacturing 

have   very  much   improved   '' the  jia.st  2<t  years.     The 

Mtaidurflihatioi.   ,,{  hizes  lltt^  •  ■(  the  variou-;  parts  to  be 


Some  machines  will  take  10  times  full-load  current,  while  the 
circuit-breaker  is  coming  out,  and  go  on  running  as  though 
nothing  liad  happened.  Rotaries  are  built  to  supply  1..500  volts 
direct  to  traction  bus  bars,  and  are  thoroughly  satisfactorv 
on  traction  work.  The  main  changes  that  have  been  made  in 
rotary  design  cannot  be  entered  upon  in  a  review  of  this  kind. 
They  have  been  mainly  directed  to  the  increasing  of  the  cut- 
put  per  pole,  so  as  to  increase  the  speed  and  get  a  higher  effi- 
ciency at  a  lower  price.  This  increase  of  the  output  per  pole 
could  only  be  done  safely  by  eliminating  one  by  one  the  defects 
in  commutation,  which  were  particularly  numerous  in  this 
class  of  machine.  There  is  a  great  saving  in  cost,  convenie'nce 
and  efficiency  in  the  use  of  rotary  converters  for  traction  work 
instead  of  the  huge  continuous-current  generators  of  15  years 
ago.  Fig.  8  shows  a  '2.(H)()  kw.  6,000-volt  rotary  converter 
running  at  333  revs,  per  min.  The  value  of  KqIu  this  case 
is  4-9. 

The  great  advances  that  have  been  made  since  the  early  davs 
in  the  methods  of  insulation  has  given  much  more  certainty  to 
the  dynamo  builder's  art.  Though  there  is  still  much  to  be 
desired  in  the  behaviour  of  insulation  we  can  build  machiii.es 
to  run  at  15,'K'O  volts  or  more  with  a  reasonable  prospect  of 
their  doing  good  service  for  many  years.     At  onejtime  the 
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manufactured  in  i|uantitirN  by  mcauH  of  tools  and  jigs  re«|uiring 
\phH  skilled  la)>otir  than  wan  empluytHi  un  the  earlv  dvnamos. 
The  impriivnueiit  in  the  ir<iit  '  '  tn  re«'n(-«-<1.  iron  losses,  and 

this,   ctimbined   with   the   li;    .  ,,iif,..i«     han  enabled   the 

efficiency  to  be  very  much  imjir" 

\hii   when  wp  »|M'ftk  (»f  the  improvements  in  rontinuouh 
cuiient   generators  ar  '   •'■-•'     -  •'  '..trie 

snpj»ly.   We   must    leir  _^,    Ijm, 

taken  place  tlinn  any  of  thow?  mentioned  above.  The  con- 
tinuous (urrent    generator  now   iiuppltrs   only   a   verv   small 

fraition  of  all  the  continuon-  •■.....  ♦    ••    i  ;,,  t|,p  world. 

The  bulk  of  the  current  for  (;  lolvtic  w«»rk 

is  »ui)i»lied  fnim   rotary  ronvertem.     This   Uan  rome  about 


because  ihe  flireepli.i 
veiiient  nmrhine  for  ■      ,       _,  _ 

continuous-current  generator,  and  the  no\ 
itte<l    at    high    prcMurr.     T 

-  !  .  ■ .  .e   and    riO-ryrle    mtarv    r 

years  has  b«H>n  mnmrkMble.     Ro- 
of 3.«H)(»kw..  and  are  capable  of  taking  enormous  overloads 
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<«re  con- 
•  than  a 
•n  t«»  l»e 
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great  mechanical  forces  which  came  upon  windings  when 
short-circuited  caused  so  many  breakdowns  that  users  bee  ame 
afraid  of  hij^h  voltage  windings,  and  specified  in  some  cases 
bar-wounil  machines  and  step-up  transformers.  This  is  a 
mistake  for  larg»'  turbo-generators  unless  the  voltage  of  trans- 
M  Mon  is  to  l>e  over  IS.tMKI.  There  are  just  as  many  difficultie> 
wnii  large  currents  per  bar  as  with  high  voltages  in  the  slot. 
The  reliability  of  high  voltage  windings  is  of  special  import- 
ance in  the  case  of  large  induction  motors,  as  it  enables  these 
to  be  con.iected  direct  to  high-voltage  mains. 

'^   '"  '"^'         '   •    to   give   values  f«tr  output    coefficients  of 
induction  i  ma  simple  manner  because  the  values  are 

afTerted  by  such  a  large  number  of  circumstances.  Thev 
depend  upon  such  considerations  as  the  following  :  The  rated 
output  '1  ••  '  Mmber  of  poles  and  incidentally  the  frequency. 
the  vo  ,0  temperature  rise  allowable,  the  facilities  for 

ventilation,  the  ratio  of  copper  weight   to  iron  weight,  the 
•  ^l'«*  power-factor  desired  at  full-load.      Many 
tcd  for  ordinarv  commercial  service  can  vield  a 
maximum  output  from  2  to  2-5  times  the  rated  output,  the 
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larger  figure  referring  to  larger  motors.  Taking  this  as  the 
basis  of  design  and,  allowing  temperature  rises  in  accordance 
with  l.E.E.  rules  and  taking  a  frequency  of  50  and  voltages  not 
above  500  for  50  k.v.a.  motors,  or  2,200  for  100  h.p.  motors, 
or  6,000'for  the  larger  sizes,  we  may  with  ordinary  facilities 


U)v  ventilation  obtain  output  coefficients  at  the  present  time 
somewhat  in  accordance  with  the  values  given  in  the  accom- 
panying table. 

Table  of  Output  Cocffichnts  of  5().cyck  Induction  Motors  of  the  VoUnffet 
Sped  fieri  and  Overload  Limited  to  2  to  2o  times  Normal  Lfjad. 
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K  V  A 

K.V.A. 

. 

K.V.A. 

■ 

Ko 

Ko 

Ko 

i      K,     , 

1     K.          Ko 

1 

0-4 

0-4 

0-4 

50 

1-6 

100 

1-8           1-85 

2 

0-55 

0-57 

0-6 

,     100 

1-7     ! 

200 

1-95        2  0 

5 

0-75 

0-85 

0-9 

200 

i     1-8 

500 

2  05        21 

10 

10 

11 

115 

500 

1-9 

1,000 

215        2  2 

20 

115 

1-25 

1-35 

1,000 

1-95 

1,.VX) 

215        2-2 

50 

1-3 

1-45 

\  1-55 

'  1,500 

2-0      , 

2,000 

215        2-2 

These  values  are  very  much  higher  than  they  were  10  years 
ago,  and  there  is  still  a  prospect  of  increasing  them  by  still 
better  ventilation  and  by  using  a  better  quality  of  iron. 

The  cheap  manufacture  of  silicon  iron  having  a  low  hysteresis 
and  eddy-current  loss  is  of  great  importance  to  the  electrical 
industry  of  this  country.  Researches  should  be  carried  out 
on  an  extensive  scale  to  see  if  the  price  cannot  ultimately  be 
brought  down  nearer  to  the  price  of  ordinary  iron.  Silicon  is 
cheap  enough.  It  is  mainly  a  matter  of  cheapening  the  manu- 
facturing processes.  In  the  case  of  heavy  electrical  machinery 
a  very  large  fraction  of  the  works-cost  is  the  cost  of  the  iron 
punchings,  so  the  country  that  can  produce  the  cheapest  low- 
loss  iron  is  going  to  make  a  very  oig  bid  for  the  world's  trade  in 
electrical  machinery.  One  objection  to  silicon  iron,  as  we 
have  it  at  present,  is  that  the  permeability  at  high  flux  densi- 
ties is  lower  than  the  permeability  of  ordinary  iron.  Is  this 
defect  really  inherent,  or  is  it  possible  to  produce  low-loss  iron 
with  a  higher  permeability  at  high  flux  densities  ?  That  is 
another  important  subject  for  investigation.  Perhaps  if  we 
alloyed  the  iron  with  boron,  or  some  other  fairly  cheap  element, 
or  combination  of  elements,  we  might  get  a  better  resiilt.  Here 
is  much  scope  for  industrial  research. 

Nothing  is  said  above  about  the  values  of  the  output  coeffi- 
cients of  alternating-current  generators.  These  are  affected 
by  the  same  considerations  as  those  aft'ectiug  the  output  coeffi- 
cient of  induction  motors.  The  regulating  quality  of  the  gene- 
rator corresponds  with  the  ratio  of  maximum  to  normal  output 
of  the  induction  motor,  and  no  statement  of  output  coefficient 
can  be  made  until  the  regulation  is  fixed.  Twenty  years  ago 
it  was  the  custom  to  give  alternating-current  generators  very 
good  inherent  regulating  qualities.  Tiiis  and  other  matters 
in  the  design  lead  to  very  low  values  of  Kq. 

It  was  quite  common  to  find  Kq  below  imity,  for  big 
machines.  On  small  machines,  particularly  if  single-phasers, 
it  had  very  low  values  indeed.  The  keen  competition  between 
manufacturers  at  the  beginning  of  the  century  led  to  generators 
of  poorer  regulation  taking  the  market  as  standard  macaines. 
and  Kq  for  500-kw.  engine-tA'pe  generators  rose  gradually 
above  2  as  the  methods  of  keeping  down  the  losses  and  improv- 
ing the  ventilation  advanced.  To-day  it  may  be  taken  at 
about  2-5  for  an  ordinary  engine-type  generator  regulating 
within  10  per  cent,  on  imity  power-factor. 

In  the  case  of  turbo-generators  it  is  impossible  to  give  any 
figures  which  have  any  meaning  without  very  exact  state- 
ments as  to  what  we  mean  by  temperature  rise,  what  means 
of  ventilation  are  available,  and  what  other  conditions  have 
to  be  met.  Needless  to  say  the  methods  of  forced  ventilation 
at  present  in  "ogue  have  enormously  increased  the  output 
coefficient.  The  value  of  A'q  approaches  3  for  two-pole  machines 
and  4  for  four-pole  machines.  If  we  plot  the  values  of  A'^ 
for  a  large  number  of  turbo-generators  we  do  not  get  a 
curve  but  a  whole  constellation  of  points.  Nevertheless  the 
stars  of  this  constellation  are  rising,  and  they  foretell  the 
dawn — the  coming  of  the  cheap  and  efficient  central  sta- 
tion. Then  will  come  a  flood  of  light  over  our  dirty,  smoky 
cities.  Coal  will  be  banished,  the  housewife  will  be  emanci- 
pated, and  the  happy  inhabitants  of  the  City  Beautiful  may.  in 
their  leisure,  turn  over  the  pages  of  these  2000  numbers,  and  see 
how  wonderfuUv  it  has  all  come  about. 
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The    Evolution    of    the    Electric    Lamp. 

By  CLIFFORD  C.   PATERSON. 


Thf  tun  j)jii  .  pal  '    -        '    '     -  ■    ' P  whifh  exist  at  the 

jiUM-iii  tinu-  )ia\«-  li         ^  ,         '  KiJe  by  side  since 

the  earliest  days  of  applied  electricity.  The  electric  arc,  it  is 
true,  was  diwo\>rd  M»nie  30  years  In-fon-  tl;*-  firxt  ii. candescent 
lamps,  hut  it  hud  to  wait  for  the  dfVelopnient  whicli  conies 
from  the  possihility  of  practical  application,  until  sufficiently 
lar^e  source*  of  power  appearwl.  It  was  not  until  the  invention 
of  the  ^Jro\>  hattery  m  IK^G.  follows!  '  ' v  aftcrAvards  hy 
the  Kursfii   hattery  in   1^42  that  a  su  iv  larj^e  current 

was  obtainable  to  maintain  an  arc  linht  for  an  appreciable  time, 
flven  then,  little  real  tievelopment  tor»k  place  until  about  11^60. 
It  was  alt«(Ut  this  tin-  •'  *  tlie  pdssibilities  *»f  electric  genera- 
tors hud  been  denioi  :  and  began  to  be  re<(»gni8ed.  and 
with  the  development  of  the  generator,  progress  in  both  arc 
and  i'lraiidescent  lamps  wa«  stiniulat«'d.  The  very  earliest 
incandescent  lamps  apjx-a red  between  lh4<iand  IK^O.  Although 
certain  exjM'rimental  tyiKs  were  prmluced  during  this  period, 
it  would  appear  fmm  the  reconls  that  the  electric  arc  lamp 
received  t'  iter  attention.  It  was  not  until  about  IHTH 
that  the  ii  <v\A  lam)>  received  the  attention  it  rleseived, 
when  the  renulta  became  known  of  the  independent  investi- 
gations i»f  Swan  and  Kdison.  It  is  from  this  ]»eri(»d  that  the 
birth  <if  the  incandesreiit  lamji.  as  we  know  it  to-day.  may  be 
saicl  to  date  ;  and  interestirg  as  are  the  earlier  records,  they 
have  little  importance  compared  with  the  ver>'  thorough  work 
of  thes4'  investigators.  In  c  oiitradistinction  tn  this,  the  develop- 
ment of  the  arc  lump  wus  contii.uous.  The  patent  reiords 
show  a  multitude  of  different  ty|>es  produced  by  many  in- 
ventors throughout  the  whole  |»er!<Mi  from  IH45  to  1880.  After 
this  time  the  arc  lamp  lK*gan  to  a>.sume  the  form  in  which  we 
know  It  ti>-day.  Till  «jiiite  recently  it  hud  been  recognised  that 
the  sphere  of  usefulness  of  the  arc  lam]t  was  an  entirely  different 
one  from  that  of  electru-  lamps  of  the  incandescent  type,  and 
little  rivuliy  exist«'d  between  the  two  until  the  appearance-  of 
high  power  tungsten  lamps  and  es)H>cially  those  of  the  gas- 
fillwl  variety.  The  gas-fill««<l  lamp  is  row  entering  into  serious 
I'oiiipi-tition  with  even  the  most  m«»dem  forms  of  flame  arc 
lighting 

The  history  of  the  development  of  the  incandescent  !am]> 
from  IH7'.»  to  the  •  '••  is  one  of  abhorbing  interest.     It 

fonns  oi'i'  of  the  tn..-.   -...,». iig  >-»  ••    •U      .'  the  application  of 
physical  s«  inue  to  irdiistrv.      I  .inely  a  process  in 

the  manufacture  of  incandescent  lamps  which  has  not  ■• 
c  lated  with  it  ■  '  '  '       .  '  '  '       ,,!i  of  \\  iii<  h 

has  been  the?       ,  ...;    .  tXiH'iinient. 

Some  problems  are  still  unsolvf*!  aft^r  nearly  4o  years  :  on 
others,  recent  lonisation  cltufovc  n  to  thiow  much  I 

whils.   many  of  the  ]»r<.' '  •  -.    '     - 

solved   yielcl   e\  .der.c  e  o(    • 

in  the  hist«»ry  t»f  appi.ed  >■■  Tlie  ndvaners  in  electri' 

lamps   have   l»evn   n.' 

efficiency—  the  «d>»«>i  ,  ,,  .  ,^ ,, 

of  energy     the  |.  up  of  .re  so  that   tli. 

wavr-len^h,   in   which  the  maximum  amount   n(  rrergy  it 

••Xptlided.    nioVri    fr-  '  ''  '    •'. 

toXMinls  the  \   slble        i 

have  brounht  with  them  their  own  li 

]>etlmps.   the  old   difl  i    had    '    • 

tlioiiglit.  Wen'  sutnio  ..j.jM-i,,.-.*  1,1  <(^r  the  ni"t. 

exartll'g  temperatiin 

The  earliest  incandescent  lamps  wrrr  trie<l  with  .  n  «»r 

]»lntinuni  iridium  •  '  '  '         ' 

tilitv  Hvd  rrli»ti\i 
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unsuitable  materials  for  incandescent  lamps.  Experiments 
on  metallic  filaments  soon  gave  place  to  filaments  consisting 
of,  or  coated  with,  carbon,  and  it  is  instructive  to  note  how, 
when  the  attention  of  inventors  had  once  been  directed  towards 
carlxiii  filaments,  there  was  little  real  eflfort,  for  a  period  of 
over  20  years,  to  return  to  metals  for  filament  materials. 

Mr.  Edison  describes  in  1880,  the  kind  of  substances  from 
which  suitable  carbon  filaments  can  be  produced.  The  material 
most  in  favour  was  a  fibrous  grass  from  South  America,  called 
'■  monkev  bast"  fibre,  which  was  made  unifonn  by  passing 
through  a  dye  and  afterwards  carbonised.  Then  followed 
exjieriments  with  bamboo  fibre,  wliich  eventually  proved  to  be 
the  most  .suitable  natural  material  for  filament  making.  The 
fibre."  had  first  to  be  shaved  down  to  the  uniform  diameter 
desired  and  then  carbonised  in  special  moulds.  These  were 
some  cif  the  first  practical  filaments  made,  and  produced  a 
great  sensation  when  exhibited  in  public  buildii:!gs.  Swan's 
invention  of  the  scjuirting  process  by  which  a  solution  of  nitro- 
cellulose is  scjuirted  through  jets  into  a  coagulating  liquid,  soon 
enabled  filaments  to  be  prepared  which  were  both  better  and 
cheaper  than  those  from  natural  fibres  on  which  Edison  had 
first  worked.  This  process  also  enabled  smaller  diameter 
filaments  to  be  produced,  more  suitable  for  lamps  designed  for 
the  commercial  supply  circuits  at  that  time  being  installed 
throughout  the  country.  Although  improvements  took  place 
by  the  discovery  of  flashing  methods,  for  producing  greater 
uniformity,  in  essence  the  form  of  incandescent  lamp  invented 
by  Swan  and  Edison  held  the  field  for  some  25  years.  It  was 
only  altout  11<(»6  that  any  serious  improvement  took  place  in 
the  carbon  filament  lamp  as  the  outcome  of  experiments  in 
America.  These  resulted  in  the  appearance  of  the  "  metal- 
lised or  '■  graphitised  "'  carbon  filament,  produced  by  carrying 
the  filament,  during  manufacture,  to  a  higher  temperature. 
If  this  improvement  had  arrived  earlier  the  inventors  would 
have  reajK'd  a  much  greater  reward.  However,  the  first 
experimental  metal  filament  lamps  were  already  appearing, 
ancl  it  was  clear  that  the  carbon  lamp  would  soon  have  to  yield 
up  the  jireiiiier  place. 

The  first  successful  metal  filament  lamp  to  appear  was  of 
tantalum,  but  experiments  with  osmium  had  apparently  pre- 
ceded those  with  tantalum.  Whereas  tantalum  forms  readily 
a  pun-  metal  which  could  be  rolled  and  drawn  into  a  fonn 
suitable  for  filaments,  osmium  could  not  be  treated  in  this  way 
*'i<l  a  1'  f  filament  forming  was  eventually  developed,  in 

^  hic  h  -...     ;.   .  iy  divided  osmium  was  mixed  with  an  organic 
binder  and  squirt e<l   thn.ugh   very   fine  diamond   dies.     The 
carbon  pn-sent  had  then  to  be  driven  off  by  heating  the  nla- 
'"  *  •*"  ■    ''      itmos])liere  and  submitting  them  sub.se- 
'"  *•  -  ..  process  at  very  high  temperature.     By 

»  the  filaments  never  partake  of  the  real  character- 
Theyare  still  without  fibrous  texture.bat  the 
'  i'  adhere  together  sufficiently  to  enable  the 
.'  intact    between   their  supports.     Although 
osmium  lamps  were  actually  made  commercially  and  sold  they 

irtory.     Breakages  occurred  in   transit, 

.  '■■■ .   .1  ncy  for  tho  filaments  to  sag  if  burnt  in 

•  •thrr  than  the  vertical  position.     These  causes  operated  against 

its  slightly  higher  efficiency  of  1-7  watts  per 

•c  It  such  an  advantage  over  the  tantalum 

'itc  It  a  serious  rival      The  lamp,  however. 

IS  oi  great  interest,  since  it  was  the  first  to  meet  with  any 

-  in  which  the  metal  filaments  were  formed 

...;      ^.. ..,,.. J.  process,  and  the  experience  gained  was  in- 
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valuable  in  assisting  with  the  production  of  some  of  the  first  be  possible  for  several  years.     The  ordinary  burning  tempera- 
tungsten  lamps.  ture  for  (J-8  candle  per  watt  was  about  2,05(J''C.,  whereas  the 

The  tantalum  lamp  was  only  put  on  the  market  after  its  melting  point  of  the  metal  was  over  3/XXJ'C.  Filaments  could 
characteristics  had  been  thoroughly  investigated  and  after  the  be  iixn  up  to  an  efficiency  of  2  candles  per  watt  without  being 
lamps  had  been  well  proved  by  every  possible  test.  It  imnie-  destroyed  ;  surely^  then,  it  was  reasonable  to  expect  in  the  near 
diately  achieved  a  great  success  in  spite  of  the  fact  that  only  future  a  considerable  improvement  in  the  existing  efficiency 
lamps  of  the  low  voltage  type  were  available.  It  had  an  of  0-8  candle  per  watt.  Unfortunately  the  trouble  of  black- 
efficiency  twice  that  of  the  carbon  lamp,  i.e.,  about  half  a  candle  ening  and  flashing  showed  themselves  at  every  attempt  to  push 
per  watt  expended.  The  makers  were  wisely  conservative  as  up  the  temperature,  and  it  was  not  until  the  gas-filled  lamp 
regards  the  temperature  at  which  they  ran  the  filaments,  and  appeared  that  a  way  was  indicated  of  taking  fuller  advantage 
the  general  robustness  and  reliability  of  the  lamp  constituted  of  the  very  high  melting  point  of  the  tungsten  metal. 
it  a  rival  of  the  tungsten  lamp  for  several  years  after  the  latter  The  gas-filled  lamp  was  the  outcome  of  investigatory  work 
appeared.  carried  out  in  the  experimental  laboratories  of  the  General  Elec- 

An  unexpected  feature  developed  soon  after  the  lamp  came  trie  Co.  of  America.     The  blackening  of  the  bulbs  of  ordinary 

into  general  use.     The  life  on  alternating-current  was  found  to  tungsten  lamps  at  extra  high  temperature  was  the  direct  result 

be  much  shorter  than  with    continuous-current,  due  to   the  of  the  sputtering  which  takes  place  in  a  vacuum  at  high  tempera- 


curious  phenomenon  of  filament  ''  off  setting,"  for  which  no 
satisfactory  explanation  has  yet  been  found,  although  it  is  a 
trouble  which  also  affects  present-day  metal  filament  lamps. 
The  tungsten  lamp  appeared  very  soon  after  the  osmium 


tures,  and  the  flashing  was  caused  by  ionisation  under  the  same 
conditions.  Both  effects  were  intensified  as  the  temperature  of 
the  filament  was  raised  above  that  which  corresponded  with 
an  efficiency  of  about  0-8  candle  per  watt.     Up  till  then  all 


lamp.     The  first  experimental  work  on  the  metal  was  carried  efforts  had  been  directed  towards  improving  the  vacuum  and 

out  about  1904  and  the  early  lamps  appeared  on  the  market  maintaining  its  good  condition  during  the  life  of  the  lamp, 

in  1906.     The  filaments  were  made  in  the  main  by  three  rival  The  desired  result  might,  however,  be  attained  by  i-unning  the 

processes,  and  the  unfortunate  result  of  the  competition  was  filament  in  an  inert  gas  at  atmospheric  pressure.     This  remedy 

that  there  was  a  tendency  in  the  early  days  to  make  claims  for  was  found  to  be  successful  as  far  as  the  immediate  troubles 

the  lamps  which  they  were  incapable  of  fulfilling.     Efficiencies  were  concerned,  but  other  difficulties  arose.     In  the  ordinary 

were  pushed  up  beyond  the  point  which  was  safe  at  the  time,  electric  lamp  nearly  all  the  energy  put  in  is  dissipated  in 

and  a  short  life  and  a  merry  one  was  the  rule  of  the  day.     The  radiation.     The  losses  by  conduction  are  exceedingly  small, 

initial  claim  was  that  the  lamps  would  yield  1  candle  per  watt  and  those  by  convection,  owing  to  the  high  vacuum,  are  quite 

and  ever   since   the  claim  was  made  they  have  been  trying  negligible.     The  introduction  of  gas,  however,  caused  a  large 

without  success  to  live  up  to  their  reputation.     It  has  never  quantity  of  energy  to  be  carried  away  through  the  gas  by 


been  found  possible  to  put  tungsten  filament  vacuum  lamps 
in  general  on  the  market  at  a  higher  efficiency  than  about  0-8 
candle  per  watt.  Reliability  in  lamps  is  found  to  be  a  more 
impoi-tant   factor,  both   commercially  and  practically,   than 


convection,  and  consequently  considerable  extra  power  had 
to  be  supplied  to  the  lamp  in  order  to  make  up  for  that  which 
leaked  away  in  this  manner. 

It  is  true  that  if  sufficient  power  was  supplied  the  filament 


efficiency,  and  on  this  account  the  tantalum  lamp  was  able,  for      would  stand  running  at  a  much  higher  temperature  than  in 


a  considerable  time,  to  meet  the  competition  of  the  many  rival 
lamps  of  the  tujigsten  variety  which  sought  to  oust  it. 

The  three  processes  used  for  making  the  earlier  tungsten 
filaments  are  not  without  interest,  and  their  development  has 
exhibited  great  experimental  ability.  By  the  first  a  deposit 
of  tungsten  was  "flashed"  onto  a  fine  carbon  filament,  the 


a  vacuum,  but  the  increased  brilliancy  which  resulted  did  not 
compensate  for  the  additional  energy  losses.  An  ordinary 
lamp,  for  instance,  when  filled  with  gas  showed  an  efficiency  of 
little  more  than  one-tenth  of  a  candle  per  watt  in  spite  of  the 
fact  that  the  filament  was  many  times  more  brilliant  than  the 
normal.     It  was  found,  however,  that  much  better  results 


carbon  being  subsequently  extracted  by  glowing  in  an  atmos-      were  obtained  if  the  filament  was  coiled  up  into  a  close  spiral 


phere  of  hydrogen  and  water  vapour.  By  the  second,  colloidal 
tungsten  was  made  by  burning  an  arc  between  tungsten  elec- 
trodes under  water.  The  resulting  finely  divided  particles 
suspended  in  water  were  partially  dried  and  then  squeezed 
through  fine  dies  to  foim  filaments.  These  had  subsequently 
to  be  sintered.  The  third  process  was  similar  to  that  used 
in  the  making  of  the  osmium  filaments.  Powdered  tmigsten 
was  mixed  with  an  organic  binder  to  facilitate  squirting, 
after  which  the  carbon  had  to  be  driven  off  and  the  filament 
sintered. 


instead  of  being  straight.  Each  coil  tended  to  heat  up  those 
in  its  neighbourhood  and  itself  received  heat  from  the  othei"s. 
There  was  less  opportunity  for  the  free  circulation  of  convec- 
tion currents,  and  although  there  was  still  considerable  waste 
of  energy  a  point  was  reached  at  which,  on  a  balance,  the  new 
lamp  was  superior  in  overall  efficiency  to  the  old  one. 

The  lamp,  however,  still  had  its  limitations.  The  smaller 
the  diameter  of  wire  in  the  coil  the  less  efficient  it  became,  and 
only  large  units  were  therefore  available.  All  eft'oit  in  the 
manufacture  of  gas-filled  lamps  is  now  being  directed  to  the 


For  a  long  time  the  filaments  made  by  these  processes  sufl'ered      production  of  smaller  units,  and  there  is  little  doubt  that  con- 
from  fragility.     Tungsten  is  not  like  tantalum  in  its  metallic      siderable  advances  will  take  place  in  the  near  future.     It  is. 


properties,  and  the  filaments  thus  made  had  no  fibrous  texture. 
Improvements,  however,  were  already  being  made  in  pro- 
ducing stronger  squirted  filaments  when  a  process  was  deve- 
loped in  the  United  States  for  giving  tungsten  filaments  all  the 
characteristic  fibrous  qualities  of  metallic  wire.  By  this 
process  a  well  sintered  ingot  of  tungsten  powder  is  subjected 
to  a  continuous  and  vigorous  hammering  or  ''  swaging."  The 
treatment  is  carried  out  in  such  a  way  that  the  hammering 
first  elongates  the  ingot  into  a  cylindrical  rod  and  then  gradually 
transforms  it  into  fairly  coarse  wire.  When  it  has  been  re- 
duced down  to  a  small  diameter  in  this  way  it  is  foimd  to  have 
lost  all  its  "shortness"  and  to  be  capable  of  being  rolled  or 
drawn  into  wire  like  an  ordinary  ductile  metal.  The  wire  so 
made,  and  before  it  has  been  subjected  to  prolonged  burning, 
is  exceedingly  strong.  Owing  to  this,  and  its  greater  ease  in 
handling  during  manufacture,  the  drawn  wire  is  now  almost 
universally  employed. 

When  the  timgsten  filament  lamp  first  appeared  greater 
things  were  expected  of  it  than  were  found  by  experience  to 


however,  most  unfortimate  that  the  very  high  temperature  to 
which  tungsten  is  capable  of  being  carried  cannot  be  obtained 
without  the  wastage  of  so  large  an  amount  of  energy  through 
the  gas  in  the  bulb.  But  for  this,  efficiencies  of  several  candles 
per  watt  would  be  possible. 

Even,  however,  with  gas  present  in  the  bulb  an  efficiency 
approaching  2  candles  per  watt  is  obtained  in  the  large  sizes, 
a  result  which  has  brought  the  gas-filled  lamp  into  competition 
with  arc  lamps  for  outdoor  lighting.  Their  freedom  from 
the  necessity  of  attendance  and  their  adaptability  to  artistic 
street  fittings  are  qualities  which  will  operate  greatly  in  their 
favour  when  the  time  comes  to  revert  again  in  this  country 
to  normal  street  liohtins. 

The  following  table  traces  the  progress  which  has 
been  made  in  the  development  of  the  incandescent  filament 
lamp. 

It  is  early  days  yet  to  say  what  field  of  usefulness  is 
in  store  for  the  tungsten  arc.  The  lamp  was  put  on  the 
market   early   this   year   by   the   Ediswan    Company      It   is 
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Table  L — Showing  the  Progress  in  Jncai,d**cnit  LuMps. 


iJato 
(ajjprox) 


Type  of  filament. 


Candles  Approx. 

per  watt,     filanu-nt  temp. 


18W) '  Carbrni  

\<M)(i f;raphitii!e<l  carlKm    OIJ-'j 

\<.H)', Tantalum i  0-5 

HfO.'j '   Offiiiurn   I  0-6 

\'MHi i  Tiiiiu'-t<-ri  (va/uum) 0-8 

Hil4 1  TuugBlcD  (^as  tilled)   1-5 


l.fefifi'fV 
l,s-. 
1.9:-"  ' 

2,f>.Vi  r. 
2,-RKJ  (J. 


finineiitly  8uit«d  for  rcrtain  t^-pe*  of  projector  work.  An 
effirienc  V  of  2  tandh-H  per  watt  is  claimwl,  and  it  is  probably 
very  Biniilar,  from  tlie  point  of  view  of  etFuieney,  to  the  ga-'i- 
filled  lamp.  Altliouuli  tlifse  lamph  will  burn  in  beries,  in- 
divi«lual  lamph  will  only  op«.rate  on  low  voltaj^es.  and  an  addi- 
tional contact  and  external  lead  i»  required, for  actuating  a 
cut-out  for  the  me<  '  by  wlii«h  the  are  i«  Htniek.     In  this 

ri'Kpeet  the  lan>p  n   . .^  theNeniht  burner  \vlii<  h  rf(|uind  a 

HjM  rial  cut-out  for  the  heater  circuit. 

The  NemHt  lamp,  the  mercury  vapour  lamp  and  the  Moore 
Light  have  bei-n  omitted  frc»m  the  ab<»v«'  brief  Hur\ey  of  the 
developmi'nt  of  the  elect ri«-  lamp.  VAuh  rauhc*d  a  wnsation 
nil  it.s  appeuiaiue  and  jjave  rise  to  great  ho])eh.  The  irleal  of 
lighting  may  Ik?  Haid  to  be  the  discover}'  of  a  selective  radiator 
which  would  (•<(n(entrate  the  energy  received  by  it,  into 
ra«liation  in  thow  wave-lengtlm  which  lie  within  the  visible 
hpectrum.  The  filament  materialH  UM-d  in  incandetscent  lampH 
are  far  too  much  in  the  nature  of  perfect  radiat(»rh.  Over  i«» 
per  cent.  «»f  their  energy  is  radiated  in  tho.s«'  longer  wave- 
lengtliH,  which  it  is  true  are  want*-*!  in  heating  ajtjiaratus  but 
are  out  of  pla4e  in  lam]>K.  At  the  other  end  c»f  the  scale  we 
have  the  glow  worm  and  firefly  in  which  light  weins  to  be  pro- 
duied  witli  an  exceiMlingly  small  total  exjienditure  of  energy. 


Tungsten  ig  to  a  very  slight  extent  selective.  The  Nemst 
glower  wa.s  still  more  so.  It  is  well  known  that  the  incandescent 
gas  mantle  owes  its  high  efficiency  to  the  selective  action  of  the 
small  araount  of  cerea  present,  and  it  was  hoped  that,  by  the 
use  of  similar  rare  oxides  in  such  a  lamp  as  the  Nernst,  a 
Mmilar  increase  of  light  efficiencies  might  be  anticipated.  The 
degree  of  selectivity  of  solid  glowers,  however,  from  a  lighting 
point  of  view  has  not  been  very  considerable. 

The  mercury  vapour  lamp  and  the  Moore  light  are  gaseous 
radiators  which  differ  greatly  in  spectral  distribution  from 
ordinarv  solid  radiators,  and  their  departure  from  the  noraial  is 
all  in  favour  of  the  visible  spectrum.  They  ruji  at  relatively 
low  temperatures  and  yet  they  rank  as  regards  efficiency  with 
solid  radiators  operating  at  temperatures  above  2,000°C. 
With  the  mercury  vapour  lamp  the  limiting  factor  is  the  tem- 
perature which  the  containing  vessel  will  stand.  When  quartz 
is  used  an  efficiency  greater  than  2  candles  per  -watt  can  be 
obtained.  If  the  containing  vessel  would  admit  of  the  tempera- 
ture being  further  increased,  phenomenal  efficiencies  would  be 
realised.  The  mercury  vapour  lamp  has  not  come  into  general 
favour  for  various  reasons,  the  chief  being  the  absence  of  red 
in  the  light  emitted.  This  lamp,  however,  together  with  the 
Moore  light,  and  certaiji  flame  arc  lamps,  serve  to  show  that  at 
least  there  has  been  some  progress  towards  the  practical 
realisation  of  the  ideal  lamp  in  which  all  the  energy  supplied 
will  l»e  radiated  in  correct  proportions  throughout  those  wave- 
length.** only  which  give  rise  to  the  sensation  of  light.  Mean- 
while considerations  of  theoretical  light  efficiency  do  not.  of 
themselves,  appeal  to  the  ordinarv  user  of  lamps.  Reliability 
and  general  convenience  are  also  important  factors,  and  for 
the  immediate  future  it  looks  as  if  the  type  of  lamp  to  gain  in 
favour  would  not  be  one  having  a  high  radiant  selectivity  but 
would  continue  to  be  the  lamp  of  the  incandescent  filament 
type  operated  at  extra  high  temperature. 
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Hv    II.    V.   PARSH.ALL,    D.Sc. 


The  prewnt  article  on  "  Klectrir  Traction."  being  written 
with  a  view  to  emphaniiiing  the  2iNN»th  issue  of  Tiik  Ki.ec- 
TKK  IAN  MX  nn  event  worthy  of  re«ognition.  must  be  ver%* 
naliirnlly  to  a  considerable  extent  reminiscent  an<l  historical 
in  (  harncter. 

My  ac(|UAintAnce  with  Tiik  Ki.kitrkian  began  when  I  was 
a  *f  iidcnt  of  eleclfi.    '■  *'   u'h  University.  r.S..i., 

and  It    was  then   i!„-.       .  .ity  and  the  advanced 

students  as  the  one  authoritative  juumai  on  electricAl  engi- 
neering from  a  technical  point  of  view.  It  is  of  interest  to  not*- 
''  't  practicallv  all  of  •'  '  •-•  -'  '-'rratiire  considen'd 
'  iitdard  in  thoM-  dayx  u  _in      The  books  to 

which  the  writer  and  th<»M>  <HlucAle<t  with  hiin  would  arknow- 
leilge  their  ind- '  niug  a  c«»rrert  elenientar)' insight 

t«»  electrical  eli^    -  .,  •• 

Tliomi»son"s  "  DvMiimo  KIiM  tnr  Marhincf)*." 

TImmpsc.ns       1     '  I       "ns    in     Klectricity    anii 

MauKctism. 

Maxwrll  s  ■' T }n... ,.:.:.,   ...i  M.ignotiam." 

Faniday  s  'I 

llopkinsnn's  i  l«.«j»ic«l  raj>on«  on  "Dynamo  Klccthcal 
Mrtchinerk'  "  and  "The  Magnetisation  of  Iron  '" 

lli>\nii;  regard  to  the  general 

l,,.i .,     .         ;._.).....     .1    . 


development  and  application  liave  been  on  American  soil. 
Witlmut  venturing  into  the  field  of  politics,  the  writer  ventures 
the  gi'ueral  ojtiniou  that  the  technical  application  of  knowledge 
IS  nutst  likely  to  attain  rajtid  development  in  those  countries 
where  industries  find  the  greatest  protection  and  there  is  the 
gn'atest  security  affonled  for  capital  invested  in  such  indus- 
tries.  It  is  unreasonaide  to  expect  ]»arents  to  educate  their 
children  on  a  sjieculative  basis,  and  only  reasonable  to  expect 
them  to  educate  their  children  on  the  basis  of  certainty  and 
regularity  of  employment.  For  this  reason  the  number  of 
stud«'nt^  •  '<  '•-■•■  f(»r  electrical  engineering  in  England  on  the 
bntaii  «  iiiisis  obtaining  in  tJennany  and  America 

has  been  disproportionatelv  less. 

I^*  '  ''t  to  the  state  of  electric  traction  in  America  in 

the  !  .s.  there  were  only  a  few  examples  of  electric 

tramwavs.  and  these  were  priiicipally  by  Daft  and  Vandeijxiel. 

'iitus  was  80  crude  that  operation  was  not 

-id  was  excessively  expensive.     In  1S87 

■  .M'ru»us  scientific  exploitatitui  of  electric 

apparatus,  the  result  being  the  equipment  of  the  now 

^       niond-Virginia.     The  writer  was  asso- 

'  ;■  = 'is  ])«'riod  and  has  been  associated 

with  thf  d'  itiic  traction    ever    since.      The 

i    by  ?<prague  proved    defective    from    prac- 

(  view,  pruirijially  because  it  was  thought 

utor^  «ihouKI  be  capable  of  doing  the  work 
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commonly  done  by  two  horses.     There  were  numerous  mech-  with  some  degree  of  success  in  the  light  class  of  tramway  work, 

anical  defects  in  the  motors,  the  kind  of  defect  that  could  only  but  soon  it  became  apparent  that  the  conditions  could  only  be 

be    eliminated    by   protracted    experience.     There    was    also  met  by  lessening  the  energy  losses  during  starting  by  a  series 

difficulty  with  the  controllers  because  the  magnetic  blow-out  parallel  method  of  control.     Sprague  evolved  the  cylindrical 

principle  had  not  been  developed  ;    also  great  difficulty  from  type  of  controliler  now  in  general  use.     The  Thomson-Houston 

sparking,  since  the  advantages  of  the  carbon  brush  at  that  time  Companv  had  evolved  what  may  be  termed  the  plunger  type  of 

had  not  been  recognised.     Great  difficulty  was  experienced  controller,  but  with  magnetic  blow-out.    Neither  of  these  was 

with  the  trolleys,  resulting  more  from  lack  of  experience  of  the  completely  successful,  but  the  combination  of  the  different 

operating  staff  than  from  the  design,  which  did  not  differ  very  elements,  made  possible  by  the  consolidation  of  the  interests, 

particularly  from  the  trolleys  as  designed  to-day.  lead  to  the  modern  magnetic   blow-out  cylindrical  type  of 

This  first  motor  was  superseded  by  a  double  reduction  15  h.p.  control  now  in  general  use. 

motor,  for  which  the  writer  was  responsible.    Several  hundreds  The  work  done  during  this  transition  period  was  largely 

of  these  were  built,  but  the  experience  gained  during  the  first  under  the  direction  of  Mr.  W.  B.  Potter,  who  still  retains  the 

year  was  generally  to  the  effect  that  something  better  had  to  position  of  chief  engineer  of  the  traction  department  of  the 

be  discovered,  otherwise  the  future  of  electric  traction  would  General  Electric  Company,  and  it  should  also  be  mentioned 

be  limited.     As  a  result  of  studies,  the  modern  four-pole  single-  that  the  work  done  in  connection  with  the  combination  of  the 

reduction  motor  with  projection  aimature  was  evolved  and  a  different  el  ments  to  produce  the  n  odera  motor  was  largely 

machine  that  was  fairly  commercial  produced.  done  under  the  direction  of  Mr.  E.  D.  Priest,  who  is  .still  de- 

After  the  consolidation  of  the  Edison  and  Thomson-Houston  voting  his  energies  to  greater  refinements  in  traction  motor 

Companies,  the  designs  of  the  two  companies  were  merged  into  design. 

the  motor  very  widely  known  as  the  G.E.  Co.  800,  which  motor  The  motor  controller  design  with  separate  control  units  in 
is  still  in  operation  in  some  places  and  which  has,  in  many  different  parts  of  the  train  was  first  proposed  by  myself  in 
respects,  a  strong  similarity  to  the  most  advanced  designs  of  connection  with  Baltimore  and  Ohio  locomotives,  but  such  a 
to-day.     The  improvements  that  have  been  made  since  the  system  did  not  find  favour  at  that  time.     Later  on  it  was 
time  of  the    G.E.  800  are    increased  ventilation,  interpoles,  exploited  and  successfully  developed  by  Sprague,  first  by  a 
greatly  increased  range  of  commutation,  so  that  2,000  to  -3,000  master  controller  operating  a  system  of  motor  driven  cylin- 
volt  direct-current  motors  give  commercially  good  operating  drical  controllers  distributed  throughout  the  train. 
results,  larger  bearings  and  improved  mechanical  construction  By  the  consolidation  of  the  General  Electric  and  Sprague 
generally,  so  that  the  operating  cost  has  been  diminished  many  interests,  the  now  practically  universal  type  of  master  con- 
fold.     Further,  the  output  per  imit  of  weight  has  been  largely  troller  and  individual  solenoid  units  was  developed,  largely 
increased.     The  method  of  driving  remains  the  same,  since  under  the  direction  of  Mr.  W.  B.  Potter  and  his  assistants, 
with  the  vastly  greater  number  of  applications  of  electric  It  may  be  fairly  said  that  the  magnetic  arc  extinguisher 
motors  to  electric  traction  the  single  reduction  form  of  drive  device  of  Eiihu  Thomson  has  been  the  fundamental  element 
is  the  most  effective.  in  determining  the  success  of  the  series  parallel  control  to  as 
Before  passing  from  the  tramway  motor  to  other  elements  great  an  extent  as  the  carbon  brush  has  been  the  element 
that  have  been  developed  to  meet  the  growing  requirements  determining  the  success  of  the  projection  armature  motor, 
of  electric  traction  work,  brief  notice  should  be  taken  of  the  Passing  now  from  the  motor  element  to  the  system  as  a 
progress  that  has  been  made  in  the  design  of  electric  locomo-  whole,  it  became  apparent  from  the  amount  of  trouble  caused 
tives.     The  first  really  important  step  in  this  direction  was  the  from  electrolysis  by  stray  currents  from  the  rail  return  as  the 
Baltimore  and  Ohio  tunnel.     These  motors  were  of  the  gear-  size  of  electric  traction  installations  became  larger  and  larger, 
less  type,  the  armature  being  carried  on  a  hollow  shaft  so  that  that  the  direct-current  central    station  method  of  generation 
practically  the  whole  of  the  motor  system  was  spring  borne,  with  feeders  could  not  be  indefinitely  extended.     Before  going 
These  locomotives  were  successful  from  the  beginning  from  all  abroad  the  writer  had  designed  the  first  large  rotary  converters 
points  of  view,  but  the  weight  efficiency  from  the  electrical  constructed  in  the  United  States.    The  theory  of  the  action  of 
standpoint  was  somewhat  low.     Subsequent  designs  were  of  these  machines  was  collaborated  jointly  with  Elihu  Thomson 
the  geared  type  with  attendant  higher  w^eight  efficiency  and  and  E.  W.  Eice.      The  reasoning  was  somewhat  as  follows  : — 
lower  first  cost.  Continuous-current    machines    may    be    likewise    used    as 
The  development  of  electric  locomotives  may  be  fairly  said  alternating  generators,   and  the  performance   of  a  machine 
to  have  proceeded  along  three  lines,  viz  :  gearless  of  the  above  acting  both  as  a  continuous-current  and   alternating  gene- 
type,  or  the  type  in  which  the  armature  is  carried  solidly  on  rator  improves  as  the  luimber  of  phases  is  increased,  so  as  to 
the  axle,  such  locomotives  being  more  suitable  for  passenger  exert  constant  armature  reaction,  as  opposed  to  intermittent 
and  high-speed  work  ;   the  geared  type  which  is  to-day  being  armature  reaction  ;    consequently,  the  best  result  would  be 
built  of  capacities  as  great  as  the  largest  steam  locomotives,  obtained  in  machines  having  double  generating  functions  by 
and  the  connecting  rod  type,  which  is  still  in  a  state  of  develop-  generating  as  multiphase  current  on  the  alternating-current 
ment.     The  particular  advantage  of  the  connecting  rod  type  side.     Further,  a  machine  so  designed  could  be  used  as  an 
is  that  there  is  greater  flexibility  in  the  general  arrangement,  efficient  synchronous  motor,  and,  in  the  event  of  direct-current 
?o  that  the  centre  of  gravity  of  the  moving  system  may  be  output,  the  generator  reaction  being  to  a  considerable  extent 
located  with  due  regard  to  strains  that  may  be  brought  on  the  opposite  in  magnetic  phase  to  the  motor  armature  reaction,  and 
track   through    centrifugal  fo^'ce,   the    disadvantage   of   the  the  disposition  of  the  currents  in  the  armature  being  such  that 
connecting  rod  type  being  its  lack  of  flexibility  for  different  in  general  the  algebraic  sum  of  the  current  of  the  different 
speeds.     Speaking  broadly,  there  appears  to  be  a  particular  conductors  is  less  in  a  machine  acting  both  as  a  motor  and  a 
field  in  which  each  class  of  drive  has  certain  advantages.     In  generator,  the  rotary  converter  should  have  greater  output 
the  larger  class  of  locomotive  it  w^ould  appear  that,  neglecting  when  used  as  such  than  it  would  when  used  exclusively  as 
considerations  of  first  cost,  the  type  originally  selected  for  the  a    direct-current    or   multiphase    machine.      To    justify  this 
Baltimore  and  Ohio  locomotive,  that  is,  the  gearless  type,  all  line  of  reasoning,  a  direct-current  generator  was  suitably  con- 
weight  spring  borne,  possesses  greater  advantages.  nected  up  with  three  slip-rings,  and  was  found  to  operate 
Passing  next  to  the  different  systems  of  motoi  control.     In  satisfactorily  as  a  rotary  converter,  and  the  correctness  of  the 
the  beginning  there  were  practically  two  systems,  the  Thomson-  above  reasoning  was  proved.     The  first  designs,  however,  were 
Houston,  which  was  broadly  rlieostatic.  but  with  a  field  loop  very  conservative  both  as  regards  commutation  and  as  regards 
ensuring  a  certain  amount  of  field  control,  and  the  Sprague,  strong  synchronising  eft'ort.     The  result  was  entirely  satis- 
which  was  known  as  the  commutating  field  method,  in  which  factory  from  an  operating  point  of  view,  although  the  weight 
a  number  of  field  coils  were  ttirned  from  series  to  parallel  in  efficiency  was  somewhat  lower  than  that  in  machines  as  designed 
starting,  and  which  in  practice  resolved  itself  into  a  combina-  in  present-day  practice.     After  serving  abroad  the  writer  was 
tion  of  field  and  resistance  control.     Both  of  these  systems  met  asked  to  study  the  conditions  imposed  on  electric  traction 
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installatioiAB  by  the  Board  of  Trade,  and  it  became  ai^parent 
that  the  economical  way  of  dihtributing  power  for  electric 
traction  would  be  through  the  means  of  multiphase  trans- 
mission and  rotarj'  converter  sub-stations.  The  Central 
London  Railway  was  the  first  instance  of  this  class  of  installa- 
tion. This  installation  proved  a  success  from  th*-  beginning, 
and  has  been  the  forerunner  of  the  dash  of  insTallatiou  that 
has  become  practically  universal. 

Notice  should  be  taken  of  the  progress  made  in  steam  gene- 
ration. The  first  generator  '  ;n  connection  with  modem 
traction  installations  were  i  ven  by  Corliss  engines  and 
of  limited  output.  Owing  to  the  insight  of  the  late  Dr.  F.  S. 
Pearson,  the  writer  was  permitted  to  design  direct-connected 
generators  of  l,5<>«Jkw.  output,  and  this  has  become  the 
accepted  practice  since  the  success  of  these  first  machines. 
This  class  of  machinery'  has  now  become  practically  obsolete 
through  the  perfect  ion  of  the  elertric  turbine.  I'nits  of 
20,<X><»  kw.  or  3<».<Mj(j  kw.  do  not  now  attract  more  attention 
than  units  of  1,50<J  kw.  2f)  years  ago  ;  the  net  result  of  central 
station  improvements  Iwing  that  the  cost  of  generati<»n  to-day 
under  the  .same  conditions  of  load  factor  and  outj)Ut  is  not 
much  more  than  half  what  it  was  in  the  early  days  of  electric 
traction. 

This  sketch  wouhl  not  be  (omphie  witiiout  some  allusi<»n 
to  the  progress  that  has  been  made  in  alteinating-current 
BVHtemH.  At  the  beginning  of  the  general  j>eriod  referred  to. 
alternating-current  motors  were  ver>'  little  heard  of,  and  until 
the  inventions  of  Tesia  it  wa.s  not  apparent  that  the  apjdication 
of  alteniating-current  motors  for  traction  puiposes  would  be 
immediate  or  would  open  up  a  large  field.  The  general  pro- 
gress made  pr«»ves  that,  while  alteniating-current  motors  are 
not  as  generally  applicable  to  meet  the  ])roblenis  arising  in 
connection  with  electric  traction  as  direct-current  motors, 
there  is  the  fact  that  motors  have  been  jjroduced  with  ceitain 
limitations  as  to  weight  and  energy  factor  that  give  fairly 
satisfactory  results,  both  fii.in  ;iii  tleitriial  and  niecliaiiical 
point  of  view. 

Another  matter  that  should  be  touched  upon  is  in  respect 
to  transmission  systems  and  cttntact  conductors.  In  tlie 
matter  of  underground  cables  it  can  be  safely  said  that  the 
improvements  made  in  cable  miuiufacture  are  such  that  the 
safe  working  pressure  for  underground  cables  has  increased 
tenfold  during  the  last  2u  years. 

As  regards  overhead  systems  in  tramway  working,  the 
improvements  have  not  been  very  marked,  since  the  original 
II  '  'of  construction  were  well  thought  out.  and  with  little 
II  'ion  meet  the  re«|Ullenients  ol  to-«luy. 

In  conneitton  with  heavy  high-speed  ttactiou  installations. 


the  catenarv  method  of  suspension  has  been  developed,  and, 
speaking  generally,  has  proved  entirely  satisfactory,  both 
as  regards  insulation  and  as  regards  the  life  and  reliabilit}  of 
the  contact  conductor. 

In  the  matter  of  third-rail  construction,  the  principal 
development  has  been  for  working  in  the  open,  and  this  by 
means  of  what  is  technically  known  as  the  protected  third-rail 
conductor.  Such  conductors  are  now  found  satisfactory  in 
practice  up  to  1 .2<X)  volts,  the  limiting  pressure  being  deter- 
mined bv  operating  conditions  and  safety  to  human  life  under 
the  conditions  obtaining  in  ordinary  working  practice. 

What  may  be  termed  the  "  slot  conduit  ""  has  been  developed 
to  a  high  degree  of  efficiency.  In  the  first  conduits  the  work- 
ing conductors  were  defectively  insulated,  and  a  vast  amount 
of  trouble  was  experienced.  Eventually  this  trouble  was 
overcome,  likewise  tlie  many  difficulties  encountered  with  the 
collecting  plough  have  been  largely  overcome.  There  is,  of 
couise,  the  very  broad  question  whether  under  most  excep- 
tional conditions  there  is  any  justification  for  the  very  great 
expense  incident  to  conduit  construction.  Amongst  engineers 
there  exists  the  strong  conviction  that  public  interests 
are  best  8er\'ed  by  the  use  of  overhead  conductors,  and 
that  these  overhead  conductors  are  not  objectionable  from 
an  aesthetic  point  of  view,  and  that  the  great  capital  burden 
put  on  a  tramway  undertaking  by  the  use  of  the  conduit  is 
economically  unjustifiable.  Many  substitutes  for  the  conduit 
have  been  proposed  in  the  way  of  surface-contact  s^-stems,  but 
none  have  jiroved  .sati.sfactorv  and  none  appear  likely  to. 

As  the  matter  stands  to-day,  for  tramway  work  the  ordinary 
trolley  system  is  the  only  economically  justifiable  one.  In  the 
case  of  heavy  traction  work  within  the  limits  of  safe  working 
pressure,  it  may  be  that  the  third  rail  is  the  most  economical 
both  as  regards  first  cost  and  maintenance  ;  but  the  utility 
of  the  high-tension  overhead  system  comes  in  force  for  extra- 
high-tension  systems  when  the  economic  conditions  are  such 
as  to  justify  very  high  working  pressures.  There  is  also  the 
case  of  weather  and  other  conditions  where  a  third  rail  might 
Ite  unsatisfactory. 

Broadly,  the  present-day  situation  may  be  summed  up  in 
the  statement  that  when  The  Electrician  was  founded 
commercial  electric  traction  was  of  the  future,  and  every  class 
of  apparatus  necessary  for  car  propulsion  had  to  he  developed, 
whereas  to-day  aj)paratus  exists  in  a  perfected  form  com- 
mercially apjdicable  and  mechanically  suited  to  practically 
ever}'  class  of  demand — i.e.,  from  the  simple  tramway  motot 
operating  a  car  of  l(t  t(»  15  tons  to  locomotives  hauling  trains 
<»f  .T.»KNt  toii.s  or  more  over  trans-continental  sy.-Jteins  e.xtonding 
into  hundreds  of  miles. 


Y 

«  > 


r^lec'fric    l.iiilit    nwd     Vi^wov   Cables. 

By    C.   .1.    HE.W  I:K.    M.I.K.E. 
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Few   brHnchc*  of  the  e!-    •  ■       '    •   i-  •••    tmve  been  starlcii 
on  such  rulo-of-th«mb  (o  .  .    niakuig.  or  bii-c 

been  in  their  cnrly  days  so  rutnpletcly  onvel«>]>e<l  in  the  darkness 
of  trade  secrets.  Trtllv  it  was  a  darkness  "which  might  W 
felt." 

The  rras«»ns  wore  not  far  to  ueel  lurtnrs  had  to  h< 

"insulated."   and   the  elerti  theie  wenp  no  Hertrir»l 

< '  ■  rs   in    those  da\>     wi,-'  '    •'.  ^    .     '      •' . 

\     _        ^  tdeas  as  to  the  m^thod^  .• 

employed.  The  plant  re«|tiiiT<i  (or  thr  nianufarturc  of  insn- 
bitecl  wirrs  and  rabies  was  rntirrlv  '  'o  makers  of  other 

olertriral  eipiipmert.  and  so  it  raii.«  .  •  •'  ••  •^■'-  <-i'i  .^^ 
cable   Works  won-  evolved  troni  conrer 


X 


:««.««.««««<<«><« 


,),,.i: 


with  ]•I^Miu(■t^  wjiich   were  relateti  t(»  or  were  com- 

i «d  the  dehuvd  article. 

N»me.  for  instance,  were  evolved  from  wire  rope  factories. 

.'  Imni  rubber  works,  one  at  least  from  the  bitumen  industry 

^ome    fn.m    mills   encaged    on    textile    materials.     One 

.ble  instance  o(  the  latter  wa.s  a  factory  which  was  on  the 

point  of  Wing  adversely  affected  by  the  abatement  of  the 

'' *  '   '  crinolines,  which  are  understood  to  have 

..  cotton  lappings  and  braidings  and  treated 
"  preser\-ative  compound  "  to  prevent  rusting  of  the 


with 

stei 
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.1..    ..r  two  work>  were  e«jui]»]>ed   dr  twvn  as  cable 
but  the  earlier  ones  struggled  on  luitil  a  sufficiently 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916.                                   827 

strong  combination  of  capital  and  courage  made  their  recon-  In  spite  of  these  discouraging  conditions  the  British  manu- 

struction  and  re-organisation  possible.  facture  has  in  most  cases  done  his  part  to  raise  the  standard 

Re- organisation  naturally  entailed  more  rigid  and  regular  of  efficiency,  and  it  may  be  said  without  fear  of  contradiction 

methods  of  manufacture,  but  the  trade  secret  era  was  not  that  during  the  past  15  to  20  years,  the  cable-making  branch 

sharply  curtailed  ;   it  trailed  on  from  sheer  conservatism  and  of  the  electrical  industry  has  been  fully  as  progres.sive  as  any 

the  innate  preference  of  the  man  with  the  money  at  stake  for  other  branch,  especially  if  the  disadvantages  ju.st  referred  to  as 

the  devil,  he  knew  rather  than  the  devil  he  was  imacquainted  regards  tardy  and  difficult  demonstration  of  the  excellence  of 

with.  his  products  as  compared  with  the  inferiority  of  tho.se  of  his 

Not  more  so,  perhaps,  than  circumstances  justified,  because  foreign   competitor  are  taken  into  account.     He  has  toiled 

the  scientifically  trained  man — electrician,  physicist  or  chemist  patiently  for  many  years  to  combat  the  various  weaknesses 

— had  not  really  justified  his  existence  in  industrial  life  to  an  which  he  has  diagnosed  from  failures  in  practice,  and  his  labours 

extent  which  would  entitle  him  to  consideration  as  a  serious  have  also  included  prognosis  of  the  behaviour  of  his  raw  and 

substitute  for  the  undoubtedly  mechanically  clever  rule   of  manufactured   materials.     He    has   gradually   hedged   in   by 

thumb  and  trade  secret  man.  control     tests — physical,    electrical    and    chemical — all    the 

Manufacturing    re-organisation    was    naturally    inseparable  enemies  which  are  likely  to  militate  again.st  the  efficiency  and 

from  the  technical  systematising  of  testing  methods  and  pro-  durability  of  his  products.     As  a  result  of  this  principle  of 

cedure,  and  some  incredible  happenings  of  the  old  days  (such  respice  prospice  he  is  now^  in  the  position  of  not  only  being  up 

as  the  short-circuiting  of  all  three  conductors  of  a  triple  con-  to  date  but  to  a  reasonable  extent  prepared  for  the  future. 

centric  cable  by  a  mass  of  lead  escaf)ing  the  vigilance  of  the  It  is  a  curious  fact  that  although  the  cable-makers  products 

testing  staff  as  well  as  the  lead  press  operatives)  could  no  form  a  most  important  part  of  the  equipment  of  any  installa- 

longer  occur.  tion  or  supply  system  and  represent  a  large  proportion  of  the 

In  retrospectively  surveying  the  field  of  progress  it  should  capital  cost  thereof,  they  have  not  captivated  the  imagination 

not  escape  notice  that  from  all  aspects  of  efficiency,  the  sub-  of  the  electrical  engineer  to  the  extent  which  less  passive  por- 

marine  telegraph  cable  was  far  in  advance  of  electric  light  and  tions  of  his  equipment  have  done.     There  is,  perhaps,  a  com- 

power  cables.     It  had  firstly,  the  advantage  of  an  earlier  start  ;  bination  of  reasons  for  this.     In  the  first  place  there  is  the  fact 

secondly,  the  conditions  under  which  it  was  used  compelled  a  that  the  composition  and  properties  of  cables  are  not  so  familiar 

very  high  standard  of  electrical  efficiency  and  allowed  only  a  to  him  as  the  various  mechanical  and  electrical  components  of 

comparatively  small  margin  between  this  and  absolute  failure  ;  his  station  equipment,  and  se^-ondly,  any  failure  in  them  is,  as 

and  thirdly,  it  had  the  incalculable  advantage  of  being  nursed  a  rule,  simply  more  or  less  inconvenient  but  not  disastrous,  and 

by  some  of  the  most  brilliant  electricians  the  world  has  yet  seen,  does  not  seriously  aft'ect  the  performance  of  the  whole  system 

It  was,  therefore,  unfortunate,  to  say  the  least  of  it,  that  the  of  supply.      He  is  perhaps  inclined  to  regard  cable  failures  as 

dielectric  material  (gutta-percha)  on  which    all  the  pioneer  generally  due  to  act  of  God  or  interference  of  the  devil.  Thirdly, 

manufacturing  work  and  a  great  deal  of  investigation  of  cable  there  are  practically  no  fields  for  him  to  conquer  in  the  way  of 

phenomena  had  been   carried  out,  and  which  was   so   pre-  obtaining  increased  efficiency  of  performance,  as  in  boilers, 

eminently  suited  to  submarine  work,  was  not,  by  reason  of  its  prime  movers  and  generators.     Ohms  (or  their  reciprocal)  and 

physical  and  chemical  properties,  suitable  for  electric  light  and  megohms  are  often  regarded  as  the  end  of  everything  from  the 

power  cables.  user's  standpoint. 

Parenthetically,  one  cannot  help  wondering  whether  it  One  outstanding  feature  which  experience  has  taught, 
would  not  have  been  better  for  the  cable-making  industry  if  the  although  the  lesson  seems  to  have  taken  an  unconscionable 
exigencies  of  early  electric  lighting  practice  had  imposed  similar  time  in  the  process  of  absorption,  is  that  the  maintenance  of  a 
stern  and  definite  requirements  on  the  materials  which  were  cable  system  is  a  matter  of  the  utmost  importance.  It  is  a 
used  and  the  methods  of  manufacture  adopted  for  lighting  and  matter  which  is  full  of  difficulties  and  traps  ;  and  it  is  illumin- 
power  cables.  ating  to  compare  the  histories  of  cable  systems  which  have  been 
If  we  contrast  the  standard  of  electrical  efficiency  demanded  laid  out  with  this  object  in  view  with  others  in  which  it  has  been 
of  lighting  cables  in  the  early  days  with  that  called  for  by  ignored.  In  the  former  the  troubles  are  usually  local  and 
submarine  telegraph  conditions,  we  at  once  get  the  fundamental  sudden  ;  in  the  latter  they  may  be  infrequent,  but  widespread 
reason  of  the  slow  and  troublesome  progress  of  cable  practice,  when  they  ultimately  occur.  The  type  of  cable  and  method 
not  only  from  the  manufacturing  aspect,  but  also — and  to  a  of  laying  has  considerable  inffiience  on  this  matter.  Lead- 
much  greater  extent — from  the  user's  point  of  view.  covered  or  otherwise  metal-sheathed  cables  having  their 
Cotton-covered  wires  stapled  to  boards  and  afterwards  sheaths  continually  bonded  are  much  easier  to  maintain  than 
varnished  often  did  duty  at  50  volts  in  lighting  installations,  non-metallic  sheathed  cables  laid  solid,  because  test  values 
although  better  insulated  wire  installed  xmder  other  conditions  obtained  on  the  former  more  nearly  represent  the  true  con- 
nowadays  occasionally  gets  into  trouble  on  4-volt  bell  circuits,  dition  of  the  cable  dielectric  than  on  the  latter.  Even  in  the 
In  the  same  way,  cheap — and  consequently  inferior — foreign  former  case  it  pays  on  large  networks  to  embody  test  sheaths 
vulcanised  rubber  wire  sometimes  stands  up  for  a  long  time  at  in  the  cables. 

220  volts  under  dry  and  otherwise  favourable  conditions,  but  To  revert  to  the  manufacturiui:  side  of  the  matter,  it  is 

fails  when  exposed  to  condensation  or  other  moisture  con-  interesting  to  note  that  the  rise  in  working  voltages  adopted 

ditions.     Indeed,   the  chief  fundamental  difference   between  for  extensions  or  new  schemes  during  the  past  15  to  20  years 

good  and  bad  stuff  in  this  connection  is  that  the  former  is  made  or  so  has  not  necessitated  any  general  alteration  in  the  methods 

towithstandthe  worst  conditions  of  wiring  installation  practice,  of  manufacture  of  high-voltage  transmission  mains,  nor  has 

and  the  latter  to  scrape  through  under  the  best  conditions.  it  led  to  the  production  of  new  insulating  materials.     The  same 

In  mains  and  feeders  laid  in  the  ground,  similar  comparisons  paper  insiuation  is  used  to-day  for  working  pressures  of  20.000 

hold  good  ;   and  there  are  many  reasons  connected  with  prac-  or  30,000  volts  as  Avas  then  employed  for  one-tenth  of  these 

tice  why  cable  troubles — due  in  some  cases  "to  manufacture,  pressures.     The  materials  have,  of  course,  been  perfected  in 

and  in  some  to  conditions  of  installation — come  in  battalions  the  meantime,  but  the  necessity  for  revolutionary  methods 

instead  of  as  single  spies.  which  was  encountered,  for  instance,  in  high-voltage  generator 

In  short,  the  great  drawback  to  the  rapid  attainment  of  design   has  not  arisen  in  connection  with  cables.     The  sus- 

maximum  efficiency  has  been  that  moderately  good  or  even  ceptibility  of  rubber  to  the  influence  of  ozone  has  to  some 

bad  cables  have  not  been  readily  distinguishable  from  super-  extent  limited  its  use  for  very  high-pressure  work,  but  as — for 

latively  excellent  ones  at  the  time  of  purchase,  nor  in  many  reasons  of  cost — its  sphere  of  usefulness  was  already  limited 

cases  for  a  long  time  afterw^ards.     Even  the  ultimate  judgment  to  tail-end  connections  this  is  not  a  serious  matter.      It  is 

of  them,  has  often  been  clouded  by  issues  connected,  not  wuth  within  the  bounds  of  possibility  that  a  more  inert  material 

their  original  quality,  but  with  deteriorating  actions  conse-  having  otherwise  similar  properties  may  be  evolved  in  the 

quent  on  faulty  installation.  future. 
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Tlie  general  trend  of  advance  in  working  voltages,  together 
with  tlie  fact  that  the  present  E.8.C.  standards  of  dielectric 
tliicknesscH  (which  only  cover  p;  up  to   1 1  .<XXJ  volts), 

not  being  scientifically  based  on  <- A  stress  requirements. 

would  appear  to  provide  a  very  ample  margin  of  safety,  has  led 
to  a  desire  in  some  quarters  to  increase  working  pressures  on 
existing   systems,    utilising   ev  ''         Tliis   is   a   step 

which  should  be  taken  with  th<  'H,  not  solely  from 

the  cable  point  of  view,  but  because  joints,  trims  and  clearances 
aI«o  enter  into  the  question.  The  majority  of  engineers  will 
a^imit  that  faults  (apart  from  mechanical  damage)  usually 
occur  on  their  cable  systems  at  or  about  joints,  and  the  result* 
of  research  on  the  subject  show  that  the  requirements  of 
jointing  practice  appear  to  be  on  a  new  plain-  when  workin^i 
pressures  of  2U,tH)t)  or  .'Vi.'HMl  vi.lts  (wit),  th.-  ii.i  .-siirv  margin 
of  safety)  are  involved. 

As  regards  the  cables  them^'lvps,  the  pressure  limitations 
(in  perfectly  sound  cables)  merely  ■  •  ■•  *  to  a  matter  of 
ma.vimum  stress  in  the  dielectric.     T  -ild  not  be  such  as 

to  cause  appieciable  heating  through  dielectric  losses,  and  this 
is  one  of  the  chief  factors  which  determine  where  the  commercial 
necessity  for  some  form  of  gra'Ii' "  ••"'♦•rs  into  design. 

In  a  high-class  paper  cal*lc  d  for  20.()(Kl  volts,  three- 

phase,  no  dielectric  heating  whatever  will  m-cur  at  the  working 
jiri-s>ure.  and  its  prop     *  such  that   relatively  heavy 

<  iiririit  densities  are  a        .  -ible,  say.  IJ/t*^  amperes  per 

square  inch  on  a  0*1  sq.  in.,  or  I.IMMI  am[H>re8  per  square  inch 
on  a  0-2.'>  s«j.  in.  cable. 

It  will  therefore  l)c  si-en  that  a  modem  e.\tra-higli-tensi<m 
cable  is  cjuite  in  line  with  the  rest  of  the  electrical  equipment 
of  an  extra- high-tension  supply  system  as  regards  commercial 
feasibility. 

The  Ii«)ard  of  Trade  limitations  with  regard  t(»  the  maximum 
amiMint  of  power  to  l>c  transmittefl  by  extra-high-tension  cables 
(1,'KH)  kw.)  appear  not  t«»  be  insist<><|  upon  in  modem  schemes, 
and  in  view  of  the  extended  use  of  protective  gear  in  connection 
with  c.xtra-high-tetisinn  cables  this  relaxation  appears  to  be 
quite  sound.  The  various  schemes  of  protection  have  affected 
till-  design  and  construction  of  cables  considerably  during  the 
past  few  years,  a  notable  instance  U'lng  the  splitting  of  con- 
ductors and  balancing  of  the  halves  according  to  the  M(>rz- 
llunter  scheme,  eliminating  the  necessity  for  pilot  wires  outside 
'  from    the    main    cables.     Other   systenis    have 

ary  conductors  laitl  up  in  the  cable  encircling 

'      ii  core  (or  liaving  conductoni  arranged  between  cores)  and 
aruiinfl  the  overall  insulation  concentric  with  the  sheath. 

There  ap|H>arN  to  1m»  a  tendency  to  carry  thes<'  special  cou- 
stnictioiis  rather  too  far.  and  in  view  of  the  fact  that  niiKiem 
mult II  ore  cables  soldoni,  if  evef,  break  down  In'tween  cores, 
and  that  p  Mv  all  f    ' 

it  av'"-  "  ■  '■  ••.      -il  whet  I. =  .  .....  .^ ...,., ,.■ 

<lu'  •  when-  than  near  and  concentric  with  the  sheath  is 

desiratiie  or  n< 

^1.1      1       I  ..  1  .... .  .11;.    .1 

nui' 

and  gnncral  pllicioncv.     i*^  far  h^  undergroun<i  work  is  cnn- 

cenw'd  the  three  ill  and  direct   laving 

have  not  Iwen  nu|q'....-:<  .       1 '  i  v-  <',■■■  time  to 

time  tempted  various  |»eople  to  evi.  .      !|^  unin- 

Mtluted  cables  in  compounii  fdlrd  ".  always  with  the  same 

di*<ii]i]Hiii)t  1  '•         The  I  '  '  '    .  .J 

bare  copp<  ,         •  tclie<l  >  ■-.^■- ■. 

ever,  still  in  existence  and  use  in  one  or  ttro  places  after  nearly 
.11)  years,  but  the  lesson  which  he  ^'  ay  ro«<l  is  that 

coniluctors  which  require  to  l>e  ii:<-iiiH<<<i  fnnuld  In*  entirrlv 
nuule  in  the  cable  factory. 

Many   practical    brams   have   t>ren  i   jointing  and 

bonding  ])robleins.  with  the  -        '  ■,, 

15  years  the  eflinency  of  uii.   ._ 

tice  has  improveii  enormously  and  rb  e 

consequently  been  ainio.ot  fought  to  as?  font  has  never 

been  sufliciently  appreciate*!  tl-'   *'  i 

n»ontAry  to  that  other  great  pi' 
7-volt  drop  Hule  for  tramway  earth  nptums 


The  introduction  of  electric  power  into  all  kinds  of  places  has 
demanded  many  varieties  of  protective  coverings  to  resist 
actions  of  various  influences,  some  much  exaggerated,  some 
insufficiently  appreciated. 

A  notable  instance  of  the  former  occurs  frequently  iu  con- 
nection with  coal  pit  waters.  It  is  seldom  that  a  water  is 
encountered  in  or  about  the  coal  measures  which,  on  analysis, 
is  found  to  be  as  bad  as  it  was  pictured.  There  are,  of  course, 
exceptional  cases,  but  usually  at  the  worst  it  is  only  slightly 
alkaline.  In  many  cases,  not  only  in  pits  but  elsewhere,  leak- 
age current  is  responsible  for  the  effects  which  give  rise  to  fears 
as  to  the  character  of  waters,  fumes  and  other  influences. 

Mining  work  during  the  past  decade  has  offered  great  scope 
for  electric  power,  and  considering  its  .special  character,  a  review 
of  cable  practice  would  be  incomplete  without  some  reference 
thereto.  Tiie  H<»me  Office  Mining  Regulations,  issued  in  1912 
and  revised  in  1914,  devised  entirely  from  the  safety  point  of 
view,  have  already  had  a  marked  influence  on  the  standard  of 
maintenance  of  cables  in  mines,  and  iu  principle  are,  therefore, 
worthy  of  imitation  elsewhere. 

They  have  had  some  influence  on  cable  design  and  manufac- 
ture, botn  in  bitumen  and  rubber  cables.  The  former  t\'pe  of 
cable  has  been  eminently  successful  in  mining  work,  especially 
in  the  case  of  three-phase  double-wire  armoured  cables  of  the 
solid  bitumen  type  in  which  the  laid-up  conductors  are  (in 
effect)  eniltedded  in  a  cylindrical  mass  of  vulcanised  bitumen 
without  the  inclusion  of  liygroscopic  materials  of  any  kind. 
This  form,  which  was  in  use  prior  to  the  advent  of  the  Regu- 
lations, coincided  with  their  requirements  as  to  the  inclusion 
of  all  conductors  of  a  medium  or  high-pressure  circuit  in  one 
metallic  covering  :  but  the  case  of  a  direct-Current  circuit 
demande<l  a  twin  cable,  and  at  the  same  time,'  the  success  of 
the  three-core  cable  as  well  as  non-hygroscopic  requirements 
made  It  desirable  that  it  should  be  of  the  same  t^'pe. 

The  mechanical  pressure  between  the  two  insulated  cores 
when  laid  up,  being  concentrated  along  the  line  of  contact, 
prohibited  similar  construction  ;  but  the  difiiculty  was  over- 
come by  iuierposing  between  them  a  shaped  web  or  cradle  of 
vulcanised  bitumen  so  that  the  pressure  was  distributed  over 
a  large  area.  This  cradled  core  constmction  is.  of  course,  also 
applicable  to  niulticore  cables  where  circumstances  require  it. 
The  ril»be<l  overall  bitumen  sheath  completes  the  cylindrical 
mass  enclosing  the  insulated  conductors,  as  in  the  three-phase 
type. 

The  chief  modification  as  regards  rubber  cables  in  mining 
w<irk  has  reference  to  the  well-known  "'cab  tyre  '"  .sheathing  of 
trailing  cables  for  coal  cutters,  &c.  The  Mining  Regulations 
do  not  favour  nieiallic  coverings  for  these  cables,  and  this  t}iio 
of  multicore  cable  has  many  (pialifications  which  eminently 
fit  it  for  "  portable  "  cable  work. 

Kubber-insulate<l  wires  and  cables  still  hold  the  field  for 
•  '1  interior  cabling  for  power  work,  and  where 

bulk   and   non-hygroscopic    qualities  are   a 

leratum. 

Although   much  progress  has  been   made  as   reganls  the 

'  "  'nufacture  since  Hooper  invented  the  vulcanised 

•  l^ti*'.  it  is  a  curious  fact  that  the  general  form 

of  the  various  component  parts  remains  practically  the  same 

as  in  the  earliest  days  of  rubber  cable  jnanufacture. 

'  '  of  the  efforts  made  to  modify  the  nibber 

^"■^'    ■•         ••  •  "inposition  or  fonn  h.ave  had  cheapening 

for  their  mam  object,  and  this  has  led  to  many  complications. 
the  effrrt  of  which  has  not  been  fully  appreciated.     For  in- 
"  ■"         *  '     J  of  the  material  rendered  it  unsuitable 

:>  of  application  to  the  conductor.  .\s  an 
illustration  of  this,  it  will  l>e  found  that  a  piece  «»f  dielectric 
""  '  P  foreign  wire  is  capable  of  being  easily 

**"J "^  ••  ■■  '1  seam,  this  constituting  a  weakness 

which  ran  ea  •>  into  electrical  faults  under  any  but 

|»erfcctly  dry  conditions.     Now  that  there  is  a  prospect  of 

a  out  f«  :  etititm  the  cable  maker  may  perhaps 

"^   *'  of   the  stereot>'}>ed  newspaper   fire 

report—"  du.  ,,n  of  electric  wirefi." 
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•  With  reference  to  methods  of  installing  rubber-insulaterl 
wires,  perhaps  the  most  popular  method  of  latter  years  is  that 
of  running  in  steel  conduit,  and  while  in  the  past  this  has  led 
to  a  lot  of  trouble  it  must  be  admitted  that  many  improve- 
ments  have  been  made  as  regards  accessory  fittings,  bonding, 
draining  and  ventilating  which  tend  to  obviate  the  drawbacks, 
chief  of  which,  so  far  as  the  cable  dielectric  was  concerned,  was 
condensation  of  moisture.  There  has  been  of  late  a  tendency 
/to  revert  to  metal-sheathed  rubber  wires  and  cables  in  con- 
nection with  certain  wiring  systems,  and  now  that  the  import- 
ance of  efficient  continuous  bonding  is  understood,  lead  or 
harder  metal  or  alloy  covered  wire  should  come  into  its  proper 
.sphere  of  usefulness. 

Lead-covered  wire  was  severely  discredited  about  15  to  20 
years  ago,  chiefly  through  lack  of  appreciation  of  these  require- 
ments, resulting  in  electrolytic  corrosion  by  the  passage  of 


leakage  currents  over  badly  trimmed  end  connections  ;  and 
various  things,  from  C'Og  in  the  air  to  old  battery  plates  in  the 
lead  pot,  were  suggested  as  the  cause  by  bewildered  wiring 
contractors.  In  conjunction  with  suitable  fittings,  lead  or 
other  metal-covered  rubber-insulated  wire  has  a  great  field 
before  it,  especially  where  full  advantage  can  y>e  taken  of  the 
chemical  and  waterproof  protection  afforded  by  such  coverings. 

With  regard  to  the  vulcanised  rubber  dielectric,  there  is 
great  scope  for  research  in  the  direction  of  determining  the 
relationships  between  chemical,  physical  and  electrical  pro- 
perties. 

The  same  remark  applies  to  many  other  parts  of  the  whole 
field  of  cable  manufacture.  The  cable  maker  has  only  touched 
the  fringe  of  many  of  his  more  obscure  problems,  but  the  Augean 
stable  has  been  cleansed,  and  scientific  evolution  may  now 
proceed  as  freely  as  industrial  circumstances  will  permit. 


Some   Accumulators   of   the   Past. 


By   FRANK  CRAWTER. 


While  these  notes  indicate  a  few  of  the  milestones  along  the 
road  of  progress,  they  are  necessarily  incomplete  and  do  not 
deal  chronologically  with  the  events  referred  to. 

Although  Gaston  Plante  investigated  the  utilisation  of 
polarisation  phenomena  as  far  back  as  1859,  the  commercial 
history  of  accumulators  may  be  said  to  have  been  inaugurated 
in  the  year  1881  when  Camille  Faure  took  out  his  first  patent 
.  for  preparing  the  active  material  of  lead  storage  cells  from 
oxides  or  other  salts  mechanically  applied  to  the  surfaces  of 
the  electrodes  and  thus  avoid  the  long  and  tedious  formation 
process  evolved  by  Plante. 

In  view  of  present-day  knowledge  of  the  uses  to  which 
accumulators  have  been   put,  it  is  interesting  to  note  the 
applications  for  which  Faure  claimed  that  his  patent  could  be 
utilised.     In  the  original  patent  (No.  129,  Jan.  11,  1881),  he 
says  :    "  The  invention  also  relates  to  various  applications  of 
the   piles   and   batteries    constructed  according   to   the  said 
invention,  such  as  their  employment  as  powerful  regulators 
and  magazines  of  electricity  or  electrical  energy."     Bearing 
in  mind  the  embryonic  state  of  the  electrical  industry  generally 
in  those  far-off  days  the  claim  for  the  utilisation  of    buffer 
batteries  and  stand-by  batteries  must  be  admitted  as  far  seeing, 
but  he  proceeds  :    ''The  invention  further  relates  more  espe- 
cially to  the  novel  application  of  the  system  to  vehicles  of  all 
descriptions   propelled  by  electricity,  as  carriages  on  wheels, 
or  boats  and  barges,  by  the  combination  on  such  vehicle,  or 
on  another  vehicle  drawing  it  or  pushing  it,  of  an  electro- 
dynamic   machine   with   a   polaristaion   battery   constructed 
according  to  the  said  invention,  and  capable  of  being  charged 
at  convenient  intervals  by  any  suitable  means."     Even  after 
allowance  is  made  for  an  inventor's  claims,  which,  like  the 
articles   of   association    of     a   limited   liability  company,    are 
usually  all-embracing,  one  cannot  help  admiring  the  percep- 
tion which  35  years  ago  could  include  practically  all  the  leading 
applications  of  accumulators  at  the  present  time. 

In  the  same  year  (1881)  other  patents  were  taken  out  by 
Sellon,  Volckmar,  and  Swan,  but  all  of  them  were  acquired  by 
one  firm,  who  were  the  first  to  manufacture  accumulators  on 
a  commercial  scale  in  this  country. 

During  the  next  few  years  applications  for  patents  in  con- 
nection with  accumulators  were  filed  by  the  hundreds,  both 
for  the  Plante  type  and  the  Faure  type,  and  there  were  innu- 
jnerable  attemps  to  improve  both  the  shapes  of  the  grids  and 


the  character  of  active  material  to  be  applied  to  them.     In 
this  connection  Mr.  Wade  has  pointed  out :   "  Every  kind  of 
substance  likely  or  unlikely  appears  to  have  been  tried  :  acids, 
alkalies  and  salts,  both  organic  and  inorganic,  and  a  whole 
host  of  other  organic  compounds  including  such  familiar  names 
as  glycerine,  sugar,  amber,  milk,  and  gutta-percha.     If  not 
fluids  themselves,  they  have  been  dissolved  in  some  suitable 
solvent,  but  solid  bodies  such  as  charcoal  or  pumice  stone  have 
also  been  frequently  mixed  with  the  paste  to  impaiT  increased 
porosity  to  the  active  materials."     Every  conceivable  form  of 
grid  was  designed  and  patented,  all  of  them  with  the  object 
of  retaining  the  active  material  in  place  and  prevent  it  from 
becoming  detached  from  the  grid.     It  is  of  interest  to  note  in 
passing  that  so  far  no  departure  in  principle  has  been  made  in 
accumulator  practice  since  those  early  days  and  that  most 
modem  types  have  ancestors  so  to  speak,  protot}-pes.  who 
lived  and  died  in  what  would  be  considered  electrically,  pre- 
historic times.     Improvements  have,  however,  been  efi'ected 
in  details  both  in, design  and  manufacture  which  while  com- 
paratively small  in  themselves  have  produced  far-reaching 
results. 

Meanwhile,  the  manufacturers  of  pasted  plates  were  ac- 
quiring experience,  and  many  of  the  applications  in  Fauve  s 
original  patent  were  tried  experimentally.  It  was  about  the 
year  1883  that  Profs.  Ay  it  on  and  Perry  completed  their 
electric  tricycle,  which  the  writer  believes  was  the  first  electric 
vehicle  that  ever  ran  in  this  country.  On  an  ordinary  tricycle 
of  that  period  they  managed  to  place  an  electric  motor  and  half 
a  ton  of  accumulators,  on  top  of  which  Prof.  Ayiton  sat  to 
control  the  speed  trials  up  and  down  the  measured  mile  in 
Queen  VJctona-street,  London,  imder  cover  of  darkness,  when- 
a  speed  of  8  miles  an  hour  was  obtained.  It  was  closely  fol- 
lowed in  point  of  time  by  Mr.  Eadclifte  Ward's  electric  omnibus, 
which  for  a  short  period  was  housed  in  a  building  in  what  is 
now  Horse  Guards  Avenue,  on  the  site  on  which  the  ^^  ar  Olfice 
is  built.  In  1888  the  first  private  electric  pleasure  vehicle  ran 
in  the  London  streets.  It  was  a  four-wheeled  dog  cart  equipped 
with  a  battery  in  lead-lined  wood  boxes  placed  under  the  seats 
and  provided" with  a  1  h.p.  series  motor,  driving  by  chain  on  to 
the  near  side  rear  wheel.  The  eft'ect  of  this  design  was  that, 
when  turning  sharp  corners  to  the  left,  the  near  side  wheel 
was  practically  stationary  and  the  fuses  were  always  going. 
At  that  period,  in  order  to  avoid  having  a  man  in  front  with  a 
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red  flag  and  keeping  to  the  regulation  speed  of  a  road  loco- 
motive, it  was  necfchsary  to  obtain  a  police  permit  to  run  the 
vehirle  in  the  streets,  where  the  noise  it  made  with  its  iron 
tyre»  and  its  chain  attracted  everyone's  attention,  and  any- 
thing in  the  nature  of  a  breakdown  n<  ing  a  stop  (which 
was  not  infrequent)  result*'*]  in  the  inii..-  ..-..e  gathering  of  an 
open-mouihed  crowd.  What  life  was  obtained  from  the 
accumulators  the  writer  does  not  know,  as  this  vehicle  and 
three  others  coiiipletc'd  loon  after  were  shippnl  abroad,  one  of 
them  being  sent  to  America  about  the  year  J>?'J<»,  so  that  it  was 
one  of  the  firtit,  if  not  actually  the  first,  electrical  vehicle  in 
America. 

The  first  electric  launch  wa>  iMjiuppod  in  IHHij  by  Heckenzaun, 
and  the  daily  papers  of  that  peritxl  wi-re  much  impressed  by  the 
fact  thai  on  a  irij)  across  the  Channel  the  occupants  of  the 
launch  were  able  to  raich  a  wagull  asleep  on  the  wat^r,  so 
noiseless  was  their  approach. 

At  that  time  there  was  verj-  litile  data  available  regarding 
high-speed  propellers,  and  on  several  occasions  the  design  of 
pr<*i)el!ers  was  altered  on  a  novel  "  hit  and  miss  "  plan  <tf  taking 
a  wi  of  readings  with  the  pri»|M'l!er  as  made  and  then,  if  n<tt 
liatisfactor}',  altering  its  design  with  a  hammer  ! 

The  first  accumulator  tramcar  way  completi^d  by  Reckcnzaun 
in  \HHi,  and  its  public  trial  aftor  e.xperiment.s  at  the  works  took 
place  early  in  April,  iH^Ti,  whm  a  demonstration  was  given 
•  »n  the  lines  in  the  liattersea  I'ark-road  to  afford  the  members 
of  till'  Hattersea  VpHtr}'  an  opportunity  of  judging  of  its  prac- 
tirabilily.  On  the  journi-y  lionii'  tin-  car  lefi  the  track,  and 
got  back  to  the  depot  "  with  the  hind  wheels  bumping  ovt-r  the 
paving  stones."  This  car  was  subsequently  sent  to  Berlin,  and 
used  by  the  Grosse  Bi'rliner  Pferdebahn  Gesellschaft. 

-Vnothcr  early  application  of  accumulators  to  tramway  work 
was  till-  appearance  about  JHNJ  on  the  South  London  tramways 
at  Stratford  <»f  Klieson's  electric  tractor.  This  was  to  all 
intents  and  purjioscs  an  electric  accumulator  loccmiotive,  which 
could  be  coupled  up  to  the  onlinary  hctrse  cars.  The  wh<tle 
motor  of  the  loco  was  arranged  to  revcdve  scmiewhat  after  the 
style  of  a  modem  (inome  pet  ml  engine. 

A  short  length  of  tramway  from  Canning  To\m  to  Harking 
was  ojHTated  with  accumulators  in  iH'.Ht,  hut  the  service  was 
not  long  continued.  The  Brist<il  road  section  of  the  Hinning- 
ham  tramways  was  equi]>ped  with  accumulator  cars  in  ]88i«, 
and  tin-  service)  was  c«»ntinued  by  vurioPh  makers  until  llMll. 

In  the  year  ]KXi<  N'ordeiifelih  ^ubnlanlle  boat  fitted  with 
accumulators  wa«  exhibited  in  one  of  the  London  docks. 

About  1886  the  Crompton-IIowell  cell  appeared,  in  which 
both:  '  'iv*- plate*  Were  I'lante  type,  the  metluKl 

"d  ">"  ^  in  a  highly  porous  ma.ns  of  crystalline 

b-ad.  The  Diijartlin-I'lante  cell  was  put  on  the  market  soon 
after,  and  it  also  had  Plante  typo  positives  and  negatives.     A 

number  «•(  grooved  Ntnp.s  of  lend  v    •     '  Nigetlier.  with 

a  small  space  between  them,  and  c  .r  bv  c  asting 

bars  of  lend  on  to  their  ends. 

Til'  •  al.io  many  ii  t4i  develop  the  idea  ui  the 

large  ,..,:....   oflered  by  '-  '•    -ne  cd  them  alternate 

layers  of  plain  and  roi  _,,  w,.re  employed,  in 

another  lead  ribbon  was  wound  into  a  spool  on  a  core,  which 
was  afterwartls  withdrawn  and  a  ihiiiiInt  of  thew  spoolh  were 
then  mounted  on  a  frame.  At  a  later  dale  the  Hlot  plate 
apjtean'd.  in  which  two  lengths  «d  purp  lra<l  tape,  one  einbowHsi 
and  cornignted.  the  other  on  '  'inly,  wore  wouml  on  a 

shuttle  of  antimonial  lead.  Tn-  i.ixeni  of  t«|X'  won*  bunn«d 
together  and  to  the  shuttle  at  one  end,  but  wero  rut  thmugh 
at  the  other  end  and  left  hanging  free.  Tho  shuttles  wcrr  then 
mounted  in  a  suitable  ImnI  lead  fr.iine.      Wjfl  '      <  t 

of  obtaining  a  large  surface,  the  "  lamina"  j  of 

sheet*  of  |x<rfomtod  and   rorrugAt<>d   load.  ;ig 

arranged  so  that  tho  corrugations  ran  altomatolv  vortically 
and  hori/.(»nt«lly.     An  inter.  .  •♦     •  -  •     v       ,„\, 

rpstilt.  vir,..  an  incrva.<<o  in  ^    ,;o. 

which  was  pn»duco<l  fr(»m  a  shoot  of  rolled  load,  which  w«j«  ftxod 
"■  '  c»l  shai'  r.  and  a  wrios  of  parallel  nbf«  «tf  any 

''  '!•'''  '!'■'        i  epanng  were  cut  on  Us  surface.  Tho 


firet  plate  on  the  English  market  having  cast  grooved  electrodes 
with  a  central  web  of  metal  was  the  Epstein,  whi'^h  was  the 
forerunner  of  the  Plante  type  positive  which  is  standard 
practice  to-day. 

Another  line  of  research  which  was  actively  foUowei  as  a 
means  of  obviatmg  the  difficulty  of  retaining  the  a-tive 
material  in  position  in  pasted  plates  was  the  preparation  of  the 
active  material  in  the  form  of  lozenges  or  pellets,  round  whiek 
the  suppcjrting  grid  was  then  cast.  Among  many  designs  ol 
this  character  may  be  meniioned  Reckenzaun's  plate,  in  which 
the  active  material  was  arranged  in  cylindrical  rods  about  J  in. 
diameter  and  I  in.  long.  As  the  plate  itself  was  only  |in. 
thick,  these  rods  projected  about   ^in.  each  side. 

In  Frankland's  plate  the  active  material  was  in  the  form  of 
convex  edged  tablets  of  the  same  thickness  as  the  frame  which 
was  cast  round  them.  The  original  chloride  plate  was  con- 
structed on  I  his  principle,  the  positive  active  material  being. 
lozenge  shaped,  and  the  negative  active  material  hexagonal 
pastilles  about  J  in.  across,  each  provided  with  two  small  holes 
produced  by  ])in.s  in  the  mould  in  which  they  were  cast.  When 
being  made  up  in.c*  a  plate  the  negative  pastilles  were  placed  on 
similar  pins  in  another  mould,  which  kept  them  in  position,  and 
the  supjiorring  grid  was  cast  round  them  imder  an  air  pressure 
of  L'jo  ib.  per  square  inch.  The  unformed  negatives  were  than 
reduc-e<l  by  various  processes  which  left  the  active  material  in 
a  Very  high  state  of  porosity. 

In  18**5  the  chloride  '"  built  up  "  positive  was  introduced, 
in  which  the  active  material  consists  of  pure  lead  tape  coiled 
up  into  rosettes  which  are  expanded  during  the  process  of 
formation  into  hc»les  in  the  lead-antimony  grid,  these  being 
cast  countennink  on  both  sides  for  the  purpose.  This  special 
design  with  modifications  in  detail  has  been  made  ever  since 
that  date. 

Many  of  the  makers  in  the  early  days  used  to  couple  indi- 
vidual plates  to  the  cross-bars  by  means  of  bolts  and  nuts, 
instead  <»f  casting  them  on  or  burning  to  a  channel  bar,  and 
this  together  with  a  long  plate  lug  of  comparatively  small 
area  increawd  the  resistance  of  the  cells  very  materially. 

Tile  jtrocess  of  evolution,  perhaps  accelerated  by  the  increased 
demand  for  higher  working  rates,  tended  towards  the  elimina- 
tion ui  the  jtasted  po.sitive  plate,  except  for  small  cells,  and 
gra<lually  it  became  standard  practice  to  have  Plante  jjositives 
and  paste(l  iiegaiives.  and  subsequently  box  negatives,  in  which 
the  plate  is  made  in  two  halves  rivetted  together  after  the 
insiTiion  c»f  ihe  active  material. 

A  great  variety  of  materials  have  been  used  as  separators 
between  jilates  of  opposite  polarity.  Plante  in  his  original 
battery  emphtyed  a  long  piece  of  coarse  cloth  or  felt,  which  was 
rolleil  up  with  the  two  long  strips  of  sheet  lead  which  formed 
his  cell.  Att«'mpis  were  made  by  other  inventors  to  do  without 
any  separators  at  all.  while  such  substances  as  thin  porous 
sheets  «»f  silica,  grooved  wooden  combs,  notched  vulcanite 
frames  at  the  base  <d  the  plates,  and  groovcKl  cros.s-bars  of  the 
same  material  tightly  wedged  in  at  the  top  were  also  used. 
In  one  design  the  plates  were  fitted  into  a  stout  wooden  frame 
and  held  in  jioxition  by  bai-s  cm  the  plate,  in  another  the  posi- 
tive plates  Were  contained  in  an  asbestos  envelope,  while 
another  employwl  a  grooved  celluloid  rest  for  the  plates  to- 
stand  on  ai.d  fixwl  a  celluloid  comb  on  the  top  of  the  plates  to- 
ensure  correc »  »•;.  -  ■  p^r  many  vearr.  ebonite  fork  sepa- 
rators Were  laij.  d.  then  glass  tubes  or  rods  became 
popular,  and  these,  m  turn,  since  the  year  11H»4.  when  wood 
d'-  '  irs  were  introduced,  have  gradually 
}'"  <»f  this  latest  improvement  in  separator 
niaiorial. 

Pr.c  ever}-  available  substance  has  in  tunt  been  used 

i**r  <]  ,1s.     Circular  and  rectangular  earthen- 

*^»^  .  with  nibber.  sheet-iron  similarly  pro- 

tected, and  lead  Wxes  inside  an  antimcmial  crate  have  all  been 
*"'^'       ''  K'e  gla.ss  boxes  are  universally  adopted 

With  lca<i ;...,\es  for  the  larger  sizes  for  stationary 

Borvico.  with  ebonite  boxes  for  .spec  lal  purposes  and  celluloid 
for  ignit)..n  and  portable  work.  It  is  interesting  to  not«,  in 
passing,  an  opinion  expressed  by  a  well-known  battery  experts 
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about  20  years  ago  regarding  the  use  of  celluloid  for  battery 
work,  which  was  to  this  effect  :  "  The  compounds  known  to 
the  public  as  '  celluloid  '  are  far  too  dangerous  for  use  outside 
of  the  laboratory,  except  when  immersed  in  a  non-inflammable 
liquid.  Except  on  the  smallest  scale  the  most  ordinary 
prudence  must  forbid  the  use  of  this  substance  for  boxes  to 
contain  accumulators."  What  would  be  his  feelings  if  he 
could  see  its  extended  use  at  the  present  time  1 

One  of  the  earliest  applications  of  accumulators  to  public 
electricity  supply  was  that  inaugurated  by  the  Cadogan  Elec- 
tric Supply  Co.,  at  Chelsea,  in  the  yea;r  1888.  This  was  prior 
to  the  issue  of  provisional  orders  by  the  Board  of  Trade,  and 
overhead  mains  were  used  throughout.  The  idea  of  the 
system  was  that  all  the  current  required  should  be  supplied 
from  accumulators,  and  on  the  premises  of  each  consumer 
three  small  100-volt  batteries  were  installed  connected  in 
parallel,  each  set  of  cells  in  turn  being  taken  off  discharge  and 
put  on  charge,  so  that  two  sets  in  parallel  were  always  ready 
to  take  the  load  on  each  consumer's  premises.  At  the  gene- 
rating station  four  machines  were  connected  in  series  so  that 


sufficient  voltage  should  be  available  to  charge  the  cells  in 
each  consumer's  premises  at  once.  This  would  represent  about 
1, 800-1, IXJO  volts,  and  one  cannot  withhold  admiration  at  the 
courage  which  planned  and  operated  such  a  system.  It 
entailed  in  oiie  instance  seven  sets  of  52  cells  on  one  consumer's 
premises,  which  were  charged  in  series  and  discharged  in 
parallel.  Meantime,  in  1889,  the  Chelsea  Electricity  Co.  com- 
menced supply  in  adjacent  territory  on  what  was  considered  an 
improved  system  in  that  the  batteries  were  no  longer  on  the 
consumer's  premises  but  in  substations,  a  "  storage  station," 
as  they  were  termed,  being  installed  for  every  so  many  con- 
sumers, the  total  supply  being  from  accumulators.  In  each 
substation  were  installed  4.32  cells  in  glass  boxes  with  a  capa- 
city of  660  ampere-hours  at  the  11-hour  rate,  arranged  in  four 
parallels  of  54  cells  each.  The  generating  plant  running  at  one 
time  consisted  of  three  machines  giving  75  amperes  at  a  maxi- 
mum of  500  volts  each,  and  were  coupled  in  series  to  charge 
half  the  total  number  of  batteries  in  the  substation,  while  the 
other  half  were  on  the  load.  A  considerable  amount  of  some- 
what complicated  apparatus  was  used  to  obviate  attendance. 


Radiotelegraphy :    A   Retrospect   of   Twenty       | 

Years. 


By  J.  A.   FLEMING,  D.Sc,  F.R.S. 


t 


Amongst  the  astonishing  scientific  achievements  of  the  past 
20  years,  covered,  say,  by  the  issue  of  the  last  1,000  numbers 
of  The  Electrician,  the  inception  and  growth  of  radio- 
telegraphy  takes  a  foremost  place.  Casting  our  glances  still 
farther  backward,  we  find  that  half  a  century  has  elapsed  since 
Clerk  Maxwell  gave  to  the  Royal  Society  in  1865  his  great 
Paper  on  "A  Dynamical  Theory  of  the  Electromagnetic 
Field."  In  this  epoch-making  work  he  proved  that  an  electro- 
magnetic impulse  or  disturbance  must  be  propagated  as  a  wave 
through  any  insulating  medium  with  a  velocity  determined  by 
its  dielectric  constant  and  magnetic  permeability,  and  he  baoed 
on  this  his  novel  electromagnetic  theory  of  light.  None  but  a 
few  advanced  physicists  at  that  date  appreciated  the  full 
meaning  of  it.  Twenty  years  later  G.  F.  Fitzgerald  showed 
that  a  high-frequency  alternating  current  in  a  closed  circuit 
must  create  Maxwell's  electromagnetic  radiation,  and  sug- 
gested that  the  Oscillatory  discharge  of  a  Leyden  jar  might  be 
able  practically  to  produce  it.  Nevertheless,  although  Sir 
Oliver  Lodge  was  closely  engaged  about  that  time  in  studying 
the  oscillatory  discharge  of  a  condenser,  and  had  succeeded  in 
producing  stationary  electric  waves  on  a  pair  of  parallel  wires, 
the  creation  of  free  or  space  electromagnetic  waves  was  not 
achieved  until  Heinrich  Rudolf  Hertz  described  in  1888  his 
remarkable  experiments  with  an  open  radiating  oscillator  and 
nearly  closed  circuit  spark  receiver  or  resonator.  Hertz  con- 
structed a  condenser  with  the  two  metal  plates  connected  by 
a  straight  thick  wire,  in  the  centre  of  which  was  a  spark  gap. 
He  thus  made  a  form  of  Leyden  jar  which  had  vastly  greater 
power  of  creating  Maxwellian  radiation  than  Fitzgerald's 
closed  circuit  when  high-frequency  electric  oscillations  were 
•set  up  in  it.  Combining  this  with  a  nearly  closed  circular 
wire  resonator,  used  as  a  receiver,  he  furnished  both  himself 
and  the  world  by  this  stroke  of  inventive  genius  with  simple 
appliances  for  creating  and  detecting  Maxwell's  electro- 
magnetic waves  in  free  space.  His  great  experiments  proving 
that  this  electric  radiation  was  susceptible  of  reflection, 
refraction  and  interference  like  rays  of  light  and  heat  originated 
at  once  a  new  department  of  electro-optics,  and  established 
Maxwell's  electromagnetic  theory  of  light  on  an  experimental 
basis.     Hertz's  ring-shaped  resonator,  with  its  minute  spark 


gap,  was,  however,  too  insensitive  for  anything  but  laboratory 
experiments,  and  it  is,  indeed,  remarkable  that  he  and  others 
should  have  been  able  to  do  with  it  as  much  as  was  accom- 
plished. 

Prof.  E.  Branly,  of  Paris,  had,  however,  discovered  in  or 
before  1890  facts  concerning  the  power  of  an  electric  spark  to 
increase  the  conductivity  of  metallic  powders  which  had  pre- 
viously been  imperfectly  noticed  by  the  brothers  Varley  and 
by  D.  E.  Hughes.  These  observations,  extended  by  Croft, 
Minchin,  Lodge  and  others  gave  us  the  appliance  called  by 
Lodge  a  coherer.  Hence  when,  six  months  after  the  early  and 
lamented  death  of  Hertz,  Lodge  gave  in  June,  1894,  a  well- 
remembered  lecture  at  the  Royal  Institution  on  "  The  W  ork 
of  Hertz,"  he  was  able  to  demonstrate  to  his  audience  the 
principal  facts  concerning  electromagnetic  radiation  by  the 


mcr^^M^^^^i^^^^m-^ 


lllllllliilin"" 


Fig.  1. — Lodge's  Irox  Filings  Coht^ker  or  Electric  Wave 
Detector,  as  Used  in  1S94. 

aid  of  his  metal-point  coherer  wave  detector,  and  also  one 
consisting  of  iron  filings  or  borings  in  a  gloss  tube  {see  Fig.  1). 

There  v.as  no  direct  reference  in  this  lecture  to  the  applica- 
tion of  Hertzian  waves  in  telegraphy,  though  it  may  have  been 
present  in  the  mind  of  the  lecturer.  Nevertheless,  it  seems 
clear  that  either  the  lecture  itself  or  the  accumulated  know- 
ledge which  preceded  it  inipai-ted  to  several  minds  a  stimulus 
which  caused  them  to  realise  the  possibility  of  electric  wave 
telegraphy. 

Two  years  previously  Sir  William  Crookes  had  even  written 
an  article  in  the  "  Fortnightly  Review  "  for  February,  1892, 
entitled  "  On  Some  Possibilities  of  Electricity,"  in  which  he 
made  a  remarkable  forecast  of  the  coming  of  this  new  tele- 
graphy.    His  ideas  had  probably  been  initiated  by  witnessing 
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some  ]ittle-notlced  experiments  of  D.  E.  HugLes,  the  ingeuiouB 
inventor  of  the  carbon  microphone,  made  between  18 1 9  and 
1886.  Hughes  appears  to  have  const ructed  a  metallic  micro- 
phone consisting  of  zinc  and  silver  filings,  contained  between 
two  terminal  electrodes  in  a  glass  tube.  This  he  placed  in 
series  with  a  single  voltaic  cell,  and  also  a  Bell  telephone 
receiver,  and  found  that  the  action  of  an  electric  spark  at  a 
distance  was  to  impart  sudden  conductivity  to  the  filings, 
and  hence  to  create  a  current,  and  therefore  sound,  in  the 
telephone  receiver.  He  did  not  publihh  any  account  of  these 
experiments  at  the  time,  having  l>€en  too  easily  discouraged 
from  continuing  thcrn  ;  but  many  years  later  he  put  the  results 
on  record  (fiee  TuK  ELEfTKlciAX,  May  5,  18'J'J). 

The  early  fonns  of  rohen-r.  whether  in  the  form  of  metallic 
filings  in  a  tube,  as  made  by  Hughes  or  Hranly,  or  the  imperfect 
or  light  contact  of  a  metalli*  point  itnd  i.lat*'  or  balls  as  devised 
by  Lodge,  or  other  nuim-rous  dfiivativeh,  were  undoubt<'dly 
ver>'  capricious  wave-detecting  devices,  requiring  great 
patience  even  in  laboratory  e.\jM'rimenth.  and  not,  therefore, 
apjM'aring  very  ]»romiKir  "   '         ;  '         :  •  'i.inces.     In  spit* 

of    this,    how«'Ver,    tin*  '■     ,      .  /  • '^ 

had  become  evident  to  Mr.  Marccmi,  tiien  a 
young  HtudcTit  in  Italy,  and  in  Knglajid  t<i 
Admiral   Sir  Henry  Jackson,  to  Mr.   (  aniplitll 


thing,  however,  was  necessary  before  these  materials  and  ideas 
could  be  transfonued  into  practical  telegraphy.  That  missing 
element  was  unquestionably  supplied  by  the  work  of  Guglielmo 
Marconi,  who  had  been  attracted  to  the  study  of  the  subject 
in  or  before  the  vear  1895.  He  directed  his  attention,  in  the 
first  place,  to  the  improvement  of  the  metallic  filings  coherer, 
and.  after' a  careful  studvof  the  structure  and  dimensions  o£ 
previous  models,  he  finally  adopted  as  the  best  a  mixture  of 
nickel  and  silver  filing.s  very  carefully  sifted  and  mixed,  the 
silver  being  about  5  per  cent,  of  the  total  mass.  A  very  small 
quantity  of  this  powder  was  included  between  two  bevelled 
silver  plugs  sealed  into  a  glass  tube,  which  was  subsequently 
exhausted.  Associated  with  this  coherer  was  an  improved" 
form  of  electromagnetic  tapper  capable  of  exact  adjustment, 
so  as  to  administer  to  the  tube  a  series  of  taps  just  sufficient  to 
restore  it  to  non-conductivity.  He  placed  this  tube  in  series 
with  a  single  voltaic  cell  and  with  the  primary  circuit  of  a 
sensitive  telegraphic  relay  and  used  it  to  actuate  a  Morse 
printing  instniment.  and  so  record  in  dots  and  dashes  on  the 
paper  tape.     The  whole  receiving  apparatus  was  enclosed  in  a 


Fio.  2. — INirorr'n  ('oiikhrh  ahu  Ai-ti»»iatu-  TArrEB 
ron  UEAnji'NTi>a  tiik  (''OIIEheh  to  HKxniTtviTY,  as 

U»U>  IK   1H(M. 


Fio.  3. — Early  Type  op  M.%RroM  Radiotelegr.\phic  Appakatts  as  Used  and  Exhibited 
AT  THE  BRrriKii  AssocuTios  Meeting  at  Dover  in  September,  1899. 


Swinton.  Dr   .MiiiilinKJ.  iiii'l.  p-  --vrral  others,  and  more      inctiil    b<i.\.     Hut   the   improvement   in   the 'coheier.*^though 

or  le«H  ex|M'rimcnting  was  uiui'  in    ron»e«iui'nce.     The      making  it  more  certain  in  its  action,  would  not  by  itself  have 

iiutomatir  tapping  bark  of  the  rohenr  to  sensibility  had  bc<'n  sufficient  to  create  a  new  telegraphv.  His  great  contribu- 
ulready  bi-gun  ti.  rnK«g-  I/oilgo's  attrntion.  All  this  brought  tion  to  the  subject  was  the  invention  of  a  t\-pe  of  radiator  far 
UN  to  the  year  1H*.»«».  when  sonir  important  advamcs  were  made.  more  efTfrtive  in  making  long-wave  electric  radiation  than  anv- 
In  .lanuary  of  that  year  Prof,  A.  S.  r<ip<ifT.  <(f  Cronstudt,  sent  a  thing  previtmsly  devis^-d.  Hertz  had  u.sed  short  metal  rods  in 
I'apiT  to  the  "  Journal  '  of  the  Kussiun  lMi>Tiical  and  Chemical  line  with  each  other,  their  adjacent  ends  separated  bv  a  small 
Sonety.  in  whirli  ho  ib-.-tmbrd  rxpcrinirnts  mado  with  a  sp«rk  gap.  an<l  such  an  oscillator  created  waves  a  vard  or  so  in 
inetullir  filingH  cttherer  wavi-  (lrtr«  tor,  combined  with  an  b-ngth.  Hut  .Marconi  attached  respectively  to  the  two  spark 
ingenious  rlrrtroniftgnetic  tnpprr  for  continually  nHt<»ring  the  balls  of  an  induction  coil  a  metal  plate  sunk  in  the  earth  and  a 
cuheror  to  sensitivity  (j»*r  Fig.  2).  Ttipof!  employed  this  long  aerial  wire  insulated  at  its  upper  end.  In  the  ]>rimary 
dfvire  not  for  telegmphv.  T  *  '  -  nfudyiiig  the  v  '  'ion  of 
utniospheric  Mtray  clectru-  \*  nn'  to  ilintant  i  ^  g  dis- 

chargeii.  His  apparatus  was  arronlingly  ronnocted  to  a 
lightning  condurtor.  Hn  inadn  thn  pDnlurtion  of  romluctivity 
in  the  metallic  filings  by  the  action  of  the  osnllationn  M*t  up 
in  the  lightning  rod.  acting  as  a  rollertor.  oponite  as  a  relay 
and  set  in  operation  a  Morse    printing   <•  'lic   recorder. 

Kiirthennorn.  by  that  «late  bnth  K  Kuth«i:.iii  .t;  (',.  ' 
using  a  form  of  magnetic  detertor.  and  I^odgc.  usini;  a  ..■  ...r. 
had  lu'en  able  to  detect  electric  waves  pHxlucwl  bv  a  Hert  it  radia- 
ting oscillator  at  a  di.Htaiiceof  ix'ri'.a-  .mile.  Herethen  wo 
had  ni>t  only  the  clear  rtinception  -•:  •^■•litv  of  a  form 
of  Ii«<it7.ian  wave  telegraphy  prrfM^nt  ii,  ^  «if  inventors, 
but  tlie  appliances  for  it  in  a  certain  nidimentary  form.  8omr- 


rircuit  of  the  roil  he  pIac«Hl  a  key  which  when  pressed  for  a 
longer  or  shorter  time  cause<l  a  torrent  of  oscillatory  sparksto 
bridge  the  spark  gap,  and,  therefore,  trains  of  highiy-damped 
but^  vor)- 1  tnc  waves  to  be  radiated  from  the  aerial  wire. 

^'*''"''^'  to  this  im])roved  radiator,  he  constructed  an 

■I'P^"!  '>er  by  ( oiinecting  one  tenninal  of  his  c(»herer 

to  a  similar  elevated  aerial  wire,  and  the  other  end  to  the  earth. 
'*'•'  'th  .such  apparatus  at  Bologna  showed  him 

^''•*         -    •■  ■•  •  ■•'  nieans  of  conducting  a  practical  method  of 

telegraphy  by  cU-ctric  waves  cai>able  of  transmitting  intelli- 
gible signals  in  the  usual  Morse  cixie. 

Con  ••  •  -  }  '  ,1  in  ]s<ir).  he  then  obtaineil  patent  protec- 
*•'*•"*'    .  iS,  and  brought  his  apparatus  to  the  notice 

of  Sir  N\  tlliam  Preece.     Space  will  not  permit  a  detailed  history 
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of  subsequent  early  demonstrations  and  improvements.  Suffice 
it  to  say  that  the  invention  and  use  of  the  aerial  wire  combined 
with  the  earth  connection  changed  the  outlook  entirely,  and 
transformed  appliances  for  experiments  on  electric  waves  into 
apparatus  suitable  for  telegraphy  in  the  proper  sense  of  the 
word.  Marconi's  rapid  progress  was  also  undoubtedly  due  to 
the  singleness  of  his  puipose.  He  did  not  allow  himself  to  be 
drawn  away  into  purely  physical  investigations  or  measure- 
ments. His  one  aim  was  to  transmit  by  electric  waves  intelli- 
gence to  a  distance  appropriately  reckoned  in  miles,  and  as 
soon  as  he  had  covered  one  distance  he  set  to  work  to  increase 
it.  The  clue  to  success  once  given,  inventors  began  in  1897  to 
contribute  to  the  subject.  Sir  Oliver  Lodge  stated  clearly, 
in  a  fundamental  patent  applied  for  in  1897,  the  right  condi- 
tions for  conducting  syntonic  radiotelegraphy  and  for  iso- 
lating stations,  and  the  necessity  for  the  employment  of  trains 
of  feebly  damped  waves.  Others  endeavoured  to  make  self- 
restoring  coherers  to  obviate  the  necessity  for  the  complica- 
tions of  the  tapper.     Messrs.  A.  C.  Brown  and  G.  E.  Neilson 


practical  utility  was  apparent  to  .some  observers,  and  also  that 
it  formed  an  ideal  method  for  intercommunication  \\"ith  ships. 
In  September,  1899,  the  Briti.sh  Association  met  at  Dover, 
and  the  writer  had  been  invited  to  give  one  of  the  evening 
lectures  "  On  the  Centenar\'  of  the  Electric  Current."  At  his 
suggestion,  Mr.  Marconis  apparatus  was  used  for  public 
demonstrations,  and  messages  exchanged  across  the  Channel 
during  the  lecture  {see  Figs.  3  and  4).  For  the  naval  mancpuvres 
of  that  year  this  radiotelegraphy  was  employed  with  striking 
proofs  of  its  utility,  and  all  naval  powers  set  to  work  to  use  and 
experiment  with  it.  The  cross-Channel  experiments  proved  that 
the  signals  could  be  detected  as  far  as  Chelmsford,  where  the 
"  Wireless  Telegraph  &  Signal  Company,"  formed  to  operate 
Mr.  Marconi's  inventions,  had  their  works.  Hence,  when 
Mr.  Marconi  returned  from  the  United  States  in  that  year  he 
had  firmly  formed  the  intention  of  attempting  trans-Atlantic 
wireless  telegraphy.  As  a  preliminary,  it  was  necessary  to 
devise  a  transmitter  radiating  more  power  than  the  plain 
aerial  already  used      Accordingly  he  began  the  investigations 


Fig.  4. — Mast  Erected  on  the  Tower  of  the  Town  Hall,  Dover, 
IN  September,  1899,  for  Conducting  Cross-Channel  Marconi 
Radiotelegraphy  on  the  Occasion  of  a  Lecture  by  Dr.  J.  A. 
Fleming  on  "  The  Centenary  of  the  Electric  Current." 


even  patented  at  the  end  of  1896  the  use  of  a  telephone  in 
series  with  a  voltaic  cell  and  carbon  coherer  as  a  means  of  de- 
tecting electric  waves,  thus  originating  the  telephonic  method 
of  reception.  Mr.  Marconi,  however,  greatly  improved  his 
receiver  and  maintained  his  lead  in  practical  achievement. 
When  the  writer  first  saw  his  apparatus  at  work  in  April,  1898, 
he  had  established  it  at  Bournemouth  in  a  house  near  the  pier, 
and  was  daily  intercommunicating  with  a  station  in  the  Isle  of 
Wight,  12  miles  away.  Lord  Kelvin,  who  there  inspected  it, 
sent  several  messages  to  his  friends,  and  with  characteristic 
enthusiasm  insisted  on  paying  for  them  at  postal  rates,  as  a 
proof  that  he  thought  it  had  reached  a  commercial  stage. 

At  Easter,  1899,  Mr.  Marconi  bridged  the  English  Channel 
with  electric  waves,  and  public  attention  was  strongly  drawn 
to  this  feat  of  cross-Channel  radiotelegraphy.      Its  immense 


1<Tg.  5. — View  of  the  First  Buildings  Erected  at  Poldhu,  Cornwall,  for  Trans- 
atlantic Radiotelegraphy  by  Marconi  Methods. 

which  led  him  to  the  type  of  transmitter  and  receiver  described 
in  his  British  specification  No.  7777  of  1900,  which  proved  to  be 
a  master  patent.  I'p  to  this  stage  the  apparatus  employed  for 
radiotelegraphy  had  been  of  a  physical  laboratory  t}-pe — 
ordinary  induction  coils,  Leyden  jars  and  current  frori  a  few 
storage  cells  being  used  ;  but  the  accomplishment  of  trans- 
Atlantic  radiotelegraphy  demanded  the  translation  of  this 
apparatus  into  engineering  plant.  The  writer  was  entiiisted 
with  some  of  the  dutv  of  this  work  in  its  earlv  stages.  In  the 
spring  of  1900  Mr.  Marconi  selected  a  site  for  the  fiist  long- 
distance radiotelegraphic  station  on  the  coast  of  Cornwall  at 
Poldhu.  The  plans  for  the  first  buildings  of  this  station  were 
drawn  by  the  writer  at  University  College,  London,  and  the 
specifications  for  the  fiist  plant,  comprising  oil  engine,  alter- 
Uc^tor,  transformeis,  switchboard,  condenser  and  storage  cells 
settled  by  him  in  the  summer  of  that  year  (see  Fig.  5).  In 
the  fiist  weeks  of  1901  the  erection  of  the  station  and  plant 
enabled  preliminary  experiments  to  be  begun.  At  that  time- 
no  data  existed  for  deteimining  whether  the  electric  waves  so- 
far  used,  about  1,000  f.t.  or  so  in  length,  could  be  propagated 
45  deg.  round  the  earth,  or  whether  they  would  glide  oif  at  a 
tangent.  These  and  other  problems  formed  the  constant 
subject  of  discussion  between  Mr.  Marconi  and  the  writer  in.. 
1901  during  the  work  of  constructing  and  altering  the  plant, 
and  erecting  the  circle  of  masts  to  support  the  aerial  wires  at- 
the  site  on  the  Cornish  cliffs.     Mr.  Marconi  preserved,  however^. 
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4in  unfailing  confidence  in  the  pohsibility  of  trans-Atlantic 
radiotelc-graphy,  and  the  result  proved  he  was  right.  To 
record  the  detail*  of  all  the  rearrangements  of  plant,  experi- 
m«'nts  and  accidents  of  those  12  montls  would  need  a  long 
chapter.  Suffice  it  to  say  that,  alter  innumerable  tests  and 
trials  between  Poldhu  and  receiving  stations  at  Poole  and  at 
the  south  of  Ireland,  Mr.  Marconi  was  satisfied  that  the  time 
had  come  to  see  if  the  wave«  at'iit  out  from  Poldliu  could  Ije 
-detected  at  St.  John's  in  Newfoundland.  He  set  out  on  this 
quest  on  November  27,  VM)l,  in  the  s.s.  '*  Sardinian,"  taking 
with  him  some  kites  and  balloons  to  eb'vate  a  temj)orarv  aerial 
wire.  He  previously  arranged  a  programnif  of  operations  with 
assistants  left  at  Poldhu.  (Jn  D«'c«.iiiber  14,  1901,  he  was  able 
to  cable  to  his  directors  that  signals  denoting  the  letter  S  had 
been  unquestionably  received  at  St.  John's,  coming  from  the 
■station  at  Pohliiu.  This  achievement  was  the  more  remark- 
able because  the  true  physical  explanation  of  it  was  not  at  all 
•obvious,  and  even  n(»w  mathematicians  and  physicists  have  not 
yet  settled  how  far  the  eflect  is  due  to  true  difTracti(jn  of  a  space 
«etherial   wave,  to  ionic  refraction  by  the  atmosphere,  or  to  a 


the  portion  in  darkness.  But  there  were  curious  phenomena 
in  connection  with  variation  of  signal  strength  at  sunrise  and 
sunset,  extraordinary  differences  at  irregular  intervals  and 
with  variation  in  direction ^  whether  east-west  or  north-south, 
and  intrusions  of  natural  vagrant  waves,  all  of  which  required 
immense  research  to  explore,  unravel  and  overcome. 

Apart  fro;n  all  this,  evidence  accumulated  showing  the 
advantages  of  greatly  lengthening  the  wave-length.  This 
implied  a  larger  aerial  and  more  condenser  capacity,  and  this, 
again,  better  means  of  controlling  the  heavy  discharges,  and 
if  possible  directing  the  waves  in  one  direction.  Mr.  Marconi, 
however,  was  never  at  a  loss  for  expedients,  and  his  inde- 
fatigable labours  were  directed  to  improving  each  element  in 
the  plant.  By  the  invention  of  the  bent  antenna,  partly 
vertical  and  partly  horizontal,  he  gave  a  certain  directivity  to 
the  radiation.  One  very  important  invention  concerned  the 
form  of  the  spark  discharger.  In  the  earliest  work  at  Poldhu 
fixed  iion  balls  were  used.  A  powerful  discharge  between 
such  balls  not  only  irregularly  erodes  them,  but  the  discharge 
is  partly  an  electric  arc  superimposed  on  the  condenser  oscil- 
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jiiipmentH  of  stations 
<  lifdcn.  Ireland;  and  at 

.11.  mining 
s  the 


surface  ojprtric  wave  tmvrlling  ovor  the  ocean  surface.  Novor- 
thrless.  it  was  Huf!irient  to  encourage  those  supplying  the 
rapitftl    for   these    large    male   ex]  tH    to    authorise    the 

const  met  Ion  of  hirg«T  permanent 
I'assing  over  the  <letail«  of  tlie  e 
at  I'ohlhii  :  Cape  Cod.  Mass  .  C  S  A 
<«la<e  Hay,  Nova  S-otin.  wjth  th< 
labour,  constant  invention  and  <• 

Atlantic  by  Mr,  Marroni,  we  pause  to  note  the  unexpected 
effect  of  davlight  and  darkness  on  the  lor  ng 

<lisrovere«l  liy  hiin  on  a  voyage  in  the  s>  j.,i..i      in 

February.   \W2.     Tp  to  that    time  short-<i  radiotel- 

grnphy  seemed  to  be  conducted  without  disturbance  bv  the 
atmosphenv    jiave    that    the    w       '    '       '  J    all    radiotele- 

grapliists  was    the    intniston  ■  .Im-   t«»   natural 

atmospheric  electric  discharaes.     Lo-  workinc  re- 

^'  ■  Mat  waves  of  certain  wave-lengtlift  travelled 
^"  •.,..    than  by  day.  «T- '  •'    •  •' , '•  '    "    '-ho 

earth's  at nuMtphere  seenmi  nioTv  oi  .  an 


latory  discharge.  For  .some  years  a  discharger  de\nsed  by 
the  writer,  consisting  of  two  massive  iron  disks  slowly  rotated 
by  motors,  was  used  at  Poldhu  ;  hut  this  did  not  completely 
prevent  arcing  By  his  invention  of  the  high-speed  rotating 
studded  disc  discharger  .\li.  Marconi  accomplished  two 
things— vi«..  obtained  absolute  uniformity  in  the  inter\-al  of 
*"  •    '     '  '•  condenser  discharges,  thus  making  a  musical 

di  .,       ,       nicing    :j(M»  5()()    discharges    per    second,    and 

creating  in  the  telephonic  receive! s  a  high  shrill  note  easy  to 
hear  above  the  atmospheric  sounds,  but  also  he  completely 
quenche*!  *'  -  .irv  hpark.  and  therefore  eliminated  all 
reacti«»n  i  «•  <<iiidenser  and  aerial  circuits.     This  had 

a  most  remarkable  efTect  on  the  J^peed  of  signalling.     In  all 
nu»dem  ^^ 
fi\.  ,1  ..1, 

r 

best  kin<i       (>»r  Kig  (}  j 
Tut 


litters  the  studded  disc  discharger  is 
'tornator.  and  rotates  with  it.  thus 
■nil  (juenched  musical  sjiark  of  the 


used 


•  detectors,  almost  the  only  fonns  now 
^    I*-*'  tlie  Marconi  magnetic  detector 
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the  Fleming  oscillation  valve  or  glow  lamp  detector  or  some 
kind  of  rectifying  crystal  or  contact  and  to  some  extent  the 
electrolytic  detector.  The  coherer  in  its  various  foims  has 
been  nearly  discarded.  The  Marconi  magnetic  detector  is  a 
most  useful  and  simple  one  for  ship  and  military  work.  The 
Fleming  oscillation  valve  in  certain  forms  is  more  sensitive. 
Much  work  has  been  done  in  the  United  States  in  devising 
foims  of  theimionic  detectors,  all  of  which  are  lineal  descen- 
dants of  the  Fleming  valve.  The  rectifying  crystals  and  con- 
tacts, such  as  Dunwoody's  carborundum  crystal  or  the  zincite- 
chalcopyrite  or  "  Perikon  "  detector  of  G.  W.  Pickard,  are  also 
widely  used  and  a  large  proportion  of  all  wireless  reception  is 
conducted  by  these  crystal  and  contact  rectifiers.  Much  work 
has  teen  done  in  devising  foims  of  receiving  circuit  which  shall 
immune  from  disturbance  by  atmospherics.  One  of  the  prob- 
lems inventors  have  had  before  them  from  early  days  is  that  of 
duplex  working,  so  as  to  send  and  receive  simultaneously. 

Mr.  Marconi's  solution  of  the  problem,  like  all  his  inventions, 
is  singularly  simple,  and  yet  effective.  He  places  the  receiving 
apparatus  at  some  little  distance  from  the  transmitter,  and 
provides  the  receiving  system  with  two  antennae,  one  large  and 
one  small  placed  in  certain  relative  positions  to  the  trans- 
mitting antenna.  These  are  so  arranged  that  the  powerful 
waves  from  the  near-by  transmitter  affect  both  these  receiving 
antennae,  and  the  currents  neutralise  each  other  on  the  detector. 
But  the  waves  from  the  distant  transmitter  chiefly  affect  the 
larger  of  the  two  receiving  antennae,  and  so  the  detector  re- 
sponds. This  system  is  in  operation  at  the  Carnarvon  Trans- 
atlantic Marconi  station,  the  transmitter  being  at  the  main 
power  station,  and  the  receiving  station  60  miles  away  on  the 
Welsh  coast.  These  two  correspond  with  a  pair  of  similar 
stations  in  the  United  States. 

So  far  we  have  referred  only  to  the  progress  of  the  spark 
system  of  radiotelegraphy,  conducted  with  trains  of  damped 
waves.  A  few  words  must,  however,  be  said  on  continuous- 
wave  systems. 

In  1900  Mr.  Duddell  had  shown  that  a  direct-current  electric 
arc  shunted  by  a  condenser  and  inductance  could  produce 
persistent  oscillations  in  the  condenser  circuit.  But  with  the 
ordinary  carbon  arc  in  air  the  volt-ampere  characteristic  curve 
is  too  flat  to  enable  high-fiequency  oscillations  of  great  power 
to  be  obtained.  In  1903  V.  Poulsen  discovered  that  if  the  arc 
is  established  in  hydrogen  or  hydrocarbon  vapour  and  a  trans- 
verse magnetic  field  superimposed  very  high  frequency  oscilla- 
tions of  great  energy  can  be  obtained  in  a  suitable  shunt 
condenser  circuit.  This  provided  the  means  for  constructing  a 
radiotelegraphic  transmitter  emitting  undamped  waves.  This 
had  long  been  seen  to  be  necessary  for  the  accomplishment  of 
wireless  telephony,  and  enthusiasts  hailed  it  as  a  great  improve- 
ment also  for  wireless  telegraphy.  But  the  arc  generator  even 
in  its  latest  form  is  certainly  less  easy  to  manage  than  modern 
spark  system  generators,  and  it  has  not  made  the  headway 
expected.  Modifications  of  it  have  been  employed  by  Vanni, 
Fessenden,  Colin  and  Jeance  and  others  for  wireless  telephony 
as  an  experimental  matter. 

A  certain  number  of  arc  generator  stations  have  been  estab- 
lished, but  the  musical  quenched  spark  system  maintains  its 
position  and  superiority  for  systematic  commercial  working. 

A  more  promising  line  of  advance  has  been  opened  by 
improvements  in  high-frequency  alternators.  Starting  from 
early  work  by  Tesla  and  Elihu  Thomson,  R.  A.  Fessenden  con- 
structed high-frequency  alternators  of  the  Mordey  type  driven 
by  De  Leval  steam  turbines  about  the  year  ]  907.  In  the  same 
year  R.  Goldscbmidt  described  a  type  of  alternator  in  which 
by  reactions  between  the  fields  of  a  stator  and  rotor  each 
shunted  by  condensers  and  inductances  frequency  was  multi- 
plied up.  Machines  of  this  type  have  now  been  made  up  to 
100  kw.  in  size,  which  can  augment  frequency  from,  sav, 
10,000  to  50,000. 

E.  F.  W.  Alexanderson  has,  however,  by  careful  attention  to 
mechanical  details,  built  improved  inductor  alternators, 
giving  frequencies  up  to  100,000  and  output  up  to  50  kw.,  the 
^accessary  high  speeds  being  obtained  by  step-up  helical  gearing 
running  in  oil.     High-power  stations  for  transatlantic  working 


have  been  constructed  at  Tuckerton,  U.S.A.,  and  Hanover,  in. 
Germany,  in  which  Goldscbmidt  alternators  are  employed. 
These  continuous  wave  generators  necessitate  special  receivers. 
With  the  Poulsen  arc  a  form  of  rotating  chattering  contact 
called  a  tikker  is  used-  Goldscbmidt  has  invented  a  tone- 
wheel  receiver  which  reduces  the  radio-frequency  of  received 
waves  to  an  audio  frequency  suitable  for  affecting  a  telephone. 
R.  A.  Fessenden  devised  a  very  ingenious  method  of  beat 
reception  called  a  heterodyne  receiver.  The  principle  involved 
is  that  the  high-frequency  oscillations  in  the  receiving  antenna, 
are  m  'de  to  create  beats  of  frequency  300-500  by  interference 
with  a  local  service  of  high-frequency  oscillations,  and  these 
beats  can  affect  a  telephone.  The  methods  of  undamped 
wave  generation  have  rendered  wireless  telephony  possible, 
and  much  interesting  pioneer  work  has  been  done  in  this  by 
Fessenden,  Poulsen,  Colin  and  Jeance,  Vanni,  Marconi  and 
Round  and  by  Japanese  workers.  Speech  has  been  trans- 
mitted 1,000  km.  by  radio  methods  by  Vanni,  and  in  one 
gigantic  experiment  conducted  in  the  United  States  it  was 
transmitted  from  Arlington,  U.S.A. ;  to  the  Eiffel  Tower, 
Paris ;  and  also  to  Honolulu.  Radiotelephony  is,  however, 
still  in  the  experimental  stage,  and  has  not  yet  been  brought 
into  a  condition  for  commercial  and  regular  use.  AVe  are 
still  looking  for  a  more  simple,  cheap,  easily  managed  yet 
powerful  generator  of  undamped  waves. 

Side  by  side  with  the  work  of  bringing  to  perfection  the  appli- 
ances for  long-distance  transoceanic  radiotelegraphy  there  has 
been  a  progressive  improvement  in  shorter  distance  apparatus. 
The  adoption  of  telephonic  reception,  of  a  high-speed  300-500 
per  second  spark  frequency,  better  means  for  tuning  and  the 
regulations  introduced  by  the  International  Convention  have 
largely  overcome  all  the  early  difficulties.  The  highly  efficient 
radiotelegraphy  of  the  British  Navy  is  not  a  little  due  to  the 
work  of  Admiral  Sir  Henry  Jackson,  who  was  a  very  early 
worker  in  this  field.  Marconi's  Wireless  Telegraph  Co.  brought 
to  great  perfection,  many  years  ago,  an  inter-ship  and  shore 
exchange  radiotelegraphy  ;  and  the  General  Post  Office  took, 
over  in  1910  the  coast  stations,  and  connected  this  ship  com- 
munication with  the  General  Post  Office  telegraphic  system. 

Referring,  then,  for  one  moment  to  scientific  researches  in 
connection  with  radiotelegraphy,  it  may  be  noted  that  these 
interesting  problems  have  attracted  to  their  study  a  large 
number  of  eminent  men.  The  mathematicians  have  en- 
deavoured to  determine  how  far  true  diffraction  can  account 
for  the  propagation  of  electric  waves  round  the  earth.  Radio- 
telegraphic  waves  can  be  detected  at  least  a  quarter  of  the  way 
round  the  globe  if  of  suitable  wave-length.  Prof.  Macdonald  and 
Prof.  Love  have  shown  that  diffraction  may  possibly  account 
for  nearly  all  the  effect  during  daylight.  There  is,  however,  an 
abnormal  range  at  nig^;t,  and  the  only  theory  which  seems  to 
explain  this,  and  also  the  diurnal  ajid  irregular  variations,  is  that 
of  ionic  refraction,  proposed  by  Prof.  W.  H.  Eccles.  Mean- 
while, very  large  scale  experiments  have  been  made  by  Dr. 
Austin  and  Mr.  Hogan  with  the  aid  of  two  United  States 
cruisers,  by  means  of  which  an  empirical  law  of  variation  with 
distance  for  daylight  propagation  over  sea  up  to  about  2,000 
miles,  has  been  determined.  There  are  curious  absorptive 
effects  over  land,  due  to  soil  or  to  vegetation,  and  great  irregu- 
larities in  the  nocturnal  signal  strength. 

Much  research  has  taken  place  on  the  atmospheric  stray 
waves.  Senatore  Marconi,  Dr.  Eccles,  Messrs.  Round  and 
Tremellen  and  a  host  of  other  workeic  have  contributed 
knowledge.  At  a  meeting  of  the  British  Association  at 
Dundee  the  \.'riter  proposed  the  foimation  of  a  B.A.  Committee 
on  radiotelegraphic  research.  This  suggestion  was  adopted, 
and  a  strong  Committee  fonned,  but  the  outbreak  of  the 
European  war  has  restricted  its  work.  In  most  countries 
there  are  now  special  institutions  or  societies  devoted  to 
research  in  wireless  telegraphy,  and  many  periodicals  are 
published  in  various  languages  as  a  result.  The  great  increase 
of  amateur  and  national  radiotelegraphy,  combined  with  the 
fact  that  there  is  only  one  aedier  for  us  all,  has  compelled  the 
Governments  of  all  great  Powers  to  enact  legislation  to  control 
it.     Three  great  International  Conventions  have  been  held 
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in  HX>3,  19f)6  and  1912  in  Berlin  and  London  for  the  discussion 
and  settlement  of  regulations  for  radiotelegraphy. 

In  10  years  it  has  become  an  absolutely  indispensable  mjeans 
of  interrornmunication  between  ships  and  the  shore,  and  for 
naval  signalling  and  scouting.  At  least  5,(J0(»  persons  owe 
their  rescue  from  a  watery  grave  in  shipping  disasters  to  its 
operation,  and  every  passenger  vessel  is  now  compelled  by  law 
or  public  opinion  to  carry  wireless  apparatus. 

All  this  constitutes  a  great  achievement  in  the  short  space 
of  little  more  than  tw(i  d.       '  .\t  th-  '     ■  '  'ling  of  that  time 

electric  waves  were  tlie  i'.  '>ti\y  of  j  pliers  concerned 

in  exploring  the  hidden  things  of  Nature  or  the  mechanism 
of  rays  of  light.  To-day  the  same  ethereal  waves,  increased 
ten  thousand  or  a  million  fold  in  wave-length,  ferr>'  our  mes- 
sages acroBH  the  great  oceaiiM  of  the  world  :  give  to  every  Ihip 
a  life  line  by  which  to  call  for  help;  furnish  even*'  battleship 
with  an  f-ar  and  voi<c  ranging  <»v«'r  l.'HK)  niiles  ;  and  j)ermit  an 
aeroplane  or  dirigible  ballcjon  floating  far  above  the  clouds  to 
converse  with  its  base  of  operations  as  if  it  were  only  a  dozen 
yards  away.  But  these  great  feats  are  not  merely  the  result 
<*f  Hcientific  invention  or  engineering  skill.  They  are  partly 
the  product  of  buHinert.s  ability  and  organising  power.  Everyone 
who,  like  the  writer,  has  been  closely  in  contact  with  the 
induHtriul  applications  of  scientific  invention  for  3<t  or  40  years 
will  have  had  abundant  opp<(rtunity  of  observing  how  essential 
is  that  indefinable  quality  wc  call  business  ability  to  their  prac- 
tical success.     This  business  acumen,  resource  and  organising 


power  is  absolutely  necessary  if  permanently  useful  results  are 
to  be  obtained  from  scientific  discoveries  or  inventions.  We 
are  by  no  means  yet  at  the  end  of  the  possibilities  of  radio- 
telegraphy.  The  effect  of  this  great  war,  and  the  victory  we 
trust  it  will  bring  in  good  time  to  the  arms  of  the  .\llies  in  our 
fight  for  right  and  t.reedom  against  an  immoral  militarism, 
must  be  to  increase  the  cohesion  of  the  self-governing  nations 
which  form  the  British  Empire.  That  closer  union  will 
necessitate  more  and  better  facilities  for  intercommunication. 
It  implies— amongst  other  things — the  extension  of  long- 
distance radiotelegraphy.  The  daughter  nations  (Canatla, 
Australia.  New  Zealand,  South  Africa),  which  have  sent  their 
sons  to  bear  such  an  heroic  part  in  this  stupendous  stmggle  for 
life  or  death  with  the  Teuton  and  the  Turk,  will  henceforth 
demand  a  larger  voice  in  Imperial  affairs,  and  to  be  in  more 
direct  touch  with  the  Government  of  Great  Britain  on  all  these 
matters.  An  essential  condition  is  that  our  means  of  instant 
communication  between  the  periphery  and  the  centre  of  the 
Empire  by  wireless  and  by  cable  must  be  multiplied  and 
cheapened. 

These  great  Dominions  must  be  bound  together  into  a 
coherent  and  mighty  Empire,  not  only  by  a  common  language, 
commerce,  literature  and  political  ideals,  but  their  means  of 
intercourse  across  wide  oceans  must  be  secured  by  the  utilisa- 
tion of  all  the  resources  of  science,  and  the  perfecting  of  our 
methods  of  telegraphy,  whether  by  guided  or  unguided  electric 
waves. 
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By   J.   SWINBURNE,    F.R.S. 


Sum  <'  the  beguining  of  the  war  nuK'h  ha.H  been  Kaid  and  still 
m<»re  huH  been  written  altout  the  importance  of  enc<turaging 
wientific  renearch  in  this  country.  NVe  have  been  told  that 
we  are  far  behind  Germany  in  research,  as  in  most  other  matters 
and  that  we  must  copy  her  methods  in  commerce  and  tech- 
nology. Some  who  have  htuduni  the  matter,  and.  what  is 
important,  give  reasons  (or  all  they  urge,  say  that  (iennany 
Ijcfitr*?  the  war  was  in  a  parlous  way  financially.  It  is  said  that 
she  had  In  ••■*''  ''  ■  '  iit  by  a  policy  of  restraining  her  foreign 
trade  tlit>'  of  «><'onomics;  .'^-lling  her  goods  abroad 

ver^' cheap,  thuM  sulwdising  the  purchaaerB  at  herexi>en8e;  and 
giving  credit  to  an  abnormal  extent.  It  is  also  .said  that  the 
rotten  wtute  of  trade  re^ultlng  from  this  was  cau.sing  much 
misery  and  di."*"  onlent,  and  the  country  was  getting  ripe  ft»r 
revolution  ;  a^^d  that  internel  diflitulties  of  tliis  fH)rt  coerced 
those  in  I  •       '  '  much  —what 

similar  en     .  „  .  to  wa:    ..    i      (t.      I 

do  not  say  on  my  own  authority  that  this  ii«  fact.  I  am 
a  student  <»f  such   •  with  no  right  to  sivak  auth<iri- 


tativelv.     I   m»v  b. 


wrung.     How. 


"•re  we   have 

(termany  fighting  an  inrtane  war.  whieh  ■■  who  knows 

anything  at  all  about  economics  realises  muHt  involve  licr  in 


loss,  directly  or  indirectlv.  of 

if  victorious  :    and  could  not 

compen.Ha*ing  good  whati»vi»r. 

that  we  shouUl  not  take  ' 

that  there  are  manv  th' 

copy  fr«»m  an«l  improvr 

absurd  to  assume  that  we  have  everything  to  Iram  from  our 

enemies.     We  may.  (or  example,  ropv  their  clean  and  orderlv 

factories,  and  their  courage  in  inve«-'  •   •  ..>....'   ..    .i  ,.  .i...    i.p. 

ment  of  scientific  technical  ])roceii><  ,le 

reason*  (or  supposing  well-organised   lactones    aud  vigorous 


<[  millio'Ts.  even 

'■■  •    'Mv  s«irt  of 

i  to  shew 

V  as  an  example,     it  is  powihle 

'••-.'..  -      .  •  '  li. 

■    IS 


development  based  on  the  knowledge  of  able  technologists  is 
sound.  We  may,  on  the  other  hand,  avoid  the  Government 
interference  with  commerce,  which  is  so  marked  in  Germany, 
because  there  are  outside  reasons  for  considering  it  pernicious. 
We  may  copy  the  Germans  in  not  investing  our  savings  in  the 
ordinary  limited  companies  that  waste  such  a  large  proportion 
of  this  country's  wealth  ;  but  whether  the  German  "  banking" 
system,  so  called,  is  worth  transplanting  is  a  question  tor 
financial  experts  to  decide.  By  a  financial  expert  I  do  not 
mean  iiei-'ssanly  an  English  banker.  He  may  be  a  very 
successful  banker  understanding  his  practical  business  thor- 
oughly, and  yet  he  may  know  little  of  the  theory  of  banking, 
and  may  b«'  uncertain  whether  he  is  really  a  creator  of  credit, 
or  a  pawnbroker  of  .securities.  Neither  is  a  student  of  the 
theory  of  money  the  right  person.  Still  less  are  the  irrespon- 
sible di<  ta  in  newspa]>er  articles  to  be  considered.  It  is  really 
a  quchtio!!  fur  tin-  various  manufacturing  aiul  financial  houses 
to  settle.  If  the  German  banking  system  is  good  it  will 
probably  In-  introduced  here  by  the  experts  concerned  without 
the  help  of  ■ :'  iied  «»utside  opinion,  however  freely  and 
generously  »•  •  ,         ,  i. 

There    seems    to    In?    a    fundamental   confusion   regarding 
'^^  in   the   advocacy  of  scientific   research. 

'''•.•  ^      icnce  are  a  fabric  of  inter-connected 

*"d  •'  We  are  always  increasing  this  com- 

plicated structure  by  finding  new  part*,  and  tracing  the  inter- 
f"  '      *  '      '  Is    already  found.     Such    a   fabric  of 

J*'  -         r,       i  ;val>ly  exist  without  being  utilised  at 

all  by   man.  except   as   a   means   of  satisfying  his  scientific 
c*^"  '  «t  the  same  time  sharpening  his  appetite  for 

'"^'''P-      '        '  ■'  "■  '  !.at   i.s  sometimes  calle<l  ])ure  .science. 

The  kno.  applied  to  the  practical  uses  of  man, 

and  the  part  »o  utiliaed  ia  often  called  supplied  science  ;  apd 
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such  applied  science  is  generally  specially  developed,  hecause 
of  its  utility. 

If  science  were  developed  solely  with  a  view  to  practical 
utility  it  would  soon  stop.     It  would  begin  by  getting  uneven, 
with  swellings  wherever  it  happened  to  be  useful,  and  atrophy 
everywhere  else.     It  is  therefore  best  that,  as  a  whole,  it  should 
be  developed  by  a  special  type  of  man  working  with  the  single- 
hearted  endeavour  to  develop  a  wonderfully  complete  fabric 
with  all  its  interconnections  and  interlacings  beautifully  la-'d 
out.     But  when  this  is  done,  what  is  the  good  of  it  ?     Is  it,  like 
one  of  the  old  systems  of  philosophy,  merely  an  interestirg 
exercise  for  the  mind  with  no  ulterior  use  ?     It  may  be  said 
it  provides  a  splendid  training  for  the  mir.d.     No  doubt  it  does. 
We  are  told  that  the  sham  Latin  and  sham  Greek  of  the  public 
schools  are  splendid  training  for  the  mind  ;  surely  no  scientific 
man  degrades  science  to  the  level  of  bogus  Latin  verse.     The 
real  value  of  science  is  in  enabling  man  to  cope  more  success- 
fully with  his  environment.     We  thus  get  two  types  of  re- 
search ;   involving  different  objects,  largely  different  methods 
and  different  training,  knowledge  and  experience.     Yet  they 
are  both  commonly  called  scientific  research.     Thus  Maxwells 
theory  of  light  led  Hertz  to  prove  its  truth  experimentally. 
Hertz's  work  was  made  without  any  idea  of  any  sort  of  direct 
practical  utility.     This  is  one  kind  of  scientific  research.     I 
met  Hertz  about  25  years  ago,  and  found  he  did  not  know  what 
a  transformer  was.      Very  soon  afterwards  Hertz's  work  led 
to  wireless  telegraphy.     In   connection  with  that  we   have 
researches  made  on  all  sorts  of  crystals  of  ores  for  detectors. 
Here  we  have  technical  research.      The  knowledge  obtained 
did  not  increase  the  sum  of  pure  or  raw  scientific  knowledge, 
but  it  was  valuable  commercially.     In  numberless  cases  purely 
scientific  knowledge  has  unexpectedly  become  useful  to  man  ; 
but  it  generally  serves  as  the  starting  point  of  elaborate  tech- 
nical research,  which  demands  quite  a  special  kind  of  know- 
ledge and  experience.     Yet  it  is  generally  taken  for  granted 
that  the  two  kinds  of  research  are  substantially  the  same, 
except  that  the  technical  advance  can  be  made  by  an  inferior 
type  of  man  ;   and  that  the  knowledge  and  experience  of  the 
votary  of  raw  science  enables  him  to  do  the  technical  work 
with  no  difficulty  if  he  condescends  to  tackle  it.     Take  as  an 
example  a  moulding  material  now  largely  used  as  an  insulator. 
An  Austrian  technical  chemist  was  trying   to   evolve  a  new 
scent  or  disinfectant ;  it  does  not  matter  which,  as  they  are  so 
similar.     He  produced  a  body  accidentally,  which  he  found 
he  could  work  up  into  an  amber-like  material ;  it  is  a  conden- 
sation product  of  formaldehyde  and  phenol.     But  to  make 
this  body  commercially  meant  a  great  deal  of  very  tedious  and 
uninteresting  work,  involving  much  fume  and  smell,  and  the 
undesired   solidification    of   masses    of   hard   insoluble   mess, 
choking  the  apparatus  or  boiling  over  and  choking  the  premises. 
It  also  involved  an  incredibly   sticky  material  which  spread 
itself  over  everything  with  even  moie  pervasion  than  marma- 
lade worked  by  a  competent  child.     Of  what  use  would  a  pro- 
fessor of  organic  chemistry  be  in  such  a  case  ?     He  might  give 
a  list  of  all  the  condersation  products  of  all  the  aldehydes,  and 
all  the  phenol  and  kindred  bodies.     That  infoimation  would 
be  of  no  use,  and  is  already  obtainable  in  books  of  reference. 
As  to  the  control  of  the  process  with  phenol  and  foimalin  the 
technical  experimenter  would  be  far  ahead  of  him  in  a  week. 
This  kind  of  work  has  no  purely  scientific  interest,  and  would 
not  raise  any  enthusiasm  in  one  who  had  not  the  instincts  of 
the  practical  inventor. 

Take  another  example.  Prof.  Eemsen,  in  a  search  for 
knowledge,  produced  a  body  with  an  extraordinarily  sweet 
taste.  He  was  not  aiming  at  anything  to  do  with  taste.  This 
he  called  "  saccharin,"  and  it  has  come  to  be  of  great  com- 
mercial value.  The  original  methods  of  getting  from  toluol 
to  saccharin  were  all  right  for  laboratory  purposes,  as  cost  was 
unimportant,  but  an  immense  amount  of  investigation  has  been 
carried  out  in  getting  cheaper  methods.  Such  work  is  tech- 
nical research.  It  is  of  little  or  no  purely  scientific  import- 
ance or  interest  ;  but  it  is  very  valuable  all  the  same. 

To  settle  what  ought  to  be  done  to  further  technical  research 
we  must  discuss  its  object.     Do  we  want  to  do  good  to  man- 


kind at  large,  civilised  man,  or  only  to  our  countr}-men  ?     If 
someone  makes  a  discf>very  like  the  dynamo,  and  publishes  it 
fo  that  all  can  make  generators,  it  is  conventional  to  say  that 
he  has  conferred  a  great  benefit  on  mankind.     The  sociologist 
may  object:     "  No;  ovvnng  to  the  pressure  of  population  the 
only  result  is  that  a  few  more  people  can  live,  but  each  individual 
is  no  better  off."     It  may  be  answered  that  civilisation  involves 
heside  a  higher  standard  of  comfort,  increase  ol  knowledge,  and 
that  as  man  becomes  more  sensible  he  gets  happier.     But 
few  really  take  much  interest  in  the  remote  chance  of  makirg 
nan  generally  more  sensible  when  they  are  inventing  dNTiamos. 
The  general  idea  is  that  we  should  develop  technical  research 
so  as  to  benefit  Er gland  either  in  comparison  with,  or,  more 
generally,  at  the  expense  of  other  natiors.     The  oidirar\-  so- 
called  educated  man,  who  has  the  usual  newspaper  nightmare 
negative  knowledge  of  everything  connected  with  sociology  and 
economics,  is,  of  course,  quite  positive  that  we  can  benefit 
only  at  the  expense  of  other  nations.  It  is  impossible  to  d'scuss 
such  matters  with  him.     A  few,  however,  will  urge  that  what 
is  wanted  is  to  benefit  England  in  comparison  with  other 
nations.     The  sociologist  may  say  :    "'  The  pressure  of  popula- 
tion will  merely  increase  the  number  of  Englishmen  without 
increasing  the  welfare  of  each,  so  what  is  the  good  ?  "     The 
answer  will  be  almost  unanimous.     It  will  be,  "  Bother  the 
sociologist.''      As  the  sociologist;  if  his  argument  prevailed, 
would  make  my  writing  this  article  useless,  and  as  I  like  writing 
it,  I  will  tell  him  that  it  is  of  paramount  importance  to  increase 
both  the  population  and  wealth  of  this  glorious  Empire,  so 
that  we  can  maintain  to  the  full  the  resplendent  heritage  of  our 
naval  and  military  pre-eminence,  which  ensures  that  the  sun 
shall  never  set   on   our  smiling   people.     No   self-respecting 
sociologist  will  discuss  with  anyone  who  talks  like  that ;  and  I 
can  continue  on  the  assumption  that  the  object  is  to  help 
England  without  helping  other  coimtries  at  the  same  time. 

To  help  England  alone  no  research  need  be  considered,  unless 
the  results  can  either  be  kept  secret  or  patented  abroad.  Sir 
Norman  Lockyer  advocated  the  State  devoting  a  million  or  a 
hundred  millions  or  some  other  nice  sum  to  science  to  help 
England.  Apart  from  any  confusion  as  to  ""  science."'  such 
expenditure  would  all  fall  on  England,  while  the  benefit  would 
be  spread  among  humanity.  Various  schemes  of  endowment  of 
scientific  research  are  very  popular  among  science  teachers,  and 
naturally  so,  because  they  would  enhance  their  reputation 
and  increase  their  incomes  ;  but  such  endowment  would  not  do 
the  country  any  good,  it  would  merely  cost  money. 

It  is  now  urged  that  we  should  have  State  assisted  technical 
research.  Consider  an  example.  A  cable  maker  would  like 
to  discover  a  new  and  better  dielectric.  He  has  spent  £10.000, 
and  is  considering  spending  £10,000  more  on  technical 
investigation.  The  "  public'st  "'  comes  along  and  says  : 
"  Don't  do  that  ;  give  £10,000  to  State  officials :  they  will 
form  a  committee  and  do  the  work  for  you."  The  cable  maker 
knows  exactly  what  he  wants  and  what  the  difficulties  are.  He 
also  knows  all  the  men  in  the  trade  who  could  tackle  such  a 
problem.  The  Government  knows  nothing.  It  would  appoint 
a  committee  of  science  teachers  who  had  no  knowledge  of 
technology  and  no  experience  in  technical  research.  Such  a 
committee  would  be  quite  useless.  The  cable  maker  could  do 
much  better  without  it.  If,  instead  of  one  case,  we  have  a 
cable  maker  and  a  steel  works  each  subscribing  £10.000,  the 
committee  is  just  as  little  use  ;  and  it  remains  just  as  useless  if 
all  the  industries  are  taken  together.  Neither  does  it  help  if 
the  money  is  voted  by  the  Treasury.  It  is  true  that  the  public 
think  money  voted  by  the  State  comes  from  the  clouds  without 
expense  to  them  ;  they  also  think  that  the  State  is  more 
efficient  than  individuals.  Belief  in  the  State  is  evidence  of  the 
uninformed  mind.  Any  one  manufacturer  may  think  he  may 
score  by  getting  a  benefit  at  the  expense  of  the  generality  of  tax- 
payers, but  as  a  whole.  Government  research  could  be  good  only 
if  done  more  efficiently  than  by  private  enterprise.  It  is 
vastly  less  efficient  for  several  reasons. 

Let  us  consider  its  origin  and  working.  The  English  are 
considered  modest  because  they  belittle  their  country.  Instead 
of  pooling  our  vanity  and  saying  everything  English  is  good,  we 
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display  it  ^n  imlividualist  principlefi.  When  an  Englishman 
says  that  the  English  are  ignorant  of  science,  muddlers,  un- 
musical, prejudiced,  unenterprising,  and  so  on,  he  always 
means  that  other  Englishmen  are  inferior  to  him  in  these 
respects.  When  Carlyle  wrot*  of  thirty  million  people,  mostly 
fools,  he  never  for  a  moment  realiseil  that  he  might  be  one  of 
-the  most  considerable.  We  are,  in  fa/ 1,  all  fools  in  ever>tliing, 
but,  at  most,  a  bit  of  one  subject  each.  It  is  generally  the  bit 
by  which  each  gets  his  living. 

It  has  become  the  proper  thing  for  newspapers  and  publicist* 
to  say  that  English  manufacturers  are  out  of  date.  A  publicist 
is  a  man  with  a  really  t4>ngue  or  pen  who  teaches  the  world  how- 
to  roll,  lie  may  have  rorihid«Tabl<'  n  '  ■  -ous  knowle<i^e, 
^jften  not  d'gested  or  co-ordinated,  but  j;  >  he  lias  no  quali- 
fications. He  may  have  ma«Je  his  name  familiar  as  a  novelist, 
and  once  his  name  is  known  he  is  an  authority  on  everything. 
The  ne.xt  step  is  to  call  on  the  (JuVfrnment  to  take  the  matter 
up.  Incompetent  people  always  call  on  the  (Joveniment.  Tlie 
politicians  then  fear  they  will  lose  some  vot^  if  they  do  nothing, 
so  they  appoint  committees,  and  in  the  case  in  question  the 
best  plan  was  to  make  them  up  of  science  teachers,  becau>;e 
they  have  been  making  a  fuw*.  and  because  they  and  the 
public  think  they  are  technologists.  The  result  is  that  a 
number  of  men  who  are  very  able  in  their  own  sphere  generously 
f^ivc  a  great  deal  of  time  to  matters  which  are  outside  their 
knowledge,  training  and  experience.  They  will  have  a  very 
difficult  task.  In  the  first  place  they  will  not  have  any  idea 
what  researches  to  make.  Th<»ugh  that  is  an  admission  of  the 
absurdity  of  their  position,  they  can  ask  technical  societies 
what  they  are  Ut  do.  Unfortunately  technical  societies  are 
not  manufacturers  :  but  they  will  ;io  doubt  make  many 
suggc-htions,  and  help  as  far  as  they  can.  Hut  why  not  ask  the. 
manufacturers  ?  I'robably  Ijccause  the  manufacturers  do  not 
know  either  :  however  willing  thc»y  may  be  to  give  the  com- 
mittee every  chance.  Imagine  a  maiiufac-turer  a{)proached  by 
a  ccMnmittee,  whc)  says  :  "  Ycmi  do  not  uiicbM.>tand  your 
hasineHS,  and  you  are  effete  and  out  of  date.  We  are  appointed 
|jy  the  (Jovi-mmeiit  at  jmblic  expense  to  put  you  right.  We 
have  no  knctwiedge  of  your  businc-.ss.  but  we  are  so  scientific 
that  we  can  teach  you  it.  and  put  you  right.  Ju8i  tell  us  all 
about  your  work.  and.  in  particulor,  tell  us  the  research  you 
wafit  niacle."  It  wcmlcl  be  ]>ut  more  polit^>ly.  of  course.  The 
manufacturer  will  say  :  "  No  jirac  tical  knowledge.  F.K.S. 
means  *  full  of  raw  science  '  to  the  exclusion  of  technology  and 
common-sense.  But  as  the  jmblic  pays.  I  might  get  something 
for  nothing,  so  I'll   help.     I'lease,  therefore.  jircKluce  a  gocni 


accumulator  without  local  action.  I  have  done'  so«ie  work  on 
it ;  vou  shall  have  the  results  in  confidence  ;  and  if  tliere  is  any 
progress  I  must  have  the  patent  here  and  abroad ;  no  rival 
English  manufacturer  may  know.  The  work  must  be  confi- 
<lential.  and  you  must  publish  nothing.  Xq  papers  before^ 
learned  societies,  please,  and  no  kudos  for  yoa."  The  next 
man  would  like  an  incorrodible  steel  on  similar  terma.  Xo  one 
who  has  had  any  experience  of  the  development  of  inventions 
would  dream  for  a  moment  that  committees  of  science  teachers 
could  do  anytiiing  to  help. 

It  mav  be  said  very  fairly  that  lam  merely  criticising  what 
is  being  done  instead  of  saying  what  ought  to  be  done.  It  is 
not  necessarilv  m.y  business  to  tell  the  manufacturers  what  they 
ought  to  do.  I  would  be  trespassing  on  the  pro\'ince  of  the 
newspapers  and  the  publicist,  not  to  speak  of  the  science 
teacher  ;  and  I  am  disqualified,  as  I  have  had  a  little  to  do  with 
manufacture  :  encjugh  in  fact  to  teach  me  that  the  manu,- 
facturers  are  much  more  able  to  manage  their  affairs  than  I  am. 
There  is  one  common-sense  course  which  it  does  not  require- 
great  knowledge  to  point  out.  The  publicists  and  the  newspaper 
writeih  niijilit  cc»nfine  themselves  to  matters  thev  know  about 
and  understand.  Tliis  would  dessicate  the  inky  output  of  many. 
All  the  better.  Then  science  teachers  might  devote  their 
attenticm  to  teaching  their  students  instead  of  manufacturers. 
Why  have  not  their  pupils  taken  command  of  technology  by 
this  time,  and  diiven  all  the  old-fashioned  ignorant  manu- 
facturers to  the  wall  ?  That  they  have  not  done  this  shows 
either  that  science,  as  taug.iit,  is  wanting,  which  1  for  one  do 
not  believe  ;  or  that  manufacturers  are  competent.  Generally, 
what  appears  to  be  needed  is  that  we  Englishmen  should  stop 
shouting  about  everybody  s  inferiority  to  each  ^f  us,  and  each, 
of  us  should  put  hi.s  whole  energy  into  lus  own  business.  I  will 
therefore  close,  and.  like  Voltaire's  li^ro,  will  go  and  do.  some 
work. 

l3ut  ju.st  as  a  final  diversion  I  would  suggest  that  though  we 
are  t^tld  our  trade  is  all  rotten,  and  that  Germany  was  wiping 
us  out,  it  might  be  well  before  believing  it  to  look  up  the 
retunis  Jis  to  British  home  and  foreign  trade  as  far  as^  available, 
making  diagrams  comparing  us  with  America,  France  and 
Germany.  We  might  find  tliat  the  whole  outcry  is  due  to  the 
ignorance  and  conceit  of  clamorous  and  irresponsible  scribes, 
and  that  the  world  was  going  very  well  with  us,  and  that  we 
were  really  thriving.  But  I  make  no  statement ;  1  am  not  an 
authority.  I  merely  suggest  that  such  matters  are  worth 
e.xaminarion  In'fore  a.ssujuptians  are  made  and  policies  based 
on  them. 


Dc^vrlopiiH  111    of    r]loc-lrir    Power    Stations. 


Bv    \\   V.    IllNTER. 


<  <><hXh>^^<hC><hX^O<'-0-C><» 


A  ret rospor live  view  of  the  !in>L'n»n«  of  electric  power  station 
dovclopment  is  one  of  the  ]'  <'sl  /<ubject«  that  can  engage 

the  attention  c»f  elcvtrical  i  .\t  no  time  could  such  a 


when  as  a  result 
VI ties  an*  unclor 


roview  be  mc»re  oppcirtune  ;  u.. 

of  the  war  the  whole  of  our  inii 
critical  couMclrration. 
<'onteinj»Iation  of  th'- 

which  luis  markcMl  the  s  .       .   ,   ..  j . 

for  the  present  and  ro  •?  for  the  futunv     It  makes  a 

peculiarly  persoiial  ap]>eHl  to  cc.rh  nf  us  in  a  nmnner  most 
cli'^  •'•  Ut  define  and  elusive  in  its  ori^ni  Not  *'  'mt 
II'  K  part  of  the  apjieat  i,s  a  curiMU-.  leeling  of  t  ■  .»!. 

suuilar  to  that  ox|>orience<I  when  lookmg  at  near-by  object* 
through  the  wn»ng  end  of  a  telescope.     We  seem  to  have 


advcuccii  ''o  f.ir  since  power  statiwi  loads  were  computed  in 
term*  of  <  udle-power  lamp,  and  yet  most  of  us  remem- 

ber bi  ment  exj)erienced  when  the  reces&ary 

nunib«  i  .  ,;^>-,i  r.K  h  year  to  produce  a  crescendo  curve 

of  maxin  i. 

A  feehng  i»t  ]>enoDaI  interest  is  also  given. by  the  fact  that 

i;s  we  know  it,  has  not  beer,  the 

.  .  uwugli  Parsons'  development  of  the 

reaction  turbine  has  \\cA   an   important  influence.     Xo  one 
stands,  however,  in  qui^e  the  same  relation  to  powt?r  station 

*!•"■'' '      ^"■  I    and   Watt   to   the   industrial 

^l',  ,  Mcnson  in  its  applicaiic»n  to  rail- 

wa\>      We  feel,  therefore,  that  power  stations  have  developed 
rapidly  and  n.undly  because  of  the  co-operative  effort  of  elec- 
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trical  engineers  as  a  whole,  in  which  each  can  take  a  personal 
pride. 

Nothing  would  be  easier  than  to  produce  flattering  statistics 
comparing  -our  present  position  with  an  earlier  one.  What- 
ever date  we  might  chose  for  the  basis  of  the  comparison  the 
result  would  be  the  same,  as  progress  lias  been  both  rapid  and 
continuous.  Statistics  are,  however,  at  their  best  a  somewhat 
mechanical  means  of  self-congratulation,  even  when  expressed 
in  those  graphical  forms  with  which  our  confreres  in  the  United 
States  of  America  have  made  us  so  familiar.  The  graphical 
representation  of  how  much  electric  light  a  dollar  will  now 
buy,  or  the  number  of  units  produced  per  cubic  foot  of  power 
station,  or  per  ton  of  coal,  compared  with  the  conditions  of  10 
or  20  years  ago  may,  in  capable  hands,  convey  a  striking 
impression,  but  seldom  an  entirely  correct  one.  Such  com- 
parisons tend  to  magnify  the  present  at  the  expense  of  the 
past.  They  engender  a  sense  of  self-satisfaction  atrophying 
in  its  effects  and  completely  out  of  consonance  with  the  spirit 
of  the  present  times. 

The  work  of  our  pioneers  deserves  a  great  deal  more  thought- 
ful consideration  than  can  be  deduced  from  comparisons  on  a 
superficial  statistical  basis.  It  will  be  found  on  examination 
that  their  methods  were  usually  admirably  adapted  to  the 
requirements  of  their  circumstances,  often,  it  would  appear, 
more  so  than  those  of  the  present  day. 

The  builders  of  these  early  stations  were  faced  with  the 
condition  that  the  cost  of  coal  was  one  of  the  least  important 
items  of  their  expenditure,  and  the  cost  of  capital  the  most 
serious.  As  a  result,  the  early  power  station  was  characterised 
by  simplicity  in  conception.  In  general  it  presented  some 
degree  of  complication  in  appearance  due  to  the  requirements 
of  a  site  whose  principal  merit  consisted  in  a  central  situation 
with  respect  to  the  load  and  whose  greatest  disadvantage  was  a 
high  cost  per  square  yard.  The  coal  was  carted,  the  boilers 
were  hand  fired,  the  draught  natural,  the  prime  movers  simple 
steam  engines  working  at  low  pressures  and  exhausting  to 
atmosphere,  and  the  generators  belt-driven.  Their  load  was 
purely  lighting,  and  had  an  annual  load-factor  of  8  to  10  per 
cent.  Even  to-day  such  apparatus  as  superheaters,  con- 
densers, economisers,  mechanical  stokers  and  railway  sidings 
would  be  expensive  luxuries  with  such  load-factors.  With 
the  gradually  extended  use  of  electricity  the  load-factor 
improved,  and  these  useful  aids  to  economy  in  coal  and  labour 
were  adopted,  but  in  each  case  only  when  the  load-factor 
justified  it.  Also  steam  pressures  and  temperatures  were 
raised  when  the  economy  obtained  more  than  balanced  the 
cost.  Long  after  condensing  was  established  it  did  not  pay 
to  move  power  stations  to  distant  riverside  sites.  The  cost  of 
transmission  at  the  pressures  available  was  prohibitive,  while 
a  comparatively  small  and  cheap  cooling  tower  would  produce 
on  any  convenient  site  all  the  vacuum  that  a  reciprocating 
engine  could  usefully  employ. 

There  are  many  early  power  stations  existing  to-day  the 
designers  of  which  are  criticised  for  their  choice  of  site,  although 
under  the  conditions  existing  at  the  time  the  sites  were  the  most 
suitable.  All  that  can  be  urged  against  them  is  that  the 
designers  did  not  anticipate  the  development  of  the  steam 
turbine  coupled  with  high-tension  transmission. 

The  advent  of  the  steam  turbine  produced  a  revolution  in 
power  station  siting  and  construction,  largely  because  high- 
tension  transmission  was  at  the  time  sufficiently  developed  to 
allow  considerable  freedom  in  the  choice  of  site.  As  a  result, 
power  stations  were  erected  in  situations  which  suited  the 
characteristicsof  the  turbine,  namely,  those  offering  a  plentiful 
supply  of  condensing  water.  Power  station  progress  conse- 
quently entered  upon  an  entirely  new  line  development,  the 
general  lines  of  which  have  not  been  departed  from  up  to  the 
present. 

Our  pioneers  had  developed  on  the  lines  of  improving  the 
thermal  cycle.  From  the  simple  steam  engine  taking  steam  at 
100  lb.  pressure  and  exhausting  to  atmosphere,  which  best 
suited  the  load-factor  of  the  pioneer  station,  they  passed  to 
higher  pressures,  compound,  triple  and  even  quadruple  expan- 
sion, superheated  steam  and  adopted  condensing.     Each  of 


these  steps  marked  an  improvement  in  the  thermal  cycle 
The  steam  turbine  found  conditions  at  the  stage  when  all 
these  improvements  were  in  common  use.  In  the  fact  that  it 
could  successfully  employ  a  higher  vacuum  than  the  steam 
engine  the  turbine  was  itself  responsible  for  an  improvement 
in  the  theiTnal  cycle.  During  the  la.st  10  years  or  more  no 
further  step  in  advance  on  the  lines  of  improxnng  the  thermal 
cycle  has  been  made  in  power  station  practice.  Engineers 
have  been  content  to  develop  in  the  direction  of  improving 
the  internal  efficiency  of  the  turbine  and  reducing  its  capital 
cost  per  kilowatt  by  the  development  of  sets  of  increasing  size 
and  speed. 

The  economical  advantages  obtained  in  this  way  have  led 
to  the  cheaper  production  of  electricity,  increased  sale  and 
improved  load-factor,  which  in  their  turn  have  permitted  the 
use  of  still  larger  turbines.  These  conditions  have  mutually 
reacted  on  each  other  in  a  manner  which  has  produced  an  extra- 
ordinary development.  Some  indication  of  this  is  given  in  the 
accoTipanpng  curve,  which  shows  the  annual  load-factor  of 
one  ot  he  larger  supply  imdertakings  from  its  beginning  to 
the  present  time.  The  large  power  stations  which  were  thus 
rapidly  evolved  sought  further  and  further  afield  for  their 
load.  With  each  extension  diversity  improved,  and  as  a  conse- 
quence of  the  cheaper  cost  per  kilowatt  of  the  larger  plants,  and 
the  greater  use  made  of  them  due  to  high  load-factor,  the  cost 
of  producing  electricity  fell  rapidly.  Engineers  come  to  look 
upon  the  cost  of  transmitting  electricity  as  imimportant,  since 
their  experience  showed  that  the  further  they  transmitted 
the  larger  the  load,  the  higher  the  load-factor  and  the  better  the 
result. 
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At  the  present  time,  although  the  condition  has  not  actually 
been  reached,  it  is  possible  to  see  approaching  the  end  of  this 
line  of  development.  Experience  with  the  larger  units  both 
of  boilers  and  turbines  which  have  been  built  in  the  last  few 
years  shows  that  with  the  present  thermal  cycle  the  curves  of 
steam  consumption  and  capital  cost  per  kilowatt  become  very 
much  flatter,  and  there  is  obviously  a  size  of  imit  beyond  which 
it  will  not  be  economical  to  go.  There  is  e\^dence  of  this  in 
the  fact  that  the  largest  sizes  of  turbine  are  already  built  as 
two  or  three  separate  high  and  low  pressure  machines,  each 
with  its  own  alternator.  The  reason  that  these  limitations 
have  only  recently  become  apparent  is  that  in  the  past  the 
smaller  units  did  not  permit  of  the  materials  being  used  to 
their  fullest  advantage. 

The  approach  of  this  condition  is  of  the  greatest  importance, 
as  it  will  mean  a  reconsideration  of  .'he  whole  of  our  present 
day  iines  of  development.  With  the  limitation  to  the  most 
economical  size  of  unit,  using  economical  in  the  sense  of  the  one 
which  gives  the  best  result  both  as  regards  capital  expenditure 
and  operating  costs,  it  will  no  longer  be  possible  to  obtain 
improvement  by  increasing  the  size  of  power  station  ;  in  fact, 
at  a  certain  point  such  procedure  would  be  the  reverse  of 
economical  as  any  increase  in  the  size  of  power  station  would 
incur  the  disability  of  increased  cost  of  transmission  as  com- 
pared with,  say,  two  power  stations  supplying  the  same  net- 
work from  different  points.  As  a  number  of  power  stations 
supplying  the  same  network  in  parallel  have  the  same  load- 
factor  as  a  single  one  nmning  under  similar  conditions  there 
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will  be  a  tendency  to  increase  the  number  of  power  stations 
supplying  a  common  network.  We  are,  therefore,  now  in 
sight  of  the  limits  of  the  advantage  to  be  obtained  by  increasing 
the  size  of  unit  and  size  of  power  station.  If  we  are  to  pro- 
gress in  the  future  as  in  the  past  we  must  seek  another  outlet. 
It  is  possible  that  this  will  in  the  initial  stages  take  the  form 
of  a  return  to  the  impiovement  of  the  thermal  cycle. 

Theoretically  we  can  improve  the  thermod\Tiamic  efficiency 
of  the  i>roreH8  of  converting  the  chemical  energy  of  coal  to 
mechanical  work  to  a  figure  approaching  IMJ  per  cent.  This 
compares  with  a  theoretiral  i-th»iency  of  only  45  per  cent, 
attainable  with  steam  plant,  even  at  pressures  much  m  excess 
of  those  at  pr«'s«'nt  in  use.  It  is  th's  er  nrnious  margin  which  is 
the  insjHration  of  gas  engine  and  gas  turbine  research,  but  so 
far  the  diffir  ulty  ol  dealing  with  ti.e  vastly  increased  tempera- 
ture range  with  the  materie.ls  at  our  disposal  has  made 
progress  slow.  The  g?.s  turbino  is  still  an  ideal,  and  even 
the  great  pn»gr»'hs  which  hf.s  been  made  with  internal  combus- 
tion engines  is  in  special  directions  where  relatively  small  units 
of  power  arc  nMjiiirwl.  I'li-sfnt  indicati«»n«  show  that  long 
before  the  conibii.cd  rapi.«l  and  ninning  costs  of  large  turbo- 
altematr»rn  can  Im-  appioerhod  by  inten^al  combustion  engines 
constructional  dittirultics  inter\'ene  which  increase  the  cost 
per  kilowatt  anrl  cost  of  opfrafioij  er.d  thus  much  more  than 
neutral;K4«  the  incr«a»«-d  tlu-nnal  eHic:ei:cy. 

It  srems  more  probable  therefore  that  devehipments  in  the 
imnu'diati-  future  will  be  in  the  direction  <if  improvements  in 
the  theniial  cycle  of  steam  turbines.  Dr.  Ferranti  has  already 
shown  the  way  with  his  reheating  propusiv!s  which  were  con- 
'^eived  in  the  true  spirit  of  the  ptoneer.  In  considering  these 
and  similar  h<  hemes  it  must  be  remembered  t  hat  under  prese:  t 
load-fm  t<.r  coiiditiors  cual  is  a  niiu  h  larger  iteni  in  the  total- 
cost  of  produt  t  on.  Th's,  coupled  with  the  steady  increase  in 
the  market  pri<-e  of  coal,  means  thar  any  material  reduction 
in  the  <  oal  per  unit  would  justifv  iabjc  increase  in  capital 

chargcH  if  these  ;.l;ou!d  j)iove  i'< 

The  precise  fonn  which  will  be  taken  by  any  pennnncnt 
iwlvaree  in  the  thennal  cycle  will  depc:  <1  purely  on  the  relative 
cost  nf  the  various  alternatives  or  conilmiKtions  of  them,  and 
will  be  settleil  only  by  ex{>erience.     Wi.h  the  magnitude  of  the 


annual  coal  bill  as  an  ever  present  incentive  we  may  reason- 
ably expect  to  see  some  substantial  improvement  materialise 
in  the  course  of  the  next  few  years. 

When  the  limit  has  been  reached  in  this  direction,  and  con- 
ditions are  such  that  even  with  100  per  cent,  load-factor  the 
cost  of  improving  tiie  thennal  efficiency  is  not  balanced  by  the 
saving  in  fuel,  we  shall  still  not  be  at  the  end  of  our  resources. 
It  will  then  be  necessary  to  widen  our  fields  and  utilise  coal 
to  greater  economic  advantage,  recovering  from  it  those  con- 
stituents which  are  of  greater  value  for  other  purposes  than  as 
fuel,  and  utilising  only  the  balance  of  the  constituents  for  the 
production  of  electricity.     It  is  indeed  probable  that  such 
processes   will  be  developed  concurrently  with  improvements 
of  the  thermal  cycle.     In  any  case  improvement  of  the  thermal 
cvcle  will  tend  greatly  towards  their  adoption.     A  substantial 
difficultv  with  such  by-product  processes  in  the  past  has  been 
the  limited  quantity  of  waste  heat  available  from  each  ton  of 
coal  coupled  with  the  inefficient  methods  of  producing  elec- 
tricity from  heat.    As  a  consequence  a  large  power  station  run 
in  tins  manner  would  require  a  by-product  works  so  large  that 
the  capital  cost  and   commercial   risk  involved  would  deter 
even  the  boldest.     It  is  important,  therefore,  to  remember  that 
every  improvement  in  the  thermal  cycle  brings  such  schemes 
nearer    realisation.      In    fact,   the   one   may   be    regarded  as 
comj)!ementarv  to  the  other. 

Another  difficulty  in  the  application  of  such  by-product 
proce^ises  has  been  that  for  economical  working  they  require 
to  be  continuous.  Tiiey  thus  suited  exactly  the  conditions  of 
gas  works,  which  owing  to  the  ease  of  storage  can  run  at  a 
constant  output.  Since  the  storage  of  electricity  in  bulk  is 
not  a  commercial  proposition  the  only  way  in  which  power 
stations  can  attain  similar  running  conditions  is  by  improve- 
ment in  load-factor.  Recent  development  in  this  direction 
has  been  so  rapid  that  the  combination  of  the  power  station 
and  the  chemical  works  is  even  now  a  commercial  possibility. 
In  any  case  we  may  rest  assured  that  in  many  directions  elec- 
trical engineers  will  have  an  outlet  for  that  spirit  of  enterprise 
and  co-operation  which  the  war  has  excited,  and  which  we  all 
hope  will  be  of  lasting  l>enefit  to  the  community,  and  bring 
some  compensation  for  its  destructive  effects. 


-<^XKhX>^<hOhC><mJh><hC><hC><k><hXh><^ 


lUnlov   DovolopiiKMil,  1882-1916. 
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^"    '  ''«^«'  ii.K.iiKJi    the    Dc.rlington 

"♦»"""  .  ''1.^  •«•'•■<  "in  der  of  the  tremendous 

progn««  HI  iitrain  engineering  than  the  old  Stephei  son  engine 
there  exhinited.  Thi»  repr.M-nlN  the  fiiM  Ior«.m«tive  used  in 
Knglftiid.  being  built  about  the  year  |H2I.  and  the  eV..lution  of 
the  steam  boiler  as  a  nepnrnfe  unit  :«>  e.ni;'!I\  iiutn.smv..  when 
traced  back  to  the  '   Origin  of  Sp. 

About   the  year  \f<f<'2  an  ele.tr  .  iighi  rxl.ibit;oii  was  held  at 

the  Cryntal  Palace,  and  a  Inn--  •  •••Ml.or  of  < •  1  boilop. 

were   assembleil.    both    for   .  .n    ar.i  ^,\^^   the 

electric  light.  The  fy|)r  o(  lM>iier  that  serine*!  to  be  gaining 
most  favour  «t  ths  tn       '      .'  •  '  ■  g  pur]' 

appeaiH  to  Imve  born  ...^.^l  „-„j,  ^.„ 

t'ngiiie. 

In  the  early  ilays  of  elect r.r  1. 
under  the  arches  at  ('«ni.on-f»trr<' 
being  belt-driven  from  a  new  < 

combined,  the  latter  Wng  supplied'  bv  Mes..*n..  John  Fowlr, 
«v  (  o.  of  Leeds,  ai   !  lert^l  t)     " 

Hut  oven  pr;or  f.«  ;  vir     1  ~  , 


urh  a  plant  was  uso«l 


about  which  too  little  has  been  written,  was  founded  at  Brighton 
as  an  ..ut<  ome  ..f  the  Public  Health  Kxhibiti(m  held  there.  Mr. 
Arthur  Wright,  who  ha<l  charge  under  the  old  Hammond 
Klectric  Light  A  Power  8ui)ply  Co.  (Ltd.),  converting  the  old 
engine  shed  in  North-road  into  a  primitive  electric  light  station. 

A  picture  of  this  station  used  to  be  attached  to  a  certain  old 
1  ii!;-.  ..^ue.  It  ..howtHi  the  interior  of  the  station,  consi.stirg 
of  a  heterogeneous  mass  of  combined  loco  engines  and  boilers 
"^  ^  Jiios,  belting  and  countershafting,  in  the 

"""  ■ was  a  .solitarv  figure  of  an  engineer,  who 

ap|>e«re<l  tu  !>..  uncblo  to  extricate  himself  from  the  ti'.nalo.  or 
wHj.  undergoing  a  .sort  of  pillory  punishment. 

y   ''"■    *"  tion,  controlled  by  Me.sM>.   Lowrie, 

Mall  &  Ki^  _   ,„  j^j^jj  boilers  were  used  to  run  the 

dniamos.  but  at  the  Ha.stmgs  electncity  works,  started  ab.uit 

'  throe  Lancashire  boilers  were  used. 

■'""■   "         ''       '"trie  light  industrv,  however,  the  Lan- 


inr» 


b«ii 


s  counterpart   the  Cornish   boiler,   was 
used  wherever  any  other  plant  of  large  power  was 
..  Mamni.  M.  that  this  type,  gradually  improved  from  year  to 
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year  in  tlie  method  of  its  manufacture,  in  the  bending,  drilling 
and  rivetting  of  its  plates  and  in  the  quality  of  its  material, 
(fee,  came  to  be  considered  the  only  unit  capable  of  generating 
.'Steam  on  sound  lines,  until  a  competitor  appeared  in  the  shape 
of  the  water-tube  boiler. 

Engineers  were  generally  well  aware  of  the  attempts  that 
had  been  made  for  many  years  prior  to  this  period,  to  put  on 
the  market  a  thoroughly  practical  water-tube  boiler,  and  some 
of  them  may  have  come  to  the  conclusion  that  it  was  more  of 
an  engineering  fad  than  a  fundamental  improvement.  In 
spite  of  this  feeling,  the  Lancashire  boiler  is  not  so  much  the 
■  senior  of  the  water-tube  boiler  in  its  origination,  for  it  was 
only  in  1844  that  the  Lancashire  type  arrived,  whereas  Stephen 
Wilcox  took  out  his  patent  for  water-tube  boilers  in  1856. 

In  America,  water-tube  boilers  were  steadily  gaining  ground, 
and  about  the  year  1885  were  sufficiently  powerful  to  throw 
out  an  ofl'shooo  which  took  vigorous  root  in  this  country,  and 
began  to  appear  in  the  very  home  of  the  Lancashire  boiler,  and 
in  Scotland. 

At  this  period  the  electrical  industry,  which  had  been  re- 
tarded by  the  disastrous  Electric  Lighting  Act  of  1882,  was 
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•-struggling  for  the  position  which  it  was  destined  to  occupy  in 
the  future,  and  amongst  the  first  installations  in  connection 
with  a  modern  power  station,  put  down  by  the  House-to-House 
Electric  Supply  Co.,  the  water- tube  boiler  appeared,  this 
station  being  intended  as  a  model  of  future  electricity  works 
in  this  country. 

Another  principle  prominent  in  connection  with  the  water- 
tube  boiler  was  meantime  steadily  working  in  the  engineering 
world  to  the  advantage  of  the  water-tube  boiler  as  compared 
with  the  Lancashire  boiler,  viz.,  the  question  of  steam  pressures. 

From  the  diagram.  Fig.  1,  it  will  be  seen  that  the  pressure  of 
steam  had  gradually  advanced  from  atmospheric  in  the  early 
days  of  Watt,  to  25  lb.  to  35  lb.  per  square  inch  in  1860,  65  lb. 
per  square  inch  in  1870,  120  lb.  in  1880,  and  even  200  lb.  was 
being  considered  in  1890.  This  principle  undoubtedly  assisted 
the  rapid  growth  in  number  of  water-tube  boilers  used  in 
sundry  industries,  but  especially  in  electricity  works  and  the 
early  power  stations,  where  improvements  in  steam  engines 
and  electrical  machinery  were  being  specially  studied  with  a 
•  view  to  obtaining  the  highest  economy  and  the  lowest  working 
costs. 

About  the  year  1888,  the  maximum  normal  rating  obtained 
from  the  largest  of  the  water-tube  boilers  probably  did  not 
exceed  10,000  lb.  of  steam  per  hour,  while  that  of  the  largest 
loco  and  Lancashire  boilers  at  the  same  period  would  not  ex- 
ceed 7,000  lb.  per  hour  actual. 


Mr.  Hiller,  in  a  Paper  read  about  the  year  1896,  gives  the 
proportion  of  boilers  in  use  at  that  time  as  62  per  cent,  of 
Lancashire  and  Cornish  combined,  and  1-8  per  cent,  of  water 
tube.  This  small  colony  of  water-tube  boilers,  however,  wa.s 
constantly  and  steadily  convincing  engineers  of  their  greater 
evaporative    efficiency    as    compared    with    the    Lancashire 

type. 

At  this  time,  the  commonly  accepted  proportions  of  grate 
area  to  heating  surface  were  between  15  to  25  to  1  for  Cornish 
and  Lancashire  boilers,  and  from  30  to  40  to  1  for  water-tube 

boil-'is. 

From  some  of  the  contemporary  papers  of  this  time,  one 
gets  such  items  as  the  following  : — 

The  wiiter  has  seen  grates  (Lancashire,  of  course)  7  ft.  6  in.  long  with 
50  per  cent,  air  spaces,  burning  7  lb.  to  10  lb.  of  coal  per  square  foot  of 
grate  per  hour,  working  with  dampers  full  up,  and  sufficient  draught  of 
air  to  burn  24  lb.  to  30  lb.  per  square  foot  of  grat«.  (E.  J.  Duff.  23/ 1/1 897.) 

In  the  vear  1904  the  "  Electrical  Review  ""  published  on 
December "30th  an  article  by  Mr.  F.  H.  Davies  on  the  "■  Ten- 
dency of  Practice  in  Power  Station  Engine  and  Boiler  Plant," 
in  which  they  showed  a  curve  illustrating  the  relative  use  and 
trend  of  water-tube  boilers  and  miscellaneous  t}-pes,  which 
is  here  reproduced  (Fig.  2),  and  from  which  it  will  be  seen  that 
very  soon  after  the  year  1898,  when  the  water-tube  boilers  and 
Lancashire  boilers  in  power  stations  appeared  to  run  side  by 
side,  the  water-tube  began  to  out-distance  its  rival  in  the  race, 
so  that  in  1904  there  was  a  good  distance  between  them,  and 


400,000 

J 

/ 

•a 

:s  300,000 

To 
s: 

/ 

/ 

orse  Power 
o 

,.^                 / 

W^^  M^^.y^\ 

a; 

100  000 

^ 

/j^^:^      ^^ 

^"^'f'^  \\^\5O0^^^^^^^^ 

f 

1896   189/    1898   1899   1900   1901   1902    1903    1904- 

Years. 

Fig.  2. ^Boilers  ix  Power  Stations. 


the  water-tube  boiler  curve  was  rapidly  rising,  as  the  above 
article  pointed  out  : — 

The  feature  of  interest  in  this  figure  is  not  so  much  the  very  large 
general  interest  that  it  shows,  as  the'marked  increase  in  popularity  of  the 
water-tube  boiler,  evidenced  by  a  rapid  ascent  of  its  curve  in  a  manner 
out  of  all  proportion  to  the  increase  in  other  types. 

Starting  slightly  under  the  Lancashire  boiler  in  1896  and  probably 
lower  still  in  preceding  years,  it  has  now  passed  it  by  nearly  75  per  cent., 
and  this  despite  a  very  fair  increase  in  the  horse-power  of  its  rival. 

Another  principle  which  began  to  work  in  favour  of  the 
water-tube  boiler  was  due  to  the  growing  activity  in  the  matter 
of  the  electric  lighting  industry  since  the  remedial  electric 
Lighting  Acts  of  1888  ;  this  was  the  continual  demand  on 
consulting  engineers  for  new  designs  for  electric  light  stations, 
and  the  comparison  between  the  older  works  of  the  kind  iu 
this  countrv  with  those  on  the  Continent  and  in  America.  It 
was  found  that  if  water-tube  boilers  were  emploved  the  space 
at  the  disposal  of  the  engineer  could  be  more  efficiently  utilised 
than  with  Lancashire  boilers. 

In  one  particular  instance  where  a  range  of  Lancashire  boilers 
was  put  down  by  the  side  of  a  range  of  water-tube  boilers  of 
approximatelv  the  same  capacity,  it  was  foimd  that  the  former 
required  about  2.V  times  the  space  of  the  latter,  and  this  natu- 
rallv  influenced  engineers  and  continued  to  do  so  when  the 
question  of  extersions  of  their  plant  had  to  be  considered  and 
when  thev  had  to  make  the  most  of  the  room  at  their  disposal ; 
this  principle  is  still  an  active  feature,  and  has  been  discussed 
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from  time  to  time  in  important  Papers,  such  as  those  by 
Messrs.  Merz  &  McLellan  in  their  important  Paper  on 
"  Power  Station  Dehign/'  April,  19fJ4,  and  also  }>y  Mr.  Parshall 
and  other  authorities  on  this  subject. 

Another  principle  which  undoubtedly  led  to  the  preference 
for  water-tube  boilers  in  power  stations,  was  the  question  of 
HUperlieated  steam.  As  electrical  machinery  improved,  the 
emploNTnent  of  supierheated  steam  gradually  became  a  necessity. 
The  water-tube  boiler,  from  its  very  « (.nhtructifm,  was  adapted 
for  the  inclusion  of  superheater  lubes  in  its  design,  and  in  fact 
superheaters  were  constantly  being  supplied  before  even  the 
year  1897  in  combination  with  the  water-tube  boilers  manu- 
fartun-d  by  one  prominent  finn. 

Among  tlu'  pioneers  in  connection  with  suj)erheating,  the 
name  of  Mr.  Him  in  1873  is  naturally  prominent,  but  there  were 
(»ther  pioneers  of  superljeating,  notably  Dr.  Haycraft.  Mr. 
Howard,  .Mr.  J.  M.  Hyder  and  the  Hon.  .J.  Wcthered.  all  of 
whom  communicat*'*!  tlifir  i-xywricnces  to  the  various  insti- 
tutes. 

The  watertulx"  boiler  wah  tlie  medmm  by  which  this  im- 
portant improvement  was  brought  into  more  practical  use  for 
engineers,  and  in  fact  the  water-tube  boiler  makers  were 
really  the  means  of  leading  the  engine  makers  to  improve  their 
types  so  as  to  make  tliem  able  to  work  with  highly  superheated 
steam  and  thus  gain  the  havini;  of  from  lo  ])er  cent,  to  2U  per 
cent,  which  was  effe<ted. 

Superheaters  were  not  e.xtei:sively  used  m  the  year  1P88  and 
Col.  t'romjjton,  in  his  Paper  on  "  Cost  of  Electric  Energy,"' 
read  liefore  the  Institution  in  1894.  remarked  that  "  in  the 
days  of  low  pre»sure  steam  at  15  lb.  pressure,  such  superheating 
was  a  reasonably  easy  matter.  Init  the  same  is  widely  different 
when  the  high  jire(-Mjr«-  steam  leaves  the  lutilerat  a  temperalure 
of  375*'F.,a«  is  now  tl»e  case.  Any  future  sujH'rheating  is  very 
much  in  tlie  nature  of  passing  this  steam  through  pi]>e8  at  a 
temperature  which  nearly  amounts  to  red  heat,  so  that  it  is 
little  womler  that  not  many  enginj^-rs  have  cared  about  tack- 
ling such  a  dithcult  and  risky  j)rol)len)."  -\t  the  present  day 
steam  temjM-ialiire.H  of  000' F.  an*  (piite  (nmmon.  and  experi- 
nu'Hts  are  being  made  even  with  iiigher  temj)eratures. 

The  engine  makers  were  not  »l<»w  to  follow  the  lead  given, 
and  gradually  higher  class  engines,  and  finally  steam  turbines, 
iM-gan  to  ap])ear  and  to  assume  the  imjxirtant  ])lace  which  they 
have  now  obtaiiie*!  in  engineering  practice,  so  that  Messrs. 
Merz  Sc.  .Mclx-llan  were  able  to  say  in  11K)4  : — 

StcMn  tiirl>in«^  ni-m  in  every  renpfna  t<  bo  i«]H>ciAlly  Miitable  for  power 
nheme  i>ur|i<wi-ii,  and  nllliouith  they  have  tAkcti  niniiy  year.-*  to  dcvi'lop, 
it  in  )ir<innh|o  ilint  hiul  thrri-  Ixen  a  <lcniiu><l  lo  yrntN  a^^o  foi  2. COO  kw. 
Kcnorn  •   .  the  in  "  \M>iil(l  have  lie«-t»  the  r«iily  largo 

•ifo  (>"  iitiitN  in  the  ]ir<>eiit  Oay. 

Side  by  side  with  the  increase  in  the  sir.e  of  these  tuibo- 
gfiierotorH  another  ]innciple  to  the  advantage  of  the  water- 
ttilw  Iniiler  begun  to  be  pi'  t.  vir...  the  ])ower  to  e.xjmnd 

the  unit  of  the  water  tube  1 Imost  indefinitely,  in  contra- 
dict inrtion  to  the  limited  si7.e  of  the  unit  of  the  Lancashire 
lH»iU>r.  This  feature  of  the  wator-tubc  boiler  has  enabled  the 
sf«iiin  rnifong  ythint  to  kei  )i  pji' e  with  the  rajiid  engine  room 
devebijinieiitft.  aid  in  iIm.h  <<.uiifry  boileis  an*  now  installe*! 
having  eaih  an  evaporative  rapacity  of  4(>.(KK>.  fjO.CMKi  and  even 
more  iier  hour,  whilst  in  America  boilers  have  Immmi  J)Uilt.  such 
as  at  l)etroit.  for  a  peak  diitv  of  1(NI,<WK>  jb.  ]M'T  hour  ea'-h.  and 
otiMTS  are  in  courtM*  of  const  met  ion  for  even  highiT  evapora- 
tions. Mr.  Stott.  the  engineer  of  the  HufTalo  (ieneral  Electric 
<'o.e«timaf!  '  •  he  will  iilitain  from  one  Iff  his  units  a  niaxi- 
iiiiuii  peak  ■  ,  ^fiim  ..f  hh  much  as  l.M.tHHJ  lb.  per  hour 
fntmand  at  '2\'2  F. 

Then»  has  Iwen  no  fundamental  change  in  water-tul>e  Iwiler 
<lej«ij;n  fluring  the  Inst  lO  yearv  ;   thet-  '       .       ..d.  but  the 

hiylier  elbnency  of  the  wftter-tul>e  !•  v.  an  rom- 

|Mire<I  with  tliat  <»f  yestenlav.  is  alnxtst  entirely  due  to  continued 
"  i.iinstruc  ■  'ail,  and  in  the  hotter  assembling 

«'        •  .LHi'  ]»lant  g»  ;.i  ....... 

The  present-day  thennal  effiriencie*  would  ap])ear  to  he 
rvftclung  a  maximum  f«roi>al-finn<l  Iwilem.  and  with  this  system 
«1  steam  generation,  any  further  pntgiv«s  will  W  moi^  or  less 


confined  to  increased  capacity  on  reduced  ground  space.  In 
1894  Col.  Crompton  gave  an  average  ef&ciency  of  52  per  cent, 
for  nine  important  stations,  whereas  to-day  efficiencies  of  85 
per  cent,  can  be  obtained  on  reliable  tests  and  working  back 
from  a  possible  minimum  for  constant  losses  such  as  radiation 
and  waste  heat  in  the  chimney;  the  ma-rgiu  for  further 
improvements  is  indeed  pretty  limited. 

The  gradual  concentration  of  steam  generating  plant  has 
however,  improved  the  over-all  boiler  house  efficiency  by 
reducing  the  constant  losses,  and  further  development  is  taking 
place  in  this  direction  to-day,  but  one  appears  to  be  approach- 
ing finality  in  the  designs  which  we  now  see  in  some  modem 
stations  where  the  total  combined  steam  generating  plant,  in- 
cluding superheater,  economiser,  fan  and  chimney,  is  placed 
directly  over  the  grate  area. 

It  is  now  possible  to  evaporate  100  lb.  per  hour  per  square 
foot  of  net  ground  space  and  over,  whereas,  in  some  of  the 
older  existing  stations  the  maximum  evaporation  per  square 
foot  of  ground  space  covered  by  the  equivalent  plant  probably 
does  not  exceed  3.5  lb.  from  and  at  212"^?.  per  square  foot. 
Such  concentration  of  plant  has  had  a  marked  effect  upon 
capital  costs,  and,  basing  upon  pre-war  prices,  a  complete 
l(i.(KK»  kw.  station  could  be  built  at  a  cost  not  exceeding  £8. 
per  kilowatt. 

Great  improvements  have  taken  place  in  the  general  design 
of  boiler-house  plant,  and  the  modem  station  offere  every 
facility  for  labour  saving  and  efficient  control. 

Automatic  stokers  are  essential,  and  enable  a  high  efficiency 
to  be  maintained  with  any  class  of  coal.  Coal  transport  is 
more  or  less  standardised  for  any  quantity  of  coal,  whilst 
storage  of  coal  in  some  of  the  latest  stations  is  being  arranged 
external  to  the  boiler  house,  reducing  the  large  internal  bimkers, 
and  thereby  making  the  boiler  plant  more  accessible,  and 
allowing  ample  natural  light. 

The  a<loption  of  suction  ash-handling  plant  removes  the 
horrors  of  the  ash  tunnel,  and  if  only  for  humane  reasons, 
will  become  general  in  all  stations. 

Induced  draught  plants  with  short  steel  chininey.<?  are  re- 
l)lacing  the  tall  lirick  chimney,  thereby  giving  a  flexibility  and 
margin  of  draught  intensity  which,  considering  the  low  tem- 
perature of  present  waste  gases,  could  not  be  obtained  with  a 
natural  draught  chimney  unless  built  to  a  height  which  would 
be  pndiibitive. 

More  attention  is  given  to  water  treatment,  and  it  is  now 
generally  recognised  that  a  modern  boiler  .should  be  used  for 
evaporating  water  and  not  for  purifying  it,  with  the  result  that 
boilers  can  be  forced  to  higher  rates  of  evaporation  without, 
detriment  to  the  tubes. 

On  the  Continent  a  system  of  distilling  the  make-up  water 
is  developing,  and  with  the  absence  of  concentration  in  the 
boiler  water,  the  necessity  for  frequent  "  blowing  down  " 
largely  disajipears,  with  a  consequent  reduction  in  the  per- 
centage of  make-up. 

The  increase  in  boiler  pressures  has  made  it  essential  to 
disi>en8e  with  all  cast-iron  parts,  and  the  modem  boiler  is  now 
const  nicted  entirely  of  steel. 

Suj)erh«'aters  are  now  conveniently  installed  inside  the  boiler 
casing,  and  luiy  desired  steam  temperature  can  be  obtained  to 
suit  the  development  of  the  steam  turbine. 

The  over-all  efhcieiicies  of  electric  power  stations  have 
impr«ive<l  »ery  corsiderably.  and  whilst  the  advent  and  ever- 
incroasingefhdencyof  the  steam  turbine  must  be  recognised  as 
the  chief  reason  for  such  improvement,  the  boiler  house  has 
done"    ^   •    n  this  direction. 

In  .  "1.  Crompttm  gave  a  figure  <»f  117  B.T.U.  per  watt- 

hour  generated  as  an  average  for  23  English  power  stations, 
and  1  .hI  .32-6  B.T.U.  per  watt-hour  as  a  po-ssible  figure 

for  '  ...■■...  Aorks.""  In  large  modem  works  with  a  good  load 
factor  27  B.T.U.  per  watt-h«»ur  generated  is  quite  common, 
and  in  some  cases  the  excellent  figure  of  20  B.T.U.  per  watt- 
hour  '       '     -      .   1  .    .    ^j 

*"  .  -        estimated  that  the  average  coal  con- 

sumption in  1888  was  about  24  lb.  per  unit  sold,  and  predicted 
an  ideal  figuix»  of  2J  lb.  per  unit  sold  for  the  future,  when  using 
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coal  of  l^j'OGO  B.T.U.'s.  We  know  of  at  least  one  modern 
station  where  tlie  coal  consumption  is  only  2  lb.  per  unit 
generated,  although  the  coal  has  an  average  value  of  only 
11,000  B.T.U.'s 

Whilst  the  investigation  work  which  is  being  carried  on  will 
doubtless  lead  to  some  further  improvements  in  boiler  house 
design,  we  cannot  exi)oct  any  further  great  advance  so  far  as 
the  more  modern  stations  are  concerned.  Some  of  the  latest 
stations,  having  good  load  factors,  can  show  an  overall 
efficiency,  i.e.,  from  coal  to  units  sent  out,  of  15  per  cent.,  and 
an  overall  efficiency  of  17  per  cent,  was  recently  claimed  for  an 
American  power  house ;  but  as  the  average  overall  efficiency 
for  electric  stations  in  this  country  probably  does  not  exceed 
10  per  cent,  there  is  evidently  room  for  a  considerable  general 
improvement  before  the  advance  of  the  whole  line  of  the 
electric  industry  becomes  urgent.  Whilst  it  may  be  difficult 
to  improve  the  present  high  standard  of  modern  boiler  plant, 
much  may  be  done  by  increased  supervision. 

The  effect  of  load-factor  on  station  economy  is  well  known, 
but  it  should  be  possible  to  raise  considerably  the  average 
overall  efficiency  of  stations  having  a  relatively  low  load  factor, 
and  the  writer  believes  that  this  can  be  achieved  by  having 
more  expert  supervision  in  the  boiler  house,  the  cost  of  which 
is  of  trifling  importance,  considering  the  possibilities  offered 
for  reducing  the  coal  bill. 

Contractors'  efficiency  tests  are  too  often  only  accepted  as 
representing  figures  which  can  only  be  obtained  under  ideal 
conditions,  but  there  is  really  no  reason  why  the  test  results 
should  not  be  approximated  to  continuously,  provided  arrange- 
ments be  made  for  a  scientific  staff  to  be  present  in  the  boiler 
house  at  all  times,  and  the  raising  of  the  average  boiler-house 
efficiency  to  the  line  of  test  efficiency  would  undoubtedly 
produce  very  marked  economy  throughout  the  country.  In 
other  words,  the  modern  boiler  is  capable  of  working  at  a  much 
higher  average  efficiency  than  that  represented  by  many  of 
the  station  results  published.  This  fact  should  be  recognised, 
especially  at  the  present  time,  when  the  combined  efforts  seem 
to  be  more  directed  to  the  finding  of  cheaper  fuel. 

The  present  abnormal  condition  of  the  coal  market  no  doubt 


makes  these  efforts  urgent,  but  it  is  not  simply  the  burning  of 
low-grade  fuel  or  coke  breeze  which  is  going  to  have  any  per- 
manent effect  upon  the  cheaper  generation  of  electricity. 

We  have  had  the  various  systems  of  dust  firing,  from  the 
"  Schwartzkopf,"  which  was  tried  many  years  ago,  to  the 
Bettington,  which  has  been  before  engineers  during  recent  years ; 
yet,  whatever  success  may  have  been  achieved  by  this  method 
of  firing,  the  commercial  results  do  not  seem  to  have  been 
sufficient  to  justify  any  important  extension  of  the  system. 

In  the  future,  we  can  probably  look  for  higher  steam  pres- 
sui-^s  and  steam  temperatures,  depending  upon  the  require- 
ments of  the  turbine  contractors. 

There  is  little  difficulty  in  constructing  boilers  for  pressures 
of  500  lb.  per  square  inch  if  desired,  and  as  a  matter  of  fact, 
some  high-pressure  boilers  have  already  been  built  for  experi- 
mental works,  but  the  test  results  are  not  yet  sufficientlv 
definite  for  publication. 

Gas  firing  of  boilers  in  electric  stations  is  again  receiving 
some  attention,  but  its  adoption  in  the  majority  of  existing 
stations  must  necessarily  be  very  limited. 

From  a  national  point  of  view,  the  generation  of  electricitv 
from  gas  producers,  with  a  recovery  plant,  by  which  all  the 
valuable  by-products  can  be  recovered  from  the  coal,  seems  to 
suggest  the  next  really  important  milestone  in  the  road  of 
progress,  but  past  experience  in  this  direction  indicates  that 
such  plant,  if  of  any  magnitude,  would  only  be  a  commercial 
success  if  placed  in  the  midst  of  our  coalfields,  where  coal  can 
be  obtained  at  a  low  figure,  and  where  ground  is  cheap,  the 
space  required  for  producer  and  recovery  plant  being  some  five 
times  greater  than  that  required  for  the  present  standard  steam 
plant. 

The  larger  question  of  centralisation  of  power  supply  must 
therefore  be  settled  before  we  can  expect  to  see  any  gas-fired 
scheme  adopted  which  will  produce  any  appreciable  effect  upon 
the  cheaper  generation  of  electricity  for  lighting  and  power 
purposes  throughout  the  country.  Still,  the  day  will  pro- 
bably come  when  we  shall  see  the  mechanical  stokers  transferred 
to  the  producers,  and  the  boilers  fired  by  simply  turning  on  a 
tap. 
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In  the  United  Kingdom  the  amount  of  coal  raised  in  1913 
was  287-miilion  tons,  as  compared  with  126-million  tons  in 
1874.  According  to  ''  The  Engineer,"*  it  is  highly  probable 
that  the  annual  tonnage  raised  will  continue  to  increase  until 
it  has  reached  the  figure  of  350-  or  400-million  tons.  Of  the 
287-million  tons  raised  in  1913,  98-million  tons  were  exported 
as  cargo  and  used  for  steam  navigation.  Figures  such  as  these 
serve  to  show  how  imperative  it  is  that  the  coal  raised  should 
be  handled  economically. 

The  question  as  to  whether  it  would  not  be  wiser  to  cease 
exporting  our  coal  at  the  rate  of  100-million  tons  a  \ear  in 
order  to  leave  it  for  our  successors,  or  to  use  it  for  developing 
our  own  industries,  is  one  we  do  not  propose  to  discuss.  In 
business  some  regard  as  alpha  and  omega  the  idea  of  getting 
rich  quickly  and  at  any  cost,  but  it  is  for  the  economists  to 
determine  the  effect  on  the  community  of  what  is  looked  upon 
by  many  as  improper  use  of  the  natural  wealth  of  the  countrv. 

Both  the  economical  handling  an.d  efficient  consumption  of 
coal  are  engineering  problems,  and  it  is  with  machinery  and 
appliances  for  promoting  the  former  that  we  propose  to  deal. 

*  August  25,  1916. 


Less  than  30  years  ago  Lord  Armstrong,  speaking  in  a  dis- 
cussion at  the  Institution  of  Civil  Engineers,*  said  he  "  felt 
satisfied  that  m  point  of  safety,  controllability  and  adapta- 
biUty  to  various  purposes  electricity  had  little  chance  of  ever 
rising  to  the  level  of  hydraulic  pow^j."" 

At  the  Cardiff  meering  of  the  Institution  of  Mechanical 
Engineersf  in  1906  the  writer  ventured  to  criticise  the  arrange- 
ments that  had  been  made  for  the  mechanical  handling  of  coal 
at  certain  of  the  Welsh  ports,  and  the  late  Zh:  T.  Hurry  Riches, 
i.ii  reply  ti)  the  criticism,  "  had  no  hesitation  in  saying  that 
(electrical  engineers)  would  have  to  talk  to  him  for  a  Very  long 
time  before  (they)  would  convince  him  that  electrical  maciiinery 
was  better  than  hydraulic  for  coal-tipping." 

Under  the  heading  ""  Hundred-ton  Electric  Cranes  "  a  note 
appeared  in  these  columns  about  two  years  ago§  to  the  effect 
that  two  100-ton  electrically-driven  cranes  were  being  installed 
at  one  of  the  new  coal  docks  on  the  Great,  Lakes.  It  was  stated 
that  the  new  cranes  would  be  capable  of  lifting  direct  from  the 

*  •'  Proceedings  "  Inst.  C.E.,  Vol.  XCIV.,  p.  64 
t  ••  Proceedings  "  Inst.  Mech.  E.,  Julv,  1906. 
§  Vol.  LXXIII.,  p.  475. 
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trarks  a  coal  truck  of  100-ton  load  and  emptying  it  into  the 
hold  of  a  vesBel  at  the  rate  of  about  one  truck  per  minute. 

If  it  be  accepted  as  an  axiom  that  no  business  man  wastes 
time  in  criticising  a  rival  unless  he  fears  that  the  latter  is  in  a 
position  to  compete  with  him,  then  the  fact  that  smce  the 
beginning  of  the  centur\-  hvdraulic  engineers  have  brought 
their  whole  strength  to  bear  in  drawing  attention  to  the  weak- 
nesses of  tl.e  electric  svstem  must  be  regarded  as  one  of  the 
best  testimonials  to  the  efficiency  of  the  electric  drive,  l-rom 
the  criticism  offered  bv  the  hvdraulic  engineer  it  would  appear 
that  the  electricallv-driven  cra'<e  is  on*-  of  the  worst  appliances 
devised  bv  man  ;  '  but.  notwithstanding  its  imperfections,  at 
the  pre8<;nt  time  the  electric  crane  is  used  to  the  exclusion  of 
all  others  when  a  supply  of  energy  is  available. 

The  more  one  r  (.nsiders  the  matter  the  more  is  one  at  a  loss 
to  understand  what  app.-ars  to  \n-  the  lack  of  enten)rise  on  the 
part  of  our  electrical  engineers  and  crane  makers  in  rot  con- 
ducting a  vigorous  rampaiu'i  with  the  object  of  convincing 
raiiwav  companiiH  and  harl)our  authorities  of  the  many  ai-.d 
inipoilap.t  advantages  of  the  electrically-operated  machine. 
Seeing  that  during  the  last  (lecade  every  railway  and  dock 
companv  of  note  has  extensively  adopted  the  electric  crane  it 
will  be  easier  now  t..  i.btaii.  a  lieariiiL'  than  it  would  have  been 
10  or  lo  vears  ago. 

Altlu.ugh  no  one  w«»uld  a«lvorate  wholesale  scrap])ing  of  such 
of  the  hydraulic  equipment  as  still  represents  a  c<msiderable 
Hum  on  the  b..oks,  and  which  would  have  to  be  debited  against 
modern  equipment,  the  author  is,  nevertheless,  strongly  of  the 


more  will  thev  be  able  to  take  charge  of  hea.v7  and  widely- 
fluctuating  loads,  and  the  less,  therefore,  will  be  the  necessity 
for  load  equalisation.  .     ,.,,  ^     i, 

The  Performance  of  their  plant  is  highly  crecbtable  to- 
hvdraulic  engineers.  As  illustrations  may  be  mentioned  the 
putting  of  i.m)  tons  of  coal  into  a  ship  in  6i  hours  with  two- 
tips,  and  the  putting  of  a  like  amount  into  a  ship  by  one  tip  in 
12  hours.*  Although  these  figures  must  not  be  regarded  as- 
record  performances,  they,  nevertheless,  serve  to  indicate  the 
nature  of  the  service  demanded  by  dock  companies  with  the 
existing  raiiwav  facilities.  As  the  latter  are  brought  into  line 
with  present-dav  requirements,  conditions  of  greater  severity 
will  be  imposed  "(»n  the  coal-handling  appliances. 

Messrs.  W.  Dixon  and  G.  H.  Baxter  in  an  informative 
Paperf  on  ""  Modern  Electrical  Dock  Equipment,  with  Special 
Reference  to  Electrically-operated  Coal  Hoists,"  gave  a  de- 
scription and  recorded  the  working  results  of  the  two  32-toa 
hoists  installed  '•n  'lie  Clyde  at  Rothesay  Dock. 


14 

- 

y 

!" 

X 

■J*  10 

li. 

■ 

^1            1 

■ 

y 

"■        >T 

^\: 

^    i 

1       , 

1 1  ^^                1 

* 

0 

y^ 

, 

.  >    1   1  . 

0-2 


1-6      18       2  0 


0-4      0-6      08       1-0      1-2      1-4 
Pnct  in  Ptr.ct  pa  B.O.T.  Urit. 

Flu.     l.-('lKVr.    <"«»!«!<  KCTINci     <'OKT    Of    ELE«TKICAL     EnKKUV     AND 

Egt'iVALK>TC'o»n'  or  I'rk.smirk  Water. 

tliai   tliric  ill.'  iiiiii'>    .  iiM's  where  iniine«'iati'  electri- 
I  o'  tie  puinpii'g  plant  rould  be  undertaken  with  profit 

to  the  ownetH.  and  there  are  several  instances  where  entire 
elect rifirntior  o^  the  eqiiipinevt  woiiIH  »lu»w  rot  (tnly  an  imme- 

fliate  an»'  ■'.••ablr  Having  in  working  expens«'s  but  ;']>«i  a 

greatly  \n<  'lit put . 

In  r«»m paring  ihn  rout  of  energy  by  the  electric  r.nd  hyt'raulic 
tranHiiiiMsion  nvnteinH  it  i»  .b-^irable  to  be  able  tiiiiekly  to 
convert  from  one  net  of  unitH  to  the  other,  and  the  curve 
(Fig.  1)  connecting  the  cost  of  the  one  and  that  of  the  other 
has  been  pr«'pare«l  from  the  well  kn«iwn  relation  that  l.'XHl 
gallons  of  water  at  7*)«l  lb.  ]»ren)tiire  j»er  s«|uare  inch  are  equal 
to  CyM  Hoard  of  Traib-  unitn.  The  curve,  which  is  self- 
explanatory,  servos  to  show  how  erroneous  arc  many  of  the 
extravagant  rlaims  that  have  been  mai'.e  roncerning  the  cost 
of  pressure  water. 

One  of  the  greatest  a<'.vantages  of  the  hydraulic  system  is  the 
ease  with  which  ]»ressure  water  may  be  stored.     The  flywheel 

is  the  mechaniral  e<|iiivalept  of  the  hydraulic  ar  ;':itor.  an<'. 

t<»  the  flywheel   load  equaliser  is  due  the  h]m  h   <'f  the 

electric  drive  to  machines  which  at  one  time  it  was  thought 
could  never  be  so  driven.  Examples  of  surh  marliines  are  the 
colliery  winder  and  the  rolling  mill.  \  vitally  inipnrtant  ])oint, 
and  one  that  is  often  overlooked  in  di.scussions  on  the  two 
systems  hydraulic  and  electric -is  that  the  load-equaliser 
is  .>  i)d  frm;xvrfi»7  .  '       '         '  *'      ■  '-rtric 

sy-^  1,1(1       Ail  uuw<  "  the 


Fio.  2.— Elkctrically-opebate»  ()oal-hoist  at  Glasgow. 

It  apjiears  that  during  a  period  of  12  months  the  total  coal 
and  other  material  shipped  by  the  two  hoi.sts  was  556.4 li«  tons, 

the  en tisiiinption  being  80.164  units,  and  the  nuiiiber 

of  waf.  -t  with  7U.fi04.     Including  all  distribution  lo-^ses, 

and  also  the  power  uece.ssary  for  the  working  of  all  auxiliary 
apj.aratus  on  the  hoi.st.  tl.e  eneigy  ct>n.sumption  over  the  whole 
j.eriud  only  averaged  1  unit  per  6-i<4  tors  of  coal  shipped.  It 
will  be  noted  that  7(i.6(i4  wagons  were  handled  in  shipping 
556.419  tons  o^  coel.  or  an  average  of  only  "-{^8  tons  of  coal  ]>er 
Wi!  ■  '  •'  V     M>,s  the  adverse  conditions  under  which 

th.  ^       iked  in  li«10. 

From  Fig.  2  it  will  be  seen  that  the  design  of  the  structural 
work  and  arrargement  of  shoot,  jib  cranes  and  other  auxiliary 
apparatus  is  on  ii.suel  lines,  the  essential  difference  being  that 
all  the  mechanism  is  at  the  top  of  the  structure.  The  render 
is  referred  to  Messrs.  Dixon  and  Baxter's  Paper  for  further 
inf'  '  .,  ,.  hoists. 

•      Tr** ttUmg*      li,t,t.  Metli.  Enjiineers,  Januar>-  20,  1911. 
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It  is  elsewhere  tliat  one  has  to  tuin  for  numerous  examples 
of  electrically-driven  machinery  for  the  handling  of  coal  in 
considerable  quantity.  The  coal  production  of  the  United 
States  in  1915,  as  announced  by  the  U.S.  Geological  Survey, 
was  443-million  tons  of  bituminous  coal  and  89-million  tons 
of  anthracite.  In  the  development  of  machinery  for  the 
economical  handling  of  this  enormous  weight  of  coal  there  has 
been  close  co-operatioii  between  the  financier,  civil  engineer, 
shipper,  naval  architect  and  railway  engineer,  as  well  as  the 
crane  builder  and  electrical  engineer.  Notwithstanding  the 
geographical  and  climatic  disadvantages,  such  co-operation  has 
enabled  the  United  States  in  a  relatively  short  period  success- 
fully to  compete  in  the  markets  of  the  world  with  more 
favourably  situated  countries,  and,  judging  by  the  broad 
outlook  of  those  who  have  the  best  interests  of  their  country  at 
heart,  it  would  appear  that  even  more  successful  in  the  future 
is  the  United  States  likely  to  be. 

The  following  brief  notes  from  a  Paper,  entitled  "  AppUca- 
tion  of  Electricity  to  the  Ore-handling  Industry,"  by  Mr.  C.  D. 
Gilpin,*  serve  to  give  a  good  general  idea  of  the  several  kinds 
of  equipment  in  use  in  the  Great  Lakes  district  for  the  handling 
of  coal  and  iron  ore  : — 

Fig.  3  shows  a  side  elevation  of  a  dock  equipped  with  one  or  more 
crane-type  unloaders  in  combination  with  a  rehandling  gantry  crane. 


Gantry  Crane  or  Ore  Bridge  for  Stocking 
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Pig.  3. — Crane-type  Unloadek  and  Rehandling  Gantry  Crane. 

Tlie  nnloader  is  provided  with  a  trolley  which  runs  out  over  the 
hatches  of  the  vessel ;  a  grab-bucket  is  then  lowered  into  the  hold, 
and  the  loaded  bucket  is  hoisted  and  traversed  back  either  to  a  bin 
which  feeds  the  railwaj'  wagons,  or  to  a  space  in  the  rear  of  the 
unloader,  from  which  it  is  picked  up  by  a  bucket  carried  on  the 
gantrj'  crane  trolley,  and  is  placed  in  storage.  From  this  storage- 
pile  ore  is  eventually  reclaimed  by  the  stock-pile  gantry  crane,  and 
is  loaded  on  to  railway  wagons.  The  crane-type  unloader  is  essen- 
tially the  same  as  the  stock-pile  gantry,  and  the  principles  which 
apply  to  one  will  ap])ly  to  the  other. 

Fig.  4  shows  a  Hulett  unloader  in  conjunction  with  a  gantry  crane. 
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Oantry  Crane  or  Ore  Bridge  For  SCockinq 
Fig.  4. — Hulett  Unloader  and  Rehandling  Gantry  Crane. 


In  this  type  of  unloader  the  bucket  is  suspended  from  a  walking- 
beam  by  means  of  a  stiff  structural  leg,  the  operator  riding  directly 
above  the  bucket.  This  leg  i^held  steady  by  means  of  an  equaliser, 
and  may  be  rotated  at  will.  The  walking-beam  is  carried  on  a  large 
trolley  which  moves  the  loaded  bucket  back  over  a  bin,  into  which 
the  ore  is  dumped.  From  this  bin  the  ore  is  fed  as  desired  into  a 
lorry  car,  which  carries  it  either  to  a  point  above  an  empty  railway 
wagon  or  else  deposits  it  on  the  ground  in  the  rear  of  the  unloader, 
there  to  be  cared  for  by  the  gantry  crane. 

A  movable  car  dumper  is  depicted  in  Fig.  5.  With  this  type  of 
dumper  the  wagon  is  pushed  up  a  short  incline  by  means  of  a  locomo- 
tive until  it  rests  on  the  L-sha]3ed  rotatable  member.  When  this  mem- 
ber is  turned  over,  the  contents  of  the  wagon  slide  down  a  chute  into 
the  stock-pile,  the  wagon  being  held  in  place  by  means  of  counter- 
weighted  clamps.  The  empty  wagon  is  then  rotated  back  into  its 
former  position,  from  which  it  is  displaced  by  the  impact  of  the 
oncoming  wagon.  The  machinery  for  operating  the  L-shaped 
member  or  cradle,  and  also  for  imparting  longitudinal  motion  along 
the  track,  is  located  in  the  house  at  the  top  of  the  dumper. 

A  fixed  car  dumper  is  shown  in  Fig.  6.     The  wagon  is  dumped  in 

*  '■  Proceedings  "  Am.  Inst.  E.E.,  March,  1915. 


the  same  way  as  with  a  movable  dumper,  but  with  this  tvpe  of 
machine  it  is  necessary  to  haul  the  loafled  cars  uj)  an  incline  and  on 
to  the  cradle  by  means  of  a  •  mule.  "  whirh  consists  of  a  small 
carriage  running  on  a  tracTc  between  the  standard-gauge  permanent 


Fig.  5. — Movable  Cae-dujiper. 
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Fig.  6. — Fixed  Car-dumper. 


way.  The  mule  may  be  lowered  into  a  pit  at  the  bottom  of  the 
incline,  from  which  it  emerges  after  the  loaded  wa^on  has  i)assed 
over  it.  The  machinery  is  generally  located  in  a  house  beneath  the 
incline  on  which  the  mule  operates. 

Tile  same  authority,  in  an  address  to  the  Association  of  Iron 
and  Steel  Electrical  Engineers,  described  a  new  stvie  of  coaling 


'\..,-Mo'.jr  Holm 


Ceniro:  Hoise 
Main  ContrtilM 


Fig.  7. — High-speed  Coal-hoist. 

dock,  in  which  the  flexibility  of  the  bin  system  is  secured  at 

greatly  reduced  cost.     Part  of  the  description  follows*  : — 

The  dock  carries  a  runway  next  to  the  water  edge  and  not  very 
much  above  water  level ;  on  this  runway  travels  a  loading  tower. 
Behi!ul  this  is  another  runway,  elevated  above  the  first  by  means  of 


*  "  Engineering  News,"  July  27,  1916. 
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a  trcBtle,  and  carrjing  on  it«  raiU  a  turnover  car-dumper  of  the 
movable  type.  B<;yond  the  car-dumjK-r  runway  i«  a  return  tratk 
for  empty  car8.  The  loaded  cars  are  puthed  on  to  the  dum[K-r  by 
rneanH  of  a  locomotive,  and  the  coal  if.  dumjKJ  into  a  l()0-ton  hopper 
on  the  rear  of  the  ]oa<ling  tower,  the  dumjK-r  havinj.'  U-en  brou(iht 
into  linP  with  the  latter.  The  tower  hopfK-r  is  provided  with  a  gate, 
through  which  the  coal  it*  fed  into  a  K-raper  conveyor.     The  latter 


of  70  cubic  ft.  capacity,  weighing  6,200  lb.  empty.  The  average 
weight  of  coal  per  lift  is  ^  tons,  making  a  total  average  load  of  about 
9  000  lb.  Each  hoist  is  driven  by  a  300-h.p.  continuous  rating 
compound -wound  500  revs,  per  min,  230-volt  continuous-current 
motor,  which  is  geared  to  a  drum  on  which  is  the  closing  cable.  To 
thie  drum  through  a  solenoid-operated  friction-clutch  is  connected 
the  gt€*l  cable  drum. 


ELCVATOP 


ELEVATOR 


DUMPER 


ptzm 


Flo.  8. — C'oAi.-HAM>UN<i  Plant  of  Xokfolk  and  Western  Railway  at  Xokfolk,   Va. 


vhttu-h  tho  <<i«l  up  a  pivoli-d  inclinetl  boom,  which  extends  out  over 
the  biiat  when  Iciadini;,  a:.d  carriuM  a  telescopic  chute  at  its  outer  end, 
no  that  the  coiil  mny  Iw  dirc<;t<-<l  where  <lesire<l.  The  conveyor  itvt 
the  biHjm  I*  the  Inryift  ever  built  of  this  ty|>e,  having  a  capacity 
o(  :(,(MK)  t/mx  |M-r  hour  when  the  boom  in  approximat4>ly  level. 

In  a  lat«T  w(ti(»n  of  the  arti<le  further  reference  will  l»e  ma<le 
to  tliiH  mo»t  r<*rent  tlfvehtpnient  in  coal-handling  machinery. 


The  Milenoid  which  operates  the  friction-clutch  is  controlled  by  a 
jiush-button  Kwitch  in  the  handle  of  the  operator's  mast«r-controller. 
After  the  bucket  is  closed  and  the  stress  on  the  cables  is  equalise<l. 
flu  frirtifin-clutch  operates,  connecting  the  shell  and  closing  cable 
druni>  touether.  While  the  bucket  is  being  hoisted,  the  sheave- 
carriage  ii<  m<)ve<l  by  an  au.xiliary  drive  up  an  incline,  the  path  of 
the  bucket  describing  a  parabolic  curve,  the  total  vertical  lift  being 
12«ft. 


Fi«.     0-    T'>i>i  III  I    f"m  Di  urrn    iv    Oi 


Another  type  of  machr  •al  lioint.     An 

outline  flinitram  of  sueh  n  iii   i-i^.  7  on  the   ]»re- 

vinuf*  page      .Mr.  W  T  Sn  ,..t  on  "  Ihrert-eurreni 

Control  tor  Hnintinu  K(|uipnient  in   Iiuluntnal  Plant«."  gave 
tlip  fnllowii  i.in  nl  \\\\n  hoist  : 


Til,.  ) 


.1.-.,)  \.i,... 


t  "  litirw<lmpii     Ain.  Inst  K.K..  .May,  IWI.**, 


\\l 


'•>>  the  dumping  point  the  friction-dutch 

•—•»'■     ...     is  aiiplitxl   to  the  ^hell  dnim, 

■'>  the  motor  anil  to  the  closing  cable  drum  in  the 

i«  dnmix-d  int<iachute.  and  the  bucket 

;;  ilowni  the  in<  line  at  the  .-auie  time. 

■1  iiy  dynamic  braking,  with  the  !*hell  and 

.  -1   together  and  the  bucket  in   the  open 

Ihr  actual  time  required  to  roniplet*  a  round  trip  is 

"'"  '''•rmi*»iblr  time  per  tri^-.  based  on  100  tons  of  coal 

•nd  1 1  toij^  ptT  lift,  being  4.'>  seconds. 
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As  stated  above,  tliere  arc  two  duplicate  cfiuipnients  on  a  common 
structure  operating  as  one  unit,  hoisting  coal  from  the  same  boat. 
To  provide  against  heavy  current  surges  .  .  .  the  hoist  con- 
trollers were  interlocked  electrically  to  prevent  both  hoisting  at  the 
same  time,  but  allowing  one  to  hois't  while  the  other  is  lowering.  In 
addition  to  the  benefits  that  were  expected,  this  arrangement  has 
resulted  in  lower  maintenance  cost  on  the  hoisting  plant,  brought 


platen,  carried  on  pivot  pin.s  supported  by  heavy  cradle  po.sts 
carried  on  the  foundations.  The  cars  are  brought  up  an  incline 
approach  to  the  cradle  by  means  of  separate  mules  controlled 
from  the  operators'  houses.  The  cradle  is  tipped  by  means  of 
ropes  passing  around  the  underside  of  the  cradle  and  over 
sheaves  at  the  top  of  the  framework,  and  around  upon  drums 
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Approach  End  Elevation  of  Double  Car  Coal  Dumper. 
Fig.  10. — Aekangement  of  Double  Car-dumper  at  Norfolk,  Va. 


about  by  more  even  stresses  on  the  structure,  and  a  more  even  pace  located  in  the  framework  at  the  outside  of  the  dumpers.    These 

on  the  part  of  the  operators,  there  being  less  tendency  to  reckless  f|i.^^i^s  q^  ^ach  dumper  are  operated  bv  electric  motors  wound 

operation,  since  one  operator  cannot  hurry  unless  the  other  does  ,  .  '-  i.       m'      i^  i,«„l-,rr«  ,^-.-^^V>o 

likewise,  and  one  cannot  slow  down  without  affecting  the  other.  ior  550  volts  coutmuous-current.     The   mule  haulage  mecha- 

The  result  is  that  capacity  is  maintained  while  stresses  on  the  hoisting  nisms,  also  motor  driven,  are  located  in  the  same  houses  as  the 

equipment  and  structure    .    .    .    are  less  severe.  cradle  mechanisms.     The  ropes  from  the  haulage  dinims  pass 

In  connection  with  certain  of  the  above  plants,  the  conveyor  around  deflecting  sheaves  under  the  approach  tracks,  and  the 

plays  an  important  part,  and  a  number  of 

conveyor  equipments  are  giving  satisfactory 

service  at  home  ports. 

Detailed  descriptions  of  the  crane-type  un- 
loaders  in  combination  with  re-handling  gan- 
try cranes  and  of  Hulett  unloaders  in  con- 
junction with  gantry  cranes  were  given  in  The 
Electrician  about  12  months  ago.*  In  this 
article,  which  may  be  regarded  as  a  continua- 
tion of  the  previous  one,  descriptions  will 
be  given  of  modern  fixed  and  movable  car- 
dumpers  and  their  equipment.  Other  notable 
examples  of  electrically-driven  coal-handling 
plant  will  be  dealt  with  in  due  course,  and  if 
these  arouse  the  interest  of  those  whose  busi- 
ness it  is  to  handle  coal  the  articles  will  have 
served  the  purpose  for  which  they  were 
written. 

The  coal-handling  plant  installed  by  the 
Norfolk  &  Western  Railway  Co.,  at  Hampton 
Roads,  is  clearly  show^n  in  Figs.  8,  9  and  10. 
This  consists  of  two  large  car-dumpers  built 
into  one  frame,  transfer  cars  for  the  trans- 
ferring of  coal  from  the  dumpers  to  the 
pockets  on  the  pier,  and  two  elevators  built 
tor  elevating  the  transfer  cars  to  the  top 
of  the  pier.  The  plant  is  electrically-opera- 
ted  throughout.     The  double   car-dumper, 

Figs.  9  and  10,  consists  of  a  steel  framework  supporting  two      ends  are  anchored  to  the  mule  cars.     In  the  operation  of  this 

separate  tipples.   Each  tipple  consists  of  a  cradle,  supporting  a      plant  the  loaded  cars  are  discharged  by  gravity  to  a  pomt 

*  Vol.  LXXV.,  pp.  575  and  617, between  the  dumper  and  the  mule  pit,     The  mule  then  hoists 


Fig.  U.— Car-dumpek  and  Loadixg  Tower  at  Charleston.  S.C.  (Towee  shown  with 

Boom  coming  into  Position  over  Boat.) 
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tliMfi  Up  tlif  inrlirie  approa*  h  on  t<.  *'  - '  *  •  and  the  cradle 
lio'iHt  rjj«.'fhaniHm  invert*  th*-  car  to  i  ,     _'  position. 

Car  clamps  automatically  oj>erated  by  heavy  counter- 
weightH  act  m  an  to  return  th»-  «iii}>'v  car  and  cradle  to  the 
original  position,  ready  to  receiv*-  another  car.  The  incoming 
car  puhhew  the  empty  car  out  of  the  cradle,  and  it  then  descends 
over  the  gravity  diMcharge  to  the  empty  storage  yard. 

The  rradl**  hoint   j'      '  '  h  dumper  consists  of 

two  2<KJ-H.l'.  moton>,  •    -  .  uroper  reductions  of 

spur  gear  to  the  cradle  hoist  drums. 

Dynamic  braking  is  UM'd  for  lowi-nng  the  cradle  after 
dumping.  Solenoid  hrak«'h  an-  aJMi  provided  for  emergency 
uw  and  to  htop  the  motion.'-  instantly  in  case  of  failure  of 
current,  holding  th#*  loads  in  any  position. 

The  nmle  haulagi-    ■        '  '       'M  in  th<*  ^anu-   Iiou.m' 

as  the  cradle,  and  con  .  _-       i  r.  motors  geared  to  a 

drum.  This  drum  is  governed  by  a  brake  operated  by  a  foot 
lever  in  the  operator's  cab,  and  is  also  governed  by  a  solenoid 
brake. 

The  hpc(>ds  of  this  machine  are  m  regulated  as  to  give  a 
capacity  of  3<>  cars  an  hour  to  each  dumper.  The  dumpers  are 
aUo  ib'MigiH'd  to  handlf  ran*  from  the  minimum  n»ad  size  up 
to  tin-  u*-w  IM  1-ton  cani  now  in  u»e. 

FigH.    II    to   16  sliow  the    arrangi-ment   and  design  of  the 


that  travel  in  gmdes  at  the  rear  of  the  dumper  frame.  The 
clamps  depend  simply  on  the  counterweight  system  for  opera- 
tion, and  relea.se  automatically  as  the  car  is  lowered  to  its 
original  position.  After  the  car  has  been  dumped,  the  next 
loaded  car  pushes  it  out  of  the  cradle,  and  it  runs  down  the 
discharge  on  the  empty  storage  track.  The  dumper  is  de- 
signed to  handle  any  ordinary  t}'pe  of  open  top  car,  and  has  a 
specified  capacity  of  35  cars  per  hour. 

All  of  the  machinery  is  contained  in  a  large  house  built  on 
top  of  the  framework.  The  hoisting  mechanism  consists  of 
two  2<H>-H.P.  motors  geared  to  drums  on  which  the  hoisting 
ropes  are  wound.  This  mechanism  is  provided  with  both 
band  type  and  solenoid  brakes.  The  car-dumper  is  carried  on 
six  four-wheel  trucks,  one  under  each  corner,  and  two  addi- 
tional trucks  under  the  pivot-post  of  the  machine.  The  wheels 
(»n  the  four  comer  trucks  are  geared  by  means  of  spur  and  bevel 
gearing  and  shafting  to  a  100-h.p.  motor  in  the  machinery 
house.  This  mechanism  is  supplied  with  a  suitable  mecha 
nical  brake  set  by  a  weight  and  released  by  a  foot  lever  in  the 
operator's  house.     This  brake  gives  sufficient  power  securely  to 


Flu.   a.  -  .MnvAHLK  LOADISli  TOWKR. 


Fk;.  13. — Mov.\BLE  Car-dimpkr. 


niovnblrrnr  ' '-randl'''  ^ilcd  im  !  ;;.• 

Soullirrn  I;  '  o  «i  <  The  car- 

duni|>rr  in  uiounlcd  on  whwln.  and  in  driiigned  to  travel  along 

I"  on  n  npooiai  tn-stlr  system. 


lud  skul  ihem  on  the  rails.     All  motions  of  the 
'lolled  by  one  ojiorator  in  the  cab  on  the  main 


...1  ...1 


I  track,  upon  which  i : 
dninpiT.  nnti  whirh  nrrvow  a*  a  dim  hnrgr  track  lor  the  omptipii 


after  th 


■       T' 


in  arn 


ovor  tif 

with  luovablo  appniarhei«.  up  whirh  the  1 

by  A  loroinotive  or  eln  i. 

A(li<r  the  dn-v  ■  ■'•    -  ' 

hmding  tower  '■  n.    i     .  ; 

in  the  )Mv«ition  (or  dumping.     At  the  hrat  motion  of  rotation 


radio  i«  then  rotated  to  an  aiitflr  of  7«i  dog  with  the 

~  automatically  rlanip 
{■..-iii..ii  iM  nivi«'K«  oi  heavy  rountpnreighta 


lork  till 
«lun)]>ei 
frame. 

The  dunijMM  empties  the  coal  into  a  large  pan  on  the  loading 
'   ""  ■"       "'  ■       ■">  has  a  gate  at  the  lower  end  which  may  be 

Mg  it  as  a  storage  ho])per.     The  pan  is  hinged  at 
the  forwarxl  side  directly  over  the  boom,  and  may  be  either 

■i^ontal  pttsition  or  raised  so  as  to  act  as  a  chute 

■ '  t<»  the  loading  boonu     It  is  actuated  by  means 

"^  ^  -  around  .sheaves  at  the  top  of  the  framework 

an<l  wound  im  a  drum  in  the  machinerv  house  at  the  base  of 
•'     •      .r. 

"om.  whirh  is  hinged  directly  below  the  pan.  carries 

the  coal  bv  meauK  of  a  s(  raper  conveyor  to  the  outer  end.  and 

ti  a  swinging  telescopic  chute  equipped  with 

'     boat.     The  boom  may  be  raised  «»r 

,       pa.>ssing  around  sheaves  at  the  outer 

end  and  then  over  sheaves  in  the  framework,  and  wound  on  a 

drum  in  the  machinery  house.     The  boom  also  has  a  retracting 
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motion  in  order  to  accommodate  boats  of  small  Wam.     This  the  operator  for  controlling  the  chute  motions  is  placed  in  a 

motion  in   accomplished  hv  nK-an-  of  Rcre\r«  ronnected  to  a  cab.  also  on  the  end  of  the  boom. 

3.*}-H.p.  motor  on  the  hcflof  the  boom.     Th<-  ih.m  iiani.sm  for  The  operator  for  the  boom  hoist,  pan  hoist,  gate,  retracting 

operating  the  chut*  is  located  on  the  outer  end  of  the  lx>om,  and  and  tower-travel  mechanisms  is  placed  in  a  house  on  the  front 


riUzZni- 


/5ft«'.       -  . 

Diagram  of  Trestle  show  .ig 
Car  CXjmper  Trave( 


JSforwL. 
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■ts:o'——^- gro*- 

Tront  Elevetton  of  Car  Dumper  and  Trestle    View  lookiog  from  Water. 

Fl<i.   ITt.       AkRANUEMEKT  of  C.\R-PIMPKR. 


'  i  '»VT-  .  <»« 


Front  Elevation  of  Tow»f    Vrew  looking  fro«n  W4te« 
Fm.  16.— Arrakobmb**t  or  Ix>ADtiia  Towkr 


of  the  main  frame.  Switchboards  and  machi- 
nerA-  for  all  motions,  except  the  chute,  gate 
and  retracting  mechanisms,  are  located  in  a 
large  house  built  into  the  framework  at  the  base 
of  the  tower.  The  trucks  are  similar  to  those 
used  on  the  movable  car-dumper,  and  the  moving 
mechanism  is  so  geared  as  to  give  the  machine 
a  travel  of  75  ft.  t(.  100 ft.  per  minute  along  the 
runway. 

B«»tli  the  fixi'dand  niovablcd  uinpei'sdescril)ed 
abovoaieol  American  design  and  construction, 
and  have  been  put  into  operation  by  railway 
roiupauifs  in  the  United  States.  In  common 
with  the  cranes  and  unloacb'rs  described  in 
tlu'w columns  12  mouths  ago  they  may  be  taken 
M  typical  examples  of  the  most  recent  American 
practice,  and  it  must  not  be  forgotten  that  in 
Anierua  electrical  energy  is  regarded  as  indis- 
^nnable  for  the  handling  of  coal  and  ore. 

Tlie  attention  that  has  been  paid  to  the  hand- 
ling of  material  arcounts  in  large  measure  for 
the  rapid  <ievelopment  of  the  heavy  engi- 
nwring  industries  in  the  United  States.  As 
regards  the  handling  of  material  we  are.  in  some 
ri'spectj*.  in  murli  tlie  same  ]»osition  as  we  were 
15  or  2(>  yt'ars  ago  in  connection  with  polyphase 
electrical  machinery,  and  we  need  not  remind 
uxn  rea«lorsthat  the  enviable  position  of  many 
"•  ''i«'  largo  electrical  engineering  firms  on  the 
<*nt  is  due  to  the  eagerness  with  which 

•  '  finns developed  machinery  to  meet  the  new 
'•  •>   before  their  trade   rivals   had  even 

"^  •  the     elementary    principles    of    the 

subject. 
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To  the  Wellman-Reavcr-Morgan  Co.  belongs  much  of  the 
credit  for  the  phenomenal  development  of  the  steel  trade  in 
the  United  States,  and  the  labour-saving  machines  made  by 
the  British  branch  of  the  firm  are  to  be  found  in  most  of  our 
principal  steelworks.  An  inspection  of  the  drawings  herewith 
shows  that  the  coal-handling  plant  is  characterised  by  the  same 
excellence    of    design    and    attention    to    detail — structural, 


mechanical  and  electrical — as  that  which  marks  the  steelwork's 
machinery'.  For  this  reason,  in  concluding,  we  venture  to 
suggest  that  those  interested  in  the  subject  would  do  better  to 
study  the  new  machinery  than  to  assume  that  because  there 
is  very  little  electrically-operated  coaling  plant  at  home, 
electrical  energy  must  per  se  be  unsuitable  as  a  motive  power 
for  coal-handling  plant. 
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Improvements  in  the  Sensitiveness  of  Apparatus  Z 
at  the  B.O.T.  Electrical  Standards  Laboratory. 

By  A.  P.  TROTTER. 
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As  the  tooth  of  a  horse  or  the  scale  of  a  fish  may  be  used  to 
estimate  the  age  of  the  animal,  an  apparently  minor  point, 
namely,  the  sensitiveness  of  measuring  apparatus,  affords  an 
indication  of  the  development  of  electric  science  and  engineer- 
ing. To  deprive  a  horse  of  its  teeth  or  a  fish  of  its  scales  would 
be  as  grave  an  act  of  inconvenience  as  to  rob  an  electrical 
engineer  of  his  measuring  instruments.  During  the  period  of 
the  first  volume  of  the  present  series  of  The  Electrician,  Sir 
William  Thomson  was  working  on  his  balances  with  the  assist- 
ance, amongst  others,  of  Mr.  J.  Rennie,  who  for  26  years  has 
been  in  charge  of  the  Board  of  Trade  Electrical  Standards 
Laboratory.  The  Thomson  graded  galvanometers  were  then 
ready  as  practical  workshop  instruments,  and  I  used  them  as 
the  best  available  apparatus  in  1884. 

On  page  99  of  this  first  volume  Prof.  Rowland  describes  his 
research  on  the  absolute  unit  of  electrical  resistance,  working 
with  a  tangent  galvanometer  having  a  probable  error  of  +  1 
minute  of  arc,  and  a  high  resistance  galvanometer  with  which 
"  it  does  not  seem  probable  that  this  error  can  be  more  than 
one  part  in  two  or  three  thousand."  The  final  probable  error 
was  estimated  to  be  +  0-04  per  cent.,  or  about  half  that  of  the 
British  Association.  At  that  time  (p.  236)  Desmond  Fitz- 
gerald had  not  given  up  the  weber  for  the  ampere.  One  of 
the  most  practical  men  in  this  country  at  work  on  electrical 
measurements  other  than  those  used  in  telegraphy  was  Mr. 
J.  T.  Sprague.  He  was  probably  the  first  to  graduate  an 
ordinary  galvanometer  in  direct  reading.  He  used  a  imit  of 
his  own,  called  an  equi-volt,  which  was  the  unit  of  energy. 

In  1882  Lord  Rayleigh  and  Mrs.  Sedgwick  determined  the 
value  of  the  ampere  in  terms  of  silver  deposition,  and,  almost 
simultaneously.  Aryton  and  Perry,  who  had  recently  returned 
from  Japan,  brought  out  their  ammeters  and  voltmeters.  In 
1890  the  Board  of  Trade  Electrical  Standards  Laboratory  was 
established,  and  though  the  choice  of  100  volts  as  the  legal 
standard  rather  than  1  volt  indicates  that  the  laboratory 
was  intended  to  provide  standards  for  industrial  and  commer- 
cial, rather  than  for  scientific,  purposes,  great  care  was  taken 
to  secure  apparatus  capable  of  high  precision. 

Although  no  instruments  are  sent  to  the  Board,  of  Trade 
Electrical  Standards  Laboratory  for  verification  wliich  are 
capable  of  the  precision  of  the  legal  standards  (standard  cells 
and  resistance  coils  being  excepted),  the  demands  made  in 
recent  years  for  high  accuracy  has  led  to  a  general  advance  in 
this  direction.  Makers  of  electrical  measuring  instruments 
are  now  sending  for  test  apparatus  of  a  much  higher  quality 
than  of  old.  At  one  time  the  tolerated  error  for  commercial 
instrixments,  such  as  voltmeters,  was  one  part  in  a  hundred, 
or  1  per  cent.  This  does  not  mean  that  the  average  instrument 
was  good  for  making  measurements  to  that  degree  of  accuracy, 
but  this  was  the  limit  considered  suitable  for  that  class  of  work. 
The  demand  for  higher  precision  was  anticipated  at  the  labora- 
tory before  it  was  made,  and  new  methods  and  sub-standard 


instruments  have  been  provided-  But  in  '"  screwing  up  " 
accuracy  all  round,  it  seemed  that  a  difficulty  might  occur  in 
connection  with  current.  In  resistance  work,  comparisons  of 
ohm  coils  at  the  Board  of  Trade  Laboratory  liave  been  carried 
out  for  many  years  to  one-fifth  of  a  microhm,  and  differences 
of  temperature  of  one-thousandth  of  a  degree  are  noted.  In 
voltmeter  work,  the  standard  cell  and  potentiometer  exceed 
in  precision  any  indicating  voltmeter  that  is  likely  to  be  sub- 
mitted for  test.  But  the  ultimate  legal  standard  for  the  imit 
of  current,  the  ampere,  did  not  give  so  high  precision  above  the 
instruments  for  which  it  is  the  standard,  as  was  desired. 
Officially  the  limit  of  accuracy  is  declared  to  be  one-tenth  part 
of  1  per  cent. 

The  following  is  an  accoimt  of  steps  which  have  been  taken 
to  modify  the  two  instruments,  the  ampere  standard  balance 
and  the  auxiliary  1-ampere  balance,  to  obtain  greater 
sensitiveness  without  interfering  in  any  way  with  the  essential 
parts  of  either  instrument  or  of  the  quantity  measured  by 
them. 

1.  The  Ampere  Staxdard. 

The  ampere  standard  at  the  Board  of  Trade  Electrical 
Standards  Laboratory  consists  of  a  coil  of  wire  surrounded  by 
a  marble  cylinder  on  which  are  wound  two  other  coils.  The 
central  coil  is  suspended  from  one  arm  of  an  Oertling  balance, 
and  from  the  other  arm  a  counterpoise  is  hung.  The  whole  is 
mounted  on  a  massive  stone  pillar  resting  on  a  thick  bed  of 
concrete  a  few  feet  below  the  level  of  the  neighbouring  street. 
A  downward  pull  on  the  suspended  coil  can  be  balanced  by  a 
brass  weight  of  16-775223  grammes  (in  vacuo),  and  aii  upward 
pull  can  be  balanced  by  the  difference  between  an  iridio- 
platinum  weight  of  33-547139  grammes  on  the  left  arm,  and 
the  brass  weight  on  the  right  arm.  The  two  weights  being  of 
nearly  the  same  volume  the  displacement  of  the  air  is  ap- 
proximately the  same  for  both.  Ihe  current  was  led  into  the 
suspended  coil  by  three  silver  wires  and  out  of  it  by  three 
others,  3-5  mils  diameter.  The  total  length  of  the  beam  of 
the  balance  between  knife  edges  is  16  in.  (406-4  mm.).  A 
slender  brass  pointer  about  12.|  in.  (316  mm.)  long,  moves  in 
front  of  a  scale  engraved  on  ivory.  The  distance  between  the 
divisions  is  1/20  in.  (say,  1-3  mm.). 

This  apparatus,  standardised  in  1894  by  ]-epeated  use  of  the 
silver  voltmeter,  represents  the  imperial  standard  for  current, 
the  ampere.  The  sensitiveness  of  such  a  balance  depends 
largely  on  the  leading-in  wires,  which,  by  their  bending  in  a 
process  of  weighing,  impose  a  restraint  on  the  swings  of  the 
beam.  These  swings  were  observed  and  readings  noted  to 
one-tenth  of  a  scale  division  of  the  engraved  ivory  scale, 
equivalent  to  0-000065  of  an  ampere. 

Before  the  balance  had  been  standardised  it  was  foimd  to 
be  largely  sensitive  to  changes  in  the  moisture  of  the  atmo- 
sphere, and  to  keep  the  instrument  in  order  for  observation 
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at  any  time,  and  alfeo  to  prevent  any  undue  access  of  moisture 
to  the  coii8,  a  current  of  about  1  ampere  has  been  contiuu- 
ouiily  passed  through  the  coils,  day  and  nij^ht,  year  by  year. 

The  basis  of  the  Htandardihiiifi  i>  *!i.-  value  0(M;tI11794, 
arrived  at  by  Lord  Kayleigh  and  Mi,^.  S.-d-vick  in  l>^^l  for  tlie 
weight  in  grammes  of  silver  deposited  in  1  second  by  1 
C.G.8.  ampere.  Discarding  the  last  two  figures,  the  value 
adopted  was  0(J<Jlll8. 

In  January,  I'.MJH,  a  comparis<»n  was  made  between  the  Board 
of  Trade  anipere  thus  measured,  and  the  ampere  detennined 
by  the  National  IMiyHical  1^1  directly  from  the  centi- 

metre-gramnie-second.  Tli<'  '...,.-  -<>ii  has  Ikmmi  set  out  in 
the  following  way  : 

C.G.S. 

! 


Ixnl  l'%avi 
(MKlll'lT 
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B.  of  T.  Balanw  (IWH) 

o<iomH 


N.i'.L.  lUUiKf  (11K>7) 


('aamium  Cell  (HW7) 


SilvtT  \'oltami"ter 
OlKJl  11827  (MKI7) 


X.P.L.  ('»dniium  fVU  and  Ohm 

(UtOH) 

The  balance  at  the  National  PhyKical  Laboratory  \»  used  for 
determining  the  value  of  a  cadmium  cell,  which  acts  as  an 
int«'rnn'<liarv  in  determining  the  electrochemical  e'|uivalent 
of  hilvrr.  In  making  the  comj)ariH<»n,  the  cell  was  brouglit  to 
the  Board  of  Trade  l^ab«»ratory  and  was  used  with  a  1-ohm 
coil,  having  two  coils  of  d-Ol  ohm  in  series  and  a  resistance  box 
an  a  hhiint.  ■i[  to  the  n    '        '  iIimhI  at  the  National 
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0(>Ul  1 1 7!il.  differed  only  by tHKKKKKM».3  fmni  Lord  Rayleigh's 
original  value.  It  was  possible,  therefore,  with  this  ampere 
li   '  '■■■•'^  to  obtain  si.x  signifitant   figures.     Assuming 

I  of  tlie  cailmiiini  tell  and  of  the  resistance  in 

neries  with  it  were  known  e.\acilY,  ihe  precision  of  the  com- 
|.  '.(l  (1)  nv  the  1  ■  -ilver  wires  which, 

<.;  .  V  ditnirislied  of  tiie  balance,  (2) 

the  •  .  niaintan'ing  .  ( urreiit  during  a  set  of 

rfudniKN.  nay.  lor  half-anhour  at  a  time,  and  (•'))  the  difficulty 
of  f     '  '  '    '  >T  on  the  graduated  scale. 

T  -  r-  ic  tttry.     iiut  (luring  the 

lant  I  has  been  n«'  press  for  grcaier  i»i"e- 

cision,  n  .  ilie  lea<lii>g-in  wires  and 

t'  iiii-,  1111-  j'viir.n  n  «iii-:-:i  lias  been  increased  more 

I  ! 

Owui.  hrftvy  trnffir  along  Whitehall,  the  street  l>eing 

onl\  ill  It.  (12  metres)  frnni  meijt.  the  pointer 

i«<  111,.,  '"  1 .1.1..!  1..II    iiiul  It  .  lu  w«trth  while  to 

apply    a    n:  .t.      K.\,  wore    made    with 

photographed  scales  iiung  by  alumnniun  wires  from  the  end 

of   ihr   bi'ani,   \<  '•    ''took  '     ,     i.ih. 

A   scale   photn^      ,        .    on   a   ^  ,      ^  ,_      i.iii.) 

diameter  was  hung  by  two  parallel  chains  of  the  thinnest  kind 
used  for  ev'  s  aiul  this  almost  s  rid  of  sti 

vibration.      1  .■•-  •  iiains  are  about  12 -  ^-o  att««  im.i 

to  a  bracket  projecting  bt-yoi'd  one  end  of  iin.  at  tw«i 

points  about  |  in.  (l(>mm  )  apatt.  on  a  line  parallel  with  the 
knife  <>(li:«"«  of  the  bfam.  ai\d  I  IJ  in.  (.TT.*-  '      n  tin-  knife 

c(li{e.s,     .Vluuit    li    divisions   of    the    i>'  wale   are 

e(|U)valent  to  one  division  nf  the  old  •  The  new 

scale  is  observed  through  a  microsropv  witli  ■  2  in.  objective, 

and    ■     ■   "  th  •»f  a  divisi<»n  can  b.   ,    •    !-  .    T..    i  ... 

in  ti  ■  -f  the  ohl  .scale,  so  a  jj,. 

bi'on   made  in   this  direction.     The  photographed  scale,  its 
mount  in;;,  and  the  special  micn>srope  were  supplied  bv  Messrs, 
U.  Ac  .1.  IWk. 
The  next  matter  taken  in  hand  was  the  replacement  by  Mr. 


P.  Webberlev  of  the  six  leadiug-in  wires  by  finer  ones.  Silver 
wire  1  mil  diameter  was  procured,  and  experiments  were  made 
with  an  ordinary  chemical  balance.  It  was  found  that  anneal- 
ing the  wires  largely  reduced  their  damping  effect.  Two 
screwed  rods  were  held  in  a  frame  100  mm.  (say,  4  in.)  apart, 
and  the  silver  wire  was  wound  nine  times  round,  them,  with  a 
space  of  about  2  mm.  between  the  turns.  This  gave  18  wires 
per  pair  of  rods. 

NN'hen  it  was  attempted  to  make  these  red  hot  for  annealing 
purposes  by  passing  a  cuiTent  through  them,  difficulties  arose 
due  to  air  currents,  but  these  were  eventually  overcome.  I 
wish  to  take  this  opportunity  of  expressing  the  appreciation  of 
the  laboratory  for  the  excellent  work  of  Mr.  Percy  Webberlev, 
and  for  the  care,  skill  and  perseverance  which  he  expended  on 
the  preparation  and  mounting  of  these  connections  to  the 
standard  balance,  and  of  my  regret  in  losing  his  services  when 
he  retired  owing  to  ill-health  in  liOS. 

Tiiis  opportunity  was  taken  for  dismantling,  cleaning  and 
adjusting  the  balance  by  the  maker,  Mr.  L.  Oertling.  On 
reassembling,  and  before  attaching  the  leading-in  wires  to  the 
suspended  coil,  the  sensitiveness  of  the  balance  was  determined, 
and  It  w.is  found  that  the  weight  of  1  milligramme  caused  a 
displacement  <if  two  divisions  of  the  new  photographed  scale. 
The  angular  movement  of  the  beam  was  about  2'  45"  :  an  angular 
movement  of  abour  one-twentieth  of  this  can  be  estimated. 
The  period  of  one  complete  swing  when  the  current  has  been 
switched  off,  57  seconds.  The  attachment  of  the  two  sets 
of  18  wires,  as  was  anticipated  from  the  preliminary 
experiments  wirh  the  chemical  balance,  have  a  scarcely 
aj)p:eciablc  elfect  on  the  sensitiveness.  The  mean  displace- 
ment is  about  1  per  cent,  less  when  the  wires  are  attached. 
The  current  required  to  bring  the  wires  to  a  red  heat  was  about 
1 1  amperes,  and  no  attemp.  has  been  made  to  measure  the  rise 
in  temperature  due  lO  the  passage  of  1  ampere.  It  is  inappre- 
ciable compared  with  that  due  to  the  heating  of  the  main  coils 
of  the  ai)paratus.  A  thermometer  hung  above  them  just 
within  the  marble  cylinder  shows  a  difference  of  about  3^C. 
higher    th.ti    that    of   the   laboratory,    when    the    anijieie   is 

Willi  llie  oiiguuii  iwo  .sets  of  three  silver  wires.  1  milli- 
gramme cau>ed  a  detlection  of  0-04  division  of  the  ivory  scale, 
or  about  tme-third  of  the  present  deflection.  The  sensitive- 
ness of  the  anipere  standard  balance  has,  therefore,  been  in- 
ciea-i  '  'hirty-fold. 

Bii  i;;e  cannot  be  taken  of  this,  since  the  mech- 

anical zero  is  found  to  wander.  This  is  no  doubt  due  to 
vibration  set  up  by  the  street  traffic,  but  the  nature  of  the 
inconsiancy  has  not  yet  been  discovered. 

2.  Thk  ArxiLiARv  Ampere  Balance. 

The  auxiliary  ampere  balance  is  a  Kelvin  balance  mounted 
6n  a  st«ine  pedestal.  It  is  more  suited  than  the  standard 
'■  '  ly  work,  since  the  period  of  a  complete 

•■■^    ■  -  -.t  is  about  6  .seconds  instead  of  46.     Witli 

the  usual  pointer  ami  scale,  one  (piarier  of  a  division  (orie- 
sponds  llionths  of  an  ampere.     In  the  compari.son  with 

tbe  Nai  ,n|  Laboratory  ampere  in  I'.tO,"^  this  instru- 

ment   \\.  an   indicator  and   was  provided   with  an 

optical  iuhl  .  arrangement.     This  has  been  deveh»ped. 

^  ib«tut   1."^  mm.  diameter  has  been  fixed  on  the  beam, 

......  ....«•  end.  a  counteq»«>i.sc  being  use«l  at  the  other.     \  small 

electric  lamj)  is  plactKl  «m  a  iiolder  capalile  of  easy  adjustment 
in  any  direction,  and  at  a  distance  of  26  mm.  from  the  lens. 
A"  "  lit  is  thrown  on  to  a  scale  at  a  distance 

^i  •'  '  - ).     A  movement  of  the  lens  is  indicated 

K^"  ■  "1  '   of  the  image  through  a  di.stance   llt>  times 

gfeater.     The  scale  on  the  wall  is  graduated  in  centimetres, 

"  of  the  instrument  through   1  cm. 
ths  of  an  ampere.      This  arrange- 
ment, which  wae  supplied  by  .Messrs.  R.  &  .1.  Beck,  enables 
''  'ved  from  any  part  of  the  room  with 

"•    ■'    -inn  of  the  old  arrangement,  which 

had  to  W  II  ,.,)  throu!:h  a  lens. 
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Measuring   Instruments. 

By  C.  V.  DRYSDALE,  D.Sc.  ^ 
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There  is  jfrobably  no  depaitment  in  which  our  country  may 
be  more  i)roucl  of  its  pioneers  than  in  the  domain  of  electrical 
measiiiement.  The  formation  of  the  British  Association  Com- 
mittee on  Electrical  Units  and  Standards  in  1861,  with  its 
reports  of  1867,  1881,  &c.,  was  in  itself  a  magnificent  service 
to  science  ;  and  if  we  had  no  other  names  in  connection  with 
the  development  of  electrical  irstruments  and  measurements 
than  those  of  Wheatstone,  Lord  Kelvin,  Profs.  Ayrton  and 
Perry  and  Lord  Eayleigh  there  would  be  no  question  as  to 
our  pre-eminence  in  this  sphere.  Few  indeed  are  the  types  of 
instrument  that  have  not  owed  their  existence  to  British 
inception  and  to  the  pioneers  of  electrical  irstrument  manu- 
facture in  this  country,  and  although  we  have  less  reason  for 


Electrical  Engineers)  in  1878,  ard  at  the  Paris  Exhibition  of 
1881,  Messrs.  Elliott  Bros,  ard  Messrs.  Clark,  Muirhead  &  Co. 
showecl  resistance  standards  of  the  B.A.  fonn,  four  dial  and 
other  types  of  Wheatstone  bridges,  with  platinum  silver  coils, 
the  valuable  Thomson  and  Vailey  slides,  marine  and  other 
mirror  galvanometer,  stardard  mica  condensers,  and  quadrant 
electrometers  based  upon  the  types  of  electrometer  described 
by  Sir  William  Thomson  at  the  British  Association  of  1867. 
But  there  were  no  direct-reading  indicating  instruments  of  any 
kind,  no  ammeteis,  voltmeters,  wattmeters,  or  supply  meters  ; 
and  current  measurements  were  conducted  by  various  forms 
of  tar  gent  or  sine  galvanometer.  Perhaps  the  first  general 
testirg  instrument  for  current  P.D.  ar.d  resistance  was  the 
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B.A.  Standard  Coil. 


Deprez  Galvanometer. 


Lord  Kelvin's  Quadrant  Electrometer. 


P.O.  Tangent  Galvanometer. 


satisfaction  at  our  developments  during  the  last  few  years,  the 
realisation  of  the  place  which  these  pioneers  won  for  us,  and 
the  lesson  taught  us  by  the  war,  should  be  sufficient  stimulus 
for  us  to  be  determined  to  regain  that  place. 

When  we  contemplate  the  array  of  electrical  measuring 
instruments  described  in  catalogues  and  shown  at  scientific 
exhibitions  in  recent  years,  it  is  difficult  to  realise  that  when 
The  Electrician  first  made  its  appearance  38  years  ago, 
measuring  instruments,  in  the  modern  acceptation,  had  hardly 
any  existence.  Exception  to  this  statement  must  be  made  in 
the  case  of  sensitive  galvanometers  and  resistance  measuring 
apparatus  which  had  been  developed  by  our  telegraphic 
pioneers  from  the  early  form  of  bridge  suggested  by  Christie 
in  1833  and  adopted  by  Wheatstone  ten  years  later,  and  from 
ihe  first  mirror  galvanometer  devised  by  Sir  William  Thomson 
(Lord  Kelvin)  in  1856,  to  a  degree  of  perfection  which  has  been 
but  little  surpassed  since  that  time.  At  the  Conversazione  of 
the  Society  of  Telegraph  Engineers  (now  the  Institution  of 


Schwendler  tangent  galvanometer  described  in  the  first 
volume  of  The  Electrician,  which  consisted  of  a  portable 
tangent  galvanometer  with  two  coils  of  thick  and  thiii  wire 
respectively,  and  provided  with  auxiliarv  resistance  coils.  The 
question  of  electrical  imits  and  standards  was  also  still  im- 
settled,  although  astonishingly  good  work  had  been  done  by 
the  B.A.  Committee,  with  the  limited  facilities  at  their  dis- 
posal. 

For  those  who  believe  in  the  dictum  that  "  science  is  measur  v 
ment  "'  the  commencement  of  general  electrotechnical  science 
may  perhaps  be  dated  from  the  year  1882.  when  Profs.  Ayiton 
and  Perry  read  a  Paper  entitled  ""  Measuring  Instriuiients 
Used  in  Electric  Lighting  and  Transmission  of  Power,"  before 
the  Institution  of  Electrical  Engineers.  On  that  occasion  they 
described  and  exhibited  U  instruments  and  devices  for  electro- 
technical  measurements,  including  direct-reading  permanent- 
magnet  ammeters  and  voltmeters  (somewhat  on  the  lines  of 
the    Deprez    permanent     magnet    controlled     galvanometer 
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deviiied  in  1880),  with  or  without  gerie»-parallel  commu- 
tators, the  first  dynamometer  wattmeter  (which  they 
te  med  a  "  power  meter,"  and  Lord  K^-Ivin  an  "  ergo- 
me'er"),  an  elettrohtatir  voltmeter,  an  ohmmeter,  a 
mechanical  tranhmiiwion  djiiamometer,  a  dispersion  photo- 
meter for  arc  lamp  testing,  and  a  *"  coulombmeter "  with 
permanent  magnr-t  and  fluid  frirtion  brake.*  At  the  dia- 
cusftion  on  tlii--^  i'aper  Dr.  Oba<  h  d«M  rib«-d  tlie  first  form  of 
8iemen'»  elcctrodynamometer,  which  had  ju»t  l>een  introduced, 


cation  to  electric  supply  meters,  and  had  foreshadowed  the 
clock  meter,  while  in  The  Electrician  for  March  4,  1882,  he 
described  two  "mangle  motion"  meters,  cue  of  the  quantity, 
the  other  of  the  energy  type,  in  which  the  deflection  of  an  am- 
meter or  of  a  d^Tiamometer  wattmeter  was  integrated  by  a 
revolving  drum.  The  pioneer  hot-wire  voltmeter  was  de\'ised 
bv  Major  C'ardew  in  1883,  and  the  next  year  saw  the  first  "  soft 
iron  "  measuring  instrument  in  the  "  twisted  strip  "  ammeters 
and  voltmeters  of  Profs.  Ayrton  and  Perry. 

From    this   time  onward,  progress  was    rapid,    and    within 
a  few    v.-.irs    Lord  'Kelvin    and    Profs.   Ayrton    and    Perrv 


LoHO  Kelvin  M  Abmolhl  EL.WtinjUt.it.:. 

and  aliio  the  Hefner- Alteneck  l»elt  transmission  d>iiam<tmeter. 
It  is  interesting  to  see  in  the  Paper  and  discussicm  how 
thoroughly  Profs.  Ayrttm  and  Perry  had  already  grasj)ed  the 
esM'Utial  priiirip'< -  -f  '•mni  iiihtrument  design,  the  reduction 
of  the  moment  "  k  and  periodic  time  to  a  minimum,  the 

attttinment  of  "  dead- beat n ens."  of  good  balancing  to  avoid 
errors  of  1  '  il  fields  t<»  avoid  disturbance 

bvt.trnv  >  ijiiife  alive  to  tin-  i|iie.stion 


AV.'ITON    ANU   I'EKKV  COMMUTATOR  AmMETER  AND   VoLT-METES. 

covered  nearly  the  whole  field  of  electrotechnical  measurements. 
In  April.  1883.  Lord  Kelvin  took  out  the  first  patent  for  his 
renowned  electric  balances,  wliich  from  that  time  to  the  present 
have  held  the  field  as  current  standards.  At  the  British 
Association  meeting  in  1887  he  was  able  to  describe  six  grades 
of  these  balances  from  the  centiampere  to  the  kiloampere 
balance,  an  engine  room  voltmeter  of  the  dMiamometer  type, 
and  a  s(tft-iron  "  marine  voltmeter."  At  the  Glasgow  Philo- 
sophical Society  the  same  year  he  described  his  high-voltage 
electrostatic  voltmeter,  400-10.000  volts,  and  in  1890  his 
multirellular  low-range  voltmeters  In  a  letter  to  Helmholtz 
in  l.^S.")  lie  jiad  staled  tha*-  "  My  aim  is  a  two-branched  chaiis 
to  measure  current  from   10"*  of  an  ampere  {i.e.,  a  mikro- 


84'I.WIt»ni.KII  TaSUCXT  UALVAKnMKTEIL 


AvsmN  AXP  pRRRY  Whkki,  and  Pixrox  Elkctric  Power  Meter. 


and  the  square  root  of  meiui  s«|uarr  Uw. 
Krtrlier  in  th-  Prof    ('    V.  I' 

...     fl...    I'l.x., 


•  Ih 


1      t  a>  t  *  I   -if   11      I*      111 


of  suitable  inMruments  for  alteniatiogcurrrrt  riira^nrrnirrt,     milliampere  !  I)  to  a  l.tHHI  amperes,  and  from  1  Id.OOO  volt  (or 

**  nxnrh  loss  as  you  please)  to  80.000  volts,  all  connected  by 
proper  i«tandardi!«ers  ai^d  comparers,  and  su.sceptible  (I  hope) 
..f  ar  ...uracy  of  1  1(1  per  rent,  in  every  ca.se.  when  the  re- 
ire  IB  given.''  Tliis  programme  he  niav  be  said  to 
have  lairiv  realised. 

ard  Perry  we  «»we  not  only  the  first  am- 
■  ••■•v'.ers,  and  the   first   practical  clock  meter 


hnVT 


tr  III  U)*t  h(  hM\  (u.h  u)iU(^ftt.>««l  the 
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(to  be  revived  later  as  the  Aron  meter),  but  a  vast  number  of  has  developed  in  the  United  States  have  set  up  a  standard 
improvements  in  moving  needle  and  moving  coil  galvano-  of  excellence  in  instrument  construction  which  it  is  difficult 
meters,  and  testing  instruments  of  all  kinds.  to  rival.     To  him  we  also  owe  the  first  indicating  d\Tiamo- 


Ayrton  and  Perry  Dispersion  Photometer. 

The  permanent  magnet  moving  coil  instrument  may  be  said 
to  owe  its  inception  to  Lord  Kelvin's  Siphon  Recorder  of  1867, 
but  it  was  first  introduced  as  a  reflecting  galvanometer  by 


Siemens  Dynamometer. 


d'Arsonval  in  1882,  although  a  moving  coil  galvanometer  had 
been  used  by  Sturgeon  'as  far  back  as  1836.  We  may,  how- 
ever,  claim   the   introduction   of  the   moving  coil   voltmeter 


Boys  Mangle  Meter. 


and  ammeter  by  that  remarkable  English-born  pioneer  of 
accurate  electrical  instruments.  Dr.  Weston,  in  1888,  and 
the   long  line   of   precision-indicating   instruments   which   he 


Cardew  Voltmeter. 


meter  voltmeters  and  wattmeters  introduced  in^l890,  as 
well  as  the  important  modern  achievements  of  the  Cad- 
mium standard  cell,  and  the  resistance  material  of  lowest 
temperature    variation    combined    with    high    specific    resis- 


Ayrton  and  Perry-  Twisted  Strip  Voltmeter. 

tance  and  low  thermo  E.M.F.  (afterwards  christened  "  mau- 
ganin  "  by  the  Germans).  On  the  standardising  side  the 
most  important  achievement  was  that  of  the  potentiometer 
devised  by  Messrs.  Fleming  and  Crompton  in   1893  on  the 


Lord  Kelvin's  Standard  Balance. 

old  principle  of  Poggendorf  (ISll).  With  the  aid  of  the 
standard  cell  devised  by  Latimer  Clark  as  far  back  as  1872, 
they  developed  this  into  the  most  useful,  accurate,  and  universal 
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of  continuous-current  measuring  instruments.  The  illustration 
shows  the  first  fonn  of  Flemi'  g-f'rompton  potentiometer,  as 
described  in  The  Electbhiax  in  Mav  181*3. 


'kij 


\ 


^y^ 


L  >iiV  Kelvijc's  Rxoi.fE  Room  Voltmetek. 


A  mere  rla*^"*''"  ■••'«in  of  the  instruinei.ts  wliich  e.xist  at  the 
prewnt  time  .  iut*  to  sliow  th*-  imnieuKe  progress  which 

has  taken  place  m  the  40  years  we  are  reviewiig,  aid  may  give 
some  indications  aa  to  the  possihilities  of  future  progress. 


although  better  suited  for  high  voltages,  are  satisfactory  down 
to  100  volts  or  less.  Indicating  wattmeters  are  available  ot 
the  dvnamometer  and  induction  types,  and  hot-wire  watt- 
meters have  been  suggest-ed  by  M.  B.  Field  aud  by  Irwin.  The 
use  of  the  electrometer  as  a  wattmeter  suggests  the  possibility 
of  electrostatic  wattmeters  for  high  voltages,  but  there  are 
several  difficulties  yet  to  be  overcome. 

The  number  of  supply  meters  both  of  the  quantity  and 
energv  tvpe  has  become  legion,  and  every  kind  of  electro- 
magnetic, electrochemical  and  electrothennal  device  with 
ever%-  variety  of  integrating  mechanism  has  been  pressed  into 
the  service.  Specially  worthy  of  mention  are  the  Edison  (1^8.3) 
and  Bastian  (I*»00)  chemical  meters ;  the  Faure  (1^82),  and  Fer- 
ranti  (1889)  mercury  meters ;  the  Elihu  Thomson  motor 
energy  meter.  1891  :  and  the  Schallenberger  (1888)  and 
Ferranti-Wright  (189(J)  induction  meters. 

Alternating-current  supply  has  required  a  great  extension 
of  instruments,  and  we  have  frequency  meters  of  the  defiectional 
type  (West inghou.se  aud  Weston),  and  resonance  t^-pe  (Camp- 
bell. Hartmann  and  Braup.  Frahms).  We  have  also  power  factor 
and  phase  meters,  idle  current  ammeters  and  s^^lchroscopes. 


L'»i»D  Kki.vix'h  Vertical 

.S«  Al.E  VoI.TMETKH. 


L'lKP  KELnx's  AmI'KKK 
(Jatoe. 


Westox  Voltmeter. 


Tuniing  to  standard  instruments.  Dr.  Weston  has  developed 
the  permanent  magnet  moving  coil  instrument  into  a  remark- 
ably accurate  and  convenient  standard,  but  its  indications 
naturally  dcjicnd  u])on  the  constancy  of  the  })ermanent  magnet. 
and  the  instrument  is  unfoitimately  unsuital)le  for  alternating 
currents.  The  Kelvin  balances  have  been  improved  and 
extended  in  range,  so  as  to  cover  direct  or  alternating  currents 
irom  'inl  ampere  to  2..5(K)  amperes,  and  the  composite  balance 


TXTt 


^.i^r^^ 


\\  \    tin    1   I   I   I    I    ^  ff 


A»  rogardn  indicating  inMnuiientj«.  wp  have  aninietent  and 
voltmeters  of  the  elect romAgneiir  ty|>e.  including  permanent 
ii\.i);not.  soft  iron,  dynamometer  and  induction  prmciplei«.  and 
i»\o  ,.(  tl>.>  ilionnal  or  hot  wire  tyiH*.    KleclrontAtir  voItniet4?rB. 


<  KoMiTox  Potentiometer  (early  form). 

'  "•'"lucttM.     .\ttcmpts  at  substitutes  for  these 

iK'en  made  by  the  Uormans,  notably  by  the 

une   o(   pymmetern.    but    without    any    great    success."    On 

i'.-  other  hand.  Dr.  Northrup  in  the  United  States  has  pro- 

'•      •■'  ■«  highly  inc-  •  •:    instrument  based  \ipon  the  "  pinch 

;  .onon     or  !  y  to  contraction  of  a  mercury  stream 

c«rr>-mg  «  current,  which  appears  very  suitable  for  heavy 

•■nt.     ("n»ssed   wire   thenno-junctions   with 

-oil  indicators  have  been   favoured  by  the 

Frenc    iastrument  makers. 

Coming  to   tejiting  instniments.   little   advance   has   been 
made   on   the   Keh-in   mirror   galvanometers   of    1856.     The 
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moving-coil  galvanometer  was,  however,  considerably  im- 
proved by  Profs.  Ayrton  and  Mather  in  1890  by  the  introduction 
of  the  narrow  coil  giving  the  maximum  ratio  of  torque  to  inertia 
and  thus  reducing  the  periodic  time.  For  the  highest  possible 
rapidity  combined  with  sentiveness  the  Einthoven  string 
galvanometer  of  1903  was  a  decided  advance,  and  it  has  proved 
of  considerable  value  in  electrotherapeutic  work.  Again,  the 
demand  of  alternating-current  testing  have  had  to  be  met,  and 
oscillographs  have  been  produced,  both  of  the  moving  iron 
form  (Blondel,  1893)  and  moving-coil  form  (Blondel,  Duddell, 
1897),   and^also   of   the   hot-wire   form   (Irwin),   electrostatic 


thus  allowing  considerable  surface  for  cooling.  Where  high- 
frequency  alternating-current  testing  is  required  the  coils  are 
frequently  wound  on  fiat  mica  plates,  or  the  resistance  wire  is 
woven  into  a  cloth  with  asbestos  (Ayrton  and  Duddell).  For 
in.sulation  testing  purposes  the  ohmmeter  principle  has  proved 
veiv  useful  and  has  been  developed  by  Evershe<l  and  by 
Xalders. 

The  development  of  the  potentiometer  has  also  been  very 
rapid  and  has  been  very  greatly  studied  in  Germany,  notably  as 
reguds  low  resistance,  thermo-E.M.F.-free,  elements  for 
thermo-couple  pyrometry,  which  ought  to  be  better  known  in 


Faure"s  Mercury  Meter. 


Nalder  Ammeter. 


Shallenberger  Ixductiox  Meter 


form  (Ho  and  Koto,  1913)  and  vacuum  tube  form  (Braun, 
Gehrke).  For  detection  purjjoses,  vibration  galvanometers 
of  the  moving-needle  form  (Rubens  and  Drysdale-Tinsley) 
and  moving-coil  form  (Campbell  and  Duddell)  have  come 
much  into  use,  and  for  special  purposes  the  mo^^ng-coil 
shunt  electromagnet  form  of  Dr.  Sumpner,  while  for  con- 
siderable sensitiveness  at  racUotelegraphic  frequencies  the 
thermo-galvanometer  of  Duddell,  consisting  of  a  Boys  radio- 
micrometer,  heated  by  a  fine  wire  carrying  the  current  to  be 
tested,  has  proved  of  great  service. 

As  regards  resistance  testing  apparatus,  the  modifications 
of  the  Wheatstone  bridge  alone  would  fill  a  volume.  Apart 
from  improvements   in   the  design  and   construction   of  the 


this  country.  As  in  some  other  instruments  {e.g.,  the  Kelvin 
double  bridge),  the  course  of  British  and  German  development 
has  gone  on  different  lines,  our  standard  form  having  been  the 
Fleming-Crompton  instrument  with  one  resistance  dial  aad  a 
slide  wire,  while  the  standard  German  form  has  been  the 
Feussner  five-dial  type.  A  compromise  of  two  dials  and  a 
slide  wire  is  probably  the  best  arrangement. 

Capacity  and  inductance  measurements  have  become  of 
steadily  increasing  importance,  and  many  devices  have  been 
brought  out  to  facilitate  them.  Standard  condensers  have 
been  brought  to  a  high  pitch  of  perfection  in  this  country,  the 


Thomson  Motor  Meter. 


Duddell  Oscillooraph. 


-^f- 


Campbell  \'ibr  vtion  Galvanometer. 


ordinary  plug  and  switch  bridges  the  principal  developments 
from  the  origmal  bridge  are  the  Carey-Foster  slide  wire  stand- 
ardising bridge,  the  Kelvin  double  bridge  for  accurately 
measurmg  low  resistance,  the  Reichsanstalt  bridge  for  standard- 
ising both  high  and  low  resistances  and  the  combined  Kelvm- 
Carey-Foster  standardising  bridge  of  the  writer.  The  resist- 
ance coils  have  been  steadily  improved  from  the  german  silver 
or  platinum-silver  wax-covered  coils  to  the  annealed  and 
varnished  manganin  coils  wound  on  thin-walled  open  tubes, 


paraffin  paper  condensers  commonly  used  for  cable  work  having 
an  insulation  resistance  of  20,000  to  30,000  megohms  per 
microfarad. 

The  pioneer  work  iu  inductance  and  capacity  measurement 
after  the  theoretical  work  of  Maxwell  and  others  was  done 
by  Profs.  Ayrton  and  Perry  in  the  introduction  of  their 
secohmmeter  and  variable  inductance  standard,  while  the 
Fleming  commutator  has  proved  of  great  value  for  condenser 
testing,  especially  with  small  capacities.     Mr.  Campbell's  form 
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of  mutual  inductance  standard  is  also  very  useful.  As  regards 
high-frequency  testing,  Prof.  Flemings  cymometer  holds  the 
first  place  for  general  work,  and  we  also  have  the  forms  of 
Hpark  counter  devised  by  Dr.  Fleming  and  by  Mr.  Campbell. 
In  the  region  of  radiotelegraphic  measurement  it  may  be  said 
that  our  country  is  fully  holdi  g  its  own. 

Iron  testing  is  another  branch  in  which  considerable  develop- 
ment of  measuring  instruments  has  taken  place.  Since  the 
first  permeameter  of  Hopkinson  there  have  been  the  trac- 
tion pemieameter  of  Bidwell.  Kapp  and  S.  P.  Thompson, 
the  magnetic  balance  of  du  Bois,  the  Kwing  magnetic  l»ndge, 
the  deflection  permeameter  of  Siemens  &  Halske,  the  plug 
pemjeameter  of  the  writer,  and  the  friction  permeameter 
of  .Murdoch.  We  have  also  had  the  fIras«ot  flu.x  meter,  and 
the  hvst.-n-sis  meten<  of  H^wir.g  ar<\  <»*  ('Rrp'':tier. 


As  regards  standards,  the  pioneer  work  of  the  B.A.  Com- 
mittee and  tlie  Bi.ard  of  Trade,  reinforced^  by  the  recent 
excellent  apparatu.s  and  measurements  of  the  National  Physical 
Laborat^jrv.  has  certainly  maintained  British  prestige,  although 
for  a  certain  period  it  was  threatened  by  the  Reichsanstalt. 
E.xcept  in  the  matter  of  radiation  measurement,  however,  the 
latter  institution  has  been  quite  outclassed  in  recent  years  by 
the  Washington  Bureau  of  Standards,  by  the  International 
Bureau  at  Sevres  and  by  the  National  Physical  Laboratory. 

The  foregoing  account  of  progress  up  to  recent  times, 
although  ne<cj->arily  very  incomplete,  will  suf&ce  to  indicate 
the  immense  ground  which  has  been  covered,  and  it  will  be 


(.ui.l.UKN 


<'ampuell  MrTiMi.  Ismcr.^NCE  Standard. 


Hartmaxn  &  Brain  Freqiencv 
Meter. 


And  in  ad«liti«»n  to  all  these  we  have  had  the  nunierous 
inf*tnini.-nt.s  which  have  Im-.-h  '  '  '  • '  •  as  adjuncts 
to  electrical  i<-'ii'' or  as  empi".      ^  ic  priiiciples. 

Klectrioal   ei  .as   being   especially   concemetl    in    the 

accurate  testing  «»(  mtuting  miicliii;cK.  have  been  <»bliged  to 

(levih.  '   '    •    ' ters  ai,d  speed  indicators, 

iiitil  1  <'d  at  the  present  day  are  of 

the  eddv-current  f(»rm.  «)r  of  tlie  resonance  fonn  first  intro- 
ducr«l  Itv  Campb.-ll   and   by    H  nn   and    Braun   for  fre- 

„.„,.v   ff"'-'".nwnt.     Th-  ■!  ,  ..ent  uf  rlectric  lighting 


quel 

has  alnti 


••lectriral 


«  Ut  take  the  leading  part 


well  t(»  review  the  present  position  and  the  prospects  for  future 

development. 

Stotnhtrdji  of  P.D..  Current  and  Power. — The  question  of 
working  stamlards  of  P.D.,  current  and  power  has  become*a 
xery  difficult  one  in  recent  times,  and  it  sh'^uld  come  up  for 
discussion  as  soon  as  circumstances  permit.  So  long  as  direct 
currents  only,  or  even  single-phase  currents  of  moderate 
amount  and  frequency,  were  concerned,  the  bulk  of  the  neces- 
sary *  '  '  ing  of  an  ordinary  supply  station  could  be 
effect •  .  great  dilliculty  by  means  of  a  potentiometer 

or  bv  a  few  Kelvin  balances  and  electrostatic  voltmeters  :   but 


N«ll«.t>AL    l'llV.-<i<  4i<    LAKohAlV'HV    LitRlkM   AfiAkAD 


in  photometric  nietuiuivniont.  an«l  wc  Imvp  rnn«onnrntly  ^oen 
a   remarkably   complete   srriea   of    v  nne«t«, 

Homo  of  which,  like  tin*  Fery  ]>" 

electrirally,      M<-'   "•  • "•   

eb'otrionl    then  .    the  ot 

>  lo  the  arrurat<>  platinum  Thomv  «»f 

<  1   ana  i :    •'  - '       "      •'  ■  ■   ' 

I  I  ami  «'  .  .  ,  I 

b»n»  and  Kurlbaum.  Ac.  all  of  which  h«vo  been  of  the  sre«tri»t 
poiM«iblp  value  in  nivtalhirgiral  and  other  funiaoe  oporation*. 


with  the  nuNb-ri  rxtension  to  polyjihase  supply  of  great  P.D. 
and  rurreni  with  balanced  and  unbalanced  loads  at 

I  with  the  added  complication  of 
'  •'••^T>\    the    batter.-    of    apparatus 

*•  >  formidable  in  magnituc'.e  and 

•  ■  ■  tew  p«»wer  stations  ap]>ear  to  be  equipped 

'     '  •  r  needs. 

In    view   of   the    great  con- 

**"l  '  •'  pcttentiometer  for  nearly  all 

rontir.uou^-rarrent  measurements,  there  can  be  no  question 
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as  to  the  desirability  of  extending  it,  if  possible,  to  deal  with 
alternating-current  measurements.  In  1909  the  writer  ob- 
tained a  solution  of  this  problem  by  the  application  of  a  phase- 
shifting  transformer  and  a  dynamometer  to  an  ordinary  poten- 
tiometer, with  the  result  of  obtaining  an  instrument  which  is 
capable  of  making  P.D.,  current  and  phase  measurements,  of 
a  high  degree  of  accuracy  and  of  the  highest  possible  range, 
on  circuits  having  a  good  sine  wave  supply  at  a  steady  fre- 
quency. It  does  not  profess  to  be  accurate  on  other  than 
sine  waved  supply,  but  the  errors  due  to  the  presence  of  small 
harmonics  is  not  great  (U-12  per  cent,  for  a  5  per  cent,  har- 
monic), and  the  absence  of  inductive  and  eddy-current  errors 
make  its  indications  in  many  cases  more  accurate  than  those 
of  heavy  current  dynamometer  instnmients,  especially  at  the 
higher  frequencies.  In  combination  with  a  volt  box  and  a  set 
of  non-inductive  "  shimts  "  or  low-resistance  standards,  this 
potentiometer  is  capable  of  measuring,  in  terms  of  a  standard 
cell,  either  continuous  or  alternating-current  voltages  or 
currents  of  practically  any  range  and  frequency  (up  to  1,000 
or  2,000  ^  per  second).  And  as  it  indicates  the  phase  of  each 
P.D.  or  current  within  0-1°  or  0-2°  it  will  check  power  or  phase 
measurements  on  single-phase  or  polyphase  circuits.  It  may 
fairly  be  described  as  the  most  universal  electrical  measuring 
instrument  which  has  yet  been  devised,  and  the  only  question 
is  as  to  its  accuracy  and  convenience  in  practical  working.  It 
has  been  adopted  by  several  standardising  laboratories  and 
works,  and  the  result  appears  to  be  favourable,  despite  the 
fact  that  steadiness  of  the  circuits  is  necessary  and  that  the 
P.D.  and  current  readings  are  taken  successively  instead  of 
simultaneouslv. 


of  the  higher  value  resistances,  by  sealing  the  oil  chamber  to 
protect  the  coil  from  moisture. 

The  adoption  of  the  potentiometer  has  brought  into  pro- 
minence standard  resistances  of  low  value  and  ot  high  current 
carrying  capacity,  and  for  this  purpose  manganin  plate  resis- 
tances were  first  introduced  by  the  Reichsanstalt  in  1895. 
For  many  years  the  Germans  have  had  almost  a  monopoly 
of  the  highest  grade  of  resistances  of  this  kind,  but  the 
advent  of  the  alternating-current  potentiometer  has  evolved 
a  need  for  non-inductive  resistances  of  this  class,  and 
h.-s  thus  led  to  a  new  series  of  designs  with  improved 
terminals,  &c.,  described  in  The  Electriciax  on  August  11 
last.  These  designs,  in  conjunction  with  the  resi.stance  alloys, 
which  the  war  has  induced  at  least  one  British  firm  to  produce, 
ought  to  do  something  towards  challenging  the  Gennan 
monopoly. 

Indicating  Instnnnents. — It  is  not  easy  to  make  any  special 
predictions  or  recommendations  in  this  matter,  as  each  of  the 
various  types  of  instrument  has  its  own  fairly  definite  sphere 
of  usefulness  which  makes  it  difficult  to  discard.  Soft  iron 
instruments  are  not  only  cheap,  but  are  almost  the  only 
practicable  type  of  instrument  for  ordinary  alternating-current 
measurement.  Moving  coil  permanent  magnet  instruments 
are  unrivalled  for  accurate  continuous-current  testing,  d}Tiamo- 
meter  and  electrostatic  instruments  for  accurate  alternating- 
current  work,  and  hot-wire  instruments,  although  least  satis- 
factory from  the  point  of  view  of  accuracy  on  ordinary  circuits, 


A.  C.    POTENTIOMETEK. 


Weston  Thkee-phase  Dynamometer  Wattmeter. 


Wattmeters. — For  the  most  accurate  measurements  of 
power,  however,  the  wattmeter  will  still  be  necessary,  and 
opinion  in  this  country  is  still  divided  between  the  relative 
merits  of  the  d^mamometer  and  electrostatic  wattmeters. 
Both  have  their  advantages,  and  where  a  fairly  large  space  is 
available  for  permanent  installation,  and  loss  of  power  at  high 
currents  is  no  object,  the  electrostatic  form  will  very  likely 
be  used  ;  but  where  robustness  and  some  degree  of  portability 
are  essential  the  dpiamometer  type  holds  the  field.  The 
difficulties  as  regards  very  high  currents  have  been  very 
neatly  surmounted  by  Mr.  P.  G.  Agnew,  at  the  Bureau  of 
Standards,  by  making  the  main  circuit  in  the  form  of  con- 
centric tubes. 

Standards;  of  Resistance. — Considerable  and  steady  progress 
has  been  made  in  the  production  of  resistance  standards  since 
the  introduction  of  the  first  form  of  standard  by  the  B.A. 
Committee  in  1867  with  its  platinum  silver  coil  embedded  in 
paraffin  wax,  and  with  its  long  thin  copper  electrodes.  The 
improvements  have  lain  in  reducing  the  temperature  coefficient 
by  using  manganin  wire  or  by  compensation,  in  increasing 
the  current  capacity  by  using  open-wound  coils  in  an  oil  bath, 
and  by  making  the  copper  terminals  short  and  stout  ai.d  with 
separate  current  and  potential  or  bridge  terminals.  Per- 
manence is  secured  by  silver  soldering  the  wire  to  washers 
which  are  screwed  and  soldered  to  the  electrodes  by  rigid 
mounting,  by  careful  annealing  after  wirding,  ai.d,  in  the  case 


are  essential  for  high-frequency  tests.  On  the  other  hand, 
each  of  these  types  has  one,  or  perhaps  two,  most  suitable 
forms,  and  a  great  deal  of  useful  elimination  could  be  done 
which  would  help  greatly  towards  better  construction.  Per- 
haps the  induction  pattern  of  indicating  instrument  is  least 
suited  for  survival,  except  in  the  case  of  cheap  indicating 
wattmeters  and  power  factor  indicators  (especially  for  poly- 
phase circuits). 

Radio-Telegraphic  Measuring  Instriiments. — The  need  for 
satisfactory  measuring  instruments  is  greatest  in  this  direction, 
and,  in  fact,  beyond  the  Fleming  cymometer  and  spark  counter, 
and  the  Marconi  wave-meter,  little  has  been  effected-  The 
difficulty  here  lies  not  only  in  the  sniall  amount  of  power 
usually  available,  and  in  the  extreme  risk  of  error  from  inter- 
ference, eddy  currents,  &c.,  but  in  the  fact  that  the  very 
meaning  oi  inductance  and  capacity  in  circuits  of  large  dimen- 
sions at  high  frequencies  is  open  to  question,  and  many  erro- 
neous measurements  have  been  made  in  consequence  of  these 
difficulties. 

Electric  Supply  Meters. — As  electric  supply  is  a  supply  of 
energy  it  follows  that  the  instruments  which  record  the  total 
energy  supplied  to  a  consumer  in  a  given  time  are  of  the 
greatest  practical  importance.  For  this  reason  the  amount  of 
attention  which  has  been  given  to  supply  meters  by  inventors 
is  remarkable,  and  it 's  imporsible  even  to  indicate  the  course  of 
their  development..    The  tendencies   as  regards  the  future, 
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however,  are  fairly  clear.  The  only  Bur\'iving  tj-pes  of  uni- 
ver«al  meters  for  continuouji  or  alternating-current  supply  are 
the  moUtr  meters  of  the  Thomson  t\-pe  and  the  controlled 
jjendulum  type,  which  has  maintained  its  place  through  the 
strenuous  efforts  of  Dr.  Aro:i.     Although  the  latter  type  has 


c,^ 


-p. 


— c. 


.■\kon  Clock  Mkter. 

the  advartAge  of  r,v()  dirg  li.e  prii  cipd  diffi<ulty  of  the  motor 
meter  the  sliding  contacts  its  coniplexity  aid  dittioiity 
of  ttatisfuctory  checking  niilttutr  <  ^>•l^;(•(■ral»ly  against  it,  and 
it  may  be  fairly  confidently  predi«ted  that  the  continuous- 


mriTnt  onergy  mrtrr  of  the  future  will  l»e  nf  thf  simple  motor 

iting   \hv   '      '         '  <    Mr     ' 

-,1.     Attemj'      10.  nota 

A.K.O.,  to  olimiiiiito  the  commutator  ard  hrnnhcs  bv  alluv 


the  shunt  coil  to  oscillate  between  contacts,  but  no  light 
touching  contact  appears  to  be  satisfactory  for  long  in  our 

humid  climate. 

Although  the  commutator  motor  meter  must  become  the 
standard  t\-pe,  quantity  meters  of  the  permanent  magnet 
motor  t\-pe*  are  likely  to  retain  their  place  for  traction  work 
where  robust  construction  is  essential,  and  for  cheap  service 
ard  prepa\-ment  meters,  which  latter  appear  likely  to  become 
of  increasing  importance.  The  .survival  of  the  electrohtic 
tvpe  of  meter  is.  however,  more  doubtful,  in  spite  of  its  cheap- 
ness. As  regards  alternating-current  and  pol\-pha6e  supply, 
the  induction  pattern  of  energy  meter  appears  to  stand  abso- 
lutelv  without  rival,  as  it  combines  all  the  essentials  for  correct 
wurking  with  the  ma.ximum  of  simplicity.  Almost  every 
maker  of  meters  for  altera ating-current  circuits  has  now 
adopted  some  form  of  induction  meter,  and  the  only  points 
to  be  .'iettled  are  details  concerning  the  compensation  of  the 
small  phase  ar.d  frequency  errors,  which  occur  in  the  uncom- 
pensated instrument.  We  may  expect  in  a  few  years  to  see  the 
alternating-current  meter  as  standard  in  design  as  the  pol^'phase 
motor. 


Ferranti 
Indvction  Meter. 


•  '/  M<i/i(iiiicai  Tc.'<hiiij  oj  tlichiail  M<iciinn'ry. 

•^''1''    -^  liy  appears  to  c<'me  under  the  category  of 

elcrtrical  nu-Miring    inNtruments.    the    writer    attaches    the 

^  to  it,  and  it  is  in  this  direction  that  most 

^  Ore  (>f  the  most  reprettab!(»  features 

'•  '1  industry  in  this  country  is  the  neglect 
i  thorough  electrical  and  mechanical  testing  of  motors  and 


genonit" 
o( Rurh  1 


point  o(  view  ot  cr 

"f     M<>MS 

•r.  hTv 


"f  the  experimental   analysis  of  the  various 

'••ni  of  making  satisfactory  mechanical  tests 

«  much  more  difficult  one  than  that  if  the 

.  owing  to  the  simple  fact  that  no  mechanical 

•  tcr   lias   as   yet   been   constnuted. 

"iigh  few  are  satisfactory  from  the 

'  and  accurate  testing.     The  simple 

Nalder,   the   eddy-current   brake   of 

'lid  the  portable  regenerative  brake 

,   '111-  most    rnnvenient.     For  speed 
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measurement  rue  resonance  speed,  and  frequency  meters  are 
most  satisfactory,  or  the  stroboscopic  methods,  which  are 
•also  by  far  the  best  for  the  measurement  of  slip  in  induction 
motors  and  for  standardising  other  tachometers.  But  the 
problem  of  a  direct-reading  indicating  transmission  dynamo- 
meter, or  mechanical  wattmeter,  is  not  a  difficult  one,  and  it  is 
hoped  before  long  that  it  will  have  been  solved  practically, 


ROLLEE  STEOBCSCOPE. 

and  that  it  will  be  possible  to  read  the  input  and  output  of  a 
motor  or  generator,  or  even  its  efficiency,  directly  on  ordinary 
indicating  instruments. 

On  the  whole,  howe-ver,  although  there  is  yet  scope  for 
entirely  new  developments,  one  is  forced  to  the  conclusion 
that  progress  in  the  electrical  instiaiment  industry  will  be 


principally  in  the  direction  of  standardisation  and,  of  improving 
the  design  and  construction  of  instruments  which  are  already 
well  known,  and  it  is  here  that  so  much  care  is  needed  on  our 
part.     It  has  been  the  fate  of  this  country  to  see  the  work  of 
its  pioneers  in  many  directions  (notably  as  regards  the  chemical 
and  optical  industries)  taken  up  and.  developed  successfully 
by  other  nations  of  le&s  originality  but  greater  perseverance 
and  attention  to  detail ;    and  although  the  British  electrical 
instrument  industry  has  not  fallen  so  much  behind  its  rivals 
as  has  some  of  the  others,  yet  a  mere  glance  at  the  scope  of 
opeititions  of  firms  like  Siemens  &  Halske  or  of  the  Weston 
Company,  or  at  the  internal  construction  of  their  instruments 
shows  the  need  which  exists  for  immediate  and  concerted 
action  on  our  part  if  we  are  to  regain  a  leading  position.  Above 
all,  the  most  crpng  need  in  this  direction  is  the  study  and 
development  of  new  materials,  of  alloys  for  resistances  and 
springs,    of  insulators   with   good   mechanical   and,  electrical 
properties,  and  of  varnishes  and  cements  which  are  not  only 
highly  insulating,  but  non-hygroscopic,  capable  of  withstanding 
high  temperatures,  and,  hard  enougla  to  prevent  deformation. 
The  discovery  of  a  low  temperature  coefficient  alloy  of  low 
specific  resistance,  if  such  were  possible,  would  enormously 
improve  instrument  construction.     We  know  that  our  rivals 
have  devoted  imm^ense  attention  to  the  subjects,  and  until  we 
can  at  least  equal  them  in  this  respect  we  shall  be  seriously 
hampered.     Fortunately,  there  are  signs  that  the  deprivation 
of  these  materials  owing   to   the  war  has  stimulated  many 
m-anufacturers  to  action,  and  we  m_ay  have  some  confidence 
that  now  we  are  awakened  we  shall  not  allow  ourselves  to  be 
outclassed  by  any  other  nation. 
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I    Recent   Progress  in  X-Rays  and  Radiography,    t 

I  ■  ■'      ■    ■ 

t  By  G.  W.  C.  KAYE,  M.A.,  D.Sc,  Capt.  R.E.  (T.). 

<>  <> 


It  is  a  little  over  20  years  ago  that  Eontgen,  so  to  gpeak, 
stumbled  across  a  new  radiation  which  possessed  the  most 
amazing  properties,  and  to  which  he  gave  the  name  of  the 
unknown  or  "  X  "  rays.  The  name  has  stuck,  for  it  is  only 
within  the  last  few  years  that  the  problem  of  the  nature  of  the 
rays  has  been  solved. 

The  application  of  the  rays  in  surgery  has  always  excited  the 
popular  mterest  to  an  astonishing  degree,  and  even  now  there 
IS  probably  no  branch  of  physics  that  possesses  a  greater 
fascination  for  the  general  public  which  never  loses  its  strange 
desire  ""  to  see  its  bones."  The  debt  which  the  world  of 
humanity  owes  the  X-rays,  to  take  the  present  war  alone,  is  a 
heavy  and  increasing  one.  Incidentally,  the  curious  popu- 
larity of  the  X-rays  with  wounded  soldiers  may  be  noted 
here.  The  average  "  Tommy  "  is  always  anxious  to  have  his 
"  picture  taken  "  as  often  as  possible,  regarding  the  operation 
as  clear  evidence  that  the  full  resources  of  the  hospital  have 
been  utilised  on  his  behalf. 

In  the  space  available  for  this  article  we  cannot  do  more 
than  touch  on  a  few  of  the  more  recent  and  important  develop- 
ments of  the  subject. 

In  common  with  a  good  deal  of  the  scientific  apparatus  of 
this  country,  the  manufacture  of  X-ray  equipment  had  been 
largely  permitted  to  pass  into  the  hands  of  the  Germans,  who 
successfully  exploited  its  possibilities.  Since  the  war,  English 
manufacturers  have  come  into  their  own,  and  the  very  large 
number  of  X-ray  sets  which  the  war  has  rendered  necessary 
has  given  a  fillip  to  the  industry  generally. 

From  a  research  point  of  view,  the  study  of  the  X-rays  has 
been  by  no  means  neglected  in  this  country^  and  we  have  the 


satisfaction  of  knowing  that  a  large  proportion  of  the  funda- 
mental literature  has  been  contributed  by  the  English-speaking 
races. 

Radiography. 

The  art  of  producing  shadowgraphs  by  means  of  X-rays  is 
now  being  extensively  practised  in  many  directions  not 
originally  contemplated.  One  of  its  more  recent  developments 
is  the  detection  of  contraband  copper  and  other  munition 
metals  when  concealed  in  bales  of  cotton.  The  rays  have  also 
been  turned  to  account  in  the  discovery  of  blowholes  in  copper 
and  steel  ingots,  and  in  the  detection  of  faults  in  steel  plates 
and  rails. 

X-rays  have  proved  of  service  in  distinguishing  real  from 
artificial  gems  and  in  locating  pearls  in  oysters  without  openuig 
the  shells.  By  the  use  of  extremely  soft  X-rays,  radio- 
graphs have  been  obtained  of  the  soft  ^issues  of  the  body 
(showing  'he  veins  and  nerves),  the  venation  of  leaves,  and  the 
structure  of  flowers.  In  conjunction  with  the  microscope, 
pictures  of  tiny  insects  and  mmute  shells  have  been  taken 
which  disclose  the  internal  anatomy  in  a  way  that  would  be 
quite  impossible  by  dissection. 

But  the  all-important  use  of  the  X-rays  is  in  surgical  radio- 
graphy, and  with  the  varied  experience  that  the  present  war 
has  brought,  we  find  that  miracles  are  literally  being  wrought 
nowadays  in  the  big  hospitals.  X-ray  technique  has  im- 
proved so  vastly  as  to  give  the  diagnostic  methods  of  phy- 
sicians and  surgeons  a  facility  and  exactness  never  dreamt  of 
at  one  time.  For  example,  in  the  surgery  of  the  bone,  we 
can  not  only  see  fractures,  but  we  can  examine  the  intimate 
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lamellar  structure  of  the  bone.  Limbs  are  saved  and  cripples 
are  uncrippled  by  the  use  of  X-rays  and  the  new  antiseptic 
treatments.  Bullets  and  shrapnel  are  found  and  removed, 
even  from  the  lung  and  brain  or  in  the  region  of  the  heart. 
We  can  detect  and  determine  the  position  of  tumours  in  the 
cranial  cavity,  even  in  the  deepest  part.  The  diagnosis  of 
diseases  of  the  alimentary  system  can  be  demonstrated  by 
bihmuth  radiography,  in  which  the  recjuired  part  is  rendered 
temporarily  opaque  to  the  rays  by  mixiijg  bismuth  salts  or 
emulsions  with  the  food. 


case  with  radiography,  the  technique  of  radiotherapy  is  being; 
steadilv  improved.  With  suitable  dosage  the  malignant  cells 
disappear,  leaving  the  healthy  tissue  quite  unaffected.  The 
treatment  has  been  largely  and  successfully  employed  for 
ringvk-orm  and  rodent  ulcers.  The  question  of  dosage  is  all- 
important  in  view  of  the  well-known  danger  of  indiscriminate 
exposure  to  the  rays,  and  it  must  not  be  forgotten  that  we'are 
dealing  with  a  vital  and  not  a  physical  agency.  The  problem 
is  biological,  and  the  length  ard  intensity  of  each  of  the  doses^ 
into  which  a  treatment  may  be  divided  require  careful  speci- 


I 


Fiii.  1.— SuBAP.NEL  BfU.KT9  AND  Fraoments  OF  Shell  IN  THE  Brain  (X.  S.  Finzi,  from  the  "  Journal  of  the  Eontgen  Society/'). 


Ancurihms.  malignant  growths,  tubercle  in  the  lungs, 
pleural  i'fTu.si(ins  can  be  diagnosed  with  certainty  and  without 
puin  or  danger.  It  has  also  l)een  noticetl  that  X-rays  have 
induced  br«»ken  lumeK  to  knit  fa.ster  and  more  surely,  and 
Mirgcuiih  have  n-pcut^-dly  report«'»l  that  X-rays  have  given  a 
patient  relief  fn»in  pain,  though  the  part  that  suggestion  plays 
in   this  connection  must  not  be  overlooked.      We   must  not 


fication.  Tiie  question  of  dosage  is  pressing,  and  no  doubt 
X-rays  will  eventually  be  standardised  with  reference  to  some 
selected  standard  such  as  the  British  Radium  Standard  at  tbe- 
National  Phy.'^ical  Laboratory. 

Radiographic  Equipment. 

The  modem  installation  of  the  radiographerlhas  attained 
the  accessibility  and  convenience  which  the  apparatus  of  a 
growing  subject  would  naturally  assume. 

The  examination  of  a  patient  by  X-rays  may  be  carried 'out 
either  by  the  use  of  a  fluorescent  screen  or  by  the  taking  of 
photographs,  in  most  cases  it  is  xisual  to  combine  these 
methods,  a  ])reliminary  screen  examination  being  made  tO' 
enable  the  photog.'apiiic  plate  to  be  placed  in  the  most  advan- 
tageous pctsition.     In   order  that  this   examinationjmay  be- 


Flu.  2.     UvoKHiHU'ii  Siiuwi>«.  Bi  i.i.r.T  *t  IIiiim  «k   Kiumt  Lino. 
(\.  S    Iiiwi.  (r.iin  til.-    "iMiirnftl  of  the  B<int(i;rn  Society.'") 


Flo.  3.— Fra»:>ientath.n  or  L'lna.     (Cacskd  by  Shrapnel.)  | 


leave  the  subject  without  paying  a  tribute  to  the  medical  carried  out  rapidly  and  conveniently,  it  is  necessary  that  the 
]m»(o.H8i(»n  for  it«  unexaniploil  devotion  to  ita  duties  in  the  X-ray  tube  phould  be  «upporte<l  in  such  a  way  that  it  may  bf 
present  war. 


RAl»IOTHERArV. 

As  WfiH  anfinpaftMl.  the  X-ray."*  have  found  a  w.de  iwUi  of 
applniiti.in  m  the  treatment  of  mabgiant  di»ea*e.     As  is  the 


Ti 


'  !r'  while  the  patient  occupies  some  convenient 
"•n.  The  variou.'*  forms  of  apparatus  by  which 
thin  IS  accomplihhed  may  be  divided  into  two  classes — upright 
*"  and  horizontal   couches.     Certain   of  these 

tto,,,i,-  ...*.  \.'.,  .i-rtible  from  «ne  type  to  the  other.^while  other 
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more  complicated  forms  constitute  combined  X-ray  examina- 
tion couches  and  surgical  operation  tables. 

With  an  upright  screening  stand  the  patient  stands  or  sits 
in  contact  with  a  vertical  wood  or  canvas  screen,  behind  which 
the  X-ray  tube  is  supported.  In  a  horizontal  couch  the 
patient  is  examined  in  a  recumbent  position,  the  X-ray  tube 
being  either  above  or  below  him.  Adequate  adjustments 
provide  for  the  proper  setting  of  both  X-ray  tube  and  photo- 
graphic plate. 

The  fluorescent  screen  should  be  properly  protected  with 
lead  glass,  and  an  adjustable  diaphragm  is  of  great  assistance 
for  stopping  down  the  rays. 

^  The  various  switches  and  measuring  instruments  are  for 
■convenience  grouped  on  a  portable  switch-table  which  can  be 
brought  near  the  operator. 

Localisation. 

While  an  X-ray  photograph  is  capable  of  revealing  the 
presence  of  a  foreign  body  it  does  not  indicate  the  depth  at 
which  we  should  search. 

The  usual  method  of  ascertaining  this,  is  to  take  two  photo- 
graphs on  the  one  plate,  the  two  photographs  being  taken  with 
the  X-ray  bulb  in  turn  at  each  end  of  a  short  base  line.  The 
distance  between  the  two  shadows  of  the  foreign  body,  and 
a  knowledge  of  the  other  distances  involved,  gives  us  a 
simple  exercise  in  trigonometry.  Very  many  types  of  localisers 
have  been  introduced  to  solve  the  problem  by  some  device 
calculated  not  to  embarrass  the  medical  man,  who  is  prone  to 
shy  at  mathematics. 

X-Ray  Tubes. 

It  is  remarkable  how  slightly  the  design  of  the  X-ray  bulb 
has  been  changed  from  that  introduced  by  Prof.  H.  Jackson 
in  1896.  Leaving  the  Coolidge  tube  out  of  consideration  for 
A  moment,  the  chief  changes  are  in  the  direction  of  robustness 
.and  the  capacity  to  withstand  heavy  discharges.  Tungsten 
is  gradually  replacing  platinum  as  the  material  for  the  anti- 
cathode. 

The  numerous  varieties  of  X-ray  tubes  differ  only  in  details. 
They  all  possess  a  very  low  efficiency.  The  heat  generated  at 
the  anti-cathode  is  ample  proof  that  the  energy  of  the  cathode 
xays  is  mostly  dissipated  into  heat  ;   the  X-rays  are  merely  a 


the  speed  of  the  cathode  rays  and  the  atomic  weight  oi  tue 
anti-cathode. 

With  the  latitude  permissible  in  almost  all  X-rav  work,  it 
is  sufficient  to  use  the  current  through  the  tube  as  a  measure 
of  intensity,  and  the  voltage  across  the  tube  as  a  measure  of 
quality. 

It  is  customary  nowadays  to  keep  a  battery  of  tubes  at  one's 
disposal,  as  each  tube  possesses  its  own  characteristics,  and 
only  experience  can  dictate  the  proper  choice  of  tube  for  a 
particular  purpose.  Slight  variations  in  the  gas  pressure  are 
continually  going  on  in  most  tubes,  and  a  tube  may  become 
cranky  in  consequence.  Tubes  which  are  erratic  are  often  the 
better  for  a  month  or  two's  rest. 
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Fig.  4. — Modeen  X-Ray  Tube. 

small  by-product.  Under  favourable  conditions  the  ratio  of 
the  energy  of  the  X-rays  to  that  of  the  exciting  cathode  rays 
is  of  the  order  of  1/1000.     The  efficiency  increases  both  with 


wiHi  Tungs^en 

Fig.  5. — ^Snoof  Hydrogen  Tube.^  2   ,    . 

For  most  tubes  there  is  some  preferential  value'of^the  cur- 
rent, for  which  the  tube  will  run  for  long  periods  without  much 
regulation  ;  but,  in  general,  X-ray  tubes  tend  to  "'  harden  " 
with  use — i.e.,  the  pressure  becomes  lower  and  the  driving 
voltage  higher.  The  cause  of  this  is  even  now  not  certain.  In 
many  cases  it  appears  to  be  due  to  a  reversible  chemical 
reaction  between  the  gas  and  the  glass  walls.  The  presence 
of  a  sputtered  metallic  deposit  undoubtedly  enhances  the 
efiect.  To  circumvent  the  hardening,  "  softening  "  devices 
are  always  fitted  to  a  bulb,  either  of  the  osmosis  or  occlusion 
type,  of  which  the  latter  type  is  the  more  popular  in  this 
coimtry. 

A  neat  adaptation  of  the  osmosis  device  may  be  noted  in 
connection  with  the  Snook  hydrogen  tube.  The  osmosis 
method  of  regulating  a  vacuum  de-pends  on  the  fact  that 
hydrogen  will  pass  through  red-hot  platinumor  palladium 
from  a  region  of  higher  to  one  of  lower  hydrogen  pressure. 

This  diffusion  takes  place  quite 
irrespective  of  the  presence  of  other 
gases  on  either  side  of  the  metal 
boundary.  In  the  Snook  X-ray 
tube  (Fig.  5)  the  residual  gas  is  hy- 
drogen, and  two  osmosis  tubes  are 
sealed  into  the  bulb.  Either  may 
be  heated  to  a  bright  red  heat  by 
causing  a  discharge  to  pass  from 
the  tip  of  the  tube  to  an  adjacent 
metal  dactrode. 

The  one  regulating  tube  is  ex- 
posed externally  to  the  atmosphere. 
Now  the  amount  of  hydrogen  in  the 
air  is  negligible,  and  consequently 
when  this  tube  is  heated  hydrogen 
passes  from  the  interior  of  the  bulb 
and  the  vacuum  is  raised.  The 
other  regulating  tube  is  surrounded 

externally  bv  an  auxiliarv  bulb  con- 
si  .>     -  ..,"-,-  ,  • 
'--.      V           ^" .             tammg  hydi'ogen  at   about   atmo- 

,i2-  spheric  pressure,  and  the  result  of 

heating  this  tube  is  that  hydrogen 

diffuses  into  the  X-ray  bulb  and  the 

vacuum  is  lowered. 

The  biggest  step  forward  in  recent  years  as  regards  X-ray 

bulbs  IS  undoubtedly  the  Coolidge  tube,  the  chief  novelty  of 

which  is  the  fact  that  the  vacuum  is  so  high  that  the  residual 
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gan  i»lay»'little  or  no  part  in  the  "  ionics  "  of  the  bulb.  The 
el<;r:trorJh  are  provided  by  an  inrand'-.^ent  ralhcxie.  the  tem- 
perature of  which  control«  the  intensity  of  the  X-rays.  If  the 
cathode  is  cold,  the  vacuum  i«  tfjo  high  to  permit  a  discharge. 
When  the  cathode  is  hot.  the  bulb  h  excit«i  in  the  ordinary 
wav,  and  the  X-raVH  produced  are  het^-rngeneous,  just  as  with 
the  ordinary  t\7je  of  bulh.  The  tul>e  is  remarkable  in  showing 
no  fluorescence  of  the  glass,  so  that  it  appearance  affords 
little  notion  of  the  output  or  indeed  of  any  activity  at  all. 
The  worker  should  be  protected  by  at  least  3  mm.  of  lead  or  its 
e«juivalent. 

In  the  Coolidge  tube  at  prcwnt  on  the  market  (Fig.  6),  the 
anti-cathode  is  of  tungHt^n  and  unusually  heavy.     Recently 
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Coolidge  haH»X4Jerimented  with  anticathodes  cooled  by  a  rapid 
current  of  water.  Such  tubes  permit  enormous  X-ray  outputs. 
For  example,  one  tulM-  ran  iontinuously  for  6H  hours  at  KKi 

T    " iprres  and  7o.(MK»  volts.     Others  have  been  riui  con- 

Iv  Ht  2<«i  millianiperes,  the  p<iwpr  supplied  to  the  tube 
Wing  11  kw.  It  is  anticipated  that  this  figure  will  l>e  shortly 
increased  to  50  kw.,  a  truly  colossal  value. 

Hi(;h-tex8ion  (;enkrator8. 

The  high-tension  generator  nowadays  consists  of  some  form 
of  high  tension  traiixfMnner,  or  more  usually  an  induction  coil 
designed  specially  for  heavy  discharge  work.  Internipters  ar*- 
almost  excliisivfly  of  the  mi-ri  ury  jet  in  gas  type,  although  for 
iriiitaiitaneous  rad'ograjjhy  a  Wrhiirlt  t-ict  truly  tic  brruk  is  ver\' 
suitable.  The  installation  generally  has  attained  the  high 
l»«vel  of  efficiency  and  convenience  to  which  the  electrical  engi- 
n<H-r  is  MrrtiHtonird  In  c«)ns<M|uen(e.  radiographic  exposures 
have  dropp«'«l  from  minutes  as  they  were  in  the  early  days  -  to 
Reronds  and  small  fractions  of  a  second.  The  takit^g  of  X-ray 
rin-  ';iph  films  In  a  thing  H<(«ttnpli(«hed. 

t...:..  .1  « lose  co-opt-ration  In-twrcn  the  medical  profession 
and  electrical  engineering,  extraordinary  results  may  be 
antici]>ated  Kven  now  flii;di  currept.s  of  over  1  am|)ere  have 
Ih'«t  •  'hroiigh  X-rny  bulbs.     Such  discharges  are  ca])ablc 

of   .  g  out  a   p.ere  of   metal   from   the  him  i<  Jit  hod«-  and 

leaving  a  pit  b<<hir.d. 

Vkry  Soft  X-Havs. 

Ordu.ary  X  ravj*  are  pr«Mliic«Hl  !»y  driving  voltngen  on  the 
X  ray  tube  of  from  I»i.(nhi  to  Iihi.ikni  volt*  «»r  more,  but  it  is 
possible  to  generate  X-rays  with  much  lower  voltages.  Such 
ravn  cannot  traverse  more  than  a  few  millimetres  of  air.  Aa 
'   '       ,;..  Hs  r.»«ir»  NNVI  ■  .  '•  •    ■      '•   V  '  ,  thr'u.so  of 

le  cathodes  fXi  '       l>rmln'r 

got  very  soft  X-rays  by  bombanling  platinum  with  the  pli  • 
electrons  libernt»««l  by  ultra-violet   i       •        '    .1.  Tt  has 

recently   obtainiHi   ex"- '^'  soft    .\  ....-    Uy   th*-    .;  '    ••' 

positive  rays  t»r  slow  .  rays  on  platinum      The  ;  ^ 

X-rays  were  so  soft  as  t4)  l>e  unable  to  ]>ass  through  the  thinnest 
aluminium  or  collod'on  films. 

Very  Habi>  X  Hayj». 

With  high  voltages  on  an  X-ray  tuW.  vprk-  penetrating  X-rays 
are  gen.Tated.     Such  rays  have  l>ern  detected  at  distances  of 
over  W^iyd"  in  «ir      On  the  exi 
ttvrtilal.lo  we  rannot  sav  with  cc:....;..  •   .,.-;  ; ^  ..  ....... 


the  hardness  of  the  X-rays  which  may  be  generated  by  any 
particular  anticathode.  The  relation  between  maximum 
hardness  and  volt^age  is  of  importance  in  connection  with 
Planck  6  quantum-theory,  from  which  we  should  anticipate 
that  the  maximum  hardness  would  be  reached  with  a  voltage 
which  diminishes  with  the  atomic  weight  of  the  anticathode 

metal . 

When  the  Coolidge  tube  was  introduced  it  was  hoped  that  by" 
its  means  X-rays  as  penetrating  as  the  /-rays  from  radium 
would  be  possible,  but  so  far  this  has  not  by  any  means  been 
realised.  Rutherford  in  some  recent  experiments  cut  down 
the  ravs  from  a  bulb  excit^ed  by  180,000  volts.  Sufficient 
screens  were  employed  to  reduce  the  rays  to  1  part  in  10 
millions,  but  even  then  the  residual  rays  proved  to  be  less  than 
half  as  penetrating  as  the  hardest  /-rays  from  RaC. 

Characteristic  X-Rays. 

It  was  in  1*.HJ8  that  Barkla  and  Sadler  first  discovered  that 
when  a  metal  plate  was  bombarded  by  X-rays  it  not  only 
.'"(■attered  a  proportion  of  these  rays,  but,  if  the  conditions  were 
favoural'le  it  emitted  a  homogeneous  or  monochromatic 
X-radiation  of  a  quality  characteristic  of  the  metal.  Further 
research  showed  that  the  quality  of  a  characteristic  radiation 
depended  only  on  the  metal  ;  it  was  quite  unaffected  by  chem- 
ical as.sociation  or  heat,  nor  was  it  dependent  on  the  exciting 
X-rays.  The  only  proviso  was  that  the  exciting  rays  should 
be  harder  (or  more  penetrating)  than  the  characteristic  radia- 
tion. 

A  few  months  later  Kaye  detected  the  characteristic  radia- 
tion of  the  anticathode  among  the  X-rays  from  a  bulb,  and 
showed  that  with  a  soft  bulb  the  characteristic  radiation 
might  indeed  constitute  the  bulk  of  the  rays  from  the  tube. 

Up  to  now,  two  characteristic  radiations,  the  K  and  L  series, 
have  been  identified,  but  there  is  strong  evidence  of  other 
series  as  well,  which  so  far  have  received  little  attention.  For 
most  elements  the  K  radiation  is  about  300  times  as  pene- 
trating as  the  L  radiation.  Both  radiations  become  harder  as 
the  atomic  weight  increases. 

It  is  found  that  an  element  exhibits  a  maximum  trans- 
parency for  X-rays  identical  in  quality  with  that  of  either  of  its 
own  characteristic  radiations.  The  absorption  becomes 
abnormally  large  for  X-rays  slightly  more  penetrating.  Under 
these  c«ii»ditions  the  characteristic  radiation  is  generated,  and 
at  the  same  time  corpuscular  rays  are  given  off  in  great  abun- 
dance. 

loXI-SATIOX  BY  X-RaYS. 

It  is  now  generally  accepted  that  the  ionisation  produced  by 
X-ravs  IS  iin  indirect  one,  and  due  solely  to  the  corpuscular 
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But  indisputable  proof  of  the  correctness  of  the  notion  was 
provided  by  C.  T.  K.  AVilson,  who  in  his  marvellous  condensa- 
tion experiments  succeeded  in  rendering  visible  and  photo- 
graphing the  tracks  of  the  charged  ions  which  are  produced 
when  X-rays  pass  through  a  gas.  The  photographs  show  no 
indication  of  any  activity  on  the  part  of  the  X-rays  other  than 
in  the  production  of  electrons.  The  X-ray  is,  in  fact,  com- 
pletely inoffensive  and  innocuous  during  its  life,  and  only  on 
its  disappearance  does  the  effective  agent — the  electron — come 
to  life.  lonisation  by  X-rays  appears,  therefore,  to  be  entirely 
a  secondary  process. 

Diffraction  of  X-Eays  by  Crystals. 

Many  fruitless  attempts  have  been  made  in  the  past  to  reflect 
and  diffract  X-rays.  We  now  know  that  the  stumbling  block  to 
such  experiments  was  the  extreme  shortness  of  the  wave- 
length. The  specular  reflection  of  light  rays  is  only  rendered 
possible  by  the  fact  that  the  irregularities  remaining  in  a 
polished  surface  are  negligible  compared  with  the  wave-length 
of  light.  But  such  irregularities  are  all  important  with  X-rays, 
with  the  result  that  the  rays  are  scattered  in  all  directions 
instead  of  being  regularly  reflected. 


of  the  atomic  planes  which  are  parallel  to  the  reflecting  face  of 
the  crystial. 

The  presence  of  characteristic  radiations  in  the  X-rays  from 
a  bulb  was  immediately  established,  for  each  of  them  ^nelded 
a  spectrum  line  which  stood  out  amid  the  general  radiation 
present.  Different  anticathodes  yielded  different  spectra. 
In  the  hands  of  the  Braggs  the  X-ray  spectrometer  has  given 
us  a  measure  of  both  the  atomic  spacings  of  a  large  number  of 
crystals  and  the  absolute  wave-lengths  of  monochromatic 
X-rpys.  These  wave-lengths  have  proved  to  have  dimensions 
comparable  with  those  of  the  atoms. 

MoSELEY'S  EbfPERIMENTS. 

The  work  of  Moseley  stands  out  pre-eminently  in  the  recent 
literature  of  the  subject.  The  early  death  of  this  brilliant 
young  physicist,  while  serving  as  an  officer  in  the  Gallipoli 
campaign,  is  not  the  least  of  the  tragedies  of  the  present  war. 
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Fig.  8. — Diffraction  of  X-Rays  by  a  Crystal  of  Beryl. 
(Fi'iedrich  and  Knipping. ) 

But  in  1913  Friedrich  and  Knipping  put  to  the  test  Laue's 
suggestion  that  the  regular  geometrical  grouping  of  the  atoms 
in  a  crystal,  which  modern  crystallography  affirms  should  be 
capable  of  producing  interference  effects  with  the  X-rays,  in  a 
way  analogous  to  that  in  which  diffraction  gratings  deal  with 
light  waves.  '    ■ 

A  narrow  pencil  of  X-rays  was  transmitted  through  a  crystal 
and  received  normally  on  a  photographic  plate.  The  experi- 
ment was  an  unqualified  success,  the  plate  revealing  a  group  of 
diffracted  spots,  some  of  which  were  deviated  as  much  as  40  deg. 
from  the  central  undeflected  spot  (Fig.  8). 

There  was  little  doubt  as  to  the  meaning  of  such  an  epoch- 
making  result  ;  X-rays  were  undoubtedly  waves,  and  crystal- 
lographers  were  justified  in  their  conceptions  of  the  regular 
atomic  structure  of  crystals.  The  subject  was  at  once  actively 
pursued  in  this  country  by  Bragg,  Moseley  and  others.  Results 
of  the  first  importance  followed.  The  Braggs  (father  and  son) 
were  led  to  interpret  the  Laue  patterns  from  the  point  of  view 
of  the  parallel  and  equidistant  planes  of  atoms  which  can  be 
pictured  in  a  crystal.  Attacking  the  subject  on  these  lines, 
they  devised  the  X-ray  spectrometer  in  which  the  crystal  is 
used  as  a  reflection  grating,  and  an  ioiiisation  chamber  or 
photographic  plate  records  the  position  of  the  reflected  beam. 
By  measuring  the  angle  of  reflection  we  can  obtain  the  relation 
between  the  wave-length  of  the  X-ray  and  the  distance  apart' 


Fig.  9. — Moseley's  Photographs  of  the  X-ray  or  High  Frequescy 
Spectra  from  a  Number  of  Metallic  Axticathodes. 

The  spectra,  which  are  iii  the  third  order,  are  placed  approximately 
in  register  in  the  figure.  For  each  metal,  the  more  intense  line,  with  the 
longer  wave-length,  is  the  K  characteristic  radiation.  The  brass  shows 
the  Zn  and  Cu  lines  ;  the  cobalt  contained  both  nickel  and  iron  as  im- 
purities. 

(From  the  writer's  book  on  "  X-Rays,"  by  the  courtesy  of  the  pub- 
lishers, Messrs.  Longmans,  Green  &  Co.) 


Moseley  in  1913-14  examined  the  X-ray  spectra  of  a  large 
number  of  elements  and  obtained  remarkable  and  important 
results.  Fig.  9  illustrates  the  X-ray  spectra  obtained  by 
Moseley  for  some  of  the  lighter  elements  which  emit  strong  K 
characteristic  radiations.  It  will  be  noticed  that  the  wave- 
length increases  as  the  atomic  weight  diminishes,  and  that  the 
spectrum  consists  in  each  case  of  two  lines.  Later  work  has 
shown  that  the  spectrum  is  a  good  deal  more  complicated  than 
this. 

But  the  outstanding  feature  of  Moseley's  work  is  the  relation- 
ship which  he  established  between  the  X-ray  spectrum  and 
the  order  of  an  element  in  the  periodic  table.  In  brief,  he 
plotted  the  atomic  number  {i.e.,  the  number  which  represents 
the  order  of  the  element  in  the  periodic  table)  against  the  square 
root  of  the  frequency  of  the  characteristic  X-ray.  and  foimd  that 
the  points  for  the  different  elements  all  lay  extremely  well  on  a 
smooth  line  which  was  almost  straight.  In  other  words,  the 
wave-length  of  the  X-ray  is  inversely  proportional  to  the  square 
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of  the  atomic  nurnWr.  Fig.  10  showB  the  result  in  the  case 
of  the  K  radiations,  the  two  cun-es  referring  to  corresponding 
lines  of  the  different  spectra.  Similar  cur\e8  were  obtained 
for  the  L  radiations. 

Moseley  found  that  no  element  was  iinpro\'ided  for  in  the 
scheme,  and  the  harmony  of  the  relationship  was  such  as  to 
justify  liiH  assertion  that  the  spares  which  had  necessarily  to  lie 
left  vacant  were  awaiting  elements  as  yet  undiscovered.  He 
found  that  perfect  regularity  over  the  region  extending  from 
liydrogen  to  gold  could  only  he  retained  by  allowing  spaces  for 
three  new  elenemts.  Tliese  element*  should  not  be  ditficul'.  to 
find. 

The  order  of  atomic  numbers  is  that  of  atomic  weights, 
except  in  the  cases  <»f  arg<»n.  cobalt  and  tellurium,  if  in 
Fig.  10  atomic  weights  ha<i  been  employed  instead  of  atomic 
numbers,  the  relationhhip  would  not  have  been  nearly  so 
perfect. 

It  is  apparent  from  Moseley's  experiments  that  the  atomic 
number  is  something  more  than  a  mere  integer  ;  it  evidently 
represents  some  fundamental  attribute  of  the  atom.     N<»w 
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Flo    lU. — CCRVKN   SnoWIKH    KRtaTI05    BETAKEN    ATOMIC    NcMBERS 

AM)   FKRylKX  Y  or  K  Kauiation.s. 

(From  thr  wnt«  r  k  ImkiW  "n  *'  X-R«y«,"  by  the  rourtcBy  of  the 
liublmhrrK,  MrMinu  Longman*,  Crccn  &  Co.) 

itcvcral  (juite  different  methods  of  experimental  attack  (notably 
the  nrattering  of  X-rayii)  nil  agree  ui  inilirating  that  the  atomic 
numl»er  »gre«-«cloi»ely  with  the  numl>er  of  ponilivo  charges  which 
are  rarrii'il  by  the  nucleus  «if  tlw  atom  adopting  Ruther- 
ford's theory  of  atomic  hinicture.  We  may  w«'ll  suppose  that 
the  wave-length  of  a  characteristic  radiation  [depends  directly 
on  thi'  magnitude  of  the  nuclear 

In  passmg  wr  may  note  the  il jiiient  of  the  remarkable 

view  that  tlii«  same  atomic  number  may  l>e  borne  by  each  of 
neveral  j»ubstanceji  which  may  have  different  atomic  weight.**, 
but  which  may  br  «|uifo  inseparable  bv  ordinnrv  cheniical  or 
physical  means.  Soddy  calls  the  membeis  of  such  a  group  of 
tlementH  bearing  n  single  atomic  number  and  occupying, 
therefore,  a  single  place  in  the  periodic  tabic  "  iBotop««s." 

\VlI>F.  HAN(iE  or  Kl.KrTROMAfJXETK    WaVKS. 

NNith  the  addition  of  X-rayn  to  the  .list  >.f  fleet romagnetir 
waves  already  known,  the  table  of  wave  is  extended 

greatly  in  t»ne  direction.     At  the  other  end  <•(  ••  are  the 

waves  which  wore  originally  disrovo'.'  i'    ??.  ..,..,,,. 

used  in  wireles.<«  telegraphy.     The 

rated  up  to  the  present  is  alwut  15.tnm  metre*,  or  a  little  over 
nine  miles;    the  sh-  -   «   few   inillimetTfS.     The   waves 

orvlinarily    use«l    in  -s    '    ;»t,.    ;,    (,.«    iliiiM<.;»nd    mctrea 


long— €.9..  the  wave-length  of  the  wireless  time  signals  from 
the  Eiffel  Tower  is  2/X)0  metres  ;  of  the  Navy  signals,  from  600 
to  1,800  metres,  of  trans-Atlantic  signals,  7,000  metres  or  more. 
Next  to  Hertzian  waves,  in  order  of  magnitude,  come  the 
infra-red  or  beat  rays,  the  greatest  wave-length  yet  observed 
being  \  mm.  We  pass  from  these  right  through  the  %'isible 
spectrum  to  the  ultra-violet  rays,  which  have  been  explored  by 
Schumann  and  Lyman  as  far  as  wave-length  6x10"^  cm.  ; 
these  are  examined  photographically. 

Wave-Lexgths  of  Electbomagketic  Radiatioks. 
Kind  of  wave.  |  Wave-length  in  cms. 

Hertzian  wave* 10«  to  0-4 

Infra-rwl  ravs 0-031         to  7-7x10-5 

Visible  lipht  ravfi  ]  7-7x10-5  to3-6xl0-5 

ritra-violet  ravs \  3-6x10-5  to  60  x  10-« 

X-ravB  "        I  8-4x10-8  to  1-7x10-9 

^.ray« j  1-4  X 10-8  to  7-0  x  lO-i" 

Next  come  X-rays  with  wave-lengths  of  the  order  of  10"^  cm., 
and  beyond  them  the  most  penetrating  of  all — the  y-rays — 
who.se  wave-lengths  have  only  recently  been  measured. 

The  various  wave-lengths  are  summarised  in  the  adjoining 
table  ;  they  cover,  as  will  be  seen,  the  amazing  range  of  about 
one  thousand  million  million  fold.  Virtually  the  only  gap  in 
the  sequence  is  that  between  ultra-violet  light  and  X-rays  ; 
and  doubtless  some  of  the  very  soft  X-rays  obtained  by 
various  experimenters  find  a  place  in  this  gap. 

When  we  consider  how  tiny  a  proportion  of  these  waves  can 
affect  the  senises.  we  may  perhaps  regard  the  more  kindly  some 
of  the  speculations  which  the  subject  has  inevitably  inspired. 
If  X-rays,  it  is  argued,  can  traverse  solid  substances  through 
which  the  sun's  rays  cannot  pass,  it  seems  logical  to  assume 
that  sunlight  also  passes  right  through  a  number  of  things  in 
space  through  which  we  can  see,  and  of  which  we  are  therefore 
unaware.  The  inter-stellar  spaces,  the  great  outer  ethereal 
nothing  as  it  seems  to  us.  may  thus  be  a  relatively  solid  mass. 

So  far  as  we  know  the  human  eye  has  not  yet  developed  the 
faculty  of  detecting  the  many  invisible  kinds  of  light,  but  it  may 
be  that  those  gifted  persons  who  rejoice  in  the  occasional 
ability  to  see  ghosts,  or  wraiths,  are  endowed  with  "  suj>er- 
eyes  '"  to  which  a  solid  form  or  dress  may  appear  transparent 
under  favourable  lighting  conditions. 

The  Nature  of  the  X-Rays. 

For  many  years  controversy  raged  as  to  the  nature  of  the 
X-rays.  but.  as  we  have  seen,  they  have  proved  to  be  a  type  of 
ultraviolet  light  of  extremely  short  wave-length.  There 
remains  one  outstanding  difficuity.  It  seems  certain  from  the 
extreme  precision  observed  in  the  crystal-reflection  experi- 
ments that  X-rays  are  regular  light  waves  and  occur  in  trains 
of  great  length,  yet  the  dilliculty  is  that  in  many  of  their 
pro{)erties  the  rays  behave  strangely  like  streams  of  discrete 
entities,  the  effects  of  which  are  localised  and  confuied.  The 
energy  equations  are  wrong  quantitatively. 

The  difficulty  is  not.  however,  unique  ;  it  is  now  kno\vn  to 
Ih?  comnum  to  all  forms  of  radiation.  The  Newtonian  laws 
implying  ]»«'rfect  continuity,  and  infinite  divisibility  of  time  and 
sjtare  have,  until  recently,  found  complete  credence,  but  they 
do  not  seem  to  be  reconcilable  with  modern  experiment,  which 
puggestn  that  energy  radiation  is  essentially  discontinuous  and 
muM  take  ]tl.ice  by  finite  "  jumps."' 

The  i»roblem  of  the  transference  of  energy  by  ether-waves 

hM  •ccondingly  led  us  to  the  conception  of  a  "quantum  "  of 

\"  travelling  undissipated  through  space.     The 

"f  I'lancks  well  kjiown  idea  with  the  older  and 

well-founded  conception  of  spreading  waves  remains.  The 
ex|>erimental  evidence  seems  to  indicate  that  both  theories  are 

'"  " '   "  '^' :  that  radiant  energy  is  both  concentrated 

:-d  at  the  same  time  spreads,  and  is  divisible. 

\N  e  are  left  to  hope  for  a  compromise  between  the  old  and  the 
new  mechanics  which  will  not  involve  concessions  fatal  to 
either. 
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Although  technical  electrochemistry  has  made  slow  way  in 
the  United  Kingdom,  this  has  been  largely  a  question  of  natural 
resources.     Those  countries  which  have  had  bountiful  supplies 
of  water  located  in  such  a  manner  that  the  potential  energy 
can  be  comparatively  easily  harnessed  and  converted  into 
direct  energy  have  naturally  taken  advantage  of  their  resources 
and  developed  in  the  first  place  an  electrical  industry  and  then 
an  electrochemical  industry.     In  the  Tyrol,  where  streams  of 
water  flow  hundreds  of  feet  down  the  steep  mountain  sides,  it 
was  not  a  very  difficult  matter  to  build  pipe  lines  and  employ 
the  energy  produced  by  the  fall  of  the  water  as  motive  power 
to   drive   dynamos.     Hence   long   before   larger   towns   were 
lighted  by  electricity,  quite  small  towns  and  villages  in  moim- 
tainous  regions  used  this  source  of  energy  for  illumination. 
Gas  would  have  been  out  of  the  question,  and  if  it  had  not  been 
for  a  beneficient  Nature,  aided  by  the  skill  of  the  engineer, 
these  small  towns  and  villages  would  probably,  even  to-day,  be 
only  illuminated  by  oil  lamps.     Perhaps  in  this  comitry  we 
have  been  rather  too  apt  to  consider  that  the  attacking  of 
electrochemical  problems  was  not  a  feasible  proposition  simply 
because  we  have  very  little  water  power  compared  to  some 
other  countries.     The  cost  of  the  electrical  unit,  however,  is 
not  everything  in  electrochemical  processes. 

If  we  glance  back  and  examine  the  records  of  electro- 
chemical research  we  find  that  much  of  the  pioneering  work 
was  carried  out  in  this  country,  and  indeed  that  processes 
which  have  since  then  become  of  the  greatest  technical  import- 
ance first  saw  the  light  of  day  in  the  chemical  laboratories  of 
Great  Britain. 

It  was  Priestley,  in  1775,  who  first  showed  that  when  an 
electric  spark  was  passed  through  air  kept  in  a  confined  space 
over  water,  the  air  decreased  in  volume  and  the  water  became 
acid.  Faraday,  with  the  limited  means  at  his  disposal,  mis- 
took the  nature  of  the  acid  which  was  formed,  supposing  it  to 
be  carbonic  acid  instead  of  nitric  and  nitrous  acids.  Shortly 
afterwards.  Cavendish  repeated  the  work  of  Priestley  on  a 
larger  and  more  accurate  scale  and  showed  that  the  acid  pro- 
duced was  nitric  acid.  He  also  showed  that  practically  the 
whole  of  the  air  could  be  converted  into  this  acid  by  the 
addition  of  excess  of  oxygen  gas.  More  than  100  years  later 
this  work  was  repeated  by  Lord  Eayleigh  with  the  knowledge 
of  modern  chemistry  to  aid  him  and  very  greatly  improved 
electrical  aj)paratus.  Eayleigh  was  able  to  show  that,  given 
cheap  electrical  energy,  the  process  might  be  worked  on  an 
economic  commercial  scale.  Incidentally,  in  conjunction  with 
Sir  William  Eamsay,  the  work  resulted  in  the  discovery  of  the 
inert  gas  Argon,  and  later  Eamsay,  as  a  direct  outcome  of  this 
work,  discovered  the  other  illusive  inert  gases  helium,  crypton, 
neon  and  xjTion. 

Eayleigh's  work,  by  attracting  attention  to  the  subject, 
caused  many  other  investigatois  to  take  up  the  problem  with 
the  intention  of  producing  nitric  acid  on  a  commercial  scale. 
MacDougal  and  Howies  erected  a  small  plant  in  England,  but 
it  was  never  worked  on  a  commercial  scale.  Then  the  Atmo- 
spheric Products  Co.  at  Niagara  built  a  2,000  h.p.  plant ;  this 
was  worked  for  a  short  time,  but  owing  to  the  form  of  con- 
struction was  not  a  commercial  success.  In  the  meantime. 
Prof.  Birkeland  and  Piof.  Eyde  had  been  carrying  out  im- 
portant experimental  work  in  Norway  which  ultimately  solved 
the  problem,  and  in  1905  they  were  manufacturing  nitric  acid 
and  convei'ting  it  into  calcium  nitrate  on  a  commercial  scale  at 


Nottoden  in  Norway.  Since  then  great  progress  has  been 
made  and  large  quantities  of  nitric  acid,  nitrates  and  nitrites 
are  being  manufactured  from  the  atmosphere  by  electrical 
means.  There  are  other  successful  processes  now  in  operation, 
notably  the  Paulin  process.  It  will  have  been  noticed  that 
most  of  the  initiative  and  pioneering  work  was  can'ied  on  in 
Great  Britain,  and  it  is  quite  possible  had  we  had  cheaper 
sources  of  power  that  experimental  work  would  have  been 
carried  further  and  that  the  industry  might  have  been  foimded 
in  this  country. 

Nitrogen  is  now  won  from  the  air  in  the  form  of  cyanamide. 
In  order  to  obtain  cyanamide  io  is  first  necessary  to  obtain 
calcium  carbide,  a  product  produced  in  the  electric  furnace  by 
heating  carbon  and  lime  to  high  temperatures.  It  is  inter- 
esting to  note  that  the  first  carbide — potassium  carbide — was 
discovered  by  Davy  in  1808.  Wohler  appears  to  have  been 
the  first  to  produce  calcium  carbide,  but  it  was  Moissan  who 
first  produced  it  in  quantity.  Now  it  is  made  by  thousands  of 
tons.  When  nitrogen  gas  is  passed  over  heated  calcium 
carbide  it  is  absorbed  and  calcium  cyanamide  is  formed.  The 
nitrogen  is  produced  from  the  atmosphere  by  fractional  dis- 
tillation of  liquid  air.  When  calcium  cyanamide  is  acted  upon 
with  water,  ammonia  is  given  off.  The  ammonia  so  produced 
can  either  be  employed  as  such  or  converted  into  nitric  acid  by 
the  Ostwald  catalytic  process.  Whether,  however,  nitric  acid 
is  obtained  directly  from  the  atmosphere  by  direct  oxidation 
or  by  the  oxidation  of  ammonia,  electricity  is  required  to  give 
the  initial  power. 

In  1808  Davy  discovered  the  alkali  metals,  sodium  and 
potassium,  by  the  electrolysis  of  fused  sodium  and  potassium 
hydroxide.  The  method  at  present  employed  for  the  manu- 
facture of  sodium  is  based  upon  Davy  s  discovery,  and  the 
whole  of  the  sodium  manufactured  to-day,  amormting  to  manv 
thousands  of  tons,  is  produced  by  the  electrolysis  of  sodiiun 
hydroxide.  One  hundred  yeais  after  Davy's  discoverv  over 
5,000  tons  of  this  metal  was  manufactured  annually.  Lithium, 
another  metal  of  the  alkali  gioup,  also  caesium  and  rubidium, 
are  most  easily  manufactured  electrolytically.  The  alkaline 
earth  metals,  calcium,  strontium  and  barium,  are  prepared  bv 
the  electrolysis  of  their  chlorides.  Calcium  indeed  is  manu- 
factured on  a  commercial  scale.  The  bulk  of  the  work  on  the 
isolation  of  these  metals  was  carried  out  in  Germany,  but  it 
followed  from  Davy's  original  pioneering  work. 

Without  the  djTiamo  there  could  have  been  no  electro- 
chemistry, and  it  was  Faraday  who  first  discovered  the  in- 
duction of  currents  in  wires  when  they  are  moved  acioss  a 
magnetic  field.  This  discovery  suggested  to  him  the  d}-namo, 
and  he  constructed  the  first  dj-namo  machine  in  1831.  "  It  was 
a  long  time  bjloie  d}-namos  became  perfect  instruments,  but 
now  they  aie  so  univeisally  used  that  few  row  imagine  the 
enoimous  g,niount  of  expenmental  work  which  was  necessaiy 
before  the  modem  machines  were  possible.  Further,  Faraday 
gave  us  the  laws  of  electrolysis  which  govern  the  ATields  and 
efficiency  of  any  given  process.  An  electrolytic  preparation 
either  inoiganic  or  organic  which  does  not  conform  to  Faraday's 
laws  will  be  inefiicient  and  not  of  practical  importance.  Many 
chemical  and  physical  theories  have  altered  or  been  discarded 
with  the  evolution  of  knowledge,  but  Faraday's  laws  of  electro- 
lysis are  fundamental  ;  they  have  stood  the'  test  of  time,  and 
without  prophecy  we  know  they  will  stand  as  long  as  there  is 


868 


THE  ELECTRICIAN,  SEPTEMBER  15,  1916. 


an  feleclrof-honiical  Hcience.  Faraflay-  laws,  of  course,  are  not 
theories,  they  are  baBed  on  most  rar.-*  i':v  worke'l-out  experi- 
mental facts. 

The  greatest  of  elect rorhemical  industries  is  the  refining  of 
copper  electrolytically.  Owing  to  its  natural  resources  of 
copper  ore,  the  L'nited  States  of  America  is  the  centre  of  this 
industrv,  but  the  first  electrolytic  refinery  for  copper  was 
erected' at  Pembury  in  Wales  in  1869  by  KIkington.  It  was, 
however,  CharlcH  Watt  who  fiiMt  p'.int.d  out,  m  his  master 
patent  of  IHOl,  the  possibility  of  produ<  ing  alkali  hydroxides, 
chlorine  hypochlorites  and  chlorates  by  the  electrolysis  of 
sodium  chloride,  and  also  deMcribf<l  the  refining  of  copper, 
silver  and  other  metals  l)y  nicaiix  of  the  electric  current.  He 
was  before  his  time,  bt-cause  he  had  not  the  means  at  his  dis- 
posal t<»  carry  out  these  reactions  on  8  commercial  scale.  But 
he  was  a  far-sighte*!  genius  and  others  have  reepetl  where  he 
sowerl. 

Kngland  was  by  no  means  b«-hinclhan<l  in  recognising  the 
importance  of  aluminium.  Davy,  in  iHC.i,  attempted,  although 
without  success,  to  produce  aluminium  from  aluminia,  and.  in 
fiift.  mit'^estefl  •'  '  ■  r-.tiie  aluminium  for  the  metal.  It  was 
Wolil.T  \\\i>>  III  iwmI  metallic  aluminium  by  electrolysis 

of  the  chbiride,  and  st  the  same  time  he  was  able  to  produce 
.  tbie  ijuantiticH  of   m  tn   by  a  similar  process. 

M.. ,,..ii  in  thiM  country  hi.         .  •  liat  magnesium  could  be 

more  readily  obtainoti  by  electrolysing  three  molecules  of 
potasHium  chlonde  with  lour  of  magnemum  chloride.  While 
I*  <;  .ver  the  (lilfi(ulty  of  the  high  fm^ing 

I,  ii.  by  ini.xmg  it  with  sodium. chloride. 

This  mixture  melts  at  a  much  lower  temi>erature  than  pure 
aluminium  chloride,  and  conwrpieiitly  is  much  easier  fo 
elect rolvse.  Shortly  afterwanls  <Jore  »ugge.ste«l  the  electro- 
lv»is  of  a  mixture  oj  (  ryolite.  Deville  endeavoured  to  electro- 
lyse cn'olitc  uiifl  to  regenerate  the  aluminium  in  the  bath  by 
means    of    aninleh    con  '  mi    oxiile.     Tlie    great 

•iitliculty  he  met  with  •.  _  ii>at<-iial  wliicli  would 

withstand  the  high  temiM-rature  necessary  to  melt  the  cryolite. 
This  was  particularly  difficult  because  he  applied  his  heat 
ext«mally. 

In  lH>-<  •' '  brothers  Cowles  endeavoured  to  obtain  alumin- 
ium bv  in  an  electric  funiu«e  a  mixture  of  carbon  and 
aluminium  oxide.  This  pr(»cess  was  successful  for  obtaining 
il!..  -  ].M  WHS  not  founil  '  tory  for  the  jtioduction  of  the 
jiun  ii.f '..il.  In  IK'MJ  tli'  '  t  s  procesn  was  iiitroduce<l  at 
.Milton  III  Sfttflonislure  for  the  procluction  of  aluminium  bronzes. 
In  IHM«),  Hull,  in  America,  patented  a  pn>cess  in  which  alumi- 
nium oxide  was  <li»solve<l  in  cryolite,  sometimes  with  the 
ii<lditioii  o(  iluor  spar.  On  electrolysis  aluinuuum  was  given 
up  at  the  cathode,  and  pntvide*!  the  voltage  was  not  allowed  t(» 
get  too  high  only  '  .fT  at  tiie  anode,  which  was 

4if    nirlMMi.     The    ■  .  1    with    the    carbon    with 

fonnuMon  ol  carbon  n  ie.     Hemult.  in  France,  patented 

a  somewhat  similar  process  and  the  Heroult  proccsa  is  the  ono 
universally  employed  in  Kurt- pe. 

In   1HH7  the  Ab  i  at   I  »l«lbury,  near 

Hiniiingham,  whci'     ..^  ;  iired  by  a  chemical 

prorenN.     In    iHJil,  the  electrolytic   process  was  commence*! 
and  after  passing  through  m^ny  viniwitudrs  the  manufactun' 

of  nliiininiiKM  has  iiou   ' '  ''  '  ■        >  ■■  ■ 

ness.     The  value  of  .i  ,      , 

and  if  we  had  been  de]M>ndent  upon  foreign,  pa^tlcula^lvenem^ 

supplies  wo  should  have  bren  in  n  very  w  i 

the    war    broke   out.     The   country   ic    ''  .... li 

indebted  to  the  supporters  of  the  Hrit  luin  Co.  for 

their  energy  and  perseverance  in  the  initial  stages  of  the 
dr-'  Mt.  when  men  of  '        '  '  '         '  'd 

ha^ ;    :     ,i.iirTMl  of  putting  tl'  '- ■-' y 

not  only  had  to  evolve  a  new  pmcoM  hut  also  had  to  m«et 
severe  foreign  conii»etition. 

The  (juartr.  merrurv  vapour  lamp  with  its  wealth  of  ultra- 

vir' - '  "-    '  -    ■     T' '     -  -    ■ It 

w«  low- 


pipe  flame  and  from  it  made  threads  as  fixie  as  silk  which  were 
used  for  suspending  the  needles  of  galvanometers.  Later  on 
Messrs.  Johnson,  Matthey  &  Co.,  with  the  help  of  the  late  Prof. 
Shenstone,  commenced  the  manufacture  of  transparent  silica 
apparatus,  employing  the  electric  furnace  as  their  source  of 
heat  for  fusing  the  silica.  It  was  some  time  later  that  the 
manufacture  of  tran.sparent  silica  was  commenced  in  Germany  ; 
the  pioneering  work  was  carried  out  in  England.  For  making 
large  articles  of  silica  we  are  indebted  to  the  Thermal  Syndicate 
who,  by  means  of  the  electric  furnace,  are  able  to  make  large 
evaporating  vessels  for  the  concentration  of  sulphuric  acid  and 
articles  of  .silica  for  a  large  variety  of  purposes. 

Our  tube  railways  are  ventilated  and  the  air  kept  pure  by 
means  of  ozone.  I  believe  this  is  not  done  in  any  other  coimtry. 
Now,  ozone  is  being  employed  by  our  surgeons  to  sterilise  the 
wounds  of  our  soldiers  in  place  of  antiseptic  dressings. 

One  most  important  use  of  the  electric  furnace  is  to  melt 
steel,  and  it  is  now  being  largely  used  for  this  purpose.  We 
were  certainly  slow  in  this  country  to  introduce  the  electric 
furnace.  The  Faraday  Society  deserves  much  credit  for  having 
brought  the  importance  of  the  various  forms  of  furnace  to  the 
notice  of  the  iron  and  steel  trade.  Papers  were  read  before  the 
Societv  by  the  foreign  inventors  of  electric  furnaces  in  France, 
Gennany.  Italy.  Sweden  and  America,  and  through  the  journal 
of  the  Society  all  the  latest  developments  were  set  forth.  In 
the  making  of  a  shell  the  drillings  and  turnings  are  often  greater 
in  weight  than  the  shell  itself  and  all  this  scrap  being  of  the 
finest  steel  must  be  recovered  and  melted  down  again.  The 
electric  furnace  of  the  induction  t}i)e  is  the  best  means  of  doing 
this,  and  is  now  being  largely  employed  for  this  purpose. 

In  organic  electrochemical  research  a  considerable  amount 
of  work  has  been  <lone  in  this  country  but  more  has  been  done 
on  the  Continent.  The  great  difficulty  in  organic  electro- 
chemical reactions  is  to  control  the  course  of  the  action,  it  is 
either  inclined  to  go  too  far  or  it  is  too  slow  in  action. 

In  the  commencement  of  this  article  it  was  mentioned  that 
cheap  ]>ower  was  of  the  utmost  importance  in  electrochemical 
progress,  and  that  other  countries  had  made  greater  strides  than 
we  had  done  owing  to  their  natural  water  resources.  The 
question  natumlly  arises  can  we  compete  with  such  countries 

in  other  words,  is  it  possible  for  us  to  obtain  cheap  power  '. 
I  think  it  is  possible.  Up  to  the  pre.sent  we  have  been  wasting 
our  resources  of  coal  in  a  most  reckless  manner.  It  is  now- 
being  rcali.sod  not  only  by  the  average  business  man.  but  by 
the  Government  that  this  waste  of  natural  resources  must  not 
continue  or  the  coimtry  will  become  bankrupt.  But  in  saving 
this  c<ial,  that  is  to  say,  using  it  in  a  rational  manner,  large 
quantities  of  power  gas  will  be  produced. 

If  it  were  made  compulsory  to  burn  a  smokeless  fuel,  that  is, 
coal  from  which  most  of  the  volatile  matter  has  been  removed, 
a  hot  and  comfortable  fire  could  be  produced,  and  the  atmo- 
'  ■  ..f  our  towns  and  cities  would  not  be  polluted  by  smoke. 
I  Muore.  this  smokeless  fuel  can  be  burnt  under  locomo- 

tive and  ships  boilers.     To  produce  a  smokeless  fuel  the  coal 
must  be  distilled  at  a  low  temperature.     By  this  means  the 

*    '  "' "   '  is  obtained  in  the  form  of  tar  which,  upon  dis- 

^  valuabU-  oils  and  paraffin  wa.\.     Sulphate  of 

ammonia  is  also  produce<l  which  is  a  most  valuable  fertiliser, 

'   rmod  at  the  .same  time  is  sufficient  to  heat  the 

......  ..  .    .;«.     If  thi.s  process  were  carried  out  at  the  pit's 

1  1  the  fuel  not  required  for  domestic  and  other  puqioses 
could  l>e  burnt  in  a  producer,  thus  giving  extremely  cheap 
power,  be  -  ''  '  ]>roducts  produced  would  make  the 
process  pi  .  .ii>porting.     By  this  means  I  believe 

it  would  he  possible  to  obtain  power  for  about  45s.  per  elec- 
trir  wvT  per  year.     We  should  then  be  in  a  position 

to  <!• I i  electrochemical  industry. 

I  have  not  written  this  article  with  the  object  of  showing  the 
actual  progress  of  electrochemistry  to  date,  but  to  show  that 
to  a  laru'e  extent  the  pioneering  work  was  carried  out  in  this 

'•»  our  resources  have  peniiitted  we  have 
c  industry. 
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Metallurgy  in  Relation   to  Electrical 

Engineering. 


The  importance  of  metallurgy  in  the  electrical  industry 
cannot  be  over-estimated,  for  the  metals  play  an  essential  jjart 
in  both  the  electric  and  magnetic  circuits.  From  the  point  of 
view  of  conductivity,  copper  is,  of  course,  the  metal  which  has 
been  most  closely  allied  with  electrical  engineering.  Apart 
from  its  use,  its  refinement  is  one  of  the  oldest  and  most  im- 
portant branches  of  electrochemistry,  though  in  these  days  it 
does  not  figure  prominently  in  teclmical  literature.  This  is 
due  to  the  fact  that  the  refining  process  was  worked  out  very 
fully  many  years  ago  ;  moreover,  copper  refining  is  carried  on 
more  particularly  in  coimtries  where  the  greater  proportion  of 
copper  ores  are  to  be  found.  j 

Although  from  the  point  of  view  of  its  monetary  value  copper 

may  be  said  to  occupy  the  first  position,  iron  and  steel  are,  of 

course,  used  to  a  much  larger  extent  than  copper  in  the'con- 


the  work  of  Sir  Robert  Hadfield,  F.R.S.,  who  first  showea  xuat- 
our  ideas  in  regard  to  alloys  were  incorrect  in  the  case  of  man- 
ganese steel.  A  small  proportion  of  manganese  produces  steel 
that  is  brittle  and,  therefore,  the  assumption  was  verv  naturally 
made  that  the  presence  of  manganese  in  larger  proportion, 
must  necessarily  cause  brittleness.  Sir  Robert  Hadfield  found^- 
however,  that  when  the  manganese  was  increased  to  12  per 
cent,  the  steel  se  produced  was  not  merely  non-magnetic,  but 
when  it  was  quenched  from  a  temperature  of  9oO°F.  it  could* 


Fig.  1.— The  First  Transformer  Made  wits  Hadfield's  Low- 
Hysteresis  Steel  (Stalloy). 


Fig.  2. — Steel  Casting  by  Hadfield  for^anIElectric  Generator 


struction  of  electrical  machinery.  The  properties  of  iron, 
apart  from  the  mechanical  aspect,  that  are  most  important  are 
the  permeability,  hysteresis  and  conductivity.  It  is  im- 
possible to  obtain  economical  use  of  the  material  in  the  mag- 
netic circuit  imless  the  permeability  is  high,  but,  on  the  other 
hand,  if  the  conductivity  is  high  the  eddy-current  loss  becomes 
large  in  an  alternating  magnetic  field,  and  the  hysteresis  loss 
also  is  one  that  cannot  be  neglected.  Some  years  ago  it  was 
generally  considered  that  soft  iron  such  as  Swedish  iron,  was 
much  the  best  material  for  magnetic  circuits  and  that  the 
purer  the  iron  the  better  the  result.  The  idea  of  using  impure 
lion  for  the  purpose  was  looked  upon  as  quite  out  of  the 
question  if  the  most  satisfactory  results  were  to  be  obtained. 
A  change  of  thought  in  this  respect  was  brought  about  by 


be  bent  cold,  and  showed  a  high  tenacity  and  great  toughness s 
There  was,  however,  thedifficulty  that  it  could  not  be  machined  ; 
consequently,  pieces  of  plant  made  of  manganese  steel  were 
cast  so  that  they  did  not  require  machining  and  could  be  used 
practically  as  they  came  from  the  moulds.  This  steel  's 
largely  employed  in  special  work  for  tramway  tracks,  railways- 
and  mines ;  and  all  our  soldiers  in  the  trenches  are  equipped, 
with  helmets  made  of  tliis  Hadfield  manganese  steel. 

The  natural  conclusion  derived  from  this  work  was  that  the 
effect  of  adding  other  elements  to  steel  could  only  be  decided 
by  experiment.  The  next  element  tried  was  silicon  and  it 
was  found  that  a  steel  containing  two  per  cent,  of  this  element 
was  an  excellent  tool  steel. 

This  unexpected  result  led  to  further  research.work  on  steels 

■  M 
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{or electrical  purposes,  and  thus  Stalloy  was  prod  uced,  which  is 
a  steel  low  in  carbon  and  manganese,  but  containing  3  to  4  per 
"  1     of  silicon.     In  this  alloy  th*"  l^isreathed 

M.at  the  penin.'ability  i-  '■••.'' .- ..>  ,...-.ii  iron,  and 

not  onlv  h4)  but  the  hv  » the  eddv-current 

loss.  Tiiu>«  Stalloy  18  particularly  suitable  for  mangetJc 
r  -      *  "'  -     '    '  !h.     Tin*  ni>t  t        '     lif r  made  from 

i  .  irteel    WiiH    r.      ,.         i    in    I'Mfi  ;    it 

weighed  about  30  lb.  and  is  shown  in  Fig.  1.  This  transformer 
v.i-  put   to  work  by  .  ffield  ("ity  Corporation  Electric 

Light  iJepartnient  at  .^i..  ....  ..1. 

The  importance  of  the  prop-rticM  of  Stailov  are  strikinglv 
,.Tni>^  '  '      V        •'.'■■      /•  ■     - 

a  tr.t 

output  made  of  the  best  transformer  iron, 
a  lO-kw.  tranHformcr  M«ade  with  tin-  ' 
Kig.  i  a  UtJ-kw.  traiisfonner  nia^le  witi.  .".. 


•'1  |)ennpabi]ity 

ill  one  of  equal 

Thus  Fig.  3  shows 

•isfomuT  iron,  and 

.wv.     Although  the 


Sons,  to  whom  much  credit  is  du.e  for  the  way  in  which  it  has 
been  developed. 

In  recent  years  the  electric  furnace  has  been  used  verv 
largely  for  the  production  of  special  alloys,  for  which  purpose 
it  is  particularly  suitable,  owing  to  the  easy  means  of  control. 
Such  alloys  are  pla^nng  a  very  important  part  in  engineering 
and  in  the  application  of  electricity  at  the  present  day.  As  an 
example,  nit-ntion  may  be  made  of  the  alloy  of  nickel  and 
chromium,  which  is  commonly  called  "  nichrome."  This, 
owing  to  its  high  specific  resistance,  has  solved  many  of  the 
difficulties  experienced  in  producing  commercial  resistances 
and  heating  elements  required  for  electric  heating  and  cooking 
apparatus.  Special  steels  or  ferro  alloys,  which  are  made 
exclusively  by  the  electric  furnace,  are  particularly  used  in  the 
manufacture  of  motor  cars,  and  in  work  where  great  strength 
combined  with  lightness  is  a  necessity.  The  production  of 
"  crucible  "  steel  is  also  being  carried  on  increasingly  by  means 
of  the  electric  furnace.     It  is  unlikely  that  the  electric  smelting 


L 


^KlU.  3.-     A  4U  li,».    iiiA-S  -J; 


II    IU,-1    lUANSruRMKH 


Flo.  4.— A  <iO-KW.  Tkanskormer  iL\DE  IP  wrrH  Stalloy. 


lattrr  is  ."Vi  pi»r  rvui    y 


fomirr  as  re^anls  output 

' '         ■'•  of  the 

i  _  '   I',  for  a 

t  iron  obtAUiablr.     Apart 

the   quest i«ui    of   the 

,.  .1...  ; I 


Kimilar  trennfnnnpr  luimtf  ' 
from  the  <j 

RftVJ! '    • 

»l'l'^ 

tho  savmg  m  rlcrtrtral  pnor^y  and.  thercjonp.  m  coal,  is  enor- 

I  ■  '       ■    >        •  ■        '  f  s  in 

'•  -  -    -  -  ;      li.  uct 

fli<'    ^.i\  iiii;  amonntf*  ~  pot  annum. 

\    "thrr  important  f«'«t>iM-o(  ■-  iicAllyfr<<' 

'>'!■  iiu  icaso  in  iron 


I. 


:  t  .^.^  I        .    n 


**'ng  ol  an   electric  geftc- 


Fig.    2    !»how»   a  large 
rator. 

From  wh»t  has  been  said  it  will  W  rraliMHl  that  Stalloy  is 
now  wry  Urgrly  in  usp  and  that  Sir  RoWrt  Hadfield  has 


of  inm  ores  will  gain  a  footing  in  this  country  owing  to  the  cheap- 
ness of  roal.  but  in  countries  such  as  Sweden,  where  coal  is  not 
abundant,  electric  smelting  is  making  headway. 

In  conclusion,  attention  may,  perhaps,  be  drawn  to  the  work 

of  Prof.  T.  I).  \en»en  on  the  vacuum  fusion  of  steel  by  means  of 

the   . '.    •        furnace,   liy   which   means   the   permeability    of 

comii  >   puiv  iron  is  very  much  increased  alcove  2(i,(K»0 

at  the  maximum  point.     It  is  too  soon  to  say  whether  this 

'■  <  «ill  be  applied  commercially,  but  it  is  an  interesting 

«\..i,,|.,.  o(  how  metallurgy  is  rendering  service  increasingly  to 

the  electrical  industry  and  seeking  to  reduce  the  difticulties 

with  which  the  electrical  engineer  is  faced.     As  another  in- 

nt  line  of  work,  we   have  the  remarkable 

■'  •■'    tungsten  drawn-wire  filament  for  electric 

lampf.     Tungsten  is  a  metal  with  a  very  high  melting  point, 

and  in  the  form  of  rods  in  which  it  is  first  obtained  it  is  brittle. 

"}'  '""  ^  '  *"     "     'lit  the  molecular  structure  is  changed. 

^»  '1''  ...itely  becomes  ductile,  and  can  be  drawn 

into  the  finest  wire.     Here,  again,  we  see  the  importance  of 

J  with  another,  and  realising  the  difficulties 

■  ■•■■  •  '  •'  ■•'•  t>  faced. 
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I   The  Nation,  the  Apprentice  and  the  Polytechnic. 

By  R.  MULLINEUX  WALMSLEY,  D.Sc.  M.I.E.E. 

►<><><>  c><><><>c><>c>c>c><><><>c><><><><>c><>c><><>c>c><><><><><><><><>^<><><><>^<><xxx><^^ 


A  consideration  of  the  relations  of  the  polytechnics  and 
technical  institutes  with  the  nation  on  the  one  hand,  and  with 
those  whom  they  train,  or  should  train,  on  the  other,  naturally 
falls  at  the  present  time  into  two  quite  separate  divisions.  The 
first  of  these  has  reference  to  the  period  through  which  we  are 
now  passing — the  period  of  the  war — and  cannot  well  be  dis- 
sociated from  that  period.  The  conditions  at  present  prevailing 
are  very  difficult  ones,  but  will  be  succeeded  by  entirely 
different  conditions,  which  will  be  not  less  difficult  after  peace 
has  been  declared  and  during  the  time  of  demobilisation  of  the 
large  armies  now  in  the  field,  and  the  return  to  their  normal 
occupations  of  the  great  number  of  workers  now  engaged  upon 
the  manufacture  of  munitions. 

With  regard  to  the  first  period,  the  time  has  not  yet  arrived 
when  the  history  of  the  contributions  which  the  technical 
institutes  are  making  to  the  prosecution  of  the  war  can 
be  written.  In  August,  1914,  the  conditions  of  national 
life  were  suddenly  profoundly  changed,  but  when  the 
educational  session  commenced  at  the  end  of  September  in  that 
year  there  were  not  many  in  the  country  who  realised  how 
profound  the  change  had  been,  and  still  fewer  who  could  foresee 
its  effect  upon  educational  work.  Still  less  was  it  realised  in 
educational  circles  that  the  war  was  to  be  so  long  continued. 
The  consequence  was  that  in  many  respects  the  work  of  the 
session  1914-15  resembled  that  of  an  ordinary,  but  very  seriously 
disturbed,  educational  session. 

During  that  session,  however,  the  technical  institutes  realised 
one  by  one  that  there  was  much  work  for  them  to  do  of  a 
national  character  different  from  that  upon  which  they  had 
been  hitherto  employed,  but  for  which  they  were  well  equipped 
and  manned  with  both  staff  and  students.  As  this  fact  was 
realised  at  different  times  and  in  different  w^ays  by  the  autho- 
rities controlling  these  institutions,  and  by  the  senior  members 
of  their  staffs,  and  as  there  was  no  central  authority  to  review 
the  whole  situation  and  to  direct  matters,  it  is  not  surprising 
that  each  institution  in  its  efforts  to  do  its  best  for  the  country 
developed  work  of  a  special  kind.  The  result  was  much  diversity 
both  of  effort  and  of  achievement,  the  value  of  which  will, 
let  us  hope,  be  recognised  in  due  course  by  a  grateful  country. 
Most  of  the  work,  even  at  the  present  time,  is  special  in  each 
institution,  and  un-co-ordinated  with  work  elsewhere,  though 
naturally  some  of  it  in  any  particular  institution  is  similar  to 
work  in  other  institutions.  For  the  present  it  is  doubtful 
whether  it  will  be  of  any  benefit  to  the  country  to  attempt  to 
co-ordinate  this  work,  especially  in  view  of  the  reasons  to  be 
given  presently  for  considering  that  the  time  is  close  at  hand 
for  it  to  cease  .a*id  be  replaced,  in  the  interests  of  the  country 
as  a  whole,  by  regular  educational  work. 

It  will,  however,  be  useful  to  place  on  record  here,  for 
future  reference,  a  summary  of  the  kind  of  work  which  has 
been  done.  In  the  first  place,  the  manufacture  of  munitions 
of  all  kinds  and  the  training  of  munitions  workers  bulk  largely. 
At  the  polytechnics  and  higher  technical  institutes,  as  well  as 
in  the  engineering  workshops  of  the  universities,  the  munitions 
work  includes  the  manufacture  of  the  more  specialised  articles 
required,  such  as  inspectors'  gauges  and  check  gauges,  the 
production  of  which  demands  the  most  highly  skilled  methods 
both  of  workmanship  and  testing.  It  has  been  a  revelation  to 
many  practical  engineers  that  such  work  should  have  been 
faced,  and  stil|  more  that  it  should  have   been  successfully 


carried  through,  on  commercial  lines  in  workshops  equipped 
primarily  for  educational  purposes. 

Next  in  importance,  if  not  more  important,  has  been  the 
great  amount  of  testing  of  materials  of  all  kinds,  both  con- 
structional and  other,  for  naval  and  military  purposes  which 
has  been  carried  out.  Such  testing  was  especially  suited  to  the 
splendid  equipment  of  many  of  the  polytechnics  and  higher 
technical  institutes,  as  well  as  of  the  universities,  and  probably 
the  nation  will  never  know  the  extent  and  importance  of  the 
aid  which  at  a  critical  time  these  institutions  freely  rendered 
to  it  in  this  direction. 

Side  by  side  with  all  this,  officers  and  men  in  the  new  armies 
have  been  trained  by  detachments  in  special  subjects  con- 
nected with  their  professional  work.  Amongst  these  subjects, 
taking  London  only,  may  be  mentioned  field  telephony,  range 
finding,  saddlery,  wheelwrighting,  blacksmithmg,  copper- 
smithing,  engineering  fitting,  carpentry,  oxy-acetylene  welding 
and  other  subjects  ;  the  list  is  far  from  exhaustive.  In  each 
case  the  particular  needs  of  military  service  were  kept  carefidly 
in  view. 

Further,  the  aftermath  of  the  war  is  already  making  itself 
felt  in  the  technical  institutions,  although  the  stress  and  strain 
of  the  after-period  are  not  yet  developed.  Disabled  sailors 
and  soldiers,  however,  are  already  being  discharged  from  the 
hospitals  in  great  numbers,  and  in  very  many — indeed,  in  too 
many — cases  it  is  necessary  to  fit  the  men  for  the  battle  of  life 
in  directions  which  they  never  contemplated  before  they  joined 
the  Amiy.  This  work  is  extending,  but  it  will  more  properly 
belong  to,  and  fomi  a  prominent  feature  of,  the  work  which  will 
have  to  be  faced  when  peace  has  been  declared. 

The  conditions  which  will  then  prevail  cannot  yet  be  realised 
in  their  entirety,  but  one  thing  is  certain,  and  that  is  that  the 
country  will  never  return  to  the  state,  political,  social  or 
educational,  which  marked  the  epoch  which  came  to  an  end 
on  August  4,  1914.  It  is,  however,  primarily  and  almost 
exclusively  to  the  educational  aspects  of  the  imderh-ing 
problems  that  we  must  confine  ourselves  here. 

Even  so,  the  contemplation  of  some  of  the  conditions  which 
will  arise  brings  us  to  one  of  the  most  urgent  and  important 
matters  now  pending.  The  engineering  departments  of  the 
universities,  the  pohi;echnics  and  the  technical  institutes  for 
the  past  two  years  have  played  up  splendidly,  but  it  has  been 
at  the  cost  of  their  normal  work.  It  cannot  be  too  strongly 
urged  that  the  time  has  now  arrived  when  the  question  of  the 
resumption  of  that  normal  work  should  be  seriously  con- 
sidered. A  recent  announcement  in  the  press  was  to  the  effect 
that  there  are  now  under  the  Ministry  ot  Munitions  4,212 
controlled  establishments.  It  may  be  assumed  that  these  are 
all  directly  or  indirectly  engaged  upon  munitions  work,  anc 
amongst  them  are  the  large  new  national  munitions  factories, 
each  individually  planned  for  an  enormous  output,  and  no""' 
actually  at  or  nearly  at  its  full  productive  capacity.  The  total 
amount  of  work  which  can  be  done  in  educational  workshops 
must  now  be  but  a  very  small  fraction  of  the  whole  output, 
instead  of,  as  it  was  at  the  beginning,  an  important  proportion 
of  that  output.  If  this  be  so,  it  can  now,  without  serious 
.  detriment,  be  dropped,  and  it  is  of  the  utmost  importance  to 
the  nation  that  it  should  be  so  dropped,  and  that  the  normal 
educational  work  should  be  resumed  in  the  coming  session  as 
being  at  this  moment  of  far  more  importance.     Moreover  it 
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llM  bcftri  publicly  announred  r!  own  production  is  now 

4SO  well  d«;vx-loi>^d  tliat  the  de.  .  of  munitions  we  have 
been  receiving  can  be  and  are  being  diminished.  This  source 
of  Hupply  is  therefore  now  (becoming  a  reser\e  upon  which  we 
<;an  draw  if  nece»»ar)'. 

For  the  pa«t  two  years  the  outstanding  a^jiect  of  the  educa- 
tional work  in  the  polytechnics  and  technical  institutes  has 
been  the  depletion  of  the  engine«'riiig  classes,  both  day  and 
evening.  It  is  an  under-env-  •  •„  ^y  that  in  normal  tiniejs 
we  should  U-  training  in  li  ie   engineering  day  courses 

not  fewer  than  3/KW,  men  who  on  the  completion  of  their 
training  should  Im;  c|ualifie<l  to  wr\c  on  the  technical  staffs 
of  our  large  engineering  works  and  to  a*s:st  in  carrying  forw'ard 
the  engineering  industries  of  the  country'.  But  what  is  the 
present  position  ?  At  the  re<ent  final  examination  for  the 
<Iegrec  ol  B.S<-.  (Knp  .•  •'  ■•  Tnivi--  •  '  f  ■  '  n  there  were 
<jnly  thriM?  internal  -  .  Jes  in  ■  .-ering  from 

all  the  London  I'niversity  Colleges  and  Institutions  connected 
with  the  I'niverhity.  and  n«»t  one  of  these  canrlidates  was  an 
Englishman.  It  in  und<-'''.-"v  a  noble  thing  that  our  stu- 
dents should  have  ho  Ka<  their  careers  f«)r  their  country 
in  her  extremitv.  but  was  it  Jn-st  for  the  count rv  that  it  shouM 

_  •  _  •  ^ 

J>e  »(>,  and  '  '  I  it  lie  alloweij  t«»  «oiititiu«-  any  longer  ?  We 
are  Wiiig  i.  ^  ti  all  hands  to  prepare  to  capture  the  enemy  s 
trade  on  the  conclusion  of  the  war.  but  how  are  we  to  do  so  or 
face  the  still  m»»re  difficult  task  of  meeting  the  competition 
■of  highly  .■••'••  -.-I  ■.■•;•  rals  in  the  engineering  trades  if  this 
Htate  of  t;  ..^'^l  to  continue  ?     In  this  matter  we 

4^annot  afforri  to  be  again  "  too  late." 

If  anytliing  worth  doing  is  to  be  done  during  the 
coming  M*KHion  every  engineering  whole-time  day  student 
who  can  Im«  tra<ed  should  be  at  once  brought  back  fn»m 
the  fnint.  and  every  such  student  now  engaged  upon  miuii- 
lions  work  should  be  set  free  to  resume  his  studies  in  the 
roming  winter  wh«n»n,  and  f»e  protect<Hl  from  being  called  u]» 
by  the  recniituig  officer.  The  matter  is  not  free  from  diffi- 
rulty  for,  if  ever>'or.c  else  be  willing,  many  ser\'ing  at  the  front 
may  n«»t  wish  to  «ome,  and  many  also  have.  alas.  alrea<lv 
made  the  gn-at  sacnfue,  and  cani.ot  lonie. 

Morrover.  all  junior  rnginernng  students  &s  they  come  with- 
in the  military  age  should  not  Im-  disturbed  in  their  engineering 
r  ai.d  easily-deviM'd  i-ffpctive  precautions  being 
'•-  •■■e  coufM-n  are  not    made  a   reluge  f«»r  shirkers. 

The  pnre  we  are  paying,  and  shall  have  to  pay  in  the  future 
for  retaining  these  few  thousands  in  our  million-fold  armies 
'""'■'"       '     '  '    .ti  to  the  wr\icrs  they  can  render 

'*•  '  ,  and  the  wime  may  U'  S4iid  of  the 

munitior*  workers.  The  matter  is  vrry  urgent.  For  two 
neaaions  our  s4«nior  day  courses.  f»airth-ycar,  third-year  and 
even  second  yenr  have  Iwen  pra<  tirnlly  non  existent,  and.  if 
the  war  were  to  •  ram*  tomorrow  rt  would  take  (our  years  before 
the  normal  rate  of  output  of  fullv  tramiHl  studentN  could  hv 
riMnjme<i,  ii     '    '  ih,.  fimt   two  of  these  years  the  output 

would  U  J  ml.      'Vlirn  the  havor  which  the  caaual 

lie*  have  wrought  m  the  nm-war  staffs  of  all  our  big  engineer 
ing  firms  is  ronfemplAte«i  the  outlook  is  gloomy  indeed,  even 
if  no  further  time  )m-  lout,  for  one  of  • '      •     •     .roblrms  win.  li 
will   have   to   1*0   fnrfwl   will   Ih«  the   ^  ,11   of   the   va.si 

4«tabliiihmentA  now  working  on  munitiona  into  the  thoimand 

'"  ol  ri.  pnxiiictive  estab- 

'  •■■  i»  *'"^  ■■•  ■      '  1  stn.ng 

t4H'hniral  staff  are  s|>erially  i-  and  w  ,  a  MafI 

vre  shall  U  disastn»usly  delayed  in  getting  into  our  manufac 
turiiig  stride. 

To  enabb' f  Ji.- «.  lnHils  to '.<  ■>•>•«  »i  .,;».>..«. -t , — 
abs«ilutely  ,ry  to  I 

membrrs  of  the  teaching  statis  of  the  univei 

•   'I'     liniral  •  •  ' 

'       ■         ir  to  et 

rtg.'\in.  even  if  everv  man  left  In*  '  Wk  t 

111  .       . 

It  will  not  ■ 


'>l\"tecb»  '■  - 


to  irmove. 


iic  impo*s)b|p  tn  carrv  on  the  n«. 


courses  with  only  those  members  of  the  staff  who  are  at  pre- 
sent retained  at  home.  The  research  and  experimental  work 
for  the  Government  need  not  be  interfered  with,  but  could  be 
altered  and  developed  further  with  the  assistance  of  enthu- 
siastic senior  students. 

It  is  thus  that  even  now  the  influence  of  the  second  period 
referred  to  above  should  be  making  itself  felt.  But  when  one 
turns  to  contemplate  the  problems  to  be  faced  during  that 
period  one  i.'^  staggered  by  their  variety  and  complexity,  and 
even  if  onlv  educational  problems  are  to  be  dealt  with  volumes 
could  be  written.  In  a  brief  article  like  the  present  it  is, 
therefore,  onlv  possible  to  take  up  a  few  of  what  appear  to  be 
the  more  salient  points  and  to  avoid  detail,  though  in  some 
directions  detail  is  the  essence  of  the  problem. 

As  regards  the  polytechnics  and  technical  institutes  it  would 
be  well  to  consider  first  with  respect  to  this  second  period  the 
material  in  the  way  of  students  which  will  probably  present 
its«'lf  for  treatment.  Early  in  the  war  period  it  was  foreseen 
bv  some  that  the  students  who  were  fortunate  enough  to  return 
from  the  front  would  have  an  outlook  upon  life  very  different 
from  that  which  they  had  previously  possessed,  and  would  be  far 
more  likelv  to  take  matters  more  seriously  than  in  former  times. 
This  was  not  a  speculative  opinion,  but  was  based  upon  contact 
with  fair  .samples  of  such  men  and  upon  discussions  with  them 
on  various  subjects.  What  was  true  early  in  the  war  is  far 
more  true  to-day.  or.  rather,  has  a  much  wider  application. 
The  depleti(»n  of  the  day  and  evening  classes  in  the  poly- 
technics and  technical  institutes  throughout  the  country  shows 
that  many  of  the  men  at  the  front  are  men  who  are  actually 
within  the  peri(jd  of  life  at  which  education  for  life  work  is  not 
comjdeted  :  others  a  little  older  are  not  far  removed  from  that 
period.  The  contact  which  these  men  are  ha^'ing  with  stem 
realities  is  bringing  a  new  .spirit  into  all  their  relations  with 
Jife.  and  their  influence  upon  the  rising  generation  who  have  not 
had  their  hard  experience  will  be  profotmd.  It  may  be  taken 
as  axiomatic  that  the  students  who  will  be  offering  themselves 
f«)r  training,  both  in  evening  and  in  day  classes  in  these  insti- 
tutior.s  after  the  war  will  be  in  quantity  greater  and  in  quality 
equal  to  the  best  of  those  who  came  forward  in  pre-war 
time. 

The  students  .so  offering  themselves  divide  broadly  into 
two  distinctive  groups,  though  there  cannot  be,  and  should 
not  be,  any  sharply  dividing  line  between  the  groups.  In 
the  first  group  will  be  those,  and  they  will  form  the  greater  num- 
ber, who.  working  at  the  bench,  or  its  equivalent,  are  mamly 
concerned  with  the  handling  of  material,  in  its  different  stages 
of  manufacture  and  utilisation,  and  the  shaping  and  adapting 
of  it  for  the  purpo.ses  in  view.  Such  may  be  conveniently 
referred  to  as  "  workmen."  and  include  in  the  higher  grades 
the  foremen  and  shop  foremen.  In  the  second  group  will  be 
the  technical  assistants  of  all  kinds  from  the  juniors  in  the 
drawing  ofbrc  to  the  technical  heads  of  departments  respon- 
sible for  planning,  designing  and  directing  the  work  going 
through  the  shops,  and  jio.ssessing  in  the  higher  grades  a  wide 
•  wlrdge  of  the  engineering  and  economic  conditions  neces- 
..iiy  for  commercial  success. 

Speaking  quite  generally,  the  juniors  of  the  first  group  will, 
outside  the  workshop,  obtain  their  technical  training  in 
I»art-time  day  and  in  evening  das.ses.  whilst  tho.se  of  the 
s.M  niid  gntup  should  preferably  pass  through  whole-lime  day 
courws. 

The  iMlucational  work  for  the  first  group    will  be  given  in 

continuation  schools,  in  jiart-lime  courees  in    technical  insti- 

lui.-**.  and  in  evening  classes  in  junior  and  in  senior  tecluiical 

institutes.     The  last-named  classes  will,  as  in  the  past,  be 

'•'•'nts  of  all  ages,  but  it  is  the  conditions  under 

.!.  of  students  of  immature  age  will  Ix^  carried  on 

which  require  the  most  careful  con.sideration.     The  greatest 

•  We  have  jn  the  engineering  industries  is  the  human  asset, 

the  a.is^n  which  we  have  unwittingly,  but  not 

■  "'.^'.   wa.8ted   in   the  past.     Though   there  are 

honourable  e.xceptior8,    and  they  have   been   increasing  of 

was  before  the  war  generally  the  fact  that  boys  in 

"  •"•iM«  between  the  ages  of  14  and  16,  or  even  later, 
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•could  only  acquire  a  trade  by  the  time-wasting  and  inefficient 
process  of  "  picking  it  up  "  even  though  they  might  be,  but 
usually  were  not,  bound  apprentices.  In  the  majority  of  cases 
no  provision  was  made  for  any  real  training,  and  still  less  for 
the  welfare  of  the  individual  upon  which  the  efficiency  of  real 
training  so  much  depends. 

The  subject  of  apprenticeship  is  too  wide  to  discuss  in  all 
its  bearings  here,  but  by  whatever  name  the  non-adult  or 
.adolescent  be  known  ample  provision  should  be  made  for  his 
technical  training  during  the  early  years  in  the  works.  The 
defects  of  our  elementary  and  secondary  school  systems  also 
cannot  be  discussed  here,  but  they  have  a  direct  bearing  upon 
the  problems  which  have  to  be  faced.  Speaking  quite  gener- 
ally, those  who  are  being  trained  primarily  as  workmen,  and 
who  in  large  numbers  will  be  drawn  from  the  elementary  schools, 
should  be  given  time-off  during  working  hours,  and  should  be 
compelled  to  attend  classes  either  in  the  works  or  in  a  neigh- 
bouring technical  institute.  It  should  be  made  impossible 
for  any  employer  to  avail  himself  of  the  services  of  anyone 
below  the  age  of  17,  or  perhaps  18,  except  on  such  conditions. 
The  principle  should  be  applied  universally,  although  we  are 
only  here  concerned  with  its  application  in  the  engineering 
industries.  As  an  alternative,  if  it  be  found  that  in  certain 
specialised  work  a  part-time  attendance  at  the  works  is  not 
possible,  then  whole-time  leave  of  absence  for  the  equivalent 
amount  of  time  at  full  wages  should  be  given  at  definite  and 
periodic  intervals,  and  educational  arrangements  should  be 
made  accordingly. 

Provision  should  also  be  made  by  a  carefully  devised  and 
sympathetically  administered  scheme  of  national  and  local 
scholarships  for  giving  to  the  brightest  and  most  promising 
jxmior  members  of  this  first  group  the  wider  educational 
facilities  available  for  the  training  of  the  members  of  the 
second  group.  To  go  into  details  of  such  scholarships,  or  how 
the  scholars  should  be  selected,  which  should  preferably  not 
be  wholly  by  examination,  would  lead  us  too  far  afield  here. 

The  members  of  the  second  group  should  be  trained  in  whole- 
time  day  courses  combined  with  sufficiently  long  periods  in 
works  for  all  students  who  during  the  early  part  of  their 
training  in  the  schools  show  engineering  ability  and  aptitude. 
All  who  fail  in  these  essentials  should  be  given  short  shrift 
early  in  the  courses  and  advised  to  seek  some  other  outlet  for 
their  energies.  In  the  past  excellent  work,  much  appreciated 
by  those  employers  who  have  come  into  contact  with  it,  has 
been  done  in  such  courses  in  the  more  progressive  of  the 
technical  institutions.  With  the  widely  extended  assistance 
and  direction  from  employers  which  may  be  expected  in  the 
post-war  period  this  work  should  be  largely  extended  and  im- 
proved. The  conditions  for  admission  to  the  courses  should  be 
3,  good  secondary  school  education,  and  the  facilities  for  giving 
such  an  education  commencing  at  a  sufficiently  early  period 
of  life  to  the  best  pupils  of  elementary  schools  should  be 
extended. 

The  foregoing  makes  it  all  the  more  important  that  careful 
consideration  should  be  given  to  the  kind  of  education  which 
should  be  offered  to  all  the  grades  of  students  who  may  be 
expected  to  present  themselves.  We  are,  in  this  article,  con- 
oemed  chiefly,  if  not  exclusively,  with  technological  education, 
but  it  must  not  be  overlooked  that  large  numbers  of  the 
population  will  require  and  demand  training  in  the  liberal  arts 
■and  in  the  humanities,  perhaps  to  an  extent  never  before  con- 
templated. Full  provision  should  be  made  to  satisfy  such  a 
demand. 

On  the  technological  side  the  education  to  be  offered  is 
necessarily  to  a  great  extent,  if  not  exclusively,  utilitarian, 
but  even  so  it  must  be  recognised  that  without  sacrificing  the 
utilitarian  character  of  the  work  it  can  be  made  an  effective 
vehicle  for  the  training  of  character  and  the  highest  qualities 
of  the  mind.  After  all  it  is  not  what  is  taught  which  tells  in 
these  directions,  but  how  it  is  taught  and  the  attitude  of  the 
teacher  towards  his  work  and  towards  his  students.  It  goes 
without  saying  that  research  and  the  research  spirit  should 
^dominate  the  higher  courses  in  all  technological  day  schools. 


and,  if  so,  its  effects  will  be  felt  in  part-time  day  classes  and  in 
the  evening  work  carried  on  in  the  same  institution. 

The  splendid  work  done  in  the  past  in  our  technical  evening 
classes,  which  have  been  second  to  none  in  any  country,  will 
have  to  be  continued  for  many  years  to  come,  but  it  is  to  be 
hoped  that  the  necessity  for  it  will  gradually  diminish,  for  it 
is  not  fair  to  the  individual  that  after  a  heavy  days  work  he 
should  be  called  upon  for  further  strenuous  exertion,  even 
though  he  may  be  perfectly  willing  to  respond. 

The  actual  work  to  be  undertaken  must  be  reviewed  not  only 
in  the  light  of  the  experience  acquired  before  the  war  as  to  the 
necessities  of  the  locality  and  district  in  which  each  individual 
polytechnic  and  technical  institute  is  placed,  but  also  by  more 
intimate  contact  with  manufacturers  and  employers  who  as  a 
class,  it  is  to  be  hoped,  will  have  awakened  to  the  possibilities 
underlying  soimd  technological  education.  In  many  technical 
institutes  before  the  war  such  consultations  were  regarded  as 
necessarily  a  part  of  the  work  of  the  higher  teaching  staff  of  the 
institute,  but  in  practice  the  general  experience  was  that  there 
was  a  dead  weight  of  apathy  and  indifference  on  the  part  of 
many  employers  which  made  it  very  difficult  to  ascertain  their 
requirements  and  to  mould  the  education  accordingly.  It 
may  be  fairly  hoped  that  one  result  of  the  strenuous  times 
through  which  we  are  now  passing  will  be  a  large  abatement, 
if  not  a  complete  disappearance,  of  this  apathy  and  indifference. 

If  the  engineering  trades  are  to  be  organised  against  foreign 
competition,  and  it  is  gratifying  to  note  that  a  start  has  been 
made  in  this  direction,  the  employers  and  representative  work- 
men must  throw  themselves  whole-heartedly  into  the  work 
of  advising  the  polytechnics  and  technical  institutes  as  to  their 
requirements.  The  employers  must  go  even  further  than  this 
and  be  prepared  to  take  from  these  institutes  their  prodacts 
in  the  form  of  trained  day-students  at  a  wage  very  considerably 
in  excess  of  what  has  been  far  too  common  in  the  past,  namely, 
about  the  wage  of  an  ordinary  unskilled  labourer.  If  this  be  done 
the  engineering  industry  will  command  the  best  brains  in  the 
country.  If  it  be  not  done,  and  there  be  no  assured  career  for 
the  best  products  of  the  schools,  the  last  stage  of  the  industry 
will  be  worse  than  the  first. 

Before  the  War,  advisory  committees,  consisting  of  repre- 
sentatives of  local  authorities,  of  manufacturers  and  of  labour 
organisations  were  much  favoured  in  certain  quarters  and  did 
some  useful  work.  Their  great  defect  was  that  they  did  not 
contain  representatives  of  the  senior  teachers,  with  the  result 
that,  in  educational  technique,  they  had  to  trust  to  the  ad%-ice 
of  administrative  officials  not  always  cognisant  of  the  best 
solutions  for  particular  problems.  Such  committees  should 
be  reconstituted  with  the  addition  of  teachers  acquainted  with 
the  human  material  they  have  to  handle  and  with  the  possi- 
bilities and  limitations  of  the  work  under  discussion.  So 
reconstituted  their  usefulness  would  be  considerably  enhanced 
and  they  would  form  an  important  part  of  the  educational 
organisation. 

The  great  effoi-ts  which  are  being  made  in  the  United  States 
to  associate  more  closely  the  manufac+urers  on  the  one  hand 
and  the  Technical  Institutes  and  the  engineering  departments 
of  the  Universities  on  the  other,  are  probably  known  to  few  in 
this  coimtry.  To  take  one  instance  only,  for  space  forbids 
more,  the  well-known  Massachusetts  Institi^te  of  Technology 
(the  Boston  "  Tech."),  besides  removing  to  a  new  and  grea,tly 
extended  home  during  the  past  spring,  is  for  its  chemical 
engineering  depai-tment  establishing  six  new  laboratories,  each 
bearing  the  name  of  the  institute  and  in  charge  of  an  institute 
professor,  but  each  situated  in  a  large  and  sometinies  distant 
works  in  which  an  important  chemical  industry  is  being  carried 
on.  The  students  in  chemical  engineering,  after  passing  through 
rathei-  more  than  three  years'  training  in  the  parent  institute, 
will  pass  in  rotation  through  these  laboratories  and  see  chemical 
work  in  progress  under  commercial  conditions  on  a  large  scale. 
With  this  illustration  of  the  spirit  and  energy  with  which 
similar  woik  is  being  taken  up  elsewhere  we  leave  the  matter 
for  the  present. 
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Training   of   xVpi^rentices. 


I 

:?  By  A.  P.  M.  FLEMING 


% 


Sy.soi'm.-. 
Thin  article  dealh  with  the  methods  of  training  for  all  grades 
of   industrial    engineering   enipluyment  ;     the   weaknesses   of 
existing  methods  and  some  Kug(.'<-Kted  remedies  ;  the  economic 
if         *  .'if«' of  the  prohh-m  to  ind  -id  to  the  c«»ninnmity, 

|. .  .irly  under  the  industrial  <    ..  ,      'Ils  likely  to  obtain  in 

the  near  future  ;  the  responsibility  of  capital  and  labour  in  the 
training  of  workers,  and  the  imp«»rtanre  of  the  problem  as  a 
means  of  bringing  about  a  greater  degree  of  ro-o])eration 
between  these  two  bodies  ;  tho  ]>roblem  viewed  fr(»m  the  stand- 
point of  citia^enshiji 

l.\TKom«TIOX. 

Kor  the  puq»os«'  of  this  article  the  term  "  apprenticeship  " 
is  broadly  <»insid«'red  to  apply  to  that  period  of  ]>r«'])arati«»n 
which  precedes  entry  into  full  employment  in  any  position  in 
•'  '        ir«',  whi'ther  of  bench  workers  or  tecli- 

ii     - -.       -      ■-, — I  tTs.     The   former   are    usually   termed 

"  tradp  "  apprentires,  and  the  latti-r  after  completing  a  course 
of    '  I    study    may    be    rightly   designated    ■"college" 

appi'Mi  II  f<. 

In  every  industrial  enterprise,  the  most  important  factor  is 
usually  the  human  one.  From  an  economic  point  of  view, 
this  fait  has  clearly  been  denionst rated  in  connection  with 
manufacturing  conditions  brought  about  by  the  war.  It  will 
Ih'  even  more  clearly  in  evide.'u*.  in  the  industrial  war  that  is 
to  be  expected.  The  inip«»rtance  of  human  service  will  be 
ri-a«lily  uj.i»rit  lat.-d  (rom  the  fact  that  of  the  three  items  con- 
stituting •  u.'.t  i.f  jiroduction.  namely,  labour,  material  and 
indirect  expennea,  the  first  named  is  the  one  possessing  the 
'iliticH  for  economic  improvement.  This  im- 
j ■'••  '■'  ■  ••  •  be  rffccteel  by  suitable  training, 

NVlirt her  this  training  results  in  better  jtrnductivity  or  in  a 
|>elter  «juality  of  wt.rkmanship.  and  whether  it  is  brought  about 
'  '.        ,  ion  of  science  in  industry  or  by  more 

.■■    ;ilt  is  a  gain  to  the  individual  workers, 
to  the  industry  and  to  the  conuiiunitv. 

The  broader  (juestion  of  the  relation  between  labour  and 

•  •   '   IS   vitally   affected   by  this   problem   of  training,   the 
.  of  which  may  well  be  a  factor  in  bringing  about  a 
closer  ro-oprration  Iwtween  these  two  conflicting  parties. 

The  •       ■     ''  of  tra  ng  workers  has  not  kept 

pace  wj; :;iMtrial  « ,..  ,   .,,,,,    ,n  view  of  its  far-reaching 

importance,  the  time  is  opp..rtnne  for  a  consideration  of  the 
problem  in  its  varittus  ph.   • 

LnDLSTRIAL  CllAMJKii  ANI>  TIIKIR  KkKEITH  ON  TrAIMXC;. 

The  most  important  changes  in  the  training  re«juire«l  in  the 
engineering  industry  are  the  following  : 

The  change  in  .       '  '  ■     ture.  m  which  a  high 

«.egree    of    nianua  .   .      ^  ..,,    pUr,.    to    less    hi-"" 

develope«l  skill  coujiletl  with  a  broader  knowledge  and  e.\i 
K^^xr^  of  tools  ami  materials,  abilitv  to  understand  drawings. 

to  u.^e  hne  mr:.^.....-    •    ■•  >  ,,  „f  the 

scientific  prin<  ..,       Thus 

this  change  is  one  which  relates  to  the  <  rather  than  to 

the   '  '  ,  ; 


\\- 


1. 


«|uent  chanae  in  requireii 

' '"  \\Ky\\%  that  used  to  exist  between  masters  and 

both  in  cJiara. 

almwt  entirely  lacking  in'this  far-reacl  .  e. 


■■•■:■ 


Another  change  of  note  is  that  under  the  old  system  an 
apprentice  rose  to  the  position  of  a  master  largely  by  virtue 
of  his  skill,  perseverance  and  latent  business  capacity,  and 
there  were  no  means  of  preparation  for  such  a  position  other 
than  through  the  channels  afforded  by  apprentice  training. 

Tnder  the  present  conditions,  and  particularly  in  the 
large  engineering  organisations,  there  are  numerous  grades  of 
empl<»yment.  and  the  higher  ones  demand  preparation  of  an 
entirely  different  character  from  those  of  the  lower.  Hence 
it  is  not  now  essential  that  all  apprentices  commence  their 
training  on  the  level  intended  to  produce  skilled  workmen,  so 
long  a.s  they  have  the  ability  and  means  to  profit  by  the  oppor- 
tunitie.'i  afforded  for  training  specifically  for  the  higher  posts. 
At  the  same  time,  it  must  always  be  possible  for  a  youth  to  rise 
from  the  lower  to  the  higlier  positions. 

The  other  change  of  greatest  importance  is  the  increasing 
use  of  science  in  every  phase  of  manufacture.  This  leads  to 
the  need  for  even  greater  refinement  in  all  processes,  which  in 
turn  renders  the  conditions  of  training  for  the  workman,  and, 
in  fact,  for  every  grade  of  employment,  more  exacting.  The 
development  of  modern  manufacture  tends  to  standardisation, 
which  brings  about  the  need  for  repetition  workers  as  distinct 
from  the  .skilled  craftsman.  In  turn,  however,  the  new  develop- 
ments that  are  continually  arising  from  inventions  and  appli- 
cations of  new  scientific  discoveries  to  a  large  extent  counteract 
this  tendency  and  bring  about  a  continual  demand  for  highly 
trained  w(»rkers. 

Kngineering  employment  may  be  broadly  diN'ided  into  two 
classes,  namely,  that  in  which  the  work  is  essentially  of  a  manual 
character  and  that  for  the  higher  positions  in  which  no  manual 
work  is  recjuired. 

The  Manual  Worker. 
This  group  includes  the  skilled  tradesmen,  together  with 
charge  hands  and  supervisors  ;   the  repetition  worker  and  the 
labourer. 

In  considering  the  problem  of  the  labourer,  the  fact  must  be 
rec(»gnised  that  there  must  always  be  "  hewers  of  wood  and 
drawers  of  water."  and  it  remains  therefore  to  select  those 
youth<«  who.  by  physicjue  and  standard  of  mental  capacity,  are 
better  adapted  for  this  class  of  work  than  any  other.  Infor- 
tunately.  however,  labourers  are  as  a  rule  the  product  of  blind- 
alley  emjiloyment.  and  often  youths  inherently  fitted  for  a 
much  higher  grade  of  employment  are  absorbed  into  this  class, 
thereby  involving  economic  waste  to  the  community  of  the 
gravest  importance. 

In  certain  industrial  centres  in  Germany  an  attcinju  has 
l>een  made  to  counteract  this  tendency  by  compellijig  all  but 
a  small  percntage  of  youths  to  learn  a  skilled  trade. 

In  the  Tnited  States  economic  conditions  have  brought  about 

■ die  eff«trts  to  train  adult  labourers  to  a  higher  state  of 

y  by  means  of  special  instructors  and  tiio  incentive 
of  high  waL'cs  However  satisfactory  the  results  obtained  in 
this  way.  the  plan  appears  to  be  fundamentally  wrong,  in  that 
the  starti""  "  "it  should  be  the  correct  .seiccliott  of  youths 
nihrrrnth/  i  the  fxirticdar  uvrk  they  are  called  upon  to 

j^rfnrm . 

While  it   ap])ears  at  the  moment   mo.st  necessary   to  pay 

attention  to  the  training  of  higher  classes  of  workers,  it  shcmld 

be  noted  that  no  occupation  is  reallv  unskilled,  and  that  every 

'•.    however   mean,    can    be    performed    methodically    and 

1  b|pm  of  the  repetition  worker  has  always  presented 
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a  difficulty  because  of  tlie  condition  of  mental  atrophy  it  may  tries  will  be  manual  workers  all  their  lives,  and  the  continua- 
tend  to  produce.  The  solution  of  the  problem,  as  in.  the  case  tion  education  should  be  directed  primarily  to  providing  such 
•of  the  labourer,  depends  on  the  selection  of  workers  who  are  instruction  as  will  render  these  youths  the  most  efficient  work- 
physically  and  psychologically  inherently  adapted  to  such  men  possible.  By  teaching  them  in  the  first  place  how  best  to 
work,  that  is  to  say,  workers  who  can  carry  on  repetition  work  make  a  living,  a  good  foundation  is  laid  for  subsequent  in- 
continually  without  diminution  of  productive  capacity  and      struction  in  the  best  way  to  live. 

without  prejudice  to  their  mental  development.     Despite  the  This  continuation  education  should  embody  what  might  be 

pronouncements  of  various  American  writers  on  the  subject,  termed  '"  trade  "  as  distinct  from  "  technical  "  instruction 
there  does  not  yet  appear  to  be  any  very  satisfactory  method  and  should  preferably  be  given  in  working  hours  in  a  schooi 
of  selection  other  than  by  trying  the  individual  out  on  this  attached  to  the  works  and  staffed  bv  works  engineers  and 
kind  of  work,  and  thus  making  a  practical  test  of  his  capacity.  fore.nen  who  are  directly  in  touch  with  the  practices  of  the 
Fortunately,  however,  the  influx  of  female  labour  into  engineer-  trades.  This  will  ensure  that  the  courses  provided  are  of  the 
ing  works  may  to  a  considerable  extent  solve  the  problem,  right  type  and  properly  related  to  the  practical  work.  In  the 
since  such  workers  are  inherently  extremely  well  adapted  to  case  of  small  works,  a  co-operative  school  might  be  provided 
repetition  work.  The  fact  that  a  woman's  period  of  factory  dealing  with  the  apprentices  from  a  number  of  firms  in  the 
working  does  not  usually  extend  over  more  than  a  few  years —  same  locality,  or,  if  this  is  not  practicable,  a  municipal  school 
although  in  the  future  this  period  may  be  very  much  extended^  for  a  whole  industrial  district  might  be  arranged  and  attended 
does  not  introduce  a  serious  derangement,  owing  to  the  com-  by  apprentices  during  working  hours.  The  most  efficient  plan 
paratively  short  time  that  is  generally  required  to  train  for  is  undoubtedly  that  of  individual  works  schools,  and  through 
repetition  work.  As  regards  training  of  this  division  of  labour,  the  channels  "these  afford  the  youths  of  ability  can  be  most 
some  good  can  be  accomplished  by  means  of  instruction  readily  selected  for  promotion  and  higher  education  provided 
directed  to  giving  a  broad  understanding  of  the  principles  of  for  them.  Such  schools  fulfil  a  most  important  secondary 
the  processes  or  machines  employed  and  the  function  of  the  function,  in  that  during  the  years  immediately  preceding 
products  obtained,  so  as  to  widen  the  interests  of  the  worker  young  manhood,  in  which  youths  are  very  susceptible  to  out- 
in  his  or  her  occupation,  which  in  some  cases  may  react  to  the  side  influence,  a  strong  bond  of  sympathy  may  be  developed 
reduction  of  physical  fatigue  and  mental  stagnation.  between  employers  and  juvenile  employees. 

With  regard  to  the  skilled  tradesman,  here  again  the  Far  greater  attention  is  necessarv  than  is  usually  given  to 
inherent  weakness  of  the  present  system  is  the  lack  of  means  the  practical  training  in  the  shops."  In  verv  manv  works  an 
of  selection.  This  is  often  due  to  the  failure  of  those  who  apprentice  picks  up  his  knowledge  and  experience  in  a  hap- 
guide  the  boy  to  his  future  occupation  to  appreciate  the  re-  hazard  manner,  often  copying  the  methods  of  inefficient  work- 
quirements  and  principles  of  industrial  work,  with  the  result  men  and  obtaining  very  little  assistance  from  really  experienced 
that  in  some  cases  the  most  promising  youths  are  directed  to  tradesmen.  The  long  view  is  seldom  taken  by  emplovers  that 
clerical  work,  and  in  others  a  skilled  trade  is  taken  up  only  it  is  economically  much  more  satisfactorv  to  ensure  a  thorough 
after  preliminary  attempts  at  other  employment.  There  is  all-round  training  for  apprentices  than  to  exploit  them  for 
also  a  lack  of  attention  in  the  final  years  of  the  primary  school  immediate  productive  output.  The  present  lax  methods  of 
■to  education  which  is  in  any  sense  preparatory  to  industrial  training  often  lead  to  apprentices  migrating  from  shop  to  shop 
life  ;  there  is  a  want  of  continuation  education  of  a  character  in  search  of  wider  experience.  This  is  a  very  undesirable  state 
which  has  direct  bearing  on  the  everyday  employment  that  of  affairs,  and  could  be  prevented  by  each  employer  takin^r 
the  youth  is  followmg  ;  means  are  generally  lacking  for  a  steps  to  ensure  better  education  and  training  and  by  intro*^ 
thoroughly  sound,  practical  training  during  apprenticeship,  ducing  an  apprenticeship  agreement  to  differentiate  bovs  who 
and  further,  there  is  at  present  no  standard  by  which  this  are  specifically  learning  a  skilled  trade  from  those  who  casually 
traming  is  eventually  gauged.  enter  the  shop  and  move  from  works  to  works 

To  remedy  these  defects  and  direct  to  industrial  employ-  In  order  to  determine  a  means  of  gauc^int^  the  qualitv  of 

ment  those  boys  inherently  suited  for  it,  close  observation  is  training,  the  Continental  plan  of  establishrng^a  boa-d  of  em- 
necessary  on  the  part  of  teachers  prior  to  the  age  of,  say,  12,  ployers  and  work  people,  who  examine  an  apprentice  in  the 
particularly  m  connection  with  handicraft  work,  play,  scouting,  practice  and  theory  of  his  trade  at  the  completion  of  appren- 
&c.  (io  this  end  It  wall  be  desirable  to  improve  the  status  and  ticeship,  might  be  employed,  and  provision  could  then  be  made 
standard  of  intelligence  and  personality  of  the  teachers.)  By  to  prevent  unauthorised  persons  from  calling  themselves 
this  means  it  should  be  possible  broadly  to  classify  youths      tradesmen. 

according  to  whether  they  are  suitable  for  mdustrialor'commer-  It  will  be  observed  t]iat  in  all  the  classes  of  workers  dealt 

cial  work.  From  this  time  to  the  school-leaving  age,  the  with  under  this  group  the  point  of  fundamental  importance 
education  of  boys  proposing  to  enter  industry  should  be  is  to  direct  youths  by  the  best  possible  means  to  that  char- 
emphasised  m  those  directions  which  will  assist  in  the  ready  acter  of  work  for  which  thev  are  inherently  best  fitted  It  is 
acquisition  of  a  skilled  trade.  This  instruction  might  be  pro-  only  by  doing  so  that  misfits,  dissatisfaction  and  economic 
vided  by  a  suitable  modification  of  primary  school  curriculum  waste  can  be  avoided, 
or  in  junior  technical  schools,  where    these   are  available  or 

the  industrial  conditions  justify  their  establishment.     It  must  Technical  Staff. 

be  clearly  understood,  however,  that  this  preparatory  educa-  This  group  includes  designers,  commercial  engineers,  works 

tion  IS  not  intended  to  impart  manual  dexterity  or  in  any  sense  managers  and  research  statt'.  The  training  essential  for  such 
to  teach  a  trade,  since  m  the  engineering  trades  this  can  only  men  includes  a  thorough  technical  training  and  practical 
be  done  effectively  m  works.  It  should,  however,  include  the  experience  of  a  character  intended  to  afford°a  broad  know- 
scientific  principles  underlying  the  engineering  trades,  afford  ledge  of  engineering  processes  and  manufacturing  economics 
experience  m  making  sketches  and  reading  a  drawing,  and  the  rather  than  any  special  manual  dexterity  such  as  is  necessary 
use  of  the  simple  tools  should  also  be  taught.  for  the  manuai  working  group. 

It  is  important  that  the  school-leaving  age  be  raised  to  U  While  most  men  proceeding  to  such  positions  are  those  who 

and  preferably  15,  and  that  continuation  education  be  made  are  financially  able  to  follow  a  course  of  higher  technical 
compulsory.  What  is  far  more  important,  however,  is  that  instruction  immediately  after  leaving  school,  it^'is  most  essen- 
this  education  be  of  the  right  character.  That  is  to  say,  it  tial  that  encouragement  be  given  to  everv  means  whereby 
should  apply  specifically  to  the  everyday  work  of  the  youth,  youths  of  ability  who  commence  their  careers  as  manual 
and  in  this  respect  be  quite  different  in  character  from  that  of  workers  can  also  attain  these  positions.  At  present  a  small 
the  present  evening  technical  classes,  which  in  the  main  pro-  .  minority  do  so  through  the  channels  afforded  by  evening 
vides  a  means  only  for  the  few  of  outstanding  ability  and  technical  schools  and  part  time  courses.  It  is  also  important 
endura,nce  to  rise  to  the  higher  positions.  The  fact  is  not  to  increase  the  facilities  for  higher  education  by  means  of 
realised  that  the  vast  majority  of  youths  in  engineering  indus-      scholarships    enabling    boys    to    proceed    from    the    primary 
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»choolB  to  the  univereitiea,  and  thi«  rnuat  be  gupplemented  by 
fatilitJWi  provided  by  employers  for  such  youthfl  to  acquire 
the  requisite  practical  training  at  a  living  wage. 

It  i«  hoped  that  employers  will  in  the  future  realise  to  a 
greater  extent  than  api>ear»  at  present  to  be  the  case,  the 
far-reaching  natiorjal  import..  '    '       '  '  to  the  utmost 

the  latent  capacity  of  every  .:. .     Uever  grade  of 

employment  he  may  be  found.  The  workiJ  whool  aflordB  the 
mout  uatisfactory  mean*  of  such  latent   capacity, 

and  in  at  least  one  large  Kngn-i  • ;  ,  '  " '-'  firm  the  opportu- 
nity thus  afTord«-d  is  utiliw-d  for  t  ion  and  advanced 
<iducation  of  working  youth*  who  show  their  capacity  to  benefit 
thereby. 

The  works  trade  apprentice  whool  should  l>e  of  particular 
value  in  thin  respect  for  partly  meeting  the  supply  of  men 
for  intermediate  technical  positions  such  as  draughtsmen 
test  ah  •  •  '  •'  '  ke.  The  lack  of  systematic  training 
of  men  .  '  >«  a  matter  to  which  more  attenti<»n 
should  Ihj  given  in  this  country,  as  is  the  case  on  the  Continent. 
Such  men  at  ;                             pick  up  their  c.xi  as  has 

bc^-n  the  case .....»•  '•  'itices,  in  a  haj) and  un- 

systematic  way.     The   i.  -    lack   in  uniformity  or  of  a 

more  or  less  well  defined  standard  of  ability  does  not  make  for 
effici:»ncy. 

There  exist  in  this  country'  a  few  so-called  *'  senior  teclmical 
schools  "  which  are  suitable  places  of  training  for  men  for  the 
intennediatc  technical  p  but  at  present  they  form  no 

integral  part  of  a  cohen-jn  -  ■■  ..f  education. 

At  the  prewnt  time  the  t  jial  fa«ilitie8  for  technical 

positions  arc  more  comprehensive  and  satisfactory  than  those 
for  the  niuniiul  working  group.  At  the  same  time.  tw<»  weak- 
nchM's  may  be  referred  to,  namely,  the  comparatively  low 
standard  of  education -due  princi|>ally  to  the  lack  of  con- 
tinuity in  our  whole  educational  system  in  the  first  year  of 
th«  '  '•  .1  -  .  .-  !•',  ■•-.!  lack  of  instruction  relating 
to  .  ■    •    first  of  these  can  be  re- 

medied by  raising  very  considerably  the  entrance  require- 
ment.i«.  In  this  case  it  will  also  be  necessary  to  provide  suit- 
able improved  pre|iaratory  training  as  a  bridge  between  the 
secondary  s«  hools  and  the  technical  colleges  and  universities. 
This  would  have  to  lie  met  bv  s<-parate  preparatorv  tech 
ni.    '      •'■•',•■•. 

ah' I     .-  , 

the  present  commercial  divisions. 

I  t«  can  be  reme<liitl  by  providing  a  course 

•■'  n^    .■    'i"-!    unci    preferably  uImi  the   second 

'o  the  1  '  met  with  in  works,  the  methods 

of  '  prtNluctiun  antl  general  works  management.     These 

le<  •  '  '  '  .  given  wherever  possible  bv  works  managers 

of  , 

In  t  -ion  it  may  \h>  noted  that  M'veral  of  our  best 

technical  •  Iwive  fur  some  vears  arrange<l  ny  1 

mil-  '  '    •■■ ■    ''  ■       -       •    '■   •      ■', 

bl.. 

I 

to  as  broAfl  an  extent  as  po>  The  usual  t<>chnical  (>duca- 

tic  '1  an 

idi  ■• ■ ^ ..-. .\»irk- 

methiKls. 

l^'Aving  Aside  the  controversial  question  of  the  order  of 
pr.  .  n 

I"':.  •      Wt 

proceeding  to  works  mt  "  rolleae  appn  ran  acquire  the 

recpiisite  1  'or  rate  than 

ej>,  ■     ■       ,     .        .1 

training  suthcient  fur  the  techniroliy  •  I  man  as     um- 

pAfed         ' '     '  >\\T   or   five                  '         .  '  ,• 

The  t'  lit  A  few    ■.  „  ■,, 

pay  a  apprentice   a   sum  t  for  e 

during  hiK  Mpprenticrship   {HTiod   is    •    step    in    the    right 

di"    

most  "  college  apprenticeti  "  are  not  usually  worth 
a  liviiig  wage  to  thetr  emplnyem  for  at  least  a  year,  it  is  taking 
the  long  sighted  view  to  attract  the  l»eiit  men  bv  such  meano. 


'  '    Imieiit  of  technical 

h(  lii>o!s   similar  to 


which  will  be  generally  quite  compensated  when  the  maa 
becomes  proficient  in  industrial  engineering  work. 

The  significance  of  the  practical  training  for  technical  posi- 
tions, especially  in  electrical  engineering,  is  often  misunder- 
stood. For  such  purposes  a  long  training  is  not  necessary, 
excepting  for  those  who  intend  to  deal  with  works  organisa- 
tion, and  a  period  of  two  years,  about  half  of  which  may  be 
spent  in  drawing,  designing  and  commercial  offices,  is  suffi- 
cient for  most  ca>es.  In  this  connection  it  is  interesting  to  note 
that  one  large  American  electrical  firm  has  planned  a  course  of 
training  of  one  year's  duration,  during  the  first  half  of  which 
the  apprentice  is  expected  to  decide  which  branch  of  the  orga- 
nisation he  desires  permanently  to  follow.  The  subsequent 
experience  is  then  directed  specially  to  training  in  that  branch. 
In  the  case  of  a  designer,  the  apprentice  is  very  carefull}r 
selected  according  to  his  mathematical  ability,  and  for  six- 
months  is  given  what  amounts  to  a  post  graduate  course,, 
comprising  practice  in  the  solution  of  problems  of  design, 
directly  under  the  supervision  of  the  chief  electrical  engineer. 
Having  covered  broadly  in  this  way  the  whole  field  of  electrical 
design,  the  apprentice  spends  six  months  in  the  various  testing- 
departments,  at  the  end  of  which  time  he  is  absorbed  by  the 
designing  staff  in  one  or  other  of  the  main  divisions.  The 
experience  of  two  or  three  years  working  on  this  plan  is  said 
to  have  pr(»duce<l  very  satisfactory  results,  and  while  the  method 
of  training  is  of  a  very  intensive  character,  the  specialisation 
that  nowadays  appears  inseparable  from  the  electrical  industry 
seems  to  ju.stify  its  adoption. 

With  regard  to  commercial  engineers,  a  good  plan  seems  to  be 
to  select  these  men  from  those  who  have  followed  a  two-year 
apprenticeship  course  in  which  they  have  had  some  designing 
experience.  It  is  es.sential  that  they  possess  commercial 
instinct,  and  that  suitable  instruction  be  given  in  commercial 
procedure. 

A  field  of  growing  importance  is  that  of  works  management, 
which  posses.ses  promising  possibilities  for  teclinicallv-trained 
men.  The  opportunities  for  economy  in  manufacture,  par- 
ticularly under  modern  conditions,  in  which  there  are  so  manv 
scientific  processes  employed,  are  very  great,  and  this  di\nsion 
of  t^'chnical  cmpUtyment  appears  to  be  becoming  more  and 
more  a  piovince  of  the  scientifically  trained  man  who.  in  addi- 
tion, has  works  experience  and  an  innate  capacity  for  dealing 
with  labour. 

With  regard  to  the  research  staff,  this  body  is  at  present 
in  this  country  imfortunately  in  little  demand.  There  ap- 
pears every  reason  to  believe,  however,  that  in  the  largest 
works  such  stalls  will  be  recognised  as  essential  in  the  near 
future.  The  present  plan  of  training  such  men  is  for  them 
to  jtursue  a  post-graduate  course  at  the  universities,  in  which 
they  carry  out  some  special  research  under  the  guidance  of 
their  professor.  While  such  a  plan  is  commendable  in  that 
it  trains  the  student's  capacity  for  observation  and  logical 
'  .'.uction.  the  research  is  often  not  of  very  great  industrial 
ne.  An  alternative  plan  that  has  been  proposed  by  one  of 
tlie  large  engineering  concerns,  is  to  take  from  the  universities 
cai'  -lected  students  who  have  shown  a  natural  bent  for 

■  '  *      tTurd  them  facilities  in  the  works  for  .sludving 

ii  industrial  ])rol)lems  on  which  research  can 
protitabiy  be  carried  out.  Having  selected  the  subject  for 
"i^  students  can  then  conduct  this  work  either 

^^  ' J '"^cs  or  at  their  university,  according  to  which- 
ever afTcmIs  the  best  facilities.  These  students  wctuld  be  paid 
a  sum  it  for  their  maintenance,  and  their  work  carried 
""'     "  '     ^''^rvision  of  the  firm's  staff.     In  this  way 

i:al  imjKiitanoc  would  be  done,  and  the 


Wo 


students  brought  all  the  time  into  ccmtact  with  industrial  con- 
ditic»n!«. 

Directly   - :itod  with  technical  engineering  employment 

18  that  of  "1  chemical-engineering.     Thus  far  there  ha« 

l>een  little*  provision  for  training  men  for  manufacturing  posi- 
tions .  al  works,  in  connection  with  which  a  good  deal 
of  eni:  ...  .  \... np^pp  ij,  reciuired.  and  a  scheme  recently 
profM>sed  for  n  at  Harvard  rniversity  (Massachusetts 
InstJtute  of  Technolog\-)  is  of  interest.     Thisscheme  provides 
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for  a  series  of  eight  cxporiinent  and  research  stations  being 
insl-ullcd,  one  m  oacli  of  the  large  centi'cs  of  chemical  iiidiistries 
and  equijjped  witii  laboratory  facilities,  in  which  studeiits  will 
spend  six  weeks  in  each  station.  These  stations  will  deal  with 
such  industries  as  dyeing,  paper  manufacture,  iron  and  steel 
industry,  cement  manufacture,  glue,  fertilisers,  &c.,  petroleum 
distillation  and  electrochemical  products.  This  portion  of  the 
course  will  occupy  the  fourth  year  of  a  five-year  period  of  train- 
ing, the  first  three  and  the  last  years  being  spent  at  the  univer- 
sity. 

There  are  two  marked  features  of  training  in  connection 
with  the  technical  staff  that  may  be  noted,  especially  in  regard 
to  electrical  engineering.  The  first  is  the  fact  that  suitability 
for  the  different  divisions  of  technical  employment  in  manu- 
facture are  determined  very  largely  by  the  inherent  character- 
istics of  the  man,  as,  for  instance,  mathematical  ability  and 
broad  judgments,  for  design  ;  commercial  instinct  in  addition 
to  technical  capacity,  for  commercial  engineering ;  sound 
mechanical  training  and  innate  capacity,  for  understanding 
and  controlling  labour  by  the  works  organiser  ;  in  the  case  of 
the  research  worker  a  bent  for  investigation  and  a  thorougli 
training  in  mathematics  and  physics.  The  other  is  the  need 
for  the  large  works  to  develop  courses  of  higher  instruction 
applying  to  those  different  branches  of  employment  which  will 
in  fact  serve  as  a  post  graduate  course  for  college  apprentices 
in  works.  These  courses  would  be  conducted  by  the  works 
engineers,  and  have  special  application  to  industrial  require- 
ments. 

The  deplorably  short-sighted  policy  that  has  enabled  our 
supply  of  technically-trained  men  to  be  depleted  in  connection 
with  military  service,  has  introduced  the  need  for  considering 
the  possibilities  of  employing  university  trained  women  in 
technical  positioh.s.  Experiments  in  regard  to  the  employ- 
ment of  such  women  students  and  the  special  training  they 
require  have  been  made  in  one  large  engineering  works,  and  the 
results  thus  far  appear  to  justify  this  departure. 

FuxuEE  Developments. 

Among  the  future  developments  affecting  apprentice  train- 
ing, the  most  far-reaching  are  those  which  bear  on  the  relation- 
ship between  capital  and  labour.  The  differences  between 
these  two  conflicting  bodies  are  the  result  largely  of  a  mutual 
ignorance  each  of  the  other's  aims  and  interests.  To  a  con- 
siderable extent  the  mistrust  that  this  condition  produces  can 
be  dispelled  by  the  close  connection  that  it  is  possible  to  bring 


about  between  juvenile  workers  and  employers  during  the 
apprenticeship  period.  Adequate  provision  along  the  lines  of 
projiiotion  suggested  also  aifc^ds  a  means  whereby  what  has 
been  aptly  teimed  "  the  upward  mobility  "  of  the  youth  can 
take  place,  and  by  thus  democratising  engineering  empiovment 
a  considerable  step  will  be  taken  towards  the  solution  of  this 
problem.  The  urgent  need  of  the  future  will  be  the  turning  to 
account  of  every  means  which  will  facilitate  industrial  produc- 
tion. An  important  factor  in  this  connection  will  be  the 
development  of  every  industrial  worker  to  his  highest  capacity 
and  ihe  reward  of  every  worker  iji  proportion  to  his  attainment. 

This  IS  particularly  important  in  view  of  the  keen  industrial 
competition  that  will  exist  in  the  future.  The  necessity  for 
each  individual  w^orker  to  attain  the  highest  efficiency  in  the 
present  crisis  and  in  view  of  future  conditions  is  just  as  great 
as  that  of  the  soldier  in  the  field. 

The  responsibility  which  rests  on  both  employers  and  repre- 
sentatives of  labour  in  the  matter  of  effective  education  and 
training  of  juvenile  manual  workers  has  not  yet  been  realised. 
This  matter  should  not  be  left  entirely  in  the  hands  of  the  pro- 
fessional educationist,  hut  a  far  greater  share  in  the  direction 
of  suitable  instruction  should  be  borne  by  employers  and 
workers.  This  perhaps  can  best  be  done  by  their  better  repre- 
sentation on  the  committees  of  local  educational  authorities. 
The  economic  importance  of  affording  facilities  for  practical 
training  of  men  for  the  technical  stafE  has  not  been  sufficiently 
realised  by  manufacturers.  In  this  connection  the  latter 
should  be  represented  on  the  governing  bodies  of  universities 
and  technical  colleges. 

Attention  is  called  to  the  bearing  which  apprentice  training 
has  on  preparation  for  citizenship.  There  is  from  time  to  time 
a  demand  for  the  teaching  of  what  has  been  teimed  civics,  or 
the  principles  of  citizenship,  in  the  public  schools.  Such 
instruction  is  of  comparatively  little  value  unless  accom- 
panied by  some  training  which  will  develop  the  will  to  apply 
these  principles.  Apprenticeship  training  in  the  case  of  the 
manual  worker  is  the  most  effective  means  of  developing  the 
character  required  for  this  purpose.  In  fact,  the  underlving 
characteristics  of  a  good  workman  are  precisely  those  of  a  good 
citizen.  Hence  any  efforts  that  result  in  producing  good  work- 
nun  react  to  the  ethical  benefit  of  the  communitv,  in  addition 
to  any  direct  gams  tlirough  increased  industrial  prosperitv. 

Similarly,  it  is  equally  important  that  men  being  trained  for 
higher  staff  positions  should  realise  their  ultimate  duty  in  the 
matter  of  citizenship,  especially  in  regard  to  their  responsi- 
bility to  industrial  workers. 


The  BRitisH  association  at  Newcastle. 


(JFroM  our  Special  Correspondent.) 


Tuesday,  September  bth. 

The  British  Association  meets  this  year  imder  probably  the 
most  adverse  conditions  m  its  existence.  The  number  of 
members  is  smaller  than  for  many  years,  but  this  is  to  some 
extent  compensated  by  the  absence  of  lighter  elements  of  the 
garden  party  kind,  and,  judging  by  the  "  Journal,"  the  volume 
of  solid  scientific  work  achieved  will,  in  many  sections,  be  little 
less  than  usual. 

The  Inaugural  Meeting  was  opened  by  the  singmg  of  the 
National  Anthem.  The  Presidential  Address  of  Sir  Arthur 
Evans  dealt  entirely  with  "  New  Archaeological  Lights  on  the 
Qrigms  of  Civilisation  in  Europe,"  a  subject  of  great  human 
interest,  and  one  that  can  be  quite  as  technical  as  any  of  the 
more  exact  sciences.  In  referring  towards  the  close  of  his 
address  to  the  scientific  side  of  education,  the  President  re- 
marked:  "  It  is  not  so  much  the  actual  amount  of  science  taught 
that  is  in  ■  question— msufficient  as  that  is— as  the  installation 


of  the  scientific  spirit,  the  perception  of  method,  the  sacred 
thirst  for  investigation." 

Wednesday,  September  GtJi. 

Section  A  (Mathematics  and  Physics)  this  year  is  singularly 
barren  of  subjects  of  electrical  interest.  A  note  by  the  Rev. 
A.  L.  Cortie  un  ''  The  Efficiency  of  Sunspots  in  Relation  to 
Terrestrial  Magiretism,"  and  a  remark  by  Mr.  E.  Cunnmgham 
that  magnetic  phenomena  might  possibly  be  better  explaiutd 
by  gravitation  than  gravitation  by  magnetic  phenomena,  were 
the  only  refeiences  of  this  kind. 

In  discussing  gravitation  Prof.  Eddington  said  that  the  prin- 
ciple of  relativity  had  been  recently  generalised  by  Einstein, 
and  in  this  new  form  accounts  with  arithmetical  accuracy  for 
the  motion  of  the  perihelia  of  mercury.  The  significance  of 
this  is  that  the  principle  of  relativity  has  become  of  supreme 
importance  to  astronomers.  The  discussion  was  continued  by 
the  Astronomers  Ro3'al  for  England  and  Scotland,  Dr.  Dyson 
and  Dr.  Sampson,  and  by  Dr.  P.  E.  Shaw. 
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Sectios  G. 

A  large  audience  gathered  to  hear  the  Presidential  address 
by  Mr.  (Jerald  Stoney,  F.R.8.,  which  we  gave  in  abstract  in  our 
laHt  iithue.     Mr.  StoneyH  th-  '   !  analy»i»  of  the  present 

induMtrial  fonditions  gave  i.  ^  ,.,..  r  to  active  private  dis- 
cuHwion — the  I'reJjident's  addn-H«  in  any  Hection  not  being 
diHcuHM'd  a.s  a  i'aper. 

Dr.  K.  T.  (;iaz.'brook,  F.HS  ,       unt  of  the 

uiethodH  dev«-l(>jx-.i  at  tin-  Nuti-.  '.ratory  for 

dealing  with  limit  gaugen,  a  branch  of  the  work  of  the  Engi- 
neering Standardh  ("oninjittee  whirh  haw  within  the  last  two 
year«  bccoini-  of  tin-  fir«t  importance.  He  nientione*!  that  over 
.j,(Mj<>  gaugeH  paJMM'd  through  the  laboratory  per  week.  We 
hope  to  give  the  i'a]K'r  itwlf  at  some  length  in  our  next  issue. 

Sir  ''HAKi.KM  I'AK^fi.NH  in  r  innion  wild  tliat  the  work 

of  thr  National  I'hyKical  l.jib<....:^  .  .  Jiad  gn-atly  increased  the 
efficiency  of  output  of  munitionH.  At  the  outset  there  was 
H4>me  deficiency  in  the  numlM'r  of  gaug4>s  available.     Men  from 

f'      ' •  lit  to  tl  •    "    •         '  I"  il  I^iboratory.  and 

V. 'liiig  ;   t  •  I,  went  again,  and 

in  the  end  succeeded.  The  men  enjoyed  the  work.  "  It  was 
like  wr\ing  their  appn-ntircidiip  over  again."  He  wished  tliat 
she  National  I'liywical  l^aUtratory  was  ten  times  bigger,  and 
after  the  war  he  would  like  t<i  m'«-  vfrv  much  larger  laboratories. 
I'rof.  J.  K.  1'ktavkl  congralulate<i  Dr.  (ilazebrook  on  the 
I        '        withv'  — <l.     Mr.  W.  A.  1*RI(  E 

h...  .  ...ui  till' N.-  .  1  ..     .  ...  1 > ury  had  done  what  the 

British  Association  Small  Screws  Committee  failed  to  obtain 
ir>  years  ago,  and  with  an  accuracy  never  then  contemplated. 
i'rof.  H.  Ix)l'i.H  n\ii'  ■  '  -'.It  the  micrometer  methods  used 
with  limit  gaugi-s  ii    ,.  '-il  in  Hriiicll  hardness  tests.     Dr. 

Sthomkykk  asked  for  instruction  to  be  given  how  such  gauges 
are  to  b»'  lUM-d,  and  ijuot***]  sti  jiIch  of  misuse.     I'rof. 

HitW  K  H-L-  .1   "  |n»  S4-ttled  the  l.i.M.n  1.  .J  Hi  led. 

Dr.  <>  ..ooK,  in  reply  to  the  last,  said  that  the  lin\it8 

were  Miaigned  by  the  Chief  ins]M-ctor  at  Woolwich  (so  that 
I'  ibly  the  values  at  pn-wnt   work***!  to  and  under  dis- 

rcfi-r  only  to  annuments).  lie  thought  that  I'ntf. 
l^iuin's  suggestion  might  simphfy  hanlncss  testing,  and  in  con- 
clusion said  that  much  of  the  succ<-ns  of  the  work  was  due  to 
two  of  Ills  staff  from  Newcastle,  Mr.  .1.  S<'ars  and  .Mr.  W.  A. 
I'rite. 

Thursday,  Srjilniibcr  'th. 

Disap|M>iniment  was  fell  in  Station  A  that  I'rof.  (i.  K.  Hale, 
of  Mount  Wilson  ( >bM'r\ator)'.  was  unable  to  Ik*  present  to  give 
an  account  of  his  work  on  "The  Magnetic  Phenomena  of 
MipoUr  Sitnupots  " 

I'rnf  .1  •'  .Mcl<4>nnan.  of  Toronto,  gave  n  r«-sumi''  nf  rennt 
work  on  lonisation  )M)t4'ntial 

In  S-«lion  it.  Dr.  T.  Sta.nt«»>.  K  K.S,.  rva*!  a  Taper  «m 
'■  i'rinciplc*  of  Simililiidr 


1...  rt. 


,.r,..,. 


V- 


ment  of  small  scale  nxKlrls  to  ^  .  ,|»r,_ 

beHuis,  Structures,  pm|M'llcrs.  pnij«'<'iili>s.  Ac.  under  working 
I  onditiot  i> 

In  the  diortiMton  the  rRRslliKNT  rvfrrred  to  thiK  principle  hh 
commonly  us«*d  in  the  design  of  turbine  bla^les,  and  of  alter- 
natont.     Sir  ('mas.  Pahson-s  .-H  it  by  the  behaviour  of 

the    ini]>Art    of    pfi.       •  '  -'  -  '     •      • 

the  pritxiple  WNn  ■ 

of  elcctricAl  machines,  but  that  there  it  was  found  nrcessarx* 
to  use  a  coeffu  nni  of  laiicc  which  varied  in  magnitude 

with  the  sue  of  f  b<-  •• 

Mr.  ('.  P.   I.K  M  re««l  a  Pa|>cr  on  "  St«ndaniisation 

and   Its   Influence  on   the   Kiiginrrnng  InHustnen."  in  which 
lefeieiireWHK  made  to  standanllsat Ion  of  cirrlriral  marhi* 
and  a]»panituf«. 

Mr.  H.  T  Newbigin  gave  an  account  of  rr«-f>nf  develop 
ments  of  the  Mii  hell  principle  of  oil  film  lul  rsp«M 

.;        :  :'■    !   ■      ■•         •    '  ,  T'      

given.     For  example,   he  had  obtained    4.<««»  lb.   ycr   sc^ 
inch  at  M  ft   a  •  \-  ,  '  ■ '  lb.  i»er 

stpiaiv  inch  hau  ..^*,.  ..>,....,.,  .^^i,,  .;       i„^  ,.».,,,  »«f>.nottbe 


oil  but  the  deformation  of  the  white  metal.  The  method 
might  revolutionise  ordinary  bearings. 

Sir  Chas.  Parsons  referred  to  the  great  improvement  in 
marine  thrust  bearings  which  had  been  made  by  the  use  of  the 
Micliell  principle,  but  thought  that  it  had  not  much  future  in 
journal  bearings. 

Prof.  Wkkjhtox  asked  what  happened  when  the  rotation 
was  reversed  wlien  the  bearing  blocks  were  pivoted.  Did  the 
oil  film  adjust  itself  sufficiently  quickly  to  take  the  pressure. 
Mr.  Merz  asked  whether  there  were  any  high-speed  journal 
bearings  of  the  Michell  type  in  use. 

Mr.  Newbioix,  in  reply,  said  that  the  blocks  could  be 
pivoted  centrally  so  as  to  give  satisfactory  results  with  either 
din-ction  of  rotation.  There  were  journal  bearings  moving  on 
vertical  pump  .'<liafts  in  Australia,  and  some  o:i  marine  shafting. 

Prof.  W.  M.  Thor.ntox  then  read  a  Paper  on  "  The  Influence 
of  Pressure  on  Electrical  Ignition,'"  which  w£s  given  in  our  last 


issue. 


In  the  discussion  Dr.  Duoald  Clerk  asked  whether  the 
results  varied  with  the  size  of  the  vessel.  Prof.  Petavel  said 
that  it  would  be  an  advantage  to  know  the  criteria  of  magneto 
ignition,  and  gave  examples  of  the  great  difficulty  in  igniting 
ga.>ics  at  pressures  of  2,0001b.  to  4,000  lb.  per  square  inch. 
Was  it  voltage  or  current  that  caused  ignition  ?  Dr.  Marchant 
asked  how  self-induction  in  the  circuit  affected  ignition. 

In  reply,  Dr.  Thorxtox  said  tliat  ignition,  as  distinct  from 
pressure  reached  in  explosion,  did  not  appear  to  depend  upon 
the  dimensions  of  the  explosion  vessel.  The  lusing-wire 
ignition,  used  by  Dr.  Petavel,  was,  he  thought,  active  on 
account  of  the  stream  of  electrons  which  came  from  a  metal 
at  the  point  of  fusion.  In  some  cases  ignition  depended  on 
voltage,  in  others  on  erergy.  The  only  self-induction  used 
was  that  of  the  leads. 

At  the  afternoon  meelu  g  Prof.  G.  W.  0.  HoVE  read  a  Paper 
on  *'  The  Calculation  of  the  Capacity  of  Aerials,  including  the 
EfTe(t  of  Masts  and  Buildirgs."  which  is  cor  eluded  in  our 
]»resi'iit  i.'i.'iue.  TJiis  was  briefly  discussed  by  Dr.  Marchaxt, 
who  ( omplimeiited  the  author  on  the  accuracy  and  convenience 
of  the  results  obtained. 

Mr.  N.  W.  McLachlax  then  read  a  Paper  on  "  Some  Charac- 
teristic Cunes  fora  Poulscn  Arc  Generator,"  which  also  appears 
in  our  pn-sent  issue. 

In  S'ction  B  (chemistry)  Prof.  Thornton  gave  an  address  on 
■'  The  Step])ed  Ignition  of  Gases,"  followed  by  a  demonstration 
«if  the  f<irmation  of  a  step  in  the  electrical  ignition  of  hydrogen. 

Friday.  September  Sih. 

In  .^Mtioii  .\.  Sir  E.  Putherfurd  gave  an  account  of  recent 
work  ill  neutral  countries  on  the  X-ray  spectra  of  the  elements. 
He  remarked  that  the  cost  of  a  single  research-  over  £l,OtK.l — 
was  now  beyond  the  reach  of  any  one  university,  and  gave  the 
of  the  develoj)inent  of  the  Coolidge  tube  by  the 
<•  .  .  Electric  (.0.  of  .\merica  to  illustrate  the  necessity  for 
ro-operat ion  between  manufacturers  and  colleges  in  higher 
n>«arch.  He  first  spoke  of  the  work  of  Prof.  W.  H.  Bragg  and 
'  •     on    X-ray  sjH-itra  aid    the  nature  of  crystals,   and 

"  .-  •  of  the  woik  of  .Mosley  on  t he  fundamental  connection 

among  the  elements,  accounts  of  which  have  already  appeartni 
I  |H«»whenv 

Papei>  wen-  aU.  read  by  Dr.  K.  T.  Beatty  of  Duldin,  aud 
I'lvf.  W.  M.  Hicks,  F.H.S.,  on  spectra. 

Section  G. 

.\   joint  discussion  between  the  engineering  and  chemical 

was  held  t«t-day  on  the  Report  of  the  Committee  on 

!..  onomy.   I'tilisa'tion  of  Coal  and   Smoke  Prevention. 

-  took  place  m  the  rooms  of  Section  G  at  the  Mming  lu- 

-titute.  Mr.  0.  Stoney  in  the  Chair,  and  was  one  of  the  best 

'ed  out  discussions  held  for  many  years,  a 

• -^  ..laintained  Imth  in  the  morning  and  after- 

1  meetings. 

Prof.  \\\  \.  BoxK,  P.R.S.,  reviewed  the  work  of  the  Com- 
mittee Mid  sub-Committees,  and  said  that  there  was  every 
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prospect  of  inipoitaiit  steps  being  taken  in  the  near  future  with 
regard  to  fuel  economy. 

Dr.  J.  T.  Dunn,  as  Chairman  of  the  Chemical  and  Statistical 
sub-Committee,  said  that  analyses  of  coal  gave  hardly  any 
information  as  to  its  chemical  nature  and  asked  for  collabora- 
tion of  workers  on  this  subject. 

Dr.  J.  E.  Stead,  F.R.S.,  in  reviewing  the  work  of  the 
Metallurgical,  Ceramic  and  Refractory  Materials  sub-Com- 
mittee, said  that  all  steel  industries  would  not  co-operate 
in  an  inquiry.  Those  who  were  in  advance  would  not 
give  their  methods  and  those  behind  were  ashamed  to  give 
theirs.  It  was  desirable  to  know  how  much  coal  was  being 
used  in  iron  and  steel  industries  and  to  have  a  heat  balance  of 
a  furnace. 

Mr.  H.  J.  Yates,  of  the  Domestic  Fuel  sub-Committee, 
briefly  revised  its  work,  and  by  the  aid  of  the  lantern  showed 
incidentally  the  use  of  gas  furnaces  in  the  manufacture  of 
munitions.  He  said  that  war  had  affected  great  economies 
in  such  furnaces.  One  plant  alone  used  500,000  cubic  ft. 
per  hour  for  annealing. 

Sir  HuuH  Bell  opened  the  discussion.  He  showed  how 
Lord  Armstrong's  estimates,  made  53  years  ago,  and 
his  own  of  1893,  of  the  increase  in  coal  consumption  had 
been  falsified  by  time.  He  thought,  however,  that  the  remark- 
able increases  in  coal  consumption  before  the  war  could  not  be 
continued  after  it.  Sir  William  Ramsey's  extraordinary 
imaginative  faculty  led  him  to  suggest  the  combustion  of  thin 
seams  of  coal  in  situ.  This  was  being  put  to  practical  trial  on 
one  of  his  (the  speaker's)  mines  in  Durham  at  the  time  of  Sir 
William  Ramsey's  death.  He  said  that  Mr.  Merz  regarded  the 
electrical  transmission  of  energy  as  the  chief  use  to  which  coal 
could  be  put. 

Prof.  H.  Louis  said  that  coal  was  all  raised  for  making  money, 
not  a  ton  a  year  raised  for  scientific  purposes.  Was  it  well  to 
spend  large  sums  on  expensive  recovery  plant  when  chemists 
might  at  any  time  invent  a  new  process  making  it  obsolete,  by 
synthetic  methods  ?  He  considered  that  they  would  have 

to  have  legislative  power  to  put  their  suggestions  into  effect. 

Sir  Charles  Parsons  said  that  the  war  had  changed  every- 
thing, had  made  everybody  think.  Things  were  in  the  melting 
pot  and  now  was  the  time  to  go  into  large  questions.  The 
decision  of  chemists  was  wanted  now,  and  the  utility  of  the 
suggestions  made  with  regard  to  bye-products  had  to  be  proved. 
Dr.  Dugald  Clerk  remarked  thatcivilisation  was  based  now 
on  coal  and  oil  fuel.  At  the  average  rate  per  man  in  the  world 
our  supplies  would  last  for  5,000  years.  At  the  rate  in  England 
it  would  last  500.  We  must  reduce  the  rate  of  fuel  consump- 
tion. Engineers  had  from  the  time  of  Watt  been  alive  to  this 
question. 

Dr.  Des  V(bux,  of  the  Smoke  Abatement  Society,  gave  a 
vivid  and  interesting  account  of  the  steps  taken  in  London  to 
prevent  the  smoke  nuisance.  By  these  the  "  London  particu- 
lar "  fog  was  a  thing  of  the  past.  Stokers  were  not  now  paid  as 
formerly  by  the  amount  of  coal  they  could  fire  in  a  day  but  by 
the  amount  they  saved.  The  improvement  was  made  by  the 
use  of  mechanical  stokers  and  by  educated  stoking. 

Dr.  E.  F.  Armstrong  advocated  scientific  management  of 
large  establishments,  with  fiiel  experts. 

Mr.  Stromeyer  said  that  the  smoke  trouble  from  works 
arose  from  the  fact  that  the  boilers  were  usually  too  small.  It 
was  impossible  to  keep  steam  under  these  circumstances  with 
dirty  coal  and  this  was  one  reason  why  it  was  left  in  the  mme. 
Colonel  Blackett,  speaking  as  a  colliery  manager,  said  that 
coal  owners  would  gladly  sell  the  small  coal  to  the  chemists 
and  leave  it  to  them  to  get  the  finest  results.  Collieries  burned 
rubbish  and  gave  out  their  best  coal. 

Prof.  Henderson  said  that  by  low  temperature  distillation 
a  coal  could  be  obtained  for  domestic  purposes  free  from  smoke 
and  with  the  valuable  volatile  gases  removed. 

Prof.  Bone,  in  reply,  said  that  Prof.  Louis  was  unnecessarily 
msistent  in  pressing  the  amount  of  coal  wasted,  and  pointed 
out  that  the  Committee  had  not  overlooked  it  in  the  Report. 
He  welcomed  any  suggestions  and  invited  those  wlio  had  them 
to  make  to  send  them  to  the  Committee  for  consideration. 


The  Chairman  humorously  referred  to  other  po.ssible  sources 
of  energy  besides  fuel.  Maxwell's  sorting  demon  might  one 
day  be  discovered,  by  which  we  could  tap  the  energy  of  the 
atmosphere. 

The  morning  sitting,  though  exceedingly  interesting  to 
follow,  had  not  resulted  in  definite  proposals  being  made.  The 
afternoon  discussion,  at  which  Dr.  Dunn,asChainnan,  was  full 
of  suggestions  for  future  work,  and  was  of  .special  interest 
to  electrical  engineers.  It  was  opened  by  Mr.  C.  H.  Merz  with 
a  Paper  which  we  hope  to  give  in  our  next  issue.  Mr.  Merz 
advocated  the  concentration  of  supply  in  each  of  the  great 
industrial  areas.  That  is,  the  Midlands,  West  of  Scotland, 
North-east  Coast,  Lancashire  and  Yorkshire,  with  great  elec- 
trical "  road  "  mains,  interconnecting  generating  units  of  the 
largest  size. 

Mr.  R.  P.  Sloan,  manager  of  the  Newcastle  Electric  Supply 
Co.,  gave  examples  of  the  use  of  electricity  in  the  North-east 
district.  In  colliery  work  it  was  estimated  that  at  least  75 
per  cent,  of  the  coal  previously  used  for  power  purposes  had 
been  saved  as  a  result  of  burning  it  at  the  economical  stations 
of  the  power  companies  instead  of  each  pit  generatmg  its  own 
power.  This  was  equivalent  to  the  saving  of  a  million  tons  a, 
year.  Waste  heat  utilisation  now  amounted  to  some  150,000 
tons  per  annum. 

Mr.  W.  B.  WooDHOuSE,  manager  of  the  Yorkshire  Power  Co., 
said  that  the  great  stimulus  to  fuel  economy  was  the  increase 
in  the  price  of  coal.  What  wa?  wanted  was  co-ordination  be- 
tween the  producers  and  users  of  coal  for  power  purposes. 
There  must  be  some  incentive  to  progress,  and  he  suggested 
the  imposition  of  a  tax  on  the  use  of  raw  coal,  the  proceeds  to 
be  used  for  the  purposes  of  the  Committee.  This  had  a  pre- 
cedent in  the  petrol  tax,  devoted  in  pre-war  days  to  the  road 
Boards.  Low-grade  fuel  could  only  be  used  in  the  coalfields. 
This  called  for  distribution  of  energv  bv  electricitv  ;  carbon- 
isation  must  go  hand  in  hand  with  electrical  production.  In 
the  Yorkshire  district  there  were  400  collieries  raising  30,000,000 
tons  a  year.  If  the  carbonisation  were  pooled  with  the  power 
companies,  all  power  at  present  used  could  be  supplied,  and  in 
addition  all  the  textile  industries.  This  could  well  be  done 
with  low-temperature  distillation  of  coal  supplying  a  smoke- 
less fuel  for  domestic  purposes,  the  gas  being  used  by  the  power 
companies. 

Mr.  Maclaurin,  of  the  Glasgow  Corporation,  said  that  fuel 
economy  was  an  engineer's  problem  and  it  was  up  to  them  to 
co-operate  with  the  chemists.  He  disagreed  with  Prof.  Louis 
with  regard  to  the  recovery  of  nitrogen.  If  14  per  cent,  of 
nitrogen  could  be  recovered  it  would  mean,  with  sulphate  of 
ammonia  at  Id.  a  poimd  12s.  a  ton.  This  had,  however,  not 
yet  been  realised.  Then  with  regard  to  oils,  from  15  to  40 
gallons  were  realisable.  He  quoted  an  example  of  where  100 
tons  a  week  of  poor  fuel,  unmarketable  on  account  of  th  ;  ash, 
which  amounted  to  from  2  to  30  per  cent.,  were  used  in  a  pro- 
ducer method,  and  which  could  not  be  burnt  in  a  boiler.  L'sing 
80  tons  a  week  gave  40  gallons  of  oil  per  ton  and  40  lb.  of 
ammonia.  In  addition  to  which  two  boilers  did  the  work  of 
three.  With  ammonia  at  Id.,  58.  a  ton  had  been  realised. 
With  oil  at  3d.  another  5s.  could  be  obtained,  making  10s.  in 
all  from  bye-products.  The  method  of  distillation  used  was 
not  by  external  but  by  internal  heating.  Hot  gas  from  the 
producer  was  passed  through  the  fuel  in  a  lower  and  carried 
the  nl  over.  These  condensed  in  the  upper  parts,  but  were 
not  allowed  to  nui  back  on  to  the  hotter  parts  and  be  "  cracked"' ; 
they  were  drained  awa.y.  The  oil  obtained  was  quite  different 
from  anything  he  had  found  before,  more  like  crude  oil  from  a 
retort.  It  dried  on  wood  or  glass  making  a  polish  like  linseed 
oil.  In  distillation  it  yielded  6  per  cent,  of  light  oil  below 
170  deg.  for  petrol,  with  no  benzol  or  toluol  or  any  aromatic 
hydrocarbons.  By  treating  the  residue  with  dilute  sulphuric 
acid  or  paraffin  oil  a  portion  was  obtained  good  for  lubricants, 
selling  at  8d.  a  gallon  if  the  flashpoint  was  high  enough,  and 
6  to  10  per  cent,  of  cresoli6  acid.  A  heavy  tarry  portion  fell 
to  the  bottonr  of  the  weak  acid.  This  could  be  used  as  a  vaniish 
and  sold  at  Is.  to  Is.  4d.  per  gallon.  All  this  tar  had  the 
peculiarity  that  it  T\'as  solvent  in  causcic  soda  and  was,  there- 
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fore,  reHinouH,  but  its  nature  wins  still  obscure.  It  might  be 
possible  by  distilling  resin  at  low  tenii*erdture  to  compare  the 
results  with  those  now  obtain*-*]  in  order  to  d<t«'miine  the 
nature  of  coal.  In  reply  to  Mr.  Merz  he  said  that  the  capital 
cost  of  the  plant  per  ton  pi-r  hour  was  about  £1,500.  There 
wa.s  a  saving  at  the  end  of  the  year  by  this  method  of  distilla- 
tion, of  20  per  r«'nt. 

.Mr.  \V.  A.  (HA.MEN,  of  the  South  Wales  Power  Co.,  said  that 
the  areas  of  operation  of  the  municipalities  of  powt-r  conipanie.s 
must  be  respected  in  any  scheme  of  co-ojxration.  Linking- 
i>j)  could  be  <|uite  well  don«-,  but  tin-  action  must  be  spontaneous 
not  c(;iiipulKory.  It  was  a  di^gra^e  that  the  electrical  com- 
panies should  recjuire  anything  of  the  nature  of  coerci<>n. 
Then-  were  powers  already  available.  Let  the  muni(  ipalities 
ftn<T  ronipany  s<hemes  bury  the  hatchet  and  get  some  of  the 
desired  economies  by  connecting  up  existing  systems.  One 
thing  requiring  legislation  was  th«*  need  for  absolute  powers  to 
run  ••In  trif  ul  "  main  rowls."  JjifidlordK  at  present  had  a  veto. 
Tli<-  Tost  Ofliie  liad  an  act  putting  tli<ir  pohiii'.n  ii;;hi.  and 
pulilic  supply  should  be  on  a  similar  footing. 

Mr.  K.  A.  CllATTCH'K,  of  Hinningham.  pointed  out  that  to 
start  Has  prndacti(»n  and  recovery  of  bye-products  would 
require  a  j»ood  deul  of  handling  of  the  coal.  More  labttur  and 
land  would  be  re(|uired  and  mon'  expensive  works.  Every 
b-  I  let  would  be  a  business  in  itself.     It  was  hardly  fair 

to  «  rv  ..le  electri<al  industrien  to  take  on  tiiat  in  addition  to 
power  supply.  There  should  be  a  primary  body  concerned 
with  the  handling  of  coal  apart  from  power  purposes,  working 
in  cloK«'  touch  with  them     f  i!  and  operating.     Tiie  most 

economical   metliod  of  traii  :  'H   was  electrical,  and   elec- 

tricity was  applicable  to  all  proccases  for  which  coal  was  used 
at  the  prejM'nt  time.  Stations  fifty  times  larger  than  the 
pp'si-nt  were  conceivable  and  the  cost  of  production  of  elec- 
triciil  power  would  then  fall  far  behiw  its  pres<'nt  value.  Some 
low  temiK'ratun-  distillation  might  be  used  to  provide  smoke- 
lewj  fuel  where  it  was  ii-  .  and  where  electricity  was  not 

Mir'  •'■'■       H-    M'lintcd  «.. there  were  other  factors.     The 

ci>  I    of  the  Hinningham  system  ran  to  a  million 

gallons  a  i'lie  whole  supply  of  water  to  Hirmingiiam  was 

onlv  Ur)  Uiili  M.ins,  and  if  very  large  stations  were  to  be 

uw-'d  thi-ic  m.p,..:  :  it  be  sutlicient  water  in  many  of  the  coal- 
tiehln.  The  change  to  the  Urge  schemes  might  be  made  by  a 
aluw  profess  of  natural  develnpiiient  or  by  com]>elling  all  us4-r8 
of  '  •  •  ■  '  •'  .  -  ;:.;'•  'rnni  Niine  central  .-station.  The 
It      I  I        ricrrs    had    appointed   a  Cttm- 

milte«  to  cunsider  these  question*  from  an  engineering  point 
of  view. 

^^'    '   ^  UnillK"^ '  ■'  '•fiifl  tha»  ■'  "    -  now  seen  tliat  large  s<ale 

,oi  was  i>  .  y.     I^-^  hiul  hindered  progress 

.since   Mr.   Kerranti   in    1888  advocateil   ciuicent ration.    The 

•I'  '  '  '  !'ly  an  economic  one. 

Ill- ..  ..J -  :■ '..omy  wjis  left  to  coal 

UMi^m.  Were  we  to  keep  coal  in  the  future  at  the  cost  of  the 
huge  cHpilal  iiM|iiin>d  to  put  up  bye-pHMluct  plants  ?  No  large 
wiiin    of    piililic    money      '.     ''    •  ut    on    '"  '     iving 

quest  loll  unleiw  it  wuj*  |-'  uif  full  ;l(i  l>c 

earned  on  the  whole. 

Dr  l)r«.Ai.l>  Ci.KiiK.  in  a  vigoiuus  N)M*«Mh  which  came  as  a 
ri'liel  after  the  siri'nuous  afteri-  •  ••  -•.-?  •'-•'.  '''■.,] 
to    the    debate    with    mixed    •  I  .,. 

desirable,  but  if  Mr  Merc  sucreiHied.  the  gas  engine  would  1n> 
wiped  out  nhmK  V  tion.  and  thecoah  .a 

aL-H).     '^'i!    !'»o  i.p, ^ not  r.'"> 

We  J  I   to  **  wait  and  «••«.  "'     A' 

and  Knglish  mental  pn' 

led  liHnxx'    '  '         '  '  ■  •    ■  , 

opinion  •         _.  „ 

alongside  for  a  long  iiino  to  cunto. 

Prof.    Bo.NK.  on   l»fhalf  of  the   Km  I    K 

^|..,,,l..t     1,.....,  ,.h..  1....I  ;i.,....i  .      .  ■, 

T  ■, 

year  s  work  »i  the  C'oiumit(<x'.     Any  s  „ 

"  '  '  "^lose  attention,  and  he  loi.ke\l  ioiwaid  to  a 

1«  rL 


!1  . 


i  that  the  human  intcl- 


THE  CALCULATION  OF  THE  CAPACITY  OF  RADIO- 
•lELEGR/iPH  AKTElvNZi;,  INCLUDmG  THE  EFFECTS 
OF  MAS  13  AND  BUILDINGS.- 

BV    TEOF.    U.    W.    O.    HOWE,  D.SC,    M.I.K.E. 

{Concluded  from  p.  702.) 

The  Effect  of  Masts. 

The  method  of  calculating  the  effect  of  masts  and  buildings  will 
no*  be  couhidend,  commencing  with  the  simple  case  shown  in  Fig.  2, 
where  a  eingle  vertical  wire  runs  parallel  to  a  cylindrical  mast. 

Let  /the  length  of  mast  or  wire,  r==  radius  of  wire,  r„,=radius  of 
m».st.  IJ     distanc  between  wire  and  mast. 

If  the  wire  be  assumed  to  have  a  un'form  charge  of  1  unit  per 
centimetre  of  length,  it  will  induce  on  the  ma.st  a  negative  charge  of 
q  units  per  centim'?trc,  which  we  assume  to  be  also  uniformly  di£- 
tributed.  Their  images  in  the  earth  will  be 
equally  and  oppositely  charged.  The  value  of  g 
can  be  determined  from  the  fact  that  the  resul- 
tant potential  of  the  mast  must  be  zero,  since 
it  i.s  connected  to  the  earth.  Having  determined 
q,  the  potential  of  the  insulated  wire  can  be 
found,  and  thus  al^o  its  capacity.  In  most  cases 
the  value  of  l/D  will  not  be  large  enough  to 
enable  the  approximate  logarithmic  formula  to 
lie  u.'^d.  and  it  will  be  necessary  to  employ  the 
accurate  formula  for  the  potential  of  one  con- 
ductor due  to  the  charge  on  a  parallel  conductor 
—viz.  (The  Electrictiak,  Vol.  LXXIII.,  p.  859) : 
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On  substituting /•  for  Z)  this  formula  can  also  be 

employed  to  find  the  potential  due  to  the  charge 

on  the  condu<>tor  it.'jeif.  even  if  the  ratio  of  its  length  to  its   radius 

is  not  cxroi'dinKly  great.     The  values  of  this  expression  for  different 

values  of  /  />are  given  in  the  following  table  and  are  plotted  in  Fig.  3. 
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example   (Fig.   2),  let  /=200ft..  r=005  in 
^  that  I  r.-48.000;  ?/r«=40()  and  /'Z)=20 

ntlA.)  nf  tka  mo.* 


In  our 

/'     in  ft  ^^ 

Thr  '-•t'-ntialof  thpma««t 

diieto  itsnwneharge  =  —  1134(7 

it«  own  image  =+   \'.\^q 

thecharrr,.  on  wire  =-;    5-48 

..      the  Jm«-.  of  wire  =-    1-33 
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Of  these  four  component  potentials,  the  first  and  third  are  read  off 
the  curves  in  Fig.  3,  the  second  was  determined  on  page  907  of  the 
original  Paper,  while  the  fourth  ia  found  from  the  following  con- 
siderations. If  the  wire  and  mast  were  both  twice  as  long — that  is, 
as  long  as  themselves  plus  their  images— i/i>  would  be  increased  to 
40  and  Fav.  to6-81.  This  would  be  the  average  potential  of  the  whole 
or  of  either  half  of  the  400  ft.  mast  due  to  the  400  ft.  wire  ;  hence 
it  is  the  potential  of  the  actual  200  ft.  mast  due  to  the  400  ft.  wire. 
Now  the  potential  of  the  actual  mast  due  to  the  actual  200  ft.  wire 
is  only  5-48,  and  the  difference— viz.,  1-33— must  be  due  to  the 
charge  on  the  image  of  the  wire. 

Seeing  that  the  mast  is  earthed,  its  resultant  potential  must  be 
zero,  and  therefore 

5-48-l-33-(ll-34-l-38)?=0, 
or  g=0-417  units  per  centimetre  of  length.     Hence  the  potential 

of  the  wire 

=     20-9  {see  Fig.  3  in  original  Paper) 
=  —   1-0  (see  Fig.  21  et  seq.) 
=  -  2-28  (=0-417  X  5-48) 
=       0-56  (=0-417  X  1-33) 


Due  to  its  own  charge 
„      its  own  image 
,,       charge  on  mast 
„      image  of  mast 


Resultant  potential  of  wire  =     18-2 
Hence  the  presence  of  the  mast  lowers  the  potential  of  the  wire  from 
19-9  to  18-2,  thereby  increasing  its  capacity  9-3  per  cent.     The  effect 
of  altering  the  distance  between  the  wire  and  the  mast  is  shown  in 
Fig.  4. 

It  should  be  pointed  out  that  the  capacity  here  considered  is  that 
■which  would  be  measured  by  electrostatic  or  low-frequency  methods, 
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Fig.  4. 
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and  is  not  necessarily  the  same  as  the  effective  capacity  at  radio 
frequencies.  The  latter  will  depend  on  the  wave-length  employed 
and  on  other  factors  which  are  beyond  the  scope  of  this  Paper.  To 
electrostatic  measurements  a  wooden  mast  will  act  as  an  earthed 
conductor,  whereas  at  radio  frequencies  its  high  resistance  will 
considerably  modify  its  effect  on  the  capacity  of  the  aerial.  If  the 
masts  be  of  iron  or  steel  and  not  insulated,  and  if,  as  is  now  common, 
the  wave-length  employed  is  considerably  greater  than  the  funda- 
mental wave-length  of  the  aerial,  the  effective  capacity  will  agree 
closely  with  that  calculated  by  the  method  here  described. 

We  shall  now  apply  the  method  to  the  inverted  conical  aerial  of 
160  wires,  to  which  reference  has  already  been  made.  We  shall 
assume  that  it  is  supported  by  a  ring  of  10  masts  105  ft.  high  and 
18  in.  diameter,  situated  on  a  circle  of  116  ft.  diameter,  as  shown  in 
Fig.  5.  It  is  assumed,  as  before,  that  the  induced  charge  on  the 
masts  is  uniformly  distributed  and  equal  to  q  units  per  centimetre  of 
length.  To  determine  q,  we  have  the  average  potential  of  the  mast 
due  to  its  own  charge  =  —     9-27  q 

„      the  other  masts  =  —   1 1-74  g' 

„      the  antenna  =     240 

„  the  image  of  the  antenna  =  —  135 
„  the  image  of  the  masts  =  8-9  q 
Of  these  five  items,  the  first  two  and  the  last  can  be  found  accurately 
from  Fig.  3  of  this  Paper  ;  the  other  two  are  approximate,  although 
they  could  be  determined  accurately  if  necessary.  It  is  unfortunate 
that  in  this  case  the  items  which  can  be  readily  obtained  with  great 
accuracy  are  relatively  unimportant.  Since  the  mast  is  assumed  to 
be  earthed,  its  resultant  potential  must  be  zero,  and  therefore 

(8-9-9-27-11-74)94-240-135=0 
and  5'= 8-67  units  per  centimetre. 

We  can  now  find  the  potential  of  the  aerial,  and  we  shall  consider 
an  average  wire  and  not  one  situated  close  to  a  mast. 


The  average  potential  of  a  wire 

due  to  the  nearest  mast  =    —22 

,,      all  other  ma.sts  =  —  117 

„       the  image  of  the  mast  =       85 

,,      antenna  without  masts  (previously  found)  =     381 

Total  =  327 
Hence  the  effect  of  the  masts  is  to  lower  the  potential  from  381  to 
327,  which  will  increase  the  capacity  16-5  per  cent.,  i.e.,  from  1,423 
to  1,660  micro-microfarads.  This  is  still  only  62  per  cent,  of  ih» 
measured  value  given  for  this  antenna.  Our  calculation  is  based, 
however,  on  the  assumption  of  10  masts  of  18  in.  mean  diameter  ;  a 
greater  number  w^ould,  of  course,  still  further  increase  the  capacity 
We  have  here  neglected  any  horizontal  wire  from  which  the  160  wires 
may  be  suspended  ;  we  have  already  seen  that  such  a  wire  might 
increase  the  capacity  by  20  per  cent. 

The  Capacity  of  Wires  5s  ear  Bcildin-gs: 
We  shall  consider  in  the  first  place  a  single  vertical  wire  runnings 
clo3e  to  the  wall  of  a  building.     If  the  planes  of  the  ground  surface- 
and  of  the  wall  be  continued.  a,nd  three  ime,ges  drp^wn  symmetrically 
with  regard  to  their  intersection  as  shown  in  Fig.  6,  then,  wi  giving ; 
these  images  charge?  equal  to  tnat  of  the  wire  and  of  the  signs  shown i- 
in  the  figure,  the  planes  will  be  equipotential  surfaces,  and-  will 
consequently  have  no  effect  on  the  potentials  of  the  system.     The' 
potential  of  the  wire  will  be  made  up  of  four  components,  viz.,  thtt^ 
due  to  its  own  charge,  and  those  due  to  the  three  images.     That 
due  to  its  own  charge  can  be  read  off  Fig.  3  in  the  original  Paper  ; 
that  due  to  the  earth  image  we  have  shown  to  be  1-38,  if  the  lower 
end  is  almost  touching  the  groimd,  but  about  1-0  if  the  lower  end  is 


+ 


7!m^m^^^mm!^^^mm^m??M. 


DO 


\ 


Fig.  6. 

3  ft.  or  4  ft.  above  the  ground.  The  potential  of  the  wire  due  to  its 
image  in  the  wall  can  be  read  off  Fig.  3  in  this  Paper,  while  that  due 
to  the  diagonal  ima>ge  can  also  be  obtained  from  Fig.  3  in  the  following 
manner.  If  two  parallel  vertical  wires  of  length  21  are  separated  by  a 
distance  ID,  the  average  potential  of  one  due  to  imit  charge  per 
centimetre  on  the  other  can  be  read  off  Fig.  3  ;  it  is  a  fimction  of  the 
ratio  l\D,  which  we  may  write  f{llD)-  From  consideratio as  of 
symmetry  it  is  obvious  that  this  is  also  the  average  potential  of  the 
upper  half  of  the  wire  due  to  the  whole  length  of  the  charged  •wire, 
whereas  that  due  only  to  the  upper  half  of  the  charged  wire  is  f  (I /'2D), 
which  can  also  be  read  off  Fig.  3.  The  difference,  \iz., /{I'D)— f {I f'lD) 
must  be  the  average  potential  of  the  upper  half  of  one  wire  due  to  the 
charge  on  the  lower  half  of  the  other,  and  it  is  therefore  the  average 
potential  of  the  aerial  due  to  its  diagonal  image. 

As  an  example,  let  Z=100  ft.  of  0-1  in.  diameter,  and  let  Z)=6  ft^ 
then  we  have  Z/r=24,000  ;  Z/D= 16-67  ;  and  ?/2Z)=8-33, 
and  Fav.  =  19-53  due  to  its  own  charge, 

—  1-38  due  to  its  earth  image, 
—3-85  due  to  its  wall  image, 
-)-(5-14  — 3-85)  due  to  its  diagonal  image. 
=  15-6. 
Hence  its  capacity  is  increased  16  per  cent,  by  the  proximity  of 
the  wall. 

As  a  further  example  we  may  consider  the  case  of  four  vei'tica 
wires  45  ft.  long,  3  ft.  apart,  0-1  in.  diameter  and  3  ft.  from  the  wall. 

Fav.due  to  their  own  charge=     29-9(=^' ^««  ^^f-.^^/^        "> 

\      4-5  origmal  Paper/ 

„  earth  image  =   — 4-0  (approx.) 

„  wall  image  =  —  13-3  (Fig.  3  in  this  Paper) 


diagonal  image   = 


-f  4-0  (apptOK.), 


Total  =     16-& 


o 
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^e  charge=4x45/30o=5,4d0,  and  the  capacitv  is  therefore 
5,490 
rr-r — ~^=36S  micro-micTofarad/s. 
16-6  X  0-9 

If  the  diHtance  from  the  wall  lie  decreased  to  1  ft.,  the  capacity 

wilJ  Jjo  incTftaswJ  to  5^X)/ 10-*  rnfd. 

Thih  example  in  illuittrative  of  an  anteiuia  mentioned   by  Prof. 

Fleming,  viz.  :    "  Four  vertical  wire*  0  1  diameter,  each  45  ft.  long, 

plaoed  fannhape  in  front  of  a  buildint'  0  ft   ajart,  lottom  ends  10  in. 

ajjart,  ronnected  to  a  fopp«-r  'luti  l-ar  4^."»  nii<  ro-microfaradB." 
the  distance  from  the  wall  and  the  details  of  the  copper 'btia  bar  not 
'being  given,  it  in  ijnj>fjHHiMe  to  calculate-  the  capacity  accurately,  but 
•the  above  example  hhown  that,  jjivi-n  the  nece»»arj-  data,  such  cases 
•can  hft  fjijculated  very  readily. 

An  a  further  example  of  the  method,  we  shall  make  an  approxi- 
anato  calculation  of  the  effect  of  the  Kiffel  'louer  on  the  cajfacitN  of 
tbe  antenna  which  in  sujiporU-d  frfim  it.  The  i)rincipal  dimen-sions 
»ce  whown  m  Fig.  7.  The  antenna  conxiifts  of  nix  wires  of  7  mm. 
xliaraet«r.  hiach  wire  in  al>out  :<.'{<»  m<tre»  long,  and  the  average 
distance  between  a/ljarent  wirem  ih  aii.sumed  to  be  22  metres.  Hence 
i/rf-15  and  d  r     f... ((»(),  nrid 

Mi91« 
C  = :r^5-2  ■:  ]0'*  mfd.  per  foot. 


"('og<      -0-31  1  ilog,'^     B 


(For  77  /"  Table  IV.  in  the  orijrin.il  P.ijier.) 

Th«  f  ;^ji;t'  ity  of  the  antemia.  a|jart  from  the  effects  of  the  earth 
ftnd  of  the  tower,  would  therefore  bo  5,620  x  10-«mfd.  If  charged 
•with  I  unit  per  centimetre  of  wire,  its  average  potential  would  be 

6  •  3.'M» 

30-1  due  to  its  own  charge. 


6 


52 
3;j.(¥IO 


*nd  .,_  ^         =  —"•2  due  to  its  image  in  the  earth,  giving 

m  rwultant  potential  of  31-0  and  a  capacity  of 

.39  1 
5,fi20  .  -  6,000  .  10-«  mfd. 

31-9 

Tlie  proximity  of  the  earth  ijicreascs  the  caj)acity  22-7  per  cent. 

To  form  an      *  '  *'        '     t  of  tin-  tower  itj*elf  it  iH  puflicient 

t<»  aHdunic  that  .  I'-r.'WKi  mr•t^«•^  high  with  a  diameter 

of,  say,  20  metres.  (It  is  actually  a  lattice  structure  about  10  metres 
•quaro  near  the  top.  24  metres  Htjuare  in  the  middle,  supported  on 


£X>m, 


ittOm, 


t'M 


four  legs  each  15  metres  square,  Iho  centrtw  of  which  form  »  square 


of  HM  '     )     1^1 

OMitiiii  ',  And   I' 

oootimetm  of  height  of  the  tnwor. 
Tl»r  |M>ti<nliAl  of  the  lowrr 

I)uo  to  Its  own  <  liargr 
„       its  own  iniAgn 


16.- 
7  n 


1  with  1  unit  jior 
of       7  iinitx   I  f<r 


',..    :k)) 

'f'j.  in 
original  I'apor) 


I 


„       the  antenna 

..       the  itnagp  n\  anlninA 

8in(>e  the  towor  is  earthed,  its  potent  uU  is  toro  and  9*6— 4-80  7=^0  ; 
thorefo  •  '.)4. 

Tl»r  j  >l  nf  tlir  antenna  due  In  the  induced  char;|eOQ  the  towrr 

will  \x>  alH>ut  —2-5  q.  while  that  due  to  the  imagr  of  the  towpr  will  be 
ri  <?.  Riving  a  rwultant  jotential  d       •     -'     •  !    :         .xg©  of 

—  \\  7  or  —2  72.     The  pmvioiwl  ■  >vU|  he 

rodiiiTHl  to  29  2.  causing  the  oa|iArity  to  i»e  i  a)>ouI  9  per  o«it. 

to  ".."MO  \  I0-*  inf«l.      Tht  actual  m^jturfii   ,  .  •,  ifiy  ha*  httn 
««  7.3tX)  \  10  •  mfd..  but  it  mtist    be   rpmeml>rrp<l    that    the    . 


calculation  has  only  been  carried  out  approximately  upon  very 
meagre  data.  To  show  the  effect  of  a  different  assumption  as  to  the 
equivalent  diameter  of  the  tower,  it  may  be  mentioned  that,  taking 
10  metres  instead  of  20,  merely  reduces  the  increase  of  capacity  from 
9  to  7  per  cent. 

Experimental. 

Seeing  that  the  calculated  values  of  the  capacity  differed  very 
considerably  in  many  cases  from  the  values  given  as  the  result  of 
actual  measurement,  and  that  sufficient  data  were  not  available  to 
enable  the  effects  of  the  masts,  &c.,  to  be  allowed  for  in  these  measure- 
ments, it  was  thought  essential  to  make  some  crucial  tests  to  deter- 
mine the  accuracy  which  one  might  expect.  For  this  purpose  vires 
were  stretched  between  insulators  as  shown  in  Fig.  8.  The  uprights 
and  cro.ss  bars  were  of  iron.  The  distance  between  the  wires  could 
be  adjuht<d,  and  the  separate  wires  could  be  insulated,  earthed  or 
connected  together  as  desired.  All  the  dimensions  were  accurately 
measured,  and  the  capacity  determined  by  a  bridge  method,  using  a 
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buzzer  and   a   telephone.     Two  of  the  arms  consisted  of  a   Pau 
induct ionle.-is  ratio  ho.\  with  1,000  ohms  in  each  arm,  while  the  other 
two    consisted    of    variable    air    condensers.     The    capacity    to    be 
measured  was  substituted  for  one  of  these  air  condensers  which  had 
been  accurately  calibrated. 

Length  between  supports  =  1 14  ft. 

Lcnirth  of  each  wire  =113  ft. 

Width  between  uprights  =     6  ft. 

Diameter  of  supports  =2-2  in. 

Diameter  of  wire  =0-085  in. =0-21  cm. 


o  m. 
6  in. 
Sin. 


The  effect  of  the  supports  on  the  capacity  of  the  wires  was  calcu- 
lated but  found  to  be  negligible.  The  height  of  the  wires  above  the 
groimd  was  measured  at  different  points  and  the  me^n  taken  in 
calculating  the  effect  of  the  earth.  The  average  height  was  about 
1  metre.     The  results  were  as  follows  : — 


Dis- 
tance d 

between 

adjacent 

wires. 

1 

Arrangement 

of 
comiections. 

Capacity. 

1 

Per- 
centage 
diff. 

Cal-          Mea- 
culatcd,      sured, 
10-«  mfd.  10-«  mfd. 

Single 
Ditto 
St  ran 
Twoc 
faji.  c 
Three 
Mi.ldl 
Thri><> 

solid  wire  (0-072  in.) 

250 

164 

256 

350 

341 

310 

770 

362 

539 

396 

454 

432-5 

381 

248 
162 
260 
357 
330 
335 
788 
375 
520 
395 
450 
425 
380      . 

-0-8 

4-7     cm. 

but  only  73  ft.  2  in.  long  ... 

\vd  wire  (7  xli-028  in.) 

htto  connected   

-1-2 
-fl-6 
-f2-0 

4-7 
0-745   .. 

)f  one,  the  other  earthed    ... 
wires  connected 

-3-8 
-f8-0 

0-74.'.   „ 
1-65     ., 

0  only,  outers  earthed    

wires  connected 

-f2-3 
4-3-6 

1  -fir. 

ly,  outers  earthed    

"i-s  connected 

-3-5 

2-H 

II 

-0-25 

2K 

6  56     . 
6-65 

e  only,  outers  earthed    

wires  connected 

0  only,  outers  earthed    

-0-9 
-1-7 
-0-26 

It  >*ij|  1  c  .'..vn  that  the  difference  between  the  calculated  and  the 
measure<l  Aaliie  dix's  not  exceed  4  per  cent.,  except  in  the  very 
pxtrenic  <  n-e  where  the  wires  are  only  7-46  mm.  apart.  Considering 
tlip  dithculty  of  mc-asuring  such  small  capacities,  the  tmcertainty 
intrtxbircd  by  conne.ting  win-s,  and  the  difficulty  of  accurately 
d*"'  •'  the  dimensions  when  stranded  wire^  113  ft.  long  are 

*^^\  ■  ■  "  'he  open  at  distances  of  1  cm.  or  2  cm.,  the  agreement 

*ot>st  I  :ire<l  very  gcMid  with  the  exception  of  the  case  referred 

''*•     ''  fver.  the  values  of  I'd  and  d  r  are  very  extreme,  and 

I"'***  "'  ■•'•e  range  of  the  curves  given  in  the  original  Paper  for 

three- Wire  anteiuim.     Tho  aspum|>tion  of  equal  distribution  of  charge 
*"*'  w  in>s  is.  therefore,  far  from  true  ;    but  it  is  a 

**'"  '"'-r  to  apply  tlie  method  which  we  have  already 

employo<i  '  p  distribution  of  the  charges  in  the  cases  in 

^''  ^ires  were  earthed.     It  is  only  nec<\ssary  U> 

"'''■  --'■ry  dislrilnition  of  charge  between  the  thre« 

winns  m  order  that  they  may  all  have  the  same  average  potential, 

liat  they  are  all  connected. 
—  c  a  charge  of  1  unit  per  centimetre,  while 
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The  potential 


=:20-12  g  (Fig.  3  in  original  Paper; 
=  14-9  q  (Fig.  3  in  this  Paper) 
=  16-28 

-5-48(1 +2g) 


the  outer  wires  have  q  units  per  centimetre  length, 
of  an  outer  wire 

due  to  its  own  charge 
„      the  other  outer 
„      the  inner  wire 
„      the  earth  image 
(Note. — The  average  height  above  ground =87  cm.) 
The  resultant  potential  of  an  outer  wire=24-06g'+10-8. 

The  potential  of  the  inner  wire 

due  to  its  own  charge      =20-12 
,,      the  outer  wires      =2  X  16-28  q 
„      the  earth  image    =—5-48(1+2  5') 
giving  a  resultant  potential  of  21 -6?+ 14-64. 

Since  the  two  wires  must  have  the  same  potential,  we  have 

24-06g'+10-8=21-6?+14-64 
and  5=1-56. 

Hence  the  charge  on  the  outer  wires  has  a  density  1-56  times  that 
on  the  middle  wire. 

The  potential  =  (24-06xl-56)  +  10-8=48-4,  and    the    charge    per 

centimetre  run  of  antenna=l+2g'=4-12  units.  Hence  the  capacity 

4-12x3,450  .      , 

= =326-5  micro -microfarads, 

48-4x0-9 

which  differs  by  less  than  3  per  cent,  from  the  measured  value.     A 

similar  accurate  calculation  would  also  reduce  the  error  of  3-6  per 

cent,  found  in  the  case  of  the  three  wires  spaced  at  1-65  cm.     An 

accurate  determination  of  the  differences  between  the  calculated 

and  measured  values  obviously  calls  for  measurements  of  far  greater 

precision  than  those  here  recorded,  but  these  are  sufficient  to  show 

that,  even  in  extreme  cases,   the  author's  method  of  calculating 

static   capacity  gives   results  of  greater  accuracy   than  is   usually 

obtained  in  technical  measurements  of  such  small  capacities. 


SOME  CHARACTERISTIC  CURVES  OF  A  POULSEN-ARC 

GENERATOR.* 

by  n.  w.  mclachlan,  b.sc.eng.,  a.m.i.e.e. 
Introduction. 
It  has  been  showTi  by  Mercer  t  that  with  a  carbon-copper  arc  burn- 
ing in  an  atmosphere  of  hydrogen,  without  a  magnetic  blast,  having  a 
condenser  (the  capacity  not  exceeding  a  certain  limit)  and  a  variable 
inductance  shunted  across  its  terminals,  there  is  a  certain  inductance 
and,  therefore,  frequency,  for  which  the  shunt  current  is  a  maximum. 
The  present  investigation  was  undertaken  to  determine  whether  this 
condition  is  applicable  in  the  case  of  a  Poulsen-arc  generator:  (1) 
When  energy  is  absorbed  in  the  shunt  circuit  by  a  variable  non- 
inductive  resistance  ;  (2)  when  the  energy  absorbed  in  the  shunt 
circuit  is  as  small  as  possible.  In  both  these  cases  there  is  a  loss  in 
the  Moscicki  condensers,  this  being  unavoidable,  imless  air  con- 
densers are  used.     {See  Appendix.) 

Methods  of  Measurement. 

The  main  and  shunt  circuits  of  the  Poulsen  generator  were  arranged 
as  shown  in  a  recent  Paper  by  the  author.}  The  test  ring  and  the 
rheostats  were  removed  and  a  sandstone  resistance  moistened  with 
copper  sulphate  solution  was  connected  between  the  variable  induc- 
tance and  the  primary  of  the  current  transfomer  (see  Fig.  1  in  Paper, 
loc.  cit.).  This  type  of  resistance  is  constant  in  magnitude  and 
inductionless  at  high  frequencies.  §  The  resistance  could  be  altered 
by  varying  the  amount  of  moisture  in  the  sandstone  or  the  distance 
between  the  copper  plates  to  which  the  terminals  were  soldered.  An 
iron-cored  (stalloy  discs)  current  transformer H  was  arranged  to 
obtain  a  transformation  ratio  of  100  :  3  or  100  :  1,  so  that  shunt 
currents  up  to  10  amperes  could  be  measured. 

Voltages  greater  than  40  volts  were  measured  by  an  electrostatic 
voltmeter  connected  across  the  terminals  of  the  sandstone  resis- 
tance. The  capacity  current  of  the  voltmeter  was  small,  and  since 
it  was  90  deg.  out  of  phase  with  the  current  through  the  sandstone, 
its  effect  on  the  shmit  current  could  be  disregarded.  For  voltages 
less  than  40  volts  a  hot-wire  instrument  was  used,  the  small  errors 
of  wliich  at  the  frequencies  employed  in  these  tests,  were  found  by  the 
method  detailed  in  the  author's  Paper  to  which  reference  was  made 

*  Paper  read  before  Section  G  of  the  British  Association  at  Newcastle. 

t  F.  Mercer,  "  The  Arc  as  a  Source  of  Oscillations."  "  Proceedings  " 
of  the  Physical  Society,  London.     Vol.  XXVL,  p.  372.     1914. 

}  N.  W.  McLachlan,  "  An  Investigation  into  the  Magnetic  Behaviour 
of  Iron  at  very  High  Frequencies  with  the  Aid  of  a  Poulsen-arc  Gene- 
rator."    "  Journal  "  I.E.E.,  Vol.  LIV.,  p.  480,  1916. 

§  See  Paper  by  author,  The  Electbician,  Vol.  LXXVI.,  p.  875, 
March  24,  1916. 

lA.  Campbell  and  D.  W.  Dye,  "  Proc."  Roy.Soc,  A.  Vol.  XC,  1914  ; 
also  McLachlan,  loc.  cit. 


above.  In  this  case  the  total  power  expended  between  the  ter- 
minals of  the  sandstone  resistance  was  taken — i.e.,  jjower  to  volt- 
meter-fpower  to  sandstone.  The  frequency  of  the  oscillations  in 
the  shunt  circuit  was  measured,  as  in  the  other  experiments  {loc.  cit.), 
by  means  of  a  Lorenz  wavemeter.  Frequencies  between 
l-3xl0*'\j  and  8x10'' a.  per  second  were  emplo3-ed,  the  range  of 
frequency  in  any  experiment  depending  on  the  magnitude  of  the 
capacity. 

Keeping  the  frequency  and  the  capacity  coiLstant,  the  following 
readings  were  taken  for  different  values  of  the  resistance  in  the 
shunt  circuit  (including  resistance  of  connecting  wires  and  induc- 
tance) :— 

1.  Direct  current  supplied  to  generator. 

2.  Current  in  shunt  circuit  (R.M.S.). 

3.  Voltage  on  arc  (excluding  ohmic  drop  in  magnetising  coils) 
(R.M.S.). 

4.  Voltage  across  terminals  of  sandstone  resistance  in  shunt 
circuit  (R.M.S.). 

Sets  of  readings  were  taken  of  the  same  quantities  at  various 
frequencies.  The  whole  of  the  foregoing  procedure  was  repeated 
with  several  different  capacities.  The  resistance  used  varied  from 
70  ohms  to  6  ohms,  and  the  capacity  from  0-0009  mfd.  to  0-009  mf d. 

Strength  of  the  IVIagnetic  Blast. 
The  field  strength  at  the  centre  of  the  gap  where  the  arc  waS 
formed  between  the  electrodes — i.e.,  the  strength  of  the  magnetic 
blast — was  measured  by  using  a  narrow  search  coil  of  small  resis- 
tance wound  on  an  annular  groove  cut  in  the  centre  of  a  wooden 
bobbin.  The  bobbin  was  securely  fixed  between  the  conical  pole- 
pieces  of  the  electromagnet,  and  the  ends  of  the  coU  were  connected 
to  the  terminals  of  a  Grassot  fluxmeter,  the  deflection  being  observed 
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Current  in  Field  Coils  (Amperes). 

Fig.  1. — Curves  showing  the  Relation  between  the  Flux  Density 
IN  the  Am  Gap  and  the  Cukkent  thkough  the  Field  3Iagnet  Coils. 

on  reversal  of  the  current  through  tho  field  coils.  The  search  coil 
was  calibrated,  using  a  mutual  inductance  and  a  ballistic  galvano- 
meter. Although  the  readuig  of  a  fluxmeter  vdih.  a  sufficiently  long 
period  and  weak  control  is  almost  independent  of  the  time  taken  for 
the  flux  linkages  through  the  magnetic  circuit  to  change,  the  time 
of  reversal  of  the  current  was  reduced  by  connecting  the  magnet- 
coils  to  a  240- volt  cu-cuit,  the  excess  voltage  being  taken  up  by  a 
non-inductive  rheostat.  Details  of  the  conical  pole-pieces  and  a 
curve  connecting  the  field  strength  in  the  air-gap  and  the  mag- 
netising current  in  the  field  coils  are  sho^\^^  in  Fig.  1.  The  angle 
of  the  cones  is  such  as  to  produce  a  fairly  uniform  magnetic  field  in 
the  air-gap.* 

Analysis  of  Shunt  Current. 

The  current  in  the  shmit  circuit  was  analysed,  using  the  method 
described  in  the  author's  Paper.f  For  the  various  capacities  tested 
the  most  prominent  harmonic  v.as  the  second,  other  harmonics 
being  comparatively  small.  With  a  capacity  of  000924  mfd.  the 
R.M.S.  values  of  the  second  and  third  harmonics  were,  respectively, 
30  per  cent,  and  9  per  cent,  that  of  the  fmidamental  when  the  fre- 
quency was  3  X  10^  oj  per  second. 

With  capacities  of  0-00924,  0-00368  and  0-00195  mfd.  the  second 
harmonic  mcreased  with  decrease  in  inductance,  and  therefore 
increase  in  frequency.  With  a  capacity  of  0-00091  mfd.  the  second 
harmonic  was  practically  non-existent  at  all  frequencies.  It  was 
diificult  to  measure  the  harmonics  to  any  degree  of  accuracy,  es- 
pecially when  the  ratio  L/C  was  small.     In  this  case  the  number  of 

*  See  J.  A.  Ewing,  "  Magnetic  Induction  in  Iron  and  other  Metals." 
Third  edition,  p.  148. 

t  Loc.  cit. 
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tunw  of  the  variable  inductance  in  circuit  was  pmall,  and  in  order  to 
obtain  Hufficient  energj-  in  the  wavemeter  circuit  to  .secure  reliable 
rea^Jings  the  coupling  between  the  two  circuit*  must  be  fairly  close. 
I.'ndcr  thiH  condition  the  m  '  the  current  in  the  wave- 

meter  circuit  <HH  read  on  the  ■  i  wa.s  not  always  sharply 

defined,  aruJ  the  frequency  of  the  oscillations  could  not  be  definitely 
detennin'd.  Since  the  dUtance  between  the  inductances  in  the  shunt 
and  waverneter  circuitH  was  Kmall.  it  iB  probable  that  the  mutual 
reaction!)  of  the  oscillationu  in  these  circuit*  would  affect  the  fre- 
Morwjver,  it  was  impf>«sible  in  some  case  to  analyse  the 
irrcnt.  The  magnitude  of  the  harniunicM  comjjared  with  the 
fundamental  dei>endii  to  a  c-ertain  extent  on  the  length  of  the  arc, 
the  condition  of  the  cfjpi;er  and  graphite  electrodes*  and  the  ratio 
of  the  Kbunt  f  urn-nt  to  the  arc  current. +.  (This  ratio  for  given  con- 
ditioas  in  partially  dejiendent  on  the  lenirth  of  the  arc.)  This  ratio 
increu>*eH  with  in<  reas«-  in  (  ajjacity.  and  the  magnitudes  of  the  Beoond 
and  other  harmonics,  comjiaretl  with  that  of  the  fundamental, 
int^•a'^e  with  tlw  cajwcity.  Tliroughout  the  exix-rinicnts  the  art 
length  wat  adjusted  to  obtain  maximum  current  and  jx)werin 
the  shunt  circuit  for  gwxl  Inimina.  The  graphite  was  carefully 
gn>unr|  uj)  for  enth  set  of  ol>servations,  so  that  the  burning  was  as 
Htea<ly  and  quiet  a*  jtoKsible. 

Observations  were  also  made  of  the  effect  of  resistance  in  the  shunt 
cinuit  <iM  the  hariMonich  i.e.,  t'  '  t  of  absorption  of  jx^wer  in 
the  shunt  circuit.      It  wa.i  foun<l  '  li  a  capacity  of  0»K)!»24  nxfd. 

the  n'sistance  in  circuit  had  no  appreciable  effect  on  the  harmonics. 
With  cupacitic*  of  -  •  "  ''  wid  (KKKJOS  nifd.  the  effect  of 
refliiitanc«  wan  to  in-  i  harmonic,  chietiy  at  the  higher 

frequencie«. 

HE.srLT«   or   EXPERIMEXTS. 
Fi  1  the  jHjwer  absorbed  in  the  shunt  circuit  plotted 

III  y  for  cai>acilie«  of  (KHil'Jd  mfd.  and  000924  nifd. 
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and  diffomnl   valum   of    the   total    rejosian'-e,  including    Pr  lowtrti. 
In  Fig.  2  each  rur^-r  han  a  maximum  ordinate,  which  shows  that,  with 
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the  power  is  a  maximum,  owing  to  the  increased  volt  drop  in  the  field 

coils      {See  Fig.  5.)  ~ 

With  large  values  of  the  capacity,  say  000924  mfd.,the  curves,  as 
plotted  in  Fig.  3,  have  no  maximum  values  for  the  range  of  fre- 
quency ui>ed  in  the  tests;  but  the  power  gradually  increases 
with  "the  frequency.  Curves  showing  the  relation  between  the 
frequency  and  the  jx)wer  obtained  from  oscillations  of  fundamental 
frequency  for  a  capacity  of  0-00924  mfd.,  appear  to  have  a  maximum 
value  Ijetween  /=2-5x10*n  and  S-oXlO^'x.  per  second.  At  the 
latter  frequency,  however,  L/C  was  small,  and  the  arc  did  not 
bum  regularly,  making  it  impossible  to  obtain  reliable  readings  of 
current  and  voltage,  or  to  analyse  the  shunt  current  accurately. 
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Frequency  "v*  per  sec. 
Yu,.   3. — (."iRVEs   sHow^^•G    the    Power  (from    Oscillations    of 
Fc.nd.vmental  FKEgiENCY  .\xd  the  V.\BI0L'S  H.VRMOXICS)  ABSORRED  IK 

THE  Shi-xt  CiBcrrr  at  Different  Frequencies  fob  Various  Values 
OF  the  Resistance,  and  a  Capacity  of  0-00924  mfd. 

The  curves  in  Fig.  4  show  the  power  obtained  with  various  resis- 
tances plotttnl  again.«t  those  resistances  for  different  values  of  the 
frequency.  When  the  resistance  is  small  the  curves  rise  quickly, 
re&'-hing  a  maximum  value  ;  as  the  resistance  increases  the  curves 
fall  away  more  gradually.  Hence  there  is  a  definite  resistance,  for 
which  the  }x»wcr  absorbed  in  the  shunt  circuit  is  a  maximum.  For 
large  capacities  (0-00924  mfd.)  the  curves  are  more  flat  topped. 

With  a  fixeil  resistance  in  the  shunt  circuit  the  power  absorbed 
at  iuiy  given  frw|uency  increases  with  the  capacity.  If,  however, 
the  ratio  L  ('  \&  small,  the  burning  of  the  arc  is  not  so  regular  as  ife 
Would  be  with  a  binaller  capacit}'  and  a  reduced  output. 
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'   to  those  in  Fig.  h.     The  maximum 
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The  strength  of  the  magnetic  blast  was  lessened  by  making  an 
air-gap  between  the  top  of  the  electromagnet,  carrying  the  conical 
pole-pieces,  and  the  two  vertical  limbs  on  which  the  field  coils  were 
wound.  By  this  means  it  was  possible  to  ascertain  the  performance 
of  the  generator  with  different  strengths  of  magnetic  blast,  without 
Altering  the  resistance  of  or  the  number  of  turns  on  the  field 
coils.  Two  different  field  strengths  were  employed,  the  charac- 
teristics being  shown  by  the  two  lower  curves  in  Fig.  1.  A  diminu- 
tion in  the  strength  of  the  blast  did  not  cause  any  appreciable  altera- 
tion in  the  fundamental  frequency  of  the  oscillations  in  the  shunt 
circuit ;  but  there  was  an  increase  in  the  second  harmonic  with  the 
larger  capacities)  0-00368  mfd.)  and  small  inductances.  For  any 
given  resistance  in  the  shunt  circuit  the  power  obtained  at  the  lower 
frequencies  was  increased  (owing  to  increased  direct-current  supplied 
to  the  generator),  the  maximum  value  occurring  at  a  lower  frequency 
than  with  the  normal  blast — i.e.,  the  curves  in  Fig.  2  were  shifted 
horizontally  backwards.  The  maximum  power  and  the  correspond- 
ing efficiency  of  the  arc  were  almost  the  same  as  the  values  obtained 
with  normal  blast.  It  has  been  shown  by  Poulsen*  that  the  amount 
of  energy  radiated  is  increased  considerably  by  using  a  magnetic 
blast.  No  details,  however,  are  given  regarding  the  strength  of  the 
blast. 

A  resistance  of  20  ohms  in  the  shunt  circuit  with  a  diminished  blast 
caused  very  unsteady  burning  at  the  higher  frequencies.  At  the 
lower  frequencies  the  burning  was  improved  by  diminishing  the 
blast.  If,  however,  the  blast  is  diminished  beyond  a  certain  value 
the  burning  is  unsteady.  With  normal  blast  the  oscillations  were 
irregular  and  the  burning  noisy  when  the  resistance  in  the  shunt 
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T  f  lO.    5. — CuBVES    SHOWING    THE    CuRKENT    IN    THE    ShUNT    CiRCUIT 

Plotted  against  the  Frequency  for  Different  Values  of  the 
"Capacity,  the  Resistance  of  the  Sandstone  being  Zero. 

■circuit  was  large  enough  to  cause  a  substantial  reduction  in  the  shunt 
current.     This  was  especially  the  case  when  the  ratio  LjC  was 
■small.f     Without  the  blast,  and  with  resistance  in  circuit,  oscilla- 
tions could  not  be  obtained.     This  confirms  observations  made  by 
Austin,  using  an  arc  without  a  magnetic  blast  burning  in  an  atmo- 
sphere of  hydrogen. J      With  diminished  blast  and  zero  sandstone 
resistance      the      maximum      value      of       the      shunt      current 
(cap.=0-00195  mf.)  occurred  at  a  lower  frequency  than  with  the 
•normal  blast,  and  the  curves  showing  the  relation  between  the 
-■shunt  current  and  the  frequency  were  shifted  horizontally  back- 
wards relatively  to  those  in  Fig.  5.     There  was  onl-y  a  slight  difference 
between  the  maxima  currents  for  different  blasts.     The  burning  of 
•the  arc  was  more  regular  at  the  lower  frequencies,  but  less  regular  at 
the  higher  frequencies  with  diminished  blast.     At  the  lower  fre- 
•quencies  the  active  length  of  the  arc  was  greater,  but  the  propor- 
tionate variation  in  the  shunt  current  and  the  direct  current  with 
;alteration  in  arc  length  was  less  than  with  the  normal  blast.     If  the 
blast  was  decreased  beyond  a  certain  value  the  burning  was  irregular. 
It  is  possible,   therefore,   to  maintain  the   current  approximately 
•constant  and  the  burning  regular  over  a  fairly  wide  range  of  fre- 
'quency  by  suitably  varying  the  strength  of  the  blast. 

(To  he  concluded.) 


*V.  Poulsen,  "  A  Method  of  Producing  Undamped  Electric  Oscillations 
and  its  Employment  in  Wireless  Telegraphy,"  The  Electrician,  Vol. 
LVIII.,  p.  166,  1906. 

t"  On  the  Production  of  High-frequency  Oscillations  from  the 
Electric  Arc,"  "  Bulletin  "  of  Bureau  of  Standards,  Vol.  III.,  No.  2.  1907. 
Also  The  Electrician,  Vol.  LIX.,  p.  632,  1907. 

%  V.  Poulsen,  "  Production  of  Continuous  Electrical  Oscillations," 
"Trans."  Int.  Cong.  St.  Louis,  Vol.  II.,  p.  963,  1905,  also  "Science 
Abstracts,"  1,620  A,  1905. 


REPORT  OF  THE  COMMITTEE  OF  THE  PRIVY  COUNCIL 
FOR  SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 

( Concluded  from  page  1~0. ) 

The  Sphere  of  the  Universities  and  Technical  Colleges. — ^The  question 
of  the  part  which  universities  can  and  should  take  in  the  application  of 
science  to  industry  is  extremely  important,  but  also  extremely  difficult. 
We  know  that  the  universities  and  technical  high  schools  of  Germany, 
Austria  and  Switzerland  have  played  a  leading  rOle  in  the  development 
of  scientific  industry-  on  the  Continent.  Yet  such  an  experienced  obser- 
ver SH  Dr.  Mces  is  strongly  of  opinion  that  the  fundamental  theorj-  of  a 
subject  upon  which  the  development  and  maintenance  of  industry'  chiefly 
depend  "  cannot  possibly  be  carrie<l  on  to  any  large  extent  in  collabora- 
tion with  a  university."  The  fact  is  that  the  increasing  complexity  and 
length  of  the  research  necessary  for  modem  scientific  manufacture  is 
making  it  increasingly  difficult  for  the  professor  or  the  university  labora- 
tory to  take  a  dominating  share  in  the  advance. 

The  universities  can  and  must  be  the  main  sources  of  research  in  pure 
science.  Yet  the  universities  will  not  be  able  to  do  their  fair  share  of 
this  vital  service  unless  they  can  attract  more  students  and  larger  funds. 
Until  our  universities  are  in  the  position  to  offer  appointments  which 
carry  with  them  real  freedom  from  financial  anxiety,  it  is  certain  that 
their  teachers  will  not,  because  thej-  cannot,  take  the  leading  part  which 
they  should  in  the  national  contributions  to  knowledge. 

The  Possible  Sphere  of  Special  Research  Institutes. — When  the  scientific 
bases  of  a  whole  trade  are  in  question  some  other  machinery-  must  be 
devised.  Dr.  Mees  in  his  pamphlet  expres.ses  the  view  that  at  this  point 
the  university  ceases  to  be  a  .suitable  agent.  In  the  case  of  research 
institutes  connected  with  universities,  it  is  important  to  keep  the  finance 
of  such  institutes  distinct  from  the  general  university  finance,  for  many 
reasons,  and  .among  them  the  fact  that  the  State  is  already  aiding  the 
general  income  of  the  universities  and  colleges  while  the  Committee  of 
Council  are  restricted  to  aiding  thi_ir  research  activities.  It  seems  to  us 
no  less  important  to  give  the  industn,'  concerned  a  responsible  share  in 
the  policy  of  the  institute  as  much  in  the  interests  of  the  industry  as  of 
the  research.  Yet  if  the  institute  is  to  be  connected  with  a  university  or 
other  educational  institution,  the  suzerain  power  must  have  an  effective 
means  of  criticising  the  work  in  its  broad  and  general  outlines  and  must 
have  control  of  at  least  the  principal  appointments.  Otherwise  the 
university  or  college  connection  will  be  meaningless. 

Research  and  Government  Departments. — We  have  confined  our  remarks 
so  far  to  those  aspects  of  our  work  which  are  specially  emphasised  in 
the  White  Paper  and  which  are  undoubtedh'  the  most  urgent  :  but 
scarcely  less  important  than  the  encouragement  of  research  in  our  educa- 
tional institutions  and  o\ir  factories  is  a  due  correlation  of  the  research 
activities  of  the  Government,  or — as  we  should  rather  say — of  the  Govern 
ments  of  the  Empire.  We  believe  this  can  best  be  achieved  by  the  free 
exchange  of  information  given  in  a  spirit  of  hearty  co-operation.  Accord- 
ingly Mr.  Henderson,  realising  that  the  activities  of  the  Committee  of  the 
Privy  Council  and  its  Advisory  Council  might  create  serious  confusion  and 
overlapping — especially  at  the  present  time — if  they  proceeded  in 
ignorance  or  neglect  of  the  work  done  by  the  departments  of  State  in  the 
same  field,  announced  in  the  Wliite  Paper  that  arrangements  would  be 
made  by  which  the  Council  would  "'  keep  in  close  touch  with  all  Govern- 
ment departments  concerned  with  or  interested  in  scientific  research." 

Research  and  the  Empire. — The  Victorian  Government,  in  a  despatch 
dated  October  5,  1915,  to  the  Secretary  of  State  for  the  Colonies,  stated 
that  they  were  desirous  that  the  scheme  described  in  the  White  Papc 
[Cd.  8,005]  should  be  ""  extended  to  the  Dominions,  in  order  that  the 
State  of  Victoria  may  receive  the  benefit  of  this  most  important  move- 
ment," a  proposal  which  was  endorsed  by  the  Premier  of  New  South 
Wales,  and  the  Commonwealth  Government  at  a  later  date  decided  to 
work  out  a  plan  for  the  whole  of  Australia.  A  strong  committee,  ap- 
pointed by  the  Commonwealth  Government,  reported  in  favour  of  the 
establishment  of  a  national  research  institute  under  the  charge  of  three 
directors  with  an  advisory  council,  and  the  Government  accepted  the 
proposal  in  its  main  outhnes.  Meantime  the  Committee  of  Council 
had  submitted  a  memorandum  to  the  Colonial  Office  for  communication 
to  the  Dominions,  containing  suggestions  as  to  the  various  ways  in  which 
the  home  organisation  might  co-operate  with  similar  organisations  in 
other  parts  of  the  Empire.  In  Canada  a  similar  movement  has  begun, 
and  an  Order  in  Council  was  issued  on  June  6th  establishing  machinerj' 
similar  to  that  in  this  country  for  the  encouraaement  of  scientific  and 
industrial  research.  The  New  Zealand  Government  also  have  the  matter 
under  consideration  for  they  have  referred  the  memorandum  of  the  Com- 
mittee of  Council  to  a  board  constituted  under  the  Science  and  Art  Act, 
1913,  "  for  opinion  and  advice."  We  have  not  yet  had  an  opportunity 
of  considering  in  detail  the  possibility  of  co-operation  with  the  Indian 
Government,  but  the  Messrs.  Tata,  the  generous  founders  of  the  L  dian 
Institute  of  Science  at  Bangalore,  have  assured  us  of  their  desire  to 
co-operate  in  any  researches  which  we  may  wish  to  initiate  in  India. 
The  organisation  of  research  witliin  the  Empire  must  inevitably  be  a 
plant  of  slow  growth,  yet  we  think  it  augurs  well  for  the  future,  that 
thought  should  move  in  parallel  lines  in  places  so  remote  and  under 
conditions  so  various.  It  is  obvious  that  the  existence  of  such  organisa- 
tions throughout  the  Empire  would  immensely  facilitate  our  own  task 
by  enabling  us  to  enlist  the  best  brains  for  the  attack  on  problems  of 
Imperial  significance  irrespective  of  the  researcher's  domicile. 

It  seems  probable  that  one  of  the  first  and  most  necessary  prelimin- 
aries to  joint  research  in  the  stricter  sense  will  be  found  to  be  the  making 
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work  is  needed,  beeanse  when  we  come  to  deal  with  the  great  industries 
which  have  an  output  worth  many  millions  sterling  a  year  and  employ 
labour  in  proportionate  amount,  the  problenis  to  be  solved  are  too 
manifold  and  too  complicated,  to  be  dealt  with  by  mdmdual  firms,  or 
even  we  mav  add.  bv  a  Government  Department.  "WTien  co-operation 
haj-  done  all  tha'  "  '-'■  in  the  common  interest,  there  will  still  remain 

a  mass  of  re<^''ar  .  to  be  done  by  individual  firms  in  their  own 

intereata,  which  will  amply  repay  the  cost  and  effort. 

LIST  OF  AIDED  RESEARCHES. 
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Liverpool.  Certain  firms 
and  public  electricity  sup. 
ply  undertakings  are  co- 
operating. 

Manchester  Municipal  SchL 
of  Technology-.  Certain 
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Odmmeroal^J^dustbial  Section. 


Publicity   and   Its   Relation  to   Engineering  Work, 


By  W.  E.  WARRILOW,  A.M.I.E.E. 


From  time  to  time,  during  the  past  10  yeai-s  there  have  been 
many  contributions  to  the  writings  on  publicity,  and  of  recent 
years  journals  have  become  established  to  represent  the  in- 
terests of  the  advertising  industry  from  various  points  of  view. 
The  columns  of  these  periodicals  display  a  tendency  towards 
the  creation  of  a  science  of  advertising  and  the  growth  of  what 
should  in  the  next  decade  prove  to  be  one  of  the  most  flourish- 
ing branches  of  commercial  and  industrial  activity. 

The  present  Great  War  has  demonstrated  the  importance  of 
publicity  in  an  international  sense,  albeit  it  has  witnessed,  on 
the  one  hand,  its  complete  degradation  by  the  agencies  of 
Prussianism,  and,  on  the  other,  an  entire  lack  of  appreciation 
of  its  merit  by  the  Allied  countries.  That,  however,  by  the 
way. 

The  subject  of  engineering  publicity — and  by  that  is  meant 
the  advei*tising  in  their  respective  markets  of  the  products 
of  all  classes  of  engineering  effort — does  not  appear  to  have 
received  that  serious  consideration  which  its  relation  to  sales 
would  justify.  The  engineering  advertisements  of  the  past 
quarter  of  a  century  suggest  that  publicity  has  not  been 
regarded  by  the  manufacturer  as  an  investment  ensuring  a 
definite  and  positive  return. 

The  advertisements  in  the  early  issues  of  the  pioneer  indus- 
trial journals — technical,  scientific,  commercial  and  engi- 
neering— suggest  that  the  "  copy  "  was  prepared  by  the 
secretary,  the  chief  clerk  or  the  "  head  of  the  stationery 
department."  The  managing  director  would  probably  in- 
struct one  or  other  of  these  individuals  to  "  drop  in  a  block  " 
and  a  few  lines  of  type,  and  would  then  forget  all  about  the 
advertisement  until  a  request  arrived  from  the  publisher — 
months  or  even  a  year  or  two  later — requesting  that  the  block, 
which  was  badly  worn,  should  be  replaced  by  a  new  one.  If 
this  demand  caught  the  manager  in  a  "  liverish  "  mood  he 
would  indignantly  reply,  cancelling  the  advertisement  !  The 
publisher  ''  got  wise  "  to  this  possibility,  and  when  the  copy 
was  not  changed  at  anytime,  he  replaced  the  worn  block  at  his 
own  expeise  ! 

It  is  only  of  recent  years  that  organised  attempts  have  been 
made  to  introduce  into  engineering  advertising  copy,  types, 
illustrations  and  grouping  which  raise  the  announcement  above 
the  level  of  a  newspaper  placard,  and  make  the  advertisement 
of  "  selling  "  value.  Advertising  in  the  early  eighties  merely 
displayed  a  welter  of  large  types  and  the  hideous  overcrowding 
with  reading  matter  of  the  spaces  purchased  Some  of  the 
pages  of  the  industrial  journals  looked  as  though  the  matter 
had  been  thrown  in,  shaken  down  ''  type  high  "  and  sent  to 
press.  Both  advertiser  and  publisher  were  to  blame  for  this 
sort  of  thing  ;  the  former  for  writing  as  his  copy  a  lot  of  capital 
letters  on  odd  scraps  of  paper,  and  the  latter  for  instructing  his 
printer  to  "  follow  that  exactly."  Happily  for  the  engineering 
industry,  this  view  is  undergoing  important  and  salutary 
changes,  both  in  its  relation  to  directive  policy  and  to  the 
class  of  men  which  is  entrusted  with  the  task  of  puttmg  this 
policy  into  effect. 


The  alterations  which  have  led  up  to  the  modem  clean  cut 
advertisement  have  mostly  come  from  the  side  of  the  adver- 
tiser, who,  utilising  the  improved  t^-pe  faces  available,  has 
modernised  his  catalogue  styles,  and  has  naturally  wished  to 
see  similar  typographical  improvements  in  his  trade  paper 
advertisements  ;  the  printer  has  by  degrees  fallen  in  with 
these  views,  and  now  uses  type  founts  which  are  mainly  in 
keeping  with  the  advertisers'  ideas.  The  advent  of  the  half- 
tone illustration,  with  the  introduction  of  highly- finished  and 
coated  papers  which  this  advance  necessitated,  coupled  with, 
many  improvements  in  printing  machinery,  have  materially 
assisted  in  the  great  change  for  the  better  which  has  accrued. 
Eegular  readers  must  have  noticed  with  a  sense  of  relief  the- 
more  "  open  "  advertisements  in  the  industrial  periodicals ;  a. 
few  bold  headlines,  one  or  two  illustrations  and  a  panel  or  two 
of  neat  text  descriptive  of  the  subject,  make  up  an  advertise- 
ment which  is  attractive,  and  is  likely  to  produce  inquiries. 
This  style  of  trade  announcement  is  becoming  more  general, 
and  it  is  inducing  the  reader  to  take  a  keen  interest  in  the 
business  pages  of  the  industrial  press. 

Improvements  in  engineering  advertisement  "copy"  are  also 
due,  apart  from  progress  in  types  and  printing  methods,  to  the 
more  stable  conditions  under  which  manufacturing  and,  there- 
fore, selling  are  now  conducted,  compared  with  the  state  of 
flux  which  characterised  all  pioneer  engineering  work.  The 
early  manufacturer  could  do  little  more  than  include  in  his 
advertisements  his  name  and  address,  and  a  list  of  what  he 
thought  he  could  make  if  he  was  asked  to  do  so.  Nowadays 
there  are  more  settled  designs,  standard  t^'pes  of  product  and 
specialised  manufacturing  to  be  taken  into  account.  Auto- 
matic machine  tools,  with  semi-skilled  labour,  prompt  quan- 
tity production  and  such  a  policy  accumulates  large  stocks, 
and  requires  selling  methods  which  must  ensure  the  disposal 
of  these  stocks  before  any  new  patterns  can  be  begim.  The 
rate  of  change  in  design  is  necessarily  slow.  This  feature  of 
modern  manufacturing  makes  it  imperative  that  advertise- 
ment copy  shall  be  written  with  a  definite  sales  purpose.  In 
the  electrical  busmess  it  is  especially  true  of  small  dynamos 
and  motors,  lamps,  installation  material  and  accessories, 
instruments,  cooking  utensils,  wires  and  cables,  dry  batteries, 
conduit,  illumuiation  fitments,  fans,  magnetos,  telephones, 
bells,  car  dpiamos,  motor  accessories,  ignition  cells,  and 
similar  products  which  experience  has  proved  can  be  turned  out 
better  and  at  lower  prices,  in  large  rather  than  small  numbers. 
Central  station  plant,  industrial  power  equipment,  electric 
railway  and  tramway  material,  and  much  other  special  machi- 
nery, which  is  made  only  to  order  and  is  supplied  to  specifica- 
tion and  against  public  tender,  comes  into  quite  another  adver- 
tising category.  The  heavy  art  paper  catalogue,  elaborately 
illustrated  and  expensively  bomid,  is  one  of  the  chief  aids  to 
publicity  in  this  field  of  engineering  enterprise.  Considerable 
sums  of  money  are  frequently  spent  in  the  compilation  and 
'■  illumination  "  of  these  monuments  to  the  ait  of  modem 
printing,  for  such  a  great  many  of  them  undoubtedly  are> 
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Te^-hnical  and  trade  newspaper  advertuing  is  conBequently 
quit<i  hubfiidiary  to  the  publicity  work  done  by  the  means 
THinrrad  to. 

Since  the  manufacturer  took  hi»  publicity  serioualr  the 
aflvertiKini^  manager  haH  b*?en  one  o!  the  knotty  probh'ms 
wliich  he  lia«  had  to  solve.      *•  *■■       •'■       '     rion  of  the 

aflvenjwment  manager  wah  •  knowledge 

of  typeH,  blocks,  copy  groupmg  and  deKign,  and  the  general 
paraj>)i<Tiialia  of  printing.  ThJK  flaw*  ol  publicity  man  kn«*w 
little  or  nothing  of  eiigmeering.  Hi«  copy  had  hist  to  be  sub- 
mitted to  the  engineering  departm«'nt,  in  order  that  its  tech- 
ni/;alitii'^  might  be  approv(?d.  In  himM'lf  he  had  not  Bufh- 
oient  engin<'<Ting  abilitv  t-  >  '  >•  tin*  rhi«*f  '  ••;->•«  of  the 
Hubjett  matt^-r  of   the  u<i   ■  nt.     .<Vn    ai         ■   ucnt    of 

tliii*  kind  naturally  invoIvi«  a  «on«i<lerabIe  expenditure  of 
time  ill  tin- foi:  iiofthea4l'. 

and  te<  hnical  d*  j....  ...ifntu.     Inii.- .. —  ,-•- 

in  which  the  efficiency  of  indivitlual  departments  is  a  desi- 
deratum  it  is  becoming  recoguibed  that  the  work  of  publicity 
*an   \n-Ht   be  el  I  to  a  man  who  ha»  ha<l  twlinical  and 

engineering  e.xj  .-,  and  who  al»o  ban  a  keen  interest  in 

»«lvprtii'ing  from  a  sales  point  of  view.  Such  men  are  now 
f'eing  given  their  opportunity,  and  are  bi-ginning  to  prove  their 

uortli.     They  can  bestdirett  the •'     *  '^  '■  —fist  and  printer 

who  have  not  in  theniH-lveh  f<-lt  <  •  dh-  engineering 

a'lvi-rtiKing  material. 

Till"   ><iiiii<-    p  '         '  will!  h   lia.'<  given  tlie  nianu- 

faetun-r  an  i-n^ ^      ;  Ih.h  publicitv  will  also  in  time 

fumifth  the  engineering  prew«  with  a  similar  typ«'  of  man  i.e.,  a 
tVi\i-H  engineer  -  to  have  control  of  the  bunineKs  pages. 

\\'\  ■  ■  I  ,.n.  ifl  to  he  looked  for  as  the  result  ol  these  changes 
in  «'(  ing  advertising  '.     The  writer  thinks  that  the  pu1»- 

Ijcity  Hule  of  manufacturing  should  be  given  its  corn«ct  place 
Hfl  an  <  I  adjunct   t«i  the  selling  departments  of  every 

indiistii...  ..,^.iiiiHiiti*»n.  The  "  wiIcr  engineer  "  has  develope<l 
«>ut  of  tin-  cotnmercial  traveller  (or drummer, as  he  is  sometimes 
ti»rm«l).  and  in  a  great  improvement  upon  him.  technically. 
'  ■  ■  <  iallv,  socially  ."Similarly,  out  of  the  advertising 
I!  1  ._  f  tli«T<-  will  rleveloji  a  ty]>«'  which,  for  want  of  a  better 
d'-Mcrijition,  the  writer  will  t«'rm  "publicity  engineers" — 
♦^gitieers.  that  is  to  say,  wh<»  have  Invn  through  the  technical 
hpI,,.,  K  .,..)  worked  at  the  iM'nch  and  have  proved  tln-ir  ability 
A**  II.   an«l    have   a   In-nt    for  journalism.     In   a   sales 

<  aparlty  they  have  also  demonstrate<l  that  they  are  not  with- 
out tin  f  and  '?  '  .  y  .\t  4tiie  time  the  engineer,  as  BUch. 
wouhl  hav<'  ill.  .  ifh  disfavour  up«in  the  idea  of  training 
himiM>lf  t<»  .•tell  the  proflurts  of  the  works  in  which  he  serve<l  his 
time  Hi-  f««ll  that  he  was  taking  up  the  business  of  engi- 
' ■    and  not    that    of  s  I    traveller.     Hut   ex- 

than  shown   that   "  ^  ^      "-ring  "  is  not  onlv  a 

mhJy  inteniiling  business,  hut  also  an  honourable  and  pn>- 
fltabli-  oiii-      It  is  no  longer  >''  for  an  r  to  go 

onl  and  wll.     lie  ran  enii-'-  .  xj..,i.iire  an<l 

lmowli><lge  to  the  b<«it  ad'.  \    p:uli'nlinl\ 

if  he  has  a  natural  aptitude  for  the  work 

The  V  '  '  ,,t   It   in  fn»in  this  i  la-v*  i.t   man   tlia; 

*he     '    I'  ^         I  ■■     is     to     Im'     drawn       Then-     an- 

«ln>ady  men  who  can  (pialifv  for  inclusiiin  in  the  rank 
«»f    publicity    '  "»       Ki  advertising    is    hrmg 

raw««<l   to  th«'  <li-  •    <d  <i   |.  ti,  and     ' 

in   it   may  derive  tion   It.  fact   i 

l»e«Mi  meml>ets  o{  that  profifision  for  some  veais  past.  They 
<an  al.Mt  feel  gratifii-il  that  ll  •••  will  bring  t«» 

their  ranks  many  l»rother  ei,^ i...<   f.  >.•.)  to 

Hft-Hx  through  a  course  of  saleji  engineering  as  s  ,  v  t<i 

the   faviinating  work     technical  and   engineering  withal,  of 
«tlverti.sing  .and  tn»de  ' 

I  he  need   for  adver        _  sr  priefaj  public  the  merits 

of  the  Kbvtrie  Sor>ice  was  not  n  I  in  this  rnunlr^- until 

alxMit   10  ye,.irs  ago       In  a  spomdir  kind  of 
lUHMy  havi>  f.M   '  ^. .....  ,,f  vears  pri'pn-    '     • 

and  ball.'.,  ,1,  _  what  ran  l>e 

'    "b^.  small  hot  plates  and  similar  domestic  electric  appli 

.10,  ,v      This  literature  was  distribtitcd  in  consideraWe  quM- 


titiefi  through  the  agencies  of  the  central  .station  engineers 
and  the  electrical  contractors.  To  some  extent  it  did  useful 
work  bv  informing  present  and  prospective  electricity  con- 
sumers that  electrical  energy  is  suitable  for  other  purposes  than 
m^-re  lighting.  Some  years  ago  the  London  Electricity  Supply 
Companies  co-operated  on  a  general  policy  which  had  for  its 
obje<t  the  preparation  and  distribution  of  an  '•  Electrical 
Bulletin."  A  considerable  sum  was  spent  in  this  way,  but  the 
publication  was  not  long  continued. 

The  ad  veil  i.sing  of  lamps  and  illumination  must  be  considered 
to  occupy  a  position  distinct  from  that  of  the  advertising  of 
domestic  electric  appliances.  In  the  first  place  the  electric 
lamp  patents  are  now  practically  settled,  the  manufacturers 
an*  grouped  into  a  powerful  association,  the  lamp  has  been 
standardistKl  for  all  voltages  and  candle-powers,  and  a  scale 
of  fixed  jirices.  ba.-^ed  on  the  quantity  purchased,  has  been  drawn 
up.  With  all  these  various  elements  in  a  stable  condition,  the 
question  of  advertising  electric  lighting  is  a  comparatively 
simple  one. 

The  domestic  appliances  which  are  intended  for  "  the  other 
uses"  of  the  Electric  Service  occupy  a  different  position  from 
that  of  electric  lamp  manufacture  and  trade.  American 
experience  of  this  class  of  business  is  useful  to  take  as  a  guide. 
After  passing  through  various  phases  in  the  development  in 
the  design  of  irons,  toasters,  kettles,  hot  plates,  small  fires 
and  other  apparatus,  U.S.  manufacturers  are  now  settling 
(\(}vn\  to  a  policy  of  quantity  production.  Having  agreed 
ujton  this,  thev  are  able  to  go  to  the  trade  and  the  public 
with  a  standardised  article  which  is  made  in  great  quantities, 
and  is  put  out  at  a  moderate  price.  The  manufacturer,  in  other 
wonls.  realises  that  there  is  a  certain  market  and  regulates 
his  "  make  "  acconlingly.  The  general  scheme  of  adver- 
tising then  fits  naturally  into  the  selling  campaign. 

The  work  of  the  .Society  for  Electrical  Development,  which 
began  in  the  Vnited  States  two  years  ago,  is  conducted  in 
co-operation  with  manufacturing,  selling  and  central  station 
interests,  and  is  a  proof  of  the  principle  that  tliese  intei-ests  must 
work  togi't  her  if  advertising  the  Electric  Service  is  to  succeed.* 

Hith«'ito.  such  electrical  publicity  work  as  liad  been  done  in 
this  country  has  largely  defeated  its  object — presumably  that 
object  was  to  sell  apparatus — because  the  advertising  was 
always  ahead  of  design  and  manufacture,  and.  therefore,  of 
selling.  On  the  other  hand,  if  the  design  of  the  apparatus 
possessed  serious  defects  the  resulting  breakdowns  would  cause 
•'  '      'on.  and  largely  deprive  further  advertising  of  its 

I  ...  _  'ting  value. 

At  the  pn.sent  time  the  Electrical  Development  Committee, 
forme<|  s<tme  two  yeais  ago  by  the  Incorporated  Mimicipal 
1' '  *'  '  ^  '  iation.  and  subsoquentlv  extended  to  embrace 
I  _  and  .selling  interests,  lias,  imfoitunately.  been 

unable  to  come  into  operation  owing  to  the  war.  In  the 
1  '  le  the  makers  of  electric  appliances  must  carry  on  in  a 

••  '•'■<•  *"ay  with  small  advertisements  in  carefully-selected 

jYapetn.  and  the  electric  lamp  makers  must  bear  the  somewhat 
heavy  n«sr»onsibility  of  reminding  the  public  of  the  existence 
of  the  Kj.vtrit  Ser>-ice.  in  their  newspaper  announcements 
winch  aic  in.w  a  feature  of  the  dailies  and  weeklies. 

Most  of  the  advertising  of  the  subsidiary  uses  of  the  Electric 
Ser\-ire  has  sufTeivd  from  a  too  great  insistence  upon  the 
The  illustrations  in  the  pamphlets,  showcards 
;  "*  generally  depict  a  gorgeously-attirttl  female 
tuming  on  an  eirrtrie  lamp,  using  an  electric  vacuum  cleaner 
'"■ ''  "'"  fri'tn  an  electric  chafing  dish.     This  form  of 

''  given  the  im]>re.ssion  that  domestic  electricity 

'  those   in    the  higher   stations    of    life.     Then 

again,  murh  of  the  advertising  has  been  planned  from  the 
P*""*  "^  '  '•  well-informed  electrical  man.  rather  than 

that  ol  !  ,.ly  ignorant  public.     It  seems  to  have  been 

drafted  upon  the  assumption  that  the  general  public  must 
the  heatbig  of  water,  the  making  of  toast, 
''',  the  running  of  fans,  vacuum  cleaners, 


prt^-f  iin|t  thiji  jxvtioi). 


in  the  .'>orioty"8    '  Americas  Elot  trical 
in  miniature  on  p.  180  of  the  Supplomont 


THE  ELECTEICIAN,  SEPTEMBER  15,  1916. 


389 


sewing  macliine  motors  and  innumerable  other  things  can  be 
done  by  electricity. 

There  is  still  an  enormous  amount  of  missionary  work 
to  be  carried  out  even  among  people  who  have  been  elec- 
tricity consumers  for  years  past.  The  writer  suggests  that 
this  missionary  work  can  best  be  undertaken  in  a  news- 
paper campaign  of  letterpress  advertising — i.e.,  by  a  form  of 
announcement  which  is  in  itself  a  complete  message  and  is 
conveyed  by  type  alone,  without  recourse  to  illustrations  of 
any  kind.  The  wording  of  these  "  electrical  messages  "  would 
not  be  difficult  to  agree  upon,  and  each  would  relate  to  some 
specific  use  of  the  Electric  Service.  For  instance,  a  few  drafted 
at  random  : — 

"  Electric  Light  l's  Safe,  Cheap,  Hygienic." 

"  An  Electric  Iron  is  the  Housewife's  Joy."' 

"You  can  Cook  b\'  Electricity." 

"  Your  Power  Agent  Must  be  an  Electric  Motor." 

"  An  Electric  Bedroom  Fire  Saves  Doctors'  Bills." 

"  Electric  Toast  is  Perfection." 

"  Haul  It  By  Electric." 

The  type  selected  should  be  bold  and  artistic,  with  plenty  of 
white  space  round  it,  and  the  advertisement  should  give  the 
address  of  the  local  electricity  works  or  show  rooms  and 
of  local  contractors.  Matrixes  of  these  advertisements 
should  be  prepared  and  supplied  to  the  newspapers  with  a  list 
of  the  dates  upon  which  they  are  to  be  inserted  ;  or,  as  an 
alternative,  the  matrixes  could  be  sent  to  the  central  station 
engineer  and  he  would  arrange  for  the  appearance  of  the 
.messages  in  due  season.  A  small  annual  levy  upon  central 
station  undertakings,  and  a  contribution  from  the  electrical 
jmanufacturers,  factors  and  contractors  would  raise  a  sum  of 
.money  sufficient  to  pay  for  a  newspaper  campaign  similar  to 
that  sketched  out  above.  Advertising  of  this  kind  would  keep 
matters  electrical  alive  in  the  public  mind  and  be  in  keeping 
with  the  rate  at  which  British  manufacturers  are  now  able  to 
produce  and  market  domestic  electrical  appliances. 

Until  the  manufacture  and  selling  of  subsidiary  electrical 
appliances  can  be  undertaken  in  this  country  on  a  scale  which 
will  justify  a  national  electrical  campaign,  the  writer  suggests 
that  the  missionary  type  of  advertisement  be  employed.  It 
will  take  at  least  two  years  after  the  peace  to  establish  the 
jnanufacture  of  these  appliances  on  such  a  scale,  and  in  the 
.meantime  the  press  and  the  hoardings  will  remain  silent  upon 
the  merits  of  the  Electric  Service  unless  something  is  done. 


stations  of  the  combined  undertakings  is  installed,  so  that  no  further 
capital  will  need  to  be  raised  in  the  immediate  future.  This  should 
prove  beneficial  to  the  interests  of  the  ordinary  shareholders. 


COMMERCIAL    TOPICS. 


■Ti.    M  *        vi         ^^  another  column  we  give  the  report  of  the 
The  Metropolitan    c^m^ittee    of    Shareholders    which    was    ap- 
Blectnc  Supply  to,  ^Qj^ted  at  the  meeting  on  March  22  last.     The 
Committee  state  that  the  arrangement  which  they  submit  for  con- 
firmation is  in  the  best  interests  of  the  shareholders — namelj',  the 
addition  of  new  independent  directors  (Messrs.  A.  W.  Tait,  Geo. 
Balfour  and  Geo.  Verit}')  to  the  board.     They  are  also  of  opinion  that 
no  useful  purpose  can  be  served  by  referring  to  the  matters  of  con- 
troversy raised  at  the  meeting.     Reports  of  exjjerts  employed  by 
the  Committee  to  investigate  and  advise  upon  certain  points  will  not 
be  published,  but  will  be  placed  at  the  disposal  of  the  reconstituted 
Aboard.     The  course  suggested  seems  to  be  a  wise  one  and  in  the 

interests  of  all  parties. 

*         *         *         * 

...  ,     .     _    .  The    Victoria    Falls    &    Transvaal    Power    Co. 

a     aus        appears  to  have  made  good  progress  during  1915, 

Fewer  Scheme.  ^^^  ^^^^  receipts  having  increased  from  £573,600 
to  £757,300,  and  the  net  profit  from  £170,800  to  £223,100,  though 
administration  and  management  expenses  in  Johannesburg  ad- 
vanced 61  per  cent,  and  in  London  and  Salisbury  38  per  cent.  The 
improvement  is,  no  doubt,  due  to  the  increased  volume  of  work  on 
the  Rand  last  year.  The  last  arrears  of  the  preference  dividend  have 
been  cleared  ofl^,  and  the  ordinary  shareholders  should  soon  receive 
a  dividend,  though  debenture  redemption  service  commences  this 
year.  The  second  large  turbo-generator  at  Brakpan  has  been 
brought  into  commission,  and  the  whole  of  the  plant  for  all  the  power 


Preference  in 

Electricity 

Contracts. 


The  importance  of  having  a  carefully-drawn 
agreement  for  the  supply  of  electricity  is  clearly 
shown  by  an  incident  which  recently  occurred  at 
Rochdale.  Certain  large  consumers  obtained 
their  supply  of  electrical  energy  from  the  Corporation  under  special 
contracts,  and  one  firm,  whose  agreement  contained  (in  addition  to  a 
coal  clause)  a  provision  that  "they must  be  supplied  at  as  low  a  price 
as  other  large  consumers  in  the  town,"  contended  that  they  were 
entitled  to  better  terms  than  thej'  had  hitherto  had.  After  discus- 
sion, the  point  in  dispute  was  referred  to  Sir  John  Snell,  who  has  now 
given  his  award  in  favour  of  the  firm.  This  decision  means  a  rsfund 
of  over  £300  for  energy  supplied  up  to  March  31st  last,  and  in  future 
the  firm  will  receive  their  supply  on  the  same  basis  as  three  other 

large  firms  in  the  town. 

*        *        *        * 

p  •+•  h  P  +  "n  -^  Roval  Proclamation  has  been  issued  requiring 
British  Property  m  ^^^^^^  ^^  i^^  ^^^^^  ^f  British  propertv  in  enemy 
Enemy  Countries,  ^ej^jtory  and  claims  by  British  subjects  against 
enemy  persons  and  enemy  Governments. 

The  Pi'oclamation  orders  that  all  who  are  entitled  to  property  of  any 
description  whatsoever  in  enemy  territon,'  or  to  any  interest  in  such 
property,  or  have  claims  against  enemy  persons  or  enemy  Governments, 
forthwith  to  make  returns  of  their  said  property  or  claims.  It  is  not 
necessary  to  make  returns  respecting  property  or  claims  whereof  returns 
have  already  been  voluntarily  made.  The  officers  appointed  to  receive 
the  returns  are  :  (a)  In  the  case  of  property  in  enemy  territory  and  of 
claims  against  enemy  persons,  the  Public  Trustee,  Kingsway,  London, 
W.C.  (6 )  In  the  case  of  claims  against  enemy  Governments,  the  directors 
of  the  Foreign  Claims  Office,  Foreign  Office,  London,  S.W. 

Claims  against  persons  in  enemy  territories  and  against  enemy  persons 
must  make  returns  to  the  Public  Trustee,  Kingsway,  London,  W.C. 
Claims  against  enemy  Governments  must  be  sent  to  the  Directors, 
Foreign  Claims  Office,  Foreign  Office,  London,  S.W. 

*  >K  *  * 


The  Commonwealth  CJovemment  recently  de- 
cided that  enemy  goods  imported  before  the 
war  must  not  be  sold  by  wholesale  houses  after 

Sept.  30,  nor  retail  houses  after  Nov.  30.     These  dates  have  now  been 

extended  to  Oct.  31  and  Dec.  31  respectively. 


Enemy  Goods 
in  Australia. 


IMFCRTS    AND    EXFORIS  OF  EIECTRICAL 
MANUFACTURES. 

From  Sept.  2,  1916,  to  Sept.  8,  1919. 

IMPORTS. 

Folkestone.— Fra«c«  .•  Elec.  carbons,  34  pkgs.  ;  glow  lamps,  2  pkgs. ;  urenumera+ed 
19  cases,  12  pkgs. 
CRmsBY.— France  .■  Unenumerated,  19  cases. 
Li-VERFOOi..— U.S.A. :   Electrodes,  87  cases  ;  insulated  wire,  42  brls. ;  unenumerated, 

London.— t/.5./l.  .•  Insulated  material,  5  brls.  ;  carbcn  candles,  £519  ;  wire  and  cable, 
£570-  flephcne  material,  £386  ;  unenumerated,  £4,701.  Holland:  Elec.  lamps,  634 
pkgs'-  elec  glow  lamps,  £6.315;  unenumerated,  £1.889—378  pkgs.  Japan;  Un- 
enumerated, £1,517.     Switzerland:   Unenumerated,  £28.     Sweden:   Glow  lar:  ps,  £250 

EXPORTS. 

To  Australasia.— y4»fWa«rf.-  Elec.  machinery,  £30  ;  unenumerated,  £201.  Md- 
bourne-  Wire  and  cable,  £17,262;  elec.  machinery,  £108;  telegraph  materia,  £32; 
unenumerated,  £2,355.  Sydney:  Elec.  machinery,  £1,319;  telegraph  material,  £80; 
wire  and  cable,  £1.079;  unenumerated,  £1,376.  Wellington:  Elec.  lamp?.  860  no  ; 
wire  and  cable,  £1,209;  unenumerated,  £11,300.  Lyttelton :  Wire  and  cab  e  £761  ; 
unenumerated.  £144.  Dunedin  :  Wire  and  cable.  £298  ;  telegraph  material  £112  ;  un- 
enumerated, £10.  Adelaide:  Wire  and  cable.  £266  ;  elec.  machinery,  £780  ;  unenu- 
merated £625.  Chrisichurch  :  Wire  and  cable,  £169  ;  telegraph  matenaL  £4C0  ;  unenu- 
merated. £40.  Perth:  Wire  and  cable,  £121  ;  unenumerated,  £168.  h abort :  Unenu- 
merated £227.  Fremantle:  Unenumerated, £34.  Perth:  Unenumerated. £224.  Napier: 
Unenumerated,   £29.    Brisbane:    Unenumerated,   £131.     Wansanni :    Unenumerated, 

^^A^RlC^— Durban:  Elec.  machinery.  £123;  wire  and  cable,  £! .510  ;  elec.  lamps, 
ll-'34no  •  unenumerated,  £1,209.  Cocf  Toj^w  .•  Unenumerated, £653.  Port  Elizabeth 
Elec.  machinery,  £21  ;  wire  cable,  £537;  unenumerated,  £105.  East  London:  Elec. 
machinery,  £50  ;  nenumerated,  £127.  Beira :  Unenumerated.  £297.  C hi nde :  Un- 
enumerated, £25.  Basra:  Unenumerated,  £3,490.  Zanzibar:  Telegraph  matenal, 
£367  ;  wire  and  cable,  £22  ;  unenumerated,  £30.    ^        ^   ^  ^,  ,.  ,_    .^ly. 

Eo?YT.— Alexandria :    Unenumerated.  £92.     Port  Sudan:    Elec.  machmery,  £400 
unenumerated.  £613.     Suez:  Unenumerated,  £67. 

Malta.— Telegraph  material,  £253.  „j  „,ui„ 

India.  Ceylon.  Indo-China  and  Straits  SETTLEMFNTs.-Som'-ay  .•  Wu^  and  cable 
£478;  elec.  machinery,  £63  ;  unenumerated,  £1,001.  Calcutta:  Wire  and  cable  £2,945 
elec  machinery,  £143;  unenumerated  £2,173  Madras:  Elec  n^achinery,  ^  ^ire 
and  cable.  £1,213;  unenumerated.  £215.  Colombo.-  Vnenvmerated.  £59  Port  Swet- 
tenham:  Unenumerated,  £459.  Penang  :  Elec.  machinery,  £70  ;  ^ylre  and  cable,  £157  , 
unen umerated ,  £345.  Bankok :  Unen umerated .  £22.  Singapore:  Unenumerated .  £256 
KaraM  E\ec  machinery,  £503 :  unenumerated.  £12.  Kilindini:  Wire  and  cable 
£70      telegraph  material,  £268 ;    unenumerated,  £233.    Sourabaya :    Elec.  machmery, 

''^A,Nr-s"r«S'.' Wire  and  cable.  £998  elec.  --^--L^//'°  =  „tt  '^wlf^ 
6,650  n.o.;  unenumerated,  £234.  Tientsin:  Elec.  machinery,  £327.  Hankow.  Wire 
andc;lile,  £76;   unenumerated.  £70. 

Cf.titD\— Toronto  :  Elec.  machinery,  £38. 
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Durban :  Elec.  flow  la'npa,  0,2.!; ; . 

NoTB. — ^The  Ui-ge  numb«^r  of  itrma  in  thp»e  official  retumt  under  the 
mkleading  bca<linK  "  Mn>-ntim'*rat<<i  "  rdato  to  wb&t  ia  described  ■« 
"  electric*!  gooda  "  and  "  fi'-rtriml  mat/TwU." 


EDUCATIONAL. 


University  ol  Manchester.  -The  immion  will  Ijojfin  on  Oct-  5. 
Coniplflc  thiMtn'tual  itnd  pnu-tirAl  truiiunir  in  pruvicifni  for  Ktudonts 
jin'j»iirin(f  for  tiic  biphcr  ]  riiit;  I""o- 

fciMtKin,     At  the  ond  of  a     ..  ly  ol»tain 

either  an  ortlinary  or  an  honoum  clejfrpo  of  R.Sc.  in  electrical  engineer- 
ing. '  ■  ,  tlin-*'  yean*.  j»n'|>.ireH  for 
aeerti!  ,  ^  .lolm  H<)iiiiins<jn  Ijilxjra- 
torieM  are  lilted  with  modem  eliH-theal  nia<hinery  and  testing 
apfjlijii.  ..  ,  ,  .  '1  f(,r  (Hliicationul  and 
reitrnf'                     i  mm  tJic  He^fistrar. 

Armstrong  College  University  of  Durham  ,  Newcastle-on-Tyne. — 
Th<'  next  HK-i.,||  I .  iiiiiii  1:'  l!'..      full  j».irtj(  lilars  relating 

to    tiie    (le|>.iriiiii'iii».    of    i    .  marine,    civil    and    eU'ctricul 

engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
|iure  fM'ir-nrf,  nria  and  eummerc«  mav  be  obtained  from  the  He<-retarv, 
Mr.  K.  M.  I'nien.  M..\. 

Royal  Technical  Collefe.  Glasgow. -The  WMkin   1016  17  begins 
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f  1 1 "     '  •      1 1  r   <  t.    , '      "     ■     ' 

el'  "n>;iii<< 

in  civil  and  mef-honical  • 

m   '  •'-    -   '      -  •      ■      ' 

iii 

(III  >o|it.  l'«itlt  Ai)<l  2.iii,      Thr^v  . 

of  £.'»»  e«rh  *»lll  lie  iiflem<l  fi-r 

lion.      The  rourw^a  mrluiie  |- 

and  exteii:!  «i\rr  four  >T>«ra.      1' 

li.Sr.  in  K.nguiecnng  at  the  I'--". 

optica  ilefMirtnienl  Iberr  ar»»  ( 

ir- 


In  the  day  engineering  eollc^:i 


<ir  a]iecialuialkm  m  auto- 

'    trical  engineer- 

II   lakea  place 

iM  hiilaralii|>a  of  the  value 

;  at  Ibernlr   -  -.-.mina- 

in  roniiiiei'  kaho|ia 

fi«r  tiie  ilrgree  of 

In  tb'>  '—  >  ••^'-al 

in  ..  '\r» 

•  >n 


•«■  :.  ...,•   .       -  •■     1  ..:  ,....;....  ,.;    ..;    the 

entrance  examinaliou.     I'ariiculara  a«  to  fee*,  dalt^i,  ttc.,  can  be 
«■'  "ule  or  on  apjJicalifni  lo  the  Principal.  IH".  R. 

M 

Manchester  Scho«i|  of  TechDolofir 
M.uii  bcjiirr  I 
\  tiled  III  nic' 
niunici|)Al  rii. 
arrbr 
will  I        , 
Wiah  lo  take  roii  -  in  H  M.  K 

The  iwrmprctii*  ui  the  rnirrrMty  counwt  in  U»c  iDl(>  IT 


eve 

gen 


been  issued  and  gives  full  particulars  of  the  instruction,  fees,  conditions  of 
admission  to  classes,  &c.  The  school  of  technology  affords  a  systematic 
training  in  all  branches  of  engineering,  the  chemical  and  textile  industries^ 
&c.  There  are  part-tixne  day  courses  for  engineers'  and  other  appren- 
tice, and  there  are  also  part-time  evening  courses,  the  latter  coiirse^ 
erU-nding  over  five  years.  There  are  weU-equipijed  laboratories  for 
practical  and  research  work. 

Battenea  Polytechnic— At  this  Polj-technic  there  are  day  courses 
in  the  electrical  engineering  department  for  the  B.Sc.  (Eng.)  of 
Lrjndon  University  and  for  the  Polytechnic  diploma.  There  are  also 
I  rues  in  direct  and  alternating  currents,  electrical  design,, 
and  tran.sniisaion,  electrical  costs,  electric  lighting  and 
illumination  and  electric  traction.  .Sectional  calendar  Id.  (post 
free  2d.).  Calendar  of  evening  cla.sses  gratis  on  application  to-  the 
Hf*<retary. 

South-Western  Polytechnic— This  Polj-technic  will  reopen  oa 
.Sfjjt.  2o  fur  day  and  evening  cla.sses.  The  Engineering  Courses 
include  lectures  in  electrical  and  mechanical  engineering,  physics^ 
chemistry  and  mathematics,  and  practical  instruction  in  the 
laboratorie.'^.  There  is  a  complete  three  years'  day  course  (leading 
to  a  dij.lc.ina  or  University  Degree  in  electrical  engineering),  and 
also  a  four  years'  evening  course  suitable  for  electrical  engineering 
and  wirt'inen's  examinations  of  the  City  and  Guilds  Institute. 

Studcnt.H  are  prepare*!  by  recognised  teachers  of  the  University  of 
Lf>n<l(>n  for  thelJ.Sc.  degree  in  engineering,  for  the  examinations  at  the 
Engineering  Institutions  and  of  the  City  and  Guilds  of  London  Institute. 
The  evening  courses  also  include  classes  in  electric  wiring  and  other  trade 
Bubjc-cts.  In  the  electric  wiring  department  an  advanced  course  has  been 
arranged  for  the  prc])aration  of  candidates  for  the  final  wiremen's  exami- 
nation of  the  City  and  Guilds  of  London  Institute.  Arrangements  have 
boon  nia<le  for  pia/  ing  students  who  have  passed  satisfactorily  through 
the  three  years"  day  course  in  positions  with  large  engineering  firms,  and 
hitherto  such  firms  have  offered  more  vacancies  than  the  Institute  has 
been  able  to  fill  with  its  students.  Prospectuses  may  be  obtained  from 
the  .'^ecretari-,  Manrc-a-roa<l,  Chcl.«ea,  London,  S.W. 

West  Ham  Municipal  Technical  Institute.— The  session  1916-17 
will  commence  on  the  20th  September. 

In  the  c!c<  trical  engineering  department  there  are  full  day  and  evening 
courM*  in  ilcctrical  engineering  in  preparation  for  the  B.Sc.  degree  of 
Ix>n<lon  University  and  for  the  City  and  Guilds  technological  examination 
in  electrical  engineering,  telegraphy,  telephony  and  wirenians  work. 
There  are  also  a  shortened  two-year  day  course  and  part-time  day  classes 
in  electrical  engineering  arranged  with  the  co-operation  of  local  engineer- 
ing emjdoyers.  to  enable  students  to  obtain  a  training  in  electrical 
engine<'ring  under  more  favourable  conditions  than  is  possible  in  evening 
cla^iiww.     !'arti(  ulars  may  be  obtained  from  the  Principal. 


BUSINESS  NOTICES. 

Tne  Damard  Lacquer  Co.  (Ltd.),  of  98.  Bradford  street,  Bir- 
niingb.in).  ban  taken  over  the  works  of  the  Bakelite  Co.  (Ltd.).  which 
liMH  I  ••t-n  wiund  up  by  the  Board  of  Trade,  at  Orb  Works.  Cowley, 
Middleacx,  for  the  manufacture  of  "  Formite "  sjnthetic  resin 
jiriMlucta.  TncM'  premises  will  in  future  be  known  as  Bridge  Works, 
(Viwley,  nnl  in(|uirieH  respecting  these  products  will  be  treated  at 
08.  HrA4ifortl-Rtroet,  Birmingham,  as  in  the  jjast. 

It  in  annnun(Y>d  that  W.  T.  Henley's  Telegraph  Works  Co.  have 
reinoMil  their  Ikiinlmy  branch  from  7,  Huuimuin-sLreet  to  larger 
preniJM**  at  10.  Fort-street. 

Plant  for  Sale.  -Messrs.  Marshalls,  Gainsborough,  have  a  2^  H.P. 
•>  H-irtiidl  electric  motor  and  an  E.C.C.  compound-wound 
.1  f'lr  .-vile. 
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ELECTRICITY  SUPPLY. 

iiiiauiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii! 

EXTENSIONS. 
Battened  (London*.— The  Electricity  Committee  projwsea  to  pur- 
ehft*<  .ture  fnmi  Messrs.  liellis.s  &  M<mom  for  £710. 

KlrK ., .      .  ,1'  burgh  electrical  engineer  (Mr.  t).  F.  Francis)  has 

re|».rte<|  on  the  cajwcity  of  the  prt>seut  electricity  works  and  on 
r»  '  jiower. 

uns  correspondence  between  the  I'ife  Power  Co., 
'he  b'  ;.  thp  town  clerk  and  Mes-srs.  lianry.  Ostlere  &  Shep- 

"•     '  '     '  '   r  ft.,  a<ldition.Tl  supply  of  power,  which  the 

'  <v     The  l-'ifc  Power  Co.  is  willing  to  supply 

I"  '  in  its  Act  of  I'arli.'unent. 

■  the  company  prjw- tic  ally  .isked  th»t 

the  Corporation,  but  he  considered  it  a  very 

.U'<l  a  hostile  attitude  on  the  )>art  of  the  com- 

What  made  matters  more  serious  wa«  that  the 

•    nivitation  of  on"  of  the  largest   and  most 

^h      The  town  clerk  con.-.idere<!  that,  the  de- 

■    .    1  \i\  the  <.oD)|*M,^  fure<hadowcd  the  pronvotioo  by  them  of  a  pro 
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visional  order.  While  he  felt  sure  the  Council  would  receive  fair  treat- 
ment  from  Parliament,  they  should  take  care  that  they  were  able  to  show 
that  they  had  done  all  that  was  reasonable. 

On  Monday  the  Council  decided  to  ask  Sir  John  Snell  to  report  upon 
the  matter. 

Rawtenstall. — The  Council  have  been  authorised  by  the  L.G. 
Board  to  borrow  £2,216  for  mains  in  connection  with  the  supply  of 
electricity  in  bulk  to  Haslingden  and  for  other  purposes. 

Sheflleld. — Mains  are  to  be  extended  at  an  estimated  cost  of 
£1,846  to  supply  energy  to  new  consumers. 

Instructions  have  been  given  for  the  free  .supply  of  current  to  various 
piemises  used  as  residences  for  Belgian  Refugees  to  be  discontinued. 

Swansea. — The  Electricity  Committee  is  in  negotiation  with  the 
Harbour  Trust  on  the  question  of  all  the  electrical  energy  required 
at  the  docks  being  supj^lied  by  the  Corporation  in  the  same  way  as  it 
is  now  supi>lied  to  the  tramways. 

It  has  been  decided  to  extend  the  electricity  works  at  a  cost  of  from 
£20,000  to  £25,000,  so  as  to  enable  the  department  to  give  the  supply. 

It  has  been  agreed  to  grant  increases  of  3s.  a  week  to  employes  who  are 
members  of  the  Amalgamated  Society  of  Engineers  and  to  decrease  the 
hours  worked,  including  a  12  o'clock  stop  on  Saturdays. 

GENERAL. 

Aberdeen. — A  proposal  to  give  a  supply  of  electric  current,  on  a 
new  five  years'  contract,  to  the  North  of  Scotland  Fish  Guano  Co. 
caused  some  discussion  at  the  Council  meeting  last  week. 

Baillie  Fiddes  moved  that  the  matter  be  taken  back  for  further  con- 
sideration. He  asked  if  the  Council  were  aware  that  the  Fish  Guano  Co., 
although  an  insignificant  user  of  electricity  compared  with  Messrs. 
Richards,  would  get  it  at  a  much  smaller  price.  They  would  get  for  £416 
what  Mes.srs.  Richards  paid  £668  for.  It  was  a  departure  from  the 
ordinary  charges,  and  demanded  very  careful  action. 

The  convener  (Councillor  Gibb)  pointed  out  that  Messrs.  Richards 
had  but  a  12  hours'  load,  and  the  other  company  a  24  hours'  load. 

The  matter  was  referred  back. 

Coniston. — Electric  supply  was  switched  on  here  for  the  first  time 
on  the  21st  ult.  by  the  Coniston  &  District  Electric  Supply  Co. 

The  company  erected  hydro-electric  works  at  Miners'  Fall,  and  current 
is  conveyed  by  overhead  mains  to  the  village.  The  scheme  was  designed 
by  Mr.  Chas.  PuUan,  of  Bradford,  the  turbine  contract  being  entrusted 
to  Messrs.  James  Cordon  &  Co.  and  the  electrical  work  to  Messrs.  Cox- 
Walkers,  of  Darlington.     The  resident  engineer  is  Mr.  F.  Turnbull. 

Epsom.- — At  the  meeting  of  the  Council  last  week  Mr.  Langlands 
asked  for  an  explanation  of  the  electric  supply  failure  in  a  part  of  the 
town  on  the  previous  Saturday  evening. 

In  reply,  it  was  said  there  had  been  a  great  deal  of  trouble  owing  to  the 
wet  weather,  and  it  was  quite  possible  they  would  have  further  trouble 
during  the  coming  winter.  The  difficulty  was  the  impossibility  of  carry- 
ing out  the  reconstruction  required.  The  electricity  department  would 
like  to  do  it,  but  they  had  no  money    and  they  could  not  get  the  cables. 

Revised  Charges  for  Electrical  Energy.— Aberdeen  Corporation  has 
reduced  its  power  and  lighting  rates  by  5  per  cent. 

The  Notting  Hill  (London)  Electric  Lightinq  Co.  has  decided  to  make  a 
minimum  charge  of  10s.  for  current  supplied  through  slot  meters.  Eact- 
bourne  Council  is  increasing  its  charges  for  current  for  lighting  by  -Id.  per 
unit.  Hexham  db  District  Electric  Sapjih/  Co.  is  increasing  its  rates  from 
6d.  to  7d.  per  unit  for  lighting,  2d  to  2M.  for  power  and  21d.  to  3d.  for 
heating. 

Rochdale. — The  dispute  between  the  Electricity  Committee  and 
the  Tyre  Yams  Co.  as  to  the  sujjply  of  electricity  was  again  con- 
sidered by  the  Covmcil  on  the  7th  inst. 

The  points  at  issue  were  submitted  to  Sir  John  Snell,  whose  decision 
should  be  binding  on  both  parties.  The  award  has  now  been  issued  and 
is  in  favour  of  the  company,  who  are  to  receive  a  refund  of  over  £300  for 
energy  supplied  up  to  March  31,  1916,  and  for  this  year  they  are  to  be 
placed  on  the  same  basis  as  three  other  large  firms. 

The  chairman  of  the  Committee  (Councillor  Walker)  said  the  contract 
with  the  company  was  the  first  to  contain  a  coal  clause,  and  compared 
with  other  large  contracts  that  firm  was  at  a  disadvantage.  It  was, 
however,  part  of  a  bargain,  and  was  accepted  by  the  company,  which  was 
the  biggest  consumer. 

Councillor  Shawcross,  whose  firm  was  one  of  those  referred  to,  said 
so  far  as  he  was  concerned  he  wished  to  goodness  he  had  never  seen  the 
electricity  of  the  Corporation,  for  the  reason  that  during  the  first  year  the 
firm  had  been  charge<l  £300  for  electricity  that  they  did  not  use  owing 
to  the  war. 

Sir  J.  E.  Jones  said  that  in  the  Tyre  Yarns  Company  agreement  there 
was  a  clause  that  they  must  be  supplied  at  as  low  a  price  as  other  largo 
consumers  in  the  town.  They  were  surprised  to  find  such  a  clause  in  the 
agreement,  but  even  if  it  had  not  been  there  there  was  the  same  stipula- 
tion in  the  Act  of  Parliament. 

Aid.  Blomley  said  that  when  the  contract  was  entered  into  there  was 
no  thought  of  war  in  their  minds,  and  they  were  of  opinion  that  prices  for 
coal  and  labour  might  be  easier.  T\re  Yarns  asked  to  be  put  under  a 
coal  contract,  and  the  Corporation  would  have  benefited  if  prices  had  gone 
down,  as  was  anticipated. 

The  minutes  of  the  Committee  were  then  passed. 


South  Shields. — The  salary  of  the  borough  electrical  engineer  (>Ir 
H.  S.  Ellis)  has  been  increased  from  £450  to  £500  per  annum. 

Stretford. — The  Electricity  Committee,  which  reports  continued 
shortage  of  supplies  of  coal,  has  been  in  correspondence  with  the 
contractor,  the  Board  of  Trade  and  the  Coal  and  Coice  Supplies 
Committee. 

The  Committee  is  of  opinion  that  ever%-  effort  should  be  made  to  secure 
its  rights  under  the  coal  contract,  and  recommends  the  Council  to 
authorise  the  chairman  and  the  clerk  to  take  such  action  (legal  or  other- 
wise) as  may  be  necessary.'" 

Walsall. — The    Electricity    Committee    recommends    that    the 
exisMng  charges  foi^ 'CUWent  should  not  be  increased. 

The  agreement  with  thcTalbot-Stead  Tube  Co.  for  a  supply  of  energy 
to  their  works  at  Leamwre  is  to  be  cancelled  and  a  new  agreement  entered 
into  for  additional  supply  for  a  term  of  three  years,  commencing  on  the. 
date  when  the  extra-high-tension  supply  from  the  new  station  is  available 
Subject  to  a  satisfactory  guarantee,  the  mains  are  to  be  extended  and 
the  necessary  switchgear  and  transformer  installed  to  give  a  supply  of 
current  to  the  Electrical  Conduits  (Ltd.)  ;  and  an  agreement  is  also  to  be 
entered  into  with  Eyland  &  Sons  for  giving  supply  of  ciurrent. 


TRACTION   NOTES. 


Birmingham.- — The  Corporation  has  applied  to  the  Board  of  Trade 
for  an  extension  until  Sept.  6,  1917,  of  the  periods  limited  by  the 
Corporation's  1912  and  1913  Light  Railway  Orders  for  the  com- 
pletion of  works  authorised  thereby. 

Doncaster. — A  portion  of  the  Bentley  tramwaj-s  tracli  is  to  be 
reconstructed  by  the  Council. 

Gateshead. — The  Town  Improvement  Committee  recommend  the 
Council  not  to  approve  the  promotion  of  the  suggested  BiQ  for 
linking  up  the  tramways  systems  of  Newcastle  and  Gateshead-  by 
means  of  tramways  across  the  High  Level  bridge  imless  proper  pro- 
vision is  made  in  it  to  safeguard  the  interests  of  Gateshead. 

Ilkeston. — On  the  5th  inst.  the  Council  decided  by  14  votes  to  3  to 
transfer  their  tramway  and  electricity  undertakings  to  the  Notts.  & 
Derbyshire  Tramways  Co.  for  the  consideration  of  £28,150. 

Leeds. — The  question  of  paj'ing  a  war  bonus  to  women  conductors 
on  the  tramways  was  discussed  by  the  CouncU  last  week. 

Aid.  Wilson  pointed  out  that  the  women  formed  a  temporary  staff ; 
they  came  into  the  Corporation  staff  after  the  war,  and  had  therefore  not 
been  paid  a  bonus.  He  did  not  think  it  could  be  argued  that  they  wera 
underpaid  when  they  received  27s.  6d.  and  overtime.  The  women  got 
two  uniforms  a  yea,T,  against  the  male  conductors'  one.  The  women 
were  in  a  bit  of  a  hurry  to  ask  for  an  increase.  They  were  talking  of 
striking,  but  "  Let  them  strike,"  he  said,  "  although  that  would  not  be- 
an easy  thing  to  do,  as  the  tramway  undertaldng  was  a  controlled 
establishment.  If  they  were  dissatisfied  they  should  leave.  The  annual 
cost  of  the  increased  war  bonuses  would  jirobably  be  more  than  £8,000 
or  £9,000. 

The  increased  war  bonus  as  proposed  by  the  General  Purposes  Com- 
mittee was  adopted,  the  question  of  extra  pay  to  the  women  conductors: 
being  passed  over. 

L.C.C.  Tramway  Power  Station. — Some  of  the^  boilers  at  the 
Council's  generating  station  at  Greenwich  are  being  altered  so  as  to 
adapt  them  for  using  cheaper  coal  than  that  hitherto  used.  Last 
year^coal  cost  £75,000  more  than  the  previous  year.  |:ij)v?^*|^^[^ 

North  London  Railway. — It  is  announced  that  the  L.  &  N.-W.  and 
North  London  Railway  Companies  will  commence  on  Oct.  1  an 
electric  train  service  between  Broad-street  and  Kew  Bridge  and 
Broad-street  and  Richmond  in  lieu  of  the  present  steam  trains,  the 
services  being  accelerated  by  about  10  n.inutes  in  each  case.  Second- 
class  bookings  by  the  electric  trains  wiU  be  abolished,  but  wdl  remain 
in  operation  by  certain  steam  train  services. 

Portsmouth. — The  Tramways  Committee  recommend  that  a  bonus 
of  10  per  cent,  be  granted  to  tramway  employes  whose  weekly  wages 
are  under  "Os.  ;   7 J  per  cent,  to  those  imder  40s.,  and  5  per  cent,  to 
those  under  50s.     Honorariums  will  be  paid  to  all  salaried  officials- 
amounting  to  5  per  cent,  of  their  amiual  salaries.  mi| 

Salford. — At  last  week's  meeting  of  the  Corporation  the  Tramways 
Committee  recommended  the  panuent  of  a  further  war  bonus  to  th& 
tramway  employes  (other  than  skilled  artisans,  where  special  arrange- 
ments already  exist  between  the  employers  and  the  trade  society). 

The  increase  would  be,  to  youths  luider  18,  2s.  per  week  war  bonus, 
instead  of  Is.  ;   to  male  employes  over  18  who  were  not  householders,  3s. 
instead  of  Is.  6d.  ;    to  male  householders  whose  wages  did  not  exceed' 
37s.  6d.,  4s.  6d.  ])cr  week  instead  of  2s.  6d.  ;   and  to  those  receiving  over  • 
37s.  6d.  and  less  than  42s.  per  week  an  amount  which  would  make  their 
total  wages,  including  war  bonus.  42s.     The  increased  payment  repre- 
sented a  further  addition  to  operating  costs  of  £2,774  a  year  for  the  men> 
now  working,  and  £1,804  a  year  for  those  in  the  forces,  a  total  of  £4,588. 
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A'l'if^l  U}  the  war  }xjnw>  at  present  l>ein?  paid,  that  repr«?<»ente<l  a  total 
<bargf;  of  £9,878. 

The  chairman  (Aid.  LrsrsLrr).  who  called  attention  to  the  matter,  said 
there  wa.)4  grav<>  d'mht  u'  •  Com- 

mittee  woul'i  h<- al)l<- to  k  with 

regard  to  th<-  r<li«-f  of  rati-. 

C'ouri'.illor  I'.  Hamkvjv  raid  i'  to  him  to  be  a  wa«t«  of  public 

money  to  add  to  the  alrea'ly  ff--  'ntributiorw  which  were  made 

ia  re«j>ett  of  the  ]Hm])\u  who  ha^l  ]iitu<-  i"  ilic  war.  The  f'ommittoe  ought 
not  to  have  mafle  thi«  rr>n'<-<»»tion. 

Sevi-ral  rri<-mlK-r»  »jok«-  in  favour  of  t)i'  •    whi'-h  wa-*  aLTM-d  to. 

Sheffield.  -Tfie  TramwavM  feneral  .-...,  .  jiiinittee  rccnnmcndK 
that  the  reHoIuticn  of  the  KKtuUiHhment  Committee  grantinf;  a  K{:ecial 
ttJlowame  of  .'{h.  i-er  we«i  Mtnemj  PI''y 

to  traiuway  in«|,octorH,  I  a...    ......  4c.,  on  .'». 

MII1II!IIII!IIII''''''''''''''''''''""''""''''''''''!IIIIII!!!'!!'"^^^  !lllll 

I  TELEGRAPH  AND  TELEPHONE  NOTES.  1 

illl!IIF''''''''''!!llllll!lllllllll!llllllllillllM^^ 

American  Subnurtne  Cablflt.~Tbe  Mexican  and  '  ii 

American  Teiej^raph  rom|Hinira  recently  decidwl  to  lay  a  second 
«uhmarinc  rahic   l<*  New    York  i>'  '   ii  <lin*(l.      It   in  aJKo 

pro{Kjwd  to  lay  tw  mil  tulijCH  I  ■  liiicnoK  .\yrcK  to  Rio 

dc  Janeiro  anrJ  .^nt«x. 

Dudley.     On  .Siturday  lajtt  a  new  automatic  tolcphouc  exchange 

WfiH  it.iiii|furat<-d. 

New    York  Havana    Telephonic    Communication,     ii.        Wnll 

Strwt  .loiimal  ann<>uriii-H  that  Ih'-  <  -t.ii.li>liiii.  nt  of  telephonic 
communicatu  n  Letwecii  .\ew  York  .u><l  lla\an.i  (Cuba)  may  be 
undertaken  by  CuImui  Tclc|»honp  Co.  Ihntugh  cables  let  ween  Key 
W'cwt  .iiid  11. 1',  .ina. 


MISCELLANEOUS  NOTES. 


Customs  Decisions.  .\c«-ortlin>;  «<■  rc<cnt  dcriKK  ns  the  duty 
upon  irn|M.rfM  of  inrnndew-rnt  bullm  fur  |mi<  ket  electric  titrches  into 
Siufln-m  Hhodcdift  IN  .1  per  cent.  un<ler  fh<'  jpMicral  tariff,  the  whole 
o(  the  duty  »)einif  allowwl  nn  rrliatc  in  the  v*m-  of  poo/ls  fn.ni  any 
part  of  the  Kntmh  >jnpir(>  ;    «n<l   Xruy  plattw  (Hritihh  or  forcigii) 


I  i  ■ 

I  ri. 


A'  .   iM  a  r»N«it  flf>n«iiiii.  pU>r(ho  rablcH  in  wtv.  with  t<'rminaN 

att<irh««l.  •••pf'Tially  i.oMr<l  for  u.e  in  cnnn«>c!i<in  with  Hcotri<  ignition  of 
Motor  vrbir  |<-rii|r1nf«i.  ar<>  Mib)«-<  I  to  |(  t    nd  vaj.  duty  on  importA 

ttrtn  Intn  N,w  7.<atand  i(  of  itnti.li  i  .     an-  anii  2((  per  rent,  if  of 

i<wMt(n  iiinniif*  tiifi- 

KMmy  Firms  Wound-up.     The  I'oartl  of  Trade  hn«  onlcr^><|  th.' 
windi!>tf  nil  of  .'I.T2  l>iiHiiie*ii#-«  rfinin>Me«1  bv  alien  rncmicR. 

'"  •    arr  :     -  Co.    (Ltd.).    Park  Mrcii . 

''""''""  _     '^m.     (Controllrr,    .J      U. 

n.  <Vm.nl  »Unr.  l^.mUivi  .tr'^rt.  RC.)     Turner  A   Burper. 
r.iiirb.n  road.   I^«ndon.   K.<".,  rlrrtrieal  acceworirt.   hm     ' 
!•  •    -  in  .iilwtttutiiin  foronr  made  on  .lune  ?Tilii»t.  jirohi' 
(irm  Irnni  irniling  aflei   Srpi     2fl.)     (Controller.  .1     K    IVrcival.  11.  Old 
.frwTv.  K<"  ) 

InqueaU.     .\t   Hebbtim  l««t  WT»-k  an  inq'.i«it  waa  hrkl  on  (.'«.. 
I)|<  kjMiii  (21)  mtiniti'  '.,er. 

A  fpllnw  »orl„.r  >t  .  „„  'He  ««»»  m^    hr  wmt  for  a  walk  with 

^'  "»  P*-"  •■    Hrbburn  (Vm. 

'  .rImJ  an  .......   U.kward  «winv 

..(  I...  Ml  am.       He  w«.  .Ini.nl.  ..  MKlartl.  ami  hu.  nrm.  went 

>r<<uiHl  It       WitncM,  whfi  lc»»^l  t..  n  .  »-  ;  i, 

threw  him  to  the  other  ■i»le  of  ibe  r»««l 
feel  froni 

Mr     \  _ 

y.\r,  In. 
had  liroii 

awiirh  ebamliet  at  I  he  l<i|)  o|  I  be 
been  more  than  2 1"  V   '•  '  ' 

•Inndnnl  mmld  l>e  <l 
and   II.. I 
ri»i|.i'»l  I  i 
in  nxgnr  I  i..  •»  it,  )i  i  hamls^r* 

Ad<».I..T  .lalr^i  IhAl   be  Uid  ntA  Ikilili  tl~-*     — -•     •         f    .       .• 
WM«  .iin..  1.  1. 1   to  have  eaweti  death.      lb 
Krip)irtl  "  • 

A  vn.i  idenla]fle«ih  w-^.  ^r.4lnneH^rd  t^r    nrv  r\i,rT.^»!  H,. 

nope  th«t  1  li4  .  ..i)i|iatn  n  . 

An  iii.|no)ii  \HAH  )k>UI  U-i   -...k    ,nu<   <i»e  fie.iiu  .  •    a  i««i  jiaumhI 
William  Alkina 

'  ^Mor  at  •' 

•'   •  .let  namral  \\ 

**•"  •  "  ■•. .«».  one  end  .-" 

the  other  hoWiing  «  Icfi  sf  the  v,.  e       I, 


nirrrn' 


•night    hare 
■^  new  method 


H.4ROLD  Bbook.  electrical  engineer,  said  voltage  for  welding  purposes 
was  1 10  ;  it  wa«  a  low  pressure,  but  sufficient  under  certain  circumstances 
to  cauiie  death.  He  thought  the  youth  was  gripping  a  spanner,  and 
probably  the  '^li'^k  fontracted  his  mu.scles  so  that  he  could  not  let  go. 

The  jury  foutid  that  Atkins  died  from  shock  cause<l  by  an  electric 
current  accidentally  tran>niilte<L 

Linking-up  Farm  and  Market. — In  no  ccnnecticn  is  the  develop- 
ment of  (  aniula  more  manifest  than  in  the  extension  of  the  use  of  the 
telephone,  particularly  on  the  farms. 

The  development  of  rural  telephone  systems  in  Saskatchewan  has 
been  ver>-  rai>id  during  the  last  few  months,  and  ea/-h  issue  of 
the  "S".  '  '  *an  fiazette"  contains  a  long  ;list  of  newly  incor- 
porat«-<i  .-s.     Since  .Ian.  1  of  this  year  17.5  new  companies  have 

been  aildr^i  to  the  list.  The  examination  of  plans  and  proposals  .for 
building  thc-.^e  new  lines,  and  the  answering  of  a  large  number  of  inquiries 
which  will  i%ul>se<juently  lead  to  the  formation  of  still  more  companies 
hii-^  kej)!  thi  -t.»T  '  f  the  nira!  telephone  branch  usually  bu.sy. 

Swedish  Chamber  of  Commerce  Year  Book. — We  have  received 
a  copy  of  the  191.5  Year  Book  of  the  Swedish  Chamber  of  Commerce 
for  the  L'nited  Kingdom. 

The  book  ( iiiitains  much  useful  information  for  British  firms  doing 
buhincKs  with  Sw.fl  en. including  the  annual  report  of  the  Council,particulars 
of  measures  taken  in  consequence  of  the  war,  the  annual  report  of  the 
Standing  Arbitration  Committee,  the  report  of  the  annual  general  meeting 
of  the  Chaml)er,  a  list  of  the  members,  statistics  of  imports  and  exports, 
artic?o«  or  British  industries,  including  the  electrical  industry  (accom- 
panied by  eurvc>.  showing  values  of  exports  and  imports^,  lists  of  Swedish 
cf>nsu|s  in  the  Cnited  Kingdom  and  the  Briti.sh  colonies  and  British 
eonsiil>  in  Swwlen.  a  comparative  table  of  British  and  Swedish  weights, 
meaMjr.'«  an<l  timney.  &c. 

Trade  Union  Congress.^The  annual  Trade  Union  Congress  at 
Bimunghnm  tenniiiated  on  Saturday. 

'Ihe  follow  nc  other  resolutions)  were  considered  : — 

I.ahoMr  h\.  A  resolution  recommending  a  number  of  changes 

in  the  control  and  administrntion  of  the  Labour  Exchanges  was  rejected. 
One  mcnilxr  wii.l  an  attempt  was  being  made  to  make  these  exchanges 
the  only  medium  for  obtaining  employment.  If,  as  he  understood, 
reorganisati.m  of  this  .State  Department  were  to  come,  it  was  unwise  that 
tra.b-  unionints  should  put  forward  such  incomplete  recommendations. 

11  •    Cninjirn.wiion. — A   comprehensive   resolution   embodying 

14  111  Ills  to  the  Workmen's  Compensation  Acts  was  carried. 

Fntr  \\a)c. — .\  l.nig  resolution  on  fair  wages  was  also  adopted.  The 
rexolution  Ktrongly  protested  against  the  manner  in  which  the  fair  wages 
resolution  of  the  Hou.se  of  Commons  had  been  administered,  and  in- 
structed the  Tarlianientary  Committee  to  endeavour  to  secure — (1)  that 
all  <;o\-eniment  dcjjartmcnts  should  be  invited  to  supply  to  all  autho- 
riwd  tr.ide  unions  a  list  of  firms  invited  to  tender;  (2)  that  no  firm 
prorcil  to  U-  paying  h.sK  than  the  trade  union  rate  of  wages  or  not  observ- 
ing the  working  conditionii  general  in  the  trade  shoidd  be  allowed  to 
t^iwler  :  and  (,'1)  that  contractors  should  furnish  to  the  several  depart- 
ments names  and  addresses  of  all  subcontractors,  or  be  struck  off  the 
liat  ..•'  "     ,  tender. 

T  ".—  The  development   of  technical  education  was 

urgnl  in  a  resolution,  moved  by  Mr.  John  Hodge,  M.P.,  who  declared 
that  the  war  had  dcmon.strated  the  need  for  serious  attention  being 
gi\Tn  to  the  educational  system,  and  called  ujion  the  (;o\-ernment  to 
^'    '^     '        "  *      1.  nn<l  to  pay  special  attention  t^i  the  establishment 

'  teehnical  education  and  to  the  fullest  encoiiragr- 
meiil  t.(  ition. 

''""^  '  .'.ion  was  passed  protesting  against  the  indiifer- 

cnce  of  n-Njiondible  statesmen  to  the  enormous  and  unjustifiable  incrBase 
in  th*  «'<»t  of  living,  and  calling  for  steps  to  be  taken  to  secure  a  revision 
of  pnrm. 

TradiHR  with  the  Enemy.     The  "  London  Gazette  "'  of  Sept.  8 con- 
ns and  limis  with  whom  trading  by  persons 
Kingdom  is  prohibited  : — 
I '  1  tc  :  Wm-./-   Deutsoh-Athntishe  Tclcgiaphen  Gew^k-schaft 

y'*      '  ■'^"'••M»  and  Pemambuco) ;    Siemens. Schuckertwcrkr  (Rio 

.le  .lancir...  liAlu...  Porto  Alcgrc  and  Sao  Paulo).  r'..S..l.— EJeotro- 
Bleaching  <;«»  ( ,.   (Niaparn  V^lls  and  New  York). 

TrfbunaJ  f  .t«  \n  electrician  a])]  eale<l  at  Humlev  last  week  for 
iem|w.mr\  .  .,  f.r  an  clwirical  wireman. 

<-<i  man  left,  three  having  joinctl  the  Fhnng 
i;""c  to  work  in  a  coal  mine  as  an  electrician. 
I  *pi    NMfrn  Mid  that  men  of  this  description  could  l>c  got  any  day  ; 
ihry  "."      '  ''    '-'    "Tern.  &.'.'• 

^  '  '  ""«'!  end  of  Sfptember. 

*>    II   employ,'-s  of  the  BlacUixx)l  &  Fleetwood 
I  <  i.n.litional  exemption. 

Walwll  Chambf r  of  Commerce  Year  Book.— We  ha\-e  rt^ivcd  a 

"f  this  l>ook.  which  ia  i.<isucd  by  Messrs. 

inllaud -place.  Derby,  and  London. 

distributed  lhroiii:houl  the  British  dominions 

'■■  \iew  of  J  up  new  busu  '  — 

"!.■>  jiart  1  the  constitui  ■  h 

-  members,  the  industries  of  the  district. 

,    rial   and   foreign   trade,   lists  of  consular 

trade  index  of  firms  in  the  district  (in  Elnglish, 

•..  n4id  ^Spanish).  &c. 
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Women  as  Travellers. — Callender's  Cable  &  Construction  Co. 
(Ltd.)  have  adopted  the  novel  plan  of  keeping  open  the  situations 
of  their  travellers  and  representatives  who  are  on  active  service  by 
offering  their  positions  to  the  wives  of  such  men  as  and  when  called  up. 

Ladies  have  willinply  come  forward  in  these  days  of  stress  and  strife 
to  occupy  almost  any  position  under  the  sun  whilst  their  menfolk  are 
doing  country's  work,  and  it  was  this  idea  that  Callender's  had  in  mind 
when  they  requested  the  wives  of  their  employes  to  "  carry  on." 

k*  Imports. — The  following  are  official  values  of  electrical  machinery, 
material  and  apparatus  imported  into  this  countrj'  (c)  during  August, 
1916,  and  (b)  the  aggregate  figures  from  Jan.  1  to  Aug.  31,  with 
increase  or  decrease  compared  with  corresponding  periods  of 
1915  :— 

Electrical  machinery,  {a)  £73,696  (decrease  f24,3t3),  {b)  £809,048  (de- 
crease £311,443)  ;  including  generators  and  motors  other  than  for 
aeroplanes,  motor  cars  and  cycles,  (a)  £21,834  (increase  £947),  {b) 
£140.976  (decrease  £46,030) ;    and  electrical  machinery  unenuracrated, 

(a)  £51,862  (decrease  £25,190),  {b)  £668,072  (decrease  £265,413)  ;  tele- 
graph and  telephone  cables  other  than  submarine,  («)  £1,856  (decrease 
£1,970),  (6)  £55,190  (increase  £34,463)  ;  teleeraph  and  telephone  appa- 
ratus, (a)  £2,463  (decrease  £4,299),  (b)  £201,692  (increase  £152,177); 
other  electrical  wires  and  cables,  rubl)er  insulated,  (a)  £5,529  (decrease 
£2,119),  (b)  £82.925  (increase  £18.412) ;  with  other  insulations,  [a)  £1,833 
(decrease  £9,124),  (b)  £7.050  (decrease  £24,775)  ;  carbons,  (w)  £5,278 
(decrease  £18,084),  (b)  £60,027  (decrease  £35,561)  glow  lamps,  (a)  £30,611 
(increase  £19,637),  (6)  £192,315  (increase  £101,346) ;  arc  lamps  and  electric 
searchlights,  (o)  nil  (decrease  £40),  (6)  nil  (decrease  £1.626)  ;  parts  of  arc 
lamps  and  searchiisrhts  (other  than  carbons),  (a)  £12,292  (increase  £5,985), 

(b)  £69,923  (increase  £9,877) ;  primary  and  secondary  batteries,  (a)  £14,560 
(decrease  £1,362),  (6)  £129,897  (increase  £46,088)  ;  meters  amd  measuring 
instruments,  (a)  £10,116  (increase  £9,330),  (b)  £35,024  (increase  £15,923) ; 
switchboards,  (a)  nil  (decrease  £1,074),  (6)  £257  (decrease  £4,832)  ;    elec- 


trical goods  and  apparatus  unenumerated,  (a)  £24,917  (increase  £7,403), 
(6)  £233,914  (increase  £88,094).  Total  of  electrical  gofxls  and  apparatus 
other  than  mar-hinerv  and  uninsulat^Kl  wire,  («)  £109,455  (increase 
£4,152),  (6)  £1,058,214' (increa^;e  £399,4.5.5). 

Exports. — The  exports  of  electrical  machinen,-,  material,  &c.  (a) 
during  August,  1916,  and  (b)  from  Jan.  1  to  Aug.  31,  with  increase  or 
decrease  comparedwith  corresjjonding  periods  of  19]5,were  aa  foilow-sr 

Electrical  maf;hiner\',  (a)  £148,5(K)  (incieabe  £61,079),  (h)  £9.34,318 
(increase  £19,764)  ;  including  railway  and  tramway  motors,  (a)  £2,133 
(decrease  £4,.544),  lb)  £22,758  (decrease  €70,3-53)  ;  other  generators  and 
motors  except  for  aeroplanes,  motor  cars  and  cycles,  (a)  £85,119  (increase 
£49,274),  (b)  £515,337  (increase  £87,86<J)  ;  and  electrical  machiners-  unenu- 
merated, {a)  £61,308  (increase  £16,349),  (b)  £396,223  (increase  £2,2.57) ; 
teleg.aph  and  telephone  cables,  submarine,  («)  £117,393  (increase  £70,7.56) 
(6)  £371.607  (increase  £97,018) ;  other  than  submarine,  («)  £17,3.34  (de- 
crease £1.5,.501),  (6)  £339,487  (increase  £43,402)  ;  telegraph  and  telephone 
apparatus,  («)  £21,812  (increase  £9,259),  {h)  £1 74, 5.5r( increase  £4.5,840) ; 
other  electrical  wires  and  cables,  rubber  insulated,  (a)  £47.941  (increase 
£27,259,  (b)  £339.289  (increase  £149.278) ;  with  other  in.sulation,  (a> 
£58,077  (increase  £25,991),  (6)  £.533,542  (increase  £275,263  ;  carbons,  (a) 
£1,225  (increase  £639),  (6)  £7,420  (increase  £1,905)  ;  glow  lamps,  (a) 
£21,183  (increase  £7,355),  (6)  £124,436  (increase  £28,887) ;  arc  lamps  and 
searchlights,  (a)  £327  (decrease  £649),  (6)  £6,1.59  (increase  £2,845); 
parts  of  arc  lamps  and  searchlights  (other  than  carbons),  (a)  £653  (de- 
crease £4,.j02),  (6)  £12,049  (decrease  £3,898);  primary  and  secondary 
batteries,  (a)  £30,065  (increase  £10,689),  (6)  £187,932  (increase  £52,418)  ; 
meters  and  measuring  instruments,  (a)  £18,085  (increase  £6,020,  (6) 
£139,294  (increase  £36,714)  :  transformers,  («)  £11.383  (increase  £6,389). 
(6)  £68,465  (increase  £20.200)  ;  switchboards,  (a)  £4,585  (decrease  £675), 
(b)  £41,426  (decrease  £577)  ;  electrical  goods  and  apparatus  unenumerated 
(a)  £59,446  (increase  £7,349),  (b)  £43f,942  (increase  £40,125).  Total  of 
electrical  goods  and  apparatus,  other  than  machinerv  and  uninsulated 
wire,  (a)  £409,509  (increase  £150,379),  (6)  £2,797,599  (increase  £789,420). 


TENDERS    INVITED. 


Coal  Transporter  Plant. 

Tenders  are  invited  for  the  supply,  delivery  and  erection  in 
Melbourne,  of  a  Coal  Transporter  Plant  of  the  travelling  tower 
type  and  electrically  operated.  Tender  form  with  specification 
can  be  obtained  from  the  agents  for  the  Melbourne  City  Council, 
Messrs.  Mcllwraith,  McEacham  &  Co.  Ppty.  (Ltd.),  Billiter- 
square-buildings,  London,  E.G.  Tenders,  addressed  to  the 
Chairman  of  the  Electric  Supply  Committee,  Town  Hall,  Mel- 
bourne, by  noon  Dec.  11.  Further  particulars  are  given  in  an 
advertisement. 

Telephone  and  Telegraph  Material,  Instruments,  &c. 

Tenders  are  invited  for  the  supply  to  the  Postmaster- General's 
Dept.,  State  of  South  Australia,  of  Telephone  Material  in 
accordance  with  schedule  No.  428,  and  tenders  are  invited  (up 
to  Oct.  4)  for  the  supply  to  the  Postmaster-General's  Dejit., 
State  of  Western  Australia,  of  Telephone  and  Telegraph  Instru- 
ments in  accordance  with  schedule  No.  501.  Tenders  are  also 
invited  (up  to  Nov.  15)  for  the  supply  and  erection  at  the  tele 
phone  exchanges  of  Glenelg  and  Brighton,  State  of  South 
Australia,  of  Automatic  Switchboards  and  all  associated  appa- 
ratus (as  per  schedule  No.  426).  Tender  forms,  &c.,  from  the 
Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 

The  Deputy  Postmaster- General,  Perth,  requires  tenders  by 
3  p.m.  Oct.  4  for  the  supply  and  delivery  of  various  Telegraph 
and  Telephone  Measuring  Instruments  and  Parts  for  the  Axjs- 
TBALiAN  Commonwealth  Postmaster-General's  Dept.  Specifi- 
cation, &c.,  from  the  Deputy  Postmaster-General,  Perth,  W.A. 

Tenders  are  invited  by  the  Deputy  Postmaster-General, 
Adelaide,  for  the  sujoply  and  delivery  of  Telephones,  Telephone 
Material,  Instruments  and  Parts.  (Schedule  Nos.  429  to  437). 
Specifications,  &c. ,  and  sealed  patterns  may  be  inspected  at  the 
Office  of  the  High  Commissioner  in  London  for  the  Common- 
wealth, 72,  Victoria-street,  S.W.     Tenders  by  2  p.m.  Sept.  27. 

The  "  Departamento  de  Fomento  de  la  Mancomunidad  de 
Cataluna,"  Barcelona,  also  require  tenders  by  noon  Sept.  25  for 
the  installation  of  a  Telephone  System  connecting  the  towns  of 
Balaguee,  Artesa,  Pons  and  Calaf,  at  a  cost  of  £2,850. 

The  Deputy  Postmaster-General,  Melbourne,  requires  tenders 
by  3  p.m.  0«t.  17  for  supply  of  (1)  Sleeves  and  Tapes  (schedule 
1,355)  and  (2)  3,100  Stay  Rods  with  bow  tighteners  (schedule 
1 ,359  )f  or  Australian  Commonwealth  Postmater-GeneralsDept. 
Specifications  from  the  Deputy  Postmaster- General,  Melbourne. 


Electrical  Goods,  Fittings,  &c. 

Edmonton  Guardians  invite  tenders  (by  Sept.  20)  for  six 
months'  supply  of  Electric  Lamps.  Tenders  to  the  Clerk, 
Lower  Edmonton,  London,  N. 

Warrington  Guardians  require  tenders  by  10  a.m.  Sept.  20 
for  six  months'  supply  of  Electrical  Goods.  Forms  of  tender 
from  the  Clerk. 

Westminster  Guardians  require  tenders  by  noon  Sept.  20 
for  six  months'  supply  of  Electric  Lamps,  Fittings,  &c.     Forms 
of  tender  from  the  Clerk,  Princes-row,  Buckingham  Palace 
road,  London,  W. 

Toxteth  Park  Guardians  require  tenders  by  noon  Sept.  18 
for  three  months'  supply  of  Electrical  Sundries  and  Engineers' 
Stores.     Forms  of  tender  from  the  Clerk,  15,  High  Park-street, 
I    Liverpool. 

Kensington  (London)  Guardians  require  tenders  for  six 
months'  supply  of  Electric  Lamps  and  Fittings,  Engineers' 
Fittings,  &c.  Forms  of  tender  (imtil  Sept.  20)  from  the  Clerk, 
Marloes-road,  Kensington,  W. 

Tenders  are  wanted  for  six  months  supply  of  Electric  Lighting 
Sundries,  Ironmongery,  &c.,  to  the  A^'elsh  Metro jxilitan  War 
Hospital,  Whitchurch,  near  Cardiff.  Forms  of  tender  from 
the  Clerk  and  Steward.  Tenders  to  Mr.  J.  L.  Wheatley,  town 
clerk,  Cardiff,  by  10  a.m.  Sept.  21. 

Merthyr  Tydfil  Guardians  require  tenders  by  Sept.  19  for 
six  months'  supply  of  Electrical  Accessories.  Forms  of  tender 
from  the  Clerk,  134,  High-street,  Merth\T  Tydfil. 

IVLiNCHESTER  Electricity  Committee  require  tenders  by 
10  a.m.  Sept.  22  for  12  months'  supjily  of  Fuse  Boxes.  Speci- 
fication, &c.,from  Mr.  F.  E.  Hughes,  Town  Hall,  Manchester. 

Tenders  are  required  by  Sept.  25  for  six  months'  supply  of 
Electric  Fittings,  &c.,  to  the  Midlothian  &  Peebles  District 
Asylum,  Rosslynlee.  Forms  of  tender  from  the  Clerk  and 
Treasurer,  19,  Hereof -ro v.',  Edinbui"gh. 


Cables 


Tenders  are  invited  for  the  supplj'  of  various  sizes  of  Insulated 
Copper  Cables  and  bare  Hard  Drawn  Copper  Cables  to  the  City 
of  Melbourne.  Specifications,  tender  forms,  &c.,  from  Messrs. 
McIlwTaith,  McEacham  &  Co.  Ppty.  (Ltd.),  Agents  for  Mel- 
bourne City  Council,  Billiter-square-buildings,  London,  E.G.,  1» 
whom  tenders  by  noon  Sept.  '^ 
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Carbons. 

The  ViCTOBiAV  GovEBSMEST  RAILWAYS  Dept.  requires  ten- 
derH  by  11  a.m.  on  Nov.  1  for  the  Hupplyof  rj(),<)00  Yellow  Flame 
Arc  Cark»on«.  (Contract  No.  3^J,405.)  .S|x*ciiication,  Sec,  from 
the  Victorian  Railway  OjmmissionerB,  .Sj#ncer-6treet,  Melbourne. 

Tramway  Track  Work,  Material,  &cc. 

The  Madrid  "  <.aceta  "  of  Ai.  that  tenders  will  be 

ofjened  on   Oct.   7   for  the  ('<  i.  ind   Working  of  an 

Klectric  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lincH  of  the  (,"ia  N'acional  de  Tranvia*  de  liarcclona,  which  holds 
an  option  on  the  proj>obcd  conceB«ion.  Miiiijiiuni  rolling  stock 
requirwl  will  be  Two  Motor  Tranicars  and  Two  Trailers. 

TenderH  will  be  ojx'nt-d  on  Oft.  1 1  for  (.'onKtruction  and  Work- 
ing an  Klc<tric  Tramway  in  Madrid,  from  the  f alle  de  Alcala 
U)  the  (alle  de  iJicgo  de  l-c<jn-     ^lininium  rolling  stock  Four  Cars. 

In  Ixith  cases  conKtruction  work  must  be  commenced  withm 
three  months  and  complete*]   within   10  months  and  a  year 
re«jjc*ctively  frejm  dates  of  con'CKsion.     .\n  oj>tion  an  the  con- 
ci-tifuin  in  held  by  the  .Socicdad  Tranvia  del  Knte,  Madrid. 
Cooling  Tower. 

(iisBOHSE  (N.Z.)  Council  require  tenders  by  noon  Oct.  2  for 
the  supply  and  erection  <»f  a  Cooling  Tower  at  the  municipal 
electric  jxiwer  station.     Sjiecifk-ation  from  the  Ixjnjugh  offices, 
or  from  Mr.  E.  J.  Fenn,  consulting  engineer,  Auckland  (N.Z.). 
liririiiiiiiiiitiiiiiiiiiiiiM iiiiiiiiriimiiiiiitiiiiiiiiiiiniiiiiiiiiiiiiii 


m  TENDERS  RECEIVED  AND  ACCEPTED.  = 


and  controller  finsffs :    Gabriel  &  Co.,   brake  ratchets  and  lifeguard 
springs  ;    F.  W.  Rowlands  <fc  Co..  car  gear  wheels  and  pinions  ;    West 
Bromwich  Spring  Co.,  springs  and  spring  washers  :   Wm.  Bninton  &  Son, 
armature  binding  wire ;   Sm^ith  Bros.  &  Hill,  sand  tubes,  spring  washers, 
motor  springs,  &c.  :    Anti-Attrition  Metal  Co.,  bushed  and  unbushed 
trollev  whcclis.  axle  box  bearings  and  key  plates  ;    Bromell  Patents  Co., 
rublicr  and  Blar  kley  tape  :  H.  Clarke  &  Co.,  fuller  board  and  white  tape  ; 
P.  R.  Jack.«on  &  Co.,  armature  coils ;   Micanite  &  Insulators  Co.,  mica, 
mica  cloth,  insulation  sleeves  and  commutator  rings  ;    British  Thomson- 
Hou-ston  Co.,  incandescent  lamps  ;  Mica  'Slis.  Co.,  oiled  cloth,  mica  paper 
and  micanite  ;   British  Westinghou.se  Electric  &  Mfg.  Co.,  fibre  sheet  and 
mica;    Carr  Bros.  (Ltd.),  black  adliesive  tape;  G.  P.  Wilson  &  Son, 
brake  bIo<-k.«.  £fi.   15s.  per  ton:    Middleton  Bros.,  asbestos  millboard, 
l»l.v  k  round  a^ljcstos  packing,  rubber  insertion  and  asbestos  insertion, 
pumice  blocks,  manganese  compound,  petroleum  jelly,  black  and  red 
lead,  resin,  paraffin,  shellac,  soda,  &c.  :    SutclifEe  Bros.,  asbestos  fibre ; 
Newton  &  Nicholson,  Taylor's  rings;    Thermofelt  (Ltd.),  asbestos  com- 
position. a>il>ostos  cord,  jointing  insertion  and  greased  hemp  packing; 
Stringer  Bros.,  bolts  and  nuts,  washers,  rivets  and  stock  hoop  iron  ;    W. 
Atkins  &  Co..  tool  steel  and  files  and  rasps  ;    Pilkington  Bros.,  car  side 
and  end  gla-ses  and  .'^heet  glass  ;   T.  H.  Harvev',  creosote  oil  and  pitch  ; 
.1.  L.  Duguid  &  Co..  metal  polish  ;    Engelbert  &  Co.,  motor  gear  grease  ; 
W.  B.  Dick  &  Co.,  motor  bearing,  engine,  cylinder  and  cleaning  oils. 

\\'ai-sali- — The  Tramwa^-s  Committee  has  accepted  the  tender 
of  J.  Parkinson  &  Son  for  supplying  a  6^  in.  centre  lathe  for  £77.  158., 
j)lufi  four- jawed  chuck  at  cost  price. 

Wk.st  1i.*kti.kpooi>. — The  Council  have  accepted  the  tender  of  W. 
Hrazell  for  the  extension  of  the  Seaton  Carew  power  station  and  that 
of  the  New  Conveyor  Co.  for  a  coal  and  ash  conveyor. 

Belka.st. — For  the  supj)ly  and  erection  of  two  electric  lifts  at  the 
.sanatoritnn  the  tender  of  Craig  &  Paton  (at  £270)  has  been  accepted. 

Salford. — Tnc  folloMing  tenders  have  been  accepted  by  the 
CoriKirition  :  — 

Had  fields  Limited,  manganese  steel  crossings,  £220  ;  I.«a  Recorder 
Co.,  one  steam  reconler  (including  erection),  £134  ;  Royles  Limited,  one 
feed-water  heater,  £l\'j. 


Portsmouth. — The  following  tt-ndi-ra  have  been  accepted  bv  the 
Corp       ■'.■,•!.  •,  „t:— 

^'  lips,  splicing  cars, 

''  ;    K  Smith  A-  <  o..  s|hmi  and  guard  wire; 

I  .  I         '■  ,    ■■"  earK,  fr(».'«  nn<\  <H(  wpan  wet  ion  inhibitors, 

I  FINANCIAL    MATTERS.  I 


MUNICIPAL  ACCOUNTS. 


Bradford.  -The  electricity  dp|iartmpnt's  accounts  for  the  year 
cii.lril  .M.inh  31  KhoM  gnms  capital  ox|)cnditurr'  £<M>0.8<).')  (increase 
£.V'...'.H|),  <,(  which  1.'j2I,2.V.»  ih  oufMtainling. 

Hrvmur  wm  £107.177  (romparwl  with  £147. .'VM  in  previoun  year),  and 

''    "' .    -.—       -■       -        ■  „,    r,H)uir<-Jl    £2*t.04U 

'  iiir  net  profit  fl.'i.'.tK'.t 

i  lo<l.  il'l.'>44i. )  |K»r  Unit,  and 
L  ("lUHkL)  including  cajutal 
■l«i  wnri-  XI.  i:<.7lK). 

'     -  -  "■ '■  .-  £I.(>4H.K.11  (inrreft.eo  f2.2fi3). 

nf  which   £4  ,|      x„t«l   nvonm-   wii«   t:Ul.«i2:» 

[' "    '  1  .  11,11  (i,p..t. 

■  |MTly  ;     nnd 
^'  .■\(t«T    priividing    (or 

','  .  •i.'«"l  lin«>«,  repayment  of 

'  the  net  profit   wwi  £2J«.771 

>  '  ■■;-.,,  .  ■  >   ,      , 

'  fund  Ml 


lc»»  IfArliiin  irvmHc 

if  i-i •--     ■ 


Mill 


<i.)  V»er 


were  7-42d.  Units  used  by  Salford  cars  were  9,724,788,  the  consump- 
tion per  car-mile  being  1-793  units  (increase  0126).  The  length  of  tram- 
way workitl  by  the  Corporation  is  76  miles,  and  cars  in  stock  number 
210,  U'sides  tower  wagons,  salt  wagons,  lorries,  &c. 

South  Shields. — The  CorjKjration  electric  supply  department "s 
accounts  (ur  the  year  ended  March  31  show  gross  capital  expenditure 
£22r).(»'.«!>  (increase  £8,829),  of  which  £99,091  is  outstanding. 

Revenue  wa^  £:Ui.73S  ((■oinpare<l  with  £34.482  in  previous  year),  total 
costH  were  £17.223  (£17.534),  leaving  gross  profit  £13,515  (£16,948). 
Interest  and  sinking  funds  recjuircd  £14.543  (£12,913).  and  other  expen- 
•liture  met  out  of  not  revenue  account  was  £853  (£788).  the  net  result 
iM'ing  11  drill  it  of  £1.HS1  (compared  with  £3.248  profit).  Total  costs  were 
tt-JMd.  (OS.'xl.)  per  kclvin.  Kelvins  sold  were  4.423.154  (4.605.380). 
Maximum  IuimI  wa>  2.247  kw.  (2,.X»3  kw.)  and  load  f:u  tor  22-5.  (21-2)  per 
lent. 

The  mgineer  (Mr.  H.  S.  Ellis)  says  in  his  report  the  reduction  of 
revenue  in  duo  to  rcwtrictions  of  lighting  and  of  the  hours  of  licensed 
p"  the  earlier  closing  of  shops,  economy  on  the  |>art  of  )>rivato 

'  .  »'»d  the  ro<liietion  of  the  nunber  of  traracars  available  for 

'  current  had  not  been  raisc<l.  The  consumption 
j'lirpose^  increased  14-4  i)er  cent,  and  for  heating 
34  j»or  cent.  The  Hales  department,  established  November.  1915,  sola 
ft]>)>.»r.-vti»-  r.-pr.-i.-iting  an  iwidition  of  .58  kw.  to  the  connections. 

Tunbridgp  Wells.— The  accounts  of  the  electricity  deiwrtinent  for 

lh<«  yr.ir  .  iiied  March  31  show  total  capital  expenditure  £101,042 

"  •■    ^       Stock  extinguished  amounts  to  £34,038  and  loans 


'■'  »i*V'.  in  till  miH.rl   ffi  3^S  n  .-v.  n.tii! 
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rndod   .March  31  Rbnw  IoIaI 


fund. 
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werr  £160,015,  nnd  nIIowad 

'it      W(W« 


ft  po«f 
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77.M, 


*  and  gross  profit  £7.214.  and  after  i)roviding  for 

t<H'k  anil  redemption.  £598  was  earrie<l  to  appro- 

whiih  £l.67S  was  brought  from  jirevious  year, 

'a\  £!<.')0.  provision."*!  order  expenses  £185, 

■  I.  substations  £214  and  maintenance  and 

\    12.010.    there   rcniiiin  d   £1.747    to   carry 

>  were  l.475.(»79  (eompartxl  with  l.S02.V)39)  and 

t    (I.3;i4,729),     Total   maximum   supply   demanded    was 

kW.  ). 

Warrington.— The  accounta  oi  the  electricity  dei>artment  for  the 
y^'^^  '  31  show  tot.al  capital  ex{ienditure  £132,498  (in- 

■''''""''        ■  .  .    1  redcenuMl. 

-  1.419  in  previous  year),  total 
iTont  was  £10.1S9  (£8.561).    Interest 

fund  £4.895  (£4.184),  and  net  profit 

V  *Ul.'»U).     Maximum  load  was  2,702  kw.  (2,351  kw.) 

j^.  :     \.  L.  M»thiA«  (borough  electrical  engineer)  says  in  his  report 
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the  sales  department  has  been  very  active  installing  motors,  the  turnover 
being  £4,540,  by  far  the  largest  yet  attained.  Units  generated  were 
6,630,060  (increase  1,100,161),  and  sold  5,12<),214,  or  4,578,294  (:5,743,197) 
excluding  tramways.     Total  costs  per  unit  sold  were  0-782d.  (0-729d.) 

Yarmouth. — The  Corporation  tramway  accounts  for  the  year 
ended  March  31  show  gross  capital  expenditure  £126,452  (no  in- 
crease), of  which  £112,200  is  outstanding. 

Revenue  was  £16,508  (compared  with  £22,367  in  previous  year),  and 
working  expenses  were  £13,758  (£16,660).  Interest  required  £4,504 
(£4,158),  and  sinking  fund  £2,951  (£2,883),  the  net  result  being  a  deficit 
of  £4,704  (£1,294).  Passengers  carried  were  3,138,724  (4,236,424) 
car-miles  run  544,540  (677,153),  and  units  used  503,598  (708,756). 
Average  total  revenue  per  car-mile  was  7-27d.  (7-927d.),  and  working 
expenses,  including  power,  wer<;  6-063d.  (5-905d.). 


COMPANIES'  MEETINGS  AND   REPORTS. 


BRITISH  EMPIRE  TRUST  CO.  (LTD.)— At  the  meeting  last  week  the 
chairman's  statement  went  at  length  into  the  position  and  prospects  of 
the  British  Columbia  Electric  Railway,  the  Toronto  Power  Co.  and  other 
enterprises  with  which  the  trust  is  associated.  Owing  to  conditions 
arising  from  the  war,  the  efforts  of  the  directors  had  been  concentrated  on 
protecting  the  company  from  loss  rather  than  on  seeking  to  secure  profits. 
In  regard  to  the  British  Columbia  Electric  Railway,  the  results  of  the 
operations  were  still  very  seriously  affected  by  the  depression  prevailing 
in  British  Columbia,  which  was  mainly  the  result  of  the  war.  During 
the  first  seven  months  of  its  financial  year  (from  July,  1915,  to  January, 
1916)  it  showed  a  decrease  in  net  earnings  of  .$598,790,  compared  with 
the  same  period  of  the  previous  year.  Since  the  early  part  of  the  present 
year,   however,    the  returns  showed   a  decided  improvement. 

DUMBARTON  BURGH  &  COUNTY  TRAMWAYS  CO.  (LTD.)— Mr.  George 
Balfour,  who  presided  at  the  recent  meeting,  stated  that  the  total  receipts 
for  the  year  amounted  to  £26,041,  an  increase  of  £2,737.  Expenses  had 
increased  by  £2,052,  due  to  abnormal  cost  of  material  and  labour.  The 
report  was  adopted,  and  a  dividend  on  the  ordinary  shares  of  1 J  per  cent, 
(less  tax)  agreed  to. 

DUNDEE,  BROUGHTY  FERRY  &  DISTRICT  TRAMWAYS  CO.  (LTD.)— The 
directors'  report  states  that  the  profit  (including  £109  brought  forward), 
after  providing  for  interest  on  debenture  stock  and  £785  in  redemption 
of  debenture  stock,  amounts  to  £2,595.  After  payment  of  an  interim 
dividend  on  the  preference  shares  at  rate  of  6  per  cent,  per  annum,  the 
balance  is  £1,344.  The  directors  propose  a  final  dividend  on  the  pre- 
ference shares  at  rate  of  6  per  cent,  per  annum,  which  will  absorb  £1,178, 
and  to  carry  forward  £165. 

HONG  KONG  TRAMWAYS  CO.— The  net  profit  for  1915  (after  writing 
£6,625  off  for  depreciation  and  including  £6,897  brought  forward)  is 
£18,071.  A  dividend  of  12  per  cent,  has  been  declared,  and  a  further 
£2,000  has  been  written  off  the  cost  of  the  tramway  undertaking,  leaving 
£6,321  to  be  carried  forward. 

MANAGS  TRAMWAYS  &  LIGHT  CO.  (LTD.)— The  report  for  the  year  to 
April  30  states  that  the  adverse  influences  which  caused  a  decrease  in  the 
earnings  during  the  preceding  year  have  still  been  operative,  although  to 
a  somewhat  lesser  extent,  and  indications  of  better  trading  conditions  in 
the  Amazon  valley  are  not  lacking.  The  depreciation  of  currency 
resulted  in  a  loss  of  £13,093  on  remittances  from  Manaos  during  the  year. 
The  gross  earnings  were  £110,524  (against  £110,420),  operating  expenses 
£76,172  (against  £82,240),  and  net  operating  revenue  increased  from 
£26,180  to  £34,352.  After  providing  for  debenture  interest,  sinking 
fund,  interest  on  loan,  London  office  expenses,  &c.,  £1,661  is  carried 
forward.  The  indebtedness  of  the  State  Government  has  been  slightly 
reduced,  and  every  effort  is  being  made  with  a  view  to  avoiding  a  further 
accumulation  of  unpaid  bills  for  public  lighting. 

MANILA  ELECTRIC  RAILROAD  LIGHTING  CORPN.  (LTD.)— The  gross 
earnings  for  1915  were  $1,494,787,  a  decrease  from  previous  year  of 
$107,213 ;  operating  expenses  and  taxes  were  $762,958,  decrease 
$55,455;  net  earnings  were  $731,828,  decrease  $51,757.  Interest 
charges  were  $264,975  and  sinking  fund  requirements  $41,500,  leaving 
surplus  of  $425,353.  From  the  available  surplus  of  $345,363,  four 
dividends  of  1^  per  cent,  (making  6  per  cent,  for  year)  were  paid,  leaving 
$45,353,  which  was  transferred  to  surplus  account.  In  the  railway 
department  the  earnings  decreased  $107,801,  and  operating  expenses 
increased  $5,045 ;  in  the  electrical  department  the  earnings  increased 
$22,138,  and  operating  expenses  decreased  $42,568. 

METROPOLITAN  ELECTRIC  SUPPLY  CO.  (LTD.)— The  report  of  the 
Shareholders'  Committee,  which  was  appointed  at  the  meeting  in  March 
last,  has  been  issued.  The  members  state  that  they  examined  into  the 
affairs  of  the  company  and  the  past  and  future  conduct  of  the  business. 
They  held  upwards  of  30  meetings  and  interviewed  all  the  present 
directors  except  Mr.  Moncrieff,  also  the  three  directors  who  had  retired, 
and  Mr.  Highfield  and  the  company's  othe_r  chief  officials.  They  had  also 
had  placed  before  them  numerous  reports  and  minutes,  and  in  particular 
the  reports  recently  prepared  at  the  instance  of  the  board  by  Sir  John 
Snell,  consulting  electrical  engineer,  and  by  Messrs.  Jackson,  Pixley  & 
Co.,  chartered  accountants.  The  Committee,  who  called  in  Mr.  Charles 
P.  Sparks  and  Mr.  David  H.  Allen,  C.A.  (of  Messrs.  Harris,  Allen  &  Co.), 
to  assist  them,  state  that,  "  Having  concluded  our  inquiiy  and  having 


carefully  considered  the  evidence,  it  .seemed  to  us  desirable  that, 
possible,  some  arrangement  with  the  present  board  should  be  come  to, 
so  as  to  avoid  the  necessity  of  publi.'-hing  a  report  dealing  with  various 
matters  intimately  connected  with  the  company's  bu.siness  and  affairs, 
which  if  made  public  might  seriously  interfere  with  the  trading  and  future 
prosperity  of  the  company.  With  this  end  in  view  we  approached  the 
directors,  and  are  pleased  to  report  that  an  arrangement  has  been 
arrived  at  which  we  believe  will  he  satisfactory'  to  all  sections  of  share- 
holders and  en.sure  harmony  on  the  board."  Mr.  HarrLson  Cripps  has 
placed  his  resignation  of  the  chairmanship  in  the  hands  of  the  board. 
Mr.  Andrew  Wilson  Tait,  a  member  of  Messrs.  Geo.  A.  Touche  &  Co.,  and 
Mr.  Geo.  Balfour  (of  Messrs.  Balfour,  Beatty  &  Co.),  and  Mr.  Ge'^Tge 
Veri'v,  chairman  of  Verity's  Limited,  whom  we  have  suggested  as  suitable 
persons  (the  first  named  as  chairman),  will  be  added  to  the  board,  the 
number  of  which  is  for  the  present  at  all  events  to  be  limite<l  to  seven. 
The  board  as  reconstituted  will  be  as  follows  :  Mr.  Andrew  Wilson  Tait 
(chairman),  IVIr.  George  Balfour,  Mr.  Geoffrey  Blackwell,  Mr.  W.  Harrison 
Cripps,  Right  Hon.  F.  Leverton  Harris,  M. P.,  Mr.  J.  Carr  Saunders  and 
Mr.  George  Verity.  "  In  view  of  this  arrangement,  we  feel  that  no  useful 
purpose  can  be  served  by  referring  to  the  matters  of  controversy  raised  at 
the  last  meeting  of  the  .shareholders.  At  the  same  time  we  feel  it  right 
to  express  regret  that  personal  imputations  should  have  been  made  on 
that  occa,sion  which  in  our  opinion  were  not  justified.  We  also  wish  to 
record  our  opinion  that  the  services  of  Mr.  Highfield,  as  engineer,  have 
been  most  valuable  to  the  company  and  should  be  retained.  We  would 
further  add  that  in  our  opinion  the  board  should  direct  their  .special 
attention  to  the  energetic  development  of  business  in  the  western  area. 
Under  all  the  circumstances,  we  confidently  recommend  the  shareholders 
to  accept  the  arrangement  indicated  above,  and  if  desired  we  shall  be 
prepared  to  place  before  the  new  board  such  information  as  we  have 
acquired,  including  the  reports  which  have  been  put  before  us,  and  to  give 
to  the  company  any  other  assistance  in  our  power."  The  report  is  signed 
by  Messrs.  Roger  Gregory  (chairman),  R.  Melvill  Beachcroft  and  W.  S. 
Poole. 

UNITED  ELECTRIC  CAR  CO.  (LTD.)— The  report  for  the  year  ended 
June  30  states  that,  after  charging  £5,229  for  depreciation  (including 
£4,500  added  to  reserve),  the  profit  is  £6,563,  to  which  is  added  £4,707 
from  last  year,  malcing  a  total  of  £11,269.  13s.  6d.  Deducting  preference 
dividend  for  six  months  ended  Dec.  31,  1915  (£3,000)  the  available  balance 
is  £8,269.  13s.  6d.  The  directors  recommend  payment  of  the  preference 
dividend  (less  tax)  for  the  half-year  ended  June  30  (£3,000),  leaving 
£5.269.  13s.  6d.  to  carry  forward. 

VICTORIA  FALLS  &  TRANSVAAL  POWER  CO.  (LTD.)— The  report  for 
1915  states  that  the  year's  business  has  resulted  in  a  profit  of  £729,661, 
which,  with  £106,446  brought  forward,  makes  a  total  of  £845,649.  After 
providing  for  interest  on  debentures  (£232,556)  and  for  depreciation, 
income  tax,  excess  profits  duty,  &c.  (£274,024),  the  balance  is  £339,068. 
The  directors  declai'ed  a  dividend  in  December  last  at  rate  of  6  per  cent, 
per  annum  (less  tax)  for  the  10  months  ended  Feb.  28,  1915,  on  the  pre- 
ference shares,  and  a  further  dividend  on  the  preference  shares  also  at 
rate  of  6  per  cent,  per  annum  for  the  10  months  ended  Dec.  31,  1915,  was 
declared  in  May.  These  dividends  have  absorbed  £177,499,  leaving 
£161,568  to  be  carried  forward.  The  second  large  turbo-generator  at  the 
Brakpan  power  station  has  been  brought  into  commission,  and  the  whole 
of  the  plant  for  all  the  power  stations  of  the  combined  undertakings  is 
now  installed. 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 


NEW  COMPANIES. 

ALUMINIUM  SOLDER  CO.  (LTD.)  (144,725.)— Reg.  Aug.  .30,  capital 
£1.50  in  £1  shares,  to  take  over  the  business  of  manufacturers  of  alu- 
minium and  other  solders,  dealers  in  metals  and  alloys,  &c.,  carried  on  as 
the  "  Aluminium  Solder  Co."  Private  company.  First  directors  are 
W.  H.  M.  Burgess,  A.  Lees  and  H.  F.  Galpin,  jun.  Reg.  office,  40,  Glass- 
house street,  Piccadilly,  W. 

BRITISH  UTILITIES  (LTD.)  (144,767.)  -Reg.  Sept.  5,  capital  £1,000 
in  £1  shares,  to  carry  on  the  business  of  electricians,  mechanical  engi- 
neers and  manufacturers,  manufacturers  and  constructors  of  articles  or 
things  of  general  or  domestic  utility.  Private  company.  Reg.  office, 
48,  South  Park-road,  Wimbledon. 

INSULATED  CAP  &  RIVET  CO.  (LTD.)  (U4. 808.)— Reg.  Sept.  8, 
crpital  £5,000  in  £1  shares,  to  carry  on  the  business  of  engineers,  founders, 
machinists,  manufacturers  and  patentees  of  caps  for  electric  lamps  and 
rivets  for  all  ])urposes,  &c.  Piivate  company.  Fii-st  directors  are 
W.  L.  T.  Arkwright  and  W.  F.  Mohr  (provisional  directors).  Reg.  office, 
Ga.xton  House,  Westminster. 

NEW  UNION  ELECTRIC  CO.  (LTD.)  (144,775.)— Reg.  Sept.  5,  capital 
£2,950  in  £1  shares  (1.6()7  foundei's'  and  1,283  ordinary),  to  take  over  the 
business  carried  on  as  the  Union  Electric  Co.  (Ltd.),  to  carry  on  the  busi- 
ness of  manufacturers  of  and  dealers  in  electric  lamps.  contra<-tors  for 
the  construction,  erection  and  maintenance  of  electric  lighting,  central 
and  other  stations,  electricians,  electrical,  mechanical,  metallurgical  and 
chemical  engineers,  «&c.,  and  to  adopt  an  agreement  with  A.  V.  Tom- 
linson.  R.  Bclfield  and  G.  A.  Knapton.  Private  company.  First 
directors  are  A.  V.  Tomlinson,  R.  Bclfield  and  G.  A.  Knapton  (life 
directors).  Secretary',  G.  A.  Kjiapton.  Reg.  office,  53-57,  Park-street, 
Southwark,  S.E. 
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NOTC  S. 

Ruses  de  Guerre- 

The  publication  of  quaint  items  in  connection  with  the  war 
by  each  cf  the  combatants  must  be  regarded  by  some  people 
as  the  work  cf  official  jokers  who,  knowing  their  own  limited 
intelligence,  promptly  adopt  it  as  the  standard  without  first 
taking  the  trouble  to  inquire  whether  the  average  intelligence 
of  their  audience  is  greater  than  the  standard  which  they  have 
set  up.     Although  ro  us  the  "  Made  in  Germany  "  war  news 
is  grotesque,  it  may  be  that  such  news  suits  the  German  tem- 
perament well  enough,  and  since  it  deceives  nobody  but  them- 
selves, no  harm  is  done.    Yet  we  find  it  difficult  to  imagine  any 
country  serving  out  "'  fimaier  "  news  than  our  own.     It  is 
impossible  to  conceive  the  German  Press  Biireau  solemnly 
declaring  that  a  British  ship,  made  of  wood,  which  brave 
German  sailors  had  captured  in  the  North  Sea,  was  evidence  of 
our  lack  of  steel.     An  examination  of  the  whole  of  the  facts 
might  conceivably  show  that  the  ship  in  question  was  built 
prior  to  the  declaration  of  war,  or  that  there  were  good  reasons 
why  wood  should  be  used  for  the  purpose.     Impossible  as  it 
is  to  conceive  anything  so  ridiculous  of  our  enemies,  it  is, 
nevertheless,  exactly  what  our  own  people  expect  of  us.     The 
official  notices  of   the   si)lendid  achievement   of  one  of  our 
airmen  in  bringing  down  an  enemy  airship  were  marred  in  this 
way.     Not  only  is  it  possible  that  the  devilisli  contrivance  was 
launched  before  war  was  declared,  but  it  is  eqaally  possible 
that  wood  was  the  best  material  for  its  construction.     Well 
do  the  Germans  understand  the  art  of  structural  design,  and 
our  engineers  know  it  to  their  cost.     As  examples  of  fiction 
which  may  be  compared  with  present-day  war  news  may  be 
mentioned  Mark  Twain's  telescopic  method  of  climbing  Mont 
Blanc  and  Tartaran's  experiences  as  a  hunter  of  big  game.     In 
one  case,  however,  it  is  called  fiction  and  in  the  ether  a  ruse  de 
guerre. 


Shortly  after  the  declaration  of  war  there  appeared  in  the 
Press  an  unofficial  announcement  ""  from  a  reliable  neutral 
source  "  to  the  effect  that  tram  lines  were  being  pulled  up  in 
the  Gennan  towns  in  order  that  they  could  be  used  for  the 
making  of  shells.  To  keep  the  ball  rolling,  we  venture  to  lend 
our  support  to  the  opposite  theory,  namely,  that  our  enemies 
have  metals  in  abundance.  As  evidence  we  give  the  following 
from  the  last  report  of  the  Governor  of  the  Panama  Canal,  an 
informative  official  document  recently  published  by  the  United 
States  Government  : — 

The  new  jib  was  completed  at  the  works  of  the  contractor  on 
April  15  (1915).     On  May  8th,  the  structural  steel  for  the  jib  was 
shipped  from  Rotterdam  on  the  steamship  "  Cornelius,"  was  reloaded 
at  New  York  and  arrived  at  Colon  on  June  10,  1915.     The  second 
shipment,  including  the  wire  rope  and  mechanical  parts,  left  Rotter- 
dam in  May  a.id  arrived  at  Colon  June  18th.     The  final  shipment, 
consisting  of  the  electrical  parts  and  the  main  engine  crankshaft, 
arrived  on  the  Isthmus  on  June  24,  1915. 
In  inany  respects  this  official  news  from  a  neutral  source  is 
remarkable.     It  shows  that  for  partly  executing  one  contract 
our  enemies  in  191.5  were  in  a  position  to  export  steel  sufficient 
for  the  making  of  upwards  of  an  eighth  of  a  million  high- 
explosive  shells,  and  that  enemy  artisans  in  sufficient  numbers 
were  available  for  the  execution  of  civil  contracts  at  a  speed  at 
least  equal  to  that  which  obtained  prior  to  the  war.     It  shows 
that  to  complete  a  small  contract  three  boat  loads  of  German 
machinery  left  the  port  of  Eotterdam  for  America  during  May 
and  June  of  1915.     That  we  now  have  engines  of  war  all  the 
world  knows,  and  none  know  better  than  our  enemies.     If  it  be 
true  that  fools  profit  by  experience,  none  should  know  better 
than  ourselves  that  lasting  victories  in  war,  m  commerce  and  in 
diplomacy  are  not  secured  by  prevarication.     AVe  should  like 
to  feel  that  our  engineers  could  carry  out  civil  contracts  in 
their  own  way  without  let  or  hindrance,  and  we  should  like  to 
feel  that  official  news  of  a  technical  character  was  the  work  of 
technical  men. 


Inspecting  and  Viewing. 

As  long  as  we  allow  all  and  smadry  to  become  inspectors  and 
viewers  of  mmiitions  we  have  no  right  to  complain  when  we 
find  the  war  is  costing  us  six  millions  a  day.  Nor  ought  we  to 
hold  up  our  hands  in  horror  when  we  discover  that  those  to 
whom  we  have  paid  salaries  commensurate  with  their  attain- 
ments have  been  tempted  and  have  fallen.  That  we — the 
people  of  Great  Britain — who  are  primarily  responsible  for  the 
lack  of  common  sense  shall  not  escape  will  be  generally  ad- 
mitted when  it  is  remembered  that  our  punishment  will  be  to 
pay  in  taxes  the  money  we  are  now  wasting.  Mr.  Justice 
Low's  discovery  that  a  Government  Inspector  is  a  person  who 
does  not  inspect  has  been  common  knowledge  in  the  engineer- 
ing world  for  a  long  time,  and  there  are  many  engineers  who 
affirm  that  viewers  are  incompetent  to  "  view."  If  we  are 
content  to  employ  as  inspectors  men  who  do  not  inspect,  and 
as  viewers  men  who  cannot  view ;  and  if  we  expect  to  induce 
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aM<'  inifTi  to  undertake  thi^    lii^Uy    »'J;  '    ^^"'^  ^^   ^^'^ 

bcgjiarly  wape  now  offered,  we  <i.-s^'n"e  to  ^-i,.  i'*r  more  for  an 
artiele  than  it  is  wurih,  and  wliai  i->  more,  we  shall  ccntinue  to 
pay  more.  No  wonder  "war  w  waste"  when  we  pay  our 
indi«penHahleH  '.Hhi.  per  week,  and  no  wonder  that  n  any  in 
receipt  of  Huch  wages  have  to  1.  in  order  to  live  when 

tlie  jMirr  hasinj?  power  of  a  -   •  ,...vn  to  1  U.    Insjieoting 

and  viewing,  a»  far  a-^  eiigu  n<emed.  i*  w<jrk  for  our 

engineering  institutit  ns,  and  we  Ix'Iieve  that  these  institutions 
could  still  supply  all  the  iiiHi>ect«r»  and  viewers  likely  to  be 
re«juired  during  the  war.  We  hope  that  the  authority  who 
declare<l  tliat  "  war  iw  waste  "  may  lix'-  ■■  I-:<im  iliat  "  jicare 
is  permrv." 


H' 


Limits  and  Limit  Gauges. 

J^K.    It.   T.    Ui-AZKBKooK  >    iiil<  Huative    Paper  on       hnnit 
Gauges  "  iM'fore  the  Hii-     '    ^  •     ii  was  well-timed.   Many 

of  our  old-fashioned  eii^  _         ]>  are  just  Wginning  to 

appreciate  the  value  in  the  wurka  of  the  so-calletl   "  new 
system  of  measurement.     We  venture  to  think  that  the  systen) 
is  very  much  <  hler  than  maiiv  .\  geiieratirtn  (»r  more 

age  it  was  cust4iniarv  for  engiic  in.i  ..  i«  to  allow  fn»m  |  in.  to 
1  J  in.  *'  travel  of  gauge  "  for  every  2n  in.  diameter  of  piston, 
the  (;auge  being  a  pointed  stc*el  ntd  of  length  equal  to  the 
diameter  of  the  piaton.  The  enoimou^i  amount  of  work  that 
h'«    '  '  V  ■  ;■■  '  '    ■  ,  ratoiy  to  en.sure 

,..,  .  -      ..,.;... m  the  Pajier,  and 

i.i  do  w<-ll  to  avail  themsidves  cf  the 
fat-ilities  provided  by  an  liH.itution  which  they  have  been 
inclined  to  i  m  the  We  should  like  to  see  pul>- 

liHhcd  A  niimiii:  u!  r  '         :•■  making. 

'I'!  •  -     -I'ouhl  \h- v.: , .  i.uld  witii 

«;  <•  l>e  uiid-  by  the  Miii.siiy  of  Munitions. 
.\lthough  there  is  little  likeli|i«Hd  of  firms  reverting  to  the  two- 
foot  rule  met  IkkI  of  measurement  there  is  a  two-fohl  danger  to  be 
faced.     The  first  and  most  ini)'  ter  is  to  gel  those  in 

the  works  who  talk  glibly  in  t; to  realise  what  one- 
thousandth  means  and  to  show  ihem  how  to  measure 
aocuralrly  t«  one-thousandth.  The  second  is  the  fixing  of 
limit*  suitable  for  the  clafw  of  work  in  hand.  Both  these 
subjects  are  imp«-rfiTtly  understcHHl  not  only  by  engineering 
firms  and  their  employes,  but  also  by  those  in  high  places.  A 
further  matter  to  which  attention  should  Ih*  given  is  the  abuse 
of  the  decimal  «\Tifem  in  the  dimensioning  of  drawings.  As  an 
>!'                           Im*  given  the  dimensioning  of  a  radius  in  a 

•  •"•■'  II' '■■"   i  •      •'         '      '   .il  places  such  as  (.'  125  in. 

whe  1  ihrclraug: ,,..:ji  of  an  inch.     In  works 

meaauri'ment  an  eighth  of  an  inch  is  ver^•  different  from 
0l2r>in. 


Naval    Preparedncn    and    the    Civilian   Engineer.    .\ji 

minnnativo  aihlreiw  on  this  subject  was  ]m>H«>nt«'4l  some  time 
»«       '      Mr    K.  .1.  Sprague  I    '         )„•  We-^  -  \  .d  Kngi- 

II'  America),  and   ii.   ,  -.nI  ui  .i ,Mie  of  the 

"  •foumal."     The  Addre<i.«.   ItrMiden  showing    the    influence    of 
the  civdian  ■  r  on  naval  'ivrn  some  inten<sting 

infonnalion  mg  the  IIumvm  Navy  that  will  be  new  to 

manv  of  oui 

Wtt«r-powprs  ol  the  World.     Arroiding    to    Mr.    D     B. 
Hushmoir.  it  is  estimate«l  that  the  waU'r-powers  of  the  world 

T'  "  t     aboil*  .        ,      .  ..  ^j^^^ 

•  l>oing  I  , ....    , .  j,uwer 

p«'r  square  mile  is  appmxn  II-h  r     To  this  t«tal  Africa 

and  North   .\m<'ri<)i  each  cim  h)-h.p..  South 

\>''''»      1(K).(MHI.0IH»-H.P..     .\  ■.'"-■  IIP..      \  '    . 

X^H.p..   and    Kuntpr    ■  •  h.p.       Aj'; 

hgun's  place  the  minimum  water-power  of  the  I'nited  J^tate* 
at  3l,lKK>,lKK)n.p.  and  the  maximum  at  ."ifi.dlO.tMHi-H.p. 


The  Sheffield  Electric  Furnace. — The  electric  furnace  con- 
tin  ue;?  t"  niak»-  rapid  lieadway  in  Sheffield,  and,  according  to 
the  Sheffield  "  Daily  Telegraph,"  the  enterprising  experiment 
of  offering  to  the  trade  an  electric  furnace  designed  and  erected 
bv  local  experts  is  proving  highly  successfiU.  The  furnace 
referred  to  i.s  of  the  Greaves- Etc  hell  t}'pe,  the  construction 
of  which  has  now  been  taken  over  by  the  Furnace  Construc- 
tion Co.  (Sheffield).  Ltd.  It  appears  that  a  dozen  of  these 
furnaces  are  in  course  of  erection  or  on  order,  and  a  number  of 
steel  makers  are  said  to  be  negotiating  for  the  adoption  of 
this  system. 

Adjustable  Electric  Pocket  Lamps.— A  new  form  of  electric 
portulile  lamp,  tlic  liglit  from  which  is  adjustable,  is  being 
brought  out  in  Germany.  A  small  spiral  resistance  in  series  with 
the  lamp  and  switch  is  mounted  above  the  battery.  The 
resistance  can  be  readily  varied  by  the  motion  of  a  small  knob 
at  the  side  of  the  case,  the  brightness  of  the  lamp  being  thus 
alten'd  witliin  the  limits  of  maximum  intensity  and  a  dull  red 
glow.  This  enables  current  to  be  economised  when  only  a 
small  amount  of  light  is  needed,  prolonging  the  life  of 
the  lamp  and  battery.  The  resistance  is  also  useful  in  pre- 
venting the  tendency  to  over-run  the  lamp  unduly  when  a  new 
battery  is  substituted  for  the  old  one. 

Small  Power  Wireless  Installation. — The  growth  of  the  use 
of  wiK'Ir.^.s  teii.'grupiiy  on  vessels  of  small  tonnage  and  the  need 
of  a  moderate  power  installation  for  emergency  uses  on  large 
vessels,  has  induced  the  Marconi  Company  to  introduce  a 
\  kw.  installation,  in  which  the  whole  of  the  transmitting  appa- 
ratus, including  the  motor  alternator,  is  moimted  compactly 
in  a  woi.den  cabinet.  27  in.  high,  26  in.  wide  and  17  in.  deep 
when  closed.  The  cabinet  is  divided  mto  two  portions,  the 
larg<T  portion  containing  the  motor  alternator  and  disc  dis- 
ci!'"'••  -ind  the  upper  and  smaller  portion  serving  to  hold  the 
c«i  1  primary  inductance,  aerial  tuning  inductance,  earth 

arre.ster  terminal  and  wave-shortening  condenser. 

Preparedness.— Accordmg  to  the  "Iron  Age,"' more  than 
."Jtl.OOd  manula(  taring  concerns  in  the  United  States,  doing  a 
business  of  over  £20.0U()  a  year,  are  being  inventoried  by  the 
Committee  of  bidustrial  Preparedness  of  the  United  States 
Naval  Consulting  Board,  to  say  nothing  of  smaller  plants  hav- 
ing etjuipnieiit  peculiarly  adapted  to  the  production  of  material 
for  t  Ik-  fight  ing  line.  The  committee  reports  that  its  plans  for  the 
instruction  of  manufacturers  now,  in  time  of  peace,  through 
annual  edu(ati<mal  orders,  how  to  turn  out  munitions  and  other 
military  and  naval  supplies  when  needed,  will  be  incorporated 
into  law.  It  likewi.se  seems  probable,  it  says,  that  legislation 
will  .soon  be  passed  adopting  the  committees  measure  for  an 
industrial  res»>rve.  so  that  in  time  of  war  the  skilled  mechanic 
will  lie  kej)t  at  home  on  the  job  where  his  services  are  most 
neefbnl  1<.  feed  the  firing  line. 

Electrically-Operated  Lock  Machinery.  The  new  barge 
ranal  of  New  York  State,  which,  when  completed,  will  amount 
to  79(»  miles  of  waterway,  with  57  locks,  will  have  all  its  lock 
machinery,  &c..  Witrked  by  electric  power.  All  the  machinery 
us«n1  t<»  work  gates,  valves  and  capstans  is  electrically  driven. 
Power  is  supplied  at  2.5<)  volts,  continuous-current,  from  a 
P"^*'  lock,  except  in  a  few  ca.ses  where  the  locks 

''i^*  ^'    .  ■•^  ■.  other,  and  one  power  station  is  made  to 

aer%-e  two  locks.  Current  is  generated  for  the  most  part  by 
the  waste  water  of  the  canal.  The  only  altematmg-current 
sti"  •■  ••«  »t  the  Crescent  Dam.  near  Waterford.  wliich  supplies 
"  "^  fi^"'  locks  and  two  guard  gates.     Power  is  trans- 

luitttHl  at  2.2(Rlvoltj<,  three-phase.  40 cycles,  to  sub-stations  at 
locks  .1  and  5.  where  two  35  kw.  induction  motor-generator 
s.<»«  sup]ilv  continuous  current  for  working  the  lock  motors. 

ScienUflc  Research  in  the  United  States  and  Japan. 

In  H  tt-rent  numlK-r  <.f  the  ■  ticncral  Klc(  i  no  Review  ■  Dr. 
W  R  \N  hitney  contributes  a  summary  of  the  chief  steps  taken 
"'  •^'  ,  country  since  the  outbreak  of  war  for 

Jj'''    1 •    ><  "'ntific   and    industrial    research.     Even 

nelonp  the  war  there  were  in  the  United  States  manv  institu- 
tions eng.gn,!  in  industrial  rt«search.  and  in  1914  the  American 
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Association  for  the  Advancement  of  Science  appointed  a 
committee  to  promote  co-operation  between  industry  and 
the  imiversities.  In  March  of  the  present  year  the  Royal 
Canadian  Institute  inaugurated  a  bureau  of  scientific  and 
industrial  research,  and  the  scheme  on  similar  lines  before  the 
Commonwealth  of  Australia  has  been  widely  noticed.  An 
interesting  statement  was  made  by  Dr.  Takamine  on  April  7th 
at  the  Chemists'  Club  in  New  York — namely,  that  the  Japanese 
Government  has  now  set  apart  a  million  dollars  for  a  laboratory 
for  physical  and  chemical  research,  and  that  the  Emperor  has 
contributed  an  additional  $.500,000. 

Standardisation  of  Electric  Service. — The  procedure  of 
local  authorities  in  imposing  regulations  for  electric  supply 
varies  greatly  in  the  different  States  of  America,  and  in  some 
cases  adequate  engineering  staff  and  funds  are  not  available 
to  carry  out  investigations  and  supervise  the  testing  and 
registration  of  meters.  The  amount  of  tolerance  allowed  in 
meter  testing  is  particularly  variable.  With  a  view  to  pro- 
moting uniformity  of  action,  the  Bureau  of  Standards  has 
undertaken  a  study  of  the  whole  question,  the  results  of  which 
are  summarised  in  '"  Bulletin  "No.  56.  Suggested  ordinances 
for  the  regulation  of  electric  service  in  (1)  towns  and  small 
cities,  (2)  cities  generally,  and  (3)  larger  cities  are  included. 
The  practice  of  a  number  of  States  is  summarised,  and  there  is 
also  a  resume  of  laws  relating  to  accidents  and  safety  pro- 
visions. 

Recording  X-Ray  Spectrometer. — In  an  article  in  the 
''  Physical  Review,"'  Mr.  A.  H.  Compton  describes  a  recording 
X-ray  spectrometer,  by  means  of  which  a  continuous  record 
can  be  obtained  of  the  ionisation  produced  by  a  beam  of 
X-rays  reflected  from  a  crystal  as  the  angle  of  the  crystal  is 
varied.  A  spurious  and  irregular  current  in  the  ionisation 
chamber  was  investigated  and  found  to  be  due  to  a  slight 
radioactivity  within  the  ionisation  chamber.  Methods  are 
described  whereby  the  effect  of  this  radioactivity  may  be  con- 
siderably reduced.  The  X-ray  spectrum  of  tungsten  was 
examined  in  some  detail.  In  addition  to  the  seven  lines 
already  known,  an  indication  was  found  of  six  others,  two  of 
which  are,  however,  somewhat  uncei-tain.  The  wave-lengths 
of  the  different  lines  were  carefully  determined.  The  relative 
intensities  of  the  different  order  reflections  of  the  same  line 
are  proportional  to  the  areas  under  the  humps  produced  in  the 
record  by  the  spectrum  line  ;  and  the  relative  intensities  of 
the  first  three  orders  in  the  spectrum  from  rock  salt  were 
determined  by  measuring  these  areas.  The  observed  inten- 
sities of  the  different  orders  indicate  that  polarisation  occurs 
when  a  beam  of  X-rays  has  been  reflected  by  a  crystal. 


OBITUARY. 


Killed  in  Action. — The  following  deaths  in  action  or  as  the  result 
of  wounds  are  reported  : — 

Lieut.  N.  L.  Sissons  (East  Yorks.  Regt.),  aged  21,  who  was  killed  on 
Sept.  9,  was  prior  to  the  war  in  the  service  of  Sissons  Bros.,  Ltd.  (Hull). 
of  which  company  his  father  is  a  director. 

Sec. -Lieut.  Geoffrey  Thompson  (Indian  Reserve  of  Officers),  attached 
R.E.,  who  was  killed  on  Sept.  3,  was  27  years  of  age.     He  was  a  B.Sc. 
of  the  McGill  University,  ^Montreal,  and  an  assistant  engineer  to  the 
Burmah  Mining  Co.  « 

Lieut.  Ithel  Davies  (Royal  Welsh  Fusiliers),  aged  24,  who  has  been 
killed  in  action,  was  a  service  student  at  Armstrong  College,  Newcastle, 
before  the  war. 

Capt.  Jas.  Hendry  (Royal  Scots),  who  has  died  of  wounds,  was  formerly 
a  consulting  engineer  at  Rochdale. 

L.-Corp.  F.  Cressall  (Royal  Warwickshire  Regt.),  who  has  been  killed, 
was  a  partner  in  the  Cressall  Electric  Co.,  Birmingham. 

Second-Lieut.  David  Malloch  (R.E.),  who  has  been  accidentally  killed 
at  the  front,  was  30  years  of  age.  He  was  apprenticed  as  an  engineer 
with  Messrs.  M'Onie,  of  Govan,  and  was  afterwards  in  the  service  of  the 
Mirrlees-Watson  Co. 


PERSONAL. 


It  is  announced  that  ilr.  Thos.  \^VJrthington  will  retire  from  the 
}K)sition  of  director  of  the  Commercial  Intelligence  Branch  of  the 
Board  of  Trade  at  the  end  of  this  month. 

Caj)t.  J.  Muir  JJonaldson  (K.R.R.),  who  has  been  three  times 
wounded  since  January  last,  is  now  living  at  Chep.stow  Rise,  Croy- 
don. Prior  to  the  war  he  wa.s  an  electrical  engineer,  and  filled 
responsible  appointments  with  the  British  Thomson-Houston  Co. 

Mr.  H.  W.  Leonard,  who  for  the  past  six  years  has  held  an  im- 
portant position  in  the  G.E.C.  publicity  department,  has  recently 
joined  uj)  for  service  with  the  London  Electrical  {Engineers. 

Mr.  G.  Wejonouth,  of  0.  Wex-mouth  Ppty.  (Ltd.),  electrical  engi- 
neers, Richmond  (Victoria),  is  onhiswa^-to  England  to  volunteer  his 
services  to  the  British  Government  during  the  continuance  of  the 
war. 

In  view  of  his  impending  departure  from  West  Ham  to  take  up  the 
general  managership  of  the  Belfast  Corporation  tramwa\s,  con.se- 
quent  upon  Mr.  Andrew  Xance,  C.E.,  retiring  from  the  active 
management  of  that  undertaking,  the  Metropolitan  Association  of 
Electric  Tramways  Managers  entertained  Mr.  J.  ,S.  D.  MofTet  to 
dinner  at  the  Municipal  and  County  Club,  Whitehall  Court,  S.W., 
on  Friday  evening  last,  the  15th  inst.  In  addition  to  the  guest  of  the 
evening,  there  were  also  present  Messrs.  Ullmann  (East  Ham), 
Schofield  (Leyton),  chairman  and  vice-chairman  respectiveh*  of  the 
association,  Bruce  (L.C.C),  Harvey  (Uford),  Hammond  (5l.E.T.), 
Mackinnon  (L.U.T.),  Goodyer  (hon.  secretary  of  Croydon),  Littler 
(ex-chairman  West  Ham  Corporation  tramways),  Blain  (L.G.O.  Co.), 
Rooke,  Scholey,  Walton,  W^yld,  Myers,  Eeal,  Compton,  Robson 
(Southampton)  and  Chisholm.  Letters  expressing  regret  for 
inability  to  attend  were  received  from  Messrs.  Fell  and  Slatter\- 
(L.C.C),  Williams  (Erith),  Murrav  (Walthamstow)  and  Mason 
(South  Met.). 


APPOINTMENTS  VACANT  AND  FILLED. 


A  company  transacting  electrical  insurance  requires  a  qualified 
electrical  engineer  to  inspect,  test  and  report  upon  electrical  imits. 

See  an  advertisement. 

A  man  is  wanted  to  take  charge  of  electrical  equipment.     See 
advertisement. 


Mr.  A.  L.  MacAulay,  B.Sc,  a  graduate  of  the  University  of  Tas- 
mania, and  a  son  of  Prof.  A.  MacAulaN-,  who  holds  the  Chair  of 
Mathematics  and  Physics  at  that  imiversity,  has  been  appointed 
demonstrator  in  physics  at  the  University  of  Melbourne. 

Mr.  J.  S.  Nierses,  assistant  electrical  engineer,  Punjab,  has  been 
appointed  to  assist  the  Electrical  Inspector  to  Government,  Punjab. 


ARRANGEMENTS  FOR  THE  WEEK. 


TUESDAY,  Sept.  26th. 

Association  of  Supekvising  Electeiciaxs. 
7.15  p.w.     At   St.  Bride    Institute,  Bride-lane,  E.C.      Presidential 
Address  by  Mr.  A.  P.  Trotter. 


Mr.  T.  Bowen,  who  recenti}'  resigned  his  position  as  electrical 
engineer  to  the  Dandilo  Urban  Council,  has  been  reappointed  at  an 
increase  of  salary. 


1st  LONDON  ENGINEER  VOLUNTEERS. 
Officer  Commanding  :   Lieut. -Col.  C.  B.  Clay.  V.D. 

Orders  for  the  Week  :-  - 

Officer  for  the  W^eek. — Platoon  Commander  C.  H.  C.  Bond. 

Next  for  Duty. — Platoon  Commander  Hughes  Hallott. 

ilonday,  September  25th. — Technical  for  Platoon  Xo.  9  at  Regency- 
street.  Squad  and  Platoon  Brill,  Platoon  No.  10.  Signalluig  Class. 
Recruits'  Drill,  (5.25  to  8.25. 

Tuesday.  September  26th. — Range  Practice. 

Weunesday.  September  27th. — Lecture  by  AA'.  Ey'es.  E.sq.  (late  R.E.), 
6.15,  ■■  Demolitions  "     Platoon  Drill,  Platoon  No.  2.     Range  Priu-tice. 

Thursday,  September  28th. — Instruction  Class,  (5.-45.  Platoon  Drill, 
Platoon  No.  6.     Range  Practice. 

Friday,  September  29th. — Technical  for  Platoon  No.  10,  Regency- 
street.  Squad  and  Platoon  Drill,  No.  9.  Signalling  Class.  Recruits' 
Drill,  6.25  to  8.25. 

Saturday,  September  30th. — General  Parade.  2.45,  L'niform.  General 
Meeting  of  Corps.  5.30.     TheCommardant  hopes  to  sec  a  large  attendance. 

Sunday,  October  1st. — Entrenching  at  Otford.  Parade  A'ictoria 
(S.E.  &  C.  Railway)  Booking  Office  8.45  a.m.  Uniform,  haversacks, 
water  bottles.  Midday  ration  to  be  carried.  Railway  vouchers  will 
be  provided. 

Musketry.—  For  all  Companies,  see  Notice  and  Tables  A  and  B  at 
Headcjuarters. 

Note. — Unless  otherwise  indicated,  all  Drills,  &c„  will  take  place  at 
Headquarters. 
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SOME  CHARACTERISTIC  CURVES  OF  A  POULSEN-ARC 

GENERATOR.* 

{Conciudtd  fr'jrn  page  88.5.) 

BY  K.  W.  MCXACHI^X,  B.8C.K.VG..  A.M.I-E.E. 

KmriKSrV  ok  ABC  as  a  Ck)NVEKTKB  or  iJiRKfT  rXTO  OSCII-LATOBY 

CCBUK.ST. 

TJicifficiencyof  the  arc  iUelf  ( a|«rt  f  mm  tbeloh«  in  the  held  ctjils)t 
a«i  a  .oiivcrtt-r  of   "  "  umnt  can  te  dealt 

with  from  two  I*..  .f  the  arc  in  respect 

of  the  owillation*  of  fundamentaJ  frci^iu-ncy.  this  Uing  iini)f>rtant 
in   wirclc^H   t.  '  '       '  '        "       '•     ■  •    of  radiation  frcjni  an 

ant.miii  ;    '-'  i,r- .-nerj^  derived  from 

the  rmillationH  of  fundunu-ntal  frv-)i  •  various  haniionicH. 

CtiJif  I.  With  a  (fiven  re».ii«t;in»r.  i...  -  ...•  ■•  ..  v  of  the  arc  at  any 
partK  ular  fre^^uenry  in«rfa»«»  with  the  cajuuity  in  the  Bhunt  circuit. 

The  current  in  FiK-  Bnhow  thi-  tot.il  e  of  the  arc  plotted 

ajfainBt  the  frr<|uen«y  for  a  «a|uKity  of  ;  ..<  nifd.,  and  variouB 
v;iliiiM  of  the  n-xihtaiice.  An  n  V\\i.  2.  each  cur\e  ha«  a  maximum 
ordinate,  hhowin^  that.  md  resistance,  there  is 

accrtain  indu<  tance  and  : :      ,  .  •  for  which  theefticiency 

of  the  arc  in  a  maximum.  Thin  maximum  conwipondu  to  the  maxi- 
rtiiim  [«>wer  and  current  in  the  nhunt  circuit  under  the  name  eon- 
ditiiiiui. 

Kitf.  7  (thoWTi  the  effictencv  ohtained  with  various  reHistances  for 
,1  '  0.<M(Hl.')mfd.§     For 

,,    _  _  •  Kill  in  efticiency  is 

■mall,  hut  the  shape  of  the  curve*  i«  «uch  that  at  a  given  frequency 
ii  ■         '    '  '         '   'h  tlie  efficiency  is  a 

,.  I  .  .1    than  that   corre- 

h|  oiiding  to  maximiim  j  ower  in  the ahunt  circuit — i.e.,  the  maximum 
,"  '■     111 d  whin  tr     '       *       -•  in  slightly  IfKs  than  that 

(.■  J  I  owiT  for  I  '  v. 


trraphite,  the  latter  material  burning  away  very  rapidly  with  large 
currents.  Some  approximate  data  bearing  on  these  remarks  are 
given  in  Table  I. 

Table  I  —{Moacicki  Condensers)  OscilMions  of  Fundamental  Frequency 
with  Xormal  Magnetic  Blast. 


farixi. 


0-00924 
0-00:}«K 

Table  II. 


Maximum 

power 

abf^orbed  in 

shunt  circuit.* 

(Watts.) 

220 
175 


Efficiency 

corresponding 

to  maximum 

power. 

(Per  cent.) 


36 
26 


Power 

corresponding 

to  maximum 

efficiency.* 

(Watts') 


Maximum 
efficiency 

of  arc. 
(Percent.) 


200 
160 


,38 
30 


[Mo'-'uki   Condensers)   Oscillations  of  all  Frequencies  tcith 
Xormal  Magnetic  Blast. 


Capacitv. 
(Micro', 
farad.) 

Largest 

power 

absorljed  in 

hhunt  circuit.* 

(Watts.) 

Efficiency                Power 
corresponding     corre-ponding 
to  largest              to  largest 

power.                efficiency.* 
(Percent.)             (Watts.") 

Largest 
eflSciency 

of  arc. 
(Percent.) 

0-<X»<t24    '            280 
0-<Hi.{tis               18.jt 

39                         268 
2St                       165t 

42 
31t 

('a.$e  2.  —  In  Table  II.  approximate  data  are  given  with  reference 
to  the  ■■  total  "  efficiency  of  the  arc.  Since  the  power  obtained  from 
any  harmonic  depends  on  the  square  of  the  root-mean-square  value 
thereof,  tlie  jiower  olitained  from  the  harmonics  for  capacities  of 
O-tKKl'.H  mfd.  and  OfKlHto  mfd.  was  small  enough  to  be  neglected. 
The  ligures  in  Table  II..  therefore,  relate  to  the  largest  capacities 
only.  It  will  l)e  seen  that  the  total  power  and  efficiency  are  larger 
than  the  same  (piantities  for  oscillatioits  of  fundamental  frequency, 
and  that  they  increase  with  the  capacity. 
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/              C'O-a 

019i  mf(Air  CondmterJ 
1 

TAXI-R   1*1    Tift  fiMt-JtT   t-IBTITT. 


J  i  ^  6  7X10* 

I    T<>T*i.     Kkficikncv    or   the   .\h( 
\   fuR  Vakhh  hNahes  OK  thkHkms- 


60 


70 


20  30  40  50 

Toted  Resistance  in  Shunt  Circuit  (Ohms). 

KUi.    7.       Cl-RVKS     SUOWINT.     THE     ToT.AL*     EFFICIENCY     OF     THE     ArC 

Plotted  AOAiNST  THE  REsisT.\NrBiN  THESHiNTCiRCurrroR  Different 

VaLVCS  OF  THE  FREgiENCY. 


It  Mhiiuld  lie  mrntiun(<<l.  howrvrr.  that  for  given  conditions  the 
rftn  II  ni  y  dr|riHl"  to  a  i-rrtain  cxt*"!)!  on  the  lingth  of  the  tin-,  and 
It  in  wmirt  inr«  ;  with  I..  iitn<-e««  and  in  general  under 

ronditii.i- ■  ">-  ^fc  ,. ..  K'ljar  liiin...,k  .  ;•  \  nry  thix  n  siii-h  a  way  that 
the  pro)  •<•  allrralinii  in  the  i  urrrnl  thioiigh  the  an*  is  gn-ater 

'  1  If  the  arc  length,  with  a 

■    r  :  if'out  .'lOohms  in  cin  uit. 

the   dirri't'i  urretit   «up|ilir«   to   •  -rotor  diniiniHl.i><l.  the  rffi- 

•  "'"  ^     "  1.    hut    't  viTV    iioisy   and    irrrgtilnr. 

Mrm  r  i»  '  uraie  <!■  the  rflic;rncy  in  tho  mm'  o( 

a  hMidn|NTatrd  are  in  nut  of  I'  lori.     The  hishent  efficiency 


mnaidrrable  nntnunt  of  en* 
Mid  in  ' 


wled  in  heat  ins  the  elect  rod<w 


I 


r  rv«<l  lrf<  rr  .'•"rrlion  i;  nf  tl  e  lint  i  h  At" 


it  New(«iitir. 


thou  til 


Ll\ 


M»     t-,ir.i  till  ni    1  »••  iiiRTK 


''toT  and 
„ .»,    ;--.incl    to    lx< 
•<Ti  Arr  a<  A  Mean*  of 
iM     V\  »<  TUfrlAJt.Vol 


Accoriling  to  Barkhau.-<en.§  to  obtain  the  greatest  jxissiblc  cffi- 
<  iency.  it  is  necessary  for  the  voltage  to  ri.se  very  rapidly  to  the 
highcMl  i>ossible  value  after  the  arc  has  been  extinguislunl.  This  is 
efTect«il  by  water-cooling  the  cop|>er  electrode  and  n'lnoving  the 
ioniwxl  gaw-s  (pii.kiy.  the  latter  l)eing  accomplished  i>y  using  a 
magnetic  blast  or  a  gas  of  high  diffusion  velocity,  or  both  of  these. 
'Vhxw.  if  the  copper  elect mde  in  these  ex]>erinicnts  had  Ix'cn  water- 
cooled,  the  efficiency  of  the  arc  might  have  Ihhmi  greater  than  that 
indicated  by  the  figures  in  Tables  I.  and  II.  and  Figs.  6  and  7. 


I     \\r 


Conclusions. 

:i|»acity  ami  frccjiiency  there  is  a  certain  resi.stance 

giving  III  .  I  lH)werabsorl)c(l  in  the  shunt  circuit.     Theiv  is  also 

•  cvrtAin  resistAnce  for  which  the  efticiency  of  the  arc  is  a  niiximum  : 

'TcsjuHiding  to  maximum  power  is  smaller  than 

't  max  mum  efficiency. 

S.   With  tixr<i  capacity  and  iixcd  resistance  in  the  shunt  ciix-uit 


K'lude   the  loss   in    the  condensers.      The  power 
unt  circuit  and  the  efficiency  of  the  arc  will,  therefore. 
•    lie  value!!  given  in  Tables  l.'and  II. 
maximum  values. 


r 


i«.  i. 


*-r. 


"  Wireleaw  Telegraphy  and  Telephony."   j).  2(»1  : 
H  ireless  Telephony."  translated  by  .J.  E^^kine  Murray. 

-ed  oo  oscillations  of  fundamental  frequency  or  total 
efficiencies  occur  with  the  same  re.*istance. 
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there  is  a  certain  inductance,  and  therefore  frequency,  for  which  the 
power  obtained  irom  oscillations  of  fundamental  frequency  is  a 
maximum.  For  capacities  of  limited  value  the  total  power  from 
oscillations  of  all  frequencies  has  a  maximum  value,  but  for  capacities 
beyond  a  certain  limit  there  does  not  appear  to  be  any  definite 
maximum  value.  The  same  conclusion  applies  in  connection  with 
the  etficiency  of  the  arc,  but  the  resistance  corresponding  to 
maximum  power  is  smaller  than  that  corresponding  to  maximum 
efficiency. 

3.  With  given  resistance  and  frequency  the  power  obtainable  in 
the  shunt  circuit  (both  total  power  and  that  due  to  oscillations  of 
fundamental  frequency)  and  the  efficiency  of  the  arc  increase  with 
the  capacity;  but  with  larger  capacities  (of  the  order  of  0-00368 mfd. 
and  upwards)  the  burning,  especially  with  small  inductances,  is  apt 
to  be  irregular  and  noisy — i.e.,  when  the  ratio  L/C  is  small. 

4.  When  the  power  absorbed  in  the  shunt  circuit  is  very  small, 
the  capacity  being  fixed  and  not  exceeding  a  certain  limit,  there  is 
a  certain  inductance,  and  therefore  frequency,  for  which  the  shunt 
current  is  a  maximum.  For  capacities  beyond  a  certain  limit  there 
does  not  appear  to  be  any  definite  maximum  value.  With  dimin- 
ished blast  the  maximum  value  of  the  shunt  current  occurs  at  a 
lower  frequency  than  with  normal  blast,  and  it  is  possible  to  keep 
the  shunt  current  approximately  constant  and  the  burning  regular 
over  a  range  of  frequency  by  suitably  varying  the  strength  of  the 
blast. 

5.  A  diminution  in  the  strength  of  the  magnetic  blast,  as  shown  in 
Fig.  1,  does  not  cause  any  appreciable  alteration  in  the  maximum 
power  and  maximum  efficiency.  The  maximum  power  occurs  at  a 
lower  frequency,  and  more  power  is  obtainable  at  lower  frequencies 
than  with  a  stronger  blast.  It  is  possible  to  keep  the  power  approxi- 
mately constant  and  the  burning  regular  over  a  range  of  frequency 
by  suitably  varying  the  strength  of  the  blast. 

6.  A  diminution  in  the  strength  of  the  magnetic  blast  does  not 
cause  any  appreciable  alteration  in  the  fundamental  frequency  of 
the  oscillations  in  the  shunt  circuit ;  but  there  is  a  tendency  for  the 
second  harmonic  to  increase  with  capacities  of  0-00368  mfd.  and 
upwards. 

7.  The  most  prominent  harmonic  in  the  shunt  circuit  is  the 
second,  thereby  showing  the  existence  of  an  asymmetrical  current 
wave.  This  harmonic  for  any  given  capacity  increases  with  decrease 
in  inductance,  and  therefore  increase  in  frequency.  For  a  given 
frequency  the  second  harmonic  increases  with  the  capacity. 

8.  The  insertion  of  resistance  in  the  shunt  circuit  causes  the 
burning. to  be  less  regular  than  it  is  without  resistance.  The  irregu- 
larity of  the  burning  increases  with  increase  in  the  resistance.  At 
the  higher  frequencies  the  burning  is  more  irregular  with  diminished 
blast  than  with  normal  blast,  but  at  the  lower  frequencies  the  reverse 
is  the  case.  If  the  blast  is  diminished  beyond  a  certain  limit  the 
oscillations  are  irregular. 

The  author's  best  thanks  are  due  to  Prof.  E.  W.  Marchant,  D.Sc, 
for  reading  over  and  criticising  the  MS. 

APPENDIX. 

Note  on  Condensers. 
At  the  beginning  of  the  Paper  reference  was  made  to  the  loss  which 
occurs  in  the  Moscicki  condensers.  That  the  loss  in  such  condensers 
carrying  large  high-frequency  currents  is  appreciable  has  been  shown 
by  Dr.  Fleming  and  Mr.  Dyke.*  It  is  also  shown,  in  the  same  Paper, 
that  there  is  a  loss  with  air  condensers  if  the  electrostatic  force  is 
large  enough  to  cause  appreciable  ionisation  of  the  air  between  the 
plates.  In  order  to  ascertain  whether  the  loss  in  the  Moscicki 
condensers  had  any  considerable  effect  on  the  power  obtained  in  the 
shunt  circuit,  an  air  condenser  was  arranged  to  have  the  same 
capacity  at  high  frequencies  as  one  of  the  Moscicki  condensers.  The 
capacity  of  the  air  condenser  wag  adjusted  until,  with  given  in- 
ductance (comparatively  large)  and  the  least  resistance  possible  in 
the  shunt  circuit,  the  same  frequency  was  obtained  with  each  con- 
denser. A  sandstone  resistance  (about  15  ohms)  was  connected  in 
the  shunt  circuit  and  a  series  of  readings  of  power  and  frequency 
taken  with  each  condenser.  It  was  found  that  the  loss  in  the 
Moscicki  condenser  was  sufficient  to  cause  a  diminution  in  the  power 
expended  in  the  shunt  circuit  (as  found  by  voltmeter  and  ammeter 
readings),  in  some  cases  exceeding  15  per  cent.  ;  but  this  did  not 
invalidate  any  of  the  conclusions  given  above.  It  was  thought  more 
satisfactory,  however,  to  give  results,  as  shown  graphically  in  the 
diagrams,  for  an  air  condenser.  The  effect  of  the  condenser  loss  was 
greatest  when  the  current  was  largest  for  the  given  conditions — i.e., 
when  the  sandstone  resistance  was  not  in  circuit  {see  Fig.  5).  In  this 
case  the  voltage,  and  therefore  the  dielectric  stress,  especially  at  the 
lower  frequencies,  was  greater  than  with  resistance  in  circuit. 

.*  "  Proc."  Phys.  See,  London,  Vol.  XXIII.,  p.  117,  1911  ;    also  The 
ELECTKICIAN,  Vol.  LXVL,  p.  658,  1911. 


The  capacity  of  each  condenser  was  tested  at  5^)0  ro  per  «econd  by 
Carey  Forster's  method,  using  a  ('ampbell  mutual  standard  and  a 
Duddell  vibration  galvanometer.  An  air  condenser  was  arranged 
so  that  the  frequency  of  the  oscillations  in  the  shunt  circuit  was 
approximately  the  same  as  that  obtained  with  a  Moscicki  con- 
denser. The  capacity  of  the  air  condenser  was  then  measured  at 
500  r\j  per  second,  and  its  capacity  at  high  frequencies  assumed  to 
be  equal  to  this.  From  this  value  of  the  capacity  and  the  fre- 
quency of  the  oscillations  obtained  with  each  conden.ser  the  capacity 
of  the  Moscicki  condenser  at  high  frequencies  was  calculated. 

The  capacities  of  the  condensers  were  then  found  ballistically  by 
charging  up  to  about  210  volts,  using  100  small  secondarj-  cells,  and 
discharging  through  a  ballistic  galvanometer.  The  galvanometer 
was  calibrated,  using  a  Weston  cadmium  cell  and  a  standard  mica 
condenser  having  a  capacity  of  1  mfd. 

As  a  check  on  the  method,  it  was  found  that  an  air  conden-ser 
0-00175  mfd.  had  the  same  capacitj-  when  measured  both  ballLs- 
tically  and  at  500  >=  per  second.  The  results  of  some  of  the  experi- 
ments are  given  in  Table  A. 

Table  A. — Moscicki  Condenser. 


Capacity  (microfarad). 

Percentage     difference     be- 
tween  capacity   at  .500  cv* 
per     second     and     balUs- 
tically. 

Ballis- 
tically. 

500  ry  per 
second. 

1-75x10  fu 
per  second. 

0-00354 
000377 

0-00278 
0-00295 

0-00272 
0-00284 

21-5 

21-7 

It  is  clear  that  the  capacity  found  with  alternating  currents  is 
much  smaller  than  that  found  ballistically,  the  percentage  decrease 
being  almost  the  same  in  each  case.  There  is,  however,  only  a  com- 
paratively small  difference  between  the  capacities  at  500  oj  per 
second  and  l-75xl0'oj  per  second.  The  decrease  in  the  measured 
capacities  is  doubtless  due  to  diminution  in  the  dielectric  coefficient 
which  occurs  with  alternating  currents  of  increasing  frequency.* 

One  condenser,  thought  to  be  faulty,  gave  some  remarkable  results 
which  are  given  in  Table  B. 

Table  B. — Moscicki  Condenser. 


Capacity  (microfarad). 

Percentage     difference     be- 
tween  capacity   at  500fv> 
per     second     and     ballis- 
tically. 

Ballis- 
tically. 

500OJ  per 
second. 

2xl0''c\j 
per  second. 

0  00341 

0-00185 

0-00173 

46 

By  allowing  a  short  interval  of  time  to  elapse  between  breaking 
circuit  with  the  charging  cells,  and  making  the  galvanometer 
circuit,  it  was  possible  to  obtain  a  rough  estimate  of  the  relative  leak 
with  various  condensers.  The  rate  of  leak  with  the  condenser  in 
Table  B  was  much  larger  than  that  with  the  other  condensers,  although 
the  insulation  resistance  of  each  condenser,  as  found  by  an  ohmmeter 
(using  direct  current),  was  "  infinite." 

The  results  in  Table  A  confirm  observations  made  some  years  ago 
by  Dr.  E.  W.  Marchant,  using  plate-glass  condensers.  The  con- 
ditions were  slightly  different,  since  the  condensers  were  chaiged  up 
to  about  9,400  volts  by  a  Wimshurst  machine,  and  then  discharged 
through  an  oscillator}'  circuit  having  a  free  period  of  Tosoirth  second. 
Under  these  conditions  the  capacity  was  15  per  cent,  less  than  that 
obtained  ballistically. 


LIMIT  GAUGES.t 

BY    R.    T.    GLAZEBROOK,    C.B.,    F.R.S. 

The  fundamertal  idea  of  limit  gauging — that  the  dimensions  of  a 
piece  of  work  should  lie  between  certain  definite  values,  and  that  the 
engineer  should  possess  some  means  of  measurement  which  would 
enable  him  readily  to  tell  if  this  was  the  case — is  probably  quite  old. 
Its  importance  has  increased  greatly  of  late,  and  during  the  past 
two  years  the  growth  has  been  enormous.  The  work  of  the  En- 
gineering Standards  Committee  in  this,  as  in  many  other  branches  of 
engineering  industry,  has  been  of  the  utmost  value,  and  it  is  to  the 
reports  of  that  Committee  we  tiu-n  for  much  of  the  information  on 
the   subject.     It   is  impossible   to   speak  on   thi^   subject   without 

*  Sec  ,1.  A.  Fleming.  "  The  Principles  of  Electric  Ware  Telegraphy  and 
Telephony,"  pp.  183-186. 

f  Abstract  of  Paper  read  before  Section  G  of  the  British  Association. 
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reference  to  the  two  men  (.Sir  H,  F.  DonalcLion  and  Jlr.  L.  Robertson), 
whom  we  have  rew-ntiy  lost,  whose  Jafx>urB  did  so  much  to  promote 
the  c-ause  of  htandardijiation. 

Report  No.  27,  dated  June,  19<j6,  deals  with  British  Standard 
Systems  for  Limit  C  fiwming  Fits),  and  was  the  result  of 

much  careful  inquiry  .  uiision.     From  it  i«  taken  the  following 

definition : — 

Limit  Gawj'x.--ijix\i-ji-f  for  «-ti  .^us   j;iven  dimension  is 

within  the  to!«-ran'«-  luil  <l'.wr,  f  .f  work  to  be  produced. 

lnthcca«eo-  '  le  male 

gauptti,  one  •  \i  inujit 

not  enter,  the  hole  to  which  it  im  api.liwJ,  or  they  may  be  cither  two- 
rinK  or  twofap  paupe«,  one  cf  whi*  h  mv-t  paw!  over,  and  one  cf  w-hich 
will*/  not  j»a>vh  over,  the  plug  or  n:al<-  |'i»-<  <•  to  which  they  are  applied. 

To  the  ('ommittec'»  liKt  of  gaup--  namely,  standard,  reference 
and  shop  limit  g.iuges  it  is  desirable  to  add  "  check  gauges  " — i.e., 
gaugiH  desigiud  to  <  he<  k  readily  tin-  dimensions  of  gauges  in  use 
either  as  reference  gauges  or  as  sIkji  usually  the  inverse  of 

the  gauges  they  are  employed  t«>  cht>«  ....,  for  a  hole  the  check 
gauge  is  a  plug  and  rirr  r^t<n. 

it  is  projKjBed  to  <l  fie  um\  iiermissihlo  limits  of  accuracy 

and  the  metho<ls  of  ni<  ..  .;..,.■  ■■-  •!  .rwise  detennining  the  dimen- 
sions of  the  various  riasses  of  .  but  before  prweoding  to  this 
thn.*  other  terms  in  common  un.-  n.-.  <1  defmition.     These  are  : — 

y,  '  *  ,i..t  ,, ,) !  rcsciibod  iu  order  to  tolerate 

unii  I'- 

.)  i:  oi  duiuii--ii-!i--.  i-Tcsoribed  in  order  to  allow 

of  \  I 

Clrnmnrr.     A  lilttr•r•^l<•l•  in  n  or  in  the  shii]>c  of  the  -urf^e 

prpnt-rilnvi  in  ord.-r  tlmt  i«(i  ■  r  imrt-  of  •.iirfivi--  ina\  br  dear 

of  ttnt'  another. 

In  deiiling  with  gaugrn  mi-  ma\  r.ul<<li\ide  thrm  usefully  into  three 
groups  :  (I.)  (Jaugi's  for  plain  cylindrical  work  ;  (II.)  strew  gauges  ; 
(III.)  form  and  |:osition  gauges. 

Vrarw  ago  Sir  .Infill  Whitworth  ainu-d  at  standards  which  .should 
l*f  true  diniciiHion>,  and  he  made  no  effort  to  specify  plus  or  niinus 
limit*  for  eac-h  elaau  of  work.  Accordingly,  at  the  outset  the  Com- 
mittee were  fiM  chI  with  the  i  <>f  dctcrniining  the  limits  in 
onlcr  that  nitercliangeabilit\  s<m  nred  and  what  gauges  are 
nH|uinHl  for  this  purpoiie. 

I.   CvuNDRicAL  Work  and  Gauges. 

In  di-aluiu  uith  the  work,  it  is  clear  that  the  tolerances  and  allow- 
ances nii<  '"I  cMi  it  '-  and  the  class  of  lit  aimed  at: 
different  <•»<  arc  ry  for  numing  lits,  push  tits  and 
forrc  fit«. 

lilt  of  1'  ■    by  Mr.  Affwell,  (he  (  onuniltcc 

v<  toclraw  "f  rcconimcnclat ions  with  regard 

to  running  lits,  and  the  view  was  adopte<l  that,  wherever  possible, 
tl  ■  '  '  '  ,,||,|  I,,  il,.  element  mole  nearly  ajtproaching  the  true 
cii  '1  allowiime  I.e  ina<le  on  the  hole  according  to  the  kind 

of  lit  rp<|Uir(Hl.  The  lolerAiitos  on  the  shaft  arc  negative,  so  that  it 
may  never  ex<e(>d  its  nominal  dimenMions.  .\  minimiim  allowanre. 
obtained  by  tiiaking  the  hole  of  larger  than  noiiiiiia!  si/.e,  is  s|,ecilied, 
and  this  iMtinot  he  encr«Hi4hed  u|>on  by  either  element  ;  aluive  this 
A  |MiNitivr  lolerani  e  m  alloMetl  on  the  hole.  This  system  the  Com- 
inille<>  I  all  the  nhafl  biixiN  and  the  allowaiiies  applied  to  the  shaft, 
the  niiiinniiin  diameter  of  the  hole  being  its  lumiinal  size. 

With  a  %  ;e\»  to  ri*ducing  the  iiumi  er  of  gauges  n>(piited.  the 
schrme  ha*  befit  arranged  so  that  the  maxiiniim  diameter  of  the 
hole,  for  !  wi.rk  is  the  minimum  for  myonci -class  work,  and 

!»•»  on.     .\    g.   now.   agitement    I. as   bwn   reiu-hinl   as  to   the 

allowanr^s  nnd  tolernmrs  «m  the  work,  what  as  to  the  gauges  ? 

For  a  "haft  Me  tci|uite  iwit  ,  .tie  rorn<s|)onding  to  the  maxi- 

mum or  high  diinenHifin.  the  ■  <    the  miniiiiuni  or  low  diinen- 

aion,  and.  aji  |H<rfn<  t  workmanship  in  imponNible.  these  gauges  must 
lx        "    ■  ^''  to    the    sign    and 

«"  '11  has  to  I  e  iiot(>d. 

No  long  a«  the  work  is  within  the  limits  Al|owr<i.  interrhangeability 
i-  'I  il  wilt  !  •  to  the 

III  .  all  woi .  .  (M'tion 

gauges  should  not  iteinand  narniwer  limits  than  the  prndurfion 
drawingr        '  'My.  the  t    '  '     • 

must  l>e  p  -.■  on  a  I. 

a  ]ioint  which  the  gauge  maker  slxmld  <a'  Mend  t< 

.S»   f.ir.   •<•      -w   have   ' '    •'     •    '  -j,,,,    j..,,,^,.    x\\v 

toleranir  \e<»ntl.  ..-low.     Rutin 

the  wnrk?«bop  gr.ufke.  as  will  Iv  •eon.  tlir  rrversr  im  the  ra««.  These 
are  given  out  by  the  mi.nufn<  tumr  to  the  workman  to  enable  him 
to  make  work  which  will  p.-***  tho  in*f  >v  tor  ("lonrlv.  thon.  for 
safety.  V>  rr 

rallter  niu ;    \ 

high  grtu^  will  Lr  a  •  .  small.  .,<• : 


the  tolerance  on  the  high  gauge  is  negative,  that  on  the  low  gauge 
is  positive. 

As  to  the  tolerances  permissible,  these  depend  on  the  class  of  work 
dealt  with  and  for  inspection  gauges  amounts  of  the  order  of  one- 
tenth  of  the  tolerances  on  the  work  are  not  unusual.  For  a  work- 
shop gauge  the  tolerances,  as  well  as  being  of  opposite  sign,  may 
wisely  be  large  in  amoimt  :  the  result  of  this  is  to  contract  somewhat 
the  limits  within  which  the  workman  has  to  work,  but  to  increase 
the  chance  that  his  work  will  pass.  Moreover,  the  "  go  "  gauges 
wear,  and  a  ring  or  a  plug  may  easily  in  time  become  too  large  or 
too  small  resijectively  if  when  new  they  are  very  close  to  their 
nominal  sizes. 

We  tuni  now  to  the  measurement  and  testing  of  cylindrical  gauges. 
For  the  purpoije  of  merely  testing  a  gauge  to  see  if  it  is  correct,  two 
check  gauges — a  "  go  "  and  a  '"  not-go  " — may  be  used,  and  in  some 
ca.ses  must  be  used.  The  difference  between  these  will  be  equal  to 
the  tolerance  on  the  gauge  they  are  used  to  check,  and  their  own 
tolerances  will  be  much  smaller  ;  but  for  cylindrical  gauges  in  most 
ca-.  '  '  iiges  are  not  necessarj",  and,  indeed,  are  not  desirable  ; 
tin   •.  ~  arising  from  inaccuracy  of  manuiacture  and  wear  are 

too  serious.  Resides,  rejection  by  a  check  gauge  gives  no  intimation 
of  the  em»r  to  the  manufacturer,  and  thus  it  is  unsatisfactory  to  him. 
Thus,  cylindrical  jjiug  gauges  are  preferably  checked  by  some  form 
of  accurate  micrometer  or  measuring  machine.  To  describe  such 
machines  in  detail  would  fill  a  Paper  by  itself;  it  must  suffice  to 
mention  one  or  two  leading  joints. 

The  original  Whitworth  form  depends  on  the  use  of  a  feeler,  a  bar 
which  is  I  as.sed  clown  between  the  jaw  of  the  machine  and  the  gauge 
under  test,  and  while  high  accuracy  can  be  attained  by  practice,  the 
results  are  slow  and  depend  on  the  skill  of  the  observer.  In  another 
form  the  jilunger  jiresses  against  a  spring  and  tilts  a  mirror.  The 
machine  is  in  adjustment  when  a  ray  of  light  reflected  from  the 
mirror  otcujiies  a  definite  position  of  a  suitably  placed  scale. 

The.'-e  methods  demand  the  employment  of  accurate  standards 
of  a  large  variety  of  lengths.  Such  are  afforded  by  the  now  well- 
known  Johans-sen  gauges,  and  most  of  the  test  work  at  the  National 
Physical  l.K»lioratory  is  now  done  by  the  aid  of  these  gauges. 

The  checking  of  ring  gauges  or  of  .snap  gauges  is  a  more  difficult 
problem.  For  many  purj)o.«es  check  gauges  are  used — a  '"  go  "  and 
••  not-go  ""  plug,  the  e.vternal  diameters  of  which  can  be  accurately 
mea.sured  ;  and.  indeed,  for  small  rings  this  is  the  only  method.  For 
larger  gauges  there  are  various  forms  of  internal  callipers  available, 
but  these  do  ii.ii  lend  them.selves  readily  to  high  accuracy. 

II.  Screw  Gauges. 

The   ]in>blem  of  the  standardisation  of  screw    limit   gauges  is 
ver\'  difficult   one.     A  screw   surface   is  a  complex   form,  and  to 
satisfy  one-self  that  in  all  its  dimensions  it  lies  within  certain  limits 
involves  much  careful  work.     The  question  is  fullv  discussed  in  the 
K.S.C.  Re|H.rt  No.  :{8. 

In  the  Whitworth  thread  standardised  by  the  Committee  there  are 
s<'ven  elements,  and  error  in  any  one  of  these  may  le  sufficient  to 
cause  a  gauge  to  reject  work  w  liich  ought  to  pass  or  tiVe  versa.  These 
elements  are  full  (or  major)  diameter,  core  (or  minor)  diameter. 
efTe  -tive  (or  pitch)  ch'jimeter,  i)itch,  angle,  form  at  crest,  and  form  at 
root.  Of  thcK-.  the  mo.st  important  and  the  most  difficult  to  contrcl 
an*  the  pitch  and  the  efTective  diameter. 

In  the  Whitworth  thread  the  attempt  is  made  to  obtain  contact 
over  t  he  w  hole  surface  of  the  screw  ;  while  jxissibly  for  .some  pur}X)ses 
this  is  desirable,  it  adds  greatly  to  the  difficulties  of  both  construction 
«"'  '  ;here  is  much  to  be  said  for  a  sy.stem  which  allows 

d'  —  at   crest   and   root.     Four  of  the   above   seven 

elements-  the  first  two  and  the  last  tw^o — then  become  unimportant, 
and  V.  '  ft  to  (onicnfrate  on  the  effective  diameter,  the  pitch 

a"«''l'  "f  the  thread.      If  the  screw  bears  along  its  slopes  it  is 

doing  Its  w^rk  satisfactorily,  and  in  most  cases  the  fact  that  there  is 
clearance  at  crest  and  rcxit  is  immaterial. 

Tlie  author  next  jioints  out  that  errors  in  pitch  and  effective 
diameter  are  closely  connected,  and  shows  that  one  can  compensate 

^'""  ■ ""•■•  /'■  in  pitc^h  on  a  thread  of  which  /  iiiches  are  eiigaged  by 

"'  reduction  of  effcntive  diameter  of  2/)/  in  the  ])hig.  or  an 

iiicrt'inie  of  the  same  amount  in  the  ring. 

^  '      '  1  irds  Committee,  in  their  Report  No.  liS. 

■■'  t  two  se|«irate  matters  to  decide  uj)on  : — 

(I)  To  lav  down  tolerances  on  full,  core  and  effective  diameters  to 

'  1  if»  imi>erfc»ction  of  worknian.sliip. 

m  oriici  that  bolt>  and  !iut.«  may 

.-  errors  in  pitch  could  bo  permitted  in  ordirarv 
^  ing  rpgnrd  to  the  allowances  in  effective  diameter  which 


And  M  a  result  they  refwuinended  mi  Report   No.  :?S  a  series  of 
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tolerances  for  the  two  threads  considered — British  standard  Whit- 
worth  and  British  standard  fine. 

Turning  now  to  the  question  of  providing  limit  gauges  for  such 
threads,  we  are  met  with  many  difficulties. 

For  bolts,  the  three  "  go  "  gauges  recommended  by  the  Engi- 
neering Standards  Committee  may  be,  and  usually  are,  replaced  by 
a  single  "  go  "  ring  gauge,  a  ring  .screw  of  correct  form  and  dimen- 
sions. Such  a  gauge  is  difficult  to  construct  and  verify  with  accu- 
racy ;  hence  Mr.  Taylor  suggested  for  pitch  and  effective  diameter 
a  three-point  gauge  which  the  author  describes. 

With  this  gauge  a  "  go  "  and  "  not  go"  ring  gauge  is  used  for 
the  full  diameter,  and  "go"  and  "not  go"  snap  gauge  for  the 
core  diameter.  With  a  complete  ring  gauge  for  the  "  go  " 
gauge,  "  not  go  "  gauges  are  required  if  the  checking  is  to  be  com- 
plete for  the  full,  core  and  effective  diameters.  In  practice  it  is 
generally  considered  sufficient  to  use  a  "  go  "  ring  and  a  "  not  go  " 
full  diameter  gauge,  though  this  opens  the  door  to  the  employment 
of  thin  threads.  It  should  be  remarked  here  that  a  "  not  go  " 
screw  ring  is  a  useless  and  misleading  gauge  ;  it  is  difficult  and  costly 
to  construct ;  it  may  tell  you  no  doubt  that  the  screw  is  wrong  and 
ought  to  be  rejected,  but  it  affords  no  information  as  to  what  element 
in  its  form  causes  the  rejection. 

Up  to  the  present  no  firm  has  undertaken  the  manufacture  of  the 
three-point  pitch  and  effective  diameter  gauges,  and  they  have  not 
come  into  general  use  ;  they  suffer  also  from  the  disadvantage  that 
the  wear  is  taken  on  the  points,  and  even  if  these  are  properly  har- 
dened the  life  cannot  be  long. 

It  is  easier  to  gauge  a  hole,  for  in  this  case  the  gauges  are  plugs.  A 
complete  plug  gauge  is  required  as  a  "  go  "  gauge,  and,  to  be  strict, 
three  '"  not  go  "  gauges  for  the  core,  full  and  effective  diameters. 
For  the  core  the  "  not  go  "  gauge  is  a  simjile  plain  plug  of  appro- 
priate size.  For  the  full  and  effective  diameters  we  use  two  screw 
gauges,  each  having  a  single  turn  of  the  thread  ;  the  first  has  a  very 
thin  deep  thread,  cut  away  on  the  slopes  and  at  the  root  so  as  to  bear 
only  on  its  crest,  while  the  second  is  cut  away  at  the  crest  and  root, 
and  bears  on  the  slopes  ;  the  diameters  are  in  each  case  of  appro- 
priate size  and  the  screw  is  rejected  if  either  gauge  enters  appre- 
ciably. If  a  "  not  go  "  core  diameter  gauge  only  is  used,  holes  with 
thin  threads,  in  which  the  effective  diameter  and  probably  the  full 
diameters  are  too  large,  will  be  accepted. 

We  pass  next  to  the  tolerances  on  the  gauges  and  the  means  of 
detecting  these  ;  the  last  is  closely  connected  with  the  methods  of 
production,  and  has  recently  been  discussed  in  a  memorandum, 
"  Notes  on  Screw  Gauges,"  issued  in  February,  1916,  from  the 
National  Physical  Laboratory.  In  the  case  of  a  plug  gauge,  if  a 
satisfactory  ring  check  is  available,  the  first  step  will  normally  be  to 
try  it  with  this.  If  it  fails  to  enter  it  is  usually  rejected,  but  further 
examination  is  made  to  see  to  what  particular  the  failure  is  due.  If 
it  enters,  examination,  is  still  necessary  to  determine  whether  it  is  up 
to  size  in  all  its  elements  ;  it  may  have  an  excessive  pitch  error, 
which  is  compensated  for  by  a  large  reduction  in  its  effective  dia- 
meter, and  in  this  case  it  is  useless  as  a  gauge.  Thus,  in  nearly  all 
cases  measurement  is  required. 

For  the  full  diameter  a  micrometer  or  some  sunple  form  of  measur- 
ing machine  is  all  that  is  needed.  The  principle  involved  in  the 
measurement  of  the  effective  and  core  diameters  is  next  dealt  with, 
and  the  instrument  employed  at  the  National  Physical  Laboratory  is 
described. 

Turning  now  to  the  measurement  of  pitch,  we  notice  first  that 
pitch  error  may  be  of  two  kinds  :  (a)  A  progressive  error  increasing 
regularly  as  we  go  along  the  screw,  and  {b)  superposed  in  many 
cases  on  this  a  periodic  error  depending  frequently  on  some  want  of 
adjustment  in  the  leading  screw  of  the  lathe  on  which  the  thread  was 
cut. 

The  method  of  measuring  the  pitch  in  use  at  the  Laboratory  is  as 
follows  :  The  screw  is  mounted  as  before,  but  the  feeler  carried  by 
the  saddle  takes  the  form  of  a  small  sjjherical  ball  at  the  end  of  a 
bent  lever.  The  ball  is  held  pressed  into  the  threads  of  the  screw 
by  a  light  spring,  and  as  the  saddle  is  traversed  along,  the  ball  moves 
to  and  fro  always  remaining  in  contact  with  the  screw.  The  ball  is 
too  large  in  diameter  to  reach  the  bottom  of  the  thread.  In  its 
motion  it  slides  down  one  flank  of  the  thread  until  it  is  arrested  by 
contact  with  the  opposite  flank,  when  it  immediately  begins  to 
move  up  this  flank  ;  this  change  of  motion  is  very  sharply  defined. 
By  noting  on  the  micrometer  screw  the  positions  of  the  slider  at 
which  these  changes  of  motion  take  place,  we  clearly  have  a  means  of 
measuring  the  pitch  of  the  screw.  To  effect  this  a  mirror  is  attached 
to  the  arm  carrying  the  small  sphere,  and  rotates  backwards  and 
forwards  as  the  arm  moves.  A  spot  of  light  reflected  from  the 
mirror  on  to  a  scale  moves  in  one  direction,  then  stops  and  moves 
back  ;  after  a  time  its  motion  is  again  reversed,  and  so  on.  The 
sharp  reversals  caused  by  the  point  of  contact  of  the  sphere  passing 


from  one  flank  of  the  screw  to  the  opposite  flank  are  clearly  deBned 
and  by  their  means  an  accurate  measure  of  the  pitch  is  obtained. 

To  measure  the  angle  and  form  of  a  thread  a  microscope  is  most 
conveniently  u.sed.  The  microscope  i.s  fitted  with  cross  wires,  and 
can  rotate  about  its  axis.  Some  means  of  measuring  this  rotation 
is  required.  Means  also  for  bringing  the  part  of  the  .screw  to  >je  ex- 
amined, and  for  focussing,  are  required,  and  care  must  be  taken 
that  the  light  which  enters  the  micro.scope  may  come  along  the  rake 
of  the  thread.  The  axis  of  the  microscope  is  set  at  right  angles  to 
that  of  the  screw. 

To  make  a  measurement  of  the  angle,  the  microscope  is  first 
focus.sed  on  one  of  the  centres  which  carry  the  screw  ;  it  is  then 
moveu  aside,  and  the  screw  is  put  in  position  and  traversed  by  means 
of  the  adjustments  until  in  the  field  of  view.  This  method  of  focu.s- 
sing  ensures  that  an  axial  section  of  the  .screw  is  under  examination. 
The  microscope  is  then  rotated  about  its  axis  until  the  cross-wire 
is  along  the  flank  of  one  of  the  threads,  and  a  reading  is  taken  ;  the 
tube  is  turned  and  the  screw  traversed  until  the  cro.ss-wire  lies  along 
the  opposite  flank  and  a  reading  is  again  taken  ;  the  difference 
between  these  gives  the  angle  of  the  screw.  By  .setting  the  cross- 
wire  to  run  along  the  crests  of  the  thread  and  taking  a  reading,  the 
squareness  of  the  threads  to  the  axis  can  be  verified,  while  the  general 
shape  of  the  thread  is  obvious  to  the  eye.  By  attaching  the  part 
carrying  the  screw  to  two  slides  at  right  angles,  one  parallel  to  and 
the  other  at  right  angles  to  the  axis  of  the  screw,  fitted  with  accurate 
micrometers,  measurements  of  the  diameters  and  pitch  of  a  sm-^11 
screw  may  be  made. 

In  many  cases,  however,  observations  on  angle  and  form  can  be 
made  most  readily  by  a  projection  apparatus.  The  screw  is  suitably 
mounted  and  illuminated  by  the  aid  of  a  small  arc  lamp  and  con- 
denser. Carefully  arranged  lenses  throw  a  magnified  image  on  a 
screen,  and  observations  are  madt  on  this  image.  The  lenses  must 
be  chosen  to  produce  uniform  magnification  over  the  field,  and  there 
mu.st  be  absence  of  distortion.  At  the  Laboratory  lenses  to  secure 
this  have  been  obtained,  and  the  method  has  proved  rapid  and  of 
great  value.  A  magnification  of  50  has  been  selected  ;  the  screw 
carries  an  accurate  drawing  of  a  section  of  the  screw  50  times  actual 
size.  It  is  easy  to  compare  the  image  formed  with  this  correct 
profile.  The  screen  carries  adjustments  which  serve  to  bring  tl.e 
image  and  the  drawing  readily  into  coincidence. 

Another  method  of  comparison  is  to  project  simultaneously  the 
image  of  an  accurate  screw  placed  alongside  the  one  under  examina- 
tion ;   the  differences  are  readily  apparent. 

The  checking  of  screwed  ring  gauges  is  more  difficult.  Direct 
measurement  is  only  possible  if  they  are  of  considerable  diameter. 
Means  have  been  devised,  provided  the  ring  is  not  too  small,  nnd, 
where  the  information  is  specially  required,  are  employed  for  measur- 
ing the  diameters  by  the  aid  of  small  spheres,  fitting  into  the  threr.ds, 
and  internal  micrometers.  In  general,  however,  check  gauges  are 
resorted  to,  the  Taylo'r  system  being  employed  whenever  real  accu- 
racy is  desired.  This  in  itself  does  not  give  a  measurement  of  the 
diameter,  but  it  is  generally  possible  by  the  use  of  a  sufficient  number 
of  checks  of  slightly  different  sizes  to  form  a  close  estimate  of  tlie 
limits  within  which  it  lies.  A  simple  and  rapid  method  of  measuring 
internal  diameters,  specially  of  small  screws,  is  much  to  be  desired. 

III.  Form  and  Position  Gauges. 

These,  which  are  often  extremely  difficult  to  make,  to  measure  r.nd 
to  check,  perhaps  hardly  come  within  the  category  of  limit  gauge--:. 
In  the  case  of  plate  form  gauges,  the  examination  can  sometimes  be 
done  readily  by  measurement,  but  check  gauges  are  usually  neces- 
sary, and  the  observation  is  made  by  bringing  the  two  into  contact 
on  a  plate  of  glass  and  holding  them  up  to  the  light.  The  eye  can 
readily  detect  a  want  of  fit  ;  to  say  exactly  what  is  wrong  is  more 
difficult — e.g.,  in  the  case  of  an  elaborate  band  gauge  for  a  shell.  We 
have  found  the  difficulty  best  met  by  the  supply  to  the  maker  of  an 
accurate  check  in  addition  to  the  drawing.  More  recently  the  pro- 
jection employed  for  checking  the  form  of  a  screw  thread  has  been 
freely  used  and  has  given  good  results. 

Position  gauges,  again,  need  cheeks  for  their  verification,  and  the 
design  and  manufacture  of  these  often  pre.-^^nts  difficulties.  The 
check  is  clearly  an  accurate  replica  of  the  part  which  it  is  intended  .o 
gauge,  made,  however,  in  a  form  which  lends  itself  to  exact  measure- 
ment so  that  its  accurac}^  may  be  secured.  The  details  of  measure- 
ment will  differ  for  each  gauge,  and  no  general  account  can  be  given. 

Limit  gauging  is  a  wide  field  to  discuss,  and  in  this  hasty  survey  the 
fringe  has  only  been  touched.  The  experience  of  the  past  year  has 
shown  its  importance,  and  when  once  this  was  realised  and  the  fact 
that  accuracy  was  essential  was  grasped,  British  manufacturers  have 
risen  to  the  occasion  and  may  be  proud  of  the  output  of  beautiful 
gauges  now  being  passed  into  mmiition  works.  i*« ,      f^ 
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THE  AIR-GAP  FIELD  OF  THE  POLYPHASE  INDUCTION 

MOTOR. 

BY  F.  T.  CHAPMAN",  Li.tJC. 
(Continued  from  page  734.) 

SODIARY  OF  CONTEXTS. 

TV. — ^The  Effects  of  Magnetic  Satieation. 

Section    25.— The    Haturation    curve.     FundamtnUl    and    third 

harmonic  of  time-flux  wa\i!. 
SectionK  20  to  28.— Effect  of  saturation  on  multiple  fields. 
Sf-ction  2{».— Effect  of  Katurnti'in  'ii  air-'.'ap  diHpersion. 
S*-!  tion  'M). — Calculation  of  no  l«.i'l  ■  nrr'-nt. 
Section  31. — The  actual  form  of  the  current  locus. 

Part  IV.— Kfkect  op  Saturation  of  Maoxetic  Circuit. 
25.  Tin*  paths  of  the  lines  of  forc«  constituting  the  fields 
we  have  been  studyinK  in  Parts  II.  and  III.  include  the  air-gap 
and  the  teeth  and  cores  of  staKir  and  rotor.  The  length  of 
the  path  varies  slightly  from  one  part  of  the  field  to  another, 
but  the  difTerenres  are  small  and  are  confined  to  tlie  portioiis 
of  the  lines  which  lie  in  the  cores,  where  the  permeability  is 
usuallv  high.     These  diflerences  will  be  neglected. 


■^^  >  /^  V 


Fiii.  10. 
LixKM  or 


X       *"  X 

M  SHOWIM)  TIIK  lilFKKBKNCRS  METWKEN  THE  VaBIOUS 
■MI'O.SI.Mi    THE    FlIII.II,    WITH    SHoKT    LiNES    ST  XX. 


If  the  ampere-turns  acting  on  any  path  are  a  sine  function 
of  the  time,  the  variation  of  the  flux  density  is  represented  by 
a  wave  which  is  much  flatter  than  a  sine  wave.  Analysis  of 
this  wave  .shows  that  for  practical  purposes  it  may  be  sup- 
posed to  contain  a  fundamental  and  a  third  harmonic  only, 
all  higher  harmonics  being  negligible.*  The  time-flux  waves 
obtained  with  various  amplitudes  of  the  M.M.F.  in  the  motor 
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Fir,.  12. — Component  Curves  Derfved  from  Fig.  11. 


Some  lines  of  force  may  take  a  considerably  shorter  path  by 
cr(»sfting  the  head  of  a  tooth,  as  shown  at  X  in  Fig.  10,  and  this 
isehjwiiully  true  of  the  flu.xes  constituting  the  higher  multiple 
fields.  No  attempt  ha^  l)e«ii  made  to  allow  for  this  in  the 
following  investigation,  and  the  permeance  between  the  planes 
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AA'  and  BH'  (Fig.  10)  t»  ukon  to  W  the  same  ftinction  n(  the 
«ir-p«p  d«  nsit  v  (or  rv.       '  '  ' 

F«g    II  f^howf.  the  vo  of  a  umall  thme-pl  i-. 

motor  upon  which  rxprriment*  have  ho«n  made  which  wil 

In  this  diagram  the  ,.  ,.nt   the 

•■■••I »:'ting  on  a  unit  tube  of  i  ;\  t.rtwi.ti 

AA'  and  WW  in  Fig.  10  (we  shall  n-for  u>  .  ,  „(  «  t„iM 

of  flux  a."  A  half  line),  while  nrdinatos  iiidtrate  the  density  in  the 

thi."*  tube  crosses  it,  the  effect  of  slot 


referred  to  alx)ve  have  been  analysed,  and  the  amplitudes  of 
the  fundamental  and  the  third  harmonic  are  showTi,  as  a  func- 
ti(m  of  the  amplitude  of  the  M.M.F.  wave,  in  Fig.  12.  The 
f(»rms  of  tlic-ie  curves  may  be  compared  with  the  experimental 
curves  given  by  the  author  in  a  previous  Paper  on  this  subject, 
which  Were  taken  on  the  same  motor.f 

2G.  When  the  rotor  circuits  are  open,  or,  if  the  rotor  winding 
has  a  small  number  of  phases,  when  the  rotor  is  running  at  or 
near  synchronism,  we  may  assume  that  the  resultant  ampere- 
turns  acting  on  the  lines  of  force  passing  down  the  several 
stator  teeth   are   given   correctly   by   G<">rges'   diagram. +     In 


Fio.  13._AMrFitr.T.  UN  Diaoram,  No  I>oad.     »h=3,  P=3, 

Fig.  13  thi.s  diagram  has  been  drawn  for  the  motor  to  which 
e  has  already  been  made.     The  particulars  of  this 


<    pol(>«rc4. 


ir. 


No.  of  iitator  phases  =3. 

No.  rif  conductors  per  slot  =  18. 

Full  span  windins;. 


I  ^       , ,  "*  '^^'  "  Barling.  Thk  Elkctrtcian.  Vol.  LXXH'., 

•14       I  ho  -paoo  variation  of  M.M.F.  and  flux  density  is  there 

t,  ,   .  ..nrliisirns  apply  e(iuallv  \\-ell  to  the  time  "variation. 

.  Vol.  LXXIV..  p.  .Tin'.  Fig.  2,  December  11.  1<»14. 

KM......  ,UL  /ieit*chr.,"  Vol.  XXVIll.,  pp.  U6,  January  :*.  1W7. 
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Tooth  No.  1  is  between  two  phases,  and  the  vector  01  repre- 
sents the  amplitude  of  the  M.M.F.  (measured  in  ampere-turns) 
applied  to  the  flux  traversing  this  tooth.  Vectors  02,  03,  &c., 
represent  similarly  the  ampere-turns  applied  to  the  flux  tra- 
versing teeth  Nos.  2,  3,  &c.,  respectively.  The  vector  12  repre- 
sents the  ampere-conductors  in  the  slot  between  teeth  Nos.  1 
and  2.  The  diagram  has  been  drawn  to  represent  the  con- 
ditions when  the  effective  current  per  phase  is  6-48  amperes. 
Vector  12  has  a  length  equal  to  V'2x  648x18=165  ampere- 
conductors, and  this  vector  will  be  taken  to  represent 
165  sin  2.jift.     Vectors  23  and  34  have  exactly  the  same  length. 

The  angle  102  is  less  than  -  by  about  54'.     If  we  represent 

by  a^,  a^,  &c.,  the  ampere-turns  acting  at  any  instant  at  teeth 
Nos.  1,  2,  &c.,  respectively,  we  shall  have 

ai=495  sin  (  27r/i+^-fg)  =495  cos  [2nft+^, 

a^^^Sl  sin  (2;T/«-f^+^-19°6'')=437  cos  (^27r/i5+^-19°6'), 

a3=437  sin(27r/«+^+^-40°54')=437  cos(27r/«+^-40°54' 


71 


21'     27 


Fi  cos  {27ift+7c;2P}  sin  cO  .  dd 


2p'^2q 


F^  COS  i27ift+7il2P-ai)  sin  cd  dB 


..+ 


-r  •  •  • 
Fn COS  {2:i:ft-\-7c/2P—an) dncd .dd  . +.  .toq terms 


•/ —J.—- T 

2P  '      2</ 


Ui- 


=495  sin  ('27r/i+^-^)=495  cos  hji ft- ~), 


and  SO  on. 
From  the  curves  of  Fig.  12  we  see  that  the  corresponding 
air-gap  densities  will  be 

?/i=38,700  cos  (27c ft+^}j  4-4,050  cos  {gjc ft -]-^\ 

^2=36,300  cos('27r/«+|-19°6'')+3,150  cos('67r/<+'^-57°18'Y 

1/3=36,300  cosfo/«+|-40°54') +3,150  cos(67r/«+|-122°42^, 

?/4=38,700  cos  (  27r/«-|)  +4,050  cos  f  Qjtfi-^, 

and  so  on. 

The  vector  diagrams  for  the  fundamental  and  third  harmonic 
of  the  flux  waves  are  drawn  in  Figs.  14  and  15  respectively. 

27.  We  will  now  consider  a  general  case  and  analyse  the  space 
flux  waves  due  respectively  to  the  fundamental  and  the  third 
harmonic  terms.  The  method  to  be  employed  is  the  same  as 
that  of  sec.  14. 

(a)  Fundamental  Terms. — In  a  P-phase  machine  with  m  slots 
per  pole  per  phase,  and  a  full  span  winding,  we  have  the  follow- 
ing as  the  fundamental  terms  of  the  flux  wave  for  successive 
teeth. 

y^=F^  cos  {27tft+7z/2P), 

y^^F^  cos  {2nft+nl2P-a^), 


ym=Fm  COS  i2jcft-\-7i/2P—a,„), 

ym  +  l=Fi  COS  (27tft~7l/2P), 

y^m^Fm  COS  {2nft~7il2P~am), 
y.^,n+i=Fj^  COS  {27T.ft-2>nj2P), 

yzm=Fm  COS  (27r/«— 37r/2P— a,„), 
and  SO  on. 

The  amplitudes  F^,  F^,  &c.,  are  determined  from  the  ampere- 
turn  diagram  and  the  saturation  and  derived  curves  ;  a,,  a,«, 
&c.,  are  obtained  from  the  geometry  of  the  ampere-turn 
diagram. 

In  symmetrical  machines  at  no-load  we  have 


a2=7i/P—am, 

F2  =  Fm, 


a3=7z/P~a,n-h  &c. 

F-i  =  Fm--[,  &c. 


As  in  previous  sections,  we  take  a  space  origin  at  the  centre 
of  a  phase  group  in  which  the  current  is  /  sin  27zft.  The 
amplitude  of  the  sine  component  of  the  cth  harmonic  of  the 
space  flux  wave,  reckoned  from  this  origin,  is  given  bv 


where  g'=mP=number  of  slots  per  pole  as  before. 

7 


Fn;.  14. — ^TooTH-FLux  (Fundamental),  No  Load,     to =.3,  P=3. 


The  first  term  of  this  series  is 
2  F,   .    C7C  (   .     ..     .     c-1 
;.  T  ^^^  2?  r^^  ^2''^^'-'2P 

The  (m+l)th  term  is 


sin  ^  I  sin  {27t  ft -^-j^tz)- sin  (  27ift-\--^7tj[. 


2  Pi   .    cji  (  . 


c-1 


.-^-1^1 


^  i  '"^  ¥q  r""  ( w^+ip '^j-^i^  [^^fi-  2P  •'^jj  • 

The  first  (m+l)th,  (2?n+l)th,  &c.,  terms  make  a  series  of 
P  terms,  the  sum  of  which  is 

•    ^ 

•    fo    /•,     ^-1     ,  (P-l)(c-l)--rl    '^^     2   "" 
sm|2.^/<-—  .T+ ^ I  .  — ^:^ 


2    P,      .    en 
-  .  — ^  .  sm  „ 
71      c  2q 


sin 


2P 


vT 


.     c+1 
sm  -^^.T 


-sm  /2./^+^+i.-(^-^)(^+^^"l L 

^Z.T/?+   ^pTl  2P  j    .      c+1 


sm   2P  -1) 


Fig.  15.^ — Tooth-flux  (3ed  Haemonic).     to =3,  P=3. 

Now  c  is  a  whole  number  and  odd,  and  if  we  confine  ourselves 
to  positive  values  at  first  we  see  that  if  c=2P(^+l,  d  being  a 
positive  integer,  the  last  expression  reduces  to 

2PP,       .     CTl  c-1  .     „     , 

^  .  sm  —  .  cos  -,  w  -T  .  sm  27t ft, 

CTl  2q  2P  -^ 

whereas,  if  c=2Pc?— 1  its  value  is 

2PPi       .     C7l  c+1  . 

.  sm  —  .  cos  -zrprTi  .  sm  2rcft. 

CTl  2q  2P  •' 

c2 
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In  the  same  way  we  find  the  sum  of  the  series  constituted  by 
the  2nd,  (m-l-2)th,  (2»J-r2)th,  &c.,  terms  to  \>e 


2PF,     .    en  c 

.  sm  „    .  cos   , 


CTl 


2q 


2PF,     .    CTl  c~\ 


''         -T-r'-'""27-^^"'27' 


I  /  C~l  ' 

,.-z8in(  2.t//— a,+~j, 

71  sin  (  2nft—a2—  '   )■ 


Altogether  there  are  m  series  which  can  be  summed  this  way, 
and  the  sum  of  them  all  is 

S,=^^sin  TI^i  »'"  2:r//+F,sin  f  2;r//-aj+^)+... 
C7t        2(j  \  H  ' 


/  in  — 1         \l  c— 

...-\-Fm  sin  {  2nft-am-\- •  cnjj  cos  ^^ 

or, 

,S,=  --  .sin?ff,sin2rr//^fjsin(  2y ft     fu-'^)-^-.. 
en  2q  \  'I  ' 


-T, 


/  ,  111       \  \\ 

...A-¥„  sin  (  2.T  ft  -am  .  en  I , 


I         c+1 


fo*  "o/^-"^. 


according  as  c-2ff/-rl,  or  c—2Fd—\. 

In  the  Hiimc  manner  we  find  tlie  amplitude  of  the  cosine 
com|M>n<Mit  III  bf 


C,=^^'sin  '^  I  F^coHZift-^F^coH  I  2nfl-a^+^) 
en        ^  y  \  7 


I,   ..^-1 


'"'  2F-''- 


or 


r,  =  ^^' .  Bin  -J"  f  f ,  coH  2nft+Ft  cos  (  2nft-a^--^ 


r:T 


crr\ 
7-^ 


-r...|  «:os   ^^,rr. 


If  we  writ*"  nrjx  for  0  the  density  at  any  point  distant  x  from 
the  origin,  due  t«»  any  particular  value  of  c,  is 


V.  ;•     S,  sill 


cnx 

cos . 

r 


-'-'' .  sin  ^  !  F,  cos  f  2nft~'^-]  -  F,  cos  (2nft-n, 
en  2'/  I     '  r  i         \      ^         z 

'•.TX\  ,        I  c—  1 

,         r    '+-|'"««    2/' 

'/'  .  Mu  -^     A',  COS  (  2,-r// •  A,  efts  (2,-r//— a, 


2'/ 

-^-f-j-,...jcos    2p^. 

As  in  srctinn  5.  wi<  may  axiiign  to  r  b«ith  ptmitive  and  negative 
valurt*  .  •'•  the  ripiii'  2/V  'I.  in  which  <i  is 

ntl.. 
in  tl  ' 


tivi-,  and  li •'    lutth  the  above  caaea 

1       I 


f ,  CVS  1  i.7 /f     a.  :  I 


A„coN^^2.^/r-a„-^       ^  ^ 

This  exprcjwion  .>'«v  i..iml\    ri-durpx  tn  111.-  (..nn 

2/*     .    rn  c     i 


V^r     ,^    "in  2^ 


COB    2p ."»     '^  ' 


0 


(   )■     I..  i 


iiiiv  alter  the 


-  -  -      ■         -  III 

At  no-loHil  we  may  take  advantage  o(  the  relation*  Fj     Fm 
Ac.  given  above,  and  obtain 


2P     .    en  c—1     jp    ,  or  /         ^^\ 

ycp=—  •  sin  i^  •  cos  -^n  ^i'i+2/'2  cos  [a^—  -j 


en 


4-2^3  cos  (o^-y )  4-.  {-  •  cos  (2nft  -f-)  .     (68) 


2P      * 

2c,T 

The  last  terra  in  the  expression  in  brackets  {  ;  is 

m  —  1 
2  "2 


2Fm-t-\  cos 


cn/q),  if  m  is  odd, 


or 


/  tTwn\ 

Fm+i  cos  (am+2— -;;^  ),  if  m  is  even. 


2q)' 


?  \      2 

These  equations,  like  equation  (6)  of  section  5;  refer  to  a 
series  of  nmltiple  fields,  the  velocities  of  which  are  given  bv 

2A 


Vc  =  - 


(To  be  continued.) 


FUEL  ECONOMY. 


KEP<tl?T   P.V  THE  BRITISH  ASSOCIATION  COMMITTEE.* 

IsTRODrCTION. 

The  national  aspects  of  fuel  economy  maj^  be  considered  from  two 
Munt-whttt  <lifT<-n'i»t  standjioints.  namely.  (1)  in  view  of  the  economic 
situation  cn-a^cil  liy  the  war.  which  will  necessitate  the  general  adop- 
tion of  more  Micntitic  methfnls  in  the  future  development  and  utilisa- 
tion t(f  the  nations  mineral  re.^erves,  and  (2)  in  view  of  that  remoter, 
hut  p<i(*>iibly  not  far  distant,  future  when  our  available  coal  supnlies 
will  lje  restiictwl  by  approaching  e.vhaustion.  In  approaching  its  task 
the  eommitti-.'  deci<l<sl  that  it  could  best  serve  the  national  interest  by 
iting  its  attention   upon   the  more  immediate   aspect  of  the 

!' 

it  can  hanlly  Ih>  questioned  that  the  chief  material  ba«is  of  the  great 
induMtrial  ami  commercial  expansion  of  this  country  during  the  pa^t 

•  entury  ha^  been  its  abundant  .supplies  of  easily  obtainable  coal,  which, 
until  rcivent  years,  has  given  us  a  position  of  advantage  over  all  ether 
(•(Mintric^.  It  is  aisc)  equally  tnie  that  we  can  no  longer  claim  any 
ivdvantft^'e  in  this  rosjK"  t  over  our  two  closest  competitors. 

Then-  (  ai  Ik-  little  <loubt  but  that  up  to  the  present  we  have  been 
wasteful  and  improvident  in  regard  to  our  methods  of  getting  and 
utili.ving  coal,  and  that  not  only  are  great  economies  in  both  these 
«lire»tions  attainable,  but  ah-^o  that  the  question  of  the  general  atloption 
of  more  M-icnt  itic  nictluxls  in  legard  to  these  matters  is  one  of  vital 
iiii]K>rtan<  e.  in  view  of  the  t^^•ing  period  of  economic  recujK'rat  ic)n 
whirh  will  ittiin<-<liiitcly  succeecl  the  war. 

For  sonic-  years  before  the  war  the  average  price  of  coal  at  the  pit- 
head ha<I  l»ecn  decidedly  on  the  up  grade,  owing  chiefly  to  deeiHT 
wiirKi  '      '  ••^.  a-)d  greater  ])recautions  for  ensuring  the  safety 

•  •f  til  ult  c.f  the-  great  coal  strike  of  1!>12.  and  the  legis- 
lation wIikIi  iI  |.i'...kc-d  was  to  accentuate  this  tendency.  And  if.  as 
w«"m»«  jirobalilc-.  prir<>  continue  to  rise  for  some  time  after  the  war  at  an 
ai-cc-lrrat4«i  rate.  »«  compare*!  with  the  pre-war  period,  the  question  of 
the  1  «"«t  utilisation  of  fuels  will  Ix'  of  increasing  importance  to  the  nation. 

If  anvlhin;;   oucht   to  arouse   ))uhlic:   opinion   to  the   gravity   of  the 

'  by  the  statistics  ])ubliscKl  in  the  Report 
'•  iirces,    issued    by    the    International    Geo- 

b»gi»"i   <  n   the  year    l!>13.      According   to   this  estimate,    the 

V  "•'"•'  .iibution   of  the   worlds   total  pos.sible   and   probable 

'  '»!  of  *M  kinds  available  within  fi.OOO  ft.  of  the  .surface 

I  "  to  T.IUIT.-Vvl  million  metric  tons)  may  In-  represented 

'!  «■-  in  V\v    1  nnd  2. 

1'  •    reserves  of  coal   in   CJreat    Britain   only 

«">'  "  whilst  tho.se  of  the  whole  Emjiire  do  not 

•'"ount  '  .'.fourth,  of  the  world's  estimated   total. 

'^     '  ■    "'  '  •  home  to  everj'one  rcspon.sible  for  the 
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economic  development  of  our  national  and  imperial  resources,  specially 
in  view  of  the  fact  that  the  United  States,  whose  competition  in  the 
immediate  future  will  probably  be  much  more  severely  felt  than  ever 
before,  possesses  more  than  half  the  estimated  world's  coal,  and  that 
also  in  re<^ard  to  the  two  prime  considerations  of  quality  and  cost  of 
production  she  ])robably  compares  favourable'  with  Great  Britain  and 
the  Empire. 

Moreover,  it  may  bo  pointed  out  that  in  the  United  States  both  the 
Government  and  the  University  of  Illinois  have,  for  some  years  p  ist, 
conducted  numerous  important  chemical  investigations  and  large-scale 
trials  upon  the  character  of  the  principal  American  coal  seams  and 
their  adaptation  for  various  economic  erds,  and  that,  in  conse(|Uenco, 
American  numufacturers  have  at  their  disposal  much  more  coin])l(!te 
and  systematic  information  about  their  country's  coal  resources  than 


OCE  ANIA=2-'^'-^ 


A  F  R  I  C  A  =  0*8 


EUROPE  =  10-6; 

Y'//////////////////////////////////////. 


AS  I  A  =  17-3 


Fig.  1.- — Pekcentages  of  World's  Total  Coal  Reserves. 

is  at  present  possessed  by  their  British  competitors.  Also,  the  United 
States  Government,  which  is  continually  extending  its  policy  of  the 
conservation  of  its  natural  resources,  has  already  taken  legislative 
steps  to  prevent  the  prcmatme  exploitation  of  the  coalfields  of  Alaska. 
Nor  has  Canada  lagged  behind  her  neighbour,  as  is  proved  by  the 
recent  exhaustive  "  Investigation  of  the  Coals  of  Canada,  with  reference 
to  their  Economic  Qualities,"  conducted  at  the  McGill  University, 
Montreal,  under  the  authority  of  the  Dominion  Government,  and 
published  in  the  years  1912  and  1913  by  the  Department  of  Mines  in 
six  imposing  volum.es.  No  such  comprehensive  investigations  have  ever 
been  undertaken  in  this  countiy.  where  they  are  much  needed.  The 
committee  is  of  opinion  that  the  example  of  the  United  States  and 
Canada  might  be  followed  with  advanta^ge  to  the  industrial  community 
by  the  Government  of  Great  Britain,  and  that  representations  should 
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be  made  with  the  object  of  inducing  the  Government  to  provide  adef|uate 
funds  in  aid  of  further  researches  and  investigations  U])on  the  chemical 
character  of  the  primcipal  British  coal  seams,  the  best  means  for  their 
future  develo])ment  in  the  national  interest,  and  upon  pioblems  of 
fuel  economy,  including  the  utilisation  of  all  the  by-products  obtainable 
from  coal. 

The  rapid  increase  during  recent  years  in  the  world's  demands  for 
coal  is  shown  by  the  following  approximate  figures  covering  the  10  years' 
period  immediately  preceding  the  outbreak  of  war  : — 

Approximate  total. 
Year.  Millions  of  tons. 

1903        800 

1908        1,000 

1913        1,250 


From  these  figures  it  would  appear  that,  during  the  period  in  ques- 
tion, the  worlds  demands  have  continuously  increased  at  a  compound 
interest  rate  of  nearly  5  per  cent,  per  annum.  Another  importJMit  fact 
i.s  that  these  demands  have  been  prineijjally  met  by  three  countries, 
namely,  the  United  States,  Great  Britain  and  Germany,  which,  between 
tliem,  have  hitherto  annually  rai.sed  83  per  cent,  of  the  total  anthracite 
and  bituminous  coals  cfjnsumed  in  the  world.  This  being  so,  it  is  of 
interest  to  compare  the  relative  rate-^  of  increase  in  the  coal  productions 
of  these  three  countries  during  recent  years,  which  may  best  be  deduced 
from  a  comparison  of  quinquennial  averages  over  a  periwJ  of  15  years, 
from  1900-1914  inclu.,;ive,  as  follows  : — 

[British  Outputs  of  Coal  1870  to  1914.] 
Coal  Productions  of  the.  United  Slater,  Great  Britain  and  German 
Quinquennial  Airrages  19(J0  to  1914. 


Ppri  nrl 

Millions  of  tons  per  annum. 

United  States. 

Great  Britain. 

Germany.  * 

1900-04 
1905-09 
1910-14 

288-2 
400-5 
519-2 

226-8    • 

256-0 

269-9 

112-5 
139-8 
168-3 

From  these  figures  it  may  be  inferred  that  up  to  the  outbreak  of 
the  war  the  coal  output  of  the  United  States  was  increasing  annually 
at  a  compound  interest  rate  of  about  6  per  cent.,  that  of  Germany  at  a 
compound  rate  of  about  4  per  cent.,  whilst  the  Briti.sh  output  was 
increasing  at  a  compound  rate  of  2  per  cent.  only.  During  the  period 
1910-14  the  United  States  produced  nearly  twice  as  much  coal  as 
Great  Britain,  and,  assuming  that  these  relative  rates  of  increase  are 
maintained  after  the  war,  it  may  be  predicted  that  Germany's  output 
of  coal  will  overtake  that  of  Great  Britain  about  20  years  hence,  when 
each  country  will  be  producing  some  420,000,000  tons  per  annum. 

The  public  cannot  be  too  often  reminded  that  not  only  is  coal  of 
prime  importance  as  a  fuel,  but  also  that,  when  suitably  handled  by 
the  chemist,  it  yields  very  valuable  by-products,  which  are  the  raw 
materials  of  important  industries.  Thus  from  coal-tar,  and  other  by- 
products of  its  distillation,  are  obtained  the  raw  materials  for  the 
manufacture  of  both  .sj-nthetic  dyes  and  drugs  and  certain  high  explo- 
sives. Another  important  by-product  obtainable  is  ammonia  in  the 
form  of  sulphate,  which  is  chiefly  used  as  a  fertiliser  in  the  production 
of  foodstults.  The  use  of  artificial  fertilisers,  including  ammonium 
sulphate,  by  agriculturists  in  Great  Britain  is  still  in  its  infancy,  and 
the  near  future  ought  to  see  a  large  expansion  in  the  home  demands  for 
nitrogenous  fertilisers. 

Among  other  products  obtainable  bj-  the  low-temperature  distillation 
of  coal  are  liquid  hydrocarbons  of  the  paraffin  and  naphthene  series, 
and  it  is  probable  that  large  quantities  of  "  motor  spirit "'  could  be 
ma.nufactured  in  this  country  from  coal.  There  is  no  doubt  that  we  in 
this  country  have  not  been  sufficiently  alive  to  the  importance  of 
recovering  such  by-products  from  the  raw  coal  raised  in  our  mines, 
and  that  we  have  been  very  much  behind  Germany  in  this  respect. 
Thus,  for  example,  whilst  in  the  coking  industry  modern  by-product 
recovery  plants  had  been  universally  installed  years  ago  throughout 
Germany,  we  were,  in  1913,  still  carbonising  about  6i-million  tons  of 
coal  annually  for  metallurgical  coke  in  old-fashioned  bre-liive  ovens. 
Also,  whereas  our  total  production  of  ammonium  sulphate  from  coal  was 
in  1913  about  318,000  tons,  Germany  produced  neailyhalf  a  million  tons 
from  d,  very  much  .smaller  output  of  coal. 

The  community  needs  to  be  reminded  that,  at  least  so  far  as  tliis 
country  is  concerned,  progress  in  fuel  economy  involves  something 
more  than  increased  thermal  efficiency  in  respect  of  power  production 
and  of  heating  operation^  generally,  important  as  these  undoubtedly 
are.  It  also  involves  the  whole  question  of  the  better  utilisation  of 
our  coal,  including  the  recovery  of  by-products  and  the  consequent 
abolition  of  the  smoke  nuisance,  which  at  present,  directly  and  in- 
directly, costs  the  country  many  millions  of  pounds  per  annum. 

There  are  two  outstanding  features  in  the  history  of  the  British  coal 
trade  to  which  the  committee  desires  to  draw  attention.  One  is  the 
remarkably  steady  increase  in  the  total  output  of  our  mines,  which, 
since  1870,  has  been  maintained  at  an  almost  uniform  compound 
interest  rate  of  2  per  cent,  per  annum,  is  the  following  table  of  quin- 
ciuennial  averages  over  a  period  of  45  years — -1870-1914 — shows  : — 
Coal  Production  in  Great  Britain — Q^tinquennial  Averages.  1870  to  1914 — 
Millions  of  Tons  per  Annum. 


Period. 

Average 

Calculated  at  2  m.c. 

Proportion  of  total 

output. 

compound  intei'est. 

output  exported. 

1780-74 

121-5 

121-5 

0-13 

1875-79 

133-6 

131-1 

0-146 

1880-84 

156-4 

1481 

0-172 

1885-89 

165-2 

163-5 

0-200 

1890-94 

180-3 

180-5 

0-220 

1895-99 

202-0 

199-3 

0-237 

1900-04 

226-8 

220-1 

0-27 

1905-09 

256-0 

243-0 

0-31 

1910-14 

269-9 

268-2 

0-326 

The  second  feature  is  the  phenomenal  growth  of  our  export  trade, 
which,  during  the  past  60  years,  lias  increased  something  like  twenty- 
fold,  both  as  regards  the  ((uaitities  and  the  values  of  coal  exported. 

*  Excluding  lignites  and  brown  coals. 
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Moreover,  its  value  relative  to  other  values  exported  has,  during  the 
Hame  period,  increased  fourfold,  until  at  the  outbreak  of  war  it  con- 
stituted about  10  per  cent,  of  our  total  exj)orte<l  values.  We  were  then 
actually  transar-ting  over  70  per  cent,  of  the  total  sea-borne  coal  trade 
of  the  world.  It  must,  however,  be  borne  in  mind  that  a  considerable 
proportion  of  the  exportc-d  coal  supplies  the  needs  of  our  mercantile 
marine. 

Another  circumstance  which  demands  attention  is  the  fact  that  the 
proj)ortiori  of  the  coal  raisfjfl  annually  in  the  Unitc-d  Kingdom  which 
is  cxportfKl  has  been  doubled  within  the  jiast  35  years,  trebled  within 
half  a  centurj-,  and  is  still  increasing.  Three  factors  have  operated  in 
j)roducing  this  result.  (Jne  is  the  prf)xiniity  of  the  finest  coalfields 
to  our  ports,  another  is  the  increased  demands  for  coal  from  Europe 
and  South  America,  while  a  third  ha.s  Vx-en  the  j)henomenal  growth  of 
our  mercantile  marine. 

The  forej;oing  figures  for  the  total  out])ut>  of  our  mines  bj'  no  means 
represent  the  real  rate  of  depletion  of  our  available  coal  reserves.  A 
vast  amount  of  usable  coal  is  left  Ixhind  in  the  mine  because,  under 
present  individualistic  conditions,  it  d(M's  not  pay  to  bring  it  to  the 
Nurfa<;e.  A  larger  profit  on  the  capital  of  a  collierj-  <ompany  can  often 
be  earned  by  working  the  better  <las.M-s  of  coal  and  leaving  the  less 
valuable  grades  underground.  A«-c(inling  to  figures  i.ssued  in  the 
Ke()ort  of  the  \'.H)'>  Hoyal  Commivion  on  foal  Supplies,  this  wastage 
amount*-*!  to  nearly  2')  ])er  cent,  of  the  total  raise*!  in  the  larger  coal- 
fields. The  question  of  checking  this  wa>tage  by  finding  out  in  what 
ways  the  less  valuable  gra<!es  can  be  turned  to  gorx!  a<count  commer- 
cially is  one  of  supreme  national  importance,  and  the  Committee  desires 
to  draw  special  attention  to  it.  Mu(  h  f)f  the  coal  n')w  left  behind  in 
the  mines  ought  to  Iw  con  vert  <h!  int*)  useful  forms  of  energy-  and  pro- 
ducts for  j)ubli<-  purposes,  and  one  of  the  most  inij)ortant  as])ects 
«)f  t!ie  fuel  economy  i)rob|em  in  (jreat  Britain  is  thi-  devising  and 
organiHlng  of  means  for  making  it  possible  to  raise  this  hitherto  wasted 
coat  at  an  economic  at! vantage. 

So  mtii  h  for  the  general  statistics  of  coal  production.  Coming  now 
to  the  possible  saving'  in  tin-  coal  r'Onsunie<!  annually  in  this  countrA"  at 
the  outbreuk  of  the  war  (nearly  2(KMHKI.(MH»  tons),  it  will  be  renicmlx-red 
that  tin-  \'M\'t  Hoyal  C<»mmission  on  Coal  Su])plies  foun'l  that  the  pos- 
sil)le  savi'ig  in  our  then  annual  coal  consumption  ( 1  oT, 000,000  tons) 
amounted  to  iK-twcen  40-  and  (iO-million  tons.  There  are  many  com- 
jM't«-nt  juc!(.'e»  w!io  <onsider  that,  notwithstanding  the  improved  appa- 
ratus which  has  bt^-n  j)Ut  into  use  in  the  iM'st  factories  throughout 
the  countr\-  cluring  the  last  l(t  years,  tlie  average  result  obtained  for 
the  country  as  a  whoh-  still  lags  iM-hind  tlie  l>est  obtainable  to-day  in  as 
great  a  j)ro])ortion  as  it  «!i<!  in  1905.  It  will  l>e  the  business  of  this 
Committ*-**  (1)  to  estimate  as  nearly  as  may  !)e  the  ])resent  possible 
margin  of  saving,  and  (2)  to  ]K>int  out  th<'  ])arti<ular  directions  in  which 
it  ran  !io  attained  from  a  national  jK>int  of  view. 

<)K(iAXl»ATION  OF  TIIK  CoMMITTEE's  WoKK. 

Having  regard  to  tlie  magnitude  of  its  work,  and  the  fact  that  the 

coal  (|ur<Ntion  is  one  upon  which  almost  cvory  bra-ich  of  manufacturing 

and    transport  industrj-    is  «!epen<lent.   the  original   committee   of    13 

'.le<!    I>y    the     '»  in    October,    llMo.   de<ided    to 

at  freely  its  )  'ption,  so  as  to  make  a  (leneral 

iently   large  and  representative  of  all  the  important 

d. 

1  iiore  delalle<I  and  N|N>eia!  study  of  particular  aspects  of  the 

fwi  1  the  cm'  '   '         ral  Committ***'  resolve*!  its<-lf  into  the 

foil  '•  sub*'  ich   of  whieh   sub-e.|nentlv  elect*'*!   its 

lie  to  time  to  the 
'  ■  mi-;il  -   Us   K<.,.nie"l 

lt«"it  for  the  ]>ro<i(H-ution  of  its  work  : 

(a)  Ch' I        '      id  r>lat  istkial. 
(h)  Cai  .11. 

d  rcfrwtorj- ma'erials. 


The  following  six  conferences  have  already  been  held  : — 


Date 


Place. 


Under  the  auspices  of 


immcMiH-  hcMiuig  and  Nnioke  prevention. 

'••<!    an    '  Ciinni 

"f   til'  1     Coniiii 

").  an*i  12  *>ther  m«»nilxirs, 
the  dtscunnion  of  matters 


of  tile  w*irk  of  the  Com. 


-'Ion   four   till 
iil).i'iininiitti 


I                   iftl   Commitl<<<<    I  ■ 
eoui.                I    the  chnirnian        - 
file  i-hnirninn  *(f  eaih  suli.r*>tiiniii 
whi*h  iiiulil   meef   fi...iii.tit Iv  in    < 
relative  t*i  the  <■  i.in  anil  ■ 

miltco  as  n.  wlntie,  t n]  will)  ' 

of    the    snb.eoiiitiiitleeo    whii-h    Iti  i 

si*>n.  ati'^ 
nu>nt  *l>  ; 
invest  iuftt  ti HI  by  the  <'ommitlor. 

The   (Joneral   C*inimitle4'   ha*   met      ■    1 
appomtment   mi   ()t'tiil)*»r.    UMA.  the   ^ 
m*>t    about    finir    '  • "  ' 

the   KM>eiil  i\e  ( 
A|>ril  2Sth  !«•>».      In  n'l  M*  iin<<>tini;s  \\n\<>  ' 

At    the    first    in*>et  ing   *>f   fho   fiejieral    ' 
organise  a  ««>ries  of  confemirew  of  mannf 
in  the  fuel  tpiesfinn  in  a  numWr  of  the  lai;;.  i  in. 
purpo<M\'<  of  aroiiniiitf  infere«t  in  the  work  *il  ibn 

CUlM 

pub' 

All  bill   one  of  the  foUnwinu    flli-ot  in(j«  wrir 

An*!  *ine  or  m*»rp  of  the  other  members  of  lh ^-.  „  „.  ,,„.  .,„. 

ru-«.«i.»ns  which  invahaliiy  f*illowo«l  were  productive  of  vAhialtle  !.uggr(«. 
tion*  or  information  n^ganlinK  lo.a|  rnndiiion*  which  demand  KpiH-ial 


I-     its 
eaell 

1 


*ltinnK  the 

•   •»   wa-*  *l. .  .....    i.. 

otheri*  intereotc<l 


»t  mg 

-I  l»v  therhairmmi 
.iitlor,  aid  the  *iifi. 


1915. 

November  19 

1916. 
March  6  

March  13   

March  29  

April  5  

April  a  


„^  ,  rr       t  f   English  Ceramic  Societv. 

Stoke-on-Trent  I   ^^^^^  ^^^^^  ^^.^.^^  Institute. 

London  London   Section   of  the  Society  of 

Chemical  Industry-. 
Middlesbrough  ...  Cleveland  Institution  of  Engineers. 
Nottingham  Nottingham  Section  of  the  Society 

of  Chemical  Industry-. 
Manchester Manchester  Sect  ion  of  the  Society  of 

Chemical  IndustrA-. 

Sheffield Sheffield  Society  of  Engineers  and 

I       Metallurgists. 


consideration.  It  may  be  also  mentioned  that  the  chairman  lectured 
at  th*-  Royal  Institution  of  Great  Britain  on  Thursdays.  .January  20th. 
27th.  an*l  February-  3rd  last,  on    "  The  Utilisation  of  the  Energy-  of  Coal.  " 

In  March  last  the  committee  was  asked  by  the  newly-formed  Central 
Coal  and  Coke  Supplies  Committee  of  the  Board  of  Trade  to  make 
suggestions  as  to  economies  in  fuel  consumption  which  could  be  made 
at  the  present  time,  and,  as  the  result  of  further  corre.spondence  upon 
the  matter,  it  was  arranged  that  Sir  Richard  Redraayne  .should  act 
as  the  representative  of  the  Board  of  Trade  Committee  on  this  com- 
mittee. 

During  the  first  year  of  its  existence  the  attention  of  the  committee 
has  been  fully  occupied  with  questions  of  organisation  and  a  preliminary 
survey  of  the  groun*!  which  must  be  explored  later  on.  Already  several 
important  lines  of  investigation  needing  the  co-operation  of  manufac- 
turers have  been  institute*!  and  are  well  in  hand.  But  the  returns  are 
in  most  cases  not  yet  suftidcntly  complete  to  ju.stify  publication  in  the 
rep*»rt.  an*!,  in  view  of  the  imjiortance  of  the  interests  and  issues  in- 
volved, the  committee  feels  that  it  would  be  premature  to  i.ssue  any 
detailed  re]>ort  on  particular  aspects  of  the  fuel  question  until  its 
inquiries  have  reached  a  more  advanced  stage  than  at  present. 

The  committee  re*oinmends  that  it  be  re-appointed  to  continue  its 
investigations,  as  outlined  and  foreshadowed  in  this  re])ort.  and.  in 
view  of  the  c*>n.siderable  expense  involved  in  carr\in<:  out  su<  b  work, 
it  feels  justified  in  asking  for  a  grant  of  £100. 

APPENDICES.* 
The  Wokk  of  the  Svb-committees. 

The  following  meiimranda  concerning  the  work  of  each  of  the  five 
sub-eommitte*s  will  sufficiently  indicate  the  various  matters  which  are 
at  present  <hieHy  under  consideration,  and  the  arrangements  which 
liave  been  made  for  their  future  investigations. 

A. 
Chfwiral  niiil  SUitiMlcal  Sub-CoiinnH(ee.-\ — Dr.    J.    T.    Dunn   (Chair- 
man). I»r*)f.  P.  P.  Be*!s*)n,  Dr.  W.  Galloway,  Prof.  Thos.  Gray,  Mr.  T.  V. 
(Jreener.  l*r*>f.  L.  T.  OShea,  Sir  Richanl  Redma\iie,  Dr.  A.  Strahan  and 
Dr.  R.  V.  Wh<-.  ]<r. 

The  sub  I  <>jiiniitt<'e  is  preparing  a  memorandum  and  a  h!bIiocf»-fl)>hy 
u]i*in  th*'  t(U<«i  ;<>n  of  the  <h*'mistrk-  of  coal,  and  is  of  th-  .t 

the  time  ha>  now  arrive*!  for  a  re-investigation  of  the  .sui  ^  -.r 

to  clear  up  a  numU'r  of  outstanding  points  connected  witli  the  chemical 
c*mstitu*-nts  of  **)al,  their  mutual  relations  in  the  raw  mat.  -     '         d 
fheir  inHui-nei'  upon  the  charjuiter  of  the  various  pro*hicts  . 
by   its  il  ;    <ixi<iat  ion.      As  an   important   ]>art  of  i 

tli*>  sub  ■  '  ..|>e^  later  on  to  organise  systemati*-  inv* - 

up*»n  the  <h*'miiai  character  of  the  principal  liritish  coal  seams. 

The  sn' >■•• •,  iilso  *'ompiling  statistical  inform.''"'"'  '^••'atiTe 

U>  the  >■  ioT  whi*h  coal  is  us«i.  ami  ha~  into 

tlic  B*>ar<i  *>f  Tra<!e  upon  the  *|uesii*'ii.    lut  the 
is  <if  such  statistics  has  been  greatly  imiK-*!.-*!  liy 
I  Ik-  war. 

An*>ther  important    matter  int*)  which   the  .subcommittee  prop<»sos 
to  inquire  in  the  amount  of  wastage  due  to  coal  which,  for  one  rea«in 
or  n      •'    -    •       '  present  left  behind  in  the  pits.     Part  *>f  -"  '•    ■      * 
f*>r  .  It  *iiie  to  the  *M(iirrence  *>f  faults  in  th< 

\va:ii*'s  have  been  m:i 
"        ^.     111    working   which    ii  i 

lit  to  l>e  rvoi*te*i.      A  mem*>ran*lum  is  being  jirejiared  on  the  '■ 
,  of  -Ufh  wastage  by  the  a*!option  of  hydraul.*    st*iwijig,  a  jm.i  . 
»lii<  li.  .iIiIioubIi  in  vogue  on  the  C*)ntinent.  lias  not  yet  !>een  establishiMl 
in  firrat  iiritain. 

B. 
f  .owiHiWr*-,— Mr.  T.    Y.   Greener  (Chairman).    Pn<f. 

P.   1'     h> n,  ,-n   *,.  T.   Beilbv.  Mr.   E.   Rnrv.  Dr.  Charles  Carpr'  •   - 

l)r    .1    T.   Dunn.  Prof.  Th«.s.  (irav,  Mr.   1).   11.   Helps.  Mr.  C.   H.   "* 

T.  OShea.  Dr.  .1.  E.  Steail.  Mr.  (J.  Blake  Walker  an*!  Dr.  P    \  . 

The  t«it«l  .if  roal  carbonise*!  in  this  kingdom  for  the  nianu- 

f»<Murp  of  1).   ;..  ...^ioal  coke  or  for  towns"  pas  in  the  year  1913  was 

probably    aH*>ut  35-  to  40-million    tons,  or  ap]»roximately  *ine-fifth  of 

the  total  home  *  .»n  of  coal  for  all  purposes. 

•     k^l...l.4  I.-      ,11- 

retarA-  of  the  General  Commit tw  are  tx-officio 

nientU  ts  ol  (a<U  sut>-« t>aimittf«. 
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According  to  a  recent  Parliamentary  return  relating  to  all  autho- 
rised gas  undertakings  in  the  United  Kingdom,  the  total  quantity  of 
coal  carbonised  for  towns'  gas  by  831  such  undertakings  in  the  year  1913 
amounted  to  1(},971,724  tons,  from  which  19.'5,82()-million  cubic  feet  of 
coal  gas  were  produced,  or,  say,  on  the  average,  about  11,500  cubic  ft. 
per  ton  of  coal  carbonised.  There  are  a  number  of  gasworks  not  included 
in  this  Parliamentary  return,  and  it  is  computed  that  they  carbonise 
about  1  ^-million  tons  of  coal  ])er  annum.  Thus  the  total  coal  carbonised 
ill  gasworks  throughout  the  kingdom  in  the  year  1913  would  be  about 
18,200,000  tons. 

The  amount  of  ammonium  sulphate  produced  by  gasworks  in  that 
time  in  the  United  Kingdom  was  officially  given  as  182,180  tons,  which 
on  the  above  basis  would  represent  an  average  yield  of  about  22-4  lb. 
per  ton  of  coal  carbonised. 

No  such  complete  returns  are  available  in  relation  to  the  manufac- 
ture of  metallurgical  coke,  but  the  amount  of  coal  carbonised  for  this 
purpose  in  1913  probably  did  not  fall  much  short  of  20-million  tons. 
Of  this  coal,  the  larger  proportion  was  carbonised  in  by-product  ovens, 
producing,  besides  coke,  tar,  benzol,  &c.,  some  133,816  tons  of  ammo- 
nium sulphate.  Assuming  an  average  yield  of  22-5  lb.  of  ammonium 
sulphate  per  ton  of  coal,  it  would  appear  that  approximately  13-3-million 
tons  were  carbonised  in  by-product  ovens,  and  probably  about  half  that 
amount  in  beehive  ovens. 

With  regard  to  the  coking  industry,  the  sub-committee  has  already 
undertaken  steps  to  secure  a  complete  return  of  the  number  of  by- 
product recovery  ovens  installed  and  working  througout  the  country, 
the  character  of  each  installation  (whether  waste  heat  or  regenerative), 
its  coking  capacity,  the  description  of  the  recovery  plant  connected 
with  it  (whether  direct  or  indirect),  the  number  of  benzol  recovery 
plants  in  operation,  the  cfuantities  and  yields  of  the  by-products  obtain- 
able, and  the  purposes  for  which  waste  heat  and  surplus  gas  are  being 
employed.  It  is  also  intended  later  on  to  consider  the  question  of  low- 
temperature  carbonisation  from  the  point  of  view  of  its  possible  economic 
results,  but  up  to  the  present  time  so  little  authentic  information  is  avail- 
able that  the  committee  would  welcome  the  offer  of  proper  facilities  to 
enable  them  to  investigate  the  matter. 

C. 

MetaUurgicaJ,  Ceramic  and  Refractory  Materials  Sub-committee. — Dr. 
J.  E.  Stead  (Chairman),  Mr.  Robert  Armitage,  M.P.,  Prof.  J.  O.  Arnold, 
Sir  Hugh  Bell,  Bart.,  Mr.  E.  Bury,  Sir  Robert  Hadfield,  Mr.  Greville 
Jones,  Dr.  J.  W.  Mellor,  Mr.  Robert  Mond,  Mr.  Bernard  Moore,  Mr. 
Benjamin  Talbot,  Mr.  B.  W.  Winder  and  Mr.  H.  James  Yates. 

The  amount  of  coal  consumed  in  metallurgical,  ceramic,  refractory 
materials  and  cognate  industries  probably  amounts  to  approximately 
20  per  cent,  of  the  total  home  consumj)tion.  Of  this,  probably  about 
three-fourths  must  be  debited  to  the  iron  and  steel  industries. 

The  sub-committee  has  taken  steps  to  ascertain  from  some  of  the 
larger  manufacturers  data  which  will  assist  it  in  determining  the  actual 
amount  of  fuel  which  is  being  used  on  the  average  in  the  manufacture 
of  the  various  brands  of  pig  iron,  spiegeleisen,  ferro-manganese,  &c., 
throughout  tlie  kingdom.  A  memoranclum  is  in  preparation  concern- 
ing the  heat  balance  of  a  blast  furnace  of  modern  construction  for  the 
manufacture  of  Cleveland  No.  3  and  other  pig  irons,  and  a  description 
will  be  given  of  the  best  methods  now  available  for  the  utilisation  of 
the  surplus  gases  from  such  a  furnace.  Inquiries  are  also  being  made 
as  to  the  results  of  the  application  of  dry  air  to  blast  furnaces. 

In  like  manner  a  series  of  questions  relative  to  fuel  consumptions  in 
steelworks  has  been  prepared  for  circulation  among  the  larger  steel 
plants  in  the  kingdom,  with  a  view  to  ascertaining  both  the  present 
average  consumption  and  the  directions  in  which  further  economics 
may  be  looked  for  in  the  near  future.  In  this  connection  the  sub- 
committee will  endeavour  to  draw  up  a  statement  as  to  the  best  lay-out 
and  arrangement  of  a  combined  by-product  coking,  iron-smelting  and 
steel-making  plant  from  the  point  of  view  of  utilising  as  completely  as 
possible  surplus  gases  and  waste  heat,  and  thus  realising  the  maximum 
fuel  economy  in  the  heavy-steel  industry. 

Similar  inciuiries  will  be  instituted  in  regard  to  present-daj-  practice 
and  results  in  relation  to  (1)  iron  foundries,  (2)  manufacture  of  wrought 
iron  and  (3)  specialised  steel  industries. 

D. 

Power  and  Steam.  liaising  Sub-committee.— Mr.  C.  H.  Merz  (Chairman), 
Lord  Allerton,  Mr.  J.  A.  F.  Aspinall,  Dr.  Dugald  Clerk,  Mr.  S.  Z.  de 
Fen-anti,  Sir  Robert  Hadfield,  Dr.  H.  S.  Hele-Shaw,  Mr.  W.  W.  Lackie, 
Mr.  Michael  Longridge,  Mr.  Robert  Mond,  Hon.  Sir  Charles  Parsons, 
Prof.  Ripper,  Mr.  R.  P.  Sloan,  Mr.  C.  E.  Stromeyer,  Prof.  Threlfall,  Mr. 
G.  Blake  Walker,  and  Mr.  B.  W.  Woodhouse. 

The  special  duty  of  this  sub-committee  is  to  investigate  the  economies 
in  fuel  which  would  result  from  the  use  of  improved  methods,  and  it  has 
been  decided  to  deal  with  the  subject  under  the  following  heads  :  (1) 
To  consider  («)  the  amount  of  fuel  consumed,  and  (6)  the  corres])onding 
power  developed  in  the  United  Kingdom  under  the  following  heads  : 
Factories,  mines,  railways,  ships  and  steam  raising  for  other  purposes 
than  power.  (2)  To  consider  the  present  position  of  central  electrical 
power  plants  and  gas  undertakings  as  regards  power  supply.  (3)  To 
discuss  the  relative  merits  of  the  present  methods  for  producing  power 
by  steam,  gas,  oil  and  petrol  engines  respectively.  (4)  To  investigate 
the  possible  saving  of  fuel  which  might  be  effected  (a)  by  improved  plant, 
(^)  ^y  greater  centralisation  of  power  production,  (c)  by  co-ordination 
with  metallurgical  and  other  manufacturing  processes,  (d)  by  some 
measure  of  public  control,  (e)  by  better  supervision,  and  (/)  by  the  use  of 
inferior  grades  of  fuel  which  are  at  present  wasted. 


The  average  figure  of  5  lb.  of  coal  per  horse-power  hour  which  wa.s 
given  in  the  Report  of  the  Royal  Commission  on  Coal  Supplies  in  19(J5 
was,  we  believe,  deduced  from  returns  from  a  number  of  tj-pical  indus- 
trial concerns  where  information  could  be  obtaine<l,  and  it  is  y)robable 
that  this  estimate  did  not  exaggerate  the  a*;tual  coal  consumption  per 
horse-power  hour  at  that  time.  In  view  of  the  impossibility  of  obtaining 
accurate  returns  of  fuel  consumption  per  horse-power  hour  from  the  whole 
of  the  power  users  in  this  countr>-,  it  has  been  decided  to  investigate 
the  matter  by  asking  for  detailed  returns  from  typical  fa/;tories  in  various 
trades  an<l  in  different  districts  throughout  the  countn.%  selected  by 
members  of  the  sub-committee  who  have  special  knowledge  of  particular 
trades. 

E. 

Domestic  Fuel  Sub-committee. — Mr.  E.  D.  Simon  (Chairman),  Mr. 
A.  H.  Barker,  Prof.  H.  B.  Dixon,  Prof.  W.  W.  Haldane  Gee,  Prof.  W.  P. 
Wynne,  and  Mr.  H.  James  Yates. 

The  amount  of  coal  actually  consumed  for  domestic  purposes  in  the 
United  Kingdom  probably  does  not  fall  far  short  of  3f)-million  tons  per 
annum — -nearly  one-fifth  of  the  total  consumption  for  all  purposes  in 
the  kingdom.  To  this  would  have  to  be  aaded  the  ""  coal  equivalent "' 
of  the  gas  and  electricity  consumed  for  domestic  purposes,  if  a  correct 
estimate  of  the  total  domestic  coal  consumption  is  to  be  made.  The 
Royal  Commission  of  1905  estimated  that  50  per  cent,  of  the  coal  con- 
sumed for  domestic  purposes  might  be  saved  by  the  installation  of  better 
appliances,  so  that  there  is  clearly  a  vast  field  for  economy. 

The  whole  question  of  domestic  uses  of  fuel  bristles  with  difficulties 
and  complications.  In  the  first  place,  it  is  necessarj-  to  discriminate 
between  fuel  or  energj'  consumed  in  the  kitchen  for  cooking  and  other 
similar  purposes,  and  that  applied  for  the  heating  of  ordinarj-  living- 
rooms. 

In  the  vast  majority  of  the  houses  inhabited  by  the  artisan  popula- 
tion the  kitchen  fire  or  stove  is  the  only  place  in  the  house  where  fuel 
is  burnt ;  also  in  better-class  houses  it  is  only  in  the  kitchen  that  fuel 
is  burnt  daily  throughout  the  whole  j'ear.  Hence  it  would  appear  that 
the  kitchen  is  responsible  for  the  greater  part  of  our  annual  domestic 
fuel  bill,  and,  therefore,  the  c[uestion  of  the  relative  efficiencies  of  kitchen 
ranges,  gas  and  electric  cookers,  and  hot -water  supply  apparatus  assumes 
considerable  importance. 

Again,  the  selection  or  recommendation  of  particular  means  or  appa- 
ratus for  domestic  heating  cannot  always  be  based  simply  upon  the 
question  of  thermal  efficiency,  because  it  also  involves  considerations 
of  a  physiological  and  even  a  psychological  character.  Thus,  for  ex- 
ample, systems  of  central  heating  which  have  been  recommended  on 
grounds  chiefly  of  thermal  efficiency,  and  which  are  so  rmiversally  used 
in  America  and  on  the  Continent,  are  not  usually  acceptable  to  the 
average  Englishman,  who  undoubtedly  prefers  to  be  warmed  by  the 
radiation  from  a  bright  fire. 

This  being  so,  the  sub-committee  feels  that  it  will  be  wise  to  recognise 
at  the  outset  that  there  is  probably  no  single  solution  of  the  domestic 
heating  problem  which  is  likely  to  be  universally  adopted  within  any 
measurable  period  of  time  ;  and  that,  therefore,  it  should  preferably 
concentrate  its  efforts  upon  questions  of  more  immediate  practical 
importance. 

It  will  be  generally  agreed  that  any  reform  in  domestic  fuel  con- 
sumption should  aim  at  achieving  one  or  more  of  the  following  objects, 
namely  : — 

1.  Actual  reduction  in  cost  of  domestic  heating,  either  in  the  form  of 
direct  saving  of  fuel  or  labour,  or  both  ; 

2.  Mitigation  or  abolition  of  the  domestic  smoke  nuisance  ;  and 

3.  Better  hygienic  conditions  in  living  apartments  generally. 

The  sub-committee  can  perhaps  best  discharge  its  duties  by  con- 
sidering how  far  the  various  systems  now  available  for  domestic  heat- 
ing fulfil  such  requirements,  and  how  they  may  severally  be  installed  and 
operated  to  the  best  advantage. 

In  order  to  do  this  the  sub-committee  has  arranged  for  experiments 
to  be  carried  out  with  the  object  of  determining  how  to  produce  ui  a 
given  room  suitably  warm  and  healthy  conditions  at  a  minimum  cost 
and  with  a  minimum  production  of  smoke,  and  how  such  conditions 
may  be  defined  for  any  particular  room.  Also,  experimental  work  is 
being  earned  out  upon  the  relative  efficiencies  of  coal  fires,  gas  fires, 
electric  heaters  and  the  like. 

Inasmu':'h,  however,  as  in  this  country  the  \.se  of  the  open  coal  fire 
will  probably  continiie  for  some  time  to  come,  and  as  there  are  un- 
doiibtedly  great  economies  to  be  immediately  realised  by  the  wider  adop- 
tion  of  improved  fire-grates,  the  sub-committee  will  pay  special  atten- 
tion to  the  question  of  improvements  in  the  construction  and  installa- 
tion of  such  grates,  to  which  the  attention  of  architicts,  builders  and 
the  public  generr.lly  ought  to  be  drawn. 

Arising  out  of  the  present  extensive  use  of  solid  fuel  in  domestic 
fires  the  sub-commiotee  will  also  consider  the  important  question  of 
the  prospects  of  substituting  for  raw  coal  some  form  of  carbonised  fuel 
(semi-coke  or  coke).  There  can  be  no  doubt  but  that  if  such  a  sub- 
stitution could  be  effected,  without  either  increasing  the  domestic  coal 
bill  or  involving  some  other  disadvantage,  not  only  would  there  be  a 
great  addition  to  the  amount  of  valuable  by-products  annually  obtained 
from  coal  consumed  in  the  kingdom,  but  also  the  smoke  nuisance  in  our 
large  centres  of  population  would  be  materially  reduced. 

Work  on  these  lines  is  being  carried  out  in  the  Department  of  Heating 
and  Ventilating  Engineering  at  the  Univei'sity  College,  London  ;  at 
the  ^Municipal  School  of  Technology,  Manchester ;  and  at  the  Depart- 
ment of  Chemical  Technology  at  the  Imperial  College  of  Science  and 
Teehnologj',  London. 


910 


THE  ELECTRICIAN,  SEPTEMBER  22,  1916. 


THE  LAWS  OF  VARIATION  OF  RESISTANCE  WITH 
VOLTAGE  AT  A  RECTIFYING  CONTACT  OF  TWO 
SOLID  CONDUCTORS,  WITH  APPLICATIONS  TO  THE 
ELECTRIC  WAVE  DETECTOR.* 

BY  D.  OWEN,   B.A.,  B.SC. 

Various  theories  have  been  put  forward  to  account  for  the  recti- 
lying  action  at  a  contact  such,  for  example,  as  that  between  zincite 
and  chalcopyrite,  to  which  an  alternating  voltage  is  aj)plied.  It  has 
long  been  recognised  that  certain  minerals  possess  extraordinarily 
large  thermo-electric  powers,  exceeding  in  some  instances  by  10 
times  or  more  that  between  bismuth  and  antimony.  A  natural 
explanation  in  terms  of  thermo-electric  action  thus  lay  to  hand, 
which  appeared  all  the  more  probable  from  tlie  fact  that  these 
minerals  also  possess  a  large  negati\e  temperature  coefficient  of 
resistance. 

A  theory — since  known  as  the  electronic  valve  theory — has  also 
been  suggested,  according  to  which  we  have  in  certain  minerals  a  new 
j)henomerion,  namely,  the  easy  passage  of  free  electrons  in  one 
direction  across  the  contact,  but  not  in  the  contrary  direction. 

The  present  Paper  deals  with  measurements  of  the  resistance  of 
the  contact.  The  primary  aim  was  to  examine  to  what  extent  the 
resistance-characteristic  expresses  the  nature  of  the  physical  actions 
occurring,  and  to  obtain  data  leading  to  a  discrimination  between 
the  liy}K)theses  referred  to. 

The  characteristic  obtained  with  a  zincite-chalcopyrite  contact 
is  shown  in  Fig.  1. 


0-2  0-4  0-6  0-8 

Zincite -^Chalcopi/rite    + 

I. — Re.sistance  CHAR.\CTKni.sTir  OF  A  Zincite-Chalcopyrite 

Contact. 


This  type  was  followed  by  all  the  mineral  combinations  tried. 
The  main  points  of  interest  are  as  follows  :  When  a  snuill  voltage  is 
applied  tlir  resistance  rises,  falling  at  the  siimc  rate  wlicn  the  voltage 
is  reversed  ;  a  iiiaximuiii  ocoirs  on  the  side  of  initial  increase  ;  at 
the  higher  voltages  the  characteristic  is  a  falling  one,  the  gradient 
iliminiHliing  on  either  side,  positive  oi  negative.  I>et 
('  voltage  ap]ilied  across  the  contact. 
7<o-- resistance  when  v  is  zero. 

//,„     maximum  \alne  of  resistiinte.  o((  Hiring  ;it  \iiitage  *•„,. 
hnestigation  of  a  great  nu?iilier  of  '-ontiicfs  lias  led  to  tlio  follow- 
ing (juantitative  results: 

1.  At  tJ  =  U  the  gradient  of   the    r(-iistau<e  '  liara<  tcri.-tic    is   pro- 

iK)rtional  to  the  limiting  ni.<<istancc  V/o^that  is.  (       ,     I  '»  a  constant 

\K  dv  /„ 

for  a  given  jiair  of  materials.     This  ijuantity,  which  is  analogous  to 

the  tem|)erature  coelhiieiii  "f  "-i^tancc,  may  be  termed  tiie  voltage 

coeffi<"ient  «)f  the  conta<'f  : 

2.  I'm  is  inde|iendeut  of  /•'„  ; 

."{.  The  ratio  Ji,,,,  /{„  is  independent  of  /iV  Wiien  a  .-cries  of  char- 
iicteristies  are  ol)tained  fnun  contacts  of  widely  varying  resistance 
or  area  of  c(»ntn<t.  and  tin-  ordijiates  of  ea<li  reduced  in  the  ratio 
I  :  //„.  the  result  lug  cur\es  an*  found  to  coincide,  yielding  what  may 
be  cidled  the  xptrifir  rhnmrtfriiflir  of  (he  given  j>air  of  substances 
(Figs.  2  aiul  4). 

The  above  results  nr<<  fomul  to  conform  to  an  expression  connecting 
A'  and  »•  derived  on  the  basis  that  the  ]ihenuniena  are  thermo-electric. 

.\  series  of  experiments  was  carried  o»it  on  a  number  of  contacts 
f>oth  elements  of  which  were  nu*tallic.  and  for  wlu-h  the  thermo- 


electric and  other  relevant  constants  are  known.     These  confirm  the 
same  view. 

The  facts  as  to  the  sign  of  the  rectified  current  will  be  shown  oa 
close  examination  to  be  not  in  opposition,  as  some  writers  have 
supposed,  but  in  simple  accordance  with  the  thermo-electric  ex- 
planation. 

The  experimental  results  above  outlined  form  the  basis  of  a  cal- 
culation of  the  conditions  of  best  sensibility  in  a  wireless  receiving 
circuit,  with  or  without  a  polarising  voltage.  Similar  considerations 
determine  the  sensitiveness  to  be  expected  in  a  combination  of 
rectifying  contact  and  direct-current  galvanomater,  as  applied  to  the 
detection  of  small  alternating  voltages  in  bridge  or  other  null  methods 
of  measurement. 

Experimental  Details. — The  contacts  tested  were  found  to  range 
in  resistance  from  fractions  of  an  ohm  in  the  case  of  metallip  com- 
binations to  millions  of  ohms  in  the  case  of  zincite  or  corborundum 
contacts.  The  Wheatstone  bridge  was  employed  throughout.  The 
applied  voltage  was  varied  from  a  millivolt  or  less  up  to  1  or  2  volts. 
The  mineral  contacts  tested  were  the  following  : — 
Zincite-platinum.  Galena-platinum. 

Zincite-chalcopyrite.  Chalcop\rite-platinum. 

Carborundum-platinum.  Bomite-platinum. 

Chalcopyrite-bomite. 

Ten  different  contact  points  were  taken  in  succession  between  the- 
same  pair  of  mounted  minerals,  and  sets  of  rsadings  taken  from 
which  the  resistance  characteristics  were  plotted.  The  followmg 
Table  summarises  the  results  of  the  series  for  zincite-chalcopyrite: — 


Table  L- 

■Series  of  Contacts  Between  Zincite 

and  ChnJcupyrile. 

/  1  dR\o 

No. 

Jio 

lin, 

lim    i?o 

I'm 

(dR/di\ 

U  dv) 

1 

0.480 

10.100 

1-.50 

017 

27.700 

6-70 

2 

7.:if;o 

lo.soo 

1-47 

018 

32.800 

4-40 

3 

20.:U(> 

:?(i.()Oo 

1-47 

017 

113.800 

5-<t7 

[4 

24.0(H» 

2S.l(Ki 

117 

0-30 

30.500 

1041 

5 

57.2(10 

s:<.(ioo 

1-45 

015 

200.000 

517 

6 

77.2(10 

1(14.200 

1-35 

012 

4(t5C»00 

5-24 

7 

so.sdd 
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1-63 
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7-32 

8 
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9 
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10 
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1-58 

Mean 

=  1-54 
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With  tlir  c\n  ption  of  Xo.  4  (which  was  excluded  in  i.m  ui.iiing 
mean  values),  it  will  l)e  seen  that  the  variations  in  the  three  quantities 

,  RmlHo  «"tl  (  ,     ,    )    are  insignificant  compared  with  the  range 

of  resistance  covered  by  the  series.     It  seems  safe  to  conclude  that 
the  essential  action  at  the  contact  is  expressed  in  the  statement  that 

(        J    )  '  ^''"i  ^^0.  nnd  r„,  are  dependent  only  on  the  malerials  consli- 
\I{  dv/o 

tttdmj  the  rontarl,  and  not  on  the  area  or  resistance  of  the  contact  iLtelf. 

A  similar  series  of  metisurements  wjis  undertaken  on  contacts 
between  platinum  and  galena.  The  specific  resistance  of  the  latter 
is  much  smaller  than  that  of  zincite,  so  that  very  small  mechanical 
pressure  at  the  contact  must  be  used  in  order  to  secure  even  moder- 
ately high  values  of  the  resistance.  Another  series  of  results  was 
obtained  with  carbonuidum.  In  each  case  the  same  general  con- 
clusions were  riNilised. 

Kxi;eriments  on  the  combinations  platinum-chalcopyrite  and 
chalcoinrite-lKiniite  show  that  the  sensitiveness  of  the.se  contacts 
is  negligibly  small  c(imi»ared  with  that  of  the  jireceding  coml>inations. 
In  the  case  of  cbalcopyritc-lK>niite  three  contacts  were  teste<I.  the 
values  of  !{„  l»eing  res|iectively  1.952.  1.880  aiul  I. .500  ohms.  The 
corresj)oiidinp  voltagr-coeflicients  at  r=0  were  0(>7:{.  (••(•.5  and  0(K». 
A  few  conta>'ts    >f  platinum-zincite  were  also  tested  ;    thev  viclde<i 

/  1  dli\ 
values  oi  i      -  -  j„  Rm  Ho-  '*"fl  »'„.  practically  agreeing  with  those  of 

clmlcopyrite  7.incite. 

We  may  <  <«uchide  that  chalcopyrite.  bornite  and  platinuu)  am 
almost  inten-h.inge.ible  elements  of  a  combination  whose  other 
membor  helonns  to  minerals  <if  the  class  zincite  or  carlxirundum. 

The  rharact«'risti< >  shown  in  the  Paper  are  <lr.%wn  in  ai  lordance 
with  the  convention  that  the  applied  voltage  is  jxtsitive  when 
producing  c»irn«nt  across  a  junction  in  the  .same  dinvtion  as  that 
caused  by  a  slight  rise  of  temperature  at  that  junction. 

Thf  ThcrmntUctric  Theory  of  thf  Phenomena. — The  pfTpct'»  nin_\-  be 
simply  explained   pn.vid«Hl   (he  .T]i]>lird   voltage   is    i  '    ■..   a 

siifliiiently  small  \aliie.     In  the  /ucount  that  follows  ;  ion 

is  assumed. 


THE  ELECTRICIAN,  SEPTEMBER  22,  1916. 


911 


Consider  in  the  first  place  the  case  of  a  contact  having  zero  tem- 
perature coefficient  of  resistance.  If  the  Joulean  heat  could  be 
neglected  a  rise  of  temperature  would  occur  on  applying  a  voltage 
in  one  direction,  and  an  equal  fail  witli  voltage  reversed.  Kcjual 
and  opposite  thermo-E.lM.F.s  will  be  generated,  the  direction  being 
such  as  in  each  case  to  oppose  the  applied  voltage.  The  apj)arent 
resistance  of  the  contact  will  be  greatei-  than  the  true  resistance,  the 
excess  being  independent  of  the  direction  of  the  current.  Its  value 
\v\\\  be  constant,  since  for  small  voltages  the  back  thermo-E.M.F. 
will  be  proportional  to  the  apjilied  voltage.  Now  let  us  correct  this 
result  by  taking  the  .Joulean  heat  into  account.  For  one  direction 
of  current  this  will  be  added  to  the  Peltier  heat,  thereby  increasing 
the  rise  of  temperature  and  the  back  E.M.F.,  and  consequently  the 
apparent  resistance.  For  current  in  the  opposite  direction  the 
Joulean  heat  will  partially  neutralise  the  Peltier  cooling  ;  and  the 
fall  of  temperature,  the  back  thermo-E.M.F.  and  the  apparent 
resistance  will  all  be  reduced.  The  resultant  effect  will  be  to  give 
a  straight  line  law  connecting  apparent  resistance  and  applied  voltage, 
the  line  being  now  inclined  to  the  axis  of  voltage. 

Another  elementary  thermodynamic  principle  of  importance  is 
that  when  current  across  the  junction  causes  Peltier  absorption  of 
heat,  an  external  supply  of  heat  must  cause  an  E.M.F.,  and,  therefore, 
a  current,  in  the  same  direction  across  that  junction.  It  follows  that 
at  a  junction  of  materials  possessing  zero  temperature-coetificients 
of  resistance  the  apparent  resistance /oZZs  when  the  current  is  of  the 
same  sign  as  that  caused  by  heating  the  junction.  Such  a  case  is 
found  in  the  combination  manganin-constantant,  observations  on 
which  are  described  below. 
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Fig.  2. — Specific  Resistance  Chakacteeistics  of  some  Mineral 

Contacts. 

If  the  temperature  coefficient  is  positive  the  effect  will  be  to 
augment  both  the  fall  of  resistance  for  one  direction  of  current,  and 
the  rise  for  current  in  the  reverse  direction.  The  slope  of  the 
resistance  characteristic  in  the  immediate  neighbourhood  of  zero 
voltage  will  be  of  the  same  sign  as  before,  but  increased  in  value. 

When  the  temperature  coefficient  is  negative,  on  the  other  hand, 
the  slope  of  the  characteristic  at  zero  voltage  is  reduced,  and  changes 
sign  when  the  coefficient  is  sufficiently  large  numerically,  in  which 
case  we  have  a  rise  of  apparent  resistance  when  the  current  is  in  the 
same  direction  as  that  caused  by  applying  heat  to  the  junction.  The 
large  negative  coefficients  occurring  in  minerals  like  zincite  and  galena 
are  amply  sufficient  to  produce  this  rise.  Thus  is  explained  the 
apparent  anomaly  of  a  reduction  in  resistance,  despite  the  fact  of  a 
back  thermo-E.^M.F. 

In  working  out  an  exact  treatment  of  the  actions  which  are  assumed 
to  take  place  at  a  contact  the  author  is  indebted  to  the  Papers  of 
Dr.  W.  Eccles*  on  this  subject.  Nevertheless  the  conclusions  of  the 
present  Paper  will  be  found  to  differ  from  those  of  the  Paper  quoted 
in  several  material  respects.  Thus,  whereas  much  importance  is 
attached  in  the  latter  to  the  part  played  by  the  Thomson  effect,  in 
the  present  treatment  the  experimental  results  find  their  explanation 
in  terms  of  the  Peltier  effect  and  the  temperature  coefficient  resist- 
ance. 

The  equation  of  the  resistance-characteristic  is  as  follows  : — 
KR'-R(KRo'+a'To)  =  v-bE'o-av(R+bToRQ), 
where    a = thermo-electric    power ;     6=temperature    coefficient    of 

*  Eccles,  ''  Proc."  Phys,  Soc,  Lend.,  XXV.,  p.  273,  1913. 


resistance  ;  A" = heat  dissipation  constant ;  if = apparent  resiBtance 
of  contact  ;    R'=true  resistance  ;   and  ro=abKoIute  temperature. 

Three  main  types  of  characteristic  are  derivable,  which  are  repre- 
sented diagrammatically  in  Fig.  .'i. 

Type  I.  is  the  limiting  ca.se  where  6=0,  when  equation  (7)  sinifilifies 
to  a  straight  line,  denoting  a  resistance  which  falls  for  voltage 
aj)plied  in  the  po.sitive  direction.  It  is  practically  reali.'-ed  in  the 
contact  constantan-manganin. 

Type  II.  includes  all  cases  where  b  is  positive,  and  thus  covers  all 
combinations  of  pure  metals.  With  voltage  in  the  po.sitive  direction 
the  resistance  at  tinst  falls,  reaches  a  minimum,  and  afterwards  rises. 

Type  III.  represents  cases  for  which  b  is  negative  and  large.  It 
includes  all  the  mineral  contacts  possessing  marked  rectifying  pro- 
perties. The  resistance  rises  at  first  with  a  positive  voltage,  reaches 
a  maximum  and  then  falls  continuously. 

Putting  v=0,  the  characteristic  equation  reduces  to 

*•=""  1'+^) •'» 

The  apparent  resistance  is  greater  than  the  true  resistance  bj*  an 
amount  proportional  to  the  square  of  the  thermo-electric  power. 
Differentiating  (6),  we  have 

dR      2bRo'v-a{R^bToRo') 

dv^2KR-KRo'-aWo^'av 

There  are  two  important  special  cases.     First,  let  v=0.     Then 

1  ^\  _-a(l-6roi?,0'7?o) 

R  dvJo  A'i?o 

i^This  expression  represents  the  value  of  the  voltage-coefficient  of 
resistance  of  the  contact. 

Next  consider  the  point  at  which  dRdv  is  equal  to  zero,  that  is, 
R  a  maximum  or  minimum.  The  applied  voltage  at  which  this  occurs 
is  given  by 

a(Rm/Ro'^bT„) 

'-= ~~2b~' 


11) 


effect  the  three  quantities 


Vm,  and  Rm/iio  are  independent 


^Substituting  this  expression  for  v  in  the  general  equation,   we 
obtain  a  function  of  the  iorm  f{RmiRo^KRo)=0,  which  means  that 
provided  KRg  is  independent  of  Rq,  so  also  is  RmlRo- 
g^Pveturning  to  equation  (11),  and  putting  Rm  Ro  equal  to  a  constant, 
we  see  that  v,n  necessarily  becomes  independent  of  Rq. 

It  follo^^s,  therefore,  that  on  the  thermo-electric  theory  of  the 

1  dR\ 

.rYv)^ 

of  Rq,  provided  KRq  is  independent  of  ^o- 

In  seeking  for  a  theoretical  basis  yielding  the  requirement  that 
A" i?o  should  be  a  constant,  or  approximately  a  constant,  for  any  given 
pair  of  materials,  two  views  of  the  nature  of  the  contact  have  been 
taken.     From  either  of  these  the  required  condition  can  be  deduced. 

(a)  We  may  assume  that  the  contact  resistance  is  given  by  the 
end-correction  formula  applied  to,  say.  a  uniform  colunui  of  mercury 
in  a  capillary  tube  terminating  within  a  considerable  bulk  of  mercur\-. 

[b)  We  may  suppose  that  the  resistance  ^o  is  located  mainly — let 
us  suppose  entirely — in  a  thin  film  of  molecular  dimensions  whose 
area  is  that  over  which  the  two  elements  of  the  contact  intimately 
meet.  In  either  case  it  may  be  shown  that  KRq  is  independent  of 
the  contact  area,  and  proportional  to  the  ratio  of  the  thermal  and 
electrical  conductivities. 

Experiments  with  Metallic  Contacts. — The  following  were  selected 
as  test  cases  : — 

Bismuth- Antimony. — a  large,  b  +  . 

Iron-Nickel. — a  fairly  large,  b—. 

Constantan-Manganin. — a  fairly  large.  b=  >.). 

Copper-Manganin. — a  very  small,  6=0. 

Bismuth-Bismuth. — a  zero,  6—. 

A  series  of  contacts  was  examined  in  each  of  these  cases,  the  results 
being  to  show  (1)  that  the  voltage-coefficient  at  zero  voltage  is 
independent  of  rhe  resistance  ;  (2)  that  the  sign  of  the  above  coeffi- 
cient is  negative  ;  (3)  that  a  minimum  occurs  on  the  side  of  positive 
voltage. 

We  may  conclude  that  the  phenomena  occurring  at  metallic  con- 
tacts are  thermo-electric  in  nature,  and  are  essentially  identical  with 
those  of  mineral  contacts. 

The  voltage  coefficient  is  largest  in  the  case  of  antunony-bismuth, 
though  even  here  it  has  only  one-fifth  the  value  foimd  at  a  galena - 
platinum  contact,  and  about  one  twenty-fifth  that  of  a  zincite  con- 
tact. The  specific  characteristics  of  the  above  two  contacts  are 
shown  in  Fig.  4,  which  is  drawn  to  the  same  scale  as  Fig.  2. 

Softening  of  the  Contact  due  to  Rise  of  Temperature.— AW  tl  e 
resistance-characteristics  of  this  class  exhibit  a  droop  on  both  the 
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positive  and  the  negative  side  when  the  voltage  rises  to  a  certain 
value  dependent  on  the  duration  of  the  current.  It  occurs  most 
readily  in  contacts  containing  bismuth  as  one  element,  the  melting 
point  of  which  is  269''C.  The  effect  is  evidently  due  to  softening  and 
plastic  yielding  at  the  contact,  which  results  in  rapid  increase  of  area. 
There  is  little  doubt  that  this  effect  is  prei-ent  to  an  important  extent 
in  the  case  of  mineral  contacts  also,  though  not  so  obvious  since  it 
then  occurs  on  a  falling  characteristic. 

Constantan-Manganin. — This    constitutes    the    case    6=0.     The 

characteristic  equation  reduces  to  yf  =  /?o'  —  — •  t',  which  represents 

a  straight  line.  This  linear  type  of  characteristic  was  found  as 
expected. 


The  current  at  any  instant  is  given  by 

f  osin  pt 

R-Rt  ' 


t=: 


Yui.  :].— Three  Theoketical  Tvpes  of  Resistakce  Characterlstic. 
Type  I,  6=0.     Tj-pe  II,  6  positive.     Type  III,  6  negative  and  large. 

The  Rise  of  Temperature  at  the  Contact. — An  expressiwi  is  obtained 
for  the  rise  of  temperature  /  in  terms  of  v,  which  for  small  values  of  v 
reduces  to 

t=—v  .  ■ . 

KR, 

The  tem])cra1uro  cliaiige  is  thus  proportional  to  the  applied  voltage 
and  to  tlie  thermo-electric  power.  Jn  the  ca.>-e  of  constantan- 
manganin  the  equation  becomes  /  =  — 30-5i",  which  denotes  a  fall  of 
temjierature  for  current  in  the  direction  constantan  to  manganin 
across  the  contact,  at  the  rate  of  :jO-5C.  per  volt.  We  may  obtain 
an  estimate  in  the  case  of  mineral  contacts  by  assuming  values  for 
(a)  and  (h).  Thus,  in  the  cape  of  galena  we  may  accejit  roughly 
a  =  -ryi)Oy  10-*.  h  001,  wlience  /=  ITTr,  i.e.,  a  fall  at  the  rate  of 
lll°('.  per  volt  f(ir  ( urrent  crossing  the  contact  from  galena  to 
plalintim. 


The  mean  or  rectified  current  is 


fh= 


—ARoVq- 


0-3     V      0- 

Volts. 

Fig.  4. — The  Specific  Resi.stance-Chakacteristicsof  two  Metallic 

CoNTAcra 

T/ic  Rcrcpliiin  of  Electric  WdvfK  hi/  lite  Coiiliicl  Rrclifi/iiiy  Detcclor. 
Conditions  of  Highest  Sensilnlity.-Thv  law  of  constancy  of  tho  voltage 
eoenicient  can  lie  applied  fn  the  receiving  circuit  in  which  a  contact 
deteitor  is  eni}il(»yc(l  in  .series  with  a  magnetic  telephone.      It  will  be 
snjiposed  in  the  first  jilaco  that  no  ]>olariHing  voltage  is  used.     Let 
v=roKin  7)^=^ap]>lied  voltage. 
»"= instantaneous  current. 
7/  — appan\ut  lesistanec  of  contact. 
/?i:=  resistance  of  telephone. 

.\  simple  tix-atnient  is  adopt«'d,  the  imhM  lance  of  the  tclei)hone 
Mild  leads  being  neglected  and  the  resi.stance  as-sumcd  ♦^o  be  inde- 
l>en<lcn1  of  fre(|iiencv.  The  c(»n(>liisions  thus  reaciiod  may  Jm»  eor- 
rectiMl  in  tli(<  dircrlion  rcipiircd  by  fli<>  pra'ti<:i!  i  Kiuiii  ion-.  :ip|i|ying 
in  any  given  ca>e. 


TJ  2{Rt-Ro)- 

Its  value  is  proportional  to  the  square  of  the  R.M.S.  value  of  the 

applied  voltage,  a  result  first  empirically  deduced  by  L.  W.  Austin.* 

The  pull  on  the  telephone  diaphragm  is  determined  by  the  number 

'of  ampere-turns.     The  best  resistances  of  contact  and  telephone  are 

those  which  make  the  ampere-turns  a  maximum  for  a  given  applied 

voltage.     For  maximum  sensibility  of  receiving  circuit,  therefore, 

nARo 

— — — -,  mu.st  be  a  maximum,  where  n  denotes  turns  on  telephone. 

2(Rt~Ro)- 

For  high  .sensibility  :  ( 1 )  The  contact  should  be  of  materials  having 
as  large  a  voltage-coefficient  as  possible  ;  (2)  the  resistance  of  the 
contact  should  be  low  (the  lowest  value  depending  on  the  impedance 
in  receivmg  antenna,  &c.)  ;  (.3)  the  resistance  of  the  telephone  should 
be  about  one-third  that  of  the  contact. 

Use  of  a  Polarising  Voltage. — By  applying  the  above  considerations 
and  paying  due  regard  to  the  form  of  the  resistance  characteristic 
for  any  combination,  the  effect  of  a  polarising  voltage  may  be  fore- 
seen. It  is  e\ndent  that  if  the  polarising  voltage  be  such  as  to  lead 
to  the  point  of  maximum  resistance  on  the  characteristic,  then  the 
rectifying  jxiwer  and  the  sensibility  become  zero. 

Again,  if  the  resistance  of  the  contact  is  below  that  of  the  telephone, 
it  is  quite  possible  that  a  polarising  voltage  in  either  direction  may 
be  deleterious  or  at  least  ineffective. 

It  is  when  the  resistance  of  the  contact  happens  to  be  much  larger 
than  that  of  the  telephone  that  the  advantage  of  a  polarising  voltage 
will  be  deci-sivelv  seen.  Its  sign  must  evidently  be  cho.sen  in  the 
direction  of  the  initial  fall  in  the  characteristic,  e.g.,  for  the  perikon 
the  ]X)larising  current  must  cross  the  contact  from  chalcopyrite  to 
zincite. 

An  examination  of  the  curves  shows  that  with  voltages  increasing 
from  zero  in  the  direction  ju.st  specified,  the  slope  of  the  character- 
istic at  first  mcrea-ses.  As  the  polarising  voltage  is  increased  further 
the  slope  at  the  corresponding  points  of  the  characteristic  falls  off. 
and  evidently  a  value  of  the  ixilarising  voltage  will  lie  reached  at 
which  a  maximum  effect  occurs.  This  value  will  depend  on  the 
initial  resistance  of  the  contact ;  it  is  thus  not  possible  to  specify 
any  definite  figure  for  the  optimum  polarising  voltage  at  a  contact 
of  given  materials. 

Theoretically  it  appears  that,  given  the  receiving  telephone,  the 
ideal  contact  is  one  to  which  is  applied  the  small  jjolarising  voltaee 
leading  to  the  jx)int  of  maximum  slope  on  the  characteristic  :  and 
of  initial  resistance  such  that  under  that  polarising  voltage  the 
resistance  falls  to  a  value  exactly  equal  to  that  of  the  telephone. 

I'se  of  Direct -Current  Galranorneter  in  Series  with  a  Rcctififing 
Contact  in  NuU  Alternating-Current  Bridge  Methods. — This  problem 
is  amenable  to  the  treatment  applied  in  the  last  .section.  If  the 
galvanometer  be  regarded  as  given,  then  for  highest  sensibility  the 
resistance  of  the  contact  should  be  equal  to  that  of  the  galvanometer, 
but  if  a  eiven  ronta'>t  be  tak^'u  then  the  best  galvanometer  to  choose 
is  one  of  resistance  one-third  that  of  the  conta<  t  at  zero  voltage. 

It  may  be  shown  that  the  minimum  voltage  detectable  cannot  be 
reduced  grently  below  a  millivolt.     For  currents  within  the  ■ 
.  u.sefiil  frequency  of  the  telephonic  and  the  viliration  galv;iL 
the  combination  of  contact  and  direct -current  galvanomet-jr  t!    - 
falls  much  below  thore  instruments  in  .sensibility.     This  conclusion 
is  'n\  accordance  with  ex|  erimental  results. 

The  following  examjile  of  a  test  may  lie  quoted.  The  agreement 
between  the  observed  notified  current  and  that  calculated  by  eqna- 
t  ion  {2'.\)  is  very  satisfactory. 

Contact  of  galena  platinum  :  .4  =  1-20. 

7?j— 9.">  ohms. 

tialvanometcT  resistance  =2M  ohms. 

Sensibility  — 186  scale-divisions  (1  '40  in.)  ]K?r  micrt»amperp. 

.Applied  voltage  (R.M.S.)  ^  OO.'i  volt,  at  8.5  ">-. 

Observed  steady  deflection  =  38^J  scale-divisions  ;   whenc-e  rectifiedj 

current  =  2-06 X  10-'  amjores. 

Rectified  current  calculated  by  (23) 

I  2     95  •  U05» 
= r— =2-38  •  !()-•  amixre*. 

VMtO 

Taking  half  a  scale-division  as  the  minimum  observable  deflection, 
the  minimum  alternating  voltage  detectable  with  the  given  galvano- 

(••05 
meter  and  contact  — rr ==  I  -81  X  10"'  volt. 

•  Austin,  "  Phvs.  Rev.,"  19(17. 
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CROWN  MINES  HOIST  INSTALLATION. 


BY   F.    L.    STONE. 


Summary. — The  author  ifivos  an  interestinf^  descTiption  of  the  physical 
characteristics  of  the  Crown  Mines'  on  the  Rand  and  shows  why  electrical 
equipment  was  not  used  at  an  earlier  date.  The  last  part  of  the  article 
is  devoted  to  a  description  of  the  large  electrical  equipments  furnished 
in  the  last  few  years. 


The  Crown  Mines  are  located  in  about  the  centre  of  the  principal 
gold  field  in  South  Africa.  The  gold-bearing  reef  extends  east  and 
west,  a  few  miles  south  of  Johannesburg,  and  has  a  total  length  of 
approximately  50  miles.  The  reef  outcrops  almost  continuously 
throughout  the  entire  distance,  and  pitches  south  at  angles  varying 
from  30  deg.  to  nearly  vertical. 


300<>\ 


Fig.  1. — Duty  Cycle  when  Winding  feom  the  2,260  ft.  Level. 

Xo  mining  of  any  importance  was  carried  on  in  this  locality  until 
about  30  years  ago,  when  the  value  of  the  deposits  became  known. 
Uplto  this  time,  and  for  quite  a  number  of  years  following,  the 
principal  mining  was  naturally  carried  on  along  the  outcrop.  Later, 
however,  when  the  geology  of  the  country  was  better  understood, 
other  properties  were  opened  south  of  the  outcrop,  and  vertical  shafts 
sunk  until  they  intersected  the  gold-bearing  strata.  Cross  tunnels 
were  driven  at  various  points  in  the  shaft  both  above  and  below  the 
vein,  until  they  intersected  it,  and  thus  the  ore  could  be  brought  to 
the  shaft  from  many  levels. 

The  general  indications  seem  to  be  that  the  main  body  or  vein 
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It  is  very  questionable  if,  even  at  this  time,  the  real  value  of  this 
tremendous  body  of  gold-bearing  ore  was  appreciated. 

Originally  all  of  the  winding  engines  were  steam  driven.  Later 
some  comparatively  small  isolated  electric  plants  were  put  down 
and  the  winders  were  electrified.  This  in  some  instances  did  not 
show  the  saving  hoped  for,  due  to  the  poor  load  factor  of  the  small 
plants.  It  was  not  until  the  Victoria  Falls  Power  Co.  erected  its 
plants  (which  now  have  a  capacity  of  approximateh'  220,000  kw. 
all  available  for  mining  purposes),  and  ran  its  power  lines  the  entire 
length  of  the  Rand,  that  electrification  was  really  well  started.  As 
soon  as  a  constant  source  of  power  was  assured  the  electrification  of 
the  mines  was  taken  up  most  energetically. 

In  September,  1912,  specifications  were  issued  by  the  engineers 
of  the  Rand  Mines  (Ltd.)  for  a  hoisting  equipment  for  their  own 
Crown  Mines,  South  Rand  shaft.  The  principal  data  submitted 
was  as  follows  : — • 

Depth  of  shaft  .3,540  ft. 

Inchnation  of  shaft  to  horizontal  90  deg. 

Weight  of  ore  per  trip 16,0001b. 

Weight  of  skip  8,7001b. 

Size  of  rope    2  in. 

Weight  of  rope  per  side    22,300  lb. 

Type  of  drum  Double  cyhndro-conical 

Diameter  of  rope  centres  at  small  end  of  drums  1 2  ft. 

Diameter  of  rope  centres  at  cylindrical  end  of  drums .  20  ft.  8  in. 

Number  of  turns  of  rope  on  cone    25  turns 

Number  of  turns  of  rope  on  cyhnder,  Ist  layer 21  turns 

Number  of  turns  of  rope  on  cyhnder,  2nd  layer     14  turns 

Maximum  rope  speed,  ft.  per  minute      3, .500  ft. 

Maximum  revolutions  per  minute  of  drums     53-5r.p.m. 

WR-  of  revolving  parts  of  hoist  (less  motors)  1 5,810,000  lb.  -ft. 

Time  for  acceleration 12  seconds 

Time  for  retardation  (assumed)      10  seconds 

Rest  period    7  seconds. 

The  equipment  was  to  consist  of  two  direct-connected  motors  for 
driving  the  hoist  and  motor-generator  set,  made  up  of  an  induction 
motor  and  two  direct- current  generators,  all  the  direct -current 
machines  being  wound  for  550  volts,  both  the  motors  and  generators 
being  operated  in  series.  The  motor  speeds  were  to  be  controlled  by 
varying  the  voltage  of  the  generators,  which  were  to  be  separately 
excited.  Duty  cycles  were  made  up  showing  the  operation  of  the 
hoist  when  lifting  from  the  deepest  level  and  also  when  lifting  from 
intermediate  levels.  Fig.  1  shows  the  input  from  the  line  to  the 
induction  motor,  the  output  of  the  hoist  motors  and  the  rope  speed 
when  hoisting  from  the  2,260  ft.  level  ;  while  Fig.  2  shows  the 
operation  of  the  hoist  when  lifting  from  the  3,540  ft.  level.  It  is 
interesting  to  note  that  while  hoisting  from  the  upper  levels,  as  shown 
in  Fig.  1,  the  rope  never  leaves  the  cylindrical  portion  of  the  drums  ; 
on  the  other  hand,  while  lifting  from  deeper  levels  the  conical  effect 
of  the  drum  is  used.  It  was  found  that  the  heating  of  the  apparatus 
when  winding  from  the  higher  levels  was  considerably  in  excess  of 
that  developed  when  winding  from  the  deeper  levels.  To  meet  the 
duty  cycles  the  following  apparatus  was  supplied  by  the  General 
Electric  Co.,  of  Schenectady  : — 

Two  22-pole  2,000  h.p.  53-5  revs,  per  min.  550-volt  shunt-womid 
motors. 

One  foui'-unit  motor-generator  set  consisting  of  one  16-pole 
5.000  H.p.  375  revs,  per  miu  2,000-volt  induction  motor ;  two 
14-pole  1,650  kw.  375  revs,  per  min.  550-volt  shmit-wound  genera- 
tors ;  and  one  60  kw.  corapomid-wound  exciter,  together  with  the 
necessary  control  apparatus. 

On  account  of  the  size  of  the  motors  it  was  foimd  that  they  would 
have  to  be  built  up  on  the  scene  of  operation. 

This  equipment  has  been  in  operation  for  over  a  year,  and  no 
delays  or  troubles  of  any  kind  have  been  experienced.  In  fact,  an 
order  has  been  awarded  for  an  almost  exact  duplicate  equipment 
for  the  New  Modderfontein  mines. 
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Fig.  2. — Duty  Cycle  when  Winding  from  the  3,540  ft.  Level. 


somewhere  reaches  a  basin,  though  this  has  never  been  proven. 
Very  thin  outcrops,  however,  have  been  found  many  miles  further 
south.  They  are  so  lean,  however,  that  mining  has  only  been 
attempted  in  one  or  two  places.  On  the  other  hand,  a  very  good 
body  of  ore  has  been  found  well  to  the  north  of  the  original  outcrop. 
It  is  very  limited  in  its  area,  however,  paralleling  the  main  reef  for  a 
very  short  distance.  Its  existence  has  proved  a  constant  source  of 
argument  among  geologists  for  many  years.  As  the  wonderful 
jDossibilities  of  the  Rand  became  appreciated,  engineers  of  marked 
ability  devoted  their  attention  to  the  recovering  of  the  ore.  A 
system  of  mining  was  evolved  which  looked  well  into  the  future. 

*  Abstract  of  an  article  in  the  "  General  Electric  Review." 
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FUEL  ECONOMY. 

The  question  of  economising  our  supplies  of  coal  is  one 
that  has  been  raised  very  frequently  during  the  past  few 
years,  but  those  who  have  advocated  such  economy  have 
met  with  but  little  support.     It  is  generally  realised  that 
our  national  prosperity  is  largely  bound  up  with  our  sup- 
plies of  cheap  coal ;    that  if  we  were  dependent  upon  im- 
ported coal  our  position  would  be  very  different  commer- 
cially, and  that  i    t'-.e  case  of  war  our  naval  position  might 
be  seriouslv  threatened.     In  ever}'dav  commercial  matters 
men  look  forward  to  the  future  so  as  to  provide  as  far  as 
pos.sible  against  all  contingencies,  but  in  the  case  of  fuel 
economy  the  contingency  or  the  exhaustion  of  our  .supplies 
seems  to  be  too  tar  in  the  future  for  many  people  to  take 
any  particular  interest  in  it,  and,  therefore,  the  retort  has 
generally  been  . — Let  future  generations  look  after  them- 
selves.    It  is  argued  that  there  may  be  developments  which 
will  render  coal  less  important  in  the  future,  and  that  we 
should  concern  our.selves  only  with  the  present.     But  v.hat 
will  later  generations  say  if  they  find  themselves  against 
this  difficulty,   and  that   it  has  been  thrust  upon   them 
largely  by  the  folly  and  negligence  of  their  forefathers ''. 
So  far  there  is  no  indication  that  the   importance  of   coal 
commercially  and  industrially  will  diminish,  and.  therefore, 
we  oi  this  generation  have  the  responsibility  and  duty  of 
considering  what  should  be  done  for  the  safety  of  this 
country,   not   merely  for  the  present  generation,  but  for 
later  generations  also.     If  other  competitive  countries  were 
in  the  .same  predicament  it  would  not  so  much  matter,  but 
this  is  not  the  case  with  our  competitors.     In  the  report 
which  has  just  been  issued  by  the  British  Association,  and 
which  will  be  found  on  another  page,  it  is  shown  that  the 
available  re.serves  of  coal  in  Great  Britain  onlv  amount  to 
about  one-fortieth  of  the  world's  estimated  total,  whereas 
the  L'nited  States  possesses  more  than  one-half  the  esti- 
mated world's  coal  and  Germanv  possesses  more  than  one- 
twentieth. 

The  war  has  brought  about  many  changes,  and  among 
these   there   may   be    noted  a  change   of   opinion  on  .such 
matters  as  fuel  economv  and  a  realisation  that  such  matters 
are  important.     Whon.  however,  it  comes  to  the  question 
of  regulating  the  waste  of  coal  we  are  faced  with  consider- 
able dithcultie.s.  The  uses  to  which  fuel  are  put  are  numerous. 
Hroatlly  siK'akmg.  it  mav  be  .said  that  th()se  uses  which  can 
l)e  most  easily  controlled  are  (I)  export  trade,   (2)  power 
supply  and  {'S)  domestic  uses.     In  regard  to  the  first,  it  is 
a  (piestion  whether  the  export  of  coal  should  not  be  pro- 
hiliited  except  for  our  own  use.  such  as  providing  for  our 
mercantih"  mariiu'.     Thi.s  is  probablv  the  directicm  in  which 
the  smallest  economv  can  be  made.     It  is  otherwise  in  the 
case  oi  •,>ower.     lii  the  Heport  of  the  Roval  Commission  on 
('(,al  Su]»]tli.'s  in  l!H>.j  it  was  .stated  that  the  average  cim- 
sumption   «)'    coal   ])er  hor.se-power  hour  in   this  country 
anu)unt<-d  to  .">  lb.     As  an  average,  of  course,  this  is  a  poor 
result,  and  the  worst  results  are  far  higher.     If  merely  lib 
<»f  coal  |>er  horse-power  hour  could  be  saved  throughout 
the  country,  the  total  saved  would  be  enormous.     That 
this  is  Immuc  broujrht   about  slowlv  bv  means  of  electric 
jxnver  therp  (an  be  little  doubt,  but  the  best  results  in  eco- 
nomy can  only  be  secured  bv  the  generation  of  electrical 
p<nver  on  a  far  large*  scale  than  has  hitherto  been  attempted. 
Moreover,  there  is  the  great  (juestion  of  the  recovery  of 
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by-products  in  tlic  use  of  coal.  Tliai  the  valuable  nitrogen, 
oils  and  other  bodies  in  coal  should  be  simply  wasted,  as 
thev  mostly  are,  is  a  great  reflection  upon  our  methods  of 
utilising  coal,  and  in  this  respect  it  seems  that  we  are  some- 
what behind  Germany. 

Perhaps  the  most  difheult  class  of  consumer  in  which  to 
secure  the  desired  economy  is  the  domestic  consumer. 
In  many  respects,  however,  this  part  of  the  problem  is 
likely  to  solve  itself.  Owing  to  domestic  difficulties  the 
use  of  electricity  and  gas  will  certainly  increase  ;  in  due 
time  the  use  of  the  ordinary  kitchen  range  for  burning  coal 
is  likely  to  disappear  and  the  ordinary  open  coal  lire  in 
sitting  rooms,  although  there  is  much  to  be  said  for  it  from 
the  point  of  view  of  comfort,  will  become  more  and  more 
rare.  In  all  probability,  therefore,  this  part  of  the  ques- 
tion will  require  less  drastic  action  than  any  other. 

We  quite  admit  that  there  are  many  difficulties  in  the 
whole  problem.  It  is  very  easy  to  say  what  are  the  right 
means  to  adopt  and  what  is  the  right  course  to  follow,  but 
the  fact  remains  that  what  is  everybody's  business  is 
nobody's  business,  and  consequently  in  the  past  very  little 
has  been  done.  If  anything  serious  is  to  be  accomplished 
in  the  future  suitable  steps  must  be  taken  by  the  Govern- 
ment, and  on  this  occasion  the  matter  must  not  be  allowed 
to  rest. 


ELECTRIC  POWER  DISTRIBUTION.^ 

BV  CHARLES  H.  MEEZ. 

"  It  appears  that.  .  .  .  the  coal  ^h()uld  be  converted  .  .  ,  . 
into  a  form  in  which  it  is  most  generally  applicable  to  all  jnuposcs  without 
exception,  and  in  which  it  is  most  easily  a])plied  to  all  our  wants,  and  is 
at  the  same  time  in  a  fonn  in  which  it  is  most  difficult  to  waste  or  lis 
improperly. 

"  We  are  therefore  forced  to  the  cou(;lusion  that  the  only  complete  and 
final  solution  of  the  question  is  to  be  obtained  by  the  conversion  of  the 
whole  of  the  coal  whi(  h  we  ut^^o  for  heat  and  power  into  electricity,  and 
the  recovery  of  its  by-products  at  a  comparatively  small  number  of 
great  electricity  })roducing  stations.  All  our  wants  in  the  way  of  light, 
power,  heat  and  chemical  action  would  then  be  met  by  a  supply  of  elec- 
tricity distributed  all  over  the  country." 

[Extractfrom  Presidential  Address  of  Mr.  S.  Z.  do  Ferrantito  the  Insti- 
tution of  Electrical  Engineers  in  1910.] 

The  fuel  and  other  cccnoiaics  and  the  industrial  advantages  of 
dealing  with  electricity  supply  for  the  country  as  a  whole  in  a  com- 
prehensive manner — although  appreciated  and  acted  upon  by  many 
of  those  who  are  in  the  electric  supply  business — are  not  generally 
realised  to  day  by  the  industrial  community  or  by  the  State. 

The  compact  nature  of  our  industrial  districts  and  their  proximity 
to  each  other  as  compared  with  those  of  other  countries,  such  as  the 
United  States  and  Germany,  makes  it  economically  possible  and 
advantaTeous  to  deal  with  all  the  power  requirements  of  the  com- 
muirity  in  each  industrial  area  from  inter-connected  electrical  power 
distribution  systems  tapping  all  sources  of  power,  however  scattered, 
and  delivering  electrical  energy  wherever  required. 

Power  undertakings  (electric  power  companies)  have  been  started 
in  most  of  the  industrial  areas  of  the  country,  and  if  these  were 
developed  throughout  the  country  to  the  same  extent  as  the  system 
which  has  been  for  .some  time  in  operation  on  the  North-east  coast, 
it  is  estimated  that  the  resultant  economies  in  coal  consumption 
would,  in  the  near  future,  amount  to  2.5,000,000  tons  per  annum,  and 
eventually  to  /JO,0(H>,000  or  60,000,000  tons  per  annum.  I'h.e  ini- 
mense  importance  of  this  to  the  country  is  realised  even  if  one  only 
considers  the  revenue  from  the  sale  of  this  quantity  of  coal  if  it  were 
exported. 

.Another  way  to  look  at  it  is,  that  if  the  present  industrial  power 
requirements  of  the  country  were  supplied  as  cheaply  as  they  could 
be  from  such  a  comprehensive  system,  there  could  be  such  an  ex- 
]."ansion  of  industry  that  present-day  power  requirements  might  in 
no  great  time  be  more  than  doubled.  Yet  there  would  be  no  neces- 
sity for  increased  coal  consumption,  for  the  simple  reason  that  under 
such  conditions  we  could  use  our  coal  at  least  twice  as  efficiently. 

The  economical  generation  of  electricity  implies  the  use  of  the 
largest  possible  prime  movers  and  the  running  of  such  machines  at 
as  steady  a  load  as  possible,  since  only  under  these  conditions  is  the 
highest  possible  coal  economy  attainable. 


Paper  read  before  Section  G  of  the  British  Associaition  at  Newcastle. 


While  on  the  Xorth-east  coast  and  ulna  in  tsijino  otlier  districts  tho 
generation  and  supply  of  electrical  power  is  Fxj.'ng  dovclopwl  on  cor- 
rect line.s,  it  is  still  broadly  true  to  .say  that,  as  regards  the  country 
as  a  whole,  the  requirements  of  ta -h  municipal  area  are  dealt  with 
separately,  with  the  result  that  the  average  size  of  generating  machine 
(  mployed  is  certainly  not  moie  than  a  tenth — and  probably  not  more 
than  a  twentieth — of  what  it  ought  to  he.  Under  such  conditions 
economical  coal  consumption  is  mpossible.  The  result  is  cumula- 
tive, because,  on  account  of  the  small  size  of  generating  mac-h.'no 
employed  in  public  stations  and  the  consequent  low  economy,  manu- 
facturers, railway  companies  and  other  large  power  users  in  many  dis- 
tricts are  still  compelled  to  run  power  ph  nts  of  their  own,  and  the  ute  by 
many  manufacturers  of  their  own  plant  further  reduces  the  average 
size  of  power  generating  machines,  taking  the  country  as  a  whole. 

The  only  way  in  which  public  supply  stations  can  secure  the  busi- 
ness of  supplying  all  tho  manufactorir-s  in  their  neighbourhood  is  to 
have  generating  machines  much  larger  than  the  largest  individual 
manufacturer  could  iind  use  for. 

If  instead  of  each  municipal  area  being  dealt  with  independently, 
there  were  one  uniform  inter-conncolccl  electrical  power  distribution 
system  throughout  each  industrial  area,  as  we  now  have  practically 
throughout  the  north-cast  coast  district,  just  as  there  is  one  railway 
system  throughout  the  country  with  a  uniform  gauge,  it  is  clear  that, 
on  account  of  the  magnitude  of  the  resultant  load,  it  would  be 
possible  to  secure  the  following  results  : — 

1.  The  largest  and  most  economical  generating  machines  could 
be  installed. 

2.  These  could  be  located  where  large  sites  are  available  and  land 
is  cheap  ;  where  coal  and  water  facilities  are  good  ;  and  in  the  best 
position  having  in  view  the  probable  eventual  power  requirements 
of  the  whole  community,  including  factories,  railways  and  domestic 
users. 

If,  on  the  other  hand,  each  municipal  area  is  dealt  with  inde- 
pendently, it  is  clear  that  in  many  cases  the  sites  on  which  the  power 
generating  plant  is  installed  must  necessarily  be  cramped,  being  in 
the  middle  of  large  towns  or  congested  districts,  and  that  the  best 
coal  and  water  facilities  will  not  be  available. 

As  regards  reliability  of  supply — an  essential  condition — con- 
centration of  generating  capacity  in  large  units  in  conjunction  with 
a  main  electrical  power  distribution  syslem  is  not  a  source  of  danger 
but  the  reverse,  because  by  means  of  such  an  inter-connected  dis- 
tribution system,  one  set  of  generating  plant  can  act  as  spare  to 
another,  whereas,  according  to  the  present  method  of  dealing  with 
electricity  supply  by  means  of  isolated  networks,  each  supplied  in 
general  from  one  generating  station,  there  is  no  duplication  of 
generating  stations  or  alternative  ways  of  feeding  a  given  area  what- 
ever. 

Thus,  if  the  community  is  to  benciit  by  the  electric  supply  industry 
being  given  the-  maximum  chance  of  development,  and  if  the  erection 
of  the  most  economical  generating  machines  in  the  best  possible 
positions  for  economical  production  is  to  be  secured,  and  insisted 
upon,  as  it  must  be,  by  some  central  authority,  the  first  thing  to  aim 
at  is  the  establishment  in  each  industrial  district  of  a  common  inter- 
coimected  electrical  power  distribution  sj-stem. 

As  has  already  been  indicated,  such  an  ideal  may  be  achieved  in 
this  country,  on  account  of  its  compact  nature,  to  an  extent  which 
is  not  possible  in  other  countries.  What  is  required  is  co-operation 
and  joint  working  between  the  different  company  and  mmxicipal 
electric  supply  uirdertakings,  and  this,  except  in  certain  cases,  has 
not  been  possible  in  the  past,  due  largely  to  Parliamentary  and 
municipal  opposition.  If  such  a  complete  .and  unified  system  of 
mains  could  be  established  in  each  industrial  area,  the  erection  in 
the  best  situations  of  generating  plant  of  the  highest  economj-  would 
naturally  follow.  That  this  has  not  been  done  in  the  past  is  not  the 
fault  of  the  electric  power  companies,  and  I  a-.i  glad  to  see  that  many 
municipal  undertakers  arc  now  as  convinced  as  the  power  companies 
that  this  joint  working  is  essential. 

Another  advantage  which  would  follow  the  erection  of  plants  on 
roomy  and  efficient  sites,  rather  than  on  crowded  and  inefficient 
sites,  is  that  this  would  materially  facilitate  the  extraction  of  the 
by-products  which  can  be  obtained  from  the  coal  before  it  is  con- 
sumed in  the  boiler  furnace,  wherever  it  is  commercially  possible  to 
do  so.  This  process  will  require  large  sites.  Such  by-products 
may  be  of  as  great  a  value  to  the  community  as  the  residue  of  fuel, 
for  they  include  : — 

1.  Sulphate  of  ammonia  and  other  products  of  value  as  manure 
and  as  raw  material  for  manufactiners, 

2.  Benzol  and  other  important  hydro-carbons,  of  value  in  the  dye 
industr\',  for  example. 

;{.  Oils,  including  motor  spirit. 

It  has  been  calculated  that  the  requirements  of  the  country  in  the 
way  of  manures,  crude  oils,  oils  for  marine  propulsion  and  motor 
spirit  for  road  traction  can  all  be  largely  supplied  as  a  by-product 
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<jf  our  uwii  iiounal  coal  consumption,  if  only  \noin-r  encouragement 
is  given  to  the  cstaljIiHiinicnt  of  really  economical  electric;-.!  jKjwer 
rliHtrihution  syMtcms  throughout  the  countn,-,  l»ut  it  would  be  out 
of  f  he  question  to  carry  out  «uch  whemes  in  large  towns. 

An  urgent  matter  for  cottlement  i.s  the  standardisation  au<l 
uniiication  as  rapidly  .is  possible  of  the  frefjucncy  and  voltage  adopted 
for  distribution  purpfjses  in  neighbouring  Ioc;'.Iities.  Electrically, 
this,  as  I  have  said,  is  as  important  as  having  all  the  railways  of 
uniform  gauge.  It  is  not  proposed  that  nnifoiniity  of  frequency  and 
voltage  .should  be  establislicd  throughout  the  whole  country,  as  this 
would  entail  the  .scrapping  of  a  very  large  amount  of  valuable  plant, 
but  there  vvould  be  no  difficulty  (antl  ( oiisidering  the  issues  at  stake, 
comparatively  little  expense)  in  standardising  a  single  frequency  for 
each  of  the  industrial  areas  of  the  country  as  follows  : — 

MidlaiKls        25  i;ycles. 

West  of  Scotland     2r)     „ 

North-east  coast  '*0     ,. 

banca-hire  •'*'•     »» 

N'ork.-liir'-  area  •'''     " 

Ah  regarfiB  the  voltage  this  will  n-()uire  careful  consideration  ;  on 
the  northeast  coast  we  have  stiindarrliscd  20.(MK»  volts,  and  in  some 
of  the  other  areas  1(»,(MMI  volts  has  been  a(lo])ted,  but  it  is  a  (jUestion 
whether  thin  is  not  too  low  for  main  trunk  lines. 

The  (piestion  is.  who  is  to  pay  for  this  unilic-.tion  /  It  is  not,  in 
general,  the  fault  of  the  e.visiing  undert;'.king.s  that  they  have  adopted 
different  voltages  anrl  fre<juencieK  to  tlioso  in  vogue  in  the  surround- 
ing imiuHtrial  diHtrict-  though  in  some  cr.ses  it  must  be  admitted 
that  it  has  l.cen  their  desire  to  remain  ist)lated,  whatever  the  interests 
of  the  <(>uiitry  in  gen'-ral  (Mid  their  own  consumers  in  jarticuli'.r.  The 
chief  fault  lies  at  the  door  of  the  nation  itself,  the  lioard  of  Trade 
having  in  the  past  even  encouraged,  in  some  caws,  the  establishment 
of  di(Ter»-nl  svstems  in  adja -ent  areas. 

The  \it,:i:,\  of  Trade  .iln-ady  has  a  right  to  say  wli:'t  .sy.stem  (elec- 
tricid)  Hhall  lie  a«lopled  as  rrgarflu  all  new  undertakings  or  existing 
undertakings  developing  newly  acquired  areas.  Tl.c  l/(jcal  (Jovern- 
ment  Ikturd.  in  the  case  of  municipid  undertakings  only,  :".s  loan 
authority,  \:i:%  control  over  expenditure  on  extensiona  of  plant  and 
m  'in-t  by  municijial  .'lertrieal  undertakings.  As  regards  municipal 
undertakings  which  propose  to  jul<q)t  and  or  e.xtend  electrical 
HyKtemB  (p|p.nt  or  ?nf,inH)  of  a  type  which  would  be  inconsistent  witli 
development  on  uin'form  lines  throughout  the  area  in  which  they  are 
Mitu.'led.  (h  •  lioral  (Jov'  rnment  li«>ard  could  attach  a  condition  to 
■the  loan  to  pieveni  this.  The  j»rivatcly-owned  concerns  arc  not,  of 
coiirM'.  subjcit  to  l/xal  (iovernment  fliiard  control,  but  the  powers 
of  the  Hoard  of  Tnuh-  as  regards  the  san<tioii  of  syst<"ms  to  be 
tulopled  wr)uld  proliably  lie  suflieient.  and  in  any  caf-e  the  large 
|NiW'er  companies,  who  are  the  most  important  of  the  private  eon- 
<  eniM,  o|i(  rating  as  they  «lo  over  large  areas,  are  already  fully  alive 
to  the  nrresnity  for  standardisation  and  uni'ication. 

What  is  inifiortant  i«  tli.'.t  a  nriin  inter  connected  eleclri<«l  power 
diMtribiition  system  should  be  estalilishcd  in  each  industrial  area  as 
Mion  as  iNtssible.  .lust  as  tnule  lietMcr-n  dilTerent  parts  of  th«' 
<i»untry  would  be  im|N)»'sib|e  <h-  prartiially  im|M>ssible  witlunit  rail- 
WftyM,  Ml  trade  in  |ni\\<t  thai  in,  the  supply  of  power  where  most 
re«|Uired.  from  the  .s«»urce  where  it  can  I c  m  tst  e<-ononiically  gene- 
riit<Hl  iM  iMi|MiHHib|e  wilh(Mil  a  trunk  main.  The  electrical  "  roads" 
of  the  coiMilrv  must  he  standarrlis<><l  and  made  just  as  the  railroiuls 
hii\e  lieen.  Today  if  a  colliery  owner  has  small  and  poor  coal  in 
his  colliery  whirh  it  (Uh-h  not  jiay  him  to  bring  up  becaus<'  it  cannot 
Hland  the  eoM  of  IrannfKtrt.  he  cannot  contemplate  turning  it  into 
electricity  at  tlie  pit  niouth  extr.iiting  the  by  nr(«lu<ts  in  doing 
HO  lieeause.  except  in  certain  areas  where  a  Innik  main  system 
nxint^i.  there  in  no  market  for  the  elrrtrleity.  there  being  no  means  of 
(liMtributing  «tr  trnnsmitting  it.  Iv-h  individual  colliery  owner 
eaniiMi  eHtiiblish  liin  own  c'e  trieid  distributioti  system  to  neigh- 
Irtturing  tJiwns  or  manufaclnrcrs  r.ny  mori>  than  each  manufacturr'r 
can  pro>  ide  inn  own  niilwiiy  s\  stem  for  distribiitiim  his  gotwls.  If  a 
mi'u  has  wcsle  liiiJ  i,v  i  <iuld.  by  im]iroving  his  manufai  turing  or 
ehemieal  pniecsx.  combine  it  with  the  generation  of  power-  then- 
i*  no  one  t4i  take  his  p.  '         ,  ••  tl-.i-  "  nwuh  "  are  not  then'  to 

curry  it  ;    and  in  most  .  .    large  towns,  when-  th"  concen 

tfAled  loads  clrrivdy  exist,  art"  not  eloefrically  «>onnecle<l  with  ad 
jaceni  indti^trial  and  colliery  a ri«as. 

In  the  above  remarks  F  ha\e  considen>«|  tlie  matter  ehi»'fly  fnun 
the  i¥»inl  <»T  view  of  S4tving  fuel  ;  it  is  worthy  of  imlo.  however,  that 
inter  conncrtiMl  clectricid  powi-r  ile-trilmlioi,  --vstems  are  esf-entinl 
If  the  capital  charges  and  laliour  msls.  \>liiih  am  \cry  iin|n»rtaiit 
items  in  the  prtxluction  of  elertrieity.  are  to  I.e  kefit  to  a  mi'iiminn. 
This  ahHes  fnmi  the  fact  that  it  is  only  by  -"iiiiplying  .dl  the  ne<  <|s  of 
the  community  fmm  oiu  svstem  thitt  the  in  iMUuim  n^e  :'an  be  maHr 
of  till'  pl.Hit.  .\s  a  gfent  niiiny  indivi-lu.il*  in  n  gi\en  lommunit  •  do 
the  »amo  thing  at  the  .*nme  time,  xthnf  wo  must  t.'^ke  ndv--*  ■ '-  "f 
i«  that  the  individual  doe^  not  «nd  rannot  do  hfiM  ado^en  >t 


once.     The  economy  of  the  combination  of  all  requirement .s.  ixjwcr, 
traction,  heating  and  lighting  is  fundamental. 

Tr»  show  how-  fitr  we  are  from  this  ideal  let  us  take  the  case  of 
Jj<»!idon  : — 

]>uMiO.N   KlECTRICITV  SlFPLV. 

Present  jMsitton. 
_  Central  area.  Greater  London 

Number  of  AuthuniK- 39  70 

Number  of  <.'i!UTating  stations* 41  TO 

Avci aire  size  of  stations  7.(546  kw.  .j.2.S.i  kw. 

Average  size  of  unit. ■• 787  kw.  (»;{2  kw. 

Number  of  types  or  systems  of  gencratiuu  31  4!l 

Number  of  frequencies    8  H» 

,.       ,         ,      ,            rGeneration    20  32 

Number  of  volta^'cs-j^j^j^^ribution    21  -24 

Number  of  meth<j<U  of  charging  and  prices  Over  50  Over  70 

A  man  lives,  say,  m  Hampstead,  he  cook-s  his  breakfast  if  he  can 
buy  electricity  sutticic-ntly  cheaply,  by  electricity  supplied  from  one 
station  ;  he  travels  to  his  office  by  electric  train  sujjplied  by  elec- 
tricity from  another  station  ;  liis  office  in  the  Cit\'  is  sup])lied  by 
electricity  from  a  third  station  ;  probably  he  gets  his  lunch  at  a 
restaurant  .supjilicd  In'  eb-ctricity  for  light.  &c..  from  a  fourth 
station  ;  if  he  has  to  go  out  of  the  office  and  visit  other  people  in  the 
afternoon  he  travels  probably  by  a  tram  supplied  by  a  fifth  station  ; 
he  may  eat  his  dinner  at  night  in  a  West-end  restaurant  supplied 
from  a  .sixth  station,  go  to  a  theatre  supplied  from  a  seventh  station, 
and  so  on.  So  that  an  inhabitant  of  London  may  quite  well  require 
throughout  the  day  anything  l)etween  live  and  t-en  sets  of  plant  to 
supply  his  needs.  In  other  words,  the  Ctipital  costs  of  supplying 
him  are  increased  live  or  six  fold. 

This  is  a  result  altogether  apart  from  the  fact  that,  due  to  the 
enormous  niimlier  of  systems  and  stations  in  Ixmdon.  the  plant  u.sed 
is  of  ridiculously  small  size,  and  therefore  the  efficiency  as  regards 
coal  consumption  is  very  low- in  fact  the  average  efficiency  of  con- 
version from  coal  to  electricity  in  London  to-day  is  only  a  thinl  o 
what  it  would  he  under  anj-  modern  scheme. 

What  apj)lies  to  Ixmdon  applies  equalh-  to  other  indu.strial  dis- 
tricts if  we  substitute  the  factory  for  the  office. 

It  may  be  well,  in  conclusion,  to  summarise  the  advantages  and 
economits  resulting  from  ebctrical  development  on  correct  lines: — 

1.  A  large  sjiviiig  in  coal  as  a  result  of  the  erection  of  plants  of  the 
most  economical  size,  according  to  the  load,  in  the  best  positions. 

2.  The  utilisation  of  waste  heat. 

.'{.  The  utili.siitioii  of  coals  which  are  (oo  friable  for  tranisjKul. 

4.  The  titilis;ition  of  coals  now  left  in  the  pits  because  their  value 
w  ill  not  staiul  tlic  <ost  of  transport,  and  of  other  combustible  materials 
not  -it  pres«'nt  u.sed  as  fuel  for  the  same  or  other  reasons. 

;■).  The  development  of  new  carbonisation  and  di.stilIation  pro- 
cesses. 

fi.  The  more  general  u.se  of  electrical  energy  for  all  purp«>8e8.  e.'j- 
industrial   jKiwer.   rail   traction,  metallurgical,  elcctnuhemii  al   am. 
furiiiU-v  work,  and  the  develoimient  of  ij)dustries  which  it  ha.s  hilb<f  (•> 
not  been  |M»ssib|e  to  carry  on  in  this  country. 

7.  Iiicn-as^nl  industrial  outjmt  as  a  result  of  a  greater  use  of  jmw*  r 
in  c«uisequence  of  its  lower  cost. 

8.  A  general  improvement  in  the  elliciency  of  prime  moxers  by 
Hriti.sh  manuf.n  tureis.  which  cannot  but  have  a  m;'.rkwl  cfTect  on  all 
[Kiwcr  generating  machinery  (including  that  for  marine  purposes) 
and  on  our  foreign  tnule.  The  British  manufacturer  can  only  com- 
pete with  tho.s«>  of  otlier  countries  if  the  things  he  has  to  .sfll  are  as 
good  or  letter,  in  the  ca.so  of  the  largest  prime  movers  there  arc 
at  present  only  two  purposes  for  which  they  are  used  on  a  lan^c  scale, 
namely,   for   marine   puri;o.«es   and    for  driving  electric   <_■ 

plant.     It  is  a  fa-t  that,  in  recent  years  especially,  the  iai|.      , 
nmvera  have  invarial)ly  been  developed  for  land  purijoses  first,  tl- 
mil  -  following,  r.g..  the    Pardons    turbine  and  the  ' 

inti  '  Ktion  engine.     One  rea.son  for  this  is  that   tii 

))rrinuMit.U  work  involved  in  devel<»ping  new  ty|>cs  and  larger  hi7a^ 
of  prime  mo\ers  is  niort^  easily  and  more  economically  carrie-l  oiii 
ashore,  lb  ii-  c  it  is  clear  that  thi  devclojiment  of  electric  supjii- 
on  right  lines  aflonis  the  Ijcst  lield  for  progress  in  design  and  e«'onom> . 

What   i-  fun.;  lly  an<l  immedi.ilely  nee e.s.s;iry  is  the  e.'^t  vl- 

lishiixnt  of  .1  II  ,  Itctrual  trunk  mains  distrilnition  sys1«  in. 

rn»ct«r<lHig  on  these  lines  we  shall  not  be  merely  copying  America 
or  (Jerm.iny  w<>  shall  bo  doinc  .MMuething  th;«t  is  right  for  Kngland 
U'caiisr  it  is  Kngland.  and  lioeauso  Kngland  is  radi<ally  ditTen«nt 
fnuH  other  e^mutries  as  n-ganls  the  t4'ehnical  development  and    "  l.i> 

out  "  v< ire  <  Ilea)!  p.nve.r.     We  have  delayeil  in   '" 

a  siart  ,  ^rais  loitg<r  than  is  ncccvsar^      let  u.>-  • 

no  ' 

•  "'>  <  I'li;  .  V.I,,  .-i-o  nine  tractio;i  station.*,  within  th«  Orentrt 
lA^ndon  »rfti.  oithi  <>f  which  are  within  the  <^entr«l  area. 
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FUEL  ECONOMY  ON   THE   NORTH-EAST  COAST  AS  A 
RESULT  OF  ELECTRIC  POWER  SUPPLY 

IJV     K.     1'.    SUJAN. 

Electric  power  supply,  tlioii^li  of  coniparatively  recent  develoj)- 
ment,  has  already  had  a  marked  effect  upon  the  industries  of  the 
North-East  coast.     For  example  : — 

1.  A  great  saving  of  coal  and  reduction  of  smoke  has  resulted. 
There  is  now,  apart  from  the  power  companies,  practically  speaking 
no  coal  burned  on  the  Tyne  for  power  purposes,  except  by  the  rail- 
ways and  chemical  factories  and  some  collierios.  The  Tyne  ship- 
yards and  engineering  works  may  be  said  to  have  adopted  electricity 
to  the  exclusion  of  all  other  forms  of  motive  power. 

2.  The  application  of  electricity  to  all  new  uses  has  been  facili- 
tated : — 

(a)  Many  collieries  depend  entirely  uj^on  electricity  supplied  from 
the  Newcastle  and  Durham  electric  power  companies'  combined 
system  for  all  their  power  re(juirements. 

(6)  As  a  result  of  the  adoption  of  electric  traction,  the  suburban 
railway  traffic  facilities  of  Newcastle  are  more  ample  than  those  of 
any  other  town  of  similar  size. 

(r)  Electricity  has  been  applied  to  freight  haulage  on  the  Newport- 
Shildon  line  (and  this  is  the  Hrst  real  example  of  heavy  freight 
haulage  by  electric  locomotives  in  this  country). 

(//)  Electricity  has  been  applied  with  particular  success  to  drive 
rolling  mills  and  colliery  winders,  and  for  other  purposes  requiring 
the  concentration  of  a  large  amount  of  power  on  one  shaft. 

3.  New  industries  have  been  established  in  the  district  purely 
because  of  the  cheap  power  available. 

4.  Extensive  utilisation  has  been  made  of  the  waste  heat  and 
gases  existing  in  the  area  for  the  production  of  electrical  energy.  In 
this  regard  the  district  occupies  a  unique  position  owing  to  the 
extent  to  which  its  power  requirements  have  been  met  by  electricity 
produced  as  a  by-product  of  two  of  its  largest  industries — the 
making  of  pig  iron  and  the  making  of  coke. 

5.  Several  small,  and  therefore  uneconomical,  generating  stations 
(municipal  and  company)  have  been  shut  down,  and  the  electrical 
distribution  systems  which  they  sujjplied  have  been  connected  up  to 
the  power  siipply  companies'  system. 

The  problem  of  power  supply  in  any  district  is  so  coniploteiy 
governed  by  local  conditions  that  it  may  be  permitted  at  the  outset 
to  summarise  the  nature  and  extent  of  the  staple  industries  of  the 
north-east  coast.     The  table  below  does  this  in  convenient  form. 

It  will  be  seen  that  in  coal,  iron  and  .shipbuilding  the  north-east 
coast  Hgures  represent  respectively  and  approximately  one-iifth,  one- 
third  and  one-half  of  the  nation's  output. 

It  was  early  realised  that  the  more  compk^tely  the  electrical  wants 
of  the  whole  community  could  be  met  the  more  ehea.})ly  could  a 
supply  of  electricity  be  given  and  the  more  stable  would  the  electric 
supply  industry  become.  Our  engineers,  therefore,  proceeded  to 
design  the  system  so  as  to  be  capable  of  j)rotlucing  (current  at  a 
minimum  of  co.st  and  of  j)roviding  a  satisfactory  supply  for  all 
purposes — power,  traction,  lighting  and  electrochemical  and  similar 
processes.     The  map  shows  the  area  served  by  the  power  companies. 

The  extent  of  this  area  (1,40(3  sq.  miles)  necessitated  the  generation 
of  electricity  at  a  pressure  and  in  a  form  facilitating  transmission 
over  long  distances,  while  the  nature  of  the  market  to  be  catered 
for  made  it  essential  that  the  current  should  be  produced  as  cheaply 
as  possible.  This,  in  turn,  involved  the  use  of  extensive  sites  with 
ample  coal  and  watsr  facilities  for  the  main  coal-fired  power  stations, 
which  were  erectv^d  to  deal  with  such  portions  of  the  load  as  could 
not  be  supplied  with  electrical  energy  generated  by  waste  heat. 
From  the  two  main  stations  situated  on  the  River  Tyne  the  trans- 
mission and  distribution  networks  extend  into  and  through  the  city 
of  Newcastle-on-Tyne,  northwards  to  Wyth  and  beyond,  and  east- 
wards along  the  River  Tyne,  through  Wallsend  to  North  Shields. 
On  the  south  bank  of  the  Tyne  the  system  extends  southwards 
through  the  county  of  Durham  from  the  coast  to  Cpnsett  and  Bishop 
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.\ii(kland  on  (he  west,  and  llicii  joins  up  with  the  syntcni  of  the 
(levclajid  &  JJuiham  Elr;ctric  Power  Co.,  who.s<;  area  covers  the 
Soutli  Durham  and  Yorkshire  dihtricl«,  including  the  ClcvdamJ 
mining  district,  Stockton-on-'l'crs,  .Midfllesbrough,  &c.  The  dis- 
tance between  the  northern  and  .southern  extremities  of  the  trans- 
mi.ssion  system  is  70  miles,  and  it  is  now  poHKibie  to  obtain  electricity 
on  the  same  system  as  regards  frequcni  y  and  \oltag.;  throughout 
practically  the  whole  of  the  area  shown  on  the  map.  The  main 
transmission  and  distribution  system  is  a  three-phase  system  with 
a  frequency  of  40  cycles  jier  second,  and  the  working  pressure  \a 
20,(X)0  volts. 

The  capacity  of  plant  in.stalled  represents  about  one-ninth  of  tlie 
total  plant  i»  .stalled  in  public  supjdy  .stations  in  the  United  Kingdom, 
but  as  the  north-east  coast  jjower  couii)aiiies  are  working  at  a  jufjre 
constant  load — i.e.,  a  better  "  load  factor  " — the  electricity  actually 
generated  is  about  one-fifth.  The  total  horse-power  at  present  being 
supj)lied  is  .343,000 -H.i\ 

Though  the  extension  of  the  power  .supply  system  has  been  rapid, 
its  development  and  the  growth  of  its  proiit-eaming  capacity  were 
considerably  delayed  by  the  work  which  had  to  be  done  from  time 
to  time,  and  the  sacrifices  that  had  to  be  made,  to  secure  uniformity 
of  system.  Unfortunately,  with  each  amalgamation  or  extension 
of  area  considerable  alterations  had  to  be  effected  in  the  system  of 
the  new  undertaking  concerned.  For  example,  the  .system  of  the 
Newcastle-upon-Tyne  Electric  Supply  Co. — the  pioneer  company — 
the  first  instalment  of  which  was  laid  down  in  1899,  is  a  three-phase 
40-cycle  system.  That  of  the  Durham  Collieries  Electric  Power  Co., 
the  operation  of  which  the  Newcastle-upon-Tyne  Electric  Supply 
Co.  took  over  in  1907,  was  a  50-cycle  three-phase  system,  while  the 
Tees  area  of  the  Cleveland  &  Durham  Electric  Power  Co.,  where 
supply  was  begun  in  January,  1906,  was  originally  designed  for  2n 
cycles.  The  .same  company's  Consett  and  Bishop  Auckland  stations 
were  designed,  one  to  give  three-phase  25-cycle  current,  the  other 
two-phase  50-cycle  current.  It  will  be  appreciated  that  these 
alterations  (involving  in  some  cases  the  complete  re-design  of 
system)  have  necessarily  delayed  development,  but  it  was  con- 
sidered best  to  secure  uniformity,  even  at  some  sacrifice  of  time  and 
money.  All  those  other  systems  were  sanctioned  and  commenced 
some  time  after  the  original  Newcastb  system  was  laid  down. 

The  work  of  making  the  systems  uniform  has  been  completed,  aud, 
in  addition,  several  small,  and  therefore  uneconomical,  generating 
stations  have  been  shut  down.  Thioughout  the  area  shown  on  the 
map  there  arc  now  only  three  public  supply  stations  not  conforming 
to  the  standard  system  and  frequency— viz.,  those  of  the  Sunderland, 
South  Shields  and  Darlington  Corporations. 

The  local  conditions  governing  power  supply  in  the  district  are  : — 

1.  The  low  price  of  coal,  which  would  enable  the  manufacturers 
to  juoduce  power  themselves  at  relatively  low  rates. 

2.  The  fact  that  the  mamifnctureis'  works  are  mostly  of  con- 
siderable size,  i.e.,  their  individual  electrical  re((uirements  are  large. 
(.4  factor  invariably  of  vital  importance  in  the  production  of  cheaj) 
current,  wliether  by  a  public  company  or  a  municipality  or  by  a 
])rivate  manufacturer,  is  the  capital  expenditure  per  useful  horse- 
power of  plant.  This  decreases  as  the  size  of  plant  grows,  while  the 
running  efficiency  at  the  same  time  increases.) 

3.  The  existence  of  large  quanfities  of  potential  energj^  in  the  form 
of  waste  heat  and  combustible  gas. 

The  first  and  second  conditions  have  been  met  by  the  power  com- 
panies in  erecting  their  nuiin  generating  stations  :  (a)  by  taking  fud 
advantage  of  the  best  coal  and  water  facilities  available  ;  (ft)  by 
installing  plant  of  a  capacity  much  in  excess  of  that  which  any 
individual  manufacturer,  however  large,  could  adoi)t  :  (r)  by  cater- 
ing for  all  elas.ses  of  consumers,  thereby  seeiii'ing  a  diversity  of  load, 
with  a  resulting  constancy  of  output,  and  s-.  utilising  the  plant 
installed  to  the  best  po.ssible  advantage.  These  factors,  combined 
with  the  employment  of  a  highly  skilled  technical  staff  and  attention 
to  numberless  relatively  minor  details,  have  resulted  in  securing 
an  ctHciency  of  production  much  greater  than  that  practicable  to  any 
manufacturer  producing  power  merely  as  an  auxiliary 
to  his  main  business.  This  i.<;.  after  all.  an  age  of 
specialisation,  and  the  production  of  electricity  from 
coal  at  a  minimum  of  cost  presents  opportunities 
for  the  highest  technical  skill  and  for  unremitting 
vigilance. 

Power  supply  in  this  district  began  on  the  north 
bank  of  the  Tyne.  It  is  natural,  therefore,  that  its 
highest  development  was  reached  there  earlier  than 
in  other  parts  of  the  district.  By  1908  it  could  be 
aaid  that  there  was  not  a  single  firm  of  shipbuilders 
oi*  engiiieers  6h  the  north  bank  6f  the^  Tyfie  wKkJh 
did  not  take  95  per  cent,  of  its  power  from  the 
company.    To-day  the  proportion  is  probably  higher 
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still.  Even  taking  the  whole  area,  it  may  be  now  said  that,  as 
regards  the  engineering  trades  as  distinct  from  collieries  and  iron 
and  steel  works,  from  75  to  80  per  cent,  of  the  power  is  supplied 
from  the  power  companies'  system. 

The  credit  of  electrifying  the  Newcastle  suburban  railways  is,  of 
course,  due  to  the  enterprise  of  the  Xorth-Eastem  Railway  Co.  ;  but 
the  fact  that  they  were  the  (irst  imp<^rtant  English  railway  to  electrify 
a  portion  of  their  system,  and  that  they  purchased  the  necessary 
electricity  from  the  power  company,  shows  that  the  availability 
of  cheap  power  is  an  advantage  not  only  to  manufacturers,  but  to  the 
public  generally  in  facilitating  the  introduction  of  electric  traction. 
Since  the  electrification  of  the  Newcastle  system  the  train  service 
has  been  more  then  doubled,  and  the  .scheduled  speed  improved  by 
20  per  cent.  A  comparison  with  other  cities  at  home  and  abroad 
shows  that  no  other  town  of  similar  population  has  so  extensive  an 
electrified  railway  system  or  so  frequent  a  suburban  service,  and  this 
has,  of  course,  resulted  in  a  large  increase  of  travel. 

'i"he  Newcastle  and  coast  suburban  railways  were  electrified  more 
than  10  years  ago.  More  recently  the  North-Eastem  Railway  Co. 
have  af)plied  electricity  to  a  freight  lijie,  and  have  electrified  some 
"jO  miles  of  track  on  their  Shildon-Newport  route,  which  carries 
the  heavy  mineral  traffic  between  the  coalfields  of  .south-west  Durham 
and  the  blast  furnaces  and  ironworks  of  the  Middlesbrough  district. 
Few  j!<'oj)le  realise  that  goods  trafiic  lorms  the  greater  jioilion 
of  the  total  business  of  the  railways  in  this  country,  and  is  therefore 
of  gr.-aler  iinjiortance  than  the  passenger  traffic. 

'I'Ik!  ele(-lric  locomotives,  designed  l)y  Mr.  Vincent  Raven,  the 
railway  company's  chief  mechanical  engineer,  and  built  imder  his 
sujjcrvision  a1  the  railway  company's  works  at  Darlington,  are  each 
cajiabie  of  hauling  a  load  of  1,400  toiis  at  a  normal  speed  of  25  miles 
]ier  hour  on  the  level,  and  of  starting  a  train  of  the  same  weight  on  a 
1  in  300  gradient. 

.\o  special  generating  station  has  been  built,  the  whole  of  the 
curreiif  required  being  supplied  by  the  power  companies,  whose 
exisling  mains  are  tapped  at  two  points  where  they  touch  the 
railway. 

The  supply  of  ebelriirity  l«i  coal  mines-  though  the  important 
•oilinry  areas  were  not  touched  initil  sojue  five  years  after  power 
supply  started  iii  the  Tyn"  has  now  reaclicd  a  high  .stage  of 
development.  Ft  isc^stimaled  that,  apart  from  the  smaller  colliery 
.supplies,  pits  having  an  output  of  over  20,0(»0,0(l(l  tons  of  coal  per 
annum  now  depciifl  upon  the  power  lompain'es  for  their  jtowcr  su|)|)ly. 
Thf  uses  to  wliieli  electricity  is  put  include  pumping,  hauling,  ven- 
tilating, winding.  &c.,  and.  as  elsewher(\  the  simplicity  and  general 
a<lvantage  of  the  electric  motor  over  all  other  forms  of  engine  has 
made  itself  apjannt.  It  is  eslimatcfl.  in  the  case  of  collieries,  that 
at  lea.st  75  per  cent,  of  the  c<tal  previously  ustid  for  power  jmrposes 
has  been  saved  as  a  result  of  burning  it  at  the  economical  generating 
stations  of  the  power  companies  instead  of  each  pit  generating  its 
«)wn  power  ;  this  i.s  equivalent  to  a  .saving  (»f  at  least  1,0(H»,000  tons 
of  coal  per  annum,  apart  altogether  from  the  saving  of  coal  resulting 
from  the  utilisation  of  wast<'  heat,  discussc-d  below,  and  the  saving 
of  coal  usi'd  for  jjroducing  jou/ r  for  shipbuilding  and  engineering 
works  antl  for  th(?  railways. 

(Jne«»f  the  mf)st  interesting  leatuics  of  the  problem  that  had  to  be 
ilealt  with,  and  which  it  is  not  too  much  to  say  is  also  of  considerable 
national  importance,  was  the  utiIi.«ation  of  the  waste  heat  in  the 
district.  The  counties  of  Xorthumberlaiid  and  Durham  and  the 
North  liifling  of  Vrukshire  prodiKc  some  7..")(Ml.(KMi  tons  of  coke  y.i'V 
arnium.  Tim  bulk  of  this  use«l  to  be  made  in  the  old-fashionecj 
beehive  o\eiis.  Iiul  ilnring  the  last  decade  the  retorl  type  of  oven 
has  made  rapid  progress  on  :ic<ounl  of  its  iiK  rca.-'d  <  oke  yield  and 
the  value  of  the  by-products  reio\erable. 

The  waste  heat  from  tlie.-e  omii-;  and  from  the  bjasi  furnaies  an<l 
the  exhaust  steam  from  blowing  en^-ini  s  in  the  ('lc\(lan<l  distriit 
foini  a  considerable  .Miurie  of  p<iwer. 

The  problem  of  the  utilisation  of  this  wash-  heal  has  |)(,n  s(t|\(<l 
by  the  eslablishmenl  of  local  generating  stations  where  sueli  surplus 
power  is  available.  These  plants  irvi\  into  the  main  iH)wer  com- 
panies' .system,  and  the  stations  work  in  parallel  with  the  live  main 
generating  stations  of  the  power  (omj.anies.  '!"he.-e  local  gciK-raling 
stations,  or  '  wa.-te  heat  "  stations,  iw  they  are  ec»mmonly  called, 
arc  run  so  that  they  each  suj)ply  the  maximum  antount  of  energy 
po8aibh»— depending  on  the  sup|)ly  of  waste  lu-at  or  steam  a\ailab|e 
all  regulating  beiiig  clon(>  by  the  main  po«er  stations. 

The  power  company  need  instal  no  spare  plant  in  any  of  the  wasic 
heat  stations  connected  to  its  .sy.stem.  I>eing  able  to  meet  any 
variation  of  load  by  means  of  its  coal  tiled  stations,  which  also  act 
as  stand-l)y  against  any  breakdown.  Moreover,  the  power  com- 
pany, having  a  market  for  current  many  tunes  giv.ktrr  than  the 
output  of  any  individual  waste  hr at  station,  is  able  to  run  such 
.stations  <  ontinuously  at  their  niaximuni  output  eapa.ity.  ^o  utilising 
completely  all  the  eiirrent  that  can  l)e  pnulu.td  therein:    whrroas 


it  is  impossible  to  conceive  the  jwwer  requirements  of  au  individual 
coke-oven  and  colliery  installation  coinciding  even  approximately 
over  24  hours  with  the  amount  of  gas  or  waste  heat  available. 

The  first  waste  heat  station  was  erected  in  1905  by  the  Priestman 
Power  Co.,  a  subsidiary'  company  formed  jointh'  by  the  Priestman 
Collieries  (Ltd.)  and  the  Newcastle-on-Tyne  Electric  Supply  Co. 
(Ltd.)  at  Blaydon,  in  conjunction  with  new  coke  ovens  then  being 
erected  by  the  Priestman  Collieries  (Ltd.),  who  were  the  first  to  see 
the  advantages  of  co-operating  with  the  jKJwer  company. 

There  are  now  11  waste  heat  stations  in  operation  in  the  north- 
east coast  area,  and,  in  practical  illustration  of  the  economy  of  coal 
effected  thereby,  I  show^  a  typical  day's  working  of  two  electrical 
generating  stations  run  by  waste  heat.  It  will  be  seen  that  the  waste 
heat  available  is  sufficient  for  the  generation  of  an  amount  of  power 
very  considerably  in  exce.ss  of  that  required  by  the  colliery  owners. 
As  a  matter  of  fact,  during  the  year  1915  these  two  stations  alone 
turned  out  40.000,0<M)  units,  of  which  only  10,000,000,  or  25  per  cent., 
were  required  for  the  working  of  the  collieries,  the  remaining 
30,000,00(»  units  being  delivered  into  the  mains  of  the  power  supply 
company. 

The  total  coal  .saving  due  to  utilisation  of  waste  heat  in  the  north- 
east coast  now  amoimts  to  some  150,000  tons  per  annum. 

This  brief  account  of  what  has  already  been  done  on  the  north-east 
coast  will  show  the  great  economy  which  has  been  effected. 

There  can  dc  no  doubt  that  a  proper  appreciation  of  the  enormous 
economics  which  may  be  effected  by  the  avoidance  of  inefficient  and 
wasteiul  .separate  jjower  installations,  and  by  the  jx>oling,  not  only 
of  all  power  requirements  of  all  kinds,  but  also  of  all  power-pro- 
ducing plants,  into  ojie  interconnected  })Ower  supply  system  in  each 
industrial  district,  will  be  one  of  the  most  important  factors  in  that 
general  development  of  the  country's  industries  which  we  are  all 
hoping  to  see. 


TRADE  AFTER  THE  WAR. 

A  meeting;  wa-^  heir!  at  tlie  Mansion  Hon.>-e.  Lomlon.  <«i  \\ednefday, 
under  the  jtresi<len<  y  of  the  Lowl  Mayor  (Sir  Charles  Wakefield),  to  dis- 
cu.ss  tra<le  poh'cv  after  the  war.  with  special  reference  to  the  engineering 
industry. 

Tile  meet  inji  had  the  support  of  the  Hritisii  Klectrical  a-id  Allied 
Manifivtin'ci-s*  Association,  the  liritish  Kiij;iiieers"  Assin-iation.  the 
Mi'ilish  ICinpin-  Producers'  Orga'iisation,  Die  cngineerinn  and  electrical 
.sections  of  t  lie  I<ond«ii  ("haniber  of  Conrnierce,  and  many  prominent 
engineers  awl  scientist.s.  Mr,  T,  C.  Elder  (of  the  RE. A.M. A.)  was 
organising  .secretary. 

The  nu'etin;z  was  attended  by  the  l^rcside:its  t)f  the  Institutions  of 
Civil,  McchaTiical  and  Klectrical  Engijieers,  representatives  of  the 
Ministry  of  Munitions  and  Boaixi  of  Trade,  and  other  engineering  and 
electrical  as.social ions,  chambers  of  commerce,  universities,  municipal 
authorities,  electric  power  and  traction  imdertakings,  railway  and  ship- 
ping comjianies,  &c. 

The  I>oun  M  won  of  I..ondon  (chairman)  move<l  :  "  That  this  nuvting 
ex])resses  its  ajqireciat ion  of  the  great  national  .-ervice  rendere<l  by  the 
nnmition  workers  of  the  countrj-,  whose  patriotic  support  of  our  fighting 
forces  on  land  and  .sea  is  hastening  the  achievement  of  final  victory, 
and  expresses  the  hojjc  that  permanent  remunerative  employment  will 
be  sectirod  m  the  vigorous  economic  developnu^nt  of  the  engineorinc 
in<liistry  aft<T  the  wiir'" ;  and,  in  introducing  the  resolution,  said  during: 
the  past  two  years  liiere  hiwl  been  nnich  u.-ef»d  disc  u.ssion  on  the  subje<-t 
under  review,  but  it  had  not  been  foljoxvcd  promptly  I»y  prfu-tical  methods 
of  refornt  To  tin<l  any  sim|>le  fornudc,  for  the  le-oruanisation  of  Britisl: 
trade  was  no  easy  fcjil .  hut  they  were  all  ayrecsl  that  the  niition  an<l  the 
l-'mpire  must  jealously  uuanl  the  security  an<l  the  pro;'re.ssof  e^^:in^•erinl:. 
If  lite  enuiiUM-rin!;  works  had  done  nothini:  nior<'  than  th<>  buildinj;  of 
our  Navy  tiiey  would  Ih>  eiititlol  to  the  admiration  and  gratitude  of  nil 
u\  this  war  on  th«<  nide  of  right<'ou.sne.s.s  and  frcHnloni,  The  (Jernians 
overlooke<l  the  un<levelo]ied  destructive  pow<-rs  of  our  rngine«>rini; 
industry,  and  Itefore  the  war  we  scarcely  aitpreeial*-*!  what  a  tn>asure  we 
pos.ses,««><!.  '!'«i-«luy  it  wiLs  reco;'nised  that-  British  en^inei-rinj;  was  mon- 
than  a  trade  ;  it  was  the  main  bulwark  of  Eurojican  lilnTty.  While  Ihr- 
war  Wits  st'Il  ra^iii^'  we  were  just  ititnl  in  takini:  thought  how  wee<ndd  ke<'p 
this  magnificent  iiuhistry  working  in  the  future.  1'  was  the  basis  of 
ever>-  industrx-.  By  the  intellijicnt  (••unbination  of  man  |>ower.  money 
power  and  horse  power  we  .shcMild  hold  wh.it  we  ha^l  won.  It  was  a 
national  niid  inii»crial  iluty  and  rrs))onsibility.  It  wastolx"  hctjXHl  that 
Kniili^hmcn  would  -i-i-  that  the  way  1o  prosperity  was  to  use  our  hor>e- 
power  Willi  liorse  sense,  and  it  shoultl  be  jio.ssible  to  arrange  now  general 
lenus  of  an  in«histrial  tnire  for.  say.  five  years,  which  would en.sure that 

British  eiv •  •  .'  would  take  the  leadinf!  part  in  the  most  astonishing 

ei.i  of  nic'  '  pro^res.s  in  the  histoiy  of  the  world. 

Mr  .M'l  .ciil  .'^liiTitT  (;.  A.  TorcHF.,  M.P..  in  secondini!  the  resolution, 
siiid  the  hcroi^ni  of  our  --oldicrs  in  the  trenches  found  its  parallel  in  the 
i|cvote<l  work  of  tlir  nien  an<l  wonien  who  were  toilinu  in  our  factories 
and  workshop-..  The  nation  ha<l  l>een  trie<l  and  pro<luce<l  pure  gold. 
Thrrr>  had  bron  winio  drow — we  had  heard  of  strikes  an<l  diniinuti<»n  of 
output  when     '    "  '     nunitjons  of  war  meant    \hv  li\es  of   BritiiJi 

[oldiers     but  ,    frw  mi^uuidtHl  men  we  could  point  to  two 
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million  workers  who  had  sought  no  other  freedom  than  freedom  to  serve 
the  State.  We  must  decide  now  what  had  to  be  done  after  the  war. 
when  those  who  had  been  fighting  abroad  or  working  in  the  munition 
factories  would  be  coming  back  to  civilian  employment.  We  ought  to 
be  in  a  position  to  give  them  work  at  good  wages  ;  we  had  such  factories 
as  we  never  had  before,  and  it  was  the  business  of  statesmanship  to  seo 
that  they  were  employed.  He  saw  no  rea-on  why  we  should  not  manu- 
facture the  greater  pr.rt  of  the  56  million  pounds'  worth  of  goods  which  we 
bought  from  Dcrmany  in  tln^  year  befoic  tln^  war  or  why  the  Em])iri' 
should  not  piodiicc  the  11  million  ])(iun(ls'  worth  of  sugar  wliick  we 
bought  from  ({(Miuaiiy  in  tli(^  same  year.  He  would  seek  to  cstablisli 
barbed  wire  entanglements  whicli  no  (ierman  duTuiicr  rould  ever  crawl 
through.  Before  the  war  German  bankers  fostered  and  financed  German 
trade  in  British  dominions  and  in  other  countries,  and  London  bankers 
financed  the  German  bankers.  We  had  sup])orted  our  competitors  in 
that  way  long  enough.  After  the  war  our  banking  facilities  should  be 
used  to  extend  British  trade  a-id  to  obtain  orders  for  liritish  goods. 
Production  was  the  real  strength  of  a  nation.  The  engineering  industry 
had  saved  the  situation  during  the  war,  and  it  should  save  the  situation 
after  the  war. 

Mr.  G.  H.  Roberts,  M.P.  (Lord  C'ommissioncr  of  the  Treasury),  in 
supporting  the  resolution,  said  he  was  ghul  that  the  munition  workers 
were  being  th.ankcd.      ]f  the   nation   was   to  remain   great,   and   if  its 
integrity  was  to  be  preserved,  we  must  preserve  the  harmony  and  co- 
operation which  ha(l    chcracteriscd    all    classes  >  throughout    this  war. 
There  had  been  little  strife,  and  the  working  classes  were  not  second  to 
any  otlier  class  in  patriotic  iinjnilse.      We  recognised  to-day  tliat  the 
differences  that  previously  divided  us  were  ;vll  too  insignilicnnt  to  wanant 
the  depth  of  our  dis'isions,  and  we  had  stood  together  to  demonstiate 
our  ])atriotism  and  love  of  our  countiy.     Unless  in  the  ensuing  years  of 
peace  we  could  establish  a  reasonable  period  of  industrial  harmony  tlu^ 
British  Emiiire  would  rest  on  a  very  shaky  foundation.     We  had  to  make 
up    for    the.    colossal    ex])cnditurc     on     the    war,    estimated     at    some 
£3,000,000,(1(10.     Neutral  nations  had  been  i)rofiting  at  our  expense,  and 
they  would  be  hotter  equipped  than  ourselves  after  the  war  to  pursiu> 
com])etition.     We  should  be  in  a  less  favourable  position  iifter  the  war 
than  we  were  in  prior  to  the  war,  with  this  exception — the  war  had 
awakened  us  in  a  way  nothing  else  would  have  done.     The  output  of 
engineering  woik    during  the   war    liad    proved   tluit  lun'ctofoic   lliere 
must  have  been  deficiencies  in  the  raiks  of  capital  aid  labour.      He  wa< 
a  labour  advocate.      He  did  not  say  they  were  wholly  blameless,   but 
Iheir  opportunity  had  been  less.     Tlie  upper  class  could  not  disregard  the 
failings  of  their  own  order  when  they  approached  the  labouring  ('lass  to 
assist  in  the  task  of  recupcra,tion.     It  was  necessary  to  create  a  friendly 
understanding  between  the  two  great  industrial  classes,  and  the  atmo- 
sphere was  more  favourable  now  than  at  any  time.      He  declared  that 
the  whole  future  of  our  nation  and  Empire  abided  in  this  understanding 
being  created  early.     The  working  classes  Jiad  grievances.     His  relatives 
were  agricultural  labourers;    lis.  to  14s.  a  week  wa3  the  environment 
into  which  he  was  born.     Could  they  be  expected  to  remain  always  in 
those   depressed   circumstances  ?     They,    like   the   upper   classes,    were 
instinct  with  feeling  and  vibrant  with  desire  and  am.bition.      It  was  in 
our  power  to  bare  human  society  on  m.ore  elevating  principles,  and  such 
a  favourable  chance  as  the  present  was  not  likely  to  recur.     Whea  it  was 
I'ecognised  that  the  workers  required  time  for  rest  and  leisure,  and  when  a 
living  wage  was  assured  to  them,  he  would  say  to  them  '"  You  are  fairly 
treated,  and  you  are  expected  to  render  of  your  very  best."     The  workers 
recognised  that,  in  order  that  the  nation  might  recover  from  the  wastage 
of  war,  they  would  have  to  redouble  their  efforts,  and  they  were  prepared 
to  do  it.     In  the  past,  owing  to  imperfect  organisation,  when  we  had 
speeded  up  and  increased  the  out])ut,  gluts  and  unemployment  ensued. 
This  apprehension  of  the  workers  that  increased  output  would  result  in 
unemployment  had  to  be  faced,  but  economic  production  and  increased 
output  increased  the  selling  i)ower  of  the  nation,  and  unless  this  were 
accomplished  the  nation  must  decline.     We  must  enter  into  co-operation 
to  perfect  the  organisation  of  national  industry  so  as  to  prevent  these 
cyclical  and  seasonal  fluctuations  which  had  disorganised  industry  in 
the  past.     Let  us  get  together  at  once  and  arrange  the  conditions  which 
are  to  prevail  after  the  war,  and  a  solid  contribution  will  have  been  made 
to  the  future  security  and  stability  of  the  State. 
The  resolution  was  then  put  and  carried  unanimously. 
The  Lord  Mayor  of  Manchester  moved  "  That  the  indispensable 
military  service  rendered  by  the  engineering  industry,  and  its  funda- 
mental importance  in  the  future  as  the  basis  of  defensive  power  and  of 
prosperous  econom_ic  development,  entitle  it  to  special  recognition  in  any 
reform  of  a  national  and  Imperial  commercial  policy,  and  to  the  patriotic 
support  of  all  public  and  private  users  of  plant  and  machinery  throughout 
the  Empire."     He  added  that  Manchester  was  now  turning  out  incredible 
<iuan,tities  of  machinery,  and  even  before  the  war  it  was  the  greatest  of 
the  m.achinery  markets.     Its  prosijerity  was  built  up  on  the  production 
of  the  best  machinery  that  could  be  designed.     Manchester  was  pi-ompt 
to  take  efficient  action  in  the  matter  of  patriotic^  buj'ing,  and  the  Cor- 
poration had  adopted  a  standing  order  that  no  contract  should  be  entered 
into  with  any  person  of  German  or  Austrian  nationality  or  with  a  firm, 
or  company  whose  capital  was  held  to  the  extent  of  one-third  or  upwards 
by  persons  of  German,  or  Austrian  nationality.     The  Town  Clerk  trans- 
mitted copies  of  this  standing  order  to  each  county  borough  in  England, 
and  it  had  been  adopted  largely  throughout  the  country.     He  advised 
engineering  firms  not  to  quote  abnormally  high  prices,  as  that  would 
arouse  the  indignation  of  the  purchaser  and  lead  to  an  alteration  of  the 
policy  his  and  other  Corijoratjons  had  adoptc  d.  The  balance  of  engineering 
trade  in  1913  was  £7,000,000  in  favour  of  Germany,  and  one  of  our  i)ro- 
blems  wa.s  to  retain  that  balance  in  this  (country.     He  advocated  the 


adoption  of  the  metric  .system  of  weights  and  mea-iures  as  being  intelli- 
gible to  people  abroad  with  whom  we  trade  a::c'.  Impler  and  quicker  than 
our  antiquated  methods. 

Mr.  f'.  Sandbach  Parker  (Chairman,  British  Empire  Producers' 
Organisation),  in  seconding,  emphasist<l  the  value  of  the  Empires  over- 
seas markets.  There  was  an  enormous  field  for  machinery  of  various 
kinds,  especia,lly  electrical.  To  increase  the  trade  and  capacity  of  the 
overseas  markets,  it  was  necessary  to  increase  their  purchasing  power. 
I'lodiK  tion  was  the  backbone  of  the  ])iirchasing  power  of  the  Empire. 
Something  must  be  done  to  accelerate  the  <leveloj>ment  of  these  great 
dominions.  In  regard  to  foreign  t.radc,  the  Enrpiic  must  be  treated  a- 
a  whole  and  the  airangements  be  as  b<rtween  tlie  Emj)ire  and  foreign 
(countries,  not  as  between  individual  units  of  the  Empire  and  foreign 
countries. 

Sir  Oliver  Lodge,  F.R.S.,  said  that  what  we  had  to  recognise  more 
than  before  was  the  importance  of  the  union  aid  intcr-action  between 
science  and  every  branch  of  engineering.  He  used  the  term  engineering 
in  its  widest  sense,  not  merely  mechanical,  civil,  electrical,  but  also 
chemical,  military,  agricultural — every  kind  of  applied  science  might  be 
summed  u])  in  that  great  term.  Ho  also  used  the  term  science  in  its 
widest  sense.  The  two  must  harmonist;  and  co-operate.  The  nation 
had  discovered  it  could  stand  more  taxation  than  it  thought  it  could,  antl 
he  believed  it  would  continue  to  stand  more  than  before,  but  on  good  and 
worthy  and  profitable  objects.  Wo  had  been  too  poverty-stricken  in 
many  im))ortant  directions.  One  was  the  dcveloi)ment  of  .'-cientific 
discoveiy  and  invention,  and  the  tiial  of  all  manner  of  things  which 
ought  to  be  tried.  Discoveries  were  writing  to  bo  made,  and  young  men 
were  ready  to  work  hard  at  making  them  ;  but  they  must  have  the 
means,  not  too  economically,  bestowed  upon  them.  A  little  lavishness 
here  and  there  was  really  wise  :  that  wa-;  how  many  important  organis.a- 
tions  had  succeeded.  The  Government  had  discovered  the  use  of  scien- 
tific advisory  ciunmittees,  winch  were  doing  good  work.  Many  of  the 
things  happening  on  sea  and  land  owed  some  of  their  success  to  tho.se 
advisory  committetis,  which  ought  to  continue  and  be  put  on  a  proper 
basis.  They  should  consist  of  young  men  to  a  large  extent,  men  likely 
to  have  their  (>yes  f)pen  to  nov(dties,  with  ojien  minds  and  plenty  of  energy. 
'riicrc  wa-i  norea-ion  why  a  salp.ry  should  not  be  attached  to  the  office, 
and  Ik;  suggested  that  the  men  might  be  elected  by,  say.  the  Royal 
Society.  l<]vcry  discovery  wa-;  likely  to  o])en  a  new  branch  of  industry. 
There  (mght  to  b(;  capital  waiting  for  developm.ent,  so  that  anything 
th.cse  atlvisory  committees  thought  ought  to  be  tried  should  be  tried  on 
an  extensive  scale.  In  thinking  of  engineering,  they  should  not  think 
too  narrowiy  ;  for  instance,  while  the  Panama  Canal  was  an  engineering 
problem  it  was  also  a  biological  problem.  There  should  be  a  Chemical 
(Vunmitteo,  a  Biological  Committee,  an  Agricultural  Committee.  &c. 
Machines  might  be  made  as  fast  as  tliey  liked,  but  the  populace  could  not 
live  on  them^  All  the  food  came  out  of  the  soil,  and  if  we  did  not  grow 
the  things  ourselves  we  should  have  to  buy  them. 
The  resolution  was  carried  unanimously. 

Mr.  W.  Wilfrid  Stokes  (Chairman,  British  Engineers'  Association) 
then  moved  : — 

"That  this  meeting  expresses  its  general  approval  of  the  proposals  of 
the  Paris  Economic  Conference,  and  recommends  that  their  practical 
application  for  the  benefit  of  British  industry  should  be  furthered  by  the 
immediate  appointment  of  a  Ministry  of  Industry." 

Our  industries  were  the  backbone  of  the  prosperity  of  the  nation,  and 
should  be  adequately  encouraged  and  helped.  Our  troubles  in  the  past 
were  mostly  due  to  our  national  failing  of  individualism.  The  British 
Engineers'  Association  was  making  a  great  effort  to  mobilise  the  engi- 
neering industry.  The  common  wants  of  all  industries  should  be  in  the 
hands  of  an  association  of  associations,  and  the  Federation  of  British 
Industries  had  been  started  with  this  object  in  view.  Finally,  there  wa'^ 
the  effort  which  could  best  be  excited  by  the  community  as  a  whole 
through  its  Government  departments  and  officials.  It  was  difficult  to 
understand  the  reluctance  of  our  present  statesmen  to  plan  such  important 
work  under  a  special  minister  and  organisation,  instead  of  leaving  it 
tucked  away  in  a  corner  of  the  Board  of  Trade.  The  Ministry  wh.ich 
they  were  pressing  for  would  not  be  open  to  the  objection  that  it  would 
only  be  adding  another  badly-run  department  under  the  control  of  red 
tape  civil  servants,  as  a  council  formed  of  representatives  of  each  impor- 
tant industry  would  take  a  leading  part  in  it.  Its  members  would  be 
elected  at  stated  periods  by  their  industries,  and  would  thus  be  free  from 
the  taint  of  party  politics.  The  time  had  come  when  we  should  strike 
out  on  new  lines  such  as  would  give  our  industries  a  fair  chance  of  suc- 
cess in  the  inevitable  straggle  after  the  declaration  of  peace. 

Mr.  T.  C.  Elder  seconded  the  resolution,  in  tlie  absei.ce  of  Mr.  H.  B. 
RowcU  (President  of  the  N.E.  Coast  Institution  of  Engineers  and  Shij)- 
buildcrs),  whoscname  was  on  the  agenda,  but  who  was  prevented  attend- 
ing the  meeting  owing  to  a  bereavement 

Mr.  George  Terrell,  M.P.  (British  Electrical  and  Allied  Manufac- 
turers' Association),  proposed  o.  vote  of  thanks  to  the  Lord  Mayor.  He 
emphasised  that  we  could  do  nothing  if,  when  the  war  was  over,  the  fac- 
tories had  to  bo  put  on  half-time  owing  to  lack  of  orders. 

Mr.  C.  P.  Sfarks  (President  of  the  Institution  of  Electrical  Engineers), 
in  seconding,  said  their  special  thanks  were  duo  to  the  Lcrd  Mayor  for 
calling  them  together.  It  was  the  first  time  in  his  experience  of  the 
association  of  the  engineering  industvv  with,  the  City  of  London.  The 
Institution  of  Electrical  Engineers  had  c  onsidered  the  matter  which  was 
before  the  meeting,  and  concluded  that  the  first  thing  necessary  was  to 
protect  home  trade  if  they  were  going  to  secure  the  ovensea?  trade  here- 
after. 
The  proceedings  then  terminated. 
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LEGAL  INTELLIGENCE. 


Valuation  Appeal. 

At  tli<-  Couiitv  \'aluation  Appeal  Court  at  »)ban  last  week,  Mrs.  G.  H.  B. 
Hill,  of  KilboHie,  a'-ked  that  th<;  sum  of  £15  entered  as  the  valuation  of 
the  eler  trie  light  installation  at  Kilbowie  he  deU-tefJ  from  the  roll. 

Mr.  J.  ^V.  E.  Steedm.vx,  for  appellaiit,  explained  that  this  cntr\-  had 
appeared  in  the  roll  .some  years  ago  when  the  late  Mr.  Hill  introduced  an 
elertrir-  light  installation  'into  Kilbowie.  That  installation  was  simply 
put  into  one  of  the  existing  ofji.es  of  llie  house.  It  was  only  this  year 
that  the  matter  was  hrought  to  the  noti<<-  of  Mrs.  Hills  iM.'enls  in  I'klin- 
burgb,  and  as  tlie  agents  were  of  oj.jnion  that  the  entry  was  not  a  proper 
one,  the  present  ajipeal  was  made.  Mr.  St<e<lman  argued  against  the 
asK-ssment,  in  view  of  the  f a<  t  that  the  machinery  in  connection  with  the 
installation  of  the  electric  light  having  Wen  introduced  after  the  building 
was  erectecl.  could  be  removed  without  the  neces-sity  of  taking  down  any 
jjart  of  thr-  building.  Accordingly,  it  was  not  assessable,  the  machinery 
not  being  fixed  to  any  lands  or  heritages.  In  the  assessment  of  a  dwelling 
hou-e  the  dwelling  house  and  its  ap])urtcnances  must  be  taken  as  a 
uvum  fjuid — they  mu.st  be  taken  together,  and  not  se])arafely. 

The  As.sessor  agree<l  with  the  last  mentioned  statement,  but  in  this 
ca-e  the  entry  was  put  in  as  a  si-parutc  it<-m  to  show  that  there  had  been 
an  addition  of  the  electric  light  to  the  subjects,  and  that,  so  to  speak,  the 
rent  had  been  enhanced  to  the  amount  stated.  He  suggested  that  the 
HeiK  h  might  delete  the  c-ntiy  and  adri  tlic  tl.")  to  the  rental. 

The  Chairman  said  the  aij'pellants  had  objected  to  the  entrj'  of  £1.5  as  it 
Btood,  and  that  was  the  cmly  point  the  C'ourthad  to  consider.  The  appeal 
was  Hustaipc'd. 


EDUCATIONAL. 


Armstrong  College  (University  of  Durham),  Newcastle-on-Tyne. — 
The  next  M-ssiun  (omiiieiueK  on  ."^t  pt.  2'>.  i*'nil  particulars  relating 
to  tho  dppnrtmont«  of  mpchnnioal,  marine,  civil  and  electrical 
engineering,  naval  arcliitecluro,  mining,  inetalhirgy,  agriculture, 
pure  Hcienc'c.  arts  and  conunerce  iiiav  Ik-  olit.iincd  from  the  secretary, 
Mr.  F.  H.  Prucn,  M.A. 

Royal  Technical  College,  Glasgow. — The  st-ssion  1910-17  begins 
on  >'f\ii.  lifi. 

The  di]>|omn  of  the  collejre  i»  grantetl  in  civil,  mechanical  and  electrical 
i-ngineering.  mining,  naval  anliiteclure.  chemistiy,  metalhirg\-,  &e. 
There  are  iilso  full  cour.-es  of  instruction  in  the  schools  of  navigation  and 
wireless  tejegiaphy.  and  both  day  an<l  evening  <la.s.«es  aie  held.  The 
<liploma  ccjurscH  extend  over  three  or  four  sessions,  and  the  average  fee 
in  £12.  12«.  per  scMion.  The  college  is  affiliated  to  the  University  of 
(!la.«gow,  and  the  degrees  of  the  university  in  engineering  and  applied 
eliemistry  are  o]»en  to  its  students.      I'ro.'iix-ctuses  Irom  the  Director. 

'J'lie  calendar  for  the  si-ssinn  l!l|(i-17  has  Ikh-u  issued  and  contains  full 
IMuticiilars  of  the  rourses  of  instruilioi)  fees,  classes  (day  and  evening), 
e.xaminations,  &c.  The  head  of  the  electrical  engin(>ering  department  is 
I'rof.  jMagnuK  .Maclean,  M.A.,lJ..Sc.,an<l  the  laOoratoriesare  well  equijiixKl 
for  pinetirnl  work.     The  ca|en<liir  is  jiublislied  at   Is.  (jKjst  free  Is.  4d.) 

Northampton  Polytechnic,  London.— In  the  day  engineering  college 
full  day  conr.-es  in  the  theory  and  ])raelicn  of  civil,  juechaiiical  and 
eleitrieal  enginecnng  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  s|K'ei.iliK;ilion  in  auto- 
nicdiih'  and  aeronautical  engineering,  and  thowr  in  electrical  engineer- 
ing include  radiography.  The  entranc-o  e.xaniin.-ition  takes  ])lace 
on  Sept.  l!(il|i  and  27lli.  Thnt?  entrance  scholarships  of  the  value 
of  £r»2  e.icli  will  be  cdTcrecl  for  conipetition  at  flu?  entrance  ixaniina- 
tion.  The  c-ourws  include  jx^riods  H[)ent  in  eonunercial  w.irksho|»H 
and  extc-ncl  over  four  years.  They  also  pii'|)are  for  the  degree  of 
U.Sc-,  in  Kngincering  at  the  University  of  London.  In  the  technical 
option  department  then»  are  full  and  part  time  eourses  iji  all  branehes 
in  Hjiecially  e<piip|ie(l  laboratories  imtl  lecture  rooms.  ,\n  .Aitehison 
scholarsliij)  (value  £.")())  \. ill  be  (dlen<d  in  this  department  at  the 
enlrnncfl  examination.  J'articiilarB  ns  to  fet's,  dales,  &c.,  can  lie 
obfain<>cl  fit  tbr<  Institute  or  on  application  to  tho  Principal,  Dr.  II. 
.Midlineiix  W.ilnisley.  1^ 

Manchester  School  of  Technology.  Full  cc.urses.  hading  to  the 
,Mam  bestir  I  niversit'.  ilegii-e  in  the  faculty  of  tecluiology.  an*  pro- 
vided in  nicchanical,  eh-ctrical  and  Hiinilary  engineering  (inchuling 
n>iuiici|)nl  enginwring).  the  ehemicnl  and  textile  industries,  mining, 
nrehiteclure.  .Vc  During  the  .«eK,sion  lll|(>.|«l|7.  lirsl  year  c-oursoH 
will  be-  spoeially  adapted  to  the  re<jm,n'm<iif  -  ..f  sIikIihI"  who  nun- 
wish  to  take  coniinis.HionH  in  H.M.  Korean. 

The  prospettns  of  the  University  (.MirM-».  in  the  MMii  17  scwioit  hns 
Imm'U  issued  ami  gives  full  ivirtieulnrs  of  the  in^'m.  t  ii.n.  fivs.  (  ondition.i  of 
adnns.><ion  to  rlnsses.  At.     Th"  scluml  of  tei  I  iTonls  '>.  systematic 

I  raining  in  all  branches  of  eniitx  .  lin".  therlx  .1  text  ileindust  rice, 

Ac.     There  are  j>.irt-lime  «1  s  for  ei.  .ind  other  appren- 

tices, and  there  nn>  also  pin.  tim.-  r\Tniiig  <  <.ui  . -,  the  latter  cMinrso 
extending  over  five  years.  Thrro  are  well  eqiiip|icd  laboratories  for 
prai  til  al  and  r<-<ioarib  work 

King's  College  (University  ol  London).  Tb.>  new  tenn  begins  on 
\Vc«dnes<lay.  Oct.  4tli.      The  Kaeult,>  of  Fngintvring  have  arrangiMl 


courses  of  study  extending  over  tlvrcf  or  four  years  in  civil,  mech- 
anical and  electrical  engineering  for  the  engineering  degrees  of  the 
tJniversity  of  London  and  for  the  diploma  and  certificate  of  the 

College. 

The  four  years'  course  provides,  in  addition  to  the  academic  training, 
opportunities  for  practical  training  in  works.  Additions  to  the  engineer- 
ing department  include  a  large  drawing  office  and  lecture  rooms  for  the 
mechanical  and  civil  engineering  departments  and  a  lecture  theatre  and 
rooms  for  res:earch,  including  wireless  telgraphy,  for  the  electrical  en- 
gineerin"  department.  There  are  well  appointed  laboratories  fcjr  teaching 
Jind  re-sjiirch  work.  I'nil  information  may  be  obtained  from  the  Dean 
or  the  Sccretaiy,  King".s  College,  London.  W.C. 


PATENT   RECORD. 


SPECIFICATIONS  PUBLISHED. 

The  /otlcwing  abstract  from  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mewburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  tor  differs  from  the  date  on  which  the  application  was  lodged 
at  the  Patent  Office  the  former  is  given  in  brackets  alter  the  title. 

1914  Specification. 

7,336  Maitre  &  Martin.     Electromagnetic  means  for  vibrating  piano  strings  anci  -ne 
like, 
voltage  to  supply  working  apparatus  which  should  operate  at  a  constant  voltage, 
23  075  See   Ancn.  des  Etablissements  L.  Bleriot.     Regulating  means  for  electrical 
installations.     '26  11.13.) 
Comprises  regulating  means  adapted  to  cauce  thesupply  circuit  which  is  of  varying 
consisting  of  a  rnotor  generator  which  itself  is  insensible  to  the  actions  which  it  is  to 
repulate.  combined  with  a  very  sensitive  regulator  comprising  electromagnets,  the 
whole  operating  under  the  influence  of  the  voltage  of  the  working  circuit,  so  that  the 
voltage  of  the  said  circuit  remains  constant  or  does  not  vary  beyond  certain  pre- 
determined limits  whatever  may  be  the  voltage  of  the  supply  circuit  or  the  current 
intensity  in  the  two  circuits. 

1915  Specifications. 

10.667  Morse  &  Indo-Europeam  Telegraph  Co.     Electric  alarm  of  calling  devices  used 
in  receiving  apparatus,  and  more  particularly  in  wireless  receiving  apparatus. 
Consists  in  causing  the  liquid  of  a  jet  which  is  deflected  in  a  known  manner  under 
the  control  of  a  received  electric  current,  such  as  the  jet  of  an  Orling  relay,  to  accu- 
mulate in  a  receptacle  for  a  predetermined  period  of  time  corresponding  to  the 
dura* ion  of  ihe  calling  signal  and  to  close  an  alarm  circuit  when  the  upper  level  of  the 
liquid  accijmul'ited  in  the  receptacle  reaches  a  predetermined  point. 
11.600  Relay    Autcmatic  Telephone  Co..   Ward.    Bryant  &    Inman.      Telephone 

s;'Stems.     (Cognate  application.  1,869  16.) 
1 1 .655  Rei  .'■y  Automatic  Telephone  Co.  &  Aitken.    Telephone  systems. 
1 1 .690  He  I  M  Hansen.     Electric  regulator  or  governor. 

A  fixed  mapnet  core  is  provided  excited  by  the  tension  or  the  current  to  be  regu- 
lated, which  core  is  provided  with  a  pivoted  armature  taking  a  position  corresponding 
to  the  degree  of  excitation  and  carrying  a  change-over  switch  sliding  on  two  contact 
bars,  one  of  which  is  divided  by  an  insulating  part  into  two  parts,  both  of  which  are 
connected  with  a  corresponding  circuit  in  the  electric  clutch. 
1 1 .935  Neuland.     Dynamo-electric  machines. 

11.974  Rhodes  &  Fifth.    Driving  and  controlling  dynamo-electric  generators.    (Cog- 
nate applicilicn.  13,469/15.) 
11.981  REED-LETHtKi:  OE.     Electrical  flasher. 
12.000  Marks.     i.Mctor  Ignition  &  Devices  Co.)     Electric  supply  systems  for  use  with 

internal  combustion  motors. 
12.103  Frakpton  Sl  Cali.ender's  Cable  &  Construction  Co.    Electric  distribution 

.•:yi  terns. 
12.314  Palmer,  Denham  &  Ferranti  Limited.     Electrical  instruments  of  the  morinf- 
coil  typ*. 
Comprises  an  electric  measuring  instrument  of  the  mcving-ccil  typf 
more  cylindrical  gaps,  preferably  of  relatively  long  axial  dimensions.  ■ 
polar  exten.";ion  enclosing  said  gap  or  gaps  being  .'oined  to  its  pole  limt 
small  anv^ul.ir  extent  and  co-acting  with  one  or  more  moving  coils 
in.ictive  ;.:.'ts  of  Em.ill  ant:ular  extent  compared  with  t'  active  ^arti. 

12,361   B.T.-H.  O  .     (G.E.Co.,  U.S.)     Systems  of  electric  5  icn. 

".  E.  Co..  U.S.)     Electric  motor 

lenition  apparatus  for  inten  J.  (1,10'14.) 

■-r  the  generation  cf  electric  v^w... .....     ,/-. —  ..■ ..  to  17,811. 14.1 

i'  for  mechanically  and  electrically  connecting  wires,  metal 
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12.868  B.T.-H 
13.815  Van  I 
14,311   Bf' 
14.436  t- 


15.304  Ti'Kt.t-K.    .  ior  electrically-driven  vehicles. 

16.151   Makc   ••]•  Tf!  "-G-JAPH  Co.  &  Bangay.    Wireless  telegraphy. 

C  ■•:insrr.itt?r  which  he 

and  :  rimary  circuit coa' 

''  '..t-ri.-il  circuit. 

16'  Tie  arc  lamps. 

I/."--  -  .    _:.  i_ starters  for  internal  combustion  engine*. 

17.<J0I   JoKW  ti  John.  Earth  current  detectors  and  cut-outs  for  electrical  circuits. 
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APPLICATIONS  FOR  PATENTS 

'"'-  ■/•■•v....^ .-v   '^  ■  -'fcations  (except  f'- '  "■"'fd  tl  are  ""'  "t^'  '» 

ot  Complete  Sr  Those  "  '      ' 

-    .  .'  djte  attached  to  tr.i.  -   -    ,  '.avenotbtf 
ursc.     Names  within  parentheses  are  those  of  communuJU'S 
r  Specification  accompanies  application  an  asterisk  IS  affixed. 

Aupust  18,  1916. 
C'Ca-'P't?:.    Ships'  rmeumatic  telegraphic  apparatus. 
B  M  Electrical  Accessories  Mfg.  Cc.  &  Garrett.    Electric  Un  r 
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.^nr.>  fe  Thbodor,    Pcck-pt  or  portable 
-  KT.  Ancn.     Prepayment  electricity  mr- 

for  inlrmilccmbusticr.  engines. 
.•...:ERiCA.    Electric  motor  pyroscopcs. 
Aupust  19,  1916. 
'^     "FAxiRRirA.     E)ectricmotnrp>""''"'"' 
T'  &  Sphinx  Mfc,  Go.    Spat 


.mp. 
'  \S.  Swit.-rr- 


(3/4/J5.U.S1 

(3 /U, '15.  U.S.) 
for  internal  c»m« 


'ranstormers, 
ilcctiic  osC4ll&tion;. 


Aiifii.t21    1916. 
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)    Preparation  and  preservatic  n  cf  rac 

'■■'■■ "-•■•••  cables  ardelectricc^ 


iiPtini'  machines. 
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Key  Industries 
and  After-war 
Trade. 


COMMERCIAL    TOPICS. 


Inventions  Useful  Additional  regulations  have  been  made  under 

•■or  Militarv  ^^^^  Defence  of  the  Realm  Acts  and  among  these 

Purposes.  ^^^  ^^^  following  :— 

It  shall  be  lawful  for  the  Admiralty  or  Army 
Council  or  Mini.stcr  of  Munitions,  with  a  view  to  the  more  efficient  or 
increased  producttion  of  war  material,  to  require  any  person,  to  commu- 
nicate to  a  peri^on  nominated  for  that  purpose  by  the  Admiralty,  Army 
C!ouncil,  or  Minister  of  Munitions,  all  such  particulars  as  may  bo  in  his 
possession  of  any  invention,  or  process  or  method  of  manufacture,  cr  of 
any  article  manufactured  or  proposed  to  be  manufactured,  and  to  furnish 
drawings,  models,  or  plans  thereof,  and  to  explain  and  demonstrate  the 
same  to  such  person,  in  all  or  any  of  its  uses  and  workings ;  and  if  any 
person  fails  or  neglects  to  comply  with  any  such  requirement  he  shall  be 
guilty  of  an  ofiEence  against  these  regulations  ;  and  if  the  requirement  is 
addressed  to  a  company,  every  director,  manager,  or  officer  of  the  com- 
pany who  fails  or  neglects  to  comjily  with  such  requirement  shall  also 
he  guilty  of  an  offence  against  these  regidations. 

No  coniiuunication  of  an  invention  made  in  consequence  of  any  rc- 
([Uiiemcnt  under  this  rcguhition,  or  the  use  thereof  by  any  person 
autlioriscd  under  this  regulation  to  use  it,  sliall  prejudice  any  riglit  of  tl)(> 
inventor  or  owner  tiicrcof  subsequently  to  ajiply  i'or  or  obtain  a  i)at(>iit 
for  the  invention. 

There  are  provisions  relating  to  the  i)ieservation  of  documents,  plans, 
models,  Siv. 

^  ^  ^  ^ 


Our  Trade  with 
New  Zealand. 


Tlie  New  Zeahuul  Trade  CommiBsioner  (Mr 
R.  W.  ]3altou)  states  that,  judging  from  his 
correspondence,  a  number  of  British  firms  have 
decided  to  establish  agencies  in  New  Zealand  after  the  war,  but  ai-e 
contented  to  wait  for  jjeace  before  taking  any  aetivo  stejia. 

It  is  said  that  New  Zealand  firms  are  of  ()])inion  that  th(>  jjrcliminary 
negotiations  should  ])e  commenced  without  delay.  In  New  Zealand 
lirms  are  even  more  anxious  than  formerly  to  deal  in  British  goods  and 
to  liold  Briti-sh  in  jn-eference  to  foreign  agencies.  At  the  same  time, 
they  must  naturally  take  into  consideration  their  means  of  livelihood 
after  the  war.  The  ])osition  is  that,  while  British  firms  are  postponing 
tile  appointment  of  agents,  and  even  postponing  negotiations  to  that 
end,  American  and  .Japanese  firms  are  .^eeking  to  ap])oint  agents  in 
various  directions.  It  should  not  be  forgotten  by  Tnited  Kingdom 
manufacturers  that,  while  the  war  has  quickened  British  interest  in  trade, 
it  has  also  haci  the  effect  of  offering  an  opportimity  to  forcngn  manufac- 
turers to  obtain  trade — not  only  that  which  was  formerly  in  (Jerman 
hands,  but  also  the  trade  which  United  Kingdom  manufacturers  arc 
precluded  from  attending  to  at  ])resent.  The  New  Zealand  market  has 
direct  connection  with  two  progressive  manufacturing  countries  (United 
States  of  America  and  Japan),  and  the  manufacturers  of  these  countries 
iiave  been  making  considerable  efforts  to  establish  connections  \\hi(  li 
they  hope  will  prove  to  be  ])ermanent.  The  point  of  view  of  the  auent 
witli  whom  a  British  firm  will  not  negotiate  now  is  that,  if  he  waits  until 
tile  war  is  over  and  the  negotiations  then  carried  on  should  not  prove 
satisfactory,  he  may  probably  lose  other  opportunities  during  the  wa^'. 
Most  New  Zealand  firms  realise,  often  from  experience,  the  difficulty 
and  often  impossibility  of  obtaining  goods  from  the  United  Kingdom 
at  present.  What  they  naturally  want  to  obtain  is  some  secui'ity  that 
their  position  after  the  war  will  be  satisfactory  and  that  they  will  not 
suffer  by  having  refused  other  offers.  ' 


The  British 
Consular  Service. 


The  Associated  Cliambers  of  ComnuTce  have 
sent  out  inquiries  to  the  various  chambers  a*  to 
essential  national  industries  and  the  stcj  s  to  l>e 
taken   to  recover  home  and  foreign  trade,. &e. 

'The  ([uestions  were  as  follows : — 

{(i)  What  industries  are  essential  to  the  future  .safety  of  the  nation  and 
wJiat  steps  should  be  taken  to  maintain  or  establi.-<U  them  ? 

f/')  What  steps  .should  be  taken  to  lecover  home  and  foreign  trade 
lost  during  the  war,  and  to  secure  new  markets  ? 

(r)  To  what  extent,  and  by  what  means,  the  resources  of  the  Empire 
should  and  can  be  developed  ? 

(d)  To  what  extent,  and  by  what  means  the  sources  of  supply  within 
the  Empire  can  be  prevented  from  falling  under  foreign  control  ':     . 

The  re])lies  of  the  Council  of  the  Hull  Chamber  of  Commerce  were  as 
under  :-  - 

(a)  The  Council  is  of  o]jinion  that  such  a  system  of  fiscal  ikjHcv  should 
be  adopted  as  would  prevent  unfair  competition  arising  from  dum]>iiig 
.and  subsidies. 

(b)  By  really  effective  consular  assistance  and  that  such  consuls  should 
have  a  commercial  knowledge  and  training. 

(c)  By  internal  preference  as  against  foreign  countries.  Crcatei  baiik- 
ing  facilities  .sliould  be  provided  for  the  development  of  trade  at  home  and 
abroad  by  a  liberal  extension  of  credit. 

(d)  Bj'  registration  of  names  of  private  companies'  partners.  By  home 
control  of  real  property  and  mining  rights.  By  limited  companies  having 
at  least  7")  per  cent,  of  British  .shareholders. 

In  addition  to  the  foregoing  recommendations,  the  Council  consider 
the  establishment  of  a  Ministry  of  Commerce  to  be  of  paramount  impor- 
tance. 

*  *  *  * 

Many  of  the  chambers  of  commerce  are  now 
taking  a  keen  interest  in  the  personnel  of  our 
Consular  iService.  For  instance,  the  Hull  Chamber 
has  just  passed  the  following  resolution  on  this  important  subject  : — 
That  all  consuls  should  be  of  Briti.sh  nationality  ;  that  consuls  should 
be  men  of  commercial  experience,  or  have  attached  to  the  consulate  com- 
mercial agents  ;  that  adequate  remuneration  should  be  paid  in  order  to 
secure  an  efficient  consular  service. 

In  our  opinion  the  above  resolution  does  not  go  far  enough.  All 
consuls-general  and  consuls  should  certainly  be  of  British  nationality, 
and  wherever  possible  vice-consuls  and  consular  agents  also.  A 
certain  percentage  of  the  consular  officials  should  be  technically 
trained  men  ;  there  should  be  a  much  closer  conneotion  between  our 
diplomatic  and  consular  repreeentatives  than  hitherto  ;  and  con- 
sular reports  should  be  readily  available  to  British  manufacturers 
and  traders  and  to  their  representative  trade  organs  at  a  trifling  cost. 
Other  conditions  may  be  necessary  in  order  to  have  an  ideal  consular 
service,  but  the  foregoing  recpiirements  are  essential  if  we  are  to  have 
anything  like   useful   commercial   and   teelmical   rer>i-osentation   in 

foreign  countries. 

*  *         *         * 

The  Binningham  Chamber  of  Commerce  (Win- 
chester House,  Victoria-square,  Binninghaii) 
is  ap];ealing  for  donations  towards  a  develop- 
ment scheme,  which  is  estimated  to  cost  £30,000. 
The  main  feature  of  the  scheme  is  the  establishment  of  a  "  House  of 
Commerce  "  for  Birmingham  and  the  surrounding  district.  During  the 
past  10  years  the  membership  of  the  Cliamber  hivs  grown  from  less  than 
80O  to  niorc  than  2,300,  and  the  demands  made  by  all  classes  of  business 
men  upon  its  .services  have  increased  proportionately.  It  is  thought  that 
th(>  time  lias  come  when  it  should  be  housed  in  a  building  of  its  own. 
devoted  entirely  to  the  work  of  organising,  developing  and  protecting 
the  commer(  ial  resources  of  the  "  metro])olis  of  the  Midlands."  Con- 
trai^ts  have  been  entered  into  for  the  acquisition  of  a  large  •"  island  " 
block  of  buildings  ii,  theheart  of  the  city,  which  will  not  only  ivccommodate 
the  staff  of  the  Chamber,  but  afford  room  for  meetings  and  conferences,  a 
commercial  reference  library,  and  an  exhibition  of  samples,  including 
foreign  goods  which  compete  with  British  manufactures  in  the  markets 
of  tlie  world.  A  sum  of  at  least  £25.000  is  rec[uired  to  enable  the  Chamber 
to  enter  into  occupation  on  the  20th  inst..  and  about  t'22.000  has  been 

raised  bv  ]nivate  effort. 

*  *  *  * 

A  preliminary  Note  on  the  scope  of  the  inquiry 
by  the  Indian  Industrial  Commission  into  the 
proposed  deveioi)ment  of  the  manufacturing  and 
other  industries  of  the  Empii-e  has  been  issued 
It  states  tjiat  the  Commission  is  asked  to  suggest  lines  of  action  to 
encourage  the  in\estment  of  capital  now  l>ing  idle  ;   to  build  up  an 


A  Birmingham 
House  of 
Commerce. 


Indian 

Industrial 

Commission. 
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artisan  iJO}>ulation  ;  to  carry  on  scientific  and  technical  researches 
required  to  test  known  raw  materials  and  to  design  and  improve 
processes  of  manufacture  to  distribute  information  obtained  from 
other  countries  ;  and  to  develop  machinery  for  financing  industrial 
undertakings  and  for  marketing  products.  The  Commission  will 
t<mr  the  provinces  to  collect  evidence  and  make  jenjjnal  inupection 
of  industrial  enterprises.  The  Note  also  contaim  information  re- 
garding the  suggested  establishment  of  Imperial  Departments, 
Provincial  Industrial  Dopartmonts,  the  granting  of  (Jovemment  aid 

to  i  rid  list  ries,  &e. 

*         *         »         * 

.      IP,,  The  Anglo-Portugu2r.eCcmm.ercial  Treaty  Act, 

Angio-Foriu-         jyjj.^  received  the  Roval  Absent  on  Aug.  23  and 
guese  tommer-     ^^^^^^,    .^^^    operation   one  m.cnth    after   that 

date. 
In  <onsc((UciK(;  of  the  |)assing  of  this  Act,  the  Treaty  of  Conimcicc  and 
Navigation  between  Great  Britain  a:ul  i'ortugal,  .signed  on  Aug.  12,  \i)l4, 
will  eomc  into  force;  on  the  23rd  inst.  The  treaty  provides  that  national 
treatment  shall  be,  iweorde<l  to  tlu;  citizens  of  eacli  of  the  contrtw^ting 
])arties  in  thr-  territories  and  ports  of  the  other.  Any  privilege,  favour 
or  iriimiinity  whi<  li  either  eontnw'ting  jiarty  has  jrrantrd  or  may  here- 
after grant  to  the  subjects  or  citizens  or  .'-hips  of  any  other  (State  shall 
be  extended  immediately  to  the  subjects  or  citizens  or  hhips  of  the  other 
contrfietinf;  |)arty.  Articles,  the  prfxluce  and  manufactuie  of  one  of  the 
contract in^  jiarties  imj>orte<l  into  the  territories  of  the  other,  shall  not 
be  subject  to  lii<iher  duties  or  charges  than  tho>e  levied  on  the  like 
articles  exporti-ii  to  any  other  foreif^n  <ountn'.  The  trade  of  the  Tnited 
Kinfidom  with  Portugal  will  benefit  by  the  i!,))))lication  to  certain  ela-ses 
of  articles  in  respect  of  which  special  rates  of  (lutyha\e  been  coneed(Hl 
liy  Portujial  in  res|M^ct  of  such  articles  in  eommenial  arrangements  with 
Itu.s.sia,  the  Netherlands  and  France.  These  "  conventional "  lates 
have  been  extended  also  to  similar  gofxls  from  other  etiuntries  enjoying 


most    favoured    natio'i    t rcivtmcnt    in    Poitu^al 


ludinu    the    U.S.A.. 


Italy  and  S|)ain.  .Ai'ticlcs  iiii|i(irtcd  by  commeicial  travellers  as  sani])les 
will  bo  admitted  ijuty  free  into  the  r<\-|)eetivo  eoiuitries  of  the  con- 
tra<:tinn  |iarties.  Ivpial  rij^hts  to  lluwe  of  its  own  subjects  are  to  be 
given  liy  eiuh  of  the  co.itra-ting  ])a:tie.s  to  subjects  of  the  other  in  its 
territories  with  re^janl  to  jjatents.  Amonj/st  the  articles  which  will 
benefit  by  thr-  aj)plication  of  the  eonve:iti<inal  duties  instead  of  the 
general  taritl  rale-i  are  mineral  oils,  cast  .ami  rolled  steel,  unwrought  iron, 
instrume:its  and  torils  and  autunuibiles. 

*  *  ♦  * 

T>     UU-.  J  Additiini;  have  hen  ukkIc  (o  tl:e  list  of  goods 

Prohibited  ,,    ,  ,  ,    i  .     u  n      i    t      i  i 

_         .  that  <aii  to  exjx  rtcd  to  Holland,  Swoden  and 

Noi-way. 

In  future  no  e.\i)ort  licences  or  other  fivilities  will  be  given  for  the 

imjiortation  of  nickel  into  Hollan<l,  of  ])etroleum  and  stearine  ])itch  into 

Swodon,    or    of   (tlover    seeds    into    Norway.      Holders    of   un(!xhaustod 

licences  should  at  oneo  communicate  with  the  War  Trade  ])c])aitment, 

stating  the  roa«ons  for  which  they  desire  to  receive  such  special  autlui- 

ritation. 


IWFORIS    AM)    EXFORIS  OF  EIECIRICAL 
MANUFACTURES. 

From  S'-pt.  U,  1910,  („  Spt.  1."..  1916 

IMPORTS. 

PoLtdnToHi.- Franct:  Elcc.  carbons,  6  pkg3. ;  glow  lamp:,  10  pkjs. ;  unc.nurr.cratcd 
lOciiei. 

HvLi.  -  Dunkirk  :  UnonumeralcJ,  21  ca:c:. 

]■■■<•''<  U,S. A. :  E'.eclrcdoj,  31  p.c.s.  ■  insulalcj  copper  wire,  51  Ci:es;  un- 
er<  t317     5  pk^i.     Spam:   Elcc.  cirbcns.  200  ci:cr. 

I.  U.S.A.:  C:»rbon  candlcj,  £155  ;  wire  and  ciblf.  £535  ;   telephone  material 

£26;  carbon  plectrcdi'j,  14  crta.,  70  p.c.s. ;  gncnumcralcd,  £4,51 1—910  pkgs.  Holland: 
Elec.  lamps,  508  pk^J.  ;  elec.  glow  lamp**.  £6,270  ;  unenumcraled,  £158.  Japan:  Un- 
enumerated,  £4,375- 240  pkKx.  Switierland :  Telephone  material,  £102  ;  uncnumerited, 
£218.    Sufdfii :  Unonumciaied.  £213.    Cawarfo.-  Uncr.umcrated,  £94. 

SouTHAMPTOH.     France:  Unenumcr-'    '  ?' -rt". 

EXPORTS. 

To  AvsTRALfySiA.  -  Auckland :  Wire  and  cible,  £104;  telegraph  material,  £10;  un' 
enumerated.  £228.  Melbournt:  Wire  and  cable.  £3,020  ;  unenumcraled,  £738.  Sydney: 
Elec,  machinery.  £200  :  telegraph  material.  £240  ;  wire  and  cable,  £3.464  ;  elec.  lamps. 
5,000  n.o.  ;  unenumeraled.  £1.101.  Wellington :  EVr  limr?;,  9.100  n.o.  ;  wire  and 
cable,  £416;    elec,  machinery,  £3.946:    unenumcr.i'  '.     Lytlellon :    Wire  and 

cable.  £1.049.     Dunedin  :  Wire  and  ciblc.  £264  :   ur  ■  t.  £73.     Adf'aidr:    Wire 

and  cibb.  £482 ;   r    '  '       '     ' -      '     "  •    '    •'v- 

church :  Wire  :»n  . 

ma«//f.-  Wire  anil  ,  ..  ..,.,,,  . 

unenumerated,  £431  ;  '  t;73.     A'-,. 

kmxch.     Durban :   I  ,£1.084:  .niT.iif.l 

£1,136.     Cape  Town  :   Ei<x.  ni..^'iKuiy,  £113  ;  wife.. 
£39:    tmen\imcra;cd,  £363.     fort  f:ii:ahrth:    Wire 

£■•;     ■      ■         Elec.  machinery.  £10  :  wire  and  cable,  tlUB  ,  unenumerated.  ilV7.  Bt:ij 
V:  ■■1.E40. 

I  '-I'-driti:  Wire  arr*  -  * '-  ''i"'     •-""•iTTK(r«ted.  £195.     Port  Sudan  :  Ur- 

e:>  ••     Sue::   Tclr.  ,     Port  Said :    Wire  cable.  £223  ; 

ui  •  !•».     Aden:  Tel-  \ 

Mali  A.     Toloirraph  wire  and  cablo.  £1  l.OX)  .  ' 

Inima,  Ceyion.  Inpo-China  and  Sr'^rr?  S'=  •  •   Wire  r.rfl  nhle 

£3.400;    elec.  machinery.  £1.152:    u 
£1.920;   unenumerated.  £2.989.     ,W., 

Cr'    -'■•        F' ' •■"   •        • 

Si. 

f-u.    .  ..      •. .    L.  -    ..;. 

chinory,  f./4  ;   wire  a i'  i  1.738,      ' 

£77.     Sourabaya:    Et-  :.    Wire    . 

merntrd,  £12.     Serondr  lili..   l,.n,i    .  tOO ,    u.enumcrated.  £17.     KuidXi .     Unwu- 

mciatevl,C32,     A'.i,/n'v,; .  Unmuinci.-.tr  1.  £50. 


Chwk— Shanghai :  Elec.  machinery,  £235  ;  elec.  lamp;,  12,100  n.c.  :  unenumerated 
£663.  Tientsin:  Elec.  lamps,  700  n.o.;  unenumerated,  £44.  Hongkong:  Wire  and 
cable.  £185;  unenumerated,  £601. 

V.S.A.~New  York:  U.'-ienumeratcd,  £161. 

South  add  Central  Ai/.erica. — Buenos  Ayres :  Wire  and  cable.  £476  :  unenumerated, 
£1,767.  Punta  Arenas:  V/ire  and  cable,  £254.  Monte  Video:  Unenumerated.  £373 
Rio  dc  Janeiro:  U.nenumerated,  £74.  Valparaiso:  Elec.  machinery,  £-841.  Laurenco 
Morgues:  Unenumerated, £20. 

Java. — Batavia:  E'.cc.  machinery,  £33;  unenumerated,  £48.  Samarang :  &ec. 
machinery,  £38  ;  wire  and  cable,  £25. 

Japan. — Kobe:  Unenumerated,  £20.     Yokohama:  Unenumerated,  £80. 

Holland. — Amsterdam:  Unenumerated.  £196.    Rotterdam:  Wire  and  cable,  £97. 

Russia. — Petrcgrad :  Wire  and  cable.  £126  :   unenumeraled.  £410. 

France.  -Dieppe:  Elec.  machinery,  £119;  unenumeraled.  £582.  Paris:  Elec. 
machinery.  £376;  unenumerated,  £893.  Bordeaux:  Wire  and  cable.  £95;  elec.  ma- 
chinery, £20  ;   unenumerated,  £285. 

Portugal.— Z.0f05  .•  Elec.  machinery,  £15. 

FOREIGN  GOODS  (duty  paid  and  free). 

Sydney:  Unenumeratt-i,  £34.  Durban:  Elec.  lamps,  2,4C0  n.c.  Calcutta:  Un- 
enumerated, £33.  Paris:  Unenumeraled,  £891.  Bordeaux:  Elec.  machinery.  £305: 
c!ec.  cable,  £133;  unenumerated.  £684.  Bankok :  Elec.  meter?,  £340.  Boulogne: 
Unenumeraled.  £48.  ZJ/e/'pe.- Unenumerated,  £158.  fas/ lowdo;:  .•  Unenumerated.  £237. 
Helsingsfors:  Unenumerated,  £718.  Hongkong:  Unenumerated,  £700.  Malta:  Un- 
enumerated, £30.     Petrograd:  Unenumerated.  £278.     5/(a«j/ia;.- Elec.  lamp;,  16,600  n.o. 

IN   TRANSIT. 

Melbourne:  Elec.  lamps.  £599.  Wellington:  Elec.  lamps,  £240.  Shanghai:  Glow 
lamps,  £240.     Elufj  :  Elec.  lamps,  £105. 

KoTE. — The  large  number  of  items  in  these  officialretums  under  the 

misleading   heading   "  unenumerated  "  relate  to  what  is  described   as 

"  electrical  goods  "  and  "  electrical  materials." 


BUSINESS  NOTICES. 

Sale  by  Tender. —.Mc:;:ir,;.  Whcatlcy  Kirk,  I'ricc  &  Co.  have  Lcen 
instructed  by  the  ("cntroller,  Mr.  J.  E.  Fercival,  F.C.A.,  to  iu^'U  by 
l)ublic  tender  the  stock  of  cable  and  electrical  acc3ssorie.T  upon  the 
uarchou.'ic  jtremiscs  of  Turner  &  Burger,  149,  Farringdon-road. 
London,  E.C  On  view  Sept.  25  to  Sept.  30  inclusive.  Catalogue 
(gratis)  from  Messrs.  Wheatley  Kirk,  Price  &  fb..  46.  Watiing- 
sfreet,  fv.C.,  to  whom  tenders  by  noon  Wednesday,  Oct.  4.  See 
(idvfrll.'iPtiiriil . 

Plant  for  Sale. — Me.s.sr.s.  Marshalls,  Gainsborough,  have  a  2i  H.P. 
Wilson  Hartnell  electric  motor  and  an  K.C.C.  com  pound -'wound 
dmanio  for  sale. 

Patent  Development.  The  proprietor  of  patent  No.  24,751/1912, 
for  "  Im])rovements  in  and  relatijig  to  the  .sMichrcnouo  running  v)f 
electric  motors."  desires  to  enter  into  arrangemcntn  for  the  jnirjKjr.e 
<(f  exi)loitiiig  same  in  this  country.  Applications  to  Messr.-,.  Hasel- 
tine,  I^akc  &  Co.,  Patent  Agents,  28,  Southaniptcn-buildings. 
Chaneerv-I.ine,  London,  W.C. 

Britannia  Lamp.  Mesr.rs.  Dick,  Kerr  &  Co.  (Ltd.)  ijifomi  ur  that 
in  future  the  ;;ale  of  the  Britannia  lamp  in  the  United  Kingdom  will 
be  entirely  in  th.e  hands  of  a  subsidiary  company  known  su\  the 
Britannia  LkIUI])  &  Accessories  Co.  (Ltd.),  which  will  incor}»orate 
the  existing  bu  luiess  of  Watlington  k  Co.  (Ltd.),  who  have  hitherto 
been  the  distributors  in  London  and  .South  of  England.  The 
Britannia  lamp  will  still  be  made  by  Mc3sr;3.  Dick,  Kerr  &  Co.  at 
their  Pre;;ton  work;>.  Any  communications  in  re8i)eet  to  lamp-  for 
use  in  the  United  Kingdom  should  be  addrer^sed  to  the  Brit.mni'. 
T„a!np  &  Acce:j!>jri?s  Co.  (Ltd.),  Britannia  House,  48.  Milton-::tnx't, 
Ijondon,  E.C. 

BANKRUPTCIES,  LIQUIDATIONS,  &c. 

Claims  ag.iinst  .las.  Hrockit,  mechanical  engim'cr.  41,  l^uidni- 
ivjad.  Fore:;t  Hill,  lx)ndon,  S. E.,  are  to  be  sent  to  the  Hon.  W.  J.  H. 
Boyle.  i:i2,  York-riad,  London,  S.E.,  preiwiratory  to  the  pay:ncnt  of 
a  dividend. 

Tiie  Der'oy  Electrical  Co.  (Ltd.)  is  being  wound  up  voluntarily, 
and  Mr.  .1.  Perry  Jones  has  been  apjxjintcd  licpiidator.  A  meeting 
of  creditors  will  l;e  held  at  the  registered  ofHee,  Woods-lane,  Derby. 
today  (SVj.t.  22).  at  h.'M)  p.m. 


ELECTRICITY   SUPPLY. 


EXTENSIONS. 

"Bradford.  The  city  electrical  engineer  (Mr.  T.  Roles)  hn.s  I  oen 
mstriKted  to  prej>an*  a  further  statement  on  the  ])ro]Mi!;ed  exten.'.'rii  . 
of  ]ilani  at  the  A'allev  nail  electricity  work.;,  to  enable  the  Sj  i  .  mI 
Committee  to  approach  the  CJovemment  department  interested  in 
reg.ird  1  ^  a  Id.in. 

Wakefield.-  The  Corjwration  have  decided  to  appl.v  for  nanc!i(  n 
to  a  lean  of  £.3,2(10  for  .-.dditional  pl.int  at  the  electricity  works. 

GENERAL. 

Callington.  -.\t  a  j.ulilic  ncctuig  last  we«'k  it  was  derided  by  a 
pr.ielicjt'ly  unanitriii;:;  Note  to  ]ip  <  i  e  1  \\\^\  tl  i>  yr,,y  ,  i.l  w  Ii,  m.i'  ..f 
o'ectrieily  nupply  for  the  diatrirt. 
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Dewsbury. — At  the  last  meeting  of  the  Council  Mr.  J.  11.  Kilbum 
gave  particiilarfj  of  a  new  agreement  entered  into  with  the  Yorkshire 
Electric  Power  Co.  for  the  supply  of  current  in  Ravenfjthorpc. 

The  price  to  be  paid  was  £4  ])cr  kiiovolt-anapcrc  per  a.inum  and  0'65d. 
per  unit.  In  addition,  for  evtuy  penny  per  ton  over  lOs.  in  the  priec;  of 
coa',  the  Corporation  would  Jiavc  to  pay  Id.  for  eadi  400  units,  and  as 
the  proscnt  ])rioo  of  coal  was  14s.  per  ton  the  ch?j"gc  per  unit  had  alrea<ly 
increased  to  rJjout  -Jd.  Last  year  the  Corporation  lost  £25  on  the  supj.ly 
to  Ravcnsthorpc,  and  thi.s  year  the  estimated  lo.ss  was  £()5,  .so  thorc^ 
vvinild  hcA'c.  to  be  a  revision  of  the  charges  to  con.sumcrs. 

Gas  Fuel  for  Electricity  Works.— The  l^ritish  Coaliic  Co.  (Lt.) 
have  ])latcd  before  thy  Brighton  Lighting  Committee  jjroposals  for 
8uppl>ing  gas  to  fcc  used  as  fuel  for  boilers  at  the  Corporation's  elec- 
tricity works  on  mutually  advantageous  terms.  The  comm.ittcc 
states  that  some  expenditure  upon  pipes,  adaptation  of  boilers,  &c.. 
Would  be  involved.,  but  it  is  estimated  that  half  the  present  cost  of 
fui'l  would  bo  sa\cd. 

Glasgow. — The  Municijjal  Employes  Afisociation  in  Clasgow  ha\o 
applied  for  an  advance  of  4s.  per  week  for  their  members  employed 
in  the  Corporation  electricity  dejjartment.  The  claim,  which  affects 
labourers  and  semi-skilled  workers,  has  been  remitted  to  a  special 
Rub-com.mittce. 

Increased  Charges  for  Electricity  Supply. — As  from  Pei)t.  CO,  Hove 
Corporation  is  increasing  its  Hat  rate  for  ligliting  by  2^d.  ];er  unit  and 
the  nuixim.um  detr.and  rates  of  7d.  and  4d.  by  10  per  cent. 

Swindnii  Council's  charge  for  current  for  lighting  is  to  be  increased 
from  tbe  samcclr.te  from  4id.  to  5d.  per  unit.  Ayr  Council  is  increasing 
its  rates  for  cm-rent  for  lieating,  power,  private  lighting  and  tramways 
to  2.5  per  cent,  over  pre-war  rates  and  for  public  lighting  to  GO  ])er  cent. 
over  i)re-war  rate-,  for  ])ublic  lighting  (an  increase  in  the  ])resent  case  of 
25  per  cent.).  EUund  C'ouncil  has  agreed  to  an  increase  to  5d.  for  ligl>ting 
and  an  increa">c  of  7i  per  cent,  (making  a  total  of  20  jJcr  cent.)  for  power 
as  from  Oct.  1.  At  Denny  prices  are  rai.sed  id.,  making  the  rates  5d.  for 
lighting  and  3Jd.  for  power  as  from  th(!  beginning  of  the  present  quarter. 

Newport  (Mon.). — The  Electricity  Ccmniittec's  recommendation 
that  the  borough  electrical  engineer,  Mr.  A.  Nichols  Moore,  M.LE.E., 
should  be  allowed  to  act  in  an  advisciy  capacity  to  the  board  of 
m_anagcm.ent  of  a  certain  shell  factory,  and  also  to  l;o  responsible 
fcr  the  nupervision  of  the  electrical  equipment  of  the  factory  (which 
reccm.mendaticn  had  been  previously  referred  back  to  the  com- 
mittee) was  unanimously  ro-affirmed  by  the  committee,  and  was 
adojjtcd  by  the  Council  at  its  last  meeting  without  discussion. 

Linking-up  or  Bulk  Supply.— The  St.  Pancras  (London)  Elec- 
tricity and  Public  Lighting  Committee  report  the  receijit  of  a  eom- 
municaticn  from  the  Board  of  Trade  calling  attention  to  the  advan- 
tages of  connecting  \\]i  with  power  stations  supplying  tramways  and 
railways. 

The  hon.  .secretary  of  the  Conference  of  Metropolitan  Boroughs  had 
also  asked  what  action  St.  Pancras  proposed  to  take  in  the  matter,  and 
the  Lighting  Committee  of  Islington  Council  had  suggested  negotiations 
between  themselves  and  St.  Pancras. 

Mr.  Sydney  W.  Baynes  (borough  electrical  engineer),  reporting  on  the 
subject,  says  none  of  the  adjoining  installations  generates  power  at  the 
voltage  or  periodicity  .suited  to  the  Council's  needs,  therefore  transform- 
ing plant  would  be  essential.  The  L.C.C.  had  informed  liim  that  they 
would  have  no  power  to  spare  during  the  coming  winter,  the  Under- 
ground Railways  Co.  stated  that  they  had  no  powers  under  their  Act  to 
give  supplies  to  other  undertakings,  and  that  they  had  arranged  with 
most  of  the  companies  not  to  apply  for  such  powers.  He  estimated  the 
cost  to  St.  Pancras  of  linking-up  St.  Pancras  with  Islington  or  Hamp- 
stead  and  with  the  Central  Electric  Supply  Co.  or  Marylebone  (assuming 
the  connected  systems  shared  the  cost  of  the  mains)  at  £25,450  (including 
transformers),  and  the  cost  of  mains  to  link  up  with  the  North  Metro- 
politan Co.  would  be  about  £18,000 — a  jDrohibitive  figure.  Linking-up 
(Mr.  Baynes  says)  is  an  illusion,  as  its  advocates  loiow,  but  it  is  a  means 
to  the  end  they  have  in  view — viz.,  .supply  in  bulk.  There  is  not  an 
installation  more  reliable  than  that  of  St.  Pancras,  and  a  stand-by 
secured  by  linking-up  is  of  less  utility  than  formerly,  and  not  worth  the 
capital  outlay.  Sooner  or  later,  if  they  connected  to  a  company,  they 
would  be  forced  by  circumstances  to  take  a  sup])ly  in  bulk.  The  com- 
panies he  had  been  in  touch  with  were  not  keen  on  a  linking-up  scheme, 
unless  they  were  at  the  business  end  of  th(^  main.  On  thc^  other  hand, 
the  borough  authorities  were  more  inclined  (if  a  sclieme  of  linking-up'be 
commercially  practicable)  to  regard  the  chargeable  costs  as  purely  rcci- 
procatory,  the  balance  in  the  exchange  of  current  in  each  year  being 
returned  to  them,  or  paid  for  at  an  agreed  nominal  rate.  The  following 
figures  were  quoted  for  a  supjily  in  bulk  measured  at  the  switchboard 
at  the  Central  Electric  Co.'s  power  station,  the  Council  bearmg  all  trans- 
mission and  transform-ation  losi-cs  : — 

For  maximum  demand  of  500  kw.  during  next  winter,  £3  per  kilowatt. 
or  £1,500  per  annum,  andO-33d.  ])er  unit,  with  coal  at 20s.  This  adjusted 
to  27s.  (present  price  of  best  steam  nuts)  would  make  the  cost  of  870,000 
units  at  20  per  cent,  load  factor,  after  allowing  for  transmission  and 
transformation  losses,  0-V»2Gd.  ])er  unit.  St.  Marylebone  figures  were  the 
same  as  dealt  with  by  the  committee  in  December,  1913.  Correcting 
their  price  for  coal  at  present  prices,  and  allowing  for  transmission  and 


transformation  lo.s.se.s,  at  a  2(J  per  cent.  load  factor  their  price  would  be 
1  lOd.  per  unit.  The  St.  Pancras  Councils  new  plant  (correcting  coal  to 
j)res(!nt  prices)  and  including  repayment  of  capital  and  interest,  produce<l 
current  at  0-5462d.  The  cost  of  production  at  thf;  Councirs  pretent 
j)owcr  house  would  be  increased  were  they  to  purchase  current ;  a'l 
extra  current  that  was  generated  wont  to  j>roport  ionately  rc<Iuce  wages  and 
other  .standing  charges.  With  reference  to  the  Board"  of  Trr/le  letter  as 
to  saving  coal  by  a  .scheme  of  linking-up,  bearing  in  mind  the  pheno- 
menally low  steam  consumption  obtainable  with  the  new  Ljungstrom 
turl)ine  in  operation,  and  having  regard  to  the  extra  capital  expenditure 
on  linking-up  it  would  \xi  difficult,  he  concludes,  to  ghow  a  commercial 
economy,  including  a  saving  in  coal  consumption,  were  the  Council 
linked-up  to  neighbouring  power  stations  which  did  not  possess  ma^hi- 
nery  of  so  high  a  standard  of  efficiency. 

The  committee  are  of  opinion  that  at  present  the  advantages  that 
might  be  derived  by  the  Council  through  linking-up  with  the  other  elec- 
tricity undertakings  would  not  be  com.mensurate  with  the  cost  which 
would  have  to  be  incuned,  and  recommend  that,  for  the  present,  no 
action  be  taken  in  the  matter. 

Sheflield. — There  was  an  interesting  dkcu^icn  upon  the  fmantes 
of  the  electric  sup])ly  department  at  the  Council  meeting  la.st  week. 

Aid.  HousoN  moved  the  rejection  of  a  minute  of  the  Electric  Su])ply 
Committee,  which  submitted  to  the  Council  "  That  the  auditor  .should 
supply  any  observation  to  this  Committee  he  has  to  make  upon  the 
affairs  of  the  department  at  the  same  time  as  he  submits  them  to  the 
Finance  Committee."  He  pointc<l  out  that  the  i)ro])osal  was  contraiy 
to  the  financial  regulations  of  the  Council,  whi(  h  provided  that  the 
accountant  auditor  "■  shall  be  responsible  only  to  the  Finance  Committee 
and  the  City  Council  for  a  continuous  audit  after  paym(?nt  of  all  the 
accounts  of  the  Corporation,  an<l  for  the  disclosure  of  any  irregularities, 
&c."  He  thought  the  committee  could  perfectly  well  rely  upon  what 
had  been  the  practice  up  to  now.  The  claim  that  the  auditor  should 
report  direct  to  the  Electric  Supply  Committee  was  contrary  to  the  regu- 
lations, and  might  lead  to  a  lessening  of  the  auditors  independence. 

Aid.  Styring,  in  opposing  the  amendment,  said  he  thought  the  Council 
would,  as  it  always  had  done,  stand  firm  to  the  proposition  that  the  trad- 
ing departments  were  responsible  to  tUc  Council  alone,  and  not  to  the 
Finance  Committee.  The  a.ccoimtant  auditor  was  responsible  for  a 
continuous  audit  of  the  accounts,  after  payment.  He  must  see  that  they 
were  properly  i)aid,  and  that  there  were  proper  vouchers  for  them,  ar.d  if 
he  could  find  any  irregularities  with  reference  to  them  he  miLst  report 
to  the  Finance  Committee.  There  was  not  the  slightest  idea,  cither  in  the 
el(!otricity  or  any  other  trading  department,  of  concealing  anything  from 
tho  accountant  auditor  or  the  Council.  What  they  said  was  that  if  that 
official  had  any  questions  with  reference  to  the  accounts,  he  should  send 
his  report  to  them,  so  that  they  might  have  an  opportunity  of  giving  their 
explanations  to  the  Finance  Committee  before  the  matter  came  to  the 
Council. 

Col.  Hughes  supported  the  amendment,  and  urged  that  according  to 
the  regulation  the  auditor  was  responsible  to  the  Finance  Comm.ittce 
and  the  Council  only  for  the  disclosure  of  irregularities.  They  did  not 
want  to  interfere  with  anybody  in  any  particular  way,  but  the  Corporation 
did  want  to  know  whether  everything  was  going  well  with  everyl;ody. 
For  years  past  there  had  been  an  intense  desire  on  the  part  of  the  L.G. 
Board  to  have  a  public  audit  of  Corporation  accounts,  and  over  and  ever 
again,  when  the  Corporation  had  been  in  contact  with  public  offi'ials,  in 
getting  loans  or  consents,  they  had  prided  themselves  upon  the  fivct  that 
they  had  an  audit  of  their  o\vn  which  was  absolutelj'  independent. 

Several  other  members  took  part  in  the  discussion,  and  the  amendment 
was  canned  by  23  votes  to  22. 

Councillor  Graves  alluded  to  the  observations  of  the  Electric  Supply 
Committee  contained  in  the  minutes,  assuring  the  Council  that  the  finan- 
cial condition  of  the  undertakiiig  was  absolutely  sound  and  satisfactory, 
and  that  the  accoimts  were  in  order.  He  said  that  as  far  as  the  public 
confidence  in  the  sense  of  trading  with  the  department  was  concerned, 
there  was  not  the  slightest  doubt  that  tho  financial  condition  of  the  under- 
taking was  sound  and  satisfactory',  for  behind  the  undertaking  were  the 
great  resources  of  the  city.  The  committee  observed  that  the  accounts 
were  in  order,  and  he  had  not  the  slightest  doubt  they  were.  But  if  it 
was  intended  that  these  words  meant  more  than  that  he  did  not  agree 
with  them.     He  thought  the  depreciation  allowed  was  inadequate. 

Aid.  Styring  said  it  was  just  17  years  since  they  took  over  the  under- 
taking ur^der  great  difficulties.  They  had  g^.ne  through  a  periotl  of 
stress  and  strain  up  to  the  present  time,  and  he  ventured  to  think  they 
were  now  getting  into  smoother  water. 

Councillor  Eva^s  expressed  surprise  at  the  pessimistic  tone  of  Coun- 
cillor Graves,  and  maintained  tliat  the  department  was  in  a  strong  finan- 
cial position. 

The  Electric  Supply  Committee,  in  its  report,  expressed  the  opinion 
that  such  charges  as  were  made  at  the  previous  meeting  of  tho  Council 
disturbed  public  confidence  in  the  electricity  undertaking,  and  put  the 
Committee  at  a  disadvantage  at  the  Council  meeting,  owing  to  their 
not  having  seen  the  report  of  the  accountant  auditor.  The  Council  were 
indebted  to  the  stait'  and  workpeople  for  the  faithful  performance  of  their 
duties  under  abnormal  conditions.  The  Committee  .submitted  a  table 
drawn  up  by  the  City  Treasurer  and  ^h:  Terrey  showing  how  the  elec- 
tricity department  compares  with  other  trading  departments  of  the 
Corporation.  The  electricity  department,  which  had  been  an  under_- 
taking  2.\  years  less  than  thetramwav  department,  had  spent  £1,058.987 
on  capitalworks.  and  had  placed  £43!20l  to  sinking  fund,  compared  with 
£918,057  and  £47,()55  respectively  in  the  case  of  the  tramway  under- 
taking.    A.s.suming  the  continuance  of  sinking  fund  payments  on  the 
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same  basis  as  last  yea,:-,  the  electric  supi>ly  undertaking  and  the  tram- 
way undertakings  would  become  the  property  of  the  Corijoration, 
without  debt,  in  17-42  and  14-56  years  respectively. 

Swansea.— The  Electric  Lighting  Comniittee  has  (lecidecl'to  hire 
out  electrical  apparatus,  the  cost  of  same  to  be  charged  to  revenue. 

The  en<ziiu-er,  M.-.  .1.  W.  Burr,  has  been  instructed  to  report  upon  the 
qiii-stion  of  boi .  owinf;  money  for  the  purchase  of  plant  to  secure  greater 
efficiencv  in  Ili<-  produ.  lion  of  elect)  iial  enerf^y  at  the  jtowcr  station. 

'I'he  i-'oinniittci  )ia;  dcfc.reil  consideration  of  tli.  piojxi.sal  to  rc<li!((' 
llic  (  liitij^cs  for  f:uii(-iit  for  power. 


'Illlll 


TELEGRAPH  AND  TELEPHONE  NOTES. 


Wigan.-  At  the  meeting  of  the  Council  last  week  it  was  reijorled 
)\'  the  chairman  of  the  Electric  Light  Committee  (.Aid.  Crimshaw) 
iiat  tl-.e  l.-oilcrs  were  not  expected  to  I'e  erected  in  the  six-cified  time, 
n  view  of  tli;it  fycl,  and  ;i,s  they  were  likely  to  be  held  ui)  by  the  hAL 


1 
Ih: 

liiiv.ul  for,  pcrhiips,  two  yc;:,is  fand  pos-ilily  tlirec  year.s),  he  tlid  not  know 
that  there  was  anv  real"  limit  to  the  time  when  the  extension  scheme, 
which  had  been  recommended  by  the  expert,  could  be  i)roperly  under- 
taken.  I'r.dei  the  conditions  a  .sub-fommittee  had  been  a])pointed  to 
enter  into  ne;:otialions  with  an  outside  c(jmpany  for  t)ie  purpo.sc  of 
obtainip'i  a  bulk  supjil  v,  but  the  neirotiations  were  not  yet  complete. 

Coun.  il'ior  I-aku  hoped  that  by  the  nextmeetinj:  the  chairman  would  be 
able  to  make  a  definite  statement  on  the  (|uestion  of  tlie  electricity  supply, 
.so  that  (ronsumers  and  public  would  know  how  they  stood. 

Aid.  (;kims)1aw  sai<l  he  thought  a  special  meeting  of  the  Council  would 
be  calle<l  strai'dit  awav  and  the  whole  situation  exjilained. 


Hill! 


m         LIGHTING  &  POWER  NOTES. 

il 


Dromore.  -At  the  last  meeting  the  Urban  Council  accepted  an 
agrcciiiciit  with  the  Dromore  Electric  Lighting  Co.  for  lighting  the 
town  for  lliree  year.s. 

The  ajin-ement  provided  for  the  li.L'lit  in'j;  a-i<l  maintenance  of  HI  lan)ps. 
not  less^tha'i  ."><)(-. p.  nor  more  thai  2(J0t.p.,  in<t!uding  seven  all-iiight 
lamps  and  the  lighting  of  the  town  clock,  at  an  annual  cost  of  £134. 

Electricity  in  Collieries.  -At  the  Elliot  Collieries,  New  Tredegar, 
owned  by  the  rc.well  Dullryn  Co.,  a  new  3,000-volt  turbo-ele(;tric 
generator  has  been  erected. 

Tli(-  co.st  of  the  !'ew  plant  wa-;  over  £30,(1(10.  Prepa:a*ions  are  being 
made  for  the  transmission  of  power  from  the  Elliot  I'its  to  Deri,  where 
sinking  developments  are  proceeding. 

(*  Keynsham.  Tr.e  Pari;;h  Council  har;  decided  not  to  have  any 
public  lighting  alii'c  the  war  lasts,  and  not  to  cill  ;i  rate  for  lighting 
purposes. 

The  Key.ihiun  K!ci  trie  Lif-ht  Sc  Power  Co.  has  Migiic^ted  that  the 
Cointiil  vhouid  |>-i .  the  company  £S.  (is.  8(1.  per  month  while  thi-  pidilji- 
li>.'liti!in  is  ili."  (»it  i:  ued.  as  the  <-<tmpany  is  losing  iKlO  per  annum  wliije 
the  plant  provi<h'd  for  street  lighting  is  idle,  but  the  Council  decliiie(i,  on 
the  i/round  that  it  is  entitled  to  <harge  the  ex]»ense  ujion  the  rates. 

Lllton.  Tiie  Sanitary  Committee  recommend  the  Corporation  in 
anllioii.r  the  llou'c  Sub  innimit tee  to  a<l<ipt  elediic  lighting  in  the 
blocks  not  alie.idy  lighted  cl'-ctricallx-  at  the  Spittlesca  llnspital. 
and  in  have  eirelric  r;idiiifors  installeil  if  considered  desirible. 


TRACTION   NOTES. 


111! 

Australian  Government  Wireless  Apparatus  Factory.— Th?  Minister 
fur  th<-  Xavv  of  the  Australian  Coniuiou«ealth,  Mr.  J.  A.  .T?n.-jen, 
recently  stated  that  l.e  bad  a(-(-eptc,'d  the  nfiV-r  made  to  his  depart- 
jnent  for  the  sale  of  th.e  huKl,  bniUlings.  maeliinerv  and  stock  at 
iisMKlwick  (Sydney)  of  the  Shaw  wireless  works.  The  purpo?^'  for 
which  the  works  were  to  be  used  was  the  manufacture  of  wireless 
apparatus,  for  the  equijmient  of  all  land  stations,  and  the  installation 
of  ])lanfs  ne(f:>.sary  for  shij  s.  Experts  ha\  e  declared  the  plant  and 
machinery  of  the  Shaw  Company  to  be  up-to-date  and  in  good  order. 
'I'hc  Australian  "  Mining  Standard "  states  that  it  had  '  heen 
rumoured  that  the  price  (£57,000)  included  iU.OOO  for  the  patent 
rights  obtained  by  Father  Shaw  some  years  ago;  but  ar,  the  valiiitj' 
of  these  rights  is  being  challenged  thir>  amount  may  be  modified. 

Radiotelegraph  Notes. — The  French  Marine  Commissirn  is  appoint- 
ing nine  <  oinniissioncrs,  who,  with  the  delegates  of  the  French 
Navy,  will  control  the  installation  of  wire'.ess  telegraphy  and  arma- 
ments en  mercantile  ships  and  the  rules  for  the  navigation  of  such 
ships. 

It  is  stated  that  a  harbour  is  being  constructed  and  a  wireless 
telegraph  station  is  being  built  in  connection  with  the  State  coal 
iriining  operations  whi<h  have  been  commenced  in  tlie  newly-dis- 
<<)vered  mines  on  Hjoemecen  (Bear  Island),  between  Spitzbergen 
and  tb'  noifl'crn  point  of  Norway. 

Telephony  in  Argentina. — The  Argentine  (Government  has  autho- 
li.sed  Messrs.  Sotorra  &  Co.  to  transfer  to  Scnor  Lucin  Oliva  the 
telei)hone  service  hitherto  conducted  by  thein  in  Labwuln\o  (Pro- 
vince of  Cordoba),  and  also  the  services  linked  up  with  the  adjacent 
townshijjfi  and  tho.se  connecting  Labonlaye  witli  Rufino  (Santa  Fo*) 
and  Ceneial  Lavalle  (Cordoba). 

The  National  Covcnment  has  also  authori.sed  the  Compania  Union 
Telefonca  to  open  its  inw  <"\change  at  Dionisia  (F.C.S.)  to  public  service. 


C.O.D.  System  on  Tramways.  .\t  .i  recent  meeting  of  Oldhim 
Corpor.if  i(  n  '  \»uii<illor  Di\(  n  objected  to  the  r-ol  lection  by  tl'e  fram- 
\\a\;,  departM'cnt  of  money  for  gtiods  carried  by  them. 

It.  waw  expiiiined  that  the  intention  was  not  to  collect  money  for  the 
goods,  but  only  for  carriage,  although  the  nmnajjer.  Mr.  Priestley.  a<l- 
milted  tli;it  Ihi' notice  issued  \>y  the  department  (whi'li  woujil  bealtereil) 
I'onveyed  the  inipiession  tloit  Mio;iey  for  s/onils  wonjil  In-  loHri'tcd,  a"d  in 
isoli'ted  ea'-«>s  it  lii'.d  been  done. 

GIa>gOW.  T  le  Tramw.'iys  department  his  dct  ided  to  improve  tl.e 
light  nig  of  th>'  ears.  Jn  view  of  the  fact  that  the  electric  light  can 
•ip  .switched  oil  at  a  moment ':'•  notioe  it  is  jeeognided  that  a  consider- 
al»I(>  mcdilii  ali(  n  may  I  e  made  of  the  drastic  ri'strictions  which  have 
bf'eii  in  o)(nati(.n  nn  c  the  l.ightinc  Older  (  anx-  into  fon-e  in  tl'- 
sprin-; 

Soulhend-on-Sea.  Tie  Coinuil  has  decided  to  purchase  an  oxy- 
acetylene  wi-jding  pl.nit  for  the  tramways  drparlment,  at  a  ccst  of 
£4S. 


EMPIRE  NOTES. 


Australasia. — Th.e  Victorian  Committee  of  the  Advisory  Couneil 
of  S<ienc(>  and  Industry  recently  sent  a  circular  left  n-tn  the  Chambers 
of  Manufacture:'.,  Mii>es  and  Conim-^rce  containing  the  followins: 
questions  : 

(1)  Whetln-r  there  is  any  iiidiistiy  in  \  ii  t>"ii:i  wliiili  li.av-  encoiiin<-. •  n 
tr'chnical  dith'silt  ii',  oi-  disaltilities  which  afTei-t  its  d(-ve!opmeiit  n'\i\ 
proiinss.  {'!)  W'helliri-  any  jtartii  ular  tirni  or  a-.y  pei^<>.•^  h;i>j  cnc'am- 
tere<l  an«l  failol  to  oven  ome.sur  h  diHiculties  anddi.sahilities.  (3)  Whethr-r 
ihe-'e  are  any  industries  which  e<aild  lie  atlvantai'iyiusly  establishe<l  in 
Victoria — either  ((i>  jirimary — such  as  tlie  jirotlnetion  of  raw  material  or 
utilisation  of  ])r<H!ncts  not  yet  turned  to  .-n-enunt  ;  (h)  secondary  -siieh 
as  the  utilisation  of  !l^  piiHliicts  fri>m  existing  in<bi-tiics. 

The  .\ustr.^li;>n  ""  Minimi  Standard '"  says  Kilntore  (Viet<iria)  Shiic 
('oiiinil  his  ]inrcha-til  I  lie  ]ilaMt  and  business  of  the  Kilmon*  Klcrtrie 
Siipi)ly  Co.  for  V2.WX\. 

I'eith  (\V.  AustraH.i)  Citv  Couni-il  recently  deci<le<l  to  take  slops  to 
secure  the  Iransfi-r  of  the  met i<>]»oiit.Ti  tramway  syst«-m  froni  the(ioveni- 
inent  to  the  inunici|p,"'ity.  '[he  tiainway  was  oriirinally  h»i<l  by  !*evtlt 
iCIcclric  Tramways  (bdl.),  the  City  Cuiii'<  il  rdaininir  revcrsiona' 
which  would  aecine  in  P.>3J>.  Xaiiotis  suburban  municipalities  ;i 
.v7reeme:itH  with  the  ( <>m;)any.  terminating  at  ilifTeront  «1at<*s.  The 
(lovernment.  in  P.M2.  iias.s-ed  an  Act  authorising  the  purrlnw-e  of  the 
t  raniweys  for  £4T.").(t(lO  :i:id  th«'  Premier  promis-(sl  the  City  CtMinril  that 
liierc  wonhl  be  incn-a-ed  acc(mimodat ion.  ie<luc(>d  f.-m-s.  a  In  ••  \  ice. 

\c.      Perth  councillors  are  n«>w    askiiej  in  what  w:iy  the  .i  •>  of 

bi'tter  ser\  ieo.  Ac.,  liiivr'  btM'n  fulfilled.  an<l  as  nationalisation  h.is  faile<l 
on  all  tho-e  points  w!\ich  were  dei-lan  d  to  be  in  tbe  peopli-'s  favour.  Ihc 
endj-avoiir  m  obtain  llu-  leturn  of  municipal  rishts  is  believe«l  t«»  ha'>e 
some  jiro^jio^t  of  success. 

Trallic  returns  of  the  I'lahran  &  Malvern  (Victoria)  Tramw.iys  Trust 
.show  that  dining  the  K;  wc<-ks  en<le<l  .tune  :?S  the  jcveniie  was  CK^.'Jld 
(13-708d.  per  ear-in!l.  >  c  .writing  ex]ienses  beiim  '.*-ri2.Ml.  'J he  ptih-s  .-v  d 
(UIO  ton''  of  railf^  for  llio  <'onstruetion  of  the  Hurk>*-i<>ad  r-.<I 

Whitehorf-e-nwd  cnm  .-..in,  wrre  in  a  ve,s.-jel  which  had  b^s-n  sxmk  nt  St. 
.b>!in"s.  New  Hrnnswick.  in  March.  Tlie  mat<>rial  has  bc^-n  reeoveri^l  in 
a  miieh  iust<sl  co'idition.  SulficiiMit  rails  an«l  ]>olr«  to  <onstniet  the 
\\'hit«'hoisc  ro.'Kl  line  are  at  Iiii'mI  an«l  a  contract  for  thi>  <onst  met  ion  <'f 
the  peimanent  way  has  In-en  let.     The  line  will  l>e  re.ody  next  monllu 

The  Melbourne  Kl<><>trie  Supply  Co.  has  informc<l  (Ii'olnnii  City  Coimeil 
that  it  proiKwes.  after  the  wai.  to  extend  the  oleetrie  trair.way  wsteni 
fi<  m  (5e- ■         "  II-  to  Norll)  Ceolong.  and  the  Soutli  (JwIohl: 

terminu-  ;o  ilnj-lii-nte  another  line. 

Some  '                          I   1^   Ixni  -.(sl  ill  Hohart   .it   the  extiMit   to 

which   tb'  't    lia-   I-  .  . il   il.s  iirov(»is  » i\  e  supplies  of  ele<'- 
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trioal  ciuToiit  to  largo  mining  and  metallurgical  companies,  which  it  ia 
believed  will  prevent  foi  some  time  the  siii)ply  of  cnrrent  for  other  indus'- 
tries  which  it  had  been  hoped  would  grow  up  Tlie  fjovernment  is  to 
supply  a  large  (piantity  of  energy  to  the  originating  company  for  pro- 
ducing metaHie  zinc  direct  from  the  ore  ;  an  agreeme-it  has  been  made 
to  supply  the  Amalgamated  Zinc  (l)e  Bavay's),  Ltd.,  with  ;50,()00  ii.p., 
and  conditionally  a  further  20,000  h.  p.  ;  and  a  provisional  agreement 
has  beeji  made  tosu])piy  (lie  Mt.  Lyell  (■(•mpaiiV  v/ith  a  further  oO.C'O  ii.j'. 
for  operating  its  scheme  for  smeilin'J  tlie  Rt)^ebe?Ty  Mt.  I{(ad  ons.  'I'lir> 
ultimate  result  will  ]irol)id)ly  be  ;i.  eonsider;i.ble  eiihvrgenMiit  of  the 
Clovernmeiit's  plant. 

The  (■ouneii  of  the  Bendigo  School  of  Mines  state  in  their  annual  rc|)('rt 
that,  in  sjiite  of  war  conditions,  the  school  continues  to  progress.  The 
enrolment  of  students  is  up  to  tie  standard  of  jircviou.s  years.  The 
e'cctiical  engmeering  depattrn'-nt  lias  been  e(|ui|ipcd  with  several 
s])ecially  designed  machiiu-s  an<l  an  U[)-to-date  (\\peii mental  switi  hboard. 
A  storage  battery  and  sc.vei  al  instruments  at'c  still  recjuired  to  be  scjiired. 

It  is  stated  that  Mr.  .Justice  Powers  has  awarded  increases  in  the 
sa'aries  of  telegraphists  in  the  Commonwealth  service. 

Canadian  Water  Power. — The  High  Commissioner  for  Canada  haK 
received  informatijii  that  the  water-power  capable  of  develo])ment 
in  Ontario  is  4,929,000  h.p.,  while  only  702,000  h.p.  in  being  developed 
at  presoit.  Of  this  574,000  h.p.  is  used  to  generate  electrical  energy, 
69,000  H.p.  is  used  in  pulp  and  ])aper  manufacturing,  and  59,000  h.p. 
is  used  mainly  in  the  form  of  hydraulic  power. 

India.—"  Indian  Engineering  "  says  a  hydro-electric  scheme  to 
supply  Coimbatore  with  electric  ];ower  and  water  is  being  investi- 
gated and  its  success  is  reported  to  be  almost  assured.  The  jjower 
station  will  he  located  at  Podanur. 

A  separate  scheme  foi-  lighting  Ootaeamund  from  the  Sandinullah 
River  is  also  being  investigated  an<l  prepared  by  Mr.  H.  P.  Gibbs. 

The  question  of  introducing  some  form  of  e'ectrically-propelled  vcliicle 
for  use  in  Sim.la  is  once  more  engaging  the  attention  of  the  Munici])ality, 
and  the  electrical  engineer  has  been  instructed  to  sid)mit  specifications 
for  an  electrical  jinrickshaw,  based  on  suggestions  made  in  a  note  by 
Oa])t.  Batty  in  the  report  of  the  Simla  Improvement  Committee. 

New  South  Wales  Mines. — The  annual  report  of  the  Department 
of  Mines  for  1915  contains  the  folowing  : — 

The  Electrolytic  Refining  &  Smelting  Co.  of  Australia  (Ltd.),  at  their 
Port  Kembla  works,  produced  gold  valued  at  £560,225,  silver  £59,800, 
iWid  copper  £1,745,700  ;  total  £2,365,725  (an  increase  of  £738,339,  com- 
pared with  1914).  The  greater  part  of  the  20,733  tons  of  copper  was 
produced  from  imported  blister  copper. 

The  Suli^hide  Corp.  (Ltd.)  added  a  300  kw.  set  to  its  Central  Mine 
generating  plant  during  the  year. 

The  Chief  Inspector  also  states  in  his  report  that  though  some  attempts 
have  been  made  to  introduce  electric  safety  lamps  for  workmen's  use 
underground,  uj)  to  the  present  these  attempts  have  not  been  attended 
with  success,  owing  to  trouble  with  battei'ies  and  to  the  difficulty  in 
keeping  in  order  the  mechanical  parts  of  the  lamps.  Some  few  years 
ago  a  number  were  introduced  into  the  Metropolitan  Colliery,  on  the 
South  Coast,  but  their  use  has  been  discontinued.  In  the  northern  and 
southern  districts  a  few  of  these  lamps  are  used  by  officials  at  various 
collieries  ;  but  that  there  are  no  electric  lamps  for  general  use  for  under- 
ground workers,  although  60  electric  safety  lamps  of  the  Wolf  type  were 
used  during  the  past  year  at  South  BuUi  Colliery,  and  the  management 
are  making  arrangements  to  extend  their  use  underground.  Although 
there  have  been  some  improvements  made  in  the  onlinary  safety  lamj), 
with  oil  as  the  illuminant,  little  has  been  <lone  by  the  managers  in  this 
State  to  introduce  these  improved  types. 

Inspector  J.  T.  Tennant  (Northern  district)  states  in  his  report  that 
electricity  is  extensively  used  for  signalling,  shot-firing,  ])umping,  hauling, 
lighting,  ventilation,  and  in  one  case  for  winding.  At  one  colliery  (Pelaw 
Main)  there  is  only  one  steam  haulage,  and  this  is  being  dispensed  with, 
when  the  whole  work  of  this  large  mine  will  be  done  electrically.  No 
accidents  due  to  electric  working  were  reported  during  the  year. 

Inspector  J.  P.  Hindmarsh  (Southern  district)  states  that  only  one 
accident  due  to  electricity  was  reported.  This  occurred  to  an  elevator 
attendant  at  North  Bulli  Colliery,  on  Oct.  18.  The  attendant  was  in  the 
act  of  starting  up  the  motor  driving  the  skip  elevator  at  the  New  Tunnel, 
when,  through  putting  the  handle  o*  the  rheostat  over  too  quickly,  an 
arc  occurred  and  burnt  the  back  of  his  right  hand  slightly. 

Inspector  Hutton  reports  that  in  the  Northern  district  electricity  is 
used  for  lighting  and  power  ))urposes  at  Aberdare,  Aberdare  Extended, 
Aberdare  Central,  Aberdare  South.  Abermain  No.  1,  Abermain  No.  2, 
Bell  Bird,  Dudley.  Hebburn,  Hetton.  Neath.  N.C.M.  Co.'s  A  Pit  and 
South  Greta  Collieries.  No  accident  due  to  current  has  b(?en  reported 
during  the  year,  although  electricity  is  extensively  used  in  mining 
operations  above  and  below  ground  at  most  of  the  large  collieries. 

Mr.  Wm.  Corin,  consulting  electrical  engineer,  reports  that  electrical 
inspector  J.  F.  Dent  has  carried  out  the  whole  of  the  mine  inspections. 
An  abstract  from  Mr.  Dent's  report  shows  that  the  number  of  mines  on 
the  list  at  the  beginning  of  year  was  53,  and  at  end  of  the  year  55.  At  the 
examination  for  mine  electricians  held  on  July  20  at  the  Sydney  Technical 
College,  he  (Mr.  Dent)  acted  with  Messrs.  A.  E.  0.  Sellers  and  A.  E. 
Warburton  as  examiners,  20  candidates  presented  themselves,  of  whom 
eight  were  successful.  This  makes  a  total  of  93  certificated  mine  elec- 
tricians who  have  been  awarded  the  department's  certificate.  Mr.  Corin 
says  a  draft  revision  of  the  electrical  .special  rules  has  been  in  course  of 


preparation,  ilr.  Dent  having  given  him  considerable  assistance  in  thi.s 
matter.  The  draft  will  shortly  be  forwarded  to  the  Minister  of  Mines. 
In  connection  with  the  yjroposal  for  the  establishment  of  a  State  coal 
mine  at  Lithgow,  correspfmdence  has  passed  with  the  Public  Works 
Department  as  regards  the  provision  of  a  State  power  station  at  Lithgow, 
adjacent  to  the  coal  mine,  for  the  purpose  of  providing  jiower  for  all 
industrial  uses  in  Lithgow  and  neighbourhood  and  in  the  Blue  Mountain 
district,  and  for  pumping  for  a  comprehensive  scheme  for  the  water 
supply  of  the  Blue  Mountain  towns. 

.\lr.  J.  K.  I>eiit,  electrieul  inspector  of  cf,al  mines,  gives  a  li^t  of  54 
mines  using  electrical  ai)]>liances  and  states  that  the  t<jtal  number  of  inspec- 
tions made  was  121,  against  lis  in  1914.  In  carrying  out  these  inspec- 
tions Mr.  Dent  has  travelled  11,972  inilcs,  exclusive  of  distances  under- 
ground. The  papers  for  the  electric  motor  drivers'  examinations  were 
j)rep.'red  by  Mr.  Dent,  who  conducted  the  practical  examinations  in  Sydney 
on  May  iHand  Nov.  2(i,  and  at  .Vewcastje  <m  Dec.  11.  In  all  there  were  51 
candidates,  of  whom  44  passed.  Mr.  Dent  says  the  use  of  electricity  in 
and  about  the  mines  continues  to  increase,  not  only  by  the  installation 
of  new  plants,  but  by  existing  installations  increasing  the  size  of  their 
respective  outputs.  The  chief  causes  of  the  increa.ses  are  the  use  of 
additional  subsidiary  haulage  gears  and  pumps.  Only  one  electrical 
accident  is  known  to  have  occurred  during  the  year,  a  coal-cutter  machine 
driver  receiving  a  shock  from  the  switch  handle  of  a  gate-end  box  when 
switching  on,  the  earthing  arrangements  having  been  carelessly  effected. 
In  general,  the  conditions  of  the  electrical  equipments  about  the  mines 
are  good,  and  very  little  trouble  is  experienced  in  the  majority  of  cases 
n  keeping  the  installations  in  conformity  with  the  rules. 


FOREIGN  NOTES. 


Argentina.— The  '"  Review  of  the  River  Plate  "  says  an  electric 
power  house  is  being  erected  at  Puerto  Deseado  (territory  of  Santa 
Cruz).     The  plant  has  been  supplied  by  a  United  States  firm. 

The  National  Government  has  approved  projects  for  electrical  in- 
stallations in  the  Hospital  Comun  Regional  del  Centre,  Bell  Ville.  and  at 
the  Resistancia  Hospital,  Buenos  Avres,  at  an  estimated  cost  of  about 
£10,000  and  about  £1.160  respectively. 

An  expenditure  of  .S62,150  m/n.  upon  an  electrical  installation  for  the 
military  station  of  "  Campo  de  Mayo  "  has  been  authorised  by  the 
Government. 

Brazil. — In  a  report  on  the  trade  of  the  Porto  Alegre  district, 
H.M.  Consul  (Dr.  Dillon)  states  that  no  statistics  of  imports  are  pub- 
lislied,  but  the  following  facts  are  shown  by  approximate  figures 
which  have  been  compiled  : — 

The  LLS.A.  furnishetl  50  per  cent,  of  the  tinplates,  formerly  a  British 
monopoly.  The  greater  part  of  the  importation  of  chemicals  was  from 
the  United  Kingdom.  France  being  second.  In  constructional  ironwork 
the  United  Kingdom  came  third,  and  in  machinery  first,  the  United 
States  being  second  in  machinery  with  10  per  cent,  of  the  total  supply. 
The  vernacular  is  Portuguese,  but  German  is  nearly  as  much  spoken. 
Catalogues  in  English  and  with  the  British  system  of  weights  and 
measures  are  worthless  for  the  Porto  Alegre  market.  Before  tiie  war 
German  houses  sent  their  catalogues  in  German,  because  20  per  cent, 
of  the  jjopulation  is  German,  and  practically  all  the  local  firms  understand 
German,  but  not  English, . . 

Notes  received  by  the  Board  of  Trade  state,  with  regaril  to  imports 
at  the  port  of  Natal  (State  of  Rio  Grande  do  Noite).  that  Germany  has  up 
to  now  supplied  all  the  electrical  material  required.  The  electric  ears 
are  also  of  German  make.  There  seems,  however,  a  prospect  of  American 
material  being  supplied  in  future,  as  there  have  been  two  travellers  in 
American  electrical  supplies  in  Natal  recently.  The  existing  rolling  stock 
appears  to  be  in  bad  condition,  and  there  can  be  no  doubt  that  new 
material  will  be  required  shortly  if  the  cars  are  to  continue  running. 

Chili. — A  Valparaiso  correspondent  of  "  La  Prensa  "  states  that 
a  conflict  has  arisen  between  the  ligliting  company  and  the  Intend- 
ency.  Owing  to  non-jiayment  by  the  latter  of  a  debt  of  25,000  pesos, 
the  company  decided  to  cut  off  the  electric  light  in  the  oftiee  of  the 
Jntendency  and  in  the  house  of  the  Intendent.  That  official  pre- 
vented this  being  done  by  calling  in  the  police.  The  same  company 
notified  the  Municipality  that  it  would  cut  off  th?  public  lighting  if 
the  municipal  d^bt  to  them  of  about  1^  million  pesos  was  not  paid 
by  .111  ciiriy  date. 

Costa  Rica.  A  company,  with  an  authorised  capital  of  six  niiljioa 
dollars,  has  been  granted  a  coixccssion  by  the  Costa  Rican  Coveni- 
nient  to  cultivate  certain  lands  north  of  Limon  for  growing 
bananas,  cocoa,  &c.,  and  the  company  has  been  further  authorised 
to  import  free  of  duty  railwaj'  rolling  stock,  motor  boats,  telegraph 
and  telephone  instruments,  wire,  engines,  boilers,  &c.,  for  its  own  usft- 

Norway. — The  Railway  Committee  of  the  Stortliing  has  approved 
th"  pi'oj)osal  to  convert  the  Drammen  railway  to  electric  traction 
at  an  esitmatcfl  cost  of  21.309,500  kr. 
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Porto  Rico  (West  Indies).— It  is  stated  that  a  demand  for  electric 
fans  might  be  readily  created  on  thic  island. 

Portuguese  Patents.— A  Decree  (No.  2,452)  has  been  issued  to  the 
cHect  that,  so  long  as  the  war  lasts,  particulars  of  applications  for 
patents  of  invention  will  not  be  published  in  the  official  '"  Boletini 
da  Propriedadc  Industrial  "  if  it  is  considered  that  the  publication 
of  such  particulars  might  be  detrimental  to  the  national  interests 
or  to  those  (jf  the  Allied  nations.  The  right  of  priority  in  respect  of 
Much  inventions  will  be  determined  by  the  dates  of  presentation  of 
the  applications.  Patents  will  not  be  granted  until  after  the  ter- 
mination of  the  war,  and  after  the  particulars  withheld  have  been 
published  and  the  legal  period  for  lodging  statements  of  opposition 
has  expired. 

Russia. — An  lni]XTial  Decree  has  been  issued  authorising  the  town 
of  Kkutcrin(;dar  to  ccncludc  a  bend  loiin  of  4,(,'.').'>,{)(J0  roubles  for 
various  works,  including  the  following;  Ccnstructicn  of  various 
muni<ipal  buildings,  8.50,000  roubles  ;  juirchasc  and  erccticn  of  a 
Diesel  dynamo  engine  at  electrical  work.s,  84,000  roubles  ;  plant  for 
hydro-electric  jx^wer  staticn,  82,000  roubles  ;  and  other  town  works, 
l6r),(KK)  roubles.  The  conditions  contain  the  usual  claupc  requiring 
that  in  c(  iitracts  and  ord.;rs  for  materials,  i)lant,  &c.,  preference 
Hhould  be  given  to  RuKiaan  works,  articles  and  materials,  excejiticns 
being  granted  in  each  in.stanco  by  special  authorisation  only  of  the 
Ministers  of  ti.e  Interior  ;.nd  Cemnierce. 

The  Britit'h  C.msuI  at  Mr.inpol  says  there  will  be  a  rui-h  to  ol)tain 
sujijiliirs  a!  Hoon  as  peaz-c;  is  dec!are<l.  Amongst  the  most  important 
ela-se-i  of  t;o.Kls  tlia'.  will  be  le.jiiired  are  maehii'.ery  ar.d  e'.ectriea!  goods 
of  all  kinds. 

The  Britii-h  Vico-Con*.ul  at  Berdian.«k  says  when  direct  eommuniea,tion 
willi  the  OdesKa  district  is  re-estabiii-hed  the  denian<ls  for  British  goods 
will  I  e  very  Ir.rge.  A  go<Mi  market  will  exist  for  tools,  ( hemiea'.s,  enpi- 
neerw'  supplies  and  eloctrieal  goods. 

A  I*i'troL'r.".d  correspondent  of  the  "  Finareier  "  estimates  the  w.ater 
])ower  of  the  liussia:!  Kmnire  at  1  l.OOO.OOO  h.i-..  of  which  l,7fiO,()(:<)  n.r. 
is  in  Kiiro|)e;i  1  Russia.  The  larj/est  liydro-eieetric  works  (on  the  Murgah 
Iniperiiil  KstiUe.  in  the  raiicasus)  are  only  of  l..")(J((  H.l'. 

A  "  Yorkshire^  i^i.^t "  r  orrespondent  says  the  formation  of  a  Ru.'^o- 
Briti>h  ('liamber  of  Commerce  for  tlie  United  Kinf;<loni  lu-s  been  ofticially 
re<  (igniseil  !,y  the  Russian  (Jovernment,  but  it  will  be  well  to  nf)te  that 
we  are  not  rJone  in  K-ekin".'  to  su])])lant  (Jerman  traders  in  Russia,  and 
there  is  urgent  need   for  jwtion   to  be  taken.     The   "  Commereant,"   n 
|e:ulin|r  conimercia!  journal  in   Russia,  rejiorts  an   interview  with   Mr. 
Fcendr-n  .Me.-erve,  mana;ier  of  the  National  City  Bank  of  New  York, 
which  is  about  to  open  a  bran«'h  in  Russia.     Mr.  Meserve  ex))lains  that, 
the  chief  aim  of  the  ba-ik  will  be  to  give  fmaneial  assistance  for  tlic  de- 
velopment of  Rus^o■.^mc^ican  business  relations.      He  says  the  nietlKxls 
wliich  have  built  np  the  in<lustries  of  America  are  better  suited  to  the 
develoimient  of  jinssian  it.<lustries  tlian  those  of  any  otju-r  eountiy,  and 
in  the  near  futiiu^  it  is  jjropoccd  to  open  in  Ru.ssia  the  American  Inter- 
national C.ori)n.,  wliich  will  interest  itfelf  especially  in  the  building  of 
railways  an<l  expioitinu  water  forces.      He  jjoes  on  to  say  that  a  vom- 
menial   ajjent    of  the    I'niled   States.   Mr.   \V.   T.    Hunt infrdon.  lun  left 
I'dro^r.-id  for  :•.  Iinsine--s  trip  llirouirli   Russia.      Mr.    Hunt in}:(lon  is  one 
of  the  most  eniiient  r<  pre.-entatives  of  tile  American  .Ministry  of  Trade, 
ami  lias  spent  three  years  in  Western   luiro]ie  stuclyinj;  the  conditions 
of  Kuropean  industry.     The  Russo-American  Chamber  of  Commerce  is 
divcussini;  the  (jUest  ion  of  or^raiiisin)/  in  Moscow  an  exhibit  ion  of  American 
and  Russian  yoods.      The  "  Commerca-it  "'  also  says  a<-tion  is  being  taken 
by  the   I-reiu  h  willi  a  \  iew  to  promotinu'  their  commercial  interests  in 
Russia.      An  cxhiltit  (»f  l''rench  yooils  is  to  lie  o|)ene<l  at  the  Novgorod 
Fair,  and  afterwards  to  be  transfern-*!  tfi  Moscow.     A  re])resentative  of 
the  Russo-Krer.<  h  Chamber  of  Conunen  c  will  be  j)resent  at  the  Fair,  and 
on<'  <)f  his  (hities  will  ))e  to  induce  Russii  n  ma;iufaeturers  to  take  part  in 
the  exhibition  at   Lyons  in   Htl7.      F.iTorts  are  being  made  to  improve 
commercial  relations  lietween    Trance  ar.d  America  after  the  war.  and 
that  a  ^pecial  mission  founded  by  American  exjiortc-rs  is  about  to  visit 
France  this  month,  wliit  li  mav  afterwards  go  to  Russia.     The  Inter- 
national Ameriian  <'orpn..  with  a  capital  of  jrjCdOO.OOO,  will  finance 
b\isin<'ss  un«b'rtakinns  in  F'ranee  an<l  Russia. 

NoljiinK  is  '."/d  in  these  articles  in  the  "Commereant"  of  British 
goods,  or  of  any  movement  for  tlie  jiurpose  of  furtherinj;  British  eom- 
mc-c'ia!  intc-(-^ts  in  Russju. 

U.S.A.  Hydro-Eleclric  Works.  Tic  I'tah  iN.wer  &  Light  Co.  tuis 
conniuMxod  the  conslnn  tmn  of  a  biurlli  hydro -elect  He  .station  on  the 
Rear  River  at  Cove,  Idaho. 

The  new  plant  will  have  a  cnpiinty  of  )2.(MM>  li.e.,  and  with  its  com- 
pletion the  com]Kiiiy  will  have  utilise<l  M.'i  ft.  of  the  l.TKlft.  of  fall  in 
JV.ar  River  between  Be.ir  Lake  and  (Jreiit  Sidt  l^ikc.  The  new  jilant  is 
rxiH>!le<l  to  he  in  oi¥Tation  in  May.  HMT.  'I'lie  lirst  hydro  electric  plant 
of  tiio  company  on  Rear  River  is  at  (;ra4e  (fiO  miles  from  Bear  I.^ike).  and 
delivers  44.(t()0  n.r.  :  the  seeontl  plant  is  lieinp  erected  at  Cove  ;  the  third 
is  the  Oneida  station  of  27.000  n.r.  capacity,  recently  completed  ;  nr.d 
the  fourth  plant  is  at  Whelon,  ami  ha»  a  cnfmeity  of  12.:UM)  n.r. 

Venezuela.     The  Rrilisb  Viee-Consid  at  Caraca.s  n'ls.rl.'i  that  the 
t.ital  railway  niileage  of  \'ene/.in>la  is  MW  miles,  iin  biding  the  ."i  miles 


of  the  Macuto  and  Coast  Line  railway,  which  is  reallj-  an  electric 
tramwaj'. 

The  "  Gaceta  Oficial  "  (Caracas)  of  July  13  contains  a  notice  by  the 
Ministerio  de  Fomento  that  Messrs.  Sardi  Bros.,  of  Torondoy  (State  of 
Merida)  has  been  granted  a  concession  to  construct  two  telephone  lines 
of  about  1 1  miles  in  length  in  the  district. 


MISCELLANEOUS  NOTES. 


Directory  of   British   Manufacturers   for   Russian   Trade.-^The 

second  edition  of  this  directory  is  in  preparation  by  the  Russo- 
British  Trade  Exchange  (Ltd.),  16,  Regent-street,  London,  S.W., 
which  also  notifies  that  it  has  established  a  Russian  reading  room, 
where  dail\-  and  trade  pajjers  can  be  consulted,  and  where  technical 
information  obtained  of  Russian  requirements. 

Directory  of  Merchants  and  Manufacturers  of  India,  1915.— We 

have  received  a  cop\'  of  this  book,  which  is  published  at  R.3  (4s.,  plus 
]x)stagc)  by  Messrs.  Laxmichand  Dasrabhai  &  Brcs.,  Rajpot, 
Kathiawar,  India. 

In  the  classified  list  of  merchants  and  manufacturers  in  India  there  are 
extensive  lists  of  cotton -ginning  factories,  cotton  mills,  cotton -pressing 
factories,  coa!  mines,  tramways  and  railways,  which  should  prove  useful 
to  British  mac;hincry  merchants  and  exporters,  manufacturers  of  elec- 
trical and  other  machinery.  Tl'.cre  are  numerous  other  elassiticd  trade 
headings  in  tlic  Indian  Division,  and  there  is  also  a  foreign  section, 
containing  a  classified  list  of  cotton  mills  in  China  and  Japan,  besides 
selected  machinerj-.  chemical,  &c.,  manufacturers  in  other  countries. 
In  thercmaining  ])ortion  of  the  book  there  ismuch  and  varied  information 
regarding  currencies,  weights  and  measures,  tlie  Indian  import  tariflf, 
the  Indian  and  other  rulers,  the  physical  and  other  uharatteristics  of  the 
Indian  provinces,  &c. 

Electricians'  Demands  at  LiverpcoL— The  dir-imic  lolween  the 
Liverpool  Ma.sters  Huiiden,"  Associati(.n  and  the  Li\erpool  branch 
of  the  Electrical  Tra('e  Union  ari.sing  out  of  a  demand  on  tl;e  ];art  of 
the  men  ftir  incieased  Avagos,  reduced  hourr,  and  various  minor  cfin- 
ecsnionsi,  has  been  referred  to  the  Rev.  H.  Dunnieo,  secretary  of  the 
National  Peace  Society,  as  arbitrator,  and  it  has  been  agreed  that 
hi;;  decision  shall  be  final. 

Hebburn. — At  the  meeting  of  the  Council  lar.t  week  a  report  wa.s 
received  from  Prof.  W.  M.  Thornton  on  the  recent  fatnlity  due  to 
electric  shock  received  from  a  lamj)  standard. 

The  Tcport  statetl  that  the  leakage  had  occurred  for  some  days  prior 
to  the  accident.  The  tyjic  of  lamp  head  and  switch  was  acknowledged 
by  the  electric  supjily  company  to  be  imperfect,  and  lie  advised  that  a 
complete  change-over  of  the  lamp  heads  should  bo  made  before  the  bad 
weather  Ect  in.  He  also  recommended  that  an  inspection  once  a  quarter 
should  be  made,  and  said  that  it  was  inconceivable  that  the  ]iresent  state 
of  affairs  should  eontimie  without  an  attempt  being  made  to  remove  all 
source  of  <lancer. 

The  chairman  (Rev.  C;.  K.  Wii.kixson)  said  it  was  lamentable  that  a 
great  comjuvny  should  be  so  in<lilfercnt  in  regard  to  danger,  not  only  on 
the  high  roa<l.  where  there  was  heaAy  traffic,  but  over  the  whole  district 
generally.  It  was  known  all  around  that  tliere  ha<l  been  minor  eases  of 
•■  burniniL'.""  but  the  Council  would  be  astonished  to  he.T.r  that  the  com- 
pany jilcadtd  ignorance  in  every  case.  He  urged  a  systemat  ic  insjx-ction 
of  tb.e  switch  boxes,  and  that  an  immrdiate  effort  shou]<l  be  made  to 
adjust  all  faulty  wires  and  parts,  and  that  there  should  be  a  complete 
change  over  of  the  i)resent  method.  Ho  regretted  that  the  company 
lia<l  refuscfl  to  show  sufficient  sympathy  with  the  deceased's  family  ajid 
pay  for  the  burial  ex]>enses.  an<l  he  understO(Kl  that  the  Cuaidians  would 
have  to  (b'fray  the  ex]>enses. 

After  tli.seu.s.sion  it  was  decideil  to  refer  the  matter  to  the  Boaid  of 
Trwle  and  to  bear  the  expenses  connected  with  burj-ing  the  deeoa."ed. 

Lights  on  Ships.— An  Admiralty  Order  dated  Sept.  8,  haa  boon 
i:.:.ued  iiniliT  the  Defence  of  the  Realm  Regulations,  prohibiting  the 
usnofeleetrii  ally  lit  lanterns  as  an<hor  lights.  an«l  ordering  all  anchor 
lanletnT  to  bo  fitted  with  overhead  sereenf.  while  their  nonral  Iril- 
lianey  in  to  Ic  reduced  bv  .'JO  j.er  cent.  Specimen  screens  ran  Ic 
view<«d  rtt  the  lii^ard  of  Trade  Surveyor,"  Oflices  at  Lcith.  North 
Shie'ds.  Hull.  L«n<Un.  Plymouth.  Cardiff,  Li\eriKiol.  tdasgow  and 
Ihiblin.  T(^'  employment  of  electric  lanterns  as  b»,w  and  m.ar.thoad 
steaming  lights  is  jirobiiiitcd  in  o.stuaries.  harbour;.,  antborager,  and 
ehaiinebi  when*  navigation  in  the  olark  hours  in  permitted,  and  no 
ligbtc.  cither  aloft,  en  deck,  or  below,  except  those  reipiireol  by  the 
regidaticn"«  for  the  jirevention  of  eollir.itns.  and  such  ar.  may  he  per- 
mitted to  I  0  visible  fnm  outboard  arc  permissible.  This  applies  to 
ves,sel.H  of  e\cry  deserij)ti(n  other  than  H.AL  shipr.  and  the  vessels 
mentioned  in  the  HUcooe<ling  paragrajih  in  the  wafers  of  (he  United 
Kingdom,  except  within  three  miles  of  the  Irish  CoJist. 

\.sM>ls  carryiuL'  vlaiilc  (.it  nr  -.pirits  in  bulk  are.  notwith.standing 
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tlieso  ordors,  to  oxliibit  in  lieu  of  oil  lami)s  olcctricaliy  lit  lantcrn.s,  not 
exceeding  in  brilliancy  50  per  cent,  of  the  brilliancy  of  the  normal  oil 
lamps. 

Maximum  Prices  of  Pig  Iron. — The  Minister  of  Munitions  has  fixed 
the  following  maximum  prices  per  ton  for  Derbyshire  and  Notting- 
hamshire ])ig  iron  : — 

No.  4  forge,  U.  10s.  ;  No.  3  foundry,  £4.  12s.  6d.  ;  No.  2  foundry, 
£4.  14.S.  (jd.  ;  No.  1  foundry,  £4.  His.  «d.  ;  ba'iic,  £4.  17s.  (id.  The 
advanco  is  to  take  effect  as  from  July  19,  1!)1(5,  until  Sept.  30,  IDKi. 

Munitions  Court  Case. — At  the  North  Staffordshire  Munitions  Court 
on  Monday  a  tramcar  conductor,  employed  by  the  Potteries  Electric 
Traction  Co.,  applied  for  a  leaving  tertificate  in  order  to  return  to  his 
former  occupation  ay  a  potter's  printer.  The  applicant  said  he  had 
Lcen  employed  by  the  conii);uiy  for  13  years  prior  to  last  A])vil,  when 
he  left  to  take  a  situation  at  his  former  trade.     Owing  to  the  hot 


weather,  however,  the  change  did  not  suit  his  health,  and  he  returned 
to  his  occupation  of  tram  conductor.  When  he  left  his  f>ay  was  6d. 
an  hour,  but  on  his  return  he  was  put  on  the  beginners'  rate  of 
5d.  an  hour. 

Th(;  representative  of  the  compa  ly  (.f)nt«;nded  that  tramway  facilities 
were  necessary  for  the  manufa/jturc  of  munition.s,  and  that  their  con- 
ductors came  within  the  Act. 

The  chairman  (Mr.  J.  B.  Simmons),  in  granting  the  certificate,  said 
when  a  previous  application  was  made  the  comyjany  profiueed  a  certificate 
from  the  Ministry  of  Munitions,  which  was  granted  apparently  on  the 
assumption  that  light,  heat  and  power  were  being  produced,  which  were 
of  importance  to  munitions.  That  certificate  appeared  to  have  been 
withdrawn,  and  the  certificate  upon  which  the  company  relied  depended 
on  the  supj)ly  of  tramway  facilities.  On  the  point  of  law  he  f^hould  be 
please  I  to  give  the  company  leave  to  appeal  to  the  Central  Munitions 
Court. 


TENDERS    INVITED. 


Telephone  and  Telegraph  Material,  Instruments,  &c. 

Tenders  are  invited  up  to  Dec.  22  for  the  supply  to  the 
Australian  Commonwealth  Postmaster-General's  Dept., 
State  of  Western  Australia,  at  the  Telegraph  Office,  Eucla,  of 
340  Accumulators,  with  associated  apparatus,  as  per  schedule 
No.  492.  (Spcciiication,  &c.,  from  the  Commonwealth  Offices. 
London.     See  also  an  advertisement. 

Tenders  are  invited  for  the  supply  to  the  Postmaster-General's 
Dept.,  State  of  South  Australia,  of  Telephone  Material  in 
accordance  with  schedule  No.  428,  and  tenders  are  invited  (up 
to  Oct.  4)  for  the  supply  to  the  Postmaster-General's  Dept., 
State  of  Western  Australia,  of  Tclcplione  and  Telegraph  Instru- 
ments in  accordance  with  schedule  No.  501.  Tenders  are  also 
invited  (ujitoNov.  15)  for  the  supply  and  erection  at  the  tele 
phone  exchanges  of  Glenelg  and  Brighton,  State  of  South 
Australia,  of  Automatic  Switchboards  and  all  associated  appa- 
ratus (as  per  schedule  No.  426).  Tender  forms,  &c.,  from  the 
Commonwealth  Offices,  72,  Victoria-street,  London,  S.W. 

The  Deputy  Postmaster-General,  Perth  (W.A.),  wants  tenders 
by  3  p.m.  Oct.  4  for  the  supply  and  delivery  of  various  Telegraph 
and  Telephone  Measuring  Instruments  and  Parts  for  the  Aus- 
TRAUAN  Commonwealth  Postmaster-General's  Dept.  Specifi- 
cation, &c.,  from  the  Deputy  Postmaster-General,  Perth,  W.A. 

Tenders  are  invited  by  the  Deputy  Postmaster-General, 
Adelaide,  for  the  supply  and  delivery  of  Telephones,  Telephone 
Material,  Instruments  and  Parts.  (Schedule  Nos.  429  to  437). 
Specifications,  &c.,  and  sealed  patterns  may  be  inspected  at  the 
Office  of  the  High  Commissioner  in  London  for  the  Common- 
wealth, 72,  Victoria-street,  S.W.     Tenders  by  2  p.m.  Sept.  27. 

The  "  Departamento  de  Fomento  de  la  Mancomunidad  de 
Cataluna,"  Barcelona,  require  tenders  by  noon  Sept.  25  for 
the  iiistallation  of  a  Telephone  System  conneCtijig  the  towns  of 
Balaguer,  Artesa,  Pons  and  Calaf,  at  a  cost  of  £2,850. 

The  De])artn)cnts  de  Fomento  de  la  Mancomunidad  de 
Cataluna,  Barcelona,  also  require  tenders  by  noon  Oct.  3  for  the 
installation  of  a  Telephone  System  ccnnecting  the  towns  of 
Gandesa,  Falset  and  Reu.s,  at  an  estimated  cost  of  £3,100. 

The  Dejjuty  Postmaster-General,  Melbourne,  requires  tenders 
by  3  p.m.  Oct.  17  for  supply  of  (1)  Sleeves  and  Tapes  (schedule 
1,355)  and  (2)  3,100  Stay  Rod?  with  bow  tighteners  (schedule 
1 ,359)forAusTRALiAN  Commonwealth  Postmater-General'sDept. 
Specifications  from  the  Deputy  Postmaster-General,  Melbourne. 

The  Public  Service  Stores  Tender  Board,  Wellington  (N.Z.) 
require  tenders  by  4  p.m.  Oct.  11  for  supply  of  1,000  Magneto 
Extension  Pells  and  4,000,000  Lead  Seals.  Particulars  from 
the  Controller  of  Stores,  Post  and  Telegraph  Dept.,  Wellington, 
the  Storekeeper  Post  and.  Telegraph  Dept.,  Christchurch,  or  the 
Telegraph  Engineers,  Auckland  and  Dunedin. 

Coal  Transporter  Plant. 

Tenders  are  invited  for  the  supply,  delivery  and  erection  in 
Melbourne,  of  a  Coal  Transporter  Plant  of  the  travelling  tower 
type  and  electrically  operated.  Tender  form  Avith  specification 
can  be  obtained  from  the  agents  for  the  Melbourne  City  Council, 
Messrs.  Mcllwraith,  McEacharn  &  Co.  Ppty.  (Ltd.),  Billiter- 
square-buildingF,  London,  E.C.     Tenders  by  noon  Dec.  11. 


Tramway  Material. 

Johannesburg  (Transvaal)  Municipality  require  tenders  by 
noon  Nov.  6  for  supply  of  18  Grooved  12  ft.  Points  and  24 
Grooved  9  ft.  Points  and  six  Ordinary  Crossings  (contract  No. 
171).  Specifications,  &c.,  from  the  Municipal  Offices  (Room 
53),  Johannesburg. 

Carbons. 

The  Victorian  Government  Railway.s  Dept.  requires  ten- 
ders by  11a.m.  on  Nov.  1  for  the  supply  of  50,000  Yellow  Flame 
Ai'c  Carbons.  (Contract  No.  30,405.)  Specification,  &c.,  from 
the  Victorian  Railway  Commissioners,  Spencer-street,  Melbourne. 

Tramway  Track  Work,  Material,  &c. 

The  Madrid  "  Gaceta  "  of  Aug.  4  notifies  that  tenders  will  be 
opened  on  Oct.  7  for  the  Construction  and  Working  of -an 
Electric  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lines  of  the  Cia  Nacional  de  Tranvias  de  Barcelona,  which  holds 
an  option  on  the  projxjsed  concession.  Minimum  rolling  stock 
required  wUl  be  Two  Motor  Tramcars  and  Two  Trailers. 

Tenders  will  be  opened  on  Oct.  11  for  Construction  and  Work- 
ing an  Electric  Tramway  in  Madrid,  from  the  Calle  de  AJcala 
to  the  Calle  de  Diego  de  Lecn.     Minimum  rolling  stock  Four  Cars. 

In  both  cases  construction  work  must  te  commenced  within 
three  months  and  completed  within  10  months  and  a  year 
respectively  from  dates  of  concession.     An  option  on  the  con- 
cession is  held  by  the  Scciedad  Tranvia  del  Este,  Madrid. 
Cooling  Tower. 

GiSBORNE  (N.Z.)  Council  require  tenders  by  neon  Oct.  2  for 
the  supply  and  erection  of  a  Cooling  Tower  at  the  municipal 
electric  pow"er  station.  Specification  from  the  borough  offices, 
or  from  Mr.  E.  J.  Feim,  consulting  engineer,  Auckland  (N.Z.). 

Electric  Time-releasing  Mechanisms. 

The  Victorian  Railway  Commissioners,  Spencer-street,  Mel- 
bourne, invite  tenders  (by  11  a.m.  Oct.  18)  for  the  supply  and 
delivery  of  Electric  Time -releasing  Mechanisms  (100  with  two 
normal  and  two  reverse  contacts,  and  50  with  four  normal  and 
four  reverse  contacts)  for  automatic  signalling.  Specifications 
from  the  Commissioners,  Spencer-strett,  Melbourne. 

Electric  Fittings,  &c. 

Manchester  Guardians  require  tenders  by  noon  Sept.  25 
for  six  months'  supi)ly  of  Electric  Lamps.  Forms  of  tender 
from  the  Clerk,  All  Saints,  Manchester. 

South  Dublin  Guardians  require  tenders  bj-  noon  Sept.  27 
for  six  months'  supply  of  Electric  Fittings.  Forms  of  tender 
from  the  Master  of  the  Workhouse. 


TENDERS  RECEIVED  AND  ACCEPTED. 


Mansfield. — The  Council  ha;;  decided,  en  the  recommendation 
of  the  Health  Subcommittee,  to  pur^;hat^c  ^rom  the  General  VehicLea 
Co.  a  2-ton  electric  wagon,  at  £1,070. 
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St.  Asai'II.  I  Ik;  ISoard  of  (;ua^Ii^lll^s  lias  afcejiled  the  olTer  of 
tJif!  I'niiiifr  Acciiniiilalor  Co.  for  acciiiiiiilators  for  the  cicitrkity 
(Jf|)arf)))ciit  of  the  workhou:se,  at  £229.  (Si.\  tenders  uere  received.) 
,\  j)ro|K  sal  to  purchase  an  e'ectrka!l\ -driven  sawmill  for  the  work- 
hoiJ:v-  is  under  cfusideration. 

LiTON.— The  Electricity  and  Tranma.\H  Conimitt-e  reectniuends 
the  Council  to  accftpt  the  tender  of  Herhert  Morris  (Ltd.)  for  the 
Hupply  and  erccticn  of  a.sh  handling  j»lant.  ccnsi.sting  of  an  electric 
overhead  telpher  and  runway  and  two  tipjiing  .skips,  at  tl.888. 
(Three  tenders  were  received.) 

BiENOs  Ayrks,  -The  Argentine  Ministry  of  \\'ar  ha.saj)proved  tit; 
adjudication  to  Senor  Max  Hellniuth  of  the  contract  for  the  supi)Iy 
of  a  motor  and  electrical  generator  for  tlie  power  hou.se  of  CanijK)  de 
.Mayo,  at   S')2,|.")(»  m   ii.  (al»out  £.")."><)). 

Commonwealth  Contracts.-- The  following  tenders  have  been 
accepted  hy  the  Australian  (lovcrnment  J)e|jartmcnts  : — 

/'oMtnfittfr-fliiirral'ff  Jjrpt.,  Mdhonrnr.-  MorcianJ  Metal  Co..  1  ton 
21  Ih.  Hcra])c()piKr£72  jmt  ton.  ;>;> tons  10  cwt.  scrap cojjper  wire  £77.  Ms. 
fK-r  ton,  17  tons  scraj)  copiK-r  Vil.  Is.  M.  per  Ion.  104  tons  scraj)  cable 
£17.  lOs.  iHi  ton:  .1.  .Mcllwraitli  &  Co.  I'ty.,  .>2:{  <li.<c  lightning  arresters 
2i(l.  each,  100  brass  arresters  4!<l.  cadi.  2  J  ditto  itd.  each,  1:1;  lb.  binding 
screws  (){d.  lb.,  .'Jl  ib.  copper  conneding  strips  7>'l.  lb.  ;  Lawrence  & 
Hanson  E!ec.  Co..  22,0O(»  non  encrusting  zincs  4id.  each.  Ki.-^OO  ditto 
(ijd.  each  for  N.S.W.,  1><,(J00  non-encru.stinu  zincs"4.ld.  each,  O.l.'iO  ditto 
(i'l'd.  each,  IM)  detectors  i\\.  8s.  each  for  \'i(toria,  l..")00  non-encrusting 
/incK  fi'i'd.  caeh  for  (/uecn^lan(l,  l.fiOO  non-en(ru.>^ting  zincs  Ah\.  each. 
4O0  ditto  (>  ;<1.  ea(  h,  1')  detectors  £3.  Ks.  each  for  S.  .\u.'<tralia. 

J'ofttiii'iilrrfi'fiif'rur/i  hrpl.,  ,Si/dnet/. — Automatic  Telephones  (Aus- 
tralia), 200  c.b.  automatic  telephones,  £;j,  7s.  lid.  each. 


l'oslma.^ffr-Gcnernl'«  jMi'l.,  J'crlJi  (II  ..-!.). — J.  E.  Stone  &  Co.,  14  tonii 
scrap  copr)er  wire  for  Perth  £84.  12s.  6d.  per  ton,  11  tons  10  cwt.  for 
Fremantle  £84.  13s.  Od.  yxr  ton. 

Poslmastcr-GaifraVs  JXpt..  Brisbmir. — British  General  Electric  Co-, 
1.000  cords.  Is.  6d.  each  ;  Standard  Waygood  flercules  (Ltd.),  10  EdLsbn 
I^lande  cells  9s.  lid.  each,  .'}0  ditto  17s.  7d.  each,  5  porcelain  jars 
2r.  Od.  each.  i500  oxide  plates  2.s.  4d.  each.  100  pair.-?  zims  Is.  lid.  jjer 
IKiir.  400  pairs  ditto  3s.  Sd.  per  jwir  ;  Brisbane  Electrical  Co.,  5,00C 
corks  for  Jleidingcr  cells,  1  'd.  each. 

Postmaslrrdenrmrn  D< I't.,  Iloharf. — Western  Electric  Co..  .320  retar- 
<lation  coils  4s.  3d.  each, ."»  ditto  8s.  each,  10  ditto  15s.  each,  45  rcjx-ating 
coils  :52s.  fid.  each,  o  jacks  Is.  9d.  each,  .'5,500  ditto  £1.  3s.  (ki.  per  strip  of 
20,  320  ditto  l(js.  fid.  each  ])cr  strip  of  10,  2  ring  back  keys  7s.  (id.  each. 
5  party  line  ringing  keys  7s.  (id.  each.  :i5  order  whe  k^^ys  (strips  of  5) 
:Js.  3d.  each,  3fi  single  listening  keys  12s.  6d.  each,  5  niit  rophoncs  16s. 
each,  125  plugs  l.s.  7id.  each  .320  relays  IDs.  3d.  each,  320  ditto  .5s., lid. 
each.  fiS  ditto  7s.  lid.  each,  3  ditto  lOs.  6d.  each,  10  ditto  8s.  3d.  each, 
45  ditto  8s.  each,  :}20  lamp  .sockets  (in  strips  of  10)  2s.  fid.  each.  90 
sockets  forsupervisory iamp-sfi.ld.cach,  12sockets  for  pilot  lamps  Is.  lid. 
each,  Ifi  t<Tminal  strips  4s.  yd.  each.  Ifi  ditto  5s,  fid.  each,  Ki  ditto  (is.  fid. 
each,  400  protectors  200  per  strip  £28  per  strip,  800  fuses  £17.  10s.  jier 
strip,  2  fanning  wood  strips  £1  per  strip,  45  mica  resistances  Is.  4d.  each. 

]'i<lorian  Raihmy  Coiiiinifismiiers. — G.  Weymouth  Pty..  switchboards 
for  signal  generatoi-s  £150  each;  Warburton  Franki  (Ltd.),  lamps, 
socket  reflector  holders  and  reflectors,  for  electric  lighting  of  Jolimont 
Car  Shop,  at  rates  ;  1'.  W.  Cameron  &  Co..  electric  train  stops  and  spare 
parts,  during  five  j'cars,  at  rates,  electric  signals  and  spare  parts,  during 
five  years,  electric  interlocking  machine,  at  rates  ;  British  General 
KIcciric  (.o..  static  transformers,  £S7.  10s.  each  ;  (Cambridge  Scientific 
Instrument  ( 'o., thermo-electric  ])yrometers,  with acces.sories, £02.  13s.  tjd. 
jxT  set ;   W.  Adams  &  Co.,  1,<X)0 -ampere -hour  storage  battery,  £2fi7.  6s. 
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I  FINANCIAL    MATTERS.  I 


MUNICIPAL  ACCOUNTS. 


Ayr.  I'hc  .icvounli-  <if  the  elcclricily  dcpirtn'-nt  for  the  year 
endejl  May  I.T  .show  total  capital  e.xpenditine  £123.852  (inereaKe 
£14.205).  .".f  which  ti:!,(t2(»  ha  1  been  repaid. 

l{e\e'Mie  «;'.-.  ili>2."il  (i  iiiripaved  with  tl5.:J5il  in  previous  vcar).  a!id 
e.\|)e:icli(iire  flli.lSl  (£14,111),  leaving  gro.ss  profit  £fi,432"  (£7,l'.l!»). 
lntere.4.  re.piired  £2.864  (£2  586)  aid  sinking  fund  £3,495  (£3,3(54), 
leavins  £7:J.  which  has  heen  traiisferre<l  to  reserve.  I'nits  generated 
were  1,969,031  (1.9:14.968)  and  s.ild  1.51n.715  ( l..-)7.'<.774).  Total  maxi- 
mum ileni'vul  was  U'Mi  k\v.  (!KK(  kw. ). 

Capitiil  e\pr!idiline  on  the  (ramwivxs  amoinits  to  £102.422  (incnase 
£970),  of  whii  h  t25,0,S7  li.-n  been  repaid.  Income  was  £19.2.S5  (£17.9S4). 
and  gross  profit  £7.4.56  (£7.(R)4).  Interest  lequin-il  £2,71()  (£2,725). 
sinkiuL'  fund.  &(..  £2.383  (£2.310)  a'nl  ilei)recialion  £2.r47  (€2.404).  the 
net  re-nIt  lieirit'  adeficit  of  £lfi(£351 ).  Hevenue  per  car-mile  wa-  lOl  Id.. 
ftn<l  workinif  expenseM,  i?iclii<linu  jiower.  w<ie  6-2(ld.  I'a-sengers  (  arried 
were  4.352.113.  car  miles  run  4.57..503.  a-d  units  u-ed  47!t.o27  l-OI  p(  r 
ear-mile. 

Bristol.  The  aceountH  of  the  electricity  dc|»artinent  for  the  year 
ended  .Man  h  :il  show  (<ital  cipitai  e.xppnditure  £9t»l.60l  (increase 
£9.225).  of  whi<h  £i)l((.923  is  outstanding. 

Heve  lui'  wit-i  tI32.92S  (comparcMl  with  £1  Ui.(i26  in  previons  year), 
and  workinu  aid  (/eMeial  expenses  weie  £75.291  ( l."»;{,574).  je^iv  ing  gross 
}tro(ii  i'.'>7.636  (t(13.05l).  InU-rcftt  ami  slixk  diviilends  re(piired  £2(!.l05 
(t20.245),  aid  deltl  redemption  i:i0.1:M  (£29.419),  a'i<l  net  i.rolit  wn^ 
£7.911  (Li:i..'it>4).  t2.S76  mu-i  providetl  for  capital  experidituie  out  <if 
profit"*,  a  nl  £2.:J9l  jirovided  for  allow a-iees  fo  enip!oy('s  who  .ue  in  H..M. 
Koree-..  I'nits  jjenerated  were  26  6Sfi.(»4S  ind  sold  21  665.9(;8  (inerease 
3.f6:j.,sl2).  Total  maximiini  <U"ma  nl  \vh.m  10.9H8  k.v..a.  Consumers  are 
5.(«tS  (a  net  increase  of  ;i;{M).  uhI  tola!  <  ouneclioiM  are  eipiivalent  to 
859.921  :»0  watt  Imap.s  (couipareil  with  796.:«.)1). 

Mr,  II.  l'*iiriel;i\  PuMtor  (enj-ipeer  H'ld  man  i  in  hi-  report  it  wa^ 

found  ne.  i»<sary  during  the  \ear  tn  raisi*  the  i  .ige<l  (or  elri'lncity 

for  a'l  pinpii^ei.      I'lie  Kri'-.-  of  Cin!  r|,i'  \.  t  h.nl  ti.if  nffnidrd 

the  piolecl ii>;i  III  ron-uniei.s  i>|  rnnl  t h.at  «  'pjited.  and  it  cannot  be 

ovppcted  thnt  the  current  year  will  show  a  iiot  profit  on  the  present  rates 
of  rhn.ge  for  ("leru'V.  Owing  to  th"  lapid  inereaor  in  demand  for  elec 
tricity.  it  wft=»  nec^<sary  to  apply  to  f h*»  !,.(;.  Board  for  sanction  fo  raise 
money  for  further  ireneraf  itvi  pl.inC  It  wa-  pn  pn^-i-d  fo  l;i\  down  a 
6.<HMI  kw.  M'f .  The  HoanI  declined  to  satrlinn  thi^.l-ut  anthoriie^l  the 
pun  liii-|.  of  i  3.0fH)  kw,  >e(.  flofh  the  Veedev  n.:»d  :i'd  Temple  Hacks 
utvierating  stations  hft^e  been  rtmning  loadi^l  to  thei^  full  ^afe  lapacity. 
a»d  (he  coTuuM'tion  of  «i  .SOO  kw.  ronsunu-r  ha-<  had  (o  be  p«vs(ponr«l. 
The  length  of  main    '  ■    '  '        '  •  '  '         •  -•  •     '      •..  (»  tot.il  of 

382  77  mde.v     Th;  '  mv:  -ippa 

r*tu.*  ronneif,>d  i«i  iM.ririt  (.u.onsl  l'.!..'>4"  1  ■  x.s 

20-5  (21  .5)  ppf  rent.     Total  cost.*  per  imit  -  -  if). 


a-.id    redemption    an<l    interest    ref|nircd    0:{28d.   (0-381d, )  and    0-22:)d. 
(0-271d.)  rcsjieetively. 

Maidstone.  The  Kcount.s  of  the  electricity  department  for  the 
veir  ended  March  31  show  gross  capital  ex|endi(ure  £104,243  (in- 
<-rease  £9.137).  of  whi(  h  £fi4,()0.')  is  outstanding. 

Rcvciiue  wa-  t!l9.771  (((unparcd  with  £19.89:1).  a'i<l  total  eost  >  were 
£i:5,.'):52  (comiia.cd  witii  £11.992).  leaving  gross  profit  £(».238  (£7.900). 
Interest  required  £2.200  (£2.210).  and  repayment  of  principal  £4.294 
(£4.136),  leaving  a  net  deficit  of  £255  (£l,.5.53)!  Total  costs  were  lO'Sd. 
(0-837<l.)  per  unit  .Mild,  or  l(>4:kl.  (l-369d.)  with  capital  chargr.s.  Units 
f;e!ierate<l  were  3.448,3.50  (3..595,.584)  and  sold  2.7.53.7SS  (2.887.8.57). 
.Maxinnim  load  was  1.142  kw.  (1.321  kw.)  and  load-fae|<ir  27r>t»  (2.5)  jkt 
cent. 

Mr.  K.  E.  Iloadlcy  (engineer  and  manager)  .says  in  his  rejmrt  coal  e«»st 
£2.019  more  and  strc<f  lighting  ])ro(hiced  £1,082  less  than  in  the  previous 
vcar.  The  power  load  was  over  57  )>cr  cent,  of  the  total  cmtput.  and  is 
ever  increasing.  an<l  the  heating  an<l  (cooking  business,  thouirh  throttle«l 
for  want  of  hirine  iiowers.  is  now  e.  l.-.hlished  on  a  firm  basis,  and  its 
sn<( fss  is  as<nr!'<l. ' 

Portsmouth,  -The  Cor|Mtrati(m  Irannvay  aeeotnits  for  the  \-ear 
endv^d  .March  '.'A  show  gross  ea|iital  exjienditure  £7:53.180  (inerease 
£2.57:<),  of  which  £31 1.994  is  rejiaid  or  in  sinking  fund. 

Hevenue  was  £l27..54(i  (a'jainst  t'123.991  in  ]»revious  yenr)  and  working 
expenses  were  t59.:5(iO  ( t:.56.S,S8).  (irants  to  dependents  of  i  n'lloyes 
serving  with  H..M.  l"oiie>  n>quired  £2.777.  interest  £21. (»71.  sinking  fund 
tlS,0.5.5.  and  in<  ome  t,ax  £4.713.  an<l  the  total  remaining  available  f<  r 
dis]iosa!  (including  interest  on  «  redit  balanee  £7.50.  and  anxaint  brouiiht 
forward  froni  last  ai  count  £9..56S)  wjis  £31.345.  After  appropriating 
sums  for  purchase  of  )iropcrty,  wagons.  \-e.,  (he  cont  ribut  iim  in  aid  of 
rates  was  £I3.0(NI.  to  renewal  £6.0(>0  and  reserve  and  insurance  £:J.O(K». 
.\verage  total  revenue  was  14-I0ld.  ))er  car-mile  .and  working  expenses, 
ineludini;  jmwef.  were  (i-.5.5(i<l.  (asainsr  .5-.599d).  Piiss<'Mg<-rs  ennied  wen- 
29.:»:»8.918.  var-miles  run.  2.170.778  (de<:rea.s<'  2H7.8I.3)  and  unitj*  us«h1 
3,(Hi<.i.S(i«i      1  2:U4  per  e.^r.Ulde. 

The  I  |i  1  trii  liiihiinj  aiiounts  show  gro.ss  capital  expenditure  £37:J,324 
(mi  If  a  e  17.i:5h).  of  whi<h  £2l8.ttlO  is  outstandu":.  Revi  nue  wa 
£.i0.t'm.»  |.  on»)>a.id  with  £."»l.ii07  in  jirevious  year),  working  exp<"  i^es  and 
special  <harce>  nmounti-d  to  £3.'>.820  (£29.247).  leaving  gruss  profit 
£14.784  (€22.:5tiO).  Instalments  of  principal,  interest  and  in<  ome  tax 
requirinl  £22.o72  (£22.360).  and  to  make  up  this  amount  £7.288  h.Ts  btn-n 
tranxferre*!  from  re-yrve.  Cnit>  gemnalixf  were  4.ii01.s60  and  sold 
3.<''03.S(iO,     Total  maximum  sup])ly  demanded  was  2.4'.^  kw. 

Reigate.  The  aeeount.s  of  the  cloetrieity  department  for  the  ye«r 
-inleii  Man  h  ;il  show  gii^!«4  eapit.il  »xprndituiv  £57.:i9y  (increase 
i,r.»;}>.  oi  whi''-  '  "  •"(7  ,,^  out. -standing.  " 

He^entie  w<  I .  onip.aii-il  wn'h   f7.9.'S3  ip   prAvious  voar)  and 

w  ...  ^  profit 

£•-  ,...;--  _       ,-it. 
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Yarmouth.  -At  tho  incoliiig  of  llic  (  uiuuil  last  week  the  Trainwiiys 
Coiiiiiiittcc  reported  that  the  mouth's  takings  (i;2,2()r))  wi-w.  tl  17  lc,,;i 
(hail  thosi;  oftlie  corrcspoiHliiig  month  hist  year. 

Coiini^illor  IMinDi.KTiiN  moved  llui.t  th(;  fares  hr  i('(hi(ril  to  hJ.,  us 
niori-  |»()|)le  woiilfl  iis(!  [hv.  Iruii's  if  i'aios  wvvc  rcdiKol. 

Councillor  TiNHKinc;!',  said  tho  tramways  would  n</t  i»ay  iinh  ^s  hitdicr 
f fives  were  ehargcd.  In  no  other  town  could  people  fjet  a  2^  mile  rifle  fnr 
Id.  The  committee  had  to  ])ay  more  for  current,  arMl  liiercibrc  had  to 
charge  more. 

The  chaiimau  (Councillor  Salmon)  said  expenses  had  gone  up  in  all 
directions.  There  were  good  long  runs  for  Id.  Moreover,  a  discount  liad 
heen  given  by  the  sale  of  12  tiikets  for  10<l..  which  neaiiy  gave  a  1  ,Ul. 
fare  over  tho  whole  tlistanco.  He  ho])cd  the  public  would  agree  to  the 
present  faros. 

The  motion  wa^  tJien  withdrawn. 


I  ion  tmiii  (lie  (!r>veriimt:iit  for  Ihi;  iim;  of  anuiiilHir  of  the  ronipany'K eoa«t 
stations  taken  over  by  the  Uepardiient  of  Naval  Servicfr  since  the  coiii- 
im-nccinent  of  hostilitie-,  and  for  other  services  rendered  is  still  under 
consideration,  and  a'l  equitable  settlement  i«  awaitfd  in  the  near  future. 


COMPANIES'  MEETINGS  AND   REPORTS. 


CHADBURN'S  (SHIP)  TELEGRAPH  CO.  (LTD.)— The  directors'  report 
for  tho  year  ending  March  31,  I'.lKi,  shows  balance  at  credit  of  the  profit 
aid  loss  account  £2-1,794.  8s.,  from  which  is  deducted  managing  directt)rs' 
remuneration,  directors'  expenses,  depreciation  on  properties,  plant,  &c., 
£14,970.  15s.  9d.,  leaving  £9,823.  12s.  3d.,  or,  with  the  balance  brought 
forward  from  last  year,  £1,101.  3s.  9d.,  £10,924.  16s.  From  this  amount 
£5,400  mustr  be  deducted,  representing  two  half-yearly  dividends  at  the 
rate  of  £(i  jicr  cent,  per  a^num  on  the  preference  shares,  and  an  interim 
dividend  at  tho  rate  of  £0  per  cent,  per  annum  on  the  ordinary  shares 
absorbed  £5,400,  leaving  £5,524.  16s.  Out  of  this  sum  a  further  dividend 
oil  the  ordinary  shares  at  the  rate  of  £10  i)er  cent,  per  annum,  less  tax, 
has  been  paid,  for  the  half-year  ended  March  31,  making  adiviclend  of  £8 
per  cent,  per  annum  for  the  12  months,  and  £2,524.  16s.  is  carried  forward. 

CLYDE  VALLEY  ELECTRICAL  POWER  STORAGE  CO.— The  profits  for 
the  {)ast  half-year,  including  £12.012  br(jught  foiward,  amount  to  £52,934. 
After  transferring  £17,500  to  depreciation,  &c..  and  transferring  £3,835 
to  special  reserve,  it  is  proposed  to  pay  a  dividend  of  \^  per  cent.,  tdx 
free,  on  th(>  ordinary  shares,  and  carry  forward  £15,456. 

ELECTRIC  SUPPLY  CO.  OF  VICTORIA  (LTD.)— The  report  for  the  year 
ended  March  31  states  that  the  equivalent  of  166,253  33-watt  lamps  was 
connected,  against  150,132  in  1915,  and  tho  tramway  dejiartment  carried 
4,877,325  passengers,  against  5,177,368.  The  year's  revenue  was 
£86,080  (against  £86,800).  and  exi)cnditiu'e  was  £55,378  (against  £56,990), 
leaving  £30,702  gross  jirofit  (against  £29,810).  As  in  the  ])receding  year, 
the  progress  of  tlie  company  has  been  adversely  affected  by  the  prevailing 
war  conditions.  The  directors,  therefore,  consider  that  the  returns  for 
the  past  year  may  ho,  looked  upon  as  satisfactory.  The  balance  to  credit 
of  profit  and  loss  accoujit  is  £28,944,  and  with  £1,999.  15s.  lOd.  brought 
forward  the  total  is  £30,944.  3s.  5d.  Deducting  debenture  interest 
(£7,742)  and  amount  transferred  to  debenture  stock  redemption  account 
(£6,547),  the  balance  is  £16,655,  which  the  directors  propose  dealing 
with  as  follows  :  To  pay  on  account  of  arrears  of  preference  dividentl 
£10.222.  10s.,  and  to  carry  forward  £6.432.  18s.  5d. 

HAMPDEN  CLONCURRY  COPPER  MINES  CO.  (LTD.)— The  report  for  half 
year  ended  Feb.  29  last  states  that  the  whole  of  the  company's  output  of 
copper  is  now  refined  at  the  works  of  the  Electrolytic  Refining  &  Smelting 
Co.,  of  Australia,  at  I'ort  Kembla.  Early  in  the  year  the  com])any  dis- 
posed of  its  producticm  of  electrolytit'  copper  to  the  British  ^Munitions 
.Department  till  (he  end  of  1916.  The  refinery  is  not  yet  able  to  refine 
electrolytically  the  whole  of  the  outjjut.  and  the  excess  is  fii'e-refined.  The 
necessity  for  the  extension  of  the  works  of  the  Electrolytic  Refining  & 
Smelting  Co.  to  accommodate  output,  furnished  an  opportimity  for  the 
company  to  participate  in  the  undertaking  by  acquiring  4,0()0  shares.  In 
association  with  the  Mount  Morgan  Gold  Mining  Co.,  the  Electrolytic 
Refining  &  Smeltmg  Co.  of  Australia,  and  the  British  Insulated  &  Helsby 
Cables  (Ltd.),  the  company  is  participating  in  the  Metals  Manufacture's 
(Ltd.),  which  has  been  formed  to  manufacture  all  classes  of  copper  wire, 
copper  tubes,  .sheets,  &c.  The  works  will  be  situate  adjoining  the  elec- 
trolytic works  at  Port  Kembla. 

MARCONI  'WIRELESS  TELEGRAPH  CO.  OF  CANADA  (LTD.)— The  re])ort 
of  this  company  for  the  year  ended  .Jan.  31  last  states  that  the  business 
continues  to  show  substantial  expansion.  The  most  gratifying  feature 
during  the  year  has  been  the  steady  development  of  the  compar.y's 
Transatlantic  traffic.  Th(>  work  being  done  by  the  Glace  Bay  station 
in  maintaining  direct  communication  between  Canada  aiid  Europe 
shows  a  satisfactory  increase.  The  value  of  Marconi  wireless  during 
isolation  of  any  country  owing  to  interruption  of  cable  communication 
has  been  demonstrated  on  two  occasions  during  the  past  year,  when  the 
business  community  of  Canada  was  to  a  large  extent  dependent  on  the 
Marconi  serviee  between  Glace  Bay  and  Ireland.  The  comjiany's  plant 
in  Montreal  l\as  been  kept  fully  occupied  in  supplying  the  dcma-ad  for 
additional  installations  on  board  shijis  and  eommercia!  stations,  as  well 
as  in  meeting  increased  Government  requirements.  Wireless  stations 
on  board  ship  are  now  being  viewed  with  favour  even  on  vessels  exempt 
tioiu  coiniiulsory  equipment.  Some  2,300  mercantile  vessels  have  been 
(ittwl  with  wireless  stations  by  the  various  Marconi  companies.  The 
company  has  established  divisional  offices  and  stores  in  the  more  ini- 
jior(a:it  centres  of  St.  John": ,  Newfoundland,  Toronto  wrd  ^'ancouver. 
A  school  of  instruction  for  operator.?  has  been  established  in  Montreal. 
Th?  adverse  effectcaused  to  ths  company's  normal  traffic  to  and  from  .«hips 
owiiig  to  the  censorship  has  continued  in  evidence.     The  basis  of  remun'era- 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 

NEW  COMPANIES. 

W.  COX  (MANSFIELD)  (LTD.)  (144,844).— Reg.  Sept.  13,  capital  £5<J0 
in  £l  shares,  to  carry  on  the  business  of  gas,  electric  light,  hot  water  and 
sanitary  engineers,  bellhangers,  &c.  First  fliref:tors  \V.  Cox  and  (i.  C. 
Knight  (l)oth  iiermanent).     Secretaiy  :    F.  H.  Sjm-ikley. 

C.  S.  HOOK  &  CO.  (LTD.)  (144,815.)— Reg.  Sept.  9,  capita!  £4,000 
in  £1  shares  (2,000  •  A  "  an<l  2,000  -  B  "),  to  carry  on  the  business  of 
engineers,  manufacturers  and  sup[)licrs  of  and  dealers  in  power  trans- 
mission, factory  or  works  e(iuij)m(!nt,  ineluding  shafting  and  i)ulle\s  of 
all  kinds,  hangars,  pinmmer  block.s,  beltings,  packings,  pipes,  &c.  Pri- 
\at;-  company. 

LATIN  AMERICA  CHAMBER  OF  COMMERCE  IN  GREAT  BRITAIN  ( 144,797) 
Reg.  Sejit.  7,  as  a  company  not  formed  for  profit  and  limited  by  guar- 
antee, with  not  more  than  1,000  members,  each  liable  for  one  guinea  in 
event  of  winding  u]),  to  promote  and  extend  the  trade  and  financial 
relations  between  the  U.  K.  and  the  South  and  Central  American  and 
Mexican  Rci)ublics  ;  to  prc;mo(;e  the  industries  and  the  exploitation  of 
the  natural  resources  of  the  said  Republics.  The  word  "  Limited  "  is 
omitted  from  title  by  licence  of  Board  of  Trade.  The  management  is 
vested  in  a  Council,  the  fii'st  members  of  which  are  H.  Le  Marehant. 
P.  J.  Machin,  A.  B.  Legina,  J.  H.  R.  Kemnial,  R.  Shenton,  J.  A.  Hill  and 
A.  R.  Davies.  Secretary  :  W.  M.  Elli-s.  Reg.  office :  1,  Gresham- 
buildings,  Guildhall,  E.C.' 

NOTABLE  ELECTRIC  CO.  (LTD.)  (144,824).— Reg.  Sept.  11,  capital £100 
in  £1  shares,  to  take  over  business  carried  on  at  30,  Margaret-.street, 
Oxford  Circus,  W.,  as  the  Notable  Electric  Co.,  and  to  carry  on  business 
of  manufacturers  of  and  dealers  in  drawn  wire,  metallic  filament  and 
otiu-r  lamps  of  all  kinds.  &c.      Private  company. 

ORMANDY  &  SCOTT  (LTD.)  (144,833).— Reg.  Sept.  12,  capital  £4,000 
in  £1  shares,  to  take  over  business  of  motor  garage,  and  proprietors, 
hirers,  repairers,  &c.,  of  and  dealers  in  motor  'buses,  cars,  cycles,  taxi- 
cabs  and  motor  vehicles,  contractors,  mechanical,  marine,  electrical  antl 
general  engineers,  &c.,  carried  on  by  Ward  &  Scott  (Ltd.),  at  Carlisle- 
street,  Barrow-in- Fulness.  Private  company.  First  directors  are 
S.  Scott  and  R.  O.  Cooke.  Reg.  office:  Carli.sle-.street,  Barraw-in- 
Fnrjiess. 

W.  R.  THORNTON  &  SON  (LTD.)  ( 144,7S7.)—Reg.  Sei)t.  fi.  capital 
£5,000  in  £1  shares,  to  take  over  the  business  of  engineers'  furnishers 
and  electrical  engineers  and  contractors  tor  and  dealers  in  mechanical 
an<l  electrical  apparatus  and  appliances  carried  on  by  the  e.\ecutors  of 
W.  R.  Thornton  as  \V.  R.  Thornton  &  Son.  Privat3  company.  First 
directors  are  W.  R.  Thornton  (permanent  man.  director,  subject  to  hold- 
ing 50  shares)  and  A.  Haynes. 

MORTGAGES  AND  CHARGES. 

YORKSHIRE  CABLE  CO.  (LTD.) — Charge  on  moneys  due  from  War  Office 
under  contracts  for  supply  of  electric  cables,  djited  Sept.  1,  1916.  to  secure 
all  moneys  due  or  to  become  due  from  Lloyds  Bank  (Ltd.),  Lombard. 
street,  E.C.,  and  Bradford,  not  exceeding  £4,000. 


CITY  NOTES. 


MEMORANDA  (Sept.  20). — Bank  rate  6  percent,  (since  July  13,  1916), 
Consois  59f.  Consols  Pay  Dav.  Get.  4.  Stocks  and  Shares  Ticket  Days, 
Sept.  28  and  Oct.  12.  Pay  Days,  Sept.  29  and  Oct.  13.  Price  of 
silver,  32 1. 

BISHOP    STORTFORD,  HARLOW  &  EPPING  GAS  &  ELECTRICITY  CO. 

At  the  recent  meeting  the  chairman  (Mr.  E.  L.  Biuton)  saitl  that  they  had 
com])lctcd  their  ekn^tricity  plant,  which  was  now  quite  ready  for  working. 
It  was  a  matter  of  regret  that  circumstances  over  which  they  had  no 
control  had  hitherto  prevented  the  c()mpa:iy  af  ording  a  sup^ily  to  eon- 
sumers  in  Bishop  Stortford. 

BRITISH  ALUMINIUM  CO.  (LTD.)— Dividends  at  the  rate  of  8  per 
cent.  |ier  annum  (less  (a\)  on  (lie  ordinaiy  shares  and  at  the  rate  of 
t)  per  cent,  per  annum  (less  tax)  on  the  preference  shares  for  the  six 
months  ended  June  30  are  to  be  prvid  o\\  Ort.  1. 

BRITISH  INSULATED  &  HELSBY  CABLES  (LTD.)— The  directors  have 
declared  an  interim  dividend  of  5  per  cent,  for  the  half-year  ended 
June  30,  less  tax. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  number  of  units 
sold  to  consumers  during  the  four  weeks  ended  July  28,  1916,  amounted 
to  2,020,532.  compared  with  1,972,641  during  the  conesponding  four 
weeks  of  1915. 

COMPANIES  TO  BE  STRUCK  OFF  THE  REGISTER.  -  The  following  c<uu- 
l)anKs  will  be  struck  otl'  tin;  Reuister  ot  Joint  Stock  Companies  unless 
cause  to  the  contrary  be  shown  before  Dec.  12  :  C(unmercial  &•  General 
Engineering  Develo|>ment  ('o..  International  Power  &.  Light  Trust, 
Research  Laboratory.  Rochdale  Electroplating  Co. 

The  following  will  be. struck  of!  the  Register  unless  cause  to  the  con- 
trary is  shown"  before  Dec.   15:    Auto-Electrics,  Auto-Flash  Sign  Co., 
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Cable  (Jonstniction  .Svn<l.,  firindcll-Matthews  Radio])hone  Synd., 
Llanidloes  Electric  Lighting  Co.,  Scientific  Researches  Co.,  Turbiro 
Engine  ifc  Pumj)  Co.,  Wireless  Telephones. 

DICK,  KERB  ft  CO.  (LTD.)— A  dividend  of  0  i)cr  cent,  per  annum  on 
the  ])referen(e  f-harcs has  been  declared. 

DIRECT  SPANISH  TELEGRAPH  CO.  (LTD.)— The  board  have  decided 
to  pay,  in  addition  lo  the  dividend  at  the  rate  of  10  per  cent,  per  annum 
on  the  preference  shares,  an  interim  dividend  at  the  rate  of  4  i)er  cent, 
per  annum  (ta.x  free)  on  the  ordinary  shares,  both  for  Ihc  half-jcar  er.ded 
June  30,  1910,  and  payable  on  Oct.  2. 

EASTERN  TELEGRAPH  CO.  (LTD.)— A  dividend  at  the  rate  of  :Ji  per 
ee.'it.  ]i.iv  annum  (loss  tax)  (jn  the  jireferent  c  stock  for  llie  quarter  er,<ling 
Se))t.  30,  and  the  second  quarterly  interim  dividend  of  1  i  per  cent,  on  the 
ordinary  stock  (tax  free),  will  be  jjayablc  on  Oct.  10.  The  tranf-fer  books 
of  th(!  ordinary-  stock  will  be  closed  from  Oct.  0  to  14  inclusive. 

FOLKESTONE  ELECTRICITY  SUPPLY  CO.  (LTD.)— The  directors  have 
dr-cluK  (I  an  int(  ri/M  dividend  at  the  laUr  of  0  jicr  cent.  i)er  annum  (3s.  per 
share),  less  tax,  on  the  ordinary  fhares  for  the  jast  half-year. 

LANCASHIRE  DYNAMO  &  MOTOR  CO.  (LTD.)— An  interim  dividend  on 
the  oi(lifiL,.y  shares  of  .'i  jxr  < «  nt.,  la.\  free  has  been  declared  (against 
3  ])er  cent,  for  the;  corre.'-])onding  ])erio<l  of  last  year). 

LIVERPOOL  DISTRICT  LIGHTING  CO.  (LTD.)— An  interim  divider.d  at 

rate  of  1  jHi  ( (III.  bus  Iki-ii  d((  hiiid  for  the  half-year  ended  June  30. 

SIR  W.  G.  ARMSTRONG,  WHITWORTH  &  CO.  (LTD.)— An  interim 
dividen<l  has  heen  declare<l  for  the  half-year  ended  June  30  at  the  rate  of 
10  ])er  cent,  on  tJie  ordinar>'  sJiares,  4  jier  cent,  per  annum  on  the  first 
jireference  shares  and  .')  jier  cent.  ])er  annum  on  the  second  preference 
bharcs. 


ELECTRICAL  COMPANIES'  SHARE  LlSl.— Continued. 


METAL  PRICES. 

Messrs.  J.  B.  Carnham  &  Sons,  132, UppcrThames-street, London,  E.G.,  quote  under 
date  S?pt.  19,  thefollowineasthe  present  basis  prices  of — 


Per  ton 

EnglUhLead £00  10    0 

Antimony  Nominal. 

Old  Metals.  Per  ton. 

Clean  Copper  Scrap £104  10    0 

Clean  Brass  Scrap     .;....       64 
Bra:iery  Copper  Scrap  ...       88 

Old  Lead 2(} 

Old  Zinc 39 

Hollov/ Pewter 125 

Black  Pewter  25 

Gun  Metal 83 

Mr.  A.  Joseph,  Earl-street,  London-road, Southwark, London, S.E.,  qucles  undei  date 
Sept.  19,  the  following  approximate  prices  of  Scrap  Metalg: 

Per  ton . 

Aluminium  Cuttings  £110    0    0 

Clean  Mixed  Brass 64    0    0 


New  Metals.  per  lb. 

Solid  Drawn  Brass  Tubes 15Jd. 

Solid  Drawn  Copper  Tubes 18Jd. 

Brazed  Copper  Tubes    I8id. 

Brazed  Brass  Tubes 17Jd. 

Brace  Wire    )51d. 

Copper  Wire 18d. 

Rolled  Brass 14Jd. 

Brass  Sheete Ibid. 

Per  ton. 
Spelter £56     0    0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Per  ton. 

Old  Lead       I,7^l^i"".*^" 

\  English  lead  price 

Old  Zinc 38    0    0 

Hollow  Pewter 130    0    0 

Shaped  Black  Pewter   90    0    0 

Mr.  Joseph  can  supply  solder  at  the  'ollowinp  prices  per  ton  :  Plumber's  Solder  (in  bar 

oritrip\£aO;  Commercial  Tinman's  Solder,  £97,  Blowpipe  Solder,  £107. 


Clean  Copper 102    0    0 

Braziery  Copper 88    0    0 

Gun  Metal 85    0    0 


ELECTRICAL  COMPANIES'  SHARE  LIST. 

W'e give  l)eiow  I  lie  latest  prices  at  which  actual  transactions  took  place 
on  or  before  Tuesday,  iScpt.  i'J. 


I 


Last 
Divi- 
dend 


10   6 
10   Ai% 


10 
5 
6 

St. 

St. 
6 
fi 
5 
5 

St. 
10 


NAME. 


10 

4% 
2/3 
5% 

'I 

8% 
10   6'0 
St.  1  5% 


Electricity  Supply. 

Bournemouth  &  Poole  E.L.  Ord. 

Do.    4J%Cum.  Prcf 

Do.    6';oCum.  2nd  Prof. 


Prtet,         Rate 
Tuei.,     'per  cent. 

Sept.  19   JYlELDED. 


St.  I 

10 

10 

St. 

St. 

St. 

5 

St 

5 

St. 

6 

St. 

St. 

St'. 


1"/ 

D7o 
4 
4 
4 

7' 
*<• 

b\ 

'  ,0 
TO 
O     O 

5% 


Brnmptoti  &  Kcnsingtor  Ord 

Do.    7%  Pief 

C<«n tr.nl  Elec.  Supp.  G.  Deb.  St 

Chat  In  g  Cross  West  End  JcCity  Dobs. . 

Do.    4|  Prcf 

Do.    Ord 

Do.    City  Pref 

Chelsea  Elcc.  Supp.  Co.  Ord 

Do.  do.  Deb 

City  of  London  Elec.  Lt.  Ord 

Do.    6%  Pref 

Do.    5%  Deb.  St 

Do.    4^  Debs 

County  of  London  Ord 

Do.    6%  Prcf 

Do.     Lit  Dob 

Do.    2nd  Deb 

Edmundson's Elec. Supp. 4i% Debs.   . 
Kensinrton  &  KnightsbridgeOrd 

Do.     D"''   '^'  

London  I  ,  Pref 

Do.     4",.  

Mftropolit;*!!  t.  Supp.  Ord 

Do.     U»  M"rt.  Deb 

Ml. II      ■  ■■■      i>.rpn.  I.'.  ■  ' 
No.'  'i5«.  E.L.  ' 

Nr***...  ;,  '■■  ■■-•-■  •■  •     „,  ,■  s,.  I  ,,    .- 

NotihM  Supp- 6%  Ptef 

S^ulh  L::        .    _. 


8,i 

8* 

^1 

<)« 

7 
BO 
80 

31 

3J 

it 

85 

121 

104 

m 

80 
10  tt 
101 
86* 
84 
731 
5A 

85 
21 
80 
99 
99i 
92 
M 


£  s.  d. 
7    4    4 

5  11 

6  3 

7  6 
5  0 
5    0 

5  0 

6  10  II 

7  2  10 
6  18  6 
6    8    7 

5  S  11 

6  6  6 
5  13     7 

4  17    6 

5  2    6 

6  9    6 


5  15    8 


5    4 

5  7 

6  2 
6  11 

5  1 

6  13 

4  14     1 

5  9     1 
5  116 

5  1     0 

6  0   e 


Dividend 
Due. 


8  8 
3  10 
2    3 


Mar.,  Sept. 
Feb.  Aufi. 
Feb,  Aug. 
Mar,  Sept 
Mar.  Aug 

Jan,  July 

Aug.  Feb 
Jun.  Dec 
Mar,  Sept 
Jan,  July 
Feb,  Aug 
Mar.  July 

iun,  Dec 
un,  Dec 
Mar,  Sept 
Feb.,  Aug. 
Ian,  July 
May,  Nov 

July 
Feb,  Aug 
Jan.  July 

Jan.  July 
Mar,  Aug 
Jan,  Jutv 

Jan,  J-:' 
Mar.  :-  .  • 

r.-  •  • 
!.; ,  •. 


m  'Last 
K  Divi- 
w   Idenc 


5 
5 

St.  I 

St. 
1 
5 


NAME. 


8% 

7% 

3i% 

4i% 

8% 

7% 


5    4J« 


St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
10 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St. 
St 
St. 

1 

1 
1 

100 

1 


J 

St 
2 

100 

St. 
5 
5 

St. 
1 
5 

St. 
1 
1 

St. 

10 

10 

5 

5 

St. 
10 
10 
12 

100 
1 
1 

St. 

100 

St 

St 


5% 

6% 

4% 

4% 

4J% 

4% 

4% 

5% 

U% 

4% 

4% 

1% 

3i% 

34% 

3i% 

3i% 

4% 

4J% 

6% 

4% 

4% 

4% 

15% 
6% 
7% 
5% 
6% 
171% 
3/0 
6% 
4i% 
7i% 
6% 
4% 
20% 

CO/ 

O  /o 

4}% 
6% 

4% 

7i°/ 

7% 

4% 

10% 

6% 

20% 

2/3 

4J% 

10% 

5% 

20% 

4% 

7i% 

6d. 

4% 

4i% 

4|% 

4% 


Electricity  Supply — cont. 

St.  Jame;'  &  Pail  Mall  Ord 

Do.  do.  Pref 

Do.  do.  Debs     

Urban  Elec.  Sucp.  4J%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen .  Stations . 
Westminster  E.S.  Corp.  Ord 

Do.     4iCuT..  Prs: 

Electric  Railways  and  Tramways. 

British  Elec.  Traction  5%  Debs 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented. Ord.  . 
Do.        do.        Assented  Def.  Ord.  . . 

Do.     4J%Pref 

Do.    4%  Deb.  St 

City  &  S.  London  Deb 

Do.     Pref.  1896 

London  Electric  Ry.  Ord 

Do.     4%  Pref 

Do.    4%  Debs 

Metropolitan  Ry.  Con.  Ord 

Do.    3J%  Pref 

Do.    3}%  Convertible  Pref 

Do.    3i%ADebs 

Do.    3J%  Debs 

Metropolitan  Di;t.  Ry.  Ord 

Do.     4%  Prior  Lien    

4i  First  Pref 

6%  Perp.  Debs 

4%  Debs 

4%  Debs.  (1903-5) 

4%  Guar.  Stock 


Do. 
Do. 
Do. 
Do. 
Do. 


Electric  Manufacturing,  &c. 


St. 

St. 

St. 

10 

10 

5 

10 

St. 

St. 

St. 

St. 
10 
10 
25 
1 
1 
10 
10 
10 

St. 


St 
St. 


30/0 
U% 

CO/ 
*>  /O 

10% 

5/0 

4% 

8% 

3}% 

4% 

4% 

8% 

....  „ 

1 


Babcock  &  V/ilcox  Ord 

Do.     6%  Pref 

Brit.  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Do.     6%  Cum.  Pref 

Britiih  L.M.  Ericsson  Mfg.  Cm.  6%  Pref. 

Britirh  Thomson-Houston  Db 

Brit.  Westinehouse  Pref 

Do.     6%  Prior  Lien  Debs 

Do.    4%  Mort.  Deb.  St 

Callender's  Cable,  &c.,  Co.  Ord 

Do.     5%  Pref 

Do.     44%  Debs 

Dick,  Kerr  &  Co.  6%  Pref 

Edison  &  Swan  U.  Elec.  Lt.  A.  £3  pd. . . 

Do.     4%  Deb 

Elec.  Construction  Ord 

Do.     7%  Cum.  Pref 

Do.    4%  Debs 

General  Electric  Ord 

Do.    6%  Pref 

W.  T.  Henlev's  Telegh.  Wks.  Co.  Ord.  . 

Do.    4J%  Cum.  Pref 

Do.    4}%Db 

India  Rubber,  G.P.  &c.,  Ord 

Do.    Pref 

Telegh.  Con.  &  Main.  Co 

Do.    4%  Debs 

Vickers  Ord 

Do.    5%  Pref 

Do.     1st  Debs 

Do.     4J%  2nd  Debs 

Willans  &  Robinson  B.  Cm.  Pref 

Do.     1st  Mt.  Deb.  St 

Telegraphs. 

Anglo  American  6"o  Pref.  Ord 

Do.     Def.  Ord 

Commercial  Cable  4%  Debs. 

Cuba  Submarine  Ord 

Do.     10%  Pref 

Direct  Span i.'^h  10%  Pref.  .'. '. 

Direct  UnileJSt.ites 

Eastern  TrI.  Co.  Ord 

Do.    3!"u  Fief ' 

Do.     4".,  Deb.-, • 

Eastern  Extc.ision  Tel.  Co.,  4%  Debs. 

Do.    Ord 

Gt  North-rnTcl. Co.WithCoup.il... 


Ics.sTel.Co. 


i 'an  am  a  Ord. 


5 
5 

St. 

10 

10 

100 

too 

5 

St. 
10 

St. 
5 
5 


4i% 


<"2 
4»% 

8% 

4t 

6% 

5*„ 


3/0 
5% 

6/0 


.Co 

S; 

Wuoteili  Ui.i'  ■    '■■''  ■  ;     B  i;  . 

Telephones. 

•  Ord. 

Ord... 


Ervpt  Db.  St 

^.   ,.v..  i- ...    Plate  Ord 

Do.    5%  Cum.  Pref 

Do.     Dr!-    ."^iV    

Financial  and  Investment. 

r:.r\  r  T.  -       ,-  T:i,.; 


Price 
Tuet., 
Sept.  19 


nies'Common    

"i 

le  Trust  Certs. 

Colonial  and  Foreif  n  Electric  S 

AdcUl  'r    ]r        ■^.  ^-   ■   ;  .    ,-r^^   p., 

Dr  

Bor  '-T.6%Pr«f 


Ord. 


61 

5J 
74 
72} 

lA 

4i 

86 

80i 

72 

72 

82J 

76 

74} 

TOi 

66 
751 
24i 
62J 
59i 
67i 
68i 
18 
75i 
73 
109 
73 
75 
70i 

3^^ 
Hk 
lA 
93 1 

]i 

12J 
5A 

ft 

91 

2" 
102i 
67i 
121 

4i 
86 

6U 

68 
14i 
9  A 

:6ii 

4 
88^ 
12, V 

71 

39J 
951 
li 

8U 
99i 
4U 
561 

lOli 
23  J 
70* 

8', 
15» 

7* 

6i 
145 
bbi 
791 
78  .  - 
141 
421 
49} 
3,V 

8 

ISA 

77 
99i 

Vi 

79 

83 
6« 
A\i 

851 

12« 
101 
85| 
70 
125 

upply,  & 

Mi 

94 1 

101 

S3 
6i 
4iV 


Rate 

per  cent.I 
Yielded. 


Dividend 

Due. 


£ 
6 
5  19 


s.  d. 
5    6  1 


14 

4 


2 

8 
7 

6  14  8 
5  10  11 
5    4     1 


5  16 
7  9 
5  11 
5  11 
5  9 
5  5 
5  7 
7    1 

5  14 

6  1 
4  19 

4  0 
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to  meet  the  interest  and  sinking  fund  pa\Tnents  of  the  city,  and 
the  possibility  of  any  ultimate  profits  to  the  city  is  remote 
But  the  city  authorities  are  determined  to  provide  adequate 
travelling  facilities,  and  they  have  made  up  their  minds  to  do  it 
properly,  even  if  it  entails  a  charge  upon  the  rates. 
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M^OHTE  S. 

Enlightened  Finance. 

In  some  respects  it  is  a  little  unfortunate  that  one  must 
judge  a  business  undertaking  by  its  balance  sheet.  This 
applies  with  particular  force  to  tramways.  Owmg  to  defec- 
tive legislation,  to  bad  engineering  and  to  the  foisting 
of  ill-considered  schemes  on  the  public,  the  latter  rightly 
feel  that  they  are  hardly  used  when  they  fail  to  secure  a 
return  on  the  money  which  they  have  invested.  Notwith- 
standing the  unsatisfactory  financial  position  of  many  of  the 
tramway  and  railway  undertakings,  it  is  due  in  large  measure 
to  these  that  life  in  our  large  cities  and  towns  is  possible.  For 
this  reason  the  question  as  to  how  far  a  tramway  or  railway 
company  is  entitled  to  receive  assistance  from  the  local  autho- 
rity is  an  important  one.  The  matter  was  referred  to  by  Mr. 
J.  M.  McEleoy,  at  the  Conference  of  the  Municipal  Tramways 
Association,  in  his  Paper  on  "  Some  Notes  on  Passenger 
Transportation  is  Large  Cities,"  of  which  we  give  an  abstract 
elsewhere.  It  appears  that  in  New  York  the  total  outlay  on 
the  underground  and  elevated  lines,  when  the  extensions  are 
fully  completed,  will  be  £137,000,000.  This  capital  is  being 
piovided  equally  by  the  city  authorities  and  operating  com- 
panies. The  latter  are  to  get  out  of  the  revenue  all  their  op- 
erating expenses  and  6  per  cent,  upon  their  investments,  and 
out  of  the  balance  the  city  is  to  get  the  interest  on  its  m vest- 
ment plus  1  per  cent,  for  sinking  fund,  and  if  there  is  anv  profit 
after  these  payments  have  been  made  it  is  to  be  divided  equally 
between  the  city  and  the  companies.  In  Mr.  McElroy's  opmiou 
It  is  doubtful  whether  there  will  be  the  available  net  revenue 


Goods  Traffic  on  Tramways. 

The  second  Paper  at  the  Conference  of  the  Municipal  Tram- 
ways Association  was  read  by  Messrs.  G.  W.  Holford  and 
W.  Clough,  and  dealt  with  the  Utilisation  of  Tramways  for 
Groods  Traffic.  Owing  to  the  unsatisfactory  position  of  many 
tramways  at  the  present  day  their  utilisation  for  goods  traffic 
is  a  subject  of  some  importance.  It  is  desirable  to  increase 
the  revenue-earning  capacity  of  such  undertakings  if  possible. 
In  some  cases,  as  mentioned  by  the  authors  of  the  Paper,  it 
has  been  possible  to  arrange  definite  contracts  for  the  carrs'ing 
of  material  from  one  point  to  another,  and  for  this  purpose  it 
has  generally  been  necessary  to  put  down  special  sidings  for 
handliag  the  material  at  the  two  extreme  points.  It  is  not  at 
all  improbable  that  a  satisfactory  and  remunerative  contract 
may  be  made  under  these  conditions.  When,  however,  we 
come  to  ordinary  traffic  in  parcels,  it  is  altogether  a  different 
matter.  Here  it  is  improbable  that  the  public  will  be  satisfied 
to  hand  in  a  parcel  at  a  definite  depot  and  to  fetch  it  from  some 
other  depot.  It  is  quite  possible  that  a  considerable  amount  of 
traffic  might  be  carried  on  by  means  of  receiving  depots  if 
that  were  the  only  impediment,  but  it  is  the  delivery  of  parcels 
that  presents  the  greatest  difficulty.  If  a  tramway  imder- 
vaking  decided  to  provide  for  the  delivery  of  parcels  the  under- 
taking would  then  be  saddled  with  a  considerable  department 
f  )r  this  sole  purpose,  and  it  is  questionable  whether  a  suit- 
ably popular  tariff  would  prove  truly  remimerative.  The 
difficulty  in  dealing  with  a  subject  of  this  kind  is  that  a  tram- 
way is  not  primarily  concerned  with  such  business,  and  may 
be  open  to  competitors  with  professionals  in  such  matters,  thv.'y 
themselves  being  merely  amateurs. 


An  Imperial  Trade  Bank. 

The  Report  to  the  Board  of  Trade  by  the  Com.mittee  ap- 
pointed to  investigate  the  question  of  Financial  Facilities  for 
Trade  has  been  issued  very  promptly,  and  marks  an  important 
step  in  public  opinion.  It  is  well  known  that  the  industrial 
banks  in  Germany  have  done  much  to  promote  German  trade, 
and  altnough  everyone  may  not  agree  that  the  ultimate  result 
for  Germany  was  bll  that  was  desirable,  it  must  nevertheless 
be  admitted  that  the  industrial  bank  filled  a  gap  which  is  very 
noticeable  in  this  country.  In  the  Report  to  which  we  have 
referred  a  strong  recommendation  is  made  that  an  Imperial 
Trade  Bank  should  be  established  with  a  capital  of  £10,000,000 
in  order  to  assist  British  firms  on  sou-id  finaucial  lines.  There 
are  a  great  many  transactions  which  are  desirable  and  which 
are  financially  free  from  serious  risk,  but  which  nevertheless 
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are  outside  the  ;5cope  of  operations  of  the  usual  joint-stock 
bank,  and  we  think  rightly  so.  Let  our  banking,  which  has  a 
very  high  reputation  in  the  financial  world,  remain  as  it  is ;  but 
this  is  no  reason  why  there  should  not  be  an  industrial  bank 
with  Government  assistance,  an  institution  which  would  deal 
with  such  financial  propositions  as  our  present  banks  cannot 
handle.  For  this  reason  we  welcome  the  recommendation  of  the 
Committee  that  an  Imperial  Trade  Bank  should  be  estab- 
lished without  delay. 


The  Institution  and  the  City  and  Guilds. 

In  our  Correspondence  columns  we  publish  a  letter  from 
Messrs.   Lundberg  &   Sons  dealing  with  the   Inscitution   of 
Electrical   Engineers   and   the   City  and   Guilds   of   London 
Institute.      "With  mo.st  of  the  letter  we  are  in  hearty  agreement. 
We  liave  long  felt  that  both  the  Institution  of  Electrical  Engi- 
neers and  the  City  and  Guilds  of  London  Institute,  while  doing 
work  of  inestimable  valae,  do  so  without  the  assistance  of  the 
big  drum.     In  consequence  the  man  in  the  street  knows  lictle 
of  the  activities  of  either  body.     It  is  to  be  regretted  that  on 
account  of  the  war  the  prizes  and  medals  given  by  the  various 
City  Livery  Companies  are  not  definitely  offered  this  year. 
What  is  wanted  by  electrical  engineering  students  is  a  com- 
p«!tition  similar  to  tlie  '*  Whitworth  "  in  mechanical  engineering. 
Although  we  hear  little  of  the  Whitworth  schola,rships  and 
exhibitions  in  these  days,  it  used  to  be  the  \im  of  every  am- 
bitious student  in  mechanical  engineering  to  secure  the  medal, 
and  the  abolition  of  the  examinations  in  science  by  the  tech- 
nical schools,  at  the  suggestion  of  the  Board  of  Education, 
made  it  impossible  for  the  rank  and  file  of  engineering  students 
to  eater  the  competition.     It  would  be  a  fitting  tribute  to  the 
memory  of  one  of  our  great  electrical  engineers  if  the  Institu- 
tion woijld  found  such  a  competition  on  very  broad  lines  for 
elrctrical  students.     Although  we  do  not  propose  to  discuss 
details  in  this  note,  we  suggest  tliat  certain  of  the  City  and 
Guilds  examinations  could  be  included.     We  would  make  it  a 
qualifying  condition  that  every  candidate  should  be  connected 
with  the  Institution.     Many  students,  and  many  who  are  no 
longer  studf'nts,  have  yet  to  learn  that  notculyis  it  their  duty 
to  belong  to  tlie  Institution  bi  t  also  their  privilege  so  to  do. 

Air  Raids  and  Electric  Tramways. 

Diking  the  last  air  raid  on  London  we  were  surprised  to 
notice  that  the  railway  and  tramway  traffic  proceeded  as  usual, 
the  view  a])piiifntly  iiaviiig  l)een  taken  by  the  authorities  that 
the  cessation  of  traffic  was  an  unnecessary  precaution.  We  do 
not  think  tliis  view  is  altogether  justified.  Undoubtedly  the 
presence  of  trains  and  trams  may  be  rendered  more  or  less 
unnoticeabh'  by  obscuring  lights  and  drawing  doAMi  blinds, 
but  in  the  case  of  electric  trains  and  electric  trams  in  motion 
there  is  always  a  certain  amount  of  arcing.  The  flashes  from 
electric  trams  iuc  noticeabh'  for  mih's  on  a  dark  night,  and 
wonM  c<Mtainly  be  extremely  evident  to  any  aircraft.  We 
think  this  ])robubly  accounts  ^ir  the  routes  followed  by  the 
Zepix'liiis  (luring  the  last  raid  in  Lo'idon,  and  we  would, 
therefore,  suggest  that  the  military  authorities  consider  once 
more  the  advisability  of  sto])ping  the  traffic  on  tramways  during 
such  raids. 


Congratulations  from  the  " Electrical  World."     W.have 

IfCfiVt'd  the  loilowiiig  <iilih't;iJi;ii  Irniii  lln'  "  l'',h'(t  i  iciil  World 
congratulating  us  upon  our  2(MM)th  issue  :     "  Our  Editors  have 
read  your  Scptt-mbcr  l.'ith  issue  with  interest  and  a]»])reciation, 
and  con  i;i;if  nliifc  \on  tm  jtassing  your  2(Ml(lth  milestone." 

North  London  Railway.  —  Next  month  is  to  see  the 
inauguration  of  electric  train  services  on  the  North  London 
l^'iilway  and  its  connections,  constituting  a  through  route  from 
Hroiul-street  to  Richmond  and  to  Kt>w  Bridge  via  Hampstead 
Heath  and  Willesden.     This  is  onlv  the  fii-«t  instalment  of  a 


more  comprehensive  scheme  undertaken  by  the  L.  &  X.W. 
Railway,  which  includes  the  electrification  of  the  lines  from 
Euston  and  Clialk  Farm  to  Watford,  and  will  make  the  City 
and  the  W*'«t  End  equally  accessible  to  that  district. 

Provisional  Orders. — It  is  announced  that  the  Board  of 
Trade,  realising  the  altered  conditions  since  the  issue  of  their 
notice  on  August  28,  1915,  will  be  prepared  to  entertain  appli- 
cations for  provisional  orders  in  the  ensuing  session  when  it 
can  be  shown  that  the  establishment  of  works  under  the  schemes 
proposed  will  be  proceeded  with  as  soon  as  practicable  after 
the  termination  of  tlie  war. 

Research  on  Dye-Stuffs. — Details  are  now  available  re- 
garding the  arrangement  under  which  the  L'niversity  of  Leeds 
will  co-operate  ^^^th  British  Dyes  (Ltd.)  in  research  on  dye- 
stuffs.  A  new  staf?  has  been  appointed  under  the  direction  of 
Mr.  A.  G.  Perkin  (son  of  Sir  W.  Perkin).  Mr.  G.  H.  Frank, 
M.Sc.  and  Dr.  Oesch,  an  eminent  Swiss  expert,  are  both  re- 
tained on  the  staff,  and  with  them  will  be  associated  Mr.  P.  E. 
King,  Lieut.  A.  E.  Woodhead,  M.Sc,  Prof.  E.  R.  Watson.  D.Sc, 
of  Dacca  College,  and,  as  outside  lecturers,  Mr.  H.  P.  Hii-d  and 
Mr.  C.  F.  Cross,  both  specialists  engaged  in  allied  industries. 

The  subjects  for  research  include  the  investigation  of  anilmes. 
new  processes,  the  constitution  of  colour,  and  the  industrial 
applications  of  cellulose.  An  experimental  dye-house  is  also 
being  installed. 

Self -Luminous  Paints. — Self-luminous  paints  consist  of  a 
mixture  of  an  alkali  sulphide  (zinc  sulphide  is  commonly  u.sed) 
with  a  small  amount  of  radio-active  material  which  excites 
the  sulphide,  producing  a  continuous  glow.  According  to  a 
contribution  by  W.  S.  Andrews  in  the  "  General  Electric 
Review,'"  the  initial  brightness  depends  on  the  proportion  of 
radium  ;  a  higher  percentage  of  this  element  increases  the 
luminosity  but  shortens  the  life  of  the  paint  by  a  corresponding 
amount.  The  L'nited  States  Government  specifies  that  paint 
used  by  tlie  Army  and  Xavy  should  maintain  its  luminosity 
m)diminished  for  two  years.  Meso-thorium,  a  by-product  of 
incandescent  mantle  manufacture,  is  sometimes  mixed  with 
the  radium  element  on  account  of  its  comparative  cheapness, 
but  opinion  differs  as  to  the  comparative  \alue  of  paints  so 
treated  and  those  containing  radium  only. 

Institute    of    Metals — Autumn  Meeting.— Among  recent 
Papers  presented  at  the  autumn  meeting  of  tlie  Institute  of 
Metals  on  September  20th  may  be  noted  "  The  Development 
of  the  Spelter  Industry,"'  by  Ernest  A.  Smith  :   "  The  Anneal- 
ing of  Ai-senical  Brass  Containing  61  and  62-5  per  cent,  of 
Copper,"'  by  C.  H.  Mathewson  and  E.  M.  Thalheimer  (Yale 
University,  U.S.A.)  ;  "  Cadmium  in  Spelter,  "  bv  W.  R.  Ingalb 
(U.S.A.):'  ''The  Allotropy  of  Silver,"  by  W.D.  Heldennan     \ 
(Utrecht  University).     In  view  of  the  measures  now  being  taken 
to  promote  the  production  of  zinc  within  the  British  Empin-. 
Mr.  E.  A.  Smiths  Paper,  which  traces  the  history  of  the  spelttr 
industry  in  the  years  preceding  the  war,  is  of  special  interest. 
For  many  years  Germany  was  the  chief  zinc  producer,  but  in 
recent  years  America  has  made  great  strides.     Efforts  are  now 
being  made  to  increase  the  smelting  capacity  of  this  country 
and  Australia,  in  which  large  stores  of  zinc  are  available.     G«  i 
many  has  still  certain  sources  of  supply  in  Silesia  and  Hut 
and  she  has  also  interi'sts  hi  China  which  may  be  consid' 
developed  in  the  future. 

Influence  of  Hours  of  Work  on  Output.  Memorandum 
No.  12  issui'd  liy  the  ("oinmittee  of  the  Mini.stry  of  Mimitions 
on  the  health  of  munition  workers,  contains  a  report  by  Dr. 
IL  M.  Venion  on  the  relation  between  output  and  hours  of 
work.  Ex|>eriments  covering  a  considerable  period  fully 
justify  the  n'commendation  pivviously  made  by  the  Committee 
that  the  hours  of  work  should  not  exceed  65-(37  hours  for  men 
and  60  hours  for  women  ;  in  manv  cases  even  a  smaller  number 
of  hours  j>er  week  would  give  the  best  results.  Some  striking 
exam])le8  of  the  effect  of  continued  fatigue  in  diminishini; 
output  arv  n^-conh'd.  Thus,  in  the  case  of  some  youths  "t 
14-17  years,  working  on  steel  base  plugs,  a  rise  of  16  per  cent, 
in  liourly  «»utinit  took  place  after  the  Chri-^^tmas  holidays,  and 
8ub.'ie«iuently  when  the  hours  of  labour  were  reduced  from  "<'-3 
to  57-(>  an  increase  of  42  per  cent,  was  obtained.     Thus,  in  spite 
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of  the  diminution  in  the  number  of  hours  worked,  an  increase 
in  total  output  of  about  19  per  cent,  was  reached.  These  and 
other  results  show  that  it  is  possible  to  be  engaged  for  longer 
hours  and  yet  do  less  work. 

Complex  Quantities  in  Alternating-Current  Theory.— In 
an  interesting  Paper  read  before  the  American  Institute  of 
Electrical  Engineers,  Mr.  N.  S.  Diamant  describes  a  new 
polar  form  for  representing  complex  c^uantities  and  its  applica- 
tion to  the  calculation  of  alternating-current  phenomena. 
It  is  based  on  the  use  of  the  operator  j",  where  n,  contrary  to 
ordinary  usage,  may  be  any  positive  or  negative  number  : — ■ 

Just  as  j  or  j^  indicates  rotation  through  90x1  deg.,  and  j''  indicates 
rotation  through  90x3  dcg.,  so  jh  is  interpreted  as  rotation  through 
90  X  J  =45  deg.  In  general  Aj^  {x>  0)  may  be  interpreted  as  rotation  of 
the  number  A  through  90xxdeg.  or  irx/2  ladians  in  the  positive  or 
counterclockwise  direction;  similarly  Aj~^  (x>-0)  lepresents  a  vector 
which  has  been  turned  through  7rx/2  radians  in  the  negative  direction. 
Thus  the  exponent  of  j  may  be  any  number,  and  it  indicates  the  phase 
relation  of  the  quantity  under  consideration.  For  instance,  an  E.M.F. 
of  E  volts  and  60  dcg.  out  of  ])hase  with  the  current  will  be  represented 
according  to  the  above,  as  Ejl.  where  x=(^*^/9^)=f  >  ^""^  ^^^  cuirent 
as  I  jo  =  I,  since  J  to  the  zero  power  is  unity,  just  as  for  any  other  algebraic 
quantity.  Hence  E.M.F.,  which  in  the  rectangular  form  of  notation  was 
written  a+jb  or  £(cos  x+J  sin  x)  i^  tlie  usual  polar  form  or  Ee>x  in  the 
exponential  form,  becomes  Ej^/'^  in  the  Diamaiit  notation.  If  the  angle 
X  is  given  in  degrees  instead  of  fractions  of  w  the  notation  becomes 
Ej'x/^Q,  The  Diamant  notation  has  various  advantages.  Multiplication 
and  division  of  vectors  are,  of  course,  very  simple.  The  Paper  also  gives 
the  rules  for  addition  and  subtraction  for  calculating  the  power,  for  de- 
termining the  logarithm  of  Aj",  and  for  differentiation.  A  number  of 
problems  are  solved  in  the  Paper,  using  the  four  different  methods  of 
notation  side  by  side  for  the  sake  of  comparison  as  to  their  relative  con- 
venience. 


OBITUARY. 


Slr  Geo.  Franklin. — We  regret  to  record  the  death  of  Sir  George 
Franklin,  which  occurred  suddenly  at  Llandudno  on  Saturday. 

Sir  George  Franklin,  who  was  among  the  new  knights  when  the  New 
Year  honours  were  announced  last  .January,  was  63  years  of  age,  and  was 
head  of  the  firms  of  Franklin,  Wild  &  Co.,  of  London,  and  Franklin, 
Greening  &  Co.,  Sheffield.  He  was  pro-Cliancellor  of  Sheffield  Univer- 
sity and  a  former  Lord  Mayor  of  Sheffield.  He  was  chairman  of  the 
United  River  Plate  Telephone,  China  &  Japan  Telephone,  Oriental 
Telephone  &  Electric  Companies,  the  Telephone  Co.  of  Egypt,  and  the 
Telephone  Development  Co.,  president  of  the  Societe  anonj^me  Ottomane 
des  telephones  de  Constantinople,  and  a  director  of  the  British  Thomson- 
Houston  and  Lanarkshire  Tramways  Companies.  As  chairman  and 
managing  director  of  the  National  Telephone  Co.  he  carried  through  the 
negotiations  for  the  transfer  of  the  company's  undertaking  to  the  Post 
Office. 


The  following  deaths  in  action  or  from  wounds 


Killed  in  Action 
are  reported  : — 

Flight-Lieut.  Wm.  H.  S.  Garnett  (R.F.C.),  who  has  been  killed  while 
making  a  flight  in  this  country,  was  the  son  of  Dr.  Wm.  Garrett,  who 
was  imtil  recently  educational  adviser  to  London  County  Council.  Lieut. 
Gamett  took  a  first  class  in  the  Mechanical  Science  Tripos,  and  wrote  a 
book  On  the  turbine  engine. 

Lieut.  J.  C.  Noakes  (R.E.),  who  has  been  killed  in  action,  was  born  in 
1886,  served  an  apprenticeship  with  Messrs.  Hans  Renold  (Ltd.),  and 
later  occupied  an  important  position  with  the  company.  He  also  re- 
ceived his  technical  education  partly  at  the  Manchester  School  of  Tech- 
nology, and  was  an  Associate  Member  of  the  Institution  of  Civil  Engi- 
neers. 

The  death  in  action  is  also  announced  of  Capt.  C.  M.  Hughman, 
youngest  brother  of  Capt.  R.  W.  Hughman,  of  the  "  Electrical  Times." 

From  the  County  of  London  Electric  Supply  Co.  we  have  received  the 
following  list  of  members  of  their  staff  who  have  lost  their  lives  on  active 
service  :  Second-Lieut.  D.  A.  Lardiier  (9th  Bedford),  L.-Corp.  G.  Tebby 
(9th  Queen's)  (died  of  wounds  received  on  Aug.  16),  Rifleman  A.  B. 
Watkins  (L.R.B.),  Corp.  Amos  Rose  (5th  Royal  Berks),  Private  W.  Amey 
(Middlesex  Regt.)  and  Private  E.  Alexander  (E.  Surrey).  All  were  in  the 
engineer's  department,  except  Lieut.  Lardner,  who  was  in  the  secre- 
tarial department. 

We  are  also  informed  that  the  following  Simplex  Conduits  (Ltd.)  men 
have  died  in  the  service  of  their  country  :  E.  A.  Mousley  (R.A.M.C.,  who 
has  died  of  wounds),  P.  F.  Fowkcs  (R.E.,  who  died  in  training  at  home). 
A.  Betts  (Worcester  Regt.),  H.  Bod  fish  (Warwickshire  Regt.),  J.  Ireland 
(Warwickshire  Regt.),  C.  Parker  (Warwickshire  Regt.),  S.  Robbins  (Wor- 
cester Regt.),  D.  H.  Swarsbrick  (Warwickshire  Regt.),  W.  A.  Lock 
(R.F.A.),  and  B.  Liddiard  (Warwickshire  Regt.). 


PERSONAL. 


'Mi.  j.  S.  D.  Mofifet,  tramways  manager  at  West  Ham,  who  was 
recently  appointed  tramways  manager  at  Belfast,  was  entertained  to 
dinner  on  the  15th  inst.  by  the  Metropolitan  Association  of  Electric 
Tramway  Managers. 


At  the  annual  general  meeting  of  the  Municipal  Tramways  Asso- 
ciation on  Friday  last,  Mr.  Henry  Mozley,  general  manager  of  Burnley 
Corporation  tramways,  was  elected  President  for  the  ensuing  year. 

Mr.  Henry  Fowler,  chief  mechanical  engineer  to  the  Midland  Rail- 
way Co.,  haw  been  appointed  superintendent  to  take  sole  charge  of  the 
Royal  Aircraft  Factory  at  Famborough. 

Capt.  Harold  Gray,  R.F.A.  (borough  electrical  engineer  of  Accring- 
ton),  was  married  on  Saturday  last  to  Miss  Lillian  Boyle,  of  Accrington. 

The  marriage  of  Mr.  Chas.  W.  P>skine  (T\-ne  Elec.  Engineers 
R.P".),  formerly'  an  assistant  in  the  Sheffield  Corporation  electric 
supply  dei)artment.  to  Miss  A.  W.  Rhind  took  place  on  the  20th  inst. 

We  regret  to  hear  that  Mr.  Harold  Dickinson,  city  electrical 
engineer  oi  Liverpool,  has  had  to  undergo  an  operation,  which  will 
necessitate  his  ab.sence  from  duty  for  some  time. 

Royal  Engineers  (T.F.). — The  following  appointments  have 
been  made  : — 

London  Electrical  Engineers  :  Sergt.  H.  P.  Waterhouse,  Sec.  Corpl. 
W.  S.  Browne.  Q.M.S.  K.  W.  Adcock  (Singapore  R.E.  Vol.),  and  Sec.- 
Lieutenant  P.  Lunn  (Manchester  Regt.)  to  be  Second  Lieutenants  (on 
probation). 

Tyne  Electrical  Engineers  :  Sergt.  R.  O.  Porter  (from  Devon,  Fortress, 
R.E.)  and  H.  Joseph  to  be  Second  Lieutenants  (on  probation.) 

War  Casualties. — In  addition  to  the  casualties  to  Simplex 
Conduits  men  recorded  under  '"  Obituary,"  we  regret  to  hear  that 
the  following  members  of  the  comjjanj-'s  staff  have  been  wounded  : 
N.  Bill  (Warwickshire  Eegt.),  G.  Baird  (Scottish  Horse),  J.  Cain 
(Warwickshire  Regt.),  J.  Quinnej'  (R.F.A.),  F.  Raison  (Lanes. 
Fusiliers),  M.  Gough  (R.G.A.),  Aldrich  (Warwickshire  Regt.),  W. 
Howell  (Middlesex  Regt.),  R.  Wooland  (Warwickshire  Regt.),  A. 
Birtley  (Warwickshire  Regt.)  and  C.  Boulton  (WOts  Regt.). 

In  addition  to  the  members  of  the  staff  of  the  County  of  London 
Electric  Supply  Co.'s  staff  whose  deaths  are  recorded  in  our  obituary- 
column,  the  following  members  have  been  wounded  :  Private  G.  F. 
Ayling  (Duke  of  CornwaH's  Light  Infantry),  formerly  in  the  company's 
secretarial  department,  is  wounded  and  a  prisoner  in  Germany,  and 
Rifleman  W.  E.  Dossett  (L.R.B.),  who  was  in  the  engineer's  depart- 
ment. 

APPOINTMENTS  VACANT  AND  FILLED. 


Wigan  Corporation  invite  applications  for  the  position  of  borough 
electrical  engineer  and  manager.  Salary  £400  per  annvun.  Appli- 
cations to  the  town  clerk,  Mr.  Wm.  Hy.  Tyrer,  Municipal  Offices, 
King-street  West,  Wigan,  by  Oct.  19.     See  also  an  advertisement. 

A  company  transacting  electrical  insurance  requires  a  qualified 
electrical  engineer  to  inspect,  test  and  report  upon  electrical  units. 
See  an  advertisement. 

A  man  is  wanted  to  take  charge  of  electrical  equipment.  See 
advertisement. 


West  Ham  Corporation  received  31  applications  for  the  position 
of  tramways  manager  ia  succession  to  Mr.  Moffet,  who  has  been 
appointed  to  a  similar  position  at  Belfast. 

Seven  candidates  were  selected  for  interview,  and  this  number  was 
reduced  to  two — viz.,  IVIi".  W.  Clough,  of  Bury,  and  L.  Slattery,  of  the 
L.C.C.  tramways  department.  Ultimately  Mr.  Slattery  was  appointed 
to  the  vacant  position  at  a  commencing  salary  of  £600  jwr  annum. 


ARRANGEMENTS  FOR  THE  WEEK. 


1st  LONDON  ENGINEER  VOLUNTEERS. 

Office  Commanding,  Lieut. -Col.  C.  B.  Clay,  V.D. 
Orders  for  the  week: 

Officer  for  the  Week.- — Platoon  Commander  Hurhcs  Hallett. 

Next  for  Duty. — Platoon  Commander  J.  0.  Cheadle. 

Monday,  Oct.  2. — Technical  for  Platoon  No.  9  at  Regency-street ;  squad 
and  platoon  drill.  Platoon  No.  10  ;  signalling  class  ;  recruits"  drill, 
6.25  to  8. 

Tuesday,  Oct.  3. — School  of  arms,  6  to  7  ;  lecture  'l.\r>.  ''  The  Develop- 
ment of  the  Soldierly  Spirit,"  the  Adjutant ;  range  practice. 

Wednesuay,  Oct.  4.— Instruction  class,  5.45 ;  platoon  drill,  Platoon 
No.  3  ;  range  pn.ctice. 

Thursday,  Oct.  5. — Platoon  drill,  Platoons  Nos.  5  and  6  ;  range  practice. 

Friday,  Oct.  6. — Technical  for  platoon  No.  10.  Regency-street  ;  squad 
and  platoon  drill.  No.  9  ;  signalling  class ;  recruits'  drill,  6.25  to- 
8.25. 

Saturday,  Oct.  7. — N.C.O.'s  class,  under  Company  Commander  W.  D. 
Bent  ley.  2.30. 

Sunday,  Oct.  8.— Entrenching  at  Otford.  Parade  Victoria  (S.E.  &  C. 
Railway  Booking  Office),  8.45  a.m.  Uniform,  haversacks,  water 
bottles.^  Midday  rations  to  be  carried.  Railway  vouchers  will  be 
provided. 

Musketry. — For  all  companies,  see  notice  at  headquarters. 

Note. — Unless  otherwise  indicated,  all  drills,  &c.,  will  take  place  at 
headqxiarters.  Members  who  have  not  yet  obtained  their  cards  ot 
membership  should  apply  to  the  Adjutant  on  Tuesdays  or  Thursdays.. 
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THE  MATHEMATICAL  DESIGN  OF  TRANSFORMERS.* 

BY  PROF.  DAVID  ROBERTSON",  D.SC. 
1.    lyTRODCCTlOX. 

The  method  of  getting  the  leading  dimensions  of  a  transformer 
here  described  was  first  given  by  the  author  in  Bohle  and  Robertson's 
"Treatise  on  Transformers"'  (London,  1911).  Recent  discussions 
and  criticisms  have  led  to  the  present  re-statement  of  the  method, 
with  such  slight  modifications  as  have  been  found  desirable. 

2.  Data  REyriRED. 

The  data  generally  specified  for  a  transformer  in  addition  to  its 
output  are  :  Temperature  rise  ;  efficiency,  or  iron  and  copper  losses  ; 
voltage-droi) ;  and  exciting  current.  These  are  not,  however, 
indcjx'ndent  of  one  another.  In  particular,  temperature  ri-^e  and 
efficiency  are  very  closely  related,  the  .standard  commercial  efficien- 
cies being  the  lowest  ones  at  which  the  temperature  rise  can  be  kept 
within  the  specified  limits  with  the  given  output,  type  of  transfoimer 
and  method  of  cooling. 

With  given  dimensions,  the  relation  between  the  losses  and  the 
loafl  is  perfectly  definite,  but  the  heating  depends  verv  much  on  the 
method  of  cooling,  on  the  size  and  shape  of  the  tank,  and  on  the  skill 
of  the  designer  in  arranging  the  ducting.  The  voltage-drop  at  unity 
power  factor  is  practically  detennincd  l>y  tlie  ropj;er  loss,  while  the 
exciting  current  largely  depends  uj;on  wiietlicr  the  iron  loss  is  a  high 
one  or  a  low  one  for  the  other  ratings.  Owing  to  the  variation  of  the 
permeal)ility  of  the  iron,  no  useful  algeliraic  relations  can  be  obtained 
between  the  exciting  current  and  tlie  dimensions. 

Although  it  is  quite  easj-  to  obtain  a  relation  between  the  tem- 
perature rise  !uul  the  '"  fundamental  length."  owing  to  the  uncer- 
tainty of  tlie  thermal  constants  it  is  best  to  take  the  losses  as  the 
basis  of  the  design.  If  these  are  normal  for  the  output,  type  and 
materials,  the  others  will  also  be  normal. 

For  the  purjjoses  of  this  theory,  the  transformer  is  supposed  to 
consist  of  copper  and  iron  spaces,  each  of  which  entirely  fills  the 
opening  through  the  other.  The  boundary  between  them  is  drawn 
apparently  arbitrarily,  but  it  is  in  reality  fixed  by  the  assumptions 
made  when  estimating  the  mean  length  of  one  turn,  and  it  is  con- 
veniently taken  as  the  circle  or  rectangle  circumscribing  the  iron 
core.  We  must  sujjjjo.se  that  the  space-factors,  as  given  b}-  the 
ratio  of  the  net  section  of  the  metal  to  the  cross-sections  of  these 
B|)a<es,  can  be  estimated  beforehand  with  sufficient  accuracy.  If 
in  the  final  design  the  clearances  do  not  come  out  quite  right,  it  will 
usually  be  sufficient  to  adjust  the  window  to  suit.  It  is  only  when 
the  cliamfc  of  j)roportions  thereby  introduced  is  considerable  that 
a  fresh  estimate  and  design  need  be  marie. 

In  addition,  we  must  know  the  jjroperfes  of  the  materials  em- 
ployed, and,  if  the;  clieaiiest  arrangement  is  required,  also  their 
relative  cost,  including  labour. 

3.  A.ssr.MiTioN.s. 
Since  it  is  impossible  to  take  comjjlete  account  of  all  the  variables 
in  a  general  theory,  certain  as8um])tions  are  necessary  to  bring  the 
I)r()l)lem  within  the  rompa.ss  of  our  mathematical  knowledge.   Those 
madi-  in  this  theory  are  : 

1.  The  flux  ili-nsity  is  uniform  thr<)iiglu)Ut  the  iron. 

2.  The  current  density  is  uniform  throunhout  flie  copper. 

:J.  The  cost  of  active  mat«Tiai  may  be  divided  into  two  parts,  of 
which  r)nc  is  proportional  to  the  amount  of  iron  and  the  other  to  the 
amount  of  eopjier. 

4.  The  cop|)er  loss  is  i)-oi)ortional  to  the  square  of  the  current 
density. 

fi.  Tile  iron  loss  is  proportional  to  the  s(|uare  of  the  flux  densitv. 

The  last  three  assum|ttions  do  not  arise  until  we  seek  to  ol)tain  the 
best  pn)|iorli(iMs  for  given  conditiouH.  such  as  mijiimum  cost,  or  until 
we  comp.ui)  liitTerent  tyjies  with  one  another.  They  scarcely  affect 
the  ])robiem  of  dej<igning  to  given  pmjMirtions. 

None  of  these  assumptions  is  strictly  accurate.  The  first  would 
riMjuirc  the  corners  of  the  cores  to  be  rounded  off.  which  is  not  usuallv 
done,  as  the  cost  of  doing  so  would  exceed  the  value  of  the  scrap 
m<<l.il  r«>moved.  If  also  ext  hides  the  well  known  |M)ssil>ility  of  re- 
ducing t  lie  cost  by  diininisliiiig  the  .section  of  the  wound  cori\s  while 
incroiising  that  of  f  ho  unwound  yokes,  but  in  any  case  the  extent  to 
wliirh  this  could  Ik^  pr.icticaliy  ajiplied  is  limited  by  exre.ssive  ex- 
citing current  and  local  heating. 

The  ."econd  .-issumption  is  open  to  the  criticism  that  the  mininnim 
lofw  with  a  given  volume  of  cop|)er  is  not  obtained  in  every  case  \\  ith 
equal  curn^ut  densities  in  the  iinimiry  and  .secon.iarv  coils  owing  to 
differnMices  in  their  mean  jierimetcrs. 


With  a  given  copper  space,  the  minimum  copper  loss  is  obtained 
when  the  current  density  is  so  graded  that  it  diminishes  outwards 
in  such  a  way  as  to  make  the  resistance  E.M.F.  the  same  for  every 
turn.  It  is  scarcely  practicable  to  change  the  size  of  conductor  from 
layer  to  laj'er,  but  with  concentric  coils  we  can  give  the  outer  coil 
more,  and  the  inner  coil  less,  than  its  fair  share  of  the  total  section 
of  copper. 

With  rectangular  coils  of  standard  proportions  the  outermost 
turn  will  be  about  65  per  cent,  longer  than  the  innermost.  Com- 
pared with  unifonn  current  density  throughout,  the  copper  losses 
will  be  about  1^  j^er  cent,  less  if  the  outer  coil  gets  56  per  cent,  and 
the  inner  coil  44  per  cent,  of  the  total  section  of  copper.  The  result 
is  thus  the  same  as  if  the  resistivity  had  been  reduced  1^  per  cent., 
making  the  lo.ss-length  about  I  per  cent,  and  the  weights  afbout  2J 
per  cent.  less.  The  effect  on  the  most  favourable  proportions  is 
quite  negligible,  but  it  is  such  as  to  make  long  thin  coils  appear  a 
trifle  Ixjtter  than  tlicy  realh'  are.  This  matter  is  fully  dealt  with  in 
an  appendix  to  the  original  paper. 

The  third  assumption  is  probably  as  nearly  accurate  as  any 
generalisation  regarding  cost  can  be.  \^Tien  making  comparisons 
between  different  types  it  should  be  remembered  that  it  neglects 
differences  between  the  laboiu-  of  winding  equal  amounts  of  copper 
in  round  or  rectangular  coils,  in  short  thick  coils  or  in  long  thin  ones, 
with  thin  wire  or  with  copper  bar,  of  preparing  stampmgs  of  different 
shapes,  and  of  a.ssembling  different  t\-pes.  It  also  leaves  out  differ- 
ences in  the  jiroportional  cost  of  material  cut  to  waste. 
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•  .\l.str«ot  of  ft  ,,ft,H<r  published  in  the  "  Journal  "  of  the  Institution 
of  hlectricftl  Knuinwrs.  Vol.  LIV..  jqi.  142101. 
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The  fourth  assumption  calls  for  no  special  comment,  but  the  fifth 
is  the  weakest  of  them  all.  So  far  as  the  eddy-current  com^Kincnt 
is  concenied  it  is  accurate  enough,  but  it  is  not  quite  true  for  tlie 
hysteresis  comjwnent.  However,  except  at  flux  densities  belo^v 
l<t.(KM»  lines  j»er  square  centimetre,  its  variation  from  the  truth  is  of 
no  imiK>rt:inoe.  as  may  he  t^vvn  from  the  loss-length  curves  of  Fig.  1.* 
It  drops  less  than  2  per  cent,  when  the  flux  density  is  raised  from  1<» 
to  20  kiloline.s  per  scju.are  centimetre,  but  rises  about  13  jx?r  cent, 
when  it  is  n>duced  to  5  kilolines  per  square  centimetre. 

4.  Symbols. 
In  the  mathematical  work  the  following  symbols  are  employed  : — 
lIE^  .Aggn-pate  loading  of  all  the  windings. 
Pf  Pc  =  iron  and  copper  losses. 
f  =  Frequency  of  supply. 
/     Form-factor  of  the  K.M.F.  wave. 
A",.  A' J     Primary  and  secimdary  E.M.F.S. 

Primary  and  secontiary  P.D.s. 
/,,  /j     Primary  and  secondary  currents. 

i*=H.M.S.  current  density  (supposed  uniform). 

•The  pffw'tB  of  the  <l(>]>arturp  of  the  fHcts  from  our  a^suni]><ion  are 
discnswl  m  an  arii.  lo  by  W.  K.  HuriLind  on  "The  Cost  and  Efficiency 
of  Tra'iffonnero  ■   m  The  Electrician.  Vol.  LXXV.,  p.  10.  1915. 
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£,^  =  Maximum  flux  density  (supposed  uniform). 
p(,= Copper-loss  coefficient  (resistivity). 

jfiLi=Iron-loss  coefficient =Pi-=-iJm^  Vi. 
Xo=Fundamental  length  =  (iSis  Sqs-^LiLc)^. 
LL  =  Loss-length  =  (A-,p|:)J^4/f. 
Li,  Lc=Equivalent  mean  lengths  of  iron  and  copper  such  that 
L:S:=  Vi,  and  1^8^=  Vc- 
Ljg^Depth  of  iron  space  perpendicular  to  laminations  with 

rectangular  coils. 
Lcs= distance  between  yokes. 
|lis=Width  of  iron  space. 

1(,3= Conventional  winding  depth  round  each  wound  limb 
=widthof  opening  through  iron,  or  half  of  it  accord- 
ing to  type. 
Sis>  'S'cs=(-'ross-sections  of  iron  and  copper  si^aces. 
/Sj=Net  cross-section  of  iron  =  (ri<S,s. 
S^—l^et  cross-section  of  copper =(rs'S'cs- 
'^wi>  'Sw2= Cross-section  of  primary  and  secondary  wire.  '^ 
Fq= Fundamental  volume =ZV 
F[,  Fc  =  Xet  volumes  of  iron  and  copper. 
Ml,  J/(.=Mass  of  iron  and  copper. 

o-i,(rc=Gross  space-factors  of  the  iron  and  copper  spaces. 

.T=Lcs/llS' 

y=lcs/Us- 

2^-L<is/lis- 

a,  b,  c,]=  Numerical  coefficients,  the  meaning  of  which  appears 

d,  e  J  in  the  text. 

Ni,  iV2= Number  of  turns  in  primary  and  secondary  windings. 
£=Cost  of  active  material,  including  labour. 
£0= Fundamental  cost=Cia-iFo=cost  of  fundamental  volume 
filled  with  iron  having  same  space-factor  as  iron 
space. 
Ci,  Cc=Cost  per  unit  volume  of  iron  and  copper. 

m= Specific  cost  ratio =-2—? 

Cio-i 

cost  of  copper  space 
cost  oi  same  gross  volume  of  iron  space- 

5.  Dimensions  and  Efficiency. 

The  activity  of  the  material  is  not  changed  if  we  suppose  the  copper 
fused  into  a  single  turn  surrounding  the  magnetic  circuit.  We  thus 
see  that  the  aggregate  volt- amperage  of  all  the  windings  is 

ZIE=^mS8:)x(rSc) (1) 

since  Pi=KiB^Vi  and  Pc=pc{iyVc (2) 

=V(^.-cV(.^c)(^^.A.c)^^[^-^]       .  (4) 


=V(^«W(.^c)[('|^/].[^^-^]  ....     (5) 

The  two  expressions  within  square  brackets  are  each  of  the  nature 
of  a  length.  The  first  depends  on  the  dimen.sion.s  of  the  transformer 
and  is  conveniently  called  the  "  fundamental  length,"  while  the 
other  is  a  quantity  depending  on  the  loss-coefficients  of  the  materials 
and  may,  therefore,  be  termed  the  "  loss-length."  The  ratio  between 
them  is  fixed  by  the  output,  losses  and  space-factors.  The  loss- 
length  would  be  constant  for  a  given  frequency  and  materials  if  our 
fifth  assumption  were  exactly  true.  From  Fig.  1,  which  gives  values 
for  20  mils  Stalloy  calculated  from  the  makers'  curves  and  taking 
the  resistivity  of  copper  at  0-90  microhm-inch  (the  steady  current 
value  at  about  100°C.,  which  leaves  a  margin  at  lower  temperatures 
for  the  skin  effect  with  alternating  current),  it  will  be  seen  that  it 
actually  is  very  constant  except  at  low  flux  densities.  For  this 
material  we  may  take  the  loss-length  as  follows  : —  ..  , 

Frequency — Cycles  per  sec.        2.5         40        50        60        80       100 

Lo.ss-Iength— Mils 4-7        3-7        .33        3-0       2-6       2-4 

Microns  (10-3  mm.)  12O        94         84         76        66  ^     60 

These  values  are  correct  for  a  flux  density  of  0-55  m.v.s.  per  square 
inch  (8,-500  lines  per  square  centimetre).  Should  the  flux  density 
come  out  lower  than  this,  the  iron  losses  will  be  somewhat  greater 
than  those  assumed  ;  whereas  if  the  flux  density  be  higher  they  will 
be  slightly  less.  We  should,  therefore,  take  rather  larger  values  of 
the  loss-length  if  a  low  flux  density  is  expected  owing  to  the  iron 
losses  being  small. 

With  graded  concentric  coils  the  loss-length  should  be  taken  0-7 
per  cent,  lower  than  the  standard,  and  the  resistivity  in  the  winding 
equations  (29)-(31)  as  1-37  per  cent,  less  than  that  assumed  in  cal- 
culating the  loss-length.     Putting 

fSis8cs\-^    f    8iSq     \i 
-Lo={  1  =   — —  )",  the  fundamental  length.  .     (6) 

and  Xl^'^^^—^,  the  loss-length (7) 

we  get  2/^=v'(Ai'c)v'{^iffc) .  LojLi^ (8) 

or  Lo=    /.p  p  ,    /- L^       (9) 

Thus,  the  fundamental  length  can  be  at  once  determined  from  the 
knowTi  data.  Each  of  the  leading  dimensions  is  obtained  by  multi- 
plying it  by  the  proper  factor,  conveniently  termed  the  "  dimension 
coefficient,"  which  depends  on  the  type  of  transformer  and  on  the 
proportions,  being  fixed  when  these  are  fixed,  and  so  can  be  calcu- 
lated once  for  all. 

6.  Dimension  Coefficients. 

If  we  write  a,  b,  c,  d,  e  for  certain  numbers  easily  obtained  for  any 
given  type  from  a  diagram,*  we  can  express  all  the  dimensions  in 
terms  of  one,  say,  the  width  of  the  iron  space,  and  the  proportions 
which  the  others  bear  to  that  one.  We  are  then  able  to  get  the 
values  of  the  dimension  coefficients  and  other  functions  required  to 
carrj'^  the  theory  further.     Thus  : — 


Rectangular  Coils. 
X[=aLcs+61cs+clK=(aa;+62/+c)lis 
Lc=elcs+21,s+2L,s=(ei/+2+22)l,s 

ois=lis-L'is=2l-is 

Sc%—dLcs'^cs=dxyVis 

J  _   //8is8cs\   r  '^^y^ 


\L,LcJ     l{ey+2+2z){ax+by+c 
{ey+2+2z){ax^by+c)   ,j 


,?« 


IS 


dxyz 


1 


—=x^-^ 
Ics        lis 


j-ns lis 


Circular  Coils. 

Li=aLcs+blcs+ciis={ax+by+c)iis .  (10) 

Lc  =  7T{lcs~hs)  =  n(y+l)hs (11) 

^is=i7rl-is (12) 


8cs — dLcsics 


-dxyVis 
dxy 


lis_  r 

Ln~L 


L 


i{y+l)(ax^by+c)J 
4(y+l)(a.v^by-c)-yi 


IS 


dxy 


^cs lis 

■L/o  -tJC 

Ics 

L' 


1 


is 


(13) 
(14) 

(15) 
(16) 

(1") 
(18) 


*  The  values  are  given  in  Table  I.,  Appendix  4  of  the  original  Paper  ;  d  is  the  number  of  wound  linib.s  and  c  takes  account  of  the  corners  of 
rectangular  coils  when  estimating  the  mean  length  of  one  turn  of  copper.  For  the  latter,  the  round  number  3  has  been  chosen  in  preference  to  it,  to 
allow  forTthe  closer  bedding  at  the  corners.     It  would  be  still  less  if  the  iron  were  chamfered. 
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7.  Cost  Equatioxs. 

jfFor  a  given  value  of  the  fundamental  length — that  is  for  a  given 
value  of  the  efficiency  with  a  given  ratio  of  iron  to  copfjer  loss — we 
have 

£=e,<r,F,s-ec<rcVcs 'I'J) 


types  which  were  not  included  before.     The  ring  types  are  simpler 
to  deal  with  than  the  others  because  there  is  one  variable  less. 

Fig.  2  shows  how  the  minimum  cost  function  varies  with  the 
specific  cost  ratio  for  all  these  types.     Fig.  3  repeats  the  curves  for 


2-PHta  3-Pj|ASt 

SIHPU.  IS  ' 


£ 
£ 


Ci<ri 


/, 


20) 


21)       q 


-Siis^'? 


cs 


'  1  ■  «.^<^'^'" ' 


f22)       ^ 


The  fundamental  cjist,  £o,  is  fixed  when  the  funda- 
mental length,  the  co.st  of  the  iron,  and  its  sj)ate-fiKtor 
an;  known  ;  it  doen  not  depend  on  the  tyjje  of  trans- 
fonuer  nor  on  its  proportioni^.  The  exjirewiion  on  the 
right-hand  wide  of  the  equation,  conveniently  termed 
the  ■' co.xt  function,'  iH  a  men*  numlx-r  which  floes  not 
deftend  on  the  actuiil  size,  efficiency,  actual  specilic  costs, 
or  actual^ Hjiactv  factors;  but  it  varies  with  the  type, 
projKjrt ions  and  n-Iative  costs  and  n*Iati  factors. 

We  have  thus  separated  the  cost  into  ti  •  •  factors, 

which  are  afTecte<l  by  different  variables,  and  need  only 
conxifler  one  factor  at  a  time  when  studying  the  effects 
of  these  variables.  The  c«iHt  function  thus  forms  a 
convenient  start  ingjx>int  for  comparing  different  types 
and^different  jiro[>ortiou8. 
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Fig.  3. — Logarithmic  Ci-rves  of  Mimmcm  Values  of  Cost  Functions  of 
Transformers  of  Rectangular  Coils. 


rectangular-coil  types  on  logarithmic  paper.  The  ratio  between  the 
cost  functions  for  any  two  types  can  be  ver>'  easily  obtained  from  the 
latter  diagram  by  setting  up  the  vertical  distance  Ijetween  the  corre- 
s]X)nding  curves  from  the  1,000  mark  on  the  ordinate  scale. 


'.HtU.  cc 

»l  TtlUI  COKXC 

- .,  n  T»iiB  co«t«i 

iHtLL.BC 


(To  be  concluded.) 


hr^r/ 


■/I 

1 

R^l  5-c««: 


f/ 


I. 


^ 


THE  Am-GAP  FIELD  OF  THE  POLYPHASE  INDUCTION 

MOTOR 

BY  F.  T.  CHAPMAX,  D.SC. 
{Continued  from  page  906.) 


IV. 


SfM>L\RY  OF  CONTENTS. 
The  Effects  of  Magnetic  Saturation. 
Section    2.'>.— The    saturation    curve.     Fundamental    and    third 

hnrnionic  of  time-flux  wave. 
Sections  20  to  2s.— Effort  of  saturation  on  multiple  fields. 
Section  20. — VLtTcct  of  saturation  on  air-gap  dispersion. 
Section  ;W.    -<"alculation  of  no-load  current 
Section  31. — The  a(?tual  form  of  the  current  locus. 

(6)  Triple  Frequency  Term^. — The  triple  frequency  com- 
ponents of  the  flu.x  density  opposite  successive  teeth  are 
respect  i  vol  V — 

y,'=F,'cos(6.T/<f3.-T/2P), 
.y,'=Fj'  cos  (6.-T/<-f  3.T;2P-3a2), 


'0  1  Z  5  4  5 

i r r.  f  Qir  comn  ».'acc  ,  «» 

»T  or  tQUM.  vouftf  rtr  .ron  <pac( 

Kiu.  -.     .MiMMi  M  \  Ai.riui  or  Tnit  Cq*t  Kunctiox. 

ilo  and  the  dutttnl 


(The  full  linen  rrf?r  to  f 


fc  Hv  in^ortmi;  \;ihi;>»  m  titiu"  <>(  ■' 

tyjio,  and  the  pni|Mirt iiiif<   i.  7.  ;. 

diffrirntial  corHicirntK  with  reo|»rct  to  Jf,  tf  and 

cheajK'st   prt)|Mirtions  and  the  1  orr.  '  ' 

ThiM  was  done  mi  the  l'.(l  I  Pajwr  («.; 

n>rr  tyjien  with  r<irc<«  in  the  forms  of  «  curie. 

hexagon.    |>rntagnn   and   j"niarr  :     >»implr.     ' 

singlr-phftjM>  Iransfornirp"  :    fhrrrlimb.  t;. 

tx>rp  ty|)r,'«  of  two-|)has4<  and   thrrepha-'O  tran-ifiirDKTw 

circular  coils  and  with  rei  (angular  n>ils.     The  mrulu-m  < 

is  far  too  loug  to  rr|ieat  in  the  prrMH>nt  Pai^r.  but  t< 


.  (i.  r  for  any 

'  10  the  ]mrtial 

we  CAH  obtain  the 


Hm'  =  Fm'  cos  (6.T//+3.T  2P-3a„,), 
7«'+i=Fi'  cos  (6.-r//  -3rc.2P), 
ami  "o  on. 

(  .'iui>iiiiiij?  these  as  iu  case  fa)  we  find  the  possible  multiple 
fields  to  be  given  by 

c^2i'd-\-3, ((i'.i) 

and  the  density  at  any  point  due  to  any  field  is 


,       2P     .    c.^ 
y  ,p=       .  em 


(  6.1  ft 


CTXN 


;nn.  iK'tagon. 

.-,   •-,:  of 

r.i.  h   with 

'     •idysix 

the 


which  reduce*  to  the  form 

2P 

.7 


»/  .-r 


.    CT  c— 3 

Mn    ,     .  COS  -■»      P' 

-  ,'  •<« 


COS  (  6:1  ft- 


crrx 

X 


■<■)• 


method  it  htm  been  given  in  an  Ap|«endix  for  the  ring-rore  \Bcrr))      The  speed  of  any  field  is  given  bv  i'e'=6/'T/c 


(70> 

(71) 
(72). 
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28.  The  multiple  fields  due  to  the  triple  frequency  terms 
produce  effects  which  are  quite  different  from  those  due  to 
the  fundamental  terms.  They  do  not  induce  E.M.F.s  of  fun- 
damental frequency  in  the  stator  windings,  and  cannot,  there- 
fore, be  regarded  as  leakage  in  the  same  sense  as  the  other 
multiple  fields  we  have  so  far  considered.  Thev  tend  to 
increase  the  density  in  certain  parts  of  the  magnetic  circuit,  Vmt 
otherwise  exert  no  influence  on  the  operating  qualities  of  the 
motor.  Squirrel-cage  rotor  windings  damp  out  almost  all  of 
them. 

If  P=S,  the  following  values  of  c  are  possible  : — 

3,      9,      15,     &c. 
-3,  —9,  —15,     &c. 

The  condition  c=3  characterises  a  field  of  Sp  poles  having  a 
speed  of  2/t — i.e.,  the  same  speed  as  the  first  field  due  to  the 
fundamental  terms. 

The  condition  c=— 3  characterises  a  field  of  Sp  poles  running 
backwards  at  the  same  speed.  The  amplitude  of  this  field  is 
small  compared  with  the  previous  one,  and  it  is  largely  damped 
by  a  squirrel-cage  winding.  The  field  for  which  c=3  is  prac- 
tically unaffected  by  a  squirrel-cage  winding,  except  when  the 
slip  is  large. 

The  effect  of  the  field  for  which  c=3  on  a  delta-connected 
stator  winding  has  already  been  pointed  out  by  the  author*  ; 
triple  frequency  damping  currents  are  produced  which  reduce 
the  value  of  this  field,  and  thus  purify  the  resultant.  The 
delta  connection  has  a  slight  advantage  over  the  star  con- 
nection on  this  account.  The  effect  is  exactly  analogous  to 
that  occurring  in  delta-connected  banks  of  transformers  ;  but 
in  the  case  of  induction  motors  the  elimination  of  the  triple 
field  is  not  so  complete. 

If  P=2  the  series  for  c  is 


fluxes  in  the  several  teeth  the  maximum  number  of  linkages  in 
one  phase  can  be  determined,  the  fundamental  field  and  the 
linkages  it  produces  can  also  be  obtained.  The  ratio  of  the 
linkages  in  the  first  case  to  those  in  the  second  is  l-r^-i'-  On 
the  assumption  of  constant  permeance  the  expression 
.-r^Q/4/)/C^„,i  has  already  been  obtained  for  this  function,  and 
in  the  case  of  the  motor  under  consideration  its  value  is  1-014. 
The  results  of  such  calculations  on  this  machine  are  given  in 
Table  VIII.  The  figures  refer  to  no-load  conditions  and  neg- 
lect rotor  reaction.  Table  IX.  refers  to  the  same  machine 
supposed  re-designed  as  a  two-phase  motor  with  eight  slots 
per  pole.  The  figures  in  the  columns  I.,  II.  and  III.  will  be 
referred  to  later  : — 

Table  VIII. 


Max.  amp. 
conductors 

Fv 

,     F,. 

Amplitude  of  first  field. 

l+^i'. 

^'Q 

per  slot. 

I.           II.           III. 

^PK„,X 

165 
L50 
1.33 

38,700 
37,000 
34,600 

36,.300 
34..500 
31,700 

36,900     37,200     36,9.50 
35.120     3.5,200     3.5,100 
32,480     32,500     32,480 

1012 
1012 
1013 

1014 
1014 
1014 

Table  IX. 

Max.  amp.  j 
conductors 
per  slot. 


F,. 


F,. 


1770 
162  0 
148-5 
134-5 


39,000 
37, .500 
35,600  I 
33,500 


34,300 
32,400 
30,200 
28,000 


31,700 
29,800 
27,700 
25,800 


Amplitude  of  first 
field. 


IL       III. 


34,. 530  34,850 
32,750  33,200 
30,65031,050 
28,600  29,000 


l+X'i- 


35,000  1-026 

33,200  1-028 

31,000  1029 

28,800  1-029 


1-033 
1033 
1-033 
1-033 


c= 


3,      7,      11,     &c. 
-1,  -5,  -  9,     &c. 

The  field  for  which  c=3  rotates  at  the  same  speed  as  the  first 
flux  due  to  the  fundamental  terms,  and  induces  triple  fre- 
quency damping  currents  in  the  stator  circuits.  In  other 
words,  the  magnetising  current  will  contain  a  triple  frequency 
component  which  will  reduce  the  value  of  this  field.  The  other 
fields  are  of  no  importance. 

29.  We  will  now  examine  the  effect  of  saturation  on  the 
value  of  l\.  This  is  best  done  by  means  of  a  concrete  case, 
and  we  shall  take  for  this  purpose  the  four-pole  motor,  of  which 
data  were  given  in  Sec.  26. 

The  amplitude  of  any  harmonic  is  obtained  from  equation 
(68),  the  expression  in  brackets  {  }  has  only  two  terms,  since 
»i=3,  and  the  following  are  the  numerical  quantities  required  : 
P=3,  q^9,  ^1=38,700,  ^2=36,300  and  a2=19°  6'.  The 
possible  values  of  c  are  1,  —5,  7,  —11,  13,  &c. 


Table  VII. 

c. 

II. 

III. 

'       ^-        \ 

II. 

III. 

1 

—  5 

7 

—11 

36,900 
-996 
-359 

+229 

36,900 

-1,677 

-974 

+  620 

13 

i     -17       1 
19 

1                                     j 

+382 
-2,170 
+  1,937 

+646 
-2,170 
+  1,975 

Table  VII.  gives  the  amplitudes  of  some  of  the  more  impor- 
tant multiple  fields  in  column  II.,  and  column  III.  contains 
for  comparison  the  amplitudes  that  the  harmonics  would  have 
if  the  permeance  were  constant  at  the  value  which  gives  for 
the  first  field  the  same  amplitude  as  in  column  II.  : — 

It  will  be  seen  that,  except  where  c  approximates  to  +2^',  a 
very  considerable  reduction  in  the  amplitudes  of  the  multiple 
fields  is  effected  by  the  saturation  of  the  magnetic  circuit.  The 
conditions  assumed  for  this  example  represent  a  degree  of 
saturation  which  is  slightly  higher  than  is  usual  in  practice. 
In  spite  of  the  considerable  reduction  in  the  amplitudes  of  the 
individual  harmonics  of  lower  orders  the  reduction  of  A^'  is  by 
no  means  great,  as  the  following  calculations  show. 

When  we  know  the  amplitudes  and  phase-angles  of  the 

*  Loc.  cit. 


The  examination  of  the  fluxes  under  load  conditions  is  not 
so  satisfactory  as  the  foregoing,  for,  although  it  is  possible  to 
calculate  approximately  the  total  flux  in  any  tooth,  the  dis- 
tribution of  this  flux  in  the  air-gap  is  not  readily  obtained,  and, 
as  formula  (66)  cannot  be  applied,  the  amplitude  of  the  first 
field  in  the  air-gap  cannot  be  deteimined  with  the  necessary 
accuracy. 

The  author  has  attempted  to  solve  the  problem  as  follows  : — 

The  motor  of  the  previous  section  was  again  considered,  its 
circle  coefficient  being  estimated  as  in  Parts  II.  and  III., 
taking  2/ =0-014,  22'=0-006,  Ai=0-095  and  /2=0-04,  o-=0-162. 
The  circle  diagram  was  drawn  on  the  assumption  that  the 
magnetising  current  was  6-48  amperes,  corresponding  to  165 
maximum  ampere-conductors  per  slot.  Points  on  this  circle 
were  taken  corresponding  with  stator  currents  of  12  and  24 
amperes  (virtual)  respectively.  For  these  two  conditions  the 
amplitudes  and  relative  positions  of  the  first  stator  and  rotor 
M.M.F.  waves  were  detennined,  and  the  ampere-turns  acting 
on  each  stator  tooth  due  to  the  stator  currents  alone  were 
calculated.  For  each  tooth  the  statoi  M.M.F.  was  combined 
with  the  mean  value  of  the  rotor  M.M.F.  over  the  same  tooth, 
and  the  resultant  M.M.F.  actmg  on  each  tooth  thereby  obtained. 
The  amplitude  of  the  fundamental  flux  wave  for  the  several 
teeth  was  then  read  from  curve  I.,  Fig.  12.  The  total  flux  j-er 
tooth  and  its  phase  relative  to  the  stator  current  being  thus 
known,  the  total  number  of  linkages  per  stator  phase  and  their 
component  in  phase  with  the  current  were  calculated. 

The  amplitude  of  the  first  field  was  obtained  from  the  ampli- 
tude of  the  resultant  M.M.F.  wave  by  means  of  curve  I., 
Fig.  12,  and  its  phase  angle  relative  to  the  stator  current  was 
taken  to  be  the  same  as  that  of  the  M.M.F.  wave.  The  link- 
ages due  to  this  field,  and  their  component  in  phase  with  the 
current  were  deduced.  The  difference  between  the  in-phase 
components  in  the  two  cases  was  taken  as  the  leakage. 

This  method  of  'calculation  can  make  no  pretence  to  accuracy, 
since  it  involves  differences  between  functions  of  the  densities 
read  from  a  curve  at  ])oints  close  together.  The  results  appear 
to  indicate  that  saturation  of  the  magnetic  circuit  may  reduce 
considerably  the  value  of  A^',  the  value  obtained  in  both  cases 
was  2i'=0-0086. 

The  author  is  of  opinion  that  this  figure  is  too  low,  but 
the  calculation  suggests  that  /.'  diminishes  as  .tihe  load  in- 
creases. It  must  be  remembered  also  that  the  reductions  due 
respectively  to  saturation  and  to  the  reaction  of  a  squirrel- cage 
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winding  are  not  strictly  additive.  The  final  columns  of  tables 
at  the  end  of  thia  Paper  give  the  values  of  /.j'  which  are  recom- 
mended in  these  cases. 

The  method  of  calculation  given  above  is  only  strictly 
applicable  to  machines  having  two  or  three-phase  rotors,  where 
the  reaction  of  the  rotor  currents  on  the  btator  multiple  fields 
is  negligible.  It  is  interesting  to  notice  that  in  this  case  the 
resultant  field  is  by  no  means  the  tmiform  rotating  field  we 
generally  imagine.  For  instance,  when  the  stator  current  is 
12  amperes  in  the  above  example  the  mean  flu.x  densities 
opposite  teeth  Nos.  1,  2  and  3  are  respectivelv  3S.8(jO  sin 
(271/1+72"  32'),  34,7fX)  hin  (2.t/^-43=  48')  and  36.3()0  sin 
{27r//-f20^  52').  If  the  fij-ld  were  moving  uniformly  the  suc- 
cessive phase  differences  would  be  2f)°  each.  At  24  amperes 
the  differences  are  still  more  striking,  the  figures  being 
-3«,5.'J(J  hin  {2.T/lf4-72'  13'),  31.7.j<J  sin  (2.t/"/^28'  17'), 
34,8<J<)  sin  (2.t//+5°  57')  and  in  tooth  No.  4  —38,550  sin 
{27ift-r]2''  13').  The  flux  in  tooth  No.  4  is  thus  in  advance  of 
the  flux  in  the  tooth  which  is  next  behind  it.  from  the  point  of 
view  of  the  direction  of  rotation  of  the  first  field. 

30.  Having  seen  the  influence  wliich  saturation  of  the  mag- 
netic circuit  exerts  on  the  value  of  v  we  must  next  investigate 
the  calculation  of  the  no-load  current. 

Ill  the  case  of  nlip-ring  motors  the  effects  of  the  rotor  mul- 
tiple fields  may  be  neglected  when  calculating  the  flux  density 
at  any  point,  since  they  m«Tply  introduce  high-frpquency 
terms  of  small  anii»litude  in  the  expression  for  the  M.M.F., 
and  the  individual  and  total  fields  may  be  calculated  as  in 
Sees.  26-2y,  In  the  case  of  squirrel-cage  machines,  the  rotor 
multi)»l)-  fit'hlH  do  lutl  affect  the  ficMs  considered  below,  and 
tliey  are  taken  fully  into  account  by  employing  the  appro- 
priate* value  of  A,'.  The  first  field  and  the  triple  field  which  is 
introduced  by  the  form  of  the  saturation  curve  are  by  far  the 
most  important  at  n«»-load.  The  detennination  of  these  fields 
Jias  already  l)een  dc-alt  with  in  Sees.  27  and  28.  Alternatively, 
the  amjditufle  of  the  first  field  may  be  obtained  by  reading 
from  curve  I..  Kig.  12.  the  density  corresjionding  to  the  ampli- 
tude of  the  first  .M..M.K.  wave.  The  figures  in  the  columns 
headed  11.  in  Tables  VIII.  and  IX.  have  been  obtained  in  this 
way,  and  it  will  be  seen  that  they  agree  closely  with  those  in 
column  I.  obtained  by  th**  more  exact  method. 

Neither  of  theH<»  methods  is  suitable  for  practical  work, 
since  both  require  a  complete  saturation  curve,  and  another 
cur\'e  derive«l  from  it  l)y  a  laborious  process,  but  a  satisfactory 
metlnHl  is  olttaiiied  by  taking  a<lvantage  of  the  fact  that  the 
triple  field  has  z«to  value  at  tin*  (V)  ancl  12(1  jxiints  <»n  the  main 
flux  wave.*  The  procedure  is  as  follows  :  The  amj)litude  of 
the  first  M..M.K.  wave  and  the  value  of  the  amp«'returns  at 
tlw  (i<)  point  are  calculated.  The  density  corresj)onding  to 
tho  latter  is  found  from  the  saturation  curve  and  when  divided 
liy  cos  60''  gives  thp  amplitu«lc  of  the  first  flux  wave.  The 
figures  given  in  columns  III.  in  Tables  VIII.  and  IX.  were 
calculated  by  this  method.  Their  agreement  with  those  of 
column  I.  is  sufliciently  close  to  fully  justify  the  use  of  this 
mj'tlHxl. 

In  practice  (he  proce^K  \h  usually  invcrtecl.  being  directed  to 
the  detennination  of  th.-  .M.M  F.  when  the  flux  densit  vis  known, 
and  it  takes  the  following  couitm'  :  — 

I<4>t  r,  be  the  effective  value  of  the  ii]iplied  K..M.F.  per 
phane.  .'J„  the  effective  no-load  (mttgnetisiniri  i  in  rent    tln-n 

I,         ln.V,-/MI-fA,)A\. 


low 


A",-2.-7/,(,>,    '        xlO-«  (equation  40), 


I' 


but 


a  Ai^ 


(equation  01), 


and  therefore        ^)|=(l-{  /.  ^)  . 


l/',A»n.., 


Hence 


V  —A  V 


AU-t  a,hI^/.  i) '•  I  '       ^**,,lX^'-^  .  (73) 


If  we  compare  this  expression  with  equation  (44)  or  equation 
(9)  we  see  that 

r'^^A,^IlljIx^  _  K-2,„,,xlO-^    .     .     (74) 

JJ7Z 

represents  the  E.M.F.  induced  in  the  stator  winding  (per  pha.se) 
by  the  first  field  due  to  the  current  Aq. 

Let  Oi  represent  the  flux  per  pole  due  to  this  field,  then  we 
may  write,  according  to  a  well-known  formula, 

r'i=4-44Z„jiri/i(DiXlO-8,       .     .     .     (75) 

and  since  T'i=(l— /i)(l-f /'i)F'i  we  find 

^                       FiXlO* 
<D,= '^ 


"4-44(l+/.x)(l-f//i)^m,i/iri 
The  density  at  a  point  60"  from  the  zero  point  is 

Wt=  ;*XsX  cos  60° 

0-306Fi  X 108 


(76) 


(") 


whence 


(78) 


*  StnUh  una  Burin 


\    •  hot,  /oc  cH. 


(i-fAi)(i-f/'i)/c„„,/,r,/T-  •   • 

Let  the  ampere-turns  required  to  produce  this  density  in  the 
air-gap  be  determined,  say  A^  (a   complete  saturation  curve 

is  not  required),  the  amplitude  of  the  first  ^I.M.F.  wave  will 
then  be  Jw/i^cos  60°.  But  by  equation  (6)  the  amplitude  of 
this  wave  is  _ 

2I,PJ  _2V2A^T, 

p:i         _  pn 

0408^„/.syxT 

•"0  DTK'  

The  values  of  Ag  and  o-  being  thus  known,  the  circle  diagram 
can  be  constructed. 

31.  The  circle  diagram  was  developed  in  Part  III.  on  the  I 
assumjttion  that  P  was  constant  under  all  conditions  of  load 
and  slip,  when  the  applied  E.M.F.  is  constant.  This  would 
only  be  true  if  the  magnitude  of  the  air-gap  fluxes  and  the 
degree  of  saturation  of  the  iron  were  constant.  The  resistance 
of  the  stator  winding,  and  the  slot  and  end-leakage  cause  the 
gaj)  fluxes  to  diminish  and  tend  to  make  P  increase  to  an 
appreciable  extent  as  the  load  increases.  On  the  other  hand, 
the  large  differences  which  exist  between  the  fluxes  in  adjacent 
teeth  in  sli))-ring  motors  (and  to  a  less  extent  in  squirrel-cage 
motors)  produce  an  opposite  tendency  and  reduce  the  value 
of  a\.  Hence  the  size  and  position  of  the  circle  will  really 
vary  with  eveiy  change  in  the  stator  current  :  it  is  not  possible 
to  say  detinitely  that  the  scale  of  the  diagram  increases  or  that 
it  decreases  as  the  load  increases,  in  fact,  it  increases  over  some 
parts  of  the  range  and  decreases  over  others.  It  should  1>e 
pointed  out  that  although  /.\  and  /.'^  are  practically  inde- 
pendent of  P.  /.,  and  /.2  iii't'  inversely  proporti«tnal  to  it.  and  as 
they  are  usually  much  greater  than  X\  and  /.'j.  the  effect  on  cr  . 
of  a  change  in  P  largely  counteracts  the  effect  of  the  change 
on  A„.  '  I 

Saturation  of  the  teeth  has  an  important  influence  on  slot 
leakage,  especially  at  high  currents  and  low  power-factors.  A 
comi>lete  dis«us.sion  of  tliis  question  is  beyond  the  sco])e  of  this 
Paper,  but  it  may  be  ))ointed  (Uit  that  the  result  is  to  increase 
the  diameter  of  the  circle  for  these  conditions,  and  to  cause  the  « 
points  cttrres|)onding  to  large  values  of  the  sHp  to  lie  outside 
that  ciirle  which  is  a]tpid])riate  to  the  conditions  at  no  load, 
and  over  the  witrking  range.  The  actual  .shape  of  the  locus  as 
a  whole  is  more  nearly  an  ellipse  than  a  circle,  although  the 
circle  is  more  accurate  over  the  working  range. 

In  detennining  the  diagram  experimentally  it  is  usual  to 
empl.iy  the  no-load  and  ""  standstill  *'  points,  the  latter  being 
obtained  at  a  reduced  voltage  with  approximately  full  load 
current  in  the  stator  winding,  and  with  the  rotor  turning 
.slowly.  Alth<tugh  the  circle  deduced  from  these  readings  may 
l>e  considerably  in  error  under  real  standstill  conditions,  the 
conflicting  factors  seem  to  cancel  each  other  to  such  an  extent 
that  it  is  sufficiently  accurate  for  practical  work  over  the 
nonnal  range  of  th'  motor. 

{To  be  concluded.) 
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MUNICIPAL  TRAMWAYS  ASSOCIATION. 


FIFTEENTH  ANNUAL   CONFERENCE. 


* 


The  annual  conference  of  this  Association  took  place  on 
Thursday  and  Friday,  September  21st  and  22nd,  at  the 
Surveyors'  Institution,  London. 

The  President  (Mr.  Peter  Fisher,  Dundee)  expressed  his 
pleasure  at  the  large  attendance  of  members  and  visitors,  and 
announced  with  regret  that  Mr.  A.  L.  C.  Fell,  who  had  been  ill 
for  some  time,  had  had  a  relapse,  and  had  been  ordered  away 
for  six  months. 

The  meeting  passed  a  resolution  of  sympathy  with  Mr.  Fell 
and  expressed  the  hope  of  a  rapid  recovery  to  normal  health. 
The  Hon.  Secretary  (Mr.  C.  J.  Spencer)  announced  invita- 
tions to  the  members  to  inspect  the  London  General  Omnibus 
Co.'s  training  school,  the  Bexley  Council's  Woods-Gilbert  rail 
grmder  and  planing  machme,  the  L.C.C.  generatmg  station  and 
its  trailer  car  system. 

The  President  then  read  his  Presidential  Address,  of  which 
the  followmg  is  a  full  abstract : — 

The  great  European  War  is  still  being  waged  with  as  great  if  not 
greater  intensity  as  when  we  last  met  in  conference,  and  iii  conse- 
quence of  its  overshadowing   influence  our  conference  meets  here 
to-day  instead  of,  according  to  the  usual  procedure,  in  Dundee.     As 
the  annual  report  of  the  Executive  Council  states,  a  large  proportion 
of  the  work  of  that  body  during  the  past  year  has  been  in  relation 
to  jjrobiems  arising  out  of  the  war,  i.e.,  supply  of  tramway  tickets 
tramway  tyre  supplies,  retention  of  tramway  employes,  Munitions, 
of  War  (Amendment)  Act,  1916,  classification  of  tramway  material, 
women    as    tramcar   conductors.    Lights    (Vehicles)    Orders,    1915, 
British  trade  after  the  war,  and  disabled  soldiers  and  sailors.     In 
connection  with  the  Munitions  of  War  (Amendment)  Act,  1916,  the 
Council,  with  outside  assistance,  got  the  term  ''  munitions  work  " 
extended    to    cover    "  tramway   facilities."     Forty-four   municipal 
tramway  undertakings  are  certified  under  the  Act,  and  many  others 
are  authorised  to  issue  Class  "  B  "  Priority  Certificates  to  facilitate 
the  delivery  of  supplies  for  maintenance.     Tramways  are  to-day 
playing  a  very  important  part  in  the  national  crisis  in  carrying  work- 
people from  their  homes  to  the  factories  and  vice  versa.     It  is,  there- 
fore, gratifying  that  the  Government  have  realised  the  great  im- 
portance  of   tramway   undertakings   and   have    given   them    such 
facilities  as  enables  them  to  keep  going.     The  Lights  (Vehicles) 
Order,  1915,  was,  in  its  original  form,  such  that  tramway  authorities, 
to  comply  with  it,  would  have  been  put  to  the  necessity  of  making 
considerable  expenditure,  and  that  at  a  time  when  the  staffs  in  their 
workshops  are  depleted.     There  is  also  the  diificulty  of  obtaining 
materials.     The  past  year  has  not  been  fruitful  in  developments  and 
extensions  so  far  as  tramways  and  other  passenger-carrying  facilities 
are  concerned.     The  most  outstanding  features  of  the  year  are  the 
re-adjustment  of  tramway  fares  and  stages,   the   employment  of 
females  and  the  introduction  of  volunteer  labour  for  driving,  the 
latter  having  been  introduced  in  Birmingham,  Newcastle  and  Brad- 
ford, where  320  auxiliaries  are  emj^loyed  with  satisfactory  results. 
During  the  year  proposals  for  increasing  fares,  shortening  stages,  or 
abandoning  Jd.   fares  have  been  considered  by  various  tramway 
authorities,  and  in  several  cases  changes  have  Ibeen  made  whereby 
the  average  fare  has  been  materially  increased,  and  in  all  these  cases 
additional  revenue  has  been  the  result.     Strange  as  it  may  seem, 
some  authorities  have  actually  been  considering  the  decreasing  of 
fares.     It  is  remarkable  that,  in  the  main,  tramway  fares  have  not 
increased  very  seriously.     Tramway  travfelling  is  about  the  only 
commodity  that  has  not  been  generally  increased.     Having  regard 
to  the  increased  working  costs  consequent  on  higher  wages  and 
bonuses,  war  allowances  and  the  increased  cost  of  tramway  supplies, 
it  is  not  surprising  that  the  question  of  increasing  revenue  should 
•demand  the  attention  of  those  operating  many  tramway  systems 
Present  conditions  provide  ample  justification  for  suggesting  that 
the  existing  low  fares  should  be  adjusted  so  that  the  increased  costs 
;should  be  fully  met.     While  the  accounts  of  most  municiiDal  tram- 
way undertakings  look  fairly  satisfactory,  it  must  be  admitted  that 
much  necessary  expenditure  is  only  suspended  till  the  end  of  the  war. 
There  are  now  8,609  females  employed  on  tramways  :    8,433  as 
conductors  r.nd  176  as  drivers,  and  they  have  earned  the  approbation 
of  the  tramway  authorities  and  tramway  patrons. 

The  number  of  municipal  tramway  employes  who  have  joined  His 
Majesty's  Forces  is  20,905,  the  parcentage  of  total  number  of  em- 
ployes being  38,  while  1,893  men  have  left  municipal  tramway  under- 
takings to  join  munition  factories,  the  percentage  being  3i.  The 
amount  paid  to  dependents  of  employes  serving  with  His  Majesty's 


Forces  is  £854,649.  The  amount  collected  on  cars  for  varioas 
national  and  other  objects  is  £43,800,  anrl  the  amount  contributed 
by  municipal  tramway  employes  to  various  relief  funds  is  £36,070. 
Tramways  are  also  doing  much  to  a.ssist  the  national  cau.se  which 
cannot  be  expressed  in  figures.  Munition  workers  and  others  en- 
gaged in  important  national  work  is  a  case  in  point.  The  war 
certainly  will  not  only  be  an  interruption  of  what  formerly  existed. 
What  will  be  the  precise  nature  of  the  problems  which,  when  they 
emerge,  must  be  boldly  faced,  no  one  can  forecast.  One  thing 
certain  i.  that  victory  in  the  field  will  not  put  an  end  to  the  strenuous 
life  in  industrial  enterpri.se. 

Competition  will  be  as  keen  as  in  bygone  days,  and  although  we, 
as  tramway  operators,  are  neither  manufacturers  nor  merchants,  I 
have  no  hesitation  in  predicting  that  we  will  be  able  to  do  much  to 
assist  British  brains  and  ingenuity.     When  peace  returns,  pressing 
problems  will  present  themselves  to  us  in  their  true  perspective,  and 
these  will  probably  involve  adjustments  such  as  we  .scarcely  dreamt 
of  in  pre-war  days.     Simultaneously  with  the  cessation  of  hostilities 
various  problems  relating  to  our  employes  will  present  themselves. 
For  example,  the  question  of  war  wages  and  bonuses,  and  the  posi 
tion  to  be  taken  up  regarding  our  men  who  may  be  in  receipt  of  pen- 
sions but  .still  able  to  perform  certain  duties.     I  have  no  doubt  that 
municipalities  will  sympathetically  consider  the  above  question?, 
and  it  is  to  be  hoped  that  friendly  conferences  between  all  interested 
will  from  time  to  time  take  place,  and,  with  a  spirit  of  reasonableness 
of  ■'  give  and  take,"  will  act  as  lubricants  to  all  those  negotiations 
which  will  undoubtedly  have  to  be  faced.     The  services  which  can 
be  rendered  to  the  country  by  using  the  tramways  to  their  fullest 
extent  in  this  connection  can  only  be  appreciated  when  the  subject  is 
considered  on  lines  such  as  were  outlined  by  the  late  Iklr.  Bellamy  in 
his  presidential  address  at  the  Conference  in  Liverpool  in  1904. 

Transit,  such  as  tramways  can  offer  for  goods,  should  have  our 
fullest  consideration.  On  the  face  of  it,  it  appears  reasonable  to 
say  that  if  a  tramway  is  of  value  for  picking  up  passengers  from  rail- 
way stations  and  other  pomts,  and  depositing  them  at  their  destina- 
tions, it  should  be  equally  true  in  the  case  of  goods.  In  fact,  one 
might  suggest  that  in  the  tramway  undertakings  in  the  comitrythe 
railway  companies  have  a  suitable  instrument  for  detail  distribution 
which  could  be  used  to  mutual  advantage  and  to  great  public  con- 
venience. In  the  days  to  come  transit  will  undoubtedly  play  an 
important  pai-t.  The  writers  of  a  book  on  the  "  Commg  Trade  War  " 
contend  that  cheap  and  efficient  production  is  attained  by  the 
influences  of  five  sciences,  one  of  which  is  "  transportation."  L'pon 
our  ability  to  assi.st  will  depend  to  a  considerable  extent  the  success 
of  the  nation  in  the  economic  fight  of  the  future.  Relaxation  of 
restrictions  and  regulations  may  be  necessary  to  enable  tramways  to 
play  the  important  part  that  they  are  destined  to  do,  but  there  should 
be  no  difficulty  in  this  respect.  It  seems  a  little  doubtful  whether 
the  Government  have  yet  realised  the  very  great  assistance  which 
tramways  throughout  the  country  can  render,  even  at  the  present 
time,  as  a  transit  instrument  for  goods  as  well  as  passengers.  Rail- 
ways are  crowded  with  traffic  of  all  kinds,  and  considerable  com- 
plaint is  heard  all  over  the  country  regarding  the  delays  that  are 
taking  place.  It  is  therefore,  a  little  surprising  that  the  Govern- 
ment have  not  seriously  considered  the  usefulness  of  the  tramway 
imdertakings  for  the  carriage  of  munitions  and  general  merchandise. 
I  feel  that  I  cannot  clo.se  without  making  reference  to  those  of  our 
men  who  have  fallen  in  the  conflict.  We  ofter  our  condolences  to 
their  relatives  and  friends  who  have  been  bereaved  and  who  have 
also  been  denied  the  sacred  privilege  of  paying  their  last  respects 
to  their  loved  ones.  I  would  also  like  to  take  the  opportunity  of 
recording  my  appreciation  of  the  honour  conferred  upon  me  m 
appointing  me  as  President  of  this  important  Associ-.ition  and  to 
express  my  gratitude  to  the  Executive  Comicil  and  to  our  hon. 
secretary  for  their  many  kindnesses  and  whole-hearted  support 
throughout  my  year  of  office. 

After  a  vote  of  thanks  to  the  President  had  been  passed.  Mr. 
J.  M.  McElxIOY  read  the  following  Paper  : — 

SOME    NOTES   ON   PASSENGER   TRANSPORTATION   IN 

LARGE  CITIES.* 

BV    J.    M.    MCELROY. 

Systematic  studies  of  the  passenger  transix>rtation  requirements  of 
the  large  cities  in  this  coimtry — studies  directed  towards  making 
proper  provision  for  meeting  the  constantly  increasing  traffic  de- 
mands which  follow  the  cities'  development — have  not  in  the  past 

*  Abstract  of  a  Paper  read  before  the  Municipal  Tramwa,ys  Association. 
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been  undertaken  with  that  thoroughness  which  has  been  charac- 
teristic of  many  cities  abroad,  particularly  in  America. 

Ah  cities  grow,  due  to  the  gradual  increase  in  population,  and  as 
the  riding  habits  of  the  people  develop,  it  becomes  more  and  more 
difficult  to  make  the  channels  of  pas^-engcr  transport  equal  to  the 
ever-growing  demands,  in  every  city  the  main  factors  affectmg 
this  problem  are  much  the  same.  There  is  a  constant  migration  of 
the  j;opulation  from  the  inner  to  the  outer  wjnes,  and  this  is  greatly 
accelerated  by  every  extension  and  improvement  in  the  means  of 
transit.  Smaller  towns  and  districts  on  the  outskirts  are  drawn 
into  closer  toudi  w  itii  the  cities,  and  a  greater  conmiunity  of  interests 
is  I  eing  establislied  over  a  gradually  wirlening  area.  Everj-  exten- 
sion of  the  means  of  transit  into  the  outer  zones  adds  to  the  diffi- 
culties of  handbng  the  traffic  in  the  central  zone,  and  in  time  the 
congestion  Le<(jnHS  so  acute  that  the  city  authorities  realise  that 
they  are  face  to  face  with  the  inevitable  traffic  jiroljicm. 

It  is  well  known  that  the  pas>enger  traffic  in  cities  grows  at  a 
much  greater  rate  than  the  increase  in  the  j.opulation.  .Some  years 
ago  it  was  found  that  on  the  average  the  number  of  pa.ssengers 
carried  increa.scs  in  the  same  ratio  as  the  square  of  the  population. 
This  rule  does  not  apjear  to  be  true  as  regards  British  cities.  In 
some  of  our  cities  the  number  of  j  a.^^sengers  carried  is  increasing  at  a 
much  greater  rate  than  the  square  of  the  jxjpulation. 

In  considering  the  traffic  statistics  of  various  cities  it  may  be  very 
misleading  to  draw  general  inferences  imless  the  local  circumstances 
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2.  Shallow  subways  in  the  congested  areas  into  which  the  surface 
cars  can  be  run. 

Many  cities  have  not  waited  imtil  the  saturation  point  of  the 
surface'  facilities  has  been  reached  before  underground  or  overhead 
railways  have  been  constructed,  because  the  demand  for  the  railways 
has  ari.sen  through  the  constant  desire  for  quicker  movement.  In 
other  words,  (ime  saving  has  been  the  main  factor  which  has  led  to 
the  construction  of  many  city  railways,  and  the  patronage  they 
receive  from  the  public  depends  largely  upon  the  time-saving 
capabilities  of  the  lines^. 

Exjjerience  shows  that  the  provision  of  shallow  subways  into 
which  surface  cars  can  be  rim  so  as  to  relieve  the  traffic  congestion  in 
the  central  parts  of  cities  cannot  be  justified  owing  to  the  great  cost 
of  construction  and  the  comparatively  small  amount  of  traffic  which 
can  he  passed  through  them. 

Underground  lines  of  any  description  can  only  be  justified  by  a 
dense  traffic  demanding  the  operation  of  high  speed  trains  run  at 
verv'  close  intervals. 

In  planning  new  transit  facilities  a  wide  outlook  is  all-important. 
Any  schemes  carried  out  on  narrow  or  confined  lines,  or  which  do 
not  form  part  of  the  transportation  requirements  of  the  city  viewed 
as  a  w  hole,  ultimately  result  in  serious  losses  to  the  community  from 
everj'  point  of  view. 

Underground  lines  should  be  so  laid  out  that  they  can  be  worked 
in  conjunction  with  the  surface  lines  by  providing  suitable  transfer 

jKjints  from  surface  to  underground  and  vke 
/^  versa.  The  surface  lines  should  gather  the  local 
•f       traffic  and  feed  the  underground  lines,  which. 
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n  each  ca^e  arc  fully  iiMnpnin'<l  and  clearly  kopf  in  mind.  .Many 
fwtnrn  tend  to  nceeleralr  ibc  iioimil  gn>wth  in  a  ]  articular  city,  and 
luiloHd  wo  are  n(r|U»inled  w  ith  those  we  may  I  e  drawing  wrong  con- 
<  hiHiniiM  fnmi  tlie  data,  (^iiite  a]:itrt  fn>in  the  (pieslMUi  of  the 
iniTeuM'd  funlitirn  and  the  int.tMluctidii  of  general  im])roveincnt8  in 
the  nunnN  «»f  trnnxit-- wliii-h  nn»  alwavH  followiMl  by  n  rapid  rise  n 
file  nimil  IT  nf  i  rn  ( iirried     the  fiielor  as  to  the  fares  (harped. 

and  the  ( luiiij;(      i ■    therein  from  time  to  time.  ha.s  a  most  im 

]ionHiit  bonring  on  tlic  Hiibjerf.  We  have,  therefore,  in  the  ca^e  of 
earh  rity.  nf»f  only  to  look  at  the  total  transit  facilities  jirovided.  an«l 
gauge  ilieir  excellence  or  otlierwim-,  but  we  lia\e  to  look  at  the  fan-s 
elinrgr<l.  and  ^er  the  effect  of  thcno.  We  nhoiild  n««<"orlain  the  extent 
to  which    lonn  «lislan<  e  and   short  ■<li'<l«iice    |  ■  '  ■*  are   re.xjiec- 

tively   catered    for.      In    short.    com|ari>ti\e    -  its   as   to    the 

ntiml  er  of  ])aRsrnger»  carried  tend  to  be  niislradinv.  bocauFo  they  do 
not  indiiati   the  avnrat'e  di  '  '  "    '  '  i,  j  iis,-enuer. 

'the  (litiniate  xoluineof  \  .in  be  dealt  witli 

by  facilities  wliieh  u>r  the  Ktrrct  ourfarp  i8  limited  by  the  rapacity 
of  the  arterial  routes  near  the  central  part,-*  of  tlie  .  ity.     When  the 
traflic  on  tl.oT'  n>utes  a])proaches  tlie  saturation  ]  o  nt   then  addi 
tional  i^rter'es  must  I  e  oj  enc<l  out  or  other  transit  facilitipi<i  provide*!. 
The  new  fa>  ilities  which  may  •  e  provide*!  are  : — 
I.   Uaiiw«y.<«-  (<i)  in  Hhallow  »uV»ways  :  (fc)  in  deep  level  "  tubec  " 
(r)on  olevft'cd  Rtnictwtt"*. 


in  onler  that  they  may  pay  their  way,  must  be  provided  with  an 
imI^cn^e  volume  of  traffic. 

It  is  not  at  all  likely,  having  regard  to  the  general  experience, 
that  private  enterprise  will  I  e  willing  in  future  to  shoulder  the  great 
outlay  involvwi  in  the  jimvision  of  underground  facilities. 

In  !>mdon-  where  all  the  cajiital  for  the  underground  railways 
has  bi>en  f«uind  by  jirivate  enterprise — it  is  jxiinted  out  by  Sir 
.\llert  Stanley  that  in  I'.MM  the  amount  available  for  dividends  on 
the  onhnarj-  c'a)tital  was  only  sufficient  to  jay  ju.st  over  2  per  cent. — 
not  a  very  en- ouraging  result  for  a  city  w  hich  has  the  largest  popula- 
tion  in  the  wi»rld. 

In  Htudying  the  pmbleni  which  we  are  now  faced  with  in  M.in- 
chester  where  ^everaI  of  our  arterial  routes  approaching  the  centre 
of  the  city  have  practically  reached  the  .saturation  point— I  came 
to  the  coneJUHion.  after  careful  consideration,  that  the  proper 
conrM>  for  the  f "  l.tn  to  pursue  to  meet  the  constantly  grow  ng 

HMjuii-eiiieiit,'.     \>  ■  f(»re    attemi)ting    to    provide    underground 

faeiiition.  the  coot  of  which  is  so  enormous — to  improve  and  make 
more  efficient    ''  •   airfare   lines   by  ojiening  out    parr.IIel 

mutes,  by  fom  (ds  and  widening  others  at  consi«lorable 

root,  and  aloo  by  adopting  tramway  terminals  near  the  heart  of  the 
iTv.  the  latter  Wr  v  on  account  of  the  narrowness  r.nd 

.  i  lay  out  of  tlir  ts. 

Ihe  necewity  of  utilising  the  strt^ts  to  the  fullest  advantage  for 
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meeting  the  demands  for  passenger  transportation  involves  the 
consideration  from  time  to  time  of  the  question  as  to  the  most 
suitable  means  of  surface  transit,  having  regard  to  the  traffic  re- 
quirements. 

Much  has  been  written  about  the  relative  merits  of  tramcars 
and  motor  'buses,  unfortunately,  not  without  bias  on  the  part  of  the 
advocates  of  each  class  of  vehicle. 

An  abstract  discussion  as  to  the  relative  merits  of  tramcars  and 
motor  'buses,  without  reference  to  the  particular  purpo.se  for  which 
they  are  intended  to  be  used,  is  likely  to  be  very  misleading.  Each 
type  of  vehicle  has  its  peculiar  advantages,  and  in  the  future  each 
will  be  utilised  for  handling  that  cla.ss  of  traffic  for  which  it  is  best 
suited.  The  tramcar,  on  account  of  its  greater  seating  capacity  and 
its  ability  to  cope  with  traffic  of  a  widely  fluctuating  character,  will 
be  utilised  where  heavy  peak  loads  have  to  be  catered  for.  On  the 
other  hand,  where  the  volume  of  traffic  is  not  great,  or  where  there 
is  a  steady  traffic  flow  throughout  the  day,  motor  'buses  will  pro- 
bably prove  to  be  the  more  suitable  vehicles.  In  some  instances  it 
may  be  found  to  be  advantageous  to  run  the  two  types  of  vehicle 
along  the  same  routes. 

The  aim  should  be  to  use  the  highways  as  channels  for  passenger 
transport  to  the  best  possible  advantage,  and  the  most  efficient 
means  of  doing  this  can  only  be  decided  upon  in  any  particular  case 
by  a  study  of  the  traffic  characteristics. 

Attempts  have  been  made  to  show  the  relative  efficiency  of  the 
two  types  of  vehicles — tramcars  and  motor  'buses — by  comparing 
the  average  loading.  It  has  been  pointed  out  that  "  the  average  load 
of  a  tramcar  with  74  seats  is  lOi  passengers,  and  of  the  motor  'bus 
with  34  seats  is  eight  passengers,  and,  therefore,  the  relative  effi- 


show  what  the  tramcars  and  motor  'buses  are  doing  respectively 
to  meet  the  traffic  demands  on  a  typical  route  in  Lrmdon.  From 
Fig.  2  it  will  be  seen  that  the  number  of  tramcars  passing  in  one 
direction  at  the  hours  of  peak  load  is  82.  At  the  slack  hours  nearly 
half  the  cars  are  withdrawn.  On  the  other  hand,  the  motor  'bu.ses 
make  no  attempt  to  deal  with  the  peak  between  7  and  8  a.m.,  but 
obviously  cater  for  a  .steady  all-day  traffic.  Fig.  3  shows  the  relative 
seating  capacity  of  the  tramcars  and  motor  'bu.ses  referred  to  in 
Fig.  2,  and  illustrates  the  effectiveness  of  the  former. 

The  trams  are  dealing  with  the  peak  loads  and  the  'buses  are 
catering  for  the  steady  pick-up  traffic  throughout  the  day. 

Fig.  4  (taken  by  permission  of  Sir  Albert  Stanley  from  his  Paper 
on  London  Traffic)  shows  the  fluctuating  character  of  the  loading 
on  the  London  electric  railways  and  on  one  route  of  the  London 
General  Omnibus  Co.  Here  is  an  illustration  of  the  abilitj*  of  the 
railways  to  handle  heavy  peak  loads  and  the  lack  of  capacity  in  the 
case  of  the  motor  'buses. 

Sir  Albert  Stanley  in  his  Paper  points  out  that — 

The  motor  'bus,  when  operating  in  conjunction  u-ith  other  inean%  of 
transit,  has  not  a  peak  load.  One  reason  is  the  absence  of  workmen's 
return  fare,  which,  cuts  it  ofE  from  a  fair  .«hare  in  the  traffic  before  eight 
o'clock  in  the  morning.  Another  reason  is  the  smallness  of  the  units 
required  to  be  filled  with  traffic,  which  allows  of  a  closer  adjustment  to 
demands.  A  third  reason  is  the  .special  feature  of  motor  "bus  traffic 
causually  picked  up  all  daj-  long,  so  long  as  there  is  traflBc  in  the  street. 
The  motor  'buses  are  always  reasonably  full  throughout  the  day.  At 
the  time  of  peak  load  they  are  quite  full. 
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Fig.  2. — Diagram  showing  number  ofTram- 
CARS  AND  Motor  'Buses  passing  in  one  direc- 
tion ALONG  WaLWOETH-ROAD,   LoNDON,  JuXY, 

1914. 


Fig.  3. — Diagram  showing  Seating  Cap- 
acity ON  Tramcars  and  Motor  'Buses 
passing  in  one  direction  along  Wal- 
worth-eoad,  london,  july,  1914. 


Fig.   4. — Hol'ely  Number    of    Passengers 

CAT^RIED    ON   THE  LONDON  ElECTEIC  RAILWAYS, 

and    one    route   of  the  london    general 
Omnibus  Company. 


ciency  of  the  motor  'bus  is  almost  twice  as  great  as  that  of  the 
tramcar." 

This  is  a  distortion  of  the  meaning  of  the  word  "  efficiency."  In 
practice  we  have  not  to  deal  with  hypothetical  averages,  but  with 
actual  traffic  conditions — conditions  often  varying  greatly  at 
different  times  of  the  day.  The  relative  efficiency  of  the  tvi-o  types 
of  vehicle  cannot  otherwise  be  gauged  than  by  their  ability  to  cope 
with  the  volume  and  flow  of  traffic  in  particular  cases. 

Fig.  1  shows  the  loading  of  a  typical  tramcar  during  a  full  day's 
continuous  nining  on  the  Palatine-road  route,  Manchester.  The 
car  has  a  seating  capacity  for  75  passengers.  The  intermittent 
nature  of  the  loading,  and  the  effectiveness  of  the  tramcar  in  handling 
it,  are  clearly  indicated.  The  diagram  also  shows  by  a  red  line  the 
seating  capacity  of  a  motor  'bus.  The  tramcars  on  this  route  have 
the  upper  saloons  covered,  and  therefore  the  whole  of  the  seating 
accommodation  is  available  in  all  conditions  of  weather.  In  bad 
weather  the  outer  seats  of  motor  'buses  are  nearly  always  empty, 
hence  their  effective  seating  capacity  under  these  conditions  may  be 
said  to  be  reduced  by  about  one-half.  The  average  number  of  pas- 
sengers carried  per  car-mile  on  the  tramcar  shown  on  the  diagram 
was  14.  The  fallacy  of  using  this  figure  as  a  measure  of  the  car's 
eff-ciency  is  too  obvious  to  need  comment. 

Figs.  2  and  3  (kindly  prepared  for  the  author  by  Mr.  A.  L.  C.  Fell) 


The  opening  sentence  and  the  last  sentence  of  this  quota  .ion  put 
the  facts  very  frankly  :  At  the  rush  hours  the  motor  'buses  are  quite 
full,  but  the  other  transit  facilities  are  looking  after  the  peak  loads. 

Fig.  5  shows  the  number  of  passengers  carried  each  hour  of  a 
typical  day  on  the  Rochdale-road  route,  Manchester.  The  heAxy 
peak  loads  are  carried  mainly  by  larre  tramcars  with  a  seating 
capacity  of  about  75,  which  are  taken  out  of  service  immediately  the 
rush  hour  is  past.  The  difficulties  that  would  be  encoimtered  if  we 
had  to  handle  these  loads  by  means  of  small  traffic  imits  are  obvious. 

The  making  of  proper  provision  for  handling  the  rush-hour  traffic 
will  alway-:  be  the  difficult  part  of  the  passenger  transportation 
problem.  It  involves,  and  \^nll  contmue  increasmgly  to  involve,  a 
large  expenditure  of  capital  and  comparatively  high  oi>erating  costs. 
It  is  on  account  of  this  that  competition  by  separate  companies 
for  the  steady  all-day  traffic  by  means  of  vehicles  which  can  be  run 
on  the  public  streets  at  a  relatively  small  capital  cost,  and  which 
escape  many  of  the  obligations  placed  upon  those  who  cater  for  the 
peak  loads,  is  luifair  and  should  not  be  permitted. 

The  right  to  operate  public  service  vehicles,  acquired  by  merely 
obtaining  an  amiual  license,  is  archaic,  and  new  legislat-'on  dealing 
with  this  matter  is  urgently  needed.  Concessions  to  use  the  public 
streets,  if  granted,  should  carry  with  them  obligations  in  the  public 
interest,  with  corresponding  security  and  protection  for  the  operators 
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It  is  becoming  more  and  more  clearly  recogniw-d,  by  all  those 
who  are  qualified  to  judge,  that  the  public  interests  are  best  served 
by  making  the  facilities  for  city  passenger  transfx>rtation  a  monopoly 
— a  monopoly  subject  to  the  control  of  the  city  authorities,  who 
should  fjossess  full  [Kjwers  either  to  provide  and  operate  the  facilities 
themselves,  or,  if  they  think  fit,  to  grant  franf-hii-es  to  private  com- 
panies to  do  so,  subject  to  control  and  regulation  in  the  public 
interest.  The  world's  experience  has  shown  that  every  city  should 
have  a  permanent  authority  directing  the  initiation  and  canying 
out  of  all  schemes  for  new  transit  fa-ilities,  in  order  that  there  may 
}je  continuity  of  policy,  and  that  the  future  needs  of  the  city  and  the 
surrounding  districts  over  a  wide  area  may  be  properly  looked  after. 

DISCUSSION. 

Mr.  i.i.ij.  <.i.i:ii«p:.  ;iii  i.uty-chairman  of  London  County  Counci!)  *aid, 
in  ojM-iiin^  the  dij-<u>i>ion.  years  a>iO  lie  vicitcd  larjie  cities  on  the  Con- 
tinent to  (  oiler  t  information  on  traffic  f.  'here.     He  four.d  many 
fhinu'H  in  whi(h  we  did  i!Ot  ^h<>w  to  a<l\  m  the  cities  he  vis-itcd. 
Berlin  was  Jirht  in  the  number  of  journeys  ]kt  hea<l  of  ])opulation,  the 
numU-r  Ix?ing  2W)  in  \U\3.     In  London  the  number  was  211.     London 
was  seventh  in  j)oint  <jI  numeration  of  the  travelling  habit  of  the  citizens 
of  v'reat  eitif.H.     .Manclichtor  in  that  year  had  2(il  journey.s  l>cr  head.   The 
difference  Ixtwcc;!  lhi»  <  ouiitrj-  and  the  Continent  wa»  attributable  to  the 
fact  that  in  few  cifim  had  we  >uc)»  a  {.Tcat  tramway  <lcv(  lopnuiit  a.s  was 
characteri'^tic  of  the  ;:reat  citic^  on  the  Crintinent.     In  .Milan  tlic  jf.umeys 
per  head  of  population  by  tramway  alone  were  207,  in  Berlin  110  and  in 
I>»ndon  1 1'.\.     In  Milan  there  were  20  miles  of  tramway  for  everj-  iCO.C'tO 
of  }io|iulatirtn  :    in  Ixndon  there  were  4  miles.     The  result  was  that  the 
travellintr  habit  whk  not  so  (rreatly  <level<i|(cd  here  a.'"  it  was  on  the  Con- 
titient.     The  number  fif  journeys  waMKit  in  jiro]Kirtion  to  the  ])0]>ulation. 
In  12  ritie-*  in  thin  « ountr^•  in-  could  tin<l  no  relation,  whether  calculated 
on  the  number  direc^t.  or  the  Mjuare,  <jr  any  other  factor  of  the  population. 
.Mr.  Bion  J.  Arnold  had  found  that  in  America  there  was  no  direct  con- 
nection l»etwe<-n  the  numl>er  of  journeys  anfl  the  ]iopulation.     At  Chicago 
there  wen-  increasing  traffic  fai-ilitic-s.  but  ailecrca'-cd  number  of  journey.s, 
iluc  Ut  ailvers*'  trade  conditions.     With  rej;ani  to  the  traflic  problem  in 
the  centres  of  our  ijreat  citicf..  it  had  been  suj.'j.'este<l  that  the  congestion 
mi(;ht  b«-  relievj-*!  to  M<me  extent  by  the  construction  of  underground  or 
overhead  railways  or  shallow  subways.     He  did  not  believe  in  any  t-iuh 
means.     (Jn  the  C<»ntinent  and  in  America  that  idea  was  confirmed.     To 
relieve  sueli  cont'i-st ion  in  the  Hue  de  Hivoli.   Paris,  the  Metro]'olitan 
I'n'iercrounil    Hailway   was  constru(  tetl,   an<l   motor    bu.'-es   were  sub- 
stitutctl  for  horn-  'buses  ;    liut  there  was  no  diminution  in  the  number  of 
)M-<lestrians.     The  Metrr>politan  line  was  doubled,  aiitl  there  weie  more 
paH»enj:erH  in  the  centre  of  the  street  than  ever.     The  same  exjjerience 
wan  confirnie<l   in   Oxford-stn-c-t,   London,   and   in   Buda]>est,   where   a 
»<hallow  el«Mtric  railway  was  c<instnicted  in  HMU,  but  had  not  succeeded 
in  lianishitiK  the  hor^r•  'busi-s.      He  ho])<-<l  the  centres  cf  tli  •  towns  would 
U-jonie  moH'  crow<le<l,  as  that   was  an   indication   of  jirosperity.      He 
agreed  with  Mr.    .M<  Klmy  that  we  should  devote  ourn-lves  more  to  the 
Ix'tter  coiiNlruction  of  the  laws  which  ajiply  to  tlu>  regulation  of  all 
vehjcU-N  in  the  ntrn'ts.     We  were  not  UH-fully  occupying  more  than  a 
thinl  of  the  available  rf>a«lway.     Thr-  tramway  <KCU])ie<l  less  btrei-t  space 
]>er  (ia«iS4'ni?iTenn-ii'<l  than  the  o^Ulibu^.      It  had  Ixcn  .>.aiii  that  tramways 
wei.               iii;  nhin<lra!!re  to  transit  liecaun-  of  their  inllcxif)ility.  while 
tile  ■                 V  of  tlie  'Ihim's  enab|e«l  t  heni  to  us<'  every  )iortion  of  the  street 
Minre.     'IhiH  waK  a  falla<v.     Traffic  should  not  run  all  over  the  road,  Init 
nnould   How  in  straight  lines,   with   uniform  intervals  between.     .Such 
abominations  as  standiuK  vehicles,  hmding  or  leavin){  jjcrmIs,  in  streets 
tliii"  '      '  '           '  idene<i  at  enormous  <'ost  should  lie  abolislie<l.      In  Berlin 
•  f"'                         I   wn«  much  lN'tt<'r  than  in  any  town  in  this  criuntr^'. 
\jiiii<-  ii'-w  iireiiiiws  iiiiiot  have  a  ]irivale  wharf  for  loailinir  ai.d  unloading. 
Tramways  had  to  U-ar  a  larp>  shan-  of  the  jn-ak  load,  and  onmibu.se.s  did 
not.  but  tramway  mini  hail  reaw>n  to  U-  thankful  that  they  <lid  not  have 
the  diveniiiy  factor  <•(  the  railway  traflic.     The  (ircat  Kasteni  Hailway 
broiic))!  in  III  linie.s  a*  ma'iv  jiaKwuvcrs  in  the  hour  of  inost  trnHi<   as  it 
dill  in  the  hour  of  leant  traflic.  adi                 'KHoone,  while  the  tramways 
l>ail  ttdiviT'.ily  of  eiuht  to  one.       I                 ms|  that  it  would  In'  itu|ios>|li|(> 
to  carry  the  (ireat  Ka'tem  traflic  l»y  means  of  tramcars.      I'.uilwavs  ar  <1 
motor    liuMvi  wen'  a*  evwvitial  nn  'ranv  ars  in  the  solution  of  the  traffic 
problem.     The  limilinu  factor  in  jx-rfii  tiny  ori;anisation  wac  cajiacity  of 
internal  area,  as  .Mr.  MiKlroy  sniij.      I'    '      '   ''.('.  trnnnars  had  to  caiiy 
thetJreat  Ka-'lern  Bailway  t raOn   l>i't                  w  arid  .AMu-ate.  the  streets 
rould  not  aceoniinmlate  the  Irallic      K<>i  v  jM-ak  loail  then- was 
no  ••yHtem  so  e(1icieiii  as  a  railway.      Wli-               ,  •  .il,  I";iil  wasri^lit  to 
ono.  the  tran-.car  WB«t  most  eflicierit.  and  when-  ti  intermittent. 
var>-inu  from  day  today,  the  motor  onuuhus  wax  ni<-i  •  hi.  i.-nt.     I>ealii>(; 
with  high  jH'ak  loads  meant  enornu-iis  exjwnso.  which  was  shown  by  the 
dividends  of  th.    I                                                                      i  .  alt honuli  they 
had  tile  riche-t  I :                                                                       luj.nny  had -howi) 
the  dim  fion  in  wluih  ile\e|ii)imont  was  to  \w  made.     The  motor   bufes 
Were  jiaving  the  dividends  of  the  tnlv  railw '^  -      The  tuljo  railways,  with 
their  hijih  capital  cost  and  low  cost  of  ■                    wrrp  eombini-*!  with 
the  omnibus  company,  which  had  low  ca)                       '      '  .umU'r  of 
pa»snnKer.«.      What  wa«  wa'ite<l  was  to  ex  ,„  t<>  the 
tramways.  «ii  thai  iheie  would  U-  a  n-  js  of 
tran-it.  ntt'isini;  eai  h  to  the  Ivst  ad\  1                                                      liouUl 
'"'  '                 '       Me  thought  the  authority  coitroHm'^  ail  forms  of  transit 
bt  i»        .       .V  should  lie  a  public  authority,  w'           '        •    >    -ild  Iv  not 
catorinH  fordividendK.  but  sorvina  the  be«t  int<                                 unify. 
tounc.   H.  IUrrow  Ich^irmnn  of  Binnindhani   lr.iniwA_\  ~  < ommittoo) 


remarked  that  Mr.  Baker,  in  reading  a  Paper  some  years  ago  on  tovm 
jdanning  and  tramway;:,  said  they  were  hopingin  Birmingham  to  get  wide 
roads  made,  with  tramways  on  separate  tracks.  They  had  not  got  them 
yet.  but  Liveq>ool  had  some  such  tracks.  At  Birmingham  they  had  two 
schemes  of  town  planning  ajrreed  to  by  Parliament.  In  two  cases  roads 
of  100  ft.  in  width  were  to  be  laid  down  with  separate  tracks  for  tram- 
ways, and  they  wen-  also  preparing  three  otherschemes  of  town  planning, 
with  roads  of  120  ft .  in  width  for  tramways.  There  was  no  need  to  .spend 
any  money  on  it  at  present ;  all  that  was  necessary  was  to  see  that  the 
space  was  left  for  future  purposes.  It  was  not  too  late  to  have  town 
planning  now.  Miles  of  streets  to  many  suburbs  would  in  a  few  years 
be  full  of  hoases.  and  there  would  be  a  great  deal  of  building  as  soon  as 
the  war  was  over.  They  had  had  great  difficulty  in  dealing  with  the 
traffic  in  the  centre  of  Birmingham,  and  it  had  been  suggested  that  they 
should  construct  subways,  but  the  figures  given  to-day  seemed  to  point 
to  the  fact  that  that  was  not  going  to  be  a  .solution  of  the  difficulty. 

Aid.  Freu  Smith  ( Livci  ]if>o!)  said  that  he  looked  at  the  German  .system 
in  l8!t7.  He  adniinii  mhhc  ])ortions  of  it.  but  it  was  clear  that  by  the 
develojjment  at  LiveqKXtl  they  would  improve  on  it  considerably.  The 
workinj:  of  the  (lerman  sy.stera  of  the  ore-dec^k  car  seemed  to  him  at  the 
time  to  be  a  most  admirable  system,  but  when  they  tried  it  at  Liverpool 
they  found  the  onp.de<  k  <  ar  with  a  trailer  was  not  suitable  for  their  work. 
They  could  shift  a  trreatcr  number  of  ]iassengers  by  double-deck  car  than 
was  possible  either  by  the  American  or  German  systems.  He  thought 
the  future  of  the  development  of  tramways  would  involve  the  laying  of 
pa''allel  or  broader  roads.  With  reganl  to  tramways  and  town  planning 
departments  workini;  tojiether,  he  thought  they  would  find  that  the 
city  engineer  would  dip  into  the  tramways  pocket  for  some  i)ortion  of  the 
wide  roads  the  town  planning  department  wanted,  atlhough  he  did  not 
.«ee  much  objdtion  to  that ;  the  isrcut  thing  was  to  move  the  travelling 
jjublic  ((uiikly  and  safely.  There  should  be  one  authority  for  traffic  only, 
which  should  have  powers  to  deal  with  the  antiquated  carter  who  pulled 
carefully  across  the  front  of  tramcars. 

Counc.  H.  W.  W.\LE  (Coventry)  said  the  population  of  Coventry  had 
increaseil  by  .jO  j)er  cent,  in  a  decade.  When  they  tried  to  become  the 
]K'nnanent  authority  for  traffic  in  that  neigbouihood  they  were  looked 
upon  as  afigre.^sors,  and  attempts  were  made  to  "  scotch  "  every  .'cheme 
they  put  forward.  Unless  there  was  a  single  authority  with  Parliamen- 
tary powers  ff»r  traffic  in  a  district  the  railway  companies  and  motor 
omnibus  companies  coniin>;  into  the  area  would  feel  their  interests 
affe<'ted,  and  would  o]»]>o.se  any  new  scheme,  and  they  would  not  be  able 
to  pet  anything'  of  jn-rmanent  benefit  to  the  population. 

Mr.  .1.  B.  H.\MiLToN  (I>-eds)  said  that  he  thought  there  had  not  been 
many  speakers  becau.se  Mr.  McElroy  had  practically  finished  the  job,  and 
whatever  he  had  not  said  had  been  ably  said  by  Mr.  Gordon.  No  doubt 
there  must  be  a  central  IkkIv  for  traffic,  but  how  it  was  to  be  constituted 
mi<;ht  be  a  matter  which  would  be  different  in  different  towns,  according 
to  the  conditions  there  ]>rpsented.  There  must  be  a  town  planning 
committee  and  co.onlination  with  the  body  that  dealt  with  city  improve- 
ments. They  had  a  Town  Planning  and  a  City  Improvements  Com- 
mittee at  I^xsds.  and  they  were  approaching  the  period  of  saturation  with 
re.'ard  to  traffic  in  the  centre.  Mr.  McElroy  had  cirded  at  their  want  of 
forcsik'ht  in  this  country-,  but  he  (Mr.  Hamilton)  did  not  think  that  was 
(piite  justifiwL  Ten  years  aL'o  no  tramway  man  could  have  anticipated 
the  increase  of  traffic  which  had  resulted  from  their  efforts.  In  many 
])rovincial  towns,  as  well  as  in  London,  there  was  .sufficient  street  room 
if  ]>rop:'rly  utilise*! ;  but  with  the  lowering  of  fares  and  the  spread  and 
increase  of  ]>opulatii>n  an  enormous  development  of  traffic  had  resulteil. 
A  coinnariMin  of  the  numlH-r  of  ])assengers  carried  10  years  as:o  with  last 
year  would  show  that  there  was  some  excuse  for  what  Mr.  McElroy  had 
de<crilx'tl  a-  want  of  fon-d):ht  on  the  part  of  municipalities.  At  the  same 
time,  he  thoucht  the  cities  should  wake  up,  and  that  there  must  be  co- 
ordina'io.n  l>i'tweei  the  traffic  ati^horities  and  the  body  controlling 
improvements  of  street?,  and  the  provision  of  large  arterial  entrances  ard 
exits  to  cities.  Un<loultte<lly  the  ])ubtic  authority  should  control  all 
means  of  public  transjM.rt  in  the  city.  Ho  was  engage<l  with  a  lolleague 
upon  a  rejmrt  on  tramwav  facilities  for  amunici])ality.  and  he  would  Ivar 
in  mind  what  Aid.  Smith  had  said  about  the  town  planners  dipping  into 
the  t  ramwavs  pocket.  The  U-^t  plan  was  to  form  a  joint  committee  of  all 
authiiif io  i  f  traffic,   so  that  whatever  scheme   came 

forwani  the  t  Kin;;  would  Ix-ar  it>i  ]iro])er  sliare  of  the  cost 

and  have  its  i  'ri>s<TVi><l  in  the  layin^-out  of  streets. 

Mr.  .1.  M.  ^  "1  rejily  to  the  discus.sion.  said  he  was  pleased  to 

have  had  thi  t  so  ai)le  a  man  as  Mr.  Gordon.      Many  tramway 

II  '  city  is  a  loni;  way  from  wanting  1  he  facilities 

;  '    "     They  shculd  iiot  be  too  sure  of  that.     The 

nutiila-i  •  id  of  ]>o]iiilation  was  growini:  enormously,  and 

in  some  .  r  than  they  thou^'ht.  the  arterial  roads  woulii 

haA"p  reached  "  utntation  "  jwint.  In  many  towns  it  was  the  custom 
in  making  up  accounts  to  five  laree  sums  for  the  relief  of  rates  :  but  the 
arterial  roads  worn  lieinii  trradually  filloil  up.  and  in  a  few  years  time  new 
1  ,         ■  ■  .,,1  it  was  necessary   to  put  .•sufficient  bv  in 

)  adetpiate  ]irovision  for  tho>c  times  which 

wem  ahead.  ln«tead  of  civing  lariie  sums  for  the  relief  of  rates,  a  larp- 
depr<  ■  iTti.>-i  fuMil  ^liould  l>e  providtnl  for  developments  when  tlie  lu-w 
art*  •  i.      He  thought  every  city  .should  lx«  the  iiermanent 

•    ■'  *         "        '       it ies  over  a  wide  area, and  it  should 

'  tion. 

A  voto  of  thanks  to  Mr.  McElroy  was  then  passed. 
Mr.  <J.  W.  Hoi.FoRn  (SaUord)  then  read  an  abstract  of  the 
foUowing  Paper  written  by  himself  a-id  Mr  W.  Clough  (of  Bury). 


THE  ELECTRICIAN,  SEPTEMBER  29,  1916. 


943 


UTILISATION   OF   TRAMWAYS   FOR    GOODS   TRAFFIC. 

BY   G.    W.    HOLFORD   AND  W.    CLOUGH. 

After^^  referring  to  previous  Papers  on  this  subject,  the  authors 
consider  more  particularly  the  network  of  tramways  in  Lancashire. 
This  continuous  network  of  tramways  covers  a  street  mileage  of 
403  route  miles.  In  a  similar  manner  are  the  large  industrial  areas 
of  Yorkshire  linked  together  by  tramway  lines. 

If  the  transport  of  inerchandise  over  certain  areas  could  be  dealt 
with  under  one  board  or  organisation  there  is  no  doubt  that  many 
of  the  grievances  that  at  present  exist  would  be  removed  and  many 
facilities  and  benefits  would  follow  ;  but  whether  .such  a  system  could 
be  introduced  is  a  matter  for  the  consideration  of  the  whole  of  the 
interested  parties  in  the  several  areas. 

There  have  been  several  instances  in  this  country  where  the  use 
of  tramways  has  not  been  solely  confined  to  passenger  traffic,  and 
in  order  that  there  may  be  no  misconception  of  the  extent  to  which 
this  has  been  clone  it  is  perhaps  advisable  that  a  brief  description 
should  be  given  of  each  case.  Taken  in  alphabetical  order  they  are 
as  follows  : — 

BiwnUii. — In  September,  1912,  the  Corporation  of  Burnley  com-, 
menced  to  run  a  goods  wagon  for  the  conveyance  of  heavy  parcels — 
i.e.,  parcels  between  56  lb.  and  5  cwt.  The  charges  were  based  on 
3d.  per  cwt.  per  package,  with  a  minimum  charge  of  3d.  The  goods 
were  placed  in  an  oj.en  wagon  of  the  railway  type,  and  if  necessary 
covered  with  a  sheet.  This  wagon  was  placed  in  front  of  a  service 
car  and  propelled  along  the  tramways.  The  wagon  was  run  at 
specified  times,  and  was  allowed  to  stand  at  the  terminus  for  10 
minutes,  and  the  sender  or  receiver  of  the  goods  bad  to  meet  the 
wagon  on  its  ariival.  The  financial  results  were  not  satisfactory, 
and  the  daily  running  of  the  wagon  has  been  abandoned  ;  but  it  is 
now  run  on  receipt  of  an  order  and  a  guaranteed  load  which  will 
produce  not  less  than  4s. 

Glasgow. — By  the  Vale  of  Clyde  Tramways  Act,  1871,  the  Glasgow 
Corporation  have  to  allow  the  use  of  the  tramways  for  the  con- 
veyance of  goods  and  mineral  traffic,  with  wagons  and  other  vehicles 
in  ordinary  use  on  railways,  upon  payment  to  the  Corporation  of 
tolls,  not  exceeding  six-tenths  of  a  penny  per  ton-mile,  on  the  weight 
of  traffic  so  conveyed,  exclusive  of  the  weight  of  the  vehicle,  emptj'' 
vehicles  passing  free  of  toll  ;  provided  always  that  the  Corporation 
shall  be  entitled  to  charge  for  traffic  conveyed  for  3  miles,  or  any 
shortcsr  distance,  any  sum  not  exceeding  2d.  per  ton. 

Hvdders  field. — Since  September,  1904,  the  Corporation  of  Hudders- 
field  has  be^n  utilising  the  tramways  for  the  conveyance  of  coal  from 
a  railway  .siding  to  three  different  mills,  two  of  which  are  a  distance 
of  3  miles  away  and  the  other  5  miles.  The  difference  in  level 
between  the  railway  siding  and  the  street  is  such  as  to  allow  the  rail- 
way wagons  to  run  over  and  discharge  the  coal  into  shoots,  which 
empty  into  carts  or  tramway  vehicles.  This  makes  it  possible  to  deal 
with  coal  delivered  at  the  sidings  from  any  colliery.  The  railway 
siding  is  340  yds.  from  the  main  line  of  tramways,  and  the  Corpora- 
tion incurred  the  expense  of  £1,243  for  the  requisite  tramway  con- 
nection. At  the  other  end  each  mill  owner  constructed  his  own 
tramway  connection.  Two  self-propelled  wagons  were  built,  but 
only  one  of  these  is  in  daily  use.  The  wagons  are  similar  to  railway 
wagons,  but  are  mounted  on  an  ordinary  tramway  truck,  and  have 
a  platform  at  each  end  and  a  trolley  standard  mounted  on  a  frame- 
work in  the  centre.  During  the  year  ending  March  31,  1916,  12,121 
tons  of  coal  were  conveyed. 

Leeds. — During  the  summer  of  1910  the  Corporation  completed 
negotiations  with  certain  contractors  for  the  sand  required  in  con- 
nection with  the  new  filter  beds  of  the  waterworks  department  at 
Headingley.  The  quantity  required  was  approximately  30,000  tons, 
and  the  distance  about  '3i  miles  from  the  Sovereign-street  depot  of 
the  tramways  department,  which  has  a  wharf  on  the  river  and  canal 
bank.  To  enable  the  work  to  be  carried  out,  suitable  wagons  with 
hoppers  and  a  2-ton  electric  crane  were  purchased  and  installed. 
The  revenue  from  this  amounted  to  £1,908.  After  providing  for  all 
necessary  charges,  including  full  track  maintenance,  a  very  satis- 
factory net  profit  resulted  to  the  undertaking.  Since  then  there 
have  been  other  developments  in  the  conveying  of  materials,  notably 
for  the  Leeds  Fireclay  Co. 

There  have  also  been  other  instances  where  the  use  of  tramways 
cannot  be  said  to  have  been  confined  exclusively  to  passenger  traffic. 
A  number  of  tramway  systems  convey  their  own  permanent  way 
materials  on  the  tramways,  and  there  are  several  systems  on  which 
important  parcel  departments  have  been  instituted'and  special  vans 
provided.  In  this  connection  we  may  mention  the  case  of  the 
Manchester  tramways  undertaking  and  Sutton  &  Co.  The  judgment 
which  was  obtained  in  this  case  has  a  most  important  bearing,  as  it 


permitted  the  Corporation  to  act  as  carriers  so  long  as  the  articles 
were  merely  carried  along  the  tramways. 

Having  endeavoured  as  far  as  jxjssible  to  submit  the  past  history 
of  the  subject,  we  will  now  consider  whether  there  are  any  legal, 
physical  or  financial  difficulties  which  prevent  the  utilisation  of  our 
tramways  for  the  conveyance  of  goods. 

The  authors  then  consider  whether  tramway  authorities  have 
sufficient  powers.  They  are  permitted  to  convey  goods,  they  may 
run  two  or  more  attached  vehicles  if  the  Board  of  Trade  consents, 
but  there  is  no  power  to  construct  lines  into  premises  not  owned  by 
the  Corporations. 

The  Tramways  Act  of  1870  foreshadowed  the  probable  use  of 
tramway  lines  for  other  than  passenger  traffic,  yet  for  46  years,  with 
the  very  few  exceptions  to  which  we  have  referred,  the  use  of  tram- 
ways in  this  country  has  been  confined  to  passenger  traffic  and  the 
conveyance  of  parcels. 

We  would  next  draw  attention  to  a  clause  which  is  now  u.sually 
found  in  the  Tramways  Acts  obtained  by  municipalities  (Salford 
Corporation  Act  of  1899  and  Bury  Corporation  Act  of  1901),  which 
reads  :  "  The  tramways  .shall  be  constructed  on  a  gauge  of  4  ft.  8^  in., 
but  carriages  or  (rucks  adapted  for  use  upon  railivays  -ihall  not  be  run 
thereon.'''  This  clause,  although  it  may  not  have  been  framed  with 
the  object  of  superseding  section  25  of  the  Tramways  Act  of  1870,  has 
the  effect  of  preventing  the  use  on  tramways  of  a  vehicle  which  is 
also  adapted  for  use  upon  railways. 

On  referring  to  the  Standing  Orders  relating  to  Bills  deposited 
in  Parliament  it  will  be  found  that  provision  is  still  made  for  the 
running  of  tramways  of  "carriages  or  trucks  adapted  for  use  upon 
railways  "  (clause  13).  But  in  the  utilisation  of  tramways  for  the 
conveyance  of  goods,  however  great  an  advantage  it  might  be  to  use 
the  same  vehicle  both  on  railway  lines  and  on  tramway  lines,  we 
must  at  the  outset  accept  the  following  facts  :  (a)  That  railway 
wagons  cannot  be  run  along  tramways  as  at  present  constructed,  because 
their  overhang  is  too  great  as  against  the  11  in.  in  the  case  of  a 
tramcar.  The  wheels,  which  are  5  in.  -nade  and  have  a  flange  of  1  in., 
are  not  suitable  for  grooved  rails,  [b)  That  tramway  wagons  cannot 
be  used  on  railway  lines,  hecaxxse  the  wheels  are  not  wide  enough  to 
pa.ss  ovar  the  gap  of  4  in.  in  railway  crossings  ;  the  wheel  flanges 
are  too  small  to  safely  negotiate  the  curves  even  at  the  slow  speed 
attained  in  goods  yards  or  sidings. 

In  dealing  with  the  general  subject  of  the  transport  of  goods,  we 
have  confined  our  attention  principally  to  the  following  classes,  as 
being  those  which  might  afford  fields  for  operation  by  tramway 
undertakings — namely,  the  collection  and  delivery  of  goods:  (1) 
Between  towns  separated  some  distance  apart — i.e.,  Liverpool  and 
Manchester;  ](2)  between  towTis  fairly  adjacent  to  each  other; 
(3)  between  dock  or  railway  yards  and  the  mills,  manufactories,  &c., 
in  the  immediate  locality. 

We  have  first  to  consider  what  are  usually  the  methods  in  vogue 
for  dealing  with  this  traffic,  and  taking  the  above  in  numerical  order 
we  find  : — 

Between  Towns  Separated  some  Distance  Apart. — This  work  is 
carried  out  by  the  combined  use  of  horse,  petrol  or  steam  vehicles 
and  railway  lines  and  wagons.  How  does  the  position  of  the  tram- 
way undertakings  compare  in  this  case  ?  The  goods  have  to  be 
collected  from  a  point  and  conveyed  to  a  railway  siding  or  depot 
(they  could  be  just  as  easily  collected  and  conveyed  to  a  tramway 
depot),  they  are  then  transported  by  rail  to  another  depot  or  siding 
in  the  town  of  delivery  (they  could  be  just  as  easily  conveyed  from 
the  tramway  depot  over  the  tramway  lines  to  the  tramway  depot  in 
the  town  of  delivery),  they  are  then  conveyed  by  horse,  petrol  or 
steam  vehicle  to  the  mill,  works,  &c.,  where  they  are  required 
(this  work  could  be  just  as  easily  undertaken  bj-  the  tramway 
authority). 

WTiat  then,  are  the  advantages  possessed  by  either  party  ? 
The  railway  companies  are  enabled  to  transport  large  train  loads 
at  one  time,  which  the  tramway  undertakings  could  not  do.  Xor 
could  the  tramway  undertaking  from  a  financial  point  of  -^iew  deal 
with  loads  of  a  small  character,  as  the  revenue  to  be  derived  would 
not  cover  the  working  expenses.  But  with  loads  of  a  moderate 
character  the  cost  of  transport  between  towns  would  certainly  be 
cheaper  as  compa-ed  with  the  present  railway  charges. 

Taking,  for  instance,  the  cost  of  providing  and  running  on  the 
rails  a  self-propelled  tramwaj'  vehicle  carrNnng  10  tons  at  lOd.  per 
mile  (again  remembering  that  not  only  must  there  be  a  sufficient 
load  but  also  a  sufficient  distance,  for  clearly  we  could  not  undertake 
to  carry  10  tons  1  mile  for  lOd..  anymore  than  we  could  undertake 
to  carry  1  ton  10  miles  for  lOd.),  and  assuming  a  distance  of  25  miles, 
and  making  no  allowance  for  a  return  load,  the  tramway  charge 
would  be  41s.  8d.,  or  a  carriage  rate  of  4s.  2d.  per  ton.  whereas  the 
railway  rate  (an  actual  case  having  been  taken)  was  13s.  2d.  per  ton 
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This  leaves  a  large  margin  out  of  which  to  provide  any  warehousing 
or  loading  facilities  at  tramwa\-  depots. 

It  must,  however,  be  expected  that  as  soon  as  it  became  a  question 
of  competition  as  to  which  could  do  the  work  the  cheapest  the 
advantage  would  be  decifledlj-  with  the  railway  company,  and  whilst 
it  may  be  in  the  interests  of  the  trading  community  that  the  railwaj- 
companies  should  be  called  upon  to  face  competition,  this  alone  is 
not  sufficient  to  warrant  mimicipalities  entering  into  such  com- 
petition. 

The  tramwa}'  undertakings  might  be  able  to  still  fuither  reduce 
the  handling  of  these  goods  by  the  laying  flown  of  sidings  (where 
convenient)  from  the  tramway  lines  direct  to  the  mills,  warehouses, 
works,  &c. 

But  even  under  the  most  favourable  circumstances — i.e.,  where 
the  mill  or  warehou.se  is  on  the  line  of  route  and  there  is  sufficient 
sjiace  to  build  a  tramway  curve  anrl  line  to  the  point  of  loading  and 
unloading — there  must  be  the  requisite  jioints  and  cro.ssings,  and 
although  the  extent  of  traffic  in  exceptional  ca.ses  might  warrant  the 
c.\j;cnse  of  these,  no  tramway  manager  wishes  to  increa.<^e  the  number 
of  points  and  crossings  on  a  line  u.'-ed  for  j)as.senger  traffic.  There, 
however,  may  be  localities  in  our  manufacturing  districts  where 
fherc  is  a  cluster  of  mills  and  warehouses,  and  where  it  might  be  of 
advantage  to  construct  a  branch  line  for  the  conveyance  of  goods, 
'i'o  obtain  access  to  the  large  warehou.ses  of  our  cities  (usually 
situated  in  very  narrow  streets)  by  means  of  tramway  sidings  is 
entireK'  out  of  the  question. 

If  the  transport  of  goods  over  tlie  tramway  lines  between  towns 
of  the  character  referred  to  develoj:e<l  to  any  large  extent,  then  it 
might  be  found  desirable  to  construct  central  goods  depots  (in  lieu 
of  the  uee  of  tramway  depots)  at  points  or  positions  found  to  be  most 
suitable. 

'I'licre  is  also  one  other  phase  to  be  considered  in  referring  to  this 
class  of  business,  and  which  is  dealt  with  later  in  the  Paper,  and  that 
is  the  introduction  of  a  vehicle  that  could  utilise  to  .«ome  extent 
the  benclit  of  the  tramway  system  antl  at  the  .«ame  time  dispense 
with  much  of  the  expense  consequent  upon  the  several  j)rocesses 
of  handling  now  in  vogue. 

Jifhifni  ToiriiH  Jnirltj  Afijurenl  to  Enrh  Olher.^lt  is  apj  arent  that 
in  large  industrial  areas  there  must  be  a  considerable  interchange  of 
goods  traflic  of  a  varying  character  between  towns  lying  adjacent 
to  oM-li  other.     Tlii.s  wttrk  is  at  the  jiresent  time  j)artly  carried  out 
by  the  utilisation  of  the  railways  (as  mentioned  in  the  ])revious 
ilaHsilicatioM).   l)Ut   mostly  l»y  the  enii)loynir'nt  of  horse,  petrol  or 
aleam    vcliides.     Can   tramway   nndeitakngs  comj-ete   successfully 
for  this  traffic  ?     Wo  are  forced  to  the  conclusion  that  this  can  only 
be  done  by  the  use  of  a  vehicle  whi<h  could  avail  itself  in  |  art  of  the 
benelit  of  the  tramways  and  yet  lie  on  ecjual  terms  in  the  handling  of 
the  gnorls,  and  which  we  will  refer  to  after  the  next  classification. 
Where  till"  gocids  are  conveyed  partly  over  the  railway,  as  in  class  1. 
llieu  tlie  handling  by  the  tramway  undertakings  would  lie  on  equal 
t«TMiH  with  that  of  the  railway,  with  a  jiossible  reduction,  as  in  the 
previous  case  ;    but  the  length  of  tramway  to  be  utilised  would  be  of 
a  nhnrler  rhtnirler,  and  the  eheaptu-ss  of  transportation  less  in  pro- 
I)ortioti.     When  the  goods  iire  conveyed  by  vehicles  (horse,  petrol 
or  Mteiim)  the  handling  charges  are  reduced  to  a  minimum,  and  the 
linancial  benelit  would  be  entirely  in  favour  «»f  tiiis  method,  excejtt 
probably  in  the  las*-  of  horse  vehicle  trans|M)rtation.  l)Ut  even  then 
the  cost  of  handling  forms  hucIi  a  serious  item  in  the  consideration 
of  tlie  subject  that  it  would  be  unwife  to  sjiy  that  the  tramway  method 
would  be  the  cheaper. 

Itftwriu  l>f>rL-  ninl  li'nilufiif  Yards  and  Ihf  .Mills  mid  W'tirrliiiusr-i. 
The  work  referred  to  ni  this  claHxilii-ation  may  be  said  to-day  to  l)e 
entirely  carrii-fl  out  without  the  utili-njition  of  railway  lines,  but  solely 
i>y  horse,  petrol  or  steam  venivles,  with  one  handling  for  loading  and 
another  for  unloiuling.  Can  the  tramway  inidertakings  coniiclc  sue- 
res-sfuliy  in  this  case  ?  Kxcepf  in  isolate<l  canes  where  conditions 
are  particularly  favourable  (suj-h  as  the  Hiidderslield,  Leeds  and 
(ilasgow  instances)  we  are  of  opinion  that  they  <-ould  not.  With 
the  introduction,  however,  of  a  suitaiile  vehicle  we  lielieve  to  a  ver^- 
large  extent  th(>y  could.  Then-fore,  in  considering  all  these  «-lass«»s 
of  work,  we  arrive  at  the  same  conclusion — i.e..  the  necessitv  for  a 
vehicle  which  can  make  u^e  t«>  a  ^reat  extent  of  our  tramways  and 
at  the  .Manie  time  rediue  the  handluig  of  the  goods  to  a  minimum. 
A  vehicle  of  this  description  (which  by  the  kindness  of  the  designer 
we  have  had  tlie  pleasure  of  inspecting)  has  been  intn)du(iMi  as  an 
experuiu'iit  l>y  .Mr.  C.  J.  .Speni  ei.  the  L'lti.r.il  nuuiogeroi  ihc  Bradford 
Cor|Hiratiou  tramways. 

It  may  shortly  be  described  a.s  a  '  r.iillrvs  tmllov  hatterv  vehicle." 
In  ap|!e.arance  it  is  sinnlar  to  a  petrol-dnven  wagon  with  the  addition 
of  a  t  nil  ley  and  Ixwrn.* 

•  Tills  wn.-*  (lescritjcd  in  TiiK  Ei.ectriciax.  Vol  LXXVII.,  n.  22.1— 


Mr.  Spencer  has  verj-  kindh"  supplied  some  details  as  to  the  usage 
of  the  vehicle  to  date  as  follows  : — 

'■  The  experimental  vehicle  for  this  purpose  was  constructed  and 
actually  put  into  u.se  on  ^-lay  15,  1916,  and  has  been  running  up  to 
June  17th. 

'■  During  that  period  741  miles  have  been  run  and  247  tons  of 
material  have  been  carried  varying  distances,  and  according  to 
market  rates  it  has  earned  £73.  14s.  Various  kinds  of  merchandL'se 
have  been  handled,  including  wool,  stone,  vitrol,  sand  and  other 
material. 

■■  In  this  period  85J  hours  have  been  spent  in  the  depot,  where 
the  vehicle  has  been  undergoing  various  experimental  alterations 
and  repairs  to  chassis.  Had  these  alterations  and  repairs  not  been 
necessari'  (and  they  would  not  have  been  had  not  the  vehicle  been 
an  experimental  one)  the  vehicle  would  have  been  available  for  a 
further  85i  hours,  and  under  tho.se  circumstances  the  totaleamings 
would  have  been  £17  more,  making  a  total  of  £90.  14s. 

•■  In  orfler  to  arrive  at  the  co.st  of  earning  this  money  it  would 
be  obviously  unreliable  to  take  the  actual  expenditure  on  this  ex- 
perimental vehicle.  There  would,  first  of  all,  be  great  difficulty  in 
arriving  at  the  correct  capital  value  of  the  vehicle  in  question.  The 
chassis  and  equipment  which  are  being  used  have  been  taken  almost 
literally  off  the  .scrap  heap,  and  therefore  one  might  be  tempted  to 
give  a  verj-  low  capital  value  to  the  apparatus. 

''  It  is,  therefore,  necessary  to  assume  what  would  be  the  price 
under  normal  conditions  of  special  vehicles  for  the  work.  I  estimate 
that  a  vehicle,  including  accumulators,  would  cost  from  £800  to 
£900." 

After  a  careful  comparison  of  working  costs  of  this  type  of  vehicle 
as  against  petrol-driven  vehicles,  Mr.  Spencer  is  of  opinion  that  the 
advantage  is  much  in  favour  of  the  electric  battery  type,  and  he 
states  : — 

"  Summed  up,  it  seems  that  this  vehicle  would  cost  in  round 
figures  £10  per  week,  working  six  days  per  week  and  rumiing  240 
miles,  against  £12.  os.  for  a  petrol  vehicle  doing  the  same  work.  The 
figures,  so  far  as  the  actual  revenue  from  the  experiment  is  con- 
cerned, must  be  examined  in  the  light  of  the  fact  that  we  have  been 
able  to  select  very  adxantageous  traffic  and  obtain  in  some  cases  a 
return  load.  //  this  vehicle  is  used  in  its  j)roj)er  sphere — viz.,  doing 
a  large  j)erreutfige  of  its  work  on  the  tramway  track — and  using  jwwer 
from  the  Iramuyii/  trolley  wire,  its  ojierating  costs  uill  be  from  20  to 
2')  per  cent,  less  than  a  petrol  vehicle  doing  the  same  work  in  the  sana 
time.  Generally  the  exjieriment  has  been  exceedingly  successful, 
and  gives  ])romise  of  good  results  in  the  future." 

Whether  such  a  vehicle  would  be  sanctioned  for  general  use  by 
the  Board  of  Trade  under  the  existing  powers  granted  to  Corporations 
for  the  working  of  tramways  is  somewhat  doubtful,  but  it  is  more 
tlian  jirobable  that  little  difficulty  would  be  experienced  in  the 
obtainins  by  such  authorities  of  additional  jxjwers  to  run  these 
vehicles  where  it  Wius  shown  that  their  introduction  would  benefit 
industry  in  many  directions. 

DISCUSSION. 

Mr.  C.  .1.  Spen(  KK  (Bradford)  said,  as  a  result  of  the  war,  new  ideas  had 
Ix'cn  and  would  1h>  <  arefuliy  scrutinised,  and  the  effect  would  be  felt  in 
the  transit  worM.  Tiny,  as  tramway  o]>erators,  .should  consider  how 
they  miiiht  liest  hrlp  in  the  ixreat  transit  problems  of  the  future.  If  they 
eoiild  handle  ])a>-><';iL.'er  traflic  to  the  ])ublic  advantage  they  i-hould  aho 
Iv  able  to  hanille  poods  traffic  ;  but  unless  tramways  handled  traflic 
more  econoniienlly  than  it  was  handled  at  present  it  was  u.-elcss  to  put 
forward  any  whenio.  and  unless  the  income  was  equal  to  the  expenditure 
it  would  Ix'  Useless  to  consider  the  matter  further.  Taking  a  rough  and 
rcaily  estimate.  an<i  assuming  that  a  tiamway  system  had  iCO  aw.  .ind 
that  cacli  can  arrii-<l  an  average  load  weighing  K)  tons  and  ran  1' 
jMT  day.  l.tNHi  tons  would  Ix-  carried  1(10  miles  jht  day.  or  RiO.'  ■  ' 
miles.  If  the  total  cost  of  operation  be  lOd.  per  car-mile,  the  gross  cost 
would  Ik-  Id,  por  to).niile.  Sujijioso  that  instead  of  carrv'ing  passengers 
they  wen-  rarrMnc  i:<MKi>.  and  (lie  dead  load  carrit-d  was  only  oO  jn-r  cent, 
of  the  (oi  •  ;    (l„.  ^.j  j.Qj,(  would  be  2d.  ^H^r  ton-mile.      It 

miiiht  Ih-  ,    were  some  fallacies  in  this  rouuh  and  ready 

metluxl  of '  ajciiintion-  not  every  vehicle  would  Ik-  full  all  the  time,  and 
tile  averap"  s|m-<-<1  might  not  lie  so  good  as  that  of  vehicles  earning 
pass«>ngers.  and  there  wt)uld  U>  dead  time,  when  the  vehicle  was  loading 
and  unloadins.  .Also  (he  (loa<l  load  had  (o  Ix-  pu(  on  the  M-hicle.  whereas 
the  live  lo.i«l  put  itself  (h.m- ;  but  the-  vehicles  net^l  not  lx»  quite  .so 
'"  ■  ~.  an<l  the  cost  of  ticket  collections  and 

<1  icrably  nuxlified.     There  was.  he  thought, 

a  prnnn  fnc\r  o«Ki«  tor  examination.  A  big  jiercentage  of  the  ca]iit«i 
exi>endituri»  on  the  tramway  had.  in  the  event  of  goods  lx»ing  carried 
over  the  •amo  linoK  as  i>assengers.  to  Ix-  divided  by  a  much  higher  car- 
mileape.     To  their   friends    the   electrical   ciigireers,    th© 

a'hiition  of  g.  „ld  improve  (he  load  fac(or  ma(erially.     Any 

figure  in  the  iIhxxI  of  2d.  (o  txl.  jvr  ton-mile  for  tran.sit  was  a 

figure  worth  ing.     .\  question  to  be  considered   was  whether 

tramway  vehj.  les  oould  handle  traffic  at  less  co.st  than  petrol  or  steam 
vehicle*.     He  ha<l  ha<l  a  considerable  exi»erience  with  petrol  vehicles. 
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and  had  had  long  consultations  with  transport  experts  with,  experier.te 
of  modern  steam  and  ])ctioI  vehicles,  and  he  had  come  to  the  conclusion 
that  there  was  not  much  to  clioose  between  the  efliciency  of  petrol  and 
steam  under  normal  (-oiKlitions.  Electric  power  was  considerably  cheaper 
than  petrol  power;  and  rejjairs,  lubrication  and  driving  were  cheaper  with 
electric  vehicles,  and  it  was  likely  to  continue  to  be  so.  It  must  be 
remembered  that  the  petrol  vehicle  needed  a  road  on  which  to  run,  and 
at  present  it  did  not  provide  and  maintain  the  road  ;  but  the  tramway 
authority  had  to  provide  and  maintain  its  road,  and  the  cost  of  that 
provision  and  maintenance  was  automatically  charged  against  income 
on  anything  caiTied  over  it.  Thoy  had  also  to  consider  whether  the 
carrying  of  goods  on  tramways  would  help  in  any  way  to  minimise  the 
street  congestion.  The  question  was  whether  it  was  better  to  allow 
transport  to  remain  in  the  hands  of  scattered  individuals  who  were  dis- 
organised, and  who  were  not  iising  in  a  broad  sense  the  best  vehicles 
for  the  work,  and  who  could  not  be  properly  controlled  by  the  street 
authority,  or  to  put  it  in  the  hands  of  a  public  or  semi-public  body 
working  under  Parliamentary  sanction,  and  more  amenable  to  the  public 
interest  than  unorganised  and  largely  irresponsible  individuals.  Had 
it  not  been  proved  in  the  past  that  the  placing  of  passenger  traffic  under 
the  control  and  management  of  properly  organised  bodies  had  resulted 
in  great  public  advantage  ?  And  was  it  not  reasonable  to  expect  that 
the  placing  of  goods  transport  under  similar  control  and  management 
would  result  in  similar  advantage  ?  It  had  been  pointed  out  to  him  by 
men  concerned  with  the  industrial  welfare  of  the  country  that  the  future 
of  the  country  depended  largelj^  upon  the  efficiency  of  its  transport,  and 
particularly  localtransport, whether  they  used  vehicles  with  flanged  wheels 
or  rubber  tyres,  and  whether  they  were  run  by  electricity  or  jjetrol,  the 
issue  was  scarcely  affected.  If  tramway  authorities  were  charged  with 
the  duty  of  handling  goods  traffic  they  would,  if  they  were  allowed,  use 
the  most  efficient  vehicle  for  the  purpose. 

Mr.  Heney  Mozley  (Burnley)  said,  in  regard  to  the  carriage  of  goods 
on  tramways,  he  did  not  think  the  authors  had  considered  the  conditions 
sufficiently.     There  must  be  a  considerable  volume  of  goods  traffic  in  the 
area  covered  by  a  10-mile  radius  from  a  big  centre,  and  the  railway  com- 
pany did  not  care  to  be  bothered  with  that  short-journey  traffic.     The 
statutory  charges  must  be  considered.     In  the  early  eighties  he  found 
that  the  companies'    powers   assumed  train   loads   and   the  tramway 
authority  could  not  have  handled  the  traffic  and  made  a  profit,  because 
the  statutory  charges  assumed  train  loads.     Happily  now  Parliament 
had  sanctioned  such  statutory  charges  as  would  enable  single  wagon  loads 
or  two  or  three  wagons  to  be  used.     The  charges  were  now  3d.  per  ton 
per  mile  for  coal  and  coke,  &c.,  with  a  minimum  of  3  miles  ;  iron  ore,  &c., 
4d.  ;  sugar,  grain,  corn,  &c.,  5d.  ;  cotton,  wools,  &c.,  fid.  ;  carriages.  Is.  ; 
small  packages,  7  lb.  3d.,  14  lb.  5d..  28  lb.,  7d.,  56  lb.  9d.  ;    above  that 
weight  and  under  500  lb.,  any  charge  the  Corporation  thought  fit.     If  one 
bad  statutory  charges  similar  to  those  it  might  be  possible  to  handle  the 
traffic  with  advantage  to  themselves  and  the  commercial  community  if  a 
suitable  vehicle  could  be  obtained.     Night  traffic  would  be  intolerable 
and  was  imnecessaiy.     The  goods  traffic  could  be  worked  in  the  daytime 
amidst  the  passenger  traffic.     The  authors  had  dealt  with  the  Man- 
chester side,  where  all  the  systems  had  the  4  ft.  8J  in.  gauge.     In  the 
north-east  division  of  Lancashire  they  had  the  4  ft.  gauge,  and  the  net- 
work would  in  time  have  physical  connections  down  to  Darwen  and  the 
Rossendale  Valley,   and  the  question   of  gauge  would  then   be  more 
important.     Also,   in   considering  interchange  of  traffic,   it  should  be 
remembered  that  there  might  be  a  big  variety  in  the  statutory  charges 
of  the  various  authorities.     The  ancient  carriers  were  going  daily  over 
the  roads  in  a  radius  of  10  miles  from  the  centre  of  Burnley  with  loads  of 
1  ton  and  upwards,  and  it  was  that  class  of  traffic  he  was  catering  for  in 
his  experiment  with  a  goods  wagon.     He  believed  they  could  handle  that 
traffic  by  the  use  of  a  road  and  rail  truck.     The  vehicle  must  go  to  the 
manufacturer's  warehouse  or  the  thops  and  must  deliver  the  goods  to 
the  consignee,  otherwise  the  traffic  would  never  be  secured.     The  pro- 
blem was  a  very  aged  one,  but  he  thought  it  could  be  solved  if  the  tram- 
way managers  had  sufficient  encouragement.     He  believed  the  Bradford 
system  was  likely  to  be  a  very  successful  method  of  dealing  with  traffic, 
because  it  had  been  going  on  for  years  in  the  shape  of  petrol  and  steam. 
It  was  not  a  tramway  except  for  obtaining  power.     But  the  municipalities 
had  no  powers  to  deal  with  heavy  motor  traffic,  and  would  have  to  go 
to  Parliament  for  powers.     The  Paper  stated  that  Mr.  Hamilton  (Leeds) 
was  carrying  minerals  at  Is.  2-22d.  per  ton  for  3 J  miles  =4d.  per  mile. 
How  could  he  make  a  profit  on  that  ?     What  rates  was  he  going  to  charge 
for  carrying  fireclay  ?     What  were  his  statutory  charges  ?     The  authors 
said  tramway  undertakers  had  no  power  to  put  sidings  down  to  any- 
body's works.     He  thought  that  was  wrong.     At  Huddersfield  they  had 
put  a  siding  into  a  colliery  at  a  cost  of  £1,000.     He  hoped  the  whole 
question  would  be  dealt  with  thoroughly  by  the  best  men  in  the  business, 
but  he  did  not  think  they  had  a  suitable  vehicle  yet. 

Mr.  J.  B.  Hamilton  (Leeds)  said  the  question  of  goods  traffic  on  tram- 
ways presented  itself  to  his  mind  from  two  points  of  view,  that  of  the 
public  interest  and  that  of  the  saving  of  congestion  arising  from  the 
carrying  of  goods  and  minerals  on  other  vehicles  than  tramcars.  The 
coal  now  carried  on  the  Leeds  tramways  (about  400  or  500  tons  a  week) 
was  formerly  conveyed  in  steam  tractors  with  two  trailers,  and  their 
passage  was  a  serious  danger  and  annoyance.  Its  conveyance  on  a 
wagon  which  was  much  less  obtrusive,  which  followed  a  regular  and 
orderly  line,  and  which  made  no  particular  noise,  was  a  great  advantage 
to  the  city.  There  was  no  doubt  in  his  mind  that,  given  suitable  con- 
ditions, they  could  convey  such  goods  at  prices  and  costs  which  no  steam 
or  petrol  tractor  could  face.  The  fact  that  they  were  able  to  get  a 
contract  given  them  by  a  company  proved  that.  The  price  was  con- 
siderably less  than  they  were  paying  under  keen  competition  before,  and 


the  prices  were  remunerative  to  the  department.  He  was  gorry  to  hear 
Mr.  Spencer  talking  of  2d.  per  mile,  notwithstanding'  Mr."  Mozley's 
reference  to  3d.  and  4d.  as  practically  the  statutory-  figure  for  goods  of 
that  class.  That  was  the  figure  in  Leeds  (3d.  per  mile),  but  it  was  a 
purely  relative  term,  and  depended  on  many  other  conditions.  Thej- 
carried  the  goods  5  miles  across  the  city  at  3d.  per  mile,  avoiding  as  far 
as  possible  the  busy  centres.  The  company  did  the  loading  and  had  paid 
for  all  the  terminal  connections.  Under  these  conditions  the  department 
was  just  making  a  little  profit. 

Mr.  R.  H.  WiLKrx.sox  (Huddersfield)  said  the  Paper  (on  p.  19)  referred 
to  a  cost  of  lOd.  per  ton  per  mile.  It  did  not  seem  to  have  ever  been 
considered  what  the  cost  would  be  if  a  vehicle  carried  20  tons,  or  if  it  had 
a  trailer  attached  conveying  20  tons  with  the  same  driver  and  conductor. 
The  cost  would  be  much  reduced.  The  railway  had  many  trailers.  A 
few  years  ago  he  had  to  consider  the  question  of  goods  haulage,  and  under 
the  scheme  he  drew  up  he  proposed  to  get  a  railway  truck  comjjlete  and 
put  it  on  a  bogie  to  fit  the  tramway  lines  and  driven  by  motors.  This 
would  avoid  handling  the  goods  at  railway  sidings  and  reduce  the  cost 
of  conveyance.  He  intended  laying  a  track  specially  for  the  job,  the 
vehicle  being  too  wide  for  the  tram  lines,  and  he  was  confident  that  he 
could  have  carried  the  goods  and  provided  the  track  at  3d.  per  ton  per 
mile.  His  attention  was  called  to  the  fact  that  a  similar  scheme  had  been 
in  operation  in  Germanj- for  some  years,  and  he  went  and  saw  it.  He  also 
saw  a  railway  which  ran  several  miles  out  into  the  countrj-,  and  the  rate 
charged  on  that  was  6d.  per  (10  ton)  truck-mile.  He  was  convinced  that 
goods  could  be  carried  at  a  remarkably  cheap  rate,  and  the  more  there 
was  to  be  carried  the  cheaper  it  could  be  done. 

Mr.  J.  ^I.  McEleoy  (Manchester)  said  when  one  began  to  touch  goods 
traffic  on  tramways  the  terminals  difficulty  arose.  The  goods  had  either  to 
be  carried  to  the  tramways  by  a  separate  vehicle  or  sidings  must  run  into 
the  warehouses.  If  they  had  to  be  carried  to  the  tramways  and  delivered 
from  the  tramways  the  terminal  charges  did  away  with  all  the  advantages 
of  the  cheap  transit  on  the  rails,  unless  there  was  a  long  run — say  25  miles. 
Even  with  25  miles,  unless  one  had  sidings  there  would  be  difficulty  in 
competing  with  the  railways.  Even  in  eanying  their  own  permanent 
way  materials  there  were  many  loads  where  they  had  to  run  off  the 
tramways,  and  they  did  so  by  tramway  part  of  the  way  and  then  trans- 
ferred to  another  vehicle.  They  used  the  petrol  vehicle  for  that  class  of 
work.  Since  Mr.  Bellamy  brought  forward  that  question  at  the  conference 
in  1904  the  petrol  transit  had  revolutionised  road  transit.  The  intro- 
duction of  the  petrol,  steam  and  electric  vehicles  had  so  revolutionised 
the  matter  that  one  should  hesitate  before  saying  the  tramways  could  be 
used  for  the  carriage  of  goods  except  where  sidings  could  be  got  into  and 
out  of  the  warehouses.  Mr.  Spencer's  vehicle  was  a  good  one,  but  did  not 
touch  the  Paper  in  one  sense.  The  authors  were  talking  about  the 
advantages  of  running  on  rails,  but  Mr.  Spencer  spoke  of  getting  advan- 
tages by  taking  energy  from  the  overhead  trollej'  line,  which  was  not  a 
tramway  question  at  all. 

Mr.  W.  Clough  (Bury),  in  reply  to  the  discussion,  said  it  was  rather  too 
bad  of  Mr.  Mozley.  He  was  on  the  Committee,  and  compelled  the 
authors  to  deal  with  the  subject,  and  then  he  init  on  to  them  the  task  of 
finding  a  solution  of  the  problem  that  had  baffled  him.  He  admitted 
that  there  were  goods  to  be  carried  in  a  10-mile  radius  at  Burnley,  but  he 
could  not  carry  them  at  3d.  per  ton  per  mile.  (Mr.  Mozley  ;  That  was 
in  1879.  The  charges  are  different  now.)  Mr.  Mozley  said  it  was  in- 
tolerable and  unnecessary  to  caiTy  the  goods  at  night.  The  authors 
agreed  that  it  could  be  done  in  the  daytime  without  interfering  with  the 
passenger  traffic.  They  agreed  that  to  use  Mr.  Spencer's  vehicle  Par- 
liamentary powers  would  have  to  be  obtained.  The  authors  had  come 
to  the  conclusion  that  if  they  could  get  towns  in  Lancashire  with  sufficient 
distance  between  and  sufficient  loads,  the  tramway  would  be  in  as  good 
a  position  as  a  railway  to  take  up  the  conveyance  of  the  goods.  They 
could  deliver  them  as  the  railways  did.  The  better  use  of  Mr.  Spencer's 
vehicle  would  be  to  deliver  the  goods  from  the  tramway  depots. 

A  vote  of  thanks  to  Mr.  Hoiford  and  Mr.  Clough  concluded  the  meeting. 


INDUCTANCE  OF  CONDUCTORS  AT  CLOSE  SPACINGS. 


BY  F.  B.  SILSBEE. 


Summary. — ^The  author  deals  with  the  determination  of  inductance  of 
copper  tubing,  and  shows  the  effect  of  spacing  and  frequency  under  con- 
ditions approximating  cable  construction. 


In  view  of  the  frequent  use  of  concluctors  at  close  spacing  in 
cables,  it  is  important  to  determine  the  conditions  imder  which 
copper  conductors  at  moderate  frequencies  operate  most  satisfac- 
torily. In  the  calculation  of  the  inductance  and  capacity  of  trans- 
mission lines,  the  formulae  nsually  applied  are  : — 

i=41og--i„ (1^ 


and 


C-- 


d' 
4  log  - 
a 


(2) 


where  L  is  loop  inductance  per  centimetre  length  ;    C  is  capacity 
between  wires  per  centimetre  length  ;  d  is  spacing  of  wires  centre  to 
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centre  ;  a  is  radius  of  wire  and  Li  is  so-called  "  internal  inductance  " 
of  the  wire. 

These  formulae  are  imdoubtedly  correct,  and  can  be  very  simply 
deduced  for  the  case  where  da  is  large.  However,  when  d  a  is  small 
formula  (2)  is  very  much  in  error,  as  has  been  shown  by  Kenneliy  * 
and  others.     The  exact  expression  is  :— 

C= i— , (3) 


4  cosh"' 


dj 
2a 


Equation  (3)  is  correct  for  all  spacings  while  (2)  is  merely  an 
apjiroximation  which  becomes  more  exact  as  da  increases.  The 
physical  difference  between  the  two  cases  is,  that  a  direct  derivation 
of  equation  (2)  requires  the  as-sumption  that  the  electro.static  charges 
on  the  wires  are  uniformly  distributed  around  their  circumference. 
Equation  (3)  takes  account  of  the  fact  that  when  the  wires  are  near 
together  the  mutual  attraction  of  the  charges  causes  the  surface 
density  of  chargi-  to  be  greater  on  the  adjacent  sides  of  the  wires. 

in  the  case  of  inductance  the  phenomenon  is  complicated  by  the 
fact  that  not  only  do  the  induced  E.M.F.s  tend  to  make  the  currents 
crowd  together,  in  a  manner  an-»lf»gous  to  the  elec-trostatic  case,  but 
alw)  the  resistance  of  the  conducting  juaterial  tends  to  maintain  a 
uniform  distribution  of  current  over  the  cross-section  of  the  wire. 
If  the  fonner  cffcf-t  is  overwheluiing,  as  is  the  c-a.-ie  with  perfect  con- 
(im  tors  or  very  high  frc<juen<i<-s,  the  formula 

d 

L-4co8h-' (4) 

2a 

which  is  analogous  to  C.i),  is  correct.  On  the  other  hand,  if  the  resis- 
tan<e  effect  jiredominates,  as  at  low  frequencies  and  witli  materials 
of  high  resistivity,  then  formula  (1)  is  correct  for  all  spacings. 

Table  I. — •£"#*<"'  "/  Spaciny  on  Inductance  of  Parallel  Copper  Tubes 

ReaulU  at  60  M. 
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15-86 
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4-62j 
314, 
3  -08, 
3-07. 


1.5-86 
15-84 
12-21 
12-21 
9-43 
0-07 
4-63, 
4-61j 
3-02, 
3  080 
3-05, 


In  order  to  determine  exj)eriment»lly  which  condition  was  more 
nearly  witislied  by  copper  conductors  at  moderate  fn'(|uencies  speci- 
mens of  coniincrcial  copjier  tul>ing  1-27  cm.  cxt(-nial  diameter  and 
0-10  i-m.  thick  were  used  in  the  experiments.  The  tubular  .sliaj)e  was 
wiected  bof-auw  the  rorn«ction    term    L,  was   thewbj'   made  quite 
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tube  at  points  60  cm.  and  120  cm.  from  the  closed  end  of  the  circuit, 
and  the  inductance  of  the  four-terminal  conductor  formed  by  each 
pair  of  potential  leads  and  the  main  circuit  was  measured.  The 
difference  in  the  values  thus  obtained  was  taken  as  the  inductance 
of  the  60  cm.  of  circuit  between  the  two  pairs  of  potential  leads. 
Corrections  were  applied  to  take  account  of  (1)  the  mutual  induc- 
tance between  the  connecting  bar  at  the  end  of  the  circuit,  and  the 
potential  leads,  and  (2)  the  fact  that  the  conductor  did  not  extend  to 
infinity  but  terminated  at  the  connecting  link.  These  corrections  in 
no  case  exceeded  1  per  cent,  and  were  usually  entirely  negligible. 
They  were  computed  on  the  assumption  that  the  conductors  were 
replaced  by  their  central  filaments.* 

The  measurement  of  inductance  was  made  by  a  substitution 
method  in  which  the  circuit  under  investigation  X  was  compared 
with  a  standard  0-(X)I  ohm  resistance  <S  of  known  inductance.  The 
procedure  was  to  determine  the  phase  angle  of  a  current  transformer 
by  one  of  the  usual  null  methods  using  *S'  as  the  standard  resistance 

Table  II. — f^Jf<^<^l  of  Simcing  on  Inductance  of  ParalUl  Copjjer  Tubes 
Different  Frequencies. 


ErFf.cT  OF  SrAciNu  an»  Fukqckncy  OS  IsDccTANCE  or  COVPBR 

TCBKS. 

Hmall  ((•(•."ilMd  »  lirnrys  per  linear  rentimetrr  in  this  case)-  The 
•  ul)e»  were  KsOcm.  long  and  the  H|Mi«jng  could  In?  varietl  from 
M)  radii  down  nearly  to  2.     Potential  leads  were  attached  to  each 
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7.'><.i 
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0-3 
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1.438 
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4-405 
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4-6 
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7-5 
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0-1 
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808-0 
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6-60 
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0-8 
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... 

2,190 

808-3 

411-6 

6.58 
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in  the  primary-  circuit.  Then  A'  was  inserted  in  place  of  S  and  the 
phase  angle  again  determined.  The  apparent  change  in  phase  angle 
of  the  transformer  is  due  to  the  difference  in  the  phase  angles  of  S  and 
A' ;  and  from  this  difference  and  the  known  inductance  of  <S',  the 
inductance  of  A'  is  easily  calculated. 

The  results  of  the  measurements  at  60  cycles  are  given  in  Table  I. 
Column  IV.  gives  the  observed  inductance  per  centimetre  of  circuit 
for  the  sjmcings  given  in  Column  II..  after  the  corrections  mentioned 
above  have  been  applied.  Column  V.  gives  the  values  computed 
from  equation  (1).  The  agreement  is  well  within  the  experimental 
error,  and  indicates  that  up  to  this  frequency  the  current  remained 
uniformly  distributed  over  the  cross-section  of  the  tube. 

Further  measurements  at  the  three  closest  spacings  were  made  at 
higher  frequencies  up  to  2.100  cycles.  The  results  are  given  in 
Table  II..  and  are  indicated  by  —  marks  on  the  spot.  It  was  found 
that  these  values  can  be  represented  by  the  empirical  formula, 


^-h:l['V'-("y] 


y 


<•') 


Frequency. 


Table  III      Observed  Constants  of  Equation  (5) 
^■C    !  F. 


G,  absolute-henrj's  cm. 


(0) 

(0) 

(0-053) 

00 

0-00 

0-053 

720 

0-18                j 

0-0.53 

1.450 

0-42                1 

00.53 

2.I.W 

0-.58 

0-053 

ir.  ) 

(100)               ' 

(0) 

where  h  and  '»  arc  fiUK  tions  of  frecpicncy.  but  not  of  d'a.  G.  which 
n-pn-M-nts  tin-  internal  uiductjuice.  was  practically  constant  over  the 
range  of  fre<iupncy  uj»etl.  The  values  of  F  are  given  in  Table  111. 
Equfttii'     "  ufo  the  two  theoretical  formulas  (1)  and  (3)  if 

at/    0.1  ,  4.  andat/-^  oc /^=1  andG  =  ^'. 

These  results  hnng  out  verj*  clearly  the  ideas  suggested  in  a  recent 
Paper  by  Kenneliy.  Iviws.  and  Pierce. +  namely,  F  is  a  mea.sure  of 
what  thew  .uithors  rail  the  "  proximity  effect,"  and  is  very  pro- 
nounee<l  at  2.(.HH.»  cycles,  while  the  decrease  of  G  is  a  measure  of  the 
"skin  effect '"  in  tho  narrower  sonae  and  is  negligible  up  to  this  fre- 
quency. 

It  is  tn  bo  hoped  that  thesie  measurements  may  be  extended  to  a 
greater  varir*-     '   •       ,^nd  thicknesses  of  tul)es,  and  to  solid  wires. 


•  "  Proc."  Am.  Phil.  Soc.,  p.  142,  I«.*i9. 


•  "   hiOi. 

f 'Proc' 


■     .U.  Vol.  VIII..  p.  151.  fiseq. 
.  1915.  p.  17.50. 
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THE  TUNGSTEN  ARC  UNDER  PRESSURE.* 

BY  G.  P.  LUCKEY. 

The  following  experiment  was  undertaken  at  the  Nela  Research 
Laboratory  primarily  for  the  purjwse  of  determining  whether  the 
temi:)erature  of  melting  tungsten  showed  a  marked  change  under 
pressure.  For  this  purpose  a  tungsten  arc  was  used,  and  the  melting 
point  of  tungsten  in  an  atmosphere  of  nitrogen  was  determined  for 
jjressures  up  to  35  atmospheres.  The  red  black- body  temperatures  of 
the  melting  tungsten  for  X  =  0-661/i  were  measured  by  means  of  a 
Holbom-Kurlbaum  pyrometer  of  the  type  in  general  use  in  this 
laboratory.  The  values  used  for  the  absorption  coefificient  of  tung- 
sten in  computing  the  true  temperature  were  obtained  by  extra- 
l)olating  from  values  obtained  by  Worthing  for  temperatures  up  to 
3,200°K. 

The  results  of  the  melting-point  determinations  are  given  in 
Table  I.  The  melting-point  apparently  decreases  as  the  pressure 
is  increased,  but  it  is  open  to  doubt  whether  this  observed  change 
is  due  to  an  actual  decrease  in  the  temperature  of  the  tungsten,  or 
whether  the  apparent  diminution  in  brightness  might  not  be  due 
to  an  increased  absorption  of  the  gases  above  the  surface  of  the 
tungsten.  Above  12  atmospheres  rather  large  uncertainties  in 
the  determination  of  the  melting-point  were  introduced  by  the 
distortion  of  the  image  due  to  the  refraction  of  the  heated  gases  in 
the  neighbourhood  of  the  arc. 

The  value  of  the  melting-point  found  for  atmospheric  pressure 
agrees  closely  with  that  found  by  Worthing  in  the  tungsten  arc, 
3,630°K.,  wliile  it  is  about  SO  deg.  higher  than  the  value  detenuined 
by  Langmuir,  3,540°K.  This  discrej)ancy  is  due  to  the  different 
value  of  the  emissivity  of  tungsten  taken  in  the  two  cases.  The 
value  used  by  Langmuir  was  0-425  at  0-667/n,  and  that  found  from  the 
extrapolation  of  the  values  obtained  by  Worthing  was  0-393  at 
0-661/i.  The  red  black-body  temperatures  obtained  give  good 
agreement  in  all  cases.  The  value  found  by  Langmuir  was  3,124°K. 
for  0-667/i,  while  that  found  by  Worthing  was  3,140°K  for  0-666/x. 

At  the  point  where  the  main  arc  discharge  centres  on  the  elec- 
trodes of  the  arc,  a  temperature  much  higher  than  that  of  the  sur- 
rounding melted  tungsten  was  noticed.  The  temperature  of  this 
area  varied  with  the  pressure,  the  current  through  the  arc,  and  the 
area  over  which  the  discharge  took  place.  Measurements  of  the 
highest  attainable  red  black-body  temperature  for  0-661  fx  were 
made  of  this  area  at  different  pressures,  and  the  values  found  are 
given  in  Table  II.  If  it  be  assimied  that  the  relationship  found  by 
Worthiug  between  the  absorption  coefficient  and  the  temperature  of 
tungsten  holds  up  to  the  temperatures  here  attained,  then  the  values 
of  the  true  tfemperature  would  be  given  in  t\e  last  column  of  Table  11. 
There  is  a  question  as  to  what  this  temperature  represents.  It  is 
doubtful  whether  it  can  be  assumed  to  be  the  boiling-point  of  timg- 
sten.  It  is  more  probable  that  it  represents  some  temperature 
lying  between  the  melting  and  boiling  points. 

In  connection  with  the  temperature  determinations,  measure- 
ments were  also  made  of  the  electrical  characteristics  of  the  timg- 
sten  arc  in  nitrogen  under  pressures  from  1  to  30  atmospheres.  The 
drop  in  potential  across  the  arc,  other  conditions  being  the  same, 
increased  with  the  pressure,  an  effect  similar  to  that  observed  by 
Duncan  Rowland  and  Todd  on  the  carbon  arc  under  pressures  up  to 

Table  I- — Apparent  Melting-point  of  Tungsten  under  Pressure. 


Pressure, 

Red  black-body 

True 

atmospheres. 

temperature,  X  = 

0-6GV. 

temperature. 

1 

3,138°K. 

3,623°K. 

4 

3,129°K. 

3,61 1°K. 

8 

3,116°K. 

3,594°K. 

11 

3,113°K. 

3,590°K. 

14 

S.IOT^K. 

3,582°K. 

18 

3,099°K. 

3,572°K. 

21 

3,092  °K. 

3.562°K. 

28 

3,093  °K. 

3,564°K. 

Table  11. — Highest  Attainable  Temperatures. 


Red  black-body 

Assumed 

Computed 

atmospheres. 

temperature, 

absorption 

true 

\=0-661;t^. 

coefficient. 

temperature. 

1 

3,559°K. 

0-374 

4,235°K. 

8 

3,794°K. 

0-363 

4,602'^K. 

15 

3,907'^K. 

0-358 

4,782°K. 

22 

3,982°K. 

0-354 

4,912°K. 

29 

4,022  "K. 

0-352 

4,978°K. 

33 

4,086=K. 

0-349 

5,084°K. 

10  atmospheres.  At  high  pressures  the  voltage  dropped  as  the 
current  was  increased  until  values  of  current  of  about  5  amperes 
were  reached,  after  which  the  voltage  rose  with  increasing  current. 
This  latter  effect  was  probably  due  to  the  tendency  of  the  arc  to  flare 
out  to  one  side  with  larger  currents,  as  well  as  to  the  increase  of  pres- 
sure in  the  tank  caused  by  the  heating  of  the  gas. 


*  From  the  "  Journal  "  of  the  Franklin  Institute. 


ELECTRIC  POWER  PLANTS  OF  THE  MONTANA 

POWER  CO. 

The  following  interesting  particulars  of  an  extensive  power  supply 
system  are  taken  from  a  publication  recently  i-ssued  by  the  General 

Electric  Co.  of  America  : — »  ^       „   , 

Installed 
Co7nj)leted  Hi/fho-elociric  Plunts.  capacitv  kw. 

Great  Falls,  on  Missouri  River 00,000 

Rainbow  Falls,   on   Mis.souri  River  near  Great  Falls, 

completed  in  1910 27,000 

Black  Eagle  Falls,  on  Missouri  River  near  Great  Falls, 

reconstructed  in  1913    3,000 

Black  Eagle  Falls,  hydraulic  power,  8,000  h.p 

Hauser  Lake,  on  Missouri  River,  north-east  of  Helena, 

completed  1911  18,000 

Canyon  Ferry,  on  Missouri  River,  north-east  of  Helena, 

completed  in  1898  and  enlarged  in  1901 7,500 

Madison  No.  1,  on  Madison  River.  60  miles  south-east  of 

Butte,  comi)leted  in  1901  and  re-modelled  in  1907     ...       2,000 
Madison  No.  2,  on  Madison  River,  60  miles  south-east  of 

Butte,  completed  in  1906 10,000 

Biff  Hole,  on  Big  Hole  River,  22  miles  south-west  of 

Butte,  completed  in  1898 3,000 

Livingston,  on  Yellowstone   River,  completed  in   1906 

and  enlarged  in  1908 1,500 

Billings  No.  1,  on  Yellowstone  River,  completed  in  1907       1,080 
Lewistown.  on  Spring  Creek,  completed  in  1906  and  re- 
modelled in  1913    450 

Thompson  Falls,  on  Clark's  Fork  of  Columbia  River    . . .     20,000 

Steam  Plants.  153,530 

Butte,  completed  in  1907     t 5,000 

Billings,  completed  in  1906 560 

Conrad,  completed  in  1910  110 

Phoenix,  in  Butte,  completed  in  1895 250 

—     5,920 

Total  159,450 

Hydro-electric  Poicers  in  Course  of  Development  and 

Definitely  Projected.  Capacity,  kw. 

Thompson  Falls,  on  Clark's  Fork  of  Columbia  River, 

additional  units  to  be  installed  in  1917   10,000 

Holter,  on  Missouri  River  near  Helena,  under  construc- 
tion, to  be  completed  in  1917   40,000 

Total  50,000 

Hydro-electric  Power  Sites   Undeveloped. 
Site  "  C  "  at  Great  Falls,  on  Missouri  River,  between 

Rainbow  and  Great  Falls 28,500 

Below  Great  Falls,  on  Missouri  River 28,500 

On  Missouri  River  about  30  miles  north-west  of  Missoula     13.500 

Madison  No.  3,  on  Madison  River    18,500 

Black  Eagle  Plant,  reconstruction  10,000 

Snake  River  Falls,  on  Henry's  Fork  of  Snake  River,  20 

miles  north  of  St.  Anthony,  Idaho  22,500 

Total   121,500 

Summary. 

Completed  hydro-electric  and  steam  plants  1 59.450 

Hydro-electric  powers  in  course  of  development  50,000 

Hydro-electric  power  sites  undeveloped 121. 500 

Total   330,950 

Siimmary  of  Transmission  Lines  in  Service  January  1,  1916. 

Steel  tower  lines,  100,000  volts  305  miles 

Steel  tower  lines.  50,000  volts     35       „ 

Pole  lines,  pm  type,  11.000  to  60,000  volts  635       „ 

Pole    lines,    stispension    insulator   tvpe,    50,000    to 

100,000  volts ; 512       „ 

Bridge  type,  100,000  volts  341       „ 

Total  1,828      „ 

These  water-power  plants  are  so  located  at  widely  separated  points 
that  there  is  little  probability  of  an  interruption  of  the  supply. 

Available  capacity  of  storage  reservoirs  in  service  is  447.150  acre  ft., 
of  which  the  largest,  the  Hebgen  reservoir  on  ^Madison  River,  con- 
tributes 325,000  acre  ft.  There  is  a  further  undeveloped  capacity 
of  78,500  acre  ft. 
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THE  UNION  OF  CAPITAL  AND  LABOUR. 

There  can  .suieiv  be  no  thoughtfii]  employer  at  the  present 
moment  who  does  not  look  forward  with  considerable  mis- 
giving to  the  future  relations  of  Capital  and  Labour  in  this 
country,  unless  some  basis  of  co-operation  is  found  before 
peace  is  declared.  For  the  time  being  there  is  amicable 
working.  Although  there  has  been  endless  friction  in  the 
past,  at  the  pre.sent  moment  both  Capital  and  Labour  are 
working  with  the  one  object  in  view  of  winning  the  war. 
With  that  object  the  employers'  profits  have  been  cut  down 
and  Labour's  output  has  been  vastl}-  increased.  Trade 
union  rules  have  been  laid  on  one  side,  and  many  sacrifices 
have  been  made  as  being  the  orly  means  of  securing  victory  ; 
but  at  the  best  this  is  only  a  temporary  truce,  and  we  are 
faced  with  the  question : — What  is  to  happen  when  peace 
reigns  once  more  ?  What  are  we  to  expect  in  due  course 
when  the  employer  wants  more  profit,  as  he  certainly  will : 
when  the  emplov'  restricts  output  and  desires  a  higher  v.age. 
as  will  certainly  be  the  case;  and  when  the  neutral  Power.? 
are  far  more  favourably  situated  to  compete  against  us  than 
ever  before  ? 

The.se  conflicting  conditions  may  very  wel!  produce  a 
calamity,  and  there  is  only  one  way  in  which  such  a  calamity 
can  be  avoided.  To  this  end  Capital  and  Labour  must 
come  together  ;  both  must  realise  the  indispensability  of 
the  other  ;  that  Capital  without  Labour  is  useless,  and  that 
Tiabour  without  Capital  is  powerless  to  produce  wealth. 
This  would  .soeni  the  most  elementary  common  sense,  and 
yf^t,so  far,  the  realisation  of  these  principles  has  made  very 
little  headway. 

Ijet  us  look  at  the  difficulties.  First,  there  is  mutual 
distrust  between  Capital  and  Labour,  and  so  long  as  this 
distrust  exists  progress  is  impossible.  The  employer  has 
lost  faith  in  agreements  with  his  men,  for  he  sees  that  even 
the  leaders  ot  the  men  are  by  no  means  always  able  to 
secure  the  adherence  of  their  followers,  and  thus  he  is  unable 
to  secure  stable  conditions  of  working.  Apart  from  this, 
the  position  of  the  employer  is  often  one  of  great  difficulty. 
Me  must  take  risks.  He  ivust  pav  his  employes,  whatever 
hapj>eiLS,  whether  he  is  successful  or  unsuccessful.  If  Kis 
business  is  to  thrive  he  must  pav  reasonable  dividends,  and 
as  oft«Mi  as  not  a  high  dividend  only  follows  after  years  of 
no*]>rotits.  He  must  meet  competition,  not  only  from  firms 
in  his  own  country  but  also  from  other  countries  where  the 
price  of  labour  may  be  much  lower  than  that  which  he  is 
forced  to  employ. 

On  the  other  hand  the  worker  feels  that  pressure  is  the 
only  moans  of  securing  a  good  wage,  that  a  man's  maximum 
effort  may,  in  the  long  run,  only  be  rewarded  by  lower  rates 
of  pay,  and  that  a  larger  output  per  man  may  mean  un- 
employment for  many. 

In  our  opinion  the  first  step  towards  co-operation  should 
be  made  by  the  employer,  as  he  is  po.s.sessed  of  more  all- 
rouiul  knowledge  uf  the  situation.  Capital  must  fir.st  of  all 
appreciate  the  views  of  Labour  and  then  Labour  will  the 
more  readily  understand  the  difficulties  and  limitations  of 
Capital.  The  employer  must  be  prepared  to  look  at  matters 
m(»re  from  the  point  of  view  of  humanity  than  hitherto  and 
concede  the  right  to  live  in  its  broadest  sense,  by  which  we 
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mean  the  right  to  a  living  wage,  to  reasonable  leisure  and  to 
a  future.  Jn  the  main,  all  classes  have  the  same  aspirations, 
though  these  may  differ  in  magnitude,  and  therefore  it  is 
unreasonable  to  expect  the  best  effort  unless  this  results  in 
greater  comfort,  or  in  what  is  generally  termed  greater 
prosperity.  It  is  only  human  nature  to  inquire  what  is 
the  material  advantage  of  a  greater  effort  to  the  worker 
himself,  more  particularly  as  age  advances.  The  best  effort 
cannot  be  expected  if  the  conditions  of  living  are  such  that 
the  effect  on  the  physical  state  of  the  worker  are  bad,  or  if 
the  conditions  under  which  work  is  carried  on  are  unsatis- 
factory. As  an  example  of  the  latter,  the  efficiency  of  work 
on  night  shifts  is  not  likely  to  be  high  if  no  means  are  pro- 
vided whereby  the  men  can  obtain  food  during  the  shift. 
This  fact  has  at  length  been  somewhat  appreciated,  but  only 
under  war  conditions. 

On  the  other  hand,  the  employe  must  realise  that  a  high 
wage  and  reasonable  hours  can  only  be  obtained  if  he  helps 
the  employer  by  putting  forth  an  effort  to  achieve  the 
maxmium.  Ho  must  appreciate  the  fact  that  increased 
output  means  a  cheaper  article  and  a  larger  sale.  He  must 
be  prepared  to  abide  by  agreements  and  to  realise  some  of 
the  anxieties  and  responsibilities  of  management.  Un- 
doubtedly one  of  the  greatest  difficulties  in  the  mind  of 
the  worker  is  the  feeling  that  he  ought  to  have  some  share 
in  any  increased  profits,  and  that  such  profits  should  not 
merely  go  to  the  benefit  of  Capital.  Up  to  a  certain  point 
we  think  this  view  is  justified,  but  it  is  difficult  to  arrive  at 
an  equitable  basis.  It  may  be  conceded  that  if  the  profits 
exceed  a  certain  return  on  the  capital  the  workers  should 
have  some  proportion  of  the  surplus.  But  if  the  profits  fall 
below  this  figure,  are  the  workers  to  share  in  the  loss  ?  In 
practice  there  can  be  only  one  answer  to  this  question,  and 
it  serves  to  show  the  weakness  of  the  position.  There  is 
also  the  question  of  fluctuating  wages.  Theoretically  it  is 
a  simple  matter  to  raise  wages  in  time  of  prosperity  and  to 
reduce  them  in  times  of  depression.  But  actually  there  is 
always  resentment  on  the  part  of  the  workers  at  a  reduction 
in  wages.  Possibly  the  best  course  would  be  to  fix  a  minimum 
living  wage  and  to  supplement  this  by  bonuses  which  would 
vary  in  amount  with  the  state  of  prosperity  of  the  particular 
business.  Thus  the  wages  would  remain  fixed,  but  the  bonus 
would  vary. 

We  quite  admit  that  the  subject  bristles  with  difficulties, 
but  do  not  let  us  accept  that  as  a  reason  against  tackling  the 
problem.  Let  Capital  and  Labour  come  together,  not  after 
the  war,  nor  even  in  six  months'  time,  but  NOW.  It  may 
not  be  possible  to  come  to  an  unmediate  agreement ;  the 
war  is  not  yet  finished,  and  we  do  not  yet  know  what  will  be 
the  final  conditions  in  this  country.  But  these  problems 
take  time,  and  it  would  be  a  fatal  mistake  to  wait  until 
peace  comes  before  we  take  them  in  hand.  Let  a  start  be 
made  now,  so  that  Capital  and  Labour  may  come  to  know 
each  other  better  and  realise  thoroughly  all  the  conditions. 
This  is  the  first  and  most  fundamental  step. 

In  a  very  able  speech  at  the  Mansion  House  Meeting  last 
week  Mr.  G.  H.  Roberts,  the  labour  M.P.,  who  is  at  present 
Lord  Commissioner  of  the  Treasury,  remarked  that  the 
present  was  an  opportunity  for  rapprochement  that  was  not 
likely  to  recur,  an  opportunity  which,  if  properly  taken, 
might  lead  to  conditions  so  much  desired,  conditions  which 
would  give  justice  to  the  employe,  fairness  to  the  employer 
and  duty  to  the  State.  Do  not  let  us  allow  this  opportunity 
to  escape.  If  old  prejudices  and  mutual  distrust  can  be  put 
on  one  side.  Capital  and  Labour  in  this  country  may  yet 
combine,  and  we  may  live  to  feel  that  in  one  direction  at 
least  the  great  War  has  resulted  in  some  good  for 
hiunanity. 


A  NEW  METHOD  OF  BRAKING  CRANES.* 

BY  K.  LUtT. 

On  tfio  u.sual  plan  of  bn:,king  the  falling  load,  the  motor  is  UHcd 
in  the  first  f-tages  a.s  a  generator.  The  armature  is  diKeonnected  from 
the  supply  network  and  short-circuited  through  a  resistance  and  the 
field  winding.  If  the  load  is  capable  of  doing  the  driving  the 
armature  generates  current  and  acts  ?.«  a  brake  on  the  load.  By 
altering  the  resistance  the  braking  effect  can  be  increased  or  de- 
creased, and  the  speed  can  in  this  way  be  controlled.  If  the  load 
should  not  be  capable  of  driving,  the  motor  mu.st  be  able  to  produce 
a  torque  in  the  required  direction  ;  therefore,  certain  positions  are 
provided  on  the  controller  through  which  the  motor  is  connected  to 
the  network,  in  these  positions  the  arm;-ture  is  in  .scries  with  the 
field  winaing  and  a  resistance  ;  everything  is  the  same  as  for  lifting 
the  load,  except  that  the  direction  of  the  current  through  the  motor 
is  reversed.  This  method  of  braking  has  the  following  disadvantages : 
(1)  The  speed  of  falling  varies  very  considerably  with  the  load  from 
one  positicm  on  the  controller  to  another.  (2)  Difficulties  arise 
because  the  conditions  are  very  different  with  heavy  and  light  loads. 

(3)  Heavy  shocks  on  the  mechanism  can  be  produced  if  the  passage 
from  the  network  to  the  braking  positions  is  not  very  carefully  made. 

(4)  There  are  also  other  conditions  under  which  the  load  may  take 
charge  and  the  braking  effect  fail. 

In  Older  to  avoid  these  disadvantages  many  plans  have  been 
devised  ;  the  main  point  about  them  consists  in  the  partial  excitation 
of  the  field  from  some  external  source.  Figs.  1  and  2  illustrate 
diagrammatical ly  the  usual  schemes.  On  both  plans  the  field  is 
partially  excited  from  the  network  and  the  speed  is  regulated  by  a 
resistance  in  series  with  the  armature.  The  motor  then  acts  as  a 
shunt  motor.     According  to  the  magnitude  of  the  load,  it  acts  as 


Fig.   1. — Oedinaky 

Arrangement. 

i4=  Armature. 

/==Field. 

^=Series  Resistance. 


Fig.  2.' — Moeller's 
Arrangement. 

i4= Armature  Field. 
Rj^=Senes  Resistance  for  Armature. 
/?FF=Series  Resistance  of  Field. 
/?Bc= Braking  Resistance. 


motor  or  generator.  In  both  cases  the  connections  are  such  that  the 
armature,  as  generator,  sends  some  of  the  current  into  the  field 
winding ;  consequently  the  field  is  strengthened  and  a  brake  is  pro- 
vided. It  is  not  necessary  to  enter  into  calculations  ;  but  it  is 
evident  that  on  this  plan  the  motor  endeavours  to  keep  its  ;pced 
constant  even  though  the  load  varies  over  the  widest  limits.  A 
nearly  constant  speed  corresponds  to  each  position  on  the  controller. 
Thus  the  driver  always  has  the  load  under  control,  and  a  sudden  fall 
of  the  load  or  excessive  speed  of  the  motor  is  avoided.  The  plan, 
showii  in  Fig.  1,  takes  rather  a  large  current,  especially  when  the 
loads  are  below  the  average.  The  matter  maj'  be  looked  at  in  the 
following  way.  With  light  loads  or  with  no  load,  the  armature 
develops  a  torque  and  takes  current  from  the  network  ;  with  heavy 
loads  it  gives  out  current.  In  passing  from  one  stage  to  the  other 
the  current  in  the  armature  will  be  zero.  The  current,  taken  from 
the  network,  will  then  depend  entirely  on  the  magnitude  of  the 
resistance  in  series  with  the  field.  The  amount  of  this  resistance 
can  be  determined  as  follows  :  For  the  acceleration  of  the  armature 
of  the  motor  and  the  drivng  mechanism,  when  there  is  no  load  to  be 
lowered,  a  certain  torque  is  necessary,  if  this  is  to  be  done  in  a  pre- 
scribed time.  Let  us  suppose  that,  in  the  first  position  with  the 
armature  at  rest,  the  current  is  to  be  equally  divided  between  the 
armature  and  the  field  winding.  Let  us  assume,  further,  that  with 
no  load  we  need  a  torque  of  25  to  40  per  cent,  to  accelerate  from  rest 
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find  to  overcome  the  cfTctU  of  friction  ;  tlieii  it  becomes  e\  idcnt  that 
in  the  first  position  when  Ihc  armature  is  at  rest  a  current  of  at  Jeast 
KXt  jjcr  fcjit.  must  pJiSK.  Krom  thi«  we  can  dwJuce  the  ohmic  value 
of  tiie  rf^istance.  The  (n-mmce  of  the  phin,  hhowii  in  Vifi.  1,  in  that 
in  all  re(^ul.i(ing  };osition«  the  field  winflinj;  ni'ist  Ke  joined  to  the 
ncfwork  through  thi«  re^is(;uife.  Now.  on  lipht  loadK  of  aljout  25 
or  .'iO  jxT  cent,  of  the  ni;'.\imuni  load,  the  lo;id  i.-  l»rakMl  throiifrh  the 
driving  m'-chanii-m.  and  therefore  the  braking  effect,  provided  by 
the  motor,  iH  ver>Hm."-!l  or  even  scero  ;  therefore,  on  light  loadi?,  the 
cnrriTit  in  the  armature  will  be  zero.  The  current  in  the  field  winding 
will  therefore  be  equal  to  the  ratio  of  the  lielrl  network  to  the  sum 
of  the  ohmic  values  of  the  field  winding  and  the  rr'jrulating  reRixtance. 
This  current  will  therefore  differ  only  slightly  fn>m  that  which  j  a<ses 
in  the  lirnt  «la;j!e  through  the  mot  ionlesH  urniatiin-.  The  field  current 
or  the  current  abHorbed  on  light  Ioad«  will  therefore  not  alter  at  all 
from  one  |  osition  to  the  next  ;  the  ^peed  will  be  the  only  thing  that 
will  vary  with  a  ( hange  of  position  on  the  controller.  The  current, 
l>eing  invariable,  i«  therefon-  unneee»««irily  high  on  light  loa<l8.  and 
H.  .Moeller  has,  fhc-refon'.  propcu-cd  the  plan  shown  in  Fig.  2.  There 
in  a  sjM'ei.il  rihistanee  iHith  for  the  armature  ;',nci  liehi  ;  the  braking 
reftiKtance  in  also  wpc.rately  variable.  In  thi«  cme  there  in  not  the 
disadvantage-  of  having  a  c-onntant  current  c>n  light  lo.-uls  for  all 
positions  c»n  the-  contioller.  The  specci  of  the  airaaturc  c-an  be 
increased  by  weakening  the  field,  con««'r|UenfIy  the  cnrrent-consumj)- 
tion  is  Ic-ss.     The  acl\      '  of  this  arrangcinc-nt  are  well  shown  by 

the  following  facts,  n  I  >  a  foundry  crane:  there  is  on  light  loads 

n  xmaller  conBumption  of  c-urrent.  The  lowerings  of  the  loivd  may 
Ik'  considered  as  follows;  25  per  cent,  of  all  loweringK  take  pla'-e 
with  maximum  loacl  ;  of  these,  four  times  with  slow  p])eeds  and  once 
with  average  spi-ed.  Fifty  per  cent,  of  all  lowerings  an-  \'-ith  light 
loads,  on  an  average  amounting  to  about  :«>  per  cent,  of  the  normil 
load  ;  of  these,  25  percent,  aru  with  low  s|;ecds  end  25  percent,  with 
high  s|M-eds.  Jjistly,  25  per  cent,  of  all  lowerings  iirc  with  no  load, 
almost  always  at  high  siJM-ds.  We  can  ti.ercfore  ansumc  that  on 
an  avi-rage  70  per  cent,  of  i'A\  lowerings  with  light  loads  (in  which  ca«e 
the  braking  nuunent  is  zem)  take  phicc-  with  c.  mean  spc-cd  ci|ualfo 
a>N»ut  K<»  pc-r  c-ent.  of  the  normal  spr-ed.  The  conclition.s  in  most 
practical  ca«4's  are  similar.  I»ecaus<^  the  motor  must  Ik?  capable  of 
dialing  with  the  m.'ximiim  loud'*,  thnugli  these  .ire  seldom  chrit  with. 

We  slw.ll  now  show  how  the  \arious  stc-ps  on  the  controller  can  be 
enlculaled.     'I'he  wime  i»roc'es»  can  lie  ap|>lied  in  all  vi'Anin  ;   all  vahien 
an*  c-al<  iilalcd  on   a  |»c-rc  c-nfagc-   bu-is,  as  this   much  simplilics  the 
procew  and  gives  a  nu-thod  generally  applicable.     A  t^inpic  of  l(K» 
per  <i'nt.  means  the  tonjue  on  the  pulley  of  the  motor  when  it  iti 
taking  its  norni.-.l  input.      .\  vollajze  cif  KHt  per  cc-nt.  means  the  net- 
work \oltage  :   a  current  of  HMt  per  cent,  iric  aiis  thc<  normal    iirrent ; 
|IH»  |)cr  cent,  n-sistance  means  the  ratio  of  the  network  vc  Itage  to 
the  normal  eurrciil.     The  following  notation  will  Ik*  adopted  :  — 
»  is  the  sjKccl. 
M  in  the  torcjue  on  the  jiulley  of  the  motor. 
/  is  the  ciirn  nt  in  the-  armatun*. 
/)  is  the  cJirrent  in  the  field. 

J^y  in  the  eunwnt  in  the  roHintanee  in  neries  with  the  armature. 

If,-  in  the  current  in  the  resistJince  in  wries  with  the  field. 

^ Br  •"  •'"'  <  "Tt'"*  '"  ''"'  bridge. 
/,    is  the  c  urrent  in  Ihe  c-onneding  cable**. 
/i\i  ix  the  !•  ii-s  M  ith  the;  armatJin-. 


/i', ,.  M  Ih 


.  H  with  Ihe  field. 


Ug,  in  the  resist ain«<  of  the  bridge. 

^  is  (III-  Mux. 

K  is  Ihc-  elcc  tn»motive  fofve. 

/'  IN  the  network  voltage. 
'Hie  flux  iharac  tcrislic  will  form  the-  batis  of  the  caleiihitions.  i.r., 
the  cur\e  uIihIi  shuws  Ihe  reh«.tiiiii  hcluc-cii  the-  flow  of  Dm  lines  of 
lur»-e  and  the  current  ill  the  lieM  winding.  .Naturally  the  valuc-s 
would  Ik-  shown  ah  iiercentages.  Tliis  curve  is  easily  eonstructod  for 
any  niotc»r.  and  is  usually  known  fc»r  nrdiimrv  motors.  We  wish  to 
limit  the  sjM'cd  c»f  hiwirriiir  the  '  Is.  therefore  thin  ca«<« 

must  be  ccuisidered  first.  Wc-  u.  .  :  ..  ;...  .nber  that  the  jrreatest 
turning  moment  on  the  motor  pulley  during  the  lowering  of  the  load 
may  •«•  istimalcci  lit  Tttor  HO  I  if  the  normal  In      •  <mi-nt. 

Ihr  pnsise  figure  clc|s'ndson  II. uc  _\  of  the  c|ri\  in^  ^i  Thus 

^  ought   to  In-  Its  small  as  |Mtnsilile  in  nnler  that  Ihe  eurriiil  rtin 
sumption  may  Is-  low.     The  licld  <  uri  '  iictt  Is-  loo  low.  cMher- 

wiM<  till-  -Lvrting  lonpie  might  not    i  u-nt.      Ftirlhcr  A'     "9. 

Il,i\  Mn:  ii't'id  to  the  staiiins  lorque.  -co  If,-  MlrfH'n  20  and 

10  |rr  1  cut ..  jiiid  '  ' 

In  onb-r  lc»  simp^  nciylei  t  the  r.    intanf^s 

of  the  armature  and  I  •    '       I  '  '■■  more 

It         '        I  |>or  cent.     I  ,„      /.   /  '      '■'• 

till  to  the  net"  .   and   li  _n. 

WMxing  that  the  dirvclions  of  tumnig  And  of  the  flow  of  the  iinoft  of 
f.  '  '  T'  .„t  in  lb.   '      !      "      «frt>m 

11  •  u  the  i^  .t  rent. 


This  assumes  that  the  common  point  of  armature  end  field  is  coa- 
nected  to  the  negative  pole.     Further, 

'  Ay-'^Br~h 
and  I{,y  =  {U~E)!I^y. 

Whence  we  see  that  /^,-  is  negative  if  E  is  greater  than  V.  It  may 
Ik'  fnrthc-r  noted  that  /^r  '«  alwavs  les.';  than  Ip  and  I ^^  i.s  greater 
than  /,  so  Ic3ng  as  E  is  less  than  l' . 

An  example  may  help  to  explain  things  further.  In  calculating 
for  po.sition  /  on  the  controllc-r.  one  would  assume  that  the  speed  for 
the  heaviest  load  would  be  about  30  per  cent,  of  the  normal.  Further, 
the  flux  9  for  the  hc-.ivicst  load  would  be  assumed  to  bo  about  110 
jx'r  cent.  The  currc-nt  in  the  licld  winding  would  then  l.e  found  from 
the  characteriBtic  to  l>c  140  per  cent.  Assuming  the  greatest  braking 
moment  to  be  SO  |K-r  cent.,  the  current  in  the  armature  would  be  the 
ratio  of  HO  to  110,  i.e.,  7.'5  per  cent.  The  current-con.sumption  on 
the  maximum  Icwid  in  this  jjosition  would  be  140  —  73,  i.?.,  67  per  cent. 
With  refcreu'-e  to  the  starting  torcpie.  the  current  in  the  resistance 
in  series  with  the  ficM  winding  would  be  taken  at  40  ])cr  cent.  The 
rpnintAiice  in  nerii-s  wit  1  the  field  is  the  ratio  of  100  to  40,  i.e.,  250 
jior  e<'nt.  The  current  in  the  bridge  would  be  140  40,  i.e.,  KK) 
jK-r  cent.  E  3t»  .110,  i.e.,  33  i^-r  cent.  The  bridge  resistance  is 
33  per  cent.  The  current  in  the  resistance  in  .series  with  the.  annaturo 
is  100  73.  I'.c-..  27  per  cent.,  whence  we  find  that  7?^,-  is  250  per  cent. 
With  a  light  load,  with  a  braking  moment  of  zero,  we  have  the 
following  conditions  in  fiosition  1.  The  armature  current  is  zero; 
the  current  in  the  bridge  is  equal  to  that  in  the  resistance  in  series 
with  the  armature,  and  this  works  out  to  alwut  35  per  cent.  The 
armature  voltage  is  ccjual  to  the  current  in  the  bridge,  multiplied  by 
the  resistance  of  the  bridge,  i.e.,  about  11-6  yier  cent.  The  author 
gives  other  calculations  relating  to  the  .'solution  of  the  j)rol)lcm  which 
are  not  rciirctduced  here.  He  also  gives  a  schematic  diagn:,m  showing 
the  connections  on  the  controller.  The  method  has  been  protected 
by  patent  and  is  being  cx])loitcd  by  the  firm  of  F.  Kloeckner,  of 
Cologne  Haycnthal.  An  cxam])lc.  taken  from  a  particular  instr!!".- 
tion.  may  l»e  mentioni-d  in  w  hidi  the  motor  had  a  capacityof  1 1  kw. : 
the  voltage  was  22o  anci  the  current  60  anipL>re.8.  The  resistance. 
therefc»re,  was  31)  ohms.  Therefore,  in  position  /,  we  have  H ^y  s 
ffohm-i;    /lY,  i-i  kU'i  ft  ohms  :   ;"ul  /?„  .  is  1-2  ohms. 


CORRESPONDENCE. 


TIIK  2(HI(ITH  ISSl'E. 

TO  TIIK  KDITOR.S  OF  THE  ELECTRtCt.W. 

It  gives  nie  grea'.  jtleasure  to  offer mjcongratulation.s on  ilie 
2(HMIfli  issue  of  TiiK  Ki.K'TRK'lAX.  Durinjj  all  of  tlie  3S  years 
which  have  elasjicd  since  the  firsi".  issue  appeared  The  Kle<- 
TRicfAN  has  tHken  a  leadinjf  part  in  disseminating  tliat  know- 
ledge of  the  electrical  science,  art  and  indusirv.  which  is  the 
first  cRsential  to  our  titili.salion  of  this  wonderful  enibodiniciit 
of  energy  in  the-  iinivc-i-sc.  The  whole  world  has  been  enrichc-<l 
and  enlarged  by  (he  ccmtiiinous  labours  of  The  Ki.ecTRKIAN. 
a^  ilie.sc-  2,tMH>  niiinbers  h:;ve  been  compiled  and  disfributed. 

Wliai  a  wcindcrful  period  (lie.se  2.(KHI  i.ssues  cover!  When 
file  firs;  appeared  (he  ch-chical  indtisirv  was  almost,  entirely 
confined  to  telegrjiphy  and  galvanopla.stics.  Kleciric  lighfing, 
elec(ric  power  clis(  ribiii  ion.  elcchic  loc-onioiioii  ancl  radio  c-oni- 
milii nation  can  be  siudic-d  in  tlii-ir  historical  dc-vclopnicni  by 
looking  rtviT  tlie  jmges  of  (he  intervening  numbc-rs. 

With  this  line  recmrd  of  achievement  we  all  hope  ihai  The 
Kl.KrtRic  IAN  will  go  forward  towaixls  its  nex(  "  kilo-i.s.sue," 
with  uiidiiuinisln-d  assiduUy.  and  (hat  i(s  columns  may  convey 
ntany  inorv  records  of  electrical  discoveries,  inventions,  solved 
pndih-"is.  n1a11uf.11  Hires,  en(erpris(\s  and  achievements. 

Ilarvanl  Tniv.  i-i  •    1"  <  \     Aug.  31.     A.  E.  Kexxellv. 

TIIK  KVOI.rTU)N  t)K  THK  KUKCTHlC  1,.\MIV 

T<»    THK    KIMTOKS    OK    THE    EI.ECTKKI  AN . 

I  have  rvad  with  very  much  interest  the  excellent  ariick*  on 
Ihe  alMivo  in  your  special  issue  of  tv'ptember  15th  by  Mr. 
Clifford  V.  pRterson.  In  re.<»pect  to  the  efficiency  of  thc^ 
tiingnlcn  ^  ■ Mr.  P.iici^on  makes  the  following  siafement  : 

"  It  h<  b<-en  fc.uiid  jicissiltle  to  put  tiingsieii  lilament 

\  icunin  Ump>  in  -.neral  on  the  market  at  a  higher  effici<«ncy 
It  I'crwatt."* 

1  M.    ......... .  -•  as  usnallv  e.\pre.«vscd  of  1-25  wfttts 

per  candle. 
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Tliis  is  one  of  lliosc  gfjicral  slulcmentB  which  is  not  only  the  cfTect  of  reminding  many  htadH  of  dectrii^al  pnginecring 

iiiisk'ading  but  is  not  a  correct  siatotnent  of  thd  facts  of  the  dcpartmeits   in   teclmical   coiif'j,-r's   tliat   these   examinations 

nisc.     Mr.  Pater.son  lias  only  to  consult  tlie  standard  spccificii,-  mr-rit  much  wider  recognition  tliah  they  fieem  to  get  in  some 

lions  for  tinigsten    filament   lamps   in   forc(!   to-day    hy  the  ([Uiirters.     The  Socictty  of  British  Has  Industries  and  various 

leading  manuJacturcis  in  (jliTi'.t,  iiriiain  to  find  that  the  lollow-  other  trafle  associations  encourage  the  learning  r)f  their  re- 

iiig  efficiencies  ai(>   in   force  for  standard  types  of  tungsten  spective  subjects  in  various  ways,  so  there  is  no  want  of  pre- 

fil;^nlent  vacuum  hun])S,  and  which  J),rC  all  of  them  beticr  than  cedent. 

llie  limits  he  places  of  f-'if)  watts  per  candle.     The  following  While  the  electrical  subjects  dealt  with  by  the  City  Guilds 

should  be  noted  for  are  fully  as  important  as  those  pertaining  to  any  other  depart- 

M]()-\:]0.roH  I.rtmpfi.  ment  of  science  or  engineering,  the  I.E.E.  has  no  representation 

Skes  in  (otal  walt.s.  Iniiiaicfliciem^y  in  W.I'.f.  ^j,  ,.j^j„.^  ^,,^  Council,  the  Executive  Committee,  or  the  Tech- 

.jQ         ■  ^.15  nology  Committee,  although  all  three  of  these  bodies  include 

40      ''  !!!.!!!!!.!!  llr.  the  presidents  of  the  institution  of  civil  Engineers,  the  chemical 

wo      „  110  Society  and  the  Society  of  Arts,  the  president  of  the  Royal 

l^^l      "  Yl['  Society  being  on  the  first  two.     Why  should  not  our  Institu- 

2yy      '*  ■ ■  l.^)  tion  ask  to  be  similarly  represented  ?     It  is  true  that  Prof. 

2{)Q -2m -I'oULnni }).<<.  T.  Mather's  name  appears  on  the  examination  board,  but  that 

Sizes  in  total  watts.  Initial eflficicnc'.y  in  W. P. ('.  is  not  enough.     It  has  not  been  instrumental,  for  example, 

40  watts  1  -20  ijj  securing  the  revision  of  the  peculiar  lists  of  works  of  reference 

^IJJ^      "  * \'\q  that  appear  after  each  8)-llabus.     Consider,  for  example,  that 

ir^Q      "  '.'.'.'.!'.'.'!!.•!  MO  relating    to     Subject    40 — Electmmetalhirgy.     This     includes 

200      "  !!!..!!.!!"  IIO  eleven  Efiglish  books,  seven  German  ditto  and  six  periodicals. 

Even   still  higher  efficiencies  than   these   arc   in    force   on      The  Telegraph)/  list  comprises  about  two  dozen  books.     The 

tungsten  filament  lamps  supplied  in  the  United  States  and      list  for  Electrical  Engineering  enumerates  some  45  books,  many 

Canada,  of  which  the  following  instances  show  materially  better      of  which  have  long  been  either  out  of  prmt  or  out  of  date.     On 

values  than  the  limitations  given  by  Mr.  Paterson—  the  other  hand,  many  recent  works  of  acknowledged  merit 

Fvr  100-1 25-toZ«  Lamps.  are  ignored.     These  lists  have  been  the  subject   of   mingled 

Sizes  in  total  watts.  Initial  efficiency  in  W.  P.O.  indignation   and   mirth   for   years,   and   attention   has   been 

20  watts  1-10  repeatedly  drawn  to  their  shortcomings.     They  ought  to  be 

^Q     "  ^.Q3  revised  annually,  and  would  be  doibly  valuable  if  they  were 

60      'I  !.....!!....  10  based    on    the    recomnlendatiotis   of    leading   professors   and 

100      „  0-95  teachers  throughout  the  country. 

For  2m-'2'^0-voU  Lamps.  Other  lists  which  require  overhauling  are  those  of  registered 

Sizes  in  total  watts.              Initial  efficiency  in  W.P.C  teachers  given  at  the  end  of  the  Citv  Guilds"  "  Programme.'' 

2^^^*"s  };20  London,  Sept.  21.  A.  P.  LuxNdberg  &  Sons. 

100  ;;       ""■.■.■.:■.:■.:       I'o^  •  vacuum  detectors. 

It  should  be  noted  that  the  lam])s  in  the  above  efficiencies  To  the  editors  of  the  electrician. 

are  offered  in  the  best  known  makes  of  thoroughly  reliable  The  article  on  "  Vacuum  Detectors  "  by  Dr.  Eccles,  published 

character  and  giving  a  useful  lii'(>  performance  of  1,000  hours  ii^  the  August  4tli  issue,  was  read  with  great  interest  bv  the 

or  more.  writer,  who  wishes  to  state  that  the  fundamental  of  all  the 

The  above  statement  of  efficiencies  is  not  a  paper  statement  devices  therein  published  was  due  to  a  party  whom  Dr.  Eccles 

or  guarantee,  but  represents  the  actual  values  under  which  has  failed  to  mention,  and  who  is  Dr.  Lee  de  Forest,  of  the 

tur^gsten  lamps  are  being  regularly  supplied  to  Government  Ignited  States.     Lee  de  Forest  is  the  inventor  of  the  origmal 

departments  and  other  important  purchasers,  who  verify  the  three-electrode  vacuum  detector. 

values  by  an  initial  test  and  ini-pcction  before  the  lamps  are  All  the  devices  described  m  the  article  are  nothmg  more  or 

accepted"  or  supplied.  It'ss  than  an  "  audion,"  with  perhaps  a  change  in  shape  or 

Mazda  House,  London,  Sept.  23.                  F.  W.  WillcOX.  manner  in  which  the  different  electrodes  are  placed.     It  is  for 

,  this  reason  that  the  writer  does  not  see  why  credit  is  not  at 

THE  I.E.E.  AND  THE  ClXY  AND  GUILDS  OF  least  given  to  Dr.  de  Forest  for  his  laborious  work  which  he  has 

LONDON  INSTITUTE.  given  in  developing  and  inventiug  the  audion. 

to  the  editors  or  the  electrician.  Oneof  the  most  importantclaims  of  all  the  De  Forest  patents, 

•      We  have  heard  so  much  in  recent  years  as  to  what  our  both  in  America  and  abroad,  is  that  of  the  additional  or  thircl 

Institution  ought  to  do  that  we  may,  perhaps,  be  pardoned  told   electrode   which   is  perforated,   and   of  the   additional 

for  adding  another  item  to  the  list.  battery  of  high  poiential  or  the  so-called  ";  B      battery    as 

The  various  premiums  offered  bv  it  (mostlv  due  to  legacies)  employed  in  the  third  or  intermediate  or  wing  cireuii^    Ihe 

are  only  obtainable  by  experts  or  by  very  promising  students  ;  use  of  this  '"  B  "  battery  on  the  wing  was  originated  by  the 

and  the  A.M.I.E.E.  examination  isbased  on  such  a  high  plane  mentioned  inventor,  and  the  sensitiveness  of  all  the  devices 

that  very  few  indeed  are  successful  in  scaling  the  heights.    The  similar  to  the  flUdion  depend  entirely  Uron  the  ••  b      battery 

actual  number,  we  believe,  is  ridiculously  small.        '  His  early  patents  point  out  clearly  the  use  of  this  high  potential 

We  are  repeatedly  told  from  various  quarters  how  much  current  on  the  wmg. 

more  attention  we  shall  in  future  have  td  give  to  technical  H^  is,  perhaps,  unjust  both  to  the  mventor  and  to  the  public 

education.     This  being  so.  we  Would  suggest  that  the  Institu-  at  large  not  to  credit  him.  and  also  givu.g  the  public  the  proper 

tion  might  do  something  to  aid  general  electrotechnical  ednca-  ^latii  as  ivgaids  the  devehipinent  of  the  three-electrode  vacuum 

tion.     This  it  might  do  by  founding  scholarships  and   (or)  detectoT.  and  I  tiust  that  you  will  icrrect  the  matter  by  pub- 

offermg  prizes  in  the  six  electrical  subjects  (including  Section  B  I'sbmg  somethmg  regarding  the  above  in  your  journal,  as  1  am 

of  Engineers'  Quantities  ami  Estimating)  that  are  dealt  with  bv  Ji  constant  reader  of  your  valuable  paper      1  have  been  in  the 

the  City  and  Guilds  of  London  Institute,  these  main  subjects  ladio  field  for  a  number  of  years,  and  follow  up  m  deiail  the 

covering  over  20  separate  examinations.  development  of  the  vacuum  tubes  both  as  detectors  of  current, 

The  prizes  and  medals  awarded  in  these  subjects  have  all  of  radio  frequency  and  as  generators  for  sustamed  waves, 
along  been  given  bv  the  Citv  Guilds  and  various  Citv  Liverv  Biooklyn,  U.S.A.,  Aug.  28.                          Samuel  Iohen. 
Companies  ;  but  with  the  exception  of  those  in  telephony  and  l^Ve  think  that  our  correspondent  has  omitted  to  notice  that 
telegraphy,  the  prizes  are  not  definitely  offered  this  coming  the  articles  by  Dr.  Eccles  appear  from  time  to  time,  and  eon- 
session,    probably   oh    account   of    the 'war.     Whatever   the  sequently  each  article  dealsmerely  with  the  patents  which  have 
I.E.E.  did  should  be  in  addition  to  the  above,  and  would  have  appeared  lu  the  prccedmg  mterval.— Eps.  E.\ 
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A  ONE-TON  ELECTRIC  LORRY  AT  MANCHESTER. 


When  considering  the  advisability  of  substituting  motor  traction 
for  horhc  vehicles,  traders  are  frequently  at  a  less  to  find  a  suitable 
basis  for  a  c(jrnparison  of  the  jjerforniance  of  the  two  systems,  and 
in  addition  they  usually  liave  but  a  hazy  idea  of  the  cost  of  their 
existing  service.  The  following  notes  relating  to  trials  with  an 
electric  lorrj'  by  the  Manchester  ("orijoration  electricity  works  will, 
therefore,  doubtless  be  of  interest,  as  the  method  of  comparison 
employefj  can  be  adapted  to  most  cases  where  horhe  vehicles  are 
employed. 

Prior  to  the  purchase  of  the  vehicle  illustrated  in  Fig.  1,  which  is 
built  on  a  standard  YAimn  Accumulator  mode!  G.M.  cliassis,  sup- 
plied by  Drake  k  (jorliam  (Lt«l.),  47.  Spring  CJarden-s,  Manchester, 
the  carting  work  was  carried  out  by  light  horse  lorries  supjjlicd  under 
contract  at  a  very  cheap  rate.  I'ntil  recently  the  charge  made  for 
a  lorry  with  horse  and  driver  was  Is.  4d.  per  hour,  but  this  rate  has 
now  boen  increased  to  Is.  6d.  per  hour.  P'or  the  purpose  of  compari- 
son, the  lower  figure  has  been  taken,  and  it  may  be  remarked  that 
the  cliarg(!  is  an  (xtremely  moderate  one,  even  under  pre-war  con- 
ditioiiH,  and  is  possible  only  in  similar  cjvscs,  where  a  carting  con- 
tractor carrying  on  Imsiness  on  a  large  scale  supplies  several  vehicles 
f(»r  fairly  regular  duty.  An  examination  of  the  dv;livery  costs  of  a 
retailer  employing  .-cveral  light  horse  vans  will  in  many  ca.H-s  indicate 
a  higher  ligure  when  all  (barges  are  taken  into  account. 

Tho  cost  of  ruiuiing  a  horw  vehicle  can  reasonably  be  stated  as  an 
hourly  rate,  as  it  is  itractically  indeiicndeiit  of  the  distance  travelled 
—  ;ho  horn;  requinis  feeding  <(nially  whether  the  greater  j)art  of  its 
time  is  s|xirit  in  actually  travelling  or  in  .standing,  for  the  purjxjse  of 
loading,  delivcrijig,  &c.  A  record  of  the  work  ])erf<)rni(d  by  the 
lorri(s  hired  in  tlu;  ea.'-c  under  consideration  showed  that  on  an 
average  they  travelled  2  miles  jier  hour  during  the  time  actually 
paid  for.  This  average  efTective  sjieed  may  ap];ear  low  at  lirst  sight, 
but  wiieii  ;iil  staruling  time  is  taken  into  consideration,  it  will  be  found 


The  total  cost  of  an  hour's  work  during  which  a  mileage  of,  say, 
3  miles  is  covered,  is  therefore  : — 

s.    d. 

Standing  charges 1     0 

Drivers  wages  0     7 

Running  costs,  3  miles  at  2d.     0     6 

Total  2     1 

The  curves  in  Fig.  2,  which  is  due  to  ^Ir.  H.  A.  RatclifT,  of  the 
Manchester  Corporation  electricity  works,  indicate  the  relation 
between  the  horse  and  electric  lorries  in  cost  per  hour  and  per  mile 
for  different  average  speeds.  A  is  the  cost  per  hour  of  the  horse 
lorry,  which  is  constant  at  16d.,  and  B  the  cost  per  mile  for  various 
average  speeds.  .Similarly,  V  is  the  cost  per  hour,  and  D  the  cost 
I^cr  mile  of  the  "  electric  "  at  different  speeds. 

As  already  stated,  the  average  effective  speed  of  the  horse  lorries 
has  been  found  to  be  alx)ut  2  miles  per  hour,  corresponding  to  a  cost 
of  8d.  per  mile.  It  will  be  seen  that  to  compete  with  this  figure  the 
"  electric  "  must  average  about  3^  miles  per  hour,  including  all 
standing  time. 

The  following  schedule,  sui>j)lied  by  Mr.  8.  L.  Pearce,  chief  engineer 
of  the  Manchester  Corporation  electricity  works,  contains  an  analysis 
of  the  work  of  the  electric  lorry  for  the  month  of  July  last.  It  will 
be  seen  that  the  axcrage  effective  speed  has  Ijecn  increased  to  404 
miles  per  hour.  This  is  due  to  the  fact  that  although  the  maximum 
t-avelling  speed  is  not  greatly  in  excess  of  that  of  a  trotting  horse, 
the  electric  vehicle  can  be  kept  hard  at  work  throughout  the  day  ; 
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Kk;.    1.       \lKW  OK  TIIK  El.KCTRIC  LoRKY. 


2        3         4         5        6         7 
Milts  per  Hour. 

Fit).  2.-  -ClKVES  SHOWING  VARIATION  OF  CoST  WITH  SPEED. 


In  I  (•  approximately  correct  for  many  caees  of  town  and  suburl)an 
trade  deliveries.  Few  horses  on  such  duty  cover  more  than  18  to  20 
mileM  in  a  day's  work. 

I'niikr  (he  horn<  vehicle,  the  cost  per  hour  of  numing  a  motor 
wagon  of  any  description  varies  jiccording  (o  tie  distance  lravell<>d. 
It  is  made  up  of  two  coni|H)nents  the  standing  charges,  which  aie, 
within  limits.  inde|  endent  of  the  mileage;  and  the  running  costs, 
varying  with  tl:e  disf.'irne  covered.  In  the  c.ue  of  the  .M.inchester 
vehicle,  the  stamling  charges  have  been  taken  at  tl2.'».  and  ire  made 
up  as  follows  : 

Intrn'f>l  oil  tiitfti  <'ii]iitnl  outlay  nt  4J  ]i<t  ^■^^u\.. 

l)<-|ire('iatii>ii  on  clin.N'.i.H  und  Ixxly.  written  down  in  U)  year^. 

|)i']iie(-intinn  on  bntterj-,  written  down  in  Ayeors. 

bisiiriuK'e  nii<l  «lrivers'  lin-nicFt. 

Il  will  I  (<  noted  that  (he  allowance  for  standing  charges  is  on  a 
liberal  scale,  as  the  njanufaetiirers  anticipate  a  battery  life  uppmxi- 
ni«(c-ly  ec|nnl  lo  that  allowed  for  (be  chassis,  viz..  Kt  ye.irs. 

Tli(<  total  of  tl2."»  ]  cT  annum  sjiread  omt  2..'i(Kt  working  hours  |  er 
annum  given  n  (igun>  of  Ih.  per  hour,  to  which  7d.  j  cr  hour  for  the 
driM>r',4  wit^icH  slionlil  le  added. 

With  ivgani  to  nnining  rostM.  tlw  \ihicle  has  bcvn  found  to  take 
on  an  average  OT)  ampere-hours  ba((ery  n»|>u(  jkt  mile  nm.  and 
including  the  loss  in  (lie  niotor  genera(<»r  uhmI  for  rlwirging.  the  energy 
I  er  niilc  uveraj;es  exactly  I  kw  hour,  for  which  the  cost  is  taken  as 
0  ."mI.  TIh<  <-o,s(  of  (yrr  ttMiewals  htun  In^n  taken  as  0-AH.  per  mile, 
while  for  inainteiiaiK c.  n-iiewals  an<l  n<pairs  Id.  j.er  mile  is  allowed, 
whuh  .>.honld  prove  ample.  The  total  numing  costs  are  thu.s  2d. 
\ypT  mile. 


it  does  not  requin*  a  "  breather  "  after  a  stiff  hill,  nor  a  prolonged 
rest  nt  mid -day.  Two  driver  are  available  and  consequently  time 
may  often  be  saved  by  changing  drivers  in  the  middle  of  the  day  juid 
lunning  through  without  a  break.  This  is  in  striking  contrast  to 
the  lior.>-e drawn  vehicles,  which  have  to  be  allowed  a  break  of  I J 
hours  for  baiting.  It  may  be  noted  that  the  two  drivers  are  rated 
as  litters*  mates,  and  they  can  thus  be  kept  fully  occupied  when  not 
rcc|iiired  on  (he  lorry.  Their  experience  in  this  capacity  is  also  fre- 
(juently  of  assistance  in  unloading  motors.  &c.,  and  in  certain  cases 
makes  it  |v»ssible  to  dispen.«e  with  an  extra  man. 

The  lorry  has  been  in  daily  u.'-e  for  over  five  months  and  has  re- 
])|acc-d  ."-cNend  hon-c  \ chicles.  On  mileage  akuie  it  is  the  equivalent 
of  2-4  hc»n-e  vehicles,  which  on  an  avonvge  run  alnrnt  I0(»  miles  per 
week.  T1ic>  Work  performed  is  mainly  in  coniuvtion  with  the  mains, 
sub  stations  and  testing  departments,  and  the  material  conveyed 
inchides  motonc,  switchgear.  transformers,  air  compressors,  cable, 
(nutgliing  i  nd  (iiulH-r.  bricks  and  tiles,  cement  and  nu»rtHr.  coke, 
!-,incl.  broken  .••tone,  c.tstings  and  general  .stores.  On  a  large  pro- 
portion of  the  journeys  made  the  lorry  is  working  for  more  than  one 
depart men(.  .•«*  indicati^l  under  references  10  and  1 1  on  the  ."ic^hedule. 
anci  liie  iiuj»niM'd  organis,ition  n-ndered  |K>.vsible  by  its  employment 
has  further  inrrrohed  the  disj>laeoment  of  horse  lorries,  so  that 
actually  it  is  |)erforming  the  work  prpviou.sjy  done  l>v  alx>ut  3J 
horse  cln-iwu  vehicles. 

^^ubstAntiaJ  evidnKe  of  this  is  provide<l  by  the  n^luction  on  the 
carting  i^uitrac  (<ir"s  ac  counts,  (he  difference  lu'twc^en  (his  reduction 
Hiid  the  <"os(  of  the  electric  lorry  being  given  l»y  Mr.  Pearce  as  over 
IVi  per  wwk.     It  shouKl  W  remembered  that  this  EAving  is  effected 
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after  full  provision  is  made  for  capital  costs  and  other  contingencies, 
and  it  will  be  agreed  tliat  the  electric,  has  Ihoroughly  ju.stilicd  itself. 
The  results  sliown  in  the  schedule  are  in  no  way  ahnonnal  and  are 
being  well  maintained.  Ho  far,  the  maximum  daily  mileage  has  been 
56-1,  and  this  was  attained  with  a  mid-day  boost  of  120  amperes  for 
half-an-hour,  given  whilst  the  vehicle  was  being  loaded. 

Analysis  of  Carting  Results  with  Electric  Lorry. 


Week  ended 

Average 

Particulars 

of  four 

of  carting. 

, 

weeks' 
results. 

July  8.  July  15. 

July  22 

July  29 

1.  Total  miles 

210-7 
56-5 

231-4 
56.16 

260-7 
64-83 

253-3 
59-33 

2390 

2.  Total  hours  

59-21 

3.  Total  journeys 

290 

30-0 

31-0 

31-0 

30-25 

4.  Average  miles  per  hour... 

3-74 

4-12 

4-02 

4-27 

404 

5.  Ave.  miles  per  journey... 

7-275 

7-71 

8-4 

8-17 

7-90 

6.  Average  miles  per  day  ... 

38-4 

42  1 

47-4 

46-1 

43-46 

7.  Max.  miles  per  day 

48-6 

45-5 

50-1 

52-9 

50-8 

8.  Ave.  hours  per  journey... 

1-95 

1-87 

2  09 

1-91 

1-95 

9.  Ave.  journeys  per  day  ... 

5-27 

5-45 

5-64 

5-64 

5-50 

10.  Equiv.    No.    of    depart- 

mental journeys  

47-0 

r'2.0 

550 

50-0 

51-0 

11.  Ave.     departments     per 

journey    

1-62 

1-73 

1-77 

1-61 

1-68 

12.  Ave.  load  "Out"  (cwt.) 

14-07 

13-83 

16-65 

15-75 

1508 

13.  Ave.  load  "In  "(cwt.)... 

5-73 

413 

5-52 

3-39 

4-69 

14.  Total  average  ton-miles . 

104-3 

103-9 

144-3 

121-0 

118-3 

15.  Average  cost  per  mi!e  ... 

7-08d. 

6-61d. 

6-72d. 

6-45d. 

6-70d. 

£    s.  d.  £    s.    d. 

£    s.    d. 

£   s.    d. 

£  s.     d. 

16.  Total  cost  per  week 

6     4     2  6     7     4 

7     6    0 

6  16     0 

6  13     6 

Note. — 5-5  working  days  are  reckoned  to  the  week. 


HIGHER   HARMONICS   OF  INDUCTION  MOTORS  DDE 
TO  WINDING  DISTRIBUTION.* 

BY  A.  H.  MITTAG. 

F  It  has  been  found  that  induction  motors  with  squirrol-cagc  rotors 
sometimes  tend  to  stick  at  a  sub-synchronous  speed.  This  tendency 
to  stick  is  caused  by  higher  harmonics  in  the  rotating  field. 

In  order  to  produce  a  field  which  shall  have  a  sine  wave  distri- 
bution, tlie  magnetomotive  force  producing  the  field,  or  in  other 
words,  the  magnetising  current  must  have  a  sine  wave  distribution. 
Such  a  distribution  of  magnetising  current  is  not  obtained  with  the 
windings  used  in  the  primary  of  induction  motors.  It  is  more  closely 
approximated  in  three-phase  windings  than  in  quarter-phase  windings 
and  more  clof.cly  in  quarter-phase  windings  having  a  fractional  pitch 
than  in  those  having  a  full  pitch. 

By  making  an  analysis  of  the  current  distribution,  it  can  bo  deter- 
mined which  harmonics  are  present  and  what  their  values  arc. 
Although  the  current  is  not  uniformly  distributed  over  the  surface 
of  the  primary  but  is  concentrated  in  slots,  it  has,  however,  been  found 
to  be  sufficiently  accurate  to  assume  a  uniform  distribution.  This  is 
especially  true  for  the  larger  harmonics,  such  as  the  third  and  the 
fifth -which  seem  to  be  the  only  ones  of  any  importance.  The  current 
per  phase  in  a  quarter-phase  winding  having  100  per  cent,  pitch  can 
then  be  represented  by  a  rectangular  wave,  such  as  shown  in  Fig.  1. 
The  analysis  of  such  a  wave  into  sine  waves  is  represented  by  the 
following  series : — 
4?/ 
J2y=  —  (sin  x  -  J  sin  3a;  -  4  sin  5a;+-f  sin  lx-\-^  sin  ^x  - ,  &c.). 

It  will  be  seen  from  above  that  all  the  odd  harmonics  are  present 

and  that  the  value  of  the  third  is  one-third  of  the  fundamental,  and 

of  the  fifth  is  one-fifth  of  the  fundamental,  &c.     The  fundamental 

and  the  higher  harmonics  up  to  the  seventh  are  shown  in  Fig.  1. 

These  sine  waves  are  standing  waves  and  all  have  the  same  frequency, 

that  is,  the  frequency  of  the  voltage  impressed  on  the  primary.     The 

higher  harmonics  are  not  higher  harmonics  with  respect  to  time  but 

with  respect  to  space.     It  is  assumed  that  the  current  in  the  line  and, 

therefore,  also  the  current  in  the  winding  follows  the  sine  law  with 

respect  to  time.     The  waves  shown  in  Fig.  I  represent  the  analysis 

of  one  phase  and  that  of  the  other  phase  is,  of  course,  the  same,  so 

that  the  two  sets  of  sine  waves  produce  travelling  waves  which  are 

shown  in  Fig.  2  for  the  instant  when  the  currents  in  the  two  phases 

are  equal.     Again  the  waves  as  shown  in  Fig.  2  can  be  expressed  by 

a  series  which  is 

4«/ 
y—-^~  (sin  x-\-\  sin  3a; + A  sin  5a;+,  &c.).  '^ 
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and  seventh  harmonics  travel  i::  :,  direction  opposite  to 
fundamental  anrl  the  fifth  and  i  iith  harmonics  in  the 
ion  as  the  fundamental  ;  thu:;  l.'.o  third  and  s<;venth 
harmonic  fiilds  will  rotate  in  a  direction  opposite  to  the  fundamental 
field  and  t  e  fifth  aiul  ninth  harmonic  fields  in  the  same  direction 
s  the  funt omental  field.  From  this  it  follows  that  the  third  and 
seventh  ha  monies  will  cause  no  trouble  in  starting  a  quarter-phase 
induction  iiotor  from  rest  since  their  synchronous  speeds  are  at  a 
point  whcr  the  slip  is  more  than  HXJ  per  cent.,  being  at  133^  per 
cent,  slip  f  r  the  third  harmonic  and  at  114=  per  cent,  slip  for  the 
seventh  ha  inonic.  If,  however,  it  is  desired  to  reverf-e  the  direction 
of  rotation  of  the  motor  by  applying  power  with  reveised  phase 
rotation,  tlen  the  third  and  seventh  harmonics  may  caune  trouble. 
The  fifth  r.d  ninth  harmonics  may  cau.se  sticking  at  speeds  between 
100  per  celt,  slip  and  synchronism  since  the  fifth  harmonic  has  ita 


synchronoi 


881;  per  teit.  slip.     The  synchronous  speeds  of  the  higl.cr  harmonic 


fields  are 
frequency 


itcrmined  by  their  frequency  and  number  of  poles,  the 
1  ready  stated  is  the  same  as  that  of  the  fundamental 


;3 


\  speed  at  80  per  cent,  slip  of  the  motor  and  the  ninth  at 


Fig.  1. 

r.eld,  but  he  numlcr  of  poles  of  the  third  harmonic  field  is  three 
times  the  lumber  of  poles  of  the  fundamental  field  and  the  number 
of  poles  o  the  fifth  harmonic  field  is  five  times  the  number  of  polos 
of  the  fundamental  field,  &c. 

These  hgher  harmonic  fields  produce  torques  which  come  to  a  peak 
value  nea  the  points  of  synchronism  of  these  fields  and  if  these  peak 
values  arc  larger  or  nearly  as  large  as  the  torque  produced  by  the 
fundamciial  field  at  these  points,  sticking  will  result.  Only  the 
third  and  fifth  harmonics  are  apt  to  cause  trouble  since  the  torques 
produced  jy  the  oth.er  harmonics  are  not  large  and  in  general  negli- 
gible. TJd  higher  harmonic  torques  decrease  in  value  if  the  resist- 
ance or  ipcctancc  of  the  secondary  of  the  motor  is  increased  or  if  the 
magneti)  ng  current  is  increased. 

So  fatithis  discussion  applies  only  to  a  quarter-phase  winding 
having  ll»0  per  cent,  pitch,  but  it  can  easily  be  applied  to  a  quarter- 
phase  wikling  having  any  value  of  pitch.  Let  the  analysis  as  sho^^Tl 
in  Figs.  1  md  2  be  only  for  the  currents  in  the  upper  half  of  the  slots, 
then  for  |he  currents  in  the  lower  half  of  the  slots  there  will  be 
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similar  s  r,  of  sine  waves,  but  there  will  le  a  phase  displacement 
between  hese  two  sets  of  w-aves  equal  to  the  amount  that  the  pitch 
lacks  of  eing  100  per  cent.  These  two  sets  of  sine  waves  can  then 
be  comb  led  into  a  resultant  set  of  waves.  The  relative  values  of 
the  rosulant  fundamental  and  resultant  higher  harmonics  for  any 
value  of  pitch  is  given  by  the  following  equations  : — 
Fundamental = cos  [90  deg.  {l-F.P.)] 
jp"".  P. = fractional  pitch. 

Third  harmonic = I  cos  3— (1 -/p) ; 


*  From  the  "  General  Electric  Review." 


It  wil 
is  used. 


Fifth  harmonic: 


.TT 


I  COS  5-  1— ,,); 


Seventh  harmonic  =  i  cos  7^(1— /p).  ' 

be  seen  from  the  above  equations  that  if  a  f-pitch  winding 
the  third  harmonic  will  be  entirely  eliminated,  and  if  a 
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< -pitch  \vin(ling  is  uned,  the  fifth  harmonic  will  be  entifelyfliminated. 
'i'huK  with  a  I -pitch  winding  there  should  be  no  trouble  in  bringing 
u  qiiirter-phase  induction  motor  with  a  low-resistance  siuiricI-<ago 
rotor  from  standstill  to  full  sjjeed. 

A  three-phase  motor  is  not  so  apt  to  have  sub-s,\-nchroious  siJteds 
as  a  quarter- phase  motor.  Fig.  3  shows  the  analysis  of  :he  current 
of  one  phase  of  a  three-phase  winding  having  Km  per  ceit.  pitch  up 
to  the  seventh  harmonic,  and  this  analysis  in  given  by  tie  following 
aerieB : — 

y        fsin  X  -  «  Kin  ^x  \  I,  sin  flj'  f  1  sin  Tx-j  Bin  9x  ,  &c.J. 

\S  hen  this  wrt  of  standing  sine  waves  is  combined  with  hose  of  the 
other  two  jihases,  it  will  be  found  that  th(  re  is  no  thin  harmonic, 
but  there  is  a  lifth  and  wjvcnth  harmonic  and  the  ninth,  jk  the  third, 
is  not  present.  The  valu(  <if  the  lifth  is  •.nc-iifth  of  the  fiiidamcntal 
;ui<l  of  tl:c  S4!vcnth  is  one-K!venth  of  the  fiunlamental.  The  lifth 
harmonic  liohl  rotates  in  »  direction  (tjiiKisite  to  the  fiii«lanuMital 
(icid  and  the  seventh  harmonic  field  in  the  same  direcion  as  the 
fundamental  Held.  The  iifth  harmonii-  will,  therefore,  caus  no  trouble 
in  Htarting  a  three-phase  motor  from  stan<lsfill  as  its  s  nchronous 
HjK'fd  is  at  120  per  cent,  slij)  of  the  motor,  but  the  seventi  will  cause 
sticking  Intwccn  standstill  and  full  sjM-cd  if  it  hasa  sufficiait  value  of 
jMtak  tonpje,  Hiuce  its  jwint  of  Kynchrr)nism  is  at  855  pe  cent,  slip 
of  t  he  motor. 

If  a  fni-tional  jMtch  winding  is  im-d,  the  equations  g\en  alx)ve 
for  the  n-Iative  values  of  the  funtlamental  and  tlic  higherharmonics 
in  a  (|uarter-pha»e  winding  can  also  Us  used  for  a  tiree-phase 
winding  with  the  exception  of  that  for  the  third  hamonic,  the 
tliird  harmonic  not  Iwing  pn»sent  in  a  three-phase  winrliig.     Then 


Fio.  3. 

with  II  f  pit<  h  winding  the  fifth  harnmnic  will  Ik-  oliminate<  und  with 
a  'i  pitch  winding  the  seventh  harmimii-  will  U*  cliiiiinatd.  Kiiua 
thiH  It  fulliiWH  that  then*  should  Ix;  no  truuble  in  bringiiu  a  thnnw 
pha'M'  indiietiim  motor  with  'ipiteh  wimliim  and  liaviig  a  low- 
n"*i.tiJiiie«'  s<piirn'l-cage  fmm  standstill  t<i  full  s|mii|. 


AN  IMPERIAL  TRADE  BANK. 


^ 


<^- 


Tl\o  Contmitfee  oil  Finiiiieiiil  Faciliti«'s  fur  Tra<l«*ijis  pn*- 
Hoiittid  an  inipurtunt  H«'porl  to  thu  l*iT'Hii{('iit.  of  tlielioani  of 
Trade  in  which  inlen'stiiig  n>conini(>ti(ltitiunN  ure  niud'  (or  tiie 
develiipnieiit  of  Hritish  trade  iitiil  inaiiiifucliirDB.  I  it*  uuk- 
^esied  tliat  u  "  Hritish  Trade  Hank"  hIiohIiI  \w  tMtHtituted 
under  the  Hoyal  CliarliT  in  order  to  till  tlie  f(ap  ItetA-eon  the 
Imnie  banks  jiiid  the  Cuiotiial  uiul  Hriti.sh  fon'i^n  luiiks  and 
l>anki!)g  houses,  and  to  grant  facilities  imt  pnividei  by  tlie 
pn-JMMit  MVHtiMn.H.  The  main  featureH  of  the  Trade  Haik  shotihl 
be  as  idllows  ; 

(I.)  It  ^'hciMld  hn\-r  n  ■  •  '  '  •  (  iMtt.iHio.iMtii.  Tlu«  lirft  mw'  chi.uM 
\a>  (ri>in  t'J..'i<in.t)en  to  £.".  \\»n\  wl)4<  li  III  the  fin«t  inxtiKc  imly  n 

'   "ii;«l  U>   )■  •       ■       ■  ■  :  1    tlnii 

A  fur  I.. 

Ill  n  |)OMiiiiiiii. 

(11.)   It  olioiild  not  noirpt  <l«>jM>!>it«  nt  rnll  •>r  ^)ulrt  iioti<t\ 

(III.)   It  hIioiiIiI  mil)  ojx'H  iiirii'iil  atrnunl**  I't  panics  «hii  le  pnt|»o*- 

in;  lit  nt.tkp  ii.'c  o(  tlu>  ii\vife.if  ft)«  iliticH  whii  h  it  wun!d  niTuK 


(IV.)  It  should  have  a  Foreign  E.xchange  Department  where  special 
fa/^ ilitics  mioht  Ik-  afforded  for  dealing  ^vith  bills  in  fonign  currency. 

(V.)  It  i-hc.uld  ojien  a  (Ycdit  De]>artment  for  tlie  i.«sue  of  credits  to 
]iarties  at  hiniic  ar.d  abroad. 

(\'I.)  It  hhuuld  cuter  into  banking  agency  arrangements  with  existing 
•^"olonial  or  Briti-h-foreign  banks,  and  where  sych  arrangements  were 
made  it  thould  undertake  not  to  set  up  for  a  specified  yeiiod  its  own 
branches  or  at;er.<  ic?.  It  should  have  power  to  set  up  branches  or 
aeen'  ifs  when-  no  Hriti-h -foreign  bank  of  importante  exists. 

(VII.)    It  .-hoiild  inauyurate  an  Information  Kuieau. 

(\'III.)  It  >hou!d  eiuUavoiir  not  to  interfere  in  any  bu.-ii.css  for  whiih 
existing  banks  and  banking  hoii.-cs  now  jnovide  fatilities.  an»l  it  should 
tPk-  to  ]ir<iiiio:e  workiiifi  transactions  on  joint  account  with  other  banks, 
arid  should  invite  other  banks  to  submit  to  it  new  transactions  which, 
owinj;  to  Icnirth  of  time,  magnitude,  or  otlier  rea.sons,  they  aie  not  pre- 
jiarcd  to  undertake  .iloic. 

(I.\.)  Wheie  de^irable.  it  should  co-oix-rate  with  tlie  merehaut  and 
iiianufa<  turer  aiul  jK».->ibly  aeiejit  risks  upon  joint  ac  count. 

(X.)  It  thould  l*eonie  a  wntie  for  syndicate  oiierations,  availing  ibelf 
of  tfio  s]!ecial  knowledge  which  it  will  possess  through  its  Information 
Jiun-au. 

(XI.)   It  should  receive  Government  aselstance. 

The  nuniWrs  of  tlu-  Committee  are  of  opinion  that  there  exists  to  a 
considerable  extent  at  the  present  time  in  this  countrj-  tlie  machinerj- 
and  facilitiis  for  tlu-  iinaiiK'  cf  liome  trade  and  large  oversea  contracts, 
and  for  (  unyiiifr  thr(ni<;h  iini<  h  of  the  bu.siness  wliich  has  been  done  by 
forx'ign  bank.-,  tJu-  l{e]K»rt  states  that  our  arrangements  arc  faulty  in 
not  co-ordinating  ^many  of  the  facilities  mentioned.  The  Report 
states : — 

"  We  recognise  also  that  the  British  manufactmer  may  le  fiequently 
in  want  of  linamt'  of  a  kind  which  a  British  Joint  Stock  bank  with 
liabilitiis  cou!<l  not  prudently  ])rovide,  whereas  the  German  banks  in 
]iartii'ular  s<'em  to  have  hccn  able  to  afford  syjccial  assistainc  at  (he 
iiii-cjition  of  un<lertakin;:s  of  tlie  most  varied  description,  and  to  have 
laid  themselves  out  for  stiinnlating  their  jiromotion  and  for  carri-ing 
them  thronirh  to  a  siK-ccssful  coiniiletion.  We  conclude,  thcn-fon*.  that 
tlnre  i-  aiiiple  room  for  an  institution  which,  while  not  interfering  unduly 
with  the  ordiiiaiy  Inisiness  «lone  by  the  British  .Joint  Stoi  k  Banks,  by 
Colo.iial  banks,  and  l>y  British-foicign  banks  and  banking  Jiou.-<-s.  wouI(l 
U'  able  to  a.-sist  British  interests  in  a  mam  er  tliat  is  not  po.<sib]o  under 
existing  conditions. 

"  .Such  an  institution  could  also  take  a  leading  ]mrt  in  the  intfjition  of 
transactions  and  a-ssist  in  tonnection  with  the  machinery  of  overseas 
busin«'ss. 

■"Tlu-  institution  must  be  cqui))]K-d  with  an  uii-to-date  information 
<le]iartnu'nt,  and  this  will  of  necessity  ])lay  a  large  part  in  its  usefulness 
and  iinamial  t*u<cess.  This  might  ])ro]K'rly  be  called  a  Bureau  d"Etud*'s, 
in«le])endent  of  the  Comnienial  Intelligcm*  Branch  of  the  Board  of  Trade 
lait  in  clo>e  tom  h  tluixwith  an<l  under  agiecment  entitled  to  all  ]>ossib!e 
fa<ilities.  'I'Jiat  su<  h  a  bureau  is  essential  has  been  made  abuiida'>tly 
elear  by  the  ivideiuf  giv»n  by  witnesses  we  have  heard  and  also  by  tlu- 
evidenw"  niven  U-fore  otlier  Committees.  It  would  not  necessarily  deal 
only  with  Mhemes  in  which  tlic  histitution  proposed  to  take  (inancial 
inten-sls.  but  miuht  In-  made  a  wntie  for  in\estigation  of  projeits 
on  Uhalf  of  others,  and  a  consi<lerable  revenue  might  le  obtained 
llieixhy. 

■■  Nearly  a>  iiii]Mirtant  as  the  lioai<l  wouM  be  the  general  staff.  It  is 
fair  to  as.'tume  that  women  will  in  the  futuix'  take  a  cinisidcrablc  shari>  in 
purely  elerieal  work,  and  this  fa(  t  willenabl<'.  the  institution  to  take  fuller 
advautajK'  of  the  «|Ualilu  ations  of  its  male  staif  to  pu.-di  its  affairs  ineverx" 
i|Uarter  <»(  the  jiloN-.  ^ Outlis  should  not  l;e  engaged  without  a  langua^ri- 
<|Ualiticatio;i.  a!id  after  a  few  years'  training  ijiev  should  Iv  ^ent  abroad. 
It  could  |iroliably  !«•  arraii^'ed  that  associated  banks  abroad  woiikl  agni- 
t«>  employ  at  each  of  their  ]iriucipal  branches  one  of  the  institutions 
« lerks,  not  i.en'sjiarily  to  ix'iuain  theie  f»>r  an  indefinite  jx^riiHl.  but  togxt 
a  knowledtie  of  tlm  trade  characteristics  of  the  country.  iSuch  clerks 
iiii'.'ht  in  inaii>'  i  a-is  -ever  their  connection  with  the  banks  to  which  tluy 
wciv  appoiutcil  ,ui<l  start  iii  business  on  their  own  account.  Tlu-y  would, 
however.  )iiol.iibiy  l<M.k  Upon  the  institution  as  their  'Alma  Mat«r. 
K\erv  endea\our  .-hould  In-  made  to  )>romote  (sjirit  dv  ctirjts,  and  when- 
e\«vpti«»nal  ability  i.s  <UtveU)|ie4,  it  should  Iw  ungrudgingly  n-wanled. 
If  industiy  is  to  Im  ixtendeil.  it  is  essential  that  J?ritish  iiroducts  should 
U'  luiflud,  «nd  manufacturers,  inert  hants  anil  bankers  must  combine  to 
jiu.-h  tlu'iii.  It  is  lielicved  that  this  jm.-hing  could  be  a.ssisted  by  the 
1  IV  at  ion  of  a  lMMi>  of  liiisiiu'ss  young  men  in  the  way  abo\«>  descriU-d. 

I(  tinanciAl  astiihtaiuv  is  given  by  the  (Joveniment  to  un<U'rtakiugs 
in  lonLeition  with  what  are  known  as  'key'  industri«>s.  tie  biisii-ess 
shniilil.  if  p<.vsitil,-.  I  (•  doi.e  tluMii^'h  the  nie<liiim  of  the  institution.  In 
the    tiiiair  itions  of  tlu^   institution    the   desiial>ility   of  assisliii- 

Mrili-h  ti  1  "f  placing  with  BritisJi  mauufjuturers  orders  in  eon 

necti'Mi  with  new  undertnkiiiKs  should  be  always  borne  in  mind.  We 
an-  of  opinion  that  then-  an-  strong'  lea.'ons  why  the  bjuik  should  le 
formed  without  tklny.  s.i  th.it  ]iix>liiuinari«vs  may  be  i  oinpleted  lvf«)ie 
the  war  iH  ov«  r.      \N-  tliat  a  liank  constitute*!  upon  the  aliove 

buses,  with  effit  lent  ii.  I  nt,  sliouM  not   only   le   a   -jn  at  hoon  to 

Britif-h  tradi',  but  should  pro>TB  a  commercial  succe.s.s."' 

Tlu>  ni'  1   '  (  tin-  Committix-  wen-  : —  I.onl  Farinudon  (<  hairman). 

Mr     H     I  tl.  C.B..  Sir  W.   H.  Clark.  K.(\S.l.^  C.M.tJ..  Mr.    F, 

Im.llcy  l»..kci.  <.B..  Mr,  (;a>i.ar<l  I'arn-r.  .Mr.  W.  H.  N.  i;o.-Then.  the 
H.tilu  Hon.  F.  liuth  Jackson,  Mr.  Walter  Leaf,  the  Hon.  A.  H.  Mills. 
Mr.  J.  H.  Simpson.  Mr.  R.  V.  Va-snr  Smith,  and  tin*  Hon.  R.  E.  Beckett. 
Tin-  ReiM.rt  W  not  sigi.ed  (>\  Mr.  CaspanI  l-^trrer. 
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EDUCATIONAL. 


King's  College  (University  of  London). — The  new  term  begins  on 
Wsdnesday,  Oct.  4tli.  Tho  Faculty-  of  Engineermg  have  arranged 
courses  of  study  extending  over  three  or  four  years  in  civil,  mech- 
anical and  electrical  engineering  for  the  engineering  degrees  of  the 
University  of  London  and  for  the  diploma  and  ccrtiHcate  of  tiie 
College. 

Th(^  four  years'  course  provides,  in  addition  to  the  academic  trainiti;;, 
o])])ortuiiitics  for  ])riKtti(-al  training  in  works.  Additions  to  tlic  engineer- 
ing (I('])artment  include  a  hirgc  (h'awing  office  and  lecture  rooms  for  the 
mechanical  and  civil  engineering  departments  and  a  lecture  theatre  and 
rooms  for  research,  including  wireless  tclgraphy,  for  the  electrical  en- 
gineering department.  There  are  well  appointed  laboratories  for  teaching 
and  research  work.  l<\dl  information  may  be  obtained  from  the  J)can 
or  the  Secretary,  King's  College,  London,  VV.O. 

University  of  London,  University  College.— On  Oct.  27th  at  5  j) m. 
I'rof.  J.  A.  Fleming,  M.A.,  D.Sc.,  F.R.S.,  will  commence  a  series  of 
six  lectures  on  "  Long  Distance  Telephony."  Prof.  Fleming  will 
deliver  a  free  public  lecture  on  "  Long  Distance  Telegraph}'  and 
Telephony"  on  Oct.  18th  at  5:30p.m.  The  course  of  six  lectures 
will  be  ojien  to  members  and  non-members  of  the  University,  the  fee 
being  £1.  lis.  Od.  Applications  for  tickets  to  the  secretary,  Mr. 
Walter  W.  Seton,  M.  A. ,  D.  Lit. ,  Ciower-street,  W. C. 

Armstrong  College  (University  of  Durham),  Newcastle-on-Tyne.— 

The  new  session  commenced  on  Sept.  25.  Full  particulars  relating 
to  the  departments  of  mechanical,  marine,  civil  and  electrical 
engineering,  naval  architecture,  mining,  metallurgy,  agriculture, 
pure  science,  arts  and  commerce  may  be  obtained  from  the  secretary, 
Mr.  F.  H.  Pruen,  M.A.  f>.-.v   ^l 

Royal  Technical  College,  Glasgow.—The  session  1916-17  begins 
on  Sept.  26. 

The  diploma  of  the  college  is  granted  in  civil,  mechanical  and  electri(;al 
engineering,  mining,  naval  architecture,  chemistry,  nu>tallurgy,  &e. 
There  are  also  full  courses  of  instruction  in  the  schools  of  navigation  and 
wireless  telegraphy,  and  both  day  and  evening  classes  are  held.  The 
diploma  courses  extend  over  three  or  four  sessions,  and  the  average  fee 
is  £12.  12s.  per  session.  The  college  is  affiliated  to  the  University  of 
Glasgow,  and  the  degrees  of  the  university  in  engineering  and  applied 
chemistry  are  o])en  to  its  students.     Prospectuses  from  the  Director. 

Northampton  Polytechnic,  London. — In  the  day  engineering  college 
full-day  courses  in  the  theory  and  practice  of  civil,  mechanical  and 
electrical  engineering  will  commence  on  Oct.  2  next.  The  courses 
in  civil  and  mechanical  engineering  include  specialisation  in. auto- 
mobile and  aeronautical  engineering,  and  those  in  electrical  engineer- 
ing include  radiography.  Three  entrance  scholarships  of  the  value 
of  £52  each  will  be  offered  for  competition  at  the  entrance  examina- 
tion. The  courses  include  periods  spent  in  commercial  workshops 
and  extend  over  four  years.  They  also  prepare  for  the  degree  of 
B.Sc.  in  Engineering  at  the  University  of  London.  In  the  technical 
optics  department  there  are  full  and  part  time  courses  in  all  branches 
in  specially  equipped  laboratories  and  lecture  rooms.  An  Aitchison 
scholarship  (value  £50)  will  be  offered  in  this  department  at  the 
entrance  exammation.  Particulars  as  to  fees,  dates,  &c.,  can  be 
obtained  at  the  Institute  or  on  application  to  the  Prmcipal,  Dr.  R. 
Mullineux  Walmsley. 

It  is  announctd  iJiat,  in  view  of  the  continuance  of  liie  war,  and  the 
consequent  absence  of  many  students  at  the  front  or  on  special  war  or 
munitions  service,  the  governing  body  of  the  polytechnic  has  decided  to 
suspend  the  usual  annual  issue  of  the  "  Announcements,"  but  is  ))rc])arc(l 
to  start  and  cany  ihrouoh  in  the  session  1916-17  as  many  of  the  eourses 
and  classes  announced  for  the  preceding  session  as  may  be  justified  by 
the  applications  for  enrolment  received  at  the  commencement  of  the 
session.  The  "  Announcements  "  (as  issued  a  year  ago)  include  day  and 
evening  courses  in  engineering  (civil,  mechanical  and  electrical),  technical 
optics  and  horology.  The  engineering  courses  inchide  sub-sections  in 
automobile  work,  aeronautics  aid  radio-telegraphy.  In  addition  tluie 
are  evening  courses  in  electrochemistiy,  metallurgy  ar.d  domestic 
economy.     Enrolments  for  the  c\ening  courses  has  commenced. 

Manchester  School  of  Technology.  -Full  courses,  leaduig  to  the 
Maiu;hester  University  degree  in  the  faculty  of  technology,  are  pro- 
vided in  mechanical,  electrical  and  sanitary  engmeering  (including 
municipal  engineering),  the  chemical  and  textile  uidustries,  mining, 
architecture,  &c.  During  the  session  1916-1917,  first  j-ear  courses 
will  be  specially  adapted  to  the  requirements  of  students  who  may 
wish  to  take  commissions  in  H.M.  Forces. 

Battersea  Polytechnic. — At  this  Polytechnic  there  are  day  cour.se, 
in  the  electrical  engineering  department  for  the  B.Sc.  (Eng.)  of 
London  University  and  for  the  Polytechnic  diploma.  There  are  also 
evening  courses  in  direct  and  alternating  currents,  electrical  dcsigir, 
generation  and  transmission,  electrical  costs,  electric  lighting  and 
illmnination  and  electric  traction.  Sectional  calendar  Id.  (post 
free  2d.).  Calendar  of  evening  classes  gratis  on  application  to  tho 
secretar3% 


Bradford  Technical  College.  The  (  ity  of  Bradford  Committee  has 
issued  a  jiamphlet  on  "  Industrial  t'h-ini.stry  and  D\eing  as  a  Career 
for  .Men  and  Women." 

The  pamphkit,  which  points  out  tlie  important*  of  the  application  of 
sci(!n(«  to  industry  as  shown  by  the  war,  states  that  there  will  be  in  the 
near  future  a  great  demand  for  highly  trauied  industrial  chemi.sts  ;  for 
women,  Ux>,  there  is  likely  to  ie  an  increasintr  fifjld  in  analytical  work. 
Th(U(!  are  no  standardi.-ed  ((Ualifications  for  the  industrial  chemist,  but 
th(!  (^sscntiala  ar(!  a  degre*;  in  clu  inislry  of  some  university  or  a  day 
<liploma  of  one  of  tlie  higner  technical  colleges,  or  the  awMXiiatcxhip  of  the 
Institute  of  (liemLstry.  What(;ver  course  is  taken  by  the  student,  a 
sound  .secondary  education  uj)  to  the  age  of  16  or  17  is  of  the  greatest 
importance.  The  value  of  the  appointment  ultimately  secured  will 
d(^]K'nd  to  a  large  extent  U])on  the  soun<lness  of  the;  secondary-  education 
and  u])on  tuc  s])ecial  couri-e  subs(^fpient!y  taken  ;  it  i.s,  as  a  rule,  only  by 
taking  a  day  di])loma  course  extending  over  thn-e  or  four  years  that  the 
futme  industrial  chemist  can  hope  to  fit  himself  for  the  high/sr  positions 
in  the  industries. 

The  ])rovision  made  at  the  Bradford  Technical  Collegn  for  instruction 
in  industrial  chemistry  would  appear  to  afford  a  broad  and  sound  training 
for  students  preparing  to  enter  the  chemical  industries  (including  dyeing 
and  textile  chemistry).  The  pamphlet  also  gives  particulars  of  fees, 
scholarships,  &c.  Further  information  may  he  obtained  from  the 
secretarj'. 


LEGAL  INTELLIGENCE. 


Wireless  Telegraphy  Patents  in  U.S.A. 

The  important  valve  ])atents  have  hcen  occupying  the  Courts  of  the 
United  States  for  a  considerable  time  in  an  action  brought  by  the  ^larconi 
Comi)any  against  Dr.  Lee  de  Forest  for  infringement  of  their  Fleming 
patents,  and  a  counter-action  by  Dr.  Ix^  Forest  claiming  damages  for 
infringement  by  the  Marconi  Ccuupany.  We  are  iuformctl  that  judgment 
was  given  on  tho  21st  inst.  in  favour  of  the  Marconi  Company.  Dr. 
Fleming's  patents  were  declared  to  be  the  ma.ster  patents,  and  were  not 
anticipated  by  De  Forest  or  anybody  else.  The  De  Forest  audion  was 
held  to  bo  an  infrhigement  of  the  ]\Iarconi  Company's  Flemuig  patents. 
Tho  Atlantic  Communication  Co.  of  America,  a  subsidiary  company  of 
the  Telefunkcn  Company,  of  Berlin,  has  (it is  stated)  infringed  a  number 
of  patents  in  order  to  obtain  a  po.ssible  wireless  service  across  the  Atlantic, 
and  fearing  the  action  by  the  Marconi  Company  against  them,  which  is 
pending,  recently  purchased  the  De  Forest  patents  for  §150,000.  Dr. 
Fleming's  "  valve,"  and  many  infringements  of  it,  have  been  largely 
responsible  for  the  developments  in  the  reception  of  wireless  telegraphic 
messages  over  long  distances.  It  was  the  mtroduction  of  these  ■"  valves  " 
which  gave  a  value  to  the  Poulsen  system,  and  has  been  prmcipally 
responsible  for  such  success  as  the  Germans  have  obtained  both  abroad 
and  at  home  in  wireless  telegraphy.  The  experiments  recentfy  carried 
out  in  wireless  telephony  in  the  United  States,  which  gave  sensational 
results,  were  achieved  solely  by  the  use  of  the  Marconi  Company's 
Fleming  valve  i)atents. 


Alien  Enemy  Patent. 

In  the  Patent  Court  on  Friday  the  CoutroUeV  of  Patents  (Mr.  Temple 
Franks)  and  Sir  Cornelius  Dalton  heard  an  application  by  Messrs.  J.  C. 
McQuilty  (Ltd.)  fo-  licence  to  u-i  tJie  German  patent  3,117  of  1911  for  an 
electric  motor  and  hammer  for  icmoving  the  mcrustation  in  boilers. 

It  was  explained  that  the  hammer  head  did  not  itself  strilvc  :  it  con- 
tains a  series  of  cogged  wheels  which  were  electrically  driven,  ard  when 
the  hammer  head  was  brought  into  contact  with  the  incrustation  tai)iHHl 
the  scaling  as  they  revolved,  performing  l.oCO  taps  a  minute.  Thi» 
electric  motor  was  simply  coupled  to  the  lighting  or  the  electric,  power 
.sup])ly  of  the  works,  and  the  inunediate  result  was  an  efficient  mechanism 
which  performed  the  work  ordmarily  dor.e  by  four  men.  It  got  over  the 
groujid  rapidlv,  did  not  mill,  chip  or  injuiv  the  plating,  and  by  reason  of 
the  fiexibility'of  the  attached  tube  reached  awkward  places  and  out  of- 
the-way  corners.  The  motor  was  taken  with  the  workman  through  the 
maidiole  into  the  boiler.  The  wheels  had  a  hard  bright  siuiace  and  cut 
readily,  and  the  electric  hammer  nright  be  »is(>d  equally  well  for  cleanmg 
tubes  or  for  repairing  mill  stones.  It  worked  without  v  ibratiou,  and  was 
40  times  as  efficient  as  any  tool  hitherto  in  use.  It  could  be-.readily  used 
bv  an  unskilled  workman. 

"  Mr.  ISIcQi  ILTY  s  lid  that  it  was  better  than  a  chip  or  a  pneumatic 
hammer,  which  would  only  deal  -with  thick  incrustation.  The  McQuilty 
Company  was  a  limited  "company,  privately  constituted,  having  only 
three  shareholders,  and  their  business  had  always  uicluded  that  of  mill- 
wrights and  boiler  .scalers.  The  German  patent  was  known  a^  the  \an 
de  Voordc  patent.  He  had  already  made  two  of  those  electric  hammers 
experimentallv,  and  he  i)roposed  to' commission  the  British  Westinghouse 
Co.  to  provide  him  with  his  electric  motors.  He  was  in  negotiation  with 
the  ])atentee  before  the  war  broke  out.  but  the  negotiations  fell  through 
on  a  question  of  method  of  payment.  The  two  experimental  hammers 
worked  quite  efficiently. 

The  CoNTKOLLER  said  there  might  lie  trouble  after  the  war  over  the 
two  hammers  Mr.  McQuilty  had  already  made  unless  he  were  protected 
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1>Y  t\u;  JJoard  of  Tra<Je.  He  a<lvked  applirant  to  have  his  licence  made 
r(!trospcctive,  so  that  it  covered  the  two  hammers. 

Mr.  MfQcir.Ty  said  he  did  not  know  tliat  anyone  elw  was  making  that 
tyfX)  of  )iamnif;r.  Thf^re  was  no  Enfili-h  manufaf  ture.  Tlie  Germans 
lefore  tli/j  war,  and  before  ihi  prif-es  of  material  went  up.  asked  £22.  10.;. 
for  one  of  the  hammers.  He  thought  25.s.  royalty  o.n  eaeh  hammer  made 
would  Vx!  exfiCHsive,  considering  the  amount  of  experimental  work  he  had 
ha^I  to  do  in  )M;rfecting  thr;  thinjr.  He  only  got  20  ])cr  cf  nt.  profit  at 
)m;.'-ent  on  his  laV>our  in  work  he  did  fcjr  the  (jovemmfiit. 

Thf  ('(jNTi'.oi.i.KK  said  he  would  ret  omnund  tlu-  Hoard  of  Tra<le  to 
grant  Mr.  .Mcf/uilty  a  liwnce,  recommending  at  the  same  time  that  the 
rwalty  should  be  £1  on  everj-  machine  made.  He  could  still  while 
charging  the  royalty  to  his  customers  get  the  u.sual  manufacturers  25  per 
tent,  profit. 


PATENT   RECORD. 


SPECIFICATIONS  PDBLISHED. 

The  tollowing  ab'.tract  Jrom  some  of  the  specifications  recently  published  have  been 
specially  compiled  by  Messrs.  Mbwburn,  Ellis  &  Pryor,  Chartered  Patent  Agents, 
70  and  72,  Chancery-lane,  London,  W.C. 

Whenever  the  date  applied  lor  differs  from  the  date  on  which  the  application  was  lodged 
at  tht  Patent  Office  the  lormer  is  given  in  brackets  after  the  title. 

1915  Specifications. 

7,757  KETTERjNa  Si  Chrvst.    Electrical  systems  for  use  with  internal-combustion 

engines.    (24/614.) 
8,012  Forrester.    (Pi(?r.";en  Telegraph  Transmitter  Co.)    Telegraph  transmitters. 

'^■■'  •■■    '■•  ■'  •'  ''■'"••■-■' •■"in  a  keyboard,  operatine  in  conjuncticn 

■r-formingelementsintooperativerelaticn 

to  produce  telegraphic  impulses,  the  prin- 

being  to  provide  a  machine  wherein  the  movements  of 

illy  r<^orded  in  a  storage  element,  and  subsequently 

•     nents  into  functional  |x>sition. 

.►les. 

'        '•  '       .pparatur. 
repulsion. 
■  •••■■■'   • ii-H"-'-/  '-•'-'iric  currents.    (Cognate  appli- 
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nation  with  an  oscillatory  circuit  containing  a  pair  of  con- 

•  which  serves  as  a  spark-gap.  of  another  oscillatory  circuit  in 

,p,  th'?  cirniits  being  so  adjusted  that  the  current  across  the 

•    in  the  two  circuits  exhibits  the  phencmcnon  of 

-cut  field  at  the  ^;ap. 

'!  -       '.■  ^•'^^risjn.    Telegraph  systems. 

'  ■i'-y  energy  connected  to  an 

!'",  an  anode  and  a  prid 

nns  between  s.iid  C3thc<]o 

.:■  :l.c  -fitoi.i.a  ciiciiil  it-iwet-n  which  there  Is  a  large 

Li  for  varyinp  the  potential  of  said  grid  in  accordance 

'  '  I  waves,  and  a  cannection  between  the 

rs  a  low  impedance  to  high  frequency 

..  .:..,.  ........    ;..  ;;,o  pulsating  current  produced  by  sound 
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•■r  A-T-MATi- TniHrn'itH  Co.     Automatic  telephone  systems.     (17/11/14.) 
lamps. 
•jr.n  fnr''!"ctrlr.illy-f>rera*rd  railway  trains. 


'■•    ■'  ■■■""'.■   ,  "'    ^_      i^""._.-ri  ,ii„n-.  mii    IV  .)    ij.ivin^  .ind  control  mechi- 
num  of  planing  and  like  machines. 


1,309  B.I 
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9.193  : 

11,397 

100.43' 
lOI.IO.t 

101,104   ,  A-     i;,,       I- 

101.170  Wai.r.  H.     (! 

101.171  H   •  A-.  G,  H.  I  .. 
101.17: 


1916  Sprcifications. 
C.  V.    Means  for  supporting  and  insulating  elctric 

'    addition  to  9,964/15.)     (101.237) 
■l.Trr;--.     (?R'3  16.)     (101,250.) 

'.onic  communication  to 
:5.)     (100,453.) 
O).)    Te|e>:r,'.ph  trans- 
.579/15.)    (101,278.) 
• ""  communication  to 
'1.281.) 

iCii!lc[-H-n.iiier  M(g.  Co.»    Mean<  for  controlling  ar.d 


(2.C85.I 
i.  .cr.'iand  theliKo. 


(2,400.) 


n.  E.    Mcins  for  reculatlng  the  volUgo  of  a  dirccKurrcnt  dynamo. 
If^  K.  E   L  M 

'  H    I  *  t>  trlcfurnacesof  the  dec, rode  type. 

10 

orn«ilVe.    (6,6%.)' 


"ticrclayi.    (6,541) 
.:  .ift;rt;  ■•*'■<: '•i'ltrlcityfrcm  a  moving  picture  film 


Ai'l'LICATlONS  FOR  PATENTS 

Hen.— Tht  yndtrmtHlionrd  ArvUcaHnt^f  (rrrtrt  f-^-r  tr^ktd  t)  art  >: -f  crti  fa 
""""  .     Those  -     '     ■  -     ., 

ot  invtmtoKs.  W^n  compltit  Sptcilicetion  acwmpanir 

August  23.  1916 


11.956  r 
11.961 


ll,'>!t:  PuAi;.    Si>«i k-i.lu« J. 


,  lamps 


^.■, 


August  24,  1916. 

Blvp'ou.     Method  of  obtaining  motive  power  from  wave  movement  of  the  sea. 
Baxter  &  Cau.nter  &  Suter.    Sparking-plugs  for  internal-combustion  engines. 
BiDDLE.    Apparatus  for  actuating  signals  on  trains,  and  for  stopping  trains  inde- 
pendently of  drivers. 
BiDDLE.     Means  for  producingaudiblesignalson  trai.ns. 
B.T.-H.  Co.     (C.E.  Co.  I     Electro-magnetic  switches. 
Nichols^;:.     (A'tcnoff.)    Primary  electric  cells. 

AoGERSE'.RO.     Me'.hod    of    preparing    radioactive    mineral    waters    containing 
radium-prec;;;;titing  acids.     (24/8/15,  Denmark.) 
12,933  Marcon-i's  Wireless  Telegraph  Co.  &  Plettj.     Apparatus  for   wireless  tele- 


11,986 
12.013 
12,014 

12.015 
12.016 
12.019 
12,020 


I 


grapnv 


August  25,  1916. 


12.043  12,045  Crawford  &  P.ttESTOn  &  Sanders.     Electrical  fuse  boards  or  systems. 

12.044  Crawford  &  Prestcm  &  S.ahders.     Electrical  fuses,  and  parts  appertaining 

thereto. 
12,063  Soc.  d'Electp.icite  NiLMELiOR.     Electric  machines.     (27 '3  15.  France.) 
12.066  Thckle.     Mouthpiece  for  telephone  transmitters,  &c.     (25  8  15,  Norway.) 
12,070  B.T.-H.  Co.     (C.E.  Co.)     Electric  resistance  elements. 

August  26.  1916. 
12,090  AuTr.MATic  Telephone  Mfg.  Co.  &  Smith.    Telegraph  system.s  and  apparatus 

therefor. 
12.099  Tarver.    Dry  cellr. 

August  28,  1916. 

12,125  British    Insulated   it  Helsbv  Cables   (Ltd.).     Annealing,   reheating,    &c  • 
furnaces. 

12.147  B.T.-H.  Co.     (C.E.  Co.)     Electric  furnaces. 
12,140  Brooks.     Device  for  heating  water  electrically. 

12.148  Brooks.  Franks,  Read  &  Walsall  Hardware  Mfo.  Co.     Electrical  switches. 
12.158  Chevallier.     Railway  signalling  apparatus. 

12,160  British    Westingho'JSE    Electric   &   Mfg.   Co.    Vapour-electric  converters. 

(28  8, 15.  U.S.) 
12,162  Grahn  &  Relay  Automatic  Tele.ohone  Co.     Automatic  and  semi-automatic 

telephone  systems. 

12.169  Cook.     Electric  lamps. 

12.168  Tietgen.     Insulation  of  electric  cables. 

12.170  KosNiCK.     Rheostats  for  starting  electric  motors. 

August  29,  1916. 

12.210  B.T.-H.  Co.     (C.E.  Co.)     Electric  furnaces. 

12.231   Pestarihi.     In  juction  electric  motors. 

12,237  Miller  &  RoscoE.     Apparatus  for  controlling  electric  circuit  of  flash  sigi^,  Stc. 

August  30,  1916. 
12,279  B.T.-H.  Co.     (C.E.  Co.)     Electric  furnaces. 
12,305  Wang.     Apparatus  for  con  verting  or  transforming  electric  currents. 

August  31,  1916. 
12,316  Warsop.    Trolley  poles  for  electric  cars,  &c. 

12.350  B.T.-H.  Co.  &  Farmer  &  Hastings.     Systems  of  electric  motor  control. 
12.352  Turner.     Automatic  train  control  systems.     (1/4/16,  U.S.) 

September  1,  1916. 
12.372  Bein.     Elect'icil  v/arning  apparatus. 
12.382  HuMFHREYS.     M.ivTietic  chucks. 

12.395  Sarnmark.     Means  for  operating  apparatus  at  receiving  station  from  sending 

station  by  Plectri;  pulsations.     (7/9/15.  Sweden.) 

12.396  Rennerfelt.     Electric  furnace.     (8/9/15,  Sweden.) 

12.399  Automatic  TELEf-HONE  Mfg.  Co.  &  Ray.    Telephone  systems. 

12.400  Holmes  &  Holmes  &  Holmes.     Signalling  apparatus  for  mines,  &c. 

12.406  Garrett  i  Pratt.     Safety  controlling  gear  for  electrically-prop?lleJ  vehicles. 
12.410  FoRSTEK.     Mearts  for  control  electrically  of  signal  indicators  of  mine  hauling 

engines,  winding  engines,  &c. 
12.420  S'X.  Anon,  i-our  L'Equipment  Electrique  des  Vehicules.     Arrangement  of 

regulator  and  circuit-interrupter  fixed  upon  electric  generators  having  a  variable 

speed.    (29,11-15.  France.) 

September  2,  1916. 

12,441   B.T.-H.  Co.     (G.E.  C^.)     Measuring  instruments. 

12.446  Th<  MAS  &Th(  MAS  Transmission  (Ltd.).     Method  of  cooling  commutators. 
12.454  Ballanti.     R»Yuhtinp  apparatus  for  alternating-current  distribution  systetttt. 
12.456  Bell  &  Davey  &  Sterling  Telephone  &  Electric  (k).      Electric  signalling 

r./stems. 
12,461  Hayhurst.     Protection  of  electrical  apparatus,  Stc 

September  4.  1916. 
12.487  Hughes.  Starling  it  Hughes  &  Son.    Magnetic  compasses. 

12,496"      ■         "' ■  "..aticillv  announcing  cutling-off  of  electric  curretit. 

12.505  one  transmitter  systems.     (4/9/15,  U.S.) 

12.517  L _ ; „  .     Dry  batteries. 


September  5,  1916. 
12.528  Shepherd.     Electrical  generators  and  electric  motors. 

F  ■■■'-icsignalling  lamps  for  ships.  Sic. 
internal<-ombusticn  engines. 

'  l.'.rnps. 

'  tically-operated  horns, 
machines  for  combined  electric  lighting  and 


t.  r       e.    I . . 


'ii  Lucas 

.    H-!T        ! 


12.566 
12.580 


12.609 
12.616 

12.(1? 


'  iC.I.SvND.     Electrolytic  oxidation. 

M   •'■'      icxinn,    :  !     A;;  .;  .uis  for  electrical  precipitation  of  suspended  pariicics 
frtm  ca:w. 

September  6,  1916. 
Tccchio.    Wirclf  ;.^  control  systems. 
A--  vit.-     Ttt  r   .,  MB  Mfg.  Co.    (Automatic  Electric  Co.)     Automatic  tele- 


1. 

l2.Wt  Ci:ll  Si  (j.-s^s'-T 


:  electric  motor  control. 
t.,c-;:,.:.l  icvc:'.i:ing  device  or  sign. 


C-:     Mine-.:ignalling  keyt. 


12.^?5 

I. 

1. 


12.737 
UTSa 


12.781, 
12,793 


Cw,v»»M  ft  M*»TR»      1r>r 


-16. 

;  retembllng  vulcanite. 


.  Jng  unidirectional  electric  currents. 
i,>  :.'<i:^  .     «c  i-,is  !.:r  wirciess  telegraph  or  telephone  systems. 

September  8.  1916. 
Cc.K«Y  k  Ccmstabls  &  S^N^s.     Electric  sparking-plug. 
Hknlky's  TKUiiKiArH  Works  Co.  ti  Wakbfi«ld.    Shoes  or  sockets  for  electric 
cibic  tcrminaU. 

September  9.  1916. 
12.782  RuiKKSfc  Western  El  KTTisifO     Telephone  systems. 
Bbtmbnod  a  Ci»arprau.    h'  ■        ">;  automobile*  and  starting 

Intemal-oomburtinn  engines.  ■  ' 
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COMMERCIAL    TOPICS. 


_.,.._  .      Responsible  financial  and  commercial  circles  in 

dEn  ''^    ^'^-X    '^'^    ^^    present    discussing    certain 

'   „  ^  cliangcs  in  the  articles  of  association  of  com- 

panics  upon  which  the  Board  of  Trade  is  insisting 
in  cAl  cases  in  which  the  Public  Trustee  (as  custodian  of  enemy  pro- 
perty) is  soiling  enemy  controlling  interests  in  Englisli  companies, 
and  in  the  cafe  of  new  oomj>anies  formed  to  acquire  such  interests. 

As  the  City  correspondent  of  "  The  Times  "  points  out,  these  changes 
at  ])repent'  apply  only  to  the  selling  of  enemy  interests,  and  therefore 
their  importance  may  be  regarded  as  limited  ;  but  there  is  an  impression 
that  the  changes  will  be  made  to  apply  subsequently  to  all  companies 
registered  imdcr  the  Companies  Acts.  If  this  .'•hould  ])rove  to  le  the 
intention  of  the  Government  the  changes  will  leconie  a  matter  of  gieat 
imimrtanco.  The  new  articles  are  somewhat  drastic  and  ]:eculiar  in 
tlunr  j)hraseology,  and  it  is  to  be  hoped  tha.t  they  will  be  caiefully  ex- 
amined before  legislative  effect  is  given  to  them.  Our  contemporaiy 
states  that  business  men  who  have  examined  the  new  provisions  have 
intimated  that  they  would  in  finitely  prefer  that  it  were  made  illegal  for 
any  German  to  be  naturalised  or  to  hold  any  ])roperty  or  to  cany  on 
business  within  this  coimtry  than  that  they  should  be  applied  to  all-com- 
panies, British  and  German  alike.  A  City  lawyer,  with  great  cxperiL'nfc 
of  the  working  of  public  companies  and  of  company  law,  has  also  expicssed 
wonder  as  to  how  any  experienced  person  could  have  sanctioned  the  r.ew 
articles  or  could  have  found  any  lawj^er  to  take  the  responsibility  of  sug- 
gesting the  placing  of  such  an  incubus  upon  our  company  system.  The 
new  articles  prohibit  the  transfer  or  allotment  of  any  shares  to  a  foreigner 
or  foreign  corporation  without  the  consent  of  the  Board,  and  if  a  share- 
holder becomes  in  the  opinion  of  the  directors  subject  to  foreign  "  in- 
fluence "  he  may  be  required  to  sell  his  shares.  A  board's  decision  under 
the  articles  is  made  final  and  conclusive.  The  meaning  of  the  word 
"  influence  "  at  once  presents  difficulties,  and  as  it  occurs  in  a  document 
governing  the  daily  conduct  of  a  company's  busiress,  in  which  precision 
is  the  first  essential,  the  position  becomes  serious.  Much  damage  can  be 
done  to  trade  and  commerce  by  hasty  and  ill-consideied  legislation,  and 
it  is  to  be  hoped  that  most  careful  consideration  will  te  given  to  any  pro- 
posed alterations  in  our  company  law.  Certain  changes  are,  of  course, 
necessary,  but  caie  should  be  taken  that  while  these  are  effective  in 
getting  rid  of  German  "  influence,"  no  serious  damage  is  done  to  Bntish 

interests. 

*         *         *         * 


Our  Commercial 
and  Industrial 
Policy. 


At  the  recent  meeting  of  the  Council  of  the 
Newcastlc-on-TjTie  Chamber  of  Commerce  there 
■was  an  interesting  debate  on  the  request  of  the 
Committee  on  Commercial  and  Industrial  Policy 
to  be  furnished  with  a  statement  of  any  definite  and  detailed  sugges- 
tions which  the  Chamber  might  desire  to  submit  for  consideration. 

Mr.  Renwick  remarked  that  the  trades  mentioned  by  the  committee 
were  staple  trades  of  the  district,  and  that  it  was  most  desirable  that  they 
should  not  be  excluded  from  their  deliberations. 


'I  he  chairman  (Mr.  J.  H.  Beckingham)  remarked  that  the  questions 
1  (fore  t'lem  were  intricate,  complicated  and  bewildering — not  only  the 
(|U(\stions  of  trade,  but  tho.'e  f)f  natifinal  finance.  At  jiresent  time  the 
national  debt  was  about  3,(J00  millions,  and  it  looked  as  thouoh  it  would 
ho.  .'5,(JtlO  millions  before  peace  was  proclaimed.  That  meant  the  raising 
of  an  enormous  sum  for  interest,  and,  in  addition,  there  were  the  pensions 
and  allowances  arising  gut  of  the  war  to  be  considered.  He  did  not  think 
it  was  an  exaggeration  to  say  that  we  would  have  to  face  a  budget  of 
from  500  to  (iOO  millions  a  year,  and  that  would  (he  thought)  tax  the 
ingenuity  of  the  Chancellor  of  the  Exchequer  and  our  fortitude. 

Mr.  Renwick  thought  it  was,  perhaps,  more  important  to  get  on  with 
the  war  than  to  talk  about  trade  after  the  war.  He  could  not  sec  the  end 
of  the  war  ;  he  did  not  think  it  was  in  sight.  Ore  of  the  most  ira])ortant 
(juestions  to  which  they  ought  to  give  attention  was  that  <>{  shipping. 
They  all  Itncw  the  inroads  the  foreigners  were  making  ;  they  knew  how 
the  foreigners  were  scouring  the  world,  and  paying  prices  for  ships  we 
could  not  reach,  and  they  were  also  reaping  the  advantage  of  the  high 
freights. 

After  discussion  a  committee  was  appointed  to  consider  the  whole  ques- 
tion of  trade  after  the  war,  and  to  report  subsequently  to  a  representative 
meeting  of  the  commercial  community  of  the  district. 


Australian 
Industries. 


Strong  efforts  are  now  being  made  to  move 
official  as  well  as  public  feeling  to  a  proper 
recognition  of  Australia's  natural  resoirrces. 
The  report  on  which  the  Australian  Postmaster-General  has  decided 
to  establish  works  for  the  manufacture  of  wire  cable  and  metal  lope 
states  that  an  expenditure  of  £250,000  will  be  needed  to  .secure  a  turnover 
of  approximately  £1,000,000.  Positions  will  be  found  for  1,000  work- 
men. Not  more  than  10  men  will  be  needed  from  overseas,  and  all  the 
raw  products  necessary  can  be  obtained  in  Australia. 

An  Australian  inventor  (Mr.  John  Flint),  of  Sydney,  claims  to  have 
.succeeded  in  the  world's  search  of  synthetic  rubber,  and  to  have  found  a 
way  of  producing  an  efficient  substitute  for  rubber  at  a  very  low  cost. 
The  substitute  is  an  entirely  Australian  product,  all  the  ingredients  being 
obtainable  in  the  Commonwealth,  and  successful  experiments  in  the 
vulcanising  process  have  already  been  carried  out  with  it.  The  invention 
has  been  patented.  The  claim  is  made  that  it  can  be  produced  at  a 
price  of  from  Cd.  to  (id.  ])cr  lb.,  as  against  the  present  price  of  rubber 
which  runs  from  3s.  to  4s.  2d.  ]ier  lb. 

Special  attention  is  being  paid  to  the  science  of  dyes  in  Australia.  At 
a  meeting  of  the  Rcyal  Society  in  Melbourne,  Mr.  E.  J.  Hartung  showed 
a  series  of  synthetic  dyes,  and  pointed  out  the  relationship  between 
(chemical  constitution,  fluorescence  and  colour  exhibited  by  certain  of 
the  dyes.  Mr.  Hartung  also  showed  a  new  dye  discovcr-ed  in  the  chemical 
laboratory  of  Melbom-ne  University,  but  not  yet  fully  investigated. 

Mr.  Z.  Kamiya,  special  commissioner  of  the  Japanese  Government  to 
the  South  Seas  and  Australia,  recently  stated  m  Sydney  that  Japan  would 
be  one  of  the  best  buyers  of  zuiO,  and  to  a  possibly  lesser  degree  would  be 
a  buj'cr  of  copper  and  le  ad. 


Trading  With 
the  Enemy. 


Further  regulations  have  teen  made  bj'  the 
Foreign    Trade    Department    of    the    Foreign 
Office  with  a  view  to  preventing  breacb.es  of  the 
Trading  with  the  Enemy  Acts  and  Proclamaticns. 

All  goods  exported  from  the  countries  mci  tioned  below  On  and  after 
the  1st  prox.  to  the  United  Kingdom,  Australia,  Newfoundland,  New 
Zealand,  Union  of  South  Africa,  all  Colonies  not  possessmg  responsible 
Governments,  and  Protectorates,  as  well  as  India,  mirst  be  accompanied 
by  certificates  of  interest.  These  certificates  will  be  issued  by  H.M. 
Consirlar  Officers,  who  will  require  documentar\'  evicVnce  that  no  enemy 
or  person  with  whom  trade  is  for  the  time  being  prohibited  (urcluding 
persons  on  the  Statutory  List)  has  any  interest  in  the  goods.  The  fol- 
lowing are  the  countries  : — 

Abyssinia,  Argentina.  Azores,  Bolivia,  Brazil,  Canary  Islards,  Cape  Verde  Islards, 
Chile,  Colcmbia,  Costa  Rica,  Cuba.  Danish  West  Indies,  Dominican  Republic.  Ecuador, 
Greece,  Guatemala,  Honduras,  Liberia,  Madeira,  Mexico,  Morocco,  Muscat,  Nether 
land  East  and  West  Indies.  Nicaragua,  Panama,  Paraguay,  Persia,  Peru.  Philippine 
Islands,  Portuguese  East  and  West  Africa,  San  Salvador,  Spain,  Spanish  West  Africa, 
Uruguay  and  Venezuela. 

In  the  case  of  exports  from  Norway,  Sweden.  Denmark,  Holland  ar.d 
Switzerland,  where  certificates  of  origin  have  hitherto  been  required, 
certificates  of  origin  .and  interest  will  be  required  for  goods  exported 
on  and  after  Oct.  1  oii  the  same  conditions,  except  that  the  additional 
evidence  required  for  a  certificate  of  interest  will  have  to  le  produced 
to  tlie  Consular  Officer  to  whom  application  is  made  for  the  issue  of  the 
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rombinwl  f<Ttjfic,i<r-.  In  the  fa.' f  of  ihire  five  rountries  gowls for whifh 
rr;rtifif;at<.«  of  ori^'in  arc  not  at  jtrchcnt  n-cjuirfl  will  rot  have  to  l:e 
H<:(<irii]>:in]c(l  \>\  the,  n  w  form  of  M-rlifi'  a1«-  of  orijriii  .i:  <l  interest. 
AD  poods  exported  on  ard  after  Oct.  10  from  thero  five  fountries  to 
Canada  must  l;o  acooniiiaTied  by  a  c-crtificate  of  origin  ar.d  infrrej-t. 

In  other  cases  certifieat<«  are  rot  compulsorj'.  The  period  of 
validity  nhown  on  C'ertifif  ates  of  Inlerewt  and  C'ertitieateB  of  (Jrigin  erd 
Interest  uill  in  lo  ras-e  ex<eed  two  month.-. 


Employment 
of  Aliens. 


It   w   »nnonn<<<l   that    the   Aliens    Re:;tri(ti(,n 
(f'«n;oIidafi<  n)  Order,   lltlO,  wa.s  pxteinled   by 
an  Order  in  (Viiuuil  «.n  S-ptenilcr  7th,  when 
the  following  article  wa."*  added  to  the  principal  Order : — 

No.  22  H.  :  Ah  from  ard  after  Oe.toler  1.  lOW!,  a  juTFrm  nhall  not  tale 
Kt4-pH  to  olitaiii  the  n-rv'u^-H  for  work  other  than  nninitioiis  work  in  the 
I  iiited  Kiiit'doin  of  aliens  or  any  alien  not  in  liie  lniteil  Kingdom  ex<ej>t 
with  tJu!  iMirniicsion  in  wrilini*  of  the  Moar<l  of  Trade,  ai  d  .nl),c<t  to  mkIi 
i<|M)e.ial  or  t/eieial  conditi'ins  aH  tho  Hoard  of 'I'liide  may  imiK^-e.  it  will 
ho  amontr  the  jrereral  eondilions  inipo»ed  hv  tlu'  lioard  of  Trade  that 
tiM-y  t-hall  I  e  satisfii  «l  that  lahonr  is  not  alrea<ly  available  in  this  eountrj' 
for  the  w<»rk  in  <|i:estion,  and  that  the  jiroj-jK  (  tive  ••mjiloyer  iirdertakeH 
to  offer  to  any  alien  who  ntav  I  e  introdined  <(iiiditioii>  of  emjtioyinent  not 
less  favourai)'e  than  thoH-  a)i|ili<-ahle  to  liriti^h  wf)rkjieo]>!e  similarly 
om]»loyed  in  the  sant)-  di^tri<  t. 

ApplieatioHH  for  the  ]m  iMii>'sion  n'<|niied  hy  the  ()r<ler  Hhou!<l  le  made 
On  a  form  which  can  le  «d)tair«'d  from  llic  Kmjilovment  I)o])artment  of 
the   INiaid  of  Trade  at   (^iie<  n  Anre's  (  hand  crs.  Wc.'t minster.  S.W. 

TJie  enuai;cnient  of  alii-n  lalonr  for  munitions  Mork.  w}ii(h  is  dc  fu'e<l 
ju*  work  in  any  <ontrol!e<l  chlahli.'-hnicnt  or  in  any  other  estahlihhment 
to  whit  h  the  provisions  of  fee.  7  of  the  .Mnnilions  of  War  .\ct.  lUlT).  api)ly. 
is  already  sidiject  to  the  instriK'tions  (ontaire<l  in  the  Older  in  Council 
of  March  IH,  MUCt.  Informaiitm  n-jjanlipj;  tin-  ndes  on  the  subject  «"an 
bi  obtaitcd  front  tic  .Miid>-tiy  of  Munitions.  (!.  \Vhilchall-(.'ai«'cns.  S.W.. 
cd  from  the  Kniplo\  nicnt  Ih-parlnrcnl  of  the  I'oard  of  Trade. 

*  *  *  * 


France. — Diepp":   Wire  snd  call'^.  £126 ;    unenumerated,  £1,187.     Paris:   Unenu- 
me;ate.d.    £232     BrJ-iux:     Une-  ;     £73.     Rouen:     E!ec.    machinery,   £245. 

Dunhirk:  Eh'.r:  :■■"■■  £*.\'i:  -.ei,£AS.    //flyre.-  Telegraph  material.  £60. 

PoKTUC/iL.  -V/J. 

Spain.— S;,'  telegraphmaterial.£780  ;  unenumerated,£14S. 

Barcelona:  Wire  ir.i  ;^:  .  -  i 'o-r .   .c.-.faph material, £30  ;  ur.enumerated,£I5. 

N-  .°'.vAy  —frondhicm  ■  E^ec.  lamps,  £44,500  ;  elec.  machinery,  £3,061  ;  unenumerated, 
£224. 

Denmm^k  merated,  £120. 

S.vEDEii.'  --.te-l.   £158.    CDlhenburg:    Wire   and   cable,   £66; 

ur.c.numeratevl.  tl  • 

FOREIGN  GOODS  (duty  paid  and  free). 

Durian:    Unenumcraied.   £331.    Dieppe:     Elec.   machinery,   £109.     Hong  Kong: 

II...    ....    .,4    C37S.     /4;r:.'t'/-rffl/«.-  Unenumerated,  £60.     Alexandria:    Unenumerated. 

Unenurr-.c-rs-.ed.  £188.  Bilbao:  Unenumerated.  £49.  Buer.os  Ayres: 
£3ve.  Cc'^enhagen :  Unenumerated.  £56.  Chrisichurch :  Unenu- 
mcratea,  £11.  Cape  Town:  Unenumerated,  £47.  Colombo:  Unenumerated,  £26. 
Oporto:  Unenumerated.  £30.  Rotierdam :  Unenumerated,  £41.  Philadelrhia :  Elec. 
machinery.  £100.  Port  Elizabeth:  Unenumerated,  £40.  Singapore:  GIoat  lamps, 
478  n.o.     WdUnrloK.:   Unenumerated,  £42. 

^OTF. — The  larpe  nuralx^r  of  items  in  these  official  returns  undlsr  the 
misleading  heading  '•unenumerated"  relate  to  what  is  described  aa 
"  electrical  goods  "  and  "  electrical  materials." 


Trade  Alter 
the  War. 


M  iH  annonnied  that  the  varioti.s  fVunmittror; 
ap|Miint'(l  lj\  ll:<'  I  rime  .Miiii.;tcr  to  (ollcct 
iiifonuation  on  tl-.e  Hiibjcet  «if  «)ur  tra<h'  rcla- 
tionii  after  the  «,ir  will  present  their  re|Kirfii  before  the  end  of  tlio 
)eur.  In  anotUr  <i)Iuniii  \v«'  giv<'  an  ahstr.iet  of  Lord  I'arhigdon'.i 
t^oniniitlie  (ji  liiuiiicial  fat  ilitien,  but  (dher  CoinniittefH  an*  dealing 
with  i>hipping  and  shipbiiildhig,  te.xtiK'.  iron  and  steel,  coal,  electrical 
and  engim  ering  industries. 
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BUSINESS  NOTICES. 

Tl.o  We./.crii  K!e(tnc  <  u.  (Inc.;  has  been  authorised  by  the 
Argentine  (;<i\eninient  to  establish  a  branch  or  agenty  in  the 
Republic. 

Mr.  f^eorge  Kiliw.n,  luanufaeturhig  electrical  engineer.  Birming- 
ham, annoumes  that  Iti-s  Yorkshire  branch  office  has  been  removed 
from  Sheffield  to  Standard- buildings.  City-square,  Leeds. 

Mr.  K.  W.  Abbott  ha.s  taken  over  the  nianagen;ent  of  the  New- 
castle branch  of  .Messrs.  Croinjjton  &  Co.  (Ltil.)  at  21 .  Pearl  A.ssurante» 
buildings,  Xorthuiul  erlan<l-.street,  NeAvca,stle-on-Tvnc.  Kor  many 
year;  he  ha  •■  I  <.n  in  r  barge  of  the  contract  department  at  Clieln:iiord, 
and  ha»i  carried  out  tic  eh-ctrical  e<piijiment  uf  many  im)M)rtaitt  main 
winder.;,  rolling  mills,  coaling  cranes,  large  haulage  gear.,  &c.  Mr. 
Abbott  w;is  res|K)nsible  for  the  desifrn  and  equipment  of  many  of  the 
early  central  stations  in  this  countr\. 

'J'he  directors  of  the  Briti.sh  I'jiginc,  Boiler  &  (icncral  Insurance 
C<i.  (Lttl.)  have  established  a  larger  office  in  London,  Avith  a  com- 
))lete  staff  for  dealing  with  tlie  ins])ection  and  'nsurance  of  all  kinds 
of  electrical  plant.  The  guidance  of  the  technical  (le|«irtment  has 
bet'u  ]ilaced  in  the  hands  of  Mr.  H.  Ll?well\ii  h'o.itcr,  M.Inst. C.E., 
M. I.K.K.,  formerly  chief  electri-al  engineer  of  the  eoni]>any  at  their 
head  office  in  Liver|)ool.  Mr.  H.  F.  Taylor,  formerly  .secix*tarv  to  the 
comjMmy,  has  been  iipj)ointed  to  take  eharge  of  the  new  L;»ndon 
oflfiie.  and  with  him  is  I'smciated  as  assistant  manager  ^Ir.  W.  J. 
Walsh. 

Sale  by  Tender,  -ileasrs.  Wheatley  Kirk,  Price  &  Co.  have  teen 
inidnicti«l  b\  tl.<'  Controller  of  the  Electrical  Com|K»ny  (Ltd.)  (Mr. 
.Maurice  .lenks,  F.C..\. )  to  offer  for  sale  by  jiublie  tinder,  a.s  detailiHl 
in  tho  hits  of  tl.o  catalogue,  the  entire  stcek  of  electrical  suppiics, 
e<piipment  and  ac<(  ssories  at  the  ofTices  and  showrtHmi.s.  122-4. 
Charing  Cross  road,  l/imlon.  W.C.  The  stock  in«  hides  generating 
and  testing  plant,  motor),  arc  and  incandescent  lamjis,  fan.s.  cable, 
insulators,  earlMins,  meters,  switches,  electrical  acces.stiries,  &e.,  and 
will  le  on  view  for  two  weeks  eommencing  Monday.  Oct.  2,  from 
Itla.m.  to  A  p.m.  daily.  CataV>gii<vs  fr<un  the  selling  agiiits.  MeK^rs. 
Wheatley  Kirk.  Price  &  Co..  4t>.  \\atlingstiv:*t.  Lomlon.  E.C.,  and 
at  .Manche.;1er  and  Xewca.stle-on-Tvne.  Tenders  niu.st  be  sent  in  to 
t'le  linn  at  4ti.  U;ttling-stnvt,  E.C..  by  n.ion  Oct.  17. 

The  ConI  roller.  Mr.  Maurice  .luiks.  is  ]treparcd  to  receive  idTers 
for  the  tiadc  and  biisim-.^s  connections  as  bitcly  ( arrie«l  on  by  the 
Company. 

FhiIIiii  iMirlicuhn-  nn  ijiirii  in  an  u(li'tiii'<iiiui4t. 

Plant  lor  Sale.  .M(..-rs.  .Mar.vhalls,  (.'ainsbon.ugh,  have  a  2J  H.r. 
WihdU  llartni'll  eh-clric  motor  and  an  E.C.C.  comjHiund-wotmd 
dsnamo  for  f.i\r. 

Patent  Developmem.  I'he  pnq.rietor  of  iKitent  Xo.  24.7.". II it  12, 
for  "  ImpniN'Miienls  in  and  relating  to  th«>  sNuchronous  rimning  <l 
e'edric  moNir;..'  desiii\s  to  enter  into  arrangiMiients  for  tho  ]^urpo^o 
of  exploiting  Mtuf  »\  this  cotnitrv.  .\pplications  to  Messrs.  Hn,srl- 
tino.  Lnke  *  CVi.,  Patent  .VgiMits.  2S,  Siuthantpli  n  buihiings, 
Chan<'er\  lane.  l»ndon.  W.C, 

Tie  pMprietors  «d  jiJitcnt  Xo.  27.477  IHI."!.  for  "  Improvouient  * 
in  ecntr«llingdpvi<oj<  for  variable  k]  eod  dynamos  aiul  tl  .>ir  cirouits," 
de  ire  to  enter  into  arrangements  for  exploiting  san  e  in  this  country. 
Conimunivatu.nH  to  .Messrs.  Haseltme.  Lake  &  Co,  Patent  Agontn. 
2S.  SoHtlmnipt«.n  buihbngii,  Chancerylajio.  Uimlon.  W.C. 

Increase  In  Prioes.     Owing  to  continued  iiiorra^  in  the  cost  of 

f'^    ''  '     "    " "id  )»a.kinK,  the  We:;tem  E!cetric  Co.  have  been 

•  "  r-'"^  tie  j.riee  of  tlieir  Blue  Bell  dry  cells. 

diite  fmui  Se)it.  2">.  an«l  air  as  follows  :    Smu'o 
"  m  lots  of  12.  l.s.  Um.  v!uh  not  :   in  lot*  of  12  124, 

»!«  Ihi.  rmh  nol;   tn  IoIm  of  VSo-WHI,  l.V.  UL  i««r  dozen  ;    in  lot*  of  l.OWUi, 
l.V.  \vT  do/.rn. 
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ELECTRICITY  SUPPLY. 


EXTENSIONS. 

Altlershot.—  Tlio  olccliic  iiUjiply  main  ii  to  l:o  oxlendfd  to  Cargate 
(h■o\(^ 

Tlin  ('Icrk  and  tlie  Klocliic.nl  IOn<;iiK"er  have  liccn  instnictcd  to  ]i!(->cnt 
a  full  report  on  the  prcKuit  position  ar.d  future  rcc^uirc  iiuiits  of  tJic 
electric  li^ht  undertaking. 

Fulham  (London). — The  Borough  Council  in  recoiuinended  to 
oxjicnd  £1,000  on  executing  cortiiiu  work  in  connection  witli  uiider- 
])iiining  the  stores  at  tlie  electricity  worki-3. 

Poplar. — The  Electricity  Committee  report  a  h«.ving  considered  a 
report  of  the  clocti'ical  engineer  (Mr.  J.  Horace  Bowden)  on  exten- 
sions required  to  meet  hicreashig  dcmandii  for  elcctrieal  energy. 

The  installation  of  an  additional  fi,CCO  kw.  sot  is  estimated  to  cost 
.£76,500,  of  which  £(i-4.75()  would  Lo  charwabfe  to  loan  account.  As  an 
alternative,  Mr.  Bowden  .suggests  a  pro]>osal  for  linking-u])  with  the 
London  County  Council  tramway  gererating  station  at  Greenwich,  which 
would  involve  a  capital  expenditure  by  llie  Council  of  about  £8,1C0.  If 
the  alternative  scheme  were  ado])ted  it  wou'.d  be  of  advantage  to  l)oth 
undertakings,  the  peak  load  at  the  two  stations  occurring  at  diiferent 
hours.  The  committee  is  of  o])ini(m  that  it  is  undesirable  at  pre.'-ent  to 
embark  on  the  larger  scheme  if  it  can  le  avoided,  and  has  authorised  Mr. 
Eowden  to  continue  negotiations  with  a  view  to  adoption  of  the  linking- 
U))  scheme. 
.  The  committee  lias  a})pvoved  a  }iroposal  for  the  inovision  of  an  elec- 
trical exhibit  (jointly  witli  Stcjjr.ey  Borough  Council)  at  the  National 
Economy  Exhibitit)n  at  the  Beojile's  Palace.  The  cost  of  tlic  exhibit  is 
estimated  at  £30.  13s..  which,  in  view  of  rcduc^tion  in  expciiditiue  on 
other  means  of  a<lvevtising,  would  le  amply  covered  by  tlu^  jjrovision 
usually  made  for  aflvertising  expenditure. 

Oh  Mr.  Bowden's  suggestion  it  is  recommended  that  a  Lea  recorder  le 
provided  foi-  the  turV)ines  in  the  old  engine  room,  at  a  cost  of  £1 12.  lOs. 

GENERAU. 

Aldershot. — ^Laat  week  the  Council  were  informed  that  there  was 
a  bank  overdraft  of  approximately  £1,400,  including  £550  due  to 
legal  costR  of  the  action  brought  by  Mrs.  Dexter  for  nuisance. 

In  order  that  proper  provision  might  be  made  to  meet  the  deficiency 
it  was  recommended  that  the  proceeds  of  Id.  rate  be  transferred  to  electric 
lighting  account  from  general  district  rate. 

The  chairman  of  the  Electricity  Committee  (Mr.  Calvert)  said  the  bank 
was  pressing  them  to  adjust  their  finarces.  From  the  electric  light 
letcrve  fund  (hey  had  spent  a  certain  amount  on  machir.ery,  which  had 
exhausted  the  reserve.  Unfortunately  a  law  caie  oecuircd  afterwards 
ar.<l  certain  (  osts  were  incuned.  Not  having  the  moncA'  in  rcHr\'e,  they 
were  obliged  to  ask  the  town  to  re])ay,  by  Id.  rate,  the  as^.'et  Ihcy  had 
received  from  the  department. 

Arcjsley. — The  Urban  Council  has  appointed  a  sub-committee  to 
confer  with  the  Yovlcshire  Electric  Power  Co.  regarding  a  supi)ly  of 
electricity  for  Jh-cdilley  sewage  works. 

Bedford. — At  tie  hiat  meeting  of  the  Council  the  Finance  Com- 
mittee reported  that  application  had  been  made  to  the  L.G.  Board 
for  .'sanction  to  borrow  £-4,900  for  capital  expenditure  in  connection 
with  the  electric  supply  und'?rtaking,  and  sanction  had  been  granted 
for  £4,072.  It  would,  therefore,  be  necessary  to  include  the  amount 
disxttoWed  (£828)  in  the  revised  estimate. 

As  the  amount  will  have  to  be  provided  for  otherwise  than  out  of 
capital,  the  Committee  recommer.d  that  the  present  increase  of  5  ]xr  cent, 
on  the  electric  light  charees  to  increased  to  10  ])er  cent,  until  further 
notice  ;  but  this  lec-omuiei'dation  has  leen  refeircd  to  a  Conunittc  of  the 
whole  Courcil. 

The  Electricity  C;)mmittee  stated  that  incjuiries  were  leing  made  ly 
contractors  legardiug  a  su])i)ly  of  energy  for  lighting,  power  and  cooking 
purpo.'os  for  a  new  factory,  and  when  it  was  ai-certair.ed  what  would  Ic^ 
i«cpiived  the  matter  would  Le  laid  leforo  the  Countiil. 

As  no  reply  had  Leen  received  from  the  L.O.  Board,  and  as  the  m;it(cr 
was  urgent,  the  Ek'ctricuvl  Engineer  has  leen  directed  by  the  Committee 
to  make  house  connections  in  all  cajes  he  deemed  ])ro))er,  on  condition 
that  the  whole  capital  exiwnditure  in  connection  theiewith  ,■  hould  I  (^ 
bqrr.e  by  applicants. 

Hradninch  (Devon). — The  Council  has  decided  net  to  renew  at 

])re:,ent  its  contract  with  the  local  electric  supply  companj'  for 
lighting  the  streets,  which  expires  at  Miehaelma.s,  in  view  of  the 
lighting  restriction  order  now  in  force. 

EristcL — The  accounts  of  the  Electrical  Committee,  which  wore 
abstracted  in  our  last  issue,  were  submitted  to  the  Council  on  Tuesdaj' 
and  adopted. 

.Chatham. — The  works  Comrnittee  haa  notified  the  Chatham  & 
District  Light  Railways  Co.  tjliat  the  Council  are  Uesirous  of  entering 


into  a  new  agreement  for  the  supply  of  electrical  energy  to  tfit  .street 
lamps. 

Croydon.  Acting  on  a  rc|>ort  of  tiie  Elcetricivl  EngiuQcr  the  Light' 
ing  and  Electricity  Committee  profjosea  to  renew  the  h.t.  feeder 
cable  from  the  generating  station  to  sub-station,  at  a  cost  of  £1,425. 

Th"  cable'is  to  be  sup(>licd  aid  laid  by  CallrmderH  Cable  k  Construction 
('■).  Tlie  estimat(;d  net  cost  of  the  cai»le  (less  allowance  for/>Id  materia^ 
will  be  £548;  the  cable  joints,  laying,  &c.,  will  cost  £3^2.  sw  d  <  onduits 
£!!!.').  Whilst  th((  n<-W  cable  is  bci-ig  laid  provi-ion  will.l>e  made  (of  stree^. 
lighting  ata  cost  of  £110.  'I'hp  whole  of  the  cost  will  bi-  <  barged  t<.  ii-<rve 
a  d  renewals  fund  account. 


The  following  increa-ses 


Increased  Charges  for  Electrical  Energy 
are  being  made  : — 

The  Notting  Hill  Electric  Lighting  Co.  is  increasing  its  charge  from 
5.\d.  to  (id.  )K'r  unit  from  Oct.  1.  i 

Hisjihani,  Council  has  dxc-ided  to  increase  its  charges  by  Id.  jjcr  unit  for 
lighting  and  by  20  |)er  c(!nt.  for  other  purposes. 

I'ortsmoutli  Corporation  is  increa.--i:.6  its  charges  from  (Jet.  1  by  5  per 
cent,  (making  20  per  cent,  over  pre-war  rates)  for  lighting,  and  by  10  jjer 
cent,  (making  25  j;er  cent,  increase  in  all)  for  power  and  heating.  No 
alteration  is  being  made  in  the  charge  for  t:unent  taken  tlnough  slot 
meters. 

Dover  Electricity  Committee  ha^  decided  to  increa.'c  the  charges  for 
cxnrent  for  light,  power  and  tramways  bj-  id.  ]x,'r  unit. 

Torquay  Electric  Lighting  Committee  is  increasing  the  charge  for 
current  su])plied  to  private  consumers  from  4^d.  to  5d.  per  unit. 

Newton  Abbott.— The  local  electric  supply  company  offers  to  make 
a  fm-ther  concession  of  £153  on  the  contract  for  public  lighting,  which 
expires  next  June,  in  addition  to  the  £215  a  year  already  allowed. 

Norwich. — The  Electricity  Committee  recommends  the  purchase 

of  nreniiios  in  St.  Stephen's  Back-.strcet  for  erectiiig  a  :;ub-..tation  . 

Poplar  (London). — The  Borough  Council  have  decided  to  make  a 
special  record  on  their  minutes  of  the  bravery  of  Mr.  A.  J.  Randall, 
an  employe  of  the  electricity  department,  who  was  reeentlv  awarded 
the  military  medal. 

Rawtenstall. — At  the  mcethig  of  the  Council  last  week  it  was 
leijorted  that  the  original  scheme  for  the  supplj'  of  electricity  to 
Haiilingden  had  been  amended  in  order  that  the  Rawstenstall  elec- 
tricity undertaking  might  Le  linked  up  with  the  Accrington  elec- 
tricity undertaking.  A  larger  cable  has  been  laid  and  additional 
iowitchgear  will  be  provided  at  a  cost  of  £400. 

Shipston-on-Stour. — There  is  a  movement  in  favour  of  fonning  a 
new  company  to  amalgamate  the  electric  and  gtVi  companies  into  one. 

cent  em. 

At  a  recent  public  meeting  it  was  stated  that  a  letter  had  been  received 
from  the  secretary  of  the  gas  company,  stating  that  the  company  would 
be  i)!ea*-cd  to  entertain  any  proposal  made  by  tho  electric  light  company 
arid  submit  same  to  a  meeting  of  their  shareholders. 

Mr.  J.  R.  King,  who  had  offered  to  got  an  independent  ex|)ert  valuation 
of  th(!  electric  liglit  works,  said  he  congratulated  tlie  meeting  on  having 
got  the  letter  from  the  gas  company.  Tho  only  way  to  nmke  the  thing  a 
succc\ss  was  to  combine  the  two  companies.  He  did  not  think  it  would  be 
business  to  read  his  re])ort,  and  he  recommended  that  a  small  ju'ovisional 
committee  should  bo  formed  to  go  into  details  with  both  companies. 

It  was  then  decided  that  the  report  shou'd  not  be  read,  and  a  com- 
mittee was'e'ectcd  as  proposed. 

Southampton. — The  Electric  ity  Commilteo  haa  asked  the  L.  &  S.W. 
Railway  Co.  to  extend  its  line  so  as  to  enable  more  coal  waggons  to 
stand  on  the  sidings. 

The  borough  electricalengineer (Mr.  H.  F.  Street)hasrei»ortedthatc  vble 
faults  develojied  in  the  Western  Shoie-roacl  recently,  ar.d  examination 
.-bowed  that  continuous  flooding  l)y  sea  water  had  eau.-ed  deterioration 
of  some  of  the  cables.  The  givatest  caro  was  taken  in  laying  those  cables, 
but  the  action  of  salt  water  is  very  far  reaching.  As  regards  the  renewals 
between  the  electricity  works  and  the  West  Station  gates.  Mr.  Stiwt 
sugg(>sts  that  one  cable'  be  re-laid,  at  a  cost  of  £2^5.  Tho  cables  have  been  ■ 
laid  about  14  years.  There  was  also  about  30O  yds.  of  a  0-75  in.  cable 
that  he  would'like  to  renew  and  also  enlarge,  but.  as  the  present  price  of 
that  cable  was  25s.  ])er  yard,  against  12s.  lii.  when  last  ])aid,  it  ought  to 
stand  over  till  next  year.  A  length  of  cable  along  the  Western  Shore- 
road  towards  the  baths  would  cost  nearly  £300  to  rent  w. 

The  committee  has  authorised  the  suggested  renewals. 

Southend-on-Sea— Recently  th.c  Highways  and  Works  Com- 
mittee was  asked,  en  the  recommendation  of  the  Eoononno.^  Com- 
mittee, to  consider  the  question  of  substituting  electricity  fiu-  gas  in 
those  street  lampy  at  present  lighted  by  tho  latter  ilhimmant. 

The  Highways  Committee  has  decided  to  defer  consideration  of  tlie. 
matter  for  a  report  to  be  submitted  by  the  Borough  Surveyor. 

The  E'ectric  Lighting  Committee  re]'ort  the  completion  of  the  sa\'  at 
£1,155.  4s.  of  the  two  180  kw.  dynamos  manufactured  by  the  British 
Thomson-Houston  Co.  After  paying  tl  e  contractors  for  the  machii:es, 
storage,  packing  and  carriage,  the  transaction  has  ivsulted  m  a  pi'ofit  to. 
the  Corporation  of  rather  m(n•(^  than  £200,  which  will  be  held  against  a 
probable  increased  cost  of  new  machii\es  when  ivquiivd  after  tho  wi\r. 
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Watford.-  At  tlie  mfcting  of  the  Council  last  week  attention  was 
drawn  to  a  letter  from  the  TratJesmen's  Association  asking  them  to 
reconsider  the  profxjsed  increase  in  the  charg'-  for  current  to  'ihL  per 
unit.  The  matter  war),  however,  referred  to  the  Electric  Light 
Cfjmmittee. 

Mr.  (Uxxir'uh  naid  the  pria;  was  raif-cd  for  no  olhiT  reason  than  that 
the  iSumm<-r  Time  Act  had  advencly  afiectfd  tlu-  undertakinf.',  and  not 
becaufcfi  of  tlif;  increase  in  the  cost  of  fuel.  The  price  was  incrcaj-cd  heforc 
lM;f;auK)  of  that.  The  tSummer  Time  Act  affected  private  conf-umers  but 
not  power  consumers.  S^^me  power  consumers  wen-  using  llu-  current 
fr»r  24  hours. 

Walsall. — At  the  last  Council  meeting  a  discussitn  took  place  as  to 
the  best  mean.')  of  dealing  with  the  ccnsiderahie  deficit  which  i.s  ex- 
pected to  refjult  from  the  present  year's  working  of  the  electricity 
undertaking. 

Councillor  T).  Havward  (chairman  of  the  Electricity  Committee) 
explained  that  tliey  were,  not  lo.^iny  money  on  the  working  of  llie  station, 
Ijut  they  had  1o  pay  about  12,4.')0  in  ca])ital  diarges  for  tlie  rew  station, 
aitliough  it  would  not  be  finished  until  next  month — 16  months  after  the 
time;  originally  fi.xed. 

Councillor  TnicKKTT  saifl  the  price  of  current  was  already  too  high. 
When  ihenr  wc;ie  j)rofits  it  was  Kxin  a  ca-'C  of  '"liand  it  over  to  the  rale- 
payers,"  so  let  the  rat(j),iycrs  st.iinl  any  loss  that  was  incuried. 

It  wtiH  dfcidcfl  to  call  uj)on  the  rates  to  make  uj)  any  def:eit  at  tluj  end 
fif  tlir-  year. 

Wey  bridge.  The  lioard  <.f  Trad-.-  has  infonned  the  Council  that 
it  has  nuwle  an  order  varying  the  Wey  bridge  Kiectric  Lighting  Order, 
MUMi,  by  subittituting  7d.  jjer  unit  as  the  maximum  j-rice  (n  and 
itfler  Sejit.  :{(>. 

Wigan.  Ill  .'lubmitting  the  minutes  of  the  Electric  Light  Com- 
mittee to  the  CorjH)rati<m  last  week  the  chairman  (Aid.  J.  T.  (iriin- 
shuw)  stated  that  circumstau'es  ha<l  developed  at  the  electric  ixiwcr 
htiition  in  such  a  way  that  it  w.i:i  imperative  to  terminate  the  ajipoint- 
mcnt  of  the  elect rica!  engineer.  ' 

Aid.  (Jkimsiiaw  said  it  was  a  grievous  thini;  that  he  was  called  upon  to 
undertake.  It  ha<l  Iwcn  stated  that  he  (tlu^  chairman)  was  partially 
n)s]M)nsibl(r  for  thc^  situation,  and  he  felt  tliat  if  such  were  the  caie  the 
only  hofifiurablr-  f<)ur>c  for  liini  1o  take  was  to  olTcr  his  resignation.  If 
hn  was  ]iarlially  n-hjMinsiblc  evidence!  ouj:lit  to  be  ])roduce.d  from  the 
niinut4-s  inii)li(  iiting  himself,  but  he  did  not  know  that  any  such  evidence 
}iad  Iki'ii  <>blaii  I'd.  Up  to  a  certain  iMiint  he  had  the  gn-atest  confi<leri<e 
in  the  ability  of  the  iii!in.'k<.'enieiit .  and  it.  was  only  ijiiite  recently-  -  in  fact, 
since  the  breiik<li>wii  of  ll-.c  bojlcry  that  he  felt  that  matters  weie  not 
(piile  us  >ouii<l  as  tlicy  oiit'lit  to  I  c.  lie  had  jMiforiiied  no  task  .' o 
•  •ppres.sively  «lisj)lea.«'in).'  to  bilieelf  as  the  la>k  he  had  to  ]  crfi)riii  tl'.en, 
and  for  tin-  simple  n-asoii  that  if  ever  two  nien  worke<l  toL'<-ll'er  com- 
fortalily  the  cliief  of  the  «dectricity  de]iartmenf  and  himself  li.id  done  it. 

Aid.  .1.  .Mt^iAlii  said  lu-  thou^dit  in  all  biiniess  that  the  rominittce  ha<l 
lieen  verA'  |ireci|iilatc  in  t)ie  matter.  They  niJLdit.  at  any  rate.  h;i\e 
wiiited  until  t hi-  rc|iiirt  i if  the  liM|iiiry  Committee  luul  been  bnnioht  I  {-fon" 
the  <'oiincil  lefoie  t.-ikiim  action. 

Till!  miniite.s  of  the  ('ommittet!  were  unatiimoiisly  <-arrieil. 

Tlu>  <'ouncil  iiiro  de<i«led.  in  connection  with  tlu-  jirofioM-d  ;up|)|y  of 
electricjly  in  Imlk  fr<ini  the  Ijincashire  Klec  trie  I'ower  (Vi.,  to  apply  to 
till"  l,.(i'.  Hoiinl  forra'ietioM  to  borrow  il  l.tlllS  forcabies,  trav.sformers  jind 
swilcliKcar. 

Worcester.  The  Council  ha.-,  agreed  1(1  the  Klectririty  Coiiiinittce's 
|iru|i<.sal  to  irurca.'ie  the  w.iges  of  LM  of  the  st.ilf  of  tlie  eleclricitv 
department,  the  additional  aiiniial  cost  .iiiioiint iiig  to  £1  l(t.  -Is. 


TRACTION   NOTES. 


Bradford.      A  i|e|)ntntion  from   the  Amnlgamatod  Asiuieiation  of 
Tramway  ancl  Vehicle  Workers  waite«l  u|K'n  the  Tramways  Com 
mil  lee  lar.t  week  in  supjiort  of  an  application  for  incroa-ses  in  the  rctle 
of  wagen  of  th<'  tramway  employes. 

Till-  ])ro<'i<e<linKs  worn  ndjourncd  for  about  n  fortnight  in  order  that  the 
mana>fi'r(Mr.  ('.  .1.  S)>«>nc<T)  miaht  report  on  certain  nsjvctsof  the  matter. 
The  tramwaymen  are  receivinn  a  war  bonUN  of  from  '.\h.  to  Is.  a  week,  on*! 
it  is  e.itimaleil  that  the  incmn>e»  projxsrd  would  ab.«orb  £2l,(;(IO  o  year. 
Over  l.tMiO  em]iloyrM  are  concerned. 

East  Ham.  The  (Vmneil  in  eommitteo  have  considered  the  refer- 
out  e  to  them  liy  the  Eleelrie  Lighting  and  Tramways  Cotnmitteo  of 
the  (|uestion  of  the  alwilition  of  Jd.  tramway  fa-x's.  nnd  havins  heanl 
Mie  observati«mH  of  (he  engineer  and  mnnager  (Mr.  W.  C.  rilmann) 
Iheroon.  to  the  effoit  that  the  I/.nd.>n  C<.unfy  Conneil  had  not 
urrivivl  at  any  decision  on  the  i|ueslion.  further  eonsidrrat  ion  theriNif 
wa.i  defern>d.  and  the  MaM)r.  the  ehainnnn  of  the  committee  and  the 
engineer  and  manap'r  wen'  ajipoinliHl  (o  attend  nnv  eonfertMieo  «.f 
the  Metro)iolitaii  iMiroiighs  that  may  lie  eonveniMl  on  this  (piest ion. 

The  rommiltoo  hn.i  ronsidered  n  letter  from  the  London  .loint  Com- 


mittee of  Coachmakers,  Wheelwrights  and  Slotor  Body  Builders'  Trade 
Union  a.«king  that  the  current  rate  of  lid.  jxr  hour  should  Ix-  paid  to 
the  body  makers,  painters,  smiths  and  trimmers  employed  in  the  tram- 
ways department,  and  tlu'  committee  projioses  to  accede  to  the  applica- 
tion. 

Glasgow. — Drivers  and  conductors  (men  and  women)  employed  on 
Glasgow  (  orporation  tramcans  held  a  meeting  last  week  in  the  Central 
Halls,  Kath-strcet,  in  support  of  their  application  for  an  increase 
of  their  wages  by  fc'.s.  a  week.  Coun.  Geo.  Kerr  presided,  and 
referred  to  the  recommendaticns  by  the  Tramways  Committee 
regarding  wages  and  working  conditions. 

Mr.  Kei'.p.  said  many  of  the  employ&s  felt  that  something  ouoht  to  be 
done  in  view  of  the  proposals  by  the  Tramway  Committee,  and  that  steps 
ought  to  le  taken  to  organise  the  drivers  and  conductors  (men  and 
women).  Th.ey  had  ajijilied  for  an  increa.'e  of  fis.  yer  week  for  men  and 
women  alike.  In  the  CorjKiration  there  was  a  feeling  that  that  was  an 
unrea.'^onable  demand.  In  his  view,  if  they  had  had  regard  to  the  in- 
creafe  in  the  cost  of  living  since  they  received  their  last  advance,  they 
would  have  askc<l  10s.  A  resolution  was  adopted  protesting  against  the 
alleged  ])ro]K>sal  by  the  Tramways  Committee  to  increase  the  working 
hours  and  to  <UiTerentiate  between  male  and  female  employes  in  regard 
to  an  advance  in  wages,  and  requesting  the  Cor])oration  not  to  approve  of 
tie  recommendations,  but  to  grant  the  same  advance  to  women  as  might 
Ic  frrantcd  to  men.  It  was  decided  to  .'end  a  deputation  of  27  con- 
ductors and  drivers  to  the  Coqxiration,  and  that  all  tramway  employes 
fhould  le  urged  to  join  the  Municii)al  Employes  A.^sociation. 

The  ('oij)oration  di.-cus.'-ed  the  subject  on  Thur.sda3'  la«t.  The  Tram- 
ways Committee  proposed  to  lengthen  the  working  week  by  three  hours 
durinp  the  war.  to  ])ay  time  and  a  half  for  the  extra  hours  and  grant  28. 
war  bonus  to  male  ar.d  Is.  to  female  emploj-ers.  It  was  proposed  to 
increafc  tlie  week's  work  in  the  ca.'c  of  men  working  on  cables  and  per- 
manent way  to  .16  hours. 

Mr.  MoNTGOMERV,  in  moving  the  adoption  of  the  proposals,  said  the 
hours  pro])osed  would  not  bring  the  week's  work  up  to  the  standard  of 
similar  uiMlertakings  throughout  the  country.  The  addition  to  the 
wages  bill  would  \x:  £44,408.  The  effect  of  the  proposals  would  te  an 
increase  to  3()s.  7id.  in  the  ca.'c  of  men  at  present  receiving  32s.  per  week, 
making  the  in;  lea.'c  of  wages  since  .June,  1914, 41  per  cent.  Tlie  maximum 
for  drivers  would  l:e  inc  reased  from  37s.  to  43s.  3d. 

The  committ(*'s  jiroposal  as  to  the  hours  was  adopted  by  55  votes  to 
20,  but  the  ))r((posal  to  pay  2s.  bonus  to  men  and  Is.  to  women  was  only 
carried  by  the  casting  vote  of  Bailie  Maclure,  who  presided. 

Luton.^ — An  increased  i^crvice  will  be  given  on  the  Dunst able-road 
tramway  route. 

Southampton.-  The  Trnmways  Committee  propcren  to  double  a 
];orti(,n  of  tl.e  track  in  High-ntreet.  }?ince  the  parcels  charge  wai; 
inaugurated  «n  May  2.')  last  22,()49  parcels  have  been  carried,  tie 
receiptii  amounting  to  £^M.  7s.  5d.,  or  at  rale  of  £.375  per  annum. 

Southend.- -The  Light  Railways  Committee  h.is  instructed  the 
electric  ill  enginec-r  and  tramways  manage^- (Mr.  H.  Birkett)  toarrangiJ 
for  the  dis]ilay  of  notices  in  the  tramears  indicating  that  persons 
detected  endeavouring  to  evade  ])ayment  of  the  legal  fare;;  would  be 
proiiecuteil.  and  to  re|K>!t  u|Rin  the  desirability  of  emplc»ying  during 
the  bii.sy  jK-riods  two  girls  ccmduetors  ujum  such  of  the  cars  as  it  may 
seem  desir.ible.  with  ;i  view  to  ensuring  the  proper  collection  of  fares. 

Underground  Electric  Railways  of  London.  Tl.e  increa.se  of  the 
war  bonus  to  Kte.  a  week  for  all  railway  employes  over  18  years  of 
age  and  to  .'»s.  for  employes  tindcrr  IS.Mitli  certain  excejitiims.  hits  l)een 
extended  to  the  emiiloyes  of  idl  the  London  undergromid  electric 
nnlways. 

York. — Owing  to  the  reduced  street  lighting  the  tramears  are  to 
■to|i  miming  an  hour  earlier  each  evening  during  the  w  iitter  months. 

Authority  has  been  niveii  to  the  tramways  m.-uiager  to  cater  for  late 
t  rathe  (if  any)  from  th<<  ]»lnec«  of  amu.'-ement. 


EMPIRE   NOTES. 


I 

Australasia.-  Tamut  and  Tweed  (X.S.W.)  Councils  have  decided 
to   etUablihh    electricity   supjilv    undertakings   for   their  respective 

diMricfii. 

.Burma.-  Mr.  H.  L.  IVstcm.  chief  engineer  of  the  rid)lic  Wor':!i 
l)e|»arti"ent.  Rangoon,  in  his  annual  report  en  the  working  of  the 
Tublic  Works  DeiKirtnient  of  the  Rangoon  Municijwlity  for  ini.'»-l(). 
observes  that  no  unportant  changes  in  regard  to  electric  lighting  had 
to  be  recordwL  Three  exjierimental  half-watt  lamps,  each  of 
.'>00  e.p..  were  erected,  and  four  arc  lamps  were  replaced  by  half-watt 
bimpit. 

73  lamps  in  East  K.ingoon  were  con\Trled  from  hiph  tension  to  low 

trjiMi'n. 

South  Africa.— The  formal  iiianguratinn  of  the  niunieii>aJ  electric 
supply  at  Worcester  took  place  rec-ently. 
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FOREIGN  NOTES. 


MISCELLANEOUS   NOTES. 


Argentina. — The  electrified  suburban  service  of  the  Central 
Argentine  Railway,  between  the  Retire  terminur;  and  Tigre  (Buencs 
Ayres)  stations,  was  inaugurated  on  Aug.  23.  The  first  train  con- 
sisted of  five  motor-coaches  and  five  trailers. 

The  President  of  the  Republic  was  present  accompanied  by  his 
Ministers. 

Sir  Reg.  Tower,  the  British  Minister,  who  was  also  present,  said  he  was 
proud  that  a  British  company  had  shown  such  rcsourcefujr.ess  as  to  be 
able  to  carry  out  such  an  undertaking  during  the  war.  The  Argentine 
Republic  had  ottered  the  two  primary  requisites  for  the  investment  of 
capital — productivity  and  security.  The  British  investor  was  content 
with  a  low  rate  of  interest  from  Argentine  railways  because  he  was  sine 
of  the  safety  of  his  investment.  The  Argentine  people  and  Government, 
on  their  side,  had  had  an  opportunity  of  testing  the  <harac1  cr  and  methf  ds 
of  British-  enterprise.  More  capital  must  come,  unles.s  the  work  of  tie 
past  years  was  to  be  largely  undoi-.c.  After  the  end  of  the  ))ic^cnt  con- 
flagration vast  sums  would  be  required  for  reconstruction,  and  there  would 
be  demands  from  all  parts  of  the  world  for  the  resumption  of  suspended 
operations.  Capital  would  not  te  abiuidant,  nor  disposed  to  take  the 
same  risks  as  in  the  past,  and  it  would  go  where  the  greatest  security  is 
ofEered. 

The  report  of  the  directors  of  the  Compania  de  Tramways  Electricos 
del  Sud  (Buenos  Ayres)  for  the  year  ended  June  30  shows  revenue 
$1,121,982.78  (m/n),  against  .SI, 111, 295.93  in  the  preceding  year.  Pas- 
sengers carried  were  8,709,425,  against  8,420,254.  Working  expenses 
were  .$1,078,005.35,  against  $1,037,710.13.  The  increase  in  working 
expenses  is  attributed  to  higher  cost  of  coal  and  materials.  Net  profit 
was  $49,4(j9.78  (m/n),  and  there  was  a  carry  forward  of  .f20,5(i5.47. 
After  making  the  statutory  jjaymcnts  to  reserve  and  contingency  fimds 
there  remained  $62,120.09  (m/n),  of  which  $32,120.09  is  placed  to 
renewal  fund  and  $30,000  carried  forward. 

Colombia. — The  Municipal  Council  of  Zaragoza  (Department  of 
Antioquia)  has  been  authorised  to  raise  a  loan  of  15,000  pesos  gold 
(£3,000)  for  the  installation  of  electric  power  plant  and  the  con- 
struction of  an  aqueduct. 

The  Municipal  Council  of  Mosquera  (Department  of  Cundinamarca) 
has  also  obtained  sanction  to  a  loan  of  10,000  pesos  (£2,000)  for  an  electric 
power  installation  and  aqueduct  works,  and  (2)  the  Municipal  Council  of 
Concepcion  (Department  of  Antioquia)  has  received  permission  to  borrow 
5,000  pesos  (£1,000)  for  an  electric  power  plant. 

Spain. — The  concession  for  the  construction  and  working  of  an 
electric  tramway  in  Melilla  has  been  granted  to  Don  Ramon  Prendes 
Rodriguez. 

The  concession  for  the  construction  and  working  of  an  electric  tramway 
in  Bilbao,  connecting  the  existing  system  with  the  Irala-Barri  district, 
has  been  granted  to  the  Sociedad  Tranvia  Urbane  de  Bilbao. 


Enemy  Firms  Wound  Up.— Claim;;  again;;t  the  Eakelite  Co.  (Ltd.) 
are  to  be  sent  to  .Sir  W.  K  Peet,  11,  Ironmonger-lane,  London,  E.C., 
by  Oct.  12. 

The  shares  of  the  Concordia  Electric  Wire  Co.  (Ltd.)  have  been  pur- 
cha.sed  by  an  English  .syndicate  from  the  public  Trustee.  No  contract 
for  sale  or  purchase  will  be  recognised  by  the  company  unless  such  con- 
tract is  confirmed  in  writing  by  Mr.  R.  Belcher,  a  director  of  the  company, 
and  couitersigncd  by  Mr.  L.  T.  Thornton,  the  secretarj'. 

Exports  to  China  and  Liberia.— The  •  Lcndr  n  Gazette  "  of  .Sept.  22 
contains  further  lists  of  public  bodies,  persons  and  firm.r;  in  China 
and  Liberia  to  whom  goods  from  the  United  Kingdom  may  be 
consigned. 

The  following  are  included  :  Liberia  :  Compagnio  de  Cables  Sud- 
Amcricans,  Libcrian  Government  Departments,  Liberian  Rubber  Corpn., 
Station  Radiotelegraphique  Fran^aise  (Mouravia). 

Kitchener  Scholarships. — The  Council  of  the  Lord  Kitchener 
National  Memorial  Fund  have  resolved  to  found  a  number  of  scholar- 
ships which  will  enable  joung  Briton:;  destined  for  a  commercial 
career  to  travel,  study  and  gain  business  experience  in  the  countrieo 
of  the  allied  nationn,  viz.,  France,  Rusriia,  Ital}-,  Japan,  Belgium, 
Roumania,  Portugal  and  .Serbia. 

The  original  purposes  of  the  fund  will,  however,  remain  unchanged. 
They  are  those  :  (1)  To  equip  and  endow  for  all  time  a  home  for  disabled 
officers  ;  (2)  to  establish  a  iiermanent  fund  for  the  purpose  of  relieving 
disabled  ofHcers  and  men  in  their  own  homes. 

The  scholarship  scheme  will  supplement  these  personal  benefits  by  a 
national  service  of  the  first  order.  The  scbolarship.s  will  be  continued 
from  year  to  year  for  all  time  and  will  be  of  the  annual  value  of  about 
£150  each.  The  scholarships  will  be  for  the  sons  of  deceased  and  dis- 
abled officers  and  men  of  the  Navy  and  Army  and  young  men  from  18  to 
25  years  of  ago  who  have  served  with  the  forces. 

Siemens  War  Savings  Association. — .Some  years  prior  to  the  out- 
break of  war  a  number  of  the  employes  of  .Siemens  Bros.  &  Co.  (Ltd.) 
formed  amongst  themselves  a  thrift  club  which  has  had  a  successfid 
career.  As  a  branch  of  this  club,  a  War  Savings  Association  has  been 
organised  at  the  Woolwich  works  under  the  name  of  "  The  Bowater 
War  Savings  Association." 

The  management  of  the  association  is  exclusively  in  the  hands  of  a 
committee  of  employes,  and  this  committee  is  solely  responsible  for  exact 
and  regular  administration.  Since  the  inception  in  June  last  this 
association  has  made  good  progress,  the  membership  having  increased 
from  500  to  about  1,400,  and  up  to  the  present  nearly  4,000  War  Savings 
Certificates  have  been  purchased  under  the  Government  Scheme  No.  2a, 
by  which  all  subscriptions,  as  soon  as  they  are  paid,  are  converted  into 
War  Savings  Certificates,  these  being  allotted  to  each  subscriber  in 
priority  of  completed  subscription  as  and  when  the  full  value  has  been 
paid. 
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I  TENDERS    INVITED.  I 


Turbine-driven  Pump. 

Manchester  Corporation  require  tendera  by  10  a.m.  Oct.  9 
for  the  supply  and  erection  at  Bloom-street  station  of  One  Steam 
Turbine-driven  Boiler  Feed  Pump.  Specification,  &c.,  from 
Mr.  F.  E.  Hughes,  Town  Hall,  Manchester. 

Coal  Transporter  Plant. 

Tenders  are  invited  for  the  supply,  delivery  and  erection  in 
[  j    Melbourne,  of  a  Coal  Transporter  Plant  of  the  travelling  tower 

tj-pe  and  electrically  operated.  Tender  form  with  specification 
I  can  be  obtained  from  the  agents  for  the  Melbourne  City  Council, 
I        Messrs.  Mcllwraith,  McEacham  &  Co.  Ppty.  (Ltd.),  Billiter- 

square-buildings,  London,  E.G.     Tenders  by  noon  Dec.  11. 

Carbons. 

The  Victorian  Government  Railways  Dept.  requires  ten- 
ders by  11  a.m.  on  Nov.  1  for  the  sujiply  of  50,000  Yellow  Flame 
,        Arc  Carbons.     (Contract  No.  30,405.)     Specification,  &c.,  from 
the  Victorian  Railway  Commissioners,  Spencer-street,  Melbourne. 


Tramway  Track  Work,  Material,  &c. 

Johannesburg  (Transvaal)  Municipality  require  tenders  by 
noon  Nov.  G  for  supjjly  of  18  Grooved  12  ft.  Points  and  24 
Grooved  9  ft.  Points  and  six  Ordinary  Crossings  (contract  No. 
171).  Specifications,  &c.,  from  the  Mmiieipal  Offices  (Room 
53),  Johannesburg. 

The  Madrid  '*  Gaeeta  "  of  Aug.  4  notifies  that  tenders  will  be 
opened  jn  Oct.  7  for  the  Construction  and  Working  of  an 
Electric  Tramway  in  Barcelona,  an  extension  to  Sans  of  the 
lines  of  the  Cia  Nacional  de  Tranvias  de  Barcelona,  which  holds 
an  option  on  the  proposed  concession.  Minimum  rolling  stock 
required  will  be  Two  Motor  Tramears  and  Two  Trailers. 

Tenders  will  be  ojjcncd  on  Oct.  1 1  for  Construction  and  Work- 
ing an  Electric  Tramway  in  Madrid,  from  the  Calle  de  AJcala 
to  the  Calle  de  Diego  de  Leon.     Minimum  rolling  stock  Foirr  Cars. 

In  both  cases  construction  work  must  be  commenced  within 
three  months  and  completed  within  10  months  and  a  year 
respectively  from  dates  of  concession.  An  option  on  the  con- 
cession is  held  by  the  Sociedad  Tranvia  del  Este,  Madrid. 
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Telephone  and  Telegraph  Material,  Instruments,  &c. 

Trntlcrs  arc  invited  up  to  UfH-.  22  for  the  .supply  to  the 
AusTJtALiAN-  CommcjNwkaltu  I'oKtiJiaKter-CcMeral's  Dept., 
State  of  Western  Australia,  at  the  Telegraph  Office,  Eucla,  of 
340  Acfumulators,  with  assofiatod  api)aratiiH,  as  por  .schedule 
No.  492.  Spociiication,  &i:,  froiu  the  Couniioiiwealth  Offices. 
Ijcmdou.     iSec  nlno  an  ndvertisemfnt. 

Tenders  arc  invited  fcjr  the  supply  to  the  PostmaKtcr-Cencrars 
Dept.,  State  of  South  Australia,  of  Telephone  Material  in 
accordance  with  schedule  No.  428,  and  tenders  are  invited  (up 
to  Oct.  4)  for  the  sui)ply  to  the  Postniaster-fJenerars  Dept., 
Stale  of  VVeslem  Australia,  of  Telephone  anfl  Telegraph  Instru- 
ments in  accordance  with  sch.edulo  No.  iK)!.  Tenders  are  also 
invited  (ui)tf>Nov.  ir>)  for  the  sujiply  and  erection  at  the  tele 
phone  exf^hanges  of  Clenelg  ajid  Brighton,  State  of  South 
Australia,  of  Autouiatie  Switchboards  and  all  associat^id  appa- 
ratus (Jis  iM.T  schedule  No.  420).  'J"cnd<r  forms,  &c.,  from  the 
Comimmwealth  Oflices,  72,  Vict<jria-strcct,  I^ondon,  S.W. 

\  The  JJei)uty  roslmaster-C.'enerai,  Melbourne,  re(|uires  lenders 

bv  ."{  I'.ni.  Oct.  17  for  8upj)ly  of  ( 1 )  Sleeves  and  Tapes  (.'schedule 
i;{r»r»)  and  (2)  :5,I(I0  Slay  Hods  with  bow  liphleners  (schedule 
1  ,:}.W)forArsTKAi.iAN  (  O-MMon  wealth  I'ostniater-OenerarsDcpt 
Specifications  from  the  iJcputy  Pcstmasler-Ocneral,  Melbourne. 
Trie  Public  Service  Stores  Tender  Hoard.  Wki.unoton  (N.Z.) 
re(|uire  lciid<TH  by  4  i).m.  Oct.  II  for  supply  of  1,0(KI  Magneto 
Kxleiisi(  II  I'clls  imd  4,0(K>.(MM»  Lead  Seals.  Particulars  from 
the  Cfjntroller  of  Stores,  Po.st  and  Telegrajth  Dej)!..  W.-llingtc  n 
the  Storekeeper  Post  and  Telegraph  Dejit.,  (  hristchun  li,  or  the 
Telegraph  Kngineers,  Auckland  and  Dunedin. 

The  I>e])arlment«  de  Komenlo  do  la  Mancomunidad  de 
('al)dutia.  Hanclomi,  also  re(|iiire  lenders  by  no<in  Oct.  '\  for  the 
in.slallation  of  a  Telcplu  ne  System  cMinerting  the  lowns  of 
(JANDE.SA,  FAt,.sET  and  Rkits,  at  an  estimated  cost  of  £:i,100. 

Tenders  are  also  recpiirejl  by  ."J  p.m.  Nov.  8  for  the  supply  of 
Arcumulator  Parts  ( HM>  pti.silive  ami  24  negative  pl.iles)  to 
the  .\i  sTKAIIAN  CoMMoNWKAl.TH  Post uiai.lerl •'eucrar:;  IVpt.. 
Perth  (W.A.).  (Scledule  No.  527.  W.A.)  S|  ecitiiatic  n,  &c., 
from  the  |)c)put\  Postniai.ter-l  Viu  ral.  I'lrth,  ^^■ei;tern  Auiilralia. 

Cooling  Tower. 

OisiKjKNi:  (N.Z.)  Coiuicil  rc(piire  tenders  by  n<icn  Oct.  2  for 
tin-  supply  and  «'rection  of  a  (ooling  Tower  at  Ih*  juunicipal 
nloetrio  jMiwer  station.  Speeifieation  from  the  borough  offices, 
or  from  Mr.  K.  .1.  Keim,  ecmsultlng  engineer,  Auckland  (N.Z.). 

Electric  Time-releasing  Mechanisms. 

Tiie  \ictorian  Hallway  (  onimi.'^sic.ner.s.  Spencer-street,  Mi;i- 
nolRNK,  invite  lenders  (by  II  a.m.  Oil.  IS)  for  the  sujiply  and 
delivery  of  Klcctric  Time-releasing  Mechani.sms  (MKI  with  two 
normal  and  two  rever.'-e  contacts,  and  oO  with  four  normal  and 
four  re\erM-  contacts)  for  automatic  signalling.  Specilicalions 
from  the  Commissioners,  Spenecr-strcct,  M«'llioun»e. 

Converter  Plant,  Batteries.  Eooslcr  Plant  and  Swifehboaids. 

Syi»NKY  (N.S.W.)  ('onn<"il  retpiire  leii<lerii  iiy  H  p.m.  .Ian.  22 
for  (A)  Conxcrlcr  Plant  (three  itli.itw.-  to  e.<-.),  (B)  T^^(l  Shtrage 
H.ittcrici.  wifb  swilrlir.s  and  a<ie,s!(( tries.  («•)  Pooiitcr  Plant,  (n) 
I  I  I  1.  >«  111  liJKiardK.  Specilicalion.  \c..  fidiii  llir  (^cini.d 
.M.iiiagiT  of  tlir-  K'cctric  l.tghting  I'ep.-irlmcnt. 


1  TENDERS  RECEIVED  AND  ACCEPTED. 


Poplar  (London). —The  Electricity  Conmiillee  recently  invited 
lender;;  from  l.'*  firms  for  tl  e  provision  of  ash-handling  plant  at  the 
generating  station,  but  two  lender;;  only  were  received. 

Only  ore  of  the  tenders  received  was  complete.  Ihe  mo.=t  complete 
!-<  iuiiic  wa>  that  of  .Messrs.  Strachan  &  Hcni-haw,  at  a  total  cost  of  £.3.85.5. 
An  alternative  K-henio  for  loading  into  wagons  only  with  grabs,  but 
allowing  i:i  <  onstnii  t  joi  for  eventual  extension  in  accordarci-  with  the 
(onijilete  siecilieation.  had  been  obtained,  the  estimated  cost  (cxclu.siveof 
foundations)  l-eing  tl.4l8.  With  the  foundations  tile  total  » ost  of  the 
Klieine  would  be  £l.i.(i(i.  The  plant  was  nceessarj'  to  enable  the  motor 
wagons  olitaiiierl  for  removal  of  a.-hes.  and  now  loaded  by  manual 
labour,  to  1-e  fully  nn«l  economically  utili.-ed  The  committee  reconi- 
incn<ls  that  a-li  handling  plant,  as  specified,  be  obtaii.ed  andeiected,  at  a 
total  estiniate<i  cost  of  tl.Wty. 

Wakemkli). — The  Corporation  have  accepted  the  following 
tenders :  — 

Sturtevant  &  Co..  i.cw  steel  ( himncy,  fan  ar.d  motor,  &e..  £870  ;  K. 
j,rcen  &  Son,  economi-cr  ar.d  acceefories,  £2,(575. 

Uaknsley. — The  Council  has  accepted  the  tenders  of  Herbert 
MoTiij  &  Co.  for  the  supi)ly  and  erection  of  a  crane,  £405.  28.  ; 
Nc(dl  am  Prcs.  &  BnAvn  lor  circulating  pipes.  £12  i,cr  tc  i^  :  Thos. 
Eindiey,  for  foundaticn  f(.r  turl.o-alteinatcr,  £"06.  ILs.  ;  and  Fred. 
Taylor,  for  removal  of  old  engine  bedi5,  £149. 

WoLVKBHAMPToN. — The  Council  have  accepted  the  tender  of 
Strachan  &  Henshaw  for  f;np))lying  and  fixing  a  coal  conveyor  plant 
at  the  elect ri(ity  works,  at  £3,8:32. 

Government  Contracts. — Ti  e  following  tenderr,  were  accepted  by 
tie  IJritisli  (iovi-ninifiit  l.'cpartmenls  during  Sejilember  :  — 

\\<tr  ()(]iri.  Hritivli  bi-nUitcd  &  Helsby  Cables,  (.'crcral  K'(  <■.  Co.- 
W.  T.  Henley's  Telegriii>h  Works  Co..  HoopersTrVgraph  &  India  Rubier 
Woiks.  .Jolimon  &  I  iMllip.".  Liverpool  E'ec.  Cab'e  (V.  Siemers  Bros. 
*  Co.,  nrd  Ward  A  (.'oldstonc  electric  eablc  ard  wiio  ;  .1.  C.  Kulk't  & 
Son  and  Si< mens  I'.ros.  &  Co..  e!ec.  cells  ;  Ran.'<uncs  &  Ka]>ier.  alteration 
of  eranes  ;  T.  ]k-  l.i  Hue  &  Co.,  insulator  (\i|is;  Petters  (Lt«l.),  enjtine 
a'!«l  dynamo  ;  (General  K!ee.  Co.,  ck'c.  light  fittings  ;  Aster  Krgi?H>ering 
Co.,  .\ustin  Motor  Co.,  \V.  H.  iJorman  &  Co.,  Fyfe.  Wilhon  Jtr  Co.,  ar.d 
Keigh'ey  (!as  &  Oil  Kngire  Co..  gererating  fets  ;  Ciyfelco  (I.t(l).  (Jereral 
K!ec.  Co..  an<l  I'ojk's  K!c(  .  Lamj)  Co..  elec.  lamps;  C.  A.  \ar.dervell  & 
Co..  inagretos  :  Elec.  (Vmstruction  Co..  motors  ar.d  starting  parels.  &c.  : 
Hob.-on  .Mfg.  Co..  ard  L'llge  Sl)arking  Plug  Co..  .•■jiarking  plugs;  H. 
I.ebus,  W.  H.  l?cal.  W.  E.  drivers  k  Rons.  Ogg  Bros.,  Cook.  White  A  Co.. 
Davey  &  .Xrmilape.  ('.  .lennings  A  Co..  Maokenrie  &  Moncur.  .1.  Parrell 
&  Son.  E.  I'ollanl  &  Co..  Sharp  Bros.  &  Knight  and  Whit.«tab!e  Shipping 
Co..  wo(m1  pol(  s  ;  Autoniatie  Teh i)hone  Mfg.  Co.,  switehboard  ])anol  parts. 

hiiliti  OJjif.  (Jeiieral  Elec.  Co.,  cable  and  wire  :  Siemens  Bu^.  &  Co., 
«-lls  ;  Cree«l.  Bilie  &  Co.,  receivers  ;   F.  Smith  &  Co..  win\ 

II.  M.  Ojfirr  i,f  llf/rts. — Collcy,  Meikle  &  Co.,  three  boilers,  ])uinp, 
motor,  &<•.,  for  Admiralty-buildings,  I.or.dor. 

I'usI  Offin.  British  b,  M.  Ericsson  Mfg.  Co.,  telegrajili  aid  te'«  jihoi.o 
apparatus  and  battery  Ioxch  ;  Telegraph  Consliuction  &  Maintenanoi' 
Co.,  lelejjraph  (able  ;  Siemens  Rnw.  Sc  Co.,  telegrnj'h  cab!e,  dry  tells  and 
loiuliiig  coils;  We-terii  E'<  >  Co..  rc]»eating  <oils  ;  (Jt-noral  Eire.  Co.. 
lcI«'|ihore  lnm]i-<  ;  Honn'  i:  \mi  Timber  Committee,  poVs  ;  V.  W. 
C««lterjll.  it!  Ulalor  «pitid!(^  ;  .\iiloiii.-^tlc  Teleplioi-c  Mfu.  Co..  te'ephones  ; 
r.iili-li  biMil.ited  .V  IbMiy  Cables,  bron/e  wiix- ;    Hvlai.ils  Bios.,  g.i.  wire. 

r'<y«(»»(i>.«n'«'r.'  uf  I'lilihr  Wurk-K,  Irflinid. — V.  (.1.  Midd'elon.  elet . 
lighling  «n<l  lells  nl  bnbour  Kxehan.ge.  I)nblin. 


FINANCIAL    MATTERS. 


iiiiiiiiiiiiii; 


MUNICIPAL   ACCOUNTS. 


Aberdeen.  The  aeeounts  of  the  electricity  ilepartmenl  for  the 
\i  ar  eivled  .Inly  'M  ••how  grosx  capit.d  e\|>enditi.iv'  C  l<i'J.('>2<l  (inen>ase 
£>^.'H7).  of  wbich  £l.'"Hi,27(i  ha»»  In-en  nM>u<l.  wlul'-  tli<^  drim'ci.ition 
fund  iunounts  l«i  £(»4..M2. 

Ib'Nenuo  «««  t"7l>..Vt.")  (njjrtiiist  C«U>.r»p:i  m  i  w>;u  i.  oplm  >iv  .ti  <l 

rn.Minl   o\]>on(Uturc   nn>oMnte«l    to   fltO.K^S  .    iMlerost    requirr^d 


C*>."n   (Cn.»:<2).    and    Mnking   fund    C1,S,IR3   (£17.7.V.).  £S.7."i2 

(£3.r»20).    which    h(i«   Ini-n    pl.ieed    to   reserve.     I'Mitf   ;.       :...,il    were 
l.*..<MM.4a»  (njninot  12.47.'».««20)  .-jud  sold  12.743.8;»8  (10.4(»:b2(i'.>). 
''  "    'itv  el<H-lrii  .i' 

V   «blr>    to    ill, 


Mr  .1  A' 

roef«   urn   i 

i«ni 
ill' 
.1.  .. 


.  I-', 


(1  .CM 


I.  s.iys  in  his re]H>rt  the  increased 

<<\  price  of  rn..,l  ( fs.'.iof?).  otlier 

iniikini:  lip  the  1  I'ower  supply 

l»«'r  unit  were  o  i  ).  nnd  capital 

The  ;{.(»0«l  kw.  turlm  atlernator  h,«s  been  most 

■    .1.     A  !^econd  ."ro  kw.  converter  is  (at  .luly,  1910) 

th<>  Cooncil  hft<k  placed  an  order  fr»f  a  .'>.000  kw.  set 
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for  I'.tn.  Mr.  Boll  locomniciKhicl  that  tho  rates  for  current  be  increat-cd 
10  7UT  cent,  for  private  and  ])ul)lic  li^ihtinj;,  and  ir>  per  cent,  for  power 
and  heating.  Tlioj  total  lu)ri-e-];ower  of  motors  connected  is  ]2.18!> 
(against  U».083  la.1t  year),  heating  connections  are  e(|iial  to  4!).H38 
(VH.OUi)  :5:J-watt  lamps,  and  total  connections,  exclusive  of  tramways,  to 
502. J08  (:?28,:ir)7).  ,  Maximum  load,  including  tramways,  was  .1,274  kw. 
(4,.5(}0  kw.)  and  load-fa(-tor  27r.{)  (2(i-n))  per  cent. 

Lowestoft.-  -Tlie  tramway  receipts  to  h'cpt.  9  were  £(i,8()l),  (<  ni- 
parcd  with  £S,739  in  1015. 

Tlie  Tramways  Committeo  recommenil  tliat  £750  lie  provided  in  the 
boroui'li  rate  oii  account  of  the  deficiency  for  the  )ear  erdinj;  Se]>t.  "0. 

From  Oct.  I  the  cars  will  le  rmi  into  the  de])ot  at  8  ]).m..  and  the 
Tramways  Mana.^er  lias  Vwn  instructed  to  employ  women  drivers  if 
necessary. 

Wolverhampton. — A  summary  of  (l;c  accounts  of  tl:c  electricity 
Kupjily  uudeitaking  for  tJie  year  ended  March  31  ha9  been  issued. 

(Jross  profit  was  £25.588.  Interest  required  £8,7.59,  sinking  fund  and 
repayment  of  loans  £14,134,  ami  inconie  tax  £837,  and  the  ret  profit  was 
£1-.85G. 


COMPANIES'  MEETINGS  AND   REPORTS. 


CHADBURN'S  (SHIP)  TELEGRAPH  CO.  (LTD.)— Mr.  W.  Chadburn,  who 
presided  at  the  meeting  on  Tuesday,  said  that  profits  for  the  past  year 
were  £9,823,  and  dividends  amounting  to  8  per  cent,  were  sanctior.ed, 
£5,524  being  carried  forwaid.  He  said  tho  business  had  been  taken  over 
as  a  controlled  establishment.  The  amount  canied  forward  was  larger 
than  iisual  in  order  to  provide  for  excess  ])rofit  duty,  &c.  He  regretted 
ho  was  not  allowed  to  give  such  dotails  of  what  had  been  doing  during  tho 
p<ast  year  as  would  have  been  possible  iindcr  pre-war  circumstances, 
l)Ut  lie  could  assure  them  that  they  had  been  and  were  working  at  the 
highest  possible  pressure!  both  in  the  works  and  on  shii)s.  At  the  same 
time  it  sjiouUl  be  borr.c  in  mind  that  an  increaK>d  output  did  not  neics- 
sarily  mean  a  correspondhig  incieaK^  in  jirofits,  since  they  had  to  leckon 
upon  a  very  much  higher  cost  of  ])ro(luction,  and  they  had  to  carefully 
regulate  their  prices  projiortionately  to  the  inciea.'cd  cost  of  material  and 
labour.  The  immediate  prospects  were  satisfactory  ;  the  orders  in  hai:d 
were  sufficient  to  keep  them  fully  employed  for  tlie  current  year. 

CLYDE  VALLEY  ELECTRICAL  POWER  CO.— The  half  yearly  meeting 
was  held  in  (JIasgow  last  week.  Mr.  Y.  0.  Carditier,  who  presided,  said 
in  moving  the  adoption  of  the  aci'oiints,  tlio  board  had  decided  to  transfer 
£17,.500  to  contingency  fund  for  depreciation,  bringing  this  fund  U))  to 
£107.500,  and  thej^  recommend  that  of  tho  balance  (after  adjusting 
interest,  amounting  to  £35,791)  £3,835,  be  transferred  to  special  reserve 
f  and.  banging  this  fund  up  to  £22,032  ;  that  the  preference  share  divi- 
dend to  Oct.  31,  1910,  amounting  to  £9,000,  bo  provided  for;  that  a 
dividend  of  1|  jicr  cent,  on  tlio  ordinary  share  capital  (tax  free),  amount- 
ing to  £7, .500,  he  paid  ;  and  that  the  balance  of  £15,450  bo  carried  forward. 
The  profit  for  the  half-year  was  satisafctory,  in  view  of  the  large  increa^es 
in  the  price  of  coal  and  cost  of  labour  and  materials  and  the  cost  of  re- 
pairs due  to  the  heavy  demands  made  on  the  company.  .  The  contracts 
for  supply  showed  an  increase  during  the  half-year  of  4,403  ii.v.,  and 
connections  to  mains  an  increase  of  7,544  ii.r.  It  was  expected  that  the 
new  power  station  near  C'ambuslang  would  be  in  commercial  opeiation  by 
the  end  of  October. 

DIRECT  WEST  INDIA  CABLE  CO.  (LTD.)— The  report  for  the  year  ended 
June  30  states  that  the  year  began  with  a  credit  to  revenue  account  of 
£64,219.  7s.  3d.,  to  which  has  to  be  added  the  net  result  of  the  year's 
working,  £14,705.  Os.  3d.  (comi)a)ed  with  £13,5.'^2.  12s.  2d.  last  yeai), 
making  a  total  of  £78,924.  13s.  (Id.  An  interim  dividend  of  3  jierCent. 
(tax  free)  was  paid  on  March  1.  A  spe(ual  interim  dividend  of  £1.  5s. 
per  share  was  paid  on  March  24,  and  at  the  .'ame  time  a  call  of  £1.  5s.  i:cr 
share  was  made,  and  it  is  now  jiroposed  to  make  a  further  payment  of 
3  per  cent,  (tax  free).  The  balance  to  be  carried  forward  is  £53,399.  3s.  2d. 
The  company's  cable  was  interrupted  between  Bermuda  and  Turks 
Island  for  54  days,  and  the  insulation  is  still  low  ;  £7,375.  10,«.  4d.  has 
so  far  been  paid  on  account  of  cost  of  repairs  ;  the  balance  has  not  vet 
been  ascertained. 

The  report  and  accounts  were  adopted  at  the  meeting  on  the  21st  inst 

DUNDEE.  BROUGHTY    FERRY    &  DISTRICT   TRAMWAYS  CO.— At  the 

annual  meeting  of  this  (■omi)any  last  \v(>ek  .Mr.  (ieorge  jialfour,  who  pre- 
sided, said  the  accounts  showed  that  tlie  company  could  not  pay  a 
dividend  on  the  ordinaiy  shares,  but  lie  lioped  it  would  not  be  long  boforo 
,*ie  declaration  of  dividend  would  be  resumed.  The  drop  in  traffic  was 
*}^  to  the  lighting  restrictions,  a  falling  off  in  short-distance  passengers' 
tare,  and  unfavourable  weather  in  tho  early  .summer. 

HAL17AX  &  BERMUDAS  CABLE  CO.   (LTD.)— The  report  for  the  vear 

(Ao  "V^"  '^^  "^^'^^^"^  *'^'^^  ^'"'  " -'^  "''^"'*  "''  t''^'  Vcar's  workina  is  a  balance 
01  ti^  /45.10s.  3d.,  compared  with  £10,079.  2.s.  9d.  for  the  previous  year. 
An  interim  fMvidend  of  3  per  cent,  (tax  free)  has  already  been  iiaid",  and 
It  IS  now  pro^<.sed  to  make  a  further  equal  payment  (tax  free).  The 
oaiance  to  credit  of  revenue  account,  which  wa.^  last  vear  £1 1,.549.  Ls.  9d., 
nas  naci  to  be  debited  with  the  various  items  recorded  in  the  revenue 


account  for  rcy)airs,  &c.,  and  i»  now  £7,710.  Oh.  7d.  Thr-  company's  cablo 
has  worked  efTi(  iently  during  tlu;  year,  except  for  a  few  days  while  being 
lepaired  in  the  Halifax  Harbour. 

The  report  and  aecount.s  were  adojited  at  fho  mieting  on  the  21. "^t  inst. 

UNITED  ELECTRIC  CAR  CO.  (LTD.)— At  the  annual  nwptin?  of  this 
conii)any  at  I'icston  last  week  Mr.  H.  ]',.  Barningham  said  that  through- 
out the  j»a»t  year  the  works  had  not  been  working  at  anything  like  full 
ea|)acity,  and  only  a  very  few  small  orders  for  tr.-imcars  had  been  reeeived. 
They  had  had  a  fair  share!  of  (Jovfrnment  work  in  niofrir  and  ireneral 
service  wagons  and  jiontoon.s,  but  a.s  this  was  competerl  keenly  for  very 
little  ])rofit  could  bxi  obtained.  He  had  hopes  that  they  would  bo 
ultimately  paid  for  th(^  cars  they  had  delivcrrd  mostly  in  Sfjuth  America, 
but  the  jiurchasers  were  (chiefly  in  o(cu])ierl  territory  in  Kelgium.  It 
was  j)i-opo.'-ed  to  pay  the  ])reference  dividend  and  carry  forward  £5.2t)9. 
He  was.-atisfiecl  that  as  so(m  as  hostilities  (ca.-ed  tbere  would  1  e  j>Ienty  of 
work  in  their  lino  at  homo  and  abroad.  The  great  bulk  of  the  cars  in 
tJiis  country  must  be  renewed  shortly.     The  report  was  adopted. 

VICTORIA    FALLS  &  TRANSVAAL  POWER  CO.   (LTD.)  -.Mr.  Arthur  K. 

Ila<llc.\',  who  ])r(^si(led  at  (he  meeting  last  week,  congratulated  the  share- 
lioldcrs  on  the  very  satisfactoiy  result  obt.iii;<'<l  <lining  the  yt-ar  under 
review   ,an<l   the    im])rove(l    financial   )iosition   of  the   com7)any.     Thoso 
results  had  been   obtau!c<l  through  the  com|)any  having  brought  into 
commission  the  further  jilant  which  was  in  course  of  construction  during 
tho  previous  year,  and  also  to  eccmomies  effected  in  the  ojvration  and 
working  of  tho  ])laiit  by  their  staff  in  South  Africa.     He  had  much 
])Ieasure  in  reporting  a  continuance  of  the  progress  during  the  current 
year;    the  earnings  of  the  combined  undertakings  for  the  eight  months 
ended  Aug.  31  last  showed  the  substantial  increase  of  over  £70.CC0  over 
tho.se  made  during  the  corresponding  eight  month-s  of  191 5.     After  giving 
an  analysis  of  the  re])ort  and  accounts,  he  said  that  the  company's  invest- 
ment in  the  Rand  Mines  Power  Suppiv  Co.  figured  in  tho  balance-sheet 
at  £3,415,894.  lO.s.  7d.,  compared  with  £3,492.494.  Os.  Od.     Their  com- 
pany held  all  tlie  shares  of  the  Rand  Mines  Rower  Supply  Co.    and  was 
also  a  large  creditor  for  loan  in  respect  of  which  they  held  a  fii'st  mortgage 
bond    over   the    whole    of   that   company's    undertaking.     The   year's 
o]ierations  resulted  in  an  increa.^cd  profit  over  1914  of  £61,832,  which  had 
enabled  them  to  pay  the  cumulative  <lividcnd  on  the  preferenc'o  shares 
atul  to  (tlcar  off  all  arrears  of  dividend  U]i  to  date.     The  accounts  showed 
that  the  companj'  had  entered  the  stage  when  the  earnings  were  more 
than  sufficient  to  meet  tho  0  per  cent,  on  the  preference  shares.     The 
times  they  were  pa.'-sing  through  and  the  unct'rtainty  of  all  financial 
conditions  made  it.  in  tho  opinion  of  the  board,  et^sential  to  conserve  as 
far  as  possible  their  resources.     Therefore,  in  respect  of  the  past  year, 
the  board  decided  that  it  was  in  tho  best  interests  of  the  company,  to 
a(kl  that  amount  to  tho  carry  forward.     The  directors  had  in  contempla- 
tion the  payment  at  the  beginning  of  next  year  of  a  full  12  months" 
dividend  on  the  preference  shares  at  tho  rate  of  6  per  cent,  out  of  the 
profits  earned  during  the  present  year.     The  ]irospeets  in  tho  rear  futixre, 
judged  by  tho  progress  made  up  to  tho  present,  were  very  encouraging. 
In  endeavouring  to  look  into  tho  future  it  must  bo  remembered  that  as 
tho  profits  increased  the  amount  payable  as  excess  profits  duty,  as  long 
as  that  tax  remained  in  force,  increased  also.     So  far  as  was  known,  there 
was  norcason  toexpect  that  the  earnings  .should  fall  durmg  the  remainder 
of  the  year,  and  if  that  proved  to  be  tho  ca.<^e,  and  taxation  was  not  further 
ine'reased,  the  results  of  the  present  year  should  enable  a  start  to  be  made 
in  the  payments  of  dividends  on  the  ordinaij'  shares  and  in  the  establish- 
ment of  a  reserve  fund.     The  extensions  to  tho  Brakpan  power  station 
had  been  completed,  .and  the  whole   of  tho  plant  ordered  for  all  the 
power  stations  of  the  combined  undertakings  was  now  installed  and  in 
workitig  order,  and  that  plant,  which  had  a  capacity  of  274.875  n.r.. 
should  enable  us  to  meet  normal  increases  in  business  witliout  encroaching 
on  tho  specified  reserve  plant.     The  chaiiman  concluded  by  paying  a 
tribute  to  the  untiring  loyalt\'  of  the  staff,  both  in  London  and  South 
Afrit  a.     Of  a  total  number  of  670  employees  there  were  210  serving  their 
country. 


NEW  COMPANIES,  MORTGAGES  &  CHARGES. 


NEW  COMPANIES. 

McLEOD  &  SONS  (LTD.)  ( 144,891)— Reg.  Sept.  20.  capital  £2.000 
in  £1  shares,  to  take  over  the  business  of  manufacturers  of  ships'  tele- 
graphs and  nautical  instruments,  marir.e,  mechai'ical.  electrical  and 
general  engineers  and  com])ass  adjusters  carried  on  as  ^IcLeod  &  Sons 
at  Liverpool.  Private  company.  Rirst  directors  aie  .1.  Y.  ^IcLeod 
(managuig  directo')  and  T.W.  MeLeod.  Reg.  office  :  41,  Castle -street, 
Liverpool. 

SELSON  ENGINEERING  CO.  (ITALY)  (LTD.)  (144.892)— Reg.  Sept.  20, 
capital  £3.000  hi  £1  shares,  to  cany  on  the  busuiess  of  mechanical,  elec- 
trical and  general  engineers,  manufacturers  of  and  dealers  in  machires 
and  ha'id  tools,  motor  and  engine  builders,  &e.     Private  company. 

MORTGAGES   AND   CHARGES. 

WALTERS  ELECTRICAL  MFG.  CO.  (LTD.)— A  memorandum  of  satisfac- 
tion in  full  on  various  dates  of  debentures  dated  July  31,  1907,  securing 
£2,000  has  been  filed.      • 
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CITY   NOTES. 


ELECTRICAL  COMPANIES'  SHARE  US1. —Continued. 


MEMOKANDA  (Sept.  27).— Bank  rate  0  percent.  {iiDCe  July  13,  1916). 
Consoifl  *'i*)'i.  ConsolH  Pay  Dav,  Oct.  4.  Btocki  and  Shares  Ticket  Day, 
Oct.    12.     Pay   Days,  Sept.  29  and  Oct.   i:j.     Price  of   tilver,  32|g. 

BAHIA  TRAMWAY  LIGHT  &  POWER  CO.—Auuvlin'^oi  the  holders  of 
d<;U;ntur<-  will  i^*^  held  on  the  iHtli  ]iiox  at  noon,  for  the  ])urpofe  of 
receiving  from  the  trustees  a  report  as  to  the  present  pr*sition. 

CALCUTTA  ELECTRIC  SUPPLY  CORPN.  (LTD.)— The  numler  of  units 
sold  to  (on.iurners  durini/  tlie  four  \vi<ks  ended  Aug.  25  amounted  to 
2,073,593,  compared  with  2,042,910  in  the  corresponding  four  week-s  of 
1915. 

CnV  OF  LONDOK  ELECTRIC  LIGHTING  CO.  (LTD.)— \Va  rants  in  pay- 
ment of  tJi(r  interim  dividendis  on  the  ]infeienec  and  ordinary  iihaics 
as  nlready  announied  liave  Ix-en  duly  ])Osled. 

KALGOORLIE  ELECTRIC  POWER  &  LIGHTING  CORPN.  (LTD.)— The 
dinM:ioi.i  ji;ive  deelan-d  adivi<l/-nd  on  (In-  ])ri-fereiie<^  t^lian  .•<  at  tJie  rate  of  •! 
per  cent,  jur  annum  for  the  six  montlis  en'ling  30th  inst. 

MADRAS  ELECTRIC  TRAMWAYS  (1904)  (LTD.)  An  interim  divideul 
at  till-  rate  of  <»  (x-r  (  enl .  ]i<r  atiiiiiin  (|e.>-b  ta.\)  nn  the  |neferenee  ■••harcK  will 
Ik!  payable!  on  .S«)i»t.  HO. 

STRATFORD  ON  AVON  ELECTRICITY  CO.  LTD.)— Atthe  recent  meeting 
the  lejMdl  i>r  1915  ^lall;l|  thai  dwhi;!  !•>  aiinoinial  e.\|<-ndi(un' «»n  repairs 
to  mains,  eoii|i|ed  with  tin-  inerea.-ed  t.o.'-t  of  materials  and  stai.dir.g 
<hari:es,  the  directors  ari<  urable  to  recommend  a  payment  of  any  divi- 
dend. 

METAL   PRICES. 

Meurs.  J.  B.  Carnh.im  tc  Sons.  132.Ui,i<.i  Tiuiiieo-itreet, London,  E.G.,  quote  under 
dato  Sept.  26,  the  following  as  the  preset)  tboiis  pricesof— 


New  Metals.  per  lb.  | 

Solid  Drawn  Brais  Tubes ISJd.  I 

r.  '  •  '  ■  "pper  Tubes 18jd. 

1  Tubes   181d. 

I:     .    .  .- Tubes 17Jd. 

Br-.v,  Wire    \Ll>i. 

C/ T'''"  '■''ire lejd. 

I  ai ISJd. 

1  'ts 15id. 

Per  ton . 

Copper  Sheets  £1 57    0    0 

Spelter 52    0    0 


per  ton 

English  Lead £31     5    0 

Antimony   Nominal. 

Old  Metals.  Per  ion. 

Clean  Cop'r-er  Scrap E104 

Cle.-in  Bra5s  Scrap     ......       62 

Bra.'iery  Copper  Scrap   ...       90 

Old  Lead 27 

Old  Zinc 38 

Hollow  Pewter 120 

Black  Pewter   20 

Gun  Metal 82 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mr.  A.  Joseph,  Earl-street,  London-road, SouthwarV:, London, S.E.,  quotes  underdate 
Sept.  26,  the  following  approximate  pricesof  Scrap  Metals: — 


A'' 


'"Mings 

.iSt  . . 


Per  ton. 

OldUad      I.r^'u^i"".'^" 

\  English  lead  price 

Old  Zinc 36    0    0 

Hollow  Pewter 130    0    0 

Shaped  Black  Pewter   90    0    q 

Mr.  Jojeph  can  supply  solder  at  the  followinp  prices  per  ton :  Plumber's  Solder  (in  bar 
or  slrli  '.  ceo  .  Ccmn-.erci.ilTinm.-.n's  Solder,  £97,  Blowpipe  Solder,  £107. 


bru/irry  Copper 
Cun  Metal 


Per 

ton. 

£110 

0    0 

65 

0    0 

108 

0    0 

88 

0    0 

84 

0     0 

ELECTRICAL  COMPANIES'  SHARE  LIST. 

Wogivrholnwtholatcflt  prices  at  wliich  actual  transactions  took  place 
on  or  before  Tuetday,  Sept.  2(i. 


101  6% 

I'V  ^  ■■.. 

r    '   ., 

;  10", 

St.     4^ 
SI       4% 

II JW 


B^MT- 


Electricity  Supply. 

i    L.  Ord. 

■I 

Pr"f 

Ord.  . . , 


.    .        '   •      l.'L-U.   St 

.'/est  End  ft  City  Deb*. 


Du. 


Ord. 
City  Pr*>f. 


ipp.  Co.Ord.  . 

Deb... 

Elec.  Lt.  Ord. 


St. 

5 

f 

St. 

A-    . 

5 

^■  . 

St. 

; 

St 

St' 

4 

. 

St. 


-in  Ord. 


id. 


lit  MnM   r>«b   <;t 


Price, 
Tut*., 
Stpt  26 


^! 

eo 

80 


51 

65 

121 

10A 

97i 

80 

10  H 
10  A 
86» 
831 
73| 

791 
4t 

851 

m 

09 
92 


Rate 

PER  CENT. 
lYlBLDBD. 


10   II 
17   U 


18 

8 

5 

6 

13 

17 

2 

9 

16 

4 

8 

2 

M 

I 

9 

13 

M 

M 

1 

0 

8 

3 


6 
7 
11 
6 
7 
6 
6 
6 
4 
0 
5 
5 
9 
0 
o 

7 
9 
6 
0 
6 
R 
10 


Dividend 

D'JB. 


Mar..  Sept. 
Feb.  Aug. 
Feb,  Aug. 
Mar,  Sept 
Mar.  Aug 

J»n.  July 

Aug.  Feb 
Jun,  Dec 
Mar.  Sept 
Jan,  July 
Feb,  Auc 
Mar,  July 
,...    '- 

1 

V     .  -    . 
Feb.,  AuK. 
Jan,  July 
May.  Nov 

luly 
Feb,  Aug 
Jan,  July 

Ian.  July 

M-i .  Ai  i: 


2 


Electricity  Supply — cont. 

St.  Jirr.e;'&Pali  Mall  Ord 

Do.  do.  Pref 

Do.  do.  Debs     

Urba.i  Elec.  Si:pp.  ^%  Db.  St 

Waste  Heat  &  Gas  Elec.  Gen .  Stations . 
Westmir.ster  E.S.  Corp.  Ord 

Dc.     4J  Cu-.  Pre: 

Electric  Railways  and  Tramways. 

British  Elec.  Traction  5%  Debs 

Do.    6%  Cum.  Pref 

Central  London  Guar.  Assented  Ord.  . 
Do.        do.        Assented  Def.  Ord.  . . 

Do.    4}%  Pref 

Do.     4%Dc-h.  St 

City  Si  S.  Lr r.ccr.  Deb 

Do.     Pref.  1896 

London  Electric  Ry.  Ord 

Do.     4%  Pref 

Dn.     4*o  Debt 

Metrcpolit-.n  Ry.  Con.  Ord 

Do.    3}%  Ptef 

Do.    3} "o  Convertible  Pref 

Do.     3}%  A  Debs 

Do.     3i<,'oDeb: 

Metropc'li'"H  Dirt.  Ry.  Ord 

Do.     4%  Pi  i''-'^  Lien    

4i  First  Pref 

6%  Perp.  Debs 

4%  Debr 

4<'„  Deb:.  (1903-5) 

4"„  Gu.-.r.  Stock 


Do. 
Do. 
Do. 
Do. 
Do. 

Electric  Manufacturing,  &c. 

BibcccK  &  V.'ucix  Or  i 

Do.     6%  Pref 

Brit.  Aluminium  Ord 

Do.     Prior  Lien  Debs 

Do.    6%  Pref 

Brit.  Insulated  &  Helsby  Ord 

Do.     6%  Cum.  Pref 
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4>     The   Round   Table.     4 

^  By    "KVA."  X 


Event  of  ttie  Week.— Torquay  decides  "  that  it  is  not 
entirely  out  of  tlie  danger  zone  witli  reference  to  aircraft  "  ; 
electric  liglits  in  the  streets  will,  therefore,  be  ''  doused  " 
during  May,  June,  July  and  August. 

^  :j:  ;i:  sK 

"  Nearly  two  million  lev. a..""  says  an  advertisement  head 
line.     Yet  I  sometimes  heai'  tliat  one  KVA  is  one  too  many. 

^  :|c  ^  :5; 

Dr.  Fei'ranti  has  suggested  that  "  a  ring  fence  should  he 
made  round  the  Germanic  Powers."  Why  not  make  it  a  ring  main 
equivalent  to  the  short-circuited  winding  of  an  induction  furnace 
and  thus  make  Central  Europe  too  hot  to  hold — even  the  Huns 


s! 


No  comment  other  than  the  italic  is  needed  upon  the  following 
extract  from  the  April  issue  of  the  "  Telegraph  and  Telephone 
Journal  "  :  "  Twenty  years  ago  on  April  1,  1896,  the  State 
acquired  bv  purchase  the  trunk  lines  of  tlie  National  Telephone 
Co." 

The  Budget  is  in  every  respect^^^jro-electric  ;  gas  cars  are 
heavily  taxed,  so  that  it  will  be  cheaper  to  use  an  "  electric," 
which  is  usually  fitted  with  a  2  h.p.  to  5  h.p.  motor.  Matches 
do  not  escape  taxation,  and  '"  your  gas  will  cost  you  more."  1 
believe  there  will  be  a  boom  in  electric  gas-hghters  !  Oh.  the 
pity  of  it ! 

*  -.::  *  * 

A  Dewsbury  correspondent  writes  me  re  "  T.R.C.P.,"  the 
new  Inst.E.E.  abbreviation  for  "  C.T.S.,"  and  suggests  that  a 
useful  alternative  to  '"  Tough  Rubber  Compound  Protection 
would  be  '■  The  Right  Conductor  Preservative."  I  think 
"  C.T.8."  Brooking  would  regard  it  as  rather  a  ponderous 
j)refix,  though  its  meaning  may  appeal  to  him.  But  before  I 
can  award  the  promised  Hot-Plate  1  want  a  few  more  attempts, 
please. 

H:  :;c  *  ^ 

This  week  1  am  asked  to  introduce  to  Round  Table  readers 
Mr.  Elasta,  the  latest  missionary  on  behalf  of  Pope  lamps. 


I'm  Er.ASTA. 


From  his  i)ortrait  it  will  be  seen  that  he  is  "  bouncicallv 
resilient,"  and  he  hns  the  appearance  that  no  matter  how  muclr 
you  sit  on  him  he  will  always  return  to  his  original  position. 


THE  HAGSTROM  ARC  LAMP  CARBON  CUTTER. 

Will  sever  carbon  without  crushing.  Leaves  straight,  clean  edge. 

Adjustable  and  non-adjustable  types  supplied. 


An  incident  which  should  occasion  considerable  chagrin  in 

gas  circles  is  the  report  of  the  gas  manager  at  Perth  in  wjiich 

lie  states  that  "  it  will  be  rh'-aper  to  buy  electrical  energv  from 

the  local  supply  mains  than  to  put  down  gas-dynamos  at  the 

gas  works  and  generate  their  own  current."     Surely  this  is  the 

writing  on  the  wall. 

^         1^         ^         ♦ 

The  Holborn  Re.staurant  is  a  big  place,  as  the  small  number  of 
Batti-Wallah's  who  turned  up  there  on  Friday  last  di.scovered. 
It  did  not  seem  to  be  clear  that  the  rendezvous  might  be  in 
one  of  three  places  according  to  the  time  of  one's  arrival  :  say. 
from  12  to  1  the  short  bar,  from  1  to  2  the  grill  room,  and  from 
2  to  2.30  the  coffee  room  in  the  Council  Chamber.  The  latter 
is  time-honoured  of  many  B.-W.  concerts,  and  is  a  very  g.)od 
meeting  place  after  lunch,  but  in  .spite  of  that,  Frascati's  Is 
to  be  the  B.-W.  Friday  meeting  place. 

^  Jji  ^  ^ 

Lieut.  A.  R.  Courtenay,  recently  acting  publicity  manager 
to  the  General  Electric  Co.,  and  now  with  the  Mediterranean 
Expeditionary  Force,  recently  achieved  an  interesting  piece 
of  publicity  work  in  Alexandria.  His  company,  the  Mechanical 
Transport  A.S.C.,  runs  its  own  Pierrot  partv  known  as  the 
"  eMpT[e"S."  and  at  a  concert  given  at  the  Alhambra  Theatre 


took  over  £100  in  aid  of  the  United  Services  Recreation  Fund. 
Lieut.  Courtenay  was  the  ••  drummer  "  for  the  show,  and  one  of 
his  most  attractive  ""  stunts  ""  was  the  sandwichmen  shown  in 
the  photograph.  Bill-board  mm  had  never  previously  be_en 
seen  in  Egypt,  and  their  first  appearance  as  the  --eMpTie  S  ' 
caused  no  end  of  excitement.  At  one  time  the  Arabs  got  the 
letters  badly  mixed,  but  Lieut.  Courtenay  soon  had  them  drilled. 

^:  *  -f  * 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  April  5,  1879.] 
Electric  Lighting  at  the  Royal  Albert  Hall.— The  following 
curious  letter  has  appea-ed  in  The  Times  :  "  I  wish  to  enter  my 
protest  in  The  Times  a^a-nst  the  proceeduigs  of  the  Royal  Albert 
HaU  Corporation  in  the  matter  of  the  electric  lighting  of  that  building. 
As  a-i  original  seatholder.  I  object  strongly  to  pay  £2  annua'ly  on 
each  stall  for  the  current  expenses.  This  is,  however,  in  accorda-.ice 
with  the  terms  of  Lord  Redesdale's  Act  of  1876,  and  it  is  not.  per- 
haps, sufficiently  known  that  tlie  Corporation  has  power,  under  that 
somewhat  tyrannica'.  measure,  to  mulct  us  to  the  extent  of  £10  per 
seat  in  eacfh  year.  In  the  accounts  recently  issued  I  find  that  the 
sum  of  £600  is  put  down  as  the  estunated  cost  of  the  electrical 
lighting,  which  I  a-n  confident  no  seatholder  really  desired,  and 
which  I  a^n  equally  sure  most  are  agreed  to  declare  a  very  ghastly  and 
unpleasant  innovation.  Tue  seatholders  have  had  i;o  voice  in  this 
matter,  -.nd  it  seems  only  fa-r  that  their  views  may  be  made  known. 
For  my  part,  I  consider  the  whole  proceeding  both  high-handed  and 
quite  umiecessary." 


THE  L.P.S.   ELECTRICAL  CO..   18,  Adam   Street.   Strand.   London.   W.C. 

Phcne:  Rcsciil  434b.    Code:  ABC  5th  Edition.    Teleg.:  "  Engineyor ,Westrand,  i-ondon. 


PLATINUM  for  WAR  MATERIAL 

supplied       by        permission        of        the 

MINISTRY  of   MUNITIONS. 

J.  BLUNDELL  &  SONS, 

GOLD.  SILVER  4  PLATINUM  REFINERS.  199.  WARDOUR  STREET.  W. 

"Golsflplat,  Ox.,  London."  4746  Gerrard. 
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SIEMENS 


IRONOI.AD 

S^VITCHGEAR 

FOR     ALL. 

RURROSES 


Control    Pillars 
Distribution    Boards 
Main    Switchboards 


Illustration    shows    our    Standard 

Cast-iron    Mining    Pillar    suitable 

for  pressures  up  to  3,300  volts. 


Write  for  particulars  to  — 


SIEMENS  BROTHERS  DYNAMOWORKS  LIMITED 

Head  OfucE:  CAXTON  HOUSE.  WESTMINSTER,  S.W. 

Telephone  :  Cerrard  860.  Telegrams  :  "  Siembralos,  Vic,  London." 

Suppliea  Dept.  :    38  &  39.    UPPER   THAMES  STREET.   E.C. 

Tti'pr.one :  City  5350.  Telegram:  :  '  Siemctgr,  Cent.,  London." 

HOME  BRANCH  ADDRESSES 


BiRUIXGHAM — Central  Ho..  New  St. 
Bristol— 30,  Bridpe  Street. 
Cardiff— 89,  St.  Mary  Street. 
'_':  hzvyti     6fc,  Waterloo  Street. 


(v'ai.chester— 196,  Deansgate. 
Nev/castle— 64-68,  Collin gwood 
Sheffield— 22,  High  St.        [Bldgs. 
S^  vTHAMf  Tr  •.■  —  46,  Hiph  Street. 


Branch«a  in   Principal  Towns  Abroad. 


E  LECTRIC   LIGHTING  AT    BALLATER  AND  ELLON, 

Kail\  ill  li(|:{  iicjjdtiatiriiis  were  opened  between  Mr.  James 
DiiiK  an.  «jf  Tilhcortliie.  Idny  Station.  Aberdeenshire,  and  the  lirnt 
of  T.  ('.  Smith  iV  Co..  eleetrieal  and  motor  <ar  (iiyincci.s.  Aberdeen, 
eoneeniinfr  llu'  iiilrodiietioii  of  (•l((  trie  ii^-lit  into  the  bur{.di.     After 


SirPLY  WlHKH  CK088INU  TkI.KOR.M'H  WlUK.S. 


eertaiii  puaranfees  had  l»ern  a.skod  and  given,  the  Hrrangcment.s 
weir  eoneludeij  in  NovemlK^r  of  that  year,  and  it  wa.-.  tentatively 
arranjied  that  the  water  jx.wer  <if  the  liiver  (iaini  shoul,i  1m-  ut.li-ell 
to  drive  the  (leneratinp  plant. 

A  J'nivi.Mional  Onh-r  was  areonlinnly  a])plie<l  for.  but  >onu-  opjxi 
itition  was  pir.Hentcd  by  the  jmiprietors  of  the  lis»iinirs  in  the  nvor. 


The  opposition,  although  it  might  have  been  overcome,  determmed 
Mr.  Duncan  to  abandon  the  original  proiwsal.  and  to  install  instead 
a  suction  gas  plant. 

In  the  generating  station  are  installed  two  GS-h.p.  anthracite 
suction  gas  producers  and  engines,  by  Messrs.  Fielding  &  Piatt,  Ltd., 
Gloucester.  The  suction  gas  producers  are  interconnected  by  a 
flexible  coupling  in  such  a  way  that  either  engine  can  be  run  from 


EscrsE  Room. 

cither  plant.  The  starting  of  each  engine  is  by  means  of  a  liigh- 
])ressure  air  self-starter.  The  engines  are  fitted  with  heavy  flywheels 
suitable  for  dynamo  driving  and  throttle  governing.  \Vc  under- 
stand that  an  extremely  steady  voltage  is  obtained.  Each  engine  is 
directly  connected  by  flexible  split  couplings  to  a  42-kw.  220  ."WKl-volt 
British  Electric  Plant.  Alloa,  compound-wound  dynamo,  with  a 
single-jK>le  switch  direct  on  the  frame  to  cut  out  the  coiniH>und 
windings  when  the  machine  is  charging  the  battery. 


Mkthod  of  Fixing  Wires  ovkk  Hoov-s. 

Considering  the  climatic  conditions  wliich  prevail  in  this  district 
111  winter,  the  engineer  decided  to  install  Heenan  \-  Knmde  water 
< Kolers,  instead  of  t  he  ordin.iry  tank  water  ecwlers.  We  arf  informed 
that  the  engineers  have  now  had  considerable  exiierience  of  these 
coolers  and  tlie  re.Hults  which  they  have  given  an>  highly  satisfactory. 
I  hey  i-w-,  >~  til,,  advantages  of  producing  a  constant  cooling  etTect 


TINNING     FURNACE 

T.m'J.I!,^^'^*^'  ^  '«ES  with  Tin*.  Lead,  etc.     For  u*,-    ..    «    BATH. 

WITHOUT  OXIDATION,      AUTOMATIC  HEAT  CONTROL. 

Tb»   oDlrlt.oln,  Pl.nl  on    thf    World'.    M.rkM    with   AutomatK    H,iil    Control 

M0l(0METERMA>(UFACTyRIIIGC0..Ltd.l'4.WhltehQuse^^^^^^  Birmingham 
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IRONGASED 
SOCKETS  &  PLUGS 

FOR    HARD   SERVICE. 

Sizes    up   to    200    amps. 

D.P.  and  T.P.     500  volts; 

with    "earthing"   connection. 


Also    Combined  Switch 
and   Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal   Electrical   Works, 

SALFORD, 
MANCHESTER 


independent  of  climatic  conditions,  and  the  space  which  they  occupy 
is  much  less  than  that  required  for  tanks. 

Accommodation  has  been  arranged  on  the  lower  floor  for  the 
attendant-in-charge,  his  quarters  forming  part  of  the  generating 
station. 

The  whole  of  the  electrical  energy  is  controlled  from  a  main  switch- 
board, consisting  of  the  usual  dynamo,  battery  and  feeder  panels. 
The  dynamo  panels  are  fitted  with  volt  and  ampere  meters,  shunt 
regulator  and  single-pole  maximum  and  reverse-current  circuit- 
breakers.  The  battery  panel  consists  of  the  necessary  ampere 
meters,  two  200-ampere  19-way  charge  and  discharge  switches, 
automatic  cut-out  and  cut-in  relay,  and  two^200- ampere  S.P.Q.B. 


Feeders  Leaving  Power  House. 


knife  switches.  An  integrating  recording  ampere-hour  meter  and 
charge  and  discharge  ampere-hour  meters  are  also  fitted.  The  main 
output  panel  consists  of  four  200-ampere  meters  and  four  200-ampere 
D.P.Q.B.  switches,  and  eight  shigle-pole  porcelain  handle  fuses. 

The  battery  consists  of  ^120  cells  of  Chloride  plantide  tyyie,  with  a 
capacity  of  580  ampere-hours  in  five  hours,  down  to  1-83  volts  per 
cell,  or  696  ampere-hours  in  10  hours  to  1-83  per  cell.  The  plates  are 
mounted  in  glass  boxes.  The  wires  leading  from  the  regulating 
switches  from  the  switchboard  are  suspended  from  the  loof  through 
special  porcelain  ceiling  jilates. 

^  The  main  and  sub-feeders  are  carried  through  the  walls  of  the 
])Ower  station  to  a  main  pole,  thence,  overhead,  throughout  the 
burgh,  on  larch  poles,  and  are  erected  on  cross  arms  attached  to 
insulators.  The  sizes  of  cables  vary  from  37/14  to  7/20.  Where 
Post  Office  telephone  and  telegraph  wires  cross  the  supply  mains 
underground  cables  were  laid.     On  the  top  of  each  pole  is  a  small 


zmc  roof,  and  a  galvanized  wire  leads  from  this  to  the  bottom  of  the 
pole,  serving  as  a  lightning  conductor.  Lightning  arresters  have  been 
erected  outside  the  power  station  where  the  mains  emerge. 

The  street  lights  are  divided  up  into  four  circuits.  The  consumers' 
connections  consist  of  aerial  braided  wire  connected  from  the  nearest 
pole  either  to  upright  or  swan-neck  insulators,  erected  either  on 
chimneys  or  walls,  thence  a  pair  of  wires  of  suitable  size  are  led  into  a 
double-horn  jjorcelain  inlet,  screwed  into  a  galvanised  tube  terminat- 
uig  in  a  pair  of  ironclad  fuses.  It  is  worth  mentioning  that  the  inlet 
pipe  leading  in  through  the  slates  of  the  roofs  is  taken  through  sheet 
lead  and  soldered  to  the  galvanised  pipe,  which  makes  the  roof 
waterproof.  The  porcelain  double-horn  inlet  was  employed  to 
obviate  the  risk  of  short  circuit  from  the  moi-sture,  which  in  the 


]VL\iN  DiSTKiBLTixc;  Polk. 

autumn  and  winter  condenses  round  the  cable  inlet.  With  the 
double-horn  insulator  the  distance  of  the  inlet  is  4  in.,  and  the  wires 
are  separated.  When  mositure  gathers  it  acts  as  on  an  ordinary 
upright  insulator.  Over  one  year  has  passed  since  the  comijletion  of 
the  installation,  and  we  are  informed  that  no  trouble  has  arisen. 

The  work  of  the  erection  of  the  i)lant,  mains  and  the  wiring  of 
houses  was  commenced  in  January,  1914,  and  the  opening  ceremony 
was  performed  on  December  24  of  that  year.  About  ^165  houses 
have  installed  the  electric  light  aid  power  to  the  extent  of  about 
2,400  lamps.  A  similar  installation  for  the  town  of  Ellon,  Aberdeen- 
shire, was  carried  out  by  the  company,  under  the  subscriber's  super- 
vision, during  the  same  period.  The  whole  of  the  work  was  designed 
and  supervised  by  Mr.  M.  K.  Cooper,  A.M.I.E.E.,  manager  and 
engineer  of  the  electrical  department,  T.  C.  Smith  &  Co.,  Aberdeen, 
to  whom  we  are  indebted  for  the  foregoing  particulars,  and  also  for 
the  supply  of  the  illustrations. 
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CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 


BIRMINGMAIVI, 


AUTOMATIC  CONTROL  FOR  CAPSTANS  AliD  WINCHES. 


Kllicicnt  ajid  rcliahle  control  pear  of  the  iiiitoinatic  and  fool-j)roof 
tvjK-  iH  iiecfHtiiirv  for  the  nuctcsHful  oiM-ratioii  of  electric  capstans 
and  winches.  It  kIiouKI  Ix-  (*iM'ciaily  designed  to  withstand  the  severe 
coaditionx  under  which  it  will  Ik-  uwd.  The  system  should  afford 
eoniplet*'  control  hy  simply  actuating  a  jtedal  switch,  thus  necessi- 
tatinir  a  Runimiun  of  attention  from  the  operator,  who  can  be  free 
to  deal  with  the  shuk  n>ije. 

The  control  a|>|>iiratUH  described  in  price  list  No.  5.313  has  been 
H|>ecially  dcvelojH-d  by  tin-  H.T.-H.  Co.  to  satisfy  the  requirements 
of  cajwtan  and  winch  wrvice.  and  ensures  that  the  motor  is  auto- 
matically started  up  in  the  shortest  time  comjjatible  with  safety. 
The  gear  includes  a  [x-dal  switch  flesign<-d  for  u.se  in  a  covered  yard 
or  on  an  exjKised  wharf,  and  an  accelerating  unit  made  up  of  a 
!<crie«  of  eontaetors  all  electrically  openited.         ^ 

It  is  claimed  that  owing  to  ils  robust  construction,  heavy  contaits 
and  abs<Mic«-  of  da.sh-]H)ts  or  other  small  |)arts,  the  equij>nient  will 
give  i»atisfa<-t«rj'  service  without  attention.  It  is  recommended 
for  iiiNlallalion  in  ca|)stau  |>its  and  other  uiidcrgniund  chambers 
whiTe  opiMirtunities  for  ins|M-ction  an-  linntcd.  The  various  ])arts 
of  the  ca|)Hlan  eijuipment  ne<'d  not,  therefort>.  I)e  separated. 

The  jie«lal  swit<h  «lo<'s  not  i-arrv  the  main  current,  but  when 
drpresm-*!  c|os<'!<  tin-  ojH-raling  coil  i  ircuit  of  the  first  or  shunt  con- 
liutor.  causing  it  to  e<»mplete  the  motor  circuit  thnmgh  the  starting 
n-siittann'.  The  n'maining  contactors  close  successivclv.  and  each 
wction  of  the  starting  n-sistance  is  <ut  out  automatically  imme- 
iliately  the  acceleration  of  the  motor  has  caus<-d  the  nmin  current 
to  dccnii'M'  to  the  value  at  whi<'h  its  conta<tor  is  set  to  ojx'rate. 

The  accelerating  unit  is  a  standanl  S.M.C.  start«'r  (Fig.  1),  consist- 
ing of  A  shunt  or  line  jontactor  and  a  numlM>r  of  series  contactors, 
mounteii  on  a  slate  base,  which  also  sup|K»rts  the  starting  n«sistance. 
All  contactors  which  break  the  niain  current  are  protected  bv  mag- 
iwtic  blow  iMit  devices.  The  starter  is  en<los<.>d  in  a  v<>ntilated  imn 
case  havmg  suitable  ojienlngH  for  the  cable  lorKluits  aiul  corner  fwt 
for  mount iiig  on  a  wall  or  other  MUp|iort.  .^«..«  v>    «> 

Tl  ■  ■    nl  equipMicuts  iriclud<'<l  in  the  list  are  suitable  for  con- 

tmu"  lit  non  rt-versing  mot-irs  having  shunt.  <'ompound  or 

ncrirw  windingN.     They  are  made  in  various  ca|mciti)>s  up  to  2."»  n.e. 
and  for  ujm-  «.n  cinuitN  up  to  .Viti  voltn.      In  the  <asc  of  e<|uipments 
exc«<,-«ling_2."»  u.v.  laiHK  iiy.  the  starter  is  mounted  u|stn  pi|K'  frame 
work.     .Such  winipnu'iits  are.  of  ooume.   unsuitable  for  installing 
in  a  ca|islan  pit  and  shouhl  Ih-  ma4|e  the  subjiM-t  of  s|m>(  i.il  inquiry. 

The  extcnial  diagram  of  cntmert inris  iif  a  <in»stan  st.irti-r  suitabh- 
for  shuiit  nioUint  ijt  nhoun  in  Fig.  2.  For  acricM  mat^-hines  the  shunt 
lirhl  (Htnnections  are  ..nutted,  thiie  leaving  an  idle  t4'rminal  on  the 
starter.  I 

The  imiNtaiiee  units  are  ma<Ie  in  tuluilar  form,  and  eonsijit  of  non- 
e()rnMlible  wire  wound  on  enamelliMl    '     '       '  ,    Umhk  onlv 

sllglitly  sunk  into  the  enamel  and  n  •:  ,\  i»<irr^>- 

laiii  iiMulator  in  lill«Ml  to  eaehVnd  of  the  tube,  and  provide*  an  efti- 
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cient  means  of  insulating  the  resistance  units  from  the  supportmg 
frame.  The  resii^tance  units  are  supported  on  steel  side  plates  by 
means  of  rods  passing  through  the  tubes,  and  substantial  leads  con- 
nect the  tappings  from  the  resistance  to  the  contactors.  All  the 
resistance  units  are  moisture-proof. 

'J" wo  forms  of  pedal  control  switches  have  been  designed  to  suit 
flifferent  conditions  of  service. 

The  tvpe  P,  fonn  A.  pedal  switch  is  suitable  for  service  in  un- 
exfK>sed"  situations,  and  Is  sufficiently  strong  to  withstand  all  the 
rough  usage  that  may  reasonably  be  exjiected.  A  locking  collar  is 
fittetl  to  this  tyjje  of  pedal  switch  to  prevent  its  use  by  unauthorised 

j»ersoiLS. 

When  the  control  switch  is  likely  to  be  exposed  to  hea%T  ram  or 
sea  water,  or  is  liable  to  injury  by  vehicles  passing  over  it,  the  type  P, 
form  F,  pedal  switch,  illustrated  in  Fig.  3,  is  recommended.  The 
j)luneer  passes  through  a  water-tight  gland,  and  when  not  in  service 
the  pedal  portion  can  be  disengaged  from  the  oi^erating  mechanism 


Fni.  I. — Tvi'K  S.M.C.  Aitom.xtic  Startino  Rheostat. 

and  dn>p|»eil  down  Hush  with  the  ground.  When  in  this  jx>sition 
the  js'<lal  ii»u  Im'  hnked  by  a  key  inserted  in  the  toji  portion.  The 
<)|M>iiing  provided  in  the  capstan  ])it  cover  is  .sealed  with  jointing 
material.  an<l  tlu-  swit<h  receives  the  same  protection  as  that  affonled 
to  the  motor  and  starter.  .\  pmtecting  cover  is  provided  for  the 
lower  |M>rtion  of  the  switch,  but  no  attempt  is  made  to  render  it 
watertight.  The  s\\it<li  contacts  close  aiul  oix^n  with  a  comlntied 
n»l'in'i{  an«S  rubliiuw'  a»  tion.  thereby  ensuring  a  good  contact. 

.\n  overloid  n-lay  can  l>e  litttMl  to  the  contactor  puiel.  so  that 
«h«'u  the  in  >tor  is  overlnjwled  the  relay  operates  and  disconnects  it 
from  the  line.  As  it  is  nccssiiry  t )  reset  thi*  rAixy  before  the  imt-ir 
<•«»!  be  restarted,  special  cantaMs  are  providMi  bnthe'pHil  switch 
withtiit   fX\.T.\  eharg«.  when  overload   relays  are  supplied.     These 
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THE  MAN 

WHO  PINS 

HIS  FAITH 

TO  THE 


POPE 


Elasta 

Briti.k     M>Jc    Wir. 

Lainps 


— will  find  his  profits  mounting  steadily  up.  Elasta  Lamps  are  such  '^a  genuine  proposition — 
an  entirely  British  made  wire  lamp— Brilliant  —  Strong  —  Economical  —  Durable.  Write  to-day 
for      particulars       of      the      generous      discounts — or      better      still — send      a      small      trial      order. 


Ok€  jCo/Hip  wi6i  a  CliAn^  m  it. 


Advt.  of  Pope's  Electric  Lamp  Co.,  Ltd.,  HytKe  Road,  Willesden,  London,  N.U'. 


■contacts  energise  a  special  resetting  coil  on  the  overload  relaj'  whicli. 
in  closing,  disconnects  this  coil  immediat.^ly  the  resetting  operation 
is  completed. 

^r  Control  equipments  for  reversible  capstans  are  similar  to  those 
-iiiready  described.     For  this  service  special  contactor  jjancis  are  used 


Stan  pits,  and  can  be  connected  direct  to  the  line  by  using  a  triple- 
pole  contactor.  This  type  of  contactor  is  moimted  on  a  slate  base 
with  cover  and  fitted  with  a  magnetic  blow-out  device  on  each  pole. 
It  is  suitable  for  motors  up  to  25  H.r.  and  a  voltage  range  from  220 
to  550  volts.  Overload  protection  is  not  provided  when'the  motor 
is'connected  to  the  circuit  by  a  single  contactor.  The  contactor  is 
enclosed  in  an  iron  cover,  and  feet  are  provided  at~each  comer  of 
the  .slate  base  for  mounting  on  a  wall  or  other  support.  ^The'^pedal 


Seporote 
Mom  Switch 


Shunt  Field 


Com:  pole.    ^^^j^.  Series  Field 
Fic.  2. — Diagram  of  Connections  for  Capstan  Oontroi.  EgnrMFXT. 


Fit;,  '-t. — Intf.rtor  of  Capstan  Pedal  Switch.  Tvpe  V.  Form  F. 


in  conjunction  with  two  pedal  switches,  one  for  each  direction  of  swiuli  for  tliis  e4ui2)ment  is  the  same  as  that  used  on  contiixuous- 

motion.     The   forward    and   reverse    contactors   are    mechanically  curi-ent  circuits. 

inf(?rIocked  so  that  they  cannot  close  simultaneously  even  when  bt>th  'l'l>c  ibices  of  complete  caj)stan  starter  equipment^  are  given  in  the 

)K'd;ii  switches  are  depressed  together.  list,    acopy  of  which  will  be  supplied  on  application  to  the  British 

A  squirrel-cage  motor  has  great  advantages  for  operation  in  cap-  Thomson- Houston  Co.,  Rugby. 
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One,  Two  &  Three  Phase 
MOTORS. 

I.ANGDON-DAVIES    MOTOR    C^O. 

Head   Office:     110,     CANNON     STREET,     LONDON,     E.G. 
Works:  Dertnody   Road,   Lewisham,   London,  -S.E. 


CONCEALED  LIGHTING  IN  A  CHURCH. 

Iiiflirect  or  Hemi-indirect  lighting  is  practicable  in  certain  con«Ii- 
tioriK  of  church  interiors.  Where  the  roof,  however,  is  at  a  great 
height  and  has  a  rlark  .surfafc-  that  alworhs  rather  than  reflects 
light,  direct  lighting  must  Ik-  adopted,  hiit  it  does  not  follow  that 
the  lamps  or  their  fittings  should  l>e  visihle.  That  witisfaetory 
lighting  can  he  secured  with  concealed  light  sources  is  proved  by  the 
scheme  that  has  been  iulojited  at  St.  Diui^tans  Church,  Kast  Acton. 
This  installation  is  of  special  interest,  not  only  liecau.st*  the  system 
employed  is  novel  and  most  efTec  tive,  l>ut  on  account  of  the  low  cost 
at  which  it  has  been  carried  f)Ut. 

Wh<'n  it  was  decided  to  replace  gas  by  electricity  for  lighting  the 
thiirch  the  funfis  available  were  .somewhat  limited,  and  allowed  of 
but  a  small  margin  for  the  jiurcha.se  of  fittings  after  the  wiring  costs 
had  l>een  met.  The  contractors  for  the  work,  Me.ssrs.  Duncan. 
Watson  &  Co..  lierners-.street.  O.xford -.street,  I>ondon.  W.,  after 
consultation  with  the  illuminating  engineering  dej)artment  of  the 
Hrifish  Thomson  Houston  Co.  (Ltd.).  hit  ujK)n  the  hap])y  idea  of 
disjK-nsirig  entirely  with  fittings  as  usually  under.stcmd,  and  of 
light ii'g  the  (Imrch  by  trough  reflectors  concealed  between  tin 
mouldings  of  the  arches  at  the  jxiints  where  the  latter  spring  from 
the  pillar  (•;i[)itals.  •  "; 


Fn:.  1.     St.  Di'nstan'.s  ('iurch,  East  Acton. 
(Note  ihf  cntin-  abiM  noe  of  visible  fittings.) 

Tliicc  .Mi  .(lu.\  c\t«'nsivc  ty|H'  l rough  reflectors,  each  i-rjuij»|M<i 
\\ilh  two  0  fwHtt  standard  .Mazda  lam|>H.  are  pn>vided  on  the  east 
side  of  each  of  the  pillars  on  l«ith  sides  of  the  ii;>ve.  I'ersons  passiu'.' 
up  the  church,  therefon-.  can  sih-  neither  fittings  nor  the  light 
wnirees.  the  illumination  In'ing  thrown  forward  and  distributed 
evi'uly  thn»u^hou)  (Iwlimlding.  Tin- lamps  and  fittings  (,in  1h»  seen, 
of  course.  \\]\r\\  jtas^^iiiji  ilown  the  building  from  the  east  end.  The 
value  of  the  illumination  on  (he  working  plane-  f.j/.,  on  the  top  of 
the  |>««»s  ii\rri\n<'s  ImMwccu  2-.">and  .".  ft.-cajidles.  «liicb  is  well 
aliove  (he  figure  usually  allowed  for  church  lightmg.  Tbis'iKTuut- 
of  the  congregation  following  the  servicer  in  eonifort.  even  w  ith  hynm 
and  prayer  iNwtks  |)rinled  in  the  snudlest  (yp«'.  In  many  churches 
the  light  distribution  is  usually  most  uneven. 

A  telescopic  standard  carrying  a  eonicAl  n^tleefor  concealing  a 
standard  lamp  is  placed  lM>hind  the  vicar's  stall,  and  this  illumin'>.tes 
also  the  Imok  on  the  lectern  alongside.  The  nnisic  on  the  (ir^an 
is  lighted  by  a  tufuilar  lamp  with  adjustable  n<flector.  The  circuits 
aiX'  .so  controlled  t!mt  almo.st  any  variation  in  the  light  can  Ix- 
WoiriMl  at  will.  Thus,  during  the  sermon,  alternate  fittings  or 
indivudual  n-lleclors  in  the  grou|>s  in  (lin^>  can  Ik«  «wit<-he<l  out. 
(Kcr  the  entrance  to  the  la<ly  (<ha|MM  is  a  large  cn>ss  worked  in  iron, 
which  has  been  outlined  with  12  small  bulb  lamps. 

The  installation  wjw*  designed  and  carriiMl  out  under  the  s«i|>it- 
visi.in  of  Mr.   A     \     HK.l,.>,  f.>.   .1. tors,  the  wiring  Ik-it- 
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enclosed  in  heavy  gauge  screwed  barrel  throughout.  Although  it 
has  been  li.xed  on  the  su.'-face.  csj^cibI  care  was  taken  to  make  the 
runs  a.s  inconsj>icuous  as  ix).ssible,  and  at  a  casual  glance  no  evidence 
of  the  concluit  is  visible.  Current  is  supplied  from  the  direct- 
current  mains  of  the  .Metropolitan  Electric  Supply  Co.,  at  2.'jO  volts 
The  accompanying  illustrations  have  been  reproduced  from 
untouched  photographs  taken  by  the  unaided  light  of  the  fittings 


FlO.  2.  —  ViKW  OF  THK  AlTAK. 

installed.  K.xccllcnt  as  they  are,  however,  they  give  but  an  imjx-r- 
fect  idea  of  the-  effect  ])roduced.  It  will  be  seen  at  Fig.  1.  which 
shows  the  nave  l<M)king  towards  the  east  end.  that  no  fittings  are 
visible  ;  thus,  the  simple  beaTity  of  the  architecture  is  jireservcd. 
the  concealed  lights  throwing  uj)  everv-  detail  with  remarkable  clear- 
ness. Considerable  light  is  thrown  upwards  on  to  the  line  nK)f. 
but  the  photograph  does  not  show  this  well.  The  character  and 
intensity  of  the  lighting  in  the  chancel  and  of  the  altar  can  lie  judRed 


Fl«.  n.     Su  .\\iN(.  TUE  l.u;UTiNu  Aukam;k.mkms. 

from  Kig.  2.  which  -iil^.,  ;,|so  the  telescopic  fitting  behiml  the  reading 
desk  and  le<tern  an<|  the  light  over  the  orgati.  Fig.  ."5  shows  the 
amuigrmcnt  of  the  light  units,  the  view  being  taken  fnim  the  nave 
towanls  (he  north  aisle.  The  neat  manner  in  which  the  n-flectors 
have  l>rm  aerx»mnioda(e«l  in  (he  moulding  and  the  skilful  way  in 
which  (he  wiring  hn»  lieen  eonwaled.  can  Ix*  well  .se<Mi  in  the  photo- 
_— iph. 


Prtnl*l  tn<i  PubJi»h*J  by  the  i 
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4>     The   Round   Table.     4 

\  I  By    "KVA."  I 


'riic  "  Wiiclcss  World  ""  appears  tliis  mouth  in  a  new  aiul 
much  impi'ovcd  form,  upon  whicli  it  is  to  be  congratulated, 
Init  it  repeats  the  ancient  and  a  little  irritating  reference  to  the 
Instihition  of  Electrical  Engineers  as  the  Inslitnle.  It  always 
reminds  me  of  lustitoot,  as  the  Americans  will  pronounce  it  ! 

*         *         *         * 

Alderman  Tougher  (I  expect  its  pronouced  Tuffer,  though  I 
don't  know),  Belfast,  recently  asked- for  an  explanation  of  the 
failures  of  the  electric  service  in  the  city,  and  wished  to  know 
if  they  could  be  prevented.  Then  the  indignant  Alderman 
asked  :  ''  Were  they  to  go  back  to  the  use  of  candles  ?  "  But 
then  he  did  not  know  that  matches  were  going  to  be  taxed. 

*  ^  SjS  5jS 

Speakhig  at  the  Royal  Institution  recently  on  artiticial  light  and 
intensive  culture,  Prof.  Frederick  Keeble  said  "  It  would  be  a  curious 
irony  if  in  the  next  century  the  finest  fruits  of  the  early  year  were 
produced  in  the  Black  Country  b\-  the  aid  of  electric  power  or  electric 
light" 

Certainly  it  would  be  ;  but  if  it  can  happen  now  my  good  friend 
Mr.  Yeaman  will  have  still  further  cause  for  extending  his 
centralised  power  house  in  the  Potteries. 

'i*  ^  *(»  ^ 

A  correspondent  tells  me  that  the  following  story  represents 
a  true  experience  of  a  Mazda  lamp  : — 

An  elderly  lady  came  into  an  electric  shop  with  a  burned-out  lamp 
and  asked  for  a  renewal.  The  clerk  took  the  lamji  and,  getting  under 
a  light,  saw  that  it  was  a  geometric  problem  to  trace  the  filament, 
so,  turning  to  the  lady,  he  said  :  "  You  had  this  lamp  burning  in  a 
large  roouv  ?  "  The  lady  admitted  the  fact,  and  added  that  the 
lamp  went  out  suddenly.  The  clerk  then  asked  her  if  it  was  the  only 
lamp  bvu'ning  at  that  time.  The  reply  was  "  Yes,"  and  the  clerk 
said  :  "  That  accounts  for  the  lamp  going  out.  You  tried  to  light 
a  large  room  with  a  single  lamp,  and  the  strain  on  the  filament  was 
too  great.  ,  What  you  need  is  more  lamps  in  that  room."  It  is 
rumoured  that  inste-ad  of  rejilacing  a  broken  lamp  he  sold  her  a 
dozen. 

Seine  salesman,  that  ! 

*  H:  *  * 

THIRTY  SEVEN ^YEARS  AGO. 

[From  The  Electrician  (Second  Series),  April  12,  187!).] 
The  Wonderful  Lamp. — The  "  Daily  News  "  of  April  9th  has  a 
long  article  and  a  short  leader  on  the  Edison  light.  What  a  pity  it  is 
that  the  writer  of  the  leader  did  not  confer  with  some  of  the  scientific 
men  he  tilts  at  before  giving  his  lucubration  to  the  world.  We  do 
not  deny  Mr.  Edison's  energy  or  the  beauty  of  his  lamp,  or  the 
amazement  we  labour  under  as  discovery  after  discovery  is  hurled 
at  us,  but  we  do  deny,  till  stronger  proofs  are  forthcoming,  that  the 
electric  light  by  uicandescent  metals  is  more  economical  than  the  arc. 

The  Electric  Light  Produced  by  Thermo-Electricity. — We 
understand  that  Mr.  Latimer  Clark  has  taken  up  the  question  of 
applying  a  thermo-electric  battery  for  the  |jroduction  of  light. 
Several  months  ago  we  announced  that  M.  Faure,  the  numager  of  the 
■cotton-powder  factory  at  Faversham,  was  engaged  upon  the  same 
problem,  and  we  may  now  add  that  he  has  overcome  several  of  the 
most  seriDus  difficulties  in  the  way  of  bringing  this  application  within 
the  domain  of  practice,  and  that  his  skill  and  perseverance  would 
seem  likely  to  be  fully  rewarded  by  success.  In  Paris  also  this 
important  question  is  receiving  considerable  attention,  MM.  Clamout 
and  DenajTouse  being  engaged  in  experimental  trials  with  the 
the  mo-pile  devised  by  the  former  electrician. 


AX   IMPORTANT  COIL- WIN f^LXO  PliOHLE.M. 

BY  BY  A.  M.  P. 

{f.'iij/j/rif/hl   lOl-}^   in  the  United  Kinq'Ujm,  U.S.A.,  and   TitiUiuctfXj. 
Tranilnlion   and   drnni'illc   rights   reserced.) 

Afv  ma.'^tcT  bids  mo  wind  my  coil 

(Ditrx-nsious  in  the  sketch) 
Kor  fifteen  hunrlnrd  amj)ere-tunis — 

Out  I    out  I    ill-mannered  wretch  ! 
My  .slide  rule  that  thou'st  purloined  hence 

i><'turn  within  this  minut<% 
Or-  thou  slialt  <ret,  about  thine;  ear, 

Tliis  ink))()t  ;    and  what's  in  it  ! 
Ahah  !   Thou  shivcircst,  craven  thief. 

At  that  dread  threat.  T  find     .     .     . 
Now,  with  my  trusty,  slithery  friend. 

The  (oil  ill  quickly  wind. 

^  '>  :;  "  ^  .sketch  I    my  kinj^dom  for  a  sketch  ! 

I  cannot  do  this  task 
Until  a  sketch  there  is,  with  full 
Dimensions  ;   all  T  ask. 
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T.N'TKRVAL. 

(While  we  make  a  sketch.) 
E.M.F.  available,  500  volts. 
Am])ere-tums  required,  1,.)00. 

(Note. — The  Press  Bureau  can  find  no  official 
authority  for  the  above  statements,  but  has  no 
objection  to  their  publication.) 

Haha  !    Hehe  !  !    Hawhaw  !  !  !    Hoho  !  !  !  ! 
The  time  has  come  ;    the  die  is  cast  ! 
To-night  !   to-night  !  !   then  must  I  show 
My  homework  (overdue)  at  last  ! 

But  to  begin,  let  little  r  so  small 

Stand  for,  that  is  to  say,  imjjcrsonate 

Resistance  of  the  meanest  turn  of  all ; 

That  unique  turn,  which,  by  some  ('hance  of  fate 

Lies  midway  'tween  the  outer  and  the  in  ; 

A  repicsentative  of  all  the  rest. 

With  /-.I  say,  this  wondrous  thino;  begin  ; 

For  so  to  solve  the  problem  it  is  best. 

^•'Tis  obvious,  save  to  those  bereft  of  brains 
That,  given  /•,  resistance  mean  turn  hight, 
'Tis  finished,  all  that  thereto  ai)i)ertains. 
And  by  inspection,  all  you  wish,  you  write. 

[Note. — Bcini;  unfortunately  classed  anionf;st  those  referred  to  above  as 
deficient  in  grey  matter,  the  author  continues. j 

Now,  taking  all  the  turns,  of  number  T, 
As  with  the  mean  turn  wholly  on  a  ])ar, 
Methinks — odsbodikins  ! — mcthinks  I  see 
A  method  how  to  find  elusive  r. 

Resistance  to  his  majesty,  Kin<r  E. 

Is  I'j  on  /,  by  law  of  saintly  Ohm. 

Resistance  also  ec^uals  r  by  7'. 

(When  I've  done  this  I'll  jolly  well  go  home.) 

Then,  from  the  dread  equation  ])roved  above 

By  snbstitutini;  for  /,  T  and  E. 

With  no  more  trouble  than  a  sueking  dove 

Doth  give  unto  his  dam,  small  r  is  free 

So  henceforth  call  itself  by  numeral  name. 

And  as  0-33  ohm  go  down  to  fame. 

And  now,  as  we  this  point  do  thus  attain. 
Would  that  we  could  some  handy  pub.  invade. 
And,  having  come  through  peril,  toil  and  pain. 
Drown  sorrow,  for  a  time,  in  lemonade. 

But  no,  we  may  not  linger  on  our  way. 
This  coil  to  bitter  terminal  we  must  wind. 
And  though  the  shades  of  fast-diqjaitini!:  day 
Draw  (lose  ('tis  4:1.'>)  we  must  not  find 
That  darkness  creeps  upon  us,  ere  we've  done 
Our  noble  work,  this  afternoon  be<iun. 

Thus  having  found,  with  many  a  mental  strain 
The  smaller  r.  we  then  with  heavy  heait 
Piocecd  to  calculate,  and  not  in  vain. 
The  length  of  this  same  turn  as  at  the  start. 

(ConfiiiKcd  on  /xtgc  8). 


START  AND 
BY  PRESS!! 

Thi^qeatl 
may  be  us 
any  sultai 
Acting  Sta 
may  be  ita 
any  coRven 
pressing  bu 


STOP 
;C   BUTTONS. 

ronclad  Master  Switch 
;d  in  conjunction  with 
)le  "ICRANIC"  Self- 
rter,  so  that  a  motor 
rted  and  stopped  from 
ient  point  by  merely 
ttons. 


IGRMIC 


PUSH-BUTTONSCQNTROL. 
IGRMIC  ELECTRIC  C9L 


TD 


147,    Queen    Victoria    Street,     L,ond<>q, 


SPEED  CONTROL 

BY  PRESSING   BUTTONS. 

Four  simple  buttons  electrically 
connected  with  an  "  IGRANIC  " 
Patented  Compensated  Solenoid 
Control  Panel  give  complete  con- 
trol and  speed  regulation  of 
variable  speed  D.C.  motors. 
Write  us  for  particulars. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Direct    Currant. 


For    Three-Dh»«e   Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Heai.  Offick  :  CAXTON  HOUSE.  WESTMINSTER.  S.W. 

T-lf  phone  :  Crppard  BK).  Tclerr-innr  :  "  SiFf/RRAV' s.  Vic.  Londci;." 

Supplie*  Dept.:    38  &  39.   UPPER   THAMES  STREET.   E.G. 

Icleihone:  City  53M  T»l»rr,-,"-  ■  •  Sirmmcr,  Cent.,  London." 

HOME  BRANCH  ADDRE^SXESi 


ill'  t/IN.;HA»/  -   rV'.  *.' 


ri'.j.  Z: 


■erf. 
Strfc 


t.'.A.'icHESTER — 1%.  Deansgate. 
NEWCASTLE--64-68.  Collingwood 
SnBKHFLr>— 22.  Hich  St.        (Bldgs. 
S  ••THAMrT-  !J  -  46.  Hich  Street. 


Branch<>a  in   Prirtcipnl  Towns   Abroad. 


.\.\  iMr<»i;r.\.\T  (•itiL\vi.\i»i.\<;  pmohf.km    r.,„ii,i>i>i. 

'riii!<  <l<iiic.  wf  Use  till-  fnriniilii  siiiin-nic    - 
'I'lic  fonniila  tlinl  ••iifcrM  cvfrv  dn-ani    - 
'fill-  fciriiiiiia  that  Imlds  in  ihn-  n-  dark  -  ■ 
Till-  formula  tinit   Noali  iimiI  in  the  Ark -- 
'I'll)'  fnrniiila  tlint,  nx  wi-  tnnnii  nlun^. 
\\'c  \vi-n»c  j||ti<  II  sw'n'tin'.;.  nuirlial  muiu    - 
Tl"-  f'xmiiln      WunN  fail  me  '.     Still.  I  wiy  : 
■  |{<«iHtnni<'  //  ••(pial.s  A'/  <  n  "  '.  '.  " 

Now  :   iKnv  :  :    rp  !   up  l  :   TIh-  prol.l«in>  rn«l  iy  w-jiU 
'I'Ih-  an'a  nf  tin-  win-  we  jmmih  i-aii  »«•<• : 
>iiil  llifii.  liv  niakini;  ut^'  of  i>li|  fricinl  k 
W'r  (ah  nialc  tin-  niii>  It  <l'>.ir  cl  </  ' 

"ri*  donf  !    "tix  doiii-  !     Tin-  w<»rk  ii-  diim- ! 

No  nioii>  the  iK-'d  III  fn-i. 
|M»r.  Ihiiii^di  tlir  prolilin)  liaid  ina\  Im-. 
\<>  roil  lia.x  liaulki'd  nic  y<-t. 

.\iid  now  mtli  liulit  and  jnyful  In-art 

My  thiii|in  I  untliiT  up. 
Knr.  wIh'h  I  n-in  li  my  linmt 

riitroultli'il  \v  II  I  mip. 


tii-ni^lit. 
{('hiirrh  Hi Hm  i,Jf  ihi  xiaiji . 


Haik  !??!!• 
St.   I'ltir-  lull-  till'  linnr  <>f  half  pattt  four  ; 
Tin-  Mturli  iitt  niakr  a  dadi  fi>r  Immc  ami  tea  ; 
Some  lioni  fiiiil  Inrn-*  tin-  li;<|it  mit  at  tin-  dour 
.\nd  liavcK  tlir  ntum  In  dnrkiii-NK     and  1<>  me. 


ROREY  SEMI-POKTABLE  STEAM  ENGINES. 

\\v  jratliiT  fnim  iiii  inlri^'.^tinK  ])iiii|jrution  ((  Htnlngvic  No.  22<l) 
kmikmI  Ity  Mmsrs.  Holiry  *  Co.  that  tliry  Imvr  <t.iidiirlo<|  a  wrir^  of 
rX|MMiincits  r\frii(lina  <»v«t  a  mi  in  I  mti  if  yea  ph.  witlifH-ini  [xninldr 
Nii|n<rli(<U«<i|  strum  i<iiKiiii«!«.  .\»  an  i»iit<«imr  of  thiM  oxurnrmr  thry 
liavr  luiill  a  numl)cr  of  tyiuvs  wliirh  raiistr  in  output  from  20  H.p.  to 
:*.:»OH.r.  .Vhr.ntnpr  |ia«  InH^n  taken  of  thr  fart  !hat  the  tom|xTa 
tun'  of  strain  in  a  .•Mituratofl  state  ran  Ih'  nirrra'«H|  h\  rrlieatinc. 
Ihrirhy  inon-aninK  the  voluino  without  inrrpaMnst  tlip  prwwuiv 
Slivun  in  -1..  nditinn  i'a:i  In-  pnipl.>y.H|  morr  a«ivantnsroiiH|v  in 
Utrr.'M  rt  i  in  tlu"  !*<itiiral««<l  .stato. 


in 


The  Robey  supc  rheated  .steam  engines  are  built  up  with  boilers  of 
considerable' evaporative  capacity.  The  superheaters  have  a  high 
efficiency,  thus  utilising  the  heat  to  the  greatest  extent  in  the  lx)iler 
for  evaporative  purposes.  We  understand  that  the  makers  have 
succeetled  in  obtaining  a  liigh  degree  of  economy  in  coal  and  steam 
consumption,  and  that  they  are  able  to  produce  plants  which  will 
•  oiniM^te  favourably  with  other  forms  of  prime  movers  on  economical 
irrounds  alone. 

Fig.  2  is  a  general  view  of  one  of  these  plants  complete  with  boiler, 
ciisfiiie  and  jet  condenKer.  The  boiler  is  of  the  tubular  tyjje,  from 
which  the  firel>ox  and  tubes  can  be  withdrawTi.  All  plates  are 
plaiie<l  and  tunie<l  on  edge  before  being  put  together,  and  the  rivet' 
ing  is  done  by  {wttent  hydraulic  machinery.  In  the  smaller  sizes 
the  firebox  is  of  the  plain  circular  type,  and  in  the  larger  sizes  it  Ih 
corrugated.  A  standard  grate  is  fitted  for  burning  coal  of  fair 
quality,  but  an  extension  can  be  provided  to  allow  for  the  burning  of 
wood  or  inferior  quality  coal.  By  the  u.se  of  a  long  extension,  cotton 
.-talks,  maize,  w(K>d  logs  and  bagasse  can  be  used  as  fuel. 

The  sui)erheater.  an  elevation  of  which  is  shown  in  Fig.  1.  com- 
jirises  steel  tuln's  of  small  inside  diameter,  each  end  being  fitted  into 
collectiim  chamlM^rs.  These  latter  are  clearly  .shown  in  the  illu.stra- 
tion.     The  steam  enters  one  of  flic  chambers,  pas.-^es  through  the 


Fli:.    I.       F-M>  \li:w  OK  St  rKKHKATKK. 

sn|icrhrater  tuU-.s.  then  enters  the  second  chamber,  whence  it  travels 
direct  to  the  cylinder  of  the  engine  ;  the  steam  moves  in  a  c<intrarv 
<lin>clion  to  that  of  the  hot  ga.ses.  The  .su|X'rheater  is  .m)  plaee<l 
within  till  '      Ixix  that  it  does  not  obstruct  the  lK)iIer  tube.s.  and 

cle.ining  <  ,  lis  an-.  therefoR\  a.s  easy  as  tho.se  of  an  oidinary 

lM»iler.  The  eoiulensed  water  canp>e  entirely  drawn  off  fmm  the 
sn|MTheafor  by  means  of  a  co<k  provided  for  the  puriK>se.  li«Mw»'<»n 
the  sn|>erheat<T  and  the  .xteanipijM'  is  a  siH'cial  valve,  the  use  of  w  liiih 
en-un-.K  complete  S4ifel\ . 

The  engine  is  of  the  eom])ound  tyjH',  ,with  side-by  side  cylinders. 
The  highpretiKun-  valves  are  oi  the  balnnccHl- piston  ty|x\  and  the 
lowpn»wurp  cylinders  are  provided  with  slide  valves  of  similar 
material  to  that  of  the  cylinders  the>"'<p'\<''*-  They  are  accurately 
serap«Ml  up  t<»  the  valve  faces  on  the  cyliiwlers. 

h^»eh  engine  is  tiitc-*!  with  the  eotiipany's  patent  crankshaft 
governor,  which  is  of  sim])le  construction,  and  act.s  on  a  balance*! 
piston  vaJve.  It  is  cla  med  to  l>e  both  .sensitive  and  ])owerful.  and  a 
nnnimum  variation  of  speed  under  extreme  changes  of  load  isassure<l. 
The  crankshaft,  which  is  of  the  balanced  tyi>e.  is  ma<le  sufficiently 
long  to  cArrA-  two  fl\-wheels.  one  on  ach  side  of  the  engine»  one  acting 
as  a  driving  pulley.  In  the  sm.iller  .si/.oP  «if  engine  ehaiti/  Iiibricaticm 
IS   litti-il   to   till    iHirinijs.  and   in  the  Jarger  size^  ring  lubrication^ 


Canadian  and  Indian 

MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 
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SIMPLEX 

WATERTIGHT 
FITTINGS. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912,    1913.    1914  and   1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters,  Preston. 

Telephone  No. 
1045(2  lines). 


HopWOOd  St.  Mills,      Established  1868 

Codes  : 
5th  Edition    ABC 
&   Western   Union. 


PRESTON. 


ilRTTHI 


€TRI€MI 


•^^li^'iphrrp/ 


"^USS 


THE    ALL- BRITISH 
HOUSE  FOR  ACCESSORIES 


ROVAL 


DRAWN  WIRE  LAMPS 


CATALOGUES  ON  REQUEST 
FROM  THE 

EDISON  &  SWAN 

UEI_     CO.,  LTD., 

PONDERS   END 

MIDDX. 


ml 


j-mm^ 


•*>^?ife'^ 


^'^H  PATtNtS 


*^'#?^P;-;|i^'^^'^' 


Bulkhead  Fittings  and 
Hand-lamps  manufactured 
at  our  Birmingham  Works 
in   cast  iron  or   in  brass. 

Supplied  to  Admiralty, 
War  Office,  and  other 
Government  Departments. 


Simplex    Conduits   Ltd. 

Garrison    Lane,    Birmingham. 


London— 

1 13-1 17, Charing  Cross  Rd..W.C. 
Manchbstbr — 

16,  Corporation  Street, 
Glasgow — 

72a,  Waterloo  Street. 
Bristol — 

11,  Denmark  Street. 
Nbwcastlb — 

61-65,  High  Bridge. 


Leeds — 

6,  White  Horse  Street. 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14.  Heathfield  Street 
Cardiff — 

4,  Westgate  Street. 
Aberdeen — 

1,  Crimon  Place, 
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REGULATING 
RESISTANCES 


ISENTHAL 
&  CO. 

'Department    4 

Denzil  Works, 

Willesden,    London,  N.W. 

Contrictori  to  the   Admiralty.  War   OKice. 
India  Office.   Colonial   Office.   Postmaster- 
^       ;Central.  &c. 


i^l? 


NEW 
LIST 
NOW 
READY. 


lM>ariii>{.H  art*  pnividfd.  This  KVKtoin  of  continiioiis  luliricatioii  coii- 
f(TM  I  In-  (ImiKIr  ;ul\aiit;ip"  of  rcfiiilar  and  cfiiciciil  oiling  and  al.'*o  a 
iniisidriiililc  (('unoiny  in  oil  con.Hnniption. 

Tin-  fiM'dwalcr  hcatiT  provided  witli  the  ('<|nipiiu-nt  is  of  the  tubu- 
lar I  v|m- and  raiw.n  \va1«T  ahnosf   lo  l>oiliii^|H»iiii.|Hriic  feed! water 


tlie  :}0  H.v.  size  the  riywJieel  is  5  ft.  in  diameter  and  has  a  width  of 
8  in.,  the  speed  of  the  engine  being  220  revs.  i>er  min.  The  330  h.p. 
size  Is  fitted  with  a  9  ft.  fl>-\\heel,  14  in.  on  the  face,  and  runnuig  at 
ICtO  revs,  jier  niin.  The  30  h.p.  packed  complete  weighs  240  cwt., 
anrl  the  :;30  h.p.  weighs  1 ,280  cwt. 

We  understand  that  a  copy  of  this  interesting  jHablication  will 
l»e  supplied  on  apjilication  to  Robey  &   Co.,  Globe  Works,  Lincoln. 


INDUSTRIAL  LANTERNS. 


Simi)Iox  Conduits  (Ltd.)  have  just  i.ssued  a  list  of  lanterns  and 
reHectors  suitable  fori  industrial  lighting.  Many  tyi^es  are  illus- 
trated, each  specially  designed  for'its  own  particular  purpose.     The 


Laroe  Li<iHT  Pattern  (No.  EtUSti)  for  Inside  or  Oit.side  Use. 

cnclo.sed  type  lanterns  for  half-watt  lanijis  are  of  pleasing  design, 
and  are  strongly  made  and  well  finished.  There  are  also  illustrate<l 
indirect  and  .semi-inditect  iittings  suitable  for  offices  and  iuil>lic 
buildings  wlictf  the  ^'iaic  from  high  candic-iMtwer  lamps  would  Ik-  an 


4# 


I  l< 


t  OMIM.KTK    M:MI    roKTABl.t;    .SlKA.M     KxiilNh- 


is  nut  niixeil  with  the  exhati»!  .ntcnm.  and  it  in.  thrrpforp.  rntin-ly  fn^** 
of  oil.  .let  cniulonm'rs  an-  (itiod  to  thrw  engiiio.H.  and  a  spiMial  form 
of  doulile  a.  lint;  air  pump  ih  uirltjde<l.  which  is«lriven  dinnt  fn»m  the 
entuk  !«haft.  I'owent.  weights*  and  mpflMimiupnt«>  of  the  various  sirw 
o(  thr«H<  ongino!*  am  jrivon  in  Uuh  KngHnh  and  niptrirnl  ligurvs.     In 


SK»i-]\T»iHirT  H\i,K  W\rT  KiTTiNi:  (Xo.  K«>3m;  f.ir  Lar«:e  .\rk\.s. 

objoclion.  .\  .sjipcial  |x)int  is  made  in  the  list  of  the  inexpensive 
ami  Zpp|iplin  ntlertors.  of  which  the  Simplex  Comiwny  have,  we 
imden<tand.  wi'  '  r  thou.sands  within  the  la.st  few  wWks.     The 

new    oiHUvntr.i  l.ctor  sjx'ci.djy   designed    for   workshoj)  an«l 

ofKc^  Io<'al  lighting  is  another  useftil  and  inexjiensive  type.  There 
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mill! 


VICKERS  LiMiTKD. 

Motors  a^iid  Genera^tors  of  slU  types. 


Complete 
equipment 
fox*  the 
electrica.1 

ligfli^tingr 

a,ncl 

drivings  of 

na,cliine 

Shops, 

Fa-ctorieSv 

Plills,    etc 


I»ateiit 

A.titoma.tic 

Reversing^ 

Drive  foi^ 

PIa.chine 

Tools. 


250  K.V.A.  Rotary  [Converter.     6  phase,  50  periods,  480/560  Volts. 
1,000  r.p.m.     Inverted  type. 


River  Don  V^orks,  SH;KFFIE£.I>. 


iiiiiiiiii 


are  also  shown  large  reflectors  for  the  larger  types  of  half-watt  lamps,      description  in  our  columns.     They  have  been  in  practical  use  for  so 
specially  made  for  positions  where  it  is  proposed  to  replace  arc  lamps.      many  years  and  are  so  much  appreciated  that  their  various  forms 

have    become    widely    kno.^n    amongst    central    station    engineers, 


Concentrating  Reflector  (No.  E6333)  for  Workshop  ok 
Office  Lighting. 

The  list  is  attractively  printed,  and  will  be  sent  on  apjilicatioji  ior 
catalogue  No.  620. 


"REASON"  MANUFACTURES. 


A  file  containing  copies  of  their  latest  lists  of  manufactures,  with 
prices,  descriptions,  diagrams  and  illustrations,  has  just  been  com- 
pleted by  the  Reason  Mfg.  Co.  It  is  a  substantial  folder  witli  thumb 
index,  and  its  catalogue  sections  deal  respectively  with  electrolytic 
meters,  demand  indicators,  time  switches,  fuse  i  oxes,  miscellaneous 
products  and  street- lighting  flttnigs. 

The  company's  electrolytic  meters  are  too  well  known  to  need 


Fu;.  1. — Demand  Indicator  wnu  Ci-rrent  Transformer. 
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E.  SHOWELL  &  SONS.  Ltd., 

STIRCHLEY.    BIRMINGHAM. 


Drawn  Shell  Work 

IN  BRASS,  COPPER,  and 
STEEL. 

Any  size 
up  to  8   diam.^  4   deep. 

Sote  Agent  for  the  Electrical  Trade: — 

LIONEL  ROBINSON,  Lo„^<l:„^'w"c: 

Telephone:  Holborn  6323. 


'I'liey  an-  .^old  iinrlcr  a  livr-  years  j^uaraiitw.  mul  aif  .su|)j)li(<l  from 
•jiiitc  Kiiiall  s\7A-s  upwards.  Much  the  saijie  may  l)e  said  for  the 
Wrij^lit  mu.ximum  demand  indicators.  These  are  of  the  thermal 
ty|»c,  and  are  su|)|)hed  in  standard  sizes  for  u.se  on  electricity  con- 
Mumen*'  pn-miKes  and  al.so  for  suhstation  service.  They  are  made  in 
two  and  thn-e-wire  sizes,  and  also  a  pattern  known  as  the  Ahsorljer 
demand  imh'calor.  wliich  is  «lesi>fned  sjx-cially  for  |K)wer  u.ses.  'I'his 
is  more  shiggish  than  the  standard  tyjx-.  tJie  sluggish  action  U'ing 
pnxlueed  by  a  piece  of  iron  placed  in  a  |K)cket  in  the  heating  bulb. 
Indicators  of  extra  heavy  capacity  for  use  f)n  high  vo  tage  supply 
are  fitted  with  t ransfr)rmers  instead  of  shunts.  The  instrument 
shown  in  Kig.  I  it--  connected  to  a  7;5()-ainpere  circuit.      If  it  is  desired 


BELLING 

FIRES 

Over  30,000  in   use. 

Tested  by  more  than  400  Engineers  during  a 
period  of  3  years,  and  generally  recognised  as 
being  "The"  practical  and  reliable  electric   fire. 

A  P.C.  will  bring  our40  page  illustrated  catalogue. 
DT?T     T    TXT/^      Sir      Cr\         ELECTRIC    HEATING 

ESJtyl^l^irSVj    CC    VjKJ,,  specialists. 

DERBY    ROAD,    EDMONTON,    LONDON,    N. 


f(jr  any  desired  j>eriod.  A  thermostatic  cutout,  which  is  of  patented 
construction,  is  inserted  for  a  protection  of  the  solenoids,  in  civse  of 
any  overload  which  would  cause  undue  heating.  The  cutout  coni- 
j)rises  a  resistance  coil  terminating  in  a  bath  cup  fillet!  with  metal  of  a 
low  melting  jKjint.  There  is  a  small  spring  above  this  metal  which 
has  its  lower  end  in  the  metal,  and  should  the  metal  be  melted  the 
spring  is  released,  and  the  circuit  is  interrupted.  The  device  can  be 
re-.set  by  re-heating  the  .soft  metal  with  a  match  and  pushing  a  few 
turns  of  the  spring  below  the  surface,  holding  these  in  position  until 
the  metal  has  solidified  in  cooling.  Fig.  2  is  an  interior  view  of  a 
change-overiswitch  (Tyjx?  KW  IB).  These  switches  can  be  sup- 
plied in  cast-iron  bo.xes  and  rendered  completely  waterproof.     They 


li. 


Ki.M'riiicM.i.Y  w<iit:(|i 


Cm  \MiK  M\  r.K  TiMK  Switch. 

to  oblam  the  load  of  a  particuliir  cirruil  during  anv  s|M-ci(ic  jtcriod. 
the  diMiiiind  indicator  j-an  Ik*  eniplo>ed  in  <  <>niun<tioM  witli  a  time 

NWitcll. 

A  full  range  nf  time  Hwitches  is  olT««re<l  by  the  ...mi.any.  and  tlicse 
may  Ih«  divide<l  into  two  prm<'i|tjd  claKse.H  (I)  electrical.  (2)  h;in<l 
Munnd.  The  elect ricMlly«nun«l  |witteni  in  suitable  for  automatic 
control  of  HinM't  lighting.  f<ir  ime  in  connection  with  ••lectrie  sign-, 
for  n'strict«Hl  hour  s<Tvice  supply  and  for  two  rate  nieten*  'V\\<- 
xtamlitnl  s«ilt|.e.«  an«  of  2  jiiii|»en-  capacity.  The  other  wizes  will 
miernipt  circuit  for  l.*»iim|ien'  and  2.')-ampen>  ca|>aeity.  The 
action  pmvidoN  for  lM>lh  iiuick  make  and  tpiick  bn«ak.  A  w-lective 
device  in  pn>vide<|  whereby  the  switch  can  Im-  nndennl  ino|ierative 


Fic).   3.  — (   IKKKM     bl.MITEK. 


cm  also  !«•  miiuiit<il  on  l)oards  in  coiijunctioii  with  circuit-breakers, 
meters  or  other  devices.  Where  time  switches  for  continuous 
cMirrent  aUive  2"»amiKTe  capacity  are  needed,  an  electrically-operated 
circuit -bn-aker  is  included,  and  tliis  is  l)n)Ught  in  and  out  of  einMiit 
iiy  means  of  u  tiiiu-  swit<'h. 

S<*etio-|  4  of  the  catalogue  contains  leaflets  dealing  with  Hoa.'*<tii 
house-service  fuse  Intxes.  These  can  be  sui>plied  one.  two.  thn»e  and 
fonrway.  and  an-  litte<l  in  ca>it-inin  l)o\es  with  ,>«uitablc  U-ll  mouth 
cable  entrie»».  or  screw  cable  entry  aeeording  to  requirements.  Capac  i 
ties  fnim  l')-am|x'n'  to  2.V»  am|H>n»  ]x>r  wav  ar«'  manufactured,  hi 
each  .-aw  the  eomjwnys  bridge  fuses  (TyjH^s  FB  1  and  FB  2)  an- 
utiIiM«d.     In  the  same  section  are  jmrticuiars  of  split  sealing trougli^ 


I)r.iinini:   of   r,-\blr   Trenches,   Transformer  Chambers.  &c. 

SPECIAL 

PORTABLE  HAND   PUMP. 

All  Rr«M      with  VH   I    Tripod    hmcH    Knd  R«.f       Of  InthuMf  Hiindlf  »nd  SlrtlBtr. 

RELIABLE    COMPACT    SUBSTANTIAL. 

"-•'•f'-THI     UWRfstI      CUVST    WATIR     SOKTISJK      K.       (O       1  1H 
t'.«rliiiniml    MunOom      Wnlininttr' 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 

AUTOMATIC  HEAT  CONTROL,  MELT  WITHOUT  OXIDATION. 

PATENT   MIXEP    PRODUCES   HOMOGENEOUS   ALLOY. 
M.o    Hp«t-Controlled    FurnAcei  foi    Heatins    the   Moulds. 

MONOMETER.  Ltd..  22.Whitehouse  St..  Aston.  Birmin^hain 
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WRITE    FOR  PARTICULARS    OF    FOURTEEN     GRADES    OF 

British-Made  Resistance  Materials 


TO:- 


MAKERS! 


S      HENRY  WIG6IN   &  CO,  Ltd., 
George  Street,  Birmingham. 


AGENT: 


^ 


TCI  fPHONl  :  6400  CFNTRAL 

'       '-^ GRAMS      ■•  WIUQIN  BIHMINdHAV 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.G. 

J  PI  pPHONE:  6323  HOLBORN 

'  '-'-'-GRAMS'  "tERRYDOM.    LONDON.- 


for  twin  cables,  for  concentric  cables  and  for  single  cables,  for  use  in 
connection  with  the  wiring  up  of  these  fuse  boxes. 

Section  5  ,of  the  list  contains  pamphlets  dealing  with  electro- 
magnetic current  limiters.  Fig.  3  is  an  illustration  of  the  standaril 
pattern  of  these  instruments,  which  are  made  to  deal  with  currents 
from  0-6o  ampere  to  12  amperes.  The  solenoid  is  connected  in  scries 
with  a  j^air  of  mercury  cups  into  which  a  copper  bridge  at  one  end  of 
a  curved  })lunger  is  dipped.  When  the  amount  of  current  specified 
is  exceeded  the  plunger  is  drawn  into  the  solenoid,  and  the  bridge  is 
lifted  clear  of  the  mercury  cups,  thus  breaking  the  circuit  ;  this 
interraption  de-energises  the  coil  and  the  bridge  again  falls  iiito  tlie 
cups  and  re-establishes  the  circuit.  This  action  produces  a  flickering 
of  the  lights,  and  is  repeated  until  the  current  passing  through  the 
apparatus  is  reduced  by  turning  off  one  or  more  lamps.  The  instru- 
ment is  adjustable  for  current  by  movement  of  a  pointer  over  a 
clearly  marked  scale.  We  understand  that  the  insulation  of  the 
instrument  is  high,  and  that  there  is  a  very  low  voltage  drop  through 
it. 

The  complete  file  referred  to  above  is  obtainable  on  application 
from  the  company  at  their  offices  and  works,  Lewes-road,  Brighton. 


"EFESCA"  LANTERNS. 


The  adjoining  illustration  has  been  selected  from  the  new  cata- 
logue (No.  409)  issued  by  Messrs.  Falk,  Stadelmann  &  Co.,  which 
describes  a  variety  of  lanterns  for  half-watt  and  high  candle-power 
tungsten  lamps  for  shop,  industrial  and  open-space  lighting.  The 
lantern  illustrated,  known  under  the  trade  name  of  the  "  Gayton," 
is  supplied  with  vitreous  enamelled  iron  casing,  dark-green  outside 
with  white  enamelled  internal  reflector  and  opal  globe.  There  is  a 
ventilated   globe- ring  litted  with  bolts  and  wing  nuts,  and   safetv 


Ferranti  Ltd 

Central  House,  Kingswav,  London.  W,C. 

SWITCHOBAB.   TBANSF0BMEB8.  METEB8. 
ELECTBIC    HEATINQ   ft   COOKIHG    APPABATUS. 

Write  fr  JBinder  "  N." 


chains  are  provided  for  lowering  the  globe  for  cleaning  purposes  or 
lamp  replacements.  This  is  offered  in  two  sizes,  one  20  in.  long  for 
one  half-watt  500  watt  lamp  and  one  29  in.  long  for  one  half- watt 
1,500  watt  lamp  ;  in  both  inlets  are  screwed  h  in.     This  lantern  gives 


'li:ic  ■"  (Jayton  "  Hai.f-watt  Lanti:i;x. 

the  maximum  light  at  an  angle  of  .")0  per  cent,  to  the  vertical.     In  the' 
same  list  are  included  particulars  and  prices  of  a  number  of  other 
types  of  lantenis  for  one  lamp  or  for  clusters.     Thej-  are  offered 
suita,ble  for  attaching  to  screwed  supporting  stems  or  for  suspension 
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D.  &S. 

HANDLE  "FUSES. 

50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
\A/ire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 


THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SWITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 

^^"    MANCHESTER. 


from  iiisiijiitiiif^  liooks.  A  scries  of  iwlvcrtisiiig  .screens,  provided 
with  hollow  bars  shaped  to  the  arc  of  the  reflector,  can  Ije  .supplied 
for  use  in  conjunction  with  a  nnrnher  of  these  lanterns.  The  screen.s 
are  .senii-he.vafional  and  two  sizes  of  panel  are  listed,  one  10]  in.  deep 
l>y  «i  in.  wide,  and  the  f)ther  4.1  in.  deej)  hy  8^  in.  wide. 

Some  rather  attra'tive  styles  of  ornamental  hrackets  are  included 
in  the  list  anri  are  recommended  for  lujtels.  public  buildings  and 
vpHtibules,  &c.  .Amongst  the  accessories  described  and  priced  in 
the  list  are  cast-iron  wafcr-tiglit  shackles  witli  and  without  insulated 
reels,  ball  joints,  goliuth  and  standard  K.S.  holders.  There  is  al.so 
u  page  devoted  to  spare  glol)es  for  the  various  types  of  lanterns  dealt 
with  in  the  catalogue. 


AN  INTERESTING  PORTABLE  PLANT. 

The  uses  of  the  |)etroIparafhn  engine  have  been  considerably 
extended  during  the  present  «ar.  and  it  is  jirobable  that  the  in- 
eroJised  exfK'ricnee  with  this  cla.s.s  nf  small  |)rime  mover  wili^result 


every  day  for  war  purpo.ses,  but  it  is  not  e-vix-dient  to  refer  to  any  of 
these  and  our  reiwlers  must  wait  patiently  until  peace  is  declared  for 
the  fullest  information.  The  chief  problem  of  equipments  of  this 
character  is  to  obtain  the  maximum  amount  of  power  while  having 
the  utmost  regard  for  the  complete  portability  of  the  plant.  In  a 
previous  issue  we  des;ribed  a  unit  in  whicli  engine.  djTiamo,  fuel  and 
lubricatmg  tank.s.  switchboard  and  circulating  water-cooling  gear 
were  brought  within  the  compass  of  a  single  bedplate.  We  now 
illustrat*'  another  ty|K'  in  which  engine,  fuel  and  lubricating  tank 
and  radiator  gear  are  for  purposes  of  portability  made  independent 
of  each  other.  This  out.'it  is  suitable  for  Held  workshop  .service  and 
has  a  capacity  of  IS  kw.  The  dynamo  is  driven  by  a  standard-type 
|H'trol  engine  iittcd  with  four  cylinders  and  usual  governor  gear  for 
ensuring  close  regulation  under  varying  loads.  The  lubricating  oil 
and  fuel  tanks  are  each  mounted  .separately  on  pillars  rising  from  a 
heavy  floor  stand.  The  dynamo  and  engine  are  placed  on  a  6-wheel 
bogie.  The  radiator  and  cooling  fan  are  also  mounted  on  a  similar 
bogie,  and  the  fan  is  dri\en  by  a  small  electric  mot  jr.  which  derives 
its  energy  from  the  main  dynam  ).  The  inlet  and  outlet  circulation 
waterpi(K*s  are  connected  with  the  top  and  bottom  of  the  radiator 


.\l  sriS    I'oKTAIll.K    I'KTHoI.   rAlCAKFIN    SkT   WITH    Sk1'.\K  \TK    HaIHATOU    A\»    KlKl.    AND    Oil.     TaNKs. 

Ill  the  inlrorliK Hull  nt  iiu|Kirtaiit  impiiivenwiits  \\hi(h  will  make  for  ea.se  by  tle\il>le  armoured  hose.  We  arc  indebted  t«i  tlic  .\ustin 
inereii^<ed  ernii'imy  and  ge  eral  reliability.  There  must  be  a  con-  .Motor  Co..  Northlield.  Hirmingham,  the  makers,  for  the  illustration 
»i«leral)le  niimlM-r  of  |K't ml  pariiMiii  dyimnio  engines  being  turned  out       .iihI  the  f«)n'going  imrticulars. 


H.  Wei<lti:ia.m:i,  Ltd.,  Ra.ppers'wil, 


MAKERS     OF 


MATERIAL 


Prcs.tpan. 


PRESSPAN     AND     INSULATING 

Pi-e.S.sl>OJ*.rcl     |>rc<i<ipan     in     SJicpis.    Rolls     and     Tapes.    Oiled 

lll.uk    I'r <-ssp.i n.    I'rcsspan     I dln-s   and   Siamplnifs. 

AiniiinitC       \  nil  ^itiisrtl      \sliosliis     Coil    Frames.    Spools   for    Apparatus.    Dynamos, 
Motiirs    .'.nil     Iransforniors.      Insiilniinir   DIocks.    ■rul>e»,   I'lalcs.   liiixcs.  5cc. 

Klllcelite  ^If  Cortlitcr    hinli  tmsU.n  material  Handles  of  s»  ilchuear  and  Hoatinu 
Vei'it.iiiis.  (  unlit. II.T   Insulation.  Moulded  Pieces.  Terminal  Covers  of  all  kinds. 

Ast»CStoS-CcmCTlt  in    I'lates.   Arc   .Shielda  for  Controllers,  flee. 


S^%vitzerla.ncl. 


■PPHRXv^        ^ 


Mica    and    Snbstilntrs.   InsiiLitinv   Pearls.   Transformer    Spiwls. 

Japjnosp    l"elt    and    Paper    in    rolls    an  I    tapes. 

Oil-V«rnishc;1    Linen.    Uiavonil   Tapes.  Oil-N  arnished    Silk    «c    Paper. 

Artificial    Leather   Oi^cs  for   Friction    Drive. 

Insulators   for   F-lectric   Furnaces,   Tramway*,  fltc. 


I,  ^  a.1.3  .i.  ^MLISBwKt'  UU'wRT,   Mr. 


uwiii.",.'ii,  r.«..^AT,  Ai ---i,.  IS,  i?i<>. 


'ing  and  Publishing  Offioas. 
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4>     The   Round   Table.     ^ 


Event  of  the  Week. — The  British  Commercial  Gas  Associ- 
ation asks  the  public  to  apply  to  it  for  a  Paper  on  "  Colour 
Matching);  by  Artificial  Light,"  written  by  an  Associate  Member 
of  the  Institution  of  EJectiical  Kngineers. 

*  H:  >;-  * 

It  is  reported  the  Wimbledon  Corporation  has  decided  that 
in  future  street  lamps  be  turned  out  at  midnight  each  day. 
Incidentally,  this  is  the  only  way  the  Corporation  can  get  even 
with  the  Government  over  the  street  darkening  regulations. 

^         >ii         ^         ^ 

Thus  the  "  Surveyor  "  (my  italics)  :  "  Having  regard  to  the 
difficulties  which  have  recently  arisen  in  connection  with  public 
lighting,  we  think  it  might  be  of  interest  to  our  readers  to  give 
some  brief  notes  as  to  the  poivers  possessed  by  local  authorities 
for  the  lighting  of  streets. 

^  ^  ^  ^ 

"  Indian  and  Eastern  Engineering  "  says  : — 

We  understand  that  it  has  been  decided  to  equip  the  Ordnance 
Quarters  at  Dum  Dum  with  electric  hght  and  fans. 

In  other  words,  gas  and  other  illuminants  have  been  given  the 
bullet. 


mg 


I  am  sure  "  C.  T.  S."'  Brooking  will  be  amused  at  the  foUow- 
from  a  correspondent  who  attempts  the  solution  of  the 
*■  T.R.C.P."  problem  set  b)-  the  Institution  of  Electrical  Engi- 
neers in  its  new  wiring  rules  :  "  Dear  KVA.  :  Re  "  T.R.C.P.' 
Brooking  mentioned  in  issue  of  March  31,  I  do  not  know  the 
gentleman  personally,  but  it  may  be  that  'T.R.C.P.'  may 
aptly  signify  '  That  Rather  Corpulent  Person.'  I  don't 
usually  rise  to  such  heights,  but  the  war  broadens  one's  views, 
and  a  Hot  Plate  in  the  offing  would  be  welcome." 

I  «t*  *t^  n^  'I? 

Brooking  is,  or  was,  not  corpulent  when  I  saw  him  last,  but 
he's  certainly  "chirpy,"  which  will  fit  in  just  as  well. 

^         ^         ^         ^ 

My  starting- placf;  will  be  Ludgate-circus,  whore,  it  seems  so  many 
years  ago  now,  the  ever-changing  red-white-and-green  electric  lights 
used  to  cheer  us  all  up  with  the  news  that  somebody's  stuff  was  better 
than  any  one  else's.  Next  I'll  saturate  myself  in  the  floods  of  light  from 
the  newspapei  and  other  offices  in  Fleet-street,  work  up  the  Strand,  and 
revel  in  the  blaze  of  light  outside  the  theatres,  bask  in  the  brilliance  of 
Lieoester-square,  then  bathe  myself  in  the  blaze  of  Piccadilly-circus  and 
the  adjoining  thoroughfares. 

Then  saunter  slowly  back  to  Ludgate-circus,  all  the  time  revelling  in 
the  fairyland  of  light  that  has  suddenly  appeared.  Then  back  again, 
and  back  again,  and  back  again,  backwards  and  forwards,  all  the  time 
that  the  blessed  light  lasts,  bathing  in  it,  plunging  in  it,  swimming  in  it, 
winking  at  it,  blinking  at  it,  basking  in  it,  gloating  in  it,  throwing  it  over 
my  head  with  both  hands,  saturating  myself  in  it.  Ah,  life  will  indeed 
be  worth  living  once  again  ! 

And  when  the  happy  lights  have  retired  for  the  night,  I  will  point  home- 
wards and  board  a  tram  in  which,  joyful  in  their  release  from  ages  of 
travelling  in  the  Land  of  Shadows,  the  passengers  will  look  each  other  in 
the  face  for  the  fiist  time  for  many  years,  and  say,  "  It's  grand,  isn't  it, 
to  be  able  to  see  one  another  again  ?     To  know  who  is  your  neighbour." 

Don't  be  alarmed.  The  above  is  merely  the  idea  of  "  Orion," 
in  the  "  Daily  Express,"  of  what  will  happen  in  London  on 
peace  night.  Personally  I  am  quite  unmoved,  because  I  have 
a  7/16  service  into  my  house  and  shall  be  able  to  outblaze  all  my 
neighbours. 


PLATINUM  for  WAR  MATERIAL 

supplied       by       permission       of       the 

MINISTRY  of  MUNITIONS. 

J.  BLUNDELL  &  SONS, 

GOLD,  SILVER  S  PLATINUM  REFINERS.  199.  WARDOUR  STREET,  W. 


'Golsllplat,  Ox.,  London." 


4746  Orrard. 


I  am  asked  to  deny  that  Mr.  S.  L.  Pearce  (who  is  now  con- 
sulta)it  for  Rochdak",  Chesterfield  and  Stafford)  has  accepted 
tlie  presidency  of  the  Association  of  Consulting  Engineei"s, 
otlieiwise  known  as  the  A.C.Ii.     This  does  not  mean,  however, 

that  lie  has  got  a  handful  of  trumps. 

*  5iS  *  :si 

Quoth  Z  fa  Briton  who  floated  a  mine, 
.\nd  filled  it  with  German  machinery  fine) 
■'  Patriotism  I  have,  and  to  .spare. 

But  floating  a  mine's  quite  another  affair." 

When  war  broke  out  he  wa.s  on  the  foam. 
And  bribed  the  captain  to  hurrv  him  home  ; 
But  now  lie's  down  in  the  fatliomless  brine. 
For  his  friend  the  Kaiser,  hud  flouted  a  mine. 

[V.xnrj)  in  Glover's  Alinrtnar. 
^  ^  ^:  ^ 

Why  run  a  car  with  an  18-guinea  tax  when  you  can  travel  in 
an  ail-electric  like  this  ? 


OUR  HOT-PLATES. 
No.  207  to— 

Mr.  Rankin,  B.Sc,  for   his    "  snap-and-ginger "   Paper  on 
"  Speeding  up  in  Factory  Production,"  read  before  the  Junior 


Institution  of  Engineers. 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  April   19,   1879.] 

The  Telephone  without  a  Diaphragm. — Some  experiments 
bearing  on  the  origin  of  the  sounds  produced  in  the  telephone  (a  point 
much  disputed  lately)  have  been  made  by  M.  Ader,  who  says  that  he 
has  not  only  been  able  to  make  a  telephone  speak  without  a  diaphragm, 
but  to  make  it  speak  louder  and  with  less  alteration  of  the  voice 
than  in  the  ordinary  telephone.  He  reduces  the  dimensions  of  the 
magnetic  core  to  those  of  a  simple  iron  wire  1  mm.  diameter  ;  one 
end  of  which  is  fixed  to  a  wooden  board.  A  small  coil  of  fine  wire  is 
added,  and  a  microphone  spt  iker  is  employed.  Putting  the  board 
to  the  ear,  speech  is  heard  distinctly,  but  the  somid  is  greatly  in- 
creased if  a  metallic  mass  be  applied  to  the  free  end  of  the  iron  wire  ; 
one  can  then  hear  at  10  cm.  to  15  cm.  If  the  iron  wire  be  in  contact 
at  both  ends  with  metallic  masses,  a  better  effect  is  obtained,. but  the 
two  masses  must  not  communicate  with  each  other  metalhcally. 
M.  Ader  also  finds  speech  reproduced  from  a  simple  bobbin,  without 
magnetic  core  ;  but  the  windings  of  the  wire  must  be  very  loose,  not 
pressed  together.  If  they  have  been  dipper  in  gum-lac  no  sound  is 
heard,  unless  an  iron  wire  or  magnetic  needle  be  placed  in  the  bobbin, 
or  a  helix  interposed  in  the  circuit  of  the  first,  the  ends  of  these 
organs  being  attached  to  the  board  on  which  the  bobbin  is  fixed.  M. 
Ader  is  led  to  agree  with  M.  Du  Moncel  that  the  sounds  produced  by  a 
magnetic  core  are  probably  the  consequence  of  shortenings  and 
lengthenings  of  the  magnetic  rod,  through  rapid  magnetisations  and 
demagnetisations. 


THE  HAGSTROM  ARC  LAMP  CARBON  CUTTER. 

Will  sever  carbon  without  crushing^.  Leaves  straight,  clean  edje. 

Adjustable  and  non-adjustable  types  supplied. 


THE   L.P.S.    ELECTRICAL   CO..    18,   Adam   Street.   Strand.   London.   W.C. 

P}ione:  Regent  iZib.     Code:  ABC  5th  Edition.     Teteg.:  "  Engineyor.Westrand.  London. 
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SIEMENS 


ELECTRIC     MOTORS 


Part  of  small  Motor  Shop, 
Stafford  Works. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Hi.a;,  Oiii.^h:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 
Telephone:  Cerrard  860.  Telegrams:  "  Siembralcs.  Vic,  London." 

Supplie*  Dept. :    38  &  39,  UPPER  THAMES  STREET.  E.C. 

Telephone  :  City  5350.  Telct;r.ims  :  '  Siemc  tc  r.  Cent.,  London." 

HOME  BRANCH  ADDRESSES' 


BlRMIMOHAM— Ontr.-.l  Ho..  Nex  St. 
Bristol— 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Cl  A330-.V     66,  W.-.terloc  Street. 


r/A;.cHESTER— 1%.  Deansgate.    . 
Newcastle-  64-68,  Collingwood 
Sheffield— 22,  High  St.        [Bldgs. 
S-VTHAMTT-N  -  46.  Hiph  Street. 


Brnnchns   in    Principal  Towns    Abroad. 


ELECTRIC  SELF-CRARGER  VEHICLE. 

Tlio  ilniiK  ( ;ir  iiwiici  wJHi  kiii)W>  aiis  ihiiit;  al»()ut  lii,><  prfijHTfy 
knows  thiit  if  lie  could  K^t  ''i><  Itattcry  chiirm-d  cvcrv  few  miles,  or 
••vor)'  tinip  it  nccfltKl  it,  or  c-ontinuouHly  chiirgcd.  he  would  only  need 
liiilf  lus  liij;  a  Imtti-ry.  I>»'t  liitii  iinajriiic.  then,  that  he  lias  di.scardcd 
liiilf  liiH  hatti-ry,  and  in  it.s  jila<T  insfalli'd  ii  little  |K'tml  i-iif^iiu-  and 
dynamo  to  charKo  the  remaining  lmtt<»ry.  The  next  ohviou.s  .stop 
would  Im-  to  discard  the  dynamo  and  use  the  vehicle  motor,  driven 
hy  the  engine,  iih  a  dynamo.  J'ut  the  engine  and  motor-dynamo  on 
the  xame  driving  Mhaft.  with  only  a  nuignetie  ehiteh  Iwtween  them, 
arriing«'  the  controller  wo  that  the  car  may  Im>  driven  Ity  either  the 
engine  or  the  motor,  and  that  when  the  engine  is  doing  the  driving  it 
IN  hIho  driving  the  dynamo  and  charging  the  Imttcry.  and  you  have 
n  general  iilea  of  the  ]irinciple  of  the  electric  self  charger. 

i/et  the  |M'trol  car  owner,  on  the  othir  hand,  lonk  at  it  thi.s  way  : 
Me  already  hiiM  iih  |M»rt  of  Iiin  enr  e«{uipment  a  Ninall  storage  Imttt-ry 
and  a  dynamo  motor  which  chargcH  the  l)alt<'ry  and  starts  the 
engine,  l^-f  him  imagine  that  <i\  :.amo motor  iiK  n'as«><l  in  size  until 
it  in  liig  enoii^;!)  to  run  his  car,  and  the  Htorag*-  hattery  eorrespond- 
ingly  enlargi'd.  The  |MMroi  engine  eouM  then  Im-  nnich  smalhr. 
iH'caiiHe  it  Would  not  Ih-  um<d  for  starting  and  acceleration  the  things 
that  an-  n's|M>n.sihlc  for  idl  the  excens  |)ow)>rof  the  regular  |M'trol  car. 
The  new  car  is  huilt  on  a  whe«-l  l>am«  of  III)  in.,  with  win-  wImh-Is 
nnd  coni  tyreH  n^  NtandanI  e<|uipment.  I'nderlhe  n-ar  I'ihkI  is  the 
20  cell  liallery.  with  s)>j»cc  left  inside  the  hixnl  for  a  sfwtn'  tyre  an 
iiiuisiial  liiit  desiralile  location.  I  nder  the  fniiit  IhmmI.  which  is 
that  of  a  Htn-am-Iine  jwtml  car,  arc  the  engine  and  dynamo  motor. 
The  engine  is  a  four  lylinder  water  c.hiIivI  unit  of  ap|tn>\imatel\ 
ID  u.v.  which  has  ])n>\ed  ample  for  all  conditions  and  emergencies, 
as  will  Im'  explaiiKsi  later.  It  ih  dinvt  e«mnntrd  through  a  magnetic 
•  lulch  with  till'  mot«»r,  lM»th  Ix-iug  on  thi>  din><  t  dnving  shaft.  This 
magnetic  clutch  t-onsists  simply  of  two  iroi  <liscs.  The  one  on  the 
end  of  the  engine  shaft  nrt«  m  a  Hywhet^l  and  the  one  on  the  mot., 
whaft  carries  a  small  magnit  ...         irnnl  thmugh  which 

elTectually  l.wks  the  twodi  ;■  oupimjj  the  engine 

anti  dynamomotor  aiul  the  transmiwiion  shaft  of  the  car.  The 
motor  is  a  statidard  six  jxile  m.-^chine  of  appmximately  the  sa'ue  ^i7:e 
R«  is  uso<l  in  a  conventional  electric  ear.  Its  only  j»e<uliantv  is  it*« 
jidju.stment   to  operate  as  an  eftieirnf  dniamo  or  generator  when 


driven  by  the  engine.  It  is  permanenth-  attached  to  the  driving 
haft,  and  runs — either  as  motor  or  generator — whenever  the  car 
runs.  The  battery  has  20  cells  of  the  standard  .size  former]}-  u-sed  in 
the  40 -cell  straight  electric,  and  therefore  is  just  half  the  former 
^izc. 

The  control  exactly  resembles  that  of  a  petrol  car.  It  consists,  in 
its  visible  parts,  of  a  .sector  with  two  finger  levers  mounted  above  the 
steering  wheel.  The  outer  lever  is  the  electric  controller,  and  the 
inner  one  controls  the  engine.  The  outer  lever  works  directly  through 
a  ro<l  in  the  steering  shaft,  on  a  rheostat  controller  which  governs  all 
the  necessarj-  electrical  connections.  The  inner  lever  has  one 
electrical  function  :  As  soon  as  it  is  moved  up  from  the  neutral  or 
dead  jxisition  it  actuates  the  magnetic  clutch  and  connects  the 
motor  and  engine.  The  motor  turns  over  the  engine  and  starts  it  in 
the  usual  manner.  As  soon  as  the  engine  is  running  at  speed  it 
tunis  the  motor  into  a  generator  and  charges  the  battery.  At  the 
>ame  time  the  engine  drives  the  car.  However,  when  both  levers 
.ire  up,  the  engine  and  motor  both  drive  the  car,  giving  sufficient 
|K)wer  and  sjxM-d  for  any  occasion. 

'i'he  motor  can  drive  the  car  alone,  w  hile  the  engine  is  still.  The 
engine,  however,  cannot  drive  the  car  without  also  running  the  motor- 
dynamo  an<l  charging  the  battery.  All  j)ower  not  used  in  dri\ing  is 
stored  in  the  battery;  coasting  either  doA^ii  hill  or  on  the  level 
charges  the  battery.  A.ssuming  the  car  to  be  standing  still,  the 
driver  moves  the  outer,  or  electrical,  finger  lever,  and  the  car  starts 
as  a  pure  electric,  motor  driven  from  battery.  It  quickly  attains 
!.">  or  20  miles  an  hour,  or  whatever  the  desired  speed  may  be.  The 
driver  may  then  continue  to  drive  electrically  ;  or  he  may  move  the 
inner  lever  and  .so  start  his  engine.     Both  engine  and  motor  are  now 


An  Amkkicax  Pktr  oi.- Electric  P.v.ssf.nckr  Vehicle. 

driving  the  ear.  If  road  conditions  are  severe,  or  there  is  hill  climb- 
ing to  <lo,  the  dual  drive  may  be  continued.  Otherwi.se  the  driver 
next  nmves  the  outer  or  electrical  lever  back  to  neutral.  The  engine 
is  now  «lriving  the  car  and  running  the  motor  as  a  generator  charging 
the  batt«'rv. 

The  dri\cr  wishes  to  stop.  He  presses  on  the  single  foot-lever 
w  hich  operates  the  brake.  If  the  motor  is  driving,  the  first  movement 
of  this  fiMit  lever  shuts  otT  the  current.  In  anv  case  it  short-circuits 
th«'  motor  Ihniugh  a  resistance,  making  a  magnetic  brake.  Further 
movement  of  the  brake-lever  acta  on  the  regular  band  brakes  on 
the  H'ar  whei'ls  and  stops  the  car.  If  desinMl.  the  action  of  the  oar 
may  Ih>  largely  c<in1rolle(i  with  the  foot  lever.  There  is.  of  course, 
no  eluteh  lever,  U-cause  there  is  no  clutch  in  the  ordinary  sense  ot 
the  won!.  .Ami  as  there  are  no  p«'ars.  there  is  no  lever  corresjvindinL: 
to  the  ge.ir  shift  lever  on  a  jH-tioi  car.  Kven  the  braking  for  most 
st«»pH  is  amply  pnivi«Ie<I  for  by  the  reverse  magnetic  effect  of  th< 
short -circuito*!  mot<»r  when  the  tinger-lever  is  moved  back.  .  Reverse, 
which  is  purely  ele<tric,d.  is  ojM-rated  with  a  short  he<>l-lever  ju^t 
ha.  k  .if  the  rlriver's  f»x)t.  It  simply  rpTerses  the  electric  mot<»r 
with.mt  .'hanging  any  shaft  or  gear  connections.  .-  - 

Th"  WtHxIs  tost  m.Klels  which  have  Ix^en    driven  for  hundreds  of 


LEAD  MELTING  FURNACES 

For  CabU  and  Pipe  Prette*.  Accumulator  Grids,  elc. 

WITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL 

t.N  s   SAMNG    IN    RESIDUE. 

MONOMETER.  Ltd..  22.Whitehouse  St..  Aston,  Birmingham 
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The  Electric  &  General  Works,  Ltd., 

15,   Victoria   Street,   London,   S.W, 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


CLOSED. 


ELECTRICAL    APPARATUS    up  to   80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegrams:    "GABIONAGE  VIC.  LONDON. 


miles  into  the  country  about  Chicago  in  all  sorts  of  weather  and  road 
conditions,  have  been  making  about  30  miles  per  gallon — and  mean- 
time charging  the  battery  for  an  additional  10  or  15  miles  on  the  same 
gallon.  This  economy  seems  extraordinary  and  almost  incredible  ; 
but  it  will  be  understood  by  any  one  who  is  familiar  with  the  reasons 
for  the  regular  petrol  car's  extravagance.  This  preliminary  descrip- 
tion of  the  new  Woods'  car  cannot  pretend  to  be  adequate,  and  will  be 
followed  shortly  by  a  technical  explanation,  with  photographs  and 
diagrams.  But  even  before  that  official  article  appears  we  think 
both  electric  and  petrol -car  men  will  agree  that  the  Woods'  "  auto- 
matic ' '  car  is  the  most  interesting  development  of  the  season  ;  for 
it  seems  to  discard  the  disadvantages  of  both  types  and  combine  their 
advantages  with  surprising  results. — "  Electric  Vehicles,"  Chicago. 


} 


A.C.  AND  D.C.  SMALL  POWER  MOTORS. 


The  small  power  motors  described  in  List  No.  7201  have  been 
developed  to  meet  the  increasing  demand  for  machines  of  small 
capacity,  which  are  inexpensive  in  addition  to  being  efficient  and 
reliable  in  operation.  These  motors  are  compact  and  light  in  weight 
and  are  neat  and  attractive  in  appearance.  Their  design  and  con- 
struction render  them  suitable  for  service  to  which  small  motors  can 
be  adapted.  It  is  stated  that  they  have  a  liberal  overload  capacitj', 
and  will  operate  at  their  full  rated  load  continuously  with  a  low 
temperature  rise. 

These  A.C.  and  D.C.  motors  are  standardised  for  the  following 
J'atings  : — 


Circuit. 


Single -i)haso  A.C!.  .. 

n  »)  »> 

Continuous  current 


Type.      Horse-power.'     Voltage,        Frequency 


SA 
SDA 
HI)  A 
SD 


1/50  to  1/2  i 
1/200,,  1/15  i 
1/200,,  1/15 
1/50    „  1/2  ' 


110  and  220   '     50cvcles. 


Standard  motors  are  of  the  protected  type,  but  for  special  con- 
ditions totally- enclosed  motors  can  be  supplied  to  order,  and  par- 
ticulars of  these  can  be  obtained  on  application. 

The  type  S  D  continuous-current  motors  shown  in  Fig.  1  are  shmit 
wound  for  1/50  h.p.  to  1/10  H.p.,and  compound  woimd  for  1/10  h.p. 
to  J  H.p.  In  practice,  it  has  been  found  that  compound-  wound  motors 
are  a  most  suitable  type  for  the  majority  of  applications  requiring 
continuous-current  motors  above  1/10  h.p.,  as  they  have  a  higher 
startmg  torque  than  shunt  motors,  while  the  speed  regulation  is 
sufficiently  constant  to  satisfy  all  ordinary  conditions  of  service 
AppHcations  which  require  continuous-current  motors  below  1/10  i.P. 
may  be  served  by  shunt-wound  motors,  as  the  starting  torque 
required  is  not  usually  large,  and  the  initial  current  rush  is  not 
objectionable  in  the  smaller  motors.  Series  wound  motore  are  used 
only  in  special  cases  where  the  load  is  constant  and  permanently 
connected  to  the  motor. 

The  type  S  D  A  motors  are  designed  with  series  characteristics, 
and  are  suitable  for  service  in  wliich  the  exact  load  to  be  connected 
ta  the  motor  is  known.     They  are  made  in  two  forms,  one  for  A.C, 
and  one  for  D.C.  circuits,  and  are  similar  in  construction  to  the  type 
S  D  motors,   special   care   being  taken  in  designing  the  core  and 
windings  to  ensure  good  commutation.     Tiie  starting  current   of 
these  series  motors  's  approximately  three  times  the  normal  full  loa.d 
running  current.     The  type  8  A  alternating-current  motors  shown  iii 
Fig.  2  are  of  the  split-phase  induction  type  with  rotating  held,  tho 
primary  winding  being  placed  on  the  rotor  and  connected  direct  to 
the  line  while  the  secondary  winding  is  placed  on  the  stator. 

All  protected  type  motors  are  rated  for  continuous  service  with  a 
temperature  rise  not  exceeding  40°C,  Totally  enclosed  motoi-s  are 
similarly  rated  but  with  a  temperature  rise  not  exceeding  oo^'C.  All 
motors  have  a  juomentary  overload  capacity  of  50  per  cent,  without 
injurious  heating  or  sparkuig.  Protected  tyj)e  motoi-s  have  an  over- 
load capacity  of  25  per  cent,  for  half  an  hour.  Totally  enclosed 
motors  are  not  suitable  for  other  than  momentary  overloads. 
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Manufacturers  of 

PHOSPHOR  BRONZE, 

6UN  METAL,  MANGANESE  BRONZE, 

Bra88  &  Copper 

T'jbes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

BIRMINGHAM. 


*T\ui  D.r.  inotoPH  liHted  for  1 10  volts  will  ofjcnitc  satisfactorily  on 
any  voltafro  ImiIwcimi  KM)  and  I2(».  aiirl  those  for  220  voIt«  are  suitable 
for  2<M)  l()^240  voitn.  'j'lie  ,\.('.  motor-H  will  ojKTatc  satisfactorily  if 
tlio  variation  in  voltage  or  friiqucncy  does  not  exceed  5  per  cent, 
alxjv'c  or  ImiIow  the  rating  given  in  the  s(  hediile  above.  It  should 
Ik!  iK)int4(l  out,  however,  that  the  outjiut  of  a  single-piiase  induction 
niot^jr  is  mati-rially  affected  by  any  variation  in  voltage,  and  a  1 10- 
volt  motor  UH<-d  on  a  l(M)-voIt  circuit  will  only  give  82-5  per  cent,  of 
its  uja.xiniuni  out]»ut  at  the  rated  voltage. 


i'l'i.  I.— Tyi'k  8  l>,  i  U.I".  D.C.  Mot 


OIL 


In  the  tyjK'  S  A  iiiiitura  the  conductors  forming  the  i)rimary 
winchng  are  wound  direi  1  ly  into  hUAh  on  tlio  jjerijihery  of  a  laminated 
in)n  eon-. 

The  auxiliary  or  Hiarting  winding  is  connected  in  parallel  with  the 
mam  w  mding.  ami  connistw  of  a  smaller  uuiuImt  of  t  urns  of  liner  wire 
than  the  working  eoiln.  'j'his  ati.viliary  winding  h.i.s  ji  phase  di«. 
jilaicment  fnun  that  of  the  main  winding.  thiiH  giving  the  neci-ssarv 
t<»r«|ue  to  brmg  tlic  rotor  up  t<.  sjK-ed.  when  the  rotating  field  will  lie 
niaint)kine«l  by  the  nxiin  winding.  WhtMi  this  siK-t-d  i.s  attaine<l  the 
Parting  wiiuling  is  cut  out  of  circuit  by  an  uutonuiUc  centrifugal 
nwileh. 

Tlu«  Htjitor  is  built  up  from  sheet  nIm'I  laminations  firmly  rivet4Ml 
togrtln-r  with  the  .n|i|Hr  ronduitoi-M  of  the  s<|uirn'l-cage  si-coiulary 
Minihng,  This  laminated  htator  ring,  which  is  ian>fully  tunuMi  to 
ensuni  cnncenlricity  of  |Mirt»«.  forms  the  main  frame  of  the  motor  to 
which  the  malleable  inm  end  xlnildH  an-  bo|te«l.  'rh<'.s4'  end  shields 
contain  the  liearing-*  and  l>rushes.  and  an-cMust  with  ample  ventilating 
ojieiiingH  to  m-rmit  a  fn-e  circulation  of  nir  (hnmgh  the  windings. 
Dii  iii-'tMi-s  lip  to  I  ii.r.  t|,r  end  -hields  .m^  m^t  with  su|ij><.iting  feet, 


INSULATION 


"ubstituto  fofiUfcl 
..;  for  llrxihir**'*' 
•LF-  STOCKS 
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while  for  the  larger  motors  a  special  cast-iron  base  is  bolted  to  the 
stator  iron.  The  bearings  are  of  the  straight  .sleeve  type,  turned 
from  phosphor  bronze  tubing  specially  selected  to  give  long  life  and 
minimum  wear.  All  bearings  excepting  tho.se  for  ^  h.p.  motors  are 
fitted  with  pressed  metal  grease  cups  on  the  underside,  arranged  for 
the  wick  lubrication  of  the  bearings.  The  ^  h.p.  motors  are  fitted 
with  oil  ring  bearings. 

'  The  construction  of  continuous  current  type  S  D  motors  is  similar 
to  that  of  the  single-phase  motors.  The  field  frame  is  built  up  of 
laminations  in  the  same  way  as  the  stator  of  the  t\-pe  S  A  motor,  the 
field  jx)les  Ixjing  shaped  to  secure  the  best  flux  distribution,  so  that 
the  motor  will  have  a  strong  torque  and  rmi  in  either  direction 
without  sparking.  The  cominutator  is  construct'cd  from  best 
selected  bar  copper  and  micanite,  the  number  of  segments  being 
sufficient  to  ensure  good  commutation.  Motors  up  to  ^  h.p.  have 
the  8upix)rting  feet  cast  on  the  end-shields,  while  larger  motors  have 
a  special  cast-iron  base  baited  to  the  frame. 

^Carbon  brushes  are  used  throughout  and  are  held  in  stationary 
brush  holders,  no  adjustal)le  rocker  being  provided.  The  British 
ThoffLson- Houston  ( o.  has  found  it  inadvisable  to  equip  small  D.C. 
motors  with  movable  rockers,  and  the  brushes  are,  therefore,  set 
permanently  in  the  neutral  position,  the  design  being  such  as  to 
ensure  satisfactory'  commutation  in  either  direction.  Standard 
motors  are  made  for  counter  clockwise  rotation  facing  the  commuta- 
tor or  collector  ring  end.  The  direction  of  rotation  can  be  reversed 
in  (he  D.C.  motors  by  changing  over  the  field  leads,  and  in  the  A.C. 
motors  bj'  inter-changing  the  working  coil  leads.  These  latter  can 
be  distinguished  from  the  starting  coil  leads  by  the  copper  connec- 
tion clij)s,  the  starting  coils  having  nickel-plated  clips. 

When  totally-enclosed  naotors  are  required,  .solid  end-shields  can 
be  fitted  to  order.  The  horse-power  ratings  of  standard  motors  are 
not  affected  by  the  addition  of  these  soUd  end-shields,   but   the 


Via.  2.— Tvi'E  6  A,  i  h.p.  A.C.  Motoe. 

tein|K'ratutt3  rise  ia  somewhat  iugher,  as  shown  by  the  following 
figuH's :  l*rotect<>d  tyiH',  tcmiK'raturc  rise  at  full  load  continuously, 
40'C.  ;   totally  enclo.scd.  55  C. 


"PREPAREDNESS," 


The  alH)V«»  is  the  title  of  a  brochure  which  is  being  issued  by  the 
(JnH'nly  Ailvertiwug  .Service,  38.  Strand.  Ivondon,  W.C.  to  remind 
advertis<>rs  and  manufacf  un'rs  of  the  need  for  "  prcjtan'dness  ""  in  all 
their  catalogue  work  and  advertising  copy.  Then-  is  a  lufd  for 
impn)Veme.,t  in  triMle  literatun>  pnuluction,  and  while  the  manu- 
factunT  knows  his  Idisiness  n>garding  production  and  selling  he  does 
not  always  h.ixe  at  hand  e.xjM'it  knowledge  of  tyiH's.  printo<l  matter, 
illiist  nit  ions,  lay-out.  &c.  Maily  publicity  men  have  gone  to  tlio 
fntnt.  but  the  ne<Hi  for  tra<le  literature  ])roduction  is  none  the  less 
urgent.  Then-  must  Ik-  a  consideial)lc  numl)cr  of  manufacturers 
who  have  the  material  for  a  catalogue  almost  in  readiness,  but  have 


H.  H.aF^TJEN  &  CO..  96  S7.  NOBLE  STREET.  LOUDON.  E.G. 
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BlASTA^MTcSr  WIRE  LAMPS 

iiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiii 


Advt.  of  Pope's  Electric  Lamp  Co..  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


set  it  aside  until  the  return  of  more  normal  times.     Greenly  Adver-  favourable  for  the  use  of  these  accessories,  the}'  have  modified  the 

tising  Service^can  be  of  value  to  such  firms  in  advising  upon  and  design  considerably, '^and  are  now  able  to  offer  a  reliable  device  at  a 

editing  catalogue  material,  in  writing  "  ad."  copy  and  in  preparing  moderate  price.     The  absorber  is  Sturge's  patent,  and  is  nuxde  in 

sketches  and  suitable  illustrations.     The  brochure  "  Preparedness  "  two  sizes,  one  3  in.  in  diameter,  wired  with  6  ft.  of  35  40  flex,  and 

is  typical  of  what  they  can  do,  and  interested  manufacturers  and  supporting  weights  between  6  oz.  and  16  oz.,  and  the  other  3J- in. 
traders  should  write  and  ask  for  a  copy  from  the  above  address. 


A  NEW  CORD  ABSORBER. 


Many  electrical  accessories  have  undergone  important  changes 
since  the  outbreak  of  war.  In  the  majority  of  cases  the  change  has 
been  chiefly  noticeable  in  the  price  of  the  article,  which  has  been 
raised  apparently  out  of  all  jiroportion  to  the  value  of  the  goods.  The 
difficulty  in  obtaining  materials,  the  increased  price  of  metals,  higher 
labour  charges,  and  taxation  all  round  are  responsible  as  a  rule  for 
increased  prices.  An  interesting  feature  of  this  development  is  the 
manner  in  which  some  accessories  are  experiencing  a  popularity  which 
before  the  war  would  not  have  been  considered  justifiable.  For 
instance,  the  cord  absorber  as  compared  with  the  ordinary  counter- 
weight was  regarded  as  an  expensive  luxury  in  electrical  accessories. 
It  was  admittedly  the  better  of  the  two  methods  of  taking  up  the 
surplus  flex  on  an  adjustable  pendant,  but  where  price  was  a  con- 
sideration the  comiterweight,  in  spite  of  its  ugliness,  was  usually 
installed.  It  would  now  appear  that  the  cord  absorber  is  going  to 
be  given  a  '"  show,"  and  principally  on  account  of  its  being  less 
expensive  and  less  difficult  to  obtain  than  the  counterweight  fitting. 
One  of  the  principal  reasons  for  the  difficulty  in  the  delivery  of  the 
counterweight  fitting  is  the  high  price  and  the  scarcity  of  common 
shot.  This  is  the  best  material  for  loading  the  counterweight,  and  as 
much  as  2  lb.  of  shot  will  be  required  for  an  ordinary  fitting.  The 
cost  of  this  is  greatly  in  excess  of  the  figures  prevailing  before  the 
war,  and  it  is  sufficient  to  make  the  price  of  the  cord  absorber  rather 
more  favourable  by  comparison. 

Messrs.  Sturge  &  Baker,  8heepcote-street,  Birmingham,  have 
specialised  in  cord  absorbers  for  some  time.  Previous  to  the  war 
they  had  a  standard  line,  for  which  there  was,  however,  only  a  com- 
paratively moderate  demand.     Since  conditions  have  become  more 


('oRD  Absohber.  shown  Ci.oskd 
AND  Open. 


diameter  wired  with  7  ft.  of  .35/40  "'  Manchester  "  ^(^\,  and  suitable 
for  sujiporting  weights  varying  from  \  lb.  to  1^  lb.  The  standard 
finish  is  polished  brass,  but  other  finishes,  such  as  antique  brass, 
oxidised  copper,  coinage  bronze,  oxidised  silver  and  ivorex  (re- 
sembling   china),    are    offered.     The    absorber    operates    without 
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IRONGASED 
SOCKETS  &  PLUGS 

FOR    HARD    SERVICE. 

Sizes    up    to    200    amps. 

DP.  and  T.P.     500  volts; 

with    "earthing"    connection. 

^^^^■t^ 

W    ^^p            .^^^^.iLkj.^Sfl        ^r^^f^r         O***^^^'   Electrical   Works, 

*-^           "*^                     m;^      MANCHESTER. 

Also    Combined   Switch 
and    Plug:  Boxes. 

]»iilli;yH  iiiid  wlioJ.  tlifie  arc  no  \i^\m\v.  wires,  aiid  ruljhing  contacts  have 
iM'cn  f|injK'n.sc(|  with.  Tlic  al>!S(irl>cr  rc<l.  which  Ik  spring  controlled, 
is  contained  within  a  hollow  sphere,  which  is  in  two  halves,  having 
ornamental  niouhhng  on  each  half.  This  moulding  serves  a.s  a 
groove  Mhi<  h  engages  with  hayonet  jiins  on  onr-half  of  the  sjihere. 
The  fact  that  the  spheres  are  .'}  in.  anri  '.\\  in.  iii  diameter  hears  out  the 
contention  of  the  makers  that  the  ahsorher  is  an  ornament,  and  not  an 
eyesr»re.  S|)eeial  attention  is  called  to  the  fact  that  a  good  Knglish 
chick  spring  i.s  u.sed  on  tlic  absorber  reel.  The  adjoining  illiLStrations 
explain  the  simplicity  of  this  deviee.    ^ 


ENGINEERING  WORK  IN  CHINA. 

iJy  I'rol.  .MiDoi.KTo.N  S.MiTll.  in    ■  (  assici  >  Kngineering  .Nhinthly." 

"  Th(»se  who  are  interested  in  maintaining  the  prt^stige  of  Great 
liritain  and  in  extending  her  trade  n'alise  that  overseas  markets 
must  Ik-  fonmi  and  develo|M-d.  It  will  be  es|K'cially  neces.sary  to 
manufacture  machinery  in  Knglaml.  I.^irge  numbers  of  jx'ojile 
have  U-en  eom|ielled  l»y  the  war  to  learn  to  eani  their  living  in  the 
Minnition  and  other  factories.  There  is  now  a  huge  industrial 
Mia<  liiiic,  and  when  the  war  stops  that  nnist  In-  kej)t  moving. 

<'hina  has,  in  oonimon  with  the  rest  of  the  world,  been  afTeeted  by 
the  rapid  pnigress  in  methods  of  trans|K)rtation.  I'ntil  recently  it 
was  only  along  her  extended  cojistline  that  the  results  could  be  .seen. 
The  sleutuMhip  and  the  motorlKmt  now  penetrate  for  hundreds  of 
miles  into  the  inti-rior.  for  China  is  a  country  of  long  rivers.  The 
radway  is  jklso  proving  to  the  Celestials  that  man  |M»wer  is  not  the 
Im'mI  (WMiree  of  energy  for  t.ravel  pur|M>iH>.H. 

Kr»r  at  leiwt  10  years  JM-fon*  the  war  the  (icrmans  were  causing 
anxiety  to  fNitriotic  Britons  in  China.  They  s<'emed  determined  to 
di>  everything  |Kmsible  to  fastvn  their  commercial  tentacles  into  the 
coimlry.  They  did  not  play  the  straight  game.  They  ti.stnl  their 
iliplomatN  hikI  their  soldiers;  they  thn-ateiied  and  they  i)ullied. 
They  obijiined  financial  inten'sts  in  liritish  eom|)anies.  and  they 
uw<l  the  Itrilish  colony  of  Hong  Kong  a.s  a  centn*  for  many  of  their 
schi'iiM's  of  eonu'iiial  aggn-sj<ion.  They  are  still  active  in  China.  It 
is  Mtid  that  they  an-  H|K>iidiMg  all  of  the  money  jmid  to  theni  on 
aeeoiinl  of  the  Itoxer  indemnity  in  onler  to  jaish  their  political  am? 
trade  pro|Niganda  in  China,  .lust  In'fon'  the  gn-al  w.ir  <-ommenced 
a  s.heme  was  arranged  to  put  a  (H«rman  lieutenant-general  witli  a 
stall  in  I'eking.  Six  hunciriMl  other  (Jormans  wen>  t^»  Ih^  scatt«Te<l 
ihnr.ighont  I  hi-  pnivinecH  in  order  to  instruct  Chinese  ln>(»j»s. 
Krupps  Mils  to  supply  money  and  munitions,  and  we  may  Ix-  sun- 
that  they  woiilil  obtain,  with  the  active  HU|>|iort  «»f  theirtJovemmenl. 
not  only  grHMJ  s4Hurily.  but  very  remunerative  terms.  Thew  OtHt 
(Jerman  olTii-ers  in  the  province.^  woiihl  have  «i(»ne  something  more 
than  drill  Chinese  soldiers.  They  w«»iild  have  sprea<l  tin-  gosp«'l  of 
(terman  trade.  In  eoniniereial  ri\alry  tlie«e  Teutons  never  played 
I  hi'  game.  They  Wen>  ipiite  unscrupulous  in  what  thev  jmimiwMl. 
ami  tlirv  wen-    ihv.iv.  \irv  .  .Hi  ful  m  fin    rM.itt.i  i.f  l.nl..  i\   .in.!  ...i. 


SrVlA.LL,      AF»F»>\  R  A.TLJS     i,,    ,,Kt.Tin 

DISTILLED  WATER 

I*'.'     THI.  I.AWRENC  F.  PATF.NT    WATER    STERILIZER    CO..  Ill 

I'ntliAmnnl     M«n«i.in«.     W  »  <  )  m  i  n  >  I  r  i 


nipt  ion.  For  in  China,  it  is  true,  if  sa<l,  that  the  cnxjked  ways  of 
loiiimercc  are  not  altogether  disliked  by  the  native.  It  is  a  country 
in  which  briln-ry  is  not  a  sin,  but  an  art. 

For  nearly  .">^>  years  .some  enterpri.sing  parents  have  sent  their  sons 
abroad  for  a  Western  education.  At  first  only  a  few  went  to  Euro[)e 
and  America.  Of  late — before  the  war — thousands  left  China  each 
year  to  study  in  .lajian  or  Euroije  or  the  U.S.A.  The  students  have 
come  back  to  their  own  country.  It  must  be  confes.sed  that  they 
have  not  accomplished  that  regeneration  of  which  they  were  sanguine. 
They  have  cau.sed  extreme  {xjlitical  unrest.  They  have  absorbed 
the  jH»litical  i<leals  of  the  West — that  sort  of  thing  seems  to  have 
attracted  them  much  more  than  their  technical  studies.  They  have 
not,  as  far  as  the  writer  can  discover,  carried  out  or  really  initiated 
any  really  large  engiiwering  schemes.  They  have,  however,  to  .some 
extent,  influenced  jiublic  opinion.  There  is  no  longer  ho.stiUty  to 
railways  and  power  development.  Another  influence  has  been 
effected  by  the  emigrants  who  have  come  back  from  the  Straits 
Settlements.  America  and  Au.stralia  ;  they  have  al.so  spread  ideas  in 
China  which  make  the  people  rather  welcome  machinery.  For 
beyond  all  else,  the  Chinese  desire  to  make  money. 

In  Hong  Kong  and  the  treaty  jMjrts  it  is  now  recognised  that  at 
the  close  of  the  war  the  trade  in  China  will  develop  along  new  hues. 
It  will  l>e  nece.s.sarv  to  work  inland.  Euro]x>an.s  and  Western- 
educated  Chinese  will  have  to  convince  the  landed  gentry  and 
officials  in  the  various  provinces  that  they  will  benefit  by  using 
hydraulic  turbines  and  electricity.  The  landed  gentry  \\\\\  not  come 
to  the  coast.  The  engineers  must  go  right  inland  and  .see  the  local 
conditions  and  tlie  local  j)eople. 

The  Kailaii  .Mining  .Administration's  mines  in  China  have  pros- 
|K'red  wonderfully  during  the  ])ast  few  years.  The  history  of  that 
im|>ortant  commercial  and  technical  concern  ]K)ints  a  moral.  It 
has  siicceeih-d  U'cau.se  it  gave  the  Chinese  shareholders  and  officials 
of  the  i'om|mny  an  op|)oit unity  to  make  money.  In  the  future 
fh<>n'  will  Ik>  more  co-o]H!ration  between  Euroi>ean  and  Chinese 
engineering  iiit<'rests. 

It  must  Im'  understood  that  tho.se  of  us  who  live  in  the  Far  East 
arr*  de.ding  with  a  |>ei)ple  who  liave  pride.  We  must  ivcognise  these 
at  their  full  value.  They  esteem  the  friendship  of  the  Euroi)ean. 
but  they  have  an  affection  for  their  own  ix-ojjle.  They  understainl 
the  Kasteni  outlook,  and  no  Westerner  can  ever  entirely  succeed  in 
doing  (hat.  It  seems,  therefore,  that  if  engineering  firms  in  Hritain 
an«  to  have  the  full  InMiefit  of  the  great  market  {xis.sible  in  China  at 
the  clow  of  the  war  the  Chinese  themselves  must  l>ecome  interested 
in  ••n»aling  the  market.  For  that  reason  the  writer  ho|x>s  that 
manufurturiTH  will  offer  goo<l  terms  to  young  Chinese  graduates 
from  the  British  I'liiversity  of  Hong  Ktmg.  so  that  they  may  hv  in 
the  works  f(»r  <nie  or  more  years.  That  has  been  arranged  in  other 
countries.  It  is  obvious  that  if  a  large  electrical  nianufacturer  had 
half'a-do7.en  of  these  youths  he  could  make  arrangements  with  some 
of  them  to  work  in  -onjunction  with  his  Knglish  representatives  in 
China.  They  would  go  inland  to  obtain  the  orders  which  he  will 
ne«l  when  the  w.ir  is  endetl. 


One,  Two  &  Three  Phase 
MOTORS. 

I  .\N<;i>ON.|)AVIES    MOTOR    CO. 

Uc«.l    Office.    110.    CANNON     STREET.     LONDON.     E.G. 
^^  '"*"  ■   l>frtrodr    Road.   Lcwiiham.   London.   S.K. 


I.  ^  ^  a.  SAtu.^R.  Cou«T.  Flmt  St««t.  in  twCtrot  LONOON.  Fwdat.  "Xi^wl  i.^^l^^  "'*  Publishing  Offio«, 
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<^<$>4^4'4'4-4'^><$>4'4'<^4'4''^'^^^M^4'4^4'4>4'         The  Gei-mans  can  quite  easily  adopt  daylight  saving  methods 


The   Round   Table. 

By    "KVA." 


•4*  because  they  do  not  mind  getting  up  early.     As  a  nation  we 

<^  are  not  attracted  to  the  matutinal  worm,  even  if  Parliament 

<^  •  gives  us  the  bill  with  which  to  catch  him.     Ugh  ! 
"^  *         *         *         * 

The  sketches  reproduced  are  from  the  "  Kansas  Star  "  of 

recent  date,  and  they  can  be  read  in  two  ways.     They  make 

a  good  pictorial  argument  for  the  electric  battery  vehicle,  and 

they  probably  represent  the  state  of  mind  of  the  man  who  is 

now  confronted    with    that    18   guinea   tax.     Unless    it's   an 

I 


LiSTCiJ    SILL-   ive 

Got    a    panOV  OTTLE 
Motor  TRrP  ali.  Fif£D 

U?    rOR   This     SPRitJG-    ABOU 
2000    Micei-    PRcT- 
50FT     u/HAT     ? 


Event  op  the  Week. — A  highly  qualified  engineering 
student  is  asked  to  apply  for  a  commission  in  the  Royal 
Engineers. 

Anent  my  remarks  last  week  regarding  my  7/1 6's  service      electric,  your  car  will  cost  you  more 
and  its  use  for  a  blaze  of  illuminations  on  Peace  Night  to  the  *         *         * 

discomfiture  of  my  neighbours  who  do 
not  take  a  supply  on  the  Norwich  Sys- 
tem, I  have  received  the  following  from 
a  neighbour  whose  capacity  for  response 
in  an  effective  manner  1  had  not  sus- 
pected :-— 

Dear  KVA, 

Don't  you  be  so  proud  of  your  piece  of 
7/16  cable.  I  do  not  know  what  size  my  ser- 
vice is  but,  if  I  am  alive  and  still  in  your 
road  on  Peace  Night,  I  challenge  you  to  a 
display,  that  is,  provided  the  Order-in- 
Council  has  been  removed  by  then,  but  I 
suspect  it  won't  be  for  six  months  later. 
Yours.  M.  J.  E.  T. 

^  ^  ^  ^ 

The  following  from  the  current  issue 
of  the  ■'  Batti-Wallah  Journal  "  is  a 
very  happy  retort  to  that  type  of  in- 
dividual which  will  not  let  us  get  on 
with  the  war. 

Dear  Sirs  :  We  thank  j^ou  for  your 
letter  of  the  5th  inst.,  and  are  glad  to  hear 
that  you  feel  encouraged  througli  seeing 
the  drawing  of  the  new  type  of  machine. 

With  regard  to  your  suggestion,  however,  that^we  should  send  one 
to  you  for  show  purposes  at  the  present  time  of  great  rush,  we  would 
say  that  during  this  great  war  we  have  done  many  things  that  afore- 
time we  had  considered  almost  impossible.       \ 

We  have  turned  our  ploughshares  into  swords.  Made  night  as  day. 
Made  bricks  without  straw.  Turned  water  into  wine,  and  ale  into 
cutting-compound  for  the  refreshening  of  labour.  We  have  resur- 
rected Lazarus-like  machine  tools,  and  taught  them  to  rise  up  and 
sing.  We  have  imported  proud  Americans.  We  have  salvaged 
destitute  Belgians.  We  have  gathered  in  and  utilised  barbers, 
circus  proprietors,  evangelists,  aboriginals  from  the  antipodes  and 
some  of  the  best  people.  !^  |'_^ 

We  have  made  women  into  mechanics,  and  mechanics  into  super- 
men, such  as  may  be  found  amongst  machine  tool  dealers.  We  have 
diluted  our  labour,  both  male  and  female,  until  we  have  workers  of 
the  combined  sexes,  and  of  neither  sex. 

We  have  praised  God,  honoured  the  King,  and  strafed  their 
common  enemies,  but  we  stand  to-day  hopelessly  abashed  before 
your  suggestion  that  we  should  put  through  show  machines  when  you 
are  daily  strafing  us  for  late  deliveries. — Yours  faithfully, 

(Signed) 


To  <fo<f  ^  G»LU»J 
Toft  Ofje.  Tw'M&-  ^0 
fO^  RGAl-irE  \>*kaT 
"'HAT 


The  resjiective  uses  of  electricity  and  gas  in  the  great  war 
will  doubtless,  in  the  Censor's  good  time,  be  made  the  subject 
of  an  interesting  volume.  For  the  moment  it  is  not  a  crime  to 
state,  as  does  the  "  Sanitary  Record,"  that  "the  output  of 
electrical  cooking  apparatus  is  entirely  absorbed  at  the  present 
time,  we  are  informed,  for  use  on  submarines."  Meanwhile  gas 
continues  to  be  used  for  asphyxiating  purposes,  in  accordance 
with  ancient  tradition. 


OUR  HOT  PLATES. 
No.  209  to— 

Councillor  "  Chris  "  Wilson  upon  his  "  elevation  "  to  the 

seat  of  chairmanship  of  the   Barnes   Electricity  Committee. 

[■■  P.  F."*  Davidson  will  now  have  to  mind  his  "'  P.'s  and  F.'s."'] 

*         *         *         *    . 

THIRTY  SEVEN  YEARS  AGO. 

[From  [The  Electriciax  (Second  Series),  April  26,   1879.] 

Progress  in  Japan. — According  to  the  Homeward  Mail,  the  tele- 
phone is  now  in  general  use  in  the  public  departments  of  Japan. 

Magnetic  Variation. — M.  Flammarion  calls  attention  ^to  the 
singular  fact  that  the  daily  variation  in  the  magnetic  needle  recorded 
in  Paris  is  different  from  that  recorded  elsewhere  ;  that,  in  fact,  the 
amplitude  of  the  variation  has  remained  stationarj-  there  while 
everywhere  else  it  has  of  late  years  been  gradually  dimuiishing  I  Is 
it  possible  that  magnetic  observations  are  not  "  done  better  in 
France  "  '' 

ilEPAiR  OF  AN  Old  Cable. — ^The  cable  between  India  and  Ceylon, 
thanks  to  the  energy  and  perseverance  of  Mr.  R.  S.  Brough,  has  been 
put  into  good  working  order.  It  is  30  miles  in  length,  and  is  a 
Hooper's  core  cable,  laid  in  January,  1867.  Everyone  else  has  con- 
demned it  as  past  repair  ;  ^but  Mr.  Brough's  belief  was  that  if  it 
were  provided  with  new  shore  ends  it  would  be  all  right,  and  the 
result  has  entirely  j  ustified  liis  expectations.  Its  insulation  origmally 
was  7,000  megohms  per  mile,  and  it  is  now  2,550  megohms  per  mile, 
after  beuig  dowii  twelve  years,  a  fact  interesting  ai  showmg  the  value 
of  Ilooiier's  proposed  substitute  for  gutta  poroha. 

*  [Point  Five] 


IGRMIC 


SELF-ACTING     STARTERS. 

IGRAillC  ELECTRIC  C^  l^P 

147,   Queen    Victoria    Street,    London, 


lll|l|||il!IIU!llllllllllllllllllilllllllllllllllllillllllllllll|l||l!lllllllll!lll^ 


•iLtSffiiC 


No.  29—1  Self-acting  starter  is 
a  reliable  and  readily  adapted 
starter  for  automatic  and  remote 
control  of  small  D.C.  motors  up 
to  15  H.P.,  all  voltages  up  to 
500.  May  be  operated  by  push 
button,  tumbler  switch,  float 
switch,  tappet  switch,  pressure 
regulator  Cor  other  pilot  device. 
Write^  us 


for 


No.  30—1  Self-acting  starter  with 
self-contained  and  electrically 
interlocked  magnetic  main  switch, 
is  a  robust  long-service  starter  that 
is  widely  used  for  automatically 
controlling  D.C.  motors  of  capac- 
ities up  to  20  H.P.,  maximum  volt- 
age 500.  Fitted  with  renewable  con- 
tacts to  starter  and  main  switch. 
Leaflets.'* 


Il[!lllilllll!llllllllllilllilillll{[|||||||l!lllllllllllillllilllllllllllllili!i 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Direct    Current. 


For   Thre»-phaa*   Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

*_  ,     ^Head  Office:  CAXTON  HOUSE,  WESTMINSTER.  S.W.  ■• 

Telephone  :  Cerrard  860.  Teleprarr.r  :  "  SiEMBRALrs,  Vic.  London." 

Supplie*  Dept    :    38  &  39,   UPPER    THAMES  STREET.  E.C. 

Telephone:  City  5350.  Tel'-.r-.n-.^  ■  •  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES i 


Birmingham— Central  Ho..  New  St. 
Bristol— 30,  Bridge  Street. 
Carciff— 89.  St.  Mary  Street. 
Glasgow— 66,  Waterloo  Street. 


I.;a:. CHESTER— 196.  Deansgate.  r 
Newcastle — 64-68.  Collingwood  *' 
Sheffield— 22,  Hiph  St.  fBldgs. 
ScuTHAMpTON— 46.  Hifh  Street. 


Branchea  In   Principal  Towns  Abroad 


"MAZDA"  SHADE  FOR  SUBDUED  LIGHTING. 

TliP  mitro  Htriiincnt  rrjrulationM  iat«'ly  Ptiforccd  l»y  tl  o  anthoritios 
an  to  tho  Ic'HwiiiiiK  of  outward  illiiniinatinn  from  slio|  s.  ..niccs  and 
privatr  rcHidi'iM  es.  have  mad.-  if  ncc-s.siry  fur  indivJdii.il  lam|,s  to  he 
Hliadf.l.  It  JH  no  loiij(cr  Mifliciciil  in  private  liouws  or  offices  to  use 
liglit  roioured  «iirtains  or  l.iinflx.  while  in  sho|  s  the  source  of  light 


must  Ih<  HO  shieldrd  that  no  din-ct  ravn  <>«n  (mihh  out^iidc  Something 
safer,  iiioiv  diiralth-  and  of  Iwtter  a|>|)far.in< «'  than  tintetj  |>;i|K>r 
around  the  lamps  is  «alled  for  in  view  of  the  prolongi'd  |>i>nod  ovCf 
which  the  restrictions  seem  likely  to  extrml.  and  specially  desi|nie«| 


Ferranti  Ltd 

Central  Mouto,   KinRtway.   London,    W.C. 

SWITCHQEAR.    IB ANSf OBMKRS.   METERS. 
KLBCTRIC     HEATDiQ    A    COOKDIQ     APPARATUS. 


shades  are'needed.  A  neat  and  effective  .screen  of  attractive  appear- 
ance Ls  being  issued  by  The  British  Thomson-Houston  Co.,  Ltd., 
L']Jijer  Thames-street,  E.C,  and  any  number  in  reason  "will  be 
i-u]jj>lied  to  business  finns.  contractors  and  retailers  ujxin  request. 

The  shade  is  jwsted  flat,  and  is  made  up  of  stout  dark-coloured 
card,  with  stencilled  lettering  backed  by  orange-tinted  paper.  From 
the  illustration  it  will  be  seen  that  the  shade  can  be  placed  over  any 
electric  lamj)  without  removing  the  latter,  while  if  an  ordinary  fancy 
glass  shade  is  used,  the  "  Mazda  "  shade  will  go  over  it.  To  ])lace 
the  screen  in  position,  the  two  wings  are  locked  together  around  the 
holder,  this  movement  causing  the  shade  itself  to  assume  a  curved 
form  thus  shutting  off  the  direct  light  ravs  from  about  one-third  of 
the  circumference  of  the  lamji.  The  wings  are  locked  in  the  following 
manner  :  The  right-hand  wing  is  hrst  inserted  in  the  slit  (A)  provided 
in  the  other  wing,  the  hooked  end  of  the  wing  (B)  being  then  held  in  a 
second  slit  (C).  In  this  way  the  wings  are  held  rigidly,  and  the  shade 
«annot  fall  off,  or  ojjen  ou*  accidentally. 


ELECTRIC  WINDING  PLANT  IN  A  SCOTTISH  COLLIERY. 


JOlcctric  winding  plant  is  Ix'ing  installed  in  Scottish  collieries  and 
shale  pits,  and  a  recent  adaptation  is  that  at  the  Breich  pit  of  the 
I'umjjherston  Co.,  near  Edinburgh,  where  a  Siemens- Ilgner  sj'stem 
has  been  installed.  One  of  the  principal  features  of  this  plant  is  the 
inclusion'of  an  effective  .system  of  remote  control,  which,  in  the  event 
of  anything  unforeseen  taking  place,  will  automatically  bring  the 
cages  to  H'st.  and  apply  the  brake  in  such  a  way  as  to  preclude  the 
j)ossibility  of  injury  to  the  jilant. 

As  showing  the  advantage  of  the  flywheel  equaliser  in  this  instance, 
it  may  l)e  stated  that,  whereas  the  peak  load  on  the  winding  motor 
at  the  end  of  the  acceleration  period  is  about  400  H.P.,  the  maximum 
power  demand  on  the  generating  plant  never  exceeds  about  200  h.p. 
.\  further  advantage  of  the  flywheel  is  that  in  the  event  of  the  main 
supply  failing  at  any  time,  sufficient  .stored  energy  is  available  in 
t  he  wheel  to  complete  one  or  more  winds.     The  winder  itself  is  of  the 


Flo.  I. — -.MoTOK  (Jenek.vtok  Set. 

onlinary  |>arallel-dnnn  tyjie,  with  direct  coupled  winding  motor,  and 
winds  from  a  maximum  (lejith  of  (5.")  fathoms.  The  duration  of  one 
wind  from  bank  to  bank  is  2(>  seconds,  the  period  of  acceleratlo:i 
being  eight  weonds.  full  sjieed  run  six  seconds,  and  retardation  six 
seconds.  The  average  interval  between  winds  for  changing  trucks 
is  20  .seconds,  and  under  these  conditions  the  winder  is  cajKiljle  of 
raising  material  at  the  rate  of  112  tons  |)er  hour  fmm  the  depth 
sp«>cilied. 

The  jMiwer  supply  is  taken  from  a  three-phase  high-tension  line, 
conve\  iiig  energy  fnmi  the  company's  Deans  Works  jwwer  station  at 
a  |)re.Ksure  «if  .■J,:}<M»  volts.  ."iO  cycles.  Tliis  sujiply.  after  parsing 
through  inin-elad  switch  panels  lifted  with  the  neces.-<ary  pmtecting 
«levi(M«s.  *<\.  is  earrie«l  to  the  alleniating-current  end  of  a  motor 
generator  sot  (Figs.  1  .and  2).  consisting  of  a  :{.S(Ml-volt  three-pha.se 
tnotor.  ft  vftriftble-voltagc  direct -current  generator,  a  constant- 
volt.igi'  <IinTf -current  exciter  generator,  and  a  cast  steel  rtywhe«^l. 
which  l^  cajvable.  with  a  suitable  nniuction  in  sjxhhI,  of  giving  off  the 
HurphiM  encrjt>-  requinnl  alxive  the  average  when  the  winder  is  work- 


TINNING     FURNACE 

For  COATING  WIRES  «ith  Tin.  Lead.  etc.     For  use   at   •   BATH. 

WITHOUT  OXIDATION,      AUTOMATIC  HEAT  CONTROL. 

Thf  ool,  Tl..l«t  Pli.i  M  the  WorUi  Market  with  Utomatic  Heal  Control. 

MONOMETER.  Ltd..  22.Whitchouse  St..  Aston.  Birminghai^ 
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iiig  to  tin;  spccilied  (■oiulitions.  The  normal  spocd  of  (his  motor- 
geiiciator-llyvvhcol  set  is  7o()  fevs.  pei'  iiiiii.  (syiicfironous).  'I'hc 
three-phase  motor  is  of  t\w  ordinary  .siij)  ring  type,  and  the  necessary 
speed  reduction,  to  enahk;  the  HywJieel  to  give  up  its  energy,  is 
accomplislicd  l)y  means  of  an  automatic  slip  resistance  inserted  in  the 
I'otor  circuit.  The  variable-voltage  direct-current  generator  i.s 
separately  excited  from  the  constant- voltage  exciter,  and  is  so 
arranged  as  to  give  an  armature  voltage  varying  between  zero  and 
plus  or  minus  the  maximum. 

The  winding  motor  (Fig.  3)  is  also  separately  excited,  and  has  its 
arniatiu'e  permanently  connected  (electrically)  to  that  of  the  variable- 
voltage  generator.  The  speed  and  direction  of  rotation  of  the  wind- 
ing motorj[are'controlled][by^regulatuig  and  reversing~the''excitation, 


Fro.  2. — General  \'ikw  of  Enci.ne  Hoise;   Coxtrol  (Jeak  in  Back- 

(JROL'XD. 

that  is,  the  pressure,  of  the  variable-voltage  generator.  The  most 
important  feature  of  this  control  is  that. the  speed  and  direction  of 
rotation  of  the  winding  motor  are  determined  solely  by  the  regulator, 
that  is,  by  the  position  of  the  driver's  control  lever.  This  holds 
true,  irrespective  of  the  load  in  the  cage,  or  of  the  direction  of  the 
torque,  whether  positive  or  negative,  that  is,  whether  loads  are  being 
raised  or  lowered. 

Moving  the  operating  lever  towards  the  "  off  "  position  induces  a 
strong  electrical  braking  effect,  the  motor  acting  as  a  generator,  and 
returning  energy  through  the  converter  generator  to  the  line.  Energy 
is  also  returned  to  the  line  when  loads  are  lowered.  The  low  speed 
required  for  inspection  jjurposes  can  be  readily  obtained  by  moving 
the  operating  lever  only  slightly  from  the  "  off  "  position.  The 
controller,  being  only  called  upon  to  deal  with  the  energy  in  the 
exciting  circuit  of  the  variable-voltage  generator  (about  2  to  .3  per 
cent,  of  the  energy  consumed  by  the  winding  motor),  is  small  and 
simple  ;  and  is  therefore  readily  operated  by  the  control  lever  with- 
out the  use  of  auxiliary  gear.  The  fact  that  any  given  position  of 
the  operating  lever  corresponds  to  only  one  speed  and  direction  of 
rotation,  makes  it  possible  to  jirovide  safety  appliances  of  absolute 
reliability. 


Fk!.  .']. — Wi.NDiNii  Motor  and  I^rlm. 
Braking  is  effected  by  ordinary  jjost  brakes  operating  on  machined 
brake  paths  cast  on  the  druni  cheeks  (Fig.  .3),  the  brake  blocks  being 
held  off  the  face  by  the  piston  of  a  compressed  air  cylinder,  and  applied 
l)y  counterweights  operating  through  a  .system  of  levers  when  the  air 
pressure  JJisj  released.     In   ordinary   working,|it|isJseldom   fouiul 
necessary  to  bring  the  mechanical  brakes  into  operation,  owing  to  the 
fact  that  the  cages  can  he.  more  easily  and  satisfactorily  decked  by 
means  of  counter-current  braking.     Compressed  air  for  the  brake 
engine  is  supplied  from  a  sei^arately  driven  air  compressor  in  con- 
junction with  a  suitable  reservoir.    ."[From  "  The  Colliery  Guardian.' 


SIMPLEX 

WATERTIGHT 
FITTINGS. 


Bulkhead  Fittings  and 
Hand-lamps  manufactured 
at  our  Birmingham  Works 
in   cast  iron  or   in   brass. 

Supplied  to  Admiralty, 
War  Office,  and  other 
Government  Departments. 


Simplex    Conduits   Ltd. 

Garrison    Lane,    Birmingham. 


London— 

113-1 17,Charing  Cross  Rd:,W.C. 
Manchbstbr — 

16,  Corporation  Street. 
Glasgow — 

72a,  Waterloo  Street, 
Bristol — 

11,  Denmark  Street. 
Newcastle — 

61-65.  High  Bridge, 


Leeds — 

6,  White  Horse  Stieet, 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14,  Heathfield  Street 
Cardiff — 

4,  Westgate  Street. 
Aberdeen — 

1,  Crimen  Placgj 
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ISENTHAL     6k     CO. 

DENZIL    WORKS,    WILLESDEN,    LONDON,    N.W. 

ContratioTi  to  the  Admiralty.  War  Officr.  India  Office,  Colonial  Office, 
P"''rH'fr-Cfr'-r(i!.  A-r. 


ALTERNATING-CURRENT  TWO  AND  THREE  PHASE 
INDUCTION  MOTORS. 


AiHwIiHl  (No.  i:i  |.v),i.sHii<-(I  J»y(!n»(«n\V(K»(I  k  Ualloy  (Ltd.),  I^ 
r-onlaiim  di-tailH  of  Htandanl  altcniatiii^-ciirnMit  iiiolors  uj)  to 
Ji.ll.l'.  Tin*  li,Ht  hits  Im'cii  tiiadc  up  with  a  view  to  assisting 
/  iistoiiifrM  tn(h<M)Hf  motors  llicv  n>(|iiirc  (itiickly.  and  it  only 
<«»nlainH  iwrticulan*  of  Hlundard  nnuhincs.  All  niacliincs 
having' the  same  si/)>nunilMT  an- identical  in  weight  and  ovor- 
alldiniiMisions.  The  niarhiiu-s  anM<M)led  liy  natural  ventila- 
tion, no  fanH  larger  in  diameter  than  the  mUtr  Ix-ing  nwd. 

The  frames  of  all  sizes  an-  tylindrica!  in  sha|K-.  and  an- 
pntvided  with  end  shielrls  which  carry  the  Iw-arings.  The 
nuuhinei*  can  lN>.Hn|i|)lie<l  in  the  following  ty|K«»:  (I)  Somi- 
enclos4-d,  (2)  ventilated  (■nc|o.s4-d.  having  o|N-niiigs  tilled  in 
Mithslning  win-.CH  t<ilally  en<  los4-d  and  dust  |in>of.  hiv  Jul- 
Molid  diMirs  (itt«fj  to  idl  «i|N>nings. 

The  niachnieHdeidt  with  in  t  lu- li-^l  an- wound  for  an\  \iilt 

age  fntm  2<h»  to  tHMi  volts,  i.ud   tiny  may  U-  used   will i 

altenition  on  a  voltage  not  ililTering  from  the  rat<-d  voltage 
liy  mon-  than  o  |H'r  (-eiit.  The  motors  an«  rat«-dtogive  their 
milput  eonlirnionsly.  either  ns  senn  enclosed,  \iiiliiated- 
enclosed,  or  totidly-i-nelowvl  ty|x-s.  Tho  tem|K'nilun^  rino 
afl«'r  six  hours'  rmming  at  the  listed  onl|int  and  v<iltag<- 
will.it  is  stated,  not  exceed  the  following  values. all  t<-n)|M-ni 
Inn-s  herng  nu-asun-d  l>y  thermometer:  72  V.  or  4t»''(\  for 
wmi  eneloH<Ml  type.  8<»  K.  or  4.'» C.  for  ventilate!  oneioKed 
type.  IMJ  K.  or  «)'('.  for  tntallypnelos««d  t  \  \n\  The  motors 
an-  lajialije  of  giving  an  overload  of  2.'«  jx-r  «-ont.  for  one 
hour,  and  .V»  ptT  wnt.  for  short  jx  riiMJs.  without  injurx-  or 
undue  lieating. 

Motors  for  the  standani  fn><|uen<ies  of  .">(»  .nid  2.">  cycles 
|H'r  wM-ond  rtn>  dealt  with.  The  inot4irs  may  U«  uwhI 
without  alteration  on  fn*<|ueneiPN  which  «io  not  tiiffer  by 
mom  than  ."i  jx-r  i-ent.  fmnt  these  (igun-s.  The  j»iirticulars 
given  foroul  put.  sixid.elhiMency  and  jxiwer  factor  an-  InwhI 
on  fn.pienciw  of  .''H)  and  25  cycles.  Tlie  Titl-rvclc  nmtoni 
can    W    Uftod    for   fn-4|ueneira    Ix-twcrn   4t)  and   tHi.    the 


output  and  the  speetl  varj-ing  in  proportion  to  the  variation  in 
frequency. 

The  stator  is  built  up  of  best  qualitx^  charcoal  iron  stampings, 
insulated  from  each  other,  and  clamped  together  in  a  rigid  cast-iron 
frame,  the  con(<tructiou  being  such  as  to  render  them  concentric  and 
true  with  one  another.  After  building,  the  slots  are  carefully  dres.sed 
to  remove  any  sharp  edges  or  burrs,  and  insulated  to  receive  the 
windings.  Arrangements  are  made  for  ample  and  efficient  ventila- 
tion to  ensure  co<j1  running.  The  stator  coils  con.sist  of  high  con- 
ductivity copper  conductors  and  are  embedded  in  semi-enclosed 
slots,  tlius  ensuring  a  high-jwwer  factor.  The  coils  are  thoroughly 
insulated  fmm  each  other  and  the  frame,  and  dried  in  a  vacuum 
chamber  and  impregnated  with  special  insulating  varnish.  The 
rotor  con*  is  built  up  of  best  charcoal  iron  discs,  insulated  from  one 
another,  mounted  on  a  cast-iron  hub,  and  firmly  damix-d^between 
rigid  endi)lates.  The  hub  is  pressed  on  a  mild  steel  shaft  by  hy'drauUc 
jjressure,  and  further  secured  by  a  key. 

The  rotor  winding  consists  of  copper  bars  thoroughly  insulated 
and  pushed  through  the  slot  from  one  end  only.  The  slot  is  lined 
with  insulating  material,  and  the  coils  are  held  firmly  in  place  by 
libn-  or  hard  M<Kjden  wedges.  The  windings  of  squirrel-cage  rotors 
consist  also  of  copj)er  bars,  carefully  insulated  from  the  iron,  and 
connected  togetlicr  at  the  ends  by  rings  of  copper.  The  connnec- 
tiijiis  l)etw«*en  the  vo\)\tcT  bars  and  the  windings  are  made  in  the 
small  sizes  by  rivets,  and  in  the  large  sizes  by  screws.  All  connec- 
tions are  .soldered. 

Till  slip-rings  are  of  hard  gun-metal  insulated  entirely  wnth  mica. 
an<l  mounted  on  a  metal  sleeve,  which  is  ke\ed  to  the  shaft.  The 
machines  alxjve  size  4a  are  fitted  with  a  device  for  short-circuiting 
the  brushes.  This  device  slightly  increases  the  efficiency.  Brush- 
lifting  gear  is  not  fitted,  as  the  company'  consider  that  tliis  is  an 
unnec-essiirv  complication,  in  view  of  the  fact  that  the  brushes  are  of 
carbon,  the  wear  on  which  is  negligible.  Two  brushes  of  best  quality 
carbon  are  jirovidcd  for  each  ring.  The  brushes  slide  in  brass  holders 
which  are  fitted  with  adjustable  tension  springs.  A  flexible  lead 
from  each  brush  carries  the  current  to  the  holder,  .so  that  no  current 
passes  through  the  sliding  contacts. 

The  shaft  is  of  the  best  mild  steel,  of  large  diameter,  and  of  ample 
strength  and  stiffness  to  resist  flexure  and  vibration.  The  l)earings 
are  self-aligning  and  of  ample  .size  for  continuous  running  without 
overheating.  They  are  bushed  with  gun-metal,  and  are  lubricated 
automat ically»byJmcan.s'of  oil  rings  running'loose  on  the  shaft  and 


LAttflKSiKK  H.T.  Sup  Hinq  Motor  witii  Roller  Bkakings. 
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CONSTANTAN 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 
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♦♦ 
♦♦ 

♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦« 
♦♦ 
♦« 
♦« 
♦♦ 
♦♦ 
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TO:- 


♦♦    MAKERS: 

HENRY  WIGGIN  &  CO.,  Ltd., 
George  Street,  Birmingham. 

J  PI  F  PHONE:  6400  CENTRAL 

''-'-'- OR  A  MS:  "  WIQQ/N  BIRMINQHA  M. " 


♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 
♦♦ 

♦♦ 
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AGENT: 


$ 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  fPHONE:  6323  HOLBORN. 

'  '-'-'-QRAMSi  "FERRYDOM,    LONDON." 
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♦♦ 
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♦  ♦ 

♦  ♦ 

♦  ♦ 

♦  ♦ 


90oa 


Standard  Flame-Pkoof  PATrEKN  Conveyor  Head  Eqi-ipmext  for  Mining  Work. 

(See  opposite)    - 
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D.&S. 

HANDLE  "FUSES. 

50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd.. 

Ordsal    Electrical   Works, 
SALFORD, 

J>    '^    MANCHESTER. 


(Ii|)j)iii(4  into  oil  rcKorvoirs  caxt  into  tlic  end  .shields.  Ilic  iM-ariiig.s 
arc  lilted  with  draw-olT  cock  and  oil  level  naiig<-.  The  end  shields 
an*  of  eust-iron.  and  iM-Kides  ufTordiiig  a  siipj)ort  for  the  iM'anng.s, 
e(r<'<tively  |in)t<'ct  the  windings  e>f  the  machine  again.st  mechanical 
injury.  The  end  shields  can  l»e  turned  through  !Hldeg.  or  180  deg.. 
in  onler  to  li.x  motors  to  the  wall  <ir  c«>iling.  The  shaft  must  remain 
hori/.otital.  Terminals  with  sweating  lugs  are  i)n)\ ided  in  a  con- 
venient |)osition  and  |)rot<'(te<l  hy  an  iron  ca.se. 

riie  motors  dcHcrilM'd  in  the  list  range  in  output  from  2-.")  h.I'.  to 
JlMI  il.r.  A  copy  of  the  catalogue,  which  also  gives  |)rice.s  and 
dimensions,  may  Ik-  oi>tained  from  the  company  on  application. 


A  NEW  COMBINED  SWITCHPLUG. 

The  adjoining  illustrations  hHow  a  new  pattern  of  rouiFtined 
Hwit«  li  and  plug  which  is  In-ing  ma<lp  hy  Messrs.  St  urge  &  Jiaker,  at 
I'li-mier  Works,  Shce|»cole-street.  liirmingham.  Kig.  I.  whicli  is  a 
lialf-si/.e  interior  view  nf  this  accessorv.  i.'i\<'s  s'lmc  id»'a  of  the  con- 


Klti.  I.— ('0.MI1I.VKU  SwiTrii-pM  «;,  tti'KN. 

slnictiiina!  details.  Tlw  swileli  movoinont  is  of  the  ordinarv 
linnhliT  ly|K'.  with  large  eliina  dolly  ;  ilM  twtiiatioii  jh  c<»ntrt.||e«l  liy  a 
li'\er  having  a  ciitcli  at  one  end  aiirj  a  flat  plate  (.\)  which  can  Ih- 
ilepr«>Hjy<I  liy  one  of  the  pins  of  the  plug  when  the  latti-r  is  inserted. 
This  action  raim's  the  trigger  and  allows  the  switch  to  U-  put  into  the 
"on"  jxwition.  The  movement  of  tjie  switth  arm  slides  forwani 
IIm'  link  (  H\.  w|ii<h  is  «iti  ihe  Mp|M>Mi(..  -id..  ..f  the  swit.-h  to  the  f  ritrircr  : 


INCRKASK  5TKAM  CAPACITY  OF  BOILERS. 


Water  HEATER-SOFTENER 


Combined. 

Utili«v    Exhauitt    StcAin    01     G««e*. 
TMEIAWRENCE  PATENT   WATER    .SOKTENER    CO.    I.irf.. 


at  thc'iower  end  of  this  link  is  a  keyiiole  which  engages  with  a  recess 
or  gnwjve  in  one  of  the  pins  of  the  plug.  Both^pins'are'grooved,  so 
that  the  plug  can  Ix"  inserted  eitlier  hand.  The  net  result  of  these 
ojK'rations  is  that  the  in.sertionof  the  pjugallow.s  the  switch  to  be  put 
in  anci  the  cinuit  closed. and  the  movement  of  the  switchtocIo.se  the 
circuit  locks  the  j)lMg  in  :  the  .switch  must,  therefore,  be  moved  to 
the  "  oil  "  |x)sition  before  tlie  i)lug  can  be  pulled  out,  and  the  act  of 
with<lrawing  it  sets  up  the  trigger  and  prevents  the  circuit  being 
made.  'I'he  apparatus,  tlieiefore.  automatically  ensures  that  the 
plug  contacts  are  dead  when  the  plug  is  not  in  place.  The  plug 
it.self  is  provided  with  a  substantial  cover  which  acts  as  a  handle,  and 
the  flexible  is  taken  in  at  the  side  so  that  it  cannot  be  used  to  drag 
the  plug  out  of  its  place. 

This  interesting  accessorv  is  made  in  four  sizes,  the  capjK-itx  lK*ing 
!<•  to  l.>  amju'res  in  each  case  :   ( 1 )  W'itli  white  china  base  (as  Fig.  2) 


Fio.  2. — ('uMuiNKD  Switch. l»u«;,  with  ("ovkh  in  Place. 

and  uiibn-akablc  cover :  (2)  with  white  china  base.  liai-dw<M)d  Ui.x 
and  bnmwHl  luetal  e<tver  plate  for  Hush  work  ;  (.3)  as  ( I )  with  indc- 
in-iident  action  instead  of  interlocking  device  :  (4)  as  (2).  with  iii<le- 
IK-ndeiit  action  instead  of  interlocking  device.  The  <-ombine«|  switch 
and  plug  ean  lie  suppliiHl  for  u.sc  with  iron  lK)xes.  Prices  an<  given 
ill  a  list  which  has  n-ccntly  c.une  otf  the  pn\ss.  and  copies  of  which 
ran  l.c  ..).t  lined  fn.ni  the  roiupany  at  the  above  addri'ss. 


"  THOR ''  High  Grade  Specialities 

i^A^'J^.'.*. .,""*'  ^  ''^^'^•'^^•      (  abi  e  connectors 

J^ONDUIT  commutator  COMPOUND 

cables  watertight  fittings 

and  all  electrical  accessories. 


.S^J^jUMS. 


HASLAM  Sl  STRETTON.  Ltd.,^''"«.Tr- 

--  M^^    ^  '  '     nri^tnl    one 


ce.  CARDIFF  & 
dar.  BRISTOL. 


>  1  Pabli*h*J  \ir  tti«  I 

I.; 


■■  Thb  Elb:thicia?«"  Piihtin  1  ^•^ 
:\us»u«T  Cov;^T,  Fl««t  Stuwit.  in 


'ing  and  PubUshine  Offiooi, 
lb. 
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t     The   Round   Tabue.     t 


Event  of  the  Week. — A  Midland  Railway  battery  van 
with  a  "  MEX  motor  spirit  "  advertisement  on  each  side  of  it. 

t*  »I^  •!•  'I* 

One  of  our  weekly  gas  contemporaries  states  in  its  columns, 
devoted  to  matters  electrical,  that  "  personally  we  have  never 
been  able  to  see  that  the  electricity  industry  reall)^  required  a 
publicity  organisation."  Which,  being  interpreted,  means 
that  the  old  proverlj  can  now  be  adapted  to  read  ''  good  '  juice ' 
needs  no  bush." 

'I^  'l^  '1*  •!* 

"  We  cannot  refrain  from  recalling  the  failure  of  electric 
taxicabs  in  Berlin,"  says  the  "  Commercial  Motor."  We  in 
turn  {i.e.,  r.p.m.)  will  refrain  from  recalling  the  many  petrol 
vehicles  en  panne  which  it  has  been  our  lot  to  pass  when  afoot, 

a-wheel  and  in  our  electric -de-luxe  on  the  road. 

*  *         *         * 

The  Grimsby  Corporation  has  agreed  with  the  recommenda- 
tion of  the  Electric  Lighting  Committee  that  no  new  electricity 
consumers  for  lighting  purposes  be  accepted  during  the  period 
of  the  war.     I  hope  that  the  local  gas  undertaking  will  be 

equally  patriotic. 

*  *         *         * 

The  "  Daily  Telegraph,"  referring  to  the  wireless  message 
sent  by  the  ''  Aurora,"  says  : — 

"  The  message  which  told  of  the  '  Aurora's  '  ill  fortune  was,  it 
appears  by  a  freak  of  nature  transmitted  900  miles  with  an  apparatus 
normally  suitable  for  about  200  miles  radius." 

The  manufacturer  of  the  equipment  would,  but  for  this 
somewhat   unkind   explanation,   have   put   the   achievement 

down  to  "  good  design  and  construction  of  the  apparatus." 

*  *         *         * 

"  Mark  Lane  "  writes  in  the  "  City  Press  "  (London)  that 
"  on  Wednesday  morning  I  passed  through  Broad-street, 
Bishopsgate  and  elsewhere  about  9.45  a.m.  and  those  streets 
had  absolutely  the  same  amount  of  electric  light  being  con- 
sumed as  at  night."  I  may  remind  "  Mark  Lane  "  (or  should 
it  not  be  "  Mark  Twain  "  ?)  that  there  are  many  towns  in  the 
country  in  which  the  street  lamps  now  consume  the  same 
amount  of  electrical  energy  in  the  daytime  as  at  night — 
namely,  no  units  per  ann.  (much  to  the  joy  of  those  who  in  the 
past  have  depended  upon  street  lighting  for  the  load  factor ; 

gas  papers,  please  copy). 

*  *         *         * 

I  am  the  Lightning  and  the  Light  ! 

From  the  charged  cloud  I  fling  my  Might, 

To  fright  men  in  the  lonely  night. 
*         *         * 

I  come  from  the  magnetic  earth  ; 
To  earth  return,  land  of  my  birth  : 
Yet  do  I  never  die. — I  slay 
]My  servants  if  they  should  delay 
To  keep  my  Laws  and  Testaments, 
Or  give  me  perfect  instruments. 
Though  I'm  the  Stuff  of  matter  all,* 
When  uncontrolled  I  shatter  all 
Material  things  that  iross  my  path  ; 
I  am  the  Ruthless  and  the  Wrath. 

"J.  A.  M."  writes  as  above  in  Glover's  Calendar;    he  might 
have  been  writing  of  a  Zepp  instead  of  our  beautiful  Electra ! 
*  Her  allusion  is  to  the  Electron  Theory  of  Matter. 

THE  HAGSTROM  ARC  LAMP  CARBON  CUTTER. 

Will  sever  carbon  without  crushingr.  Leaves  straight,  clean  edge. 

Adjustable  and  non-adjustable  types  supplied. 


Hence  the  gas  attacks  on  the 


l» 


Commenting  upon  the  success  of  the  Edison  battery  du.st 
vans  as  used  by  Mr.  J.  A.  Priestley  at  Sheffield,  the  ""  Sanitary 
Retford  "  says  "  that  the  only  flies  in  the  ointment  are,"  &c. 
Now,  there  is  some  mistake  here.  I  know  that  va.seline  is 
largely   u.sed   with   lead   batteries  and  distilled   "  make  up  " 

water  with  alkaline  cells,  but  ''  ointment  "—never  ! 

*  *         *         * 

According  to  a  gaseous  contemporary  :  "  Ga.s  plant  is  not 
as  a  rule  purchased  abroad,  but  large  electric  generating  sets 
and  machines  have  had  a  considerable  importation.  A  com- 
pany once  entered  in  a  contract  with  German  buildei-s  for  a 
gas  holder.  The  war  intervened  ;  and  the  holder  has  not  been 
constructed."     Of  course  not. 

Allied  troops  at  the  front. 

*  *         *         * 

I  have  heard  of  and  commented  U()oii  luanv 
electric  costumes  at  fancy  dress  balls,  but 
have  not  so  far  met  with  the  individual 
who  had  the  courage  to  disguise  himself  as 
a  dry  cell  (and  I  have  not  a  few  Scottish 
friends  in  the  electrical  industry  at  that). 
The  thing  has,  however,  been  done  by  Mr. 
W.  E.  Page,  of  the  Western  Electric  Co., 
whose  "  portrait  "  (sic  !)  is  reproduced  here- 
with. For  this  complete  disguise  Mr.  Page 
was  awarded  first  prize  at  a  carnival  recentlv 
held  at  the  W.E.  Co.'s  Works.  He  tells  me 
that,  despite  the  low  internal  resistance  of  the 
Blue  Bell  dry  cell,  he  could  neither  dance  or 
sit  out  any  of  the  numbers  on  the  programme. 
Absence  of  local  action  will  perhaps  be  the 
best  explanation  of  this.  I  understand,  how- 
ever, that,  like  the  true  Blue  Bell,  Mr.  Page's 
voltage  was  well  maintained  throughout  the 
evening,  and  there  were  no  internal  short- 
circuits  ! 
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No.  210  to— 

Mr.  James  Cleary,  electricity  department,  Brighton,  for 
being  the  first  consumer's  engineer  to  entertain  Royalt}^  to  an 
electric  cea  in  a  Servantless  Flat.     (See  p.  30.) 

^  ^  ^  ^ 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series)',  May  3,  1879.] 
The  Breaking-in  of  Horses  by  Means  of  Electricity. — Ac- 
cording to  La  Nature,  the  General  Omnibus  Co.  of  Paris  has  for  some 
time  past  made  use  of  electricity  for  breaking-in  the  horses  destined 
for  the  service  of  its  vehicles.  At  a  recent  sitting  of  the  Socictr 
Nationale  (V Agriculture,  M.  Bella  gave  some  interesting  details  in 
relation  to  this  subject,  from  which  it  appears  that  vicious  horses 
addicted  to  biting,  kicking,  &c.,  speedily  submit  and  become  in- 
offensive, so  that  they  can  be  harnessed  and  groomed  with  safety, 
after  undergoing  the  electrical  discipline.  To  obtain  this  result  a 
weak  electric  current  was  passed  through  th?  animal's  mouth 
whenever  it  showed  restiveness.  The  current  was  generated  by  a 
small  Clarke  magneto-electric  machine,  one  of  the  wires  from  which 
communicated  with  the  bit  (one  pole  being,  no  doubt,  put  "  to 
earth  ").  This  idea  has  been  suggested  at  the  Paris  Exliibition. 
where,  in  the  Swedish  section,  was  exhibited  a  small  box  containing 
a  battery  communicating  with  a  bit  by  means  of  the  reins.  When 
the  horse  to  which  this  apparatus  was  adapted  showed  any  symptom 
of  viciousness,  the  conductor  was  simply  to  press  a  small  button, 
when  the  animal  would  immediately  become  subdutd.  The  use  of 
electrici'iy  is  said  to  be  much  less  liable  to  the  charge  of  cruelty  than 
are  the  means  ordinarily  adopted  for  the  breaking-in  of  horses. 
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HOME  BRANCH  ADDRESSES i 


bI^vl•(OHAM-C•  New  St. 

Bhi.t  L— 30,  B:. 
CAHMfF— 89.  St.  M^ry  Street. 
Ci.AS  y-jw— *6,  Waterloo  Street 


MAr.THKSTER — 196,  Deansgate. . 
NKA-r-A^TLE— 64-68,  Collin  gwood 
Shekheld— 22,  High  St.        (Bldgs. 
S^L'THAMpTCN— 46.  High  Street. 


Brnnches   in    Principal  Towns   Abroad. 


ELECTRIC    LIGHT   SWITCHING   EXAM.    RESULTS. 

Hi-.uIh  (»f  ••lfctri<-ul  eiiRiiM'<*riii(r  clcjMirtinpnt«,  especially  those  who 
-  «'v«'ii  he'nn'  th''  war  -had  reason  t<»  deplore  a  falling  off  in  the 
numher  of  Mtndenls.  an-  in  some  measure  indebted  to  .Messrs.  Lund- 
herR  for  iiiMtitntiiiK  their  [.eriodicaj  examinations  in  electric  light 
Hwitrhing.  TheH*'  exams,  attract  and  eni-ourage  many  actnal  and 
(Mitential  eleclricnl  workers  of  all  agen  who  would  not-  in  t  he  ordinary 
eoiinte  -  hav«'  aii\tliing  to  do  with  i)eii-an<l-|m|H»r  tests.  It  may 
surely  Im-  awiiiiiied  that  a  enrtain  |iro|Mtrtion  of  this  type  of  examinee, 
having  onee  learned  to  ilevote  m'ri<nis  attention  to  an  electrical 
snhject  will  feel  iin|M>lled  to  contiiii:e  their  investigations  and  so 
lieeoiiie  memlMirs  o(  electro  technical  cIh.sm's. 

The  examinees  in  the  sul.ject  an-  not  all  of  the  aUive  ty|K".  how 
ev«>r.  as  nuiv  I  e  s«'«-n  on  n-ferring  to  the  ix-cent    results  announced  in 
an  (Mlvertim-ment  laxt  w«><'k.     Them-  results  have  hei'n  <-oiisidered  so 
iialiMfael4)ry  (Ijoing  n  n»eor<l.  w'e  understand)  that   a  su|)pleinentary 
i'oni|i«<lilion  or  exam,  is  to  Ih«  net  in  training  forthwith. 


ELECTRIC  DRILLS  AND  GRINDERS. 

Althoneh  the  |H.rl.ilile  elecirie  drill  and  thi-  electric  grinder  an*  not 
new  tfHil-.  they  have  iindergotii-  coiitiniioUM  impn)vemeiit  since  they 
wen'  put  forwani  soiue  years  ajjo  for  ordinary  WDrkshoji  \m:    They 


It  is  sufficientiv  light  and  portable  to  be  attached  to  a  tool  rest  in  a 
lathe  or  other  niachine  tool,  and  it  may  be  utilised  for  both  internal 
and  external  grinding.  Fig.  1  is  an  illustration  of  a  t^^pical  internal 
grinder.  It  will  Ix'  observed  that  the  motor  is  fitted  with  a  long 
journal  on  one  side,  which  allows  of  the  passage  of  the  grinding  tool 
well  into  the  dejjth  of  the  Mork.  The  motor  is  of  compact  design, 
but  Ls,  we  understand,  well  up  to  its  work  and  capable  of  considerable 
overloads  without  excessive  heating.  It  wll  be  observed  that  the 
conducting  leads  are  brought  out  through  a  bushed  hole  and  are 
enclosed  in  a  flexible  metallic  ho.se,  which  terminates  in  a  combined 
switch  and  connector  fitting.  Fig.  2  is  a  side  view  of  combined  drill 
with  an  external  emery  wheel  attachment  for  tool  grinding  and 
similar  operations.     Both  the  drill  .spindle  and  the  emery  wheel  are 


Fio.  2. — Side  View  of  Combined  Emery  Grinder  .*kd  Drill. 

driven  from  the  motor  by  means  of  an  efficient  gearing,  which  is 
totally  enclosed  and  well  lubricated.  The  spindle  carrv^ng  the  drill 
can.  by  means  of  a  neat  attachment,  be  turned  a  considerable  angle 
to  admit  of  the  u.se  of  the  machine  for  comer  work.  Aluminium  is 
used  as  much  as  possible  for  the  enclosure  of  the  principal  working 
parts,  with  a  view  to  reducing  the  weight  of  the  tool.  We  under- 
stand that  the  motors  are  designed  for  oiierating  on  continuous  or 
alternating  current,  and  can  be  supplied  for  any  desired  circuit 
voltage.  The.se  useful  accessories  form  part  of  a  range  of  modem 
electric  tools  which  have  been  put  on  the  market  by  i\Iessrs.  Brown 
Bros.,  Great  Eastern -street,  London,  E.C.  Particulars  are  given 
ill  a  new  list  which  will  be  supplied  on  request. 


THE  PLEXSIM  ELECTRIC  STILL. 


The  electric  miners"  lamp  is  simplified  in  use  by  the  introduction 
of  the  Plexsim  electric  still,  which  makes  the  pro\-ision  of  disfille<l 
water  so  imjKirtant  in  accumulators  a  simple  and  inexj>ensive  matter. 
The  action  of  the  still,  which  can  be  gathered  from  the  section 
dniwing  herewith,  is  absolutely  automatic.  Turn  on  the  water  tap 
and  switch  on  the  current  and  the  still  docs  the  rest,  and  continues 
doing  it    until   the  current   is  switched  off.     The  still   is  made   by 


Kio.  l.-^-TsTKRNM.  (JRiMiKn  FOR  Att  \*iiMi.\T  io  I.  \Tin  Tool.  Uest. 


I  KM   \n  w  <iK  I'l.KXsisi  Stilu 


must  Ih'  in  eoi)sid«>mlile  rionmiul  in  rngine4<riiig  works  at  the  pmient 
time.  Ihh  '  ■'  pnxliKtion  of  muniltons  n'tpurvs  the  emi»l.\vment 
of  highl\  i,»,,|h  and  the  working  to  eMn«inelv  line  'limit«i. 

I* or  o|x>r.uionH  oi  this  rliww  the  elertrir  grinder  is  ail  ideal  m.ichinp. 


Sim|»lex  Conduitw  (Ltd.).  (Jarrison-lane.   Himiingham.  who  will  Im- 
ple.i-MMl  to  s.  ikI  j>;irti(uiar8  to  intjuirers. 

The  stili  IK  made  of  stout  ropjier.  tiniie<l  iiisi<i<>  ;    in  the  larger  si7,e 
the  IxtiJrr  i.*  of  .  ;,,Ht  iron.     Fnun  the  .s.ectional  illustration  it  will  In- 
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seen  that  the  cold  water  enters  at  (A),  where  it  should  be  controlled 
by  screw-down  water  tap.  It  passes  through  the  pipe  (B)  to  the 
outside  of  the  condensing  chamber  and  coil  (C  and  D).  After  filling 
the  tank  and  coil,  the  overflow  water  passes  through  the  pipe  (E) 
into  the  small  feed  tank  (G),  which  is  so  arranged  that  there  is  no  loss 
of  heat  at  this  point  and  no  disturbance  of  the  constantly  boiling 
water  in  the  evaporating  chamber  (J).  The  overflow  water  is  taken 
by  the  pipe  (F)  to  a  suitable  waste  drain. 

The  heating  elements  (K)  are  mounted  on  the  underside  of  the 
evaporating  chamber,  and  when  the  water  is  flowing  and  the  current 
is  switched  on  the  water  rapidly  boils.  The  steam  given  off  rises 
through  the  cone  (L)  and  impinges  on  to  the  various  surfaces  of  the 


Cross  Section  through  Plexsim  Still. 

walls  and  coil  in  the  condensing  chamber,  where  it  rapidly  condenses, 
the  drops  of  distilled  water  falling  into  the  distillate  chamber  (H), 
from  whence  it  flows  through  the  outlet  (I)  into  a  suitable  receptacle. 
The  action  is  simple  and  automatic,  and  therefore  no  attention  is 
required.  So  long  as  water  and  electric  current  are  flowing  nothing 
can  go  wrong.  For  economy  in  working,  it  is  suggested  that  the 
flow  of  the  feed  water  should  be  so  regulated  that  the  temperature 
of  the  waste  water  is  about  150°F.  ;  at  this  point  the  still  is  working 
at  its  greatest  efficiency.  All  parts  of  the  still  are  easily  delacliable 
and  accessible,  including  the  heating  elements.  Its  construction  is 
robust  and  it  is  designed  for  workshop  use.  The  still  should  be  of 
great  value  in  laboratories,  also  in  central  stations  where  batteries 
are  installed. 


Insulation 


itjsfactiory;  substitute  lorl^r; 


fl^biRtrts, Vf  if ej'also  for  f lexible% 
i^ipUeada,  'et  fcr?  AMPLE  'STOCKS. --^^  f^  - 


THE  ^"EASY-CLIP"  SHADE  CARRIER. 


We  understand  that  Siemens  Bros.  D\-namo  Works  (Ltd.),  of 
38-39,  Upper  Thames-street,  are  just  placing  on  the  market  a  new 
shade  carrier  which  is  of  neat  design,  and  which  greatly  simplifies 


Fig.  1. — The  Easy-clip  Shade  Carrier. 

the  operation  of  shade  fixing.  The  device  is  most  ingenious,  and  can 
be  used  in  any  situation  where  shade  carrier  rings  have  previously 
been  employed.  For  the  larger  installations,  such  as  hotels,  res- 
taurants and  theatres,  where  shades  are  regularly  cleaned,  the  device 


Fig.  2. — The  |Oi.d  ^Methods. 

should  effect  considerable  saving  of  time  as  compared    with  the 

operations  needed  when  the  ordinary  shade  ring  is  used. 

f    The  Siemens  Easy-clip  shade  carrier  has  two  sets  of  claw  grips 


Fu;.  ;>. — The  New  Easy-clip  Met:'od. 

(Fig.  1),  the  inner  to  engage  the  screwed  part  of  the  lamp-holder  and 
tlie  outer  to  grip  the  shade.  Both  are  under  spring  tension,  and  the 
clip  is  readily  inserted  in  the  shade  after  compression   between  the 


One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVIES    MOTOR    CO. 

Head   Office:    110,     CANNON    STREET.     LONDON,     E.G. 
Works  :  Dermody  Road,  Lewlsham,  London,  S.E. 
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Manufacturers  of 

PHOSPHOR  BRONZE, 

GUN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tribes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

BIRM  INGHAM. 


tliiiiiib  fuul  forcliiigcr.  The  inner  claw  ^rip  in  brought  to  the 
required  tcuKion  when  fixed  in  the  Khade,  and  the  clawK  lirmly  engage 
the  thrf;nl  of  the  hoId'T  when  it  is  forced  tiirou^h  the  prij).  The 
KfiHV-clij)  shade  cafricr  reduceK  shade  lixing  to  two  sinij)ie  operations, 
anrl  completely  diHjx»n»«;K  with  the  use  of  a  whade  carrier  ring. 
»  Tli(  shiuic  is  rciMOvedi>y  unscrewing,  ami  we  understand  tliat  it  is 
nol  |»<»ssil)lc  U)  renio\«'  the  shade  by  any  otlier  method.  l>ecause  the 
gripH  on  the  holder  an<i  on  the  shade  are  in  op|)osite  directions. 
With  the  introduction  of  the  hiffh-voltage  tun;;sten  lamp  sliades  of 
greater  leufitli  became  necesmiry  iis  a  j)rot<';tion  for  the  lamj).  The 
fixing  of  Buch  HJiadeR,  however,  presented  iix-rcased  flifficulties,  and 
siH'cial  devices  were  needed  to  overconu-  them.  The  Siemens  Kasy- 
clij)  shade  carrier  does  this  most  cITectivcly.  It  is  little  deeiMT  than 
the  average  shade  cfirrier  ring,  is  made  of  hard  rolled  brass  (which 
may  Ik*  finished  to  customer's  refpiiremcnts),  will  suit  any  design  of 
fitting  and  any  shade  with  1 1  in.  Iiolc.  does  not  deteriorate  with  age. 
and  cun  be  purchas(>d  at  the  moderate  price  of  '.is.  j)er  dozen  (sub- 
ject).    Trade  <|Uotations  will  be  given  f)n  application  to  the  company. 


THE  SERVANTLESS  FLAT. 


BATTERY  ZINCS. 


I'amphlet  Nc  S77.  issue*!  by  Hritish  insulated  &  iielsby  Cables 
(F.,t<l.),  J'rcHcot,  deseribeH  and  illustrates  the  "  Heldby  "  zinc  rod  for 
I>-<|»neh('-  batteries.     Tin-  adjoining  illustrations,  whidi  are  taken 


o 


c 


from  the  list,  graphically  exjilain  how  the  ordinary  rod.  which  is  t»f 
the  sjime  (liamcler  thrnughiiut  itx  length.  i«  eaten  away  near  llie 
lower  end  and  hnw  the  up|ier  eiul  of  the  n>«l  HufTers  very  little  from 
the  aeliifl)  ut  tlie  Imtterv.  In  the  llelsliy  r.ine  nwl  the  lower  |M>rti(in 
upon  whiclt  tin-  chemical  action  takeo  phue  luvo  been  eonmderalilv 
incnM.-HMl  m  diauuMer.  The  additional  z.uic  at  this  |mrt  of  the  nnl 
therefon<  materially  inrrrnwH  the  efTertive  life  of  the  nnl.  in«l  al(«o 
reduces  the  cost  of  tlie  o|M<ration  of  the  l>altery.  Full  ]Kirticulars 
of  this  inten<sting  l>iiiin\  :i,,,-.^.„\  » ill  Ih'  su|ipliiHi  on  application 
to  the  roiu|tauy. 


It  is  8upiKj.sed  by  many  i^ersons,  not  a  few  of  them  electrical  eon- 
tractors,  that  the  present  higher  prices  of  electrical  energj'  will  put 
a  check  ujKtn  the  wider  employment  of  those  numerous  domestic 
electrics!  appliances  which  have  been  perfected  during  the  past  five 
years.  When  the  war  broke  out  there  was  a  prospect  of  a  boom  in 
vatuum  cleaners.  iron.s,  electric  cooking  apparatus,  fires,  &c.  WTiile 
it  is  true  that  the  ncc-essities  of  the  situation  have  compelled  the 
supply  authorities  to  rai.se  prices,  there  is  a  factor  wliich  must  be 
taken  into  avcomit  and  which  has  ari.sen  mainly  as  the  outcome  of 
the  war.  It  is  the  difiiculty,  and  it  is  da-ly  increasing,  of  obtaining 
labour  of  any  kind  for  domestic  purpo.ses.  The  servant  problem  is 
one  of  the  most  difticult  which  the  householder  has  to  consider,  and 
after  it  has  been  solved  the  help  which  is  obtained  is  high  priced  Hnd 
usually  unsatisfactory.  Before  the  war  the  chief  argument  for 
domestic  electrical  aj)j)liances  was  based  on  the  low^  cost  of  electrical 
cnergv.  During  the  war  the  basis  of  the  merits  of  these  appliances 
has  merely  Ix-cn  shifted  to  the  high  cost  and  extreme  scarcity'  of 
domestic  lalx)ur.  It  may  therefore  be  argued  during  the  war,  even 
more  so  than  Ijefore  it.  that  dorae.stic  electrical  appliances  are  a 
sound  investment. 

These  facts  have  evidently  been  appreciated  by  the  Brighton 
Corporation  electricity  department.  This  undertaking,  which  is,  as 
we  need  hardly  remind  our  readers,  pre.sided  over  by  one  of  the  most 
j)rogre.ssively  minded  municipal  engineers,  Mr.  John  Christie, 
recently  took  advantage  of  the  opportunity  preseiited  by  a  Patriotic 
Housekeeping  Kxhibition  in  Brighton  to  bring  to  the  notice  of  the 
public  the  merits  of  domestic  electrical  appliances  of  all  kinds.  The 
design  and  arrangement  of  the  exhibit  was  in  the  capable  hands  of 
.Mr.  .lames  Clcary.  the  consumers"  engineer,  who  worked  upon  the 
excellent  notion  of  fixing  up  what  was  appropriately  described  as 
the  ■*  Servantless  Flat."'  Although  the  space  available  for  the 
exhibit  was  represented  by  only  one  room  30  ft.  by  18  ft.,  the  usual 
rooms  found  in  a  fiat,  dining-sitting  room,  bedroom,  bathroom  and 
kitchen,  were  arranged  within  this  compass.  Everything  was  done 
electrically.  In  the  dining-sitting  room  a  Belling  "  Renown "'  fire  was 
introduced  into  a  made  recess  under  the  window.  The  window  itself 
was  deep  and  large,  and  was  tastefully  finished  off  with  palms  and 
flowers.  The  hot -water  supply  was  derived  from  a  '"  Falco  "'  heater, 
and  with  this  the  requi.«ite  quantity  of  hot  water  for  the  sink, 
lavatory  basins  and  bath  was  given  with  the  heater  at  "  low  "  ;  only 
when  successive  baths  were  required  was  it  necessarv  to  switch  over 
to  "  high." 

The  princii>al  heating  a|)pliances  were  supplied  by  the  Hotjxnnt 
KIcctric  Co..  ami  we  uiulci-stand  that  thev"  attracted  a  considerable 
amount  of  attention.  The  "  Hotpoint  "  irons  were  shown  in  opera- 
tion, and  the.se  are  noteworthy  on  account  of  the  high  loading.  The 
:{  III.  iron  is  rated  at  IVM)  watts,  the  o  lb.  at  500,  and  the  6  lb.  at  5,">0 
watts.  The  10  years'  guarantee  offered  with  these  irons  proved  a 
considcral)lc  attraction.  The  utensils  for  connection  to  lamp-holder 
sockets  comjiriscd  "  HotjK)int  "'  coffee  jx^rcolators  and  teajxjts,  the 
■■  HotjKtint  "  6(Kl-watt  radiator  for  cliilly  evenings,  immersion 
heaters  and  '"  Fl  Comfo  "  hot  |)ads.  In  the  saine  range  of  600-watt 
a])pliances  is  the  ""  Fl  (^rilstovo  "'  and  ovenette.  a  cooking  con>- 
bination  wliich  lia.s  jireviously  been  exhibited  in  Brighton,  and 
which,  we  understand,  has  Ikmmi  sold  in  quite  large  (piantities.  There 
was  alvo  a  (MMi-watt  small  liako  j»rovided  with  three-heat  switch  and 
the  Kl  Cooko.  which  is  a  600-watt  oven  with  three-heat  control,  but 
provided  with  ."U  in.  heavy  mineral  wool  lagging  all  rouiul  the  cooking 
s|mce.  This  apjKuatus  is  designed  for  cooking  by  heat  storage. 
It  is  stated  that  4  lb.  of  beef,  two  vegetables  and  a  pudding  can  Ikj 
lH«.iulifully  co<»ked  at  a  cost  of  (I0<1.  with  electrical  energy  at  Id.  jkt 
uinl.  Th«>  largest  '"  Hot|H)int  ""  oven  shown  was  the  standanl 
■  Itako."  loaded  to  2.(M)t>  watts  and  pn)vide.d  with  top  and  bottom 
beating  in  the  oven,  which  me^usures  )8J  in.  by  12  in.  by  12  in.  deej). 
The  heat  «an  1m»  ngul.ited  by  two  tliri'e-hoat  switches,  aiul  i)y  the 
use  of  the  top  heater  alone  a  grwit  many  oix^rations  can  be  carried  on. 

We  gatliiT  fmm  tlu<  I'tvss  rei>orts  of  this  section  of  the  exhibition. 
iN.th  ui  Brighton  and  i/>udon.  that  the  electric  idea  has  quite  caught 
on.  On  WiMlnrwlHy  of  hwt  week  H.R.H.  Prince.ss  Louise,  Duchess  of 
.\rg\le.  visif«Hl  th«'  exhibition  and  was  ]>articularly  impres.sed  with 
tb(  st-rvaiitlexs  Hat.  She  n>mained  a  considerable  time  and  wit- 
nes.s<«d  demonstrations  of  most  of  the  appliances  on  view.  To  quote 
the  "  Brighton  Herald."  "the Princess  showed  the  liveliest  interest 
in  everything,  nnd  was  charmed  with  the  artistic  apjKMrance  of 
every  thing.  She  rvrtaiidy  ma<le  everyone  feel  quite  pleased  with 
luT  and  plea.'ted  with  themwives— one  of  the  happiest  pu-rogatives 
of  roya'ty."  She  was.  in  fact,  so  gratified  with  the  arrangements 
that  she  remaine<I  t4)  tcA,  which  was  served  in  the  flat  by  Mrs. 
<;allien..    who    was  -    ]    by    the    Mis.ses    Wienholt.     With    her 

Royal  HighncHswer.  'Uisel>xler.  Uidv  Brassev.T^idvChiches- 


31 


SUPPLEMENT  to  "The  Electrician,"  May  5   1916.     (xxiii.) 


]  Qo^OOL^$€Ul0 


cuer 


y^ 


CltkdAjAj, 


7, 


>f>eo 


ELASTA  i;S.I"  WIRE  LAMPS 
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Advi.  of  Pope's  Electric  Lamp  Co.,  Ltd.,  Hythe  Road,  WilUsden,  N.W. 


It  weighs  91  lbs 

Costs  Eight 
Guineas. 


/' 


The  premier 

electric 

SUCTION 
CLEANER 

is  made  in  one  size 
and  one  type  for 
domestic     pur- 
poses. It  is  suit- 
able   for    all 
conditions. 
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ELECTRIC  SUCTION  CLEANER  CO. 

56,  Victoria  Street,  London,  S.W, 


wwmmi 


iS? 


THE    ALL-BRITISH  ^^ 


THE    ALL-BRITISH 
HOUSE  FOR  ACCESSORIES 


ROYAL 


piEvmni 

DRAWN  NA/IRE  LAMPS 


9  9 


CATALDCUES  ON  REQUEST 
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WE    ARE    SPECIALrSTS    IN    THE   MANUFACTURE  OF- 
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PRESSBOAFiD) 

liest  Quality,    vvvvvwwv    Proved  by  repeated  tests. 

Sheets   in   thickness   from   01    upwards. 
Endless    Rolls   and    Strips   from   O'l    to    1    mm.    thickness. 

Presspan    Coils   and   Tubes   for   Transformers. 
Presspan  Armatures,  Discs  and  Shaped  Articles. 


VARNISHED    PRESSPAN. 
OILED    PRESSPAN. 


BLACK    PRESSPAN. 
MICA-COVERED    PRESSPAN.    ic 


Silver  Medal:   Paris  1900 


Grand  Prix:   Marseille  1908. 


Cold  Medal:   Berne  1914. 


ter,  LiuJy  do  la  VVarr  unrl  tin;  .May.jre.sHPs  of  Brightrm  arid  Hove. 
ToJAIr.  JamcH.  {'leary  fell  th»  hon'mr  of  e.x plaining  the  electrical 
uteiiKJls  aiirl  appliari(«>.s  {'>  her  H-na'  Hijjlitiess,  and  she  expressed 
f^rfat  pleasure  with  all  she  had  seen  in  the  llat. 


HIGH-PRICED 


•GASOLINE"  THE  ELECTRICS 
OPPORTUNITY. 


'I'lu.'  fi>llo\vinK.  taken  fnnii  the  '"  Klettrical  News,"  Montreal, 
refleelH  electrical  opinion  in  Caniula  on  the  subject  of  the  electric 
vehicle.  In  reading  the  article  the  word  "  gasuline  "  must  be  taken 
to  n;ad  "  |K'trol  "  : 

Little  by  little  the  electric  range  has  l)een  overconii?ig  the  leiul 
of  its  Klrongcst  c<>iii|M'titor,  the  gas  stove,  until  it  now  stands,  in 
many  localities,  in  undis])Uted  |Kwse.Hsion  of  the  cooking  lield  as 
reganlH  lx)th  efficiency  and  cost  of  operation.  And  now,  just 
a[i[K'aring  over  the  horizon,  comes  the  electric  aufomobijc.  Like 
the  chvtric  range,  the  two  big  obstacles  have  l>een  the  initial  cost 
and  the  {)opular  falliwy  that  electricity  is  too  slow.  The  cost  of 
nuiL'cH  luiM  gradii.illy  been  reduced,  and  their  sj)ecd  has  been  im- 
proved, until  lli«-y  now  compare  favourably  with  their  best  com- 
petitorH.  Cost  of  o|)eration  is  no  longer  a  bugbear — it  ha.s  become 
an  iiHM't.  So  wifli  the  gjis  car  a  little  more  slowly,  but  just  as 
sun-ly,  the  eli-clric  is  taking  its  place.  It  is  being  cheajM'iicd  in  lirst 
eroHt ;  it  is  imjimving  it«  sjx'cd  :  for  some  time  it  has  cost  less  to 
ofM-nite  and  maintain. 

(Jcner.iliy  s|icakiiiK.  the  trend  <)f  prices  of  the  things  that  enter 
into  our  daily  ne«'<lM  luis  Immmi  upwards,  without  any  eesHation,  during 
the  |Hu«t  few  years.  The  one  big  outstanding  excejition  is  the  cost 
of  electric  curn'nt.  .\t  many  jxiints  in  <'an;ula  rat<'s  are  anywhere 
from  !<»  to  2<>  |mt  cent,  of  what  they  wen*  Id  years  ago.  It  is  not 
infre(|ucnt  that  a  rale  of  less  than  I  cent,  is  obtainable  by  the  hou.se- 
holiier.  Still  lower  rates  an>  available  for  |M(wer,  es|H'cially  at  olT- 
|»eak  load.  The  ^midl  cost  of  electricity  has  Invome  almost  a«  won- 
derful as  eletlricity  itself. 

Till'  electric  aut«)mobile  h(u<  \uu\  an  uphill  fight  with  its  gas  eom- 
IMilitor.  S>iitiment  haw  Ikvmi  a  considerable  factor  in  this  ••omjH"- 
titioii,  'J'Im!  gaM  car  is  fast«'r.  and  h;u*  a  wider  range  of  o|)erations. 
The  (Nipiilar  idea  with  n»ganl  to  high  Hj»e«M|  in,  we  U-lieve.  entirelv 
wrong,  but  it  is  ncvertheli-'<'<.  r|iMi>  ult  to  overcome.  A  few  vears, 
no  doubt,  will  tea(  h  the  averiige  motorist  the  folly  .»f  maintaining  a 
fl<»  H.P.  mol<»r  for  a  ITi  to  20-mile  rate  of  npeed  wju'n  a  half  or  thin! 
)W  nuich  power  will  do  the  work.  The  averatre  gascar  actuallv 
tmvels  no  faster  than  an  electric  around  the  city  stn-els.  We  U-lievo 
it  is  iiM'vitable  that  when  the  thirst  for  high  speed  which  seems  to 
have  taken  |¥)sse'«mMn  of  the  modem  mototnst  has  In-en  Hiitisfied  he 
will  cnnie  t<i  HMcignise  that  the  elci  trn  ( ;ir  is  fast  enough  for  .til 
re«»«onable  aiul  sane  pur|N>s4>s. 

.\nd  tiow  ctunex  a  n-al  InMist  for  tin  elci  trie  in  the  rapidlv  im  n>as- 
ing  price  of  t'asoline.  The  lower  cost  of  o|M>riiting  the  electric  oar 
lian  always  IsM-n  a  talking  jioinl.  and  now  it  is  mon*  than  that— it'n 
an  unanswerable  argument.     The  difference  should  now  W  stiffieien* 

Ferkanti  Ltd 

Central   Houte.   Kingsway     London.    W.C 

BWITCHQEAK.    TBANSrOBBSRBB,    METERS. 
ELECTRIC     HEATING    A    COOKING     APPAJELATUS. 


to  convince,  where  formerly  it  served  only  to  interest.  For  example, 
we  are  just  in  receipt  of  figures  covering  the  operation  of  a  5-ton 
commercial  giusolinc  truck  which,  operating  under  usual  conditions, 
made  3^  miles  on  a  gallon  of  gasoline.  Assuming  1.5  cents  for  gas, 
this  would  represent  a  cost  of  about  4  cents  per  mile,  and  if  the  truck 
operated  3.")  miles  a  day  gasoline  would  figure  out  .SI. 40.  Compared 
with  this,  figures  for  the  oi>eration  of  a  5-ton  truck  by  electricity 
show  the  cost  of  operation  4  ,',-j  cents  per  mile,  or  .SI. 43  for  the  35 
miles.  These  figtires  are  pretty  close,  though  the  advantage  is  with 
the  electric  on  account  of  lower  maintenance.  But  suppose  we  figure 
ga.soline  at  40  cent.s — then  the  co.st  per  mile  of  operating  the  gas  truck 
becomes  11  cents,  and  the  total  cost  S3.85.  Thus  the  use  of  the 
electric  represents  a  saving  per  day  of  S2.42,  which  in  300  days 
amounts  to  S726. 


FLUVENT"  SWITCH-FUSES  FOR  HEAVY  DUTY. 


A  complete  range  of  "  Fluvent  "  switch-fuses  (which  we  described 
in  a  recent  issue)  is  now  made,  and  may  be  obtained  from  Parmiter, 
Hoj^e  k  Sugden,  .Manchester.  We  understand  that  a  large  numl:»erof 
these  switch-fuses  has  been  in  u.se  on  crane  circuits  for  some  con- 
siderable time  under  the  worst  conditions,  and  with  entire  satisfaction 
in  o])eration. 

A  list  shows  a  view  of  the  standard  double-pole  switch-fuse  open. 
In  the  stiindard  form  the  fu.ses  are  at  the  bottom,  and  the  switch  at 
the  top  of  the  ca.se.  The  switch  is  a  modified  form  of  the  company's 
heavy  duty  Ajax  "  S  "  tyjie  switch,  but  iiuilt  up  on  mica  insulated 
steel  ro<ls.  practically  as  Admiralty  sjx'cification.  The  switch  ha.s  a 
parallel  bn'ak  (i.e.,  the  blades  leave  all  the  contacts  at  the  sanje 
moment  on  breaking  circuit),  and  the  contacts  are  of  phosphor 
bronze  mount«'(laiid  sup]M)rtcd  in  hrassshoes.  All  moving  part*  are 
lock  nutted  and  split  pinned. 

The  "  Fluvent  "  switch-fuses  are  supplied  in  four  capacities, 
namely.  ."»(•  and  l(Kl  aiuiK>rcs,  2(tO  and  .300  am]x»res.  The  switch 
and  fiise  compartments  are  interlocked  so  that  they  cannot  be 
o|H'ned  until  the  switch  is  in  the  "  off  "  position,  and  when  open  the 
switch  cannot  l>»>  o|)erated.  The  lids  are  packed  with  asl)estos 
{Nicking,  and  further  secured  at  four  points  by  wing  nut  fastenings, 
ensuring  a  somid  joint,  clearance  being  allowed  to  provide  for 
tight^Miintr  down  e<|ually. 

.Ml  ■■  Kliivent  '  switch-fuses  arc  fitted  with  removable  extension 
tnuigh.  whi<h  allows  ample  room  for  cable  entrances.  Glands  can 
Im«  siipplie*!  for  all  ty|¥>s  (if  armouring  and  sealing  lx)xes  for  paper  or 
other  cablet,  are  provided  for  in  the  standard  switch. 

The  list  also  shows  a  view  of  the  100  ampere  standard  three-phase 
*'  Fhivent  "  switch-fuse,  and  this  particularfu.se  can  lie  supplied  with 
either  the  switch  above  or  below  the  fuses  as  de.sired,  at  the  same 
l)rice.  Th-i»e  switches  are  carefully  made  thnmghout,  and  they  are 
designed  to  withstand  the  most  severe  working  conditions. 

t  npiesof  comjiletecatalogiiesdealing  with  these  interesting  switehe-s 
may  Ix-  obtAine<l  on  application  to  the  company  at  Hulme  Works, 

^f;1t1I'f1'■   *'••" 
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AUTOMATIC  HEAT  CONTROL.  MELT  WITHOUT  OXIDATION 
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4> 


The   Round   Table. 

By    "KVA." 


4> 
4> 


Tlie  follovviiiij;  iliyiiic  on  tlic  Duvli.^iit  Savin^j;  Bill  has  Ix'cii 
sent  me  hy  a  Scotti.sli  reader,  wiui  appears  to  bi-  opposed,  to  the 
ineasui-e,  judging  by  the  suppressed  tone  in  whiih  it  is  written  : 

WAR  TIMK  ECONOMY. 

In  war  time  thnigs  callod  orthodijx 
Frequently  go  upon  the  stocks  ; 
And  Hudibras  no  doubt  will  rise, 
Shouting  his  paeans  to  the  skies. 

3|C  jfC  SfC  i|t 

So  now  we  cast  out  all  the  "  crocks," 

And  alter  "  Time  "  by  means  of  "  clocks," 

Feeding  just  so  long  as  we  please. 

Like  "  monkey  with  the  piece  of  cheese." 

When  "  mobs  "  with  science  begin  to  plr.y, 

W^ill  turn,  we're  sure,  "  night  into  day." 

According  to  these  silly  fools, 

We  live  by  "  Acts  "  and  not  by  rules. 

So  be  it,  we  shall  "  wait  and  see  " 

What  "  Nature's  "  "  little  bit  "  will  be. 

Convinced  that  Parliament  and  Acts 

Can  never  alter  "  Nature's  facts." 

Fish  will  be  taken  from  the  sea. 

To  suit  our  clocks  it  seems  to  be  ; 

And  pigs  and  animals  must  feed 

Because  it's  written  in  the  "  Rede." 

An  Act  of  Parliament  will  cause 

All  Nature  then  to  change  her  laws  ?  W.  M. 

*JC  S|C  ^  3fC 

According  to  an  advertisement  in  the  "  Merthyr  Express,"" 
"  Tenders  are  invited  for  carri/liig  out  additions  to  the  trans- 
former station  at  Treharris."  And  after  they  have  been  carried 
out  tliey  will  be  carried  in.  T  suppose. 


A  switf.hboaid.  attendant,  who  is  evidently  a  bit  of  a  dandv, 

writes  in  to  ask  me  if  the  Daylight  Having  Bill  will  apply  to  his 

■■  clock   '  socles. 

*         *         *  * 

III  a  Paper  read  before  the  Kngineering  and  Scientific  Asso- 
ciation of  Ii-eland,  on  Sm  ill  Klectiic  Stations,  the  following 
})as;sage  appears. 

■  The  town  of  Rathkeale,  in  Co.  Limerick,  affords  an  examjJe  of  a 
])lace  that  abandoned  a  |)ublic  gas  undertaking  for  economic  reasons 
and  replaced  it  U\  an  installation  for  electric  lighting." 

The  gas  iiulustry  and  the  })oliti'-ians  will  note  the  significance 
in  the  name  of  the  author  of  this  interesting  Paper.  It  i.s  Mr. 
L.  J.  Lawless  ' 

THIRTY  SEVEN  YEARS  AGO. 

[From    The  Electrician   (Second  Series),  May  K),   1879.] 

Early  Klectrtc  and  M.a(!N'etic  Motors. — In  18:53  Mr.  Sturgeon 
exhibited  a  small  magnetic  nu)tor.  It  was  cajjable  of  pumping 
water,  sawing  wood  and  drawing  model  carriages.  It  was  but  a 
small  thing,  but  it  showed  the  prhiciple  in  ojieration  clearly.  In 
18;}7,  Dr.  M.  Connell,  of  Pennsylvania,  made  a  small  machine  which 
caused  a  driving  wheel  to  rotate  70  times  a  minute,  carrying  a  load  of 
40  lb.  through  a  space  of  300  ft.  per  minute.  The  machine  was  2  ft. 
high  and  1  ft.  broad,  and  weighed  17  lb.  A  year  or  two  afterwards 
Mr.  Davenport,  of  Vermont,  contributed  several  electro-magnetic 
machines,  varying  the  method  of  construction.  With  a  small 
machine  he  obtained  a  horizontal  rotation  300  times  a  mmute,  and 
lifted  a  quarter  of  a  hundredweight.  In  1840  Mr.  Clarke,  of  Leicester, 
constructed  an  electro-magnetic  locomotive,  which  ran  on  a  circular 
model  railway,  drawmg  from  60  lb.  to  100  lb.  According  to  the 
late  Prof.  P.  Forbes,  Mr.  R.  Davidson,  of  Aberdeen,  constructed  a 
galvanic  machine,  and  actually  worked  a  small  lathe.  This  machine 
generated  sufficient  power  to  draw  a  small  carriage  containing  two 
l.ersons  over  a  rough  floor.  In  1842,  with  Mr.  Davidson's  appa- 
ratus, a  railway  carriage  was  impelled  at  the  rate  cf  four  miles  per 
hour  during  an  experiment  on  the  Edinburgh  and  Glasgow  line.  In 
1830  Prof.  Ja<ol)i  navigated  a  small  vessel  on  the  Neva  bv  means  of 


Two  N'lEWs  OF  THE  Skrvantless  Electric  Flat  at  t 

OUR  HOT-PLATES. 


BiiiiiUTox  I'atriotic  Housekeepixc.  Exhibition.     (.Seep.  40.) 


No.  211,  to— 

Mr.  T.  H.  U.  Aldridge,  electrical  engineer.  Shanghai,  for  his 
progressive  conduct  of  the  most  flourishing  electricitv  uiulcr- 


taking  in  the  Far  East 


electro-magnetisiu.  The  boat  was  28  ft.  long,  7  ft.  (i  in.  wide, 
drawing  nearly  3  ft.  of  water,  and  carried  14  {)ers;ins.  The  rate  of 
progress  was  three  miles  an  hour.  The  Professor  !iad  tried  an  ex- 
j)criiut:it  in  the  previous  year,  but  only  obtained  the  result  of  about 
1-.)  miles  an  hour. 


No.  27. -Patent  "Inching"  Motor 
Starter.  All  making  and  breaking  o[ 
the  main  current  takes  place  on  the 
special  interlocked  magnetically  oper- 
ated circuit  breaker.  Overload  pro- 
tection during  starting.  Write  for 
particulars. 

IGRMIC  ELECTRIC  C?  L^^ 


N  o.  38.  A  combined  Motor  Starter 
and  Shunt  Field  Regulator  interlocked 
and  thoroughly  fool-proof  :  ens  ires  full 
field  at  starting.  No-volt  and  overload 
automatic  releases. 

147,    Queen     Victoria     Street, 
London. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Oiract   Currant. 


For   Three-pha«»  Currant. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Hi'.a:,  Ofh':e;  CAXTON  HOUSE.  WESTMINSTER.  S.W. 
Telephone:  Gerhard  860.  Telegrams:  "  Siembralos.  Vic  London." 

Supplie*  Dept.:    38  &  39.   UPPER   THAMES  STREET.  E.G. 

Telephone:  City  3350.  Telepram:: :  '  Siek-tor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES) 


Birmingham — Central  Ho..  New  St. 
Bhistol — 30,  Bridpe  Street. 
Cardiff— 89.  St.  Mary  Street. 
Glasoow— 66.  W.ite'loo  Str«et. 


Manchester— 196.  Deansgate. 
Nev.xastle — 64-68.  Collingwood 
Sheffield- 22,  High  St.        (Bldgs. 
Southampton — 46.  Hiph  Street. 


BranchnB   in    Principnl  Towns    Abroad. 


NEW   -IGRANIC  "  TWO-COIL   MAGNETIC 

SWITCH. 


LOCK-OUT 


'I'lii.s  iiiliTCHtiti^  switch  i.s  now  liriiip  piif  on  llic  markof  after  prai- 
tniil  l((*tH  luwicr  working  conditions  for  ;il»out  three  years.  A  new- 
comer into  H   liehl   already  occupied   nuiHt,   of  course,   justify  its 


Km.  I.      •  liiK.xxir"  8iti-P-.\rTisn  Motoh  c>r*KTis«  Tanku  with 
.Siir>T-\vtn>n  ri.APrKK  S\vit<hb.h  anp  Skhikh  Hki.avh. 

iippeaninee  on  the  ){n>nnd  eillier  of  lower  cost  or  nnpnncd  elliciency. 
if  it  in  to  Itnd  li  nvwly  wile.  T\w  claim  of  gn^tter  eflirieney  and  utility 
"11  iH'half  of  the  new  "  Igmnic  '*  M>ri<><<  wound  magnetic  lock-out 
-witch  i-  111  wic  111  p:mMitiIrf  \n.  ti.l.'i.  Sune  ex.nuiuation  of  the  lield 
for  Kerien  wound  m  .  .k  out  nwit  l.es  nml  hoihc  eoiiii»iiri«on 

with  exiMing  tyjn-.^  iii;i\  niUiiillv  lie  niftdc. 


For  some  years  now,  and  for  certain  duties,  it  has  been  found 
convenient,  in  con-sitructing  contactor  or  clapper  .switch  type  self- 
acting  motor-controlling  panels,  to  adopt  a  device  which  makes  the 
starting  period  dependent  upon  conditions  in  the  motor,  instead  of 
u.sing  dashpot-  or  other  timing  de%ices  independent  of  the  load  con- 
rlitions.  At  hrst  thi.s  object  was  achieved  by  series  relays  (or  cur- 
rent relays)  in  conjunction  with  shunt-wound  clapper  switches.  The 
coils  of  the  series  relays  were  series  wound  and  carried  the  main 
motor  current.  Such  a  .system  is  used  in  the  "  Igranic  "'  .self-acting 
starting  panel  illustrated  by  Fig.  1.  The  series  relays  (one  of  which 
is  provided  to  (ontro!  each  accelerating  clapper  switch)  are  so 
arranged  that  on  closure  of  the  motor  circuit  the  initial  current 
excites  the  first  series  relay,  and  by  lifting  its  core  causes  it  to  keep 
ojjen  the  c«)il  circuit  of  the  first  clapper  switch,  which  con.se«-}uently 
cannot  do.se  to  short-circuit  the  first  section  of  starting  resistance 
until  the  motor  current  has  decreased  to  normal  running  value. 
When  tliis  occurs  the  relay  releases  its  core,  and  the  first  accelerating 
(!ap|K-r  switch  closes,  and  by  short-circuiting  a  section  of  resistance 
|K>rmits  the  motor  current  again  to  rise  to  an  abnormal  value,  thereby 
causing  the  second  series  relay  to  lift  its  core  and  keep  open  the 
second  accelerating  clapper  switch  until  again  the  motor  current 
has  fallen  to  normal.  This  process  is  continued  by  successive  series 
relays  until  all  the  starting  resistance  has  been  removed  from  the 
motor  circuit   bv  the  closure  of  all  the  clapper  .switches.     By  this 


Fk;.  2. — KxrixtDED  View  oFSHrxT-worNn  Clappkr  Switch. 


system,  if  the  starting  load  be  light,  the  starting  resistance  is  quickly 
cut  <uit.  whereas  if  the  starting  load  be  heavy  the  starting  resistance 
is  remove*!  slowly.  In  such  a  system  the  clapj)er  switches.  a.s  stated 
alMive.  an*  of  the  shunt-wound  tyi)e  illustrated  l>v  Fig.  2.  only  the 
scries  ivlays  that  govern  them  liaving  their  coils  in  the  motor  circuit. 
This  metluxl  luis  not  U'en  improved  ujKin  or  su]x>rseded  for  eert«in 
uses,  as,  for  example,  in  those  control  systems  wlien*  the  ojierator 
is  to  have  contml  of  the  s|)eed  of  the  motor,  as  well  a,s  its  starting  and 
slop|iiiig.  For  eases  where  speed  control  is  not  required  another 
form  of  aeecleniting  switch  h;is  been  u.sed  in  recent  years,  and  has 
I  ceil  aptly  advertised  as  a  series  "  switch."  Two  or  thn^e  varieties 
of  the.se  series  switches  have  I)een  introduced  by  various  makers,  all 
of  which  (nj«  their  name  implies)  have  their  ojx-rating  coils  in  series 
witli  ti.e  motor  with  which  they  are  u.sed.  They  all  |x».s.sess  the 
rharart«"ristic  <»f  n<fusmg  to  clo.se  .so  long  as  the  <urrent  passing 
through  their  o|)erating  winding  exceeds  a  jiredeterminetl  and 
adjustable  value  In  consequence  of  this  charar-teristic.  a  seri"s  of 
such  swit<'h«*s  when  u.sed  for  the  removal  of  .starting  resistance  from 
the  cinuit  of  a  motor  (Mtnstitutes  a  self-goveniing  current  limit 
aiTrleration  eontnil.  The  ]ierformance  of  this  ty|ie  of  a|>)varatus  is 
fairly  sjitiNfa*  torv  for  some  el(u*,so,s  of  work,  but  its  u.sefulne.ss  is 
limit«Ml  to  thos.>  ,ontn»l  systems  in  which  the  «»|H'rator  is  to  Ik< 
rnablcd  to  M«rt.  si  »p  or  reverse  the  motor,  but  not  to  regulate  it* 
niMMHi,  while  the  k«  rie.s  reJay  and  shmit  wimnd  clap[)er  switch  are  still 
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Canadian  and  Indian 

MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK   200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    I9I2.    1913.    1914   and    1915. 


ATTWATER  &  SONS, 


Telegrams : 
Atlwaters.  Preston. 

Telephone  No. 
1045(2  lines). 


Hopwood  St.  Mills, 
PRESTON. 


Established  1868. 

Codes : 
5th  Edition   A  B  C 
&   Western  Union. 


BELLING 

&   GO. 

We  can  quote  you  for  and  are  regularly  supplying  :— 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Immersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &c. 

Electrically-heated  Water  Tanks  to  deal  with  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either  water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 


We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions. 

BELLING  &  CO..  Electric  Heating  Specialist.  Derby  Road,  EDMONTON.  LONDON.  N . 


E.  SHOWELL  &  SONS,  LlD.. 

STIRCHLEY.   BIRMINGHAM. 

Drawn  Shell  Work 

IN  BRASS,  COPPER,  and 
STEEL. 

Any  size 
up  to  8 "  diam. X 4"  deep. 


Sole  Agent  for  the  Electrical  Trade: — 

LIONEL  ROBINSON,  Eon^i^n.'wx: 

Telephone  :  Holborn  6323. 


THE 

PROTECTIVE  COVERINGS 

OF 

Simplex  Conduits 


and 


Fittings. 


THE  NEW 

RUST-PROOF 

PROTECTION. 


ACID, 
ALKALI, 
CORROSION 
PROOF. 


Write  for  booklet  describing  our  new  processes 

NEGREX,  ZENEX,  ENAMLEX. 


Simplex  Conduits,  Ltd., 

Garrison    Lane,    Birmingham. 


London — 

Leeds— 

1 13-117,Charing  Cross  Rd.W.C. 

6,  White  Horse  Street 

Manchester— 

Liverpool— 

16,  Corporation  Street, 

96,  Whitechapel. 

Glasgow — 

Swansea— 

72a,  Waterloo  Street. 

14,Heathfield  Street 

Bristol — 

Cardiff— 

1 1 ,  Denmark  Street. 

4,  Westgate  Street. 

Newcastle— 

Aberdeen- 

61-65.  High  Bridge. 

1,  Crimon  Plac«. 
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SLIDING  RESISTANCES 


LAMP  TESTING 


FOR 


rJOTE  THE   CONTACTS 


METER  TESTING 

LABORATORY  WORK 

ETC. 

BRITISH-MADE    THROUGHOUT. 

New  List  now  ready,  post  free. 

ISKNTHAL  &  CO., 

DEPARTMENT  4) 

OENZIL  WORKS.  WiLLESDEN.  LONDON.  N.W. 

Cci'lractorf  to  the  Admiralty.  War  Office.  India  Office.  Colonial  Office, 
Postmaster-Gereral.  &r. 


rcijijjn-d  for  all  control  syKteiiis  HliiTf  the  ojKTator  is  to  rfc'iilatc  the 
Kjjeed  UH  well— Huch  &»  on  the  hoiHtH  of  cranes,  &c. 

ScricH  switches  have  siifTcrcd  from  llic  fact  that  only  one  o}»eratin<r 
coil  was  cin|(loye(i,  which  had  to  |MTforiM  tl.e  rioiihle  functicjn  of 
holding  the  switch  ojwin  while  the  current  exceeded  a  predetermined 
vaine.  and  of  c|rjsin>»  the  switch  when  the  cnrrcnt  in  its  winding  fell 
to  the  ])redetermined  value.  In  ilic.xe  sin<rle-<-oil  switches  the 
magnetic  circuit  enclosing  the  <-oil  has  to  he  designed  so  that  two 
paths  arc  |irovidcd  for  the  Mux  |)r()(!ucef|  l»y  the  coil.  The  distance 
l)ctwccn  the  two  jiallis  is  \aried  l>y  a  screw  adjustment.  The  area 
of  the  path  which  tends  to  close  the  Kwit<'h  is  restricted  in  order  to 


Flu.  3.-  "  InmNir  "  SrnirMwoiMi  Tw<>  «  mi    M  »■  m  1 1.    I..1K  hit 

SWITI'II. 

limil  the  llnw  of  Mux  through  it  to  n  H|KH<ilie  value,  while  the  linex  in 
excess  theHMif  are  forced  o\er  the  other  |Nilh.  which  t(>nils  !<■  hold  the 
HWilch  o)-en.  When  a  curn-nl  e\cee«ling  the  \aluc  predctcrnnned 
l>y  the  Hcn-w  adjuxlnient  is  applied  to  the  wniduig  il  cn-ates  sullieient 
flux  not  only  U\  saturate  the  n'slricted  \m\\\.  hut  enough  also  in  the 
second  path  to  keep  the  switch  u>  the  I<m  kcd  o|  en  |M>sition.  When 
the  current  gets  l»elow  the  pn>dcteruuned  \  alue  the  rpstrietivl  m>e(ion 
carries  the  pn)|M<r  pni|Mirtion  of  the  total  flux  to  enahle  the  switch 
to  close.  .\  disadvantageous  featun<  of  the  um*  of  a  ningle  operatnig 
coil  is  that  the  whole  of  the  flux  for  clositi;:  the  -wileh  must  pans 
through  the  restricted  path,  .-iud  this  section  is  a  limitation  to  the 
closing  and  .Healing  power  of  the  nwifch  with  a  given  si^e  of  winding. 
The  limil^ttiitn  !«  emph.i-isctl  iiHually  liy  the  eniplovinent  of  a  c«ip|HT 
l»aud  encin  hut!  tlic  n  viii,  ti.i|  ^,.  1  i.ui.  1  Im'  •.lit. ..  ..f  which  in  to  act  a» 


.1  iiioiiKiitary  check  to  the  flow  of  flux  through  the  .section.  This 
checking  of  the  clo.sing  and  .sealing  jxiwer  of  the  switch  reduces  the 
pre.ssure  hetween  the  contact.s  in  the  clo.sed  jwsition  and  materiiilly 
decreast'.s  the  length  of  the  .sealing  distance,  which  niean.s  that  the 
life  of  the  contacts  is  lessened,  becau.se  they  cannot  be  worn  down 
as  far  as  could  those  on  a  switch  having  a  greater  .sealing  distance. 

In  the  new  '"  Igranic  "  series  switch  (Figs.  3-4)  are  provided  two 
entirely  in<ie|X'ndent  magnets  or  magnetic  .systems  adapted  sejiaratelv 
to  iiiHiience  a  movable  switch  member,  but  energi.sed  by  a  common 
current.  There  is  an  oj)erating  (or  clo.sing)  magnet  and  a  lock-out 
magnet,  who.se  windings  are  connected  in  series,  the  arrangement 
being  es.scntially  such  that  the  two  magnetic  circuits  or  systems 
arc  entirely  sejjarate  and  independent,  so  that  each  magnet  is  free 
to  oj)erate  in  accordance  with  its  own  magnetic  characteristics, 
iinatfected  by  the  characteristics  of  the  other. 

In  the  ■■  Igranic  ""  series  lock-out  switch  both  the  locking-out  and 
the  closing  functions  are  rendered   positive   by  the  fact   that   the 


l"i...  I      SKRiKH-worsn  Two-coii   M\<;m:ti<'  l^tcK-oiT  Swirm. 

magnetic  circuit  anuind  the  closing  coil  is  arranged  to  shunt  a  jxirtion 
of  the  flux  away  finiii  the  switch  arm  while  the  switch  is  o|)en.  This 
shunted  flux  IS  passed  tlmuigh  the  switch  arm  as  the  latter  ap- 
pn>aelieH  the  cKhhhI  |MN<ition.  When  the  aning  tips  touch,  the 
winding  of  tl..  '  '  ,,,f  magm-t  and  a  section  of  the  st.irting  n-sis- 
lan.-e  an-  slu.i  .d.     .\l  this  jKunt  a  further  additional  impulse 

IH  given  towarrf  t  he  scjiling  |Kxsition.  first  by  the  entire  removal  of  any 
ivstraininr     "     '     *  '..<k-out  magnet  on  the  arm.  and  se<ondly 

by  the  111.  „,.  ,,f  ji„,  ourriMit  in  the  coil  of  the  closing 

magnet  by  ni-.m  of  the  jieak  which  results  from  the  removal  of 
the   starting   •        ■  '  ,],p   ,.innit.     There   being,   as  stated 

almvp.  no  n  ^    ^^.^^   ,,f  ,|„,  magiH'tic  circuit   of  the 

closing  «^»il.  nil  the  additional  flux  prnduced  by  increasing  the 
cunviil  ill  lhn«       ■'  »ns  a  irt?e  jwth,  and  is  used  *t<.  advantage  for 
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VICKERS  Limited. 

Motors  a^iid  Genera^tors  of  sill  types. 


Complete 

equipment 

for*  the 

electrica.1 

ligrlitingr 

a-nd 

drivings  of 

PIa.cliine 

Shops, 

Factories, 

Plills,    etc 


Pa.tent 

Automa.tic 

Reversing 

Drive  for 

Machine 

Xools. 


250  K.V.A.  Rotary  .Converter.    6  phase,  50  periods,  480/560  Volts. 
1,000  r.p.m.     Inverted  type. 


Don  V^orks,  SHKFFIKr^D. 


obtaining  a  good  pressure  on  the  contacts  and  long  sealing  distance. 
The  "  Igranic  "  switch  has  all  the  characteristics  of  a  shunt  switch 
during  the  closing  period.     To  compare  the  sealing  power  of  another 


\ 


power.  With  100  amperes  passing  through  their  windings,  2o  lb. 
was  required  to  pull  open  the  "Igranic"  switch,  as  against  15  lb. 
on  the  other  switch.  This  is  mentioned  to  impress  upon  the  reader 
the  limitations  which  are  placed  on  a  magnetic  switch  having  a 
restricted  area  in  its  magnetic  circuit,  and  the  sacriiices  made  to  get 
a  locking-out  feature  by  such  means. 

Except  in  the  smallest  size,  the  ■'  Igranic  "'  switch  has  two  sets 
of  contacts— namely,  a  copper  leaf  brush  pressing  against  a  '^oiiper 
I^late  for  the  main  contacts  and  solid  copper  renewable  arcing  tip 
to  protect  the  main  contacts  when  closing  and  opening  the  circuit, 
and  as  both  contacts  are  vertical  dust  cannot  settle  upon  them.  A 
useful  feature  of  the  "  Igranic  '"  switch  is  the  convenient  means 
providing  for  adjusting  the  current  limit  at  which  the  switch  will 
close.  This  consists  of  an  adjustable  plug  mounted  on  the  lower  end 
of  the  switch  arm,  by  which  the  air-gap  between  the  lock-out  magnet 
and  the  lower  end  of  the  arm  can  be  varied.  This  adjustable  plug 
has  a  number  of  positions.  Each  position  represents  2i  per  cent, 
of  the  switch  rating,  thus  providing  means  of  adjusting  the  switch 
without  using  an  ammeter.  This  is  a  patented  feature  of  the  switch. 
It  should  be  understood  that  series  lock-out  switches  are  only  suitable 
for  use  with  direct-current  motors,  and  are  only  applicable  under 
conditions  where  the  armature  is  always  taking  power  from  the 
source  of  supply  and  where  the  mininnuu  current  taken  by  the 
armature  will  always  exceed  the  minimum  current  required  to  hold 
the  switch  closed.  In  cases  where  the  armature  current  is  reversed 
by  generator  action,  or  the  current  gets  below  the  minimum  holding 
power  of  the  switch,  the  last  switch  can  be  shunt  nound  instead  of 
series  wound,  or  a  series  relay  type  of  starter  with  shunt-woiuul 
cla])jier  switches  (as  sliown  in  Fig.  1)  can  ho  used. 

A  copy  of  the  pamphlet  nuvy  be  obtained  from  the  Igranic  Electric 
t'o.  (Ltd.),  147,  Queen  Victoria-street,  London. 


Fig.  5. — "Ioranic"  Control  Panel,  with  Shunt  wovnd  IMain 
Switches,  Series  Accelerating  Switches,  Overload  Devices  and 
I).  P., Knife  Switch. 

type  single  coil  switch  rated  for  100  amperes  with  an  "  Igran  'c  " 
switch  of  the  same  rating,  the  contacts  were  removed  from  both 
switches,  so  that  an  accurate  test  could  be  made  of  their  sealing 


LARGE  CONTINUOUS-CURRENT  SWITCHBOARD. 


\\'ith  the  demand  for  electrical  energy  for  ligiitiug.  power  and 
traction  in  large  towns,  the  switchgear  and  controlling  apparatus 
foi'  the  current  grows  at  a  corresponding  rate.  Even  though 
municipalities  and  supply  authorities  have  ado])ted  a  high-tension 
svstcm  of  disiribution  to  sub-stations  with  a  low   voltage   supply 
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from  ihi-^r  wliitions,  tin-  size  of  tliu  coiilimious-curreiit  Kwittlilj<»anl 
iicccKsarv  for  this  low  volta;rc''(listnl)iitioii  iir)\v  fxcccds  the  sixe  of 
the  switclilMKinls  oiigiiially  installed  in  the  main  jiower  houses  from 
whieh  c;ontinuouN  current  was  KUpplied. 

During  the  last  few  years  tlie  General  Elettrie  Co.  have  produced 
a  nutiiher  i>{  heavy  current  switchhoards  for  various  niunicij)alitie*. 
and  a  recent  cxamjile  of  this  clasH  of  board  is  shown  in  the  accom- 
jnanying  illtistrationK.     This  board  consists  of  2.'{  panels  coniprisinji 


4 

1 

^tlT^^^^i^^^^^^Sl^*.-  *  *<^j9^l 

^ 

^i^ 

^^SHH^^bBui        >mEV«  ' 

Kkj.  I.    -Ba«k    \tKW    OK   Minni.K    I'oution    m     lli:\\v    <'ihhknt 
"Witton"    SwrT(  niioAiti)    kok    r.i:iri'<ii    Mi  m<  ii-mji  v. 

j^enerator  panels  for  cont roiling;  tlie  cf»iit4nu<>UK-<unent  side  of  two 
l.(J2nkw.  Mu»tor-generators  with  Witton  Ka|»p  j)hase  advancers, 
whiih  are  beinj?  nianufacture«l  by  the  (;.K.('.  at  Witton.  The 
board  also  inclu<ies  a  large  number  of  feeder  imnets.  The  board  has 
been  constructed  to  the  rngineer'.s  reijuirements  in  a  form  occui)yin<i 
three  siiles  of  a  rectangle.  (  onseijuently  it  was  not  jMi.ssible  to 
obtain  a  ••tiniplete  photogra]ih  of  the  l)ack  of  the  lM)ard.  but  the  two 
views  given  iibistn-fe  the  niWIdle  portion  and  one  side  of  the  board. 
'I'he  panels  have  a  thickness  of  '1\  in  .  being  coiniwsed  of  oiii-d  slate 


I'm.  2.       \'u:\r  n|-TIIK.H\MK  HmilU  xinnVINU  ONKOKTIIK  SiHK  PoKTIONf^. 

"labs;  H)  adflitinn  all  the  iirnnt  breakers  are  mounted  u|M)n  their 
«»wn  HJalm  2^111.  thick.  'I'lie  circuit  lireakers  controlling  the  gene 
ratoi)*  have  a  cupaejty  of  Id.CHHt  an)prn*N.  rnf<irtunately.  it  wa.s 
not  ]M)Nsible  at  tie  moment  to  secure  photogra|)hK  of  the  front  of  thi- 
iMiard.  Itut  when  it  is  cn<ctcd  these  will  be  |iublishcd.  anil  the  heavy 
nature   of   the  Kwitehgear  on    the   front    will    then    be  appiveinled. 

Ferranti  Ltd 

Cflntral  Houte,   Kingsway.   Lsndon,   W.C. 

8WITCHGEAR.    IB ANSFOBMEBS,   METEBB. 
ILECTBIC     HKATDiQ    &    COOKDJO     APPARATUS. 


"  THOR  "  High  Grade  Specialities 

CASING    and    CAPPING        CABLE    CONNECTORS 
CONDUIT  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND    ALL   ELECTRICAL    ACCESSORIES. 


WPITE 


at.   D'.SCOV NTS. 


HASLAM  &  STRETTON,  Ltd.,^B';!ftTB^'rd"e.'b1t'}s°-/SL' 


Some  idea  of  tliis  can  be  gained  from  the  size  of  the  .shunts  and  of 
the  'bus  bars,  the  latter  being  eoniiX)sed  of  24  strip.s  of  eopiier,  each 
\  in.  bv  1  in.  thick. 


SIMPLEX  INSPECTION  LAMPS. 

We  have  previously  commented  upon  the  manufacture  of  shell 
insjjeetion  lainj>8  by  Simplex  Conduits  (Ltd.).  They  have  al.so 
.studied  the  question  of  insj>ection  lamps  for  other  articles,  where  it  is 
nciessiiry  to  insjject  an  interior  and  only  possible  to  do  so  through 
small  ajiertures,  such  as  exist  in  casks,  carboys.  &e.  List  Xo.  b27 
just  issued,  deals  with  these  lamps  and  several  designs  are  illus. 
trated  herewith.  The  largest  is  designed  for  inspecting  the  interior 
of  hogsheads,  and  is  fitted  with  a  spigot  for  removing  stray  corks 
The  smallest  lamp  shown  is  designed  for  the  inspection  of  18  ]M)undep 


'rvi'KX  oK  SiMi'i.Kx  iNsi'Kcri.ix  Lamps.  Thr  rorMosr  oxk  is  f.ikbvrrki. 
issi'Kcriov.  \M>  IS  ntovini:!)  wiru  a  spiKKFut  tiik  kkmovai.of  ciuks. 

shells,  or  similar  small  work.  Some  of  tlie  lamps  are  litted  with 
small  switches  in  the  handles,  and  some  arc  without  switches;  one 
typ'-  is  fitteil  with  a  standard  tumbler  switch  in  a  convenient  jMisition 
near  the  handle.  This  is  a  specially  robust  (icsign  for  munition 
works.  .Ml  the  fittings  are  .sent  out  com|iicte  with  lamps  and 
ttcxible.  witli  earth  wire  connected. 

The  Icallct  referred  to  will  be  .sent  on  recjuest  to  the  comjiany  at 
(.'arrisonlane.  Birmingham,  or  at  branches  in  I^ondon  and  large 
|irovinciaI  centres. 


OSRAM-ATMOS  LAMP  NOT  AFFECTED  BY 
ATMOSPHERE. 

.\  pn>jecting  liracket.  iNMieath  whieh  wa.s  susp«Mided  an  o)Vid  glass 
sign  with  the  letters  "(J.K.C."  upon  it  was  blown  down  during  one 
of  the  n-ivnt  gale>.  outside  thi  branch  jtremises  of  the  (Jeneral 
Klectrir  ("o.  at   Swansea,      .^s  will  1m»  .seen  from  the  acconii)aiiyinL' 

il'"- '■•   '  •     lv<-t  tcrmin.ilcd  in  a  hook  iMMring  a  n-tlcifor  and 


LEAD  MELTING  FURNACES 

^ot  <   «blr  .ind  fipp  Prptips.   Accumulator  Gridt.  etc.. 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL 

i  NOKN'OIS   SA\  IM.    IN    l-iKSIDCK 
tj-.y  /"jv>t;f  r;5  jnjr.ged  in  special  cases. 

MONOMETER.  Ltd..  22.Whitehou5e  St..  Aston.  Birmitigham 
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FERROZOID 


CONSTANTAN 


WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO:- 


M A KERB  I 


HENRY  WIGGIN  &  CO.,  Ltd., 
George  Street,  Birmingham. 

jpi  C PHONE :  6400  CENTRAL 

'  '-'-'-QRAMS  :  "  WIQQIN  BIRMINGHAM." 


AGENT: 


* 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  pPHONE:  6323  HOLBORN. 
''-'-'- QRAMSi  ••FERRYDOM,    LONDON." 
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EDISWA 


EVERYTHING  ELECTRICAL 


I 


We  are  Manufacturers  of  Switchboards,  Heavy  Service 
Switchgear,  Distribution  Boards,  Fuseboards,  House 
Service   and   Motor   Panel    Boards,    Cut    Outs,    etc.,    etc., 

and  would  esteem  >'our 
next  enquiry  for  any- 
thing  Electrical. 

ENTIRELY  BRITISH 


THE 


EDISON    &    SWAN 

UNITED  ELECTRIC  LIGHT  CO.,  LTD.. 
PONDERS    END, MIDDLESEX. 


Teleerrams 
'Plione 


Ediswan.   Enfield." 
520  Enfield. 
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D.&S. 

"HANDLE "FUSES, 

50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
\A/ire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "  live  "  metal. 


THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 

^"^^     MANCHESTER. 


;ni  ()»i;iiii-.\tiiif>H  l;iiii|i.  'I'lii-  opal  sides  of  the  sifjii  an-  coiDplctcly 
HmaKhcri,  ho  that  the  ini|Mi(t  wifli  the  puvement  imi.st  have  l>cen 
(■oiisi(lcral)li«.  fri  spitf  of  tlu'  wrecka^if.  however,  the  l..")IKI-\vatf 
Osram-.Vtmos  laiiip  was  fiiiiiui  to  be  unbroken,  aiul  wlien  tested 
hnrnerl  as  briyhfly  as  tisnal. 


Iieforehand.  and  place  in  it  a  eompletc  meal.  The  current,  which 
recpiires  to  be  on  for  about  an  hour,  may  then  be  turned  off  and  the 
cooking  proceeds  by  thermal  .storage.  The  oven  is  fitted  with  a 
(iOO  watt  element,  which  is  under  the  control  of  a  three-heat  switch. 
A  4  lb.  joint,  two  vegetables  and  a  pudding  can  be  sati.sfactorily 
cooked  in  this  manner,  and  at  a  cost  which  is  considerably  lower  than 
Ihiit  of  gas.     In  fact,  it  is  not  yet  ])ossible  to  undertake  this  form  of 


TifK  F.\i.i.i:n  mi  xot  Aisasiied  Osuvm. 


X'iKW  OF  "  Ki,  CooKo"  ()\  KN.  s;u>wiN(;  La(;(;ixc5. 


'I'liiH  JH  n  Htriking  (eHtim«»ny  to  the  fa<  t  that  the  lilament  of  the 
OHrain-AttnoH  type  lamp  iKWMCs.ses  the  same  reinarkable  toughness 
eha'ii   •■    l~ii>   of  the  ordiii.iry  sl.iiida?-.!  Osraiii  lamp. 


ELECTRICAL  ACCESSORIES  PRICE  LIST. 

.\n  atlruetively  |irepared  price  iJKt  of  the  various  lines  of  electrical 
a»  ceHMoricH.  which  ma\  l;e  obtained  from  the  Klectrical  Supplies  Co.. 
2.'}."{.  Tottenham  ( 'ourlro.ui.  I^mdon.  \V..  has  I  een  prepared,  and 
may  \v  obtained  on  application  to  the  company.  'I'lie  cover  is 
eneilively  lilted  with  a  sketch  of  n  lighthouse,  which  is  the  tra«|e 
.HymlMtl  of  tlie  company.  The  HeccMHories  dealt  with  in<  hide  a<lap- 
lerx.  lieJlH,  ceiling  rows.  elea»<«.  conibiits.  countei  weights.  distril*ntion 
boardH.  fuses,  ironclad  switt-lien,  iMiamelleil  ironshades.  tumbler 
•.uit.ii..^    well  plugs  and  wireM  an«l  ■    '  '• 


"HOrPOINT"  AT  BRIGHrDN. 

In  our  last  issue  we  referretl  to  the  exhibit  of  •  Mot|Munt  "  ap|Mi- 
ralus  at  the  Servantlcss  Kliit  wliieh  «as  organised  for  the  Patriotic 
Housekeeping  Kxhibifion  by  the  Hrighfon  ("oriMiration  Kieetricity 
hepartmenl.  It  will  be  remembered  that  Her  H<iyal  Highness 
IViiKCss  l^iuise.  Duchess  of  Aigyle.  visile«l  the  exhiltition  anri  took 
U'n    III    tlie   electric    Hat.     She    was    partiiularlv    interested    in    the 

IbitiKunt  "  apparatuH.  The  adjoining  illustrati«.ns  show  two  of 
the  most  |Nipiilar  forms  ,,f  •  Hot|M)int  "  applian<r^  i-xlnbited.  One 
of  these  is  the  '  KI  Cooko."  wlii.h  is  a  ju-avily  lagged  electric  oven 
flesigned  for  c(Mikintt  by  thermal  storage.  It  hIiouIH  be  |sTrlicuIarly 
\.dii.il.le  at    tl  ,  „(   |jn„<.  when  there  .in'  many  households  in 

whh  h  the  III!  ,v  |„.  lighting  at  the  front  and  tlie  wife  mav  U' 

at  work  on  munitions.      It  is  iNiiwihle  to  heat  iiji  thi."*  form  of  oven 


cooking  witii  iuiy  gas  oven  at  present  on  the  market.  Tlic  other 
illustration  shows  the  "  Hotjioint  '  ovenette.  a  form  of  cooker  which 
is  uM'd  on  the  "  Ibit point  ""  (lOd-watt  nuliant  heat  stove.  The 
ovenette  is  a  detaciialilc  •  ooking  coml)ination  which  can  be  used 
either  on  the  breakfast  tal)le  or  on  a  side  table.  The  eajialiilities  of 
this  extrcmelv  huidy  form  of  cooker  were  demonstrated  at  the 
exhiliitioii.  Tlie  show  was  not  the  first  occasion  u|K>n  whi' h 
"  Hot|ioint  ■  ;-.M|M(ratKs  hao  If  en  brought  prominently  tti  tic  notice 
of  tie  I'rigiit*  n  public,  but  the  assc.ciation  of  the  use  of  electrical 


Thk  "  HorroiNT"  Ovenette. 

«uerg\  iiM'onnection  witheccnioniichouscUci  j.iiig  ha>.  we  Miiilcisl.ind. 
giAen  (piite  n  new  idea  l«)  c!crtri«it;  .(uisun  •  rs  in  the  district,  and  it 
is  hiahlx  pro!  able  that  there  will  Lc  a  considerable  local  demand  for 
these  and  similar  appliances.  Tho:«e  of  our  readers  who  arc  interestc<l 
cAn  obtain  (wrticulars  of  the  almve  and  other  "  Hot|M>int  "  si»e(  iali 
ties  by  applyincdin.i  to  the  « oinpany  at  .'.S.  rolaml  st..  I>indon.\V. 
Views  «if  the  ServanllcsH  Flat  at  the  Kxhibition  refeiri<l  to  are 
given  on  the  Round  T.»b|e  [mge. 


I  ■ :.  :»;  i  c     '''"  E-w^'C*" "  Prh^tiw^  awd  F^J»usHma  CaJLtd  .  at  th«  ElitoH.I.  Printing  and  Publuhlng  Offioas . 
I.  a  and  3.  Saus»u»t  Court,  Fl«bt  Smm.  in  the  Qtr  of  LONDON.  Fbtoat.   Mat  U.  1916. 
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4>     The   Round   Table,     t 


A  correspondent  tells  ine  hu  recently  received  a  '"  hurry-up  " 
letter  regarding  some  brushes  wanted  for  a  generator.  The 
letter  concluded — 

"  Please  forward  as  quickly  as  possible  as  our  degenemtor 
is  sloped." 

*         *         *         * 

I  take  these  two  chestnuts  out  of  the  fire  with  acknowledg- 
nients  to  the  "  London  Teacher  "  : — 

Would- BE  Munition  Workers.— (a)  "  Should  I  be  suitable  for 
training  in  munitions  work  ?  I  have  movable  kidneys  and  other 
things."  (6)  ",I  am  a  domestic  .servant  and  earn  £12  a  year,  but  T 
should  like  to  help  my  King  and  Country  by  earning  £3  a  week 
making  munitions." 

*  H:  *  * 

The  United  States  pays  to  Chili  as  much  as  a  million  and  a 
quarter  sterling  annually  for  nitrates  obtained  in  that  country. 
It  is  estimated  that  half  this  sum  would  put  down  a  hydro- 
electric nitrogen  fixation  plant  large  enough  to  supply  all  the 
Yankee  farmers  with  fertilising  material.  This  idea,  when 
conveyed  to  the  Chilians,  wall  make  them  feel  decidedly  chilly. 

"  Printers'  Pie  "  is  just  out,  and  its  contents  prove  that  it 
was  cooked  by  electricity;  it  is  full  of  "extractives,"  and, 
instead  of  shrinking  during  cooking,  it  is  actually  larger  than 
ever.  Incidentally,  there  is  no  advertisement  of  British 
Commercial  Gas  Association  in  it  to  claim  credit  for  the  baking. 

*  H:  H=  * 

But  commerce  apart,  1  have  sampled  the  "  Pie,"  and  it  is 
crammed  with  good  things.     Here  is  one  of  them  : — 

Domestic  Economy. — The  Eating  House  Proprietor :  "  Call 
yourself  a  cook  ?  There's  a  way  to  send  up  a  'erring  !  W'y,  you 
'aint  even  cleaned  it !  "  The  New  Cook :  "  Cleaned  it  ?  Not  likely— 
not  w'en  it's  spent  all  its  bloomin'  life  in  water." 

Here's  another  which  may  be  useful  in  case  one  is  inclined  to 
hurry  the  laggard  waiter  : — 

Winged  Repartee. — "  It's  about  time  you  came  ;  you're  very 
slow."  '■  What  do  you  expect  with  a  two-shilling  dinner,  sir  ?  One 
of  the  Flying  Corps  ?  " 

The  "  Pie  "  is  edited  by  Mr.  Hugh  Spottiswoode,  who  hopes 

that  all  copies  purchased  by  our  readers  will  be  passed  on  to 

hospitals,  canvalescent  homes,  camps,  or  to  the  front  or  the 

Navy.     This  request  will,   I  am  sure,  be  willingly  complied 

wath. 

^         ^         ^         ^ 

"  Printers'  Pie  "  of  course,   must  be    electrically    cooked. 

What  modern  printery  is  other  than  electrically  equipped  ? 

*         *         *         * 

"  M.,"  writing  to  the  "  Architect  and  Contract  Reporter," 
on  the  subject  of  the  consulting  engineer,  says  :  "  It  saves 
trouble  to  have  a  consulting  engineer  from  the  first  instead 
of  paying  him  later  for  adjusting  disputes  about  extras  or 
defects."  But  what  about  the  case  in  which  the  man  who 
made  the  mistakes  reports  upon  the  report  of  the  consulting 
engineer,  and  the  man  who  didn't  make  the  mistakes  (but  is 
blamed  for  them)  reports  upon  the  other  two  reports  ?  A  sort 
of  an  unbalanced  three-phase  problem.     Eh  ? 


CURRENT     CARRYING. 

Time  savers  in  any  elec- 
trical work  requiring 
quick  temporary  con- 
nections. 

Best  for  every  test — 
in  the  factory,  or  repair 
shop;  in  the  laboratory, 
or  inithe  field. 

D  J"^  i''*A%  ELECTRICAL   CO.,    18, 

«-  hone:  Regent  4346.    Code:  ABC  5th  Bditwn. 


"  A  Thousand  and  One  Uses  of  Ga.s  "  Ls  the  title  of  a  B.C.G.A* 
monthly.'publication,  but  "  only  one  use  for  poison  ga.s." 

if  ^-  f-  ^ 

'■  Belting  Specifications  "  says  a  headlin'^  in  "  American 
Machinist."  1  know  a  number  of  manufactuier.s  who  would 
like  to. 

*  *         *         * 

As  was  originally  intended,  the  Batri- Wallahs  will  now 
foregather  on  Fridays  at  the  HoUxjrn  Ke.staurant,  Kingsway, 
between  12.30  and  2.30  for  lunch  or  coffee,  or  both.  This 
m«ans  that  they  will  in  future  forsake  Friday  fraternizing  at 
Frascati's.  I  understand  that  Committeeman  Lieut.  K.  E. 
Sharp  was  the  attraction  last  Friday,  his  uniform  being  new  or 
he  being  new  to  his  uniform,  whichever  way  you  like  to  take  it. 

*  *         *         * 

The  editors  of  provincial  newspapers  are  apparentlv  quite 
indifferent  as  to  the  construction  that  may  be  put  upon  the 
juxtaposition  of  headlines.     Here  are  a  couple  of  specimens  : — 

More  Electric  Light  Troubles. 
Uncultivated  Gardens. 

and  here  is  another  : —  ">._ 

Portsmouth  Economy. 
Quality  of  the  Gas. 
Lady  Conductors  at  Xight. 

To  those  who  only  read  headlines  there  may  be  some  hidden 
meaning  in  such  as  these. 

^         ^         ^         ^ 

According  to  a  newspaper  report : 

"  Bishop  Stileman  at  the  C.  M.  S.  meeting  at  Church  House 
yesterday  said  that  our  enemies  had  circulated  many  falsehoods 
among  Mahometans.  The  Persian  papers  circulated  the  story  that 
a  giant  German  aerojjlane  equipjied  with  a  huge  magnet  had  visited 
Petrograd,  Paris  and  London,  and  that  the  huge  magnet  had 
succeeded  in  drawing  up  the  Tsar,  the  French  President  and  King 
George  out  of  his  bedroom  in  Buckingham  Palace,  and  they  were 
now  all  prisoners  in  Berlin." 

Now  here  is  a  useful  suggestion  for  the  Igranic  or  Witton- 
Kramer  lifting  magnet  people.  Let  them  design  an  aeroplane 
electromagnet  which  will  draw  off  the  German  mailed  fist  and 
the  war  will  be  over. 


THIRTY  SEVEN  YEARS  AGO. 

[From    The  Electrician  (Second  Series),  May  17,  1879.] 

.'•iemens  Electric  Light. — Undoubtedly  the  most  effective,  and 
perhaps  the  most  important,  of  the  electric  lights  exhibited  at  the 
Albert  Hall  on  the  7th  and  8th  inst.  was  the  "'  electric  sunlight,"  of 
Messrs.  Siemens  Brothers,  which  occupied  the  centre  of  the  dome  in 
this  great  building.  The  most  pleasing  feature  of  this  ""  sunlight," 
constituted  by  tive  Siemens  lamps,  yielding  in  the  aggregate  an 
illumination  equal  to  that  of  35,000  standard  candles,  was  its  un- 
obtrusiveness.  The  flood  of  slightly  golden  light  was  everywhere  ; 
the  lamps  themselves  could  be  observed  oidy  by  gazing  aloft.  We 
have  characterised  the  lights  as  "  slightly  golden  "  ;  the  somewhat 
cold  and  apparently  blueish  tint  of  the  ordinary  electric  light  was, 
in  fact,  corrected  by  the  device  of  gilding  the  "  sunlight  "  reflectors. 
The  light  was  surrounded  by  a  shield  of  gauze — not,  as  was  commonly 
supposed,  for  the  purpose  of  catching  aLy  minute  incandescent 
particles  which  might  drop  from  the  lamps,  but  mamly  to  obviate 
the  effects  of  draughts  of  air  upon  the  latter.  The  only  drawback 
we  could  observe  in  this  beautiful  illustration  of  the  capabilities  of 
electric  lightuig  was  the  noise  made  by  the  regulators  of  the  lamj)S, 
which  at  one  time  was  quite  sufficient  to  interfere  with  certam  of  the 
musical  effects  at  concerts.  Bi  t.  anu)ngst  the  lamps  exhibited,  the 
Siemens  lamp  is  not  that  which  is  most  open  to  this  objection. 


Adam   Street,   Strand.   London.   W.C. 

Teleg.:  •'  Engineyor,  Westrand,  London, ' 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   on    application. 

J.  BLUNDELL  &  SONS, 

GOLD,  SILVER  i  PLATINUM  REFINERS.  199,  WARDOUR  STREET,  W. 


I 


"Golsllplat,  Ox.,  London." 


4746  Gorrard. 


(xx.)    SUPPLEMENT  to  "The  Electrician,"  May  19,  1916. 


42 


SIEMENS 


ELECTRIC     MOTORS 


Part  of  small  Motor  Shop, 
Stafford  Works. 


SIEMENS  BROTHERS  DYNAMOWORKS  LIMITED 

Hbad  Office.  CAXTON  HOUSE,  WESTMINSTER,  S.W. 

Telephone  :  Cerpard  860.         Teleprams  :  "  Siembralcs.  Vic,  London." 

Supplie*  D.pt.:    38  &  39.   UPPER   THAMES  STREET*   E.C. 

Telephone:  City  5350.  Teleerams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES i 


BiRMNGHAM — Central  Ho.,  New  St. 
Bristol- -30,  Bridre  Street. 
Cardiff — 89,  St.  Mary  Street. 
Glasgow — 66,  Waterloo  Street. 


Manchester— 196,  Deansgate. 
Newcastle— 64-68,  Collin  gwood 
Sheffield— 22,  High  St.        (Bldgs. 
Sjuthampton — 46,  High  Street. 


Branches  In   Principal  Towns  Abroad. 


ELECTRIC  HAND  AND  BENCH  DRILLS. 

Tlic  iiiacliinoH  iiliiHtratcrl  aro  dcsipicd  for  drilling,  riming  and 
la|>|iing  any  kiiicl  of  nu'tal.  The  motor,  Kwitch  and  gearing  are 
I'Mliniy  ciiclo.Kcd.  all  gears  an-  iiiacliine  cut,  the  drilling  spitidle  runs 
in  a  l>all  Kearing  llinist,  and  hall  j(»nrnal  Uaring.s  are  ii.sed  ihiongh- 
oiii.      KevijrNing  MwitchoH  vim   be  supplied  if  re(jiiired   for  tapping 

pl»r|M>H<%S. 

.\  hrc-iwl-platl'  in  Hiipplie<|  for  drilling  holes  U|)  l<,  .',  in.  diameter, 
i>iil  for  largfvr  holes  the  machines  should  l>e  ii.sed  in  eonjunetinn  with 
Ihr  h-ed  whe<!l  and  spindh-,  whieh  i.s  fnrnishe*!  on  recpiest.  The 
muehinPH  an'  gean-d  to  give,  iw  a  normal  speed,  ahoiit  the  niiniher  of 
n-.vs.  |KT  mill,  rerommr  iided  l>y  makerN  of  twist  drills  of  the  largest 
size  drill  they  are  eaiwihie  of  taking.  (>»:. 

Tho  tattle  Im-Imw  giviw  particnlars  of  the  flin-e  sizes  olTen-d  of  (he 
.M-ty|Mi  drills :   -  .  ^ 

•'<''«•''   II.         ...        IV.  ...       \  I. 

Normal  N|M>«-d.  n<VH.  |H-r  niin.    .         .'I.Vl       ...         •j.'Ml  |.-.(i 

For  .Irillini.'  .i|.  to .^  in.         ..         j  j,,  "'      |  ,  j„ 

Kor  rimiiii'  up  to 3  i*  i' 

,,      .  '  "    ••  ••  •        «   ••  ...      i    .. 

I'lir  lii|i|>int'  ii]i  to  I,    ..  ..        ?  1! 

Weight,  apprnxiniiito  ITIIi.      ...       :{o  11..  4n'\b 

Knergy  eonKumpli.in    J.ho  wattH.  ...  :{(»(!  wall.s.  ...  (rm  waits. 

Si/.e.  A.  \\.         (•  |».  K.  V.  a.       ^''"■'•^ 

I' iMlm.     -'Hill.  :<iin.    2j|  m.    li  m.      41  in.    41  in.    :<]  in  1 

•V a»i  ..    2;ii  .,  4    ..   a    ..   «   ..   41  ..   .-,1       A  ^ 

^'' 241  ..     27i  ..  6|  ..    :jj  ..    ^  „    8|  „    .1    ..    4 J  :       :i 

The  IxMK  h  and  hand  maihine  hus  heeti  dcsignetl  to  provide  a 
praeliral  Ix-nch  drill  for  .shop  ii,h«-.  and  to  permit  the  drilling  unit  to  he 
iiiHtuntly  detaehal.le  for  use  as  a  hand  drill.  This  ma(  hine  i.^  |>fir 
ti.  iilarly  iisrf.il  in  all  engineering  Nho|w  whom  a  variety  of  work  is 
uniiertaken  ;  the  maehine  may  Im>  nse«l  as  a  Im'tmIi  drill  in  the  .shojis. 
and  the  drill  unit  may  Ix-  n.sed  as  a  kandor.s(nw  f«>ed  drii!  ..n  an.v 
ionslnntional  work  that  tannot  U*  taken  to  the  Iteneh.  The 
ma<hmp  may  l.e  u.sed  where  suitahle  eurivnl  is  .■ivailal.le.  enabling 
work  to  Ih.  imdertaken  on  the  .Hp<.(  whieh  wouhl  otlter\M.se  have  to  U> 
"III  to  the  shnp.  The  unit  «-«imprii»*-s  a  rom|.ound\voniid  eleitrie 
mol<»r.  with  d..nl.|e^v,r  -xidiietion  and  single  dniliiig  sihhxI.     The 


armature  is  former  woundj'and  fitted  with  large  commutator.  The 
armature  and  gear  siiafts  are  ground  and  run  on  ball  bearings,  and 
the  gears  are  hardened  and  tempered  and  run  in  grease  contained  in 
the  separate  gear-box,  which  is  entirely  distinct  from  the  motor  unit. 
Drilling  thrust  i«  taken  by  a  ball  race  of  ample  size,  and  the  drilling 
>pindle  runs  in  two  phosphor  bronze  bearings  of  such  dimensions 
that  a  long  life  is  assured  before  any  wear  takes  place.  Lubrication 
of  the  drilling  spindle  Ls  po.sitive,  a  forced  feed  scrpw  grease  cup  being 
employed. 


Bexch  a:>  d  H.\xd  D  iill. 

The  drill  stand  is  of  rigid  construction,  a  hardened  steel  facing  strip 
is  fitted  to  tiie  slide,  and  the  vertical  feed  is  efTected  by  rack  and 
pinion.  The  slide  is  adjustable  for  wear,  and  for  removal  it  Ls  only 
necessary  to  lift  the  drill  unit  clear  of  the  slide  ;  it  can  then  be  used 
as  a  hand  machine,  and  rej)laced  at  an}-  time  without  any  further 
adjustment. 

The  alxjve  combination  machine  can  be  used  for  a  great  variety 
of  outdoor  con.structional  and  repair  work,  and  also  for  general  shop 


-M-TVPE  Bench  Prill. 

use.  .us  by  us.-  of  this  ty|M'  two  distiiKt  machines  are  available.     The 
table  shows  the  details  of  the  two  siaes  of  machine  made  :— 

^'"*'"   M2H           ...         M4B 

H' I  Jit  tr..iii  t.il.lr  t..  .jrill  spindle  ISin.        ...         1 7  in. 

I:.!  laihfn.ni  pilhir  to  drill. spindle  fl 10,. 

(Vipneitv  in  M  S   jt                            1 

up.,.  MW'ket     j^-„    1  >;o.  2 

\  ertirnl  f(fM|  hy  lever 4'  in.                      4^  in 

\\M-l,t  of  dnil" unit  (about)    24*11..                     I^c'lb. 

\\.il;IiI  of  ht«nd  only  (about)  ....       102 102  ., 

Siw  of  table \'2in.  by9in....  12  in.  by  0  in. 

St«nd.ird  voltares.  HXi  120.  2<Ki  2:i(t  direct  current.  .\  self- 
(vntriiig  elm.  k  .an  Ih.^  .supplie.I  if  dwin-d. 

Thew  mnehiw^  are  obt.inable  fnun  S.  Wolf  &  Co.,  Southwark- 
streel.  liondnn.  S.K. 
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The  Electric  &  General  Works,  Ltd., 

15,   Victoria   Street,   London,   S.W. 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


CLOSED. 


ELECTRICAL    APPARATUS    up  to   80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegrams:    "GABIONAGE  VIC.   LONDON. 


NEW  X-RAY  REFLECTORS  FOR  HALF-WATT  LAMPS. 


We  understand  that  a  word  of  warning  is  necessary  to  users  of 
X-ray  direct  lighting  reflectors,  in  view  of  the  recent  additions  to 
the  range  of  half-watt  lamps  available.  Those  who  have  already 
experienced  the  benefits  of  good  lighting  using  ordinary  Mazda 
lamps  in  X-ray  reflectors  might  feel  tempted  to  economise  still 
further  bj-  smiply  ])utting  Mazda  half-watt  lamps  in  place  of  the 
lamps  at  present  used.     The  makers  recommend  that  this  should  not 


'Jove"  Type  for  Low  Windows.    "Jiumter"  Type  for  Hhju  Windows. 
X-RAY  Silvered  Glass  Reflectors  for  Mazda  Half-watt  Lamps 
for  Window  Liohtinc;. 

be  done,  for  the  heat  of  the  half-watt  lamp  would  destroy  the 
enamelled  silver  backing  of  the  ordinary  X-ray  reflector  and  render 
it  useless. 

To  permit  advantage  to  be  taken  of  the  admitted  merits  of  the 
X-ray  lighting  system,  when  usmg  half -watt  lamps  for  the  direct 
lighting  of  shop  windows  or  other  interiors,  the  British  Thomson - 
Houston  Company  have  developed  three  new  reflectors  for  use  with 
Mazda  half- watt  lamps.     These  reflectors  embody  the  same  merits 


as  the  ordinary  X-ray  reflector  in  respect  of  scientific  design,  freedom 
from  striation  and  high  reflecting  efiicienc^^  Tke  chief  feature  of 
the  new  patterns  is  the  provision  of  a  S[)ecial  backing  to  withstand  the 
high  temperature  of  half-watt  lamps. 

The  "  Jove  "  X-ray  reflector,  which  is  similar  in  appearance  to 
the  "  Scoop  "  type,  is  intended  for  use  with  100  watt  .Mazda  half- 
watt  lamps,  ami  is  suitable  for  wmdovs  of  average  proportions.  It 
throws  an  equal  amount  of  light  back  and  down,  which  distiibution 
is  suitable  for  windows  from  one  to  U  times  as  high  as  they  are  de<^p. 
If  the  window  height  be  about  twice  as  great  as  its  depth  (measured 
from  the  front  glass  to  the  background),  the  ■Jupiter"'  X-ray 
reflector  in  conjunction  with  a  100-watt  Mazda  half- watt  lamp  tl*ows 
a  powerful  beam  of  light  downwards,  and  this  meets  the  needs  of 
the  case.  In  general  appearance  the  "  Jupiter "  reflector  unich 
resembles  the  "  Helmet  "  pattern  of  ordinary  X-ray  reflector. 

The  "  Jumbo  "  reflector,  for  use  with  oOO,  750  or  1.000  watt  half- 
watt  lamps,  is  another  unique  production.  It  is  said  to  be  the  largest, 
one-piece  glass  reflector  ever  blown  (ICiJin.  diameter.  1.3|in.  high), 
and  is  i)articularly  suitable  for  the  efficient  direct  illumination  of  very 
large  interiors,  this  rejector  requires  a  special  metal  hanger,  at  the 
top  of  which  a  special  hokler  can  be  suppliec'  with  an  adjustable 
feature,  whi -h  makes  it  possible  to  obtam  two  or  three  degrees  of 
spread  to  the  light. 

Further  jjarticulars  can  be  obtained  from  the  British-Thomson 
Houston  Co.  (Ltd.),  M;>zda  House,  77,  Upper  Thames-street, 
London,  KA\ 


Why  not  a  space  like  this 
under  reading  matter?  The 
cost  is  purely  nominal.  Let  us 
quote  you. 
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Manufacturers  of 

PHOSPHOR  BRONZE, 

6UN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tfjbes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

BIRIVI  INGHAM. 

HORN  TYPE  SWITCH-FUSES. 

Tlic  horn  lyr»o  fuses  illustrated  are  designed  primarily  for  the  pro- 
tection of  the  high-tension  windings  of  static  transformers  and  arc 
iri()-iid('d  for  outdoor  installatioM.  Tlie  unit  consists  of  a  centre  fuse, 
irisuiaf<jr  carrying  conical  sliajx-d  cnd-cajw  together  with  the  arcing 
horns  and  fuse  wire.  The  centre  portion  is  carried  on  two  uj)right 
rods,  which  at  their  cnch*  form  the  (criiiinals  of  the  apparatus.  These 
Kxls  arc  rigidly  cJaiiijH-d  liclwccii  the  two  halves  (jf  the  insulator  caps 
whicli  are  securely  Ixjited  to  the  heads  of  the  outer  main  insulators. 
The  main  insulators  arc  carried  (m  steel  pins,  these  pins  being  secured 
to  the  insulators  with  cement,  the  whole  being  mounted  on  a  sub- 
stantial 8tra])-iron  base. 

The  chief  feature  of  these  fuses  is  their  self-alignment.  This  is 
(<btaincd  by  providing  the  hollow  conical  end-caps  on  the  centre 
insulat^ir  with  widely  bifurcated  extensions  at  their  base  ;  these 
rinbnue  arii|ilc  areas  with  which  to  engage  the  two  rods.  The 
inner  surfiues  of  the  hollow  conical  end-caps  tajx,'r  regularly  from  the 
base  upwards  and,  (>ecau8e  of  this,  no  matter  where  the  jx)ints  of  the 
rnds  Hlrikc  fhc  inner  surface,  the  cent  re  portion  will  adjust  itself 
aul«»mali<ally  to  the  correct  vertical  jsjsition.  Tl.e  arcing  horns  are 
designed  to  relieve  the  centre  insulator  from  all  mechanical  etra'n 
wit  iij)  by  the  high  temjH'rature  of  the  arc. 

Trouble  is  somcf  Imh's  c.\|M'rieiiccd  with  ojk^ii  fiises  which  have  the 
arcing  horns  li.xcd  [MTmancntly  in  line  (iwing  to  the  jxtssibiUty  of 
damage  beiii^  caused  to  the  fuse  wire  by  contact  with  the  arcing 
honih  when  re  inserting  in  the  line.  With  tli(i  switch  fuse  illus- 
trated the  makers  claim  that  the  bonis  are  an  int<!gral  part  of  the 
fus<'  cjirrier  jukI  wlien  re  wiring  is  necessary  removal  of  the  comjtK'te 
fus«'  carrier  from  the  line  is  cfTccted  ;  in  <'onsc(pience  of  this,  danger 
t4i  the  o|M'rator  is  eliminated.  I'urthcr,  no  <iamage  to  the  fuse  wire 
thrmigh  iK-cidental  eonlact  with  the  fixed  slructuro  of  the  line  is 
jHissible.  The  witi.sfiielory  o|K'ration  of  the  ap|>aratus  is.  ve  untler- 
staufl,  prft4lieally  unafTectod  by  adversti  weather  conditions  such  as 
niin.  Know,  sleet  or  ice:  the  reniovable  part  cannot  bec(»me  frozen 
up.  the  Mii|)|Hirting  rods  Is'ing  en\clo|K'ti  by  the  end-caps. 

The  fnwM  an«  nioinited  complete  at  the  makers'  works,  luid  onl.\ 
ne«'«l  wiring  on  site  befon-  Is'ing  erected.  The  complete  ap]>aratus 
is  Im'sI  mount4«d  on  the  |»ole  <  rosw  arm  between  the  transformer  and 
the  overhead  tranxmixsion  line,  and  in  su«  h  a  manner  that  arcs 
generated  from  short  lircuits  «»r  overloads  do  not  «-ome  into  contact 
with  tin-  overhead  wiri's.  If  plai-ed  itnniKfiuilrh/  Itrlnw  the  overhea<l 
wires  a  clear  distance  of  at  least  ti  ft.  for  (i.(KK»  voli.  !»ft.  f  ir  I2.(NK»- 
\olt  and  l.'»f\.  for  Ltt.tMHlvolt  systems,  Nhould  intervene  betwjtm 
the  li|>sof  the  horns  and  the  \vir«»s.  If,  however  the  fuws  are  en-ctec^ 
t<»  one  sitle  of  the  overhead  w  in*s,  then  these  vortical  cleannices  in.iy 
Is-  nvbiced.  The  ap|>jirattis  is  intendinl  to  Im«  erected  in  such  a 
niann«'r  Jis  to  Is*  n^lieved  of  all  mechanical  strain  «lue  t<i  tension  of 
overheml  lines.     The  H|(acing  iMitween   jihasoH  when  en«etimr  honi- 


One,  Two  &  Three  Phase 
MOTORS. 

r.VN(;i>nN-i) AN  ii<:s   .moioh   c'O. 

Hm.l    (Xfin-        no,     (.\NNON      slKht    1,      lONDON.     K.C. 
\\  «)rW»  :    Drriiiixly    Knail,    1   cwi^hmii.     I   iiiiclciii.    >  h  . 


type  fuses  should  be  such  that  no  short-circuits  will  result  from  the 
arcs  generated  coming  into  contact  with  those  of  another  phase. 

For  re-wiring,  the  centre  i^rtion,  complete  with  horns,  is  simply 
lifted  from  the  supisarting  rods  by  means  of  a  spring  clip  mounted  on 
the  end  of  an  insulated  bamboo  ix)le.  This  Ls  oix;rated  from  groimd 
or  platform  level.  The  jaws  of  the  clip  engage  the  fork  of  the  centre 
fuse  insulator.  and,being  cb-a%TO  together  by  means  of  a  strong  spring, 
securely  hold  the  fuse  insulator  and  admit  of  the  removal  of  the 
centre  jxjrtion.  The  fuse  can  then  be  rewired  and  dropped  back 
into  jKjsition  by  means  of  the  pole,  a  sharp  jerk  disengaging  the 
Kjiring  clip  from  the  fu.se  insulator,  at  the  same  time  lea\-ing  the  fuse 
intact.  The  ease  and  facility  with  which  the.se  fuses  can  be  inserted 
or  removed  from  the  line  are  features  of  the  design. 

Earthing  U'rminals  are  provided  to  prevent  the  accmnulation  of 
an  electrostatic  charge  on  conducting  parts  other  than  tho^  con- 
ne<ted  with  the  system.  The  dangers  of  bursting  fuses  is  entirely 
eliminated  with  this  tyjje.  and  this  added  .safeguard  to  operating 
linesmen  will  doubtless  be  appreciated.     The  fuse  wire  consists  of  an 


SinK  \  iKW  OF  Horn  Type  Switch. 

alloy  s|>ecially  scUm  ted  for  the  purpose  of  .securing  a  .smooth  clearing 
of  the  overload  or  short-circuit.  The  insulators  throughout  are  of 
vitreous  ]M)rcelain.  glazed  white,  and  are  of  tested  electrical  and 
meihanieal  strength.  The  |K)rcelain  u.sed  )K>s.s<>.sses  a  relatively 
low  coelhcient  of  exiiansion.  so  thai  it  remains  unatTected  by  weather 
extremes. 

•Ml  metallic  jiarls  liable  to  corrode  are  "  sherardise<l."'  this  lieing 
one  of  the  most  sati.sfactorv  jiroces.ses  yet  devised  for  obtaining 
immunity  from  rust.  The  fuses  are  standardised  for  three  definite 
voltages— viz..  C.IKMl,  I2.(MMI  and  2().(HH>  volts — and  range  up  to 
<  iirrents  of  2.'*  am|K'res.  The  apjmratus  is  recommended  for  tem- 
|H>rary  ii-.'itallations  on  account  of  the  reiidine-ss  with  which  it  can  l»e 
installed.  The  jMirticular  construction  lends  itself  to  l>e  used  as  a 
s\>  itch  fus4'  unit  if  st)  tlcsired. 

I>escriptive  leaflet  '^V1^^,  issued  by  the  British  Wcstinghouse 
KI«M-tric  *  Mfg.  Co.,  deals  with  these  fuses,  and  i)rices  wil  be  fur- 
ni^hiHl  ofi  n'<iMe«l, 


INSULATION 


The    c^nljr    s«ti«factory    substitate    for 

Anbr*!..^     XVirc  :      al.<io     (or      flexible 

loatU.  etc.      AMPLE  STOCKS. 


HOLDERHARRtDEN.  LTD..  35  3/,  noble  street,  lqndon,  e.c. 
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^iOfixe,  uH^/t  yotjL/r 


>^ 


^^IirWI RE  LAMPS 


iiiiiiiHiiiiii^iiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiimiii 

Advt.  of  Pope's  Electric  Lamp  Co.,   Ltd..  Hythe  Road.   Willesden,   London,  N.W.  """" 


J.  P.  DEVINE  CO.,  Buffalo. 


MANUFACTURERS   OF 


m  PM. 


(PASSBURG  SYSTEM.) 

The  Devine  Co.  are  well  known  in  the   United    States 

and  Canada  as  the  leading  nnanufacturers  and  experts 

in  Vacuum  Drying  and  Impregnating    Plant   and    have 

over  1,500  such  plants  in  successful  operation. 


AIR  PUMPS,  COMPRESSORS, 
VULCANISERS, 
CONDENSING   PLANT. 


Solvent     Recovery     and     Derisinating 
Plant  a  Speciality. 


Sole  Representative  : 

JAMES   LIVINGSTON,    LTD., 

30,  QT.  5T,  HELENS,  LONDON,  B.C. 


Telegrams  and  Cables  : 
"Cinerary.  Londoh." 


Telephone  : 
London  WallSISL 


THE    ALL-BRITISH 
HOUSE  FOR  ACCESSORIES 


HI 

«.;--..';.-r.'-K: 


a 


•mii!j^, 


v-«:rv,~::^. 


ROVAL 
DRAWN  WIRE  LAMPS 

CATALOGUES  ON  REQUEST 
FROM   THE 

EDISON  &  SWAN 

UEL     CO..  LTD., 
'      PONDERS   END 
MIDDX. 
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THE  PANDA  PUMP. 

Thi«  pump  rotates  contra  clockwise,  and  owing" to  the  relative 
jKjKitions  of  thccentres  of  the  shaft  j.and  aucccentricpinG.  anyone 
of  the  four  plungers  when  passing  the  upper  shoe 
must  \h:  in  its  extreme  outward   jxjsition.     As   this 
phjnger  moves  down  the  suction  sifle /.  itj*  movement 
in  its  cyiindcr  is  inward  until  on  the  completion  of 
the  half  revolution  it  reaches  the  lx>ttom  shoe  when 
it  is  at  its  extreme    inward    iK>sition.      The    result 
of  this  action  is,  of  course,  that  while  the  jjlungers 
are  piwsing  down  the  suction   side    of    the   pump 
they  draw  in  charges   of    water   which   are    fiiuilly 
trapimi'as  they  pass  the  lower  slioe.      During  the 
wfcond    half    of    the    revolution    while    the    same 
plungers  are  passing  up  the  discharge  sirle  /n.  their 
movement  is  out  wards  and  the  water  trapjtcd  when 
jjassing  the  lower  shoe  is  exix-lled.  the  plungers  again  reaching  the 
extreme  outward  jKjsition  as  they  come  to  the  upjx-r  shoe  on  com- 
I)letion  of  the  revolution.  ,    ^ 


into  the  correct  position.  The  principle  of  the  pump  is  naturally 
adapted  to  the  creating  aad  maintaining  of  a  high  vacuum,  and 
except  in  the  smallest  sizes  water  can  be  drawn  from  a  depth  of  28  ft. 
\^-ithout   priming.     The'approximate  normal  speed  of  the  smaller 


End  .\sd  f'Koss  Skctioxs  of  the  I'axda  Pump. 


*■  The  pump's  autf)inati(aliy  and  «-lli(icntly  luhricate  themselves 
Ilin.ughiiut  with  the  licpijd  fhcy  are  pumpiiig.  and  it  is  only  in  the 
cipM*  of  certain  liipiids  that  any  grease  lubrication  may  be  necessary. 
The  whole  of  the  bearing  surfaces  are  of  generous  dimensions,  aiid 
thJM  .  fact,  with  the  .automatic  lul*ri<atir)n.  ensures  long  life  ftir  tin- 
pun,,,  Mj 


The  (^iTT  Parts  of  the  Panda  Pump. 


pumps  is  5(K>  revfi.  per  min.,  dej^ending  upon  the  duty  required. 

They  are.  therefore,  well  adapted  for  direct  coupling  to  petrol  and 

other  engines. 

The  rotor  is  carefully  macliined  to  allow  a 
small  clearance  between  itself  and  the  casing 
and  covers.  On  the  liquid  reaching  the  pump 
these  clearances  are  at  once  automatically 
sealed,  thereby  making  the  pump  positive  in 
action.  Owing  to  the  high  vacuum  which  can 
be  created  and  the  entire  absence  of  valves  the 
pump  is  unique  in  its  class.  For  the  pumping 
of  tar.  sewage,  molasses,  oil,  glucose,  &c.,  &c., 
good  results  have  been  achieved,  and  a  large 
business  in  this  class  of  work  is,  we  iniderstand, 
now  on  hand. 

The  pumps  can  be  supplied  for  hand  or  jx)wer, 
for  direct  coupling  to  an  engine  or  motor  or  for  a 
belt  drive,  and  in  many  instances  complete  sets 
coupled  to  engines  or  motors  and  mounted  on 
cast-iron  bedplates,  as  shown  in  the  figure,  can 
be  supplied  to  suit  any  requirements.  A  large 
number  of  these  sets  have  already  been  supplied 
to  the  Government. 

These    pumps    are    supplied    by    Pooley    &• 

Austin.  2").  Victoria  Street.  London,  S.W..  from  wliom  prices  and 

fuller  particulars  can  be  obtained. 


•  IIIVI.N    U\     Kl.M  Tlilc   MoTOK. 


The  pun)pH  an-  built  in  Hudi  a  manner  that  all  parts  an>  readily 
n«'(e«.sili|c  fur  e\aminali(in.  On  n-nioxal  df  (he  <ine  cover  tlie  rotor 
and  plungers  ran  Ik-  withdrawn  wiliiout  in  any  way  disturbing  tlie 
pipe^coiuieetinns.     A  spigot  «tn  the  rover  onHiires   its   goinu    back 

Ferranti  Ltd 

C«ntr«l   Houto.   Kingtway,    L»ndon,    W.C.  j 

BWITCHQKAR,    IB  ANSI  ORMKRS.   METERS. 
ELECTRIC     HEATINQ    &    COOKINQ     APPARATUS, 


LARGE  IRONWORKS  IN  SWEDEN. 

The  ironworks  at  OncIosuikI,  an  iin]W)rtant  ]y)V\  for  shipment  of 
Swedish  iron  un\  are.  according  to  "  Engineering."  In-ing  jmsht^l 
ahead  as  far  as  circumstances  will  allow,  tiie  war  having  cau.sed  con- 
siderable delay  in  the  delivery  (»f  portions  of  the  jilant.  The  works 
are  Io(af«-(I  at  the  AIo  Firth,  close  to  Oxclosund.  The  jiroduction 
of  the  new  works  is  calculated  to  comj)iise  60.(XR>  tons  of  foundry 
I)ig.  1()().(KK»  tons  of  coke,  6.500  tons  of  tar,  1,800  tons  of  sulphate 
of  ammonia.  ."ittO  tons  of  l)enzole.  One  blast  furnace  and  three 
stoves  are  erect«'d  and  lined  with  Hrei)roof  Swcdisii  material  from 
the  Moganas-Kill(-sholm  ("o.  A  coking  ])lant  with  60  ovens  is 
appniailiing  completion,  and  the  installations  for  handling  the 
auxiliary  jiroducts  will  be  ready  within  the  m-xt  few  niontlis.  The 
lienzole  and  ammonia  ])lant  is  almost  ready.  .\ii  electric  jwwer- 
station  is  being  ere(t«-(l.  with  three  fhree-pha,sc  generators,  each  of 
l..'»tMI  H.I-.  lapiicity.  The  geii»  ratoix,  fix)iu  the  (General  Swedish 
Klectric  Co..  will  be  direct -coupled  to  gas  engine.s.  The  gas  engines 
come  fntin  aitroad  ;  only  one  has  so  far  arrived,  but  the  other  two 
are  shortly  eX|H-cte»l.  A  large  crane  is  l)eing  erected  for  the  handling 
of  iron  ore  an(l  limestone.  For  the  supply  of  the  coking  ovens  witli 
fresh  water,  if  such  cannot  l>e  obtained  from  deep  Ixmngs.  a  distil 
lation  plant  for  salt  water  is  being  erected  with  a  cajwcity  of  4(t 
galloiif  of  water  |)er  minute..  There  are  two  gas-holders — one  for 
blast  funiace  gas.  has  a  ca]\icity  of  10.0(10  cubic  metres,  and  the  one 
f«»r  coke-oven  gas  of  l.(HK>  cubic  metn>s.  There  are  two  crushiiii; 
mills  for  the  blast  funia<-e.  with  a  capacity  of  res]x*ctively  60  tons 
and  HM»  iaun  jut  hour.  .\II  the  machinery  is  l>eing  worked  li\ 
inej-ns  of  ph-itricif y. 


TINNING     FURNACE 

For  rOATING  WIRES  with  Tin.  I...i.d.  otc.      For  uir    a*   «    BATH. 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL. 

Tilt  oDlr  TiDDtDi  PUst  OB  lb*  World'i  Market  with  Aotomatic   Htat  Cootrtl. 

MONOMETF.R.  Ltd..  22.Whitehoiise  St..  Aston.  Birmingham 
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"ZENEX"  AND  "NEGREX"  FINISH  FOR  CONDUITS. 

A  new  booklet  Simplex  Conduits  have  just  issued  deals  with  the 
protective  covering  of  conduits.  In  addition  to  the  treating  and 
preparation  of  surfaces,  the  com|)osition  of  the  protective  covering 
and  tlie  method  of  its  aijjjlicatioii  as  regards  its  ordinary  enamel 
Hnish,  it  also  refers  to  a  new  jnire  zinc  covering,  to,  which  the  regis- 
tered name  of  "  Zenex  "  has  been  given,  and  also  to  the  pure  zinc 
finish  subsequently  treated  with  enamel,  which  is  to  be  known  as 
"  Negrex." 

The  deterioration  of  steel  and  iron  by  corrosion  where  surfaces 
are  left  exposed  or  buried  in  chemical  ])lasters  or  cements  is  far  more 
marked  than  in  any  other  material  used  in  the  construction  of 
buildings.  As  a  consequence,  a  large  amount  of  time,  money  and 
intelligence  have  been  expended  on  the  question  of  efficient  pro- 
tection to  the  surface  in  order  to  retard  the  rate  of  deterioration,  and 
so  prolong  the  life  of  the  material.  Now  that  steel  conduits  are  so 
extensively  used  for  the  purjjose  of  enclosing  and  protecting  wiring 
of  all  descriptions,  a  considerable  amount  of  attention  has  been  given 
to  the  most  efficient  methods  for  protecting  the  surface  of  the  con- 
duits themselves  from  corrosive  influences. 

Ten  years  ago  the  Simj^lex  company  carried  out  extensive  trials 
and  experiments  in  connection  with  this  matter.  In  1907  they 
published  a  booklet  on  the  "  Protective  Covering  of  Conduits," 
dealing  witli  the  preparation  of  surfaces  and  the  method  of  a])plying 
the  enamel  covering  and  stoving  it  in  order  to  secure  a  flexible,  acid- 


resisting  and  protective  coating.  Under  the  most  advantageous 
circumstances,  it  pointed  out  that  an  enamel  covering  can  only 
afford  protection  in  proportion  to  its  adhesive  properties,  and  so  long 
as  it  is  intact  and  ke])t  free  from  mechanical  damage.  It  is  a  well- 
known  fact  that  pure  zinc  forms  the  surest  protection  for  iron  and 
steel  surfaces,  and  the  nearest  approach  to  this  in  the  past  has  been 
Ijy  the  hot  galvanising  process.  The  zinc  covering,  however,  to 
obtained  is  both  impure  and  irregular. 

Sunplex  Conduits  (Ltd.)  have  recently  mstalled  at  their  Birming- 
ham Works  what  is  probably  the  largest  automatic  plant  in  the 
kingdom  for  dealing  with  the  deposition  of  pure  zinc  on  the  surfaces 
of  steel  conduits,  and  all  tubmg  treated  by  this  process  is  known  by 
the  registered  name  of  '"  Zenex."  Although  "  Zenex  "  finish  affords 
a  sure  protection  to  steel  conduit,  it  is  itself  attacked  by  acids,  and 
consequently  it  is  recognised  that  in  certam  situations  a  further 
protection  is  requisite  for  the  pure  zinc  covering.  This  is  arranged 
for  after  special  treatment  by  a  flexible,  acid-resisting  enamel,  and 
to  conduits  treated  in  this  manner  the  registered  name  of  "  Negrex  " 
has  been  apjjlied. 

In  both  the  "  Negrex  "  and  "  Zenex  "  finishes  the  interior  surfaces 
of  the  conduit — which  are  not  exposed  to  the  same  corrosive  in- 
fluences as  the  exterior  surfaces — are  treated  with  a  high  grade  of 
flexible  enamel,  and  this  internal  enamelling  is  carried  out  by  a  new 
improved  process  which  ensures  there  being  an  homogeneous  and 
continuous  coating  throughout.  It  is  perhaps  hardly  necessary  to  go 
fully  into  the  great  advantages  that  are  secured  by  efficient  ))ro- 
tective  coverings  such  as  those  above  described,  but  we  gather  that 
the  extra  expense  involved  in  the  initial  outlay  will  be  more  than 
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that  stands 

workshop 
test 


THE  vibration,  and  jolts  and 
jars  of  a  busy  workshop 
form  a  very  severe  trial  of  dura- 
bility for  an  electric  lamp.  Mazda 
lamps  pass  the  test.  The 
strength  of  their  drawn  wire 
filament  enables  them  to  with- 
stand the  sustained  vibration  of 
the  heaviest  running  machinery. 
They  are  the  "double-economy" 
lamps — they  save  on  current 
AND    on    renewals. 

Perfect  light  and  durability  make 
Mazda  Lamps  ideal  for  factory 
lighting.     Use  them  exclusively. 


BRITISH  MADE  IN 
RUGBY,  ENGLAND. 


DRA^N 
^f    I    R    E 


ELECTRIC  LAMPS. 


The  British  Thomson- Houston  Co.,  Ltd., 

Mazda  House,  77.  Upper  Thames  Street,  London,  E.G. 

Branches:— Manchester.  Birmingham.  Leeds,  Sheffield,  Newcastle, 
Mkkllesbrough,   Glasgow,    Swansea,  Cardiff  &   Dubhn. 
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IRONCASED 
SOCKETS  &  PLUGS 

FOR    HARD   SERVICE. 

Sizes    up    to    200    amps. 

DP.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined  Switch 
and   Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal   Electrical   Works, 

SALFORD, 
MANCHESTER. 


comijenKated   In    tlie  increahod   life  and  frt-edoni   from  iauUa  -and 
hroakcJowriM. 

Sinijjlf'x  fittiiifrs  arc  tiiUHhod  in  c.xart  conformity  with  tho  s,)e(ial 
'■  Z«'n«'.\  "  and  "  Nf{,-rex  "  finislicK  of  the  (ondiiiis.  'J'lu-  booklet 
rr-fr-rn-d  to  is  now  in  firculation,  and  may  \>e  obtained  on  request  to 
the  colli  pan}'. 


"VERILUX." 


A  long  HhI  mifrhl  l»c  made  of  the  various  devices  which  have  been 
dcf^iyiicd  and  tested  to  jirovide  artilicial  illiimiiiatiori  w|ii(  h  will  bo 
ecjiiivalent  to  daylifrht.  I'ntil  recently  the  lx\st  results  were  ob- 
tained by  the  use  of  arc  laming,  jireferably  on  the  inverted  princijile  ; 


A  'l'\iii  \i    SiiiniK  M.  I'KMiANT  KrrTKi>  WITH  Tiu;  Ni,w  (;.K.(". 
Vkkimx  "  («i..\.s«»wakv„ 

bill  the  ^DKliiiil  disuse  nf  the  arc  lamp  befiin'  the  growth  of  the 
dniwit  wire  tniiKsteii  lamp  has  called  attentitin  t<i  the  problem  as 
presented  by  an  inenndescent  filament.  The  milution  has  In-en 
reaihed  tn  some  extent  ax  the  ri'-iiilt  of  the  attention  paid  to  the 
development  of  s|m-cuH  jjlas-  for  dillnsion  and  n-lleetion.  The  tn^at 
ment  of  the  lamp  ami  its  glol>e  ««  twin  faetorn  in  prodncing  a  definite 
illiiminatiim  ivsnlt  has  nxcali-d  the  wide  variety  of  elTocts  which 
may  In-  wciired  l,\  jjJaK-  ..(  ditfen<nl  cnm|N)sitiiins.  IVvious  etlorls 
towards  daxlight  ilUimination  were  direct<M|  mainly  h)  the  treatmrnt 
of  the  light  son-  w  the  methtMl  of  nppn>aeh  in  to  treat  the 


emitted  lisht  in  .such  a  way  as  to  produce  the  equivalent  of  day- 
liaht. 

AliJirt  from  the  flifficulty  of  getting  any  artificial  light  source  to 
a|)|)roximate  closely  to  daylight,  there  is  no  certainty  that  such 
approximation,  wliich  must  be  of  a  d;licate  character,  will  l>e 
maintained.  On  the  other  hand,  the  combination  of  a  tungsten 
lamp  and  a  special  glass  is  a  stable  one.  and  once  the  correct  com- 
jKjsition  of  the  glass  i.s  determined  the  commercial  conditions  of  the 
|)rol)lems  arc  fully  covered.  It  is  on  this  basis  that  Verilux  gla.ss 
lias  lieen  invented  this  being  the  new  three-ply  glass  recently  |)la:ed 
on  the  market  by  the  CJeneral  Electric  Co.  The  inmost  layer  is  a 
colour-straining  medium,  the  next  i.s  a  difFu.sing  medium  and  the 
outside  layr  is  of  clear  glass  to  provide  the  nece.ssarv  "  body"  or 
strength.  Light  transmitted  through  this  glass,  it  is  claimed,  emerges 
as  a  precise  imitation  of  daylight,  and  is  free  from  glare.  There  is 
no  restrictirm  as  to  the  shape  or  dimensions  of  the  globes  made  for 
this  pur|M).><e.  but  of  course  the  best  results  are  obtained  with  the 
deej)  bowl  or  the  spherical  tyj;es.  which  ensure  that  practically  all 
the  rays  are  transmitted  through  the  glass. 

Owing  to  the  high  efhciency  of  half -watt  lam|)s.  the  loss  due  t<» 
absorption  by  this  glass  is,  for  all  practical  puri)oses.  negligible. 
In  any  case,  the  commercial  value  of  artificial  daylight  is  so  high  that 
a  slightly  lower  efficiency  should  not  affect  the  jKipuIarity  of  the 
■■  Verilux  ""  glass.  There  are  .some  industries  which,  for  want  of  such 
an  illuminant.  can  be  carried  on  for  only  a  few  hours  each  day  during 
the  winter  months.  But  apart  from  the  enormous  retail  business  in 
coloured  fabrics,  there  are  the  wholesale  trade,  the  textile  manufac- 
turing industry,  dye  works,  chemical  factories,  pajjer  works,  printing 
works  and  many  others  where  a  daylight  effect  is  invaluable.  Again 
in  picture  galleries,  museums,  studios  and  every  industry  connected 
with  the  fine  arts,  artificial  daylight  is  obviously  a  boon.  W'c  are 
informed  that  "  Verilux  '"  was  recently  te.sted  in  an  art  gallery  with 
I'xcellent  H'sults. 

In  domestic  and  office  lighting  there  is  al.so  a  field  which  is  worth 
cultivating.  People  have  l)een  so  long  accustomed  to  the  loss  of 
<-oloiir  value  by  artilicial  light  that  they  may  be  slow  to  ap|ireciate 
the  julvantages  of  daylight  .ifter  sunset  :  but  householders  who 
pride  themselves  on  delicate  colour  schemes,  and  who  have  pictun-s 
\\liicli  tliey  like  to  ;ulmire  during  the  hours  which  are  generally  the 
hours  of  leisure  will  realise  the  benefit  of  "  Verilux  ■  glass,  when  they 
have  been  made  accpiainted  witli  it.  .Moreover,  hulies  who  sew  or 
do  fancy  work  in  the  I'vciiiug  will  greatly  appreciate  the  advantages 
of  <laylight  at  command.  In  the  ease  of  offices  the  value  of  "'  Veri- 
lux "  is  |M>rhaps  mor»>  p.sychological  than  physical.  Rooms  lit  by 
"  Verilux  ""  do  not  have  the  "  .xevcn -o'clock  "  feeling  which  is  more 
H'stful  than  stimulating  to  |>eople  who  work  under  its  influence. 


TURBO-ELECTRIC  PROPULSION. 

The  efficiency  and  economy  of  the  steamship  "  Mjolner."  in  which 
tiirlMi  electric  propulsion  in  ailopted.  weif  recently  commented  ujxm 
by  the  "  Motor  Ship."  The  main  machinery  consists  of  two 
I.jungwtmm  double  flow  turbines,  each  <lriving  a  4(HI  kw.  generator, 
ami  delivering  power  f<i  a  single  motor,  which  drives  the  propellor 
shaft  thmugh  n^liicing  gearing  at  !M)  revs,  per  min. 

It  is  now  n-porle<|  that  then>  are  alxiut  20  to  2.">  steamlx>at8  under 
construction,  in  which  similar  machinery  is  to  U^  installed,  mostly  of 
a  low  powereil  typo,  usually  of  alnuit  l.(HM)ll.l\  The  economy 
pfTrelo<i  iwnw  to  lie  ennsiderable  as  comi>;>red  with  recipn>cafing 
enginej*.  although  prcHumably  the  cost  of  installatiiMi  is  much  higher 


Pilntcd  •nd  Publlttrd  by  tt«  P 
'    2 
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^. 


f     The    Round   Table,     t 

Z  By   "KVA."  ^ 


Event  of  thr  Week.—  The  B.T.-H.  durir)f>-  the  first  week  ot 
Diiyliglit  Saviii(>-  introduce  a  ''  Nite-lite  ""  saving  transCoriner 
lamp. 

The  only  things- not  (l.isturb(;d  by  the  new  summer  time  are 
the  cows  and  the  street  Hgliting  time  switches — these  still  work 

by  the  sun. 

*  *         *         * 

We  are  asked  to  deny  the  rumour  that  Mr.  A.  P.  Trotter  is 
in  any  way  connected  with  the  fact  that  St.  Paul's  Catliedral 
clock  struck  12  at  1  p.m.  on  Monday  last. 

^         ^  ^         ^ 

I  regret  to  note  that,  owing  to  an  error,  the  editorship 
of  "  Printers'  Pie  "  was,  in  the  last  issue  of  the  Round  Table, 
attributed  to  Mr.  Hugh  Hpottiswoode.  That  ever-welcome 
publication  is  now  ably  conducted  by  Mrs.  Hugh  Spottiswoode, 
the  widow  of  the  founder  and  organiser  of  tlie  "Pie"'  publica- 
tions. 

*  *         *         * 

Thus  the  "  Daily  Telegraph  "  on  electric  clocks  : — 
"  From  a  mechanical  point  of  view  the  electric  clock  is  vastly 
simpler  tha,n  its  ancient  rival.     It  contains  no  clockwork,  as  popu- 
larly understood,  but  a  mere  handful  of  mechanism,  &c. 

I  can  see  Mr.  Hope-Jones"  electric  clocks  going  black  in  the  face 
at  any  such  definition  of  their  internal  economies. 


A  correspondent  asks  me  if  the  elliptical  shape  of  the  bul)blcs 
iji  Guinness  and  bottled,  bass  is  due  to  electrostatic  action. 
Perhaps  those  of  my  readers  who  affect  these  drinks  can  offer 
some  explanation  of  this  undoubted  phenomenon.  If  it  is  true 
that  the  bubbles  are  elliptical,  it  will  explain  the  difficulty  of 
drinking  these  beverages  in  a  hurry  ;  they  stick  in  the  throat 
because  the  bubbles  must  get  cross-ways  instead  of  vertical 
in  the  gullet  ! 


The  Batti-Wallah  Cabin  Boy  says  :    "  Grub  where  you  grubbiwcll 
hke.  but  have  your  Coffee  with  us." 

Which  is  the  place  where  Wallahs  meet 
On  Fridays  now,  to  take  their  treat, 
Is  it  a  place  in  Oxford-street  ? 

No,  The  Hoi  born  ! 

Where  is  the  "  Holborn,"  quoted  thus  ? 
It's  served  quite  well  by  tul)e  and  bus. 
You  simply  say,  witliout  much  fuss, 

"  Whoa  !  The  Holborn  !  " 

What's  to  be  done  when  you  get  there  ? 
You  lind  a  waiter  and  take  a  chair. 
Anil  order  coffee,  or  what  you  dare. 

Ho,  Tiie  Holborn  I 

Whom  will  you  see.  within  your  ken  ? 
You  will  see  a  lot  ol  "  Batti  "  men 
You  know,  and  then,  and  after  then, 

What-ho,  The  Holboni  : 
Sport  your  B.W.  Badge. 


An  American  contemporary  holds  the  view  that  the  ek'c', 
trical  contractor  "over  yonder"'   is  not  always  the  man  o 
business  that  he  should  be.     This  is  evident  from  the  £oIh)wi!i;^ 
items  of  advice  offered  for  his  guidance  upon  how  twl  to  run 
the  show  :  — 

Allowing  cu.stomers  to  ask  to  he  served. 

Trying  to  force  a  fly-specked  or  fleterioratod  stock  on  eustomera 
instead  of  sending  it  to  auction. 

Hurning  gas  when  eloctrieity  i.s  n  l;etter  servant,  and  does  not 
vitiate  the  air. 

Promising  and  failing  tc^  deliver  goods  by  a  specified  flate 

Employing  ehea[)  help. 

Failing  to  advertise. 

1  can  hear  a  few  readers  of  the  Round  Table  remarking  that 
some  such  advice  is  not  inapplicable  to  the  British  electrical 
contractor. 

*         *         *         * 

Befoie  the  war  the  electric  bath  chair  was  used  for  pleasure 
somewhat  as  shown  in  tlie  illustration.     We  may  now  expect 


An  Electrfc  Wheel  Chair  Used  at  the  San  Francisco  Exhibition 
AND  NOW  Likely  to  be  in  Demand  for  Disabled  Soldiers. 

to  see  it  employed  only  for  the  recuperation  of  wounded 
soldiers  or  as  a  means  of  travel  for  the  crippled  men  from  the 
war. 

^  '^  i^  Ijc 

THIRTY  SEVEN  YEARS  AGO. 

[From    The  Electrician  (Second   Series),  May  24,   1879.] 

Enemies  of  Telegraphy. — An  official  report  fuoin  Sumatra 
states  that  frequent  disturbances  of  telegraphic  coninumication  are 
caused  in  that  island  by  elephants.  During  the  three  years  1875-78 
there  have  been  60  serious  interruptions  traceable  to  this  cause.  As 
an  instance,  this  report  says  :  "  On  .May  25,  1876.  the  ^rnara-Dura- 
Lahat  line  was  completely  destroyed  for  a  length  of  three  paid-,  and 
the  wires  and  insulators  were  hidden  away  in  a  cane  thicket.  All  the 
repiiiis  executed  during  the  day  were  regularly  destroyed  at  night, 
and  this  for  three  nights  running.  Besides  the  systematic  hostility  of 
elephants,  the  numerous  tigers,  bears  ami  white  buffaloes  make  it 
both  difficult  and  dangerous  to  keep  .in  efticient  wjitch  on  the  tele- 
graph lines,  where  they  pass  through  tliick  jungle.  Both  the  greater 
apes  and  the  little  monkeys  seem  to  regard  the  lines  as  set  up  for  the 
purpose  of  affording  them  tl;e  opix)rtunity  of  practising  special 
gymnastic  exercists,  swinging  from  the  wires,  breaking  them,  and 
carrying  off  the  insulators." 


TWO  WELL   BUILT   AND   THOROUGHLY   RELIABLE   STARTERS. 


No.  10a.— Heavy  Duty  Starting 
Rheostat  is  designed  to  withstand 
very  frequent  starting  and  heavy 
starting  loads.  Auxiliary  carbon 
rollers  protect  the  renewable  copper 
contacts.  No-volt  release  fitted 
always,    overload   whea    desired. 


ELECTRIC    CO..    Ltd.. 
LONDON  and  BEDFORD. 


No.  lOg.— Multiple  Lever  Starting 
Rheostat.  The  best  starter  for 
large  motors.  The  toggle  joint 
levers  are  interlocked  to  prevent 
starting  up  incorrectly.  A  special 
feature  is  the  lamirated  brush  con- 
tacts in  the  place  of  knife  switch;  s. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Direct    Current. 


For    Three-phase   Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMOWORKS  LIMITED 

Head  "Office:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 
Telephone  :  Chrrard  860.         Telegrams  :  "  Siembralos.  Vic,  London." 

Supplie*  Dept.:    38  &  39.  UPPER  THAMES  STREET.  E.C. 

Telephone:  City  5350.  Telerrams  :  '  Siemotor,  Cent..  London." 

HOME  BRANCH  AODRESIES' 


Birmingham — Central  H'  ..  New  St 
Bristol— 30,  Bridpe  Street, 
Cardiff— 89.  St.  Mary  Street. 


Ianchester — 196.  Deansgate. 
Newcastle —64-68.  Collin  gwood 
Sheffield— 22.  High  St.        (BIdgs. 


Branches   in    Princinal  Towns    Abroad. 


SINGLE  AND  POLYPHASE  BRAKE  SOLENOIDS. 

Sdiic  MilcrcMtiiiK  (j«'tail«  arc  >iiv«'ii  in  rata'oj^ucs  rccciitly  issued  by 
I  III-  Mritmli  W'c.stin^iioii.sc  Co.  df  staiidanl  si/cs  of  l)rako  solenoids 
uliicli  lliry  rnanufiK'tnre.  Fiji.  I  "Iiow.s  the  |attcni  wliich  ni.tv  be 
iise«l  on  MJn>,'lc-|iliase  rirciiits  or  acmsH  one  phase  of  two-  or  (brec- 
liliase  circnit'*,  2.")-(»(l  [N'riods  np  io  (W)  v<»l(s.  'I'lie.se  soJenoidK  are 
Hiiitable  for  the  o|H>ration  of  n»e  haniea!   brakes  on  eranes,   hoists. 


rif'^ 


Ht..    I.       U.\h  JIIASK   I'l  I.I.  .M.\U>KT. 

eapNlanH  and  winehe.M.  and  for  any  other  piir|KM«e  where  it  is  dexinMl 
t»  exert  a  delinite  pull  thniiijih  a  limited  <hxtan<-«>. 

'Ih-  solenoid  ron.««i«.(,M  of  two  T  Nhapetl  laniiiialed  iicm  ,  on--.,  ntw 
of  whieh  {Vi')  is*  lixed.  while  the  other  (Mf)  is  movable  and  furm.-*  the 
armalnnv  F(*  ha.<«  .-.hort  |«ole.H  whii  h  jiwt  enter  the  emis  of  the  eoiU 
or  s  tlenoid>«  (SS).  wliose  lower  I'Xtremilie'*  an«  siipjiorted  fnim  the 
nplH'r  iwirt  of  the  (Jxeil  eom  by  a  bm<krl  and  two  Ktay  n»ds.  Ihi- 
'""^ '»'''"'  '  lonin-r  i»..|eH  than  the  h\ed  eorr.  and K.  «>nineetod 

'  '  J'<*'  '"  ''.V  the  guide  rx>d  (i.  When  S  and  S  are  enerpising. 

.MC  in  drawn  up  as  nhqvnx.    These  solenoids  oecupv  a  minimum  of 


s})acc,  but  they  give  the  maximum  pull.  The  solenoid.s  are  fitted 
with  a  device  to  prevent  chattering,  and  dash-pot.s  are  fitted  on 
frames  4  and  'i  :  these  are  not  necessary  in  the  smaller  sizes.  The 
solenoids  are  designed  for  intermittent  .ser\ice.  such  as  obtains  with 
cranes,  and  also  for  continuous  rating.  On  the  intermittent  rating 
thevcan  l)e  left  in  circuit  for  five  minutes  out  of  every  15  minutes. 
In  the  table  given  Ijeiow  both  ratings  are  listed. 

The  three-phase  .solenoids  are  also  suitable  for  the  operation  of 
mechanical  brakes  on  cranes,  hoists,  capstans  and  winches.  They 
are  of  the  three-limb  type  and  rre  designed  for  use  on  three-phi-..-e 
circuits  ;  they  are  al.so  adaptable  for  service  on  one  or  two-phpsc 
circuits,  but  the  iiull  obtainstble  is  then  approximately  30  per  cent. 


Kio.  2.  — Thkee-hh.\sk  Pi  ll  M.\(;set. 

less.  They  are  .standardised  in  four  sizes,  ranging  up  to  and  including 
a  maximum  pull  of  1:52  II).  through  a  stroke  of  2  in.  :  the  weight  of 
the  plunger  is  included  in  the  pull  of  the  .solenoid. 

The  solenoid  consists  of  a  totally-enclosed  cast-iron  case  from  the 
t  )p  of  which  is  suspended  the  laminated  magnetic  yoke.  The 
plunger  works  in  the  dash-jxjt.  which  in  turn  is  attached  to  the  under- 
side of  the  solenoid  case.  The  dash-pot  is  readily  adjustable  by  the 
manipulation  of  a  s  rew,  and  the  action  of  the  plunger  can  thus  be 
rendered  air-cushioned. 

Hemovable  side-covers  are  pioxided,  and  the  interior  of  the 
solenoid  is  easily  a'cessii>le  for  inspection  or  other  puriw.ses.  The 
termiiial  Ik»x  is  litted  to  the  side  of  the  ease  and  eon.sist.s  of  an  insu- 
lated  blo(  k  wifli  a  suitable  cover.      It   is  ad«|)tal»Ie  for  conduit,  or 


H'llingM.  WriyhtM.  ^r.     Siii(jl(-j)h(i.'(  A.C.  lirokf  Solnmitij'. 


(at.  No. 

( 'raiic 
rat'-14l 
contin. 

rating 
142 


.2!! 

.;(i 

.32 

:m 

M 
.:«: 

.40 


Approx. 

niaxi- 

niiiin 

(•a|iai-. 

ily 

In.    II. 

:j2 
:»2 

U) 
1)4) 
•Ml 
!M» 
•t-y  \ 


22.-. 

4  ,.-. 

4S.-. 

4.S.-. 

Type 

or 
frame 

N... 


I 

I 
■) 

>i 

:j 

:i 

M 

•4 
•4 


I'ull.  <'r  total  >rross 
wciaht  lifted,  in- 
<lu<ling  plunger. 


Approximate 
net  weight. 


Crane 

rat  in'_'.+ 

11.. 
Ki 
Hi 
.-{0 

:<(> 

4.-> 

4.-. 
loo 

•Id 

7.*> 
22(1 
1 !».-. 
I.-XI 


Contin. 
ratin^r. 

11.. 

10 

II) 
Hi 
l)i 
22 
22 
.Vi 
4.-. 
42 
70 
(t.i 

.v. 


X 


In 


1.1 


(Jross 
weight 

; ct»m- 

I'lunjrer    Solenoid    plete. 
oidy.      complete 


lb. 

lb. 

lb. 

10 

4.-. 

til 

10 

4.". 

7.-. 

Ki 

liO 

<».-. 

Hi 

(id 

<).-. 

20 

70 

107 

20 

70 

107 

.{li 

10.-. 

H!7 

M 

10.-. 

l(i7 

:w 

10.-. 

Hi7 

.-.2 

140 

20.-. 

.■.2 

Uo 

20.-. 

,52 

140 

20.-. 

•  Them-  «iv  fitted  with  air  da8h-)H.ts. 

*■  The  rating  b.r  erane  service  is  live  minnt<-s  operation  out  of  every  I .". 

mill  ill 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 


'  <"■«   I'lilrtltr 


AUTOMATIC  HEAT  CONTROL.  WELT  WITHOUT  OXIDATION 

)ATtM    MIXtK    )>Rl)l>UttS   HOMOGENEOUS    ALLOY. 
AUo    Hoat  ronlrollr.l     Furnarcii  tor    HpatinR    the    Moulds. 

MONOMETER.  Ltd..  22,Whitehouse  St.,  Aston,  Birmingham. 
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Wiitortjj^lil  glands,  wlicii  so  t(!(|uirc(l.      'I'lic  solenoids  can  lie  supplied 
watertigld  at  a  small  e.xlra  cost. 

This  tvpe  of  .solenoid  should  he  used  in  preference  to  the  single- 
phase  type  for  the  following  conditions  :  ( I )  For  .service  where  silent 
operation  is  required,  such  an  for  elevators.  (2)  For  in.stallafion  in 
exposed  positions.      (:})  For  frequent  operation  on  low  voltages. 

Ratings,  Weights,  <L-c.     Three -phase,  Three-limb  A.C  Iir<iLe  Solenoids. 


Pull,  ortofal 

Ai)pro.' 
net  w 

(iniatc 

+5 

Approx. 

Type 

weight  lifted,  in- 

^ 

.'ight. 

Cat. 

iiiaxi- 

or 
frame 

No. 

cluding  plunger. 

9 

is  -r 

J\o. 

capacitv 

Crane       Contin. 

zh 

Plunger 

Solenoid 

■/  ^ 

- 

rating. 

rating. 

only. 

complete 

'•^ 

Tn.-lb. 

lb.              lb. 

In. 

lb. 

lb. 

lb. 

1 4240 

25 

ACl 

1  ()i               8 

1.', 

I  •  1 

■^2 

50 

1 42.50 

(i(i 

AC  2 

33              1(>.', 

2 

12 

46 

/.) 

l-'2r)l 

132 

AC  3 

m 

33 

2 

24 

103 

UiO 

14252 

270 

AC  4 

132 

m 

2 

54 

193 

2«0 

The  British  Westinghouse  Co.  are  the  makers  of  these  magnets 
and  will  supply  details  and  prices  on  request. 


THE   G.E.C.  CADET  CORPS. 

Tt  is  not  improbable  tliat  one  of  the  results  of  the  present  war  wil 
he  the  introduction  of  some  form  of  Imperial  military  service,  whici 


r-r^. 


0  '  J3    ■        »  B  1)        AjJ. 


will 

t'')U 

l>rov 


G.E.C.  C.vuKT  CoKi's.     Thk'Band. 

naturally  include  youth.s  of  18  years  of  age.  The  introduc- 
of  compulsion  and  the  enlistment  of  men  so  young  as  18  has 
ed   and   is   undoubtedly   proving  of  immense   physical   benefit 


I 


(l.K.C.  Cadiot  Coiu's.     The  8ionai.lers. 

to  the  youth  of  the  coinitry.  The  boy  scout  movement  has  been 
responsible  for  the  iiu/idcation  of  the  right  idea  into  the  young  mind, 
and  there  are  also  various  cadet  corps  which  bridge  the  gap  of  age 


CONDUITS  &  FITTINGS 

can  now  be  supplied 
from  stock,  finished  with 
our    new    processes. 

As  supplied  to  Admiralty,  War  Office 
and  Government  Departments. 


Zenex  finish  is  an  external  covering  of 
chemically  pure  zinc  on  the  prepared  surface 
of  a  steel  Conduit,  the  interior  surface  being 
coated   with    a   flexible   black   stove  enamel. 

Negrex  finish— The  exterior  surface  is 
coated  w^ith  a  primary  covering  of  chemically 
pure  zinc,  the  galvanized  outer  surface  and 
the  interior  being  then  covered  with  a  flexible 
acid-resisting  stove  enamel. 

EnamleX  finish  is  a  black  stove  enamel 
which  has  been  applied  to  the  prepared  steel 
surface  of  Conduits  and  fittings,  both  inside 
and  outside,  whereby  they  present  a  homo- 
geneous surface  which  is  durable,  flexible, 
acid-resisting,    insulating    and   very    adhesive. 


Simplex  Conduits,  Ltd., 

Garrison    Lane,    Birmingham. 


London  — 

1 13-1 17,Charing  Cross  Rd  W.C. 
Manchbstbr — 

16,  Corporation  Street. 
Glasgow — 

72a,  Waterloo  Street. 
Bristol — 

11,  Denmark  Street. 
Nbwcastlb— 

61-65.  HiBh  Bridge, 


Leeds— 

6,  White  Horse  Street 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14,  Heathfield  Street. 
Cardi'I'— 

4,  Westt,ate  Streel. 
Abbrdben — 

1,  Crimen  Plac«i 
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ELECTROLYTIC 
RECTIFIERS 


W*>lt.e     row     JL.lHt    "G  " 


& 


(DEPARTMENT    4) 
Denzil  Works,  Willesden,  London,  N.W. 

Contractors   to    thr     Admirully,   Wur    Office.    India    Office, 
Colonial    Office.    I'ost n>a>.tiT-(icneral.  i^cc. 


iiljle  ditticultyiii  the  formation  of  the  Corps  has  thus  been  removed 
Ijy  the  generosity  oi  tlie  Company,  and  the  principal  incentive  to  an 
uutljiirst  of  youthful  enthusiasm  in  this  direction  has  thereby  been 
.supphed.  •    '-^'-^'i 

The  first  corj)s  is  commanded  liy  Capt.  E.  A.  Joyce,  who  has  on 
liis  staff  1st  Lieut.  A.  V.  Cannon  and  2nd  Lieut.  W.  F.  Arnold.     We 


(;.K.C.  Cauet  Corp.s.     The  Officers. 
("apt.  .Joyce  (left)  and  Lieutenants  Cannon  and  Arnold. 


Iictwceti  the  oMcst   hoy  scout  and  the  yoimuest  sohiicr  cHgil>]c  for 
active  hcrvjrc. 

In  nio.st  of  the  large  industrial  concenis  in  the  coiuitrv  there  are 
emplriyed  lonsiilerahle  numhers  of  youths  between  the  ages  of  !;"» 
and  IH  yejiis.  .Many  such  youngsters  have  been  lK)y  scouts,  and  if 
they  an-  given  the  retpiisite  en<-ourageiiient  they  will  also  take  an 
active  |mrt  in  making  themselves  lit  for  miltary  service  when  they 
n-iwh  the  legal  iige  for  eidistment.  If  is.  however. desirable  that  this 
encouragement  shoiijil  lake  the  form  of  practiciil  su|i|M)rt  from  their 
employers,  and  und  luittcdly  much  good  work  can  lie  done  t'l 
eslubliHh  an  tictivo  cadet  corps  among  the  youth  of  manufactur- 
ing undertaking.s  anil  commerciid  houses.  It  is  of  interest  to  iu)te 
thai  .Mr.  H.  Hirst,  the  chairman  of  ihc  (Jeiieral  KIcitric  Co.,  has 
iiiHtitutetl  the  (J.K.C.  Ca<let  Ctirps  (alta'.'he<l  to  the  Sussex  Yeo- 
manry) which  Un-i  now  iK-en  <»n  an  adiv*-  fooling  for  nearly  two 
nionlh.H.  uiul  Mhuh  mi>  luar  is  already  at  "full  strength. ""  The 
uniform  and  e  |nipment,  eompri»rng  khaki  tunics,  breeches,  caps. 
Im«I|»«,  haverxikH  mid  puttees  have  Ih-cu  supjilied  ti  the  ('orjis  by 
the  <'»(Mi'i'i\  without   cliK-ue.      Whit  ni.'i\   Iimvc  proved  an  insiiper- 


reproduce  a  jKutrait  of  these  officers  herewith.  This  cadet  company 
is  attached  to  the  1st  Cadet  Battalion  of  the  .Sussex  Yeomanry,  and 
is  112  strong,  con.sisting  of  two  platoons.  Khaki  luiiform  is  worn, 
and  both  oHiccrs  and   "  men  "  are  recogni.sed  by  the  War  Office. 

The  training  is  given  in  accordance  with  the  1914  Infantry  Train- 
ing Hegiilations,  and  wc  undci-stand  that  the  corps,  although  it  ha.s 
been  in  existence  a  comjmratively  short  time,  is  already  displaying 
marked  ability.  We  reproduce  groups  showing  the  Signalling 
Se<tion  and  the  Drum  and  Bugle  Band.  We  gather  that  the  catlets 
arc  j)ut  through  a  regular  couise  of  shooting  once  a  week  at  the  lit 
target  range  at  the  Crijiplegate  Institute.  Squad  and  eoini>any 
drill  arc  undertaken  on  Friday  evenings  at  the  Institute,  and  cm 
Saturdays  the  Corps,  by  jicrini.ssion  of  the  Inner  Temple  Ciardens 
Association,  drill  in  the  Temple  (ianlens,  which  should  prove  an 
ideal  ground  for  the  piir|H)sc.  It  will  be  seen,  therefore,  that  the 
movtmenf  is  iirocccding  upon  "  regular  "'  lines,  and  that  the  training 
will  be  of  immense  value  as  preparatorv  work  to  that  which  will  be 
undertaken  when  the  ciidets  come  to  be  called  up.  H  may  be  addc<l 
that  the  progress  of  tlic  Cade  t  ( 'orps  lias  tlic  fullest  symjiathy  of  Ixird 
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It  weighs  9^  lbs 

Costs  Eight 
Guineas. 


The  premier 

electric 

SUCTION 
CLEANER 

is  made  in  one  size 
and  one  type  for 
dcmestic       pur- 
poses. It  is  suit- 
able   for    all 
conditions. 


i?!^ 


ELECTRIC  SUCTION  CLEANER  CO. 

56,  Victor Ja  Street,  London,  S.W, 


•I  ,■••■■ 


WAM 


HERTTHI 

Li€TRI€M 


THE    ALL-BRITISH 
HOUSE  FOR  ACCtSSORlES 


ROVAL 


"""WiM 


DRAWN  WIRE  LAMPS 


» » 


i-*--. " 


••■v^:i 


Irl 


CATALDCUES  ON  REQUEST 
FROM    THE 

EDISON  &  SWAN 

U-EL      CO.,  LTD., 

PONDERS    END 

MIDDX. 


\ 


By  Appointment. 

Carron  quality  will 
secure     you     Sales. 

Carron  quality  wi'l  bring  you  more  cus- 
tom and  yield  you  large  profits  because 
it  can  be  depended  upon  every  time  and 
and  all  the  time.  Carron  Electric  Appli- 
ances represent  the  standard  in  reliabilii)' 
and  efficiency.  No  higher  standard  is 
obtainable  —  anywhere  —  at      any     price. 

^TT      Get  into   touch    with     Carron 
^      noiv,  and  get  a   free    copy    of 
tJieir     illustrated    and    fully 

'descriptive  Cataloi^uc.  — A   Totich  of 

the  Switch  does  it. 

It  is  a  most  useful  list  and  skonld 

he  in  the  hands  of  all  interested. 

OlRRON    rOMP/INy  Works: 

^^^^^  ^^m^  Cjy/IL   CHAinXfi    1773 

CA.FSVCON,       StiK>lin^sliix*e>. 

'Branch  fVorks  :  Phoenix  Foundry,  Sheffield. 

J  hoWroontS  : — London-City     and    West      End.        Liver- 
pool,   Manchester,     Bristol,     Birmingham,     Newcastle-on-        Established 
Tyne,  Edinburgh.  Glasgow  and  Dublin.  1759. 


Illustration  shows  double-oven  Electric  Ranse.  having  two  ovens  each 
being  double  cased,  packed  with  non-conductor  and  having  easily  re- 
movable standard  elements  Pttcd  top  and  bottom  Cast-iron  polished 
top  is  fitted  with  Boiling  Flatus  and  Grill.  All  elements  are  separately 
controlled  by  special  indicating  switches,  the  two  main  switches  being 
fitted  with  pilot  lights  which  show  at  a  glance  whether  current  is  off  or  on. 
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Canadian  and  Indian 
MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK   200.000  lb«. 


Peerless    Leatheroid    Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  KOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912.    1913.    1914  and   1915. 


ATTWATER  &  SONS, 


TcIcKfomi  ; 
Allwatcr.,  i'rc.lon. 

Trlrplione  No. 
1045  (2  line). 


Hopwood  St.  Mills, 
PRESTON. 


Established  1868 

Code.  : 
5lh  Edition    ABC 
&   We.lern   Union. 


Kit<-hfii(t.  tlif  I, ml  M.ivor  uf  l^unddti.  .tiirl  tiiiiny  iiMjKJrtant  ])ulilic 
men. 

MuK-  lliaii  i>r(|m;iiv  iiitcrc-^t  attarlu-s  t<>  tlir  Corps.  Ix-caiiT  it  lia.s 
JH-cii  liiiMij»|il  iiilM  )-.\ist«-ii<'r  hy  » l«-  hcl|>  of  the  maiiagcniciit  of  tlio 
CciK-nil  Kloilric  (*«.,  who  infonii  uk  that  not  only  is  the  training  of 
ininifnM*  vahic  in  developing  tin-  |»hy.si<juc  of  the  huls.  hiit  it  con- 
triliiiteN  conftidralily  to\\ar<ls  imti-a.M-d  I'tliciencv  in  hii.siness  hy 
nitiking  \\\vtu  lake  a  gnwiter  inten-Ht  in  theniselve.s.  hy  Hc-cnstoming 
them  to  dtMripline.  hy  improving  tl.eii  niamiers.  and  last,  hut  not 
leaxt.  hy  tlieei<talili-<lim<-iit  among  themof  esprit  (h>  coriJS.  It  maylie 
Nn|i|Mmed  that  a  eadr-t  movement  of  this  kind  in  an  over  enipliasis  of 
the  niilitnry  Npirit.  hut  if  the  enthnsiaxm  of  the  lads  is  anything  to 
judge  hy  and  if  shoiilii  hi' -the  only  standard  hy  whirh  sneh  corps 
fthonld  Ik>  judged  then  then-  cannot  Im-  the  slightest  doulit  that  it  is 
proving  in  every  way  lH>neticiid  to  them.  and.  what  is  more  to  their 
iie-ietit,  niUKt  aUo  Im'  of  advantage  to  the  cou!)try  and  to  industry. 


BENJAMIN  ELECTRIC  WORKS.   LONDON. 

'I'lu'ic  nrv  «H»ni|)amtively  few  niakeiH  of  cle^trieal  aceenHories  mIhi 
have  their  works  in  the  heart  of  l/ondon.  )ind  who  carry  on  then*  an 
extensive  nut  put  of  v|NM'ialiHed  lin<-s  of  ap|>ari'.tus  for  i:xe  in  lighting 
inslallationM.  The  growth  of  the  illuminating  liran(*hes  of  electrical 
Work  has  U-en  consMleritiile  nf  later  yeam.  and  ari'.ing  out  of  it  then- 
s  an  agreeahly  noliceahle  demand  for  stiuidardised  e<|inpment  which 
0  n  he  applied  to  one  8|M'eiIie  hinnch  or  other  of  illumination  work. 
A  company  which  hi's  wi  r'ted  i  f»nsideraltly  for  many  years  pa.st  to 
improve  the  methods  and  mateial  of  illumination  in  Ki>njamin 
Kli'ftrie  (Ltd.),  who  commeniTd  nmnufecture  in  thin  iTHUitry  now. 
We  understand,  some  seven  years  agi>.  We  wer^-  rerenllv  afforded 
r.n  opjxirt  unity  of  ins|  e<ting  the'works  which  the  c<impany  have  had 
in  o|N<ration  for  the  jiorioH  mentionrH  r.t  Ho»plH>ryH venue.  liondon. 
!•*..( '..  and  weie  much  impn<HM<d  with  the  extent  of  the  fai-tory  and  the 
class  (if  work  which  it  n-gularly  turns  out. 

In  the  main  the  ehicf  pnHluct  is  a  line  of  steel  refiertors.  which, 
after  l>eing  spun,  are  aluminium  finished  inside  and  enamelle*!  out 
side.      In  the  proilut-tion  of  these  irHectois  i|uite  larm'  presses  an- 
employed,  and  aUo  a  numlH<r  of  spinning  lathe*  at  which  the  final 


shajMiig  up  in  done.  Thi«  work  i.s  most  interesting  to  watch,  and 
iiiuch  of  it  can  only  l>e  undertaken  by  "  craftsmen  "  who  have  an 
almost     natural     ajrtitude     for  jhe    work.     During    our    visit    we 


AssK.Mltl.lNli  J)EI'.\lil  .MKN  T. 

.saw  one  man  in  pr.rticular  working  ui)on  the  sj)inning  of  .some  deep 
aluminium  jkuis  from  d'sc-  of  quite  large  diameter,  work  which 
refjuires  four  distinct  spinning  operations  to  complete.     To  witiics.: 


III. I  MiN  \Ti\(;  Kn(;inkkkin(;  Dep.vijt.vibnt. 


of  the 
ing  of 


this  <-la.ss  of  work  iH'ing  done  is  to  feel  that  the  master  hand 
cn.^tsman  has  not  entindy  l)een  removed  from  the  fashion 
metals  to  the  service  a?id  re  |uireii":itsof  iiuvi. 

The  s|tiniiiim  lathes  and  l:"ge  i)ivs  ^'-s.  wlii('h.  like  the  rest  of^the 
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CONSTANTAN 


WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO:- 
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MAKERS: 


HENRY  WIGGIN   &  CO,  Ltd., 
George  Street,  Birmingham. 


AGENT: 


t 


TCI  C PHONE  :  6400  CENTRAL 

''-'-'- GRAMS  :  "  WIGQIN  BIRMINGHAM.' 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  CPHONE:  e323  HOLBORN. 
''-'-'- GRAMS'   ••FERRYDOM.    LONDON." 
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works,  are  naturally  electrically  driven,  are  accommodated  on  the 
ground  floor  ;  there  is  also  on  this  floor  a  complete  enamelling  and 
titoving  plant  \vhich*is  kept  constantly  at  work  upon  reflectors  and 


►♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦♦♦♦♦♦♦ 

The  illumination  material  such  as  reflectors,  &c.,  is  designed  on 
research  work  in  the  company's  "  lab."  and  not  on  "  cut  and  try  "' 
methods  which  so  far  have  been  proved  to  be  unsatisfactory.     In 


■SftisU^^^HB 

jpH 

^^^i^Lk^x^HP^kII 

■nl 

^Bl  ^ 

^^^^^^^^^^^^E  ^     ^ 

HH^K>:»!  o^riji^^H 

A  CoKNKR   IN  THE  SlMNXr.\(i    DePARTMKNT. 


Oni:  ofthk  1,\k<;i:  1'owkk  I'kesses. 


other  parts  into  the   production   of   wliich   1  he  cn;;niclling   process  this  department  is  also  kept  a  record  of  the  work  done  in  ;;  similar 

enters.  Iji-ld  by  ex])eriments  m;'.de  by  various  authorities  in  diflerent  parts  of 

The  illustrations  of  the  various  departments  of  the  works,  which  the  world, 
wc  reproduce  herewith,  serve  in  some  measure  to  indicate  the  layout  Into   the   product   of   Benjamin   accessories,   such   as   the   Bcnco 

of  the  shops  and  the  general  organisation  of  the  work  of  production.  holder,  wireless  cluj^ters,  adaptors,  twin  holders,  hand  lamps,  &c,, 
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D.&S. 

HANDLE " FUSES. 


50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "  live  "  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal    Electrical   Works 

SALFORD, 
^^*^    MANCHESTER. 


an  niiicli  care  riid  lli(»ii}ilil  liavc  Ihcii  |»nt  as  into  the  iiiiimifi'iturc  of 
fill-  rcflcctorK  tlK'insclvfs.  In  |)iirti(ui;ir  we  fliink  tlic  coinijany  has 
lioiic  j(o()(l  work  in  cHtahlishing  satisfiictorv  standards  of  industrial 
littinKf*  and  n-ficctors,  \vlii<li  liavo  in  flicir  fiirn  made  tlic  clcrtrif 
JiKJiting  of  faftorics  a  niiuli  less  costly  affair,  and  a  nni<h  more  effi- 
cient matter  than  when  rlestnietibie  shades  and  ineffective  lamp- 
h<il<lcrs  were  used. 

A  feature  of  the  works  with  which  \\c  were  inijjrcsscd  is  iti;  inherent 
|H)s:iihilitieH  of  cvten.siori  to  cojk-  with  that  class  of  competition 
wlijch  the  flermans  fr»slcred  hcfore  the  war.  and  with  which  they 
made  such  hiivoc  iti  the  installation  trade.  We  were  informed  by 
.Mr.  (iiiy  ('unipl)cii.  wlio  took  us  round,  that  in  one  line  alone,  the 
Kdison  screw  (iolii-lli  lamplioldcr.  which  in  pre-war  days  was  almost 
exclusively  sup|)!icri  hy  the  enemy,  the  Hcnjamin  Kiectric  lias  sup- 
]>lied  virtually  tens  of  fhou.sands  since  tlic  war.  and  from  their 
London  works  tdone. 

Ill  the  course  of  a  short  article  we  cannot  expect  fully  to  describe 
ih'H  interesting  factory,  but  we  understand  that  the  courtesy  of  a 
look  roiirul  will  Ik-  a'corded  to  any  contnutor  or  prospective  user 
of  insl;dl;'tion  m;'tcn;',l.  and  esj)ecially  one  who  has  the  impres- 
sion that  IVnjamin  Kiectric  siK'<'ialities  are  not  made  in  this  country. 


AN  ECONOMICAL  NIGHT  LIGHT. 


.Miiriy  ( oiiliivaiKcs  have  bee;i  devised  for  the  jiroduction  of  a 
dim  light  for  such  pur]Miscs.  but  some  of  them  inti-oducc  complica- 
tions in  house. wiring,  and  are  more  or  less  costly  to  instal.  while  few 
are  electrically  efficient  even  if  they  serve  their  <;st<'nsible  ])ur|K)se. 
One  of  the  few  eflicient  methods  from  an  electrical  jMiirit  r>f  \iew  it; 
to  put  two  adjacent  lamj  s  in  series.  This  involves  alterations  to  the 
original  wiring  and  jtrc  siip|K»ses  the  existence  of  two  lights  in  a 
room,  a  H|;ecijd  switch  Icing  rieedc(|  to  place  the  lamjis  in  pai'allcl  or 
in  HcrieM,  and   to  giv*-  mi   "off"   |K)sition. 

On  direct  current  sujiplies  wast<'  of  current  cannot  well  be  avoided 
if  (I  light  of  smaller  vrlue  is  re'|iiiicd  tlu'.n  th.'t  furnished  by  the 
lowest  ellicicnt  unit  olitainable  for  the  main  voltage.  On  "alter- 
iiating-ciirn'nt  tin  uits.  however,  it  is  jKissible  with  the  aid  of  tran- 
formers  to  obtain  ean«lh'-|Kjwers  rs  low  as  may  be  desired.  Since 
the  flevelopmeiit  of  the  metal  filament  lamp  made  jKissible  units  for 
high  \oltage  supplies  to  gi\e  eandle-|K)Wers  as  low  is  12.  ti.e  need  for 
a  transformer  to  redm-e  the  pn'ssure  throughout  an  installation  has 
ceiise<l  to  exist.  Limps  of  I2<'.p..  howmei.  an-  too  Itright  for  us" 
as  night  lights;  s  mielhing  in  the  neiglib  uirhood  of  :(c.|i.  or  lc.|).  is 
needed.  Hecognising  the  demand  for  lam|'s  of  such  low  |M)wer  for 
use  ill  lics|iilals,  iiiitscries.  sick  rooms,  ixnisigcs.  <'elli!is.  iiiiil  s'>  fortli, 
thr  Uritish  'rhoms>ii  Houston  to.  (Ltd.),  .Mazda  Hoiisi .  I'pijer 
Thames-streot.  K.C,  have  put  ini  the  market  the  "  Ailnitelite  " 
tniiisformer.  a  miiiintiire  unit  that  ci-n  be  inserted  in  any  lainpholder. 
The  dc\itc  has  a  ryiindi  icivl  body  lermiin't  jii«;  at  its  upper  end  in  a 
standard  bayonet  lamp  adapter,  and  at  the  Imw  in  a  small  bayonet 
liimpholder.      It*  primary  can   lie  wound   bu-  any   voltage   between 


*'THOR"  High  Grade  Specialities 

<    \.SIN(,    on, I    <    ,\l'|'i:<i(.         «    AMI  y     <  ONM  (    lOKS 
« ONDl'IT  rOMMl'TATOK     COMPOUND 

«    \m  K.S  WATtRTICMT    FITTINGS 

AND    ALL   ELECTRICAL    ACCESSORIES. 


HASl.AM  &  STRETTON.  I.td..^„'::V.v„^'— 


CARDIKK  & 
.  BRISTOL. 


KM)  and  2'i().  the  secondary  having  an  outjiut  of  appro.xiniately 
^  ampe:e  at  6  volts.  A  fi-volt  :5  c.]).  battery  lamp  with  tungsten 
lilament  (taking  about  :i  watts)  is  employed,  the  light  given  being 
amj)le  to  permit  of  obje -ts  in  the  ro.Jiii  bcng  seen  pla-nly,  yet  not  too 
bright  tod'sturb  the  rest  of  patientsorchildien.  The  iunn"ngcost of 
the  ■•  .Ml-nite-lite  '*  is  trifling,  working  out  ;it  Id.  for  60  hours,  with 
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curnMit    a'.   5<l.   per  unit.     The   transformer  can   \io  inserted   in  nr 
n<movefl  from  a  holder  in  a  moment,  and  is.  of  couise.  available  for 
use  at  any  |Miiiit  where  a  laiiiji  exists  in  a  house  sui>plicd  with  alt<'r 
nating  eiirrrnt.     The  device  measires  only  ."{.J  in.  over  all.  and  is  of 
ne.'it  epper.rance. 
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4>     The   Round   Table.     4 


Event  of  the  Week. — The  Daylight  Saving  Act  produces 
an  outcry  against  the  increased  cost  of  electricity  and  gas. 

*  *         *         * 

The  public,  after  a  week  of  summer  time,  are  coming  to 
realise  that  with  the  threatened  increased  charges  for  elec- 
tricity and  gas,  daylight  saving  is  now  simplv  a  matter  of  the 

Bill ! 

*  *        *        * 

My  attention  has  been  called  by  a  correspondent,  "  some- 
where in  the  Eastern  Counties,"  to  the  fact  that  all  Government 
confidential  papers  are  now  sent  out  bound  up  with  ivhite  tape. 
Can  it  be  that  the  German  aniline  dye  industries  were  really 
at  the  back  of  all  our  official  and  legal  red  tape  ? 

*  *         *         * 

A  correspondent  in  the  "  Edinburgh -Evening  Post"  says 
■"  electrical  engineering  is  a  comparatively  recent  trade,  and 
there  are  practically  no  old  men  in  the  business."  I  know  a 
few  electrical  men  with  grey  hair  and  white  beards,  and  they 
will,  I  am  sure,  be  pleased  to  hear  that  they,  like  the  industry 
they  adorn,  are  ''  still  in  their  infancy." 

*         *         *         * 

I  am  now  doin^  36  nours  a  week  as  a  munition  worker,  and 
among  my  various  jobs  is  one  of  soldering  over  a  table  which 
holds  a  dozen  shell  heads.  Under  each  is  a  gas  burner  "  doing 
its  bit  "  to  help  win  the  war  ;  over  each  at  n  moments  is  my 
scarred  visage.  The  net  result  is  I  am  acquiring  what  I  had 
perhaps  better  call  ''  the  CO2  face."  It  must  be  for  ray  sins 
in  slanging  gas  all  these  years  that  now  I  am  condemned  to  taste 
it ;  for  I  must  open  my  mouth  to — swear  sometimes  ! 

*  *         *         * 

An  Eltham  reader  writes  me  as  follows  : — • 
Dear  KVA, 

Electric  Wheel  Chairs. 

Your  iss-ue  of  yesterday's  date,  Electric  Vehicle  Supplement 
(xxxiv.) : — 

"The  cells  provide  sufficient  energy  for  a  run  of  30  to  40  miles 
per  hotir." 

"  Some  battery." 

"  Some  chair." 

"  Some  nervously  inclined  person." 

"Some  general  smash  up,"  but  not  much  "  Safety  first." — Yours, 
H.  G.  W. 

It  looks  as  if  we  ought  to  award  ourselves  one  of  our  own  hot 
plates  ! 

•P  •t'  -i»  •!• 

The  editor  of  the  "  Bath  Herald  "  evidently  uses  electric 
light,  for  he  writes  as  follows  of  the  recent  fire  at  St.  Mary's, 
Bathwick  : — 

Two  explanations  of  how  the  fire  originated  have  been  made,  one 
being  that  the  electric  wires  fused.  The  other  explanation  is  far 
more  likely.  It  seems  that,  unknown  to  the  sacristan,  a  flexible 
gas  tube  has  been  fixed  to  the  gas  bracket  left  in  the  gallery  in  case 
the  electric  light  failed,  and  the  cleaning  woman  was  yesterday 
boiling  her  pail  of  water  on  a  gasring  at  the  back  of  the  gallery  in 
order  to  save  going  downstairs.  The  gas  was  turned  out  at  the  end 
of  the  afternoon,  but  experts  say  that  boiling  a  pail  on  the  gas  would 
have  flung  the  heat  down  into  the  floor,  which  was  very  dry,  and 
although  it  might  not  have  been  noticeable  at  the  time,  it  might  have 
been  smouldering  underneath,  and  the  slightest  draught  would  set  it 
going. 
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The   most   durable  flexible  Woven  Conduit 
made  for  protection  of  Electrical  Conductors. 

HIGHLY   FLEXIBLE.  LESS   COSTLY   THAN   OTHER    TYPES  OF    CONDUIT. 

GREAT   MECHANICAL   STRENGTH   AND    INSULATING    RESISTANCE. 

THE  LPS.  ELECTRICAL  CO..  18,  Adam  Street.  Strand,  London.  W.C. 


Out  contemporary  "  Syren  and  Shipping"  recently  had  a- 
little  editorial  talk  with  its  readers  about  the  wirin;^of  ships. 
It  seems  a  little  doubtful  about  the  correct  phraseology  to 
adopt  and  proceeds  warily,  but  at  the  end  of  the  article  gets  its 
feet  badly  entangled  in  the  fuse  wires  ;  thus  : — 

Trouble  too  often  arises  through  a  fuse  wire  being  used  for  the 

wrong  sectional  area.     If  too  large,  what  may  hapfjen  is  that  it  may 

cease  to  be  a  fu.se,  and  may  result  in  burning  into  the  armature  or 

field  coils. 

^  ^  ^  ^ 

This  week's  (Bearded)  Chestnut  : — 

A  jovial  Jack  Tar  saw  an  announcement  in  an  ironmonger's  shop 
the  other  day  as  follows  :  ''  Iron  Sinks,"  and  he  went  in  and  told  the 
man  that  he  knew  iron  sank. 

"  Yes,"  said  the  man,  "  and  time  flies,  wine  vaults,  grass  slopes, 
and  music  stands.  Niagara  falls,  moonlight  walks,  sheep  run,  Kent 
hops,  and  holiday  trips.  Scandal  spreads,  standard  weights,  india- 
rubber  tyres,  the  organ  stops,  trade  returns,  and  the  whole  world 
goes  round." 

The  bluejacket  bolted.  But  he  came  back  at  once,  put  his  head 
in  at  the  door,  and  remarked  :   "  Yes,  I  know  ;  and  marble  busts." 

*         *         *  * 

"  Don't  Use  a  Motor  Car  for  Pleasure  "  shout  all  the 
hoardings  ;  therefore  use  an  electric  for  business.  But  "  W.W." 
in  the  "  Illustrated  London  News  "  also  has  his  eye  on  the 
passenger  electric,  for  he  writes  as  follows  : — • 

With  the  motoring  community  aghast  at  the  ever-increasing 
rise  in  the  price  of  petrol,  car  owners  are  on  the  look-out  for  substi- 
tutes. George  Heath  (Birmingham)  is  such  a  sportsman  that  I  feel 
that  his  latest  scheme,  '  motoring  without  petrol,'  «leserves  notice, 
especially  as  these  electric  coupes  run  50  miles  for  Is.  6d.,  while  the 
tax  is  only  three  guineas.  Anway,  as  far  as  town  use  is  concerned, 
electric  motor  carriages  are  quite  as  useful  as  an^-  other  means  of 
circumlocution,  while  they  are  the  easiest  of  owner  -carriages  to  look 
after.     George  offers  trial  runs  free  to  any  prospective  purchaser." 

And  the  electric  which  was  nearly  "shrapnelled  "  out  of  exist- 
ence two  years  ago  is  likely  to  come  into  its  own,  in  spit.e  of 
everything.  *         *         *         * 

OUR  HOT-PLATES. 
No.  212  to— 

Mr.  H.  Ambrose  Carney  for  the  following  aphorism  in  his 
letter  replying  to  Mr.  Rankin  in  last  week's  issue  : — ■ 

"  The  man  who  accepts  his  stop-watch  records,  however 
skilled  the  observer  may  be,  withoiit  this  check,  is  acting  by  rule 
of  thumb." 

Hi  H=  ^  * 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  May  31,  1879.] 
Wire  Binders. — Numerous  complaints  have  been  made  by 
millers  again  and  again  regardmg  the  Avire  bands  used  by  reaping 
machines  in  America  and  elsewhere.  A  committee  of  the  American 
Millers'  Association  has  been  testing  with  some  success  an  appa- 
ratus for  separatmg  the  pieces  of  wire  from  the  corn.  The  appa- 
ratus consists  of  two  trams  cf  horseshoe  magnets  placed  m  a  spout 
through  which  wheat  mixed  with  wire  passed.  Every  piece  of 
wire  from  pieces  ^  m.  to  1  in.  length  was  removed.  The  device  was 
not  patented,  and  the  resolution  of  the  millers,  to  which  we  have 
previously  referred,  agamst  wire  binding  has  been  substantially 
withdrawn.  A  patented  uivention  for  the  same  work  is  described 
as  consisting  of  a  revolvmg  iron  cylmder  through  which  the  wheat  is 
passed.  During  each  revolution  of  the  cylmder  it  is  twice  auto- 
matically connected  with  and  disconnected  from  an  electric  battery. 
Inside  this  cylmder  an  endless  apron  is  run  lengthwise.  Each  time 
the  "  circuit  "  is  broken  the  cylmder  is  for  a  moment  demagnetised, 
and  the  particles  of  iron  it  has  picked  up  drop  upon  the  endless  apron 
and  are  carried  out.  To  remove  the  little  pieces  of  wire  from  cattle 
feed  is  as  important  as  to  abstract  them  from  millmg  corn,  and  some 
apparatus  for  this  purpose  will  have  to  be  dcA'ised  before  all  objection 
to  wire  binding  is  removed. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 


Free    Sample   on    application. 


J.  BLUNDELL   &  SONS, 

GOLD.  SILVER  &  PLATINUM  REFIHERS.  199.  WARDOUR  STREET.  W. 

"Golsilplat,  Ox.,  London."  4746  Garrard. 
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"  Oh  no,"  reidied  Mr.  A.,  ••  I  don't  put  the  light  out  till  I  get  to  the. 
door,  where  there  is  another  switch.  This  arrangement— you  see— 
;rives  me  complete  c-ontrol  Ixith  at  my  desk  and  at  the  door." 
r.  Mr.  X.  :  ••  What  a  splendid  idea  :  Who  put  you  up  to  it  ?  At  my 
plat-e  I  only  have  one  switch,  and  have  actually  worn  a  track  acr<»ss 
my  tarijet  in  going  to  and  from  it.  Do  you  think  I  could  have  a 
•similar  arrangement  ? 

.Mr.  A.  :  "I  cannot  say  myself,  but  the  man  who  fixed  me  up  could 
tell  vou.  He  i.**  w  hat  I  call  a  '  real  live  man,'  and  has  made  a  serious 
htudy  of  what  he  calls  ihe  art  of  «u-ilchhig.  Get  him  to  call  on  you  ; 
here  is  his  card." 

( I.jiter  in  the  dav  over  the  telephone.) 

.Mr.  X.  :     •  Hullo  :     That  you  Smith  ?     Mr.  X.  speaking." 
.Smith  :   "  Yes,  sir." 

Mr.  X.  :  "I  have  just  been  to  a  friend's  office,  and  I  find  he,  has  a 
much  U-tter  n>ethod  of  controlling  his  electric  fight  than  I  have. 
He  can  do  it  either  at  his  desk  or  at  the  door,  whereas,  if  you  remember, 
you  litt«-«l  niv  private  office  with  one  switch  only,  which — b\-the-by — 
you  lixf<]  at  the  wrong  door.  What  I  want  to  know  is,  can  I  have 
Kwit4ht-«  like  those  at  my  friend's  ?  " 

l4  Smith  :  "  I'm  sony  alx>ut  the  switch,  sir.  As  regards  the  other 
arnmKcment.  (hough  I  don't  say  it's  imiwssible,  I  think  it  would  be  a 
ver>-  difficult  and  complicated  matter.  It  would  cost  a  good  bit 
anyhow,  aixl  making  the  alterations  would  knock  the  place  about. 
If  vou  take  my  advice,  sir.  you  will  leave  things  as  they  are.  After 
all.  you  have  got  a  switch  in  the  room.  Sometimes  I  fix  them 
<iut«ide." 

!•  .Mr.  X. :    '*  Oh.  do  you  ?     Weil,  it  seems  I  must  be  thankful  for 
small  mercies.     I  won't  detain  you  any  longer.     Good  day  !  " 
(Next  day.     Over  the  telephone.) 
.Mr.  X.  :    "  Hullo  I      Are  you  Mr.  Brisk  ?     My  name  is  X.,  of 

StnH't." 

Mr.  Bkisk  :   "  Yes.  sir.     What  can  I  do  for  you  ?  " 

Mr.  X. :    "I  saw  Mr.  A.  of Street  yesterday,  and  he  in- 

formeil  me  that  you  do  his  electrical  work.  Do  you  think  I  could 
have  ele<  tri<  switches  (itted  in  my  oflice  like  you  have  arranged 
his  ?  ■■ 

.Mr.  Hki^k  ;  1  ( aiinot  say  off-hand  that  the  arrangement  in  Mr. 
A.s  (ifli<e  would  lie  the  most  suital)Ie  for  your's,  sir;  but  its  very 
pnilmlile  it  would.     Shall  I  look  in  and  see  you  ?  " 

-Mr.  X.  :    "I  shall  lye  glad  if  you  will  do  so  right  away." 
(loiter.     Mr.  X."s  office.     Enter  Mr.  Brisk.) 
.Mr.  Bkisk  :    "  GcmkI  afternoon,  sir.     I  am  Mr.  Brisk." 
.Mr.  .\.  :    "  Well.  Mr.  Brisk,  you  see  what  I  have  got  here.     Only 
one  switch,  and  that  at  the  door  that's  least  used.     Cant  you  fix  up 
things  as  you  did  at  Mr.  .-^.'s  ?  " 

.Mr.  Bkisk  (Uiling  in  the  sihialion  at  a  glance) :  "  Well.  sir.  I 
wouldn't  advise  exactly  the  same  arrangement.  I  would  suggest 
you  having  a  switch  at  your  desk  and  also  one  at  the  other  door 
there." 

:     "  Whp.t  I       Control  from  three  positions?     Well  that 
grand." 
"  That's  it.  sir.  it  can  be  done  right  enough."' 
■'  Would  it  be  a  very  expensive  affair  ?  '' 
"  Oil  ilear  no.     It  is  really  cpiite  A  simple  arrangement  ; 
an<l  very  little  alteration  will  be  necessary." 

Mr.  X.  :    "  Would  you  have  to  knock  the  place  about  much  ?  " 
Mr.  B.  :   "  \o«  at  all.  sir.     We  shall  iiot  touch  the  decorations,  and 
it's  i.nly  a  matti-r  of  a  few  hour's  work." 

Mr.  X.  :    "  In  (hat  caw  you  can  do  the  job  as  soon  as  you  like. 
'         -.  of  course.  " 

•  r.     Over  the    phone.) 
.\re  you  there  ?     Is  that  Mr.  Brisk  ?     Mr.  .\.  sjx-aking. 
'to  tell  you  that  in  (■om]>aring  my  e'.ectricity 
1 1  for  the  la.st  six  months  sliows  a  saving  over 
ii(»n(ha." 
'     'car  that,  sir." 

i  wliat  is  more  imixirtant.  1  consider  the  con- 
i'v  ard  the  HAvmg  of  time  and  temi)er  ])aid  for  the  little  job 

>-    •if*-     '     '      '<!  like  you  (o  call  one  day  next  week  al>out  some 

|irtt|i(MP4l  UK  in  my  general  office  here,  and  at   my  private 

.\ny  day  and  (iinc  bc(ww:i  1  and  1.30.' 
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IRONGASED 
SOCKETS&  PLUGS 

FOR    HARD    SERVICE. 

Sizes    up   to    200    amps. 
D.P.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined  Switch 
and   Plug:  Boxes. 


DORIViAN 
& 

SMITH,  Ltd.. 

Ordsal   Electrical   Works, 

SALFORD, 
MANCHESTER. 


OSRAM  "ATMOS 
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TYPE  LAMPS  FOR  STREET 
LIGHTING. 


Lighting  authorities  now  feel  the  need  of  a  lamp  which,  in  these 
days  of  labour  scarcity,  does  not  require  regular  attention  ;  and  the 
recent  appeal  of  the  Board  of  Trade  for  a  10  per  cent,  reduction  in 
coal  consumption  has  emphasised  the  importance  of  using  the  most 


A  Near  \  iew  of  Coi^veeted  L.-sM.r-PosT. 
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economical  .sources  of  light.  A  necessary  condition  of  the  change  is 
that  the  half- watt  lamp  should  be  adapted,  both  arti-sticaUy  and  from 
the  illumination  point  of  view,  to  the  arc  lamp  standards.  The 
accompanying  photographs  prove  that,  at  least  as  regards  the  liist 
point,  the  conditions  can  be  met.  They  ilk  str  .te  the  "  B.ro  "  type  of 
lantern,  containing  Osram  "  Atmos  "  type  lamps  of  .3CK)  or  o')0  watts, 
installed  for  the  Kensington  Borough  Council  on  existing  arc  lamp- 
posts. The  outside  dimensions  of  this  lantern  are  equivalent  to 
those  of  the  arc  lamps  displaced,  so  that  there  is  no  sense  of  incon- 
gruity in  the  substitution.  Moreover,  the  lantern  contains  an  auto- 
matic cutout  and  substitutional  resistance  to  enable  any  number  of 
half-watts  to  be  run  in  series.  The  resistance  and  cutouts  are  com- 
pletely wired  and  connected  uj)  to  the  two  terminals  in  the  top 
crown.  Special  care  has  been  taken  to  provide  adequate  ventilation. 
The  position  of  the  lamp  is  accurately  fixed  in  relation  to  correctly- 
designed  reflectors,  so  as  to  secure  the  proper  distribution  of  hght  at 
the  mounting  height.  The  lantern  itself  is  made  of  vitreous  enam- 
elled steel  to  withstand  all  weather  conditions,  and  the  globe  and 
reflector,  which  are  fixed  together,  are  hinged  and  held  by  fly-nuts, 
so  that  they  may  be  readily  swung  clear  for  cleaning  or  for  replacing 
the  lamp.  The  "  Boro  "  lantern  is  one  of  the  various  types  manu- 
factured by  the  General  Electric  Co.  (Ltd.)  for  use  with  Osram 
"  Atmos  "  type  lamps. 


SIMPLEX  ELECTRIC  STERILISERS. 


As  might  be  expected  in  a  world  war,  sterilisers  for  surgical  instru- 
ments have  been  very  much  in  demand,  and  as  the  electrically- 
heated  steriliser  has  many  outstanding  advantages,  this  is  another 
of  the  little  ways  in  which  the  industry  has  been  of  service.  Messrs. 
Simplex  Conduits  (Ltd.)  are  making  quite  a  large  number  of  these 


One  Pattern  of  Stekilisei:. 

articles,  and  their  experience  in  industrial  electric  heatmg  stands 
them  in  good  stead.  Electric  sterilisens  for  hospitd  work  must  be 
lobust  and  reliable,  and  as  hospital  equipment  is  always  of  a  light 
standard,  the  workmanship  and  finish  nutst  be  of  the  best.  These 
are  points  where,  we  miderstand,  the  Plexsim  steriliser  excels.  They 
are  made  in  three  standard  sizes,  but  special  sizes  can  be  made  if 
required. 


Lamp-post  in  Kensington  High-street,  with  (Jsram  •"Atmos"  Lamp 

IN  "  BoRo  "  Lantern. 


One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVIES    MOTOR    CO. 

Head   Office:     110,     GANNON     STREET.     LONDON,     E.G. 
Works:  Dermody   Road,   Lewisham,   London,  S.E. 
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Manufacturers  of 

PHOSPHOR  BRONZE, 

GUN  METAL,  PMANGANESE  BRONZE, 

Brass  &  Copper 

T'jbes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

BIRMINGMAIVI. 


COPPER  CLAD  WIRE. 


ELECTRIC  PRECISION  GRINDER. 

Mnilt  for  a  wide  nuigo  of  accuraU' work,  tlio  grinder  iilustratctl  has 
(•iM>M)<lii-d  ill  it  MuiH*  tiovi'l  fratun-^*.  Tfw  Iowjt  Hide  of  the  frame  is 
?unie«l  and  re«ts  on  a  convex  wh«Ikt.  to  lie  «Iani|K*<l  to  the  tool  jWKt 
of  the  machine  tool  on  which  the  grinder  iK  to  be  used.  Tlius.  the 
centre  of  tlic  grindi  '   .r  may  Ix*  ^.li^(•d  or  lowered  to  the  proper 

height  l»y  hiiiij)ly  ]  .    the  grindtr  forwanl  or  backward  on  the 

tonvex  wuither  and  tightening  the  damping  lK)lt.     This  jxrmits  the 
tool  to  Im*  iiM-d  on  lathes  as  small  us^lO  in.  swing  and  lis  large  as  30  in. 


GHIMIKK  Wnn  UlMi  Akbor  pok  intkknal  CKINDI.Vc. 

The  arlmr  for  external  grinding  carries  a  .')  in.  whe<'I  and  is  pro- 
vide«|  wilh  )i|ilit  sleeve  iM-arings.  ta|MTe<i  on  the  outside,  which  can 
'k«  ar»iirntely  a<ljtiHt4-4l  for  wear.  The  cap  screws  securing  the 
H(nt|iN  which  hold  the  arlMnir  to  the  frame  of  the  machine  protrude 
slightly  beyond  the  arlsir  housing  itself,  wliiih  permits  the  emery 
wImm'I  to  III'  woni  «lr»wn  to  a  snndl  diameter  and  also  allows  sufTicient 
clearance  (or  the  gntuler  back  of  the  tail  st«»ck  of  a  lathe.  This  is 
nil  ini|N)rt4inl  featiin'.  an<l  one  which  we  understand  is  not  found  in 
mt>sl  grindero  of  the  t<M<l  po-it  lyie. 

The  arlsir  (or  intenial  grinding  niiis  on  high  grade  ball  lH>arings 
{•Muled  at  eiuh  end  of  the  arlsir.  providing  a  suj)|sirt  c-Iom-  to  the 
whe.-l  and  the  dnving  pulley.  S-veral  siws  of  intenial  arbors 
iidiiplcd  lo  u'tiiii!  li.iliH  ,i«  Hiiiall  lut  J^  ill.  and  as  large  its  ;)  in.  can   'e 


<Ihindi;n  with  Ksthkmr  (tKii«Di>(i  HrixDi.K. 

NUppliiMJ.  The  siKN-eln  of  these  various  arlsirs  arr  nmiiigr<i  to  give 
the  pn»|>er  cutting  s|>r«l  for  the  siw  of  wherl  eAirievi.  The  wrhors 
•  an  In-    '  '        -'  •  '  •  ■     ..  ,,,^, 

the  fni.  ,      ,,    ,j|,. 

The  motor  is  inounteii  on  a  hingn  \nn,  whieh  |>pmnt«  It  to  be 
swung  Iwek  In  tighten  the  Iw^lt       Ti."  ,,.  fnp. 

nished  with  each  nrliorand  with  the  m-  iitling 

s|irr<l  to  the  wheel.     The  slandani  motor  t!imished  with  this  grinder 

is  known  AS  X»    '     -    •   !      ' '-  ■       ■'  •  •    up  only  for 

o|»etAtion  on  .  it. 

""""'  '  »Tv  niAde  by  the  (  hicaftn  INieumatic 

'''•'"'  '■■•    •         •,. >.  "    »..rk. 


Standard  colouial  co2)jxn-  clad  or  C.C'.C.  wire  con.sists  of  a  steel 
wire  covert  and  protected  throughout  its  length  by  a  welded 
coating  of  copiier.  the  metals  being  by  the  process  of  manufacture, 
wh.ich  is,  we  understand.  ]x-culiar  to  C.C.C.  wire,  welded  together  so 
as  to  form  a  material  so  united  that  the  product  can  be  drawn  down 
to  the  smallest  sizes  in  which  copjier  or  steel  wires  are  used.  It 
combines  the  strength  and  elasticity  of  steel  with  the  conductivity 


JT'!- 


lOi 


o 

to 


M>^o 


10 


It. 


'6      te      to    It 


TJA 


(  .iMi'AKi.><ox  OF  Costs  fou  E^ial  Strength.^  (Bare  Wire — Hard 

Drawn.) 

For  equil  strength  value.**,  this  Lliagram  givi\-i  the  approximate  relative 
cost  per  mile  of  the  two  materials  in  bare  form,  hard  drawn. 

and  rust -resisting  fjualities  of  copper  and  meets  the  demand  in  many 
branches  of  the  electrical  industry  for  a  wire  in  which  strength  and 
durability  are  of  greater  importance  than  conductivity. 

I'ses  :  The  wire  has  been  in  successful  u.se  for  many  years  past  in 
the  following  chi.s.'K's  of  .service:  (I)  Telegraph  and  telephone  svs- 
tems  ;  (2)  transmission  systems  for  electric  light,  power  and  rail- 
way :  (.■{)  signal  systems  for  railroad,  police  and  fire  alarm  ;  (4)  bond, 
messenger,  guy  ami  tie  wires  and  other  miscellaneous  uses. 

Telejihone  and  telegraph  systems  frequently  employ  large  sizes  of 
hard  drawn  copjier  wires  on  account  of  the  relatively  low  tensile 


tfsrif  Drouir  C^pftsr 
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('oMrARiHox  or  WrioiiTs  fok   Kqi m.  Stkknoth.     (Bare  Wire — Har 

Drawn.) 

r«ii  r.iual  <trrtiji1h  vahirs.  thi-^  diniirnm  nivo    tlic  rrl;«tive  weights  jn-r 
mile  of  the  two  matcrisU  in  biire  form,  \v\w\  draw  n. 

strength  Aiid  low  clastic  limit  of  the  copper  Ijcing  unable  to  with- 
stAnd  the  mechanical  stresses  on  the  line  On  account  of  the  rela- 
ti\Tly  V     '         *     '  ihis  renders  the  first  cost  of  such  installa- 

'•ons  1,  ,,g  in  a  corresiwrnhng  amount  the  main- 

lonance  cost.  The  use  of  iron  or  steel  wire  in  such  caj«es  is  usually 
not  practicable,  ainco  tho  saving  in  first  cost  is  insignificant  when 
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£;)1^  JfeELASTAS"  WIRE  LAMPS 

iMiiiiBniiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

Advt.   of   Pope's   Electric   Lamp  Co.,   Ltd..  HytKe  Road.  Willesden.   London.   N.W.  ""hl^ 


(Compared  with  the  high  maintenance  cost  that  results  from  the  com- 
paratively short  life  (even  when  galvanised)  of  such  material  under 
practical  working  conditions. 

G.C.C.  wire  is  offered  as  the  solution  of  this  problem.  It  is  claimed 
that  it  has  high  tensile  strength  and  elasticity  ;  has  a  conductivity 
in  standard  grades  equal  to  30  and  40  per  cent,  of  that  of  copper 
of  the  same  cross-section  and  length  and  over  double  or  treble  the 
conductivity  of  iron  ;  and  so  long  as  its  copper  covering  is  main- 
tained intact  will  not  rust  or  corrode.  There  is  a  considerable  saving 
in  first  cost  of  C.C.C.  wire  as  compared  with  hard  drawn  copper,  and 
also  there  is  a  much  greater  sa\ing  in  maintenance  cost  and  operating 
expenses. 

C.C.C.  wire  is  manufactured  by  inserting  a  steel  bar  of  suitable 
composition,  size  and  treatment,  into  a  seamless  copper  tube  of  equal 
length,  the  diameter  of  the  steel  bar  and  the  thickness  of  the  copper 
tube  being  accurately  predetermined  so  as  to  produce  the  desired 
proportion  of  steel  and  copper  in  the  finished  product.  This  is  then 
in  turn  subjected  to  special  processes  and  treatments  and  rolled  into 
bars  and  rods,  and  drawn  into  wire  which  may  be  supplied  bare  in  a 
variety  of  sizes  or  insulated  with  rubber  or  with  weatherproof  braids. 

C.C.C.  wire  is  exclusivelj^  the  product  of  the  Standard  L''^nder- 
ground  Cable  Co.  and  the  Colonial  Steel  Co.,  and  combines  the 
knowledge  and  experience  of  those  habitually  accustomed  to  the 
careful  exactions  of  wire  manufacture  for  electrical  uses  and  the 
preparation  of  steel  products  best  adapted  to  unusual  or  high  grade 
uses.  This  specialised  knowledge  and  experience  with  more  than 
one  "  copper  clad  "  product  during  a  period  of  over  10  years  has, 
we  understand,  produced  a  copper-clad  wire  which  has  been  sold  to 
large  and  discriminating  buyers  in  quantities  aggregating  millions  of 
pounds  annually  for  many  years  past. 

The  wire  is  normally  furnished  in  two  standard  stock  grades  which 
combine  such  proportions  of  copper  and  steel  as  to  give  an  average 
conductivity  of  30  and  40  per  cent,  respectively  of  a  soft  drawn 
copper  wire  (Matthiessen's  standard)  of  the  same  cross-section  and 
length. 

The  wire  is  manufactured  under  various  processes  and  United 
States  patents  owned  by  the  Colonial  Steel  Co. 

Since  both  the  conductivity  and  rust-resisting  qualities  of  any 
copper-clad  wire  depend  largely  upon  its  copper  coating,  every  pre- 
caution that  painstaking  care,  skilful  workmanship  and   frequent 


inspections  and  tests  can  provide,  is  taken  in  the  manufacture  of 
C  C  C  wire  to  have  not  only  the  \vire  itself  but  the  copper  extenor 
perfect.  Purchasers  and  users  are  cautioned  that  greater  care  is. 
necessary  in  the  handling  of  copper  clad  ^ires  and  strands  than  ur 
handling  copper  wires,  since  any  injury  or  abrasion  to  the  copper 
envelope  must  tend  to  affect  its  life  or  usefulness  just  as,  m  the  case^ 
of  a  galvanised  wire,  the  destruction  of  the  galvanismg  hastens  the 
deterioration  of  the  wire,  or  as  an  injury  or  break  ^n  the  lead  cover 
of  an  electric  cable  affects  the  life  of  the  cable. 

The  foregoing  details  are  abstracted  from  a  pamphlet  just  issued 
to  the  electrical  trade  by  Messrs.  Edward  Le  Bas  &  Co.,  Dock  House, 
Billiter-street,  London,  from  whom  a  copy  of  the  publication  can  be 
obtained. 

OIL-IMMERSED  AUTO-STARTERS. 

The  type  EA  auto-starters  made  by  the  British  Westinghouse  Co. 
are  designed  for  use  with  constant-speed  squirrel-cage  induction 
motors.     The    essential    parts    of    an    auto-starter   are    two    auto- 


TVPE   H  OVEELOAD  RELAV,  OiL  TaNK  REMOVED,  SHOWIXG  MEC•HA^^SM. 

transformers,  which  reduce  the  voltage  at  startijig,  and  a  switching 
mechanism  for  connecting  the  motor  primary  first  with  the  auto- 
transformers  and  then  directly  to  the  line.  The  auto-transformers 
are  mounted  in  a  cast-iron  case  forming  the  upper  part  of  the  starter, 
and  below  this  is  fixed  the  oil-break  switching  mechanism  fitted  with 
a  removable  oil  tank. 

All  type  EA  auto-starters  are  fitted  with  a  no-voltage  release 
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LEWIS'S     SCIENTIFIC    CIRCULATING     LIBRARY. 

ELECTRICAL,  MECHANICAL  &  GENERAL  ENGINEERING  TEXT  BOOKS  &  TECHNICAL  WORKS. 


neuj  Works  and  Reu?  fdltlons  can  be  ^ad  Troni  the  Clbrarp  Immcdiatelp  on  pubHcatlon. 


Telephone:  MCSECM  1072. 


aOBBCRIPTION,  Town  or  Country,  from  OIE  QUIMEA. 

H.  K.  LEWIS   &  Co.  Ltd., 


READING  ROOM  open  Daily  to  SUBSCRIBERS. 
136,  GOWER  STREET,  and  24,  GOWER  PLACE. 
LONDON,   W.C. 


atta(-hiii<;iit,  ami  w  iicn;  overioai  j>rot«»ttioti  ih  re'|uin«(l  a  t\  jx-  H  relay 
in  ret^ommended.  Tiiene  n*iay«  arr-  Nupi>li('d  as  a  M'|>arate  item,  and 
intereonneotionK  are  not  included.  Tiw  relays  njiCTate  by  opening 
the  (-irfuif  (jf  the  no-voltage  releaw  coil,  and  are  Hl'?d  with  an 
adjuHtahle  inverse  time  element  device.  This  device  operates 
inxtantaneouHly  on  large  (jverloadH,  hut  the  time  lag  of  the  relay 
given  an  interval  in  u  hieh  U-sn  neriotiK  overhiads  may  "  clear 
theiiiM'ives.     Tfie  ^tanda^d  connection«'g'^f'  '''•"'  I'*''"  <''n*-  *^^  *he  line 


hv  coiietl  springs  wiii<li  are  c  nnpres.seJ  wiiea  the  switch  is  closed,  so 
that  excellent  electrical  contact  is  assured.  The  switch  contacts  are 
arranged  to  operate  in  oil,  the  oil  being  contained  in  a  tank  arranged 
for  convenient  removal.  The  working  parts  of  tyi>e  EA  auto- 
starters  are  few  in  number,  and  are  strongly  constructed  so  as  to 
make  injury  either  to  the  starter  or  motor  practically  impossible. 

PERFORMANCE  OF  BRITISH  WESTINGHOUSE 
TURBINES. 


Tvi'K  K.\  Ait  >-STAKTrB,  with  (»ii.  T.\nk  Rkmovkd. 

v«iltage  at  Hturting.  while  liy  meunN  of  extra  tappingH  either  .50  or 
<J0  jier  i-ent.  of  the  line  voltage  can  Im'  obtained.  Te«t«  should  be 
ma<Je  during  inMtallatiun,  and  the  tapping  for  the  lowest  voltage  at 
which  the  tiinlor  will  start  shoiihi  be  us4>(l. 

The  switch  consists  «»f  tw«i  sets  of  buttty|»e  conta<*tH — <"op|MT  hkIh 
abutting  against  brass  hmIs.  One  set  of  eonta<-ts  is  rlos^fl  hir  starling 
luid  the  other  for  running.     The  iimvjtble  conta<-t  ro<ls  arc  sup|>ortcd 


We  are  asked  to  call  attention  to  the  tables  below,  as  indicating 
the  excellence  in  n-gular  jjerformance  which  turbines  of  British 
Westinghouse  manufacture  attain.  The  first  schedule  gives  the 
running  statistics  of  a  turbine  installed  in  the  Port  Dundas  jwwer 
ntation  of  the  (ilasgow  Corjxjration.  This  turbine,  which  is  of  the 
Westinghou.seRateau  hig"h-pressure  impulse'  trvpe,  is  rated  at 
♦».(MK»  kw.  running  at  a  s|)eed  of  1..500  revs,  per  min.  The  alternator 
generates  current  at  three-l)ha^se  2.")  jjeriods  6,(>00  volts,  and  has  an 
overloa<l  of  2.5  jjer  cent,  for  two  hours  and  50  per  cent,  for  half  an 
hour.  This  unit  is  comj'lete  with  direct-coupled  exciter.  At  the 
present  moment  there  is  in  course  of  manufae%(ire  another  6,000  kw. 
Bet,  together  with  surface  condensing  jjlant  which  will  be  to  all 
intents  an<l  pur|Mises  a  duplicate  of  the  set  above  described. 

Tne  second  tai)le  gives  particulars  of  running  of  a  ;iOO  kw.  mixed 
jiressure  direct -current  turliine.  which  is  also  in  service  in  the  Glasgow 
district.  This  turbine  is  of  the  Westinghouse- Rateau  mixed  pre.ssure 
impulse'  ty|s-.  rated  at  ."JOtt  kw.,  and  nuiniiig  at  a  speed  of  .'i.OOO  revs. 
|)Cr  min.  The  generator  develops  full-load  at  4<i0  volts,  and  is  of 
the  three- wire  fyjK*.  The  commutator  is  of  the  well-known  radial 
ty|je.  the  tiesign  of  wliich  enables  sparkless  commutation  to  lie 
obtaincii  at  all  loads  at  high  s|)eeds.  The  condensing  pliint  is  of  the 
multiple  jet  ty|)e,  working  in  conjmiction  with  a  natural  draught 
cooling  tower. 


Running  StaliMies  of  So.  1  Turbine.  Porl  Jhiitda*. 


Unit«  generated. 


Hours  run. 


Dato. 


FVh.  :t  hilt,  to  .iiilv  2:{.  Mill 
.lulvlM.  I1»U.  to  Kel..  1(1.  M»l.-.. 

Fell  II.  Miiri.  toiwi.  31.  ini."!. 

.Iuly24.  I1M4.  loJM   .11.  I'M' 


Kiirntioii  ii( 
|»<Ti<Ml. 


.'i  tiioiitli'.,  2«»  fliiy*. 
•I  iiiDiilhi),  I"  <lny«. 
M  montho.  2l>  t\hy\^. 
I.')  month*.  0  Amy*. 


I*pi]w»r1i"n 
Total  out  pill  t.    p'ncnit4-ci 


of  station. 


X<>.  I 
turbine. 


IVTr<'ntajr«-  Porcenta'jo 

of  total  of  possible  Average 

output  of  output  of  I     load. 

station.        turbine,    j 


PorsiWe.    Actual. 


Per- 
rcntage 

of 
jKtssi  ble. 


2.')..'»II.OH<.l 

4*<!U1.0S5t 
84. •^■"  '•!'■ 


10.l2.-i.4oo 
iL'.fWd.loo 
.■{t».2on.4<Hi 


.11».« 

41  12 

.'i.mW 

4.104 

1!>10-7.5 

+f>.r> 

»i;j-o 

7  7 -8.5 

.5.4(5.5 

4.S4S 

4144-7.5 

85.^ 

fil  7 

79-76 

i5..54<1 

(i.:U2 

.54.50-0 

8f)..l 

n22 

78».3 

.5..510 

lI.KiO 

9.5M-7.5 

8.5-9 

fti.K,...'"      .<"> 

1 1. inn  •  n.iMNi 


pN  9.1  jior  rent. 


Iloiirx  ill 


.'kNI  trtr.   MP.  Ihrrrt-rurrrnl  Turbinr  IntitnUril  in  thr  filajtgow  tfiMrict. 
Turbine  M«r<«Hi  .Un..  IttlO.  up  till  .lunr,  IBlO.  adjusting  plant,  aluo  testing  turbine,  eooling  plant.  &c. 


D.I. 


.1.. 

.Ian 

.Inn 

.fmi 

.Ian. 

.I«n. 


1) 
I) 
l» 
I) 
I) 


1910 
Mill 
1912 
I9l.t 
1911 
191.5 


|Ntfwiih|r  h<>i 

4.1W 
H.7t«» 
H.7K4 
H.7IHI 
H.7«iO 
s  ~>*\ 

4H.9>4 


lal  houm. 

4.142 
H.4H2 
9.7t»4 
M.I172 
•*  411 


Hour*  off. 


2.18 
278 
HO 
H8 
.149 
1  «s 


47.02.1  1  I'' I 

'  I  wf»  lirll  .Hhven  d\ni 


Mean  kw. 

Ml 

8.5 

94 

11.5 

170 


Max.  kw. 


1.50 
1.5.5 
l«.5 
18.-. 
240 
273 


Remarks. 


2.10  hours  due  to  damaged  iniiicller. 

lift  hours  due  to  grinding  commutator.  &c. 


nt<  Iv  1(K)  kw. 


LEAD  MELTING  FURNACES 

For  CiiHl*.  *nA  Pir«»  Pr»««»«,   Arewmul««or  ('.rid*.  •Ic 

WITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL 


MONOMKTKR,  Ltd..  ZZ.Whitrhou.'ir  St..  A .Uon,  Birmingham 


Ferranti  Ltd 

Central    House,    Kmgsway,    London.    W.C. 


SWITCHGE.^R.   TRANSFORMERS.   METERS. 
ELECTRIC    HEATING    &    COOKING   APPARATUS. 

Write  f»r  ttitntrr  "If." 


MnW 


•  r<t  J.  £aik»v»v 


fiFBT  ilBfBT,  ir-   !i«  CiU  c! 


Ff;;-AV.  jthS  ^.  '.9'b 


and  PubUshing  OffioH. 
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The   round   Table. 

By    "KVA." 


4- 
4- 
4- 
4- 


All  honour  to  tlie  inemoiy  of  the  brave,  ''  and  tlie  ejio;ineers'' 
wlu)  have  fallen  in  the  ;j;i'eat  naval  fi^ht. 

*  *         *         * 

Bon  Mot  of  the  Week.  '"  If  mixtuic  of  blood  be  a  shame, 
we  have  purchased  at  the  price  of  blood  the  glory  of  Catholicism, 
and  I  know  of  nothing  more  false  in  science  or  more  actively 
])oisonous  in  politics  or  in  the  arts  than  the  assumption  that 
Wv'  belong  as  a  race  to  the  Teutonic  family." — Sir  Arthur 
(,)iiiller-Coucli  in  "  On  the  Ait  of  Writing." 

*  *  *         * 

In  an  article  on  '"  Women  in  Industry,"  "  The  Times  "  has 
a  sub-heading  entitled  "  Gas  Women,"  following  which  is  tlie 
([uite  apt  remark,  ''  What  one  notices  especially  is  the  '  patchi- 
ness  '  of  the  situation  in  the  gas  industry."  I  also  have  noticed 
the  same  patchiness  on  the  brass  work  immediately  over  an 

inverted  gas  mantle. 

*  :;:         *         * 

Next  week  but  one  the  i.M.E.A.  Convention  ;  ajid  it  does 
not  seem  a  few  weeks  since  the  last  one.  Among  the  Papei's  to 
be  read  is  one  by  Mr.  W.  T.  Kerr,  Hereford,  on  "  Electricity  in 
Agriculture."  Doubtless  it  will  help  to  elucidate  some  of  the 
problems  of  the  "  milking  ""  booster  and  the  growing  of  figs  on 
thistles. 

This  is  an  engineers"  war,  so  I  am  told,  yet  where  are  the 
engineers  in  the  Honours  List '(  The  qualifications  of  many  of 
the  honoured  read  somewhat  as  follows  (vide  press)  : — 

"  A  keen  sportsman,  the  new  peer  is  prominent  in  yachting, 
hunting  and  fishing  circles." 

"  The  new  peer  comes  of  an  old shire  family." 

"  A  prominent  sportsman,  Mr. is  well  known  as  a  keen 

polo  player." 

^         ^         ^         ^ 

The  British  Westinghouse  Co.  is  now  sending  out  its  usual 
April-March  calendar.  The  copy  which  I  have  received  bears 
an  excellent  photo-reproduction  of  Miss  Gladys  Cooper,  and 
just  the  words  "  Westinghouse,  Manchester,"  in  the  left-hand 
top  corner.  The  accompanying  letter  trusts  that  "  you  will 
accept  same  with  the  compliments  of  the  Company."  Most  of 
the  other  calendars  are  tendered  "  with  the  compliments  of 
the  season."     But  then  the  "  times  are  out  of  joint,"  so  what 

does  it  matter. 

*  *         *         * 

The  following  epic  is  by  "  J.  A.  M."  in  '"  Glover's  Almanac  ""  -. 
Thy  Swiftness,  thy  Elusiveness,  thy  Might  ; 
Thy  magic  Power,  thy  heritage  of  Light ; 
Thy  Hands  etheral  which  hold  the  Stars 
Whose  beams  illumine  all  the  ways  of  men, 
Are  yet  too  dimly  seen  as  through  a  veil. 
Inscrutable  thou  art  ;   but  still  we  hope 
By  sacrificing  at  thy  mystic  Shrine, 
By  thinking,  toiling,  doing  thy  behests, 
Someday  percliance  to  glimpse  thy  shinuig  Face.   • 
We  know  full  well  thou  are  the  hidden  Source 
Of  yet  more  Power  and  Light  and  Usefulness  ; 
Of  Beauty,  Leisured  Hours  and  Thankfulness. 
Inspire  us,  then,  0  Goddess  whom  we  fear. 
To  be  thy  honoured  Servants  and  to  sjiread 
Thy  Glorious  Gifts  to  men  o'er  all  the  World. 


llMiiKMir  niav  evidently  be  niicon.sciuusjy  intriiduced  into 
such  tragi'-  occurrences  as  Ixjiler  explosiojis.  In  the  6l8t 
annual  icport  of  the  .Manchester  Steam  Csers*  A.ssociation 
appears  the  following  conuiKMit  on  l^<  explosions  which  occurred 
during  the  past  year  in  the  L'.K.  : 

Of  these,  H),  killing  12  jtersons  and  injuring  21  others,  may  be 
termed  "  boiler  ex|)losionK  proper,"  while  the  remaining  29,  killing 
l(»  |)ersons  and  injuring  'i'-i  others,  may  be  termed  "miscellaneous  "' 
explosions. 

Personally,  I  should  not  incline  to  a  preference  for  either. 


Electrical  men  of  all  classes  are  in  the  firing  line  in  France, 
and  some  of  them  are  still  able  to  associate  the  ""  situation  ""  a!s 
they  find  it  with  things  at  home.  The  little  sketch  repro- 
duced from  a  recent  advertisement  of  Scholey  &  Co.,  the 
electric  housemaid  .specialists,  was  done  by  Sergt.  J.  Conway 


Price,  the  erstwhile  electrical  advertising  penman.  ••  Mr.  X..'" 
of  the  ••  Star,"  and  the  Brimsdown  pavement  artist.  He  has' 
been  with  the  Welsh  Guards  in  France  for  some  time,  and  the 
intrusion  of  a  Boche  shell  into  his  billet,  quite  a  common 
occurrence,  I  understand,  suggested  the  couplet  wliich.  with  the 
sketch  and  letter,  formed  the  centre  piece  of  the  advertisement. 

Oh,  would  vou  were  a    •  Pre-uier," 
And  not  a  useless  broom. 
In  half  a  shake 
I'd  jolly  well  make 
A  difference  in  this  room. 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  June  7,  1879.] 

Hydro- ELECTRICITY  and  Hydro-magnetism.— M.  C.'A.  Bjerknes 
reports  to  the  French  Academy  the  results  of  experiments  for  veri- 
fying his  theories.  The  experiments  were  performed  in  the  physical 
cabinet  of  the  University  of  Christiana,  with  the  aid  of  M.  Svensden, 
and  resulted  in  the  complete  verification  of  his  theories.  Thev 
embraced,  first,  the  action  between  two  pulsating  bodies  ;  second, 
between  a  pulsating  and  an  oscillating  body  ;  third,  between  two 
oscillating  spheres.  In  every  instance,  even  when  it  was  necessary 
to  place  the  vibrating  bodies  where  it  was  suspected  that  the  dis- 
turbing action  of  secondary  forces  would  oecome  very  strong,  the 
results  conformed  to  those  of  the  analytical  researches  whenever  the 
vibrations  were  regular  and  had  a  nearly  uniform  ijitensitv.  The 
attractions,  the  repulsions,  the  normal  displacements  from  the 
central  line,  and  even  the  deviations  aromid  the  centres  of  the 
oscillations  we-e  such  as  his  formulas  had  announced. —Cow w/m 
Rendus. 


A    COMPLETE    RANGE    OF    SHUNT   FIELD   REGULATORS. 


"  Igranic "  Convertible  Plate  Type 
Rheostats  are  standardised  in  over 
300  sizes  for  Dynamo  and  Motor  Field  ; 
Voltage  and  Speed  Regulation. 
Unit  and  Grid  Type  Rheostats  for  very 
large  motors  or  special  duties. 

Numerous    contacts    are    provided    for 
fine   regulation. 


IGRMIC 


ELECTRIC    CO.,    LTD.. 

147,  Queen  Victoria  Street. 

LONDON.  Works:   BEDFORD. 


Open  and  Protected  Type  Rheostats  for 
Front  of  Board  or  Rear  of  Board  mount- 
ing. The  plates  are  built  up  of  insulating 
units  with  the  wire  resistance  reflexed 
for  expansion  and  embedded  in  tlie 
unit,  thus  providing  perfect  insulation, 
radiation,  and  protection  against 
corrosion.  Full  particulars  of  the  com- 
plete  range  given  in  Pamphlet  No.  631. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Diract    Currant. 


For    Thr»«-Dh»»«   Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMOWORKS  LIMITED 

Hbad  Ofic«:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 

T»l«phone:  Ckkkard  860,  Telerrin-.s  :  "  Sirmbkalc-s.  Vic,  Lx>mdon." 

Suppli**  D«pt. :    38  *  39,   UPPER   THAMES  STREET.  E.G. 

Tcleptiorie  :  City  63K)  Trirrrirr;;  •  '  SiP.«'.Tt.,R,  Cent..  Lcndon. 

HOME  BRANCH  ADDR£SIESi 


MiFMimnA¥ — C«ntr;i 

X),  Bridw  Street. 
'r9.  St.  Mary  Street. 

"  V.'  .'o  :     ?•  "■' 


rnit— 196,  Deansgate. 
Nbwcastlb— 64-68.  Collingwood 
SMBfriBLD— 22,  Hlifh  St.        (Bldgs. 

f,     -   .V  -  ..     •','.  HW).  Street 


Brunchoa   in    Principal  Town*   Abroad. 


WINDOW  DRESSING     NEW  REFLECTOR. 

Wiiidiiu  (Irrfuting  in  an  art  ;  ami  until  the  a<lvcnt  of  piectrir  light, 
it  wiu«  fur  till'  nioxt  \uirt  an  fx<'liiHi\i'lv  ilavliulit  art.  To  Hunitt 
rxliMit  ll.c  niftallir  liljiiiifiit  laiiip  for  inti>ri(in*.  and  the  arc  lamp 
umkI  i>xl««niallv.  miliKatrd  Ihf  iMirlmnlicH  of  artificial  illiiinination 
liy  oldrr  nirthiMin,  JMit  not  until  i|Uitf  n-ccnt  timrw  wim  any  Ki-rioUH 
and  well  tlMiu({lit  out  att«'mpt  intuit;  to  liKht  a  nIio|i  window  in  a 
nmnnpr  which  would  diN|ilay  Ihr  ikkkIk  to  the  fullcKt  mlvantago. 
Thf  ••xicIUmh  r  of  the  rcf<ult»<  I  l»y  concealed  i-lcctric  lam|»K. 

littrd  with  variouH  kindx  of  i'  .  ^timulat4•<l  iHith  the  lighting 

px|>prt  nnd  the  window. dn*nM>r  to  further  endouvourH.  It  gnulually 
l>ecnmr  t>  I  thut  a  "hop  window  might  1 1-  cxen  m<»n'  i-lTcctive 

an  an  ad\"  nt  l>y  uriilii  lal  light  than  liy  daylight.  (»wmg  to  the 

preri<iion  And  tirxiliility  with  which  the  illuniinntioii  could  In*  arrangtHl. 
Milt  ti.e  trndcu)  V  I  >crl  to  i*uggei«t. 

t4i  the  uindoM  di<  ^  \Miiild  give  the 

henl  efTecl.  A  eoniproinmo  »«*  generally  arrived  at  between  Ihe 
arrnngemcnf    which    the    win!  -     Mould    ha\e    adopt<tl    if 

davlighl    alone   had    l.«Tn   co  ,  .|    the   arrangement    whuh 

wiiiild  have  otmplitied  the  pndiletn  lor  the  illuminating  engiueer. 

t'onxKlcriiig  the  variety  of  ■        ''  '      '    '       <■  to  lie  ilealt  with. 

thixdetiMiid  for  an  unUHiially  <  ,,  window  illumina- 

tion might  Beem  Itevond  the  range  ot  pmelieitl  enKine<>hng.  Hut  a 
methiMl  Unn  lieen  deu-M-d  for  iIIuuiit;  ' —  t»ip  t>picHl  de«*p  chop 
wintlow  III  "uich  a  wav  that  every  arli<  I  in  it.  m  an\  |MiHition. 

in  III  to  the  liext  iul\a'ita^e  The  iiiea?ii«  liy  which  thin  rpwill  in 
ohlained  will  he  ilearly  underxt^MMl  from  the  fleeom|»anying  diagram. 

t'onceited  re'lectorw  of  IheonlinMrv  type  thrnw  the  ra\Hiif  li|;|ii  at 
varying  angle*  on  one  .■•ide  of  a  vertical  line.  im 

miavoidahle   with   tin*  arrangenunt.  owing   i.  ng 

direelly  on  Ihe  fnml  of  Ihe  arttclefi.      .More«i\er.  tl  —  a 

certain  line  of  trim  which  mu.«l   I  ly 

to  get  Natmfnrlory  rei«ull«^     The  ......^ la- 

tion«  aic  avoided  in  «  new  n^-nteiii  of  mfleclon*  that  ha*  junt  liern 
hrought  out   h\   the  (.'eneral   I"  <'.i.  !,td       \  on 

mim>r  reflecton*  of  certain  <lr  !,*  anil  at _  i  a 

cfinchoidal  curve,  with  lamiw  almut  18  in.  a|»art  at  the  forun  of  the 
curve,  a  .  '       «\«tem  of  dimcl   n^    '        '  '    '  •  \. 

Tie   mull  I)    of    rellci  tor*    .it  lie 


stn-akiness  which  is  usually  the  result  of  u.sing  plain  mirrors  ;  and  the 
general  effect  i^  that  articles  set  in  any  jKjsition  within  the  window  are 
bathed  m  light  from  every  side.  -At  the  same  time  no  light,  either 
direct  or  retieoted  from  the  mirrors,  falls  in  front  of  the  window  line  ; 
nor  are  the  lamps  visible  to  the  public.  The  stage  effect  so  much 
sought  after  is  thus  retained  with  a  complete  absence  of  glare  or 
harsh  shadows.  It  will  be  seen  from  the  diagram  that,  from  the  jxjint 
i)i  view  of  effe(  tive  illumination,  it  is  a  matter  of  indifference  how  the 
articles  in  the  window  are  arranged.  The  window  dresser  is  free  to 
follow  his  fancy,  and  to  alter  the  character  and  arrangements  of  his 
disijlav  at  anv  time  with  complete  assurance  that  the  illumination 
will  remain  uniform. 


I)i«on\M 


itimmmm 


t.H.KtlKli    l.li.HT    n  \VS    1\    THK    f;.E.f". 
•US    Ko|{    SHoC WINDOW    LkjHTINC. 


Xkw 


Thic  niethiMi  of  lighting  has.  we  are  informed,  already  been  put  to 
the  practical  tejit  in  the  window  lighting  of  large  dra|H<ry  e.'^tablish- 
iiient*.  and  han  proved  <|uite  successful.  It  |>rovi«les.  in  the  simplest 
|ioM.ilile  manner,  an  ideal  mode  of  ilium inaticm  whi(  h  .'ould  not 
otherwixe  lie  M*cuied  without  c<miplex  eipiipment.  and  would. 
ni.  .»>•  .V .  r  require  t«.  be  ad justeil  every  t  ime  t  he  dr.'ssinp  of  t  he  w  indow 

*  '  ''•'•     ^'  •»  also  a4la|<tjiMl  to  the  present  lighting  n-gulations. 

*  '  *  'h<'  overrtow  of  light  on  to  the  |M»vement. 

/"  ■'"  "^  applications  of  this  ingenious  system  of  reflectors 

might   lie  c|.     ,^i;i|^  lighting  is  one  of  the  most  obvious; 

*"'•  "'  the  present  it  wiil   no  doubt   tind  its  use 

^"""  I"  .  itiim. 


65 


SUPPLEMENT  to  "The  Electrician,"  June  9,  1916.    (xii.) 


Canadian  and  Indian 

MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912.    1913.    1914   and   1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters.  Preston. 

Telephone  No. 
1045(2  lines). 


HopWOOd  St.  Mills,      Established  1868 

Codes  : 
5th  Edition  "A  B  C 
&   Western  Union. 


PRESTON. 


BELLING 

&   GO. 

We  can  quote  you  for  and  are  regularly  supplying  :— 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Immersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &e. 

Electrically-heated  Water  Tanks  to  deal  with  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either  water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 


I 


We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions. 

BELLING  &  CO..  Electric  Heating  Specialist.  Derby  Road,  EDMONTON.  LONDON,  N . 


E.  SHOWELL  &  SONS.  LTD., 

STIRCHLEY,   BIRMINGHAM. 


Cast 
Cable  Sockets. 

Suite  E74.      Made  in  all  Sizes. 

Type  A.— Straight 
„     B.— Offset. 
,,     C — Right  angle. 

Illustrated  Dimensioned  Showcard  for  Drawing: 
Office  use  supplied  free  on  application. 

Sole  Agent  fof  the  Electrical  Trade:— 

LIONEL  ROBINSON,  }•  st«p>« '"" 

'  London.  W.C. 


TYiiEf Hoiiz:  Holboni  6323. 


I. 


CONSIDER  THIS  ABOUT 


SIMPLEX 
CONDUITS 


They  are  made  entirely 
by  a  British  firm  who 
possess  the  largest  Works 
of  any  manufacturer  of 
Conduit  Wiring   material. 

The  only  firm  supplying  from  stock 
ZENEX   finish   Conduit. 

Every  possible  type  of  fitting  supplied 
for    a    complete     wiring     installation. 

Skilled  advice  is  alw^ays  obtainable 
where  laying  down  plant  and  Country 
house   installations,   etc. 

The  Simplex  Conduit  Wiring  system 
makes  a  thoroughly  sound  engineering 
job,  complying  throughout  with  all 
mechanical  and  electrical  requirements. 


Booklet  describing  our  new  processes 
sent  on  request. 


Simplex  Conduits,  Ltd., 

Garrison    Lane,    Birmingham. 


London  — 

113-1 17,Charing  Cross  Rd. .W.C. 
Manchbstbk  — 

1 6,  Corporation  Street, 
Glasgow — 

72a,  Waterloo  Street. 
Bristol — 

11,  Denmark  Street. 

NawCAST_B — 

61-65.  High  Bridge. 


Leeds — 

0,  White  Horse  Street 

LiVERfCOL — 

96,  Whitechapel. 
Swansea — 

14,  Heathfield  Street 
Cardiff — 

4,  Westgate  Street. 
Abbrdbbn — 

1,  Crimon  Plact, 
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LOAD      AND 
EXPERIMENTAL 

RESISTANCES 

MADE    TO     ANY    SPECIFICATION. 

Particulars     of     Standard     Types    will     be 

found     in     our    New    List,    to    be    had    on 

application. 

RAPID    DELIVERIES   GUARANTEED. 

ISENTHAL  &  CO., 

iDEPARTMENT    A) 

Denzil   Works,    Willesden,    London, 

N.W. 

Contractor*    to     ihr    Admirallr.    N^'ar    Office.    India    Officr. 
Colon  al    Officr,     Poclmaalrr    General,  etc. 


HOTPOINT  ELECTRIC  RANGES. 

Tlif  ilrMitrn  of  olectric  cookcm  iH  iiHtiirally  xtill  a  niHtter  for  devclop- 
tiKMit.  iiiid  llii'.  fa  •!  liihU  iuU-rt'Ht  to  thin  iiraii<li  of  tho  floctrical  iii- 
clunlry.  Im' -miM-  it  iii«li<  at4'f*  the  |in'M'ii<('  of  u  tlpnin'  to  avoid  HJavi.slily 
t-opyiiiK  iho  tnolluMlM  ctiiplrtypd  by  the  utm  ccMiker  rnakerK.  A  jxiiiit 
i"  "     '  <oiiitlni«lioii  at  \vhi«-|i  a  iiiiiiiImt  «»f  iiiak<T>  have  .liiiu'd  is 

1 1  ;;  of  till-  n\«'ii  lo  KUfli  a  li-vci  that  it  cati  Ix"  tended  witli  com- 

fort and  i'«invrni«Mier  by  lh»»  etnik  or  hotiwwifo.  When  gas  cookem 
Wert'  Itntl  iiitnidiii  ed  the  nianiifai-tiimrs  «en'  aliiioKt  eoiii|M'lled  t<i 
pill  forward  HoiiiethlllK  on  "  e«ial  "  lines,  belli  e  t  be  ^i>l>^  o\eli  of  to  dav 

niiml  b(<  i«l«Mi|N>d  down  to  wbeii  putting  in  or  taking  out  diNbi^H.  The 
ftliMiping  i-ondilioiiH  ne-enwiry  with  cojil  ranges  ba\e  fb;is  in-i-n  |mssed 
on  into  the  gat  generation,  jind  it  reiiiaiiix  to  M'e  what  the  electrical 
men  will  do  Willi  il.  .\dmitling  that  the  avemgc  cuok  ih  diHin(*lino<l 
t  »  Iw  converted  to  anything  new.  cerlainly  lier  nion-  miMfem  proto- 
ly|M'  (who  iiniler  war  c<iti<|itioni«  n.  the  boiiM'Wife)  has  an  eve  to  jM»r- 
Hiiial  comfort  and  c<invenience  nilher  than  t-i  the  pn*w>rvati(m  of  a 
tradition.  It  in  to  thin  claM<  which  we  Itelieve  lo  Iv  on  the  incn>as4- 
that  (>ie  briMWil-high  oven  a|-|.eat)«.  and  the  makerH  who  have  olTenvi 
thix  design  of  KKikrr  in  the  |Nt«l  have  abundance  of  evidence  of  the 
high  appn'cialioii  in  which  it  ix  held  by  I  he  |>en«iinf>  ihieHy  concented 

Ihe  cook  and  the  hoiinewife.      The  e\iii|rnce  of  pHMif  fioHitive  of  the 
logn  al  n.itiire  of   the  demun   i-..  tbemfom.  Ihe   nianufa<|iiren«°  jnMi- 
til  .it  inn  for  pr... . .  ,|iin^  with  it  even  in  the  face  of  ouaI  ma<le  and  gas 
<«l  tradi' 

ihe  new   de-itiHH  ,,f  range-"  which  the   l1ot|«iint    Klectric  Co.  are 
putting  on  the  Knglnih  market  emlKMly  ihin  valuable  fitatnre  of  the 
tiven  At  a  height  which  ohvinle.«  the  nM*d  for  M<M)|Nng.     The  adjoin 
"  <  liK  b  will  meet  the  re- 

"  ^  .      i.      In   Kig.    I   IH  kIiowii 

miHlel  ••  H  "  rangr.  which  reqnirvx  a  H«if»r  t^Mov  'M\  in.  by  17  in..  Ihe 
oven  inferior  'r.  i  •   ,,    ),jjj|, 

The  ranHc  i«.  t  of  the 

oven  in  ainininiuni  |Minte<|.     T<ip  and  iHitfom  healing  elemenln  arr 
n«»'d  in  the  oven,  each  of  I.IMM)  w.ttl-.  r.iling.  and  ea  Ii  iin.I 
Irol  of  a  tliriH'  beat  .xwit  -h.      Tbc  d<Mir  to  the  oxen  ih  nf  t)i. 
Iy|x\  i\nd  It  may  l»e  n«o«l  a.*  a  xbelf  ii|)on  which  to  rwt  duthex  which 
*■•    ><eing  taken  ont  of  or  put  into  the  oven       Almvc  the  oven  ip  a 


table  equipi^ed  in  the  centre  with  two  boiling  plates  loaded  to  1,300 
and  l.fKKj  watts  re.«pectively  ;  the.se  also  are  each  under  the  control 
of  three-heat  tiwitches.  The  lx)iling  plates  are  of  the  radiant  heat 
tyj>e.  and  are  interchangeable  and  replaceable  with  a  minimum  of 
fitment.  The  coils  of  the  hot-plates  are  designed  to  glow  at  a  red 
heat  some  :Wt  seconds  after  switching  on.  so  that  no  other  index  of  the 
( iirrent  l>eing  turned  on  is  needed.  The  hot  plate  table  itself  is  hinged, 
so  a«  to  give  rea<ly  access  to  the  hot  jilates  and  their  connections. 

The  illustrations  show  that  in  the  centre  of  the  door  of  the  hot 
|»oint  oven  is  a  circular  dial  which  is  the  heat  indicator.  The  dial  is 
marketl  with  the  figures  1  to  12  :  the.se  numbers  do  not  sig  lify  aiy- 
thing  in  themselve.s,  but  are  indices  of  certain  temperatures  which 
convsixind  to  the  oven  conditions  suitable  for  the  classes  of  cookin-.' 


Fk..  1.     Tvi'k  ■■  H."    HoTroiNT  Kaxce. 

iiidicut«<l  on  the  chart  which  the  makers  issue  with  each  range  for  the 
guidance  of  the  user.  For  instance,  the  index  7  shows  that  the  oven 
is  suitalile  for  the  baking  of  white  bread,  and  that  this  tenijierafure 
(or  numlH'r  on  the  index)  l)e  maintained  for  -10  minutes  before  the 
bn'ad  is  ready  to  take  tmt.  This  figure  is  not  arbitrary,  and  the  cook 
will  by  the  us(  of  the  range  get  to  know  what  slight  variation  may  be 
needed  either  way  to  .secure  correct  results.  The  provision  of  such  an 
indicator  in  conjunction  with  a  cooking  chart  has.  we  understand, 
U-en  found  to  be  a  useful  guide  to  the  intelligent  iise  of  the  range. 


Fn;.  2.  -  Tvi'K   •  K.  ■  Hotpoint  H\n(;k. 

In  Fig.  2  is  nhown  a  rather  la-gcr  ty|)c  of  Hotpoint  range.  Model 
■  K."  which  lrrplin^^  a  Hi»or  s|«;e  of  4'.t  in.  by  20  in.,  which,  likt  the 
range  aliov  describe<l  is  finished  in  bla -k  enamel  :  in  addition  the 
d'»or  panels  are  white  enanielhMl.  The  ovens,  of  whicli  there  an-  two. 
are  line«l  with  rust  pnM»f  aluminium  tn-ated  steel,  and  the  walls  are 
heavily  laggiil  witli  mineral  wool.  The  up|)er  oven  is  the  baking 
oven,  atid  ix.  Iitte«l  witli  two  l.(MM).watt  three-heaf  controlled  cle 
menu  :    it  in  proviiied  with  f.ilj  down  biiivred  do.ir.  ■.\i'i(]  llic  interior 


TINNING     FURNACE 

111    »  r.iUKit 
For  rOATING  WIRES  «i(h  Tin.  Lead.  etc.     For  ute   >•   >   BATH. 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL. 

Th.   <r.;,  Ti....,  n.al  „   tb.   World  I   Market  with  Antcmitic    Heat   Control. 

/  ij'v  Pijv'^r'-;^  a'tjr.s:(d  ik  special  cj^cs. 

MONOMKTER.  Ltd..  22.Whitehousc  St..  Aston.  Birmingham 


67 


SUPPLEMENT  to  "The  Electrician,"  June  9,  1916.    (xxiii.) 


m\ 


iiiii; 


iiiiiiiiiiii 


VICKERS  Limited. 

Motors  a.tid  Getiera^tors  of  slU  types. 


Complete 
equipment 
for  the 
electrica.1 
Itgrhtingr 

drivings  of 
PIa.cliine 
Shops, 
Fa,ctories, 
Plills,    etc 


gm 

^ 

Mi 

U 

jipi^^ 

«.    V    w-^Mj^ 

^ii& 

5kj 

y :::  ^liiyw^ 

1^       "j 

^^= 

W    M^ 

II 

l^y^jm  " 

NX/    ^ 

1  \  Vv 

^ 

^ 

E" 

[*pll 

^''    '^ -i^ 

V  y^^ 

p^^^^ 

^ 

ii 

^p 

i..    .  .  l5^ 

^ 

N 

L^ 

Pa.tent 

Automa-tic 

Reversing^ 

Drive  for 

PIa.cliine 

Tools. 


250  K.V.A.  Rotary  Converter.    6  phase,  50  periods,  480/560  Volts. 
1,000  r.p.m.     Inverted  type. 


River  Don  IVorks,  SKKPFIKI^D. 


dimensions  are  16Jin.  wide  by  16Jin.  deep  and  11^  in.  high.  Imme- 
diately below  it  is  a  warming  oven,  which  measures  12  in.  wide  by 
16^  in.  deep  by  10|  in.  high.  This  also  has  a  fall-down  door,  but  it 
is  heated  by  means  of  the  heat  from  the  upjjer  oven,  which  passes 
through  a  damper  provided  for  the  purpose. 

Adjoining  the  ovens  and  on  the  left-hand  side  is  a  three-plate  table 
■itted  with  one  8|  in.  hot  plate,  one  1\  in.  hot  plate  and  one  %\  in. 
hot  plate  ;  the  (irst  is  loaded  1,500-750-375  watts,  the  second  1,200- 
6U0-:300  watts,  and  the  third  800-400-200  watts,  under  three-heat 
control,  as  will  be  apparent.  It  will  be  observed  that  the  switching 
arrangements  are  embodied  as  an  integral  part  of  the  frame  of  the 
i-ange.  This  makes  for  convenience  in  handling,  but,  of  course,  it 
requires  that  the  internaj  connections  be  grouped  and  protected  from 
the  heat  of  the  range. 

A  fully-illustrated  catalogue  and  price  list  of  these  ranges  can  be 
obtained  from  the  Hotpoint  Electric  Co.,  .38,  Poland-street,London,W. 


DIRECT-CURRENT  MOTOR  CONTROL  PILLARS. 


Twelve  standard  combinations  of  control  pillars  are  listed  in 
pamphlet  01/2,  issued  by  the  British  Westinghouse  Co.  The  design 
is  such  that  almost  any  combination  of  control  apparatus  can  be 
arranged  for,  and  tlie  company  will  be  glad  to  submit  quotations  of 
other  arrangements  to  meet  customers'  requirements. 

The  general  construction  consists  of  a  cast-iron  base  which  sup- 
ports the  frame  on  which  the  switch  panels  are  mounted  ;  the  top 
also  is  of  cast  iron,  and  the  sides  are  enclosed  in  a  sheet-steel  case 
with  hinged  glazed  doois  in  the  front.  The  cables  enter  through  a  large 
hole  in  the  base  casting,  which  necessitates  the  provision  of  a  cable 
trench  ;  but,  alternati\ely.  the  base  can  be  drilled  to  receive  conduit 
or  gas  pipe,  or  cable  clam])s  for  armouring.  The  standard  arrange- 
ment of  one  large  hole  in  the  base  will  be  supplied  unless  otherwise 
specified.  The  whole  construction  can  be  made  dust  and  weather- 
proof, suitable  for  instjillation  in  the  o])en,  ])rovi(ling  the  apparatus 
is  not  likely  to  be  sul)ject  to  immersion.  All  internal  wiring  is  com- 
plete, and  the  only  comiect  ioir-<  to  be  n\ade  on  site  are  those  directly 
to  the  supply  mains  and  motor,  terminals  for  which  are  situated  at 
the  bottom  of  the  pillar  and  on  the  front  of  the  base,  so  that  the 
connecting  up  can  be  effected  quite  easily^. 


The  main  switches  have  two  breaks 
per  pole,  no  current  being  carried 
through  the  hinge  ;  they  are  quick 
break  and  of  the  knife  pattern.  The 
fuses  are  the  porcelain  handle  type,  and 
as  mounted  comply  with  the  latestHome 
Office  requirements.      They  'are  fixed 


Two  TvrKs  o?  Ikonci-ad  Contkol  Pillaks. 
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on  ihi-  trtmt  of  the  MMitili  |NtnflN  in  Rtwiwililf  |K»ttitionN.  no  thiit  thi-y 
ran  l»r  cHMJly  rrnrwi'H. 

InNti'A'l  of  A  conilMniilion  of  hiin(lo|MTiit<>(i  Ioom-  haiulh-  rinuit- 
Im-nkrr  nnd  NlnrtinK  ouit'-h.  it  i  ttinliirniticn  of  starting  swildi  and 
two  niit)OH*ti)  iilly-o|M-nit4-(|  HUitchcH  -  •>.,  ronta4-tor-ty|x>  cin-uit 
lin-aki-m  uili'HiM'krd  willi  «lii>  Mlartrr  hnvo  Ufn  a<lopt<«d.  This 
nrninttiMncnt  |m>vidcN  all  tin-  foHliirPH  of  a  IfHtfU'liandio  ciniiit- 
'  Mitli    the    advanlaiti-    that    only    ont'    ()|M'ratin^    handle    in 

,  1.  and  all  i-inuit  niakuig  and  tin-akinjt  nnisl  In-  done  on  thr 
iiinlnrlore.  A  nlnw  motion  (fi»«r  on  thi-  Martrr  in  wnni-cPHHAry.  ax 
j,ny  attiMnpl  to  iiil  out  ihi-  *<(anni(r  n-fiiMlan<v  too  (piickly  will  at 
on<«<  n|N'n  till-  I  mint  hn-akcrx.  Tin*  fart  that  all  inrn'iit  making: 
and  lirrakinK  niiinl  Itr  Honr  on  Iho  rimiit •lin'ak<>nt  IcnKthcnH  thr  life 
of  Ihr  ronlail*  on  ihr  Hwitrh.      Thi-  niti-rlu.  kinj;  d«"vi«-t-  is 

xn<  h  that  any  >»a<  kwani  <  nl  «.f  thr  xtartniK  KWitt  h  will  at  on<»' 

o|irn  Iho  f'lmiilhiVAkrr*  Thii«  pilting  "  nnd  "  hnming  "  of  th«- 
ularlrr  tvinlait*  '  i.  i-d  to  a  nnnininni.     Thr  i«iart«T  handle  will 

oidy  •■li>»ir  Ihr  .  i,  when  il   >n  ni  the  ol!  piNitioii.     The  con 

U<-(nr«  nrr  of  ^nlHtlantial  (^iniilnirlion.  jimvi«le«l  with  n»nrwaMe 
•finlaeN  nnd  «  t  •  ,    Mow  out  on  Imlh  \ny\rn  whrn<  all  ciirn-nt 

inlrrni|ilion  laU 

ritr  i>lar1rni  arr  of  a  ii|ir<')al  fa<<f'|»lMl«>  |Mllrm  of  hrAvy  con»trur- 
lion,  with  rrnrw  •'  '-  mniii.  mi  n||  nitjm  And  (ijn'i-ial  earhon  anini; 
n»llrn«   whrrr   h'  Tho   no  \ nil    i-mlii  am   alwayn    ■«iniie<tc«l 

nnle|irndrnily  n(  the  iiuK'hinr  held  winduiK.  "nd  the  ovrrloati  mlavN 
arr.  thrirforr.  arrantpMl  to  hrnAk  the  no  vnll  «-<iil  ein-uit.  Thr 
MAniJAnl  |Mllar.  m  a  m^ult  of  thin  arrnnireinenl.  ran  \w  upmmI  for  ni'no»i. 
fhnni  or  (xini|Hinnd  wound  ntoNir*  without  aitoration.  A  nlow- 
motion  (fpar  ran  l>r  lill«M|  to  any  nlarlor  a*  an  extra,  lliin  rxtia 
fpAllirr  in  only  iir«>r)iMir>-  whrrv  a  douhle  |w»|e  nwitrh  and  fui»r(t  arr 
»m^\.  wilhiuil  further  overload  pniteition  It  in  of  iine  with  the  i-«ui. 
la.  tor  and  »tartrr  etunbination.  a*.  Iwinn  of  ;he  rat*  hot  nlop  hy  i>trp 
IMtlcni.  it  prtn-idm  a  mrAnx  of  rnKiinng  that  the  oiirnitor  nhall  onlv 

8l0I.     ',=••. 

'  i  ■   hrrakmi  arr   hi  tod  a   piinh   hut  ton 

rmrrnrney  ninp  in  pnnidr*!  to  nhiil  down  l!»r  machinr.  Thi»  piwh 
'""•••"  '  '  'or  Hwit.h.«.  the 

'"*•"  ' '  ....    1,,.,^      Additional 


1^  pnjvidt'<l  if  required.  The  field  regulators  are  arranged  to  giw 
anything  up  to  1:4  speed  range,  and  are  always  fitted  with  an 
electrical  interiofk  which  makes  it  inii)ossible  to  start  up  the  motor 
with  a  weakened  field.  The  above  device  neees.sitates  the  .4eld 
regulator  l>eing  re-set  after  each  start  if  the  motor  was  running  above 
normal  sjjeed  when  shut  down. 

In  cases  w  here  this  procedure  is  objected  to  for  any  reason,  patent 
.automatic  field  accelerating  relay  can  be  supplied  at  a  small  extra 
'•ost.  This  ensures  that  the  motor  always  starts  up  under  full  field, 
but  automatically  brings  the  machine  uj)tothe  sjjeed  at  which  it  was 
running  Ix'fore  the  shut  down,  without  any  attention  from  the 
>t\)iT:tti>r  or  alteration  of  the  field  regulator.  This  feature  is  par- 
licularh  useful  when  it  is  desired  to  maintain  the  operating  speed 
exactly. 

The  combination  of  starter  and  electrically  interlocked  contactor 
switches,  while  iwjlafing  the  motors,  always  leaves  a  certain  amount 
of  the  apfiaratus  inside  the  control  pillar  alive.  To  meet  this  difTi-  . 
rulty  the  combination  includes  a  double-pole  isolating  switch,  which 
makes  everything  inside  the  pillar  ""  dead."*  with  the  exception  of  the 
line  terminals  and  the  line  contacts  of  the  isolating  switch.  These, 
however,  are  shn>uded.  and  it  is  claimed  that  they  cannot  be  touched 
either  accidentally  or  otherwise.  The  doors  are  interlocked  with  the 
main  switch,  so  that  they  cannot  be  opened  except  when  the  main 
switch  is  in  the  ofx-n -circuit  jKJsition,  and  the  latter  cannot  be  moved 
while  the  dcKirs  are  oi)en. 

Prices  and  dimensions  of  these  ])illars  are  given  in  control  cata- 
logue !•!  2.  and  are  marie  by  the  liritisli  Westinghousp  Co..  TrafTord 
I'ark.  .Manchester. 


MONOMETER  TILTING  FURNACE. 


Oil  and  gas  fuels  for  melting  furnaces  of  the  crucible  type  are  con- 
sidered with  good  reason  as  su|M'rior  to  coal  or  coke  firing  on  account 
of  the  better  control  of  the  temperature,  the  semi-automatic  method 
of  firing  and  the  elimination  of  dust  and  ashe.s.  For  these  reasons 
<levelopments  in  this  class  of  furnace  are  of  considerable  intere.-t. 
The  .Monomcter  .Mfg.  Co.  (Ltd.),  Whitehouse-street,  Aston.  Bir- 
mingham, have  introduced  many  interesting  and  novel  technical 
features  int<i  the  manufacture  of  furnaces,  and  their  latest  develop- 
ments in  this  direction  are  of  interest  to  furnace  usens. 

The  crucible  melting  furnace  of  the  tilting  tyj)e  illustrated  are 
designed  for  oil  firing,  and  form  j)art  of  two  batteries  of  30,  which,  wc 
und(Tstan<l.   the   firm    is  constructing  for  newly-erected   works   for 
melting  cop|K'r.  brass,  nickel  alloys,  &c.     The  features  of  particular 
interest  fall  under  three  headings.  (I)  the  combustion  chamber.  (2) 
the  metho<l  of  tilting  the  furnace,  and   ('i)  the  constant   vertical 
[Hiuring  |K)int.      It  will  lie  seen  from  the  illustration  that  the  com- 
biiKtion  cha:nber  is  in  the  form  of  an  annular  chamber  cyncentric 
with,  but  situated  below  the  crucible,  being  connoctei  to  the  melting 
chanilKT  by   incline  I  ducts  of  ade  piate  area.     T.ie  object   of  this 
combustion  cha-nber  is  to  delay  the  escape  of  the  burnt  gases  ancj 
produce  a  simultane.ius  melting,  and  also  to  prevent  the  intense  heat 
of  combustion  from  concentrating;  at  one  point  on  the  cnicible.  such 
concent  rat  i«Mi    usually    shortening    the    life    of    the    crucible.     The 
funiace  takes  standard  crucibles  without  s|5ecial  sjwuts.  and.  we  are 
informed,  that  the  crucible  life  b\  the  mononictor  system  is  materi- 
ally enhance  1.     The  Inalv  is  I  in.  thick  of  special  quality  inm  ..f  a 
|Mttenled  coin|K)siti<m  and  is  exfreiielv  rigid. 

The  axis  altoiit  which  the  furnaie  bodv  is  turnel  for  the  pr  iccs.s  oi 
|M)uring  is  in  substantial  alignment  witli  the  |)uuring  lip  with  the 
result  that  the  deviation  from  a  strictly  vertical  plane  of  the  |K)uring 
lip  is  only  aUtut  J  in.,  ami  is  therefore  lu'gligible.  Transverse 
trunnions  of  substantial  dimensions  are  adapted  to  turn  in  bearing* 
fixed  to  tlie  main  side  francs  of  the  furnace.  It  may  be  noted  here, 
that  tin-  <  uiistnution  and  arrange  nent  of  the  furnace  renders  the 
fiiniate  M>lf  contained  aiul  brick  setting  unnecessary.  Tiie  oil 
liunier  direct*  Ihe  oil  tangentially  into  the  combustion  cha"nl>er.  antl 
IS  attached  to  the  furnace  lH>dv  ."^o  as  to  move  therewith.  The  firing 
o|ieration  caj  thus  lie  continued  during  |iourin«. 

The  tilting  mechanism  is  of  correct  mechanical  design,  and  eoin- 
priM««  a  transverse  tilting  shaft  at  the  back  of  the  furnace,  a  toothed 
wheel  earned  on  the  said  shaft  and  a  high-speed  silent  chain  forming 
a  PfMinrctinK  element  of  a  fiexible  nature  between  the  furnace  l»ody 
and  the  I  Ntthed  wheel,     (hi  the  Ixittom  of  the  funiace  IkkIv.  which 


pufth  Itutlon  nwitchc*  for  flopping  the  iiiAchine  (mm  «  di»tAnc«  «mi 


Ferranti  Ltd 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO:- 


MAKERS: 


HENRY  WIGGIN  &  CO,  Ltd., 
George  Street,  Birmingham. 


AGENT: 


* 


TCI  CPHONE:  6400  CENTRAL, 

'  '-^'-QRAMS:  "WIQQIN  BIRMINGHAM.' 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.G.      « 
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TCI  CPHONE:  9323  HOLBORN. 
''-'-'- QRAMSi  "FERRYDOM,   LONDON." 
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ELECTRIC   FIRES. 

'^HE  Proprietors  of  Quead  Fires  beg  to 
advise  their  numerous  friends  that 
owing  to  the  great  demand  for  their  fires 
a  New  Company  has  been  formed,  and 
will    be     carried     on     under     the     citle     of 

QUEAD,    Ltd. 

'Late    Ik'n    &    Eads,    Ltd.), 

47/57,   Marylebone   Lane, 
London,  W. 

1916/17  QUEAD  MODELS  CAN  NOW  BE  INSPECTED  AT  THE  COMPANY'S  SHOWROOMS. 


RING  UP 
MAYFAIR  3582. 


Order  at  Once  for  Early  Delivery. 


(xxvl.)    SUPPLEMENT  to  •'The  Electrician,"  June  9,  i9i8. 


70 


(I 


D.  &S. 

HANDLE"  FUSES, 


50  amps,  and  upwards.    600  volts 


Asbestos  sheathed  fuae 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing  hand  from  "live"  metal. 


THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SMITH  Ltd., 

Ordsal    Electrical   Works, 
SALFORD, 

^^"^    MANCHESTER. 


in(i«J<*ntally  in  u  HubHtantial  casting,  w  fomifd  a  quaWrantal  gnxjved 
niiiwav  iiitrtul*'*!  to  a(«onimo«lat«'  fh<-  cili-iit  <liain.  The  iiltinj; 
nn'chaiiixm  it*  toiiiplfted  In-  a  worm  and  worm  wheel,  a  j>iiir  of  hevel 
whwiM  and  an  ()|)erative  liand-whwi.  By  rotating  the  hand  wheel, 
the  tilfinj;  bhaff  is  turned  and  the  silent  <liaiii  is  woinid  on  to  the 
toothed  Mlieel  thr-iehv  exerting  a  fon  e  whieh  through  th«'  eliain 
elevateMortiltH  the  JkmIv  alwut  the  axihof  the  trunnionw.  The  redu< 
lion  gearing  has  heeti  very  <an-fully  ealcniatecl.  so  that  a  niiniinuin 
effort  is  re(|uired  t«t  turn  tlie  hand  vUieel.  and  at  tlie  >vitne  time  the 
tilting  movement  in  nuftieiently  rapid  t<i  meet  all  n-asonahle  require- 
menlM.  A  |K»int  wliiili  may  Ik-  noted  is  that  the  toothed  wheel  on  the 
tilting  hhaft  is  of  suflieient  diameter  to  a<commodate  the  silent  ehain 
when  the  funia<  e  is  fully  tilted.  «o  tm  to  prevent  the  ehain  from  hang- 
ing <iown  ;  thus,  there  is  nei  ])OKNihility  of  the  chain  slipjiing  olf  tlu' 
whr-el.  .Another  goo«l  [Hiiut  is  that  the  tilting  elTort  is  exerted  at  the 
Uittom  and  centrally  of  the  furnace  bo<ly  instead  of  the  l>ody  Ix-ing 
Huhjected  to  a  twisting  strain.  The  preheater  is  arranged  t<i  prevent 
access  of  swarf  to  the  comliustioii  chamber,  and  a  very  valuable 
feature  is  the  spigot  arrangement  which  prevents  eseajie  of  flame  at 
the  joint  with  the  Isidy. 

For  fasting  bar  and  strip  brass.  A-c..  the  makers  also  supply  a 
nioulri -carrying  turntable  arranged  in  front  of  the  furnace,  and 
mounted  on  ball  bearings.  The  tai»le  has  an  integral  spur-wlieel 
o|HTated  by  han<l  wheel  and  pinion.  The  moulds  an'  stood  on  the 
table  for  casting.  W  e  understand  that  the  (piickest  |)OKsible  casting 
speed  IS  obtained  by  this  system. 

The  whole  (»f  the  fejiturrs  of  this  furnace  are  jjatented  by  Mr.  I.  H. 
Hall,  the  managing  din'ctor  of  the  comjwny. 


ROTOR  STARTERS. 

s 

The  ty|M'  .MK  rot<ir  starters  are  designed  for  uw  with  alternating- 
current  HJip-ring  imluction  nuitors.  They  o|s'rate  in  the  rotor 
ein-uil  only,  and  an-  not  for  uw  for  s|M'r'«l  control  or  when-  starting 

conditions  an*  M-xere.  'J'lu'  starters 
are  ca|Mible  of  starting  slip-ring 
iiiot4>rs  against  !.'>(>  ]K>r  cent,  of  full 
load  torque  in  not  more  than  l-'i 
M'condH,  once  in  I.')  ininuteK.  The 
contact  ann  is  <  <iuwd  by  a  spring 
to  return  to  the  starting  |H>sition  if 
left  at  any  intennediate  |Miint  be 
tween  the  starting  an<l  ruiniing 
IMiMition.  In  the  running  |s)sitioii 
the  handle  is  lockeil,  iiut  may  be 
n<leasivl  by  pn*ssing  a  ixiltim  in  the 
knob.  The  chief  featun's  are  com 
plele  enclosure  of  lill  |Mtrts.  making 
accidental  contact  with  live  metal 
im|ioKsibli>  :  renewable  n-sistance 
units  an<l  wearing  parts;  lin-priMif 
inaterials  thmughout.  .\  S4'|siratc 
line  switeh  or  cirruif- breaker  i- 
■ry  tn  c|«»»K>  and  <>|»en  the 
jirimar\  circuit. as  the  stHrt«'r 
"lOii.r.  MKStautrh.  Kacei'latk  •"  eonneetcd  m  the  motor  weondarv 
tovhit  Ukmov»;i».  rirrnil  only. 

The    foregoing    starters   are    de^ 
rrilKHl  in  leaflet  Ar»trBI.  which  may    be  obtaincfi    fnwn  the  British 
Wrilinghouoe   Klwtrir  ami    Mfg.   to.  (Ltd.).  TratTonI     Park.   Man 
oliottor. 


HIGH-ANGLE  SEARCHLIGHTS. 


We  have  been  supplied  with  the  adjoining  .^llustration  by  the 
Lcjndon  Electric  Firm,  Croydon,  who  inform  us  that  they  are  making 
a  considerable  numl)er  of  these  for  fortres.s  and  ships"  use.  The 
movements  of  the  projector  can  be  controlled  either  by  hand  or 
electrically  from  a  distance.  The  controller  for  the  latter  form  of 
f>|»eration  is  (jiiife  jsirtable.  and  can  le  moved  about  by  one  man  : 


(.K.NKHAI.    ViEW    OK    Hi     H-AnHI.K    I'koJKCTOII. 

the  contniller  als<»  is  <lust-  and  watertiiilit.  It  can  be  placed  at 
any  «lesin'<l  distance  fmni  the  searchlight  it.>jelf.  The  inoticm  of  the 
Iteam  of  light  can  lie  ipiiek.  as  for  .searching  for  an  object,  or  slow 
when  It  has  been  '   .-iiotted." 

The  searchlight  lamp  is.  we  understand,  of  an  improved  jwittern. 
and  the  carlsms  may  lie  w<»rked  either  autoinatieally  or  by  hand- 
f.  cij       riidi'i  ■itbn  f..iin  of  tniiiinl  the  lamp  bums  (|iiite  .-^tejidily. 


"  THOR  "  High  Grade  Specialities 

rASING    and    CAPPING        CABLE    CONNECTORS 
CONDUIT  COMMt^iTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND   ALL   ELECTRICAL   ACCESSORIES. 

WR-Jf^   FOR    FR-CBS    A    DISCOUNTS. 

HASLAM  &  STRETTON,  U^.;''^:^.i:;llT..'^^x^VJ^'' 


Printwl  AM  PubUttwd  by  lU  r 
I.. 


"Th«  EtWrTTOCIAS"  PmwTiwo  Awri  P- 

*i.»s»u«T  Oou^T,  Fii«T  9n»««T.  In  th»  ^ 


Printing  and  Publbhlng  Oflfioas, 
1916. 
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t     The   Round   Table,     t 

^  By    "KVA."  'f 

<♦>  '^ 


Fium  Glover's  Calendar  o[  th"  1.3th  inst. — Oertie  (on  shift)  : 
-Murphy,  brinj^  a  floorcloth  and  a  pail.     The  chief  says  the 


I  have  awarded  "  Kdiswan  "  a  hot-plate  this  week  uecause 
it  h.zs  great  hopes  of  a  good  fan  season.  If  the  weather  changes 
betweei  the  time  of  writing  (Wednesday)  anH  to-dny  I  am 
afraid  ihe  point  of  the  joke  will  have  melted  somewhat. 

He  :i;  *  :H 

According  to  the  ""  Star  ""  : — ■ 

A  woman,  found  s]eej)ing  in  a  hammock  in  Japping  Forest,  \\as 
charged  with  having  ""  no  viiiible  means  of  support."  It  must  have 
been  a  wireless  hammock. 

But  why  not  one  of  Mr.  Campbell  Swinton"s  bedstead  aerials^ 

^         ^         ^:         ^ 

The  "  Machinery  Market  "  has  discovered  a  new  dimension. 
Describing  a  new  electric  power  plant  at  Cwm  Dyli,  near 
Penygwrd,  in  the  Gwynant  Valley,  it  states  that  "  the  "^jipe  line 
which  is  in  duplicate  is  built  of  rivetted  mild  steel  pipes,  30  in. 
inteival  diameter."  No  doubt  the  editorial  pause  for  breath 
after  the  unpronounceable  nam?s  of  the  places  referred  t5. 

^  •!•  'I"  -?■ 

The  war  is  evidently  producing  electrical  Pooh  Bahs  on  many 
of  the  smaller  supply  systems.  I  noi;ice  that  in  a  certain 
station  one  man  acts  as  plant  engineer  (?  gardener),  m9ter 
reader,  new  business  solicitor,  wireman  and  repair  maivfor  the 
entire  undertaking.  Doubtless  he  will  shortly  be  asked  to  act 
as  consulting  engineer  and  switchboard  attendant  in  his  spare 
time. 

^  ^  ^  :{: 

Mr.  A.  F.  Berry's  latest  is  an  electric  fire  "  with  a  flame  in 
it."  The  first  form  of  it  to  reach  the  market  has  been  appro- 
priately dubbed  the  "  Tricity  "  baby,  for  even  electric  fires 
are  born  and  not  made.     The  girl  in  the  picture  is,  perhaps, 


V 


You're  Ma  '  Baby. 


wondering  where  the  flame  comes  fron^,  the  while  it  also 
reminds  her  of  her  young  man  at  the  front.  I  can't  give  Mr. 
Berry  another  Hot  Plate,  as  he  already  has  one,  but  he  deserves 
one  for  producing  a  flame  "  that  is?i't  there  ! 
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The   most   durable  flexible  Woven  Conduit 
made  for  protection  of  Electrical  Conductors. 

HIGHLY   FLEXIBLE.  LESS   COSTLY   THAN   OTHER   TYPES  OF    CONDUIT. 

GREAT   MECHANICAL   STRENGTH   AND   INSULATING   RESISTANCE. 

THE  LPS.  ELECTRICAL  CO..  18,  Adam  Street,  Strand.  London,  W.C. 


main  is  leaking  I  '' 


Festive  Gent 


Okl  right,  Ole  Feller  (hic),  I  ain't  a  ballv 

'OSTILE  HaIRCRAFT."" 

^  ^  ^  ^ 


I  am  relieved  to  find  that  the  war  is  going  to  reduce  the 
length  of  business  letters.  The  following  notice,  received  in  a 
letter  from  a  well-known  firm  of  cable  makers,  is  most  welcome  : 

To  meet  the  difficulty  (due  to  the  war)  of  greatly  increased 
clerical  work  and  decreased  staff,  we  ask  those  with  whom  we  corre- 
spond to  kbidly  excuse  our  communications  being  of  the  briefest 
description. 

Now  I  look  forward  to  some  gems  of  abbreviation  :  some 
which  will  Ining  letter  writing  to  the  level  of  the  telegram  com- 
posers  art.     At  any  rate,  there  should  soon  be  no  more  of 

"  your  esteemed  communication  of has  safely  reached  us 

and  is  now  before  us.  The  matter  will  be  given  our  earnest 
consideration  in  due  course,  &c."" 

sH  ^  H^  ^ 

OUR  nOT-PLATES. 
No.  212  to— 

The  Edison  &  Swan  Co.  for  its  optimism  in  sending  us  a 

notice  of  its  electric  fir—  FANS  !  !     (U gh  \) 

♦  i".  ^  H: 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  June  l-l,  1879.J 

A  Church  at  Wrexham  Struck  by  Lightning. — A  fearful 
thunderstorm  broke  over  the  town  of  U'rexham  about  ha'.f-pa>it  three 
on  Sunday  last,  during  which  the  spire  of  St.  Martin's  Church  was 
struck  by  lightning.  At  the  time  of  the  catastrophe  Mr.  Aspinall 
was  conducting  a  class  in  a  room  at  tlie  bas.^  of  the  spire.  He  was 
knocked  down  by  the  lightning,  and  his  trousers  split,  but  luckily 
escaped  without  any  further  mjuries  ;  but  we  regret  to  say  that  five 
of  the  scholars  were  burnt,  three  of  the-u  so  severely  that  they  were 
carried  to  the  Infirmary  at  once,  a'.id  one  had  his  le^  broken.  There 
were  a  number  -jf  ladies  conducting  classes  in  another  part  of  the 
church  who  were  so  a'armed  that  they  fled  througli  the  rahi.  leavmg 
hats,  cloaks,  bonnets  and  umlu-ellas  behind  them. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 


Free    Sample   on   application. 


J.  BLUNDELL  &  SONS, 

GOLD,  SILVER  &  PLATINUM  REFINERS.  199.  WARDOUR  STREET,  W. 

"Golsllplat,  Ox..  London."  4746  Gsrrard^ 


(XX.)    SUPPLEMENT  to  "The  Electrician,"  June  16,  1916. 


12: 


SIEMENS 


ELECTRIC     MOTORS 


Part  o'f  small   Motor  Shop, 
Stafford  Works. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Wv.)-.-    ^jyy.cv.:  CAXTO.".   .■•:  .■■;     .•.  ■      -'•   •.■■\-:~     37/ 

Telephone :  Cerrard  860.  Tcler:r-n.i  :  ..  Vic.  London." 

Supplie*  Dept.:    38  &  39.   UPPER   TH  \      1       STREET.   E.C. 

Telephone:  City  5350  Telfrr.r- :     '  C^k.v.   ;v^k,  Cent.,  London." 

HOME  BRANCH  ADDRESSES 


Birmingham— Central  Ho.,  .New  St 
Bristol— 30,  Bridpe  Street. 
Cardiff— 89,  St.  Mary  Street. 
Clasoow— 66,  Waterloo  Street. 


Manchester— 196.  Deansgate. 
Newcastle— 64-68,  Collin  gwood 
Sheffield— 22,  High  St.        IBldgs. 
Southampton— 46.  High  Street. 


BranchAs  in    Principal  Tow/ns   Abroad. 


ARTISTIC  THEATRE  LIGHTING. 

Hctw  far  111*'  (irfiKtir  tn-atinciit  of  flifiitre  lighting  has  advancwl 
may  >M'  gaiicid  liy  (((iniijiriiig  the  iMconipanyiiig  pholn^raptis  with 
oih-'h  rr(ollc(li()ii.s  of  (hi-  tlicatrt-.n  of  earlier  time.s.  Thev  illustrate 
the  miiin  |K)rtinnH  of  the  CriteHoii  The,! Ire.  Svdnev.      In  the  general 


Ln  the  vestibule  the  titting.s  are,  as  will  be  seen  from  the  iihoto-- 
graph,  of  a  more  elaborate  character.  The  pendant  sho\\'n  has  a- 
large  central  light  and  joins  subsidiary  lights,  each  in  Equiluxo  urns 


Fic.  2.— The  Stalls. 

of  Dorie  design.  The  metal  work  is  in  Grecian  bronze  and  Osram 
-Atiiios  lamps  again  are  u.std.  On  the  land'ng  lead'ng  to  the  dress 
ciicle  another  ornate  fitting  is  installed — a  gilt  colour  brass  pendant 


Fir..  .3. — Dress  Circle. 

wit'i  six  lights  around  one  central  globe  of  "  Superlux  "  glass. 
Ceiling  fittings  arx'  aga'ii  adopted  at  the  side  entrance  and  the  top 
of  the  stairs.     These  fittings  have  a  centra!  12  in.  Eiiuiluxo  bowl  and 


J  !»..    1.  —  Jllh  l;oMK. 

lighliiidof  Iheaiiditoriiim  lilxTal  use  hn,-*  Ihmmi  mndeof  telling  fittings, 
then.  JK-ing  in  <ill  171  of  ihe.ne.  I  III  8  in.  K.nulii.xo  hemiHphen-^  and 
IM  Minilar  hemi.Hpherr«»  12  in.  in  rlianietrr.  The  amuigement  of  (heM> 
fillingH  eontril.nlcH  to  the  general  de.mgn  bv  thn)wiiig  into  nlief  the 
ineM  of  the  dome  and  at  the  same  time  givef.  a  II.m^I  ..f  well.  (lifTnw.l 
ight.  Similar  httings  an«  imed  for  the  ilhimin.ttion  of  the  MaMs.  the 
lamps  forming  the  erntrr  drwniti..n  in  iIm-  ceiling  jmnoln. 

Partial  niH«  of  eeijing  liftings  i^  also  made  in  the  illumination  of  the 
drrs.M  rinle.  bnt  it  is  e..nline.l  to  the  lower  Heelions.  Towanls  the 
Iwek  of  (he  buihhng.  where  the  «x>iling  is  lightvr.  wmi-indimt  lighting 
I-  adop.od  with  elTe.tive  m,^nlt.  The  'itliiigs  are  of  oxidisixf  silver, 
with  Iviinbixo  Ih.wIs  and  Osram  \Uw^  lam|w.  in  the  lx..xes  littings 
of  •»  unmlar  Hrmgn.  but  with  a  smaller  diameter,  art-  installed. 


Flo.  4.— The  Vestibule. 

thnn*  Hubsidiiirx-  |N>ndant«.  'Fhey  rlso  are  made  of  gilt  colour  bras.s. 
We  ai>e  informed  that  local  opinion  on  this  installation  is  that  it 
ha>*   made  the  theatre  the  best    li<ihted   in    .\ustralia.     The  whole 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 


n.iii,  r.itmi. 


AUTOMATIC  HEAT  CONTROL  MELT  WITHOUT  OXIDATION 

I'ATtNT   MIXER    PRODUCES   HOMOGENEOUS   ALLOY. 
AUo    Hpal'Controlled    Furnaces  for    Heatinit    the    Mould*. 

MONOMETER.  Ltd..  22,Whitehouse  St.,  A$ton,.Birmingham. 
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The  Electric  &  General  Works,  Ltd., 

15,   Victoria   Street,   London,   S.W, 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


^L^^JtZ.U. 


ELECTRICAL    APPARATUS    up  to   80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegrams:    "  GABIONAGE  VIC.   LONDON. 


instrJlation,  iittings,  glassware  and  lamps  wa«s  carried  out  by  tlie 
British  General  Electric  Co.  (Ltd.),  which  represents  the  (Jen?ral 
Electric  Co.  (Ltd.)  in  Australia.  It  may  also  be  noted  that  all  the 
.tittings  are  selected  from  the  company's  stock,  which  includes  sucli 
a  wide  variety  of  styles  and  sizes  tliat  practically  every  pi'oblem  in 
decorative  illumination  can  be  suitably  solved. 


EDISWAN  FANS. 


\ 


Once  again  there  is  every  indication  of  a  good  fan  season,  and  those 
firms  that  are  in  a  position  to  supply  during  the  next  few  weeks  will 


do  well  to  circularise  the  local  hospitals,  doctors,  nursing  honies, 
authorities,  &c.  We  have  had  a  copy  of  the  latest  Ediswan  fan  list 
forwarded  to  us  from  which  we  illustrate  a  few  of  their  leading  lines. 
Figs.  1  and  2  show  the  Ediswan  steamship  and  train  fan  (C.C.)  in 
two  different  positions.  Tiie  essentia!  fe;'.ture  of  this  fan  is  its  special 
combined  supporting  device  and  coimection.  One  or  more  supports 
can  be  fitted  in  each  cabin  or  saloon,  so  that  the  passenger  can  fix 
the  fan  to  his  own  requironents,  whilst  I)y  means  of  the  swivel  and 
trunnion  movement  the  fan  can  be  set  to  blow  in  any  desired  direc* 
tion,  from  the  roof,  floor,  or  table. 

Fig.  8  shows  an  Ediswan  ceiling  fan  (C.C.)  which  is  specially  built 
for  large  halls,  dnema  theatres,  clubs,  institutions,  &c.  It  is  capable 
of  energetically  moving  the  air  in  a  large  radius  without  noise.  An 
oil  well  lifted  inside  the  body  prevents  oil  from  getting  into  the 
windings,  and  every  part  is  substantially  made  from  best  material. 
Fig.  4  is  the  mostpopular  model  for  convalescent  homes,  private 
houses,  &c.  Being  corivertible  it  can  be  used  either  as  a  bracket  fan 
or  on  the  table,  floor,  &c.  It  is  one  of  the  most  silent  fans  on  the 
market  and  is  Htted  with  a  regulator  giving  thi'ee  speeds.  Fig.  5 
illustrates  an  '•  Ediswan  "  porthole  fan  (C.C.)  This  fan  is  specially 
built  for  factory  v'entilation  and  can  be  easily  Htted  to  all  existing 
buildings — the  east-iron  ring  may  be  fixed  in  a  suitable  aperture  in 
the  wall,  window,  or  ceiling. 


FfCa: 


INSULATION 


The  only  satisfactory   substltxite   for 

Asbestos    Wire:      also    for     flexible 

leads,  etc.      AMPLE  STOCKS. 


'i' 


HOLDER-HAr^ilSOE^.  LTD..  35/37,  noble  street,  london.  e.g. 
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A  GOOD  EARTH 


The  Parag'on  Earth  Cone 
has  proved  to  be  the  most 
efficient  and  safest  earth 
yet  devised.  It  saves  money 
to  instal  and  saves  worry 
afterwards.  It  is  a  hollow 
cone  of  pure  copper  per- 
forated to  give  ample  dis- 
charge points.  It  is  filled 
with  charcoal  which  attracts 
and  holds  the  moisture. 
Wherever  a  reliable  earth 
is  required  the  Paragon  Cone 
'     meets  the  case. 


SCHOLEY    &    CO.,  Ltd., 

56,  VICTORIA  STREET,  S.W. 


AJAX  GEAR  AND  FLUVENT  FUSES. 

Thn  'vwuc  of  H  comidpt*'  ratalogiir  of  their  produitH  by  I'armitcr, 
MiijK'  k  Sii((firii  (I^t(I.).  .Man(h«>nt<T.  will.  ^^■^-  feel  surt'.  ho  welcome  lo 
roiiHiiltiiij;  rji){iriecrH,  ((iiitnufors  and  |M)«er  iiistallatioii  men.  The 
lint,    in  tuldition  to  cuiitainitig  full  (lescri]>tionH  of  "  Ajax  "  ironclad 


A  l''Ll\k>T  iUU>CLAU  TaKLL  I'UAbb  BoAKI). 

Hwitrhgrnr  ancJ  the  "  Kluvrnt  "  fnw  svMteiu,  given  prices  of  eiirh  of 
the  w'imratr  KWitdirs  iin<|  fiiN's  and  nf  cnm|ilrte  l^.tniH.  The  lx>ok 
lb  divided  mtn  two  nuiui  |>.»r(H  whuh  deal  n"!*necti\e]y  with  the  fore- 
going apiKiratni*.  'I1ir  "  Flu  vent  "  fuse  H.Aiitoui  occupies  24  page*, 
and  tlie  cliief  mrrits  of '■  us  fnw  an- jN.jnted  out.     Wrhiive 

deKcrilx'd  the  Uico  on  'M(»nc,  l)ul  wc  may  recall  the  fact 

thftt  It  ditlors  (mm  any  cxij^mg  tyjie  ui  that  the  fuse  wire  is  placed 
•lingonnlly  m  the  ftiw  tube  and  not  parallel  with  it«  axis,  as  U  the  case 


Manufacturers  of 

PHOSPHOR  BRONZE, 

6UN  METAL,  MAN6ANE8E  BRONZE, 

Brass  &  Copper 

Trjbes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

BIRMINGHAM. 


with  other  tyjjes.  A  remarkably  short  fuse  wire  is  the  result  and 
also  a  very  oomjiact  fuse  holder.  The  reduction  of  the  length  of  the 
fuse  wiie  also  greatly  deduces  the  amount  of  heat  generated  b\-  the 
fuse  ;  another  ini|)ortant  jxjint  is  that  copper  wire  in  air  reaches  a 
dull  red  heat  at  al)out  75  j)cr  cent,  of  its  blowing  current,  but  in  the 
Fluvent  fuse  this  temjjcrature  is  on}y  reached  with  89  per  cent,  of 
the  blowing  current.  Power  engineers  will  realise  the  value  of  being 
enabled  to  wire  up  a  number  of  fuses  to  rim  at  currents  quite  near  the 
fusing  current  without  fear  of  premature  blowing  and  without 
dangerous  overheating.  The  "  Fluvent "'  fuse  can  itself  be  used  as 
a  switch  to  break  a  circuit  ujj  to  its  maximum  cajjacity,  the  arc  being 
subdued  or  blotted  out  by  the  thickened  extension  of  the  porcelain 
handle,  the  cold  china  satisfactorily  putting  out  the  arc. 

The  contacts  of  the  Fluvent  fuse  are  i)laced  at  the  side  of  the  fuse 
bridge  and  not  at  the  ends.  The  fixed  sjning  clips  are  also  placed 
parallel  to  one  another  on  the  terminal  base,  and  wlien  the  fuse  is  in 
j)osition  it  is  claimed  that  a  strong  magnetic  field  is  set  uj)  which 
assists  in  th<'  l)lowing  out  of  the  arc  when  the  fuse  blows  in  the  fuse 
handle. 

These  Fluvent  fuses  ai-e  now  oflered  built  up  in  ironclad  form  for 
two  and  three-phase  circuits.  A  standardised  arrangement  of  the 
terminals  of  the  fuses  and  the  cable  entries  has  been  effected, and  any 
form  of  conductor  can  lie  brought  in  and  neatly  connected  up  through 
suitable  glands  or  sealing  troughs  on  the  iron  box.  Recently  the 
eom|»any  has  also  inc()r|K)ratcd  their  sjiring  break  switches  in  con- 
junction with  these  Fluvent  fuses  in  one  iron  box.  Similarly,  they 
offer  «-omj»letc  |K)wer  centre  distribution  boards  in  Avhicii  the  "bus 
bars,  the  fuses,  the  coiuiectiiig  links  and  the  switches  arc  all  built 
UJ)  in  ironclad  form.  This  design  of  gear  is  excejitionally  neat  and 
comjwct,  it  complies  with  the  Home  Office  regulations,  and  it  pn>- 
\  ides  a  satisfactory  ami  efticicnt  means  of  grouping  feeders  and  dis- 
trilmtors  at  suitable  |K)ints  for  supplying  electrical  energy  to  nujtor 
and  lighting  circuits  in  factories. 


"L.P.S."  ACCESSORIES. 


The  adjdining  illustration  shows  a  new  design  of  lamp  guard  which 
the    LI'.S.   Kle<trical  Co.,  IS.  Adam  street.  Strand.  London,  W.(\, 


ThK   Hoi.nFA.vT 
LvMP  CfARl) 


an-  puttuig  oil  the  market.  Tlic  makers  claim  that  the  imtented 
spring  cushion  ab»orl>»  shock  and  vibration  and  prevent*  breakage 
of  the  lamp  at  the  neck.     Between  the  cushion  and  the  guard  there 
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^4^QjCLCk 


07V     Ct 


7o/o«6 


ELASTA  «£'Z^e"  WIREi^^'S 

iiiiiiiiiiiiiiiiiiiiiiiiiiiimi^^ 


Aiv!.  01   topi's  hlectric  Lamp  Co.,  Ltd.,   Hyihe  r<oad,   Wilk^den.  N.^'. 


iERTTIflNi 

LECTRimi 


J.  P.  DEVINE  CO.,  Buffalo. 


MANUFACTURERS    OF 


\ 


THE    ALL-BRITISH 
HOUSE  FOR  ACCESSORIES 


ROYAL 


PIEVmN 

DRAWN  WIRE  LAMPS 


»» 


15-,v.;:?.>.V. 


CATALOGUES  ON  REQUEST 
FROM   THE 

EDISON  &  SWAN 

UEL      CO.,  LTD., 

PONDERS   END 

MIDDX. 


s 


vaciffl  DrilDji  anfl  iifBpating  Ml 

(PASSBURG  SYSTEM.) 

The  Devine  Co.  are  well  known  in  the    United    States 

and  Canada  as  the  leading  manufacturers  and  experts 

in  Vacuum  Drying  and  Impregnating    Plant   and    have 

over  1,500  such  plants  in  successful  operation. 


AIR  PUMPS,  COMPRESSORS, 
VULCANISERS, 
CONDENSING   PLANT. 


/Mm 


Hf» 


«'■. 


Solvent     Recovery     and     Derisinating 
Plant  a  Speciality. 


Sole  Representative  : 

JAMES   LIVINGSTON,    LTD., 

30,  QT.  ST.  HELENS,  LONDON,  E.C. 


Telegrams  and  Cables: 
"Cinerary,  London." 


Telephone  : 
London  Wall  3151. 
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IRONGASED 
SOCKETS  &  PLUGS 

FOR    HARD    SERVICE. 

Sizes     up    to    200    amps 
DP.  and  T.P.     500  volts: 

with    "earthing"    connection 


Also     Combined   Switch 
and    Plug  Boxes. 


DORIVIAN 
& 

SMITH,  Ltd., 

Ordsal   Electrical  Works, 

SALFORD, 
MANCHESTER. 


IH  an  in'h  clcaran<e,  which  in  Buflicx-nt  to  protect  the  laiiip  fnjrn 
cxt'-ma!  HlK.ckH.  My  mcaiiM  of  fl.f  N|K'«ial  trap  k.'k  the  laiij,  i;; 
wctiri'd  ill  iMiHJtioi!  in  the  holder  and  (aiinot  l.c  removed  Ijv  any 
unauthtjriwd  {terKon.  Tho  lani|»guard  in  offered  in  a  variety  of  sizes 
for  tlif  protection  of  the  Kn>a!le.st  and  hirgest  sizes  of  lioth  carbon  and 
nxtal  lilaiiient  lamps. 

We  alwj  iUiiHtrate  u  short  section  of  a  ty|K»  of  flexible  ccnduit  \vhi(  h 
the  same  com  pan  \    is   putt  in  i;  <  n   thf»  ma-ket.     Tnis  is  known  as 


MiTH.S     dl    ■■  iJ,  !• 'Ui  tT.' 

"■  l)iira<iuct,"  and  eomp^i^es  a  ty|je  of  woven  faSric  which  i.s  smooth 
inside  and  outside  and  whi<h  ca'i  he  uwd  for  |>n»tecting  all  classes 
of  interi<»r  insulated  wire.  Tnis  conduit  is  offered  in  sizes  from  '  in. 
diameternpwardH.  and  weuniliTstand  that  early  delivery  can  lie  given 
by  the  F^.I'.S.  Kleetrieai  Co..  who  will  funii.di  prices  and  further 
("Otii  idan»  oa  te(|ueHt. 


B.T.-H.  ISOLATING  SWITCHES. 


'fbe  type  ■■  I  if..<l.ilin>:  sMilehes  dealt  with  in  descrijitive  list 
•No.  I.H**>  li.tvc  Ikhmi  di-stgned  for  iiw  em  high-tension  syst<'ms  when- 
it  is  le  (or  pur|Nu*es  of  ins|M*etion,  cleaning  or  rc-pair.  to^dis- 

'    "  nit  from  the  m.'iin  supply. 

I'lil.'lmg  pur|si.s<'s  only  and  nrv, 
hie  for  o|N>ning  circuits  thnnigh  which  current  ia 


COT 


of 

l»" 

I 

table 


mauubr-turHl  in  ihc  foims  ihown  in  ll>e  following 

Description. 


I.IHNi 

switch. 

1  I.INHI 

\ 

IHI 

nwi    "no  «.( 

ill  1 

!!(H1 

pillule     tir     ifimlil.     1  111  .  .M      ' 
"Wlteli. 

li   (,<HI 

( 

,  <H*^     .-.f  ,1  1 

.  >*H 

v\     |Ml;i|\     -ttllill. 

II    

l> 

L^i 

A    |cMT   "W'tch. 

.\1 


1 


ll. 


wntnghl  «t)pp»T.  esc«<p|  the  block 
swjiche-.  which  an*  substantial  c . 
«n»  (arri«>(l  on  white  pon-el:--"    • 
which  if  not   liable  to  me 


Ml  ll  i|    t  iiiuii^liiint     III 

!i"  blades  on   Koim  (' 

Ihe  b|ade«  and  contacta 

■  a  smooth  surface. 

■  h   I'l'ii    be   lf>:»f|i|\- 


One,  Two  &  Three  Phase 
MOTORS. 

rAN<,I)ON.|)AVII'>i    MOKMi    (  (). 

Ilro.l    Oftlcp       no.     CANNdN     STRFFT.     I,(1N1)(1N.     F..C. 
\Nf«rV«      l>rrmi>.1y    Rn«,l.    Irwi«h«m.    l<in.1on.    ST. 


in.spect:d  and  cleaned.     Ofi  Foiin  D  switches  the  blade  and  clips  are 
C'f  b:   r--: 

The  Forms  A  and  H  switches  are  generaliy  similar  in  design  to 
ordinary  lever  switc-hes.  and  are  mounted  on  porcelain  insulators. 
The  iiisub'tors  a-e  arranged  either  for  building  into  walls  or  passing 
through  2  in.  barriers  ;  they  can  a'so  b?  mounted  on  cast-iron  bases 
which  a'-e  lx)Ited  to  a  wall  or  framework.  Switches  can  also  be  sup- 
plied, if  reipiired  with  insulator.^  suitable  for  passing  through  41  in. 
or  J>in.  walls.  On  single-throw  switches,  either  of  the  switch  con- 
tacts may  be  front  or  back  connected.  On  double-throw  switches 
the  hin<ie  eonta-ts  are  always  ba?k  connected. 

The  switthcs  are  designed  so  as  to  be  oiMTated  by  means  of  insu- 
lated hooks,  which  a"e  furnished  with  specially  treated  wood  in.'ju- 
latin2  handles  of  various  lengths.  The  clip  contacts  on  the  switch 
a-c  Ih: vd  st  that  the  switch  blade  can  easily  be  guided  into  them. 
The  intTlocking  type  of  switch  is  suitable  for  isolating  the  equipment 
in  an  oil  swt.^h  cell  :  as.  by  means  of  the  rotating  shaft,  the  isolating 

swit'.h,  oil  switch  and  cell  door  can  be  readily 
interlocked.      It  is  thus  pos.sible  to  embody 
the  following  features  in  the   equipment  of 
the   switch   cell:    (1)   The  isolating  switch 
cannot  be  opened  mile.ss  tlie  oil  switch  has 
liist  been  opened.     (2)  The  door  of  the  cell 
6^1?  I        ^v     ^1       cannot  be  ojiened  unless  the  isolating  switch 
UlEi'^li        UHH       '**  open.     (3)  The  i.solating  switch  cannot  be 
il|  J.     y       jI^^I       closed  until  the  cell  do^r  ha.>  been  clo.>ed. 

It  is  often  necessary  to  mount    'solating 
switches  in  positions  where  there  may  be  a 
danger  of  the  bla  Ics  tending  to  open  either 
by  gravity   or  on  accoimt   of  the  electro- 
flu*'    kj         (^Hi        I'lagnetic    effect     due    to    large    rushes    of 
yyjK^JI       ^^^H       current.     To  obviite-this  the  .switches   can 

be  fitted  with  safety  spring  catches.  These 
catches,  however,  are  only  rcquii-ed  on  .^ys- 
t  ems  where  lieavier  currents  are  liable  to  flow. 
Rotary  isolating  switches  (Form  C)  are 
intended  for  use  on  threc-pha.«c  systems. 
;in<l  iTc  triple  pole.  Tneyaix?  manufactured 
in  four  forms.  de|)ending  on  the  voltage 
for  which  they  are  suitable  and  on  the 
distances  by  which  the  tluve  phases  arc  separatcfi  from  one  another. 
1  lie  blades  for  each  phase  are  mounted  on  |)orcelain  in.sulators  on  a 
'•omnum  shaft,  so  that  a  quarter  turn  of  the  shaft  operates  all  three 
blad.s  togi^ther.  Tue  Form  1>  provides  an  incx|)ensive  means  of 
isolating  the  leads  to  high-tension  jwtentia!  transformers  so  that  a 
fu.-*«>  rin  be  renewed  without  shutting  down  the  circuit.  Tiic  switch. 
which  is  of  the  lever  ty|K>.  is  of  simjilc  construction,  and  the  blade 
con-'istsofa  round  lirass  rod  hinged  at  one  end.  while  at  the  other  it  is 
Inrnt  niund  to  form  a  ring.  i*n  as  to  make  it  suitable  for  o|)erating  with 
an  insulate  ,1  ho«ik  as  pnviously  described.  The  switch  is  mounted  on 
insulators,  which  can  Ik-  built  into  walls  or  fixed  on  cast-iron  bases, 
and  the  c<  nt.t-ts  arc  arranged  for  front  connection  only. 

The  dimension.^  of  all  the.se  switches  are  given  in  the  descriptive 
list  menti.iiied.  a  mpy  of  which  mav  be  obtained  from  the  British 
ThiniM.n  Houston  Co..  Rugby. 


2  Ml  Amc.  I  1',  2 
Sw;Tcn  onC.  I.  I', \sh 


Ferranti  Ltd 

Central    House.    Kingsway,    London.    W.C. 

SWITCHGEAR.   TRANSFORMERS.  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS,    i      ^ 

Uritr  /or    Itiurirr'X.'  |C 


PtteMmd  Publlf 


I.  4  Br  n  o.  OA'  ISPI'HT  \^a:\ 


^iB.T  vi-r..-..  ',,.„..  r-.      .  1  ^K.r^/-^K,   ,  '        'orlal.  fMntbig  Mid  PublUhfaig  Offlo 

I-LBIT  aTFJBT.  iT  the  City  cf  LONDON.  ^lli&AT.  Junk  Ifc.  1916^ 
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4>     The   Round   Table.     4> 

I  B,   •<KVA."  I 


"  Municipal  Engineering  "  seems  somewhat  indignant  that 
the  reports  of  gas  and  electricity  committees  fail  to  show  a 
reduced  consumption  owing  to  the  operation  of  the  Summer 
Time  Act.  The  burthen  of  our  contemporary's  complaint 
is  that  the  Act  was  framed  to  effect  a  saving  in  these  com- 
modities, and  it  does  not  seem  to  have  done  it  ? 


Thus  a  gaseous  contemporary — i.e.,  a  contemporary  devoted 
to  gas  : — 

The  conditions  promoting  down-draught  are  somewhat  obscure 
and  complex  ;  but  they  are  frequently  (thougli  not  universally)  due 
to  the  relationship  of  the  affected  chimney  to  some  external  object 
which  acts  as  a  check  to,  or  alters  the  course  of,  the  current  of  the 
wind. 

For  instance,  a  passing  aeroplane  or  the  lodger  going  out  in  a 
tiff  and  banging  the  door. 


Although  this  is  I.M.E.A.  Convention  week  the  first  meeting 
is  not  held  until  Thursday,  before  which  time  the  "Round 
Table  "  will  have  been  "  put  to  bed."  I  cannot  say,  therefore, 
who  are,  or  who  are  not,  attending.  I  hope  Seaton  will  be  there 
(if  he  is  not  called  up  ;  liis  eternal  sparkle  suggests  youth)  and 
say  something  about"  disgruntled  Diesels,  the  glamour  of  guar- 
antees and  the  tendencies  of  turbines  to  turn  again  and  rend 
you.''  I  shall,  however,  be  too  late  to  warn  him  not  to  repeat 
his  Coventry  1914  reference,  now  historic,  to  "  Barney's  Bull." 


This  Week's  Chestnut. — Two  R.E.'s,  billeted  behind  the 
lines  "  somewhere  in  France,"  were  recently  served  with  hanr 
and  eggs  by  la  mere.  Unfortunately,  the  ham  had  seen  better 
days,  and  it  was  necessary  for  the  R.E.'s  to  bring  the  matter  to 
the  notice  of  the  good  lady  responsible  ;  but  though  the  spirit 
was  willing,  the  French  was  weak.  Finally  one  of  the  boys 
"  struck  a  bright."  La  mere  was  called  in  and  the  linguist  of 
the  party,  holding  the  unsavoury  dish  under  her  nose,  said  in 
his  best  French  :   "  Je  suis  !  " 

(Large  Martell,  please. — ;KVA.) 


I  will  forget  for  the  moment  how  many  years  Mr.  S.  E. 
Fedden  has  been  pushing  the  Sheffield  municipal  electricity 
department  along  the  road  of  progress.  Yet  his  City  Council, 
with  war  parsimony  only  in  view,  waste  time  in  discussing  a 
niggardly  honorarium  of  £100  to  him  for  his  efforts  in  extending 
the  plant  to  cope  with  the  colossal  demand  for  "  power." 
"Observer"  in  the  "Sheffield  Daily  Telegraph  "  pays  Mr. 
Fedden  the  highest  possible  compliment  when  he  writes.  "  It 
may  be  that  Mr.  Fedden  does  not  possess  all  the  personal 
graces  which  enable  some  heads  of  departments  to  obtain 
whatever  they  desire."  Thank  Heaven,  engineers  are  in  no  need 
of  "  personal  graces,"  and  Mr.  Fedden  must  feel  immense 
satisfaction  in  not  being  placed  among  "  some  heads  of  de- 
partments "  who  are  content  to  remain  charming,  but  obviously 
selfish,  personalities  and  nothing  more. 


Fnmi  a  recent  catalogue  dealing  with  electric  vehicles  : — 
Xo  true  lover  of  animals  will  be  sorry  to  hear  that  the  horse  is 

bf'ing  rapidly  suspewled  as  a  motive  power  in  haulage  and  delivery 

Work. 

Since  when  was  the  suspension  of  horses  not  a  matter  for  lovers 

of  animals  to  be  sorry  about  ? 

*         *         *         * 

1  believe  the  electric  fire  makers  have  squared  the  clerk  of 
the  weather,  in  spite  of  the  gallant  effort  of  ""  Ediswan  "  to 
introduce  fans  last  week,  the  O.K.C.  bring  out  a  "  Magnet  " 
fire  poster  !  If  I  were  a  contractor  I  would  put  a  fire  and  a  fan 
in  the  window  and  have  them  und(  i-  the  fontrol  of  a  thf'iTiio.stat, 


'■  Somewhere  est  England  "  in  the  Merky  Month  of  Ji-ne  ! 

either  the  one  or  the  other  being  switched  on  according  to  the 
weather  prevailing  at  the  time.  Local  interest  could  be  aroused 
by  a  sweepstake  as  to  which  would  do  the  more  work  !  To 
crow^n  it  all  Drury  Lane  produces  a  "  Razzle-Dazzle  "  Revue 

with  a  real  ice  skating  rink  ! 

^         ^         ^         ^ 

OUR  HOT-PLATES. 
No.  213  to 

Mr.  Gordon  Bryant,  electrical  engineer.  Great  Yarmouth,  for 
stating  (when  asked  if  he  had  slept  in  the  borough  since  the 
last  meeting)  that  he  had  done  so  parlJij. 

■  THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  June  21,  1879.] 

Volunteer  Camping  and  the  Electric  Light. — The  British 
Electric  Light  Coinpauy  have  arranged  to  light  up  the  camp  of  the 
3rd  Northainptoushire  Volunteers  at  the  end  of  the  present  mouth. 

The  Sydney  Exhibition. — The  works  are  being  actively  con- 
tinued. At  night  the  electric  light  is  used.  It  is  stated  that  the 
opening  of  the  Exhibition  is  to  be  jJostpoued  from  Sept.  I  to  Oct.  1. 

Electric  Lighting  in  St.  Petersburg. — The  jNIuuicipal  Council 
under  the  presidency  of  INI.  le  Baron  Kotf,  in  its  sitting  of  ^lay  30, 
decided  on  erecting  electric  lights  by  the  Jablockkotf  process  at 
several  points  in  Ihe  city,  particularly  on  the  great  bridge  of 
Citernava. 


IGRimiC 


Series  Lock-out  Automatic  Starting  Panels. 


Fitted  with  patented  twocoil  magnetic  lockout 
switches  ensuring  quick  action,  positive  lockout 
and  positive  closing  and  sealing.  Will  not  stick 
or  become  sluggish. 


Simple,  robust  and  reliable  in  operation.  Laminated 
brush  contacts  and  copper  to  copper  sparking  tips. 
Patented  plug  for  adjusting  the  current  limit  without 
using  an  ammeter. 


TnOTIWir'  FTFr'Tl?Tr'  r'OTXD      147,  Oueen  victoria  street, 
IvlrV-rii  llV^  JLLLV.- 1  1SJ.V.-  V-   •L'  •  LONDON.  Works  :  BF.DFORD. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For   DIract    Currant. 


For    Thr«»-pn»««    Currant. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 
AD  Ofmcb:  CAXTON  HOUSE.  WESTMINSTER,  S.W. 
7'   •:      ■  r:  Ceppaud  8tj0.  Teleprarrij  :  "  Siembralos,  Vic,  London. 

Suppliat  Dept.:    38  &  39.   UPPER   THAMES  STREET.   E.G. 

TelepiKino:  City  5350.  Telecr.-.r:.:  :  '  Siemotor,  Cent.,  London. 

HOME  BRANCH  ADDRESSES 


BipuiHCHAM — Centrii  H'  .,  Ur*/  St. 
TOL— 30,  BrHre  Street. 
'      If  r— 89.  St.  Mary  Street. 
Glasgow — 66.  Waterlro  Street. 


I.V.scHiii^TER— 196,  Deansgata. 
Newcastle— 64-68,  Collin  gwood 
Sheffield— 22.  High  St.        [Bldgs 
S.uTHAMPTCN— 46,  High  Street. 


Branch**  in   Principal  To\wn«  Abroad. 


GAS  AND  OIL  DYNAMOS. 

Wo  nrv  miiindcd  by  the  ihhuc  of  n  now  Bet  of  catjilogucs  of  their 
Rii.H  iiiitl  oil  eiipiicM  l»y  ('rf>«sley  Bnts.  (\A(].)  fh.if.  tliere  exi.st.s  a  wide 
lieM  ]ii  \vlii<li  HiKtion  nas  and  oil  and  paranin  engines  can  Ix*  iitili.>ied 
Uith  for  the  driving  of  dynamoH  for  ligliting  and  jxjwer  purpo-ses  and 
for  tlie  direct  ojMTation  of  nmeliinery.  The  ('n)s,sley  intemal- 
■  oMiliiir<tion  engine  n<'<-dM  no  inlnxluetion  at  our  hands,  for,  if 
nothing  clw,  it  wau  one  of  the  earliest  prime  movers  to  be  develojied 


ii 


THOR "  High  Grade  Specialities 

r ARIES  WATERTIGHT    FITTINGS 

AND   ALL  ELECTRICAL  ACCESSORIES. 

WRITE  FOR  PRICES   &  DISCOUNTS. 

HASLAM  &  STRETTON,  Ud.,'^s';'^j:{ilti:;%\^iFroi'' 


sjM'tiaHy  for  (ivnaniu  dnvnig.  when  belts  were  in  vogue  and  sueh  a 
thing  as  a  direet-eonnected  gas  dynamo  wa.s  eonsidered  impossible. 
'J"he  name  Crossley  has  been  associated  with  gas-engine  building  for 
over  4(1  years,  so  the  preface  to  one  of  the  catalogues  reminds  us,  and 
during  that  time'  we  have  ourselves  recorded  their  efforts  in  the  pro- 
duction of  these  engines  for  the  driving  of  dvnamo  electric  macHnery. 
Of  later  years  refinements  in  metallurgy  and  improved  workshop 
methods  have  contributed  many  notable  improvements  to  the  details 
of  the  CroBsley  gas  and  oil  engine. 

For  the  driving  of  dynamos,  the 
eomjianys  improved  throttle  gov- 
erning gear  is  worthy  of  note.  %  The 
"  hit 'or  mi.ss''  governor  is  an  obvi- 
ously crude  device  for  the  purpo.se 
in  view.  W'ith^the  throttletgover- 
nor  a  jKisitively  graduated  impulse 


Knoink  H(HtM  8iiowi>a  Two  Larok  Croshlby  Ga.h  Dynamos. 


fj   ,  A  TvncAL  Amtubacite  Suction  Gas  Plant. 


can  be  assured  for  every  working 
stroke,  and  .-silent  running  and  freetlonx 
from  irregular  and  violent  shocks  can 
be  obtained.  With  this  form  of  gover- 
nor the  compression  pressure  and  the 
))ress\ire  of  the  ignited  charge  are 
reduced  on  lighting  loads,  a  fact  which 
tlie  m.vkcrs  claim  contributes  to  the 
greater  life  of  the  engine.  In  the  cata- 
logue three  engine  diagrams,  taken  at 
full,  half  and  light  loads,  are  repro- 
dueed  to  make  this  jx)int  clear. 

Compand  with  the  "tube"  ignition 
<if  a  score  of  years  ago.  the  m.-igneto 
ignition  gear  of  the  modem  Cm.ssley  i.s 
virtually  a  lu.xurv'.  lioth  high  and  low- 
t«Mision  magnetos  an^  lifted  according 
to  the  size  and  type  of  the  engine,  or. 
alternatively,  in  accordance  with  the 
wishes  of  the  customer.  Tn  Inith  cases 
the  magneto  is  actuated  from  suitable 
cam  gear  on  the  lay  shaft.  Provision 
is  .ilso  made  in  both  cases  for  .advan- 
cing or  retarding  the  si>ark.  In  flic 
magneto  the  sjmrk  is  produ(v<l  in  the 
( ylinder  head  l)V  make  and  break  eon- 
t.n'ts.and  the  rocker  spindle  is  desigiu-d 
for  special  lubrication,  reganlless  of 
the  heat  given  off  at  this  jwrf  of  the 
engine.      The     low-tension    "  sjiarking 
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plug  "  is  made  up  as  a  unit  piece,  and  can  be  removed  by  the  with- 
drawal  of  two  nuts. 

A  considera)jlc  portion  of  the  catalogues  referred  to  is  devoted  to 
descriptions  and  illustrations  of  Crossley  gas  plants  for  anthracite, 
wood  refuse  and  bituminous  coal.     All  these  types  have  been  in 


Side  View  of  L.T.  Magneto. 

service  for  a  number  of  years,  and  the  added  experience  of  practical 
operation  has  enabled  the  company  to  introduce  numerous  im- 
provements. The  poker,  for  instance,  passes  parallel  to  the  brick 
work,  so  that  the  stoker  knows  when  an  obstruction  is  encountered 
that  it  is  clinker,  and  not  the  brick  work  itself,  as  would  happen  with 


End  View  of  L.T.  Magneto  showing  Stark  Adjustment. 

poker  holes  at  an  angle.  Also  the  plates  comprising  the  stepped 
grate  are  outside  the  angle  of  repose  of  the  fuel,  so  that  none  of  the 
fuel  will  of  itself  fall  from  the  grate  ;  below  the  bottom  plate  the  fuel 
rests  on  its  own  bed  of  ashes. 


ELECTRIC  HEATING  AND  COOKING  IN  GLASGOW. 


A  combination  of  factors  has  led  during  the  past  few  years  to  the 
increasing  adoption  of  electrical  appliances  for  heating  and  cookmg 
purposes.  The  introduction  of  a  special  rate  for  heating  and  cooking 
in  1910  got  rid  of  the  wiring  difficulty,  with  its  attendant  incon- 
venience and  expense  to  consumers.  According  to  this  rate  all 
energy  used  for  heating  and  cooking,  beyond  the  amount  normally 
taken  for  lighting  purposes,  is  charged  at  |d.  per  unit,  the  whole 


CONSIDER  THIS  ABOUT 


SIMPLEX 
CONDUITS 


They  are  made  entirely 
by  a  British  firm  who 
possess  the  largest  Works 
of  any  manufacturer  of 
Conduit  Wiring   material. 

The  only  firm  supplying  from  stock 
ZENEX   finish   Conduit. 

Every  possible  type  of  fitting  supplied 
for    a    complete     wiring     installation. 

Skilled  advice  is  always  obtainable 
where  laying  down  plant  and  Country 
house   installations,    etc. 

The  Simplex  Conduit  Wiring  system 
makes  a  thoroughly  sound  engineering 
job,  complying  throughout  with  all 
mechanical  and  electrical  requirements. 


Booklet  describing  our  new  processes 
sent  on  ret/uestm 


Simplex  Conduits,|f|Ltd., 

Garrison    Lane,    Birmingham. 


London— 

113-1 17,Charing  Cross  Rd.,W.C. 
Manchbstbr— 

16,  Corporation  Street. 
Glasgow — 

72a,  Waterloo  Street 
Bristol — 

11,  Denmark  Street. 
Nbwcastlb — 

61-65.  High  Bridge. 


Leeds — 

6,  White  Horse  Street 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14,  Heathfield  Street 
Cardiff — 

4,  Westgate  Street. 
Aberdeen — 

1,  Crlmon  Plact, 


(xxxviii.)    SUPPLEMENT  to  "The  Electrician,"'  June  23,  1916. 


80 


RHKOS 

NEW  LIST  POST  FREE 


TATS 


the  mass  of  the  public  a?  to  the  possibilities  of  electricity  for  heating 
and  cooking.  Even-thing  pointed  to  the  need  for  a  i)ermaneut 
showroom  where  a  thoroughly  repre-sentative  and  up-to-date  selec- 
tion of  electrical  heating  and  cooking  appliances  could  always  be 
a-cessible  for  the  inspection  of  that  .sectionof  the  community  to  whom 
such  aijjwratus  is  most  Ukely  to  appeal.  ^About  a  year  ago;the  Glas- 
gow Corporation  electricity  department,>ith'the^full  knowledge  and 


ISENTHAL    &    CO. 

(DEPARTMENT   4i 

DENZIL    WORKS,    WILLESDEN,    LONDON,    N.W. 


rJfr-ij' 


cnnMiMMpiioii  (n  in;;  rii  otil' il  on  thr  li^htinK  inctor.  Pn-cautions 
jin-,  of  ronpM',  tiikon  to  enHUn*  that  tiie  wiring  will  carry  the  extra 
riirn-nt  for  t)ii>  hi>atiti((  iip|Min'.t'.iH. 

I'lililii'ity  wurk.  pri>paj|:iiii(|ji  and  mnvawiing  have  Im'cu  «l<'velojx'd 
((m4|iiii'ly.  Smoke  iilial<'mi'nl  exhibit iotix  wen>  licltl  at  iiitervalK. 
ancl  tho  hiti'Mt  elect  riral  d«-vie«'M  wi-n-  <Ii'<playe(!  in  the  variou.s  short - 
lime  tnuie  exhiliitionH.  but  the  n-Hultx.  although  fairly  encouraging, 
•ui'tneil  to  iiicli''at'>  I  hilt  H<unethmg  furthi-r  wii»<  norenHJirv  tn  o«|ui-at<* 


Tub  Front  iShow  8au>k. 


ExTEuioR  View. 


appmval  of  the  Scottish  Electrical  Contractors'  Association,  took  a 
le;i.se  of  comuKxIious  premises  in  Sauchiehall-street,  the  city's  most 
lK>|»n!ar  thoroughfare,  and  these  i)rcmises  were  carefully  equipjied 
atid  furnished  as  a  showroom  for  the  display  of  the  latest  electricity 
<-onsinning  devices.  The  delay  in  oi)ening  the  showroom  in  Glasgow, 
while  it  i»osti>one<l  the  large  increase  in  the  domestic  load  which 
wonid  otherwise  have  taken  plave,  has  enabled  the  (ilasgow  show- 
r«K»m  maiiaiiemeiit  to  beneHt  by  the  e.\i)erience  of  other  towns  where 
showrooms  have  been  in  existence  for  some  time, 
and  the  result  is  tliat  the  CJlasgow  showroom  is 
easily  the  largest  of  its  kind  in  the  kingdom.  The 
gas  dci)ai1mcnt  showroom,  armed  with  a  lil>eral 
hiring  system,  has  familiarised  tlie  i)ui)lic  with 
every  kmd  of  gas  consuming  device,  but  in  the 
alisence  of  ])roi)erly  organised  means  of  demon- 
strating similar  electrical  apjiaratus  electricity 
consumers  continued  to  be  sceptical  of  the  ad- 
visability of  using  electricity  for  any  dome.-^tic 
|«iir])ose  other  th.m  lighting.  In  this  n-sjxvt  the 
establishment  of  the  showroom  is  meeting  a  very 
real  want.  Practical  ex jierienee  shows  that  elec- 
trie  heating  and  rooking  appliances  and  electric- 
ally-driven domestic  labour  saving  devi(>cs  only 
mipiire  to  l^eadeiiuately  shown  to  be  a])]ireciatod. 
The  rentral  sh(>wroom.  under  the  ayis  of  the  Cor- 
]H)ration.  is  the  easiest  aiul  most  economical 
means  for  the  «lis])lay  of^  a  comprehensive  range 
of  apparjitus,  and  so  far  as  (Jhisgow  is  eoncenuHl 
this  fact  is  l»eing  increasingly  recognised  by  the 
electrical  contractors  of  the  city,  who  send  their 
elientw  to  the  ('ori)oration  premises  to  the  advan- 
t  >■:>■  alike  of  the  sujiply  authority  and  the  con- 
•    1  r ir. 

It  was  anticiiwt<»d  that  the  outbreak  of  war 
would  have  a  deterrent  effect  on  the  further  use 
of  electrical  a]iparatus.  but  the  seqtiel  h.is  falsi- 
liofl  these  proiihecies.  In  fact,  the  converse  has 
1-  rase.         In     Xovemlwr   <>f     ini.'i    the 

1  coal  fanune  followed  by  the  abnormal 
rine  ^m]  the  [price  of  fuel,  gave  .the  showroom  ita 


81 


SUPPLEMENT  to  "The  Electrician,"  June  23,  1916     (xrxix.) 


Why  should  the  Manufacturer  or  trader 
who  takes  proper  precautions  and  looks 
after  the  safety  of  his  employees  pay  the 
same  premium  for  his  Employers'  Lia^ 
bility  Insurance  as  the  man  who  takes 
no  interest  and  adopts  no  safeguards 


P 


Before  Renewing 


your 


EMPLOYERS' 
LIABILITY 

INSURANCE 


Ascertain  if  you  can  effect  a  saving. 

IF  your  business  Is  well  conducted, 

IF  you  employ  competent  supervisors  and  foremen, 

IF    y^^    have    established    proper  means  of    protecting    your 
Machinery,  etc., 

IF  your  "  past  claims  experience  "  has  been  light— 

You  can  probably  Save  Money. 

OECAUSE  the  British  Dominions  General  Insurance  Company  gives  individual  attention  to  each  risk,  special  regard  being  paid 

^~^     to  any  features  which  reduce  the  hazard  involved. 

Because  though  "on  paper  "  the  description  of  trade  given  on  any  two  proposals  may  be  the  same,  yet  in  actual  fact  the  hazard 

to  be  covered  in  each  case  may  be  very  different.     The  Company  recognises  this  fact,  and  by  carefully  considering  the  conditions  of 

each  case  on  its  own  merits  and  by  giving  full  credit  to  all  favourable  details,  is  able  in  many  cases  to  make  a  substantial  reduction 

in  the  premium. 

Because  the  "  Security  "  given  by  the  Company  cannot  be  challenged.     Its  reserves  exceed  /1, 000, COO. 

Because  the  Company  has  a  specially  efficient  "Claims  Organisation,"  which  not  only  saves  the  errployer  from  ^11  worry,  trouble 

and  anxiety  in  respect  of  claims,  but  which  at  the  same  time  enables  it  to  minimise  the  "  claims  cost  "  of  the  risk,  putting  the  case 

on  a  most  favourable  footing,  and  thereby  entitling  it  to  "  minimum  rates  "  of  premium. 

Make  aTest  Enquiry :  submit  your  case  for  Expert  Examination  and  Advice.  Write  for  Special  Brochure  Dep.  EL.  No.  81 


THE 


BRITISH    DOMINIONS 

General  Insurance  Co.,  Ltd., 
British  Dominions  House,  Royal  Exchange  Avenue,  London,  E.G. 


Reserves   exceed  i&i,ooo,000. 


APPLICATION  F  OR  AGENCIES  INVITED 


AS, 81 


(xl.)    SUPPLEMENT  to  "The  Electrician,"  June  23,  1916. 


82 


VULCANISED  INDIA-RUBBER 


CA 


DELIVERIES    FROM    STOCK. 


WU       RCIPEI      JSr      POY.     HEAD  OFFICE:  ST.  THOMAS  STREET,  LONDON,  S.E. 

fim.    ucircL   06    u       cable  works:  wembley,  Middlesex,  London. 


opfx)rt unity.  Not  only  wcrt-  ninny  oloctric  fircH  placed  frrjin  \vt*ck  t?j 
w<'<k,  but  Hteady  naU-h  havp  lj<'<'n  efTpcto*!  for  soUU-riufi  irons,  steri- 
iiwr.-t,  clotlir-H  washing;  machines,  nuliant  lioat  haths.  pcysiT  water 
hiUiU'Th,  pitch  boiler«,  liot  air  bloweni,  imniersioii  lieatt-rs,  coffee  i)erco- 
latorH.  kettlcH,  t<"»i)ot«,  Krill  Htoves,  laundry  inms,  fans,  radiators  and 
overiH.  (VitnplaintN  from  conKunierH  either  with  n'jrard  to  the  failure 
of  the  apjiaratUM  or  the  amount  of  the  electricity  hills  have  Ix'en 
neKlij^ihle,  and  e^iHily  handled.  The  behaviour  of  the  electric  fires 
hax  Ik'«'M  [wirticularly  HatisfaclMrv.  Kh-nienf  trouble  is  pra^lually 
\H'nm  eliminated,  and  the  conviction  fjrows  that  electric  heating  has 
come  to  Htay.  VamI  in  not  the  prime  eonsidenition  with  many  con- 
HumerN.  and  tc)  thew  the  showrcKjm  m.-iken  a  very  n-ady  aj)jH>aI. 
|ll(|The  ((round  HiM)r  of  the  showroom  i.^  laid  out  iis  a  denion.st rating 
hall,  and  here  the  |yiM<ibilitieH  of  electric  cooking  are  shown  to.  large 
audii-nceh  of  H|M'<ia!ly  invited  ladies,  the  demonstrator  holding  the 
teacher's  diploma  of  t  he  West  of  .*v-otlaiid  .Shoo!  of  I)omestic-  Science. 
This  is  purely  pn>|Miganda  work,  and  although  several  large  cookers 
have  Im-cii  installed  in  domestic  jirrmises  and  works,  business  in  this 
branch  will  not  Is-  large  until  a  hiring  scheme  ha.^  i>een  ])ut  into 
ofMTation.  The  contnutors  are  coming  to  see  that  it  will  \to  an  en- 
lightencfl  [sdiey  to  wcond  theeffort*<of  theCoriKiration  in  this  matter. 

The  first  tliit  of  the  showr(s)ni  is  fiiniished  as  an  electric  house,  and 
includes  dining  nMim,  drawing.  iNclntom  aiu!  batlmM>ni. 

When  the  load  on  the  station  gn»ws  by  lea|>s  and  lM>unds  due  to  the 
demand  for  |Miwer  su|*plies  to  munition  works  the  Jidditions  to  the  lotul 
nwiiltingfrom  the  activities  of  the  shownKUii  are  a|it  to  Im- overlooked, 
but  a  refen-nce  to  the  puiilished  figures  with  regard  to  the  growth  of 
the  heating  and  crooking  load  for  domestic  premises  gives  some  idea 


of  the  work  tiiat  is  really  being  done.  In  1910  the  number  of 
domestic  consumers  u.sing  electricity  for  purpo.se.s  other  than  lighting 
wius  .-)8:{  and  their  total  consumption  per  annum  was  250,000  units, 
'io-day  the  parallel  figures  are  3,000  consumers,  with  a  total  con- 
sumption of  1  .ijOO.fKtO  units. 

During  the  eight  months  the  showroom  has  been  open  it  has  been 
the  means  of  adding  the  equivalent  of  over  1,400  kw.  of  apparatus 
to  the  heating  load.  In  iuldition  to  this  a  number  of  the  contractors 
in  the  city,  who  hitherto  have  not  stocked  material,  have  begun  to 
carry  stocks  and  are  doing  an  increasing  business  in  heating  and 
cooking  appliances. 

The  establishment  of  munition  works  has  given  an  excellent  fillip 
t ^)  electric  cooking.  In  factories  making  mmiitions  steam  continues 
to  be  used  for  boiling,  but  in  certain  cases  where  gas  is  not  available 
roasting  and  grilling  are  carried  out  by  electrical  apparatus.  In 
c-onnection  with  the  Princess  Ix»uise  Hospital  for  limbless  soldiers,  a 
very  complete  installation  of  electric  cooking  apparatus  is  being  put 
down,  and  this  when  completed  will  be  one  of  the  best  installations 
of  the  kind  in  the  ccnmtrv. 


THE  TAYLOR  STOKER. 


The  DKHosiTTRATioN  Hau. 


Almost  every  industry  is  concerned  with  the  savings  that  can  be 
made  in  the  ojxTation  of  steam  i)Iant.  There  still  rejnains  a  great 
deal  to  be  done  in  order  to  secure  that  overall  efficiency  which  is  so 
es.s«-ntial  to  economical  jiroduction  in  factory  or  workshop.  In  the 
boiler  hou.se  the  most  serious  lo.sses  .are.  asanile, 
sustained.  Engines,  turbines  and  steam  engine 
plant  are  generally  nursed  and  watched  with 
commendable  care,  but  there  is  not  often  the  same 
engineering  skill  apjilied  to  tho.se  obscure  losses 
t  hat  arise  i)et ween  t  he  coal  jule  and  the  stop  valve. 
Thousands  of  tons  of  coal  are  wasted  annually, 
and  labour  is  used  in  the  tending  and  maintenance 
of  steam  raising  plant  which  could  more  profitably 
be  cm|)loycd  in  otlier  directions.  To-day.  when 
our  rcsourcc.s  in  material  and  labour  need  to  Ixi 
conserved  with  the  greatest  care.  the,se  facts 
iHM-ome  of  national  importance.  When  we  shall 
so  scMin  l)e  called  ujxm  to  re-establish  ourselves 
in  the  world's  market,  every  suggestion  and  ever>' 
system  that  bears  on  the  subject  of  eccmomic^al 
production  c>f  linislicd  material  will  need  to  Im> 
sc  rutiiiised  with  the  mast  .scrupulous  care. 

Hand  firing  is  hardly  justifiable  under  any  con- 
ditions, and  mechanical  stokers  though  they  arc 
multifarious  will  seldom  fail  to  justify  their 
installation.  Tlie  Taylor  .stoker  has  l>ecome  world 
famous  In-cause  it  increases  the  cajwcity  of  the 
Ixiiler  ;  it  bums  fuel  efficiently  :  it  h;is  low  main- 
tcMiance  cost.«» :   it  reduces  o|X«rating  cost. 

The  marked  clianges  which  the  Taylor 
stoker  has  acconipli.shed  in  combu-stion  practice 
is.  wie  under  st^nd.  due  to  two  fundamental 
fc.itiin^s  of  ojx'ralion.  The  first  of  these  is 
uiidcrfi>eil.  the  second  automatic  cleaning. 
The     mechanical     and    structural     details     on 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 
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MAKERS: 


HENRY  WI6GIN  &  CO,  Ltd., 
George  Street,  Birmingham. 

T PI  CPHONE:  6400  CENTRAL 

'  '-'-'- GRAMS:  "  WIQQIN  BIRMINGHAM." 


AGENT: 


t 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  fPHONE;  6323  HOLBORN. 

'  ^'-'-QRAMSi  "FERRYDOM,    LONDON." 
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ABOUT  SECONDHAND  ELECTRIC  MOTORS! 

If  your  requirements  cannot  be  filled  by  manufacturers  quickly,  why  not  consider  a  second-hand 
machine  ? 

Is  it  on  account  of  the  danger  of  buying  a  "  pig  in  a  poke,"  or  because  you  believe  that  second- 
hand motors  are  not  reliable  } 

Your  objections  are  justifiable — unless  you  buy  from  the  firm  who  dismanile,  overhaul,  put  in 
thorough  working  order,  and  submit  every  machine  to  a  full  load  test  for  a  con- 
siderable period  before  they  deliver. 

Under  the  above  conditions,  which  are  complied  with  by  THE  VICTORIA  ELECTRIC 
PLANT  CO.,  it  is  not  only  quite  safe  to  purchase  second-hand  motors,  but  you  save 
money  and  obtain  immediate  delivery. 

THE    VICTORIA  ELECTRIC  PLANT  CO    supply  Motors  equal   to   ne^r, 

with  a  written  guarantee,  cheaply  and  expeditiously. 

If  you  are  in  the  market  you  can  avoid   the   delay  of   weeks  or  months  in  waiting  for  new 
motors,  by  sending  your  enquiry  to  : 

THE  VICTORIA  ELECTRIC  PLANT  CO., 

Spenser  Street,  Victoria  Street,  Westminster,  S.W. 

Telephone:  Victoria  4026.  


Suppliers  to  the  War  Office,  Ministfy  of  l^unitions,  &c.,  &c. 
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D.&S. 

HANDLE " FUSES. 


50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 


THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD,    . 

^    MANCHESTER. 


whi«h  theHO  two  ojxTating  fcitures  (IcjK-iid  are  ween  in  the  accoin- 
piiiiyin^.'  ill  ii.st  rat  ions. 

f4'r>ic  fiiriiacr  1)c<l  is  <-onHtruct<*d  of  alternate  coal  retort.s  and  tuyere 
or  air  \>oxm.  At  the  r-nd  <»f  each  retort  is  a  pair  of  rains  ojierated 
l»y  a  rruriksliJift.  Kne!  is  fed  info  the  hopiK-rs  frnni  al)ove.  flows 
downward,  wlierc  it  meets  tiie  inijiac  t  of  the  nj»|HT  rain,  wiiich 
jnjHheH  it  outwards  and  upwards  into  the  fumaee,  distributing  it 
in  tluMokintf  zone.  The  hiwer  rain  lielj»sf()  move  the  fuel  bedtowards 
the  H'ar  of  the  furnace.  Tlic  force<l  draught  is  supjjiietl  through 
the  openings  of  the  tuj-eres.  The  fire  bums  downward  and  is  con- 
tinuously supplied  with  fresh  fuel  from  the  coking  zone  beneath 
and  combusfion  maintained  liy  tlie  air  jM-rnu-ating  the  conibustif)n 
zone  from  below.  The^  fuel  be<l  is  inclined  and  the  ash  rejected 
automafi<allyJ>y  force  of 'gravity. 

'  There  is  a  g<K)d  heat  di.stributi<m  in  the  furiuiee,  and  this  is  ob- 
tniixd  by  a  proper  pni|Kirtioning  of  draught  and  coal  supply,  .vo  that 
no  matl<'r  liow  rapi<ily  the  coal  is  fe«l  in.  then*  is  always  the  pniper 
amount  of  a'r  to  incandesce  the  freshlv-fe<l  fuel.     Further,  there  is  a 


(.t*  .M«l  t 


Flt«)NT   ViKW  OF  T.\Vi.<IR  StoKKK. 

eoniitant  mid  autoniafic  (leaning  of  the  fire  Ity  gravity.  As  a  result, 
the  'I'aylor  !<l4»k«T  will  drive  Iniilcrs  at  high  capacities,  and  will  not 
u  (u«lr  fuel  when  giving  an  inereaw  of  ,VM<i  hKijxTcent.  «  It  is  claimed 
that  many  l»oiliTH  pro\  ided  wifhl'iiyhir  stokers  an-  t<i(lay  working 
at  ca|(.u'itie.H  (or  sliott  |K-ri<Mls  up  to  .'{(Ml  |H<r  cent,  of  the  iMiiler- 
maker's  rating  without  causing  any  injury  whatever  to  the  Intilcr. 

All  the  ftK'l  i**  liuriml  and  all  the  heal  is  bniiight  into  efTective 
c«inta(l  with  the  boiler  tuU-s.  (  hi'  ■  1-  iii.jty  un<hTtakiiig  has  stat<-<l 
tlial  Willi  I  he  Taylor  stoker  it  don'  ifNicily  without  adding  any 

further  Ixiilcrs,  and  at  the  i<aine  time  I*  ^M-md  its  coal  bill  bv  111  ]N-r 
lent,  per  kilouatt  hour. 

The  ■"  KhHtrical  World."  in  its  iiwue  of  .Tune  I'.l,  llH.'i.  speaking 
of  a  large  muni:  i;    '  I.  said  :    "  The  iHiih-r  unith  them.-eKes  are 

alxo  e.^i  c<  lally  iiii'  sini-e  they  pn-.-i-iit  a  iKinservalive  e.vainph- 

of  the  present  trend  Wiwards  ver>-  large  U tiler  out putM.  Kaeh  of  the 
Iniilers  is  ral<d  at  I.tKMl  ii.i'..  Iml  in  m  '  ^ni  be  op'rated 

at   thn>e  tiiiu's  lhi»«  rating.     The  Imi  ii'd  with    Taylor 

stokers."     'I'hp   "  Kleetrieal   Heview  and   NVosteni   KhTtrieiivn,"  of 


LEAD  MELTING  FURNACES 

■;  ,      ,/■,:,-, 
For  C«blp  unH  Pip«"  Pr«»«»«"«.    Arrumulatnr  CriHi.  fflc. 

WITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL. 


I    L. 


MONOMKTKK.  Ltd..  :2.Whitrhoii.->r  St.,  A.^ton.  Birminkiham 


•June  11,  UH'}.  in  describing  the  Interborough  Rapid  Transit  plant  at 
New  York,  says  :  '"  Taylor  .stokers  are  being  installed  in  place  of  the 
old  ones,  it  Iwing  calculated  that  wliile  under  the  old  engine  condi- 
tions a  maximum  of  1.1.50  kw.  per  .stoker  was  obtainable;  under  the 
new  condition>s  ."i.T.jd  kw.  will  be  satisfactorily  carried." 

The  Taylor  design  i.s  simple  and  .strong,  both  inside  and  outside 
the  furnace.  Inside  the  furnace — and  this  is  a  point  of  the  greatest 
importance — there  are  no  moving  grates,  plates,  or  automatic  slice 
bars  ;  in  fact,  no  moving  parts  whatever.  Gravity  accomplishes 
the  cleaning  ojx-ration.  The  tuyeres  are  strong  and  simple,  are 
always  jirotccted  by  tlie  green  coals  shoved  from  beneath  and  cooled 
by  the  air  jKJuring  through  them.  The  outside  mechanism,  crank 
shaft  and  rams,  is  strong,  simple  and  in  plain  sight.  The  gears  are 
interchaugeable  and  run  in  an  oil  bath  ;  speed  shaft  gears  are  en- 
do.sed  in  a  dust-tight  compartment.  A  shearing  pin  between  driv- 
ing clutch  and  sjirocket  wheel  protects  the  crank  shaft,  sprockets, 
&c.,  against  lireakage  in  the  rare  cases  when  a  foreign  substance  in 
the  coal  jams  one  of  the  rams.     The  upkeep'ofjthe  Tr^ylor  stoker,  we 


CKTtM»ION 

&aATCS 


^aiUN5  Clutch 


Fi  KXACE  View  of  Taylor  Stoker. 

gather,  eost«  often  l(>.ss  than  Gd.  per  boiler  horse-power  per  year.  A.s 
no  arch  is  rerpiired.  the  maintenance  for  brickwork  is  eliminated. 

T!ie  lalKiur  cost  is  low,  lu'cause  the  operations  ordinarily  i)er- 
forme<l  by  hand  are,  with  the  Taylor  stoker,  accomplished  mecha- 
nically. .\s  aln-ady  stated,  coal  Hows  by  gravity  into  the  hopjiers, 
fnim  the  hop|Hrs  intu  tlu"  retorts,  fiom  which  the  rams  push  it  out 
into  the  fuma-e.  These  rams  are  ojH>rated  by  a  crank  shaft  driven 
from  an  engine  or  electric  motor.  .\ir  is  sujijilied  fmm  a  blower  and 
forced  up  into  the  fuel-U-d  through  the  tuyere  ojH'uings.  The  jilant 
can  Ih>  arr.ingi'd  so  that  the  engine  which  drives  fan  and  crank  shaft 
is  controlled  liy  the  pre.ssure  in  tlie  ma  n  steam  line  :  falling  pressure 
automatically  s|x>eds  u|i  the  blower  and  rams,  thus  accelerating  the 
lire  and  nv Coring  the  prcs,sure.  The  fuel-bed  l)eing  inclined,  the  ash 
is  drawn  by  gravity  out  of  tlie  combustion  zone  and  de|>osits  on  the 
dump  ]tlat<>s. 

The  foregoing  details  are  t.vken  fmm  a  Iwoklet  on  the  Taylor 
striker  issued  by  .Sholey  &  (  o..  .W.  Victoria-street.  Ixindon,  S.VV., 
who  are  the  agents  on  this  side  for  the  .stoker.  .    i 


Ferranti  Ltd 

Central    House,    Kingsway,    London.    W.C. 

SWITCHGEAR.   TRANSFORMERS.  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 

trrllr  /..r  Hindrj-  ••  \." 


Prlnltd  •r.l  FuMo..:. 


I.  2  and  3.  Salisiuiit  Cov  rt,  Fubbt  Stumt.  In  tht  Qty  of  LONDON.  Fmmt.  Ji  se  :i.  19167  "•»"»™"8  v^c 
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<^     The   Round   Table.     ^ 


Event  of  the  l.M.E.A. — Mr.  F.  Ayton  (hon.  sec.  Electric 
Vehicle  Committee)  steadfastly  refusing  to  buy  a  copy  of ""  The 
Electric  Vehicle,"  which  a  fair  maiden  was  offering  for  sale  in 
the  foyer  of  the  Institution. 


Bon  Mot  of  the  Week's  New  Books. — "  British  railway 
administration — God  save  the  mark  ! — constitutes  the  most 
colossal  and  impudent  swindle  in  human  history  ;  a  swindle 
which  has  peers  of  the  realm  among  its  perpetrators,  Cabinet 
Ministers  for  its  tools  and  the  entire  British  community  for  its 
dupes  and  victims." — Henrv  Murray,  in  '"  The  Railway 
Swindle."* 

sjs  *  5ii  * 

Many  well-known  faces  were  missing  among  the  Convention 
crowd  last  week.  Seaton  and  Grogan  were  inquired  for 
several  times,  and  their  respective  ''  lay  sermons  '  and 
"  extractives  "  would  have  contributed  to  the  merriment  of  the 
unofficial  as  well  as  the  official  gatherings. 


Congratulations  to  Mr.  F.  M.  Long  upon  his  elevation  to  the 
l.M.E.A.  peerage,  the  presidential  chair  for  1916-7.  I  hope  the 
war  will  enable  the  clans  to  foregather  in  Norwich,  the  city  of 
churches,  canaries,  Colmans  (mustard),  and  the  birthplace  of 
Mr.  Long's  own  famous  system  of  charging. 


President  Cramb  looks  more  like  the  late  Lord  Kitchener 
than  ever,  though  his  voice  breaks  down  the  resemblance 
rather  badly.  That  versatile  municipalite.  Alderman  Smith, 
of  Liverpool,  who  always  makes  himself  heard,  complained  to 
me  of  the  way  "  in  which  some  of  these  engineers  get  up  and 
then  mumble  in  their  beards,  breasts  or  boots."  Speakers  (?) 
with  a  guilty  conscience  will  please  note  this  aldermanic 
admonition,  and  do  better  at  the  next  Convention. 


I  can  vouch  for  there  being  no  connection  between  the 
newspaper  headlines  last  week  : — 

THREE  CHAMPAGNE  ATTACKS 

and  the  LM.E.A.  Convention,  because  there  were  no  (official) 
functions  this  year.  Indeed,  one  Bailie  has  returned  to  his 
native  "  'burn  "  a  sadder  and  wiser  man,  for  he  paid  Is.  8d. 
for  a  whisky  and  soda  at  a  famous  hostel  not  far  from  the 
Institution  ! 

i^i  ^  ^  ^ 

At  the  small  munitions  works  at  which  I  now  do  three  days 
a  week  a  lot  of  gas  is  used  on  the  soldering  table  and  at  the  tool 
furnace.  When  the  Gas  Light  &  Coke  Co.'s  man  came  to  read 
the  meters  the  other  day  he  lighted  his  way  into  the  dark  corner, 
where  they  tick  off  the  cubic  feet,  with  a  mat —  an  ELECTRIC 
pocket  flash  lamp.  Has  this  matter  been  brought  to  the 
attention  of  the  British  Commercial  Gas  Association,  or  would 
Mr.  Wordingham  regard  this  as  intelligent  co-operation  between 
the  gas  and  electric  interests  ? 


*  London  :   Grant  Richards,  2i;.  6d. 


MY  AUTO  TIS  OF   lltKK. 

My  auto,  'tis  of  tlwc, 
Short  cut  to  poverty— 

Of  thee  I  chant. 

]  hlcw  a  pile  of  dough 
On  you  two  years  ago, 
And  now  you  quite  refus-«;  to  go. 
Or  won't  or  can't. 

Through  town  and  country-side, 
Vf)U  were  my  joy  and  pride  ; 
A  happ3'  day. 

1  loved  thy  gaudy  hue 
Thy  nice  white  tire.s  so  new. 
But  now  you  lose  at  least  one  .screw. 
Most  every  day. 

To  thee,  old  rattlebox. 
Came  many  bumps  and  knocks  ; 
For  thee  1  grieve. 

Badly  th}-  top  is  torn, 
Frayed  are  thy  seats  and  worn  ; 
The  whooping  cough  affects  thy  horn, 
1  do  believe. 

Thy  perfume  swells  the  breeze. 
And  good  folks  choke  and  wheeze 
While  we  pass  by. 

I  paid  for  thee  a  price 
T'would  buy  a  mansion  twice, 
Now  everybody's  yelling  "  ice  " — 
I  wonder  why  ? 

The  motor  has  the  grip, 
Thy  spark  plugs  have  the  pip, 
And  woe  is  thine. 

I,  too,  have  suffered  chills, 
Ague  and  kindred  ills. 
Endeavouring  to  pay  my  bills 
Since  thou  wert  mine. 

Gone  is  my  bank-roll  now  ; 
No  more  'twould  choke  a  cow. 
As  once  before. 

Yet  if  1  had  the  mon. 

So  help  me,  brot'ner  John — ■ 

I'd  buy  another  car  I  swan, 

And  speed  some  more. 

*  *  *  * 

OUR  HOT  PLATES. 
No.  214  to— 

Mr.  W.  T.  Kerr  (Hereford),  for  his  excellent  and  most  timely 
Paper  on  "  The  Application  of  Electricity  to  Agriculture  " 
before  the  l.M.E.A. 

No.  215  to— 

Councillor  Longford,  for  his  practical  contribution  ""  as  an 
electrical  farmer  "  to  the  discussion  on  Mr.  W.  T.  Kerr's  Paper, 
and  for  telling  a  story  about  "  the  curate  and  the  eggs." 

*  *         *         * 
THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  ^Second  Series),  June  28,  1879.J 

The  Brooks  Underground  Telegraph  Cable. — The  system 
of  Mr.  Brooks  differs  from  all  others  in  the  fact  that  the  material 
employed  for  maintaining  the  insul<ition  of  the  line  is  a  liquid — 
paraffin  oil — which  is  known  to  possess,  for  this  purpose,  qualities 
of  the  highest  order  ;  and  in  laying  it  the  wires — 30,  40  or  50,  as  may 
be  required — covered  with  cotton  binding,  are  placed  in  an  iron  pipe, 
conveniently  located,  and  the  pipe  line  tilled  with  oil,  allowed  to  run. 
in  until  full,  the  maintenance  of  the  supply  being  assured:  by  pro- 
viding an  elevated  vessel  of  the  material  at  intervals,  so  that  a  con- 
stant pressure  will  be  kejit  within  the  pipe.  This  is  practically  all 
there  is  about  it,  and  its  extreme  simplicity  appeai-s  to  be  not  the 
least  of  its  merits,  as  one  of  the  great  objections  advanced  by  the 
advocates  of  the  past  system  has  been  the  great  e.xi)euse  of  laying 
and  maintaining  underground  lines.  . 
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The   most   durable  flexible  Woven  Conduit 
made  for  protection  of  Electrical  Conductors. 

HIGHLY   FLEXIBLE.  LESS   COSTLY   THAN   OTHER   TYPES  OF   CONDUIT. 

GREAT   MECHANICAL   STRENGTH   AND   INSULATING   RESISTANCE. 

THE  L.PS.  ELECTRICAL  CO..  18,  Adam  Street,  Strand.  London.  W.C. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   on   application. 

J.  BLUNDELL  &  SONS, 

GOLD.  SILVER  &  PLATINUM  REFINERS.  199,  WAROOUR  STREET.  W. 

"  GoUilplat,  Ox.,  London."  4746  Gerrard. 
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SIEMENS 


IRONOL.AD 

SWITCHCiEAR 

FOR     Al-L. 

RURROSES 


Control    Pillars 
Distribution    Boards 
Main    Switchboards 


INSULATION 


The   only   satisfactory   snbstirate   for 

Asbestos     Wire  :      also     for      flexible 

leads,  etc.      AMPLE   STOCKS. 


1' 


HOLDER-HARRIDEH,  LTD..  35/37,  hoble street. London,  e.g. 


Illustration    shows    our    Standard 

Cast-iron    Mining    Pillar    suitable 

for  pressures  up  to  3,300  volts. 


Writo  tor  particular*  to  — 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Hp.a:,  Om:-h:  CAXT>j:.'    ■•      ::E,  WESTMINSTER,  S.W. 
Tele;-h'r,e:  Cekpard  860.  Tele>;rim5  :  "  Siembralos.  Vic.  London." 

Supplies  Dept.:    38  &  39.   UPPER   THAMES  STREET.  E.C. 

Telephone:  City  5350.  Tc-.-.-r     '  Siemotor,  Cunt.,  London." 

HOME  BRANCH  ADDRESSES  i 


Birmingham — Central  Ho.,  New  St. 
Brijtol— 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow — 66,  Waterloo  Street. 


Manchester — 196.  Deansgate. 
Newcastle — 64-68.  Collingwood 
Sheffield— 22,  High  St.        (Bldgs 
Southamfton— 46,  High  StreiBt. 


Branchon   i  <i    Prlncipa  I  To^nn    Abroad. 


mi.s.sion  jjattom  samova-,  the  latter  being  fitted  with  a  teaball 
atta'.hment,  an  electric  egg  boiler,  electric  iron  de  luxe,  curling  iron, 
<  offee  jKTcolator,  toaster  and  four-heat  grill.  There  is  a'so  an  illu.s- 
t  ration  of  a  coffee  urn  set  known  as  the  Colonia'  loving  cup  jjattem. 
'I'liLs  in  an  attractive  design  which  would  make  a  very  acceptable 
ksedding  present.     A  view  of  this  is  .shown  in  Fig.  1. 

The  ■■  I'nivcrsal  "  curling  iron,  illu.strated  in  Fig.  2,  is  another 
handy  acce.s.sory  which  many  ladies  will  welcome,  more  particularly 
as  there  is  provided  with  it  a  detachable  comb  which  heats  up  when 
.•^lipjx'd  over  the  .solid  member  of  the  iron  and  can  be  used  for  dr>-ing 
llie  ha-r. 

In  Fig.  ',i  we  illustrate  the  "  Universal  "  round  rad  ant  grill,  which 
if!  offered  as  a  useful  acces.sor\'  either  for  the  breakfast  table  or  the 


"UNIVERSAL*'  TABLE  UTENSILS. 

The  manunolh  jx).>*t(i'd  deHcribiiig  B.  &  K.  "  I'niversa!  "  electric 
table  ft'-cesMorieH  Hhould  \h-  a  great  inducement  to  contractors,  central 
Hlfilimi  I'liv'incerH  u'ld  tlios*-  electricity  '(insumers  who  receive  it 
irid<'iK"iid  •ntiv  to  jtiin  ha'<c  oik-  or  r)th<T  of  the  highly  a-tistic  and  very 


Fui.  2. — '■  Lnivkksal"  C'lRLixa  Tongs-and  Comb. 

kitchen.  It  will  be  .seen  that  this  comprises  a  circular  and  fixed 
section  which  contains  the  heating  element  and  three-pin  terminal 
I'oa'-d.  This  is  the  electrical  portion  of  the  grill.  Four  degrees  of 
heat  are  obtainable  with  the  four  loadings,  140  watts,  2.50  watts. 
.'HO  watts  and  560  watts.  The  utensils,  which  form  a  separate  part 
of  the  grill,  comi)ri.xe  three  circular  pans,  one  shallow,  one  deep  and 
one  extra  d?ej).  The  shallow  pan  can  be  used  as  a  cover  to  either  of 
the  other  two,  or  it  may  be  employed  directly  over  or  imder  the 
heating  element.  It  is  claimed  that  a  great  variety  of  dishes  can 
Ix"  j)rej)arcd  with  this  simjile  apparatus.  There  is  a  Ust  of  2'y  of 
these  given,  but  we  may  quote  the  following  as  appealing  to  English 
ta'stes  :  (iriddle  cakes,  chops  and  steaks,  fried  or  grilled  ba"on.  ham 
and  eggs.  toa-<ted  cheese,  omelettes,  asparagus  on  toast,  fried  jxtta- 


FlO.   l.--"r«riVKH!»A1."<'or»KF.  Srt        rnl.rrMM,  liOVtNtJ  Vvr  IVxTTKRN. 


Fm.  3. — *'UsivKRSAi>"  UoiM)  Radiant  Grim. 


'      '  -  <»(  !iM|>araf u."  which  a-.-  pricrd  and  illustr.itiHl.     The 

1  ~  int«>nded  miv«tly  for  the  cou.huiimt'.h  eye.  and  doubtless 

10  l»ring  diMtribiitod  by  the  compuny  ainmg  lay  umoih  of  electrical, 
cnrrgj.     The  anjwTitu,*  illustrated  in  miu\v  up  of  an  electric  kettle, 


toes.  Th<t^^  of  our  re.-idcrs  who  a*v  not  yet  fatnilia-  with  this  grill 
should  take  an  early  oi>i>ortunity  of  either  writing  to  or  jwying  a 
visit  to  the  Brompton  &  Kensington  Accessories  Co.,  Earl's  Court- 
road.  London.  S.W. 
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IRONCASED 
$OCKETS&  PLUGS 

FOR   HARD   SERVICE. 

Sizes    up   to    200    amps. 
D.P.  and  T.P.     500  volts; 

with   "earthing"    connection, 


Also    Combined  Switch 
and   Plug^  Boxes. 


DORMAN 
& 

SMITH,  Ltd.. 

Ordsal   Electrical  Works, 

SALFORD, 

MANCHESTER. 


IRONCLAD  SWITCH  FUSES. 


The  totally  enclosed  ironclad  switch  fuses,  type  EK,  form  B, 
comply  with  the  latest  regulations  issued  by  the  Home  Office.  They 
are  described  and  priced  in  list  No.  4,310  just  issued  by  the  British 
Thomson-Houston  Co.   (Ltd.),  Rugby.     The  switches  are  suitable 


(iU  Ampere  Switch  Fuse  (closed.) 

for  A.C.  or  D.C.  circuits  up  to  700  volts,  and  are  made  double-pole 
and  triple-pole  in  20  ampere  and  60-ampere  sizes.  The  cases  can  be 
earthed  with  safety  under  all  conditions.  The  switch  fuse  is  totally 
enclosed  in  a  cast-iron  case  with  an  external  operating  handle.     The 


20  Ampere  Triple-pole  Switch  Fuse  (open); 

fuse  clips  and^terminals  are  mounted  on  substantial  porcelain  bases 
which  are  fixed  into  the  cast  iron  box,  and  insulating  barriers  are 
fitted  into  this  box  to  prevent  any  possibility  of  arcing  between  poles 
or  between  the  fuse  clips  and  metal  case.     Movable  parts  are  carried 


One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVIES    MOTOR    CO. 

Head  Office:    110,    CANNON    STREET,    LONDON,    E.G. 
Works  :  Dermody  Road,  Lewlsham,  London,  S.E. 


by  the  hinged  cover,  so  that  all  parts  are  accessible  when  the  case  is 
o\}en.  Details  of  construction  are  clearly  shown  in  the  illustrations. 
[■j»  A  quick  make-and- break  action  is  ensured  by  means  of  a  tension 
spring,  but  positive  action  in  either  direction  is  .secured  by  means  of  a 
mechanical  kick.  The  switch  can  only  be  left  full  on  or  off,  and  is 
locked  in  either  i^osition.     The  fuses  can  be  removed,  re-wired  and 


GO  Ampere  Switch  Fuse,  w^th  Conduit  FiTTrsGS. 

replaced  very  quickly,  but  this  can  only  be  done  when  the  circuit  is 
broken  and  the  cover  open.  Instructions  for  re-wiring  are  given  on 
the  inside  of  the  cover.  The  cover  cannot  be  opened  until  the  circuit 
is  broken  ;  neither  can  it  be  closed  with  the  fuses  in  the  "  on  "  posi- 
tion ;   consequently  no  parts  uf  the  fuse  links  and  mechanism  can  be 


60  Ampere  Switch  Fuse,  with  Connection  Shields. 

touched  imtil  they  are  isolated  from  live  metal.  Macliined  hinges 
are  provided,  and  a  good  joint  is  secured  by  means  of  packing  let  into 
the  cover.  The  case  can  be  fitted  with  adapters  for  screwed  conduit 
for  incoming  and  outgoing  cables,  and  these  adapters  can  be  supplied 
to  suit  conduit  running  vertically  or  horizontally. 

When  switch  fuses  are  required  for  panel  mounting  they  can  be 
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Manufacturers  of 

PHOSPHOR  BRONZE^ 

GUN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Trjbes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 

PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  Ltd. 

Bl  RIVl  I  NGM  A  M  . 


To     Inventors,     Patentees 
and  Others. 

A  controlled  firm  of  engineers  having  an  exten- 
■^^  sive  plant  of  light  machinery  are  able  to 
manufacture  one  or  two  articles  in  addition  to  the 
work  they  are  now  doing  for  the  Government. 

rhey  will  be  glad  to  consider  undertaking  the 
sole  manufacture,  and,  if  desired,  the  selling 
organisation,  of  one  or  two  good  specialities 
of  use  during  and  after  the  war. 

Address:   W.H.C.,  "Electrician"  Offices,  1,  2  &  3, 
Salisbury  Court,  Fleet  Street,  London. 


Jitt«'(l  with  ^illicl(lH*fo^  proti'ttin;;  llu-  fonncctidn.s  from  tlic-  lune  tcr- 
iiiiiiiilH  to  the  lifick  of  tlif  |uinf'.  .S.iliiiK  cl.aiiiljers  for  armoured 
or  ii!iiiriM(»iirc(l(iil)les  can  Ik- Mij/plicd  if  n-(|ujr(<l.  \\'<j<.<l  lm.slit'.s  arc 
fitted  to  the  case  where  tlie  leads  ]ui<»  direct  from  the  terniiiir-!.s. 
Continuous-current  Hwiteli  furten  for  eajwuities  alxive  .'JO  ami)ere« 
2'A>  volts  are  fitted  with  inapietic  hlow-oiit  attachments  on  the  toji 
conta'-fK.  The  list  is  now  l>eing  circulated,  and  a  copy  may  he  oIj- 
tuined  from  the  cumjutny  on  ajiplication. 


THE  SECOND-HAND  MOTOR. 


\Vhatc\i  I  \\,'.^  ilir  <  iiMimcrcial  status  of  the  second  hand  motor 
iM'fon;  the  war,  it  lies  unUouiitedly  imjtroved  to  a  remi'rkaltle  dcLMve 
ttinee.  .An  unprecedented  demand  f»jr  electric  nu)ton«.  new  or 
Heconf^hand.  has  arisen  since  the  orpinisation  «if  the  production  of 
munitions,  and  naturally  the  si-cond-hand  ma-hine,  where  it  can  be 
ohtained.  has  U-en  in  favour. 

.S<j  far  as  the  general  numlnT  of  .scc(md-ha!ui  motors  are'ccui- 
eenied  then-  has  not  Imm-ii  much  reas(»n  for  comj)laint  as  to  their 
Ix-inj,'  sold  under  le^itimat<-  circumstances.  Instances  an*,  however, 
on  n-cord  in  \Uii<  h  uns<i-u](ulous  jxTHons  t.ike  advantage  of  the  un- 
wary and  ipiorant  luiyer  and  sell  him  n  machine  which  fails  to  com- 
ply with  even  the  legend  on  the  nimc  plate.  The  proverb  for  the 
bu\cr  in  can-s  of  this  kind  would  hi-em  to  \k\  "  Never  judge  a 
secondhand  motor  by  ilH  name  plate."  If  this  is  done  then'  may  Ikj 
trnulilc.  \Vc  rerentiy  had  o<c.>sion  ton-jdise  th.it  this  may  lK'soaft<r 
gouig  over  the  jircnuhcs  <if  tin-  Nutoria  Klectric  I'lant  Co..  .S|H'nRer. 
ntnTt.  Vietorin-Mlrf4>t.  WeMtmiuMtor.  Ixndon.S.W.  This  ciunpany  has 
r.ciiilly   lM>«n   fori:ii-d   to  c;'.rry  on   I  a«  dealers  in  electrical 

j'liinl  and  machuiiry.  iliidly  m-cond  :  .  ..  ..nd  Utm  net  itself  a  high 
dtandard  in  the  handling  «if  motora.  dynamoM,  Htarten*.  Ac.  Ami»lc 
U'commod''.! ion  ih  pt<)>idid  on  the  premis4>s  for  the  slocking  of 
motors  ..f  -uj-o  i.»M;.'Mig  up  to  .Vt  n.i.,  and  the  lirm  make  a  feature  of 
pnuupl  deliver}'.  Kurh  machine  which  conim  into  the  hand«  of  the 
company  IS  taken  down  juid  I  If'  ''  .  h-an.d.  The  lM-,irings  are 
.kdjuxiiil.  III),  riiiiimiii  «t..rfunic.i  -<'dcd),  the  brush  gear  over- 

hauled, the  winding'  I  idl  conncetionM   tightened  up. 


MU't  n-aH-i-mbly  tin-  m.if.i 
hour,  a  Walker  d\n«uiMmei 


niii  for  at  le.ixt  en 
tcni  In-mg  uh«mI  for 
this  piir|Mi>u'.  The  h'tteiid  on  the  nani<<  pinte  in  in  lliis  way  eluH-ked. 
and  till-  machine  afterwards  of!in>d  to  the  customer  at  iln  true  rating. 
'  The  ciuiipiiiiy  «lfM>N  not  let  the  matter  n-st  at  this  n-juxcnMiini; 
liroccHH,  but  give  the  purehaiMT  i»f  any  mnehine  a  wjillen  gn 
that  It  will  furni.sh  its  rated  output  and  run  nHtii«facloiily.  |it<>v  kmii^ 
alwayn  fair  ln>atmenl. 

We    undei-taiiil    that    diiriim    thi-    p.tnt    ^ix    months   the   Vicjorir 

I'lanI  Co.  Iijts  haiiillcd  some  I..VNI  ii.r.  of  motors  of  \:i vnd 

lhi>l  among  its  customers*  if  can  claim  the  War  OMi  trv 

of    Munilion«,    numemiiK   electriiity   suppl\    aulhonlie»<   and    maiiv 
iiiuiiid.ii  wMiK-      Til f  <iiir  ie4ulen«  who  are  likely  »<•  '-    •■■  tin- 


TINNING     FURNACE 

;ri;. .  r  '■"  ■• 

K.r  (  (lATINC.  WIKF.S  »ilh  T.r..  I  o.,l     ni,         Km     .to    .<    .    H  \TI< 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL. 
MONOMKTF.R.  Ltd..  22.Whitehousc  St..  Asion.  Birmingham 


niiirket  for  pecond-h;'iul  d.c.  motors  should  give  the  comijany  a  look 
up.  .Messrs.  JJloodwortli  &  Brevig  are  the  principaLs,  and  they  will 
Ik-  found  men  w  ho  know  the  good  and  bad  iwints  of  electric  motors. 
They  have  Ixjth  been  for  some  years  on  the  m;inufacturing  and  -.elliiig 
sides  of  the  motor  business,  and  in  this  respect  differ  from  some  of 
the  dealcr«  in  thi.3  class  of  plant. 


BROADBENT  C.C.  GENERATORS. 


We  \\i\\i'  received  a  coj)v  of  catalogue  Xo.  5  from  T.  W.  Broadljent 
(  Ltd.),  Hudderslield,  in  which  they  describe  their  D  tj^pe  generators 
for  <'oiitinuous  current. 

These  ;iix'  \\ell-built  machines  of  the  highest  efficiencj-,  and  are 
cool  and  sparklcs.s  in  oi^ration.  I'nless  otherwise  ordered,  everj' 
machine  is  connected  so  as  to  nui  in  a  clockw  ise  direction,  looking  at 
(he  luillcy  cml.     The  standard  windings  are  115,  230  or  460  volts  ; 


ItRo.vnuKKT  D-Tyvk  Cknkk.xtoh. 

I!>c  li>i»  \  '.ilor  isof  a  nuMtilicd  design,  being  lilted  with  com- 

mutatiiiK  \  riie  shaft  is  of  best  mild  steel,  accurately  turned  to 

gauge.     The  armature  iu  of  the  toothed  drum  tyjx".  and  the  D  18  and 
'•"  I''  '   ive  ventilating  ducts  .uid  spaces  to  ensure 

'■'»"'  '  re  former  wound,  aiul  thoi-oughly  impn>g- 

nat«i  with  insulating  vaniish.     The  eommutator  is  of  large  dia- 
meter, with  ample  wearing  depth,  and  is  t4?.sted,  mechanically  and 


Per RANT I  Ltd 

Central    House.    Kingsway.    London.    W.C. 

SWITCHGEAR.   TRANSFORMERS.  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 

WrU«  for  Hinder  '•  X." 
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ELASTA^SJSI"  WIRE  LAMPS, 
lillllllllllllllllllllllllllllllllllll 


Advt.   of  Pope's  Electric  Lamp  Co.,  Ltd.,  HytKe  Road,  Willesden,  London,  N.W. 


electrically,  before  being  connected  to  the  armature.  The  field  is 
steel-clad,  and  in  the  larger  sizes  is  fitted  with  laminated  pole-pieces. 
In  the  D  9a  and  D  160  sizes  the  magnet  yoke  is  divided  horizontally. 
The  field  winding  may  be  either  compound  or  shunt,  as  required, 
and  the  field  coils  are  former  wound.  The  commutating  poles  are 
proportioned  so  as  to  ensure  sparkless  running,  even  under  severe 
working  conditions.  The  cores  and  tips  of  the  commutation  poles 
are  of  soft  steel  or  high  permeability. 

The  bearings  are  of  large  diameter,  and  have  an  actual  length  of 
from  2.\  to  3  diameters.  Automatic  oiling  rings  are  fitted  to  every 
bearing,  and  there  are  oil  gauges  and  drain  taps.  For  the  larger 
sizes  split  bearings  are  used.  The  brush  rocker  is  adjustable,  and  in 
the  larger  machines  is  provided  with  sensitive  rack-and-pinion 
adjustment.  Carbon  brushes  and  brushholders  of  improved  design 
are  used  throughout.  Except  in  the  five  sma'lest  sizes  (which  have 
bracket  bearings),  the  machine  is  built  on  a  substantial  cast-iron 
bedplate. 

Each  machine  before  despatch  is  subjected  to  the  usual  load  test ; 
it  is  flashed  with  four  times  its  working  pressure,  between  the 
windings  and  carcase  ;   and  its  insulation  resistance  is  measured. 

The  generator  will  work  at  its  specified  output  continuously, 
without  undue  heating  and  sparklessly  ;  and  for  half-an-hour  with 
an  overload  of  25  per  cent,  without  injurious  heating  or  sparking. 
It  will  work  within  the  limit  of  temperature  rise  spscified  by  the 
Engineering  Standards  Committee.  The  company  offers  to  make 
good,  free  of  charge,  any  defect  due  to  material  or  faulty  workman- 
ship, should  such  arise  in  a  machine  within  a  period  of  12  months 
from  date  of  despatch,  it  being  understood  however  that  the  cost 
of  carriage  to  and  from  the  works  is  to  be  borne  by  the  client. 

The  catalogue  referred  to,  which  also  gives  prices  and  dimensions, 
may  be  obtained  from  the  company  on  application. 


H.314:3)  the  Edison  &  Swan  Co.  make  a  point  of  the  fact  that  these 
very  useful  articles  are  now  made  in  England. 

One  of  the  chief  advantages  of  stoneware  is  the  absence  of  risk 
from  shock,  which  may  be  said  always  to  be  present  with  metal 


"EDISWAN  HOSGOOD  UTENSILS. 


f  An  inexpensive  line  of  stoneware  utensils  fitted  with  integral 
beating  elements  is  being  put  on  the  market  by  the  Edison  &  Swan 
Co.  Stoneware  jugs  and  casseroles  were  introduced  by  the  American 
manufacturers  some  few  years  ago,  but  in  their  new  leaflet  (No. 


Types  of  Stoneware  Utexsils. 

utensils.  The  selection  of  designs  put  forward  by  the  company  is 
considerable,  ai  a  glance  at  the  adjoinuig  illustrations  will  show. 
The  prices  of  the  articles  are  quite  moderate,  ranging  from  a  one* 
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WE    APE    SPECIALISTS    IN    THE    MANUFACTURE   OF— 
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€ 


^O 


(3) 


RR  ESS  BOARD) 

Best  Qual'ty.    -va-^a^-na.^a/^    Proved  by  repeated  tests. 

Sheets    in    thickness    from    O'l    upwards. 
Endless    Rolls    and    Strips   from    O'l    to    1    mm.    thickness. 

Presspan    Coils   and   Tubes   for   Transformers. 
Presspan  Armatures.  Discs  and  Shaped  Articles. 


VARNISHED    PRESSPAN. 
OILED    PRESSPAN. 


BLACK    PRESSPAN. 
MICA-COVERED    PRESSPAN.    &c. 


Silver  Medal  :   Pirii  1900. 


Grand  Prix:   Marseille   1908. 


Cold  Medal  :   Berne  1914. 


pint,  oiw  hfat  lK)iliii(r  jug  (it  »W«.  M.,  to  a  coluunMi  rasHcrole  of  0  pints 
<'a|wi<ity  Jiiid  haviiiy  two  h«*at»«.  .it  21k.  hul»j««t.  Tho  loa<ling  of  the 
utfHKils  rangOK  from  .'{iV)  wattx  to  »i<K»  watt*  ;  in  the  two-hoat  vessels 
the  half  heat  In  anvthing  from  \'tH  t<i  '.Vttt  u-atti*.  according  U>  fiz^- 

The  heatiiij;  eleiiit-iit  is  of  the  hand  tvjie  wra|i|»efl  roiiiul  the  lower 
|»iirt  «if  the  ve«h<-l,  and  the  end^  an-  hniiight  out  to  a  bayonet  (ap 
eonneetor  which  will  take  an  ordinarv  lump  hohler. 


NEW  T.L.A.  DISCOUNT  SCHEME. 


Our  reader>  will.  w<-  think.  Im-  mt<n>t«d  to  have  details  of  the  new 
T. I^..\.  lamp  diwount  wheme  which  \\iin  just  Ihh'U  inaugural*  d. 
New  M-hemeH  are  liable  to  failure  Un-auHC  they  are  not  thoroughly 
undep*t<KuI.  and  in  order  to  avoid  this,  two  iKMiklets  have  •►een 
isxurd.  one  of  whi<-h  deals  with  the  .-cheme  fniiu  the  ixiint  of  view  of 
the  Iriulc  n'M'ller  and  the  other  fn»m  the  |K»int  of  view  of  the  trade 
ns«T.  TheM-  iMKtklelH  an-  now  iM-in^  distriliuted  to  a  number  of  our 
<'UHtoinerr<,  and  .Messrs.  Siemens  Hro^.  |)ynamo  Works,  who  have 
MMit  UM  the  detailH.  will  \m-  pli-iu«<'<i  to  Nup|»ly  copies  to  an v  of  our 
n'julers  who  may  Ik'  int4'n'ste<l  in  the  punhft'*e  of  Wot  an  and  other 
maki-><  of  'r.L..'\.  lam|is. 

TIh-  s<  hi-nie  is  baM<<l  <in  the  (pianlity  of  lam|iH  piircha.Hed  and 
deliv<-ri-d  during  \'2  months.  an<l  the  discounts  an*  n-gulatcd  in 
acconluncc  with  certain  stipul.i'ed  mirnmum  (piantities  or  (■(|ui\alent 
ni'l  moiwy  values.  'I'hr  money  val'icx  an-  intnxluced  to  c<»ver  half- 
watl  ty|M-  lam|H<  which,  as  our  n>itders  will  reciill.  an-  higher  in  initial 
eoHt  than  the  cirdinary  lam|>s.  The  total  annual  turnover  in  all 
niaki-H  of  T. L. .A.  him|w<  will,  ihen-fon-.  n-^ulatc-  the  terms  .it  which 
Wolun,  hiilf-wati  ly|M-  or  Tantalum  lam|ts  or  other  r.L..\.  makt-s 
eun  I"-  supphi-4l.  The  IxioklelM  n-fern<l  to  give  an  example  of  the 
niethfd  'if  priMediin-.  iiikI  the  fnlhiwing  ninarks  on  tin-  method  of 
pHMcdure,  exIriM'ttd  ftmn  I  In-  fr.idi'  n-  -ellcr-.  ImmiUIcI.  uiII  help  t<> 
ex|>lain  the  wheme. 

The  (o||n«inv  explniintlon  Will  doiiblleMn  iisninl  you  Id  lh<)n>U|{hlv 
uiider«tntul  hi>«  the  >>y*tem  o|M-rnleH  .  (In  .Inly  3  you  pur.  base  either 
frtitii  II*.  or  ntiy  nulh<iniK<ii  1M^.\.  (n4't<ir,  .VI  Wolan  Iniiip-.  nt  nclir.('<iunt  of 
'^i  |wr  rent,  oil  elirrciit  b*l  price*  I  III  .Inly  'Jn  voii  piii('hn«e  I.Vd  WotHli 
Uni|in  <  III  AiiitU"!  .')  Ion  'I'niit  nliini  Uliip*.  hiiiI  on  .Vn^nxt  '2'>  n  fiirthel 
aim  Wolnii  |niii|>*.  Villi  w.nild  tlwll  Ih-  etit  itle<l  on  S-pteiiiber  I  (which 
IK  the  lifal  <ln(e  (i>r  i  lniniiii({  relmtr  |o|tiiwin((  your  total  purchnse  of 
WH»  lAm|M)  to  iidvior  the  Scorrtwrj-  of  the  T.L.\..  Bunh-Uno  ||ouim>. 
IIikIi  Inne.  Cwnnon  »trrrl,  KT.  thnt  yoi.  hnd  )iurchiis<<d  .VHt  T.L.X. 
lump*.  Thi"  in  the  Hr«t  utep  mt  which  you  nre  eiititle<l  to  iiuTease<l 
diMroiint.     He  would  then  urnil  you  »  T.I*.\.  nunfment.  iind  on  vour 


signing  same  vou  would  be  entitled  to  purchase  Wotan.  or  any  other 
Association  lanip«.  at  22  per  cent.,  in.stead  of  20  per  cent.,  di.scount  as 
previously,  and  in  addition  would  receive  from  your  suppliei  or  suppliers 
a  credit  liote  for  the  difference  between  20  per  cent,  and  22  per  cent,  on 
the  original  .VtO  lamps  purcha.scd.  Your  discount  and  corresponding 
rebates  would  then  go  on  increasing  during  the  period  of  your  agreement 
strictly  in  acjordance  with  your  aggregate  purchases  by  means  of  the 
al>ove'proce<lure.  Should  your  order  consist  largely  of  Wotan  half-watt 
tvjx-  lamps  (or  other  Association  makes  of  half- watt  type  lamps),  you 
would  then. of  course. avail  your.self  of  the  net  value  figure  instead  of  the 
minimum  quantity.  jin<l  claim  on  money  value  in  precisely  the  same  way 
as  set  out  foi  quantity  of  lamps. 

It  will  lie  observed  that  a  new  customer  would  commence  to  buy 
lami)s  at  2(t  ix-r  cent.,  but  immediately  his  total  purcha.ses  of  T.L.A. 
lam|)s  amount  to  ."><¥•  he  would  automatically  become  entitled  to  buy 
at  22  jK-r  <ent.  In  order  to  avail  himself  of  the.se  terms  he  mu.st 
notify  the  secretary  of  the  T.L.A.,  and  in  addition  he  would  receive 
from  his  supplier,  or  suppliers,  a  credit  note  for  the  difference  between 
2tl  jK-r  cent,  and  22  jM^r  cent,  on  the  original  lamps  purchased.  As 
each  su<ee<(ling  step  is  reached  the  increased  discoimt  would  l)e 
obtained  by  means  of  the  same  procedure. 

There  are.  of  course,  a  number  of  customers  who  were  graded  at 
a  definite  ligun-  under  the  previous  arrangement,  and  they  will  now 
receive  the  terms  s|)eciHed  for  a  quantity  of  lamps  based  on  their 
past  juirchases.  This  will  bring  them  into  the  new  .scheme  at 
appnjximately  the  discount  to  which  they  are  entitled  in  accordance 
with  th(-ir  established  turnover,  and  increased  discoimt  will  be 
allowed  should  they  imjjrove  on  their  previous  figures.' 

The  terms  for  the  trade  user  have  been  somewhat  revised,  and  if 
lam|>s  an-  purchased  in  cpiantities  of  le.ss  than  ~iO.  a  discount  of  1.^ 
|K'r  cent,  only  is  allowed.  Providing  the  lamps  are  ordered  in  quan- 
titien  of  .W  and  over  for  delivery  at  one  time  the  standard  schedule 
of  discounts  an-  a|>plicablc. 

The  scheme,  therefore,  has  the  merit  of  beingeijuitaljle.  and  ensures 
to  ea<-h  trade  buyer  a  discoimt  diifctly  in  projxirtion  to  his  turnover. 
As  the  discounts  increase  in  a  succe.s.sion  of  ejusy  steps  the  scheme 
should  Im-  an  incentive  to  business  extension.  All  invoices  will  be 
subieet  t<»  one  discount  (i.e..  the  one  corres|)onding  to  the  minimum 
quantity  taken)  plas  the  tisual  21  jier  cent,  (ca^sh)  approved  monthly 
account.  This  <diviates  the  multiplicity  of  discount.s.  which  are 
Hometimi's  confusing,  and  often  cause  inconvenience  and  misunder- 
standing. 

We  offer  our  coiigratulatiims  fo  .Mr.  S.  H.  Callow,  manager,  lamp 
department.  Siemens  Bros.  Ihiiamo  Works,  who  is.  we  understand, 
the  originator  of  this  interesting  and  valuable  .scheme. 


f]  I  Y    Jas.  Jaqtict,  Ltd.,  Basle 


S^witzerland. 

Combined  Revolution 
Counters,   with   Chronograph. 

Very    Accurate    Timekeepers. 


CHRONOCiRARM     AND      STOP     WATCHES- 

List*   on    Application. 


rrU.'.«>.  .Ik,  (  uriif  r*a  py  »r»  ^  rr;  T>»t.-rf . "  ThI  ElSCTBIClAW**  PuiHTIWO  »■ 

I,  3  mmI  3.  Sal»iu*t  Cov  <:t.  FiavT  SntiST. 


-ting  and  Publishing  Offioas. 
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4>     The   Round   Table,     t 


Event  of  the  Week. — "  Glover's  Almanac  "  celebiates  it.s 

fifteenth  birthday. 

*  *         *         * 

Who  daies  sj)eak  of  Imperial  Liberty  when  one  reads  of 

"  Wireless  Chains  ?  " 

*  *         *         * 

I  noticed  amonfj  our  press  rnittinjis  tlie  other  day  one  slip 
upon  which,  our  name  was  spelt  "  Tlie  Electrition."  Perhaps 
the  girl  who  wrote  this  was  related  to  Mrs.  Partington,  who  has 
already  said  that  she  knows  that  this  is  a  war  of  "  nutrition."' 

^         ^         ^         ^ 

"  Cable,  with  stocking  fitted,  ready  for  drawing." 

No,  this  is  not  taken  from  a  summer  sale  advertisement  ;   it 

is  just  a  title   to   one   of  the   many  pictures  in   "  Glover's 

Almanac." 

^         ^         ^         ^ 

From  the  same  source  I  also  take  the  following  : — - 
Works  Manager  :   Want  a  job  ? 
Lathe  Hand  :  Thank  ye  kindly,  sir  . 
Works  Manager  :    Any  paiticular  Hne  ? 

Lathe  Hand  (with  "  sarc") :  Same  as  yourself,  sir,  screw  cutter  ! 

*  *         *         * 

A  "  gassy  "  contemporary  writes  thus  :  "  Our  old  friend, 
Mr.  H.  H.  Holmes,  the  energetic  sales  booster  of  the  Marylebone 
electricity  department,  blossoms  out  in  print  again."  I  have 
heard  that  "  the  desert  can  blossom  like  the  rose,"  but  a  booster 
if  it's  well  made  never  blossoms  ;  it  does  not  even  blush . 
Indeed,  rather  the  "  reverse,"  when  it's  "  milking.'' 

*  *         *         * 

The  writer  of  Kitchen  Rhymes  in  "  Punch  "  evidently  does 
not  read  the  advertisements  of  the  British  Commercial  Gas 
Associatioa,  for  he  (or  is  it  a  she  ?)  writes  as  follows  : — ■ 

FiRELEss  Cookery. 
When  I  was  young,  in  days  long  hence, 
The  heat  of  the  kitchen  was  most  intense, 
'  But  now,  by  the  use  of  electric  connections 

Our  cooks  are  able  to  keep  their  complexions. 

"and" — as  "Kukri"   Grogan  would  have  said,   "also  their 

extractives." 

^         ^         ^         ^ 

During  the  I.M.E.A.  Convention  I  understand  that  the  dis- 
cussion of  a  Paper  on  boiler-house  lay-outs  and  stoker  design 
w^as  sufficient  justification  for  the  presence  of  so  many  engi- 
neers at  the  ''  Coal  Hole  !  "  (an  adjacent  hostel). 

*  *         *         * 

The  new^  T.L.A.  (which,  being  interpreted,  means  Tungsten 
Lamp  Association)  scheme  of  discounts  has  brought  into 
(existence  an  Ediswan  Ready  Reckoner  and  a  Britannia  Dis- 
count Checker.  Both  of  these  are  designed  to  save  the  poor 
lamp  factor  and  contractor  much  cerebral  activity  in  figuring 
out  the  price  they  ought  to  pay  for  their  lamps  if  they  are 
entitled  to  discounts  A,  B,  C,  D,  &c.  These  labour  savers 
should  prove  very  useful  in  avoiding  the  "'  fifteen  two,  fifteen 
four,  a  pair  six  and  one  for  his  nob  "  methods  which  seem 
generally  to  prevail  where  T.L.A.  lamps  discounts  lie  in  wait 
for  the  unwary  and  non-mathematical.  I  expect  some  other 
lamp  maker  will  introduce  a  "  hard  drawn  "  slide  rule  for  the 
same  purpose  guaranteed  to  withstand  the  strain  even  of  a 
47J  per  cent,  discount. 


The  "  Daily  Chronicle,"  in  its  Office  Window,  says  :— 
Sometimes  quite  bright  ideas  reach  u.s.  Here  is  one  from  a  corre- 
spondent^ anxious  to  do  his  bright  bit :— The  crystalline  name 
•  Ari/.ao  "  is  a  monument  more  lasting  than  brass.  Why  not 
iinriiortalise  the  prowess  of  those  women  who  have  kept  the  flag 
Hying  by  becoming  'bus  and  tram  conductors  in  similar  fashion" 
Surely  the  Fates  have  forecast  the  following  :  L.C.f.  ftrams),  the 
"Elsies";  M.E.  (trams),  the  •Emmies";  L.L'.E.  (trams),  the 
"Louies";  "  General"  ('buses),  the  "Jennies";  "  Tillings  " 
('buses),  the  "  Tillies." 

To   which   I   would  add  the   ""  lady  ""   munition   workei-s,  the 
'■  Millies,"'  and  the  lady  switchboard  attendants,  the  "  Fannies."' 

*         *         *         * 

The  illustration  shows  a  way  they  have  with  them  in  China, 
when  laying  electric  supply  cables.  If  it  is  inconvenient  to  go 
round  a  house  in  the  path  of  the  cable  they  go  straight  throug'i 
it  !     Central  station  engineers  please  note.     The  photograph 


was  taken  by  Messrs.  Henleys,  whose  cable  was  thus  uncere- 
moniously laid  through  this  particular  domicile,  so  they  will 
perhaps  supply  details  of  the  methods  adopted  to  reconcile  or 
coerce  the  inmates  to  have  a  real  "  live  "  cable  as  '"  one  of  the 


lodgers." 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Jidy  5,  1879.] 

Effect  of  Peroxide  of  Nitrogen  on  the  Electric  Spark. — It 
has  been  stated  by  M.  Hempel  that  when  a  powerful  electrical 
machine  is  in  full  activity,  and  giving  strong  sparks,  the  sparks  can 
be  made  to  cease  and  the  machine  to  lose  all  tension  if  the  red 
vapour  of  peroxide  of  nitrogen  (N2O4)  is  allowed  to  escape  into  the 
space  traversed  by  the  sparks. 

Electric  Light  at  the  Salon. — The  Salon  closed  at  midnight 
on  Monday.  The  electric  light  experiment,  says  The  Times,  at- 
tracted many  visitors,  but  has  not  been  an  mimixed  success.  Por- 
traits in  general  look  well  by  it,  but  landscapes  with  grass  or  water 
have  an  unpleasing  effect,  and  the  large  paintings,  wliieh  are  mostly 
failures,  appear  still  more  decided  failure:^  by  artificial  than  by 
natural  light.  . 

Electric  Lighting  on  the  EiMbankment. — The  Works  Com- 
mittee of  the  Metropolitan  Board. of  Works  have  granted  i)ermission 
to  the  Societe  Generale  d'Electricite  to  set  up  and  work  at  their  own 
charge  a  third  pair  of  electro-dynamic  machines  in  the  engine  house 
of  the  Victoria  Embankment,  with  ihe  object  of  further  testing  the 
])ower  of  the  engin?  and  the  possibiUty  of  extending  the  distance  to 
which  the  electric  current  can  be  conveyed  for  practical  lighting. 


SPECIAL    RHEOSTATS   FOR   STARTING    AND   SPEED   REGULATING. 


No.  27. — "Inching"  Motor 
Starter  for  Printing  Presses 
and  Machine  Tools.  Heavily 
rated  resistances,  substantial 
segment  contacts,  carbon 
.sparking  rollers  and  Inter- 
locked Circuit  Breaker. 


STANDARDISED    BY 


IGRMIC 


ELEGTKIG   CO.,   Ltd., 
147,  Queen  Victoria  Street,  Londoni 


No.  38.— Starting  Rheostat 
Interlocked  with  Shunt  Field 
Regulator  for  variable  speed 
motors.  One  handle  both 
starts  and  regulates.  Inter- 
lock prevents  weak  field 
when  starting. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For   Direct    Currant.  For    Thr«»-oh»««   Current. 

for 

ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Hi'.a:.  Okick;  CA/.T  >I.    •  V.^F-:3TMINSTER.  S  W. 

Telei.w,r.e:  Gerkarl.  BtO  Tec.:,.-?.!  :    •  S;p.kpfaL' s.  Vic.  London. 

Supplia*  Dapt.:    38  &  39.   UPPER   THAMES  STREET.  E.G. 

Telaphone:  City  53»  T- '.:..-        '  S:e>iotoi«,  Ceht.,  Lohdok. 

HOME  BRANCH  AODREStES 


B 

b 

CAR:-ifr     B'/.  L:   ' 

Clasoow— «),  W 


New  St. 


-et. 


Mahchbstbh— 196.  Deansgate. 
Newcastle  —64-68.  Collingwcxxl 
Sheffibld-22.  Hiph  St.        [Bldg; 
Sjutmampton — 46.  High  Street 


BranchrM   in    Principal  To\A/ns   Abroad. 


THE  ELECTRIFICATION  OF  A  MODERN  FLOUR  MILL. 


An  »if<<»uiit  of  tlio  clfH-trincHtion  of  h  mo<l<-ni  Hoiir'mili.'prpviouKly 
(Irivvn  by  a  Hinul'"  linnc  utoain  ••ugirn-.  will  Ix*  of  iiitfrowt  to  electric 
jwiwiT  •  !^  ilrivin({  mii'liiiicrv.  us  well  an  to  mill(T>  who  con- 

tcinpln  iliir  <'liiiii(t<-  III  tlifir  Mi<>tli<Hl«  of  <|ri\  iiiu'. 

TIk"  oriKiniil  (Irivf  in  tliiHcnic  win  fnmi  n  larnc  horizontr.l  engine  on 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 

AUTOMATIC  HEAT  CONTROL.'  MELT  WITHOUT  OXIDATION. 

PATENT   MIXER    PRODUCES   HOMOGENEOUS   ALLOY. 
Alio   Heat-Controlled    Furnaces  for   Heating    the   Moulds. 

MONOMETER,  Ltd.,  22,Whitehouse  St.,  Aston.lBirmingham. 


t  lie  grouiMi  floor  of  the  main  mill  through  one  line  of  shaftiiig  on  each 
of  the  four  floors,  the  connection  l)et\veen  them  being  Ijy  belts.  The 
|K)\ver  wn^  transmitted  from  the  main  shafting  on  the  ground  floor 
..f  the  main  mill  through  l>evel  gear  to  a  horizontal  shaft  leading  to 
the  wing  of  the  building  containing  the  cleaning  and  conditioning 
machinery.  Here  the  jKiwer  was  transmitted  through  bevel  gear 
to  a  vertiia!  shaft  running  ui)wards  tlirough  the  building  and  driving 
ii  cr.iinter  shaft  on  c^icli  floor  also  tlirough  bevel  gear.     This  arrange- 


1  lu.    1 


kl   j>I\>  IHh    l.<Mh. 


I"n  .  2.     \VK><TiN<;HorsE  OV  Type  Oil-immersed  St.^rters  staktinc; 

F.MR  110-B  H.P.  M0TOR.S  SIMlLT.\NEOUSLY. 

inent,  consisting  of  so  many  gears,  gave  ri.se  to  considerable  friction, 
and  it  «as  decided,  therefore,  to  separate  the  drive  of  the  main  mill 
from  that  of  the  cleaning  and  conditioning  plant  and  install  .'<e]>arato 
electric  iii'ttors  in  ea"h  j)art. 

The  <|  nest  ion  then  arase  as  to  whether  it  was  desirable  to  use  one 
large  motor  for  the  main  mill  or  a  separate  motor  on  each 
floor.  In  the  matt -r  of  capital  outlay  the  one  large  motor 
would  l>e  cheajier,  but  the  four  separate  motors  wotild  l>e 
inon>  econonn'ca!  in  running  costs,  as  much  unneees.sarv 
friction  in  transmission  i)elt  would  be  eliminat'-d  ;  it  was 
tin.illy  decided  to  arlopt  this  scheme.  The  moto  Irives  for 
(lie  (leaning,  conditioning  and  auxiliary  plant  w.-re  deter- 
mined liy  the  circumstances  in  ea-h  ease. 

The  j'doption  of  a   three-phase  alternating   current    in 

innjum  tion  with  slip-ring  motors  for  a!l-romid  e!Ti  "ient  and 

e<-onomical  driving  of  flo.ir  mills  was  considen  d  the  l)e.st 

<  finil'iiiation  of   power  and  the  means  of  applicr-  ion  ]x>s- 

siblcforthe  jm'iicular  pur])ose.      In  comparisonw  lh  results 

eventUH'ly  obtained,  the   tirst  cost  of  a  motor  i:;  scarcely 

•'     the  cons-deration   generally  given  to  it.     What    is 

'   ilia!  is  that  it   should  i)e  a  lirst-class  engine ering  job. 

The  cost  of    maintenapce  is  negligible,  the  only  ex|x*n*^e 

lubrication  ;  this  cost   is  reduced  to  a  minimum,  a  < 

'  .iniig»i  arc  most  economical  in  the  u.se  of  oil.     These 

inotofH  will  run   night   and  day  for  six  days  a  week,  in 

-iliialiont*  such  as  nrv  descrilud  in  this  article,  for  months 

without  any  attention.     On  the  other  hand,  a  chei'p  motor. 

lectrd  without  discrimination  will  prove  eostly  in  regard 

'•'  '•!''  '    -ide-  Iteinga  |ierp?tual  nuis^inee  to  the  pcisons 

haMii,  .  (if  it. 

•  The  mill  here  deserilvd  contains  a  .'}.">  to  40-sa -k  (28(»  lb.) 

\  '  •'  '.  andis  littcd  throughout  with  three-phase  alteniating- 

■■■■•■■  lit    slip-ring  motors.     The  electritied  mill  hi-.s  Ihm'u  in 

mmmiK.sion  for  16  months,  and  the  motors  have  l»een  run- 

■  'ay  and  night  for  .six  days  a  wwk  <luring  that  period 

it  a  hitch.  The  main  objects  kept  in  view  during 
the  whole  procejw  of  the  change  were  to  treat  the  mill  as  a 
complete  tinit,  with  arrangement!?  for  all  sections  to  start  tip 
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.siinulfaueoiisly,  and  al.so  to  arrange  for  as  few  motors  as  i)o,ssi l)lc, 
and  still  retain  the  advantages  of  convenient  drives. 

The  motors  are  coupled  to  shafting  by  means  of  flexible  couj^lings, 
thereby  saving  the  loss  in  transmission  which  occurs  when 
gears  are  utilised.  The  main  lines  of  shafting,  four  in  number,  are- 
arranged  in  the  usual  manner  customary  in  flour  nn'lls — namely,  on 
the  floor  immediately  under  the  rolls.  The  original  speed  of  the 
shafts  was  175  revs,  per  min.,  but  this  was  found  to  be  far  too  low 
for  economical  driving  by  motors,  and  it  was  decided  to  increase  the 
speed  to  375  revs,  per  min.  This  higher  speed  was  adopted  partly 
because  the  motors  designed  for  that  speed  were  the  largest  that 
could  be  got  into  the  available  space  without  undue  cram])ing,  and 
partly  because  of  the  much  lower  cost  of  the  higher  speed  motors 
which  give  also  an  increased  etticiency.  The  increased  speed  of  the 
shafting  necessitated  a  change  in  the  pulleys  driving  the  rolls,  and 
this  created  an  opportunity  of  increasing  the  speed  of  the  break 
rolls  by  15  per  cent,  and  the  reduction  rolls  by  25  per  cent.  The 
results  fully  justifled  this  experiment,  the  feeds  of  rolls  being  spread 
more  thinly  and  better  work  being  done  with  less  pressure  applied  to 
the  rolls. 

It  was  found  impossible  to  connect  the  motors  to  the  ends  of 
shafting  owing  to  lack  of  space,  and  consequent  upon  this  a  piece  of 
each  shaft  was  cut  out  at  a  convenient  place  near  the  centre.  The 
motors  were  affixed  at  these  points  and  connections  to  shafting  were 
made  by  flexible  couplings.  One  of  the  motors  is  shown  in  position 
in  Fig.  1,  being  flxed  to  stout  iron  girders  laid  horizontally  and  bolted 
to  vertical  girders,  thus  forming  a  strong  and  rigid  framework 


l-K;.   3. l.j-B.H.P.    TgT.\LLY-ENCLoSED  WESTlNtiHOLTSE    MoTOK    DKIVIN'-' 

P.VCKING  MACHINES  AND  FLOLK  CYLINUEK.S. 

In  order  that  the  four  motors  should  be  started  and  stopped 
simultaneously,  a  special  starting  arrangement,  shown  in  Fig.  2, 
was  provided.  The  oil-immersed  circuit- breakers,  flxed  to  the  bars 
closing  the  window  embrasures,  control  the  stator  circuits  of  the 
motors.  Each  breaker  is  fitted  with  two  overload  releases,  so  that 
protection  is  given  against  breakdowii  in  any  of  the  three  phases  ; 
these  releases  are  Htted  with  time-limit  attachments  so  that  a  mo- 
mentary rush  of  current  on  starting  docs  not  cause  the  breaker  to 
open.  A  no- voltage  release  is  also  fitted  in  each  breaker,  so  that  a. 
failure  of  the  supply  causes  it  to  open.  This  release  can  be  brougiit 
into  operation  by  means  of  emergency  push  buttons,  which  arc  tittcd 
in  convenient  positions  about  the  mill,  it  is  only  necessary  to  press 
one  of  these  buttons  to  stop  the  nuichinery.  The  starters  which 
control  the  rotor  circuits  of  these  motors  are  shown  in  Fig.  2  in  front 
of  the  stator  switches  ;  they  are  geared  together  and  ojierated  from 
one  handle,  so  that  the  starting  resistances  in  each  rotor  circuit  are 
cut  out  simultaneou.sly,  step  by  step,  till  all  four  motors  are  running 
at  full  speed.  These  rotor  starters  are  electrically  interlocked  with 
the  stator  circuit-breakers  in  such  a  manner  that  the  latter  cannot 
be  closed  unless  the  former  is  in  the  "off"  jx).sition.  This  prevents 
any  attempt  to  start  the  motors  with  the  whole  or  part  of  tlie  rotor 
starting  resistances  cut  out  of  circuit. 

The    speeds   of  scalpers,    purifiers,    centrifugals,    &c.,    were    not 
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One  of  these  motors  is  shown  in  pcsition  in  Fig.  3.  It  is  capable 
of  pivinp  6()  B.H.I'.,  and  has  a  .sjieed  of  750  rev.s.  jier  niin.  The 
finuit-breaker  for  the  stator  Ls  shown  mounted  on  a  column  in  front 
of  the  motor  and  the  rotor  starter  on  the  floor  jiLst  below.  These  are 
of  the  same  jtattem  as  the  starters  and  circuit-breakers  in  connection 
with  the  main  drive  motors.  The  fact  of  being  able  to  run  these 
Kections  indeiK-ndently  will  commend  itself  to  practical  millers,  as 
there  are  times  when  it  is  necessary  to  run  part  of  the  machinery  only, 
in  order  to  git  wlieat  conditioned  ahead  of  the  mill. 
»  The  section  of  the  plant  containing  the  wheat  cleaning  and  con- 
flitioning  machinery,  owing  to  most  of  the  machines  having  to  run  at 
fairlv  high  speeds,  is  admirably  adapted  for  driving  by  electric 
motors  with  practically  no  alteration  to  e.xisting  shafting  in  many 
ca.ses.  Tliis  is  in  addition  to  the  advantages  of  sectional  control 
and  n-gularity  in  speed,  the  latter  being  a  most  important  factor 
where  air  currents  are  u.sed  to  effect  separations  of  screenings,  &c., 
from  the  grain.  Separate  motors  are  also  installed  for  dri\ing  the 
grain  intake  [)lants.  sack  hoists,  and  general  warehou.se  work,  each 
In-iiig  stojipcd  when  not  required  (Figs.  4-.5). 

Klectric  motors  drive  at  a  much  more  uniform  speed,  and  generally 
more  regular  results  are  obtained  in  an  electrified  flour  mill  than  in  a 
steam-driven  mill  :  the  increased  cleanliness  obtained,  and  also  the 
improved  and  easy  control  of  each  section  are  also  prominent 
features.  The  energy  for  this  mill  is  derived  from  the  supply  com- 
pany's transformer  in  a  .separate  room,  the  secondary  current  from 
which  is  j)as.sed  through  a  distribution  board,  where  it  is  di\ided 
into  two  circuits,  each  feeding  a  different  section  of  the  mill. 

The  work  was  carried  out  under  the  supervision  and  to  the  speci- 
fication of  .Messrs.  Horace  Boot  &  Partners,  consulting  engineers,  of 
7.  Victoria -street,  S.W.,  and  Newcastle-on-T\-ne  ;  whilst  the  whole 
of  the  electrical  erjuiimient  was  in.stalled  by  the  British  Westinghou.se 
Klectric  k  -Mfg.  Co.  (Ltd.).  (Abstracted  from  the  "British  We.st- 
inghouse  CJazette.") 


BELLING  IMMERSION  HEATERS. 


These  he.iters.  of  wliich  particulars  are  just  to  hand,  are  con- 
structed ill  stout  gauge  sheet  copper  mounted  on  cast  brass  gland 
and  frame.  .Ml  outer  surfaces  of  copj)er  and  brass  jiarts  arc  tinned. 
M)  tliat  the  heaters  can  be  u.sed  with  safety  to  heat  water  for  general 
domestic  purjKwes.  ("ast-iron  grid  plates  are  used  to  clamp  the  flat 
sides  of  the  heater  together  and  ensure  good  thermal  contact.  The 
heaters  are  wdiind  with  one  resistance  ribbon  of  large  section,  and 
the  rating  ensures  every  part  running  black  for  an  indelinite  period, 
the  heater  being,  of  course,  properly  immensed  in  fluid. 

It  is  (la-ined  that  the  uiiii)le  dimensions  of  the  heaters  for  their 
loading  a!s<i  make  it  unlikely  that  furring  up  of  the  water-container 
will  seriously  affect  the  ojicration  of  the  heater.  The  immersion 
heaters  can  l>e  fixed  in  any  existing  tank  of  the  neces-sarA"  size,  and 
I  he  efficiency  must  necetwarily  be  as  near  10(1  per  cent,  as  it  is  jxissible 
to  olituin.  The  terminals  are  mounted  at  the  mouth  of  the  gland 
for  icmneeting  external  wiring.  Xo  jiciishable  wires  enter  the  heater. 
I>iit  are  «'oii\eniently  connected  to  terminals  externa!  to  it.  Sub- 
stantial t4Tmina1  boxes  or  covers  are  supplied  at  a  small  extra  cost, 
and  when  thew  an>  fitted,  the  screwed  tubing,  flexible  metallic 
tubing.  <-al»  tyre  sheathid  cable.  &c.,  can  be  taken  right  into  the 
'•  rniiiml  Ikix.  making  a  tlioroughly  sound  job. 

For  large  <{iiantities  of  water,  groups  of  Belling  immersion  heaters 
■  all  Ih-  fitted  into  the  bottom  of  a  large  tank,  .'io  that  they  stand 
\ertically.  or  tiuy  can  be  put  one  alxive  another  through  the  sides 
of  a  large  wtorage  cylinder.  By  fitting  a  length  of.  say.  \  in.  water 
liarii'l  to  till-  gland  of  the  heater,  and  on  the  .sauic  axis,  a  practical 
padille  IS  foriiu  d.  which  has  a  wide  application  for  stirring  and  warm- 
ing liqiiidx  of  any  kind.  In  tliis  case  the  Icading-in  (able,  preferably 
of  the  ealt-tyn>  sheathed  ijuality.  would  be  taken  down  the  water 
I  arn-l  handle  on  t<»  the  heater  terminals.  When  u.sing  immersion 
lie«ter»  for  wax  melting.  ])iteli  or  tar.  or  other  viscous  substances, 
only  half  or  two-thirds  of  the  usual  maximum  loading  of  the  heat«'r 
clioiild  Im<  allowed  for  to  ensure  .igaiiisf  over-heating  and  Imrning 
of  the  mib^tance. 

One  l>ack  nut  and  iron  washer  to  lit  the  gland  are  supjilied  with 
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uach  heater.  A  water-tight  joint  in  iwuaJly  iu<j«t  touveuieiitly  made 
by  una  <A  a  hcinp  frriimrnet  and  red  lead  a<  pra'-tiwed  by  witter  titters. 
When  fitting  the  heater  to  a  curved  wurfa'-e  of  Kniall  diameter  such 
as  the  hide  (*f  a  wniall  eyhnder.  it  may  be  found  neceHKarj-  to  knock  up 
a  HhajM-d  saddle  out  of  a  lead  diw  w>  as  to  take  u|)  the  curvature.  If 
Kuch  a  haddle  is  lined  a  liemp  grummet  should  l>e  place<l  l*etween  the 
immerxion  heater  Hange  and  the  naddle.  and  a  second  gniinniet 
iK'twwn  the  saddle  and  the  tank,  all  on  the  inside.  A  further  saddle 
on  the  outside  of  the  tank  may  \m:  necessiiPk'  in  some  cases  to  give  a 
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KiMK  Ahkanokmk.vts  ok  Bri.i.im:  Hkatkrs  is  Boii.kr<. 

pro|M-r  seating  to  the  back  nut  and  washer.  When  fitting  immersion 
hciiters  to  existing  hiiiid  tanks,  or  .irr.iiiging  new  t.'inks  for  then),  it 
should  In-  not<'d  the  si/.e  of  thi*  haudhole  <i|N-ning  is  large  enough  to 
(ulmit  the  heater.  The  immersion  heater  is  put  l)<)dily  into  the  tank 
and  the  gland  passi-d  out  tlintugli  the  hole  previously  cut  for  it. 

S»me  of  the  M-vc-al  ways  in  which  li<lling  immersion  lieaters  have 
Itrrn  applied  are  shown  in  the  diagntms  up|K-nded,  and  the  following 
hints  in  connection  with  water  systems  may  In-  heljiful  to  those  engi- 
ni-er-<  who  arc  developing  the  use  nf  this  fnrni  <<f  cm  rent  using  dcvic  • 


SLop  y</.e 


Or-om 

FIGURf  P 
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riOuRt  R 
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Kvery  waf«>r  system  or  tank  mnot  h;n  f  .«  |ii.,i«  i  \riii  hi 
l»i|»e.  Only  when  this  is  im|Mt<v<ible  shoiilil  a  .v.;ifciv  v»|\. 
up«)n  (the  valve  rrfrrn'd  to  •4i)oiil(|  lie  of  the  doAii  weight  typ«').  Ihe 
vent  pi|N'  should  In'  taken  fn>m  Ihe  higheol  |Htu)t  -d  the  hot  water 
nyMrm  up  to  a  |i«>int  «U»ve  the  cold  water  fe«><|  lAnk.  TJie  siip]i]y 
pil^'.  or  cold  water  feofl.  must  l>e  of  ample  siro  Xt\  ensiirp  the  sv«lem 
lirnig  kept  full  of  water,  even  when  the  lowe-st  "  draw  off  "  is  working 
full  l»orv.      in  ehiMvoiiig  a  tank  or  cylinder,  fure  that  it  i»  of  snflicient 


(Strength  to  withbtand  the  water  jjiessure  of  the  .svsitem.  2  ft.  of 
water  gives  a  pressure  of  about  1  lb.  per  square  inch  ;  4  ft.,  2  lb., 
and  f>o  on.  It  is  generally  best  not  to  use  cylinders  of  less  than 
\  plate,  unless  of  ver>-  small  capacity.  Rectangular  tanks  should 
onlv  be  u«ed  for  very  low  pressure*.  See  that  a  drain  cock  is  fitted 
to  the  system  at  a  point  where  all.  or  nearly  all,  the  water  can  be 
drawn  off  in  ca«e  of  rejjairs.  &c.  To  ensure  high  efficiency,  hot  water 
tanks  and  piping  should  be  lagged  with  non  heat-conducting  material. 
The  heater  is  made  in  the  following  sizes  : — 


Size 

Ovenil! 

Overall 

Overall  , 

Xo. 

Icn.'tli 

width. 

diara.    ; 

1 

2<»in. 

»in. 

"3  in. 

.1 

2(1  in. 

9  in. 

7}  in. 

:! 

l.-.in. 

•tin. 

7^  in. 

4 

Ulin. 

« in. 

.1  in. 

."i 

12  in. 

4.1  in. 

.31  in. 

i; 

Ki  in. 

:i  in. 

2  in. 

I^ri-cl  size 

of  gland 

llthds. 

per  inch. 

2J 

2 

2 

li 

li 

1 


Ma.ximum  loading. 


100  V.  tc 

200  V.  to 

2:30  V.  to 

150  V. 

220  V. 

2.50  V. 

okw. 

5-5  kw. 

'fi  kw. 

5  kw. 

5-5  kw . 

(i  kw. 

3kw. 

.3")  kw. 

4  kw. 

2-5  kw. 

3  kw. 

.-}  kw . 

2kw. 

2kw. 

2  kv.-. 

1  kw 

1  kw. 

1  kw. 

Prices  can  l)e  obtained  from  Belling  &  Co.,  Oerbv-road,  Edmonton. 


PEEBLES 


'  C  "  TYPE  CONTINUOUS-CURRENT  DYNAMOS 
AND  MOTORS. 


The  Peebles  continuous-current  machines,  as  described  and  illus- 
trated in  jmmphlet  4(".  are.  we  need  hardly  say,  the  outcome  of  an 
(-x|K-rience  extending  over  many  years.  They  are  fitted  with 
commutating  |)oles  with  but  very  few  exceptions,  and  will,  therefore, 
run  sparklessly  at  ail  loads  within  their  capacity  with  lixfd  bru.sh 
|K)sition.  One  of  the  flitticulties  hitherto  experienced  in  continuous- 
current  machines  was  syjarking  at  the  commutator,  due  either  to 
mechanical  or  electrical  defects.  The  former  defects  were,  however, 
avoided  by  careful  mechanical  design  and  reasonable  care  in  opera- 
tion ;  but  the  latter  were  not  so  easily  got  rid  of,  as  the  effect  of  the 
reaction  set  up  by  the  armature  current  was  to  distort  the  main 
magnetic  field,  and  thus  alter  the  position  in  which  the  brushes  had 
til  Im-  ..(  to  ensure  sjjarkless  cominitation.     These  electric^d  defects 


I'ki  B..ks  Sr.\MMi:i>  T.>tai.i.v  KNti.osK.n  .M«t  >«. 

Mere  minimisi'd  with  i  onsich-ralih'  success  in  earlier  machines  by  the 
use  of  cArlmn  brushes*  and  a  densely  .saturated  magnetic  field  at  the 
pole  ti|»s  ;  but  now  the  defects  an-  obviafjd  by  the  adoption  of  com 
mutating  |siles.  whuh.  as  is  well  kn.iwn.  neutrali.se  the  armatiin' 
n-aclion  an.i  ensure  ideal  commutation  at  all  loads,  rommutating 
jioles  have  the  further  a«lvaiitag«>  of  gn-atlv  improving  the  t-fficieiuy 
of  the  machines  and  m<  n-asnig  their  capa -ity  to  endure  large  over- 
lundM  for  short  |ieriods  ;  alwi,  when  a  large  variation  of  s]x»ed  is 
re<|uinMl.  I  •  iting  js>lcs  an-  of  s|tecial  service. 

The  ma  n-  ,if  tlu-  self-contained  form,  having  the  l>earings 

siip|iort4Hl  in  sulmtnntial  east  iron  end  covers  Ixiltod  to  the  field 
frame.  The  end  o«»vers  of  standard  machines  are  arranged  so  that 
they  can  In-  tunic<l  through  angles  of  ".HI  deg.  or  IHddeg..  thus 
enaliling  the  machines  to  be  fixed  to  the  wall  or  ceiling  if  required. 

The   frame   is  .'  -I   „f  substantial   design.     Tj)  to  and 

in<-liidin«  y^^  the  i   II,  ,„u.  piece,  but  in  tin-  larger  sizes 

it  is  in  two  pie<  es.  accurately  ina?hiiuHl  and  securely  Inilted  together, 
the  joint  hem-  '  ■  :  the  horizontal  diameter.  All  machines  have 
fonr  mam  pol'  ;hc  exception  of  thn«c  (juite  small  sizes,  which 
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FERROZOID 


CONSTANTAN 


CHRONIC 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    Or 

British-Made  Resistance  Materials 
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MAKERS: 


HENRY  WIGGIN  &  CO.,  Ltd., 
George  Street,  Birmingham. 


AGBNT: 


* 


TCI  p PHONE:  6400  CENTRAL 

'  '-^'-QRAMS  ■  "  WIQQIN  BIRMINGHAM/ 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  CPHONE:  0323  HOLBORN. 

'  '-'-'-GRAMS'  "FERRYDOM.   LONDON." 
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BELLING 

&   CO. 

We  can  quote  you  for  and  are  regularly  supplying  :— 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Immersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &ir. 

Electrically-heated  Water  Tanks  to  deal  with  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either  water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 

We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions. 

BELLING  &  CO.,  Electric  Heating  Specialist,  Derby  Road,  EDMONTON,  LONDON.  N. 


E.  SH  DWELL  &  SONS.  LTD., 

STIRCHLEY,    BIRMINGHAM. 

Cast 
Cable  Sockets. 

Suite  E74.     Made  in  all  Sizes. 

Type  A. — Straight. 
„     B.— Offset. 
„      C— Right  angle. 

Illustrated  Dimensioned  Showcard  for  Drawing 
i^      Office  use  supplied  free  on  application. 


Sole  Agent  for  the  Electrical  Trade:— 

LIONEL  ROBINSON,  l'J'^%:';^''.^: 

Telephone  :  Holborn  6323. 


Canadian  and  Indian 
MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000   lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  i>.iid  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910,    1912.    1913.    1914  and   1913. 


ATTWATER  &  SONS, 


Telegrams  : 
Atlwaters,  Preston. 

Telephone  No. 
1045(2  <ine*). 


Hopwood  St.  Mills, 
PRESTON. 


Established  1868. 

Codes  : 
5lh  Edition   A  B  C 
8(  Western  Union. 
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D.  &S. 

HANDLE"  FUSES. 


50  amps,  and  upwards.    600  volts 


Asbestos  sheathed  fuse 
VA/ire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 

<^    MANCHESTER. 


have  only  two.  In  .■<)/.(•>  (  (Ki  to  ( '.(  tlic  |ki1(n  an-  laniinatod  through- 
out, ii'<nriit«'ly  iiiilKhcd  ii'i<I  M-ciin-ly  lKilt<-«l  to  t\u-  fniTiic.  which  is 
inarhin"d  t«  receive  them.  .Mu;-liineH  Kiws  <'!<»  to  ('14,  however,  have 
Moiifj  |K)lcH,  fast  as  part  of  the  fnitne.  and  iaminaterl  jK)le  shoe.s. 

Tin-  Held  coIIh  an-  former  wound  an<i  <  arefuJIy  inxuiated  from  the 
jioleH.  They  are  lajwd  for  inochaniral  |in)teftion.  <an'fully  dried 
under  va-inini.  tlmroughly  inipretrnatcd  with  si)e(ial  in.xulatiuK 
vanilMh.  then  haked  a;?aiii  in  the  drvinir  oven  In-fore  l)eiiij{  plareti  in 
jxwition  on  lh<'  jKjIes.  ,\ll  HtandanI  nia-hine.x  are  shunt  wound. 
.S'rieswound  ina-hinex  <an  \>c  Kupplie<l  at  the  winie  priee  as  tshuiit- 
wound  niachiiU'H,  hut  aKina!l  additional  priee  is  eharjred  forconijKiund 
winding;.  .\  few  lurn>*  of  (-otii)H)Uiid  windiuK  are  necessary  for 
varialtle  sj><*«(l  in(itors  m  ith  a  wide  raiijje  of  s|M'e<l.  and  |)riees  for  the.se 
will  Im-  quotfd  on  application.  The  conwnutating  |K>les  are  bf)lted 
to  tin-  uvifiv't  frame,  and  a*^-  of  the  U-sf  dvn  into  steel.     The  wind- 


.SkmiKnti.oskh    Momu. 

invtH.  of  iiiHulated  uin*  or  strip,  de|N'iidin}(  on  llie  eurn-nl.  ntv  con- 
neded  in  jM-rieH  with  the  armal.urr',  and  carry  the  full  armature 
iiirn*iil.  In  some  of  the  HmaUer  mi-hinew,  and  es|N'cially  tho.se 
desi^tned  to  niti  on  the  lower  voltnxeN,  the  eoiulitions  are  such  that 

I  (inimutatiiiK  |Hih*s  are  not  n'«jujn'<l.  an«l  in  the«««  few  e(iso4<  th«'V  are 
omitted. 

The  commulutor  consiNlit  of  hi|{h  e<»n'!iiotivity  hard  drawn  e«)p|KT 
segments  of  ample  wearint;  depth,  insulated  fnun  one  Hiiother  and 
from  the  comnuUatir  husli  liy  nncji.  After  assemhjy  the  whoU>  is 
suhjeeleH  to  heavy  railtal  preiwurp.  and  while  untler  prpM«un>  the 
interior  is  tunwil  and  the  Imsh  (itt*^!  ;  the  cinmptns  ring  i^  iheti 
n  niived  and  the  exterior  turned  The  out<-ome  of  this  construction 
tnuig  commutator,  in  which  dropiNd  or  raised  ham  nrr  most 

II  '  I'ld  which  a  Miuin""  an  exc«  ''  '  mi  after  ;i  short  |M>riod 
ii'                       The  .i-tni'tin' i-- 1- iTftilh  !    nrl  i-\it\   pre   .juf  ]■  m 
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THl     VICIOF^IA    LLtCTRIC    PLANT 
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CO 

.w 

's  taken  to  ensure  smooth  running  witliout  vibration.  The  shaft,  of 
sjjecial  mild  st«H'l.  is  de.sigiied  to  operate  safely  under  the  most  severe 
working  conditions.  It  is  ])rovidtd  with  thrower  rings  to  prevent 
the  lubricant  from  creejiing  to  the  windings,  and  is  extended  and 
keyseated  iti  the  stanflard  manner  to  take  jjuUey,  pinion  or  half 
coujjling. 

The  brush  gear,  which  is  of  substantia!  design,  is  a  recent  develop- 
ment in  this  im|)f)rtant  part  of  a  continuous-current  machine.  The 
insulation  is  of  mica,  made  specially  thick  and  pre.ssed  on  to  the 
.s<juiire  end  of  the  brush  spindles,  but  protected  from  mechanical 
injury  by  stout  gunmetal  clamps.  Each  spindle  is  attached  to  the 
rocker  ffv  means  of  mica-insulated  bolts  in  such  a  manner  that  it 
may  be  readily  removed  if  required  without  in  any  waj'  dismantling 
the  ma'-hine.  The  brush-holder.^  are  of  the  box  type,  each  made 
from  a  .soIi<i  brass  casting  and  having  an  adjustable  spring,  so  that 


I'll'i;     \  K.Vril.ATKD     MOTOK, 


FT 


the  pri'.ssun'  on  aiiy  brusli  may  be  varied  at  w'll.  The  am  )unt  of 
pnvKsun-  on  the  brushes  is  varied  in  size-s  ('7  to  C'14  inclusive  by 
insulated  thumb  screws  and  worm-adjusting  gear,  while  in  the 
smaller  si/.es  (('(HI  to  ('6)  a  loose  insulated  key  is  su|)p!icd  for  varying 
the  brush  pre.ssun"  liy  means  of  a  s(|uarc-headed  steel  .screw  |m>vide<l 
for  the  pur|M>,se  on  ea?h  holder.  The  brushes,  which  are  of  carUui. 
slide  easily  in  the  Ikix  jwirtion  of  the  holder,  ajid  copjKT  Hexibles 
an-  pn>vided  to  mak(>  the  necessary  electrical  conne<tion. 

Combinations  of  two  or  moa*  self-contaMied  continuous-current 
inachino»»  cau  be  supplied  as  motor-generators.  thn>e-wire  balancers 
or    l»ooster>-.     The    dilTercnl    units    forming    these    .set*«    are    direct 

o.»uple«l   Ihn.ugh   tlexi'I njilings  and   mounted  on   combination 

cant-imn  iMMlplute.-. 

Further  details  a-id  p  i.  c.-  can  b:*  obtained  on  application  to  Bruec 

r  .  1.1.--  V  (".  M.fi  \.  iMii,i,i, ■,.;. 


"THOR"  High  Grade  Specialities 

CASING    and    CAPPING        CABLE    CONNECTORS 
CONDUIT  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND    ALL   ELECTRICAL   ACCESSORIES. 

UR/TE  POR  PRICES  A    P/SCOUNTS. 

HASI.AM  &  STRETTON.  Lt(i.,^eV'l^-.-r;-a;o.S1.'!s"-/Sl.* 


.  Ifik, 


UV   11^  1  '^U 


i>«Proprttlprii,"TM«  ELtcrtrcuw "  Pkiktiko  aho  Pu»us«ii«a(k>..LTO..  «t  the  Editorial.  Printing  and  Pu'^llshinit  Offiov. 
I.  a  Mid  3.  Salw.uht  Ccukt.  Flmt  Sntrr.  In  U»  Qty  of  LONDON.  Fhioat.  Ju;.y  7.  1916^  "''•»™"8  ^^^' 
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4>     The   Round   Table.     X 


My  sympathies  with  Major  W.  A.  Vignoles  (Grimsby),  who 

was  wounded  in  the  "  great  push,"  and  is  now  in  h()S])ital  in 

London.     He  is  the  first  Electrician  "  Hot  Platist  "  to  see 

active  service  ;   I  wish  him  a  speedy  and  comfortable  recovery 

from  his  wounds. 

*         *         *         * 

Baron  d'Erlanger,  speaking  at  a  meeting  of  the  Channel 
Tunnel  Co.,  said,  amongst  other]  things,  that  he  expected  the 
scheme  "  to  emerge  from  the  realm  of  a  cherished  dream  to 
that  of  a  concrete  reality."  Begging  the  Baron's  pardon,  "  a 
ferro-concrete  reality,"  surely  ! 

^         ^         ^         ^ 

In  the  "  Buckinghamshire  Advertiser  "  is  a  letter  upholding 
the  action  of  the  electricity  undertakings  in  increasing  their 
charges  for  energy,  due  to  Summer  Time.  The  letter  is  signed 
"  Y  Grin,"  which  concludes  ''  there  is  nothing  for  it  but  to 
accept  the  situation  quietly."  A  much  better  nom-de-plume 
would  have  been  "  Smile,  D— 


It,  Smile." 


Some  months  ago  I  suggested  that  a  monster  Igranic  lifting 
magnet  might  be  designed  to  haul  the  gloves  off  the  Mailed  Fist, 

and  thus  stop  the  war. 
The'"  Milwaukee  Journal" 
shows  how  timely  a  lifting 
magnet  can  be  in  settling 
disputes.  A  couple  of 
navvies  were  about  to 
'■  strafe  "  each  other  with 
punch  bar  and  shovel 
respectively,  when  the 
works'  crane  with  Igranic 
lifting  magnet  arrived  and 
put  an  end  to  the  dispute 
in  the  manner  shown  in 
the  sketch.  At  the  finish 
everybody  laughed,  in- 
cluding the  would-be  con- 


\ 


testants.     What  else  could  thev  do  ? 


"  The  Times  "  Engineering  Supplement  surpasses  itself  in 
its  description  of  Mr.  A.  F.  Berry's  new  flaming  fire.  I  think 
the  writer  must  have  had  a  Tricity  shock,  and  have  been  so  full 
of  "  extractives  "  that  he  could  not  help  it.     Thus  {my  italics) : 

The  heating  elements,  which  measure  about  10  in.  by  2  in.,  taking 
about  500  watts  each,  glow  at  a  red  heat,  and  in  the  fire  they  are  set 
vertically  in  panels.  Changes  take  place  in  the  density  and  conse- 
quently also  in  the  refractivity  of  the  air,  which  entering  at  the 
bottom  is  gradually  heated  as  it  rises  past  up  the  element,  and  the 
diflfering  refractivities  of  the  different  layers  produce  a  shimmering 
effect,  similar  to  that  which  may  be  seen  along  the  steel  rails  of  a 
railway  line  on  a  hot  day.  This  taken  with  the  direct  effect  of  the 
rising  air,  where  it  is  allowed  to  contact  with  the  hot  wire  screen, 
permits  the  production  of  red  or  smoky  flames  at  will  and  gives  body 
or  volume  to  the  flames,  which  rival  those  of  a  coal  tire  at  its  hottest. 
Thus,  so  far  from  the  tire  presenting  the  monotonous  appearances  of, 
say,  an  electric  lamp  radiator,  there  is  a  continual  play  of  flickering 
light  and  shade  over  the  glowing  wires,  whence  the  epithet  flaming. 

I  should  have  said,  "  Why  the  flaming  epithet  all  this  flaming 
epithet  ?" 
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The   most   durable  flexible  Woven  Conduit 
made  for  protection  of  Electrical  Conductors. 

HIGHLY   FLEXIBLE.  LESS   COSTLY   THAN   OTHER   TYPES  OF   CONDUIT. 

GREAT   MECHANICAL   STRENGTH   AND   INSULATING   RESISTANCE. 

THE  L.P.S.  ELECTRICAL  CO..  18.  Adam  Street,  Strand.  London.  W.C. 


The  press  cutting  agencies  have  strict  instructions  to  .send 
along  to  us  items  of  electrical  interest,  and  these  orders  are 
obeyed  to  the  letter.  This  week  I  came  upon  what  I  thought 
would  be  an  interesting  "  item,"  it  was  entitled  "  A  Bad 
Record."  I  had  visions  of  some  station  giving  bad  results  or  a 
manufacturing  firm  in  low  water,  or  perhaps  the  failure  of  some 
well-known  lamp.  Nothing  of  the  kind,  for  the  first  few  lines 
undeceived  me  : — 

"John  Worral  (41)  electrical  engineer,  was  indicted  for  stealing 
a  rolled  gold  guard,  sideboard  cover  and  table  cloth,  the  property  of 
Henrietta  Dixon." 

The  tale  of  J.W.  and  H.D.  i 
details,  but  I  am  afraid  there 
save  the  statement  that  J.W.  is 


Scene — Anywhere.     Scenery — Anyhow. 

{Enter  crowd  of  Amperes.) 
We  are  the  Amps., 
We  hurry  through  the  lamps  ; 
We  crowd  and  crush,  we  shove  and  push, 
We  are  the  Amps.  ! 
(Exit  Amps.,  shoving  and  pushing.) 

{Enter  crow  1  of  Volts.) 
We  are  the  Volts, 
We  launch  the  thunderbolts. 
If  we're  let  loose  we  play  the  deuce  ; 
We  are  the  Volts  I 
{Exit  Volts,  playing  the  deuce.) 

{Enter  a  Thousand  Watts.) 
We  are  the  Watts  ; 
If  you  take  us  in  large  lots 
We'll  drive  your  mills  {you  pay  the  bills)  ; 
We  are  the  Watts  ! 
(Exit  Watts,  driving  each  other.) 


s  then  tohl  in  all  its  harrowing 
is  nothing  of  electrical  interests 
an  electrical  engineer  ! 

*         * 

K Enter  a  Megohm.) 
We  -ire  the  Ohms  ; 
Where'er  the  current  roams. 
With  foot  and  fist  we  still  resist ; 
We  are  the  Ohms  ! 
{Exit  Ohms,  for  once  unresisting.) 

{Enter  a  Platoon  of  Soldiers.) 
W'^aretheO.H.M.S.  !  !  ! 
Those  funny  little  gnomes 
Who've  just  been  here  have  no  idea 

Of  what  it  means, — 
To  still  resist, 

'Midst  shell  and  poison  mist 
Our  Sovereign's  foes  1    Their  murderous 

blows, 
Their  base  ill-will,  we  parry  still. 
We're  none  the  less  O.H.M.S. 
To  beat  his  foes  ;  so  now  here  goes 
To  give  them  Beans. 
(Exit  Platoon,  beans  and  all.) 

From  "  Glover's  Almanac." 


The  ideas  of  Councillors  sitting  upon  Electricity  Committees 
do  not  find  their  way  into  print  as  often  as  they  should.  There 
would  then  be  some  hope  of  making  a  text-book  which  would  be 
useful  to  both  present  and  prospective  Councillors.  Here,  for 
instance,  is  a  good  example  for  the  Oldham  "'  Standard  "  under 
the  title  "  Leakage  of  Electricity  "  (my  italics)  : — 

Councillor  Dixon  commented  on  the  size  of  the  leakage  of  electricity, 
the  loss  between  the  amoimt  generated  and  the  amount  sold,  and 
asked  the  Chairman  of  the  Committee  if  it  was  not  possible  to  reduce 
it  somewhat.  He  knew  that  the  doing  so  might  be  a  little  difficult. 
He  thought  something  might  be  done  in  the  way  of  talking  to  the  stuff 
and  trying  to  get  them  to  reduce  the  deficiency. 

Councillor  Hardman,  replying,  said  Coimcillor  Dixon  had  taken  an 
active  interest  in  the  question  of  the  loss  during  generating,  and  he 
thought  it  was  essential  that  all  the  members  should  study  these 
imperceptible  losses.  There  was  a  matter  of  1|^  per  cent,  more  than 
before,  but  it  could  be  easily  accounted  for  as  the-longer  the  mains  the 
greater  the  imperceptible  losses 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electriclvx  (Second  Series),  July  12,  1879.] 
Gas  v.  Electricity. — In  an  article  on  gas  manufacture,  the  "  Gas 
Trade  Circular  "  admits  that  the  electric  light  has  given  a  grand 
impetus  to  the  manufacture  of  gas  throughout  the  kingdom.  The 
present  systems  of  electric  lightmg  are  not  feared,  but  "  it  is  the  future 
of  the  electric  light  that  has  to  be  guarded  agauist."  Our  contem- 
porary, writing  somewhat  in  favour  of  employes,  points  out  that  the 
directors  of  the  various  companies  should  api)reciate  and  duly 
reward  the  scientific  men  and  the  inveu*^  -rs  that  are  working  to 
improve  the  manufacture  of  gas,  an(^  leading  to  still  further  economy. 
Hitherto  talent  has  been  at  a  discomit,  but  as  soon  as  existence  is 
threatened  talent  is  to  be  petted  and  promised  rewards  ;  at  any  rate, 
we  have  frequently  found  that  the  rewards  end  with  promises,  and  the 
tangible  result^  accruing  to  talent  are.  like  will-o'-the-wisp,  hardly 
ever  tO  be  caught.  We  heartily  trust  that  directors  of  gas  com- 
panies may  even  *^hrough  fear  be  taught  a  lesson  which  will  not  be 
forgotten  in  a  time  of  seeming  security.  -»<,.  ■ 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   on   application. 

J.  BLUNDELL  &  SONS, 

GOLD,  SILVER  S  PLATINUM  REFINERS,  199,  WARDOUR  STREET,  W. 


"GolsUplat,  Ox.,  London." 


4746  Garrard. 
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SIEMENS 


ELECTRIC     MOTORS 


Part  of  small   Motor  Shop, 
Stafford   Works. 


SIEMENS  BROTHERS  DYIMAMOWORKS  LIMITED 

HuA..  AXT^N  HOJSE,  •//E:rrMIN3TER.  S.W. 

Telephone:  G  O.  Teie>:rarT.s :  ""  Siembralos,  Vic,  London." 

Supplies  Den.;    .48  A  3B.   UPPER   THAMES  STREET.  E.C. 

Telephone:  City  53M.  Tc-.-..-  r  •  ■  Sieu' tcp,  Cekt.,  London." 

HOME  BRANCH  AOORESIESi 


B-  ■■:■■  .HAM— Ontr..l  H'   .  Ne- 
b'  \r.    :-  -30.  BridKe  Sr-'.--:. 
CARDif  r — 89,  St.  Mary  Street. 
Clasoow— 66.  Waterbc  Street 

BranchOB   in    Principal  Towns    Abro.id 


Manchrutek— 196.  Deansgate. 
fJi:  a-a:t-._e  -  64-68. Collingwood 
Skkftirl:  -22.  Hi^h  St.        [Bldgs 
S  •nfAMrT'N     4fc.  Hirh  Street. 


GARAGE  UGHTING  WITH  OSRAM  "ATMOS"  LAMPS. 

The  li^litinn  (if  11  larj^c  Kar.ipc  |inMiiI.>  <  on.sjd.i.il.lc  diUicuItic.s 
iiwiuii  Jo  the  lowiH-N*  «»f  tin-  riMif  in  n-liilion  to  tin-  wide  area  wliicli 
liaA  to  lie  pvpniy  illiiminat'-«l   without   ti^nrr.     Before  fJio  dav-s  «if 


tJVRAriK   l.li.IITKK   nV    O-IUM     '.VtM  >- 


'1^1!     I    \Mr 
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LEAD  MELTING  FURNACES 

IJi'  ■/  Patents 
For  Cabl<>  and  Pipe  Presses,  Accumulator  Grids,  etc., 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL 

E.NORMOUS  SA\I.NG    IN    RESIDUE. 

5zt;  Pa-.'ir.cKi:  arranged  n:  special  cases. 

MONOMETER,  Ltd..  22.Whitehouse  St.,  Aston,  Birmingham 


liitlf-wiHt  himi^s  tiie  garage  iJlii.stratcd  in  the  accompanying  photo- 
graph--the  Albany-street  prenii.ses  of  Messrs.  Barningham  (Ltd.) — 
was  equipixd  with  arc  lamps.  The  change  to  Osram  "  Atmos  " 
tyjK'  lamj»s  has,  we  understand,  been  accompanied  by  a  marked 
improvement,  not  only  in  current  consumption,  but  in  the  volume 
ind  distribution  of  the  light. 

The  lam  MS.  which  are  rated  at  1..5CX>  watts  (approximately 
•  i.iMH*  c.p.),  an-  installed  in  G.E.C.  '"  Third  Citizen  "  lanterns,  made 
by  the  General  Klectric  Company  (Ltd.),  of  London  and  Witton, 
Birmingham,  with  their  "  Superlux  "  glass  hemispheres.  Superlux 
IS  an  ojja'.escent  glass  wliich  gives  an  excellent  diffusion  with  a  com- 
paratively small  loss  of  light  due  to  ab.sorptioji.  The  lanterns  u.sed 
have  Iktii  sjiecially  designed  for  half- watt  type  lamps.  They  are 
made  of  green  vitreous  enamelled  iron,  and  are  arranged  with  triple 
\  entilation.  Particular  attention  has  been  paid  to  the  shape  of  the 
n'flect<^)r.  the  curve  of  which  has  been  so  designed  to  give  a~s  uniform 
.1  distribution  of  light  a<  i«).ssil)le.  About  50  {xtints  were  converted 
ill  the  various  showrooms,  workshops  and  garages  of  the  firm,  with 
results  whi<h  have  proved  uniformly  excellent. 


TUMBLER-SWITCH  CONTROLS 
FOR  SMALL  CONTINUOUS-CURRENT  MOTORS. 


Fig.  1  shows  one  of  the  most  recent  of  the  numerous  modifications 
of  Messrs.  A.  P.  Lundberg  &  Sons'  well-knowii  "  Twinob  "  tumbler 
switch  ;  a  modification  which  suits  it  for  the  control  of  small  con- 
linuous-current  motors.     The  cover  is  removed  to  show  the  internal 


l-ic.   I. 

.onstructi.m.  It  will  U-  evident  that  the  (.ik-u  bo.\  and  knob  on  one 
lever  rnKiirc  Uh  being  put  on  befoie  the  other,  aid  ai.so  that  Ixjth 
levers  chilli  either  Im-  put  ..IT  together  or  the  "  Uix  lever  ""  last. 

The  a]>pli<  aiion  of  thf  switch  to  ;•.  small  ."eiics  motor  is  set  n  in  the 
.liagnvm  in  Vig.  2.  where  K  is  the  lever  which  luus  to  go  on  first.     The 


l"u;.  2. 

•»lher  lever  in  put  on  to  bridge  the  resistance  H  when  the  motor  has 
sj»«-<  (led  up. 

The  Mine  arrai!  ■• •  •  of  re,sisliuiic  will  suftice  for  a  sma!l  shunt 

motor,  the  lield  1  uicdedjo  the  right-hand  terminal  and  the 
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The  Electric  &  General  Works,  Ltd., 

15,   Victoria   Street,   London,   S.W, 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


CLOSED. 


ELECTRICAL    APPARATUS    up  to   80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegrams:    "  GABIONAGE  VIC.   LONDON.' 


armature  to  the  left-hand  one.  If  in  this  case  the  resistance  is  dis- 
pensed with,  the  switch  ensures  the  Held  being  put  on  first. 

Another  type  of  switch  will  start,  stop  and  reverse  a  small  series 
motor  ;  while  yet  another  will  control  a  shunt  motor  and  jiut  its  field 
coils  (if  in  two  sections)  in  series  for  full  speed  and  parallel  for  low 
speed. 

Further  particulars  may  be  had  on  application  to  the  makers  at 
Pioneer  Electrical  Works,  477-489,  Liverpool -road,  London,  N. 


pared  with  synchronous  motors,  a  decided  advantage,  in  so  far  that 
even  if,  due  to  sudden  overloads  or  an  abnormal  drop  in  voltage,  such 
as  may  occur,  for  instance,  when  a  short  circuit  takes  place,  the 


AUTOSYNCHRONOUS  MOTORS. 


The  question  of  power  factor  correction  has  in  recent  years  re- 
ceived considerable  attention,  and  various  methods  have  been 
devised  for  the  purpose.  The  simjilest  of  all  method  <,  that  is  the 
use  of  .synchronous  motors,  can  only  be  ap])lied  under  quite  sp?cial 
circumstances  owing  to  the  difficulties  in  starting,  even  where  the 
motor  starts  against  light  load.  To  overcome  the  difficulty  the 
Allmanna  Svenska  Elektriska  Aktiebolaget,  Vesteras,  Sweden, 
introduced  about  12  j-ears  ago  the  autos\iichronous  motor  invented 
by  Mr.  Danielson,  who  was  at  that  time  the  chief  electrical  engineer 
of  the  company.  This  motor  combines  the  favourable  characteristics 
of  the  induction  motor — viz.,  large  starting  torque  and  large  overload 
capacit}- — with  those  of  the  s^iichronous  motor.  It  consists  of  an 
induction  motor  with  a  specially  woimd  slip-ring  rotor,  provided  with 
a  direct-coupled  exciter.  The  motor  starts  as  an  ordinary  induction 
motor,  and  when  full  speed  has  been  reached,  the  exciter  is  connected 
to  the  slijj-rings  which  gives  to  the  rotcjr  a  definite  polarity,  trans- 
forming it  into  a  s_\-nchronous  machine.  By  regulating  the  field 
current,  leading  or  lagging  currents  can  be  produced  and  the  power- 
factor  regulated  within  the  limits  which  corres])ond  to  the  rated 
output  of  the  machine.     The  autosj-nchronous  motor  has,  as  com- 


S50  H.P.  900  K.P.M.   AUTOSYNCHROXOUS  MOTOF. 
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Ferranti  Ltd 

HOLLINWOOD,   Lancashire. 


SWITCHGEAR,   TRANSFORMERS.  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


INSULATION 


The   only   satisfactory   snbstitnte   for 

Asbestos     Wire  :      also     for     flexible 

leads,  etc.      .\MPLE  STOCKS. 


i' 


HQLDERHARRIDEN.  LTD..  35  37,  noble  street,  london.  e.c. 


motor  fallH  out  of  Htt-p,  it  will  do  bo  without  tauKing  any  8topi>age  or 
fliMtiirhiince  to  the  Hupply.  When  out  of  Bynchroni«m  the  motor 
iniinffJiiit<;ly  rf?coverK  the  characteriBtic  oi  an  ordinary  inrluction 
motor  witli  itw  heavy  ovcrloa^J  torque,  and  -will  remain  running  in 
thiH  manner  until  the  Ioa<l  fallH  to  itj<  normal  value,  when  it  will 
again  run  up  to  Hynchronium  and  aufoiiiati<aIly  fall  into 
Htep.  Another  mlvantuge  in  that  the  aulosymhronous 
motor  df>eB  not  defjend  U|xjn  it«  exciter  in  the  Bame 
manner  im  un  ordinary  HMiclironoUH  motor.  It  can  at 
any  time  l<e  u«ed  witliout  the  exciter  iw  an  ordinary  in- 
duction motor.  Such  motors  built  by  the  above-men- 
tioned eomjMtny,  wlio  are  n'prewnti-d  in  tliiK  country 
l.y  the  SwediHh  Ceneral  Electric  (Lt<l.),  ("an.wla  Houm-, 
KingKM'ay,  London,  W.C,  have  found  numerous  applica- 
tidHH,  and  have  l>een  HUpplied  for  out put«' varying  from 
HH)  II. I',  up  to  l.'AfO  II. I'.  The  illuKtration  nhoWH  an  auto- 
B\TichronouB  motor  for  an  output  of  H'tO  b.ii.p.  at  iKKtrevs. 
fter  min.  Two  of  thew  worn  recently  HUpplied  for  the 
wa'erworkH  of  ]">lnioiiton  ('or|K»ration.  ('ana<la.  They 
were  dcHigned  to  work  with  a  leading  |»owcr-fa<lor  of 
80  |MT  cent,  on  a  2,2(K»voIt  OH)  cycles  hujjjily.  The  efli- 
cien<y  in  !♦.'<  |<ct  cent,  at  fullloa<l,  92  jmt  cent,  at  three- 
(piarter  lotui  and  S9  jjer  cent,  at  half-load.  The  field 
current,  arid  conwquently  the  jjower-factor.  iw  regulated 
by  Hhiffing  the  bruHhcH  on  the  commutator  of  the  exciter. 

.MotorH  of  this  deBcrijUion  are  woll  nuited  for  driving 
faiiH  and  air  (omprcKHorH  in  Ixiiler  houw»  and  <-o!lierieH. 
.\llliougli,  in  the  case  of  air  c<mipn*Kjsor«  the  loiwi  fluctuaten 
ul  frequent  intervalH  from  fullloml  to  10  or  1.'")  |)er  cent, 
of  full  lomi,  the  leiuling  com|Mjnent  of  the  current  HU])|)lied 
by  the  motor  mill  remainH  pra<tically  the  same,  wj  that 
the  comiienwiting  effect  on  the  HUpply  ifl  practically  inde- 
|M'ndent  of  theiw-  loiul  variationH. 

(Jeni-rally  HjH-akiiig.  the  autoHynchninouB  motors  can  Ix*  used  for 
any  pur|Kj«c  where  conHtant  H|)ecd  ifl  required  for  <-onHtant  or 
fluctuating  IoiuIh,  but  the  niont  favounible  ap|)licationK  are  those 
wliere  the  iiiaxiniuiii  overltia<l  does  not  gn-atly  e.\<eed  the  average 
loa«l,  and  when*  the  working  bourn  of  thci  motor  coincide  with  the 
|ieriod  of  iiiaximum  lo.ul  on  the  ]H)Wer  Htation. 


"MODERN  ELECTRICAL  PLANT." 

•jTlii-  aiwivc  in  the  title  gi\eii  to  a  mw  and  attra(  live  iKioklet  ju.st 
iiMUed  by  the  Kleitric  ( 'oiiMtruction  Co.,  I»ndon  and  Wolverhampton. 
It  drain  with  the  pntduct*  of  the  eom]Niny  in  dynamo  electric  machi- 


nery and  Bwitchgear,  and  its  opening  pages  contain  an  account  of^the 
development  of  the  company  and  the  present  works  at  Bushbury, 
near  Wolverhampton.     This  description  is  of  interest,  and  we  quote 

it  in  extenso. 

"  The  foundations  of  our  present  business  were  laid  in  1880,  when. 


ViKW  IS  OXB  OF  THE  Mu  III>K  nAVS. 


l'.VKT   Oi    THE   WlNDlNO    SHOP. 

in  a  faetorj-  situated  in  Commercial -road,  Wolverhampton,  our  fore- 
runners built  some  of  the  earliest  dynamo-electric  machines.  The 
"  KIwcll- Parker  "  bipolar  d\niamo  or  motor — the  standard  direct - 
current  machine  up  to  the  late  nineties — though  cumbersome  and  very 
exj)ciisive  as  compared  with  the  productions  of  to-day.  was  a 
t  horoughly  practical  machine.  How  practical  it  was  may  be  gathered 
from  the  fact  that  even  at  the  present  day  we  arc  called  uixin  to 
rcj)lace  the  original  commutators  of  machines  which,  in  many 
instances,  have  t>een  in  continuous  operation  for  20  to  2.J  years,  and 
have  incurrc<l  no  maintenance  charges  beyond  the  occasional  renewal 
jif  brushes  and  In-aring  bushes. 

'■  The  «-arlier  alternating-curient   machines  were  used  solely  for 
lighting  puriKjses  ;    then  came  the  induction  motor,  transforming 

.illernatingcurrcnt   j)owcr  into  a  coiiuncrcial   pro]>osition. 

and  we  took  uji  the  manufacture  of  that  tj'pc  of  ma  hinc 

un<Ier  the  Te.sla  patents. 

"  -Mthough,  as  events  have  prov?d,  the  advent  of  the 
MUiltj|K)Iar  dircit -current  ina-hine  heralded  an  enonnous 
.idxaiu-e  in  the  economical  aj)plication  of  electric  jx)wcr, 
it  was  not  at  first  an  unmixed  bles.sing  to  manufacturer 
or  consumer.  In  particular,  the  introduction  of  interjx)les 
Uiin  overcome  the  commutation  ditMoilty.  The  commu- 
lation  of  a  modern  intcrpole  machine  is  sjwvrkless  from 
no  load  to  at  least  2.")  per  cent,  ovcrlor.d.  Jind.  in  a  variablc- 
-iMS'd  ma  June,  throughout  thcsjHH'd  range.  Socompletoly 
I  .»H  the  problem  of  sparking  been  solved  that  in  small  and 
iii'.rmcdiate  sixes  we  do  not  lit  brush  rocking  gear;  it  is 
i  -ible  to  alter  the  brush  positicm  i»y  slaiking  off  the  liolts 
.;nd  forcing  round  the  brushgear  ring,  but  tliis  is  only  for 
the  (xmvenieiux^  of  our  testers,  who.  during  the  trial  run, 
ux  the  correct  bru.sh  |K>.sition  once  and  for  all.  In  the 
on  account  of  the  weight  of  the  brushgear. 
•w  ;,;  i...i.dwhe<>l  nu-king  gear;  but  again  the  jxisition 
docK  not  need  alteration  after  it  has  been  determined  dur- 
ing the  trials. 

I  '  •    history  of  swit<hgeivr  is  a  romance  in   itself,  the 

i. ::i  :i  ;Ke  l>ctween  the  elementary  ty|»es  of  early  days  and 

ihr   pTvwnt    practice   of  oil  switches,   automatic    cin-uit- 

bri  .ikers      all-metal     eonslniction.      and     so     on.*^l>eing 

e\<n    moit?    marked    th.^n    the     difference    in    machine 
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•.«,5U?e" WIRE  LAMPS 
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Advt.   of  Pope's  Electric  Lamp^Co.,  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


design.  High-tension  transmission,  new  apjJications  of  electric 
power,  the  growing  stringency  of  Home  Office  regulations,  have  all 
demanded  rapid  yet  practical  development  in  switch  and  control  gear 
design.     That  the  demand  has  been  met  is  self-evident.     Switchgear 


► 


) 


E.C.C.  Works  :  Pakt  of  a  Lakge  Order  for  D.C.  Machines. 
The  order  was  received  March  9th  ;   the  ilUistration  shows  progress  at 

Maruli  10th.     ' 

is  now  fulfilling  requirements  undreamt  of  a  few  years  ago  ;  withal 
the  modern  tendency  is  towards  simplicity  of  design,  however  com- 
plicated the  function. 

"  In  1888  we  built  and  moved  into  our  present  Bushbury  works, 


which  occupy  a  site  of  23  acres,  one-fourth  being  covered  by  building  ? 
The  whole  of  the  works  is  upon  the  ground  floor,  and  the  main  fac- 
tory consists  of  a  single  building,  without  interior  walls,  measuring 
170  yds.  by  90  yds.  Here,  under  one  roof,  are  grouped  the  pres.-, 
core-building,  commutator,  insulation,  winding,  brushgea:J 
machining,  erecting,  testing  and  despatch  departments  in 
connection  with  direct-current  and  altemating-current 
machines  of  all  sizes  ;  also  the  switchgear  manufactur- 
ing, erecting  and  testing  departments  and  the  generatmg 
station.  The  shop  in  which  hea\y  machine  work  and  the 
erection  of  large  motors  and  generators  are  earned  out  was 
formerly  a  separate  buildmg  lying  across  the  end  of  the  main 
building  but  at  somo  distance  from  it.  The  two  buildings 
have  recently  been  joined  up  and  the  intervening  wjiU 
taken  out,  the  result  being  an  addition  of  some  2,200  sq. 
yds.  to  the  total  shop  area,  and  increased  ease  of  con;  rol 
and  communication.  Means  of  internal  transport  are  pro- 
vided "by  14  electrically-operated  overhead  travelling  cranes 
and  by  trolleys  running  on  a  network  of  rails."  ^ 

"  The   machine   tool   equipment,  which   is   quite  up  to 
date,  comprises  some  hundreds  of  tools,  includhig  complete 
ranges  of  planers,  vertical  boring  nulls,  liigh-speed  drilling 
machines,  lathes,  automatics,  grinding  machines,  presses, 
&c.     No  tool,  whatever  its  age,  is  reta-ned  in  the  factory 
if   it   can   be   replaced    by  a  better.     The  foundry,   in   a 
separate  building  of  about  2,200  sq.  yds.  area,  deals  with 
casting  >  from  the  smallest  brass  or  copper  switch  parts  to 
the  largest  iron  castings  required  in  the  machine  depa:t- 
ment.     It    is   served    by   two   overhead    electric    cranes. 
The  factory  also  has  its  own  pattern  shop,  carpenters' 
shop,    smithy    and    fire   station,   wliile   the   comfort   and 
recreation   of    the   employes    is    provided   for    by   mess 
rooms,  works  institute,  tennis  courts,  bowling  green  and 
playing  fields." 
The  illustrations  in  the  booldet  give  some  idea  of  the  range  of  the 
company's  manufactures.     In  preparing  them  they  have,  wherever 
possible.  i)hotographod    the  machines  as  actually  installed,  recog- 
nising that  the  reader  will  find  such  illustrations  more  interesting 
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Manufacturers  of 

PHOSPHOR     BRONZE, 

GUN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tubes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR   TIN. 
PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  LTD.. 


Bl  RM I NGM  A  M  . 


Model 

• 
Volts. 

Amp. 
hr.s. 

Length. 

Width. 

Height. 

Purpose. 

In;:. 

Ins. 

Ins. 

Vl.S  ... 

6 

vn 

12 

'i 

9i 

Studebiker&  Hup- 
mobile. 

Y3.S  ... 

(i 

80 

Hi 

7h 

9i 

Bedford -Buiok. 

ys.L... 

6 

8() 

20^ 

4i 

9i 

Overland. 

Y7.S  ... 

12-6 

40 

12i 

"i 

9i 

Maxwell  &  Mitchell. 

Y9.S  ... 

12 

40 

12i 

'J 

9^ 

Ford  &  Genemotor 
set 

Vll.S  . 

12 

40 

m  , 

'i 

9^ 

Briscoe  &  Scripps- 
Booth. 

Yl:{.I.  . 

12 

40 

20  i 

.") 

9i 

Dodge  Bros.  ear. 

YI.-).S  . 

\H-(i 

:\r> 

\-A 

Ti 

lU 

White-Coleman. 

YIT.S  . 

J 

24-12 

:u) 

20      ^ 

10 

lOi 

"  U.SL"  equipment 

. 


llian  thow  wliicli  merely  Khow  in>ichine}<  ujx)ii  the  shop  erecting 
\)lnteH.  In  «omc  inHtanecH  he  will  have  to  accept  the  company's 
word  an  to  what  a  motor  Ih  driving ;    nevertheless,  they  hope  that 


a?:d  and  fitted  with  flush-tvpe  carrjing  handles.  Special  adaptable 
cone  fittings  are  fixetl  to  the  terminal  pillars,  which  can  be  correctly 
[Kjsitioned  to  suit  the  starter  leads  and  taper  contacts  of  each  in- 
dividual type  of  car. 

The  range  of  batteries  has  been  standardised  at  favourable  prices, 
and  eliminates  the  difficulty  of  obtaining  spares  in  this  country. 

The  overall  dimcn.sions  of  the  most  ix)pular  6-volt  80-aniiJeres 
assembly  are  shown  in  the  table,  whilst  full  details  are  also  given  of 
the  various  cars  for  which  the  "  American  "  replacement 
models  are  manufactured. 

A  copy  of  the  leaflet  will  be  forwarded  on  application  to 
the  company  at  Warple  Way,  Acton,  London,  W. 


IRONCLAD  DISTRIBUTION  FUSE  BOARD. 


Taut  or  an  «»i«i>Kii  n.u  Thiutv-kivk  40  ii.j-.  Tiiukk  i'1I.\sk  .Si,ii'-kin«:  Motuks. 


exitminntion  of  even  th  .-e  illiiwt rations  will  be  profiliiblc.  !\<  showing; 
dilTerehl  inelliod.H  of  inHta!lalinn  and  the  conditions  under  whieii 
Ntiuulard  mi-.fhii>M  arc  nvlled  u|Nin  to  work." 


BRIIISH  REPLACEMENT  BATTERIES  FOR  AMERICAN 

CARS 

The'KH'ul  number  of  Anuri....,  ,„),  n<»w  filled  with  liphtinu  sets 
and  dyiuimo  HiarlerM  hni  jriveu  riw  to  i»  di'mand  f<.r  Hnlisli  ni.ide 
baU>ri.vHforth- (.  e.|uipnwnl^.     .M  \    Nandervoll  &  Co.  have 


The  growing  ufe  of  ironclad  switch  and  fuse  gear  for  a.c. 
and  d.e.  circuits  is  indicative  of  the  demand  for  sound 
engineering  construction  in  electric  switch  control  ap- 
])aratU8.  The  jxjwer  circuits  now  employed  in  industrial 
iuidertakhig.s  are  of  a  capacity  that  merits  tie  wiring 
lM)rti()n  of  the  installation  being  carried  out  en  quite 
substantial  lines. 

Much  of  the  pioneer  work  in  the  iron  enclosure  of 
switches  and  fuses  has  been  clone  in  this  country  by  A. 
Keyrolle  &  (b.,  Hebburn-on-Tyne,  and  many  excellent 
examples  of  their  designs  are  in  .service  on  circuits  of  every 
ilass.  One  of  their  most  recent  j)roductions  is  shown  in 
the  adjuinijig  illustration,  which  depicts  an  ironclad  dis 
tribution  fui^e  Ijoard  arranged  for  buildmg  up  on  the  unit 
principi(>.  It  is  made  upof  threedivisions,  the  iron  jKirtion 
of  each  I  eing  cast  as  one  piece  ;  the  centre  section  is  a  bus 
liar  chamber  and  the  upjier  and  lower  sections  are  fuj-e 
cliambers.  In  the  illustration  one  of  the  units  is  shown 
o|icu.  and  it  clearly  indicates  how  the  "bus  bars  are  sup- 
ported ecpii-distantly  and  the  bar  connections  are  taken  from 
ll.cin,  at  ti.e  back,  to  each  of  tb.e  fuse  .•■■ections.  one  above  and  one 
i  elow.  The  "bus  bar  sections  are  designed  for  bolting  together  to 
fonn  any  (!esin>d  length  of  fuse  board  and  the  ends  will  accommodate 
cither  a  blank  cover  or  a  cable  entry  box,  through  which  the  three- 
e«.rr  "able  can  |mss  either  from  a  vertical  or  a  horizontal  direction. 

TI.e  fuses  uKcd  are  the  company's  standard  jwrcelain  ventilale<l 
l..iiid!e  tyi  (•  which  are  readily  re))!a(  ealile  and  can  le  refu.^ed  with- 


C.A.V.  HKn.\«  KMKNT  Mattkiiikh  n\n  Amkrkan  Cars. 

."onl  u.«  an  advanrr  copy  of  a  li.^t  in  which  they  de^ribe  and  lui.  o 

the  baHrrie.M  whieli  (hey  offer  f«»r  thi.s  pnrpoM\     To  obtain  a  n<ally 

unit,  a  n^plica  of  the   "  Mullex  ""   plate  is  fitted,  and   the 

■  2  volt  elH»nit'«  or  hani  rubl>er  t«eale«l-in  tuiits  an'  emjiloyed. 

The  unitA  are  ninuntod  up  in  wooden  rontainern  treated  to  resist 


-*-    -^ 


ViKw  ofThrkk  Units.  lR..\ri.u>  Pi'^tribitiox  Board. 
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Dynamo  Lighting 
for    Auionnoitiies 


IN  that  all-important  branch  of  the  motor  industry — the  Electric. 
Lighting  of  Motor  Cars— this  is  the  Dynamo  which  has  re- 
placed complicated  apparatus,  for  it  is  the  culmination  of  the  en- 
gineer's true  ideal — efficiency  based  on  the  bed-rock  of  simplicity 

SIMPLE,     SAFE     AND     CERTAIN 

Since  1900  we  have  speciahsed  in  Car  Light- 
ing, and  the  introduction  by  us  in  1904  of  the 
first  variable  speed  dynamo  ever  placed  on  the 
market  has  brought  the  C.A.V.  self-contained 
Car  Lighting  System  into  world-wide  popularity 
and  use. 

Driving  behind  C-A.V.  Lamps 
makes  travelling  as  safe  and  pleasant 
as    by    day.       Write    for    literature. 


^^^mn 


93  Ltd.. 


Electrical  Engineers.  ACTON,  LONDON.^ 
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IRONGASED 
SOCKETS  &  PLUGS 

FOR    HARD    SERVICE. 

Sfzes    up    to    200    amps. 

D.P.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined   Switch 
and    Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd , 

Ordsal   Electrical  Works, 

SALFORD, 
MANCHESTER. 


nut  the  no«d  for  «|)pfial  cartridgeB  or  rpfillH.  In  every  case  the  con- 
fiiftK  ;in(|  those  fiiws  arc  wlf-alij£ninj{. 

^W  !•  iinil'THtaiHl  that  thew  UjaniH  iirc  mado  up  with  Ktandard 
raMtinjf'*  for  wvera!  Hizes  of  circuit«,  |»artifularR  of  which  will  be 
Hupplicd  hyjhc  com|»an3'  on  requent. 


THE  REFECTORY,  GOLDERS  GREEN. 

(iuUlvTn  (Jn>cn,  the  youngp«t  and  most  cnt^-rprising  of  our  Ixindon 
Miihurhn,  |irnvidcd  as  if  \n  wifli  so  many  moans  of  nocial  recreation 
and  edn<ation,  hh<»iiid  now  feel  pn>ud  in  the  j)OK(>c8»<ion  of  a  first- 
cl»HH  re»tanrant  on  West-end  lines.  It  claims  t«  be  the  only  electric 
n-staiirant  in  l/ondon  o|ien  f*)  the  public  and  run  on  purely  commer- 
cial lines  as  ii  restaurant  only.  Two  other  similar  establi.shmenf.s 
exiMt,  but  they  are  owned  by  the  makers  of  the  cooking  apparatus 
installed.  There  are,  of  courw.  a  numlM'r  of  small  |)ulilic  tea  rooms 
in  whi<h  electric  cookitig  is  in  vogue,  .such  as  Harrods  and  other 
West -end  hrms,  l»ut  probably  none  of  those  de|)ends  for  it«  existence 
entirely  u|Kin  its  being  a  coniTnenial  success. 

The  (lolriers  (Jreen  enterprise  is.  we  untlerstand,  due  to  a  few 
pul>lic-spirite«l  local  gentlemen  who  recognise  the  many  advantages 
of  electric  c<Kiking  and  <lc(  ided  to  a<lopf  it  in  pn-ference  to  any  other 
available  method.  The  owners  of  the  company  are  Kh-ctric  Caterers 
(Ltd.),  who  an-  to  Is-  congnitulat4><l  on  the  success  of  their  enterprise, 
for  we  gatlH-r  that  it  has  now  Imm-u  in  In-ing  for  over  four  months. 
.Induing  by  the  daintiness  ami  <|uality  of  the  catering  and  the  ex- 
tremely moderate  prices,  the  establishment  com|Kires  (juite  favotir- 
ably  with  any  lirst-class  West -end  n-staurant.  It  is  to  be  hojted  that 
the  jiroprii'tors  will  not  contine  their  o|N^rations  to  one  district  only. 
•»  Through  the  courtesy  «>f  .Mr.  H.  (J.  Drummond,  engineer  and 
manager  of  the  Hemlon  Kle<tric  .'>^U|iply  Co.  (Ltd.),  which  supplies 
the  energy,  we  were  recently  shown  round  these  interesting  j)remises. 
The  buildinc  is  rlijute  in  design.  eommiKlious  in  accommodation,  and 
plamied  in  every  detail  in  a  manner  which  shows  that  the  promoters 
know  their  businetts  and  the  architect  his  craft. 

The  building  has  Isen  appnt|iriate|y  termed  the  Refectory,  and 
is  in  the  mam  ImikIiIi-v  niad.  immediately  opjiosite  the  exit  of  the 
(Solders  (Jiwn  Tube  Station.  It  forms  a  well-balanced  and  im]X)sing 
piece  of  an  liileclun-  in  th«»  (leorgian  style  with  a  fim-Iy  <lesigned  shop 
fnml  in  imlished  cupper.  The  entrame  to  tin*  dining  room  and 
litunge  is  thniugh  a  foyer  used  for  the  mile  of  cakes.  {NistrieM  and 
e  )nfe(  timis.  The  usual  c<iunt4Ts  aiul  shelving  are  n-pla-ed  by 
n<fe<  tory  tables  and  ,la'olH'a"i  dressers,  when-  the  products  of  the 
elect rii'  Itakery  are  neatly  displayinl  in  jiewler  and  other  artistic 
dishes. 

The  lea  rooni.  which  is  enlen"*!  «Iirectly  through  the  fover.  is 
furnisherl  with  "  Dryad  "  cane  furniture  and  the  Hoor  is  dark  oak 
eovenMJ  with  Orii-nlal  rugs.  The  dminu  rooni  on  the  lower  gmuiul 
Hoor  is  a]ipriia'-he<|  from  the  foyer  by  a  sh<»rt  stu'rcast-  and  is  of  simple 
design  and  charnnngly  decorated  in  a  colour  scheme  of  grey  with  a 
bhi'k  dado  with  pictun<  rati  and  lloral  lH>nler.  It  is  furnished  in  old 
Knglish  light  oak.  the  Hoor  isMUg  als«»  c<nenMl  with  Oriental  rugs. 
That  giMMl  humour  which  is  netvwary  to  the  enjoyment  of  a  well 


One,  Two  &  Three  Phase 
MOTORS. 

IVNCiDON-DAVIIvS    MOIOH    CO. 

llPtd   Officii     HO,     CANNON     STREET.     LONDON.     E.C. 

Workt      Ttjirmodr    Ro«d.    I.rwiahtm.    London,    S.F.. 


served  dinner  is  encouraged  by  the  dispaly  on  the  walls  of  repro- 
ductions of  the  drawings  by  Hassal,  Law.son-Wood  and  TowTisend, 
and  the  effect  at  night  when  the  room  is  lit  liy  electric  table  lamp.s 
with  their  pink  shades  is  both  pretty  and  cheering.  Semi-indirect 
lighting  with  half-watt  lamps  is  employed  throughout,  with  hand- 
some alabaster  Ik>wIs  for  the  public  rooms.  The  fittings  were 
supplied  bj'  the  General  Electric  Co.  (Ltd.) 

Klectric  fans.  lx»th  table  and  fixed,  ensure  a  cool  and  sweet  atmo- 
sphere,  so  es.sential  to  the  comfort  of  a  restaurant. 

The  kitchen,  which  is  divided  from  the  dining  room  by  a  servery, 
is  equipped  with  the  following  electric  cooking  apparatus  :  Two 
Xo.  .'}  heavy  hotel  type  Falkirk  roasting  ovens  each  loaded  to  5  kw.. 
the  elements  Ijeing  arranged  on  both  sides  and  wired  for  six-heat 
control.  The  ovens  are  double-sided,  heavily  lagged  and  are  of 
glazed  white  enamel  inside,  thermometers  are  jirovided  to  assist  heat 
regulation.  The  elements  are  all  accessible  without  the  need  for 
dismantling  tlie  ap])aratus. 

The  efticiency  of  f  liese  ovens  is  shown  by  the  following  test  :  250°F. 
in  I.">  minutes  from  dead  cold,  with  consumption  of  3  kw.  ;  320°F. 
in  20  minutes:  410"F.  in  30  minutes;  550°F.  in  45  minutes. 
Switched  to  half  heat  the  t-empcrature  ro.se  but  not  so  rapidly,  and 
at  low  heat  with  a  consumption  of  750  watts,  a  steady  heat  of  450^F. 
was  rcconled. 

Two  restaurant  type  Falkirk  grills  and  toasters  are  provided,  one 
Ioade<l  to  3  kw.  and  the  other  to  5  kw.,  each  with  three  heat  control  ; 
atta'.hed  to  each  is  an  ingenious  device  for  regulating  the  distance  of 
the  food  from  the  heating  elements.  A  combined  carving  table  and 
hot  cupboard  of  the  '"  Falkirk  "  heavy  restaurant  ty{)e  is  j)la"cd  in 
the  centre  of  the  kitchen,  and  loaded  to  2  kw.  for  carving  table  and 
.3  kw.  for  hot  i-upboard,  each  having  three  heat  regulation.  Coffee 
urns  and  hot  water  urns,  load'd  to  2  kw.  and  3  kw.  arc  also  provided. 
.Ml  api)aratus  is  furnished  with  illuminated  switch  fu.se  board. 

The  jmstry  kitchen  is  .situated  on  the  first  floor  and  the  ajiimratus 
installed  is  as  follows :  Two  "  Falkirk "  pastry  ovens  sjx'cially 
designed  to  meet  the  requirements  of  the  restaurant  in  the  way  of 
the  rapid  baking  of  pastries  and  small  cakes.  The  ovens  are  fitted 
with  top.  bottom  and  intormerliatc  heating  elements  in  place  of  the 
usual  side  heating,  an  arrangement  which  we  wore  informed  has 
provetl  most  suitable  for  the  small  j>a^tries  which  are  turned  out 
daily.  F'ach  «Ieck  has  cast-iron  sole  ])!atcs  ground  and  polished  and 
lit  ted  with  enclosed  elements  rated  at  l..")0().  l.CKH»  and  l.tKHt  watts 
resjK'ctively.  and  the  top  deck  has  an  additional  heating  element 
loaded  to  I.'MMl  w.itts.  These  ovens  are  wired  for  12  heat  rcgulati(m 
and  are  pniviiled  with  thermometers.  A  griddle  j)late  loaded  to 
.3  kw.  with  threi*  heat  regulation  is  nuich  used  for  baking  Scoteh 
s-ones.  wl'i.  h  an*  deservedly  |HipuIar  in  the  district.  The  building 
is  heat«'d  tliroughout  with  "  Falco  "  radiators. 

The  ajijwratus  was  supplied  by  the  Falkirk  Iron  Co.  (Ltd.).  and 
the  contra  tors  for  tho  electric;-.!  |)lant  were  Messrs.  Crom|>ton  &  Co. 
(Ltd.),  Sahsbury  Ib.use.  I/oudon  Willi.  K,C.  We  would  express  our 
thanks  to  Mr.  nrummond  for  showing  us  round  and  take  this  opjxjr- 
t unity  of  congratulating  the  proprietors  of  the  Hefectory  \i\>im  their 
enterprise  in  establishing  a  real  live,  attractive  electric  restaurant  in 
Xorthoni  I^mdon. 


GUARANTEED 


SECOND    HAND 


THE    VICTORIA    ELECTRIC    PLANT    CO.. 
SPENSER    STREET.    WESTMINSTER.    S.W. 


T-,^  *..  . 


G:.iTT.s:  Vic-n-.ir..'lPr,  ScwRtl.  Lrrnirn. 


I 
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t     The   Round  Table.     X 

"^  Br   "KVA."  *f* 


In  answer  to  a  correspondent,  I  am  asked  to  state  that 

Glover's  cable  stocking  does  not  need  a  suspender. 

*  *         *         * 

Cause  :  The  ever-mounting  price  of  petrol. 

Effect  :  An  article  in  "  The  Autocar,"  entitled  "  Electricity 

in  Car  Transmission." 

*  *         *         * 

Really  it  is  time  we  had  electric  vehicles  on  the  streets  if 
there  is  any  truth  in  the  following  : — 

Have  horses  a  sense  of  humour  ?  An  incident  that  occurred 
recently  in  a  New  York  street  suggests  that  they  have. 

A  hansom-cab  horse  standing  near  an  empty  motor-car  began  to 
lick  the  rubber  bulb  of  the  motor  horn.  Then  he  bit  the  rubber 
gently,  with  the  result  that  the  horn  sounded.  Passers-by  stopped 
to  laugh.  Again  and  again  tlie  horse,  with  ears  laid  back,  blew 
blasts  on  the  horn,  until  a  policeman  interfered  and  spoiled  the  spor  t. 
Spectators  maintain  that  the  horse  laughed. 

This  is  scoffing  at  the  motor  car  with  a  vengeance. 

H<  H:  H<  H: 

Pope's  Elasta  girls  have  been  taking  care  of  wounded 
Tommies  lately  ;  on  the  first  occasion  at  Shepherd's  Bush 
Empire,  when  120  lads  were  the  guests  of  the  girls,  and  on  the 
second  occasion  at  Kew  Gardens,  where  60  of  our  heroes  were 
given  tea,  cigarettes  and  a  good  time  generally.  Evidently 
the  idea,  like  the  lamp,  is  to  be  a  lasting  one,  for  I  hear  that  a 
third  collection  among  the  Elastettes  will  provide  funds  for 
yet  another  outing  for  60  wounded  boys.  Mr.  Elasta,  Pope's 
now  famous  mascot,  is,  of  course,  always  there  to  act  as 
chaperon. 

"  Ediswan  "  have  "  shot  of?  "  the  return  match  with  the 
British  Electric  Transformer,  and  again  have  to  acknowledge 
defeat,  but  by  the  narrow  margin  of  only  10  points.  After  the 
eighth  man  of  each  team  had  fired,  the  B.E.T.  were  leading  by 
only  2  points,  but  the  latter  "  came  again,"  and  their  last  two 


"  The  thick  plottens  "  to  start  a  rival  institution  to  the 
Inst.  E.E.  When  it's  formed  I  suppose  it  will  be  called  the 
Inst. Ha.  Ha  ! 

*  *  *  :* 

I  feel  sure  that  Mr.  Wordingham  will  be  pleased  with  tlie 
adjoining  photograph,  which  I  have  tak^n  from  an  American 
contemporary.     It  is  about  the  most  effective  form  of  co- 


DO  IT  ELECTRICALLY 


1 

1  *&■  ^  ikS^b^^^^m 

^^^^^1 

^^^l^g^ 

^^^^^2^^^M 

HHHH 

operation  between  the  gas  and  electric  interests  that  could 
well  be  imagined,  thwigh  to  "Do  it  electrically"  and  "  Cook 
by  gas  "would  seem  to  "  Tricity  "  Berry,  "Kukri"  Grogan 
g^nd  "  Red  Hot"  Bastian  a  contradiction  in  terms. 


men  put  on  98  and  93.  The  victors  were  captained  by  Mr. 
A.  C.  Whish  and  the  vanquished  by  Mr.  Anderton.  They 
occupy  the  centre  of  the  front  row  of  the  pictureof  both  teams, 
reproduced  herewith.  I  suppose  after  this  little  <i,ff<t>)'(i  dc-^ 
aniies  the  Ediswan  team  admit  that  their  ponders  end  regarding 
their  markmanship,  and  that  they  are  fairly  B.E.T.  ! 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series), 
July  19,  1879.] 

Lightning  Conductors. —Mr.  Richard  Anderson, 
member  of  the  Society  of  Telegraph  Engineers,  has 
nearly  ready  for  publication  a  scientific  and  practical 
treatise  on  ligh'ning  conductors.  The  subject  is  an  im- 
portant one,  and  Mr.  Aiulerson's  experience  in  this 
[iepartment  of  applied  science  renders  hiui  a  good 
authority  in  such  matters.  We  await  the  publication 
■  rith  interest. 

Thunderstorms.  —  A  heavy  storm  broke  over 
Chester  on  Sunday  afternoon  and  at  niglu.  Flashes 
of  blue  forked  lightning  came  in  rapid  succession, 
followed  by  loud  peals  of  thunder  and  torrents  of 
rain.  Great  damage  was  done  by  the  rain.  When  the  storm  was 
at  its  height  the  lightning  struck  a  peach  house''attached  to^Hoole 
Hill!,  the  residence  of  'Sir.  Arthur  Potts,  stunning  Taylor,  the  gardener. 
At  Li\erpool  the  lightning  struck  and  shattered  a  large  cro.ss  on  the 
schools  connected  with  St.  Francis  Xavier's  Romaa'Catholic  Church. 
The  debris  fell  into  the  school  yard,  but  no  one  was  hurt. 


THE    TWO    MOST    RELIABLE    SELF-STARTERS 


No.  29-1.  — Self-acting  Motor 
Starter  for  Direct-current,  with 
interlocked  solenoid  operated 
finger  contacts.  Sure  and  sim- 
ple in  operation.  Requires  the 
least  possible  attention. 


[6KIMIC 

ELECTRIC 


No.  30-1,  — Self-acting  Motor 
Starter  with  solenoid  operated 
radial  arm  and  interlocked 
circuit  breaker  fitted  with 
magnetic  blowout.  Ruggedly 
strong.    Built  for  heavy  service. 


iGRilrtIC  ELECTRJC  C^'L^''    1*7,  Queen  Victoria  Street,  LONDON 


(XX.)     SUPPLEMENT  to  "  The  Electriciaiu"  July  21,  1916. 


108 


SIEMENS 


IRONOL.AD 

S^A/ITCHGIEAR 

FOR     AUL. 

RURROSES 


Control    Pillars 
Distribution    Boards 
Main    Switchboards 


Illustration    shows    our    Standard 

Cast-iron    Mining    Pillar    suitable 

for'pressures  up  to  3,300  volts. 


Write  for  particulars  to  — 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

::  A.  ojk.e:  caxton  :-:,„-£.  v.'e^t.vi.nster.  s.w. 

T    -        —  :  Cbrrard  6fcO.  Telecrarr.s  :  "  Siembralos.  Vic,  London." 

Supplies  Dapt.:    38  &  39.   UPPER   THAMES  STREET.   E.C. 

Telephone:  City  S350.  TelciT..r,:  :  '  .S:kv' tor,  Cent.,. London." 

HOME  BRANCH  ADDRESSES) 


BiRUiNGHAM — Ontral  Ho..  New  St. 
Bristol— 30,  BridRe  Street. 
Cardiff — 89,  St.  Mary  Street. 
Glasgow— 66,  Waterloo  Str«et. 


;.'■  ■'- 196.  Deansgate. 

N     .    •  -64-68,  Collinpwood 

Smbh>iblu— 22,  High  St.        (Bldgi 
Sovthampton — 46,  High  Street. 


Brnnchoa   in    Principal  Towna    Abrond. 


NEW  "ARORA"  COOKING  APPARATUS. 

.\iKillrr    |H<Mifs    IlilM-    ImcM    r-«l|(     to    lis    l»_V    tllC    Anjlll    ("«».,    I><Jll^Il- 

iNiriHi^li,  Kii).'l;tiii|.  i)f  h'iiflct.s  whiih  dciil  rosiK'ttivfly  witli  tlieir  lu-w 
«•!(•<•( rir  grill  iinil  electric  l)uiling'pUte.  •  The  first  niinu'd.'wliich  is 


irt  1.100  watts,  and  a  bright  red  heat  is  obtained  as  soon  as  the  cur- 
rent vi  turned  on.  It  is  stated  that  from  5  to  10  minutes  only  are 
required  to  cook  cutlets,  chops,  .steak,  li.sh,  &c.,  the  time  varj-ing  a 
little  with  the  thickness  of  the  food.  The  elements  and  their  sup- 
jMjrting  frame  form  an  indejiendent  unit,  which  also  includes  the 
main  terminal.s.  Tliese  latter  are  suitably  protected  by  a  cast-iron 
Ik).\,  which  i.-'  supplied  with  insulating  bushes  for  the  incommg  leads. 
This  grill  is  offered  for  all  stock  ijressures  from  100  to  250  volts.  The 
list  price  i.s  2.5s. 

Fig.  3  is  a  plan  view  of  the  new  "  Arora  "  three-section  electric 
boiling  plate.  This  has  an  opening  8  in.  in  diameter  in  a  cast-iron 
I)late  which  measures  14  in.  by  12  in.,  and  which  rests  on  a  supporting 
memljer  4  hi.  high.  The  weight  of  the  complete  boiling  plate  is 
22  lb.  A  feature  of  the  construction  is  the  subdivision  of  the  heating 
clement  into  tliree  entirely  independent  sector  shaped  units,  which 
are  supi)orted  on  a  retaining  disc  and  held  in  place  by  two  wing  nuts. 


Fig  3. — The  Nkw  .\roka  Hot  Plate. 


Any  desired  number  of  these  three  sections  of  the  heating  element 
can  be  turned  on  at  one  time.  When  the  plate  is  turned  on  full  the 
total  consumption  is  1..5(K)  watts.  By  means  of  the  control  switches, 
one-third,  two-thirds  or  full  heat  can  be  obtamed.  There  is  also  a 
simmering  heat,  which  is  introduced  by  means  of  a  third  switch, 
which  is  under  the  control  of  what  is  known  as  the  "  simmering 
slide,"  a  contrivance  whereby  the  centre  of  the  three  switches  cannot 
l)e  turned  on.  This  arrangement  of  switdies  provides  for  four  heats, 
repre.senting  the  various  loadings  1,.jOO,  1.000,  oOO  and  170  watts. 

provision  is  made  on  the  hot'plate'for  sliding 


Kiu.  l.--.\iu»nA  (iniLi.  ('itMn.ETK. 


Fio.  2 — The  Three  Usits  of  the  Arora  Grill. 


illii.Mlnind  in  Fi^s.  1  jmwI  2.  in<M->iiris  HJ  in.  high  out.Mde.  0  in.  inside, 
II  in.  wide  oiil!.idi'.  !l  in.  in-idr'  and  10  in.  «l<M'p  outride  und  7J  in. 
in.-ido.  The  w.-ight  of  the  grill  Im  P.HIm.  It  is  of  ^olid  conHtniction 
and  cninpriM*«  IhrrM'  main  \tr.Ti»  :  the  .HupiKirting  Mnnd.  which  in  of 
vcM  inm  ;  the  healing  elements,  which  ■  -nod  jn  a  «<ast-inm 
friiinr  :   and  the  ilrip  tin.     The  goneral  r.  ,|,  j.n  t<sp|jiiinHl  bv 

the  illii<.tr;iliMiiM.  Th,.  « |«Mncnl,4  are  of  the  nhlong  i»r.ttrm.  r«imilar 
\o  tho.-H'  omploycd  in  tlie  "  Arom  '  lire,  a  det^cription  of  wlnrh  we 
publishwl  soni"  inouthi  aspj.  The  view  in  Fig.  2  clearly  nhown  the 
"'  '^ 'ho  two  he.\tin?  elemcn's.     Tiie  n>  itt.vico 

I"  ,        s   ft  xiie(-i;vl|y   j«pira!kHl   nichrome  riblxjn. 

18  »uital>ly  flupi)orte(l  on  a  lireclay  l>aM>.  in  turn  !H»cure<|  to  the  cant- 
itvn  bvMly  o(  tho  upper  i>art  of  the  grill.     The  lo.idmg  gf  the  nloment 


ult^isil.s  partly  on  and  partly  off  the  central  heater  ojiening.  The 
construction  in  exceptionally  soli<I.  aiid  has  Ihhmi  designed  for  kitchen 
und  nM*taurant  wrvicc.     Thi.s  hot  plate  is  listed  at  57s.  6d. 


TINNING     FURNACE 

,  H.llff   r.l!fr,ti 
For  COATING  WIRES  with  Tin.  Lead.  etc.     For  ute   at   a   BATH. 

WITHOUT  OXIDATION,      AUTOIVIATIC  HEAT  CONTROL 

Th»  oalr  T,.,lB|  P.,8|  „   tb,   World  »   Mtrktt   with  Aatoxilic    Htit    Control. 

MONO.METER  Mfg.  Co..  Ltd.,   A?ton,   BIRMINGHAM. 
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J.  P.  DEVINE  CO.,  Buffalo 


MANUFACTURERS    OF 


(PASSBURG  SYSTEM.) 

The  Devine  Co.  are  well  known  in   the    United    States 

and  Canada  as  the  leading  manufacturers  and  experts 

in  Vacuum  Drying  and  Impregnating    Plant   and    have 

over  1,500  such  plants  in  successful  operation. 


AIR  PUMPS,  COMPRESSORS, 
VULCANISERS, 
CONDENSING   PLANT. 


iilllllllllllllllill 


Solvent     Recovery     and     Derisinating 
Plant  a  Speciality. 


Sole  Representative  : 

JAMES   LIVINGSTON,    LTD., 

30,  QT.  ST.  HELENS,  LONDON,  E.C. 


Telegrams  and  Cables : 
"Cinerary,  London." 


Telephone  : 
London  Wall  3151i 


<3i^:5. 


THE    ALL-BRITISH 
HOUSE  FOR  ACCESSORIES 


ROVAL 


DRAWN  WIRE  LAMPS 


9  9 


'nm 


'■'■''£■■■-■''■■■£.■''   ■* 


CATALDCUES  ON  REQUEST 
FROM   THE 

EDISON  &  SWAN 

UEL      CO.,  LTD., 

PONDERS   END 

MIDDX. 


M 


<0  :^!^m 


11.-:-; -j|-  ;.7a^.      *» 


PLEXSIM  ELECTRIC 
HOT-PLATE. 

A  highly  finished  and 
robust  boiling  plate  spec- 
ially suitable  for 

Industrial  Purposes. 

MADE  IN  TWO  SIZES. 

No.     C    1104     7  inch     750   watts. 
C    1105     8    „     1,000 

The  most  efficient  and 
durable  Hot-plate  at 
present   on   the    market. 

"P/exsim  goods  makegood.^ 

SIMPLEX  CONDUITS,  LIMITED, 

Garrison   Lane,    Birmingham. 

LONDON:    113-117,  CHARING  CROSS  ROAD,  W.C 
MANCHESTER:    i6,  CORPORATION  STREET. 
GLASGOW:    72a,  WATERLOO  STREET. 
BRISTOL:    11,  DENMARK  STREET. 
NEWCASTLE:    61-65,  HIGH  BRIDGE. 
LEEDS:    6,  WHITE  HORSE  STREET. 
LIVERPOOL:    96,  WHITECHAPEL. 
SWANSEA:    14,  HEATHFIELD  STREET. 
CARDIFF  :    4,  WESTGATE  STREET. 
ABERDEEN:    i,  CRIMON  PLACE. 


•■,-i:c.>i>i'»iV-^ 
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SLIDING    RESISTANCES 


NOTE  THE  CONTACTS 


FOR 


LAMP  TESTING 

METER  TESTING 

LABORATORY  WORK.  Etc, 

BRITISH-MADE    THROUGHOUT. 
New  List  on  request. 

Nature  says  :  "  Tr.e  list  is  &r,e  of  the  rr.ost  ccrr.ple'.e  we  hsve  teen.  ' 

TSEXTHAL  &  CO., 

(DEPARTMENT  4) 

DENZiL  WORKS,  WILLESDEN.  LONDON,  N.W. 


-C  f'^i^CtT'T  i'  th^  Ad'K'  Q:'. ,'  ■   '•'•   -■'"  -^'"'.ys.   ]''.(lld  '^Jr.c. 


'iiu:  L//,'i(.  ( , 


ELDERS  CABLE  HANGERS  AND  CLIPS. 

lioad-covered  cablpM  for  telephonic  and  other  iJiirp<j«e,s  su.s])eudcd 
ovi-rlifwl  from  u  fjUeiuiry  MihiH-nsion  wire  have  liitlicrto  had  a 
foiiiparutivcly  nJiort  iife,  owing  to  the  cracking  and  bn-aking  of  the 
lead  Kheath.  To  such  an  extent  has  thi«  Imn  the  case  that  we 
nnderHtand  some  ns<'rs  of  aerial  cahlcs  have  given  up  the  use  of  lead- 
eoven-d  cfinductors.  There  is  every  evidence  t<»  show  that  the 
ilaniage  in  due  to  the  KUHjK'nderH  allowing  the  lead-covered  cable  to 
swing  freely  in  the  wind,  intlejH-ntlently  of  the  catenary  wire,  thus 


Wire  Clip 


Fi|.l. 
Leather  suspender  showing 
patent  wire  clip  on  suspen 
sioq  wire  and  flat  spring 
clip  on  cable. 


generally  been  considered  of  importance,  and  the  distance  between 
the  catenarv  wire  and  the  aerial  cable  has  varied  from  3  ft.  to  6  ft., 
or  even  m<jre.  As  a  result  of  careful  investigations  after  .seriou.s 
damage  to  lead-covered  cables  suspended  in  the  usual  manner,  we  are 
informcrl  that  it  was  found  that  the  following  points  require  careful 
attention  :  — 

1.  The  susjiondcrs  should  be  spaced  about  1  ft.  ai)art  and  not  more 
tha<)  18  in. 

2.  The  distance  between  the  susi)ension  wire  and  the  lead-coveretl 
cable  shoul<l  Ix-  as  short  as  jjo.ssible,  and  not  exceed  2  J  in. 

3.  The  su.s])endcr.s  .should  l)c  designed  .so  that  each 
bears  its  proper  .share  of  the  weight  of  the  lead-cov- 
ered cable,  i.e.,  they  should  be  of  equal  lengths  when 
fixed. 

4.  Means  should  be  provided  to  prevent  displace- 
ment of  the  sus])enders  along  the  cables  in  high  winds, 
and  al.so  to  ])rcvcnt  longitudinal  movement  of  the 
lead-coven'd  cable  in  the  direction  of  the  line,  and 
jiarticularlv  on  hillsides  and  at  other  differences  of 
level. 


Fig.2. 

Leather  suspender  with  ring  hook, 
showing  patent  wire  clip  on  suspension 
wire  3na  flat  spring  clip  on  cable. 
fS  '^his  arrangement  is  recommended 
for  cables  about  \  in  diameter  as  it 
is  morf  adaptable  fbr  sliding  ahng 
the  Suspension  wire. 


Fig.  3. 

Old  types  of  leather  suspenders 
*nd  hooks,  showing  adaptability 
of  the  patent  wire  clips  and  flat 
spring  dips. 


Without  flat 
Spring  aifX. 


1)KT.\IL9  SimWINC!  Ari'I.irATIONS  0» 
TUK  Kl.l>KR  Sl'Sl'EKDER. 


cfiu.-.|iin  ripples  I.,  run  iilnng  llie  had  (  oxcn-d  rabies,  find  also  owing  to 
w»me  nf  the  ,mi>.|,. 11,1. m  i..ii|,|,im^'  ili.-  I.ad  «d  1  he  cable,  when-its  ot  hen* 
do  nut. 

With  n-gard  tu  iIh-  lallir  |M.ml,  the  diH,Mlvanlage  is  (wofohl. 
hrslly.  (he  s)i.Mpii,|.TH  that  gnp  the  lead  in  t  its  saili*  to  a  wind 
bhiwMjg  along  the  line,  with  eonfM>c|uent  buckling  at  ehangc««  of 
din«ctii.n,  as  well  iw  stn>(.  '  ;  1  ,„«  ,.f  the  h-ad  sheath  at 

other  |x.int,M.     .Vrondly,  li  *  thai  do  not  gnp  th-  lead 

become  blown  along  by  the  wind  and  bunclied  together  at  irn-gular 
intervals,  thus  rau.sing  h.ii.    '         '        '  •   nnMii.p<irt.fl 

with  (onr^iMjucnl   undue  s..  ,M,.,  jukI  the 

development  of  erarkfl. 

Su.N|)enden«an«  iwnallv  si>«er<l  al.mg  the  .al 
frcun  18  in.  to  C  ft 


When  the  suspenders  are  too  long  they  allow 
the  lead-covered  cable  to  swing  freely,  indepen- 
dently of  the  susjieiiiiion  wire,  whereas  short  sus- 
j)enders  compel  the  lead-covered  cable  and  the 
suspension  wire  to  swing  together. 

The  Elder  niethod  of  siispenditig  aerial  cables 
has  been  developed  by  British  Insulated  &  Helsby 
Cables  to  fulfil  the  requirements  stated  alx)ve. 
The  sus|)cnders  are  in  the  form  of  a  s'imple  loop, 
as  this  enables  each  susjiender  to  be  fixed  without 
any  risk  of  stretching  it.  This  loop  is  kept  sis 
short  as  jKissible,  and  the  suspenders  shoidd  be 
spac-ed  ))referably  1  ft.  apart.  The  suspenders 
are  secured  to  the  suspensicm  wire  by  means  of  a 
IMVtent  cliji.w  hich  grij)s  the  wiix-  by  spring  pressure, 
and  renders  any  displacement  of  the  susix-nders 
along  the  su.sjx-nsion  wire  (juite  iinjx)ssible,  once 
fixed. 

This  j)reveuts  the  displacement  of  suspen- 
ders by  the  wind,  each  suspender  rc^taining  itj« 
l>r<ii)erjH).si(ion  along  the  cable  even  in  the  highest 
winda.  Furthermore, the susjienders  being  unable 
to  move,  the  "sail  "  acticm  already  ref<>rred  to, 
which  cau.sc\s  a  longitudinal  drag  of  the  h^vd- 
coverod  cables,  is  overcome. 

The  susi>'M)der8  being  in  the  form  of  a  looj).  do  not  grip  the  cable, 
and  in  (»rder  to  i»revent  any  cnvping  of  ihe  lead  lOvercMi  cable  within 
the  sns|H>nders,  esiKnially  on  sIojh's.  Hat  sjjring  clips  are  lixcnl  at 
wveral  ]Miints  in  each  span  to  j)rc«vent  any  longitudinal  movement 
,,f  the  lead  ••■>••"  <!  .alile,  ;ii,,l  f,,  pn<vent  b.ickling  or  stretching  of  the 


ajvirt.     The  length  «>f  tl 


s  \arynig 
I    h.Ts  not 


"THOR"  High  Grade  Specialities 

^^?'i?^    '""^    CAPPING        (ABIE    CONNECTORS 
CONDUIT  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND   ALL  ELECTRICAL   ACCESSORIES. 

HASLAM&^ 
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ROYAL 


Sole  Manufacturers 
. .  QUE  AD  U2  • . 

47  to  57  Marylebone  L^! 

London,  W. 

Telephone:  Mayfair  3582. 


QUEAD. 


Q.  13. 


Special  Features 

Sound  Construction 

.   .    Red  Heat    .   . 

Artistic  Finish. 

Ask  for    1916-1917    List. 


lead  sheath.  While  the  foregoing  applies  particularly  to  the 
suspension  of  lead-covered  cables,  the  trouble  from  displacement 
of  suspenders  by  wind  is  one  that  is  experienced  on  all  suspended 
cables,  whether  lead  covered  or  not.  To  overcome  this  trouble  a 
special  form  of  patent  clip  has  been  designed  which  can  be  fixed  over 
the  hooks  of  the  various  types  of  suspenders  in  common  use,  and 
which  may  be  adopted  on  existing  work  at  small  expense. 

With  the  suspender  and  patent  wire  clip  the  usual  wire  hook  is 
dispensed  with,  the  leather  suspender  being  clipped  direct  to  the 
suspension  wire  by  means  of  the  patent  clip.  These  suspenders  are 
intended  for  use  only  in  cases  where  the  suspension  wire  can  be 
reached  from  the  ground  at  any  point. 

The  suspension  wire  is  first  stretched  in  position  and  sagged  up 
approximately  correct.  It  is  then  lowered  in  lengths  of  several 
spans  at  a  time  so  as  to  hang  within  a  few  feet  of  the  ground.  The 
lead-covered  cable,  which  has  been  run  out  on  the  ground  along  the 
route,  is  then  lifted  up  in  sections  to  meet  the  suspension  wire  and 
the  looj)  suspenders  and  clips  put  on.     The  latter  (lips  are  not, 


however,  sprung  on  to  the  wire  at  this  juncture,  but  are  merely 
passed  through  the  eyelets.  The  suspension  wire  and  lead-covered, 
cable  are  then  lifted  up  together  from  each  pole,  the  whole  process 
being  repeated  at  intervals  along  the  line  until  the  drum  length  of 
lead-covered  cable  is  thus  roughly  suspended.  When  the  cable  a,nd 
suspension  wire  have  been  raised  into  position,  the  sagging  is  com- 
pleted, the  suspenders  are  regulated  for  spacing,  and  the  wire  clips 
are  finally  clipped  on  to  the  suspension  wire  from  a  ladder. 

In  some  cases  it  is  not  possible  to  reach  the  suspension  wire  from 
the  ground  after  erection,  and  it  would,  therefore,  not  be  possible  to 
get  at  the  suspension  wire  to  spring  the  clips  on  to  it.  In  such  cases 
it  is  usual  to  erect  the  lead-covered  cable  by  drawing  it  along  the 
suspension  wire  on  its  suspenders,  the  latter  sliding  along  the  wire 
and  being  put  on  one  at  a  time  from  a  ladder  at  a  pole  as  the  cable 
passes  by.  In  such  cases  flat  spring  clips  are  used  to  clip  the 
suspenders  on  to  the  lead-covered  cable,  and  so  prevent  them  being 
displaced  along  the  cable  as  they  are  drawn  along,  or  by  the  wind. 
In  addition,  as  many  as  possible  of  the  suspenders  wliich  can  be 


A  Typical  Span,  showing  Lowek  Cablk  suppohtku  bv  Elder  Si'spendeks. 
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H.  Weidtzia^nti,  Ltd.,  Ra^ppersivil. 

MAKERS  OF  PRESSPAN  AND  INSULATING  MATERIAL.  S'^/ITltZCX'l^.nc]. 

PfCSSboarci    iPresspan)   in    Sheets.   Rolls    and     Tapes.    Oiled     Presspan. 

Black   Presspan.  Presspan   Tubes  and  Stampings. 
Amia.nite     'Vulcanised     Asbestos    Coil    Frames.    Spools  for   Apparatus,   Dynamos, 

Motori    and   Transformers.      Insulating  Blocks,   Tubes.   Plates.  Boxes,  &c. 
B3.1celite  &  Cornite   high  tension  material^Handlesof  Switchgearand  Heating 

Apparatu-.,  Controller  I nsulat:on.' Moulded  Pieces.  Terminal  Covers  of  all  kinds. 
AsbeStOS>Cement  in    Plates.   Arc   Shields  for   Controllers,  &c. 


Mica   and;  Substitutes.  Insulating  Pearls.  Transformer    Spools. 

Japan<M>e    Felt    and    Paper    in    rolls   and    tapes. 

Oil-V«rni»hediLinen.   Diagonal  Tapes.  Oil-Varnished  Silk  &   Paper. 

'Artificial    Leather   Discs  for   Friction    Drive. 

Insulators  for   Klectric   Furnaces,  Tramways,   &c. 


reached  from  the   jwle  at  each  side  are  fitted  with  the  wire  elips, 
fhpiK'd  oil  to  the  su.s|M-nHi()n  wire. 

KxiMtiiiji  work  which  htin  not  proved  entirely  natiKfactory  can  lie 
readily  altertfl  in  accortJanee  with  thiH  improved  HUHijension.  If 
(he  exihliiiy  niixiK-rid«TM  are  hhorf  enough.  m>  as  not  to  frive  nioi-- 
than  2^  in.  I»et  ween  the  cable  and  hU.s|x-nMun  wire,  all  that  it*  retpiircil 
iH  to  Hjwce  them  alxjut  1  ft.  ajxirt  and  fix  a  Hpring  wire  clip  over  the 
hookn.  .Many  e.xi.Ktin^  hii.>i|K-nders  are  too  lonjr.  Iiowever.  hut  are 
loi.({  inoiigh  l<i  allow  <»f  Iwing  <n(  hhorler.  piiiK'hcd  with  eyelet  hole.>! 
and  fitted  with  wire  elipK  to  form  Fig.  1b  HiiHpendern.  In  each  case, 
flat  HprinK  clifw  Hhoiild  Im-  lixed  at  intervals  of  alMiiit  'Mi  ft.  ']|    ^      ^ 

The  <()n;*truc(i<in  detailed!  alM»ve  is  the  result  of  several  years' 
inveHtigation  on  the  overhead  Hystoms  of  the  North  Kjwst  Coast 
Power  Com  [mines,  who  are  among  the  largest  n.sers  of  aerial  cables  in 
this  country,  in  <onnecfion  with  jiilot  ciiides  for  the  Mcr/- Price 
pro(«-ctive  gear,  and  also  for  tel«>|)hone  cjihles  on  their  overhead 
exfra-liigh-tension  transmi.s^itm  lines,  for  each  of  which  purposes 
|ut|MT  insulaterl  leatli-overed  cjilile  is  essential,  on  account  of  tile  low 
inductive  cajnifity  of  such  cables. 

"Since  (hi«  method  of  xus|M-nsion  wjis  a'lopt<Ml,  aitout  two  years  apo. 
a  considerable  mileage  of  Ir-nd-covfietl  cable  has  been  sus|K'n(led  in 
this  manner  with  complete  freedom  from  fn)uble.  The  cai)les 
mentioned  have  weathcn-d  some  «ff  the  most  wvere  storms,  including 
that  of  KiU4ter  .Monday,  lit  1 2,  when  houses  in  the  district  were  un 
ronfi-d,  and  also  a  w\en-  snowstorm  on  .Jan.  17.  IIU.'I.  when  sleet 
collcc  ted  on  the  wires  and  cables  to  a  diameter  of  from  4  in.  to  5  in.  : 
nevertheloHH,  m»t  a  single  cnu-k  has  Ut-n  found  in  the  lead  sheath  of 
the  enhles. 

THE  TURBO-GENERATION  OF  CONTINUOUS  CURRENT. 

In  large  undertakings  using  ♦••uiijnuous  tiirn-nt  the  jxiwer  is  usually 
generated  liy  turbo  alternators  an<l  tntiiMiuittrd  at  high  pn-ssure  t<i 
snb-HtatioiiH,  when-  it  is  convert«'d  to  continuous  current  either  by 
mtary  converters  or  motor-generators;  but  where  the  undertaking 
in  small,  and  the  diHtance  over  which  the  |»o\vcr  is  to  Iw  traiismitlcd 
is  not  gn-at.  this  method  is  not  economically  practicable.  Con 
linuouM  ciirn-nf  turUi  generators  of  various  outputs  up  to  alniut 
2.<MI0  kw.  have  Iw-eii  <lesigned  and  are  running  successfully  ;  but 
the..e  ma<  hiiics  are  not  allogetln  1  lory  from  t he  ]Miint  of  view 

of  the  designer  and  clectrnal  m..;.  ...   ;..rer.      The  high  efliciency  of 
I  he  sleam  turbine,  however,  cannot  lie  overl<M)ked.  and  in  hirge  units 

'  '  •  ■•   tn    !><■   .i1  t.lMUil 


E.  SHOWELL  &  SONS.  Ltd. 

^riKCHLkV,    BIHMiNOHAM. 

Drawn  Shell  Work 

IN  BRA.SS,  COPPER,  and 
STEEL. 

Any  Hire 
up  to  8    diam.     4    deep. 


.S  Vf  Acrri  tit  tht  Bifiltical  Troit : 

MONEL  ROBINSON.  i'on^J:;.'^^: 


But  in  a  continuous-current  turbo-generator  the  designers  of  both 
ends  have  to  compromi.'je  in  order  to  make  a  satisfactory  machine. 
The  steam-turbine  designer  has  to  reduce  the  speed  of  the  turbine 


f'u;.  1.-  l.'iCKt  KW.  "  WiTToX  ■'  Ti:UBO-ALTEKX.\Tt>U  DHIVEN  BY  A 
FhASKU  &  tHAl.MKU.S  TlKBlNE  AND  Ol'EKATIXO  IX  CoXJVXCTIOX  WITH 
"  Wiq-l'oX  ■'  KoTAKY  CoXVERTERS  FOB  GEXEKATISO  CoXTIXlOVS 
CriUlEXT. 

at  the  exjx-n.se  of  efliciency,  while  the  generator  designer  runs  his 
ma  •hinc  at  a  higher  sj)eed  than  is  desirable  for  satisfactory  com- 
mutator eonsfructi<m.     But  in  the  ideal  solution  the  turbine  should 


\\(\.    2.-^1,600   KW.     "NVlTToN   ■■  Tri:ili>-ALTJ.I{NAT.iI!    AMI    (  OXTIXI  (tlb 

tiRBKNT  Side  ur  the  ■  Wittuk  "  Kotauy  (  oxverters. 
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FERROZOID 


CONSTANTAN 


WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO:- 


MAKERS! 


HENRY  WIGGIN  &  CO,  Ltd.,        LIONEL  ROBINSON, 


AGENT: 


George  Street,  Birmingham. 


JFl  CPHONE : 
'  '- '-'-GRAMS. ■ 


6400  CENTRAL 
'•  WIQQIN  BIRMINQHAM." 


3,  Staple  Inn,  London,  W.C. 


JFl  F PHONE;  6323  HOLBORN 
'  '-'-'-QRAMSi  ••FERRYOOM,    L 


LONDON. 
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Canadian  and  Indian 

MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM  STOCK   200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912.    1913.    1914   and   1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters.  Preston. 

Telephone  No, 
1045(2  lines). 


HopWOOd  St.  MiUs,      Established  1868 

PRESTON.        5th  Eduion  U  B  c 


&  Western  Union. 


An  Invitation 


If  you  have  any  clutch  or  brake  troubles,  write 
us.  We  have  a  staff  of  experts  who  are  daily 
engaged  in  the  solving  of  such  problems,  and 
we  have  just  installed  a  new  testing  plant — 
the  only  one  of  its  kind  in  the  world.  We  are 
only  too  pleased  to  place  these  at  your  dis- 
posal free  of  charge.  This  is  part  of  the  service 
that  has  helped  to  make  "Ferodo"  fabrics 
the    most     efficient     and    the    proved    best. 


FERODO 


CLUTCH  AND  BRAKE  LININGS. 


Contractors  to  the   War  Office  and  Admiralty.  London 
General     Omnibus     Co.     and    U>  .     — .        . 

Railways   of   London   and   Paris. 


General     Omnibus     Co.     and    Underground     Electric 


List   X   from 


The  Herbert  Frood  Company,  Ltd. 

Works:  CHAPEL-EN-LE-FRITH. 


'Phones :  19  and  20  Chapel. 
LONDON : 
39,  Upper  Rathbone  Place,  W. 

Al. 


Wires:  "Friction,  Chapel.' 
BIRMINGHAM: 
202,  Corporation  Street. 


q, 
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D.&S. 

HANDLE "FUSES, 

50  amps,  and  upwards.    600  volts. 


Asbestos       sheathed       fuse 

wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 
!|i^<^    MANCHESTER. 


run  .it  flic  IiIkIi  sped  iipcossary  to  Hcciire  the  best  efficiency,  while 
the  ronuiiiitiitor  nhould  be  worked  at  a  Bufficiently  low  peripheral 
8jK'f<l  to  jirevent  f  oTuiniitiitor  troiiMcH. 

Recently  two  sojiition.s  of  the  jjroblein  have  l)een  re.sorted  to — 

(a)  The  InHtiillation  of  slow-cijecd  generators  driven  liy  turbines 
thr<in;;h  {.'i-aring. 

(//)  The  inHtiillntinn  of  t iirl)o.nHerna1ors  driving  rotary'  converters 
roiiplcd  direct  electrically. 

The  ficnenil  Klectric  Co.  (L(<l.)  li;i'<  on  iumd  :i  number  of  f-chcnu'.-< 

on  ImHIi  prjn(ii)leH,  the  wlection  of  one  or  other  holution  deiK-nding 

upon   individual    cireumBtanceH,     Both   enable   a   works   or   small 

ejeetric  KU|>|)ly   undertaking  with  a  continn  ous-eurrent   system   to 


Fiu.  3.— l.'iOO  KW.  "  \VrrT.,v  "  Ti  nii.i  m.tkhnatmu. 

uviul  i)r<clf  of  the  high  efriciciuy  (if  the  (url>ine  without  resorting  to 
any  >«yi«tiMn  of  gcn«TJiiion  not  known  lo  Ih'  llioroiighlv  Nitisfa-torv. 

An  example  of  the  Heeond  Holution  in  afTonle<l  at  the  works  of 
.McM-MHt.  I'Va-MT  A-  Chidnicrs  (l/»«l.).  of  Krith.  when-  an  insfiillafion  wa>< 
laid  <iown  at  very  short  nc,li««..  In  this  installation  tin-  pro|H>sals 
of  thi-  (Jcneral  Klccfrie  ( Vi.  (Ltd.).  romprising  turl>o-iilf««niators  ami 
rotary  convertcrn.  wen*  a"cep(c<l  ai  Ix-uiv'  l>olh  rcliabl.-  and  ccono- 
mical.  The  in»tallation  conHiHt  of  a  I..VMI  kw,  generating  unit,  coni- 
|MiM(.(l  of  II  l•'^a•^•^  A:  ( 'halmers  turbine  running  at  .'{.(KMJ  revH.  per  min.. 
and  firiving  a  "  Wilton  "  >«ix-phaH|.  turlK)-«lteniator.  generating 
thn-e  phase  power  at  :\'2,'t  'MU  voHk  *>(»  cyc|p«.  This  unit  i.s  coupled 
ele.  tri.ally  lo  (wo  T.Vl  kw.  "  Wilton  "  rotary  (xinverlers.  nnining  at  a 
.•«|ti<e<l  of  .VHl  n  VH.  |)er  min..  and  generating  e<»nlinuouH  curnnt  at 
■MO  voll»«.  which  is  supplied  to  the  "Wilton"  hwil.hl>oan|  .shown 
on  the  left-hand  side  of  Fig.  I. 
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The  two  rotary-  converters  operate  in  parallel  from  one  winding 
of  the  turl>o-alteniator,  and,  as  is  well  known,  unless  precautions 
be  taken  trouble  is  met  through  the  two  rotary  converters  being 
connected  in  ])arallel  on  both  the  alternating-current  and  the 
continuous-current  sides.  In  the  early  days  of  rotary  converter 
ojx'ration  it  wa'j  found  impracticable  to  run  two  rotary  converters 
off  th,"  same  transformer,  due  to  the  fact  that  there  exists  between 
eacli  i)hase  'bus  bar  and  the  continuous-current  'bus  bars  a  number 
of  jjarallel  paths  of  low  resistance.  The  resistance  of  these  paths 
is  made  uj)  f)f  the  resistance  of  the  connections,  the  converter  arma- 
ture, brushes  and  brush  contacts.  Although  the  total  is  low,  the 
brush  contact  resistance  constitutes  a  large  portion  of  the  whole, 
and,  in  addition,  is  a  variable  quantity.  Moreover,  the  current 
distributes  itself  according  to  the  resistance  of  each  circuit. 

A  cross  current  flows  in,  say,  the  positive  connection  of  two 
converters,  suljtracting  itself  from  the  current  flowing  dowii  one  lead 
and  adding  itself  to  the  current  flowing  down  the  other.  The  result 
is  that  bad  parallel  running  ensues.  Where  transformers  are  used 
tliev  may  i>e  provided  with  two  or  more  separate  windings,  each 
winding  supi)lying  one  rotary  converter.  The  .same  solution  may 
be  adopted  in  the  case  of  generators,  but  it  is  not  always  desired 
to  split  u]>  the  generator  winding  into  two  or  more  parts.  The  two 
windings  have  been  eliminated  in  a  method  (patent  Xo.  11.90.^,1.3) 
introduced  by  the  (Jeneral  Klectric  Co.  (Ltd.).  The  present  installa- 
tion oj)erates  on  this  princij)le.  Differentially-wound  balancing 
transformers  are  installed  in  the  low-pre.ssure  alternating-current 
leads  of  the  rotary  converter.  They  consist  of  two  opixjsitely 
wound  windings  on  the  same  cores.  The  alternating  current  supply- 
ing one  jiliasc  of  one  converter  is  passed  througii  one  coil  of  the 
transformer,  wliile  that  of  the  .same  phase  for  the  other  converter 
is  j)assed  tlirough  the  .second  coil.  Consequently,  when  the  currents 
are  e<|ual.  tlieir  effects  cancel  out.  but  should  one  converter  atteni])! 
to  take  more  than  its  share  of  the  load  the  excess  current  magneti.ses 
the  core  and  induces  an  K.^LF.  in  the  other  winding,  which  assists 
the  current  flowing  therein  and  tends  to  cause  it  to  increase  until 
the  two  currents  Howing  are  ag.iin  equal.  In  this  way  the  loads 
taken  by  the  rotary  converters  are  equalised,  and  the  mibalancing 
of  current  brought  al)ouf  by  the  circum.stances  related  is  entirely 
ob\  iat<'d. 

Any  number  of  rotary  converters  can  be  coupled  to  the  generator 
and  nni  in  parallel  on  this  ])rinciple,  and.  if  necessary,  it  is  }x>ssible 
lo  lake  jKirt  of  the  generator  output  in  (he  form  of  alternating 
curn>nt  for  transforming  tip  and  distribution  at  a  suitable  pressun' 
t(»  outlying  districts.  In  the  ])re.sent  installation,  as  in  others  on 
this  principle  in.stalled  by  the  (^eneral  Electric  Co.  (Ltd.).  the 
n>lar>-  converters  are  started  up  with  the  turi)o-alternator  .and  run 
up  to  !<p.-e<l  with  the  machine.  Xo  synchronising  is  therefore 
nMjuiretl. 

The  arrangement  offers  a  eomjjh'tely  satisfactory  solution  to  the 
pntl)lem  of  generating  continuous  curn>nt  at  a  htw  jxtwer  cost  by 
meaiiN  of  turbines. 

The  ctunpleto  eleetrieal  installation  was  supplied  by  the  Gcner.-tl 
Klectric  Co.  (Ltd.),  of  London  and  Wilton,  Birmingham. 
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t     The   Round  Table.     4 


I  understand  tkat  in  the  lH;.st  munition  firrles  a  vernier  is 


kii 


own  as  a 


Event  of  the  Week. — The  Dominion  of  Canada  Govern- 
ment is  asked  to  prohibit  the  sale  of  160,000  units  of  horse 
power  to  the  United  States. 

ifC  ^  SJC  Sf* 

This  is  a  period  of  micrometers,  gauges  (some  people  will 
spell  it  guages),  limits  and  thousandths,  so  there  is  no  excuse 
for  any  foreman  mistaking  that  the  man  who  asks  to  go  for  a 
"  mic  "  is  really  going  for  a  "  mike  "  ! 

*         *         *         * 

During  the  discussion  of  Mr.  Terry's  Paper  on  "  Electric 
Vehicles,"  at  the  Institute  of  Cleansing  Superintendents  at 
Cardiff,  one  of  the  speakers  said  that  the  batteries  in  his  vehicle 
were  not  nickel  iron  or  lead  ;  they  were  Ironclad  Exide  ! 

^  -1^  •!•  "I* 

This  Week's  Chestnut. — A  director  of  an  electrical  manu- 
facturing concern  sat  at  breakfast  at  the  S Hotel,  London, 

and  an  obvious  American  sat  opposite  to  him  ;  he  passed  the 
morning  paper  over  to  the  Yanlcee  and  asked  him  if  he  would 
like  to  read  the  war  news  headlines.  After  glancing  over  these, 
the  American  handed  back  the  paper,  remarking,  '"  Some 
"  Yes,"  said  the  Englishman,  "  and  some  don't!  " 


fight 


■■■' * 

|>          ^..-.,--..:l 

* 
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The  moral  of  the  adjoining  illustration  is,  "  If  you  cannot  buy 
an  electric  vehicle,  you  might  at  least  buy  a  warming  pad  for 
your  horse  when  he  is  poorly." 

^  ^  ^  Hi 

The  "  Electrical  Contractor  "  is  famous  for  its  proof  errors, 
as  I  have  so  often  pointed  out.  Its  very  latest  is  too  good  to 
pass  unnoticed.  Mr.  Ellerd  Styles  descants  on  the  new 
Inst.E.E.  rules,  and  refers  to  "  tough  rubber  compound  pro- 
tection "  (otherwise  C.T.S.  or  S.R.C.),  and  says  that  the  rules 
required  that  this  covering  shall  not  be  less  than  50  miles  thick! 
This  may  be  one  of  Mr.  Styles'  subtle  styles  of  giving  his  opinioji 
without  reserve  of  this  style  of  conductor  covering,  or  perhaps 
he  thinks  that  cable  factories  are  in  need  of  "  some 
ment. 


enlarge- 


L.  p.  s. 


CLIPS.  TIPS  &  TERMINALS 


of  all  descriptions. 

Write  for  Booklet,  with  Illustrations,  of  75  types  to:— 

THE  LP.S.  ELECTRICAL  CO..  18,  Adam  Street.  Strand.  London,  W.C. 


very  near 
* 


(Alright,  I'm  touching  wood  !) 


I  am  not  sure  whether  I  ought  to  be  called  a  munition  worker 

or  a  splinter  dodger.     'Smarvellous  the  way  brass  and  steel 

splinters  ""  hae  wi  em.  "     The  life  of  some  of  them  is  short  and 

sweet(?).     They  take  a  wild  plunge  into  the  soft  part  of  one's 

thumb  and  then  stick  out  about   \  in.,  as  much  as  to  say, 

"  Here  I  am  ;  you  can  feel  and  see  me."     A  jump,  a  big  D 

and  a  twitch  between  thumb  and  fingernail  is  all  the  attention 

you  give  this  variety.     I  am  now^  well  used  to  them. 

*         *         *         * 

But  I  do  not  like  invisible  splinters  in  my  canvas  gloves  or 
my  socks.  I  find  that  the  sharp,  jerky  style  of  Bart  Kennedy  is 
about  the  best  to  use  while  the  splinter  remains  hidden  in  the 
glove  (to  stab  when  a  handful  of  shells  cannot  be  dropped  down 
a  flight  of  iron  staiis),oris  occupying  .some  dug  out  in  the  No 
Man's  Land  of  one's  heel,  that  inaccessible  region  beyond  the 
range  of  the  most  intense  "  adjectival  "  preparation. 

^  Hi  ^  4^ 

I  have  gone  through  one  campaign  to  dislodge  the  illusive 
spline  from  the  aforesaid  region  in  my  left  heel,  and  found  Bart 
Kennedy's  style  invaluable,  chiefly  because  I  was  rolled  up  so 
much  like  a  ball  that  nothing  but  short,  snappy  sentences  could 
be  got  out.  Now  what  I  should  like  is  some  style  and  form  of 
words  in  which  to  address  myself  to  the  next  \  in.  of  brass 
splinter  when  I  have  it  laid  "  dead  "  on  a  stretcher  of  white 
blotting  paper.  After  three-quarters  of  an  hour  probing  with 
a  pair  of  nice  nickel-plated  tweezers,  ending  in  the  removal 

of  the  offender,  all  I  said  to  it  was, '  You — .You — ,YOL' ." 

Then  my  breath  failed  me  ! 

Hi  ^  Hi  sji 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  July  26,  1879.] 

The  Telephone  as  a  Lightnixg  Indicator. — ilr.  George  M, 
Hopkins,  of  Brookl3Ti,  X.Y.,  during  a  recent  thunderstorm,  con- 
nected the  gas  and  water  pipes  of  his  dwelling  with  an  ordinary  Bell 
telejjhbne,  and  discovered  that  the  electrical  discharges  were  plainlj- 
indicated,  either  by  a  sharp  crack  or  by  a  succession  of  taps.  This 
occurred  when  the  discharge  was  so  distant  that  the  thunder,  was 
inaudible.  The  sound  also  seemed  to  be  perceived  by  the  ear  before 
the  lightning  could  be  seen.  There  was  a  marked  difference  in  the 
character  of  the  discharges,  some  that  appeared  single  to  the  eye  were 
really  multiple.  Often  the  discharges  would  consist  of  a  series, 
beginning  and  ending  with  discharges  larger  than  the  rest,  thus  : 

— ,  sometimes  it  would  be  thus  : -, 

sometimes  the  reverse,  and  often  a  single  crack.  The  gas  and  water 
pipes  were  used,  being  the  most  convenient  and  at  the  same  time  the 
safest  conductors  for  the  purpose.  Special  apparatus  might  be 
devised,  having  a  good  ground,  and  a  series  of  ]roints  for  gathering 
the  electricity  from  the  air,  but  in  using  apparatus  of  this  kind  there 
is  alwaj's  more  or  less  danger. 


ELDER'S  CABLE  HANGERS  AND  CLIPS. 


A  Correciion.~ln  our  last  issue  we  published  an  illustrated  article 
on  these  clips,  and  included  a  photographic  illustration  showing  a 
span  in  a  three-phase  line  and  below,  on  the  same  poles,  a  lead- 
covered  cable  was  shown  supported  by  suspenders.  We  mcorrectly 
described  these  as  Elder  suspenders,  wherea-  the  view  was  taken  to 
depict  the  old  form  of  suspender  and  the  way  m  which  these  tend  to 
work  into  groups  under  the  action  of  the  wind.  In  the  article  we 
explained  the  ])rinciple  of  tlie  E'der  suspender  at  some  length, 
and  pointed  out  that  one  of  its  chief  features  is  the  obviating  of  this 
unsatisfactory  and  dangerous  grouping.  Doubtless  those  of  our 
readers  who  were  interested  in  tlie  article  would  le  a  little  surprised 
at  the  title  of  the  il'ustration.  We  take  this  opportunity  of  express- 
ing our  regret  for  this  error  to  the  British  Insulated  &  Helsby  Cables 
(Ltd.).  who  are  makers  and  sui)pliers  of  the  Elder  suspender. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   on   application, 

J.   BLUNDELL   &   SONS, 

GOLD.  SILVER  i  PLATINUM  REFINERS.  199.  WARDOUR  STREET.  W. 


"Golsllplat,  Ox.,  London." 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For   Uiract    Currant. 


For    Three-oh»«e   Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYINJAMO  WORKS  LIMITED 

ri  Heac.  Office:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 

Telephone:  Cbrrard  860.         Telegrams:  "  Siembralos.  Vic.  London." 

Supplies  Dept.:    38  &  39.   UPPER   THAMES   STREET.   E.G., 

Telephone  :  City  5350.  TeleiTims :  '  Siemdtor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES ' 


Birmingham — Orstral  H 
Bristol— 30.  Bri 
Cardiff— 89.  St    ' 
GLA300W— fe'.  V/  . 


rjc*-  St. 


!.1anchester — 196.  Deansgate.  ' 
Newcastle — 64-68.  Collingwood 
Sheffield— 22.  High  St.        (Bldgs 

£  ••TVAvrT-N     At.  Hieh  Street. 


BranchoB  In    Principnl  To^ns   Abroad. 


B.T.-H.  HAND-OPERATED  STARTING  COMPENSATORS 

The  Hturtiii'4  current  at  full  voltaic  of  Hquirrel-cage  induction 
mot'ip*  ii|>  t<»  Ji'joiil  40  II. f.  vari«'.s  fn)in  four  to  live  f  lines  tlio  normal 
full-load  I'urrcut,  ari<l  in  larger  ma  liiiies  from  altout  live  to  s<>ven 
timOH  the  full-load  eurrent.  The  eorres|Kindiiig  Mtarting  tonjue  for 
motorM  up  to  40  II. r.  varies  from  l-2"»  to  2-4.")  times  the  ratf-d  full  load 
t4ir<|ue.  and  for  ma  liines  lar^fer  than  40  ii.r.  lM-t\veen  O-To  and  full- 
load  tonjue.  When  a  Hijuirn'l-cago  mot«ir  in  connefted  directly  to  the 
Jino.  thi-  .starting  current  in  excewive.  while  the  tonjue  is.  jK'rhap.s, 
iinneceMMarily  high.  In  the  case  of  largi-  motors  the  heavy  ru.sh  of 
current  which  o<'curM  at  Hwitching  on  in  lialde  to  di.sturb  the  supply 
voltttge. 

It  ix  a  convenience  (o  iim*  a  device  which  will  reduce  the  Htarting 
eum'iil  at  the  >'ame  rate  as  the  tonpie.  and  for  this  purixtse  the 
lirititth  ThoniHon  lIoiiHton  Co.  •  upply  a  compensator  or  auto-trans- 
former. This  corisiHts  eHHeiitially  of  a  transformer  for  lowering 
the  prcH.mirc  a-roHH  tlic  motor  terminals  durinj{  the  p<'riod  of  starting. 
With  this  device.  lN>th  the  starting  current  taken  from  the  mains  and 
the  Htarting  lor<|iu>  of  the  motor  arc  n>4luc(><l  an  the  s({uan>  of  the 
rofluclion  in  voltage. 

The  starting  com|M>nHntor  ditTcrH  from  the  ordinary  ty|M'  of  trans- 
former in  having  the  m'comlary  Hin<ling  arranged  as  a  |K)rtion  of  the 
prium-y.  thus  n>ducing  itn  si7.e  and  cost  as  well  as  increasing  its 
efhcim  V. 

Take  A4  an  example  a  Tit)  ii.r.  4(Nl-voll  three-phase  motor,  of  which 
the  full  loii  I  <  iirnMit  01  ami«'n'-.  The  st.irting  curn-nt  at  full 
vnlt.a;.^-     (it     .">.'•*     !l."i2  ami>crc^.     The  iinix  d.m  <■  ilictwecu  motor 


*    1  lii^   lik-ni'     1-  "■•li»  Ihil  (iiMii    ;i    lalilc  lit     III'  .III      l.'irt  III);  clirr<*nl«  All)! 

torques  uivcn  with  tho  list. 
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SWITCHGEAR,   TRANSFORMERS,  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


terminals)  =  400  .352=  1-14  ohms.  A  40  per  cent,  tap  on  the  compen- 
.•<ator  gives  a  voltage  on  the  motor  of  1 60  volts.  The  starting  current  of 
the  motor  will  be  =  160  ] -14=  140 amperes, and  thecurrent  in  the  line 
at  starting  =  160/40(J  /  140=56  amperes.  The  effect  of  the  compensa- 
tor Ls  to  reduce  the  voltage  at  the  motor  terminalsfrom  400  to  160  volts, 
with  the  result  that,  although  the  motor  takes  a  starting  current  from 
the  compenFator  of  140  amperes,  the  current  taken  from  the  supply 
mains  amounts  to  only  56  amperes,  or  16  per  cent,  of  what  it  would 
he  without  the  compen.sator. 

The  tyj;c  XH  .starting  comj;ensators,  dealt  with  in  List  Xo.  5,250, 
are  suitable  for  starting  two  or  three  phase  25,  33^,  40,  50  or  60  cjcle 
squirrel-cage  induction  motors  up  to  750  h.p.  on  voltages  ranging 


W.M.I.-TVfK    CoMrEXS.VTOR     WITH     LoW-VOLT.\C;E     ReLE.VSE     .\ND 

UvERLo.vu  Relay. 


fn)m  95  to  .'{..'JOO  volts.  They  are  supplied  in  the  two  following 
types  :  Wall  susp.cnsion  type,  as  illustrated,  and  the  Hoor  type  The 
former  type  includes  compensators  of  small  and  moderate  horse- 
lK)wer,  while  the  latter  type  is  conijxj.sed  of  the  larger  size  of  com- 
pensators. The  compensators  consist  of  a  strong  iron  l)ox  contahiing 
the  compensator  winding  and  an  oil-immer-scd  switch.  The  switch 
operating  han«lle  is  situated  on  the  outside  of  the  case  to  the  right, 
and  a  low  voltav'c  n-lease  is  similarly  situated  on  the  left. 

The  switch  oinrating  handle  can  he  moved  into  three  iwsitions 
witii  the  following  n«sults  :  '*  Off  "  jwsition. — The  oompen.sator  and 
motor  win<ling  an-  disconnected  from  the  siipply.  "Starting" 
jKisition.  The  switch  connects  the  whole  of  the  comj>cnsiitor 
winding  .»cro(w  the  supply  and  a  portion  of  the  winding  to  the  motor 
t4<rminals.  "  Hunning  "  jK^sition.— The  switch  cut.s  out  the  com- 
|M-nMitor  winding  and  connects  the  motor  direct  to  the  supply 
thniugh  the  overloa<l  relays. 

The  operating  handle  ia  fitted  with  an  automatic  latch,  which 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 


II  111  t    I'ltlfntr 


WITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL 

PATENT   MIXER   PRODUCES   HOMOGENEOUS   ALLOY. 
Monomeler    Hcal-Controlled    Furnaces  for    Heating    the    Mould*. 

MONOMETER    Mf?.   Co..   Ltd.,  Aston,   BIRMINGHAM. 
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^  ^'     "Bat  Uj/iat^nJ^Z^ 

Aco  (f3,ooo.ooo 
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-"EmSTA  TCI"  WIRE  LAMPS 
llillllllllllilllllllllllllllllllllllllllllllllllll 

Advt.  of  Pope's  Electric  Lamp  Co.,  Ltd.,  Hythe  Road,  \^illesden,  London,  N.W.  greenly 


ROYAL 

Sole  Manufacturers 
. .  QUE  AD  I  TD  _ 

47  to  57  Marylebone  L"^    4. 

London,  W. 

Telephone:  Mayfair  3582. 

« 

THE 

QUEAD. 

1       Special  Features 

1     Sound  Construction 
^  .   .    Red  Heat    •  . 
Artistic  Finish. 

Ask  for    1916-1917    List. 

iiiiiiil 

^^^^^K,*ft-i 

Q.  13. 

3  and  4  kw. 
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LEWIS'S     SCIENTIFIC    CIRCULATING     LIBRARY. 

ELECTRICAL,  MECHANICAL  &  GENERAL  ENGINEERING  TEXT  BOOKS  &  TECHNICAL  WORKS, 

P.eiD  Works  and  Reic  fdUlons  can  be  bad  from  tbc  CJbrarp  immcdiauip  on  publication,   telephone:  museum  1072- 
SUBSCRIPTION,  Town  or  Country,  from  ONE  GUINEA.     READING  ROOM  open  Daily  to  SUBSCRIBERS. 

HTZ-        r    T^TTTTO        O         i^^         T    ^.^  136,  GOWER   STREET,  and  24,  GOWER  PLACE, 

.     K.     LEWIS       &      ClO.      Ltd.,  LONDON,   W.C. 


eiiKuri'K  the  former  l>eing  moved  from  the  "  off  "  to  the  "  starting  " 
jHisif  i<ju,  iind  jin-vfiith  it  \h-\ivz  moved  directly  from  the  "  off  *'  to  the 
'■  running  "  jxw<ition.  A  Htrong  hjiring  aluo  prevents  it  being  left  in 
the  "  Htarting "  ptwition.  The  Hwitch  can  be  changed  from  the 
"hfjirfitig"  to  the  "running"  jKoition  only  l»y  means  of  a  rapid 
movement  of  llie  handle,  thu«  pre\enting  .iiiy  de<reaso  in  tlie  sfjced 
of  the  motor,  and  conBequcnt  increase  in  current,  when  effecting  this 
change.  A  low-voltage  releas*-  ensures  the  switch  returning  to  the 
"  off  "  poHJtion  wlien  the  voltage  fails  or  drojw  considerably. 

The  compensatorH  are  designed  for  bringing  the  motor  up  to 
approximately  full  speed  within  one  minute  after  the  switch  has  been 
thrown  into  the  starting  j»f»sition.  .After  starting  a  motor  they 
Hhould  be  allowcfl  to  cool  for  a  minimum  jx-riod  of  \'>  minutes  before 
In-ing  uwd  again.  The  cf)mpenNitor  windings  aiul  oil  switch  are 
cnclo.sed  in  a  substantial  irrjii  ca'<e.  Iir-?novable  covers  are  provided 
for  insjK'ction  of  the  interior  or  for  changing  the  connections  to  the 
coin|K'nHjitor  tajw.  The  compensator  coils,  after  winding,  are 
vuf'uutn  treated  and  im|)regnat<fl  with  roniixiund  under  high  pres- 
sure. This  ensures  a  thoroughly  moist ure|mH)f  construction,  and 
also  gives  additional  mechanical  stal>ility. 

The  switch  is  of  the  oil-immersetl  ty|)e.  and  is  provided  with  heavy 
rubbing  lonla'ts  etUirely  immersed  in  oil.  All  the  current -carrying 
parts  can  be  readily  and  cheaply  renewed  if  necessary.  The  wall 
Hus|>ensi(m  ty[»e  comjK'nsator  has  the  switch  arranged  in  the  lower 
part  <)f  the  cane,  thr-  nil  ta'ik  of  which  can  easily  be  lowered  for  the 
ins|s*ction  or  renewal  of  the  oil  or  the  contavts  without  taking  the 
compenwitor  down  from  the  wall  or  removing  any  of  the  cables. 
In  the  vnHt'  of  the  fl(M)r-ty|M-  coniiM-nsator.  the  switch  is  situated  in 
the  up|»er  |»art  of  the  ca-M-.  imd,  us  it  can  Ik"  removed  complete,  is 
aIho  a'-cetutible.  With  the  largest  com|K>nHatorH  the  current  exceeds 
the  limit  of  the  cajia'ity  of  the  si'lftoiitaim-d  type  of  swit<h.  an<l  in 
tliew  cjmcs  the  com|M'nsa1<ir  is  provided  with  a sc|Mirate control  ]>aiiel. 

.\  copv  of  the  descriptive  list  referre<l  to  can  \h;  obtained  from  the 
IJ.'I .  H.  Co..  Hugby. 


THIS  SEASONS  "QUEAD"  FIRES. 

The  attention  of  the  trade  is  being  ealh^l  by  C^uead  Liinit<-d  in  a 
n-cent  catalr>gue  to  their  lu-w  s<'aHon's  fires.  We  may  remind  our 
readers  of  the  chief  features  of  these  interesting  tires. 

The  "  Quead  "  lu'af  unit  consists  of  a  number  of  fireclay  pip<e8  of  a 
chemically  inert  com|>osilion  which  obviates  the  ]K)ssibilitv  of 
Imuble  with  till-  n-sistiiuce  win*  at  n'<l  heat,  and  which  are  grou|M-d 
on  a  steel  n»d  around  a  s|)iral  of  n>sistanee  win-,  so  that  the  latter  is 
sunk  into  the  surfa<<>  of  the  linnday  but  is  still  visible.  When  the 
curn'nl  is  funie«|  on  the  spiral  Ixvomes  u-«l  hot.  an<l  this  in  turn 
licatM  the  fireclay  ;  the  n>sult  is  a  glowing  mass,  cheerful  in  ap- 
|K'arance  and  intense  in  its  radiant  effist. 

•The  methcMl  of  sinking  the  win's  info  the  surfa-e  of  the  fireclay 
has  theefTiTt  of  .|Uickly  ni/ikuig  the  latter  hmI  hot.  but  it  nlm  pnitects 
the  wire  from  ilamaae.  The  :-esult  m  (hat  (he  "  Quead  "  is  a  n>bus( 
unit  which  can  Ik«  nnighly  handled.  ret!iove<l.  n-pla-i^J  or  |Micki-«l  for 
Iraii'.it  ^\i(hout  fear  of  d.'Una'/e.  Its  snnpli<ity  is  another  |K)int 
vwdlliN  of  notice.  It  can  be  ii--!  iiiM.d  fii.iii  it., 
in  a  few  minutes  by  ft  novice 

The    "  (^iiead  "    patent    eleiiiciil^   ;irc    i  .  .]    for  a   iM-riod   of 

flin'e  yi>a'-s  from  di'c  nf  uiije  to  work  m\\t  ijy  when  us«'<l  under 

pro|N'r  condition-  .rrerf  voIIatt  and  in  "  Qiirad  "  apjMiradis. 

Should  any  bn;UxM«\v  n  occur  within  (his  period.  elemeiUs  are 
lTpair«««|  or  n>pla' cd  free  of  change.  pn)\ii|e<|  (he  faulty  element  if 
retunieil.  earriaHe  jieid.  for  examination.     This  guar.-intrr  is  liini(ed 


'<>m|stnent   parts 


One,  Two  &  Three  Phase 
MOTORS. 

I.AN<il>()N.|)AVII'>i    MOTOH    CO. 

Ho.d    (Vflc.:     no.     C\NN(>N      SIRKKT.      LONDON.      R  C. 
Wiitk.:    Drrmodr    Ro«d.    I.vwUham.    I.iind.in.    S  R. 


to  "  Quead  "  apparatus,  and  obviously  does  not  cover  any  conse- 
quent loss  caused  by  such  breakdown.  The  elements  are'standar- 
dised  at  1  kw.  hourly  consumption,  and  all  the  fires  described  in  the 
list  referred  to'are  fitted  with  this  standard  element.  The  element 
measures  10  in.  long  and  2  in.  diameter.  ''^     ^  j 


1 1  III  Aim^VHilHW 

\flffTmffmm} 


TuK  Rk(;ent  3kw.  Ffre. 


All  new  season  "  Quead  "  fires  are  fitted  with  a  standard  detach- 
ai)le  interior.  The  whole  electrical  portion,  in  one  piece,  can,  there- 
fore, be  removed  by  any  unskilled  penson.  These  complete  in- 
teriors,   being  standardised  for  ea'h   pattern,   are  interchangeable 


TiiK  QiouN  FniK. 

with  a  ininimiini  of  trouble  and  cost.     The  makers  recommend  thtvt 
fin<s  of  amjil.  -y  W  installed,  in  order  thitt  a  pood  reserve  i.s 

a\.'«ilable  for  >         _    ;  jes.     It  is  found  from  exi)enence  mor(>  econo- 
mical to  heat  a  ixxnn  quickly  with  a  higher  consumption  of  current 


Insulation 


The    on  I  >     ^  1  ■ 
IraiH.    etc. 


''acfory    tubstltate    tor 
also     lor      flexible 
AMPLE  STOCKS. 


'i' 


HOIDER-HARRIDEN.  LTD..  35  37,  woble street. london.  e.c. 
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Six  Special  Lines. 


FUSES. 


PLUGS  AND  SOCKETS. 


ARMOURED  SWITCHGEAR. 


MINING  EQUIPMENT. 


PROTECTIVE  SYSTEMS. 

Protective  devices  for  A.C.  Systems  to  isolate 
faulty  sections  instantaneously  without  inter- 
ference with  healthy  sections.  Also  Relays 
for  time   limit  current  transformers,   etc. 

MOTOR  STARTERS. 


fs*>-  " 


A.  REYROLLE 


&  CO., 
LTD. 


HEBBURN-ON-TYNE. 

On  War  Office,  Admiralty,  and  India  Office  Lists. 
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IRONGASED 
SOCKETS  &  PLUGS 

FOR    HARD    SERVICE. 

Sizes    up    to    200    amps. 

D.P.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined  Switch 
and   Plug^  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal   Electrical   Works, 

SALFORD, 
MANCHESTER. 


tli;t.ii  lo  ii(-;it  the  Kiiiic-  luoiii  /^lowly  Mitli  .i  siii.ill  cfjii.^uiiipticju.  it 
l./XK)  to  2,<MM>  wutt  heating  cujwcity  In-  in>*tall('<l  for  each  l.OOU 
cubic  ft.  required  to  be  heated,  the  reserve  in  equal  to  any  jxissible 

Tlic  "  (^iiead  "  lire  in  offered  in  a  variety  of  hizeH  from  4  kw.  down  to 
1  kw.  rating.  The  "Royal  Queatl,"  whifh  in  designed  for  :j  kw.  or 
4  kw.,  nicaHun-H  IS  in.  by  2(5  in.  high  by  fij  in.  deep,  the  weight 
Iwing  27^  II).  The  elements  are  hoiiseil  in  an  attra'.tive  cast-iron 
frame,  which  can  be  nupplied  in  a  variety  of  linishe.s.  from  satin  black 
t4i  white  vitre<jus  enamel.  The  rotary  snap  switches  are  now 
recesM'd  into  the  frame  below  the  heating  panel,  and  they  give  three 
•legrees  of  heat  on  each  pair  of  heating  elements. 

The  "  Hegent  "  is  another  attractive  fh'sign  for  2  kw.  or  li  kw.  It 
measures  |IA  in.  wid*-.  10  in.  high  and  .")  in.  deep,  the  weight  being 


successful  ojjeration,  the  speed  of  washmg,  drying  and  ironing,  and 
the  quality  of  the  work  are  due  to  the  following  :  The  surface  water 
is  removed  mechanically  before  attempting  to  dry  the  print ;  a 
strictly  uniform  amount  of  moisture  is  in  the  print  when  it  goes  to  the 
hot  drum  :  the  jirint  is  held  securely  against  the  hot  drum  while  it 
is  beirig  dried. 

The  principal  features  of  this  machine  are  :  (1)  A  tank  in  which 
tlic  jjrints  are  washed  ;  (2)  a  WTinger  which  removes  the  surface 
water;  (3)  a  hot  drum  for  drying  and  ironing;  (4)  an  automatic 
winding  up  device  for  the  long  jjrints  as  they  come  from  the  drier. 

A  iinmljer  of  jirints  may  be  left  in  the  tank  as  long  as  desired  ;  long 
rolls  are  washed  in  pas.sage  through  the  tank.  On  leaving  the  tank 
the  j)aj)er  enters  a  wringer  which  consists  of  a  steel  shaft  covered  with 
felt  bearing  iigainst  a  brass  roller.     This  wringer  removes  the  water 


HXANDMin    "(^IKM>         Kl  KMK>'T    MolSTINo.  CnMlM.KTK 
WITH  SWIT  UK"    M  M  \  'I'l  I  M  I  s  1 1  -  >  s  II  l"i  I  y  III!  1   ('  .r  )i 

in  lb.  'I'he  frame  is  piovidiil  willi  .i  ll.ii  top.  ii|m)|i  wliitli  food  and 
liipiids  (  an  Iw  kept  hot  or  even  ImuImik.  In  the  2  kw.  si/,e  the  two 
Hilary  .xMJIf'heH  give  two  heat*«  and  in  the  'A  kw.  nizr  thnM>  hratN. 

In  till-    "  (^utim  "  lin-   I  kw.    or    2  kw.  ■  Im  available,  the 

franje   l>eing  of   light    <a<«f    irr»n.     Thin   lii'  Mri--*    |2J  iii.    wide, 

12J  in.  high  by  «J  in.  deep,  and  the  weight  in  14|  lb.  Thin  lire  i» 
n'ronunen<le«l  for  the  heating  of  Hmall  tM>«MnM.  oflice**.  bath  rxutms. 
fcr.  The  makers  of  '•  (^uead  "  tin<s  reinimmend  I  kw.  rapncifv  for 
raeh  WHI  etibie  ft.  of  sp.-ice  to  l)r  l)entr«l. 

The  catalogue  may  l»e  obtaino<l  fittm  t^ueail  Limite<l.  J7.  .Maryle- 
Ihiuc  laiu',  liondon,  \\ . 


BLUE  PRINT  WASHING.  DRYING  AND  IRONING 

MACHINE. 

0|irr.itiJig  BUocr^'tfuHy  with  cither  continunu8  mlln  or  r^paratoly 
'  "  '>c  illnslratod  mahr.M  further  procro.'w  towanls 

''"  y-      It  i.**  particul.'irly  \m'f\i\  where  there  in  a 

(Mmotant   and   inime<iiAtr  demand   for  a  iHim»»rr  of  prints*.     The 


CT- 


1»KIXT  W.\SHI.M),  InoNINO  .\Mi  DuviXci  MACHINE. 

from  the  ]»rml.  which  latter  adheres  to  the  brass  roller.  A  .«et  of 
stripping  lingers  removes  the  print  from  the  brass  roller  and  lays  it  on 
travelling  \mUh,  which  convey  it  to  the  heated  drum;  during  three- 
<|u:irteT>  of  a  n-voIulii>n  tl»e  \r.\,\)vf  islield  lirnily  agaiuBt  the  drum  and 
dried  and  ironi-tl.  It  is  then  strijjijed  from  the  drum  and  deposited 
in  a  rcceiviAg  trough  at  the  end  of  the  machine,  or  in  the  ease  of  a 
eonlinuouh  print  is  mlled  up  automatically.  The  ma-hine  is  driven 
by  a  motor  thniugh  a  variable  .speed  gear  consisting  of  a  belt  running 
on  two  «xinei«.  driving  the  machuie  through  a  wonji  gear.  The  sjieed 
is  instantly  (banged  by  moving  a  lever,  and  the  ma'hine  may  be 
reverced  l>y  operatuig  a  switch.  A  pedal  throws  the  wringer  out  of 
gear,  which  may  then  Ix;  turned  either  way  by  hand  in  case  a  print 
should  nvpiire  lo  Ik'  adjusted.  All  rollers  in  the  machine  carrying 
any  a|>pn><iable  lo;id  are  mounted  on  ball  bearings.  The  machine 
will  <le.il  with  prints  up  to  60  in.  wide. 

The  machine  is    '      •  '  .d  and  illustrated  in  a  new  catalogue  just 
iwiue^]  by  (he  \Vi  m-  Cooiier- Hewitt  Co..  York-road.  King's 

Crofw.  ]>mdon.  N.  In  the  came  catalogue  partictilars  are  given  of 
two  tyi>es  of  blue  iiriming  machines  titled  with  mercurv"  vajxiur 
lam]i(«  as  the  Hource  of  light  by  which  the  printing  is  done. 


Prtat^  «>d  rubUUwJ  br  th.  1     .....      7h.  Ei.«o«TaAH  -  Pmi.Tii.o 
I.  a  ttd  3,  Salu»vit  Ccvut,  Fimt  SrtBrr 


AMD  rutUMtno  Co..  Ltd..  at  the  E<5Iicrial,Prlntinc  and  PubUihlnt  OffioM. 
,  lo  th«  aty  of  LONDON.  KtiOAT.  July  2i,  1916, 
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4     The   Round   Table.     4 

V  B»    "KVA  "  ^ 


In  the  Roujid  Table  column  of!  The  Electrktax  of 
March  24th  rei'oience  was  made  to  a  change  of  name  from 
Gi-iinbaum  to  Leyton.  The  paragraph,  which  was  contributed 
by  one  of  our  provincial  correspondents,  implied  that  the 
person  who  had  changed  his  name  was  a  German. 

Dr.  Leyton,  M.D.,  D.Sc.  (of  Portland-place,  London, 
W.),  who  is  a  British  subject  and  hasfhad  a  distinguished 
medical  career,  objects  to  this  paragraph,  as  it  might,  appar- 
ently, be  taken  to  apply  to  him.  We  desire  to  assure  Dr. 
Leyton  that  we  unreservedly  accept  his  statement  that  he  is 
a  British-born  subject,  and  we  regret  that  an  announcement 
in  our  columns,  which  was  not  intended  to  refer  to  him,  could 
bie  capable  of  such  a  construction. 

^  H=  *J*  ^ 

The  "  Daily  Telegraph  "'  says  :  "  Certain  firms  and  indi- 
viduals can  afford  to  buy  and  use  '  steamers  '  and  '  electrics,' 
but  the  majority  of  owners  want  a  cheap  substitute  for  petrol."' 
Well,  what's  the  matter  with  "  the  juice  "  ? 

*  *  *  •-!: 

"  E  C.  L.,"  as  so  many  of  his  friends  knew  him,  has  "  gone 
west."  We  cannot  yet  realise  it,  but  the  truth  can  no  longer 
be  doubted.  Laughton  was  an  ardent  Batti-Wallah — the  log 
of  the  barge  "  Aide  "  stands  to  verify  that — and  a  white  man 
right  through.  He  just  would  not  accept  a  commission — he 
loved  the  boys  in  the  ranks  too  much  for  that — and,  unhke 
many  company  sergeant  majors,  he  was  universally  liked.  He 
has  paid  the  p.'ire,  but  those  of  us  who  had  seen  him  back  on 


Company  Skroeant-Major  Lauchton. 
[Killed  in  Action,  July,  1916.] 

leave — broad,  tall,  muscular  and  with  the  "  devil  in  his  eye  '' — 
feel  assured  that,  if  it  was  at  close  quarters,  he  sold  his  life 
dearly.  I  grieve  to  have  to  record  his  untimely  death,  for 
there  was  only  one  "  E.  C.  L.,"  and  we  who  were  his  friends 
know  that  it  will  be  many  a  long  day  before  we  meet  his 
counterpart. 

[The  official  notice  of  his  death  in  action  appears  on  another 
page.] 


The  statement  in  a  recently  issued  catalogue  of  magnetic 
clutches  "  that  a  mechanical  clutcli  which  is  influenced  bv 
(•entrifugal  force  is  always  a  flmichack  "'  sounds  rather  contra- 
dictory.    Diawback  is  just  what  the  centrifugal  force  won't  let 

the  clutch  do. 

*         *         *         * 


Under  the    title    ''  The    Electrician's  Great  Chance, 
Westminster  Gazette  "  savs  : — 


the 


That  tide  in  the  affairs  of  men  which  it  is  part  of  the  philosophy  of 
our  life  and  well  being  to  believe  in  ha.s  come  for  the  electrician. 

We  had  thought  the  same,  but  this  flattering  reference  to  our- 
selves is  encouragement  indeed. 

4:  M:  M:  ^ 

Mr.  Abraham,  manager  electricity  and  tramway  department, 
Aberdare,  says,  in  writing  to  the  ""  Municipal  Journal  "  :  "I 
know  an  Edison  vehicle  with  properli/  charged  batteries  will 
get  up  any  steep  hill."  "  Edison  "-Wats<m  will,  I  am  sure,  agree 
with  this  instructive  statement.  The  gradients  in  Aberdare 
are  1  in  16  and  1  in  18,  and  will  probably  be  known  among 
"  electrics  "  as  the  "  heights  of  Abraham." 

4:  ^  ^  ^ 

The  women  are  becoming  '"  volt-boys  "  I  Look  at  this 
charming  study  of  a  "  switchess  ''  in  one  of  the  sub-stations 
of  the  Shropshire  &  Staffordshire  Electric  Power  Co.  I  She 
looks  as  if  she  means  to  parallel  the  incoming  machine  no  matter 


The 


[Photo  Miss  Smith,  B'ham. 
SwiTCHEf^s"   OX  DrlY. 


what  happens,  even  if  she  pushes  the  bo?.d  over  in  the  attempt 
Get  a  charming  girl  on  a  switchboard  an.d  you  will  never  find 
the  instrument  cases  dull  or  the  watt-hour  meter  glasses 
unpolished.  The  mirror  efi'ect  is  too  "  adjacent  "  to  be 
resisted  by  any  girl  who  uses  a  powder  putt",  and  what 
'■  switchess  "does  not  ?  . I  hope  they  keep  the  nosegays  given 
them  by  admiring  '"  shift-men,"  stokers  and  drivers  out  of  the 
relays  and  plug-sockets ! 


it  works. 


IGMmC 


MAGNETIC  SEPARATOR   PULLEYS 

form  an  economical  method  of  picking  out  magnetic  material — stray  iron  and  steel— 
from  nonmagnetic  material  in  built.  They  operate  continuously  without  attention,  and 
are  extremely  efficient  in  handling  ores,  grain,  cement,  rags  and  like  materials.     Write 

for  Pamphlet  No.  1600. 


v<; 


V^A-^-^ 


N%-V^' 
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SIEMENS 


EL.ECTRIC     MOTORS 


Part  of  small   Motor  Shop, 
Stafford  Works. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Head  Orr icb  :  CAXTON  HOUSE.  WESTMINSTER.  S.W. 
T  '•,'•;  rone  :  Cerkaro  860.         Tele^rrams  :  "  Siembralos.  Vic.  London." 

Supplie*  Dept.:    38  &  39.   UPPER   THAMES  STREET.  E.C. 

Telephone:  City  5350.  Teltrr^r.'^ :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  AOORESSESi 


R'BMiNGHAM — Central  H   ..  IJc*' 

T  ;L— 30.  BrMee  Street. 

•      IFF— 89.  St.  Mary  Street. 

Glasgow — 66.  Waterlrx;  Street. 


I.lANCHEiTER— 196,  Dcansgate. 
Newcastle— 64-68.  Collin  gwood 
Sheffield— 22.  High  St.        (Bldgs 
SOUTHAMPTON — 46.  High  Street. 


Branchea  in   Principal  Towns  Abroad. 


ELECTRIC  SUPPLY  AT  HOLMFIRTH. 

Th«  nlcftricity  works  of  llic  Holintirth  I'rhan  DiKfrict  Council 
were  olliciiillv  o|  fiu-d  on  S.iliirday,  .Fiily  IT).  The  gcnfrafinn  eqiiip- 
iiirnl  wuM  inh|ii>i'tc(|  by  tlic  nu'Mil.crs  (jf  llio  Klcctricity  ('oiiiinittee, 
who  niin«t  have  fell  |ikvis(>(|  that  tlu'ir  prolongt'd  ofTortH  to  introduce 
a  HyMti-iM  of  elect rjf  iifflitinn  into  the  town  hav«i  l;c«'n  hroiinht  to  a 
»iit(r,s«fid  i«Hiic.  The  (|iicHtion  of  ligh.tin^'  the  town  and  di.strict  hv 
electricity  *'»«  coiiMidercd  |»ul)licly  h«  far  back  an  Se|»temler.  Mtli. 
when  n  meeting  of  rate|»a\crH  wan  con\cned  by  the  t'ounril.  and  a 
remilution  l«ia|i|ily  for  a  |irovif<ionitl  onlerwa.t enthusiast icallv carried. 
A  HubM>r|uent  plebiHcitc  of  the  ratcpa\er»  restiltecl  in  a  two  to  one 
v<»te  in  favour  <if  iledricity.  When  the  provisional  order  wis  ob- 
lain"d  in  .\uj»usl.  |<I|2.  negotiations  were  opened  with  the  Vorkshin' 
F)li'<lric  I'ower  Co.  with  a  view  to  obtaining  a  supply  of  electricity 
in  bulk.  I>n/il  op|Mihilion  t<i  the  M'heine  aHs<Tted  its<'If.  however, 
and  as  it  s<>enied  probable  that  the  |Niwer  coni|)any  could  not  give 
the  pro|His4><l  su|>ply  for  some  few  ye-irs,  the  original  scheme  was 
dropped. 

Tiie  Council  then  decided  to  establish  an  electri«-ity  works  in  the 
town  and  an  Kleelricity  Committiv  was  foniied.  having  as  chairman 
Mr,  K.  Overend,  who  harl  ahva\s  liei-n  an  enthusiast ir  advocate  of 
electric  lighting.  Teiulcrs  for  the  entin-  gencraluig  lopiipment  jiiuI 
coiiiplelc  installation  wore  calle<l  for.  t<i  the  s|H<cilica(ion  <if  Mr.  A.  H. 
Mountain,  until  (|uit(<  n>cenlly  Isirough  elertrical  engineer.  Mudders- 
tield  ;  loid  in  ()i  lober.  |<.l|:j.  the  contract  was  awarded  to  Messrs. 
r.  W.  Hroailbent  (Ltd.),  Victoria  Klectrir.il  Works.  Huthlerslield. 
The  Coinicil.  then«forr,  allr)tted  the  work  befon-  the  recent  heavy 
incn»nj«>  in  the  costs  of  all  engineering  materials  tooketTect  ;  although 
as  a  mailer  of  fact,  the  fonnal  contract  was  not  pirpam<|  until 
.M»rrh,  mm:.. 

The  electricity  works,  which  nrv  conveniently  situate*!  near  the 
centre  of  the  town,  am  l.irge  anci  well  lighted,  and  provision  hn««  been 
made  for  pmbable  extensions  in  the  future.  Continuous  current 
generators  driven  by  gas  engines  supplied  with  prodticer  gas.  and 
''  'i'in  with  a  small  battery,  ap'  cniplo\c<l.     The 

y  ~   ,     ■■     lias  l-.een  placet!  m  a  shed  which  adjoins  the 

generating  station  and  fonns  a  part  of  it.  and  is  jvirtly  open  to  the 
'  •  >  provide  .'(uitable  \cntiIation.     The  plant 

«r(),  vu.'tjon  produrci^,  of  Croseley  Bros," 


latest  design,  and  ha%-ing  several  novel  features.  One  useful  and 
important  feature  is  the  arrangement  of  pipe  connections,  by  which 
either  engine  can  be  run  from  either  plant  merely  by  closing  and 
oi>ening  isolation  valves.  The  gas  generator  is  a  cylindrical  vessel, 
lined  with  firebricks,  the  fuel  being  supported  on  a  stepijed  grate, 
so  that  the  fuel  bed  is  in  full  view  of  the  operator. 

Bv  an  ingenious  arrangement  of  water  s_\-phon  the  amount  of 
steam  generated  is  automatically  governed  by  the  load  on  the  engine. 
The  water  necessary  to  generate  the  steam  i^asses  through  several 
gilled  tubes  in  «'rie.«,  where  it  receives  an  increment  of  heat  from  each 
tube,  and  finally  overflows  into  a  "■  flash"  tube  where  it  is  flashed 
into  steam.  On  its  way  to  the  scrubber  for  cooling  and  cleaning, 
the  hot  gas  is  made  to  pass  through  two  cascades  of  water  which 
form  the  overflow  from  the  scrubber;  by  this  means  the  heavier  im- 
purities are  removed  before  the  gas  reaches  the  coke  in  the  scrubber. 

The  gas  engines  also  by  Crossley  Bros,  are  of  the  horizontal 
tyj>e,  developing  190  p.h.p.  and  95  b.h.p.  respectively,  and  both 
running  at  190  revs,  per  min.  They  represent  throughout  the  latest 
devcloi>ment  in  modem  gas  engine  practice.  The  larger  one  is  a 
double  c\lindcr  engine  :  the  cylinders  are  all  of  the  same  size,  which 
obviates  the  need  for  holding  a  large  stock  of  spare  parts. 

The  governing  of  the  engine  i."?  effected  by  means  of  "  variable 
admi.ssion  govcniing  gear,  with  which  the  main  inlet  valve  becomes 
a  throttle.  This  has  proved  an  ideal  one  for  controlling  internal 
combustion  engines,  because  impulses  are  not  only  given  to  the 
engine  at  each  working  stroke,  but  are  certain  at  am^  position  of  the 
governor.  The  governor  is  of  a  heavy,  powerful  type,  and  all  work- 
ing j)arts  arc  enclosed  in  a  stationary  oil-tight  casting. 

'file  generators  arc  belt-driven  from  the  engine  flywheels,  the  larger 
of  the  two  machines  having  an  output  of  100  kw.  when  running  at  a 
si)ced  of  02")  revs,  per  min.  :  the  output  of  the  other  unit  is  60  kw. 
w  hen  running  at  a  sjK'cd  of  640  revs,  per  min.  Both  generators  are 
of  an  improved  design,  having  auxiliary  poles,  and  the  working  pres- 
sure at  the  terminals  is  460  volts.  There  are  three  massive  bearings 
to  each  generator,  and  they  are  of  the  automatic  ring  oiling  type. 
Carl)on  brush-holders  of  improved  design  are  used,  and  we  under- 
stand that  when  under  test  from  no-load  up  to  full-load  and  over, 
the  i>rushes  were  in  a  iixcd  jiosition,  and  remained  sparklcss.  We 
inulcrstand  that  the  temperature  rises  of  the  windmgs,  taken  at  the 
end  of  tlie  full-load  test  run  were,  with  both  machines,  below  the 
limits  laid  down  by  the  Kngincering  Standards  Committee. 

The  three-wire  system  of  distribution  is  employed,  with  a  declared 
jjrcssure  of  440  volts  across  the  outers,  and  the  neutral  earthed.  A 
rotary  balaiKcr  is  employed  to  maintain  the  electrical  equilibrium 
between  the  two  sides  of  the  sj'stem.  There  is  a  small  battery, 
w  hich  is  large  enough  to  deal  with  the  night  load,  thus  ]>ermitting  the 
generators  and  balancer  to  i)c  stopped.  The  battery,  which  is  by  the 
Chloride  Klectrical  Storage  Co.  (Ltd.),  consists  of  2.50  H.L.G.  3  5 
type  cells  of  the  Plant idc  accumulator  in  glass  boxes,  the  plates 
being  suspcndc<l  from  the  sides  of  the  boxes.  Sufficient  margin  has 
l)cen  allowed  in  the  dimensions  to  meet  with  the  jxissible  require- 
ments of  a<!ditional  cajiacity  at  some  future  date.  The  battery  is 
capable  of  di.scharging  at  the  rate  of  104  amperes  for  one  hour.  .'W 
amperes  for  li\e  hours,  or  20  am];eres  for  10  hours,  and  is  fitted 
throughout  with  wood  separators.  The  ixisitive  plates  are  of  the 
jiurc  cast  lead  ordinary  Plantc  type,  tiu^  negatives  being  of  "  Ik)X  " 
construction.  The  frames  of  the  latter  are  made  in  two  halves. 
Is'ing  rivette<l  together  after  insertion  of  the  active  material.  For 
charging  the  battery,  a  three-wire  motor  driven  booster  is  employed. 

The  switchlsiard  consists  of  eight  ])anels  of  enamelled  slate, 
s«'curely  iuouute<l  on  a  sulist initial  angle  iron  framework.  The 
switchlstan!  is  appn)ximatcly  W]  ft.  6  in.  wide  by  Off.  high.  There 
are  three  generator  imnels  (one  of  tlicm  being  blank  ivt  present), 
one  Iwiltery  |Nincl,  one  balancer  |)anel.  one  booster  ]iancl.  four  fecfler 
jwuiels.  and  twn  stn>et  lighting  jn-ncls.  The  distribution  has  been 
carri»M!  out  by  ine»ns  of  overhead  mains.  These  are  borne  on  steel 
jstles  in  the  centn-  of  the  t<»wn.  and  cm  wooden  poles  in  the  outskirt,«i. 
The  arrangement  of  jxiles.  struts,  stays  and  l)rackcts  has  been 
carrie<l  out  in  a  specially  secure  manner  suited  to  the  peculiarities  of 
Holmlirth.  when*  ;v<'ute  angles  and  steep  hills  present  jiniblcma 
HMjuiring  num-  than  an  ordinary  amount  of  thought  and  attention. 
The  |s»les  s<'rve  also  ;us  standanfs  for  the  street  lighting  fittings  and 
lamps,  tlie  street  lamps  being  <ont rolled  by  automatic  time  switches, 
which  an*  affixed  to  the  poles  where  n-tpiircd. 

Houce  services  are  tapped  off  the  overhead  wires,  and  the  tappings 
are  taken  into  tl  iiuers"  houses  (usually  in  the  upper  storey) 

through  iKirfclai;,  -.jn  tuJrs,    The  charges  for  current  .are  6d. 

jvr  unit  for  lighting,  and  2d.  per  tinit  for  motive  power,  heating  or 
cooking,  and  they  arc  not  unreasonable  in  view  of  the  present  high 
pricos  of  fuel,  &c. 

Already  there  is  a  fair  demand  for  current  for  lighting  purposes  ; 
and  if  the  demand  grows  as  it  is  expected  to,  the  undertaking  should, 
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The  Protective  Coverings 
of  Simplex  Conduits  and 
Fittings  are  perfect. 

The  threads  of  Simplex  Conduits  are 
cut   after   the   tubes    are    enamelled. 

They  screw  into  fitting^s  easily  and 
make  a  perfect  electrical  and 
mechanical  connection  at  every  joint. 

SIMPLEX  CONDUITS  Ld. 

Garrison   Lane,   BIRMINGHAM. 


London— 

113-1 17,Charlng  Cross  Rd„W.C 
Manchester — 

16,  Corporation  Street, 
Glasgow — 

72a,  Waterloo  Street, 
Bristol — 

11,  Denmark  Street. 
Nbwcastlb — 

61-65.  High  Bridge, 


Leeds — 

6,  White  Horse  Street 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14,  Heathfield  Street 
Cardiff — 

4,  Westgate  Street 
Aberdeen  — 

1,  Crlmon  Plac«, 


Canadian  and  Indian 

MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM  STOCK  200,000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    19'2.    1913.    1914  and   1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters.  Preston. 

Telephone  No. 
1045(2  lines), 


Hopwood  St.  Mills, 
PRESTON. 


Established  1868. 

Codes  : 
3th  Edition    ABC 
&   Western   Union 


BELLING 

&   GO. 

We  can  quote  you  for  and  are  regularly  supplying  :— 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Immersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &c. 

Electrically-heated  Water  Tanks  to  deal   with  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either   water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Bcilers  and   Grillers  for  Mess  Rooms. 


We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  tc 
submit  quotations  and  drawings  to  meet  any  given  conditions. 


BELLING  &  CO.,  Electric  Heating  Specialist,  Derby  Road,  EDMONTON,  LONDON.  N. 


E.  SHOWELL  &  SONS,  LTD., 

STIRCHLEY.    BIRMINGHAM. 


Cast 
Cable  Sockets. 

Suite  E74.     Made  in  all  Sizes. 


Type  A.- 
..  B.- 
..     C. 


-Straight 
-Offset. 
-Right  angle. 


Illustrated  Dimensioned  Showcard  for  Drawing 
Office  use  supplied  free  on  application. 

Sole  Agent  for  the  Electrical  Trade.- — 

LIONEL  ROBINSON,  t^l^^^'^Z: 

Telephone  :  Hslbjrn  6323. 
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REGULATING 
RESISTANCES 


ISENTHAL 
<%>        &  CO. 

.Oapartment  4< 

Denzil  Works, 

Willesden,  London,   N.W. 

CoDlraclori  to  thf  Admiraltr.  War  Office. 

India  Office.  Colonial  Office,  Poitmaiter- 

Ceoeral.  &c. 


NEW      LIST 
ON   REQUEST. 

NATURE  says: 

"  The  list  is  one  of  the 
most  complete  we  have 
seen." 


wnU-T  llic  nianiijji-nu-nt  of  Mr.  A.  ( '.  J{<>tt.  tlip  engiiteer  fo  the  Council, 
pr<i\  I-  Ik  piiir  I  ical  nu(<«'«x.  Tin.  capitnl  charges  are  not  excesnive,  and 
il  i»  likrk  tlml  lhi>  rutcfmyiTK  will  in  fimo  lie  rewarded  for  their 
enlorpriw!. 

We  are  Jndeliled  t<.  .Mc-M^rn.  T.  W.  Hroiulhent  (Ltd.).  Victoria 
KliK'trical  \V«irkM.  Hiidderxlield.  for  the  ff>rep>inir  jiarticniarf*.  they 
lieinK.  'W  «•••  have  alreiuiy  naiil.  the  niiiin  <-<Mitra<l<ir.-  for  tlie  instidli- 
•  i«in.  a>.  Will  as  the  l.iiildrrH  of  the  dynanioj*.  halancer  and  iMWHter. 
Hill  ilii-  makers  of  tli< ••!  ->•  ••■  '  '■    ■•! 


"SUN"  FANS  AND  PORTABLE  TOOLS. 


I  he  latent  hclH  ikmiimI  l.y  the  Sun  Kle<tri<al  ('...  deal  n«K|).v  tivelv 
with  faiiH  (liKl  Nn.  27»M  and  |«>rtjdi|e  r|»^  tri<  i.k.Ik  (li^^  No.  27a).  The 
fan  li«l   i!»\v<*  illiiHlral lulls  mid   pn. ,«  ul  d...k.\lali|e.  wall,  (eiiinn. 


current.  These  details  refer  to  small  table  or  desk  fans  with  fixed 
motor  on  vertical  pedestal.  The  smallest  size  swivel  and  trunnion 
fan  is  designed  for  12  in.  blades,  the  energy-  consumption  being  45 
watts  continuou,<  current  and  .50  watts  alternating  current.^^The 
oscillating  fan,  which  also  has  a  swivel  and  trurmion  base,  is  made 
in  two  sizes  both  for  continuous  and  alternating  current,  namely, 
12  in.  and  IC  in.  blades.  The  swivel  and  trunnion  and  oscillating 
fans  are  fitted  with  three-speed  regulator  mounted  in  the  base  of  the 
jK-destal.  The  motor  and  frame  are  finished  in  black  enamel  with 
gold  lines,  and  the  blades,  guard  and  fittings  are  of  polLshed  brass. 
The  ventilating  fans  can  be  supplied  with  ordinary  blades  in  two 
sizes,  12  in.  and  16  in.,  for  both  continuous  and  altematmg  current. 
These  are  designed  for  fixing  at  a  circular  opening,  the  motor  body 
being  attached  to  a  ring  which  fits  the  ventilating  hole  and' acts  as 
a  sujifKirt  to  the  entire  fan.  The.se  fans  are  also  offered  with  box 
blades  for  exhausting  or  delivering  large  volumes  of  air.  The  ceiluig 
fans,  of  which  ajnumber  of  sizesTare'offered,'^can' be*  supplied  with 


Two  Views  of  Semi-poktable'Electric  Drill. 

either  long  or  .short  stems.  A  special  squat  jiattem  is  also  listed  for 
Hhip's  cabins  and  low  ceilings.  This  is  obtainable  in  four  sizes,  24  in.. 
.'{2  in..  'M  in.,  and  44  in. 

i'lie  list  dealing  with  portable  tools  will  be  of  considerable  interest 
at  the  present  time,  now  that  so  much  prevision  work  upon  metal 
is  being  done.  The  "  Sun  '"  j)ortable  electric  grmder  is  fitted  with 
aM2  11.1".  motor  running  at  10,tKX)  revs,  per  mm.,  a  speed  which  gives 
a  correct  peripheral  velocity  to  the  emery  wheel.  The  motor  of  this 
is  a  s<>ries  wound  machine  to  work  on  either  alternating-current  or 
direct -current  circuits.  The  machine  measures  10^  in.  long  overall 
and  weighs  .5 J  lb.  The  fixing  arm  measures  1  in.  by  -^  in.  and  is 
designed  to  cliji  round  the  IkxIv  of  the  motor.  The  shaft  is  extended 
well  out  t.n  one  side  of  the  machine,  so  that  intenial  grinding  can  be 
carried  out.  The  "  Sun  "  electric  tool  post  grinder  is  another  useful 
little  machine  which  is  siip])lied  as  a  comjilete  lathe  accessory.  It 
has  'A  in.  of  travel  of  lever  feed,  1^  in.  of  vertical  feed,  ami  the  dis- 
taiice  Ix-twetMi  the  body  and  the  emerj'  wheel  is  2?  in.  In  its  cx- 
Ireiiie  iM.silion  the  length  of  the  grinder  is  1 1  in.  and  the  height  in  the 


'.SiJt  "  Drinokh  ijs  ctr  o>-  LvTHI!  TKNTUr, 


Sin"  Fan  with  Hfkdi-k  Propeu.kr. 


"Sin'"  Hox  lii.AOK  F.\n. 


.11 ..... 


>•>>>'  ■•<  ill  ted  w  II  i 


""'  ''^'  ^•»"''.  ••"<•>  extreme  |iwiition  is  !)  in.     The  weight  of  the  machine  is  2^  lb.     The 

nl    rinu  the   ^malleol  motor  in   '  '  ■-.' a  4  in.  emerv  wheel,  .uid  its  siH>od  running 

l.amrlcr  h|.id««  .wd  takc^  20  watt*,  on  con-  „lle  i,.  :i.^  ,    s.  wr  min.     When  a  sjiecial  head  is  fitted 

hv  -HUP  8.*e  fan  tak«.  :i5  watt*  nn  altrmatmg  this  8|i«h1  is  uicreAsed  to  approximately  8.000  revs.  i>er  min.     - 
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Limited- 


Notors  a^tid  Genera^tors  of  slU  types. 


Pa.tent 

Automa.tic 

Reversing^ 

Drive  for* 

Plachine 

Tools. 


250  K.V.A.  Rotary  Converter.    6  phase,  50  periods,  480/560  Volts. 
1,000  r.p.m.     Inverted  type. 


Don  V7orks,  SHEFFIBI^D. 


THE 


44 


ROYAL 


Sole  Manufacturers 
. .  QUE  AD  LI£  • . 

47  to  57  Marylebone  LS! 

London,  W. 

Telephone:  Mayfair  3582. 


QUEAD 


Q.  13. 

3  and   4  kw. 


Special  Features 

Sound  Construction 

.  .    Red  Heat    .  . 

Artistic  Finish. 

Ask   for    1916-1917    List. 
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"  THOR  "  High  Grade  Specialities 

CASING    and   CAPPING        CABLE    CONNECTORS 
CONDUIT  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND    ALL   ELECTRICAL    ACCESSORIES. 

WRITE   FOR   RR-.CEZ    ^^   D:LC0U!JTZ. 

HASLAM  &  STRETTON,  Ltd.,^B'"f.Tr;";e.S^R'}s^-/^l.'' 


uiuJfTxtand  that  thiw  machine  is  carried  in  stock  for  voltagei;  from 
KM)  to  240.  The  lever  feed  providcH  for  .*i  in.  hjngitudinal  movement 
and  iH  fjiiick  and  delicate  in  action.  For  jrrinfling  long  work  (above 
.'{  in.)  hctwccn  cj-ntrcK,  a  c|ani]>ing  <lcvii  c  f(»r  lo(  king  the  lever  feed 
iH  provided,  ho  that  the  full  travel  of  the  lathe  Hiide  rest  can  be  used. 
The  bas<-  of  the  grinder  i«  Hat,  and  when  Ixjlted  to  the  slide  re.«t  all 
parts  can  lie  freely  operated,  'i'lie  vertical  fee<l  enables  the  ojjcrator 
to  udjiist  the  emery  wheel  to  the  work  <  cntrc  easily  and  <juickly. 

The  oil-set  hemi  is  a<ljnKtable,  enabling  the  emery  wheel  to  be  set 
eloHc  in  to  the  work  or  in  an  outer  jMisition.  When  the  wheel  is  set 
in  t  Iw  Jiiit'T  position,  it  extends  beyond  the  motor  body  and  i'<  thereby 
ada]Ued  to  straight  work  on  centres.  The  head  is  litted  to  either  of 
the  extreme  positions  by  removing  the  screw  from  the  slot  in  the 
head  and  inyrting  it  in  the  opjwsite  side  fif  the  heafl.  The  wheel 
can  then  Ik-  set  in  the  |K>sition  best  suited  to  the  work  and  locked. 
For  light  internal  grinding  a  special  head  can  be  supplied.  This  is 
intercliaiii/cable  with  the  standarri  head  and  runs  the  emery  wheel 
at  double  the  sjiced.  This  extra  cipjipment  materially  increases  the 
usefulness  of  the  tool.  The  higher  speed  is  specially  useful  for 
infcnui!  grinding. 

The  Sun  iK)rtable  electric  drill  runs  equally  well  on  direct -current 
or  alternating-current  circuits.  It  ha^  a  drilling  capacity  up  to  \  in. 
and  a  tapping  (  apacity  up  to  ,'j  in.  In  designing  this  tool,  we  gather 
that  every  detail  of  the  motor  has  be«'n  carefully  considered  so  as  to 
ensure  reliable  and  satisfactory  workmg.  Ljirge  brushes,  plenty  of 
ventilation,  easy  and  reliable  oiling,  and  various  other  details  ensure 
freedom  from  breakdown.  .Muminium  is  us<'rl  wIhtc  jH)s.sible, 
making  the  t«Hil  light  to  handle.  The  swit<'h  is  placed  just  below  the 
handle,  where  it  is  always  within  easy  reach.  The  on"  switch  lever 
starts,  stops  and  reverses  the  motor.  .\de(|uate  ventilation  is  pro- 
vided, and  the  ventilation  holes  are  so  placetl  that  no  chijjs  can  fall 
into  them,  no  matter  in  what  |K»sition  the  drill  is  used.  When  the 
drill  is  in  |H*sition  the  weight  is  balanced  between  the  handles,  and 
the  o|HTii tor's  vii'W  of  the  drill  |K)int  is  unobstructed.  This  makes 
the  drill  I'rtsy  to  hold,  gives  a  correct  sens*-  of  direction  to  the  operator 
and  ensuH's  avcurat*-  work. 

The  motor  is  so  dcsigtied  that  the  spee<l  regulates  autom;itically 
with  any  size  drill  up  to  I  in.  or  tap  up  to  ^  in.  A  jj  in.  drill  will  nm 
«t  a  sih'ikI  f>f  from  .'MKI  to  4<K)  n«vH  j)er  min.  with  a  |)re.ssure  back  on 
it  of  from  l.'UUb.  to  !."»(» lb.  \  ,'4  in.  drill  v.ith  .1  jircssure  of  from 
Hhi  III.  to  I2n  lb.  will  run  ."i(K»  revs.  j)er  min.,  and  so  on.  The  smaller 
the  drill  the  Ichh  pressure  it  re<|uires,  and  con.secpieiitly  the  greater 

the  M|M'e«|  at   whirh  it   will  run.     The  maximum  s| d  of  the  drill 

spindle  in  from  l.<KNl  to  l,l(H»  revs,  jx-r  min.  The  emery  wheel 
lilment  reipiiri'H  a  few  wconds  adjustment  only,  and  enables  drills 
to  Ix'  ground  on  the  tool     a  m«ist  useful  feature  on  oiif-^ide  work. 

Itolli  the  list.s  rcfern-fl  to  alsive  can  Ik-  obtJiimil  fn.ni  .Sni'    K|c<-- 
frical  ('«»..  Charing  Cross-mad.  I>in<l(m,  W.C. 


PECULIAR  BEHAVIOUR  OF  A  THREE-PHASE  MOTOR. 

An  extraonlinary  story  concerning  the  behaviour  of  a  three-phase 
motor  is  tohl  by  a  corrcs|s>ndcnt  of  the  "  Kleitrical  World."  During 
a  hiv»vy  ram  storm  a  .'1  n.v.  thre*'  |)ha*e  22U-volt  motor  erected  in  a 
garage  suddenly  stoppetl  nn»l  start***!  again  in  the  op|i*>site  direction 
an*!  ran  for  a  f -w  h*>cou(N.  It  then  stop]ied  again,  n^versed  and 
blew  the  fn.HivM.  On  n-pla  ing  the  fuws  and  closing  the  switch  the 
machine  ran  for  several  s*«eonds  in  I'ach  direction  and  linally  came 
to  nvot.     The     ■  ;  in   who  wa-<  called   inl<)  n'mc<ly  the  trouble 

was  toltl  that  hine  had  reverse*!  its  dinMMum  of  nitatiim  on 

two  *»thor  occiMj.ui^  and  that  the  diiwtion  in  which  the  rotor  ran 
"^'•^       '  '     '      ">«i  on  Mie  way  in  which  the  switch  was  closed.     When 

Ferranti  Ltd 

HOLLIMWOOD,  Lancashire.  I 

SWITCHGEAR.   TRANSFORMERS,  METERS. 
ELECTRIC    HEATING    &    COOKING   APPARATUS. 


LEAD  MELTING  FURNACES 

Hal  •>  Patentr 
For  Cable  and  Pipe  Presses,  Accumulator  Grids,  etc., 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL, 

ENORMOUS   SA\'ING    IN    RESIDUE. 

MONOMETER  Mfg,   Co.,  Ltd.,  Aston,   BIRMINGHAM- 


the  machine  started  in  the  wrong  direction  the  switch  was  opened, 
and  then  after  the  machine  had  come  to  rest  it  was  closed  again. 
A  voltmeter  coimected  acro.ss  the  switch  blades  corresponding  to 
phases  one  and  two  indicated  a  pressure  of  220  volts  ;  across  phases 
two  and  three  there  were  also  220  volts,  but  across  phases  one  and 
three  the  pressure  varied  from  0  to  440  volts,  the  voltmeter  needle 
(iscillating  very  much  like  that  of  a  sjTichronising  voltmeter.  These 
readings  indicated  that  something  was  wrong  on  the  supply  lines. 
Insj;ection  showed  that  the  motor  was  fed  from  two  transformers, 
some  distance  apart,  and  that  each  transformer  was  connected  in 
open  delta.  As  the  secondaries  were  properly  comiected  it  was 
suspected  that  the  trouble  was  in  the  primaries,  as  the  voltage  of  the 
secondary  windings  was  normal.  Further  inspection  disclosed  a  tie 
switch  in  between  the  primaries,  and  this  switch  was  open.  Con- 
sequently the  transformers  were  on  .separate  circuits,  and  were  being 
fed  from  separate  sub-stations.  On  closing  the  coupling  switch, 
thus  paralleling  the  sub-stations,  the  trouble  vanished.  Excessive 
load  on  one  station,  arising  from  the  stormj'  weather,  caused  a  reduc- 
tion in  the  voltage  of  that  station,  and  on  one  transformer,  with  the 
result  that  the  motor  acted  as  a  balancer.  As  a  final  remedy  the 
motor  was  fed  from  one  transformer  onlj'. 


ELECTRIC  UGHTING  SET  WITH  OVERHEAD  VALVES. 


Owing  to  the  regulations  recommended  by  the  International 
Convention  on  the  Safety  of  Life  at  Sea,  Avhich  included  the  com- 
jnilsorv  installation  of  electric  supplies  high  up  above  the  water  in 
j)a.s.senger  ves.scis,  combined  sets  consisting  of  oil  engines  direct 
coupled  to  dyn.imos  were  becoming  very  common  before  the  war. 

Acconling  to  the  ""  Motor  Ship,"  an  hiterestmg  high-sj)eed  jKirafhn 
lighting  s*-t  «)f  this  ty|.c.  which  has  several  unusual  features,  is  manu- 
factured by  .Mr.  H.  Hrightwell,  engineer,  107,  Queens-roatl.  London, 
W.,  and  marketed  in  12  sizes,  varying  from  |  h.p.  to  28  h.p. 

A  supply  of  oil  is  carried  in  a  tank  attached  to  the  engine,  but  this 
arrangement  can  be  alteix-d  to  suit  individual  requirements.  Pro- 
vision is  made  hir  lu-ating  the  va|)ori.ser  when  startmg  from  cold  by  a 
lain]),  but  if  so  desired.  |»etrol  or  some  other  light  fuel  may  be  used 
until  the  engine  is  warmed  up.  A  governor  controls  the  throttle 
and  limits  tin-  revoluticms  to  a  speed  of  9.")0  revs.  j)er  min.  An 
unusual  feature  for  so  small  an  engine  consists  of  overhead  valves 
ojK-rated  through  push  rods  and  rocker  arms  from  a  short  camshaft. 


NEW  PUMPING  PLANT  AT  EXETER. 


The  Kxeter  \\  at»'nvorks  recently  converted  the  old  beam  engine 
luuis*'  into  an  electri*-  pump  house.  The  Mayor  and  Sheriff  at  the 
inaugural  *-«Tcmony  jointly  si>t  the  electric  pumj)  working.  The 
pump  is  a  Koes-Holurbo  j)n'ssun>  chamber  jmmp.  cajwble  of  deliver- 
ing 2.').(KMi  gallons  pi-r  hour  against  a  head  of  .32.")  ft.  when  running  at 
1,720  n-vs.  per  min.  The  suction  and  delivery  pijK's  are  5  in.  in  dia- 
meter. The  pump  is  driven  by  a  British  Thomson-Houston  two- 
phase  4(H)-volt  slip-ring  motor  of  (i,3  b.h.p.  The  actual  power  re- 
quirrvl  to  drive  the  ]Munp  is  ,'>7  B.H.p.  The  control  gear  consists  of  an 
oilimmerK'd  rotor  starter,  a  wall-iKittcm  triple-])olc  switch,  fitted 
with  a  no-voh  releaso.  and  .an  annneter.  The  plant  was  supplied 
by  the  I?*N's-Rot\irl>(i  Mfg.  Co.  (Ltd.),  of  Wolverhampton,  who  also 
sU|K>rintenihHl  its  enxtion.  A  suction  well  of  the  same  size  as  the 
engine-room  floor  has  been  constructed  to  8er\-e  four  pumps.  The 
floor  is  of  riMnforce*!  c  norete.     The  whole  of  the  work,  including 


GUARANTEED 


SECOND    HAND 


THE    VICTORIA    ELECTRIC    PLANT   CO.. 
SPENSFR    STREET,    WESTMINSTER.    S.W. 

-     V;  '   ■■:.  <">  Crams:  Vicminst^r.  Scwest,  London. 
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ACCUMULATORS 

Perfect  in  every  Detail 

STRENGTH  ::  EFFICIENCY  ::  RELIABILITY 

Manufactured  by  the  firm  renowned  through- 
out the  world  as  the  pioneers  in  the  making 
of  Car  Lighting  and  Starting  Batteries 

"  The  first  man  to  make  an  accumulator  in  this  country' 
that  would  really  stand  the  racket  of  the  early  motors 
was  C.  A.  Vandervell.  He  succeeded  because  he  is  one 
of  those  rare  individuals  who  have  an  infinite  capacitv 
for  taking  pains." — Extract  from  The  Motor  Trader. 

Motorists  in  general  and  American  Car  owners  in  particular  are  invited  to  write 
for  particulars  of  the  British  Battery  that  will  put  an  end  to  their  Lighting  and 

Starting  Troubles. 


9^  Ltd.. 


Electrical  Engineers.  ACTON,  LONDON.w 


♦t^^*********^*****4*4*** 


FERROZOID 


CONSTANTAN 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

ritish-Made  Resistance  Materials 


TO:- 


MAKERS t 


HENRY  WIGGIN  &  CO.,  Ltd.,        LIONEL  ROBINSON, 


AGENT: 


II      George  Street,  Birmingham.  3,  Staple  Inn,  London,  W.C. 


JpiCPHONE:    6400  CENTRAL 
'  ^-'-^QRAUS  •     "  WiaaiN  BIDk 


WIQQIN  BIRMINGHAM." 


TFI  PPMONE:  6323  HOLBORN. 

'  '-'-'-QRAMSi  "FERRYDOM,   LONDON." 
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D.&S. 

HANDLE "  FUSES. 


50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 

& 

SMITH  Ltd., 

Ordsar  Electrical   Works. 
SALFORD, 
^    MANCHESTER. 


ercftion  of  tlio  plant,  has  Ixjen  carried  out  by  the  waterworks  staff 
iirifliT  the  Hiijicriiitcndence  of  Mr.  A.  Kneel,  the  resident  water  engi- 
neer, ami  the  tlircflion  of  the  Cify  Kn^iiK-'T  and  .Purveyor.  The 
eiertrif  nupply  i«  taken  from  the  (<)Un<ils  mains,  which  necessi- 
tate<l  an  extension  of  the  high-jireKsure  eable  by  al)out  one  mile.  A 
tranHformi-r  has  been  ereeted  af  (he  works  for  reducing  the  jiressure 
to  the  ncccKHary  voltage.  The  laying  of  the  cable  an<l  the  <'n-ction  of 
the  tranKfornier  was  carried  out  under  the  direction  of  -Mr.  .Munro, 
iHirough  elect ri<al  engineer,  wlio  agreed  to  supply  the  current  at  the 
works.  Tills  is  part  of  the  s<hcmc  for  extending  the  waterworks 
which  the  city  surveyor  (Mr.  .Moulding)  a<lvised  the  committee  to 
carry  out  in  December,  11M4.  The  installation  of  this  new  jnimp 
gives  a  fair  margin  of  sah-ty.  and  assures  the  city  of  a  continuous  and 
ample  water  su|)ply  under  almost  any  circumstances. 


"EVOLUTION  IN  VENTILATION  HYGIENICS." 


Till-  above  IS  the  title  of  an  arti<le  whi<h  n-cently  apjK'ared  in 
'  'llie  Svn'U  and  Shijiidng  "  .Naval  .Architects'  number,  from  the 
|)on  of  Mr.  .James  Keith,  A.M.Fnst.CK.,  M.lnst..Meeh.E.,  &c.,  of  the 
.himes  Keith  fc  lilackman  Co.  (Lt<l.).  Farringdon-a venue.  Ivtmdon. 
K.<'.  .\  reprint  of  this  is  being  circulated  by  the  company,  and  will 
Ik*  found  of  eonsiflerable  interest,  particularly  to  engineers  who  have 
generating  jilant,  boiler  rooms,  switch  hou?es,  sub-stations  and  power 
basements  to  keep  in  a  properly  vcntilateii  iondition.  Tiie  subje<t 
i*  tn»ated  initially  from  the  seientili*-  |ioint  of  view,  and  is  th"n 
de\elope<l  with  s|iecilic  referem-e  to  the  Keith  fan  driven  either  by 
electric  motor  or  steam  turbine.  The  text  is  illustrated  with  a 
nunderof  line  and  half-t<ine  illustrations,  which  clearly  indicate  the 
|irincipleH  <.f  ventilation  enunciated  in  spe<itic  cases.  .\n  int<re.sting 
example  is  that  of  an  un<lerground  engine  room  fonuing  the  i.solated 
plant  of  the  Singer  Huilding.  Broadway.  New  York,  in  which  are 
inxtalled  thn-e  lar^e  open  fans,  each  sui<|  ended  from  the  ceiling  and 
eapikble  of  pnip'-llinu  fresh  air  into  the  engine  room  under  moderate 
w.»lcr  KiiUKi- to  the  extent  of  l2<l.<MM((iibi(  ft.  |)cr  minute.  Tliesefans 
loliillv  cliJinuc  the  air  cont(  nt.s  of  tlie  cn(;uie  room  (Ml  times  an  hour. 
.\t  the  St.  Denis.  I'aris.  s(a(i(m  a  series  of  10  Kci(h  open  fans  2.')  in. 
diameter  "•»(>  n-vs.  per  inin.  aic  ins(alled  aloni;  tlic  whole  lenirdi  of  (he 
Mwitchhou.Hc  leilinu.  ami  deliver  IMi.lMMl  cubir  ft.  of  fresii  air  jK-r 
minute,  cliwlribu(ing  it  in  the  direction  of  (he  engine  n>om  fntm  (he 
switch  hous4>  platform.  In  (his  i  :i^t'  (he  whole  of  (he  ( idiical  air 
eon(ca(M  of  (he  K\\it<h  liouse  are  'hanged  '.Ml  (imes  jier  hour,  (he 
energN'  consump(ion  being  14  kw.honrs.  A  numlier  of  inten>sting 
diMv'rutnx  show  ho\«  the  xhip's  enttine  rrNim  can  br  ventilat^'d  by  a 
niiMilier  of  lar>;e  opi-n  type  Keith  fan-*.  .Another  intercxlinu  pattern 
of  Keith  ventilator  is  one  in  which  a  small  silent -nuining  motor 


operates  a  Keith  fan.  draws  the  air  in  from  the  base  of  the  outfit,  and 
delivers  it  into  the  room  through  a  comparatively  large  area  of  line 
wire  gauze  iii  such  thin  streams  that  ventilation  is  obtained  without 
draught  discomforts.  Such  a  fan  running  at  1,2C)0  revs,  per  inin. 
will  give  over  (i.-'XK*  cubic  ft.  of  fresh  "  live  "  air  every  hour,  the  energy 
con'*um|)ti(m  lieing  24  watt-hours.  Some  interesting  remarks  are 
made  <in  (he  subject  of  so-called  natural  ventilation  and  negative 
ventilation.  Forced  draught  for  war  ves.sels  is  dealt  with  under  a 
sejKirate  hewling.  the  .'JO  in.  fans  in  this  case  being  driveii  by  steam 
turbines  at  from  l.oOft  to  1,000  revs,  per  min.,  and  delivering  ujjto 
2."),CMM>  cubic  ft.  of  air  jicr  minute  against  a  static  water  gauge  m  the 
stoke  hole  of  (i  in.  pressure. 

The  sections  on  warming  and  ventilation  by  conduction  and  con- 
vection, and  the  ventilation  of  offices  and  large  buildings,  are  of 
great  interest,  and  should  be  read  by  those  who  have  in  hand  the 
designing  and  lay-out  of  offices,  factories,  public  buildings,  halls.  &c. 
We  und<'r.stand  that  the  ])am])hlet  referred  to  is  available  for  dis- 
tribution, and  cojjies  can  be  obtained  from  the  company'  on  applica- 
tion 


"  THE  NEW  MAID." 


She  was  always  a  problem  before  the  war,  and  an  unscilved  one  at 
(ha(.  Xo  one  <piite  knew  how  to  take  her,  and  certainly  very  few 
knew  how  to  keeji  her.  Since  August  4,  1914.  she  has  been  very 
little  new  and  less  housemaid,  and  in  a  domestic  sense  it  seems  that 
she  is  not  likel_\-  to  be  new  again.  Half  the  work  she  used  to  do  is 
now  done  by  the  housewife,  and  the  other  half  may  safely  be  en- 
trusted to  the  electric  housemaitl — namely,  the  suction  cleaner — if 
folk  who  use  electric  light  can  be  persuaded  to  buy  and  use  it.  The 
Electric  Suction  Cleaner  Co.,  5(5.  Victoria-street,  S.W..  have  this  fact 
in  mind  in  sending  out  their  little  book  entitled  "The  Xew  Maid."' 
with  illustrati(ms  from  the  inimitable  i)en  of  Hilda  Cowhani.  The 
booklet  contains  a  war-time  story  of  a  newly-married  couple,  whose 
income  became  halved  at  the  outbreak  of  war.  and  whose  servants 
'  w<Mit  awa_\  "  to  make  munitions.  The  situation  is  saved  by 
'■  .Mrs.  Newley-Wed,"  who  gets  a  small  boy  in  three  mornings  a 
week  to  ilean  windows.  ste|>s.  &c..  and  also  she  buys  "  Claris.sa,"' 
the  ]t*'{  name  which  she  gives  to  the  Fnunier  electric  cleaner, to  do 
flic  rest  of  the  work.  The  story  is  well  told,  and  the  Cowham 
illustrations  hel]>  to  make  it  more  pleasing.  The  booklet  should  be 
useful  to  tontractors  ;ind  station  engineers  who  n^alise  the  need  for 
eflieient  help  in  the  house  at  this  tunc,  and  who  must  know  many 
of  their  eleitricity  consumers  who  would  lind  a  Premier  suction 
cleaner  a  |>roti(able  inves(nuMi(.  not  merely  in  war  time,  but  at  all 
times. 


Ja.s.  Ja^qtiet,  Lrtd.,  Ba.sle 

^^  S^vitzerland. 

^V     '  Combined  Revolution 

Counters,   with   Chronograph. 

I  Very    Accurate   Timekeepers. 

')  CMRONOGRARM     AND      STOF»     WATCHES 

Lists  on  Application. 


Pt%i«*d«>d  PaMtihad  br  th»rn>prtrtnr».'THi  Eibttpiciah  "  riiiKnxo  amp  Pu»u»»mioCo..  Ltt>  .  »t1h«  Edttortal.Prtrtlnj  wid  Pubtbhkii  OSoM, 
I.  3  •t>4  3,  Saumvit  GcviT.  Flbtt  Srasar,  Id  tto  City  o(  LXSNDON.  Fkimt,  August  4.  I9lfc 
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4>     The   Round   Table.     4 


Event  op  the  Week. — One  of  our  gaseous  contemporaries 

goes  bald-headed  for  a  much  advertised  gas-cooker. 

*  *         *         * 

In  the  course  of  a  discussion  on  street  lighting  at  Kathmines 
during  which  the  total  darkening  of  the  town  was  considered,  Mr. 
M'Bride  said  :  "  It  was  a  reasonable  compromise  to  revert  to 
every  second  lamp."     But  surely  this  was  nothing  unusual 

late  at  night,  even  before  the  war  ! 

*  *         *         * 

Bath  City  Council  recently  discussed  the  electricity  depart- 
ment, and  one  of  the  speakers  said  that  the  street  lighting 
would  never  go  back  to  the  same  pitch  ;  to  which  another 
speaker  replied  that  it  would  "  when  the  Diesel  engine  was  at 
work."     Is  this  a  kind  way   of  referring  to  a  prospective 

"  gummed  up  "  piston  ? 

*  *         *         * 

A  welcome  change  which  may  be  noted  by  the  B.C.G.A.  (my 
italics)  : — 

"  The  Clerk  .(Dawlish)  produced  a  letter  from  the  Electric  Light 
Company  enclosing  a  schedule  showing  the  respective  costs  of  street 
lighting  by  gas  and  electricity,  the  former  of  which  they  found  was 
considerably  in  excess  of  the  latter.  The  Council  gave  consent  to  the 
request  of  the  Electric  Light  Company  to  increase  their  charge." 

*  *  *  * 

"  West  Ham  "  Beauchamp  has  always  been  well  to  the  fore 
with  "  electrics,"  and  he  has  a  fine  district  in  which  to  push  the 
commercial  variety.  He  has  sent  me  a  copy  of  a  circular 
letter  with  which  he  is  conducting  an  anti-petrol  campaign 
among  vehicle  users  in  West  Ham,  pointing  out  how  they  can 
conserve  the  valuable  imported  petrol  for  military  purposes, 
by    using    battery    vehicles.      His    example    is    worthy    the 

emulation  of  other  central  station  men  in  industrial  areas. 

*  *         *         * 

A  certain  Dr.  Vincent  has,  according  to  the  lay  Press,  revived 
men  by  electrical  means,  "  who  would  have  remained  invalids 
all  their  days."  In  one  case  a  witness  stated  that  Dr.  Vincent 
subjected  him  to  a  current  that  would  have  run  a  tramway. 
The  effect  was  so  powerful  that  for  two  days  he  walked  in- 
cessantly, being  unable  to  stop  or  to  sleep.  Here  is  an  idea  to 
"  improve  the  mileage  "  of  main's  foremen,  jointers,  meter 

.readers,  and  all  outside  men  of  electricity  departments  ! 

*  H=         *         * 

The  big  push  is  not  the  only  indication  that  peace  may  not 

be  very  far  off.     There  are  other  signs  of  an  early  return  to  the 

status  quo  ante  helium  ;  for  instance,  as  a  correspondent  points 

out  to  me,   a  fire  which  occurred  this  week  in  the  London 

Docks  is  unblushingly  attributed  by  the  lay  papers  to  the 

"  fusing  of  the  electric  wires."     Somewhere  else  Ihave  noticed 

a  reference  to  a  pre-war  fiction  that  gas  is  five  times  cheaper 

than  electricity.     Truly,  peace  is  at  hand  ! 

*         *         *         * 

At  Oldham  there  are  some  two  thousand  two-rate  meters 
which  are,  of  course,  each  fitted  with  a  clock.  At  the  last 
meeting  of  the  Electricity  Committee  it  transpired  that  these 
had  not  been  altered  to  "'  summer  time,"  consequently  the 
consumers  were  paying  an  hour  at  the  higher  rate  everyday,  4|d. 
instead  of  2d.  The  Committee  could  not  set  back  so  many 
clocks,  it  said,  and  those  who  had  a  grudge  against  "  summer 
time  "  could  have  a  meter  for  the  "  flat  "  rate.  Councillor 
Dixon,  who  raised  the  question,  thought  it  might  be  a  joke,  but 
in  any  event  it  seems  to  have  fallen  very  "  flat  "  \ 


The  motoring  editor  in  one  of  the  London  evening  papers 

waxes  prophetic  ;    perhaps  he  has  had  a  shock  from  the  ignition 

batteries  of  his  petrol  car  and  feels  spitefuL  against  petrol 

vehicles.     He  actually  says  :  "It  would  not  greatly  sui-prise 

me  to  hear  some  day  that  the  London  General  Omnibus  Co. 

had  decided  to  replace  all  their  vehicles  roith  electrics''     Even 

this  does  not  satisfy  him,  for  in  his  outburst  of  spleen  (he  must 

have  had  a  shock)  he  goes  on  :  "  The  petrol  situation  can  only 

be  relieved  in  two  ways,  by  enff^cing  the  u.se  of  paraffin  in 

commercial  and  public  service  vehicles  ov  hy  the  adoption  of 

electricity."     And  for  years  this  dear  man  has  boomed  what 

the  Yankees  call  gasoline. 

*         *         *         * 

This  sketch,  taken  from  the  ''  X-Ray  Reflector  Journal,"  is  a 

cheery  example  of  American  humour.     The  daring  aviator  who 
has  just  launched  his  last  bomb,  is  using  the  "'  Eye  Rest  "  bowl  as 


an  aeroplane.  The  picture  is  redolent  of  what  we  may  expect 
in  the  nursery  in  a  few  years'  time.  Electrical  contractors 
please-note-  to  make  all.nursery.bowl  fittings .  strong  enough  to 
permit  of  this  class  of  aerial  warfare  upon  realistic  lines. 

H:  *  *  ^ 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Aug.  9;  1879.] 

Electricity  in  Naval  Affairs. — It  is  now  proposed  (saj^s  "  The 
Times  ")  that  the  officers  undergoing  a  course  of  torpedo  instruction 
on  board  the  "  Vernon,"  at  Portsmouth,  shall  also  be  required  to 
familiarise  themselves  with  the  practical  application  of  electricity  to 
the  art  of  war.     The  teaching  element  has  not  as  yet  been  perfected, 
but  proper  instructions  will,  no  doubt,  be  provided  in  course  of  time. 
Steam  was  got  up  in  the  "  Dreadnought  "  on  two  occasions,  and  the 
first  lesson  in  the  production  and  management  of  the  electric  Ugh  t 
were  imparted.     The  turret  ship  is  provided  with  a  couple  of  lamp  s 
placed  at  each  end  of  the  flying  deck,  the  current  being  generated  by 
one  of  Wilde's  electro-magnetic  machines,  the  motive  power  from 
which  is  supplied  by  a  strap  from  the  forward  ventilating  engine. 
The  illumination  is  produced  by  a  couple  of  vertical  carbon  points  , 
which  are  worked  by  hand.     There  is  no  suLdinsion  of  the  ciurent  , 
so  that  only  one  light  can  be  used  at  a  tune,     lentil  lately,  however  , 
the  after  light  could  only  be  obtamed  by  diseonnectmg  the  forward 
one,  and  formijag  a  new  and  separate  connection  with  commutator 
between  decks.     The  method  not  only  entailed  grea+  loss  of  time,  but 
was  attended  with  great  diflficulty.     Xow,  however,  an  important 
improvement  has  been  introduced,  by  means  of  which  it   is  only 
necessary  to  shut  o.I  the  forward  comiection.  and  the  after  light  may 
be  used  at  once.     Some  experiments  have  also  been  made  with  the 
Gramme  machine  on  board  the  '"  Bloodhound." 


L.  P.  S. 


CLIPS.  TIPS  &  TERMINALS 


of  all  descriptions. 

Wn'le  for  Booklet,  with  Illustrations,  of  75  types  to: — 

THE  L.P.S.  ELECTRIDAL  CO.,  18.  Adam  Street.  Strand.  London.  W.C. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   on   application. 

J.  BLUNDELL  &  SONS, 

GOLD,  SILYFR  S  PLATINUM  REFINERS,  199,  WARDOUR  STREET,  W. 

"GolsllpUt,  Ox..  London."  4746  Garrird. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For    Diract    Currant 


For   Thr««-oh»»«  Currant. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYPdAMO  WORKS  LIMITED 

Head  Office:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 

Telephone:  CKRitAiio  860.         Te'.eerams  :  "  Siembralos,  Vic.  London." 

Suppliai  Dapt.:    38  &  39.   UPPER   THAMES  STREET.  E.C. 

Teleprione :  City  5350.  Telecrin-.r  :  '  Siemctor.  Cent.,  London." 

HOME  BRANCH  ADDRESSES) 


Birmingham — Central  H    .  '.>*  ^t. 
Bristol— 30,  Biidee  Street. 
CARDirr— 89,  St.  Mary  Street 

r-,  ,-,j  yf_A»,    W  .'•'l'-^  S''*»t. 


'.'••.    IF.  TER— 1%.  Deansgate. 
Nrwcastle — 64-68.  Collin  gwood 
SHBfFiBLD— 22.  High  St.        (Bldg» 


BrancHoH    in    Principal  To^ns    Abroad. 


MAGNETIC  COUPLINGS,  CLUTCHES  AND  BRAKES. 

MiiKiu'tic  clutchoB  and  coui)ling»  have  a  wide  field  of  usefulness, 
which  in«'ludeH  all  thocc  rases  for  which  mechanical  devices  have  been 
or  could  lie  |irei|KTly  employed,  and  fr)r  Huch  cases  magnetic  clutches 
and  roii|iliiitfH  ofTcr  iniiiUMiM*  a<lviiiita(;cH. 

One  featun'  is  that  ma>(netic  clutches  and  couplings  can  be  con- 
IfoIIihI  from  n-moti'  |MiMiti(ins.  Another  is  thi'  smoothness  of  engnge- 
iiii'iit  due  to  tlic  (art  that  flic  action  is  inde|)cndciit  of  centrifugal 
force.  .\  mcclianical  clutch  influence*!  by  centrifugal  force  is  always 
n  drawback,  (or  it  fcmls  cither  t<i  make  the  <luf<h  engage  sharpiv 
or  elw  t<i  pn'vcnf  it  from  engaging,  in  whi<h  event  a  (onsidcrablc 
force  must  be  applied  to  the  op<>rating  lever  in  order  to  throw  the 
ilulrb  into  complete  engagement.  "  Igranic  "  magnetic  clutches. 
(Ii-irilc*!  in  I.eaHet  No.  I.<>2I.  do  not.  we  undcrHtJind.  sulTcr  from 
either  of  them-  di>uulvantagi>s.  To  make  the  <lulr|i  engage  the 
curn-nt  in  switched  on.  and  ;>■>  " "'rifugal  force  ncillier  hinders  nor 
a-.^istH,  the  rt>Kult  is  a  MutMith  •  H-nl.     The  following  particulars 

of  the  uM's  of  "  Igranic  "  etuti  lieh  and  couplings  are  taken  from  the 
Kame  |uimphlet. 

.Magnetic  clutches  have  been  wi»le!y  employe»l  in  rubber  mills, 
which  retpiire  nibuf«t.  dc|«Midable  clutche«<.  i Uhirpliblo  of  n>mote 
ccmtrol.  HcKMilly  aJHiut  I  •<»  ^mall  "Igranic"  magnetic  clutches 
Wcrr  supplied  for  use  in  etmneetinn  with  matchmaking  machinery, 
audi'  '       'lot  her  car^e  7>*i  magnetic 

'bit<  I  ,  -.(ry  in  connccticm  with 

nitrating  ntachines.  These  rotary  m.ichines  hnvp  a  stirring  mecha- 
niMM  to  can-'  win  of  the  lotton  or  c«>llulow>  with 

nilricncid.      I  Ihey  i.houli|  be  a<ie|orale<|  hlowly. 

or  the  friction  cause*!  by  sli]i|M)ge  of  the  stiiring  mechanism  on  the 

ri'iitpnl,*  of   the   \     •  .     •  ■     1  ,],  .  j,  ,, 

r-\    the  use  of  ni  i  ' '   ' 

gi'ar  train,  this  danger  was  entirely  obvialed.  and  partly  owmg  to  the 

facility  .'  •         ntrol  it  v       '         ■  -■    •  -•       ■      ■■,,'(>  ^vftp  handled 

bv  thp  c>  1  great  I  KMitlv  with  con- 

.1. 

'  '•"  •"  •"•  o-sjnjj  iiipr' c  driven  off  a  line  shaft. 

U' o»i'    ■    1  have.  V  : .  \vorke<!  to  sdv.intAge. 

For  rxaniple,  m  the  mauufacttim  of  tin  aitd  load  foils,  nomp  80  or  90 


clutches  are  used  for  the  ptarting,  stopping  and  reversing  of  the  rolls 
in  which  the  foil  is  produced.  "  Igranic  '  clutches  are  usefuUy 
em ployed  in  jjower  plants  in  which  generators  are  to  be  driven  either 
by  steam  or  water  jxjwer.  and  the  latter  is  available  during  certain 
seasons  of  the  year,  but  the  former  mu-st  be  substituted  during  other 
seasons.  The  change  over,  from  one  prime  mover  to  the  other,  can 
be  accomplished  from  the  switchboard  ;  consequently,  with  a  mini- 
mum loss  of  time.  The  users  state  that  the  maintenance  costs  of 
'■  Igranic  "  clutches  are  materially  lower  than  the  maintenance  costs 
of  the  mechanical  clutches  formerly  used.  A  number  of  "  Igranic  " 
magnetic  clutches  are  used  with  automatic  t\Te  building  machines, 
because  on  these  machines  it  is  desired  to  accomplish  a  series  of  ojjera- 
tions  automatically,  and  magnetic  clutches  are  best  adapted  for 
this  purpose.  Makers  of  claj'  working  machiner\'  have  also  found 
'■  Igranic  "  magnetic  clutches  very  u.seful.  The  magnetic  .clutch 
would  seem  to  lind  its  widest  field  in  those  lines  of  service  where  a 
reliable  clutch  is  required  for  the  transmission  of  considerable  power 
at  low  s|>ee<l.  and  particularly  in  installations  where  it  is  desirable 
that  the  sjwce  taken  by  the  clutch  should  be  the  ab.solute  minmium. 

The  rapid  stopping  of  heavy  inertia  machinerj*  is  often  necessary 
to  avoid  acciflciits  and  injury  to  workpeople.  It  is  not  unusual  to 
cmjiloy  an  '"  Igranic  "  magnetic  clutch  or  coupling  between  the 
machine  and  the  motor,  together  with  a  magnetically  operated 
brake.  These  two  are  combined  in  the  "Igranic  "  coupling  brake, 
and  controlled  by  one  switch,  so  that  the  act  of  exciting  the  clutch 
releases  the  brake  and  the  switching  off  of  the  clutch  causes  the  brake 
to  be  aj)plied.  thereliv  stopping  the  machine  in  the  shortest  possible 
time. 

The  tvjje  A  magnetic  coupling  consists  of  two  members  ;  the  field 
or  driving  member,  which  carries  the  magnetising  winding,  and  the 
armature  fir  driven  member.  These  are  carried  on  the  outer  circum- 
ferences of  a  jiair  of  annular  sj)ring  steel  plates  which  are  attached  at 
the  inner  circumference,  the  one  to  the  driving  hub  and  the  other 
to  the  driven  hub.  Normally,  the  two  members  are  held  out  of 
contact,  but  when  the  current  is  supjilied  to  the  winding  of  the  field 
member,  they  are  magnetically  drawn  together,  the  spring  steel 
])latcs  allowing  the  necessary  movement  to  take  place.  The  power 
is  then  transmitted  entirely  by  the  frictional  engagement  between  the 
two  members.  Tv|je  A  couj)lings  are  not  suitable  for  accelerating  a 
stationary  load  a«  the  engagement  is  quite  sudden.     The\-  should  not 

Ratings  of  Type  A  Couplings. 


Size. 

Maximum 

Safe  H.  P.  at 

*  Max. 

tCurrent 

in. 

torque, 
lb.  at  1  ft.  radius. 

100  R.P.M. 

R.P.!kL 

consumption, 
watts. 

12 

191 

2-4 

1,680 

75 

14 

30.5 

3!) 

1.440 

85 

1(> 

45.5 

.">-7 

1,2(50 

75 

18 

(H.'i 

8-2 

1.120 

85 

20 

K86 

11-2 

1.010 

113 

22 

l.lT.-j 

U-<> 

01.5 

142 

24 

1..-.30 

1(14 

840 

170 

2»i 

!.!».-.«( 

24  (i 

77.5 

170 

2X 

2.440 

:}0-8 

720 

213 

:u» 

3.(NK) 

37  0 

(570 

280 

32 

2.(140 

4(50 

(5:W) 

234 

34 

4.370 

■m-4 

.500 

320 

:<•; 

."..ISO 

(i.'}-) 

5(50 

320 

:i.s 

ti.llMI 

77-2 

.530 

:^Mt 

4<l 

7.  UK) 

S'VO 

,50.5 

200 

42 

H.2«H) 

104 

480 

380 

44 

'•.440 

110 

4(50 

3(50 

4(5 

10800 

137 

440 

345 

4S 

i2.:U)o 

1  M\ 

420 

4,50 

:n) 

13.<HtO 

17() 

4tH» 

430 

.">4 

17..'i(K» 

222 

370 

415 

tui 

24.(HMI 

:i04 

330 

.503 

M 

2<.l.l(io 

3(58 

31.5 

48(t 

r>s 

3.",.ooo 

443 

20f. 

730 

72 

41..VH1 

.'52.-. 

280 

705 

•Maximum  s|>rrd  given  should  not  be  exceeded  un1c«s  the  speed  is 
R]>r>ri(io<l  when  onlering. 

4  ]>,r,>  t  ,.,.r.>„t  mu.«t  bo  provided. 


BURNER  &  HEAT  CONTROL 

Equipment  for  Lead  Presses 

HALL  S   PATENTS  . 

MONOMETER    Mf^.    Co.,  Ltd..   Aston.    BIRMINGHAM. 
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The  Electric  &  General  Works,  Ltd 

15,   Victoria   Street,   London,   S.W. 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


CLOSED. 


ELECTRICAL    APPARATUS    up  to   80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegrams:    "GABIONAGE  VIC.   LONDON.' 


be  employed  for  any  class  of  service  for  which  jaw  couplings  would  which  is  encircled  by  a  band  lined  with  woven  asbestos  and  brass 
not  be  satisfactory  for  load  acceleration.  wire.   This  friction  band  is  released  by  a  solenoid  connected  in  paralle 

Type  A  couplings  can  be  supplied  in  combination  with  magnetic-  with  the  winding  of  the  coupling,  and  is  applied  by  a  weight  on 
ally  released  band  brakes  and  in  this  construction  the  hub  carrying  the  end  of  the  brake  lever.  When  the  magnetisiiig  winding  of  tl:e 
the  armature  member  of  the  coupling  also  carries  the  brake  wheel,      coupling  is  de-energised  by  the  trippmg  of  one  of  the  safety  switches, 

that  of  the  brake  solenoid  is  also  de-energised  and  the  brake  applied. 

The  driving  power  is  cut  oft"  and  the  brake  instantly  applied  so  that 


Near  View  of  "  Igranic"  Magnetic  Beake. 


An  *•  UiRANic''  Magnetic  Clutch  in  Service. 
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for  arreleratinK  at  fn'i|ncnt  intervaln.  and  the  engagement  ih  aw 
gradual  an  that  w^cnrc*!  with  any  form  of  meihanically  operated 
clutch. 


/ 

i  Tyix  11 -M  <  luuhtji. 

M        .      •■    .MM 

S5fr  M.I',  at 

•  Max. 

t<"iirrent 

III. 

"     *    1     '"■. 

II)  nt  1  (t.  rmiitiN. 

loo  H.I'.M 

i:  I'  M. 

<  iinHtiniption , 

wa'.t«. 

7 

:ii 

04 

'J..>oo 

75 

10 

S'.» 

11 

l.'.(NNI 

m 

12 

I.VI 

o 

l.»ls«i 

I04 

II 

2i:. 

:ro 

I.410 

lilH 

III 

3<WI 

4  .". 

|.::<H> 

177 

IM 

ri2ii 

ti-ft 

1.120 

204 

•i^^ 

714 

11 

l.OINI 

220 

Tl 

t)r>i 

12 

«t2«t 

201 

-M 

i.iai 

ir.r, 

H40 

274 

•-T. 

l.iVlH 

20 

7.H0 

:i:{4 

•-N 

I.IMWl 

•j.% 

72f. 

:»r»4 

:ki 

2.410 

:u 

rt7r. 

:tii<i 

.ia 

2.t»2tl 

37 

(kl.'i 

iiii 

:in 

4.11)0 

m 

rnio 

u\\ 

4« 

.•|.7I0 

72 

.'lOO 

»70 

14 

7. (loo 

W7 

400 

485 

4H 

•t.SlKl 

1'JI 

I2t> 

.•Wl 

,  I  ^  rll     ^.IM  Ml  I* 


t   n"i    i»f 


I'Xl  It^l*-!!     linil""*    t  IH'    '■JMMMl 


GUARANTEED 


SECOND    HAND 


THE  VICTORIA  ELECTRIC   PLANT  CO., 
SPENSFR   STREET,   WESTMINSTER,   S.W. 

Grams:  Vicminster,  Sowest,  London. 


Phone:  Virtoria  4026. 


The  details  of  construction  of  the  type  H-60  magnetic  clutch  are 
the  same  as  those  of  the  type  H-30,  except  for  the  pressure  per  square 
inch  under  which  the  friction  faces  are  operated,  this  being  roughly 
twice  that  to  %vhich  it  is  subjected  in  the  type  H-30,  thereby  enabling 
an  H-GO  clutch  to  transmit  a  larger  horse-power  than  an  H-30  clutch 
of  the  same  dimensions.  In  consequence  the  tj-pe  H-60  clutgh  is  not 
recommended  for  service  where  the  load  is  to  be  accelerated  at 
frequent  intervals,  while  the  tj-pe  H-30  clutch  is  offered  for  such 
service. 

Ratings  of  Type  H-GO  Clutches. 


Size 

Maximum 

Safe  H.P.  at 

*Mix. 

•fCurrent 

in. 

torque, 
lb.  at  1  ft.  radius. 

100  R.P.iL 

R.P.M. 

consumption, 
watts. 

20 

1,428 

18 

1,000 

230 

22 

1.902 

24 

920 

274 

24 

2,466 

31 

840 

288 

26 

3.136 

39 

780 

350 

28 

3,920 

49 

725 

372 

30 

4.823 

61 

675 

388 

32 

6,840 

74 

635 

485 

36 

8.320 

105 

560 

485 

40 

10.420 

132 

500 

495 

44 

15,200 

192 

460 

510 

48 

19,720 

250 

520 

550 

54 

28.100 

355 

375 

610 

60 

38,600 

485 

340 

660 

66 

51,400 

650 

300 

730 

♦  Maximum  speed  given  should  not  be  exceeded  unless  the  speed  is 
spccific<l  when  orderinjir. 

t  Direct  current  mu.st  be  provided. 

The  clutches  and  brakes  described  above  must  be  operated  by 
direct  current.  Where  alternating  current  onlj'  is  used,  direct  current 
may  often  be  taken  from  the  direct -current  exciters,  but  if  this  is 
im|)ratticable  a  small  motor- genera  tor  set  can  be  installed.  The 
jKiwer  required  for  the  couplings  and  clutches  is  given  in  the  tables 
lierewith.  The  standard  clutches  and  brakes  are  wound  for  110  or 
220  volts  dirt'<t  current.  When  ordered  for  500  volts  220  volt8 
windings  are  employed  and  ojierated  in  series  with  a  fixed  resistance. 


INTERESTING  MANUFACTURING  OPERATIONS. 


The  protluc  tion  of  a  number  of  electrical  acce.'^sories  has  now  to  be 
undertaken  uj;on  so  extensive  a  .scale  that  the  manufacturing 
oiKTations  which  would  be  ]x>rformed  by  hand  for  a  comparatively 
small  oiitinit.  are  more  econoniic.iliy  entrusted  to  machinery,  now 
that  the  output  extends  to  hundreds  of  thou.sands.  The  electric  fan 
luid  the  electric  flat-iron  are  examples  of  this  cla.ss  of  product  into  the 
mannfactun-  of  which  the  machine  tool  has  been  succes-sfully 
intn)duced.  and  particularly  in  the  United  States.  In  a  recent  issue 
of  "  Machinery  "  an  illustrated  article  appeared,  in  which  the  details 
of  th«'  pnwluction  of  the  wire  guard  for  a  CJeneral  Electric 
(S<-hene<tu<ly)  fan  were  clearly  shown,  and  also  the  milling  tools 
Us*"*!  for  the  continuous  facmg  up  of  the  bases  for  electric  irons. 

Fig.  I  show8  the  wire  guard  of  the  CE.C.  fan.  and  it  will  le 
notic<><l  that  it  compri.si>,s  a  central  monogram  which  is  in  cup  form, 
eight  arms,  nnd  fnint  and  rear  rims.  Two  anns  are  made  up  of  one 
jtieie  of  M  ire.  and  the  comjilete  guard  is  therefore  fashioned  out  of  six 
^e|w^rate  leiigtlis  of  wire.  This  wire  is  iirst  cut  into  suitable  lengths. 
which,  in  the  case  of  the  arms,  are  long  enough  to  include  all  bends. 
A   prrliminar>-  operation  is  the  placing  of  the  length  of  wire  in  a 

{Continncd  on  page  137.) 


1  >in-<  I  i  uri  1  nt  unint  \m>  provided. 


INSULATION 


i' 


Thr   onl>    *«ti«(actory    snbstLtntc    for 

AnhrolftK     Wire  :      also     for      flexible 

lc9<l%.  rfo       ,\MrLE   STOCKS. 

HOLDER  HARRIDEN.  LTD..  35  37,  noble  street,  london.  e.c. 
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Illlllll 


ORGANISING  BRITISH  INDUSTRIES. 

THE  WORKS  OF  C.  A.  VANDERVELL  &  CO. 


This  wai'  of  men,  materials,  methods,  micrometers  and 
munitions  is  not  yet  over,  and  it  may  be  premature  to  suggest 
what  shall  or  shall  not  be  done  to  re-establish  in  British  hands 
those  branches  of.  industry  and  trade  which  a  lack  of  Govern- 
ment appreciation  and  a  consecpient  slackening  of  manufactur- 
ing effort,  allowed  to  drift  into  the  grasp  of  now  enemy  firms. 
The  policy  which  is  to  govern  trade  within  the  British  Empire, 
trade  among  the  Allies  and  trade  with  so-called  neutral 
countries,  is  at  the  present  moment,  like  the  British  army  was  at 
Mons,  dans  Tair.  Our  ears  are  tickled  with  reports  of  "'  Paris 
Conferences,"  "  Trade  Understandings,"  "  the  Exclusion  of 
the  Hun  from  the  Markets  of  the  World,"  "  the  Commercial 
Ostracising  of  Germany,"  and  a  number  of  other  threats 
which  should  in  their  very  utterance  cripple  any  subtle  attempts 
of  the  enemy  to  overwhelm  us  with  their  war-hoarded  products 
when  peace  is  finally  declared.  But  the  signs  and  portents 
point  to  a  Government  wrestling  with  the  improvised  defence 
of  a  peace-loving  empire,  the  hurried  haranguing  of  manufac- 
turers into  the  conversion  of  their  factories  to  the  auto-tooling 
of  munitions,  and  the  continuous  keeping  up  of  shell  supphes 
regardless  of  what  the  works  may  have  been  doing  in  the  way 
of  pre-war  production. 

What  is  more  natural  than  that  the  manufacturer  should  ask 
what  the  business  side  of  the  Government  proposes  to  do  for 
him  when  munitions  output  is  no  longer  the  sine  qua  non  of  his 
daily  round  ?  We  believe  this  question  is  on  the  lip  of  every 
British  manufacturer  at  the  present  moment.  We  were  not 
in  the  least  surprised  to  be  asked  this  very  question  by  Mr. 
C.  A.  Vandervell,  the  head  of  an  electrical  works  at  Acton, 
which  has  grown  out  of  all  recognition  during  the  last  five 
years.  The  initials  "  C.A.V."  are  something  of  a  talisman 
among  motorists,  but  they  are  not  without  meaning  to  a  large 
number  of  electrical  men  who  are  "  not  in  the  motoring  line," 
and  we  feel  they  will  need  little  or  no  introduction  at  our  hands. 
Messrs.  C.  A.  Vandervell  &  Co.  have  built  up  a  purely  speciahst 
business  since  the  petrol  motor  car  industry  came  into  being, 
which  has  proved  of  enormous  benefit  to  the  industry,  and, 
further,  have  demonstrated  that  British  enterprise  is  neither 
dead  nor  decadent  in  the  matters  of  industrial  organisation 
and  enterprise.     We  have  no  need  to  remind  our  readers  that 


the  establishment  of  any  new  specialist  industry  in  this  country', 
under  trading  conditions  which  admit  to  the  home  market  all 
and  sundry  among  the  nations,  is  no  mean  achievement. 
Scores  of  firms  boast  big  businesses  which  are  based  solely 
upon  non-manufacturing  interests,  all  too  frequently  trading 
with  producers  well  outside  the  limits  of  this  Empire  of  ours. 


atypical"  C.A.V."  Product  :  Type  H  Car  Dyn.\mo  with  End^Cover 

Removed. 


We  gathered  from  a  recent  conversation  with  Mr.  C.  A.  Van- 
dervell that  the  war  should  correct  much  of  that  class  of  trading^ 
which  resolves  itself  into  the  mere  handling  of  goods  in  the 
scientific  production  of  which  we,  as  a  nation,  have  not  the 
smallest  concern.  His  remark  was,  of  course,  based  upon  the 
assumption  that  the  Government  is  intending  genuinely  to 
encourage  manufacturers  to  produce  upon  a  scale  which  will 


^ 


eiM^i«  iii  Ai 


Front  View  of  the  Extensions  io  ihe  Acton  Vale  Wot^ks  of  C.  A.  V.andervell  &  Co. 
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keep  enerny  competition  in  its  proper  place  at  the  conclusion  of 
hostilities. 

No  surpriHe  need  be  expressed  at  this  outspoken  attitude  of 
the  head  of  a  manufacturing  business  which  has  grown  from 
modest  proportions  within  a  comparatively  few  years  until  it  now 
employs  about  '}/XX)  hands,  and  can  boast  of  an  area  of  ajiproxi- 
mately  f;^KJ/XXJ  sq.  ft.  of  workshops.  If  any  good  is  to  come 
to  Britain  out  of  this  war  it  has  got  to  come  to  her  manufac- 
turing interests.     We  have  heard  enough  of  the  cry  tliat  the 


or  American  works.  What  Bosch  and  Ruthhardt  did  for 
the  magneto  on  the  other  side  of  the  Ehine  Vander\-ell  has 
alreadv  done  on  this  side  of  the  Thames,  and  why  should  it 
not  continue  to  be  so  ?  We  saw  enough  in  going  through  the 
magneto,  batterv  and  car  dynamo  shops  at  Acton  Vale  to  con- 
firm what  we  have  always  believed,  that  the  British  manu- 
facturer takes  to  organisation,  standardisation  and  quantity 
production  as  naturally  as  a  duck  takes  to  water,  to  employ  a 
ca.se-hardened  colloquialism.     The  "  C.A.V."  business  in  these 


Akmatike  Wixdi.no  Depaktmkxt,  Actos  Vale. 


Another  View  is  the  Armature  Wixdixg  Department,  Acton  Vale. 


Britisli  inaimfacturer  is  this  or  that  many  years  behind  the 
(  ontiiu-ntiil  or  -\incricun  variety  of  }>r(idii(«'r.  an<l  that  he  has 
no  natural  ability  for  (|uantity  producticm  or  organised  indus- 
triuliKin.  The  effort  which  we  are  making  in  the  wholesale 
and  uiipre.-edented  grinding  out  of  munitions  an  effort  im- 
provised within  a  few  months  is  the  answer  to  those  who  still 
wish  to  claim  that  we  are  a  nation  of  shoj)keeper8  ! 

Our  visit  to  the  .Acton  Vale  Works  of  (".  A.  Vander^•elI  & 


products  has  been  built  up  in  the  face  of  not  only  the  compe- 
tition of  home  producers,  but  also  of  unrestricted  American 
and  German  imports.  The  severity  of  the  latter,  known  to  those 
who  are  '"  in  the  trade."  is  in  itself  an  index  of  the  success  which 
has  attended  the  efforts  of  Mr.  Vandervell,  his  energetic  staff 
and  his  anny  of  workmen. 

On  this  occasiijii  we  do  not  propose  to  do  more  than  indicate 
by  photographic  means  the  extent  of  the  many  airy  and  well- 


A  roBSKB  or  TIIK  "  CA.V."   ItlllMIMlllAM  WoRKS,  WHEKF.  ('aR 
l*RoJr.<-TOR«<  AUK  MaOR. 


Car  Dvnamo  Assrmbuno  Department.  Acton  Vale. 


I'o.  pr«»vided  us  with  «  ctmvincinj;  r«»llpction  of  material  upon 
which  to  base  o»ir  linn  belief  in  the  future  of  the  .sperialist 
lUitisli  man\ifnrturer.  What  Mr.  Vnjub'rvell  lias  done  at 
Acton  can  be  done  elsewhere.  He  himsi^lf  has  an  abun<lancp  of 
faith  in  the  ability  of  the  British  builder  to  beat  the  Hun  and 
nnyof  In  '    '        '    "  'e.**  at  their  own  ii.ime.     The  .\rton 

Vrtlelnt'  _  l  tor  world  market  pHnluction.  and 

in  that  respect  tl>cy  yield  nothing  to  the  etpiipinent  of  Gennan 


cquip|>ed  shojis  at  Acton  Vale.  Details  of  their  products  in 
the  way  of  niagnet<»8  of  all  classes,  car  dynamo  lighting  and 
lighting  and  startini;  sets,  battery  outfits  f<»r  all  lighting  pur- 
|»o!M>.s.  motor  car  or  otherwise,  and  the  accessories  c<»nnected 
therewith  would  «»ccupy  more  space  tlran  we  have  at  disposal, 
and  w,,uld  defeat  our  object  in  that  they  might  pmve  tedious 
to  the  reader.  \\  e  weie  espciallv  impressed  in  our  tour  of  the 
works  under  the  gindance  of  Mr.  Arthur  Goodwin,  the  manager 
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AT     VANDERVELL'S,     AT     ACTON. 


An  Avenue  of  Machine  Tools,  Acton  Vale. 


A  "  Battery  "  of  Vertical  Multiple  Drills,  Acton  \'ale. 


Battery  Forming  and  Charging  Department,  Acton  Vale. 


Lead  Burning  Shop,  Battery  Department,  Acton  Vale. 


A  View  in  One  of  the  Machine  Shops,  Acton  Vale. 


The  Battery  Box  Department.  Acton  Vale. 
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of  the  (y^mpany  now  for  some  10  years,  with  the  plan  upon 
which  they  have  been  laid  dovm,  and  the  appreciation  of  the 
management  of  the  need  for  science  and  organisation  in  the 
conduct  of  the  place.  In  the  research  department  the  quality 
and  suitability  of  the  materials  employed  for  magneto  and 
small  dvnamo  manufacture  come  in  for  the  closest  scrutiny. 


A  \ii.i„m;k  Strkkt  "Somewiierk  in  BrcKs"  Photographeu  iiy  the 
He,\I)I.ic;iits  ok  a  ('\n   Fittkd  with   "  C.A.V.'   Egiip.MENT. 


Altln.iigli  tln'  bulk  (»f  till-  purely  raw  materials  is.  qtiiic  natur- 
ally, the  product  of  outside  specialist  firms,  the  element  of 
chance  is  not  allowed  t<»  enter  into  their  composition.  The 
work  of  research  also  gnes  hand  in  hand  with  the  experience 
gained  in  the  operating  field  with  the  products  of  the  emnpany. 
Faults,  ii'herent  or  transient,  are  traced  and  as  much  as  poe- 


also  a  careful  training  of  the  workman  have  contributed  to 
these  desirable  ends  in  the  production  of  such  highly  specialised 
goods  as  are  turned  out  in  their  hundreds  of  thousands  at 
Acton  Vale.  A  perusal  of  the  company's  comprehensive 
booklet,  '"Public  Service  and  Commercial  Vehicle  Lighting  "' 
(1.5,00(J  such  vehicles  have  been  '"  C.A.V.'d  "  in  five  years),  wilE 
give  the  reader  some  insight  into  the  amount  of  detail  which  is 
involved  in  but  one  of  the  specialised  products  of  the  works. 
Taken  in  conjunction  with  another  publication  which  deals 
with  "  C.A.V.""  dynamo  lighting  and  starting  systems  for 
pleasure  cars,  one  has  in  the  two  booklets  all  the  evidence  to  prove 
the  triumph  of  electricity  as  an  accessory  in  motor  vehicle 
service.  Although  acetylene  has  been  ousted  as  a  motor  car 
i'luminant  only  within  some  five  years,  the  motor  vehicle  user 
to-day  wonders  how  he  managed,  even  so  short  a  time  ago^ 
without  his  "  C.A.V."  starting  and  lighting  equipment.  An 
instructive  item  on  this  point  is  the  extent  of  the  shops  at 
Acton  which  are  devoted  solely  to  the  fitting  of  private  and 
commercial  cars  with  these  central  stations  in  miniature.  At 
the  time  of  our  visit  this  department  was  filled  with  every  kind 
of  motor  vehicle  But  despite  rapid  development  the  company 
has  been  able  to  standardise,  and  especially  so  with  control 
boards,  junction  boxes,  armoured  "  cabling  "  for  the  inter- 
connections, battery  groups,  adapters,  &c.     "  Contrariwise  " 


One  ok  Xcmkrols  "I'.A.W'  M.mjxetos  Made  .v.t  Actox  Valeu 


standardisation   has  not  been  another  word  for  stagnation  ;. 
the  de])artinent  res])(»nsible  for  the  research  and  experiment 
with    dynamo    starters,   lighting   dynamos   and   magnetos    is. 
always  busy,  and  some  of  the  things  we  were  permitted  to  see 
tluTi'  indicated  that  progress  can  still  be  made. 

.\  wurd  may  be  said  as  to  the  welfare  work  of  the  company. 
On  a  plot  of  land  near  the  works,  and  facing  a  new  road,  a 
spacious  and  well-lighted  restaurant  has  been  built  to  accom- 
modate the  male  and  female  employees  who  come  from  a 
distance  and  want  "  somewhere  to  go  "  for  meals.  There 
are  two  large  lialls.  either  one  of  which  would  d«»  justice  to  a 
g<.od-8ize«'.  parish,  one  for  the  men  and  the  other  for  the  girls, 
and  Itetween  them  are  well-fitted  kitchens  with  an  abundant 
supi)ly  of  hot  water.  These  will  shortly  be  opened  and  will  be 
much  appreciated. 

This  IS  not  all.     In  .spite  of  the  fact  that  the  works  have 

l»een  enormously  enlarged  of  late  years,  the  comjiany  has  land 

imnie<liat«'|y  available  on    which  many  more  shops  are  being 

Imilt.  and  which,  when  in  operation,  will  more  than  treble  the 

sible  corn-cted  liy  modification  in  design  or  an  adjustment  of      ""timt  of  the  works.     This  fact  is  an  indication  in  itself  that 

iHime  proce.Hs  of  manufacture.  -^'f     N  andervell  and  his  immediate  advi.'sers  are  not   merely 

In  thq  machine  shops  also  we  were  shown  iiow  method  and      ho)>eful  of  the  future  of  British  supremacy  in  their  particular 

management  make  for  accuracy  in  the  pn.durtion  of  details      l»roductJ«.    but    have   taken   the   p.ecessary   steps   actually   to 

and     interchangeability     of    standanlised     parts.     Not     onlv      produce,  while  tie  war  is  still   on.   uncii  a  scale  which  will 


T„ 
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OK  A  I'.OLUH   UoVI  K<    Ali  KlTTKK  WITH  "    ('.A.\'.'  J»YNAMo 

.Staktkh. 


machine  tools  and  clos«-  insjxrtinii  ..f  each  finished  i>«rt,  but      <»l^**olvitely  en.suie  suree.s.s  when  peace  comes. 


w.E.w 
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Advt.   of  Pope's  Electric  Lamp  Co..  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


Greer.ly 


INTERESTING  MANUFACTURING  OPERATIONS. 

[Continued  from  page  132.) 

central  position  in  a  fixture  in  which  the  wire  is  secured  against 
creeping  during  the  bending  operation.  At  opposite  ends  of  this 
iixture  there  are  two  fulcrum  pins  round  which  the  bends  are  made 
with  the  aid  of  a  hand  key  having  a  central  hole  to  engage  the 
fulcrum  pin,  and  a  projecting  stud  which  reaches  far  enough  over  the 
wire  to  control  the  bending  when  the  key  is  turned.  One  turn  of  the 
key  completes  the  upper  bend  where  the  wire  engages  with  the  front 
rim,  and  a  half  turn  forms  each  of  the  end  bends  where  the  wire 
tngages  with  the  back  riin  and  the  monogram  cup  respectively.  In 
Figs.  2  and  3  are  shown  the  punch  and  die  for  asgemblirig  the  wire 
arms  and  the  centre  plate,  and  the  tool  for  applying  the'  monogram 
cup  to^the'centre  guard  resjjectively.  The  operations  in  the  bending 
of  the  arms  are  performed  in  separate  dies.     In^the  case"of^Fig.  2  the 


die  closes  the  lugs  in  the  centre  plate  over  the  four  double  arm  wires. 
To  facilitate  the  placing  of  the  work  in  position,  the  die  is  mounted 
on  a  slide  on  the  bedplate.  The  centre  plate  is  first  located,  and 
then  the  four  wires  are  placed  in  position,  the  outer  errds  of  tlie 
arnrs  being  sirpported  by  guides  round  the  edge  of  the  work  holder. 
A  single  stroke  punch  turns  over  the  12  lugs,  and  closes  them  on  the 


Fig.  1. — -VrEw  of  Complete  Fan  Guard. 


Fig.  2. — Assembling  Akms  and  Centke  Plate. 
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IRONCASED 
SOCKETS^  PLUGS 

FOR    HARD    SERVICE. 

Sizes    up    to    200    amps. 

D.P.  and  T.P.     500  volts: 

with    "earthing"    connection. 


Also    Combined  Switch 
and   Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal  Electrical  Works, 

SALFORD, 
MANCHESTER. 


(irrii  wireH.     I'lic  work  in  ejected  from  the  die  by  the  movement  of 
the  lever  at  the  front. 

The  wireM  fonninj^  tin-  two  rims  an-  cut  ofT  .uul  formed  J)V  roiling, 
and  tin-  viuIh  an-  coujiicd  uj)  witli  a  .short  Icngtli  of  bra^.s  tube  which  iH 
crajH-d  into  place.  Previous  to  the  closing  of  the  ends  of  the  front 
ririi  the  arm  loopn  must  be  threade*!  on  }>y  hand.  The  ai)[)lication 
(»f  the  iiii)n')grani  ciij)  to  the  centre  of  the  fan  guard  is  ac(omi)lished 
in  the  milling  machine.  There  Are  eight  slots  in  the  monogram  rim, 
which  allow  it  to  pass  over  the  wires  from  the  front,  and  after  drop- 
ping in  tlie  thin  backing  jilute  the  edges  of  the  monogram  are  .spun 
over  by  a  tool  in  the  drilling  machine. 


Ti..  :t 


1  III     \    I    SI 


MuNOUnAU  To  CkNTUE  of  (.Jl    \l.li. 


In  tlie  njiinufikclnrp  of  elertrio  flat  irons  at  the  Pittsfield  plani. 
Ilicn<  an>  .•several  m  tchining  o|MTatii)nM  of  s|>«>cial  inten'st.  becaust-  «it 
till'  liigh  rate  of  pnitluclictn.  TJic  to|M«  of  tjat  inin  bases  .m-  linished 
by  nnlbng  on  a  vertical  milling  m-iohine.  iw  illuslratod  in  Fig.  4.  On 
the  tal>le  of  the  mii'hine  is  a  continu-'     '  '  xiun-  ihot  hold- 

14  ejistings.      Kach  of  the  seven  ban..  -a  weilge  that 

enters  IxMwtvn  two  eastings  and  foreen  them  forwartJ  against  iK)sitivo 
slo|>s  on  (he  fixture.     The  milling  is  done  by  n  I  lit  faro  mill  that 

rrmovw*  ^\  in.  of  metal  fmn»  the  faiv  of  eaih  .Mtlmugh  the 

fixtiitr  n>lales  eontuiuously.  it  gives  the  operator  tnne  to  remove  and 
niM -t  n.w  castings  without  stopping  the  notation  of  the  table.     This 


mctliod  of  milling  take?  care  of  the  facing  of  the  top  sides  of  these 
castings  at  the  rate  of  2(X)  i^er  hour.  The  facing  of  fiat  iron  clamps 
is  another  ()])eration  that  is  done  in  a  somewhat  unusual  manner.  It 
is  i)erformed  on  a  dry  grinding  machine.^This  machuie  is  similar 
to  a  large  disc  grinder  in  principle,  but  employs  solid  blocks  of  emery 


Vu:.  4. — roxTiNi'ors  Milling  Flat-iron  B.\sks. 

for  the  abrasive.  These  blocks  are  closely  fitted  round  a  6  ft. 
iliaiueter  <lisc.  and  both  sides  of  the  di.sc  are  similarly  iitted.  The 
irons  are  held  in  magnetic  chucks  that  are  mounted  on  the  work 
tables.     Iwevers  arc  used  for  j)re.ssiii2  the  work  against  the  grindmg 


Manufacturers  of 

PHOSPHOR     BRONZE, 

GUN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tubes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR   TIN. 
PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  LTD.. 

BIRMINGHAM. 
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Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


FACULTY  is  described  as 
*'The  skill  derived  from  practice. ' 

That  belongs  to  US,  for  we 
are  the  largest  manufacturers 
of  Electric  Cables  and  Copper 
Wires  in  Gt.   Britain. 


BRITISH  INSULATED  &  HELSBY  CABLES. 


Cablemakers  and   Electrical   Eng^ineers, 

PRESCOT,  LANCASHIRE. 

Works :    PRESCOT    and    HELSBY. 


LTD., 


Branch   Offices   in:- LONDON,     MANCHESTER,     GLASGOXA/,     BIRMINGHAM, 

NEWCASTLE,  CARDIFF,  DUBLIN,    LEEDS   &    BELFAST. 


OVERSEAS     BRANCHES : 

AUSTRALASIA:    The  Wool  Exchange,  King  Street,  Melbourne. 

EASTERN    INDIA:     11,   Clive   Street,   Calcutta. 

SOUTH  AFRICA:  Telegraph  Manufacturing  Co.    (Colonial),  Ltd., 

P.O.  Box  2827  Johannesburg, 
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H.  Weidiiia.1111,  Ltd.,  Ra.ppersivil,  switzeria^nd. 


Q 


WE    ARE    SPECIALISTS    IN    THE    MANUFACTURE   OF— 


IJ:]4iHJi:i 


^ 


(3) 


(Pressboa.rd) 
Best   Quality.       I»rovcd  by  repeated  tests. 

Sheets    in   thickness   from   O'l    upwards. 
Endlesa   Rolls   and   Strips   from    O'l    to    1    mm.   thickness. 

Presspan   Coils  and  Tubes  for   Transformers. 
Prcsspan  Armatures.  Discs  and  Shaped  Articles. 

BLACK   PRESSPAN.   - 
MICA-COVERED    PRESSPAN.    &e. 
Cold  Medal :  Berne  1914.  Silver  Medal :  Paris  1900. 


VARNISHED    PRESSPAN. 
OILED    PRESSPAN. 

Grand  Prix:    MarseiUei   1908. 


disc.  The  work-holding  tables  are  automatically  oscillated  while 
tho  dJHc  is  in  rotation.  The  amount  of  metal  removed  is  just 
Hufficient  to  clean  up  the  casting,  and  2(XJ  finished  pieces  per  hour  is 
the  production  of  each  ojxjrator.  One  of  the  advantages  of  this 
m.i -hiiic  is  its  high  cutting  capacity,  which  ia  due  to  the  large  diameter 
of  the  disc. 

Still  anotlier  facing  method  that  in  used  on  flat  iron  castings  is  the 
ojKTaf  ion  of  grirniin^  on  a  surface  grinder.  This  is  shown  in  Fig.  5, 
wlich  rcprc.s«-nts  the  machine  at  work  ;  the  water  guards  have  been 
removed  for  the  mxki^  of  cieametts.  Fnjin  10  to  16  flat  irons  are  j)laced 
ui)on  the  magnetic  chuck  and  alx)ut  .,'.-,  in.  of  metal  is  ground  from  the 


who  are  out  to  appeal  directly  to  the  general  public.  By  the  intro- 
duction of  an  electric  lamp  the  head  line  can  be  brought  into  pro- 
minence, and  at  the  same  time  effectively  illuminate  the  adver- 
tising matter. 

The  sifrns  are  supplied  in  either  hard  wood  or  metal  frames,  the 
letters  lx;ing  of  black  steel  with  the  characters  lithographed  in  white. 
Kach  sign  is  supplied  with  a  sufficient  number  of  letters  and  figures 
accordin<5  to  size  of  the  frame.  The  letters  and  numerals  are  made 
in  three  styles,  ^  in.,  H  in.  and  2  in.  in  height,  and  these  can  be  used 
on  any  sized  signl)oard.  The  Ijin.  letters  are  supplied  unless 
otherwise  stated. 


Km.  fl. — Si'Rr.\cit  (Jkimuno  Fi-at-iron  Bas 


E8. 


face  of  the  caMtings,  leaving  the  Inittom  perfectly  smooth  .and  true 
<  Mil-  <>|MT!ilor  M  ill  f.i'  (•  iitT  SiMi  castinjfs  in  III  hours.  ^ 

Wi' arc  indebted  to  the  Kditor  of  ".Mahincry"  for  his  kindn"s8 
in  lending  us  the  blocks  in  the  aljove  article. 


"RE-SET"  SIGNS. 

ThiH  iMiir.siiii.;  xijiM  If  one  n|Nin  wIip  h  the  dr.Mn-d  lettering  can 
l)r  H'lM't  or  rhan^tiil  '»<  fre  |uently  an  d<-firi-d,  and  this  changing  can 
l>e  nndiTlakcM  by  a  junior  within  a  few  minuten.  It*  applications 
an\  of  cours<<.  t«Ki  numerous  to  nuMilion.  as  a  sign  of  tliis  description 
ran  Ih'  put  to  good  servife  by  every  t  la^  of  fradef<nian  with  a  shop 
wuidnw  «»r  MhownxMU.  It  will  tloubtlej»s  l>e  taken  con<4ideral)le 
iwlxanlage  of  by  central  Htation  enginwn*  and  electrical  eontrartors, 


ViKW    OK   "Rk-Skt"    SU;N    SUOWIXG    CoMrAHT.MENT    CUNTAIMXQ 

LiiJHTiXG  Unit  and  Flashkr. 
The  glaiw  panel  can  be  any  colour  and  have  any  desired  lettering. 

An  electric  fla.Hher  is  lit  ted  on  to  each  sign,  which  assists  in  making 
the  a|  eijually  attra'tive  by  night  as  by  day.      Bayonet  cap 

iMlapi"  |ir->vidi-d  at  the  end  of  the  tlexibic  cord  unless  K<li.son 

Bcrews  atv  ,»articularly  called  for.  The  sign,  as  illustrated,  measures 
18  in.  hinh.  M  in.  wide  and  :}.J  in.  deep,  a  very  suitable  size  for 
everyday  pnr|io.H«.s.     I^irger  ones  can  hv  made  up  to  order. 

Particulars  and  jirices  of  this  sign  can  l)e  obtained  from  Berry, 
Skinner  *  to..  86,  Newman-.street.  Oxford-street,  London.  W. 


One,  Two  &  Three  Phase 
MOTORS. 

T..\N(;i>(>N.I)  AVIIvS    MOrOH    CO. 

»lp..l    (Ufivp;      110,     (..\NNt)N      STRIKT,      IdNDON.      E.G. 
NVr>rk^^I)ffrni.><lr    Road.    I  »wl.ham,    London,   S.E. 


Ferranxi  Ltd 

HOLLINWOOD,  Lancashire. 


SWITCHGEAR,   TRANSFORMERS,  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


«  and  PaMitMd  br  tha  P  ojrtoten.'-TMi  Elk:t»icia».  "  Ptiimiro  akp  Pi'tuswiKO  C-r- .  Ltd.,  at  th»  Edltortal.Prir.tlrc  tod  PubUihtof  OftoM. 
».  aii»d  a,  SALU»utTCov»T.  Fl««t  9n«»T,  ta  U>«atT0l  LOWDON.  F«&*T.  AucvsT  11,  I9lt,  ""»-"^» 
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4> 
4 


The   Round  Table. 

By    "KVA." 


4 


The  following  from  the 


Bristol 


Event  of  the  Week. 
Times  "  :— 

We  are  asked  to  make  the  announcement  to  the  public  that  all  gas 
lamps  will  remam  extinguished  from  last  Saturday  night  until  the 
night  of  August  19th,  the  electric  light  only  being  lit. 

^  i^  ^  Vfi 

The  "  Wall  Street  Journal  "  says  : — 

"  General  Electric  plant  at  iSchenectady  has  comijleted  for  the 
United  States  Navy  the  most  powerful  searchlight  in  the  world  with 
a  5  ft.  mirror,  the  beams  of  which  are  visible  at  more  than  200  miles. 
Additional  searchlights  are  in  course  of  construction." 

How  much  more  than  200  miles  ? 

*  *         *         * 

Mr.  A.  W.  Berresford,  of  the  Cutler-Hammer  Mfg.  Co.,  says 
in  an  interview  to  the  "  Electrical  World  "  (my  italics)  : — 

"  One  eifect  of  the  war  has  been  to  bring  England  and  her  colonies 
into  close  touch.  The  natural  result  of  such  a  condition  would  be 
preferential  trade  between  England  and  her  colonies,  and  a  disposition 
on  the  part  of  the  colonies  to  purchase  from  the  Mother  Country 
whatever  she  can  supply.  This  must  have  its  effect  on  our  Canadian 
relations." 

Waal,  Mr  Neutral  Berresford,  what  else  did  you  expect  ? 

*  *         *         * 

A  distinct  novelty  in  fan  catalogues  is  just  ofi  the  "  Westing- 
house  Press."  The  picture  shows  that  the  pages  are  stamped 
out  the  shape  of  a  Westinghouse  fan,  and  by  slightly  opening 
the  pages  th.e  list  will  stand  up.  If  there  is  anything  in  auto- 
suggestion, this  catalogue  carried  in  the  pocket  ought  to  keep 


one  cool.  Perhaps  Mr.  Gibson,  who  presides  so  genially  and 
successfully  over  the  Westinghouse  supplies  department  at 
Long  Millgate,  Manchester  {see  p.  146),  will  try  the  suggestion 
on  some  particularly  embonpoint  electrical  contractor  and 
repoi-t  results.  .^         ^         ^         ^ 

Municipal  electrical  engineers  are  not  allowed  to  make 
speeches  at  annual  meetings  of  shareholders,  otherwise  I 
should  be  able  to  report  a  suitable  reply  to  the  following 
effusion  of  the  chairman  of  the  Bristol  Gas  Light  and  Coke 
Company  : — 

Gas  has  long  been  threatened  by  electricity,  but  gas  engineers  are 
not  easily  beaten.  They  manage  to  counter  the  efforts  of  their  rivals 
by  cheaper  productions,  and  to  hold  then-  own  notwithstanding  tlic 
increasing  cost  of  coal. 

What  do  you  think,  Mr.  Holmes  ? 


Sometimes  hydro-electric  plants  arc  shut  down  for  lack  of 
water,  but  the  reverse  was  recently  tlie  case  on  the  Southern 
Atlantic  Coast  of  L'.S.A.  when  a  hurricane,  with  cloud  bursts, 
lasting  three  days  shut  down  about  2W,fXK)  kw.  of  plant. 
According  to  the  reports,  some  score  of  stations  electrically 
interconnected,  including  one  group  of  five  plants  "  in  series  " 
on  the  Catawba  River,  were  ringing  eadi  otlier  up  to  take  on  the 
load  which  the  rising  waters  would  soon  compel  them  to  drop. 
One  station  lost  its  dam  so  it  could  not  hold  its  load.  Alto- 
gether the  affair  would  seem  to  liave  been  in  the  language_of 
the  trenches,  a  complete  "  washout. "'JB 


This  must  be  the  Ladder  he  sent  me  for. 

[By  kind  permission  of  "  Glover's  Almanac." 

*  *  *  * 

THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Aug.  16,  1879.] 
^  Physiological  Effects  Accompaxyixg  Meteorological 
Phenomena.— "  Le  Journal  d' Hygiene "  publishes  a  lengthy 
article,  in  which  the  sufferings  of  certain  persons  on  the  approach  of 
rain  are  attributed  to  the  electrical  changes  taking  place  in  the 
atmosphere.  The  case  is  cited  of  a  retu-ed  captain  whose  leg  had 
been  amputated,  and  who  patiently  noted  the  periods  of  the  recur- 
rences of  pains  due  to  the  irritability  of  the  severed  nerves,  and  the 
coincidences  between  these  periods  and  the  atmospheric  distur- 
bances registered  by  the  central  meteorological  office  of  the  United 
States.  He  ascertained  from  his  observations  that  his  sufferings 
were  greater  when  rain  was  about  to  fall  than  when  it  was  actually 
falling  ;  and  he  chiimed  that  he  could  thus  predict  and  give  the  time 
of  the  occurrence  of  rain  even  when  the  shower  did  not  occur  withm 
a  distance  of  some  kilometres  from  his  residence.  M.  de  Fonvielle 
gives  another  ca.^e,  that  of  a  female  who  in  he  youth  had  been  struck 
by  lightning,  and  had  smce  sutfered  from  an  incurable  contraction 
of  the  muscles  of  the  neck.  Every  time  ram  is  about  to  fall  she  ex- 
periences shai-])  pains  in  this  region,  which  become  alleviated  only 
when  the  rahi  has  fallen.  It  is  suggestetl  that,  in  view  of  the  great 
sensitiveness  of  the  animal  organism  as  an  electroscope,  the  sensa- 
tions of  such  persons  should  be  carefully  compared  with  observations 
made  on  the  variiotions  and  current  phenomena  of  atmospheric  elec- 
tricity. 


Liberally  rated  re- 
sistance will  carry 
150  per  cent,  of  full 
load  carrent  during 
starting.  Rated  for 
one  minute  start- 
ing. Carbon  roller 
contacts  eliminate 
arcing.  Laminated 
brash  bridges  from 
segment  contacts'to 
massive  hub  plate. 


FOR  HEAVY  DUTY  &   FREQUENT  SERVICE 


flGKIMIC 

VJI    ELECTRIC        ^ 


/m-m^ 


C.^imW  F.T.FCTRTC  C9IJ.D  IVndl'lIi^^S^ld. 


Tcfg'.e  joint  levers 
rcake  icsitivecontact 
with  easy  closing. 
Interlock  introduces 
hand  overhand  opera- 
tion, which  prevents 
too  rapid  starting. 
Liberally  rated  resist- 
ance.heavy  laminated 
contacts  and  massive 
tushes  ensure  cool  and 
satisfactory  working. 
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SIEMENS 


IRONOI-AD 

SWITCHGEAR 

FOR     AUU 

RURROSES 


Control   Pillars 
Distribution    Boards 
Main    Switchboards 


Illustration    shows    our    Standard 

Cast-iron    Mining    Pillar    suitable 

for  pressures  up  to  3,300  volts. 


Write  top  particular*  to  — 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

HKAi.  Office:  CAXTON  HOUSE.  WESTMINSTER.  S.W. 
Telephone:  Cbrrard  860.  Telegrams:  "  Siembralos,  Vic,  London." 

Suppliei  Dept.:    38  &  39.   UPPER   THAMES  STREET.  E.G. 

Telephone :  City  5350.  Teiei-rir-.-  :  '  Siemctor,  Cent.,  London." 

HOME  BRANCH  ADDRESIESi 


Birmingham — Central  Ho..  New  St. 
Bristol— 30,  Bridpe  Street. 
Cardirf— 89.  St.  Mary  Street. 
Glasgow- 66,  Waterl-o  Street. 


Manchester— 1%,  Deansgate.    . 
NeacajTle — 64-68.  Collin gwood 
SHErpiELD— 22,  High  St.        (Bldga 
S'vthamptcn— 46.  High  Street 


Branchos   In    Principnl  Tov^ns    Abroad. 


NEW  "J.  &  P."  LISTS. 


Mi'SHPs.  .liiliii.Miii  vV  l'liilli|i.''  have  wnf  u.>»  a<haii(e  <"<i|)ios  of  fliree  of 
llirir  latfsl  lints:  .1.  |{.  I,  ,S-aliiig  KiuIh  ;  .1.  M.  2,  Collipry  lioxes  ; 
.I.M.  'A,  lnv«Ttc<l  I'oU'-typc  Trifiirc'itiiiK  l^)X.  The  Foaling  ends  are 
r<ii|i|ili<-<|  for  Mingle,  ci  n<c>n(ri('  or  triplr  (•<in(i'nlri<'  cahics.  Tho\'  are 
xiilislaiilially  iiiadc,  and  an'  tilted  with  itrilisli  \\hit<-  gli'./vil  cor- 
nigated  iionvlainH.  I'lnnil'inK  ghuxin  are  provided  in  every  instaneo 
for  tlic  iiii'oni  11^;  ealile,  iMid  iti  I'ne  list  drawings  are  given  showing 
alternative  arrangements  of  the  tails  for  either  nihher-eovertd  or 


The  latter  is  suitable  for  street  lighting  purposes,  and  is  only  made 
in  one  size.  In  the  cai5e  of  the  first  three,  six  sizes  are  offered,  as  in 
the  previously-named  types. 

Tne  colliery  lx)xes  are  li.«ted  in  seven  different  tvjjes  :  (1)  Standard 
.straight  through  non-disconnecting  box  ;  (2)  standard  three-way 
non -disconnect mg  box  ;  (3)  standard  four-way  non-disconnecting 
box  ;  (4)  straight  through  disconnecting  box  ;  (5)  three-way  dis- 
connecting box  ;  (6)  three-way  looping-in  disconnecting  box  ;  (7) 
four-way  disconnecting  box.     These  boxes  are  all  of  substantial 


View  of  Sealing  End  for  Sikgle  C.\ble. 

(ie.'^igii,  and  lia\e  l;con  developed  as  the  result  of  considerable  ex- 
perience of  colliery  practice.  The  list  clearly  shows  in  diagram  form 
the  arrangement  of  the  connectors  and  the  method  of  dividing  each 
of  the  conductors  so  as  to  accommodate  them  equi-distantly  within 
the  compa.ss  of  the  box.     We  illustrate  the  three-way  discomiecting 


CoLMKRV  ThrEF.-Wav 

Dl.sCONNErTING    HoX 

SHOWN  t)l»EN   AND 

Closed. 


I'.iM-  stnind  iiindiK  tnr.H  ;  thcM-  may  U-  taken  oU  either  the  single 
'  .il>li>*nr  the  inner  i  nndnetor  «»f  a  n  enlrie  cables.  Ample  ( learance.< 
U'twiTH  IIjo  rondiirtoM  are  allow(-d[fnr.  and  the  eoinieetoi-K  are  of 
hravy  .  onst  niclion  and  meehiMiieidly  .-oiind.  The  sealing  emls  for 
!!«<•  without  niblH  r  teils  an-  listetj  in  the  singi-  scn>wed  cap  ty|j»«.  the 
single  .xen'wed  nie<-vc  type,  single  'huH-h«»r  type,  and  the  siWial  lilm' 
tnh'  (y|H\      Six  .lifTerenI  ^.i  '      i-h  tyi"e  ,  tv  listed,  the  Hi7.e8  of 

the  .  iM,.  rangiuK  from  "  <i|'  .   '  .s(|.  m,  to      »)-7.i  to  1  "  pq.  in. 

lion.     For  the  i<mall  piw  waling  end  2  or.  of  compoinid  is 

h >iy.  and  f.  ■  •'     '-  IJIli.     T'  ■  iid-.  for  use  with 

nil.lH>r  tails  an-  i  .  ,th  ^|o,m  , y^^   r<in<^ntrir 

tyiJc,' triple  wncentnc  ty|x«.  lamp  iwt  scaling  and'  dividing  lx>x. 


Ik.x  suitable  for Jhree-eoix"  cables  up  to  03  sq.  in.  cross-section. 
Porcelain  and  niiea  insulation  iscinploved.  the  interior  littings  being 
in«iint"d  on  a  Hte««i  frame.  ('rrciwigi<  is  obvialwl  bv  the  use  of  a 
iH.nelain  shroud  which  covers  the  hve  metal  at  the  comixjund  level. 
W  here  the  j.unts  between  the  various  sections  of  tjie  box  are  alwve 
compound  level  they  are  machmed  on.  where  thev  are  1  clow  eom- 
p.und  level  they  are  jwcketJ.  Tlie  armouring  of  the  cable  is  eecure<l 
to  the  U»x  by  c.i«t-iron  cone  clamps;  but  electrical  continuitv 
between  the  armouring  of  all  the  cables  is  secured  bv  bra.s,  clamps 
which  are  ail  rnntierted  by  hard  nop|>er  strand.  The"tvi>es  of  Iwxes 
illustrated  conform  to  the  Home  Office  regulations  for  the  use  of 
electricity  in  niiqes.     We  uuderstaud  that  the  list  contains  only  the 
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The  Protective  Coverings 
of  Simplex  Conduits  and 
Fittings  are  perfect. 

The  threads  of  Simplex  Conduits  are 
cut   after   the   tubes    are    enamelled. 

They  screw  into  fittings  easily  and 
make  a  perfect  electrical  and 
mechanical  connection  at  every  joint. 

SIMPLEX  CONDUITS  Ld. 

Garrison   Lane,   BIRMINGHAM. 


London— 

113-1 17,CharIng  Cross  Rd„W.C. 
Manchester — 

16,  Corporation  Street. 
Glasgow — 

72a,  Waterloo  Street 
Bristol — 

11,  Denmark  Street. 
Newcastle — 

61-65.  High  Bridge, 


Leeds — 

6,  White  Horse  Street 
Liverpool — 

96,  Whiteciiapel. 
Swansea — 

14,  Heathiield  Street 
Cardiff — 

4,  Westgate  Street 
Aberdeen  — 

1,  Crlmon  Placsi 


■y* 


Canadian  and  Indian 
MICA 

GUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912.    1913.    1914   and    1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters.  Preston. 

Telephone  No. 
1045(2  lines). 


Hopwood  St.  Mills, 
PRESTON. 


Established  1868. 

Codes : 
5th  Edition   ABC 
&  Western  Union 


BELLING 

&    CO. 

We  can  quote  you  for  and  are  regularly  supplying : — 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Irnmersion  Heaters  for  Wa.x  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices.  &c. 

Electrically-heated   Water  Tanks  to  deal   with  any  quantities. 

Thermostatically  controlled  apparatus  'o  keep  either   water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 

We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  dravs^ings  to  m.eet  any  given  conditions. 

BELLING  &  CO..  Electric  Heating  Specialists,  Derby  Road.  EDMONTON.  LONDON,  N. 


E.  SHOWELL  &  SONS.  Ltd., 

STIRCHLEY,    BIRMINGHAM. 


Drawn  Shell  Work 

IN  BRASS,  COPPER,  and 
STEEL. 

Any  size 
up  to  8'  diam. X 4 '  deep. 

Sole  Agent  for  the  Electrical  Trade: — 

LIONEL  ROBINSON,  Lndon.*w"c. 

Telephone:  Holborn  6323. 
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ELECTROLYTIC 
RECTIFIERS 


W><ite     row     X^lHt     "G. 


& 


(DEPARTMENT   4) 
Denzil  Works,  Willesden,  London,  N.W. 

(.■.iilr.inor>.    to    the     AiliniralO.    >\  ar    Offico,    India    Office, 
('Oloiiiul    Office,    rosimasti-r-ficn t-ral.  Nc. 


roiiijianv  M  Hijiiulanl  r.iiijic  i.f  Ix.xos,  mid  that  a  larjrc  nunil  cr  of 
|iatl«>niM  arc  availalilc  hikI  caii  I  <•  i|iii>t(-(|  fur  ayainst  special  re(|uire- 
iiM-ntx. 

Tin-  |M>I<'  trifnnatinn  '"'X  lint  cK-als  with  ^f•\('n  difTcTont  tyjies  of 
•  liiH  fi.riii  (if  Ih.x.     Tiicrc  is  a  low-tciisinii  single  scaling  Ixix.  low- 


i 


*  r-rm 


H 


means  of  hearv  clamp"?.  Provision  is  similarly  made  for  wiping 
glands,  and  armoured  clamps  can  be  supplied  when  specified.  The 
tails  are  brought  out  under  hoods  which  entirely  i.solate  the  con- 
ductors from  dripping  moisture  or  driving  rain. 

Copies  of  the  lists  referred  to  are  available  from  the  offices  of  the 
f  omj)any  at  Charlton.  Ix^ndon.  S.E. 


WOTAN  MONOPLANE  MODELS. 


.An  ingenious  advertising  device-  known  as  the  Wotan  Monoplane 
Model,  is  now  Ix'ing  i.ssued  to  the  electrical  trade.  It  consi.sts  of  a 
-hcct  of  pajier  of  a  sjiecial  quality  on  which  the  component  parts  of 
a  monoplane  model  are  printed  in  colours.  The  various  parts  must 
l)e  cut  out  as  directed,  and  when  bent  and  stuck  together  can  be 


/ 


:^. 


TllHKK    ViKWM   or   IVlLB  TllUI  I"  ATINO    Hox. 


tctiMion   twin  divi.linp   Ihix.   low  trnMinn   mnconfric  dividing   box. 
'  irrntric  dividing  Iwx.  low  JenRion  thiw  .oir  dividinjr  box. 

'  'H    four-ron-     '■    )ing    Im>x.    auil    1     ■ 

•I'vidiuij  bos.     Il  wi:  from  the  illusli 

"''I''  '"  "I'  '"  «  ennp-Hlinj.wl  gland  on  the  undrividc 

'•>•"  arm..urwl.i«ldp  in  M>ruml  i«  thiii  glaiid  by 


Thk  Wotax  Monoplane  Glider  ix  Fuix  Flight. 

easily  aR.«emblcd.  The  size  of  the  completed  model  is  lOJ  in.  acro.ss 
the  wing  tip,  and  the  length  from  nose  to  tail  is  just  over  9  in.  The 
iilusfnitioii  is  an  actual  j)iiotograi)h  of  the  made  up  model  in  flight. 
It  is  accurately  balanced,  and  when  launched  in  the  manner  of  an 
ordinary  glider  is  <  apable  of  performing  many  of  the  evolutions  of  a 
i:o\vcr(lriven  aentplane.  Hy  adju.stment  of  the  tail  it  is  po.'isible  to 
make  the  model  KM»])-t he-loop,  or  complete  a  spiral  descent.  The 
instructions  give  the  various  adjustments  re- 
quired for  the  different  maiKeuvres.  For  instance, 
if  tlic  tail  is  set  horizontiilly  the  model  will  fly 
a  good  distance  ui  a  straight  line  before  coming 
to  earth.  If  the  tail  is  slightly  turned  down  the 
model  travels  do\mwards  at  a  direct  angle.  If 
the  tail  is  turned  upwards  the  mo<lel  lifts  in 
flight. 

KsiHvially  at  the  present  time,  the  great    in- 

n  t«n'st  taken  in  aviation  should  stimulate  a  lively 

ft  demand  for  this  novelty,  which  will  be  supplied 

It  free  to  users  of  Wotan  lamps.     The  making-ui>  of 

\J  tile  model  is  not  an  arduous  oceujiation.  and  can 

easily  be  accomplished  during  the  course  of  any 

fn-f-  evening. 

.\n  ojK'n  space  is,  of  course,  the  be-st  place  in 
which  to  make  flights,  as  eN'cn  in  the  largest  room 
there  must  be  a  certain  amount  of  obstruction. 
The.  variou.s  memi)ers  of  the  trade  who  are  in- 
terested in  the  sale  of  Wotan  lam])s  should 
fake  an  early  opjiort unity  of  communicating 
with  MewPH.  Sientens  Kn.thers  Dynamo  Works.  Ltd..  Cpper  Thames- 
stHM-f.  Ixmdnn.  K.C..  a-sking  for  a  supply  of  the,<ie  sheets  for 
ihstrilnition  among>t  their  customers.  We  also  understand  that  a 
numlu  .-  of  i-oniplct*'  made-up  models  are  availaiile  for  trade  disjtlay. 
Ml  that  the  artu-il  model  can  lie  exhibited  in  any  contraetors  window. 
It  iH.  of  «^»urM\  understood  that  these  adverfi.sements  are  suj>i)li«l 
free  Hn«]  must  therefore  not  Iw  sold. 

We  extract   the  folh.wing  notes  from   the   printed   sheet   of  in- 
structions : — 

Before   launching   see   that    the   model    presents   a    s>nnmetrical 

raneo  as  viewwl  from  the  front.     This  is  very  im|K)rtant  in 

.   ^  .;il  to  the  wingo.  and  if  the  machine  shows  a  tendency  to  bank  on 

one  wing-tip.  the  errf.r  can  U-  rectified  bv  tuniing  uj)  the  tail  elevator 

on  whichever   wide  the  nujdel  lifts.      If  thnnigh   anv  error  of  eon- 
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Our  Manufactures  include 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


Prescot  Pillars 


L.T.    Pillar   fitted   with 
Prescot  Insulated  Units. 


(Pal.  No.  15706/12. 


Prescot  Insulated  Units  will  place  your 
Pillars  on  a  level  with  your  power  station, 
for  safety  and  finish,  at  a  minimum  of  cost. 


BRITISH  INSULATED  I HELSBY  CABLES. 


LTD., 


Cablemakers  and   Electrical   Eng^ineers, 

PRESCOT,  LANCASHIRE. 

Works  :     PRESCOT    and     HELSBY. 
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GUARANTEED 


SECOND    HAND 


THE   VICTORIA    ELECTRIC    PLANT   CO., 
SPENSFR    STREET,    WESTMINSTER.   S.W. 

Gra.T.;  :  'J.  "■'■■  I'.er,  S:*e$t,  London. 


Phote:  Vi'.toris  4026. 


Ferranti  Ltd 

HOLLINWOOD.   Lancashire. 


SWITCHGEAR,  TRANSFORMERS,  METERS, 
ELECTRIC    HEATING    «&    COOKING  APPARATUS. 


»tru<;tion  the  model  ijersists  in  turning  over  to  one  side,  then  bend 
down  the  wing-tip  on  whichever  side  the  model  turns  and  bend  up 
the  otlKT  winf^-tip.  Normally  flie  tail  plane  uliould  Irf*  parallel  to 
the  main  j^lane  and  not  tilted  either  to  one  wide  or  tiic  other. 

When  launching  the  com|jIeted  m<^iel,  hold  it  by  the  body  just 
behind  the  wiiig.s,  and  throw  horizontally  with  a  pushing  motion.  If 
the  iiiorli'l  (lives  no.sc  dowiiwardH  turn  up  the  elevators  until  the  Lest 
adjustment  is  found.  If  the  model  shows  a  tendency  to  rear  uj)  and 
stand  on  its  tail,  turn  the  elevators  <1owti.  If  the  model  is  tilted 
sideways  when  launching  it  will  descrihe  a  sj>iral.  To  loojj-the-loop, 
turn  up  the  elevators  (the  best  ixisition  can  easily  be  found  by 
ex|»erimfnting),  aufl  throw  the  model  sharply  downwards  t(»wards  a 
ixiint  on  the  ground  about  l((  ft.  in  front  of  you.  Care  should  be 
taken  not  to  pin<h  the  m«»del  when  it  is  thrown,  or  there  is  a  likeli- 
hood of  breaking  the  body. 


"  WESTINGHOUSE  SUPPLIES." 


.Mtluiugh  the  supply  <le|iiirtment  of  the  Hriti.sh  Westinghou.se 
Electric  &  Mfg.  Co.  (Lt<l.)  has  only  been  established  in  l^mg  Millgatc, 
.Nbin<liester.  for  some  three  years,  it  is  generally  well  known,  and  is 
likrlv  to  becouie  a    ■  laudmurk  "'  by  reason  of  the  large  public  clock 


|-A  rt,i:i"ll  \  11, \\   III    r  M  1.  \\  I  ■'I  IM.Hni  -  i,  W  \m  ii  i^i  i;i(  ,S|(n\v  HoctMS. 

whit'h  has  recently  been  «'recl««<l  nver  the  entnince  to  the  pn-Miiws. 
This  clock  is  of  handsome  a|i|M-ar.itii'e,  and  (-iinsisth  of  a  copper 
housing  sup|M>rtcd  on  ^wrought  iron  siip|M)rls,  with  the  name  West- 
ilighousc  saw>pierce<l  over  the  top  of  the  dials  nt  each  side. the  dial 
and  balking  to  the  .kjiw  pier'iugs  l>eing  of  w|)il«>  o|Md.  The  clock  will 
\n-  illiiiiiiuated  jim  soon  as  the  lightmu  restrictions  an*  n-niovcd.  and 
will  Im«  m**'!!  froui  iNithendsof  Ixing  Millgntr.  This  clock  is  one  of  four 
whirh  an>  synijironihcd  with  and  n-ii<ive  halfniinute  impul'     '  i 

mitster  or  controller  <'loi  k  situated  ui  the  showroom.     Tn  ■  r 

clock,  in  its  ttim.  will  sliortly  rercivo  the  10  a.m.  time  signal  direct 
by  win>  from  (ircenwiih  ()liM<rvalory.  The  systi-m  has  l«'cn  supplinl 
and  lixcd  by  .Me.nsr.s.  ."Nyuchronomc  (Ltd.).  a  firm  which  u'-^vls  no 
introducli(m  to  cuir  riNiders.     liy  reason  of  its  precision  this  clock  will 

do\ibtlcsH  in  a  short  tinu<  conu"  to  be  r I  by  the  jaiblic  as  an 

in^titiit i.in   ii)wiii   Mliii'h   Tfliiiti'-c  c'ln   I'  mu'I   tin-   \Mltie  of  ;i 


"THOR"  High  Grade  Specialities 

CASING    iind    CAPriN(.         (MUF,    (  ( »NNF.(  T' >R  .S 
rONDlUT  (OMMl'TATdH     (     >MPOUND 

rABl.F.S  WATF.RTir.lir    K1IVING5 

AMI    AIL   ELECTRICAL    A(  (  f     SORIt:>. 

r-OK   PRiCFS    A 

HASl.AM  &  STRFTTON.  lAd.,^:^-;^,:,--^']^^^,'- 


name  which  is  practicalh'  a  household  word  in  connection  with 
efficient  electrical  ajtjtaratus  will  be  correspondingly  enhanced. 

The  illustration  al.so  shows  another  attractive  feature  of  the  shop 
Mindow  at  Long  Millgate — namely,  an  outline  advertisement  cut  out 
from  a  "  Cat  ""  fan  jsjster  and  .«tuck  on  the  inside  of  the  glass  fortning 
a  striking  advertisement.  The  window  is  set  out  with  Westinghouse 
fans  of  different  types  and  sizes  and  with  a  novelty  list  and  window 
card  combined,  making  a  good  window  disjjlay.  The  latter  is  a 
sjjecial  catalogue  designed  and  devi.sed  by  the  department,  and  takes 
the  form  of  a  \\'estinghou.se  fan  stamped  out  to  correct  shape,  and 
jirinted  in  three  colours  to  rejjrcsent  a  fan  ;  by  means  of  a  strut 
attached  to  the  bottom  of  front  cover  and  fittmg  into  a  slot  in  the 
back  cover,  this  will  stand  on  its  own  base.  This  forms  an  attractive 
and  novel  achertisement  for  electrical  contractors  and  station  engi- 
neers to  whom  it  has  been  distributed.  The  whole  scheme  .shows 
considerable  originality,  and  this  forceful  advertising  is  typical  of  the 
firm  of  which  the  dejiartment  is  a  part — and  a  rapidly  growing  part. 


CONDUCTING  A  HOUSE-WIRING  CAMPAIGN. 


There  is  jirobably  no  central-station  man  who  does  not  recognise 
the  desiraliiiity  of  making  the  load  on  existing  lines  as  large  as 
j)ossible.  In  general,  there  are  only  two  ways  in  which  this  can  be 
done,  the  first  being  to  increase  the  load  of  the  present  customers, 
aiul,  second,  to  increase  the  number  of  customers  along  the  lines. 
This  second  avenue  of  new  business  activity  involves  in  nearly  all 
cases  the  wiring  of  the  premises  that  are  to  be  connected,  and  in 
order  to  stinnilate  such  wiring  a  large  number  of  house- wiring 
camjiaigiLs  have  been  carried  on  by  the  more  aggressive  central- 
station  companies  in  recent  years.  As  a  rule,  however,  such  cam- 
paigns have  been  more  or  less  spasmodic,  and  their  results,  while 
usually  satisfait(jrv.  have  been  far  from  what  they  should  have  been. 

It  is  interesting  to  note,  therefore,  a  house-wiring  campaign  which 
involves  a  distinct  departure  from  former  methods  in  a  numl>er  of 
resjM'cts.  Heference  is  made  to  the  special  camjiaign  being  con- 
ducted throughout  the  present  year  by  the  Rockford  Electric  Co. 
of  Hoikford.  HI.  Probably  the  mo.st  striking  feature  of  this 
cam|)aign  is  its  jjcrsistcnce.  Instead  of  being  conducted  for  a  period 
of  several  weeks  or  a  month,  it  has  already  been  in  effect  for  the  past 
six  months,  and  will  i)c  continued  until  next  January  at  least.  To 
this  feature  alone  j)roi)ably  is  due  a  large  measure  of  success  attained, 
becini.sc  every  renewed  effort  to  call  attention  to  the  value  and 
bfuclits  of  electric  service  and  to  the  reasonable  cost  at  which  it  may 
Ik'  s«'cured  makes  a  deeper  imi)ression  upon  those  who  at  first  are 
interest«'d  in  luen'ly  a  casual  way.  By  such  renewal  of  a  sjx'cial 
effort  tti  interest  j)mspects  the  advantage  is  also  secured  that  atten- 
tion is  arous<><l  at  one  time  or  another  when  the  prospect  finds 
himself  in  financial  omdition  to  sign  a  contract,  whereas  on  the  first 
one  «)r  two  a|i|)eals  he  may  not  be  in  this  condition.  Another  feature 
of  the  Kockfonl  camjiaign  is  the  sjiirited  advertising  and  jmblicity 
work  which  is  being  carried  oiit,  Ixjth  through  the  ncwsjiajxTS, 
through  sjH'cial  circulars  and  by  jx^rsonal  api>eals  of  the  comiwiny's 
salesmen  and  also  of  old  customers. 

An(>th«'r  striking  fcatvue  is  the  emi)hasis  laid  on  the  value  of 
electrical  appliances.  I'sually  house-wiring  campaigns  call  sjx'cial 
nttontion  to  (he  value  of  electric  lighting,  and  this,  while  one  of  the 
m<»st  im|Mir)ant  featiires  connected  with  electric  .service  in  residence 
districts,  does  not  rcali.se  the  maximum  jxissibilities  of  such  .service. 
Hy  laying  stress  on  the  value  of  electrical  household  utensils  of  all 
kinds  in  re<lucing  the  drudgery  of  the  housewife  aiul  in  increasing 
omforts  of  the  bniMc,  thi'  double  advantace  is  .secured  of  in- 
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TINNING     FURNACE 

11:11ft  P,i!evft> 
^..r  (OATING  WIHES  with  Tin.  Loud.  etc.      For  ui«   ••    >    BATH. 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL. 

Th»   eDlr  TIbbIbi  Plinl  on    lh»    World's    Market    with   Antomitlc    Heit    Control. 

MONOMETER   Mfg.   Co..   Ltd.,   Aston,    BIRMINGHAM. 
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FERROZOID 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO.— 


MAKERS i 


HENRY  WIGGIN  &  CO,  Ltd., 
George  Street,  Birmingham. 


AGENT: 


t 


TCI  pPHONE : 
'  ^'-'-QRAMS . 


6400  CENTRAL 
"  WIQQIN  BIRMINGHAM." 
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LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

TCI  CPHONE:  6323  HOLBORN. 

''-'-'- QRAMSi  "FERRYDOM,    LONDON."  ^^ 

An  Improved  Method  of  Earthing 

whereby  a  certain  and  permanent  earth  Is  assured  is 
represented  in  Scholey's  Paragon  Earth  Cone  as  illustra- 
ted hereunder.     Engineers  should  obtain  full  particulars. 


The 

PARAGON 

Earth  Cone 

is  made  of  pure  copper, 
suitably  jjerforated  and 
filled      with      charcoal. 

The  earth  aroimd  can- 
not dry  up  and  shrink 
away    from    the    cone. 

It  absorbs  moistiure  and 
keeps  the  earth  romid  tlie 
cone  always  moist,  thus 
making  a  perfect  earth. 

It  is  extremely  easy  and 
inexpensive  to  instal.  A 
large  excavation  is 
not  required.  Just  bore 
a  hole  with  a  po.st 
augur    and  drop  it  in. 

Solves  the  question  of 
reliable  earthing  and 
possesses  many  advan- 
tages over  earth  plates. 


56,  VICTORIA  STREET,   LONDON,  S.W. 


TfrTTTT 


I.   ll-kl.^UIIMl 


J.  P.  DEVINE  CO.,  Buffalo. 


MANUFACTURERS    OF 


ifacMniD  DnjlDfl  apil  liiiDrepatlDB  Plapt. 

(PASSBURG  SYSTEM.) 

The  Devine  Co.  are  well  known  in   the    United    States 

and  Canada  as  the  leading  manufacturers  and  experts 

in  Vacuum  Drying  and  Impregnating    Plant    and    have 

over  1,500  such  plants  in  successful  operation. 


AIR  PUMPS,  COMPRESSORS, 
VULCANISERS, 
CONDENSING   PLANT. 


Solvent     Recovery     and     Derlslnating 
Plant  a  Speciality. 


Sole  Representative  : 

JAMES   LIVINGSTON,    LTD., 

JO,  QT.  ST.  HELENS,  LONDON,  E.C. 


Telegrams  and  Cables  : 
"Cinerary,  Lonixjh." 


Telephone  : 
London  Wall  3151i 
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D.  &S. 

HANDLE  "FUSES. 


50  amps,  and  upwards.    600  volts 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 
^    MANCHESTER. 


tfin-HtiiiK  the  women  jmrtii  iilinly  and  at  tin-  ^iune  time  seruring  a 
mueli  more  n-K|)e(tal»le  load  from  the  tu.stomerH  coniiceted  Still 
another  asjieet  of  the  Hoekford  eamj  iiipii  in  the  Kplcndid  co-opcnitive 
H|)irit  in  which  if  is  lieiii^'  curried  out.  The  central  station  is  working 
in  full  harmony  with  leading  contra  'tors  of  tin-  city,  and  lias  even 
Heenrr-d  the  active  co-operation  of  itw  old  cuHtomerw.  By  the  .simple 
expedient  of  giving  jirizes  in  the  form  of  a])i)Iiances  the  interest  of 
old  ii.stoinerH  in  tliih  cainiiaign  in  an)n.'-ed,  and  they  are  induced  to 
work  among  their  neighbourH  in  the  moHt  effective  way  po.ssiblc, 
Hince  a  good  word  from  a  present  user  of  ele<-tric  wrvice  goes  farther 
with  a  prosjH-ct  tiian  a  great  deal  of  the  special  effort  ma<le  by  those 
immediately  interested.  Combining  xnch  a  large  number  of  valuable 
anri  vet  con'imorisens«-  f«-atures.  it  is  no  wonder  that  the  campaign  has 
b«'en  an  except ii»nally  successful  one.  A  study  of  it  by  other  central 
KtatiouH  Hhould,  therefon-,  ]mn(:  to  be  very  jjrolitable,— A7<r<ricaZ 
H'vicw  and  WeJitern  Electrician. 


CHARGING  ELECTRICS  AT  RUGBY. 


.Mchsrs.  the  Mritish  'i'liomsonHouston  Co.  (Ltd.).  and  also  Messrs- 
U  illan.s  ^  Kol)inson  (Ltd.),  have  kiniily  promised  to  i>rovide  charging 
faeiliticH  for  any  electric  vehicles  jwHsing  through  Rugby  niKin  the 
following  conditions  :  — 

1.  During  holiday  [K?rio<ls  no  arrangements  can  be  made  fur 
the  charging  of  outHide  vehieles. 

2.  \  charge  of  2d.  per  luiit  will  lie  made  for  .ill  elettrical  energy 
Hupiilied  for  this  pur|KiHe  betwuea  ?.;{(»  a.m.  on  Mtniday  and  12  noon 
on  Saturdiiy. 

:{.  At  week-endH  an  addition.il  charge  of  2s.  per  hour  will  be  made 
or  charging  vehiclca  bclwcea  12  uouu  uu  Saturday  and  7.:{<i  a.m.  on 
,Mon<iay. 

4.  It  iH  luiderstood  that  neither  of  the  (irniK  will  accept  any 
n'H|ionsibility  for  Iom.s  or  inconvenieut  <•  that  may  be  caused  by  tlieir 
inability  or  failure  to  charge  any  vehicle  or  vehiclen. 

It  ix  adviHable  that  any  linn  wnding  vehicles  through  Rugby  and 
re(|uiriug  a  charge  iit  that  place  should  communicate  in  .id\  an<  e  with 
either  linn  in  onlcr  that  tlie  necenwiry  arrangementH  may  be  made. 
The  Kleclric  Vehicle  (  ommitfe  are  iudebleil  to  Messrs.  the  Rritisii 
ThoniHcin  lloUMton  Co.  (Lt«l.)  an<l  !<-  Messrs.  Willans  iV  Robin.son 
(Ltd.)  for  kindly  making  thew  arrangementH. 


ELECTRICALLY-OPERATED  FLOW  METER. 

A  new  dexign  of  How  nu-ter  for  walor.  air,  Mfeam  ami  gaH  has 
n-reiitly  been  introduced  by  the  Republic  Kluw  Meters  ("<»..  i^^^^. 
W'ashmgton  llouh-vanl.  Chicago.  Acconhng  to  "  KnginiM-ring 
News"  it  comprifHs  a  pilt)t  tube  and  a  dilT«'n'ntial  prcssun*  gaugt*. 
l»oth  of  s|HH'ial  eonstnution.  The  pitol  tulie  comprises  two  tubes 
going  entin'ly  aero.ns  the  How  pijn'.  'he  static  and  dynamic-jtrcssun- 
n|K>nings  being  two  lines  of  small  holes  at  the  niid))ointH  of  equal 
annul.»rare.if«.  by  which,  it  is  n'ported.  a  tni  'ncity  prrssurc 

is  ol)tame<l  dm^etly.     The  lines  of  holes  -       ^.  ai>art.     The 

differential  pressure  gauge  is  a  casting  with  two  rc8cr\*oirs,  one  «bo^*e 
the  other  an  I  conn"cte  I  by  a  vertical  shaft.     Ti  •    nont  fakes 

the  place  of  the  usual  Utuln\     In  the  lower  mercury. 

Alxne  this  is  water,  and  on  top  of  all  is  oil.     In  the  reservoir  well  is 
a  steel  tulie  supiwrting  a  series  o(  resistance  spools  and  dependent 


contact  rods.  There  is  a  constant-voltage  (40  volt.s)  alternating- 
current  circuit  Howiiig  from  a  .special  transformer  through  the 
resistance  and  mercury  to  the  pipe  connections,  and  thence  to  indi- 
cating and  recording  instrument.s.  As  velocity  and  impact  jnessure 
ri.ses,  mercur.\-  is  forced  frcjin  the  lower  reservoir  up  the  contact-rod 
well,  short-circuiting  more  and  more  of  the  resistance,  and  dis- 
j)Iacing  oil  (which  in  the  tube  well  rests  on  the  mercury).  The 
resistance  units  are  .so  designed  that  the  current  is  kept  proportioned 
to  the  square  root  of  height  of  mercury  column,  and  so  to  the  pipe 
velocitv. 


SOME  USES  FOR  FERODO. 


An  interesting  feature  about  Ferodo  fabrics  is  their  adaptability. 
Althougii  designed  originally  for  lining  clutches  and  brakes,  their 
high  coetticient  of  friction  results  in  their  being  used  in  many  ways. 
The  latest  instance  eome.s  from  a  lirm  who  are  extensively  engaged  on 
munitions.  They  an^  using  Ferodo  fibre  in  a  circular  vice  for  holding 
the  shells  whil.st  screwing  in  the  noses.  They  write  that  it  gives  good 
results  as  it  does  not  mark  the  work,  and  has  great  gripping  jx)wer. 
The  manufacturers  of  Ferodo  fabrics,  the  Herbert  Frood  Co.  (Ltd.), 
Chapel-en-lc- Frith,  are.  we  understand,  at  all  times  ready  to  give 
advice  in  regard  to  the  u.se  of  their  fabrics,  and  will  welcome  inquiries. 


JAPANESE  CENTRAL  STATIONS. 


.•\  .statistical  reixjrt  of  electrical  plants  in  Ja})an  at  the  end  of  1014 
has  been  i.ssucd.  The  rc|K)rt  shows  a  total  of  1,940  stations  gene- 
rating elect ric.il  energy,  of  which  .WO  arc  central  stations.  24  railway 
|)lanf  s,  47  combined  railway  and  central-station  plants,  l..'}66  isolated 
plants,  and  the  n-mainihT  official  i)lants  ;  60.")  of  the  plants  generate 
energy  by  water- |K)\\cr,  7SS  by  steam  and  457  by  gas.  The  total 
capacity  in  1014  amounted  to  C)(I8..").")4  kw..  of  which  ;}41.S00  kw.  was 
in  central-station  jilanf.s.  The  next  largest  was  that  of  i.solated 
pliuit.s.  with  a  <apaiity  of  14(1.022  kw.  The  capacity  in  water- 
IKtwcr  generating  ei|uipmcnt  is  ;}(5().24;5  kw..  in  steam  equipment 
2l7.'.Mt7  kw..  and  in  gas  e<|uipment  24. .'{44  kw. 

Out  of  a  total  of  22.(»(iO(»  miles  of  transmission  lines,  2l.{M)8-8 
niiles  was  aerial  line  and  7,")(IS  miles  underground  line.  The  niimber 
of  lighting  customers  was  2.0t)().(l8."),  of  which  number  2,!H).'{,2(»8  were 
supplicnl  at  a  Hat  rate.  35,723  at  a  metered  rate  and  27.155  by  a 
eomliiniition  Hat  and  metered  rate.  Mo.st  of  the  incandescent  lam]>s 
u^cd  in  ION  wen-  (d  the  carlion  type.  Of  the  total  of  l).002.8vS5 
actually  lignted.  4. 15(1.847  were  carlnm  filament  lam])R  and  the 
remainder  metal  lilament  lam|»s.  Hut  l..V)5  arc  lam jis  wchmii  service. 
The  connected  load.s  of  the  Iam|>.s  amounted  to  177.04(t  kw. 

Power  customers  totalle<l  32.(t3.3.  of  which  22..5r)5  were  supplied 
on  a  Hat  rate  and  the  remiinder  on  a  mcten>d  rate.  The  total  horse- 
power e<innecto«l  in  motors  amounted  tol48.702  n.r.  Other  electric 
applianrvs.  having  an  aggregate  jjower  of  133.051  kw.,  were  con- 
ne<fcd  to  the  lines  of  the  different  companies.  The  large  numl>er 
of  customers  supplied  on  Hat  rate  is  noteworthy. 

Raid  up  capital  amiunted  to  S2.30. 177.620,  the  nominal  capital 
\m  ■-■'.(1S(».24(1.     Oclxnture?.  and  loans  amounted  to  $40,348,707 

an:  .  amounted  t<i  $7.4(M>.(>o4.     Revenue  from  electric  lighting 

amounted  to  §18,630,8.50,  and  from  ix>wer  consumption  the  income 
wai?  86,990,681. 


fVlBttd  tad  PubUibad  by  th»  (  •    i  •  r.  rt. "  Tmb  ELK-raictAii  "  P«orTi»io  aud  Pubushikc  Co..  Ltd..  •«  th«  Editorial.  Prirttec  uo  rublishing  CfficK. 
I,  a  Md  ».  S4LIMUIT  OviT.  Flwt  9r«WT.  la  tk«  aty  e(  LOMXX.  Fiiuat,  August  IS.  I9lii 
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4>  4-^4>4'4'^^4^4'4'4'4'4'4'4"^4''^>^-^'^^'#> 

4     The   Round   Table.     % 

4  <S>444^444'^4'4>4'4>-^4'4'4<S>4><^4>^'^«^ 


I  am  running  a  considerable  risk  in  publishing  this  little 
pifture,  but  I  am  going  to  take  it.  Be  it  known  that  until 
the  electric  boiling  plate  the  electric  "  gas  ring  ''  it  was  once 
fli]){)antly  called     is  perfected,  the  combination  range  will  be 


Event  of  the  Week  -  Why,  the  Wotan  monoplane,  of 
course  !     Have  you  flown  one  yet  ? 

*  *         *         * 

Now  that  Canada  has  prohibited  the  export  of  hydro-elec- 
trical energy,  the  question  before  Congress  is — "  Shall  Niagara 
be  diverted  ?  " 

*  *         *         * 

A  certain  widely-read  halfpenny  morning  daily  has  been 
conducting  an  interesting  correspondence  on  *'  The  Waste  of 
Coal."  Has  it  forgotten  that  it  has  itself  been  responsible  for 
a  considerable  leakage  of  gas  for  many  years  ? 

S]i  Sft  S)C  ij> 

The  "  Sheffield  Telegraph  "  tells  us  that 
alternating  electric  currents  have  now  come  to  stay,  but  they 
had  a  very  severe  struggle  against  continuous  currents. 

Yes,  and  still  have  in  tiiose  beastly  rotary  converters,  doncher- 
know,  especially  during  the  hunting  season  ! 

*  *         *         * 

An  individual  recently  applied  for  exemption  on  the  ground 
that  he  was  an  electric  welder.  The  Tribunal  asked  what 
previous  experience  he  had  had  of  this  work,  and  the  reply  was 
that  he  had  been  a  barber  !  This  must  explain  the  little  fused 
knobs  at  the  ends  of  one's  hair  after  the  singeing  operation  ! 

*  *         *         * 

I  really  think  that  some  of  my  friends  who  have  made  quite 
big  bets  on  peace  before  January  1,  1917,  have  a  fair  chance  of 
winning,  for  Sir  L.  Chiozza  Money  has  written  an  article  in  the 
"  Daily  Mail"  suggesting  that  the  adoption  of  a  national 
scheme  of  electric  power  production  will  pay  for  the  war  at  a 

stroke  ! 

*  *         *         * 

A  bishop  "  way  out  west  "  is  reported  to  have  been  electro- 
cuted while  fishing.  He  seems  to  have  been  making  a  cast 
when  his  line  came  in  contact  with  an  adjoining  44,000- volt 
transmission  circuit.  While  deploring  so  sad  an  event,  it 
certainly  suggests  that  his  lordship  had  been  reading  one  of 
the  Society   for    Electrical    Development's  posters :    "  Do    it 

electrically." 

*         *         *       * 

Some  men  returned  from  the  front  seem  to  recover  hearing 
and  sight  when  their  teeth  are  extracted  or  they  slip  up  on  the 
pavement  ;  at  home  there  is  a  noteworthy  increase  in  the 
number  of  people  who  are  struck  dumb  with  the  price  of  com- 
modities and  tlie  size  of  electricity  and  gas  bills.  And  there 
.seems  no  hope  of  recovery  ! 

*  *         *         * 

The  trials  of  the  signal  service  at  tlie  front  are  poignantly 
illustrated  by  Capt.  Bruce  Bairnsfather  in  one  of  his  inimitable 
sketches  in  this  week's  "  tBystander."  The  joke  attached  will 
be  appreciated  by  all  signalling  men  and  electrical  engineers 
of  the  Electroharmonic  and  Batti  Wallah  ilk. 

Those  Signals. 

The  Vigilant  One :  "  I  say,  old  chap,  what  does  two  green  lights 
and  one  red  one  mean  ?  " 

Recumbent  Gladiator  (just  back  from  leave)  :  "  Two  cronie  de 
mSnthes  and  a  cherry  brandy  !  " 


L.  P.  S. 
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of  all   descriptions. 
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The  Gas-Electkic  R.\nc;e  .vt  L.vst. 

the  order  of  the  day.  The  stove  illustrated  is  a  Yankee  pro- 
duction, because  "  over  there  "  co-operation  such  as  would 
rejoice  even  Mr.  Wordingham's  heart,  is  now  regularly  indulged 
in. 

^  ^  ^  ^ 


THIRTY  SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Aug.  23,  1879.] 

The  Electric  Light  at  Blackpool. — The  Corporation  of  Black- 
pool have  decided  to  light  up  the  Promenade  with  six  of  Siemens" 
electric  lights,  re23resenting  6,000  c.p..  at  a  cost  of  £2,500.  The  light 
will  be  in  operation  in  a  few  weeks'  time,  and  will  be  used  every 
season  for  about  20  weeks.  On  the  Thames  Embankment  the 
electric  light  exhibited  only  represents  300  c.p.,  so  that  there  will  be 
no  comj)arison  between  the  disphiy  there  and  at  Blackpool.  The 
Corporation  proposes  to  spread  the  cost  of  the  light  over  10  vea  -s. 

The  tiAS  Light  &  Coke  Co. — The  fear  from  competition  with  the 
electric  light  expressed  at  some  of  the  meetings  of  the  g-as  com- 
panies not  so  very  long  ago  seems  to  ha\e  subsided,  and  yet  we 
should  be  inclined  to  say  the  com|;etiticii  will  be  a  reality.  At  the 
last  meeting  of  tlie  Cias  Light  &  ("oke  Co..  tlie  following  paragraph 
was  read  in  the  report :  "  The  directors  have  before  expressed  an 
opinion  with  regard  to  the  effect  likely  to  be  i)roduced  uiKin  their 
undertaking  by  the  electrio  light.  That  opinion  renuuns  unchanged, 
but  in  the  interval  which  has  elapsed  since  it  was  commmiicated 
to  the  proprietors,  the  subject  of  lighting  by  eioctricity  has  been 
investigated  by  a  Select  Committee  of  the  House  of  Commons,  the 
results  of  whose  deliberations,  having  been  reported  to  the  House  and 
made  public,  it  is  now  unnecessary  to  refer  to  more  fullv." 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 


Free   Sample  on  application. 


J.  BLUNDELL  &  SONS, 

60LD,  SILVER  S  PLATINUM  REFINERS,  199,  WARDOtIR  STREET,  W. 


"GobfipUt,  Oz.,  London.' 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For   Oirsct   Currant. 


For    Thre«-ph»»«   Curr»nt. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Hbad  Office:  CAXTON  HOUSE,  WESTMINSTER,  S.W. 
Talephons:  Cerrard  8fcO.  Telegrams:  "  Siembralos,  Vic,  London." 

Suppliei  Dept.:    38  &  39.   UPPER   THAMES  STREET.   E.C. 

TeleptioriO :  City  5350.  Teleprams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES i 


BiRMlNOHAM — Central  Ho..  New  St. 
Bristol— 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow— 66.  Waterloo  Street. 


Manchester — 196.  Deansgate. 
Newcastle — 64-68,  Collingwood 
Sheffield— 22,  Hi^h  St.        (Bldgs 
SouTHAi4PTON^-46,  High  Street. 


Branches  in   Principal  Towns  Abroad. 


THE  BRASS  TACK  BRIGADE  MEETS  BROWN. 

BY  KKANK    H.    KAK.  .IK. 

\Thr  folloirinff  hreezf/  slory  taken  with  urkiiotrJedgments  from  "\Ehc- 
tririil  Mtrrliiiiiihsiiiij,"  X.Y.,  in  rp/>ri>t/iirfff  ns  a  tlmroiKjhl;/  ti/plrnl 
fjfiHipIr  of  Aiiirrirnii  mrthodn  ap/tlinl  In  milnil  .sitition  riMinnerrio^ 
work.  Thcrr  ran  hr  no  ditnfjreemeiit  with  the  ninrttl  of  the  xlori/.  which 
in  iiM  iipiiUriilttr  III  iiiir  own  t/rnrnil  .w/r.v  iiirlhodx  (i-s  those  of  the  Ydtikee^'i, 
til)  iiiiilli r  iiliiil  Ihr  liniiirh  of  Iniih ,  miiniifrrr  or  iiiiliislri/  vrii/  he.  As  ft 
"  iifitioii  of  fiho/ikeejh'rs  "  of  "  some  "  ejperienre,  we  iiwliiie  to  i/uarrel 
with  the  IINI  fter  mil.  fffirirtiri/  idea.  Even  Ymikre.s  with  nil  their 
hiiMtlr.  Mnn/i  mid  ijimjir  mid  " pt /i,"  rininol  keep  wiirkiiiij  ill  Ihnl  rule. 
Ilnufver,  111  II  holidni/  "  ijnrn  "  iV  will  no  doiiht  he  iifiprerinted  hij  those 
who  lire  tiikimj  no  holiini/.i,  at  least  not  iffirialli/.] 

"  Ctttnt'  aroimd  l<>  tin-  inci-tin^  in  tin-  morning     ciglit  tliirtv." 

Diivis.  (if  llu-  <'<iinl)inati()ii  (inn  fc  Klocfric  (oinpniiy,  oxt<>n<h'cl  flic 
jiivitiktion  a.-4  (linii^'li  \\v  ini-iint  il.  Imt  I  Htallol. 

I'll  do  my Nlcc|»iiin  '"  '"•'•  '^  '•  •■*  •I"'  w>inr  to  yiii.  old  iiiaii.  I 
know  all  aliont  thi'm«  mcotiiiKK  ntll-call,  and  then  Konie  drivflling 
wliinrr  llial  yon'r.-  alioiil  to  '  ran,"  jfi-ts  ii|)  and  trll.x  wimt  a  drciidfiil 
tinw  111-  had  failing  to  .-(•11  a  tialiron.  and  tlii-n  .sonic  fellow  who  voii 
know  was  play  inn  I**'"'  '•!'  ''>«'  aftrrnmtn  n«j)orlH  .'}3  enllH,  an«I  tluii 
yon  h'vc  the  linm  h  hclen  repeat  and  ev«TylM>dy  jjoes  away  son-. 
Not  for  nic.      I'll  I'onie  do\Mi  to  th(  ollice  after  the  sad  rites  an  over." 

"  You'll  Pomc  down  to  the  meeting  and  got  a  shock."  (said  Davin, 
•leciHivrly. 

"  What  .s  the  Ing  idoft  T  -gnijig  to  pnll  a  lKM)chi-koorhi  dance,  or 
have  .lontclMxIy  take  raliliits  ont  of  a  hat.  or  something  like  that  ?  I 
can't  tlunk  of  anything  el.so  heing  dono  at  a  central  st.ition  Hales- 
\ni\u'H  nuM'ting  that  wotd«!  I»c  particnlariy  sho«king.  For  me. 
ihoy'm  most  iMni-somc  and  fnf  ile  procc<<dings.      Better  let  mv  ont.'' 

"  You  come.  "  Davis  was  serious.  •'Those  meetings  of  ours  are 
not  tho  usual  hunk.  When  this  company's  pack  of  order-hounds 
K'"'  ''cr,  they  meet  for  a  purpose.     They  call  themselves  the 

Ki  s  Brigftfie.  and,  take  it  ftx)iu  me,  they  certainly  do  get  dowii 

to  brass  tncKs.     Better  join  us." 

•         •         •         • 

"  Follows,  we'll  rome  to  order."  It  was  a  pretty  grnxl  looking 
^rowd— this  UtMn  Tack  Brignde.     Two  or  thrc«  were  obvious  cubs, 


a  couple  were  grevbeards,  and  the  rest— perhaps  15— were  average 
salesmen.  To  tell  this  ston,"  well,  I  suppose  I  should  describe  all  of 
them  as  tall  and  handsome  and- clean  limbed — whatever  that  may 
mean— like  a  gathering  of  Robert  Chambers'  heroes,  but,  as  a  matter 
of  truth,  I  must  state  that  the  Combination  Gas  &  Electric  Com- 
pany's commercial  department  was  made  up  of  fellows  very  much 
like  you  and  me.  About  the  only  distinguishing  feature  of  the  crowd 
was  a  general  air  of  assurance.  They  knew  they  were  making  good, 
and  they  showed  it. 

"  Pretty  fair  crew  of  appliance  pushers,"  I  whispered  to  Davis. 

"  Too  confounded  cocky."  was  his  imdertone  response.  "  But 
we'll  cure  all  that  in  a  few  minutes.     You  watch." 

As  the  roll  was  called,  each  man  rose  and  reported  on  his  work  of 
the  previous  day— so  many  calls,  so  many  actual  interviews,  so  many 
sales.  Adams,"whose  name  headed  the  list,  started  by  reportihg  two 
vacuum  sweepers  and  a  house  wiring  contract.  Colgate,  the  next 
man,  had  sold  an  equipment  of  flatirons  to  a  laundry,  a  milk  warmer 
to  a  man  who  had  become  a  father  not  six  hours  before,  and  a  sign 
to  a  comer  druggist. 

"  It's  going  to  be  a  record  da},"  whispered  a  young  chap  sitting 
next  to  m^,  and  as  the  reports  rolled  up  the  men  began  to  applaud 
each  sale,  until  even  Davis  showed  signs  of  enthusias-m.  It  was  fast 
developing  into  one  of  tho.se  mushy  mutual  admiration  meeting.'--, 
when  I  received  the  shock  which  had  l)een  promised. 

"  Fellows,  that's  a  pretty  good  day's  work."  Davis  hushed  the 
laughter  and  put  an  end  to  the  back-slapping  by  rising  to  his  feet. 
'■  It's  a  pretty  good  day's  work,  but  it's  not  a  good  two  days'  work. 
'  The  good  rejjort  you  all  turned  in  for  yesterday,  is  not  a  licence  for 
you  to  loaf  to-day.  I  want  you  to  hop  to  it  just  as  if  this  were  an 
ordinary  report.  But  before  you  go  I  want  j'ou  to  listen  five  minutes 
to  a  chap  who  doesn't  think  much  of  you — a  chap  who  came  in  this 
morning  and  eomi)lained  that  your  laziness  and  inefficiency  are 
costing  liim  money.     His  name  is  Brov.n." 

It  was  amusing  to  see  their  faces  change,  iirtt  from  smiling  compla- 
cency to  seriousness,  and  then,  as  the  stranger  was  presented,  to 
actual  belligerence.  Lazy  and  inefficient  !  Did  this  guy  think  he 
( oiild  call  them  lazy  and  inefficient  after  hearing  that  sales  report  ? 

"  I  am  Bn)wii  of  the  Sunkist  Sweeper,"  began  the  stranger.  He 
looked  like  a  fellow  who.'^^e  name  should  be  "  Knockout  "  Brown.  He 
was  thick  and  hard  looking,  like  a  decent  pugilist.  The  obvious 
animosity  of  the  Iwys  failed  to  disturb  him. 

"  I  .sold  an  electric  sweeper  yesterday  to  a  woman  whose  house  was 
not  wired  for  electricity.  She  paid  cash  for  the  sweeper.  When  1 
s|x>ke  to  Mr.  Davis  about  it,  ho  looked  up  the  prospect  card  on  this 
woman  and  the  report  read.  'Says  she  cant  afford  electricity  just 
yet.'  But  I  sold  her  for  cash  a  sweeper  which  is  useless  until  one  of 
you  fellows  hustles  around  and  gets  the  wiring  contract." 

There  was  something  like  a  gasp  of  astonishment,  then  a  snicker 
ran  through  the  room.  The  wonderful  sales  report  of  a  few  moments 
befoH'  was  forgotten.  The  Brass  Tack  Brigade  came  down  from  its 
lofty  height  of  self-complacency  and  began  to  study  the  husky 
^traIlger  with  interest.  "  Tliis  fellow.  "  their  manner  teemed  to  say, 
"  has  something  that  we  can  use  in  our  business."  And  they  settled 
down  to  the  joi>  of  absorbing  Browii's  words — of  learning,  if  jxissible, 
the  .secret  of  his  salesmanship. 

"  You  fellows  are  a  good  crew,"  continued  Brown.  "  You  know- 
it.  But  you  are  a  crew  of  amateurs.  You  are  a  bunch  of  dilettanti. 
You  play  Hi  salesmanship. 

Now.  1  am  not  here  to  bawl  you  out.  Mr.  Davis  has  asked  mo 
to  tell  ycui  how  I  did  if.  and  that  is  what  I  want  to  do.  I'll  begin  at 
the  iK'ginning. 

"  A  little  while  ajjo  I  was  driving  a  delivery  wagon  at  $8  a  week.  I 
was  a  fair-to-iniddling  delivery  wagon  driver.  One  day-  don't 
think  I  am  pulling  any  sob  sister  stutT.  for  this  is  the  story  of  a  man 
who  can  go  10  fa.st  nuinds  with  any  plug-ugly  in  the  State— one 
day  1  happened  f|uife  by  chance  to  read  this  ad.,"  and  Brown  lished 
(»uf  a  frayed  newspaper  clipping  : — 


A  CORPORATION  WITH  A    HEART. 

SaI.KS  DKr.\KTMENT. 

Ill  the  Wninning  let  it  be  understood  that  this  is  no  philanthropic 
or  rharitable  organisation,  but  a  concern  of  national  rcjnitation, 
mnnufacturin^  a  meritorious  article  of  recopii.'*c<l  merit,  who 
emjiloy  large  nuniWrs  of  men  an<l  who  are  now  niakinp  arrange- 
ments t«  incrpa.sp  their  forces  in  tho  sales  dt^jiartment. 
Wr  want  men  of  undoveloprnl  sales  ability  who  have  failed  to 
make  A  success  in  tho  business  world  throuph  tho  lack  of  opportu- 
nitios  or  who  realise  they  are  failures  due  to  their  lack  of  aggres- 
si  von  OSS. 

Men  of  RfHxl  appearance,  mombors  of  pood  families,  who  are 
now  dotorminod  to  make  good,  who  are  willinp  to  conronfrate 
time  Aiid  atlentinn  to  fkttain  a  place  in  the  sun.  Men  with  latent 
ftbility  who.  und^t  our  suporvieion  nnd  encourBgeincnt  ctm  b^ 
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Advt.   of  Pope's  Electric  Lamp  Co.,  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


Greenly 


jc^ut^  iAc  iTie^jLt  a^d 


0»  If* 


ACCUMULATORS 
British    Made    Throughout 


THE   first   man  to  make  an   accumulator  in 
this   country  that  would   really  stand  the 
racket   of    the   early    motors    was    C.    A. 
Vandervell,     He   succeeded   because  he  is  one   of 
those     rare     individuals     who    have     an     infinite 
capacity  for  taking  pains." 

—Extract  from  THE  MOTOR  TRADER. 

FULLY      GUARANTEED 

Members  of  ^he    Hall    Mark    tor  every- 

thing  Electrhal  In   connec- 
tion with  Motoring  Is  C.A.  V. 


Electrical  En^neers.  ACTON.  LONDON,\« 

BIRMINGHAM.  MANCHESTER 
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Manufacturers  of 

PHOSPHOR     BRONZE, 

aUN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tubes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 
PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  LTD.. 

BIRMINGHAM. 


il<'Vt'|ij|)c(l  iiilo  M-|irc-Acnlutivoft  IjUbiiu-xn  iiicii,  ('oiiiniaiiding  large 

rctiiniM. 

ThiH  JH  till-  kiii'l  of  hiiniiiii  inntcrial  wo  (Icsirt-,  ainl  if  you  possess 

thow!  qualifications  an<l  are  wimere,  write  for  iiif<Tvipw. 

Hox  :{22-H.,  Triliunc. 


"  That  corporation-with-a-heart  stuflF  got  under  my  skin.  I  wrote 
a  reply  and  in  due  course  I  met  the  man  who  put  the  ad.  in  the  paper. 

"  '  What  you  doinR  1  '  says  he. 

"  '  Driving  a  truck,'  says  I. 

"  '  Is  that  all  you're  good  for  ?  ' 

"  '  I  dunno,'  says  I.  '  Mayhe  I  could  do  something  l)etter.  I 
never  liad  much  of  a  chance.' 

"  '  Yoiiii^'  man.  you're  a  failure  !  ' 

Oh,  well,'  says  I,  '  if  tliat's  what  you  think  "     and  I  started  to 

"  '  .S'lV  iloii-N  '  he  says,  so  explosive  it  was  like  pulling  the  floor 
from  under  me.     1  sat  down     hanl. 

"  Then  this  chap  began  to  talk  to  me.  He  told  me  all  my  faults, 
to  hejfin  with.  He  told  mc  I  was  drifting  along,  living  only  iiecause  I 
was  too  lazy  to  die.  He  told  me  that  !»0  jmt  cent,  of  men  just  dawdle 
ahmg,  like  I'd  In-en  doing,  and  that  half  the  man-hours  in  the  world 
are  wasted.  He  made  me  see  that  tiiy  SS  a  week  represented  about 
10  per  cent,  of  my  ability,  and  that  if  1  applied  KKi  per  cent.  Id  be 
making  .SHO  a  week  instead  of  SH.  That  <tld  duller  talked  to  me  like 
a  l)ut<h  uncle  and  Hilly  Sunday  and  .Filliaiii  Hciinings  Wryan  all 
rolled  into  oik  .  W'licn  lie  got  through  he  hail  .•-old  me  one  l)ig  idea  - 
and  that  was  that  the  sky  is  the  limit  for  the  man  who  will  ajiply  his 
bruin  and  will  to  the  business  of  making  his  every  minute  and  his 
every  ouin  e  of  eiiergv  count. 

*'  To  put  it  another  way,  he  showed  me  that  the  reason  men  don't 
HUereed  is  because  lliey  dawdle,  they  get  «liscouraged  and  stoji  work, 
they  wiiste  lime  in  goship  like  old  wives,  they  let  tiieir  minds  jump 
around  loose  and  ineons«'(pieiitial  like  deranged  jaek-rabbits,  they 
get  stuck  on  themselves  and  excuse  to  days  la/niess  by  telling  about 
ia-:t  year's  success,  they  |niiiish  their  st<»iiiaclis  with  |iills  or  jii*-,  they 
mistake  lM>oxe  and  foolishness  for  honest  good  fellowship. 

"  And  then,  when  he  got  all  through,  he  gave  nn-  a  jolt. 

"  N<»w,  the  joke  of  this  projMisit ion  was  lliat  after  I  had  agreed  to 
go  to  work  for  him,  I  didn't  know  what  the  job  was  nor  how  much  it 
jMiid.  .All  I  knew  was  that  I  had  a  different  job.  and  lh.it  the  evan- 
gelist I  was  going  to  work  fot  bad  promised  to  show  me  how  to  a|)j»ly 
my  time  and  energy  to  that  job.  \Vhi<-h  is  exactly  what  hap|:ened. 
I  learned  lo  cut  out  human  wasl<«.  !n<-identally,  I  learned  that 
application  means  money.  N(»  man  can  hustle  intelligently  wilhoi/t 
hning  his  pocket. 

■■  Now.  I  can  Ko<i  you  fellows  silling  l)aek  and  saying,  '  Nice  little 
Sunday  school  story,  that,  but  you  must  have  ite<>n  a  nvil  .sah-sman 
at  l>ott«un  or  yon  cmildnt  mike  good." 

"  \ou're  wntiig.  This  nuin  hired  mon-  than  KKI  salesmen  while  I 
Wii*  close  to  him.  and  very  few  ()f  the  men  went'  salesmen  wlien  he 
took  hold  of  them  though  all  of  ihem  were  when  he  got  through. 
One  was  a  busied  newspaper  reporter  who  had  I  een  sleeping  a  wwk 
on  a  park  boneh.  One  was  ex-feeretark'  to  the  president  of  one  of 
the  larnesl  railn)ads.  One  was  a  rah  rah  boy  whcK-'e  jieople  had 
dei<idi<d  to  disown  him  for  some  eseajvule.  There  were  fanners.  Ijell 
hops.  lMi<»kkee|)er8,  truck  drivern.  Most  of  them  were  of  the  nc'er-do- 
Well  ly|M>  that    '  {!••  job  every  two  or  thriM'  months  and  spend."* 

its  leisun' hail  ind  jhioI  n>oms. 

No.  sir  '  Ihefc  men  were  not  '  natural  '  salesmen.  They  wen» 
'  mn«ln  ■  salesmen.  The\  were  the  men  who  had  lo  le  tanghl  the 
Heeret  nf  il„.  wliole  selling  i.n>posit ion.  This  chap  who  hired  me 
Htarted  mon^  than  lixi  of  us  on  the  road  to  succosh  in  salesmanship 


One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVIES    MOTOR    CO. 

Head   Otfjce:    110,     CANNON     STREET,     LONDON,     E.G. 
Works  :   Dermody  Road,  Lewlsham,   London,  S.E. 


ijy  advertising  for  failures.  He  got  applications  from  failures.  And 
he  mide  tnen  of  tho.-e  failure.';. 

'■  Tra  not  a  better  sale.sman,  but  I  make  more  sales  than  any  of  you 
fellows.  Why  ?  Because  I'm  a  professional  salesman.  I'm  not  an 
amateur  like  you.  My  job  is  to  .sell — sell — sell  I  I  sold  a  woman  a 
cleaner  Ijefore  you  .^old  her  the  service  to  operate  it.  1  sold  her  because 
sdliiuj  her  was  my  business. 

■  Now,  I'm  not  here  as  an  a^wstle  of  salesmanship.  I'm  here  to 
line  my  ix>cket.  I'm  here  to  .sell  you  a  recipe  for  money-making. 
And  1  e.xpect  to  make  money  doing  it.  Mv'  projxjsition  is  that  if  you 
uill  lind  me  prosjiective  customers  for  Sunkist  Sweepers  I  will  show 
you  how  to  double  your  sales.  I  will  teach  you  the  secret  that  1 
learned  when  I  answered  that  ad. 

"  VMiat  is  the  answer  ?  " 

*  *  *  =4: 

In  reply  to  such  a  proix>sition  nine  commercial  managers  out  of 
10  would  have  said  something  about  "  knowing  how  to  run  their  own 
business,"  but  Davis  was  cast  in  a  larger  mould.  He  rose,  a  little 
Hushed. 

"  Fellows,  1  guess  Friend  Brown  has  made  goats  of  all  of  us, 
but  of  all  the  goats  1  am  the  prize-wumijig,  ring-tailed  snorter.  I 
got  him  into  this  meeting  to  show  you  fellows  up  a  bit,  and,  by 
thumping  thunder,  he  has  showed  me  up.  He  tells  us  that  it  was  his 
boss  who  made  him  a  star  sale.'-man,  and  in  the  .same  breath  he  offers 
to  take  my  job  away  from  me  by  assuming  to  become  your  leader  and 
teacher.     Well,  I'm  going  to  make  him  make  good. 

"  Three  things  are  going  to  liappen  to-day,"  he  went  on.  "  In  the 
first  place,  I  am  going  out  personally  to  get  that  wiring  contract 
where  Brown  sold  the  cleaner,  and  I  am  going  to  give  the  commission 
to  Brown  witli  this  department's  grateful  compliments.  In  the 
second  i)lace,  every  man  in  the  department  is  going  to  dig  up  a  pros- 
pect for  Browni  every  one  of  you  must  find  a  good,  live  prospect 
where  Brown  can  sell  a  Sunkist  Sweejor,  and  every  one  of  you  must 
go  with  him  and  learn  his  .secret  ;  this  department  needs  a  bunch  of 
BroMTis.  In  the  thiid  ))lace.  I  think  we  ought  to  elect  Brown  an 
associate  member  of  the  Brass  Tack  Brigade.  That's  all — meeting 
dismissed.  " 

'■  One  minute, "'  called  a  voice  from  th  crowd,  and  big  Jim  Lennox 
lumbered  to  his  feet.  "  Perhaps  it  d  )n"t  need  to  be  said — perhaps 
we  ail  have  the  hunch  already — but  I  believe  in  gettiig  right  dowTi  to 
brass  tacks.  I  lliink  we  ought  to  try  out  Mr.  Browns  recipe  quick. 
He  sjiys  salesmanshij)  is  couceulralion  and  determination.  All  right. 
If  that's  so,  then  I  prcnni.se  right  now  to  turn  in  a  bigger  report 
tomorrow  than  1  did  to-day.  We're  all  proud  of  this  morning's 
reiKirt  ;  let's  determine  tomorrow  to  beat  it,  and  lets  concentrate  on 
making  good  that  promise.  " 

"  Thala  Isty,  dim  I  "  came  a  voice.     "  Weil  do  it." 

"  Three  cheers  for  Bra.'-s  Tacks  Brown,"'  came  the  call. 

The  three  yips  had  not  ceased  to  reverberate  when  another  voice 
(  ut  in 

"  tJcc  !  it's  12  minutes  after  nine.  I'll  have  to  hop  to  it  fast  if  I'm 
t«»  beat  yesterday's  rcK-ord — and  it's  got  to  be  did  '  " 


Ki.KCTUU  Ll«iHT  SwiTcuiNc-  On  another  page  will  be  found  the 
n-sulls  of  the  latest  of  Messrs.  A.  V.  Lundberg  &  Son's  .switching 
eom|>elitions  or  examinations.  This  time  it  is  called  a  supjile- 
luentary  e':amination,  because  it  followed  closely  on  the  heels  of 
one  held  in  Kebni.irv,  when  nvonl  entries  were  obtained.  It  was. 
in  fact.  inslitut«'d  mainly  lo  allow  those  who  h.ad  entered  the  previous 
eom|)etilion  to  follow  up  their  successes  without  delay.  For  iheee 
rea.sttns  the  usual  money  prizes  were  not  ofTered.  but  the,«e  will  make 
their  nr'.pjiearanix'  when  the  next  regular  com|)etilion  comes  along. 
It  .says  much  for  the  interest  ot  the  subject  that  so  many  should  still 
1...  „',K  11,,.  ii    ,ii,.i,t)  .n  in  these  times. 


Why  not  a  space  like  this 
under  reading  matter?  The 
cost  is  purely  nominal.  Let  us 
quote  you. 


ma 
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Our  Manufactures  inclndc 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


BRAIDED 
AERIAL  CABLES. 


The  weather  proofing  on  these  wires 
and  cables  is  not  used  for  insulation, 
but  only  for  the  purpose  of  protecting 
the  conductor  from  mechanical  injury 
and  from  corroding  elements  which 
may  be  present   in   the   atmosphere. 

The  covering  consists  of  either  single 
(Simplex),  double  (Duplex)  or  triple  (Tri- 
plex) braiding,  thoroughly  impregnated 
with  preservative  compound. 

The  conductor  may  be  of  hard  drawn  or 
annealed  copper  as  required. 

We  manufacture  these  cables  on  a  large 
scale. 

SEE  LIST  PI  17  FOR  SIZES  AND  LIST  NUMBERS. 


BRITISH  INSULATED  S  HELSBY  CABLES. 


LTD., 


Cablemakers  and   Electrical   Engineers, 

PRESCOT,  LANCASHIRE. 

Works  :     PRESCOT    and     HELSBY. 


Branch    Offices   in:     LONDON,    MANCHESTER.    GLASGOW,    BIRMINGHAM, 

NE\A/CASTLE,    CARDirP,   DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:   The  Wool  Exchange,  King  Street,  Melbourne. 

EASTERN   INDIA:    11,  Clive  Street,  Calcutta. 

SOUTH  AFRICA:   Telegraph  Manufacturing  Co.  (Colonial),  Ltd., 

P.O.  Box  2827,  Johannesburg. 
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GUARANTEED 


SECOND    HAND 


THE   VICTORIA   ELECTRIC    PLANT   CO., 
SPENSFR    STREET,    WESTMINSTER.    S.W. 

Phont:  ViTtr.rii  4j26.  Crair.i  :  Vicrriir.jter,  Scwest,  London. 


POWER  "MUTUALITIES." 

In  Oregon,  Ohio,  an  electric  power  company  and  a  lumberer  saw  mill 
have  heen  erected  in  close  proximity  to  each  other.  The  .saw  mill 
rcjuircrl  a  considerable  amount  of  jjower  to  drive  its  wood-working 
mailiin'TN',  and  the  jxiwcr  company  needed  fuel  for  steam-raising 
purf»oses.  Acconlingly  a  contract  wiis  drawn  up  whereby  the 
reipiirerncnts  of  each  could  be  met  on  t<'mis  mutually  satisfactory. 
The  refus(!  from  the  saw  mill  is  transmitted  by  means  of  a  blower 
and  lonveyer  to  the  lK)iler-house  r)f  the  jK)Wcr  station,  but  instea<l 
of  selling  this  material  at  so  much  per  ton,  the  jwwer  comjwny 
agreed  to  pay  the  wood  company  .?()•(«);■),  or  alntut  J«l.  per  kilowatt- 
hour  at  the  switchbo.irri  on  all  the  energy  generated,  while.  jK-r 
contra,  the  siiw  mill  jiays  .S(i(M)l>,  or  aljout  ..''„d.  per  kilowatt -hour  for 
the'lirst  l,(KK(,(KKlkw.-hourK  of  energy  it  consumes,  and  .S(>-()08,  or  ^d. 


Ferranti  Ltd 


HOLLINWOOD,  Lancashire. 


SWITCHGEAR,   TRANSFORMERS,  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


'2,~)'^\SM)  kw.-liours  j»er  year,  as  above  stated,  and  for  this  it  pays  as 
follows:  l,(X)C»,fX)0  kw. -hours  at  S0u09==£l,875  ;  l,.550,0O0  "kw., 
hours  at  $0-()08=£2,.583 ;  total,  £4,458.  Subtracting  this  sum- 
which  was  paid  by  the  saw  mill  to  the  power  company,  from  £7,343 
paid  by  the  latter  to  the  former  for  fuel,  leaves  a  balance  of  £2,885 
jjer  annum  in  favour  of  the  saw  mill.  In  return  for  this  amount  the 
jMjwer  comjMiny  has  the  .sale  of.  say,  4,.500,000  kw. -hours  to  the  pub- 
lic, and,  presuming  that  the  charge  for  this  is  $0009,  the  sale  will 
yield  £8.437. 

The  fuel  as  delivered  by  the  mills  to  the  jxjwer  station  is  in  the  fonn 
of  shavings,  sawdust  and  chips.  The  shavings  are  blown  through  a 
distributing  system  into  cyclones  or  sawdust  collectors,  situated  on 
the  roofs  of  the  fuel  bins  owned  by  the  power  conij)any,  and  extend- 
ing under  the  .s<iw  mill.  The  fuel  bins  hold  a  quantity  large  enough 
for  a  10  daj-s'  run,  so  that  a  temjwrary  shut  down  of  the  mill  does  not 
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[xr  kilowatt  hour  for  all  energy  which  it  requires  over  and  above 

'hiM  ai uit.      .\   furlher  elauw  ui   the  contract   H|(ecitieH  that   the 

jMiwer  coui|wiMy  is  to  purchase  Huflieieiit  fuel  to  generate  ;i  minimum 
of  3,(K)(I,(HKI  kw.  hours  |».t  annum  for  commercial  pur|Mises.  in 
addilioM  to  (he  energy  sup|ilie(|  to  the  mill.  As  a  nuittor  of  fact 
It  generates  .some  l,."»<H».(MK(  kw.  hours  |ht  annum  for  that  purpose. 

The  arrnngement  works  out  wilisfactorily  to  both  parties,  though 
the  luinlur  rompanv  a|»|iears  t<i  have  miwle  a  very  goojl  bargain. 
The  total  anioiuit  of  energy  general»-d  is  as  follows:  Supplieil  to 
the  lumber  mill  on  an  averagi*  8.r.<K»  kw.hours  per  day  — say, 
.S..VHI  iitM)  2..Wi.(HH»  kw.  hours  |H>r  year;  energv  generate*!  for 
commepial  purjioses,  in  excens.  ■4..'j<N».(XI0  kw.  hours  |)cr  vear. 
Total  eurrrnt  |)cr  year,  T.OAtJ.CNKt  kw.hours  |kt  >ivir.  The  amount 
|Miid  by  the  |)owerroni|(.'tny  to  the  sj»w  mill  forfuel  ,it  J<l.  per  kilowatt- 
hour  l'7.:»43.  .As  a  s<-t  o(T  tothis  (he  saw  mill  takesfrom  the  [xiwer 
wmipany  energy   to   the  amount   of  8,5(10  kw.  hours  jht  day.  or 


interfere  -with  the  generation  of  iH)wer.  From  the  fuel  bms  the  refuse 
rs  taken  to  the  Iwiiler-room  by  conveyers.  The  boiler  furnaces  are 
of  the  l)ut<h-oven  ]>atteni.  with  .stationary  plain  girder  grates,  the 
W(K»<I  being  fed  in  from  the  top  of  tlie  furnace  and  bunied  by  natural 
draught.     Thert-  an*  tive  boilers  totalling  1,850  h.p. 

It  is  s(a(e<i  that  if  the  |Miwer  com|>any  had  to  use  coal  as  fuel  the 
cost  per  kilowatt  hour  at  the  switchl)oartl  would  be  between  two  and 
three  tiiiMv*  the  pn's««n(  net  co.st  with  wood  fuel,  which  work*  out  at 
just  underO'l'Sd.  [kt  kilowatt-hour. — "The  Kngineer."' 


ARORA  THREE-BAR  FIRES. 


In  a  n>c<'nt  issue  we  described  several  new  .«ea,son  Arora  electric 
cookers  and  (ires.  We  now  illustrate  one  of  the  large  Arora  electric 
fires  fitto<l  with  three  T.W-watt  elements.     As  with  the  two-bar  tire. 


INSULATION 


i 


Thr    i.nlr    •atUtaclory    aubulUtitc    for 

A*hrM.>.     Wfrp  ;       aUn     for      (lr»iMe 

Jc»,U    rt.-         \MPI  r    STOCKS 

HOLDER  HARRIDEN.  LTD..  3s  .17  ^!^T^?!^^!!^^ 


FURNACES  for  MELTING  WHITE  METiLS.  Etc. 

V/ITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL 

PATENT   MI.XER    PRODUCES   HOMOGENEOUS   ALLOY. 
Monomplpr    (teat -Controlled    Furnacea  for   Heating    the   Mouldi. 

MONOMETER    Wg.   Co..   Ltd..  Aston,   BIRMINGHAM. 
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REYROLLE'S 

Six  Special  Lines. 


FUSES. 


PLUGS  AND  SOCKETS. 


ARMOURED  SWITCHGEAR. 


MINING  EQUIPMENT. 


,.  I 


CaXTH   w-.bi" 


PROTECTIVE  SYSTEMS. 

Protective  devices  for  A.C.  Systems  to  isolate 
faulty  sections  instantaneously  without  inter- 
ference with  healthy  sections.  Also  Relays 
for  time  limit,  release    current  transformers,  etc. 

MOTOR  STARTERS. 


A.  REYROLLE 

HEBBURN-ON-TYNE. 

On  War  Office,  Admiralty,  and  India  Office  Lists. 


&  CO., 
LTD. 


hb 


PHP 
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IRONGASED 
SOGKETS&  PLUGS 

FOR    HARD    SERVICE. 

Sizes    up    to    200    amps. 

D.P.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined   Switch 
and    Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal   Electrical  Works, 

SALFORD, 
MANCHESTER. 


the  frame  is  of  arti>tic  design  in  cast  iron,  witli  (Miiainciital  "  dog 
fc«-t  and  Klopingfnjnt.  The cl«-mont s  are  of  nirkel  chromium  ribbon 
wound  into  a  <«»ntinuous  (>i)iral  an«l  laid  in  pairH  (see  illustration)  in 
Huitttbly  8ha|)<-d  yrooveH  in  the  face  of  a  lireciay  bar.  These  elements 
Hlow  at  a  bright  heat  and  produce  a  maximum  of  radiant  efTeet.  'I'he 
barH  are  tixed  Imrizont  illy  in  a  eaht-iron  Ikjx,  which  al»o  c-arfJRs  the 
/.•onnectionK^.  switches  and  main  terminals. 

One  of  the  bars  is  directly  coiuiet  ted  to  the  in<  i.ming  Hcxible  coid, 


and  iH  put  in  circuit  when  the  plu^  is  put  into  the  wall  .socket.  The 
iither  two  bars  an>  under  the  contn)l  of  tumbler  switches  placed  one 
on  earh  side  of  the  clenu-nt  Im»x.  The  entin-  constni<tiou  is  mecha- 
nically strouK,  and  the  lin-  !•>  '  stc.niv  mi  its  fe<'t  "  that  i.-.  it  cannot 
eaxily  Ik<  knocked  <»ver. 

Arora  tires  are  offered  m  a  \.iiii  i\  i>\  linishes.  ai  i  uKliii^i  to  ta^tc 
and  |H>r-ket.  I'riics  and  fuller  drl.iil>  will  le  supjilied  by  the  .\rora 
Co.,  liOiiKhlHirouKh. 


GERMAN  AND    AUSTRIAN  ELECTRICAL  INDUSTRIES. 

At'cordniK  («•  the  Swiss  conf»|tondent  of  "The  Kngin^vr,"  it  is. 
of  eoiirm'.  not  Pftsy  to  procure  trustworthy  information  c-onceniing 
iMMilitiont  in  tlie  (Jermaii  and  Auvtricn  elertrital  industry.  Such 
dctads  as  are  suffered  to  \h'  published  are  naturally  onl\  fa\ourable. 
NO  that  all  may  In*  mndn  (o  np|)rar  in  the  rosiest  |K>ssib|e  light,  and 
the  bad  etTects  of  llie  w.ir  as  <  ari-fully  ■  "  •!  as  may  ie.      The 

electrical  uidustry  in  iH>th  the  t'entral  1.  i-elonns  to  tlie  <'ate 

Hor>'  of  semi-war  industries:    that  is,  industries  which  minister  to 
the  need       '     '  dthounh  tin  .     i        il   the  same  time  useful 


to  the  civilian  populations.  Consequently  it  is  quite  likely  that 
electricians  and  teciinical  experts,  whose  work  is  directly  connected 
with  the  electrical  indu.-try,  have  not  suffered  from  the  war,  and 
have  no  lack  of  emplo;.  ment  of  which  to  complain. 

The  (Jermans.  for  instance,  announce  that  as  far  as  the  building 
of  accumulators  is  concenied.  much  more  work  is  being  done  than 
was  the  case  at  the  corresponding  perio^  of  last  j-ear,  and  that  in 
order  to  supply  the  needs  of  the  army  it  has  been,  and  still  is,  fre- 
(lucntly  necessary  to  work  overtime.  'Move  orders  have  l>een  re- 
ceived this  year  JFor  electrical  measuring  instruments  than  in  191.5. 
and  during  this  year  either  double  shifts  or  else  overtime  have  had  to 
be  wctrked.  As  might  be  expected,  also,  electrical  medical  appliances, 
which  are  mostly  required  for  the  army,  are  in  great  demand.  In 
the  ])roduction  of  low-tension  current  business  is  said  to  be  brisker 
than  in  l!tl").  while  the  production  of  high-tension  current  is  not 
diminishing  ;  and  as  regards  electrical  installations,  they  are  in 
.so?ne  cases  "  in  greater  demand  than  last  year  " — a  somewhat 
\ague  expression  when  last  year's  figures  and  those  of  the  year 
before  are  not  given. 

The  extent  to  which  women  are  now  employed  in  electrical  in- 
diistrv  in  Ceimany  is  j)roved  by  the  fact  that  in  21  .sick  fund  societies 
all  the  mcniljcrs  of  wliich  are  connected  with  electrical  work  of  one 
description  or  another,  there  were  in  "May  of  last  year  2.5..'}80  male 
and  !5-4.!»n7  female  members,  in  which  month  the  percentage  of  male 
meml:ers  increa.-ed  l)y  1-62  ]  er  (cnt.,  and  that  of  female  members 
l)y  5'48  per  cent. 

Con -erning  .Austria  infoiinaticm  is  invarial)ly  more  difficult  to 
oiitain  even  than  as  regards  (Jermany.  The  reports  and  balance- 
sheets  of  the  .Austrian  branches  of  >Siemens-Schuckert  and  of  the 
I'nion  Klectricity  Company  have  just  appeared,  however,  and  the 
former  shows  a  dividend  of  7  per  cent.,  as  compared  w  ith  .">  per  cent 
last  year,  and  the  latter  6  per  cent.,  as  compared  with  4  n  the 
|)rc\  ions  year.  The  Siemens-Schuckert  reiwrt  lays  great  .stress  ujxm 
the  heavy  demands  made  by  the  war  u];on  the  electrical  indu.stry 
in  general.  Not  only  had  all  manner  of  electrical  installations  to 
be  erected  for  the  tise  of  the  army  it.'^elf.  but  many  others  which  only 
indireetly  served  military  purposes.  Fuitbcrni'ire.  diftiiulties  had 
to  lie  encountered  i)ecause  of  the  calling  up  of  so  many  skilled 
workers,  who  had  to  be  replaced  by  untrained  a.>^sistants.  wb.o 
a|i|iarently  answered  "as  well  as  could  be  expected."  although  on 
this  point  n<»  very  explicit  infoinuition  is  forthcoming.  Another 
difficulty  was  the  necessity  for  extreme  economy  in  the  use  of  all 
inat<Tials  imported  from  abroad,  so  that  "  home-jiroduced  stibsti- 
tu1<'s  "  had  to  be  iised  as  much  as  possible.  Some  of  the.-e  substi- 
tutes have,  say  the  rejKirts.  proved  sufficiently  good  for  their  ti.'-c 
to  be  cont  inucd  after  the  war  :  but  as  to  the  others  silence  is  ob.eerved. 
If  the  dinMt<»rs  of  Siemens-Schuckert  are  to  be  believed,  they  have 
a  numi  er  of  otrlers.  given  in  ]  eaic  time,  which  they  have  never  yet 
been  able  to  exeecute  for  want  of  time.  The  I'nion  Electricity 
Comi)any  states  that  it  has  been  chietly  cMipaged  in  producing 
electrical  machinery  and  apparatus,  and  that  it  has  had  more  onlers 
than  it  has  been  able  fo  execute  with  its  a])parently  limited  supply  of 
lalxiiir 


LEWIS'S     SCIENTIFIC    CIRCULATING     LIBRARY. 

ELECTRICAL.  MECHANICAL  \  GENERAL  ENGINEERING  TEXT  BOOKS  &  TECHNICAL  WORKS, 
ncu)  Work*  and  ncip  ^^imon»  can  be  had  from  the  CIDrarv  timncJtaiclp  on  publkatton.   Telephone:  mcsbcm  wi- 
SUBSCRIPTION.  Town  or  Country,  from  ONE  GUINEA.     READING  ROOM  open  Dally  to  SUBSCRIBERS. 

,  H.  K.  LEWIS  &  Co.  Ltd.,    "-'  '^^'^^"  ^''lo^^tw.r'""'  '"■"'"'• 


«  »d  rubltah*J  br  0«  ^t»1.tr^.  -Thi  EiJcniciA.  "  Fii.nBo  a»c  T\;ii»9o  C-o  .  Lit    .t  thi  Editori.l.  Prtntkii  ud  Publishirg  Offices. 
I.  a  i-d  a.  S^».WT  Ov»T.  Fuim  9»«wT.  to  tM  Chr  •<  J-OWKW.  FuBAT.  August  25.  191t. 
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^ 


4>     The   Round   Table.     4> 

4  4'<^4'4*4*^^<^^4>'^<^4*'^4>4"^'^<^^4*'=^4'4' 


Event  of  the  Week.—  The  proposal  of  the  "  Commercial 
Motor  "  to  run  present  petrol-driven  vehicles  with  compressed 


gas. 


Thus 


"  There  is  fully  as  much  prospect  of  success  for  the  permanent 
use  of  compressed  coal  gas  as  there  is  for  the  permanent  use  of 
battery-equipped  vehicles  using  electricity." 

*  *  *  * 

"  Electrically  Driven  Hoppers,"  says  a  headline  ;  doubtless 
these  are  descendants  of  the  famous  performing  flea. 

^  ^  H<  H: 

Even  our  ponderous  contemporary  the  "  Daily  Telegraph  " 
can  be  guilty  of  unconscious  humour,  as  the  following  paragraph 
reveals  : — 

"  The  electricity  generating  station  of  the  Brighton  Corporation, 
at  Southwick,  is  to  be  the  new  home  of  the  large  scale  experimental 
work  of  the  Corrosion  Research  Committee." 

Or  is  Mr.  Christie  responsible  for  this  punning  effort  ? 

:(:  :)«  *  H: 

The  following  letter  appeared  in  a  recent  issue  of  the  "  York- 
shire Herald  "  : — 

Electrical  Alabms. — "  If  'J.  C  and  others  who  are  troubled 
with  the  difficulty — alarm  going  off  on  slight  reduction  of  gas  pres- 
sure— will  set  his  contacts  by  the  daytime  pressure,  so  that  the  points 
are  a  quarter  of  an  inch  apart,  and  add  a  few  drops  of  water  when 
required,  his  trouble  from  that  source  will  cease." 

This  is,  I  imagine,  just  a  subtle  way  of  telling  "  J.  C."  "  to  take 
more  water  with  it." 

4c  :|c  H<  * 

Things  are  moving  over  here  and  no  mistake  !  Read  this 
little  extract  from  the  "  Gas  World  "  : — 

DR.  CARPENTER  SEES  A  VISION. 
Probably  the  passage  in  Dr.  Carpenter's  address  at  the  South 
Metropolitan  Gas  Co.'s  meeting  which  will  be  regarded  as  of  greatest 
general  interest  is  that  in  which  he  draws  the  conclusion  that  the 
original  opposition  of  electricity  and  gas  supply,  viewed  as  public 
supply  services,  should  be  more  properly  esteemed  an  apposition. 
The  change  of  initial  letter  makes  all  the  diiTerence.  Not  long  since 
we  expressed  the  aspiration  for  something  better  in  the  way  of 
electricity  generation  than  the  lamentably  extravagant  steam 
boiler  and  engine  com  bination  fired  with  raw  coal.  This  line  of  de- 
velopment, of  course,  points  directly  to  the  only  other  known  com- 
bination, of  electric  power  station  and  gasworks  ;  which  Dr.  Car- 
j  enter  had  in  contemplation.  It  might  not  be  precisely  the  same 
pattern  of  gasworks  now  extant,  nor  would  it  be  the  same  sort  of 
electric  power  station  :  but  something  into  which  the  element  of  a 
coke  works  might  also  enter  is  not  beyond  the  range  of  a  very  prac- 
tical imagination. 

*  *         *         * 

"  Charon  was  the  conductor  across  the  Styx,"  says  a  "  B.I." 
advertisement.  Now  we  know  who  is  responsible  for  that 
''  allotted  span."  0  !  Shade  of  Virgil !  Thou  hast  established 
the  antiquity  of  the  electrical  industry  ! 

*  *         *         * 

According  to  the  "  Investors'  Review,"  200  American  manu- 
facturers, having  a  share  capital  of  over  one  thousand  millions, 
made  157i  millions  during  12  months.  "  Some  "  profit !  (and 
some  don't). 


Owing  to  the  scarcity  of  straw  at  home  (the  horses,  men  and 

officers  want  it  at  the  front),  Real  lied  Heat  Ba.stian  has  been 

asked  to  quote  for  quartz  tubes  for  the  munition    workers' 

lemon  squash  ! 

*         *         *         * 

The  "  Camberwell  and  Peckham  Times  "  contains  a  short 
article  on  the  "  Heat  Treatment  of  Steel  by  Electricity."  As 
this  is  a  London  subuiban  journal  we  may  take  it  as  an  example 
of  bringing  the  benefits  of  electricity  home  to  the  public  with  a 
vengeance 


I 


"  Wo  Tien  Using  the  Shovel,'  says  a  daily  paper  headline, 
anent  the  employment  of  female  labour  in  Bo'ness  for  cable 
laying  ;  there  is  nothing  new  in  this,  however,  for  they  have 
used  the  poker  ever  since  marriage  was  an  institution. 


"S'treuth!  that  hole'll  take  some  PLroGixr.." 

[From  Glover's  Almanac. 


THIRTY-SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Aug.  30,  1879.] 

Electricity  as  a  JMotive  Power. — This  subject,  which  is 
attracting  a  good  deal  of  at^-.ntion  at  present,  has  been  treated  by 
Dr.  Paget  Higgs  in  a  small  work  published  by  Messrs.  Spon,  of 
Charmg  Cross,  which  we  hope  to  notice  at  length  in  another  issue. 

Smart  Work. — An  enterprising  tobacco  manufacturer  ot  the 
north  recently  did  a  smart  thmg.  He  had  the  electric  light  put  up 
in  his  factory,  had  it  well  puffed  in  the  daily  papers  as  likely  to 
supersede  gas,  invited  people  to  see  it,  and  bought  gas  shares  largely 
at  a  low  price  !  The  electric  light  was  not  a  success,  but  the  gas 
shares  were. 

Death  of  an  Actor  by  Lightning. — A  pamful  scene  recently 
occurred  at  the  Altorf  Theatre.  As  "Lucia"  was  being  performed, 
a  violent  thunderstorm  burst  over  the  house.  The  tenor  was 
singing  the  air  in  the  malediction  scene,  wlien  Ed5j;ardo  fell  forward, 
struck  down  by  lightning.  He  was  immediately  raised  from  the 
ground,  and,  though  then  alive,  was  found  to  be  paralysed  m  every 
limb.  The  performance,  of  course,  was  brought  to  an  abrupt 
termination. 


Have  you  got  the 


IGMTIIC 


Shunt  Regulator  List? 


It    contains  over  300   standard  sizas.     Large   numbers   are   stocked   for   quick   despatch.     These    regulators    are 
easily    convertible    from  front    to    rear     of    board     type,    and  jthey    are    tharoasWy    insulated.       Pamphlet     631 

contains   full   particulars   and    prices. 

iQRAillC  ELECTRIC  C9LTO    147,     Queen     Victoiia    Street,     LONDON. 
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SIEMENS 


ELECTRIC 


Part  of  small  Motor  Shop, 
Stafford  Works. 


SIEMENS  BROTHERS  DYNAMOWORKS  LIMITED 

Heal.  Ornce:  CAXTON  HOUSE.  WESTMINSTER,  S.W. 

Telephone  :  Cbkkaro  fttO.         Teleprarr.j  :  "  Siembralos.  Vic,  London." 

Suppli*!  D«pt.:    38  &  39.   UPPER   THAMES  STREET.  E.C. 

Telephone  :  CiTV  5350.  Telecrirri:  :  '  Siemotop,  Cent.,  London." 

HOME  BRANCH  ADDRESSES  ■ 


Birmingham— On tral  Hf ..  New  St. 
Bristol— 30,  BridKe  Street. 
CARDirr— 89.  St.  Mary  Street. 
Clajoow— 66.  Waterloo  Street 


Manchester — 196,  Deansgate. 
Newcastle— 64-68.  Collin  gwood 
SHErpiELD— 22,  High  St.        IBldgs 
SouTHAMPT'  N— 46.  Hit;h  Street. 


Branchas  in   Principal  Towns  Abroad. 


TO  HELP  SALES. 

'I'hc  Malct-iiiaii  of  iiiiicli  of  tlic  heavy  plant  and  m.ichincry  wliich  i.s 
n«Kiilurly  (liH|K)M'»l  «»f  ««vcn'  year  by  cioctrical  niaiiiifactiinTs  cannot 
nlivioiiHJy  "carry  Huiuplcs."  He  h-Ih-.m  on  calaioniic  illn.stration.'*. 
|(liotoKra|ihN  of  ina<'liincN,  or  a|i|iaratii.s  iindcr  construction,  and  views 
of  inHlulhitioiiN,  to  interpHt  the  |»n»K|)<'ctivc  ruMonirr.  ()ft<n  it  i.>i  not 
con\ftiii-nt  to  hIiow  f  Iickc,  or  tlwy  will  not  in  ihcm.schcs  lie  attracti\(' 
eiioii)(li  to  hold  tlie  Jittention  <»f  the  iinlividiial  to  whom  tlu^y  arc 
pri'wntcd  liiiriiiK  the  pa«t  year  a  niinilHT  of  American  nianii- 
failiinTM  have  adopt«>d  "HoniethiiiK  dilTen-iit  ""  alonn  the  lines  of 
»e||iiiK  helps  hy  niakiiiK  ii.-e  of  .•^pe<ial  hiiMHiilar  photojrraphs.  Tlic 
piir|H)w<  in  threefold  and  niakcH  uho  of  Kninll  Ktrnn)  photograpliH  with 
a  collapHihle  iiixlniinent.  fMnnethinvr  after  the  nature  of  the  Htrreosco|M'. 
lint  occiipvitiif  onlv  |««i(  kct  npace.  This  wilcsnian's  e(|ni|iiii(Mt 
HNNiHiN  : 

1.  Hy  Mhowinii  iiiai  hinery  a<  <  «•  -orii'H  or  complete  inslailations 
in  a  way  that  only  hinocnlar  photo^raphH  can  do.  The  salesman 
finrJM  it  i»f»»«sili|e  to  nivv  a  pmH|)«M'f ive  eiiHtoinor  a  more  Katisf\inK 
idea  of  Ihm  (jiM-dn  than  can  he  done  fn»ni  eatalo^nen  or  photo^^raphM 
with  l|e><rript|onN. 

2.  ThejH'  |H>eket  onflilH  n^naliy  contain  a  horio.s  of  fjwfory 
photo(;raph<<.  Mhowint;  n'a-oii-  why  a  lerlaiii  piece  of  m.ichinerV 
or  any  other  maniifai  tiired  arli<  |e  i-.  all  that  is  <'lainied  for  it. 

'.\  X  Hide<<man  when  dealinK  «ith  dinienlt  pniitpectK  oft««n  would 
he  ahle  to  sali.Mfy  his  customer,  if  it  wen-  ()nly  jMissihle  to  take  the 
pnis|MM>t  to  the  failory  and  shr»w  details  of  construction  that 
cannot  racily  l>r  explained.  In  many  caiH^s  ihr  ilpriclinft  point 
is  to  satisfy  the  customer  that  the  (irm  which  thii  salesman  repn> 
wMits  if:  a  siihstantial  ttuv  prt»iH<rly  equipped. 

Ferranti  Ltd 

HOLLINWOOO.   Lancashire. 

SVVITCHGEAR.    TRANSFORMERS.   METERS. 
ELECTRIC    HEATUiQ    &    COOKING   APPARATUS. 


LEAD  MELTING  FURNACES 

'Halff  Patentf] 
For  Cable  and  Pipe  Presses.  Accumulator  Grids,  etc., 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL 

ENOR.MOUS   SAVING    IN    RESIDUE. 

MONOMETER  Mfg.   Co.,  Ltd.,  Aston,   BIRMINGHAM. 


These  con.siderations  have  been  prominent  in  developing  the  u?e 
of  binocular  photographs  for  selling  purposes.  A  firm  in  Cleveland 
(Ohio),  the  Corte-."^cope  Company,  has  been  responsible  for  most  of 
this  develofment.  The  illustrations  herewith  show  the  size  of  the 
complete  equipment.  The  instrument  itself  is  not  larger  than  a  six- 
penny novel.  The  ca.se  in  which  the  Corte-Scope  is  contained 
accommodates  .W  to  7.5  thin  photographs  specially  made  for  use  with 
the  Corte-.ScojJc.  The  interest  of  the  equipment  has  been  established 
and  is  worth  investigating  by  manufacturers  who  are  looking  for 
ideas  for  their  sales  promotion  work. 


The  Corte-Scope  Folded  for  the  Pocket. 

The  advantage  of  the  Corte-Scopic  photographs  lies  in  their  vivid- 
ness, f<jr  such  j)hotographs  when  viewed  through  the  binocular  len.ses 
of  the  Corte-Scope  appear  not  like  photographs,  but  in  bas  relief  and 
full  size.  The  most  complicated  piece  of  machinery  stands  out 
when  viewed  in  this  way  with  the  same  definiteness  as  though  he 
were  looking  at  the  actual  article. 

.Although  the  average  buyer  can  easily  interpret  blue  prints  to  his 
own  satisfaction,  the  fact  remains  that  he  would  be  more  deeply 


The  Cortk-8<xipk  ovenkd,  Showinc;  Sterko-photo  ready  to  View 
.\Ni>  Wallet  coxtainisg  other  Pictires. 

impn«ss4-d  if  he  wore  looking  at  the  actual  machine  or  installation.s. 
The  mem  >ry  effect  also  of  this  kind  of  n>i)ro.sentation  is  iminirtant. 
Most  jMHijile  n'?nejnbcr visually.  Therefore. the  .salesman  who  makes 
th"  d<-<-|»est  visual  impn'.ssion  has  gone  farthest  tow..nls  establishing 
him.H««lf  in  the  min«l  of  his  customer.  This  difTerence  between  flat 
photographs  and  Corte-Scopic  or  throe  dimension  photographs  is  .so 
;:Tcif   tti.u   it  is  (litli.  Ill)   to  m.iUi'  -.if  i-fartorv  compari--'>'i--       People 


GUARANTEED 


SECOND    HAND 


THE    VICTORIA    ELECTRIC    PLANT   CO.. 
SPENSFR    STREET.    WESTMINSTER.    S.W. 

rvr»:  Vl:toH«  40>  Grams  :  Vlcmlnster,  Sc*»t.  London. 


iBd 
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Canadian  and  Indian 
MICA 

CUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910.    1912.    1913.    1914  and   1915. 


ATTWATER  &  SONS, 


A.,J.trp7c;,o„.    Hopwood  St.  Mills,    E^'>™*«<"===- 

Telephone  No.  PRFQTON  5th  EdiUon   A  B  C 

1045  (2  lines).  r  IVtiO  1  VJl'H.  jj  Western  Union. 


'&. 


THE 

EDISON       S\A/AN 
ELECTRIC  CO.,  Ltd., 

PONDERS  END, 
M  IDDLESEX. 

'Phone    520    Enfield. 


w 


SIMPLEX 

ANTI 'ZEPPELIN 


FOR 

FACTORY  LIGHTING 


j^om  stocA: 


Simplex  Conduits,  Ltd., 

Garrison   Lane,  Birmingham. 


London— 

113-1 17,Charlng Cross  Rd.  W.C. 
Manchbstbr — 

16,  Corporation  Street 
Glasgow — 

72a,  Waterloo  Street 
Bristol — 

1,  Denmark  Street 
Nbwca:;tlb — 

61-65.  High  Br!dee« 


Lbbds— 

6,  White  Horse  Street 
Liverpool — 

96.  Whitechapel. 
Swansea — 

14.  Heathi  field  Street 
Cardiff — 

4,  Westgate  Street 
Abbrdbbn  — 

1,  Crimen  Placii        ' 
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m 


RHEOSTATS 


List    (covering    all    types)    on    request. 


ISENTHAL  &  Co. 


DEPARTMENT    4 


DENZIL     WORKS,    WILLESDEN, 

LONDON,   N.W. 

Contractor*  to   the   Admiralty,   War  Office,   India   Office, 
Colonial  Office,  Postmaster-General,  &c. 


arc  M)  iiHcd  to  conHidcrinji  ])li()t<i):rjij)lis  as  licinj;  correct  that  they 
cnimr»t  cHKily  ajipreciate  the  failiii>,'M  of  onlinary  jihotographs ;  hut 
when  the  Name  ol)ject  Ih  ^4ho^vIl  in  the  Hat  and  also  a  thn>e  dimension 
|ihotogra|ih  the  difTeren  e  Ih  hurprising  indeed.  The  (  orteScope  also 
lielpM  in  the  hands  of  a  tactful  salesman  l>y  itH  {Ktwer  to  command  the 
al  lent  ion  of  a  customer. 

|{y  tlw  uw  of  the  ( 'ort«'  Sco|)e  we  understand  that  many  firms  are 
greatly  n-diicing  travellers"  wimples.  Sime  have  almost  eliminated 
the  use  of  largi-  sample  trunks,  carrying  only  sjwcimen  pieces  t<>  show 
weight,  (pialify.  t«-xtiire,  &c.  Firms  previou.sly  carrying  large 
]Htrtf(>|ir)H  of  jthotograpliH  re<luce  the  hulk  and  cohI  to  u  minimum 
an<l  sei  unt  inlinitdy  JM-tter  results  hy  using  the  ( V)rt<^Scoj)e.  Things 
which  cannot  Ix*  photographed  with  the  ordinary  single  lens  camera 
without  distortion  or  forc^shitrtening  urn,  we  am  informed,  hIiowti  in 
accurate  form  and  size  l»y  tim  <'<irl<'-Sco|K'.  The  high  lights  so 
object lonahle  inordinary  photographs  of  gla.sswan-.  funiiturc, switch- 
iMMirdH,  mnrhinur>'.  &c.,  nrp  not  avoidiHl  by  tlic  <)|M*nit<>r,  but  Bought 
fnr  l»ecaus«'  of  the  brilliance  they  give  in  the  CorteScope. 

The  whole  idea  jKtsscssis  not  only  the  element  of  novelty,  but  also 
of  improved  eflieiency  in  wiling,  and  on  thin  account  it  shouUl  npiieni 
to  many  braneheH  of  the  rlocthenl  bunmess. 


THE  ELECTRIC  IN  THE  DAILY  PAPERS. 

The  intrrpHt  en-aled  in  the  electric  vohiele  by  the  high  pric«»R  of 
jM'tml  and  the  scarcity  «»f  hors4'H  is  causing  ciin>.irlcrali|e  i.itnmetil  in 
onr  tlaily  contem|M>raries.  The  nuitonng  notes  m  the  "  \Nestnnnst«T 
<«uw>tto  "  nn*  pn'Hi«le<|  over  by  "  J.  O..'"  who  lin-n  rr<vntly  i«fti«l  nomo 
hi<e  things  aUiut  the  eleitrie  vehicle,  He  has  j'videnlly  Imhu 
ilisrussing  the  matter  p<>rs<mally  with  .Mr.  F.  Aylon,  h(»n.  hoc.  KliMtric 
Vehicle  (ommi(tc<'.  an«l  the  vcntihition  of  the  Mibjcot  nhould  do  a 
lot  of  good.  The  following  artiile  taken  fn>n)  our  !• 
shows  that  the  matter  is  Ix-ini;  dealt  with  m  i  vane  anil  ' 
way. 

"  The  jtetml  i        ' 
of  the  roads,  .iini 

cnl<lesac  we  might  have  forgotttm  the  cxintoiicr  of  the  tortoiiH»  that 
was  slowly  following  it.  up.      Tlie  progn>ss  of  the  batlciy  vehicli    ' 
Uvn    |ViiU)fully   slow,   admittedly,    but    none   the   less   sure  on 
niiTMuit.  a»  we  now   8«v.  nn«l  all  that  it  is  nocrwmrv  for  u.ii  to  d<> 


now  to  bring  it  into  line  with  the  petrol-benzol-paraffin  driven 
machine  is  to  remove  the  mi-sunderstanding  concerning  its  economical 
employment.  As  to  this,  .some  points  of  ]Mr.  Frank  Aji;on's  letter 
were  referred  to  rccentl\-,  but  as  scepticism  dies  hard  I  cannot  do 
l>etter  than  further  quote  Mr.  Ayton"s  views  on  the  subject,  because 
we  have  been  discussing  this  matter  privately  as  well  as  publicly. 
'  I  am  not  surprised,'  he  says,  '  at  what  you  tell  me  regarding  the 
views  held  by  many  of  your  engineering  friends,  even  electrical  men, 
as  to  the  possibilities  of  the  electric,  for  my  own  experience  is  identical 
in  this  matter.  I  am  glad  to  .say.  however,  that  many  of  m\'  engineer- 
ing colleagues  who  once  held  the.se  j>essunistic  views  have  since 
become  converts,  and  I  have  no  doubt  that  we  shall  convert  them  all 
Ix'fore  long.' 

'■  Mr.  Ayton  attributes  this  scepticism  in  engineers  to  two  causes. 
Firstly,  he  says,  batterj'  engineering  is  an  art  by  itself,  which  com- 
jiaratively  few  electrical  engineers  outside  those  engaged  in  such 
work  have  thoroughly  gone  into  or  studied  carefulh-.  The  pro- 
blems indicated  are  looked  upon  as  somewhat  abstruse,  and  only 
understandable  by  the  trained  electro-chemist.  This,  he  urges,  is 
a  wrong  view  to  take,  because,  given  a  good  batter\%  designed  upon 
proper  lines,  the  problems  underlying  its  working  and  mainten- 
ance and  the  obtaining  of  efficient  and  economical  results  are  of 
the  simplest  description.  It  is  only  within  the  last  few  years  that 
battery  makers  have  discovered  what  are  the  fundamental  and 
neces.sar\'  requirements  for  a  battery  that  is  to  be  used  on  an  elec- 
tric vehicle.  There  are  still  several  British  makers  who  will  have 
to  alter  their  designs  before  they  are  really  suitable  for  this  pur- 
pose. The  main  defect  in  these  batteries  is  that  sufficient  space  is 
not  provided  between  the  lower  edge  of  the  plates  and  the  bottom 
of  the  cell,  or  container,  for  the  reception  of  the  sludge.  The  one 
or  two  British  makers  who  understand  the  requirements  provide 
ample  sj)ace,  with  the  result  that  their  lead-acid  accumulators  give 
very  good  .service  in  vehicle  work.  The  same  thing  can  be  said 
about  the  batteries  turned  out  by  the  principal  American  manufac- 
turers. One  of  the  things  that  the  Electric  Vehicle  Committee 
has  done,  Mr.  Avton  says,  has  been  to  standardise  the  minimum 
clearance  sjMice  for  this  purix)se,  and  he  believes  that  before  long 
all  British  makers  will  come  into  line  on  this  important  point. 

"  This  is  one  reason  for  the  professional  scepticism  ;  the  other  is 
connected  with  the  utter  failure  of  the  early  electrics  manufactured 
in  this  country.  It  seems  impossible,  my  correspondent  con- 
tinues, for  .some  engineers  to  get  out  of  their  minds  the  memory 
of  the  bad  record  of  the  electric  vehicle  in  years  gone  by,  and  simply 
through  ignorance  in  many  cases  they  fail  to  see  that  the  present 
machines  are  vastly  difTerent  in  every  way.  The  unsuitability  of 
the.  batteries  was,  of  course,  the  main  cause  of  the  failure  of  the 
early  machines,  and  in  the  case  of  the  cab  and  'bus  companies  that 
had  a  somewhat  meteoric  career  they  also,  of  course,  suffered  severely 
from  the  rajiaciousness  of  the  company  promoter.  The  early 
vehicles  were  also  of  abnormal  weight,  because  at  that  time  the  high 
tensile  ste<'ls  and  the  imjirovejnents  in  bearings  and  gears  that  have 
been  the  concomitants  of  the  dcvelo])inent  of  the  j)etrol  car  were 
not  then  available  to  the  makers.  But  that  the  chassis,  motor,  and 
transnjission  were  not  bad  is  showni  by  the  fact  that  there  are  com- 
mercial vehicles  at  the  present  time  giving  good  everyday  service  in 
several  of  the  big  cities  of  the  States  that  were  constructed  10  to  12 
years  ago. 

"Mr.  Ayton  concludes  by  raying  that  he  is  not  one  of  those  who 
hold  that  the  electric  is  going  to  oust  the  petrol  machine.  For 
e.vamph-.  he  does  not  think  that  electric  passenger  vehicles  will 
I'ver  b«'come  touring  ears  in  the  real  sense.  The  future  will  recog- 
nise a  definite  sphere  of  utility  for  each  type.  For  all  work  about 
towns  and  cities,  where  long  nuis  of  above  40  or  50  miles  a  day  are 
not  HMjuin-d  liy  the  .stTvice  demands,  the  electric  will  have  such 
advant^ige  that  its  use  will  become  universal.  The  type  of  service 
he  has  in  mind  covers  urban  and  suburban  delivery  of  goods,  t  ixi- 
cabs.  certain  onuiiitus  roul<!s.  doctors"  cars,  and  the  ordinary  runalxMit 
w<irk  aiNirt  from  t<mring  that  will  .satisfy  the  wants  of  a  good  many 
IKH.ple  who  ni>w-  UM'  |M>trol  cars.  This  will  free  an  enormous  amount 
of  |M>trol  for  the  emi»loyment  of  the  jH-trol  car  in  that  realm  in  which 
it  in  lioimd  to  n>main  jmramount.  namely,  long-distance  work  and 
touring.  f«)r  it  must  l>o  placed  to  the  credit  of  motor-car  engineers  that 
the  firlrol  ear  of  to-day  is  one  of  the  linest  pieces  of  mechanical 
ronntnietion  the  world  luis  ever  seen,  and  it  approaches  very  near  to 


1,-.  ,>i 


^f-rfiv   <TMTl 


"THOR"  High  Grade  Specialities 

^;!^^,'J!^*^    '"**   CAPPING        CABLE   CONNECTORS 
^9^Py^^  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT    FITTINGS 

AND   ALL   ELECTRICAL   ACCESSORIES. 
\^'H!TB  FOR  PRICES  &  DISCOUNTS. 

HASLAM  &  STRETTON.  Ud.:^-^-^}:::.'^^!^'' 
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Our  Manufactures  include 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


HELSBY 

TELEPHONE  &  TELEGRAPH 

CONDENSERS. 


Condensers  are  made  in  sundry  styles 
and  shapes,  but  the  cheapest  and 
most  convenient  is  the  Helsby  type 
of    Mansbridge    self-sealing    condenser. 

« 

In  case  of  sudden  fluctuation  of 
voltage,  sufficient  to  cause  a  breakdown, 
these  condensers  seal  themselves  in 
the  act  of  failing,  while  ordinary 
condensers  would  be  irretrievably  ruined. 

SEE   PAMPHLET   H67. 


BRITISH  INSULATED  S  HELSBY  CABLES. 

LTD., 

Cablemakers  and   Electrical   Engineers, 

PRESCOT,  LANCASHIRE. 

Works :     PRESGOT    and    HELSBY. 

Branch    Offices  in:     LONDON,    MANCHESTER,    GLASGOW,    BIRiVUNGHAM. 

NEWCASTLE,   CARDIFF,   DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:  The  Wool  Exchange,  King  Street,  Melbourne. 
EASTERN  INDIA:    11,  Clive  Street,  Calcutta. 
SOUTH  AFRICA:   Telegraph  Manufacturing  Co.  (Colonial),  Ltd., 

P.O.  Box  2827  Johannesburg. 
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H.  Weidma^nn,  Ltd.,  Ra.ppers'wll, 


MAKERS     OF     PRESSPAN     AND     INSULATING     MATERIAL. 

'"•'^SSboard     Presspan,    in    Sheets,   Rolls     and     Tapes,    Oiled     Presspan, 
Black    Pre*>bpaii,   Presspan   Tubes  and  Stampings. 

AtniatlitC     'Vulcanised     Asbestos    Coil    Frames,    Spools  for   Apparatus,   Dynamos, 
Motors  and  Transformers.      Insulating  Blocks,  Tubes,  Plates.  Boxes,  &c. 

Ba.lcditc  Se  Corn  it  e   high  tension  material  Handles  of  Switchfrear  and  Heating 
Apparatus,  Controller  Insulation,  Moulded  Pieces,  Terminal  Covers  of  all  kinds. 

Asbestos-Cement  in  PUtes,  Arc  Shields  for  Controllers,  &c. 


S'^vitzerla.nd. 


Mica   and    Substitutes,  Insulating  Pearls,  Transformer    Spools. 

Japanese    Felt    and    Paper    in    rolls    and    tapes. 

Oil-Varnished    Linen.   Diagonal  Tapes,  Oil-Varnished  Silk  &  Paper. 

Artificial    Leather   Discs   for   Friction   Drive. 

Insulators  for  Electric    Furnaces,  Tramways,   &c. 


"A  QUESTION  OF  ORIGIN." 


The  alx)vc  maj*  Ije  hh'hI  to  fjc  "  the  burning  question  '*  at  the  present 
fimc,  and  for  many  jieojilc  it  is  not  Katisfactorily  answered.  The 
jiliraw^  is  made  the  title  to  an  attnutive  hmchure  which  the 
li<-iijaniin  Klectric,  Ltd.,  are  now  sending  out  to  the  trade.  .Some 
three  nioiithh  ago  we  made  our  readers  acquainted  with  the  admirable 
work.shop  facilities  wliich  this  enterjiri.xing  linn  is  utilising  for  the 
production  of  illumination  material  of  a  highly  sjx-cialised  character. 
The  brochiiri-  referred  to  ((mtains  a  number  of  the  illustratifms  whicli 
wc;  then  |)ul)li.^hed,  ijut  there  are  other  views  <)f  considerable  interest 
now  included,  which  we  take  the  opiK)rt unity  to  reproduce.  It  is  not 
jilwiiys  rcaliserl  in  looking  af  a  siMijjIe  steel  or  aluminiiun  shade  or 
rcllector  that  production  at  ]M>|)uiar  prices  entails  not  ojily  jm-liminary 
Hcicmsj,  but  also  jH-rpetual  ni'-chaniea!  skill.  To  witness  the  stamj)- 
ing  out  of  a  Bcnjjiinin  sled  sh;id«'  or  the  spiiiniuL'  of  a  lienjamin 
aliiminiuiii  rcllector  is  to  have  tlicse  facts  impres.sed  u|X)n  the  mind. 

For  an  ordinary  intensive  tyjie  steel  reflector,  live  distinct  stamping 
o|M-n»fionH  are  neceswiry  to  bring  llie  n-fli-ctor  bowl  to  the  correct 
hIi.iih-.  ,iftcr  -.vhich  the  bowl  is  trimmed  and  beaded  and  the  topinerced 


standiird  lines  of  rcHectors  are  circled  at  tlic  Mills  to  prevent  less  in 
handling  scrap. 

The  larger  sizes  of  Benjamin  reflector  fittings,  cluster  bodies  and 
lanterns  are  spun  from  specially  prepared  metal  blanks — one  of  the 


Five  St.^ces  of  a  Benj.\mix  Steel  Reflector. 

most  interesting  of  the  many  processes  employed  in  the  jjroduction  of 
modem  lighting  sjjccialitics.  Metal  spiiming  is  a  highly-skilled 
trade,  restricted  to  a  comparatively  small  numl)er  of  workmen  and 
the  skill  with  which  an  expert  can  coax  a  fiat  disc  of  metal  over  a 
<huck  or  mould,  thinning  or  thickening  at  any  desired  part,  is  a 
fa.scinating  operation  to  watch. 


'• cive  the  corrrct  reflector  e.\t«»nNinn.     '|*li,.  pnss  il^e!f  weighs 

«  tons,  is  o\cr  10  ft.  high  and  o((  upies  a  H<H»r  space  of  7  ft.  by  ')  ft., 
motive  jKiwer  being  supplied  by  a  I'Mi.i'.  r|,.rtrie  motor.  The 
sheet  Mle<'l  used  in  the  manufacture  of  the  f     '  .  ix  a  deep  drawing 

o|»en  hearth  st^M-l  i«f  a  s|MMial  analysis.      I  ,  iulli-t^  c-ome  from 

the  rolling'mills^iii2\Vales  and  are  cnirfully  coklmlled  in  nhwl 
then-froint..; •' ■     •',,!   ,„„|   ,,„  u,.,]      xh..   bluiks  for 


•  l"ll;IS(.       litN.IAMIN    l^KKLECTOK  KlITlM.S. 

\\'hil>t  tlu'  majority  of  spinniiig  executed  in  this  department 
consists  of  standard  reflector  iittings.  the  company  have  turned  out 
fmni  time  to  time  many  spintiings  of  an  ex<x>i)tional  and  novel 
character,  ranging  from  less  than  1  in.  diameter  blanks  of  tine  gauge 
metal  up  t<)  blanks  of  over  7  ft.  in  diameter  of  No.  8  y.W.ti.  These 
exf  renins  in  wires  serve  to  illustrate  the  class  of  work  vnidertaken. 

The  Benjnmin  reflector  fitting  has  become  a  household  word. 


f]  I  ip   Jas.  Jaq\ict,  Ltd.,  Basle 

S^vitzerland.  ^ 

Comhined  Revolution 
Counters,    with   Chronograph. 

Very    Accurate   Timekeepers. 
CMR0I40GRARH      AND      STOR     WATCH 

Lists   on    .\pplication. 
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FERROZOID 


CONSTANTAN 
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WRITE   FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 


TO:- 


Xt    MAKERS! 

HENRY  WIGGIN  &  CO.,  Ltd., 
George  Street,  Birmingham. 


♦♦ 

♦♦ 

:: 
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AGENT: 


t 


TCI  PPHONE:    6400  CENTRAL, 

'  '-'-^QRAMS:    "  WIQQIN  BIRMINQHAM." 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 


JFI  PPHONE:  6323  HOLBORN. 
'  '-'-'-QRAMSi  "FERRYDOM.   L 


QRAMSi  "FERRYDOM,    LONDON." 
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LrlMITEO 


Motors  a^iid  Genera^tors  of  all  types, 


Complete 
equipment 
for  the 
electrica,! 

ligrhtiixgf 

a,tid 

drivings  of 

riacliine 

Shops, 

Factories, 

Plills,   etc 


Patent 

Automatic 

Reversing^ 

Drive  for 

PIa.cliine 

Tools. 


250  K.V.A.  Rotary  Converter.    6  phase,  50  periods,  480/560  Volts. 
1,000  r.p.m.     Inverted  type. 


River  Don  V7orks,  SHKFFICr^D. 
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11 


D.  &S. 

HANDLE" FUSES. 


50  amps,  and  upwards.    600  volts. 


Asbestos  sheathed  fuse 
\A/ire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 


THE    IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal   Electrical   Works, 

SALFORD, 
W^^^    MANCHESTER. 


n[)rcs(ii1iiig  higher  <'ni<icn(y  in  (h-^ign.  cdir-triHtion  and  finish.  A 
fac-tor  which  c-ontribuleH  mutorially  to  this  ivpiit<ation  is  the  vitreous 
(•ii!irnfiir-<l  fiiiinh.  The  aijplicatjfjn  of  this  in  known  as  "dipping" 
and  requires  eonsideralde  .skill  to  niani|)ulale  flie  article  .so  that  the 
enamel  is  evenly  spread.  White  enamel  is  the  most  difficult  colour 
througlioiit  the  enamelling  process  to  han<lle.  which  accounts  for  tlie 


TiiK  LAiUiK  SrvMiMNi;  Pukss. 

tact  that  cheap  lines  of  reflectors  are  genendly  finished  outside  in  some 
dark  rojour,  k<»  hh  to  hide  the  imiMT'ections  of  tlu-  n«'lal  shape.  The 
f.ecn-1  of  a  Nnow-whit4'  enamel  nurfiice  iH  in  the  purity  of  tin-  tin  oxide 
UM«'d.  and  as  this  i^  an  ingrctlietU  whi<'h  conhideraltly  varies  in  jiric*- 
fi»r  (lifTcrrMif  <pialitieH,  it  it<-countN  fur  the  different  decrees  of  whiteness 

f,ilili(|    iiti    viiri'iti]^    I'M  I  iiii-l  I,  i|    v^;ir,> 


BELLING 

Wc  can  quote  you  for  and  arc  regularly  supplying  : — 

1  Inlrii    llratrr^for  Shrll   l)r>inif()vrii«. 
<.a«  mill  Virc-proot   MrMlrr«  for  l.ciadiitir  Room*. 
I  niinor^ioii   UrAlors  fur   Wax    Mrltini: 
Alt    VN  urinrro  for   I  al>ri>    Dryiiitf   Kooim 
low     I  rnnioraliit<-  K  mlialorv  (or   \Nr)rk   Kooni«. 
Klntrii-  Kircs    Kii<lianl  typoi  (ur  JJffiir*.  fic. 

Flcilricdllr-hratcil   Water  Tankv  «<»  deal    with  any  qiiantitic!«. 
I  hrrnti>«talu  ally  cf>Mlrf>llr<l  apparatiM  to  keep  cither   water  or 

air  at  any  ilr«irrct  Irmpcratiiro. 
l^.lci  trU    I Daslcr-i.  Water  lloilrr!i  and    Grillrm  for  Men*  Rnom». 

Wr  have  had  iar^c  experience  in  aHaptiiiR  electricity  to 
tn«ny  novel  nianufactunng  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions 

nn  I  INC.  A  CO    r.lKlric  Hnlinc  SprtlalUli.  tVrbr  Ro«d.  EDMONTON.  LONDON.  N. 


In  these  reflectors  only  the  highest  quality  of  tin  oxide  is  used, 
the  metal  shape  being  fir.st  given  a  coating  of  basic  (or  grey)  enamel, 
and  then  two  coats  of  white  enamel  are  applied. 

A  high  temjicrature  is  required  for  tlie  white  enamel  for  firing. 
Owing  to  the  intense  heat,  the  metal  in  the  larger  diameter  reflectors 


A  Corner  of  the  Spinning  Shop. 

slightly  sags,  and  it  is  ner-es.sary  immediately  to  clamp  them  into 
jKisit  ion  so  as  to  restore  them  to  tlieir  original  sliapc.  > 

.Many  other  inten'sting  facts  regarding  the  Benjamin  special  it  iWarc 
given  in  the  bnichiire,  and  tliose  wlio  have  not  received  a  coj)v 
should  make  early  application  to  Jienjamin  Electric,  Ltd.,  Rosebery- 
a\cnuc.  l/>ndnn.  K.C. 


E.  SHOWELL  &  SONS.  LTD.. 

STIRCHLEY.    BIRMINGHAM. 

Cast 
Cable  Sockets. 

Suite  E74.     Made  In  all  Sizes. 

Type  A.— Straight 
„     B.— Offset 

C— Ritrht  angle. 

Illuttrated  Dimensioned  Showcard  for  Drawing 
Office  u*e  supplied  free  on  application. 


^rjf    A pr 


..    Tr.hif- 


UONEL  ROBINSON,  ^  si.pie  in„ 


London,  W.C. 

Telefhonb  :  Hoiborr,  6333. 


t*l  ud  Pubttih«l  bTthifVoprJa^ri.'  Thi  ELfc-raiciAB  "  Pannao  a»d  Pi'.u»i.t»o  Co..  Lrc  .  at  tha  Bdltertal.  PrIntlDg  ud  Publishing  Offices. 
I.  a  and  a,  Saumwit  OviT.  Fi^m  Srwm.  la  tte  Cftr  af  LOMDOM,  Fiwat,  Crr-TvicF  1.  I91t. 
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4     The   Round   Table.     X 

4  ^«^4'4>^4'«^4>4'4'4'4><^4><^<^4*^4>'^4-<^^^ 


Event  of  the  Week.— Why,  the  "  pipping  of  the  Zepp," 
of  course.  *         *         *         * 

In  future  you  will  not  tell  a  man  to  go  to  Hades.     You  will 

just  Kiiy  ("  in  order  to  preKcrve  the  sorial  amenities,"  as  an  old 
friend  would  have  it)  "  You  go  to (,'uffley  !  " 

*  *         *         * 

"  A  plate  attached  to  the  stut  axle  carries  the  motor,"  says 
"  Lloyd's  Register,"  in  describing  an  electric  battery  vehicle. 

*  *         *         * 

I  hear  that  some  highly  paid  workmen  in  a  metal  factory 

were  recently  presented  witli  income  tax  forms.     They  have 

since  informed  the  manager  that  they  cannot  possibly  make 

ends  meet  on  £7  a  week  ! 
1  H=         *         *         * 

ij^TIiis  charming  young  lady  has  been  playing  tennis,  but 
between  whiles  she  does  the  electric  cooking.  The  Newcastle- 
on-Tyne  Electric  Supply  Co.  has  had  a  poster  prepared  from 


this  design,  the  wording  directing  attention  to  the  economy  and 
■convenience  of  electric  cooking.  But  do  they  play  tennis  up 
North' just  now  ?         ^         ^         ^         ^ 

Commenting  upon  the  "  electrocution  "  of  an  English  child 
who  climbed  a  telephone  pole,  the  "  Daily  Chronicle  "  says  : — 

All  across  the  Roman  Campagna  are  telegraph  and  telephone 
poles,  and  to  every  one  of  thena  is  affixed,  not  a  verbal  warnuig  lest 
any  urchha  inclined  to  SM'arm  should  not  be  able  to  read,  but  a  most 
intelligible  threat,  in  striking  black  on  white — a  skull  and  cross- 
bones.     Is  there  no  like  way  of  warning  the  little  Briton  ? 

I  fear  the  little  Briton  would  "  pinch  "  the  skull  and  cross- 
bones  notice  to  use  as  a  breastplate  in  the  "  pirate  chief  " 
drama  to  be  enacted  in  the  back  yard  before  an  admiring 
crowd  of  local  gamins.     It  could  have  no  other  meaning  ! 


L.  P.  S. 


CLIPS.  TIPS  &  TERMINALS 


Qf  all  descriptions. 
Write  for  Booklet,  with  Illustrations ,  of  75  types  io,'~ 

THE  L.P.S.  ELECTRICAL  CO..  18,  Adam  Street,  Strand.  London,  W.C. 


'  'mi 


I 


Jointer  (recently  at  the  front)  :  Xaa  then,  matey.     Funk  "ole,  quick  ! 

[From  Glovers  Almanac. 

*  *  *  * 

The  following  does  not  apply  to  electrical  advertising  : — 
The  Trade  and  Industry  Committee  of  the  Royal  Colonial  Institute 
has  received  complaints  from  purchasers  Overseas  as  to  the  mis- 
leading form  in  which  adverti-semrnts  of  manufacturers  in  the 
United  Kingdom  appear  in  the  local  press.  Advertisers  seem  at 
a  loss  as  to  what  is  needed  in  an  advertisement  in  the  Colonies. 
One  instance  may  be  quoted  :  Butter-cooling  dishes.  In  an  adver- 
tisement the  price  was  given  as  7s.  6d.  retail  m  the  United  Kingdom. 
What  is  required  by  the  retailer  Overseas  is  a  knowledge  of  the  size 
of  the  dish,  but  this  most  essential  point  was  omitted.  Xo  informa- 
tion was  given  as  to  how  man>  were  packed  in  a  case  or  what  the 
cubic  measurement  of  one  dozen  was,  nor  the  capacity  of  the  dish, 
whether  it  would  hold  Jib.,  ^Ib.,  or  lib.  The  prospective  pur- 
chaser has  to  write  for  this  information,  which  in  many  cases  takes 
from  three  to  four  months  for  a  reply. 

*  *         *         * 

A  writer  in  the  '"  Yorkshire  Herald  "  lets  himself  go  on 
"  strafing  "  Zepps.     Here  is  ^'  strafe  "  No.  1  :— 

By  means  of  a  simple  invention  the  beams  of  the  searchlight 
assume  the  properties  of  a  copper  wire,  and  charges  of  high-tension 
electricity  are  sent  up,  upsetting  the  various  instruments  of  observa- 
tion, jammmg  delicate  machinery,  and  creating  considerable  dis- 
turbances among  the  occupants  of  the  airship, 
and  making  sparks  fly  out  of  their  hair  and  firing  the  gas  or 
petrol  vapour,  eh  I     Why  not  ? 

Here  is  "  strafe  ""  No.  2  :  — 

Nor  would  it  be  impossible  to  direct  a  continuous  electrical  current 
up  the  searchlight.  Then,  if  a  second  searchlight  were  focussed  on 
the  opposite  end  of  the  Zeppelin,  the  latter  would  perforce  o'^cupy 
the  position  of  the  carbon  filament  m  an  electric  lamp.  Heat  would 
be  rapidly  generated  and  would  soon  force  the  series  of  gas  bags  to 
expand  up  to  bur.sting  point. 

And  here  "  strafe  "  No.  3  :— 

By  a  further  adaption  of  this  apparatus  the  Zeppelin  would  be 
held  in  magnetic  contact  and  as  the  searchlights  were  .><lowly  do- 
pressed,  would  be  drawn  down  towards  the  horizon,  when  it  could  be 
destroyed  by  gun  tire  or  other  suitable  means. 

Shades  of  Billing  and  Bachelet !  Do  the  authorities  know 
the  address  of  this  genius  I 


SILVER  SOLDER  for  BRASS, 

Specially  .uitable  for  ELECTRICAL  INSTRUMENTS. 

Free   Sample   an  application. 

J.  BLUNDELL  &  SONS, 

BOLD.  SILVER  t  PLATIMMI  REFIIERS.  199.  WAROOUR  STREET.  W. 


"GoMpUt.  Ok.,  Uadon." 


4746  CS«nrd. 
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SIEMENS 


IRONOL-AD 
S^/ITCHGEAR 
FOR    Akl. 
RURROSES ' 


Control   Pillars 
Distribution    Boards 
Main    Switchboards 


Illustration    shows    our    Standard 

Cast-iron    Mining    Pillar    suitable 

for  pressures  up  to  3,300  volts. 


Write  for  particulars  to  — 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Head  Office:  CAXTON  HOUSE,  WESTMINSTER,  S.W. 
Telephone:  Gefrard  6t0.         Te'egranis  :  "  Siekeralos.  Vic.  London." 

Supplies  Dept.:    38  &  39.   UPPER   THAMES  STREET.   E.C. 

Telephone :  City  5350.  Telegrams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES i 


Birmingham — Central  Ho.,  New  St. 
Bristol — 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow — 66,  Waterloo  Street. 


Manchester — 196,  Deansgate. 
Newcastle— 64-68,  Collingwood 
Sheffield— 22,  High  St.        [Bldgs 
Southampton^6,  High  Street. 


Branches  in   Principal  To>A/ns  Abroad. 


ERICSSON  APPARATUS. 


The  set  illustrated  comprises  a  telephone  generator  coupled 
direct  to  a  gmall  motor.  The  generator  is  a  nine  magnet  machine 
wifli  an  ()nf|iut  of  approximalcly  70  volts  iuid  OO.'l  ;(ni];cro  when 
run  at  1 ,000  rov.s.  per  niin.  'J'hc  l)caring.s  are  of  ample  design  and  are 
fitted  with  automatic  ring  oilers  for  continuous  running.  The 
nrrciit  collecting  hnisti  is  of  sjumIc  and  effective  design,  so  arranged 


KniCS-iON    MnTOH    MaoNKTO    RlNciKK. 

tnal  llic  ni.uliitip  cfui  Ic  run  iti  either  diredion.  By  rc.ison  of  the 
jicrmaiuMit  ni;i;,;n<'t,s  these  madiinos  require  a  in  ninnDu  of  driving 
ixnver  and  are  con.'<oquently  economical  to  run.  The  motor  which  is 
coupled  direct  to  the  generator  Ijy  means  of  a  llexihle  coupling,  can  he 
supplied  puitablo  for  either  direct  current  or  alternating  current. 
When  the  driving  u^otor  iq  woimd  tor  over  200  volts  a  protection 


cover  is  fitted  over  the  terminals  and  the  motor  frame  is  fitted  with 
an  earth  terminal.  Both  machines  are  mounted  upon  a  well  fini.shed 
wooden  ba.se,  reinforced  with  ironwork.  The  base  is  fitted  with  felt 
cushions  to  reduce  noise  and  vibration,  and  holes  are  provided  iu  the 
base  for  fixing  down  screws  should  they  be  necessary-. 

The  hand  lamp  shown  is  specially  suitable  for  policemen,  night 
watchmen,  factories,  &c.  The  lamp  case  is  made  of  pressed  steel 
heavily  coated  with  black  enamel,  and  fitted  with  nickel-plated 
carrA'ing  handles,  also  belt  clip.  The  high  efficiency  metal  lamp  with 
which  the  lamp  is  fitted  is  suitable  for  working  with  the  2  volt 
accumulator  provided  with  the  lamp.  The  two-way  switch  is  of 
strong  construction,  being  mounted  on  a  libre  block  which  can  be 
easilj'  removed  for  inspection  when  ne:cssarj-.     The  lens  with  which 


Ericsson  Lanteux. 

the  lamp  is  fitted  is  designed  to  give  a  maximum  amoimt  of  light 
The  metal  ring  holding  the  lensal.so  acts  as  a  lock,  a  special  two-pin 
key  is  supplied  with  each  lamp.     The  overall  dimensions  are  6  iiu  by 
•i{  in.  by  2^  in. 

Prices  of  the  above  apparatus  can  be  obtained  from  British  L..\l. 
Ericsson  Co.,  5,  Chancery-lane,  London,  E.C. 


DONOVAN  LEAFLETS. 


Reminders  of  their  specialities  are  being  sent  out  by  Donovan  A 
Co.  in  the  shajie  of  letter  leaflets  containing  illustrations  of  individuHJ 
pieces  of  apparatu.s.  They  deal  with  "  Safuses  "  and  "  JSfiufo  " 
Borrds,  "  Cornwall  ""  Fan  Regulators.  Motor  Starting  Panels.  Switch 
and  '■  S;'.fu.«e  "  Panels  and  Insula.tcd  Switihholders.  Each  !ef flot 
is  Jointed  on  one  side  only,  and  contains  a  very  clear  illuNtratinn  of  the 
apparatus  with  which  it  deals.  They  should  help  to  pmmoto 
in  juiries  for  Donovan  goods. 


THRESHING  BY  CENTRAL  STATION  POWER. 


Nitu'    pn)grcssive    faiiu'-rs    along    the    ln»nsmis.<i(ui    lin<^      '  ''•'" 
lliversidc   Light    iV    Power  Co.  of  .\bilenc.   Kan.sas.  have  < 
thcm.selves  into  the  co-operative  "  Electric  Thn^shing  .^^^•• 

for  the  purpose  of  purchasing  e(|uipmcnt  and  doing  their  ti..    - > 

electrically. 

The  central-station  comj)any.  which  operates  aUiut  I.V> 
transmission  line,  has  been  working  for  s(unc  time  on  a  suil^   .'   , 
for  such  a  .service,  the  advantages  of  which  have  finally  hern  rt"<-.«>: 
ni,-ed  l)v  this  grou]>  of  farmer.s.  who  have  each  sui>s(TJlT<l  i\  <Tn  mi 
sum  of  111  )Ucy  for  the  jiurchase   of   the   up-to-date   thresher.     1  i« 
|H)wcr  company  furnishes  all  the  electrical  equijunent  for  o|x«nitinK 
the  thn^sher,  ensilage  cutter,  or  other  machinery  requiring  n 
10  H.r..  and  each  farmer  pays  for  the  stub  line  leading  t' 
transmission  trunk  lino  to  his  field.     The.-^e  stub  line*  arc  built  of 
light  ]ioles  and  iron  wire  and  carry  O.Gtxi  volti«.     The  tranf-foimer, 
primary  cutout,  met«r  and  switches  are  mounted  on  ft  truck  nude 
fww  ot\  ordinary  farm  wagon,  ant^  the  proMure  is  stepped  do'TJ  tQ 


167 


SUPPLEMENT  to  "The  Electrician,"  September  8,  1916.     (xxi.) 


carry  the^simplicity 
of  house  liffhtin^  into 
factor j^  works  &  mill 

With  the  power  for  big  Hghting  effects 
of  the  Arc  Lamp,  Mazda  Half-W^att 
Lamps  retain  all  the  good  qualities  of 
the  metal  filament  Lamp.  They  are 
simple,  reliable  and  convenient, 
require  no  adjustment,  need  no  trim- 
ming, give  no  trouble,  ensure  greater 
economy. 

They   give  Arc  Light  effect 
without  a  flicker,  without  a  fault. 


MAZDA  LAMPS  ARE 
BRITISH  MADE  IN 
RUGBY,    ENGLAND. 

The    British    Thomson-Houston 

Co.,  Ltd., 

Mazda  House,  77,  Upper  Thames  Street, 

London,  E.G. 

Branches:— Manchester,  Birmingham,  Leeds, 
Sheffield,  Newcastle.  Middlesbrough,  Glasgow, 
Swansea,  Cardiff  &  Dublix;. 
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GUARANTEED 


SECOND   HAND 


THE  VICTORIA   ELECTRIC   PLANT  CO., 
SPENSER   STREET,   WESTMINSTER,   S.W. 

Phone:  Victoria  4026.  Grams:  Vicminster,  Sowest,  London. 


BURNER  &  HEAT  CONTROL 
Equipment  for  Lead  Presses 

(HALLS  PATENTS). 

MONOMETER    Mfg.    Co.,  Ltd.,  Aston,    BIRMINGHAM. 


440  volts  for  the  25  h.p.  squirrel-cage  motor  mounted  with  its 
starting  compensator  on  a  separate  truck.  The  .500  ft.  of  cable  con- 
necting the  transformer  wagon  with  the  motor  gives  sufficient 
latitude  for  convenient  location  of  motor  and  transformer. 

The  outfit  is  reported  to  be  working  very  satisfactorily,  with  a  cost 
to  the  farmers  of  about  one-half  that  charged  by  the  steam  thresher 
men.  The  a.«8ociation  pays  for  the  energy  used  at  the  flat  rate  of 
5  cents  per  kilowatt-hour,  and  the  energy  consumption  is  about 
2.50  watt-hours  per  bushel,  dejjending  on  the  nature  of  the  grain 
threshed.  The  revenue  which  the  power  company  received  from  the 
nine  farmers  this  year  averages  .S17..50  for  e-ach  threshing,  and  it  is 
expected  that  the  same  electrical  equipment  will  be  used  for  filling 
silos,  and  will  produce  at  least  an  equal  amount  of  revenue.  The 
farmers  have»'ilso  u.sed  the  equipment  for  baling  their  hay,  and  the 
association  is  doing  some  threshing  for  their  neighbours  who  happen 
to  be  located  on  the  transmission  lines,  so  that  the  total  proceeds 
from  tho  business  will  be  well  worth  going  after.  C.  L.  Brown, 
general  manager  of  the-  power  company,  says  :  "  While  this  ex- 
poricnco  is  rather  new  in  this  country,  our  farmer  friends  are  all 
delighted  with  the  operation  and  the  economy  of  the  outfit.  The 
probai)iIities  are  that  next  year  a  number  of  these  outfits  will  be  at 
work." 


USE  OF  LARGE  MAGNETIC  CLUTCHES. 


The  Wisconsin  Traction,  Light,  Heat  &  Power  Co.  makes  an 
interesting  use  of  m.agnetic  clutches  in  its  power  plant  at  Appleton, 
Wis.  The  plant  is  combined  steam  and  water  driven,  situated  on  the 
Fox  river.  The  j)re.sent  e(iuipment  consists  of  two  combined  water 
turl)in(' and  engine-driven  direct -('(tniiected  l,0(K)kw.  imits,  rinming 
at  laO  n^vs.  per  niiii.,  and  two  1,250  kw.  low-pressure  turiio-gene- 
rators.  The  clutches  are  used  to  connect  the  engines  to  the  generator 
shafts,  the  water  wheels  being  connected  to  the  opposite  end  of  the 
same  generator  shafts  by  means  of  flange  couplings.  There  are  two 
separate  generators  on  each  shaft,  one  a  .^SO-volt  direct-current 
iniicliirie  for  traction  service,  and  the  other  a  2,200- volt  thrce-])hase 
allcniating-currcnt  machine  for  commercial  jx)wer  and  lighting 
service. 

When  operating  by  water-power  tlu^  engines  are  di.scoiuiectcd 
iioni  tlic  generator  siiafts  by  disengaging  the  clutches.  In  seasons 
(pf  low  water  the  supply  may  at  times  be  cut  off  entirely  on  short 
'lolice.  iieinj;  regulated  l)y  tlie  tlovernnient,  when  it  is  necessary  to 
drive  the  generators  from  the  engines.  In  cases  of  sudden  change  the 
engines  must  be  coiuuH-ted  to  the  generator  shafts  without  inter- 
ru|>ting  .service.  This  is  accomplished  by  means  of  the  magnetic 
clutches. 

The  clutch  used  has  several  essential  features  'nhich  make  it 
suitable  for  this  service.  The  tonpie  transmitted  can  never  exceed 
a  certain  |ircdctcrMMned  value,  which  ensures  smooth  engagement 
and  climinafeH  excessive  strains.  The  operation  of  the  clutch  is, 
tlicrcfore,  iigt  dependent  uiMin  tlic  skill  of  the  operator,  and  may  be 
lliiown  "  full  on  ''  without  liarriiful  results.  .At  the  same  time  the 
clutch  has  a  factor  of  safety  which  permits  no  slijiping  wlien  the 
en^,'iiu>  is  running  al  its  maximum  loa<l.  It  is  designed  to  withstand 
moderate  |)eriods  of  sli|)ping,  and  provision  is  made  for  dissipating 
I  111-  III  ;ii  developed  and  adjusting  for  1  he  resulting  wear.  It  has  been 
found  that  magnetic  clutches  of  this  type  are  well  ada])ted  for 
"inching."  and  by  mani|)ulating  the  knife  .switch  which  controls 
the  clutch  the  engines  may  be  turned  through  any  desired  fraction 
of  a  revolution. 

I'lic  magnetic  clutches  replaced  two  me<hanical  friction  clutches, 
which  had  become  misalisfactory  an<l  n'(|uired  frequent  renewal  of 
parts  to  maintain  (hem  in  operating  condition.     'Jhe  j>rincipal  cause 


Ferranti  Ltd 

HOLLINWOOD.   Lancashire. 

SWITCHGEAR,   TRANSFORMERS,  METERS. 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


of  the  failure  of  the  mechanical  clutches,  it  is  said,  was  a  slight 
misalignment  of  the  engine  and  generator  shafts  which  imiwsed 
ujibalanced  stres.ses  on  the  clutch  shoes,  and  which  resulted  in 
chattering  and  slipping  on  overloads.  The  construction  of  the  units 
made  it  a  difficult  matter  to  correct  this  misalignment.  It  would 
have  been  necessary  to  use  a  flexible  coupling  in  connection  with  anj- 
form  of  mechanical  friction  clutch,  but  the  limited  shaft  length  made 


A  Fine  Examim.k  oi-  Fnxm  Li<;nTiN(;  with  Ei-kctbu    L\mi-s. 
Tui:  Wooi.wouTii  ToWKK.  Nkw  Youk.  .\t  Nuinr. 


this  practically  im|K)ssii)le.     The  misalignment  mentioned  does  not 
alTiM't  the  oj)eration  of  the  magiu'tic  clutches. 

.\t    pre:enl   the  capacity  of  the  plant   i.>*  being  doubled  by  th*" 
a<ldition  of  two  high-pn\ssure  steam  turbogenerators  and  auxiliarv 

e()ui|)ment.      It  is  also  ])lannc(l  to  take  out  the  ])resent  wafer 

an<l   rc|)|ace  encli   wheel   with   two   w.itcr  turbines,  dirci  t   <■ 


INSULATION 


The   only   satisfactory    substitute   for 

Anbesto.s     Wire  :      also    for     flexible 

leads,  etc.      AMPLE  STOCKS. 


'i' 


HOLDER-HARRIDEN.  LTD.,  35  37.  noble  street,  london.  t.c,_ 
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ELASTA^S'ZlfE"  WIRE  LAMPS 
Illlllllllllllllllllllllllllllllllilllllllll 


Advt.  of  Pope's  Electric  Lamp  Co.,  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


Greer.ly 


44 


ROYAL 


Sole  Manufacturers 
. .  QUE  AD  UR  • . 

47  to  57  Marylebone  LSI 

London,  W. 

Telephone:  Mayfair  3582. 


THE 


Q.  13. 
3  and   4  kw. 


QUEAD. 


Special  Features 

Sound  Construction 

.   .    Red  Heat    .   . 

Artistic  Finish. 

Ask   for    1916-1917    List. 
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Manufacturers  of 

PHOSPHOR     BRONZE, 

6UN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tubes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 
PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  LTD.. 

BIRMINCHAM. 


tf)  firjO-kw.  4,000- volt  alternating-current  generators.  This  will  leave 
the  old  generator  equipment  referred- to  driven  by  the  engines  only. 
Direet  current  will  then  be  obtained  by  driving  with  the  engines  or 
by  oj)erating  the  alternating-current  generator  as  a  motor  to  drive 
the  direct-current  machine.  The  latter  arrangement  will  be  used 
when  the  load  demand  is  light  and  the  hydraulic  turbines  have  more 
capacity  than  is  required  for  the  alternating-current  service.  The 
engines  will  then  be  used  for  synchronising,  and  can  be  disconnected 
by  means  of  the  clutches. 

The  clutches  are  fJO  in.  in  diameter  and  30  in.  over  all  length.  The 
construction  consists  of  a  field  or  magnet  member,  and  an  armature 
member  connected  to  the  hubs  by  means  of  steel  discs.  These  discs 
act  as  spring  plates  to  separate  the  field  and  armature  members 
when  the  clutch  is  de-energi.sed.  The  coil,  which  is  in  the  form  of  a 
ring,  fits  in  .an  annular  slot  in  the  field  member  and  connects  to  the 
8li[)-rings  by  flat  external  leads.  The  magnet  or  field  member  when 
energised  pulls  the  armature  against  a  friction  ring  with  a  pres.sure 
of  751b.  per  square  inch,  the  resultant  friction  giving  the  required 
lorque.  The  success  of  the  clutch  lies  in  its  simj)licity  and  freedom 
from  sliding  parts  to  wear  out  and  require  adjustment.  About 
8  amjxires  at  110  volts  are  required  for  excitation.'  This  current  is 
furnished  by  an  exciter  .set.  A  special  split  construction  was  u.sed 
so  that  the  clutches  could  be  installed  without  rcmovijig  the  shafts. 

'J"he  clutches  were  built  by  the  Cutler-Hammer  Clutch  Co.,  and 
])arliculars  fif  similar  clutches  can  l;e  obtained  from  the  Igranic 
KIcctric  Co.,  Queen  N'ictoria-street,  London,  K.C. 


THE  ECONOMY  OF  ELECTRIC  COOKING. 

Figures  recently  secured  on  the  cost  of  operating  29  electric  ranges 
in  Detroit,  .Mich.,  give  2  kw.-hour  j)er  day  as  the  average  consumption 
for  cooking  for  families  of  two  and  three  jiensons.  In  the  s-ame 
apartments,  says  the  "  Klectrical  World,"  the  use  of  electrical  energy 
for  jiurposcs  other  than  cooking  averaged  a  trifle  above  ^  kw.-hour 
per  day  during  the  period  of  observation.  Jn  only  one  in.stance  was 
it  ap|)iirenl  that  the  electric  range  was  not  being  used  regularly,  the 
consumption  in  the  other  2S  cases  varying  from  a  minimum  daily 
eonsumption  of  ()•  1 1  kw.-hour  to  a  maximum  of  4-4  kw.-hour  jicr  day. 

The  ranges  installed  :ire  a  recent  model,  the  feature  of  which  is  the 
eoiupiirtment  (or  tireless)  cooker.  This  cooker  is  ^et  into  the  body 
of  the  stove,  .so  that  its  cover  when  clo.sed  is  flush  with  the  cooking 
Hurfact'  and  is  flanked  on  either  side  by  a  hot  plate.  The  oven  is  of 
the  el<>vate(l  tyjie  with  a  glass  door.  Au  automatic  clock  mechanism 
o|ier.ites  a  master  switch  and  pilot  lamp,  this  feature  being  designed 
In  pH'vent  the  circuit  being  left  "on''  through  forgetfulness  ujion 
t  hi'  |i;nt  of  the  ojierator. 

The  l'.ouievaid  Court  installation  was  made  as  a  direct  result  of  a 
similar  successful  installation  in  RufTakt.  A  tenant  of  the  Buffalo 
a|)artrnent.  upon  moving  to  Detroit,  inquired  of  the  inanufact  nrer 
to  jeiiin  w  I, el  her  .-he  (on  Id  not  .-xm  ure  an  a  pa  it  men  t  in  the  latter  rily 


One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVIES    MOTOR    CO. 

Head   Office:     110,     CANNON     STREET,     LONDON,     E.G. 
Work.  :  Dermody  Road,  Le-wlsham,  London,  S.E. 


equipped  with  an  electric  range.  This  evidence  of  satisfaction 
induced  the  Edison  Illuminating  Co.  of  Detroit  to  join  forces  with 
the  manufacturer  in  placing  a  tj'pical  installation. 

A  study  of  the  data  at  foot  of  page  shows  several  interesting  facts. 
It  is  not  apparent,  for  example,  that  more  than  one  of  the  active 
u.sers  of  the  cooking  service  was  extravagant  in  that  service  alone. 
In  all  ca.ses  but  one  where  the  total  monthly  bills  were  above, So  the 
energy  used  otherwise  than  in  the  range  amounts  to  approximately 
.'}0  per  cent,  of  the  total,  whereas  the  average  of  the  entire  29  apart- 
ments shows  that  about  25  per  cent,  in  round  figures  was  used  for 
light  and  purpo.ses  other  than  cooking. 

Another  interesting  fact  is  that  in  l,oo4  range  days  the  consump- 
tion averaged  only  2  kw. -hours  per  day,  although  this  record  was  for 
the  experimental  period,  when  it  is  commonly  expected  that  the  con- 
sumption will  be  high,  owing  to  the  housewives'  unfamiliarity  with 
the  electric  stoves. 


HALF-WATT  LANTERNS  AND  FITTINGS. 


The  majority  of  half-watt  lamp  fittings  on  the  market  wen- 
originally  designed  to  take  one  or  more  filament  lamjjs  of  coni- 
])aratively  low  candle-]>owcr,  and  are  often  un.sati.sfactory  for  use 
with  single  lamps  of  high  candle-jjower.  It  is,  therefore,  to  meet  the 
demand  for  fittings  for  the  latter  pur|)ose  that  Crom])fon  &  Co.  have 
decided  to  place  on  the  market  the  series  referred  to  in  Leaflet 
Xo.  551.  Certain  undesirable  ]X)ints  have  been  carefully  avoided. 
such  as  the  employ ment  of  clamping  .screws  on  to  the  rim  of  the 
globe,  and  the  use  of  rubber  nngs  or' other  jierishable  lacking 
materials. 

As  the  illustrations  in  the  leaflet  indicate,  fittings  of  various 
forms  can  be  sui)i)lied,  but  the  one  recommended  as  most 
.suited  to  the  majority  of  industrial  installations  is  the  lantern 
designed  on  the  .same  lines  as  that  employed  with  the  well-known 
'■  Crompton  Blondcl  "  o])en-type  flame  arc  lamps  with  niodifi- 
eations  to  suit  the  particular  characteristics  of  the  half-watt 
lamp.  With  it  all  the  light  is  thrown  in  a  downiward.  and  hence 
useful,  direction,  while  an  even  distribution  of  light  is  jiroduced  over 
a  wide  area,  .-^n  im])ortant  jjoint  in  favour  of  the  adoption  of  the 
lantern  is  the  comparatively  low  cost  of  glass  renewal.s.  It  can  b? 
fitted  with  clear.  Huted  or  muranese  glass  ])anes,  fluted  glass  being 
always  ,sui)])lied  unless  dclinite  instructicns  are  given  to  the  contrary. 

It  should  1  e  noted  that  by  the  eniplo.\inent  of  fluted  or  mu^ane^■e 
glass  the  high  intrinsic  brilliance  of  the  half-watt  lamp  is  rednctd 
without  .serious  loss  of  light.  It  is  stated  in  the  leaflet  that  tic 
adoption  of  oi)alescent  globe.s,  which  latter  absorb  anything  froui 
."55  to  70  i)er  cent,  of  the  light  emitted  by  the  lamp. 

All  fittings  are  complete  with  standard  goliath  screw  lamp- 
holders,  moinited  on  anti-vibratory  brackets,  arranged  in  such  a  way 
that  the  position  of  the  lamp  within  the  globe  or  lanteni  is  easily 
adjusted.  When  reipiired  for  lamps  burning  in  .series  any  fittings 
can  be  supi)lied  with  internal  cutouts  and  .substitutional  resistancf* 
at  extra  prices  given  in  the  leaflet.  In  most  eases  when  lam|»s  are 
re(|uired  to  burn  singly  on  alternating  current,  fittings  can  l)e  sup- 
plied with  internal  transformers,  the  extra  i)ri<  e  for  \\hi<h  will  lio 
given  on  aj)|)licatioii. 

On  some  installations  fidl  lighting  is  not  always  ix(pincd,  .is  li'r 
instance  in  the  case  of  sti-eets.  railway  stations  and  factories.  For 
such  eoiiditious,  therefore,  the  lanteni  fitting  is  arranged  with 
a  K'cund  holder  to  take  .i  smaller  lamp  of  comjiaratively  l«>w 
candle  jiower.  this  second  holder  Icing  supiH)rte(l  1  elow  the  larjpr 
one.  k 

Tlic  fittings  pi(i\i(!ed  with  gloi  es.  and  illustrated  in  the  Icatlet, 
arc  arranged  to  t;ik«'  lamps  up  to  1.000  watts,  while  tlie  fitting  with 
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oli.sorvation. 


l.r..>l<l«ys 
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sumed other  than 
l>y  range. 
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Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

•    Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


POWER  FACTOR. 

Various  methods  of  minimising  the 
serious  disadvantage  of  a  low  lagging 
power   factor   have    been    put    forward. 

The  most  efficient  and  economical  of 
these  is 

THE  HELSBY  CONDENSER 

(Patens  Nos.  22139/05  and  14817,14). 

which,  unlike  the  others,  entails  no 
running  losses  and  requires  no  skilled 
attention. 

These  condensers  have  been  in  opera- 
tion on  A.C>  Power  Distribution 
Circuits  for  several  years  past  with 
most  satisfactory  results. 


BRITISH  INSULATED  I  HELSBY  GABLES. 

LTD., 

Cablenriakers  and   Electrical   Engineers, 

PRESCOT,  LANCASHIRE. 

Works:     PRESCOT    and     HELSBY. 

Branch    Offices   in:     LONDON,    MANCHESTER.    GLASGOW,    BIRMINGHAM, 

NE\A/CASTLE,    CARDIFF,   DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:   The  Wool  Exchange,  King  Street,  Melbourne. 
EASTERN  INDIA:    11,  Clive  Street,  Calcutta. 
SOUTH  AFRICA:  Telegraph  Manufacturing  Co,  (Colonial),  Ltd,. 

P.O.  Box  2827  Johannesburg, 
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IRONCASED 
SDGKETS&  PLUGS 

FOR   HARD   SERVICE. 

Sizes    up   to    200    amps. 
D.P.  and  T.P.    500  volts; 

with   "earthing"    connection. 


^ 


Also    Combined  Switch 
and   Plug:  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal  Electrical  Works, 

SALFORD, 
MANCHESTER. 


the  lantern  shown,  is  arranged  for  lam]).s  up  to  1,5(10  watts. 
.Standard  fittings  arc  arranged  to  take  1  in.  diameter  fxrcwed  conduit 
for  susjjcnsic  n,  Init  if  retjuircd  can  le  fittetl  with  wheel  insulator  top 
at  an  extra  ])ri(;c.  The  standard  lantern  fitting  is  finished  in  dark 
green  and  black,  and  the  glohe  fittings  are  enamelled  dark  grey. 
Copies  of  the  leaflet  are  obtainable  from  Crompton  &  Co.,  Chelmsford. 


LAMP  FILAMENT  BREAKER. 


A  device  for  breaking  the  filaments  of  incandescent  lamps  which 
are  returned  to  its  supi)ly  dci)artment  has  been  constructed  by  the 
Boston  Kdiscn  Company,  and  is  in  regular  ukc  in  the  local  lamp 
division. 

Among  tlie  thousands  of  incandescent  lamps  returned  as  having 
been  bunied  out  by  lighting  customers  are  many  which,  though  not 
entirely  useless,  are  nevertheless  unfit  for  further  service.  To 
])revent  purchasers  from  sorting  the  units  and  re-selling  those  with 
filaments  intact,  a  means  of  breaking  the  filaments  of  lamps  of  sizes 
up  to  250  watt  tungsten  was  sought.    As  a  result,  an  apparatus  with 


a  laminated  L'-shajicd  core,  weighing  about  80  lb.,  was  constructed. 
The  core  was  wound  with  551b.  of  No.  10  cot  ton -covered  copjier 
magnet  wire,  a  gaji  being  left  sufficiently  large  to  admit  a  large  size 
unit  between  its  jaws.  The  winding,  in  series  with  the  resistance, 
is  supplied  from  a  110- volt  direct -current  circuit.  A  jwwerful 
electromagnet  is  thus  formed,  whose  field  is  j)roduced  by  about 
7, COO  ampere-turns.  A  quick-acting  lamp  socket  is  arranged 
be1>ween  the  jaws  of  the  U,  and  is  supplied,  in  s-eries  with  a  resistance, 
from  a  220- volt  alternating-current  circuit.  In  addition  to  this  fixed 
resistance,  another  can  be  switched  in  in  multiple. 

As  the  lamps  are  pushed  into  the  socket  the  effect  is  to  break  the 
filament  instantly.  The  resistance  in  series  with  the  lamp  prevents 
short-circuiting  on  the  220-volt  main  in  cas-e  of  an  occasional  de- 
fective ba.se.  If,  as  sometimes  haj)pens  with  very  large  tungstens, 
the  filament  breaks  and  welds  near  the  leading-in  wires,  the  second 
resistance  is  thrown  in  .'■cries  with  the  lamj),  thus  allowing  more 
(•iirrent  to  flow  and  invariably  breaking  the  filament.  The  direct- 
current  field  is  left  on  continuously  while  operating.  With  this 
machine  filaments  are  broken  as  ra])idly  as  the  lani])s  ?ire  inserted 
in  the  socket  and  placed  to  one  side,  and  the  rest  of  the  lamp  is  in  no 
way  injured  nor  is  the  blackening  of  the  bulb  increased. 


Two  interesting  Drawings  made  by  o.ic  of  M  '-(■<r.s. 


Hadfi'lds'  (Sh-.'ffield)  workmen, 
in  this  war. 


They  ty])ify  the  sj)irit  which    imbues  the  British  employee 


Tommy  io  liritannia  :   Yes.  tell  the  Munition   Workers   to   postpone  Hadficldi  Workman  :   You  sec  my  comrade  has  plenty  of  shells  >\e 

their  August  Holidays.     We  want  shells.  have  got  you  on  the  run.  and  we'll  keep  you  on  the  run  ! 


Pr1»t«d  ud  fubllibid  by  th*  Proprlttcn,  "  Th«  El«ct«icia«  "  P«t»n«o  abd  Puiumwo  Co..  Lro..  tt  th*  Edltnr1»l.  >M«<l»c  ui  Publlthlrg  OffiMi, 
1,  B  «i4  a,  Sauwwit  Ovbt,  Fvarr  tnorr,  to  tte  d^  at  LONDON,  Fbimt,  Ss!Tev,eek  e,  1916. 
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The   Round   Table. 

By    "KVA." 


Event  of  the  Wkek.     (No,  really  now  we  arc  too  bashful.) 
*        *        *        * 

I  will  not  apologise  for  beinfj;  wholly  reminiscent  this  week. 
A  200Uth  birthday  is  not  to  be  sneezed  at,  as  Methuselah  and 
some  of  the  other  "  early  "  electricians  would  have  said. 

Foolish  questions  were  also  asked  in  1886  :    - 

"  Our    contemporary,     '  L'EIectricien,'     says    that    an    amateur 

gravely  asked  the  other  day  with  tvhal  liquid  the  Caulard  and  (^ibhs' 

secondary  generators  acted." 

'I*  T"  •!»  V 

"  The  Brighton  Electric  Light  Co.  are  now  supplying  power  for 
nearly  1,000  incandescent  lamps." 

And  to-day  things  can't  be  much  better  on  the  street  lighting 
circuits. 

*  *  --I:  * 

We  could  be  frank  in  those  as  well  as  these  days  (my  italics)  : 
"  Recent  experience  seems  to  indicate  that  there  is  just  as  much 

right  down  solid  fraud  connected  with  the  electrical  as  with  any  other 

industry — and  a  little  inore.'''' 

Vfi  Vfi  Jfi  i^ 

We  could  be  quite  sarcastic  in  our  references  to  districts 
which  did  not  aspire  to  electric  light  and  other  commodities. 

At  a  special  meeting  of  the  Blackwall  Town  Council  it  was  decided 
not  to  proceed  with  the  Improvement  Bill  to  revise  and  extend  their 
electric  lighting  powers.  We  should  like  to  hear  something  more  of 
the  proceedings  of  this  Council.  We  ivere  not  aware  that  Blackwall  had 
attained  to  the  dignity  of  a  town. 

*  *  *  * 

"  In  the  early  eighties  "  (you  find  a  lot  of  that  in  this  issue) 
we  allowed  ourselves  to  look  forward.  We  said  on  Nov.  15, 
1885  :— 

■'Laputa  will  be  rediscovered.  Balloons,  electrically  navigated,  will 
run  regularly  between  this  country  and  otlier  parts  of  the  world,  at 
reasonable  charges.  But  intending  defaulters  will  notice  that  with 
improved  telegraphic  communication  there  is  no  safety  from  the 
cosmopolitan  detective  offered  by  this  mode  of  fliglit." 

*  *  *  * 

As  in  1885,  so  now  : — 

"  It  is  notified  that  telegrams  for  Servia,  Bulgaria  and  Roumelia 
can  now  be  accepted  only  at  sender's  risk." 

*  *  *  * 

Here  is  one  of  the  "  early  "  poems  : — 

Oh  my  !    Ohm  !    Ohm  !  !    sweet  Ohm  !  !  ! 

\\'att  heart  re-volts  from  thee  ?  ' 
The  constant  current  of  our  souls 

Flows  on  from  unity. 
Our  every  test 
Has  proved  thou  best, 

Tho'  damping  aliens  would  invest 

Thy  name  with  lesaer  interest ; 

That  is,  as  we  do  know  thee. 
Tho'  C's  may  lie  'twixt  thou  and  E, 

No  Faraday  may  roam, 
E  can  but  make  himself  to  C 

By  passing  thro'  his  ohm. 
Consoling  thought — e-static  dream, 

Tho'  quantities  diminish, 
^And  mortal  coils  must  be  unwound. 
Our  life's  helix — ir  jjasses  round 

Unaltered  at  the  finish. 


Tiiey  could  not  even  let  Mr.  Sutherland- Wamer  mvent  the 
electric  road-ioller  : 

'  .Mr.  E.  (jfellerat's  electric  road-roller  in  a»ain  exciting  attention. 
.\s  will  he  remembered,  it  is  flriveri  by  two  dynamos  and  (rtc-ered  by 
.mother  dynamo.  About  100  a'jcumuiatorH  are  used  and  the  gro»K 
weight  of  the  machine  is  18  ton«.  About  1.3  H. p.  in  developed 
altogether." 

The  speed  in    '  yarrls  per  yt-ar  "  of  the  18-ton  roller  is  dis- 

creeilv  oniiited. 

*  *  *  * 

Sorn(;  of  our  notes  were  in  "lighter  vein  "  in  those  days  - 
"  The  Ehrtrir,  Lif/ht  of  Asia. — King's  Palace  in  Corea  is  now  lighted 
with  electricity  of  the  Yankee  brand." 

*  *  *  Hf 

"  An  electrician,  of  the  firm  of  Can/.  &  Co.,  Budapest,  ha.s  dis- 
covered a  means  of  repairing  the  carlKm.s  broken  in  incandes'.ent 
lamps  and  rendering  them  fit  for  service." 

He  does  not  seem  to  have  done  anvthing  all  these  years! 
*         *         *      ■  * 

Why  in  the  name  of  "  Crompton,  Doulton,  Cailender  and 
Silveitown  "  didn't  they  invent  this  cable  in  the  early  eighties  ? 


CORC 


CoNcRcre 


//A/////'////V//' 


"Some"  I^ick-Resistint.  Cable. 

[From  Glover's  Almanac. 

There  would  then  have   been   no  ''  column  of   smoke  tests  " 
and  no  fusiug-up  of  five-wire  distributors  until  they  became 

a  "  solid"  system  ! 

*  *         *         * 

■  A  ring  of  cop|  er  is  placed  round  the  neck  of  an  empty  bottle, 
which  is  further  weighted  till  it  will  just  sink,  neck  downwards,  when 
])laced  in  a  larger  glass  vessel  of  water.  R(.und  tie  lower  part  of  the 
latter  are  wound  a  few  turns  of  Insulated  wire.  Wl.en  an  alternating 
current  is  passed  through  the  wire  the  flask  will  Le  seen  to  rise,  owing 
to  tlie  repulsion  between  the  currents  in  the  wire  and  these  induced 
bv  them  in  the  ring.  The  experiment  is  due  to  Prof.  Elihu 
Thomson." 

The  above  dates  back  to  about  1883.  but  it  is,  of  course,  not 

the  only  experiment  in  flask  raising  known  to  odectrical  men. 

*  *         *         * 

We  were  always  out  for  "  copy,"  and  oarly  in  1886  we  had 
an  article  entitknl '"  The  Sun— A  Pomt  of  View,"  which  began  : 

"  Of  uuu-vcls,  one  of  the  greatest  is  the  sun.  his  wonderful  heat, 
his  resplendent  light  and  the  undiminished  continuity  of  his  glory. 
How  few  of  us  more  than  wonder  at  the  strange  and  beautiful  orb." 
Anythmg  of  this  kind  nowadays  is  sent  in  to  the  Round  Table  ! 


No. 38. STARTER  WITH  REGULATOR   (I       No.  27.  "INCHING"  STARTER 


Compact  and  foolproof  unit 
for  starting  up  D.C.  motors 
and  regulating  speed  by  shunt 
field  control.  No-volt  and 
overload  release  trips  both 
starting  and  regulating  lever. 
Large  number  of  steps  give 
fine  regulation. 


IGMrtlC 


IGRMIC  ELECTRIC  CV  L^.^ 

147,  Queen' Victoria  Street.' London.    _ 


Widely  used  in  Printing 
Works  and  Machine  Shops. 
For  frequent  service  and 
heavy  starting.  Interlocked 
clapper,  switch  makes  and 
breaks'   circuit.  Overload 

release        operative       during^ 
starting. 


(xcvi.)    SUPPLEMENT  to  "  The  Electrician,"  September  15,  1916, 


174 


SEMENS 


STANDARD 

ELECTRIC    MOTORS 


For  Direct  Current, 


For  Three-phase  Current. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Head  Office:  CAXTON  HOUSE,  WESTMINSTER,  S.W. 
Telephone  :  Gerrard  860.         Telegrams  :  "  Siembralos,  Vic,  London." 

Supplies  Dept.  :    38  &  39.   UPPER   THAMES  STREET.   E.G. 

Telephone  :  City  5350.  Telegrams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES i 


Birmingham — Central  Ho.,  New  St. 
Bristol— 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow — 66,  Waterloo  Street. 


Manchester — 196,  Deansgate. 
Newcastle — 64-68,  Collin  gwood 
Sheffield— 22,  High  St.        [Bldgs 
Southampton — 46,  High  Street. 


Branches  in   Principal  To«A/n8   Abroad. 


IN  THE  EARLY  EIGHTIES. 


T]ief()U(,viii(j  votes  are  reproduced  /rem  is&iies  o/1he  Electeician 
bcliveen  1880  atid  1887.  Theij  are  included  in  this  issue  because  they 
give  sotiie  iniprcssion  of  the  irork  done  during  that  2'criod  u2)on  the 
praclicMl  applications  of  electricity. 

Taunton.  The  organ  at  St.  John'.s  Church,  Taunton,  is  to  be 
iiluwii  \)y  cicctricit}-.  The  post-s  to  carry  the  wires  have  been  ])iaccd 
acro.s.s  the  lower  end  of  the  Crescent  field,  and  the  work  is  to  be 
liiiisli'.'d  in  aljout  a  week.  It  has  created  much  interest  in  the  town, 
and  is  hcin<.'  carried  out  bv  tlie  Taunton  Electric  Light  Co. 

Alleged  Electrical  Fire  at  Lucerne.— An  hotel  was  last  week  bunit 
d(i\Mi  at  J^uceme,  and  a  statement  apjjeared  in  the  local  papers,  and 
have  liccn  reproduced  in  Ibis  country,  alleging  that  the  fire  was 
caused  by  tiic  electric  ligiit  liftings.  We  have,  however,  received  a 
telegram  from  Messrs.  (ian/.  &  Co.,  of  Buda  Pcsth,  contradicting  that 
statcMiicnI. 

"Electrical  Plant." Wc;  are  ))lcascd  to  note  the  continued 
success  of  the  numthly  trade  catalogue  |iublished  by  Messrs.  \\'iicatle\- 
Kirk,  I'rici!  &  (ioulty.  In  addition  to  t lie  advertisements  of  new  and 
sccoiui  liaud  i)ianl,  some  editorial  matter  has  recently  been  intro- 
duced A\lih  li  will  tend  to  increase  the  value  of  the  publication,  'i'jic 
l)ublishcrs  write  to  us  to  the  elTcct  that  sulsecpuMit  i.ssues  Mill  appear 
on  the  I  si  instead  of  the  loth  of  the  month,  as  heretofore. 

Shelllcld.  At  the  last  m<-eting  of  the  Shellield  Town  Council  tlie 
town  clciU  read  a  letter  from  Messrs.  John  Tasker  &  Co.  susking  the 
Couuiil  to  adopt  the  electric  light  in  the  le.iding  thoroughfares  of  the 
town,  .ind  saying  liiey  would  lie  |)leased  to  do  it  without  much  profit 
as  an  uitrnduclion.  The  lo\\ii  elerU  thought  that,  in  view  of  the 
Local  CoNcnnneul  P)ill  gi\ing  enlarged  ))owers  to  the  town,  tlie 
('(uuuil  would  hardly  sanction  an\  such  arrangement  a.s  that  sug- 
gested at   prcseiil. 

A  Big  Ferranti.— .A  correspondent  informs  us  that  Me.ssns.  Hick. 
Ilargreaves  \-  Co..  Soho  Ironworks.  Holton.  liave  just  Imilt  a  large 
d\iiamo  to  the  order  of  ii  London  firm.  The  machine  is  of  the 
l'"crrai>ti  type,  aiul  is  intended  for  the  supply  of  G.OtU)  lamps.  a]ipa- 
rently  1(1  c.p.  each.  The  armature  is  !)  ft.  diameter,  the  weight  of  the 
field  magnets  is  about  20  tons.     The  -same  firm  air  supph  ing  a  Corli.ss 


horizontal  engine  of  500  ii.p.,  from  which  it  is  intended  to  drive  the 
dynamo  by  ropes. 

Trades  Unionism. — Wo  have  received  the  following  from  Messrs.  R. 
E.  Crompton  &  Co.  :  Messrs.  Crompton  have  been  informed  that  it  is 
the  intention  of  the  trade  union  not  to  allow  piece  work  to  be  intro- 
duced into  any  of  the  new  trades,  such  as  they  consider  electrical 
engineering  to  be,  and  under  these  circumstances  the  company  have 
no  option  but  to  ])art  with  .such  of  their  men  who  are  members  of  the 
union.  The  affair  is  one  of  considerable  interest  to  the  whole  of  the 
e'ectrical  engineering  trade. 

The  Nordenfelt  Electric  Torpedo  Boat.— Mr.  Xordenfelt  has  an 
electric  torjjedo  boat  of  an  entirely  novel  character  constructing  at 
Shuttleworth's  Works  at  Erith.  The  greatest  secrec}'  is  maintained 
as  to  the  details  of  the  vessel,  but  we  understand  (sav^s  "  Iron  ")  that 
the  torpedoes  discharged  from  it  will  penetrate  any  torpedo  net  yet 
invented.  This  new  vessel  should  not  be  confounded  with  the 
so-called  Xordenfelt  submarine  torpedo  lx)at,  with  which  it  is  intended 
to  co-operate. 

Method  of  Saving  Horses  from  Fires. — A  New  York  man  has 
invented  a  device  to  save  hor.ses  in  case  of  tire.  It  can  be  worked  by 
electricity  or  by  hand.  At  a  certain  temperature  a  bell  will  ring, 
and  the  moment  the  bell  shall  ring  the  door?  will  fly  open,  the  horses 
will  be  unhitched  and  two  small  .streams  of  water  shall  strike  each 
hor.se  in  the  face.  To  escape  the  water  the  horses  will  back  out  of  the 
stalls,  and  once  out  of  them  they  will  have  an  opjwrtunity  of  seeing 
a  way  of  escape  through  the  open  doors. 

Manchester. — The  Manchester  correspondent  of  the  "  Engineer "' 
states  that  Messrs.  Richard  Homsby  &  Sons,  of  Grantham,  have 
obtained  the  contract  for  the  whole  of  the  engine  and  boiler  jx)wer 
for  the  electric  lighting,  heating  and  ventilating  of  the  enormous 
building  which  is  being  erected  in  Manchester  for  the  jjuriKjses  of 
Buffalo  Bill's  Wild  West  Show.  Besides  a  large  nmuber  of  smaller 
lamps,  there  will  be  25  large  arc  lamps  ;  and  there  will  be  about 
8.(M)0  ft.  of  steam  ])iping  for  heating.  The  Brush  Company  is  sup- 
jjlying  the  electrical  j)lant. 

The  Lighting  of  Exeter.— The  "  Western  Morning  News  "  says  : 
The  lighting  of  the  streets  of  Exeter  bj'  electricity  is  a  decided 
success.  The  arc  lamjjs  are  hung  at  a  much  greater  height  on  j)oles 
than  was  the  case  when  a  few  trading  establishments  were  being 
illuminated  some  weeks  ago,  and  the  result  now  is  that  the  light  is 
not  nearly  .so  dazzling  to  the  eyes.  It  is  spread  over  a  wider  area  and 
gives  perfect  satisfaction  The  whole  of  High-street  is  thus  lit  and 
most  of  Queen-street.  The  gas  has  been  put  out  on  certain  nights 
and  the  electric  light  tried  bj-  itself  with  great  advantage. 

Search  Lights  in  the  Navy. — The  mimic  naval  ojierations  of  last  year 
and  the  more  recent  tests  of  the  value  of  the  defences  of  Malta  when 
attacked  at  night  by  vessels  equipped  with  jwwerful  .search  lights 
have  conclu.sively  demonstrated  the  utility  of  the  electric  light  in  all 
naval  operations  conducted  under  the  cover  of  night.  An  order  has 
now  been  issued  that  every  vessel  in  the  British  Xavj-  is  to  be  so 
fitted,  ])rovided  that  the  boilers  are  in  a  sufficiently  good  condition 
to  admit  of  the  recpiisite  pressure  being  maintained,  ;md  no  shij)  is 
to  be  constructed  in  the  future  without  provision  being  made  for  at 
least  four  search  lights.  An  oflRcer  s])ecially  appointed  will  super- 
vise all  electric  fittings  in  shii)s  of  war  dealt  with  in  home  dockyards. 

A  New  Method  of  Propulsion. — The  idea  of  propelling  ships  by 
forcing  water  out  of  ])ipes  steniMard  has,  as  is  well  known,  I  een  put 
in  ])ractical  ap])lication.  An  analogous  method,  which  consists  in 
forcing  gases  against  the  water,  and  thus  establishing  a  meiTns  of 
propulsion,  has  been  devised  in  Brooklni,  U.S.A.  The  system  will, 
we  arc  advised,  soon  i)e  given  a  practical  trial,  the  ship  with  which 
it  is  to  be  made  having  recently  been  launched.  The  method  em- 
ployed, briefly  stated,  consists  in  comjiressing  a  .small  (juantity  «>f 
air,  which  is  then  impix>gnated  with  jietroleum  spray.  This  is  then 
ex|)loded  by  an  electric  spark,  and  the  large  volume  of  ga,s  generated 
is  forced  out  at  the  stern. 

The  Transmission  of  Power  in  India.-- Tie  "Times  of  India" 
contains  a  dcs(  rijition  of  a  n-markable  engineering  undertaking  "t 
Cokak,  where  three  turbines,  each  of  250  H. p.,  tran.smit  jxiwer  by 
rope  gearing  to  a  cotton  mill  at  a  di.stance  of  ~'.19  ft.,  the  first  3<Xt  ft. 
l)eing  up  the  fa<e  of  a  ]>er|;ondic»dar  clifT.  The  work  apjjears  to  have 
been  carried  o\it  in  an  esjiecially  skilful  manner.  If  we  mistake  not. 
this  is  the  enterpri.se  about  which  .some  corres|Hindence  took  pl.u-r 
in  our  cohnnns  with  regard  to  the  feasibility  of  electrical  tr.m-- 
mission.  We  should  have  been  glad  if  the  engineers  ha<l  se<'n  tl.fir 
way  to  this,  but  if  must  bo  confe.s.sed  that  a  scheme  of  such  mag 
nitude  would  have  jirt^sentetl  a  .stiff  problem  to  electrical  engineers. 

Nottingham. — The  application  of  electric  motors  to  small  industries 

is  ctTe<  lively  illustrated  in  the  .show  room  of  the  Wheeler  &  Wil-<>n 
Company  in  Nottingham,  where  a  muiuIht  nf  sewing  machines  an- 
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ON  MANY  MACHINES 

quick  starting  and  stopping  is  of  the  utmost  import- 
ance. Line  your  clutches  and  brakes  with  L'enjdo 
fabrics  and  you  secure  the  maximum  acceleration 
and  deceleration,  for  Ferodo  fabrics  engage  sweetly 
and  without  jerk  providing  perfect  transmission, 
whilst  they  absorb  more  foot-lbs.  of  energy  per 
square  inch  than  any  other  material  known.  The 
adoption  of  I'erodo  lined  brakes  on  the  Underground 
Railways  of  London  resulted  in  a  four-minute 
service  being  converted  into  a  minute  and  a  cjuarter 
service  owing  to  the  rapid  deceleration.  In  addition 
Ferodo  fabrics  prevent  fire  and  short  circuit  caused 
by  metal  dust  resulting  from  the  metal  to  metal 
brakes,  and  they  have  proved  to  be  three  times  as 
durable  as  the  chilled  cast-iron  shoes  previously  used. 


FERODO 


CLUTCH  AND  BRAKE  LININGS. 

Contractors  to  the  War  Office  and  Admiralty,  London 
General  Omnibus  Co.  and  Underground  Electric 
Railways   of   London   and   Paris.      List    "  X  "  from 

The  Herbert  Frood  Company,  Ltd. 

Works:  CHAPEL-EN-LE-FRITH. 

'Phones:  19  and  20  Chapel.  Wires:  "Friction,  Chapel." 

LONDON:  BIRMINGHAM: 

39,  Upper  Rathbone  Place,  W.         202,  Corporation  Street. 

We  hold  stocks  at  Belfast,  Bristol,  Cardiff,  Edinburgh, 
Glasgow,  Liverpool,  Manchester  and  Newcastle. 


C3. 


<|) 


BELLING 

&   GO. 

We  can  quote  you  for  and  are  regularly  supplying : — 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Irnmersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &c. 

Electrically-heated  Water  Tanks  to  deal  Avith  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either  water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 


We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions. 


BELLING  &  CO..  Electric  Heatinc  Specialists.  Derby  Road.  EDMONTON.  LONDON.  N. 


E.  SHOWELL  &  SONS,  LTD.. 

STIRCHLEY.   BIRMINGHAM. 

Drawn  Shell  Work 

IN  BRASS,  COPPER,  and 
STEEL. 

Any  size 
up  to  8"  diam. X 4"  deep. 

Sole  Agent  for  the  Electrical  Trade: — 

LIONEL  ROBINSON,  Lnd^n^' wx! 

Telephone:  Holborn  6323. 


SIMPLEX 

aNTI 'ZEPPELIN 


FOR 

FACTORY  LIGHTING 


we  OS/2 

j^om  stoeJ: 


Simplex  Conduits,  Ltd., 

Garrison   Lane,  Birmingham. 


London— 

1 13-1 17,Charlng  Cross  Rd  W.C. 
Manchbstbr — 

16,  ODrporatlon  Street. 
Glasgow — 

72a,  Waterloo  Street 
Bristol — 

1,  Denmark  Street. 
Nbwcastlb — 

61-65.  High  Bridss, 


Lbbds — 

6,  White  Horse  Street 
Liverpool — 

96,  Whitechapel. 
Swansea — 

14,  Heatbfisld  Street 
Cardiff — 

4,  Westgate  Street. 
Aberdeen  — 

1.  Crimon  Placa. 
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SLIDING   RESISTANCES 


NOTE  THE  CONTACTS 


FOR 


LAMP  TESTING 

METER  TESTING 

LABORATORY  WORK.  Etc 

BRITISH-MADE    THROUGHOUT. 
New  List  on  request. 

Naturesays  :  "The  list  is  oneof  the  most  complete  we  have  seen." 

ISENTHAL  &  CO., 

(DEPARTMENT  4) 

DENZIL  WORKS,  WILLESDEN.  LONDON.  N.W. 

C:K!,-j:c!:,n  io  the  Admiralty,  War  Office,  India  Office,  CcloKial  Offi.ce, 
Postmaster-General .  &c. 


IN  THE  EARLY  EIGHTIES.— C'on/wwei. 

shown  at  work  driven  by  a  half  horse- j)ower  Immisch  motor,  re- 
ceiving its  current  from  a  dynamo  in  one  of  the  factories  about 
200  yds.  distant.  The  work  has  been  carried  out  by  Mr.  W.  B. 
Sisling,  late  electrical  superintendent  of  the  Newcastle  p]xhibition, 
and  great  interest  appears  to  be  taken  in  the  little  motor  by  the 
spectators.  We  comj)linicnt  the  local  manager  of  the  Wheeler  & 
Wilson  Company  on  his  cnterjjrising  disjjlay,  and  have  no  doubt  that 
it  will  lead  to  business  both  in  sewing  machines  and  motors  to  drive 
them. 

Long  Dynamo  Runs. — After  quoting  from  our  columns  a  note  as  to 
a  continuous  run  of  28  days,  which  was  recently  performed  by  a 
Kapp  dynamo  on  board  H.M.S.  "  Devastation,"  the  New  York 
"'  KIcctrical  World"  proceeds  to  cap  the  story  as  follows:  '"This 
recalls  a  phenomenally  long  Edison  run.  In  February,  1884,  a  plant 
was  put  in  the  jKjst  office,  Boston,  consisting  of  two  of  the  first  type 
of  250-light  machines.  Without  jjrevious  testing — such  was  the 
urgency  of  the  case — they  were  started,  and  were  operated  con- 
tinuously for  97  days  an(I  nights,  when  the  cajjacity  of  the  ])lant 
was  increased  without  any  intenupticn  in  suj)ply  of  the  current  to 
the  circuits.  The  supjjly  has  not  ceased  from  its  going  into  operation 
in  Fcbniary,  1884,  d<Avn  to  the  ])resent  time." 

An  Electric  Waiter.-  The  electric  dining  table  in  a  restaurant  at 
Sacraiiiciito  is  dcscriLcd  as  folhAvs  :  In  the  roon\  are  12  tables,  with 
a  seating  cajmcity  for  60  jjer-sons,  and  all  attached  to  the  long  electric 
motor  tai)le.  Printed  bills  of  fare  are  (,n  each  table,  and  visitors 
order  by  marking  on  tli<'  bill,  j)Ia(ing  the  same  (,n  the  waiter,  which 
is  about  one-half  the  size  of  an  ordinary  waiter,  and  ])ressing  the 
electric  button,  which  causes  the  waiter  to  revolve  half-way  round 
and  into  the  h  ng  tabic,  thence  into  the  kitclien,  where  the  order  is 
lillcd  aiul  returned  to  the  dining  room.  The  arrangement  is  neat, 
noiseless,  clean  and  comfortable,  and  to  show  with  what  smoothness 
I  he  waiter  dcjcs  its  work  a  brimming  glassful  of  lemonade  was  ordered 
and  it  was  served  without  one  dro])  being  s|)illed.  The  table  avoids 
all  the  many  annoyances  of  restaurant  dining,  especially  of  the 
'■  sing-song  waiter." 

Eleclric  Healing.  iiKrcascd  atlcnlion  is  liejnj;  paid  to  tl,c  cni- 
ploNinent  of  electricity  for  the  distribution  of  heat.  I)r.  W.  Leigh 
I'.iirtdu  (of  Mi<!imon(l,  I'.S.)  has  recently  introduced  an  electrical 
heater  which  we  understand  tlic  Iodise  11  ('ompan\'  of  the  I'nited 
States  are  not  uuliUely  to  adopt.  1'his  lieatcr  consists  of  a  fine 
plalinui!)  or  (.'cruian  sil\cr  win-,  bent  into  a  loop  and  coNcred  with 
lircclay.  .An  electric  stove  of  a  dilTercnt  type  was  recently  viescriied 
and  illuwtralcd  i>y  our  c(iiiteni|)(iiar\  the  "  Electrical  World  "  of 
N(>w  ^'ork.  'I'his  ajiparatus  is  modelled  on  the  lines  of  an  ordinary 
gas  sto%e.  It  c>  nsists  of  a  row  of  incancU-sceiit  lamps  placc-d  in  iront 
of  a  burnished  reliector  in  such  a  way  that  the  lamps  themselves  are 
invisible,  while  the  heat  may  either  i  e  thrown  forward  into  the  room 
or  may  lie  concentrated  in  an  upward  direction  when  it  is  wished  to 
use  the  stove  for  (  iiliiiarx   ])urpo.ses. 

A  Foucault  Current  Water  Heater.— One  of  the  American  com- 
|iame.s  has  brought  out  an  electric  water  he;iter  for  use  with  a''er- 
nalin^  curr<>nts.  It  consists  of  an  ordinary  kettle  having  rather  a 
thi<'k  bottom.  When  this  is  placed  above  an  electromagnet  .su])plied 
with  altern.iling  cinrenls.  heat  is  produced  by  the  generation  of 
Kom-ault  currents  in  thi>  sul)stance  of  the  metal.  This  arrangenu'nl 
htus  Home  ohvious  a<lvantages  over  the  method  of  placing  a  resistance 


eoil  within  the  metal,  but  it  is  difficult  to  imagine  that  it  can  be 
ec^ually  efficient.  A  theoretical  com])arison  of  the  amount  of  heat 
obtainable  for  a  given  expenditure  of  energy  by  the  two  methods 
would  be  interesting.  It  is  useful  to  remember  that  l.CKM)  watt- 
hours  is  capable  of  raising  19"04  lb.  of  water  from  0°C.  to  the  boiling 
point,  or  of  completeh^  evaporating  2-95  lb.  of  water  from  0°C. 

The  Bartholdi  Statue  Installation.— The  ]  5-0,000  c.p.  arc  lamps  by 
which  the  statue  of  Liberty  enlightening  the  world  is  enabled  to 
enforce  the  metaphor  are  su2)plied  with  current  from  an  American 
d\Tiamo  driven  by  an  Annington  &  Sims  engine,  the  machine  being 
run  in  a  small  shed  at  the  foot  of  the  pedestal.  The  d_\iianio  runs 
at  870  revs,  per  min.,  giving  30  amperes  at  an  E.M.F.  of  700  volts. 
This  is  only  1,400  watts  per  lamp,  without  allowing  for  loss  in  leads, 
so  that  the  arcs  must  have  a  high  efficiency  if  they  give  the  full 
nominal  candle-jxiwer.  The  total  weight  of  the  machine  is  .■J,7001b.. 
the  armature  carries  240  lb.  of  No.  9  copper  wire,  and  the  field 
magnets  are  wound  with  (540  lb.  of  No.  5.  The  total  electrical  horse- 
power in  circuit  is  32,  and  .35  h.p.  are  required  at  the  d\iiamo  puliey. 
Duplex  lamps  are  erajjloyed  of  the  American  type.  They  bum 
Wallis  co])i,er-coated  carbons  I  in.  diameter  with  \  in.  are.  The 
E.M.E.  per  lamp  is  38  volts,  which  with  30  amperes  is  equal  to 
0-19  watts  per  candle. 

Electricity  in  the  Cemetery. — We  mentioned  a  short  time  since  tlwt 
a  society  had  been  formed  at  Brooklyn  for  the  jjrevention  of  i)re- 
mature  intennent  by  the  adoption  of  a  system  of  electric  alarm. 
It  is  now  stated  that  the  idea  has  actually  been  carried  into  practice 
at  Sandusky.  Ohio,  by  the  following  means  :  Metallic  rings  are  jilaoed 
upcn  two  adjoining  fingers  of  the  corjj.se  in  such  a  way  that  the 
slightest  movement  would  bring  them  into  contact,  and  theieby 
complete  an  electric  circuit,  in  which  is  ])laced  a  I  ell  and  a  set  of 
annunciators  to  show  the  numler  of  tl.e  vault  from  which  the  signal 
comes.  The  bell  is  placed  over  the  bed  of  the  cemetery  keej^er,  »o 
that  he  may  be  in  instant  attendance  if  required.  This  seems  rather 
a  gruesome  idea  (especially  for  the  cemetery  kcei  er)  ;  but  if  actually 
carried  out  on  any  extensive  scale  the  exjieriments  will  be  of  extreme 
value  in  settling  the  horrible  suggestions  which  have  ."sometimes 
arisen  as  to  the  prevalence  of  premature  burial. 

An  Extraordinary  Mishap  at  a  Central  Lighting  Station.— .At  a 
central  lighting  station  in  a  certain  towni  not  far  from  London  a  very 
curious  ac-cident  recently  occurred  wliic  h  very  nearly  caused  the 
entire  iireakdowii  of  a  .series-wound  high-tension  dynamo  on  a 
circuit  of  2.000  volts.  In  order  to  see  whether  a  ixile-pipw  wa« 
getting  hot.  an  attendant  unwisely  attempted  to  s])it  ujxin  i(.  ^^e 
say  unwi.sely  1  ccau.se.  iu)t  being  a  Yankee,  he  had  not  accphitnl  the 
art  of  spi'ting  straight,  and,  missing  the  mark,  the  field  coil  receive<l 
the  full  I  cnefit.  The  machine  in  question  is  an  elderly  one.  and 
possibly  the  coils  wanted  a  new  coat  of  vanii.sh  ;  anyhow,  in  a  vcr\ 
few  minutes  the  cotton  eo\ering  commenced  to  char,  .ind  a  small  an 
began  to  play  across  the  wire.  It  wanted  still  an  hour  to  the  tuue 
when  the  machine  should  sto])  running.  By  dint,  however,  of 
ince,s.sant  "dabbing"  with  a  handful  of  asbestos  the  arc  waj*  kept 
within  limits  until  the  evening's  work  wa«  over.  It  was  then  fouiul 
that  the  insulation  li.td  I  (H<n  destroyed  to  the  depth  of  four  laycn* 
of  wire.  Moral  :  This  method  of  testing  the  temperature  of  jtok" 
]iieces  re(|uires  some  |)ractice.  and  should  only  be  undert.iken  by  an 
ex|  ert. 

The  Cost  of  Electric  Light  Fittings.    .Mr.  Nelson  Haxell.  of  HaxHI'ii 
Hotels.  I^ondon  and  Briglilon.  wires  as  follows  to  the  "  Daily  New«     : 
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Our  Manufactures  include 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires, 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


"The  Fuses  were  not  affected." 


Electrical  Press. 


"The  Fuse  Wire  used  by  Wireman  Jim'* 
"A  simple  fuse  wire  was  to  him," 
"And  it  was  nothing  more." 

The  fusing  current  of  a  wire  varies 
so  much  with  the  nature  of  the  metal, 
length  of  wire,  whether  wire  is  open 
or  enclosed,  size  of  terminals,  initial 
temperature  and  so  on,  that  to  obtain 
real  protection  the  safe  way  is  to 
employ 

PRESCOT  ENCLOSED  FUSES 

which  are  calibrated  to  operate  uni- 
formly at  a  close  approximation  to  the 
required  overload. 

See  Pamphlet  P  121. 


BRITISH  INSULATED  S  HELSBY  CABLES. 

LTD., 

Cablemakers  and   Electrical   Engineers, 

PRESCOT,  LANCASHIRE. 

Works :     PRESCOT    and    HELSBY. 

Branch    Offices   in:     LONDON,    MANCHESTER.    GLASGOW.    BIRMINGHAM. 

NEWCASTLE,   CARDIFF,   DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:   The  Wool  Exchange,  King  Street,  Melbourne. 
EASTERN  INDIA:    11,  Clive  Street,  Calcutta. 
SOUTH  AFRICA:   Telegraph  Manufacturing  Co.  (Colonial),  Ltd. 

P.O.  Box  2827  Johannesburg. 
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GUARANTEED 


SECOND    HAND 


THE   VICTORIA   ELECTRIC    PLANT  CO., 
SPENSER   STREET,    WESTMINSTER,   S.W. 

Phone:  Victoria  4026.  Grams:  Vicminster,  Sowest,  London. 


IN  THE  EARLY  EIGHTIES.— Continued. 

"  Nothing  prevents  the  immediate  universality-  of  house-to-house 
electricity  and  our  haj)])y  deliverance  from  gas,  with  its  comjiound 
attendants  of  disease,  dirt,   villainous  filthy  smells,  danger  and  a 
price  per  1,000  ft.  absolutely  absurd  at  its  present  prime  cost  of 
jmxluction,  but  the  absolutely  j)rohibitory  charges  for  what  Ham- 
mond &  Co.  call  '  the  installation.'     (.'ould  1  only  get  installation  at 
even  a  fair  rate  I  would  lay  on  the  electric  light  in  both  my  hotels 
immediately.     Let  us  go  into  this.     In  my  Brighton  hotel  I  had 
arranged  all  costs  of  supply,  wire  and  lamps — of  which  more  anon — 
when  they  actually  demanded  of  me  an  additional  sum  of  £20  to 
give  me  unlimited  sup])ly  day  and  night,  without  which  in  my 
business  it  would  be  useless.     In  other  words,  not  having  the  fear  of 
competition  before  their  eyes,  they  insisted  I  should  find  £20  capital 
to  enable  me  to  be  a  good  customer  to  them.     So  exit  electric  light 
for  the  present.     Here  in  the  Strand  an  electric  company,  beloved 
of  Hammond  &  Co.,  have  sent  me  in  an  estimate  for  installation 
amounting  to  £207.   lOs.  for  wires  and  lamps,  a  rental  of  £15  per 
annum  for  fittings  ;   one  need  not  go  into  the  calculation  of  the  cost 
of  the  silk-covered  wire.  .  .  .  This,  Sir,  is  a  round  unvarnished  tale, 
and   until  electric  lighting  com])anies  can  see  that  it  is  to  their 
interest  to  reduce  them,  these  prohibitory  charges  will  prevent  the 
introduction  of  house-to-house  electricity  and  the  '  good-bye  at  the 
door  '  to  gas,  with  all  its  dangers,  dirt  and  deamess." 

"  The  Peacemaker." — One  of  the  most  striking  illustrations  of  the 
uses  of  electricity  in  modem  naval  warfare  is  to  be  found  in  the  sub- 
marine boat  which  has  recently  attracted  much  attention  in  New 
Y(;rk  Harbour,  and  which  has  been  christened  ""  The  Peacemaker." 
Originally  the  intention  was  to  proi)el  the  boat  by  electricit3%  but 
the  trials  are  said  to  have  been  not  altogether  satisfactor3%  and  soda 
motors  have  for  the  jjresent  been  substituted.  The  fault  in  all  j)ro- 
bability  lay  with  the  accumulators,  and  we  have  little  doubt  that 
eventually  electricity  will  be  found  to  be  ])erfectly  adajjted  for  the 
]>ur|)ose.  In  the  meantime  the  boat  is,  of  course,  lit  throughout 
by  incandescent  lamj)8,  and  provided  with  means  for  firing  torpedoes 
by  electricity.  The  special  novelty  in  the  electric  arrangements 
consists  in  the  device  whereby  the  torpedoes  are  attached  to  the  keel 
of  the  ship  which  is  to  be  destroyed.  Two  torjjedoes  are  connected 
to  the  same  cable,  llirougli  wliich  also  four  insulated  wires  are  led 
within  the  boat.  The  current  ])assing  tlirougli  one  pair  of  wires 
traverses  the  coils  of  a  powerful  electromagnet  whose  poles  are 
outside  the  shell  of  the  toriiedo.  A  cork  float  around  the  same  end 
causes  the  ajiparatus  to  tend  to  float  with  the  jxjles  upwards.  Thus, 
(III  (Using  underneath  a  hostile  vessel  the  torpedoes,  being  liberated, 
iiiiiiicdiatcly  rise  ujiward  and  grip  the  iron  keel  ;  they  can  then  be 
fired  from  a  safe  rlistance  l)y  means  of  the  second  pair  of  wires.  A 
false  wooden  keel  would,  however,  considerably  diminish  the  terrors 
of  lliis  foniiidalilc  weapon. 

A  High-speed  Engine.  During  the  last  year  or  two  it  has  come 
to  be  generally  understood  that  large  machines,  driven  at  a  com- 
|)aratively  low  s])ee(l,  were  the  best  for  electrical  lighting  jiurposes  ; 
l)ut  the  lighting  at  the  Lincoln's  Inn  Dining  Hall  and  Library  must 
be  considered  as  an  e.\cei)tioii  to  this  rule.  The  dynamo  here  is 
driven  at  no  less  than  I2,(M)(»  revs,  per  min.  by  a  Parsons  high-spee<l 
engine,  which  justifies  its  title  by  running  at  the  same  rate.  It 
re<|uires  some  mental  effort  to  take  a  statement  of  this  kind  seriously, 
yet  there  is  no  reason  to  regard  the  Parsons  motor  as  a  toy.  It  was 
shown  in  action  fit  the  Invenfiojis  K.xhiliition,  running  with  unim- 
IMiired  steadiness  from  the  commencement  to  the  <lose  of  the  show. 
It  is  in  reality  a  comliination  of  tnrbijics  driven  l)y  steam,  aiul 
consists  of  two  series  of  parallel  fiow  turi)ines  to  the  right  and  left  of 
a  central  steam  inlet,  the  steam  exhausting  directly  from  the  first 
turl)ine  into  th(>  second,  from  the  second  into  the  third,  and  so  on 
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through  20  turbines  in  each  series.  The  steam  parts  with  a  portion 
of  its  energy  in  each  turbine,  and  finally  escapes  at  a  pressure  not 
much  above  that  of  the  atmosphere.  It  Ls  claimed  that  this  is  the 
first  motor  that  has  ever  been  made  to  work  at  the  actual  velocity  of 
the  steam  as  it  escapes  from  the  boiler. 

Dr.  Silvanus  Thompson  on  Electric  Bells.— A  very  clear  and  in 
teresting  lecture  was  given  on  ""  Electric  Bells  ■"  by  Prof.  Silvanus 
Thompson  at  the  Royal  Victoria  Hall  on  Tuesday.     Instead  of 
yielding  to  the  temptation  of  travelling  hurriedly  over  a  large  space 
of  ground,  he  confined  his  attention  to  this  small  deijartment  of 
electrical  science,  and  explained  it  thoroughly.     A  number  of  experi- 
ments were  shown  illustrating  both  ])8rmanent  and  induced  mag- 
netism, and  a  variety  of  forms  of  electric  bell  were  exhibited,  from 
very  sweet-toned  bells  of  a  small  size  to  a  eontrivance  intended!  to 
wake  up  servants,  which,  when  once  the  button  is  pushed,  goes  on 
ringing  incessantly  till  the  tormented  servant  goes  to  the  bell  and 
jiuUs  a  handle.     l)r.  Thompson  then  went  on  to  inquire  where  the 
power  comes  from  to  produce  the  results,  for  we  can  never  have 
results  without  a  cause.     There   is  no  such  thing  as   *"  jicrpetual 
motion  "  ;    wherever  we  have  power  something  must  be  spent  to 
produce  it.     Here  it  is  clear  the  ]X)wer  starts  from  the  batten-. 
\\'hat  is  used  uj)  there  ?     In  ordinary  steam  engines  we  bum  coal, 
in  a  gun  the  fuel  is  gunpowder,  in  a  battery  it  is  zinc.     Zinc  is  com- 
bustible in  air,  though  not  freely  so,  and  in  a  battery  it  is  burnt  in 
acid,  the  combustion  going  on  while  the  current  jjasses  and  the  bell 
rings,  but  at  no  other  time.     There  are  methods  of  obtaining  a  cur- 
rent without  a  battery — for  instance,   by  turning  a  handle  and 
causing  a  coil  of  wire  to  rotate  in  presence  of  a  permanent  magnet. 
But  the  same  ])rinciple  holds  with  all.     Something  is  used  up  to 
obtain  the  power.     In  this  case  the  man  who  turns  the  handle  plays 
the  part  of  the  engineer,  and  the  food  which  he  has  eaten  is  consumed 
to  do  the  work.     In  the  course  of  the  lecture  Dr.  Thompson  sjwke 
of  the  large  extent  to  which  electric  jwwer  is  used  in  New  England. 
as  many  as  200  shops  in  one  town  being  supplied  with  it  from  wires 
laid  imder  the  streets,  as  our  gas-pijies  are  laid.     But  for  vested 
interests,  he  said,  the  same  thing  might  be  done  in  London,  and  jxiwer 
supplied  to  workshojjs  with  much  economy  both  of  space  and  money. 

The  Electric  Light  and  Stage  Effect.— At  many  theatres,  both  in 
London  and  the  provinces,  the  electric  light  has  been  successfully 
used  as  an  accessory  to  stage  effect.     It  is  not  long  since  we  described 
the  very  interesting  and  ingenious  installation  of  arc  lamps  at  Her 
Majesty's,  and  we  have  now  to  offer  our  congratulations  to  Mr. 
Edgar  Bruce,  of  the  Prince's,  upcn  the  manner  in  which  he  has 
availed  himself  of  the  facilities  oflcred  by  the  incandescent  light. 
Thanks  to  this  gentle  illuminant,  the  theatre  over  which  Mr.  Bruce 
so  ably  presides  is  one  of  the  pleasantest  in  London.     Its  auditorium 
is  cool,  excellently  lit  and  entirely  free  from  the  oppressive  odour 
which  results  from  the  combustion  of  gas.     Not  only  is  the  installa- 
tion carried  to  every  part  of  the  building,  but  great  care,  attention 
and  taste  have  evidently  been  bestowed  u]K)n  its  arrangement.     On 
the  stalls  level  are  the  refreshment  kiosk  and  smoking  feniery.  in 
which  latter  the  incandescent  lamps,  half  hidden  amongst  foliage 
or  jiccping  out   from  curicms  little   recesses,  are  most   artistically 
grouped.      In  the  kiosk  there  are  but  12  lam|WJ.  in  |wirs.  and  in  the 
fcniery  six  only  ;   but  on  the  occiuiion  of  our  visit  they  were  working 
UJ)  to  their  full  ]K)wer  and  gave  ample  light.     Theatrical  criticism 
being  somewhat  out  of  our  province,  we  must  refrain  from  a  com- 
mentary upon  the  merits  cif  the  "  (Jreat  I*ink  IVarl,  "  other  than  to 
say  that  it  is  very,  very  funny.     In  the  last  act,  howi»ver,  a  fin"  effect 
is  introduced   by  the  instantaneous  illumination  of  the  inferior  of 
the  Russian  Emba.ssy  in  Paris  by  incan«lo.'-cent  lam]).s.     -An  oniinary 
switch  placed  near  the  doorway,  and  jictuated  by  an  attendant  in 
olicdience  to  a  simple  recpiest  for  "  lightt;.""  transforms  the  stage 


"THOR"  High  Grade  Specialities 

CASING    and    CAPPING        CABLE    CONNECTORS 

conduit  comiv1utator  compound 

cables  watertight  fittings 

and  all  electrical  accessories. 

v.e:te  for  prices  &  discounts. 

HASLAM  &  STRETTON.  Ltd^^BVlf.TrirdV^.SI.Is^^^'L* 
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FERROZOID 


CONSTANTAN 


WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 
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MAKERS : 


HENRY  WIGGIN   &  GO,  Ltd., 
George  Street,  Birmingham. 


AGENT: 


^ 


TCI  CPHONE:  6400  CENTRAL, 

'  '-'-'- GRAMS  :  "WIQQIN  BIRMINGHAM.' 


LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.C. 

jpi  CPHONE;  6323  HOLBORN. 
''-'-'- GRAMSi  "FERRYDOM,    LONDON." 
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LIGHTING 


and  STARTING 


FOUR"  of   seven    Aeroplanes    illuminated  [for  night    flying' by^  the   Grahame 
White    Aviation    Company.       In    all    327    C.A.V.     metal    tilanunit    bulbs 
were    employed. 

CURRENT     BEING     FURNISHED     BY     PORTABLE 
BATTERIES       CARRIED      ON       THE       MACHINES. 


S^^^tep^ 


Electrical  Engineers.  ACTON,  LONDON.^ 


?  M 


THE  extraordinary  brilliance  and 
length  of  beam  given  by  the 
C.A.V.    system    is    quite    un- 
equalled.    !t  dispels  the    darkness 
with  a  light   akin  to  day. 

During  a  recent  test  a  C.A.V. 
Electric  Starter  fitted  to  a  90  h.p. 
Beardmore  equipped  aeroplane 
continuously  turned  the  engine  for 
two  minutes  from  cold,  developing 
1.4  h.p.  The  experience  of  the 
Royal  Flying  Corps  at  the  Front 
makes  clear  the  absolute  necessity 
for  instant  starting  without  leaving 
the  machine. 

Full  particulars  of  Lighting 
and  Starting  sent  post  free. 
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D.&S. 

HANDLE "FUSES. 

50  amps,  and  upwards.   600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE   IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal   Electrical  Works, 
SALFORD, 
^    MANCHESTER. 


IX  THE  EARLY  FAGHTIES.— Continued. 

froMi  almost  total  darkness  to  a  sudden  blaze  of  light,  and  produces 
a  powerful  impression  upon  the  audience.  The  whole  of  the  lamps 
are  run  from  afcumulators.  The  installation,  as  many  of  our  readers 
will  remember,  was  put  down  b\'  Messrs.  Strode  &  Co.,  who  are  also 
to  be  credited  with  the  last-mentioned  arrangement. 

THE  ELECTRIC  BOY. 

TO   THE   EDITOR    OF   THE   ELECTRICIAN. 

Sir  :  Amongst  the  "  Notes  "  of  your  ])rcvious  number  there  is  one 
headcfl  •"  In  the  Organic  World,"  and  you  write  :  "  We  have  an 
electric  jilant,  an  electric  bug,  an  electric  slug  and  three  electric 
fishes."  Why  was  the  electric  boy  not  included  in  this  list  ?  Was 
he  not  e.xhil)ited  in  London  ?  He  was  exhibited  in  Edinburgh  for  a 
long  time,  and  adverti'ed  in  the  newsi)apers.  When  1  first  saw  the 
advertisement  T  considered  it  a  trick  of  the  showman,  therefore  did 
not  go  near  the  exhibition  ;  but  after  meeting  with  a  friend,  a 
scientist,  who  had  seen  the  boy,  I  went  to  see  him.  He  was  then 
exhibited  in  one  of  the  small^stails  in  tlicTgallery  of  the  market  in 
I'rinccs-street.  I  found  there  a  little  black  boy  in  charge  of  a  white 
man.     There  was  no  furniture  in  the  stall,  but  a  couple  of  wooden 


seats  and  a  small  piece  of  carpet  to  keep  the  box's  bare  feet  off  the 
floor.  There  was,  therefore,  nothing  wherewith  to  conceal  any 
electrical  apparatus.  As  I  was  at  that  time  the  only  visitor.  I  had 
the  boy  stripped  naked,  and  was  satisfied  there  was  nothing  outside 
of  his  skin  that  could  jjroduce  electricity.  While  thus  naked  he 
walked  in  my  presence,  and  also  sat  on  the  wooden  seat  with  his  feet 
off  the  ground.  In  every  position  in  which  I  tried  him  I  found 
electricity  proceeded  freely  from  his  body  when  I  touched  it  with  one 
finger.  The  electricity  came  with  the  greatest  freedom  from  the 
upper  half  of  his  body,  and  esijecially  from  his  tongue.  Although  I 
felt  a  slight  shock  in  my  finger  when  I  touched  his  tongue,  he  did  not 
seem  to  feel  any  ;  his  tongue  did  not  quiver  and  he  did  not  offer  to 
withdraw  it.  I  thereon  asked  him  if  he  did  not  feel  an^-thing 
un[)Ieasant  when  I  touched  his  tongue.  He  replied.  No  !  This  sur- 
prised me  much,  becau.se  when  an  ordinary  ])erson  is  placed  on  an 
insulated  stool,  and  there  surcharged  with  electricity,  and  then 
touched  by  an  uninsulated  pei-son,  l)oth  })arties  feel  the  ])a,ssage  of 
electricity  unpleasant  ;  but  not  so  this  boy.  He  seemed  to  be  so  full 
of  electricity  that  the  passage  of  it  from  his  body  gave  him  no  more 
uneasiness  than  the  passage  of  jjerspiration  from  him. — Yours.  &c., 
8,   Merchiston    Park,    Edinbiu'gh,  James  Johnstone. 

Dec.  21, '1883. 
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The   Round   Table,     t 

4  <§>4'4-4-4-4'4"'^"^<^4*^4"^4*<^*^<^4-<^<§>4'<$>4> 


Kiij^incor.s  and  commercial  mr-n  in  India,  tlif  Xfar  East  and 
South  America  are  frcf^uently  badgon-d  with  letters  from 
natives  seeking  employment.  Many  of  these  epistles  are 
marvels  of  compositif^n,  and  it  is  supposed  that  they  are  com- 
piled with  the  aid  of  a  Webster,  a  copy  of  Shakespeare  and 
the  Thirty-nine  Articles.  Here  is  a  fairly  good  specimen  from 
South  America  : — 


Event  OF  THB  Week. — TANKS! 

•1^  •!■  H*  ^ 

Why  they  should  be  called  "  Tanks  "  has  not  yet  been 
explained,  but  perhaps  the  idea  originates  with  the  chestnut 
which  records  tliat  (before  the  war)  an  Englislunan  once  said 
to  a  Frenchman  "  Au  reservoir,"  and  the  Frenchman  replied 
"  Tanks "  ! 

*         *         *         * 

Which  reminds  me  of  the  man  who  collected  three  different 
kinds  of  water  in  three  separate  tanks,  and  in  order  to  dis- 
tinguish them  he  named  them  ■'  Tink,"  "  Tank,"  "  Tunk." 

*         *         *         * 

Since  August  26th  Niagara  Falls  has  been  illuminated  at 
night  with  100  lamps,  each  of  500,000  c.p.  What  a  pity  the 
Americans  are  not  in  the  war  !  What  a  time  the  Zepps  would 
have! 


[From  Glover's  Almanac. 
Aw  Alloy  of  Copper  and  Iron. 

There  is  such  a  boom  in  power-driven  vehicles,  electrics  and 
otherwise,  for  municipal  purposes  just  now  that  the  advertise- 
ments in  a  well-known  municipal  weekly  almost  make  it  an 
organ  of  motoring.     "  It's  an  ill  war  that  blows  no  one  any 

good." 

*         *         *         * 

The  maximum  demand  system  again,  and  its  relation  to  war 
economy  : — ■ 

You  don't  seem  to  understand  that  the  more  electricity  we  con- 
sume up  to  a  certain  point  the  cheaper  it  is  for  us.  If  we  turned  off 
these  lights  during  the  day,  even  for  one  week,  our  consumiDtion 
would  bring  us  under  the  higher  raie,  but  b}'  keeping  tlie  lights  on 
all  day  we  keep  within  the  cheaper  rate.  In  other  words,  the  light 
which  is  now  being  wasted  and  a  good  deal  more,  costs  us  nothing. 

Thus  a  Glasgow  shopkeeper  to  an  astonished  customer  who 
asked  why  his  lights  were  burning  during  the  daytime  ! 


L.  P.  S. 


CLIPS.  TIPS  &  TERMINALS 


of  all   descriptions. 


]VrHe  for  Booklet,  with  Illustrations,  of  75  types  to: — 

THE  L.P.S.  ELECTRICAL  CO..  18.  Adam  Street,  Strand.  London.  W.C. 


Exmo.  Dr.  .T.  P.  Kemp, 
Recife. 


28,  Paulo  Affonso  Street, 
l.st  Floor, 
Pemambuco,  Recife, 

July,  1916. 


Gentleman, 

Without  any  kind  of  affair  which  enables  to  employ  plainly  all  my  full 
C'X])crien(;c  althou<,'h  be  in  this  town  sinf:c  the  month  "of  September  of  the 
j)retcrite  year,  it  was  urged  that  1  address  myself  properly  to  your  office, 
engagi.ig  earnestly  to  get  a  place  wither  Teould  apply  my  scant  dis- 
positions, viz.,  English,  written  and  spoken  fairly,  writing  spewUy  in  the 
French  and  Portuguese  language  on  Typewriters  of  any  device,  besides 
several  means  of  estimates. 

Marry,  we  may  born  in  mind  that  your  office  is  already  provide<I  with 
sufficient  and  ideneous  clerks,  busied  in  his  many  concems  varied,  this 
however  shall  not  prevent  you  let  the  kmdness  of  forwarding  these  lines, 
asking  for  an  station  there — in  which  soever  which  could  be  alotted. 

As  regards  fee,  I  must  state  do  not  mind  quarrels  about,  as  aim  but 
to  be  located,  and  thereon  show  you  behovefully  my  line,  whether  if  you 
are  agreed  with  the  suggestion  before. 

Upon  the  main,  I  want  only  to  work,  owing  to  assist  the  maintenance 
of  the  great  family  that  my  father  bears,  even  {which  is  worst)  under 
lack  of  money  and  of  business  ;  he's  old  enough  and  furthermore  wasted 
his  public  federal  employ,  in  which  he  worked  approximateh'  ten  years 
averaging. 

In  faith  is  sure  that  my  father  us  up  (my  brothers  and  I)  in  one  of  the 
better  College  as  much  as  he  could  ;  but  actually  he's  so  handicapped 
that  I've  no  doubt  now  to  mostly  help  him,  trusting  you'll  be  the  inter- 
medial for  the  issue  of  my  wish. 

Further,  Gentleman,  yoii'll  have  all  my  true  acknowledgement  if  you 
will  satisfy  the  prime  solicitation  I've  the  liberty  to  submit,  besides  the 
greater  thankness  from  my  whole  family. 

Meanwhile,  methinks  will  not  see  in  this  action  other  purpose  than  the 
inferrd  from  the  practice  of  my  ability,  and  from  the  behalf  which  will 
avail  my  parents  and  brothers  together,  tightened  actually  on  the  top, 
on  account  of  the  Principal  bestayed,  that  is,  affairless. 

I  do  know  anybody  in  the  town  trading  management ;  therefore  if 
reference  are  required  from  my  while,  I  beg  to  tell  you  can  take  them 
from  F.  P.  de  Carvalho,  Esq.,  located  on  the  head  sheet  address,  and  from 
Mr.  Manoel  Ramires,  a  member  from  the  firm  Rodrigo  Carvalho  &  Co., 
67,  Quinze  de  Noverabro  Street,  as  they  are  vouching  for. 

Thus,  with  best  wishes,  and  hoping  the  favour  of  }"Our  esteemed  reply, 

I  remain,  Dear  Sir, 

Yours  verj-  faithfully. 

Signed      Fbd.  Correa, 


THIRTY-SEVEN  YEARS  AGO. 

[From  The  Electrician  (Second  Series),  Sept.  20,  1879.] 

What  Next  ? — The  French  correspondent  to  one  of  the  daily 
papers  during  the  past  week  says  ""  that  a  new  reform  is  being  advo- 
cated by  the  Paris  press.  The  new  reform  which  is  suggested  is  to 
replace  the  guillotme  by  electricity.  By  this  means,  it  is  argued, 
instantaneous  death  can  be  inflicted  without  the  hideous  and  unclean 
concomitants  of  the  decapitating  machine,  and  with  the  certainty 
that  the  consciousness  of  life  will  not  survive  the  blow  that  destroyed 
it.  I  have  reason  to  believe  that  when  the  Chamber  reassembles  a 
Bill  wUl  be  brought  in  to  substitute  electricity  for  the  guillotine  as  a 
means  of  inflicting  capital  punishment."  A  short  time  ago  it  was 
proposed  on  "  humane  prmciples  "  to  slaughter  animals  this  way. 
Not  long  ago  electricity  was  used  as  a  test  to  determme  whether  au 
individual  who  feigned  bemg  cripjjled  was  entitled  to  the  comforts, 
&c.,  of  one  of  our  hospital  wards.  \Vs.  may  well  ask  ourselves 
'■  What  next  ?  "  As  long  as  capital  punishment  exists  hi  our  penal 
code,  there  is  nothing  unreasonable  hi  designing  methods  to  divest 
the  matter  of  as  much  of  its  ugbness  as  possible,  and  whilst  a  great 
deal  n;ay  be  said  in  fav«)ur  of  electricity,  on  the  humane  side  of  the 
question,  we  fear  the  horror  of  experimenting  on  the  living  subject 
is  too  ghastly  altogether. 


SILVER  SOLDER  for  BRASS, 

Specially  suitable  for  ELECTRICAL  INSTRUMENTS. 

Free    Sample   on   application. 

J.  BLUNDELL  &  SONS, 

GOLD,  SILVER  i  PLATINUM  REFINERS,  199,  W&RDOUR  STREET.  W. 


"  CoMlpitt,  Ok.,  Lowkm.' 
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SIEMENS 


ELECTRIC    MOTORS 


Part  of  small  Motor  Shop, 
Sta-fFord  Works. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Head  Office  :  CAXTON  HOUSE,  WESTMINSTER,  S.W. 
Telephons  :  Gerrard  860.         Telegrams  :  "  Siembralos,  Vic,  London." 

Supplies  Dept.:    38  &  39.   UPPER   THAMES  STREET.  E.G. 

Telephone :  City  5350.  Telegrams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES 


Birmingham — Central  Ho.,  New  St. 
Bristol — 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow^^6,  Waterloo  Street. 


Manchester — 196,  Deansgate. 
Newcastle — 64-68,  Collin  gwood 
Sheffield— 22,  High  St.        [Bldgs 
Southampton — 46,  High  Street. 


Branches  in   Principal  Tow^ns   Abroad. 


vided  of  sheet  steel  or  expanded  metal,  and  to  meet  the  require- 
ments of  the  Collierj'  Regulations  a  totalh'-enclosing  mild-steel 
plate  cover  with  plate  vent  is  provided.  For  large  starters  these 
covers  become  too  large  to  be  practicable  ;  oil-immersed  contacts 
are  then  adopted. 

With  direct-current  starters  it  is  usual  to  fit  an  automatic  free 
handle  no-voltage  release.  With  this  arrangement  the  starter  will 
automatically  return  to  the  off  position  on  breaking  the  mam  cir- 
cuit. An  attachment  can  also  be  fitted  which  prevents  the  operator 
leaving  the  starter  in  any  but  the  "  full  off  "  or  "  full  on  "  position. 
Automatic  overload  releases  can  be  provided  if  required  ;  these 
work  in  conjunction  with  the  no-volt  release,  and  cannot  be  fitted 
separately.  ■  -  ■ 

Attachments  can  be  fitted  to  the  starters  for  operating  them  auto- 
matically by  air,  hj-draulic  or  steam  pressure.  An  illustration  is 
given  in  the  list  which  shows  a  standard  starter  for  automatically 
starting  and  stopping  a  motor  driving  an  air  compressor.  It  is 
arranged  to  stop  the  motor  when  the  air  pressure  in  the  receiver 
reaches  the  predetermined  maximum  limit,  and  again  start  the  motor 
when  sufficient  air  has  been  used  to  reduce  the  pressure  to  the  minimum 
limit.  With  this  arrangement  a  considerable  saving  in  current  is 
effected 


SANDYCROFT  LIQUID  STARTING  SWITCHES. 


According  to  a  new  list  just  issued  by  Sandycroft  (Ltd.),  Chester' 
the  Sandycroft  patent  enclosed  liquid  starting  switches  can  be 
designed  to  suit  practically  any  duty  or  control,  and  have  in  many 
cas(!.s  Ix'cn  substituted  for  jiictallic  contiollcr.s,  owing  to  their  greater 
relial)ility  and  the  small  amount  of  attention  needed  to  keep  them 
in  working  order. 

'I'lie.  list  contains  a  innnber  of  interesting  illustrations  of  the  latest 
pattcni  of  this  well-known  starti  r,   which   is  suitable  for  ordinary 


UlUM    I'  (i|    S  \SI)V(HoKT  TllKKKIMl.VSE  hlQlM)  StAHTKUS 


jitaitin^  tb'ly  •siiiii  as  is  riMiuiicd  \>y  work.shop,  iinll,  pump  and  fan 
motors.  One  terminal  of  the  starter  is  pcrniaiiently  earthecK  and 
is  iiiteii(l(>(i  for  connection  to  the  earthed  slip-ring  of  the  Tuotor. 
When  ;m  earthed  slip-ring  is  not  titled  it  is  immaterial  in  what  order 
\,\w  conneetionH  are  made. 

To  comply  with  Home  Office  Regtilations  a  suitable  cover  is  pro- 


Intern'al  View  of  Drum  and  Dippers  ix  S.\sdycroft  Liquid  Startkr. 

The  Sandycroft  liquid  switch  consists  of  a  circular  drum,  in  the 
lower  half  of  which  the  electrolyte  or  liquid  is  contained.  The  height 
of  the  liquid  is  a  little  below  the  horizontal  centre  line  of  the  drum. 
In  the  upj)er  half  of  the  drum  the  electrodes  or  dipjiers — which  are 
semi-circular  in  shape — are  mounted. 

The  dippers  are  supported  from  the  sid?s  of  the  drum  by  mild-steel 
bolts,  which  pass  through  sub.stantial  porcelain  insulators  of  suitable 
design.  The  bolts  connect  the  dippers  with  the  sliding  contacts  on 
the  exterior  of  the  drum.  Bearing  on  each  sliding  contact  is  a  double 
laminated  copper  l)rush  ti.xcd  to  a  suitable  terminal  l)lock.  Into  the 
terminal  block  the  cable  thimble  is  fitted.     The  drum  is  j)rovide<l 

with  two  trunnions  su]iix)rted  in  special 
bearings.  One  of  the  trunnions  is 
utilised  to  convey  the  current  of  one 
pole  of  the  circuit  to  the  drum.  This 
trunnion  is  fitted  with  a  laminateil 
brush  bearing  on  c  machined  gunmetal 
bush,  to  which  the  cable  lead  is 
secured. 

The  drum   is  arranged   for  rotating 

through   an    angle    of    l.'Jodeg.     This 

angular  movement  allows  for  an  almost 

comj)lete     immersion   of    the    dijipen* 

into  the  liquid.     In  the  "off"  |x}sition 

the  dippers  are  raised  a  suitable  dih- 

tance  above  the  surface  of  the  li<)uid. 

unless  tips  are  provided ^to  customers"  onler.      When  they  are  fully 

imni'Tsed  they  are  entirely  cut  out  of  circuit  (not  m?rely  shunto<l)  by 

means  of  sho'-t-einuiting  contacts  carried  on  the  sides  of  the  drum. 

To  limit  the  speed  of  cutting  out  resi.stance.  worm  gearing  is  pro- 
vided wit  h  handwheel  operat  ion.  This  is  always  provided  on  stArtere 
for  large  motors.  l)nt    is  only   fitted    to   the  smaller  sizes  when  it- 


QUARANTEED 


SECOND    HAND 


THE   VICTORIA   ELECTRIC    PLANT   CO., 
SPENSER    STREET.    WESTMINSTER.    S.W. 

Phono;  Vlrtorla  4026.  Grans:  Vlcmlnstor,  Sowest,  l-ondon. 


FURNACES  for  MELTING  WHITE  METALS.  Etc. 


H,iirt   r.itrnt 


WITHOUT  OXIDATION.       AUTOMATIC  HEAT  CONTROL. 

PATENT   MIXER    PRODUCES   H0IV10GENE0US   ALLOY. 
Monomolcr    H<<« t -Controlled    Furn«coi  for    Hoatins    th»    Mouldt. 

MQNOMETER    Mfg.    Co..   Ltd.,   Aston.    BIRMINGHAM.  I 
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Our  Manufactures  include 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 
Joint  Boxes  and  Pillars. 
Jointing  Compounds. 
Primary  Batteries.  • 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


Sinclair  Solder. 

The  waLte  of  resin  in  soldering  is 
considerable,  as  everyone  who  has 
had  anything  to  do  with  the  subject 
knows.  The  percentage  of  waste  varies 
according  to  whether  the  job  is  carried 
out  on  the  bench  or  on  an  overhead  line 
at  the  top  of  a  ladder  on  a  windy  day, 
but  the  waste  is  always  there. 

In  Sinclair  Solder  the  resin  forms  a 
core,  and  is  just  exactly  where  it  is 
wanted  and  in  the  right  quantity  for 
the  job. 


BRITISH  INSULATED  I HELSBY  CABLES. 

LTD., 

Cablemakers  and   Electrical   Engineers, 

PRESCOT,  LANCASHIRE. 

Works :     PRESGOT    and    HELSBY. 

Branch    Offices  in:     LONDON,    MANCHESTER,    GLASGOW,    BIRMINGHAM, 

NEWCASTLE,   CARDIFF,  DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:   The  Wool  Exchange,  King  Street,  Melbourne. 

EASTERN  INDIA:    11,  Olive  Street,  Calcutta. 

SOUTH  AFRICA:  Telegraph  Manufacturing  Co.  (Colonial),  Ltd., 

P.O.  Box  2827  Johannesburg. 
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One,  Two  &  Three  Phase 
MOTORS. 

LANGDON-DAVTES    MOTOR    GO. 

Head  Office:    110,    CANNON    STREET,     LONDON,    E.G. 
Worki :  Dermody  Road,  Lewlsham,  London,  S.E. 


quested.  Remote  control  can  be  arranged  by  means  of  shafting  with 
worm  or  bevel  gearing  or  by  rope  or  chain  drive.  To  prevent  the 
main  switch  of  the  motor  being  closed,  unless  the  starter  is  in  the  "  off  " 
jjosition,  interlocking  contacts  can  be  provided  on  the  starter.  These 
are  arranged  for  connecting  in  series  with  the  no-volt  coil  of  the  main 
Bwitch,  which  can  then  only  be  closed  when  the  starter  is  in  the 
"  off  "  position. 

Standard  alternating-current  starters  and  controllers  are  built  up 

with  one  terminal  permanently  earthed,  as  it  is  often  usual  with 

motor  manufacturers   to    build   .slip-ring   machines   with   one   ring 

earthed  to  the  .sbaft  of  the  motor.     The  terminals  can,  however,  be 

i  nsulated  if  required. 


Lar(!E  Size  Sandyckoft  Liquid  Starter. 

The  cloctroly(c  or  licpiid  should  consist  of  a  solution  of  cau.stic  .soda 
or  couiMioii  washing  soda  and  water.  Owing  to  the  various  duties 
and  loads  for  which  the  starters  Are  required  it  is  impossible  to  state 
the  exact  amount  of  .soda  needed,  but  the  makers  recommend  the 
following  Mietliod  of  ascertaining  the  correct  density  :  Kill  the  drum 
with  clean  water,  free  from  alkali  or  acid,  to  within  }  in.  of  the  liquid 
level  when  in  the  "  off  "  |)osition  ;  a  small  quantity  of  a  .strong  .solu- 
tion of  .sodii  should  lie  added  to  the  wiiter  in  the  tlrum.  Then  make 
an  attempt  to  start  the  motor  against  its  usual  starting  load.  If  the 
flensity  is  correct,  the  motor  should  start  when  the  drum  has  been 
jiartly  rotated  and'shoiild  he  nearly  up  to  full'speed  when  the  starter 


Manufacturers  of 

PHOSPHOR     BRONZE, 

6UN  METAL,  MANGANESE  BRONZE, 

Brass  &  Copper 

Tubes,  Sheets, 

Rods,  Wire,  and 

CASTINGS. 

PHOSPHOR  TIN. 
PHOSPHOR  COPPER. 

CHARLES  CLIFFORD  &  SON,  LTD.. 

BIRIVIINGHAIVI. 


Ferranti  Ltd 

HOLLINWOOD,  Lancashire. 


SWITCHGEAR,   TRANSFORMERS,  METERS, 
ELECTRIC    HEATING    &    COOKING  APPARATUS. 


is  Hearing  the  short-eircuited  position.  If  an  appreciable  jump  in 
speed  occurs  on  short-circuiting,  the  solution  is  too  weak,  and  a 
further  addition  of  soda  should  be  made  ;  a  further  attempt  to  start 
the  motor  should  then  be  made.  By  this  trial-and-error  method  the 
correct  density  will  soon  be  ascertained.  If  the  solution  is  too  strong 
the  motor  will  start  away  too  quickh'. 

To  make  up  loss  of  elctrolyte  by  evaporation  it  is  onh'  neccessary 
to  add  clean  water.  The  electrolyte  should  be  renewed  periodicallj-, 
dependent  upon  the  duty  and  the  situation.  For  ordinary  shop 
duty — i.e.,  starting  two  or  three  times  per  day — once  in  six  months 
will  be  often  enough,  provided  the  atmosphere  is  not  very  dusty. 
For  heavy  control  work  such  as  cranes,  haulages,  &c.,  the  electrolj'te 
should  be  renewed  more  frequently. 

The  illustrations  given  are  taken  from  the  list,  a  copy  of  which  is 
obtainable  from  the  company  on  request. 


EDISWAN  "HoO"   CELLS. 


The  Edi.swan  "  HoO "  cell,  described  in  leaflet  B.  3,146,  was 
introduced  to  meet  the  demand  for  a  wet  cell,  smaller  and  more  com- 
pact than  the  "  Leclanche."  Tt  may  be  stored  for  any  length  of 
time  and  in  any  climate  without  anj'  deterioration.  It  is  not  liable 
to  creeping  or  evaporation  whilst  in  use.  Its  internal  resistance  is 
low,  and  it  is  claimed  that  it  does  not  polarise  in  u.se  so  quickly  as  wet 
batteries  of  the  '"  Leclanche  "  type.  The  addition  of  water  only  is 
needed  for  charging.     If  the  cell  is  required  for  instant  use  warm 


-^^  '^•^T-^>!^f-''i^^ 


EXTKUNAI.  AND  SECTIONAL  ViKWS  OK  "  H  j(>. "  CkI-L. 

water  is  recommended  for  HI  ling.     Distilled  water  should  be  used,  if 

possil)Ie.  as  tliis  tends  t<»  prolong  ihe  life  of  the  cell  by  reason  of  the 

alisiiuc  of  iron  or  lime  impurities,  which  are  freciucntly  found  in  tap 

water. 

,     In  order  that  tlie  condition  of  the  zinc  electrode  and  the  interior 

parts  of  the  cell  may  be  examined,  the  container  consistj?  of  a  clear 

glass  jar.  \.     Into  the  bottom  of  this  jar  some  hot  bitumen  is  jwured. 


Insulation 


The   only   s.itisfactory   sabstUiite   for 

Asbcsto-t     Wire  :      also    for     flexibln 

leads,  etc.      AMPLE  STOCKS. 


HOLDER-HARRIDEN.  LTD..  35  37,  wobu  street,  london.  e.g.. 
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fuxriMZ,  u/^tK  t/ooL/r 
iTunt jbevitiiula/f 
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BRITISH 
MADE 


WIRE  LAMPS 

iiiiiiiimTiiiiiiiiiriiiiiiiiiiiiifiiiiH 


Advt.  of  Pope's  Electric  Lamp  Co.,  Ltd.,  Hythe  Road,  Willesden,  London,  N.W. 


Greenly 


This  serves  to  fix  the  porcelain  base  B  in  position.  This  base  forms 
the  support  for  the  sack  C,  keeping  it  in  a  central  position,  and  also  a 
support  and  spacer  for  the  zinc  cylinder  D,  keeping  it  always  the 
correct  distance  from  the  sack.  It  is  this  narrow  space  between  the 
zinc  and  the  sack  which,  to  a  large  extent,  makes  the  internal  resis- 
tance of  these  cells  so  much  less  than  "  Leclanche  "  batteries.  The 
top  of  the  sack  has  a  rubber  ring,  E,  round  it  in  order  to  further  safe- 
guard against  the  zinc  cylinder  touching  the  sack.  Above  the  sack 
a  specially  shaped  porcelain  ring,  F,  is  slipped  over  the  carbon  rod  G, 
and  this  serves  as  a  support  for  a  waxed  cardboard  washer,  H, 
which  supports  the  sealing  compound.  Two  holes  are  arranged  in 
the  sealing  compound  and  the  cardboard  washer  ;  in  one  of  these  is  a 
fibre  tube.  This  tube  forms  the  funnel  through  which  the  water  is 
poured  when  the  cell  is  re  quired  for  use,  and  is  normally  sealed  with  a 
cork.  The  other  hole  contains  a  small  glass  tube  to  allow  the  gases 
generated  when  the  cell  is  in  action  to  escape.  A  lead  connection 
strip,  J,  is  soldered  to  the  zinc  cylinder,  and  this  is  brought  up  at  the 
side  of  the  cardboard  washer  and  through  the  sealing  compound. 
This  lead  strip  is  provided  with  a  punched  hole  to  allow  of  connec- 
tion to  an  adjacent  battery,  or  it  can  be  used  with  a  wing  nut  and 
screw  connection  if  desired.  A  brass  cap,  K,  is  forced  on  to  the  car- 
bon rod,  and  the  nut  for  wire  connections  screws  on  to  a  pin  riveted 
and  soldered  to  the  cap.  The  ammonium  chloride  crystals  L  are 
placed  in  the  cell  at  the  time  of  manufacture  ;  so  that  all  that  is 
necessary  to  make  the  cell  ready  for  use  is  to  remove  the  cork,  fill  the 
cell  with  water,  and  replace  the  cork. 

The  following  are  particulars  of  the  cell  :  Dimensions  over  all, 
6  in.  by  2|  in.  by  2|  in.  ;  E.M.F.,  1-5  volts  ;  short-circuit  current. 
10  amperes  ;  weight,  li  lb.  ;  internal  resistance,  0-2  ohm  ;  discharge 
capacity  through  20  ohms,  45  ampere-hours. 

For  the  use  of  telephone,  railway  and  other  companies  who  have 
periodical  visits  made  by  their  inspectors  to  installations,  a  "  cell 
inspection  "  label  can  be  supplied  if  desired,  upon  which  records  of 
30  visits  with  inspector's  name  and  date  of  visit  may  be  made  on 
two  sides  of  the  glass  jar.  The  lahel  may  carry  the  customer's  own 
distinctive  name,  address,  or  desired  mark  upon  the  third  panel. 

The  cells  when  worn  out  may  be  sent  to  the  makers  in  quantities 
to  have  the  internal  parts  replaced  as  required  and  the  batterj' 
recharged.     A  fixed  charge  for  renovating  batteries  is  made.     The 


advantage  of  this  is  that  customers  can  make  a  first  purchase  and 
continualljr  return  the  same  cells  for  renovation. 

The  Edison-Swan  Electric  Co.  will  send  copies  of  the  leaflet  on 
request. 

CROMPTON  HALF-WATT  LANTERNS. 


In  our  issue  of  Sept.  8  we  commented  upon  the  issue  by  Crompton 
&  Co.  of  leaflet  No.  551,  in  which  a  new  range  of  lanterns  for  half-watt 
himps  is  descrited.  The  illustrations  of  these  lamps  were  not  then 
to  hand,  but  we  now  reproduce  views  of  the  lanterns  which  indicate 
their  chief  features.     These  lanterns  are  supplied  with  standard 


'!"vri:s  of  Crompton  IIai  f-Watt  Lantekn>. 

goliath  screw  holders  mounted  on  anti-vibratory  brackets,  which  are 
arranged  in  such  a  way  that  the  position  of  the  lamp  within  the  globe 
or  lantern  is  easily  adjusted.  Series  fittings  and  substitutional 
resistances  can  be  obtained  for  these  lanterns  at  slight  extra  cost. 
For  single  lamps  on  alternating-current  circuits  an  internal  trans- 
former is  offered.  Fuller  details  of  these  interesting  lanterns  will  be 
furnished  on  request. 
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IRONCASED 
SOCKETS&  PLUGS 

FOR   HARD   SERVICE. 

Sizes    up   to   200   amps. 
D.P.  and  T.P.     500  volts; 

with    "earthing"    connection. 


Also    Combined  Switch 
and  Plug  Boxes. 


DORMAN 
& 

SMITH,  Ltd., 

Ordsal  Electrical  Works, 

SALFORD, 
MANCHESTER. 


LAMP  CALLS  v.  CAB  WHISTLES. 


Now  that  whistling  for  cabs  is  at  last  to  be  put  down,  to  some 
extent  in  London  at  any  rate,  perhaps  sign  makers,  contractors  and 
others  will  wake  up  to  the  fact  that  it  is  quite  feasible  to  arrange 
over  the  portico  or  entrance  of  a  building  a  lamp  signal  which  will 
give  a  silent  call  by  day  or  night. 

One,  two  or  three  lamps  would  correspond  with  blasts  on  the 
whistle  ;  and  not  so  long  ago  would  have  signified  taxi,  hansom  and 
growler.  Nowadays,  possibly,  two  lamps  would  suffice,  to  signify 
t:ixi  and  j)rivate  car,  or,  perhaps,  one  lamp  only.  Whatever  the 
number  of  lamps,  uj)-to-date  methods  of  switching  provide  various 
convenient  ways  of  turning  the  lights  on  and  off  from  various  points  ; 
and  tlic  use  of  indicating  lamps  jirevents  confusion.  Messrs.  A.  P. 
J^undbcrg  &  Sons  published  various  methods  some  time  ago,  and 
a  simple  one  for  two  lamps  may  be  described  briefly  as  follows  :  A 
lamp  indicator  in  the  entrance  and  another  in  the  office  (of  the 
hotel  or  club,  &c.)  shows  the  condition  of  the  sign.  As  soon  as  the 
cab  draws  up,  the  man  at  the  entrance  switches  off  the  call.  Either 
he  or  the  office  can  then  start  another  call.  Before  signalling  a  call, 
tlie  office  waits  till  its  indicator  shows  blank. 


may  seem  out  of  place  to  speak  of  illumination  and  railways  in  the 
same  breath.  Yet  despite  lighting  re.strictions  the  railway  com- 
panies are  evidently  alive  to  the  importance  and  economy  of  method 
in  the  illumination  of  their  principal  .stations  and  the  compartments 
on  the  trains.  A  new  booklet  just  issued  by  Holophane  (Ltd.)  lends 
point  to  this  suggestion,  for  it  contains  many  excellent  illustrations 
of  work  which  has  already  been  done  in  the  scientific  illumination  of 
railway  platforms,  booking  halls,  waiting  rooms,  offices,  warehouses 
rolling  stock,  goods  sheds,'sidings,'yards,  &c.    The  photographs  have 


SCIENTIFIC  LIGHTING  FOR  RAILWAYS. 

In  these  days  in  which  one  crouches  in  the  corner  of  a  darkened 
railway  compartment  and  prays  that  the  journey  will  soon  end,  it 


IIi.l  |.|    1',,^  I  i:   (.1 


Holoi'uam;  Fittisus  in  a  First  Class  Saloon  t'ARRiAOE. 
mostly  been  taken  by   the  light  of  the  holoi>hano  units  thfrnselvef 
and  they  depict  good  distribution  of  light  with  a  minimum  of  glare  • 
the  effect  in  the  compartment  and  saloon  carriages  is  excellent,  and 
indicates  the  jirovision  of  ( omfortable  lighting. 

In  the  booklet  j)articulars  and  prices  in  tabular  foim  are  included 
of  liolophane  industrial  reflectors,  which  are  recommended  for  use 
with  half-waft  Iam|)s.  in  the  lighting  of  open  spaces  and  large  shops. 
These  n-fiectors.  which  are  ofTered  completi'  with  lami^hnldtTs    are 


LEWIS'S     SCIENTIFIC    CIRCULATING     LIBRARY. 


ELECTRICAL,  MECHANICAL  &  GENERAL  ENGINEERING  TEXT  BOOKS  &  TECHNICAL  WORKS. 

ncuj  Works  and  ficuj  tdlitons  can  be  bad  from  tbc  Cfbrarp  tmmcdlatclp  on  publkatlon.    Telephone:  miskvm  i««. 
SUBSCRIPTION,  Town  or  Country,  from  ONE  GUINEA.     READING  ROOM  open  Daily  to  SUBSCRIBERS. 

136.  GOWER    STREET,  and  24.  GOWER  PLACE. 
LONDON.   W.C. 


H.  K.  LEWIS   &  Co.  Ltd., 
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REYROLLE'S 

Six  Special  Lines. 


FUSES. 


ARMOURED  SWITCHGEAR. 


MINING  EQUIPIVIENT. 


PLUGS  AND  SOCKETS. 


PROTECTIVE  SYSTEMS. 

Protective  devices  for  A.C.  Systems  to  isolate 
faulty  sections  instantaneously  without  inter- 
ference with  healthy  sections.  Also  Relays 
for  time  limit,  release    current  transformers,  etc. 

MOTOR  STARTERS. 


C* 


V. 


■1 


s,-.a-  -^V. 


A.  REYROLLE 

HEBBURN-ON-TYNE. 

On  War  Office,  Admiralty,  and  India  Office  Lists. 


&  CO., 
LTD. 
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The  Electric  &  General  Works,  Ltd., 

15,   Victoria   Street,   London,   S,W. 


High  Tension  Switch  Boxes 

for  3,000  and  6,000  Volts. 

TRIPLEPOLE  AUTOMATIC  OIL-SWITCH. 

DOUBLE  INTERLOCKED  DOOR. 

OVERLOAD  &  UNDERLOAD  RELEASE. 

AMMETER. 

INVERSE  TIME  LIMIT  ATTACHMENT. 

FIRE-DAMP  SAFETY  DEVICE. 


OPEN. 


Other  Types  for  all  purposes. 


CLOSED. 


ELECTRICAL    APPARATUS    up  to    80,000  Volts. 


Telephone:    5223    VICTORIA. 


Telegram*:    "  GABIONAGE  VIC.  LONDON.' 


iiiMfli'  in  tlic  iiuloor  and  outdoor  types,  and  (an  be  used  with  lamps 
from  I.")!)  to  I.OOO-watt  size.  The  tettcctors  are  supplied,  according 
to  reiiuirements,  in  the  extensive,  intensive  and  focussing  types,  the 
first  named  being  for  low  ceil'ngs,  the  second  with  average  ceilings 
and  the  tliini  for  liigli  ceilings." 


THE  "ESCO''  BUZZER. 


A  buzzer  weighing  only  2  oz.  and  measuring  2\  in.  by  IJ  in.  by 
^  in.  must  have  a  future  before  it  !  The  Edi.'^n  Swan  Electric  Co., 
who  are  calling  the  attention  of  the  trade  to  this  decided  novelty, 
point  out  that  it  will  be  fomid  I)etter  than  a  boll  in  rooms  where  a 
large  box  is  luisightly.  inside  indicator  boards,  on  or  inside  telephone 


lloTKi.  Corridor  Liohtincj. 

P  The  booklet  will  b(>  found  to  contain  njany  useful  notes  on  illu- 
nunation  g(>ncrally.  A  copy  may  be  oi)tained  on  a])])licaf ion  from 
Holoj.hano  (Ltd.),  Carteretstreet",  Westminster,  I/>ndon,  S.W. 


Front  anp  Sidk  Vikws  of  "  Ksco  "  \Ut.7.kh. 

set.s.  in  mes,songprs'  lobbies',  for  lifts  and  fire  alarms,  and  also  on 
motor  cars.  It  will  work  e(iually  well  on  2  to  10  dry  cells,  .and  ha*  » 
resistance  of  2  ohms.  Jiy  means  of  a  screw  adjustment  outride  the 
case  12  diflferently-toned  notes  can  be  obtained  :  the  make  and  break 
is  lifted  with  gold-silver  contacts.  The  tiiiish  is  black  jajmmiod  with 
nickel-plated  cover. 


Printed  and  Published  by  the  Proprietors,  "The  Electrician  "  Printing  anp  Publishing  Co..  L'^..  at  the  Editorial.  Printingand  Publishing  Office*. 
I,  2,  and  3.  Salisbury  Court,  Fleet  Street,  in  the  City  of  LONDON,  Friday,  SBrTEUBSR  22, 1916. 
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4>     The   Round   Table.     X 

4  <S>4>4'^^4<^4>4><$>^44-^<^4^'^^<^^"^'^4>^ 


Event  of  the  Week. — The  "  Journal  of  Gas  Liffhtinij;,"  in 
complimenting  us  upon  our  2(K)(ltli  Souvenii-  Number,  con- 
gratulates us  on  a  career  of  good  service  to  the  electrical 
industry,  and  with  all  sincerity  wishes  us  "  Many  Happy 
Returns  of  the  Day." 

*  *         *         * 

The  Edison  &  Swan  Hiec'tric  Co.  call  tlie  attention  of  the 
trade  to  their  "  If. 2.0  cell."  This  is  a  little  unkind  when  one 
remembers  that  in  the  electrical  industry  HgO  has  always  been 
looked  upon  as  one  long  sell  ! 

*  *         *         * 


"Uplifted." 


[From  Glover  s  Almanac. 


Rumour   had   it   at   one   time   that   the   Electro-Harmonic 

Society  would  not   "  carry  on  "   during   the   coming  winter 

season.     Its  voice  is  silenced  by  the  issue  of  the  programme 

which  will  be  "  as  before,"  and,  in  spite  of  Zepps,  the  concerts 

will  commence  at  8  p.m.,  even  on  Ladies"  Nights. 

^         ^         ^         ^ 

I  had  hoped  to  have  had  a  rest  from  Electro-Harmonics  and 

Unofficial  Programmes  this  season,  but  the  latter  will  appear 

as  usual.     If  any  reader  of  the  Round  Table  cares  to  contribute 

items  for  these  programmes  I  wall  award  an  Electrician  Hot 

Plate  for  every  "  item  "  accepted.     I  may  as  w^'U  divulge  my 

own  method  of  procedure  in  drawing  up  the  programmes,  imd 

this  will  perhaps  assist  contributors,     i  turn  over  the  pages  of 

a  music  sellers'  catalogue  or  the  latest  list  of  gramophone 

records  ;  at  the  same  time  I  have  at  the  back  of  my  mind  some 

item  of  topical  electrical  interest.     If  I  chance  on  a  song  or  a 

march  to  fit  it,  "  Well,  Voibx  !  " 

*         *         *         * 

Any  items  for  the  first  programme,  which  will  be  published 
on  October  13th  (the  night  of  the  first  concert),  should  reach 
me  not  later  than  Tuesdav,  October  10th. 


This    Weekh    Mokal-  Do.vt   Worry.— When    one    is  a 

Kohiier,  it  is  one  of  two  thing.s.  Eith'T  one  i«  behind  or  in  frollt. 
If  oiii-  is  behind,  there  is  no  need  to  worry.  H  on«;  i.s  in  front, 
there  are  two  alternatives  :  One  i.s  either  in  a  dangerous  place 
or  in  a  cushy  place.  If  on<;  is  in  a  cushy  place,  there  is  no  need 
to  worry.  If  one  is  in  a  dangerous  place,  it  is  one  of  two  things  : 
One  is  eitiier  wounded  i>r  one  is  not.  If  one  is  not,  then,*  is  no 
need  to  worry.  If  one  is  wounded,  it  is  one  of  two  things  ;  One 
is  either  .seriously  wounfled  or  liglitlv  wounded.  If  one  is 
lightly  woundi-d,  there  is  no  need  to  worry.  If  one  is  .s«.'riously 
wounded,  it  is  one  of  two  things  :  One  either  recovers  or  one 
dies.  If  one  recovers,  there  is  no  need  to  worry.  If  one  dies, 
onc!    cannot    worry.     I'nder    these    circumstances,    the    real 

Tommy  never  W(Mrie.s. 

*         *         *         * 

What  is  the  teh'phone  etiquette  when  answering  the  querv 
from  the  other  end  of  the  wire  "  Who  is  that  speaking  ? "'  I 
find  that  custom  varies.  Many  men  always  say  "'  Mialer 
Smith  speaking  "  ;  others  are  .satisfied  with  the  unadorned 
surname  ;  just  "  Tell  hhn  Robin.son  wants  a  word  with  Mister 
Brown."  Perhaps  the  best  "'  get  out  ""  is  to  use  one's  initials  : — 
'•'  A.  B.  C.  Jones  here,"  but  that  is  a  by  no  means  usual  fonu  of 
telephone  manners.  Will  the  Editor  of  the  "  Post  Office  Tele- 
phone Journal  "  oblige  with  a  solution  '. 


OUR  HOT-PLATES. 
No.  216  to— 

Holophane  (Ltd.)  for  issuing  a  catalogue  on  the  Lighting  of 

Railways  and  Railway  Stations  during  the  Zepp.  season. 

"  *         *         *         * 

THIRTY-SEVEN  YEARS  AGO. 
[From  The  Electrician  (Second  Series),  Sept.  27,  1879.] 

Electricity  Applied  to  Bee-Rearing. — A  corre,s[K)ndent  of  the 
■  J-'eutsche  Presse  "  describes  a  method  which  he  has  adojjted  with 
success  of  overcoiuing  the  obstacles  freciuently  ];resent^  to  the 
rearer  of  bees  by  the  self-will  of  those  interesting  and  profitable 
insects.  This  is  no  other  than  giving  them  an  electric  shock.  Every- 
one interested  in  bees  knows  the  difficulties  and  dangers  involved  in 
hiving  a  swarm.  One  is  often  se?n  on  a  hot  day  in  Jime  in  the  top 
branches  of  a  tree  not  to  be  climbed,  and  another  in  som?  inaccessible 
place  seems  to  he  preparing  to  set  out'  on  it.s  wanderings.  If  the 
beemaster  venture  to  approach,  all  his  dexterity  and  exj-erience  will 
often  not  prevent  him  from  being  seriously  stung.  There  are,  in- 
deed, several  cases  on  record  of  death  su|;ervening  from  the  stings 
inf-icted  on  such  occasions.  Herr  Freiwith.  the  correspondent  re- 
ferred to,  hit  ujjon  the  idea  of  employing  the  electric  foree  to  stupify 
the  bees.  Trials  on  large  and  small  clusters,  and  even  on  single 
bisects,  ansAvered  perfectly,  the  bees  coming  in  contact  with  the 
conducting  wires  fell  stumied  and  motionless  to  the  gromid.  They 
were  then  sorted  and  marked,  according  to  the  strength  of  the  current 
api)lied.  The  time  required  for  their  recovery,  var\ijig  from  10 
minutes  to  eight  hours,  was  proportionate  to  the  strength  of  the 
shock,  but  all  came  out  in  their  trance  safe  and  sound.  Encouraged 
by  the  result  of  this  experiment,  Herr  Freiwith  resolved  to  try  it  on 
a  larger  scale,  namely,  ce  bees  in  ti'.e  hive.  To  this  end  he  intro- 
duced the  ends  of  two  conducting  wires  into  a  fully  occupied  honey- 
comb, and  tamed  on  the  current  for  a  moment  ;  the  bees  soon  lay 
on  the  ground,  and  it  wao  half-;ui-hGur  tefore  they  resumed  activity. 
Herr  Freiwith  then  constructed  an  apparatus  in  a  small  box,  0  in. 
each  way,  which,  similar  to  a  cartridge  ])ouch,  he  wore  with  a  strap 
round  his  body.  Tb.e  two  wires  of  the  apparatus  were  when  required 
to  be  used,  fastened  to  rods  of  a  suitable  length,  the  wires  of  course 
always  projecting  over  the  ends  of  the  rod.s.  Tliese  ends  were  then 
applied  to  tlie  s^arm,  a  knob  similar  lo  that  employeti  for  a  room 
telegra|)li  being  attached  to  tb.e  apparatus,  that  the  current  might 
be  tinned  on  at  the  pro]  er  time.  Kvervone  is.  of  course,  not  skilful 
enough  to  construct  such  an  aj)paratus,  though  none  are  pi-ecluded 
from  doing  so,  as  Herr  Freiwith  has  not  patented  it. 


No.  74. — Direct-Currect  Single-Pole 
Clapper  Switch,  with  magnetic  blow- 
out for  remote  control  of  lighting  and 
power  supply.  Used  in  conjunction 
with  starting  and  regulating  resist- 
ance, ihcy  automatically  start,  stop 
and  control  the  speed  of  motors  by 
current  limtt  or  time  limit  method. 


IGM«IC 


CONTACTOR  SWITCHES. 


IGRMIC  ELECTRIC  0\}P 


No.  33. — Alternating-Cu 
Pole  Clapper  Switch, 
types  of  A.-C.  Motors, 
operation  by  tumbler  s 
switch,  pressure  switch, 
tappet  switch,  etc. 


rrent  Double- 
Controls  all 
For  remote 
vitch.  float 
time  switch. 
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SIEMENS 


STANDARD 

ELECTRIC    MOTORS 


For  Diract  Current. 


For  Threa-phase  Currant. 


for 


ALL  OUTPUTS,  SPEEDS  AND  VOLTAGES. 


SIEMENS  BROTHERS  DYNAMO  WORKS  LIMITED 

Head  Ofkice  :  CAXTON  HOUSE,  WESTMINSTER,  S.W. 
Telephone  :  Gerrard  860.         Telegrams  :  "  Siembralos,  Vic,  London." 

Supplies  Dept.:    38  &  39.  UPPER  THAMES  STREET.  E.G. 

Telephone :  City  5350.  Telegrams  :  '  Siemotor,  Cent.,  London." 

HOME  BRANCH  ADDRESSES ■ 


Birmingham — Central  Ho.,  New  St. 
Bristol— 30,  Bridge  Street. 
Cardiff— 89,  St.  Mary  Street. 
Glasgow— 66,  Waterloo  Street. 


Manchester — 196,  Deansgate. 
Newcastle — 64-68,  Collin gwood 
Sheffield— 22,  High  St.        [Bldgs 
Southampton — 46,  High  Street. 


Branches  in   Principal  Tow^ns   Abroad. 


LABORATORY  OZONE  GENERATOR. 


The  type  71  ozone  generator  lias  been  desif/ned  \>\  Ozonair  Ltd. 
to  permit  of  pro(liuin<5  high  coiiccntratioii.s  of  ozone  from  air.  By 
it.s  u.'<e  as  nuich  as  IG  grammes  of  ozone  per  cubic  metre  of  air  (or 
8,0<M(  [)arts  jier  iiiillion  In'  vohime)  are  readily  ol)tained-  or  in  otlier 
words,  about  0  per  cent,  of  the  oxjgen  of  tlie  air  can  be  ozoni.scd. 
The  a{)paratus  is  constructed  on  the  Ozonair  principle,  offering  a 
large  cooling  surface  for  the  dissipation  of  the  heat  incidental  to  the 
generation  of  ozojie.  It  is  enclosed  in  a  lead-lined  containing  tank, 
which  is  cooled  by  water  for  low  concentrations  and  ])referably  by  a 
freezing  mixture  of  ice  and  salt  or  other  suitable  material  for  the 
higher  concentrations.  Its  capacity  at  the  highest  concentration  is 
about  2\  litres  of  ozonised  air  per  minute,  but  a  much  larger  volume 
is  availai)le  at  lower  concentrations.  The  use  of  oxygen  instead  of 
air,  or  a  mi.xture  of  the  two,  is  optional.  The  elficienc}'  of  the  ajipa- 
ratiis  is  high  for  its  size,  being  about  25  grammes  of  ozone  per  kilo- 
watt :it  till'  liiL'li  I  .mrcntrations.  The  :i])paratus  is  sui)|)Iicd  with 
a  speciail.v  wiHiiid  I  r;. iisformcr  (type  H2o).  littcd  with  an  additional 
liiglitcnsinn  h  i  iiiinnl.  |  crmilting  of  a  wide  range  of  regulation  from 
the  lowest  to  the  highest  concentrations. 

When  iui  nitcrnating  current  '<upi)ly  is  not  available,  it  can  lie 
ol)taincd  l)y  tlic  u.'-c  of  a  rotary  converter  which  is  operated  by  the 
coiit  iini(Uis-(  urrcnt  supply,  'i'he  converter  (type  !•."{)  sii|)|)|ied  with 
the  set  is  dcsit'ii'-d  for  nuit  inimiis  working  .iiid  is  littcd  with  ball 
bearings  iiiiij  will  inn  Im-  Idiiu  pci  mkI,-  w  il  limil  .itlrnlidii.  .\suitch- 
bdMid,  complete  with  inaji  (ioubjc  jiolc  switch  iind  fuses,  .l-jioiiit 
regulating  switch  for  the  transformer,  and  ammeter  for  indicating 
the  current  useil,  is  a  necessary  part  of  tlie  e(|uipnient.     Where  the 


electric  current  supply  is  continuous,  a  starting  switch  for  the  con- 
verter mu.st  be  added. 

For  the  purpo.se  of  accurate  estimation  a  special  test  meter  is 
furnished  if  desired.  This  meter  measures  the  volume  of  air  pa.ssed. 
The  large  dial  is  marked  for  a  total  of  10  litres  divided  into  tenths  of 
a  litre,  .so  that  it  is  possible  to  measure  with  great  accuracy.  In 
addition  to  the  centre  dial  there  are  three  smaller  dials  to  regLster  a 
total  of  10,000  litres.  The  dials  can  be  graduated  in  cubic  feet  if 
.specially  ordered. 

The  set,  which  includes  the  afore-mentioned  apparatus,  comprises 
air  cleaner,  test  meter,  two  dr\-ing  bottles,  safety  bottle,  ozone 
generator,  a  .second  safety  bottle  and  treatment  bottle,  which  are 
.set  up  in  the  order  named,  together  with  the  necessary  electrical 
acce.ssories  and  tube  connections.  A  drawing  in  the  leaflet  shows  the 
method  of  connecting  up  the  various  items  of  the  complete  apparatus 
as  disposed  on  the  laboratory  bench  or  table,  but  the  electrical 
accessories  may  be  fixed  in  any  other  convenient  position.  'For 
instance,  the  converter  (if  the  electric  supply  be  continuous)  may 
be  placed  on  the  floor,  and  the  .switchboard  fixed  on  the  wall  at  the 
back  of  the  bench  whilst  the  transformer  could  be  placed  on  the 
bench,  behind  the  ozone  generator. 

The  apparatus  is  priced  and  illustrated  in  a  leaflet  just  issued  by 
Ozonair  Ltd.,  Victoria-street,  London,  S.W. 


ELECTRICALLY  HEATED  JAPANNING  OVENS. 

BY  G.  B.  M. 

In  .selling  the  product  of  a  factory  engaged  in  any  Ime  of  manu- 
facture, perfection  of  finish  is  of  almost  as  great  importance  as  the 
mechanical  perfection  of  its  mechanism.  A  competitor  often  wins 
out  with  an  inferior  product  because  he  has  provided  it  with  a 
durable  finish  ;  and  the  man  wlio  is  making  a  really  superior  product 
would  only  have  to  pay  attention  to  this  detail  in  order  to  greatly 
increase  his  .sales.  Provided  it  is  properly  applied  and  baked,  there 
is  no  better  finish  than  ordinary  black  enamel — commonly  called 
black  "  japan  " — for  bicycle  frames,  automobile  i)arts,  hardware 
•specialities,  and  a  great  variety  of  other  products.  The  articles  to 
be  japanned  should  be  thoroughly  cleaned  to  remove  all  dirt,  dust 
and  grea.se  ;  and  for  this  purpo.se  .sand-blasting  will  be  found  to  give 
satisfactory  results.  The  method  of  applying  the  japan  will  necess- 
sarily  vary  according  to  the  j)roduct  ;  di]iping  will  be  found  mo.st 
.satisfactory  in  those  cases  where  this  mctiiod  can  l)e  employed  ;  in 
other  cases  .spraying  will  give  the  best  re.suits  ;  and  in  certain  in- 
stances it  will  lie  found  neces.sarv  to  ajijily  the  jaj)an  with  a  brush. 
By  con.sulting  any  reliable  manufacturer  of  ja])an,  advice  may  be 
obtained  as  to  the  best  method  to  employ  ;  and  this  advice  .should 
be  followed,  as  the  method  of  a])]ilying  the  finish  will  vary  with  the 
luiture  of  the  japan  as  well  as  with  the  character  of  the  product  to 
which  it  is  a])])lied. 

One  of  the  most  important  factors  in  obtaining  a  satisfactory 
linish  by  japamiing  consists  in  baking  the  japan  jiroperly  after  it  has 
been  applied.  The  best  grades  should  be  baked  at  a  temperatiire 
of  from  !5r)0°F.  to  .'{"o^F..  and  it  is  not  jiractical  to  use  .steam  coils  for 
this  purpo.«e.  CJas  burners  are  commonly  employed,  but  this  methtnl 
has  .so  many  disadvantages  that  numerous  firms  have  resorted  to  the 
use  of  jai)ans  which  can  \w  baked  at  a  lower  ti^nperature.  sjicrificing 
the  (luality  of  the  finish  ajjplied  to  their  jmtduct  in  onler  to  over- 
come the  objectionable  features  of  this  method  of  baking.  With 
the  japans  that  can  be  baked  at  a  low  temperature,  heat  is  applicxl 
by  steam  coils. 

About  three  years  ago  the  iirm  i)y  which  the  writer  was  emplovo<l 
had  a  discouraging  exiK>rience  with  it.s  gas-heated  baking  ovens,  but 
rather  than  resort  to  the  use  of  japans  which  coidd  i)e  baked  at  a  low 
temperature  and  thus  .sacrifice  the  (|uality  of  finish  on  its  pnnluct. 
tlic  engineers  of  this  firm  started  to  ex|H'rinient  with  electrieally- 
hca  ed  ovens  for  baking  the  ja])an.  For  this  jiurjKise  some  di.s- 
carded   streetcar   hcat«rs   wen-    purcha.sed    from   a    local    traction 


QUAKANTEED 


SECOND    HAND 


THE   VICTORIA    ELECTRIC    PLANT   CO.. 
SPENSER    STREET,    WESTMINSTER.   S.W. 

Phone:  Victoria  402<v  Grams:  Vlcmln.^ter,  Sowest,  Ijjndon. 


Ferranti  Ltd 

HOLLINWOOD,   Lancashire. 


SWITCHGEAR,   TRANSFORMERS.  METERS, 
ELECTRIC    HEATQiQ    &    COOKINQ  APPARATUS. 
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Canadian  and  Indian 
MICA 

GUT,  SLAB  &  SPLITTINGS. 

MINIMUM   STOCK  200.000  lbs. 


Peerless    Leatheroid   Insulation. 

Dynamo  Tapes,  Hollow  Braid,  Empire  Cloth. 
Pure  Asbestos  Ribbons,  Paper,  Tubes  and  Sheets. 
Pure  Asbestos  Woven  Tape  and  Hollow  Braid. 
Vulcanized  Fibre  Sheet,  Tube  and  Rod. 
Ebonite  Fibre,  Sheet,  Tube  and  Rod. 
Presspahn  and  Insulating  Papers,  Felts,  Baize. 
Electrical  Pure  Rubber  and  Adhesive  Tape. 


WE  HAVE  BEEN  AWARDED  THE  CONTRACT  FOR 
THE  WHOLE  OF  THE  MICA  REQUIRED  BY  BRITISH 
ADMIRALTY    OVER    1910,    1912.    1913.    1914  and   1915. 


ATTWATER  &  SONS, 


Telegrams  : 
Attwaters,  Preston. 

Telephone  No. 
1045(2  line.). 


Hopwood  St.  MiUs, 
PRESTON. 


Established  1868. 

Codes  : 
5th  Edition  A  BC 
{(  Western  Union. 


BELLING 

&   GO. 

We  can  quote  you  for  and  are  regularly  supplying  :— 

Electric  Heaters  for  Shell  Drying  Ovens. 

Gas  and  Fire-proof  Heaters  for  Loading  Rooms. 

Immersion  Heaters  for  Wax  Melting. 

Air  Warmers  for  Fabric  Drying  Rooms. 

Low  Temperature  Radiators  for  Work  Rooms. 

Electric  Fires  (Radiant  type)  for  Offices,  &c. 

Electrically-heated  Water  Tanks  to  deal  with  any  quantities. 

Thermostatically  controlled  apparatus  to  keep  either  water  or 

air  at  any  desired  temperature. 
Electric  Toasters,  Water  Boilers  and  Grillers  for  Mess  Rooms. 


We  have  had  large  experience  in  adapting  electricity  to 
many  novel  manufacturing  processes,  and  are  prepared  to 
submit  quotations  and  drawings  to  meet  any  given  conditions. 

BELLING  &  CO..  Electric  Heatine  Specialists.  Derby  Road.  EDMONTON.  LONDON.  N. 


E.  SHOWELL  &  SONS,  LTD., 

STIRCHLEY.    BIRMINGHAM. 


Cast 
Cable  Sockets. 

Suite  E74.      Made  in  all  Sizes. 

Type  A.— Straight 
„     R— Offset. 
„      C — Right  angle. 

Illustrated  Dimensioned  Showcard  foe  Drawing 
Office  use  supiilied  free  on  application. 


Sole  Agent  for  the  Electrical  Trade: — 

LIONEL  R0151NSON,  ^„sta^!^^':£. 

Telephone:  Holborn  6323. 


The  Coverings 
that  give 
absolute 
Satisfaction. 


For    complete    Protection    on   all 

Electrical   Installations    the    new 

Zenex     and     Negrex     Coverings 

should  be  specified. 

As    supplied    to    Admiralty,  War 
Office   and   Government    Depart- 

ments. 

Large  Stocks  are  carried  at 
all    our    various    Brandies. 

Simplex   Conduits   Ltd., 

Garrison     Lane,    Birmingham. 


London—  ,   _, _ 

11 3- 11 7  .Charing  Cross  Rd .  W  .C, 
Manckbstbr— 

16,  Corporation  Street. 
Glasgow — 

72a,  Waterloo  Street 
Bristol — 

10  &  1 1 .  Denmark  Street 
Nbwcastlb— 

61-65.  HiBh  Brldgei 


Lbbos — 

6,  White  Hoise  Street* 
Liverpool — 

96.  Whltechapel. 
Swansea— 

14,  Heathfleld  Strtefc 
Cardiff— 

4,  Westgate  Street, 
Abbfdben  — 

1,  Crlmoa  PUca4 
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REGULATING 
RESISTANCES 


NEW  CARRON  FIRE  CATALOGUE. 


ISENTHAL 
&  CO. 

(Department  4) 

Denzil  Works, 

Willesden,  London,  N.W. 

Contractors  to  the  Admiralty.  War  Office, 
India  Office.  Colonial  Office,  Postmaster- 
General.  &c. 


NEW      LIST 
ON  REQUEST. 


NATURE  says:       ■ 

"  The  list  is  one  of  the 
most  complete  we  have 
seen." 


With  the  approach  of  winter  comes  an  increased  activity  on  the 
part  of  fire  makers  of  all  classes.  The  electric  fire  is  now  in  about  its 
fifth  season,  and  its  growing  popularity  is  testified  to  by  the  increase 


Cakrox  Fire-isteeior,  3  kw. 

in  the  nmnljer  of  designs  and  the  amount  of  standardising  which 
makers  are  able  to  introduce. 

One  of  the  first  of  the  fires  catalogues  to  reach  us  is  that  issued  bv 


company  and  substituted  in  ])la(o  of  the  gas  burners  m  the  ovens. 
After  successfully  overconiing  a  few  jm^liiiiinary  ob.staclcs,  the  results 
obtained  were  foin)d  to  be  very  satisfactory,  and  it  was  a  matter  of 
surprise  that  the  eo.st  of  the  current  con.snmed  was  less  tliaii  the 
(■.\|ien<litiM(!  foruierly  made  in  operating  i\w  gas  bunuTS.  Anotiu'r 
irn|)ortant  advantage  of  the  electrical  ovens  was  that  three  times  the 
atnonnt  of  work  could  bo  turned  out  as  compared  with  the  foruu>r 
inetlKMJ  l*'iirtliciniore,  tlu;  fijiish  obtai-ied  by  baking  the  japan  in 
the  olectrically-li/'ated  ovens  was  superior  to  that  produced  in  any 
other  way.  owing  to  the  fact  that  a  uniform  temperature  could  be 
maintained  with  an  electrical  regiih'ting  di^vice.  After  these  e.\j)eri- 
nu-nts  had  been  com])letod,  all  tiie  other  baking  ovens  were  e<|uipped 
with  eh^etric  heating  coils,  and  three  years'  c:cperit>nco  with  the  use 
of  thes(!  ovens  has  fully  justilicd  the  judgment  of  the  engineers  in 
deciding'  to  make  the  change. 

It  is  not  within  the  scope  of  this  article  to  enter  into  a  di.scu.ssion 
of  the  nu'thod  of  figuring  tlu;  current  consumption  for  any  size  of 
ovens,  but  the  experience  of  the  company  using  the  nu'thod  will 
serve  to  give  an  idea  of  the  cost  of  itaking  japan  by  this  method. 
'I'he  ovens  ii.sed  weir  :{  ft.  wide  l)y  1>  ft.  (>  in.  long  by  6  ft.  high,  and 
were  heated  by  I")  ((iils  which  co.st  less  than  12s.  each.  The  current 
consumed  was  a,  litt|r  less  than  2.")  kw.,  and  at  a  ])rice  of-(»-.")d.  jier 
kilowatt  hour,  this  would  make  the;  cost  of  o|)rration  Is.  jier  hour 
while  the  oven  is  in  actual  u.so.  This  does  nol  include  the  tiuH-  spent 
in  <()oling.  loading  or  unloading  the  oven.  Koiiglily  s))eaking.  this 
ligures  out  at  I  kw.  for  every  7  cubic  ft.  of  oven  capacity,  and  the 
cost  of  the  coils  for  heating  the  oven  may  I"'  taken  iit  about  4s.  for 
each  \  ft .  of  oven  capacity. 

If  it  is  found  that  the  oven  tlocs  not  give  sufficient  heat  to  thor- 
oughly liai<e  the  japan,  it  is  an  ea.sy  niatlcr  fo  add  an  extra  <oil  at 
any  time  that  it  nuiy  be  considered  mves.sary  to  do  so.  All  of  the 
coils  .should  be  placed  directly  under  the  work,  and  the  work  is 
generally  suspended  in  the  oveii  while  it  is  being  baked.  The  coils 
shojild  bo  protected  by  a  iierfonvted  metal  grating.  In  ordering  coils 
for  a  japaiMiing  oven,  it  is  meri'ly  noeossary  to  toll  the  oloctrieal  con- 
tnutor  the  eiirrout  consumption  required  to  heat  the  oven,  as  cal- 
oulaled  by  (he  ]>ivccding  metho<l,  and  the  kind  of  current  available 
in  the  laefory  in  whi.  h  the  ovens  njv  Io<>a(ed.— "  Miu-hinerv." 


Carron  1<'ire-i>terior,  4  KW. 

Carron  Co..  ("arron.  Falkirk.  This  contains  particulars  and  price* 
of  Canon  electric  radiators  and  Carron  electric  fires.  The  radiators 
are  of  the  two,  three  and  four  lamp  ])a(tem.  and  are  of  auattra«li\T 


"  THOR  "  High  Grade  Specialities 

CASING    «nd    CAPPING        CABLE    CONNECTORS 
CONDUIT  COMMUTATOR    COMPOUND 

CABLES  WATERTIGHT   FITTINGS 

AND    ALL   ELECTRICAL   ACCESSORIES. 

H ASLAM  &  STRETTON^  Ltd.l^^e'i^f •<:i'^'ra7e.''B''R'!l'TOL* 
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Our  Manufactures  include : 

Cables  for  Lighting,  Power, 

Telegraphy  and  Telephony. 

H.C.  Copper  Wires  and  Strands. 

Aluminium  Wires  and  Sheets. 

Phosphor  Bronze  Wires. 

Brass  Rod. 

Brass  Forgings. 

Enamelled  Wires. 

Cotton  Covered  Wires. 

Aerial  Cables. 

Joint  Boxes  and  Pillars. 

Jointing  Compounds. 

Primary  Batteries. 

Exploders. 

Shot  Firing  Cables. 

Window  Lead. 

Cable  Racks. 

Static  Condensers. 

Pole  Line  Steelwork. 

Paper  Pinions. 

Fuses  and  Fuse  Wire. 

Electric  Welders. 

Telephone  Cords. 

Annealing  Furnaces. 

Tramway  Insulation. 

Overhead  Equipment. 

Electricity  Meters. 

Knife  Switches. 


CHEER   UP! 

That  low  lagging  power  factor  w  hich 
has  proved  such  a  bugbear  in  the 
past  can  be  impro\cd  by  that  most 
up-to-date   of    engineering  apparatus, 

THE    HELSBY    POWER 
CONDENSER 

(Pat.  Nos.  22139/05  and  14817,14). 

It  is  not  a  box  of  mystery,  but  a 
device  built  by  engineers  for  en- 
gineers, which  has,  under  practical 
working  conditions,  fully  justified  our 
claims. 

There  are  no  running  losses  to 
take  the  gilt  off  the  gingerbread,  and 
the  efficiency  is  99*5°  o. 


BRITISH  INSULATED  I  HELSBY  CABLES. 

LTD., 

Cablemakers  and   Electrical   Eng^ineers, 

PRESCOT,  LANCASHIRE. 

Works :     PRESGOT    and     HELSBY. 

Branch    Offices  in:     LONDON,    MANCHESTER,    GLASGOW,    BIRMINGHAIVl. 

NEWCASTLE,    CARDIFF,   DUBLIN,  LEEDS  &  BELFAST. 

OVERSEAS   BRANCHES: 

AUSTRALASIA:   The  Wool  Exchange,  King  Street,  Melbourne. 
EASTERN  INDIA:    11,  Clive  Street,  Calcutta. 
SOUTH  AFRICA:   Telegraph   Manufacturing  Co.  (Colonial),  Ltd. 

P.O.  Box  2827  Johannesburg. 
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The  Paragon  Earth 
Cone  is  made  of 
pure  copper,  suita- 
bly perforated  and 
filled  with  charcoal. 

The  earth  around 
cannot  dry  up  and 
shrink  away  from 
the  cone. 

1 1  absorbs  moisture 
and  keeps  the  earth 
round  the  cone  al- 
ways moist,  thus 
making  a  perfect 
earth. 

It  is  extremely  easy 
and  inexpensive  to 
install.  A  large  ex- 
cavation is  not  re- 
quired. Just  bore 
a  hole  with  a  post 
augur  and  drop  it  in- 


4 

Coke  or 

Moist 

Earth. 


Sc  holey  ^s 


PARAGO 

EARTH   CONE 

SUPERSEDES    THE    EARTH    PLATE. 


•  Icsifrii,  ill  wliich  a  coiuljination  of  ornamental  cast-iron  body  and 
polislicd  reflector  produces  a  Hubstantial  and  pleasing  effect.  This 
iH,  we  Ijclieve.  the  first  occasion  upon  which  lanij)  radiators  have  been 
made  up  in  cast-iron  frames,  the  majority  of  the  designs  being  of  the 
sheet  metal  type.  ]Jy  the  use  of  cast  iron  a  more  permanent  pattern 
of  fire  results,  and  one  which  can  be  placed  in  the  fire  back  where  it 
will  harmonise  with  the  surrounding  iron  work. 

Amongst  Carron  clcctris  stove,-'  illustrated  is  a  registered  design 
which^  has  been  got  out  to  build  into  the  walls  of  ]mblic  rooms,  halls, 
&c.  The  outside  air  is  brought  into  the  stove  bv  ducts  or  directly 
through  louvres  in  the  walls.  The  outside  air  Van  be  cut  off  by 
nu-ans  of  a  traj),  and  the  air  in  the  room  can  then  be  circulated 
t  hrough  the  stove.  Tlie  illustration  shows  the  design  of  this  form  of 
heater.  After  passing  over  the  standard  Carron  replaceable  heating 
elements,  which  are  strongly  housed  and  jjrotected  in  the  body  of  the 
Hlove,  the  warm  air  is  delivered  into  the  room  through  the  ])erforated 
,U'i<l  at  the  I  mill  of  I  he  stove.  The  design  illustrated  in  made  up  for 
4  k\v.,  and  the  elements  are  under  the  control  of  a  three-heat  switcli. 
which  will  be  noticed  rcicssed  into  the  upper  portion  of  the  frame. 
The  Htovc  measures  18  in.  \\  i<i.'  I.\  30  in.  in  height  by  7  in.  deep. 

The  most  interesting  development  in  the  fire  bushiess  which  is 
excinpiitied  in  the  catalogue  under  review  is  the  standardising  of 
what  are  known  as  ("arron  Electric  Fire  Interiors.  This  form  of^'tire 
has  been  developed  with  a  vicAv  to  catering  for  the  growing  need  for 
an  electric  heater  to  take  the  place  of  an  ordinarv  coal  fire  grate. 
It  18  only  necessary  to  have  a  tiled  or  marble  surround  having  a 
slight  rece5.s  to  fake  the  fire  and  into  this  recess  a  complete  e(iuii)ment 
IS  set  into  ])(mitioM.  No  building-in  is  re(|uired.  Illustrations  are 
given  herewith  of  two  examples  of  these  Carron  Fire  Interiors,  one 


LEAD  MELTING  FURNACES 

illiiir,  Pairnin 
For  Cable  and  Pipe  Pre.go,.  Acrumulnfor  Grids     etc 

WITHOUT  OXIDATION.      AUTOMATIC  HEAT  CONTROL 

l.NOKMOUS   SAVING    IN    RESIDUE. 

MONOMETER   Mfg;.    Co.,   Ltd.,   Aston.    BIRMINGHAM. 


for  3  kw.  and  the  other  for  4  kw.,  the  latter  having  the  bottom  ele- 
ment placed  at  a  slight  angle  to  the  vertical  elements.  The  frame 
of  these  interiors  is  of  cast  iron,  and  the  elements,  which  are  in  unit 
form  in  a  cast-iron  bod\',  are  bolted  to  the  back  of  the  frame,  and 
placed  close  up  to  the  front  opening  which  is  covered  with  a  wire 
guard.  Each  element  is  under  the  control  of  a  separate  switch.  The 
design  of  the  fire  is  such  that  a  constant  stream  of  cold  air  Lsi  drawn 
in  at  the  base,  and  on  passing  the  back  of  the  fire  is  heated,  after 
which  it  is'projected  into  the  room  through  the  opening  at  the  top. 


■-j0'^if^Ji>i>'Ji>pi 


Carron  Electric  Stove. 

M 

In  the  catalogue  arc  shown  several  excellent  examples  of  the 

setting  of  these  lire  interiors  in  mantel  surrounds.  The  result  Ls 
certauily  most  ])leasing  and  artistic,  and  also  appears  to  be  effective 
from  the  heat  distributioii  ])oint  of  view. 

Doubtless  central  station  engineers  and  eontractons  who  are 
interested  in  electric  fire  designs,  will  take  an  early  o])i>ortunity 
of  obtaining  a  copy  of  thLs  interesting  catalogue. 


TUMBLER  SWITCH  CONTROL. 


Messrs.  A.  1'.  Lundberg  &  Sons  have  just  added  to  their  excellent 
collection  of  literature  on  switching  control  a  booklet  which  Ls  being 
distributed  gratis  and  which  has  been  jjrepared  to  show  (he  tyiK*  of 
switch,  the  jiurposcs  and  cllect  of,  and  the  iunnl)er  of  wires  re()uired 
for  any  given  control.  These  jiarticulars  can  be  seen  at  a  glanc*  on 
any  l)age  of  the  booklet.  The  diagrams  are  particularly  clear, 
because  the  uitenial  connections  of  the  switches,  the  lamps  and  the 
icturn  wires  are  omitted.  It  is  ho|K'd  that  the  j)ublication  will  give 
both  to  technical  and  nontechnical  i)eo])Ic  a  preliminary  idea  of 
switch  control.  The  booklet  measures  about  7  ui.  Mide  by  4  in. 
deep,  and  can  therefore  be  easily  carried  in  the  coat  jwcket. 

There  are  two  useful  tables,  giving  in  convenient  form  a  few  <if 
the  manv  eases  where  two-wav  control  and  two-wav  intormediale 


"«^ 


.'^ 


A. 


Two  way  Tntcrnuiliatc  Cnntrol.  There  aic  two  doors  A  ai.d  B.  Ha 
.-wit(  h  is  fitted  at  ,1  only,  and  one  enters  at  li  after  dark,  it  is  ^^cc^^aIy 
lo  prope  ones  way  across  lo  A  to  nwitch  on.  and  then  to  walk  '<>  the  « hair 
r  by  the  desk  or  table.  If  then'  an-  two-way  switches  at  A  and  B.  there 
is  no  delay  in  iirojvtHlinp  to  ^"  from  cither  door. 

If  an  intermediate  switch  Ix-  fitted  at  /.  the  light  may  lje  controlled 
from  the  chair  as  wtH. 
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WRITE    FOR  PARTICULARS   OF    FOURTEEN    GRADES    OF 

British-Made  Resistance  Materials 
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MAKERS! 


HENRY  WIGGIN  &  CO,  Ltd., 
George  Street,  Birmingham. 

TCI  CPHONE:  6400  CENTRAL 

'  '-'-'-QRAMS:   "WIGQIN  BIRMINGHAM." 


AGENT: 


* 
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♦♦ 
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LIONEL  ROBINSON, 

3,  Staple  Inn,  London,  W.G. 

TPI  CPHONE:  6323  HOLBORN. 

'  '-'-'-QRAMSi  "FERRYDOM,    LONDON." 


ll£ 


VICKERS  Limited. 

Motors  a^ndl  Genera^tors  of  a.11  types. 


Complete 
equipment 
for  tlie 
electrical 

ligrhtingr 

a.ncl 

drivingr  of 

na.cliine 

Shops, 

Factories, 

PI  ills,   etc 


Patent 

Automatic 

Reversing* 

Drive  for 

Plactiine 

Xools. 


250  K.V.A.  Rotary  Converter.    6  phase,  50  periods,   480560  Volts. 
1,000  r.p.m.     Inverted  type. 


River  Don  Works,  SHKFFIBI^D. 
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D.&S. 

HANDLE  "FUSES. 


50  amps,  and  upwards.   600  volts. 


Asbestos  sheathed  fuse 
wire.  Substantial  porcelain 
carrier,  effectually  shield- 
ing hand  from  "live"  metal. 

THE   IDEAL    FUSE    FOR 
POWER  CIRCUITS. 


DORMAN 
SMITH  Ltd., 

Ordsal   Electrical   Works, 
SALFORD, 


m^  "^    K^ANCHESTER. 


control  respectively  can  be  used  with  advantage.  For  instance, 
iiiuler  the  heading  of  two-way  control,  exani])les  are  given—lights  on 
staircase,  first  swhch  on  ground  floor,  second  switch  on  first  floor, 
lights  in  approach  to  house,  first  switch  on  portico,  second  switch  on 
fmnt  gate.  Then,  again,  under  the  heading  of  two-way  intermediate 
control  examples  are  lights  in  hall,  first  switch  at  front  door,  second 
switch  at  foot  of  stairs,  third  switch  on  fir-^t  floor;  also  lights  in 
carriage  drive,  first  switch  at  house,  second  switch  at  lodge,  third 
switch  at  garage.  In  this  case  instead  of  three  there  may  be  four  or 
more  switches. 

The  descriptive  matter  under  each  of  the  several  control  diagrams 
is  set  in  dilTcrcnt  sizes  of  type  so  as  to  give  the  items  of  information 


accurately  balanced,  and  when  held  loosely  in  the  hand  the  line  of 
centre  of  gravity  falls  between  the  third  and  middle  fingers  of  the 
hand,  and  lies  within  the  barrel  of  the  tool  to  hang  vertically.  A 
thumb-switch  conveniently  located  in  the  handle  for  the  control  of 
the  circuit  is  manipulated  the  same  as  in  an  ordinary  jmeumatic 
hammer.  All  bearings  are  of  the  ball  type,  provision  being  made  for 
the  lubrication  of  all  revolving  and  reciprocating  parts.  The  gears 
and  tho.se  portions  of  the  moving  parts  .subject  to  wear  are  all 
harc'.ened. 

When  drilling  holes  in  stone  or  concrete  in  a  downward  position 
the  powdered  cuttings  collect  rapidly,  and  not  only  absorb  and  waste 
much  of  the  force  of  the  blow,  but  tend  to  choke  up  the  hole,  making 


RAVAGE 


All  outdoor  ai)|)lication  of  Two-way  Intermediate  Switching.  The 
tlinc  l)raikct  lifihts  on  the  exterior  of  the  house  and  the  similar  light  at 
lliv  lodyc  {L.  L.  L.  L)  may  all  ho  turned  on  or  of!  either  at  the  front  door 
of  the  house,  at  the  jiarage,  or  at  the.  front  ^'at<'s.  Or  they  may  be  turned 
•■  on  "  at  any  one  point  and  ""  oil  "'  at  any  other. 

jirominence  in  |)ro|)ortion  to  their  importance.  Tlie  concluding 
page  contains  the  two  duologues  which  were  jiublished  in  our  issues 
of  August  20,  JiHo,  and  .lune  2,  lOKi.  undr'r  the  title  of  ••  Switching 
Up  to  Date.''  Copies  of  the  booklet  may  be  olitained  on  ap[)licatioii 
to  the  company,  and  we  ho])e  that  it  may  ])rove  helpful  to  them  in 
liieir  poineer  work  on  behalf  of  switch  <  out  ml. 


ViKW  OF  El.WTRIC 

Ha.m.mku  Drill. 


DUNTLEY  UNIVERSAL  ELECTRIC  HAMMER  DRILL. 

This  tool  is  equipped  with  a  universal  motor  (patents  covering 
wliicli  as  applied  to  i)ortable  tools  arc  <'oiitrolled  by  this  company), 
and  will  operate  int''rehangcal)ly  on  direct  or  alternating  current.  It 
is  only  neciessary  to  have  the  motor  wound  for  the  correct  line  voltage 
on  which  it  is  inteiid"d  too|)(M•at(^ 

The  liatnuici-  blow,  which  is  delivered  li\  a  pi  tnii  on  tlie  drill  steel 
or  chisel,  is  prodiic'd  liv  pneumatic  impact.  Al  tjieiu-tant  the  blow 
is  struck  the  piston  is  runniug  free  of  all  lU'chauical  parts,  and, 
llierefoic,  no  shock  or  \  ilnalioii  is  traiiuuil ted  to  tlie  electrical  parts 
of  (he  t(K)l.  It  is  elaiuied  that  there  is  no  tendeiu'V  for  the  wiring 
(diinectious  to  be  cr>stallised  due  to  incessant  jarring.     The  tool  is 


it  difficult  to  remove  the  drill  bit.  A  special  feature  of  the  Duntloy 
electric  hammer  drill  is  the  live  air  device  for  clearing  tiie  hole  of  the 
cuttiniTs  while  drilling.  This  makes  it  |M)ssib!e  not  only  to  d'^livor 
the  full  force  of  the  blow  on  the  solid  stone  or  con<Teto.  but  the  re- 
moval of  the  drill  bit  is  accomplished  without  difficulty,  lus  there  are 
no  eiittintis  left  in  the  hole. 

The  size  No.  0  drill  is  wound  for  1  Id  or  220  volts  (univer.-*al  tyite  t«i 
operate  on  either  direct  current  or  siugle-phase  alternating  current), 
and  has  a  maximum  cajiaeity.  in  stone  or  concrete.  1  in.  diameter. 
Its  weight  is  21  lb.  net.  and  its  overall  Icngtli  is  I7A  'u. 

The  ("hi<ago  Pneumatic  Tool  Co.,  Fisher  Huilding.  Chicago,  are 
makers  of  this  electric  tool. 


Ja,s.  Ja^qtiet,  Ltd.,  Ba,sle 


S'witzerla.tid. 

Combined  Revolution 
Counters,  with   Chronograph. 

Very   Accurate   Timekeepers. 
OHRONOGRARH     AND      SXOR 

Lists  on    Application. 


WATCHES- 
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BATTERY  CARTS  v.  HORSES  FOR  DUST  COLLECTION. 

In  connection  with  the  resolve  of  the  Sheffield  Corporation  to 
purchase  a  third  electric  tipping  wagon  for  the  cleansing  depart- 
ment, it  is  of  interest  to  notice  a  report  jjresented  to  the  Cleansing 
Committee  by  Mr.  J.  A.  Priestley,  the  superintendent  of  the  depart- 
ment. The  report  deals  with  the  work  of  a  couple  of  2-ton  wagons 
at  ])resent  in  use  in  comparison  with  horse  labour.  The  result's 
work  out  as  appended  : — 

No.  1  Vehicle  (Daywork  ('ost.s  for  22  Weeks). 

Refuse  collected S.'iS  tons  (i  cwt. 

Totalco.st £217   15  10 

Cost  per  ton 5     0-8 

Horse  Labour  (Cost  of  One  Month's  Work  on  vSame  Districts). 

Refuse  collected 167  tons  19  cwt. 

Totalco.st £59     1     9 

Cost  per  ton 7     04 

No.  1  \'ehicle  (NuiHTwoRK  Costs  for  21  Weeks). 

Refuse  collected 1,142  tons  19  cwt. 

Total  cost £139   14     8 

Cost  per  ton 2     34 

Horse  Labour  (Cost  of  Three  Months'  Work  on  Same  Districts). 

Refuse  removed 473  tons  11  ewt. 

Tcrtalcost £77  10     3 

Cost  per  ton 3     3-2 

No.  2  Vi:hki,e  (Daywork  Costs  for  Six  Weeks). 

Refuse  collected 314  tons  4  ewt. 

Total  cost £()3     (I     :{ 

( 'ost  per  ton 4     01 

House  Labocu  (('o.st  ok  One  Months  \V(ii;k  on  Sa.me  Districts). 

Refuse  collected 204  tons. 

Total  cost £38   1(5     0 

Cost  per  t(jn 3     90 

No.  2  \'ehicle  (Nichtwokk  Co.sts  for  Six  Weeks). 

Refuse  ienio\(Ml 40()  tons  13  cwt. 

Total  cost £37   18     8 

Cost  per  ton 1    10-3 

House  Laroik  (Cost  ok  One  Month's  Wouk  on  Same  Districts). 

Refuse  removed 440  tons  8  ewt. 

Total  cost £55  10     2 

Cost  per  ton 2     ()-2 

T\\e  rei)ort  adds  :  "  The  districts  worked  by  No.  2  vehicle  on  day 
sliift  comprise  the  best  in  the  city  for  iiorse  labour,  and  from  the 
results  obtained  I  am  led  to  the  conclusion  that  for  bin  refuse  in 
Sheffield  horse  labour  holds. an  advantage  where  the  total  mileage 
per  journey  for  the  electrics  does  not  exceed  three  miles,  but  beyond 


this  distance,  and  at  all  distances  on  ash-pit  refuse,  the  electrics  show 
a  decided  superiority. 

■■  When  electrics  can  only  be  u.sed  for  day  work  the  jMsition  differs 
somewhat,  as  the  vehicle  costs  cannot  be  divided  over  two  shift.s. 
So  far  as  Sheffield  is  concerned,  I  am  of  opmion  that  in  our  sy.stem  of 
day  and  night  work  the  electric  vehicle  is  a  pronounced  success,  and 
T  recommend  the  expansion  of  this  method  of  collection  as  opjxjrtunity 
offers,  particularly  as  it  renders  possible  a  scheme  that  can  be  realised 
in  no  other  way,  viz.,  the  centralisation  of  the  work  of  the  de[)art- 
meut  to  one  depot  and  one  destructor  capable  of  dealing  with  Hie 
whole  of  the  city's  refuse." 

The  foregoing,  which  is  an  abstract  ap|)earing  in  a  recent  issue  of 
"  Motor  Traction,"  is  indicative  of  the  trend  of  affairs  in  munici{jal 
cleansing  departments. 

It  should  be  noted  that  the  electrical  energy  for  the  charging  of 
the  batteries  is  generated  at!  the  destructor  from  steam  raised  by 
the  burning  of  the  refuse  itself. 


PETROL,  STEAM  AND  ELECTRIC  VEfflCLES. 

In  a  Paper  read  by  Mr.  G.  Martin  Gamble  before  the  Yorkshire 
Association  of  Students  of  the  Institution  of  Civil  Engineers,  at 
Sheffield,  the  author  referred  to  the  increased  daily  radius  of  motor 
as  compared  with  horse  transport,  pointing  out  the  saving  in  handling 
of  goods  by  the  use  of  the  latter  in  preference  to  the  railway  for  short 
distances.  As  regards  steam  traction,  he  mentioned  that  the  time 
taken  in  raising  steam,  \\ithdrawing  or  banking  tires,  and  replen- 
ishing water  tanks  was  etpial  to  50  10-hour  days  a  year.  Statistics 
were  jmt  forward  showing  comparative  estimated  running  costs,  the 
lignres  including  standing  charges,  interest  5  per  cent,  per  aiuium, 
depreciation  and  insurance,  but  not  management  and  establishment 
charges.  Thus  a  rubber-tyred  petrol  wagon  of  2  tons  capacity,  on 
the  basis  of  40  miles  a  day  would  cost  8-7d.  per  mile  run  ;  a  3-ton 
wagon,  40  miles  per  day,  11 -2(1.  ;  a  4-ton  wagon,  40  miles  [)er  day, 
11-7(1.;  a  o-ton  wagon,  10  miles  per  day,  12-8d.  A  rubber-tyred 
steam  wagon  of  3  tons  capacity.  35  miles  per  day.  would  cost  10-6d. 
l)er  mile  run  ;  and  a  5-ton  wagon  30  miles  jkm'  day.  would  cost  I3-9(1. 
As  against  these  Hgures  the  author  estimates  the  cost  of  o^iei-ating 
a  2-ton  electric  vehicle  30  and  50  miles  \ier  day  at  10- Id.  and  7-8tl. 
per  mile  run  respectively  :  a  3i-ton  vehicle.  45  miles  j)erday.  at  lOd.  ; 
and  a  o-ton  vehicle,  35  miles  per  day.  at  12Sd.  {rm-  mile  run.  Electric 
vehicle  makers'  estimates,  comparable  with  the  foR>going,  show,  for 
a  I  !-ton  vehicle.  32  miles  per  day.  SSd.  ncr  mile  run  ;  2-ton  vehicle. 
40  miles  per  day.  5-7d.  ami  5-ld.  (two  makci-s)  ;  3i-ton  vehicle,  40 
miles  per  day.  "-L'Jd.  and  45  miles  perday6-6'Jd.  (two  makei-s);  5-ton 
vehicle,  35  miles  ])cr  diy,  !)-5d.  a'.id  40  miles  jkm-  day,  S-45d.  jxm-  mile 
ruii  (two  makers). 


For  Motor  Car 
Lighting. 


Made      at      the  ^    O.srani  -  Robertson 
I^anip  Works,  llauiniersinitU.  J^oiidou. 
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MAKING  THE  MOST   OF 
THE    AMPEUE     HOURS. 


There's  no  need  to  waste  current  in  Vehicle  cootrollers  of  the  rheostatic  type :  use 


IGMTtlC 


W^    Besides  economising  power,  you'll  get  a  perfectly  satisfactory  and  reliable  control.       Proved   right  by  extensive    application. 

!  IGRMIC  ELECTRIOC9BO  147,  Queen  Victoria  Street,  London. 


AN  EDISON  5-TON  VEHICLE. 


One  of  the  nitjst  interesting  battery  vehicles  i)ut  into  service  l.y 
Kdison  Accumulators  is  a  standard  G.M.  model  o-ton  lorry  supplied 
to  ."Messrs.  Kenton's,  Batley,  Yorks.  This  lorry  is  in  operation  over 
the  .soniewliat  indifTerent  roads  which  i)revail  in  the^  northern 
i  ndustrial  districts  and  in  an  area  which  is  usually  liilly.  This  latter 
fact  is  a  testimony  to  the  value  of  the  battery  vehicle  as  a  means  of 
transport  which  will  give  good  average  times,  although  it  is,  in  the 
heavier  capacities,  at  any  rate,  rather  a  slow-moving  machine. 

'J'he  vehicle  under  consideration  is  fitted  with  chassis  type 
1)  A- 1 2  (',  having  a  frame  of  rolled  open  hearth  steel  channel, 
hot  riveted,  reinforced  throughout  its  central  ])ortion  by  an 
inner  steel  channel  with  hai'd-wood  filler,  making  a  box  girder 
construction  of  great  strength  and  flexibility.  Spring  hangers, 
countershaft  brackets,  &c.,  are  milled  out  to  fit  over  the  bottom  edge 
of  the  frame  members.  The  front  axles  are  drof)  forged  from  low 
<arbon  steel.  The  knuckles  are  forged  from  the  same  steel,  and  are 
bronze  bushed,  also  the  knuckle  arms.  The  knuckle  j)ins  and 
knuckle  arm  pins  are  hardened  and  ground  and  provided  with  grease 
cups.  'J'hc  rear  axle  is  hammer  forged  from  low  carbon  steel,  and 
the  brake  |)ost  castings  and  s|)ring  .seats  are  of  malleable  iron. 

The  front  sj)rings  are  mounted  under  the  frame  to  allow  a  wider 
throw  to  the  front  wheels  to  facilitate  "locking  over."  The  rear 
springs  are  mounted  outside  the  frame,  so  that  the  load  is  carried 
close  to  the  wheels,  aiul  a  low  frame  is  oijtained.  The  auxiliary  coil 
springs  are  bolted  to  the  frame  over  the  rear  axle,  and  they  come  into 
contact  with  the  plate  on  the  rear  axle  when  half-load  is  on.  As  these 
auxiliarv  sjirings  carry  part  of  the  live  load  the  vehicle  bounces  less 
w  hen  unloarled  than  it  would  do  otherwise.  As  most  of  the  live  load 
i.s  carried  on  the  rear  axle,  the  variation  of  the  weight  on  the  front 
springs,  whctl-.er  the  vchi<'le  l)e  light  or  loaded,  is  small.  Hence  tiie 
chassis  rides  well  lK)1h  front  and  rear,  either  light  or  loaded. 

The  steering  gear  is  of  the  semi-reversible  ty|)e  by  steel  ])inion 
I'ugaging  s|)ur  .sector.  It  is  enclosed  in  a  waterproof  grease-Hllcd 
malleable  iron  lidu.sing  at  llic  i.asc  of  llie  steering  column,  which  is 
on  the  right-hand  side  of  the  chassis.  An  extra  large  steering  wheel 
is  lilted,  \vlii<h  alTords  n\ounting  for  the  controller  lever  and  s|)indle. 
The  wheels  are  of  tlic  artillery  type,  with  hickory  rims  and  spokes 
c,|Mip|)ed  for  soMd  baud  tyres,  they  are  mounted  on  ball  bearings, 
one  single  row  and  one  double  row  in  each  wheel,  of  the  enclosed  type 
mounted  within  oil-tight  hubs,  thus  entailing  minimum  attention  in 
•service,  'i'lic  hul)  cai>  constructicm  is  such  that  accidental  separation 
from  the  wheel  is  most  unlikely.  .\  mileometer  is  built  into  the  front 
right-hand  hub  cap.     Solid  indiarul)ber  l)and  lyres  of  special  coni- 

I i,d    for   electric    vehicle   service   are   fitted,   ensuring   maximum 

(raiisiui.ssion  eniciency  and  least  loss  of  energy  at  the  road  surface. 

'i'wo  !)rakes  are  provided.  i)otli  operated  by  foot  pedals,  and  each 
having  a  trigger  ratchet  lock.  OiU'  pedal  operates  a  raybestos-lined 
Mitenial  expanding  self-c(Mitreing  shoe  on  the  jack  shaft,  the  (>ther 
pedal  operating  similar  shoes  within  the  <lrums  on  the  rear  wheels. 
.Ml  braU(^  rockers  and  shafts  operate  in  bronze  bushings,  grease 
cup  lubricated. 

The  transmission  is  from  single  motor  to  dilTcrential  countershaft 
b\  special  flat  sj.ring  te'iijiered  steel  l)lade.  flexible  and  self  aligning', 
lilted  with  broir/,e  bushed  eyes  working  on  hardened  and  gnumd  pins 
provided  wilh  grease  cups,  aiul  large  s(nuire  slip  joint,  hardened  and 
ground,  at  the  motor  end.  Kvery  sliock  of  starting  an. I  slopping  is 
cushioned  by  this  shaft,  whicli  not  only  dcereasps  the  current  How 
from  the  battery.  i)ut  also  increa.ses  the  life  and  efficiency  of  every 
part  of  the  vehicle.  The  dillereutial  is  of  the  bevel  gear  ty|H'. 
mounted  in  Ihe  eoimtershaft  on  Hyatt  roller  bearings  with  ball  type 
lluusi  liearings,  all  running  in  oil.  The  bevel  pinions.  l)evel  driving 
pinion  and  bevel  crown  wheel  are  of  hardened  nickel  steel.  The 
pinion  shaft  is  carried  on  one  doul)le  row  and  one  single  row  of  l)all 
b(-arings.  Kroui  the  countershaft  to  rear  wheels  the  drive  is  by 
s|)rocUcls  atul  roller  chains.  The  sprockets  are  of  large  diameter, 
resulting  in  eniciency.  tpiiet  nmning  and  long  life.  They  are 
integral  wilh  the  l)ralve  drums,  combining  simplicity  will)  dur.tbilily 
and  .securing  lar^e  braking  siu'faces. 

Ti)e   standard    l»attory   enuipment   consists   of   (><>    K<li.son    cells. 


type  A,  giving  72  volts  at  the  Hve-hour  discharge  rate.  The  battery 
is  housed  in  a  com]jartment  below  the  drivers  .seat  and  on  the  top 
of  the  chassis,  thus  making  the  cells  readily  acce.ssible  for  occasional 
inspection  and  watering. 

The  motor  is  of  the  enclosed  type,  specially  wound  for  maxinunn 
efficiency.  The  windings  are  water  and  oil  proof.  The  large  slotted 
commutator  is  of  the  street  railway  tyi)e.  The  armature  shaft  is 
mounted  on  extra  large  ball  bearings,  and  the  motor  is  su})j)orted  in 
positive  alignment  at  diametral  points,  with  entire  weight  cradled 
on  the  frame,  f^very  ])art  of  the  motor  is  easily  accessible,  and  all 
connections  are  extra  carefully  machined  surfaces.  No  brush  gear 
adjustments  are  necessary  except  for  occasional  renewals.  The  con- 
troller is  of  the  continuous  torque  drum  type,  designed  for  maximum 
efficiency  with  the  motor  and  gear  reduction  emjjioyed.  There  are 
five  speeds  forward  and  two  on  reverse,  with  positive  stop  between 
forward  and  reverse.  The  controller  is  located  \mdcr  a  hood  in  front 
of  the  dashboard,  where  it  is  nu)St  accessible  for  insj^ection  and 
lubrication.  It  is  ojjerated  by  handle  above  and  concentric  with  the 
steering  wheel,  moving  forward  for  "  ahead  "  and  backward  for 
■  reverse."  The  drive  is  made  through  j)ositively  geared  ])inion 
housed  within  steering  gear  casing — ojierated  in  grease.  The  con- 
troller fingers  are  shunted  with  thin  co|)per  strips  :  hence  springs 
cannot  be  overheated  when  heavy  currents  are  fiowing. 


SiDi;  \ii,w  oi    .")-i(>N   Ki)is.)N    Lour.v. 

The  vehieje  used  by  Messrs.  Kenton's  has  I. 5  ft.  4  in.  wheel  base  and 
wheel  track  oft.  11.',  in.  The  maximum  Inxly  width  between  the 
wheels  is  4  ft.  8  in.,  and  the  distance  from  the  driver'.s  seat  to  the  end 
of  the  frame  is  17  ft.  4  in.  ;  the  distance  from  the  rear  of  the  Iwttily 
box  to  the  end  of  the  frame  is  14  ft.  (i  in.  The  height  of  the  frame 
from  the  ground  is  2  ft.  10  in.,  and  tlie  width  of  the  franu*  is  :{  ft.  4  in. 
The  overall  length  of  the  chassis  is  22  ft.  1(»  in.,  and  the  overall  width 
7  ft.  ."}]  in.  The  weight  of  the  battery  is  2.250  lb.,  and  the  capacity 
is  :{7r)-42r)  ampeie-hours  ;  the  kilowatt  output  is  'M\.  The  weight 
of  the  complete  vehicle  is  (>20  lb.,  and  the  s|K'ed  fully  loaded  on  tli<' 
level  is  7  miles  per  hour,  the  range  being  2S  miles  with  full  load  and 
.')()  miles  with  half  load  on  one  charge  of  the  battery. 


THE  ELECTRIC  IN  OPERATING  SERVICE. 

The  propor'ion  of  battery-pro|)elled  to  horse-drawn  and  ixtrol  and 
st<am-driven  vehicles  is  still  extrenu'ly  low.  iuit  this  d;>es  not  alter 
the  fact  that  steady  progress  is  being  nuule  with  the  intn)duction  of 
battery  vehicles  for  industrial  and  connuercial  ])ur}io,ses  of  all  elas.ses. 
The  mitial  jjix-judices  against  this  method  of  transport  are  l>einp 
steadily  bmken  dowri.  and  it  may  be  .said  with  truth  that  in  towns 
into  which  the  l)attery  vehicle  has  been  intnidueed  orders  .ire  lieing 
regularly  given  by  lirms  who  an-  anxious  to  emulate  the  example  of 
the  pioneers  of  tliis  vehicle  in  these  di.striots.  The  Tity  of  (Jl»sgow 
is  a  ty|)ieal  instance  of  this  t<"ndenev  t<i  create  a  fashion  in  electrics. 
The  electricity  su|)ply  undertaking,  on  the  advice ^of  its]i)n>gn'ssive 
head  (Mr.jW.  \V.  1.^»ekie).  put  a  small  van  into  service  now  several 
years  back.     Kxix^rience  with  (his  was  sufficiently  encouraging  to 
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EDISON  ACCUMULATORS.  Ltd., 


ACCUMULATOR 

ELECTRICS 

are 

LEADING!! 

Some  of  the  Reasons : 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  AccuAiulator  is  made  of  Steel 
throughout,  including  the  container;  uses  a  steel  pre- 
serving electrolyte  ;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  from  the 
effects  of  overcharging,  high  rate  boosting  nor  being 
tlscharged  to  zero  when  necessary. 

Because  the  Edison  Four- Year  Guarantee  is 

unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the   Edison   Accumulator   is  the  lightest    and 
strongest  storage  cell  and  may  be  charged  in  less 

time  than  any  other  type. 

2  &  3,   DUKE   STREET,   ST.  JAMES, 
LONDON.  S.W. 


AfiFNTS*—  Birmingham:  — 

AOi:.i^lJ.  J     p     KEMP. 

Grand   Hotel,    Birmingham. 


Lancashire   and   Cheshire  :  — 

DRAKE  &  GORHAM,   Ltd.. 
47.    Spring;  Gardens.    Manchester. 


Glasgow  :   - 

J.     HALLY     CRAIG. 
45,    Hope    Street,    Glasgow. 


justify  the  gradual  acquisition  of  a  small  fleet,  a  portion  of  which  is 
shown  in  Fig.  1,  The  first  vehicle  is  shown  in  the  background,  and 
three  of  the  more  recent  ones  are  dejiicted  to  the  right  of  it.  They 
are  all  Edison  cars,  the  later  machines  being  of  the  G.M.  Edison  type, 
in  whicli  the  battery  box  is  mounted  above  the  chassis  at  the  front 
of  the  vehicle,  where  it  forms  part  of  the  driver's  .seat.  From  the 
])oints  of  view  of  road  surface  and  gradients,  Glasgow  would  not 
have  been  considered,  at  any  rate  some  five  years  ago,  as  an  ideal 
district  for  the  regular  use  of  commercial  vehicles  of  the  battery- 


tinental  motorists  have  such  vibrant  reminiscence.*?.  It  may  justly 
be  said,  therefore,  that  Glasgow's  experience  of  electrics  to-day  will 
be  the  experience  of  the  rest  of  the  country  to-morrow. 

An  undei-tixking  which  has  closely  watched  the  results  obtained 
by  the  Glasgow  electricity  depr.rtment  is  the  I'liited  ('o-ojx'rative 
Baking  Society  of  that  cit\\  This  is  one  of  the  most  imjwrti.nt 
business  houses  in  Glasgow,  and  one  which  requires  an  efficient  and 
reliable  method  of  road  transport.  The  management  decided  to 
give^anJEdison  battery  vehicle  a  trial.     They  have  been  so  jilea.sfd 


Fk;.    1. — 1'akt  of   Fi.KET  ok  Gi.ascow  ('uiuhikatiun    I-lectkics. 


propelled  ty^je.  IMany  of  the  streets  are  exceedingly  steep,  and  the 
traffic  conditions  are  such  that  they  nuist  be  traversed  slowly  and 
with  frequent  stops,  both  at  cross  roads,  with  which  Glasgow  seems 
to  abound,  and  on  account  of  intervening  vehicles.  Jt  cannot, 
therefore,  be  argued  that  the  hills  can  be  taken  with  a  rush.  Similarly, 
there  is  an  abundance  of  granite  sets  forming  the  road  surface,  and 
in   some  streets  it  is  little    better    than   the   pave  of   which   Con- 


with  the  results  that  they  now  possess  a  small  fleet,  views  of  a  port'on 
of  which  are  shown  in  Figs.  2  and  ;5.  These  vehicles  ai-e  all  of  the 
Edison  (iM  type,  and  it  is  interesting  to  note  the  manner  in  which, 
in  both  the  lorry  and  the  vans,  tlie  construction  of  the  body  has  been 
made  to  incorporate  the  battery  box;  in  a  neat  and  effective  manner. 
The  panel  at  the  side  of  the  vehicle  upt)n  which  the  lettering  "  Army 
Contractors "'   appeal's   practicalh'   represents   the   compass   of  the 
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Particulars  and  Catalogues  from 

SIEMENS  BROTHERS  &  CO..  ltd. 

WOOLWICH. 


Telegrams : 
'Siemens  Woolwich." 


OVER  4,600  EMPLOYEES.  Telephone: 

City  6400  (7  lines). 


CABLES    &  WIRES, 
MOTOR-CAR   LEADS 

(Weatherproof,  Strong,  Flexible  and  Durable). 

BATTERIES 


&c.,  &c. 


Inittery  coniijartnicwf.  Tlipso  vehicles  are  all  driven  hv  com- 
jmralively  unskilled  laljoiir.  which  .so  far'  has  experienced  no 
difhciilt y  in  driving?  and  controlling  them.  Although  th«ir  maximum 
speed  is  low  com|)arcfl  witli  that  of  petrol  or  .steam  cars,  they  are 
able  to  maintain  a  suHiciently  high  average  sjK^ed  to  fit  in  admirably 
with  the  delivery  requirements  of  the  Society.     The  vehicles  illus- 


Mi 

1 

^,   r-tst:^      .. 

^-15*  ^ 

r^^^SB^^^^HK:^^     VBuj 

I'li:.  2.       Vw'.r  nl    I'l.lCKT  OX"  (JL.VSCJOW  (  O Ol'liKATlVK  JJaKINU  fcJOflETV. 

tratod  arc  all  of  .'JO  cwt.  capacity,  and  haveamaxinuun  s])eed  on  the 
level  of  12  to  14  miles  per  hour,  with  a  range  of  45  miles  loaded  on  one 
charge  of  the  hatferv. 

Another  held  in  which  the  battery-driven  vehicle  is  finding  great 
favour  is^that'eoimected  with  overhead  construction  and  repair  work 
on  electrie  tramways.     Fig.  4  is  a  side  view  of  an  Kdison  (!.M  chassis 


EDISON  ACCUHUCAWR  TTWrh 

COHPORATION   OF  SOUTHAMPTON    TRAMWAY    DtrT 


Flli.    4.     -BaTTKUV    PUOI'KI.I.KI)    ToWl-H    \Va<;OS    of   Sim  Til  VMITnN 

CoUl'OlJATION. 

tilled  with  telescopic  lower  wagon,  and  recently  pureha.sed  by  (he 
Soiith.iinplun^Corporalinn  Iramways  deparlmenl.  'VUa  towerfis 
placed  at  the  ivai  of  the  vehicle,  and  is\lesigned  for  i-xtension  in  a 
vertical  din<e1ion  by  means  of  a  motor  Kii|)plied  with  energy  fioin'the 
sjiiue  l>,Ulery  w  Inch  pnip<>ls  the  vehicle.      At  the  fn>nt  nf  the  car  tliere 


is  accommodation  under  an  expansive  ornamental  wood  awning  for 
the  driver  and  the  repair  staff.  There  is  also  ample  accommodation  in 
the  body  for  a  full  kit  of  the  tools  required.  A  vehicle  of  this  cla.ss 
is   extremely    valuable   in   trolley   tramway   service, •'especially   for 


Fk;.  '.\. — ^Ediso.n  Electric  Lorkv  ix  Service  of  ULAstJow 
Co-operative  JiAKiN(;  Society. 

emergency  work.  It  can  leave  the  power  shed  or  garage  at  a 
moments  notice,  and,  if  necessary,  can  be  geared  to  run  at  high 
speeds.  In  some  measure  its  duties  are  comparable  with  tho.se  which 
obtain  in  fire  stations,  in  which,  of  course,  there  are  already  in  u.se 
many  l)attery-propelled  engines,  escapes  and  other  fire  fighting 
apparatus. 


TRACTOR  HAULAGE. 


In  general,  industrial  tractors  may  l)e  divided  into  three  classes, 
namely  : — 

Indufitrial. — Intended  chiefly  for  interior  work. 

Senii-itidusfrial. — A  heavier  and  larger  machine  than  the  industrial 
tractor,  capable  of  yard,  dock  and  to  a  limited  extent  interj)lant 
street  haulage. 

Semi-tractor. — Wliich  as  it«  name  would  intlicate  is  only  jwrt 
tractor,  as  a  jxirtion  of  the  load  is  supjK)rted  by  the  haulage  luiit. 
Iningiiig  it  in  reality  in  the  truck  class.  The  .semi-tractor  is  seldom 
found  in  this  line  of  work — with  one  exception,  described  later. 

MrtluKis  of  f>rirhi(/.-lu  the  drive  from  the  motor  to  the  rear 
wheels  there  are  the  three  tyj)es  commonly  found  in  the  commercial 
truck,  namely,  chain  to  jack  shaft  and  chains  to  rear  wheels,  gear  or 
chain  to  rear  axle  driving  shaft,  which  carries  a  bevel  gear,  and  the 
single  worm  gear  reduction. 

All  driving  shafts  are  mounted  on  high-cla.ss  ball  or  rolh>r  InNirings. 
which  must  have  unusu.dly  largt>  overload  c.»|>;i(ities.  more  jmt- 
ticularly  the  thrust  bearing  l)ack  of  the  worm.  whi(h  drive  is  now 
i|uil<'  general. 

Ill  the  smaller  tyjM's  the  batteries  are  spring  sus|kmi(1(m1.  but  the 
•  has.sis  is  not.  as  it  is  ordinarily  u.sed  on  good  hard  smooth  Moor 
surfaces.  In  .ome  ea,se8  the  battery  trays  are  supjxtrfed  In'tweon 
springs  to  take  the  rel>ound.  this  lM>iiig  the  liest  practice.  Th<-  Larger 
iiia(  bines  arc  spring  hung,  the  intermediate  sizes  generally  having 
spiral  springs  and  the  .semi-industrial  half  elliptic. 

Mfthiuls  of  Slrrriixj.  In  the  industrial  tractor  there  are  four 
forms  of  steering  gears.  an<l  in  the  ,semi  industrial  luit  two.  The 
ordinary  aiitomol)ile  drag  link  connection  with  two-wheel  steer  is 
re|)i-esenled.  It  is  necess.irv  in  romiding  ;»  curve  with  a  four-whi'f'l 
iii.iebine  to  turn  the  inside  wheel  lhn>ugh  a  greater  an^'le  than  the 
out.side  wheel.  To  approximate  the  correct  angle  a  line  is  draw7i  fn>ni 
the  pivot  |>oiiit  of  the  stei'ring  knuckle  to  the  centre  of  the  rear  axle. 
\\  hell  the  wheels  ai-i'  in  the  slr.iight  running  i»osition.  the  <lrag  link 
will  be  parallel  to  the  axle.  ;ind  if  eonneetod  to  the  steering  aniuv  at 
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^ronclati  txit^f' 


C.E.S.CI.07a 


(Reaistered) 

THE  BATTERY  FOR  COMMERCIAL  ELECTRIC  VEHICLES. 

No  better  testimony  can  be  found  of  the  satisfaction 
which  the  Battery  is  giving  in  actual  service  than  the 
number  of  repeat  orders  which  we  are  receiving.  We 
can  substantiate  every  claim  made  for  it  by  the  experi- 
ence of  users  over  considerable  periods,  and  are  able  to 
clearly  demonstrate  that  its  life  is  between  two  and 
three  times  that  of  an  ordinary  flat  plate,  while  its  re- 
liability day  in  and  day  out  has  been  proved  beyond  cavil. 

WILL  STAND  HEAVY  BOOSTING  CHARGES. 


ftlllflribe 


ELECTRICAL  clifton  junction. 

STORAGE  CO.  Manchester 

¥  fYi'fT^rrw'x.     LONDON  OFFICE: 

LIM  1   1  til)   ^  '''•  VICTORIA  STREET. 


ELECTRICS 


Throughout 
British   Built, 


are  manufactured  at 


"Orwell      Works,"     Ipswich,      by 
Ransomes,  Sims  &  Jefferies,  Ltd. 


SrHiti;f  .1  (tents  for  Great  Britniu  itml  Irrlatxt  for 


MOSSAY  &  Co.,  Ltd.,  "orwell"  electric  vehicles, 

1,  Queen  Anne's  Chambers,  41,  Tothill  Street,  LONDON,  S.W. 
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TUDOR 


FOR   ELECTRIC  VEHICLES. 


FIRE  BRIGADE  VEHICLES  WITH  TUDOR   BATTERIES. 

London  Fire  Brigade -11  Vehicles.     Liverpool  Fire  Brigade— 4  Vehicles. 
Rathmines  (Dublin)  Fire  Brigade— 1  Vehicle. 

BATTERIES  FOR  COMMERCIAL  VEHICLES, 
PLEASURE  CARS,  OMNIBUSES,  &c. 

LIGHTEST  in   WEIGHT— HIGHEST  in  EFFICIENCY. 
Maintenance  undertaken  at  Moderate  Mileage  Rates. 

THE  TUDOR  ACCUMULATOR  CO.,  LTD., 

3,  CENTRAL  BUILDINGS,  WESTMINSTER,  LONDON,  S.W. 

Worki  :   DUKINFIELO,  near  MANCHESTER- 


(lie'poiul  where  the  lines  dniwii  iiiteisect  tlie  dnig  link  either  in  front 
or  beliiiid  llie  axle  a  fair  coniiiensation  for  anj^Ie  will  he  ol)tained. 
If  th(!  wheel  hase  is  shortened,  however,  the  angle  formed  by  the 
Ht^oring  arm  and  the  drag  link  beeomes  more  acute,  so  that  with  the 
indnstrial  tractor  wheel  base  it  is  very  noticeable  :  in  fact,  is  so 
great  that  the  wheels  cannot  be  turned  as  far  as  they  should  be  and 
again  returned  to  the  straight  position.  The  result  is  that  the  best 
))(issible  tinning  radius  cannot  be  obtained  with  this  arrangement. 
In  (irdcr  to  get  the  iiest  turning  radius  a  vertical  |)laiie  on  a  line  drawn 
through  the  centreof  the  spindle  of  the  inside  front  wheel  should  cut 


steering  with  the  front  only  as  the  Mercury  trucks  illiLstrated.  ""In 
this  case  the  steering  connection  is  direct.  The  second  drives  and 
steers  on  the  front  wheel,  the  drive  being  accomplished  h\  a  motor 
located  inside  of  the  wheel  and  the  steer  by  a  gear  connection  from  the 
driver's  seat.  The  industrial  machine  of  the  three-wheel  type  may 
be  headed  straight  into  a  post  and,<if  the  front  of  the  machine  haa 
I  in.^clearance,  it  will  turn  around  Jwithout  backing  and  will  not 
strike  the  post.  .^.^liJ  i 

Batteries. — The   u-sual   battery   capacities   in   machines   available 
are  1.50  ampere-hours  at  40  volts,  and  225  ampere-hours  at  30  an(J 


Side  View  of  Mkrcirv  Tractor,  snowixc  HrscED  Seat  which 
Cuts  off  Olrrent  whe-v  Driver  Rises^ 

42  volts.  Practice  would  indicate  that  for  ordinary  industrial ^work 
225  ampere-hours  at  30  volts  is  sufficient  and  that  225  ampere-hours 
at  42  volts  is  am|)le  for  a  10-hour  day.  When  necessary  to  ojierate 
20  or  24  hours  it  is  customary  to  change  batteries,  wliich  may|l)e 
done  in  two  minutes'  time  bj^  special  arrangement  of  batterj' container 
and  slip  connections.  The  .semi-industrial  machine  is  generally  60 
volt  and  from  3(J0  to  45(1  ampere-hours  capacity.  The  weight  of  the 
mercurv  tractor  with  lead  batt<»rv  is  2,220  ib.  ;  Edison  battery, 
1.8.50  lb. 

Trailers. — The  trailer  e(iuii)ment  for  these  macliines  might  well 
be  described  as  "  anything  on  wheels.*'  When  an  installation  is 
mafle  it  is  quite  usual  to  prepare  hitches  and  use  the  equipment 
already  available,  and  it  is  seldom  possible  to  design  or  have  the 
users  purchase  new  or  special  trailers.     The  drawbar  pull  required  to 


lUNPEUSrUK   \  lEW  ol    .Ml.l<(  TRY  TraCTOR  CHASSIS. 


Merciry  Tractor  wrru   I^>ai)  on  a  S.sow-swett  rL\TF<ii;M. 


u  vertical  plane  passing  through^tiic  rear  a.xle  centre  just  inside  the 
n\i\r  wIh'cI.  as  in  motor  cans.  By  a  very  simple  arrangement  of 
levers  this  has  l)eeu  accomplished  by  one  cont-eni  building  industrial 
iin<l  stMui  uidustrial  equipments,  with  the  results  that  the  turning 
radius  i.s  e(|ual  to  that  of  a  t hive- wheel  machine  and  wheels  are  more 
nearly  in  correct  |H).sition  at  all  times  than  when  a  regular  drag  link 
connection  is  u,se<i. 

There  arc  two  three-wheel  tractors  on  the  market,  one  hulu.stnal 
uivl  nmi-industrial,  the  first  driving  on  the  Imck  wheels  and 


keep  a  train  of  usual  fn-ight  house  trucks  in  motion  on  a  eoncrete 
floor  may  be  taken  Jis  6.5  Ib.  to  the  ton  trailer  and  load.  This  w»fl 
be  reduced  by  roller  or  ball  bearings  aiul  increased  on  less  favour«'>le 
surface.^.  It  is  also  increastxl  by  17-5  ]>er  cent.  \yor  I  l>er  f^^C  of 
grade,  so  that  a  10  jxr  cent,  grade  will  neces-sitato  an  adrfitioiial 
drawbar  jnill  e(jual  lo  175  per  cent,  of  the  original.  Only  on  account 
of  the  wonderful  Hexii»ility  of  the  tr.vctor  trailer  method  of  haulage 
has  this  svsteni  gaine<l  its  pre.sent  position.  I^^* 

["  Electric  Vehicles.' 
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ELECTRIC  TRACTORS  IN  LUMBERYARDS. 


One  of  the  most  modern  and  best  equipped  lumber  mills  in  the 
South  is  the  plant  of  the  Industrial  Lumber  Co.,  of  Elizabeth,  La., 
and  the  "  Traffic  World  "  recently  coik'cted  some  interesting  facts 
concerning  its  output.  This  mill  has  a  daily  capacity  of  about 
300,000  ft.,  which  means  that  it  must  cut  apjiroxiinately  20  acres 
of  land  per  day.  Hix  large  locomotives  and  To  ttnt  cars  ai'e  used  to 
move  the  logs  in  from  forest  to  mill.  Efficiency  is  the  vvatchwoid 
in  this  mill  from  the  felling  of  the  trees  to  the  moving  of  the  lumlx'r 
in  the  yards  by  electric  tractors  or  "  electric  mules,"  as  they  are 
called.  This  lumber  lirm  found  that  one  of  the  big  items  of  expense 
was  the  trucking  facilities  for  hauling  timber  about  the  yard  or  froin 
the  sheds  to  the  freight  cars.  The  moving  of  this  lumljer  required 
20  mules  and  a  corresponding  number  of  men;  and  it  was  to  displace 


are  important,  as  the  mules'  shoes  necessitated  the  renewal  of  tlii.s 
himber  every  three  years,  at  a  co.st  of  tr),000.  Obviously  rubljer 
tyres  showed  a  big  saving  in  this  item  alone. 

After  the  lumber  is  dried  it  is  moved  from  the  luml>er  stacks  and 
dry  sheds  to  the  planing  machines  and  then  loaded  into  freight  cars 
located  from  GO  ft.  to  1,000  ft.  away  either  by  hand  or  by  battery 
tractor.  This  work  is  considered  verj'  hard  on  the  mules  and  diffi- 
cult for  the  truck,  as  the  hauls  are  .'-■hort  and  the  roads  tortuous.  The 
truck  has  to  go  between  the  planers  and  in  other  narrow  places  and 
into  the  drying  sheds,  where  it  is  necessary  sometimes  to  back  down 
a  long  narrow  aisle.  It  is  in  this  class  of  work  that  the  tractor  shows 
the  largest  .saving,  due  to  its  flexibility  of  ojK'ration  in  the  smaller 
spaces  and  the  ability  to  load  anfl  unload  quickly.  In  such  work  one 
tractor  displaces  seven  mules  and  five  men,  making  13  round  trips 
jier  hour,  with  1,100  ft.  of  luml)er  \x-r  trip.  The  average  fli.stanee 
covered  per  round  triji  is  2,000  ft.      In  transferring  lumber  from  the 


A  BuDA  Tractor  Truck  Haitu>;g  Three  Tratt-kks  Lo\ded  2.04()  lr.,  l,IU2  lb.  axd  l,3fl2  lb.  rkspectivklv.  and  carrv  ai  so  rrsKi.F  1,800  lb.  : 

A  GRADE  OF  1  IN  10,  125  FT.  LOX(i,  IS  CLLMBED  REGULARLY  1!V  THIS  L[ TTLK.    ""  TRAIN."' 


these  that  the  company  decided  to  purchase  a-n  (ilctric  tractor.  In 
moving  lumber  from  the  mill  to  the  lumber  stacks  the  tractor  has  a 
capacity  of  Ih  round  trips  (2.400  ft.  each)  jier  hour,  towing  an 
average  of  1,500  ft.  of  lumber  or  about  3^  tons.  In  this  work  one 
tractor  replaces  five  mules  and  three  men. 

This  big  mill  has  about  live  miles  of  ti'ainways,  I'uniiing  from  tlic 
mill  to  all  })arts  of  the  different  yards,  ''"'i-amways  aie  from  IG  ft. 
to  20  ft.  wide,  and  are  floored  with  3  in.  timber.  At  the  mill  the ' 
tramways  are  about  20  ft.  from  the  giound,  slo])ing  to  about  4  ft.  at 
the  opposite'end  of  the  yard,  i, 'i'he  tramway  lumber  is  woi'th  4Ss. 
per  1,000  board  ft.,  and  costs  £1  per  100  for  laying. f^^l^These  figures 


dry  kiln  to  the  dry  sheds  one  tractor  will  do  in  two  iioui-s  woik  that 
usually  took  two  mules  all  day  to  do. 

The  Industrial  Luiul)er  ("o.  has  fovuidthat  the  three  electric  trac- 
tors it  is  now  using  have  displaced  Hi  mules  and  20  uu'u.  and  are 
performing  the  same  work  with  far  greater  effieieney.  In  addition 
the  company  is  effecting  an  unusually  la'ge  saving  annually  by  the 
adoption  of  "  electric  nudes."  It  is  estimated  that  the  total  ojK'rat- 
ing  costs  for  16  mules,  including  feed,  shoeing,  stable  help,  labour  and 
repairs  to  tramways,  is  a])])roximately  ♦;4.(XH)  jhm-  year.  OiK'rating 
expenses  of  the  three  tractors,  iniluding  reiu>wals  of  batteries  (every 
yeai),  renewals'of^ tyres  (e\ery  year),  renewals  of  chains,  gears.  &c.. 


For  Motor  Car 


Lighting. 

Made      at      the      Osrain  -  Robertson 
Lamp  Works,  Hammersmith,  London. 


Osram 


E 


DW.>\wrvj      v^/ I  Fi.  E. 
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Switchboards  for  one  car  or  many 
cars.  Always  complete  but  never 
finished.       Send     for     Booklet     "  B." 


OF    STANDARD     TYPES. 

ir.Rjimc  ELECTRIC  cn^^ 

147,  Queen  Victoria  Street.  London. 


Jl 


Sectional    type    Panels,    built    like    a 
filing    system.       Start    with    one    unit, 
the    panel    will  grow  as    your  require- 
ments increase. 


y 


ljil)Our  and  repairs  to  tramways  amount  to  £1,9.50.  Xo  current 
has  l)(;en  figured  in  the  operating  costs  of  the  three  tractors,  as  the 
amount  used  is  nf)t  considered  of  any  great  consequence.  Assuming 
that  a  mill  were  to  buy  current  at  2d.  per  kilowatt-hour  the  cost 
would  not  average  over  £40  per  tractor  per  year.  The  total  costs  per 
year  of  mule  equipment,  including  the  entire  investment,  fixed 
charges  and  operating  costs,  are  £4,870.  For  the  electric  tractors 
the  total  costs  are  £2,222  per  year.  This  shows  a  saving  of  £2,648 
per  year  hy  using  electric  equipment. 

liie  Electric  \'ehicle  Association  of  America,  which  has  for  some 


occa.sionally  propounds  to  his  friends,  and  it  is  the  result  of  the  work 
of  three  electric  tractors  for  189  days,  during  which  time  the 
machines  were  driven  16.748  miles  and  carried  9.6.50.000ft.  of  lumber 
that  averaged  1-5 lb.  to  the  .square  foot.  He  maintains  that  a  horse 
can  transport  15,000  sq.  ft.  of  lumber  one  mile  in  a  day,  and  He  has 
asked  his  friends  to  determine  how  many  horses  would  be  nec•e.ssa^^' 
to  accomplish  tlie  work  of  the  tractors. 

One  of  the  most  important  features  of  the  storage  battery  tractor 
for  lumber  yard  and  sawmill  service  is  its  absolute  freedom  from 
fire  hazard,     in  place.s  where  shavings  and  sawdust  would  be  easily 


C)  -  TON  .Jeffrey 
Battery  Locomo- 
tive HAfLISO  A 
TRAIN  OF  LfMBER  AT 

I'a.nhan'dlf.  Limber 
Co..     Spirit    Lake, 

Idaho. 


time  past  l)een  collecting  data  on  (he  applicalion  of  electric  tractors 
in  this^field.^has^been  informed  that  the^Bodcaw  Lumber  Co.,  of 
Stamps,  .\rkansas,  has  recently  given  uj)  animal  haulage  entirely  for 
electric  tra(tf)r^e(|ui|)ment.  This  mill  ])urcliaHed  three  battery 
tractors  about  a  year  ago,  displacing  15  mulesjand  15  drivers.  It 
latwr  found,  however,  that  the  same  work  could  be  done  by  two 
tractors,  and  used  (lie  lliini  tractor  to  haul  finished  lumber  from  the 
sheds  to  the  cai-s,  which  had  previously  rccjuired  six  mules  and  si.K 
drivers,  'i'his  makes  a  total  of  21  mules  and  21  drivers  that  are  now 
licinti  sii|)pl;inted  b\  the  three  electric  tractors  and  three  drivers  and 
a  licljMT.  It  is  estimated  that  the  exiKMise  for  ownership,  upkeep, 
depreciation,  insurance  and  o]>eration  of  one  of  the.se  tractors,  when 
working  ii  little  less  strniuously  than  th(!  Bodcaw  Mills  works  its 
<i|in|)Mient.  is  approximately  24s.  [x-rday  or  less  ;  but  crowded  to  its 
full  ciiijacity  by  jwrforming  the  work  of  .seven  mules,  the  cost  increa.ses 
toalioiit  !5()s.  |M'r  day  as  the  Modcaw  people  ligurc  it.  This  company 
stated  that  there  is  little  or  no  ex|)ense  attached  to  the  upkeep  of 
tlic  inai  liMics.  It  tak«-s  al)out  I0  minutes  each  day  to  oil  them,  and 
they  are  charged  at  night,  which  takes  about  fom-  hours,  and  as  the. 
I'hargiiig  plant  is  automatically  arranged  tlicic  is  no  nccc.s.sity  for 
cMipl(<ying  a  night  mechanic.  

While  the  greater  part  of  tlic  haulage  ot  lunii>er  in  tin's 
country  is  done  by  horses  or  mules,  (he  limitations  of  animal 

haulage  have  long  I n  undeixtood  and  (he  invpHtiga(ion8and 

study  which  the  i-^lectric  \'ehiele  .\ssoeiatioii  has  given  (he 
matter  show  that  jirogressive  mills  are  beginning  to  adopt 
other  forms  of  (rans|)ortatioii.  It  has  been  diflieult toostima(e 
the  cost  of  aninud  delivery,  because  (here  are  very  few  firms 
(hat  have  kept  accurati- accounts  of  o|M'ratingeos(s.  MowcNcr. 
i(  is  es(ima(ed  (ha(  (he  daily  mileage  of  a  horse  i.s  15,  and  a 
good  liay's  work  for  a  horse  is  moving  L5.(MK)  f(,  of  lumber  oiu- 
mile  or  its  e(|uivalent.  such  as  hauling  5.(MKlft.  three  miles. 
Compare  this  with  the  |)erformanee  of  (he  "electric  mule," 
which  is  able  (()  low  an  average  of  l..">(M»ft.  of  bnnber  ;?J  miles 
in  an  hour. 

The  <;.  \V.  (Jale  Lumi>er  Co.,of  Uoston.  Mass.,  has  been  using 
fiv(>  eli>ctric  lumber  (rae(ors  for  about  thn-e  y<'ars.  which  aii> 
doing  nuieh  moii>  than  (he  work  of  4(t  hoi-ses  pre\  iously  used. 
The   viee-pn'sident    of   (his   company   has  a    problem  that  he 


ignited  by  sparks  or  hot  gases  emitted  from  jx»troI  machines,  the 
electric'can  operate  with  jx'rfect  safety. 

The  ease  and  simi)licity  of  operation  which  characterise  all  tyjies 
of  electrically-pr()])elled  vehicles  is  an  imi)ortant  factor  in  the  appli- 
cation of  the  electric  tractor  to  lumber  work.  Considering  the  short 
radius  and  the  narrow  aisles  in  the  mill  yards  in  which  (he  (rac(or 
must  turn,  anything  which  adds  to  the  simi)licity  of  driving  the 
nuuhine  is  an  important  consideration.  It  is  common  knowledge 
that  an  electric,  becau.se  of  i(s  simple  ro(ating  mo(or  and  alisence  of 
all  complicated  and  reciprocating  ])ar(s.  wi(h  (heir  a((endan(  wear 
and  tear  on  (he  nu'chanism  as  a  whole,  makes  i(s  upkeep  ex(remely 
economical. 


TRACTOR  HAULAGE  PROBLEMS 

;  To  accomplish  tractor  haulage  the  first  consideration  is  the  proper 
])ower  unit,  and  from  a  commercial  view])oin(  nadirally  (ha(  unit  i« 
the  one  that  will  do  a  maximum  amount  of  work  a(  a  inininuun 


Iwo   I'^DlsoN    1V\T1KKV    Tl'.rjKv  AS  ISKP   IX   A    MlMTION    WoRKS  IN   TUL 
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EDISON 


EDISON  ACCUMULATORS,  Ltd., 


ACCUMULATOR 

ELECTRICS 

2LI*G 

LEADING!! 

Some  of  the  Reasons ; 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  Accumulator  is  made  of  Steel 
throughout,  including  the  container;  uses  a  steel  pre- 
serving electrolyte;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  from  the 
effects  of  overcharging,  high  rate  boosting  nor  Seing 
discharged  to  zero  when  necessary. 
Because  the  Edison  Four-Year  Guarantee  is 
unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the  Edison  Accumulator  is  the  lightest  and 
strongest  storage  cell  and  may  be  charged  in  less 
time  than  any  other  type. 

2  &  3,   DUKE   STREET,   ST.  JAMES, 
I.ONDON.  S.W. 


m      AGENTS:- 


Birmingham  : — 

J.   P.   KEMP. 
Grand   Hotel,   Birmingham. 


Lancashire   and   Cheshire  :  — 

DRAKE  &  GORHAM.   Ltd., 
47,    Spring    Gardens,    Manchester. 


Glasgow  :  — 

J.     HALLY    CRAIG. 
45,    Hope    Street,    Glasgo« 

I 


expense.  While  certain  essential  elements  are  requisite  in  all  designs, 
no  one  machine  could  be  exactly  suited  to  meet  conditions  which 
vary  so  greatly,  and  are  never  exactly  alike  in  any  two  installations. 
As  all  available  energy  is  stored  and  must  be  carried  on  the  machine 
the  lowest  possible  current  consumption  is  of  special  importance. 
Small  turning  radius  and  com])actness  is  sought  because  floor  soace  is 
valuable     a'ul     working    places     congested.     Other    indispensable 


qualities  are  extreme  simj)licity,  coupled  wnth  reliability  and  accessi- 
bility, for  in  case  of  failure  of  the  machine  it  is  seldom  that  sufficient 
men  are  immediately  obtainable  to  do  its  work. 

The  industrial  or  carrier  truck  is  in  no  wise  a  tractor,  although  it 
has  been  employed  as  such  from  time  to  time  without  marked  success. 
easily  accounted  for  by  the  limited  motor  and  battery  capacity,  and 
design  never  intended  for  such  work.     The  machines  in  general  use 


7-TON  Jeffrey  Storage  Battery  Locomotive  haii.inc  load  ok  cars  on  sTANnAun  cArcE  tr.\ck.     (See  uoxt  page.) 
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are  true  tractors,  varying  in  capac  ity  from  3  t<w  15  tons  under  working 
conditions,  rated  by  drawbar  pull,  the  maximum  generally  being 

quoted. 

'["hi.s  method  of  eiassificalion,  which  i.s  the  onl^  true  ratmg,  is  ot 
little  value  to  lh(r  ]>ro.spective  purchaser,  as  he  has  but  scant  know- 
ledge of  the  application  of  the  term  to  practice.  On  the  other  hand, 
if  machines  were  classified  by  tons  it  might  well  be  misleading  to  the 
buvcr  or  unfair  to  the  machine,  the  reason  being  that  drawbar  pull 
requircfl  [Mir  ton  load  varies  so  greatly  with  working  conditions,  such 
as  road  surfa(,es,  grades,  types  of  carrier,  &c.,  as  to  rcfiuire  study 
before  a  classification  in  tons  capacity  as  applied  to  the  case  can  be 
mad(!.  It  will  be  seen  that  a  :Mon  machine  in  one  place  may  rightly 
be  em[)loyed  as  a  (i-ton  machine  under  more  fav<jurable  circumstances, 
the  maximum  drawbar  pull  required  being  about  equal  in  both  ca-ses. 

Trarlor  Opemlinr/  Costs. —  In  cr)nsiflcring  tractor  costs  and  tractor 
frailer  savings,  it  is  natural  to  compare  it  with  the  old-established 
hand-trucking  methods.  A  sjjccific  case  will  answer  as  an  illustra- 
tion. In  this  the  total  cost  of  operation  and  m;iintenance  of  the 
small  industrial  tractor  is  less  than  4s.  per  day,  and  may  therefore  be 
taken  as  the  cost  of  a  single  man.  In  computing  tractor  cost  the 
depreciation  is  put  at  20  j)cr  cent.,  interest  on  investment  at  6  per 
cent.,  current  at  I-.mI.  per  kilowatt-hour,  and  insurance,  renewals 
and  repairs  are  included  generously  in  this  figure.  An  installation 
in  |)oint  is  in  the;  basement  of  a  general  mrTiliandise  concern  where 
the  greatest  haul  is  in  the  r)ciglil>ourhood  of  1,800  ft.,  and  the  average 
9(KHt.  The  trailers  are  six-wheel  "empty  box"  trucks,  formerly 
piishcfl  l)y  hand.  They  are  4  ft.  wide,  8  ft.  long  by  7  ft.  high  when 
loadcil.  It  is  a  daily  oc(-uiience  to  see  a  train  of  from  H)  to  22  of 
these  trailers,  a  train  liJfift.  hmg,  exclusive  of  tiactor,  making  the 
Hcvcral  t  urns,  somc^  of  f  hem  in  "  S  "  form.  It  was  originally  intended 
U>  haul  six  to  eight  trailei'  trains.  This  machine  is  now  disi)lacing 
].'{  men  who  were  formerly  the  pushers.  It  will  displace  several 
more,  atirl  will  also  do  away  with  a  power  conveyor  when  an  incline 
leading  to  the  street  is  completed.     "  Klectric  Vehicle-s." 


STORAGE  BATTERY  LOCOMOTIVES. 

In  jirevious  issues  of  "Electric  Vehicle  Progress"  we  have  de- 
scribed in  d(!tail  the  handy  battery-driven  industrial  truck,  which  is 
iiftw  becoming  known  as  the  electric  stevedore.  This  economical 
little  machine  can  go  anywhere  and  will  climb  almost  anything.  It 
is  to  be  distinguished  from  a  battery-driven  machine  which  can  only 
run  r)ii  rails,  arid  which  for  want  of  a  better  name  is  termed  a  storage 
ImKciv  locomotive.  The  term  "locomotive,"  particularly  when 
applied  to  the  miniature  lyi)0  which  is'ust^d  on  narrow-gauge  railways, 
i)rings  to  mind  a  fussy,  |)idling  and  snorting  little  machine  whicii 
seems  to  have  far  too  nnich  work  to  do.  The  storage  battery  loco- 
motive for  narrow-gauye  lines  will  do  far  more  work  than  its  steam 
prototvjjc,  and  in  addition  to  |)ulling  a  considerable  load,  will  also 
carry  a  consi(icrai)le  prcjpoition  of  it  on  its  own  back. 


This  extremely  interesting  machine  is  the  outcome  of  many  years' 
experiments  with  the  trolley  mirung  locomotive.  These  electric 
mining  locomotives  are  almost  exclusively  an  American  product,  so 
much  of  the  mining  work  in  the  United  States  and  Central  and  South 
America  being  concerned  with  shallow  draught  mines.  The  Jeffrey 
Mfg.  Co.,  of  Columbus,  Ohio,  have  specialised  in  this  form  of  electric 
locomotive,  and  although  the  bulk  of  their  products  is  concerned 


Jeffrev  Battekv  Locomotive  with  Outside „\Vh eels.  ■"  ' 

with  the  trolley-operated  pattern  they  have  also  developed  siz^es 
which  are  suitable  for  use  on  rails  of  any  gauge  from  the  standard 
4  ft.  82  m.  downwards.  The  British  agents  for  .lefTrey  jiroducts  are 
Messrs.  Hugh  Wood  &  Co.,  65,  Fenchurch-street,  Lt)ndon,  E.G.     We 


Jj;i'ki<i;y  Uattkuv   Locojiotive  with  Akjiolkeu  IWidv. 

have  obtained  from  this  iirm  a  number  of  uiteresting  illustrations, 
which  are  reproduced  herewith,  of  .leffrey  storage  battery  locomotives 
of  various  kinds  and  for  widely  diverse  classes  of  service.  The  frame 
uf  these  machines  is  of  struct  ural  steel,  suitably  l)raced.  and  furnisliiuR 
a  complete  armour  for  the  battery,  the  controller,  and  the  motor 
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(Registered) 

THE  BATTERY  FOR  COMMERCIAL  ELECTRIC  VEHICLES. 


Several  Sets  in  Service  have  Completed 

24,000  MILES 

on  the  Road  without  a  Single  Cell 
having  to  be  Removed  from  the 
Vehicles  for  any  Electrical  Defects 
whatever  and  the  Capacity  is  still 
in     Excess    of    the    Catalogue    Output. 


ELECTRICAL  clifton  junction. 
STORAGE  CO.         Manchester. 

f  TYIITTTW*^     LONDON  OFFICE: 

LIM  1  1  tLl   ^  59.  VICTORIA  STREET. 


TllK   HoRSK  CaKT  JU  ST  BE  CHAINED   IP. 


The  Hou.se  iannot  stand  the  heat. 


The  Eeectrtc  takes  vt  little  koom  at  the  kewb. 


The  Electkic  is  ideal  ix  the  hut  weather. 


The  Xew  York  Edison  Co.   locciitly  compiled  a  booklet  of  ])ho(o-pie(iires  comparing  the  eleetrie   with   tlie   hoi-se.     The  above  are 
selections  from  the  book,  and  we  make  our  acliiiowledgments  to  the  company  for  it ;  courtesy  in  sending  us  a  copy. 
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3-Tox  Jeffkey  Batteky 

LofOMOTnE. 

The  PuIjHc  StTvice  Corpora- 
tion of  Now  Jersey,  arc  using 
two  of  these  locomotives  for 
hauling  ashes  from  their  power 
plant  to  dum])ing  ground. 
They  handle  aj)))roximately  HO 
tons  of  a'ilics  every  24  hours. 
Each  locomotive  is  ecjuipped 
with  one  motor  and  81  A-4 
?>dison  cells.  The  motor  is  con- 
nected to  one  axle  with  single 
reduction  worm  <lrive.  The 
axles  are  chained  t<)<iether, 
making  all  four  wheels  drivers. 
The  general  dimensions  of  the 
locomotives  are  :  Gauge.  18  in.; 
width,  38i  in. :  length  over 
num])crs.  10  ft.  (i  in.  ;  height 
over  frame.  24  in.  ;  hci;rht  over 
battery  box,  44  in.  ;  wheel  base 
.'36  in.  :     wheel  diameter,  16  in. 


driving  e(|nipment.  The  j)Iatforni  of  the  fiat  type  is  of  heavy  oak 
and  the  lieight  of  this  from  the  ground  is  27  in.  ?^ach  of  the  four  wheels 
is  Klin,  .lianicterand  the  wheel  base  i.s  ;j."}  in.  The  locomotive  will  nego- 
tiate curves  down  to  a  minimum  radiusof  12ft.  This  locomotive  has 
a  carrying  cajjacity  of  5  Ions  and  lias  a  range  of  20  miles  on  one 
charge  of  the  battery.  It  will  be  noticed  from  the  illustrations  that 
the  locomotives  are  also  built  for  tractor  |)urj)oses  only,  and  in  this 
case  they  are  of  a  heavier  pattern  and  considerably  higher  than  the 


Two  .li;iKi!i;v  l!.\ni;KV  Loco.motivk.s  "on  ch.\kue." 

plalforni  Ivjic.  Ad  \  ant  age  in  taken  of  the  iinrcascd  hciglil  to  jirovidea 
larger  battery  and  two  motors  are  lilted  driving  the  front  and  rear 
wJH'ils  respeclivel\.  The  driver  occupies  a  low  seat  at  the  front  of 
I  hr  ioconiotixc  and  has  coniplcic  control  of  its  niovements  in  both 
directions  with  an  ordinary  tramcar  type  drum  pattern  controller. 
bH  Tdcre  is  practicall\  no  limit  t<»  the  class  of  work  which  can  be 
undertaken  iiy  these  locomotives  They  can  also  be  built  U|)  to  10 
tons  capacity.  The  battery  eipiipment  can  be  either  of  I  be  Ivlison 
or  lead  type,  according  to  the  rc(|uireincnlB  of  the  utcr. 


and  ])roduced  a  very  effective  aj)jx;al  ;   in  fact  a  considerable  number 
of  recruits  were  obtained  as  a  direct  result  of  the  weekly  parades. 

The  vehicle  has  now  been  in  constant  use  on  its  ordinary  duties 
for  over  a  year,  and  has  effected  a  considerable  economy  in  the 
cartage  work  of  the  Department.  It  is  employed  largely  in  connection 
with  mains  extension  work,  and,  in  addition  to  the  actual  saving  in 
the  cost  of  carting  (which,  we  understand   amounts  on  an  average  to 


"Thk  Cai.i,""  of  the  Electric. 

l)etweeu  t7  and  tS  per  week),  a  further  advantage  is  afforded  by  tlio 
reduction  of  time  tipcut  by  gangs  of  men  in  reaching  their  work,  as. 
apart  from  carrying  the  cable  and  other  materials  required,  the  car 
traiis])orts  the  mains  men,  labourers  and  tools  to  the  rei|uired 
locality  with  a  minimum  of  delay. 

Mr.  Dickinson  states  that  during  the  12  months  that  the  vehicle 
(which  was  supplied  by  Drake  i\:  (iorham.  I^td..  Sjiring-ganlens. 
-Manchester)  has  been  in  use  it  has  covered  lO.O(K)  miles  at  an  axTnip* 
current  consumpti m  of  0-7  units  j)er  mile  actual  input  to  the  Ivillorx . 
Repairs  and  replaicnent.s  have  been  juactically  nil.  so  that  the  total 
operating  eost.s  h;'.ve  been  extremely  n>oderate. 


RECRUITING  BY  ELECTRIC. 


A  nii\cl  iikc  liir  the  electric  vehicle  is  shown  in  the  accom|)anying 
illustrali(ui.  The  ear  is  a  Htaiulaid  Kdison  (J.M.  2-lon  vehicle  in  the 
ser\i.c  of  ih(.  lavcr|M>ol  ( 'or|H)ration  Kh-ctricity  Departnu-nt,  and 
durnig  the  vigorous  recruiting  rallies  in  connection  with  the  Derby 
Scheme.  Mr.  11.  Dickinson,  tl;e  City  eleetricr.l  engineer,  had  a  sieeirl 
rc'-ruiting  body  litted  as  shown,  .md  tlu*  vehicle  p.-nided  the  Livcr|>ool 
district  week  by  week  at  the  head  of  a  .section  of  the  Civilian  Training 
Corps  on  tlie  neeaHiouH  of  (heir  evening  n«cruiting  marches.  The 
liattcry  sii|iplying  energy  for  propelling  the  van  ,-.lTorded  .-.t  the  same 
time  a  reaily  source  of  illuiuinatKui,  and  a  numlier  of  electric  lamjis 
were  lilted  insi»le  (he  i>ody.  so  that  the  lettering  Wius  well  illuniinafed, 


MORE  BOOTS'  ELECTRICS. 

The  adjoining  illus(ra(ion  shows  a  new  pattern  of  bat(orv-driven 
delivery  van  which  Messrs.  Hoo(s  (I.(d.)  have  recendy  ]mX  into 
service,  one  in  Soulh|H>rt  and  (he  o(her  iji  l>^eds.  delixering  small 
panels  in  (he  siiburlis  of  both  these  places.  A  particularly  attrac- 
(ive  design  of  body  has  I  (><<n  sel(>;'(ed.  and  one  which  we  think  will 
not  only  b(>  of  value  in  ;id\crtising  (he  comj^any  s  luisiness.  luit  rtl;;o 
will  junvo  useful  in  giving  the  bat(orv  delivery  van  a  goo<J  name  for 
smart  .■ij)p(<arance.  **| 

These  vehicles  have  l>een  built  and  siipplirMl  to  the  ctimivuiv  by 
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ORWELL 


ELECTRICS 


Throughout 
British   Built. 


are   manufactured  at 


"Orwell     Works,"     Ipswich,      by 
Ransomes,  Sims  <fe  Jefferies,  Ltd. 


SelHuff  Affenfs  for  Great  Britain  itnd  IrolantJ  for 


MOSSAY  &  Co.,  Ltd.,  "orwell"  electric  vehicles, 

Queen    Anne's   Chambers,  41,   Tothill    Street,    LONDON,   S.W. 


Messrs.  Electromobile  (Leeds)  (Ltd.)-  The  chassis  is  one  of  the  com- 
pany's standard  patterns,  and  is  built  up  of  pressed  steel,  with  in- 
swept front  to  furnish  a  wide  lock  for  the  steering  wheels.  Both  the 
front  f and  rear  wheels  are  suitably  suspended  on  semi-elliptical 
springs.  It^will  be  seen  that  the  body  has  been  carried  well  forward 
over^the  front  wheels,  so  as  to^furnish  ample]room  and  a  maximum'of 
protection'  from'the]  weather ,  £or^the"dri  ver. 


Boots'  15  cwt.  Battery-driven  Vax.  supplied  by  Ei.ectromobii.e 

(Leeds)   Ltd. 

The  chassis  is  .fitted  with  a  single  motor  drive,  the  motor  being 
fixed  in  the  centre  of  the  frame  and  arranged  to  drive  the  rear  axle 
through  double  helical  machine-cut  gears.  The  motor  is  of  the 
double  commutator  series-type,  and  is  totally  enclosed.  It  develops 
approximately  '.i  h.p.  at  a  normal  speed  of  J, GOO  revs,  per  min..  the 
energy  taken  at  this  speed  being  76  amperes  at  9G  volts,     oonsider- 


al)le  interest  attaches  to  the  design  of  the  controller,  which  is  of  the 
drum-type  operated  by  a  lever  underneath  the  steering  wheel,  this 
control  being  used  in  conjunction  with  a  pedal  resistance  gear  which 
serves  the  purpose  of  introducing  resistance  between  each  of  the  steps 
on  the  controller.  The  company  inform  us  that  this  control  has 
proved  so  simple  that  in  the  case  of  the  vehicle  supplied  to  ^lessrs. 
Boots  for  use  in  Leeds  the  former  driver  of  the  horse  vans  com- 
menced driving  the  electric  the  day  after  he  liad  given  up  his  duties  as 
horse  van  driver. 

The  wheel-base  of  the  vehicle  is  7  ft.  G  in.  and  the  tread  4  ft.  6  in., 
the  rims  Htted  to  all  the  wheels  being  of  the  Warland  divisible  and 
demountable  type  with  safety  rim  and  tyre.  The  latter  are  820  mm. 
by  120  mm.  Each  of  the  vehicles  has  a  carr\ing  capacity  of  1.")  cwt., 
and  a  maximum  speed  of  14  miles  per  hour  can  be  obtained.  This  is 
quite  fast  enough  for  ordinary  delivery  work,  and  the  company  has 
found  that  quite  avenge  speeds  can  be  maintained  on  this  cla.*?s  of 
delivery  service.  By  reducing  the  maximum  speed  at  which  the 
vehicle  can  be  driven,  jiarticularly  by  inexperienced  drivers,  the 
maintenance  of  the  chassis  parts  and  the  wear  and  tear  t  f  tyres  can 
be  reduced  to  a  minimum,  while  the  delivery  of  the  goods  is  main- 
tained equally  as  well  as  it  would  be  with  the  faster  but  less  econo- 
mical petrol  machine. 

Each  of  the  vehicles  is  fitted  with  a  40-cell  Tronclad  Exide  11-plate 
battery,  having  a  radius  of  40  miles  on  one  charge.  The  battery  is 
carried  in  a  crate  slung  under  the  chassis,  and  has  an  appixiximate 
capacity  of  LIO  ampeie-hours. 

These  vehicles  are  typically  British  machines,  and  their  use  on 
light  })arcel  delivery  work  will  do  much  to  lemove  a  certain  pre- 
judice which  appears  to  exist  that  a  high-speed  machine  is  necessary 
for  liglu  parcel  delivery  and  collection  work.  The  cheaper  tyiJes  of 
petrol  vans  enjoy  a  considerable  vogue  at  the  present  time.  p;irticu- 
larly  on  account  of  the  inducement  held  out  to  the  user  in  the  shape 
of  high  speed,  coujiled  of  couise  with  the  comjiaratively  low  initial 
cost.  On  the  other  hand,  the  electric  delivery  van.  with  the  pr.ces  of 
petrol  mounting  daily,  and  the  cost  of  electrical  energy  at  a  maximum 
rate,  makes  the  slightly  higlicr  cost  of  the  battery  vehicle  the  more 
prolitable  invest nuMil  of  the  two.  It  is  only  by  tiie  use  of  vehicles  on 
the  road  that  this  important  fact  can  be  realised  in  practice,  and  the 
more  electric  delivery  vans  that  go  into  service  the  smaller  will 
become  the  chances  of  the  light  px^trol  van  making  any  headway. 
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TUDOR 


FOR   ELECTRIC  VEHICLES. 


ELECTRIC  OMNIBUS— BRIGHTON  AND  HOVE. 

About  16  Electric  Omnibuses  have  been  in 
regular  service  for  the  past  six  years,  and 
TUDOR    Accumulators    have    been    employed 

exclusively. 

THE  TUDOR  ACCUMULATOR  CO.,  LTD., 

3,  CENTRAL  BUILDINGS,  WESTMINSTER,  LONDON,  S.W. 

Worki  :   DUKINFIELD,  near  MANCHESTER- 


AN  AMERICAN  VIEW  OF  ELECTRIC  WHEEL  CHAIRS. 


Ill  I'iiiis,""  stated  a  nurse  who  hail  Init  recently  leit  the  Frcneli 
eapital,  "one  Bces  now  only  cripples  and  widows  and  ambulances. 
It  is  a  city  of  cripples.  "N'ou  see  them  eveiTwhere  armless,  legless, 
helpless  I  "  Already  the  Kiiropean  countries  with  resourcefulness 
are  training  their  war  cripples  for  new  trades  and  industries,  thus 
hcgiriMiiig  the  work  of  an  economic  and  industrial  reconstruction 
after  the  devastation  of  war  has  ceased,  'riiere  is  a  certain  irony  in 
the  fact  that,  while  some  of  the  most  horriltlc  and  destructive  instru- 
ments  of  warfare  have  heeri  recent  creatious  of  science,  the  same 
force  which  has  |)ro(luced  destruction  will  allc\  late  the  sulTering  and 
hardship  after  the  war  is  over,  and  will  transform  the  war's  human 
wreckage  into  "  human  sal\age."" 

Ill  prc\  ions  wars  many  soldicis  u  ho  had  Inst  limhs  in  l)attle.  or  had 
l)C((iiiic  incapaeilatcd  for  win  k.  ucre  unable  to  earn  IheJr  living  by 
useful  |)iiisiiils.  and  \\cre  doomed  to  live  ujioii  private  charity  or 
Hcaiil\  |M'iisions.  'I'licic  are  familiar  talcs  of  (MII'  own  ('i\il  War 
voteraiiM  who,  unai>lc  to  resume  their  old  oecu|)ations.  were  forced 
intoa  lifeof  inactivity,  hateful  to  most,  left  ahuie  with  their  memories, 
lingering  1  heir  medals,  and  icik  w  int.'  tliiir  once  .iclixc  life  in  the  oft - 
re|M'aled  tales  of  army  life 

Hut  the  countries  in  the  present  contlict  do  not  inteiiil  that  their 
men  shall  return  from  the  front  to  useless  and  inactive  lives.  i^m- 
])loyment  bureaus  for  war  invalids  have  been  formed  in  all  the  belli- 
gerent countries,  and  schools  have  been  organised  for  the  training  of 
disabled  men  prevented  from  returning  t^)  their  old  ein]>loyinent.  in 
new  kinds  of  work  which  their  |)hysical  disabilities  do  not  alTeet. 
Modern  science  and  the  study  of  ortho|K'dy  have  done  nuich  in 
teaching  men  how  to  make  artilici.d  limiis  of  remark.ilile  mobility 
ami  elhcacy. 

\arious  holding  devices  have  been  inv(<nted  i>y  wliich  tools  ran  be 
aeeuratcly  handled,  'r.iiloring,  shoemaking.  machine  and  animuni- 
fion  manufacturing  are  being  largely  earrried  on  in  ("ontinental 
countries  at  w.ir  by  those  who  have  been  maimed  in  itattle.  One 
of  the  gn^utest  dilhculties  to  overcome,  however,  will  lie  the  limited 
distances  to  which  the  disabled  will  i)e  conlinetl  in  walking.  While 
the  moitility  of  arlilieial  legs  is  n-markable,  it  is  not  jiossible  for  one 
to  walk  very  far.     For  most  the  a\i(oniol»ile  will  lie  im|)ossible.   Out- 


side of  commercial  motors,  the  automobile  abroad  will  be  more  of  a 
luxury  than  ever  before.  The  need  then  for  a  small  single-seated 
vehicle,  which  is  inexpensive  and  simple  to  operate  is  evident,  and 
there  is  apparently  one  that  meets  the  demands. 

The  electric  wheel  chair  was  a  familiar  sight  at  the  Panama 
Pacific  Universal  Exposition  last  year,  and  is  u.seQ  successfuUv 
at  man\'  of  the  seaside  resorts  on  the  broad  walks.  Sanatoriums, 
hospitals,  health  resorts  and  private  individual);  who  are  unable  to 
walk  great  distances  and  prefer  the  freedom  of  directing  their  owti 
chairs  to  the  annoyance  of  being  pushed  by  an  attendant  who  has 
his  owTi  views  about  the  direction  he  will  take,  turn  to  this  little 
battery-piopelled  chair  as  the  best  adapted  mechanism  for  their 
needs.  The  manufacturers  of  electric  wheel  chairs  abroad  have, 
therefore,  anticipated  the  demand  there  will  be  for  a  single  pas.senger 
vehicle  of  this  type,  and  already  it  has  gained  considerable  promi- 
nence in  iMigland. 

The  fact  that  it  can  be  easilj'  controlled  by  the  occupant  with  the 
use  of  one  hand,  and  needs  no  attendant,  is  a  great  advantage.  Able- 
bodied  men  will  be  needed  for  other  more  vital  business  than  pushing 
invalids  about  in  wheel  chairs.  One  of  these  chairs,  which  is  of  Swiss 
construction  and  costs  but  a  small  sum,  is  equipped  with  a  \  h.p. 
motor  suspended  between  the  steering  and  rear  wheels.  Current  is 
supplied  from  a  battery  of  15  lead-plate  cells  housed  in  three  boxes 
beneath  the  seat.  They  are  of  .■)(»-am]X're-hour  capacity,  and  pro- 
vide sufhcient  energy  for  a  run  of  3U  to  40  miles  per  hour.  The  con- 
troller is  combined  with  the  steering  tiller,  and  provides  for  five 
forward,  and  an  equal  number  of  reverse  speeds.  Motion  in  the 
forward  direction  is  obtained  by  turning  the  shielded  controller  handle 
over  successive  stops  to  the  left,  movement  to  the  right  reversing  the 
direction  of  the  chair.  There  is  also  a  lever  which  ojierates  a  brake 
on  the  rear  wheels,  and  when  jjressed  back  beyond  a  certain  jxiint 
breaks  the  motor  circuit.  Since  the  speed  never  exceeds  five  miles 
])er  hour  on  the  level,  the  chair  can  be  stopi)ed  almost  immediately,  a 
j)owerful  braking  effect  being  secured  by  reversing  the  controller. 

'J'hese  chairs,  while  obviouslj'  not  intended  for  rough  roads  and 
steep  hill  climbing,  are  nevertheless  a,s  ruggedly  constructed  as 
miniature  trucks,  and  will  amply  meet  the  need  of  one  desiring 
independent  locomotion  within  a  reasonable  radius.  At  the  present 
time  they  are  being  welcomed  with  open  arms  by  the  hospital 
authorities  for  enabling  the  wounded  soldiers  and  convalescents  to 
drive  about  by  themselves  as  soon  as  they  have  recovered  suffi- 
ciently. 

The  characteristic  simplicity  of  the  electric  vehicle  is  conspicuous 
in  this  wheel  chair,  which  peiniits  operation  by  the  uninitiated  and 
makes  it  "  fool-proof  "  even  when  operated  by  unskilled  or  ner- 
vou.sly  inclined  jicisons  in  crowded  ])laces.  the  prompt  (ontrol  pro- 
tecting road  rights  and  observing  "  safety  first." 


ELECTRICS  IN  SHEFFIELD. 


Although  Sheffield  is  a  notoriously  hilly  |>lace.  a]»i)arently  its 
se\<'ie  gradients  |)r('sent  no  terroT-s  to  the  battery-driven  lorr\.  It  is 
true  they  do  not  roar  up  the  .stec])  and  stoney  places  as  di»es  the 
petrol  van.  but  they  do  take  them  at  a  steady  pace  which  is  far  in 
excess  of  that  of  a  dray  horse.  Hilly  towns  are  well  known  to  be 
very  hard  on  horses,  esjieeially  .so  when  the  weather  conditions  are 
bad  or  during  the  heat  of  the  summer.  The  ex|  eriences  of  the 
Midland  Railway  with  (J.V.  electrics  in  Shetlield  will  hel|>a  great  deal 
to  convei't  the  local  didymuses.  who  have  only  had  the  merits  of  the 
jietrol  or  steam  lorry  (linned  into  their  ears  for  years  ]>ast.  That 
considerable  local  interest  has  been  <i-eated  is  proved  by  an  article 
in  a  recent  is.sue  of  the  Shefiield  "  Daily  Telegraph."  Ihe  newspaper 
of  the  city  and  surronndinitdistr'iet.  ()urcontem|H)rarv  has  evident  I  v 
been  impressed  with  the  silent,  steady  working  of  the  three  (J.N. 
2-ton  lon"ies  which  have  Ikmmi  in  service  to  the  outlying  districts  for 
some  time  past.  They  undertake  delivcr-y  work,  one  in  the  Forth 
Park  and  Prtsnuior  district,  another  between  ("rookes  and  Walkley. 
and  the  thir-d  between  Keeleshall.  Fulwood  arid  Rainnoor.  It  is 
instructive  to  observe  that  the  <lriver-s  were  formerly  in  charge  of  the 
.Miilland  Railway  (  o."s  ordinary  hoise  vans,  and  aeipiiriMl  the  know- 
ledge of  control  of  the  electrics  in  a  few  ilay.s'  training. 

The  Shellield  "  Daily  Telegr.iph  ""  is  not  slow  to  note  that  the 
electric  h.is  distinct  claims  ir|Min  the  industrial  vehicle  users  and 
tia  lesrnen  of  the  district,  and  takes  the  op|Hirtunity  to  nnomnien*! 
that  it  Im>  utilis4>d  wherever  the  opporunity  |trvs«'nts  its<'lf  t<i  employ 
the  vehicle  in  itsowrj  liehl.  He,»\y  lo.ulsof  2  t<»  ;{J  tons  are  the  order 
of  the  day  in  the  dislr.vt,  and  not  infnMpiently  are  entrusted  to 
horses,  beeau.M'  they  <an  hard,  if  inellieiently.  at  a  low  s|»eed.  Ob- 
viouslv  these  are  the  eun<litions  suited  to  the  electric  battery  van. 
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THE  BATTERY  VEHICLE  IN  MUNICIPAL  SERVICE. 


The  credit  for  the  revival  of  the  electric  battery  vehicle 
business  in  this  country  must  be  given  to  a  small  (^roup  of 
individuals  representative  of  the  electricity  supply  and  the 
manufacturing  interests.  The  co-operation  of  these  few 
enthusiasts,  who  got  together  as  recently  as  three  years  ago, 
has  resulted  in  the  formation  of  the  Electric  Vehicle  Com- 
mittee and  in  the  increase  of  the  number  of  vehicles  in  service 


The  First  Modern  Electric  used  in  Municipal  Service  :     by  the 
Glasgow  Corporation.     (Edison -Anderson.) 


by  more  than  300  per  cent.  Up  to  the  time  when  war  broke 
out  the  business  was  making  steady  progress  outside  the  sphere 
of  operations  represented  by  the  purely  municipal  transport 
utilities.  The  war  forced  the  attention  of  vehicle  users  upon 
some  form  of  power  wagon,  and  with  the  commandeering  of 
horses  and  a  large  number  of  petrol  vehicles,  the  choice  became 
gradually  narrowed  to  the  battery  operated  machine. 

At  a  time  when  municipal  electrical  engineers  are  meeting 


together  for  their  annual  Convention  it  will  be  appropriate 
briefly  to  comment  upon  the  work  which  ha.s  been  done  by 
municipal  electrical  engineers  and  by  tramways  managers, 
cleansing  superintendents  and  city  surveyors  in  putting  the 
battery  electric  into  active  service.  80  far  as  the  electrical 
engineers  themselves  are  concerned,  there  is  always  a  consi- 
derable am.ount  of  transport  work  to  be  done  round  and  about 
the  system  which  would  justify  the  emplo\Tnent  of  a  conver- 
tible electric,  that  is,  a  vehicle  upon  which  a  van  or  passenger 
body  may  be  used  at  will.  In  large  areas  a  fleet  of  electrics 
can  be  economically  used,  as  has  been  demonstrated  by  Mr. 
W.  W.  Lackie,  of  the  Glasgow  Corporation  electricity  depart- 
ment. Apart  from  the  service  which  these  handy  vehicles 
render,  they  represent  a  constant  advertisement  both  for  them- 
selves and  for  the  electricity  undertaking.  This  has  also  been 
proved  in  the  case  of  Glasgow,  where  a  number  of  electrics  have 
been  purchased  by  several  of  the  important  trading  organisi- 
tions  in  that  city. 

There  are  not  a  few  electricity  undert^akings  in  which  the 
generating  station  is  awkwardly  placed  in  respect  to  the  local 
railway  system,  and  maybe  the  canal  facilities  in  the  neigh- 
bourhood. This  location  will  involve  the  carting  of  the  coal, 
and  Mr.  A.  H.  Shaw,  of  llford,  has  successfully  demonstrated 
that  a  4  to  5-ton  battery  vehicle  can  be  more  economically 
employed  for  this  class  of  haulage  than  any  other  type  of  power 
wason.  Now  that  vehicles  are  scarce  and  labour  is  difficult 
to  obtain  and  high-priced,  it  would  appear  that  the  battery 
lorry  is  a  necessity  in  which  every  station  engineer  who  can 
put  the  machine  to  good  use  should  invest. 

The  public  cleansing  and  sanitary  departments  have  also 
been  awakened,  particularly  since  the  war  to  the  merits  of  the 
battery-driven  dust-collecting  van.  Without  wishing  to  single 
out  any  individual  for  special  praise  in  this  regard,  we  may 
mention  the  name  of  M' .  AV.  H.  L.  Watson,  of  Edison  Accu- 
mulators, who  has  steadily  worked  on  this  proposition  and  has 
been  able  to  show  almost  remarkable  results.  The  prejudice 
of  a  certain  type  of  municipal  official  against  innovations  of 
any  kind  is  traditional,  but  even  this  case-haidness  would 
appear  to  have  been  pierced,  and  the  battery  dust  van  has 
proved  its  capacity  in  trials  with  other  fonns  of  haulage.  The 
past  year  has  witnessed  a  friendly  attitude  on  the  part  of  the 
Local  Government  Board  towards  the  purchase  of  these 
vehicles.  Tests  have  abundantly  proved  that  they  save  their 
cost  within  a  given  time,  that  they  do  the  work  more  effectively 
than  was  possible  by  previous  methods,  and  that  they  have 


For  Motor  Car 
Lighting. 


Made      at  I  the      Osrani  -  Robertson 
Lamp  Works,  Hammersmith,  London. 


Osram 
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yi^hy  not  have  yowr  electric  car 


fitted  with   an 


IGM«IC 


ELECTRIC  VEHICLE  CONTROLLER? 

For    economy,    smooth    acceleration    and    perfect    relia- 
bility   they    are    unrivalled.  Regularly    supplied    on 
some  of  the  noted  lines  of  electric  vehicles. 
IGRANIC   ELECTRIC   Co..   Ltd.,   London  and   Bedford. 


established  a  new  standard  in  the  field  of  dust  collection,  which 
is  more  desirable  from  a  public  point  of  view,  and  certainly 
more  hygienic.  The  battery  tipping  wagon  is  essentially 
something  different  from  the  horse-drawn  vehicle,  particularly 
in  the  design  of  its  body.  Tipping  can  be  undertaken  from  the 
kerb  without  the  necessity  for  mounting  steps,  and  an  im- 
proved type  of  top  cover  can  be  employed  which  minimises  the 
indiscriminate  scattering  of  dust  and  microbes  by  every  wind 
that  blows.  It  has  also  been  shown  that  this  work  can  be  done 
with  greater  expedition,  and  that  in  itself  is  a  most  desirable 
thing,  because  the  collection  and  disposal  of  towns'  refuse  is 
one  of  those  matters  which  the  public  has  got  to  put  up  with. 

The  battery  bus  has  been  running  in  Southend,  South  Shields 
and  York,  and  tramway  managers  who  have  introduced  these 
vehicles  speak  highly  of  their  capabilities.  Similarly,  they  have 
come  to  appreciate  the  merits  of  battery  driven  tower  and  repair 
wagons,  a  form  of  vehicle  which  it  seems  only  logical  to  employ 
on  an  und<'rtaking  so  essentially  electrical.  Indeed,  petrol- 
ope  lated  vehicles  of  any  kind  seem  to  us  to  be  entirely  out  of 
])lii(e  where  electricity  is  concerned.  A  type  of  public  vehicle 
which  is  also  worthy  of  reference  is  the  battery-driven  ambulance. 
Here  again,  unless  the  local  conditions  are  essentially  suited  to 
the  non-electric  vehicle,  we  regard  the  battery-operated 
machine  as  the  only  logical  one  for  ambulance  work.  In 
many  districts  the  local  medical  board  is  essentially  municipal, 
and  the  electric  ambulance  may,  therefore,  be  regarded  as  a 
form  of  inuni(-ipal  vehicle. 

We  will  not  labour  the  matter  by  detailing  the  numerous 
e.\ani])les  of  the  em])loym('iit  of  ])attei'y-()perated  fire  engines, 
fire  esca])es,  &c.  Many  of  the.se  macliines  form  a  vital  section 
of  the  fire-fighting  departments  of  the  metropolis,  and  fire 
brigade  superintendents  who  have  had  them  in  use  apeak 
highly  of  their  efficiency  and  reliability. 


CENTRAL  STATION  PROMOTION  OF  ELECTRIC 
VEHICLE  USE.* 

BY   W.    P.   KENNEDY. 

Is  the  extension  of  electric  vehicle  use  of  serious  interest  or  benefit 
to  the  central  station  ? 

Is  the  central  station  in  a  free  position,  legally  or  logically,  to  make 
the  use  of  electric  vehicles,  in  general  pubhc  ser%ice,  a  project  of  its 
cmi  which  will  harmonise  with  the  present  conduct  of  its  business  ? 

Is  the  central  station  so  completely  occupied  or  concerned  with  the 
conduct  of  its  existing  activities  as  to  be  more  justified  in  sticking  to 
what  is  its  own  business  now  rather  than  reaching  after  something 
which  must  require  a  large  amount  of  time,  energy  and  money  to 
properly  develop  as  an  auxiliary  branch  of  business  ? 

To  what  degree  of  magnitude  shall  the  central  station  develop  this 
project  as  a  new  undertaking  ? 

Shall  it  work  in  the  direction  of  passenger  car  development  or 
the  commercial  motor  truck  ;  and  if  both  lines  must  be  built  up.  in 
which  direction  will  the  central  station  reap  the  most  jwrmanent 
benefit  ? 

Immediate  attention  is  necessary,  even  if  a  decision  should  be 
reached  adverse  to  the  development  under  consideration.  Urgency 
is  essential  because  a  crisis  exists  at  the  moment  which  will  determine 
whether  the  electric  vehicle  business  will  simply  float  along  in  a 
pas,sive  state  of  existence,  with  regard  to  other  motor  vehicle  develop- 
ment; or  whether  it  can  be  invigorated  to  such  an  extent  that  it  will 
maintain  its  place  in  cities  on  a  par  with  other  vehicle  development  ; 
with  consequent  superior  revenue  to  interested  central  stations.  This 
crisis  has  arisen  from  two  causes,  one  relating  to  the  passenger  car 
and  the  other  relating  to  the  commercial  vehicle. 

In  the  passenger  car  field  the  i)etrol  car  business  has  progressed  in 
each  of  the  past  few  years  in  a  phenomenal  manner,  with  quantity 
production  from  most  of  the  factories  which  was  previously  un- 


*  Points  from  a  Paper  read  before  the  National  Electric  Light  Associ- 
ation. New  York. 


\    1    ''TON    liui.soN   TirriN*;  Com.  W.\<.on    which   i.s   doim.    ^K«'M\^   Skkvu  k  at  Ii.hmai.     (>'"  j>agt  ^*.) 
Mr.  A.  H.'^Shaw.  the  En>jineer  of  the  Elertricity  Department,  is  at  the  left  of  the  picture. 
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EDISON 


EDISON  ACCUMULATORS,  Ltd., 


ACCUMULATOR 

ELECTRICS 

at  MA 

LEADING!! 

Some  of  the  Reasons : 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  Accumulator  is  made  of  Steel 
throughout,  including  the  container ;  uses  a  steel  pre- 
serving electrolyte;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  from  the 
effects  of  overcharging,  high  rate  boosting  nor  being 
discharged  to  zero  when  necessary. 
Because  the  Edison  Four-Year  Guarantee  is 
unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the  Edison  Accumulator  is  the  lightest  and 
strongest  storage  cell  and  may  be  charged  in  less 
time  than  any  other  type. 

2  &  3,   DUKE   STRZET,   ST.  JAMES, 
L.ONDON.  S.W. 


m      AGENTS:- 


Birmingham  :  — 

J.   P.   KEMP. 
Grand   Hotel,   Birmingham. 


Lancashire   and   Cheshire  : — 

DRAKE  &  GORHAM.  Ltd.. 
47,    Spring    Gardens,    Manchester. 


Glasgow  : — 

J.     HALLY    CRAIG. 
45,    Hope   Street,    Glasgow. 


dreamt  of,  and  with  a  consequent  fall  in  the  market  or  selling  price  ; 
which  if  it  continues  will  simply  stultify  the  electric  passenger  car 
business  to  that  very  limited  field  where  it  will  be  selected  by  the 
wealthier  class  of  purchaser  on  the  sole  basis  of  comfort  and  elegance. 

With  regard  to  the  commercial  field,  there  has  been  an  extra- 
ordinary and  abnormal  development  in  the  demand  for  petrol 
vehicles  for  military  purposes  in  Europe.  Previous  to  this  demand 
few  of  the  manufacturers  had  produced  or  sold  trucks  in  quantity 
as  the  electric  vehicle  manufacturers  had.  Consequently,  they  knew 
little  of  the  economic  possibilities  within  their  factory  or  sales 
departments  which  are  attendant  upon  quantity  production  of  this 
type  of  vehicle.  These  export  orders  have  enabled  them  to  clear  out 
their  old  or  obsolete  materials  ;  to  organise  their  equipments  for 
quantity  production  ;  to  learn  what  could  be  done  in  reducing 
prices  based  upon  quantity  orders  ;  and  have  created  a  pressing 
desire,  on  their  part,  for  the  continuance  of  such  quantity  business. 
As  soon  as  the  present  export  demand  ceases  or  declines,  these 
organisations  will  proceed  to  develop  the  domestic  business  in 
competition  with  one  another,  with  such  zest  and  vigour  in  effort, 
and  the  spending  of  such  quantities  of  money  for  exploitation,  that 
the  already  enfeebled  electric  vehicle  manufacturers  will  be  unable  to 
make  any  progress  against  them.  Under  such  circumstances,  the 
electric  vehicle  load  opportunities  for  the  central  stations  will 
disappear. 

With  this  view  of  the  situation  immediately  ahead,  and  assuming 
that  it  may  be  regarded  as  advisable  to  develop  this  type  of  load,  what 
would  be  the  determination  of  a  group  of  central  station  engineers  if 
they  sat  down  to  consider  how  they  would  spend  their  own  money  in 
this  project  ? 

The  line  of  competitive  attack  upon  other  types  of  transpc^rtation 
apparatus  employed,  or  to  be  employed,  in  cities,  can  only  he  snccess- 
fully  made  upon  the  basis  of  guaranteeing  the  sriperior  economy  of  the 
electric  vehicle.  If  users  of  vehicles,  passenger  or  commercial,  could 
be  assured  of  what  we  know  to  be  the  low  cost  of  operation,  by  means 
of  a  garage  service  covering  the  upkeep  and  maintenance  of  the 
complete  vehicle  in  constant  working  condition  for  a  fiat  price  per 
annum,  these  users  would  unquestionably  adopt  the  electric  vehicle 
in  preference  to  any  other  type  of  machine.'i|  No  competition'on  the 
part   of  petrol  vehicle   makers  could   withstand  such   guaranteed 


service  cost.  They  could  have  no  such  organised  effort  in  their 
behalf  as  the  central  station  can  exert  or  jiromote  in  tliis  direction. 

Service,  and  the  cost  of  it,  is  what  every  user  is  primarily  interested 
in.  The  central  station  can  render  such  serWce,  but  it  would 
prol)ably  be  more  practicable  to  provide  for  it  through  a  collateral 
organisation.  A  surprising  profit  can  be  made  by  such  operations, 
aside  from  the  advantage  of  permanent  increased  load. 

No  permanent  investment  more  than  3  per  cent,  of  the  amount 
which  the  owners  put  into  their  veliicles  would?be  required  for 
equipment  with  which  to  conduct  such^an  enterprise  ;   and  30  to  40 

{Continued  on  p.  6*.) 


• 

J?Jd!i«£t®iGifF>a 

^H    y»i^^g»ji^Ii!!g^^r% 

HftkinnK 

IS 

iii^ 

•l,                       %-.»-..*    ••-.,,  .r^».^h»«.»^ 

^^^^^^^^H 

■^^[^^(iJ^TKM^mlfP^ 

^^^1 

^^^^^^^^^^^^^^^^u 

!■ 

How  TO  Use  ax  Electric  to  Advertise  the 
AS  the  Vehicle  itself. 


Service"'  as  well 


(xlvi  )    SUPPLEMENT  to  "  The  Electrician,"  JUNE  23,  1916. 

MUNICIPAL     BATTERY 


O.V."  Tii'i'iNc  Wagon  at  Ipswich. 


EDISON  ACCUHULATOR  TOWER  WAOON'^; 

SUPPUtOTOTMt  

CORPORATION  OF  SOUTHAMPTON   TRAMWAY    DEP 
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Edison    "  G.^L"  Dust  Van  at  Nottingham. 


Edison  "  G.5L"  Dust  A'anat  Sheffield. 


Edison  "  G.>L"'  Dust  Van  at  Sheffield. 
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An  Edison  Di  t>T  Van  Climbing  1  in  S. 


"  G.V."   Water  Cart  at  Blackpool. 
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VEHICLES    IN    SERVICE. 


Glasgow    Electricity 

Department  Fleet  of 

Edison  Electrics. 


A  New  York  Electric  Hauling  Goal. 


Ipswich  Corporation  Electricity  Department  Delivery  \'ax. 


York 

Corporation 

Fleet  of 

Edison 

Buses. 
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SIEMENS  BROTHERS  &  CO..  ltd. 

WOOLWICH. 


Telegrams : 
"Siemens  Woolwich. 


ESTABLISHED       1858. 
OVER  4,000  EMPLOYEES. 


Telephone : 
City  6400  (7  lines). 


CABLES    &  WIRES, 
MOTOR-CAR   LEADS 

(Weatherproof,  Strong,  Flexible  and  Durable), 

BATTERIES 

&c.,  &c. 


per  <:<mt.  of  what  the  user  would  pay  for  .such  service  would  be  net 
revenue,  the  cost  of  operation  being  not  more  to  the  user  than  if  he 
furnished  the  service  himself.  In  addition  to  this  general  maintenance 
plan,  other  special  types  of  service,  such  as  the  "  Battery  Service 
System,"  can  be  added  wherever  they  can  be  used  to  extend  the 
scope  of  the  business. 

"^Such  an  undertaking  would  be  well  within  range  of  the  legitimate 
activities  of  central  station  organisations.  It  would  be  nothing  more 
than  adding  to  the  present  lighting  service  and  power  service  a 
vehicle  service,  the  principal  function  of  which  would  be  to  supply 
energy  and  maintain  this  type  of  energy-consuming  apparatus  in 
working  condition  ;  in  a  somewhat  similar  but  larger  way  than  the 
mcfhorls  now  employed  to  maintain  lamp  equipment,  or  the  several 
rjlher  tyjHJS  of  devices  which  are  supervised  in  such  a  way  as  to 
enwure  to  the  central  station  that  they  continually  remain  in  condition 
to  consume  its  energy  supply. 


PIANO  MOVING  BY  ELECTRIC. 


Tlicro  is  perhaps  no  trade  to  which  the  electric  vehicle  is  better 
adajjtcd  than  piano  delivery,  a  business  in  which  skill  as  a  piano 
mover  must  be  combined  with  that  of  a  chauffeur.  Like  all  other 
big  itidustries  in  which  delivery  is  an  important  feature,  the  horse 
for  piano  moving  is  past  history,  for  the  requirements  of  an  efficient 
and  economic  delivery  system  are  best  met  by  the  commercial  motor. 
Tlie  rjucstion  as  to  what  type  of  motor  vehicle  will  show  the  best 
service  has  been  something  of  a  problem  in  a  class  of  delivery  where 
the  requirements  are  in  some  respects  unique.  It  is  first  necessary 
that  the  men  on  the  machines  shall  be  skilled  piano  movers,  and  that 


that  is  an  art  in  itself  the  sceptical  can  prove  by  home  experiment. 
Second,  it  seems  to  be  the  policy  of  most  large  businesses  of  this  kind 
to  retain  employes  in  service  over  long  periods  of  years.  These  two 
requirements  at  first  seemed  incompatible  vvith  the  introduction  of 
motor  vehicles  to  take  the  place  of  the  old  horse-drawn  type  of  vehicle, 
for  a  skilled  motor  driver  and  piano  mover  is  apt  to  be  a  rare  com- 
bination. To  hire  such,  moreover,  would  mean  the  displacement  of 
old  emploj'es  and  to  place  a  chauffeur  on  each  motor  in  addition  to 
the  moving  crew  would  wipe  out  a  good  part  of  the  veliicle's  economy. 
The  solution  ia  manj-  cases  has  been  the  electric  vehicle  which, 
due  to  its  simplicity  and  ease  of  operation,  can  be  operated  by  anyone 
with  a  normal  amount  of  intelligence.  The  Xew  York  Piano  Delivery 
Co.,  which  has  been  o])erating  a  2-ton  electric  truck  for  over  three 
years,  states  that  the  electric  has  proved  extremel}'  satisfactory-  as 
compared  with  petrol  or  horse-drawn  vehicles.  This  company  has 
entirely  given  up  horse  equipment  and  is  enthusiastic  in  its  praise 
of  the  economy  and  dependability  of  electrics.  Steinway  &  Sons, 
who  are  one  of  the  largest  users  of  electric  vehicles  in  this  service, 
have  also  displaced  all  their  ho^se-d^a^vn  vehicles  with  electrics,  and 
are  now  operating  a  fleet  of  five,  varying  from  3,000  lb.  to  5,000  lb. 
capacity.  In  1910,  Steinway  &  Sons,  after  thorough  investi- 
gation, decided  that  motor  equipment  would  materially  reduce 
operating  expenses  as  well  as  increase  the  effectiveness  of  their 
delivery  system.  Almost  every  Steinway  piano  which  has  left  the 
factory  within  the  past  six  j'ears,  has  made  part  of  its  journey  in  a 
power  w^agon,  for  a  regular  shuttle  service  is  operated  between  the 
Long  Island  City  factory  and  the  Fourteenth-street  branch  in  Man- 
hattan. The  pianos  are  built  and  assembled  in  Long  Island  City 
and  then  are  shipped  to  Fourteenth-street  where  the  cabinet  work 
and'crating  are  done.  3The  two  machines  in  tliis  service  make  three. 


"ORWELL"   VEHICLES  AT  BIRMINGHAM. 
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^CITY  OF T^f*  /  •  / 
^BlRMlHCHAH     ' 

^-    DX4SX               ">M  W   ■  '^ 
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Till.  T 


I)nt<'. 


.Mniiihiy.    MiiN    L''.l 

'riirHlay.  May  .to . 
Wi'(hii'Ni|iiy.  May  '. 
'I'liurstlay.  June  1 
Friday.  .Iiino  2.... 
Sal  unlay,  June  3 
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"3tontlati  txint" 


(Registered) 


THE  BATTERY  FOR  COWWERCIAL  ELECTRIC  VEHICLES. 


Several     sets    .n    service    have   completed 

24,000  MILES 

on  the  road  'without  a  single  cell  having 
to  be  removed  from  the  vehicles  for  any- 
electrical  defects  whatever,  and  the  capacity 
is  still  in  excess   of   the   catalogue  output. 


>€lil0nbt 


ELECTRICAL  cufton  junction. 
STORAGE  CO        ^^anchester 

f  fV/f»T'f?l\*  X.     LONDON  OFFICE: 

LIM  1   1  tsl)   ^  5*^-  VICTORIA  STREET. 


cc 


ORWELL 


ELECTRICS 


Throughout 
British   Built, 


M       r- 


are   manufactured  at 


^^  Orwell     Works,"     Ipswich,      by 
Ransomes,  Sims  t&  JefFeries,  Ltd, 


Selling  Agents  for  Great  Britain  and  Ireland  for 


H  m  ^^  ^^  ^^   fk   \M         O         ^%  I  ■  selling  .-l gents  for  ureal  tiruain  ana  ±retana  for 

MOSSAY  gl  Co.,   Ltd.,  "orwell"  electric  vehicles, 

Queen   Anne's  Chambers,  41,   Tothill   Street,   LONDON,  S.W.  
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TUDOR 


ACCUMULATORS 

FOR  ELECTRIC  VEHICLES. 


AMBULANCE  WITH  TUDOR  BATTERY. 

Port  i/t  London  Authority  -4  Vehicln.     City  of  London  Corporation— 2  Vehicles. 

BATTERIES  FOR  COMMERCIAL  VEHICLES, 
PLEASURE  CARS,   OMNIBUSES,  &c. 

LIGHTEST    IN     WEIGHT-HIGHEST     IN     EFFICIENCY. 
Maintenance  undertaken  at  Moderate  Mileage  Rates. 

THE  TUDOR  ACCUMULATOR  CO.,  Ltd., 

3,   CENTRAL    BUILDINGS,    WESTMINSTER,    LONDON,   S.W. 

Works:    DUKINFrELD,    near    MANCHESTER. 


KOiiH'tinu'S  four,  rouiul  tri]).s  a  day,  each  trip  approximating  G  miles, 
'riicsc  two  transfer  cars  are  housed  in  a  garage  adjoining  the  factory 
and  are  attended  in  every  particular  by  their  drivers. 

'I'lie  three  other  electrics  which  are  used  for  actual  delivery  pur- 
jKJHeH  in  the  city  are  in  active  Kcr\ice  for  nearly  12  hours  a  day,  their 
nuiH  varying  from  40  to  60  miles.  At  the  shipj)ing  office  in  the  New 
York  building,  a  charging  plug  has  been  provided  which  is  used  to 
"  boo.st  "  the  batteries  \vhile  the  machines  are  !)cing  loaded.  This 
"  booHting  "  not  only  makes  possible  the  long  mileage  aceoinplish- 
m<'nts  lint  serves  to  keej)  the  batteries  at  very  nearly  full  charge  most 
of  the  time.  The  Steinway  Company  states  that  all  of  the  batteries 
used  have  a  guaranteed  life  of  four  years,  have  exceeded  this 
guarantee  by  over  a  year  and  are  apparently  good  for  a  considerably 
longer  jM-riod.  The  electrics  average  approximately  15  deliveries 
jMT  day  with  an  average  cost  of  20  cents,  per  mile,  which  includes 
every  jKissible  exfienHe  in  their  upkeep  and  operation.  The  Steinway 
Company  state  ; :  ""  We  considei  the  electric  v(>hicle  for  city  deliveries 
su|M'rior  to  any  other  form  of  motor  car.  They  make  fully  as  good 
time  iw  petrol  cars  and  are  much  chea|x'r  and  simpler  to  ojierate  and 
maintain." 


COAL  HAULING  BY  ELECTRIC. 

.\t  the  i..M.K..\.  Convention  last  year  Mr.  .\.  11.  Shaw,  engineer, 
Flford  Klectricity  Works,  anticijiated  great  things  of  the  4-5  ton 
bat ter\ -driven  coal  w.igon  which  he  had  ordered.  He  now  tells  us 
that  it  has  been  in  service  since  January  last,  and  has  gixcn  him 
complete  satisfaction.  The  vehicle,  which  is  illu.Htrated  on  p.  2*, 
is  an  K<lison  (vM.  m-ichine.  and  is  fitted  with  an  electric  tipping 
gear  actuated  by  a  motor  which  derives  its  «'nergy  from  the  .same 
batterx  which  jiropels  the  vehicle. 

We  undcM'stand  that  the  nnming  of  the  w.igon  1ms  improved  with 
service.  The  wagon  makes  about  nine  trips  daily  from  the  Icx-al 
railway  siding  to  the  electricity  works,  about  j  mile,  and  hauls  some 
411  tuns  of  «oal.  Mr.  Shaw  states  that  if  the  ctist  of  the  wagon  l>e 
capitalised  on  a  10  years'  basis,  and  eticrgv  is  taken  at  hi.  [kt  unit 
input  to  the  motor-generator,  the  average  cost  |>er  ton  of  eoal 
deli\ered  is  a  little  less  than  IVl..  as  against  Is.,  per  ton,  the  cost  at 
the  end  of  last  wtir  for  the  haiilint;  of  the  fuel  b\-  horses. 


The  electric  tipping  gear  has  proved  most  useful  in  practice,  and 
saves  a  great  deal  of  time  over  hand  tipping.  At  present  the  hopper 
on  the  Edison  vehicle  has  to  be  filled  b3'  hand  at  the  railway  siding, 
but  Mr.  Shaw  is  hopeful  (if  the  war  does  not  last  too  long  and  bank- 
rupt us)  that  he  will  he  able  to  arrange  for  a  small  portable  elevator, 
driven  by  motor  from  the  vehicle  battery,  to  load  up  the  coal,  and 
thereby  increase  the  daily  total  haulage  of  the  wagon. 

In  his  exjjerience  IVIr.  Shaw  says  :  "  I  consider  that  there  is  no 
other  means  of  haulage  for  heavy  '  dead  '  loads,  such  as  coal,  for  short 
distances,  say  up  to  4  or  5  miles,  which  can  approach  the  '  electric  ' 
from  the  jwint'of  view  of  cost,  reliability,  ease  of  running  and 
absence  of  noise  and  nui.sance." 


A  MUNICIPAL  ELECTRIC  GARAGE. 


It  is  perhaps  fitting  that  at  Ipswich,  the  home  of  the  secretary-  of 
the  I^lectric  Vehicle  Committee,  Mr.  Frank  A^•ton,  there  should  exist 
the  nucleous  of  important  develo])ments  in  electric  battery  vehicles 
for  commercial  purposes,  ilr.  Ayton  hunself  has  consistently 
j)artaken  of  the  medicine,  the  merits  of  which  he  has  believed  in  for 
so  long  ;  he  has  used  electrics  around  and  about  his  own  electricity 
undertaking,  and  has  commended  his  example  to  the  notice  of  vehicle 


li'swiCH  Electricity  Works  Garage. 

users  of  all  classes  in  the  Ipswich  area.  Already  he  has  set  up  a 
garage,  m  which  his  own  i-ton  delivery  van,  the  3-ton  tipping 
wagon  of  the  surveyor's  department  and  the  2i-toii  lorry  of  the 
Ip.swich  ("o-oiicrative  Society  are  regularly  charged.  The  local 
goods  department  of  the  (Jreat  Eastern  Railway  ha\e  also  ordered  a 
2i-ton  lorry,  and  as  soon  as  this  is  delivered  it  will  be  taken  care  of 
i)V  Mr.  Aytons  department. 
The  electric  has  alread.y  caught  on  in  Ipswich,  and  users  are  en- 


IrsWU  H    Kl.KtlKU  IT^     WoHK.s    CiAKAiiK. 

thusiastie  legarding  its  merit.s.  The  IVirough  Surveyor  finds  it  80 
useful  as  a  general  pur|m.M»s  vel^icle  that  he  cannot  s]wre  it  for 
stiTet -watering  |tur|H)se8.  though  then^  is  a  tank  Ixidy  which  can  lx» 
titter!  in  a  few  minutes.  Tlie  ecc^noniies  of  the  battery  dust  van  are 
al.so  not  lieing  lost  sight  of.  and  in  due  course  we  shall  o\]iect  to  hear 
that  these  have  lecn  ordered  to  replace  hor-'^--  ■"  -iibcr  me;ins  of 
trans|xirt. 
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LARGE  DEMOUNTABLE  BODIES  FOR  ELECTRICS.  the  detachable  body  or  lower  it  to  the  floor.     The  three-wheel  bogey 

— ■  can  Ije  easily  pushed  under  the  load,  and  the  gearing  is  such  that  one 

^  A  considerable  amount  of  experimenting  has  been  done  with  small  man  or  a  strong~^boy  can  turn  the  handle  and  lift  up  to  about  half 

platform  battery  trucks  to  increase  the  running  time  of  the  vehicle  a  ton  from  the  floor,     ^fhese  hand  trolleys  are  very  {Xjpular  in  ware- 

and  generally  keep  it  in  service  when  loading  and  unloading  opera-  houses  and  certain  classes  of  works  in  which  raw  materia!  or  .semi- 


^HI^^^S 

smy 

Fig.  1. — Vehicle  B.\cked  under  Body. 


Fic.  2. — Vehicle  Backed  right  under  Body. 


tions  are  going  on.     The  most  satisfactory  solution  of  this  problem  finished  parts  require  transporting  from  one  part  of  the  shop  to  the 

is  the  provision  of  a  type  of  body  which  is  detachable  from  the  truck  other. 

itself,  and  which  can  be  put  down  or  picked  up  at  any  convenient  With  the  introduction  of  the  small  battery  truck  the  loads  handled 

loading  or  unloading  point.     The   idea  seems  to   have  originated  have  been  increased  up  to  3  tons.     A  truck  fitted  with  such  a  body 

with  a  type  of  small  hand  trolley  fitted  with  three  wheels,  and  is  shown  in  Fig.  6. 

designed^with];alorm  of  "  T  "  handle,  which  when  turned  will  raise  ^The^^iMidlandfiRailway^^Co.,  who  have  shown  such  commendable 


Fig.  3. — Body  Slkjhtly  Raised  from  Vehicle. 


Fk:.  4. — Body  in  Position  with  Castor  Wheels  Raised. 


For  Motor  Car 
Lighting. 
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The  fiSif^mCf  Unit  Panel 
for  charging  Electric 
Vehicle        Batteries 

is  complete  with  every  safeguard  and  modern  convenience.  It  protects  and 
lengthens  the  life  of  the 'batteries.  A  charging  installation  built  ap  of  these 
units   can   be    extended    at    anjr   time    as    the    number    of   vehicles   increases. 

IGRMIC  ELECTRIC  C?Ltp  ^Jnd^"'^  '^?rMl^^ll: 


enterpri.se  in  putting  into  service  a  large  fleet  of  electrics,  which  now 
numbers  nearly  100  vehicles,  can  claim  credit  for  the  introduction  of 
a  demountable  body  which  is  suitable  for  vehicles  which  \Ay  about 
the  streets. 

The   demand   for  this   class    of    body    almost    naturally  arises 
with  ccrtuin'^classes  of  railway  ^transport,  in^which  the  complete 


wheels,  which  will  be  noticed  at  the  ends  of  the  four  "legs"  de- 
pending from  the  body,  is  raised  in  turn  by  hand  and  secured  in  t 
horizontal  position  by  a  movable  pin Mhich  is  attached  to  the  leg  by 
a  short  length  of  chain. 

We  understand  that  the  Midland  Railway  Co.  has  one  of  these 
vehicles  now  running  in  the  London  area,  and  the  experimenta  so 


Fig.  C. — Small  Tndus- 
TRi.\L  Truck  with  De- 
MoiNT.\BLE  Body. 

The  bodies  are  standard- 
ised and  can  be  loaded  and 
unloaded  while  at  rest. 


1(1(1  1  rcfjuires  to  be  i)ickcd  up  at  the  station,  say,  and  deposited  in 
Into  at  a  warehouse  or  factory  as  the  case  may  be.  By  ii  cans  of  the 
deuKjuntable  body  it  is  |)os.sible  to  save  a  considerable  amount  of 
time  in  loading  and  unloading,  and  where  a  single  consignment 
of  goods  runs  into  many  tons  tlie  vehicle  can  be  kept  working 
while  the  loading  and  unloading  ojK'rations  are  in  jtrogress.  This 
interesting  demountable  body  is  shown  in  Figs.  1,  2,  3,  4  and  5. 
We  understand  that  the  idea  has  been  fully  patented, 
and  the  sole  riglits  are  in  the  handh  of  Messrs.  Kdison 
Accumulators.  The  jjhotographic  illustrations  show 
four  |M).sitions  of  tho  l»ody.  In  th(^  first  the  lorry 
is  about  to  be  backed  under  the  body  itself;  in  the 
weond  the  o|)cration  of  backing  is  completed;  in  the;  third 
the  load  has  licen  slif/hMy  lifted  so  as  to  rai.se  the  castor 
wheels  from  the  j;roiui(l ;  and  in  the  fourth  the  entire  load 
has  been  lowered  on  to  the  body,  and  the  castor  wheels 
have  been  turned  at  ri^jht  anj;les  so  as  to  clear  the  ground, 
'i'he  operations  of  raising  and  lowering  are  carried  out  by 
means  of  an  auxiliary  motor,  which  is  fitted  into  the  chassis 
frame,  as  shown  in  Fig.  5.  The  motor  is  operated  by  a 
H|ie(iid  notch  on  the  controller,  and  it  works  on  the  full 
battery  voltage.  It  is  attached  to  a  small  sub-frame  im- 
mediately behind  tho  battery  box,  and  is  placed  with  its 
axis  at  right  angles  to  tho  direction  of  travel.  There  is  an 
extension  of  the  motor  spindle  to  a  coui)ling  which  is  con- 
nected with  tho  shaft,  having  at  its  outer  end  a  worm 
wheel. 

This  is  totally  enclosed  in  an  oil  box.  and  engages  with  a  ** 
wheel  upon  wiiich  a  long  .shaft  is  .sccuIX^d.  This  extends 
from  tho  eentm  towards  the  rearof  the  chassis.  The  shaft 
is  (itied  with  a  sipiare  thread  at  each  end.  and  a  i)locU  moves 
on  this,  there  lieinga  toggle  altiiched  whieli  operates  a  |)air 
of  heavy  lovcr.s.  one  at  each  end  of  the  shaft.  The  free  end 
of  eael)  lev(>r  is  provided  with  a  roller.  The  levers  at  the 
front  aiul  n>ar  end  of  the  vehicle  are  secured  to  a  transver.'<o 
shaft.  HO  that  theiv  is  a  lever  on  each  side  of  the  chassis. 
Tt  will  be  noticed  from  the  side  elevation  that  thes<»  levers 
nunc  from  oi)posite(linMtions,therefoi-e  theiv  is  no  tendency 
to  slew  the  body  off  the  trolley.  The  entire  ojieration  of 
backing  umler  the  load  an<l  gt-lting  it  into  ])nsition  n>ady 
for  away  oecupios  only  a  few  minutes.  When  the  I'ody 
has  Ihvu  slightly  rais«>d  from  the  ground. each  of  the  castor 


far  ha\e  ])roved  it  to  be  quite  a  success.  The  company  is  consider- 
ing fitting  a  number  of  their  lorries  with  the  demountable  lx)dy, 
and  these  vehicles  will  operate  in  that  class  of  service  for  which  this 
form  of  body  is  essentially  suited.  Obviously,  there  is  no  need  to 
apply  this  type  of  body  to  a  vehicle  which  is  gradually  getting  rid  ot 
its  load  or  ])icking  up  its  load  at  different  points.  W'e  feel  sure  that 
the  arrangement  will  have  a  wide  use,  and  that  motor  transport 


Fio.  5. — Side  and  Plax  Views  of  Edison 
Electric  with  Demovntabi-e  Body. 
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ACCUMULATOR 

ELECTRICS 


are 


LEADING!! 

Some  of  the  Reasons ; 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  Accumulator  is  made  of  Steel 
throughout,  including  the  container;  uses  a  steel  pre- 
serving electrolyte;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  from  the 
effects  of  overcharging,  high  rate  boosting  nor  being 
discharged  to  zero  when  necessary. 
Because  the  Edison  Four-Year  Guarantee  is 
unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the  Edison  Accumulator  is  the  lightest  and 
strongest  storage  cell  and  may  be  charged  in  less 
time  than  any  other  type. 

EDISON  ACCUMULATORS,  Ltd.,  =^  *  ^'  'L'i^NDONfS.w.  '*'"" 


m      AGENTS:- 


Birmingham  : — 

J.   P.   KEMP, 
Grand   Hotel.    Birmingham. 


Lancashire   and   Cheshire  : — 

DRAKE  &  GORHAM,   Ltd.. 
47,    Spring    Gardens.    Manchester. 


Glasgow  :  — 

J.     HALLY     CRAIG. 
45.   Hope   Street,   Glasgow. 


firms,  aside  from  railway  companies,  will  find  it  of  great  value. 
There  are  a  number  of  districts,  we  understand  (Sheffield  in  par- 
ticular), in  which  it  is  necessary  to  take  heavy  loads  from  one  works 
to  another  or  from  warehouses  to  works,  the  entire  load  being  takenl 
up  and  put  down  in  each  case.  Doubtless  it  is  in  such  districts  that 
we  may  shortly  expect  to  see  these  interesting  vehicles  put  into 
service. 


OPPORTUNITIES  IN  JAMAICA  FOR  ELECTRICS. 


In  a  recent  communication  from  the  Consular  Department  of  the 
Island  of  Jamaica,  the  Electric  Vehicle  Association  of  America  has 
been  informed  that  never  has  the  time  been  so  opportune  in  that 
district  for  the  introduction  of  battery- propel  led  vehicles.  Within 
the  past  few  years  automobiles  of  all  classes,  both  commercial  and 
passenger,  have  been  used  in  continuously  increasing  numbers.  The 
roads  in  Jamaica,  it  is  stated,  are  excellent,  and  while  there  are  a  few 
possible  exceptions,  the  hills  average  a  grade  of  only  1"2. 

Agriculture  is  the  most  important  industry  of  the  island.  There 
are  immense  banana  and  coifee  plantations,  their  produce,  together 
with  cocoa  and  cocoanuts  being  the  principal  ex[K)rts.  Many  large 
industrial  plants  are  engaged  in  the  manufacture  of  aerated  waters, 
cigars  and  cigarettes,  biscuits,  shoes  and  leather,  while  there  are 
several  saw-mills  and  foundries,  the  latter  manufacturing  boilers  and 
small  engines.  During  the  past  year  since  the  seriousness  of  the  dye 
situation  has  forced  itself  upon  the  manufacturers,  unusually  large 
shipments  of  dyewood  have  been  imported  by  the  United  States 
froni  Jamaica,  so  that  this  industry  is  now  assuming  larger  pro- 
portioiis.  The  cultivation  of  bananas  is  pre-eminently  the  industry, 
however,  Jamaica  exporting  twice  as  many  bananas  as  any  other 
country  in  the  world.  It  is  in  this  particular  field  that  the  electric 
vehicle  seems  well  adapted,  the  Electric  Vehicle  Association  is  in- 
formed. The  actual  work  of  transporting  bananas  from  the  planta- 
tions to  the  railroad  tracks  for  final  shipment  is  something  of  a  pro- 
blem. On  the  largest  plantations  it  is  customary  to  build  railroads 
or  tramways  through  the  plantations,  a  very  expensive  system  to 
operate.  Many  of  the  smaller  plantations,  however,  have  nothing 
of  this  ^qrt,  ^.nd  depend  on  buHock  carts,  mules  or  just  carrying  the 


bananas  on  men's  shoulders.  Obviously,  this  means  a  great  loss  due 
to  inefficiency  which  the  motor  tmck  should  be  able  to  overcome^ 
As  the  ])lantations  are  nearly  always  on  very  level  ground  it  seems 
reasonal)le  to  believe  that  here  is  a  large  field  for  the  application  of 
the  electric  truck  which  has  not  j'et  been  developed. 

Like  all  other  places,  Jamaica  too  has  the  problem  of  incrrased 
fuel  cost  to  contend  with,  the  cost  of  petrol  at  present  being  48 
cents  (United  States  currency)  per  gallon.  Electricity  for  charging 
is  very  cheap,  and  should  become  even  cheaper  a^  more  power  supply 
stations  are  developed,  water  power  being  very  plentiful  in  Jamaica. 
Kingston,  the  principal  city  of  Jamaica,  offers  many  opportimities 
for  the  application  of  light  weight  electric  delivery  wagons  in  addition 
to  the  heavy  capacity  for  haulage.  Passenger  vehicles  also  are  in 
great  demand  throughout  the  island  and  the  electric  should  be  espe- 
cially well  adapted  because  of  the  excellent  roads  and  the  fact  that 
the  mileage  radius  seldom  exceeds  that  of  whiih  an  electric  is  cap- 
able on  a  full  batterv  charge. 


DRIVER'S  SPEED   INCREASED   BY   USING  EFFICIENT 
MOTOR  EQUIPMENT. 

A  proprietor  of  a  large  laundry  which  now  operates  26  electric 
vehicles  stated  that  one  of  the  most  i:'-.ticeable  things  in  the  change 
fiom  horse-drawn  to  electric  vehicles  was  the  mcreased  efficiency  of 
the  drivers  themselves. 

With  one  exception,  all  of  our  drivers  welcomed  the  change  and, 
due  to  the  very  simple  operation  of  electric-*,  they  experienced  no 
difficulty  Ml  learning  to  drive  them  in  a  remarkably  short  time.  The 
exception  of  whom  I  speak  was  a  driver  who  had  been  with  us  longer 
than  the  others  aud  he  wa*  very  sceptical  about  tlic  new  equipment. 
A  couple  of  weeks  after  he  had  been  driving  one  of  the  new  electrics, 
I  asked  him  if  he  wanted  to  go  back  to  the  old  method.  He  just 
grinned  and  said,  "  Notlun"  doin'."  Of  course,  the  appearance  of 
immaculate  cleanliness  which  our  whole  delivery  outfit  now  has,  is 
a  very  great  asset  to  a  lamidry.  Our  drivers  wear  white  imiforms 
during  the  summer  months  and  we  find  that  the  good  appearance  of 
our  delivery  fleet  is  the  best  advertiser  we  can  have.     Any  woman 


(XXX  )    SUPPLEMENT  to  "  The  Electrician,"  JULY  28,  1916. 


^^'ill  place  greater  confidence  in  a  launcln'  whose  deliven*  men  give 
a  favourable  impression  in  their  fresh,  clean  uniforms,  than  one  whose 
drivers  always  carry  with  them  the  disagreeable  odour  of  hoi-ses  and 
stables,  or  are  begrimed  with  dirt  and  grease  and  are  saturated  with 
the  penetrating  smell  of  petrol.  Another  point  is  the  effect  which 
the  increase  in  the  speed  and  efficiency  of  the  new  equipment  over 
the  old  has  upon  the  drivers.  Unconsciously  they  speed  up  their 
work  and  show  a  very  noticeable  increase  in  "  pep." 

There  is  a  certain  psychological  effect  upon  the  operator  of  an 
efficient  motor  delivery  equipment  that  spurs  him  on  to  more  speed 
in  his  end  of  the  delivery  work.  The  efficiency  g'^-rm  unconsciously 
gets  into  his  system  and  he  sees  himself  accomplishing  many  times 
more  work  than  he  did  with  'the  slow  horse  and  wagon.  It  has  been 
observed  that  when  a  man  is  flriving  a  horse-drawn  vehicle  he  recog- 
nises that  the  horse  means  comjjaratively  slow  transportation  and 
he  falls  into  the  mental  habit  of  doing  everything  in  connection  with 
his  work  slowly.  He  excuses  himself  by  thinking  or  saying  that  he 
is  easy  on  his  horses  and  that  he  must  treat  his  animals  in  a  humane 
manner.  The  psychology  of  the  thing  works  both  ways.  With 
delivery  equijjment  that  is  slow,  the  driver  himself  becomes  slow  and 
])lorlding.  (hi  the  other  hand,  if  a  driver  is  given  a  delivery  equip- 
ment with  which  speed  is  easily  maintained,  it  reflects  on  his  own 
manner  of  working  and  he  becomes  a  faster,  better  worker.  The 
im[)rovenient  in  the  attitude  of  the  driver  to  his  work  when  delivering 
witli  good  dependable  electrics  is  a  valuable  asset  to  any  business 
trying  to  solve  the  delivery  and  transportation  problem. 


THE  "ORWELL"  ELECTRIC  VEHICLE. 

Many  types  of  mechanically-propelled  vehicles,  particularly  petrol 
and  sleiun,  for  rond  transport  have  disadvantages  that  are  difficult, 
aiul  in  most  instances  impossible,  to  remove.  For  town  work, 
involving  fre(|uent  stoppages,  and  where  silence,  cleanliness,  relia- 
l)ililv  and  low  running  costs  are  of  primary  importance,  electricity 
is  the  most  suitable  form  of  propelling  power  to  adopt.  The  "  Or- 
well "  electric  vehicle  has  been  designed  to  meet  the  steadily  growing 
demand  for  a  Hritish  built  commercial  battery  vehicle,  and  it  has  a 
number  of  rlislinctive  features. 


makes  according  to  the  requirements  of  customers.  In  order  to 
reduce  the  cost  of  upkeep  of  the  batterj'  to  an  accurately  deter- 
minable quantit}',  arrangements  have  been  made  with  several 
batterj'  manufacturers  ^^  ho  are  prepared  to  enter  into  contracts  in 
Great  Britain  and  mo>t  countries  abroad  to  inspect  and  maintain 
batteries  used  at  fixed  rates.  The  form  of  these  contracts  differs 
for  various  makes  of  batteries,  but  the  maintenance  is  usuallj-  based 
upon  a  fixed  rate  per  mile  or  per  ampere-hour  discharged  from  the 
battery.  As  the  rates  depend  upon  the  conditions  of  service,  special 
quotations  for  battery  maintenance  need  to  be  submitted. 

The  control  and  operation  of  the  vehicle  is  so  simple  that  almost 
anyone  can  be  trusted  to  drive  after  a  short  instruction  ;  highly- jiaid 
drivers  need  not,  therefore,  be  employed.  The  fire  ri.sk  is  low  on 
account  of  the  ab.sence  of  inflammable  fuel,  and  the  accident  risk  is 
considerably  reduced,  as  the  chassis  is  easy  to  handle  in  traffic.  On 
this  account  an  insurance  covering  all  risks  may  be  effected  at  a 
lower  rate  than  for  petrol  or  steam  motor  vehicles. 

The  "  Orwell  "  chasis  is  driven  by  two  motors,  either  geared  to 
the  front  wheels  on  vehicles  up  to  and  inclvd  n?  2i  tons  capacity,  or 
operating  on  the  ba^k  wheels  by  means  of  chains  and  sprockets  on 
the  larger  sizes.  The  motors  are  totally  enclo.sed,  and  are  pro\ided 
with  brass  end-shields  and  watertight  covers,  which  can  be  easily 
removed  for  inspection  of  the  commutators.  Vehicles  up  to  and 
including  2J  tons  capacity  have  the  motors  bolted  to  the  swivel 
axles,  and  they  drive  the  front  wheels  by  helical  gears  on  the  arma- 
ture shafts,  which  mesh  with  internal  helical  spur-rings  on  the  wheel 
hubs.  These  rings  and  the  pinions  are  made  of  high  grade  steel  and 
run  in  dustproof  and  waterproof  casings  filled  with  grease.  In  the 
vehicles  of  '.i^  tons  capacity  and  upwards  the  motors  are  bolted  on 
to  the  chasis  frame,  and  each  motor  drives  an  internal  helical  gear 
mounted  cm  a  stub  shaft.  The  hubs  of  the  internal  gear  wheels  carry 
sprocket  wheels,  and  these  drive  the  back  wheels  by  means  of  roller 
chains  of  liberal  dimensions. 

The  steering  is  by  worm  and  segment,  with  adjustable  step- 
bearing  for  taking  u])  any  ]ilay.  It  ojjerates  through  two  ball- 
socket  joints  on  to  a  bell-crank  lever  pivoted  at  the  centre  of  the 
front  axle.  This  bell-crank  lever  acts  on  the  wheels  by  two  short 
tie-rods.  By  tliis  construction  the  stresses  in  the  steering  rods  and 
links  are  reduced  to  a^minimum.     The  axes  of  the  pivots,  about 


'J'liK  Old  AM)  >.'j;w  at  Hiumim.iia.m.  Thk  "Orwki.i/"  Ei.ectkk  on  thk  ri(;ht. 


The  eflicieney  of  the  coml)inaiion  of  the  modem  storage  battery, 
(he  motors  and  (he  simj)le  ntechauieal  transmission  used  in  the 
"  Orwell  "  chaxsis  is  high,  and  it  is  claimed  that  (>0  (o  7(t  per  cent,  of 
tlie  eiUTgy  pu(  info  (he  i>at(ery  is  a|)i)licd  (o  the  nuid  wheels.  Also 
we  nndersdmd  ( ha(  when  going  down  lull  the  regenerative  ermlrol 
widi  which  (he  vehicle  is  provided  enaliles  nu  a])preciiib|e  amouni 
of  energy  (o  be  restored  (o  the  battery. 

I  he  ■Orwell""  eleetrie  ehassiH  inchdes  a  number  of  spcvial 
features  conducive  to  long  life.  The  eontn>I  nf  (he  motors  has  been 
designed  to  give  oxc-ep(ionally  gradual  s(ar(ing.  The  front  wheels 
are  jiivoted  on  inclined  swivel  axles  in  such  a  mainu>r  as  to  reduce 
(he  ,s(resses  on  (he  front  tyn-s  to  a  mininnnu.  Furthermore,  the 
front  wl»>el  drive,  which  i.s  used  on  all  "  Orwell  "'  vehicles  up  to  and 
inelndintf  2}  (on  cajw  it  y.  ndueest  he  (endenry  to  skid,  and  eliminates 
one  of  (he  causes  of  lyn-  deterioration.  Vnr  tliew  reasons  (he 
vehicle  is  light  on  Hh  tyro.H.  ftud  (ho  tyre  life  will,  it  is  stated.  Ix-  fotnid 
to  rxeeeil  (hat  pUHr.infcvd  by  the  makei-s. 

"  Orwell  ■'  electric  \clii.  j.-.;  ,  jui  br  iitfc.I  wuh  batteries  of  various 


\\hicli  the  wheels  turn  when  .steering.  pas,s  through  the  jwintfi  of 
contact  of  the  wheels  with  the  road.  In  consequence  of  this  arrange- 
nunt  shocks  are  not  transmitted  to  the  .steering  wheel,  which  is, 
therefore.  ])articularly  easy  (o  mani]iulate.  There  is  no  tendency 
for  the  front  wh«>els  to  deviate  from  the  set  course  by  unevenness  of 
the  road.  and.  in  ease  of  emergency,  the  car  can  be  driven  '"v  o'"' 
motcM'  alone  without  strain  on  the  steering  mechanism. 

The  battery  of  (he  vehicle  is  shuip  under  (he  ehas.sis  in  two  1>.  .u>. 
ICiirh  box  is  arranccjl  to  slide  sideways  by  pullins  a  hanc'i'e  bar. 
The  o|ierati(m  of  raisinu  the  handle-bar  lift.s  the  battery  lx>x  a 
fraction  of  an  inch,  throwing  it.s  weight  on  to  rollers.  Hv  pulling 
(he  handle  the  battery  slides  oiit  easily,  and  is  readily  accessible  for 
examination.  When  the  l)oxes  are  juished  back  into  jiosition  the 
handlebars  are  dnip|»cd.  releasing  (he  weight  from  <he  rollers  and 
locking  the  battery  in  jKisition. 

The  con( roller  is  located  either  tmder  the  driver's  scat  or  in  a 
rn-<w\i  fixcMl  under  the  da>ihlH)ard.  In  the  first  ra^e  there  atv  two 
controller  drums.     Tln'  m  iin  drun>  is  .unrated   by  a  gate  change 
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THE  BATTERY  FOR  COMMERCIAL  ELECTRIC  VEHICLES. 


Several     sets    in    service    have   completed 

24,000  MILES 

on  the  road  without  a  single  cell  having 
to  be  removed  from  the  vehicles  for  any 
electrical  defects  ■whatever,  and  the  capacity- 
is  still  in  excess   of   the   catalogue  output. 


C.C&C1.670 


ELECTRICAL  clifton  junction. 

MANCHESTER. 


STORAGE  CO 
UMITEDV 


LONDON  OFFICE: 

39.  VICTORIA  STREET. 


mim* 


lever  mounted  on  the  side  of  the  driver's  seat.  It  has  four  running 
positions  for  the  forward  direction  and  one  position  for  reversing. 
The  auxiliary  or  rheostatic  drum  is  controlled  by  a  foot  pedal.  In 
its  normal  position  the  two  resistance  steps  are  short-circuited. 
Before  passing  from  one  position  to  another  on  the  main  controller 
the  pedal  should  be  depressed  ;  this  inserts  the  two  resistance  steps 
into  the  circuit,  and  interrupts  the  current  when  the  pedal  is  fully 
depressed.  In  this  position  it  is  possible  to  pass  to  the  next  position 
of  the  main  drum  without  sparking.     By  releasing  the  pedal  the 


static  drum  by  means  of  the  foot  pedal  is  analogous  to  the  operation 
of  the  clutch  on  a  petrol  vehicle.  It  enables  the  driver  to  coast  in 
traffic  and  to  ease  oif  when  turning  sharp  comers  without  interfering 
with  the  main  controller,  and  leaving  both  hands  free  for  steering 
and  signalling  purposes. 

When  the  controller  is  fixed  under  the  dashboard  no  starting  drum 
is  required.  The  controller  is  operated  from  the  top  of  the  steering 
colunui,  and  gives  five  speeds  forward  and  a  reverse.  This  controller 
is  pro\'ided  with  a  magnetic  blow-out.  The  controllers,  which  are 
specially  designed  and  manufactured  for  the  vehicle  by  C4eorge 
Ellison,  Birmingham,  are  made  solely  of  non-combustible  material. 
The  finger  tips  and  segnients  are  all  renewable  and  reversible.     The 


cam  on  the  rheostatic  drum  is  arranged   so   as   to   give   a 


quick 


"Orwell"  2^-ton  Lokky. 


circuit  is  re-established  through  the  two  steps  of  the  '-osistance  that 
are  successively  cut  out  as  the  pedal  is  released.  Thus  no  sparldng 
takes  place  on  the  main  drum,  all  the  wear  being  taken  up  by  the 
starting  drum,  which  is  protected  by  a  magnetic  blow-out  and  is 
quite  inexpensive  to  renew.  The  repeated  insertion  of  the  resistance 
steps  causes  the  passage  from  step  to  step  of  the  main  controller  to  be 
gradual  and  free  from  current  rushes.     The  operation  of  the  rl.eo- 


break  "  when  passing  from  any  position  to  the  next,  and  so  as  to 
prevent  the  drum  from  remaining  between  the  running  positions. 
The  provision  of  a  mag.'etic  blow-out  prevents  arcing  between  the 
finger  tips  and  the  drum  segments.  Accessibility  is  ensured  by  the 
provision  of  hinged  doors  both  at  the  front  and  the  top  of  the  con- 
troller, so  that  all  contac'ts  can  be  easily  reached. 

The  chassis  is  fitted  with  the  standaul  charging  plug  approved^by 
the  Electric  Vehicle  Committee.  It  is  so  inferlocked  with  the  control 
that  the  controller  must  be  in  the  "■  off  "'  position  during  the  operation 
of  charging  the  battery. 

The  two  independent  mechanical  b-.ikes  of  the  vehicle  are  excep- 
tionally powerful.  They  both  act  upon  the  back  wheels  and  are  of 
the  internal  expanding  type.  The  service  brake  is  actuated  by  a 
foot  pedal,  and  the  emergency  brake  by  a  lever  that  can  be  held  on 
by  a  ratchet.  Both  brakes  arc  compensated,  so  that  equal  pressures 
are  produced  on  both  rear  wheels.  All  joints  m  the  transmission 
of  the  braking  motion  are  provided  with  lubricators. 

The  two-motor  drive  is  a  special  feature  of  the  '"  Orwell ''  chassis. 
It  hci^  various  advantages  besides  high  etliciency  in  the  transmission 
of  power.  It  renders  unnecessary  the  use  of  a  change-speed  war 
box.  differential  gear,  cardan  shaft  and  imivei-sal  joint.  The  motors 
are  immediately  accessible,  and  daily  inspection  is  possible  by  the 
simple  operation  of  removing  the  end  covers.  The  electrical  con- 
nection of  the  motors  ensures  a  differential  action  without  the  inter- 
vention of  any  mechanical  parts.  The  removal  of  all  propelling 
mechanism  from  the  back  axle  makes  it  possible  to  sweep  the  frame 
downwards  when  it  is  desirable  to  have  the  platform  at  the  back  very 
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FOR   ELECTRIC  VEHICLES. 
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FIRE  BRIGADE  VEHICLES  WITH  TUDOR   BATTERIES. 

London  Fire  Brigade -11  Vehicles.     Liverpool  Fire  Brigade— 4  Vehicles. 
Rathmines   Dublin    Fire  Brigade— 1  Vehicle. 

BATTERIES  FOR  COMMERCIAL  VEHICLES, 
PLEASURE  CARS,  OMNIBUSES,  &c. 

LIGHTEST  in   WEIGHT— HIGHEST  in   EFFICIENCY. 
Maintenance  undertaken  at  Moderate  Mileage  Rates. 

THE  TUDOR  ACCUMULATOR  CO.,  LTD., 

3,  CENTRAL  BUILDINGS,  WESTMINSTER,  LONDON,  S.W. 

Worki  :   DUKINFIELD,  near  MANCHESTER- 


but  owing  to  the  increased  charges  for  horse-keep,  wages,  &c.,  the 
cost  is  now  OS.  Our  Xo.  1  electric  was  delivered  on  October  15,  1915 
commenced  work  on  the  18th,  and  has  been  in  use  daily  ever  since. 
During  the  six  months  ending  April  15th  it  carried  422  loads,  weigh- 
ing 1,288  tons,  at  a  cost  of  £241.  13s.  lOd.,  which  is  equal  to  3s.  9d. 
per  ton,  the  average  weight  per  load  being  3-05  tons. 
"  The  costs  are  made  up  as  follows  : — 

Uepreciation  at  10  per  cent £-,2  13  0 

Insurance  4  5  0 

Oil,  water,  repairs,  &c.  (allowed)  11  9  8 

Tyres— 1,819  miles,  at  11(1 8  6  9 

Current — 2,.541  units,  at  l|d 13  4  8 

Wages  151  14  9 

£241   13  10 

"  If  we  take  the  six  months  ending  July  1,  1916,  we  get  a  period 
corresponding  to  the  period  covered  by  the  figures  given  in  my 
original  report,  and  this  is  a  more  fair  comparison  than  taking  the 
first  six  months'  work,  which  are  all  winter  months.  We  find  that 
during  this  time  we  removed  1,167  tons  of  refuse,  at  a  cost  of  £253, 
or  4s.  4d.  per  ton,  which  is  exactly  the  same  as  the  cost  by  horses,  as 
mentioned  in  my  original  report  ;    but  it  must  be  remembered  that 


near  to  the  ground,  as  it   is  often   required  for  ambulances,  fire 
ciitriiU's.  tower  wagons  and  other  s])ecial  vehicles. 

The  ■  Orwell  "  electrics  arc  niailc  by  Hansonies,  Sims  &  Jefleries, 
lp.swich,  for  whom  the  sole  selling  agents  are  Mossay  &  Co.  (Ltd.). 
(^uecii  .\iiiics  ChiuiilxTs,  Tothill-st  n  ct.  London.  S.W. 


MUNICIPAL  ELECTRICS  :  TWO  OPINIONS. 

In  .1  rciMirt  to  liis  ('oiincjl,  .Mr.  .\rtlrirr-  Harrisorr,  M.lnst.C.K.,  the 
liororrgh  engineer  of  Southwark.  made  a  number  of  statements 
rcirarclirrj;  electrics,  arrfl  irr  particular  said  :  "  This  (|rrestiori  is  one  that 
I  lia\c  carcfrilly  follnwcd  for'  lire  last  16  year's,  and  have  kept  in 
touch  with  all  kirrds  of  power  lor  traction  prrr|K)ses.  That  of  elec- 
Iriiity  lias  appealed  to  me  ;'.><  likely  to  ire  most  rrsefrrl  for  munieij)al 
piirpo>cs.  I)iit  rr|M*rr  irr\estigatiorr  rip  to  the  present  it  has  always 
apjieared  to  l)c  rrrrrijre  for  its  adoption.  There  is  no  doubt  that 
everrtrrally  tire  dillicrrlties  standing  in  the  way  will  he  o\crcorrre.  Iirrt 
there  is  still  sorrrc  distarrce  to  grr. 

"  At  jMeHont  most  af  the  electrical  velricles  are  of  Arrieiican 
origirr.  where  electric  jrower  is  more  in  general  rr.se  than  in  any 
othir-  corrrrtrv.  and  everr  there  the  (piesfion  is  very  mrrch  delrated. 
arul  trials  are  lieing  made  to  get  over  some  of  the  diniculfies  by  the 
t'orrrliination  of  petrol  aiul  electricity.  No  doirlit  electricity  will 
irei'orne  adaptable  for  oirr  general  rrse.  prolrably  in  some  live  cr  10 
yeir,rs,  brrt  the  charges  of  one  or  two  vehicles  worrld  be  of  no  assis- 
tance to  the  (orrrrcil  s  electricity  works,  and  workiirg  them  worrld  Ire 
more  expensive  to  the  rati-payers  than  petr<il  plant." 

Mr.  .1.  Terry,  cicarrsing  superinlerrdent.  Xoltirrglram.  in  a  I'aper 
reati  at  the  Institute  of  Clearrsing  Srijicrinterrderrts  on  the  srrbject  of 
elect rie.H.  naid  on  the  other  hand  : 

In  the  re|)ort  pr-«'setrt;>d  to  my  comrrrittee  in  Sejitember  hist  1 
submitted  estimate.-*  from  tlie  makers  of  varioirs  electric  vehicles 
and  the  re.sult.s  of  special  tests  made  at  Banres.  He.nton  and  Isle- 
worth.  Doxeranil  Shcflield  :  lirrt  as  we  now  possess  litrirres  covering  a 
fair'|\    lorif.!  I'cIkhI  nuclei   iiiiiin.'l  wiirUiiic  i  r  niilif  ii  m-,  I   tliinU  t)ic~c    nc 

pn<feiabli' 

liiig.lrrl\    I.  I'.M.">.  the  I  osi  o(  cnr|>t  virrg  dry 
in  Nottimrli.irii  a\cr.i!'((l  4s.  4d.  per  ton. 


"  Orrni 
nslibins  1 


ATvrM(  \r.  Knisox  Ki.kctrk- 5-tox  TrrriNO  Waoox  cakkvixo  (iK.\iN. 
Trrr;  B.\«  k  V.w  ok  thk  Bonv  is  i'Kovidkd  with  a  Trav  which  Opens 
.\no>r ATr(  Ai.i.Y  to  I)is(Haiu;k  thk  Lovn  as  ,soox  as  the  Bonv  IS 
I'r  r.i.v  Trr-r-En. 


the  conditions  then  were  the  same  as  before  the  war.  I'nder  existing 
conditions,  as  I  have  already  stated,  the  cost  is  5s..  thus  showing 
8d.  |icr  ton  in  favour  of  the  electric,  which  means  that  if  all  our  dry- 
ash  refrrse  were  removed  by  motors  a  saving  of  over  £l.()(XI  per 
annum  would  be  elTected.  and  this  in  a  town  which  I  consider  i>>»t 
Ircst  adapted  to  motor  traction  for  this  cla.ss  of  work.  I  have  .lealt 
only  with  the  results  obtained  by  our  Xo.  I  motor,  imt  the  liL'ures 
for  the  No.  2.  which  has  been  at  work  daily  since  Man  h  13.  are 
iderrtical. 

"'.My  faith  in  the  success  of  electrics  is  irpheld  1\\  many  <Uher 
mrrniciiial  officials  who  with  myself  have  franked  th(^pg<rod  opinion 
bv  ]>l.iring  orrlers  and  reiioat  orders  as  follows  :  ^i.son  Battery 
Vehicles-  Sheflield.  5  :  Chester.  4  :  I>over.  H  :  Barrtes.  4  :  dia^igow, 
2  :  I'ontypridd.  2  :  Newcastle.  Hc-ston  and  Islewortb.  South  Shields 
and  Smethwick.  1  each.  Lead  Batteries— Birmingham.  2 ;  Wol- 
verhanrpton.  1.  In  many  cases  re|xirts  have  been  made,  in  each  of 
which  substantial  savings  liave  been  shown." 
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PASSENGER  VEHICLE  MISCONCEPTIONS. 


The  man,  wlio  buys  his  first  motor  car  is  usually  wild  with 
delight  as  to  the  distarres  he  will  travel  in  it,  the  number  of 
miles  a  day,  a  figure  carelessly  estimated  in  hundreds,  and  the 
short  time  in  which  he  will  travel  from  Blankchester  to  Dash- 
field,  "  stopping  for  a  good  lunch,  my  boy  "  on  the  way.  He  is 
going  to  ''  eat  up  the  miles  "  ;  he  will  "  cut  out  trains  "  ;  there 
shall  not  be  a  square  yard  of  the  country  which  he  will  1  ave  left 
un visited  during  the  first  12  months.  After  he  has  worn  out 
the  first  car,  he  will  make  none  of  these  resolutions  in  the 
purchase  of  the  second.  If  he  has  kept  any  sort  of  record  of 
his  motoring  it  will  reveal  a  chain  of  broken  promises  of  what  he 
was  going  to  do. 

Now  that  petrol  has  soared  up  out  of  reach  of  everyone  but 
the  Services  and  opulent  munition  workers,  motorists  are  begin- 
ning to  be  honest  men  regarding  what  they  have  done  with 
their  cars.  Take  the  "  road  eating  idea,"  out  of  which  springs 
the  greatest  of  all  motoring  fallacies,  that  of  high  speed.  The 
average  motorist  cannot  keep  his  car  going  mile  after  mile  at 
something  over  the  legal  limit  without,  in  the  first  place, 
experiencing  great  physical  discomfort.  If  he  is  an  owner- 
driver-  he  wants  to  arrive  at  his  destination  something  more 
than  a  nervous  wreck  ;  and  after  a  few  months'  experience  he 
tones  dow^n  anydnitial  dash  he  may  have  had,  because  he  finds 
that  driving  in' Comfort  means  keeping  the  speedometer  needle 
round  about  20  miles  per  hour.  In  the  second  place  he  has  also 
discovered  that  high  speed  means  wear  and  tear  of  the  fabric 
of  the  car,  the  engine,  the  transmission,  the  tyres  especially, 
the  body  work  and  the  chassis  parts.  If  he  is  an  observant 
driver,  and  the  average  of  motor  drivers  are  so,  he  will  have 
noticed  the  important  relationship  between  speed  and  the  cost 
of  running  generally.  We  have  no  figures  by  us,  but  we  hazard 
that  75  per  cent,  of  the  private  car  users  do  not  drive  on  the 
average  much  over  25  miles  an  hour.  Of  the  remaining  25  per 
cent,  of  "  speed  merchants  "  a  few  only  will  be  "  road  hogs."" 

All  this  argument  may  seem  to  have  little  or  nothing  to 
do  with  electric  vehicles,  but  actually  it  has.  Since  the  price 
of  petrol  rose  so  enormously,  not  only  here  but  in  other  countries, 
the  motoring  papers  and  journalists  have  repeatedly  been 
writing  about  petrol  substitutes,  and  finally  have  taken  up  the 
electric  as  a  real  solution  of  the  commercial  vehicle  problem  and 
a  possible  solution  of  the  passenger  vehicle  problem.  One 
matter  we  would  like  them  to  be  outspoken  upon,  and  that  is 
the  touring  range  in  which  the  average  motor  car  owner 
indulges  during  a  period  of  12  months.     The  new  petrol  licences 


have  reduced  the  possible  daily  mileage  of  a  small  car  to  a» 
little  as  10  miles  per  day.  This  means  a  moderate  week-end 
■■  potter  ■'  of  35  miles  out  and  home  if  a  man  does  not  use  his 
car  during  the  week.  Unless  he  knows  where  he  ccn  get  what 
we  will  call  "  unofficial "  petrol  he  is,  by  his  licence,  reduced  to 
a  condition  in  which  a  passenger  electric  with  a  range  of  .50 
miles  would  suit  his  requirements  better  than  a  petrol  car. 

The  tone  of  some  of  the  articles  in  the  motoring  journals 
encourages  the  hope  that  the  high  speed  and  wide  touring  range 
ideas  have  been  over-rated  and  that  the  war  is  making  motorists 
generally  look  at  the  pastime  from  a  new  view  point-  a  view 
point  which  should  be  preparatory  to  an  increased  faith  in  the 
modem  electric  and  an  appreciation  of  it  as  a  touring  car. 


A  Passenger  Electric  looks  little  different  from  a  Petrol  Car. 

In  the  United  States,  where  petrol  has  also  assumed  the 
wings  of  high  prices,  the  claims  of  the  touring  electric  are  being 
strongly  urged.  We  confine  this  month's  issue  entirely  to  tlie 
subject  in  order  to  giv-^  an  indication  of  the  turn  which  things 
are  taking  in  favour  oi  more  passenger  electrics.  Over  here 
we  are  not  yet  in  a  position  to  enter  upon  meeting  any  heavy 
public  demand,  but  the  problem  of  charging  facilities  's  being 
tackled,  and  that  in  itself  will  go  a  long  way  to  encourage 
touring  by  electric.  In  America  they  have  the  cars,  but  roads 
are  bad,  as  the  illustrations  on  the  ne.xt  page  show,  and  elec- 
trical energv  is  high  priced.  Over  here  the  roads  are  ideal  for 
the  electric,  and  energy  is  cheap,  bu:  "  we  ain't  got  the  cars.'* 

We  believe,  however,  that  sufficient  enthusiasm  is  being 
aroused  in  motoring  circles  to  merit  steps  being  taken  towaixls 
British  manufacture.  When  these  are  seriously  taken  we 
honestly  tliink  that  the  passenger  electric,  like  the  commercial 
eiectric,  will  fill  its  niche  in  the  sphere  of  road  traction. 


For  Motor  Car 
Lighting. 


Made      at      the      Osrani  -  Robertson 
Lamp  Works,  Hammersmith,  London. 
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THE   RIGHT  CONTROL 


G6  Controller. 


FOR   EVERY  ELECTRIC  VEHICLE 


.ill  be  found  in   the 


IGMrtiC 


Ran-e    of    Proved    and    Standardised    Electric    \'ehicle    Controllers,    designed    to    nr.eet   every 
equirennent  of  vehicle  manufacture.      \^'rite  us  for  Panmhiet  No.  624. 

TGRMIC  ELECTRIC  C9LT.°     147.  Queen    Victoria    Street,    E.C 


F8  Controller. 


CROSS  COUNTRY  DRIVING  IN  AN  ELECTRIC. 


Although  electrio  automobiles  have  coi7ie  into  general  u.se,  a  great 
many  jjeople  .still  lean  toward  the  idea  that  the  electric  is  essentially 
a  town  car,  and  that  for  country  use  it  is  unsuitahle. 

In  order  to  disjjrove  this  theory,  and  to  demonstrate  the  flexibility 
of  the  electric  on  all  sorts  of  country  roads  and  under  the  most 
diflicult  driving  conditions,  re])re.sentatives  of  the  ""  Electric  City 
Magazine,"  of  "■  Klectric  V'ehicles,"  the  trade  journal  of  the  electric 
automobile^fi('I(],^and  of  the  Walker  Vehicle  Co.,  manufacturers' of 


little  difficulty  in  maintaining  a  speed  of  between  15  and-  20-miles 
per  hour  on  fourth  speed.  The  bad  roads  were  negotiated  with  care, 
so  the  average  speed  was  comparatively  low. 

Unless  excessively  bad  road  conditions  are  encountered,  there 
should  be  little  difficulty  with  the  average  electric  car  in  making 
about  100  miles  a  day,  provided  an  hour's  boost,  or  additional 
charge,  can  be  obtained  at  the  noon  rest.  For  a  short  day  trijj,  how- 
ever, the  machine  will  make  about  75  miles  on  a  charge,  the  di.stance 
made  on  this  test  trij)  being  7.3  miles,  and  at  the  end  of  the  run 
sufficient  charge  remained  to  carry  the  car  .several  miles  further. 
This  performance  is  possibly  only  with  a  cabriolet  type,  and  will  not 
ajjply  to  the  heavier  tyjjes  of  closed -in  cars. 
It    might  be  well  for  those  contemplating  a  country  drive  to  ask 


Ik  \n  Ki,k<  thk   wri.i,  no  rnrs  ix  Amkhkv,  wuv  not  ovkk  heke! 


D0W.vJ.\    QIIET    COUNTRY    L.VXE    WITH    .\N    ELECTRIC. 


Ilic  '  Cliirago  i^lcctric,"  arranged  a  (our  Ihrougli  northern  Illinois 
to  demonstrate  that  the  electric  car  could  go  anywhere  that  a  petrol 
•car  could,  and  at  the  .same  time  maiulain  a  very  fair  average  speed 
o\cr  tlie  country  road.s. 

The  type  of  car  used  was  the  cabriolet,  standard  equipment,  with 
n  42ccll  ■■  Philadelphia  "  storage  batter,-,  and  wire  wheels  with 
piicuinatic  tyres.  The  ballcries  were  |)Ut  on  a  cliarge  the  e\eniiig 
prior  to  the  day  of  the  trij),  and  :i  full  charge  given. 

Tlion>  had  been  a  lieavy  rain  .'Jd  hours  |)revious  to  the  day  selected 
fill-  I  he  tri|).  so  in  some  places  the  roads  were  in  a  somewhat  soft  con- 
(liliciu.  This  (lid  not  interfere  with  the  smooth  ruiuiing  of  the  car, 
iinii  I  lie  iiM'iagc  i-iti-  of  (li.scharge  of  the  battery  on  tlie^e  roads  was 
.'{.">  (inipcres.  On  ilif  niMcadani  roads  tlie  pul!  did  not  go  much  t)ver 
;{()  amperes,  and  on  many  stretches  it  dropped  to  2'>.  On  the  grades 
the  amperage  kept  comparatively  low.  the  pull  of  a  grade  of  from  5 
to  10  per  cent.  I  eing  only  about  (i(t  or  70  amperes,  and  on  a  grade  of 
20  per  cent,  the  riNuling  was  about  S(t  amjieres.  On  grades  of  this 
natui*  the  spe<Ml  of  the  car  was  in  (he  neighlxiurhood  of  12  miles  per 
hour,  antl  (Ut  the  .slretclu's  of  t/ood  roarl  encountfrc'd  the  elr-ctric  had 


friends  who  have  tried  the  loads  on  some  i)revious  occasion  their 
condition,  and  plan  to  avoid  roads  that  tend  to  increase  the  ampere 
pull.  With  this  consideration,  and  a  careful  driver,  no  trouble 
siiould  be  experienced  in  obtaining  the  maximum  elficicncy  and 
power  of  the  car. 

In  the  test  drive  spoken  of  the  car  was  driven  over  several  roads 
in  exceptionally  bad  con<lition.  much  worse  than  will  l;c  encomitered 
under  actual  average  driving  conditions,  with  a  full  load  of  |>j»s- 
sensers.  and  it  stood  up  remarkably  well,  keeping  well  ahead  of  the 
accom|)anying  petrol  <ai'.  which  was  following  at  a  good  s|K^ed. 

In  one  instance  the  electric  was  loade<l  to  its  ea|w»city  and  driven 
over  a  stretch  of  the  worst  road  found.  On  this  road,  and  under  the 
conditions  nu'ntioned,  the  pull  was  but  little  over  that  on  an  ordinary 
road,  the  easy  running  conditions  of  the  car  relievijig  most  of  the 
additional  strain. 

llndurance  nuis  in  electrics  have  been  s]H)nsored  chiefly  here  by 
manufacturers,  'n  most  cases  as  a  means  of  publi<ity.  but  with  very 
gratifying  results  in  every  case  :  and  sociability  runs  on  (he  I'aci'^c 
coas(  are  (luitc  a  commoti  lliinu 


"CONSULT  KEMP  re  ELECTRICS." 

FACTORY  TRUCKS  &  COMMERCIAL  VEHICLES  WITH  EDISON  ACCUMULATORS. 

THE     SIMPLEST    AND    MOST    ECONOMICAL    VEHICLES    AVAILABLE. 

J.   P.    KErvip,  Grsind   Hotel,   BIRMINGHAM. 
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EDISON  ACCUMULATORS,  Ltd., 


ACCUMULATOR 

ELECTRICS 

are 

LEADING!! 

Some  of  the  Reasons ; 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  Accumulator  is  made  of  Steel 
throughout,  including  the  container;  uses  a  Steel  pre- 
serving electrolyte;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  frorr  the 
effects  of  overcharging,  high  rate  boosting  nor  being 
discharged  to  zero  when  necessary. 
Because  the  Edison  Four-Year  Guarantee  is 
unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the  Edison  Accumulator  is  the  lightest  and 
strongest  storage  cell  and  may  be  charged  in  less 
time  than  any  other  type. 

2  &  3,   DUKE   STREET,   ST.  JAMES, 
I.ONDON.  S.>V. 


m      AGENTS:- 


Birmingham  :  — 

J.   P.   KEMP. 
Grand   Hotel,   Birmingrham. 


Lancashire    and   Cheshire  : — 

DRAKE   &  GORHAM.   Ltd.. 
47,    Spring    Gardens,    Manchester. 


Glasgow  :  — 

J.     HALLY     CRAIG. 
45,   Hope   Street,    Glasgow. 
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(Registered) 

THE  BATTERY  FOR  COMMERCIAL  ELECTRIC  VEHICLES. 


Several    sets    in    service    have  completed 

24,000  MILES 

on  the  road  without  a  single  cell  having 
to  be  removed  from  the  vehicles  for  any 
electrical  defects  whatever,  and  the  capacity 
is  still  in  excess   of   the   catalogue  output. 


<  c->cio7e 


ELECTRICAL 
STORAGE  CO. 
LIMITEDV 


CLIFTON  JUNCTION, 
MANCHESTER. 

LONDON  OFFICE: 

39.  VICTORIA  STREET. 
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SIEMENS  BROTHERS  &  CO.,  ltd. 

WOOLXA/ICH. 


Telegrams : 
'Siemens  Woolwich. 


ESTABLISHED       1858. 


OVER  4,000  EMPLOYEES, 


Telephone : 
City  6400  {7  lines). 


CABLES    &  WIRES, 
MOTOR-CAR   LEADS 

(Weatherproof,  Strong,  Flexible  and  Durable), 

BATTERIES 

&c.,  &c. 


There  are  hundreds  of  beautiful  little  groves  and  picnic  places 
within  25  miles  of  the  (entre  of  Chicago,  and  almost  any  city  can 
hoast  ideal  country  sites  for  picnics  and  short  runs  within  this  dis- 
tance. With  the  roads  in  average  condition  there  is  absolutely  no 
reason  why  this  trijj  cannot  he  made  without  any  worry  as  to 
■whether  or  not  the  charge  will  be  sufficient. 

Late  last  fall,  during  the  period  prior  to  the  Electric  Vehicle  Asso- 
ciation Convention  in  Cleveland,  a  "  Chicago  electric  "  cabriolet, 
equipijed  with  ""  P'irestone  dual-tread  "  (solid)  tyres,  and  a  42-cell 
"  Philadeljjhia  "  battery,  made  the  trip  from  Chicago  to  Cleveland 
over  the  Lincoln  Highway,  a  distance  of  424  miles.  They  accom- 
pli.shed  the  trip  in  28|  hours,  an  average  speed  of  a  little  over  15  miles 
per  hour.  This  is  rather  remarkable,  as  50  miles  of  the  trip  was 
made  up  ot  detours,  over  several  roads  that  were  almost  impassable. 
Jn  one  instance  a  detour  was  necessary,  on  the  road  1  etwcen  La  Porte 
and  South  Kend.of  15  miles  of  the  hardest  possible  combination  of 
wind,  clay  and^water  that  was  up  to  the  hubs  a  good  part  of  the  time. 
That  this  road  was  little  u.sed  was  emjjhasi.'ed  by  the  fact  that  in 
the  entire  distance  only  one  petrol  car  was  met.  A  trip  of  this 
nature  is  not  impossible  fo  any  owner  of  an  electric,  but  at  the  present 
time  the  charging  facilities  are  not  invariably  the  best  possible,  and 
some  difficulty  might  be  experienced  in  obtaining  a  charge  at  some 
l»oints  if  arrangements  were  not  made  for  it  beforehand. 

In  conclusion,  the  idea  that  the  electric  is  not  capable  of  a  country 
t(,ur  should  be  discarded  as  not  at  all  true  of  the  modem  vehicle. 


TUDOR 

Accumtila^tors 

FOR   ELECTRIC  VEHICLES. 


FIRE   BRIGADE  VEHICLES  WITH   TUDOR   BATTERIES. 

London  Fire  Brigade     11  Vehicles.     Liverpool  Fire  Brigade    4  Vehicles. 
Rathn^incs   Dublin    Fire  Brigado     1  Vehicle. 

BATTERIES  FOR   COMMERCIAL  VEHICLES, 
PLEASURE  CARS,  OMNIBUSES,  &c. 

LUniTEST   VI    WEUniT     HKniKST  i«    EFFICIENCY. 
Maintenance  undertaken  at  Moderate  Mileage  Rates. 

THE  TUDOR  ACCUMULATOR  CO.,  LTD., 

3.  CENTRAL  BUILDINGS.  WESTMINSTER.  LONDON,  S.W. 

Worki  :    DUKINFIELD,  near  MANCHESTER- 


In  nine  cases  out  of  ten  the  average  coimtry  trip  in  a  petrol  car  is  welf 
under  100  miles  for  a  day,  and  with  a  boost  at  noon  an  electric  will 
cover  that  ground  easily.  Of  course,  this  item  contemplates  a  car 
with  battery  in  good  condition.  Some  electric  car  owners  make  the 
great  mistake  of  not  giving  the  battery  the  care  it  should  have, 
although  garages  catering  to  electrics  are  now  generalh-  particular 
about  this.  While  a  very  old  battery  that  has  been  abused  is 
incapable  of  making  the  kind  of  trip  suggested,  the  owner  of  an 
electric  is  missing  much  who  does  not  employ  it  for  at  least  occa- 
sional runs  outside  the  city. 

In  this  connection  it  may  be  said  that  '"  Electric  Vehicles  "  con- 
tinually hears  of  trijjs  which  average  from  75  to  80  miles  and  better 
on  one  charge,  which  the  owner  has  regarded  as  so  commonplace  that 
he  has  kept  neither  data  nor  had  any  photographs  taken. 


A  CROSS-COUNTRY  RUN. 


An  interesting  trip  was  made  recently  by  Mr.  Widman,  of  the 
Ohio  Electric  Car  Co.,  from  Toledo  to  Detroit  and  return.  The  trip 
was  made  under  the  most  adverse  conditions.  The  direct  route 
between  the  two  cities,  poor  at  the  best,  as  anyone  who  has  made 
this  trip  will  testify,  had  been  made  nearly  impassable  by  continual 
rains.  The  mud  and  sand  on  this  road  seemed  to  have  no  bottom,, 
and  it  is  rarely  used  except  by  those  who  do  so  without  regard  to 
advice  to  the  contrary. 

The  car  driven  by  Mr.  Widman  negotiated  these  roads  without 
difficulty,  passing  a  number  of  jetrol-driven  vehicles.  hopeles.sly 
stalled.     While  speed  records  could  not  be  made  under  these  con- 


A  TvriCAi.  Chic,\oo  Electric. 


ditions,  the  :'ar  went  into  Detroit  under  its  own  jHAver.  havinc 
jiullcd  through  mud  and  sjind  that  was  considered  iniiwssiblo  '^v 
inan\  tourists.  The  motor  car  used  was  a  standard  model  I-  Ohio 
<ar.  e(|uip|iod  with  a  'M\  cell.  \'.\  plate  Hycap  battery,  made  f.'ic  rctuni 
trii>  through  V])silanti  in  5J  hours  actual  running,  an  average  speed 
of  approximately  IS  miles  per  hour.  The  car  had  pone  ".♦4  iuile.s 
on  the  cliarge  given  it  in  Detroit  when  it  arrived  iu  Toledo. 

'I'rips  of  this  nature,  many  of  which  have  been  miwio  in  all  jwrtp 
of  the  country  by  other  makes  of  cars  as  well.  shoiiW  serve  to  dis- 
approve the  theory  that  an  electric  is  a  town  car  .uid  un.«uitablo 
for  other  purposes.  While  not  a  touring  car.  yet  it  fuKils  every 
other  demand  for  a  conve>Tince  even  better  than  its  jietrol  com- 
petitor. 


Printsd  and  Published  by  the  I  •.  "ThbEi  -j  "  Printiho  and  Publishing  Co.,  Ltd.. - 
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THE  ELECTRIC  FURNITURE  VAN. 


Until  a  few  years  ago  all  the  furniture  in  cities  and  suburbs  was 
transported  through  the  medium  of  comjjaratively  slow  and  ex- 
pensive horse-drawn  vans.  As  a  natural  evolution,  progressive 
moving  concerns  availed  themsclveo  of  power-driven  vehicles  as 
soon  as  the  efficiency  of  this  method  was  appreciated.  It  is  not 
xmcommon  to-day  to  observe  in  the  advertising  of  moving  firms  the 
statement  that  they  utilibe  the  modem  motor  truck,  with  its  many 
advantageo  over  the  old  style  horpe-drawn  vehicle.  It  should  be 
realised  that  although  the  motor  car  in  many  respects  is  superior  to 
the  horse-drawn  van  in  thij  class  of  service,  there  are  certain  charac- 
teristics involved  in  horcie  transj^jortation  which  motorised  equipment 
should  effectively  embrace  to  be  thoroughly  satisfactory. 


in  their  actually  losing  their  identity.  The  sj>eed  of  the  electric 
cannot  be  increased  (except  downhill)  beyond  the  manufacturer's 
rating,  which  has  been  intelligently  determined. 

The  expen.se  involved  in  moving  with  the  modem  electric  van 
costs  no  more  than  when  less  satisfactory  means  are  employed. 
Because  of  the  lower  operating  cost  of  the  electric  and  its  longer 
period  of  successful  usage  the  remover  Is  able  to  give  the  best  service 
with  no  increase  in  price  to  his  customer.  The  weather  never  pre- 
vents the  electric  from  making  prompt  deliveries,  and  the  liability  of 
breakdowns  is  less  than  in  the  case  of  petrol  motive  power.  The 
battery  capacity  of  the  electric  vehicle  used  for  this  work  has  at  all 
times  proved  adequate,  and  the  low  operating  cost  and  upkeep  of 
this  type  of  van  are  now  be-ng  accentuated  by  the  soaring  cost  of 
petrol  and  horse  fodder. 

Many  of  the  largest  and  most  successful  storage  warehouses  and 
moving  concems  in  U.S.A.  u.se  electric  vehicle  eciuipment  exclu- 
sively. The  housewife  who  avails  herself  of  the  high-grade  service 
rendered  by  these  companies  can  feel  confident  that  the  household 
goods  which  she  entrusted  to  them  will  arrive  at  their  new  address 
in  much  the  same  condition  as  they  departed  from  their  fonuer  home. 
To  those  women  who  of  neces<it\  have  to  move  it  is,  indeed,  difficult 
to  conceive  of  a  more  comforting  thought,  and  it  is,  therefore,  sug- 
gested that  when  the  transfer  of  household  goods  next  Ijecomes  a 
problem  that  the  services  of  those  concems  operating  the  modem 
electric  fleets  be  investigated. 


ELECTRICS  AND  PETROL  SUPPLIES. 


A  Ghoup  of  "Midland"  Electrics  on  Charge  in  a  London  Garage. 


Speed  i.i  an  admirable  quality  fcr  certain  classes  of  transportation, 
but  it  is  not  necessarily  something  to  strive  for  in  the  conveyance  of 
fragile,  easily  damaged  household  goods.  It  is  in  this  important 
phase  of  the  service  that  the  electric  vehicle  .stands  '^upremo,  for 
although  the  average  speed  maintained  by  an  electric  irj  considerably 
in  excess  of  that  obtainable  through  the  medium  of  the  horse,  yet  the 
fixed  maximum  speed  absolutely  prevents  excessive  speeding,  which 
1,;  likely  to  be  destructive  in  this  service.  Furthermore,  the  electric 
i;j  entirely  devoid  of  all  fire  risk,  for  there  are  no  inflammable  fluids 
associated  with  its  propulsion.  The  simplicity  of  its  operation 
enables  responsible  experienced  removers  who  are  qualified  mecha- 
nicians to  operate  the  electric  with  even  greater  ease  than  driving  a 
team  of  horses.  Thus,  tie  old  timers  who  understand  the  art  of 
moving  can  utilise  their  experience  in  conveying  well-packed  goods 
at  rational  speeds.  No  matter  how  great  the  desire  to  race  which 
N£ilway;^.  results  in  the  goods  being  badly  shaken  up,  and  sometunes 


The  following  eminently  practical  appeal  on  behalf  of  the  electric 
is  reproduced  from  the  "  Westminster  Gazette.*'  It  is  from  the  pen 
of  "  J.O.,"  who  has  recently  urged  the  claims  of  the  electric  upon 
commercial  motor  users: — 

We  can,  if  wo  like,  produce  from  coal  all  the  fuel  we  require  in  the 
form  of  a  spirit,  bui  there  are  other  ways  of  getting  over  tl'.e  sub- 
stitute fuels  difficulty  ;  we  can  use  raw  coal  for  the  generation  of 
steam  and  for  the  supply  of  electric  current.  Why.  then,  should  we, 
at  a  time  when  petrol  has  failed,  turn  a  blind  eye  to  the  electric 
vehicle  and  steam  wagon,  ea?h  of  which  in  tb.e  world  of  industry  is 
the  equal  of  the  petrol  machine  in  performance  and  economy  of 
operation  ?  In  these  types  are  to  be  found  the  true  fuel  substitutes, 
but  because  we  are  so  obsessed  with  petrol  we  are  doing  next  to 
nothing  to  encourage  them. 

A  point  that  is  completely  ignored  by  petrol  enthusiasts  is  that 
every  new  3-ton  lorry  put  on  the  streets  further  diminishes  the  supply 
of  petrol  for  private  use  by  1,500  to  2,(XX>  gallons  a  year.     This  is 


For  Motor^Car 
Lighting. 


Osram 


Made''  Tat  t,  the      Osrani  -  Robertson 
Camp  Works,  Haiiiniersmith,  London. 
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IGRMIC 


Unit    Type 


L 


Battery    Char^in^    Panels 

Crow   as  easily  as  a  sectional  bookcase.     Each  unit  is  fitted  complete  with  all  the  devices   reqaired 
for  fluick  charging  and  to  give  full  protection  to  the  batteries.     Full  information  and  priceson  request. 

TGRArfir   KirCTRir  C^T^"^     147.    Queen    Victoria   St..     London. 


Complete   Unit. 


Counting  the  mileage  .-t  6,000.  .Some  vehide.s  do  le.s.sand  others  more. 
Now  a  5-ton  .steam  wagon  which  burns  coal  or  coal  and  coke  at  the 
rate  of  24  lb.  per  mile,  does  actually  more  than  save  these  2,000 
gallon.s  of  petrol.     Its  carrying  capacity  is  two-thirds  more  without 
a  trailer,  but  being  rather  slower  in  .speed  than  the  petrol  machine 
we  can  add  at  least  a  further  saving  of  one-fourth  in  the  consumption 
of  petrol.     In  the  .same  way  every  electric  truck  or  business  van 
releases  an  amount  of  petrol  equal,  or  nearly  so,  to  that  consumed 
by  a  petrol  vehicle  of  equivalent  load  capacit3^     Xow,  as  to  the  cost 
of  operating  steam  and  electric  machines,  happily  we  have  some 
reliable  figures,  which  show  that  for  these  who  have  the  loads  to 
carry  they  compare  very  favourably  with  those  of  petrol  machines. 
The  total  co.st  per  mile,  for  example,  of  a  o-ton  steam  wagon  working 
under  favourable  conditions  of  road  and  labour  7,500  miles  a  year 
is  given  by  the  authors  of  "  Motor  Traction  for  Business  Purposes  " 
(Messrs.  L.  M.  .Meyrick-Jones  and  Horace  ^I.  Wyatt,  published  by 
Iliffe  &  Sons,  at  2s.  6d.)  as  10-285d.,  but  carrying  a  u.seful  load  the 
figures  are:    2  tons,  5-129d.  ;    3  tons,  3-419d.  ;    4  ton.s,  2-564d.  ;    5 
tons,  2-052d.  per  ton  mile. 

Some  recent  statistics  given  by  Mr.  J.  W.  Hame,  the  city  electrical 
engineer,  concerning  the  .'•ervice  of  passenger  electrics  that  have  been 
in  oj)erati()n  for  upwards  of  12  months  in  York  are  al.so  con- 
vincing. During  the  year  the  vehicles  covered  65,470  miles,  averag- 
ing, after  allowing  for  all  lo.sse.s,  1-23  units  per  car-mile.  Exclusive 
of  interest  ;ni(I  sinking  fund  the  total  cost  per  "bus-uMle  worked  out 
at  4jd.,  but,  allowing  for  full  tyre  maintenance,  it  is  thought  the  cost 
will  not  exceed  5}d.  p.er  'bus-mile,  exclusive  of  .standing  charges. 
.We  have  a  very  .shrewd  idea  of  the  co.st  ]jer  mile  of  the  London 
motor-omnibus,  but  it  is  doubtful  if  it  is  lower  than  that  of  York, 
which,  being  n  very  small  .service,  is  all  the  more  remarkable.  The 
petrol  'buses  in  SlicHlcId  have  been  a  great  success,  i)ut  certain 
extracts  from  the  accounts  for  the  past  financial  year  lately  given  in 
the  "  rommercial  Motor"  show  that  the  total  working  expen.se.s, 
inclusive  of  a  charge  for  road  maintenance  account,  and  of  war 
allowances  to  dependents,  reached  8-66d.  per  motor-'bus-mile.  The 
cfxulitions  are  so  wide  and  varied  in  each  case  that  it  is  imjiossible 
fo  make  any  direct  com|)arisons  between  the  working  co.sts  of  petrol, 
str-am  and  electricity,  but  we  do  know  that  in  many  cases  the  two 
latter  .systems  can  hold  their  own  with  jetrol.  and  because  the  petrol 
motor-'bus  and  taxi-cab  and  lorry  and  general  business  vehicle  are 
already  ab.sorbing  about  two-thirds  of  the  ]:etrol  imported  into  this 
country,  it  is  to  everyliody's  interest  that  their  further  use  sb.ould 
Jbe  encouraged. 


ELECTRIC  VEHICLES  IN  CHINA. 


There  are  no  regular  autoniol)ile  aiul  truck  pui)lications  in  China 
but  the  ■■  Cliiiia  Press."  a  (lail\'  pa|  ci'  published  at  Shanghai  by  the 
(/'hinu  National  Press,  iiu-..  devotes  considerable  space  in  their 
Stniflny  issue  to  automobile  news.  The  introduction  of  a  number 
of  elect ric  automobiles  into  Sbanglu'.i  has  created  much  interest  i'ud 
iiu|uiry  among  wealtliv  Chinese  who  are  desirous  of  ])urchasing  care 
of  this  ty|M'.  While  the  inadequacy  of  the  local  electric  power 
facilities  was  at  first  detrimental  to  satisfactory  op.eration  of  elec- 
trics, this  has  lieen  remedied  in  the  meantime  and  the  cars  now 
arriving  are  ojierated  very  .sat i.sfaetorily.  Wealthy  Chinese,  in 
many  instances,  are  expres.sing  a  Keen  interest  in  electric  cars  and 
state  that  t hey  intend  to  make  ]jurchases.  Two  of  the  electric  motor 
ears  at  Shanghai  arc  owned  and  operated  liy  the  Shanghai  Munieij)al 
Klectrieity  Dej^artment.  The  electric  trucks  whieli  iuive  al.M)  I  een 
introduced  are  lieing  operated  satisfactorily.  Sonte  of  the  owners 
of  motor  (rucks  that  are  operated  l)v  gasoline  (omplain  that  they  are 
(oo  expensive  to  operate  considering  the  eheaj)  cost  of  Chinese  coolie 
hdour.  In  some  instances  the  g.isoline  trticks  fail  to  cover  guar- 
Hntc(>d  distances  on  a  given  (|uantity  of  ga.soline. 

Klectrieity  i.s  commercially  available  at  Shanghai  for  charging 
eliM'tric  veliicle  latteries.  \,\\{  .'jo  far  no  ]>ublic  garage  has  been 
e  nujiped  for  cliarging  vcliides.  Then<  is.  however,  no  difticulty  in 
indivi<|ual  vehicle  u.^ers  hanng  their  own  charging  outfit  at  their 


residences  or  other  convenient  places.  Thc!:c  would  consist  either 
of  mercury  arc  rectifiers  or  small  motor  generator  sets.  If  sufficient 
inducement  were  offered  the  Electricitj-  Department  of  the  Shanghai 
Municipal  Council  would  be  prepared  to  hire  out  motor  generator 
charging  outfits  at  a  small  monthly  rental,  maintaining  them  in  the 
same  way  as  are  the  large  number  of  power  motors  on  hire.  The 
current  is  alternating  at  50  cycles  per  second  ;  the  voltage  of  the 
supply  system  is  200,  and  the  amperage  may  be  whatever  is  desired, 
while  the  cost  per  kilowatt-hour  is  approximately  Id. 


STREET  WATERING  BY  "G.V."  ELECTRIC  AT 
BLACKPOOL. 


In  the  cour.fc  of  a  report  on  mechanical  trr.otion  for  muiiicipal 
l)urpoKes,  ;\Ir.  H.  Shr  w,  Borougi  Surveyor,  Ilford ,  indudos  the 
following  particulars,  supplied  by  Mr.  Ece,  c'ci.ns'ng  .supernter- 
dont,  relative  to  the  s.bove  : — 

"  With  regard  to  the  actual  .saving  effected  by  the  vehicle  it  will 
be  difficult  to  ascertain  until  we  have  the  figures  for  a  full  sea.son'.-s 
working  ;  but  although  we  have  only  had  the  vehicle  at  work  since 
the  last  week  in  July,  what  it  has  accomplished  in  this  period  hr,^ 
convinced  me  that  it  will  prove  a  great  saving  to  the  department,  as 
the  work  it  can  perform  during  an  ordinary  day  of  nine  hours  is 
really  marvellous.  It  has  already  dis])laced  six  horse-drawn  water- 
ing vans,  whilst  in  connection  with  the  washing  of  the  Promenade 
it  has  released  four  men  for  other  work,  which  is,  of  course,  equal  to 
saving  of  four  wagi-s  for  this  class  of  work  alone.  Taking  an  average 
day  of  nine  hours,  the  vehicle  waters  48  miles  of  streets,  using  24 
loads  or  18,000  gallons  of  salt  wr.tcr.  The  tank  has  the  advantage 
of  being  cylindrical  in  shape,  and  having  a  capacity  of  750  gallons, 
it  is  capable  of  watering  a  good  di.stance  before  it  requires  re-filling, 
which  takes  from  five  to  10  minutes  to  carrj'  out,  according  to 
pressure.  The  usefulness  of  the  vehicle  is  not  limited  to  the  watering 
of  streets,  as  it  has  already  acconij)lished  good  work  in  connection 
with  the  cleansing  of  sewers,  as  with  a  flush  of  750  gallons  we  are  in 
many  cases  saved  the  trouble  and  expense  of  having  to  resort  to 
dredging  o]:erations,  which  are  both  slow  and  co.stly.  The  vehicle 
is  also  used  for  the  washing  of  streets  in  conjunction  with  our  motor 
sweejiing  machine,  which  follows  along  after  the  electric  vehicle, 
both  machines  travelling  at  the  .srnie  speed.  Only  half  the  usual 
quantity  of  water  is  used,  whilst  tb.e  work  is  done  better  rnd  quicker. 
This  .street  sprinkler  is  equip]  ed  with  a  standard  3i-ton  '  G.V. 
electric  '  chassis  rnd  an  '  Ironclad  Kxide  "  battery.  The  battery  is 
charged  from  the  electric  plant  at  the  refuse  destructor.  The  tank 
is  made  removable,  so  that  when  the  sjirinkling  season  is  over  a  van 
ImkIv  may  be  put  in  its  place  and  the  vehicle  u.-^ed  for  du.st  collection 
or  other  ])urposes." 


MANCHESTER  MUNICIPAL  ELECTRICS. 


No  more  striking  testinumy  to  the  real  value  of  the  electricaUy- 
|)ro])elled  vehicle  and  the  .souml  commercial  advantages  attending 
its  u.se  could  In-  imagimnl  than  the  detailed  rep(  r.  by  Mr.  Pearce, 
.Mr.nchcstcr  City  electrical  engineer,  of  an  eight  weeks'  trial  in  hw 
dejiartment  of  a  1-ton  Kdison  electric  lorry.  Mr.  Pearce  started  to 
condiut  the  trials  \\'\\\\  an  open  mind,  as  in  the  introduction  to  his 
report  he  .says  :  "  Indeed,  so  far  as  personal  considerations  are  con- 
ccrne(L  I  have  lieen  somewhat  .sceptical  as  to  the  possibility  of  an 
electric  lorry  being  able  to  compete  with  our  existing  contract 
carting  arrangements,  and  r.lso  as  to  the  cir.ims  made  on  b^alf  of  the 
fornu'r." 

The  trials  of  tlie  electric  vehicle  were  ex^iau.stive,  and  were  carrie<l 
out  with  great  care  and  a  thoroughness  and  attention  <<'  detail  that 
rctiect  p  eft  credit  upon  the  Manchester  electricity  department  and 
enhance  the  vr.Ii:e  of  the  result?.     Nclurr.ilj-,  in  tonsidering  the 
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EDISON 


EDISON  ACCUMULATORS,  Ltd., 


ACCUMULATOR 

ELECTRICS 

are 

LEADING!! 

Some  of  the  Reasons ; 

Because  they  are  equipped  exclusively  with  the  Edison 
Accumulator,  which,  now  in  its  eighth  year  of  service,  is 
proving  more  durable,  more  reliable  and  simpler  to  operate 
than  any  other  type  of  storage  cell. 

Because  the  Edison  Accumulator  is  made  of  Steel 
throughout,  including  the  container;  uses  a  Steel  pre- 
serving electrolyte  ;  and  cannot  buckle  its  plates, 
sulphate,  corrode,  lose  its  charge,  nor  suffer  from  the 
effects  of  overcharging,  high  rate  boosting  nor  being 
discharged  to  zero  when  necessary. 

Because  the  Edison  Four-Year  Guarantee  is 

unique  and  warrants  the  user  that  his  accumulator  shall  give 
full  rated  capacity  at  the  end  of  this  time. 
Because  the   Edison    Accumulator   is  the  lightest    and 
strongest  storage  cell  and  may  be  charged  in  less 
time  than  any  other  type. 

2  &  3,   DUKE    STREET,    ST.  JAMES, 
LONDON.  S.W. 


m      AGENTS:- 


Birmingham  :  — 

J.   P.   KEMP. 
Grand   Hotel,   Birmingham. 


Lancashire    and   Cheshire  : — 

DRAKE   &  GORHAM,   Ltd.. 
47,    Spring    Gardens,    Manchester. 


Glasgow  :  — 

J.     HALLY     CRAIG. 
45,   Hope   Street,    Glasgo* 
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(Registered) 

THE  BATTERY  FOR  COMMERCIAL  ELECTRIC  VEHICLES. 


Several    sets    in    service    have  completed 

24,000  MILES 

on  the  road  without  a  single  cell  having 
to  be  removed  from  the  vehicles  for  any 
electrical  defects  whatever,  and  the  capacity 
is  still  in  excess   of   the   catalogue  output. 
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ELECTRICAL  cufton  junction. 

STORAGE  CO         Manchester 

UMITEDV 


LONDON  OFFICE: 

39.  VICTORIA  STREET. 
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"CONSULT  KEMP  re  ELECTRICS." 

FACTORY  TRUCKS  &  COMIVIERCIAL  VEHICLES  WITH    EDISON  ACCUMULATOR? 

TKe  Simplest   and   Most    Economical   Forms  of   Industrial   Transport.       Can   be    driven  by 
UNSKILLED  Men  and  Women  at  less  than  ONE-THIRD  the  cost  of  Petrol. 

Each  Factory  Truck  costs  less  than  6s.  per  week  for  Electric  Power,  and  saves  the  laboar  of  over  7  men. 

J.  P.  KEMP,  Grand  Hotel,  BIRMINGHAM 

■Phcr.e:  CENTRAL   7301. 


adojition  of  elertric  vthicle.s,  the  relative  cost  per  unit  of  work 
accomplished  is  the  most  important  factor. 

The  total  running  eo.st  is  made  up  of  several  items  :  "  Consump- 
tion " — gallons  per  ton-mile  in  petrol  vehicles,  or  kilowi.tf  s  per  ton- 
mil';  for  electric  cans,  lubrication,  wage.s,  garaging,  and,  above  all, 
depreciation.  .Mr.  Pearce's  report  is  an  unusually  interesting  one 
in  its  analysis  of  running  co.sts,  based  upon  2,.'500  estimated  working 
hours  per  annum.  Depreciation  is  reckoned  at  8^  per  cent,  on  the 
car  and  I8|  per  cent.'  on  the  batterj' ;  these,  together  with  4^  per 
ccnf .  interest  upon  the  total  purchase  price  of  £675.  los.,  and  in.surance 
and  the  driver's  licence  amount  to  £124.  l)s.  per  annum,  equal  to 
Is.  per  working  hour. 

The  cost  of  current  ])ut  into  the  battery  worked  out  at  approxi- 
mately I  unit  jjer  mile,  costing  Jd.  Tyres,  ujx)n  a  basis  of  12,000 
miles,  cost  Jd.  per  mile  for  renewals,  and  Id.  per  mile  is  allowed  for 
general  repairs  and  ujikeep.  The  driver's  wages  am<junt  to  7d.  ],er 
hour.  Totalling  all  the.se  various  costs,  the  cost  of  running  per  hour 
W(jrks  out  to  just  about  2s.  l^d.  jier  hour. 

We  refer  specially  to  this  hourly  running  cost  in  order  to  show 
what  fallacioufi  deductions  a})solutely  accurate  figures  maj'  lead  to. 
The  Manchester  City  contract  for  horse  lorries  entails  a  pa\-ment  of 
Is.  fid.  per  van  per  hour,  and  Mr.  Pearce's  rejwrt  gives  conclusive 
]»roof  of  the  economy  resulting  from  the  employment  of  an  electric 
vehicle.  The  latter  covers  'i-'M  miles  in  an  hour,  against  two 
covered  by  a  hors?  van,  and  that  in  the  matter  of  actual  speed. 
Better  organiKation  is  j)o.ssiblc  with  an  electric  van,  arid  so  the 
relative  possible  mileage  becomoc  as  5  ];er  hour  instead  of  2.  In 
other  words,  the  electric  vehicle  is  worth  2 J  horse  vans  in  practical 


TUDOR 

Acctimiila.tors 

FOR   ELECTRIC  VEHICLES. 


ELECTRIC  OMNIBUS     BRIGHTON  AND  HOVE. 

About  16  Electric  Omnibuses  have  been  in 
rc8:ular  service  for  the  past  six  "years,  and 
TUDOR    Accumulators    have    been    employed 

exclusively. 

THE  TUDOR  ACCUMULATOR  CO.,  LTD., 

3,  CENTRAL  BUILDINGS.  WESTMINSTER.  LONDON,  S.W. 

Werki  ;   dukinfielo,  niv  MANCHE8TCR- 


commercial  working.  Tl:e  hor.se  van  costs  9d.  per  mile  traver.sed, 
with  no  known  allowance  for  depreciation  or  renewal  of  the  "  hay 
motor  "  propulsion.  The  electric  lorry  tested  for  over  eight  months 
cost  only  7"o5d.  per  hour,  running  188"1  miles  a  week  average  and 
showing  a  weekly  ton-mile  total  of  81  "Do.  And  this  running  cost  per 
mile  figure  allowed  for  complete  renewals  of  the  battery  at  the 'end 
of  fivs,  and  of  the  chassis  at  the  end  of  10  years. 

Electric  vehicles  are  alwa\'s  more  economical  than  other  types,  and 
vastly  more  .so  when  depreciation  is  properly  taken  into  account. 
Their  ton-mile  capacity  is  invariably  greater,  owing  to  the  flexibility 
of  the  driving  motor.  Mr.  Pearce's  report  is  a  noteworthy  con- 
tribution to  electric  vehicle  records,  and  his  patient,  carefully- 
thought-out  tests  will  be  of  the  utmost  value  to  Manche.ster  bu.siness 
firm';. — The  "  Electric  Vehicle.'" 


THE  SWISS  ELECTRIC  VEfflCLE  PROBLEM. 

At  first  sight  the  establishment  of  public  charging  stations  for 
c!ectromobiles  would  do  much  to  increace  the  use  of  this  efficient  and 
convenient  type  of  vehicle.  To  a  certain  extent  thLs  would  be  the 
case,  but,  as  pointed  out  by  the  new  Swiss  journal.  "'  Elektromobil,'" 
no  type  of  storvage  cell  can  he  completely  recharged  in  much  less  than 
six  hours.  A  useful  ""  boo.st  "  can  be  given  to  nickel-iron  cells  in  from 
20  minutes  to  one  hour,  but  the  only  way  of  apj)roachme  the  con- 
venience of  a  petrol  or  steam  car  in  point  of  rapid  replenishment  of 
motive  power  is  to  exchange  the  exhau.sted  battery  for  a  set  of  fully- 
charged  cells.  In  the  preoent  state  of  electric  vehicle  development  and 
with  the  present  diversity  of  battery  types,  this  solution  is  commer- 
cially impracticable.  Whatever  may  be  possible  later  on.  it  is  only  pos- 
sible  at  i)rch;ent  to  establish  charging  .stations  in  dirtricts  where  they 
can  be  utilised  fairly  continuously  by  vehicles  stationed  in  the 
neighbotirhocd.  Xo  imjwrtant  revenue  can  yet  be  exi;ected  on 
■  foreign  ""  electric  vehicles  ])assing  through  the  neighbourhood,  and 
in  any  case  such  vehicles  would  rarely  want  more  than  a  boosting 
charge.  In  the  case  of  a  fair-sized  town  in  which  a  number  of 
indu.strial  electric  vehicle.';  are  employed,  tie  range  of  the  latter  may 
l.e  usefully  extended  by  a  boosting  charge  during  mealtimes  or 
whilst  unloading  and  reloading  the  vehicle.  Small  public  charging 
stations  may  I  e  erected  for  the  ])ur])ose  in  the  outskirts  of  the  town. 
or  large  c(  nsuniers  ma}'  have  motor-generators  and  charging  panels 
installed  in  their  central  and  branch  establishments. 

As  a  guide  to  the  location  of  charging  .stations  round  a  town,  the 
following  data  may  le  taken  to  ajjply  to  the  radius  and  energy  capa- 
city of  varioui!  tyi  cs  of  vehicle  : — ' 


.Miles  jK-r  charge. 

(Hilly  route,  drj- 

surface. ) 


.Mean 

speed. 

Miles  iXT  hour. 


Kr.crgA-  \ioT 

charge. 
Kw. -hours. 


Doctor's  car  (2  scats) 

Taxi 

Hotel  ointiibus    

().  e-ton  truck  

Two-ton  truck    

Thi-ee-ton  truck    

Four  to  fivo-to.n  truck 


:i7J— ."K) 
-,0  _(-2.J 
2.5  --:}7.\ 
:17.J— .-lO' 
:U    --44 

:n      :?7i 


It  should  i  c  noted  that  the  state  of  the  roads  traversed  has  a  civat 
intlucnee  on  the  distance  travelled  |  cr  charpi'  l>y  :\n  electro-'Hohilt*- 
Tl.c  distance  may.  for  iiistjuice.  1  e  20  ]  cr  cent,  higher  than  fli'^  above 
figures  for  a  go(.d  asphalted  road,  and  20  to  '^0  j  er  cent  lower  than 
the  taluilated  figures  (  ii  an  uneven  muddy  road.  Tailing  L;')  to  .)0 
niilcsas  the  minimum  distance  jier charge  this  givesa  ra<lius  of  action 
of  12  to  15  miles  fvir  heavy  vehicles,  and  rathermorcforlight  vehicles, 
so  that  to  fullil  their  aim!  the  auxiliary  charging  stations  should  le 
0  to  ir>  miles  from  tlie  town.  The  main  charging  st.^tion  should  I  e 
near  the  industrial  centre  and  easy  of  acce.'^s  to  all  sizes  of  vehicles. 
If  the  station  is  in  a  hollow,  an  "exhausted  "  \-ehicle  may  reach  it 
w  hich  would  have  trouble  in  climbing  to  an  elevated  station. 
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